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Article
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CHARACTERIZATION OF THE BOUNDEDNESS OF THE DISCRETE
FRACTIONAL MAXIMAL OPERATOR BETWEEN WEIGHTED LORENTZ
SEQUENCE SPACES!

A.Gogatishvili’? !, N.A.Bokayev'” ?, N.K.Kuzeubayeva'> 2 *
! Institute of Mathematical of the Czech Academy of Sciences, Zitnd 25, 115 67 Praha 1,
Czech Republic
2 L.N. Gumilyov Eurasian National University, Satpaev Str. 2, 010008, Astana, Republic of
Kazakhstan
(E-mail: ' gogatish@math.cas.cz, * bokayev2011@yandex.Tu, > *nurgul.kuzeubaeva@mail.ru )

Abstract. In this paper, we give the complete characterization of the boundedness of the
discrete fractional maximal operator M, , defined on Z", n € N, v € [0,n), between the classical
Lorentz sequence spaces Ap(v) and Ag(w), where 0 < p,q < oo, {v(m)} and {w(m)} are non-
negative sequences defined on N. We first obtain a sharp upper estimate for the nonincreasing
rearrangement of the discrete fractional maximal operator M,z , with a supremal operator involving
a discrete Hardy operator and the nonincreasing rearrangement of the sequence {z(k)}, and we show
that this estimate is sharp by showing a lower estimate for special sequences. Using this result, we
can reduce the characterization of the boundedness of the discrete fractional maximal operator M,
between the discrete weighted Lorentz sequence spaces to the boundedness of the discrete supremum
operator between weighted Lebesgue sequence spaces, restricted to nonincreasing sequences. This
problem was investigated in the recent paper by the authors, which enables us to obtain the final
characterization.

Keywords: discrete Fractional maximal operator, weighted Lorentz sequence space, supremal
operator, Hardy operator.

DOI: https://doi.org/10.32523 /bulmathenu.2026 /2.1

2000 Mathematics Subject Classification: 46B30, 46B85

1. Introduction

We start with the definition of the decreasing rearrangement of the real sequences. We will
follow the book [1] reformulating the definitions for the special case of the o -finite measure space

IThe research was supported by the grant Ministry of Education and Science of the Republic of Kazakhstan (project
no. AP26196065).The research of A. Gogatishvili was partially supported by the grant project 23-04720S of the Czech
Science Foundation (GACR), The Institute of Mathematics, CAS is supported by RVO:67985840, by Shota Rustaveli
National Science Foundation (SRNSF), grant no: FR22-17770.
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(Z",P(Z™),m) where m is the usual counting measure, which is defined as follows: for a finite set
A, m(A) is the number of its elements, and for infinite A we have that m(A4) = oo.

Definition 1 (Distribution function and decreasing rearrangement). Consider the measure space
(Z",P(Z™),m) . For any bounded sequence {x(k)}rezn of real numbers, we define its distribution
function my : [0,00) — [0,00] in the following way:

mg(w) =m{k € Z" : |z(k)| > w}, w>0.
Then for ¢ > 0 we define the decreasing rearrangement:
z*(t) = inf{w > 0 : my(w) < t}
and the decreasing rearrangement {z*(7)}:2; of the sequence {z(k)}rezn as
z¥(i) = 2*(t(7)) = inf{w > 0 : my(w) < t(3)}

forany i — 1 <t(i)<i, i€N.
It should be noticed that an alternative equivalent definition of the decreasing rearrangement is
possible.

x*(i) = sup min |z(k)| € N.
ECZnr m(E)=i k€E
We use the convention here that inf () = co. Thus, if mg(w) > i for all w >0, then z*(i) = co.
We denote 2**(k) as the average {a*(k)}ren:

k
1
T (k) = 7Y a'(@), keN.
=1

We will use the following conventions. We write A < B if there exists a constant C € (0,00)
independent of appropriate quantities such that A < CB. We write A ~ B if we have both A < B
and B < A. We put 1/(£o0) =0, 0/0 =0, 0-(£o0) = 0. Moreover, we omit arguments of
integrands as well as differentials in integrals when appropriate in order to keep the exposition as
short as possible. We will denote by LHS(x) and RHS(x), the left-hand side and right-hand side
of an inequality (x), respectively. Note that since the counting measure m can only take integer
values (or infinity), it does not matter which exact t; is chosen for the given k, as long as it is in
the aforementioned interval.

In this paper, an upper bound is obtained for a nonincreaging rearrangement of a discrete
fractional-maximal operator through a certain supremal operator. We assume throughout that
w and v are sequences of nonnegative terms. Their partial sums are denoted by

m m
W(m) = Zw(k), V(m) = Zv(k), m € N.
k=1 k=1
In the case where the series converges, or we consider the limit of the sequence of partial sums, we
write:

V(oo) = lim V(m).

m—o0

Definition 2. Given a fized sequence w(k)ren of nonnegative real numbers not identically equal to
zero and a fired p € (0,00). The classical Lorentz sequence space Ap(w) is the set of all complex
sequences T = (k)pcyn such that |[x||y, ) < 0o, where

Il ) = (Sewrww). o<p<m

sup x* (k) - w(k), p = 00.
k>1

Notice that the || - ||\, ) does not necessarily have to be a norm.

Bulletin of L.N. Gumilyov Eurasian National University. Mathematics, computer science, mechanics series, 2026, Vol. 155, Ne2
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Characterization of the Boundedness of the Discrete Fractional Maximal Operator...

Definition 3.
Ap(w) ={z € Z" : ||z, (w) < +o0}.

For m = (mi,ma, -+ ,my,) € Z" and N € N we define the set
SN ={k € Z" : ||k —m|loc < N},

where |[|(z(1),2(2), -+ ,2(n))|loc := max{|z(i)] : 1 < i < n} for each (z(1),z(2),---,z(n)) €
Z™. Then |S, n| = (2N + 1)" is the cardinality of the set S, n. Let 7 € [0, n) x =
((1),2(2), - ,x(k)) € Z™. The discrete fractional maximal operator M., is defined by

(Myz)(m) = sup [Spn|» " D |w(k)], m e Z".
NeN s
m,N

The aim of this paper is to establish a condition for the boundedness of the discrete fractional
maximal operator from A,(v) to Ag(w).

2. Preliminaries

Theorem 1. [I, Chapter-2, Theorem 2.2| If x = {z(m)}mezn and b = {b(m)}mezn are complex

sequences, then
> z(m)b(m) <2 (k)b*
k=1

mezZm

Lemma 1. Let n € N and ~ € [0,n), then the following inequalities hold:

:él%(M Lx)*(k) < Ds sup ko x*(k), (1)
sup kl_%( ) < Dy Z |x(k (2)

ke N kezn
where D3 and Dy are positive constants depending only on n and -y.

Proof. Using the definition of M, and Theorem [l we get

sup (Myx)* (k) = sup (M,x)(m)

ke N mez"
J_
= sup sup |[Spn|n ! Z |x(k)|
mezZn NeN koS
\Sva\
< sup sup [Spn|nt DY a*(i)
mezZn NeN P
‘SmN‘
.
= sup sup |Spn|n ! Z i (0)
me Zn NeN ,
N ‘Sm,N‘
< sup sup |Spn|n Z i sup i/ (i)
mezZn NeN P ieN
< Dysup /" (i)
i€EN

the estimate proved.
Now we prove the estimate . Fix a number A > 0 and set

— n.
E\={keZ": (Myx)(k) > A}.
JI.H. I'ymunes arbingarsl EYY xabapiubicsl. MareMarnka, KOMObIOTEPJIIK FBIIBIMIAP, MeXaHHKa cepusicbl, 2026, Tom 155, Ne2
Bectuuk EHY um. JI.H. 'ymunea. Cepua MartemaTuka, KOMIObIOTEPHbIE HAYKU, MexaHuka, 2026, Tom 155, Ne2
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We want to estimate

_a " C
m(Ex)'""n =m({k € Z" : (Myz)(k) > A\}) < 74 > Ja (k).
kezn
For each k € E), choose Nj such that

! S fam)] > A

Sk, 1/ meSmon

Thus E) C Ugep, Sk,n, . Take any finite set £ C Ey, and apply the Vitali covering lemma [2,

Chapter-1, Lemma, p. 9]. So there exists a disjoint subcollection {S; = Sk; n, } selected by the
J

Vitali covering lemma, such that:

m(Ey) <3" ) m(S;)
J

and
m(Ey)' " <377y m(S)
J
<Y Y falm)
Jj meS;
<3N Y fa(m)]
mEU]-Sj
<3N N Je(m)],
mezZ™
S0 5
sup Am(Ey)Tn < 3777 Z |z(m)]
A>0 mezZm™
sup m' =% (M2)* (m) = sup Am(E)' "% <37 3 [a(m)|
meN A>0 mezn
which is an estimate with Dy =377, O

3. Main results

In the following theorem, an upper bound estimate for the nonincreasing rearrangement of the
discrete fractional maximal operator is obtained.

Having defined the A,(w) norm, we can now move on to the sequence spaces induced by that
norm. For the definition to make sense, we only take sequences with finite norm.

Theorem 2. Let n € N and v € [0,n). Then there exists a positive constant Dy, depending only
on n and v, such that

(Myx)*(m) < Dy sup KM ( k), meN (3)

m<k<oo

for any sequence x = {xz(m)}ezn .

Proof of Theorem [2l Fix k€ N and let x € Il (Z"). We may assume that

loc

k
sup kY1 2" (j) < o0 4
5 E ) (@)

otherwise holds trivially. Then by the Hardy-Littlewood inequality

k
D a(k) < at(i) < oo
i=1

ke@

Bulletin of L.N. Gumilyov Eurasian National University. Mathematics, computer science, mechanics series, 2026, Vol. 155, Ne2
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Characterization of the Boundedness of the Discrete Fractional Maximal Operator...

for every set @ C Z™ of measure at most k. In particular, if we put

E={meZ":|z(m)| >z"(k)},
then m(F) < k [I, Chapter 2, (1.18)], and so >_ |z(k)| < co. We define the sequences:

keE
yr(m) = max{|z(m)| — z*(k),0} sgnx(m), m e Z",
zi(m) = min{|x(m)|, z* (k) } sgn z(m), meZ".
Then x = y; + 2z and
Yr(@) = X(oynn (27 () — 2" (k)), i€N
23 (1) = min{z* (i), 2" (k)}, ieN
whence from ([7)):
k k
S luk(m)| = Zyk =3 (@) -2 k) <D a"(0).
mezn =1 i=1
From the inequality it follows that
(Maye) (i) < Da?/""1 3 7 Jye(m)| < Dai?/"™ 1Zw ieN.
mezn i=1
By (1) and (8) we have:
(My2,)"(i) < Dz sup /"2 (i)
1<i<oo
= D3 max{ sup 7/"x*(k), sup W/"l‘*(z’)}
0<i<k k<i<oo

Q

ngax{m/":c*(k), sup ’ﬂ/":r*(i)}

k<i<oo

IN

Dy sup iV"z*(i).
k<i<oo

Hence

sup (Myzp)*(i) < D3 sup "/"a*(i),
0<i<oo k<i<oo

(Myz)" (k) < (Myyr)" (k) + sup (Myz)" (i)

0<i<oo
By using, and we get

(M,x)"(k) < Dyk/™= 1295 )+ D3 sup /"z*(i)

i—1 k<i<oo
< (Di+Ds) sup /" (i)
k<i<oo
= Dy sup i"a*(i),
k<i<oo

with D1 =Ds+ Dy.
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Theorem 3. Let us n € N and v € [0,n) . Inequality n Theorem@ is sharp in the sense that
for any positive nonincreasing sequence x = {x(m)}men there exists a sequence y = {y(k)}rezn

such that y*(k) = z(k), k € N and the inequality holds:
(Myy)*(m) = Dy sup  k7/"y™ (k)
m<k<oo
= Dy sup ot ), m,keN, 12
2m<k<<>o Z ( )

where Do - is a positive constant depending only on n and 7.

Proof of Theorem Bl Let for any m € N define

Ny = {1},
Np={ieN:ii=@m—3"+1,---,2m—-1)", m=23,...,
and
Qm:={keZ :1r£11a<x|k()]— m — 1}.

It is clear that
#{N1} = #{Q1} =1,
and
#{Nm} = #{Qm} = 2m —-1)" — 2m - 3)", m=2,3,--
N = UnenNm, Z" = UpenQm.

Let
Onm:Qm — Ny, meN

be one-to-one functions.
Define © : Z" —- N
O(k) =0, (k), if k€ Qmn.

y(k) = 2(O(K)), ke’
Then, for every k,m € Z" such that ||k|ec > ||m||cc , We have

My(y)(m) = elSopup =t D ()l

JES0, |1kl 00
v—n Ikl
—c(zukuooﬂ) S Y i)
i1 jeQ;
r—n Ikl
—c<2ukuoo ) 3 Y e(00)
i=1 jEQ;
y—n lIFlloo
c(zukum ) S Y Jx(m)
=1 mENi
y—n llklloo+1)"
(2ukum ) S )
=1

Consequently,

M, m zc -1 x(i
(y)(m) (2”m”m+1 ZI
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Hence, followed on taking rearrangements. O

Remark 1. For the classical fractional maximal operator, similar statements are proven in [3],
and for the generalized fractional maximal operator, they are considered in [4].

From Theorem [2] and Theorem [3] follows the following.

Lemma 2. Let n € N, v € [0,n) and 0 < ¢,p < oco. Assume that {v(m)} and {w(m)}
are given nonnegative weight sequences. Then the operator M., is bounded from X\p(v) to Ag(w)

(M, Ap(v) = Ag(w) ) ice.

(Z((Mv )*(k))qw(k’)> e (Z(y(k)*)pv(k)> p (13)

k=1 k=1

holds for any sequence y = {y(m)}mezn , if and only if the following inequality

) k q q ) %
(Z (Sup kllzx(i)) w(m)> < Cy <Z x(k:)”v(k:)) (14)
m=1 \"<k i=1 k=1

holds for all nonnegative, nonincreasing sequences {x(n)}nen. Moreover, if Ci and Cs are the

best constants in and , respectively, then C1 ~ Cs and the multiplicative constants in all
the equivalences above depend only on p,q .

Proof of Lemma [2l We will prove the equivalence of two statements:

The boundedness of the operator M, from A,(v) to Ag(w), i.e., the fulfillment of inequality
(13). The fulfillment of inequality for all nonnegative, nonincreasing sequences {z(n)}nen -

) = ().

Assume that the operator M, is bounded, i.e. the inequality holds for any sequence
{y(m) }mez, - We will show that this implies inequality for nonincreasing sequences x(k)gen -
By Theorem [3| for given nonincreasing sequence (z(k)ren there exists multivariable sequence
{y(m)}mez, such that y*(k) =z(k) k€N and

7

(M) (1) = D2 sup 7713 all).
<i<oo =1

Therefore, from inequality follows

Q|
3 =

<D, (Z(Mv(y))*(k))qw(k)> < Dy'C (Z y*(k)pv(’f)>

Therefore, we obtain with
Cy < Dy'C).
4) = (13).
Assume that inequality holds for all nonnegative, nonincreasing sequences {z(n)}. We will
show that this implies the boundedness of the operator M, , i.e., inequality for any sequence
Y.
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Using Theorem [2{ and for nonincreasing sequence
((y*)(k))ken , we obtain

(Z((Mwy)*(/@))qw(/ﬂ)>

k=1

Q=

8
Ql

<Dy D | sup i 1Zy w(k)

k=1 k<i<oo

B =

< DGy (Z <y*<k>>%<k>>

k=

—

Therefore, we obtain with
C, < D1Cs.
O

In the theorem below, we give a characterization for computing inequality under various
choices of the parameters p and q.

Theorem 4. Let n € N. v € [0,n), and 0 < p,q < co. Assume that {w(m)} and {v(m)} are
given nonnegative real numbers not identically equal to zero. Then the inequality

(Z <<va>*<k>>Qw<k>> "< (Z(w(k)*)%(k)) '

k=1 k=1

holds for any sequences {x(m)} if and only if:
(i) If 1 <p<gq, then maX{C[),Cl,CQ,Cg} < 00, where

0o l
=1
p—1

= b
Oy = sup kn W (k) V(mﬂl Po(m +1) ;
keN me1 miPV(m+1)

(xo
>

p—1

= % r ﬁvm v
czzsup<ziq(z1)w(i)> (Z V(”i ( +1)> 7

keN \ ;=g m=1 mrV(m+1)

k é .
C3 = sup w( (k) ».
keN \ 5

(i) If p>1 and q < p, then max{Cy,Cy,Cs5,Cq,C7} < 00, where

ci= (Y wz‘“l—”w@))quu—nw(m( Vim) = u(m >>>
(22 3 Tt

k 1 (p—lq_ p—q

p qw sup i %71)% V(m) 1*?1}(m + 1) P—q Pq

(ZW k<i<poo (7; ml%PV(m—i—l) > > )

Ce = (ZW P aw(k) sup i%%V(i)_ﬁ

k:<i<oo
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(p—1)a  p—gq

« (ZV(m—i—l)_lV(m)llpv(m+1)> o ) "

m>1

00 k ﬁ %
Cr = (Z (Zw(i)iq’?> w(k) sup z'qu(z')p“q> _
k=1 \i=1 <
(iii) If 0<p<1 and p < q, then max{Cs, Co} < oo, where

Cg = sup k‘%_lW(kz)% sup iV (i) »
keN 1<i<k

1
q
Co = sup (qu ' ) sup V(i) P

keN 1<i<k

(iv) If 0 < g <p <1, then then max{C1g,C11} < oo, where

q

o] o] p—q
Cro = (Z (Zw@)iq(l‘”) K Dw(k) sup z‘zf’quaﬂ’p)

k=1 \ i=k Isi<k

r—gq

2 _pq a \ M

Cn = g W (k P aw(k) sup inr=aV(i)a-p .
k<i<oo

Moreover, if we denote by C the best constant in , then

max{Cy, C1,Ca,Cs} in the case (i),
G~ max{Cy, C4,C5,Cs,C7} in the case (ii),

max{Cs, Co} in the case (iii),
max{C1o, C11} in the case (iv).

Moreover, the multiplicative constants in all the equivalences above depend only on p,q .

Proof of Theorem [l The proof easily follows from Lemma [2] by using [5, Theorem 2.3], with
u(@) = in~', a(m) = w(m) and b(m) = v(m). It is easily seen that z(k) = k= ' and
SUp;<j<n u(j)j = nw . Therefore, in the cases (iii) and (iv), we have one condition less than in
[, Theorem 2.3] because in case (iii) we have C' = Cs+ Cy + C1p and Cip < Cs. In case (iv) we
have C' = C11 + Ci2 + C13, Ci3 < Cha, therefor C =~ Cy1 + C12, Ci11 and Ca are now Cig and
Cyy .

]

We note that weighted inequalities for Hardy operators and for other operators have also been
considered in the literature [6]-[13].

4. Conclusion

In this paper, we have obtained sharp upper and lower bounds for the nonincreasing rearrangement,
of the discrete fractional maximal operator in weighted Lorentz-type sequence spaces \,(v) —
Ag(w) . These estimates were derived using supremal operator techniques and reduction arguments
applied to cones of monotone sequences.

In the paper [7]-[8], a continuous case is considered. In the discrete case, the result was problem-
atic, and the result is essentially different. We have proved the new Copson theorem for the discrete
case; in the results, it can be seen that it uses shifts - this is a new effect. Also, obtaining the
estimate below for the decreasing rearrangement of the fractional maximal function is more difficult
than in the continuous case. In the continuous case, it is enough to consider a radial function, there
is no analog of a radial sequence in Z".
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Our results generalize and refine known weighted inequalities for discrete Hardy-type and kernel
operators. The established equivalences involving iterated supremal expressions highlight a deep
connection between discrete harmonic analysis and classical real-variable techniques.

From a practical perspective, such rearrangement-based estimates can be useful in problems re-
lated to smoothing analysis, approximation, and stability assessment in discrete computational set-
tings.

Future research may focus on extending these results to generalized discrete potential-type oper-
ators and exploring their role in grid-based models.
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CanamaxkrasraHn JlopeHry Ti36ekTepl KEHICTIKTEpPl apachblHAAFbl AUCKPETTI GOJIIIeKTI
MaKCUMAJIJIbl OMEePATOPAbIH IMI€HEJITEH/IITiH CUaTTay

A. Toratumsusm ', H.A. Bokaes?, H.K. Kysey6aepa 2 *
! Yexus rolibM aka eMUACHIHBIH MaTeMaTuka uHeTuTyTol, 115 67 IIpara 1, 2Kurna xemmeci, 25, Yexus
2 J.LH. Tymunes arsmgarst Eypasus yarreik yausepcureri, Cornaes kemeci, 2, 010008, Acrana, Kasaxcran

Annorarma. Byn makamama 6i3 Z", n € N, v € [0,n), )ubHbiHga aHbKTagran My
JUCKPETTI OOJIMEeKTIK MaKCHMAJIbl OMEPATOPHIHBIH KJIACCUKAIBIK JIopeHt TizbekTep KeHicTiKTepi
Ap(v) men Aj(w) apacbinga imenesiren GOTYBIHBIH TOJBIK CHOATTAMACHIH OepeMis, MyHIArbI
0 < pg < oo, an {v(m)} xome {w(m)} — N KubHbIHJA aHBIKTAJFAH TEpiC emec
Tizbexrep. Anppiven 06i3 M,xr aucKperTi OOIIIEKTIK MAKCHMAJIAbI OHePATOPLIHBIH OCIEHTIH
aJIMACTBIPYbI YIMH JI9J1 >KOFaprbl Oarasayabl ajgambi3, Oyr Oarajay JucKperTi Xapiau Oneparopbl
men {x(k)} ri36erinin ecueiiTin aJMACTBIDYbIH KAMTUTBIH CYHPEMYMJBIK OILEPATOD APKBLIbI
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epuexteneni. Cownjgaii-ak, apHaiibl Ti3beKTep YIIH TOMEHTI OarajayIbl KeaTipy apKbLIbI ajJbIHFaH
HaraJayaplH IoJITITiH KepceTeMis. Ocbl HoTHKeHI MaiiTajaHa OTBIPBIN, CAJMAKTHI JlopeHs
TizbekTep KeHicTikTepli apaceigarbl M, AuCKpeTTi OGe/IIeKTiK MaKCHUMaJ/Ibl OIIePaTOPLIHBIH
IIEHETeH I H CUIIATTAY MICeIeciH caaMakThl Jleber TizbekTep KeHICTIKTEP] apaChIHIAFbl IUCKPETTI
CYIIPEMYM OIIEPATOPBIHLIH IEHEJTEH IIMH 3epTTeyre KeaTipyre 6o0Jaib. Aranran  Mocene
ABTOPJIAP/IbIH, K YMBICTAPBIH/IA 3€PTTEITEH, COHBIH HOTHKECIH/IE TUCKPETT] OOIIIEKTIK MAKCHMAJITbI
M., omepaTOpBIHBIH, IUCKPETTi CaJMaKThbl JIOpeHI] KeHICTIKTepiHJe IMeHeJIreH/riHe TYIKLTIKTI
CUIIATTAMa aJyFa MYMKIHJIK O6ep/ii.

Tyitin ce3xaep: OeJekTi MaKCUMaJIIBl OIEpaTop, cajaMakTasral Jlopewnir Tizbekrep KeHicTiri,
CYIIPEMYM OIIEPATOPBI, Xap/IH ONePaATOPHI.

XapaKTepuCcTUKa OTPAaHUYEHHOCTH JUCKPETHOTO JIPOOHO-MAKCUMAJBHOTO OrepaTopa
MeXK/Iy BeCOBBIMU ITPOCTPAHCTBAMU MOcJjeaoBaTe/ibHOCTel JlopeHiia

A. Torarumsusu ', H.A. Bokaes?, H.K. Ky3ey6aesa 2 *
! MreruryT MaremaTrukn Yemckoit akageMnn Hayk, yia.2KuTaa, 25, 115 67 Ipara 1, Yemckas Pecmy6imka,
2 Eppasuiickuii Hanuonambubii yausepcurer um. JIL.H. Tymmnésa, ya.Carnaesa, 2, 010008, Acrana,

Kazaxcran
Annoranumsi. B nannoit pabore NIPUBOAUTCS M[MOJHAH XapaKTepU3alWs OrPAHUYEHHOCTU
JUICKPETHOT'O  JIpOOHOTO  MAaKCHMaJIbHOrO — omeparopa M.,  ompe/ieJleHHOTO — Ha 7",

n € N, v € [0,n), KaKk omepaTopa, JAefCTBYIONIEro MeKly KJIACCHYeCKMMU IPOCTPAHCTBAMU
nocienosarenasaocreit Jloperna A,(v) m Ag(w), rme 0 < p,g < oo, a {v(m)} u {w(m)}
HEOTPHIATELHBIE TIOCTEI0BATETHHOCTH, 3aannbie Ha N. CHagaga MBI TIOJTydaeM TOIHYIO ONEHKY
CBEPXY /Il HEBO3DPACTAIOLIEH IEePecTaHOBKY IocjaegoBarensuoctu M,z (pesyabrara jeficTsus
JIUCKPETHOTO JIPOGHOTO MAKCHMAJIBLHOTO OMEPATOPa) Yepe3 CyIpPeMaIbHbI OnepaTop, BKIIYUAIOTH
JMCKPETHBIN oreparop Xap/u ¥ HEeBO3PACTAOILYI0 [epecTaHoBKy mocsieposarenbhoctn {z(k)},
TOYHOCTH ITON OIEHKM TOATBEPIK/IAETCSI COOTBETCTBYIOIIEH OIEHKON CHW3Y [Jjid CIEIHATbBHBIX
MOCIeOBATEILHOCTEH.  VICIONMb3yss 3TOT pes3ybTar, 3a/ady O XapaKTePU3AUW OPAHHICHHOCTH
JAUCKPETHOr0  APOGHONO MaKCUMAILHOrO omeparopa M, Mexjy [AUCKPETHBIME —BECOBLIMU
MPOCTPAHCTBAMU TOCIEIOBATETLHOCTEH JIOPEHIIa MOXKHO CBECTH K 3aja4e 00 OrpaHuYeHHOCTH
JUCKPETHOTO CYTPEMATBLHOTO ONEPATOPa MEXKY BECOBBIMH TTPOCTPAHCTBAME TOCE0BATETHHOCTEH
JleGera, paccMaTpUBAEMOro Ha KJIACCe HEBO3PACTAIONINX TTOCIEA0BATEIBHOCTeH. DTa 3a1a49a Oblta
UCCIEIOBaHa B paboTax aBTOPOB, YTO MO3BOJIHJIO MOJIYYUTh OKOHYATENbHYI) XAPAKTEPUCTHUKY
OTPaHUYCHHOCTH AMCKPETHOTO /:LpO6HOI‘O MaKCUMaJIbHOT'O OIIepaTopa Mfy B JUCKPETHBIX BECOBBIX
npocrpancrsax Jlopenia.

KiiroueBbie cj0Ba: JUCKPETHDIN JAPOOHO MAKCUMAJIBHBIA ONEPATOD, BECOBOE HPOCTPAHCTBO
nocsenoBaTeIbHOCTEH JIopenta, cynmpeMaabHbIi omepaTop, onepaTop Xap/im.
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ON BREDON COHOMOLOGY WITH MACKEY FUNCTOR IN MORAVA
K-THEORY

M. Bakuradze

Department of Algebra and Geometry, Faculty of Exact and Natural Sciences, Ivane
Javakhishvili Thilisi State University, 1 Ilia Tchavtchavadze Avenue, Thilisi, Georgia
(E-mail: malkhaz.bakuradze.tsu@ge)

Abstract. Utilizing the algebraic framework of Mackey functors, we analyze the cochain com-
plex and explicitly compute the cellular differentials governed by restrictions and transfer maps
within Morava K -theory K (n)*. We focus on the geometric construction of the octahedral surface
2-complex, isolating purely equivariant phenomena driven by stabilizer jumps. By analyzing the
complex directly over the Morava ring K(n).[z,y], we determine the zero-th and first codifferen-
tials. We show that while the underlying space is geometrically trivial in degree one, the equivariant
chromatic classes persist due to the cluster’s sector geometry. Finally, we provide a complete descrip-
tion of the first Bredon cohomology group Hé)s (X; K(n)") expressed as a quotient of the coefficient
ring. These results contribute to the structural classification of equivariant cohomology rings for
finite p-groups with concentrated even degrees.

Keywords: Morava K -theory, equivariant CW complex, Bredon Homology
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2000 Mathematics Subject Classification: 55N91, 55

1. Introduction

Our consideration of the Mackey functor M for Bredon cohomology relies on the explicit Morava
K -theory ring calculations for ’good’ finite p-groups provided in [IJ.

Let G be a finite group and X a finite G-CW complex. We define the contravariant Bredon
K(n)* module on the orbit category O¢ by setting:

K(n)(G/H) = K(n)"(BH)

for each subgroup H C G.
The n-th Bredon cochain group is defined as the direct sum over the n-dimensional orbit repre-
sentatives:

CEX:Km)) = @  Kmn)(BG,)
oecells, (X/QG)

where G, is the stabilizer of a chosen cell o .
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2. The Differential and AHSS

The coboundary operator 6" : Cf — C’g“ is defined via the restriction maps. For a cochain «,
we have:

o)) = Y. D w:go] Resi? (g ap)

o€ecells, (X/G) geG
where:

e [1): go| are the degrees of the corresponding attaching maps.
e Res is the restriction map in Morava K -theory.

The n-th Bredon cohomology group of X with coefficients in K (n)" is then:

ker(d™)

HG(X;K(n)") = (" 1)

3. Atiyah-Hirzebruch Spectral Sequence (AHSS)

While the evenness of the Bredon cohomology is a sufficient rather than a necessary criterion for
the "goodness" of X , it remains the most computationally viable path.
Key Observation: If the Fj-condition is met (i.e., the cohomology vanishes in odd degrees),
the equivariant Atiyah-Hirzebruch spectral sequence:
EY' = H2(X; K(n)?) = K&T(X)

collapses immediately at the Fy page.

4. The Example: Octahedral Surface 2-Complex

Geometric Construction. To study the chromatic cohomology under the Qg action, we define the
underlying space X as the 2-dimensional surface of a regular octahedron.

Let Voey = {=i, £j, £k} be the set of vertices of a regular octahedron in R3. We identify the
ambient 3-dimensional space with the purely imaginary quaternions Im(H). The group Qg =
{£1,+i,4j, £k} acts on X via conjugation: for any g € Qs and v € Im(H), the action is given
by ¢g-v=gvg'.

We define the complex X as the boundary complex of this octahedron, which is homeomorphic to
the sphere S2. Unlike a solid ball or a radially filled cone, X is a pure 2-dimensional spherical
complex that does not include the central origin wg . Its combinatorial data consists of:

e 0-cells (6 vertices): The peripheral vertices Vit -
e 1-cells (12 edges): The edges connecting the vertices in Vi , forming the 1-skeleton.
e 2-cells (8 faces): The triangular faces forming the surface of the octahedron.

This structure allows us to explicitly describe the Qg action on the cells without introducing an
invariant central fixed point that would force an equivariant contraction.

Homotopy Type and Cohomology. The complex X is geometrically realized as the sphere S2.
Consequently, its ordinary cohomology in degree 1 vanishes:

HY(X)=0 (1)

The vanishing of ordinary cohomology in this degree serves to isolate the equivariant effects. The
persistence of chromatic classes in Hcl28 (X; K(n)") is thus entirely attributable to the Qg-action
and its associated stabilizer jumps, rather than the 1-dimensional topological features of the base
space. By removing the central cone point, the space avoids equivariant contractibility, allowing
non-trivial Bredon cohomology to emerge.
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5. Octahedral Geometry and Qg Action

The underlying complex X is a 2-sphere with an octahedral decomposition. It consists of 6
vertices, 12 edges, and 8 triangular faces. The action of Q) permutes these geometric simplices
through quaternion conjugation (for example, i-j-i~! = —j).

k

6. Orbit Decomposition under Qg

The Qg -action on the octahedral surface X = 52 induces a decomposition into orbits of n -cells.
The equivariant structure of X is given by:

e O-cells: 3 orbits of peripheral vertices. Each orbit consists of a pair of antipodal vertices:
[i] = {i,—i}, [jl = {J, —j}, and [k] = {k,—k}. The stabilizer of each vertex is isomorphic
to C4 (e.g., Stab(i) = (i) ). Thus, the 0-cochain module 0228 (X; K(n)") has rank 3, with
basis elements €Y, €3, eJ .

o 1-cells: 3 orbits of edges forming the 1-skeleton of the octahedron. Each orbit contains 4
edges, and the stabilizer is the central subgroup Cy = {1, —1} (since —1 acts trivially on the
geometric space Im(H) ). Thus, C’és (X; K(n)*) has rank 3, with basis elements e}, el el.

e 2-cells: 2 orbits of triangular faces, each containing 4 faces, with stabilizer Cy = {1,—1}.
Thus, 0228 (X;M*) has rank 2, with basis elements €2, €3 .

This model provides a highly symmetric orbit category breakdown without a fixed point, naturally
avoiding equivariant contractibility and enabling non-trivial Bredon cohomology computations.

7. The modified Differential and Cohomology

The differential d" : Cf, — Cgrl is a morphism of K*(BG)-modules. Its matrix entries are
determined by the interaction between the stabilizers of incident orbits through the global group G.

For a generator in the component corresponding to an orbit [o], the differential is computed via
the cellular structure and Mackey functor maps as:

d"([o]) = Z e([],[o]) - @01 ([T])

[r]€Orbits, 11

where the algebraic weight @[, is defined using the Mackey functor structure. Specifically, let
H = Stab(o) and K = Stab(7) be the stabilizer subgroups of the incident cells. The corresponding
matrix entry is given by the composition of transfer and restriction maps:

D, (o) = Resf o Tr : K*(BH) — K*(BK)

For p = 2, the Morava K-theory coefficient ring is defined over Fs, meaning we operate in
characteristic 2 (where signs are absorbed, 1 = —1, and 2=0).

Let k =2"—1. The chromatic weights corresponding to the transfers from Cy to Cy are derived
from the formal group law, yielding elements z¥ y*  and 2F = 2F + ¥ .
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Zero-th Codifferential d° : C’g — C'(l; . This matrix connects the 3 vertex orbits to the 3 edge
orbits. The geometric boundary maps, combined with the transfers from the Cj stabilizers of the
vertices to the Cy stabilizers of the edges, give the following 3 x 3 boundary matrix:

z gk 0
=10 yb 2k (2)
0 2k

First Codifferential d' : C’(l; — C%. This matrix connects the 3 edge orbits to the 2 face
orbits. Since the stabilizers for both edges and faces are identical (C2 ), the transfer maps are
trivial, leaving only the incidence relations (the topological boundary operator). In characteristic 2,

the 2 x 3 matrix is given by:
1 (1 11
4 = <1 11 (3)

We directly verify the fundamental cochain complex condition d' o d® = 0. Multiplying the
matrices over the Morava ring modulo 2:
E o,k
oo (11 ) (U Y _(Q:Bk 2" 2zk>_
¢ -d <1 1 1) ;k U 2rk b 92k) =0 )
This algebraic confirmation perfectly aligns with the boundary structure of X .

First Bredon Cohomology H'. To compute the first Bredon cohomology group
HL(X; K(n)") = ker(d')/im(d°) , we evaluate the kernel and image directly via matrix transforma-
tions over the coefficient ring.

The kernel ker(d') consists of vectors (a,b,c)? satisfying a +b+c = 0. The image im(d") is
generated by the column vectors of d°. Since z¥ = zF + y* | the column relations naturally lie in
the kernel. By factoring the image from the kernel, the resulting quotient module simplifies exactly
to the quotient by the ideal generated by the transfer classes:

K(n)lz,
HYCGR()) = @
This establishes the explicit isomorphism of modules. The non-vanishing group represents the per-
sistent chromatic signature of the Qg-action locked into the surface geometry of the symmetric
cluster.

Second Bredon Cohomology H?. To compute the second Bredon cohomology group
HZ(X;K(n)"), we analyze the higher cochain modules. The 2-cochain module C%(X; K(n)*) has
rank 2, corresponding to the 2 orbits of triangular faces with stabilizer Co. Since the underlying
space X 2 S? is 2-dimensional, the 3-cochain module vanishes ( CZ, = 0), implying that the kernel
ker(d?) is the entire module C} .

The image im(d') is determined by the rank-1 image of the 2 x 3 matrix d', which is generated
by the diagonal relation (1,1)7. Taking the quotient yields:

) o e K () @ K ().
Thus, the second Bredon cohomology group is isomorphic to a free module of rank 1 over the
Morava K -theory coefficient ring, perfectly consistent with the equivariant spherical structure of
the octahedral surface.

~ K(n). (6)

8. Good Groups and Elements
Good Elements and Good Groups.

Definition 1. An element x € K(s)*(BG) is good if it is a transferred Euler class of a complex
subrepresentation of G :

_ *
= Tr* (e(p))
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where p is a complex representation of a subgroup H C G and Tr : BG — BH is the transfer
map.

Definition 2. A group G is called good if K(s)*(BG) is spanned by good elements as a K (s)*-
module.

The "weakly good" groups, characterized by K(s)°¥ = 0, play a significant role in the classifi-
cation of group cohomologies [3, @], [5].

9. Vanishing of Odd Cohomology

Families of p-groups with K(n)°(BG) = 0. In particular, if G' belongs to any of the following
families of p-groups, then K(n)°(BG) =0:
(a) Wreath products HC), with H good |2} [6];
(b) Metacyclic p-groups [7];
(c) Minimal non-abelian p-groups (all maximal subgroups are abelian) [§];
(d) Groups of p-rank 2 [9];
(e) Elementary abelian by cyclic groups (extensions V — G — C') [5, Bl;
(f) Central products H o Cpm with H good [4];
(8) H<G of index p, where H is good and K(s)(BH) is a permutation module for G/H [3].

Multiplicative Structure and Transfer. For these families, the ring structure of K(s)*(BG) is
either studied in the cited works or can be derived from existing computations modulo certain
indeterminacy.

Yagita and Tezuka determined the multiplicative structure modulo the transfer formula. Our
main aim here is to check (specifically for groups with a maximal abelian subgroup of index 2)
whether the transfer formula is sufficient to determine the ring structure via:

e Methods of characteristic classes;
e Transfer formulas (double coset formula, etc.);
e Induced representations.

The papers [10) [11], 12, [13] treat the same problem.

10. Conclusion

Our computational strategy reinforces the broad utility of analyzing "good" finite p-
groups—specifically those exhibiting vanishing odd Morava K -theory. For such groups, the im-
mediate collapse of the equivariant Atiyah-Hirzebruch Spectral Sequence (AHSS) at the FEy page
provides a robust foundation for extracting the cohomology structure directly from the orbit cate-
gory.

Future investigations may extend this Mackey functor-based approach to higher-dimensional equi-
variant CW-complexes and broader families of finite p-groups.
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Mopasa K -teopusiceianarbi Makku pyHKTOPbIMEH Gepisiren BpeioH KOroMoJiorusichbl
Ty paJibl

M. Bakypazaze
Usane /IxaBaxuimBuin aTbiHAAFbl TOnmmcun MemiekerTik yausepcureri, Unba YaBaaBaa3e manrbLibI, 1,
Towmucu, I'py3us

Awunorammma. Makku QyHKTOPJIAPBIHEIH, —aJredPablK — ammaparhl  HETi3iHAe  KOIMenTik
kemenre Tasngay Kyprisimim,  K(n)*  typmeri K -MopaBa TeOPHSICBIHIAFBI IIEKTEY KOHE
tpanccdep Oefimeseysepl  apKbLIbI  AHBIKTAAATHIH  YAMBIKTHIK, — audpdepenimaniap  aifkbiH
Typae ecerrrenedi.  Epekine Hazap SKBUBAPUAHTTHI €MEC KAFAafa KUBIPBLIATHIH KEHICTIK
O0JibIlT  TAOBLIATHIH  OKTAYAPIIH — PAJMAIAbl  2-KAHKACHIHBIH, [E€OMETPHUAIBIK,  KYPbLIBIMBIHA
ayrapbuiaibl, Oyl TYPaKTaHJIBIPFBIITAPIbIH, CEeKIpMeal e3repicrepiHeH TYBIHIAAWTHIH — Ta3a,

9KBUBAPUAHTTH KYOBLIBLICTAPABI OOJIT KOpceTyre MyMKIHIIK Oepe/. K(n)[z,y] Mopasa
cakuuachl yeringe CwmurTin  kagbimTel  dopmackiHa  (Smith Normal Form, SNF) kenripy
ApKBLILI  HOJIHIN KoHe Oipinmi koauddepeHnangap aHbIKTAIAIbI. Herizri xenicTikTiH

rEOMETPUSIIBIK, TYPFBIJIAH TPUBHAJJILI OOMYBIHA KapaMacTaH, 3epTTeJeTIH KeIeHHIH CeKTOPJIbIK
reOMEeTPUSICHIHBIH 9CEPIHEH SKBUBAPUAHTTH XPOMATHKAJBIK, KJIACTAP/IBIH CAKTATATBIHbI KOPCETLIe]].
ConbiMeH KaTap, Hés (X; K(n)*) o6ipiami Bpemgon koromosoruss ToObIHBIH Ko dumnmenTrep
CAKMHACHIHBIH, (haKTOPCAKMHACKHI TYPIHJEr] TOJBIK CHMATTAMACH AJBIHAIbI.  AJIBIHFAH HOTHKEIED
KOTOMOJIOTHSAIAPBl  JKYIT JI9PEesKesepe MIOFBIPJIAHFaH aKBIPIbI P-TONTAD YIIH 3SKBUBAPHAHTTHI
KOTOMOJIOTHS CAKUHAIAPBIHBIH, KYPBIIBIMJIBIK JKIKTEIyiHE yIeC KOCaIbl.

Tyiiiu cesaep: Mopasa K-reopusicer, sksupapranatrel CW-kerien, Bpe1or roMo/iorusicor.

O 6pegonoBckoil KoromoJjiorum ¢ pyukropom Makku B Teopuu Mopasbl K -tura

M. Bakypanze
Tounucckuit rocygapcrBerubii yuuepcurer nvmenn pane [xkapaxumeumin, npocrexkt Unsun Yasuasanse,
1, Towmmaucu, I'py3us

AnHOTaINS. Ncnonp3ys asrebpamdeckuit anmapar dyukropos Makku, mpoBOIATCH
AHAJIM3 KOIEIHOIO KOMILJIEKCA M SIBHOE BBIYMC/EHUE KJIETOUYHBIX JIU(PQMEPEHINAIOB, 33/1aBAEMbIX
orobpaskeHusiME Oorpanudenusi u Tpaucdepa B Teopunm Mopasbel K -tuma K(n)*.  Ocoboe

BHUMAHWE VIETIIETCI MeOMETPUYECKONl KOHCTPYKIMU PaJUabHOTO 2-0CTOBA OKTaspa, KOTOPBIi
HESKBUBAPUAHTHO SIBJISETCS CTSITHBAEMBIM TMPOCTPAHCTBOM, 9TO TO3BOJSAET BBIJEJUTH YUHUCTO
9KBUBAPHUAHTHBIE SIBJIEHHUsI, OOYCJIOBJIEHHBIE CKAYKaMH CTaOUIn3aTopoB. IIyTéM NpuBejeHus K
HopMmastbHOi popme Cumura (Smith Normal Form, SNF) max xonsrom K(n)s[z,y| onpenensrorcs
HyJIeBO#i W TepBbIii  KoauddepeHIInaIbI. [Tokazamo, dYTO, HECMOTPSI Ha T'€OMETPUIYECKYIO
TPUBUAJIBHOCTE JIEZKAINEr0 B OCHOBE IPOCTPAHCTBA, SKBUBAPHAHTHLIE XPOMATHYECKHE KJIACCHI
COXPaHSIOTCs OJiarojlapss CeKTOPHOH TEeOMEeTPHE PpacCMaTpUBAeMOro KoMiuiekca. Kpome Toro,
MOJIYYeHO TIOJHOE OMHUCAHWe MEPBOH TPYNNbl OpPeJOHOBCKON KOTOMOJOTHN Hég(X s K(n)«) B
Buje HaxkTOP-KOIbIa KOIPPUITMEHTHOrO KOJIBIIA. Tlosyuennnie pe3ysibTaThbl BHOCHT BKJIAJ
B CTPYKTYPHYIO KJIACCHU(DPUKAIIUIO KOJIEIl SKBUBAPUAHTHBIX KOIOMOJIOIMI KOHEYHBIX P -TPYIIl C
KOTOMOJIOTUAMMA, COCPEJOTOYCHHBIMU B YETHBIX CTEIICHAX.
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KimroueBbie csoBa: Mopasa K -teopusi, skBuBapuaHTHbiii CW -KOMILTEKC, TOMOJIOTHS
Bpenona.
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BJIACTEJIVNH TYPBYJIEHTHBIX CTUXUN: KAK AKAJTEMUK EPITINH
BBIBEJI KASAXCTAHCKVYIO I'MIPOMEXAHUNKY HA OPBUTY
MMNPOBOTIO IIPU3HAHNA
K 100-aemuro co dus poacdenusn axademura L. A. Epwuna

V.K. 2Kanbacbaes
HAO «Kasaxckmuii HallMOHAJbHDBIN MCCJIEI0BATEJIbCKNII TEXHUYECKU YHUBEPCUTET MMEHU
K./. CarmaeBa», yiu. CarmaeBa, 22a, 050013, Asmarsr, Kasaxcran
(E-mail: uzak.zh@mail.ru )

Annoranms. DbBoiBator yué€Hble, YbM MMEHA OCTAIOTCH TOJbKO HA IOXKEJITEBIINX CTPAHUIIAX
JUCCePTAIUA. A OwiBafoT cozugaTenu, CHOCODHBIE TMOMAUYNHUTE KANPU3HBIE 3aKOHBI (DU3NKH
Hy>KJaM OTPOMHON CTpaHbl ¥ 3aCTaBUTh BeChb MHDP B ((OpMaTe TPOTUBOCTOAINIAX JBYX
CaMbIX MOIIMHBIX BOCHHBLIX JepXKaB — OT MOCKBBI 0 Ba]_HI/IHI‘TOHa — MPpUCTAYITATHCAd K
roJoCcy Ka3axCTAaHCKOM HayKH. Umenro takum uesoBekoMm 6Obi1  akagemuk HAH PK|
JOKTOp Texamueckux Hayk, npodeccop IMlax6asz Amumrunpesna Epmma (05.09.1926-02.08.2019).
B stom romy Gaaromaproe HaywHOE COODIECTBO OTMEYAET BEKOBOW fobueit
CO JHS POXKIEHUS UEJOBEKA, KOTOPBIA CO37aJ YHUKAJIBHYH OTE€YECTBEHHYIO
MIKOJIY THAPOAIPOMEXAHUKHN, 3ATJIAHY/I BHYTPb OYIIYIOMIErO IIAMEHN U HAYIUI
ypasuerunsa Happe—Crokca paborars Ha 0,1ar0 MPOU3BOICTEA.

Ha ocuoBe wonorpadwmu «Ilapamokcer asporugposmHamMukus u  pabdoT
npejicTaBuTeell HaydHOW IKOJbI EprmmHa 00CYKIA0TCA TEUEHUsS BI3ZKUX
n BA3KOIUIACTUYHBIX CpeJ B KaHaJlaX, BJAWMAHWE JUCCHUIIATUBHOI'O HaI'PEBaA
Ha BA3KOCTH M COIIPOTUBJICHHEC JABUXKEHUIO, a TaKiXKe TInAPOANHAMUYICCKNE
HPEJIIOCHUIKK JOKAIbHOIO OBPEXKIeHNsT HEPTEIPOMbIC/IOBBIX TPYyDOIIPOBOIOB.
PaccmarpuBatoTcst 0COGEHHOCTH TEPEHOCA Uepe3 MPOHUIAEMbIe CTEHKH, PACIPEIETEHUs ra3a B
KATaJUTAIECKUX AalapaTax, Pa3BUTUsS CBOOOTHBIX CTPYHl U IBOJIOIUU BUXPEBBIX 00PA30OBAHMUIA.
OtnesbHOE BHUMAHNE VAEACHO BJAUAHUIO TEMIEPATYPBl HAa CTPYKTYPY Ta30BBIX CTPYil u
COOTHOTIIEHUIO TIPOIECCOB CMEIIEHUs], BOCILIAMEHEHUS W BLIMOPAHUS TOILIMBA MPHU CBEPX3BYKOBOM
ropennn. lloxkazamo, YTO KaxKyIIUecss MPOTUBOPEYUUs] MEXK/Y TPUBLIYHBIMU TTPEACTABJIECHUSIMUA U
[OBEJICHUEM PEAJTBHOTO TIOTOKA MOTYT OBITh OO'bSCHEHBI YUETOM B3aMMOCBA3AHHBIX (PUINIECKUX
[pPOIIECCOB U TPAHUI[ TPUMEHUMOCTH PACUYETHBIX MO/Ieeit. [loguépkuBaroTcd 3HAYEHUE
COTIOCTABJIEHUS TEOPUHU C JKCIEPUMEHTOM, HEOOXOJMMOCTH pa3jindarTh KadeCTBEHHOE O0'bsCHEHUE
U KOJUYECTBEHHOE TMOJTBEPK/EHNE, a TAaKXKe POJIb HAYYHON IIKOJJIbI B PAa3BUTHH KYJIBTYDBI
uccaenosanus. [lpeacrasiiennniii 0630p pacKphIBAET MPAKTUYECKYI0 3HAYUMOCTE Hacsequst Eprimaa
JIJIsl SHEPreTUKY, HeTIHON IPOMBIIIJIEHHOCTH W COBEPIIIEHCTBOBAHUS TEXHOJIOTMYECKUX ATITIAPATOB.

Kuarouesbie  ciooBa: adporujipoguHaMuKa, HayuyHoe Hacjaenue Illax6aza  Epmiwnna,
BA3KOIUIACTUYHBIE CPEJibl, BsS3Kasd JUCCHINAIUs, CBOOOJIHBIE CTDPYyHW, BUXpeBble 00pa30BaHU,
CBEPX3BYKOBOE T'OpPEHUE.
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Ot sienuHrpaackoii 3akBacku — K cobcrBeHHoMmy npopbiBy. Hayuneiit s3nér Illax6aza
Epmuba Hagajcs B cepe/ivHe TPOILJIOTO BeKa B YHUKAJIbHON armocdepe. Ero mHacraBHUKOM cTad
JIETeHTAPHBIN JeHnHrpaackuil Temnodusuk Jles Abpamosnda Bymme, paborapmmii B Te TOABI B
Kazaxcrane. VmenHo Torja MOJI0/10# MCCIeI0BATEb HABCETIA YCBOU TJIABHOE TIPABUJIO: DOJIbINAs
HayKa He JoJKHA ObITh abcrpakTHOi. Teopust u nmpakTuka 0b6s3aHbl UITH pyKa 006 PyKY.

Yxe B 1957-1973 romax, paGotas B Haydmo-uccmesoBaTesCcKOM WHCTHTYTe dHepreTnku AH
KazCCP, Epmuna cosepiitaeT npopsiB, cTaBmimii kjiaccukoi. OH BBICTYHAeT OJIHUM U3 KJIFOUYEBBIX
cozjaresell a3poJAMHAMUYECKOl Teopumn razoBoro gakesa.

Yro a1o Takoe? Ilpore ropops, yu€HbIil B3sJiCd OIMCATH, KaK BeJAyT cebsd OypHbIE, XaOTUUIHBIE
(TypOyJsieHTHBIE) MOTOKHU ra3a B MOMEHT, KOorja B Hux Oyiryer oroub. [loHarTs Gusnky roMoreHHOTo
ropeHud U TO, KaK (DPOHT IJIAMEHU YKPOIIAET XaOTUIHbIE IYJbCAIUU ra3a, — 3HAYUIO HOJIYIUTH
KJIIOY K YIIPaBJICHUIO KOJIOCCAJIbHON JHEPIUCH.

B 1968 roxy B JlemwHrpaje BBIXOAUT cOBMecTHast MoHOTpadus «OCHOBBI TEOPWHM Ta30BOTO
dakesay [1].  Dror Tpys npomseen sdderT pasopsasineiics 60MObI Cpegu CHENUAINCTOB. B
camblii pasrap XOJI0AHON BOHHBI 060poHHBIE BegoMmcTBa n Kocmuaeckoe areHtcTso CIITA (NASA)
3aKa3bIBAIOT OMUIHANBHBIN EPEBOJ HA AHTVIMUCKUY S3BIK. AMEPUKAHCKHE WHXKEHEPHl W3ydajin
TPYAbl KA3aXCTAHCKUX (DUBUKOB, YTOOBI TPOEKTHUPOBATH PEAKTHUBHBIE JIBUTATENH U PAKETHBIE
cucrembl. Yyrs mosxke mo kourTpaktam U.S. Navy B CIIIA mnepesomst u paborsl Eprmuaa 1m0
KOAKCHAJIBHBIM (BJIOKEHHBIM JIPYT B IPyTa) CTPyAM. D10 ObL1 TpuyMd 1 6€30roBOPOIHOE TIPU3HAHIE
MUPOBOTO YPOBHSI.

«3a wuHTepecHbIMHU 3aJavamMu — mnoeszxkatite kK Epmwunay!». B 1973 roxy pekrop
Kazaxckoro rocygapcreentoro yuuepcurera Y mupbek J[kKo/1acOeKoB COBEPINAeT IaIbHOBHUIIHbIN
mar — npuriamaer [Mlax6aza Anumrupesnua Ha Kadeapy Mexanuku. VIMEHHO 371eCh, B CTeHAX
BEJYIIEr0 By3a, CTpaHbl, EpPIIMH pa3sBOpadMBaeT CBOK 3HAMEHUTYI) KY3HUILY KaJIpOB, BHEJPUB
kejesublit npuatmi:  «Hceaedyro — obyuaro — uccaedyros. K CII0KHOE HayKe OH HPUBJIEKAET
CTYIEHTOB C TMEPBBIX KYyPCOB, 3apaKas UX a3apTOM MEPBOOTKPBIBATEEI].

OuH 13 OCHOBOIIOJIOXKHUKOB COBETCKOI TTPUKIaaHoit MaremaTukn akagemuk H.H. fduenko gacto
ropopusi cBouM yuenukaMm B Hosocubupcke m Mockse: «3a mpobyiemamu ezxkaiite xk Epiuny — y
Hero B AmMa-ATe MHOTO MHTEPECHBIX 33145,

W zapayg geiicTBUTE/IBHO XBAaTAI0. EPINIUH U €10 yYeHNKY 3aMaXHYJINCh Ha CAMBIE CJIOYKHBIE TAHBI
npuposbl — Buxpu. OHU mCCaeOBaIU 3arajodHble cTpyKTyphl ['épriepa—Teiinopa, kpyxKariuecs
KOJIBIIEBBIE BUXPH (O KOTOPBIX BBIIAONIHIics coperckuit Mexanuk I.I". Yépwubrit mucam, aro pabora
AJMAATHHIIEB HAKOHEI-TO PACKDPbLIa BCIO CTAJNI0 WX DPa3BUTHsI) ¥ TOBEIEHUE CBEPX3BYKOBBIX
ITOTOKOB.

Bonee Toro, Ilax6a3z AnmuMrupeBUd ONHUM W3 TEPBLIX B pecrnybanKe MOHI: Oyayliee — 3a
xoMmmboTepamu. Korga 9BM ere zanumasiu 1esible 3a/bl, €r0 YIYEHUKHU YK€ BOBCI 3aHUMAJHUCh
BBIYKMCJIMTE/IBHON IMAPOMEXAaHUKON, PACCUNTHIBAas CJOXKHEHIIe TedYeHUusi BHYTPH [TOPUCTHIX
TPYO ¥ XUMUYUECKUX ANIapaToB.

Hayka Ha ciy>k0e crenHbiXx ruranToB. EpiinH HuKOr/a He 3anupaJicd B «OaliHne u3 cjoHOBOM
kocTry. Kaxjpoe QpyHIaMeHTaIhLHOE OTKPBITHE €10 IMIKOIBI TYT YKe HAXOAWUJI0 JOPOTY Ha 3aBOJILI,
SJIEKTPOCTAHIINY U MECTOPOXKIEHWA. Y UEHBIE €0 KOl OYKBAJBHO CHACAJN MPOMBIILIEHHOCTH OT
MUJLJTHAPIHBIX YOBITKOB U aBapuii:

3amiuta HedTEenpoBOJOB. I[To 3akazy Kazaxckoro rocyZapCTBEHHOIO  HAyIHO-
WCCJ/IEIOBATETECKOTO W TIPOEKTHOTO HWHCTUTYTa HedTea00bIBaONel TPOMBITLIEHHOCTH KoManga
Epmunaa paszragana ruapoIuHaMutdecKyo TaliHy «pydeiikoBoro a3 derTay, n3-3a KOTOPOro BHE3AITHO
PBATUCH KOMMYHUKAIMOHHBIE TPYObI HA TMTAHTCKUX MeCTOpOxKaeHusx Kernibait u Ysenn (1991r.).

Hedraubie buabTphl. Jns  wectopoxaennsa Kenkwgak ObLT CO3MaH  YHUKAIHHBIN
MeTa/IIOKepaMuIecKkuii  3abofiubit  GUIBTP, KOTOPBIH OCTAHOBWI 3a0WBaHWE CKBAXKHUH TIECKOM
(1982r.).

DHepreTnmkKa. 3aKOHbI PA3BUTHs TYPOYIEHTHBIX CTPYii, OTKpbIThle EPIIMHBIM, JI€rIH B OCHOBY
MotHbIX ropesok st Epmakosckoit 'POC (Hbine Akcyckoii ssekrpocrannuu) (1970r.).
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DkoJsiorug u kocmoc. Hayunas mkosa Epmmina paspaborasia criocod KaTaauTudaeckoi OUnCTKY
TOKCUYHBIX T'a30B, BEIPAOATHIBAEMbBIX aBTOMOOUIBHBIMI JBUTATE/SIMIA, U PACCUNTAIA CBEPX3BYKOBOE
rOpeHUe BOJIOPOJA JIJis MEPCIEKTUBHBIX TUIEP3BYKOBBIX AIapaToB.

3esqiénas  3Heprud. Hayunag mkoma Epmmna B BeTpOSHEPreTHKe CIPOEKTUPOBAJIA
sdpdexTupnyo ycranopky «BUJJIAPBE-1».

Hacaenue, ycrpemiiénnoe B 0yayiee. ['ocynapcTBo BHICOKO OIEHUIIO 3aC/IYTH UCCIIEI0BATEN S
— 3BaHue «3aciyxKeHHbIN gedarens Hayku Kazaxckoit CCP», llpemus umenu K.W. Carnaesa,
MHOTOYUC/IEHHBIE OPJ/IeHa U 3HAaKW OoT/in4us. Ho 1yiaBHBIM €ro maMsTHUKOM CTaja CO3/JaHHAs UM
JKUBas HAyYHO-UH2KEHEPHAs CUCTEMA.

[lox pykoBomcrBoM akamemuka Epmuna [llax6aza AnmuMrupesuda OLLIN 3aIMUINEHB] 5 JOKTOPCKUX
n 29 kapmumarckmx jguccepraruii.  Cerojms ero ydenmku u mnociaemoBaresn B KasHY mwm.
arb-Papabu u APYrUX HAYIHBIX IIEHTPAX MTPOIOIYKAIOT PA3BUBATH 3aJI0YKEHHDLIE TPAIAIINH.
Onu co3paroT TporpaMMHOe oObecreueHne IM@PPOBOTO MOIEJUPOBAHUSA IHEProcOeperKeHnst Mpu
TPAHCIOPTUPOBKE HEMTH [0 MArUCTPAJBHBIM TPYOOIpoBOgaM, CTPOAT Iu(POBLIE IBONHUKN
BOJIOTTPOBOIHBIX M TEILJIOBBIX CeTEl, Pa3padaThIBAIOT MATEMATHIECKUE MOJEIW JJId MOA3EMHOTO
CKBa2KWHHOT'O BBIMME/JTIAYUBAHUA YPAHOBBIX DY, a TaKXK€ BHEAPAIOT TEXHOJOI'MN HUCKYCCTBEHHOTO
WHTEJIJIEKTa JJId ONTUMHU3al IMIPOMBIIMIJICHHBIX W 9HEPTeTHUYCCKUX IIPOHEeCCOB — W TeM CaMbIM
BOBBBIMIAIT Ka3axcTan Ha MO3UIUH MUPOBOTO JIUIEPA OTPACIIH.

Axkagemuk [Mlax6as Epmun nokazan: Kazaxcranckast KoJ1a I'aIpoa3pOMEXaHUKH — 3T0 He IIPOCTO
CTPOYKH B yueOHUKAX (PUIUKU. DTO NPOIHBIH (DYHIAMEHT HAIIEr0 TEXHOJOTHIECKOTO CyBEPEHUTETA,
3aJI0?KEHHBII BbBIIAIOITMMCHA yqéHbIM C MUPOBBIM MMECHEM.

Taxxke ormerum mpuuactHocTh LA Eprmmaa k mcropum Kazaxcrana He TOJBKO Oirarogapst
€ro JINYHBIM HaY4YHBIM IIDOPBIBAM, HO W 110 HIPOUCXOXKICHUIO: IHaX6a3—aFa - e,ZLI/IHCTBeHHbeI CbhIH
Axxarasz Jlocxkanosoii (1893-1932), nepsoii xkenmuabl BoCTOKA ¢ COBETCKUM BBICIIUM MEJIUIUHCKAM
obpasosanuem (B 2016 romy B Axkrobe na reppuropuu MeauIMHCKONO yHUBEPCUTETA yCTAHOBJIEH
A.JTocxkaHOBO# MAMSATHUK ):
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Teneps obpatumca k HaydyHOMY HacJeauio akagemuka III.A. Epiuuna u caesnaem
noA0OPKY 3HAYMMBIX pPaboT ero ydeHuKOB. llodemy rycrag »KHUOKOCTL MOXKET T€UYL JIerde
MMEHHO IIOTOMY, 9TO TpEHHe NP ABMKeHuu e€ Harpesaer! (OTUero ropsdas ra3oBasi CTPys IpH
OIpeaeIEHHBIX YCIOBAAX OKa3bIBaeTCd Oojiee yIIOPsJOUeHHOM, YeM XotoqHaA! Kak BUXph coxpaHser
cBOIO (hOpMy, IEpeMelasgch CKBO3bL OKPYXKaomyo cpeny?!  Bompockl Takoro poma 3aHUMAJIN
akagemuka [Hlax6aza Epmnna n ero yaennkos. OHE BO3SHUKAIN Ha IepecedeHnd (PyHIAMEHTAILHON
HayKH 1 KOHKPETHBIX 33734 SHEPreTUKH, HePTAHON TPOMBINIIEHHOCTH W TEXHUKH.

AsporumponnnaMuka W3ydaeT IBMXKEHHE MKHIKOCTeH U Ias30B. Mpr cranmkmBaeMcsa ¢ e€
MIPOSIBJICHUSMI Ka Kbl JeHb: OTKPBIBaeM KpaH, HabogaeM o0jaKa, IyBCTBYEM BETED, BHIUM,
KaK JbIM PACXOauTcd Haj Tpyboit. OaHAaKO NPUBLIYHOCTH ITHX sdBJIeHHil oOMaH4YnBa. BHyTpn
ITOTOKA MOT'YT OTHOBPEMEHHO IIPONCXOJIUTDH IIepeMeIInBaHnue, HATPEeB, H3MEHEHNEe CBONCTB BEIECTBA,
obpazoBanue BUXpell u B3aWMOIeHiCTBIE PA3HBIX KOMIIOHEHTOB cMecn. Jlarke mpocTas Ha BUJ CTPYs
CITOCOOHA TTOCTABUTE TIEPET NCCIETOBATEIEM CIOKHYIO 3a1aTy.

B rox cronerus co mua poxpenms [1Tax6aza Epmmna obparnenne K ero HaydIHOMY HACJIEIWIO
TO3BOJIAET TPOCAEANTH IIyTh OT HEOXKHUIAHHOTO HAOMIOAeHNT K (PU3NIECKOMY OODLICHEHUIO.
B wmonorpadun «Ilapajokcsl asporuppognHaMukny [2] paccMaTpuBalOTCA KaHAJIbHBIE TEYEeHWUs,
cBODOJIHBIE CTPYHM W COCPEIOTOUYEHHBIE BUXPHU. IDTH HANPABIACHUS O0BLEIUMHSIET BOMPOC: KaAKHUE
MEXAaHW3MBbI 3aCTABIMIIOT TeHCTBUTEIbHBIN MOTOK BeCTH cebd wmHawe, UeM TOACKA3BIBAET IEPBOE
BrevaraeHue?

Hayunbrit mapamgokc BO3HWKAET, KOTAA PACIYET WM NPUBBITHOE MPEJICTABICHUE PACXONATCI C
nabsrrogernenM. UTobbl pa3peruTh PACXOXKICHUE, TPUXOIUTCA YTOIHATH YCIOBUA 331891 U UCKATH
bu3mueckuit MexaHu3M, KOTOPBIH paHee He ObLT yuréH. Tak HeOObIYHBIN pPe3y/bTaT CTAHOBUTCS
OCHOBAHUEM JIjIsi HOBOI'O OObsICHEHM, & 3aTeM — Jjis 00jiee HaIEKHOT0 MH2KEHEPHOr0 Pacyéra.

Hwxke mnpemnaraercs upoiitu Takoir myTh 0e€3 ciokabIX dopmysn.  Mbl paccmorpum, d9To
MPOUCXOAUT BHYTPHU TPYObI, IOUEMY TEMIIEPATYPa BJINSET HA JIBU2KEHNE, KAK YCTPOEHLI CTPyHu U
BUXPU U UeM 3TU UCCIETOBAHUS TOJIE3HBI Tpou3BoAcTBY. Pusnveckue saBiieHUst 00bACHIIOTCS TaK,
4TOOBI UX CyTh OBLIA TOHSITHA MIUPOKOMY UUTATETIO.

3a OTHeMBHBIMHU 3aJadaMy ITOCTENEHHO MOPOCTYIAET XapaKTep HUCCAETOBATENBCKON IIIKOJIBI.
Eé cuna s3akmogaercd B yMEHHH CBs3aTh HaOIIOIEHNE C TeOopueil, NpOBEpUTHh OObLSICHEHWE U
MIOATOTOBUTE JIIOAEH, CIIOCOOHBIX MPOIOIKHUTH PaboTy. VIMEHHO ¢ 3TOH TOYKH 3peHHsl IapaIoKChl
A3POrUIPOINHAMUKHY [IPEACTABISIIOT HHTEPEC U CETrOIHS.

IToyemy mpuBbLIYHAY MOAEJIb MHOTAA IIOABOAUT. UTOOLI paCCUNTHIBATH CJIOXKHOE SIBJICHHE,
ero HeoOXOIUMO YVIPOCTATL. WHKeHep He MOXKET OJHOBPEMEHHO YUHTLIBATL KaXKIYI0 HEPOBHOCTD
TpyObl, KazKAYIO 9acTUIly IPUMECH U BCe MebJaiiinme n3MeHeHns ckopocTu. OH BBIIEIIET TIaBHOE
n cO3maéT Moaeab. Hampumep, IpHHAMAET IOCTOSHHYIO BA3KOCTH, PABHOMEDHYIO TEMIIEPATYPY
WJIM OJMHAKOBBIE CBOMCTBA YKUJIKOCTH BO BCEM cedeHHHU. ECanm 9TH IpeanosoKeHns COOTBETCTBYIOT
YCJIOBUSIM, MOJIJIb AT TI0JIE3HBII Pe3yJIbTaT.

TpynHocTun HAYMHAIOTCS, KOTIA YCJAOBHS MEHAOTCS. 1pyba oX/IaxK aercs, KUJIKOCTb I'yCTeeT, B
CMECH ITOAB/IAIOTCS TBEP/IbIE TaCTHITHI UJIX BO3JIE CTEHKH 00pa3yercs ocobblii croit. [Ipexunit pacuaér
MOYKET COXPAHATHh MATEeMATHIEeCKYI0 MPABWILHOCTH, HO Yy K€ OMHUCHIBATL APYTOi, 6ojee mpocToit
moToK. [loaToMy pacxoxkaeHue C OMBITOM TPeOyeT TTPOBEPKU UCXOTHBIX TTPEITIOI0KEHHIA.

Knaccuuecknit mpumep — mapagoxce Jlamambepa. B onpemenérmoil mocTaHOBKe AJIsT WAEATHHOM
KUIKOCTH MATEMATUIECKOe OTUCAHNE JAET HYIeBOE COMPOTHUBIeHne obTekaemMoro tena. Mexmy tem
1000€e NBMXKeHre PYKU B BOJIE TTOKA3BIBALT, 9TO COMPOTUBIEHNE CyecTByeT. [Ipuunna pacxox meHns
CBL3aHA C UACAJM3AINECH: W3 MOIEIN UCKIIOUEHA BA3KOCTD, & YCIOBUA ODTEKAHNS HE BOCIIPOU3BOIAT
BCE OCODEHHOCTH PeAThbHOTO TeUeHU.

Bozie moBepxHOCTH Te/1a BA3KOCTH 0CODEHHO CyiecTBeHHA. [Ipu OOBIYHOM YCIOBUM NPWIHUIIAHUST
CKOPOCTH KHUJTKOCTH HEIOCPEICTBEHHO Yy HEIOBWKHON CTEHKM PABHA HYJII0, TOTJA KAK JAJIbITe OT
Heé MOTOK JBmKercd. Bo3umkaer 001aCTh PE3KOro m3MeHeHns CKOPoCcTu. [Ipu HEKOTOPHIX YC/IOBHAX
MOTOK OTPBLIBAETCA OT IOBEPXHOCTH, W 3a Teja0oM obpasyercd cien. JlaBjienue Brmepemu u mo3aan
IepecTaéT yPaBHOBEIIMBATHLCH TAK, KAK B UI€AIN3UPOBAHHON KapTHHE.
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DTOT TpPHMEpP IIOMOTrAeT MOHSTH, MOYEeMy HeOOJBINON MO pa3MepaM YYaCTOK MOMKET BJIHMSITDH
Ha [oBeJeHne Beeil cumcreMbl. TOHKHWH €TI0 BO3JI€ CTEHKH CIIOCODEH OIMpEeIesIsiTh COIPOTHUBIIEHNE
KPYIHOTO almapaTa. TOYHO TaK Ke JOKaJbHBIM HarpeB WJIH HEPABHOMEPHOCTH COCTaBa MOTYT
U3MEHHUTDL YCJIOBUS MEPEKAYKN B AAUHHOM TPYOOIpPOBOIE.

3aJa9a MCCAeI0BaTe s COCTOUT B BBIOOPE JOCTATOYHON C/roKHOCTH Mogenan. CJIHMIIKOM IIPOCToe
OIMCAHME MPOIMYCKAeT BayKHBIM MEXaHN3M. Upe3mMepHO moapobHoe TpebyeT AAHHBIX, KOTOPLIX
HeT, ¥ OOJBIINX BLIYHC/IUTEIBHBIX 3aTpaT. MexXAy 9TUMHU KPAWHOCTSIMH HAaXOAUTCI 0O60CHOBAHHOE
peIlleHne: YIUTBIBATh MPOIECCH], JeHCTBUTENBLHO OIPEIESIONIHE PACCMaTPUBAEMOE ABJICHHE.

Tpyba usHyTpm M PpOJib BA3KOCTH. Korma MBI CMOTpPHM Ha IIOTOK M3 KpaHa, JErkKo
[IPEJICTABUTH, 9TO BOJA BHYTPHU TPYOBI ABUKETCA OJMHAKOBO BO BCeX TOUKaxX. B meiicTBUTE/bHOCTH
CKOPOCTh pacIipejiesieHa II0 CedYeHnio HepaBHOMepHO. Bo3je HemoaBMMKHOM CTEHKH XKUJIKOCTH
3aTOPMAXKUBAETCSI, a BIAJIU OT HeE IBMKeTcd ObicTpee. UToOBI MOAIEP:KUBATHL TEUEHUE, HACOC
JOJIXKEH CO3/1aBaTh TIEPEAT JTABJIEHNS, TTPEOI0IEBAIONINH COTPOTURIEHTE.

Baskocts xapakTepusyer CocOOHOCTH CPEIbl COMPOTUBAATHCT OTHOCHTEIHBHOMY ITEPEMEIeHIIO
cocemamx cyoéB. IlpocTyio amasormio mMaéT KOJOMA KaPT: ECAW CABUTATH BEPXHIOD YaCTh
OTHOCUTEJILHO HUXKHEI, OTAeTbHBIE CJIOU TTEPEMEIIA0TCA C PA3HON CKOPOCTHI0. B KUIKOCTU Takoe
mepeMerienre COMPOBOXKIAETCS TePeIatdeil YCuanii MexK Iy CIOAMU. UeM BBITe BI3KOCTD MIPH MTPOUNX
PaBHBIX yCJIOBUSIX, TeM DOJbIe ycuanii Tpebyercsd g MOAIepKaHnd 3aJaHHOTO TBUKEHUS.

[Tpu crrokoitHOM, YCTAHOBUBIIEMCH ABUYKEHUH HHIOTOHOBCKON KUIAKOCTH B IPAMOI KPYTJIOi Tpybe
pacipeesienre CKOPOCTH MMEET M3BECTHYIO MIABHYIO (DOPMY: CKOPOCTH MAKCHMAJLHA B IEHTPE U
YMEHBITIAeTCH K cTeHke. Ho 2Ta KapTuHa COpaBejinBa JUIIbL IIPH COOTBETCTBYIONINX YCIOBULIX.
B rypbynerTtHOM TOTOKE WHTEHCHBHOE MEPEMENINBAHUE W3MEHIET PACIPEIE/ICHNEe CKOPOCTH U
MEXaHW3M TIEPEHOCa UMITYThCA.

Hedrs, 6yposoit pacreop miin mysibna MOTYT BecTr cebd ctoxkuee Bobl. VX CBOICTBA 3aBUCAT OT
TeMIIEPATYPbI, COCTaBa u cKOpocTu jedopmaimu. VHOrAa npu yBe/IndeHrnr NWHTEHCUBHOCTH CIIBULA
KaXKyIIasics BI3KOCTh YMEHBITaeTCs. B Ipyrux cpemax Tpebyercs cHava Ia IPEBLICUTH OMPEIeJIEHHOe
HaIpsdXKeHne, 9T00bl HAYaI0Ch 3aMeTHOe TedeHne. [109ToMy CI0BO «KUIKOCTh» €I He ONpeaesseT
TTOJXOJIAIIYIO PACUETHYIO 3aBUCUMOCTb.

Ecte m reoMmerpmueckasd cTopoHa 3ajadn. IloTepm maBieHWS 3aBUCAT OT JUaMeTpa W JIIUHBI
TPyOBI, IIIEPOXOBATOCTH CTEHKH, IMOBOPOTOB M MECTHLIX CyxKenmil. OIHAKO yBeJIMUYEHHE IUAMETPA,
caMo 1o cebe He peraeT Bee MpobIeMBbl: /Il CMECH ¢ OCEJAIOMMMI JACTUIIAMI CHUYKEHINE CKOPOCTH
MOXKeT BBI3BATh HAKOILIEHHEe TBEpAoi aspl. Pernenne mpuxoawTcd HUCKATh C yIETOM CBOMCTB
KOHKDETHOW Cpe/ibl.

Taxune npuMepb! 00BACHSIIOT, IOUEMY UCCIEI0BAHNS KAHAIbHBIX TeICHUI 3aHIMAIOT 3HAUATEILHOE
MECTO B MHKEHEepHOH ruapoMexannke. BHyTpu BHEIHE IpOCTOro TPyOOIIpPOBOIa B3aAMMOIEHCTBYIOT
CBOICTBA BeIIECTBa, I'EOMETPUA W PEXHUM IBHXKEHHA. l3ydeHme KazkKaoro m3 STux (paKTOpPOB
[IOMOTAET IIOHSTh, T/Ie YIIPOIIEeHHe JAOMYCTHMO, a IIe OHO IPUBOJUT K OIIHOKE.

KouabiieBoii kanasi u aABu>KeHne BA3KOILIACTUYIHBIX cpe. Ilpencrasum omamy TpyOy BHyTpH
apyro#t. Mexy mX ITOBEPXHOCTSIME OCTaETCA KOJBIEBON 3a30p. TakKas reoMeTpus BCTPEYAETCA B
TEeTJIO0OMEHHBIX alapaTax W B CKBAXKWHAX, TJE KUIKOCTH JIBUKETCA IO MTPOCTPAHCTBY MEWKIY
kosionnavu. Ha mepBbiit B3I KOJIBIIEBON KaHAJ HATIOMUHAET OOBIUHYIO TPyOy, HO MOTOK Termephb
B3aMMOJIENCTBYET CPA3y C IByMS CTEHKAMM.

[Tpu HETOABUMKHBIX CTEHKAX KUIKOCTH 3ATOPMAKMBAETCA W Y BHYTPEHHETO, W Yy HAPYKHOTO
muanaapa. Cavas BRICOKasI MPOLOJIbHAS CKOPOCTH HAXOAUTCH MeX Iy HuMHU. [lpu 9moM moJioxkeHne
MaKCUMyMa HeJb3sd aBTOMATHYECKW CUYWTATh CEPEeJWHOIN 3a30pa: KPUBHU3HA TOBEPXHOCTEH w0
COOTHOINIEHNE PAIUYCOB BIUSIOT HA PACIpeAeseHne CKOPOCTH. UeMm yxKe 3a30p MO CPABHEHUIO
¢ paamycamu, TeM OJmKe HEKOTOPBLIE CBOMCTBA TEYEHWS K IBUMKEHHUIO MEXKY MMOYTH IJIOCKUMU
TOBEPXHOCTS M.

JlomoiHuTE/IbHBIE OCODEHHOCTH TTOABJISIIOTCS, €CJIU CPeIa BA3KOIIACTUYHAd. Ya0bHas ObrToBad
aHAJIOTHUS — TyCTasd MacTa, KOTopas yaepkuBaer dopmy npu caaboMmM BO3IEHCTBUEM, HO HAYMHAET
1ebopMUPOBATHCH, KO YCUIUE CTAHOBUTCH JOCTATOYHO OOJibIuM. B umHxKeHepHOi#l momenum 310
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OIUCHIBAIOT TIPEJIEJIOM TeKydecTu. Huke Hero Marepuaj MOXKeT PACCMATPUBATHCS KAK MTPAKTHIECKH
HeneOpMUPYEMEBIH, & BBIIIE — KaK TEKYIIIHA.

B xanaje HampsikeHus pacrpelesiiorcss HepaBHoMmepHo. lloaTomy paszmble wacTu OfHON ©
TOI K€ Cpeibl MOTYT HAXOTUTbCS B PA3HBIX COCTOSHUAX. laMm, TJe BO3IefcTBHE J0CTATOTHO
CHJIBbHOE, cjiou jteopMupyoTesi. B obsracTu ¢ MEHBITMMEI HANPSIKEHUSIMU MOXKET BO3HUKHYTH SI/IPO,
IepEMEIAOIIEeecs: TOUTH Oe3 BHyTpeHHero ¢isura. OHO He 0053aTeIbHO HEITOABUKHO: OKPY2KAOIINe
TEKyUne CJIOU CIIOCOOHBI MIEPEHOCUTH €0 BMECTE C TIOTOKOM.

DTO pazjaudue CYIIEeCTBEHHO s IMOHUMaHus 3ajaquu. «lIpobkar, nBuxKyimascs Kak €JIuHOe
obpazoBaHue, 1 HEOJIBUKHOE OTJIOZKEHNE HA CTEHKE — Pa3HbIe siBjieHusi. VX HEJb3si OTOXKIECTBIATD
TOJIBKO MOTOMY, 4TO B 0bemx 00JiacTdX OTCyTCTByeT 3aMerHad jedopmaliusd. robbl onpeennrh
COCTOSIHUE CPENbl, HY’KHO YUUTHIBATH CKOPOCTD, HAIIPSIKEHUS U YCJIOBUS KOHTAKTa CO CTEHKOIA.

Ecnu BHYTpeHHW# NIWAWMHIP CMEIEH OTHOCUTEJIHLHO HAPYYKHOTO, MUPWHA 3a30Pa CTAHOBUTCS
HeoamHAKOBOM. [lOTOK mMOTydaeT BO3ZMOXKHOCTE TIEPEPACIPENETAThCI, W CUMMETPUYIHOE OIUCAHNE
yKe HeIOCTATOYHO. KC/JM IUInHAD BPAIMAETC, MOIBIAETCA eIié OIWH WCTOYHUK IBUKEHUs. B
TPAKTUIECKON 3aade TeOMETPUA W TPAHUIHBIE YCJAOBUS OKA3BIBAIOTCA CTOJb K€ BAXKHBI, KaK
CBOUCTBA KMAJIKOCTH.

Cpean pabor EpimuHa 3aMeTHOE MECTO 3aHUMAIOT WCCAEIOBAHUS BI3KUX W BI3KOIMIACTHIHBIX
Cpe/l B KOJIBIIEBBIX KaHaax. Vx 3Hadenmne MOHATHO jgazxke 6e3 hopMysi: Mpeke 4eM PACCIUTHIBATD
IaBJICHUE W PACXOM, HEOOXOMMMO YCTAHOBUTH, KAKWE YIACTKH CPembl neddOPMUPYIOTCA W KAKUM
obpazom dhopma KaHaIa HATPABISET IBUKEHUE.

Kak BHyTpeHHee TpeHUe HarpeBaeT »KUAKOCTb. Hacoc mepegaér KuaKOCTH MEXaHUICCKYTO0
suepruto. HacTb €€ pacxomyercs Ha MPEOo0IeHIe COTPOTUBICHUS U B UTOTE TIPEBPAIIACTCI B TEILIO.
DTOT MPOIECC HABBIBAIOT BA3KOi jauccumarumeii. CI0BO MOXKET TOKA3AThCS CJIOXKHBIM, HO €r0 CMBIC]I
BHAKOM KaKJIOMY: JIBUKEHHE COITPOBOK/IAETCS HEOOPATHMBIM [IPEBPAINEHUEM YHEPIUU B TEILJIOBYIO
dopwmy.

Ecnu morepers JafoHW, OHU COTPEIOTCSI. B XKHUAKOCTH HET COMPUKOCHOBEHWS TBEPIBIX
TTOBEPXHOCTEN B TAKOM K€ CMBICJE, HO OTHOCHUTEIbHOE JBUXKEHUE COCETHUX CJI0EB TOXKe TpedyeT
paboTel. YeMm MHTEHCHBHEE CIABUT U U€M CYIIECTBEHHEE BSI3KUE HAPSKEHUs, TEM 3aMETHEE MOYKeT
6BITH TeITOBBIAETeHNE. B 0OBIMHOM BOJOIPOBO/E STOT HATPEB YacTO MaJjl, & B OUEHb BA3KOW Cpeje
croco0OeH MOBJIUATE HA PACUET.

Terneps mpeicTaBUM, YTO BS3KOCTH BEIECTBA YMEHbINAETCs ¢ TeMmieparypoit. Tak BenyT cebs
MHOTHE KUJIKOCTH B ONPEIEJEHHBIX JHAa30HaX. BHyTpeHHee TpeHUe HarpeBaeT Cpejy, Harpes
CHUKAET BA3KOCTh, & YMEHBINIEHUE BSI3KOCTH MEHSET PpacIIpejiesieHne CKOpocTH u TpebyeMblil epernay
napiienus. JIpurKeHue u TeMeparypa OKa3bIBAOTCH CBSI3aHHBIMU 0OPATHON CBA3BIO.

Bozsne crenku rpajveHT CKOPOCTH HepeJko BeiwK. llosTomy TemnoBbljesieHne MOXKeT ObITb
pacipejiesieHO IO cedeHu0 HepaBHoMepHo. Ho Temmeparypa ompejessercs He TOJIBKO TeM, TjIe
BbIJIeJIsieTC Ter10. BaKHBI ero mepeHoc moToKOM, TEIIOIPOBOIHOCTE U TEIJI0O0OMEH Yepe3 CTEHKY.
Oxnaxmaemas Tpyba U TEIJION30JUPOBAHHBIN KaHAJ IIPU OJIMHAKOBOM PAacX0Jie MOI'YT JaTh pa3Hble
pPE3YJIbTATHI.

V wedTn M Maces 3aBUCUMOCTH BSI3KOCTH OT TEMIEPATYyPbl OCOOEHHO CWIbHA: TPW MOHUYKEHUN
TEeMIIEPATYPBl BA3KOCThH PACTET TT0 3aKOHY, OJIM3KOMY K DKCIOHEHIHAJILHOMY. Ecau Tpybomposos
OTAAET TEII0 OKPYKAIOIIEH cpeje, KUIAKOCTh y¥ CTEHKHM OCTHIBAET W €€ BSI3KOCTh MOXKET BO3PACTH
MHOTOKPATHO IO CPABHEHUIO C BA3KOCTHIO B IEHTPE MOTOKA.

B mpucrenounoit obsactum 9acTo BEIWK TPAAMEHT CKOPOCTH. g HBIOTOHOBCKOW KUIKOCTH
MECTHO€ BBIJIEJIEHWE TeIIa IPHU CABUTE OMPEeIesIsieTCsl TPOU3BEIEHNEeM BA3KOCTH HA KBAAPAT HTOTO
rpajuenTa. EcCau TOAIepPKUBAETCA MEPEenaj] JABJeHUSA, CHUXKEHWE BA3KOCTH MOXKET YBEIHUIUTH
Pacxom W MOIMHOCTH, TEPeIaBaeMyI0 TMOTOKY. Ilpw HEIOCTATOTHOM OTBOZE TEIJIa BO3HUKAET
TOJIOKUTEIbHAA 0OpaTHAS CBA3L: HArpeB 0bJervaeT ABUKEHWE, & BO3POCIIEE [BUKEHUE YCUIUBACT
TEenJIOBbIAe/IeHre. B HEKOTOPBIX MO/Ie/sX 9TO MPUBOJNAT K ITOTEPE YCTOWYMBOCTH TPEYKHET0 PEKUMA
— SIBJICHUIO, HA3BIBAEMOMY THIPOIMHAMWICCKUM TEILTIOBBIM B3PBHIBOM. Tepmuu 00603HAYMAET PE3KYIO
IePECTPOKy TeueHusd, a He 0043aTeIbHO MEXaHnIecKoe pa3pyiinenue Tpyonl. [lpu 3agannom pacxose
obpaTHas CB3b U yCJAOBUS EPEX01a MOTYT OBITH JPYTUMHU.
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OxJaxieHre 4epe3 CTeHKY, [epPEeHOC Teljia BJOJb KaHajla U I[epepaCIpeieieHue CKOPOCTH
OTPAHUYUBAIOT CAMOPA30TPeB. B oTAespHBIX pekuMax BO3JIE XOJOIHOW CTEHKU COXPAHSIETCS
BBICOKOBsI3Kasi 00JACTh C MAJIBIMU CKOPOCTSIMHU, TOTJ/Ia KAaK OCHOBHAS YaCTb KUIKOCTU JIBUXKETCS
3HAYNTESBHO ObicTpee. Takas 0bIacTh MOXKET U3MEHSITh TEIJIOBOE COIIPOTUBJIEHNE MEXKTY [TOTOKOM
u crenkoil. (nHAKO €€ BO3HUKHOBEHHE W PA3MEPBI 3aBUCAT OT CBOMCTB JKUJIKOCTHU M YCJIOBHi
rerioobMena. st BI3KOIACTUYHON CPE/IbI IOTIOJIHUTETBHO TPeOYeT s YCTAHOBUTD, [IPEBBIIIIAIOT JTH
MECTHBIE HAIPS2KEHNUsI [TPEJIEST TEKYUeCTH: XOJIOIHbIN MeJJIEHHO JIBUKYIIUNCS CJI0U U HEIOBU2KHAS
00J1aCTh C HANPSIZKEHUSIMU HUKE TIPejesa TEKYUeCTH UMET pa3Hble (hbU3nvecKrue OCHOBAHUS.

Orcioia BO3HMKAET KAXKYIIUICH [MapaJioKC: MOTEPH MEXaHWYIECKOi SHepruu crocoOHbl M3MEHUTH
CBOMICTBA YKUJKOCTH TaK, 9TO €€ JIBUXKeHUe 0DJIerdaeTcs 110 CPABHEHUIO C PACYETOM IIPU UCXOJHOI
remitepatype. llpu aTom sHeprus He Bo3nukaer u3 Hudero. Hacoc mnpogoszkaer cosepiiars pabory,
a JacTh TIePeTAaHHOM SHEPTUN OCTAETCA B BEIIECTBE B BU/IE TeNJia NN YXOJINT B OKPYIKAIOIILYIO CPETY.

st mHyKeHepa BajykHO pa3aInvaTh 3aJaHHBIN PACXOI W 33JaHHBIN mepemnaj gaBienns. Kcam
TOOACPZKUBACTCA PaCXOd, HNU3MEHEHNE BA3KOCTU BJIUACT Ha HeO6XO,Z[I/IMOe JaBJICHUC. ECHI/I
TOOOCPZKUBACTCA JTaBJICHWE, MOXKET HN3MCHUTHCA PACXOJT. Be3 YKa3aHugd TOTr0o, 4YTO WUMEHHO
GUKCUPOBAHO, CPABHEHNE JIBYX PEKWMOB JIETKO CTAHOBUTCH HEOIHO3HATHDBIM.

Uccnenosanune takoro agpdexrta Tpedyer COBMECTHOTO PEIEHUs THAPOAMHAMIIECKONW 1 TEILTOBOM
zagad. VzMeperns BI3KOCTHU IPHU PA3HBIX TEMIIEPATYPAX 31€Ch CTOJIb 2Ke HeOOX0 UMb, KaK CBEICHUS
o Tpybe m Hacoce. IDTOT NpUMEp MOKA3BIBAET, HACKOJBKO JAJEKO MOXKET 3afiTu ommbKa, ecju
CBOMCTBO BeIleCTBa IMPUHATH ITOCTOAHHBIM JIUIH DA y,ZLO6CTBa BBIUNCJIECHUIA.

Ilouemy mnoBpexkaeHue TpyObl OBIBAET JIOKAJIBHBIM. TpybompoBoa BBITISAUT KaK
ernHad KOHCTPYKIINA, HO €ro CTreéHKa HE O6H3aTeﬂbHO HUCIILITBIBACT OJMHAKOBOC BOS,Z[QI?ICTBI/IQ 110
Bcelt okpyxkuoctu. IloxkasarespbHa 3asada U3 OPAKTUKE HEMTEIPOMBICTOBBIX KOMMYHUKAIUI:
[IOBPEXKJICHUE IIPENMYIIECTBEHHO BIOJIb HUXKHENW wactu TpyOwl. Takas Jokanmsarust tpebyer
O6'bHCHeHI/IH7 KOTOPOE HEJIb3 IOJIYYUTHb U3 OJHOI'O CPEAHEIO 3HAYCHUA CKOPOCTH.

Peanbuast cMech MOXkKeT BK/IOUATH HE(PTH, BOAY, ra3 W TBEPJIbIE MPUMECH. ITU KOMIIOHEHTEHI
OTIMIAITCS IJIOTHOCTBIO U JAPYTUMU CBONCTBaMHU. B 3aBUCHMOCTH OT CKOPOCTH U PEKUMA
OHM PACIPEIEISIOTCA M0 CedeHnto HeoAumHakoBo. Cuja TSKEeCTH CIIOCOOCTBYET PACCIOCHUIO, a
TypOyACHTHOE TIEpeMeINNBaHNEe MOXKET eMy POTHBOAEHCTBOBATL. VITOrOBas KAPTUHA OIIPEIEIsIeTC s
COOTHOTIIEHUEM STUX TPOIIECCOB.

Ecyiu BO3meiicTBrUE HA CTEHKY COCPEIOTOYEHO B Y3KOU 30HE, CPEIHNE XapPAKTEPUCTUKU CKPBIBAIOT
camoe cymectBennoe. IlpejpcraBum 102K /1b, KOTOPBI pPABHOMEDHO BHINAJAET HA, KPBIILY, HO
z3aTeM cobupaercs B BomocToke. Ha BBIXOKe m3 HEro BO/A BO3JENHCTBYeT HA MaJIeHBKUN yJ4acTOK
ropaszio CujibHee. DTO JIUIIb aHAJOTHS JOKAJIU3AINY; JeHCTBUTEIbHBIN MEXaHU3M B TPyOe HYKHO
YCTaHABJIUBATH OTIETBHO.

WccnenoBannsa pydeiikoporo sdgdekra B ImKkojge Epmumaa ObLIX CBA3aHBI C  HOHCKOM
CUJIPOJIMHAMUYECKOTO OObSCHEHWS TAaKOrO0 HEpaBHOMEpPHOTO BozjelictBusi.  [ns obbsicHeHus
s dekrTa BaXKHO MOHATH, KaK IIOTOK OPIaHU30BAaH Y MOBPEXK/IAEMON TOBEPXHOCTH U IMOYEMY UMEHHO
TaM YCJIOBUSA OTIMYAIOTCH OT OCTAJbHBIX YYaCTKOB.

OnHO0 M3 THAPOANHAMUYIECKUX 00bICHEHUH PYIeiKOBOTO 3(hbdeKTa CBA3AHO C PACCTOCHUEM CMECH
¥ BOJTHAMH HA IPAHUIAX €€ KOMIIOHEHTOB. B ropm3oHTa IbHON TPyDe BOAA M MEXaHUUIECKNE TPUMECH
MOTYT COCPEJOTOYMBATLCT B HUMKHEN YacTu, HedTh — PaCIOJaraThbCd BBHINE, a Ta3 — 3aHUMATH
BEPXHIOIO O6.HaCTb. MeH((baSHbIe TTOBEPXHOCTU UCHBITHIBAIOT BO3MYIIEHUA, B TOM YHUCJIE CBA3aHHBIE
C HeCTaIMOHAPHON paboToit obopynoBanusa. BoOJHB MEHAIOT TOJNIMUHY CI0EB, PACHPEICICHUS
CKOPOCTHU M AaBJICHUA. STI/I usMeHeHnumd cjaeayeTr pacCMaTpuBaTh COBMECTHO: IJId HeCTaHHOHapHOﬁ
MHOTOMA3HOM CMeCH TTPOCTOTO MPUMEHEHUs 3aK0Ha BepHysin Heg0CTaTOIHO.

B omwmcanun mpowmbicaoBoit mpobiembl Ha MecTopoxkAeHuax Kernibalt m Y3eHbL 0TMEUAIOCH
MPENMYIIECTBEHHOE MOBpeXaeHue TPy Bmoib HuKHeN obpasyromeii. CocpegoToueHue BOJIbI U
TBEP/ABIX TIpUMecedl y [gHa CO3/Ia€T YCJIOBUS [Jsi COBMECTHOTO JeHCTBUS 3PO3WN W KOPPO3WU.
YacTuiibl MOTYT TOBPEXKJIATh 3aIUTHYH MOBEPXHOCTH, & KOHTAKT MeTajjia ¢ BOJHON ¢as3oi —
CIIOCOOCTBOBATD JlaabHelemMy yriayoaeHuio 1edeKToB. Y3Kad JTOPOXKKA TOBPEKICHUN TIOIYYHIa
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Ha3BaHWe «pydelikoporo addexray. Ilpm 3TOM CKOPOCTH paspyIleHus 3aBUCUT OT COCTaBA CMECH,
CBOMICTB YaCTHIl, MaTepraJja TPyObl U PeKUMa SKCILTYATAIINN.

luapornuaMuyecKre UCC/IeTOBAHUS MIKOJIbI EDITHHA MO3BOJISIIN PACCMATPUBATL 9Ty TPOOIEMY
Jepe3 TPOCTPAHCTBEHHYIO OPTaHW3AIINI0 MOTOKA. VX MpaKTUIecKuil CMBICI 3aKJII0YaJICT B TIOUCKE
CBSI3U MEXKJIy JBUMKEHHEM KOMIIOHEHTOB CMECH W JIOKaJu3anueil rnoBpekaeHuit. (OKOHYATE/bHBIH
BBIBOJI O MEXaHU3Me pa3pylieHus TpedyeT COmoCTaBjieHusl paciéra ¢ JaHHbIMU 00cje10Banns Tpyd
¥ COCTAaBOM TPAHCIOPTUPYEMOIl CDebl.

Bmecte ¢ Tem B 00mnem ciydae paspylleHrne MeTajijla MOYXKET HMETb HECKOJbKO IPUYKH.
MexanndecKkasl 9po3usi, KOPPO3NOHHBIE TIPOTIECCHI W MX COBMECTHOE JlelicTBUe He paBHO3HAYHEL. [lo
BHelHell opMe MOBPEXKIEHUS HEIb3d YBEPEHHO yCTAHOBUTHL BeCh MexaHu3M. Hy»KHbI cBejeHus o
COCTaBe CpeJIbl, peKuMax paboTbl, MaTepuasie TPyObl, OTJIOKEHUIX U PE3YJIbTaTaX 00CIeI0BAHUS.

JLtsi IpOBEPKM THUIIOTE3B! TOJIE3HO COMOCTABUTH PACIOJIOKEHNE TOBPEXKICHUS C HAIPABICHUEM
IBUKEHUST, YKJIOHOM TPYOOITPOBOIA W U3MEHEHUSIMU PACX0Aa. J1ab0PaATOPHBIM OMBIT WU YUCICHHA
MOJIeTh MOTYT TIOKAa3aTh BO3MOXKHOE pachpejiesieHne KOMIOHEHTOB n cKopoctelt. Ommako pacdaér
CTAHOBNUTCH YOEIUTEbHBIM JIMIIb TOIJIA, KOTJIa €ro MPU3HAKKW COIVIACYIOTCS C HADJII0MaeMOii
KapTUHOM.

[MpakTuueckoe 3HAYEHWE TAKOTO MOAXOAA COCTOMT B BbiOOpe obocuoBammuoit Mepwl. Umorma
TpebyeTcs M3MEHUTH PEKUM, WHOTJA — MaTePHasl WIW 3aIUTy MOBEPXHOCTH, WHOTA — YCJIOBUS
TOATOTOBKY TPAHCIOpTHPyeMOoii cMecu. [lonmmanme MexaHu3Ma mo3BoIgeT 00Cy K IaTh ITH PEIeHNs
npeaMeTHo. be3 Hero peMOHT MOXKET YCTPAHUTDL CJIEACTBUE, OCTABUB IIPUYUNHY TPEXKHEI.

Ilponuriaemasi cTeHKa MeHSeT BeCh MOTOK. B npuBbiuHOil Tpybe CTEHKA yIep:KUBAET
KUJAKOCTh BHYTpu.  HO CyImIecTBYIOT KaHAJbI, 4Yepe3 CTEeHKH KOTOPBIX CPeJa IMOCTYIaeT B
OCHOBHOW MMOTOK Wju OTBOAUTCA w3 Hero. OHM BCTpeYaroTCs B (DUIBTPAIMOHHBIX YCTPONCTBAX W
TEXHOJIOI'MYECKHUX allliaparax. lakas CreHKa CTAHOBUTCH 4HaCThIO IIPOIECCA II€PEHOCA BEIeCTBa, U
Pacxo yzKe Hejib3sl CINTaTh HEM3MEHHBIM 10 JJINHE.

Ecnm wepes mophl XKUAKOCTH BXOIUT B KaHAJ, TPOJOJLHBIM TOTOK TMOCTENeHHO Tonongercd. Kean
BBIXOJUT — PAacCXojd yMeHbInaeTcd. MeHTI0TcS CKOPOCTh, JaBJE€HWE W YCJIOBUS NBUXKEHUA BO3JIE
moBepxuocTu. llosTomy dopMmysny st HempoHUIIaeMOl TPyObI HeJB3st 0€3 MPOBEPKU MEPEHOCUTH
Ha Takoll ammapaT: WCXOIHBIE YCIOBUSA CYITIECTBEHHO OTIUIAIOTCA.

[lopucTyto cTeHKY MOXKHO TIPEJICTABUTL KaK MHOXKECTBO MAJIEHBKUX NyTel, CcOoeamHIIONINX
BHYTPEHHHUI TTOTOK ¢ OKpyzKatoieit cpenoii. OnHAKO peajbHBIE TTOPBI UMEIOT CJAOXKHYI0 (HOpMy U
pasHble pa3Mepbl. X cOMpOTHBJIEHNE 3aBUCHT OT CTPYKTYPHI MaTepwajia W CBOMCTB YKUJIKOCTH.
JlaxXe paBHOMepHas Ha BUJ TOBEPXHOCTL MOYKET MPOMYCKAThL CPely HEPABHOMEDHO, €CJIN BIOJH HEE
W3MeHsIeTCs TaBJIeHHeE.

Baxxen m KOHTaKT ABYX ABUXKEHWI: OCHOBHOTO, HANPABJAEHHOTO BIOJIL KaHaJd, U IOIEPETHOro,
BO3HUKAIOIIET0 depe3 creHkKy. llpucrenounasi obsiactb nepectpamBaercs. Bwmecrte ¢ Heit MoryT
W3MEeHUTHCS MEPEHOC Tela, pacupelieyieHnne IpuMeceil W yCJIOBHUs B3aUMOIeHCTBUASA CO CTeHKoH. B
HEKOTOPBIX 3aJ/la9ax UMEHHO 3TH MU3MEHEHUs ONpeIesiorT 3hHeKTUBHOCTD anmnapaTa.

NccnenoBanns mkonsl Epmuraa BKIIOYAIN KAHAILI C TPOHUIIAEMBIME IEPETOPOIKAMHI U 33IaTH
dunprpamuu. Cpean MPUIOKEHUN YIOMUHAETCS HEPTEPOMBICIOBBI GuabTp. Ero nazmauenue
TTOMOTAEeT TOHATH WHYKEHEPHBIA CMBICT: HEOOXOMMMO MPOIMYCTUTh KUJIKOCTh U OJHOBPEMEHHO
OTPAHUYUTDH TMOCTYILJICHNE HEXKEJIATETbHBIX JACTUIl, 00ECIeUNB TPUEMJIEMOE COTPOTUBRICHUE.

B karasuruyeckom arnmapare j10baBiisieTCs enié OJMH IPOIECC — XMMHWYECKOe IPEBPAIEHNEe Ha
AKTUBHOW TOBEpPXHOCTH. Temepb ABMIKEHWE ONpEeneadeT, HACKOIBKO OBICTPO BEIECTBO JTOCTHUTAELT
30HBI PEAKIINY, 8 PEAKIN W TEIJI000MEH MOTYT BAUSATEH HA CBOWCTBA Cpeibl. PaccMoTpenne OIHOTO
JIMIIB PACXO/a YK€ He JaéT 1OJHOro oTBera o pabore ycTpoiicTsa.

[TokazareseH mpuMep NPOTOYHOrO Karajuruaeckoro peakropa [3]. Tas meuxkerca B cBobosHOI
YacTH allllapara, IPOXOAUT Yepe3 CJIoi 3ePHUCTOr0 KaTaJn3aTopa M CHOBA BBIXOJUT B CBODOIHOE
TPOCTPAHCTBO. B 31HxX 06/1aCTAX TPUMEHAIOT PA3HBIE ONMUCAHUS: YPABHEHU IBWKEHUA CBOOOIHOTO
MOTOKA © MOJEIb (puabTpanmu B TOPUCTON Cpese. [Ipu goCcTAaTOYHO MAJBIX CKOPOCTIX
dbuabTpam OCHOBOM MOXKET CJAYKWAThb 3akoH Jlapcw; mpu CyIIeCTBEHHOM BJIMSHUU WHEPIUN
HY2KHBI JIOIOJHUTEIbHBIE WIEHBI COMPOoTuBIeHus. Ha rpanumax obsacreil HeoOX0AnMO COTJIaCOBATH
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MaCCOBBIIl TTOTOK W YCJIOBUsI TEPEatdnd MeXaHWdecKux BozzelicTBuii. CKOpPOCTh, yCpeaHEHHAs II0
BCEMY CEUEHUI0 MOPUCTON CPEIbl, IPU 3TOM OTJIUYAETCS OT CKOPOCTH HEMOCPEICTBEHHO B TIOPAX.

B paccmarpuBaemoM mpuMepe 3a CJI0EM KaTaJn3aTopa Ha MPOMUIE CKOPOCTH TOSBIISIOTCS
«yIIW» — TOBBIINIEHHbIE 3HAYEHUs BOJM3M CTEHOK WpPH MeEHbIIEH ckopocTtu B IeHTpe. Takoe
pacIpeiesieHue MOYXKET ObITh CBS3aHO C HEOIHOPOJIHON CTPYKTYpOil 3acChIMKuU. Y CTEHKH YKJIAJKa
3EpeH OTVIMYAETCS OT YKJAJIKU B IIyOMHE CJI0d, YTO CIHOCOOHO YBEJIUYUTH MECTHYIO HOPUCTOCTH
U TPOHUIAEMOCTb. YacTb raza nOpoxXOmUT [0 TYTH MEHBIIEro COINPOTUBJIEHUS U MEHbIIe
B3auMoJieficTByeT ¢ Karagm3aropoM. Jljasg KOHCTPYKTOpa 3TO BaKHbIH CHUTHAJ: [IPABUIBHOIO
CpeHEro pacxo/ia HEJO0CTATOUHO, €CJIN ITOTOK PACIPE/IEIEH 110 CEUYEHUI0 HEPABHOMEDHO.

31ech 0COOEHHO SICHO BU/IHO, KaK I'DaHUIIA PACUETHON obsacTu Bjuger Ha pe3ysbrar. CTeHka He
BCErVIa SBJISETCH MACCUBHON IeOMETPUYECKON IMOBEPXHOCTHIO. K€ mponmiaeMocThb, TeMieparypa u
CBOMCTBaA CHOCO6HbI N3MEHUTH BECH ITIOTOK. ,D;J'[H TPABUJIBHOTO ONMHCAHUA HY?KHO 3HATH HE TOJIBKO
TO, UTO TMPOUCXOIUT BHYTPHU KAHAIA, HO M KAKUM 0OpA30M KaHAJ B3AMMOIEHCTBYET C OKPYZKAIOIIEt
CpeIon.

Mo>kHO JTU CHU3UTH COTPOTUBJIEHUE HO00aBJIEHUEM >KUJAKOCTU. VHTYWUTHBHO KaxKeTcd:
ecsin Yepe3 TpyOy MPOXOAUT OOJIBIME XKUAKOCTH, HACOC AOJI2KeH paboTaTsh Taxkesee. [1pu Hem3MeHHBIX
CBOMCTBAX CPEbl M MPOYMX COMOCTABUMBIX YCJAOBUAX YBEIUUEHUE PACXOMa AeHCTBUTEILHO Tpebyer
OoJibITiero mepenasia AaBiaeHus. Ho cuTyanmsd MeHdeTCd, KOrga 100aBiageMas KUIKOCTH WMeeT
JPyTHe CBOWCTBA W MMEPECTPAMBACT MPUCTEHOTHYIO 00IACTh.

[IpencTtaBuM OCHOBHOW MOTOK OYEHbH BSIBKON CpEHI. NmenHo BoO3Jie CTEHKW BO3HUKAIOT
SHQYUTE/IbHBIE M3MEHCHUA CKOPDOCTHU U MePeaaroTCd YCHUJINUAd OT 2KUJIKOCTU K IMOBEPXHOCTH. EC.HI/I
gepe3 IMOPpUCTYo CTEHKY I10JdaBaTh MEHEE BA3KYIO0 KHUAKOCTb, MNPU TOAXOAANINX YCJIOBUAX TaM
MOXKeT ¢cOPMUPOBATHCS CJIOH ¢ MEHBIITUM CONpoTUBaeHueM capury. OH objierdaer OTHOCUTETBHOE
JABUKEHUE OCHOBHON CpeJibl U CTEHKMU.

Takoit 3¢pdexT ym00HO CpaBHUTHL CO CMA3KOM, XOTS BHYTPHU TPYyOOIPOBOJA KAPTHUHA CJHOXKHEE
OOBITHOTO CMA3BIBAHUS MeXaHW3Ma. TOJMIMHA CJI0S MEHSIETCH, KUIKOCTH MOTYT MepeMeIuBaThCS,
a ToJada vepe3 TOpbl BJIUSET HAa PACIpEIeSeHHe CKOpocTu.  UTOOBI MOJYUUTH CHUMKEHUE
COTIPOTUBJICHUS, HEOOXOIUMO OTIPEICCHHOE COUeTAHUE CBONUCTB W PEKUMA.

[TosTomy mTOr HETB3d TpPeCcKa3aTh U3 0HOTO (hbakTa JobaBieHud xuakoctu. Ecam ona ObICcTpO
CMEIIUBACTCA € OCHOBHON CpeIoi, BBIPAKCHHBIA IIPUCTEHOYHBIA CJI0H MOXKET He COXPaHUTLCH.
Ecin mnonavua upesmepHa, yBeJUUYEHUE PACX0OJa CIOCOOHO TEpEeBeCHTh OJIArOMPUSTHOE H3MEHEHUE
pacripeiesieHusi BA3KOCTH. BakKHbBI TakKe JJINHA YYACTKA W yCJIOBUsT (POPMUPOBAHUS CJOS.

B mikosne Eprimna 3T1oT BOIpoc u3ydasiu 9UCJAEHHO — Ha [IPUMepPe BJIyBa MAJIOBS3KON CPEJIbI Yepes
HOPHUCTYIO cTeHKY. Jljis mupokoro dauraresisi 3/1eCh UHTEPECHO TO, UYTO U3MEHEHUE MAJIOT0 yYacTKa,
cedeHust CrocobHO 3aMETHO IMOBJIUATh Ha 001uit pe3ysbrar. llpuunna 3akatouaercs B ocoboit posiu
[PUCTEHOYHOI'O [EPEHOCA UMITYIIBCA.

s mHKeHEepHOH OleHKM HY2KHO PAaCcCMaTpuBaTh BCIO cucrteMy. CHUKEHUE Tepera/jia JaBJeHnst
HA OCHOBHOM y4YaCTKe eIlé He O03HA4YaeT YMEHbBIEHUsS CYMMAapPHBIX SHEPrEeTUYECKUX 3aTpar.
L omoTHUTETbHY 0 KUIKOCTb TpedbyeTcs NoJaTh, HOJAIOTOBUTDb, a WHOIJA 3aTeM OTAeuTb. Ha stu
OTIEPAIMH TOXKE PACXOAYIOTCS IHEPTUA W Pecypchl. lIpakTudaeckasi BBHITOAA OMPEIEIACTCA MTOJTHBIM
OastaHcoM.

Yr1o ceTka gesiaer ¢ MOTOKOM. OQOBIYHAS CETKA KAXKETCA CJIUIIKOM TPOCTHIM TTPEIMETOM
IJIg CEPHLE3HOTO UCCAeAOBAHUA. Uepe3 eé 0TBEpPCTHd TPOXOMUT BO3AYX WKW BOAA, YACTh DHEPIUN
TepdeTCd, 1 Ha 9TOM OIIMCaHne MOXKHO 6}31.)'[0 6bI 3aKOHYUTE. HO €CJIN IIOCMOTPETh Ha ABUXKEHNE
BHUMaTeE/JIbHEe, O6Hapy}KI/ITCH MHOX>XKECTBO MaAJIECHBKUX CprfI u CJIeJ0B, BO3HUKAIOIMIUX BOKDPYT
DJIEMEHTOB CETKU.

[Tepesn cerkoii TOTOK 3aTOPMAaXKUBAETCA W MEPEPACIPEIEIIeTCSI. B 0TBEpCTUAX OH yCKOPAEeTCd,
a 3a IIepeMblYKaMW BO3HUKAIOT O6J'[aCTI/I IIOHUKEHHOM CKOPOCTH. ﬂaf[bﬂle OTAeJIbHbIE CTDYHU
B3aI/IMO,ZLteICTByIOT7 cjaeabl PaCIIupdrTCd W ITOCTCIICHHO IIePeMEIIMBAIOTCA. HOSTOMY ycjoBud
HEIIOCPEJICTBEHHO 33 CETKOH OTJIMYAIOTCA OT YCJIOBWI HA HEKOTOPOM PACCTOSAHWHU OT HEE.

Cerka crmocobHa ONHOBPEMEHHO CO37ABATh MEJIKWE BO3MYITCHHS ¢ U3MEHATH KPYITHYIO
HEPABHOMEPHOCTH MOTOKA. VIMeHHO 1m0dTOMY €€ JefiCTBIE HEeJIb3sl ONKUCATH CJAOBAME «YCIIOKAUBACT»

Bulletin of L.N. Gumilyov Eurasian National University. Mathematics, computer science, mechanics series, 2026, Vol. 155, Ne2

33



BiacrenuHd Typ6yAeHTHBIX CTUXUH ...

WK «BO3MYyIIaeT» 0e3 yKazauus MecTa HabJfofeHns U pexknma. Pe3ysprar 3aBUCAT OT pas3Mepa
sI9€EK, TOJIIUHBI 3JIEMEHTOB, OTKPBITOH TLJIOIIAIN U CKOPOCTU CPEJIBI.

WNHTepecHBIM CBOWCTBOM TeY€HHUs] UEpPE3 CETKY OKA3aj0Ch «IIPEJIOMJIEHUE» JIMHWI ToKa. Hcam
MoTOK Haberaer Ha CETKY IO/l YIJIOM, TO 3a Heil OH JBUXKETCS YVKe B JIDYI'OM HAIIPABJIEHUU — OJIHZKE
K TepIeHINKYIAPY K €€ mockocTu. B skciepumenTax s1oT 3dypekT 6611 0TUéTiinBo 3aukcupoBan
¥ OIHUCAH SMITUPUIECKOH (hOopMyJIOit.

Haknonnass cerka OKa3plBaeT pa3judHOE BO3JEHCTBUE HA COCTABJSIONINE JBUXKEHUS WU
c1riocobHa YMEHbINATh COCTABJISIONIYI0 CKOPOCTH BJIOJIb CBOEH ILIOCKOCTH. /[yt ycTaHOBUBIIErocs
HECKMMAEMOT'O TIOTOKA COXPAHEHWE MAacChl OOECIEeYMBAET HEMPEPBIBHOCTb CYMMApPHOI'O PaCXojia
yepe3 cerky. llpu onuHAKOBON IJIONMANKM CPABHUBAEMBIX CEYeHUI STO O3HAYAET PABEHCTBO
YCPEIHEHHO# HOPMaJIbHOM CKOPOCTH, HO HE COXPAaHEHUE e€ JIOKAJIbHOI'O 3HAYEHUS B KayKJ0i TOUKE:
B OTBEPCTHUAX TOTOK YCKOPSIETCS, a 33, TepeMbluykaMu 00pa3yioTcs ciaembl. V3Mmenenne OTHOIMEHUS
pre,Z[HéHHbIX COCTaBJIAIOIINX CKOPOCTHU TIOBOPaYMBaACT TTOTOK 6J'[I/I}Ke K HOpMaJIN. CpaBHeHI/Ie C
TPEJIOMIEHUEM CBETa, HATVIAIHO, OJHAKO 3/16Ch MEXaHU3M CBA3aH C COMPOTHUB/IEHUEM TPENITCTBUN 1
TTepepacIpe/ie/;IeHIeM UMITYIbCA.

HaKeT N3 HECKOJIBKUX CETOK ,ZLO63,B.H$[€T HOBBIE YCJIOBUA. Ba}KHbI pacCcTodumud MeExKJay HUMHNU
¥ B3aMMHOE PACIOJIOXKEHWEe sgd9eek.  KCam caeayionas CeTka CTOWT CJIUIMIKOM OJIM3KO, OHA
BOCIIpHHUMAaAECT eme HE BprOBHHBHlI/IfICH IIOTOK. ECJII/I paccrodame AOCTATOYHO BEJIMKO, YaCTb
HEOTHOPOJHOCTEH ycrmeBaeT ocnabuyTh. (OJMHOBPEMEHHO KaXKJ0e JOMOJHUTENbHOE MNPENITCTBHE
yYBEJIUYIUBACT ITOTEPU AABJICHUA.

OTH 0COGEHHOCTH CYIIECTBEHHBI JIjIf allapaToB, e HeODXOAMMO paCHpese/uTh MOTOK TI0
pabouemy ceuenuio. HepaBHOMepHas momada MOXKET YXYIIATH TEIJI00OMEH, IIepPEeMEITuBaAHNE
njin yCJjIOBUA U3MEPEHUA. HOSTOMY BbI60p CeTKMN CBA3aH C KOMIIDOMHUCCOM: TIOJIYYUTH HYKHYIO
CTPYKTYPY ABUZKEHHUA IIPHU JOIYCTUMBIX SHEPIeTUYCCKUX IOTEPSIX.

CBobogHasi cTpysa M BO3ayX BOKpPYr Heé. IloTok BHyrpu TpyObl OrpaHUYeH CTEHKAMMU.
[Tocie BBIXOZA W3 OTBEPCTUsT OH CTAHOBUTCHA CBOOOIHON CTPYE M HAUMHAET B3AUMOEHCTBOBATE C
OKpy:Karomeit cpemoit. ['paHnia MeX Iy ABUXKYIIEHCS W TepBOHAYAILHO HETOIBUXKHON YKUIKOCTHIO
WM TA30M He OCTAETCd PE3KOil: uepe3 Heé TmepenaloTcs UMITYJIBC, TEIJIO U BEIIeCTBO, PA3BUBAETCS
epeMeIBaHue.

Harssimubiit mpumep — cTpys BO3/yXa U3 BeHTWIdATOpa. Ha HEKOTOPOM pacCTOSHUM OHA
CTAHOBUTCS MIUpE, a €€ CKOPOCTh B IEHTPaIbHON 0b0jacTu yMmenbIinaercs. [lpudwna He cBOgMTCS K
IIPOCTOMY «PACXO0BaHUI0 CHibly. CTpys BOBJIEKAET OKPYKAIOIIUI BO3/IyX B JIBUKEHNE, U UCXOIHBIN
UMITYJIBC PACHPEIEISAETCss MEXK Y OOJBINNM KOJIUYECTBOM BEIIECTBA.

DTO BOBJIEUEHUE HA3ZBIBAIOT IKEKIMeH WM 3aXBATOM OKpy:Karoiell cpenbl. Eciu npencraButb
MTOTOK KaK y3KYIO JEHTY OBICTPO JBHKYIIETOCS BO3/yXa, €€ COCEIHUE CJIOU TOCTENEHHO HAYUHAIOT
JBUTaThCS BMecTe ¢ Hell. [lpu TypOyienTHOM pexxuMe 0OMEH YCUINBAETCS BUXPEBBIMU JTBUKEHUSIMHU.
Crpy« pacuupsiercsi, a €€ CTpyKTypa MeHAeTCsl 110 HAIIPABIEHUIO JIBUXKEHUS .

B peasibHOM ycTpoiicTBe KAPTHUHA 3aBUCHAT OT (POPMBI OTBEPCTHS, HAYAJIbHON CKOPOCTH, IIJIOTHOCTH
CTpy" U OKpyxKartomielt cpennl. lopaumit Jérknit ra3 UCHBITBIBAET JelicTBre maaBydecTn. Tskénaa
CTPYyd MOXKET OTKJIOHATHCA WHAYE. ECJ'H/I HO6,HI/130CTI/I €CTh CTEHKA NJIN BCTpequIﬁ TTOTOK, CBO60,Z[HO€
Pa3BUTHE HAPYTIACTCA W BOSHUKAIOT JOTIOJTHUTEIbHBIC BSaI/IMO,Z[ef/’ICTBI/IH.

Heckonbko cTpyit ciocobHBI CAMBATHLCH, YCUIWBATL MEPEMENTUBAHUE WJIH CO3aBATh CJIOXKHBIE
00JIaCcTH PErnupKyAA. B KoakCHa bHOW CHCTeMe OJHa CTPYsd OKPYXKaeT APyryr. Tak MOXKHO
YIIpaBJIdTH HO/I[&LIefI KOMIIOHEHTOB U O6MeHOM MeXJay HUMHA. O/I[H&KO pe3yabTaT 3aBUCUT OT
COOTHOIIIEHNS CKOPOCTEH ¥ IJIOTHOCTEH, a He TOJMBKO OT PACIIOJIOKEHU COIIE.

Uccenenopanust cBOOGOMHBIX CTPYH COCTABISAIN OJHO M3 OCHOBHBIX HAIPABJEHUI MTKOJIBI EpITHHA.
Onwm 6BLIM CBA3AHBI ¢ Teopueil Ta30BOTO bakena u paspaboTKON TOPEJOYHBIX YCTPOHCTB. IDTO
IIOHATHAad CBA3b: opexjae 4YeM TOILJIMBO CropurT, OHO JOJIZKHO BCTPETUTHCA C OKHUCJIUTEJIEM B
NOAXOAAIINX YCIOBUAX.

Ilouemy HarpeB MeHAET TYpPOYJEHTHOCTb. [ypOy/aeHTHOE ABUKEHUE JACTO OMUCHIBAIOT KK
xaoTudeckoe. CKOPOCTh B OJHON TOYKE KOJIEDIETCS, BOSHUKAIOT BUXPU PA3HBIX PA3MEPOB, COCETHUE
Y4aCTKU WHTCHCUBHO TIE€PEMEIINBAIOTCA. TeM HE MeEHee TaKOe TedeHue IIoA9MHACTCA (1)1/13I/ILIGCKI/IM
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3akoHaM. Kro cBoiicTBa omnpenensiorcd B3aWMMOJEHCTBUEM WHEPIUYM, BSI3KOCTH, [E€OMETPHUHU U
BHEIIHUX BO3IEMCTBHIA.

i olleHKY pekuMa IMUPOKO HCIOJIB3YIOT Yuciio Peithosbica. bes dpopmysibl ero cMbICT MOXKHO
BBIPA3UTH TaK: OHO COMOCTABJIAET CTPEMJIEHHE [TOTOKA COXPAHSTH JIBU2KEHUE C JIEHCTBUEM BA3ZKOCTH,
CIJIAZKUBAIOIIEH pazjudusi ckopoctu. llpu oamHaKoBO# TeoMeTpUyM BBICOKAsi CKOPOCTb OOBIUHO
YCHJIMBAET POJIb MHEPIINH, & DOJIbIlast KUHEMATHUECKAsT BA3KOCTb — POJib BSI3KOT'O BO3JIENCTBUS.

[TosToMy o/MH U TOT K€ MOKAa3aTeJb CKOPOCTHU €IIE HE 03HAYAET OJIMHAKOBOIO IMOBEJECHUS JBYX
cpen.  XOJIOIHBIA W TOpsAvYMil Ta3 PA3IUYAKTCH ILJIOTHOCTBIO U BA3KOCTBIO. Y MHOIUX Ta30B
JIMHAMUYIECKAs BSI3KOCTb IIPU HAIDEBAHUM BO3PACTAET, & IJIOTHOCTH [IPU CONOCTABUMOM JIABJICHUU
yMeHbIaercs. B pe3yibrare OTHOCUTEIbHAS POJIb BA3KOCTUA MOXKET 3aMETHO YCUJIUThCS.

[Ipu noxxomsAnux yCJaOBUSX 3TO CIOCOOCTBYET OCAAOJIEHUIO IyJbCAlluii m coxpaHeHuio Oojiee
YHOOPAJOYIECHHOTO JOBU2KEHUA FOqueﬁ CTpYyH. TaK TIOABJIACTCA HEOXKHUJAHHOCTD: BBICOKaAd
TeMIiepaTypa He 00s3aTeIbHO COMPOBOXKIAETC Gosiee CUIBHON TypOyaeHTHOCTRI0. OJHAKO HYXKHO
NTOMHUTH, YTO TPWU HATPEBAHUU MOTYT UBMEHATHCA W CKOPOCTH, W Pa3MEpbl TIOTOKA, W APYyrue
mapaMerphl.

B nuamenn kapruna emg cioxkuee [1].  Temsosoe paciupenune, HeojMHAKOBas IJIOTHOCTH,
CPaueHThl TEMIEPATYPhl W B3amMmomeiicTBume (POHTA PEAKIMKW C IMOTOKOM MOTYT CO3aBaTh
cobcrBennble HeycroiffunBocTr. IlodToMy yTBep:K/ieHHE O TIOJABJIEHWM IIYJIbCAIMI OTHOCHTCH K
OTPEEIEHHBIM YCJIOBUIM W YYaCTKAM TeUeHWdA. Kro HeJb3sd NPEeBPAINaTh B MPABUIIO g JIIOO0T0
TPOPEHUSI.

Paborsr Epiinna u ero KoJuier 1mo BhICOKOTEMIIEPATYPHBIM CTPYAM U razoBoMy (raxesy oOparmaoT
BHUMaHUE MMEHHO Ha CBI3b CBOMICTB BemeCTBa W CTPYKTYPBI JABUZKEHUA. Z[J'[H quTaTesad 34eCh
BayKeH ODIIUiT BBIBOJ: MMOTOK OIPEJIESETCs Me/10¥ COBOKYITHOCTBIO yeoBuit. Temmeparypa crocobHa
MEHATb CaM MEXaHU3M JABU2KEHUA, [MOITOMY eé yqéT HEC OI'PaAHUYMUBACTCHA pacqéTOM KoJIm4yecTBa
epeIaBaeMoro TEILTA.

Ot Teopunm dakesa Kk pabore ropesiku. [a30Bbiil dakes 3HAKOM IO TLJIAMEHH TOPEJKH.
Ho 3a ero Buammoi#i dpopMoil CKpBIBAETCS COBMECTHOE IEHCTBYUE adPOAMHAMHUKHU, TEIJIOIEPEHOCA,
U XUMUYeCKuX peaximii. TOIINBO MOJKHO CMEIIATbCS C BO3JAYXOM, BOCILIAMEHUTHCS U CTOPETH
B TOJXOMSIIEM TpocTpaHcTBe. llpu 3TOM ABUKEHHE ONPEIESIsieT, IJe BCTPEYaloTCd PEeareHThl U
CKOJIBKO BpeMeHU OHU HAaXOJATCs B 30HE PEAKITHH.

Ecyu cMmerienne HemoCTaTOYHO, JaCTh TOILIMBA MOXKET HE YCHETh [MOJTHOCTBI0 OKUCJIUThCS. Kciu
OpTaHU3aIUs TOTOKA HE COOTBETCTBYET PEKUMY, ILJIaMst CIIOCODHO CTaTh HEYCTOHYnBBIM. Upe3aMepHo
WHTEHCHUBHOE JIBUXKEHUE TOYKE HE BCEJIA MMOJIE3HO: YCJIOBUS yepKaHus (bPOHTA TOPEHUS 3aBUCHT OT
COOTHOTIIEHUsI CKOPOCTEN TIOTOKA U IIPOIECCOB BOCILIAMEHEHUS.

[TosTromy paspaborka ropesiku TpebyerT OTBeTa HAa HECKOJBKO CBSI3aHHBIX BOIpocoB. Kak momarh
BO3AyX u TonnuBo?! I'ne obecreunts nepemernuBanmne? Kakum obpaszom yiepKaTh IiaMs B paboueit
3oue? Kak pacnupeiesinTb TeIIOBBIIe/€HNE, YTODOBI OHO COOTBETCTBOBAJIO HA3HAYEHUIO YCTAHOBKU?
leomerpust cotiess u KaHAJIOB CTAHOBUTCS UHCTPYMEHTOM YIIDABJIEHUS STUMH IIPOIECCAMHU.

Hayumsie nucroxu Eprmna cesasans! ¢ Tennodusukom JIsBom Bymucom. Bumecte ¢ JILA. Byucom n
JLII. Slpuubiv on wanucan moxorpadnio «OcHoBb Teopun razosoro dakeras (1968) [1]. Dror nuka
paboT MOKA3BIBAET, TIOUEMY UCCJIEI0BaHNE CTPYil OBIJIO BaAyKHO OHOBPEMEHHO JJIst (DyHIaMeHTaIBHOM
HAYKW W 9HEPTETUKU.

PezynbraTer wccienoBanns TypOYIEHTHBIX CTPYH NPUMEHAJNCH TPH Pa3pabOTKe TOPEJIOTHBIX
yerpoiicts st Epvakosckoit TPOC (ube Axcyckaa T'PIOC). Tpuvenenuwe 3TMX pPE3yabTaToOB
IMOKa3bIBa€T, KaK IMOHUMaHWe [ABUKECHUA ,ZLaéT OCHOBY JJJisd OPraHU3alluu CMEIICHUA W TOPEHNd.
XapakTepuCTUKA KOHKPETHON TOPEJIKW ONPeAeadioTcs €€ KOHCTPYKIIWEH W TPOBEPAIOTCS PHU
NUCIIBITAHUAX B pa60qI/IX yCIOBUAX.

BricokoremmepaTypHbie U CBEPX3BYKOBBIE TTIOTOKH TPEOYIOT €Iig Hojiee CJIOKHOTO onmucanus. Tam
CYIIECTBECHHBI CXKHUMAECMOCTb Ta3d, U3MEHECHHNE TEMIICPATYyPhl U KOPOTKOE BpEM: BSaHMOILeﬁCTBHH
KOMIIOHEHTOB. Mogens, npurogHas Aas CIOKOHHOW J1adOpaTOpPHON CTPyH, HOKHA OBITH
CyIIECTBEHHO yTOuYHEHA. IlpoBepka €€ IPUMEHMMOCTH CTAHOBUTCH CAMOCTOSTEJLHON YaCThIO
HCCE0BAHUS.
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Teopust dakesa mosTOMy MpeacTaBIIET COOOM TpUMED 3aauu, B KOTOPOW IPOIECCH HEJb3s
M30JIMPOBATL JAPYT OT Jpyra. JlpukeHue BJnsgeT HA PEAKIINIO, PEAKIUs BBIJIESET TEIJIO, TEIJio
MEHSIET TJIOTHOCTH M BS3KOCTb, @ 9TH M3MEHEHUsl NepecTpauBarT noTok. Hayunasa pabora wuimer
COrJIACOBAHHOE 00'bACHEHUE BCEil ITOM MENOYKH U YCI0BUS, B KOTOPBIX OHA 0OECIeInBaET yCTOWUUBYEO
paboTy ycTpOHCTBA.

Buxpesbie cTpyKTypbl Ha KpuBoJinHeiiHoii nosepxHoctu. Boja, npuxkyiasics mo u3ruoy,
MeHsieT HanpasJeHue. Jljisi 9TOT0 HEOOXOMUMBI CHJIBI, YIAEP:KUBAOIINE TOTOK HA KPUBOJMUHENHHOM
TpPaeKTOpuu.  BHYTpH KHUJIKOCTH BO3HUKAKT COOTBETCTBYIOIIUE PACIPE/IEJIEHUs JIaBJIEHUS U
ckopoctu. KEciu ux coueranwe HeOJATONPUATHO Ui YCTONYUBOCTH, NEPBOHAYAJIBLHO ILIABHOE
JIBU2KEHIE MOYKET IIEPECTPOUTHCA U 00pa30BaTh PEryJisipHbIE BUXPEBbIE CTPYKTYPHI.

Viobrnasg aHaJorud — JIBU2KEHUE aBTOMOOWJISA 10 MOBOPOTY. YeM BbIIIE CKOPOCTH U 9eM Kpydue
TMOBOPOT, TeM 3aMeTHee TpeboBaHWE K CHJIAM, W3MEHSONINM HATpaBJeHne IBMXKenns. Ho B
KUIKOCTH COCEIHHUE CJIOWM MOTYT JIBUTATHCS C PA3HON CKOPOCTHIO W OOMEHUBATHCS BEIIECTBOM.
[TosToMy BOIPOC yCTONYMBOCTH CJIOXKHEE TTOBEJEHNS OJIHOTO TBED/IOTO TeJIa.

HpI/I Te4YeHUun BAOJIb BOI‘HyTOfI TTOBEPXHOCTU B IMOTPAHUYHOM CJIO€ MOTYT BO3HUKATH MTPOJOJIHLHBIE
Buxpu [épriepa. OHM TEPEHOCAT KUJKOCTH MEXKIY YIACTKAMHU, PACTIOJIOKEHHBIMI OJTNKe K CTEHKE
u gagbiine oT HeE. B pesyiabrare moBEPXHOCTH WCIBITHIBAET HEOMMHAKOBOE BO3IEHCTBUE TIO ITUPUHE,
a TerIo0OMeH MOXKeT CTaTh CYIIEeCTBEHHO HEPABHOMEPHBIM.

Jlpyroit w3BeCTHBI TpUMep — XKUJAKOCTh MEXKIY BPAIMAOMMMUCT THJIHHIPAMUA. ITpn
OLPEeAEIEHHBIX COYETAHUSX BPAIIEHUs M CBOMCTB cpeabl Bo3HMKailoT Buxpu Teisiopa. 31ech
XapakTepHbie 00PA30BAHUS MMEIOT APYTYI0 OPHUEHTAIINIO0, YeM IPOJOJBHBIE BUXPH BO3J€ BOTHYTOMN
CTE€HKMH. O6'be,ZLI/IH$[eT 9TU 3ada9U POJIb KpI/IBO.HI/IHQfIHOFO ABUXKCHUA 1 HeHTpO6e}KHbIX MEXAHU3MOB
HEYCTOMYUBOCTH.

I/ICCJ'[e,Z[OBaHI/IH TaKUX CTPYKTYDP BeJn Ep]_HI/IH n ero y4eHukKHu. I/IX SHAQYECHME BBIXOAUT 3a PaMKH
KPacuBOW KapTWHBLI TeYeHUs. BuUXPU M3MEHSIOT MEPEMEIIMBAHUE, IEPEHOC MMIIYJIbCA W TEILIa.
CnenoBaTenbHO, OHH MOTYT BJHSTH Ha paboTy amnmapaTa ga)ke TOTJA, KOTJA CPEIHUE PAaCcXol U
TeMIIepaTypa OCTAITCS TPEXKHUMHU.

BuxpeBoe KoJibII0 HEPEHOCUT ABU2kKeHUe. J[BIMOBOE KOJIBIIO — OJINH M3 CAMBIX HATJISITHBIX
00bekTOB rugpoMexaHnkn. (OHO WMeeT y3HaBaeMyl (OPMY U HEKOTOPOE BPEMS MEPEMEITAeTCs
Kak enwHoe obpazoBanme. JlbIM JlefaerT ABUKEHUWE BUIMMBIM, HO OCHOBHYIO CTPYKTYPY CO3/IaéT
Bparawomniics Bo3ayxX. IlogobHble Kosiblla MOTYT CyIIECTBOBAaTH U B BOJE, TJe Jjis HAOJIIOIEHUs
UCIIO/TB3YIOT OKPAIIEHHY0 YKUJIKOCTb MJIM YACTHITHI.

BuyTpu kosbna cpejga JBUKETCsT BOKPYT €ro IOMEPedHOro ceveHus. Ecm MBICJEeHHO pa3pe3aTh
KOJIBIIO TIJIOCKOCTBIO Y€PE3 OChb, MOXKHO YBHJETH JBe 00JIACTH BpAIEHUS, OTHOCAIINECS K OJHON
MPOCTPAHCTBEHHON CTPYKType. ITO BpAaIlleHHEe CO3/aéT ToJie CKOpOCcTell, Biaromaps KOTOPOMY
KOJIBIIO TIEPEMEIIAETCS B OKPYZKAIOIIEN cpejie.

Buxppb criocoben mepeHOCUTH BOBJIEYEHHOE BEIECTBO, HO €r0 T'DAHUIA HE SBJSETCS TBEDIOi
obosioukoii. OH B3aUMOJIEHCTBYeT C OKPYKEHHEM, Hu3MeHseT (QOPMY U IIOCTEIIEHHO Tepser
nepBoHavaabHble cBoiicTBa. IlosTOoMy cpaBHEHME ¢ JBUKYNIIUMCH IPEIMETOM IIOJIE3HO JIUIIh
OTYACTH: BHYTPH TAKOTO «IPEIMETa» HEMPEPHIBHO MPOUCXOIUT COOCTBEHHOE TBUXKEHWE.

CKOpOCTb TOCTYTATEJIBHOTO JIBUXKEHNA KOJIbIla 3aBUCUT OT €TI0 PasMepOoB W HWHTEHCUBHOCTU
Bparerus. CyIecTBeHHa, W TOJIMNHA BUXPEBOTO s1/Ipa. B TPOCTBIX TEOPETUIECKUX OTMUCAHUIX
TOHKOT'O KOJIBIIA STH BEJIMYWUHBI CBA3AHBI MKy COOOM, HO NEPEHOCHTH TAaKOe OIHCAHWe Ha Jiioboe
peasibHOE KOJIBIIO Hesib3si. 'Tojcroe dgpo, O/IM3Kas CTEeHKA WM CUabHAs jedopmarys TpebyroT
JPYTUX yTOYHCHUI.

BazkocTs mocTemneHHo CriaaskuBaeT PaCcIpenesieHie BPAIEHNd U MeHseT sapo. 1Ipm HeKOTOPbIX
pexRMMaxX Ha KOJbIE BOSHUKAIOT KOTe0aHnd 1 HeyCTONIMBOCTH, KOTOPBIE IPUBOAAT K 00,166 CJI0KHOMN
crpykrype. Ilostomy Habiromaemoe coxpaneHne (OPMbI SBJISIETCH BPEMEHHBIM M 3aBHCHT OT
ycaopuit. BuxpeBoe KOJIbII0 HE OTMEHHAET IOTePh SHEPIUH B PeabHOI cpeie.

NccemenoBannst KOBIEBBIX BUXPeH 3aHnMa/IN BaxkHOe MecTo B paborax 1. Epmmna u A. Kanraesa
[4]. Hust nonyssipHoro umraress 10T HPUMEP OCODEHHO IOJI€3€H: OH IHIOKA3bIBAET, YTO CJIOXKHbII

JI.H. I'ymunes arbingarst EYY xabapiubicsl. MareMarnka, KOMObIOTEPJIIK FBIIBIMIAD, MeXaHHKa cepusicol, 2026, Tom 155, Ne2
Bectuuk EHY uwm. JI.H. 'ymunea. Cepusa MartemaTuka, KOMIObIOTEPpHbIE HAYKU, MexaHuka, 2026, Tom 155, Ne2

36



V.K. 2Kanb6ac6aen

MOTOK CcItocobeH 0obpa30BaTh YCTONYUBYIO HA OMPENEJEHHOM 3Tare cTpyKTypy. llopsmnok BosHukaer
BHYTDPH JIBUKEHUS, KOTOPOE JIETKO MPUHSTH 33 Xa0C.

Nzyuas KoabIIO, MCCIEAOBATENb MOJAYYAET BO3MOXKHOCTB OTIEIBHO PacCMOTpeTh 00pa3oBaHUE,
[epeMeITeHrne U Paciaj BUXpsi. DTHU STAIbBI IOMOTAIOT MTOHATH IIEPEHOC BEIECTBA U UMITY/Ibca B HoJiee
CJIOYKHBIX TedeHusixX. Harnsaubiil onblT OKa3bIBAETCS BXOJOM B OOy TPOOJIEMY: Kak BUXPEBBIE
CTPYKTYPBI OPIraHU3YIOT JBU2KEHNE W KaKUM 00pa30M B3aUMOEHCTBYIOT € OKPYKAIIIEH Cpeoii.

YucaeHHBIN 9KCIIEPUMEHT U IPOAOJIZKEeHNe HAYYTHOI INKOJIbl. MHorne mporecchl BHYTPH
Tpy6eI, duabTpa Wi ropsyero akesa TPyAHO HabI0aTh HenocpeacTBeHHo. [lpubop mamepsier
JIaBJIEHUE B OTJIEJbHBIX TOYKAX, JATYUK TTOKA3LIBAET TEMIIEPATYPY, PACXOJIOMED JAéT 0bIIuil pacxo.
Ho »1m nanubie emnié He pacKphIBAlOT BCIO BHYTPEHHIO KapTUHY. UHC/IEHHOE MOJEIUPOBAHUE
[IOMOTAEeT CBA3aTh U3MEPEHUS C PACHPEIeIeHUAMI CKOPOCTH, JIABJIEHUS] U TEMIIEPATYPhI.

Pacuérnyro obsacts memar na HeOOJIbIME 9/IEMEHTHI U JJIsT HAX PEIAi0T YPABHEHUST COXPAHEHUST
MacCChl, UMITYJIbCA W 3HEpruu. KOMOBIOTED MOCIEI0BATEIHFHO HAXOAUT COTJIACOBAHHOE COCTOSTHUE
moroka. Takoil TOmXOJ TO3BOJIAET CPABHWBATH BAPWAHTHI TEOMETPUNW W PEKWMBI, MCCIEI0BATH
BJIMSIHUE OTHEIbHBIX (DAKTOPOB ¥ MPOBEPATH (DUBUIECKUE TUTOTEHI.

Opnrako moapobHas MBeTHAsl KAPTHUHA HE SBJISETC J0Ka3aTeIbCTBOM cama 1o cebe. Pesysprar
3aBUCUT OT MOJETU BEIECTBA, VCJOBWH Ha I'PAHUINAX W paspelieHust pacuéra. Ecianm Hem3BecTHA
BA3KOCTH WJIN HETIPABUJIBHO 3a/JaHa TeMIlepaTypa CTeHKHN, YBEJIUYICHUE 9UC/Ia JIEMECHTOB HE YCTPAHUT
NCXOOAHYTO OH_[I/I6Ky Hy}KHa IIPOBEPKa 10 HE3aBUCUMBIM JaHHBIM 1 OIMEHKA yCTOﬁqHBOCTH pe3yabTaTa
K ITPUHATBIM IPEAITIOJTOZKECHUAM.

Ep]_HI/IH yaesdas 60.7[]3]_1106 BHUMJAHNE YUCJICHHOMY MOJC/JIMPOBAHUIO, B TOM YHCJIC IIPDU ITOATOTOBKE
YUEHUKOB. 37eCh BaXKHA HCCIEI0BATENBCKAS TTOCIEI0BATEIFHOCTE: TOCTABUTL CO/IEPIKATEBHBII
BOIIPOC, BBIOPATH ONMMCAHWE, BBIMOJHATH PACIYET W COMOCTABUTH €ro ¢ OmbITOM. KowmmbroTep
pacimpsier BO3MOXKHOCTH 9TOTO MMOAX0/1a, HO HE 3AMEHSIeT TOHUMAHNEe (DU3UKH.

CBepx3BYyKOBOE TOpeHUE: TMPOA0JKeHue uaeii HayudHoii mikoJbl. [Ipogo/nkerue 31oro
HCCIIeIOBATEIBCKOTO TIOIX0/Ia MOYKHO yBHUIeTh B padbore Y.K. Kanbacbaesa u E.IT. Makaresa [5].
B 3amade o ropeHun BOJOPOIHON CTPYHU CXOJAATCS HECKOJIBKO TEM: CMEIIEeHUEe TTOTOKOB, BJIUSHUE
TeMIIepaTyphbl, U3MEHEHUE TeOMETPUN KaHAJIa U XUMUUIecKue peakiuu. CBd3b ¢ HACTEIUEM ITKOJIBI
BAKJIFOUAETCS B CAMOM CIIOCOOE TIOCTAHOBKM BOIPOCA: OINPENIETNTh, KAKOH M3 B3aUMOJEHCTBYONINX
[POTIECCOB YIIPAB/IsieT HAOJIOIAEMBIM PE3YIBTATOM.

B runep3sBykKoBOM NpSMOTOYHOM BO3/YITHO-DEAKTUBHOM JBUTATE/e TIOTOK B KaMEpPE CrOpaHUs
ocTaTCst CBEPX3BYKOBBIM.  TOIJIMBO JIOJIKHO [EpeMEeNIaThCs C BO3JYXOM, BOCIJIAMEHUTHCS U
BBIJIEJINTH TEILIO 33 OYEeHb KOPOTKOE BpeMs NpedbiBaHUsS B KaMmepe. BhICTpoe JBUKeHHEe caMo 110
cebe He rapaHTUPYeT YCIEITHOTO TOPEHUS: €CJIU PEAreHThI He YCIEBAIOT BCTPETUTHCH, 3HAUUTETbHAS
YaCTh TOIJIMBA MOXKET BBIMTHU W3 KAMepbl HECTOPEBIIIEii.

B paccMorpenHoit pacaéTHO cxeMe 10 OCH KaHaJla HCTEKAET TOHKAs CTPYsI BOJ0POJIa, OKPYKEHHAS
KOAKCHUAJbHBIM CBEPX3BYKOBBIM ITOTOKOM TIOpSYero Bo3iayxa. (COoIOCTaBJISIOTCS KaHAJ ITOCTOSHHOTO
CedYeHus W KaHaJjl, KOTODBIN I10C/Ie HAYaJbHOI'O IUJINHJIPUYECKOI'O0 YYaCTKA ILJIABHO PACIIUPSETCS.
Takas mocTaHOBKA [103BOJIAET BbIJEJUTDH BJAUSHIE T€OMETPUN HA CMellleHne u Bociiamenenue. Jlaxe
HEOOJIBITION YTOJI PACIIUPEHUs CIIOCO0EH W3MEHUTh BpeMs TpPeOBIBAHUS Ta3a U TEeMIIepPaTypHbIE
YCJIOBUST PEAKITUH.

,HJ'IH ONMUCAHUA WCIIOJIB3YIOTCA YPAaBHEHUA ABUXKEHUA, TMTEPEHOCA IHEPrun m KOMIIOHEHTOB
pearupyromieil cMecHu, a TakKKe MOJeTb TypPOYJEHTHOTO TMEePEeHOCA. XHUMHUUECKasl CXeMa YIuThIBAET
BOJIOPO/T, KUCJIOPO, BOAY W MPOMEXKYTOYHBIE aKTUBHBIE JACTUIBI. DTH TACTHI[BI HEOOXOAUMBI JIJIsT
Pa3BUTHS IEMHBIX peakiuii. BaykHa Takyke HEOJHOPOIHOCTH COCTAaBa: CPEIHNE KOHIEHTPATHH
TOIJINBA, W OKWUCJUTEJS €IME He O3HAYAIOT, UYTO OHHU XOPOIIO MEepEeMEIaHbl Ha Macirrabe, e
npoTekaer peakiug. [Ipubamkenns pacuéTHON MOIENN JOJKHBI OIEHUBATHCS OTAEILHO; HAJUUINE
CBEPX3BYKOBOM CKOpocTn camo 1o cebe He yCTpaHsieT BA3KWE IMPOIECCHI, MOTPaHWIHBIE CJIOW U
BJINAHNEC TEIIJIOBLLAC/ICHIMA.

[naBubiit husraeckuit BOIPOC KacaeTcsd PaCIIUpeHns KaHada. Kakercsd, 9TO AONOJHATEILHOEe
MPOCTPAHCTBO JOJIXKHO OMOraTh ropennto. Ho B mpocToM ciydae CBEPX3BYKOBOW Ta3 MpHU
PACIIUPEHUN YCKOPSIETCS W OXJIAaXKaercs. Jljas pearupyroimero moToKa K TOMY JT00aBJISTIOTCS
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TEIJIOBBIJIEJIEHNE, TPEHUEe W M3MEHEeHUEe CMelleHusi. B paccMOTPEHHBIX peKUMaxX paclIupeHne
3a/IepKUBAET BOCILIAMEHEHUE U 3aTPYAHSAET 3aBEPIIeHNEe TOPEHN. JHAUEHUE UMEET He TOJBKO 00bEM
KaMephl, HO U TO, KAK U3MEHIIOTCSI COCTOSHIE Ta3a U BpeMsl KOHTaKTa PEareHTOR.

Pacuérabie pacipenesieHusi MO3BOJISIIOT OTJIUYUTh MECTO HAYAJIA PEAKIUU OT yJIaCTKA [TOJTHOTO
BBITOPAHUS TOILIMBA. MeXKly HUMHU MOXKET JIeXKaTh TpOTsiKEHHas 30Ha. [loBbienune remMeparypbl
BXOJISIIIIErO OKUCJUTESISI ODBIYHO COKPAIAET XUMHYECKYIO 33JI€PKKY BOCILJIAMEHEHUsI, OJHAKO HE
obsizaTesibHO obeciieunBaeT ObicTpoe 3aBepiienue roperus. Eciu cMerenie ocTaércs MeIeHHBIM,
OHO IIPOJOJIZKAET OTPAHNYNBATH IIPOIIECC.

Ocobyto poJib UIPArOT AKTUBHBIE YACTHUIBEI — ATOMbI M PAJIMKAJbI, YYaCTBYIOIIUE B IEITHBIX
peaknusax. VX OpPUCYTCTBUE BO BXOJISAIIEM IIOTOKE MOXET CYIIECTBEHHO HPHUOJIMN3UTH HAYAJO
BOCIJIaMeHeHust K coruty. OTHAKO KOJIMYEeCTBO TAKUX YaCTHUIL ONIPEJIEISETCS He O/HOM TEMIIEPATypOil:
BaXKHBI JTABJIEHUE, COCTAB, CIIOCOD HATPEBA, U MTPEILICTOPHUS TOTOKA. 1109TOMY HEIB3sT aBTOMATHIECKN
TPUPABHUBATE HATPETHI YHUCTBIF BO3AyX K IOTOKY, IOJATOTOBJIEHHOMY C TIOMOIIBIO CrOPaHUs
TOTLTUBA.

D10 pasimure 0COGEHHO CYIIECTBEHHO B JTAOOPATOPHBIX YCTAHOBKAX, TJI€ TOPAYMil OKUCTUTETLHBIH
TTOTOK MOXKET COAEPZKATh BOAAHON Tap W APYyrHe TPOAYKTHI MPeABAPUTEILHOTO Cropannd. Takoi
MOTOK 10 XUMWYECKOMY COCTABY OTJMYAETCA OT aTMOC(EPHOTO BO3ayxa. Kro BO3meiicTBHE HA
BOCIJIAMEHEHWE CJIEAYeT VUUTHIBATL TPU COMOCTABJICHUH PACIETOB, JKCIIEPUMEHTOB U YCJIOBHH
paborel gBuTaTesNd. bBosiee paHHee HAYUAIO PEAKITHMH MIPHU YTOM EIM¢ He 03HATAET, 9TO BCE TOILIUBO
OBICTpEE CTOPUT.

Tax mposBigerca emé OmHA HEOXKUIAHHAS CBA3bL: XUMUYIECKHE PEAKIUH MOTYT HAYMHATHCS
OBICTPO, & IOJIHOE CropaHme BCE PABHO OIPEIE/IsieTCs CKOPOCTHIO cMerieHus. g KOHCTPYKTOpa
9TO 03HAYAET HEOOXOAMMOCTH COTJIACOBATH IO/a9y TOILIMBA, JJIMHY KaMEPhl u €€ PaCIIupeHue C
TEM, [/ PEAreHThl AeHCTBUTE/ILHO YCIIEBAIOT IEPEMENIAThCA. BbIBOJ OTHOCUTCH K PACCMOTPEHHBIM
YCJOBUSIM; [IEPEHOC €r0 Ha JPYIYI0 T€OMETPUIO WU JAPYIrOil PekuM TPedyeT MPOBEPKHU.

Yuc/TeHHBIN 9KCIEPUMEHT TTOMOTAET PA3AEJUTh 3TU IPOIECCHI: TPOCIEIUTL JBUMKEHNE CTPYH,
pa3sBUTHE 30HBI CMEIIEHUs, HAYAJO0 PEAKINU U mocjeaytoiree Bbiropanue. (ComocraBieHue ¢
U3MEPEHUSIMU YCTAHABIMBAET, HACKOJIBKO JTOCTOBEPHO MOJIEIb OMUCHIBAET KaxK bl starn. OcobeHHo
BayKHO pa3jnyaTh KAYECTBEHHOE COBIIAJIEHUE KAPTUHBI ¥ KOJUYECTBEHHOE BOCIIPOU3BEIEHIE
M3MEPEHHBIX XapaKTEePUCTHK: MEPBOE EIMEé He rapaHTHPyeT BTOPOrO.

Yro coxpansier Hay4Has IIKoJia. HaydHnoe Hacieane CKJAJbIBACTCS W3 PE3YJbTATOB H
u3 crnocoboB uwx mnojaydeHusi. B paborax, paccCMOTPEHHBIX B 3TOH cTaTbe, MOXKHO BBIJIEIUTH
OOIIIYI0 MCCIIEJIOBATEILCKYIO JIMHUIO: CHadaja OOHAPYXKUTH HEODBITHOE TMOBEJEHNE MOTOKA, 3aTeM
YCTAHOBUTH OTIPEJIEJISIONINN MEXaHU3M U TOJBKO MOCJE 3TOr0 00CYK/IaTh HHKEHEPHOE TTPUMEHEHNE.
Taxoit 1oaX0/T CBA3LIBAET 330341, BHEIHE TaJEéKAe IPyT OT APYTra, — OT MEPEKAIKY BA3KOM KUIKOCTH
0 TOPEHNA CBEPX3BYKOBOI CTPYH.

B robuseiinoft crarbe 0CODEHHO BaXXHO paszjndaTh pe3ysiabrarbl camoro [llax6aza Epiuna,
COBMECTHBIE PADOTHI C KOJJIETAMU U TIOCJIEYIOTINE UCCJIE0BAHUA YIEHUKOB. DTO II03BOJISET TOUHEE
YBU/IETh BKJIAJ BBIJIAIONIErocs uccjegoBaress. Llpoposizkerue IMKOJIbI NPOLABISETCA B Pa3BUTUH
TTOCTABJIEHHBIX BOTPOCOB, COBEPINEHCTBOBAHWN MOMeel W OOpaleHnu K HOBBIM O0ObEKTaM, TIIe
COXpaHSIeTCs TTOTPEOHOCTh B SICHOM (DUBWIECKOM O0OBICHEHNH.

JLIst MOJTOTOTO HCCTIeN0BATE ST TIAPATOKC TIOJIe3eH KaK Hauas 0 paborel. OH 3aCTaB/IsieT MPOBEPUTH
O0YEeBUIHOE: IeHCTBUTENBHO JIM CBONCTBA CPEIbl MOCTOSHHBI, JOCTATOYHO JIM CPETHEro 3HAUEHUS
CKOPOCTH, MOXKHO J¥ TpeHebpedh CTeHKOM, yCIEeBAKT JIn peareHThl mepemernarbea?! Ha rakue
BOIIPOCHI HEJB3d OTBETUTH OFHONW KPACHUBOH pacaérHoit KapTuaoii. OTBET CTPOWUTCH HA COUYETAHUN
TEOpUM, U3MEPEHUH U KPUTUIECKOTO 0OCYKICHU.

Hayunag mkosa mepegaéT caeayomeMy TOKOJHNI0 HMEHHO TAKYI0 KYJIbTYPY PaboThl. YUeHUK
OCBAWBAET HE TOJBKO YpaBHEHHS W TporpaMmbl. OH yd9uTcs 3aMedarh MPOTUBOPEYNe, OTJINYAThH
W3MEPEHHOEe OT IIPENOJAraeMOro, YCTAHABAWBATL T[PAHUIBI Pe3yJbTaTa W OOCYXKJIAThb €ro
MPaKTHIeCKuil cMbicy. Pa3ubie TeMbl 00beUHAIOTCS OOIMIM CITOCODOM MCCIIETOBAHMSI.

Hacneaume Illaxbaza EpmmHa npogomkaeT OpeacTaBasaTh HWHTEpec OJsarogapsd COeauHEHUO
dbyHIAMEHTAJBHBIX BOIIPOCOB M 33734 MPAKTUKK. HeoKuIaHHOEe IOBEICHWE KUIKOCTU WA [a3a
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TpefyeT BHIMATENTBLHOTO HCCJIETOBAHUS. YMEHHEe MPEBPATHTh TaKoe HAOIIONEHNe B IIPOBEPSEMOe
00'bsICHEHHE OCTAETCsT OJIHON M3 BayKHBIX OCHOB HAYYHOI paboTHI.

[TocraHOBKHM 3ajad U Hay<dHBIE PE3yJIbTATHl IPUBEJIEHHBIX B CTAThe NCCJIEIOBAHUI M3JIOKEHBI B
nybmkanusax [1-5].

Cruib U3/I0KEHUS TIPeHA3HATMEH JJIsI ITHPOKOTO THTATEs.
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Typ6ysaenrri ayieii arpiagap amipiuici: akagemuk Epmiuna Kazakcran
IIAPOMEXAHUKACHIH 9JIEMIIK TAHBIMAJIAbIKKA KaJjiail >keTKi3ai
Axademux I A. Epwunniyy myzanvna 100 orcoln moayovina opati

Y.K. 2Kanbacbaes
«K.. Corbaes arbingarbl Ka3ak yITTHIK TEXHUKAILIK 3eprTey yHuBepcuTeTi» KeAK,
Corhaes kemeci, 22a, 050013, Anmars! K., Kazakcran

Anvaortarug. Ecimuepi muccepramusiiapablg, capraiirad OeTTepiHge raHa KaJaTblH FaIbIMIap
6onaael. A PUSHKAHLIH KYpPAeTl 3aHJapblH YIAH-FARBID eJIiH KaskeTiHe KaparThin, 6ip-Gipiwme
Kapchl TYPFaH aca KyaTThl €Ki ocKepm Jep:kaBara — Mockeynen Bammarronra neitin — Kasaxkcran
FBLTBIMBIHBIH VHIHE KY/IaK acThipa Oiaren kacammas Tyaraiaap ga 6ap. KP YTA akamemuri, Texanka
FBLIBIMIAPBIHBIH TOKTOPHI, Tipodeccop Ilax6a3 Ammmrupeiiyasr Eprma (05.09.1926-02.08.2019) o
OCBHIHJTAM TY/IFa eJi.

Bubin pusamiblibirble  OLIIIPred FHLIBIMU  KAYBIMIACTBIK OTAHIBIK TMIPOA3POMEXaHIUKAHBIH,
Gipereit FuLIBIMU MeKTeOIH KAJIBIITACTBIDFAH, ajay/iaraH JKAJbIHHBIH IITKI CBHIPBIH AlllKaH YKOHE
Hasbe—-Crokc Teneyiepin oHipic uriairine KbI3MeT eTKI3reH TYIFaHbIH TYFAHbIHA YKY3 YKL TOJIYbIH
aTam eTy/le.

«A3poruapoIuHaMiKa MapaJfoKCTaphl> MOHOrpaduachl MeH Epimun roiibiMu MekTebl oKiaaepiiy,
eHbeKkTepl HeriziHje apHaJapiarbl TYTKBIP 2K0HE TYTKbIP-TJIACTUKAJIBIK OpPTAJIapIblH,  arbIChI,
JUCCUTIATUBTIK KbI3Y/IbIH TYTKBIPJIBIK II€H KO3FAJIBIC KeJepriciHe acepi, COHIai-aK MyHail KoCIIIIiIir
KYOBIPJIAPBIHBIH 2KEPTIKTI 3aKbIM/IAHYBIHBIH, [HPOIUHAMUKAJIBIK, AJIFBIIIAPTTAPbl TAJKbLIAHATbI.
Orki3rim KabbIprajap apKbLJIbl TACHIMAJIAHYIBIH, KATAJUTUKAJIBIK allapaTTapiarbl Ia3/IbIH
TaPAJIYBIHBIH, EPKIH aFbIHITAJAPIbIH JaAMYbl MEH KYWBIHIBIK KYPBLIBIMIAD JBOJIOMUICHIHBIH
epeKINeTiKTePI KapacThIPbLIa bl. TeMmepaTypaHblH Ta3 aFbIHITAJAPBIHBIH KYPBLIBIMBIHA dCepiHe
JKOHE JIBIOBICTAH 2KOFAPbl KbUIMAMIBIKTAFGI KAHY Ke3iH[Ie OTBIHHBIH apajacy, TYTaHy IKOHE
TOJIBIK, ZKAHBIN OITy yaepicTepiHiH apakaThIHACHIHA ePeKINe Ha3ap aymapbLiafgbl. KaabmTacKaH
TYCIHIKTEP MEH HAKThl aFbIHHBIH OPEKeTI apachiHarbl KOPIHEPJIK KaNIbLIBIKTAP/AbI 03apa
OalJTaHBICTEI (PUBUKAIBIK YAEPICTEP Al YKOHE €CEeNTiK MOMAETbIePIiH KOJIAHBLITY IeKTEPIiH ecKepy
APKBLIbI TYCIHAIPYTE 00/IaTHIHEI KOPCeTinemi. TeopusiHbl HKCIEePUMEHTIIEH CAMBICTRIPY/IBIH MaHbI3bI,
CamaJbIK TYCIHIIDY MeH CaHIBIK pPacTaylbl arKbIpaTy KaXKeTTiliri, COHal-ak 3epTTey MYJIeHWeTIH
MaMBITYIaFbl FBIIBIMA MEKTEITIH PeJi aram eTisemi. YCHIHBLIFAH IOy EPIUH MYPaChIHBIH
DHEPreTUKA, MYHal OHEPKOCIDI 2KOHE TEXHOMTOTUIBIK, AIMAPATTAPIBI KETLIAIPY YIIH TPAKTUKAIBIK,
MaHbI3bIH AITaIbI.

Tyiiin ce3mep:  asporwapoguuamuka, [laxbas EpmmHHIE FBUIBIME - MYypPachl, TYTKbIP-
[JIACTUKAJIBIK, OPTAJIAD, TYTKBIPJbIK JUCCUIAIMICHI, ePKIH aFbIHIIAIAD, KYABIHIBIK KYPbLIBIMIAP,
JIBIOBICTAH 2KOFAPD! YKbLIIIAMILIKTAFbl KAHY.
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Master of Turbulent Forces: How Academician Yershin Brought Kazakhstan’s
Hydromechanics to International Prominence
Commemorating the 100th Anniversary of the Birth of Academician Sh. A. Yershin

U. K. Zhapbasbayev

Non-Profit Joint-Stock Company “K.I. Satpayev Kazakh National Research Technical University”,
Satpayev Street, 22a, 050013, Almaty, Kazakhstan

Abstract. Some scientists’ names remain only on the yellowed pages of dissertations. Others
are builders capable of harnessing the intricate laws of physics to meet the needs of a vast country
and making the world—from Moscow to Washington, the centres of the two most powerful opposing
military superpowers—listen to the voice of Kazakhstan’s science. Academician of the National Acad-
emy of Sciences of the Republic of Kazakhstan, Doctor of Technical Sciences, Professor Shakhbaz
Alimgireyevich Yershin (5 September 1926-2 August 2019) was one such person.

This year, a grateful scientific community commemorates the centenary of a man who established
a distinctive national school of hydroaeromechanics, peered into the heart of raging flames, and put
the Navier—Stokes equations to work for industry.

Drawing on the monograph Paradozes of Aerohydrodynamics and publications by members of
Yershin’s scientific school, this review discusses flows of viscous and viscoplastic media in channels,
the effects of dissipative heating on viscosity and flow resistance, and the hydrodynamic conditions
contributing to localised damage in oilfield pipelines. It examines transport through permeable
walls, gas distribution in catalytic apparatuses, the development of free jets, and the evolution of
vortical structures. Particular attention is paid to the effects of temperature on the structure of
gas jets and the interplay between mixing, ignition, and fuel burnout during supersonic combustion.
The review shows that apparent contradictions between conventional understanding and actual flow
behaviour can be explained by accounting for interconnected physical processes and the limits of
applicability of computational models. It emphasises the importance of comparing theory with
experiment, distinguishing qualitative explanations from quantitative validation, and the role of a
scientific school in cultivating a research culture. The review highlights the practical significance
of Yershin’s legacy for the energy sector, the oil industry, and the improvement of technological
apparatuses.

Keywords: aerohydrodynamics, scientific legacy of Shakhbaz Yershin, viscoplastic media, viscous
dissipation, free jets, vortical structures, supersonic combustion.
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