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Abstract. Aim of the research. The essence of the failure of the globally widespread theory of long-term resistance of
reinforced concrete is defined and analyzed.

Methods. This failure includes the following interconnected parts: 1) the set of ten basic fundamental properties
of structural concrete is completely distorted (for example, instantaneous linear properties are Maxwell scheme); 2) mathe-
matical rules are violated when recording the rates of elastic deformation and creep deformation, due to a misunderstanding
of the Boltzmann principle (these violations distort the whole structure of the theory); 3) the rules of classical mechanics are
violated, what is caused by substitution of fundamental properties of concrete with various “chain models” (for example,
the principle of independence of action of forces, which is the fourth fundamental law of Galileo — Newton, is violated);
4) sections of the general “world theory of creep of reinforced concrete”, based on its algebraization, in their essence reject
the fundamental law of natural science — Newton's second law: not only the inertial component is rejected, but also forces
depending on speed (in this way the “world theory of creep of reinforced concrete” is degraded to the level of Aristotle’s
mechanics); 5) unacceptably idealized creep theories and structural models that endow concrete with unrealizable proper-
ties, especially flagrant in zones of cracks, are incorporated in the normative calculations of structures; 6) solid design com-
panies of the world show that concrete creep is not a scientific theory: this is a warning to designers.

Results. The performed analysis is accompanied by necessary mathematical calculations and experimental estimates.

Keywords: clastoplastic deformation of concrete, theory for concrete creep, long-term resistance of reinforced con-
crete, modern building codes
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Ienb. YcraHoBNEHA U aHAIM3UPYETCS CYIIHOCTh HECOCTOATEILHOCTH MUPOBOW TEOPUH ATUTENBHOIO CONPOTHBICHUS
JKeJle300eToHa.

MeTtoabl. HecocTosiTembHOCTh paccMaTpuBacMoOil TEOPHUHU BKIIIOYAET B ceOsl CIICAYIOIIE B3aUMHO CBSI3aHHBIE YACTH:
1) MOTHOCTHIO HCKAYXKEHA COBOKYITHOCTD JIECSITH OCHOBHBIX (DYHIIAMEHTAIBHBIX CBOUCTB KOHCTPYKIIMOHHOTO O€eTOHa (K TpH-
Mepy, MTHOBEHHBIC JITHEHHBIE CBOMCTBA ABISIOT CO00i Temo MakcBelia); 2) HapyIIeHbl IpaBUIa MaTEMATUKU TIPU 3aITUCH
cKopocTelt ynpyroi nedopmannu u aedhopMauy Moa3ydecTH U3-3a HeIOITOHUMAaHUs TpuHIuna bonsiMana (3TH Hapymie-
HUSI KOBEPKAIOT BCIO CTPYKTYPY TEOpuH); 3) HapyLIeHbI PaBUiIa KIACCHYECKON MEXaHUKH, BbI3BaHHBIE TOAMEHON (QyHaa-
MCHTAJIBHBIX CBONCTB OETOHA PAa3IMYHBIMU «LEMHBIMH MOAEIAMI» (HAalpUMeEp, HapyLIeH MPUHINI HE3aBUCHMOCTH JIEH-
CTBUS CHJI, SBJIAIOIINNCS YETBEPTHIM OCHOBHBIM 3aKOHOM [ anmies — HproToHa); 4) pa3aenst o01meld «MUPOBOW TEOPUH TIOI-
3y4ecTH Kene300eTOHa», OCHOBAaHHbIE Ha ee anreOpau3aluy, 10 CBOEH CyTH OTBepraioT (yHAaMEHTAIbHBIH 3aKOH ecTe-
CTBO3HaHUA — BTOpOfl 3aKkOH HproToHa: 0T6pacmBaeTca HE TOJIbBKO MHCPHUOHHAA COCTABJIAIOIAsA, HO U CHUJIbI, 3aBUCAIINUC OT
CKOpPOCTH, Ha YPOBEHb MEXaHUKHU APHUCTOTENS; 5) B HOPMATUBHBIX pacueTax COOPYXEHUH 3aJI0’KE€HBI HEJIONyCTUMO Hjea-
JIM3UPOBAHHBIE TEOPHH TOJ3yYECTH U MOJIEIM KOHCTPYKLUH, HAAEISIomye OETOH HEeCOBITOYHBIMU CBOMCTBAMH, OCOOCHHO
JUISL 30H C TPEIMHAMHU; 6) COJIMIHBIE MPOEKTHBIE KOMIIAHUHM MUPA TIOKa3bIBAIOT, YTO MOJI3Y4YeCTh OETOHA HE SBISIETCS HAyd-
HOW TeopHel — 3TO ABISETCA NPEAOCTEPEIKEHUEM ISl IPOESKTUPOBIIHUKOB.

Pe3yabTaThl. AHaIM3 COMPOBOXKAACTCS HEOOXOAMMBIMH MAaTEMAaTHUYECKMMH BBIKIAJKAMU M 3KCICPUMEHTAIbHBIMHU
OLIEHKaMH.

KiroueBble cjioBa: ynpyromiacTuieckue aedopmarnun 0eToHa, TEOpHs MOI3YyUecTH OeTOHa, MTUTEIBHOE COIMPOTHB-
JICHUE KeJIe300€TOHa, COBPEMEHHbIE CTPOUTEIbHBIE HOPMBI

The aim of the research

The analyzed here theory is characterized by its
authors as a new global harmonized format; it is
“coordinated and promoted by international stan-
dards institutes within the framework of the global
harmonization scenario” [1]. This theory is being
actively promoted now by well-known scientists to
introduction into the field of internationally recog-

4

nized regulatory and technical documents and main
rules of application. This theory has been widely pub-
lished and introduced into the FIB Standard, the ASI
manual, and other documents [2; 3]. It is approved
at various international conferences in the United
States, Europe, and Russia, for example, at the First
International Scientific and Technical Gvosdev Rea-
dings (Moscow, October 2017). Therefore, the analy-
sis presented below is important not only for scien-
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tific theory, but also for the vast international prac-
tice of reinforced concrete construction [4]. We iden-
tify and analyze errors in the areas of creep theory,
where, as pointed by the leaders and authors of this
theory, there is an “established consensus” [1]; we do
not offer a different point of view or simplifications
in standardization, since the elimination of the identi-
fied errors will significantly simplify the theory of
long-term resistance of reinforced concrete.

The methods

About the inconsistency of the theory of creep
of reinforced concrete: this system appeared and de-
velops on a set of erroneous principles, rules and
unauthorized methods; the inconsistency is aggrava-
ted by numerous incorrect substitutions (random or
deliberate) of the fundamental experimental proper-
ties of concrete; that is based on the inheritance of
the principles of the inappropriate Boltzmann's theo-
ry of elastic aftereffect.

The following comprehensively testifies to the fai-
lure of the theory: the presence of a system of gross
mathematical errors; violations of the principles and
rules of classical mechanics and Eurocodes; incon-
sistencies with well-known experimental data; nega-
tive results of design practices, including global ex-
perience in designing unique structures by RAMBOLL
structures (United Kingdom) [4].

The fundamental errors analyzed in this article
are characteristic not only of concrete creep, but also
of the rheology of the whole complex of aging mate-
rials. It is known that such materials include “concrete,
wood, various polymers and plastics, rocks (also soils),
ice, etc., (they) are characterized by the fact that their
physicomechanical properties change over time, i.e.
depend on the age of the material.”

We first consider the set of fundamental experi-
mental properties of concrete. Concrete, as a struc-
tural material, has substantially non-linear properties;
they are well known from Eurocodes, and began to
be introduced to the norms of many countries after
the work of L. Baes (1927):

1. “Creep deformations are non-linear from the lo-
west loading levels, ...no linear creep area... exists.”
So testify the founders of the theory A.A. Gvozdev,
N.Kh. Arutyunyan, S.V. Aleksandrovsky, P.I. Vasi-
lyev, figure 18].

As early as in 1931, the nonlinear creep of con-
crete is manifested in the results of the extensive ex-
periments of R.E. Davis and H.E. Davis.

The world format, considering only linear creep
of concrete, describes something that does not exist.
The character of the curves in figure 1 shows that any
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of the three curves (6=0,29R
6=0,75R

a horizontal line 6 =0,1R,, : The values of specific

im *

c=0,5R

) cannot be approximately replaced by

lim > lim *

lim

deformations differ by 2-5 times, although we are
talking only about a particular situation — simple creep.

At variable stresses © (t) , it is necessary to additional-

ly consider the transition from one curve to another
curve.

Co(t,1)
Co, (&)

7= 35 days - the age of loading

6 = 0,75Rjm

0,1

age at the time of
observation

0 10 20 30 40 50 60 70 8 90 100 110

Figure 1. Change in the ratio of specific creep deformations
at different initial stress levels Cs(#, T) to specific
creep deformations at initial stress level Co,1(#,7)

Figure 1 shows a fragment of the extensive ex-
perimental data of NIIZHB widely published in vari-
ous scientific journals; the same data can be obtained
from the well-known works of A.D. Ross, R.A. Mel-
nik, and other scientists. The ordinate axis in figure 1

shows the values of the ratio C, (7,7) / C,, (2,7), that

is, the ratio of nonlinear creep measures (specific
creep deformations), found experimentally at differ-
rent levels of constant stresses o, to the creep mea-
sure corresponding to the minimum experimental le-

vel of stress 6 =0,1R. . We remind that the creep

lim *
measure C(t,‘r) according to G.A. Maslov is the

“creep deformation by the time ¢ from a single stress
state that occurred at time t”.

Let us pay attention here to the inconsistency of
attempts to describe the non-linear creep of concrete
with the help of linear “chain models” arising from
the data in figure 1. These attempts first appeared in
the work of McHenry (1943) and are still ongoing in
the world theory analyzed here. Additionally, we note
that these attempts also lead to a violation of the foun-
dations of classical mechanics.

A.N. Rzhanitsyn, analyzing the experiments, paid
attention: “creep curves change their appearance when
constant stress changes”. This indicates, on the one hand,

the presence of some parameter u(r) in the specific

creep curve C, (u(‘c),t,‘c), and on the other hand,
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the unsuitability of the very common affine similari-
ty condition C, = F[G(T), ’C] C(t,r) : F[G(r),r]
is an experimental nonlinearity function; C (l‘,r) is

a measure of concrete creep.
2. Creep deformations of concrete are unsteady;
nonstationarity is taken into account using the aging

function (p(I) in the expression of creep measure

C(t,r) =(p(r)f(t—r), f(t—r), “a function that
takes into account the increase in time of the creep

measure”. The function (p(‘l?) determines the aging
process 0 <1<t <00, (p(r) = limC(t,t).
t—©

In scientific literature there are many proposals
for the form of recording function (p(r) , substantiated

by extensive experiments [8].
In the world theory format considered here,

the creep characteristic © (t, T) is used, associated with
the creep measure by the relation q)(t,r) =

= C(t,r)E(T), E(’C) is the elastic modulus. This

shows that the use of creep characteristics leads to
a greater number of empirical coefficients determined
by different experiments. For example, according to
N. Arutyunyan

D, (1)=0(1)E(1)= (co +%jE° (1-pe).

where Ey, B, a are additional elastic modulus con-
stants complicating the aging function. This remark
is of no fundamental importance; it points to the un-
justified cumbersomeness of the unsuccessful choice.

3. Creep deformations of concrete are damped. As
early as in 1955, A.A. Gvozdyev pointed out: “If the ef-
fective voltage is still below the limit of long-term resis-
tance, then the deformation is non-linear, but fading” [14].

4. Creep deformations (years) and short-term defor-
mations (minutes) of concrete in the experiments appear
separately and independently of each other; their ave-
rage speeds differ in 518 400 times. For this reason,
the substitution of short-term non-linear deformations by
deformations of linear “minute creep” is an error. This
substitution leads to a violation of the classical mecha-
nics principle of independence of action of forces.

5. Short-term deformations of concrete are non-
linear [5]; the 6—ey diagram has a drop-down section
and a limited length, figure 2.

This property of concrete has been known for
more than a hundred years (Ritter, Frank, Zaliger, Bach,
Siile, Gastev, Boguslavsky, Rosh, Sakhnovsky, Yoshida,

Emperger, Schreier, Nilender, Onishchik, Podolsky,
Baykov and others). The curve proposed by Sardzhin
(Canada) is used in Eurocode 2.

'y
¢ 3}]/
b,
2, T fictitious diagram
o, o
:/ R, real diagram
f i Eurocode
o 1y M g
/ |
. g2 1
/ (J':_fl[.c”):w"er” !
/ < tggy, I
I
arctg £, !
. . !
& Eu £y Eny 1Epy

Figure 2. The distortion of the c—¢ diagram of concrete

However, in the world format of creep theory,
short-term deformations are replaced by Hooke's law.

In scientific literature, this linearity of short-term
deformations is justified by various unreliable methods.
Numerous and thorough experiments of reputable sci-
entists on nonlinear short-term deformation are disa-
vowed. An erroneous statement appears about the “ex-
perimentally grounded” instantaneous elastic properties
of concrete: “in experiments, instantaneous deforma-
tions are linearly dependent on stresses”; “instantane-
ous deformations are linearly related to stresses and,
accordingly, the modulus of elastic-instantaneous de-
formations does not depend on the value and sign of
stresses”; “elastic-instantaneous should be understood
as deformations that develop under action of a statisti-
cal load at a very high speed”; “concrete is often
viewed as a largely inelastic material... Fortunately, it is
not. Differences from Hooke's law for concrete are ex-
plained by the influence of time... By extrapolation,
an instantaneous strain curve is obtained, which is clearly
rectilinear.” With surprising persistence, they also fail
to hope for chain models, erroneously converting plas-
tic deformation ,, to the minute creep deformation.

6. Short-term deformations of concrete are
non-stationary; in the short term chart c—ey (fi-
gure 2) parameters a, b, g are functions of time.

-0,03t )

For example: a=2-10’ (1 —e ; according to

experi = RB(T)
perimental data from VNIIG b=— ,
€50 (1)
E(r) 2 |,
g= - €x0 -
R, (r) €50 (r) oo
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7. There is non-linearity of deformation due to
the low tensile strength of concrete, which rejects
models of norms based on the condition of infinite

extensibility of concrete G (’C) .

8. Non-stationarity of stressesc(r) emphasizes

the inadmissibility of the use of simplifications in
the form of algebraization of the theory of concrete
creep [1; 8].

9. The total deformation of concrete, which occurs
under the action of stressc(r) , 1s the sum of creep

deformations and short-term deformations.

The substitution of the instantaneous nonlinear
deformation &, by the minute creep deformation caused
confusion in the results of experimental values, and
also in the normalization of the creep characteristic
0«. Depending on experimenter's arbitrary choice,
the creep characteristic is determined in four ways.

€ +¢€ €
_ n cr _ er
(Ploc - ’ (Pzw - )
€ €
€
— cr —_ n
(PZDO - H (P4oo - -
€ + €, %

where g, is instantaneous nonlinear deformation; g; is
instantaneous linear deformation; . is creep defor-
mation.

For definiteness, we consider high levels of

stresses 6 —> R, at which it is possible (for analysis)

to assume that the deformations are equal to each
other. In this particular case, we have essentially

different values of creep characteristic (@,, =2,
¢, =1, 9,,=0,5, ¢, =1): the difference is up

to four times, which is unacceptable for use in design
practice.

10. At stresses 0> R

s » €xceeding the limit of
long-term resistance of concrete, creep deformation
is undamped [14].

The combination of the listed fundamental pro-
perties of concrete (established by the Eurocode) is
unique in its complexity. This set demonstrates practi-
cal interests, the need to take them into account in
a robust theory of calculation of reinforced concrete,
the inadmissibility of neglect of each of the properties.
These neglects constitute the insolvency system of
the considered world theory, with numerical errors of
up to 300% or more, with gross mathematical errors.

The beginning of the creation of the theory of
concrete creep was carried out in 1940 by the outstan-
ding scientist hydrotechnician G.A. Maslov. He intro-
duced the classical linear connection between the stress
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o(t) and the compliance function ® (in the world
theory @ =1 (t, t') ), which characterizes the displace-

ment under a single force, by analogy with the poten-
tial systems of classical mechanics. He indicated
the need to take into account the aging of concrete in
the measure of creep and non-stationarity of the mo-
dulus of elasticity.

G.A. Maslov emphasized, strongly warned that
the first step in building the theory was being taken:
“to evaluate the creep effect in the operation of con-
crete and reinforced concrete (hydrotechnical) struc-
tures in the first approximation™; “at the present stage,
our knowledge in this area has to be idealized...
the physical side of the phenomenon™; “we accept as-
sumptions..., simplifying mathematical calculations”.

The initial and cautious assumptions of G.A. Mas-
lov, his urgent warnings are forgotten in the modern
world theory of long-term resistance to reinforced con-
crete. The set of fundamental properties of concrete, in-
cluding those formulated in the Principles and Rules of
Eurocode 2, and obligatory for use in world norms,
is unprecedentedly distorted in modern international
standards. In them, the theory of concrete creep is
based on other properties and rules: on the erroneous
principle of superposition; on non-existent linear pro-
perties: on fictional “chain models”; unreasonable re-
ferences to the classical Volterra theory are used;
algebraization of theory is applied and other errors.

We first consider the fundamental error in copying
the principle of Boltzmann’s linear superposition.

The overlaying principle is the basis of both
the modern scientific theory of concrete creep, which
received from foreign scientists the name “world
harmonized format”, and the developments “in re-
cent decades international standards institutes... for
recommendations, norms and technical guidance do-
cuments” [1-3]. In these works, it is indicated that
McHenry in the USA (1943) “substantiated this ten-
dency by experimental studies of the creep of her-
metic specimens according to the principle of super-
position characteristic of Volterra's theory.”

We give the fundamental law of concrete creep
in the original notation [1]:

o ()= olto W(eato)+ [0 )o). (1)

)

where &, (f) is total strain from stress o(f);
1 olt,t")

! + ’

Ec () E.(t)

E.(t') is the non-stationary modulus of elasticity;

J(t,t)= is the compliance function;

(p(t,t') is non-stationary creep characteristic, taking
into account aging.
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In scientific publications it is usually integrated
in (1) in parts, obtaining

Gt)—f[c(t')%{ ! +(P(t’t()}dt'. (1b)

0 S B )

We note that the term o(t.1) is a creep measure
E (')

of concrete C(¢,t), used in publications in in the coun-
tries of the former USSR, which is preferable to using
the creep characteristic in processing experiments.

We emphasize that the aging of concrete is taken
into account in ¢(¢,¢") and C(£,¢'), and the modulus of
elastic-instantaneous deformation E¢(#') essentially de-
pends on the age of concrete.

Equations (1a) and (1b) are justified by two fun-
damental assumptions: the principle of linear con-
nection between stresses and strains

eq(t,t")=olt' ) (1,1'); (o)

overlaying principle, verbally formulated in various
presentation options in numerous well-known publi-
cations on the theory of concrete creep, reference
books, for example, in [9].

Serious errors in (1a) make the normative theory
inappropriate to the Eurocode, unreliable and uneco-
nomical. With an annual volume of 4 billion m® of
application of concrete and reinforced concrete in
the world, the losses from such norms and calculations
are a significant amount. Recall also the tragedy of
the collapse of Transvaal-Park (Moscow, 2004), caused
by the problems of concrete creep.

We first consider the terms in (1a), (1b), descri-
bing short-term properties and deformations. Here,
in the world format of the theory, a number of substi-
tutions of properties are made from the fundamental
set (1.-10.).

The first substitution is a violation of property 5.

Nonlinear instantaneous deformation€,, =€, +¢,,

point M in figure 2, is replaced by the elastic defor-
mation g, point 1 in figure 2: i.e., the real curvilinear
diagram of the Eurocode is thrown out and replaced
by a fictitious line diagram (figure 2).

Article 1.4 (5) of the Eurocode 0 prohibits such
unauthorized actions, it indicates the need to justify
such actions: it is necessary “to prove that they com-
ply with the principles and, at least, not worse than
them in terms of safety, operational suitability
and durability, assumed using the relevant article
of the Eurocode”. Meanwhile, the first substitution un-
derestimates short-term deformations of concrete to
100%, and in the calculations of compressed struc-
tures the error in the ultimate load is up to 500%.

The second substitution, unnoticed by scientists,
distorts the Hooke elastic model, erroneous here,
figure 2; it attaches to the classical linear connection

l‘) / E (t) a non-existent and unreal body of a vis-
cous fluid, with Newton's linear viscosity coefficient
_EN().

ARy any

c

g (1)= ;(t ))+;[Ectt,)dc(t’)—
j' at i )dt’. )

Formula (2) represents the first terms in (1a),
(1b), and demonstrates the transformation of a clas-
sical nonstationary elastic body into Maxwell's vis-
coelastic medium.

The essence of the second substitution follows
from the principle of superposition, the fundamental
principle in the construction of the law of creep (1a).
The principle of superposition, being a kind of cata-
chresis (abuse), simultaneously combines two concepts
that are incompatible in meaning: stationarity and
non-stationarity of the mechanical properties of con-
crete. Borrowing the Boltzmann scheme, the princi-
ple of superposition borrows the nonstationarity of
the corresponding material properties of this scheme,
that is, rejects the fundamental nonstationary linear
properties of concrete 6., replacing them with statio-
nary properties. The principle of superposition is ap-
plied in non-stationary linear properties (1c), under
the conditions of the fundamental meaning of this non-
stationarity.

The mathematical essence of the error arises
from the second substitution in the values of defor-
mations of concrete, detected as follows.

The rate of elastic deformation is

(Y] N
gl(t)_c(t)Ec(t!)+0(t 8t' Ec(tr)'
Integrating, we obtain

© 1 ’ 0o 1 ,

e (1)-¢ ()= I 0 do (') +tjo‘cs(t’)§ 0 dt

fh e

Integrating the first term in parts, we find

6, ()=, (1,) = <L) _ o(0)

—jc(t') ; 7 j t,) dr'.

E(1) E (to)
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Hence the short-term deformation is equal to

()= 2 ®

E (1)

it is also seen that the first term under the integral sign
(1a) is excessive, and the use of superposition principle

)= E -
o(t) ¢ , 0 1 ,
:T(t)—;[c(t )EEc(z’)dt 4)

in (1a) and (1b) is deeply mistaken.

Let us make a numerical estimate of the error ari-
sing in determining the instantaneous elastic deforma-
tion distorted by the principle of superposition. Using

o(t)=oc,=constin  (3), (4 we obtain

e (1) = EZ’EZ) and g,(zo):%

parison of these deformations is shown in figure 3.
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Figure 3. Comparison of &/(to) and &(?)

Curve 2 in figure 3 corresponds to the VNIIG
data on the change of the elastic modulus E.(f) with
time. Errors in the value of the elastic deformation at
t =360 days reach =~ 300%.

Distortions of instantaneous nonstationary non-
linear deformations ¢,, their attempts of an untenable
description, will be considered later.

The last term under the integral sign in the law (1b)
is the third substitution of the fundamental property 1
of nonlinear creep: the non-existent property of line-
ar creep is used instead. It can be seen from data of
figure 1, that the error from such a substitution is up
to +400% with ¢ =40 days. If the average curve

corresponding to 6 =0,5R, ~ with its experimental

parameters is taken as a basis, then the error from
such a distortion will be from +200 to —200%.

The fourth substitution is demonstrated by the last
part of the integral (1b)
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j ‘;(t(;)) do ().

c

describing the development of creep deformations
with o(¢’) variables. The principle of Boltzmann’s
linear superposition, corresponding to the stationary
properties of creep of the material, is copied with
the name of the principle of superposition; that is, sub-
stitution of the fundamental property 2 of concrete oc-
curs in this case. This substitution, on the one hand,
leads to the loss of three components in the basic law
(1a), caused by the rate of change of the coefficient
of compliance

o(r) E (1) ot

1 a(P(t’t') —G(t')(p(t,t') Ec (t’)

E () o EX(?)

at that they are comparable in importance to the remai-
ning term. These losses cause significant discrepan-
cies between theory and experiments, described in
the scientific literature. They lead to the incorrect ex-
pression of the creep kernel, even within the frame-
work of the non-existent linear creep theory of con-
crete. The principle of superposition distorts this li-
near theory, causing the appearance of additional non-
existent bodies. The number of such bodies depends

on the form of the function(p(t,t') , which describes

the non-stationary creep characteristic in the basic
law (1). We write this function in the well-known,
widely used in scientific literature, as

o(tr') 0. (1)[1-¢""]

E(1) E(r)

where ¢, (t’) is a function considering aging of con-

)

crete.

In the famous monograph of L.LE. Prokopovich
the creep characteristic @(z,t") of foreign scientists is
designated as C (¢, 1) these are identical values.

In the case of (5) the basic law (1a) forms four su-
perfluous (fictitious) bodies: two bodies of the Voigt
type and two viscous elements connected in series with
each other. The deformations of these bodies are equal

t ' 1 —y(t—t") g1
81f(t):,[0(t)n (t,)e ( )dt >
t, 1/
E (')
1 t')=— N (6)
nf( ) (Poo(t)
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where 714 ... , 14 s are viscosity coefficients or coefti-
cients of internal resistance of fictitious bodies; more-
over, the bodies (8) of the Voigt and (9) of the vis-
cous element expand when compressed.

Creep deformations (6)—(9), caused by the influ-
ence of the superposition principle on the classical
connection (1c), are fiction; they are also summari-
zed with short-term fictitious deformation

[ ,no 1
&5 (t) J‘G(t )atr Ec (tr) ’

f

Eor (l‘)=§8£f(t),

and introduce large errors in the total strain &; (), de-
termined by the creep law (1b).

This revealed fact of a significant erroneous com-
plication of the theory, caused by the principle of su-
perposition, shows the inconsistency of the judgments
of leading scientists currently expressed about the mythi-
cal advantages and benefits of this principle, evalua-
ting it with the exact opposite: “and, on the other hand,
this hypothesis greatly simplifies the phenomenolo-
gical theory of creep and makes it simpler and more
accessible for use in engineering calculations™; “as ap-
plied to linear creep deformations, the superposition
principle was first used by L. Boltzmann (1874), but
only recently it was proved (B. Persoz) for non-linear
creep deformations”.

The fifth substitution violates the fundamental
property of concrete 5.

In the framework of the requirements of Euro-
code 2 to the diagram of instantaneous deformation
of concrete (figure 2) it is necessary to recognize

(10)

10

the error of the creep theory, the removal of plastic
deformation ¢, from the total instantaneous deforma-
tion €y and its transfer into the category of creep de-
formation &.(?): plastic deformation ¢, develops about
1-2 minutes (Aleksandrovsky, Bazant), and creep de-
formation &.(f) lasts for years; the rate of increase of
nonlinear deformations is up to 2000 times the rate
of increase of creep deformations (in 1 day); growth
rate and time of elastic & and nonlinear deformations
€, have the same order; an error is the separation of
these deformations by splitting the total quantity &
in violation of the Eurocode 2 rules.

Plastic instantaneous deformation &, is endowed
with the name of fast-flowing or minute creep; total
deformation of the usual g(¢) and fast-flowing creep
€, 1s sought using a creep measure

C(t,r)z Con (t,r)+ Con (t,‘t),

presented in the form of two functions for ordinary
and for fast-flowing creep. Such a technique artifi-
cially creates unnecessary mathematical difficulties,
and a violation of the principle of independence of
the action of forces that is fundamental in mechanics
(more in section 5) arises; ridiculous results also arise
in the design calculations.

The mathematical complexity consists in the ne-
cessity of constructing an unnecessary integral, fol-
lowed by defects in the principle of superposition,

0

e, (1)= jc(t)a—TCﬁn (t,7),

whereas €, is easily found from the Sargin formula,
other equations describing instant diagrams, for exam-

ple, from Emperger's parabola €, 23262 or from
the dependence proposed by NIIZHB

: 24
g, =——1| 0,1+ .
ER; 24R,,

Comparing these formulas with each other, we see
the fallacy of the integral form, designed to find the fast-
flowing creep, its artificiality.

Let us give an instructive example showing the ab-
surdity of the results obtained using fast-flowing creep
deformations. Consider the longitudinal bending of
the compressed rack in the interval of one day after
loading, when, in the main, only fast-flowing creep
has time to appear. A long-term critical force in ac-
cordance with the well-known decisions of Rzha-

nitsyn, Rabotnov, Shesterikov, Prokopovich, is equal

w HI

to P, =——, where H =
e

, @y — characteris-
1+ 9,
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tic of fast-flowing creep. This critical force tends to
infinity with a length /—0 (figure 4), what is rejected
by both experiments and common sense.

P,
A
"minute
creep" \

0,5

0

Figure 4. The schedule of calculation of compressed-curved
concrete structures with an initial deflection

If instantaneous nonlinear deformations are not
added to creep deformations, then we have a tangen-
tial-modular (or reduced-modular) critical force with
a finite value as [—0.

Note that the renaming of plastic deformations
€, (figure 2) in the creep deformation /() and their
uniform mathematical description

g(t):%_i g((gLE (1)

in the record of function Lg(¢,u) leads to distortion of
the results of experimental research on concrete creep
problems in all countries of the world (see [1]). As
a result of such mixing, creep deformations mistaken-
ly acquire initial “vertical segments”, distorting
the values of creep deformations (up to 50%), distrac-
ting concrete creep researchers and misleading ex-
perts in the theory of reinforced concrete.

The erroneous assumption of “fast-flowing creep”,
“minute creep” and “vertical segments” has distorted
the direction of the development of the theory of
creep of reinforced concrete. The introduction of this
assumption in the norm is detrimental to reinforced
concrete construction.

Writing a concrete creep measure in the form of
such a sum not only leads to mathematical complica-
tion of the creep theory, but also violates the principle
of independence of the action of Newtonian mechanics.

For clarity, we consider a simple and instructive
case. We will write down the measure of creep in
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the form proposed by S.V. Aleksandrovsky (in his
notation)

(1) = A= e a9

where 4, =y ()=const; A, =A(w)=const;
a>>y>0.

“The presence of the second term in the formu-
la... provides an initial steep rise in creep curves for
small —1”.

Differentiating the integral equation (1b) two times
in ¢, taking into account (11), we obtain the second
order differential (£ = const) equation corresponding
to that.

EE+(y+o)Eé+yoEe =
=+ (y+0)+EAy+E4,0 |6+
+[1+ EA, + EA, | yoo.

From this equation it is clear that there is a force
proportional to the acceleration

o= E §(0).
(1+ EA3 + EAy Jya

The remaining forces are proportional to €,€,6,6

insignificant.

In Newtonian mechanics the presence of forces
proportional to acceleration, indicates violation of
the principle of independence of action of forces, and
the impossibility of using expression (11) for con-
crete creep in practical problems, with variable for-
ces o(?). We will come to the same result if we use
many other formulas to describe the creep measure
in the form of two or more terms (Yashin, McHenry,
Prokopovich, Ulitsky, etc.).

The broad interpretation of the compliance fac-
tor in the form of “chain models” of type (11), begin-
ning with the work of McHenry, is widely used for
the sixth substitution of the fundamental property 1
of non-linear creep of concrete. McHenry, for exam-
ple, writes a “chain model” in the form of

C(1,1)=C, [1 _e1 ) ] +Ce ™ [1 _ ) ] (12)

McHenry himself admitted his attempt failed [6],
which is not surprising. Here, as in the previous sub-
stitution, a violation of the principle of independence
of action of forces appears; the principle of superpo-
sition here also forms a series of additional fictitious
bodies that distort the creep core and the results of
the theory. In addition, these defects, complementing
each other, give unpredictable results for the theory.

11
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We assign numerous untenable attempts to describe
the theory of creep with the help of the so-called condi-
tion of affine similarity of creep curves to the seventh
substitution of property 1 for non-linear creep of
concrete

In this theory, the instantaneous properties of con-
crete are usually assumed to be non-stationary elas-
tic, and the compliance function /(z,¢), depending on
the parameter p(¢’), is written in the usual form

0=

Further, it is erroneously considered that the pa-
rameter W is the stress o (the seventh substitution).

1005

As the eighth substitution, it is considered possible

+C, [n(r).01'].

+F[o(t'),t']-C(t,1)

to write the specific creep deformation C, [ pit t t ]

in a degenerate form (see also property 1).
In accordance with the principle of superposi-
tion, we have the law of creep

€ (t) = EGC((tt)) -

Then a mathematical error appears, consisting in
incorrect differentiation of the second integrand and
the loss of the term

orF . , OF
[%o(t )+ ~ }C(r t'), (14)

what distorts the original superposition principle (13)
and leads to appearing of the second (ninth substitu-
tion) principle of superposition in the basic creep law
in the second integral term

(s(t)tta 1

gc(t):T(t)_;[G( )at Ec( )d
Jo(e) Fo(r),r 170 ( Ve, s

and appearing of the second fictitious force

o.(1')= G(t')F[G(t

of the first force o(¢’) (related to development of in-
stantaneous deformations). We note that the loss of
term (14) distorts the meaning of experimental data
on the nature of specific creep curves corresponding

') , t’} , acting independently

12

to different levels of loading, what follows from (15):

nonlinearity function F[G(l'),tj removed from

the essence of the curves C,; and transferred to
the force o(¢'), what formed a new non-linear rela-
tionship between stress and strain.

We present one of the numerous formulations jus-
tifying the erroneous law (15) in form of H. Leader-
man: “...Boltzmann's principle of superposition of de-
formation with time was used... When deriving rheo-
logical equations for materials ‘with memory”’ satis-
fying the closed cycle condition, Boltzmann postu-
lated a linear relation between stresses and strains
and used a hypothesis allowing to consider recovery.
While the principle of superposition was reduced as
a natural additional hypothesis. Later it was shown
(Leaderman) that the principle of superposition does
not require a linear connection between stresses and
strains.”

Comparing (15) and (1a), we emphasize that
the nonlinear theory of concrete creep not only repeats
the errors of the linear theory, but also adds two new
significant errors to them: it incorrectly determines
the parameter and function of nonlinearity of creep;
supplements the linear erroneous principle of super-
position with additional erroneous principle of super-
position, which is nonlinear. The essence of the very
principle of superposition, its connection with the Boltz-
mann scheme and its “chain models”, was analyzed
in detail in [15].

Recently, works have emerged that develop
the “modification of the principle of strain superposi-
tion for nonlinear creep” in the form

e(t,1)) = 8(t0)+j.|:EET) +C(t,r)}dcc (1), (16a)

fy

where o (t)=S[o(t)] is known stress function o(t).

The fallacy of this record is similar to that used
in (1a). The total strain rate here is

vc(t,r):S[c(r)]{ﬁ C(tr}+S[c ]jr E)Jr

o 9 166

+S[G(T):| aTC(t,r)+S[c(t)} atC(t,T). (166)

This shows that in (16a) the last three terms of (16b)
are lost. The significance of these terms is identical
to the significance that we described above in para-
graphs 1-3. It should be additionally taken into
account that the identity of the nonlinear function
S[o(t)] is also incorrect for short and long defor-
mations.

“Modification” not only saves the gross errors of
the nonlinear theory (15), but also adds new ones:

ANALYSIS AND DESIGN OF BUILDING STRUCTURES
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— instantaneous deformation, as before, is endowed
with a mythical body of viscous fluid according to
Maxwell's scheme, but the error is qualitatively pre-
served in the complicated structure shown in figure 3;

— nonlinear creep is based on the untenable and
non-existent condition of affine similarity, however,
the nonlinearity function is now determined not from
creep experiments, corresponding to figure 1, and from
experiments on short-term loading (figure 2), and has
no relation to the creep measure C(z,t").

The results

The mathematical analysis of the existing errors
of the modern theory of long-term resistance of rein-
forced concrete is carried out: in the values of instan-
taneous deformation, the error is up to 300%; in va-

RU

Mean uccaeqoBanus

AmHanmzupyemasi B CTaTbe TEOpHS XapaKTepusyeTcs
€e aBTOpaMu KakK HOBBIII MUPOBOM TapMOHU3UPOBAH-
HBI (OpMAaT: OH KKOOPIUHHUPYETCS W TPOJIBUTACTCS
MEXTyHapOJAHbIMA MHCTUTYTAMU MO CTaHAAPTU3ALUU
B paMKax BCEMHUPHOTO FapMOHM3ALHOHHOTO ClLIeHa-
pus» [1]. Ceituac 3Ta Teopusi akTUBHO IpONAaraHaupy-
€TCsl U3BECTHBIMH MHUPOBBIMU YUEHBIMU C LIETIbIO BHE-
peHust B 00J1aCTh MEXIYHAPOIHO MTPU3HAHHBIX HOPMa-
TUBHO-TEXHUYECKUX JOKYMEHTOB U OCHOBHBIX ITPABUI
npuMeHeHns1. Eif oCBsIeHbl MHOTOUYHCIICHHBIE TTyOIH-
Kaluu, oHa BKiItoYeHa B Tunoseie HOpMbI FIB, pyko-
BoncTBO ASI u npyrue noxymentsl [2; 3]. Ee omoOpsitor
Ha pa3NIMYHBIX MEKIyHapo HbIX KoH(peperimax CILIA,
EBponsl, Poccun, Hanpumep Ha Ilepbix MexxayHapo1-
HBIX HAYYHO-TEXHHUYECKHX «[ BO3JIEBCKUX HUTCHUIX)
(Mocksa, okts10pb 2017 r.). CnieioBaTesibHO, aHAIN3, 13-
JlaraeMblid B JAHHOM CTAaThe, BAYKCH HE TOJIBKO JJIs HAy4-
HOW TEOpUH, HO U JUISl TPOMATHON MEKIyHAPOAHOM MpaK-
TUKH KeJIe300€TOHHOTO CTPOUTENHCTBA [4]. BhISBIISIOT-
Csl ¥ pacCMaTPHBAIOTCS OMIMOKK B TOM 007acTé TeOpUu
MOJ3YYECTH, 1€, KAK CBUICTEILCTBYIOT €€ PYKOBOAU-
TEIU U aBTOPBL, €CTh «yCTaHOBUBIIIMIICS KOHCEHCYC» [1];
pedpb Tarxke He UIeT 00 MHOM TOUKe 3peHus WITH YIIpo-
LICHUSIX B CTaHAAPTU3ALUH, IOCKOJIbKY YCTPAHEHHE BbI-
SIBIIEHHBIX OIMIMOOK CYIIECTBEHHO YIPOCTHT TEOPHIO
JUTUTEIBHOTO COTIPOTHBIICHUS JKeIe300eToHa.

MeToabl
HewmHOro 0 HECOCTOSTENEHOCTH TEOPHH TIOJI3yUe-

CTH JKeNle300eToHa. ITa CHCTeMa BO3HHUKIIA M Pa3BHBa-
€TCsl M3-3a MMOCTPOCHHUS TEOPHUH HA COBOKYITHOCTH OIITH-
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lues of long deformation — up to 250%. There are many
substitutions due to the non-stationarity property 8 of
the stress o(t). With such substitutions, the creep law
is empirically converted to the form of some algebra-
ic expression. Stresses here are replaced by a variety
of values: constant stress; conditional “average

equivalent stress over a period of time #—#,”; stress

is replaced by a certain function (linear, parabolic),
depending on the creep characteristic of concrete,
the mean-theorem is also involved; other empirical
untenable substitution. N.Kh. Arutyunyan, S.V. Alek-
sandrovsky repeatedly show the inconsistency of alge-
braic creep theories: the condition of a unambiguous
algebraic connection between C(¢#,1) and o(t) is “de-
void of physical meaning”; such a connection “leads”
to implausible results.

OOYHBIX MPUHITUIIOB, IPABWII H CAMOBOJILHBIX TIPHEMOB,
YTO yCYTyOJISIeTCSI MHOTOYMCIEHHBIMH ITOAMEHaMH
(cry4aifHBIMU WITH TIpEeTHaAMEPEHHBIMH) (DyHIIaMEHTAITb-
HBIX OIBITHBIX CBOWCTB O€TOHA, U OCHOBBIBAETCS Ha
HACJICIOBAaHUY NPUHIMIIOB HECOOTBETCTBYIOLIEH TEO-
puu ynpyroro nocieneicTsus bonbiimana.

O HecoCTOATENBHOCTH TEOPUH PA3HOCTOPOHHE U
KOMIUIEKCHO CBUJIETENBCTBYIOT: HAIMYUE CUCTEMBI IPy-
OBIX MaTEMaTHICCKUX OMMTUOOK; HAPYIICHHUS TIPHHITH-
OB U NPaBWJI KJIACCUYECKON MeXaHUKH U EBpoko-
JIOB; HECOOTBETCTBHSA OOILEN3BECTHBIM 3KCIIEPUMEH-
TaJbHBIM JAHHBIM; OTPULIATEIbHBIE PE3YNIbTAThl MPO-
€KTHOM NPAKTUKH, B TOM YUCIIE MUPOBOM OIIBIT MPO-
EeKTUPOBAHUS YHUKAILHBIX COOPYKEHHS CTPYKTYpaMu
RAMBOLL (Benukobputanus) [4].

AHanm3upyeMble B CTaThe OCHOBOIIOJIATAIOIIHE
OIIMOKHM XapaKTepHbI HE TOJIBKO I MONI3y4yecTH Oe-
TOHA, HO U JJIs1 PEOJIOTUU BCETO KOMIUIEKCA CTapero-
UX MaTtepuanoB. M3BECTHO, UTO K TAKUM MaTepHa-
JIaM OTHOCATCSI «OETOH, APEBECUHA, MHOTHE MOJMMEPBI
U TJIaCTMACCHI, TOPHBIE TOPOABI (TaKkKe TPYHTHI), Jie
u 1p., (OHHM) XapaKTEePHBI TEM, YTO UX (PU3UKO-MeXa-
HHUYECKHUE CBOWCTBA MEHSIOTCA BO BPEMEHH, T.€. 3a-
BHCAT OT BO3pacTa MaTepuaiay.

PaccMoTpum cHavama COBOKYMHOCTH (hyHAaMeH-
TaJFHBIX OMBITHBIX CBOMCTB OeToHa. beToH Kak KOH-
CTPYKIMOHHBI MaTepuajl UMEET CYLIECTBEHHO He-
JMHEWHBIC CBOWCTBA; OHU OOIIEU3BECTHHI M3 EBpo-
KOJIOB U HAyally BHEAPSTHCS B HOPMbI MHOIMX CTpaH
nociie padoter L. Baes (1927 r.):

1. «dedopmanmy moa3ydecTd HEIUHEHHBI C CAMBIX
HU3KHUX YPOBHEH 3arpy:keHus, ...HUKaKOW 00NacTy Jiu-
HEUHOU Noa3yyecmu... He cywecmegyemy. Tak cBuje-
TENbCTBYIOT OCHOBOTOJOXHHUKH Teopun A.A. I'Bo3-

13
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nes, H.X .Apytionsn, C.B. AnexcaHIpOBCKHH,
[1.1. Bacunses, puc. 1 [8].

Henunetinas momydects 6eToHa yxe B 1931 1.
MpOsIBASETCA B pe3ynbTaTax I[JIAHOMEpPHO IpOBe-
JIEHHBIX 0O0MIHMpPHBIX dKkcrepuMmeHTOB R.E. Davis u
H.E. Davis.

Colt,1)
C, (1)

7= 35 CyT - BO3pacT 3arpyskKeHus

BO3pACT K MOMEHTY
HaONIOICHUA

0 10 20 30 40 50 60 70 80 9 100 110

Puc. 1. U3MeHeHHne oTHOWIEHMIT yebHBIX AedopManuii
MOJI3y4ecTH MPH Pa3HbIX HAYAJIBHBIX YPOBHSIX HANPSLKEHU T
Co(t,7) K yAeJbHBIM JedopManusM Moa3y4ecTH
NpHU HAYaJbHOM YpoBHe HanpsikeHnii Co,1(f,T)

MupoBoii popmat, paccMaTpuBasi TOJBKO IJH-
HEHHYIO TOI3y4ecTh OETOHA, OMHCHIBAET TO, YETO HE
CyILIECTBYeT. XapakTep rpaMKoB Ha puc. 1 MokKasbl-

BaeT, 4To 00y u3 Tpex KpuBbix (¢ =0,29R
6=0,5R

Tp >

p 2
6 =0,75R,,) HEBO3MOKHO PHOITHKEH-

HO TOJMEHUTb TOPH3OHTANBHON mpsvoid 6 = 0,1R,

3HAYCHHS YACNbHBIX nepopManuii pa3nudaroTcs B
2-5 pa3, mpu4eM pedb UIET TOJBKO O YaCTHOM CUTY-
auuu — npoctod monzyuectu. Ilpu mepeMeHHBIX

HaIPSDKEHUSX G(t) HE00XOAUMO TOMOJIHUTEILHO

paccMaTpuBaTh EPEXO OT OJHOM KpPUBOU K IPYrou
KpUBOM.

Ha puc. 1 npuBeaen ¢pparMeHT U3 0OIHUPHBIX
skcnepuMeHTanbHbIX AaHHbBIX HUMXB, mupoko
OIyOJIMKOBAaHHBIX B Pa3IMYHBIX HAYYHBIX M3AaHUIX;
TaKHe e JTAaHHBIE MOXKHO IOJIyYHUTh U3 XOPOIIO H3-
BecTHBIX paboT A.D. Ross, P.A. MenbHuKa 1 ApyTHX
yueHbIX. [lo ocu opauHaT Ha puc. 1 mokas3aHbl 3Ha-

aeHnst otHoweHust C, (l‘,T)/ Co. (t,‘r), TO €CTh OT-
HOILEHHUs MEpP HEeIMHEWHOM monsydect (yaeabHBIX
nedopmanuii MoN3y4ecT), HAUJAEHHBIX DKCIIEPH-
MEHTAJbHO TP Pa3HBIX YPOBHSX IOCTOSHHBIX Ha-
OpPSOKEHUH G, K MEpPE IOJI3y4eCTH, COOTBETCTBY-
I0IEl MUHUMaJbHOMY B OIBITE YPOBHIO HAmps-

xenmit 6 =0,1R, . Hanomunwm, uto Mepa nonsyue-
ctu C (t,‘c) o I'.A. MacioBy — 3To «aedopManus

MMOJ3y4YeCTu K MOMCHTY BpPEMCHHU ! OT €QUHOT0
HAIIPsIZKEHHOT'O COCTOSAHUS, HACTYITUBIICTO B MOMCHT
BPEMCHU T».
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OOpatum 371ech BHUIMaHHE Ha HECOCTOSTENBHOCTD
MIOTIBITOK OMHUCATh HEIMHEHHYIO MOJI3y4ecTh OeTOHA
C TIOMOIIBIO JTUHENHBIX IEMHBIX MOJAEIIEH», BBITE-
KaIoIyI0 M3 JaHHBIX pUC. 1. DTH MOMBITKU HayaThl B
paborte Maxk-I"'erpu (1943 1.) 1 IPOJOIKAIOTCS IO CHUX
Mop B aHAIM3UPYEMON HaMu MHUpPOBOM Teopuu. [o-
MIOJIHUTENFHO 3aMETHM, YTO 3TH TOMBITKH TaKkKe
MIPUBOJAT K HApYIIEHUIO OCHOB KJIACCUYECKOW Me-
XaHMKH.

A.H. PxxaHunpiH, aHaTu3UpPys SKCIEPUMEHTHI,
oOparian BHUMaHHE: «KPUBBIE TION3YUYECTH MEHAIOM
€601 610 TIPY N3MEHEHNH NIOCTOSHHOTO HATIPSKSHHSD).
OTO CBUIETENBCTBYET, C ONHOW CTOPOHBI, O IIPUCYT-

CTBHM HEKOTOPOTO IapaMeTpa u(r) B KPUBOH Y/EIb-

Hoit Meps! mom3ydectn C| (u(r),t,r), a ¢ apyrou
CTOPOHBI, O HENPUTOAHOCTH HCIOJIH30BaHUS BECbMa
pacrmpocTpaHeHHOTo yciaoBus ad(GUHHOTO MOA00US
C, =F|:G(T),T}C(t,’[)2 F[G(‘C),T:I — SKCIIepH-
MeHTanbHas QyHkims Henmueiinoctn; C (t, r) — Mepa

MoJI3y4ecTy OeToHa.
2. dedopmanuu mon3yyectd OeTOHA HECTAIHO-
HapHa; HECTAIMOHAPHOCTh YYHUTHIBACTCS C MOMOIIBIO

(GyHKIMM cTapeHust (T) B BBIPKXECHUU MEPBI MOJI3Y-

4ecTH C(l‘,r) =(p(r)f(t—r), f(t—r) — «pyHK-
M, YYMTBIBAIOIAs HAPACTAHUE BO BPEMEHH MEPHI

non3yyectuny. OyHKIus (p(‘c) OTIpeneNnsieT mpolecc

CTapeHUs

0<t<t<ow, ¢(1)=limC(1,1).

—©

B HayuHOI nuTepatype uMeercss MHOTO Tpe/-
JIO)KCHHUI TI0 BUY 3anicy QyHKITAH (p(I), 006ocHO-

BaHHBIX O0CTOSATEIEHBIMH SKCIIEPUMEHTaMH [8].
B paccmarpuBaemom 31ech MHPOBOM (hopMmaTte
TEOPHUH HCIOJIB3YETCS XapaKTePUCTHKA MTOI3YUECTH

q)(t,r), CBsi3aHHAasi ¢ MEPOH IOJ3y4EeCTU COOTHO-
HIEHUEM d)(t,r) ZC(t,T)E(’C), E(‘C) — MOJyJIb

ynpyrocta. OTcioaa BUIHO, YTO HCIOJIb30BaHUE Xa-
PaKTEePUCTUKU MOJ3Y4YECTH NMPUBOAMUT K OOJBIIEMY
YUCITy SMITUPUICCKUX KOIPGDHUIINESHTOB, OTpPEeIIsIc-
MBIX Pa3TUYHBIMHU MO TOCTAHOBKE dKCIIEPUMEHTAMH.
Hanpuwmep, no nanueim H.X. ApyTroHsiHa

o400 £00-{c )

rne Eo, B, 0. — JONOTHUTENFHBIE KOHCTAHTBI MOYJIS
YOPYTOCTH, YCIOXKHSIOMNE QYHKIHIO CTApEHUS. DTO
3aMe4yaHue He MMeeT NPUHIUMHAIBHOIO 3HAYEHMUS,
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OHO YKa3bIBaeT Ha HEOIPaBAAHHYIO T'POMO3JKOCTh He-
YIa4HOTO BBIOOPA.

3. Jledbopmanuy moa3ydecTr OETOHA HOCST 3aTy-
xaromuii xapakrep. A.A. ['Bo3aes emie B 1955 1. yka-
3pBal: «Eciu aeiicTByloliee HanpsHKEHNE ele HIKe
npezena JUIMTETFHOTO COTPOTHBICHHA, TO Aedopma-
1Us — HETMHEWHAsI, HO 3aTyxaromasy [14].

4. ledopmarmu non3ydecTd (roIpl) U KpaTKOBpe-
MeHHbIe teopMarmy OeToOHa (MUHYTHI) B OITBITAX IIPO-
SIBJSTIOTCST Pa3/IeIbHO M HE3aBHCHUMO JIPYT OT JIpYTa;
CpeIHHE CKOPOCTH WX paziuyarorcs B 518 400 pas.
Io sroii nprurHe OMMOKON SIBIISIETCS TIOMMEHa KPaTKO-
BPEMEHHBIX HEJIMHEHHBIX nedopmanuii nedopmarm-
SIMU JIMHEMHON «MHHYTHOM MOJ3Y4YE€CTW, MPUBOASILASL
K HapyIIeHUIO MPHUHINTA HE3aBUCUMOCTH JEHCTBHS
CHUJT KJTACCHYECKON MEXaHHKH.

5. KparkoBpemennsle nedopmanun OeToHa He-
JIUHENHBI [5]; TuarpaMMa 6—€y UMEeT HUCTIaAarOIInii
Y4aCTOK ¥ OTPAaHHYEHHYIO MIPOTHKEHHOCTH (puC. 2).

/‘%\/ MKTHBHAA JTHATPAMMA

muarpamma Esp

Puc. 2. UckakeHue 1uarpaMMbl 6—& 6eTOHA

3T0 cBOHCTBO OeTOHA U3BECTHO OoJiee cTa JIeT
(Purrep, ®pank, 3anmurep, bax, llrone, ['actes, bory-
ciaBckuii, Pom, CaxuoBckmii, Mommma, Dmmeprep,
lIpeitep, Hunennep, Ouumnmk, [Tomonsckmii, baiiko
u np.). B EBpokoze 2 ucrnonp3oBaHa KpuBas, Mpeyio-
xernHas CapmkuaeiM (Kanama).

OpnHako B MHPOBOM (opMaTe TEOPHH IOJ3Y-
YECTH KPATKOBPEMEHHBIC JAe(OopMaIliK TOAMEHSIFOTCS
3akoHOM ['yka.

B HayuHO#l nuTepaType JMHEHHOCTH KpPATKO-
BPEMEHHBIX JedopMannii 000CHOBBIBACTCS Pa3Jiny-
HBIMH HEJIOCTOBEPHBIMH CIIOCO0aMU; MHOTOYHCIICH-
HBIE ¥ OCHOBATEITbHBIE OMBITHI aBTOPUTETHBIX YUEHHBIX
0 HEJIMHEHHOM KpaTKOBPEMEHHO# nehopMaIuu Jie3aBy-
UPYIOTCS; TOSBIISIETCS OLIMOOYHOE YTBEPKACHUE 00
«IKCTIEPUMEHTAIFHO 000CHOBAHHBIX» MIHOBEHHBIX YII-
PYTUX CBOMCTBax OETOHA: «B HKCIEPUMEHTaX MIHO-

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLW

BeHHbIE Ae(opMaluy JMHEHHO 3aBHCST OT HalpshKe-
HUi1»; «MTHOBEHHBIE Jie(pOpMaIliH TUHEHHO CBSA3aHBI
C HAMPSHKEHUSIMA M COOTBETCTBEHHO MOJYJIh YIPYTO-
MTHOBEHHBIX Ae(opManuii He 3aBUCUT OT 3HAUCHUS
Y 3HaKa HampsHKEHUN; MO/ «YMPYro-MrHOBEHHBIMHU
Clle/TyeT TIOHUMATh Ae(OpMaIHH, Pa3BUBAIOIINECS MO
JEHUCTBUEM CTHAMUCMUYECKOU HASPY3KU C 8ecbMd 00b-
wou ckopocmwvio»; «OETOH 4acTo paccMaTpUBAeTCs
KaK MaTepuajl B 3HAYUTEILHON CTENEHU HEYIPYTHH. ..
K cuactsio, 310 He Tak. OTianuus ot 3akoHa ['yka ams
0eroHa OOBSICHSFOTCS BIMSIHMEM BpeMeHH. .. [lyrem skc-
TPAITOJSIIUK TTOYYaeTCsl KPUBas MTHOBEHHBIX Jiedop-
Mallii, KOTOpasi OKa3bIBAETCSl YETKO MPSIMOIMHEHHOM.
C yIMBHUTENHEHON HACTOMYHUBOCTHIO TAKXKE HECOCTOS-
TEJBHO YIIOBAIOT HA IIEMHBIE MOJIEIH, OIIMOOYHO Tiepe-
JIeNaB IIACTHIECKYyIo aedopmaruio €, (puc. 2) B me-
(hopMaIuio MUHYTHON TIOJI3yYECTH.

6. KparkoBpemennsie nedopmanun OeToHa He-
CTallMOHApHBI; B KPaTKOBPEMEHHOH IHmarpamme
o—¢€y (pHUC. 2) IapaMeTpsl a, b, g ABIAIOTCS (PYHKITH-

amu Bpemenn. Hampumep: a=2-10 (l—e’o’(m);
0 ONBITHBIM paHHeiM BHUUT b=

E(1) 2 2
g= - €0-
R,(7) &,(7)
7. IlprcyTCTBYET HEMMHEHHOCTD Ne(OPMUPOBAHIS,
00yCIIOBJIEHHAs MaJiod MPOYHOCTHIO OETOHA Ha pac-
TSHKEHHUE, OTBEPraroIias MOJIEI HOPM, OCHOBaHHBIX Ha

YCIOBUH OECKOHEYHOH O (‘r) pacTsHKUMOCTH OeTOoHa.

8. HecranmoHapHOCTh HampsHKEHUIM G(T) oJI-

YepKUBAET HEJOYCTUMOCTh HUCIOJIb30BAHUS YIIPO-
IIEHUH B BHJIe aJire0pan3aiuy TCOPUU TOJI3YUECTH
ocToHa [1; 8].

9. INomaas gedopmarys 6eToHa, BOSHHUKAIOIIAS TIOT
JICHCTBUEM HAIPSDKCHUS G(r) , SIBISIETCSI CyMMOH fiedhop-

MaIIMii TIOJI3Y4ECTH U KPaTKOBPEMEHHOM J1e(hopMaIiiiu.

[MonMeHna MrHOBEHHOHN HEIUHEHHOH nedopma-
My &y aeopMarueii MUHYTHOM MOJI3y4eCTH BHECTA
OecIIopsAI0K B PE3yIbTaThl IKCIIEPUMEHTAIILHBIX 3HA-
YEHUH, a TAK’)K€ B HOPMUPOBAHUE XaPAKTEPUCTUKU
MOJI3YYECTH Q. B 3aBUCHMOCTH OT Kalpu3a 3KCIie-
PHUMEHTATOpa XapaKTEPUCTHUKY MOJ3YYECTH ONpeae-
JISTFOT YETHIPHMS CIIOCO0aMH

€ +E& €
— _H n — I
(p]oo - > (p200 - >
Sn I
€ €
— n — _H
(P2oc - > (p4oo - >
o +8H i
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€ €y — ):[C(l)OpMa]_II/IH MI'HOBCHHAas HGHHHGﬁHaﬂ; €1 —

nedopmaliisi MTHOBEHHAs! IMHEHHAsT; €, — Aedopma-
IIUS TIO3YYECTH.
J11s1 onpesieneHHOCTH pacCMOTPUM BBICOKHE YPOB-

HH HanpspkeHui O —> R, 1pu KOTOPBIX MOXHO TpH-

ONMM3UTENBHO (IS aHAIIN3a) IPUHATH AehOpMAaIU PaB-
HBIMH MEXIy co00i. B aTOM yacTHOM ciydae mme-
€M CYIIECTBEHHO pPa3Hble MEXIy co0oil 3HaUeHHS

xapakrtepuctuku mnonsyuectu (@, =2, @, =1,

¢,,=0,5, ¢,, =1): pasnnuue cocrasuser 1o 4 pas,

YTO HEIONMYCTUMO JJIl NPUMEHEHUS B IPAKTUKE
MPOEKTUPOBAHUSI.

10. IIpu HanpsikeHusx © > le, MPEBBIIIAIOIINX

mpeiesl JJIUTENBHOTO COPOTHBIICHHUS OeToHa, aedop-
Manus NOJ3y4YeCTH ABIIAETCA He3aTyxatouei [14].

COBOKYITHOCTh TEPEYUCICHHBIX (PYHIAMEH-
TaJbHBIX CBOICTB OeToHa (ycTaHoBIeHa EBpokoom)
YHUKAaJIbHA [0 CBOEH CII0)KHOCTU. JTa COBOKYITHOCTD
JIEMOHCTPUPYET MPAKTHIECKNE WHTEPECH], He00XO0-
JIMMOCTH y4eTa UX B COCTOSITEIILHON TEOpUHU pacuera
JKeJNe300eTOHa, HEJOMyCTUMOCTh MPEHEOPEHKUTEIh-
HOTO OTHOIICHHS K KaXXJIOMY W3 CBOHCTB. DTH IIpe-
HEOpEXKEHUS U COCTABISIOT CUCTEMY HECOCTOSTEIh-
HOCTU PaccMaTpUBAEMOW MHUPOBON TEOPHH, C YHC-
neHHbpIMU TiorpetrHocTsMu 10 300 % u Gonee u rpy-
OBIMU MaTeMaTHIECKUMHU OITHOKAMH.

Hauano co3pganusi Teopuu Mmoyi3ydecTd OeToHa
noioxkeHo B 1940 r. BeIIAIOMIKUMCS YUEHBIM-THAPO-
TexHukoM [.A. MacnoBeiM. OH BBEJ KJIaCCHUYECKYIO
JTUHEHHYIO CBS3b MEXIYy HamnpspkeHueMm of(t) u
¢yHkumueit mogatnuBocTd @ (B MHUPOBOU TEOpHH

O=7 (t, t') ), XapaKTepU3YIOMIei IepeMEIIEHHE TIPH

eIIHHH‘IHOP'I CHJIC, ITO aHAJIOTUHN C NMOTCHIMWAJIbHBIMHU
CUCTEMaMH KJIaCCUYECKOM MexaHuku. MM yka3aHa He-
00XO0ZIMMOCTh y4eTa CTapeHHs OETOHa B Mepe MO3y-
YECTU U HECTALIMOHAPHOCTH MOIYJIS YIIPYTOCTH.

I'.A. MacnoB 0cobo mogdepKuBall, HACTOSATEIb-
HO TIpeIyNPeXKaal, uTo JenaeTcs MepBblid mar B Mo-
CTPOCHUM TEOPUU: «8 HEPEOM NPUOIUNCEHUU TIPOU3-
BECTH OLIEHKY 3 peKTa moia3ydectd B pabore 6eToHa
U KeNe300eTOHHBIX (TUAPOTEXHUUECKUX) COOPYKe-
HUW»; «HA HACmoswemM dmane HAuux 3Hauuli B 3TON
00J1aCTH IPUXOAUTCS UOCATUZUPOBAMD. .. HUITUECKYIO
CTOPOHY SIBJICHHSD; «IIPHHUMAEM JOIMYIICHUS. . ., YIPO-
HIAIONHE MATEMATHICCKUE BBIKITAKI.

HauanpHble W OCTOPOXKHBIE MPEIMONIOKEHUS
I''A. MacnoBa, ero HacTOATEIbHBIE MPEIOCTEPEKE-
HUS 3a0BITHI B COBPEMEHHOW MUPOBOI TEOpUH -
TETLHOTO COTIPOTHUBIICHHS Xene300eTorna. COBOKYTI-
HOCTh (PyHIAMEHTAIBLHBIX OCHOBOIIOJIArAIOIUX CBOHCTB
OcToHa, B TOM 4uclie CPOPMYTHUPOBAHHBIX B MPUH-
nmumnax 1 npaBuiax EBpokoma 2, 00s3aTeIbHBIX K

16

MIPUMEHEHUIO B MHPOBBIX HOpPMax, OeCrpereeHTHO
HCKa)KaeTcs B COBPEMEHHBIX MEXKTyHAPOIHBIA CTaH-
maprax. B HUX Teopus moj3ydecTr 0€TOHA OCHOBBI-
BaeTCsl Ha MHBIX CBOMCTBAX U MpPaBWIAX: OIMIHOOYHOM
MIPUHIIMTIE HAJIOXKEHUS; HeCYIIECTBYIOINUX JINHEH-
HBIX CBOMCTBaX; BBIIYMAHHBIX «IICITHBIX MOJEIIIX);
HCIIONIB3YIOTCSl HECOCTOSATENBHBIC CCHUIKM HAa KJIACCH-
4YecKyro Teoputo BombTeppa; nmpuBnekaercs anredpa-
W3alus TEOPHH U JIp.

PaccMoTpum cHauama OCHOBOIIOJNIATAOIIYEO OIIHO-
Ky, COCTOSIIIYIO B KOITMPOBAHUYW MPUHIIMIA JTHHEHHON
cyrnepno3unuu bonbsiMaHa.

[TpuHIMn HalOXKeHUs SIBJIAETCS OCHOBOM Kak CO-
BpPEMEHHOW Hay4YHOW TEOpUH MOJI3y4ecTH OeToHa, IMo-
Jy4uBIIeH y 3apyOeKHBIX YUEHBIX HA3BaHUE «MHUPO-
BOT'O TapMOHHM3HPOBAHHOTO (hopMaTay, Tak U pa3pado-
TOK «B TMOCJICAHUE NECATHICTHS MEXKIYHAPOIHBIX WH-
CTUTYTOB CTaHIAPTU3AIIMY. .. Il PEKOMEHAAIMI, HOPM
U TEXHUYECKUX PYKOBOASAIMIMX NOKYMEHTOB» [1-3].
3mech ke ykaspiBaercs, uto Mak-I'enpu B CIIA
(1943 r.) «000CHOBAJ ATy TCHIICHIMIO 3KCIICPUMCH-
TaJBHBIMHA HCCIIEOBAHUAME TION3yYeCTH TepPMETHY-
HBIX 00pa3IoB IO MPUHITUITY HAJIOXKECHWSI, CBOHCTBEH-
HOMY Uil TeopuH BonbsTeppay.

OCHOBHO#1 3aKOH IMOJI3y4eCTH OETOHA MPUBEACM
B OPUTHHAILHBIX 0003HaUEHUX [1]:

6, ()= (1) (1) + [ (L) do(¢), (1)

rae €. (t) — moyiHas aeopManys OT HampsKEHUS

1 +(p(t,t’)
E(t) E.(t)

nuBocTH; E| (t') — HECTalMOHAPHBIA MOAYIH YIIPY-

— (QyHKOUA monaT-

o(1); J(t.1") =

TOCTH; (p(t,t') — HecTalMOHapHAasl XapaKTepUCTHKa

MOJI3y4eCTH, YUUTHIBAIOIAS CTAPEHHE.
B HayudHBIX myOJIMKanUsAX OOBIYHO HHTETPUPY-
10T B (1) mo JacTsam, morydast

sc(t)z%(?)—j;cs(t’)% L+M di'. (16)

! E () E(f)

o(1.1")
E.(t)
poii mon3yuectu Oerona C(z,t'), UCTIOIB3yeMOH B
myosmkarmsax B crpadax Opsiero CCCP, uro mpen-
MOYTUTEIbHEES IPUMEHEHHS XapaKTePUCTUKU TIOJ3Y-
4yecTd pu 00pabOTKe SKCIIEPUMEHTOB.

[MomuepkueMm, uro B ¢(t,¢') u C(¢,t") yuuThIBaeTCs
crapeHue OETOHa, a MOJYJb YNPYroO-MrHOBEHHOW Jie-
(opmaru E(¢') CylIecCTBEHHO 3aBHCHT OT BO3pacTa
OcToHA.

3aMeTI/IM, YTO cCJilaracMoe SBJIACTCA MC-
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VYpasHenus (1a), (16) 060cHOBBIBaIOTCS ABYMSI OC-
HOBOIIOJIATAIOIMMU JTOMYIIEHUSMH: TIPHHIMIIOM JIH-
HEWHOM CBS3M MEXKITY HANPsDKEHISIMU 1 JiehopMarisMm

g, (t.1")=0o(t")J(1.1'); (1)

MPUHIAIIOM HAJIOKEHHUSI, CIIOBECHO c(HOPMYIHPOBaH-
HOM B Pa3JIMYHBIX BapHAHTAX U3JI0KEHHS B MHOTOUHC-
JICHHBIX OOIIEN3BECTHRIX MYyOIUKAIUAX IO TEOPHUH
MOJI3y4eCcTH O€TOHA, CIIPaBOYHUKAX, HarpuMep B [9].

Cepbesnble ommOku B (1a) nenaT HOPMaTUBHYIO
TEOPHUI0 HECOOTBETCTBYIOIIEH EBpOKONY, HEHANEKHON
1 HedKOHOMHYHO#A. [IpH TooBoM 00BeMe 4 Mipa M°
NpUMEHEHUs] B MUpe OeTOHa U jkese300eToHa more-
PH OT TaKMX HOPM U PacyeTOB COCTAaBIIIOT 3HAYMTEIb-
HYIO BelnunHy. HamoMHuM Takke o Tparemuu oopy-
menns Tpancaanb-iapka (Mocksa, 2004 r.), 00y-
CIIOBJICHHOH Mpo0OJieMaMH MOJI3y4ecTH OeTOHa.

Paccmotpum cHauvana cnaraemseie B (la), (10),
OTHUCHIBAIOINIME KPATKOBPEMEHHBIE CBOIWCTBA U Je-
¢dopmanun. 3x1eck B MUPOBOM (OpMaTe TEOPUH CO-
BEpIAeTCs Psijl MOJAMEH CBOWCTB U3 (yHIAMEHTAIb-
Ho#i coBokymHOCTH (1.—10.).

Ilepsas noomena COCTOUT B HAPYILICHAN CBOWCTBA 5.

Henuuelinas mrHoBenHas nedopmamus €, =€ +€_,

Touka M Ha puc. 2 3aMeHsIeTCs ypyrou aedopmMariueit
€5, TOUKa 1 Ha puc. 2, TO €CTh peayibHass KPUBOJIUHEH-
Hasi muarpamma EBpokopa, BeIOpackiBaeTcsi U TOJMe-
HsieTCcs (PUKTHBHOM JIMHEHHOW TuarpaMMoi (puc. 2).

Crarbs 1.4 (5) EBpokoaa 0 3anpemaer Takue camo-
BOJIGHBIE JICHCTBUS, YKa3blBas Ha HEOOXOIUMOCTh HX
000CHOBaHUS: HEOOXOAUMO «I0Ka3aTh, YTO OHH CO-
OTBETCTBYIOT IPUHLMIAM M, IO KpaillHEW mepe, He
Xy’K€ WX B 4aCTH 0€30IMaCHOCTH, IKCILTYaTallnOHHOMN
MPUTOAHOCTH U JOJTOBEYHOCTH, MPEANOIaraeMbIxX
MpY UCMOJIb30BAHUU COOTBETCTBYIONIEH cTaThu EBpo-
Koza». Mexy TeM mepBast MoJMEHa 3aHMKAeT KpaTKo-
BpeMeHHble nedopmanyn O6etona 1o 100 %, a B pac-
geTaxX CXKAThIX KOHCTPYKITHM OIMHOKa B TIPEIeIbHOM
Harpy3ke cocrasiseT 10 500 %.

Bmopas noomena, He3ameveHHasT YYSHBIMHE, KO-
BEPKAaeT OIMMOOYHYIO 3[eCh YIPYyTylo Moaens ['yka
(puc. 2); oHa MpUAENBIBAET K KJIACCUYECKOW JTMHEN-

HOU CBSI3U G(t) / E (t ) HECYILIECTBYIOILEE U Hepeallb-

HOE TeJO BA3KOW KHIKOCTH ¢ KO3()PHUIUEHTOM JIH-

. N E(t)
HelHoH Ba3kocTd HeroToHa 1 (t ) = E—(Z) :
_o(t) 1 N
8y(l‘)_E )+£Ec(t')dc(t)
0 1
l. 2
SRR

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLW

dopmyna (2) sBugeT coboil mepBbie ciaraeMbie
B (1a), (16) u neMoHCTpUpYyeT NpeBpaIieHue KIaccu-
YEeCKOr0 HECTAIMOHAPHOTO YIPYTroro Tejia B BI3KO-
ynpyryto cpeny Maxkcsesuia.

CyIIHOCTh 8MOpoti NOOMeHbl BBITEKACT U3 TIPHH-
IIUIa HAJIOXKEHUs, OCHOBOIIOJIATAIONIETO MPUHIUIA B
MOCTpoeHNH 3aKoHa moisydectd (1a). [Ipuniun Hamo-
JKCHUS, SBJISISICH CBOCOOPa3HOW KaTaxpe3oH (310ymoTpes-
JICHUEM), COSTIMHSET OJTHOBPEMEHHO B ceOe /1Ba MOHSATHSI,
HECOCAMHUMBIC IO CMBICITY: CTAHMOHAPHOCTh X HECTA-
LUHOHAPHOCTh MEXaHWYECKUX CBOMCTB OeTOHA. 3anm-
CTBys cxeMy BonbIiMaHa, TPHHIMI HAIOXKCHUS 3aUM-
CTBYET W HECTAIIMOHAPHOCTh COOTBETCTBYIOIINX CBOMCTB
Marepralia 9TOl CXeMbl, TO €CTb OTBepraer (hyHIamMeH-
TaJbHBIC HECTAIMOHAPHbBIC JIMHEWHbBIC CBOICTBa OETO-
Ha 6., TOIMEHSISI X CTaIlMOHAPHBIME CBOWCTBaMU. Pe-
AJIM3YCTCA KC TMNPUHIUIT HAJIOXKCHUA B HECTAlMOHap-
HBIX JIMHEHHBIX CBOWCTBaxX (1B) B YCIOBHSIX OCHOBO-
TMOJTATAIOIIET0 3HAYCHHS 3TOI HECTAIIMOHAPHOCTH.

Maremarndeckasi CylHOCTb OIIMOKH BO3HUKAET
OT BTOPOW MOAMEHBI B 3HAYCHHUAX Aedopmannii Oe-
TOHA, BBISIBIIIEMBIX CIIEAYIOIIUM 00pa3oM.

CKopoCTh yIpyTroi medopmarium paBHa

: 1\ 4! 1 ’ i 1
8)’ (t )_ G(t )Ec ([,) +G(t )8tr Ec (tr)'
HHTGFpI/IPYSI, nMeeM

gy(t)-gy(t0)=jE1( )+ folr) 2, Et -

N N
HHTerpupys nepBoe ciaraeMoe 1o 4acTsiM, HaieM

()()LL

Ec(t) E(1,)

’ 6 1
—d. ——0dt'
Jolt az E( ) ”J Var 5"

7

OTcrona kpaTKoOBpeMeHHas AedopManus paBHa

o (1)
Sy (t) EC (t)’ ( )
TaKX€ BHUJHO, UTO IEPBOC CjlaracMoc I1oJ 3HaAaKOM

uHTerpana (la) siBiasercs JTUIIHUM, a UCTIOJIb30BaHUE
B (1a) u (10) mpuHIKTIA HATTOKEHUS

G(tO) [ 1 ’
sy( ):E (to)_;[Ec(t')dG(t)_
t 1 ,
E J 6t ()" )

IyOOKO OMIHOOYHO.
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[IpousBeneM YUCIEHHYIO OLICHKY OIIMOKH, BO3-
HUKAIOIIEH MpU onpeneaeHu MTHOBEHHOU ynpyrou
JnegopMary, HCKOBEPKAHHOW NMPHUHIUIIOM HaJIOXKe-

Hus. [lonoxus B (3), (4) G(t)=c50 =const, mo-

myuum g (1) = = const.

Sy Sy
2w (1,)=—2—
E, (1) s (1) E,(t,)
CpaBrenue 3TUX aedopMariii moka3aHo Ha puc. 3.

E}U)‘

(l\‘ 1O UPHHLHLLY HAJLOSKCHHA

Exti) T

ty=7 m. t =360 1.

Puc. 3. CpaBuenue &y(t) u &y(r)

Kpusas 2 Ha puc. 3 cCOOTBETCTBYET NaHHBIM
BHUUI 06 m3meHneHnn Momysst ynpyrocta Ec(f) Bo
BpeMeHd. OMMOKY B 3HAUYCHUH YIIPYTOi eopMariu
npu ¢ = 360 gu. nocturarot = 300 %.

WckakeHns MTHOBEHHBIX HECTAllMOHAPHBIX He-
JMHEHHBIX NepOpMalUil €, MOMBITKA UX HECOCTOS-
TEJILHOT'O OMUCAHUS PACCMOTPHM YyTh MO3KE.

ITocneanee cmaraemoe moJ| 3HAKOM MHTETpaia B
3akoHe (10) sBisier mpemovio noomeny GyHIaMEH-
TaTbHOTO CBOWCTBA 1. HENMHEWHOW MOJI3YUYECTH:
BMECTO HETO UCIIOJIB3YETCsl HECYIIECTBYIOIIEEe CBOM-
CTBO JIMHEHOM non3yyectu. 3 naHHbIx puc. 1 Bua-
HO, 4TO OMIMOKAa OT TaKOW MOJMEHBI COCTAaBISCT O
+400 % npu ¢ =40cyr. Ecin B3sATh 32 OCHOBY

CPENHION KPUBYIO, cOOTBETCTBYROIYyI0 G =0,5R

C €€ ONBITHBIMH MTapaMeTPaMH, TO OIMIHOKA OT TAKOTO
nuckaxenus 0yaet coctaBnaTs oT +200 o —200 %.

Yemeepmyto noomeny NEMOHCTPHUPYET TOCIEN-
Hsis yacTh uHTErpania (10)

t (P(t, t’) '

Imdc(f ),

tO c
OTMCHIBAIONIEr0 TpoIlecCc pa3BUTUS AedopMaruit
MOJI3y4YecTH TIpu TepeMeHHBIX o(t’) B ocHoBe
3/1eCh, C HA3BAaHUEM INPHUHITUIA HAJIOKEHUS, KOIIH-
pyercs NpUHUHUI JUHENHON cynepno3uiuu bosnb-
MaHa, COOTBETCTBYIOIIUNA CTAUMOHAPHBIM CBOM-
CTBaM IOJI3YYECTH MaTepuala, TO €CTh MPOUCXOIUT
nojMeHa (pyHIaMEHTAIBHOTO CBOMCTBA 2. OETOHA.
OTa moAMEHa, ¢ OJTHOM CTOPOHBI, IPUBOJUT K MOTE-
pe Tpex claraeMbIX B OCHOBHOM 3akoHe (la), BBI-

3BaHHBIX CKOPOCTHIO U3MEHEHHs K03 duirenTa mo-
JATINBOCTH:

18

N 1 0p(1,t)
G(t)Ec(t') (paz "
1 op(1,0') E (1)

_G(t,)(P(tﬂt,)ECz—(t,)’

c

+o(r) E (1) o

MIpUYEM 10 3HAUUMOCTH OHU COMOCTAaBUMBI C OCTaB-
LIMMCS CIaraéMbIM. OTH MOTE€PHU BBI3BIBAIOT 3HAYU-
TEJbHBIE PACXOXKACHHUS MKy TEOpHEH U SKCIIepHMEH-
TaMu, ONMCAHHBIE B Hay4yHOU JuTeparype. OHU TPHUBO-
JSIT K HENpaBUIBHOMY BBIPQKEHHIO SJpa TOJI3yYECTH
)K€ B PaMKax HECYIIECTBYIOLIEH JIMHEWHOW TEOpUU
nomzydyect OeroHa. IIpuHIMI HanoXeHUs KOBEPKaeT
9Ty JIMHEHHYIO TEOPHIO, BBI3BIBAS TIOSIBICHUS T00ABOY-
HBIX HECYLLECTBYIOLIMX Te1. YHCIIO TaKuX TeN 3aBUCHUT

oT Bua QYHKIMU (p(t ,t ') , OIMMCBIBAIOIICH HECTAIIIO-

HAapHYI0 XapaKTEPHCTUKY MOJ3Y4eCTH B OCHOBHOM 3a-
koHe (1). 3anmmem 3Ty GyHKIHIO B OOIIEU3BECTHOM,
IIMPOKO HCTIONIb3yEeMOM B HAYYHOH JIUTEpaType, BUIE

o(ti') 0. ()1-¢"""]

E(") E(t)

rae @, (t') — (QyHKUMS, YUYUTHIBAIOIIAs CTAPEHUE

)

OeToHa.
B u3BectHo# MoHorpaduu W.E. [IpokomoBuya xa-
paKkTepucTrKa mon3ydectu ¢(f,t") 3apyOeXHBIX yde-

HBIX HMeeT obo3Hauenue C (t,r) — 3TO TOXKIECTBEH-

HbIC BETUYHHBI.
B ciy4ae (5) ocHoBHO# 3akoH (1a) oOpasyer ye-
TBIpE JIMITHUX ((PUKTUBHBIX) TeNa: ABa Tena Tura Doir-
Ta M JIBa BA3KUX 3JIEMEHTa, COSTMHEHHBIX MOCIIEI0Ba-
TENBHO MEXTy co00ii. JledopMmarwm 3THX Te paBHBI

e, (1)= ;[c(z')ﬁe“”')dt’,

Mg (£) =§;—Ett’,)); (6)
£ (1) = joc(t’)ﬁdt',

N2y (t'):%ﬁ(ﬂ); (7
e, (1) = ;[cs(t')mey(”’)dt',

My () = B L (8)

E, (1) 9. (¢)
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cu0)= ol0)
N E(1)
mcp(t)——m, )

TIE N1, --- > Hap — KOOPPHUIUESHTHI BIZKOCTU WU KO-
3¢ PHULNEHTH BHYTPEHHETO COMPOTUBICHHUA (DHKTHB-
HBIX Teln, npudeM Tena (8) doiirra u (9) BA3KOTO
9JIEMEHTa TPU CKATHUU PACIIHPSIOTCA.

Hedopmannu nonsyuyectu (6)—(9), BoI3BaHHBIE
BO3ZCHCTBUEM NMPHUHLINIIA HAJIOKEHHUS Ha KJlacCHYe-
CKy10 CBs3b (1B), ABIAIOTCS QUKITUEH; OHU CYMMH-
PYIOTCSI TaKKe C KPaTKOBPEMEHHOW (PUKTUBHOH Je-
(dhopmarmeit

t
85¢(t)=—jc(t')i,;,dt': (10)
) o' E, (1)

€og (t) = ZZ::S@ (t)

¥ BHOCAT OOJIBIIIME TIOTPEITHOCTH B 3HAYCHUE TTOTHOM
nedopmanuu &4(f), onpeaeNsieMble 3aKOHOM TOJI3Y-
gecTH (10).

OTOT BBIABICHHBIN (aKT CYIIECCTBEHHOTO OIMHO0Y-
HOTO YCJIOKHEHHS TEOPHH, BEI3BAHHOTO MPUHIIATIOM Ha-
JIO’KEHHS1, TIOKA3bIBAET HECOCTOSITEILHOCT CY:KACHHUH
BEIYIINX YYEHBIX O MU(PHIECKHUX JOCTOMHCTBAX U TIpe-
WMYIIIECTBAX 3TOr0 TIPUHIIATIA, BHICKA3bIBAEMBIX B HACTO-
sIIee BpeMsl, OLICHHBAIOIIMX €T0 ¢ TOYHOCTBIO 10 Ha000-
POT: «HETOYHOCTh, BBI3BaHHAS B PE3YNIbTATE MPHHSITHSL
9TOM THIOTE3BI, IPAKMUYECKU He3HAYUMENbHA, U, C TIPY-
TOM CTOPOHBI, 3Ta TUIOTE3a 3HAYUMENbHO YIIPOLIAET
(hEeHOMEHOIOTHYECKYIO TEOPHIO MOJI3YyYECTH U JAENaeT
ee OoJiee MPOCTOi M TOCTYITHOM IS TPUMEHEHHS B WH-
JKEHEPHBIX pacyeTaxy; «IPUMEHUTENFHO K JIMHEHHBIM
JeGopManysiM MOA3yYeCTH MPUHLUI CYTEePIO3ULINN
BIiepBbIe ObUT ¥cnonbk3oBaH JI. bomsimanom (1874 T.),
HO TOJIEKO HETABHO JIOKa3aHa €ro cnpasednusocmsy (Per-
soz B.) a1a HenMHEHHBIX aedopMaryii oI3ydecT».

Ilamasa noomena HapymaeT (yHIaMEHTAIBHOE
CBOICTBO OeToHa 5..

B pamkax tpeGoBanuii EBpokona 2 x quarpamme
MTHOBEHHOTo nedopmupoBanus O6eroHa (puc. 2) cie-
JTyeT TIPU3HATh OMIMOKOM TEOPHH MON3YYEeCTH H3BSITHE
TUIACTUYECKOM JeopMalii €, U3 OOILIeH BETWYNHBI
MTHOBEHHOW Ae(opMaliu &y U MEPEBOJ €€ B Pa3psil
nedopManiy ToN3y4YecTH €4(f): IiacTudeckas nedop-
MaIws &, pa3BUBACTCS OKOJIO 1—2 MUH. (AJICKCaHIPOB-
ckuii, ba3aHT), a gedopmariys on3yqecTy &y(f) JJIUTCS
TO/IaMI; CKOPOCTh HapacTaHUs HENWHEWHBIX Jaedopma-
it 10 2000 pa3 mpeBhIMaeT CKOPOCTh HApaCTAHUS Jie-
¢dopmanmii mon3ydectd (B 1 cyT.); CKOPOCTb H BpeMs
pocTa YIpyrux €; U HEIMHEWHBIX AeopMaiuil €y

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLW

HMEIOT OJIUH TOPSJIOK, OIIMOKOM SIBIISICTCSI pa3beInHe-
HUeE 3TUX Jedopmanuii myTem pasaeneHus oomiel Be-
JIMYUHEI €, B HapyIIeHne paBui EBpokoma 2.
[Tnactuyeckast MrHOBeHHas! iehopManus €, Haje-
JIeHa HanMEHOBaHWEM OBICTpOHATEKaIoIIe, THO0 MU-
HYTHOH MMO3YYeCTH; CyMMapHas JehopMartis oObd-
HOW &,(¢) 1 OBICTPOHATEKAIOIICH MOJI3YUeCTH &, yCTa-
HABJIUBAETCS C MOMOIIBIO0 MEPBI TIOJI3YYECTH

C(t.1)=C,, (t.7)+Cs, (2.7),

MpeCTaBICHHON B BHIE IBYX (pyHKIMH AJ1s1 OOBIMHON
" 1711 ObICTpOHATEKAIOMIECH ToI3ydecTH. TakuM Tpue-
MOM HCKYCCTBEHHO CO3Jal0TCS HEHYXXHbIEe MaTeMaTu-
YeCKHe CJIOKHOCTH, M BOSHUKAET HapylleHue QyHnua-
MEHTAJIBHOTO B MEXaHUKE MPHUHIIMIIA HE3aBUCUMOCTH
nercTBus cuil (moapoOHee B 1. 5); B pacueTax KOoH-
CTPYKLIMH BO3HHKAIOT HEJIETbIE Pe3yIbTaThl.
MaremMaTudecKre CIOKHOCTH COCTOST B HEOO-
XOJIMMOCTH IOCTPOEHUSI HEHY>KHOI'O MHTErpaja, co-
MIPOBOXKIAEMOTO JIe(heKTaMH MPUHIIUIA HAIOKCHUS:

()= [o(0) 2, (00,

TOTJAa KaK &y Jerko Haxoautcs u3 Gopmynsr Cap-
JOKWHA W JPYTUX YPAaBHEHUH, OMHUCHIBAOIIUX MTHO-
BEHHBIC JUArpaMMbl, HallpUMeEp U3 MMapadoibl OM-
neprepa €, =3262 00 U3 3aBUCUMOCTH, TIPEAJIO-

sxkenHoit HUMKbB
4
c 24
== 0,1+ .
E&Ip 2 +I§1p
CpaBHuBas 3Ti GOpMYJIbI MEXKAY COOO0H, BUAUM
OIMOOYHOCTh WHTETpaIbHOH (OpMBI, TpeaHa3Ha-

YEHHOW I OTBHICKAHMSI OBICTPOHATEKAIOMIEH MOJI3Y-
YeCTH, €€ HaJyMaHHOCTb.

€

P _Ps-xpusas itnepa ¥

"MHHYTHaA —
TIOM3y4ecTh”

0,5

Puc. 4. I'paux pacyera c:KaTO-M30THYTHIX
0eTOHHBIX KOHCTPYKIHU ¢ HAYAJIbHOI MOrnébI0
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[IpuBeneM NOYYHTENBHBIA MPUMED, MTOKA3BIBAKO-
U HEJENOCTh Pe3YIIbTATOB, TIOYYE€HHBIX C TTOMOIIIBIO
OBICTpOHATEKAIONUX AceopMaltiii mon3ydectu. Pac-
CMOTPUM TPOJNOJBHBIA M3rHO CXKATOW CTOWKH B
MPOMEXKYTKE OJTHUX CYTOK ITOCIIE 3arpyKEeHHs, KOTaa
yCHeBaeT MPOSBUTHCS B OCHOBHOM OBICTpOHATEKa-
IoIIast MOJI3y4yecTh. [IuTenbHas KpUTHUECKas CHila B
COOTBETCTBHH C U3BECTHBIMU PEIICHUSAMU PrkaHHIIbI-
Ha, PaboTHOBa, lllecTepukoBa, [IpokomoBuya paBHa
' HI E
—, e H=——
e 1+ ¢,
Ka OBICTpOHATEKAOMIEeH IMOJIBYUECTH. JTa KPUTHIC-
CKasl cujla YCTpeMJIsieTcsl Mo BeJMYMHE K OecKoHed-
Hoctu Tipu urHE [—0 (puc. 4), 9T0 OTBepraeTcs
SKCIIEPUMEHTAMH, U 3APABBIM CMBICTIOM.

Eciu xe MrHOBEHHBIC HelMHEHHbIE nedopma-
MU HE TPUCOBOKYIUIITH K JeOpMaIHsIM IOJ3yYe-
CTH, TO UMEEM KacaTeIbHO-MOIYIbHYIO (JIMOO TIpH-
BEJICHHO-MOAYJIbHYIO) KPUTHUECKYIO CHIIy C KOHEY-
Hol BenmuunHOU npu [—0.

OO0paTiuM BHUMaHHE, YTO MIEPEHMEHOBAHHE TJIa-
CTHYECKUX nehopManuii €, (puc. 2) B aedopMarn
MOJIBYUECTH €4(f) M MX OAHOOOpa3HOE MaTeMaTHYe-
CKOE€ OMHICaHNe

[;:

, (6 — XaPAKTEPUCTH-

Lg (t,u)du

a(t)zz_é)_ j o)

5 E(u)

B 3anucu (GpyHKIUU Lg(f,u) TPUBOIUT K UCKAKECHUIO
Pe3yIbTaTOB SKCIEPUMEHTAIBHBIX HCCIIEA0BAHUHN IO
npobiieMaM MoJi3ydecTH OeTOHa BO BCEX CTpaHax
mupa (cM. [1]). BcnenctBue Takoro nepeMermBaHus
nedopMaliy MOJI3YYeCTH OIMOOYHO MPHOOPETAOT
HayalbHBIC «BEPTUKAJIBHBIE OTPE3KNY, UCKAKAIOIINE
3HaueHus Aedopmanuii momyyectu (o 50 %), oT-
BJICKAIOLIME HCCIenoBaTeNeil moa3yyectu OEToHa U
BBOJSIINE CHELMAIKUCTOB 110 TEOPUH KeJIe300eTOoHa
B 3201y K/IeHHE.

OmunOoYHbIE MPEAIOT0KEHHS 0 «ObICTpOHATEKA-
IO TON3y4ecTH», K(MUHYTHOM TOJI3y4ECTH» U «BEpP-
THUKAJIBHBIX OTPE3Kax» CHILHO MCKA3MIN HallpaBJICHHE
Pa3BHUTHS TEOPUH MONI3yUeCTH skene3o0eToHa. Mx BHen-
peHre B HOPMBI HAHOCHUT BpEA XKeIe300eTOHHOMY
CTPOUTEILCTBY.

3amuch Mephl MOJI3y4ecTH OEeToHa B BHJIE TaKOU
CYMMBI IPHBOJUT HE TOJBKO K MaTeMaTHYECKOMY YC-
JIO)KHEHHUIO TEOPUH IOJI3yUYEeCTH, HO U K HapyLICHUIO
MPUHIIMIIA HE3aBUCUMOCTH JICHCTBUS CHJI MEXaHUKU
HeroToHA.

Jlnst HarnsimHOCTH PpacCMOTPUM MPOCTOM M TIOY4HU-
TENBHBIA Cilydaidl. Mepy NOon3y4ecT 3aluileM B BUJE,
npemioxenHoM C.B. AnekcanapoBckuM (B ero 06o-
3HAYCHHUSIX )

~~—

20

C(t,1)= 4, [1—e‘V(H)]+A4 [1 —e‘“““)}, (a1

rie A, =y ()=const; A, =A(x)=const;

o >>7>0.

«Hanmnuue BrOporo cimaraemoro B (opmyie...
o0ecrevnBaeT Ha4YaJdbHBIH KPYTOW MOABEM KPUBBIX
MOJI3YYECTH TPH MAJIBIX {—T».

Huddepenuupyem ¢ yuetom (11) aBa pasa mo
¢t uHTerpanbpHoe ypaBHenue (10), moiydaem coot-
BeTCTBYyMOIIee eMy auddepeHnaIpHoe ypaBHEHHE
(E = const) BToporo mopska:

EE+(y+a)Eé+yoEe =
=+ (y+0)+EAy+E4,a |6+
+[1+ EA4, + EA, | yoo.

W3 ypaBHEHUSs BUAHO, YTO B HEM MPHUCYTCTBYET
CHJIa, TPOTIOPLINOHATIBHAST YCKOPEHHUIO

E

c= £(1).

(1+EA, + EA, )y

OcranbHbIe CHITBI, TIPOIIOPIIHOHATIBHEIE €,£,5,5,

pOJIU HE UTPAIOT.
B mexanuke HproToHa Hanmmuue CUII, IPOIIOPIINO-
HAJIBHBIX YCKOPEHUIO €, CBHUIETENLCTBYET O HApPYyIIE-

HUH TPUHIIAIA HE3aBUCUMOCTH JCHCTBUS CHUJI U He-
BO3MO>KHOCTH MCTOJIb30BaHUs BbIpakenus (11) mms
MepBI MOJI3YYeCTH OETOHA B MPAKTHYECKHUX 3ajadax
MIpU TIEPEeMEHHBIX cuiiax o(f). Takoil ke pe3ynprar
OyZeT AOCTUTHYT MPH HCIOJIBb30BaHUM NpYyrux (op-
MYyJI JiIsl OIMCAHUS MEPBI TOJ3YyYeCTH B BUJEC JBYX
u OoJbIero yucia ciuaraemeix (SmmH, Mak-I'enpw,
[IpokonoBuy, Yaunkuii u ap.).

PacmmmpurensHoe TonkoBaHuEe KO PHUIIUSHTA M0~
JMATIUBOCTH B BUJIE «IICMTHBIX Moxeiei» trma (11), Ha-
guHas ¢ paboThl Mak-I'eHpu, MHUPOKO UCTIOIB3YETCS
VIS wecmoti noomerbl (PyHIaMEHTAILHOTO CBOMCTBA 1.
HEeNMHEHHO! nomydectu 6eroHa. Mak-1 enpu, Hampu-
Mep, 3aMFCHIBAET IICTTHYIO MOJIENb)» B BHJIE

C(1,7)=C, [1 _e ) ] +Ce ™ [1 —e‘%(f"')] (12)

OH caM TpH3HAJI CBOIO IMOMBITKY HEymadyHOU [6],
YTO HEYJIUBUTEIBHO. 371eCh, KaK U B MPEAbIIyIICH
MIOJIMEHE, TIOSBIISIETCS HAPYIIICHNE MIPUHIIITA He3aBH-
CHUMOCTH JCHCTBUS CUIT, TIPUHIIAI HAJIOKEHUS TaK)Ke
o0pa3yer psja JONMOJHUTEIbHBIX (PUKTHUBHBIX TEIl,
KOTOPBIE KOBEPKAIOT PO MOJI3YUECTH U PE3YIbTATHI
teopun. Kpome toro, 3té neeKTsl, TOTONHSS IpyT
JpyTa, JaloT HempeacKa3zyeMble Uil TEOPHH Pe3yJiib-
TaTHI.

ANALYSIS AND DESIGN OF BUILDING STRUCTURES
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K cedvmoui noomene cpoiicta 1. 0 HenMHEHHOM
MoJ3y4yecTd OETOHa OTHECEM MHOTOYHCIICHHBIC He-
COCTOSITENIbHBIC IIOMBITKH ONUCATh TEOPHIO IOJI3y4e-
CTH C MOMOILBIO TaK Ha3bIBAEMOT'0 yCIOBHs adduH-
HOT'0 TIOZO00OUS KPUBBIX MOJI3YyYECTH.

B aT0it Teopuu OOBIYHO MPUHUMAIOT MTHOBCH-
HbIe CBOWCTBa OETOHA HECTAlMOHAPHBIMU YIIPYTHUMH,
a QyHKUMIO NoAaTAuBOCTH [(2,¢") — 3aBHUCSAILEH OT ma-
pameTpa (), ¥ 3aMUCHIBAIOT B OOBIYHOM BH/IE

AT

Jlanee ommOOYHO CYUTAIOT, YTO MAPAMETPOM W
ABJISIETCSl HAIIPSDKEHUE G (cedvmas noomena).

I(t,t')z#f)

B kaudecTtBe 60cbMOll NOOMEHbI CUATAIOT BO3MOXK-
HBIM 3aIUCaTh YACTbHYIO Je(hOpMAIIUIO TONI3yYECTH

——+C, [ n(t).01']

+F[o(t'),t']-C(,1')

C, I:u o1 t] B BBIPOXKACHHOM BHIE (CM. TaKxe

CBOHCTBO 1.).
B cooTBeTCTBUM C IPUHITUIIOM HAJIOKEHUSI UMEEM
3aKOH MOJI3yYeCTH

<r>EL())

’ 0 1

5w

f c

+F[o('),']-C(1,0') pdt'. (13)

Jlanee mosBNsAETCSI MaTeMaTHYECKasi ONIMOKa, CO-
CTOSIIAas B HEMPaBWIHHOM Ir(h(HepeHIIMPOBAaHUH BTO-
POro MOJIBIHTEIPAILHOTO BBIPAKCHHUS U yTEpe ciara-
€MOoro

L)+ 2

C(tt 14
ot (t’t )’ ( )

YTO KOBEPKAET M3HAYAIbHBIIN MPUHLUI HajokeHus (13)
U IIPUBOJUT K IOSIBICHUIO BTOPOTo (Oegamas noome-
Ha) TIPUHLUIA HAJIOKEHHUS B OCHOBHOM 3aKOHE IO0JI-
3y4ecTH BO BTOPOM MHTETPAIILHOM YJIEHE

: 1 '
gc(t) _[ ﬁtE()t_

t oC ’ '
—JG(t’)F[G(t'),t']%dt’, (15)

W BTOPOii (puKTHBHOI cuibl G, (') =G(t’)F|:G(t’),t'J,

JICHCTBYIOIICH HE3aBUCHMO OT IEPBOW CHIIBI G(¢)

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLW

(cBsI3aHHO# C pa3BUTHEM MTHOBEHHBIX nedopma-
nuii). O6paTM BHUMaHHUE, YTO MOTEpel ciaraeMo-
ro (14) w3Bpamiaercs CMBICT DKCICPUMEHTATBHBIX
JaHHBIX O CYIIHOCTH YJENbHBIX KPHBBIX MOJ3yde-
CTH, COOTBETCTBYIONIUX pa3NYHBIM YPOBHIM 3a-
rpyxenus, aro ciexyetr u3 (15): dbyHxmus zHenn-

HelHocTH F [G(t' t':' HU3bSITa U3 CYLIHOCTH KpH-

Bbix C; W mepenana cuie o(t'), ueM oOpazoBaHa HO-
Basg HeNWHEIHasl CBSA3b MEXIy HANpsKEHHEM U Jie-
(dhopmarueii.

[IpuBeaeM oqHY M3 MHOTOYHCIICHHBIX (OPMYIIU-
POBOK, 00OCHOBBIBAIOIIMX ONMTHOOYHEIN 3aKkoH (15) B
¢opme Leaderman H.: «...0buT MCIIOJIB30BaH MPHH-
LU cyneprno3uiyu aeopmanuu Bo BpeMeHu boib-
nMaHa... llpu BEIBOoJE peosiormyeckux ypaBHEHUI
IUIST MAaTEPHANIOB “‘C MaMATHIO”, yIOBIETBOPSIOIINX
YCIIOBUIO 3aMKHYTOTO IIUKJIA, BOJIbIIMaH OCTYIUPO-
BaJl JINHEWHYIO CBSI3b MEXIY HAMPSIKEHUSMHU U Jie-
(hopManmsIMH ¥ HCIIOB30BA THITOTE3Y, TTO3BOJIAIO-
LIyI0 y4ecTh BOcCTaHOBIeHHE. [Ipu 3TOM mpuHIUT
CYIEPIIO3ULIUH CBOJUIICS KaK ecmecmeenuas 0OnoJ-
HumenvHas sunomesa. B nampHeleM OBLIO TIOKa-
3aHo (Leaderman), 4To MpUHIMI CYNIEPIIO3UIIUN HE
TpeOyeT JIMHEWHOMN CBA3M MEXK/Y HAMPSKCHUSIMU U
nedopMaIsIMmn.

CpaBauBas (15) u (1a), moguepkHeM, 9TO HEIH-
HelHasi Teopusl MOJIBYYecTH OETOHa HE TOJBKO MO-
BTOpSAET OIMIMOKH JIMHEHHOW TEOPUH, HO U T0OaBISET
K HUM J[B€ HOBBIC JIOCTATOYHO BECOMBIE: HETTPABMIIEHO
onpeieNsieT napaMeTp U QpyHKIWIO HETMHEHHOCTH TI0JI-
3y4ecTH; JOTOJHSICT JIMHCHHBIA OMIMOOYHBIN MPUH-
LI HAJIO’)KEHUS ellle OJHUM OMIMOOYHBIM TPHUHITU-
[IOM HaJOXEeHHS — HeMMHEeWHbIM. CyIIHOCTh CaMoro
MIPUHIIUIIA HAJOXECHHUS, €T0 CBA3b CO CXeMoi bobIl-
MaHa ¥ €ro «IICMHBIMH MOJEISIMI» HaMH MOAPOOHO
TpoaHamu3upoBana B [15].

B nocnentee Bpemst mosiBUIMCH pabOThI, pa3pada-
TBHIBAIOIINE «MOIU(DHUKAINIO TIPUHIIUIIA HATOKCHHUS
nedopManmii 1 HeTMHEHHOH MOI3y9eCTH» B BUIE

ol 1

e(t.t,)=5(ty)+ | )

e o, (1) = S[G(‘C

+ C(t,'c) do, (r), (16a)

)] — wu3BecTHas (yHKUMS Ha-

MIPSLKEHUH 6[1].

Ommbo4YHOCTh ATOM 3aMUCH aHAIOTUYHA TOH,
KoTopasi ipumensieTcs B (1a). TTomHas ckopocTh fe-
(hopmanmm 31eCh paBHA

Vc(t,T)=S|:G(T):|$ C(t,7) |+S[o(z }er(l)+
S[G(t)]%C(t,r)+S[G(r)]%C(t,r). (166)
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OTtcrona BugHO, uTO B (16a) moTepsiHBI TpU
MOCIEeIHUX ciaraeMbIX 3 (160). 3HAYUMOCTh ATHX
cJaraeMbIX TOXKJIECTBEHHA TOW 3HAYMMOCTH, KOTO-
pas Obuta onmcana B myHkTax 1-3. HyxHo momosn-
HUTENFHO OOpaTUTh BHUMaHUE, YTO HEBEPHOU TaKxKe
SIBIISIETCS TOK/IECTBEHHOCTH HENMHEHHON (pyHKIINH
S[o(t)] Ang KpaTKOBPEMEHHBIX U IIIUTEIbHBIX Je-
dbopmanuil.

«Mopudukanus» He TOIBKO cOXpaHseT rpyObie
omnOku HenmuHelHoW Teopuu (15), HO U pubaBIsIeT
HOBEIE:

— MTHOBEHHas nedopmanus, Kak U paHblle,
HaJenseTcs MUGUIECKIM TEIOM BS3KON KUIKOCTH
no cxeme MakcBeluta, HO B YCIIO)KHEHHOW CTPYKType
KaueCTBEHHO COXpPaHseTCs OIIMOKa, MoKa3aHHas Ha
puc. 3;

— HEJIMHEWHas TOJI3y4ecTh OCHOBHIBASTCS Ha He-
COCTOSITEILHOM U HECYIECTBYIOLIEM YCIOBHH ad-
¢uHHOTO TOAO0MS, OTHAKO (DYHKITUS HEIMHEHHOCTH

s[c(t)] Teneph ONpeieNiseTcs He U3 SKCIepUMEH-

TOB Ha IMOJ3y4YecTh, COOTBETCTBYIOIIHUX pHC. 1,
a U3 ONBITOB HAa KPAaTKOBPEMEHHOE 3arpy’kKeHHe
(puc. 2), 1 He UMEET HUKAKOTO OTHOIIECHUS K Mepe
nomyuectu C(¢,t").

Pe3yabTaTthl

IlpoBenen maTeMaTUYeCKUW aHAIU3 CYIIECTBY-
IOHIMX OIHMOOK COBPEMEHHOW TEOPHH UINTEIBHOTO
COTIPOTHUBJICHUS KeIe300eToHa: B 3HAYSHHUSIX MTHO-
BeHHOM nedopmariin ommbka coctasiser 10 300 %;
B 3HAYCHUSAX JUIUTENBbHOMN nedopmarmu — 10 250 %.
VYkazaHo Takke, YTO CYIIECTBYET MHOXECTBO MOJI-
MEH, 00YCIIOBJICHHBIX CBOWCTBOM 8. O HeCTaIruo-
HapHOCTH HamnpspkeHus o(t). [Ipu Takux moameHax
3aKOH IMOJI3yYECTH dMIIMPUYECKH Ipeodpasyercs K
BHJIY HEKOTOPOT'O anre0pamvdecKoro BHIPAKECHUS.
HanpspxeHust 31ech TOOMEHSFOTCS CAaMBIMHU Pa3Ind-
HBIMH 3HAUYCHUAMMU: ITOCTOAHHOC HAIIPSKECHUE; YCIIOB-
HO€ «CpellHee SKBHBAJIECHTHOE HAIpPsDKEHHE 33 TPO-

MEKYTOK BpEMEHH I —1»; HaIpsHKEHHE 3aMEHSETCS

HEeKOTOpoW (yHKIWeH (TuHEeWHoH, mapabonuye-
CKOIf), 3aBUCAIICH OT XapaKTEPUCTHKHU IOJI3YIECTH
0eToHa, TIPUBJIEKACTCS TAKXKE TEOpPEMa O CPEIHEM;
WHBIC SMIUPUICCKUE HECOCTOATEIbHBIC MOIMCHBI.
H.X. ApyTtionss, C.B. AnexkcaHapoBCKUN HEOIHO-
KpaTHO MOKAa3bIBAIOT HECOCTOATENHHOCTh alredpa-
WYECKUX TEOPHUH MOJ3Y4YECTH: yCIOBUE OJHO3HAU-
HOH anreOpamveckoit cBa3u Mmexay C(#,1) u o(1)
SIBIISICTCS (JIMIICHHBIM (DU3HYECKOTO CMBICIA»; Ta-
Kasg CBSI3b «IPUBOJUT» K HEMPaBIOMOAOOHBIM pe-
3yJbTaTaM.
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