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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 Institute 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.



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."

.4
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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 construct,-__
ing hydraulic engineering structures beginning 1 January 1972, with the
USSR Ministry of Power and Electrification No VSN 47-71

Minenergo-USSR

I
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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

a 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 Introduction deadline
All-Union Scientific of the USSR Ministry of

Research Institute of Power and Electrification 1 January 1972

Hydraulic Engineering on 26 July 1971
imeni B.Ye. Vedeneyev
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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 I-I, 4-71.

'at

Figure 1. Earth Dams

a--with upstream impervious triangle; b--with facing; c--with core;
1--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 wich 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

*



piping are differentiated: mechanical and chemical. In 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 Varticles in
an amount of not over 3-5Z 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 deformations.

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 soil 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
enloads.

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.

d 6



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
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;

Dmax--maximal diameter of the seepage pores in the filter layer;
D ~c --estimated diameter of the seepage pores of the soil of the

filter;
D10...D17.. D6 0--diameters of the particles of the soil of the reverse filter;
1; YP ;Yf - 0 --coefficient of variation of granular size of the soil and

the soil of the reverse filter;
njn --porosity of the soil and the soil of the reverse filter (in

fractions of a unit);
Kt; Kr--coefficient of seepage of the soil and the soil of the reverse

filter;
--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;
Sdcr--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;

dlO...d17...d60--diameters of the soil particles;

SIK V --critical pressure gradient and seepage rate at which the
mechanical piping or erosion of the soil begins;

* [ 7



9.,--coefficient of critical rate;
f*--derived coefficient of friction;
V_ --permissible gradient of pressure and seepage rate, equal to

07% the critical (reduced), with respect to the safety factor;

--- estimated gradient of pressure, determined by the seepage
estimate or EGDA method;

8 --angle between the directions of the seepage rate and the
forces of gravity;

)--coefficient of nonuniformity of distributing the particles
of soil (filter), or coefficient of piping localization;

Y --- volume weight of dry soil;
A --specific gravity of soil particles;
Y" --volume weight of water;
V --coefficient of kinematic viscosity of the water
W/--moisture content of the soil

WM --maximal molecular moisture capacity of cohesive soil;
ir --limit of flowability of the soil;

--limit of rolling out of the soil;
J4ff --plasticity number of the soil;

G--coefficient of water saturation (moisture content) of the
soil;

k --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.

4,

Section 3. The purpose of transitional zones. Transitional zones are the
transitional, intermediate layers of soil joining the loamy (cohesive)
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.

Section 4. Problems of planning the granulometric composition of the filters
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:

1. Establishing the degree of soil cohesiveness of the core (facing) of the
dam and its estimated parameters (granulometric composition, weight by volume,
porosity, plasticity number, water saturation coefficient, etc.) characteriz-
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.

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

.. 8



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, transport,
developmental conditions, etc.) should be the guidelines in the choice of
one or several of them.

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
during contact seepage (along the layers) and dangerous mechanical piping in
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
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 limits 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-or-bank
soils or soils obtained at rock crushing plants, designated for the trans-
itional zones, are outside the recommended limits stipulated by these

* 9
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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 transitional 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 t? the strength of the basic dam embankment, but be at
least 300-400 kg/cm . In 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 5Z.

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 RGDA

10



method: maximal estimated pressure gradient (Imax) 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.

hi

I
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Chapter 2. BASIC ESTIMATED CONDITIONS FOR PLANNING
THE GRANULOMETRIC COMPOSITION OF TEE 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 zone
(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<O.O05 m. in size:

Loams. .O....... ..... ..... .... 10-30%
Clays ...... ....................... . over 30%
and with a plasticity number W.:

loas .......... .................... 7- W ; 17
clays. . ................. Wj > 17

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

Wry> W , where W. is the flowability limit and W. is the flattening limit
of the soil.

12I
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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

S I . (1)

where A is the specific gravity of the soil particles in g/cm3 ; &,is the
coefficient of porosity with Wr:

1 W, (2)

where Y. is the volume weight of the water - 1 g/cm 3.

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, .c7 is planned or

* selected in the same way as for noncohesive soils in accordance with [l], or
the final decision is 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= Dfax . Here the maximal size of the pores

of the soil of the first layer of tie filter should be Dmax !l.5 cm, and the
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
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 zones 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.

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
removed at any seepage rate.

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



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

'.=/ -.D, (3)

where % is the coefficient of the nonuniformity of the distribution of the
particles in the soil or the coefficient of the piping localization:

% .I + o,05r,1,; (4)

D" is the coefficient of the variation in granular size of the soil;
n, is 8D&e porosity (in fractions of a unit); D,7 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 Dmin.

If it proves that
0,77D -Dc>D,.,, (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

Dc" ¢c ,o;: Dac, (6)

* where Dmax 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-- /

If, however, it turns out that

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 D.ax.

maxKnowing D~1 , we determine the unknown maximal percent of removal from theI 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:

(8)

where N=(0.32+0.016 ) / N;

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.

5

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
soils should be designated [2]:

)to 3. (9)

As practical experience shows, placing the soil with <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
soil 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 mr in an amount not less than
20-25%;=

15
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b) The estimated diameter of the pores of the soil (with y4 > 50), when it

is not advantageously distributed should be greater than the actual maximal,
i.e. DP'°'> (1.25-1. 50)DX;

c) The granulometric composition of the soil with i)>50 should satisfy the
criterion of the ability to silt up and weld cracks Ln 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 '>50), with the contact seepage and given specific hydrodynamic condi-
tions should be less than D5, i.e. d,; < D5 (with a certain reserve as compared
with the relationship (29)--"the removal criterion");

e) The given composition with 10> 50 should satisfy the criterion (20), i.e.,
the condition of inadmissibility of the erosion of cohesive soil with longi-
tudinal contact seepage.

qz)
, /2 , 2 3

rO:5. 0 0

'.a o 0 0
*0' 0-

-- 0

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 firstI layer of the filter of the transitional zone, if its thickness is negligible,

-' for example, equal to t' (Fig. 2). Consequently, the construction of thefirst layer of the filter of the transitional zone with a fine-layer is not

permitted for high dams.
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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-

anated (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 (It <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 Tmin for this type of dam should be (Fig. 2):

Tu 3 + 0' (), (10)

where t' is the total size of the horizontal shifts of the core or triangle

of the dam (in i), 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 1p 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):

sin (
cos '(s

where 0 is 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 PZ), which may be assumed equal to:

J G<W 1. (12)

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

.2

Figure 3. Estimate Pressure Gradients

1--core of the dam; 2--transitional zone (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; Ik--pressure gradient (oozing) with the emergence of the
• + seepage flow at the downstream surface of the core in the filter

layer; IjaX--same maximal pressure gradient (oozing) at the water
level of the tailwater (p ;e A).

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

s,( .13)

where A is the same as in formula (12).

Thge es e gradient Ik should be less than the critical one (sect. 14),
when in the contact zone there willbe no breaking off of clumps of particles
of the cohesive soil of the core of the dam and no erosion of the contact zone.

"o3. When there is a runoff of seepage water (or storm waters) along the contact
of low and the wtr second layer of the filter, Ikmay be assumed for
the estimated pressure gradient from the relationshp (13), and in the case of

seThe maximal angle of the core of the dam is customarily recommended as

et , 7 6-80 °•.
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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-i (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) When the downstream triangle of the dam is made of riprap:

* (14)
1

where 2 is the pressure exerted on the dam; S. 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: z(14')

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); J6 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:

/P t9~ (15)

where A is the angle of incline of the upstream slope of the facing toward thehorizon ( o< 900) •

6. In 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 bei taken as:
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h jg,. (16)

where kr is the coefficient, calculating the pulsing regime of the longitudinal
seepage (with respect to the eroded pressure gradient with uniform established
longitudinal seepage)*: kn-1.13-1.50 (the mean value k,-1.35 is recommended
for estimates); Ik is the gradient in the filter layer (filter preparation)
at the contact with the cohesive soil of the facing (for the downstream slope
of the dam):

1f =sin I . (17)

where is the same as in formula (15).

| .-

*i

From the data of N.N. Belyashevskiy, professor and doctor of technical
* .sciences, and N.G. Bugay, candidate of technical sciences.

I2
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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.

* - 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
downstream and upstream sides of the core of the dam [17, 181.

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
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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).

/4i

Figure 4. Earth Dam With Core

1--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; Ik--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 coriespond 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

t 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
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
of the first layer of the filter should be such as to ensure molecular co-
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, Dr'" of the
material of the first layer of the filter protecting the cohesive soil should
be determined from the following relationship:

D(ca). (18)

with D""" <0.583 cm, O=O90 ° .

WhenO 0, I.e., when the direction of the seepage coincides with the direc-
tion of the force of gravity, the relationship (18) takes the form:

, D 'ac ' (18')

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); q> is the experimental coefficient of the pressure gradi-
ent, the values of which ' =f() are given in the table.

2
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Values f U')

* ........ o I>,,

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:

(V2f ca). (18a)

where DP""< 1.5 cm, 0=00 900.

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); 1 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 "!a L,)IO' (19)

where Dmax is 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 Djp '  or ,Dmax , assumed 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).

L.
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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 soil with coarse-grained material, the maximal size of the pores in
it DEax should enable the following condition to be satisfied:

0,751,; (20)

where Ik is the estimated pressure gradient in the coarse-grained soil at the
contact with the cohesive soil and is assumed from the relationship (13);
Ikp is the critical pressure gradient for the cohesive soil coming into con-
tact with the coarse-grained material:

INP . 0,75, (21)

where 0D , in cm is determined according to the relationship (3), and
DMaxl.8 cm.

c) 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 Ikg , which will be equal to Ik -Ik:0.

7 5.
Then, this value is substituted in elationship (21), and solving it for
D ax , we obtain:

D+KC (c.M). (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 (DIo, D17, D60
and D10 0) of the given composition of the soil and plotting its curve of
granulometric composition is carried out below in section 15, except that in
the relationship (23), instead of DP"' Dmax is substituted, 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 D1 7 of the first layer of the filter from the
basic condition (19), substituting instead of Doax from relationship (3),
its value, and solving it with respect to D17, we obtain:

Df. -I-n (23)

where Y_ is assumed from the relationship (4); C-0.455fv: ; qO is assumed
in accordance with the relationship (9), section 9; y i: the permissible
porosity of the material of the filter:

.$ tn-- 0.1 II , (24)

where n?, =0.40--for sand-gravel-pebble soils; ni -0.45--for rubble soils.

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

0,,: ID,,, (25)

and we find the coefficient i from the graph i- /(DI/DI 7), (Fig. 5).

-Dll

. N 40 60 8 ,,4=

Figure 5. Graph ,

S"26

* i



c) The controlling diameter of the fractions of the first layer of the filter
is determined from the condition

D, = Y*Dw (26)

d) The maximal diameter of the fractions of the first layer of the filter
max =D1 0 0 should be determined from the relationship

D,5'O-D- . (27)

where x=1+1.28 lgr; D1  and D are the sizes of the fractions, obtained
from the relationships ?25) and (26).

e) From the estimated values of D1 0 , D1 7 , D6 0 and D100 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 given composition of the soil satisfies the basic condition (19), i.e.,

DXDoax ," which corresponds to its most disadvantageous distribution for

the estimated value assumed for the coefficient of variation in granular
size, ZYLc.

g) The estimated curve 0 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 limit" of the curve # is not permitted, as this
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

granuarsief =- o '(curves 1 and 2, Fig. 6) are suit-
able for the first layer of the filter. These soils create a considerable
reserve to ensure the seepage strength of the protected cohesive soil; 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 0 is recommended within the limits, as
is indicated in Figure 6, curve 1, so that the estimated size of the frac-
tions D6r"t7 of the curve corresponds to the size of the fractions D'8 5 of
curve I, and the estimate size of the fractions Dio of the curves, to thesize of the fractions D'35 Of curve I, i.e., D60 D'85 and DI0  -D' 3t

Then the curve I will be the "upper limit" of the permissible granulometr c
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

P--cohesive (clay) soil, protected by the filter; p--estimated
granulometric composition of the soil suitable for placing in the
first layer of the filter with "'C (lower limit of the "zone");
I--zone of permissible granulogetric composition of the soil suit-
able for placing in the first layer of the filter; 1--soil suitable
for placing in the first layer of the filter - P /" "upr ii

~of the "zone"); 2--soil, suitable for placing in he first layer of
the filter with '4< Fc a--area of permissible sizes of fine

* fractions DI< DIn (10%) in the composition of the filter (from Dmin-
A =0.005 to D10 m).

i) Fine fractions in the composition of the first layer of the filter in an
amount of 10% (by weight) with a diameter D<Dl '?may be of any size, less
than Dl0PCZ for example, from 0.005m=m to D10P'c), 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 t') may be determined from the
formula [1] of M. Pavchin:

-A .i.: n,, (, /c,.). (28)

Aum-i4/ .L (l/cm.sec) ; P, is 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, 9 -1; for

2low

rubble soils. 9, =0.35-0.40; v is the kinematic coefficient of viscosity of
the water, in cmZ/sec; D1 7, in cm; or from the formula of A.N. Patrashev

= , ,, (28')

where g-981 cm/sec2--the acceleration of the force of gravity; Do(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.

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)

0,0032 sin a
o'qo( KJ1 /, (30)

, o,8 - 1,8n + 0,0062 (1,- 5),
(31)

dci 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; o is the angle of incline of the downstream slope of
the core toward the level, Fig. 3; 41 is the porosity of the soil of the
first layer of the filter (in fractions of a unit); yx is the coefficient of

A variation in granular size of the first layer of the filter; K# is the coef-
ficient of seepage of the first layer of the filter; e is the volume weight,

• y = A(1-n), A =2.60-2.65 g/cm .  istevlmwig,

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.

c) 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., Do ? is not equal, but is
greater than Dmax (D. 7 > DMax).

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, dc;, the new
granulometric composition of the first layer of the filter to be 100% with
D'minldc;", 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'1 7 and 7j, and
from the relationship (24) we determine the porosity n . From the param-
eters obtained from the relationship (3) we determine Dmax.

If it turns out that DtmaxXD Acr, 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.

If, however, it turns out that condition (19) is not satisfied, a new granu-
lometric composition of the soil of the first layer of the filter should be
designated (see below, section d.).

1000
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Figure 7. Selection of the Granulometric Composition of the Soil of the

First Layer of the Filter of Transitional Zones

r--cohesive (clay) soil, protected by the filter; 1--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,1 =D"1 7 (with the drop of
the coarse fractions> D"max). A--particle content, in %.

d) The new granulometric composition of the soil of the first layer of the
filter is designated from the condition that d, =D1 7" (Fig. 7, curve 3).
Knowing D1 7" from the relationships (25), (26) and (27), the fractions D10,
D1 7, D6 0 and D100 are determined. From the'sizes of the fractions D10 ,
D17, D60 and D1 00 obtained, a new curve is plotted for the granulometric
composition of the 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 conditions (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 planned and arranged with a granulometric composition that will
keep the clumps of cohesive soil 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.

2

0
0,

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 zone).

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) If 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.

e) If 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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(32)

where D17 is the diameter of the particles of the soil of the reverse filter,
with less than 17% by weight contained in it; n is the porosity of the soil
of the reverse filter, in fractions of a unit; j# is the coefficient of
variation in granular size of the soil of the reverse filter; d90 is the
diameter of the particles of the soil of the core of the dam silting the
first layer of the filter, with less than 90% by weight contained in it;
d90 Zd"P or dg0 (0.2-0.1)d9Ae , where d245P and d9 P are the size of the
aggregate compositions of the clay soil with its erosion (with the coeffici-
ent 0.2 corresponding to the soil with a plasticity number of W,=5-10, and
0.1- 4>10).

If in the inequality (32), instead of d90 , its mean value is substituted,
expressed by the aggregate quality , i.e., d90 ,0.15d 90 , the condition of
the silting tendency of the first layer of the filter by the aggregates of
cohesive soil will have the following form.

D17 4(1-n,) (32')

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 D17 from the relationship (32),
i.e.

O. "n, - '(33)

The remaining sizes of the basic estimated fractions of the curve of the
granulometric composition of the filter D1 0, D60 and D10 0 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, curveib) 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
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 [181.

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.

Taking into consideration this condition, the granulometric composition of
the transitiona zone at the given upstream section of the core (from VNPU 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 substantiatiou, 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 U1O 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).

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
soil of the core, has a positive effect on the strength of the material of
the core. The operating conditions of the transitional zone at this section
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
flow to the slope, breaking away or separation of the material of the core
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 [181. 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., Wt>,7, with the fluctuation in
the moisture content W in the plasticity range:

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

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

Y!

where 'y 'is taken from the relationship (M).

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:

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 rfO cosO =1, we obtain:

D*N" -Vc- 1 0,4 0 = 0,583ci = 5,83xx.

e) For high dams with a pressure head of H->O0 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
kj-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

_ the UMO level to its foundation should be assumed:

DdC t -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 (Dmax) of the first layer of the
filter of the transitional zone should be:

DmaD: O =4.65 mm

where Duax is determined from the relationship (3).

g) Determination of the estimated sizes of the fractions (DI0 , D17, D60 ,
D10 0 ) of the given composition of the soil and plotting the "zone of per-
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 condition (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. Planning (Selecting) the Granulometric Composition of the Soil of the
First Layer of the Filter of the Transitional Zone for the Downstream

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')*

D0,34

whereif is taken from the table, * (4); , is 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
at the contact with the material of the first layer of the filter (or deforma-
tion), the basic condition should be satisfied (19):

See section 13, b.
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where D ax 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"
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 grazlulometric 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
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 (DP'") of the first layer of the filter.

0

When it is inadmissible for clumps of particles of cohesive soil to break
away or separate at the contact with the first layer of the filter, the
relationship (18')*should be used to determine D."1'1

where is taken from the table (p j4); I is determined from formula (15) i.e.
e* *

See section 13, b.
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Ip=tg PO
where ( is the angle of incline of the upstream slope of the facing toward the
level (Fig. 9).

Figure 9. Dam with Facing and Blanket

1--embankment of the dam; 2--facing; 3--blanket; 4--transitional
zones (filters); 5--protective layer; z--pressure head at the A-B
section; z'--pressure head at the section of the facing where the
curve of depression adjoins the embankment of the dam made of sand-
gravel-pebble soil; DO  --maximal size of the seepage pores of the
soil of the foundation of the dam.

b) The composition of the first layer of the filter obtained, with D"'
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.

Ik 0. 7 5 1 kp

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

Ikfsin *

where 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:

!,<0.751,p, (34)

where I, is assumed according to the relationship (16); IK,--according to the
relationship (21), having assumed Dma x = DPa.

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

0

Then formula (22) may have two values:

1) For a fine overburden of the facing

* See formula (17)
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(-+"1 )W (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:

0,56D' Kc: . 56 ). (22b)

where In=knix, see the relationship (16).

The value of Dmoax obtained from the condition (22a) or (22b) is taken as the
estimated, i.e., DPA" = D ax , if condition (20) or (34) is not satisfied.

d) The estimated sizes of the fractions (DI0 , D17, D60 , Dl00) of the given
composition of the soil are determined and the "zone of granulometric compo-
sition of the soil 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) In 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 should 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

1--embankment of the dam made of cohesive soil (with Wy>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;
i%--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 15).

I,-

* 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 oozing onto the upstream slope of the dam, the estimated size of the
diameter of the seepage pores of the material of the seepage preparation
(D ), is recommended as being determined from the relationship (18'):

-/'0.3-

and in this case to be assumed is =1, r =tgo , where Ais 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), i.e.

where f Iax is 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):

I , .75I,. (34)

where 1. is assumed in accordance with the relationship (16); .p --according
to the relationship (21).

d) If condition (34) is 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 ofthe rock fill (D"") or an opened crack (b4 ) in the reinforced concrete

covering (Fig. 10).

This condition may be expressed by the following relationships:

1) For the rock covering:

D, >OA5DL'. (35)

where D5 0 is the estimated size of the fraction of the filter preparation
(taken in accordance with the curve of the granulometric composition of the
material of the filter preparation); D'" is determined from the relationship
(42):

D > 0.55ba. (36)

If the estimated size of the fraction of the material of the filter prepara-
tion D50 does not satisfy the relationship (35) or (36), the value of the
coefficient of variation in granular size, q, of the filter preparation
must be changed toward an increase (within the limits up to y r25 for
rubble soils and up to jo_.!?20 for sand-gravel soils), i.e., a more varied
granular composition is designated for the material of the soil of the filter
preparation.

If even in this case the relationship (35) or (36) is not satisfied, this
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

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).
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Estimating Procedure

To plan the granulometric composition of the filter preparation, the physical
characteristics of the (protected) cohesive soil 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:

with 4-2.70 g/cm 3 , Ey--the coefficient of porosity (at the flowability limit)
is equal to:

.W, 2.70.36.46

After substituting the values we obtain

2,70
l'Cx 4 ,j 1.19 e/ceja-.

According to the plan the volume yeight of the soil placed in the dam embank-
ment will have , -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
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 Ais the angle of incline of the

* I upstream slope of the dam toward the level (Fig. 10).

In this case Po=15*; I- tg/ -tg 150-0;27.

The coefficient of the pressure gradient is f -1.
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After substituting the values in (18'), we obtain:

1 / if3 0-,3-4=052 cu=5.2 am.VI=  1/ .0,27-1- - 1,,,y 05

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.

Dax 5.2 mm

where Dmoa x is the maximal size of the diameter of the seepage pores of the
material of the filter preparation.

d) The filter preparation with Drax5.2 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 N=15; according to the relationship (16) we
determine

I ,-k,I 1 .35 sin 15*-i.35-O.26=0.35.

The value of I1 is determined from the relationship (21):

711I.j) -0,7= -__ 0,75 =0,

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

Condition (34) is satisfied. Consequently, the given composition of the soil
with ,ax=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
protection against wave action.

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 Df 't= DaIax5.20 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-
graphs f, g, h, i, J, k.

As the filter preparation for this example we assume sand-gravel soil with
the coefficient of variation in granular size 9 -20. The porosity -- fl

of this soil is determined from the relationship (24):

ii*= no - 01 Ig i.= 0,40- 0,1 Ig 20m- 0,X.
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1) The diameter of the fractions D1 7 is determined from the relationship (23);

D17 - Dq i-n. 5,2 1-0,27D1 c =Tb7 -- ,=9,49,0 .v,
Y-= I + 005% = I 1+0,05.20=2;
C_ 0,4&5V_=0,455 V-20=0.75.

2) The effective diameter of the fractions of the filter preparation D1 0 is
determined from the relationship (25):

DIO = IDn =0.64.9,0 = 5,8 v i;

where Y,=20 from the graph, Fig. 5, i=0.64.

3) The controlling diameter of the fractions D60 is determined from the
relationship (26):

DW = ,D 0 = 20.5,8 = 116 M.

4) The maximal diameter of the fractions D100 is determined from the
formula (27)

Djoo= Djo+ l01rD eo 5,8-- 167. * 20- 1
5- T - 5,8+02' .2o =210

= + -1,281g -,1 = 1+- 1,281g 20 = 2,67.

From the values obtained for the sizes of the fractions D10 , D1 7, D6 0 and
D100 , 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
placing 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 DA'" or the
possible permissible covering of the crack j , with a reinforced concrete
covering of the upstream slopes of the dams Is determined from the rela-
tionship (35) or (36).

For the given estimate example, when D5 0 -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 41):

* Here the minimal thickness of the layer of the filter preparation--Tmin
(according to the seepage conditions) should be:

r,, (3 -. 7) D, (10)

i.e., Tmin ;75-100 cm.
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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.

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, 111:

k= I - d1,1 (cxlfei), (37)

where f-- is the coefficient of variation in granular size of the loamy
soil; v is the kinematic coefficient of the viscosity of the water (cm2/sec);
d1 7 (mm) is the size of the particles of cohesive soil, contained in an
amount of 17% and less by weight; 7,# is the actual porosity of the cohesive
soil and is determined according to the relationship

n i = - W, CK. (38)

where n is the porosity, corresponding to yc. the volume weight (frame) of the
* dry soil; n =l-A ; WM is the maximal molecular moisture capacity of theA

cohesive soil and is determined by the micro-aggregate method:

Wm = O,016A + o.4g + 0,1B + o,35r, (39)

where A, B, C and G are assumed in percents depending on the particles d;
A-d-O.5-0.25 mm; b-d=0.25-O.05 nmn; C-d-0.05-0.005 nm; G--d<O.005 sm
(percents A, B, C and D are taken from the curve of the granulometric com-
position of the cohesive soil).

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

-c=1.75 i/m
3 ; A -0.35; ql126  d17-0.0065 m; V-O.013 cm

2/sec (when t=lOC).

From the chart in Fig. 16, we obtain:

d-0.5-0.25 mm ...A-8%, d-0.05-0.005 m C20Z.
d-0.25-0.05 mm...B-20%, d<O.005 mm... G-15%,

After substituting the values in the relationship (39), (38) and (37)
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Wu = 0,016.8 + 0,04.20 + 0.1 .20+ 0 3 15 - 8.2% = 0,082;

X 0,35 --- 0,082.175 0.207;

k, -.6 _ , 00065-4,12.10- c/1.ece
2 003-(1 _-0,207)2

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;

1--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);

c) 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 materialis 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);
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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; 1--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.

r ff ffZ",' . 2

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

1--core of the dam; I--first layer of the transitional zone;
Il--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 separates 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

1--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

b "00.0' 0 %

* V . aV H

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

1--core of the dam; 2--transitional zone; 3--triangle of the dam;
4--natural run-of-bank gravel-pebble soil, used for "slot fill";
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 fill).

I.
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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 fill.

3. Procedure for estimates. A. In 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:

7 ,N T"(40)

where D 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'r:

D~r5D~j u,. ~m,(41)

where D5 0 pertains to the lower limit, i.e., to the estimated curve 0, Fig. 6,
D75_80 is the average diameter of the pores of the material of the triangleof the dam; it is determined by the following relationship:

D,- 0,455 _, r-"-,, (42)

where = 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;
no is the porosity of the material of the triangle of the dam; D 7 is theJ diameter of the fractions of the material of the triangle of the dam, in
the composition of which 17% 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 c and d of this item (Fig. 14, 15).

Note. If 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

, .s. ,(43)

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

D7 0, 2.52 ",S, nil (44)

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

3. Then, having assigned the value If (section 9) and determined the value
from the relationship (24), we find D1 7 from the relationship (44) and the
estimated values of the fractions DI[0, D60 and D10 from the relationships
(25), (26) and (27).

4) From the values of D1 0, D1 7, D60 and D10 0 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 limit 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
of 3-5 m, Fig. 14), with the first layer of the filter should not be coarser
than the estimated curve.

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

In this case the estimated curve D1 0, D1 7, D60 and D10 0 may be taken for the
"* lower limit and the upper limit may be designated beyond the limit of the

ratio DIV >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).

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,.(D 50 (or DD50) 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
gradients occurring at the site (. = sin x-), 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 which the arch-forming fractions may be re-
moved, , D5 D50 (or D,,I D'r), 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 IA (Fig. 3), i.e.

(45)

The critical gradient of the removal of the arch-forming particles of the
soil of the first (second) layer of the filter Dr.D50 or D,, .D 5 0 may be
determined from the relationship of A.N. Patrashev:

KID n+i (46)

0,81" ' IV 0,82 I ,(T1,, I)!.; f, .0 2 - 1, i 0,0()62.(. -5),

where Dmr is the diameter of the arch-forming particles of the soil of the
transitional zone, in contact with the material of the triangle of the dam,

in cm; Ap ,, ', A (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; ZK 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 L) 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. l,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<0.005 mm ... ........... ... 15%
Dust particles from 0.005 to 0.05 mm .... ............ .20%
Sand particles from 0.05 to 2 mm ..... ............. .. 45%
Gravel-pebble particles>2 mm ..... ............... ... 20%
Volume weight of the fram of loam at placement in
the core of the dam J........... * ...................... 1.75 t/m3

Specific gravity of the particles of loam A . ........ .. 2.70 t/m3

Porosity n .......................................... .. 0.35
Plasticity number Wr ....... . .................. . 13.98%
Upper limit of plasticity WT ..... ............... ... 35.46%
Lower " " " W ....... ................ 21.48%
Optimal moisture content W0. •. . . . . . . .  .. . . . . . . .. & 17%
Coefficient of water saturation G with optimal
moisture content ........ ..................... ... 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 its composition d<0.005 mm--15%, plasticity number W4=1 3.98 >
'7 (add.), coefficient of water saturation (when WD) 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)

where A=2.70 g/cm3 , -r is the coefficient of porosity with WT (moisture con-
tent of the flowability limit) and is equal to:

A IVT 2,7035,.46

where Ya-, g/cm3 is the volume weight of the water; after substituting the
values we obtain

2,70
7CK T- r_ 1,38.

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

yCK > 1,38 Z/c.j 3  (no npoeicy c- = 1,75 Z/c.M3)

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):

• 'r~~I&c----tg ,

where 6t is the angle of incline of the downstream slope of the core toward
* the level.

In this case, A =80, and Imax = tg80°=5.7.

P

d) For this pressure gradient, Imax =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):

*i~0,34 -- 34 -
= f/p'+ Cos 0 .0,,t.5,7 +,0

where 4 =5.7; y =0.38--from the table (p ); O 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 Do~a, as indicated above, would be less than or equal to DO , i.e.,
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e) This soil composition, with an estimated diameter of the pores of D'] T

=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 I<0.75L1 , where 4, is assumed from the relationship (13), 17--from the
relationship (21).

In this case we have]f sin - sin 808 - 0.98;

I - - o,7 . --I .0,75 -o.83.

Condition (20) is not satisfied, since

/K - 0,98 , .O - 0.62.

In this case a new composition is adopted for the first layer of the filter,
from the condition (22), i.e.

age 0,56 0,56
/K 1 0,56)1 - (0,98+056)2 = 0,23 ct,

dac< 23 m.vI

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

Dxma =D"' = 2.3 mm

f) The coefficient of variation in the granular size, y, 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?"t = 2.3 mm. According to section 9, <_50. As an example we
will take 2/ =36.

For the =36 assumed, the Premissible porosity for the rounded fractions of
the material of the filter 4' is determined from the relationship (24):

= ,,oi- 0,1 Ig o4- 0,40-0og 36 . 0.24.

g) We determine the diameter of the fraction D1 7 from the relationship (23)

2,3 1-0,24

4i+.5 28C = - 0,455 = 0,455 V3--- 0,82.

h) The effective diameter of the fraction of the first layer of the filter
* of the transitional zone D1 0 is determined from the relationship (25)

D10 =ID7'= 058.3,2--1,6 m.,
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* /
for =36 from Fig. 5, i=0.58.

i) The controlling diameter of the fraction D6 0 is determined from the con-
dition (26) D= 4D0 = 58 q.

J) The maximal diameter of the fraction Dmax=Di00 is determined from the
relationship (27) i

1 4 71I 36-I

x=1+1,281g.4= +1.28'1g 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 0, Fig. 16).

The estimated curve 0 obtained should be the "lower limit." A deviation to
the right beyond the "lower limit" is not permitted. Deviation from the
estimated curve 0 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 f, 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' 7 -26.5 (1- n

for the given estimated case we have:

D17 . 3,2 mm; dm -. 8M mm; , nl0,2,1.;1p 5=6.

After substituting the values, we obtain:

D17 3.2 26,5(1 n 2,).s2t5(1-0.21) -46,2.
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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.

CO.... ..

gw 4" up wai aasw v p)ili z0 MMXi L

Figure 16. Graph of the Planned Compositions of the Filter of the Transitional
Zone and the Material of the Triangle of the Dam

i--cohesive (clay) soil of the core (facing) of the dam, protected by the
filter of the transitional zone; 1--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; l--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; t--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 zone (curve 0) may be determined
from the formula (28):

S , "I 7 0 * ,322 2,4 .I,013.
K4, 2  

' . 1 0.249)

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, i.e.

3d 0.0)M2 sina

V,,' K'

For the given estimated case we have: sin a -0.98; D1 0 " 1.6 urm;

n -0,24; K,; 2.4 em./c; n(1 1,) -],! m x; 1, 36;
".f., :0,82 - 1.8.0.24 1 0,(X062 (3i 5) 0,76:

0 ,30(1' I)f, 0,30(1,9H 1).0.76 0,221.
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After substituting the values, we obtain:
0.0032 0,J8I

dcl !0.2e - 0.8 0,013 cm 0,43 xm,
0,221 1/0.6W/2,

dci :1.033 cm < D!, - .0 mm.

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

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 averae diameter of the pores of the planned rock fill of the triangles
of the dam, D0 , is determined from the relationship (43)

D l.8D50 - 1.8"30 - 54 mm

* where D50 - 30 mm is the size of the arch-forming fractions of the first layer
of the filter, corresponding to the estimated curve 96, Fig. 16.

2) The coefficient of the variation in granular size of the material of the
rock fill, designated for the construction of the triangles of the dam, ',,
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 In < 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 71 = 15. The poros-
ity is determined from the relationship (24):

0, 0,45 - 0.1 1g rn - 0,45 - .1 Ig 15 = 0,34.

3) The size of the fractions D17 is determined from the relationship (44):

D11 -- ~-D $in 1* 1-0,34
..0,252 . ,l, • . 0,2521F15 0

4) The size of the fractions DrO is determined from the relationship (25):
Dj0-iDf7 =0.63-145; 90 mm, for y =15 from the graph of Fig. 5 i=0.63.

5) The size of the fractions DI is determined from the relationship (26):

Dj -,Dn=15-o .
D 1-5 jo 0 -- 1 X) Af.

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

,, -n . ,,-.. . __I . - ID11 .Duo + Ior D 5. -9 162',.0 W 38 a.

5-15,, • . x 1+I,28 Ig n=I + i,28 Ig 15 = ',).

/T /7 ii7i
7) From the values of D10 , D1 7, D60 and D1 0 0 obtained, the estimated curve
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, f, 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 zones 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 -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 transitional 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 mu-11.2%;

4
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Silty particles from 0.005 to 0.05 mm-76.6%;

Sand particles (0.05-2.0 mm)-llZ;

Volume weight of the dry (frame) loam when placed in the core of the dam

Y,,-17 t/; 3 ;

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

Wo=15-18%;

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

Volume weighS of the natural strucSure Yr=2 _1 t/m3 (friable structure,

Yr=1.93 t/m , dense, Y, =2.29 t/m );

Specific gravity of the particles of the soilA=2.70 t/m3 ;

Porosity 4= 0.22;

Coefficient of variation in granular size.y= P =175

Coefficient of seepage If-!1700 m/day;

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

Volume weight )lK 1.62 tim 3 ; specific gravity 6=2.70 t/m
3;

Porosity n=0.39, coefficient of variation in granular sizei -8.

2. Procedure for Estimate

a) The material of the core of the dam--loam (principal characteristics
given in paragraph l)--with respect to its properties is cohesive soil,
namely:

Content of clay particles d<0.005 mm--ll.2%;

Plasticity number of the loam Wn -8.45>7;

Coefficient of water saturation G-0.73-0.91>0.85.
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b) The estimated pressure gradient is
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The maximal pressure gradient when the seepage flow oozes onto the lover
.. limit of the core of the dam, determined by the relationship (12) may be

taken as the estimated pressure gradient:
/p = tg a,

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

In this case o =760, consequently, /1 ig 760 - 4,01.

c) The estimated value of the diameter of the pores of the soil D f4a
c of the

first layer of the filter of the transitional zone, protecting the cohesive x
soil, is determined from the condition (18) of the inadmissibility of the
breaking away or separation of clumps of clay particles of the soil:

="1/-oso ,- 0 ,73T, -o1 -+
S p+-CO~sO V0,32.4,01 0,7i , 4 4 4,1 .,

where p =4.01; qf =0.32--from the table, p ;0 =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
diameter of its pores, Dmax , would be: Dmax-D, c.

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 D.'ff=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: & 0,751x,,

where 2T is assumed from the relationship (13); -L/--from relationship (21).

In this case we have:
i' - qin a = sin 76' = 0,97,

~0,7 _--0,75=0,$iL
IP- VDnKc /0ii,41

Condition (20) is not satisfied, since

4K> 0 .75 1,p (0.97 >0,61).

In this case, D.a 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.

DP=c DKce 4. 0,56 V 0,.56 0
+1- 0,56), (0,97 + 7, ) 024 e,
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consequently, to be taken as the estimated diameter of the pores of the first
.. layer of the filter is

DPsc" - DmA~c =2,4 .1

e) Knowing the estimated value of the diameter of the pores of the material
of the first layer of the filter DO""=2.4 mm, the sand-gravel-pebble soil 1
should be analyzed for suitability- for 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
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~ax< D ' .

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

I -I 0,05., = I1- 0,0,5.175 = 9,75;

DaKc = 0,455.9,75 1/175 0.22 2.5=7,3 m..

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

Consequently, the run-of-bank soil 1 cannot be used for placement in the first
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 grarular size 1 -126;

Porosity in accordance with the relationship (24)

.1- ,1Ig 0,40 - .1 Ig 126 0,29;

The volume weight ,, A (I- nti, 2,70(1 - 0,29) - 1.R2 nA :0; b - ;

in accordance with the relationship (28).
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The maximal size of the pores of the given composition of the soil is deter-
mined from the relationship (3), having first determined X --i e coefficient
of nonuniformity of the distribution of the particles in the soil, or the
coefficient of piping locality:

-= I 05i - I -0,05.126 - 7,3;

-? = 0.455-7,3' ,.E02.

From the above, it follows that the basic condition (19) is fulfilled, i.e.,
Dmax<-D-L ' (1.5<2.4 am), 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
=126, this composition of the soil 3 should be checked for the condition

of the silting capacity and welding capacity of the cracks in the core of the
dam, regardless of wheti.r 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.

'DO'. 26,5 (1 -n)

In this case we have:
DI= 0,F .N.M; d, = 0,06 tm; 4z= 0,29; -f, 126.

After substitution of the values, we obtain:

.17 M 26,5 (1- 0,29) 29.

Ulm 5 0,29 V1 26

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, i.e.

0,0912 sn
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For the given example we have:
sin a 0,97; 125.

Ki - 0,25 c.utcel.

.[. 4 == 0,82 - l, 0]- o,00;2 (-5L-
- 5)- o,82 1,8.o,29--0,Xo 2(12-5) . ,0,5;

(),: (-j., I)f, - 0,34) (1,%2- I).1,05 0,29.

After substituting the values, we obtain:

O,( ) ,M 2.0,97 o- 0,0()7 ci v 0,097 ,,l.
.29-- / 0,29 "/ 2J10,25 0 .

dci< D!5, T. e. 0,M97<0.16 .4,m.

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 comp6sition 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%), has the coefficient of variation in granular size Q=126>50.

The coefficient of variation in granular size q:'50 may be taken for the first
layer of the filter of the transitional zone protecting the cohesive so~l,
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
to 2 mm should be not less than 20-25%. The content of sandy fractions in
the soil 3 obtained is 25%.

2) The estimated diameter of the pores of the soil D 4  should be more than
the actual maximal Dm ax in the ratio D9""_> (1.25-1.50) Dma x. In this case
DP""-2.4 mm, Dmnax=l.5 mm. Consequently, this condition is satisfied, since

DO 1.5 Dma x , 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 de1 in size will be considerably less than
the permissible size D5, i.e., d,,--Dg (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 DPAct =2.44 mn>Dma x -1.5 mm. In reality, we have:

/ -- 0175 v--0,75=,82;
7 1 MKC T

/ 1<0,75/,p; 0,97<1,37 (kh. = 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 >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 transitional 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:
Tmin> 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 I of this section Iinitial data), it was indicated that the same
run-of-bank soil I (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), D4" from the relationship (42):

I l- , , 022
D 0:,4, I' fDl -0,4o2 217 , 22 2,5 = 0,75 .t;

1 75; iY,, 0,'2 Dl=f 2,5 .

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: <1.8, hence Drr>,' 0.5 .42 T._, which

is considerably less than Dsof22 
mm.

Consequently, in this case D r -D1 5-0.42 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.

65

• .. . -.



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~~~=n W,5 -~-D 0,455 Vg~ .. 0=29 a..~DR o,45 o" 17 o, 0.3

lin 8; nn = 0,39; D1 = 70 ..

b) According to section 23 the arch-forming fractions of the layer of the
filter of the transitional zone may be assumed as D <D5 0 . 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

D'C,,

We assume Dmm D50=22 mm, we obtain 29 =1.6<1.8.22

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 transitional zone (of the
second layer).

d) In 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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11PE1AHCJIOBHE

HaCToRauue CYKa3aHHH no npoekTHPOBaHH[O nepeXOA~buX 30H KaMeHHo-3CMJIR-
HhiX niOTHHV pa3pa6oTaHbI H COCTaBJIembi nO 3a~taHIIo rIBBHHHnpoeKTa Mwm-

C~ePCTna 3HepreTHKH H 3JaeKTPH(b)HKaAHH CCCP a .Tla~opaTopHH semmaSIx MAhPO-
coopyxceHHft BceCOlo3Horo HayHO-mccaeAosaTeJ~bcKoro HHCTHTyTa risApomhXHH
(BHHHr) HM. B. E. BeAeueesa CT. Hayqa. COTP., K8EJI. TeXn. Hamx. F x. flpa-
BeA~bEM.

CTP0HTejibc-Bo ShICOKHX H cBepxBLICoKHX NeUMB=L~ flOTH B mae IWCTcPawe
Hnji~eTCiI Ba)Koli FocYAapCTseHHOA npo6nemok, KoTopaR D~dABmraeT pRA CJIo2KMx

TeXHH'IeCKHX 3aAaq, Tpe~yOUHX KaqeCT~eHO HODMX H 6o~ee conepuzeuuux me-
TOJIOB HX peweHHsI, B TOM- qHcjje npoqHOCTH H yCT~fljqtfOCTH BOAOyflopHbx flPOTH.
B04PHJbTpaIlH0HHb]X qjiemeHToB IIJIOTMH (Huiep, 3KP8aHOD, IOHyPOIB H Al).).

B npaKThKe rHAl)0TeXHHqeCKoro CTpOHTeJahCTD8 IOCTORHHO Bo3HRKaeT DonpoC
o 3aUQHTe rJIHHCTh[X RAep, 3KpaHoB, ROuypoB, Bepxonuix oTKocoB KIJOTHH flpH co-
npfl)KeHHH HX c KxpflH03epHHCTbIM maTepHBJIom.

KaK H3DeCTHO, OT hnpaBHJ~bHO 3aflpoeTHpOBaHHoro maxH EoAO6p8HHOro. rpahy-
.qomeTpHIqeCKOrO cocrana maTepHaaia. 3ainuiaoutero CBR3HbIA (raHHRcmbfi) rpyHr.
3aBHCRT flpOqHOCTb H YCT0RqHBOCTh coopyxceHHH. AojiroBeqHOCTb, a TaKmce 31C0H0-
3IHKa era Bo3BeAeHHF. .

YlHmlaAs 38flpocbi rHApoTeXHmqecKoro cTpomTeJabCT~a, HHitiroriHa OCHO-
saHHH peay~lbTaTon MHoroJIeTHHx UHpoKO IHoCTBjieHHb[X oflbTHhIX H TeopeT~qe-
CKHX mCCJIBAoBaHHft no H3y'IeHHIO 4)H3HqeCKHX H 4),HJbTpauXHOHHO-Cy4$O3HoHHbIX
CBOfICT]3, KaK' CBR3HbIX (FJIHHHCTb[X), TaK It HecaH3HblX necCaHo-rpaBeJIHCTbix rpyH-
rOB (CU. AMTeparypy) C YlleTOAi Pa3pa6OTOX nO 3TOMY BOnPOC3Y AxpyHX HayqIHO-
HCCAICAoBaTeJlbCKHX opraHH3aUHfi (BHtHH BoarEO, l-IIca rHAPOnlpoeKTa H AD.)
H onbiTa npoeKTHPOBaHHR H CTPO]Te.JlbCTBa rHAPOTeXHHqeCKHX coopy)KeHHII. p83-
pa6ommb HayqHo-o6oCHoBaHHbie yKa3aHH5I no meTOAHKe HIPOeKTHPOBaHH8 H
lOA6O~P 'rpaHyjiomeTPHqeCKoro COCTHBa M8TePHajia flCDCxOAHhIX 30H, 3aMHuLIao-
UJLA CBR3HblC (rjmHHCmae) rpyumb, %Acp (3OKpaHoB), KaK AAI5 BbhCOKHX H CBepx-
DhICOKHx flaoTlim ut3 meCTHbIX maTepHaisoB. T8K H AAR HAJOTHH I-IV Kitacca no Ka-
IIHT3JAbHOCTH.

LI8HHbUMH fYKa3aHHHMH)p npeAycmaTpHBaeTCH MaKCHMaJibHoe HCnOOJb3QBB-
ime AARB YCTpoflCTBa flepeXOAtHbX 30H eCTeCTBeHHblX KapbepHhIx pa3Ho3epHHCTblX
rpyHToB 6e3 HX AoporocromtaeA nepepa6orKH, 'iTO, B CBOoq.4 epeAb, no3BOJI~eT OT-
K83aTbCII OT MHorocjiOflHblX jopoOCTOsllJHx flepexoAHhlX 30H.

Kpomee Toro,' npH pa3pa6oTKe meTOAHKH hIpoeKTHPOB8H5ig H nOA6opa, rpaHy-
JIomeTPHIWCKoro COCTana MaTep~aaia nepeXOAHblX 30H BbICOKHX H tBepxsb[COKHX
NJIOTHH 6bIJIHf y4TeHbM iX CneuH4)HqeCKHe oco6eHHOCTM, KaK-TO: HepaBHamepHaCTb,
Bej~lqHHa H pa3H0Cmb B OCaAKax (Ae(DopmaukHRX) mJemeHTOB BblCOKHX flAOTHH'
BO3MONCKHOCTb o6pa3oBaHHH TpeuAHH a RApe (3xpaHe) fljiOTHHbI H Heo6xoARMble
YCAOSHR CaMO3aJle4HBaemOCTH TaK11x TpeULjHH, MOUAHaf TOJImLHHa caoesfl ePexOJ-
HMX 3081. 6oJIbWHe narpe6uaCTH B MaTepHaJiaX AARB HX YCTPOACTBa 'H'6Oabwme
o6heml P360T, flPH K0TOpbIX AOJINCHU o6ecneiHnambCg flpO'HOCTh., maAC)KHocTb,
AojiroseqHOcTh H jKoHoMjI'qHOCTb HX Do3BeAeH.

OCHOsObae pa3pa6TKH no MeToAHKe HipoeKTHPOBaHHH H no~topa maTepH8JI8
nepexoAHmx 301f AAR CUI3HhIx rpyHTOB 6urwH AonoN~eHbi IV Bcecco3HoMy -uoop-
ANNOIRHNOMY COUCIUNHio no 4ftHJbTpautHH, oAjo6peubl H ony,6JlHKcaaHb 8 eTpy-
JINX KOO9AHHaUHOHUX conetuaHHrl no rxuzpoTeXHHce*, uin. MX 3Hcprmw.. 1964.

B aa'ie 1966 r. oTAebmbM f3aIIefm 6unA8 OUyOAHKOBaxa KHHra allpaeK-
Tmpouanme H nox6op rpaHyJiomeTpH'iecKoro COCTasa 4)Hmb4OB nepexOA~bIX 30H
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DNbCOKHX flJITlH, w3oeprR, 1966, rAe Naao~ieH TeopeTH'lecKlIA m 3Kcriepmueul-
Ta~ibilt M~amepHSa rdoroJierHHx HccjieAoBaNHA.f KOTopbdl HleTcH o6ocHOSR-
riem nAAR AaHHhIX fY~aaaHHfVO.

B K0HlAe 19%6 r. 6k1.II bilnyLuebi B coe JtJAi upaKT~eCKHX uezuefl eBpe-
metitibie Yymaun no noorcipobarnio Hi noA6opy rpaHynioMeTpH'iCKcro cocTSOa
fpHASTPOB nepexoAwbix 3011, 3aUHI~aIOUAHX CB03HbIC (rAnrnnCmue) rpyHwru, HAep
(-ixpaHoB) ObICOKHX H CBCPXBISCOKHfX nJIOTHII H3 mecTHUix maTep~an",l) Norophue
Pewemem X- 441 rjiaBTeXCTPOAnpoeKTha Mhlu3epro CCCP o-r 19 Hos6pw 1966 r.
yToep)KIxeHU H SBBelmbi B AeflCTBHe El CHCTeme MrnI3Iepro CCCP c I 'IHUSPR
1967 r.

B 1969 t.. 80 HMcoalerne pacnopoxceHRnu rilaBHHHnpoeKTa MHqepro CCCP
0 ObIflycKe 9 1971 r. IIOCTornIHo- AefiCTuyiouuiX cYKa3aHHflv. Aeficmyiouuie cBpe-
meHilbie Yl'amsvorn 6b1J111 pS3oCJSHfA "a OT3hblbl. B 78 JlayqHo-HccjaeAopaTeabcK~ix.
npoeKTHbIX H CTpoHTCJqbHbIX opraHH3aitHfi, a TaKweC OTabbim cneu~aJIHCTam.

nlo nojly'leHtImm 0T31aam. c y'ieToN KpHTHqeCKHx -4ameqaHHiA If npaicI~qeCKHX
pekome"Aaarnli, a TaKA~e C y4eTOM Pe3y.IbraTOB AonoAHHTeubHhlX Hueefwax.. uHayti-
HbUX npopa6tiToK no JA8HHOMY Bonpocy. eBpemelunme Yxa3arnnu* 6bm"ui nepepa6o-
Ta~bl Ha ObICONOM Hay4FlOM YPOBHC It IIOJrOTOBJIeHbi, e 110001 peflaKAUH,
K -YlreP)AeHvuo B rjlaBHHHnpoeKTe MnHHwepro CCCP B Ka'leCTBe nlOCTORHHO

jtefVCTByuOUXHX wYKa3aHnit.
Hacroswwte CYKa3aHH$' a iAauiiofi'peflaxunm 29 Hoim% .1971 r.' paCCsOr-

peHhI B I(OMHfCCHII YqeHoro Cosera BHHtira, oAoOperna H peKokewto~alim

K ToepxcUeHHIO liX a Ka-ICCToe IOCTOSHHO 'AerlCTnyo w I (OU X YK3alHHi*, 3amet
KBpemeHHM~X YKa3aHHi'-, MaHa CCCP

qYucaaanhsI no FipoeKTHponaHmio unepexOAHbIX 30H1 KameH~O-3eMJIS]HhIX IIJOmp$.
yT8 pmAelbiI Pemernleh e 279 raa8HlNnpoeKTa Mum.9eepro CCCP Or 26 111615
1971 r. m H BBARTCSI B aekCTBHe KaK o6fl3are~AbHbe AR seeX fpoeKTHbIX Hf CTPOH-

TCJIbHh&4( OpyaHH3aLtHF CHCTembi MlIH3cpro CCCP aa IHpHmeHeHus "PH I~pOeKTH-
poB8HmH n Capon eabmte rMAPOrexi4eKAX COOPYXeURAf c I nusaPR 1972 r., nOA

BCH 47-71.
M MHnnaHepro CCCP Muucr'CC

MH~qitero CCC
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DEflOMCT1EiH1b1E CTPOHvTEJqbHblE HOPMb BCH 47-71
MIIHHCTEPCTBO -

5HeIprz.i4KH 14 Yua3aIINa Bu3mCI

SJ1U(TPH4-HKAUHH
CCPno npoeKTUpo~aHNIO UepexoAmUx son. BCH 01-66

KaKCHHO-3emal.Hhix UJOTHN ManS _ccCp

r Jia 8a 1. OGIJAHE rHOJ1O*6EHHJ1

1 . 06niaCm nPH~eHCHNIA. 1. flacrosiUwe £97xa3aHH9)- npejuia3iaalOTCfl.
upoeKTHpoBaHH~1 H nOA~opa (H3 eCeTe~~l KaphepiX HAH HCKYCCTBeHHO
nojiy~aemux maTepMaoD) rpaHyJnOMeTpHqCCKoro cocTaBa rpyHTOn nepexoAHiaX
30H, eoflpHrajollix CBsI3Hble (rVIHHHCTbie) rpyHTl SlAep H 3KpaHOB C KpyflHo3ep-
HHCTbIM MaTepHaIOM IIPH3M ObICOKHX H CBepx~bICOKHX DJKOTIIH (eHe KJBccHmax),

IKjlaCCa, a TameK AARK flJOTHH 11 - IV KJiacca no KarnITa~bocTHi, Koropbie 0o3-

4) PHc. 1. KameHfio-3eurnrnse nxJOTU~bi

__________ lei_______ a-c DepxaOAO Ilpor~hB4p"AbTpfOftlOf

p110;6-c sxpamoN; #-c sIpom;
llecqa~o-rpanliko-raileqKHKO~aI; 2 -nepe-+ ~XOAHbie 30Wbl.

Goi~irca C flpOTHBo4?Hwbrpaunlomabimit ycrpoflcTBamft no THfly. yxa~aunomy na
pHC. 1, KaK Hacunrnie H3 flecqaHo-rpaHilHo-ajiC'IHHKoBbix rpyHTOB, TaK H Ka-
meHio~a6pocHbie.

LIJIKl 3eMJ1HHbiX H KameHHo-3emMHMbX HJIOTHH Il-IV Kjiacca no0 KBI1HTaJabHo-
cTH H BlyemeHHUX: coopy)KeHHft HmryT npfitH~maTbCI floHH)KeHHbie Tpe6oaaHHH

7§ 7, mHeqaHi~e; § 13, 5).
T eX cJay~aflX, KorAa pacereTmae xapaKTCPIICTliCTHKH acapbepHh[X maTe-

pHajioB HJIH HCKYCCTBeiHno uoJ~yWe&,bix rpyI1Tog (Ha xaNmeIHoApo6HJabHbAX flMu

COPTHPOBO4HbIX 3aBoAax), npeAHa3Haqernib[X AA o6paTmuX' E4HJIbTPOB nepeXOjl-
HbdX 30H1, BbIXOAIRT 3a npeAealhi peKoMeHABIIHA, npeAYCMOTpeHHblX HaCTornIIHH
YKa3aHHSIMH. cJ1CJeT 3arnpoeKTHPOaHlibift Him11 no~o6panmzl% rpaHyjiomeTpmqe-
CKHHl COM~B epHJbTPO8 rUpOBepHTh 3KcrlepHMCHTaJ~bHhIm fly~em B .apamhptm
(HAHI Ha8 njtoIItaiKe CTpoHTCJ~bCT0a).

3. IlpoeKTposanie H noA60P rpaHyjiomeTpH4eCKoro COCTanBa 1jillbTPOO flC-
peXOA~flbX 30H1, 3aWHu"Laiotux uecBmlbie (cynecnqaHbie) rpyHTbl, H3 KorOPhix H03-
HOJISITCH npoTHRo4fli~b'paQHuHnble y5TpOACTBa. InPOH38OAHTCH TaK weC, 1(8K H AARS
HCS93MbIX rpyHTOB, corJ~aCHO C11HCTPYKUHH nO T1pOeKTIIPO58HHIO o0paTHhIX
4)H41LTpo FHJIPoTexHH4ecKmx coopy)KeHtifi* BCH 02-65.

I'l p H m e 4 a H KHe. I(OHC'rpYKUifff H paSmephi R2~I1 HJIH 9KpaHa R3 CY-
rJIIIHHCTbIx rpyHTOs YCTaHaSimHaaiocsi flpOeKToM 8 3aBHCHMOCTif OT T~fla
HAJOTHHbI. YCJIOBHA npOH3BoACT~a pa6OT. HaAISqHA lpFoAHbX cyrjiHHHCTbIX

*maTepHaJIoB KjzHmaTH4eCXHX YCJAOBHAii H 1., cbrJ~aCHO CHmfl 11-4. 4-71.

Bnecerne Y T ae p iczXe R b CpOic
BcecOolllgum Hay'lqO.HccjteAOBaTeAbCXRM raamiSnHpmITom seeema

UNCTIITYTOM UrHporexKKI MHI*Hepro CCCP I amisap.
xmeams B. E. Beitemeem 26 11101 1971 r. 1972 r.
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§2. npiousnie TCepHHohI o6oama'euu. Hacoue tYK834HHR*I peKomelt-
21Y)OT flPfAepxa(iwaco cJICJ~yoUJH TePMHHOO H 6yKsefHWhX O6O3HatteHH.

OCHOBaaie TePUKHKb
flepeXOAa 3Osta-epewalmbif cAofi (CJIOH) marepHaia mec)Ay

rPYUITOBhM RADON (3Kpatiou) H IlPH3MaMa UJIOTKiHbi. nitPWiem R n~oi. a1aiu-
(UHO K sulPY (9KPaMY). AoT2KeH 6aimb 3anpOeKTHpomaH *(noAo6PaH) TaKoro rpauy-
JromeTpHqecaoro C6CTaaa, qro6ul 6iua o6ecnetieaa 4)HJIbTpaUIolnag flPO4HocTb
HAPO (ax~pafa) IIJIOTHHLI. lIpH conpxa~mar C npft3MaUH nqJOTHHb ma~epaj ne-
peXOAwOfi 30HIA Hie AonflKe)I npocinaIThCn s maTepmaAI flpu3Mi fljiOTHbh.

. 0 6 p a T H bf A H A h T p - CAOH neCqaafo-rpaHRHo-raieinucoBx HAH tue-
6eHotiHhix rpy~Ros, npeAOXpaMRnowume rpy)HTbi 3eujigHUX coopyxceHHiA H HeCxflJib-
Hbie rpyumb OCH088H~tft coopywcetHitf o-v mexaH%'aecof .CyE403HH, a B onteab-
HbiX cajyqagX Tam2e OT BblInOpa.

C K eCa e T r p y H T a - COBOKyflHoCTb 'lacT-tl ero, wxDoCUPHm8otimH Hf ne-
PeAlaIoIUHX jeeACTHHe DhoeWHHX 'CH41 H o6ecnetimaoutix flpOqHOCTb Hs ycroCILIMSOCm
I'pyHTa.

3 a n 0AH H Te A b r p Y T a- 4aCTHItbi, pacuoiaaratoumecit a nopax cxe-
JAeTa rpyHra.

Cy to~ (p 0 3 H 9 - OTpbtR H Inepemetueime 'FHJqb-paUHOHlibM noroTKOm BHYTPH
rpylira meJIKHX E13CTHU WIN HX BbIHOC. HaN .paCTacipettie cQAel)mauiixcg 9 rpyine
BoAopacTBopHmblx ame, HJIH HIX ShIbIB,1, a peayaibrae qero Bsmox(Ho Hapy-,
weHHe ero IlpOHHOCTH Ht YCTOfAlHBOCTH. Pa3.nHqa[OT CaAAYoIuHe BaUMb cy'4w4)3tH:
me x a H i4e C xyO o X HxHqae C KY 0. B HacTosuiuHx Y~a3aHHRX paccmaTpH-
GaCTCSI TOJ~bKO MeXaH4ecKami cyi 4bo3,.

M e xaH H 4e c Ka A C Y 4(b0 3 H - OTPble m nepemeuteHae BIuyTpH rpyHTa
is Bbitioc meamfx 'lacTHI) H3 *ero ToJUm" BcjiezxCrBHe 0O3AxeRCTBHH 4aHIlbTPato1-
iioro rioroka.

B it y r p e it it % % Nixamnaectaa cy4xl3HH - flepemeIIIII e fjJ1JIbTpaitHoH-
*HrJI IIOTOKOM SHYTPH rpywra mejIKMX ero 'atcmil.

H iF exaH~aeCxan CY44'031 - EBW~oc IIIIIbTpaUHoffNm flOT0KOII
MeJ1KHX 'lacrija Hi rpyHTa.

Oiiacian amexaiiiiiecccam CY'f)'Fo3Ha1-oTPaU, nepemenleaneH
wsiHoc 'FIitapauiHHIIU VIO1'OKOM MCJ1KHX 'laCTHU it 'laCTHUA CKcjleTa I'py"Ta H Ta-
KOM KOAI'ICTBC, flPH KOTOpOM HapyUaCTCH npOqHGcTb H YCTOfiqHBOCTb Cr0.

K 0 it h m a a )K - wroTJOetime B nopax rpyRTS meCAKHX qaCTHUI. ifecohihix
'PfuAIbpatuHoHrnIM rIOTOKOM.

C Y+4)03H6ii ) H hifi r p yHT- rPYHT, 6 NO)T0POM MO)KCT rHPOHCXOJIlfTh It
pa3BHBaTbCM mexaHHi~tecica cy4)oF3H11 lnpH cK0o0CT5ix (oflbTpaumi, nipebbWalO-
fliliX KPRH-tNecKHcm..

eHC y (D $03 It0 i H mi fl r p YH T-rPYIT, B XOTOPOhi mexa"Hqeca CY440F-
3HH HC803m0)KHa.

Ilpa KTHH~CKH% %tecy'F)+o3uHHbifi rpyaT-rpyNr, 113 KOTOPOVrO
NforYT 6 MTh RbueCe~HM (tio reomeTPH'leCKOMY. KPHTePHIO) 4FHJ~bTpauUoHHMIM 11o-
TOKWN cambl e MjzKHC IlaauieMweiH~e ero 'laCTHLtbi B KoJIHqeCTse He 6oiaee 3-
5% 11o aCCY, Or aBMHoca XoTophIX npoIHOCTb if yCTOrfiHBocTh rpyHTa He apy-
tiae'rcf.

If A b T P ULf 0 HH a tp itosac 7 , r p y ItT a- COCOIrnCTb rpyHiTd

COIIPOTHBJISITbCS 8O3HHKCHOBeHHO * HJIbTP8IIHOlHUX Aei)oaauIA.

*N~AbrpaunoHHbie JAe'opmaIIHH rpyHTa-Ae4opmauuHH o6pa-
3yioUZHcof npH uapyuweHmH *)HfibTPBHOHHOrl I1oqO~CTm rpyNra (B pe3y~ibTaTe
mexaHotiecKoh cy440F311H, K(OJbM aTalna, *HflhbTpaumo"Horo omiiopa HJIH yaJoTme-
Hit", KOHTaKHrorI psahibIBa).

W A.
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Ilpoci~naiHe rpyHT3a B *HJbTp-epememeH~e meJHCH E4)PaKIIHA
113 KOHTaKTHpyioinero rpyHa a HCJIOfR 4HJIbTpa (HaIH rpyHra I cAfOsi HO STOPOfi,
HJim B IameHHyIo Ha6poCKY) IiOA AeOCTBliem CHJIU TsOmeCTH.

B AaaaB8a H He 4)H A b Tpa 0 rPAYH T - HeApeHHe *)paKLIHf OHJbrpa
B KOHTaKTHpyiotuUA rpyHT, npomcxoAHLUiee H10J AfCmIITSea CRiAM TSI2KeCTH H fiHew-
HeR HarPY31(a.

Ko 0i H a K T H a it o6iacmb rpyHTOB - O6AiaCm, BKjiioqaioiuafl rpaHHLIYAy BYX
Cme)KliblX, pa3JIH4Hbl no cwtoeMy rpanyjjomeTpHtieCKOMY COCTaH)' rpyHToH, onpe-
AeJilemafi rJjy6HHoIT Bo3mo)KiioI'o 11OH11KHOBeHfIH 'aCTHtJ. OAHoro rfPYHTa
a AP rOA. w*

Pac satH HaiiH e rpyHra- oTAejieHiie KpyIIHNX 4~aCTHII 07 meJIKlfx, flPO-
HCXOASiIMe ripit TpaHCflopT~fpoHKC. O~rpy3Ke Ri oTctAnKe rpyHTa.

B N n op- oTPbB if oAHo~peMeHHoe niepemeleHfe ucejioro o6,bema rpyHTa
HOcxoAHUUIlM (jHJIbTpaI*HOHHbIM HOTOKOM.

Ci cJi amaiiiiH e rpyHT - OT~bIB arperaTOB qacTHIX CB513Horp1 (rmIIICT0-
1-o) rpyH~a B 3oRC KOIITaKTa (a 'Hopax) C KpyIIO3ePHHCTblm rpyHTOM HJIH rpyii-
TOM o6pamHoro 4)HJIbTpa. 1

)I o n yCT HM oe 0oTcIC fa 1B aHH e- oTPbIH arperaron tiacmtt C8113H1oro
rpyHTa HBa3iHe KOHTaKTa. c rpyHTom o6paTmoro 4)H~nbpa (H nopax) Ha r'nY611fy
paaaYIo HAH MelibLUe flOJIoHh AHaMerpa flop rpyHTa &4IHJ~Tpa c o6pa30f3SHHeht
YCTOR4HHNIX CHOAHKOB (6e3 pa3MtBIa KOHTHI(Ta).

OnaCHoe HeAonfyCTHmoe oTcjiaHnHHIC-TPbIB arperaTofi 4a-

CTHLL CHA031oro rpylTa Hf 3oHe KOHTaKTa c rpyHToI4 o~pTHoro 4)HJ~bTpa (a no-I
pax) Ha rjny6Hay 6

0JIbWiyio lojioBHHN Afame~pa flop i'pylia 4PH~tbTpa C B03MOw-(
HUMl B03HHKHO~ek~em Ae~tmphiakiiA c~s3Horo rpyHra.

KOH ra KT Hb N~p a 3M hI - P8'3M bIB MeAIK03epHtlCTOrO HJJH CB5H3Horo
(rAHHHCTor'o) rpyrn'a Ha KOfHTaKTf C KpynHo3epHlICTNM rPyHTOM (4mnuubTpou) OAJ
JABACTHHeM nPOAOJnbHOff I)HT6paUI.

ByKaeaHibe o6oxttaqeIist

- D-A~amerp 'iacrjut rpyura o6paTHorO 4)tHjbTpa;
Do- cpemmrl AHameTp, 4HJIbTpa[tHOHHbix nop H cAoe jmaHxT.pa

D,' IKC- _maKcHmaJfbHbif AHJImeTp 4HJqbTpaUtiioHnbiC (lop H cjioe 4Huflbrpa;
DC'- pacleTHbIB AHaueTp 4*HJIbTpaWIiOHabUX fop rpyHTa (4tllbrpa;

*D10... DI 7... DeD-AHaMerpul 'JacTH rpyHTa o6pamoro 4rnu~bTPa;
D,%

; ; -D( CO9I)4IHI~IICHT pa3Hio3epHItCTOCTM rpyara it rpyHTa o6pairaoro

IjmJIbTpa;
)7; nl4 ) - lHCTOCTb rpyHra if rpyjfna o6paTHoro 411i.IbTpa (H mouax

eAHHaib);
K,; Kp - Kcog3onHQCHT 4)HJ~bT~a~tmH rPyHTa if rpyIfra o~iparHoro

(OHatbrpa;
r,- )(0I344HittielT, YtiITM~aIOUIHfl *)Oply H uiiepoxoaToC~ qaCTULIl

rPyHra;
d-- Aaaaerp liarii1 rpylrra, 3au&litemoro O6PaTriMui *)HubTpoM;

d,, - AHaueTP CoAoOO6pa3yIOIIHfX q~aCTHtf rpyHTA;
dJl AameTp (CY4)4os3oHHMX) qaCTiIL rpyf#IThI, HhIIIOCIIMbIX 4iIIJIbT-

pattoHubm noToicom;
x-AnaaueTp (Ico~jwzraHPYIOntHX) tIaCTHIXI rpyfIrafp O PIH-

qHnaeTca KoAbMaTaac 4IIJAhTpa (HuH rpyllUa); nHKTPA

d1 0...di-.. do)-AHameTpNi 'acrnht rpyHTa;
IKp; VKp - KPHTHqeCKme rPaAIlCHT fanlopa If CKOPOCTb *HfAhTpauHII, fipH

K0T0~bNX IiaCryfaei mexamaqectcaR Cy4D4)349 HAH pa3MbIH
rpynra;

T- Kcis"HitmelHT KCpHTfiqecKofi cicopomr;
f,- npH~eAefH~fi K0944HUIeT TpeHna;

IM; VA,, - AonYCTHMbie rPaAHeHT Hanfopa H CKCOPOCTI, 4*HjIb'TpaUrIf, Pan-
* HhIe KPHTHqecKHM (ymeobuzeiummm) C y'IeToM Ko9g~LitHewra

3ana1CS;
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p aCleTHWA rPaAtieuT Hanopa, onpeAeAitewbik 4HibtpaRIooHibi-liN pacqeTaum mmI meToJiom 9FRlA;

AK03Ij"lHuiIeHT iiepaBHoMepHoCTH1 paclCJaAIKH tqaCTHl~ rpyHTa
((1bnrbpa), 11411 1C034)4)IItIHeHT JIoKajlblioCTli cy413;

Ck - o6-heMHIA Bec cyxoro rpyHTa;
A-yAejib~b1g aec qaCTHU *rpyHTa;
'--o6-bemniigii nec nO~tbi;

IC09c4OHLtHeHT KHifemar&1lCCKoR ftHJKOCTHi floI1;
W - jlaIaHCTb rpyHTa;

WM, - maKCH~tajbHag moieKYJI5IpIiaR BJArIOeMKOCTb CH5I3Horo rpyllra;
WT- rpalrna Teiy'leCTit rpyllTa;
wp- rpaHHu1a pacKaTbInaHHSl rpyHTa;

w i HCJIO fHJa3CTHqHoCTH rpyHTa;
0- Ko944nulHU ieT BOAwHacMiueHI (PMaNHIocTH) rpyN~a;
-- K044ljlmmeHT flOPHCTOCTH Ha rpailfueI TeKyqeCTu f'pYHTa;

g - ycKopeHHe ciibi isi)KeCTI;
H - Hanop;
T - TOJIIU11~a caosi 4bijiblpa.

§ 3. Ha3,iaqeme HleXOAIbX 30H1. liepeXOAulbie 30111,1 - nepeXO2Arnle flpome-
)KyTOilbie CJIOII rpyHi~a, coflplratonmite CyF1IIHCblil (C11531bift) Mn~ePmaai Apa
114111 3lipafa C K(PY1Ho3CPHUICTbIM MaTeplinJVOM lp113m flJlOTllfbI (ra.'le4[IHKOSI H.FlH
Ka~tenfollia6pocKofA).

OCH()1HbINI Ha3"aqeHHCN nepeXOjuubIX 3011 11Bj~sieTCnI 3aLU.Hlhj CB5I3Horo (lvii-
uilc'roro) rpyHra $iApa (WpaIna) nAonmitbs or %Baetiii 4 n.R~b'rpaUioiHlb1x Ae(Oop-
ma1ll11I (oijinailis) HI MeXaHHqeCKoi! Cy4403111, KoIITaKTHoro pa3MbIB8, 06eC-
ne'ieHHsi 3aqle4HBae%,OCTHl Tpeiulnn B Iu1p flJlOT1Hbi, ii cAlqe B03mo)lioro fix o6ipa-
3osaHHII, a TaIwe Aim o6ecneweItI HaAe)Kiioro collpsmlellUSI ,IApa (qKpana)
C IlPl3Mnml !IjiOTHtibi 1141 rlp~rpy3KoAl C BePXOnOAt CTOPOHbL 3Kpatia.

§ 4. 3aj~a'i npOCKTHPOBaHUR rpaHyJIoMeTpNqtCKor0 cocuasa *flJbirpoE ne-
pexoAHmX 30H1. B 3aaa'l npoefimpotatiusi rpairy~lomerpsitecKor0 COCThia

4FHJ~bTpoBj nepexoxi.FbiX 3011 flJOTIIII HXOAS1T Pellil5 CJleAYIOtUHX OCHOBtbIX Do-
opocon:

1. YvCTHOR~eHI1C CTencelI CnrIoclij rpyiira HApa (iKpaHa) fljiOTHHbl it ero
pac~ltimwx napamelpowi (rpaHyJIor~eTpwieCVOrO coc-rana. o6,bei1oro Becn, nopri-
CTOCTH, 'iHc4a n41aCrTHocTII, icKontiHeliTa B0AoHaebiLucHHR if AP.), xapaKTePIt-
3YIOLUHX erO KnI( C 8 $1 3 ti1bl A (rI'AiiIcrui) rpyiiT, YA0IBACeropstioulil BCeM Tpe-
6osaammnm, npeA13.73FICNbIM K TaKoII KaTCe0o1111 rpyHTam, rio.6op CaCrana duidit,
'rPOB K KoTopbim flpOH3BOAIITCfl no -meTOAIIKC AAR CBli31tbix rpyHTOR.

2. OflpemlemcHe rII2IpoAHIIaNMHeCCKIIX YCJIOBHiil 1)HJIbTpauliHHoro nOTOKa
B KoviTaKTHUX 30Rn~X ilpacIebx rpa~mimito Hanopa ns IAPe. WnPM~ no BbIXOAe
IfHnePeblih C.1f 4lw.Impa if n ,o KOI]Tal(Tam). onpeaceamhlx 11411 4 HIbrp1AHOHHuIMH
PaC4eTaMri, H1.111 MCTII.aMll irJIA. 111114 APY1714MI 3lKCpiN.Ie1Ta41b~HrIA~ H II 14
qeCKHM1lIeTOJ8'.H.

3. flpoewniposaiiiie rpnHylome-rp11'lecKoro cocrana nepnoro CJIOR 4 Mnbrpa
(u1pi OTC) rCTIIII awmIX 0 KapbeptlbIX ill HCKYCCTBCHIIO nojiy'laembix rpynTriX)
110 YC1OIIM) lHvAonyt.e1In15 Ae4)OPMiawA owrin~atii arpernTRo 'liaH1 C89li3-
Horo rPYHTa Hupa (Up8sga) NJIOTHHSbl Ha KOHT8KTe c nepa~im cjioem (jI!nbrpal ]I
nUCJleAYIOUIHX CA10eB (eCAII Tpe6yeTCR) no YCJI0BH$O filenpochillaeMOCTIH) I 14)1uob-
TrpaUIIOHIIofI nP041f(CT;II IfYCT004SOCTH KOIITaKTOB.

4. Bbi6op Kapbepau)X 11.1111 1CKYCCTBet]HO nojty'lnewibix 1'pyliToB (npm majim-
11H1 KaphepOe 114111 nPt ryIXI KnM~tCAp06HJIbHbIX .3880Aon), K0T0pbie moryT 6bITI,

Hdfloilb3nitabi AJIll lc-tpfIcTBa flCpexOAIIWbX 3011 C V'ieTOT-i TCXI1eCHOil 11 -WoVI0-
MIIlleCKOA Uel1eCO06Pal~focH IX lICflOA1b3OBS111111. B Tex CAVIy';anX, KorAa noftln-
3OCT1 oT nOBoamioro coopy)KCHns eCTb lleCKOJlbKO KapbepoB AARS YJC'porCiha
HlcPCXOflIIhlX 3014. cJWAVCT flii nbi6ope ojaIjOrO M3 HIIX 11411 tICCKOJIHX PYKOflOJ-
CTISOURTbcll CtOO6pnK~lIH5MH BRaHMeliilwe CTORMOCTIl P86oT npti ix sicnojlbmosa-
111111 B ACao (MCCronojxoxcerne, TpaHCnlopTllpoBK8, YCJIOnun pa3paOTKU H np.).
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5. Ilpo~epKa 3afpoeKrHpoBaHHorO 11415 nOAo6paHHoro rpaHyAloMeTpHqeCKoro
COCTana rpyHTOB ImepexoAJHhlX 30H1 Ha (I)HIbTpaUxHoHHYIO flpO'HOCTb H YtTOlI'IH-
BOCT1. KOHTaKToB, Ha yc4ioBHe He41OnyiIueHH1 Ae~popmattHA OTcJ~aHeaHH% arpcraToa
4aCTHLL CaSI31oro rpyHTa, ero pa3mbiBa Ha KOHTaKTe c ICpB1.im c4Ioem 4HJIbTpa
If pa3MbiBa I(OHTaKTOB 1X0Cii41Yl01L1HX c41oea IIPH KOHTaKT11OR 4*HAfTpaIHH (B410411

* cjioeB). a TaK)Ke onaCHOft mexaHHqeCKoii Cy(j)4)3HH B CaMRX C41011x nepexoAHoff
30111. (B 410l0.heIHme K yKa33HH0MY B n. 3 11.-4).

6. Ilpoaep~a 3anpoeKTHpoBaHHoro 114H nodlo6paHI~oro rpaHyjlomeTPHtieCK~rO
COCTana nepBoro c41051 4)HJ11.Tpa nepex0AHOA 30111. Ila YC41OBHeCcaMo3aiieqHBaem~o-
CTII t1PO4104bHbtX TpeW1lii ItApa rlJI0THHbl BS C414q5tX, ecJimi YCTaHOBJIeHa 0O3MO)4(-

* HtOCT, lix o~pa3oBaHHSs.
7 . YC'rastoBneste TOJHH1HHbI H 'ttici1a c41oCB IIepexOAHOft 30Hb1. He To~bKO

C yqeT0m I1p0H3B0AcTBa pa6oT, 110 H C yqeT0M pacc~oeuHst no BbICOTe maTepHa41a
f]PH3M RIIJOTHH1.t flH HIX B03BeAeHHti, a TaK)I(C C yteroM B03M0)KHbix roPti3OlTaJI1.
iUbix A4leopma.LHf coopy)KeHHst.

8. YCTaHOBieHte Aon~yCTHMbtX ipe~~ejioia B03MON(H1IX 0TCTyni4HH1 B rpaity-
JIONeTpllqecA,(OM coL.Tatie, T0J1UAIIII2 c410eB, ltOPlCTVCTII (HAHi o6i.emHom eece) rpyti-
lOB ({.HJIbTp0Il fepeX04HbIX 3011.

9. I1pooept~a 3KwcnepHMeHTaJ1.1O B ;ia6opaTOPHbItX YC4IOBtlftX 11411 113 Onbir-
HOM ytiaCTKe Ha fl4io11aAKe CTPOHTeJ~bCTBa 38flpoeKTHPOBaHHor0 COCTaBa MaTe-
pitaiia nepexoAl~kAX 3011 B caJy'Iasix, Kor~a pacqeT~ite xapaKTepHCTHKII KaPbep-
Hit.x rpysIToB win rPYHTOB, noJiyqaembiX Ha KaMHeApo6H1bH1.tX 3a8041aX. npeA-
11a311a4C1111blX 41415 nepex041HEX 3011, BblXOARtT 3a npeAe~tbt peKoMeHAaHHAt, npe-
41YCMoTpeHHbzX 11aCTOI11UHMH Yt~a3aHHHtMH. aTJIII 3TOft Heim1, B 3aBHCHMOITH OT
3a41aq 9KcnepHmeHTa41bHOft npoBePKH. AO04t)Ha 6b.1-b pa3pa6oraHa, uporpamma
it meTO41HKa 3KC11epHmeHTa41bHbX Hcc4ie41OBaHHfi.

§ 5. Ma~ep~aJsi AJIU nepeXOAHUX 30H. ,TJ..a YCTPOfICTBa 4)H411.TPOB llepexoAt-
HbIX 3011 41041)1Hb flpHmeHITbCfl JIH~lb HeLBl3Hbie eCTeCTBeHH1.1e 1411 HCKYC-
cTBeHHO nojiyqaembie rpyHT1.t 13 TBep41X H 1OTHIIX KaMeHHbtX flop04, He co-
Aepwaw UX BO41opaCTBOpHM1.tX co41et. K TaKHMi rpyliabt OTHOC.9TCII: nec'taHblc,
rpalififto-ranteHHIKOBbie rpyHlbl, LWe6elib, Iue6eHoqHbie OTXO411. 'KaMHe1P06H1411.HtX
3aBO41oB.

EcreCTBeHHbl IC4H HCKYCCTBeHHo nojiyqaemie flcCKI jO41)KCHU COCTOS1Tb, 113
TaepAMbX H n410rHbix nopoA: flOJlCBOt'0 LilaTa, Kaapua HA41M HX cmecH.

rpaBHA, ra41e'HHK H Lue6elo'iflbie rpyHTb1 41041)(111 flp0HCX041HT. 113 TBCP-
AbIX, fl410Ttb[X, MOP03OCTOAKHX flOpOA, He flOA418tIHXC51 81.iBeTP11BaHHIO HBbI-
ule4HBaHHIO.

flpeAe1 flp04H0CTH KameHHbtX FI0O4LA flH c)KaTHH Will5 YCTpoR&DTa rlepexoA-
11t.IX 3011 r14OTHH 4104i1(eH COOTBerCTBOBaTb I1poqHOCTH OCHODHoFO Te4Ia 1141-

-THHbi. HO He MeHee 300-400 KrCF/c
2. flP1 HCnbiTaHlt1 11a MOPO3oCTOfiKOCTI.

0111 41041)1(111 Bb[Aep 1(t1B8Tb tie me~ee 50 U1HKAIOB 3amopa1(HaaHH1 H OTTaHBaHHII
1IPH remnepaype ± FI7' C, flpH 9TOM noTeps B Bece Hie 41041 1(11 upenhiuOTb 5%.

§ 6. HCXOAulbe J1BHHhIe .AAR npoeKTHpoBaHuR. ripH 11p0eKTHpoBaHHH 14)H4i.l-
TPOB flepex04HbX 3011 41041)(111. 6ilTb H3BeCTHbl c41i1eiAHm HCXOAHbie Aa~i111ie:

1) flpHH51Tbtft B 11p0eKTe THfl H KOHCTPYKUjHII nonepeIHoro tHpO4HJIIIFl 41OTHHWb
C npOTHBOIISHJ1bTpaU1OH1bIM1 YCTpOACTBaMH H cnoco6 ee B0313eAeHHR1 (8o3noAH-
hibie flOc41OAHOl OTCblnKofl C Yn1o1THeleM. OTCb~flI(0f I1H0HepibiM cI10cO0M Ha5
6041bwly10 BbICOTy, CMelt~aHHb II coco6os, Hacyxo, C tlO41Of H si

2) AaHHbie 0 maTep11841 nApa, 3Kp511a rtIAOTHl: rpaHy41oueTpHI'eCKt co-
CThtt, ofteatifibif Bec, yAe41b '1t Bec, flopHCTOCTb, flpe41e4bi H tHCJIo nii3CTI114H(-
CTH, K03(I)HtiteHT B0410HaCb, H115 1 np., HX pacqeTHbie xapaKTepHCTHKH. flplImj-I Tbie B flpoeKTe;

3) 41BHHbie 0 BO3MO)KHblx roPH3oHm.'.bttbtX cmetefiltX 51IA~ 11411 tll3m fl1-
THHIt H IaH11bie 0 BO3MO)lltOM o

6
pa3OB8Hli oTAe41bHbtX (nPOAOJ~hbIX) TPelttHH

B flApe (M1paiie) n41OTHII.1;
4) MAtiubie 0 marep~aje flPH3m fl4OTHHbt (nectiato-re4111H1ornbe, 113 KameH-

IIOA HaOpOC1(H H1 np.) H ero tjrn3HqeCKHe XSPaKTepHCTHKH: rpaHy10meTpileCK1A
* COCT8B. 66l,eMrnhlA Dec. yJlbblA sec, flopHCTOCTb H Ap.;

3) ABHHbie 0 H1411411 H1 aflacax mCTH1.IX %MaTepHaJAOB (KapbepoB). npeA-
Ua3Haqaembtx 41111 YCrpOACTBa flepexOAHltdX 3011, AStH1.te 06 YCJI0BHRX HX AO6bMqII
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if TpaucnopTHpoBKcH, a TaKNKe RX 4)H3IfqecICe xapaKepHCHcH, YKa3aHHIble o n. 4
iiacTolILtero niaparpa(Pa;

6) paCqeTmiae 3iia4eHiI rpaAHeHTOB Haiiopa iJ)HJ~bTpaAHOHHoro flOTOKa. npil-
HfITble a npoeK~e Ha oCHoBaHHH f4sH.IbTpaILHolHUbX paC4eTonR Hiltw no meToAy
3rALA: MaKCHmaJlbHhili PaCqeTHhiAj rpaA~eHT HanOpa (,lp'KC) flPHif aHaH

4)HIbTpaiIoHHoro floToKa Ha HHl30BOll OTKOC uIAPa (3Kpaiia) nIiOTMHMI no KcOH-
1'aKTY flApa-il nepnoro CJ1of 411JlTpa Hi AP.

r q a Ba II. OCHOSHbIE PAC4ETHbIE NIOJIO)KEHHSI
AJ15I rPOEITHPOBAHM$I rPAHYJIOMETPNqECKOFO COCTABA

MATEPHAJIA nEPEXOAHbIX 30H1

§7.,06 uwe yKa3aHHA1. 1. aflJIR YCTPOffCTBa nepexojtibiX 30H AoJEICKHM KipH-
meH1Thfi .'Hllbh HeCBf13Hhie eCreCTaeHHhle HJim HCKYCCTBeHHO noilymaembie rp)HThI

H3 TBep2Lbix mH IJIOTHLIX KahieHHhlX flOIPOJ, He co2Iep)KaULX BO2IopaCTBOPHMb[X CO-
.aefi (mi. 1, § 5).

r paHyaIo~ieTpHLieCKHfI cocTaB MaTep~aiia nepexofnHbIX 30H1 mo)KT 6b1Th 3a-
npoeKTHpoBaH HJIH riAAo6pall KaK 11 e C Y4 4 03 H 0H HhM, TaK H C Y (p ) 0-
3 H O H H hi M.

QAHaKO 4iH.3bTphl flepexoliHhlX 30H Cy("3HOHHoro COCTaia AOJIX(HhI 6UTh
ilpo~epeilbi Ha lPIJlhTpaUiHOHHO-CYs4o)3HoHHylo flpOqHoCTb. T. e. 'lTo6hi AARs AaH-
Hbix rH2IPOAHHam1IqeCKHX -YCA0lBHfi HX pa60Tbl B 4n1.nbTpoBoM marepaAe He 303-
IlHKajlo oflaCHOA MeXUSHecKofi Cy14o3Il H He HapyllaiiaCb 6bi ero 4)HJbTpa.

.IHoHHaH HPO4HOCTb.
2. flpHBeaeHHhle HH)Ke peKOmCHAaUHHI no npoeKTHpoBaHHFo H noA6opy rpa-

HyjiomeTpHqeCKoro COCTasa [I e p B 0 r o CJIoSi 4)llJlhTpa rlepexOAHhIX 30H1 pacnpo-
CTpa~lHoTCfl Ha (HJMhTphI nepeXOii~bIX 30H, 3anxHaiuoutHe C B F1 3 H hi e (I'JIHHH-
CThie) Apipymi rpyifTbl.

C D 51 3 H hi e rpyifTbi (cyrj1HHK1I H r.IHHbl) NtO)IHO xapaKTep[130BaTb- coj~ep-
;KaH~ieM B SIx coc~ane rJIHHHCThIX 'faCTHIL paa~iepomi d<0,005 &Aw:

CyrIHHKH .. .. ............. 10-30%
raJHHl . .. ............... 6ojiee 30%
H 'SHCJIOM nlJlaCTiiqioCTi *',I

cyrjil[HKH .. ............. 7 -zW, 17
rAlHHbl. .. .......... .... W,, >17

* 3. B AaHHbix YKa3aHH1X RpoCIKTHPOBaHHe H nloA6op rpa~yaomerpsilec~oro
COCTa n e p B o r o CAioS epHJlbTpa flepexO2IHhIX 30H peKomeHAyeTC1 AJIS CR513-
Hhlx I'pyHTOB (HapywueHHoll CTpyKTYPhl) C qHCaiom njiaCTliqtiOCTH W,,>7 I1pH aco-
ae6asnsH Ofia)ICHOCTH 8 HHlTepB8Ji IHaaCTi~qHOCTH, T. e. flPH WT>- W> Wp rmc
WT - rpaimita TeKyqeCTH, a Wp- rpflHHula plCKaTbIBaHHR FpyHTa.

Ulpif WTOm IIHHHCT1liI rpyHT Rows~eH HmeTb sijeY,5Po ceneni, KOTO-
poe mo)KeT 6hlTh Bbipa)Ke~o wipe3 Be.iH4ilHy o6i.emiioro Beca cyxoro (CKeiieTa)
rpyH~a f4J.

06-emimiM nec cyxoro .(CKeiieTa) 3autHitaemoro ps1ioro rpyifTa npPH ero
YKJIaAKe AOJlN(eH 6urhb

rAe 41 -YAe~bHhi 89C ICTIM IpyHTfl R 2'CA
3 ; s,- Ko34ISIIautmI nOPHCTOCTH

UpH W,: a WT 2

rme 79- o6.euHmAi ec ROAN It zCM:I.
4. flpaineACHniue HHxce peKomIekIlHH no meTOAHKe inpOCKTHPOBRHIVW It non_

6opa rpafyniOMcTPH~qCCKoro cocrana nepeorn ceiog 4)HJ~bTp. nepexOAHhlX 30H1,
32LM11UXHX CuSI3HbIC (rrnlaCme) rpyHThi flpeAYCmaTpHBa[OT AARN DMICOXXX H'
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CBepXBbICoKIIx IAOTNH (B3HC KAaCCHbIX) i KAacca no KanHranlhRocTH - Y C.1 0 -
aHe HeA011yu~eHH5] OTpblBa HAN OTCJIaN~aHH5I arperaTpfl '18-
CTHI.L cBI3Horo rpyH~a Ha8 1OHTaKTe c ['pyHTOM rlePBoro
CJIOR 4 HJbTpa.

5. HlpoeKT po~aliHe 1411 rioA6op 'rpayjomeTpNtjecKoro COCTana flepBoro
CJAOR '4)HJ~bTpa )1epexO4HbIX 30H1 K rpyHTam C 4HCJIOM nJIaCTH4HoCTit IVn<7 nPOH3-
BOAHTC5N TaK we, KaK H AmI HecBfl3Hblx rpyHITOB cor.,saCaO [I], NANH OKoN'lfTe~lb-
Hoe peweH~e n1PHHNmaeTCR riocae npoBeAeHN$I cfeLmIJIbHbIx OnITHTbIX HicCAo-

BaHi~ B cooTaL-rCTBF&i C KOHKPeTHbIMH YCAIOBNSIMH.

Hl p H mC e a H H e. .flAN fTAOTHH II-IV Kacca nio KanNTa~lbHocTR H
BpeMCH~bIX co6py)(eNHft B03,M0O1(O A10flCKaTb He6oJIbwge OrCAaHBaN~e
(He BANNIoIu~e Ha npoqirocm ) r.NHHCT 9Op rpyUiTa Ha KOHTakTe c riep-

BuIm caoemCM AbTpa (s nopax) Na BeAUjqHy AS= 2- HTpui 3TOM KaK-

CNMaJ~bNbU pa3hiep Hopj rpyH~a llepBgro cJIosT 4IHabTpa JIOJINeH 6ur,,
D~~m ,1,5 cm, a raljiHHCTbltl rpyrn- sipa (91KpaIa) Aojl)xeCHNmeTb 'lHCjAO

BIiaCTNNHOCTII Wl,>7 (n W.>,5 Iasi i3pemCHhix coopyxceH~fl).

§ 8. OiteiKa CY401*OMHNNOCTH (Hecy4,o3noHaHOCT) rpyHTou, onpejleae~me
maKCNmaab~Horo paamepa SDHNOCMbhX qaCTMNX N maKCKu~bH0o UO3Uo2Knoro
HPoIHeNTa BbMHoca (no reomeTpme'cCKo~y KpKirepnio). ipriCTynall x nor6opy co-
CTaBa nepexo~ftL[X 30H1, upexKAe Bcero Heo6xoAiZmo ofupeAOJHTh, K KaKOfS KaTe-
ropNN OTHOCSITCSI KaphepHbie NAN, HCKYCCTBeHHo nojzy'aemie rpyHThl, NfBABIOTC51
IH1 3TH rpyHTLI CY4l4)03HONHHIMU NAN Hrecy4)4)03HOlHMHl.

LIA peRmffi 3'oro nonpoca pexomemAyeTCll Aaa cnoco6a; nepBniii Cnoco6
xapaKepoayeT HeCY4)43HONHOCTb rpyHTa, KoFrj8 H3 ero TOAIIZN IpN A~io6bix CKO-
pOCTUX 4)HJbTp8aNNH He 6yAeT rnpOHCXOANTb BhIHoca camix MeAKNX laCTNUK.

113BTopoA crioco6 xapaKTePN3yeT rpyHT K.1(K 1paKTNqeCKH eC~y4403NHHbIII.
13KOTOPoFo OroyCKaeTclI He3Ha'nrreiihblfi EibHOC mejibqafItINX rle3aleMneHl~hlX

ero qtacmtH, Ho0 Oe3 NapyIIueHHII emo flPO'HOCTH.
H1 e p B hi A Cnoco6. Ho 3a~aN~bim napameTpam Hcciieyemoro rpywra onpe-

Aejillercfl 2L~ameTp maKCKfma~bHbIX (IIH~bTpatIIHbIX flOP B FpyHTe D4, mKc no
CCAyiontef 3BBIlCH~fOCTN:

D~laKc 0,5, , -n, D7 (3)

rj~e V. - KOS4)4)HeHT HepaBHomepNOCTH paCKIJI2aIH '(aCTHIL B rpyHre 11.111 1CC0341.
*NILHeNT AOaIH CTH yI03HHN

-4 + O,OSv-.p: (4)

-D- Koa4)4Hu~eflT pa3Ho3CpHHCTOCTN rpyIITa,, ne - rlOpHCTOCTb (H Ao

JINX emmiluk); D17, - .IH3meTp qaCTHilI, KOTOPhIX coAepmcIITCR B rpyHTL 17%
H meHhUIC (no Becv).

)Iaiee, no KPN~oA rpa~y.lIOMerpH'leCxoro COCTana aHioro rpyHra Haxo-
AIJM MMNNMRlbI~lIif 2tXl8MVTP Cro IMia m DmmI.

'Ec'n oKa(CTC%7. 'rO

To rpyHT C4ICAYCT c'IUlTaTb C Y' 4)(D0 3 NO0 11 H bi M; H3 TaKoro rpylrra mioryr BhZ-
HoCHThCSI Bcc tiaCTIllHN, KpynHOCTb KOTophiX meHbIIJC HA411 PaliHa %

Dm~ 0,71 D~SKC (6)

rAe D"'~ -- MaKCH MaJlbHhfi AN8ameTp Cy("03O3HHIX '18CTHU. KcOTopUC morVT
6Umb ObHecttibi H3 TOJIUHN rpyH~a flPN C0OTBCTcrgyKittI1x CKOPOCTSIX ljlN.IbTpa-
IAHN (60.qb[IINX KpHTN'IecKoI -vKp).

rcJIH w4e oxa)1(C5N, 'ITO

0,77 D,' ,. DhI. (7)

11V

w *m~ f e~Vli

IN



To rpyHT caeayeT cqK1TaTh u ec y (0 ioa ito a i btm. 143 TaK~OC rpyRTa tie uo-
ryr BbIHOCHTbCI H cambie meJiKite ero IqaCTH[&te

MaKCHmaqbHO BO3MO)ICHbfiH npouCHT BblHoca CY443HOHHbi\ tIaCfHUX H3 rpyH-

Ta (no reomeTpHiecbomy IcPHTepHIO) onpeAeaLfeTCl 113 3aBHMOCTRj (6) no D~ac,

3Hasi D'Kc", no KPHBofl rpaHy4IoMeTpHtiecxoro cocTaBa onpeAeanem mCKo-

MLINl MaKcHmaJ~bHbIII flpogeHT BbIHOCa.

BTrop 6ift cnoco6. np3KTHKa nOKa3b]BaeT,,q'To eCJIH 413 rpyHTa 6yJAyt Bhi-
VOCHTbCSI camie MeJIKue He3auaemjleHHbie ero EiaCTHUbl B XoHqecTse He 60iee

3-%no DCcy, TO flPO'HOcTb rpyHTa He HapywIHTCH. CaeAosalexbHo. ni p a K T H-
%e c KH H eC Y q) 103 H 0 H1 h i m rpyHTobf MO2ICHO C4HTaTb TaKofA rPYHT. 113
XO'roporo moryl' 6lrb H1,eceabi 41wJIbTpaLHo~ivbim RT~oKoM meJhqaiUJHe eroW
qaCTHUbl B KO.THqCCTBe He 6'oaee 3% (5%) no accy.

KapbepHWAI HAH HCKYCCTBeHHo 11ojly'aembi% rpYHT, upeAHa3HaqeHHblfi .jnv%
iotubTpOB nepexonHlbix 30H1, caie~yeT C'IHTaTb (no reomeTphIweccomy KpHTepHio)
hhpaKT~i'ecKH Hecy"013HoHHbIM, ecjix ero napahieTpbi YAOfl3ITDOPRuO7 c3ICAYIO-
11161 3aBICMr:

D,
> N ,(8)

r~e N -- (0,32 ± 0,016-r,() I. rt,1-

EC.IlI 3aBfICHMOCTb (8) HC YAOajleTOOPI~cTCs, rPYHr cafeAyPr C'IHTaTh C Y 4 41
3 p 0i M1 j qI a H K e. flPHae~eHrne B § 8 caoco6bi onpeAejieHHfl CY4141-

3HOHHOCTfI (HecYrl"oaI1oHHOCTH) rpY"TO]3 pacnpocTpanrnoarcR BC TOJIhKO Ra
rpyHumi o6pamvHbx 41mb-ThpoB, Ho m Ha iuce eCTeCTheHHbie IcapbopHue, mckyc-

CTBeHI~o nodiyqaembie, HaPYWllHHoAi H HCHapyweH1oi C1'PYKTypbI HeCDR3-
HueC rpyHTbl.

§ 9. JAonycKaemas crefleub pa~maaephIKcToc. irpynTos gjuu ycTpo~cTsI
IICpeXOANMIX 30H. MiiorojieTrrne .1a6OPflTOpHhie H HaTypHLWe tccJaeJoBaHHSI no
H3Vq"eHM10 CTelletlH HepaBHomepHocTlI PaCKJIaAKH 'IBCTH1& FpYT a H ero paccamBae-
MOCrH, Ha6JlO,1e1H11 3a flPO"380.CTBOM pa6OT no yKJI8AKe maTepHa.18 *hmiJbTpos
[21. 1 TaKN~e 6(bwa '0JhuxtH11B CJIOeB flCpexoAHblX 30H1 11H HiX YCTpOACTBe no-
38O.I51KOT 06(0CHoBapi1o peKosieHAOBaTb IIPHMeHHlTb rpyHTbI C lbhICOKOA Creelblo
pa3H(o'ePHHCTOCTH. 3TO aa~eT B.03MO)CHOCTb Hcnojzb3oBaTb AfiR 41HJIbTpOB nepenzoi-
HUX 30H1 eCTecrueHHbje KaphepHbie rpYnmil 6e3 Hx AofloAHmTeaIbHoA AoporvCTOR-
itiefi nepepa6omKH - oTceaa xpyIIHux H OTMbisaB MEJIKhX 41paKLLHik, o6orauxeHHR,
Apo6~1eHRsI H T. A. KaK 3T0 ae.iaeTcRI ;lin TOHiKOCAI)IkHbX 41HtJlbTPOB, 'rro6b noJly-

4O1TI. OAHOPOAHbII maTepmaai.I
I. Ko344HuneuR Pa3HaaePwicrocrH rpytioB Pepnoro H nocJieAYIOUIhX canoes

nePeXOAliux 3011 IN BhIcOKXX H CBePXBhICoKHX nJIOTHB (nHleXuA8ccuiaX) i
I KJaacca no KanHTUJ~bHOCTM, 3SUAIgl~oMwX CBRa~bwe rpyHTbl cJIeAyeT aaia-
GlaTb [2J:

Ron -.50. )

KaK ndxa3biaaeT £IpaKTKa,-YKA3AKa rpyHIT8 c 1)4 50, up. 30aseAenHmm Tx-

CT0CA[OiiHb[X 4*HnbTpOR, noCJtoAnO (! pa3pawlHsaueHm H YnIJITHemmeM ero npu
neKoTopoiA BJI3UIBocTi (Ao 5%) o6ecneq~saeTcR ero OAROPOAHOcrh no cjioio.

2. ,I.Lan e p a30 r 0 CJIog *laxTpa nepexozuoA SOau., 3aMnM~alIero CSR3-
SMAt rpyII? 11034141 WIjHCT Pa3HO3epHHCToOCTK moceT 6mTh npmilUT
vi# >5 u pm un3JeOcauxem o~)cHosaHHH:

a) taA%ni s t cot-tase necvanbix 41paKUNf) d-%,05-2 xA m e ne
20-25%; '

- -2'

..........



6) pac'ieTmblf AwameTp nop rpyKTa (c -%,>50) flPH cam01 erP He~bIFoAHOtt
-Pa;KAaA~ce jioxeH 6i~t 6orntwe AeACTFBHTeAhHoro uacmmaAb 4oro, T. e.
.D, C> (1,5- 1,50)Damc

s) Fpa~yJ~oueTpB'iecK~i~ COCTaD rj)3HTlI c -%>50 JIojfleH yAoBAeTB0puTb
.IcpHTepHIo KoJ~bmaT~pyeMoCTlI H caMO3aJ~eqmaaeudocTH T9pIUBH B mApe (tupaie)
UI.OTEHhU (wio co3daeT 3aftac B npoqIcm);

r) ShIHor, MCjiKitx Cy4)03HoBHbIX ibpa~iJ.B dci H3 aoro COCTa88 rpyMTa
4(c % >50), [IPH KoIITaICTHoBl (j)IHTpaIWUH II AaBBmX KOHKpeTbix FKupoAHmamv-
qeCKBX YcIOHHX, AJIaweH 6a Tam e~bwue DT. e. dd < D,' (C HeKcOlM 3a-
flflCCm no cpaSHeHHIO C 3aDHCHMOCTbIO (29) - ,KpKTepmem -Bbioca');

A) AaHHhlfk COMBa rpyHTa C tj b>50 AOJIZICC yAofM~opRTb KpnTepitio 2,
T. e. YCAORHIO HeAonYizkeiiH pa3Mbina CBH3Horo rpyHTa [IH pliOWbHOA KOK-
TSKTKOft cI aJ.paauIB.

ECAH yKa3aBHHme BhZme ydJIosuz ie yAovACTqopBIOTV. UP~rOJWocirb a-
mioro cqcTaBa rPYin'a MozeT 6Mm~ apoaepehaa 9KciepaUeNraabuo.

t 10. Toaua nepsoro cAos *UbTpa Depeleoma. a3ou. a) rlpoTuao.
**HfibrpaAHOornihe ycapoficTm (iAapa, gKpaHbi) H ynOpubie IIPH3Mbl BbICWCBAX AtO-

2C 3i 2'13

0/ .6 0  0
O\~~ 0C'

~0 0j

uu'~ 0O 00
0 ~ QC. 00

r~1W4 T~l 0
0 0 OL10

Pac. 2. Cxema nepeXOAHOfl 30rnbi
)-uiipo flAOT11HU; 2-nepeXOAHag 3OH8 (4MAbTP); 3-fnplC-3 I OTuII.

t'-ropH3OHIbTble CUeuzeHNA lpN3M11 MANl SApM IIJIUTHHbl.

-niB nperepnenalot pB3Hbie po DeilliqHfle K BHflpaBaeiCio Ae4oPuaU~ii, 11DB KOTO-
PbMX 8O3MOXCHbi 3HaqHTejiblbie cmMeHlgf nlPH3Mhi fJIOTXibhl B CTOP0HY RAPa HAS

nmaOOOPOT. B TaKHX cjiy'asx moxKeT IIPOH30ATH Pa3phln nepuoro CJIoR *MubTlla
nepexoizHOA 30Hbl., eCJII4 TOJIUHa ero 6yAe'r Ie3Ha'iBTeJhbOA. HanpBmep. PaB-

.H* .oIt' (pHc. 2). CaneAoaaJbHo, ao3seAeHme nepuoro cJIox 4lNKlbTpa nepezoj~lof
30HM TOBKOCJIOAHbMM BINDhCOKHX nAioTHx AODYc8am Bejbia.

[Tpai so3seAeHHB I1CpD0F caoR 4upnbrpa nepeloi~ol 309M 3aaaufejibBoA
TOkLH~m 6Yjiyt HCKfiio'ieHmb IeImenaTeJibie RJIBjiHH pasphima CJIOeB tP He-

panaaomeo~amax H Pa3KbX oca;EKaX maemearo nJio1BBM, a T89xe Uija ceAcunqecmu
a33efiCTBiXX Ba IIJOTB~y. lipH 3TOM DOMOJICBOCTh paapymeHUm (paapuBa) ne-
pexoAmofI 30MMi 6yjiel IHCKjIio'eHa (paic. 2), x0Tm AtIopmaitHI ki moryT BmCTb
mecio.

6) [IPH 6OOJbtuofi rojauxime CA~tI 4)BJabTpa flpeAcTaM'iTCH' 3mo3MKwi",i' npn-
memniTb pa3Ho3epBHCThie eCTeCTBeUBwe acapbep~bMC rpyBTh C DMICOKOA cTenembto
110(pKOHeBHTa pa3mo~epHBCTOCTH (ijlp< 50.a 6omace) 6ws ax AoporocionuzteA no-
pepa6oTcB (oniamwa mejiKXx B oTcesa mpyIIMx 40paKuBI, K&X sTo AMJUTCN IAf
TbHKOCAOAHMX 4Iu~bTpOB).



a ci~t~ itpo~ co a b -v pI a nepexoGwoii 3aond #AaiSI
xmx nJI~fiH AOJAXna Na3HaqiaTbCR zie TOJbKO nO 4IHJbTpaIVoI0HWM YCAOBNRRI _W
YC30BMHBM npoN3DoACTsa Pa16oT. HO H C yqe~om BO3MO2ICtblX . rQeX3OHT~ab~Hbx cme-
lumi 3JnemeNToB coopyiceiill (,uipa N lPH3m IIaOTHHMU) O.T HepqDHomepttbik

OCSAOK. 1

MUua~aJIM1asi TOaIMHNa nep~oro cJIoq 41)HbTpa nCPeXoAHOfb 30Hbi TmIIHN Mw
yxa3aHuOro wIna nJioMH AuIaK 6arTb (PNC. 2):

rme 1' - CYMapHMRf pa3mep ropH3oHTa~lbbhIX cmeiflCHHfA SIApa NAN III~h H M Oa-
TNHbi (B m), oripeAeallembif pacqeoM Half rno ABNHLEM NccaAJOBRHH&.

lp m mA e q a mi H e. Tornxrna nocitApyoinx cnoes nepeXOAROA1 3GHMI,
Mill NrdeCTCR 8 HNX Heo6XOAgNMOcTb. mo)KeT Ha3NatiarbCfl H3 YCIOBNR[ flP0

H3BOACTBa pa6O'r, HO He MeHee "-,5 xt.
§11. PacuieTuic rpaAxeHTWi HSnioja. 1. flpH I1poeKTNpoB3NHN AHAN noa6ope

rpa~yAjomeTpN'leCKoro COCTaBa nepeoro CJIOI 4*HabTpa neI)eXOA~bIX 30H., 3alUH-
smaioluero CB93HbliI (rMNNNCTbift) rpyHl', HeO6xOJIHM0 311amI pacqer~oe 3Naqe-
Nme rpaA~eHra )lJIbTp3LLHOHNoro- nOToKa Ip B CBI3rjom rpyi~e, Na BbixoJZC B nep--
BbIrt CJIOR t HJIITpa.

PaCqeTitoe 3HaqeHne rpaAfleHTa Harsopa 4NHJIbTpaujHoNoro nOTOKa Na yqa-
CTKe BbCa'l~aNNN NApa NAH 9Kpa~a IIJIOTHHbI moXKeT 6bum onpeAeeO NAH
c4lNJIhTpauXHoHHIMH paCtieTamt HAIN meTo,,iom 3rALA.

Ha 0A st~pi fljioTRHbi rpaAweHT ( lNMbTpauNviimoro nOToKa, IIpI era Bbixo;Le-
HaHH3OB~io noBepxHOCTb HJl~p B nepBbfi cJIo~fi )HbTpa, ?Aome-v 61HTb onpexeitea.

no cie2~ytoiwef 3QBHCli.MOCTH (priC. 3 )

Cos S,~I

rae P-yro.i me)K2~y JINNeA TOKII It tf1130BoA rpa~bO HA~Pa. 6epeTCa9 13 rHApo-
ANI~aM~qeCKOfi ceTKH,. I7CTpoeHHOft rpa~lNmeCKHM ?AeToAom.

OltsaKO AARir ua n.'lOTHibj 3a pacqerswik rPAAHenT Hanopa, peKoMeHAlYeTcE*
mal(CNmaimbif rpaAwessr Na yqacTKe BbICaqNB8HHm JIpH BbIXOAC *)HJIhTpaiuHoH-
Noro 11OT*Ka B nepabifi caofl 1)HnbTpa Ha8 YPOB~e soaLE HH)KNCFo 6ae~a (rzze Ott
02a), KOTOphIff mo)KeT 6hITb flpHHRT paBNUIM:

i%(avc ;:Ltg2 . (12>
Pd<85-)

r~c a - yroJ HaKAOHa MNOB=Or TKoca flApa K roPH30HTY I (psic. 3).
nlo nol'yqeHOMy 3HaqeNNio rpajzHsa iianapa (J,"h"c), onpeAeasqeTcH paC'ieT-

HbIff ANBmeTp nap rpywra nepsaro CJIOI t4lHjlbTpa DQ'-q 3amummaiutero CER3imsft
rpyNT (§ 13).

1 2. Cnn311bil rPYHT sjAPa JIAOTH~bI, KONTaKT~pyembiA c xpynHo3epHHCTbINI Ma-
Tel~maAom (nepaoro CAIOSI I4NJ~bTpa). He AoAxKCN noABepraThCII P83UbIBY it Pa3-
pyUwenfIo ( HNibTpaUmom~im, IIOTOKOIA, HAYIQUNm Bt ICpaom cnoe *NHJIbTP2 BAOJ~b
KOHTaKTa no HH3OBO.Ny OTKOCY sPAa.

CTeicarnse nP04rnaIaTpdhaeweAcm so~tm no oTKcrcy IlApa nAO0THHtA 0yaceT np&-
IHCXO;XI1Tb c rHApaBJINqeCKNM YKJIOHOM, COOTsemcTyOIUN 38axOmemo, OTKOa
JIApa I1JIOTHI (p~c. 3).

Clne1~oaTenAbib, 3a pactreT~l1fl rpaAmeHr NanoPak Na KosraKTe RApa it nep-

Il sin i'(13) r

rAe a -TO NWe. 'iTO N B lj)ophlyae (12).

IMaKCII,%aIS~lbuiAr yroji a tsapa nJIOTNNHd pexommlAyeTCOl IpMIIIMaTh a. <

<76-80'.

14 'j
0



Ztanmbiii rpaAtHeHT HanOpa fK AonaxoeH 6hl~b MeHbuwe KPiim'.ecacoro (§14).
*roriia B KOIITaKTIHol 3OHe He 6y~eT I1POHCxO2AHTb OTP~EB8a arperaToB qaCTHI CUR3-
mioro rpyHra fl~pa nJIOTHHI.1 H pa3Mbl-
'Da KOHTaKTHOA 30HNl. .2

3. B, Cjlyqae CreKalHHa flPO1Hib- * .
-TpoaaBwueic BOAhI (HAIH , AHBHe~bix
!IOA) n0 KOHTaKTY iiepaoro cJIoR co S -

UBTOPblU1 Caoem *K.J~bTpP, 3a, pacqeTHhlIA vivo '
:rpaAHeHT RHMPA CjeAyeT nPHIM&TbJ

Icno 3aBHCHMOCTH (13), a, a cnyqae e *
6ePTHKajlbHOfi ()HAbTpalUHH B IleCqaHO- 4 .. y c Yb
rPaBHfHo-rajielHHKOBOM rPYHre reJna

Soft 11 JAp.) BOAbI BHH13, 3a pac'leyHbift PHc. 3. PaCqem~be rpaAHeHTbl Hanopa
rpaAlleHT Hanoya npHHllMaeTCH I1=! I-~ niuoTmnbi; 2-nepeiO~tni* 30Ua( (40nAb~p); 3 -NrePaU apHaCH DJIOTHHN;a.(pnc. 3). vroa~ Hanaonna rnaSOeoro OTicoca 2Apa K FOPU3OH

2~Innle lpoep~ C4)4O3HHHfl -y:~1yroA MOW2AY JUINet TONI HI E.a'=,aame nO~eKH Y443HOHOArJ1R:210 RaLpa; I-'pAHeHT Etliopa Opt sepTic-
IMPOqHOCTH KOHTaKTHOff 30Hbl nepsoro K2bhOfl .(ceepxy-lus) *amAbTpaUMH ROAM S

nliale riaimTEHI I.-pj~H - aoanHKH
It BTOPOrO citoeB (OKImn~pa. a TaK)He TSTO 0Hbpun !PaAo&eltr NacPS PH NON
-CY443HOHHOk npoqHOCTH -CaMOR nec- caqHmaHR) F1pM BI.ixoAe 4IH~bTPaUHOHNoro no-
'laHo-rpa~illHlO-raJeqlHHKOBOA nDJ'3,%b1 TONS a H H' 30BYI0 nosepxllocrb snpa 8 clOR

nJIOTIIHbl cJaeAyeT BhnOJ1HTb B Tex B MK T K dKC~~Hf p~c
elT flanopa (sukcaMqaaslHS) na ypopme ROAM HHna-,c 1ytiaHx, ecjin MT Bbl3blBaeTCH KOHI Hero dhe~pa (P-a).

j~peTHIAMH~ npamPHqecKHMH YCJ100IIHMH.
171pn iieq a HHe. n7PaKTHKa KflpoBepO'lnbie pacqerbi iROKa3blBaiOr.

'iTO CreKaHne BoAbi SHH3 BAOJ~b nepnoro CAfOR *)HJIbTpa Ha KOHTSKTe CO
BTOPLIM CJIoem B npoigecce 9KcTIjiyaTaUHH npaKTrn'eCKII He Ha6a[oAaemcsI
a lpoHKHOBeHnce .IHBHesblx BOA B0 BHYTPb TeJla I1JSOTHHbl pacnpocrpaHle-

* R a m HaaHme~pbnylo rny6mY.

4. AIns 3Kpaua OJIOTHHIL, 3a pacmeTHIAi rPaAHeHr Hanopa. npm abixoAe 4)Ub-
TrpaUlHoHHoro nOTot~a C HIH3000A CTOPOHbl 3kpana n neppufi CJIOfi cjlHJmpa, peKo-

-.3%IHAyeTCSI 6PHHHMaTb (pHC. 9):
a) npii YCTPOliCTBe HH30BOf1 IPI13Mbi rIJIOTHlb 113 KameHHOr Ha6poCKH:

_L & (14)

r~e z - anop, AefmCTByIOLILHI. Ha nJIOTHHY; 8 - TOJIIlUNHa aicpana (no HOP-

6) 'npH YCTPRplCTe HHSOBOA I1PH3MbI nJIOTHHb 113 necqaHO-rpaBHiHO-raeq-
1IRKosbix rpyHrOB:

*rAe 2'- Hafiop Ha yqaCTme SKpaHa B mecre lpHmbIKaHIHR KPHDOA AeIIpeecHH
(nOCrpoeHaofk ~A reia nJIOTHHbl); 8 

- TOA11Wil 3KPaH8 no HopNafia.
5. B coyoeTcmYIoIUHnX cJlyiasuX, Korj~a Bo3HHJxaeT HeoGxoJImuocTb 381UH*

112amb aMP8 c sepxoaoR CTOPOHhI (B cAy'uae CHH2KeH~n ropmaona -BoAhi B B6px-
Hem 6ete Ri SWbCaqHB3HHH (4)maJb~pauHHhx Doi( Ha sepxoDoh OTIKOC), 38 P&C-
;IeTHLiA TpaAHeHT Hanlopa peKomeHAyeTcR I1PHHHmaTb:

r~e - yroji uaKfloHa aepxonoro omoca 3Kpa~a *x ropH3oHTY (PO<WO).

102
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6.npH pactieTax (nponepxasc) coc~aua (bHalbTpa Hal KoHTaKTHhZAl Pa3Mir-
sepxogoro OTKOCS axpama (nzuoTMHW), flpH y(cIoDHN nyi1bcmpyIonery pemtwa iF
npOAOJIlbPHO A b a] B cnzoe epHnbTpa (OT uaKaTa H enaia BOAHbl), $a PaC-
'leTlii rpamueuT Hanopa cJICAyeT npHHHMaTb:

-n -kIK (16)p

rAe -kn- K03(rHAHCHT, YqmNTsUBMI ~ nyanbcapyioulxHf pexziw flpOA.lhOf
4NajbTpaUXHH (no omomemno x pamlbiuamomely rpaAmes~y uianopa npu pasno-
NepHoff ycmiionxmAsie InpoAojibHof *HJIbrpatHH) I: kt('- 113-I,50 (Ani paC--.
Reros peIxpmeMei~rS cpeAwee 3aaernte k. - 135); 1.- rpaAuerai BCJIoC

itJahrpa (40HJ~TpqBoA no~u-oiTOBe) Ha KOHTaire CO C85RSHbim rpyu~omu Hpaua
(HumH Bepxoero oTcoca RBoTuBm):-

r~e N - TO alce, 'TO a *)opmyvle (15).

rJIa~a 11.'METdAKKA HPOEKTKPOBAKI451 K fl6&J15PA
rPAHYJIOMETPH'IECKoI'o 4OCTABA OHJIbTPOB HEPEX0IAHbIX 30W

B npaKTHie InpOeKTHposaHHn rpaHyJqOMeTpH'lecKoro COCTaBR *HObTPoa ne-
peXOAHblX 30H B03HHICaeT HeO6XOAHMoCmb pelliarh 3a2~aqy AAR OAHor0 R3 AByX
B03IO2ICHbIN. BapHamTO.

B a p H a H T i. rpaHyjiodeTplecKHfi COCTaB xapbepHux rpyHToD,. flpeHa3-
Ha'leHHhix AAR$ VCTPOffCTD8 4$Hahrpoo nepexOAHEzX SOH, H e H 3 B e C T e H.

B TaKOM ciiy~ae Tpe6yeTCR 3 8 H p oe K TIt p 0 B a T b, rpaHyJ~omeTp'ecvHfi co-
CTaB 4)HJ~bTPOB nepeXoiumaX 30H AA sbi6opa cooTeeTcfByIOUX KSphepoB H.14
AARI5 3aJ~aHHSl no* HCKYCCTBeHHOMY mX nPHrOTOBjieHHIO, HB KaMHeZpoft.hHLZX.
3aaoAax. ;l

.B a p H a H T u. rpaHyzroMeTpHIecKHA cocTaB KapbepHWX rpYHTOD miHr .npo-I AYKIIHM KaMfHeApoftabbix 38BOA00 H 3 B e C T H bu.
B gTom ceiyqae Tpe6yeTCRi n 0 A o 6 p a T b H3 AaHH~ix rpyHTOB COOTieTCTByIo-

RHum COM~B 4rnMiwPOB nepexoAumix 30H.
Hrnie IIPHROARTCR AJIX YKa3aHHhlX ABYX sapHaHTOB - MeTOAHKa ii p oe X T H-

p o a a H H R H meToAHKa nf o A 6 o p a rpaHYAoMeTpHqeCKora cocTasa itmjibTposB
nepexoAHbIX 30H.

A."METOAHKA UpoeKmmosiuIms rP.taIVomEIPnqEI&oro
COCTABA OHJIbTPOB nEPEXOA*IX 30Hl

17poeKrupoeamiue epafiyAoxeTpuveccoao cocTaea nepeozo CAoq 9PJ~brpa nepe-
xoclmbix 3om OARg .taa IZAOTUNSE.

§ 12. O6uiue ylcas. flPH IIpoeItTHP0BaHHH rpaiynomerpn'ieCxoro Co-
cTasa maTepmIan nepsor'o CJJOH EhHJTPa IIepexoAxwxI 30H R AP pa IOTHHb1,.
CJ~eAYeT HCXOANTh H3 rHAPOAH~amH'lecKnx ycATOBHA. Koiophte aitmoT Ha 4)mHib-
TpaIZHOHMO-CY4HIO03HOH~y1 hpoqHOCTI, H yCTOI~qHBOCTb RApa,. a TaKace Tex Tpe-
603SHHIR, IOTopMbi flpH 3Tom AoAxcHbt flpe'bI3IRTC I K MaTepHB~Ynpor aI
(J)HJqbTpa AARB HH3oBOAl H BepxOoo6 CTopoH.. lipa nAlOTHHbl I,11

C 1H3090 CTOPO~bl ilApa nJIOTHHbI pfl6OTa (4HfbTPOB fCpexoAibix soH Ilpo-
TeKaeT 8 cAOJKHbtx rnAPOAHR~aiaH'ecKHx YCJAoBHIIX, t[T io msIBBT Heo6xoj~uiaocmb
npeAbRuJITh x Uhiconie Tpe6ossmwa K rpasyJtomeTpHiecKomy cocTany obvawrpoa.
KoTophift AOJXCHR odecae'wsa~b nPO'IuOCrb H iIBAezBnocTh RApa UoTunhii, me~zo-
nyc~an npn a-iou o~pusa RAH OTCASNDSHHR arperaTOB qSCTun M8Tepnaaia BApB

9 uO9Sx *UJnhaps, PSS1must *Aa no sonUTxy 4ImJabTpaUHO]mobIM nOTOXOhI, HAY-

110 AaHHum npo4t,- AOKTOPa TeXH. HayK H, H. ~elencoro Hi xaHA.
TexH. HayK H. r. Byraft.
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uHm m B nepaUm casoe *NHJbTpa. Kpome To., maTeplin epmoro CJIOR 4*HJbTpa
AojIJKCJ o~ecneqmuamh CaMo3afieRHBaeMocTb TpeIIANjj B 3IS~pe IIJOTNHHI B CJIYqae
HlK O PSSOSIaNUU-

'ITO wce xacaeTcR nepexojioft SOHNS c BepXOBoR cTOPOHhS s!AP8.naOTHhl TO
3ilecb cJaeAyeT P83JIMqaTb ABE yEqaCTKa no BbICOTe RAPE HI AB paauu1X pezcaa
pai!nSo 4*mxliTpa c sepxo~ohi cTopolu SuIIPa '(psc. 4). f

HE yqacT~e kAP8 OT HilY Ao VMO peiciw *Wz bTP~8 111 MOaceT COaTheT-
cTsosaTh pexiiniy epHJ~hTpaUHH H1113Oacoa omoca WEap B Tom canyqae. xorAs Cukt-
aceaule YPOmuslI BOAM~ B Bepxaem 6beqe 6y~er UPOHCXOAHTb Gwcrpee, 'lem 302W-
OT~laqa rpyu'ra anpa nJraamUUU

17 17 
4c9oa i e ~ ' o J

Psic. 4;~~~~~1. Kaenoa~nss, i~ iaCR~O
W.aaI~a apce:

2
Rp Jscaill~oTuSIa 3-pBalcoS lJb ne

V KOCam pg .*1111 kH I gesu Co (H Lp

HaC 4.a~k UT YMO o -3CHOaH a neeOTHauac 3omanpoar T
Koc naa 6yeNIII H8axOAHbc B-ip Agpyr ontmb 14 aHJeel JIrflpHRT111boM eKu
*HbPeXHH, OTIIOM U11TP11 C3KRM *HJAbTp epXGHOR 30HEpeo2 35CM C *IfllONM-

B 3TOM casytiae rpyHT R~pa naoTHuu B nopax 4clIubTpa 6YAeT He OTpbI-
BaTbCH (oTcasaHaaTbCS) l4UlAbTPaRHoHnm1M IIOTOROM OT Teia S lApa nAJOTHS~b1, a npsi-
2KHMaTbCSI K Thw IlAPa. TaK KBK HanpaBJaeHHe hJHIb,1TpI1H flpOHCXOAHT B CTO-
POKY HH301BO0 rpaHH AP njza IOTHHhI.

' Kpome Toro, a B'rOf 'aCTH siPa na~OTHIIbi (UT ero OCHoia11H AiOYMO) KOH-
Ta1CTIfaf qnumbTPazuls MeXAy stApom H-nepwaN c~oei (fIMlliTPa' O1CYTCThv-ST, wlo,
HcKjuotqaeT BO3mOllCHocTb pa3MbIBa-RfApa BcJneAcTBme KoHTaKTHOfl (I)IITpa RH.

BaYqHmwaa8 BbuneiiiasoaceInoe, VpoeKTapoI3aHHe rpanyaomeTpijL1eCKoro 'COCTa-
BEnepsoro CAUI 4 HjfbTpos JARi nepexojznbx 30HoW ~a ATH~lb1 AOJI7KRo

BUinOAHRTbgR pa32ZeJ~bHO AMIS HHnomoro m sepkoaoro owsCO, no b~eTOAJLHK npit-
se~effni uw~ae.

I. 17poecrUPOeaMue apauyAOAgerpuqeCKCOe CoCraaa nepeoeo CAOS
* *UAbrpa dAit mus~ooo orrKoca .qclpa I? TUHCIC

13t. On11peICAmXIIIII1111 pacqetuo pa3MqM Avasterp *ubTpafouMa flop
.pYNT111 mepuor cmoN *MbTPa. Ecan xapar.Tepiwcmsc cBaSuaoro rpyiiTa HMelOT

Maite 3HaqesHR (cu. f 7), Roll KOTOphIX olsecneiinnaeeRc mo~leyaflpuoe cilenae-
Rife uencAY arperaTaMif 'IIC1WI TOrAa qpsi ifaawiflni a rituMHHCTom rpyare *Rit.b-
Tpallornnoro noTox~a, ujzYMef' B3 gafpaJiveRHH noACT~aaoumero CJlion (4)xabTpa)
c rpsAzeNrOu Haiiopa 1, me arperaTIM cRI13Roro rpynTa B Hesauminnx mie-
CTaX-OopaX, 6YAST AeAcT.oqamh rttApoARuamiteccoe JA~Aaernte, XOTOPOe CTpe-
MWCSW OTOPBSTI, OT Maccu CB1113SIoro rpyH~a KaK OTAeJlbbiue 'saCTRIU. TaK it ue-
awe arperams.
2



4To~bi oTpbiaattu OTC44H~aHMS1 cB93Har0 rpyHTa a He3auK&uteuuaUX tMecrax,
(UQpaz) He flpoIcxQAuwzo, paamep (AitaueTp) nap maTepmus nepsoro cAos
*0MJbTP8 AOJI2ICH 64d~b TaKHM, npn KOTOpOM o6ecfleqHBaeTCR moJeywipuoe cz~en-
Defi~e MCNCAY a.Fj)lr8T8&g qacmi casm~oi'o rpyura. 1\

A . tAAR ycaiosmiA e~onyUqefKsx oTpuaa MJ OTcA8iaImal
arperaToB qal~iNutCR3H foorysTs ma KojTaKTe crpyToMf

Se psaoro a o C 0 ujayp4, pacuemu izamerp sop DaP13 maeqAa alep-
BOrW C~AM *uablpa, 3amaajomxero c~ioxi rpyBr, AoJIXBeH oape;Aeaxmc Up
cAeJAYfoI~eA 3aIfMCEMocrf:

np~qem DPac'-<0r,583 ecm, 0 S 0-90
fipk o=0", T. e. Korj~a Hianpaaaiene 4INJxbTpaitHH coinaAaeT C HanpaBsie-

Hflem CHJlbS TVHeCTH, 3aBHCHMOCTh (18) nptimeT B-HAU

3aaI~CHMocTbIo (18') peKofieHAyeTicf noJlb3oBaTbcR npn npoexT-HPOBaHflfl (nbA-
6one) 4)HJIbTpoB AAR1~ 3KpaHoB JJOTHII (a Tam2e, c HeKoTopMIM 3anacom, AARI
Shlep flJoTHH); (P- OrIhITHhEA Ko3I44HL~eHT rPaAHeHTa Hanopa, 3HaqeHHl KOTO-
poro qp-f(Ip) J1PHBeAeHbi B Ta6AHixe.

3HaEe~luq y = f (J'p)

'd I 1 2 131 4151617 1 8I 1 10 1>10
0,15 i k 10210,25 10,30 (0,3510,40 0,41 1(0,42 1 0,43 10,44 10,45
B. A:IAH YCJOBHC( 'Bo3MoWHoro AOnyineHH5R HeKotoporo

orcaaaHR arperaTDOBqaCTlU csaHoro rpyHra (cm. r. 11,
S 7, opiweqarnie), WIR5 IIJIOTHH 11-IV KA3CCOB no-KanHTaJ~bHoCTH m1 BeeCHb[X
coopyxceHHA: 25

V jiPTCO f)(18a)

npnqem DPC c',,15c,0-0

lp- pacleTHbif rpaAHdHT sianopa npu BbIXOAe H3 CBR3IIoro rpyH~a a nepaifi
caoft 4)HalbTpa, onpe~eqemmi 4i1J~bTpaUHjjfloMlH paCqeiamm mHl memomf Sr2A;
AaR5 Bj~pa flJOTH~bi lpiHHMaeTCff no0 388HCHMOCTH (.12); 0 - yroA mewiuy HanpaB-
aeHHHMfi (OHJIbTpauH H CHANM TRSINCTfI.%

CjleAOaaTeJIbHo, iAAR TOro, tqTo6bi OTCJaaHueH CBRaHOro (ranrnic~oro)
rpyllTa a 3oue KOHTaKTa C KPYfH~ooepHHCTMIM maTepHajiom - 4KJ~bTPQ)4 R Ae-
4opmaixHf (UPft Aoflywielr IleKoToporo. oTcnaHaHRn) He npOHCXOltHaO, 3amaHTHWA
caiofi xpyflHoaepHHcToro MaTepHaaia '(4)HAbrpa) AoJI)ceH 6blmb noAo6paH Taicoro
rpaHY,1OmeTpH'leC~oro COCTana, 'To6hl yAODJeTBOpRJAoCb ocuioBnoe yeaoalle:

Dmaxc ,Dr"~c, (

r~e D IK-maMaxllgJlblbalA paaaep ()i)HibTpaumHNix nop IcPYRHo3epllHCToro Ma-
Tepitajia - nepuoro cJIof *IljibTpa, onpe~eaqembiA no 38BHCHMOCTH (3).

§14. A1pemepa apo'nocm c3naNoro rpyHTa X rpaHysomepxqecucoro co-
cTasU nepsmr caOD #JabTpa Ha ttama i pasmus npoaabuuu Ouabip-
lumWOmNUNIOTOu. a) OxaJbTpauxoRnshif rtTOI Ha8 abixo~e ff3-APS JAOffHhi
6yzeT CTeKBTb no HSI30BOMY OTICOCY Rnpa B xpynlH03epHHCTOM maTepmaJie nep-
soro cnoR 41Habrpa.



CB513HbifI rH RApa NJlOTHHbl, XoHTaKTHpyemhii C KpynHO3epHHCTbIM ma-
TepHaJIom nepnoro CJito (j)HJIbTpa, He: JIoji)KeH ndOAsepraTbCRH KOHTaKTHOMY pa3-
mbi~y H papueii 4)HJ~bTpaUHOHHb[M IIOTOKOM. 1109TOMY lHHHRTblA HO 3flBH-
CHMOCTH (18), (18'), (18a) HAHIHno OCHOBHOMY YCionHilO (19), rpaHyIomeTPHqeCKHft
COMBa flepB0or CjioR *1H~blpa c pacqeTHEIM AHaMerpoM 4)HJ~bTparntOHHhIX flOP
D0 pac'l jAja D,maKc AojIieH OUb npoBepeHf Ha IapnroIHOCTb no o6eeneEeHHio upom-
HOCTII CBH3HOrO rpyllra fiPH KOHTBKTHoA (PHJbTpaUtHf (Ha KOHTaKTHbif pa3MhIB).

6) CBRb3Hif rpyHT C YHCJlot4 IIJaCTHqlioCTII Wn> 7 H K0344HuHeHTOM Bmamc-
HIOUR G Z? 0,80-0,85, KOHTaKTHpyembift C K)YnHo03epHHCrbIM MaTepHaaioM nep-
soro CJIOR q*HJfbTpa, He 6yAeT noizneprambcf KOHTaKTHOMY pa3MblBy H paspyle-
HFHO, eCJlH maTepHaJI riepeoro CJIOR (PtI&MbTpa npAo6paH TaK, 'ITO fipH HPOXONCACe-
HHH B Hem EjIHJbTPaIIHoHHoro fl0Toi~ Co3aIoTCS TaKHe rHApoAHHaMHqleCKHe yCJno-
BHR, npii KOTOPbIX He HapywaloTRc IIPO4HOCTb H YCTO'iqHBOCTb CBH3Horo FPy Ta.

R~AS YCJl0DHi HeA~nyueHH*Ia I3MblBa B 3oHe KOkTaKTa CBII3HOFrO FMHTa
C KPYIIHO3CpHHCTb[M MaTepHajiom MaKCHmaJ~bHbli1 pa~mep Hop~ B Hem LDoMDKC~lojr.
)KeH 6bum TaKHM, 'ITO6bl YAOHjieTBOp~lJoCb cjienyioiuee ,YCAOBHe:

'K < 0 ,7 5 1 mp, (20)
me 'MK paC'eTHhli rpaAHeHlT Hanopa B KPynH03epHHCTOm rpyliTe Ha KOHTaKTe
co cBH3Hbim rpyHTOM npHHHMaeTC% n10 3aSHClHMOCTH (13); 'Kp - KpTHeCKHAi rpa-
2IHeHT nanopa 2AR CBR3Horo rpyHTa KOHTaKTHpyemoro C KpynHo3epHHCTbIM Ma-
TepHaIom: F

'Kcp -0,75, (21)
V amac

r~e D""' B c.m-onpeAJIqercfl 110 3aDHCHMoCTH (3), np~'Iem D"a"c<1,8 c..
B) EcafH YCAOBHe (20) He y~ioBAeTBOpfleTCH, 3T0 y!(a3bjsaeT Ha TO, tJTO fipH-

HRThifi rpaHyJIOMeTpi'eCKHR POCTaB rpyHTa nepsoro tJIofl *HJIbTpa no ycjlo-
13HIO(119 ) CJIeAyeT H 3 meH H Tb.

.lRw IHaXOM(eHHsI HoBoro COCTaBa nepucro CJion 4HJIbTpa noCrynlaem cae-
AYIommmH o6paa6M. Ha 3aBNCHMOCTH (20) onpeAeaiiem AARl jAaHibzX KOHKpeTHblX
YCJI0DHfi 3HaqeHHe 1,,p KOTOpbdfi 6yJ~eT paseH Imp=IK -: 0,*. aaee, STO 3HaqeHHe
noACTaojinem 8 3aBHCHMOCTb (21) H, pewax ee OTHOCHreJ~bHo D, aKC, noqiy'wM:

Dom < 0,56 (-)(2
S(/ + 0,56)2 (M.(2

Hobimf rpaHyJIOMeTPH4CCKHri cocTaB nepooro caoH d)HJIbTpa, maKCHMaJlbHbh

pa3Mep flOP KOTOPOr0 COOTBeTCTByeT 3aBHCHMOqjH (22), 6YuleT yILODjieTBOPSITb
ocMHoMht ycJ1oaHio (19) H ycJIoBH1O (20).

r) HaXONKCeHHe paCtieTHbIX pa3MepoB (dIpaKIjHfi (DI 0, D17, D60 H D1 ,o) AaH-
HOro cocTaBi rpyHTa H nOCTpoeHHe ero KPHDOA rpaHyjiomeTpH'IeCKoro COCTaBa

U1pHBOAHTCH HHxce B § 15, TOafbKO B 3aDHCHMOCTb (23) BmeCTO Di~Pac noACTaB-
.7ye'rCH DomSkc, floay'eHnoe H13 3aBHCHMOCTH (22).

§ 15. MCITOAHKa onpeAejieu paCqeTuHMX pa3MCPOB *paKIIA H NOC~poeHHe
430Kl JAOnYCTUmoro rpaHyAh0meTPKlCCxoro coctama rpyHTa,- flpmroJHoro Ann
nepuoro caos *HJ~bTpa*. B OCHOBY MeTOAHKH 11poeKTIIPOBaHH rpaHyjiomeTpH-
'leCKoro COCTaBa flepnoro CJIOSI ljIHJbTpoa nepexOAubiX 30H npHaro yC.IOBHe He -
A 0 fl y ti.t e H H R AC14IOPmaBHrl CallaHoro rPYHTa B 30He KOHTaKTa c MaTepmajioM
nepsoro cJaof 4IH.lbTpa. 3TO ycAiOBHe oflpeACJaeTCR 3aBHCHMOCfHMH (18), (18'),
(18ah, (22) H (19).

KCXOSW H3 flpHHlIToro YCJIOBHR HmeK I1PHDOAHTCR meTOAHKa onpe~eAeHHII
pac~eTfhibx paaamepos, OCHOB~bIX 4bPaKUHA nepaoro cjios 4MnJhTpa:

a} 3mal H3 38DHRCHMOCTH (18), (18'), (18a) DirC', HNXOJHM pa~mep 4*paK-
umil D17 flepsoro cJIom *HJIhTpa H3 QCHOSHOrO YCJ1013HR (19), nOACTaBJi9N aMecTo

DaleM3 3aBHCHMOCTH (3) ero 3HaqeHiie H petuam ee B OTHOWClfHH D,7 noAy-
Num:

Dp 1qJ-n4
D17 (13

n'A
20 ..



r Aie -npHHuaerCS no 3asmcImocTrH (4); C=- 0,455V'; i -npmHwuae~Tc
coraiaCHO 3aDHCHMOCTH (9), § 9; n4 , - Aonyctmm8 IIOPHCTOCTb MaTepmana
4*HJIbTpa:I

n,= no -O0,I Ig -,,4, (24).
rate n,) = 0,40 - Aaisa necqaHa-rpsHidHraieqH4KanIX rpyHTOB; no = 0,45- AIns
me6eeaqi~bix rpyHrae.

6) aLe1ACTBY[OllHRk Aame~p 4)paKw Af nepaoro caoRs 4u~ibTpa onpeae*[tecs Ha
COOTHOineHHA

D = iD,7, (25)
npHqeM KOS1IjSMHT i siaxOAH H3 rpa~b~xa I=f(D0 /DjA) (PssC. 5).

a4 2L1 40 60 80 do

flpu V > 100; J, i

Psic. 5. rpa4)HK I = f

n) KOssTPOaJHPYlioi AHaMc'p 4S8KWIH% nePBoro citost 1f5HjtbpB OflPexeiste
CR H3. YCJIOBHSI

D~o= ,.OD~o. (26)

r) MSKCHS~a~iblMAl AHImeTp 4*PaKUHiI nepiearo CJiO 4*HJIbTpa DS12KC = o
caieAyeT otlpeAeJwRTb 1n0 3aDHCHMocTH

DD -<Djo + 10xDe'4-1 (27)

rae x =I + 1,28 1 gf 4 ,; DI0 H Doo- paamepbl 4spalifi noaJyqeHHhme no 3aDH-
CHMOCTU (25) H (1 ).f

A) Ilo flolyqeHum pacqemb]M 3aq'eHHSI Djo, D17, DgO H Dl1 o (TPOHTCSI
pacqeTa KpHas rpaHyjtomeTpmtiecKoro CaCTaBa rpyllTa, .nPHraAHOra AMN flep-
Dora cJoR 4jlH~bTp8 (iKpH8st 0, pHC. 6).

e) 2AaHRfil cocTaB rpyHTa, yJAo9eTnapsteT OCHODHOMY YCAOBHIO (19), T. e.
Dm'Kc< Dr'l, qTO CaOTmeTTyeT CauM vieabrdAHoll era paccuante AaR npm-
HETOra paCqeTmorO 3H1NCHHR K0940*HKteHT8 ps3Ho3epHHCTOCTH , 5 c
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m) lony'aeHnaa pacqeTHaR KPII~aR 05 AoJM~a SIBJITbC4 91H)KMiM npejle-
AlOMi AonyrcTmaro rpaklyaOMeTpitqeCoreO CTasa rPyiou, np~roAumix Aima
YCrpoiICTma nepiloro CAon 4)HJIbTpa.

OricAOueHHe I(pHsoft rpamyJloMeTplPqeCKOto COCTaaa i'pyHTa B lp aB 0 3a
cmIH)KHHii npe~eji* xpHBaoH 0 He 2AonycKaeTCHS, TaKoR COCTaB rpyHra AaH
-nep~oro cJIo5 l43HJIbrpa sisBJIfeTCHs HenpIPOAHIM.

0

Bear -< g7

.BMW75400  
'U6~

Pz.6 aqinaira~Joep4eKd O~a pl~ eur as

601Jbp epxAhx31
r-B~NII rli 4Ic~,~)ryir,3uuuesMR4u~po;4'pC~T~I ra~y~A0~pI

- eIIf O40 rYSS IpIOIIV0*1YAAH lpiAClt Bbp
HN neej.04w; -3H Auc M r H9~~oepqeKr COTB pwrIp

20~r nyAAHBnpbl ~ol~~bp; -piT lHO~l lI KITBBnp

3)e Bce rPy~eTbmi.KSB rpay~omeTpHecKR0 OBOCTaa K0TiorUX yKaon

qJ4Jfbtpa COaK-2 rpyllTa& CJIo3AIOTAI YKHaAKM eIs~I nep n o eneenii 4HJIbpaC!aq HK -
nNAuHH npO4.3HNcTH 130AII4HUYCeMoro C8S3Hyo rpywra; noo CpCaaessl rpy ii -

rOjAmooAR 3H aAKMeJB oep~i O CcIfl #eHhleTa I-payeHO npS4Bomm Buena yxias np.
19MkBOl (6OR w O M~~a7eua= rlq Jacq(e~PH'4 neKIe 3ocu*aB 24rHTpa nP Mo~leT M ICp-

B IaA flfljIHTbfl IOlk c JII~p Tlep-oxLH0 -o 6AC sIYTHblPamp. e

-430
=D,0' su4 Di - D i'. (10%) .B cau IOH 6yipe (O STIN ,0 AO BeP ,H Al).

3) Bycae oroy~I ~ rpaHyJ~ome~pH'I ecKor acCall a rpywraX nprAYroA KJIaAM-

mA qep <f cYioA (*MHbrp3 I)H pisc. 6. HROC prAbMHARnpooclf

Tiwo)f Mene pa~HOH B cocutaer neporo aou~a 4nopaeKHe0c 10%

(o ncAHau3taejoM D D!TCB ary? O paerJIOfl Kpa3MOp imesbw3H l eef
isapHoep, (OoTe 0,005 A r.sgvm~pqCKf COC~o CM. ~bpa .~ic ae psc. 6

sa~bA~nO)IN~~lboro jiof neexOA~ft OH1

p~~ne~ Tp~eHRKMO eoelyTHBneeRX A

y~~~a~~~amo ~ ~ ~ HaPC ,KOa ,qob aqTHf amp4p~~f g' p

BOR~~. 0 COTeC~~adiP~eyIPKIADw cHo ,apci~iiiP3



K) ~ ftlbrpaLjRH I pCWTeno
0 cocrasa rpyHTa I(ittab-pa e- I.'c"Oith 3orHbI (RPHIaa 0) mower 6

hI~b onpeaeeH no Fpoptyjie nI M la4pe'

4,f I (28)

- f\O3$t~tHH, YqHTbI~adjUjr Iq)Op~y Ht n:pMRXOBaTOcTb 'acmi4 rpyttra; no 4liajraA .x laeuroPt~Hy~n 
IJ

netaoraejCU IrpyHTOB q1=1; xAa ume6e~oqnb~x rpyHTORI lf,0,35-4,40,V-Kitaemar~qecg
1 3 JI Ko3IWUULneHr Bl3KocrTH BOAb"i C.M2

/eK; D17, CAC Rif" no&bpyde A. H. llaTpaueea

rae g 981 c.*ceK2 - ycKopeutte cHjbi T jveCTH; Do(cm)-pacqeTfibl AitameTpIIJfbTPaEIHOiHHiaX nap, oflpeeafloed1 no 3aaHCHM~OCT (42).6 16. NIpouepKa Ita cy4OHH~YI npo4IIocTh rpampyomerpmelriorn COCTapa
rpyHTa nepeora csogi *mJbrpa. a) Ecuam rpa~yaomeiTp4ecKrafi cocraB rPYHTa
iepaor() cJTog (P)HIbTpa C Y 3 0 H H b) hii, To 8 Tagom c,,y4ae la"uu Cocras

rpyRTa CJegyer nPonePatTb ma nepaambinaemom~ KOH~aTo 3oth fPOAIOu~bIM
4
1ithb~patuoHHbi I, fOTOKOM, TaX KaK 13 cJlyae BaHnoca Rt3 erO COCTaB8 jHa4HT341-

lioro l(o~rqeCTa meJIKnx qaCTit0 Ayoer HavytuHrbcR ero flPO'noCrb Nt YCTO~tIYH'30Cr, 4ero JU~fYCKaTb HCAb31.6)npat flP0OuobVIoil ( jjbTp~a~L4H (. Q 9PH CTCIxaffmi BOiiW nO XOHTaXTy
VB1Hr I'pyHTa n nepaoro cilo3 4)HJnbTpa , pif . 3) ralJOep~ex~ CCa
rpynra riepsoro CJIOR 4)IIJlbkTp' cafellyer cQI(Thrb C Y )3"Oi HUB pq3wM eCrff BbI-tlamfferc3 cileapyoutee yCJlogfIC

0,0032 sin a 
(

peo' -*0,30 (1 - ~, 
(30)A: 0,2 -I,8, 1 + 0.0062 (ri - b), (31)d - Pa3Mep) Cy" 3O~~ YacTRU a COCTa~ rpyHTra Repeoro cjios

(J IljnbTpa, MoTOPhic ., roryr 6
bITb RbIHeceHbJ nPOAOJIbuHiM 4)

IIAbTPajatOaHHijM naTo-
RtOM H3~ XOHTaKruojI 3OHhj; - yroa i aKoaO~ mmw~aoro OTI{0Ca R~pa X rOPH3Oif.
T3', pHC. 3; n I - IIOPHCTOCTb rpyalra nepsoro c.~o, (I)HJIbrpa (B aojjm~x HHbI'I1 - Ko3("Humtur, pa3

mo0
3epIcTocTH flepeoro Cnon (4)H.brpa; K4, - K034)4it.Ltne'r 4)H,7bTPa3UHH flepsoro CAOqWs AhTupa; y7 -0O-beMllhff aICC, 1~A1-A-=2,60-2.65 4cxl

rcm)Ke ycij0Jfl3, (29) He yjioBauTaOPRCTCR, TO B TaKOM Cily4ae iteO6XOAHNIOflPOat3aeCTH AOflOIIllTe7b3ygO 11POaePKy, a pesyAbra~e KOTOPO6 flPHHIM~eTc51 OXOll-
*iaTeabhfoe pewleHHe o flphro,4nOCTH imA nenpatrOiAHOCat 3anPO KTiPOaHNtrO,. RNI
floAo6paHifbro rpaHyJOMeTPitqeCKOr0 COCTasa rpyHTa nepforo CJIoR 41jlbrpa Ham11
Ha3Ha'IaeTcR uoabih rpatyIomeTpH4~,ecxmh ero coc~as.a) AIOOA1HTenbHl a fpoB e p xa BbiflojtnercH B Tom culyqae, ecjlh
"lPH upoeatTitPo~aH" HA4H nOlA6oe rpaHyAIOMe~p'3qeC~ora COCTafa rpyHTa IJepBoro
cao3 g)uuTpa OditODHOe YC.raaeH (19) nOJ[yqeatO C 38naCOM, . *DOP~" we paso,a 60obwie D"4Kc( D Acq> f~i

B3TOM caytiae cmaCyeT ahiflOAHatTb C~leAybOlllyp, npoBepFCY. IPIHH~maem 'iTO
H13 3aflpOtKTitPOBalto~ 

Ktta IOA06
Pa1iroro rpa'3yAomePtqec~oro COPT88a rPVia-ra flepsoro caoi 4)HulbTpa BLIHeceHibi sce mejIK~fe 4acT~tj,, pa3MeP ICOTOPb( d~,onpeejeH no Mm~'ci4ocrn (29).fIP'nnimas,, c yqeTom abncmi 'iaCTatL dci asmrn~ pfHyaomeTpHqeCKdCOCTaD nepforo cuuOs *JfRlbTPa 3a 100% c D' atNK-dej, CTPOIIM xpmeayo ero rpa.''HYJIoMeTpffqecatoro COCTa~a (mpmest 2, pHc. 7). 1,3 noityqeataoA xpHBoIA 2 cii i.
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Wikem imuaq mg D 17' H l no samcHmoCtu (2)oupCefiiem bOpUcToc~b nl'4.
fl-nojiyeHjimm napaueljpam M3 3a8HCHHocTho(3) onpe~eamem D0 mu

Ecitu ouaz~emc, 'ITo DOLaw< P To npmpaubmwbA rpsayJ~omeTpH'IC-
cuhA Coda. rpyiiTa uepmoro cios 40mHi.Tpa (pitc. 7, Kposas 1), wO~yseEHm$ U3

yceoaHR (19). caeyeT cinram n p Hro0A H W M
Ecji. me oKa2EceTCR, qrb ycAomne (19) sie y~osemsoplewc. To a ?SIx0m

csy'Iae CJ~eAyeT Ha3Ifa'IHTb Hoahi rpaHyjomeTpH'IecKmIA cod~a. rpyH~a nepsoro
caox 4RJ~bTpa (cm. ummie n. r).

r2 1.1

I I
T"I n rp :51 ~ -~~jil O

ne AO b p , H :W "-iiwe ismt e*a
r)c rpauf ypiyoomT1pNcK Ico r c p cTa srpy~i ne~bp a ro

-c srn (25),(26)x (2) ope l, UIM*~f *u)paH;j 1clM IPYDJ,. o no

AyqekiHMM%4 pS3epaM *)PaKliH D,, D1,7. Dio H Dimo CTPONTC5 Ho~alu KpRau rpa-

HYJIOhle~pfqeCKoro cocrana rpyHTa, KOTopy1o cneAyeT npHNnuiaTb 3a p a C '1 -

mbiil rpaHyAomeTpH'IeCKHti COCT813 nepsoro catoR )mn *Jb-Tp a.
flIHHMit 'COCTaB 4*HJIbTpa 6yAeT yAoB~iel3opgTb OCHosihn YCJIODHOM (19), (20)

1(29).
§ 17. YcAomne caenoaaaemucru Ve~mx a Ape (axpame) smaxx uuo-

110. S) B BUCoI9(x H CUBVX3ICOKHX nafiTHaX.C TOHKHMH sinpami (3KpaHarnt).
pacfloo2KeHohix B yamom icHboI~e c ilpyThmut CiCJomaNI. oCnAceH 6oJ~binlx

ui mepasnomepitbix Aebopmaauo~ v PaanOCrH ocRAnoi, a Tamoe cehcMHqec~cux xa-
jjeNA, a leKoTophiX CayRIX DO3MOJICNO o6paaoaaiane oTAeJ~bHHX meCTuliX Tpe-
BINH, icoropue HemeJAsTeJ~babM, oco~eHHO a Hm3o" r paiqn %pa Ma SOHT3aKre
C e6parrnIM *NJUTPOM neOeXOAHOR 30HM, KaK Oaxa3aHO Ha PMC. 8.

6) B rxKHX CfiyqanX, 'ITo6hI KOITaKTHa% 'ioHia CnSR3oro I'pYHTO RAPP'
(.9cpaHa) nJIOTHHI ne p83MMiaaBCb 4IIIJbVp8UMHOHwb noToKom, BbIxoANIIW no

TptnQHHe a CJEoA 4)HjibTpa, dtH~hTp iiepeXOAHOA oh 30 Ao~uxeH 6UTb sanpoeKTHPG.
man H yjroNWHR Taxoro rpINyAome~pHqeCKoro cocTma, nPH KOTOPM BbUHOCHNMC
*imJ~bpIIUmoHHmm noloKom arperSTIA CBF3Horo I'pyHT8 HAN OTAe~iUHhe era qa-
ecTHM He nPOXOAHJI 'Iepe3 cJIol *HJahlpa, a KO~bmaTHpo5A~H 16M ero B OAaCT
TPUUURM (PUC. 8) H TUN o6PASOM, COSABaaJRb 6t Y C A 0oSH 9 AI 9s 4s ae-
qmanums cavolk TPCIUtHM.
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a) CJaeAosareatb~o, SaflpoeTHpGaBHNIb NA JfloAoo6)8ImuA rpavyAoueipuqe'
cKHA Cccas tiepmoro CJIOI #PKJlb ITpa, YAO0MeTSOP1UOAjHfl a raKil cay'.axx Tpeo-

BaNNIIM, flpeA7,08fieum xc $Maaltpa
2 t iepexeAfiwx wol amcocux it caepxu-

COKIIX MIJOM.I AO12KC11 6MWbuPosepeu/ NHa YCJIOBHe KOJibldaTNpyeUo-
00- A. r) ECaH ABs~lik sanpoeKmpoaa

,.0000 iiuhAH noao6paHMA rpaIYyao~erPn.

/ - - 'ecKNA eocTam *UHJIbTpa mo2KeT 6Wum
0 3aKO~ThMTHPORSH ObIIOCHMbdMN H3 Tpe,

7 100 &UtH u IaAPa (sicpaj ujottmu mearnn-
0 0 44H 1IaCMISIMN, TO TSKAii COtMB *IKb-
o ~ rpa cjieAyeT eqlhTSTb YAJIeMTSOPH10-

tWINM AaHmoNyY CAOJIK.
8. Ceii aateqnajia ~/ Ai) Ecint AaHiioe .ycalosoe me

nAOHH hblA MAN nOAO6paKtiHcf COMBa 4INJ~bT-
I-,poJ~ohn; 2flpeoA ~a sol *Ju~r); pa AoJI3KeH 6IdTb mselee, 'no6d no-
11.1.11 5-aaK~mbuamosamnawO6AflCb b f Houhl Coca yAoinJeTsopu~

tpe nepeoa~ol ao~.~.(6M YClIOOHIO KO~fbldaTlpye~ocTu.
e) .Ycaosne KoabIUanp-

eMvo C i (3a.Ireowh(aemocm Tpettauu)
dyAe-r abnoAnteFo a Trom cAyqae, ecinn sanpoeKTOPOea~fildu cOCraf nepsopro CAon
4NHibTpa 6yAer yAoajernopnmb citeAyiohuemy cpwreprno KoabaM&TPYeMMn:

D,7  
2 65 (U.-70)
4; V (32)

rite DT-anauaeTp qaCua rpynRT o6pamoro 4iiuiiAb , meNbueic oropux e era
COMMai coxep*mCnrc 17 %- no aecy; ,zo - IIopuCrOCmb rpyaeta o6patmoro #wrtrn-
rpa, I AOJI~x eAmNNHiaw; r, ftn eur pauto3epIMCTH rpyRTa 06PITN01O
fPHAblTPa; dq- AmpteTp KojibmaHpyiowl nppailh CJiO N~bra qAacmif rpyii-
ra *Apa iijIoTNuh, ameHbwe icoropux 9 ero COCmn~e coAeplxctTca 90% no secy:

dw M~ar Am dq0 (O,2-OI)taP rAenP m 05 - plaitep arperaitux
cocranos raminNcTore rpyHia 11pN ero pa3MbIne (npff'Iem ocoy4*ruexT 0.2 cooT-
BeTCTByeT rpyH~y C 'nCJROM nJactH'anOCTH W,=5-10, a 0j.~ 1 .>I).

EcAn a nepasenCTBO (32) anecro dto nojtcragmh ero cpeitsee 3Saqeagte. 8u-
paacemte arperaTnocmiOO, T. e. doe-0r,54'v To ycaosme KoubmuhwyemocTm
nepforo cAos *piJnTpfl arperaTRaiH CDsa3Noro rpyiiia 6YAeT JIMtTb eCmimNAlif
BHA.

rAe 6yicsenrie, oo3Haqenrni Te we. W~O m B (32).
mc) EcANf ycioome (32) ife yAosaeT~opSIecR. to B Taukow caytiae cAeAYC? 13-

MeIHb 3anpoexTuposINJubhi. (noAo6pamffnd) rpsupyiomerpdqewmA cocras
ONUabTpS4, flpHHB 3a psc'#eTmbii pavOP AnatieTp ipaxumm Do?7 m3 aalecm-
t!Tn (32), T. e.

Ocrmflbmie paiaeepm ocsloDmbtx pactiernwx 41paIcuA icpNNOA IpSfyWomeTpuqe-
exoro pocTana 4iahwpa Die, Dto m Digo OnIPeAwoTC1 no 31~11CigN (25).
(26)na(27).

24



loyewsawA rTaxom oaaouw 11omAa rpsqyuMwewpa M#w cocrI iepooto
caom O*abrpa 6yileT YAOSM~~UM YCAbOVIU KOabM8T*PYcUOcr"e f CeeAom"Ahe-
NO, 9 3A NseqaeqcT pui. ~~IM?3f
nplIJHlMaTb 33 iinuIm npeAem (puc. 6, Kpmsasi 0) coum Aonycxaehioro rpsuy-
Aiomerpuqec~coro coeraoa rpylfl, flplrOAilOrO AMA YKJIAKH 8 nepsulfl CAOI
IOHJlbrpayp.

II 11H M e 'i a Hi a e. flanumui § 17 *scrno'aem a cocram iacionutax cY~a-
3aHHAhP 14K pememme 6ocTanjaeH~oro aonpoca o awo2KuQocTx 0613830-
naHHa rpeUtHe 6 sAp. flJoTmHbl (q'ro m8JIoOeposTUo, ocodeno c~wauhx
Tpeuinii) n1, eCJIH TaKoabie 06p33yl0Tc5. To KKne AoJKnxmw6mTh DPeAYcmOT-
penN mephi no ux camoanane'waammo. f

FlpOeXrfpaaH~e HNw noAdop cocrasa nepsoro caon qwNlAbpa m3
* ycjnonwo ero KO~ibMOTnpyeMocTU CB513HUM rpymro. si~pa NIpm ero Pa3Mble,

AaeT .1JHa'HTeJ~bnWAi 3anac a ilpoqu~ocTm Ii iaAe)KHOCTH, 3aiumm1aemoro am
sutpa (qxpana) IAoTHub.

II. flpoexrupoanue epatgAo~erpuqecrxozo cocraea isepeozo CAGAi
4niAnrpa atx eepxoeomo oTKoca xhpa IIAoUmb

I&18 06inu. yKa~aimm. Jlpoeicruposanse rpauyaomepecicoro O cocaa
nepsoro enoSI q*Ab~pa nepexoAH06 30308 AAR RAPa "AJOTHi C C sep x 0 B 0
Cr013011hi. KaK yKa3aHo B § 12, peiComeSIAYeTCH BMnIOAI4HTb WIN! /YX )'lacTKoR NO
alICOre MAPS, T. e. AR A YX P83lIIX PeMCJMOD Pa6Orid 4HIHtTpOB 11].

rlepawhA yqaCTOK-OtT or.- HnlY AO OT.. YMO -(p~c. 4).
I. Ha AaHnom yqacTe RAPS1 IOTHNN pexcna 40lURH~~ moicer coore-

cTDOBB7h pe.NHmy 4OnAbrpaWtlk HiN3omoIo OTKOCa Rspa , Tom cayqae, KorAk cow
uceile roppona voAbi a uepxnem 6be4)e 6y~eT npoMCXOXnMb Osc'rpee, qeg soa-
oualta rpyHira SlAPS flAOTllHbI.

*B srou cay'ae rpawyaiomeipirecKafI iOCTas nepeoro ca 4lHJAblpa WIN sep,.
x0O1 CTOPOHU xApa AOJINCCN yjwujiemopgn BceM TpC~oUBIHSW, KOTophie npeAib-
vsM3Owws K nepsomy cJoto 4lmabrpa A~m H3usonoro oTcoca Nsla.

Y14UMaSBR so 6oojueHe, rpua.youer ,qecxuf cocras nepeXOAHiO* 30138

3a suOa 5axo ups KyflIIOO6JiOMFqIIO VMrp~s VMPOBO ~A ye P3M IJoeTU
xcaoAye n'ITambi, n 5OMOIKHOCeb mnpaNKoftK pa ARM 13yhCN166S~h

( 2 nlcr tip ncoaao BOPN& ~ SMa b 8eeoni 3011y.~ tk a exum6b~

BeOO raicx, CApa n po eps~me man~c RA13B N ihnaomeptec~r Co-488
cTl8Aa 50530o AO3KNMTP8 8-m flpTyMoei coiqe oerybouuie samirawe x&epo-

R EPrOpolRT~ yIIAP ROK-THMO Oru. YMO Ao r OCH0r HRIl oc o me-ilr Apa

B. nepo npmcnayamoau,,wo HaRlIIme y'aae sosoerc TIK3M naoTKaeb
(OTpmaa~N cua. ra 1 PHXATK~e6abue Hps' oha nepexoanasO 30Hw

Bae TSK or y&* eAOeHa O ~ epsro orsOryiaK xpyuwoapama croaa (soaKM H
*nsbRp) Wafb uAOAopor -0?b nPNheAY~muiC10 cocraseayipyNtS K -. TMeOepo-

(pe 4).4 V

B emA9V A&&tMN SHM qC~ 68yrRTKIIM6
amp~axsosi re e POCOAT on~ameYPSH s~m npxas ""

paobrseT~ noK...y4n *4mbp.T .HnauRe#xTti



mb cra S% ea aa yxaaanao a I2. 4*816rP&noMml Dom.in ue~aecuya Ns
rPYHT RAPa, ,OK&3bMDlIT fOONWeahloe RAMMifts e HS "dPNOCTb U&Tepusm SAPS.YcROam -pagorm nepexosfofl 30114 us ASIWNom yqacTxe neamsuufoaee 6aranpuahlwmN. no0 cpasseiuu c RMsasum OlICOom. flasomy rpe~ouamu K ua-3uaqemuio nepexoMNoR 3umM N K ice rpauyaauerpwImaomy Ccray maTepuaa
A0JIkXM O0Mm APyrne, man~oaenounweintwe (mcmuinoac swsqfamue 4nma-
TpaARHN~ra noToina N8 OTKOC, (IrpMB Man orcnammOUne MaTepllaAa SAP& a gto-

* pax $mswbpa. Koflinmulf psaimma
19 1g poexUmPOmauue (082-P) rPauY~AOSIeIPu'SCxor COCTAma ICPSOCo'

CfNW *uab6TPa 0MepxAuo SOM -M mepisOsr GMoCa SAMs Na YRaCTe OT
orm. YMO xo cro aiosa,. (181. a) 3autgaemmA rpysTr~ mnlOuw AoxI.
*eCn 5mTb CBE3HNMM H yAosJIOToo*Th Tpe6oauNNNM. upwaNmumu a I17. ni. 3.
T. e. Wg 7, npm xKamau sjag,,'cmH V 8 NMmpsje nlactwqaactu:

rAe W,~ - rpannua TecyleC.m;. Wp, -r NUa paCKATIRtANAum rpY-imra.
6) MuNmNaAHMwmai 06"MaUfl sc ciceiieTa cusnro rpm ystauo

Tnulm, npm era YinaAnme, Aoswen 6um; Teapau-

ri~e ycx npmimuwaercu no aucumoct 1.*
B) PacqeTmAf rpSanellr MOPS NIN mepxo9Ma YqacK SAPa NasYNM (UPqIolcTcrs mNN awatim 4nImhpauanvoro no,'o:.a Na amoc) eSSeAye? npimm-

0= 0I
r) Pac~tevwf Amaneep ibmahpaunwnx nop mfans sai nepuora emon40NAbTpa Am itaNNoI' mepxosoro yqatwa xAps njmomuu woxe? 6mmm anveAejip-

* no 3abNCNMOCrN (18), npu 1-0 COSm, lmaJtyqrNM:

A) -AMj smcauwx nAoruu. c manopom H>: 100 A, Hnp yCmpaome onuocmoil-
BOA nepexoAoAl so0KM m npit emamIenium er, c xamenmiok ma6paco aepxom
IIpntmM nsamnM, peitomefnyercn suecru Kov~umei saa k3~-1.25. Toris
3a pscqenlmil pa3NCp 4mbaURaionvwx n0) maTeNsJIs sepmascd msepexamuO30KM IRAPa, H8 y'iaci~e OT GYM. YMO no era ocuoRsNNE, caexyei upxumsaw

Dt" = 4.65 xx.
e)lan o~ecneqeoxl 4)qjb~ip ouNa A npanmocnm N yemohnaocau aepxaoro

OTKOCa finpa nroTNNM ma yqacTme OT anT. YMO no era offnms na Scitmm~-
NMR Alfame~p lbNJ~bTPIXN0HNMA nap (DO*Kc) nepsoro cmosi 4wumw'pa nepekaomuA

Mae Do"" onpeACANOTCR no SSSRCMNOCTH (M.
m) Hlsxocneme pacqemux pasuepos ftamumfl (DIn., Dly, b... Dub.) Ass-

Haro cecilia rpyura N nocrpoepme c3oNM Aanycnrus ma "ARIa rpuyammm 0ur
casa rpynt, fprao AKyKR5AEN s nepasmi esat 4pumhpas; aumosma-

Ym no mevomnc.NJO;e~Ia
3) 1lo rNApDAnUmBMNqeatUU ~OSHNM Na AaCKU yuacite .epxoaara 0ames'

slnpa RAmmiN (at 61M. YMO AO era acSOuuSw) MONOTI 1M x necmo-
rpitAXOu-ta~eRWufxoaA r*YnR saw Recy4Islo3NwINor,Ta u~f NCy40=iOSmflw
COMrMA (*mo60 ciewetm cy$inolauannam), eca era cati ynoaaemopsei
oCUSSEomy ye~smo 1)

120 ir* MWeX (0000P) rpunyaau.,p"Ote ft oca ."~a Sep

"M CN 9mw" MPSIANSM M S W 31 m navm\
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xoopr YMONAae mr 7PeO6mgmu, uaaozexuu~ a 17, n. 3 a~aw
Yaam.npoetmpoame (noit6op) rpaimyagomerpmwecor cOcSa rPym Mep-

Soto CRON 41Uarpa -nepexeiux mw,. a DucEO? or ruapoaumgqmoxxYCRomRA HX paftom. pexomemAyetca IOUauM PaaASabaO. EK8 AM RMiIOA
OTOPOI~hI Sxpama NxI ASS soPRGOA COPOW 3Xpana.

I. Ilpoexirupoenue (no86op) cpamgAou-erpuwcwob CaCma zpyfTa nepwo
CR014 4UAbtpa neeoftod 3o~te din mWsod cTopoxia axua

a) Onpe~ejtenme pacqeTmoro paauepal'auameypa *H.Ib.TpammHonmlX flop nepuoro CRON *NabTpa. AM. yC3IO3UI-meAqlykte-
"13*s o~pbua Hui oTcammamuu arperaTon qscTml calsiom rPYrna, ma itommai
C'rpyal'oM hepboro CAOR 4mAarpa, paCqerMA pasUep Aanqppa *)Abularpamom-Hblx flop ulTepnaAa Ilepsoro cao. 4,maiTPa caeAyeT onpeAeki.m no sancun-
Cm 18)

M~e ff-;upmaeeRc no 'ra6au~e, q9-I(4) 4- oneeaien no 4"0my~e(14)a~m (4). s 3aamcxuoerm oT maTepmaaa flpU3mm naomRw 0 11, uf. 4) pmc. 9.
8'1rO6br OTCJ~laammHe Casamoro (ramumcrro) rpyura aicpana ma xonraK~ec Ma~epnajifs nepuoro caox *IIxbTpa (ma. Ae~opuauinA) me npoiicxoxuAo,

AOA2KHO yAosAJeTBops~mCsu ocmonoe ycivoasle (19):

Mae DlmaKc- MaxCNUilahui P43iCp Onmaamu nop nepsoro- CRON #usaapa,
onPeAe~tae~cR no 3anHcmMOCTm (3).a) OnpeneAeHme pacqeTmwx pa3mepom *paKcitw H nocrpoeahle c3oai, rpaay.niomerpaqeexoro rpyHTa, npmroA-

HOro AAR -YxRAaalcm B DePrnIft
cioflk *uflhrpa* Duncanklmnc -

no meToASIKO, Hsllwxenmofl 8 S 15.
r) 3anpoeTmponamnNA in A

nb~o6parnwIA rPaaYaOaeTPmqe-
~xA COMBa flepsoro CRON

*mAbTpa'AOJ1)KtH 6ibiyi upoSe- Tv
Pen ma cciosme CflUo.aAeqagae-
mocTn Tpetnm B 3ipane no Pine. 9. 17-vormu c ulcpafott mi apapox

xpHlepio (32), § 17. I-Tm UAomma; 2-sup. 3'niu'tK'-ne-
* A) Eceim ycaosme (32) He PeOXmMM SlM (ObSI1p); 5

3wnNTUM emAn;
y~omTOO~eTH, T 38PMKH- -82a no m cm A-5l; z'-anop we yqa.ynomarmopercu to anpoxtm- ve Rm3um 3 MGM~ EPHUNKASN CpIMO JtU-POnamnall (nOAo6PaHMrna) CO- POCCUM zAA laeA niOmmaM u3 KMecGuo.PWAaif-

Clan rpymlTa nepsoro caon ranzeusaxso rPynTa; D~maW -macKCumaibEUA
*uaarpa cneAyer H3HeinmTb, CO- pas..*A smims n op rpy~m oeuomma. s
ricno PegoateuAamik npwse- amM

2. flpoexwuoaamue (woOop) 8pra~yAoDtreu~eCXo o cOa Opy16a uepeoto
CR014 #uAblpa nepfxodmoa Sonsg din *epzoeotlapn ?0POH& KpSo flOTW

frlpoexrnpoaammfe (noA6op) rpamyAoseerpmqecxOro co~sa -nepmore cast
II*fmbtpa nepeXoAmol aomW IAn 3aflOTri atpxoboAk cloposm sICpikn (a samac.-ioLr, or raAponnum ma~x ycaoamfl pa6os. nepexojmoA somm) caeAyeT UsK:
nOaWR~b, Sax H ARR RAPS naormaU ( ) AJ19 ADYX y'aacrxoa no amoye -Aas

I Ie p B m yqa e T 0 K-a~ 39RA xpana ma yqacTce xone~amus rmpusonia
sOAm soAoxplffuma oT on,. HflY xo o~m. YMO (pile 9), AAR cAa., sueAqw-

A hr



Dom, wwbaa~.aIux bEa so, apo oioc US"ua up~ cuaweuautop."
SSO 3xg aBXU spex-e Gatc 7ySToi MEusmoimme WeMdSWO 80AOMK eS-
pesoamyn. 300y:.

. ) SPN MaRImum. ----- 'WT (UeCqaaO-MajeR'uItnORO MAN. iU6eVO4NOf
nPur",auyc mspxom*l cTepoi upou;

2)up uANun xpyuinoo6so~o~u'oI upurpya.
a) Onpeaase pacwueror pasuepa Aumuerpa 4inatapauomusx flop rpyu-

T(Dr'q) iepuso camu #S^Tps.
A~m ybrou* .eAonyatnun ovphisa wN orciuansaim. arperarom RacTua-

caliaforo rpyura Na KonTam~ c nepum Ca~es 4rnMbrpa 5 nASHoK cffVRe AS
oupeAesaeu cjieAyeT 110J a5?cn ssEUCHmocThIo(I'

rAe 9 nPRUuaetca no Ta6rAue (crp. 18); Ip onpenne-rci no 4popuyse (15).
T. e.

rue .- yron aealumoa sepxomoro odr 'oca sxpana x ffopmsomry (puc.9.
6) flonyueumA cocraB nepuoro eAtoS 4iNAbipa CDr MOICeR 6am, IPO -

spen us nporQANQCTb no o6ecneqemmid. npolinocm cunanoro rpynra sepxsforo
om0ca SaIcpaa, nP. %0ORTaKHfli~ OHAbTp2URHi, nO YCAODHIO (20), T. e.

fTlpnqeu Aim hieqiosepxucroA npxrpyalut c mepxosotA cropoui sKpsaa
* ycatowu (20) npuunuaMBSi:

*I1 I, sit 0
5

rAe P. To meg, quo 3 4puyjie (IS).-
Ann xpyuw~~mQ osauoA4 npiurpy3KH 3Kpana (B cAyrae IJINuxuE mOauoSOM I

,vo3Aekmxu Ha nepexoAayio sony) ycAoane (20) 6yneT nyem cneAytook.A Bun: r
I. <~ 0,75I.,. (34)

rxe I - nplnuaeTes no aucxuocm (16); /up-no aancuocm (21), tu
SAN Dw= Dr7". I

a) EcAu,>cioane (20) ium (34) ueynoeAtelmopsercv, TO AAR n41010heu"Ns
SODOMs aSWS'e D,'4 CfiSAJCT BOCUO~bIO3TbCN *opNYJAo (22).

Apsqes 4.opuyna (22) momer ukleTb ANN snawenus:
1) xs wMfsOepUNwrm npmpysxn sxanas

rAp I,- nputuseiai no auhcnuocrn (17);
2) saa xpynaoo oo npvrpyaxu, T. e. C y~eTOM SMSlumiu ZOauOlK~r0

moseicTsi sa IlepexoAvyio Sony:

F~e Iamm;.fx, ci. nu33C50Cb (16).
fluyboe anqme DII us ycAtonb (22, a) SAN (22. f) . puueme

3& paewo, T. e. Dw,.' e can yesoMau, (20) nS (M4) eyssero-

r) Hasxmwe pacMmux pasuepos: #paxaml (D,.. Di , D..,j Dug) am-
Nord " co r p73TS aI qo~tpoSen tsomw rpanysoelimemforo COCrUss I))yi?3

CiA. 5113. B.
CAL #opmyay (17).

......
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nON6M~O~O AAA YKA&AKN 8 1qI~mA CJIOA 4Iab~pa2, SAMUO S no0 WOOANKC.
U340MeUmBf 85 11&

Bro 0p 0 A yqA C To0X -a 3 uq11au) maP~gN yqaerxe o1 oia. YMO Ao ero
ocuomnna H Anx cay~au. aocToomnoro ropilaonra 30MM1 9 BoAOXpSNaule. A Tax-
me Ama caYman UPH orcY~rcTmwi uucaqnsanlux *H)flbpauOHNmx DOiA 18 XO-
vok orKoc axpana, npn. oonumerna ropusonTa o0MM a soAotoatnivitune (npu,
mamexaiuem o6ocuoauit).'

8) B AaHNOM cfiy'ae, mero~mica npoeKTHISaH4t (noA69pa) rpanYAOueTPU-
qecKoro COCTa8a rpYHna nepsoro cJiOE 4Ouabrpa ~AA sepoo cropbu M pana
s noamoA CrelleuN cooTmercTyeT mero~urce npoexnmpom (uoAfaope) rponyao-
.epn'.ecKoro COCTaBa nepsoro CAlon 40AHJbTpa nAM WepXoWof cropoa 'UP8
nJIoIHN Ha yqacTce 01 0yTm. YMO no ocooaun mna.

6) ilps npoeKTmponauRnH (noA~ope) rpsnyaiomep'eccoro cocrasa rpYHTa
nepsoro CJIOR IfUbTp# AR sepxosofi CTopoI4M qKpalna cienyer owbaouamcan
meTo~uxor, HsJAo3eHIHOE 8 § 18 H 19.1

f 21. flpOWemwUpSOma (ROAGOP) rP&HyMMetlSSCbr ctamn UNmbpo-
"A @Aipm BOSA MWEMN UspXosuz GTEOE SiUiiUi ESMo. a os
more (ramuucroo) rpywm. Ilpn npoewrmposaauu (noA6ope) rpanyatouketpnqe-
CKoro COCrana 4Imhrp030A noAroTOB-
KxK nOA, KaMenHihe, TaX H mKeaeso- -IM

6eroanwe Kpena IeHnn Bepxo~hix OTKO- A

con (piuc. 10) qeuarnax . naoma. 2
ycipaHaaemuX H3 cUR3HI11 (rann*
CThIxL rl)yHTOB c qitcjiol naI&cTmqo-
CTN Wn.>7 (AARI COOPYJxeNuA Sroporo
xjiaCCa nO x~arabuocTK H HN2IC Wnz)l

S5), .ofaaa mux m0AnKYnjipmhI b
citelaeuem, onopenefnembi no 38aanCH- 1
MOCTN (1), f '7, meIoGxoAHmo HcxoA)ITb

*H3 cAeAyionzumx ycaoBnl:
0I rPauaHAtpu'cKfa cPclas Pmc. 10. K apoexmpanu aa

bHAbTPOBOA nonroTonxn noA uepxo- 6opy) *naTpoOU ucirotroaxi
'ahie KPenAeRnnu OrKOCOB (no 38IUXTe .noA mpenaua sepionul orxocos
0T SOJIHOShIX 9o3AeAclDIIA) AoJI3KeH I-" UXTM its carnrw ym (Cfah upaxrnlqecxm flcyi1b0P3M011- W 3 ,5-7)-._ep,§oe UNO~um
Hum h, yAodfieTsopRIOUMM SEHCUMOCTH tm~oen ejameunmuaui
(7) Ham (8); J-cmif $oxiqpao ,uoiv. 4 -jia.

2) *HjimBop08 nogrOroixa AOJIZK' "r DcMIM' P-YroA Maon "ePow"

I H H8AeEno MIIMT COR3HIAf (ranR- OtoaEAIU oposqt".
HHCTUA) rpyHT sepxosoro otxoca nao-
Tmuw or: moauosux soa~e~cmAf, P03MUaa *HxbrpaAonagmu noToK~i 3~mM, amE-
TexaiouwIk ma mea MloTHb,.pasMImuea Teqevpnem mI up.

* lpNmme q a us e. flpoexrnpoarn man su~op Tuna Hopumat mxo-
ShUX OTKocoB tapoTH aOIARosorO uo3AeiCTmBUR AOAJcnO mhlANOahmWO corlAsc-.
No Aeiylcuouw CHisli(5j.

a) Afiff YCAOSWSI AHH8MRa.CKX m arpysmx Il OlICOC RIJEOU, flyJICPYIO-
nxeii U4bTpatHt a c.~oe IbnfbTpoOOl aaoaroOKa (npnf nanRSe as CUSAz So"M
Ha oTICoc nAorm), nepemennoro ropnaonta 30MM a aepxne. Gbe~e w iim
HOro ee '3aaCaqNBaanNR NOa ePXo06A oTxoc BMPo~HM. PaSetwu Pasuep ANa-
tuetpa ionarpanovmax -nop marepoa 4auabrpoaofl noArotouc (Dreq Ipero-
meennyelu OnpOAiSiTh no 30m8MOCTHIS)

sapuqem a anM cayaae jaeayeT npikimam 9 1 0-ttg M. rae .- "y
* maxc.. epiooro ?xOCrK rpnwy(pas. 1)
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6) Ass TOM, ww6u NO npouxAbU~O oltia~nne camamoro (jrjtNNjcoro)
0y~ 30H Xome Ka c MaTepmaAlo #NJhTpoSOA fl05!070S1, IP8NYJIOe7Pt

'ma. Oman N&57,PVW a 4JbfpOvoA DoAroVmflEN i0A3Ke yauempam
GeMOWaNY ycamsm (19). T. e.

rte DrhI'- xacmuajjbHwA PS3MP AHaueTpa *HAbTPAsu~oRwdx Hop 4iNJwhVo-
wkc no~roioass, ownpezeasewcs no 3NBNcnN0c7N (3)..

15) *NJwwoas DoArowca 6yAeT HaAemKuo 3auLNu1ah 0T KohiTaENOrO p03-
ub& OTO JoTnKmt, Rpm Ryfibcupynaem peme flPOAOAbNOA IOHAbTPaunmI (OT
NaKATS N CnaAA .01mM), a TOM cntymae. ecfiK GyJ~eyAoaeTmopvnhc% ycjaoswe (34)':

r~e 4j-upxwNI~aeTC. no usNcwmocTN (16); lip - no aaBNcNNocTI (21).

r) Ecan ycnoame (34)X NeyAosxeTaopneuc, TorAa CACelNMNT rpaay-
JwomerpawecKR QccTas n awpoaoh noJ~rOo3KNx, cm. f 20. , a

A) MaTepuan ObposoA noxroT0rnw He Aojvnceu npoIWECTb'a nopm Kamen-
NoIba~occm.(D) RmRK sxpuutyIOCRhl2atb, (but1) )EeJ eso7NUo IooKphTNN

(Pvc. J)
3To yesGDNC NoxeCT 6urb 9WbaaeHO CJIeJAyIOtlNMN 3aINCHMOCTENN:

D60 > O,55D, (35)

r~e D5 - pacqe=0M pasuep ipaKiunN 4iV~iTPOlOR nb~rOT0aKN (apnumaeacN
no xpwAo rpany~goue~pNqcKorb ocfasa ma~epwaaa 4*viuTposoAi noArorol~m);

Dn-onpeAeluerca no 3838CHMOCIN (42);

2) AA% inefis (I.) geeso6evoifioro noxpmTNN
D* -- 0 O55b. (36)

LEcn pacqeTnwi Vasrep *pamt~n man_.puaa *RNJbTposink noerOToaEn Dso
He yaoRMaTaOPSeT 2**NCwmocTn (35) man (36), TO a TAKUco &Vaae caeayeT a-
menNob awnu~e soa4tiqntmeNTa pas~osepaucrocnu vo - 4NabTpoa0A noaroros-
KN a 6oAwvyio cTopoity (a ~Apeui Ao t)&<25 jAn uteoemoquax rpyn7os n 120
yo 20. An. necqqbo-rpsmeAmcmax'rpymros), Tr. e. uaama'mm Goxee paasovepmN-
CTIWA cCTMP MaTepuSala pyuRa ibNjbTpo.0l naroromiw;,

XCxm. x a RIom cayqae Ne 6yAet yAoasmeraopxmc* aasuteowb (35) uNN
(36), 3o0 yxasmaae Na To, 'ITo SemRy KaXOUnum DOKPMTNC N caceii 431hTpO-
BAo nRoarOrcaim Ao~em Oim yzozmem Npome2Ky?'nml caod ua 6oxee aeaxoro
COCTSam KaMHS. I=ase rpauyatome~pnqecxx comras npVoeXyTou'horo CJ101 503-
men 6Gina TaKnM, viroGM yAomaeTfopJIocb ycnomme (35) man(3)

*fpN COGM3ZeNN YK8.94HNMX ataIle rTeoftUmAff URm up6eaTPOaNm co-
craina 1Ndb*bpAoAL noproiti o~ecne"maercm naAeKmas Suwa7 orioca RIO-

wuE Nt eamot *mabrposoh noTo su1C 07 somEosiax aosjekraulmas oTKoc.
flpnvep np~eKWIHpoSaaN *N~tbTpoBol flO4IO00SH
Tpe6yercm mAn cyrAmBUCToro tpyN~a Teas 9CMJIIoR ImaOTNN (PEc. 10) 3a-

npoemtpomem rpamyxcnkeTpumk~wlk cocram rpynTa iONxbTpo.0l voQrroan uNOA
aepXOmo UOKPMSOTOCa (icaaseune NAN M*G~ioflfMMN ENRTMN).

Anen npoeEnpoaaonN rpamyaokle~i'ieckro cociasa 4Nib~i.poo noroirov-
EN neoEzojnNo NmeTh *Namieftue' xdpax7CpCTNK .N (asautoxemo~o) camsa
rpyHTa TeAS. rOUO7NN.I

a)Miepau tens IIIoIuM- cyronUUoE, muladuu ocuossme HavIeso
(x525):

:4q
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PMNUCtbX 'meTR sCBMIS cOCT4S d<0.006 ma- 15%;
qHcJIO nJaacTmq nCTH Fn -13,96>7;
KO*INUHQWT .ooucwuttun G.-0,85.
y5415&thif amc qacu A-.2,70 4*; Ycuin1.65-t,6S aIcAO.
6) 06seuli sec cyxoro rPYNTa (.ccene'ra) cyranusa npN ere yKuagjxe

s MCJO UJIOTm~d Ha KOHTaKTe C *ItAbTPOfO~l noAromeo., coriaacuo &swmu~co-
CTm (1), Aojnueii 6iM:b

7 > I'CK -.

nPm As-2,70. a/cJI, eT - K0344itueHT fopUCTOCTH (na rpaeme aeicyqecTs)
papen:1

a T Z70-3646
100-1 0.96.

(IoAe nlo~cTallOOKN 3ilaqeHufA uoayqiu:

2,70- 1,38 h1cz 3.

flo npoeKTY ofitewniu sec YKMAawaeuoiro rPYnTa a Teao jutOThUim 6YAez
mmieTb 'Y - 1,65-1,68 alAO. CJIexoUsTeJlhuo, rpyyT Teia IIAoTHmm 6yjie
o64Siaa CUNSIIOCTbIO. moIecyjiopuHW cuennemineu, See paclerm no npoexmpo-
Saumi cocrana *HOlwposofi noAr I mum AoJI2KU~ amium~~lNbex Kax Ann CUR3-
HOWo rPyHTa.

S)- AAR~ YCAtOSHuA AHHSUMtqeCKHX Rarpysoic 'Ha nepovol oTNOc naoTuRm m
ffe~onyuterNum oicaliaBHOR casmoro rpynra rem. anoruas (v nopax) ma Son-
Taxie c *HmahrposoA nOroxohI, paCqeTnuA Pa3ueP JAM&MTP8 *mabTpamWKn-
" HhXfop. .a~epma~a towjwbponofi BoArOTORKU AorJueH ouipezeameTb? DO i-
MYAe (11', 8 PBCeWTHA ;PRAjue~N Ranopa 0o 3&BuNcocmu (15), rjte 1.-Ymo
HaxJtona DePXOSOrO OTKoca RAOTHHUS K FOPH3OHTY (p*c. 10).

B A8HHo. cAyqae f6- 15*; 1 -tgrPa-tg Ibl=0,27.
Ko044nUneUT rpaAnenTa Hanopa 9 = I1.0 .
floche ftoAciranonxH anaqennA 3o (I8'), noxymnue:

Dr- OX 1/ J/ 31=052 cA=5. iw.

CaeAosarejltHo Aj.Mi Toro, qrodb. He npoiicxoANno OTcjiauNaHne CBX3HOI'O
rp~ymra Tee ammu IIIHsIH KouRaT8e C MarePHajaOM *HJ~hTPOBO# flOAroiOMI
JoJNEo yAosueTw~pxThcH,ociiosnoe ycane T1) . e.

- DomlKc<z5,2 ,

rAe Do"ccmaKcu m~KabKMA pasareP Affaitela 4inAbrpattmonuiix flop mavepmaaa
*RflbTposoA floJLrwsuH.

r) *uuaapopaff noArmiosac c Do' -5,2 xa AoatZKM8 maite3Ko m8miullSTb OT
KOHTSKTHOrO Pa5Mhlsa OTKOC nJIOTHUMi, RpH flyJ~hCmpyiote4f 4IUpHN (OT MS-

3te ycaaWe GyAeT suafleno, ecmw yAmaereopne'ca nepanencrao (34), r. e.

3wa'tewne .1 xponpeanews 323HCKIIOCTR (21)

=up -017 -075-064.
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flocae UOXCTaINOBX, 3naqeifn a (34),. naay'rum: 0,35<0,75 0,44, T. e.
0,35<0,48.

Yc~Aosne (34) yAonaeTBopseTcx. CaeAciejn~boo. ntakidutl cocTaU rpyuja
c 1tMa" .5" A mameT Obffh npHEIWT 3 tkaqcCTse *iuabTposoft noAroTomwI boA
KaMeHrnwe Han meCne3o6eToH~bIe xpeieHum wpox oTXO31d QfCDnjiOTHHMI, npR MX

it) lA nocTpmeNN KtPiinoA npoeKTmpyeuoro Hecy4I4?0301111r0 rpanyAomeT-
pHqeCKor0 COCTas rpyHTa *UlJlbTpOBOfl noArmOlKS, .uemoiero- pacqeTHb1if.Pa3-
mep 4)H1JbTpIXNMHI1x nap DtC'= 1) Oa"c' 5 ,20 JLEx-0,52 cx. caie~yeT Tlofib3ouah-
cii meTOANKOfl, x3aciOeNHoA a j 15 (40opuya 23, 24, 25, 26 m 27) mi npiwepoa

S25, nn. e. WK, N, K. Ai, M.
21Jrl nARror npnmepa 3 KaqecTse 4IHJlbTPOSOf nOAroToBKH npeuuaem

neCqaHo-rpaweJIcTu#f rpYfll c Kos4i*NenTom pa3EaaepaHCTOcF 14 -20. flop.-
crOCmb - n~p ASaRM~ rpyuTa OnpeCRUUeCcn no 3IDHC11MOCTH (24):

n,=no - 0,3 Ig 12* = 0,40 - 0,19g20w- 0,27.
1) Xtmauevp tpaxamh D, onpezceecm no 3mcuIINocTu (23):

~=I +( 05%= I +0,05.20 =2;

C =045a=01455 /M-=O,75.
2) JtelCTBYsOUIufl xAH&eCP 4)pSMaica #NAb1onA InoAroTOBKII D,0 onpeAe-

Ane'rCu nO .3afNCHM0CTU (26):
1)0 ==DA7 =064.,0 = 5.8 .Aw;

AS it *= 20 M3 FpIHxa, puc. 5 1 - 00.
. 8) KOMVfIPO PUIdk mAa90ep *PA=Wi$l D.1, OUpeAt~eaneCu 11 3auucunoR-

(26):
DO= YOI 26.5,8 = 116 -Mo.

4) MalccxuarbAfl A'Aiauelp *pskui Dj(0 orpeAeJfIenec no topupeI (27)

Dao1=D~o+10rD 1* 58+lOPX'II6 2(o z 210 Am:

% ~ = I +1,28 Ig j4,= 1+ 1,281g 20 =2,67.
no giojiyqemmtimM 3IIsqeHImsM pa3mqpma ipaK12ft Die, DO7, Doe m Dioe CTPONTCR

' pac'tbruaN Kpmeam rpSayJomeTpmqecKoro Ccmes 41KJbTponofi noitrooDKN, so-
TOPYIo cfleAyeT npHHHUaTb 38 HH1KHHR npeAeA ErpeKOmeHAYeMOAl 301H3,* Kax noKa-

-38110 HSI Pnc. 6, EKPHiaf 0.
flocrpoeHWe c3orn AoflycTnMcro rpanyzome1'pmqecKoro COCTasa rpyulTS, Upis-

roARiOr AAjR YKJaAAc. Ha OTKOC BIJOTHHM B inqecTue 4UMbTpOBOiA floAroT0DKII
nPOH33O1AUTCH, KaK yaaio 6 5,On. A-K.

e) Pasuep nOp (pxonoi'o nOIKPMTIN) K~fdeHHOfl H86POCKcn Dr Wi 3103-
MOIRHo AonYCHMlkOe PaCxpWTe uerns bij, npK IKcenC3o6eTOMIOM IIoxphiTuH sep.
lobu 0 KDCos njom, onpeAealtTlCR N3 3a11111CHMOCTRT (35) mAH (36).

hJAn 181111W npaauepa PacAeIa, Ap. Duo-6 CA, uAmaierp nop Bepxosoro no.
XPbIHA M3 K1JIHi (mml x3omOnCo AcinycTuMOe pac~pbtane axemY *eae3o6eToif-

King" naii 1,8B-.=L8.6= 1ODA ew.

flpu wom1 miIH11NaJtbiia% ToJIuouta CAOR 4,RJabtpo3 noArosicN - Tura (no
#*MbTPIINKM~M ycAOSM) AOa OMh:.*

(5 7 Do,(10)

Vr .7wu .7 -0cm
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H3 UPH~enetlDUX pac'ierou caienyeT, w'o npm sauae (OT uoinuosor o ,osmel-
cTsNJI) orEocoD 3emMJIIhX AJIOTHH,'YCTpaHe8CuhEx U3 CBXSHNIX (rmmmcmbx) rpyn-
TrOD, OCHOHYIO Pofib 3aIUHTbF OTK~.oB 0? OTCJIR~flUHi H 4)a3MHla OCYleerMJJe
IOHJIbTpoBaN noJ~roro Ka. rpaHyJIOi4ETpmqeCKmik cocraB iOrOPOA JIOJIJICC 6wum 3a-
np~eKTffPo~aH no IpHBe~eHHOR Bumie meToAnIKe.

fl H m e qi a H H e. B cnyqae eanIqnn Kapbepifux rpyHToD, KoToPMCe
miory'r 6blrh Hcnojb3ODSHbi 8 KaqeCTue *0HJ~bTPODA nouAoTOBKI, HOA60f
COMBaO *fJbTPoBoA noJ~rorosKH AofiXeH DMlnoJHlIThC5H. KOK y~asan@
B S 26, c yqerom oacqeTHMX napameTPUB, npitseAettRbx B i~amom S 21.

522. Oupeeeme Kma**Uiwwt& 4UabTpagtU cyraUNUcTero FpyHT&. B Trex
-cjlyqaifx (upat paaaeAKe Kapbepoa, *I~bTpattnoHHhlX pacqeTax N AP.), KoFAa me-

n3Decreif 1C0$ioajoeHT *UJ~bTp8IAHH cyFJIHHHC~ro rpyuRa, ero mo)KUO onpeite-
AIHTb no npeX~araeioft HHxe '3KcnepHweIHraabHoAI 3arnucumocm 1,

k= (:n) d172 (cA fce4 (37)

rxe -K094)4)mIWCIIT pa3Ho3epHnMCTOCT cyriiHCToI-o rpyHra; v - KU-

niemaTjieCnnf noi"*HtneHT BX3KOCTH DBORM (CA'ICeNc) dl,7 (.V)-pS3iAdCp VacTK~u
eflasnoro rpyn'ra, 0 cocrane KoToporo coAepKHTCH 17% H meHbwe no mecy;

n*- 4IIKTH'ecxaRflO~pHCTOCTh C8113moro rpyNra, onpe~ceri no 33iUHcnmoc1U

nl4, = n - wmc,(38)

rite n - niopltCToCm, CO0TBeTCTD7ioUai8 yc o6,bernioiy 'Becy (cieiera) cyxoro

rpyra: n-I- ICK. W.-uauCcnuaAbHaa mozeiyAwpasi DJIDFoCMCmi ~ c83)b r

rpyH~a opcAeAlneics no umHpoarperaruiouy meToAy:

W. =,016A + 0,04 + 0,1B + 0,35r, A~
r~e A, 5, B H r' npNHHnaerCR D -fppoixeHTax 13 3aBUCHUOCTR OT qaCngaU d.
A-d=0,5-0,25 ms. B-d&=0,25-0,05 amu; B-d=.0A-,005ux; r-d<
< 0,005 AA (npojejfm A, 5, B m r -CHHUIOTCU c KPHoitsf rpa~y.tomeTpHie-
cxoro COCmnsa C8E3uoro rpylfra).

n p H m e p. 'Tpe6yercR onpeJ~ejtHam. k cyrawHmcToro rpyHTa, 'paHyaiomeTrp-
'iecKaA COrMB KOTOPoro npeACTaaieH Ha PHC. 16, a, OCigOBHbe xapaxTepcTHKx
6m. S 25.

ICK= 1175rnIA; n=0,35;. ,=126; d,,=0,0065 axi; -,=0,013 c.At2,'cexr (npH

H13 rpa(PHKa ptiC. 16, noAylaem:

*d=0,"-,25 .wA... A=8%, d = 0,05-0,005 VA B=20%,

d=0,25--,5ax...5=20%, d<0,OO5AA ... r=15%.

W,. = 0,016.8 + 0,04.20+ 0,1 .20 +0,35-1 IS 8,2% = 0,082;

no= 0,35 - 0,082.1,75 =0,207;

hr25.0,013 (1 - - ) 0,05=41.0 CAce

1 23. ConplMewue RePOXoAMA Moin C ualrepua&i rn pus. nAOTUN.
1. 3anpoeK'rHponarnwf mint floAo6paHHiA nepsmA enoAl *HJabTpa flepexoRUoA
3011M, IIpHMMKaIMIlK cBNSHomy rPyuITy UiPa' (sicPaia) nJ!OrHHbi OA~ospeme~ffo
JIOJIKeH MaemC~o conpnirambcg c marepma!om caeAyponuero uroporo caosi nepe-
xoAIIoA 3om4U URN c maTepHaaioM 6oICoax, npH3m nIJIOr nm.

Taicoe coapne nepsoro cjioR 4*NjiTpa nepexoAHoA 3ombi PdO)KT OCY-
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a) HenocpeACIrserno c maTepHaijou npum nqiOTrnrn, K0TopMie morytr soato-
IINThCf va rpaaKfitto-raitl'Iimmosoro. rpywra. m~i 13 KaucuHHOi Ha6pocKli (prc. I I
H 12);

3

Puic. 11. CoilpnsceHHe OAHOCJIAH~OII l npeXOJLHor 30Hbi C NarepmaJxom
IIpH3IMbI niJOTHHbI

a -OAflovpememmoe aO3DAemme sAeutNTOR3 nai 1, 2 ta 3; 6-pamijebuoe BoahCAeIunc
aJiCtelITOD ,UAommaI 1. 2 H 3; I-%AaO U40olUa; 2-nepeXOnAiN 30M3; 3-6OmcUa ujP0iqa
IUoTrmum f-SiuCOTa c~on amCUUK iopusuu njoniu; 4=2 m4-3ibacor Ciin npn-3&CwIfle

n&~3yx-.

PHC. 12. Cxenea coiipneHHH OAHOCJIOilHOII nepexoAtioi 30111 c
tnpH3u~fi H SIApOM nIJOTHHbl, 8O30OAH~bIM *CfOC060M OTC~dnKH

I-pyHTa a s0Ayl
fi-*APO 00380AnTCSI C oTcT&BsHICmor nepelozAHo soahl; 6-SAPO "038OAUTC C

Orlepeseumem nepex~amd umiso; I-sapo naoittum; 2-zspexoami sns; 3-caoR
HA,. AaMdOqa m3 ynJ~olImeHmoo m@Tepmusl MAPS; 4-UPYXOX; 0 -.1-5 A-3euh

nepexpown flepswu caoeU 4)HabTpa KOHTAXTS uAPS C OCMW&N~e. flAOTHU.

6) c rpyHf'om AonOnHlHTeJbihoro BTOporo cAuos nepeXOaaAi 301HN, KOTODMA.,

a £3010 O'lepeAb, AOJI~xem COnpIramca C KameHHOA Ha6pocxofi flpH3m flJOTH
(pic, 13);

o) c 6onee MeJIKHm no csoem~y rpaHyaoaerpaqecacomy COC~any maTepmajiom
flpH3M HJIOTHHN, KO-TOOhI IdOneT 611-rb nOA)y9M%143 Toro ate IKapbepa, H13 KOTO-
poro AoOmnaeTCHl M"Te Il AJIff' nipmN( 11AOTH141, Ho0 C oT60POi (Bha6opO'wo)
6owee MeJIICX *)paKaHR (B TaKOM Cny'Iae npHfKOHTBKTRBR 3ona AojoKH8 a 6um
wHpHHok 3-5 vw, puc. 14);

r) c ecCTeRBMU KapbepHI4H rpyHT0H (Ge3 ero pacceisa), KOTopwA moNmeT
*6mb HcnoJnb3ovan ARM 3aCMAICH gna3yxa Kamen-HoHa6pOCHhIX nJo-rmu, ecam ero
HcnoJO~AW H~e HBAeJITCII reXumXO-11HOm11qeCKH uexfecooftpUhiM (pnc. 15, a).

ni p Hf M e q1 a H H e. BTex cllyqa$uX, KorAa OTCbIliKa NPH3M HJIOTKUIlHi13
paanoaepHHCTOrO ualTpnaJ~a npOH30oAHTCR. CJIMM -6oaibwoA .SMCOTmI H,
a IIIINHeA qacTm omxoca oTChunC ('a cjlyqae paccJI0BHHR maepmaita) cne-
RYeT npeDAYCMoTpeTb JKASAKY AOnoaHUTeflbHoro npnxpuaiouero CAQW H8
swco~y 1/3 If (pHc. 15,6), rpatiyjiout 'ItcKII coCnas xofoporo Aonweit
CO~eCBS~ paCqeTHOll KPNUOA matepmaia IIPH3MMd OnOTSHHU
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2. Conpimeite iaepBoro CAOSI *onJbTpo c maTep~aAoN IIpH3ub flAOTIW #m
stopblM cnoem, nepexoAzof 30MM. 6y~zeT o~ecoeqejio, ecAm yAoaxleeopmercm ycpo-
Bmie HNe np o i n f e mOC T K FPYHTa nepworo CJIOR *NJbTpa so B3TopoA. A
u B maTepmaJi IpKiMhI IIJIOTNNNb (ycrpallaaeubie 113 rpaBnAto-r8ae4.iKosoro

rpyilTa MaIM KaMeHilOf Ha6pocxa).

I2

PIwC. 13. CanpslmeHme J1ByxcjiIoiimoi nepexoAHOii 30H11d C MaTepHaAOM

1-SApO uimoTibi; I-lepBmtk enofl nepeXOAHOR 3oH11u; i-ropoil caioA Iepe~xoJWO 30-

a~~~oporo ~Hh pabirp~af UcarM Up3bIJOHI OTbB lpMMIATN N

BflpaKTHqeCKiIX )'CJIOBHHX moryT BCTpeqaTbCl AiBa CJaytJan:

s ~poC. 14.o CPHflbpa 11 HX nepexOeCHe XaOabI CTl H 3e s M eJK MTeHalom

TERM.

~HCTICN 8T~PIjA3flpHM flIOTMl H e 343 e C

Baqa BrnoJI ~yne caiea anoKipOMae~h nerpa(BTO~ep'IeCA 4'aac~aa a

Ha YMJIT8~ Henoci3MmCT ItION ht y 'AJamiptn ODL eHAJONfi H e ii rCUipam FN.o

Hoa'b~ynh 3anpA.T poaHyhiomeTHej EC.paayA eHp qeK3iM COKaBOM apaKe-

CTPOHTeJnhCTBa fl6NpaOTCSI CoOTseTCTyloUHe KapbepW TaKoro Me COCTa~a rpa-
smAxo-raeHKOoIro rpylra, man 11PH Pa3pa6oTKe CKal~bHhlX flopO2 KameHUXl
icaphepoS AOJI)KHB 6bITb p83pa6Oralfa T8aSS TexoJaoFH$ (93pblBhiIX pa6oT), npm
KTcoOPOf o~ecneqilaacsi 6bi 3SaDifib rpaHyJomeTpIIqeCKNHf COCTB KDmBNIIOA Ra-
6pOCKII.

3. IloplAtOK paCqeTa. A. B n e p B 0 Mt Cjyqace (KorAa rpaHy~oeTpm'cKA
Ctas -H 4M3IlqeCKHe xapoicTePHCTNIIN MaTepHiafIH flpN3MbI nAIOTNUNl II39CTUU)
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uposepxeTcai HeppocbflBCOCTb maTepa.ia nepuoro (BToporo) CAlOfI4l_(Jfbrpa
3 HB*TePH8J1 DlM3Ubd UAOTKnma no c~ieAYJOIuefi 3aDWCHMOCTH:

D',

rFe D - jwamerp csoAoo6p3y~on1~iX 4)paxiuii rjpyHTa nepsoro C.io0 H.IbTpa -

A1ji IIepeXOAHbiX 30H, HmeioLIUNX MonUIwe no TOjiAnUtle calos, 3a peico-
memiAy.*Tcn TuptmitaTb:

DI < D~u MH D90~ (41>)

rAe 19 OTHOCHTCB K HHmIlCMy npe~leaiy, T. e. K paCMTHoil KpHflof 0, pHC. 6,
D?71 S-aOC1 TCA K DePXHemy npenejjy .3oHm I' (Kpnm~ax 1). pHc. 6.

Dn- cpelwnfl AU&meTp flop marepaaa nlpu3MU nAOTHilba; onpeAejisembi§ ni>
c~eAy3oulefl SBBuCKMOCTH:

Don 0,4,55 O n. Dj"7, *(42>

rj~e De - K03HumeHl pa3HO3epfIHCTOCTH MaTepHaJa *lH 3MhI "TIATHHb?

NiHA 3Toporo CAbOS (4)HAbTpa, nn~- nop~cTocTb ma~eptiaiia HlpH3Mbl hi I.1THMhI;
D"17 -lAiameTp *0paCILH %GlTepH.ila flpH3Mbi NJOTHHbl, a cocTabe KOTOporO co-
itepimrcu 17% H CbicMne 4)pax~tii no Becy.

00

Puc' .15. Coupgwiemife niepeXOAHOAl 3OIHl c xapbepHbim rpaBHA~o-raeqmu-j
BbuM ma~epmaJIom (3acblrlca 'n3yX) If C YCTPfiCT13OH AonoIHTeJqbHoro

CJIOR, flpmxpvnaimeXro OTKOC y OCHOBIHHII lPI3MbU flAOTHHbl
I-APO flaOTHNIM; 2-npexo~fiau aouaS* 1.11-U 3a nAoTHIU:l 4-eCTeemnaf IcAPbepH~fl
rpaviftorenaicomna rpynT, meCU"Nb eMM Am 3acbma lnasyx*; 5-xono'HTtAbmNA
mpmKpwUMoIZIA cjoA, ycrpampieuA a13 H csqot oybtnn Fl H 3Mhi n.UoTifKI (m e.iyqae

paccAoenuH Marepnala nsH31b nAOTrHIi1

Ecan ycaoime (40) Hce YAOsaeMOPfewcn, TO 3To ymc3UaeT#. 'TO 1Tpe6yeTCI
-DUNN sTopoft cwho niepexoAIfol 30Hbl NMn cJeAyel' Ha3Hat[Hn 6oMiee meJIKHA co-

CUaB maTepaBeia flpN8M fAOTaHhL MCnOJlb3ySI peKomeUUNtfN, npmmwed
B nn. B u r ifecToinero naparpa4)a (pifc. 14*, 15).

rlI PH 1 e q a H H-e. Ecani nepablA cjaoA conpgraeTc% co sToptam, a wTopofi
C~AOA C Flflp3MOA WlJTHRni, To npoaeprca Ha en~hpocNNaemoeTh fipottafo-
DUTCH no npqse~le~Hioi umwe ueToANIKe c yqeTom AaRHUX conpitratoaznzc
maTeptim.oB.

5. B0 o TOP O cjiy'ae (Kor~a rpany.omeTpIqc~CXh COMB' H ()flg3mqe-
cne xapaKTepfCTtnKlf aepnaaa RpRf3.M aOTIHZl Heff3seCTHh) CJieJ~yer 3aTmoemc-
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luposamb rpanyatouepm~ecxcmf Cbcran xrepiiaAa nPHSI1hI DJIOTUHM P3 YCJOBHWI.
meupocuuaeuocr. a. Hero' .epvaaa nepsoro (mrporo) caos buamblpa.-

B &Wm cayqae IIOPJIAOK paC'ie~a CACMyIDutA:
1) us ycaom (40) onpeAeixeTcR cpeAHMAi juiamerp fop ~aiepmaala Ilpu3am-

UAOTHU:

2) B *saBHCHMOCmh (42) Buecro D'~noncrawmercs H3 (43) ero 3HaqeHIme m

onpee~feTC A~~e~ *pKUH D~7 maTepHaJ~a flPH3M nJIOTHHhI:

0,252 ~ fu(4

ByKBCHHweC o6o3HaqeHmHR Te w~e, tITO M 'D 3aBlHCHMocTAX (42)-(43).
3) %~Aee, 3Aamacb 3Haqe~fitem -in (§ 9) H onpe~eanu 3Haqeiiue nn, no s3a-

DHCHmocTH (24) Haxonuum Dn no 3aBHcHmocTit (44) ti pac'IeTHule 3Haqenals

*pauumfl DjO, D)S" H 110 n 3aBHCMUOCTXM (25), (26) H (27).
S4) HIo noayqeRMwu auaqeinuau D,0, D17, Doo H Dloo Ha rpa4)ure CTPOHTCH

-pacwmer pnan sNanpoeKTMposaHMloFo rpanyjloMeTpHaeCUMr COCTBS MOMt-
pnaa anpmauu naonm. Flpaqeig, uony'lesaas pacqeTmas xpmm as na ssn-5 AhThCS H R AC H H M IUpeAeaIoM 13OH4j AoIIycTumoro rpasAomerpUm 4cC-
CTana xarepaa IIpH3MBE IUOTHM, T. e. rpavyJaomeTpUqcmHil cocus are-
.aaa UPH3MN n~iolaub B aouc xonragr (Ha unipmue 3-5 x, puc. 14) c nev-

Buem CxOem (OHabrpa He AoanceH 6bm xpynuee pacqeruok XPunOfl.
5) 43o~a AOflYCiUoro rpaiiyaiouerpuqecxoro COCTasa HinTepRna flpH3Mm

nitoTIubm lkoxcer 6Mmb ony'euia nyrem orpaHN'ICHHR HHNCHHM H DepxHHH fipe-

'lpH STOM 3a HHxcFHHR fipenei caiexyeT npHHHmaTh paCqeTHYIo *KPHBYIO
ArI& ~ DI7 ;)HD a Bepx.NHA npenea moHCT 6Mmb Ha3Ha'IeH 3a npeneAom

COOTHOWCHUR=- , ,,T .Bpmr nee 3H'Mxe HqHxH

UpH6JIH~aTbCfl K HuHCHmy fpeAejiy .30Hw nepnoro CAOR HJMbTpa'.

Fl pH U e q a H H qf 3a npejejtaMM KOHTSKTHOA 309M (pmc. 14) s ocTaxb-
Hyto 'IBcTb InpHSmm naJQTiHbl UONCCT YKMIAhbSftThCR marepHIJI oThHiumnu no

.caomuu pacwmroA IxpHBoA.

aom npm~mi JIOTHHUi (pHC..)8CqHcnpmmHe Hp~aqCO xiA

oarH 9cjiy'anx .ANBueBbIX BOA, Koropme B nepsom Hi BTopoCCvy'4aRX KorvT

Hof 3ON HHSMLEnOTH B InpaKTHRqeCKMX yCJIooHRx He 'Oyjer H~eTm
mec~ Bce~c~ 3H aqHTeabaoft BoAonpoHiuaemocTN mamppana 'nepexoAjiof

30H, WIORe.~ota& (rwrntw~u) H He3uaqRlTeJabHor-o apo sTom PacXona
DON TO06pa3oBaqn ToTK BAOJ~h KOHTaKTa (npH rHAPaBA~iqeacoA YK.18aRKe

megaanpHKmid fJHam m npm HajIHqHH anIHBu~bx BOA).
peTrKOIITBKTHaR 3onal rPYHra nepexOAHOA 30HNl C maTepuimi

npnmm ~o~~wCOaA8CTCN M3 YCJAOBHW Henj ocbinaeMOCTH C 06Pasosa-
je YtrpoftqHBu1 CBOANKO13 HAH CBOAOO~paaylomNX qacir~u (1 23, ny. .3
-De -5.'), NmCieOIUX TiaKym IKpyflHOCTb, npli KOTOp0OI H npo-

ztcce *0HJbTpaURH YCTOflqUBhleCBOAHKHIM RTHX 4lu paKUHI# He mory~rTi mPa3-
pyluemum 4*Hib-pattoH~mm fOTOoom npW Tex rpaitHCHrax Haflopa. IfOTOPWe lmde-
MDT meCTO B Harype ( sin a), pHtc. 3.
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Ecai AOUlyCTHTb, 'iTO flPOKCXOAHT cmCallite SOblM no Koi1DKTry fepexwmako
:3011M C MaTe"*AUM HpV3KM IMOTIHMb, TO flpOMMXOTb U4 YCTOflqMBOcTb IKoHTaKTHOf4
30U aoicer 6Mmb fpomepelia, KcxoAm m43 cie~yiero ycoonw: xpNTK4WmUI rpa-
A~eHT Hnnopa, upmI NOTopom ?AoIyT ObhHOCHTbCS cxoAoo6pa3yjoIIL~e i4iPamui.t

JCDcr , DL (HAll Dcr<;D OT BbMoca KOTdphIX HapyipaeTCH Ut0'iKOCTh K

ycv0Almeocub KouTaKTHOlk moiAi, Aoxae 6iyi 6oibme mam pae 2AeICT3HTeJlb-
mo03y rpa2IiHITy Hanopa 8 3oI~e icOiiaKTa I, (pile. 3), T. e.

'KCp ?,1. (45)
KPHwrwmecit9 rpaAHeilT smiloca CBOA0,o6pa3yIDoURX 'iacTmix rpymira nepaoro

(BTOP"oo) CR011 (pubTpa Dcr4 05 HAH DcrZD <-10'moNCCT 6iWam onpe~ezeH no
3aBHCHMOCTH A. H. IlaTpameBa:

IKCP -?. DC o, g(46)

=0,30 (7, 1 )f; f* = 0,82 - 1,8 n+1 -r0,0062 .(Y,* - .5),
rite Dcr -AHfameTp csoJA.ao~p3yOULHX IqaCTKUx rpyilT& nepeloauoA 3OHbl, KOH-
TaKcTupy4uo C maTepilalom Upu13Wt nAOTHHlhl, 8 CA; 74e,, n*4. J41 K*(cxajcek) -
coaTemTreeHo o6-beauuhufl Bec, IIOpICTOCTb. (H AJLOAx eAmNEUM), Ko34IIIIVeNT
Pa3nO3epBHCTOCTa H KOS4I4HIAHeHT lonj[ETpa 0iH rpyllTa nepexGamoi 30Kmb, icON-
TraICTKPy0KXO, C MaTepHaAoMa Upnizan njlOTHHbl; IK - onpe~eiueTCg no 3aBocHt-
mocnim (13).

Ecau (UPm Haani'ixH *0HJIbTpaUH0BUHoro noToKa, mAuero no K(ONTaICTY) YCArO-
nile (45) YAoBAeTDOPmeTc~i, TO l1pO'HOCTh H YCT0ARKm0CTh KOHTaICTHOA 30Km He
HapywHncil. B npoTHlnwoM cAy'iae Bo3Kommbi He3BfaITCJbKMe OC&AKH, vcm~AcmeK
H3MeueHHR pa3ilepa c3OAlOG6pa3yOMHX 42CTRA B cTopoHy ymeJIHIeHH HX A~a
mterpa.E

125. Apumep npoempumm rpauyaoeepu',cwm cecTama rpyUTa-
(O*uabTPOD) ncpexojuwX 301M. B 2IaKHmo npnvepe paccmiaTpKoaeTca cjiyi~ (sa.
pHaHT 1), KorAa rpsHYJIOMeTpHieCKHA cOCTaB KapbepBmx rpywTOG, npeAilaaane-
HMIX AARn YCTPOACT08 IpHJbTPOB nepekoaoImx 3oN, m Fpa~lyjiomeTpH'iecX~h COCTaB
KaMCKHOA HS6PoCKK IIPH3MbM flaolbi"e C3 aCT H M.

Tpe6y~u lAR Jl1IH~oro nina Kat~e*I0ma6pocvoA DIoTKHmb c cyFJIBHCTbik
Rpoi, flpeAcranaemmoA mak Iitc. 1, 6, 3allpoeuposam rpafyommeTpnhiemmk co.
CTlB rpyl#Ta OHJabTpoB flepeX0AHbX 301 H MSKCNMHKObH AonycTKumM no Kpyn-
HOCTH rpaHyJIO~eTpHCCKHAl COM~B KamemlOff H86POCKK Ba KOHTam c flepeXOA-
mo01 3011034 (pHc. 14).

14CXOAHbe AaHHbie

Amapmiaj xAPa HAOTHN - cyriAilO9.
CpeAwwe pacIeTHbie xaIaKTeptIcTHxN cyrfi)IHKa cAeAyloutmq:

co~lepmcarN~e r&HHHCTbIX qaCT*Ifu d<0.005 .Atx. . 15 %
nwdeamhx qaCHUu oT 0,005 AO 0,05 A.* . . ,..20%
necqagux OT 0.05 Ao 2 Aut .. .. ..... 45%
rpaBshIHo-raaeMHHKo0bIX qaCTHQz >2 #tm . .... 20%
o6-beumiui Bec cice~era cyr)n4HKa flpi y~jaAke

* NAPO NJIOTHHM 7c. .. .. .. .. .. .1,75M/.#3
y~1eAbHhlI sec maCrHIti cyrJtHHK3 . .. ...... 2,70 VlA
nOPHCTOCTh f..................35
4mIcRo nlaaCTIuqmCT'H W~...........13,98%

eCpleHN npeAea I~aCTKqHOCTH W7. . . . . . . 35.46%
KNHNI Wp . 21,48%

OflTK~a~bH8% UJaaUnom W,0.. .. ... ........ 17 %
KO9"JlrnH.HT BoAoeacmtineHma 0 npH ONTHIMBAbHOA9

BAa2KHOCTU .. .. ..... . .. ....... 0,85
rply.7omeTpmqecxHA cocram CyrAH11K8 fpeACTa3AeU Ba PIW. 16 .,



flO'Pnmox pacqeya
a) MaTepmaz xApa nJormm - cyrAMHiOK, nucwioi ocifoaimhe iapauzM
rAflnMcrhlz qacux ii cuoeu cocrase d<0,05 "a - 15%, .qucjo nwruquo-I

cTU Wa-13.98>7 (Aou.). Ko4l4HaenT DooAQEScwmDemHN (apm We) G-0A5-
0,85 (Aon.), cAenyeT qr cqw a R 3iIxNh mr pyN To0M N BCe PaCeTm 30 Apoex-

THpoBaHHK) rpaHyJIoMerpuqec~coro cocTama ni e p a o r 0 c a 0 n *MJubTpa nepexoA--
301 301W AIC~bi DhlfOJAiHITbCRi KaK AARI cDNsNoro rpyHTI.

6) 06,e~wufi sec cyxoro rpyHra (ecxeera*) cyrAmna (wavyuiemuch crpyic-
Typw) flpH era yKaaAce B wnpo naIoTHrn AoJI2KH 6blTb, corijacuo saaibcwua(l)

ICK >-Ta ,38zcl

n)A27 Pftcuai CT 0N HaeHT p np i~o DbPaq rWT *N.nha*uoHOCTOKpA

r~e 7c9:t- yro.*3 -axona HESODi rO OKOC noiia n0OATHR 3aqy. oi

CuepA oaeth rpywr D y'J' necc B 0 r o JWO nHJIbT b neeoo ofeRnir, 3a

g)mur lCeTHifl rpyA~HT Honp nezsu ca HaOHH He)nyuteHOHorpin RwOa-t

MA o CJaa aperac o (12): ~ ~rw~ryran a~cno 1)

CNJ~h CC'- YCTH HKOaHssr CECocpOC~bIOK ruh~pauNH

r)aro '.aRm~cloro rp yra, aota B,= K Pan~oep~fToe 3aaenaa ae-
soroa cnbi OwrpHa Dn"eex o r1 AoJ2 c 6i m O T8KNM, 'rr66M 3PM bl, eam
Rei~alroo pCMMAjx pacc, noenww)CJ H YaCIBHbRN HeAuerp eroS noTPU

rA~BN EJIOJ7b Ko038nratamu T. . 18OJIR=cinOyjiox efmoAy yczamema
me IM -9CRT npHnars noPC~I 3)~h ESHCNO 13,I o auw

Caem aejbO (21).,q0WHen~woAn wissBeRa ~

arpera~~~~os ,a~i B3~Ory~a o~BKyH~.RHrrMTP&aUp



BA3Hllom cay'tae mupem- sin 2 sin 8W 0'%

--0,75 - .L.-0,75=0,83.

Yca@sme (20) He yAosaeTDOpveTCO, TAR KSI

I-0,98 >0,754, = 0,62.
I Tim ciy'Iae apmuImmaeTcm HFUBMi, ccicTaD flepsoFo CIox *I0wpa as

D MC 0,56 0,56
=(,fu + 0,5p)- (0,9S + 0,56)z 0923 cm, -

D-KC < Z 3 ~~
rpaIy!omeTpHqecKnik coctas nepsoro cxox *HabTpa, mauum~bauN plamep

flop KQTOPOrO COOTaeT4;MYei 3asuKCmocTH (22), yiosaeram. o0 soiy ycao-
811o (19) K yJenooHio (20).

Caenosa'remu~o. B AaKBom caytie Sa PaC'IeTHhlfl Pasnep flop nepsoro .cjioR
9f4)HahTpa . eeyer RnMEu?~

* jMSJC. Z 23 A.aa

e) Asm flotpfiettux npoeumpyeuoro rp&HyAOhleTpUleCKorO cocTasa rpyHTa
aepinoro ciom DHJ~b~pa nepexoAHoft 3OH61, NmWumuto papieTanift paaep nIop

t= 2,3 .6.1 CzejtyeT BHaHqn K03s44)HIHC, pS3No~epeumTCTc 7. Co-
rAaCHO § 9 7* < 50. 1[jum npumepa 'ipHuailma =36.

AAm npNHiT~OrO J.,-36, Aoflycxaemax 1IoHCTOCTb AAR bKaTaH~bIX ippax-

tmNi MaTepma~ia pHJITpaS Il Onpe~AeA~ieTCm ITO 3anMCuMOCTm (24):

0, = no- 0,1 Ig 4 0,40-,Ilg 36 = 0,24.
v)OnpejieAmeM A~ame~p bpaKU~HN D' nO 3&BHCHMOCTH (23)

LOSS" I " 2,3 1-024
D17 %- l, 2.8-0,82

lOX54 I + 0,05-36 28;

- 0,455V4 OW 0,4 36 0,82.

3) AeIAcraYaOUAIA AHMCmTp *5pa~ttun nepsoro ca *UxAb'pa nepe*XOAHoA 30.
am D 11 onipeAeaxeTC.R f10 3S6HCHMCH (25).-

Dtf -ID' 7 '=0,58.3,2ft1,6xxu,

Us 4- 36 H3 pHc. 5I= 0,58.
H) IKOHTpoAwpysOuAg AHmamTp ippaxcilH Dw onpeAeiaeum H3 YCAOSHN (26)

Doo= 'DI 0 = 36.1,6c 58 i(t

K) MaxCHnaaIhnwl iAN8eTP *p8KcjHn :flKC - DI onpezeAmeicm Ro 3am-
.uti(27) 10

DID 0  % .~~&~,+0 5 36-1
loo 110+ I bal 1,610358 r.W =315 x**

x=1+1,28 1gi =ff +1,28*Ig 36=3.

A. -
.~~~~~ ~~ ~~ ~ *~ .: ........ .....



Ai) nlo noJayqeHuhmu pacqeT~bIM 3H8qeEHSU CTPOHTCU pacqe~un Kpusaa ipa-
)iyjiomeTpUqeCKoro COCTasa rpyiwra nepuoro caios 4iuabrpa nepexoAoigoik &
(KpmNiaN 0, pnC. 16)i

flojtyqeHuax pacqeTmag VPHmaX 0 AOJIJKH8 B AaaaCS CaM~SHI UPG~eA.ao
,OTrijouexe atipaso 3a ckNHUii npe~eamex AonycKaeocu. O~crynneumte or pac-
qerxOf KPHIBOf 0 H nocrpoeaite 93OHbi AonyCTImuoFo rpamyIo~eTpmqecKoro Co-

- , OR 3O~HI H MaTepHaqa flPH3hMbi nXOThH
CBR3Hb1i# (rrnHHHcihaI&) rPYIIT HApa (SKp&a) nnAOTHLbI. sautnu~aemult

*4HabTPOU nepexoAmofl 30mu;1 I - 301ma S&APOeKTHPOMMNHOrO AonycTumororPAH?JIOPeTPHqeCKwor COCTasB rpYHTS, UPmroaworo Ann yZJESAKII 8 flOsMAo*t lbKfiTpa nepxOAHoIl 3011h&; f - 30ma AoI0yetnuoro rpanyAoeTpauecKorOCOCTIcue maueH.H apocKs. Upmm'oA~oA JAnn yKJIUXN a apNSNy UntoTxvNoH
K041TBKTeC c Nepexo~s6i agial; 9 - pacueimaa xpxsss r1)iHYA0NWe1ucKorO

P CTana O)KJbTPa WepeXOAbA 30%HM (HRZHui npeAea), Da UPeaeau KOraPO*
OTxtOmeme rpauyaomerpNuexoro cocrass rpYTa *maiTpa IM AQWyK&OCUM;
X - pacuermT pasa PO- rpauyaoue~pxqecKOro Ccati zaMeumOl gafpoamn
APH3auM UJIOTIHII 3& ape~eJtbi KQIopoik no KonTaKie c nepexoAsolg 300ft or-KAOxeune rp!HAOMyjerpqeczora Coras M&TepNJila Ha6pocKu me Xoulrccaeycn;
a - aepxiuft npeAeji 93OH& rpauyzoneTpniecuoro. cocrafa. KsmeBnot sopoc-
K HI, x KOTOPONY jAOixeH upHdacambcn rpiuyjioxepwqecKui COMBN KiNCH-

.0* US6POCKH HI RiTariTe c flipexoA~ma smolk.
eCTafta rpyHTa, flpmroAmor6 AJIX YKCJISKH B flepawki cAoft 4*lIbTpa nepexo*.oft

:3Olfli flnkmCeHM B S 15 nu. e. mc, 3, m; H Ha pnc. 16.
ycAoBme KOJIbMaTHPYCUOcTH ftepuro cEIox 4NmtbTpa maTepmaaWM HN5 n3 jtOTIH~d)a 1EOIL bplla~x JoH ~e~ytUIOII~ fl C K a
38AleqffnaeMocTb TpeIMIHK B JiApe DJOTHHbiZ, B cjiyqae BO3MORCHOrO HX o6PA3o-

YCAOBue Ko~lbmaTffpyeMOCTH (38JaeqHsaeMOCTH TpeutmH) 6yjAeT skinn~ai.I eCJUI 3aUpoeKTHpo~arnnIA cocTas ilepeoro caion 4*naipa 6yAeT YAoDAeraopamb
FKpHTepi (32), T. e.

* ~ 26,5 (1-h '

Axv xa".oro PaC'IeTHoro cJ~yttax Hmeem:

;17  3,2 axv; doo= 3,8* ; xx ,24; 14,=56.
flocae noAciamwm 3maqeHHH, flOfiy'.Hu:

D1'7 =3.2 225( nj 26*Q-0.24)-4, 2
0.24 V 36.

Ycaosme' (32) yAoSM~bPTI cx Va ai ,84<4,2. CieAouatrejni, Anush
cocTas nepuoro caoa *Mhrpa 6YAer YA03JieTUWPVTb ycaoirno KOAbuaKPYeuo-
CTU, a cJMeAoSaTe~bRO, i 3Aal BAaeUocTti rpezUuu.
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it Ios"imw, *0mTpatuK pacqeinoro cocrava rpywma nepforo cAne
4*OPa Nepeaol 3omw (aCPuau 4b) soxceT OUTb* oneee go *boo*y-

jie (28): I

X4 -0 , LI2  41 '-0,~. 322=2.4
(I -l*)' ~,013' (1----0 4 )A ,cifec

0) TpaoIuelpHleKm et compv~~ora eron *ip-a.i n1~m Dpo-
AGSOJ~ *NJabTPAIRNO c*tAYeT cqrubCY4oW31moycroqItuu, eCAjH Ufinoaf
use"c lexonve (29). T. e.

0,003 sin a

JM AaN~oI-o paCqelTforo cJyvan mmeem: sin a 0,98; D' , v
4= 024; KI;Z 4 Ca leex; A~ (I - n)=-1 §8 ma; 4 - 36-

'*0.82- 1.8-0.24 + 0,0062(06 -5) - 0,76.
fro- G,3O~I 1) f* 0,30 (1,98 - 1).0,76 = 0,224..

flocae HOACTaHOUKH 3IHaqeHAt, KoayUIm:-
- 0,0032.0,98 0,4ca .3 ,

0,2 O24/2,4

dc ,,43 x ~ - 1,0 .a
'CaeAo8aTejzbHo, AaHmIlk cocraB rpjrHja nepaoro Cilon 4mnabTpa c11eAyer cqu-

TaTb Cy0'&H8HO01yCroAfqRBbM BR P npoloaho 4E1bpWlU.
u) H3 npirneAevalx pacleros cJac~yeT, WIO 0 anpoeKwoqonallubtit rpauwo

meTpnqecKa* cocaam nepooro. wons 4)nampa yAoMCeTsopaeT BCeM ocnomu Tpe-
6ovannmm, apaxsisaaemum x rpynTam nepsoro cliox *wbnTpa nepexon~ux son
AaR BIMC0NNX It CINPX~ICOKRX flJolHH, H I1osTomy oH uoJKT 6wum peiouxo au
AMIJ crpoHTeJabcT~a. .c30H2a AonycTumoro rpaaJouerp~wecxoro COCThB rpyura,
npuroAuoro A~nn yXJaaAH B Iiep~hif cxoft 4RJ0wwp nepexoiwolk sonw, npeucrau-

p) tIuHa. nepboro c-aos 4HmabTpa (m nocaieAYuonwX cnoeB) Aan BM4tOxu1 I
CbepXnbIcOKXx 11110THM Ha3Ha'IaeTCs!, CoraacHO § 10 no0 3SHCNMOCTH (tO).

Conpnxcenne nepexoaUofl 30HEI
- cmaTepmaitom flpli3m nDOTNHUh

flpH, np~eKT~fpOBaHHfH c04azleq~Ns 'nepexoaAIfOff 30DMN C maTepmaao nON 3M 4
naJoTmHbrlcJICAyeT PYK0BflJTDOaTbcf yKa3aHRtaMH, II3JIO1HUR 9 S 28.

8 AaHffom npumepe paCCuarPffafTCH CAiyqaf, Korpa rpauyaoepp.iecxmO
cocran a ?pH3m,4eCI(e XapaXTep11crKit N3Tej)maBjIa lipst flaoTIIHh Hmen I 3 e -

Tpe6yercm 3afppeT1P03B8T. AR OP HOC &A OA flepexoAffolI 803M rpa-
uyAomevqtc~kf coca marepuaa nPH3u naorrnw, yZounJeropsloulmik yCebO-
OHIO HeCq pocu~nsermOCrH 3anpoeKTHpOaaINUOro uaiepnaAia neplloro COS
fptjjbTpa KIameJHyI&'Ha~pOCKy flpIIulbi flAOTHlHU.

flopRipox pac'Iera
1) no 3a*HCHMOCTH (43) onpeAeaRCTen CpeAmbA nANWeTP flOP MpoekuPye.

moh IcsaerngA ma6poaw np~m naouhHU Do".

D," 1,8 D' = 1,830 =54 ux,

rz. Dh~ = 30 .*iM - pa3Mep C8oMWo6p83yl~ow"X #pxxnA nepeoro cAos 4..aaqt
C0o7beThyOUINX pac'Ievuof Kpmauoi 0i, plnc. 16.

.42

,, 1



* ~~) Kae4Nenr pasoaepuciocm uarepxam Kame~no vadpociu flpeA-
* . N~qeuAo JMS 'YCiplTM DpN3M IUOTHHM Via CJICyeT Xa suaq*T HCXOAN U43

saam1'lI KomxlpelUMx KapbpHlx maepmaACD. Oma1.oi item3 npmATspaueims4
paccmoean matepHai ap r pawcuopmposKe 11 yujajxe a Two, IwabH
CxAyer T peunwo, qro6u KO",UKPHT P83HO3epuilcTocTo era He aPeUH1wAJ
3naqewin t~< 26.

fAus wpepa. xOS**mmeiT pamo3epu ocm 7WFCeN8Jls Kasemwofi us-
Opocu 3RNIMW nAOrNUM apiuuMaei fi.-M IrlOPuCTOCTh oupeAesauercn sao 3m-

UCNM.CT p (2) = 045 - .Igj ,05-. Igj5 =.34.

3) Pasmep ! ipaacwid Dr, onpAJWCTC no Aimncumocru (44)-

I) I-a,5 Ir ~:~ 1 1-0.34
&17~0,5 <'5 , .R-De -Fr 30 --145 A..

4) Pasasep #ipow&n VI onpe~exnercs no amuocrae (25): Dr,= t1D,=

=O,63-145m90 xvv, An vi,=15 H3 rpa4mica pvc. 5 1= 0.63.
5) POSn~ep *#paKU[d D& oupeAeAieTcn 00 3I3UCUOCTOI (26):

r4=%.Dj"=1590=1350 '-N-

6) Meacriaumflm pasuep #paKttml IcaMennoA ma6pocsim OfpeAuseITCe

no mmcuuocm (27):',

,x =1+1,28 Ig In= I+ lag Ig 15 =2A

7)11 no ayqeNMhlM ieuiiu D100 17, D& m D" ciporcs pamemas
KpN385 3aapoeKHpoaahHoro rpaHyaOMeTpPNecCOrO COCISSI MalepuaAa- UpK3MMd
lUO=uh,. pmc. M6 qspusm K.

rlaayqemn pacmetHasI KpHtsag jADcua sinsThCS nuxKN npeCIoM, T; e.
rpawiAoamerpuqecxiwI comras maTepHajauwaa m ta noiigni a sae xoiiraKTR
(pmc. 14) c nepe3mM cJoem 4NAbTP8 fie Aojuvei 6UMm wcpyaee PSC~eTRiOA XPU-
soAi & puc. 16 t3o1Ha Aonycrlwmoro rpanyjwomerpnqeccoro cac'ra& MaTepuajal
npN3MhlM OTHIA momCCT 6Mmh H83aaQeH, KSam yx8aao e j 23 (a. 5).N

PewcoaeemjyeMc. '110GM ma IConTaKI C *Mb~TPOM IIepeOAHOI 30HKm I'PaHYJIO
melpH'1eCxsI cocTan icavenuof na~pc nao xpynnocTm npuftuzaacs a 6m Kuepx-
n elly ape~etay pexaaeutAyepiol 30M n, T. e K AWiKIC a, p11c, 16. Tor~a Xwapsu-
aCCRme aepexaANoh 30Km c gomCIHIoAuoA GYjAeTr a u~eauol crenenu
ycKJICno.

3a apeAiaun cNMTak~moi sonm (pmc. 14) as TeAo HAMmMoxteT YIUIAm-.
BsThCR MarepmaJ O1JIH'imbt no xpyawrwmm or pac~eworo.

I. IRKOARKAMUO A mPa1fosunYmewor cot?AsA mATSmAA
33PWxOMNX 303N

flo it 6 op f"a7 AMNUaro CocTauS .41EabTpOS BeW3MMZA SON, KOK
YxaAMWOc DUMB (m. raisa 111. UsapN*N 11). ocynscruietts m TOM mueIS,
Karia v33 ecvx NM apbopoMe rpyrm NA aawam UPA' XauaM apG ax

3AV*os .N EIPWOMX T06 C u t~f1S O 2KKOT 0HI CSUPIUUI own *SuSJ

3RhISM UAMU HOPeOOM C505 #RAOb't (OAMCfaotta sepezoaNSa WHOn) aM
CyI~A3A AftONmftJMbioro SIOPM etOl35IICIAIAsa (A$YaCaOAua He-

Pw " oi).

4.*

. ' ... ...



MtTOAHKa N 0R A 60P a mainpitama nepexoAmnix 305 8 eyWcI ocrhnc~i%
ToA mKe, 'ITO H B PaCCM0TPeHHOM *hI~e cjay'ae A IA~asw 1I, Ho flOPHAOK pac-
'i at BM60P paR .p;c'eTHhIX napameTpoD 3AeCb 6yjiyT JIMMH.

flopHAOX paC'aeT H noacateHun 0 AfHH0M Cajyqae qeaecoo6Pa3Ho CAeJ~aTb (So
N36e)KaHue nosTopeHila) Ha xoHKpeTH0m nRnmepe no noA60PY COCTana 4*HJbTpoB
nepxoAlx 30H1 npHmeHHTeJibH0 K esepxmbicoKoh naJOTie TKII8 HypeKCC~oR
rzC c Hanopom H-300 x.

!lpa wrom ycrpollc'mo flPH3m rUIOTHHMl paccuaTpHsaercs B A1BYX eapHauiTax:
R13 rpansAu0-raqaeqHiiKonoro rpyHra H. icaaeunofl .a6pocKH.

*26. flpnaiep n@A6@pa FpMyNoWSSTICKOfO COCTrn rpyHat~
(#mbrpom) nepeXOAuuX 30K

I. IICXOAII ae AaHie

Tpe6yecst: JASI npHHRN1'O THna FIOTHHbI H3 meCTrilX maTepHafioB C Halo-
pa. H-300 *t (paiC. 1,6) c cyriJHHUCTIM suAPOa noAo6pab H3~ aweaouterocs
Kapheporo rpyilTA (pNc. 17) r.paayjaqaierpuaeCXHA. cocTa. nepmorp caaoa 4aa.abl'pa
nepexoAHofi. 3OHhI, KOTOphIA AoJ12Kelj yAosAeTmopam sem tpe6daaaauaw, npeA'b-
saaembM K COCrany nepeXOAilblX 3011\ cnepxsnucoxmx nMoTHH, HAaae)KaO 3aalUK-

/1

Iwm IpwMillZM1

xabp~i nIMOHI J I IP3 MOTIHI 1xxlaj~a 1/1 ynuoc e1rai

P*c . p c. *nOApaH~I eeoCnoaB.. mg.~~ onycpnuoAro 30H

zeKa reAhal r rpy HT NAS In~u -apbeUR) a paT acap eprnil aeH 2M ANNo
Ka9 pepH as aum.l pocu (aPopol naaunawr),XCNUc.H up17. ib
8aepa 3 pe uoir& C -NbTO cyrahtXoaHt. OW. -pcmitr
Cpevueas acenrn xaac 1omma CyRN *Ha:TOnpx~af m.cONWOpnamve r essU i Y~ Iaam d<000X aKH D>85 mm;I2%;8.

njeAOUYCHOOZ aruuo~e pQOO omor 0.06TS amrANf -B 76,6%;3

pecMaavux (aPruNS (O&-2,0 M ) 1%
M e aHAI secyxor (uejM pe) n wxapbpbi yIUt 2e a yRApoRiO-

Cp wo pap.i SiS4PCU yaua
caapas~ rmn x c~a d<00 m -o 12%

fwltawmx ~ ~ up (00:10AX II%



YACbIMI MC qaCnu~t c jAUiKA A-2.7 rj;
'nicac nacvu'iocmRW -054%;
sepiHun a Havalk npeaai uAOCTmqadctN coo fcaseamo 2,9, 90%74%;
MO34#Ml4fHMIJT PoAPuaCUiueuKa 6-0,73 - 0,1 up* omumaahuoi aazwom~

Worn IS- i A Nx *EjibTpoB - eCqauo.FIaUshIo-raaeqUuChifl rpOuT I, 9i

p"C. 17, Koophml UmeeT cxeAnouyiOUL ocuosuhme xi linepncTuicn:
o6bemuraA 4sec ecrecmmeumoro cmxoeHURyNN 21TA (piaxaorb CfioeCIns

y, -1.93 TWjg, naomoro yep-2.29 /As);
yeJbmR we qacruit rpyH~a A-2,70 r/AO;

nopHCFOCTb n-0,22;.D.
KO344HIXHeHlTP3Ho3epHcTocTH = , 175.
K04*HteifT 4IHJahTPfUHN Ke:- 1700 .0lcy?; .

MarepHOA aaICmCHHOA HS6POCKH Am flpH3M nflIH)?id- aphepuhAifmeHb 2.
pUC. 17:

O61hMHblfA sec y,,. I 62 TIu; yAeAbabIA Bec A-2.70 TIM*3;
flOPKCTOCTb n-PO.39, icos**iuewr pa3mo3epfmcwc qi-8.

2. nlOPPAOK pacqera
a) MaTeplasA JApa naJoTHmiW- cyrAH~OK (ocuoniwe xapaxvepHCTH'II UPI'-

seAe~hI a n. 1) no cDOuHm cnoflcTraa Inemc .csa l3aH ha rpyHlrom, a ,iaeauo:
coAepweanue ralIIHCThX qacm. d<0.005 A.., 11,2%;
qucao jaWcTHqffoeTH cyrarna~a V. -8,45>7; -

K0344HtteHT BoJ~ouachmieHHR 0-0,73 -0,91>0,85,
O6beMHUbA Bec CKeme-ra rpyHTa npII er6 yxaata~e, o6ocflequaammiO ~ mo~texy-

fiflpHoe cIteNAWH~fe 2J~oraKeH Ob1Th:

rite A= 2,70 m/.v 3; GT -KOS4INIH'eH? WOPNCOCH Ha rpamHixe TexyqCH
WT =29,19 %; .' I

AWT 2,70.29,19 Z,270

ZIIHHfiR rpynmT npm era yuace 6yne? o6AaAaM MOJ~eKyARpHid tileule-
mmehi, UKt tat IcK>yK.' (1,7O!5 1,51 m/.93).

I npitsejemui xapakrepuCTMMn 51107 noiiude ocliosamIe mitramh Aarnh cy-
rjiukuA rpt'Ir cm ii a i~. Cxae~osateXbao. noA~dlp cacrasa nepuoro: cJIow
41HJbTPB IK RAniIOMY COCaSVY CYrJflHlKa ciee np0Iit3O5HTb no MevoA~eC AN
CRIgSHMX' rPYm'Off.V I\

65) Pacqennih I'P8AHeHti HanopaI(
3a pakc~eTmA rpaAteu atanopa uwteT blrb np~Hny maxeCmm~bNi~aft rpa-

AHCNFT HandPB IIPH *MCRAqqpaHna 40*II~flIHilk*0 flOTOK9 11R Hu3oByio rpNHb
*JApo IIjiOHHi., oflpCRkInemmAI 00o aannciiOCTR (12):

ra a-,yI'Oa.a*xaaawaoaoro 6mmbcapa v.rvpflsoy ("c. l1*Uh

m.80tP umA OmIas uMf otcJIsHusim , arperaio. MiuiTCU qaciurpyrn'a-

10m~ ..4 .. . .-- ...



r A9 l-40,l; fp-0,32- no Ta6Alue, crp. 18; B-45-yroir Me3IAy nanpamje-
INNlli CRAMI Tw~ecrI m CKOoCTh KAhTPSauMN.

Caewwnmebbo, Axx Toro, wo6Iame npoucxonauo oTCJISnUsaa vaIn orpisa
arperaoo UaCTUt CB3o31ro rpyKTS, cocram nepwip canon 4iab~ple iaauem 6umh
TSKIII, SIT06M RPM cauoA era lmeapm fi pac%~a&AKe maucaubulfl Amauerp
ero nop D,"A 6us 6w. D~ 1"

r) CxeAyet nposepunm. 6yneT amK rpenyaIouerpu'ec~ic cTi. rpyuma Rep-
aoro caoR *KJ~bipa C flpeJ~ej~bpblUU 'euiem 'Amaxeipa nap rj'nW4.1 XAg

-yAsameTSopnTh ycaotuo uepaMBaeMOCTI caxmoara rpynra nps *mAtflpaumm
040Aab KomTascTa, T. e. 6yAer jutK y5ome?3oINTbcg yciNbave (20k:.

it < .75Ip,
r~e '. - nPMHK~aelrCV DO 3aDKCH)OOCTH (13); 'up - NO 381WCHMOCTU (21)

B MIUIN cjiyqae Hued:

1, sin a= sin 760 =0,97,

'up 1~D~ac 0.75 = --- 75=0,8h

Ycaaunae (20) me yApUned?3O93cTC3 aK KII

B TWOW cxy11ae 31 pacqeTKilk Aaverp nop- rpyuara nepioro cxot #NAbTPfl

CieAye? NUpM"S~b Dr" K3 YCAIBNN (22), T. e.
Dr ' 0,56 ,0$56' -02 u

D~ = "'~ TK + 0,56)- (0.97 + P.56)'
CAeAo3ST~lbufo, 31 pacqeTaMFN AMueTp nap nepnoro clao #KibTpa CleAyeT
UPHH*Th

D ' Dfc= Z4 xt

A) 3ussi pacqemoe 3aIeume nAHUerpa nap Ma~epH8A8a nepooro CA~Ox
*KJmhrpa Dr-2,4 mA, cae~yeT flpamaaaJNposITb . nec~aKo-rpsouflko-rJ~etmK-
KOflhd rpYaRT I Kipparo5Ancth eroa .yI~naAxm a nepsA~i cnofl 41JILTpa o era
ecwtteKuo coc~eouun maK c nepepaamTdfl i mI HAOCHoe auaRMSa AaTm PSRHO-
ESJnbubie peicomemuanK. I I-.

1. A... ouncuiani npNFOAMOCTH ecTecTne~moro uaphepmoro rpyuta I 6e3
ero flepeoadmnci AAN YCTPaAcTBa nepoora ciAo i~HAbTpa cueAyleT yCra#MNBHTb.
yAofltMNQPRCM AM OCWMUNO ycone (.114), T. e.. Dm."'- DR'

AAS STOal AeM UO S4ICKMVOC? (3) onpeAexhxeTca uaECHUsaAlbaiu* P81@p
era nap DOO'I hnpe131PHTeibKo onpeAeaum ana'ieuae

S1+ 065i 1 1 = I+ OX -175 ---975;

D-oDle0,4559.75 '012 2,5=7,a.~v

M3 upuenesuqm panwr& cAe1yer, Rto oclom ycmmwe m1) e y~os-
AGNSO~eCU, T . D"1inc> Dr(7,>24).

CAWeabo% I nIapmepuaai rpywT I me xo@M? 6Mhm KCnfOSI 1AAH
YKANIRKN 5 36PSMA @80* EJNbW 603 era nepep&GoNw.

. CjaeYCr npg *p U&A M Xmau M AleraMh K OTceNY icPYuue *PBKUKN,
qYOGM p~oo0Z oafo yciasu (19) a. Apyrnep Tieoun.

e)3~r Afau OW a I lNoaauoaet .q'r AMR YXOfJittopWK%
aeua~oey~OaMM, r#)Mua NOWa rPYwa. 1AOTO'mo 0a'TRceu *Ilaacu D>

>85 u I~%) 6~ ObNS AKinX 4spaBuiK, T. e. jRSUMI N&I~ihe plu yR
Moz""afteal" omu cta nepooro Cift 4suatPa nepeOAuo
aanuaaa6"ee65%.Pvc. 1,

4
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flocite o~ceas 4*axu$A D>85 Ms., noayiy~nnf cocTas rpTa ;-6ynei- nuem
- CJIAyIoIuHe xaP&KrePfCTcrKH:

x034*HmeHT paa..o3epusxcrociHq 16
IWPHCTOCTb HO0 3aaHCHhaocTU (24)

.n# =no - 01 g1 = 0,40-0,1 gI26=,29,
o61.eun,,a cK I = (- n#) = 2,70 (1 -0,29)D 1,92 rn/a3 ; D17 ,5.iz

14= 0,25 ceajcex no asiqcuuOCTU (26).
MaxCHmaas~bih p83Nep siop AaIuNoro cocTama rpysTs oupeAejiReTcFl 'no sa-

BMCHMOCH (3). npeAmspureaibUo oupeAejnHs x- goa4*ssemr nepassouepuocr
-PaCxJaSAKH aCmNU B rpyflTe, H K09"4IHumeUT MJKUJlbiUOCTU eysj4soan

%=I + 0.054i = ± +0,05-126 -7.3;

D~C )4563 , _0,q 0,5=1,5 zv.

H3 npHseAeliKoro cfleAyeT, 'aTe -OCHOrnaoe ycaoune (19) uofleTcex T. e.
Dummc< 1 4 1 (1.5<24 xxu), caieAosaie~bRo, .AaJMlibA COCTaE rpyaTra 3 (c oT-

cenoM IOpaKUit D>85 xx), yaoosemopsilUoawa OCHOBHOMY YCJIOSHIO (19). NaO-
KceT 6WTb HCnojn3aa JAR nepeoro cJioft Oubypa. PCjIH yzAb leTsopsnomc H
Apyrue TPC6OmaHKN.

2aK) Yquamsam Go~ibmYso CTene~b pa3IomepmicTomt l I-6126, AaHMRd CO-
cras rpyra 3 AoA)Kes. 6Nm~ tiposepea t ms ycJauume xoJabmOTIpyemocryA m saie-
'4%9aeMOCTH rPelUqP m HAPe IOTH~hI He3AHCHMO 0? Toro SOSMONSHO HI 06p1-
3ooai(me HANm NC? (npjm yAosae~bopeHlnH YCRJIoHI KAbmhampyeaocm -raKolk co-
CTOB 4n.JubTpa Aael 3maqNTe~lbNMR 3aa npqOTHT a oTNoweNNN 38utmiUemo-
ro mt rpymrra NAP91 NAoTNIM).

YCJIODme KoJ~bMaHPYeMocTH If 3aJaeAJ4aemOCTH TpeLMHH Oymer EMfojiHmeo.
ecJiH noAodpamuI cocru, nepuoro cao$I 4ujibrpa %3 rpyara 3. OYneT yoA08ey-
SOPsiTb KpmTepNIo (32), -r. e.

DI7  26,5 (1 -n*)-

B MSHHom cAyqe mmcem:

rlOC~,e HoJIcTaMoOKN 31aqeNNAi, noAyasma:

DI-7 CA ,35; 26o5 (1- 0,29) 29
w, 0,w 0,2q V12

Ycaomae (32) yzosmmopseic. Cjre~ouaio, ~Asmift cocras nepsoro

CAOH 4*kNlbTPS 6yAeT yAOBMTBOpSITb ycJOIOo KoJibMaT~pyeMocTR H- 3aAeumsEe-
3)M pvaimeTNqCKJ cocra. rpyuTa I nepsm 'caio *mJbpa Aoxwsek

rpyRT 3CJieAyer cqmTarb cytpJo3momHonpo'IlWbI, cCAN Buftan1Hrcx ycJIo-
one (Ov)r. e.

~~~au~ ~ d =anur Ai~ea 0032 Oin at <~

An, 0,25o eapmep eec.

On a OW. j'.,16A,- 7,=l~mjA, n'-O jg 1



0,82 - 1,8n' + 0,0062 (2'l 5)=0,82-1,8.0,29+00062(12"-) 1,06;

' 0,3 (1,- I)f* - 0;30 (1,92 - 1).1,05 =~ 0.29. 0

rlociie ioXCyaHIorCH 3Ha4IelHf, nony'wK:

0,0032-0,97
d'-0,29 Y,29102 cm,09 cv0OW7 .a,I

d r. e.5 0,097'<0,16 m.wa
C~ieAovaTeobieo, AaHHibib cocra. rpyHTa 3 nepooro ciioa CONAbTpa cjleAyeT OW-
Tamb ICY(4)3J10NH~lPO4IM ripH.KOHTaKTHOA llpoJXoJnbHoA *PHAbTpatLHH.

Ht) flonyqemitt 113 Kapeporo rpyiira I nyreit orcesa ())PaKIUI D>'85 xx
(35%) rpaHyaiomerpqeccitf COCTas rpyH~a 3 iagI nepflor6 CJIO *IIJ~bTpS HMeeT
K0311)HuteHT P83Ho3epHHCTOCTH T)= 126>50.

J.1a1nnepooro c~noR (4)HIJbTpa nepexoAHIO 30Hbl, 3aummuaiouero CBII3Hbi
FPYHT, momwe 6ilim flHII$1T i(344)HLteHT pa3Ho3epHHclOCTH 14>50, ecJIH 3TOT
rpyHT .y~osMeisopReT Tpe6oaan".sW, flpHiesHmini a 9, a. 2.

1) Hajngqxe B COCrane Aaarnoro rpySra necqatbox O)paxmkUNA o 2 Ao Ao~noo
6UTb He mekee 20-25%. B noiy'ieHHou rpyHre 3 riecqaix *bpaKIl coAep-
2KHTCR 25%.

2) Pacqe-rHWj AmameTp nap rPyHra DfC' AoAweM 6biam 6ojlbwe jwilCTB-
TeibleOro NaKCtM&AJbHoro D,'W B cooTH~ouiernn Dr">(12 -1,0D'

B Aamwoma cjiyae DrcI=2,4 Aw, Drawc 1,5 itV. Cmeiosarezbto, Aiwooe
yCJo3HC yAosAmTopsecsC, TaK Kax DV"~ > 1,5D,' "c, -r. e. 2,4>2,25 mm-*

3) floayqemuai cocras rpyvwm 3 yao~eTSOPneT KPHTePHIO KOJ~bM8HPYC-
mocffl m camoaieC'ONeMOCTH TPeUIII) UaPS HAJoTlIRb.

4i [Ipi KOHTaKTUOA 4*HJbTpaIIH If NPH oXCHAaembix I'HApOAIHauzoqeCKHX
yCJioamix suMoc uenKIxn cy4403U0iMx 'lBcuth pa3mepoot dcj OyAeT 3Hano-
reJ~bHo membne, ZCInycTumoF pamepa D!,. T e. ded < D!, (0,097 Am < 3~ %i
meufbme DI -0,16.*t);

5) AaHHNrn cocran rpynra 3 yAoaaermopsser (c maacou) KpHTepnml (20)
T. e. nep8mbiMHCTHl C8310 rPT9t R1PM IKOHTSKflIOI npoOnbHO i NJ,-
TPaANM, TixaK as D - 2 4 .w > D'O'c 1,5 .*. lleflcwmre~buo, ueem:

V Dra 1T -

4<O,754,.; 0,97<1,37 (h~n= 1,4).

143 flp"BeefHbix pacqeroll Kt aaAH3a cjuexyeT, g~ ace Tpe6osamu, npeAi,-
IBaembme K cocrasy rpyRna nepsoro C80%t *tAbTpa PepexLAW ombi c00 C >50
nfomeH yAoDJieTBOPUOTCW.

CJaeAosarejabHo, no~tyqeNmtiA m43 ecTeCTsemsortq waphepitoro rpysnu I nyrerA
orceisa TOJ~bMo KPyIWX *paxiufo D>85 xx rpyMT 3 45%7 xapLepuore rpyurap
Ho;Ke? 6Uom pecouenAo~an jAm yKA&AK* a nepsuw * U~ll$mnTA mepexoAmoA
3010..

et3oma AOHycTnworo rpauyjloueTpmqecxaro cocrasa riyas 3. lpmAroo
AZAR YKJIBAKH s nepabiA cao* 4*Hjiblpa nepexotmoiA 300mu opeAcrsaeua no

p3K. 17.
so) Tonxuiua riepeoro cJaoR *IIbTpa (m o IcAeAytm0&x cJIoea, ecCJI s yTm

ecmh ueo6XOAHwocmb) AfiR suhcaKifx m cIepxohIcoxHx nitomp maSHqees, co-
rJA;CHO~ 510, no asnuocrn (10).

B ABIOHOM calyqae umnmaiau Tonumrn nepboro Cao *RlbTpa 501101KB
6Umh: Tum,>3+3.55S x, r~e t-3,5 it - cymmapHm* pasuep ropH3oHTaabHWX
cmeUteHMA RA~PSamI Ipm3umb fJoTmnu.
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3. Conp,nvtenxe nepexoaBofl SOB1,
C MaTeI~maAjom IIH3M rIAOTHHU

B n. I Hacrog~lero naparpa4)a (Hcxo~umme AaHniie) yKa3M~aAOCb, 'iTO Ma-
TepJuamom AJI YCTPOACTB8 flpK3m HAIOTHHbI Hame'IaeTrcs HCflOJih3OB8Tb TOT me

KaphepuuA rpyHr. I (nepnbat% sapI~aHT) H KapbepHhiA Kamenb 2'A~ K amemohb
Ha6pocKH (BTopoA HaPnant), PAC. 17.

flopAJOK pac'leTa
1. Ma~ep~iaji flpH3Mbi IIJOTNHHLI- eCTeCTueHHWA, KapbepaMAh rpyHT I. piiC. 17.

nna) Onpenceim cpelzrnni pa3mep nop maTepHaJ~a IHPH3UmE fJIOTHI (rpyufTa 1)
nlo naaalS4ef (42):

D", 0,45 - n 0,22
D~0D'5~ =" D 0,4Mb 175 -10-7

nn 175; n,, = 0,22; D7= 2,5 m.v.

6) KenpocmnaeiaOCTb mivrep~aAa nep~oro c~nox 4nIhrpa Bm a~epitaii npma-
MMl flJIOTHHbi 6YAeT o6ecneqe~a, eCJIH yAoimeTBOOPCTCR YCJIOBHe (40): O_1,8

D'r
omy~a D~ ~ 0,75 0,42 .iitv 'TO 3tfa'HTeJlhHfO mernbue D'=~ m.ig

CAeAonaTejibHo, B AarnIOM caiyqae D1 - Dl5 = 0,42 AN Henpocunaemocmb
maTepHa~ia nepnoro caoiO 4 H~lbTpa a ?daTepmaxl NIH3mM fiOTH~bl H3 rpyIITaI
anomi~e o6ecneqwsaeTCH.

2. MaTCPiiaz flPH3MbI IIJIOTHH-K8pbepllbll xameib -2 (puc. 17).
a) CpeArnUi AII8NCTP HlOP AaHHOFO MaTepHa~ia

Dn= 'tin _7 .. Dn' 0,455 V8 0,39p
17 ~ 0239 10=29 Jim,

71n= 8; nn =,39; D = 70 x.

a6) CoraaCHO§ 23 CaoA006pa3yioinve *)pax~tnu CJIWI 41HJ~bTpa nepexoAwoft
3OHbl MmeT,6MTb IIPHHRqTa ', D' B jAaHni cAy'iae D1 = 22 mm.'.cr " 50* s

a) HeopocbinaeMOcM MaTepHaia Ine sQor cJiosi *flJapa B maTepmail Ka-
NteHO Ha6POCKH 6YJ~eT o6ecneqeiia, eCaa y~oaeTBopiercu ycfiOn~e (40)

UpHHHMae D1 1ROAqM 16<18cr= D50- 22 U0x'4Mx,,<

I-enpocuniemOCmb MaTep~i~a nepaoro CNiOR 4*BJIbTP8 rpyHTa 8 B miiTe-
pitajb flpH3mbi fAOTHb 113 K8MeHKofi Ha6pocKjt 2 o6ecne'nisaevcs, AonojflfTt~br
HOR nepeXOAHl 301Hbl (aroporo CAb.) Hle TpefyemcH.

r) B AaHHOM cniy'ae 13 flPI3MbM noJTHHhi MOX(CT 6bim y4o)KeH KVPbepHMlR
MaTepmaji I HJIH xapmbepHuA Kamelib 2, HAH tlPH3Mbl NAOTHHMl moFyT OW&O*
AUTbC2 M3 Kaphepiforo KSMIIW 2, a aChflKa 4ila3yXs BMIIoJiHBTbCfi KaPHUpM
ma~epiiajio. 1, WIO 3HaqHTeJ~bHO ynpO'IHHJo 6bi Tejio njzoTHrn,

A) c3ona AOOYCTHmoro cocmeaa maTepHaa KameHo z0a6pocmw moZICT
6aMm lisawa'IeNa 9 npe~eniax ue)AcY KPH~hffH rpaHyjiomeTpN'ecxofa COCrama
rpyiRa8 I H KapbepHoro xam Kn 2 (3ona 11), PHC. 17.

lp. x m e q a mi me. 3a npeAea n PHKoHTaKTKOA 50KHzl (pu.. 14) Ks-
memmofl ma6OcKHB3 TeJIo nJOTHIIM MO2IMT 6Mmb yazoiceH 6owee KpylEmui
mflTepfl KSMHN.

4 -I

49

4 N"

....... ----



nU4TEPA.TYPA
1. I4HCTPYKIH no npoeKTiPObaeuHIO o6pamaux *IU~bTpoB rnApoTexmI'ieccnx

coopyxcejmft, BCH 02-65. aeprKuu, 1965(cocTamijim AMH. faTpames, r. x. .Ipa-

2. 11 p a ame it im b, A r. X. Bonpocui UpoeKTpomHm rpaHCOCTan~a nepexoA-
CHMX 30H, o6ecneqHD8OULHfX *HRAWpaUMoHyI0O Ip0HOCTb OTICOCOD RAep (3Kpa-
eon) Bh1COKHX. IOTHI 1M3 mbecThix maTepH4lAO, 1964 (Bn6inorea BHH~-
PYicOBncL).

3. flpa8 e AH u A r. x. IlpoexHponaHme o6paTHhlX #jHJIbTPOID, 38 aUtao-
"I COOi3'e rpym. TPYAM NoopxaNUMNhuwX cosnmaft fno rHApoTexHHKC.
Oban. IX 43HeprH. 1964.

4. H C T 0 M KH a1 B. C. 0M~bTpaaoHK$1 ycrofiHSOCTb rpynios. roc~pf-
H3AaT, 1957. t

5. CTpoHTrebinme HOPUM ii ipaDa~a (C Hem) tlacT. 11, p8auea H; rnA&a 4-62
R1 Mjau 6-62. rOCCTPOAH.3I~aT, 1944.

6. flaTpawes A. H., flpa~eAuuA r,. x., flamqHq M. HccJ~eAoma-
Hwe mexaHitqec~oA H XNM~qeCKOA CYEW311I B necPaHo-rp8BellcTblx rpYHTaX H
CK8JIhHbix nopoAaX., 'iacm 1, 1958, qaCmb 11, 1960. (BH6jiiboTegca BHHH-
Pylioniftcb). I

7. nlarpa men A. H., IlpaBeAuldA r, x. onPeAefieg.e parqernumx Pa3-
mepas ttacmIAU %ecRusui% rTRHOSn p% 1)poennp*WBMu 0ParlhUX 4)RabTPOD.
TpyLbi KOOPAH~aLHoHHbIX comeltauHiA no rHAporexHuxIe, abMm. IKXI. ep
rHg*, 1965.

8. flarpaareq A. H., -nljama r. x. FnpoeKT HHCTPYIIH no
npoeKTUPO~aNHIO OO~paHhaX 4*HJbTPOB - RApoTexHtmqeCKHX coopy2icemA. roc-
3HeproHAaT.- 1963.

9. fl a a q R q X~ Cnoco6 on peJ~eaieHR HecyW4)3HOHHMx rpaKtJIOMeTpHqeCKHX
cocTasoe FpyHTa. H3BeCTIn BHHmr,,r. 68. rOC9HeproH3AaT. 1961. *

10i. nIp a m e A K bi A r. x. Paapa6o'ncP meTOA11KH noA6opa o6paTmhIX 41H1Jb-
TPOS 14W CafluHbix rpyHTOD, 1962. (BN6Janoreica BHHHF - PYconHCb). .

i i. nI p a iie A H b, A r. x. Hiceasom no npoeKc~nPO08Hmo M flOA6oPY
rpaHyJ~omeTpH'IecKoro cocTaaa 4mJbTpois nepexojiu.x 3011 aIcoKmx flJaTH1.
c3Heprtma, 1966.

12.n bla~e AH i4k r. X. rIoASOAIIMA Hamme NfPOTHDOOHJtbTpaWIgOUHbMX
.SKPaNOm. as::TRe MuHir, T. 62. roegweproM3AaT, -1959.
paC'WTI HanPuNKeHu~oro cocToIIunhH H e)opmatHn rJIKHHCTUX st~ep BmcoKmx nmao-

TOM c y.ieTom pacnPeAeJIU1R NPrO ARDR HSienu 6a83e uOAeAHi rpyNT8, K8K
ynloyronoasyefl cpe~m, 1964. u w~norna BHH~r-PYwconuCb).

14. M o ce em C. H. FMTHmuM xame11Ho-3emammhe, ma6pocehe t 113 CYXOA
maaAmiH. rocam1proU~sJt 1962.

1964." (BN6noexs BHHHr - PYon*cb),

16. A o$ n i& £ U .9. H. Ykaaa11Ef no fosseAeunto CI&COKRX IIJOTC11 3 Me-
cYCimx maTepmaioo, BCH 021-69. a3meprrn'a. 1970.

.17. flpa me AN iA r. X. Bpemeanve yK1381111 no npoeKTwPONalmlo 1101-
6opy rpauyOiwmeTPHqe0or0 cocyama 40"JIHpos IICpeoxAImx S0ON, 3matummiammII
cUNSCUC (rawimcmle) rpyHTu, Olzep (9cpafo9) uiCoXcNX N CBOPXBUCOIHX mao-
mu usm3 ecmuwx MaTep~aJim, BCH 01-6. a~iteprwsi, 1967.

so

'BJ

Vy



.18. nl pa.v e x m v r. X. KC Doipocy flpoemTposUUUN IftpezoEmI saw 23-
asaw~ IIJorIU., ruApoTexNHqeCKOe CTPOH ."AbCTBO. 1970. Am 8. I

.19. TTp a 9e au x r. X. Vuaaa no upfctupo..um MPoTwwOuamrpa-
munouxi yeipoll nmn ar xOIMO0iomypa GeToumux nasum so cmeimm OcSo-
amax C Tpectnsims imwruiem'o UP&OCzastuain, SCH '91-7. cauep-

fun), 1970.
20. ql y r a e 9 P. P. 3e3.tme r~nolexul'Iecc eopmcmNm ospSTmqe-

cxife OCNO3M -PacwTS). d.3ep t . 1U7.
21. Mon cere-bC. f.Kameuwo. m miqe it. to~uinmm osvcame UJOTHUIM.

*3nepM%*, 1970.

CO AEP)KA1HE C

flpec ome.................................... 3

raama L 4Ww Egee. ub u ... ..............

2. Ilpmnamme TepmHnbi H Go3EHaqeHn........ . .. .... 6
3.1 1aaeie nepeboaax amn.................
43aa' UpqeKTNfpoBiH rpanfyAoMe~pnqecx~o cacTsa #MUb-

5. oo nepeZoAwmaX 30................................8S .aepaa AJIR nepeXOAHbIX 30.................... .... 9
56. Hcxo~mbie Aamnmme AN apoexmposammg ......... ..... 9

raimsa It. OMUIC Pae"TOW IOM@B E AM NPECKTPOSSN S pY-
AomaTpmcKorO cociuma aaepmeaa n!petowmx no .. 10

§ 7. O6mme yKa3aHH ............................ 10
S 8. OiteHKa CY4UoHOCTn (HeCY0x03Hnoocm) rpyI1Ton onpeAe-

w J~ae maKCHMaahbIOro piameps smHocHmhIx qICTEA m MoxcE-
MSajhio BosMiawcnorO npoieNTa naigoca (no reomerpuilecKo-.
my M xIpNTepino)................. . .. ...... il

5 9. Llonycxaeuss CTeniemb Pa3Ho3epHIICTocTh rpytiTot AN yCTpoA-
CT32 nePeXOJLHMX 30H.................................12

S10. Toanwn~a nepporo CJION *NJbTP8 nepeXOjiiOA 3ouH . 13
5 I IPacmrne rPSA~eHTM Nanopa..........................14

raame MI. Merosmua opemTposaum a nsioaopa rpanyawou~c.ro
COCTui $tNb"p~ "WpeoauUX 3o...............16

A. MeTOARKC flp0KTHpo3iNHN rpaRyaomeTpiI'IeCKoro cocThsC 3mb-
Tpol nepeXOARMX 301................. . ........ 16

flpoeucrpomnue rpavyaomIeTpmqecKoro coctaaa vepsoo egos
*NJ~bTP nepexoAtnMX 30N RN JOAPS nJIOTHB............ .... 16

12. OMmme yKs N.................................16
I. fpoexnmpouanne rpaiyjioUeTpH'I8cKoro cocTasa Depooro cn

INJabip& Am N3uma O oTxoca NApa DAouHm.. ....... .....
S A3 Onpeseaenne pa'emoro V8aamepa ANmaeTpa OpJmkpaits0uNx 1

mop rpyuva nepsoro cRoS *NJxbipa .... 1
S 14. flpoeepua OPO'IOCTH casuoro rpyHTa it rp~amarm

cocrasa nme acro IO *N ubps ]i. KXlRuTUMFI 'pasaWB ntpo.

I O A UiN IpMbT? IHONHHM DOTOKOM........... ..... 18
P 1. Meiojunca oUPeAeamuN pec~emnux piJImepom OipauluuI N no-

C~poomNO 19 AOAYCTHMOIO rpamyJIomepn9ScEO comeis
TfYRTa. RPNQ3OF0AR RVW CRON #iMbqM* . . . 19

511~



CTP.
1 1. ~apueC*A'OaaqX5"Ua9CT TP9RAUU 3 UaP (=~Page) am-

fmoB3 100muN . . 23
H. flpoeamUponamme ,rpaNyasougnpqswo cocraa, epico citne

4 iUJPNM *epZoUoW OTKMC SAPIa NJhM.... .. .... 25,~ ~ .3 .O6 . .r). . . . . 25519- flPOeswas"Hau (Roa6op)'rpauMaouelpuqeaoro CoCTarn Uap-
woo ONOt 4)snbTPa U"W~MUO* 309M LAN 301)13W OTKOM

uAPa US YNNCE@ 0T OTE. YMO no ere ocitommana . -. - 26f2.lpoexmposagie (iAndop) rpguyamoeTpuqecKoro cocTasrp fl-
TN nfep3Mr GA01l *MJ~bVp nepexoajwU SIN n&RTMM 26

121. flPoexumposume (noAdop) rpanyioueTpnqcuoro cocana
4*NxbVoino4Aroiromt hICJ lI nn em splCM epzprmx oTlocou
SeNJINEMI DICTEU3 HaComfro DjIumucroro) rpysTa . . . 2522. OUPe~eaieNUt KO**=~u~Mr~a 4IEJbTpNttiW cyFJimsmmc~ rpyurta 33
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