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Purpose. To develop a new generalized mathematical model of temperature distribution in the homogeneous-
layer cylinder in the form of the physicomathematical boundary-value problem for the heat conduction equation, and
to solve the obtained boundary-value problem.

Methodology. To use the known Laplace and Fourier finite integral transformations, and to apply the obtained
new integral transformation to the homogeneous-layer space.

Findings. A non-stationary temperature field in the solid circular cylinder with outside radius R in the polar coor-
dinate system (7, @), layers of which were homogeneous to the direction of the polar radius r, and which rotated with
a constant angular velocity around the axis OZ, was defined with taking into account finite velocity of the heat con-
duction. The heat-transfer properties of each of the layers do not depend on the temperature in case of ideal contact
between the layers and if no internal sources of the heat are available. At the initial moment of time, the cylinder
temperature is constant G;, and heat flow G(¢)on the outside surface of the cylinder is known.

Originality. The mathematical model of the distribution of the temperature field in a piecewise homogeneous
cylinder in the form of the Neumann boundary-value problem for the hyperbolic heat conduction equation was de-
veloped for the first time. A new integral transformation was created for the space with homogeneous layers, with the
help of which it became possible to present a temperature field in the solid homogeneous-layer circular cylinder in the
form of convergence orthogonal series by Bessel and Fourier functions.

Practical value. The obtained solution of the generalized boundary-value problem of heat exchange in the rotating
cylinder with taking into account finite velocity of the heat conduction can be used for modeling temperature fields

occurred in different technical systems (satellites, forming rolls, turbines, etc.).
Keywords: Neumann boundary-value problem, integral transformation, relaxation time

The problem statement, analysis of the recent research
and publications. The phenomenological theory of heat
conduction assumes that velocity of the heat conduction is
an infinite value [1]. However, impact of finiteness of ve-
locity value on the heat exchange is essential for the highly-
intensive processes occurring, for example, at explosions,
high rotational velocities, in supersonic flows, etc. [2, 3].

The [4] shows that in case of generalized Fourier’s
law of the heat conduction, the energy-transport equa-
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tion is true for the one-dimensional, homogeneous and
stationary space.

In the [4], a generalized heat conduction equation is
presented for the moving element of the solid medium
with taking into account finiteness of the velocity and
heat-conduction values.

The objective of this work is to develop a new gener-
alized mathematical model of temperature distribution
in the homogeneous-layer cylinder in the form of physi-
comathematical boundary-value problem for the heat
conduction equation, and to solve the obtained bound-
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ary-value problem, solution of which can be used for
controlling the temperature fields.

As review of scientific papers shows, heat exchange
in the rotating cylinders has not been studied fully yet
[4]. It is shown that numerical methods are not always
effective for studying non-stationary non-axis-symmet-
rical problems of heat-exchange of cylinders, which ro-
tate at high rates [4].

Thus, it is stated in [4] that conditions for reliability
of calculations by finite element method and finite dif-
ference method, which are used for calculating non-
stationary non-axis-symmetrical temperature fields of
the rotating cylinders are described by the same charac-
teristics and can be expressed in the following way

l_ﬂ_o; L_P_d>0

Ag? A

where F; is Fourier’s criterion, Pd is Predvoditelev’s cri-
terion.

If Pd = 10° and, consequently, corresponds to the an-
gular velocity o = 1.671 sec™" of rotation of metal cylin-
der with the radius of 100 mm, then variables Ap and
AF, should comply with the following conditions

Ap<2-1075; AF,<2-107",

In case of uniformly cooled cylinder when Bi =5 (Bi
is criterion Bio) time period needed for temperature to
reach 90 % of stationary state is equal to Fo = 0.025 [4].
It means that, within this period of time, at least 1.3 - 10%
operations should be fulfilled in order to reach the sta-
tionary temperature distribution.

Moreover, it should be mentioned that it would be
necessary to make 3.14 - 10° calculations within one cy-
cle of computation as the inside state of the ring should
be characterized by 3.14 - 10° points. It is obvious that
this number of calculations needed for getting a numeri-
cal result is unrealistic.

Therefore, we will employ integral transformations
for solving boundary-value problems which occur dur-
ing mathematical modeling of the non-stationary heat-
exchange processes in rotating cylinders.

The problem statement. Let us consider calculation
of a non-stationary temperature field in a solid circular
cylinder with outside radius R in cylindrical coordinate
system (7, @, z) and with homogeneous layers to the di-
rection of the polar radius », with taking into account
finite velocity of the heat conduction. The cylinder ro-
tates with constant angular velocity o around the axis
0Z. The heat-transfer properties of each of the layers do
not depend on the temperature in case of ideal contact
between the layers, and provided no internal sources of
the heat are available. At the initial moment of time, the
cylinder temperature is constant G;, and the heat flow
G (o) on the outside surface of the cylinder is known.

The relative temperature 6(p, ¢, #) of the cylinder
can be expressed in the following way

9(p,(p,t)={el(p’(p’t) if pe (POspl)

G
0,(p.01) if pe (p1p,) W
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The relative temperatures 0,(p, ¢, f) of the s layer of
the cylinder are calculated by the formulas

Ts (pa(pat)_GO
Tmax _GO

B

es (p,(p,t) =

where Ty(p, @, 7) is the temperature of the s layer of the
cylinder; T, is the maximal temperature of the cylin-

der; p—R s=1.2.

Solution of the problem. In the [4], a generalized
heat-conduction equation is presented for the moving
element of solid medium with taking into account finite-
ness of the velocity and heat-conduction values. Ac-
cording to the [4], a generalized equation for the energy
balance of a solid body, which rotates with constant an-
gular velocity o around axis OZ, and whose transfer
properties do not depend on the temperature, and no
internal sources of the heat are available, can be written
in the following way

oT oT 62T 62T

Y —+o—+1,
ot oo 6t2 a(pat
O*T 10T 1 0*T 8T

or: ror

()
r? o¢*  07°

where y is density of the medium; c is specific heat ca-
pacity; A is heat conductivity coefficient; T'(p, ¢, z, 1) is
the temperature of the medium;  is time; 7, is relaxation
time.

Mathematically, the problem of defining relative
temperature 0(p, ¢, #) (1) of cylinder consists of integra-
tion of hyperbolic differential equations (2) of heat con-
duction into domains

D;={(p, ¢, |pe (ps_1,p5), 9 € (0,2m), 1€ (0, )},

which, with taking into consideration the accepted as-
sumptions, can be written as

S

00, 00, 0%, 0%
+® +T,0—=

+1 T =
ot op " or2 " opot 3
~ z{aze 160, 1 0%, } @)
ap* pop p’ag’

for initial conditions

0,(p, 9,0
0,(p9:0)=0; —(a ) )
t
for boundary condition
£00 et
[Z2 evdc=V(o): 5)
o P p=p,
for condition of ideal heat contact
01(p1, @, 1) =0,(py, ¢, 1); (6)
861(91’@91) 692(p1,(p,t)
A =2, > (7)
op op
87
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and for boundedness condition on the cylinder axis

9l(ps o, t) < oo, (8)

R . .
where p, :f; po = 0; p, = 1; R, is radius of the layer
boundary; A, is heat conductivity coefficient; v, is den-

Iy
sity; ¢, is specific heat capacity; a, =—— is thermal dif-

CSYS
fusivity of the s layer of the cylinder; af = %; s=1.2;
V(o) OL G(p) € C(0, 2m).
X(Tmax -G )

In this case, the solution of the boundary-value
problem (3—8) 6,(p, @, ) is twice continuously differen-
tiated by p and ¢, once — by 7 in the domain D and con-
tinuous on the D [5], i.e. 0,(p,p,t) e C*'(D)NC(D),
and functions Vo), 6,(p, ¢, #) can be decomposed into
the Fourier complex series [5]

(1m0 5 (00 ot

Vie) | = v,

where

2n
{Gs,n(p,f)} 1 | {es(p’ P! )} -exp(—ing)dd, (10)

v, 2n g | Vo)

and
0,.,(p.t) =00 (pt) 402 (put); ¥, =V +iv ),

where i is an imaginary unit.

In view of the fact that 6,(p, ¢, ) is a real-valued
function, let us confine ourselves by considering only
0, .(p, 1) forn=0,1,2, ..., because 0, ,(p, ©) and 6, _,(p, ?)
are complex conjugates. By putting the values of func-
tions from (9) into (3—8) we can obtain the following
system of differential equations

08\ : 078\ o0t
J+9£1’)9(S”:;)+Tr ”'_,_ 9()__
ot ’ or? ot
o e e
Lot pop pt
with initial conditions
0% (p.0)
00 (p,0)=0; —"~=0,
X’"(p ) ot
with boundary condition
t 86(1') &t )
J’ 2,n e dc — I/n(l),
o o
P=pP>

with condition of ideal heat contact
0{) (1) =03, (py,1);

69(1)(131’ )_ 89(2{1,(91”)
op s op

b
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and with boundedness condition on the cylinder axis

9(')( )<oo

where 9 = —om 92 =on;m, =2;m, =1; i= 1.2,

Let us employ the Laplace integral transformation
[5] for the system of differential equations (10)

f9)=[r@edr.
0

As a result, we obtain the following system of ordi-

nary differential equations relating to 9&')

560, +90) (égj'y + r,sé(nmf>)+ 7,5200), =

23(i) A 11
oo 0L 100 an
s 2 2 Us,n
dp* pdp p
with boundary condition
S E—
_n = n()’ (12)
op
p=1
with condition of ideal heat contact
61 (p1) =05, (p1o1); (13)
00" (py 069, (py.t
A G )=x2 2Py ), (14)
op op

and with boundedness condition on the cylinder axis

0 (p.t) <0 (15)

where V,fi) V()(1+LJ (i=12).

In order to solve the boundary-value equation
(11—15), let us make an integral transformation

P = JQ"(‘Z";" ) of(e)dp =

2 % 04,10 e
ZJ‘ P-nkp of (p)dp,

s=lp oy

M,
Q{ - p}af
oy

Oy (1, ,p),0p) =
QZ[H”"‘ p} 3

where

ifPG(POspl)

o; ifp e(pl,pz)
Own functions Q(u, ,p) and own values can be de-
fined by solving the Sturm—Liouville problem

d*Q, 1d 2w
G, 1d0, _n  Wug _y, (17
do* pdp p* o
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an[l”Ln,k p2J
2%)
0(0)<0, —————2%=0; (18)
Ql(”””‘ P1]:Q2[Mn’k pl} (19)
oy A,

; (20)

where s = 1.2.
By solving the Sturm—Liouville problem (17—20) we
obtain

@2y

where

_p =
o o
_Jr'{“n’k Pz]Yn(“n’k PH,
%) )
where J,, Y, are the Bessel functions of the 1% and 2"
types of the n'" order, correspondingly [4].

The own values p,, , can be defined by solving the
transcendental equation

Hn,k']r,l[un,k pl j H(Mn,k pl]
o 12%)
=0 5
aljn[un’k le ‘P(Mn’k le
o o,
where
H(W_’ka ) m|:yn’[un’k p2 JJ’; ( un’k pj )
2%) o%) a, o%)
_J’;(un,k szYny{Mn,k pﬂ; o= 7“20‘1‘
5%) A, Ao,

The formula of the inverse transformation can be
written as

(22)

60)-3 Oy (niP)

f Wk )s (23)
= HQo(lun,u))H2 (ko)
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where

“Qo (un,kp)“z = 22512 {[1 B ”22“122 J+

+
HniPi 0Ll"n{umk le
oy
N Hn,k ZJ
+p_§ - ma; o) _
2
20,2 Mg,kp% Wy Mn,k
o, !
2
Mn,k
2 2.2 H[ pl}
Pi 1- % + %2
20‘% Hg,kplz

By applying the integral transformation (16), where
its own functions Qy(u, ,p) are defined by formulas (20,
21), and its own values can be defined by solving the
transcendental equation (22), to the system of integral
equations (11) and by with taking into accounts (1) we
can obtain the following system of ordinary algebraic

equations relating to é,(f)

50+ 9{) (8" +rrs6£m’))+rrs2§(i) -

n n

= qn,k 22 - ér(tl)
nk

where i=1.2; gq,, = u,.

By solving the system of equations (24) we obtain

=0 POy, +(D onV")(1+s1,)

n = an,k

, (25
(v, +o*n*(1+51,) (25)

. Mok
where i = 1.2; Q, x =0, [—0: SV k= T,SZ +S5+q,
2

By applying the Laplace formulas of inverse trans-
formation to the expression of the function (25) we ob-
tain the original functions

00,002 2.6, 575 [, + 0]+
j=l

+I7n(2)(sj )-[‘cr(on—(Z‘rrsj + l)i]} (e “1y+

4 (26)
+zcn,k(sj){l7n(l)(sj)'[(ZT,S,- +1)—r,wni]+
=
+I7n(2)(sj)-[rr0)n+(21rsj +1)l~]}(es,t ~1):
89
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004, .0 = i(;”,k(sj){la(z)(sj)-[(Ztrs j+1)+ 1,000 -
=
_Vn(l)(sj)-[rr(on—(Z‘crsj +1)i]}(esft -+ Q27)
)7 (255, + ) - 0mi] -
=3

_[7’1(1)(Sj)-|:rr0)n+(2rrsj +])l‘]}(eslt -1,

-1
0.557 a,

where G, ,(s;)= - and the values s;

(21,s; +1)* +(z,0n)
forj=1, 2, 3, 4 are defined by formulas

(toni-1)x/(1+1.0ni)* -4t g
_\r r rink |

S
12 5
21,

(r,0ni +1)+ /(1 -7,0n)” 47,4,
S34 = :
’ 21,

By this way and by taking into account formulas of
inverse transformation (9) and (23), we obtain a tem-
perature field of the homogeneous-layer circular cylin-
der to the direction of the polar radius, which rotates
with constant angular velocity o around the axis OZ,
with taking into account finite velocity of the heat con-
ductivity

0(p0)= 3 {S] 0 o)1 1,0)]

n=—o0 | k=1

y Q) (Hn,kp)

”Qo(un,kp)“z -exp(ing),

where values of 5},1)(“”’,{,t)i@ﬁf)(un,k,t) are defined by

the formulas (26, 27).

Conclusions. With the help of the new developed inte-
gral transformation, it is possible to define a temperature
field of the homogeneous-layer circular cylinder, to the
direction of the polar radius, which rotates with constant
angular velocity m around the axis OZ, with taking into
account the finite velocity of the heat conductivity and in
the form of convergence orthogonal series by Bessel and
Fourier functions. The obtained analytical solution of the
generalized boundary-value problem of heat exchange in
the rotating cylinder with taking into account finite ve-
locity of the heat conduction can be used for modeling
temperature fields which occur in different technical sys-
tems (satellites, forming rolls, turbines, etc.).

References.

1. Kushnir, R. M. and Popovych, V.S., 2013. On defin-
ing steady thermostressed state of multilayer structures
at high-temperature heating. Bulletin of Taras Shevchen-
ko National University of Kyiv. Ser.: Fiz.-mat. Nauky, 3,
pp. 42—47.

2. Rakocha, I.1. and Popovych, V.S., 2014. Mathemati-
cal modeling and definition of thermostressed state of a

90

two-component thermosensitive cylinder under com-
plex heating. Prykladni problemy mehaniky i matema-
tyky, 12, pp. 69—77.

3. Kalyniak, B. M., 2015. Determining the temperature
field and thermomechanical characteristics of a material
which ensure zero radial stress in a long hollow cylinder
inhomogeneous in the radial direction. Reports of the
National Academy of Sciences of Ukraine, 6, pp. 46—55.
4. Berdnyk, M.G., 2014. Mathematical modeling of
three-dimensional generalized problem of heat transfer
solid cylinder which rotates. In: Questions of applied
mathematics and mathematical modeling, pp. 26—35.

5. Lopushanska, G.P., Lopushanskyi, A.O. and
Miaus, O. M., 2014. Fourier, Laplace, synthesis and ap-
plication. Lviv: LNU. Ivan Franko.

Mera. Po3poOka HOBOI y3arajJbHEHOI MaTeMaTh4-
HO1 MoJedi TeMIepaTypHUX PO3MOIiIIB Y KyCKOBO-O/I-
HOpPIAHOMY LWJIHAPi Yy BUIJISIAL KpailoBoi 3a1ayi MaTe-
MaTUYHOI (Di3UKU NJIs1 PIBHSHHS TEIJIOMPOBIAHOCTI
pO3B’sI3aHHSI OTpMMaHO1 KpailoBoi 3aaayi.

Metoauka. 3aCTOCOBYBaHHSI BiTOMMX iHTErpajib-
HuX niepeTBopeHsb Jlamiaca, dyp’e, a TaKoX po3poodIie-
HOTO HOBOTO iHTETPaJIbHOTO MEPETBOPEHHS TSI KyC-
KOBO-OITHOPITHOTO IIPOCTOPY.

PesyabraTn. 3HalimeHO HecTalliOHapHE TeMIlepa-
TypHE I10Jie CYLUJIbHOIrO KPyroBOro LUJIiHApa 30BHillI-
HbOTO paniyca Ry nmonsipHiii cuctemi KoopauHar (7, @),
KYCKOBO-OIHOPITHOTO B HAIIPSIMKY IMOJISIPHOTO pajiyca
r, 110 O0EPTAETHCS 3 MOCTIMTHOIO KyTOBOIO IIBUAKICTIO
HaBKOJI0 Bici OZ, 3 ypaxyBaHHSIM KiHLIEBOI LLIBHUIKOCTI
MolIMpeHHs Tera. Ternodi3uyHi BI1aCTUBOCTI B KOXK-
HOMY I11api He 3aJieXKaTh BiJ TeMIlepaTypy 3a YMOBHU ie-
JTbHOTO TEIMJIOBOTO KOHTAKTY MiX IIapaMU, a BHYTPilll-
Hi kepeJia Teruia BiACYTHi. Y MOYaTKOBUI MOMEHT yacy
TeMmIieparypa IwiIiHapa nocTiiiHa G, a Ha 30BHIIIHIA
TTOBEPXHi IUJIIHIPA BiIOMUI TeTIOBUH MOTIK G().

HaykoBa HoBM3HA. Ymeplie po3poOsieHa MaTeMa-
TUYHA MOZECJIb PO3IOALTY TEMIIEPAaTyPHOTO TTOJISI B KyC-
KOBO-OJHOPIAHOMY LIMJIIHAPI Y BUIJISAI KPalloBOl 3a-
nmaui HeiimaHa nist rinepOoJiivyHOTO PiBHSIHHS TEIIO-
MPOBIAHOCTI . YTiepiiie po3po0eHO HOBE iHTerpajibHe
MEePEeTBOPEHHS 7151 KYCKOBO-OIHOPIAHOIO MPOCTOPY,
3a IOMOMOTOI0 SIKOTO 3HAWIEHO TeMIlepaTypHe IMoJie
CYLIJIBHOTO KYyCKOBO-OIHOPITHOTO KPYrOBOI'O IWJIiH-
Jipa y BUTJISIAI 301KHUX OPTOTOHAIBHUX PSIIIB 32 (DYHK-
uistmu beccens it @yp’e.

IIpakTiyna 3HAYMMicTh. 3HAWICHWIT aHATITUIHUIA
PO3B’I30K y3araJbHEeHOI KpaiioBoi 3a1aui TETI000MiHY
LUJIiHapa, 10 00epTAaEThCs, 3 ypaXyBaHHSIM CKiHYEH-
HOCTi BEJMYMHU IIBUIKOCTI MOIIMPEHHS TEIJIa MOXE
3HAWTU 3aCTOCYBaHHS TIPY MOMY/IIOBaHHI TeMIepaTyp-
HUX MOJIiB, IKi BUHUKAIOTh y 0araTbOX TEXHIYHUX CHUCTE-
Max (y CYIyTHUKAaX, MPOKAaTHUX BaJIKax, TypOiHax i T.i.).

KmouoBi cnoBa: xpaiiosa 3adaua Heiimana, inme-
2panbHe NepemeopeHHsl, Hac peaaKcayii

Iean. PazpaboTka HOBOI 0000IIIEHHOI MaTeMaTH -
YeCKOI MOJIENTA TeMITepaTypHBIX pacIipeelIeHU B Ky-
COYHO-OTHOPOIHON HUJIMHIPE B BUIE KPAaeBOii 3amaun
MaTeMaTU4eCKOM (PU3MKM UIS YpaBHEHUS TEILIOIPO-
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BOTHOCTH U PEIICHNE MTOJTyICHHOM KpaeBoil 3a1aum.

Metomuka. [IprMeHeHME M3BECTHBIX MHTErPasib-
HBIX TIpeoOpa3oBaHuii Jlamnaca, Dypwe, a Takke pas-
pabOTaHHOTO HOBOTO MHTErpaJibHOTO IIpeobpa3oBa-
HUSI [UIS1 KYCOUHO-OIHOPOIHOTO IMPOCTPAHCTBA.

PesynbTatel. HaiineHo HecTalroHapHoe TeMIlepa-
TYPHOE T0JIe CIJIONIHOIO KPYTOBOrO IUJIMHIPA BHEII-
Hero paanyca R B moJisipHOI crcTeMe KOOpAWHAT, KY-
COYHO-OTHOPOIHOTO B HAIpaBJICHWU IOJISIPHOTO pa-
Jyca r, KOTOPBIN BpallaeTcs ¢ ITOCTOSTHHOM YTIITOBOM
CKOPOCTBIO BOKPYT ocu OZ, ¢ yIeTOM KOHEYHOI CKO-
pPOCTH pacIpocTpaHeHUs Teruia. Terropu3ndecKue
CBOICTBa B KaXXIOM CJIO¢ HE 3aBUCST OT TEMIICPaTyphI
TIPY MIEaTbHOM TEIIOBOM KOHTAKTe MEXIY CIIOSIMU, a
BHYTPEHHUE WCTOYHMKHU TeIula OTCYTCTBYIOT. B Ha-
YaJbHBI MOMEHT BpPEMEHHU TeMmIlepaTypa IIWJIUHApA
TIOCTOSIHHASI, @ Ha BHEIIIHEN MOBEPXHOCTU LIUIUHAPA
WU3BECTHBIY TETJIOBOW MOTOK.

Hayunasa noBu3Ha. BrniepBbie pa3zpaboTaHa MateMa-
TAYECKasT MOJIEIb paclpeiesieHUsT TeMIlepaTypHOro
TOJIST B KyCOYHO-OTHOPOIHON WIMHAPE B BUIE Kpae-
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Ya. H. Kuvaiev!, Cand. Sc. (Tech.), Assoc. Prof.,
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Boli 3anaun HeliMaHa mig runep0OoInM4eckoro ypaBHe-
HUSI TETJIONPOBOAHOCTU. BriepBbie pa3paboTaHo HOBOE
WHTErpaJibHOE TMpeodpa3oBaHue ISl KyCOUHO-OIHO-
POJIHOTO TIPOCTPAHCTBA, C MOMOIIIbIO KOTOPOTO Haiine-
HO TeMIlepaTypHOe MOJje CIUIOIIHOTO KyCOUYHO-OIHO-
POJIHOTO KPYTrOBOTO LIWJIMH/APA B BUIIE CXOASIIIMXCS Op-
TOTOHAJIBHBIX PsII0B 0 hyHKIMSM beccenst u Dypoe.

IIpakTuyeckas 3HauumocTh. HaiineHHoe aHanuTH-
YecKoe pelleHre OOOOIIEHHON KpaeBOil 3amauu Te-
MJI000MEHA UMIIMHIPA, YTO BPAIIAETCS, C YYETOM KO-
HEYHOCTU BEJUYUHBI CKOPOCTU PACHPOCTPAHEHMUS
Teryia, MOXeT HAaWTU MpUMEHEeHUe TPU MOJIeTMpOoBa-
HUU TeMIepaTypHbIX TOJIei, KOTOPbIe BO3HUKAIOT BO
MHOTUX TeXHUYECKMX CHCTeMax (B CITyTHUKaX, TMpo-
KaTHBIX BaJIKaX, TypOMHAX U T.11.).
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Purpose. To define the indicative events characterizing a process state on “useful mineral content in ore —useful
mineral content in a concentrate” control channel at an ore concentrating plant with ball grinding using correlation
analysis method with the purpose of an operator exclusion out of a control circuit.

Methodology. Correlation analysis of the control object parameters.

Findings. According to the mutually correlation function a range of indicative events is determined which charac-
terize a process state on “useful mineral content in ore —useful mineral content in a concentrate” control channel.

Originality. Comparison of numerical values of recession time and the equivalent delay of autocorrelation and
correlation functions of the general iron content and a time constant of a dressing process line obtained in the normal
operation of ore concentrating factory with ball grinding has been made out for the first time.

Practical value. The indicative events obtained by the type and parameters of the correlation functions between the
content of a useful mineral in the feedstock and concentrate can be used for automatic system creation for situation-
dependent process control of ferrous and non-ferrous ore dressing as both at separate ball grinding sections, and at

separate plants which include these sections.
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