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FATIGUE DESTRUCTION OF ASPHALT CONCRETE PAVEMENT.
2. THERMODYNAMICS

Abstract. In this paper the fatigue destruction regularity of asphalt concrete pavement, determined before, has
been proved by observance of the identified criteria for thermodynamics of irreversible processes — universal Glens-
dorf-Prigozhin criterion and principle of minimum for production of the entropy of Yu.L. Klimontovich. Values of
production of the entropy under impact of vehicle load of various volumes have been calculated from values of
stresses and strains in asphalt concrete pavement of the highway. Stresses and strains have been determined with the
use of solution of A.K. Privarnikov for multilayer elastic half-space, on the surface of which the vertical static load
has been applied and uniformly distributed along the area of a circle. To calculate the stresses and strains the five-
layer pavement structure has been taken, which included two asphalt concrete layers.

Key words: asphalt concrete pavement, fatigue destruction, production of the entropy, Glensdorf-Prigozhin
criterion, Klimontovich principle.

1. Introduction. Principle of staging of fatigue destruction for the asphalt concrete pavement was
formulated in the author’s work [1], devoted to the analysis of the fatigue destruction of the asphalt
concrete pavement for the highway, based on actual materials, obtained on the sections of the operational
highways. Then, similar to the known phenomena of self-organization in thermodynamics of irreversible
processes and dynamics of non-linear systems (synergetics) — Bemar’s effect and division of biological
cell, it was suggested to consider the parts of asphalt concrete pavement as the specific dissipative
structures, occurred in critical conditions, and a new regularity was formulated for the staging fatigue
destruction of the asphalt concrete pavement. This regularity was explained based on the newly proposed
scheme of bifurcation with the use of the results for experimental determination of the single, cyclic, long-
time and residual strength of the asphalt concrete.

In this paper the determined regularity of staging fatigue destruction of the asphalt concrete pavement
has been proved by observance of the criteria for thermodynamics of irreversible processes namely by
universal Glensdorf-Prigozhin criterion and Klimontovich principle.

2. Stress and strain behavior.

2.1. Pavement structure. To perform calculation of the stresses and strains, occurring under impact of
the estimated vehicle load with further determination of strain and dissipation energies the following
pavement structure has been adopted, which is one of the most typical for the highways of high technical
categories in Kazakhstan:

1* layer: fine-grained dense asphalt concrete, thickness h; = 5 cm;

2™ layer: coarse-grained porous asphalt concrete, hy = 10 cm;

3t layer: crushed stone and sand mix, treated with cement (8%) in the plant, h; = 20 cm;

4" layer: crushed and stone mix (6-40 mm), hy = 20 cm;

5™ Jayer: natural gravel and sand mix, hs = 25 cm.

Soil of subgrade is light dusty clay loam.

It is supposed that bitumen of grade BND 100-130, produced by Pavlodar Petrochemical Plant, will
be used for preparation of the asphalt concretes.
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2.2. Deformation characteristics of materials and soil. Asphalt concrete is a visco-elastic material
[2-4] and its strain characteristics depend on the temperature and load duration. In this paper the ¢lasticity
modulus of fine-grained dense and coarse-grained porous asphalt concretes were calculated under the
modified Hirsh formula, proposed in the paper [5]:

E,(0)=P.(1)[ E, -(A=VMA) + E,(1)-VFA-VMA, %

0,994
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where £, (?) is the elasticity modulus of asphalt concrete at the time moment t; E, (1) is the elasticity
modulus of bitumen at the time moment t; Eag is the elasticity modulus of stone aggregate, adopted equal

to 26 540 MPa; VMA are voids of mineral material (as a decimal fraction); V74 is a share of inter-grain

voids, filled with binder (as a decimal fraction); & is a level of strain, adopted equal to 100-10°° for the
mean temperature.

Elasticity modulus of bitumen %, (t) is calculated under the formula [6, 7]:

1+ E b {sz
30 , ©)

where £g is an instantancous elasticity modulus of bitumen, adopted equal to 2 460 MPa; 77 is a

Ly ()= Eg

coefficient of viscosity for bitumen, MPa-s.
Coefficient of viscosity 77 is determined under the equations:
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where Pl and T,, are penetration index and softening point of bitumen.
Parameter b is calculated under the equation:
1
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Values of Poisson’s coefficient for asphalt concretes are determined under the formula, recommended
by the Guide [8]:
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0,35
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where v is Poisson’s coefficient of asphalt concrete; £ _(f) is elasticity modulus of asphalt concrete.

v=0,15+

(10)

Due to the necessity of dissipation energy calculation in the asphalt concrete layer of pavement at the
initial operational period and during the period of fatigue destruction occurrence, the values of elasticity
moduli of the asphalt concrete were determined in their two conditions — after short-term (RTFOT) and
long-term (RTFOT+PAYV) aging of bitumen and at duration of load impact t = 0 s (instantancous strain)
and t = 0.1 s. Calculated values of the clasticity moduli and Poisson’s coefficients of the asphalt concretes
are shown in the Table 1. In addition, at present for many countries of the world, including European ones,
it is adopted that fatigue of the asphalt concrete occurs at moment when its stiffness (elasticity modulus)
reduces two times from the initial one [9]. For the dense and porous asphalt concretes, which we adopted,
such values of the elasticity moduli at the duration of load impact t = 0.1 s are equal to 3467 MPa and
2071 MPa respectively, and the values of Poisson’s coefficients are equal to 0.30 and 0.37 respectively.

Table 1 — Values of elasticity modulus (E) and Poisson’s coefficients (v) for asphalt concretes

Aging Duration Asphalt concrete
of bitumen of load impact t, Fine-grained dense Coarse-grained porous
s E, MIIa v E, Mlla v
0 19810 0.15 16 870 0.15
RTFOT
0.1 5681 0.21 3307 0.31
0 19 810 0.15 16 870 0.15
PAV
0.1 6933 0.18 4142 0.27

Values of elasticity moduli and Poisson’s coefficients for the materials of other layers of pavement
and soil of subgrade are specified under the standard document CN RK 3.03-19-2006 [10] and are shown
in the Table 2.

Table 2 — Values of elasticity modulus and Poisson’s coefficients for the materials of the layers for pavement and soil

Material, soil Elasticity modulus E, MPa Poisson’s coefficient
Crushed stone and sand mix, treated with cement (8 %) 1000 0.30
Crushed stone and sand mix (6-40 mm) 250 0.30
Natural gravel and sand mix 180 0.30
Soil — light dusty clay loam: moisture Wp = 0,64 Wy 58 0.35

2.3. Calculation scheme. Calculation scheme of pavement structure and subgrade is shown in Figu-
re 1. As it is seen, the top five layers of this calculation scheme simulate the layers of the adopted
pavement, they have relevant thicknesses h;, hy, hs, hs, hs, materials of the layers are characterized by
elasticity moduli E,, E,, E;, E,, Es and Poisson’s coefficients v, v, vs, V4, vs. And the lowest, i.e. the sixth
layer simulates the subgrade and infinitely stretches downwards (hs — ). The material of this layer is the
soil of subgrade, which is characterized by elasticity modulus Es and Poisson’s coefficient vs.

The vertical static load with the intensity of q, uniformly distributed within the circle with diameter of
D, impacts on the surface of the upper layer, which simulates the load from the wheel of the vehicle. In
our case  =0.4;0.5;0.6;0.7 and 0.8 MPa and D =42 cm.

Materials of all constructive layers of pavement and soil of subgrade are considered as elastic ones.

Stresses and strains in such multilayer elastic system are determined with the use of solution of Prof.
Privarnikov A K [11].
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Figure 1 — Calculation scheme of pavement and subgrade

2.4. Stresses and strains. Components of stress and strain were calculated at temperature of 10°C in
point, located on the bottom surface of the second asphalt concrete layer along the vertical axis, which
passes through the center of the circle of loading, and they are shown in the Figures 2-9. The analysis of
graphs for variation of stresses and strains show that they have as general, common for all, as well as
separate, specific for each of them, peculiarities. General features for all the components of stress and
strain are:

1. Significant variation of stresses and strains occur in zone with dimension 2-3 of the diameter for
the circle of loading, which is under load impact.

2. Stiffness of asphalt concretes impacts greatly on distribution and variation of stresses and strains.

Together with the general peculiarities, mentioned above, the components of stress and strain have
the following individual peculiarities of variation in longitudinal direction (in direction of traffic moving):

1. Longitudinal and transversal normal stresses, in zone under impact, are tensile, they are reduced
fast with the increase of the distance and, depending on the stiffness of the asphalt concrete layers on
various distances, they transform into compressive ones. The value of tensile longitudinal and transversal
normal stresses depends greatly on the stiffness of the asphalt concrete layers, with the increase of which
the first ones considerably (in several times) increase. Thus, the maximum values of the longitudinal and
transversal normal stresses at the instantancous strain (t = 0), load duration t = 0.1 second and during
decrease of the asphalt concretes stiffness for a half of the initial one (t = 0.1 s and E = E/2) are 1,46; 0.39
and 0.03 MPa respectively.

The longitudinal and transversal strains are of similar qualitative nature, only with a small difference
that their values decrease in the sphere of compressive strains with the increase of the asphalt concretes
stiffness. And the values of instantaneous strain are lower than others in the sphere of tensile strains.
Maximum value of longitudinal and transversal strain is 110 microstrain, i.e. 110 - 10°,

2. The vertical normal stress is a compressive one in every location. Its value also varies considerably
depending on the asphalt concretes stiffness and decreases with its increase.

The vertical strain is of similar character of variation in the sphere of the compressive values (under
impact). The vertical strain changes its sign approximately at the distances, equal to 1.5 of the radius of
the circle of loading, depending on the stiffness of the asphalt concretes, i.e. it transforms from the
compressive strain to the tensile one. The strain increases with the asphalt concrete stiffness decrease in
the sphere of the compressive values, as well as in the sphere of the tensile ones.

3. Shearing stress and shearing strain are of similar qualitative nature for variation: at the beginning
of coordinates (under load impact) they are equal to zero; at the distances, which are approximately two
radiuses of the circle of loading, they have maximum values, then they reduce again; it seems that the
location of maximum shearing stress and shearing strain do not depend on the asphalt concrete stiffness,
but their values considerably depend on the latter — the shearing stress and shearing strain decrease with
the asphalt concrete stiffness increase. Their graphs are antisimmetric in relation to the axis, passing
through the center for the circle of loading.
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Figure 2 — Graph for variation of longitudinal normal stress in direction of traftfic
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Figure 3 — Graph for variation of transversal normal stress in direction of tratfic
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Figure 4 — Graph for variation of vertical normal stress in direction of traffic
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Figure 6 — Graph for variation of longitudinal strain in direction of traffic
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Figure 7 — Graph for variation of transversal strain in direction of traftic
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Figure 9 — Graph for variation of shearing strain in direction of traffic

3. Thermodynamics.

3.1. Dissipation energy. As it was mentioned above, in our previous paper [1] it was proposed to
consider the parts of asphalt concrete during the periods of the fatigue destruction as the specific
dissipative structures, occurring in critical situation. If this proposal (hypothesis) is correct, then the
physical processes, occurring in asphalt concrete pavement as in thermodynamic system, should meet the
known criteria of thermodynamics of irreversible processes. Such criteria are the universal Glensdorf-
Prigozhin criterion [12-14] and Klimontovich criterion [15], which use the entropy production as the
function of condition, characterizing the processes of self-organization. To calculate the entropy
production we should determine the dissipation energy.

In this paper the dissipation energy, irreversibly scattered by the asphalt concrete pavement into the
environment, is determined under the equation:

W, =W,—W,, (11
where W, is instantaneous strain energy (t = 0); W is strain energy at load duration (t =0.1 s).
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During determination of the dissipation energy under the equation (11) it is adopted that instan-
taneous strain of the asphalt concrete pavement under load impact is pure elastic and dissipation energy
occurs at any finite load duration (for example, at t = 0.1 s) due to the mechanism of relaxation.

Figure 10 represents the graphs, showing the dependence on the load of the instantancous strain
energy W, (RTFO), strain energies at load duration for 0.1 s at the initial period of operation W, (RTFO)
and during operation of the asphalt concrete pavement before fatigue destruction W,,; (PAV E/2). As it is
seen, all the types of the mentioned strain energies depend greatly on the load; the more the load the more
the energies. The dependences are linear. As it has been expected, the strain energy is the biggest at all the
loads at instantaneous strain, which is easily explained by the big value of the instantancous clasticity
modulus. The elasticity modulus decreases with the load duration increase, and in addition the relevant
strain energies are also reduced.
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Figure 10 — Graphs for variation of strain energy depending on load
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The graphs of variation for dissipation energies depending on the load are shown in Figure 11. It is
seen, that similar to the strain energies, the dissipation energies also increase linearly with the increase of
the load from the vehicle, moreover at all the loads the dissipation energy at the initial period of operation
of the asphalt concrete pavement W, (RTFO) is considerably more than during the period with fatigue
destruction W; (PAV E/2 des). During determination of the dissipation energy in the asphalt concrete
pavement with fatigue destruction the specific elements of the asphalt concrete are considered as the rod
and the vertical stress in the bottom of the rod is equal to the vertical stress in the bottom of the uniform
(without destruction) asphalt concrete pavement.

3.2. Glensdorf-Prigozhin universal criterion. In the thermodynamics of irreversible processes the
universal criterion of evolution for self-organization dynamic system is formulated in the following form:
“In any non-equilibrium system with the fixed border conditions the processes occur in such way that the
rate of variation for entropy production, stipulated by the variations of thermodynamics forces, decreases”
[12-14]. Meanwhile, the entropy production is the amount of the entropy, produced by the system at a time
unit.

In accordance with the second principle of thermodynamics we have [16]:

6Q=T -ds, (12)
where 60 is small volume of heat (energy), ds is small amount of entropy; 7 is thermodynamics
temperature.

In respect to our case we rewrite the equation (12) in the following form:
AW
AS =—+, 13
= (13)

where AS is amount of entropy; AW, is amount of dissipation energy.

During calculation of the entropy under the equation (13) it is necessary to clarify the following.
According to the definition the entropy production represents by itself the amount of entropy, accounted
for the time unit. Dissipation energy, included into the equation (13), represents by itself the amount of
scattered energy at single action (passage) of the load from the wheel of the vehicle. Taking into account
the above, the amount of entropy, calculated under the equation (13), can be considered as the entropy
production during the time of single load impact.

Calculated values of the entropy production with various loads at the initial period of operation for
the asphalt concrete pavement and after occurrence of the fatigue destructions in it are represented gra-
phically in Figure 12. As it is seen, similar to the dissipation energy, the entropy production also increases
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Figure 12 — Graphs for dependence of entropy production on load value
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linearly with the load increase in both considered operational conditions of the asphalt concrete pavement.
It is obvious that at the same temperature with all the loads the entropy production at the initial period of
operation is more than after the fatigue destruction.

In our case the thermodynamics force is the load (stress) from the wheel of the vehicle, acting on the
surface of the asphalt concrete pavement. Therefore the slopes of the graphs in Figure 12 represent by
itself the rate of variation for entropy production, stipulated by the variation of the thermodynamic force.
As it is seen, the slope of the graph, corresponding to the condition of the asphalt concrete pavement after
occurrence of the fatigue destructions are obviously (considerably) less, than in the beginning of
operation, 1.e. Glensdorf-Prigozhin universal criterion is observed.

3.3. Principle of Yu.L. Klimontovich. The paper of Yu.L. Klimontovich formulated “Principle of
entropy production minimum in the processes of self-organization”, which consists in the following. The
process of self-organization is represented as a phase transition (or sequence of phase transitions), with the
result that the system transforms into more ordered state. The principle states that the entropy production
in a new — more ordered state, occurred as the result of the successive phase transition, is less than the
entropy production of the old condition, which is mentally extended into the unstable sphere [17].

Figure 13 represents two graphs for variation of entropy production in the asphalt concrete pavement,
related to two time moments: the first of them corresponds to the condition of pavement before occurrence
of fatigue destructions, and the second one — after their occurrence. Then the straight line 1 will
correspond to the old condition of the asphalt concrete pavement, which is mentally extended into unstable
sphere, and the straight line 2 will correspond to a new — more ordered state. As it is seen from the Figure
13, entropy production in the asphalt concrete pavement with all the considered loads in a new — more
ordered state (straight line 2) is less than the entropy production of the old condition, which is mentally
extended into the unstable sphere (straight line 1).
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Figure 13 — Graphs for dependence of entropy production on load value

Therefore, it is shown that principle of Yu.L. Klimontovich — principle of entropy production
minimum in the processes of self-organization — is observed at the fatigue destruction.

Conclusion.

1. Components of stress and strain in the bottom surface of the second asphalt concrete layer for the
modern pavement structure of a highway, occurred under impact of the estimated vehicle load, in the
direction of traffic, vary greatly depending on the asphalt concrete stiffness.
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2. All calculated types of strain energy — at the instantaneous strain, stain at load duration for 0.1 s on
the initial stage of operation and during operation with the aged bitumen — depend greatly on the load and
increase linearly with the increase of the latter.

3. Dissipation energy and entropy production also increase linearly with the load increase and they
also depend on the operational condition of pavement.

4. At fatigue destruction the known criteria of the thermodynamics of irreversible processes are
observed — the universal Glensdorf-Prigozhin criterion and Klimontovich principle.
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B. b. Tearaes

Kazaxcranckuii 7oposKHBIH HAyYHO-HCCIEA0OBATEILCKHA HHCTUTYT, Amarsl, Kazaxcran

YCTAIOCTHASA JECTPYKIUSA
ACOPAJIBTOBETOHHOT O ITOKPBITHUS.
2. TEPMO/IMHAMUKA

AnHOTanmsi. B paboTe ycTaHOBICHHAS paHee 3aKOHOMEPHOCTD YCTAJIOCTHOM AeCTpy KUK ac(aabToOCTOHHOTO
TIOKPBITHS JOKA3BIBACTCS IYTEM IOKA3a COOMIOACHHS HM3BECTHBIX KPHTCPHEB TEPMOJMHAMHKH HEOOPATHMBIX
MPOLECCOB — YHUBEPCATBbHOTO KpuTepus [ meHcaopda-TIpuroskuHa W MPUHIUIA MHUHAMYMA IIPOU3BOJICTB SHTPOIUH
10.J1. KnumoHTOBHYA. 3HAUSHHA MPOM3BOACTBA SHTPOIHMH HPH ACHCTBHHM aBTOMOOHMIBHOH HArpy3KH Pa3HOH BEIH-
YHHBI BEMHCIICHBI Yepe3 3HAUCHUA HANPOKCHHH U Aedopmarmii B ac(haabTOOCTOHHOM MOKPHITHH aBTOMOOMIBHOH
noporu. Hanmpspkerus u aeopMarmu onpeneneHsl ¢ uenoiab3oanueM penrerus A K. [IpuBapHHKOBA [UISI MHOTO-
CJIOWHOTO YNPYTOTO HOJIYHPOCTPAHCTBA, HAa MOBEPXHOCTh KOTOPOTO IPHIOKEHA BEPTHKAIHHAS CTATHYCCKAs HA-
TPy3Ka, PaBHOMCPHO PACHPEACICHHAS MO IUIOMAAd Kpyra. Jmsd pacuera HampsoKCHHH W acopManmii mpHHATA
TIATHCTOWHAS KOHCTPYKIHSA JOPOXKHOM OJEK/IBI, BIIFOUAOINAS 1BA ac(DaabTOOSTOHHBIX CIIOSL.

Kmouesnie cjioBa: achanbTo0ETOHHOE IOKPBITHE, YCTATIOCTHAS ACCTPY KIS, IIPOM3BOACTBO SHTPOIHH, KPHUTE-
puii I'nencnopda-Ilpuroskuna, mpuanun KnumonToBHYA.

1. Beegenue. B pabote aBropa [1], MOCBSIICHHON M3YyUCHHUIO YCTATOCTHOW ASCTPYKIMH achaibTo-
GETOHHOTO MOKPBITHS ABTOMOOMIBHOM JOPOTH, OCHOBBIBASICH HAa (PAKTHUCCKUX MaTepUaiiax, MOIYUCHHBIX
HA y4YacTkax (hyHKIHOHUPYIOMUX aBTOMOOHIBHBIX A0POT, ObLT cHOPMYTHPOBAH MPUHIMI CTAIHHHOCTH
YCTaNIOCTHOH JACCTPYKIMH achaabTOOCTOHHOTO MOKPBITHS. 3aTeéM, IO AHANOTHH C HM3BECTHBIMH IBIIC-
HUSIMH CaMOOPTaHHU3ALMH B TEPMOJUHAMHIKE HEOOPATUMBIX MPOLECCOB M ANHAMUKE HETHHEHHBIX CHCTEM
(cunepretuke) — sddexrom benapa u gencHEEM OHOJOTHYCCKOH KICTKH, MPEIIOKESHO CUMTATh YACTH
acanbTOGETOHHOTO MOKPBITHA CICHUPHUUSCKUMH JUCCHIIATUBHBIMY CTPYKTYPAMH, BO3HHKAIO-IHMH B
KPHUTHUYECCKHX YCIOBHAX, U c(HOPMYIHPOBAHA HOBAS 3aKOHOMEPHOCTh CTAIUHHOU YCTANOCTHOH IECTPYK-
uun acharbTOOCTOHHOTO MOKPHITHSL. JTa 3aKOHOMCPHOCTh OOBSICHCHA HA OCHOBC BHOBB IPCIIO-KCHHOM
cxeMbl Ou(ypKaLMH C UCIIOIb30BAHUEM PE3YIbTATOB SKCIICPHMEHTAIBHOTO OIIPEACICHHS OJHO-PA30BOA,
LUKITHYICCKOH, JTUTCABHOW U OCTATOYHOMN MPOYIHOCTH achanbToOeTOHA.

B Hacrosmeli paboTe yCTAaHOBICHHAS 3aKOHOMEPHOCTh CTaJUIHON YCTaTOCTHOH IECTPYKLHH ac-
($aTbTOGETOHHOTO TOKPBITHA JOKA3BIBACTCS IYTEM IMOKA3a COOMIOACHUS KPHUTCPUCB TEPMOIHMHAMUKH
HEOOPaTHUMBIX MPOLIECCOB, @ IMEHHO, VHHBEpcaabHOTO Kpurepus I nencaopda-Ilpuroxuna n npuHmmmna
Knumonrtosmua.

2. HanpsikeHHo-aeopMHPOBAHHOE COCTOSIHHE.

2.1. Koncmpyxyus 00oposicnoii 00edcosl. JIns BBIIIOTHCHUS PAaCcueTOB HANPSKCHUH U AedopMarumii,
BO3HHUKAIOIUX MOJ ACHUCTBHEM PACUCTHOW AaBTOMOOWIBHOW HArPY3KH, € MOCICIYIOIIUM OINPEACICHUEM
SHepruil AeopMHUPOBaHKA U TUCCHUIIALMN MTPUHATA HIDKCCICAYIOMAs KOHCTPYKIHS JOPOKHON ONCIKIbI,
KOTOpas SBJISCTCS OJHOW M3 HaubOJCe THUIMYHBIX U aBTOMOOHJIBHBIX JOPOT BBICIIMX TEXHHYECKHX
xareropuii B Kazaxcrane:

1-cnoit: acdanbTo6eTOH MEIKO3CPHUCTBIN ILTOTHBIH, TOMmKHA hy = 5 cM;

2-cnoit: acdarpToOEeTOH KPYIMHO3SPHHUCTEIM MOPHCTHIH, h, = 10 oM;

3-croii: mebGeHOYHO-TIeCUaHas CMECh, VKpeIieHHas neMeHToM (8%) B yctaHoBKe, hy = 20 cM;

4-croit; mebenounas cmech (6-40 mm), hy = 20 cm;

5-CIToii: TpaBHHHO-TIECYAHAsS CMECh pupoAHast, hs = 25 oM.

I'pyHT 3eMISIHOTO MOJIOTHA — CYTIIMHOK JETKUH IBIICBATHIN.

Ipenonaraercs, 4To A5 MPUTOTOBICHUS ac(hanbToOeTOHOB Oy ACT HCIOIb30BaH OuTyM Mapku BH]|
100-130, npouzseaenneiii [TaBrogapcknM HEPTEXUMHUIECCKUM 3aBOIOM.

2.2. Jlechopmayuonnsie xapaxmepucmuxu mamepuanog u zpyuma. AchanproOeToH sBISICTCS
BSI3KOYTIPYrEM Marepuanom [2-4] u ero aeopMalMOHHBIC CBOWCTBA 3aBUCAT OT TEMIICPATYPHI U K-
TENBHOCTH HarpyskeHus. B Hactosmiel padore MOAY b YIPYTOCTH MEIKO3EPHUCTOTO IIOTHOTO M KPYIIHO-
3¢PHUCTOrO MOPUCTOTO achaTbTOOSTOHOB OBLTH BBIMUCICHBI MO MOAMGMUIHMPOBAHHOH (opmyne Xupria,
MPEATI0KCHHOM B padore [3]:
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E, ()= P()-| E, -(1-VMA) + E, (1) - VFA-VMA], a1

0,994

P.(t)=0,006+
E (1)
3

)
1+exp{—[0,6628+0,5861 . én[VFA- D —-12,87 -VMA - 0,1706 - én(e-loé)}
rae L, @) - MOy YIPYTOCTH achanbToOCTOHA B MOMCHT BPCMCHH T, Eb ) - MOZAYJIb YIPYrOCTH
OHTyMa B MOMCHT BPEMEHH t; Eag - MOAYJb YNPYrOCTH KAMEHHOTO 3allOHUTENS, MPUHATBHIH PaBHBIM

26 540 MITa; VMA - nopuctocTs MHHEPATHHOTO MaTepuana (B JOJIX ¢AHHHIIBL), VFA - nons mexaep-

HOBBIX TIOP, 3ANOTHEHHBIX BAKYLIUM (B JOJSIX €AMHUIIB); £ - YPOBCHb A€)OpMAIMH, IPHHSTHIH PaBHBIM
100-10°° ans cpeaueit TeMmepaTyphi.

Moayms ynpyroctu 6uryma E, (f) seraucsercs no dopmyse [6, 7):

5 7(1+%j
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rae ['€ - MrHOBEHHBIM MOIYMb YIPYTOCTH OHTYMa, MPHHSTHIA paBHbIM 2 460 MIIa; 77 - Ko>(bdumenT

BsiskocTH outyma, MITa-c.
KoaddumueHt BA3KOCTH 77 OIPeAEISLCTCS 0 BRIPAKCHUAM:
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e (1) p[ (0.11+0,0077P1) (114,5+T—TJ ™
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3uaucHust ko dumenta ITyaccona acdampro6eTOHOB ONIpeAencHE 10 (GopMy e, PEKOMEHIAYEMOU
PykosoacteoM [8]:
0,35

1+exp (-1,63+3,84-10° - E_(f)’

y=0,15+ (10)

rae v - koaduument [Nyaccona achamsroberona; F (1) - MoAy s ynpyrocts achaarTobeToHa.
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B cBs3u ¢ HEOOXOANMOCTBEO BBIMUCICHHS SHEPTHHM AUCCUNALUH B ac(hanbTOOCTOHHOM CIOE AOPOXK-
HOU OJCKABl B HAYATBHOC BPEMsI OKCIUTYATALMH U B IIEPHOJ TOSBICHUS YCTATOCTHON CCTPYKLHH, 3HAYC-
HHSI MOAYNEH YIpyroctd ac(harbToOSTOHOB ONMPEACICHBl B ABYX HX COCTOSHHSIX — TOCIE KPaTKOBpe-
merHoro (RTFOT) u anurenpaoro (RTFOT+PAV) crapenusx Guryma U Opu ATUTCIBHOCTAX ACHCTBUS
Harpy3ku t = 0 ¢ (MrHoBeHHOE aedhopmuposanue) Ut = 0,1 ¢. BeraucicHHbIC 3HAUCHUST MOAYJICH YIIpy-
roctu U kodddummenros Ilyaccona acdansroberonor nanel B Ttabmmue 1. Kpome Toro, B Hacrosimee
BpEeMs BO MHOTHX CTPaHaX MHpPA, B TOM UYHCIC CBPONECHCKHX, MPHHATO, YTO YCTAIOCTh acdanbroOeToHa
HACTYMACT TOrAA, KOTAA €T0 KECTKOCTh (MOAYNIb YIIPYTOCTH) YMCHBIIACTCS B ABA Pa3a OT HAYANBHOrO [9].
Jns IpUHATEIX HAMH IIOTHOTO U MOPUCTOro achanbTOOCTOHOB TAKHE 3HAUCHHS MOAYICH VIPYTOCTH MIPH
JATeIpHOCTH nercTeus Harpy3ku t = 0.1 ¢ pasrer 3467 Mlla u 2071 MlIla cooTBeTCTBEHHO, a 3HAUCHU
ko3 duumenrtos [lyaccona — 0,30 u 0,37 COOTBETCTBEHHO.

Tabmura 1 — 3nauenus Momyneit ynpyroctu (E) u koadduimentos [yaccona (v) achanbToGeTOHOB

Crapenue JlnuTenbHOCTh Actanbroberon
butyma JieCTBHS HArpy3KH t, Menko3epHUCTBIi TTOTHBIH KPYITHO3EPHUCTBIH ITOPHUCTHIi
¢ E, MITa v E, MITa v
0 19 810 0,15 16 870 0,15
RTFOT
0,1 5681 0,21 3307 0,31
0 19 810 0,15 16 870 0,15
PAV
0,1 6933 0,18 4142 0,27

3HaucHUS MoAyJeh ynpyroctu u ko3dduuuenToB [lyaccona MarepuaaoB APYyrux CIOCB JOPOKHOM
OJEKIbI M TPYHTA 3¢MITHOTO TMOJOTHA HaszHa4yeHbl mo HopMmatuBHOMY nokymenty CH PK 3.03-19-2006
[10] u mpeacTaBnieHsl B TAOaUIIE 2.

Tabnuia 2 — 3naueHus Mojysel ynpyroctd U koadouiuentos [lyaccona MaTepranoB cloeB JOPOKHOH OJ1eK/bl U TPYHTA

Marepua, TpyHT Moayns yapyrocta E, MIla | Koadduiment [lyaccona
ITeGenouHO-MIECUaHas CMeCh, YKpEILJIeHHas eMeHToM (8 %) 1000 0,30
Ile6enounas cmecsh (6-40 Mm) 250 0,30
I'paBuiiHo-TIecuaHas cmech IPUPOHAL 180 0,30
I'PYHT — CYIIIMHOK JIerKHii TbLIeBaThIi: BliaxHOCTE Wp = 0,64 Wt 58 0,35

2.3. Pacuemnas modens. PacueTHas cxeMa KOHCTPYKLUHH AOPOKHOU OJEKIbI U 3EMIITHOTO MOJIOTHA
rmokasaHa Ha pucyHke |. Kak BHAHO, BEpXHHE ST CIIOEB B 3TOH PacueTHOH CXEME MOACITHPYIOT CIIOH
MPUHATON TOPOKHOHN OACKABI, HIMCIOT COOTBETCTBYIOIUE TommuHbl hi, h,y, h;, hy, hs, marepuansr crnoes
xapaktepusytorcs Moxayismu yvipyroctd Eq, Eo, Es. E4, Es u koaddumuentamu [lyaccona vy, va, v, Va, Vs.

[ ' r
Ei W | h
Es V2 he
Es Vs hs Pucynok 1 —
E, Vs he PacueTnas cxema JOPOKHOM O bl
E: v h M 3eMJLHOTO TI010THA
5 Lt 5
Es Vo
hE —
Z

— 161 =——
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A caMblif HIDKHHH, T.€. IISCTOH CIOW MOJCTHMPYET 3EMITHOE IOJIOTHO U OECKOHEYHO MPOCTHPACTCS BHU3
(hs — o0). Martepuan 3TOro ¢iost — TPYHT 3EMJISTHOTO MTOJOTHA XapaKTEPHU3YETCS MOIYIIEM YIIPYToCcTH Eg 1
k03¢ dunmentom [lyaccona ve.

Ha roBepXHOCTh BEPXHETO CIIOS CHCTEMBI IPUIOKCHA BEPTUKAIbHAS CTATHYECKAs Harpy3Ka ¢ HHTCH-
CHBHOCTBIO (|, PABHOMEPHO pacIpeAcICHHAs IO IDIOMAIl Kpyra ¢ guaMerpoM D, kxotopas mozemupyeT
HArpy3Ky OT Kosieca aromodmis. B Hamewm ciayaae q = 0,4; 0,5; 0,6; 0,7 1 0,8 MITau D =42 cm.

Marepuanasl BCEX KOHCTPYKTHBHBIX CIIOEB JAOPOXKHOW OAEXKABI M TPYHTA 36MJITHOTO IIOJIOTHA CHUH-
TAKOTCS VIIPYTHMHL.

Hampsoxenns u geopMaiu B TAKOH MHOTOCIIOWHOW YIPYTOH CHCTEME OMPEACTSIFOTCS ¢ HCIOb30-
BaHueM perreHus npod. Ipusapaukosa A K [11].

2.4. Hanpssxcenusn u Oedpopmayuu. KoMIoHEHTH HanpsoKeHUS W Ac(opMaIiy BBIYHCICHBI TIPH
temneparype 10 °C B Touke, PacroIOKCHHOM Ha HIKHEH IMOBEPXHOCTH BTOPOro achambToOETOHHOTO
CJI0s TIO BEPTUKAIBHOM OCH, MPOXOASILIEH MO LEHTPY Kpyra Harpy>k€HHUs, U IPEACTABJICHBl HA PHUCYH-
kax 2-9. Anamu3 rpadMKOB U3MCHCHHUS HANpsDKCHUH U AcdOpMaIMi MOKa3bIBACT, YTO OHH HMEIOT Kak
obmue, MPUCYLINE BCEM, TAK M OTACIBHBIC, XAPAKTEPHBIC KAKIOMY U3 HUX, ocoOeHHOCTH. O0ImuMu a71st
BCEX KOMITOHCHTOB HAIPSDKCHHS U ACQOPMALIHH SIBIISTFOTCS:

1. CyuiecTBeHHOC H3MCHEHHE HANPSDKCHUH U AeOpMaLiMK HMEET MECTO B 30HE C pazmepom 2-3 aua-
METpa Kpyra Harpy»XeHUsI U HaXOJAIIEHCS IO HAarpy3KOH.

2. KectrocTh achanbToOCTOHOB OKA3bIBACT CYLICCTBCHHOE BIUSHUE HA PACIPEICICHAC U N3MCHCHHE
HANPSHKCHUH U Ae(opMaruii.

Hapsiay ¢ yxazaHHBIME BbIIIE OOLUIMMH, KOMIIOHCHTH! HAPSDKECHMS U ACQOPMALIMH UMEIOT H CIICAYIO-
LIHC UHANBHUAYAIbHBIC OCOOCHHOCTH H3MCHEHMSI B IPOAOIBHOM HAIPABICHHUH (B HAIPABICHUH ABMIKCHHS
HArpy3KH):

1. B 30He, HaXoAAIIEHCs OA HATPY3KOH, MPOJOIBHOES U MOMNCPSYHOS HOPMAJIbHBIC HANPSIKCHHS SB-
JIAFOTCA PACTATHBAIOLIUMU, C YBEIIMICHHUCM PACCTOSHAA OBICTPO YOBIBAIOT U B 3ABHCHMOCTH OT JKECTKOCTH
achanbTOOCTOHHBIX CIIOCB HA PA3HBIX PACCTOSHMAX IEPEXOAAT B CxkuMarouue. BemuuanHa pactarisato-
KX TPOJOJIBHBIX M MOMEPEUHBIX HOPMAIbHBIX HAMPSDKEHWH CHIIBHO 3aBHCAT OT JKECTKOCTH ac(amnbTo-
OCTOHHBIX CIIOCB, C TOBHIMICHUEM KOTOPOH TIEPBBIC CYINECCTBCHHO (B HECKOJBKO PA3) YBEIMUHBAIOTCS.
Tax, MaKCHUMaJIbHBIC 3HAUCHHMS MPOJONBHBIX U MOMESPSUHBIX HOPMAJIBHBIX HAMPSKCHUH IMPH MTHOBCHHOM
naedopmuposannn (t = 0), ITUTETBHOCTH ACHCTBUA HArpy3kd t = 0,1 CeKyHI M B HEPHOJ] YMCHBIICHUIL
JKeCTKOCTH ac(hanpToOEeTOHOB Ha MONOBUHY OT mepBoHavanbHOH (t = 0,1 ¢ u E = E/2) cocraBnaror 1,46;
0,39 1 0,03 MITa coOTBETCTBEHHO.

AHanoruvHell KaYeCTBCHHBIH XapakTep M3MCHCHMSI HMCIOT U MPOAOJbHAS M mHoIepevHas aedop-
MAI{H, TOJIbKO JIHIIb C TOW PA3HMLECH, ITO B 00JACTH CIKUMAIOMIMX AShOPMALIUA UX BEIHIHHBI YMCHb-
IIAIOTCA C TIOBBINICHHEM JKCCTKOCTH ac(anbTobeToHOB. A B 00IaCTH PaCTATHBAIOIUX AcopMammii
3HAYCHHUS MTHOBCHHOH Ac(OpMaly MCHBINE, YeM ApYyrue. MakCHMalbHOC 3HAYCHHE MPOJONBHOW U
nonepeuHoit aeopmarmn cocrasmser 110 mukpocrpeiis, T.e. 110 - 10,

2. BepTukanbHOE HOPMANBHOC HANPSKCHHE BCIOAY SIBILICTCS CHKuMarommmM. Ero BenmunHa Takske
CYIIECTBCHHO M3MCHSACTCA B 3aBHCHMOCTH OT JKECTKOCTH ac(anbTOOCTOHOB M € €€ MOBBIICHUEM
YMCHBINACTCH.

AHanOTWYHBIA XapaKTep M3MECHCHHS HWMECT BEpPTHKAnbHad aedopmanusd B OOTACTH CHKUMAIOLIMX
3HaucHui (mox obmacTero Harpyskw). IIpuMepHO Ha paccTosHMSX, paBHBIX 1,5 pagmyca kpyra Harpy-
JKCHUSI B 3aBHCHMOCTH OT JKECTKOCTH ac(hanpToOeTOHOB, BepTHKANbHAS Acdopmamms MEHSIET 3HAK, T.C.
MEPEXOJNT OT CxxMMaromed k pacrsirusaromed. Kak B 001acTH CKMMAOLINX, Tak U B OOJNACTH PacTs-
THBAIOINUX 3HAUCHUH, Ae(opMaIms YBEIHIHBACTCA C IOHIKCHHEM JKECTKOCTH ac(harbTOOCTOHOB.

3. KacarenpHoe HampspKCHHE M CABHIOBas AchopMarivs HMEIOT KaUeCTBCHHO OJMHAKOBBIH XapakTep
M3MCHCHMS. B HAYaIe KOOPAMHAT (IOX OONACTBIO HATPYKCHIESI) PABHBI HYJIIO, HA PACCTOSIHUSIX, PABHBIX
MPUMEPHO JBYM PaauycaM Kpyra HArpy’KCHHs, UMCIOT MAaKCHMAJIbHBIC 3HAYCHUS, 3aTCM CHOBA YMCHb-
LIAIOTCA; BUAUMO, MOTOKCHHEC MAKCHMAJBHBIX KacaTeNbHOTO HAMPSDKEHHS M CABHIOBOH aedopmaryu He
3aBHCHT OT >KECTKOCTH ac(anbTOOETOHOB, HO OT MOCICAHCH CYMECTBCHHO 3aBUCAT HX BCIHUYHHBEL — C
TIOBBIIICHUEM JKECTKOCTH ac(haabTOOCTOHOB KACATEIbHOC HAMPSKCHHUE U CABUTOBAS Ae(hOpMAaIHs yMEHb-
marorcst. VIX rpaduku sIBISIOTCS aHTUCUMMETPHYHBIMU OTHOCHUTEIIPHO BEPTUKAIBHON OCH, MPOXOMSINCH
Yepe3 LEHTP Kpyra Harpy KCHHs.
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PucyHok 9 — I"padmk m3MeHeHus CIBUTOBOH JIepOpMAITIY B HATIPABICHIH JBIKEHIL

3. Tepmoannamuka.

3.1. Fnepeus ouccunayuu. Kak 6b1710 YKA3aHO BHILIC, B HAIICH npeAbLAyIIci padote [1] 6bu10 mpe-
JIO’KCHO B MCPHOIB! YCTAIOCTHOU ACCTPYKIHUM YacTH ac(haabTOOCTOHHOTO MOKPBITHS CUYUTATH CIICLH-
(HYCCKAMH JUCCHITATUBHBIMU CTPYKTYPAMH, BOZHUKAOLUINMH B KPUTHICCKUX yCaoBHsax. Ecim 310 npea-
JAokeHHE (TMIIOTE3a) BEPHO, TO (BH3HMCCKUC MPOLIECCHI, MPOTCKAINUC B achaabToOCTOHHOM MOKPBITHH
KaK B TEPMOJUHAMUYCCKOHW CHCTEME, JOJDKHBI YIOBIECTBOPATH H3BECTHBIM KPUTCPHSAM TEPMOJHHAMHKH
HEOOpPATUMBIX IPOLIECCOB. TaKUMU KPUTCPHUSIMH SIBISIOTCSl YHHUBEPCAIbHBIN KpuTepuii [nencropda-
[Mpuroxwuna [12-14] u xpurepuii Kmimonrosmya [15], KOTOphIe HCIMOIB3YIOT B KaueCTBE (HYHKLUHU CO-
CTOSIHHS, XaPAKTCPHU3VIOWICH MPOLCCCHl CAMOOPTaHH3ALUH, IPOM3BOACTBO SHTPOIUU. UTOOBI BEIYHCIHTH
MPOU3BOICTBO SHTPOINH, HAJ0 ONPEACIUTD SHCPTHIO AUCCHITALIIH.

B Hacrosme# paboTe SHSPrus AUCCHUIIALMH, HCOOPATHUMO paccenBacMast ac(haabTOOCTOHHBIM ITOKPHI-
THCM B OKPY2KAIOIIYIO CPeAy MOA ACHCTBHEM PACUCTHOM HArpy3KH, ONPEACTICTCS IO BEIPAKCHHUIO:

W,=W,-W,, (11)

rac W, - sHeprus MraoBeHHOTO AcdopmupoBanus (t = 0); Wy - sreprus aehopMUpOBAHUS TIPH JIATCIIb-
HocTH AeiictBus Harpy3sku (t = 0,1 c).
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[pu onpeneseHnH 3HEPrUM AUCCUIAUKK M0 BeipakeHUo (11) npuHsTo, 9T0 MrHOBEHHOE AedopMu-
poBanue acanrbTOOCTOHHOTO MOKPHITHS IMOA ACHCTBHEM HArpPy3KH SIBISIETCS YHCTO YIOPYTHM U IPH
1r000% KOHEYHOH JIIUTEIBHOCTH JSHCTBUS Harpy3ku (Hanpumep, mpu t = 0,1 ¢) DpoHCXOauT JuCCHIaLs
SHEPTHH 32 CUET MEXaHU3MA PETAKCAIIHH.

Ha pucynke 10 mpeacrasieHsr rpaguky, MOKa3sBAOMINE 3aBHCUMOCTh OT HATPY3KH SHCPTHH MTHO-
seHHoro aedopmuposanus W, (RTFO), suepruit aeopmuposanus npu giurensHocT Harpys3ku 0,1 ¢ B
HauanpHeld mepuox okcmayaraumud W,; (RTFO) m B mepuon skcrmuiyarampn acdanbToOSeTOHHOTO
MOKPHITHSA TICpe] yeTanoctHoi gectpykuueit Wy ; (PAV E/2). Kak BHIHO, BCC BHABI YKA3AHHBIX SHCPTHil
JIehopMHUPOBAHUS CHITBHO 3ABHCAT OT HATPY3KH. 4C¢M OOJBLIC HArPY3Ka, TeM OOJIBIIC JHCPIHH. 3aBUCH-
MOCTH SIBISIOTCS TUHEHHBIMU. Kak crieoBano oxxuaars, mpu BCeX HArpy3kax sHeprus aehopMupoBaHms
HanOOJbINAsT MPH MTHOBEHHOM Je(OPMHPOBAHHH, UTO JIETKO OOBSCHSICTCS] OONBINMM 3HAYCHUEM MTHO-
BEHHOrO MOAysi yupyroctd. C yBEIHUCHHEM MINUTENPHOCTH ACHCTBHS HArPY3KH MOJAYIb YIPYTOCTH
YMCHBIIACTCS, U IPH 3TOM TAKXKE YMEHBIIAIOTCS COOTBETCTBYIOIIUE SHEPIHHU A¢HOPMHUPOBAHML.
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Pucynok 10 — I"'paduky m3MeHeHNs SHEPrHit 1epOPMUPOBAHIS B 3aBUCHMOCTH OT Harpy3KH
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I'paduky n3MeHEHHs SHEPTUI AUCCHUIIALMHN B 3aBHCHMOCTH OT HArPY3KH IOKAa3aHbI HAa pUCYHKE 11.
BuaHo, uT0 1O aHANOrHU ¢ SHEPrusAMHU IeHOPMHUPOBAHUS, SHEPTUH AUCCHIIALUH TAKXKE THHCHHO YBEIH-
YHBAIOTCA C MOBBIIICHHEM HATPY3KH OT aBTOMOOMIIA, MPHYIEM MPHU BCEX HArPYy3KaxX AUCCHIIALI YHEPTHH B
Ha4aJdbHBIM mepuon skcmutyartaimu achansroberonnoro nokpsitust W, (RTFO) cymectsenHo Gombine,
4eM B TIEPHOJ ¢ yeranoctHo nectpykimeii W, (PAV E/2 des). Tpu onpeaencHun SHSPTU JUCCHTIALINN B
acanbTo6ETOHHOM MOKPHITHU € YCTAJIOCTHOH ACCTPYKIMEH OTACIbHBIC 3TEMEHTH acharpTodeTOHa pac-
CMAaTPUBAIOTCS KaK CTCPKCHb M BEPTUKAIBHOC HAPSDKCHNAC B HIDKHCH TOUKE CTCPIKHS PABHO BEPTHKATb-
HOMY HAIPSDKCHHUIO B HIDKHEH TOUKE CIUIOIIHOTO (6€3 AecTpyKimn) achaabToOeTOHHOTO TOKPBITHSI.

3.2. Yuueepcanonusiii kpumepuii I'nencoopa-Ilpuzoscuna. B repmonuHaMuke HEOOPaTHMBIX MPO-
LIECCOB YHUBEPCAIbHBIA KPUTEPUH 3BOTIOLMH CAMOOPTaHH3YIOMIMXCS AMHAMHYECKHX CHCTEM CHOpMY-
JUPOBaH B cieayiomeM Buae. «B 11000l HepaBHOBECHOH cucTeMe ¢ (MKCHPOBAHHBIMH T'PDAHHYIHBIMH
VCIOBHAMH HPOLECCH HAYT TAaK, YTO CKOPOCTh H3MEHCHHS MPOU3BOACTBA SHTPOIHHU, OOYCIOBICHHASL
M3MECHCHHMSAMH TEPMOAWHAMHUUECCKHAX CHII, yMeHbmaeTcs» [12-14]. TIpu a3toM mpon3BoACTBOM SHTPOIHH
HA3bIBACTCA KOIMIECCTBO MMPOU3BOANMON CHCTEMON SHTPOIHNH B € IUHHAILY BPEMECHH.

B cootBeTCTBHM CO BTOPEIM HaYaJIOM TEPMOAMHAMUKH nMeeM [16]:

o0=1T -ds, (12)
rae o0 - mMabiii 00beM Teruia (SHEPrun), ds - MaIoe KOIHUCCTBO SHTpomuu, 7 - TCPMOJHHAMHYCCKAS
TeMIIeparypa.

ITprMeHNTETEHO K HAIIEMY CITyJaro IMepenumeM Beipakenue (12) B Bune:
AW,
AS =—*2, 13
- (3

rae AS - konmaecTBo sHTponuH; AW, - KOMHYECTBO YHEPIUH JUCCHUITALIH.

IMpu BEMMHUCICHHUN 3HTpOIMHU IO BeIpaxeHHUIO (13) HeoOxoanMo yTouHuTh creayromee. [To onpene-
JICHHIO MIPOU3BOJICTBO SHTPOIHH IPEACTABIACT COOOM KOMMUCCTBO SHTPOINH, IPUXOAAIICHCA Ha ¢ IHHHULTY
BPEeMCHH. OJHEPrusl AUCCHIALMM, BXoQidmas B Belpaxenue (13), mpeacrasmier co0oOil KOIMUECTBO
PacCEsIHHOM SHEPTUH MPH OJHOKPATHOM JACHCTBUM (IIPOE3JE) HArPY3KH OT KONeca aBTOMOOHIS. Y UHUThI-
Basl M3JIOKCHHOC BHIIIC, KOJIWYCCTBO 3HTPOIMHU, BBIUHCICHHOC HO BeIpaxeHHIO (13), MOXHO cumTath
MPOU3BOCTBOM SHTPOIIHHM 32 BPEMS OJHOPA30BOTO ACHCTBHS HAIPY3KH.

BrraucrneHHbIC 3HAYCHHS NPOM3BOACTBA SHTPOIMH NPH PA3HBIX HATPY3KAaX B HAYAIBHBIA MEPHOT
sKcmnyaTaiyy achanbTOOCTOHHOTO MOKPBHITHS M MOCNIEC MOSBICHHUS B HEM YCTAIOCTHBIX JCCTPYKLHH
npeacraeicHbl rpadraecku Ha pucyHke 12. Kax BUAHO, 10 aHAIOTHH ¢ SHEPTHEH AUCCUNTALNH, TPOU3BOA-
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CTBO SHTPOITUH TAK)KE JTMHCHHO YBEIMYHUBACTCS C MOBBILICHHEM HArPy3KH B OOOMX PACCMOTPEHHBIX JKC-
IUIYaTALUOHHBIX COCTOSIHHSIX ac(anbTo0eTOHHOr0 MOKPHITHS. OUeBHAHO, YTO MPH OAWHAKOBOH TeMIIe-
patype IpH BCEX HArpy3Kax MPOM3BOACTBO SHTPONHH B HAYATBHBIA NMEPHOA 3KCINTyaTaluy OOJBIIC, YEM
TIOCJIE YCTATOCTHOM AECTPYKLHH.

B namem ciaydac TepMOIMHAMHUYCCKOH CHIIOH SIBIACTCS Harpy3ka (HampspKEHHE) OT KoJeca aBTOMO-
0w, ACHCTBYIOIIEE HA MOBEPXHOCTH acanpTobeToHHOro moKpeITHs. ITosToMy HakmoHs! rpadukos Ha
pucyske 12 npeacraBmaroT codoi CKOPOCTh H3MEHEHHS MPOU3BOACTBA SHTPOIHH, 00YCIOBICHHYIO H3ME-
HCHHCM TepMOAnHamuucckor cumbl. Kax BHAHO, HAakmoH rpaduka, COOTBETCTBYIOLIMI COCTOSHHIO ac-
(haIbTOOCTOHHOTO TTOKPHITHS TIOCIC MOSBICHUS YCTATOCTHBIX ACCTPYKIMIH 3aMETHO (CYIICCTBCHHO) MCHB-
1Ie, YeM B Ha4YalIe KCILIyaTalyH, T.¢. COOMI0IaeTCs YHUBEepCcanpHbIil kputepuil [ iercxopda-TIpuroxusa.

3.3. llpunyun FO.JI. Knumonmosuua. B padore 10.JI. Kmumonrosuda [15] 6bu1 chopmyauposan
«[IpuHUIMI MUHEMYMa OPOM3BOJCTBA SHTPONUH B MPOLIECCAX CAMOOPraHHM3ALMH», KOTOPHIH COCTOMT B
creayromeM. [Ipomecc caMoopraHu3aniy NpeaACTaBIACTCA Kak (a3oBbIH MEPexo (WIH MOCICI0BATEb-
HOCTH (ha30BBIX [IEPEXOJ0B), B PE3YIbTATE UETO CHCTEMA IEPEXOANUT B GOJIEE YIIOPSIAOUCHHOE COCTOSIHHUE.
[Ipusimn yTBEpKAaeT, YTO MPOM3BOACTBO JHTPOIMH B HOBOM — 0OJEC YIOPSAOYCHHOM COCTOSHHH,
BO3HHUKIIEM B pe3yjbTaTre odepemHoro (ha3oBOro mepexoia, MEHbIIE IPOH3BOACTBA SHTPOIMH CTapOro
COCTOSIHUS, KOTOPOE MBICJICHHO MPOJO/DKEHO B HEYCTOMUIHUBYIO 061acTs [17].

Ha pucynke 13 npeacrasneso 2 rpaduka n3MeHEHHs IPOU3BOACTBA SHTPONUH B ac(haabTOOCTOHHOM
MOKPBITHH, OTHOCSINMECS ABYM MOMCHTaM BPEMCHM: MEPBBIH W3 HHUX COOTBETCTBYET COCTOSIHHIO
MOKPBITHS TIEPEA MOSBICHHEM YCTATIOCTHBIX ASCTPYKIMI, a BTOPOH — IMOCie UX MOsBICHU. Torga crapo-
MY COCTOSHHIO ac(haTbTOOCTOHHOTO MOKPBITHS, KOTOPOE MBICICHHO IPOJO/DKCHO B HEYCTOHYHBYIO
oOmacte OyAET COOTBETCTBOBATH MpAMasd 1, a HOBOMY — Gonee YHOPSIIOUCHHOMY COCTOSHHUIO — IpsMast 2.
Kax BuaHo u3 pucyHka 13, mpu BceX pacCMOTPEHHBIX HArpy3Kax NPOH3BOJACTBO SHTPONUH B achaibTode-
TOHHOM TOKPBITUM B HOBOM — 00JI€€ YIOPSAOYCHHOM COCTOSHUH (mpsiMasi 2) MEHbBLIC MPOH3BOJACTBA
SHTPOIIMH CTAPOTO COCTOSHUS, KOTOPOS MBICIICHHO MPOIOJDKSHO B HEYCTOHIHUBYIO 001acTh (ripsimast 1).
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Pucynok 13 — I"paukur 3aBHCHMOCTH IIPOM3BO/ICTBA SHTPOITHHU OT BETMUYNHBI HATPY 3KU

Taxum 06pa3oM, TOKA3aHO, UTO MPH YCTATOCTHOH AecTpyKImu coOmonaercs u mpuauun 0. JI. Knu-
MOHTOBHYA — IPUHLIKIT MUHUMYMa POU3BOCTBA SHTPOIHH B MPOLIECCAX CAMOOPTraHNU3ALIH.

3akmroueHne.

1. CocraBnsromue HanpPsLKEHHS M A¢(hOpMalii B HIDKHCH MOBEPXHOCTH BTOPOTo achaabToOCTOH-
HOTO CIIOSI COBPEMEHHOM KOHCTPYKLIHH JOPOXKHON OAEKIbI aBTOMOOHIBHON IOPOTH, BOSHUKAIOLINAS O
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JCHCTBHCM PACUCTHOW ABTOMOOWIBHOH HArpy3Kd, B HANPABICHHUH JBH)KCHHS CHIBHO H3MCHSIOTCS B
3aBHCHUMOCTH OT YKECTKOCTH ac(hanbTOOCTOHOB.

2. Bce BbIMHCICHHBIC BUABI SHEPrud A¢HOPMUPOBAHUS — IPU MTHOBCHHOM Ac(OPMHUPOBAHUH, JC-
(hopMHUPOBAHUK TIPH IATCIBHOCTH HarpyskeHus 0,1 ¢ B HaAUaIbHBIH MEPHOA SKCIUIYATALHH U B MICPHOL
SKCIUTYaTallMH ¢ COCTAPCHHBIM OHTYMOM — CHIIBHO 3aBHCAT OT HAIPY3KH M JHHCHHO MOBBILMIAOTCSA NPU
YBEIUYCHHUH MTOCIIECTHEH.

3. 3HCPFI/I$[ AUCCHUIIalV U IMPOU3BOACTBO SHTPOIINU TAKXKC JIMHEHHO YBCIUMIUBAKOTCA IIPU IMOBBIIIC-
HHH HArPy3KH U TAKKE 3aBHCAT OT SKCIUTYATALIMOHHOTO COCTOSHHS OKPBITHSL.

4. Ilpu yCcTamOCTHOU ACCTPYKLMHU COONIOIAIOTCS U3BECTHBIC KPHUTECPHH TEPMOIAMHAMHKH HEOOpATH-
MBIX TIPOLIECCOB — YHUBEpCapHbIi kputepuii [ nencropda-Ilpuroskuna u npunimn Knrnvontosuya.
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Bb. B. Teiraes
KazakcraH >k0J1 FBUIBIMH-3EpTTEY HHCTHTYTHL, AmMartsl, Kazakcran
ACPAJIBTBETOH JXAMBUIFBICBIHBIH IIAPIIIAY AECTPYKIIUACHI. 2. TEPMOJANHAMUKA

Annotamus: XXympicta ac(hanbTOCTOH KAMBUIFBICHIHBIH IIAPINAY ACCTPYKUMACHIHBIH OYphIH TAaOBLFAH 3aH-
JBUTBIFBI KAHTHIMCBI3 YACPICTEP TEPMOAMHAMHKACHIHBIH Ocnrinai kpurepuitnepinin — ['nmencaopd new [TpuroxuHHIK
ombeOan kpurepuiii MeH FO.JI. KIMMOHTOBHYTHIH SHTPONMSA OHIIPICiHIH MHHHMYMbI NPUHIMIIHIH OPBIHIAIYBIH
KOPCETY apKbUIbI AAJICIICHEAl. OPTYPIIl ACHIEHIl aBTOMOOWIIH KYIIi 9CEP €TKEHACT] SHTPONHUS O6HIIPICiHIH MOHAEPI
ABTOMOOHMIIb SKOJBIHBIH ac(habTOCTOH ’KAMBLIFBICHIHAAFEI KEPHEYICP MEH Ac(OPMALMAIAPIBIH MOHICPI apKbLIbI
ecenrenineni. Kepueyaep meH aedopmaumsaiap Tedecine meHOSPAiH ayaaHbl OOMbIHINA OipKENKI TAPAFaH CTaTH-
KaJBIK KYII TYCIpPIITeH KONMKAOATThI CepmiMAi >KApThIKCHICTIKKe apHaaFaH A.K. [IpuBapHHKOBTBHIH IICIIIMiH Mai-
JANAHBIN aHBIKTAIAeL. KepHeyaep MeH Ae(hopManusIapabl CaHay YIIiH ki acaapTOeToH KadaTel 0ap OecKadaTTh
5KOJI TOCCMiHIH KYPbLIBIMBI KAOBLTIAHIBI.

Tyiiin ce3nep: achanbTOCTOH KAMBLTFBICHL, IMApIIAY ACCTPYKUMACHL, SHTpomus eHaipici, I nercrxopd-IIpuro-
>KHH KpHTEpHii, KITMMOHTOBHYTIH MPHHITHILI.
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