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FOREWORD

[Text] These "Directives for Planning Transitional Zones of Earth Dams"
were formulated and compiled on the instructions of the Glavniiproyekt
[Main Administration of Scientific Research and Planning Organizations] of
the USSR Ministry of Power and Electrification in the Laboratory of Earthen
Hydraulic Engineering Installations of the All-Union Scientific Research
Institute of Hydraulic Engineering (VNIIG) imeni B.Ye. Vedeneyev, by

G. Kh, Pravednyy, senior scientific associate, candidate of technical
sciences.

The construction of high and superhigh earth dams in our country is a very
important state problem, which is raising a number of complex technical prob-
lems, requiring high-quality, new improved methods for their solution, includ-
ing the strength and stability of impervious elements of the dams (cores,
facings, blankets, etc.).

In the practical work of hydraulic engineering, the question constantly
arises of protecting clay cores, facings, blankets and upstream slopes of
dams when they are in contact with coarse-grained material.

As we know, the strength and stability of a structure, its life, and the
economics of its construction depend on a correctly planned or chosen gran-
ulometric composition of the materials protecting the cohesive (clay) soil.

In taking into consideration the demands of hydraulic engineering, VNIIG, on
the basis of the results of many years of widescale experimental and theo-
retical research in the study of physical and seepage-piping properties of
both cohesive (clay) and noncohesive sand-gravel soils (see bibliography),
taking into account the studies on the problems made by other scientific
organizations (VNII VODGEO [All-Union Scientific Research Inatitute of Water
Supply, Sewer Systems, Hydraulic Engineering Structures and Engineering
Hydrology), NIS [scientific research station] of Gidroproyekt, etc.) and
experience in planning and constructing hydraulic engineering structures,
developed scientifically based directives on the method of planning and
choosing the granulometric composition of the material of the transitional
zone protecting the cohesive (clay) soils and the cores (facings) for high
and superhigh dams made of local materials, and for dams in classes I-IV,
with respect to durability.
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These "Directives" stipulate maximal use, in the installation of transitional
zones, of natural run-of-bank soils with various grain sizes, without expen-
sive processing for them, which in turn makes it possible to do away with
multi-layer, expensive transitional zones.

In addition, in formulating a method of planning and selecting the granulo-
metric composition of the material for the transitional zones of high and
superhigh dams, their specific characteristics were taken into consideration,
such as: the nonhomogeneity, value and variety in the deposits (deforma-
tions) of the elements of high dams, the possibility of cracks forming in
the core (facing) of the dam and the necessary conditions for the welding
quality of these cracks, the thickness of the layers of the transitional
zones, the high demands for materials to construct them and the great -
amount of work involved in ensuring the strength, reliability, durability
and economic soundness of their construction.

The principal formulations of the method of planning and selecting the material
for the transitional zones for cohesive soils were reported to the 4th All-
Union Coordination Conference on Seepage, and were approved and published in
"Transactions of the Coordination Conferences on Hydraulic Engineering,"

No 9, Energiya, 1964.

Published in a separate edition at the beginning of 1966 was the book,
"Planning and Selecting the Granulometric Composition of Filters for the
Transitional Zones of High Dams," Energiya, 1966, in which the theoretical
and experimental material of many years of research, constituting the sub-
stantiation of the data from the "Directives" was presented.

Published at the end of 1966 for practical purposes were the "Provisional
Directives for Planning and Selecting the Granulometric Composition of the
Filters of Transitional Zones, Protecting Cohesive (Clay) Soils of the Cores
(Facings) of High and Superhigh Dams Made of Local Materials," which was
approved by Resolution No 447 of Glavtekhstroyproyekt of the USSR Ministry of
Power and Electrification on 19 November 1966 and put into effect in the USSR
Ministry of Power and Electrification system beginning on 1 January 1967.

In 1969, upon fulfillment of the instructions of Glavniiproyekt of the USSR
Ministry of Power and Electrification for the 1971 publication of the perma-
nently effective "Directives," the "Provisional Directives" in effect were
distributed for comments to 78 scientific research, planning and construction
organizations, as well as to individual specialists.

From the responses obtained, taking into consideration the critical remarks
and practical recommendations, as well as the results of additional new sci-
entific developments on this problem, the "Provisional Directives" were re-
vised on a high scientific level and prepared, in a new edition, for approval
of the Glavniiproyekt of the USSR Ministry of Power and Electrification as
permanently effective "Directives."

——
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These "Directives," in this edition of 29 June 1971, were reviewed at the

committee of the VNIIG Scientific Council, approved and recommended for ap-
proval as permanently effective "Directives,” replacing the "Provisional
Directives," VSN 01-66.

MEiE USSR

The "Directives for Planning the Transitional Zones of Earth Dams" were ap-
proved by Resolution No 279 of Glavniiproyekt of the USSR Ministry of Power
and Electrification on 26 July 1971 and are being put into effect as com—
pulsory for all planning and construction organizations of the system of the
USSR Ministry of Power and Electrification for use in planning and constructs.
ing hydraulic engineering structures beginning 1 January 1972, with the

USSR Ministry of Power and Electrification No VSN 47-71 .
Minenergo-USSR
3
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USSR Ministry DEPARTMENTAL CONSTRUCTION NORMS VSN 47-71
of Power and ) Replacing
Electrification Directives for Planning the VSN 01-66

Transitional Zones of Earth Dams MEiE USSR

Chapter 1. GENERAL CONDITIONS

Section 1. Range of application. 1. These "directives" are designed for
the planning and selection (from natural run-of-bank or artificially obtained
materials) of the granulometric composition of the soils of transitional
zones which join the cohesive (clay) soils of the cores and facings with the
coarse-grained material of the prism-triangles of high and superhigh dams
(non-classified), of class I, and for dams of classes II-IV with respect to
durability, which are constructed with impervious devices of the type shown
in Figure 1, both deposited from sand-gravel-pebble soils and rock fill.

Somewhat lower requirements (section 7, note; section 13, b) may be adopted
for earth dams of classes II-IV with respect to durability and for temporary
installations.

2. When the estimated characteristics of the run-of-bank materials or arti-
ficially obtained soils (at rock crushing or sorting plants) designed for

the filter materials of transitional zones go beyond the limits of the recom-
mendations stipulated by these directives, the planned or chosen granulo-
metric composition of the filters should be checked experimentally in the
laboratory (or at the construction site).

3. Planning and selecting the granulometric composition of the filters of
transitional zones protecting noncohesive (sandy loam) soils, from which
impervious devices are constructed, is carried out in the same way as for
noncohesive soils, in accordance with the "Instructions for Planning Filter
Materials for Hydraulic Engineering Structures," VSN 02-65.

Introduced by the Approved by Glavniiproyekt
All-Union Scientific of the USSR Ministry of
Research Institute of Power and Electrification
Hydraulic Engineering on 26 July 1971

imeni B.Ye. Vedeneyev

Introduction deadline
1 January 1972
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Note. The structure and dimensions of the core or facing made of loamy
soils are established by the plan depending on the type of dam, the condi-
tions of the work, the existence of suitable loamy materials, the climatic
conditions, etc., in accordance with SNiP II-I, 4-71.

Figure 1. Earth Dams

a--with upstream impervious triangle; b--with facing; c--with core;
l--triangle of dam--rockfill or sand-gravel-pebble; 2--transitional
zones

Section 2. Accepted terms and designations. These "directives" recommend
adherence to the following terms and letter designations.

Basic Terms

Transitional zone--the transitional layer (layers) of material between the
earth core (facing) and the triangles of the dam. Moreover, the layer ad-
jacent to the core (facing) should be planned (selected) for a granulometric
composition wlich ensures the seepage strength of the core (facing) of the dam.
When joined to the prism-triangles of the dam, the material of the transi-
tional zone should not be spilled into the material of the prism-triangle of
the dam.

Reverse filter--a layer of sand-gravel-pebble or rubble soils, preventing the
soils of earthen structures and non-rocky soils of the foundations of the
structures against mechanical piping, and in some cases also against heaving.

Frame of the dam—-the aggregate of its particles, receiving and transmitting
the action of external forces and ensuring the strength and stability of the
soil.

Earth filler--the particles in the pores of the earth frame.

Piping--breaking away and shifting, caused by the seepage flow within the soil,
of small particles, or their removal, or the dissolving of the water-soluble
salts contained in the soil or their washing away, as the result of which the
strength and stability of the soil may be disturbed. The following types of
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piping are differentiated: mechanical and chemical. 1In these directives
only mechanical piping will be discussed.

Mechanical piping--the breaking away and shifting within the soil and removal
of fine particles from its mass as the result of seepage flow.

Internal mechanical piping~-the shift of fine particles within the soil through
seepage flow.

External mechanical piping--the removal of fine particles from the soil through
seepage flow.

Dangerous mechanical piping--the breaking away, shifting and removal of fine
particles and particles of the frame of the soil to the extent that its strength
and stability are disturbed, as the result of seepage flow.

Silting-~the deposit in the pores of the soil of fine particles carried by the
seepage flow.

Piping soil~-soil in which mechanical piping may occur and develop with seepage
rates exceeding the critical.

Non-piping soil-~soil in which mechanical piping is impossible.

Practically non-piping soil--soil from which the seepage flow may carry away
(with respect to the geometrical criterion) the finest unbound particles in
an amount of not over 3-~5% by weight, with the strength and stability not
being disturbed by the removal.

Seepage strength of the soil--the capacity of the soil to resist the occurrence
of seepage deformatioms.

Seepage deformations of the soil--deformations formed when the seepage strength
of the soil is disturbed (as the result of mechanical piping, silting, seepage
heaving or compaction and contact erosion).

Soil spilling into the filter--the shifting of fine fractions from the contact
soil to the filter layer (or the soll of layer 1 into the second, or into the
rock fill) due to the force of gravity.

Forcing the filter into the soil--the introduction of fractions of the filter
in the contact soil, occurring because of the force of gravity and external
loads.

Contact area of the soils--the area including the boundary of two contiguous
soils, differing in their granulometric composition, which is determined by
the depth of the possible penetration of the particles of one soil into the
other.
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Stratification of the soil--the separation of large particles from fine ones
.. which takes place in the transport, unloading and dumping of the soil.

Heaving--the breaking off and simultaneous shifting of the entire volume of
.. soil, caused by an upward seepage flow.

Exfoliation of the soil--the breaking off of clumps of particles of cohesive
(clay) soil in the contact zone (in the pores) with the coarse soil or soil
N of the reverse filter.

Permissible exfoliation--the breaking off of clumps of particles of cohesive

' soil in the contact zone with the soil of the filter material (in the pores)
to a depth equal to or less than half of the diameter of the pores of the
filter soil, with the formation of stable anticlines (without erosion of the
contact).

Dangerous, inadmissible exfoliation--the breaking off of clumps of particles
of cohesive soil in the contact zone with the soil of the filter material (in
the pores) to a depth greater than half of the diameter of the pores of the
filter soil, with the possibility of deformations occurring in the cohesive
soil.

Contact erosion--erosion of fine or cohesive (clay) soil upon contact with
coarse soil (filter) due to longitudinal seepage.

Letter Designations

» D--diameter of particles of soil of the reverse filter;
D --average diameter of the seepage pores in the filter layer;
D@X—-maximal diameter of the seepage pores in the filter layer;
D¢t —~estimated diameter of the seepage pores of the soil of the
filter;
D10...D17..bD80-—diameters of the particles of the soil of the reverse filter;
N3 TP g =_ﬁ%b --coefficient of variation of granular size of the soil and
the soil of the reverse filter;
n5n¢ --porosity of the soil and the soil of the reverse filter (in
fractions of a unit);
K,; K#r-coefficient of seepage of the soil and the soil of the reverse
filter;
73--coefficient taking into consideration the shape and roughness
of the soil particles;
d--diameter of the particles of the soil protected by the reverse
filter;
d¢y --diameter of the arch-forming particles of soil;
d.. -~diameter of the (piping) particles of soil carried away by
the seepage flow;
d, --diameter of the (silting) particles of soil at which the

* silting of the filter (or soil) begins;
d10...dy7...d¢0--diameters of the soil particles;
v, J%P;MV;-critical pressure gradient and seepage rate at which the

mechanical piping or erosion of the soil begins;

.« 7
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g,--coefficient of critical rate;
«——derived coefficient of friction;
Lo - unﬁr-permissible gradient of pressure and seepage rate, equal to
/ the critical (reduced), with respect to the safety factor;
. -4;—-estimated gradient of pressure, determined by the seepage
estimate or EGDA method;
4 -~angle between the directions of the seepage rate and the
forces of gravity;
X ——coefficient of nonuniformity of distributing the particles
of soil (filter), or coefficient of piping localization;
Ye< ——volume weight of dry soil;
s A -—-gpecific gravity of soil particles;
% ==volume weight of water;
v ——coefficient of kinematic viscosity of the water
W --moisture content of the soil
'm —-maximal molecular moisture capacity of cohesive soil;
W, —-1limit of flowability of the soil;
W> —-1imit of rolling out of the soil;
L%f ~-plasticity number of the soil;
- G==-coefficient of water saturation (moisture content) of the
soil;
#3; —-coefficient of porosity at the limit of flowability of the
soil;
g-- acceleration of the force of gravity;
H--pressure head;
T--thickness of the filter layer.

’ Section 3. The purpose of transitional zones. Transitional zones are the
transitional, intermediate layers of soil joiming the loamy (cohesive)
v material of the core or facing with the coarse-grained material of the tri-
' angle of the dam (pebble or rock fill).

The principal purpose of transitional zones is to protect the cohesive (clay)
soil of the core (facing) of the dam from seepage deformations (exfoliation)
and mechanical piping and contact erosion, and to ensure the welding of cracks
in the core of the dam if it is possible for them to form, as well as to en-
sure reliable union of the core (facing) with the dam triangles or the over-
burden from the upstream side of the facing.

3 i} Section 4. Problems of planning the granulometric composition of the filters
3 of transitional zones. The:solutions to the following basic problems are
among those included in planning the granulometric composition of the filters
of the transitional zones of dams:

dam and its estimated parameters (granulometric composition, weight by volume,

porosity, plasticity number, water saturation coefficient, etc.) characteriz-
4 ing it as cohesive (clay) soil, satisfying all the demands made of this cate-~

gory of soils, and the choice of the composition of the filters which are made
- in accordance with the method for cohesive soils.

£

i 1. Establishing the degree of soil cohesiveness of the core (facing) of the
£

§

$

¢

)

2. Determining the hydrodynamic conditions of the seepage flow in contact
zones (estimated pressure gradients in the core and facing upon emergence in

8
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the first layer of the filter and along the contacts), being determined
either by seepage estimates or by EGDA methods, or by other experimental
and visual methods.

3. Planning the granulometric composition of the first layer of the filter
(if there are no data on the run-of-bank or artificially obtained soils) in
accordance with the condition of the inadmissibility of deformations of the
exfoliation of clumps of particles of the cohesive soil of the core (facing)
of the dam at the contact with the first layer of the filter and the follow-
ing layers (if required), according to the condition of a lack of "tendency
to spill" and the seepage strength and stability of the contacts.

4. Selecting the run-of-~bank or artificially obtained soils (if there are
quarries or the products of rock-crushing plants), which may be used for the
construction of transitional zones, taking into consideration the technical
and economic expediency of their use. When there are several quarries for
the installation of transitional zones in the vicinity of the structure being
erected, the lowest cost of the work in using them (location, tramsport,
developmental conditions, etc.) should be the guidelines in the choice of

one or several of thenm.

5. Checking the planned or chosen granulometric composition of the soils of
transitional zones for seepage strength and the stability of the contact and
for the condition of inadmissibility of deformations from the exfoliation of
clumps of particles of cohesive soil, its erosion upon contact with the first
layer of the filter and erosion of the contacts of the succeeding layers i

o - during contact seepage (along the layers) and dangerous mechanical piping in
v the actual layers of the transitional zone (in addition to that mentioned
in sections 3 and 4).

6. Checking the planned or chosen granulometric composition of the first 4
layer of the filter of the transitional zone for the condition of self-
welding of longitudinal cracks in the core of the dam if the possibility of
their formation is established.

7. Determining the thickness and number of layers of the transitional zone,
not only with respect to the work, but also taking into consideration the
stratification along the height of the material of the triangles of the dam
when they are constructed, as well as taking into consideration possible
horizontal deformations of the structure.

8. Establishing the permissible 1limits of possible deviations in the granulo-
metric composition, the thickness of the layers and the porosity (or volume
weight) of the soils of the transitional zone filters.

9. Testing experimentally, under laboratory conditions or at an experimental
section at the construction site, the planned composition of the material of
the transitional zone when the estimated characteristics of the run-o:i-bank
soils or soils obtained at rock crushing plants, designated for the trans-
. itional zones, are outside the recommended limits stipulated by these
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directives. For this purpose, depending on the tasks of the experimental
checking, a program and method of experimental research should be formulated.

Section 5. The material for tramsitional zones. Only noncohesive natural
or artificially obtained soils from hard and solid rock containing no water-
soluble salts should be used for the filters of the transitional zones.
Among these soils are: sandy, gravel-pebble soil, rubble, rubble wastes of
rock-crushing plants.

Natural or artificially obtained sand should consist of solid hard rock:
feldspar, quartz, or a mixture of them.

Gravel, pebbles and rubble soils should come from solid, hard, frost-resistant
rock, not subject to weathering and leaching.

The maximum crushing strength of the rock for the transitional zones of dams
should correspond tg the strength of the basic dam embankment, but be at
least 300-400 kg/cm“. 1In the tests for frost resistance, they should with-
stand at least 50 cycles of freezing and thawing at a temperature of + 17°C,
with the loss in weight not exceeding 5%.

Section 6. Initial data for planning. The following initial data should be
known when planning the filters for transitional zones:

1. The type and design of the cross section of the dam with the impervious
devices adopted in the plan and the method of constructing it (constructed

by layer-by-layer deposit and compacting, depositing by the pioneer method

for a great height, a combined method, dry, with water,etc.);

2. Data on the material of the core and facing of the dam: the granulo-
metric composition, volume weight, specific gravity, porosity, plasticity
limits and number, coefficient of water saturation and others, and their
estimated characteristics adopted in the plan;

3. Data on the possible horizontal shifts of the core or triangles of the
dam and data on the possible formations of individual (longitudinal) cracks
in the core (facing) of the dam;

4. Data on the materials of the triangles of the dam (sandy-pebble, made of
riprap, etc.) and its physical characteristics: granulometric composition,
volume weight, specific gravity, porosity, etc.;

5. Data on the availability and supplies of local materials (quarries), de-
signed for the construction of the transitional zones, data on the conditions
for extracting and transporting them as well as their physical characteristics,
mentioned in section 4 of this paragraph;

6. The estimated values of the pressure gradients of the seepage flow, adopted
in the plan on the basis of seepage calculations or according to the EGDA

s i A R S




method: maximal estimated pressure gradient (I®2%) when the seepage flow
. oozes into the downstream slope of the core P (facing) of the dam on
contact of the core and the first layer of the filter, etc.
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' Chapter 2. BASIC ESTIMATED CONDITIONS FOR PLANNING
THE GRANULOMETRIC COMPOSITION OF THE MATERIAL
OF THE TRANSITIONAL ZONES

Section 7. General instructions. 1. Only noncohesive natural or artifici-
ally obtained natural soils made of hard and dense rock and not containing
water-soluble salts should be used to construct the transitional zome
(Chapter 1, section 5).

The granulometric composition of the material of the transitional zones may
be planned or selected to be nonpiping, as well as piping.

The filters of the transitional zone with a piping composition, however,
should be checked for the seepage-piping strength, i.e., so that for the
given hydrodynamic conditions their work in the filter material does not
* cause dangerous mechanical piping and does not disturb its seepage strength.

2. The recommendations given below for planning and selecting the granulo-
metric composition of the first layer of the filter of the transitional zone
extend to filters of the transitional zone which protect cohesive (clay)
drained soil.

The cohesive soils (loam and clay) may be characterized by their compositional
content of clay particles d<0.005 mm in size:

. LOGMS « « « « o o o s s o o s + o o s o o o o o« 10-30%
Clays . « « « o s+ o o o o o« s o« s o o o s o o+« over 30%
and with a plasticity number W,: :

o 108MS « « o . ¢ e 4 v e e e e e e e e e e s TE<W, <17
€lays ¢ ¢ . 4 ¢t e e e e e e e s e e e e W, >17

.

3. In these directives the planning and selecting of the granulometric com-
position of the first layer of the filter of the transitional 1s recommended
for cohesive soils (imperfect structure) with a plasticity number W, >7 with
a fluctuation in the moisture content in the plasticity interval, i.e., when
W,> W>W,, where W, 1is the flowability limit and W, is the flattening limit
of the soil,

R o
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In this case the clay soil should have molecular cohesion, which may be ex-
pressed by the value of the volume weight of the dry (frame) soil [4].

. The volume weight of the dry (frame) protected cohesive soil at its place-
ment should be

) ! ,\' a

' To> Vo= Ty @

. where A is the specific gravity of the soil particles in g/cm3; £,1s the
coefficient of porosity with W,:

[ . AW, 2
= Ty, @

where Yy, is the volume weight of the water =~ 1 g/cm3.

4. The recommendations given below on the method of planning and selecting
the granulometric composition of the first layer of the filter of the trans-
itional zones protecting cohesive (clay) soils are stipulated for high and
superhigh dams (non-classified) and of class I with respect to durability--
the condition of inadmissibility of breaking away or separation of clumps of
particles of cohesive soil at the contact with the soil of the first layer
of the filter.

5. The granulometric composition of the first layer of the filter of trans-
* itional zones to soils with a plasticity number of W,<7 is planned or
« - selected in the same way as for noncohesive soils in accordance with [1], or
the final decision 1s made after special experimental studies have been made
in accordance with the specific conditions.

Note. For dams of classes II-IV with respect to durability and for temporary
structures, a small amount of scaling (not affecting the strength) may be
permitted for the clay soil at the contact with the first layer of the filter
(in the pores) for the value A S= DP3X . Here the maximal size of the pores

3 of the soil of the first layer of tge filter should be DBa8X <]1,5 cm, and the
3 clay soil of the core (facing) should have a plasticity number of W,>7 (and
W;>5 for temporary structures).

Section 8. Evaluating the piping tendency (nonpiping tendency) of the soils 3
and determining the maximal size of the particles carried off and the maxi- ~
mally possible percent of the removal (by geometric criterion). When the
selection of the composition of the transitional zonmes is begun, it is above
all necessary to determine the category to which the run-of-bank or artifici-
ally obtained soils belong and whether these soils are piping or nonpiping.

PR

Two methods are recommended for solving this problem: the first method char-
acterizes the nonpiping nature of the soil when the finest particles are not
P removed at any seepage rate.

g v The second method characterizes the soil as practically nonpiping, from which
a negligible removal of extremely fine unrestrained particles is permissible,
but without disturbing its strength.

13
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The first method. From the given parameters of the soil being studied, the
diameter of the maximal seepage pores in the soil, D32X is determined by the
following relationship:

MR . 0,4552.3 7 o Dy,
by '455/"/.."4, 1—”lb " (3)

where x 1s the coefficient of the nonuniformity of the distribution of the
particles in the soil or the coefficient of the piping localization:

=2 140,057 - (4)

Q¢= Dee i5 the coefficient of the variation in granular size of the soil;
ng is the porosity (in fractions of a unit); D,; is the diameter of the parti-
cles contained in the soil in an amount of 171 and less (by weight).

Then, along the curve of the granulometric composition of the given soil, we
find the minimal diameter of its particles Dpin®

If it proves that

0,77D3™ > Dy (5)

the soil should be considered piping; from such soil there may be a removal
of all the particles with a size less than or equal to

D < 077 DI, (6)

where DM3X is the maximal diameter of the piping particles which may be removed
from the mass of soil at the corresponding rates of seepage (greater than the
critical-- qbg.

If, however, it turns out that

-~

0,77 D** < Dyiumr N

the soil should be considered as nonpiping. Even the finest particles cannot
be removed from such soil.

The maximal possible percent of removal of piping particles from the soil
(according to the geometrical criterion) is determined from the relationship
(6) for DmAx,

Knowing D?fx, we determine the unknown maximal percent of removal from the
curve of granulometric composition.

Second method. Practical experience shows that if the very finest unrestrained
particles are removed from the soil in an amount of not more than 3-5% by
weight, the strength of the soil is not disturbed. Consequently, soil from
which the finest particles may be removed by the seepage flow in an amount of
not more than 3% (5%) by weight may be considered as practically nonpiping.

14
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Run-of-bank or artificially obtained soil destined for the filters of trans-
itional zones should be regarded (according to the geometrical criterion) as
practically nonpiping if its parameters satisfy the following relationship:

b, .- (8)

. Fﬂ) N' .

where N=(0.32+0.0167,) vy 16
"

If the relationship (8) is not satisfied, the soil should be considered as
piping.

Note. The methods given in section 8 to determine the piping tendency (non-
piping tendency) of the soils extend not only to soils of reverse filters
but also to all natural run-of-bank, artificially obtained noncohesive soils
of broken and unbroken structure.

Section 9. The permissible degree of variation in granular size of the soil
for construction of transitional zones. Many years of research carried out
in laboratories and in the field on studying the degree of nonuniformity of
distribution of the soil particles and its tendency to stratification, obser-
vations of the work done in placing the material of the filters [2], as well
as the great thickness of the layers of the transitional zones with their
construction makes it possible to substantiate the recommendation that soils
with a high degree of variation in granular size be used. This makes it pos-
sible to use natural run-of-bank soils for the filters of transitional zones
without their additional, expensive processing--sifting out the coarse and
washing away the fine fractions, dressing, crushing, etc., as is done for
thin-layer filters, in order to obtain homogeneous material.

1. The coefficient of variation in granular size of the soil of the first and
subsequent layers of the transitional zones for high and superhigh dams (non-
classified) and of class I with respect to durability, which protect cohesive
solls should be designated [2]:

"= <80, )

-~

As practical experience shows, placing the soil with 7 <50 when erecting thin-
layer filters layer by layer with leveling and compaction, given a certain
moisture content (up to 5%) ensures its homogeneity by layer.

2. The first layer of the filter of the transitional zone protecting cohesive
goil may have the coefficient of variation in granular size assumed as 7¢:>50
with the proper substantiation:

a) If it includes sandy fractions, d=0.05-2 mm in an amount not less thamn
20-25%;
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b) The estimated diameter of the pores of the soil (with 7¢ > 50), when it
is not advantageously distributed should be greater than the actual maximal,
i.e. D/*** > (1.25-1.50)DJa%;

c) The granulometric composition of the soil with 1 >50 should satisfy the
criterion of the ability to silt up and weld cracks In the core (facing) of
the dam (which creates a reserve strength);

d) Removal of fine piping fractions d.; from the given composition of the soil
(with 7 >50), with the contact seepage and given specific hydrodynamic condi-
tions should be less than Dg, i.e. d <’D§ (with a certain reserve as compared
with the relationship (29)--""the removal criterion");

e) The given composition with Ys > 50 should satisfy the criterion (20), i.e.,
the condition of inadmissibility of the erosion of cohesive soil with longi-
tudinal contact seepage.

Figure 2. Diagram of a Transitional Zone

1--core of the dam; 2--transitional zone (filter); 3--triangle of
the dam; t'--horizontal shift of the triangle or core of the dam.

If the above conditions are not satisfied, the suitability of the given com-
position of the soil may be checked experimentally.

Section 10. The thickness of the first layer of the filter of the transitional
zone. a) Impervious devices (core, facing) and the supporting triangles of
high dams undergo deformations different in value and direction, with which
considerable shifts are possible in the triangle of the dam in the direction

of the core or vice-versa. In such cases there may be a fracture of the first
layer of the filter of the transitional zone, if its thickness is negligible,
for example, equal to t' (Fig. 2). Consequently, the construction of the

first layer of the filter of the transitional zone with a fine-layer is not
permitted for high dams.

16
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When the first layer of the filter of the transitional zone is constructed
with considerable thickness, the undesirable phenomena of the fracture of
the layers with uneven and varied settling of the elements of the dam, as
well as with seismic action on the dam, will be eliminated. Here the pos-
sibility of the fracture (rupture) of the transitional zone will be elimi-
nated (Fig. 2), even though deformations may occur.

b) When the layer of the filter is very thick it becomes possible to use
natural run-of-bank soils varied in granular size, with a high degree of
granular variation coefficient (-'Q* £50 and above) without their expensive
processing (washing away the fine and sifting the coarse fractions, as is
done for thin-layer filters).

c) The thickness of the first layer of the filter of the transitional zone
for high dams should be designated not only with respect to the seepage con-
ditions and the work conditions, but also in consideration of the possible
horizontal shifts of the elements of the structure (core and triangle of the
dam) due to uneven settling.

The minimal thickness of the first layer of the filter of the transitional
zone Ty, for this type of dam should be (Fig. 2):

T > 34 ' (x), . (10)

where t' is the total size of the horizontal shifts of the core or triangle
of the dam (in m), determined by calculation or by the data from research.

Note. The thickness of the next layers of the transitional zone, if they
are necessary, may be designated from the work conditions, but be at least
3-3.5 m.

Section 11. Estimated pressure gradients. 1. When planning or selecting
the granulometric composition of the first layer of the filter of the trans-
itional zones protecting cohesive (clay) soil, the estimated value of the
gradient of the seepage flow / in cohesive soil at the emergence into the
first layer of the filter should be known.

The estimated value of the pressure gradient of the seepage flow at the sec-
tion of seepage of the core or facing of the dam may be determined either by
the seepage estimates or by the EGDA method.

For the core of the dam, the gradient of the seepage flow, with its emergence
onto the downstream surface of the core in the first layer of the filter may
be determined by the following relationship (Fig. 3):

" gina
In= o5 (1)
where # 1is the angle between the line of flow and the downstream edge of the
core, and is taken from the hydrodynamic system constructed by the graphic

method.
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For the core of the dam, however, recommended for the estimated pressure
gradient is the maximal gradient at the section of seepage with the emergence
of the seepage flow into the first layer of the filter at the water level of
the tailwater (where pza), which may be assumed equal to:

Jraxe ~ tga,

Plo<85%) 12)

where R is the angle of incline of the downstream slope of the core to the
horizon* (Fig. 3).

Figure 3. Estimate Pressure Gradients

l--core of the dam; 2--transitional zome (filter); 3--material
of the triangle of the dam; a--angle of incline of the downstream
slope of the core toward the horizon; 3--angle between the line of
flow and the downstream edge of the core; I--pressure gradient with
vertical (from top to bottom) seepage of the water in the triangle of
the dam; Iy--pressure gradient (oozing) with the emergence of the
seepage flow at the downstream surface of the core in the filter
layer; IW3X--same maximal pressure gradient (oozing) at the water
level of the tailwater (B« A).

Consequently, the estimated pressure gradient at the contact of the core and
the first layer of the filter may be taken as

Ie=smal . (13)
where X is the same as in formula (12).

The given pressure gradient Iy should be less than the critical one (sect. 14),
when in the contact zone there will be no breaking off of clumps of particles
of the cohesive soil of the core of the dam and no erosion of the contact zone.

3. When there is a runoff of seepage water (or storm waters) along the contact
of the first layer with the second layer of the filter, I} may be assumed for
the estimated pressure gradient from the relationship (13), and in the case of

* The maximal angle of the core of the dam is customarily recommended as
Ag76-80°.
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vertical seepage in sand-pebble soil of the dam embankment, i.e., with a flow

(storm water, etc.) of the waters downward, the estimated pressure gradient
may be taken as I=1 (Fig. 3).

These checks of the piping strength of the contact zone of the first and
second layers of the filter, as well as of the piping strength of the actual
sand-gravel-pebble triangle of the dam, should be made if called for by the
specific practical conditions.

Note. The practical work and verificational estimates show that the runoff
of water down along the first layer of the filter at the contact with the
second layer, in the process of operation, is almost never observed, and the
penetration of storm waters inside the embankment of the dam extends to a
negligible depth.

4. For the facing of the dam, it is recommended that the estimated gradient
of the pressure with the emergence of the seepage flow from the downstream
side of the facing into the first layer of the filter be assumed as (Fig. 9):

a) Wwhen the downstream triangle of the dam is made of riprap:
S e, .
L=y (14)

where z is the pressure exerted on the dam; &, is the thickness of the facing
(according to the standard specifications);

b) When the downstream triangle of the dam is made of sand-gravel-pebble

soils: o .

where z' is the pressure head at the section of the facing at the spot adjacent
to the depression curve (constructed for the embankment of the dam); &> is the
thickness of the facing according to the standard specifications.

5. In the appropriate cases, when the need arises to protect the facing from
the upstream side (if there is a reduction in the water level in the headwater
and the seepage waters ooze out onto the upstream slope), it is recommended
that the estimated pressure gradient be taken as:

Lh=tgh - (15)

where é is the angle of incline of the upstream slope of the facing toward the
horizon ( @, < 90°).

6. 1In the estimates (verifications) of the composition of the filter for
contact erosion of the upstream slope of the facing (dam), on condition of a
pulsing regime and longitudinal seepage into the layer of the filter (from

the rise and fall of the waves), the estimated pressure gradient should be
taken as:
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(16)

where k, is the coefficient, calculating the pulsing regime of the longitudinal
seepage (with respect to the eroded pressure gradient with uniform established
longitudinal seepage)*: k;=1.13-1.50 (the mean value k,=1.35 is recommended
for estimates); Iy is the gradient in the filter layer (filter preparation)

at the contact with the cohesive s0il of the facing (for the downstream slope
of the dam):

w=sinfe an

where Pb is the same as in formula (15).

* From the data of N.N. Belyashevskiy, professor and doctor of technical
sciences, and N.G. Bugay, candidate of technical sciences.
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g Chapter 3. THE METHOD OF PLANNING AND SELECTING
THE GRANULOMETRIC COMPOSITION OF THE FILTERS
OF TRANSITIONAL ZONES

In the practical work of planning the granulometric composition of the filters
of transitional zones, the need arises to solve the problem for one or two
possible variants.

Variant 1. The granulometric composition of run-of-bank soils destined for
construction of transitional zone filters is unknown.

In this case the granulometric composition of the filters of the transitional
zones must be planned to select the appropriate quarries or for the task of
preparing them artificially, at rock crushing plants.

T Variant 2. The granulometric composition of run-of-bank soils or the output
! of rock crushing plants is known.

In this case the appropriate composition of the filters of the transitional
zones must be selected from the given soils.

Presented below for these two variants is a method of planning and a method
of selecting the granulometric composition of the filters of the transitional

zones.

A. Method of Planning the Granulometric Composition of the Filters of the
Transitional Zones

Planning the granulometric composition of the first layer of the filter of the
transitional zones for the core of the dam.

Section 12. General instructions. When planning the granulometric composition
of the first layer of the filter of transitional zones of the core of a dam,
the basis should be the hydrodynamic . conditions which affect the seepage-piping
strength and stability of the core, as well as the requirements which in this
case should be made of the material of the first layer of the filter for the

¥

H downstream and upstream sides of the core of the dam [17, 18].

f o On the downstream side of the core of the dam the work of the filters of the

} transitional zones takes place under complex hydrodynamic conditions, which

i
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makes it necessary to make high demands of the granulometric composition of
the filters, which should ensure the strength and reliability of the core of
the dam, preventing the breaking off or separation of clumps of particles of
the material of the core in the pores of the filter, the erosion of the core
upon contact by the seepage flow, proceeding in the first layer of the filter.
In addition, the material of the first layer of the filter should ensure the
welding of cracks in the core of the dam if they form.

As for the transitional zone on the upstream side of the core of the dam,
two sections should be differentiated along the height of the core and two
different work regimes for the filter on the upstream side of the core
(Fig. 4).

9 L
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Figure 4. Earth Dam With Core

l--riprap; 2--core (facing) of the dam; 3--first layer of the filter
of the transitional zone; 4--second layer of the filter of the trans-
itional zone; a--angle of incline of the downstream slope of the core
toward the horizon; Ip--sin a--gradient of the pressure of the contact
seepage (with the runoff of the seeping water along the surface of

the downstream slope of the core in the first layer of the filter).

At the section of the core from the NPU [normal backwater level] to the UMO
[expansion unknown], the seepage regime may corviespond to the seepage regime
of the downstream slope of the core when the reduction in the water level in
the headwater takes place more rapidly than the yield of water from the soil
of the core of the dam.

At the section from the UMO to the base of the core, the transitional zone of
the upstream slope of the core will be in a different and most favorable
seepage regime, different from the seepage regime of the transitional zone
from the downstream side of the core.

In this case the soil of the core of the dam in the pores of the filter will
not break off (separate) due to the seepage flow from the embankment of the
core of the dam, but will be pressed to the embankment of the core, since
the direction of the seepage goes toward the downstream edge of the dam core.
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In addition, in this part of the core of the dam (from its foundation to the }
.. UMO) there is no contact seepage between the core and the first layer of the

filter, which eliminates the possibility of the erosion of the core resulting
- from contact seepage.

Taking into consideration the above, the granulometric composition of the
first lyaer of the filters for the transitional zones of the core of the
dam should be planned separately for the downstream and upstream slopes, in
R accordance with themethod given below.

1. Planning the Granulometric Composition of the First Layer of the Filter
' for the Downstream Slope of the Core of the Dam

Section 13. Determining the estimated size of the diameter of the seepage
pores of the soil of the first layer of the filter. If the characteristics
of the cohesive soil are of the values (see section 7) at which molecular
cohesion is ensured between the clumps of the particles, if there is seepage
flow in the clay soil, toward the underlying layer (filter) with a pressure
gradient I, a hydrodynamic pressure will be exerted on the clumps of cohesive
soil in the unprotected places in the pores which will tend to tear both
individual particles and entire clumps away from the mass of the cohesive
soil,

In order to avoid breaking away or separation of the cohesive soil in the
unprotected places (pores), the size (diameter) of the pores of the material 4
of the first layer of the filter should be such as to ensure molecular co-
v hesion between the clumps of the particles of cohesive soil.

: A. For conditions when it is inadmissible for clumps of particles of co-
’ hesive soil to break off or separate at the contact with the soil of the
first layer of the filter, the estimated diameter of the pores, D:M“ of the #
material of the first layer of the filter protecting the cohesive soil should
be determined from the following relationship:

(18) 3
aen _ 0,34 o !
D}, '/ s (cn),

with D/*" < 0.583 cm, 6=0°-90°.

When 6 =0°, 1.e., when the direction of the seepage coincides with the direc-
tion of the force of gravity, the relationship (18) takes the form:

Dglcq ‘:: .T'ii.- (18 ' )
$p- 1,

It is recommended that the relationship (18') be used when planning (select-
ing) filters for the facings of dams (and also, with a certain reserve, for
the cores of dams); ¢ is the experimental coefficient of the pressure gradi-
ent, the values of which ¢ -‘[(ék) are given in the table.
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B. For conditions of the possible admissibility of some separation of the
clumps of particles of cohesive soil (see Chapter 2, section 7, note), for
dams of classes II-IV with respect to durability and for temporary structures:

2,25
Dgncq — VW (ca), (18a)

where D/** < 1.5 cm, 6=0°-90°.

Z; is the estimated pressure gradient with emergence from the cohesive soil
to the first layer of the filter, determined by seepage estimates or the
EGDA method; for the core of the dam it is assumed according to the relation-
ship (12); # is the angle between the directions of the seepage and the
force of gravity.

Consequently, in order to avoid separation of the cohesive (clay) soil in the
zone of contact with the coarse-grained material--filter or of the deforma-
tions (when some separation is permissible), the protective layer of coarse
grained material (filter) should be selected with a granulometric composition
that will satisfy the basic condition:

D?:uxe .- DR%es (19)

where D"®* {s the maximal size of the seepage pores of the coarse-grained
material--the first layer of the filter, determined from the relationship (3).

Section 14. Checking the strength of the cohesive soil and the granulometric
composition of the first layer of the filter for contact erosion by the lon-

gitudinal seepage flow. a) The seepage flow at the emergence from the core

of the dam will flow along the downstream slope of the core in coarse-grained
material of the first layer of the filter.

The cohesive soil of the core of the dam, coming into contact with the coarse
grained material of the first layer of the filter, should not undergo contact
erosion and destruction by the seepage flow. Therefore, the granulometric
composition of the first layer of the filter with the estimated diameter of
the seepage pores D"’ or DP®X  agsumed from the relationship (18), (18'),
(18a) or from the basic condition (19), should be checked for suitability for
ensuring the strength of the cohesive soil with contact seepage (for contact
erosion).
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b) Cohesive soil with a plasticity number of W, >7 and a moisture content
coefficient of G >0.80-0.85, coming in contact with the coarse-grained
material of the first layer of the filter, will not undergo contact erosion
and destruction, if the material of the first layer of the filter is selected
so that with the passage in it of the seepage flow, hydrodynamic conditions
are created under which the strength and stability of the cohesive soil will
not be disturbed.

For conditions when there must be no erosion in the zone of contact of the
cohesive s0il with coarse-grained material, the maximal size of the pores in
it DX should enable the following condition to be satisfied:

I 2 075, (20)

where I is the estimated pressure gradient in the coarse-grained soil at the
contact with the cohesive soil and is assumed from the relationship (13);

Ixp is the critical pressure gradient for the cohesive soil coming into con-
tact with the coarse-grained material:

~ 0,75,

N
pr "’;?l r——D:,""‘ (21)

where DP'3X in cm is determined according to the relationship (3), and
DX 1.8 cm.

¢) If condition (20) is not satisfied, this indicates that the assumed granu-
lometric composition of the soil of the first layer of the filter, in accord-
ance with condition (19) should be changed.

To find the new composition of the first layer of the filter, we proceed in
the following way. From the relationship (20) we determine for the given
specific conditions the value of Ik , which will be equal to I =I3:0.75.
Then, this value is substituted in gelationship (21), and solvigg it for
DRaX, we obtain:

DI . ROy e (22)

The new granulometric composition of the first layer of the filter, the maxi-
mal size of the pores of which corresponds to the relationship (22), will
satisfy the basic condition (19) and condition (20).

d) Determination of the estimated dimensions of the fractions (D;g, Di7, D60
and D1gg) of the given composition of the soil and plotting its curve oz
granulometric composition is carried out below in section 15, except that in
the relationship (23), instead of Df"’, DB8X {g gubstituted, obtained from
the relationship (22).

Section 15. The method of determining the estimated sizes of the fractions
and plotting the "zone of permissible granulometric composition of the soil
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suitable for the first layer of the filter." The condition of the inadmis-
sibility of deformations of the cohesive soil in the zone of contact with
the material of the first layer of the filter is taken as the basis of the
method of planning the granulometric composition of the first layer of the
filters of transitional zones. This condition is determined by the relation-
ships (18), (18'), (18a), (22) and (19).

On the basis of the condition assumed, the method of determining the estimated
dimensions and the basic fractions of the first layer of the filter is given
below:

a) Knowing from the relationship (18), (18'), (18a) the D% ‘", we find the
dimensions of the fractions D;; of the first layer of the filter from the
basic condition (19), substituting instead of DM@X from relationship (3),
its value, and solving it with respect to D;;, we obtain:

D.,. DE1—ne (23)
RE TR

6
where x 1is assumed from the relationship (4); C=0.455VQ_ ; ¢ is assumed
in accordance with the relationship (9), section 9; “f 1;>the permissible
porogiity of the material of the filter:

Ry = ng— 0,1 1g ny, (24)
where 7, =0.40--for sand-gravel-pebble soils; #, =0.45--for rubble soils.

b) The effective diameter of the fractions of the first layer of the filter
is determined from the ratio

nm & lD"-

(25)
and we find the coefficient i from the graph i= /(D10/Dy;), (Fig. 5).
P
i=Dn
Dy
04 é‘\
. N | L
o5 \J\_*N
04 -
Figure 5. Graphy =f (LO) 7 D
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c) The controlling diameter of the fractions of the first layer of the filter
is determined from the condition

‘ D= b 26)

d) The maximal diameter of the fractions of the first layer of the filter
pmax =Djgo should be determined from the relationship

- | Dyp< Do+ 10°Ds g @7

. e
where x=1+1.28 lg*rz 3 Djg and Dgg are the sizes of the fractions, obtained
from the relationsﬁips ?25) ang (26).

e) From the estimated values of Djp, D37, Dgp and Dygp obtained, the esti-
mated curve of the granulometric composition of the soil suitable for the
first layer of the filter is constructed (curve¢, Fig. 6).

f) The gciven composition of the soil satisfies the basic condition (19), i.e.,
D“','ax@f ”, which corresponds to its most disadvantageous distribution for
the estimated value assumed for the coefficient of variation in granular
size, y pac

) fs .

g) The estimated curve 96 obtained should be the "lower limit" of the per-
missible granulometric composition of the soils suitable for constructing
* the first layer of the filter.

The deviation of the curve of the granulometric composition of the soil to
: the right, beyond the "lower 1limit" of the curve ¢ is not permitted, as this
s - composition of the soil for the first layer of the filter is not suitable.

h) All the soils, the curves of the granulometric composition of which are
Placed to the left of the curve ¢and have a coefficient of variation in
granular size of ygz = Y4 /7 or V¢ < 747" (curves 1 and 2, Fig. 6) are suit-
able for the first layer of the filter. These so0oils create a considerable
reserve to ensure the seepage strength of the protected cohesive goil; in
comparison with the soil corresponding to the estimated curve¢ .

A considerable deviation from the estimated curve to the left beyond the
. limits of curve 1 (finer granulometric composition of the filter), however,
may require an additional layer for the transitional zone.

A deviation from the estimated curve ¢# 18 recommended within the limits, as
is indicated in Figure 6, curve 1, so that the estimated size of the frac-
tions Dgd“‘’ of the curve f corresponds to the size of the fractions D'gs of
curve I, and the estimated size of the fractions D1'°6 ‘7 of the curve , to the
size of the fractions D'35 of curve I, i.e., Dgy" =D'gs and Dy " =D' ;..
Then the curve I will be the "upper limit" of the permissible granulometric
composition of the soil, suitable for placing in the first layer of the
filter (zone I), Fig. 6.
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Figure 6. Estimated Granulometric Composition of the Soil of the First Layer
of the Filter of Transitional Zones

l--cohesive (clay) soil, protected by the filter; ¢--estimated
granulometric composition of the soil suitable for placing in the
first layer of the filter with 7,”** (lower limit of the "zome");
I--zone of permissible granulometric composition of the soil suit-
able for placing in the first layer of the filter' 1--so:ll suitable
for placing in the first layer of the filter y = " (upper limit
of the "zone"); 2--so0il, suitable for placing 'in he first layer of
the filter with 'Zf‘ /"“‘"; a--area of permissible sizes of fine
fractions D, < D; (102) in the composition of the filter (from D .=
=0,005 to DlO mm?

i) Fine fractions in the composition of the first layer of the filter in an
amount of 10% (by weight) with a diameter D<D1”6“ ‘"may be of any size, less
than DlO ? for example, from 0.005 mm to Dy, ract), see area a, Fig. 6.

J) The coefficient of filtration of the estimated composition of the soil
of the filter of the transitional zone (curve #) may be determined from the
formula [1] of M. Pavchin:

ny

Koo A gy P (culecn) (28)

3

A-ifb@—-(l/cm-sec); ¢, 1s the coefficient, taking into consideration
the shape and roughness of the particles of soil; according to the data of
G.Kh. Pravednyy it is recommended that: for sand-gravel soils, ¢, =1; for
rubble soils. 97, =0,35-0.40; v 1is the kinematic coefficient of viscosity of
the water, in cm?/sec; D17, in cm; or from the formula of A.N. Patrashev

Ky =230 By, (28")

where g=981 cm/sec2--the acceleration of the force of gravity; D,(cm) is the
diameter of the seepage pores, and is determined from the relationship (42).
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Section 16. Checking the piping strength of the granulometric composition

of the soil of the first layer of the filter. a) If the granulometric com-

position of the soil of the first layer of the filter is piping soil, the

given composition of the soil should be checked for resistance to erosion

- of the contact zone by a longitudinal seepage flow, since if a considerable

, number of fine particles are removed from it, its strength and stability
may be disturbed, which is inadmissible.

R e T

s b) With longitudinal seepage (i.e., with the runoff of water along the con- ]
tact of the cohesive soil and the first layer of the filter , Fig. 3), the
granulometric composition of the soil of the first layer of the filter should

. be considered as piping-resistant, if the following condition is fulfilled:
(29)
det = .‘_‘L".""Ei"i< D',
w' VK (30)
?0’ ? 0-30 (1| — l)]‘n
f* = 0,82 — ],8"] + 0,(“2 ("Il —5),
' (31)

d;; is the size of the piping particles in the composition of the soil of the
first layer of the filter which may be removed by longitudinal seepage flow
from the contact zone; X is the angle of incline of the downstream slope of

1
the core toward the level, Fig. 3; #; 1is the porosity of the soil of the !
’ first layer of the filter (in fractions of a unit); 7; is the coefficient of
4 variation in granular size of the first layer of the filter; Kg is the coef- 3
. ficient of seepage of the firgt layer of the filter; ); 1is the volume weight, ‘
Y =A(1-n), A =2.60-2.65 g/cm”. i

If, however, condition (29) is not satisfied, then an additional check must
be made, as the result of which the conclusive decision is made on the
suitability or unsuitability of the planned or selected granulometric compo-
sition of the soil of the first layer of the filter or a new granulometric «
composition is designated for it. i

¢) An additional check is made if when planning or selecting the granulo-
metric composition of the soil of the first layer of the filter, the basic
condition (19) is obtained with a reserve, i.e., D" is not equal, but is
greater than DJiax f** > Dgfx).

In this case the following check should be made. We will assume that all the
fine particles, the size of which, d.;, is determined from the relationship
(29), are removed from the planned or selected granulometric composition of
the soil of the first layer of the filter.

Assuming, taking into consideration the removed particles, d¢/, the new
granulometric composition of the first layer of the filter to be 100X with
D'min'dc/o we plot the curve of its granulometric composition (curve 2,
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Fig. 7). From the curve 2 obtained we take the values D'17 and 7, and
from the relationship (24) we determine the porosity n¢ From the param—
eters obtained from the relationship (3) we determine D-max.

If it turns out that D'max DP' ', the initial granulometric composition of
the soil of the first layer of the filter (Fig. 7, curve 1), obtained from
condition (19), should be considered as suitable. f

If, however, it turns out that condition (19) is not satisfied, a new granu- ]
lometric composition of the soll of the first layer of the filter should be
designated (see below, section d.).
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Figure 7. Selection of the Granulometric Composition of the Soil of the
First Layer of the Filter of Transitional Zones

[ —=cohesive (clay) soil, protected by the filter; l--estimated
granulometric composition of the soil of the first layer of the
filter; 2--granulometric composition of the soil of the first layer
of the filter, from which all the particles with a size of less
than d., are removed; 3--new composition obtained for the first
layer of the filter from the condition d.;=D";y (with the drop of
the coarse fractions > D"MaX), A--particle content, in Z.

d) The new granulometric composition of the soil of the first layer of the
filter is designated from the condition that d. =D17 (Fig. 7, curve 3).
Knowing D" from the relationships (25), (26) and (27), the fractions D10»
D17. Dgo and D;gq are determined. From the sizes of the fractions Dy,

D;7, Dgo and D obtained, a new curve is plotted for the granulometric
composition of tge soil, which should be taken as the estimated granulometric
composition of the first layer of the filter. This composition of the filter
will satisfy the basic conditioms: (19), (20) and (29).

Section 17. The condition of self-healing of cracks in the core (facing) of
high dams. a) In high and superhigh dams with thin cores (facings, located
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in a narrow canyon with steep slopes, as the result of great and uneven
deformations and variation in settling, as well as seismic phenomena, in
some cases individual local cracks may form, which are undesirable, especi-
ally at the downstream edge of the core at the contact with the reverse
filter of the transitional zone, as shown in Fig. 8.

b) In such cases, to prevent the contact zone of the cohesive soil of the
core (facing) of the dam from being eroded by the seepage flow emerging
along the ~rack in the filter layer, the filter of the transitional zone
should be pianned and arranged with a granulometric composition that will
keep the clumps of cohesive s0il or individual particles of it removed by
the seepage flow from passing through the filter layer, and would silt it

in the area of the crack (Fig. 8), and would therefore create the conditions
for the healing of the crack itself.

Figure 8. Diagram of the Healing of Cracks in the Core of a Dam

1--core of the dam; 2--transitional zone (filter); 3--triangle of
the dam; 4--crack in the core of the dam; 5--silting area in the
filter (transitional zome).

c) Consequently, the planned or selected granulometric composition of the
first layer of the filter, satisfying in these cases the requirements made
of the filters of transitional zones of high and superhigh dams, should be
chekced for the silting tendency condition.

d) 1If the given planned or selected granulometric composition of the filter
may be silted by the fine particles removed from the crack of the core
(facing) of the dam, this composition of the filter should be regarded as
satisfying the given condition.

i T SRR

e) 1If the given condition is not satisfied, the planned or selected composi-

tion of the filter should be changed, so that the new composition obtained
will satisfy the silting tendency condition.

f) The condition of the silting tendency (healing of the cracks) will be

fulfilled if the planned composition of the first layer of the filter satis-
fies the following criterion of silting tendency:
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Dy _265(1i—"ng)
o T (32)

where D 7 is the diameter of the particles of the soil of the reverse filter,
with less than 177 by weight contained in it; ,4 is the porosity of the soil
of the reverse filter, in fractions of a unit; 74+ 1is the coefficient of
variation in granular size of the soil of the reverse filter; dgg is the
diameter of the particles of the soil of the core of the dam silting the
first lager of the filter, with less than 907 by weight contained in it;
dgoﬁsdzo or dgg~=(0.2-0.1)dgq” , where dzof and dgj” are the size of the ]
aggregate compositions of the clay soil with its erosion (with the coeffici- 1
ent 0.2 corresponding to the soil with a plasticity number of W,=5-10, and '
0.1- W >10).

If in the inequality (32), instead of dgg, its mean vg}ue is substituted,
expressed by the aggregate quality , i.e., dgg«0. 15d90, the condition of
the silting tendency of the first layer of the filter by the aggregates of
cohesive soil will have the following form.

Dy .§‘4(1-n¢) (32")
dg’ ‘ n¢"'; LT '

where the letter symbols are the same as in (32).

g) If condition (32) is not satisfied, there should be a change in the

.« - planned (selected) granulometric composition of the filter, taking for the
. estimated size the diameter of the fraction Dj7 from the relationship (32),
i.e.
, i B0, 3
‘ —_— "l - 3)
3 Do =V o

The remaining sizes of the basic estimated fractions of the curve of the
granulometric composition of the filter D o> Dgo and Dygg are determined
from the relationships (25), (26) and (27}.

The new granulometric composition of the first layer of the filter obtained
in this way will satisfy the condition of the silting tendency, and conse-
. quently, of the healing ability of the cracks.

The estimated curve of granulometric composition obtained should be taken as
the lower limit (Fig. 6, curve®) of the "zone of permissible granulometric
composition of the soil, suitable for placing in the first layer of the
filter."

Note. The data from section 17 are included in these directives as the
1 : solution to the problem posed of the possibility of cracks forming in the
core of the dam (which is improbable, especially through cracks), and, if
they do form, the measures to be stipulated for their self-healing.
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Planning or selecting the composition of the first layer of the filter from
the condition of its tendency to silt due to cohesive soil in the core,
with its erosion, gives a considerable reserve of strength and reliability
for the core (facing) of the dam protected by it.

2. Planning che Granulometric Composition of the First Layer of the Filter
for the Upstream Slope of the Core of a Dam

. Section 18. General instructions. It is recommended that the granulometric
composition of the first layer of the filter of the transitional zone for the
core of a dam on the upstream side, as indicated in section 12, be planned

. for two sections along the height of the core, i.e., for two different work
regimes for the filters [18]. )

First section--from the NPU level to the UMO level (Fig. 4).

1, In this section of the core of the dam, the seepage characteristics may
correspond to the seepage characteristics of the downstream slope of the
core when the reduction in the water level in the headwater takes place more
rapidly than the water yield of the soil of the core of the dam.

In this case the granulometric composition of the first layer of the filter
for the upstream side of the core should satisfy all the conditions which
are imposed for the first layer of the filter for the downstream slope of
the dam.

e Taking into consideration this condition, the granulometric composition of

. the transitiona’ zone at the given upstream section of the core (from YNPU to
¥V UMO) should be planned or selected (or taken by analogy) as for the down-
stream slope of the core of the dam, according to the method given in sec-
tions 13-16.

2. With a constant water level in the reservoir (in the headwater), or

with the appropriate substantiation, that with a reduction in the water level
in the reservoir the seepage waters will not ooze onto the upstream slope

of the core, the granulometric composition of the first layer of the filter
may in this case be planned or selected as for the second section of the

core of the dam from the UMO level to its foundation, by the method given
below in section 19.

3. When there is coarse rubble material in the upstream triangle of the dam,
however, the possibility should be considered of the penetration and effect
of the pulsation of the water (from the rise and fall of the waves) on the
transitional zone.

In such cases appropriate protective measures should be stipulated at the

section of the upstream slope of the core at the height of the rise and
fall of the waves (filter of nonpiping composition, two-layer filter, etc.).
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Second section--from the UMO level to the level of the foundation of the core
(Fig. 4). 4

In the operational period a so-called '"dead zone" is formed at this section,
hwere there is no fluctuation in the water level, and the transitional zone |
operates on the principle of a "direct" filter, i.e., the direction of the
seepage is not from the fine soil to the coarse ("reverse" filter), but ‘
vice-versa-~from the coarse soil to the fine. ]

In this case, as indicated in section 12, the seepage flow, acting on the i
soil of the core, has a positive effect on the strength of the material of '
. the core. The operating conditions c¢f the transitional zome at this section
s are the most favorable, as compared with the downstream slope. Therefore the
: requirements for designating the transitional zone and for its granulometric
composition should be different, and minimized (the oozing of the seepage
g flow to the slope, breaking away or separation of the material of the core
4 in the pores of the filter and contact erosion are eliminated). ?

Section 19. Planning (selecting) the granulometric composition of the first
layer of the filter of the transitional zone for the upstream slope of the
core at the section from the UMO level to its foundation [18]. a) The pro-
tected soil of the core of the dam should be cohesive and satisfy the require-
ments given in section 7, paragraph 3, i.e., W, >7, with the fluctuation in
the moisture content W in the plasticity range:

- W, >W>W,
v where W, is the flowability limit; W, is the limit of rolling out of the soil.

b) The minimal volume weight of the frame of the cohesive soil Y., of the
core of the dam, at its placement, should be:

' ;
'YQ }/ck 4

where ‘e " is taken from the relationship (1).

¢c) The estimated pressure gradient for the upstream section of the core of
the dam (if the seepage flow does not ooze onto the slope) should be taken as:

l;:=0

d) The estimated diameter of the seepage pores of the material of the first
layer of the filter for the given upstream section of the core of the dam may
be determined from the relationship (18), with /=0 cosé =1, we obtain:

{ DRt — 9—,9-_9*_%;6 - -o(-)%i‘— = 0,583 cu = 583 ax.
e) For high dams with a pressure head of H>100 m, with the installation of
" a single-layer transitional zone and with its juncture with the rock fill of
the upstream triangle of the dam, it is recommended that the safety factor of
5 ' k3;=1.25 be introduced. Then the estimated size of the seepage pores of the
material of the upstream transitional zone of the core, at the section from
oL the UMO level to its foundation should be assumed:

Df,”" =4,65 mm
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f) To ensure the seepage strength and stability of the upstream slope of
the core of the dam at the section from the UMO level to its foundation,
the maximal diameter of the seepage pores (q?ax) of the first layer of the
filter of the transitional zone should be:

D% . P 24,65 mm

[+]

where D'¥* is determined from the relationship (3).

g) Determination of the estimated sizes of the fractions (Dlo, D17, Dggo»

D1pg) of the given composition of the soil and plotting the "zone of per- H
. missible granulometric composition of the soil suitable for placement in

the first layer of the filter" are carried out in accordance with the method

given in section 15.

h) According to the hydrodynamic conditions at the given section of the up-
stream slope of the core of the dam (from the UMO level to its foundation),
a sand-gravel soil, of both nonpiping and piping composition (any degree of
piping) may be laid, if its composition satisfies the basic conditfon (19).

Section 20. Planning (selecting) the granulometric composition of the soil
of the first layer of the filter of the transitional zones of the facing of
the dam. It is recommended that, for the facing of the dam, constructed
from cohesive (clay) soil, the physical characteristics of which satisfy the

- requirements set forth in section 7, paragraph 3 of these directives, the
planning (selection) of the granulometric composition of the soil of the
first layer of the filter of the transitional zones, depending on the hydro-

- dynamic conditions of their operation, be carried out separately, for both
the downstream side of the facing and the upstream side of the facing.

1. Planring (Selecting) the Granulometric Composition of the Soil of the
: First Layer of the Filter of the Transitional Zone for the Downstream
3 ' Side of the Facing.

a) Determining the estimated size of the diameter of the seepage pores of
the first layer of the filter. When the breaking away or separation of
clumps of particles of cohesive soil at the contact with the soil of the
first layer of the filter is inadmissible, the estimated size of the diameter
of the seepage pores of the material of the first layer of the filter should
be determined according to the relationship (18')*

DRt _ i 0,34
?Ip+ T

vhere ¢ is taken from the table, ¢ =£(/»); 4 1is determined from the formula
(14) or (14'), depending on the material of the triangle of the dam (sect. 11,
paragraph 4) Fig. 9.

b) In order to avoid the separation of the cohesive (clay) soil of the facing
A at the contact with the material of the first layer of the filter (or deforma-
. tion), the basic condition should be satisfied (19): e

*
See section 13, b,
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pmax ¢ ph*

where D@X is the maximal size of the seepage pores of the first layer of the
filter, and is determined from the relationship (3).

. c¢) The estimated dimensions of the fractions is determined and the "zone of
granulometric soil suitable for placing in the first layer of the filter"
H is plotted according to the method given in section 15.

d) The planned or selected granulometric composition of the first layer of
the filter should be checked for the "condition of self-healing of cracks"
in the facing in accordance with the criterion (32), section 17.

e) If condition (32) is not satisfied, the planned (selected) composition
of the soil of the first layer of the filter should be changed, in accordance
with the recommendations given in section 17, paragraph g).

2. Planning (Selecting) the Granulometric Composition of the Soil of the
First Layer of the Filter of the Transitional Zone for the Upstream
Side of the Facing of the Dam

The granulometric composition of the first layer of the filter of the trans-
itional zone for the protection of the upstream side of the facing (depending ,
on the hydrodynamic conditions of the operation of the transitional zone) ]

. should be planned (selected) as for the.core of the dam (section 18), for two .
sections along the height--for two different operational conditions of the E
‘ filters. ;

First section~-protecting the facing at the section where the water level of
the reservoir fluctuates from the NPU level to the UMO level (Fig. 9), when
the seepage waters ooze onto the upstream slope of the facing, with a reduc- '
tion of the water level in the headwater, taking into consideration the ef- ;
fect of the wave action on the transitional zone:

1) With a coarse-grained (sand-pebble or rubble) overburden on the upstream
side of the facing;

2) With a coarse rubble overburden.

a) Determination of the estimated size of the diameter of the seepage pores
of the soil (Df“") of the first layer of the filter.

: _ When it is inadmissible for clumps of particles of cohesive soil to break
g r away or separate at the contact with the first layer of the filter, the
j relationship (18')*should be used to determine DJ“‘*

! e V E
g ' oyl T

where 4 is taken from the table (p 24); l;,is determined from formula (15), i.e.

*
See section 13, b,
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Ip=tg {50

where (3, is the angle of incline of the upstream slope of the facing toward the
level (Fig. 9).

Figure 9. Dam with Facing and Blanket :

l--embankment of the dam; 2--facing; 3--blanket; 4-~transitional

1 zones (filters); S5--protective layer; z--pressure head at the A-B

i3 section; z'--pressure head at the section of the facing where the

3 curve of depression ag;gins the embankment of the dam made of sand-
gravel-pebble soil; D,  --maximal size of the seepage pores of the
soil of the foundation of the dam.

Methon ot v ae

b) The composition of the first layer of the filter obtained, with Dj"‘1

should be checked for suitability with respect to ensuring the strength of

the cohesive soil of the upstream slope of the facing, with contact seepage,
. according to the condition (20), i.e. :

Moreover, for fine-grained overload on the upstream side of the facing, Iy,
under the condition (20), we assume:

Ik=sin By *
where ﬁg is the same as in formula (15).

For a coarse rubble overburden of the facing (if the wave action affects the
transitional zone), the condition (20) will have the following form:

Iy < 075/, (34)

where I, is assumed according to the relationghip (16); Iﬁﬁ--according to the
relationship (21), having assumed DP2X = pfo*

c) 1If the condition (20) or (34) is not satisfied, formula (22) should be
used to find the new value of DJ*".

Then formula (22) may have two values: i

ML, S LIS TR

1) PFor a fine overburden of the facing

* See formula (17)




DYaxe .

0,56
h+ (cu), (22a)

where Ik is assumed from the relationship (17);

2) For a coarse rubble overburden, i.e., taking into consideration the effect
of the wave action on the transitional zone:

C M . 0'56 b
D“ll't .- ' < . )' (22 )

The value of DI@X obtained from the condition (22a) or (22b) is taken as the
estimated, i.e., D"’ =D@X, {f condition (20) or (34) is not satisfied.

d) The estimated sizes of the fractions (D19, D17, Dgg, D100) of the given
composition of the soil are determined and the "zone of granulometric compo-
sition of the soll suitable for placement in the first layer of the filter"
is plotted according to the method shown in section 15.

Second section--protection of the facing at the section from the UMO level to
its foundation and when the water level in the reservoir is constant, and
also when the seepage waters do not ooze onto the upstream slope of the fac-
ing, with a reduction of the water level in the reservoir (with the proper
justification).

a) In this case, the method of planning (selecting) the granulometric com—

position of the soil of the first layer of the filter for the upstream slope
of the facing corresponds totally to the method of planning (selecting) the

granulometric composition of the first layer of the filter for the upstream

side of the core of the dam at the section from the UMO level to the base

of the core.

b) 1In planning (selecting) the granulometric composition of the soil of the
first layer of the filter for the upstream side of the facing, the method
set forth in sections 18 and 19 should be used:

Section 21. Planning (selecting) the granulometric composition of the filter
preparation under the shoring of the upstream slopes of earth dams made of
cohesive (clay) soil. When planning (selecting) the granulometric composition
of the filter preparation under rock and under reinforced concrete shoring of
the upstream slopes (Fig. 10) of earth dams, constructed from cohesive (clay)
soils with a plasticity number W;>7 (for structures of the second class of
durability and below, W,>5), with molecular cohesion, determined from the
relationship (1), section 7, the following conditions shonld serve as the
basis:

1) The granulometric composition of the filter preparation, for the up-

stream shorings of the slopes (for protection against wave action) should
be practically non-piping, satisfying the relationship (7) or (8);
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Figure 10. Planning (Selecting) the Filter Preparation for the Shoring of
Upstream Slopes

l--embankment of the dam made of cohesive soil (with W,>5-7);
2--upstream covering of the slope (rock or by reinforced concrete
slabs); 3--layer of the filter preparation; 4--runup of the waves;
f,——angle of incline of the upstream slope of the dam toward the
level.

2) The filter preparation should give reliable protection for the cohesive
(clay) soil of the upstream slope of the dam, from: wave actions, erosion

by the seepage flow of the water flowing out of the embankment of the dam,

erosion by the current, etc.

Note. The type of covering of the upstream slopes for protection against wave
action should be planned or chosen in accordance with the existing SNiP [5].

a) When there are dynamic loads on the slope of the dam, pulsating seepage
in the layer of the filter preparation (with the rise and fall of the waves
on the slope of the dam), a variable water level in the headwater and its
possible ocozing onto the upstream slope of the dam, the estimated size of the
diameter of the seepage pores of the material of the seepage preparation

(0f**),  is recommended as being determined from the relationship (18'):
0,4
{4 J. ¥
DR T

and in this case to be assumed is ¢=1, Ly=tgfB, , where P, is the angle of in-
cline of the upstream slope toward the level (Fig. 10).

b) To avoid separation of the cohesive (clay) soil in the zone of contact
with the material of the filter preparation, the granulometric composition
of the material of the filter preparation should satisfy the basic condition
(19), 1.e.
x ,)Ac'l
o< D)

where DP2X ig the maximal size of the diameter of the seepage pores of the
filter preparation, and is determined from the relationship (3).
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c) The filter preparation will afford reliable protection against contact
. erosion of the slopes of the dam with a pulsating regime of longitudinal

seepage (from the rise and fall of the waves) if it satisfies the condition
(34):

In - 0751p, (38

where Z} is assumed in accordance with the relationship (16); Z%P =--according
. to the relationship (21).

d) If condition (34) 1is not satisfied, the granulometric composition of the
filter preparation should be changed, see section 20, 2, c.

e) The material of the filter preparation should not penetrate the pores of
the rock fill (D{") or an opened crack (bu+) in the reinforced concrete
covering (Fig. 10).

This condition may be expressed by the following relationships:

1) For the rock covering:

D, > 0,55D%", (35) ;

where D5g is the estimated size of the fraction of the filter preparation
(taken in accordance with the curve of the granulometric composition of the L |
material of the filter preparation); Df” is determined from the relationship k
4 ° (42):
3 . Dy > 0,550, (36)

If the estimated size of the fraction of the material of the filter prepara- ;
tion Dgy does not satisfy the relationship (35) or (36), the value of the i
coefficient of variation in granular size, , of the filter preparation
must be changed toward an increase (within the limits up to 7 <25 for 3
rubble soils and up to 7, < 20 for sand-gravel soils), i.e., a more varied
granular composition is designated for the material of the soil of the filter 3
preparation. E

If even in this case the relationship (35) or (36) is not satisfied, this 1
indicates that an intermediate layer made of finer rock should be placed :
between the rock covering and the layer of the filter preparation. The :
granulometric composition of the intermediate layer should be such as to
satisfy the condition (35) or (36).

By observing the above requirements for planning the composition of the
filter preparation, a reliable protection is ensured for the slope of the
dam and the filter preparation itself against the wave action on the slopes.

Example of Planning a Filter Preparation -

q
§
e e

.. The granulometric composition of the soil -of the filter preparation for the
upstream covering of the slope (rock or with reinforced concrete slabs) must
be planned for loamy soil of the embankment of an earth dam (Fig. 10).

i
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Estimating Procedure

To plan the granulometric composition of the filter preparation, the physical
characteristics of the (protected) cohesive s0il of the dam embankment must
be known.

a) Material of the dam embankment--loam, with the basic parameters (see
section 25):

Clay particles in its composition d<'0.005 mm—-15%;
. Plasticity number W,=13.98>7;

Coefficient of water saturation G=0.85;

Specific gravity of the particles A=2.70 g/cm3; Yk =1.65-1.68 g/cm3.
b) The volume weight of the dry soil ("frame") of the loam, when it is placed

in the embankment of the dam at the contact with the filter preparation,
according to the relationship (1), should be:

Yex @ 1ex = ']'T""

with 4=2.70 g/cm3, €; ——the coefficient of porosity (at the flowability limit)
is equal to:

AW,  270.3646 i
PN "=W:: -m7|~ =0,%_

After substituting the values we obtain i
, 2,70 :
Ve =006 = 18 2/ca. i

A

According to the plan the volume geight of the soil placed in the dam embank-
ment will have y., =1.65-1.68 g/cm”. Consequently, the soil of the embankment
of the dam will be cohesive, with molecular cohesion, and all the estimates ;
for planning the composition of the filter preparation should be made as for i
cohesive soil.

c) When there are dynamic loads on the upstream slope of the dam and there
must be no separation of the cohesive soil of the embankment of the dam (in
the pores) at the contact with the filter preparation, the estimated size of
the diameter of the seepage pores and the material of the filter preparation !
should be determined from the formula (18'); the estimated pressure gradient
according to the relationship (15), where j, is the angle of incline of the
upstream slope of the dam toward the level (Fig. 10).

AL~

In this case f,=15°; [ =tg/f,=tg 15°=0.27.

PR g

. The coefficient of the pressure gradient is 97-1.

e
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After substituting the values in (18'), we obtain:

Dhacy _ 034 034 _ .
. b = P 037~ 052 cM=52 .

, Consequently, in order to avoid the separation of the cohesive soil of the
embankment of the dam at the contact with the material of the filter prepara-
tion, the basic condition (19) should be satisfied, i.e.

v i,

Dtonax<5.2 mm

. where D?ax is the maximal size of the diameter of the seepage pores of the
material of the filter preparation.

d) The filter preparation with DJX=5,2 mm should give reliable protection
against contact erosion of the slope of the dam, with pulsating seepage
(from the rise and fall of the waves).

This condition will be fulfilled if the inequality (34) is satisfied, {i.e.

(34)
In this case (Fig. 10), when ﬁaslsz according to the relationship (16) we ?
determine g
. I,=k,I,=1.35 sin 15°=1.35-0.26=0.35.
- The value of IkP is determined from the relationship (21):
) Iy = V-—éT—.——“_ ~075 = ’,—6‘3{—‘— 075- 084, {

After substituting the values in (34), we obtain: 0.35<0.75 0.64, i.e.,
0.35<0.48.

Condition (34) 1s satisfied. Consequently, the given composition of the soil
with DP8X=5.2 mm may be taken as the filter preparation for the rock or |
reinforced concrete shorings of the upstream slopes of the dam, with their i
protection against wave action.

4 i e) To construct the curve of the planned nonpiping granulometric composition ]
] : of the soil of the filter preparation, with the estimated size of the seepage ;
pores D/"‘*=DDaXa5,20 mm=0.52 cm, the method shown in section 15 should be %
. used (formulas 23, 24, 25, 26 and 27) and the example of section 25, para- \
3 graphs £, g, h, 1, j, k.

As the filter preparation for this example we assume sand-gravel soil with
b the coefficient of variation in granular size 7 =20. The porosity -- n¢
f ) of this soil is determined from the relationship (24):

! - ny = Ny — 01 Ig g == 040 — 0,1 1g 20 =- 0,27.
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1) The diameter of the fractions D;; is determined from the relationship (23);
ppes l—ng 52 1—027
—_C —"T = 2"_-‘,0'75 W‘ =04290 uu,
%=1 :{-0,057;,.,: l+0,05'20=2;
C = 0455}/ 74 =0,455 y/ 200,75,

D,, -~

2) The effective diameter of the fractions of the filter preparation Djg is
' determined from the relationship (25):

Dlo = ID" =0,64-9.0 = 5.8 .#.U;
v where 7¢=20 from the graph, Fig. 5, 1=0.64.

3) The controlling diameter of the fractions Dgo 1s determined from the
relationship (26):

Dw = 'rﬂpr = m-5,8 = 116 aen.

4) The maximal diameter of the fréctions D1gg is determined from the
formula (27)

S T 370 R AR G € A T e e r veme

_ np—1 :
: Dioy=Dio+ 10Dy 10— " s 21
100=Djo+10¥ Dy Sr? = 58+10797.116 5208 =~ 210 wac:.

=14 1281gy, =1+ 1,281g 20 = 2,67.

. From the values obtained for the sizes of the fractioms Do, D37, Dgg and
D;g0s the estimated curve of the granulometric composition of the filter
preparation isconstructed, which should be taken as the lower limit of the

- "recommended zone" as shown in Fig. 6, curve .

The "zone of permissible granulometric composition of the soil suitable for
pPlacing on the slope of the dam as filter preparation" is constructed as
shown in section 15, paragraphs e-j.

f) The size of the pores (upstream covering) of the rock fill D)” or the
possible permissible covering of the crack 4,, with a reinforced concrete
covering of the upstream slopes of the damstis determined from the rela-
tionship (35) or (36).

For the given estimate example, when Dgya:6 cm, the diameter of the pores
of the upstream covering made of rock (or the possible p.rmissible covering
of the crack of reinforced concrete slabs éx):

D™ - 18 Dp=18-6=108 c M.

)
y : Here the minimal thickness of the layer of the filter preparation—-Tg i,
: . ! (according to the seepage conditions) should be:
L . Tuwa > 8=7) Da (10)
0 . ; i-eo ’ Tmin >75"100 cm.
- 43
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From the estimates made it follows that with protection (against wave
action) of the slopes of earth dams constructed from cohesive (clay) soils,
the principal role in protecting the slopes against separating and erosion
is played by the filter preparation, the granulometric composition of which
should be planned according to the above method.

Note. If run-of-bank soils are available, which may be used as the filter
preparation, the selection of the composition of the filter preparation should
be made as indicated in section 26, taking into consideration the estimated
parameters given in the data in section 21.

N Section 22. Determining the coefficient of seepage of loamy soil. When
(with prospecting of quarries, seepage estimates, etc.) the coefficient of
seepage of loamy soil is unknown, it may be determined from the experimental
relationship given below [1, 11]:

3
:/f—' Q ".n o dy? (cufcex), (37)

M T ey e T oa <

where 7={}Jﬂ’ is the coefficient of variation in granular size of the loamy
soil; v the kinematic coefficient of the viscosity of the water (cm?/sec);
dy7 (mm) is the size of the particles of cohesive soil, contained in an
amount of 17% and less by weight; 74 is the actual porosity of the cohesive
soil and is determined according to the relationship

ng =n— vu_?cm (38)
- where n is the porosity, corresponding to Y.« the volume weight (frame) of the
R dry soil; » =1-%“ s Wy is the maximal molecular moisture capacity of the

{ cohesive soil and is determined by the micro~aggregate method:
Wy = 0,016A + 0,04 + 0,1B -+ 0,35T, 39) ?

where A, B, C and G are assumed in percents depending on the particles d;
A-d=0.5-0.25 mm; b~d=0.25-0.05 mm; C-d=0.05-0.005 mm; G~-d <0.005 mm
(percents A, B, C and D are taken from the curve of the granulometric com-
position of the cohesive soil).

L

Example. 'To be determined is the 4 of the loamy soil, the granulometric
composition of which is given in Fig. 16, and for the basic characteristics,
see section 25.

¥x=1.75 m/m3; 7 =0.35; =126 dy;=0.0065 mm; v=0.013 cm?/sec (when t=10°C).

From the chart in Fig. 16, we obtain:

I

d=0.5-0.25 mm...A=8%7, d=0.05=0.005 mm C=20%.
d=0.25-0.05 mm...B=20Z, 4d<0.005 mm... G=15%,

" After substituting the values in the relationship (39), (38) and (37)

L}
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Wi = 0,016-8 + 0,04-20 4-0,1-20 -{- 0,35.15 = 82% = 0,082;
ny = 0,35 — 0,082. 1,75 == 0,207;

4, INR : .
. 4 126 0'2073 . £y ¢ — .
350017 (T — 02077 0,0065%-- 4,12 10— caefcex.

Section 23. The juncture of the transitional zone with the material of the
Triangle of the Dam

1. The planned or selected first layer of the filter of the transitional
zone adjacent to the cohesive soil of the core (facing) of the dam should
at the same time be securely joined to the material of the next, second
layer of the transitional zone or to the material of the side triangles of
the dam.

This juncture of the first layer of the filter of the transitional zone may
be carried out:

a) Directly, with material of the triangles of the dam, which may be con-
structed from gravel-pebble soil or from rock fill (Figs. 11 and 12);

Figure 11. Juncture of a Single~Layer Transitional Zone With the Material
of the Triangle of the Dam

a~-simultaneous construction of the elements of the dam, 1, 2 and 3;
b--separate construction of the elements of the dam, 1, 2 and 3;
l--core of the dam; 2-~transitional zone; 3--side triangle of the
dam; H--height of the layer of depositing the triangle of the dam;
h=2 m--height of the layer with "slot fill"

b) With the soil of an additional second layer of the transitional zone,
which, in turn, should join with the rock fill of the triangles of the dam
(Fig. 13);

¢) With material of the triangles of the dam with a finer granulometric com-
position, which may be obtained from the same quarry, from which the material
is extracted for the triangles of the dam, but with the selection of finer
fractions (in this case the contact zone should be 3-5 m in width, Fig. 14);

L
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Figure 12, Diagram of the Juncture of a Single-Layer Transitional Zone
With the Triangle and Core of a Dam, Constructed by the
"Method of Depositing the Soil in Water"

a--core constructed slightly after the transitional zone; b--core
constructed ahead of the transitional zone; l--core of the dam;
2--transitional zone; 3--layer or levee made of compacted core
material; 4--pond; a=3-5 m--zone of the covering by the first layer
of the filter of the contact of the core with the foundation of

the dam.

Figure 13. Juncture of a Two-Layer Transitional Zone With the Material
of the Triangle of the Dam.

l--core of the dam; I--first layer of the transitional zone;
II--second layer of the transitional zone; 2--material of the
triangle of the dam.

d) With natural run-of-bank soil (without sifting it), which may be used
for the "slot fill" of rockfill dams, if its use is technically and economi-
cally expedient (Fig. 15, a).

Note. When the filling of the triangles of the dam made of material with
varied granular composition is done with a layer of great height H, it should
be stipulated that in the lower part of the slope of the deposit (if the
material gseparates into layers) an additional covering layer be placed, with
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a height of 1/3 H (Fig. 15, b), the granulometric composition of which should
correspond to the estimated curve of the material of the triangle of the dam.

Figure 14. Juncture of the Transitional Zone With the Finer Material of
the Triangle of the Dam

] l1--core of the dam; 2--transitional zone; 3--contact zone (3-5 m)
) made of finer material than the triangle of the dam; 4--triangle
of the dam made of ordinary material

Figure 15. Juncture of the Transitional Zone and the Run-of-Bank Gravel-
Pebble Material ("Slot Fill") and With the Installation of
an Additional Layer, Covering the Slope at the Base of the
Triangle of the Dam

l--core of the dam; 2--transitional zone; 3--triangle of the dam;
4--natural run-of-bank gravel-pebble soil, used for "slot f11l1";
5--additional covering layer, installed at 1/3 H of the layer of
fill of the triangle of the dam (if the material of the triangle
of the dam separates).

2. The juncture of the first layer of the filter with the material of the
triangle of the dam or with the second layer of the transitional zone will
be ensured if the condition of the non-spilling tendency of the soil of the
first layer of the filter with respect to the second layer, or the material
of the triangle of the dam is satisfied (triangles constructed of gravel-
pebble soil or rock f1ill).
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Under practical conditions two cases may be encountered:

First case. The granulometric composition of the triangle of the dam or the
second layer of the filter and their physical characteristics are known.

In this case a verification is made of the juncture of the first (second)
layer of the filter for the condition of its not having a tendency to spill
into the given specific material of the triangle of the dam.

Second case. The granulometric composition and the physical characteristics
of the material of the triangles of the dam are unknown.

In this case the granulometric composition of the material of the triangle of
the dam which satisfies the condition of a lack of tendency to spill should
be planned.

When using the planned granulometric composition in the construction area,
the appropriate quarries with a similar composition of gravel-pebble soil
are chosen, or, with a study of the rock of the quarries, a process
should be worked out (blasting operations) which would ensure the given
granulometric composition of the rock f£ill.

3. Procedure for estimates. A. 1In the first case (when the granulometric
composition and physical characteristics of the material of the triangle of
the dam are known), a check is made of the lack of tendency for the material
of the first (second) layer of the filter to spill into the material of the
triangle of the dam, in accordance with the following relationship:

n.

o, " (40)

where DL. is the diameter of the freely forming fractions of the soil of the
first layer of the filter.

For transitional zones which have very thick layers, it is recommended to
assume for D/, :

D! < D2 wan D} _o0 (41)

where Ds5g pertains to the lower limit, i.e., to the estimated curve ¢, Fig. 6,
Dy5_g0 1s the average diameter of the pores of the material of the triangle
of the dam; {t is determined by the following relationship:

D = 0,455 ) 1 f?n'!,,—" by, (42)

where ¥, = %%f is the coefficient of variation in granular composition of the
material of the triangle of the dam or of the second layer of the filter;

n, 18 the porosity of the material of the triangle of the dam; D'B is the
diameter of the fractions of the material of the triangle of the dam, in

the composition of which 177 and less by weight of the fractions is contained.
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If condition (40) is not satisfied, this indicates that either a second
layer of the transitional zone is required, or a finer composition should
be designated for the material of the triangle of the dam, using the recom—
mendations given in paragraphs ¢ and 4 of this item (Fig. 14, 15).

Note. 1If the first layer adjoins with the second, and the second layer with
the triangle of the dam, the check for the lack of spilling tendency is made
according to the method given above, taking into consideration the data of
the adjoining materials.

b. In the second case (when the granulometric composition and physical charac-
teristics of the material of the triangles of the dam are unknown) the granu-
lometric composition of the material of the triangle of the dam should be
planned from the condition of a lack of tendency in it to spill into the

¥ material of the first (second) layer of the filter.

In this case the procedure for the estimate is as follows:

1) From condition (40), the average diameter of the pores of the material of
the triangle of the dam is determined

Dy . 18.D!,. (43)

Mt L At i L M

2) In the relationship (42), instead of b’ ¢ s its value is substituted from
v (43) and the diameter of the fraction D17 of the material of the triangles
of the dam is determined:

‘ 1 1
; Dy, " Dy

0252y 7y ' (44)

The letter symbols are the same as in the relationships (42)-(43).

f 3. Then, having assigned the value 7” (section 9) and determined the value
from the relationship (24), we find D17 from the relationship (44) and the 1
estimated values of the fractions Dip, D60 and DlOO from the relationships

(25), (26) and (27).

4) From the values of D1, D17, Dgg and Dy4q obtained, the estimated curve
of the planned granulometric composition o% the material of the triangle of
‘ . the dam is plotted on the graph. The estimated curve obtained should be the
: lower 1limit of the "zone of permissible granulometric composition of the
material of the triangle of the dam," i.e., the granulometric composition of
? the material of the triangle of the dam in the zone of contact (at a width

3 i of 3-5 m, Fig. 14), with the first layer of the filter should not be coarser
than the estimated curve.

e

. 5) The "zone of permissible granulometric composition of the material of the g
' ' . triangle of the dam" may be obtained by limiting to the lower and upper limits. :

' In this case the estimated curve Djg, Dy, Dgg and Djgp may be taken for the
. lower limit and the upper limit may be designated beyond the limit of the

ratio é%—' >2.5, i.e., the upper limit of the "zone" may be brought very
close to the lower limit of the "zone of the first layer of the filter."
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Note. Material with a coarseness different from the estimated, i.e., of a
coarser composition than the estimated curve, may be placed outside the
limits of the contact zone (Fig. 14) in the remaining part of the triangle
of the dam.

Section 24. Conditions of the seepage-piping strength of the transitional
zone at the contact with the material of the triangle of the dam. When the
transitional zones are planned, the problem arises of the strength of the
transitional zone at the contact with the material of the triangle of the
dam (Fig. 13), connected with hydraulic deposit of the material when the
triangle of the dam is constructed, and connected with precipitation, in
cases of storm waters, which in the first and second cases may penetrate the
embankment of the dam. There will be no water runoff along the contact of
the transitional zone and the triangle of the dam, however, under practical
conditions, because of the considerable perviousness of the material of the
transitional zone, its great thickness and the negligible rate of the water
forming the flow along the contact (with hydraulic deposit of the material
of the triangle of the dam, and when there are storm waters).

b N il e
-

In addition, the contact zone of the soil of the transitional zone with the

material of the triangle of the dam is created from the condition of the

lack of a tendency to spill, with the formation of small arches, or arch-

shaped particles (section 23, paragraph 3), D, < Dgg (or D, <D50) with a

size such that, in the process of the seepage, the stable arches made of

these fractions cannot be destroyed by the seepage flow with the pressure i
v gradients occurring at the site (% = sin &« ), Fig. 3.

If water runoff along the contact of the transitional zone with the material

of the triangle of the dam is permissible, the strength and stability of the

.. contact zone may be checked on the basis of the following condition: the
critical(pressure gradient at wEich the arch-forming fractions may be re-
moved, Z, , D..< D509 (or D ,<D..), the removal of which disturbs the strength

and stability of the contact zone, should be greater than or equal to the
actual gradient of the pressure in the contact zone /« (Fig. 3), i.e.

Igg> I (45)

The critical gradient of the removal of the arch—form;ng particleglof the ; b
soil of the first (second) layer of the filter D.,<.D59 or D., < Dgg may be
determined from the relationship of A.N. Patrashev: ‘
n 1/ Nk {
I:p fu DCTV:’_‘RI'_;:, (46)
g0’ =030 (7 NS So =082 -—'I.H ny o 00062 (1 - 5),
where D., is the diameter of the arch-forming particles of the soil of the
k- transitional zone, in contact with the material of the triangle of the dam,
! r in cmy v, g, es Kg (cm/sec)--respectively, the volume weight, porosity
' ) > (in fractions of a unit), coefficient of variation in granular size and
coefficient of seepage of the soil of the transitional zone, in contact with
- the material of the dam triangle; Zx is determined from relationship (13).
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If (when there is seepage flow along the contact) condition (45) is satisfied,
the strength and stability of the contact zone are not disturbed. Otherwise,
there may be negligible settling, resulting from the change in size of the
arch-forming particles, toward an increase in their diameter.

Section 25. An example of planning the granulometric composition of the soil
(of the filters) of the transitional zones. In this example there is a dis-
cussion of the case (variant 1) when the granulometric composition of the
run-of-bank soils destined for the installation of the filters of the trans-
itional zones and the granulometric composition of the rock fill of the tri-
angle of the dam are unknown.

For the given type of rockfill dam with a loam core, shown in Fig. 1l,a,

the granulometric composition of the soil of the filters of the transitional
zones and the maximal permissible granulometric composition of the rock fill
at the contact with the transitional zone, with respect to size, must be
planned (Fig. 14).

Initial Data
Material of the core of the dam—-loam.

Average estimated characteristics of the loam as follows:

Content of clay particles d<0.005mm . . . . . . . . . . . 15%
Dust particles from 0.005 to 0.05mm . . . . . . . . . . . . 20%
Sand particles from 0.05 to 2 WM . . « «. + « & + o .+ « « o o 45%
Gravel-pebble particles>2 mm . . . . . . . « ¢ &+ « « « - . 20%
Volume weight of the fram of loam at placement in

the core of the dam Yox v « « « « « ¢ « « o o o o o o o o+ 1.75 t/m3
Specific gravity of the particles of loamA4 . . . . . . . . 2.70 t/m3
POTOSItY 1 ¢« &+ o o o ¢ o o o o o s o o s o s o o o o o o o 0.35
Plasticitynumber W, . . . . . . . . . . . . . . .. .. 13.98Z
Upper limit of plasticity Wp . . . . . . . o o o ¢ ¢ o 4 & 35.46%
Lower " " " L 3 B /2. 7 4
Optimal moisture content Wyo ¢« + ¢ v & ¢ ¢ ¢ o o o o o o + « 217%
Coefficient of water saturation G with optimal

moisture content . . . « « ¢« o + 4 o s . s 6 e e 44 e s s 0.85

The granulometric composition of the loam is given in Fig. 16.

Procedure for Estimate

a) Material of the core of the dam--loam, with the basic parameters: clay
particles in 1its composition d <0.005 mm--15%7, plasticity number W,=13.98 >
>7 (add.), coefficient of water saturation (when W,) G=0.85=0.85 (add),
should be regarded as cohesive soil and all the estimates for planning the
granulometric composition of the first layer of the filter of the transitional
zone should be made as for cohesive soil.
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b) The volume weight of dry soil ("frame'") of loam (broken structure), when

it is placed in the core of the dam should be, according to the relationship
(1

A
Tex ™ Yok’ = il,_‘,;
where A=2.70 g/cm » E, is the coefficient of porosity with We (moisture con-

tent of the flowability limit) and is equal to:

e AW, 270.3546
5 ]UOTB = 10071—::0..)6,

where Y3~ ~ g/cm3 is the volume weight of the water; after substituting the
values we obtain

270
" Yex 1-{0‘6 ==1,38 2/cM.

Consequently, when loam is placed in the core of the dam, its volume weight
should be

*{_c.‘>/1,38 2/ca? (no npo‘exry Tex = 1,75 2/“,:;;

c) The estimated pressure gradient when the seepage flow oozes into the
lower edge of the core of the dam may be determined either by the EGDA
method or by the relationship (12):

I;"“:&g_u,

where X is the angle of incline of the downstream slope of the core toward
the level.

In this case, X =80°, and I?ax = tg80°=5.7.

d) PFor this pressure gradient, I®aX =5.7, the estimated value of the diameter
of the pores of the soil, D/*‘*, of the first layer of the filter of the
transitional zone, protecting the cohesive soil, is determined from the con-
dition of inadmissibility of breaking away or separation of clumps of clay
particles of soil, in accordance with the relationship (18)

Dl[.)ﬂC'{ . S04
V (;Ip-}-coso ] 57+ =04 ca =4 MM,

where J, =5.7; ¢ =0.38--from the table (p )3 €¢:90°--the angle between
the directions of the force of gravity and the seepage rate.

Consequently, to avoid separation or breaking away of clumps of particles

of cohesive soil, the composition of the coarse-grained material of the

first layer of the filter of the transitional zone should be such that, with
its most disadvantageous distribution (separation), the maximal diameter of

its pores DP8X ag indicated above, would be less than or equal to D/, i.e.,
ppax Da“‘7 (19).
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e) This soil composition, with an estimated diameter of the pores of D/

. =4 mm, should protect the cohesive soil of the core of the dam from erosion
with seepage along the contact, i.e., condition (20) should be satisfied:
1, <0.751L,, where /. is assumed from the relationship (13), I;f--from the
relationship (21).

In this case we have Z, = sin 7= sin 80° = 0,98;

1
» - 078 —— - 075 083,
lo | DRk ! Vo4 nee

’ Condition (20) is not satisfied, since
B =098 - 0,75[.' =. 0,62,
In this case a new composition is adopted for the first layer of the filter,

from the condition (22), i.e.

0,5 0.56
= U1 0560 = (09810505 = 023w,

Dt < 2,3 mu.

D:' [ {4

The granulometric composition of the first layer of the filter, the maximal
size of the pores of which corresponds to the relationship (22), satisfies
the basic condition (19) and condition (20).

. Consequently, in this case, to be assumed as the estimated size of the pores
of the first layer of the filter is

DRAX =Df*’ = 2.3 mm

. f) The coefficient of variation in the granular size, 7,, should be desig-
nated for plotting the planned granulometric composition of the soil of the
first layer of the filter of the transitional zone with an estimated size of
the pores D/’ = 2.3 mm. According to section 9, 74 <50. As an example we
will take ?% =36.

For thely' =36 assumed, the ?remissible porosity for the rounded fractions of
the material of the filter 1¢ is determined from the relationship (24):

; Y, = nop—0,1 Ig ny= 0,40--0,1'Ig 36 = 0,24. -

g) We determine the diameter of the fraction D;; from the relationship (23)

DR 1—n! 2,3 1— 024
I ¢ . . .
Do —z L 2E08 AN =52 au;

%= 140050} =1+005:36 =28 -
‘ s [] ,V—‘ ’
C = 0455Y/ 7], = 0,455 /%6 = 082.

- T

S en

' h) The effective diameter of the fraction of the first layer of the filter
. of the transitional zone Dj( is determined from the relationship (25)
D}y =D}, = 058.32~16 .
.- 53

e e . " PRI A A T gy
w3 o i e




- T W 11 T IS NS
T L o A R et T T K U e . . e m e B e St Gasdiaaiabias ")

/
for 7% =36 from Fig. 5, i=0.58.

i) The controlling diameter of the fraction Dgq is determined from the con-
dition (26)
= %Dw = 36-1,6=58 wun.

I
’ j) The maximal diameter of the fraction DN4X=Djyo is determined from the
relationship (27)

36~1
. 1),,,,,\0“,4.19‘r éo_%_—IG—}-loass =315 wu; -

x=1+1281gx}, =1 +1,28g 36=3.

k) From the estimated values obtained the estimated curve of the granulo-
metric composition of the soil of the first layer of the filter of the trans-
itional zone is plotted (curve $, Fig. 16).

3 The estimated curve ¢ obtained should be the "lower limit." A deviation to
2 the right beyond the "lower limit" is not permitted. Deviation from the
estimated curve ¢'and the plotting of the "zone of permissible granulometric
composition of the soil suitable for placing in the first layer of the filter
. of the transitional zone" are given in section 15, paragraphs £, g, h, i; and
in Figure 16.

. 1) For high and superhigh dams a check should be made for the condition of
. the silting nature of the first layer of the filter with the material of the
core of the dam and the welding capacity of the cracks in the core of the dam,
if their formation is possible. !

‘The condition of a tendency to silt (welding capacity of the cracks) will be
fulfilled if the planned composition of the first layer of the filter satis-
fies the criterion (32), i.e.

D ‘265(1_,.
Ao Ao
% V’n¢
for the given estimated case we have: .
D}y -2 32 ma; doy - 38 mar, n",, - 0.24; v,f,,: 36.

After substituting the values, we obtain:

B . ORISR

Di;_ 32 o 265(1 —ng) 265(1—0.-!) 462,

—— * ——'—‘—-I — = LG y
‘ de 33 Y wh 024; ]
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Condition (32) is satisfied, since 0.84 46.2. Consequently, this composi-
tion of the first layer of the filter will satisfy the condition of the
silting capacity, and consequently, the welding capacity of the cracks.
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Figure 16. Graph of the Planned Compositions of the Filter of the Transitional
Zone and the Material of the Triangle of the Dam

J--cohesive (clay) soil of the core (facing) of the dam, protected by the
filter of the transitional zone; l--zone of the planned permissible granulo-
metric composition of the soil suitable for placing in the first layer of the
filter of the transitional zone; /1--zone of permissible granulometric composi-
tion of the rock fill, suitable for placing in the triangle of the dam at the
contact with the transitional zone; gb'--estimated curve of granulometric com-
position of the filter of the transitional zone (lower limit), beyond the
limit of which the deviation of the granulometric composition of the soil of
the filter is inadmissible; a--upper limit of the "zone of the granulometric
composition of the rock fill," to which the granulometric composition of the
rock fill at the contact with the transitional zone should be approximated.
A--Content of particles, %; B--diameter of the fractions, mm.

m) The coefficient of seepage of the estimated composition of the soil of the
first layer of the filter of the transitional zome (curve ¢#) may be determined
from the formula (28):

A 9 - "'~I~" Y LA B "'2__4].._(),32'J 2.4 cujcex.
Ky

— SRR AN § o8 oy ob -
R s TR L 1Y E L VP71

n) The granulometric composition of the soil of the first layer of the filter
with longitudinal seepage should be regarded as piping-resistant, if condition
(29) is fulfilled, 1i.e.

0,0032 sina

o Tm——
.(F“' I, I!lglKl

’

For the given estimated case we have: sin & =0.98; Dfo = 1.6 mm;

n:, -024; K. 24 cujeex; 1('..‘ A1 —n,",) 198 m 1,f" 36,
“fo 082 -18.0214 | 00062 (6 - 5) 0,76
% - 030G - D/, 030198 -1).076 0221,
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After substituting the values, we obtain:
0,0032.0,98
d <043 aa< D' 1.0 am.

Consequently, this composition of the soil of the first layer of the filter
should be considered as piping~resistant with longitudinal seepage.

0013 cu 0,43 mu,

“

o) From the estimates given it follows that the planned granulometric compo-~
sition of the first layer of the filter satisfies all the basic requirements
made of soils of the first layer of the filter of the transitional zones for
high and superhigh dams, and therefore it may be recommended for construction.
"The zone of permissible granulometric composition of the soil suitable for
placing in the first layer of the filter of the transitional zone" is given
in Fig. 16.

p) The thickness of the first layer of the filter (and the following layers)
for high and superhigh dams is designated in accordance with section 10, from
the relationship (10).

Juncture of the Transitional Zone and the Material of the Triangles of the Dam

When planning the juncture of the transitional zone with the material of the
triangles of the dam, the directives presented in section 23 should be the
guideline.

In this example, the case is discussed in which the granulometric composition
and the physical characteristics of the material of the triangles of the dam
are unknown.

For a single-layer transitional zone, the granulometric composition of the
material of the triangles of the dam must be planned so as to satisfy the
condition of the lack of a tendency for the planned material of the first
layer of the filter to spill into the rock fill of the triangle of the dam.

Procedure for Estimate

1) The average diameter of the pores of the planned rock fill of the triangles
of the dam, D, , is determined from the relationship (43)

D,'<1.8D5p = 1.8:30 = 54 mm

where Dgo = 30 mm is the size of the arch-forming fractions of the first layer
of the filter, corresponding to the estimated curve %, Fig. 16.

2) The coefficient of the variation in granular size of the material of the
rock £ill, designated for the construction of the triangles of the dam, L/
should be designated on the basis of the availability of specific run-of-
bank material. In order to avoid the separation of the material when it is
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transported and placed in the embankment of the dam, however, its coefficient
of variation in granular size should, insofar as is possible, not exceed the
value of 7, < 25.

As an example, we assume the coefficient of variation in granular size of the
material of the rock fill of the triangle of the dam to be 7, = 15. The poros-
ity is determined from the relationship (24):

W 7= 045 — 0.1 1g v, — 045 — 0.1 1915 — 0,34,

3) The size of the fractions Dj7 is determined from the relationship (44):

D“- o~ —_ L ,l- e i -
i 702527 g a0 0252y 15 O 0= 10w

4) The size of the fractions D{b is determined from the relationship (25):
Dio=in7 =0.63-145~90 mm, for 7, =15 from the graph of Fig. 5 i=0.63.

5) The size of the fractions Dgo is determined from the relationship (26):
D=1y Dly=15.90=1350 aa.

6) The maximal size of the fractions of the rock fill is determined from the
relationship (27):

Dy i DR + 10¢ D&)l%f;‘;z—" 90 +10%5.1350 li'——l-—ssm)u.

5.1 —
), N cx=141,281g 4, =1+ 1.281g 15 = 2,5,

n
7) From the values of Djg, Df}, ng and beo obtained, the estimated curve
1 is plotted for the planned granulometric composition of the material of the
: triangle of the dam, Fig. 16, curve K.

The estimated curve obtained should be the lower limit, i.e., the granulo-
metric composition of the material of the triangle of the dam in the zone of
contact (Fig. 14) with the first layer of the filter should not be coarser
than the estimated curve K, Fig. 16, "zone of permissible granulometric com
position of the material of the triangle of the dam" may be designated as is
indicated in section 23 (paragraph 5).

It is recommended that at the contact with the filter of the transitional
zone the granulometric composition of the rock fill, with respect to coarse-
ness, approximate the upper limit of the recommended zone,”, i.e., the

line a, Fig. 16, Then the juncture of the transitional zone with the rock
fill will be considerably strengthened.

Material with a coarseness different from that estimated may be placed in the
embankment of the dam beyond the limits of the contact zone (Fig. 14).
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B. Method of Selecting the Granulometric Composition of the Material of the
Transitional Zones

The selection of the granulometric composition of the filters of the trans-
itional zones, as was indicated above (see Chapter 3, variant 2), is made
when the run-of-bank soils or products of rock crushing plants are known.
From these there must be a selection of the appropriate composition of the
filters of the transitional zones and a determination of the possibility of
their juncture with the material of the triangle of the dam of the first
layer of the filter (single-layer transitional zone) or with the placing of
an additional second layer of the transitional zone (two~layer transitional
zone).

The method of selecting the material of the transitional zc;nes remains essen-
tially the same as in case A of chapter 3 above, but the procedure for esti-
mating and selecting the series of estimative parameters is different here.

The procedure for estimating and explaining in this case should be done (to
avoid repetition) by using a specific example for selection of the composi-
tion of the filters of the transitional zones, as applied to a superhigh dam
of the Nurekskaya GES type, with a pressure head H=300 m,

Here the construction of the triangles of the dam is discussed in two vari-
ants: made of gravel-pebble soil and from rock fill.

Section 26. Example of Selecting the Granulometric Composition of the Soil
(Filters) of the Transitional Zones

1. Initial Data

It is required that: for the accepted type of dam made of local materials
with a pressure head of H=300 m (Fig. 1, c) with a loam core, the selection
be made from the available run-of-bank soil (Fig. 17), of the granulometric
composition of the first layer of the filter of the transitionil zone which
should satisfy all the requirements made of the composition of transitional
zones of superhigh dams, securely protect and ensure seepage-piping strength
and stability of the core (facing) of the dam.

It is planned that the material used for construction of the triangles of the
dam be the same run-of-bank soil 1 (first variant) and run-of-bank rock 2

for the construction of the triangles made of rock fill (second variant,

Fig. 17.

The material of the core of the dam is loam.

The average estimated characteristics of the loam are:

A content of clay particles, d«< 0,005 mm-11.2%;
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Silty particles from 0.005 to 0.05 mm-76.6%;
Sand particles (0.05-2.0 mm)-11%;

Volume weight of the dry (frame) loam when placed in the core of the dam
Yox=1.7 t/m3;

Specific gravity of the particles of loam A=2.70 t/m3;
Plasticity number W, =8.45%;
Upper and lower limits of the plasticity respectively 29.19 and 20.74%;

Coefficient of water saturation G=0.73~0.91 with the optimal moisture content
W, =15"182;

Material for the filters-~sand-gravel-pebble soil 1, in Fig. 17, which has
the following basic characteristics::

Volume weighs of the natural strucgure Yep=2.1 t/m3 (friable structure,
Yep =1.93 t/m”, dense, Yer =2.29 t/m”);

Specific gravity of the particles of the s0ilA=2.70 t/m3;
Porosity /1= 0.22;

Coefficient of variation in granular size.7’z= %: =175
Coefficient of seepage Kep 21700 m/day;:

Material of the rock fill for the triamgles of the dam-~-run-of-bank rock 2,
Fig. 17;

Volume weight ){K = 1.62 t/m3; specific gravity A=2.70 t/m3;

Porosity 7=0.39, coefficient of variation in granular sizey =8,

2. Procedure for Estimate

a) The material of the core of the dam—-loam (principal characteristics

given in paragraph 1)--with respect to its properties is cohesive soil,
namely:

Content of clay particles d<0.005 mm--11.2%;
Plasticity number of the loam W, =8.45>7;

Coefficient of water saturation G=0.73-0.91>0.85.
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Figure 17. Graph of the Selected Compositions of the Material of the
Transitional Zones and Material of the Triangles of the Dam

3—-loamy soil of the core; l--run-of-bank soil destined for the filters of
the transitional zone and as the material for the triangles of the dam;
2--run-of-bank rock for the triangle of the dam (maximal size of it in the
zone of contact with the filter of the transitional zone); 3--estimated
granulometric composition of the soil of the first layer of the filter of
the transitional zone, obtained after sifting from soil 1 large fractiomns

D 85 mm; I--"zone of permissible granulometric composition of soil suitable
for placing in the first layer of the filter of the transitional zone";II--
"zone of permissible granulometric composition of the rock fill for the

triangles of the dam"; A--Content of particles, %; B--diameter of fractionms,
mm.

The volume weight of the frame of the soil at its placement, ensuring
molecular cohesion, should be:

T > Tex =T Fow

where 4=2.70 t/ma; & 1is the coefficient of porosity at the flowability limit
WT=29.19Z;

W, 270-20,19 \, 270 n
= o0y, = to01 = 07% T = Tg7e =151 miae.

4

This soil at 1tg placement will have molecular cohesion, since Y.k = Y.«
(1.70 1.51 t/m”).
The characteristics presented give every basis to believe the given loamy
soil to be cohesive. Consequently, selecting the composition of the first
layer of the filter for this composition of loam should be done in accordance
with the method for cohesive soils.

b) The estimated pressure gradient 1is %;.
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The maximal pressure gradient when the seepage flow oozes onto the lower
limit of the core of the dam, determined by the relationship (12) may be

taken as the estimated pressure gradient:
Ip ;__.IIIOIC =lga,

where ais the angle of incline of the downstream sldpe of the core toward the
level (Fig. 1, c).

In this case ®#=76°, consequently, Ty == " = 19 76° = 4,01,

¢) The estimated value of the diameter of the pores of the soil Dfmcz of the
first layer of the filter of the transitional zone, protecting the cohesive
soil, is determined from the condition (18) of the inadmissibility of the
breaking away or separation of clumps of clay particles of the soil:

ppe = |/ _OH /o — o
¢/, +cosl 03T 4010071 041 cut = 4,1 ww,

where l} =4.01; ¢ =0.32--from the table, p 3 6 =45° is the angle between the
directions of the force of gravity and the rate of seepage.

Consequently, in order to avoid separation or breaking away of clumps of the
particles of cohesive soil, the composition of the first layer of the filter
should be such that with its must disadvantageous distribution, the maximal

pact

diameter of its pores, DM3X, would be: D?axsgDa .
d) A check should be made as to whether the granulometric composition of the
soil of the first layer of the filter with the limit value of the diameter
of the pores DJ“'=4.1 mm satisfies the condition of the non-erosion of the
cohesive soil with seepage along the contact, i.e., whether condition (20) is
satisfied: I < 0751

vi gy

where 7% is assumed from the relationship (13); lgp--from relationship (21).
In this case we have:
Iy = sina = sin ?6° = 097,

_':l._o,75=om.~

- 0,75 == '70'4

1
o = D
Condition (20) is not satisfied, since

1 >0,751,, (0,97 >0,61).

In this case, DM@X from condition (22) is taken as the estimated diameter of
the pores of the soil of the first layer of the filter, i.e.

0,56 . 0,56 .
< T T OBy = @57 + 056y = 024 e,

Dglt'l = D:IKC
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consequently, to be taken as the egfimated_diameter of the pores of the first

layer of the filter is
Do = D= 2,4 MM

e) Knowing the estimated value of the diameter of the pores of the material
of the first layer of the filter D5“1=2.4 mm, the sand-gravel-pebble soil 1
should be analyzed for suitabiIityvfgp placement in the first layer of the
filter in its natural state or with processing, and on the basis of the

. analysis, optimal recommendations are given.
1. To ascertain the suitability of natural run-of-bank soil 1, without its F
. processing for the construction of the first layer of the filter, it should

be established whether the basic condition (19) is satisfied, i.e. D?axs:Dj”‘l.

For this purpose, from the relationship (3), the maximal size of its pores
DX are determined, having first determined the value

% =1-- 0,057, = 1-+ 0,05.175 = 9,75;

, o "
D™ = 0,455.9,75 V175 y— 5222‘ 2.5=7.3 w.

From the estimate given it follows that the basic condition (19) is not satis-
fied, i.e., DMX>D/ (7.3>2.4).

Consequently, the run-of-bank soil 1 cannot be used for placement in the first } 4
layer of the filter without processing.

. There should be an analysis of it and an outline for sifting out its coarse
, fractions, so that the basic condition (19) and other requirements are satis-
: fied. :

f) An analysis of the run-of-bank soil 1 shows that to satisfy the basic
condition (19), it is sufficient to sift out of this soil the fractions D>
>85 mm (35%), without washing away the fine fractions, i.e., the given
run-of-bank soil may be used to construct the first layer of the filter of
the transitional zone in a volume of 65%, Fig. 17, curve 3.

After the fractions D>85 mm have been sifted out, the soil composition 3 ob-
tained may have the following characteristics:

Coefficient of variation in granular size 7’=126;

Porosity in accordance with the relationship (24) :
ng sy - O3 gt 0,40 . 01ig 126 - 02, |
270 (1= 020) o= 192 m'a; D}y ~ 05 mae;

The volume weight thas A1 ny)

\ in accordance with the relationship (28).
'\4' Y 0.‘25 CM K
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The maximal size of the pores of the given composition of the soil is deter-
K mined from the relationship (3), having first determined X --:%e coefficient
of nonuniformity of the distribution of the particles in the soil, or the

coefficient of piping locality.
% =14 0051. =14 0,05:126 = 7,3;

, e )
pYaRe 0455733 126 ((2,‘29 05=1,5 au.

B

From the above, it follows that the basic condition (19) is fulfilled, i.e.,
DI3X D4 (1.5< 2.4 mm), consequently, this composition of the soil 3 (with
the sifting of the fraction D>85 mm), which satisfies the basic condition (19),
may be used for the first layer of the filter, if the other requirements are
satisfied.

g) Taking into consideration the great degree of variation in granular size
Q =126, this composition of the soil 3 should be checked for the condition
of the silting capacitv and welding capacity of the cracks in the core of the
dam, regardless of wheti.er their formation is possible or not (with the satis-
faction of the condition of the silting capacity, this composition of the
filter provides a considerable reserve strength with respect to the soil of
the core of the dam protected by it).

The condition of the silting capacity and welding capacity for the cracks
‘ will be fulfilled if the selected composition of the first layer of the filter
made of soil 3 satisfies the criterion (32), i.e.

v D{, 26,5 (1—n q,) 265 (1—ny)
[y dm Ilq) ]/:‘-

In this case we have: / 1
D,- =06 MM, dpy = 0,06 sn; n,‘p =029 %=12.

After substitution of the values, we obtain:
s 26,5 (1— 0,29) :
2‘_7.. [ =3 _:5— =8, ,35. _——-(T—-—:r_ = 29.
dw 006 0,29 /126

The condition (32) is satisfied. Consequently, this composition of the first
layer of the filter will satisfy the condition of the silting and welding
capacity for cracks.

h) The granulometric composition of the soil 3 of the first layer of the
filter should be checked for piping strength with longitudinal contact
seepage.

The soil 3 should be considered piping-resistant, if the condition (29) is
satisfied, 1.e.
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For the given example we have:

(S O9T Dy 016 i vl =192 mlu nl,=029% ' 12,
Kj, = 0,25 cufcex. ’

fu =082 1804 10,0062 (q1-- 5)- 0.82 - 18:0,20-4-00062(120-- 5) = 1.05;
gl <= 030 (1L Dy = 0,30 (192~ 1)-105 - 0,20,

After substituting the values, we obtain:
(
? g oo —DOEZONT 0007 cat - 0097 Mo,
029 V020,05
l{c]<Dr, 1. €. 0,097<0,16 wau.

Consequently, this composition of the soil 3 of the first layer of the filter !
should be considered piping-resistant with longitudinal contact seepage.

i) The granulometric compdsition of the soil 3 for the first layer of the
filter, obtained from run-of-bank soil 1 by sifting the fractions D >85 mm
(35%Z), has the coefficient of variation in granular size n=126>50.

The coefficient of variation in granular size 7>50 may be taken for the first
layer of the filter of the transitional zone protecting the cohesive sc-1,
if this soil satisfies the requirements given in section 9, paragraph 2.

1) The presence in the composition of the given soil of sandy fractions up J
to 2 mm should be not less than 20-25%. The content of sandy fractions in E
the soil 3 obtained is 25%.

. 2) The estimated diameter of the pores of the soil Dfc should be more than
. the actual maximal DP@X jin the ratio D5 °> (1.25-1.50) D®28X, 1In this case

' DF*T=2.4 _mm, Dhax= 15 nm. Consequently, this condition is satisfied, since ]
D/"‘">1 D“'ax, i.e., 2.4>2.25 mm. {

3) the composition of soil 3 obtained satisfies the criterion of the silting
capacity and the welding capacity for the cracks in the core of the dam.

4) With contact seepage and the anticipated hydrodynamic conditions, the
removal of fine piping particles dei in size will be considerably less than
the permissible size D5, i.e., dc,\_D5 (0.097 mm<3% and less than D5=0 16 mm);

5) This composition of the soil 3 satisfies (with a reserve) the criterion
(20), i.e., the nonerodability of the cohesive soil with longitudinal contact
seepage, since D/** =2.44 ym >D™@X =1.5 mm. In reality, we have:

1 1 .
IKP = VDmxc —075 = Vo—.i'E' —0'7.5 =182

lx < 0-7\)Igp. 0|97 < I 131 (*u“ = 1.4).
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From the estimates and the analysis given, it follows that all the require-
ments imposed on the composition of the soil of the first layer of the filter
of the transitional zone with 7>50 are fully satisfied.

Consequently, the soil 3 (65% of the run-of-bank soil) obtained from the
natural run-of-bank soil 1 by sifting out only the coarse fractions D>>85 mm
may be recommended for placement in the first layer of the filter of the
transitional zone.

"The zone of permissible granulometric composition of the soil 3, suitable
for placing in the first layer of the filter of the tramnsitional zone' is
given in Figure 17.

j) The thickness of the first layer of the filter (and of the next layers,
if they are necessary) for high ad superhigh dams is designated in accordance
with section 10, from the relationship (10).

In this case the minimal thickness of the first layer of the filter should be:
Tpin > 3+3.5=6.5 m, where t' =3.5 m is the total size of the horizontal shift
of the core or triangle of the dam.

3. Juncture of the Transitional Zone With the Material of the Triangles of
the Dam

In paragraph 1 of this section finitial data), it was indicated that the same
run-of-bank soil 1 (first variant) and run-of-bank rock 2 for the rock fill
(second variant) are to be used as material for constructing the triangles of
a dam (Fig. 17).

Procedure for Estimate

1. The material of the triangle of the dam is natural run-of-bank soil 1,
Fig. 17.

a) We determine the average size of the pores of the material of the triangle
of the dam (soil 1), D,” from the relationship (42):

0,22
l)(: == “41)1) , Vm l D” - 0. l’t) '/171) l 022 2#’ = 075 MM
o = 170y = 022 D'-,= 5 MM,

b) The lack of a tendency for the material of the first layer of the filter

to spill into the material of the triangle of the dam will be ensured if

condition (40) is satisfied: -be- £1.8, hence Dcr>-°-‘ 0.75 =0.42 mm, which
/8 "1.8 ’

is considerably less than D50=22 mm.

Consequently, in this case D“ -D15=0.42 mm -- the lack of a tendency for the
material of the first layer of the filter to spill into the material of the
triangle of the dam made of soil--is fully ensured.
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2. The material of the triangle of the dam is run-of-bank rock 2 (Fig. 17).

a) The average diameter of the pores of this material

: —~ 0,39
D,._0455 ,/7,,,1 0"7_0455 ,/s —o50 10=29 i,

=8 L My = 0,39, Dil'l =70 uu.

b) According to section 23 the arch-forming fractions of the layer of the
filter of the transitional zone may be assumed as E%;,g’D50. In this case
D50=22mm.

c) The lack of a tendency for the material of the first layer of the filter
to spill into the material of the rock fill will be ensured if condition (40)
is satisfied P

=

. < ]lsv '
D

'

/ . :
We assume DL', =D50=22 mm, we obtain g_g =1.6<1.8.

The lack of tendency for the material of the first layer of the filter of the
soil 3 to spill into the material of the triangle of a dam made of rock fill 2
is ensured, and is not required for the additional transitiomnal zone (of the
second layer).

d) 1In this case run-of-bank material 1 or run-of-bank rock 2 may be placed in
the triangles of the dam, or the triangles of the dam may be constructed from
run-of-bank rock 2, and the "dry" deposit is done with run-of-bank material 1,
which would considerably strengthen the embankment of the dam.

e) The "zone of permissible composition of the material of rock fill" may
be designated within the limits between the curves of the granulometric com-
position of soil 1 and the run-of-bank rock 2 (zone 2), Fig. 17.

Note. Coarser rock material may be placed in the embankment of the dam out-
side the limits of the contact zone (Fig. 14).
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NPEAWCJIOBHE A

Hactosnutne «YKa3aHHa no nMpOeKTHPOBAHHIO MEPeXOAHLIX 30H KaMEHHO-3CMAR-
HEIX NJOTHH» Pa3paGoTaHbl H COCTamAeHbl no 3afanuwo IiaBuuunpoexTa Munnu-
ctepcrpa 3HepreThkn u saexTpudukanuu CCCP B JlaGopaTopnn 3eMASHBIX THAPO-
coopyxeHuit BcecoiosHoro HayuHO-HCCHeZOBATENLCKOIO HHCTHTYTa THAPOTEXHHMKH
(BHHUT) um. B. E. Beneneepa cr. yayus. cOTp., Kaua. texu. nayk: I'. X. ITpa-
BELHBIM. .

CTpoHTENLCTBO BBICOKHX H CBEPXBLICOKHX 3eMJAAHMX NJAOTHH B Hallefi ctpaHe
AB/ASIETCA BaXHOA rocypapcTBeHHoN npo6aeMofl, KOTOPAS BLIABHIaeT PHAA CAONKHEX
TEXHHYECKHX 3afa4, TPeOYiOUIHX KauecTBeHHO HOBHX H Oojee COBEpIICHHHX Me-
TOLOB HX PEIUEHHA, B TOM- YHC/E NPO4HOCTH H YCTOAYKBOCTH BOAOYNOPHWX MPOTH:
BOHJALTPALHOKELX 31eMEHTOB MAOTMH (AAep, SKPAHOB, NOHYPOB H AP.).

B npaxriike rRAPOTEXHHYECKOTO cTPOHTENLCTBZ NMOCTOAHHO BO3HHKAET BOMPOC
0 3alHTe TAHHHCTHX AZEP, SKPAHOB, MOHYPOB, BEPXOBLIX OTKOCOB NJIOTHH NPH CO-
NPXEHHH HX C KPYNMHO3EPHHCTHIM MaTEpPHAJIOM.

Kak u3pecTHO, OT MPaBHILHO 3aMPOEXTHPOBAHHOrO HWAH WOROGPAHHOIO rpany-
JIOMETPHYECKOrO COCTABA MATEPHANA, 3aIMMINAIOMIErO CBA3NMA (TIHHACTHA) rpynTt,
33BHCAT MPOYHOCTb M YCTOAYHBOCTH COOPYMEHHH, HOJTOBEYHOCTb, 3 TaKKe 3KOHO-
MHK2 €ro BO3BeleHHS.

AY
" YuuTiBasi 3anpochl THApOTeXHHuecKoro cTpouteabcrsa, BHUHUI oM, -na ocwo-
BAHHH PE3YAbTATOB MHOrOJCTHHX WHPOKO [OCTAaBJCHHBIX ONBITHHIX H TeopeTHde-
CKHX HCCNNOBAHHII NO M3Y4eHHIO (H3WYeCKHX H PHABTPALHOHHO-CYPDHOIHOHHWIX
CBOfICTB, KAK' CBA3HBLIX (FJIMHMCTBIX), TaK 1 HECBA3HDIX NECUAHO-TPABEIHCTHIX TPYH-

TO8 (CM. AHTEPaTypy) ¢ yuerom paipaboTox no 3TOMY BONPOCY APYFHX Hay4HO-
necaenosatensckux oprannsaunin (BHUU BOATEO, HUCa Tnaponpoekta u ap.)
H ONbiTa NPOEKTHPOBAHHA H CTPOHTEJILCTBA THAPOTEXHHYECKHX COOPYXKEHWH, pa3-
. paGotanbl Hay4HO-OG0CHOBAaHHblE YKAa3aHHA MO METOAHKe [POEKTHPOBAHHA W
noaGopa TPaHYIOMETPHYECKOTO COCTaBa MaTepHana MNEPEeXORHBIX 30H, 3aIMHWLAI0-
IWAX CBA3HBIC (THHHCTBIE) TPYHTH, sifep (3KPaHOB), KaK ANA BLICOKHX H CBepX-
BLICOKHX MJOTHAH H3 MECTHBIX MaTepuasoB, Tak H Aas wioTHn I—IV kaacca no ka-
MHTAABHOCTH. L.

HanusiMu «YKazaHuAMH» - NPeAycMATPHBAETCS MAKCHMAalbHOe HCMONb3QBA-
HHe A7 YCTPOIlcTBA NepexoldHbiX 30M €CTECTBEHHbIX KapbepHBIX Pa3HO3ePHHCTHIX
rpyHToB 63 WX moporocTtosilefi nepepaGOTKH, YTO, B CBOIG OYEPEAb, NO3BONAET OT-
KB3aTbCA OT MHOTOCAONHBIX AOPOrOCTOAMIHX NEPEXORHBIX 30H.

Kpome Toro, npn pa3paGoTke MeTOAHKH NPOeKTHpoOBauust H noabopa rpany-
JAOMETPHYECKOTO COCTaBa MaTepHana nepexoiHblX 30H BLICOKHX N CBEPXBBHICOKHX
NAOTHH ObIW YuTeHW HX cheuHHuecKHe OCOGEHHOCTH, KAK-TO: HEPABHOMEPHOCTD,
BEMHUHHA H PA3HOCTb B OcCafkax (ZedopMalMAX) SAEMEHTOB BLICOKHX NJAOTHH,
BO3MOXKHOCTL o0pasoBanusi Tpelllhs B ARPe (3IKPaHe) NJIOTHHB H HeoGXOAHMbE
YCAOBHA CAMO32CYHBAEMOCTH TaKHX TPeUIMH, MOWIHAS TOMIMHA CJI0eB flepexon-
HHX 304, GoabliHe MOTPeGHOCTH B MaTepHanax IS HX YCTPOACTBA ‘W Goauinwe
o6beMbl paboT, NpH KOTOPHIX AOAKHLI 06ECNeYHBATHLCA NPOYHOCTb, HALEWKHOCTD,
ROATOBEYHOCTD H IKOHOMHUHOCTbL MX BO3BEAEHHS.

OcHosHbie pa3paGoTKH N0 METOAMKE WPueKTHpoBaHust u nombopa MmaTtepuana
NepexoANbX 30H ANA CBA3HBIX IPyHTOB 6baM Ronoxenn IV Bcecowsnomy xoop-
JAHHALAOHHOMY COBEHIAHHIO No (BHAbTPauHH, OROGPEHB M on{ﬁnuxonanu B «Tpy-
AAX KOOPAHHALUHOHHHIX COBEIMARMNt O ruipoTexHHKe», Boin. IX, «Dueprus», 1964.

B nauane 1966 r. oTReabRbiM usnaiiem Oblna onybauxoBana kuura <[lpoex-
THPUBAHNE W NMOAGOP rPAHYJIOMETPHYECKOTO COCTaB2 (HALTPOB NEPEXOAHHIX 30H
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BHCOKHX NAOTHH», <JHeprass, 1966, rae uanoxen reopeTHYeckHit H IKcHEPHMEN-
TanbALE MaTepHan MHOTOJIETHHX HCC/AENoBaHHA, KoTOpHli sBasieTcn’ ofocHopa-
HUEM JLNR DaHHBIX «YKa3aHHii». ‘

B koume 1966 r. Guay BuinyluleHbl B cBET XAA NpakTHYeCKHX uedelt «Bpe-
MeuHHE YKa3auud no NPOSKTHPOBAWNIO M nNoaGopy rpaHysoMeTpHueckcro cocrapa
GAALTPOB TEPEXOAHBIX 3OH, 3UINUIAIOIWNX CBSA3HBIE (FAHHHCTHIC) TPYHTH, Agep
(5KpaHOB) BHICOKHX W CBEDXBBICOKHX MJAOTHH H3 MECTHHIX MATEpHANOB», XOTOpbie
Pewtenvem Ne 447 Cnastexcrpofinpoexta Mutianepro CCCP ot 19 nonGps 1966 r.
y;g;pxmeuu B BBeleHn! B nefictHe B cucreme Munsnepro CCCP c 1 nusaps
| T. . .

B 1969 r., Bo HcnonHehne pacnopsikenns I'aasuuunpoexta Muwsuwepro CCCP
o Bunycke B 1971 r. nocrosnno AefictBylomux <YKkasanuiis, xeficteyomue «Bpe-
. : MeHHHe YKa3auus» GuH Pa3octaHb HA OT3HBL, B 78 HayYHO-HCCAEAOBATENbCKAX,

NPOEKTHHX M CTPOHTEJLHBIX OPraHH3ailui, a TaKKe OTACHbHBIM CREIHANNCTAM.
Tlo noAy4eHHHIM OT3BIBAM, C YYETOM KPHTHYECKHX 3aMEYaHHA W nNPAKTHUECKHX
1 : pekoMeHZauHi, a TakKe ¢ y4eTOM Pe3yabTaToB AONOHHTENbHHX HOBEALMX - wayu-
HHIX NPOPaGOTOK NO paHHOMY sonpocy, «BpemenHbie Ykaanna» Gulan nepepaGo- :
% TaHbl Ha BHICOKOM HAYYHOM YPOBHE I HOArOTOBJAEHB, B HOBOIl  pelakuum, !
k yweepxaenwo B [nasuuunpoekre Munsnepro CCCP B kavecTse nocTonnHo
ReliCTBYIOUIHX XYKa3aHHI». )

Hacrosmsie «Ykasauua» s Aaunoit penaxuuw 29 wonn 1971 r. paccwmor-
pentt B HoMHccnn Yueworo Cosera BHHWIa, onoGpers u pexomenzosafnl
K YTBEPKAEHHIO HX B KaulecBTE?_l NoCTOANHO ‘AeficTBYIOIMHX «YKa3auuils, B3amen

«BpemenHbix Yka3zaunii», “M3nd CCCP -

«YKa3auHs 1o NPOEKTHPOBAHHIO NEPEXOAHHLIX 30H KAMEHHO-3EMAAHBIX NAOTHH-
ymfpx(nenu Pemennew Ne 279 Taanumunpoekta Mnnssepro CCCP or 26 monn 3
1971 r. u BBOANTCA B AEHCTBHE KaK oOs3aTesibHble /A BCeX NPOECKTHHIX H CTPOH- ' :
TeJbHBX Oprasusauuii cuctemst Munsnepro CCCP i npuMeHeHHA npH npoexTH- ;
POBAHUYU U CTPONTERLCTBE rgéﬁnguﬁqeﬂhx coopyxemm ¢ | anpaps 1972 r, non

Ne Munsnepro CCCP s epro-CCCP . y
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BEﬂOMCTBEHHHé CTPOUTE/IBHHE HOPMH BCH 47-11

MHHHCTEPCTS0 » ——— .
AL Yxasanun . Boamen
MLKTPCHC?;K‘ No NPOEKTHPOBAHHIO MEPEXOAKKX 30K BCH 01-66 |
KaMERHO-3EMAAHBIX NAOTHH M3u3 CCCP

Fnasa I. OBIHE NOAO)KEHHSA

§ 1. O6aacte npumenennsn. 1. Hacronume «Yxasanus» Npeanasnayaorcs. aas
POEKTHPOBaHNA W NOAGOpa (M3 eCTeCTBEHHBIX KapbePHbIX WJAH HCKYCCTBEHHO
noJyyaeMbix MAaTepH3ajOB) TpaHy/JOMETPHUCCKOro cOCTaBa IPYHTOB MNEPEXONHHX
3on, éonpsraiomhx chA3Hble (IMHHHCTHE) TPYHTH AAEP M IKPAaHOB ¢ KPYHHO3ep-
HHCTHIM MaTEpPHaNOM NPH3M BBICOKHX H CBEPXBLICOKMX IVIOTHH (BHE KJACCHHIX),
I knacca, a TakKe ana naorun [ — 1V kaacca no xanuTatbHOCTH, KOTOPhle BO3-

Puc. 1. KameHno-3emasiunie nAOTHRE

a—C sepxapolt  nPOTHBOQHALTPARHONIIOH

nPUSMON; 6—C  3IKPaHOM; 8—C RAPOM;

I—npu3Ma NAOTHHL — KaMeHHOHAOPOCHAK HAH

NEeCYaHO-rpaBHAHO-raseYHUKOBASN; 2 -Tiepe-
XOAHBE JOHM,

'BOAATEN ¢ NPOTHBOQHABTPARHONRBIMII YCTPONCTBAMM NO THNY, YKa3aHHOMY Ha

puc. 1, Kak HachiNHbie H3 MECYAHO-TPAaBHIHO-TAJIEYHHKOBBIX TI'PYHTOB, TaK H Ka-
menHonabpocHbie. .

HAnsi 3eMAAHBIX H KaMeHHO-3eMasiHbIX maoTHH [1—IV kaacca no xanutaaswo-
CTH M BPEMEHHBIX COOPYIKEHHIl "MQLyT NPHHHMATbCS NOHHXKeHHbie TpeGoBanus
§7, u%meuaune; § 13,b). . :

2. TeX cAy4asX, KOrka pacdeTHble XapaKTCPHCTHCTHKH KapbepHHIX MaTe-
pHAJTIOB HJH HCKYCCTBEHHO 110/ydaeMblX FPYHTOB (H3 KaMEHHOADOGHALHHIX HJM
COPTHPOBOYHLIX 3aBOJlaX), NPCAHA3HAYEHHHIX AJiR OOGpPaTHHIX' (HALTPOR Nepexoa-
HbHIX 30H, BHIXOAAT 3a NpeAeibl PEeKOMEHAAUHMH, NPeAYCMOTPEHHBIX HACTORUIHMH
YkazanusiMg, clelyeT 3anpoeKTHPOBAHHBIT HAH nNofoGpaHHHIl TpaHyloMeTpuue-

CKHil coctas (PHALTPOB NPOBEPHTHL IKCHCPUMEHTANbLHBIM NyTeM B JaGOPATOPHH .

(MK Ha NAOWAKKE CTPOHTENBCTBE). .

3. MpoekTupoBanne u noaGOP rPaHyAOMETPHYECKOrO cOCTaBa ¢IALTPOB mC-
PEXOAHBX 30H, 3aLIHUIAIOUINX HECBAJHbIE (CynecuaHbie) FPYHTHl, H3 KOTOPHX BO3-
BOAATCA NPOTHBOMUABTPAUHOHHBIE YCTPOACTBA, NPOUIBOAHTCH TaK XKe, KaK M AAA
HECBAI3HBIX TPYHTOB, cornacHo <«HHCTPYKUHH NO NPOEKTHPOBaHHIO oOpaTHBIX
GHABTPOR THAPOTEXHHYECKHX coopyxennii», BCH 02-65.

Mpumeyanue KoHCTpykuus W paamepnl AApa WAK IKPAHa H3 Cy-
FAMHKCTHIX TPYHTOB YCTAHABAMBAIOTCS MPOCKTOM B 3aBHCHMOCTH OT THNA
TWIOTHHB, YCI0BHH NPOU3BOACTBA PaGOT, HAAHYHS TIPATOAHBLIX CYFJIHHMCTHIX

. MarepHa;oB, KAHMaTHYECKHX ycaoBuR u np., cornacho CHull II-H. 4—71L

) Brecenn YTBepXREenNH Cpox
BCecOO3HHM HIYUBO-HCCAE AOBATEALCKUM AsBHHYN pOEKTOM BOEZCHMS
HHCTHTYTOM THAPOTEXHHKH Muuguepro CCEP 1 swsapn
nuenn B, E. Bereneens 26 wwoan 1971 r, 1972 r.
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§ 2. Npunaruie repmunm w o6o3natcuns. Hacrommne «YKasauns» pexomen-
AYIOT NPHAEPKHBATECS CEAYIOWIHX TEPMHHOB H GYKBEHHBIX 0603HAYeHHS.

OcHoBHbBlE TEPMUHKN
‘Mlepexoanan 3ouwa—nepexopun#i cnoht (caou) MaTephada mexay

rpYNTOBHM AApOM (3KPAaHOM) u NpH3MaMu TWIOTHHH. [Ipudem ciiofi, npUMHKalD-

WRil K #apy (3Kkpany) . noMxeH GuTb 3anpoeKTHposau (nogoGpaH) TaKoro rpauy-
JIOMETPHUECKOFO COCTaBa, YToln Ouna obeceveHa (HAbTPALHOHHAN NPOYHOCTH
aapa (3kpana) naothsn. Tlpu conpsiKeHHH ¢ NPHIMAMH NAOTHHM MaTepHan fie-
PEXOAHON 30HH HE MOMKEH NPOCHINATHCH B MATEDHAN NPHIMBI MJOTHHBI.

O6paTHHH (PHABTP—CI0H NECYAHO-TPABHAHO-TANCUHUKOBLHX HAW fife-
GeHOUHBIX TPYHTOB, NPENOXPARAIOUIHE TPYHTH 3IeMAAHLX COOPYXeHu# H HecKalb-
Hble TPYHTBI OCHOBAHMH COOpYXKeumit OT meXxanwveckoh .cyddosnu, a B oraesn-
HBX C/Iy4anX TaKme OT BbiNoOpa.

Ckeaer rpyHTa— COBOKYNHOCTD YACTHL €r0, BOCTPWHMMAIOWMX H Me-
PEAAIOINX JeilCTBHE BHEUIHHX CHJA H OGECNeYHBAIOIHX TIPOYHOCTb H YCTONYHBOCTD
IrpyHra.

-
3anonanuTeds TPYHTAE— yacTHUL, PACHONAralOMMECs B NOPax CcKe-
J€TA TPYyHTa.

Cyddoann—orpula § nepemeimenne GUALTPALHOHHHM TIOTOKOM BHYTpH
FPYHTa MEJKHX YACTHU WAH HX BHIHOC, HJIH PACTBOPEHHE COREPIKAUIUXCH B PYHTE

BOAOPACTBOPHMBIX cOMel, HAH HX BLIMBIB, B DPe3yAbTaTe YEro BOSMOXKHO HAPY-

WeHHe ero NpovHOCTH ¥ ycrofivnBocTH. Pasanuaior caenywouiue puabi cyddosnu:
MeXxaHHyecKylo M XHMHueckyio. B uacrosmnx YKasauusx paccMarpH-
BACTCHA TOALKO MeXxaHnueckas cyddoans.

Mexanmnveckan cyPpGo3ua—oTpuB H NEPeMEWCHRE BHYTPH TPYHTa
W BHAHOC MEAKHX YaCTHR M3 €ro TOMNH BCAEACTBHE BO3AEHCTBHA (DHALTPAUHON-
HOT'O NOTOKA. Ny

Buyrpenusas mcxanmueckan cyhdosns — nepeMemtenne QuabTpaltnos-
HEIM HOTOKOM BHYTPH TPYHT3 MEJKHX €ro YacTHu.

Buewnyun  mexannueckan cyddoausn — BHIHOC (PHALTPAUHOHHBIM MOTOKOM
MEAKUX HaCTUY U3 IPYHT3. AJ

Onacnas mexanuveckas cyddosua—orpus, nepemeniecane u
BHKOE (PUALTPAUKOHIBIM FIOTOKOM MEAKHX YACTHIL W YaCTHLl CKeJeTa rpyHTa2 B Ta-
KOM KONHYECTRE, (pU KOTOPOM HAPYIIACTCH MPOYHOCTL B YCTORYHBOCTHL €ro.

KoasMmaTax —omnoKenne B nopax TrpyHTa MeJIKHX HacTHI, HECOMMBIX
GHALTPAUHOHHBIM TIOTOKOM.

Cypdoanonnnuil TPYNT—FrpyHt, 8 KOTOPOM MOXET TNPOHCXOAHTL H
Pa3BUBATECH MEXaHHuecKas cy(Poans N1pH CKOPOCTAN (UALTPAUMK, TPeBLIlan-
HINX KPHTHYECKHE.,

Hecydposnonumil rpynT—rpynt, s KoTopoMm Mexanuueckaa cyddo-
3HH HCBO3MOXKHA. !

Mpaktudccku necypGoanoHHBLil TPYHT—CPYRT, U3 KOTOPOro
MOryT 6hiTh BbiHeceHb (110 FeOMETPHYECKOMY. KPHTEPHIO) $HALTPAURONHBM NO-
TOKOM CaMbic MEAKHE He3aleMJeHHHe ero uacTHusl B Koiuyectse He Gonee 3—
5% mno secy, oT BHIHOCZ KOTOPLIX APOYHOCTH H YCTONYHBOCTH TPyHTA He Hapy-
aeTes. .

DUALTPAUHOHKHAR WPOUYHOCTL'  TPYNTAa—CROCOGHDCTL  FPYHTH
COMPOTHBASITLCH BO3HMKHOBEHHIO (GuALTPauUMOHHLX Aedopmaund.

duabrpauuonubie xchOPMAUHU rpYHTa— RedopMauun, obpa-
3ylOUHECS NPH HapyWeHHH (DHALTPAUHOHHON NPOYHOCTH TPYHTa (B peayabTate

MEXaRHuecKoil cy(QQo3nn, KoabMaTaxa, PHILTPAUKOHHOTO BLINOPE HAX YNAOTHE-
1HA, KORTAKTHOTO, PA3MLIBA).

] : -
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NpocoinaHHe rPYHTa B G HADTDP — NepeMeilienne MENKHA QpaKuuil
13 KOHTaKTHpylowlero rpyHra. s cjJod ¢uabtpa (uau rpyuta | cros Bo sTopoft,

WA B KAMEHHYI0 HaGpoCKy) NMOX RE{CTBHEM CHALI THMKECTH. .
BaasanusalHue bHaAbTPa B rPpAHT— BHeApeHHE ¢paKkuuil ¢HIbTPa
B KOHTAKTHPYIOWH# TPYHT, NPOHCXOAAILee NOJ AeACTBHEM CHJL TAXKECTH M BHel-

HeH Rarpysku.
KoHTakTHasa o6nacTs rpysTOoB — OOGNACTb, BKAIONAIOIAs FPaHHLy ABYX
«  CMEXHBIX, PAa3IHYHBIY 0O CBOEMY TFPaNyJOMETPHUECKOMY COCTaBy FPYHTOB, onpe-
aensiemasi ray6uHoil BO3MOXHOMO  NPOHHKHOBEHHS  HACTHIL OAHOrO ' rPyHTA
B JApyro#. : . Y
acchavMBalne TPYHTa — OTHeJeHHe KPYNHHX HacTHH OT MEAKHX, mpo-
- MCXOAfULee NPH TPAHCNOPTHPOBKE, OTIPY3Ke H OTCHIOKE TPyHTa.

. Brnop—oTpus # ofHOBPeMeHHOe nepemellenHe ueAoro o6beMa rpyHTa ;
BOCXOAAULIM (DHABTPALHOHHBIM NOTOKOM. .
OTcananpaHHue rpyntTa — OTPHIB ATPEraToB YACTHIL CBA3HOLY (IJIHHHCTO-

ro) rpyHTa B 30He KOHTaKTa (B NMOPax) ¢ KPYNHO3EPHHCTHIM FPYHTOM HJH [pyu-
TOM OOGpATHOrO HALTPA. . ,
- HonycTumMoe OTc/anuBaHHe — OTPbIB AarperaToB 4YacCTHH CBR3HOrQ
rPyHTa B 30He KOHTAaKTa ¢ FpynToM obpathoro Quintpa (B nopax) na raybuny !
PaBHYIO HJH MeHbllle 110JIOBHHBI AHaMeTpa Mop rPYHTa ¢uAbTPa ¢ oOpasopaHkeM E
VCTORYMBBIX CBOAHKOB (63 pazmbiBa KOHTAKTaA).
nacHoe HEAONYCTHMOEe OTCJAAHBAHHWE— OTPHS arperatos ua-
CTHIL CBA3HOro I'PYHTa B 30He KOHTaKTa ¢ FPyHTOM oGpatdoro ¢uawbTpa (8 mo-
pax) Ha Pr1yGuHY GOJBIIYIO MONOBHHBI AHAMETPA NOP FPYHTa GUALTPA ¢ BO3MOK-
HhiM BO3HHKHOBEHHEM Aepopmauuil CBAIHOTO rpyHTa. |
KouTakTHbiii Pa3MmbiB—pasmbla MeAKOIEPHHCTONO WAH  CBA3HOTO 1
(FAMHHECTOrO) FPYHTA HA KOHTAKTE ¢ KPYMHO3EPHHCTHIM rpyHTOM ((uAbTpoM) nod . -
AEHCTBHEM NPOROALHONA PUALTPaLHH,

]
BykBenHHnble of03dayeunns
D — nuametp %actal rpynra oGpat#oro GpuabTPa; {
Dy — cpepunit AuaMeTp PHALTPALHOHHLIX NOp B croe GHABLTPA;
D™ _ makcHManbHnlil AHAMETP GUALTPAUUOHKLIX 1O B CAoe GUABTPA:

DY*Y — pacueTHnit AuaMeTp GHABTPALUHOHHWX NOP rpyHTa GUABTPa;
.Dyy...Dy;... Doy — RnameTpu wacTHI, TPyHTa 06paTHOrO QUALTpA;

o .
T N o= —D-L — K03 PHUHCHT PA3HOICPHUCTOCTH TPYHTA M TPYHTa obpaThoro
10 ¥ .

buanTpa; : -
n; ng — NOPHCTOCTh FPYHTa W rpy¥nTa O0OpaTHore ¢uabTpa (R JOAAX
€AHBHIRY; '
Kg; Ky — kospduunent  duabTpaunu rpyHra u rpysta obpatHoro
duabTpa; .
%1 — KOIppHUHEHT, yulTHBAOUMI POPMY W LIEPOXOBATOCTh YACTHIL-
rpyura;

d — puaMeTp MacTHIl IpynTa, 3alHINaeNoro obpatubiM  puabTpoM;
di; -— AHaMeTP CBOACOGPA3YIOIIHX HACTHIL TPYHTA;
d.; — KnameTp (cydpQPO3HOHHBIX) HACTHI FPYHTA, BRHOCHMWX PHABLT-
PalMONHLM NOTOKOM; '
dy — AaneTp (KOALMATHPYIOIMHX) YaCTHIL 'PYHTA, TIPH KOTQPHX Ha-
YHHAETCH KOABMATaXK (uabTpa (MAH TPYHTA);
dyg.o .y, dyy — AMAMETPB WACTHR FPYHTA; ’
kps Vxp — KDHTHUECKHE TPajsCHT Hanopa H CKopoCTb GHABTPauuh, Npx
KOTOPHIX HAcTynaeT Mexanuweckan cyddoaind HAH pa3Mus
rpynta;
%o — KOSQDHUIMEHT KPUTHUSCKOR CKOPOCTH;
4 — NpHBEACHHBIH KOSDDHIHEHT TPEHnSA;
Tyon; Vaon — AONYCTHMBIE rPafHEHT HANOPA K CKOPOCTL  PUALTPaLMN, PaB-

Hhie KPHTHYeCKHM (YMeHbIIeHHNM) ¢ yyeToN KosdduiHenta
3anace; ‘ :

' : :
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{p — PacHeTHMIl rpajuenT Hanopa, onpefenseMulii GUALTPANHORHb-
MH pacyeTamH uan MetonoM 3 IIA;
1 — yroa Mexjy HanpasieHHAMH CKOPOCTH (QHALTPALMH M CHA
TAKECTH;
# — KOS()QHUHEHT HEPaBHOMEPHOCTH PACKAQAKH WYaCTHIL TIPYHTa
{(¢unabTpa), nau Ko3pPUUHEHT JNOKAILHOCTH cydpdoaun;
{ex — OOBEMHBIA BEC CYXOro rpyHTa;
A — yjaenbHulil Bec wacTHL TpyHTa; .
s — 0ObeMHbtil BeC BOAbI;
v -— KOIPGUUHEHT KHHEMATHUCCKOH BRIKOCTH BOIM;
W — BaakHOCTb TpyHTa;
W, — MaKCHManbHaf MOJIeKYIAPHAS BMArOCMKOCTbL CBA3HOTO FPYHTa;
W, — rpanvua Texywectn rpynta;
W), — rpanuua packaThiBaHHA TPYHTa;
Wy — YHCAO MAGCTHYHOCTH TPYHTA;
G — ko3pOuUIHEHT BOLOHACKHILEHHS (BAAAKHOCTH) FPYHTA;
tr — KO3(PHUKEHT NOPHCTOCTH HA TPAHHMHE TEKY4ECTH rpyHTa;
& — YCKOpPEHHE CHJIbl TAKECTH; ¢
H — nanop;
T — toamuHa caon dnavipa.

§ 3. Hasnauenue nepexojinuix 3oH. [lepexopmble 30HH — nepexoiHbie NpoMe-
XKYTOUNble CAOH TPYHTA, CONPATAIOMHE CYTJIHHHCTBIN (CBA3WBI) MaTtepnaa sjpa
BAH 3KPAHA C KPYIHOICPHUCTHIM MATepPHANOM [PH3M DNAOTHHBL (FANCYHHKOM HJIM
KaMeRHoN 1nabpockoi).

OCHOBHBIM HA3HAYEHHCM NEPeXOAHBIX 30H fBASETCA 3allHia CBSI3HOrO (riu-
HKCTOTO) FPyHTa siApa (3Kpana) nfioTHib o7 ABAEHUR PUALTPAUHOHHWX Aedop-
Maluil (OTCAAHBAHHA) H MeXaHHueckoil cy(po3uH, KOHTAKTHOro pasmuisa, obec-
NeYenns 3aMeYnBaeMOCTH TPEllHH B SAPE NAOTHHB B cAyYde BOIMONKHOrC HX o0pa-
30BaHHA, a Takke Aas o6GecneveHHsi HAJeXKHOro CORPSKenus sapa (3xpaina)

. € TIpU3MaMu NAOTHHHL WAK APUTPY3Kofl ¢ BepXoBOil cTOPOHBL 3KpaKa.

§ 4. 3anaum NPOEKTHPOBAHHA TPAHYNOMETPRYECKOr0 COCTaBa GMALTPOB ne-
pexoanbix 3ow. B 3anauu  nNpPoeKTHPOBAKHA  FPAaHYNOMETPHUECKOTO COCTARA
(UABLTPOB NEPeXOAHBIX 30H IOTHH BXOASAT pCUICHHS CASAYIOWHX OCHOBHLIX BO-
npocon: .

1. Yetanosaenne crenedu cBIMOCTH FPyHTa AApa (3KpaHa) nAoTHHB K ero
PACHCTHHIX NapaMeTpoB (rPaHYJOMETPHUECKOTO €OCTaBa, o6bHEMHOro Beca, NOPH-
CTOCTH, YHCAA NAACTHYHOCTH, KOP(hHUUHEHTA BOROHACLIUICHHS H ApP.), XapaKTepH-
3YIOHHX ero KaK ¢BH3H'B i (TAMHUCTHIL) TPYHT, YROBACTBOPAIOUMA BCEM TPe-
GoBanHAM, NPeibLABAAEMbIM K TaKOH KATCropHii rpyHTaMm, noAGop cocTaBa QAL
TPOB K KOTOPHM RPOUIBOAMTCA NO - METOAHKE AR CBA3HLIX TPYHTOR.

2. Onpenesenre rHAPOAHMAMUYCCKHX  YCAOBHIT (HALTPAUMOHHOrO NOTOKA
B KOHTAKTHHIX 30HAX {PACUETHHX TPALHCHTOR HAaNOpPa B ANDPE, KPAHE NO BHXOKC
B TNePBBI 1o PiILTPA M N0 _KOHTAKTAM), ONPEACARCMbIX WAH GRrALTPALHONHBIMY
pacdetamu, uan mevonamu VAL wan APYrUME SKCHC ) MCHTABUEMY B podi-
YECKHMH METONAMH.

3. MpuckTuporanie rpaHyAOMETPHYECKOTD cocTaBa nepeoro cnon puAbLTpa
(Ipu OTCY FCTBHI 1aHHBIX O KAPLEPHBIX HAN HCKYCCTBCHHO NOAYYaeMBX FPYHTax)
1O YCAOBRHIO HeAONYUICHHA  ACPOPMaNNA OTCAAHBAWNS ATPeraToB YACTHIL CBR3-
HOTO TPyHTa siapa (3KpaHa) MAOTHABN Ha KOHTAKTE ¢ MEPBHM caoeM GHILTPE N
ROCAEAYIOUIHX cAoeB (ecan TpebyeTcs) no YCAOBHIO «HENPOCHINAEMOCTH® # DHAbL-
TPAUHOHHO! NPOUNVCTH I YCTONUYHBOCTH KOHTAKTOB,

4. BuGop KapuepHHX WAH HCKYCCTBEHHO MOAYHaeMHX TPYHTOB (NpH Hain-
YHH Kapbepos HJAH NPCIYKUHH KAMHCAPOOGHABLHLIX 3ABOAOB), KOTOpbie MOTYT GHITH
HCMOABLIOBANB AAR YCTPONCTBA NCPEXOANBIX 30H ¢ YMETOM TCXHHYECKON W IKOWO-
MIYECKOR neaecoo6paIHOCTH HX Hcnoablosaind. B Tex caywasx, xoraa no6an-
30CTH OT BOABOIMMOTO COOPYIKCHHR €CTb HECKOABKO KapLepos AAf Yetpofictsa
NePeXOANBIX 30H, CJAeAVeT npH Bhifope ONHOTO H3 HHX HJAH HCCKOALKHX PYKOBOA-
CTBOBATLCA COOGPANKCHUAMH HARMEHBLICH cTOMMOCTH PaGoT NP MX ucnoAblowa-
HHE B AeJ0 (MECTOROJAOKEHHE, TPAHCNOPTHPOBKA, YCAOBHA pa3paboTxku B np.).
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5. IlpoBepka 3anpOEKTHPOBAHHOTO WJAH NOAOGPAHHOrO rPaHYBOMETPHYECKOTO
COCTaBa TPYHTOB TNEPEXOAHMBIX 30H HAa (HALTPAUHOHHYIO MNPOYHOCTb H YCTOMUH-
BOCTb KOHTAKTOB, Ha YC/JOBHe HenonyuleHvs RedopMauuii oTclaHBaHHA arperaTtos
MACTHU CBA3HOrO TPYHTAa, €ro PasMblBa Ha KOHTaKTe ¢ NMEpBHIM cloeM (HALTPA
H Pa3MblBa KOHTaxKTOB NOCAEAYIOUIMX CJ10€B NPH KOHTaKTHOM ¢uabtpaumuu (BAOIbL
C/I0€B), @ TaKXe OMacHoi MexaHnuueckoil cypdo3u# B caMHX CJADAX NEepPeXoAHON
30HB! (B JOMOJNEHHE K YKa3aHHOMY 8 m. 3 u 4).

6. Ilposepka 3anpUEKTHPOBAHHOrO HAK NOACOPAHHOrO rPaHyJICMETPHYECKOrO
COCTABA NEPBOro c10A (PHJILTPA NMEPEXOAHONH 30Hbi HA YCNOBHE CaMO3a/IeHHBAEMO-

CTH NPOAOJAbHLIX TPEWIHH AApa MAOTHHL B CAydasX, ¢C/ YCTAHOBACHZ BO3MOX-

HOCTb HX O0pa3oBaHHA.

7. YcranoBsieHHe TOMUGHHBL M HYHCAA CJOEB  [ePeXOJHON  30HH HE TOALKO
¢ y4eTOM NpOH3BOACTBa PaGOT, HO H C YYETOM PacC/JOEHHA RO BHICOTE MaTepHa.a
NpH3M MJOTHHBI NPH HX BO3BEAEHHH, 3 TAKMKE ¢ YUETOM BO3MOXHLIX FOPH3OHTaAL-
HbBIX AedopMalUi COOPYMKEHHS.

8. YcranoB/ieHie ZONYCTHMBbIX fpelesoB BO3MOXHBIX OTCTYNJEHHA B rpany-
JNOMETPHYECKOM COLTabe, TOMMIIS CA0eB, NOPHCTUCTH (MAH OOheMHOM Rece) rpvu-
TOB (HJIBTPOE NEPEXOURBIX 30H. ‘

9. Tlposepka sKcnepHMeHTANbHO B Ja60PATOPHBLIX YCJIOBHAX HAH HA ONBIT-
HOM Y4YacTke Ha IVIOLalKe CTPOMTEALCTBA 3aNpOEKTHPOBAHHOrO COCTABA MaTe-
pHana nepexoAHbIX 30H B CJYy4asiX, KOr4a pacueTHblE XapaKTEPHCTHKH Kapbep-
HBIX TPYHTOB HJH CPYHTOB, NOAY4acMBIX Ha KaMHeApOOWALHLIX 3aBOAAX, Nper-
HAa3HAYCHHBIX MJIA NEPeXOAHbIX 30H, BLIXOAAT 32 MpeAeibl PeKOMeHAaHHA, npe-
AYCMOTPEHHBIX HAacTOAWHMH YKasauuaAMH. [as 3Toil uenaw, B 3aBHCHMOCTH OT
3afay SKCNepHMEMTAJbHOH NpPOBepKH, AOMXKHA OnTb pa3apaboTaHa, nporpamma
it METOAHKA 3KCMEePHMEHTAMNbHBIX HCCAeNOBAHMIT,

§ 5. Mareppaa aas nepexoanmx 3o0u. [l.a ycTpoiicTBa ¢GHABTPOB nepexon-
HbIX 30H JO/KHbLI NPHMEHATLCA JIHUIL He'BA3HHE eCTeCTBeHHble HJIH HCKYC-
CTBEHHO MOJNY4aeMble TPYHTHl H3 TBEPABIX H MAOTHBIX KaMEHHBIX NOPOA, He coO-
JlepXKauux BOAOPAcTBOPHMHX codell. K TakHM rpyHTam OTHOCATCH: necyaHble,
rpaBHiHO-ra/leyHHKOBBIE TPYHTH, WeGeHb, WeGeHouHble OTXOAN KaMHeIpOoGHABHbLIX
3aBOJOB. : .

EcrecTpeHHble HAH HCKYCCTBEHHO MNOJNYYaEMbie NECKH JOMKHB cOCTOATH M3
TBEPABIX H NJOTHHIX MOPOA: MOJNCBOrO 1INATA, KBapUA MJAW HX CMECH.

I'paBuii, raneuunk n UWeGeHOYHBIE TPYHTH! JOANKHLI MPOMCXOAHTb M3 TBCp-
AbiX, NJOTHBIX, MOPO3OCTOAKHX NOPOA, He MOANAIOLUIHXCHA BLIBETPHBAHHIO H BbLI-
HeaYHBARHIO. }

IMpeaen NpounocTH KaMeHHLIX MOPOA HPH CKATHA AAA YCTPOCTBa nepexoj-
HHIX 30H.MJIOTHH [OJXEH COOTBETCTBOBATb MPOMHOCTH OCHOBHOFO Teda NAO-
“THHS, HO He Menee 300—400 x//cm®. Tlpu HcnbiTaHHH Ha MOPO3OCTONKOCTL
OHH ROMKHH BHAEPKHBATL He MeHee 50 UMKAOB 33MOPAXKUBAHHA M OTTAHBEHHA
nps rtemneparype +17°C, npu 3TOM noTepa B Bece He AOAXKHAa npepuwmatbh 5%.

§ 6. Hcxonusie naunpie paas npoexTHposanus. [lpu npoekTHpoBaHuH (HAL-
TPOB NEPEXOAHLIX 30H AOMXKHb ObiTb H3IBECTHH cAedyiOlllHe HCXOAHBIE JaHHbIE:

1) npuHATHIA B NPoOEKTe THA H KOHCTPYKUHA NMOMEpeyHOro npoduAa NAOTHHHI
C NPOTHBOGHALTPALHOHHLIMH YCTPOACTBAMH H Cnoco6 ée Bo3BelleHMR (BO3BOAH-
Mble MOCAOAHON OTCHINKOfl ¢ YNAOTHEHHEM, OTCHINKOA NHOHEPHBIM CNOCOPOM HA
Go/ibllyI0 BLICOTY, CMEINAHBBIM ¢nOCOGOM, HAcyXo, ¢ BoOAOH H np.):

2) panHble O MaTepHaJe AAPA, 3KPAHA TMAQTHHB: TPaHYNOMETPHUECKHt CO-
ctap, o6beMHbii Bec, yAeab "' BeC, MOPHCTOCTb, NPefesbl K YHCAO NAACTHYHO-
CTH, KO3(D(HLUHEHT BOAOHACH  .HA M NP., HX pacdeTHBE XAPAKTEPHCTHKH, TPHHA-
Thi€ B NPOEKTe;

3) naHHBIE O BO3MOXHBIX FOPH3OH1.ILHLIX CMEIIEHHAX AAPA HAH NPH3M NJAo-
THHLI H JaHHBIE O BO3MOXIOM OGPA30BaHHH OTAEABHBIX (NPOAOJLHBIX) TPelHH
B AaApe (Kpase) MJAOTHM.L; )

4) Aanuble 0 MaTepHane NPH3M MAOTHHBL (NEcCYaHO-rajfiedlHKosble, U3 KaMmeH-
Hofi HaGPOCKH H mpP.) ¥ ero ¢H3nYeckHe XaPAKTEPHCTHKH: FPAHYNOMETPHUECKHA
cocTan, O0beMHBIA Bec, yAeALHLII BEC, MOPHCTOCTL H AP.;

J) AanHble O Ha/HYMM M 3aMacaX MeCTHBIX MaTepHaioB (Kapbepos), mpea-
HA3MAYAEMBIX RAR YCTPORCTBA NEPeXOAHHX 30H, AaHHHE 06 YCHOBHAX KX AOOLIUH




H TPANCMOPTHPOBKH, & TaKXKe HX (HIHYeCKHE XaPaKTePHCTHKH, yKalaHuble B n. 4
uactosiero naparpaga; '

6) pacueTHble 3HaueHWs1 FPajHEHTOB HANOPa (HALTPAUHOHHOTO NOTOKAE, NPH-
HATHE B NPOEKTE Ha OCHOBAaHMW (HILTPALUHOHHLIX PACYETOB HAW MO METORY
OFA: MakcHMaiAbHbBilI DAcCUTHbIi rpagHeHT Hanopa (l:“"c) NPH BLICAYHBAHHM

(PHABTPAHHOHHOTO MNOTOKA HAa HH30BON OTKoc AApa (IKpaHa) MJOTHHH 1O KOH-
TaKTy AAPa-H Neproro cAos GHALTPA H AP.

.Tnasa ll. OCHOBHbIE PACYETHBIE NMOJIO)XEHHSR
ANg NPOEKTHUPOBAHHSA TFPAHYJIOMETPHUYECKOTO COCTABA
. MATEPHAJIA NEPEXOAHbIX 30H :

§ 7.-O6mme ykasanns, 1. [daa ycrpolictBa nepexoaHbiX 30H AONKHB HpH-
MEHATbESA JHUIb HECBA3HHWIE ECTECTBEHHhE WM HCKYCCTBEHHO MNOJyyaemble TPyHTH
H3 TBEPABIX W NJOTHHX KaMmeHHbix noffos, He cogepXallHX BOAOPACTBOPUMBbIX CO-
ael (ra. 1, §5). ’

I'panynoMeTpHYECKHA COCTaB MaTephaia nepexofHbiX 30H MoXeT ObiTb 3a-
NPOEKTHPOBAaH MM nomo6pan Kak necydpo3nOHHHM, TaK H cyYbdo-
3UOHHBIM. ,

OnuHako GuAbTPH MepexoAHbIX 30H CY(h(O3HOHHOrO COCTaBA AOMAKHH OHTb
npoeepenibi Ha HUAbTPAUHOHHO-CY(D(POIHOHHYIO MPOYHOCTb, T. €. 4TOOb AAA AAH-
HHIX THAPORHHAMINECKHX -YCAOBHI HX paGOTh B (HABTPOBOM MartepHade HE BO3-
HHKallo onackoil Mexasnueckoit cyddo3nu W He napywanach 6l ero (uALTpa-
-IHOHHAS MPOUHOCTD. ,

2. TlpupeieHnble HHXKE DEKOMEHAALMH NO NPOEKTHPOBAHHIO H noabopy rpa-
HYJAOMETPHUECKOro COCTaBa NMEePBOT O cAof QUILTPZ NepexoaHLIX 30H pacnpo-
CTPAHAIOTCH HAa (HALTPHI NEPeXOAHLIX 30H, 3aMHKULAIWHE CBA3HbL e (FAMHH-
cThie) APEHHpYeMble TPYHTHL

CBA3HbB e TPYHTH (CYMIHHKH H T[JIMHBI) MOXHO XapaKTepH30BaTb: COAEp-
KaHHEM B HX COCTaBe TJMHHCTBIX 4acTHL pasMepon d<0,005 ma:

CyPRAMHKH . . .« . . . v . v v v . .. 10-30%
Famww . . . ... ... ....... OGosee30%
W uHcaoM naactuugoctH Wy R
CYFAHHKH . . v v o v v v o v 0w o W, 17
171117 O | . ¥ §

3. B gaiubix YKa3aHuAX RPOCKTHPOBaHHE H NoAGOP rPaHYJOMETPHYECKOro
COCTaBa NMEepPBOTO cA0f (HABTPA MEPEXOAHBIX 30H PEKOMEHAYETCA AR CBA3-
HBX FPYHTOB (HADYIUEHHOH CTPYKTYpPHI) ¢ uncaoMm naactiynoctd W,>7 npu xo-
Ae6aHUH BAAKHOCTH B HHTEpBAale TINACTHYHOCTH, T. ¢ npu W,>W>W, rre
W: —rpanuua texydectd, a W — rpiHHIa pacKaTHIBAHHA TPYHT3.

[Mpu »TOM TIMHUCTHEI FPYHT AOBKEH HMETb MONEKYJApHOE clenJexue, KoTo-
poe Moxetr 8biTi BhIpaxcello yepes peanunHy ofbesmioro Beca cyXoro (ckenera)
rpynra [4).

O6hemunlit Bec cyxoro (ckedeTa) 3allHIAeMOro ¢BA3NOTO TPyHTa NpH ero
yKkaAaAxe po/KeR GuTh

N A
T > Vew = T oy m

Fle A — yAeAbHHI BEC ACTHL FPYHTA R 2/cM3; ¢ — KOIDDHUHEHT NOPHCTOCTH
npu W: .
AW,

e ™= FAN ¢ 2
= 00y, )
rae {n — O6bemnmit Bec BoAn =1 2 et , ’

4. MpuBencHnbic HUXKE PEKOMEHJAIHH MO METOAMKE NPOCKTHPORAHIA H MoA-
60pa FPAHYJAOMETPHYCCKOTO COCTABA NEPBOro CAOK GHALTPA MEPEXOJHHWX 30,
3AUIHULAOMKX CBAHME (MJIHHKCTHE) [PYHTH MNPEAYCMATPHBAIOT MR BHCOKHX H
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CBEPXBBICOKHX MAOTHH (BHe KAAaccHBIX) H I Kaacca no KanuTaabHOCTH — Y C.10 -
BHe HEeAOHYIMEHHS OTPHBA HIH OTCAAHBAHHA arperatTps ua-
CTHH CBA3HOTO TFTPYHTAa Ha KOHTAaKTe ¢ TPYHTOM NEPBOTroO
cnof duabrpa. '

5. IlpoexTpoBauHe HaH TOAGOP “rpaHy/JOMETPHYECKOr0 cOCTABAa NEPBOTO
chost GUALTPA NEPEXONHLIX 30H K rPyHTaM ¢ yncaoM naactuusocts Wa<7 npous-
BOAKTCS TaK e, KAK H A/ HECBA3HBIX rpyHTOB coraacho [l], mau okoHwarean-
HOe pellieHHe NPHHHMaeTCA TOC/Ae MNPOBEAEHHS CREUHaJbHBIX ONMBITHHIX HCCjIeR0-
BaHHIl B COOTBETCTBHM C KOHKPETHBIMH YC/IOBHSIMH.

Mpumevaunue, Jaa maothy II—IV knacca no KanuTanpHOCTH H
BPEMEHHBIX COOPYXKEeHHIt BO3MOXHO IOnycKaThb Hefoabwge OTChAauwBanue
(He BIHAIOIIHE HA NPOYHOCTH) TAHKHCTOLO rpy;rraDHa‘ KOHTaKTe ¢ nep-

- - MaKC

BBIM ca0eM (HAbTpa (B MOpax) Ha pemnuddy AS= D) .Tlpn 3TOM MaK-

CHManbHL pasMep nop rPyHTa mnepeBQro cA0A GuALTPA JNOMKEH OHTh
DYaxe = 1,5 cu, a raRRHCTHI TPynT sApa (3Kpana) MONKEH HMETh YHCAO

naacthynocTit W,>7 (n W25 1as speMennnix coopyxenit).

§ 8. Ouenka cyPpgpo3noHHOCTH (Hecyddo3HonHocTH) TPYNTOB, ONpeaeAcHue
MAaKCHMAJAbHOTO = Pa3Mepa BLIHOCHMBIX 4acTHUl H MaKcHMANBHO  BO3MOKHOTO
npoueHTa BuHOca (MO reoMerpHueckoMy kputepuio). Tlpucrynmas x mnoaGopy co-
craBa nepexoxRMX 30H, NpeXAe BCero HeoGXOAMMO ONPeAEAHTh, K KaKoil Kare-
FOPHH OTHOCATCA KapbepHHe HAH, HCKYCCTBEHHO IOJAYYaeMHe TPYHTH, SBIAOTCH
JH 3TH TPYHTH CYD G O3HOHHHMYE wiH HeCYDPDPO3IHOHHBMH.

Ilnsa pelteHust 3Toro BOnpoca peKoMeHAYeTcA ABa cnoco6a; mepBhiil cnoco6
XapaxTepuayeTr HecY(h(Po3HOHHOCTb TPYHTA, KOMAa M3 €rO TOMMIH MPH JMOGHIX cKo-
pocTsix OHALTPaUKH He GyAeT MPOUCXOAHTH BHIHOCA CAMbiX MEJNKMX YacCTHI.

.BTopoit cnoco6 XapakTepH3yeT IPYHT . KaK »npakTHueck# Hecyddo3HOHHDIH,
13 KOTOPOro AOMYCKAaeTcs HE3HAYHTENbHHLIA BHIHOC MebUARIIKX HE32UIEMAEHHBIX
€ro 4acTHU, HO Oe3 HapyUIeHHS €ro NMPOYHOCTH.

TMepsmit cnoco. Mo 3ananHLIM napametpaM HcclefyeMoro rpyHTa oripe-
RensieTcsi AMAMeTp MaKCHMaAbHHIX GHALTPANHOWHBIX 1MOp B rpyHTe D M%< mo
cnepyiomieft 3aBUCHMOCTH:

D¢ = 0'455"'V;1:I_? L Dy, ' 3)
= ny

rae » — KosbGHUHEHT HEPABHOMEPHOCTH PACKAANKH YaCTHU B CPYHTE HIH KO3(-
dunnent JokansHocTH cyddo3uu:

D w=14 0,057,,,,: )
Np= D'::,_ — KO3 PHUHEHT PAIHOIEPHUCTOCTH rpyllraf ng— NOPHCTOCTL (B N0~

Asx emunHun);  Dy; — IMamMeTp WacTHI, KOTOPHX COXepKUTCH B rpyHte 179%
H MeHblie (RO BeCY). .

Hanee, no KpHROR TrPaHy. OMCTPUYECKOTO COCTABA IAHHOFO FPYHTZ HAXo-
UM MUHEMAABUBIL ANAMOTP er0 HacTity Dy
Ecan oxamercs, nro
077%™~ D o)
TO FPYNT caeayeT cuntath cy®G G O3HONHEIM, HI TAKOTO FPYHTA MOIYT BHI-
HOCHTBCS! BCC 4ACTHUN, KPYNHOCTh KOTOPHIX MEHBMIC WA PAnHa
D™ < 0,77 Dij**<, (6)
rae DY - MakcHManbHHii AMAMETP CyPDOIHOHHWX HYACTHU, KOTOPHIC MOFYT

6u7h BhiHECEHB M3 TOAUIH FPYHTA NPH COOTBCTCTBYIOIMINX CKOPOCTAX (HILTPa~
unn (60ABLIMX KPHTHEECKOH — Uyp).
Ecan xe oxaxkercs, 4t0

0,77DM%%< . D, ... o
1"
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Yo TPYHT chenyer cuurats Hecypdoauonunm. Ha Takoro rpyura we wo-
ryT BRIHOCHTBCA M CaMble MEIKHe ero YacTHIbH
MAKCHMANLHO BO3MOXHBI NPOLEHT BHHOCA CY(GPOIHOHHBIX YACTHI M3 TPYH-

y Maxc
1a (N0 reOMETPHUECKOMY KPHTEPHIO) OnpefenfieTcl U3 3aBHCHMOCTH (6) no Doy -

'3nan DM, no KpuBofi TPaHYNOMETPHYECKOTO COCTABA ONpejensieM NCKO-

MBiA MAKCHMAJbHDLI IPOUEHT BbLIHOCA. ;

B Top o4 cnoco6. TlpaktKa nokasmBaeT,.uro ecid 43 rpysra GYAYT Bu- ¢
MOCHTBCH caMble MEJKHE HesalleMJeHHble ero YacTHUW B KojHdecTse He Goaee
3—5% no Bsecy, TO npouHoCTL rpyHTa He Hapyunres. CliefoBaTelbHO, NP A KT H-
. wecKu HeCyhD(GO3IHOHHBHM IDYNTOM MOXHO CYHTaTh TaKodl TPYHT, M3
KOTOPOro MOryT OHTb BWHECEHH (HALTPAUHOHHBM MOTOKOM MeJbyaiiline ero .

yacTHUH B KoJaundectBe He Gosee 3% (5%) mo Becy. ‘

KapbepHblit HAH HCKYCCTBEHHO MOJYyHaeMBli TPYHT, NpeAHA3HaYeHHHH Xas
$UALTPOB NEPEXONHLIX 30H, CEAYeT CUMTaTh (MO rEOMETPHUECKOMY KPHTEDHIO)
NpaKTHYECKH HecyQPO3NOHHBIM, ecaH €ro napaMeTphl YROBAETBOPAWT CHERYIO-

el 3aBHCHMOCTH: - . ’
D, . . i
D: > N, . X 8)
§ o nl v
rac N - (0,324 0016%4) } g : "l’ . ; i
e -
Ecau sasucumocTh (8) He yroBjierpopsietcs, TPYHT ciaeayer cuutats cyd do-

3HOHHbB M.

Mpusmevanue [pusesenunie 8 § 8 cnocobu onpeaenensn cygpgo-
3HOHHOCTH (HeCcy(D(OIHOHHOCTH) IPYHTOB PACHPOCTPAHAIOTCA HE TO/MbKO Ra

- TPYyHTH OOpaTHHMX $WALTPOB, HO B HA DCE ECTECTBEHHWE KapbepHbie, HCKYC-
CTBEHHO noJy4YaeMble, HapyleHHONl H HCHapyWEHHOR CTPYKTYpbol HecBA3-
Hbie TPYHTHL. /

§ 9. JonyckaeMas cremeb DPRIHOICPUNCTOCTH TPYHTOB 2as  ycrpoicrsa
nepexonHsix 30H, MHoroneTHHe .1a60paTOpHHE M HATYPHHe HKCCAELOBAHHA NO
HIYYEHHIO CTEeNelH HEPABHOMEPHOCTH PACKAafKXH YACTHIL TPYHTa H €ro pacchamBae-
MOCTH, HaGJiozelinsl 32 NPOH3BOACTBOM paGoT Mo yxJaaxe maTepHana QHAbYPOB
[2). a takke Goaswasw TOMUWHA CAOEB NEPEXOAHWX 30H NPH HX YcTpoRcTee mo-
3BOJIAOT ONOCHOBAHHO DEKOMEHAOBAaTh NPHMEHATb TPYHTH C BHICOKOR CTEHEHLIO
PAIHGIEPHACTOCTH. 310 Jaet BpaMO)KHOCTb HCNOMNBIOBATL AAA d)u.nb'rpon nepexoa-
HIIX 30H ecTecrBeHHble KaphepHBe TPYHTH G€3 HX AONOJHHTEJIbHOA Aopor¢crosn-
e nepepaboTKyH — OTCeBa KPYNHHX H OTMHBA MIJKHX Opakuuit, oboraluenus, :
ApubdeHus H T, 1. KAK 3TO J€JaeTci AAA8 TOHKOCA AHHX GuaAbTPOB, Yrobn noay-
4HTL OAHOPOAHNA MaTepHand. .

1. Kosdpdnunent pa3Ho3ePHHCTOCTH FPYHTOB IEPBOTO H MOCAEAYIOUIHX CAOEH
MEPEXOHNX 30K AR BLICOKHX M CBEPXBHLICOKHX TAOTHH (BHEKJACCHMX) N
! xnacca mo KanMTBALHOCTH, 32IMMINAIOWINX CBASHNE CPYATH CAeAyeT BasHa-

)

daate bide

vats [2): ) )
{ b
. D, ’

Kax ndkasmpaer npakrtuxa, yKaalka rpynta c ¢ -< 50, npn nossenenun Toa-
CTOCAOAHHIX (HALTPOB, NOCAOAHO ¢ pa3paBHHBalMCM H YWJOTHCHHEM €ro QpH :
HexkoTopoh Baaxuocth (a0 5%) obecneunBaeTcs ero ORROPOAHOCT MO CAOI. ot

2. lan nepaoro cnos QuALTPA NepeXOAHOA SOHH, 3AMMIRANOMETO CBA3-
Nl %yur KOSpduNUEeHT PAa3HO3EPRHCTOCTH MOXKer OWTh MPHHAT
n¢ >50 npn Haarexamem oGbcHobanuu: i
o0 ;5) %na.nwm B er0 COCTABE NecYanux ¢(paxunh d=0,05—2 sum ne menee :

» [ > j
i
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6) pacuertHuil AHaMeTp NOp rPyHTa (C 7y >50) npu camoi erp Hesniroauol
Packaanxe nonxen Obitp Ooabime JAeHCTBHTEAbHOro nakcumarsloro, T. e,
Dsnct> (1’25_ l'so)D:)lakc; \
t B) TPaHYAOMETPUYECKHUIi COCTaB FPYHTa C % >S50 Aomken YAOBACTBOPRATS
KPHTEPHIO KOILMATHPYEMOCTH H CAMO3aNEYHBAEMOCTH Tpemun B dApe (9Kpaxe)
1 MAOTHHB (9TO CO3X2eT 3anac B NPOIYHPCTH)
r) BHKOC Meakux cydpPo3noHHMX Ppakunii dci M3 AAHHOTO COCTABA TPYHTA
{¢ 1g>50), NpH KOHTaKTHOHX DHALTPANMH H AAHHHX KOHWKPETHHX THAPONHHAMH-
ECKHX YCAOBHAX, HoMken 66Th Mewsme DY T.e. dy < D! (c nexoropmiu 3a- 3
NACOM NO CPaBHERHIO C 3aBHCHMOCTSI0 (29) — ,KpHTEpHEM -BhHOC2 "),
R) RaHHBIA coCTas PYHTa C 7 ¢ >50 AOMKEH yAOBACTBOPATbL KPHTEPHIO ‘20).
T. €. YC/IOBHIO HELONYIEHHS DPa3MHBAa CBASHOFO FPYHTa NPH NPOAGNLHOH KOH-
TaKTHON PHALTPAMHHE. .
' Ecau ykasanHne BHIlie YCJIOBHA He YHOBJCTBOPRIOTCRA, NPHIOAHOCTD A&M-
#Or0 CQCTABAa IPYHPAa MOXKeT ObThb MPOBEPEHAa IKCNEPHMEHTANLHO.
§ 10. Toamuna  nepsoro caoa ¢uAsTpa nepexoamoff "3onw. 2a) [Iporaso-
«pHALTPALHOHHBIE YCTPOHCTBa (SApa, KPAHH) H YNOPHLIE NPH3MBI BHICOXHX MAO-

&)

Puc. 2. Cxema nepexonHol 3oubi

]—83p0 NAOTHHL; 2-—-NepexOAHaN J0HA (PHALTP); I~ NPHIMD NAOTHHB, \
' ~TOPH30KTANLHLE CMEWEHYA NPHIUE HAK AAPA IIAUTHHM, \

A

THH [PETepneBaloT pasHble '(no BeJIMYHHE H HanpaBaeHHio pepopMalUHid, NPH KOTO- 3
PhIX BO3MOXHH 3HAYHTEAbHble CMElleHHA NPH3MB NJAOTHHBL B CTOPOHY RApa Ham

mao6opoT. B TaKknx cayyasx MoxKeT RPOH3OATH pa3pbis NEPBOro cAOR OAABTPA
nepexoqHOM 30HB, CCAH TOMUHHZ ero GyferT He3HauHTeNbHOM, Hanpumep, pas- . i

~Hoft t’ (puc. 2). CnenosartenbHo, so3BefeHHe nepsoro cioft GuaLTPA nepexopnoR i
30HB TOHKOC/TORHBIM /Il BHICOKHX MJIOTHH XOMYCKaTb HeAbdA. -

_ [Tpn pospesenun nepsoro cof (RILTPE NEPEXOAHOA 3OHM SHAYHTEABLHORN
TOAUMHE OYAYT HCK/AIOYEHB HeMenaTenbHbie ABACHHN Pa3puisa CROEB NPH He-
- PABHOMEPHHX H PA3HBIX OCAKAX IEMEHTOB IVIOTHHE, 4 TAKIE MPH CeACMHYECKHX
E BO3eHCTBHAX HAa NAOTHHY. [IpH 3TOM BOSMOXHOCTb pPaspymenns (paspwsa) ne- .
E pexofmof 30Mn Gyser mHckaodena (puc. 2), XxoTA nedopMAIHH # MOTYT HMeETh
. Mecro.

6) Tlpu Goabioil ToauHHe c308 QHALTPA NPEACTABARETCA' BOIMOXKHNM NPNH-
"MEHATh Pa3HO3EpPHHCTHIC ecTeCTBEHHME xsaopbepnue TPYHTH C BHICOKOH CTENeHno
Ko¥ppHLUHERTA Pa3HOIEPHHUCTOCTH (Ng< 50 u Goaee) Ges ux noporocrosimedt ne-
p pepadoTkn (OTMHIBA MeJKHX M OTCeBa XPYNRWX (pakumh, Kax 3TO ACARETCR AAR

TOHKOCNOAHBIX GUALTPOB).

o
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8) Toaupna nepnoro cAo% $UALTPA NEPLXOAHOA 30HK IS BHCO-

, XHX NAOTAM ROMKHA HA3HAYATHCA HE TONLKO MO (PHALTPAUHOHHEM YCNOBHAM JE

YCAOBHSM NPOHSBOACTBA PAGOT, HO M C YYETOM BO3MONHMX. FQPH3OHTALHBIX Sme-

WeHKA 3/€MEKTOB COOPYMEHHS (AAPAa M NPHIM IVIOTHHH) (OT HEP3BHOMEPHHIX
OCaA0K. - : N

MunnmManbRas TOAIHHA nepnoro- c/10§ PUALTPA Nepexonnoit 30N T yun AAS
YKA3aHROI0 THNA NAOTHH JAOJXKHa 6MThL (puc. 2):

T > 3+ £ (%), 0y

rRe !’ — cyMMapHH pasMep ropH3oHTAJIbHLIX CMEMEHHk AKpa HIAM ngusuu nao-
THHH (B M), OnNpeaenseMHA pacyeTOM HAH NO AAHHBM HCCAEROBAHAR.

) [Ipumeuansne TonmuuHa nociefylOlNX CAOEB NEPEXOAHOR 30HH,
" eciH HMeeTC B HHX HeoG6XOAMMOCTb, MOXKET Ha3HAUaTheA M3 YCJIOBHA NPO-
H3BOACTBA PpaGorT, HO He MeHee 3—3,5 u.

§ 11. Pacuernsie rpaament Hanopa. 1. Ilpn mpoekTnposanmu HAH noaSope
rPaHy/NIOMETPHUECKOTO COeTaBa Nepporo cJaos (HALTPA NEPEXOAHLIX 30H, 3alH-
Haloulero CBASHHIN (rJIHHHCTBIA) IPYHT, HeoOXORHMO 3HaTb pacyeTHOe 3Haue-

' #He TpaiHeHTa (GUABTPAUHMOHHOro nOTOKa /p B CBA3YOM IPYHTE HA BHIXOXE B nep-
BBt cnoft mabTpa. . .

Pacuetwoe 3nauende rpajmeHTa Hanopa (M/bTPAMOHHOIO NOTOKA Ha Yyuda- .
CTKe BHICAYHBAHHS siAPa MJAM SKpaHa TJIOTHHH MOXeT OHTb OnpeleseHo RAH ;
(HALTPaUNOHHKMH pacueTaMu wiK Meroiom ST A.

Nas aapa naoTubl CPajuent (UALTPAUUOHHOrO noToKa, npH €ro BeXome:
Ha HH30BYIO NOBSPXHOCTHL RAPA B NEPBLI caofi GHALTPA, MOXKEF GHThL ONpenenen
no caenylomedi 3aBHCHMOCTH (puc. 3 ):

TN

sina .
, ' Iy= cos 5’ ' - ’ (11) |

rie P— yroa mexay Janmueil Toka M HH30BON IpaHbio sjApa, Gepercs M3 rHApO- ;

AKHAMHYECKOI CETKH, NOCTPOEHHOH TpadHYECKHM MEeTOROM. |
Onuako 247 AApa NJIOTHHH 32 PacdeTHHA rPallHEHT HANOPa PEKOMEHAYeTcH: :

MaKCHMaJbHbill TPafiHeHT HAa YyuyacTKe BLICAYHBAaHHA NPH BWXOAE (HABTPANMHOH-

|

. HOro NOTOKa B MepBHIl c10fi GHALTPAa Ha ypoBHe BOAM HHXHero Gheda (rae f= !
2@}, KOTOPbifi MOXET GbiTh NPUHAT PABHLIM: | 3
B Make . N - 3
E LT : az ! »

rAc ¢ — yrol HaKkaoea HH30BOro OTKOca sifpa K ropusouty ' (puc. 3).

To noayuenroMy 3nadenuio rpafhenta ranopa (/p").onpenensercs pacuer-
HBll IHAMETP NOP FPYHTA NepBoro cJos duaotpa DyP?Y, zamuimaomero cea3uuk 1
rpynr (§ 13). . . . :

. 2. CBA3uubfl IPyHT AAPA TVIOTHHB, KOHTAKTHPYEMbili ¢ KPYNHO3ePHHCTHIM Ma-
g TepwanoM (nepsoro cnost PuAbLTpa), He AOAKEH TOABEPraTLCA Pa3MbBY W pa3- : 3
3 pywennio GHIBTPAUHOHHBIM TOTOKOM, HAYNHM B UepBOoM cfioe ¢uabTpa BlOAbL ;
KOHTaKTa no HHM30BOMY OTKOCY A1apa. '

Crekanne npoduabtpdBaBiliefics BOAM N0 OTKGCY SApa NAOTHHW GyzeT npo-

HCXOIHTL ¢ THAPABAMYECKHM YKJIOHOM, COOTBETCTBYIOUIAM 3aJOMEHHIO OTKOCA | 1

v+ Anpa naoTHEW (puc. 3). i 3

§ Caenosatenbid, 3a pacueTHhfi TPAAMEHT HANOPA Ha KOHTAKTe sapa n nep-

k- BOTO cA0s1 (PHABTPA MoOXeT ObiTh NMPHHAT ) K
A ’ A !

Iy =sina, (13) ]

rie & — 1o Xe. uTo n B dopmyae (12).
]

! Makcumanblintii yron o sapa NJOTHHW PEKOMSHAYETCS NpPHHAMATL & <
< 76—80°, -

14
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Manuuiit rpagHeHT Hanopa /¢ nommen GuTb MeHblle Kputhueckoro (§ 14),
“roria B KOHTaKTHOIl 30He He GYNET NMPOHCXOAHTL OTPHIBA AIPEraTOB YaCTHI CBA3-

MOro rpyHTa #lpa NJIOTHHW H pa3Mbl-
‘Ba KOHTAKTHOM 3OHBI.

3. B caywae crekanus npodpuab-
“TpOBaBUWelicA BOAW (HJAH . JHBHEBHIX
®OJl) N0 KOHTAKTYy NeEPBOro oA Co
BTOPHIN cloeM (PHABTPA, 33 PacyeTHHIf
TPagHeHT HANOPA CACAYeT NPHHWMATb
Iy mo 3asucumoctn (13), a B cayuae
iepmxaawoil QUALTPALIHH B TECYAHO-
TPaBHAHO-TANGYHHKOBOM TPYHTE TeAa
TMJIOTHHLL® T. €. {IpH CTEKAHHH (JTMBHE-
BOil ¥ ApP.) BOALI BHHM3, 3a PACUCTHLIH
TPajieHT HANOPa MPHHNMARTCS I=1
(puc. 3). .

Hannsle nposepky  cydhdo3HoHHOM

*

. .2 J=1

| =

I

Puc. 3. PacueTHble rpaaseHTH Hanopa

I—-33p0  DAOTHHM;  2—nepexoauss 30ua
(GrapTp); 3 -MarepMax NPHIMH RAOTHHM; a—
VroaA HAKAOHA HH30BOrO OTKOCR RAPa K rqpusou-
TY: 3—-Yyroa NeXAY JuHsed TOKA K HH30BOR
rpeHbio SApa; /—rpanvMeHT RAUOPR npH BepTH-
KaabHOft (cBEPXY-BHH3) (HASTPAUHH BOAN 6

JIPOYHOCTH KOHTAKTHOM 30HH NeEpBOro )
hy . NpU3INE NAOTHHN; [, —rpanHeHtT HANODA NPH KOH-

M BTOPOro cioes (uAbTPA. a TaKme TAKTHOR QHALTDAUMK; | —rpagHeHT HANOpa (Bu-
<Y(¢GO3HOHHON NPOYHOCTH - CAMOM NeC-  cayupagun) npu BHXOZE (puabTpaumoHKore no-
UAHO-TPABIlIiHO-TANICYHHKOBOH  NpH3Mbl TOKA HA HM30BYI0 NOBEPXHOCT» Ripa B caof
TIOTHHM CAeAyeT BMNOAHATh p Tex PRASTPE; [HEKC 70 xe makcHuanuuuil rpav-
< lyuasix, eCAH 3TO BH3bLIBAETCH KOH-
KpPEeTHLIMH npakmqecmﬁn YCROBHAMH.

©HT HATNOP2 (BHICANHBAHHA) HA YPOBHE ROALI HHN-
Hero Goeda (f~a),

INMpumeuyanne TlpakTHka udnpoBepOUHBIE pacueThl NOKA3LIBAOT,
YTO CTeKaHue BOABI BHH3 BAOAbL MNEPBOrO C/10fA QHALTRA HA KOHTaKTe CO
BTOPHLIM CJ0EM B NPOLECCE IKCMIYaTallWH NPAKTHYECKH He Habaoaaercs,
2 MPOHHKHOBEHHE JIMBHEBHX BOX BO BHYTPb TeJla NJOTHHB pacnpocTpaHser~
cft HA HE3HAUHTE/LHYIO IYGHHY.

4. [lns 3KpaHa NACTHHH, 33 PacueTHHf rPagMeHT HANOPa, NPH BLIXOAE DRAL-
‘TPAUHOHHOTO MOTOKA ¢ HH30BOR CTOPOHB SKpaHa B NepBbifl cyiofi GuALTPA, peKo-

“MEHEYeTcs npuHaMaTh (pHc. 9):

a) npu ycrpoficTse HH30BOf NpPH3Mbl MAOTHHBL H3 KaMEHHON HaGPOCKH:

1=, ) (14)

]
TAe Z-— HAaMNop, HAeACTBYIOWHI, Ha NJOTHHY; 8y -~ TonuMHa 3kpaHa (Mo Hop-
Maau);

6) npu ycTpoficTBe HHSOBOIl NPH3MBl MJOTHHB H3 NeECYaHO-TPABHANO-TaNeY-

HHKOBHX TPYHTOB:
’

o (14°)

N

< [p

O

 The 2’/ — HamOp Ha YyyacTKe SKPAHA B MeCTe NPHMBIKAHHA KPHBOR AempeccHH

{nocTpoennoft 138 Tena NAOTHHL); 85 — TONMEAHA 3KPaHA NO HOPMANH. .

5. B cOOTBeTCTBYIOUIHX CAyYasX, KOfXAa BO3HHKAET HEOGXOZMMOCTb 3aUlH-
1laTh KPaR C BEPXOBOA CTOPOHB (B CAY%ae CHHMEHHS rOPH3OHTA-BOAM B BepX-
Hem Gbede R BHCAYHBARMM (HALTPaNMOWHLIX BOA HAa BEPXOBOR OTKOC), 3a pac-
YeTHHR TPANMENT HAMOPa PEKOMEHAYETCS NMPHHUMATSH:

lp ~ tg 8, . (15)
rae Po— Yros MakaOHa BEPXOBOTO OTKOCAa IKpaHa K TOPH3OHTY (Bo<90°).
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~ 6. Ipu pacuerax (npoBepkax) cocraBa ouanbTpa Ha' KOHTAKTHMA pasuu:’.

nepxoaoro OTKOCA SKPaHa (DAOTHHLI), NPH YCAOBHH NYAbCHPYIONMIETD PeXHMa W
npoaocabHoii GHALTPauHK B choe dHAbTPA (OT HaKaTa H cNaja BOMHMWY, 32 Pac-
YeTHHIT rpafHeHT Hanopa ciefyeT NPHHHMATH:

- L P =Ryl (16p

rae < ky— KO3(pPUUHEHT, YUHTHIBAOUIHHA ny.nbcnpylomuﬁ peXuM NPOACALHON

$NIbTPaLuK (N0 OTHOWEHHIO X Pa3MHIBAOMEMY TPAnMENTy HANOpA NpPH PaBHO-

MepHOf ycTanoBHBUIeficA npoRoabHOR duabTpamun) ': Af=1,13—~1,60 (ans pac--.
YeToB pPEKOMEBAYEeTcA CPefiee 3HaueHve &, w=1,35); l.g—-rpauenr B cCaoe

¢uabtpa (GUALTIPOBON NOArOTOBKE) Ha KOHTAKTE CO CBA3HLIM rpym'ou sKpaHa

{(nnn aeprero 0TKOCA IUIOTHHMI):

I = sin By : 17y
rae B — 10 xe, uto B dopmyne (15).’

Fnasa IIL°METOAHKA TMPOEKTUPOBAHWR U NANEOPA
FPAHYIOMETPHYECKOTO COCTABA ®HJILTPOB NEPEXOAHBIX 30H

B npakTeke NPOEKTHPOBAHUS TPAHYJIOMETPHUECKOrO COCTaBA (UALTPOB ne-
PeXOAHLIX 30H BO3HHKaeT HEeOGXOXHMOCTb pelliaTh 3a7ady AAs OQHOrO U3 ABYX
BO3MOMHKX BapHAHTOB. .

Baprant 1 TI'panynomerpuueckHft cocTap KapbepHHX TFpYHTOB, NpPEIHA3-
HaYeHHKIX AJAs VCTPORCTBA (QHALTPOB NEPEXOAHHIX 30H, HEH3BeCTEeH.

B taxkoM cnyvae tpeGyercsi 3aNpPOEKTHPOBATE TpaHyAOMeTpRYECKHIT co-

cTaB (GpUABTPOB MEPEXORHMX 30H AMS BHGOpa COOTBETCTBYIOHWIHX KAPHEPOB HAH.
AA%  323aHKS NO HCKYCCTBEHROMY MX NPHrOTOBJEHHIO, Ha KaMHeAPOOHIBHHIX:
3apojax. )

"Bapuant ll. TpanyaomerpHIeckHi coCTap KapbepHuix rpymos WIH ,Iipo-
RYKIHA KaMHeAPOGHIILHBIX 3aBOJOB H3BECTHH.

B sToM cayyae tpebyerca noAoG6paTh H3 AQHHHX TPYHTOB COOTBETCTBYIO-
MuA COCTap PHALTPOB MEPEXOAHBX 30H.

Huke NpHBORATCA AMN YKA3aHAWX /IBYX BAPHAHTOB — METORWKA NPOEK TH-
POBAHHA H METORMKA NOAG0OPpa TIpPaHYIOMETPHUYECKOTO COCTABA DUALTDPOR:
nepexoAHBIX 30H.

. AJMETOIMKA UPOEKTHPOBAHAS rmnvnomupn\ledxoro
. COCTABA ®HJbBTPOB NEPEXOAHLIX 30
ﬂpoenrupoaanue 2PAKYADMETPUNECKO20 COCTABA Nepeo2o CA0R (PuALTPA nepe-
X00Hbix 308 Oaa AOpPA NAOTUMB.

§ 12. O6mne yxasanms. [Ipn 1pPOERTHPOBAHME TpaHYJOMETPHYECKOrO CO-~
CTapa MaTepnaia Nepporo cnos (HALTPA NEPEXOAHHIX 30H AAPA NAOTHHH,.
cegyer HCXORHTb M3 [HAPORHHAMHYECKHX YCAOBHA, KOTOpHE BAHKIOT HA $HAL-
TPauHOHHO-CYG(POIHORHYI0 NPOYHOCTL M YCTOAYMBOCTL SAPA, a8 TaKKe Tex Tpe-
OoBaHHM, KOTODHE NMPH ITOM AOKHBL NPEABABAKTHCA K un‘repnang nepBoro cios
¢rabTpa AAR HH30BOA M BepXOBOH CTOPOH_ siapa naotHust [17, 1

C HE30BOR CTOPONH AZPa MAOTHHM PaGoTa GMALTPOB NEPEXOARHX 30H NPo-
TeKaeT B CAOKHBX THAPORMHAMUYECKHX YCAOBHAKX, YTO BH3LBaET HeOGXORMNOCTH-
NPeABABNATD H BHICOKHE TPeSOBAHHSA K IPAHYJIOMETPHYECKOMY cOCTaBy QuALTROB,
KoTopuit fonmen ofecneunsaTH NPOMHOCTH M HANEKHOCTL AAPA NAOTHHE, ReXO-
NycKas NpR STOM OTPHBa WM OTCASHBAHHA ArPeraToB YACTHII MaTepnaja saxpa
8 nopax ¢nnml. PRIMLIBE AAPA MO KOHTAKTY PHALTPARHONHKM NOTOKOM, MAY-~

! Mo nanHbim npoq) - moktopa texH. Hayk H, H. BensweBckoro n xaum.
TexH. HayK H. T'. Byras. -
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, .
uEM B NeppoM cnoe ¢uantpa. Kpome 10ro, Matepuan mepBoro cnof . GuabTpa
AomKen olecneyHBaTh CaMO3QJIEYHBACMOCTh TPelll¥H B AApe NJOTHHH B Crydae
nx o06pasoBanns, - : ¢
! : TO XKe KacaeTcs NMEPeXoAHO# SOHH ¢ BEPXOBOH CTOPOHM AAPA NAOTHHH, TO
3AECh CcEAyeT PasiHuaThb ABA YYACTKa MO BHICOTE ARDA M [IBA PASHHX peXHMa
paGotni GHALTPA ¢ BepXxOBOH CTOPOHM aAfApa (puc. 4). ‘e

Ha ywactke jfapa or HIIY zo YMO pexum (uAbTPISUHH MOXKET COOTBET-
"CTBOBATh PEXHMY QHALTPALHH HH3OBOTO OTKOCA HApPa B TOM Ciydae, KOTAA CHi-
JKenne YPOBHSI BORH B BepxHeM Obethe GyAeT NMPOHCXOAMTH GHCTPee, yeM BoJO--
OTAaua rpyATa AfApa NACTHHNL. '

Puc, 4. Kauenﬂo-aeunuuau NAOTHHA C ALPOM

I—xamennas Habpocka: 2—anpo (9xpas) NAOTHHN; 3—nepsbiA CA0R GuAbTPE ne-
pexoaHoR 30MM; 4—BTOPOI caolt ?mlupa NEePeXORHON 30HL; @—Yroa HAWAOHS HM-
X

- 30B0T'0 OTKOCE RAPA K TOPHOHTY; /, = SIN a —rPaaHeHT HaNOpPa KOHTaKTHOA DrAL~
TPaunn (npH CT poduaLTP ACR BOAK 110 OBEPXHOCTH HU3OBOTO OT~
: KOCa RAP2 B nepBOM Croe QHALTpa). :

Ha yuactke or YMO go ocuoBamust sapa nepexofHas 30Ha BEPXOBOTO OT-
Koca sipa OyAer HaxORHTLCA B, JAPYTOM W HauOO/dee GAATONDHATHOM peXHMe
QUALTPAIMH, OTIHYHOM OT PEXHMA QHALTPAMHM NEPEXOAHOR 30HH ¢ HMIOBON
CTOPOHM AApa. :

B sToM cayyae rpyHT Anpa TJOTHHH B nopax GRALTPA GYHET He OTPHI-
BaTbed (OTCHAMBATBCS) DHABTPAUMOHHLIM IOTOKOM OT Tela SAPA NAOTHHEL, a Npu-
JKHMATbCA K Teay Aapa, Tak Kak HanpasfieHwe GHABTPAUHM NPOHCXORHT B CTO-
POBY HHM30BOfi TPaHH AAPA MAOTHHBI, L .

4 KpoMe Toro, B 3Toft YaCTH APA MAOTEHH (OT €r0 OCHOBAHHA a0 YMO) «kou-
TaKTHAS PUALTPARAA MEXKAY ALPOM H~NEPBHM c10eM (DUNBTPA OTCYTCTBYST, uTO
HCK/MOUAET BO3MOMKHOCTD Pa3MLBA:ARPA BCAELCTBHE KOHTAKTHON (HAbTpamuH.

} YuRTHBas BHIIER3NOKEHHOE, NPOEKTHPOBAHHE TIPARYNOMETDPHUCCKOTO COCTA-
Ba nepBoro cfod GHALTPOB AAA NePeXOAHHX 30H SAPA MJOTHHBL AOAKHO
BHTO/HATEGA PA3NCALHO A HHIOBOro H BEPXOBOTO OTKOCOB, MO METOAMKE Mpu-
BENEHHOR HHIKe. . :

~

1. Ipoextuposanue 2panyL0MeTPULECK020 COCTABA NEPEO2O CAOR
' dursrpa 342 nugo08020 oTrOCa AOPA naoTUHBL -

1 § 13. Onpencacane pacwerHoro pasmepa AMAMETPA ORALTPAHNOHHMX NP

1 TPYNTA mepaoro cAom QuabTpa. Ecanm xapakrepHCTHKM CBASHOrO TPYHTR MMeloT

1 TAKHE 3HAYEHHS (CM. § 7), MPH KOTOPWX obecneunBAETCA MONEKYIRPHOE cHene-

HHE MEMQRY arperaTaM 4acTHU, TOFRA NPH HaJHYHH B TABHHCTOM TPYRTe QHAL-

3 TpanuoBHOro NoToka, Haymefo B HanpabjieRinH NOACTHAAOmEro cilof (buavTpa)
¢ TpapHenToM Hanopa /, HA arperath CBSISHOrO IPYHTAa B ReSAMMNEHHMX Me-
crax-nopax, Oyzer neAcTeoBaTh THADORHHAMHUECKOE XaBNeHWe, KoTopoe cTpe-
MNTCS OTODBATH OT MACCH CBA3HOTO FPYHTA KaK OTAEABNHE YacTHUM, Tak M le-
Aikie aTperaThl. \

2 " ) ~ 17
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Urobu oTpbiBa HAHW OTCA3IHBAHHS CBA3HOrO FPYHTA B HE3AULHIUEHHHIX MECTAX
~ (mopax) He NPOUCXOANNO, PasMep (AMAaMeTR) NOpP MATEPHANA NepBOro CcAOA

¢unbTpa nomxen GuiTh TAaKHM, NPH KOTOPOM obecrmeuHsaeTch MONeKyJspHae cien-
JAeHHE MEXIy ArperaTaMs YacTHI, CBASHOTO IpyHTa. ~

A Ias ycaoBuii HeAONYIU(eHHSA OTPHBA HAK OTCARHBAHEUS
arperaTtoB Y2aETHI CBASHOF O FPYETA HA KOHTAKTE CTPYHTOM ‘
nepsoro caod ¢uabrpa, pacierush xumamerp mop DoP™™¥ marepuana nep-
BOTO CJON (uALTPA, 3aMMIUAOIEr0 cBANNMA FPYHT, AOMXEH ONPEREAATHCE HD
caenyoues 3aBUCHMOCTH: :

R acw _ 0,34 . 18
o S = R a8

,,p"\.,eu DPacs<0,583 cu, 6 =0°+90°

Tpu 6=0°, T. e. KorAa -HanpaBllenne (HALTPaLHK COBNAjaeT ¢ Hanpapie- *
HHEM CHAB TAXecTH, 3aBuchuMocTb (18) mpumer mup: L

D) 0 . ' f
. v ‘P’p—;ll (18) . i

3aBucumoctsio (18') pekoMeHRyeTcst nO/Ib30BATBCA NPH NPOCKTHPOBAHHH (MOA-

6ope) GHALTPOB AJsl SKPAHOB IMOTHH (a4 TakKe, c HEKOTOPHM 3aNacoM, AAS

AAcp BAOTHH); @ — ONBITHHI KO3(QOHIKEHT IPafHEHTa HANOPA, 3HAYEHHA KOTO-
' poro @=[(I p) npuBeieHb B TaGaMue. )

3navetns ¢ = f p)
Llv]|2|s|a|s|e6]7]s8]9e]w]>0

¢ (015 {020 [ 025 | 030 ‘ 0,35 | 0,40 ‘o,4| 042 {043 | 044 | 045

B. Ias ycaoBuir BO3IMOXHOTO AONYMeHKST HEeKOTOpOro
OTCAAHBAHHA arperaroB HacTHL CBA3HOro rpyHra (cM. ra. I,

§ 7, npumewanne), aas naotHu 1I—IV xaaccoB no ‘KANWTAALHOCTH K BpeMeHHMX < '
COOpYyXeHHil: ! )

« . —55r— ~
. pacy __ 2,25
' D = VW (cu), (18a)

|
1
npuiem DR 15 cu, 0= 0° -+ Q0°, . ‘
|

fp — pacueTHMWil rPajuM€HT HanOpa NpH BHXOAE H3 CBA3HOTO [PYHTA B MepBHIfl
cioit puabTpa, onpepeaseMuiii QUABTPANHOMHLIMH pacueTaMy uAH Metogom S JIA; .
AAf AAPa IVIOTHHM NPHHHMAETCR NO 3apucuMocTH (12); O — yron Mexay wanpas- ;
JEHMAMH (PHABTPAUKH M CHAN TSKECTH. *

CitenoBaTeabho, AAS TOrO, YTOGW OTCAAWBAHHE CBASHOTO (FAMHHCTOrO)
TPyATa B 30He KOHTAKTAa C KPYNHOBEPHHCTHIM MATEPHAJOM — (QUALTPQM HAH He-
dopmalnit (npk KONYIEHKH HEKOTOPOTO OTCAAHBARMS) He MPOHCXOLHUJO, SAIATHHA
CI0fi KPYNHO3EPHHCTOTO MaTephana Y¢HAbTPA) AoMKen OWTb noAoGpaH TaKoro
FPaHyAOMETPHYECKOra COCTABA, Y4TOGH YAOBAETBOPSJIOCH OCHOBHOE YC/JOBHE: !

Dy .. pfees, a9 !

rae Df"‘“——uaxcnuanwuﬁ pasmep GHABTPAUHOHHHIX NOP KPYNHO3EPHHCTONO Ma-
TepHaNa — nepBoro caos GRALTPA, ONpemeNseMbit no 3aBHcHMOCTH (3).

§ 14. NMposepxka npourocTn CBA3HOTO TPYHTA W TPAHYAOMETPRYECKOTO CO-
CTasa NEPSOro CAOA (GNALTPA HA WKONTAKTHMA DARSMMS NPOAOALHMM GHALTPA-
UNOHHSIM NOTOKOM. a) QPHALTPAUMOHHEIA NOTOK HA BHXOAE H3. AApE MAOTHAM

GyReT CTeKaTh MO HM3OBOMY OTKOCY Spa B KPYNHOIGPHHCTOM MaTepHaje mep-
BOTO cl0f GuabTpa.

’ .
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CBASHWIH rpynT SAPa IMOTHHBL KOHTAKTHPYEMBU! C KPYNHO3EPHHCTHM Ma-
TEPHANOM nepBOro c/ofi (GHALTPA, He ROMKEH NOABEpPraThcs KOHTAKTHOMY pas-
MBIBY H Pa3pylielinio (HJIbTPauHOHHBIM MOTOKOM. T103TOMY NpPHHATHIA 1O 3aBH-
cuMoctu (18), (18), (18a) nau'no ocHosHoOMY ycaoshio (19), rpanyaomerpHuecKnit
COCTap NEpPBOro C/10A (HABFPA ¢ PacueTHHIM AHAMETPOM (UIBTPAUHOHHBIX NOP
Dgpacs gan DgMaxe  pojken GbiTh NPOBEPEH HA MPHTOAHOCTb N0 ObecneYeHHIo npoy-
HOCTH CBHI3HOFO FPYHTa NPH KOHTAKTHOR (HIALTpaLMH (HA KOHTAKTHHIA Pa3Mbis).

6) Cesannlii TPYHT ¢ YucaoMm naactuuHoct Wn> 7 0 Ko3pHUHEHTOM BAaX-
nocth G > 0,80—0,85, KOHTaKTHPYEMMi ¢ KPYNHO3EPHHCTHIM MAaTepuasoM mnep-
BOro c¢/10si (QHALTP3, He GYAET NOABEPraThCA KOHTAKTHOMY DasMblBy H paspymle-
NHIO, €C/H MaTepHaa IlepBOro C/1osi (HAbTPA NPROGpPaH TaK, YTO UPH NPOXOKEE-
HHH B HeM (QHALTPALHUOHHOTO MOTOKA CO3RATCA TaKMe THAPOAMHAMHYECKHE YCJIO- .
BHA, MPH KOTOPHIX HE HapYLIAIOTCA NPOYHOCTH M YCTOHYHBOCTb CBA3HOrO TPYHTA.

. Jas ycnoBuii HefonylleHHs Pa3MblBa B 30HE KOHTAKTa CBA3HOro TPYHTA
¢ KPYNHO3EpHHCTHIM MATepHaNoM MaKCHMAJbHLIA pasmep nop B Hem DoM*C gon-

XeH ObiThb TaKuM, 4T0Gbl YAOBJAETBOPSANOCH CEAYIOIee YCAOBHE:
Iy < 0,751, (20)

rae Jx-— pacyeTHulii rpaiMeHT Hanopa B KPYMHO3EPHHCTOM rPyHTe Ha KOHTaKTe
€O CBSI3HBIM FPYHTOM npuHHMaeTcs no 3asucuMoctd (13); /xp — KpHTHYecKHA rpa-
IMeHT Hanopa AJA CBA3HOIO TPYHT3 KOHTAKTHPYEMOro ¢ KPYNHO3EPHHCTHIM Ma-
TepHaIOM: ' .

1 .
IKP ="VD_)(,;3F. *0,75, . (21) B

rae DY g cu — onpepeasierca 1o sasucumocti (3), upnuem DR**C<1.8 ca
8) Ecau ycrosue (20) He yaOBNETBOPAETCA, 3TO YKA3WBAET Ha TO, YTO MPH-
HATHIL TPaHyJOMETpPHYECKH ¢OCTaB rpyHTa mepsoro &ios ¢uabTpa mo ycno-
BHio (19) cieayer H3MEHHTh.
: A HaX0XIEHHA HOBOro COCTABAa Mepsoro cios ¢uabTpa mnocrynmaem cae-
AylomHuM 06pa3oM. M3 3aBHCHMOCTH (20) onpeaensieM AAs HAaHHbIX KOHKPeTHHLX 3
ycaosuit anauenne fyp, KOTOpHIA GyRer paBeH pr—_—lxzo,ﬁ. Janee, 370 3HaUeHHE F |

NoRCTaBAsieM B 3aBHCMMOCTb (21) M, pewan ee ornocuTeabno DI*€ noaywum: .

0,56 .
) Dk o T F 0507 (cH). ; (22)

HosBulit rpanynoMerpuyeckuil coctap nepporo ciost GUALTPA, MaKCHUMaJbHbL
pasMep MNop KoTOPOro COOTBeTCTBYeT sasHCHMocTH (22), Gyaer yaoBJaeTBOPATH ﬂ
ocHosHoMy ycaosuio (19) u ycaosuio (20).
r) Haxoxaenue pacuethwix paamepos ¢pakumit (Dio, Di7, Deo u Dios) nman-
HOTO COCTaBd TIPYHTa H NOCTPOEHHE €ro KPHUBOH rpaHyaOMeTPHUECKOro COCTaBA - ;
HPHBOAHTCH HHXe B § 15, Tosbko B 3aBHcHMOCTh (23) BMecto DoP®* noxcras-
anetca DMB¥S, poayyennoe us 3aBucuMocTH (22).
§ 15. MeToanKa OmMpencACHHA PACYETHMX PA3MepoB (GpaKuuh M nocTpoenne
«30Hbl AONYCTHMOr0 TPAHYAOMETPHYECKOTO COCTABA TIPYHTA,. NPUrOAHOTO AN
‘ Aepsoro caos dmasTpas. B 0CHOBY MeTOAHKH NPOEKTHPOBAHHS FpaHyJOMETPH-
. YeCKOro CoCTaBa MepBoro ¢/1oA QHUALTPOB MEPEXOAHBX 30H NMPHHATO YCIOBHE He -
] AonyweHnHda ReopMalikii cBA3HOIO TPYHTAa B 30HE KOHTAKTa ¢ MAaTepuaioM
nepeoro cios ¢QuabTpa. ATo ycaoBHe onpesensierca 3asucumocTamu (18), (18'), g
(l8ah (22) n (19).
. CXOASl H3 NPHHATOrO YCJAOBHA HHXKe NPHBOAHTCA  MeTOAHKA onpeAeneHHs
pacyeTHbIX pa3MepoB, OCHOBHBIX ¢pakunil nepsoro ca0s GWIbTpa:
al)) 3uas ua aasucumoctn (18), (18’), (18a) DB**, waxoaum pasmep dpax-
unit D;; nepsoro cron $uabTpa u3 ocnoBHOro ycaosus (19), noxcrasnss BMmecTo
D™ u3 aaBHcuMocTH (3) ero 3navenne W pemasn ee B orHowedun Dy; noay- ;
qHM: 3
. pacy 1— p , K
Dy . Di L3 (23)
% n.;,

» 19
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: . T e % — npHuHMaeTca no aasucgMocth (4); C= -—0455y T¢: M —MPHHUMAETTH ;
§ corracHo 3aBucuMoct (9), § 9; n¢—nonycrnuan NOPHCTOCTL  MaTepuana .
: ¢duasvtpa: , , :
ng = np—0,11g 4, (24) ‘ ]
rae ny = 0,40 — xas necuyao- rpasuﬁno-raneqnuxosux rpyHToB; ng = 0,45— gas
we6eHOYHHIX TPYHTOB. ‘ .
6) HekicTayomuit anamerp dpakumii nepsoro caon q:mlbrpa OnpeAenfeTca ua ‘

T o e e

COOTHOMIEHHSA ' :
Dy = iDy,, to (25)
npudeM KodtpUUHEHT i naxoaum M3 rpadmka i = f(Dy/Dy,), (puc. 5).
10

084+ : o

06— —~h

20 40 60
fou 3 >100,

Q

Dy,
Puc. 5 Fpabuk 0= f(D,,)

B) Konrpoaupyiomu m(amc*p hpakuuit nepsoro cAos huasTpa onpenemer-
CH U3 YCHOBHS . : )

Dﬁo = %4Djo. (26)

r) MakcuManbumit AMaMeTp (paKumii nepsoro cion QuabTpa D""“‘ Dy, _ g
CAelyeT OlpenensTs N0 33BUCHMOCTH

—l
Do Do + 10D s @) ,
rae x =14 1281 y Dy n D asMephl (paKumil, NOAYYEHHWE MO 3aBH-
CHMOCTAM (25) " (56"" ' w—P pu P Y T

' \ ]
a) Mo noaygentniv pacuetnmM 3nauenwunm Do, Di7, Deo u Dyoy cTpouTen )
pacueTHas KpHBas TPRHY/NOMETPHUECKOTO COCTaBa rpyHTa, JNPATORHOTO ANR nep-
BOro cioft uabTpa (Kpusds P, puc. 6).

€) Nlananift cocTa® rpyHTa, yAOBAETBOPSET OCHOBHOMY ycaosuio (19), 7. e.
- D™« DB, 410 coOTBETCTBYeT CaMOM HeBMrORHOH €ro packiaike AAs MpH-
HATOrO HacueTHOro 3Hadenus KOSGGHUMEHTA Pa3HOIEPHHCTOCTH e
2 ' i

!
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*K) Toayvennan pacuetHam xpupaa P QOMKHA ABAATLCA «HMNKHHM Tnpede-
JOM?»  IONYCTHMOTO TPAHYROMETPHHECKOTC COCTABA [PYHTOB, NPRCOAMBIX AR
ycrpoiicTsa nepBoro ciof duabTpa.

Ortknonenne KpHBOIl rpanysiomeTpuueckofo COCTaBa rpyHTa BOpPpaso 3a
«HHXKHWA npenea» KpHeoit @ He AonycKaeTcd, TAKoH cOCTas [PYHTA AAs
11€pPBOro CROSi GUALTPA SBAALTCH HENMPATOAHLIM.

100
S L4
3 60 :
3 ; L]
S /fr
S 60 : :
3 / 8
T .
é 40 - [5) /e‘;
S A=
Q | /
w 20 / LA
S wh—-J-L 1Ll A
0 / =
. ,D,,,wﬁlﬂﬂo' 0,_‘ <H]Q ’g_wg D,MM
. a NN

Puc. 6. PacueTnuwii rpanyaoMerpuuecKuil cOCTaB rpyHTta nepsoro cios
- ¢uapTpa MepexoaHNX 30H

I-~cBAanBi (FAH HHCTRIA) TPYHT, Sawngesbil GHALTPOM; & —pacueTHbR rPaHyAOMETpH-

4eCKHR COCTap rPYHTE, NPHTONOF0 AAS YKASAKH B nepsuifl Cioit PpuabTpa ¢ ’lg"ﬂ (Hnx-

Huft npenes (30MH'); /—30Ha NOBYCTHMOrO FPRHYJAOMETPHYECKOTO COCTABA TPYHTA, MpH-
FOAHOTO ANS YKABAKH B NEePBHA cA0A GUALTPA; /—TpyHY, OPHTOAKLIA ANA YXA2dKH B nep-

suft Caoft PuabTpa NP = n%)““ (Bepxuult npelen *30HK"); 2~CPYRT, RPHTORHBIR AAR YK-
Aa1KHK B nepewit CAOR QuALTPA € Ty < 7D3CY, a—06aacTL NONYCTHMBIE Pa3MEpOB Mes-

Kux Qpakunt D, <Dy, (10%) B cocrase GuabTpa (0T O, =0,005 10 Dy, 4k).
3 Mty

3) Bce rpyuThl, KpuBhle rpaHy/NOMETPHUECKOrO COCTaBa KOTOPHIX YKJajM-
BalOTCA CreBa OT KPHBOH @D u uMeloT KOSGOILMENT PasHOIEPHICTOCTH nq,:qs)"“

nan ng < B (kpusnie I u 2, puc. 6) RBAROTCA NPUTOAHLIMM AAS NEPBOTO CAOK
(BabTPa. Takne TPYHTH CO3AAIOT 3HAUHTENbHMI 3anac no obecreYeNHio Quab-
TPAUHOHHOR NPOYHOCTH 3ALIMILAEMOTO CBASHOTO rPYHTA; [0 CPABHEHUIO C IPYH-
TOM, COOTBETCTBYIOUIKM pacueTHOH Kpumofl . r ]

OxHako 3nauuTeNIbHOE OTCTYM/ICHWE OT PACUETHOR KPHBOA BAEBO 33 Npelenbt
-Kkpusoft I (Gosttee Meakuft rpanynometpHuecknit coctTas GuAbTPa) Moxer norpe6o-
82Tb ONOJHHTEALHOTO €O nEpexoaHofl SoHb.

Otrcrynaenne oF pacdeTHoH «kpupo#t @ pekoMeHAyeTcs B npejenax, Kak
yKa3aHo Ha puc. 6, kpuBsas /, uto6% pacuetHwit pasmep dpaxumuit DI kpu-
Boit @ cooTBercTBoBan On pa3mepy dpaxumit D'y, xpunoil /, a pacuetnmii pas-
mep dpakunit DY xpuoit @, pasmepy dpakumit D'y, xpusoit 1, T. e. D&‘;‘“’:
=Dy’ u DIF* = D,/. Torga xpuran I 6ynet ABaATLCS , BEPXHUM NpenesoM"
ONYCKAEMOro rpaHyNOMETPHYECKOro COCTABA TPYHTA, NPHTOAHOTO ANA YKABAKH

8 nepsu#t caoit duaptpa (3oua I), puc. 6
H) Meaxue Ppaxuuu B cocTaBe fiepsoro caos ¢uabrpa B Koanuecrse 10%

" (no Becy) anamerpom D< DE™ moryr umers awGoit pasmep, menpmuit D™

nanpumep, ot 0,005 ux no DY) cM. o6aacTe a, puc. 6.

, _ L2l
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k) Kospduumenr AL Tpaguy pacyerworo cocrasa [PYHTA dunbipa nepe-
XORHO# 30HRL (xpuBas D) moxer 6pir) onpenened no dopmyae (1] M, Nasunya:

ny3

'("117,7)? D (caticex), . (28)

Kp=4
g —

Ao
A= ‘Fl\l‘ ip

XOB3TOCTb Yacthy  rpymra; no dannbiy T, X. [paseanoro pekomenayerca: aax
necyaHo-rpasenucTyx TpyHTOB 9 =1; 8% 1eGeROYH L X TPYHTOR ¢,=0,356—0,40;
Y—KHHeMaTHueCKui} Koaduuuenr BA3KOCTH  Boaw, cxM¥lcex; Dy, ca; wnn o
dopuyre A. H. IMarpamera
Ky =l08% 8, @)
by .
rae g = 981 cu/cene — YCKODERHe cuapl TamectH; Dyfcs)—pacuernuiz Iuamerp
GHABTPALMOHERIX nop, onpezeasercs no 3aBHCHMOCTH (42),

16. Mposepka na cyddosnonnyro npouynocrs rpauysomeTpuyeckoro cocrara
TPyHta nepaoro caoq dunerpa, a) Ecan rpanysomerphueckuit coctap TPYyHTa
MepRoro chos dunstpa ¢ Ybpoanonnm i, T0 B TAKOM cayyae nauumti cocrag
'PYHTa cleayer mposepurs, ma HEPAIMBIBACMOCTL KOHTAKTHOI . 30Ky MPOAOABLHEIM
PUALTPAUMONHEIM TNOTOKOM, Tak Kak 8 cayuae puiHoca H3 ero cocrasa HaunTEAD-
HOTo xomnvecTsa menkux YACTHIL MOXeET Hapyuwlrthen ero NPOUHOCTL U ycToiun-
BOCTh, 4ero omyckate Hedpas, :

6} Mpu npopoawmoi duabTpauun (. e gpu CTekanut soget o ROHTAKTY
CBAIHOTO TPYNTA M nepBoro caons DuabTPa, pu. 3} FpanynoMerTpuveckus; cocrag
FPyaTa nepsoro caon huabTpa caenyer cuntars cy«bdmsnmmonpounum. €Cl Bhi-

. b 0,0032 sin a b a
T v, O &
$o’ = 0,30 0 — B/ (30)
fe =082 — l,8n, -+ 0,0062 ('I‘,' — 3), 31y

dej — pasmep cyddosnonnuix H4CTHL B cocTape TPYHTZ  nepmoro caon
buabrpa, KOTODHE MOTYT GuiTh BHIHECEHB NPOgONbHEM PUALTPAHOHHM noro-
KOM n3 KOHTaKTHOI| 30Hh,; a—~yro.’| HaKkaona HH30BOrO OTKOCa nnpa K ropusoii-
1Y, puc. 3; n, — ROPHCTOCTDL rpyuta itepsoro chon GunvTpa (B AONAX eAMHULL):
M — kospdunuent passosepuncrocry fiepBore caon PurbTpa; Ky = KO3dhu-
BUEHT uabTpanmy nepBoro caosn uasTpa; T1 — o6bemAn il Bec, y=A(l —n),
A=2,60—265 ofra.

Ecau xe yesopne (29} ue YAOBAETBOPACTCH, TO B TakoMm cayyae Heo6XoAHMG
NPOH3BECTH Aonoanurenshyio IPOBEPKY, B pe3yasTare KOTOPOR npMHUMaeTCR Okon-

8) Ronoannrennna NPuBepKka punomuserca B ToM cayuae, ecau
fIP# NPOEKTHPOBAHUM Man nog pe rpanyiomerputeckoro cocrasa TPYHTA nepaoro
cnon GHALTPA OCcHOBHOE yerosue (19} noayueno ¢ 3anacom, 1. e. DPAN pe papyo,
a Boapure D;’;"“( Dpeess, Djaee), - .

B stom Chyuae caeayer smmoAuuts CARAYIOWYIO nposepky. Mpunumaem, uro
U3 3anpoexruposasuore uay nogoGpaunoro FpaRysoMeThudeckoro cocrana pvy-
T2 MePBOro cjios $hUALTPA BHecenn BCe MeJKHe uacThubl, paamep KOTOpPNX  dgy
ORNPeReAeH no 3aBNCHMOCTH {29).

Mpunnvan, ¢ yyerom BRHECEHHBIX wacTHu d¢; woBmf TPaRysOMeTPHNECK N
COCTap nepsoro caos Ppuabrpa 3a 100% ¢ D’ yyy=dy, CTPOHM KpHBYIO ero rpa-
HyaomerpHdeckoro coctasa (xpueas 2, pue. 7). M3 nonyvennon KpHBOR 2 cun-

2

(Y jex-cen), 1 — Koapduumenr, YuHTuBalo kit dopuy n mepo-.-a

e D U
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uden suaverns Dy’ m W H no sasucamoctn (24 onpereasiem mOpHCTOCTE 7'

Io- NOAY4eHHMM napauerplu M3 3aBHCHMOCTH(3) onpeneasem Do

Ecan okaxercs, uto Dg™**< Df*", 10 nepsousuansunifi rpanyaouerpuue-
CKkHt cocTas rpynTa nepsoro ciaos ¢uantpa (pc. 7, xpusau l), nOAYueHHNHA H3

" yeaosusi (19), caeayer cHHTATb APHT O AH B M.

Ecan xe okaxercs, utd ycaosue (19) ue yuommpuercu. T0 B TSKOM
cayuae caeayeT HasHAYHTL HOBHIA rpauyaouerpn-aecxuﬁ COCTaB IPyHTa NEPBOro
enos (plulupa (cM. uHXe n. r).

§

- v
A . Jf i
S 0 bl ")
§ 3l 7 ; I
& "W/
§& r EREV, /AR R
S wl CRANP. L
3 - of T LAY U
gl S X

£ pmp—— - (- — P

Emr_‘/f_ SR INNCES o ::
d ! & i . .

g I3 o I, mm

PHc. 7 K noaGopy rpanysom¢rpnueckoro cpcrana rpynta nepsoro
CROR PHALTPA NMEPEXOARMIX 30H

I—cassnpfi (rARNRCTHR) FPyRY, SamMmaenifl QUALTPOM; /—pacieTHHR rpaMyRo-

. MeTpyuecKui cocras rpynta ueploro uol GuALTpE; 2--rPERYIOMETPRY eo- .
CTAB FPYHTA NEPBOTO CAOS DUALTPA, HS KOTOPOro BuNHECENH BCE- ACTHULI
mexbue 4 ol? S—-noxyuennuf nonln COCTRD NIEPBOr0 CAOR PHALTDA M3 yuoaml

d =Dy (¢ otBecomM Kkpynuux ¢paxmm > D" ake) o

r) Hoswi rpanysomerpnueckuit €ocTan rpyHTa nepsoro cios cblulurpa Ha-
3Hauaerca u3 ycnoms, wto dei =Dy’ (puc. 7, kpusas 3). 3nan Dy”, no 3asncu-
moctam (26), (26) u (27) onpeaenmores (ppalmnu Dyo, Dyz, Dgop 1 Dygq. Tlo no-
aAyuennpims pasmepam ¢paxunfi Dy, Dyz, Deo n Dyoo cTpOHTCA HOBas KpH@an rpa-
HYJIOMETPHYECKOTO COCTABa [PYHTA, KOTOPYIO CAEAyeT MpHHHMATL 33 pACYET-
HblR rpauynouerpuqecxuﬁ cocTapg NeppoOro chod GuALIPaA.
jla(uzl;uﬁ coctaB ¢uabTpa GYAeT YAOBRETBOPATL ocnomiuu ycrosusm (19}, (20)
[

§ 17. Ycaosne umuﬂnuenocn TpemuH 8 sApe (3Kpane) BMCOKAX NAO-
THA. a) B BLICOKHX H CBEPXBLICOKHX NJIOTHHAX C TOHKHMH fApaMi (IKpaHamu).
pacnoflOKeHHniX B Y3KOM KanbOoHe ¢ KpyTHIMHM CKAOHaMH, BCAexctsHe Goabiinx
N HepapHOMEpHHX AedOPMAUW M DA3HOCTH OCAAOK, a4 TaKXKe CeHCMHYECKHX SIB-
JAeHni, B HEKOTOPHX CAYHAAX BO3MOXHO 06GPasOBaiHe OTACAbHMX MECTHHWIX Tpe-
HIHH, KOTOpHE MeXenaTeAbHt, OCOGEHNO B WH30BOA FpPAHM SAPA W2 KOHTaKTe
¢ eOpaTHhM QHABTPOM NepexofHoft 30HH, KaK NOKa’jaHo HA pHC. 8

6) B Taxnx cayuasx, urofnl KOMTAKTHad 30H3 CBAHONO TPYATA AAPA
(3Kkpana) njoTHHW He pPa3MHBaach PHALTPANHOHHHM TNOTOKOM, BLIXOANIHM NO
Tpetiune B ciaofi GuabTpa, PHABTD nepexoAHOfi 30HM AOAKEH ObiTh 3ANPOCKTHPO-
BAH H YJOXKEH TAKOrO FPAHYAOMETPHHECKOTO COCTABA, MPH KOTOPOM BHIHOCHMbie
(HALTPILHOHHBIM TTOTOKOM ArPeraThl CBA3IHOTO FPYHTA HAH OTAGAlNMe ero 4a-
CTHIL HE NPOXOANAN ¥epe3 cloft PuALTPA, 8 KOABMATHPORAAH Ghi ero B obaacTh
Tpeinannl (puc. 8) u TaknM o6pa3oM, co3AaBaNAch Ou ycnonnu A.nu sane-
YHBAHHSA CAMOR TPpemunw.

23

Bt




Y

i o A sl L & e e i bR ki S

8) CneroBaTenbHO, 3aNpPOeKTRPOBANHLA AN NOACOPRRHuN rpatyAoMeTpuue’
CKHil COCTaP NePBOro C/OA PUALTPR, YAOBACTBOPHIOWAN B TAKHX cAyuasx Tpelo-
: ot RAHHAM, NPEABABAACMBIM K QUALTPAM

LnepexejnbiX 30H BHICOKHX H CBEPXB-

COKUX NNOTHH, Ro/Ken OmTh npomeped

Ha ycliOoBHe KOABMATHpPYEMO-

CTH,

' r) Ecnu paunmit sanpoextiposan-

Huf wAH noRo6paHumft rpanyaoMerpu-
-~ YeckHfi coctap ¢QuALTPa MOXer GHTh

32KOIbMATHPOBAH BHIROCHMBIMH H3 Tpe-

HHE AApa (IKPaHA) MAOTHABI MENKH-

WH YACTHUAMH, TO T3KOA CoCTaB HAL-

Tpa CheAYeT CYNTATh Y/AOBAETBOPAIO-

UM ZaHHOMY VCJAOBHIO.

2) Ecan  naunoe .ycnoswe He

Puc. 8. Cxema 3asewnsanns Tpemun “ynonnersopaerca, To 3anPoeKTHPOBAH.-

SAPA NAOTHHB . Wbl MM NoRoGpauubift coctas $uanT-

é::‘g:ﬁ"::‘g;:ﬁf"?fx’u"":o‘;’ .(dmeﬂ;;x:)): pa aomKeH GuTb neMeHe, YTOOM no-

THHW? 3 - SAKOREMATADOBENRES OORBCTE gmuap-  Aynennnfi HoBWH cocTan yAomneTBopA

Tpe (nepexosHoR 30uH). 61 YCN0BHIO KOABMATHPYEMOCTH.

. €) . Ycnosne KXoabMaTHpy-

. . EMOCTH (3a/eMHBAEMOCTH TPEULUH)

GyAeT BHMOMHEHO B TOM CAyyae, ECAH 3aNPOCKTHPOBAHHMI COCTAR NEPBOFD CNOR
$umetpa Gyner yAoBAeTBOPATH CACAYIOMIEMY KPHTEPHIO KONLMATHPYEMOCTH:

Dy 265(li~"ng)
“90 < -L——-E..—____
ney %

rae Dy, —auaMetp uacTHu rpynta o6patHoTO (GRALTPA, MEHbIE KOTOPMX B €ro
cocTame copepiMtcs 17%- no msecy; g — HOPUCTOCTH TPYHTA 0OpaTHOrO an-
TP, B ROAAX CAHHMUN; 44 — KONPOUUHEHT Pa3HOIEPHHCTOCTH TPYHTA OOpaThoro
QHABTPA;  dyy - RAHAMETP kOAbMaTHPYIOmNX NEPEull CA0H QHABTDA wACTHR FpyH-
T4 AAP3 UAOTHHH, MEHBIE KOTOPHIX B €Fo cOCTaBe copepwurc 90% no secy.
dyz dY® uak doy=(02— 01)dyih  tne™ALP u dNP — pasmep arperatuux
COCTAROB I'HHHCTOTO rpyHTa NpH ero pasmuise (npHyes xospduuuent 0,2 coor-
BETCTBYET FPYHTY C auCAOM maacThunocth W,=5—10, a 0,1=—W,>10).

Ecan 8 nepapenctso (32) smecro deo NONCTABMTD €10 CPeAHEe ImavehHe, mhi-
paxengge arperaTHOCTHIO, T. €. dnato.lsd;{". TO YCAOBHE KOALMATHDYEMOCTH

nepsoro cios QGUAbTPa arperaTamH CBA3HOTO TPYHTa GYAET HMETh CACAYVIOmHA
BUA. :

(2)

-

. D" < 4 (l’— n.‘,) (m"
S A S
rae Gyxenlibie, 0603Havenns Te ke, 4To u B (32). '

%) Ecan ycnonne (32) we yaosneTsopsiertch, ¥o B TAKOM C/iyuSe CACAVET W3-
MEHWTh  3ANPOCKTMPOBAHNHI! . (nOROGpanAwil). rpanyionetpHyeckwfi  cocras
GHALTPS, NpHMAB 3a pACYeTHWA pasMep Auamerp bpaxumn D w3 3RBHCHMO-

tru (32), v e
26,5 (1}— ny)
Dy & ~——gr=-a ' 33
: 7 € Vg . 3y

.

.

Octanshie pa':mepH OCHOBHMX pacyeTntix ¢paxuiil xpnpoil rpauyromerpnue-
:gg;o y:(02c7'r)ana buantpa Dy, Deo 4 Dino ONPEACARIOTCS NO 3aBHCHMOCTRM (25),
n . : R
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Hoaysenunh Taxum ofpasom mosul rpanysoserpusecxuit cocrdd repsoro
CAOR GUABTPA GYRET YAOBACTBOPATH YCAOBRIO KONLMATNDYEMOCTH, 8 CJEAOBATEAD-
HO, ¥ _3aneYHBACMOCTH TP H.

[lonyuennylo = PACYCTHYI0 KPHBYIO TIPaNYAOMETPHUECKOTO COCTABA CACAYeT

‘pHMHMETL 32 MHKNHH Npenea (puc. 6, Kpunas P) «30HW RONYCKAGMOro rpaHy-

JOMETPHUECKOFO COCTABA IPYHTA, OPHTORHOIO AAS  YKAaAKH 8 nepBuifl croh
duapTpar. . .

lipumeyanne Jlanmumih § 17 sxniouen B cocTas HacroAmmx <Yka-
3aHAA» Kak pemieHKe NOCTABACHHOIO BONPOCa O BOSMONKMOCTH 0oOpaso-
BAHHA TPEWHH B SAPE HAOTHHH (NTO MAJOBEPOATHO, OCOOEHHO CKBOSHBIX

TpeulnH) H, eclid TakoBule oGPA3YIOTCH, TO KakHe AOMKHL ObiTh NpeAycMoT- )

perbi MEPH NO HX CAMO3ANCHUBAHWIO, ' .

MNpoexthpobanse uau NOAGOP COCTaBAa NePBOrO cAOH GRABTPa K3
YCAIOBHA €ro KONbMATHPYEMOCTH CBAHLIM FPYHTOM RJpPa NPH ero pasmuise,
Raet gHavHTeRbHWA 3aNac B NIPOYHOCTH H HARSKHOCTH, 3AUIHILAENOrO MM
fapa (IKpaHa) NACTHHM. - ’

11. MTpoekTuposanue 2ponyAoMeTPUNECKO20 COCTAAA nepaoao' croa
durotpa 0as sepxasozo orkoca A0Pa NAOTUHL N

§ 18. O6mue yxaszanws. [IpoeKTHpOBAaHWE rpaHyJAOMETPHUECKOTO COCTABA
NEpBOro chosi (PUALTPa MepexoAHof 30HW AAA AAPE MNAOTHHL ¢ BEPXOBO
CTOpPOHK, KaK YKa3aHo B § 12, peKoMeHAYETCH BHIMOMHATL AAS ABYX yHacTKOB 0
BHICOTE AAPA, T. €. AMA ABYX PasHBIX peXHMop PaGoThi nﬂmbmon {18]).

nc‘:_'pnun yyactok—or otm. HIY g0 orm. YMO (puc. 4).

1. Ha nannom ydacTke SApa nAOTHHH peXuM QHALTPALUUK MOKET COOTBET-
CTBOBATL PEXHMY (PRALTPAWHH HH3OBOrO OTKOCA AAPA ‘A TOM CAyYae, KOTAR CHH-
JeHne ropyaonTa BOAW B BepxHem Obede GyAer NPOHCXOAHTL GHCTpee, Y4eM BOJAO-
OTRAYA TPYHTA AAPA NAOTHHH.

B 3stom cayuae rpawysometpnuecknh ¢ocras nepsoro coA QHALTPA AAN Bep-,

XOBOfi CTOPOHW RAAPA ROMNKER YAOBACTBOPATH BCeM TPeGOBAHHAM, KOTOPHE NMpead-
ABIRIOTCA K NEPBOMY <O uAbTPa AN MAIOBOrO OTKOCR AApA.
YunTusas 370 nonoXenHe, rPAHYAOMETPHUECKHA COCTAB nNePEXOAHON 30HM

B8 XeuuoMm BepxoBom yyactke anpa (ot V HIWY ao V YMO) caeayer npoexts-

posaTth HAH NORGHPATL (HAM PPHAMUMATL MO SHANOIMHWMW), KaK AAS RHIOBONO OT-
KOC3 #ADA NAOTHHMI, NO MeTo/iHKe, K3nOKenuok 8§ 13—16, -

2. Tlpr nocroanunoM FopH3OHTE BOAM B BOXOXPauuAniule (B pepxuem Gbede),
AN NpH HapfNexaueM OGOCHOBAHHH, UTO MPH NOHUMEHUH TOPUIOWTA BOAL B BO-

Roxpanunnie He Oyler NPOHCXOAHTH BLICAYMBAHWE GQHRLTPAKHOHHMX BOA Ha.

BepXopofi OTKOC ARPA, NPOEKTHPOBAHHE WM NOAGOP IPAHYAGMETPUUECKOTO CO-
cTasa Nepeoro caos GuALTPa, B ITOM CAydae, MOTYT OhTh BHINOAHEHM KAK AR

" sroporo YYaCTXA AADE NAOTEMM OT oTM. YMO 210 €ro OCHOBEHUA, MO METOARKE,

Hanoxennofl nuxe v § 19.

3. Oanako npH KPYyNHOOOWOMOUHOM -METEpHANe BEPXOBOA MPM3MB NAOTHHE
cAeyeT YUHTLISATL BOSMONKHMOCTD NPOHHKHOBEHHS |y BJAHAHHA NYALCALMH BOAW
(OT HaKaTa H CUAA4 BOAHLIY HA 1IEPEXOAHYIO 30HY. - ’

B TaKHX caywasx Ha yuacTKe BEPXOBOIO OTKOCE $APA HA BHICOTE HARATE M
Cnaxa BOAHM AODKHbI OblTe NPelyCMOTPeHbl COOTBETCTBYIOUIHE SAUUHTHLIE Mepo-

" npustua (PpuanTp Hecyddosuotnoro cocrana, ABYXCROAHME GMALTD H Rp.).

B;r,opon ynactok—or ork. YMO 20 oTMerkn ocHoBaHHS' ARpa
(pnc. 4). : ) )
B neproa skchayaTaltid Ha ABWHOM yuacTKe o6pA3YETCR TAK HAIWBAEMSA

" «MePTBAN S0HA» TAC HE NPOHCXOAUT KOACGAHHE YPOBHA BOAMN, & NEPEXOAHAR SOMA

paboTaeT no NpHHUKNY ENPAMOTro» QUALIPR, T. €. MAMPaBieHue QUARTPAUNH
HAET HE OT MEMKO3IEPHHCTOrO COCTABA TPYHTA K KPYNHOIEPHHCTOMY («oGpaTHuif»
OBALTP), 8 HAOBOPOT — OT KPYUHOIEPHHCTOTO COCTABR TPYHTa K- MEAKOIEPHN-

- cromy. ‘
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B >tom caywae, kax ykasano s § 12, puasTpansonunfi notox, sosneAcTsyn na
?ynr SAPA, OKA3LIBAET NONOKHTEALHOS BAHAHNHE HA NPHTHOCTL MATEPHAAR AAPA.
- YcaoBus pabot nepexoanoli 30HH HA ARHHOM YYACTKe ABAKOTCRuanbosee Gaa-
FONPHATALIMH, N0 CPABHEHHN C HUSOBHM 'OTkocoM. [Tosromy TpeSomamust x ma-
3HAYEHH0 NepexoqHol 30HW K K ee IPARYNOMETPHYECKOMY COCTABY MAaTepHana
AORXKHW GHTL Apyrae, nautonee NOMWAENNNE (HCKMIOTALTCR BHICAYHASHNHE Gnasb-
TPANHOHHOrO MOTOK3 Ha OTKOC, OTPHEB WAH OTCAAHBAHHE MATEPHAAA NADA ® MO-
paX OUALTPA, KONTAKTHBIH paanus& .
§ 19. Mpoexruposanxe (noxbop) rPEHYNOMETPNMECKOTO COCTESA WEPROTO
~ chon Guartpa nepexonnol 30MM A% BEPXOBOTO OTKOCE SAPR Ha YNACTKE OT
orm. YMO 2o ero ocnosanms (18], a) 3amvimaemufi rpynt anpa naotmw xoa-
. XeH OuTb CBA3HLIM H YAOBAETBODATL TpebomanwAM, npuselcuuum 8 § 7, n. 3,
. . T. e. Wu> 7, npu xoabbaunn mnaxvoctn W s HHTEpBANE NAACTHYBOCTH:

, . | W WaW,
‘rae W, — rpannia rekyvects; Wy —'rpau'nna packatuisauns rpyhra.

6) Munnnasdunil obvemHuli Bec CKesera cBE3INOrO rpynTs Yex AP MXO-
THHH, NP €ro yKAagKke, ROAWEH GuiTh; ’

1> T’ . ' .
vhe Yo npHBEMaeTcs no sasucumocm (1). : 4

8) PacueTnnift rpaanent uanopa AnA BEPXOROIC YHACTKA AAPE NMACTRHH (npg -
OTCYTCTBHH BHICATHBAHHS QUALTPAUNONAOrO ROTO.A HA OTKOC) CACAYET NPHAH-

MaTh:
l’ =0 ) .

r) Pactetnuf Anamerp GHALTPANHONNWX nOP unep’n.n nepeoro cAON . )
ORALTP2 AN RAHAOTO BEPXOBOTO VHALTKA RAPE BAOTHHE MOMeT GLTL OnpeAene”
. no 3asucamocth (18), npn =0 cos B=1, norysum: ?

o 0,34 _ 0.4 - - :
DK‘ = W~V-ﬁr-0.588u 583 mu.

a) .Iins ucoxux nrotHH.c nanopo H>100 x, npn ycrpoherse oamocaoh:
HON nepexoXnofl 30WH W WPK cONPIKENAR eg ¢ XKamMeHnol HaGpocxoR mepxomoh
ApH3MH NNOTHHL!, PEKOMERAYeTCH BBecTH KodpdHunent sanacs by=125 Torza
33 pacueTHHfi pasMep (HALTPANUORNLIX NOP NATepHANA wepxosoft -nepexoxmoh !
30HH \;mpa, Ha yuacTke oT OTM. YMO 10 ero ocHOBAWHS, CACRYeT APNRNMATH:

. D= 485 aa. f

e) s obecneqeﬁn’: $uALTPARMORHOA NPOYHOCTH H YCTOANHBOCTH BEPXOBOTO 3
OTKOCE AAPA NIOTHHM Ha ywacTke of otM. YMO Ko €rc oCHOBAHNS MAKCHMANM-

uMA anameTp duabTpanuouruit nop (Dg™ ) nepsoro caon GuanTpa nepexoamoh Tt
. “30HH AomKen Guith: _ : ‘
- . - D:‘“( wc‘ =:4,“ MM, : :‘
rae DJ"™™ onpencaserca no sasmcumoctn (3). * C " :
x) Haxoxzenne pacvetnnix pasmepos dpaxunk (Diw, Dy, Dew, Dis) Ranm- \ ‘
HOrO COCTdBA TPYHTA M NOCTPOCHHE «30HM ZONYCTHMOTrO FPANYAOMETPNNECKOIO - [
COCTana rPYRTR, NMPUTONAOTO AMS YKAAAKR B nepsufi crokt QRALYPAS, sHmOANA-
" 10TCA Mo METoAWke, AsAoXeHHoh & § 15, _
3),Ilo reaponunaMuuCeKWM YTAOBHAM Ha ZARHOM YWACTEE BEPXOBOTO OTKOCA \ 3
fApa nroTANN (of OTM. YMO R0 ero ocHOBARRN) MOXET OLiTh YAOMEN NECSaNo- q
rpEBRANO-rATeTNHKOBMA PYAT KAK Hec HOHROro, Tax W cyddosmonsoro
cocrasa (a106oh crenenn cybdosHONHOCTH), ecAn "ero COCTAB YAORNETRODRET
ocnosroMy ycaosmo (19). : C.

20, ) AOMETPREE rpynra

s

y
-
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YCTPANBAEMOrD N3 CBR3NOTO (PANENCTOrO) TPYHTa, GNINwECKNE KapAKTEHNCTHKH
KOTOPOra. * yRORACTROPSIOT TPEGOBANNAM, HINOXeNNMM B § 7, n. 3 wacrosmux
Ykasaunh, npoekruponanne (noAGOP) rpaHYNOMETPHYECKOTO COCTEBA TPYRTE Mep-
BOT0. CAOR QUALTPA - NEPEXOAWHIX 3OM,. B - SABHCUMOCTA OT TRADORNRANNRECKHX
YCAOBHA HX PAGOTH, PEKOMEHAYETC SHDOAHNTL PESEONMHO, KAK AAS HESOBON
CTOPOHH 3KPaHA, -TAK H AAR BEPXOBOA- CTOPOWN IKpaNa.

I ﬂpoexrdpoahuue (nod6op) zpanysomerpuseckoeo cocrasa 2pyRTa nepeoezo
ca08 Puastpa nepex: 30K GA% HUSOBOL CTOPONW 3Kpana

a) Onpenenenne pacseruoro pasmepa’'anamerpa duaAL-
TPAUKOHHHX NOP NEPBOro cAow GuALTPA. Has ycrosnfi- neaanyime-
HHA OTPHRA HAH OTCAAHBAHHS @FPEraToB YACTHIL CBASHOFO TPYHTA,Na KOHTAKTE
¢ TPYHTOM NepBoro cios QHALTPA, pacyeTHul paMep ARameTpa QHALTPALMON-
HWlX NOp MATEPHANA NEPBOTO CAOS GHALTPA CAEAYET ONPEREANTH MO IABHCHMO-

cH (187)*
’ oq "/ 034
Dg“ . = ;’p_—”’

TAe @ — NpHHHMaeTcA no TaGaue, @=f(l) I — onpeaeaserca no Gopuyae( 14)
_uan (14°) s sasucumoctn or matepnana npusmu nroTRAN (§ 11, o. 4) puc. 9.

. 8) Yrobu orcnausanme cBAsHOrO (rAMENCTOTO) TpyHTa SKPaHA Ha KONTAKTE
€ MatepnasoM nepsoro cnos ¢uabTpa (HAW Aedopuaunit) we nponcxoznio,

- ROAKNHO YAOBAETBOPATLCSH OCHOBHOE ycAosHe (19):

’ D:.Ic < ng . .
rae D§**‘— makcumauruif pasmep GrAETpanmORNMX NP NEPBOTO CAON GRALTPA,
ONpefie/INeTCA N0 33BHCHMOCTH (3).
B) Onpenenenne pacyeTHHX pasMepos Ppakunft u flocTpocune «30HMu rpany-
JIOMETPHYECKOTO TPYHTa, NPHFOA- | .
HOTO ANA - YKAAAKH. B nepBHfi -
clOR  GuAbTPA»  BHMOARAIOTCH
RO MeToRMHKe, h3AoKenHoh B § 15.
r) 3anpoeKTHpOBaHHWA HAH
_MOKOGPAHRLI  rpaRyJIOMeTpHYE-
Kifi cocras  nepmoro cnos
HALTPA  JoAXKeH OuiTh npose-
Ha «ycJAOBHE CaMO3asieUHBae- ) - c
:,e:&,, ¥pemmn B 3KkpaHe o Prc. 9. Maoruma ¢ sxpaio n npuypom

Kparepuio (32), § 17. -1-7e20 nroTHRH; 2-sxpewi 3-nomyp; 4--ne-
o) ECan  ycronwe (12) we | Peromms aoe (gunutpu); 5 semerees cao:
YAOBNETBOPRETCH, TO 3ANPOCKTH- CTKE DKDENA B MOCTE NPHMMKINNS KPHROA ReN-
pomaHnufi  (nomobpannniil) co- PECCHN XAS TEAS NAOTHHM NS NECHAHO-TpARNARG-
CTaB  IpyHTa NepBoro Ao FASCUHKKOBOrO rpynTa; Da"“ —MAXCHMRALHMA
¢Mb1‘p‘ clefyer H3MeHATh, CO- pmep.“n;mm 1Op rPYNTA OCHOBANUN
TAGCRO = pexoMenpamuft, npase- . nAOTHNM. -

newnux B § 17, n. x).

2. Ipoextuposanue (nod6op) epanysomerpudeckozo coctasa zpynTa gepeoeo
ci08 QuavTpa nepexodnod 3somet 348 aepxqaod CTOPONs 3KpaNG MAOTUNb

- 'TipoexTnposanne (noaGop) TIpPaHYAOMETPHUECKOTO cOCTaBA mepaoro  caon
GRALIDA nepexoaHON oMM AXR 3AUIHTH BepXoBOR CTOPONW SKXPEME (B SABHCR-
MOCTH OT FHAPORHHAMHYECKMX YcaoBHR peGori nepexoamol 3oHn) caeayer su:
NOMHATL, KAK H ANA AZPa NAOTHHH (§ 18), N8 ABYX y4acTKOB MO BHICOTE — AASK
ABYX pasubix pexxumos paGortn Qiuabrpos.

epBMA yUaLTOK—IMIHTA SKPAHA HA YYAcTXe KOACGAMHA ropHIonTa
poAM sogoxpanuanina or ot. HITY xo otm. YMO (puc 9), ann cayuas mmeaun-

*cu. § 13, B, '

o




mbnmiammnupnuotmmmmnnm :
30HTA BOAW B Bepxuen- Gaede, c ymonr BRNSRNN BOAROROIO mleﬁmn ua pe-
PEXORRYIO- 30HY: )
, 1) npu naaweun ummmi (uecuuo—rmuuuxmi RAR mﬁuoquoﬁ)
n 3KH ¢ DEPXOROR CTOPOHM SKpasa; -
ynpu BAAHYNH KPYRNOOGROMORNOA NPUIPYsKh.
a) Onpeaeneitue PACHETHOIO PA3MEPa AHAMETPA PUALTPAHONEHX nOp mu
ta (D§™) nepsoro caon gmastps. .- i
IIaa ycropHs NeAONYHICHKA OTPHBA WA OTcARHBaNNA arperatos MacTHU, !
CBASHONO TPYHTE H2 KOHTAKTE C NEPBNM choeM GHALTPA B ARRHOM cAydse AAf

onpemeun DS‘“ cAeAyeT NOAL3OBATLCR SABHCHMoCTbIO (18°)*

A . 0,34
S *= Vgt -
rae @ npunuuama no uomme (crp. 18); Ip onpeaeaserca no dopuyae (15), 1
T. e
= | e ‘! B«»

rae Po— yron HEKAOHA BepXOBOFO orxoca sxpma X ropnscmy (puc. 9).

6) Moaysennuf cocvas nepsoro cnos ¢mavtpa ¢ DE™ zomkes Gute mpo-
BEPEH Ha NPHroAHOCTL No obecnedeHHIO. NPOYHOCTH CBA3HONO TPYHTR BEPXOBOTO
OTROCE IKPAHA, NPH KOHTAKTHOA QUALTPAUHH, mo ycaosuio (20), T. e. A

I < 0,751, !

-Tipuvem Ann Meaxosepuucroh upnrpymm ¢ Bepxopofi CTOPOHH 3KpaHa Iy
_ B yc.uonnu (20) npunumaeren: .
1 ) Ty = sin §**, ’
rae fo TO Xe, 9T0 B dopuyne (15). : N ‘
Lan xpynnooGaoMounofi npUrpyaxu sxpana (B cnywae BAHAHHNA BOJHOBOPO i
no:ueﬁmnn Ha nepexonuylo 30Hy) ycaosue (20) Gymer HMETb ceRyouinh pHA: ’
I.. < 0750, T 39

rxe I, — nphnnusercs no aamlcnuocru (16); Jup—no 3asucumoctu (21), tpn-

uss D% =D '
B) Euhaolne (20) wuau (34) weynomAeTmOpReTCH, ro anu HAXOWREHUS

nosoro anadeuna DY* caeayer socnosbsoBatecn dopuyrod (22).
TMpneen dopuyaa (22) MoXer HMETH ABA IHAUCHHA:
1) AA® MEAKOSEPHACTOH NPHTPYSKR IKpama

N ‘ DYy <T_|%-)-,- (cm), b (22.4)

vae ] x— nprunmaercs no sashenmoctn (17);
2) an xpynHOOGAOMOuMOfi HPATPYSKH, T. €. C YUSTOM BAHNHHR BOAROBOFO
so3geficTBNg Ha NepeXoRNYI0 30RY:

- B D""“<~7—_|:-m)7(c~). . (22.0)
rxe Jy=Rely, cm. samucumocts (16). K

_ Noaysénnoe snaseune DE*™ y3 yerosha (22,8) uam (22,6) npummsaercs
k] poctmnoe T e DS""==D., , ecan ycaosne (20) Ham (34) neyszomaerso-

r) Huxomue pacuemx pasnepos’ dpaxunh (Do, Diy; Des, D) xaH-
HOMO cocTasa TPYRTa R noe'rpoenne «30HK rplnynone'rpnec:wro cocnn rpynTa,

- Cu. %owyuy an. - L. L

ERPRY TR (o)
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npuromsoro Aas ykrazku B fepiuit crok GRAMIPEs, AMNOANROTCH MO WetORNKE, |
Hanoxeunoll s § 15. ’ . :
Bropoh yiacrok— samura -SKpaHa Ha yuacrke ot orm. YMO 10 ero !
OCHOBAHHSA H AJA CAYNas MOCTOAHHOrO FOPHIOHTA BOAM B BOACKPAN e, 8 TaK-
Xe AAf cAy4as NPH OTCYTCTBRM BHICAUHBANES (QUALTPALHOHHMX BOA Ha pepxo-
B0fi- OTKOC 3Kpakia, NpPR NOHMIKEHHN rOPH3OHTA BOAMW B mofOXpauuaume (npw
naanexaineM obocHOBaHHM). .
a) B nannom cayuae, MeTOAHK2 NpoexTHpoBaHHS (noAGopa) rpany’loMeTpu-
YecKOro COCT8Ba TPYHTa NEPBOTO CNOS GHUALTPA AN BEPXOROfl CTOPOHM SKPaHa
B NOAHOA CTeNEeHH COOTBETCTBYET METOAHKE NPOCKTHPOBRHHA (noabape) rpaKyao-
\ METPHYECKOIO COCTaBa NepBoro cion QuALTPA AAA BEPXOBOM CTOPOHH 'SApA
NAOTHHK Ha ydacTke or oT™.. YMO o ocHoBauus sapa. ) i
6) Mpu npoextuposannn (noaGope) rpaHyAOMETPHUECKOrO COCTABA TPYHTE
NepBoro CRof : GUALTPY AAH BEPXOBOH CTOPOHH 3KPAHA CACAYET NOALIOBATHLL
metof{ukoit, w3noxennofl B § 18 n 19: . o
§ 21. NMpoextuposanne (nORGOP) rPaHYACMETPUWECKOrO COCTAND GNALTPO-
‘ROl NOATOTPBKN NOA KPCRACHNS SEPXOBMX OTKOCOB JEMASHMX NAOTHM NS CBES
- Horo (rammmcroro) .rpywra. Ilpn npoextupoBanum (nonGope) rpanyAoMmerpuue-
CKOro cocTaBa (MALTPOROA NOATOTOB- .
KH KaK nojx KaMeHnnbie, Tak H XKeaeso- . . n"

_ GeTOHKBE KpenJieHAR BEpXOBHX OTKO-
cop (puc. 10) semasuniX . naoTHN,
yCTpaHBAEMHX K3 CBASHLIX (rJuHM-
cmx% TPYHTOB ¢ WHC/IOM NABCTHYHO-
et Wa>7 (ana coopyxeunfi mroporo

KJIacca No KAMHTAALHOCTH H HHXKe Wp>

> 5), . o6GNanaomuX MONEKYAAPHBIM

cuensenneM, onpesefeMpM N0 3aBHCH-
mocth (1), § 7, Heo6XOAHMO HCXOEHTH
| @ u3 CACAYIOMHX yCAOBHR:

1 1) rpanyaomerpuueckufi - cocTan

$HALTPOBOR NOATOTOBKH MNOA BepXo-

Bhie KpenjeHHs OTKocos (no jamnTe

. ]
> 11
/"/

/

!
5
\\\\{\\“\\

LN .

+ Prc. 10. K npoextnposanun (nox-
6opy) éuabtpoBoii noarorosxx

OT BOMHOBLIX  Bo3neficTeHA) aoAxen - :E:.:pemenn .:epxoaaxl 0"‘“0:‘

Suth npakThueckn HeCYO®OIHOR-  w 'S '5.7); 2—neprosoe m’” oTmecs

H B M, YAOBNCTBOPAIOIMAM 32BHCHMOCTH  (xamenmoe wAM AeAe306LTONMMMN MANTAMN)

(N g;m (8); Coy .:.;c::ﬂ“:unmm‘m 4—.na
_OHALTPOBAR NOATOTOBKA ANOJXK- 7 Pe— KAOHA DEPROROTD
/ HE HRJeXHO 3IARIMIUATL CBA3NMA (ram- OTKOC RAOTMNM K FOpRIONTY.
HHCTHY) TPYHT Bepxosoro orxoca mao- ! -~

THHH OY: BONTHOBHIX BO3ZefCTBHA, pA3MbIBER PHALTPALHORNANM NOTOKOM BOXM, Bbi-
TeKalomeR N3 TeAa IIOTHUBI, PAIMMBA Tedennex u np.

' TTpumenanne. INpoexTHpoBaune RAW BLGOP THNA NOKPUTHA BEPXO-
{ BHX OTKOCOB NPOTHS BOAHOBOTO BO3ACHCTBHA AOJIKHO DLIIOGANSTHCH cOTAAC-.
“ ' Ho aefcrayomum CHull (5]. . L

a) Jlnn ycnOBHS AHWAMHYECKNX HATPY3OK HA OTKOC BAOTHRM, RYALCNPY-
meh prabTPaLHH B cjoe DAALTPOBOA MOATOTOBKH (NPA HaKETE W CHANE BOAHM
H& OTKOC NJAOTHHM), NMEPeMEHAOro rOPHIOHTR BOAM B BepXueM Ouede X BOINOX-

_ ROro ee ’nucnuu_amm HA BEPXOBOA OTkOoc NJAOTHHM, pacvernud paswep Ama- i
NeTPR PHALTPALHOHHEIX ‘OP MaTepHana GuALTPOBOA MOATOTORKN (D"") pexo- 1
MeHaAyerTcs. onpenennTb no sasHcuMocTd (187): .

- . 3
-V - '

L NPHYEM B AARKOM CAyvae {nexye‘r nphumMaT™ 8-1' Ip=tg s, rae By —yron
. 'uuon BEpPXeBOro oTKoca k ropusonty. (pme. 10).




’

6) Jas roro, wrobu we npoucxosuno orenahsanne caAsHoro ~ {rauKucroro)

TPYHTR B 30HE KOHTAKTA C MATEPHAAOM GHALTPOBOR NMOATOTOBKH, MPAHYAOMETPH-

. © ueckmfl  cocTAB Mavepuana GMALTPOBOA _NORFOTOSBKH AOXKEH YROBAETBODATH

s . . ocsomtiomy ycsosiwo (19), 1. e. B |
» .

re DI _ uaxcumanbiili pasmep AHAMETPA (HABTPALHOMNMX NOp GUAKTPO-
sofl nORroTOBKH, onpeseasercs no aapucuMocrs (3)..

») Puasrpopas NOAroToska Gyaer HAACKHO 3RIMMINATH OT KOHTaKTHOrO pas-
MHB& OTKOC MAOTHHH, NPH NYALCHPYIOMEM DeXuMe npogoavHol duavtpaunn (0T -
HaKATa W CNaja BOANL), B TOM cryyae, eciH Gyfen yAORAeTBOPATECH yeaoBue (34):

. ‘ In' < 9,751, 34
; . rae [,—upunnyaerca no amcnuoc'rn‘ (16); Lip — no 3asucumoctH (21).

r) Ecan yeaosne (34) HEYNOBAETBOPACTCH, TOFAA CNEAYET HIMERHTb rpapy-
JomerpHueckull cocTas guakTROBON NOATOTOBKH, M. § 20, 2, 3. . |

A) Matepuaa QuALTPOROA NOATOTOBKH He AOMKEH NPORKKATH B NMOpPH KameH-
b Hoft Ha6Gpocku (D}‘,") HIH PacKpHBityiocs: meAb, (bm) Xene300eTOHHOrO IOKPHITHA
X (puc. 10).. i T~

310 ycaosHe MOXKeT GHiThb BHPANKEHO CACAYIOUIHMY IABHCHMOCTAMM:

1) ANS KaMeHHOro MOKPHITHA: N

Dy >.0,55D%, o (35
3 rae Dgo — pacueTunifi paamep dpakuun (PHABTPOBOA NOATOTOBKH  (NPHHHMAETCA
N0 KpHBOf TPAHYAOMETDHYECKOrD. COCTABA MAaTepHana ¢HALTPOBOA NOATOTOBKH);
3 D§"— onpegeaserca no aapucumoctH (42); ‘ )
3 2) nns wean (bw) Kene30GeTONHOro NOKPHTHA : L -
< - , Dy > 0,558, . (3)

Ecan pacuerumi pasmep ¢paxiws matepnana Guabtposoli noarorosku Dso
He yaosreraopser sasHcHMocTh (35) wam (36), To B TakoM daysae caeayer W3-
MEHHTD 3HaueHHe KOXPOHUHEHTA PE8IHOIEPRHUCTOCTH p —~ DHALTPOBOR NQATOTOB-
K B GOABINYIO cTopoHy (B mpenenax 0 N <25 a5 meGeHOURHX FPYHTOS H 1O
7g < 20. AN NeCUyNG-TPABEAUCTHX TPYHTOB), T. . HASHAUATL Oonee pPasHOgEPHY-
CTHA COCTAB MAaTepRaNa rpyRTa OUALTPOBOA NOATOTOBKH. . :
CAR H B ITOM cAyuae He Gyfer YAOBACTBOPRTLCA 3aswewMocts (35) man
(36), 910" yxasnsseT Ha TO, 4TC MEXAY KAMEHHWN MOKPHTHEM H caoeM (GRALTPO-
sofl MOArOTOBKA ROANEH ONTD YAOXKEH NPOMEXYTOUHMA crok ma Gomee Meaxoro
cocrasa Kamuf. TTpwuen rpasysomerpuvecknli COCTAB NPOMEXYTOMHOTO CNOA AOS-
Xen OnTb TagaM, ¥To0u ymosrersopanocs ycnaosme (33) wam ‘.(3)- i
Tpr cobmoxenus yxasaHHHX phinie TPeGOBARAR NPU WPOCKTUPOBAKWA €O~
cTans PuAbTPOBROR NOArOTOBKN OGecnedHBACTCA HAZCKRAM 3AIIHTA OTKOCA NAO-.
THHE ¥ camofl HRabTPOROR NMOATOTOBKH OT BOAMOPHX Bosgedicrsmli Ha OTXoC.

Tipnmep np'oex'rnpounvﬂn OHALTPOBOR NOATOTOBKR
TpeGyercs ANR CYPARHHCTOrO PPYHTA TeAa 3eMAnHOR naoTMmm (pwc. 10). 3s-

’ NPOLKTHPODATL IPARYAOMETPHUECKH cocTas rpyHTa QRALTPOBGR MOATOTOBKE MOA
BEPXOAOE MOKPHITHE OTKOCE (KAMEHROE HAH MENe30GeTORRHMN BANTAMA).

Nopsaok pacuera

Jian npoextHpoBanHR rpaHyaokeTpRueckoro cocrana ¢HALTPOBROA noAroros-
KN HeoGXOANMO RMeTh ¢masiveckne XAPAKTEPRCTHKNR (aaummaem(o) CBR3INHOTO
TPYRTA TEAR NACTAHM. -

, a‘ Marepran Tena NAOTHHM -~ CYTAMHOK, HMENINR OCHOBHEIE
(cn. § 28): ' ¢

' napauerpu
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MINMACTHX YACTHLL B CBOeM cocTase d<0,005 mm — 15%;
uicho naacTHuwocry Wp=1398>7, ° .

KoadPuunenr sofoHackmeuns G =0,85; .
. yAeasunft aec vacTuy A=2,70 2/cad; yex = 1,65—1,68 2/cad.

6) OGTeMHWA Bec CYXOTO rpyHTa (€cKexeTas) CYrWHKA 0PH ero yKaaake
B TeNO IAOTHHW HA KonTakte ¢ (GHALTPOBOA NOAroTOBKOR, COTAACHO 3BHCHMO- .
. et (1), sommen GuiTh: : ;o . 1

. . A ’
' : Yex > Pex = T+,

ik e Y

npu A=270 efca’, e, — Kospdunmuent nopucrocrd (Ha fpanuue MEXyNeCcTH)
N .

. papen: . .
: . : : AW, _ 270-3646 . a
=100y, ~ 100-1 = 3
) . [locae noacranosxn snauenkh nonyium: ;

, 2,70
Y= ‘I—m =1,38 z/cmd.

Mo npoexa(y)_oﬁ'beunuﬁ BeC YKMajLBAEMOro TPYHTa B TelO TOTHHH Gyaer
HMeTh Yex =1, 168 2/#*. Chemopatenbo, TIPYHT Tena GAOTHRNM Gyaer
0o6JanaTh CBASHOCTHIO, MOJEKYAAPHLIM cUeflieRHeM, Bee PacueThl No NPOEKTRPO-
BaHHIO cOCTaBa (HABTPOBOA MOATOTOBKH AOMKHH BHNOAHATLCA KAK AAR CBA3-
HOro TPyHTa.

B)- Ilnf ycaopufi [UHaMHYECKKX HArpPy3OK 'Ha BepXosoff OTKOC NACTHAM M
HEZONYUIEHHR OTCAAMBAHHA CBAIHOrO (PYNTA Teas nroTHHN (B nopax) na uow-
TaKkTe ¢ QWALTPOBOH NOArOTOBKOA, PacyeTHWA paimep ARaMeTpa GuALTPARMON-
HUIX NOp, MatepHana OHALTPOBOA NOATOTOBKH NOMKEH ONPEACAATLCH U0 dop-
i 1] myse (18°); a pacueTHu [pannenT Banopa no 34BNCHNOCTH (15), rae Bo— yroa
ﬁ HaKJIoHa BEPXOBOrO OTKOcA NJOTHHM K ropuaonty (pmc. 10).

B aannoM cayuae Po=16° | =tg Py=tig 15°=027.

Kos¢dnunent rpannenta wanopa ¢=1. .
Mocne noacrasopku auavenuf B (18’), noAyuwm: .
031 . V' 0. .
D = v = =0,52 cu=52 Mu. .
P2V gV reme 0 e

- N
CrenosatenpHo RAA TOro, 4T0GW HE NPOHCXOAKNO OTCAAHBPARHE CBAIHOTO
rPYNTa Tesa TMAOTHHW HA KOHTAKTE C MATEPHAAOM OHALTPOBOR MOATOTOBKH

1 AOSXHO YAOBACTBOPATHCA OcHOBHOEe ycacswe (19), T.-e.
i . D™ <52 an, °
. rae D" — maxcumansusill pasmep xuamerpa (HALTPRUHONHBX nop MatepHasa

bravTpoNOR NOXTOTOBKY. , .
. 1) ®unabrpopas noarotoska ¢ DY™C =5,2 aM ZOMKHE HAREKHO 3AUMTATH OT

KOHTaKTHOFO DA3MbiBA OTKOC NAOTHHH, MPH nyAbchpyomed dmnnpinnn (ot na-
> KaTa M cnaja BOAHM). . .
’ 310 ycaoswe Syxer BWITORHEHO, €CAN YAOBNETBOPAETCR nepanencrso (34), r.e.

. R A 0,75/yp. _ (34)
B aannoM cayuae (puc. 10), npy Be=15° no aasucwmoctn (16) onpesensen
1 : . Ty = koly =2 1,35 sin 15% = 1,35.0,26 = 0,35.
@ ‘ 3navenne [ yp ONpeaeasiercn no sasucHMoctn (21):

1 1
Ip = W-o.n = T/ﬁ - 0.‘.15 =064,

N




Tlocae noacranowxy Aannllemm" » (34), noayumm: 0,35<0,75 064, 1. e.
0,35<048. :

Ycaonne (34) yaosaersopsiercn. ChexoBateassio, natiHuii cocTas rpysra

e [)*™° =52 as moxer OuTb MPHHAT B KauecTse GHALTPOBONl MOACOTOBKK MOX

KaMeHHbie Wi KenesoBeToHHbie Kpen/ieHHs BEpXOBHX OTKOCOB TJIOTHHM, MPH HX
3allite OT .BOSHOBWX BO3AefcTBnil.

2) Ilas noctpoenust kpusofl npoextupyeMoro Hecyddo3HoHHOTO TPAHYAOMeT-

PHYECKOro COCTABA rpyHTa (QHUALTPOBOAi NOATOTOBKH, HMELero- pacyeTHuf .pas- °

mep puasTpaunonnux nop DO = Di*"“m5,20 xu=052 cu, crenyer nonb3osars-

¢ MeToaHKoh, nanoxmeuno#t v § 15 (dopuyan 23, 24, 25, 26 u 27) u npumepom
§ 25 nn. e X, u K A, M. : - :

Jlnn DaHMOro npuMepa B KauecTse ¢m|b1'poaoﬁ NOATOTOBKH NPHHHMaeM
NecYanO-rPABEAHCTLA IPYHT ¢ Ko3pdHUHeHTOM pasHOepHHcTOocTH 1 =20. [Mopu-
crocth — n¢ ASHROTO TPYHTa onpepesdercA No 3asHCHMocTH (24):

ng = ny—0,11g 74 = 0,40 — 0,1-1g 20 = 0,27.
1) Iimanerp dpaxunkt Dy, onpenessercs no sasmcumocts (23):
4 l—n 5 1— 027
Dy< _.c_ag“ m — SO T —94%00 xx,
’ t=l:k0,05%=l+0,(§-20=2;
C = 0455} 1g=0,455/30=075. - )
2) Reficreyomnit anametp dpaxunit Pnavrposoii nogrotroskn Dy, onpene-
AsETCR MO 3aBHcHMocTy (28):
Dyg = iD; =064.90= 5.8 ax; .
A9 vy =20 u3 rpapuxa, puc. 5 7= 0,64. :
(26):3’ Kourpoaupynmu@, Awaverp ¢paxmii D, onpeaeanetcs N3 32aBNCAMOCTR ™

Dw = 7‘0010 = 20-5,8 = 116 MM
4) Maxcruaabibh ‘nHametp épakumit Dy, onpeaeasercs no ¢opuyae (27)

- 1 o416 201 ,
A Dﬂ,o.,_p,.,+1omw o 58+10°%.116 o5 ==210 ax:.
p : 2=141281g 7y =1+ 1,281g 20 = 267.

Tlo noAydennsM anavenuam pasmepor ¢paxumd Dio, Dir, Deo u Dm' CTPOHTCH
pacubTiasi KpHBas TPaKYNOMETPHWECKOrO COCTABA (HUAbTPOBOAl NHOUrOTOBKH, KO-
TOPYIO CAGAYET NPHHHMATL 38 HHXKHHA Npeaen «peKOMEHAYeMOfi 30RLI®, KAK NOKa-

- aaHo Ha pHc. 6, xpusas P. * )

Moctpoenne «3oHM AONYCTHMOrO PAHYJOMETPHUECKOrO COCTaBa rPYMTR, WpH-
rOAHOTO AAS YKBAIKH Ha OTKOC IMOTHHM B KauectBe (MILTPOBOA NMOATOTOBKH»
NPOHIBOAMTCH, KaK ykasauo B § 15, nn. r—«k. )

e) Pasmep nop (Bepxosoro nOKpHTHR) KameHHOfi HaGpoCKH D§" wny Bo3-
MOXKHO AONYCTHMOE PAcKpuiTHe ienn Ok, NPH KeNe306eTOHHOM NOKPHITHH Bep-
XOBHX OTROCOB NVIOTHH, Onpeaeasiercsi W3 3abncumocth (36) nau (36)

Dlas Ranxoro npuMepa pacvera, hpu Dspo=<6 ca, AHAMeTp NMOp BepXoBOrO NO-
KpHiTHA 3 KaMusd (RAM BOMOMHO ZONYCTHMOE Packpuitée IleaH HKeaeaobeToH-
ueiX naut b )t : |

D™ & 18Dy=1.8.6=108 cp.

fipn 3TOM MHHHMaAbHAs TonwmHa cAod GrabTpoBoH noAroTOBKH — Tuna (WO
GRABTPALUMOHHLIM YCAOBHAM) AOMKHE ObiTb: |

' Twa > (5= D, . o

7

r.e. Ty > 75— 100 ca.
2
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' W3 npupeaenmsx pacueroB CAeRyer; WTO npH 3amurte (0T BOAHOBOTO BO3ReH-
CTBHSA) OTKOCOB 3eMJAAHLIX IVIOTHH, YCTPaHBAEMHX H3 CBASHHLIX (FAHHHCTHIX) IPYH-
TOB, OCHOBHYIO PO/t 33UIHTH OTKOCOB OT OTCAAHBANHA H PAIMHBA OCYUIECTBANET
$HALTPOBAA NOATOTOBKA, rpaHyNOMETPHUECKHA COCTaB KOTOPOA aoANeH OuTh 3a-
NPoEXTHPOBAH NO nyunenennoﬁ Bbilile MeToAMKe. :

Mpumewanne. B caywae Hanmyusi KapbepHbiX rpyHTOB, KOTOPHE
MoryT GHTh HCNOAb30BAHM B KavecTse (UALTPOBOA mnoaroToBki, mnoaGop
cocTaBa (uAbLTPOBON NOArOTOBKM XOJKEH BLINOAHATHCH, KaK YKa3aHo
8 § 26, ¢ yueToM pacueTHBIX flapaMeTPeR, NpHBEReHHLIX B naudom § 21,

§ 22. Onpepcaenne xospdunmenta GUALTPALUNN CYrANHNCTOrO FPYRTA. B r1ex

y - cAydasx (npH pa3pelike KappepoB, PUALTPAUHOHHBIX PacueTax M Ip-), xoraa ge-
1 n3pecten Ko3pduuHeHT (HALTPALUHH CYTMHHCTOrO TIPYRTa, €r0 MOXHO onpepe-
. JNTL N0 NPERAAraeMoR HHKe “IKCnepumentanbuofi 3asucumoctn [1,11]:
. _¥Vn _ne '
; e k= By (l_—_—n_d,)? dy? (cafcex), ( 3N

. de .
rae = -‘%-— K03 HUMENT PAIHOIEPHHCTOCTH CYFAHHHCTORO TPYHT3; v — KH-

nematnyeckuit xoadduumnent BRIKOCTH Boan (cMP/cex); dy(MM)—PpasMcp wacTHR
CBA3HOro rPYHTa, B COCTaBE KOTOPOro coaepwHuTCs 17% M MeHblle no Becy;
ngy — daxTHUECKan MOPHCTOCTL CBA3HOTO TPYHTA, ONPegEASeTCs MO 3ABUCHMOCTH

i ny =n— Wytew : 38
TAe 7 — nOpHCTOCTH, COOTBETCTBYIOWIAN Yex o6beNHONY ‘Becy (ckeaera) cyxoro

Yex .
rpynra: n=1— 3 _W,,—uaxcuuaabuau MOJEKY ARPHAN BAATOEMKOCTb CBA3HOTO |

o

TPyHTa onpcAenseTcd MO MUKPOATDETATHOMY METONY:

‘4 W, =00I6A + 005 +01B 03I, . () ‘—5
3 rae A, B, B n I’ npunnuMaeTca B NPOUEHTax B 3aBUCHMOCTH OT 4acTwy d: E
: A—d=05-025 wn; B—d=025—0,05 mu; B—d=0,05-—0005m4; [—d<

. <0,005 am (npouentl A, B, B u T — cunmatotes ¢ xpusoil rpanyisomerpuue- ! E |

CKOTO COCTaBa CBA3HOTO rPyHTa). . f
Mpuwmep. TpebyercA onpefeants. kK CyrIMHKCTOrO FPYHTA, [PARYAOMETPH-

qecxgﬁzgocraa KOTOPOro npeAcTaBied Ha puc. 16, a- ocHOBHBE XapakTepHCTHKH
ém. , : ‘

\
'{crl——o!,.g? mia3; n=035. =126; d,;;=00065 sa; v=0013 cu?/cex (npu !
¢==10"C). : 1
M3 rpaduxa puc. 16, nonyyaem: L
. d=05—025 mu... A=8%, d =005—0,005 ux B=20%, _
5 . d=025-005 ax ... B=20%, d<0005mu... TI=15%, ]

TMocae noacTanoBku 3navenntt B 3anucumoctn (39), (38) u (37)
- Wy = 0,016-8 + 0,04-20 4 0,1.20 - 0,35. 15 = 82% == 0,082;
# ny = 0,35 — 0,082.1,75 = 0,207;

yme 0207 - L \
*f‘iﬁm T 0,0065%=4,12.10* cau/cex.

§ 23. Conpamenne AepexOAHOR 30HM ¢ MATEDPRAAOM NPNIM  NAOTAHM,
I 3anpoex1'uposaunym Han nodoGpanubifi nepeuift caoft ¢uabTPA Nepexoamod
Y 3086, NPUMLIKAIOUIHA K CBA3HOMY rPYHTY fiapa’ (3KpaHA) NJAOTHHH OXHOBPEMEHHO
g AOMKeH HAAEKHO CONPATATECH ¢ MATePHANOM CAERYIOLIEr0o BTOPOTO ¢AO% nepe-
b xonHOft 3oHbl HAKW ¢ MaTepHaAOM GOKOBMX NPH3M NJAOTHHM.
k- . Takoe conpsxenHe. nepporo cAof GHALTPA NEPeXOAHOR 30MBI MOXKET OCY-
- ' eCTBARTYCR: ,

3 ' 33
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~ a) HCNOCPeACTBEHHO C MATEPHAJNOM MNPH3M IVIOTHHL, KOTOPhie MOryT -80380-
’zxm;cﬂ #3 rpasuilo-raNeuHUKOBOIO IPyHTa. MAH K3 Kamennod HaGpocxku (puc. 11
u12); '

Puc. 11. Coupfixene 0IHOCNOHHONH' NMEpPeXoNHOH 30HH C MaTepHaNGM

. fIPR3AMB NJAOTHHL :
a~OANOBDRMENNOC BO3BEACHHE SAEMEHTOB NAOTHHN J, 2 u 3; §—~pasaeabHoe so3beneHne
SAeMeNTOB naoTHIK [, 2 W 3; I—sapo naovuus; 2 sona; 36 npy3Ma
MAOTHAK, H—BHCOTA CAOR OTCHIKH NPHIMM NAOTHHH; k=2 A —BHCOTA CA0R NPR-3ACHAKE
+NA3yX*. - .

.
Puc. 12. Cxema conpsenns oanocAoiinoi nepexoauoil 3onu
NpH3MOH M SAPOM RAOTHHB, BO3BOAHMBIM ,CMOCOGOM OTCHIKH
. rpyHTa 8 sogy*

a—upo"-:o:uolurcn € OTCTABSHHEM OT nepexoaHol 30HH; 6 SAPO BOIBOANTCH C

€|

p P soup; J—S2p0 NAOTHHM; J—pACPEXOAHSN 30HE; J-—caof
HaM 2amBoyxa M3 ynAOTHEMHOTO METEpMaAs WADA; 4—npyaoK: @ =235 mx—aoms
NEPEKPHTAR NEPBUM CA0EM (PHALTPA KOHTAKTA SApA C OCMOBIHWEM NAOTHHML.

6) ¢ FPyHTOM AOMOJHHTENLHOIO BTOPOrO CAOS NEPexOAHOH 30HbI, KOTOpHIf,
:(n cnm& )oqepesz, ROMKEH CONPAraThcA ¢ KaMEHHOA HaGPOCKOR NMPH3M MJIOTHHBI
prc, 13); .
B) ¢ Gojee MEAKHM TNO CBOEMY TPaHYNOMETPHYECKOMY COCTaBYy MaTepHanoM
NPH3M NAOTHHE, KOTOPHi MoKeT OHMTL NOAYSEn Wa Toro XKe Kapbepa, H3 KoTo-
- poro RoObiBaeTca MavepHaa aAs: MPHIM NAOTHHE, HO c oTlopom (sniGopouno)
Gonee MeakHX pasitufi (B TaxoM caydae NPHKOHTAKTHEA 30Ha AOAKHA OHThL
wHpuuoh 3—5 x, puc. 14); . .
T) ¢ ecrecTieHHHM KapbepHuM rpyHToM (Ge3 ero paccesa), KoTopbifi MOXer
© OpiTh HCMOABIOBAH ANN 3ACHINKH <NA3yX» KaMeHHOHAGPOCHBIX NJOTHH, €CAH ero
HCMONb3OBARAE ABNSCTCA TEXHNKO-SKOHOMHYECKH HesecoodpasHbiM (puc. 15, a).

Mprumeuanne B’ rex cayyasx, Korna OTCHNKE NPHIM NAOTHHH M3
PAIHOIEPHHCTOTQ MATEPHAE NPOHIBOAHTCH . CAOEM ~6OALUIOA .BHICOTH H,
8 HHKHeft YBCTH OTKOCA OTCHNKH (B c/lydae PACCAOCHHA MaTepaana) che- '
AYeT NPeAycMOTPeTb YKABRKY AOMOAKMTENBHOrO NPHKPHBAIOUEr0 CAOA Ha
“sricory /s H (puc. 15,6), rpanysoMerpruUCcKUit COCTAB KOTOPOTO ADANEN
) COOTBETCTBOBATH PACYETHOR KPHBOA MaftepHana NPH3IMH NAOTHHH. .
H ' ]

>
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2. ConpaxeHHe AEPBOro cl0f (PHALTPA C MATEPHANOM MPUIMbLI MAOTHIM KIM
BTOpHM ClI0eM, nepexomnoR 3edBl Gyler ofecheveHo, ecAH YIOBAETBOPAETCA YCAO-
BHe HENPOCHUAEMOCTH IPYHTa nepsoro cioda ¢unbTpa Bo BTOpOf CAOk
MI4 B MaTepHal fIpHIMbI TJIOTHHH (yCTpaHBaeMule U3 rpaBHAHO-TANEYHHKOBO
rpyHTa HAM KaMeHHo# HaGpockH). -

[
Puc. 13. Conpskenve xBYXCAOfiHOH mnepexoaHOil 30HM ¢ MaTEpPHANOM
. ' APH3Mbl NAOTHHLI

1—szpo nAOTHHE; [—nepsuit c1oft mepexoanoft 30Hu; I7--Bropoil cAof mepexoAnoR 30-
. HB; 2—MaTepHan OPH3IMbI NAOTHHH.

B npaxkTHYECKHX YCIOBHAX MOIYT BCTPEYaThcs 1B CAyYas:
TMepsbit cayuait [panysoMerpHdecKHHt cocTaB MPHIMbl MIOTHHB KN
BTOPOTO C10S1 PHUALTPA N HX (PH3IUUECKHE XAPAKTEPHCTHKH H3BecTHH. B srom
- A

* Puc. 14. Conpnméﬂue nepexoaHoil 30HH ¢ (olee MEAKHM MaTEPHAROM
OpH3MB TAOTHHB .

1—R1p0 NAOTHHM; 2--/lepexonHan 30M3; J—NPHKOHTIKTHAR 30HA (3—5 ) H3 Goree mea-
KOFU MATEPHAAA NPH3MH ANOTHMB, §—UPHIME HAUTHHEL H3 PIIOBOTO MaTephaid.

cJayuae BHIMOMHAETCS NpoBepkaua conpsikKenHe nepporo (sroporo) cfost QuAbTpa
Ha YcloBHE HENpoCHnaeMoCcTH @ XaHHLIAi KOHKPETHBIA MaTepual MPHIMH RAO-
THHBI. . ¢

- .

Bropo# cayuail paHysoMerpHieckHi coctas /H (H3nUecKHe XapakTe-
PHCTHKK MaTepnq/ia NpH3M NJIOTHHH HeH3BECT f Bl

B sToM caydsae cleRyer 3anpoeKTHPOBaTb IPaHYJOMETPHUECKHH COCTaB Ma-
TepHasa NPHUIMBL ITIOTHHK, YXOBJETBOPSIOWHA YCAOBHIO HENPOCHIAEMOCTH.

IToAb3ySich 33NPOCKTHPOBAHHBIM TPAHYJNOMETPUYECKHM cocTaBoM 8 padoue
CTPOHTE/IbCTBA BHGHPAIOTCS ‘COOTBETCIBYIOLIME KapbepH TaKOrQ Xke cocrasa rpa-
BuABO-TaNCYHHKOBOTO TPYHTa HAH NpH pa3paGoTKe CKaJbHHX ROPOA KAMEHHHIX
Kapbepos NO/MKHA GuTb paspaGoTaHa TaKas TeXHoAOrnsl (B3pHiBHLIX paboT), npH
KoTopoft obecrieunsasics Gbl 3aJaHHMA TPAHYIOMETPUUECKHH COCTAB KamexHod wa-
6pocki.

3. Tlopamox pacueta. A. B nepsom clydae (Kora rpauyioMeTpHYecKHA
cotTap M, (PH3WYECKHE XAPAKTEPHCTHRW MaTepHAIa NPHIMB NAOTHHM HIBECTHM)

3‘
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npoBepseTcs HENPOCHNAENOCT, MATEpHaNa NEpBOTC (BTOPOro) caofi~ PuibTpa
B.MATEDHA NPHIMH NJAQTHHEL MO cilefyloledl 3a8BHCHMOCTH: .

D!
Dl

18 . (40)

rae D":r—nuanerp €BOROOODA3yIOWHMX (pakuMil TPYHT2 NEPBOro c108 GHILTPE.
Zrn nepexoNHbiX 30H, HMEIOIHX MOMIHKIE IO TOMUMHE CJOH, 3a D:r pexo- '
MEHAYRTCH NPHHUMATL: ' ! ]
. . ) Dy <D inn DY _g, 41y
i -~
‘rae Dig'—oTHOCHTCA K HMkHeMY mpexexy, T. €. K pacdertHofi xpuoit @, puc. 6,

8 e’ g — OTHOCKTCA K Bepxnemy npexery ,3ous I (xpmeas J), puc. 6.

Dy — cpeaunil AuameTp UOP MaTepHana MNPUIMHL NACTHHL; OnpexesseMuii ne ]
caefyomeii ,3aBHCHMOCTH: . : v

n, ;
' Dy = 0455} 4 f:l';; DY, . 42) 3

- D, ‘
rae q"=_-5ﬁ°-—xos¢¢nunems Pa3HO3E PHHCTOCTH MaTepu'ana MPH3IMBL  NAOTHHDY

) 10 : :
HAM BTOPOFro CNOSi (PHABTPA; Np — NMOPHCTOCTE MATEPHANA [IPHIMLI  HIOTHHb; 4

D} ; —JamameTp dpakumii MATepHANa TPHIMBt MAOTHHEL, B COCTABE KOTOPOTO €O~ !
Aepxurca 17% M McHblie ¢pakuuii no secy.

Puc. 15. Conpsikenne nepexoamoi 3oHb ¢ KapbepHLIM TPaBUAHO-raNeuHH- F
BhlM MaTepHanoM (3achilKa *MA3yx*) H C YCTPO/HCTBOM RONONHHTEALHOTO '
CROR, NPUKPHIBAIOIMEr0 OTKOC Y OCHOBAHHA NMPH3MBI MAOTHHL

I-gapo bi; 2 D iag 30HA; -8 AAOTHHM, 4~—€CTECTBeHHMN KapLepHHit 3
FPARNRHO-TASSUHMKORWR CPYRT, ncnon‘aruuﬁ AA% 3acuU "AASYX": S-—aonoaAuNTEALNNA

BPRXPHBAOMHA cA0f, ycrpansaenuf Ha 1/3 H CA0n ORGNNKK NPHIMBL NIOTHHH (B CIyuae

Lo PACCAOCHHS MATEPHRAA NPHIMB NACTHHH).

‘
~

Ecan ycaosue (40) ue yaoshersopsercs, 10 310 yxaausaet,- 4ro Tpedyercn
“RAH BTOPOR CAOM MepexoAHOR 30HW HJAM cAefyeT HasuawuTh Gosee MEJIKMH co-
CTap MaTepHaNa NPHIM KJIOTHHB, HKCROAB3YA peKOMEHAauWH, nNpPHBEeZeHHble
B NN B ¥ T nAcToAWwero naparpada (prc. 14; 15). . )

TipuMeuanme Ecn nepssh crofi conparaercd co BTOPHM,, & BTOPOft :
ca0f ¢ NPU3MOA NMUIOTHHB, TO NPOBEPKA HA HENPOCHINAEMOCTb MPOHIBO- :

. - AHTCH N0 npHBefienHON BHNIe METOAHKE ¢ YVeTOM AAHHLX COMPRCAOIUXCH
MaTepHaIos. - : :

b. Bo 871opowm caysae (xoraa rpamysoMeTpuueckmil coctap u bu3Hge-
CKHe XapaKTePHCTHKH MaTepHana NPH3M NJIOTHHW HEH3BECTHH) CAERyeT 3ampoe-
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THPOBATh TPAHYNOMETPHUECKHE COCTAB MaTepHana NPHINH NAOTHHL H3 YCAOBHR-

HENPOCWRAEMOCTH B HEr0’MAaTePHana nepporo (BTOporo) cacs ouasvrpa.
B srom cayuae n:gsulox PACYETS CACAYIONINA: .
1) us ycaosna (
TUIOTHHbE: . =
’

2) B Baaucguocn (42) BMecTO D':,nonc'ran:me'rcx u3 (43) ero suavenue w

. onpenenfieTcss AHaMeTp (PAKUHU D','-, MaTepHana NpPH3IM TNJIOTHHLL
Rensie? _
D, (14).

1—n,
. 0252} 7,  "n
DBykseHHne 0GO3HaYEHHA Te XKe, uTO B B 3aBUCHMOCTAX (42)—(43).

3) Naaee, aanapasich 3HaYeHueM 7, (§ 9) W onpeaerns anaueHue n, no 2a-

BHCHMOCTH (24) HaxonuM DY; no sasncumoct (44) M pacveTHHE 3HaUEHHR
‘dpaxumit  Dfy, Dg u Doy no sasucumoctan (25), (26) u (27).
4) To nonyuenntim 3mauenusm Dijo, Dy, Dsy ¥ Dy Ha rpaduke crpontcs
T pacueTHas KpHBaf 3anpoeKTHPOBAHHOTO TPAHYIOMETPHYECKONO COCTABA Mare-
prana npusMn naornud. IIpavues, noayueREas PpacueTHas KDHBAS AONKHA #b-
ARTHCA HHKEHM NpPENenoM «30HEl AONYCTHMOrO IpaHYZOMETPHUECKOrO O~
CTaBa MaTepHana NPHIMK IVIOTHHHS, T. €. FPaHYJOMeTpHUecKHfi COCTaB MaTe-
pHAN2 OPH3MBl NACTHEL B 30HC KOMTAKTA (Ha wmpuHe 3—5 &, puc. 14) ¢ nep-
" BHeM cAoeM $HALTPa He AOMKeH GMTh KpynHee pacyeTHOl Xpusoil. o
5) «3ona AORYCTHMOrO rpaHYAOMETPHUECKOTO COCTABA MATEPHANA NDH3IME
MJIOTHHEL® MoXeT OMTb DOJNYYeH2a nyTeM OTPAaHHYEHUS HHKHHM H BEPXHHM npe-
AeNIaMu. . . :
‘Tlpn stoM 3a HMXHHME TNpeses cAeAyeT NPHHAMATh PacyeTHYO -KPHBYIO
Dl D}',,\ D@y u DJg, a Bepxunii npemen moxkeT OHTh Ha3HaueH 33 NMpeaeaom
Dg ’
1
D50

DY, <

K]

COOTHOINEHHS

> 25, T.e. Bepxnmil npeien ,30HH“ MOKET 3HAUHTEABHO

'npnmmxancn K HWKHEMY Tpejeay ,30HW 1epBoro cios ¢uanTpa‘.

TMpumenwanne 3a npepenaMu KOHTAKTHOR 308H (puc. 14) B ocTaxs-
HYIO 4aCTh NPHIMB MAQTHHH MOXET YKAAALBATHCA MATEPHA] OTANUMHA no
KPYNHOCTH OT PacyeTHoro, 1. e. Gonee KPynHHE no CBOEMY COCTdBY RO
CDaBHEHHIO ¢ pacueTHOfi KpHBOIL. ! )

§ 24. Ycaosns ¢uavrpannonno-cypdosnonnod nposnoctn nepexoanod soms
HA KONTAKTE C MATEPHAAOM Npu3MM nxoTmus, IIpH NPoeXTHPOBaHHH MEpeXORMHIX
30H BOSHHKaeT BONPOC O NPOYHOCTH NMEPEXORHOR 30HH HAa KOHTaKTe ¢ MATEpHa-
JIOM NPHSMHI NIOTHHH (pHC..3) B CBA3KH ¢ NPHMEHEHHEM THAPABIHYECKOR YKJax-
KH MaTepHaia npH BO3BeACHHHW NPHaMbl IVIOTHHW H B CBA3H C aTMOCQEpHHIMH
OCaJAKaMH B CAy4YasX AHBREBHX BOA, KOTOPHE B NEPBOM H BTOPOM CAYYAAX MOIVT
NPOHMKATL B T&M0 NAoTHHW. Ognako cTeKaHHe BOABL BAOJAD - KOHTAKT2 nepexen-
HOR 30HH M TMPR3MH MJOTHHH B NPAKTRYECKHX YCAQBHSX ne ‘Oymer HMeTh
MecTa BCACACTSBHE SHAUMTE/]BHON BOJONMPOHHUAEMOCTH MATEPHANA ’ NEPEXOANOi
30HH, GO/ibWOA ee. MOMHOCTH (TONIMHHN) M HE3HAYHTEABHOrO NPH 3TOM DacxoAa

BOAH, 9TOGb 06pa3oBajcst MOTOK BROMAbL KOHTAKTa (NpH THAPABAHYECKOR VKIaaKe .

%

uarel;(mam NPH3MB NVIOTHHH H NPH HAAHINH JHBUEBLIX BOA). :

poMe TOro, KOHTAKTHASA 30HA‘“TrpyHTa nepexomlon 30HN C MarepyasoMm
NPH3MH [UIOTHHE CO3JAETCA H3 YC/IOBHS HCNPOCHMNAEMOCTH ¢ a3osa-
HAeM YC¢TpPOAUYHBHIX cnoilmto_n HAH  cpoxoobpasywomux wactiu (§ 23, n. 3)
"Der < DLy (man [Der< DY), Mueomnx TaKyo KpynuoCTs, mpi KOTOPoR B mpo-
nécce GnabTpaunn ycToRuMBMe CBOAHNM K3 STHX (pPaKunik He MOTYT GuTL pas-
pywmentl GUALTPAUHOHHLIM NOTOKOM NPH TeX FPAIHCHTAN HANOPA, KOTOPL: ItMe-
T Mecto B Hatype (/x = sina), puc, 3. i .

37

) onpenensercA cpPeARHA AHaMeTp nop MaTepnana npua::,t-

‘D < 18.Dl,. - - (43).
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Ecau aonyctHTtb, 4TO NPOHCXOAHT cTEKaHHe BOAW RO KOHTAKTY nepexognol
-30HH ¢ MaTepHadoM NPY3Mbl HAOTHHLI, TO NPOYHOCTD K YCTOAYMBOCTH KOHTAKTHOMH
30HN MOXeT OHTb NpoBepeHa, HCXOAA K3 CACAYIOLIEro YCAOBHA: KPHTHYECKBH Tpa-
AHEHT Hanopa, np¥ KOTOPOM MOFYT BHHOCHTBCH cBodooOpasywuine ¢Gpaxuuu
. Der < DYy (nan Do < DY), or BumOca KOTOpHX HapymaeTcs mpovHocTh
¥CTOAUHBOCTL KOWTAKTHO! 30MH, A0Awed Ouith Goabie MAM paBeH neAcTBHTEAD-
HOMY rpaJHMeHTy Hanopa B 3oHe koHTakTa I, (puc. 3), 1. e.

4

P

L7 e (45)
Kpuruuecknii rpagnent BMHOca cBOA0OOPA3y0IMMX HaCTHU rPYHTa NepBOro )
R : (sroporo) caon puabTpa D < D‘m HIK D._-r<DS"', MoxeT ObuiTb onpexeseH no g
sasucumocty A, H. Narpamesa: ] N
IS, = g, Der)/ 08 o i
Kp Fo er 3 Kd',' (46)
50 = 0,30 (1o — Dfs fo =082 ‘“"1'8 nyg - 0.‘%2°(7‘¢ —5), {
rae Do — AuameTp CBOACOGPA3YIOUIMX YACTHIL rpyHTu NEpexORuOH 30HMW, KOH- ' 1
TAKTHPYEMOH C MATEPHANOM MPHINEI NAOTHHN, B CA T4y N¢. Mgy KelcMicex) — ]
COOTBETCTBENHO O6beMHLIl BeC, NIOPHCTOCTh (B AOASX eAMHMUN), KOodpPHUHEHT 3

PAIMOIEPUNCTOCTH H KOSPPHRHEHT ¢nhb'rpa§\m rpyHTa nepexoAHoi 30Hb, KOR-
‘nx'rnpyf;)oﬁ 'C MATePHATOM NPHIMHI NAOTHHH; Jy — onpeaesfeTcd NO 3aBHCH-
mocru (13). ' ‘

Ecan (apu Haanuun QHALTPAUMONHOTO MOTOKA, HAYILETO MO KOHTAKTY) ycio-
pue (45) ynos.ieTBOpseTcs, T0 NPOYHOCTE H YCTOAYHBOCTL KOHTAKTHOA 30HH He
Hapyumrest. B nporHBHOM cAyYae BO3MOMHB HE3HAUHTEABHHE OCAfAKH, BCACACTBHE .
H3MEHEHHA pasMepa CBOACOOPA3YIOHX YACTHI B CTOPOHY YBEJIHUEHHs HX JHa- s
MeTpa. . '

§ 25. [MNpumep nNPOCKTHPORAHNN FPANYAOMETPNWECKOrO COCTABA FPYNTA.
(¢uasTpos) nepexopnmx 3on. B zannom NpHMepe paccMaTpuBaercsi caydafi (sa-
puaut 1), KOraa rpaHyAOMETpPHYECKHA COCTa® KapbepHBIX FPYRTOS, NPEAHA3HAYEH-

HbIX QA8 YCTPOACTBA (HJALTPOB nNepexoIHbiX 30H, H TP2HYJOMETPHYECKHR cocTas
KaMmeHHOA HAGPOCKW NMPHIMB NAOTAHM HENIBECTHH.

Tpe?'ercu, ANSL AAHHOrO THOA KaMEHHCHAGPOCHOR NJOTHHB C CYrAHHHCTHIM
aapos, fipeacrasaexdoll ka puc. 1, 8, 38NPOEKTHPOBATL IPARYAOMETPHYECKHH CO-
cTas rpyHTa QHALTPOB NEpexOAHBIX 30H M MAKCUMAALHO AONYCTHMMA DO Xpyn-
HOCTH TPaHYJAOMETPHUYCCKKA cOCTaB KaMeHHOR HabpoCKH Ha KOHTaKkTe ¢ mepexoj-
Hoitl sonoit (puc. 14).

Coim i iNaSER

. . Ucxoaupe AanHLe
Marepnan SApPa NIOTHHW — Cyl‘.IHIIOK.
Cpeauue pac4eTHLE XAPAKTEPUCTHKH CYTAMHKE CACAYIOUIHE: g
conepwanme rannncTeix vacryu 4<0,005 v . .. 15% ;
nwaesaTnix 9actiu or 0,005 20005 Mu . . . . . 20%

neciamnx ., or005 o2 MM, . ..... 4%
rpaBUitHO-raAedHUKOBLIX YacTHt >2 MM . . . . . 20%
obbeMnuit Bec cKeaeTa CyriMliKa NpH YEAanke

B ARPO MAOTHHB Yoo « = « « « v % o o o« o o 170 m/M3

yleaoHnilf sec wactuw cyramugka 3 . . . . . ... 270 m/ad
FOPHCTOCTD M. . . . . . . v o » 4 oo o o o s o 0y !
yueao naacTunocT Wy . . L L L. L L. ... 1398%
BEpXHui npeder maactHwwocth Wr. . . . . . . . 3546%
\ wHmwnit . Wo. .o ... .. 2148y )
onTHMaALMAR saammocts W, . . . . . . ~17% < .

KoshdHuHenT posonacuiesns G npu ontHManbHO#
BARNKHOCTH . . . . v o o o 2+ & e oo oo 085

[pany.romerpudeckuft cocras CYr/IHHKA MpeACTaBACH HA PHC. 16.
3
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‘Mopanok pacuera

i

a) Ma-repna';: ARPA NJOTEHM ~— CYTMHOK, MMEIONIHA OCHOBEME NapaMeTpui:

" TAAENCTMX YacTHH B cBoeM coctape d<0,005 sm — 15%, uncao nascTRHO-
ctu Wyp=1398>7 (mon), kospopnumenr poponacwmtenuss (npr W) G=085m=
=085 (mon.), cAenyeT cUHTATL CBASHMM rPYRTOM H BCE PSCICTH HO NPOLK~
THPOBAHHIO T'PAHYIOMETPHUECKOTO COCTEB4 MEPBOro CNOA GUALTPE NepexOx--
HOR 30HB JOMKHW BHNONHATLCA KaK ANA CBASHOTO FPYHTA.

6) O6vesmuii sec CYXOro rpynta («CKejeTas) cyrammka (RapyMIeHHON CTPYK~
TYPH) NPH €ro YKAaAKe B 5IAPO NAOTHHH AO/KeH GHTh, COracHO 3apMcaMocTH{l)
’ A

- ‘iCl >/1cg"= 1'%_ & H ’ . . -

npu A=270 z/ca® e; — xo3PPHuKenT nopucrocTH mpr W, (BIaMHOCTH mpeAe~
23 TerRydecrn) pasey: . .
AW,  2,70.35,46 '
o 7 ooy, = 100:1 =% .
rae a1 2/cud —obvemuniil Bec BOAB; NOCAE MOACTAHOBKA 3HAveynlt noayYHM

T 270 ..
e’ = Ty =h e

-

CienoBaTenbso, npH YKT2AKe ,CYrAHHKA B AAPO NJIOTHHM, ero o6beMakil bec
AOMKeH ObITD : : ’ -
-

Tex>1,38 2/cu’  (no npo;:xry Yex = 1,75 2/cand).

8) PacieTniifi rpafiHeHT HaMopa NPH BHICAYHBAHMH ¢umﬁpanuounoro ROTOK&

Ha HH30BYIO IDAHb ANPA MAOTHHH MOXeT GuTh Onpedenen wim Meromom SITA -

#au no aasucamocta (12): . -
L =g
rae o’— YroJl HaKJIORA HH3OBOTO OTKOCA AAPA K FOPHAOHTY.

B nannom caydae a=80°, a I;““°= tg 80°=5.7.

. -
r) las pawnoro rpanuenra wamopa [;**°= 157 pacuernoe snaucHie WA~

metpa nop rpynta DE*® nepeoro cros ¢puAbTPa mepexoaoi 30MH, 3amM-
Wa0Wero CBA3HLMA IPYHT, ONPEAEARSTCA U3 YCAOBHA HENONYIICHHS OTDHBA MMM
OTC/aHBAHHA ATPEraToB FAMHACTHIX JACTHIL PYRTA MO 3asucuMocT (18): -

a e,

Dac1=V. - 04 = NE — =4 un,
B = et~V lsigo Aeu=tan

rae Ip=57; ¢==0.38—no Ta6amue (ctp. 18);9~90°—yros Mexay HanmpaBreHHAMN:
CHAB TAXQCTH H CKOPOCTLIO HALTPAUAH. . .

CaeaoBaTesbHo, AJiA TOTO, YTOGW HE NMPOHCXOAHAO OTCASHBIHHE R oTpHB
arperatoB WacTHY CBA3HOTO FPYHTA, COCTaB KPY!NHO3ePHHCTOTO. Matepnana nep-
BOro c1of PuALTPA MEPEXOAHON 30HH AOVDKeH OGNTHL TAKAM, WTOOGM npu camofl ero
Heswronfiofi packlagxe (pacchoenns) MaxcHManwHuA awamerp ero nop Dy,

xax yKasmpasoch Bume, OWA 6l MeHwme mau pasen D*% T.e. Duac g
< 8“ ‘ (19)' Y ‘s ) ‘ -

2) Dannsh cocras rpymra, umeomnfi pacweknuit auamerp nop DRV =
=4 MM, RONKEH 33HHATh CBAIWWA TFPYHT SApPA NAOTHHH OT PaIMHBA gsn
MALTPAUNH BAOAL KOHTAKTA, T. €. AOANNHO YyaOBaeTBOpATLCH ycaosue (20):
x<0,75/xp, rae Iy — npuunmMaercs mo 3asucuMoctn (13), ZJyp—no 3aBucKmo-

< (21).
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+ B xannom cayvae uupeu:' fo = sin 1 = sin 80° = 0,98; .

L 1 :
y/ ——— 075 —0,75=083.
= Vow= ZZ ’
Ycaosue (20) ne ynonnernpnercu, TaK Kak -
Iy = 098>0751., = 0,62.

B TakomM cnynae npHUMMAEeTCH ~ HUBMH u{ctan nepsoro  caos ¢lunpa NS
Ycaosna (22), 1. e

oﬁ N
R e xS T !
: Dllkc < 2,3 Ma. N

I‘panyvloue'rpuuecxuﬁ COCT2B MepBoro cAof “GUABTPA, uucnuaml puuep
‘nop KQTOpOro COOTBETCTBYET 38BACUMOCTH (22), YRAOBACTBOPAET OCHOBHOMY YCHO-
.»8810 '(19) u ygaosmio (20). *
CnenopaATenbHO, B AAHHOM c.ny'lae 3a pacueTHmfi pasmep nop nepsoro cnou
“huibTpa. CACAYeT NPHHATS
Dyt DR . 23 ‘l

¢) flan noupoeuml NPOCKTHPYEMOIO rpmyaouerpuuecxoro cocrasa rpysra
nepeoro cxos’ GuAbTpa nepexoanoft 3oHH, MMemero pacyeTHuf pasuep nop

DP*" =23 mu crenyer masuawnts K03 puLHERT planoaepunc-rocru e Co-
raacuo § 9 7 < 50. llau npHUMepa ‘TIPHHHMACM 'lq, = 36.

Jias npuHaTOro %_ .36, Rmonyckaemad MOPHCTOCTh AAS DKaTaHHHIX ¢pax-
ik Matepnana puavTpa J n¢ ONpeReAReTcA MO 3aBHCHMOCTN (24) -

'.14, =noj—0,11g n.,-a 0,40—0,11g 36 = =024, .
%) Onpeneasem anamerp dpakunu D}, no sapmcrMOCTH 23)
o DRt 1—ny 23 1—02¢
T i F A e
% =14-005m), =1+0,05.36 = 28;

" c—o455%/—'—o,455§/—’—082 ’

3) neﬁcrnytouum AnaMeTp HpaKunn nepnoro cnon d)unma nNepexozno# 30-
st D 1o onpenenserca no 3aaucnuoc1-n (26) .

D}, -_-.iD" =058.32~1,6 wu,
A& 'q‘ 36 ua pue. 5-i=0,58. , .
H) Konrpoaupynmuﬁ nuauerp ¢paxunn Dy, onpexeagerca uz ycaosnl (26)
%Do=36 lﬁ~58 MM -

x) MaxchuazsHuiit amamerp ¢palmun D""‘c D‘m ofipeseaneTca Mo 3aBH-
‘cumotTn (27) .

Digy< DYy + 19*. Dg,, .'?_—'1 s+1os 58 W =315
Xx=14128 lgjqo =] +l.28 Ig 36=3.

14




e

*

.
.

2) Tlo NoMySeHHbIM PACHETHBIM 3IHSMEHHAM CTPOMTCH PACHETHAN KDUBAN rpa- .
HYNOMETPUUECKOro COCTaBa TPYHTA nepBoOro CaoA ¢bepa nepexoauok somts

(xpusas @, puc: 16) ,

Tlonyuennan pacuetHas kpuBan & ROIKHA ABAATHCH CHHKHHM [PEACAOMY. B
OrtknoReHne BhPaBo 3a «MIKHHUA Npegens He gonyckaercd. OTcryntenue or pac-
meTHOR KpHBOR & H NOCTPOECHHE «3IOHH AONYCTHMOrO rpaHyJOMETPHIECKOro co-

a8

/1
7,

88
¥

! /]
7

0 n .

1] = = 2

Q00 ao%s 001 00501 0305 0 283050080 IR0 Q00 00 0N -
Auamemp @paxyus ., mm - . .

Codepwanue wacmuy,
\
2
h

g

. . Pnc. 16. I'padux 3anpoeKTHPOBaHHBIX COCTaBOB QHABTPA MEpexol-

" HOH 30Hbl H MaTepHana NMPH3Mbl NAOTHHL

H — coasunft (ramuwcTmil) TPYyuT sapa  (9KpaHa) MAOTHEH, saulnwaeMuift
PpuasTpom nepexoaHolt 30 — 30HA SAMPOEKTHPOBAMHOIO  AONYCTHMOIO
FPAHYAOMETPHYECKOIO COCTABA IPYHTS, [DHIOAMOrO AAN YKAAAXM B nepanik
«A0R duabLTPa l:’e:exojmol 30HBL; 71 — 30HA AONYCTHMOrO FPAHYJIOMETPHRECKOTO
COCTasa . kameHHall HAGPOCKE, TBPHroauOR AAR YKAMAKH B RPHSMY RACTHNE Ha
KOHTAKTe C Nepexomnofl 3goR; @ — pacueTHaN .XPHBAS TPAHYIOMETDHUECKOTO
cocTasa duAbTPa nepexoxurl 3onm (anxHMl mpezen), sa mpemeAn koropol
OTKAOHEHHE ' FPAHYROMETPHUCCKONO COCTABA TPYHTE MALTPA HE NOUYCKAETCN; B
K — pacueTHas XpHBAN - 'DARYAOMETPHYECKOrO COCTEBA XaMennoi Habpocxm
HPH3MB RAOTHHMH, 34 NpeneaAnl KOTOpoR Ra KOHTAKTE ¢ nepexoamofl 3omoft or-
KAOHCHHE IDAHYJOMETPHYECKOrO COCTaBE MaTepHANA HAGPOCKN BE ZONYCKXAETCN;

@ —~ BEPXHHA - NPeAen «30HH FPRAHYNOMETPHYECKONO COCTABA XaMeunok nabpoc-
KH®, K KOTOPOMY aoMKeH NPHGANKATHCH IDARYAOMETPHUECKHR cocTan xaMen-

‘ Hot HAGDOCKH HA KOHTAKTe ¢ mepexoasofi 30HOR.

CTaBa IPYHTA, NPHIOAHOrO AAA YKNalkKK B mepBui crofi ¢puabTpa nepexogmofn
30HE» npusefersl 8 § 15 un. e, X, 3, u; u na puec. 16. .

M) JlAst BHCOKHX H CBEPXBWCORHX MAOTHH CleAYeT BLINOJNHHTL NPOBEPKY HA
YCNOBHE KOJILMATHPYEMOCTH NEPBOro c10A GHALTPA MATEPHAAOM SAPA NAOTHHW H
38/1€4HBaEMOCTb TPelllMH B AAPE NJOTHAM, B CAydae BO3MOXKHOTO ®X obpaso-
BaHHA. [

YcoBHe KOILMATHPYEMOCTH (3aleuMBaeMOcTH Tpemun) Gyzer BWNONHEHO,
€C/H 33NPOEKTHPOBAWHMA €OCTaB MepBoro ciond ¢uavgpa GyAeT YA0BACTBOPATH
Kputepuio (32), 1. e. - * .

.

- o L
o Dhlms(oa)
2, 1 e
. IS 2
AAR ZAHHOTO PACYETHOrO CAYYag HMeeM: . . .

Dj; =32 ax;  du=38ax  np=02 }=36." g
Mocae noacranosku anawexnlt, moayunw: : :

Dl; 32 oy D50 —ng) WHI020) 45 .
32 g, 250 — ) T34 e, }
dy 33 n¢}/% 0-?:3’36

“ Ycaosne (32) yaossersopsercs, TaR Kak 084<46,2. Caeaosateasio, aanuui
COCT28 MEPEOro C/0A QGUALTPA GYRer YAOBICTBOPATL YCAOBMIO KOALMATHPYEMO-

CTH, 2 CACROBATEALHO, H 38ACUNBACMOCTH Tpemusn.
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. 1) Koshduunert ¢uasrpauun pacueTHOro cOCT2BA TpYRTa nepsoro caos
Ql?mﬂ;l nepexoxnoR 3ouut (kpmsas - P) moxer GHTh onpeneser mo dopiy-
ae : b <,

'_4—!‘—3 — "("? 2 4'1\ 3.~ 0.243 _ -
Ke=—1V7 mbu_ o013 ] a0 4)'0.32’—2.4 cujcex.

o)} Fpanynomerpnuecknit coctas rpynra
Aonshol QuabTpauny, efexyer cma&,m
Haetcw yeaosue (29), T. e.

. . 0,0032 sin a
. dci =.

TA' NEPEOrO cAOA $ENETPA, nPH npo-
b CYPPOIHONROYCTORNBEM, €CAH BHMON-

ESCE R bl TR

Jlén 1aHHOTO PACUETHOTO CAY¥aR wweewm: sina —= 0,98; Dly =16 ax;
: % =024 K;=24 cujeen; vl =A(l— nG)=198 ma¥ 3} = 36;
1 , R o "y =082 — 1,8.6,24 + 0,0062 (36 — 5) — 0,76;
: . : S g = 030yl — 1) £, = 0,30 (1,98 — 1).0,76 = 0,221, .
TMocae noacranoskn 3uadenud, noayuns: .
0,0032-0,98 ’ -t

. U dg = =i = 0,043 ca — 043 Mu,

1 " : = 0221 V02394 ou = 043w,

' : @i =043 an<DL=1,0 s _

2 ) : CaeaoBaTesbHO, AauHB COCTAB MPYHTR NEPBOrO C10A (DHALTPA CReAyeT cM- 3
TaTh cyqnb'&anouuoycromrlny OpH DPOROALHOR GEALTPANN. : 4

R n) Hs npuseflenntix pacyetop CJACAYET, 4ro ’alupoexmonnuuk TPanyao: v
1 ¢ METPRUECKHR COCTaB Nepsoro cJost GRALTP2 YROBAETBOPAET BCEM OCHOBHHIM Tpe-
2 GoBaREAM, NPEALABASEMHM K TPYHTaM NEPBOTO C/IOA PRILTPA NEPEXOAHHX SOH
3 AJIfl BHCOKAX H CBEPXBLICOKHX IVIOTHH, H NOSTOMY OH MOMeT GWThb PEKOMeHAOBaW
AAA CTPOHTEABCTBA. «30HA" JONMYCTHMOTO FPARYNOMETPHYECKOTO COCTABA TPyHTa,
NpHroaHoro zullg yKnanku B nepebift chofi GrasTpa nepexosrolt 30RH>, NPEACTAB-
JieHa Ha puc. 16. . : . .
p) Tomuuna. nepsoro cion $uALTPa (M NOCACAYIOMHX CAOEB) AJA BHICOKMX H -
: CBepPXBHICOKHX IJIOTHH Ha3Hanaercs, coraacho § 10 mo aasHcuMoctn (10).

N
ConpsixeHue NepexonHON 3OHM.

e MB.TEPHEJIOM NMPpH3IM NMAOTHHH

Tlpn npoextupopannu. colpsKens “IePeXoRHOH 30HH C MATEPHAJOM NpPH3M
ILTOTHHBL  clleYeT PYKOBOALTBOBATHCA YKA3AHUAMH, HIAOKEHBBIMH B § 23,

B pmansoM npmMepe paccMatpupadrcs  cayuafi, Koraa TpanyaoMeTppaecknit
cocTas ¥ QuanueckKHe XapaKTEPHCTHKM MaTeDHaNA'NPHSM NAOTHHM HeRape-
. CTHM. . . - * -

: TpeGyetcs 3anpoeKTHpOBaTh. AMA OAHOcCAOAROK mepexoanodt -sonw rpa- ‘
RyAOMeTPUYECKYli COCTAB MATEPHAN2 NMPH3M TJIOTHRL, YROBACTBOPAOMAR YCA0- : . i
‘> BHIO HEMPOCHNAEMOCTH 3aNPOCKTHPOBAHHOIO METEpHAAZ NEPROTO CHOR i

duabTpa B KaMeBHYIO HaGpocKy NpHSMB NIOTHHBI. - i

ot At

_ . T Mopagox pacuera : N

3 1) Tlo sasucumoctn (43) onpesenvierca cpeannft Anamerp nop npoexTMpye: ) i
1 Mofi xaMenuo# HaGPOCKn npHdM naotass Dy : . v
b ' D} < 1,8 DYy = 1,8.30 = 5¢ ax, 5
B ’ 1
E rae DY = 30 s — pasMep cpoa@06Pasy0mNg (PAKIIA NEPBOTO CAOR GNAMIPA, i
€ooTRETCTRYIDUINX pacdeTHON kpusoRt P, prc. 16, \ ‘ i
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2) Kospenunenr pauosepuncrocTs Matepnana KaMeunoh uabpocks, npeit-
nasnavennoh AR Yy NpHIM DAOTHHE Yn CHEAYET Ha3HAUATH HCXOAR W3
RaAHWRR KOMKpeTusX WapLephiix watepuasos. OAnanoi B HeARX npexoTspauiexus
PACCROCHHT MATEPHANS NPN €10’ TPAHCHOPTHPOBKE M YKJAaAKe B Teno MAOTHHb!
CACAYeT CTPeMMTHCN, wToOH xoa(pﬂnnm Pa3HO3EPHHCTOCTH €ro He Mpesuillan
amadenna Np< 5. T ] :

Jas nprmepa, XodpPUUHEHT PAIHOIEPHNCTOCTH MATEPHANA KAMeHHOA ua-
GpockM mpHIMM NAOTHRN npHHEMaes M,=15. TlopmcrocTu onpegesnerca no 3a-
picamoctH (24):

Ba =045 — 0,1 1g 4q = 0,45 — 0,1 Ig 15 = 0,34.
3) Pasmep!ppaxunit DY, onpereasercs BO 3ABHCHMOCTH (44):
, 1 l—ng 1 _
Dh T DR iRy,
. 4) Pasmep gpaxwnit Dfy onpepexmerca no sasucumocts (25): Djy= iD=
=063-145=90 mu, za% 7,=15 w2 rpadmxa puc. 5 1 =063, :

5) Pasmep opaxnuii Dgy onpexeaserca no aanucumuoctn (26):
Diy=va D}y=15-90=1350 ss.

6) MakcHManhunfi pa:nkp dpaxunit lxauemmﬁ. HaGpoCcKku onpeaeAserca
no 3amucumocti (27):°

Dl < Djy + 10* Df, 3‘-@;—," = 90+4-10%5.1350. %ﬁ_g,lasaaoax.
< cx=141,281g g, =14 1281g 15 =25.

7) Mo noaysennum siavennam Dfy, DP, D w Djy, crpoutes pacsetnas
KPHBAS 3aMPOEKTHPOBAHHOTO TPAHYAOMETPHIECKOrO COCTABA MATEPHAAA™ NPRIMH
nioTHHE, puc. 16, xpnean K.

-'57;.-%3‘-30:145 P

Tlonyvennan pacuetias KpHBast NOAKHA SBAATLCA HINHHM TNPeACAOM, T. €.

rpaHylOMerpHYCCKH COCTAB MATEpHANA NPHIMH NAOTHAW B 30HE KXOHTAKTa-
(puc. 14) c negnuu croem GHALTPA He jJoMKex GuiTh Kpynuee pacuerdofl xpu-
ot K, puc. 16 «3oHa AONYCTHMOro rpaHyAOMETPHYECKOrO COCTaBa MarepHaina
NPHIMGI NVIOTHHE® MOKET GbiTh Hasmavena, Kax ykasamo 8 § 23 (n. 5).\

Pexomennyercst, 4To0H #a KONTaKTe ¢ QRALTPOM NEPEROAHOA 30HM Tpanyso-
meTpWaeckpfi cocras kKaMenoR HaGpocKH no KpynHoctH npuGanxancA Gu K Bepx-
HeMy Npeaeny. pexoMenayepofl SOHM M, T. e, K Jmuun 4, pug, 16. Torxa conps-
XKeHne NePEXOAHON 30Hb C KAMENHON nlﬁpo&on GyaeT B 3RAUHTEALHOR cTeneHM
ychaeHo. - - ‘ : o

.

3a npeReraun KORTAKTHOR 30HM (PHC. 14) B TEAO MACTHRH MOXeT YKABAM:-,
BaTHCA MATEPHANR OTARWHMA no- x‘pymloc‘fn OT PACYCTHOTO. . :

-

5. METOANKA NIORSOPA FPAHYACMETPHYECROrO COCTABA MATEPRARA
N . B mp ’on ‘ . ) . .

MoAGOpP IPANYAOMETPHIECKOTO COCTABE .(PIAMIPOS NePEAOANLX 30N, XaK
yxassisanock sume (cm. raasa 111, sapuanr 1), ocymecrsagerén » Tom cayuse,
KOFAR WaBEcCTHM KapbépHHe TPYRTM HAR OPOAYKRRA XaMenNOApPoOAMANX
38BOA0B, M3 KOTOPMX TpeGyercs noX06paTh CoOTEETCTRYIOMNA cOCTAD $HAL-
TPOB NEPEXOAHLX 0B W GHPEREANTH BOINOMROCTS NX CONPANENNA ¢ METEPRAAOM
WiRaMLE RAOTHN REPBOTO CAOS PANTpa (oanccAOANES NEPEXOZNER Soma) uam
¢ YRASAKOA AOMOARNTEABHOTO BTOPOFO C/IOR ‘nepexoaniol ouu (Asyxcaofuai ne-

\
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THHM Yox = 1.7 7/a8%;

L]

Métoanka noaGopa  MaTepHaaa nepexOAHWX 30R B CYIIHOCTH OCTAETCA
Toll e, YTO H B PACCMOTPEHHOM Buitle caydae A ‘raaswi 111, mo nopsnok pac
gyera M BHOGOp psAa pacueTHHIX NapaMeTpos 3jgech GyAyT HHBIMK. i

Hopsaox pacuera u noscHeHHs B AgHHON cayuae uenecoobpasuo caenato (B0
H36exanHe MOBTOpeHHA) Ha KOHKPETHOM npHMepe no noAGopy cocTasa (GUALTPOB
ng;cexonuux 30H NPHMEHHTENLHO K CBepXBHICOKOR nnotuse TtHna Hypekckoii
I'3C, ¢ nanopom H=300 u.

Ilpu 3toM ycTpoficTBo BPHIM RAOCTHHH PACCMATPUBAETCA B ABYX BAPHAHTAX:

H3 TPaBHitHO-TANEYHHKOBOrO PYHTa H KaMeHHOA HaGpocku.

§ 26. Tipumep nOAGOPa rPAHYAOMETPHUECKOrO COCTama TPYHTa
> (pBALTPOB) nepexoAMMX 3oM

. Hcxoahme nauube

Tﬁeﬂ»&%ca: AJA NPHHATOTO THNA RAOTHHH H3 MECTHHX MAaTepHajoB ¢ HaMo-
pom H= M (pHc. 1,8) c cyraHHHCTEIM sApoM noAoGpaTh H3 HUMelOWerocs
KapbepHoro rpynta (puc. 17) rpanyjqMerpuuecknfi coctas nepBorp clofl GuAbLTpa
nepexoAHOf, 30HB, KOTOPHfi AOKEH YAOBAETBOPATL BCeM TPeGOBAHHAM, NPeRb-
SBAAEMbIM K COCTaBY NEPEXOAHBIX 30H, CBEPXBHICOKHX NAOTHH, HAAGKHO 3auiM-

§‘.

" , T AT L
§% 7 AT

v
§ ; B
gm 2 ] ] 1

=26 . < u
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Prc. 17. Tpaguk nOROGPaHHBIX COCTaBOB MATEPHANA MEPEXONHHIX 30H
R MaTepHaxa NPH3INHE NAOTHHN
51 — cyranunctafl TPYNT aaps; / — xapvepnnlt  rpYHT, Npeanasnavennuit ann
PRALTPOS NEPEXOAHOR 30HL W KAK MATEPHEA JAN NPHSMM. NAOTHHM, 2 —
KEPLEPHLR XAMOND. ANA MPHIMG NAOTHHIS (MAKCHMANLHAS KPYNNOCTL €ro
B 30He KOHTaKTE ¢ HALTPOM ngpexoanol 30HM); J— pacweTHMR rparyio-
METPHYECKHR €OCTAS IPYHTA NEPBOrO caom GRALTPA nepexosnoRk sonul, ROAY
WeEMNOFO nocAe OTCeBA U3 rpynTa / xpynuuix ¢pakun D>85 mm; 7 — «Sons )
AONYCTHMOrO o?lnnone'rpn!ecn COCYSBA TPYHTA, NPNTOAHOTO AAN YKAMAKE
B nepsuit @BALTPA Nepexonnoh sewnis; /7 — «3omna ponyctamord rpapy-
NOMETPNEECKOrO COCTABA KRMENNOA REGPOCKH AAN NPHIM NACTHHHIS,

PR

BOCTD AAPA (3KPAHA) NAOTHMH. . -
Marepnasom aas yctpoficTBa NpHIM NJOTHHN HAMEUSETCH NCNOAB3OBATH TOT

e xaphepunift rpynr (ngm Baphant) ® KapuepnniR Kamenn 2 RAR ycTpoi-

CTHA NPH3M A3 xaMemnoh nabpocku (Bropofl sapnant), puc. 17. . §
Marepnaa sAPa NAOTHHB — CYrANHOK. v ;
Cpeansie pacverstaie XapaKiCpHCTHKR cyraunka: . .
COAEpXaNNe FARNACTHX 9acThl d<0;005 am —=11,2%; ) o

nuaesaTx wacTi or 0,006 a0 0,06 su — 76,6%;

fecuanux uactyn (0,06—2,0 ax) — 11%; et

obvemnufl mec cyxoro (cxeneﬂ) CYTHHKA NPH yKAAZKe ero B SAPO mAo-

matb ¥ obecneuusaTs QGHATPANPOHHO-CYPHOIHONHYIO NPOUHOCTL H  YCTOMUN-

“
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. YACAbHL{l Bec MACTHR vvrmnm A-2.70 vln’ , N
YHCAO NAACPHMHOCTH

BepXHuii & HHXBHRA npeaean Macuunoc'ru cooTReTCTBERHO 20,19 n 20,74%;
v Kfm:umm posonacuuenns G=0,73 —081 apn onTaMagENOR BARXKHOCTA

0- .

Mavepuan ans qmnnpon—necuuo-rﬂnuhuo-ramuumun rpynr 1, ua

puc. 17, KoTopHi HMeeT craeaylOule OCHOBHbIE "B..l ’mcﬂn(u
kit

OBLeMHLA Bec €CTECTREHHORO cno:xeunn Yep™
Yep = 1,93 7/43, naotHOro yep=2,29

YAGAbHLIH, BEC uacTHi rpyu'ra A-2 70 ria®; . .

NOPHCTOCTH n-(l. i

{pwxnoro croxeyns

Dy
KO3duRHenT. paanoaepnuc'roc-ru o= -15— =175,

Koypduupent puavrpann Kep='1700 mfcyr; ..

| ;repua.n KAMEHHOA HAGPOCKM AAR TPHIM NAOTHHM — KAPLEpHBIR 'KéMeNDb 2,
pHC. !
,  OOBeMHui Bec ycx > 1,62 T/a%; yaeavnuih nec A=2,70 1/,

nopxcrocts n=0,39, xoatpqmuneu'r PA3RO3IEPHHUCTOCTH q-s

2. MopsaoKk pacuera

a) Marepuan fApa NAOTHHB — CYrAMHOK (OCHOBHBIE XapAKTEPHCTHKH NPH-
Be/leHt B 0. 1) no CBUMM CBOACTBAM ABARETCA CBASHGLI M TPYHTOM, 8 HMEHHO:
. COMepMaMHe CANHHCTHX gacTun, d<<0,005 ax ~ ll.2%
UHCAC NAACTHYHOCTH cyraunka Wq=845>7;
. Koydduunent sofokacnulenna G=0,73 — 091>0.85
O6nemHui Bec cKeaeTa I'PYHTa npH erd ymanxe, obecrneynBaiomui MoeKy-

" ApHOe cueMéHHe BONKeN (T »

7\‘ o Tcm>7ck"]_-_,: S

rne A =270 mlm3; s, —xoaMuuueur NOPHCTOCTH  Ha rpamme TeKyHecTH

W, = 2,19%; o
AW 2,70-29,19 o, 2.70
=T, =TT - T =T—-m—'5‘ .

Ilammlt TPYHT mipn ero yu.unxe 6yxlef po.nuns uoaexynnpnnn menae-

HHEM, TaK KaK Jex>Yox' (1,70% 1,51 m/ad).

. Tlpnseaennmie NapakrepucTHkH 22107 noinde OCHOBAHHE CHHTATH naunuﬁ cy-
FANHHCTHA rPpyWT cB A3 w M. Cregosatesbno, noaGbp cocrasa NEPBOro’ crow
$HABTPA K ASHHOMY COCTABY Cyr:aWHKa cAeayer NPONIBOARTL MO -METOAHKE AR
CRAINBIX' FPYHTOR. ,
6) Pacuernwii rpaawent Hanopa /p(’ N
3a pacvernnifi rpagHeNT Hanopa MoXer B npmm'r uaxcnua.nsnuﬁ rpa-

HEHT HANGpa NPH BHCAYHPANNH $nasthauronhoro NOTOKA HA HH3OBYIO TIpanb )
_ fApa TAGTHHL, onpengnneuuﬁ 10 3aBHCHMOCTH (12) :

" . ,p_,um__,ga,' ' ‘o

”

rae a —-*yl'ol HBKAOHS HNIOBOro GTKUCA 4XPA & ropnsomy (puc. 5 zc)
B nannom cuy'lae a = 76° caenomparestno, /. s

Ly T =

8) Pactitinoe sxauenne Rmawerpd Hop FPyaTA Dx““ uepuoro cAof guaNTPa

nepétognof sonm, aaifinmaiomero cBR3NMA rpynT, onpeAeasercs W3 ycaosws .(18)
uegonylllennu. OTPHBA HAH™ OTCAGHBARNS STREraTos FAUNKCTHIX 'ncﬂn; rpylmk

V +:¢ Vm"““ PRI
P

B )



r{z‘lp =4,0]; q;-032—-no tabanue, crp. 18; 8=45°— yron MeXAy Ranpanie-
MH CHAR TRAMKECTH W CKODOCTH MBTPCIIKH

JIOBATEALHO, XA TOTO, He NPOHCXOAHAO OTCAAMBIHAY AN OTPHSA
ATPEraTos UACTHIL CBAIHOIO TPYHTA, COCTAB NEPBOrO chof GHALTPA XoAKeR OuTh-
TAKHM, 4TOOM NpH CaMoOfi ero HeBroAHod packaanke MaKCHMENLHMA  AnaMeETD
ero nop Dj*™ 6us 6w: Dy™ < D§*™,
r) Cmye-r nposepuTs, GYAET JH rPaAHYAOMETPHYECKH . cOCTAD rpyun nep-
_ BOTO CI07 $HALTPA ¢ TNPeNeAbPLIM 3HAYEHWEM ZWAMETPA Nop CP* =4, un 4
! - YAOBACTBOPATDL “YCAOBHIO HEPA3MHIBAEMOCTH CBAIHOTO TPYRTA MpH PUABTPANNK
BROAL KOHTAKTA, T. €. GyAeT M YROBIeTBOPATLCA yeaodsue (20):.
’ . © I < 0,75l,
vae Iy — npnnuuaetca no aasucuMocTH -(13); I,q,—— N0 33BHCHMOCTH (21).
B aauHOM caywae HMeeM:
I = sina = sin 76° 097

1
hy = o VY D 9.75 =yoai —==—10,75=08k
. Ycuonue (20) ne yROBACTBOPRETCH, TaK KaK
’ 5 >0,751,, (097 >061).

B TexoM caydae 3a pacwernmil AMaMéTD.MOP  FPYHTA NEPBOro cAoN PGuALTPa
caeayer npuugts D™ u3 ycmmt (22). 1. e.

Dﬂm D"'<T*'_—m'¥(m —024(!#.

1 . caepomateasno, 32 pacueTHHE AWaMeTp NOp RepEOro cAoA @HALTPa cnuyer
npHHATS -

DE*" = DY 2.4 .

A) 3Han pacveTHoe 3HAuEHHE Auauerpa nop Martepkaja nepRoro caos
. gnravrpa D" =24 am, creayer npoanamuponrb TecYanO-TPABHANO-TANCUHH-

: xoBufi rpyRT | HALNPHTOAROCTL €00 AAR YKAAAKH B nepswifi cnoft GuaTpa s ero
ECTECTBEHNOM COCTORMHN MAH ¢ nepepaGoTKOfi K HA OCHOBE aHAAWIA Rath pauwo-
JBANLHEE PEXOMEHAMINN.

. JLAS BMACHONHS RPHrOXHOCTH eCTECTREHHOrO KAPhEPHOro rpynta { Ged l
ero nepepaﬁoﬂm Aaf yCTPORCTBA2 Nepeoro caos PuaLTPA CACRYET YCTaHOBMTD,
YACBACTROPRETCR AR OCWOBHOE ycaomme (19), 1. e. DY*™ < DR*,

Ran stoli uean no samucumocrs (3) onpegeuereu Magcumuanbiuil pnanep
_ero nop DJ*™ npeasapuressno onpeneun anavenue

) | u_l+0.‘5m——l+0.(5175 975
Di¥* . 0,485. 9.75}/1751——'5 25=73 s

Hs upunxemm puma CACAYET, WTO OCHOBHOC ycAomue (19) He yaos-
) Aersopercs, T. ¢ D3> DR*V(7,3>24).
Caegosarensso, 'npuwuﬁ rpynr 1 me moXer GuiTh HCNOAB3OBAH ANA
yxasaxn 8 nepnlt dumtpa Ges ero nepepaGoTKu. ‘
Cnuyer e €10 ANAJHZ W HAMETHTh K OTCeBY KpynHhie q»pamuu.
ocROBHOS ycaonne (19) n apyrne, TpeGodanns.
i a -/ noxasuipaet, .9T0 AN Y

TPYAT AOBACTBOPEHN
3 N3 9TOTO’ rPYNTA ROCTATOYHO OTCERTL QPAKUWN D>
< >85 7 9.) Oes o'nﬂna MeAKNX dpaxuudl, T. . galman Kepuepruh rpyur
MoXer OMTH ncumm ;,u yirpolictsa nepporo cAos ¢uAMIPR Hepexopuoft
e mno&guew , puc. 17, xpamas 8. _

.......
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. Tocne orcesa gpakuuit D>85 am, noaysennuh coctas TPyHra ‘3-6yner umers
N ., cheayioHe XaPaKTEPHCTHKH: ’
KO3¢pHIHEHT PAIHO3EPHHCTOCTH ) 1=126;
NOPHCTOCTb N0 3aBHCHMOCTH (24)

na==n,—011g vl =040 — 0, 1g 126 = 0,29,

obbennuit Bec iy 2(1 ~ ng) =270(1—029) = 1,92 m/a% D}, = 05 ux;

Ky = 0,25 cajcex no Sasucumoctn (28). ' .
Maxcunanbhnfl pasmep nop AAHHMOrO COCTABA [PYHTa ompefenfiercs o 3a-

BucHMOcTH (3), NpeapapuTeAbHO ONpefenHs ¥ — K03DOUUHENT HEPABHOMEPHOCTH

‘PACKNalKH YaCTHL B TpyHTe, WIH KOIPPHUHEHT JOKATbHOCTH cypdosHu:

. 2 =1+ 0057} =1+ 005126 = 7,3;

D - 0455.7.3 )/ T 1%'2%— 05=1,5 ax.

-Ha npuaeneuuoro ‘cAieRyeT, 4TO - OCHOBHOC YC/OBHE (19) PLNONHSACTCS, T. €.

MEL DR (1,5<24 as), cresosateasuo, mapHmii cocrae rpynra 3 (c ot-
cenou ¢pakunn D>85 am), yaosaersopsomwuit ocHoBHOMY ycjiesmio (19), Mo-
HKeT OuTb HCMOAB3IOBAH AJR nepaoro cnoft GHALTPA, €CAH YAGBACTBOPAIOTCH H
npyrue TpeGosanus.

XK) Yuutusan Gonbmylo CTeneHb Pa3HO3EPHHCTOCTH M1=126, gauwwit co-
cras rpyura 3 aosxen OniTh NPoBEpeH HA YCAUBHE KOMbMATHPYEMOCTH M safe-
YHBEEMOCTH TPellyH B RAPE NAOTHHB HE3ABHCHMO OT TOrG BOSMOMRO X obpa-
30BaHNe WAH HeT (NPH YAOBAETBOPEHHH YCROBHS KOALMATHPYEMOCTH Taxof co-
CTaB. QHALTPA NaeT 3HAYHTEALHMWA 3aMaC NPOYHOCTH B OTHOLICHHH satuilaeso-
ro MM rpysTa AApPa NAOTHHM).

YcrosHe KOALMaTHPYEMOCTH H 3a/1€YHBAEMOCTH TPEWHH OYACT BLINOAHEHO.
s . ecau nonoOpaurulk coctas nepsoro caosm GuALTpa n3 rpynta 3. Oyner yaosaer-
BOPATL KpuTepno (32), 1. e.

D+ 265(1—nb)
. dy n.’i ;/ 17'

B 2anHOM caywde umcen:

[

\

Vo D}, =08 ws; dyo= 0,06 sa; Yy =029 1'=12.
lNMocse noacranosxw 3HaueHnil, noayqum: . !
I. : 8 (1— 0. ;
| Do 88 _gus BSU-0B) o o 1
. dyy 06 020y 1% '
Ycnosse (32) ynosaersopsercr. Caepoparenbto, HaWHW} cocTas nepRoro 3

c1on Quabtpa Gyaer ynomenopnﬂ. YCAOBHIO KOALMATHPYEMOCTH H- 3ajeuHmac-
MOCTH TPeltHN.
3) Tpanyaomerpuuecknfi cocras FPYHTa 3 nepeorc cAom QRALTPA AROANEH
. Gutb nposeper na cyGPO3NOKKYIO NPOIROCTD, NPH npononmoh KORTaKTHOA GHAbL
Tpamum.
I(' ;n 3 caepyer cunTaTte cyd;q)oanonno"poquuu. ecan nummnmrcu ycao-
BHe T

D e oo 4= 0,0032 sin a <Ch

. . %' i nq,/l( 5 ’ e
Ias nannoro mprumepa Mueenm: ' .
sina=097, Di=0164x 1!, =1R2ma% nf=02% +'=12.

K, = 0.25 carjcex.
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Fu=082—18np + 0,0062 ('— 5)=0,82—1,8-0,20+0,0062(126—5) = 1,05;

g0 =030 (], — 1)f, = 0,30 (1,92 — 1)-1,05 = 0,29.
TNocae noxcranoBky 3Havenuil, noayunu:
0,0032-0,97
= — 0 ’
dey= _—_——0291/6_63?) 0,0097 e = 091 .aw
dci<Ds, 1. €. 0,097<0,16 wa.

TaTh CY(POIHOHHONPOUHBIM TNIPH- KOHTAKTHOA NPOAOAbHOR dUALTPaURU.
u) [Monyuewnnit u3 xapbepsoro rpyuta / nytem orcea dpaxuuft D>85 mm

(35%) rpanyaomeTpuueckKuii cocTap rpyHta 3 AJA NEPBOrO CAOS QGUALTPA HMeeT
KOYphHUHEHT pa3HO3epHHCTOCTH == 126>50.
JR DEPBOro c/Aofl (HALTPA MNEPEXOAHOH 30HL, 3AUMILAIOULETO CBA3HLIA

rpyHT  yaosaetaoper TpebopasnsM, npusefeHnsiM B § 9, 0. 2.

Haauuue 8 cocraee nanuoro rPYHTa necyaHnix ¢paxuun Ao 2 mm gonxuo
GHTh “55 ;aeuee 20—25%. B nonyueHHom rpynre 8 necvanbix ¢pakuufi comep-
KHTCR . .

2) Pacuetnuift anametp nop rpyura DE*™ ponwen Gurb Gonpute xeficTau-
TEALHOTO MBKCHManbhoro DY B cootnomennn DE* > (1,25 — 1,50) Djjaxe,
B naunom cayvae DP*™ =24 ma, DY§*™ =15 mn.  Cacaosatesbuo, RanHoe
ycaoBre yrosserBopsercsl, Tak kak DB > 1,500 v, e. 2,4>225 aa

3) Moayuennwh coctas rpywta 3 YAORNETBOPAET KPUTEPHIO KOBLMATHPYe-
MOCTH H C2MO3AJCYHBAEMOCTH TPRIAH SAPE NAOTHHUL.

4) Tpr KOWTAKTHOA (MALTPALMH W NPH OXKHA2EMbX THAPOAHHAMHYECKHX
YCIOBHAX BWHOC MENKHX cyddoanonnunx wac'nm pa:mepou dei Gymer 3Haum-
TeabHO MEHbwe’ AONYCTHMOTO PasNepa DJ. Te. dyg<D. (0097 mu < 3% n
Menbige . Dl = 0,16 Mau); .

5) Hanuniif coctas rpyWta 3 YyAOBactsOpser (c 3anacoM) Kputepuio (20)
T. €. Hepa3MbLIBAeMOCTH CBA3HOrO FPYATE NPH KOHTAXTHOH MPOACALHON dHab-
Tpalluw, TaK Kak DR* = 24 mu > D™ = 1,5 mum. Qelictanresno, nmeem:

1 1
Iyp === — 0,75 = —== -0,75=182;
) Kp V . vy 5 Vm 0 -5 l 2
o . <018,y 097<1,37 (Ryn = 1.4).

M3 npusesenHbiX pacueTosB M aManH3a cAeAYeT, UTO BCE TPeGOPAHHR, Npead-
ABafieMble K COCTaBY rPyHTa NEpBOro cAof GUALTRS nepexoanoll 30ouu < n>50
Bro/iHe YAOBJAETBOPSIOTCS.

ChegosatenbHo, noAyveHHbli H3 ecTecTBENnoOrq Kaphepuoro rpyera / nyred
oTCeBAa TOAbKO KpynMmx ¢paxunk D>85 mm rpynt 3 (35% xapuepworo rpyura)
MOXET GHTb DeKOMEH/IOBAH AAA YKAAAKH B Nepsuft croft guasrpa nepexoanof
30HH.

«30Ha NONYCTHMOFO IPAHYJIOMETPHYECKORY COCTABAE rpylta 3. npwroanoro
nan ‘y7x.nanxn B Nepeuit cAOk uavTpa nepexomoﬁ 30HB» NpeACTABNCHA BB
pHC.

X) ToAmiHua nepsoro cAon duabTpa (M NOCABAYIOUIHX CAOEB, €CAW B STOM
€cTh HEoOXOAHMOCTL) AR BHCOKHX H CBEPXBHCOKHX NJAOTHH HAIHAAETCA, €O-
macuos 10, no sasncumocrn (10).

B nasnom c:lgtue MNHHMaJAbHAA TOMWHHA NEPBOro CAOR QUALTPA ZOAKHA
6uth: Togm>3+3, S &, rae =35 s — cymmMapHuUfl paMep rOPHIOHTAALHWIX
CMemIeHr siapa uaM npuauu NAOTHHH.

’
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Caenopatenbyo, AanHpifl cocTas rpynta 3 nepsoro c1os QuAbLTPa cnenyer CuH-

TPYHT, MOXeT OHTb NPHHAT "KO3QOHUHEHT pasHoszepHucTocTR N>50, ecau 3tor
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3. Conpaxlenne nepexonAHON 30HH
. ¢ matefuasom npu3IM NAOTHHSN

B n. | nacroawero naparpada (Hcxomuwe RaHHbe) YKa3biBanoch, 410 ma-
TepHAAOM AAN ycf})oﬁcraa NPH3M BAOTHHHL HAMEYAETCH HCROAb3OBATh TOT XKe
Kaphepuit rpynt. [ (nepeuii Bapuaut) ¥ Kapvepuuifi Kameun 2:ann Kamenwof
Ha6pockn (BTOpOfi Bapnant), puc. 17 .

Mopanok pacuera

I. MaTepnan npH3Mb! NAOTHHM — eCTECTBEHHBI, Kapbepuuifi rpyut /. puc. 17.
a) OnpenenrsieM cpesunii pasMep nop MaTepHana npHambl NAOTHHH (rpyHTa 1)

DY no aasucumocrn (42):
8 n - 022 .
D} = 0,455 } 1, ﬁ' D}, = 0455 Y175 T—007 25 =075 ax; |

=175, n, =022; D=25 su.
6) Henpocwnaemocts Matepuana nepeoro c1os GAATPa B MaTepian npus-

n
MH MAOTHHN GYXET obecneyeHa, €CaH YAOBNCTBOPSCTCA YCAOBHE (40):3;’-& 18,
' : of

pr 075 . Lo
orkyaa D> 1—8“ =g =042 #n, uT0 3HauuTeNbHO Menbie Dgy=22 un.

" Caenosatesbho, B nannom cayvae D! = Dl =042 wx nenpocunaemocts
MatepHasa nepeoro ciosi GuALTPa B MAaTepHan MPH3MH NAOTHHH W3 rpyuta [
Bitosnne obecneuwnaercs. ’ .

2. Matepnan npHIMbl NIOTHHH — Kapbephutit kamehn 2 (puc. 17).
a) Cpenuuii AnameTp NOp AaHHOTO MaTephana ’

_ : — 039
D= 0455 ¥/ 7o [ Dy = 0455 ¥/ 8y 70=29 wx,
' w=8 n,=03% Df =70 s

6) Coraaco § 23 csoaooGpasyouMe ¢pakunn cios ¢puantpa nepexoaxoit
30HH MOXET GuTh npuusTa Di < Dy, B ammow caywae Dy =22 aa.

8) Henpocwnaemocts Matepuana ngpsoro clof $RALTPA B MaTepHan Ka-

MeHHof wabpockn Oyaer obecneweHa, echin yaoBiaersopsercs ycaoshe (40)
. , Dt
S

< ‘18'

npuunmaer D) =Dl =22 ax, noaywmuu FH=16<18.

Henpocsinaemocts - Matepuana nepsoro cnos ¢uabtpa rpyata 3 B Mate-
PHAL MPHAMLL MAOTHHW H3 KameHHON HAGpockH 2 oGEcneuHBacTCH, AONOAHHTENAL-
HOM mepexoAHofi 30HH (BTOPOTrO CAof) He TpeGyercs. .

r) B nanHoM caydae B NpHaMBl NAOTHHH MOXKeT OhiTh YAOXKeH Kapbepuuift
matepuan ! HAM KapoepHHA KaMeHb 2, WM NPH3MB IJIOTHHM MOTYT BO3BO-
AHTHCA H3 KApbepHOro KaMHa 2, a 3achifiKa <«Ma3yx» BLINOVHATLCA KAPbePHHM
MATEPHAAOM /, 4TO 3HAYHTENABHO YNPOUHHAQ OH TelO NAOTHHM.

A) «30ma ROMYCTHMOrO cocTasa MaTepuaia KaMeNnodl HaGpocku» Moxer
GuTb HA3uaveHa B NpeAenax MeXAY KPHBHIMH [PaHYNOMETPHYECKOID COCTABA
rpynra I u xKapvephoro kamus 2 (sona /1), puc. 17. .

TMpumenanne 3a npesenamu npuxoutakTHOM 3oHu (pnc. 14) xa-
MeHnroR HaOpockH B TeNo BAOTHHLI MOXET ObiTh yAOMeH Oojee Kpynuuifi
MaTephaj KaMns, , K '

.
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