






value of the load applied. The total deformation of the sample 
for similar instants on the creep curves depended nonlinearly 011 
the value of the load (Fig* 4, Curves 1-5). At the loads up to
0.8x10 Pa the yielding of the samples decreased gradually; then» 
at & * 0.8*10^ Pa it increased sharply, this indicating the ini­
tiation of the local breakage of the fibers. From Fig. 4 it is 
obvious that the relaxation component of the deformation 
and the developing plastio strain c.pj> depend linearly on •

Fig. 2. A typical example of the deformation behaviour of meat 
samples at axial compression ( 6 = 0.11x10 Pa) 

t-̂ - 180 seo. - the moment of releasing the external load
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^8* 3. Creep curves at a oonstant load; the values of
¿ xlO^ Pa:

1 - 0.11; 2 - 0.22; 3 - 0.33; 4 - 0.44; 5 - 0.55; 6 - 0.66; 
7 - 0.78; 8 - 0.89; 9 « 1.00; 10 - 1.11
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Fig. 4. The total deformation as related to the value of the 1°^ 
applied for similar instants Ht", seo.: 1 - 0 ;  2 - 60;

3 - 12»; 4 - 180; 5 - 240
Instantaneous resilient strain I and instantaneous 
plastic strain II as functions of the load applied
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Fig. 5. Nonlinear rheological model of intaot muscular
tissue
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£  U )  = 2 . 5 x l 0 5 + 1 5  , Pa;

En (¿) = 1 *2 5 x 1 0 ^ + 5  , Pa. (10)

(9)

On the basis of the experimental data obtained, a nonlinear 
Geological model of inifcot muscular tissue can be suggested

5) , whioh is composed of the following elements! Kelvin ele­
ment ( £ ^ ) whioh provides the relaxation component of defor­
mation ¿Zgj? ; nonlinear resilient element Ej and nonli-»

Maxwell element £ /T (¿) t bridged with a look çb ,
latter providing residual plastic strain ^ pi • When the load 

Wa® applied, the rod of the lock moved free^ downward; when the 
■̂°ad was released, the lobes of the lock engaged the grooves and 

not allow the spring E ¡j (¿) to return to the Initial po­
tion. Under a higher load the element deformed irreversibly

The relation of the deformation EpP to the stress was 
determined by means of the paramétrés E¡j (¿) and ^  and depen­
d'd on the pre-history of deformation. The damper  ̂ provided 
^astio strain Ep^ , developing with time,and, when the exter- 
UaJ- load was released, - the relaxation of residual stresses on
the
tht

spring E,j (¿) ; so, on the whole, the model was free from
e*naJL ("frozen") stresses*
The total deformation of the model is represented as ratios

<1) and (2); the deformations of nonlinear elements E te * and c: <*4 7depending on the stress 6 applied - as expressions
^  and (4 ) (respectively)*

For the rest of the elements of the model, e.g. /12/,

+ ETSe£ ; (11)

f - p 1/  -  
" T

d

( 12)
Excluding particular deformations , ¿ > 7  , U  ,

^ f r o m  expressions (1—4), (ll) and (12), we derived the fol­
ding nonlinear differential rheological 2nd-order equation rela- 

tlv» to l and E x
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(13)i ~£ -f y cîz r 7* 7> f
a t  c ^ L - T T Ï > J + a t L ÏÏî)J J d id i  t

where £ (¿y _ ¿fr ' £V (¿)
£r U )  +  £ >  w

Is reduced ndnlinear modulus of elasticity;
7- l  ' ?

is reduced coefficient of viscosity;

(14)

(15)

d = — p ~  (16)

is deformation relaxation time.
Let us apply the above equation to studying the creep under 

constant load. At d =const equation (13) will become

+ £  = -&- (17)

This Is a linear Inhomogeneous differential 2nd-order equation 
with the right member being constant.

The initial conditions (at t=0) were as follows:
, i  - è

EgU) ~ E d ) ( 18)

£  (Q)s  J L  + j L  ;  j L  . (19)t, £  t
Equation (1?) with the initial conditions (18) and (19) is 

solved as follows:

6 ( i ) = m " x t + i ( f - e ' i )  (20)

Differentiating (20) in relation to time "t" and
to the limit at t — ► V  > we found that for the oreep rate 

limit
£  • (2i)
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means of equation (13) we studied the character of ŝ njple 
^oovery after releasing the external load at tn (Fig. 2). In
thi8 oase, instead of (17), we shall have (at & *0) :

( 22)

The initial deformation of the model was determined from the 
devious formula at tst-̂ ; minus the instantaneous resilient defor­
mation of Ej( ¿> ) it was equal to:

(23)

initial velooity was determined o n ly  with the initial de­
cimation rate of the Kelvin element /12/:

(24)

Having solved equation (22) with the initial conditions (.23) 
^44 (2^)f We obtained:

6 (*> - p )  + Xt' * (25)
Passing over to the limit at t , we found residual de­

stination S  re i id (tj), which depends on the instant of exter- 
load release:

(26)

Phenomenological constants E-̂ , ^  and 4  and deformation
**xation time were determined by the experimental data in 

*c°ordanoe with the above solutions. Proceeding from the ratio 
oreep rate limit (21) and from the data in Fig. 3, we calcu- 

ted the values of the coefficient of visoosity ? as being 
^out 5#2xl08 Pa*sec. Relaxation time , calculated by reoove- 
^ curves (Fig. 2), turned out to be equal to about 45 seo. Then, 
fording to equation (25), E,^3.8xl05 Pa. The seoond coeffioi-(hi, J-^ 6 of viscosity V was determined by expression (16) asC , r  1 7

£i as equal to 1.7x10' Pa*seo.
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The objective data obtained, whioh characterize muscular tls 
sue texture, can be used both for technological purposes, and 
for the evaluation of certain quality aspeots of foods.
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