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Abstract. In the present paper, we consider the pseudo-parabolic inequality with a singular potential
function in an annular domain. The problem is studied with the Neumann-type and Dirichlet-type
boundary conditions on the upper boundary of annulus. The non-existence of global weak solutions

were established for both cases based on the test function method.
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1 Introduction
In [8], Fujita studied the following parabolic problem
ug — Au = uP, (t,r) € (0,T) x RV,
u(0,7) = up () >0, € RV,
and proved the following results:
(a) If 1 < p < pe, then the problem (1) admits no global positive solutions;

(b) If p > pe, then for sufficiently small initial data, the problem (1) admits positive global
solutions.
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2
The exponent p, = 1 + N is called the Fujita critical exponent, which distinguishes be-

tween the existence and nonexistence of global in time solutions of (1).

We have to mention that, when p = p,, this problem was considered by Hayakawa in [10]
for N = 1,2 and Kobayashi et. al. in [12] for arbitrary N. For any nontrivial nonnegative
initial data, it was proven that there is no nonnegative global solution.

Suppose that Q(C RY) is any domain, bounded or unbounded. In [2], Bandle and Levine
considered the initial boundary value problem

ur — Au=uP, (t,z) € (0,T) x Q,
u(0,2) =up (z), €N (2)

u(t,z) =0, (t,z) € (0,T) x 9.

2
They proved that for the exterior problem they also have p. =1 + N

In some of the references, the nonlinearity u? is replaced by t*|z|7uP (see [1, 2|). The
critical exponent is changed to reflect the dependence on k and o, respectively, in the following

form
24+2k+o

Pec = 1+ N
Later, Qi in [15] studied the equation
ug = Au™ + |2|7t5uP, t >0, z € RN
u(0,2) = ug(x) >0, for x € RV,

and had shown that the critical exponent for this problem is equal to

242s+o

pe=(m—1)(s—1)+ ~

Other known results on critical exponents have been studied by a large number of authors,
as shown in (3, 5, 6, 7, 11, 13, 14, 17| and the references therein. The author apologizes to
the authors of the referenced and (unintentionally) unreferenced articles for any omissions.

Recently, Jleli et al. in [9] have studied the nonexistence of global weak solutions to
systems of semilinear parabolic inequalities

ug — Au = (e = 1)7Pol9, (t,x) € (0,T) x A,

(3)
vy — Av > (Jz| — 1)"PulP, (t,x) € (0,T) x A
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and single inequality of the form
up — Au > (|| — 1) 7PlulP, (t,z) € (0,T) x A,

where A={z c RV :1 < |2/ <2}, N >2 p>0andp,q>1.

Problem (3) considered under two types of inhomogeneous boundary conditions:

e the Neumann-type

O t) 2 [(@), O(1,2) 2 9(a) on (1,2) € (0.7) x OBy =T,

e the Dirichlet-type

u(t,z) > f(x), v(t,z) >g(x) on (t,z) € (0,T)x 0By =T,

(6)

where 0By = {z € RY : |z| = 2}, v is the outward unit normal vector on 9By, relative to A

and f,g € L*(0By) are nontrivial functions.
Mainly, they have proved the following theorem.

Theorem 1. Let N > 2 and p,q > 1.

(I). Let f,g € LY(0By). If

min{ o f(2)do, /8 N g(x)da} >0

and

plg+1) q(p+ 1)}

> 14 min ,
p { p+1 qg+1

the system (3) with either Neumann-type (5) or Dirichlet-type (6) boundary conditions,

does not admit global in time weak solutions.

(IT). If

1 1
0<p<1+min{p(Q+ ) alp+ )},

p+1 7 g+1

the system (3) with either Neumann-type (5) or Dirichlet-type (6) boundary conditions,

admits global in time weak solutions for some f and g.

It is obvious that Theorem 1 also provides for a single inequality (4) (if f = g and p = q).
Initially, it was unclear whether the critical value p = p+ 1 was part of the non-existence
scenario. However, recent work by the authors in [4] established that p = p + 1 indeed falls

under the non-existence case.
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This paper is devoted to studying the nonexistence of global weak solutions for the fol-
lowing pseudo-parabolic inequality

up — kAug — Au > (|z| — 1)"P|ul?, (t,x) € (0,T) x A =T, (7)

where A={z € RV : 1 < |z| <2}, N>2,p>0and k>0, p> 1.
The problem (7) is supplemented by inhomogeneous boundary conditions
e the Neumann-type

%(t,x} > f(z) on (t,z)€ (0,T)x 0By =T, (8)

e the Dirichlet-type
u(t,z) > f(x) on (t,x) € (0,T) x 0B =T, (9)

where By = {z € RY : |z| = 2}, v is the outward unit normal vector on 9By, relative to A
and f € LY(0Bs).

From the results cited above, we deduce that the size of the dimension plays a crucial role
in determining whether or not a blowup occurs. Our purpose here is to show an interesting
fact that the dimension of space does not affect the critical exponent in an annual domain.

2 Main results

In this section, we derive the main results of this work.

Definition 2 (Weak solution). We say that v € L} (II7) is a local weak solution to (7)—(8),
if the following inequality

/ (|x]—1)_"|u]pcpdxdt+/fgodadt—l—k/fcptdadtg
Iy r r

< —/ unptdxdt—k/ uAnptdxdt—/ uApdzdt,
I IIr Iy

0
6—(p|p = 0 and the notation do is the surface
v

(10)

holds for all ¢ € C%(Il7), ¢ > 0,¢(T,-) = 0 with
measure on Ollp.

Definition 3 (Weak solution). We say that v € L} (II7) is a local weak solution to (7)—(9),
if

/ (lz| = 1) PlulPypdadt — / f%dodt - k/ f%dodt <

11 T 87/ T 81/

’ (11)

< —/ uprdrdt — k:/ uAdrdt —/ uAdzdt,
Ty Iy

IIr

KAZAKH MATHEMATICAL JOURNAL, 22:4 (2022) 19-36



Pseudo-parabolic inequalities in annulus. . . 23

holds true for any ¢ € C?(Ilr),v > 0,9(T,-) = 0 and ¥|r = 0, ?ﬁh" <0.

If T'= 400, then u is called a global in time weak solution.

Theorem 4. Let N > 2 and p > 1. Suppose that f € L'(0B3). If

(x)do >0 and p>p+1,
0B

the problem (7) with either Neumann-type (8) or Dirichlet-type (9) boundary conditions, does
not admit global in time weak solution.

2.1. Test functions

This section will cover some test functions and their properties. Additionally, we will establish
some useful estimates related to the test functions.
Now, we introduce the test function in the form

¢ A
o(0:5) = or(thealo) = (1- 1) eala), 1€ 0.7, v € 4 (12)

where A > ;%} and the coefficients T, R are sufficiently large.
Let £r be a family of smooth functions in A satisfying

1 1
0§£R§1,mmM&dcc1+§§<Lﬂ§2£R:11n1+§<ﬂﬂ§2, (13)

with
|[VEr| < CR and |Aég| < CR?. (14)

As an example we can give functions of the form (see [9])
Er(r) = ®(R(|z| — 1)), = € 4,

where ® : Ry — [0, 1] is an increasing smooth function

0, if 0< <1
B(s)=4 " T=7=79
1, if s>1,

which satisfies the conditions (13) and (14), respectively.

Lemma 5. Let p > 0,p > 1. For sufficiently large T, R we have

P _ 1 _D_ 1--L2_
Ti= | (el = )7 7 i dudt < CT' 7777, (15)
T
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p—p+1

1 = / (|| = 1)751807"%1’A90t’%d$dt < CTlfp%lR p—1 (16)
IIr

and

e _ 1 _p_ p—p+1
I3 = / (lx] = 1)r=tp »=T|Ap|r-Tdxdt < CTR »—1 . (17)
Hr
Proof of Lemma 5. According to the test function (12), we have

T _ 1 » o 1 »
L=</ga“wmpr(/um—npwf*wwwmﬁ.
0 A

Furthermore, it can be deduced from basic calculations and the properties of the test functions
(12)—(13) that

ro_ 1 p_ (T t 7ﬁ
[erm e = (- 1)
0 0 T

— T

and

1
/mwwﬁ%waﬂm: /‘<m—mﬁ@mws
A

14 <|z|<2

< / (|lz] — 1)7 Tdz

14 5= <|z|<2
<C.

We get (15) by combining the aforementioned integrals.
Similarly, the integral Zo can be rewritten in the following form

T 1 » — 1 p
%z(/9%”WﬂPWQ(/Uﬂ—DJWﬁ“MwV1M>
0 A
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At this point, noting (14), we obtain

1+%
)T T | AT i — )T | Agq| P
(el =17 00 HAge[rtdr = [ (2] = D)7 T & |ALalP T du
1455
14+
2p_ p ——
< CRP / (2] = 1)751¢,7  da
I+55
1+%
P
< CRvr-1 /(|x\1)ﬁ—1daz
o (19)
3R
+5
2T oRa /(r—l)Per Yar
1455

The combination of (18) with the last inequality gives (16).
In a similar manner, the integral Z3 can be expressed as follows

T _ 1 P P -1 p
Ty = (/ Py 7 !cmlpldt) (/ (le] = 1)7=Tepy 7! \sz\f”dx> :
0 A

It is also easy to verify by a direct calculation that

T 1 P T t A
0, 7 oy | T dt :/ (1 — ) dt
[l o 7T (20)

=CT.

Hence, from (19) and (20), we get

p—p+1
1

13 < CTR »- y

which completes the proof. O
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Lemma 6. Suppose that f € L*(0By), then there holds

/fgoda <CT f(z)do
T

0B

and

/ fordo < C f(x)do.
r

0B

Proof of Lemma 6. In view of (12)—(13), it yields that

/F fodo = /F For (8o () dodt = ( /0 ' (1 - })Adt> ( N f(fc)€R(:v)d0)

<CT ( f(:c)da)
0By

and

T\ t\M!

[ oo = [ s 0pardodt = ( [ 2(-7) dt) ( N (@)éna)do
<c | f@)do,

0B>

which give the desired results. O

At this stage, we introduce another test function for 7', R sufficiently large coefficients as

A
t 1
vlt.a) = rltinle) = (1- 1) H@E), A> L, te @D aca @)
where () be a family of smooth functions in A satisfying
1 1
0<&x) <1, su CCl+=<z|<2,=1in 14+ —= < |z| <2 22
<€) <1, swpp(€) CC 14 £ <ol <2, =<l (22)

In addition, the function H(x) defined in A by

In2 —1Inlz|, if N =2,

In addition, H(x) is nonnegative, harmonic and satisfies the condition H|sp, = 0.
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Lemma 7. Let the test function {(z) be introduced in the form

£(z) = 0° (W) s> pQ_pl, (24)

where W : (—o0,1] — [0,1] be a smooth function function such that
0 if —o0o<2z<L0,
U(z)=4 /" if 0<z<4i,
1 if $<z<1.
Consequently,
w(r(el— 1y |, FIES
n xTr| — o . 1 1
W(lnR) = if 1+P~1<’$|<1+\/ﬁ’
Assume that
V() < C, [¥7(z)] < C, (25)
then, the following estimate holds true

(|z| —1)2In® R InR

c s—1 (In(R(|lz] — 1))
T 1P mE 1( IR >

Proof of Lemma 7. In because of the function ¥(z) is radial, we arrive at

acr) = (5 + Nt e (D))
= s(s — ) (W) [\p <ln<ng1; 1>>>]2 B

oo (D) (M)

o (A ) (A )

where r = |z| = (23 + 23 + ... + x%)% and C' > 0 is an arbitrary constant.
Moreover, from (25), we obtain

C s_o (In(R(r —1)) C s1 (In(R(r—1))
‘Ag(r)|§1n2R(r—1)2\Ij 2< InR )—I_lnR(r—l)?\p 1< InR >’

which completes the proof. O
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Lemma 8. Let p >0, p > 1 and T, R are sufficiently large, then we have

i = [l - DFTY I dnd < 0TV,

IIr

T = / (2] — )75~ 7T | AY|7T dadt <
IIr

<or (R # 4 it B )

and

T = [ ol = 17507 | A T <

IIr

< oT T [(lnR)_% + (lnR)_ﬁ} Rié(p;il»

Proof of Lemma 8. Taking into account (21), it obvious that

T
_Til / _p_ _pP
Ji = Yy P et (lz] = 1)P=Tepoda
0 +5<|z|<2
Therefore, taking into account the property of the function H(x) and £(z)
1
H(z)<C, &x)=1 on 1—|—§< lz] <2,
it yields that
[ el -0 Tvde = [ (el - DT H @)
1+ 4 <|z[<2 1+ £ <|z|<2

<c / (2] — 17T d
1+ £ <|z]<2

<C.

Moreover, combining (18) and the last estimate, we obtain the desired result.
Similarly, we have

A

n __1 p p =L _p_
7y = / T P de / (] — 1)75T4p 7T | Aqp| 727
0

(30)

(31)
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Moreover, by (23), we get

1 1 1
H »1(x)<C,|H <C,|VH <C, 1+=-<z<l+—. 32
(z) | H ()| [VH(z)] 7 <% Vi (32)

Therefore, taking into account that the function H (z) is harmonic with (32) and the remaining
(26), we arrive at

[Adpa(2)| = |A[H(z)E(x)] | < H(z)[A[E(2)] [+ 2[VH(2)][VE(2)]

1 5—2 1 s—1
< C|l—mmMm ¢ 4+ —— 5 ).
- <(|x| —1)21n? Rg (lz| — 1) lnR5 >
In view of the following inequality

(a+b)™ < 2™~ 1 (a™ 4+ b™), aZO,bEO,mzil,
p_

we obtain
_ 1 1
/ (o] — )7 7T | Ay 75T i = / (] — )75 7T | Ag| T de
A 1+§<\x|<1+ﬁ
and

P 1 _pb
/ (2 — )77 6 77| Ag[ T da <

14 <Je|<l+ 75

o1 1

p

p—1
] dx+

5—2

£

L <|z|<1+ =

+C / (!wl—l)f’%ﬁ_ﬁ [(]w\—ll)lnR

I p<|z|<l+ 75

p

=1
] dx.

s—1

5 s
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Then, noting that s > 1% and (22) we arrive at

[ el - 0Py P

L <lz|<14+ =

<c / (o] — 1)7T [W] T e

I f<|z|<l+ 7

e / (j2| - 1)7% [M} " da.

L <|z|<1+ =

At this stage, we calculate the last integral in the following form

e 1 pfl
B [ — d
/ (el =1) [(|x| - 1)21n2R} v
1 P 2p
[ el -

I f<|z|<1+ 7
1 P
In’?R
L <|z|<1+ =

_Dp
= [1 211?} - / (r— )TN lg (39)
n
L+ g <r<l+—

p

r—l=s 1 |»1 _p__2p
< Cl— / sp—1 p-1(s
In“ R

1 1
R<s<\/§

Similarly, one obtains

/ (Jo| — 1)7°1 {WJ o do < (nR) 1 g2 (F5)

(34)
1+§<\x|<1+ﬁ

Combining (33), (34) and (20) we obtain (28).
Consequently, the integral J3 expressed by

T
_ 1 __1
7 = / Oy T 7T de / (2] — )74 77 | Ay 7T dx
0

+ L <|z|<2

KAZAKH MATHEMATICAL JOURNAL, 22:4 (2022) 19-36



Pseudo-parabolic inequalities in annulus. . . 31

Then, the combination of (18) with (33), (34) gives us

T
,p%l b p_ ,p%l D
J3 = Py P [Tt (Jo| = 1)p=Tehy P77 [Adpg|p—Tdz | <
0

+E<z|<2
1-_»_ _2p __p _l(M)
<or' A [(mR) »T + (InR) p—l} r 25T ),
for all (¢,x) € IIp, which completes the proof. O

Lemma 9. For the function ¥ (t,x) on T the following inequalities

O (t,2) = ~C(N)u (1) < 0
and o 9
aTt(t’ z) = =C(N) 591 (t) <0
hold, where

2- 1 if N=2,
CN) = { 2-4(N —2), if N>3.

Proof of Lemma 9. Using the property of the test function (22), we obtain
Vipp(z) =V (H(x)€(x))
— H(2)VE() + E(x)VH ()
— VH(2),

here we have used V&(z) = 0 and thanks to {(z) =1 on 1 + ﬁ <l|z| <2
Hence, using (23) for = € dBs, we arrive at

s

S2(@) = —C(N),

where .
271, if N
CN) :{ 274N —2), if N

Consequently, from (21) we conclude that

oLl _ [ 27y () <0, if N=2,
%(tul‘) - _C(N)’(pl(t) - { 2—1(N _ Q)wl(t) <0, if N>3
and 5 5 Lo
v (t7x) — C(N)atwl(t) - { 2—1 N_2)%¢1(t) SO, if NZ?),
hold true for all (t,z) € I. O
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2.2. Proof of basic theorems
In this subsection, we prove the main theorems in detail.

Proof of Theorem 4. (i) The case with the Neumann-type boundary condition (8).
e Subcritical case p > p + 1. From Definition 2, we deduce that

/ (\x!—l)_p|u]pg0dxdt+/fgodadt—l—k/fcptdadt
Ir r r

(35)
S/ |qu0tdxdt+k/ ]uHAgpﬂdazdt—i—/ |ul|Ap|dzdt.
I Il IIr
Therefore, by Holder’s inequality, we obtain
1 p=1
1
[ tulladasar < ([ ol =1 elupdna) ([ el - 07107 ol Frdaar )
IIr IIr Iy
I
1 p=1
1 P
/ || Ay |dadt < </ (|x|—1)p|u]pgodxdt>p</ (\x|—1)pp1¢pl|A¢t\p1dxdt> !
IIp IIr IIr
Is
and
1 p=1
p 1 P
/ lul| Ag|dzdt < </ (|x]—1)_p|u\pg0d:vdt) </ (|x|—1)pfup—p—1|A<p|Jldxdt> .
IIr IIr IIr
I3

On the other hand, using the e-Young inequality with ¢ = g in the last inequalities, we can

rewrite (35) in the following form

/ fedodt + k‘/ fordodt < C(p)(Zi + kIz + I3), (36)
r T

p—1/p\~51
here C(p) = =~ (, ‘
where C(p) 5 3)
From Lemma 5 and Lemma 6 we deduce that
(C+kCT™) (z)do < C(p) (T’ﬁ 4 RTPEIRT 4 R”;ﬁTl) _
0B2

Finally, taking R = T passing to the limit " — oo taking account p > p + 1, we get a
contradiction with

(x)do > 0,
0By
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which completes the proof.
e Critical case p = p+ 1. Using the same technique as the previous case choosing the
test function as (21), we obtain the estimate instead of (36) in the following form

[ svdotis i [ pododt < o)A+ b5+ )
r r
According to Lemma 6 and Lemma 8, we conclude that

(C+kCT™) f(z)do
0B2

< O(p) (T7FT R AT 7 (B R 4 (R) P R,

Furthermore, choosing R = T" and passing to the limit T" — oo taking account p = p + 1, we
get a contradiction with

f(x)do > 0,
OBs

which claims our theorem.

e The case with the Dirichlet boundary condition (9). Assume that v € LP(Ilr)
is a global weak solution to (7)-(9). Then, acting in the same way as in the above case, we
get the next estimate instead of (36)

/f dodt — k /f Ldodt < C(p)(T) + Ko + Ts), (37)

3
Hence, using (21) and Lemma 9 on the left-hand side of the last inequality, we obtain

/F 19 gt = ~C(N) ( /0 ! <1 - ;)Adt> < » f(x)da)

/fa“#’td dt = —C(N) (-2/: <1— ;)A_ldt> < aBZf(:c)da)
G, < N f(;v)da) .

KAZAKH MATHEMATICAL JOURNAL, 22:4 (2022) 19-36
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From the last estimates and Lemma 5 we can rewrite the inequality (37) as

(Cr = kCT™) (2)do < C(p) (T777 + KT F TR + R
0B2

Finally, taking R = T passing to the limit as T" — oo noting p > p+ 1, we get a contradiction.

e Critical case p = p+ 1. We obtain the estimate in instead of (36) using the same method
as in the previous case, and it has the following form

0 0
— / f—¢dadt — k/ f—wtdadt < Cp)(JL + kT2 + T3).
T ov T ov
In view of (38), (39) and Lemma 8, we conclude that

(C1+kCoT™H) f(z)do
8Bs
ptp—1

< C) (T 7 TR 5T + kT 71 (W R) 77 R

pP— 1

p—
p—1

+(nR) 7T R

Furthermore, choosing R = T" and passing to the limit 7' — oo taking account p =p+ 1, we
get a contradiction with

(x)do > 0,
0B>

which completes the proof. ]

References

[1] C. Bandle. Blow up in exterior domains. Recent Advances in Nonlinear Elliptic and
Parabolic Problems, P. Benilan, M. Chipot, L. Evans, and M. Pierre, eds. Pitman Notes. Vol.
208. P. 15-27. (1988).

[2] C. Bandle, H. A. Levine. On the existence and nonexistence of global solutions of
reaction-diffusion equations in sectorial domains. Trans. Amer. Math. Soc. Vol. 655. P.
595-624. (1989).

[3] P. Baras, M. Pierre. Critére d’existence de solutions positives pour des équations semi-
linéaires non monotones. Ann. Inst. H. Poincaré Anal. Non Linéaire. Vol. 2. P. 185-212.
(1985).

[4] M. Borikhanov, B. T. Torebek. Behavior of solutions to semilinear evolution inequal-
ities in an annulus: The critical cases. Journal of Mathematical Analysis and Applications.
Vol. 536, No. 1. P. 128172. (2024). https://doi.org/10.1016/j.jmaa.2024.128172.

[5] M. Borikhanov, B. T. Torebek. Local and blowing-up solutions for an integro-
differential diffusion equation and system. Chaos, Solitons and Fractals. V. 148. P. 111041.
(2021).

KAZAKH MATHEMATICAL JOURNAL, 22:4 (2022) 19-36



Pseudo-parabolic inequalities in annulus. . . 35

[6] T. Cazenave, F. Dickstein, F.D. Weissler. An equation whose Fujita critical exponent
is not given by scaling. Nonlinear Analysis. V. 68. P. 862-874. (2008).

[7] K. Deng, H. A. Levine. The Role of Critical Exponents in Blow-Up Theorems: The
Sequel. Journal of Mathematical Analysis and Applications. Vol. 243. P. 85-126. (2000).

[8] H. Fujita. On the blowing up of solutions of the Cauchy problem for u; = Au + u! T,
J. Fac. Sci. Univ. Tokyo Sect. Vol. 13. P. 109-124. (1966).

[9] M. Jleli, B. Samet. Nonexistence criteria for systems of parabolic inequalities in an
annulus. Journal of Mathematical Analysis and Applications. V. 514, No 2. P. 126352. (2022).

[10] K. Hayakawa. On Nonexistence of global solutions of some semilinear parabolic dif-
ferential equations. Proc. Japan Acad. Vol. 49, No. 7. P. 503-595. (1973).

[11] M. Kirane, Y. Laskri, N.Tatar. Critical exponents of Fujita type for certain evolution
equations and systems with spatio-temporal fractional derivatives. J. Math. Anal. Appl. V.
312. P. 488-501. (2005).

[12] K. Kobayashi, T. Sirao, H. Tanaka. On the growing up problem for semilinear heat
equations. J. Math. Soc. Japan. Vol. 29, No. 3. P. 407-424. (1977).

[13] H. A. Levine. The role of critical exponents in blowup theorems. SIAM Rev. Vol. 32,
No. 9. P. 262-288. (1990).

[14] E. Mitidieri, S. I. Pohozaev. A priori estimates and blow-up of solutions to nonlinear
partial differential equations and inequalities. Proc. Steklov. Inst. Math. V. 234. P. 1-383.
(2001).

[15] Y. W. Qi. The critical exponents of parabolic equations and blow-up in RY. Proc.
Roy. Soc. Edinburgh Sect. A. Vol. 128, No. 1. P. 123-136. (1998).

[16] P. Quittner, P. Souplet. Superlinear Parabolic Problems, Blow-Up, Global Existence
and Steady States, Second ed., Birkhduser (2019).

[17] F.B. Weissler. Existence and nonexistence of global solutions for a semilinear heat
equation. Isr. J. Math. Vol 38. P. 29-40. (1981).

Bepixanos M.B., Tepebex B.T. CAKMHAJIAT'BI [ICEBJ/IO-ITAPABOJIAJIBIK TEH-
CI3AIKTEP/IH, I'N'TOBAJIAbBI THNEIIIJIIMCI3IIT'T

By »)xyMbIcTa cCakKMHAIAFBI CUHTYJISIPJIBIK TOTEHIINAJIIBIK, (DYHKIUICHI 6ap 1ceBIonapabo-
JIAJIBIK, TEHCI3IIKTI KapacThipaMbl3. Fcenl cakmHaHBIH »KOFaprbl meKapacbiaga Heliman tunri
xoue upuxie TANTI mekapaJsblK MapTTapMeH 3eprTeseai. Exi »karmaiiza ga cbiHak, QyHK-
IUSICHI OJIiCi Herisiuae rimodasiIbl 9JICI3 MIeNTiMAEeP/IiH »KOKTHIFbI aHBIKTAJIIBI.

Tyiiin ce3nep: nuddepenuaiabk oneparop, Jlammac Texaeyi, meKkapaIblK, MapT, me-
mriMHIH Giperefisiri, omepaTopiblH MEHINKTI MOHJIEPi, TOJBIK, OPTOTOHAJIbIIBI XKYiiesaep, ore-
paTop cruekTpi.
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Bopuxanos M. B., Topedex b. T. VJIOBAJIbHAA HEPASPEIIMMOCTDL ITCEBIO-
ITAPABOJIMYECKNX HEPABEHCTB B KOJIBIIE

B macrosimieit pabore paccMaTpuBaeTcs IICeBA0nmapadboIndeckoe HePaBeHCTBO C CHHTYJIsSIP-
HOIl MMOTEHINAJILHON (PYHKIIMEH B KOJIbIE. 3a1ada U3y9aeTcsl C TPAHNIHBIMA YCIOBUAMUI THUIIA
Heiimana u tuna Jupuxiie Ha BepxHell rpaHuiie Kojbia. Jljst oboux cydaeB Ha OCHOBE METOIA
IPOOHBIX (PYHKIINN YCTAHOBJIEHO OTCYTCTBHE IJIOOAJIBHBIX CJAA0BIX PEIleHMiA.

KimroueBbie cioBa: mauddepeHnalbHbI olepaTop, ypaBHeHue Jlamiaca, TpaHUIHOE
yCJIOBHUE, €IMHCTBEHHOCTD PeIlleHnsI, COOCTBEHHbBIE 3HAYEHUS OIIEpaTOpa, MOJHbIE OPTOrOHAIb-
HbIE€ CUCTEMBI, CIIEKTD OIlepaTopa.
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