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KOMIIbKOTEPIIIK XXEJIJIEP MO CEJIEJIEPIH
OKbITY/JblIH SJIEKTPOHLAbIK K¥PAJIJAPbI

Byn maxanaoa scozaper 0Ky opHulHbIY OiliM ATYUbLIADbIHA
KOMNBIOMEPIIK dHceninep, UHmepHem, oaapobly MexXHOI02UALAPbL HCOHE
Jlceninepdi Kypy npuHyunmepi mypaisl cypaxmapobl OKblmy 6apulcbinoa
KOJIOAHbLIAMbIH JJEKMPOHObIK OKbINY KYPAI0apbl KApACMbIPbLI2aH.

XX raceIpabIH asrbl MeH X XI FachIpIbIH 0aChl KOMIIBIOTEPIIIK KETIePaiH
CaHJIBIK JKOHE camajbIK KaFbIHAH 6CyiMeH epekiie Oenrim Oomnasl. Byn ami ae
aJIJIaFbl YaKbITTap/1a CaKTAIIBIT KAJIATHIHBI astH, OyJ1 8JIEMHIH OapIIBIK €JTiH KAMTBIFaH
WHTepHerT xeliciHiH apTybIMEH aKchl KopiHic TanThl. JKeke KociropbiHIap MeH
(dbupManapaplH KbI3METIHIH aBTOMATH3AIUACHIHBIH HETi31 00JAThIH JOKAIIBIK
KOMITBIOTEPJIIK JKeJIiIep ajiaM KbI3METiHIH OapiiblK cajachlH/a, aTan aTKaHIa
OimiM Oepy, FBUIBIM, MOJICHUET, YKOHOMHKA, OHEPKOCIN OHEe T.0., KCHIHCH
KosganbicTa. CoJt ceOenTi KOFaphl OKY OPBIHAAPBIH/IA KOMITBIOTEPIIIK Keiiep,
UHTEPHET, OJapAbIH TEXHOJIOTHSIAPBI )KOHE JKeJIep i Kypy NPHHIMIITEPI Typalibl
CYpaKTapbIH OKBITBUTYbI MaHbI3/IbI.

«KommnproTepiik xenizep» noHiven B. I'. Onudep, H. A. Onudepaig
«KomnproTepHbsie ceTu. [IpUHIHMNBI, TEXHOJIOTHU, NPOTOKOJIBI»,
AL TI. TIaTOpaToBThIH « BEIYHCIUTENBHBIE CHCTEMBI, CETH H TEJICKOMMYHHKAIIHN)
KOHe T.0. aBTOpJIAP/IBIH JKOFaphl OKY OPHBIHA apHAJFaH OKYJBIKTapbl OKBITY
YPAiCiHIe KOIJaHbLIaIbl. ATAJIFaH OKYJIBIKTap/a OKY MaTepHajbl KOMITBIOTEPIIIK
JKEJIIEPAIH KYPbULY IPUHIMITEP] Typalibl, JTOKAIBI XKOHE ayKbIM/IbI KEJIIEpAiH
JDCTYPJIl KOHE KeJeIEeKTerl TEXHOJIOTHSJIapbIHbIH €PeKIIeTIKTEPiH TYCIHY,
COHIaii-aK ipi Kypama Keaiiepi Kypy TOCUIIEPiH OKBII-YHPEHY JKOHE OJIapbl
Oackapy cypakTapbl TEOPHSUIBIK KOHE NPAaKTHKAJBIK )KaFbIHAH KEH KeJeMJe
KapacThIPbUIFaH.

OKBITY YAEpICIHIH HETi3ri KOMIIOHEHTTEPiHIH 0ipi OKYJIBIK OOJIBII TaOBLIA/IbL.
OKyJIBIK — HaKThl OKBITY KYpChI OOIbIHILIA OKBITY YIEpIiCiH yHbIMJACThIpyFa
KaXXeTTi, )KYHesl OKbITY MaTpeHalJjapblHaH TypaThblH KiTanm HeMmece Oacka
Ja aKmapaTr TachiMajiaay Kypaubl. OKYJBIKTBIH KbI3METI — OKBITY YIEpiCiH
YHBIMZIACTBIPY YLIIH KQXKETTi OipJIeH-01p eH MaHbI3/1bI OL1iM Oepy cTaHAapTTapbiHa
JKOHE THIITIK OKy OarjapiiamaiapblHa cail akmapaTThl TYCIHIKTI Typae OepeTiH
OKBITY aKIapaThIHBIH KypaJibl OOJIbII TaObLIaIbI.



94 ISSN 1811-1807. BecmHuk Iry

M. Cepix, M. H. Bakues, I".®. Hypberosa
MeToanveckue ykasaHus mo padpadoTke mporpammsl podorTa
MINDSTORMS NXT c ucnonb3oBaHHeM 010K OCBEIIEHHOCTH
EBpasuiickuil HallMOHANBHBIA YHUBEPCUTET
nmenu JI. H. I'ymunesa, r. AcraHa.
Martepuan noctynui B pepakuuto 15.03.14.

M. Serik, M. N. Bakiyev, G. F. Nurbekova
Methodical instructions on development of the program of the
MINDSTORMS NXT robot with use of the block of illumination
L. N. Gumilev Eurasian National University, Astana.
Material received on 15.03.14.

B cmamve paccmampueaiomces sonpocsl pazpabomxu npocpammol
poboma MINDSTORMS NXT ¢ ucnonvzosanuem 610Ka 0C8EUjeHHOCMUL.
Paccmampusaemcs kak npousgecmu KanubposKy OAmyuKa 0C8euweHHOCHI.

In the article the questions of development of the program of the
MINDSTORMS NXT robot with use of the block of illumination are consid-
ered. It is considered how to make calibration of the sensor of illumination.
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ONE-DIMENSIONAL WAVE PROPAGATION IN
ANISOTROPIC MEDIUMS OF CRYSTALS AMONG
DIFFERENT CLASSES

S. Tleukenov®, N. A. Ispulov**,
A. K. Seythanova***, T. G. Kissikov****

The relevance of research on patterns of wave propagation in elastic
media with thermo mechanical effect is associated with the necessity of
solving theoretical and applied problems of geophysics, seismology, me-
chanics of composite materials, etc. Related equations of motion and the
heat equation are complex and possess a variety of physical and mechanical
properties. In connection with this, a section of solid mechanics — thermo
elasticity is rapidly developing. Within this framework, based on the use of
certain physical and mechanical properties of anisotropic media, related
thermal and mechanical fields are studied.

In this article, based on an analytical matriciant method was obtained
a solution of one-dimensional propagation of elastic longitudinal and ther-
mal waves in an anisotropic medium of monoclinic, rhombic, hexagonal
and tetragonal crystal systems.

1. Introduction

The dynamical theory of thermoelasticity is the study of dynamical interaction
between thermal and mechanical fields in solid bodies and is of much importance in
various engineering fields such as earthquake engineering, soil dynamics, aeronautics,
nuclear reactors, ets. It is well known that the classical theory of thermoelasticity
[1,2] rests upon the hypothesis of the Fourier law of heat conduction, in which the
temperature distribution is governed by a parabolic-type partial differential equation.
The theory predicts that a thermal signal is felt instantaneously everywhere in a body.
This is unrealistic from the physical point of view, especially for short-time responses.
To account for the effect of thermal relaxation, generalized thermoelasticity has been
formulated on the basis of a modified Fourier law such that the temperature distribution
is governed by a hyperbolic-type equation. Accordingly, heat transport in solids is
regarded as a wave phenomenon rather than a diffusion phenomenon.

The wave propagation in anisotropic inhomogeneous medium is considered.
A new method of matricant has been developed. The method of matricant allows
to investigate wave processing in anisotropic medium with various physical and
mechanical properties [3,4,5].
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The structure of matr1cant for the equatlon motlon elastlc medla equatlons
equations of thermo-mechanical medium has been established. Wave propagation
in infinite and finite periodical inhomogeneous media are studied.

The application of matricants method for non-destructive testing and wave
propagation in thermo elastic media is considered [6].

In the paper [7], waves propagating along an arbitrary direction in a heat
conducting orthotropic thermoelastic plate are presented by utilizing the normal
mode expansion method in generalized theory of thermoelasticity with one thermal
relaxation time. In the paper [8], authors studied the interaction of free harmonic
waves with multilayered media in generalized thermoelasticity by utilizing the
combination of the linear transformation formation and transfer matrix method
approach. Solutions obtained are generaland pertain to several special cases. Of
these mention: (a) dispersion characteristics for a multilayered.

2. Problem and basic relations

In the example of propagation of elastic longitudinal waves, in the present
work the propagation of heat waves in an anisotropic medium of monoclinic,
orthorhombic, hexagonal and tetragonal crystal systems are considered in the
presence of the symmetry axis of even order.

The equation of motion for the longitudinal elastic wave propagating along
one of the spatial coordinates in an anisotropic medium is given by:

1s. _  T°U,
o e (1)
¢ 1z
where
aLE
O, = Coy —

fg -z-component of the stress tensor {T.., /' - medium density,
Uz — z-component of the displacement vector of medium, c,, - isothermal elastic
modulus.
Based on the method of separation of variables in the case of a harmonic
function of time:

[Ux; "jx] = le' {Z .«:IJ ‘j;-' {Z ,:IJ 2 ot 2)

The system of equations (1) is reduced to a system of differential equations
of second order, describing the propagation of harmonic waves:

a7

- B 3
= 3)
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Here - W a column vector of the boundary conditions.
System (3) can be written as:

el7, Lg
dr ey T _ o [U,]_[U bu][{.f]
Ei;—"——wi,UU, il e, By 0 M @)

3. Solution of the problem
Condition for the existence of nontrivial solutions is the vanishing of the
following determinant [5]:

det|B- | E[=0 (5)

where B - coefficient matrix whose elements contain the parameters of the medium,
in which an elastic longitudinal wave propagates. The elements of this matrix are
contained in (4) and have the form:

b =

12

i" by= w'p
.

As aresult of finding the determinant (5) we obtain the characteristic equation:

}lz =i 2
033

The last relation implies that the wave vector is equal to:

k= +iw |2
+ s ©)

The solution to this problem would be:

i:.-ix —ia ﬁx
p= A"+ Be™ = o= Ae Jc_ + Be Jc_ M
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Th1s solutlon corresponds to the one- d1mens10nal propagat1on (along the axis
Z) of elastic wave in anisotropic media of monoclinic, orthorhombic, hexagonal,
tetragonal crystal systems in the presence of the symmetry axis of even order.

On the example above, we consider the propagation of heat waves in an
anisotropic medium of the above classes of crystals.

Suppose that in an infinite elastic medium, a harmonic anisotropic thermal
expansion waves with angular frequency o arise.

The one-dimensional heat equation has the form:

54‘3 525
e ()

which in matrix form is written as follows:

d(8Y (0 b,Y8

dzl g, be 0 Mg, ©

where ©; - heat capacity at constant strain, § = T-T, temperature increase

compared to the temperature TO of the natural state, 333 - thermal conductivity
tensor, qz- vector component of heat [2].
The coefficients of the matrix in (9) have the form:

5973:—

1
— by =—ide,
Az

In this case the characteristic equation (5) has the form:

S
S —im—= (10)
3
from which it follows that
iw
qd,=+ "
1.2 P (11)
_ /5
where d = - thermal diffusivity
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Therootsof(l 1) havetheform T A e T T P e e TPt R R e A R A T,

P P
i~ W i=+p
=1}—e4; a = ‘{—e“

weel
Poas= \fe«f fra a(l (12)

2:'\/7('” (13)

Subtracting (12) from (13), we obtain
w ~
0’2 - 0: Y (+ i4
2a
then

d=-d b d=-q (15)

(14)

Solution of the problem of the heat wave propagation in one dimension will be:

B - dzE az B - dlE d,z
s = er + e’ (16)
d-d° " d-d
Numerator on the right side of (16), using (14) and (15), will be:

Coefficients matrix B can be written as:
e 1 1-i 9

[\S)
o
I
S
'

1010000
R
o
S

®
S

|
&l .I. | Y Y Y P
MO0
~

S}
|

B
al .| | |. .|. | |O;
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From Whlchlt follows that thematr1x of the coefﬁc1entsBls d1V1ded1nt0rea1
and imaginary parts:

F=Fe F+Im 5

that corresponds to the propagation of a heat wave in a solid.
In general, taking into account the above relations, the solution (16) will be:

7, =Re Be_‘{g__“xfi'as : |IEE;«; + Im Be_&ﬂm
a

Solution of the problem of the distribution of heat waves in one-dimensional
case coincides with the classical solution, which has the form [9]:

f:e'\/; §Wt \F (18)

Of the two roots q, 0’2, from physical considerations, it is necessary to
leave the root with negative real part.
Whence the solution for the heat wave:

il
—.|—=
F=8e J; Cag m

(a7

S

Conclusion:

In this paper, based on the analytical method of matriciant, the solution of
problems of the one-dimensional propagation of elastic longitudinal and thermal
waves in anisotropic medium of monoclinic, orthorhombic, hexagonal, tetragonal
crystal systems.
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Tepmomexanuxanvik dgpgpexmimen 6oramoln cepnimoi opmanapoa
MONKBIHObIK, NPOYeCmepOoil 3aHObLILIKMAPObl 3epmmey aKmyanioblabl,
ceousuxa, celicmonozuss, KOMROZUMMIK Mamepuaidapobvly
MEXAHUKACBIHbLY MeOPUSIIIbIK, HCOHe KOJLOAHOANbl ecenmepoi weuwyinoe
Kasicemminieimen baiinanvicmol. bainanvickan Ko3eanvic menoeyiepi MeH
JHCOULYOMKIZZIUMIK MeHOeyepi Pu3UKA—MeXAHUKAIbIK, NApaMempiepoiy
KypOeniei men kon Ooayvimen epexutenenedi. Ocvlean Oailianbicmul
dehopmayusianamoin Kammol OeHe MEXAHUKACIHbIY — MEPMOCEPRIMOLNIK
Oecen mapayvl Kapkwvihovl damvin kenedi. Ocvl bazeimmoly asiCblHOA
AHUZOMPONMbL OPMANAPObIH KElOIp PUUKA—MEXAHUKATBIK KACUSTMEDIH
KOIOaHA OMblpbin, OAUIAHLICKAH JHCHULYIbIK HCOHE MEXAHUKANBIK, Opicmep
3epmmeeoi.

byn makanaoa, ananumuxanvlx mampuyaum o0iCiHIY He2i3iHOe
AHUZ0MPONMbL OPMAHBIY MOHOKIUHObL, POMOBLIBIK, 2EKCAZOHANObIK HCOHE
MempazoHaLobIK KpUCMAaiobK Jicytiesepoe OIpmeKmi mapanamolt cepnimoi
OOUIBIK JHCOHE KOIOEHEH MONKbIHOAPObIY WEWiMI HCACATNbIH2AH.

AxmyanrvHocmv uccaed08anus 3aKOHOMEPHOCMEN 60JIHOBbIX
NPOYECcos 8 ynpy2ux cpeoax ¢ mepMoMexaHudeckum dphdexmom ceszana
C HE0OX0OUMOCMbIO PeUeHUsT MeoPemuideckux U NPUKIaoHblX 3a0ay
2e0usuKl, CelCMON02UU, MEXAHUKU KOMROZUMHBIX MAMEPUANos 1 m.o.
Ces3anHble YPAGHEHUST OBUNCEHUSL U YPAGHEHUsL MENIONPOBOOHOCHIU
OMAUUAIOMCS CLONCHOCIBIO U 00ULUEM DUIUKO-MEXAHUYECKUX
napamempos. B cési3u ¢ smum unmencusHo passueaemcs pazoes MexanuKu
dehopmupyemozo meepoo2o mena - mepmoynpyeocmo. B pamiax smozo
HAnpaeieHus, Onupasch HA UCHOAb308AHUE ONPEOCCHHbLX QUIUKO-
MEXAHUHECKUX CEOUCME AHUZOMPONHBIX CPEOax, U3VUAIOMCS CEA3AHHbIE
Mennoesle U MexanudecKkue noJisi.

B omoii cmamve, na ochose ananumuyecko2o Memooa Mampuyanma,
NOYMEHO peuteHile 00HOMEPHO20 PACHPOCMPAHEHUSL YIPY2UX NPOOOTIbHBIX
U MennoBblX GOJIH 6 AHU3OMPONHOU Cpede MOHOKIUHHOU, POMOUUECKOT,
2eKCAHOHANILHOU U MeMPA2OHANbHOU KPUCTATIUYECKUX CUCTEM.

BIP TUIITI KPUCTAJIQAPLAH AJIbIHFAH KPUCTAJI4bl
ONMTUKAJIbIK XXYWUEJNIEPLIH TYPJIEPI MEH
K¥PACTbIPbIJ1YbIHbIH NMPUHLAITEPI

Keanmmul anekmponuxa men KozepeHmmi ONMUKAHBIY OAMYbIHA
bavnanvicmyvl op Mypii Kpucmanobl ONMUKAIbIK HCyueaepoiy ebliblMu
MEeXHUKANLBIK JHCOHEe OHOIPICMIK KYpblAbiMOapoa KOAOAHbLLIYbl KeH
mypoe apmmel. Kpucmanovl onmuKkaisl KOHObIP2bLIAPObIY KOME2IMEH
aazep coyiesepin 6ackapy, amniumyodcslt, JHCULNICIH, (ha3acvln JHcoHe
nonapusayuscoln oackapy commi wewinedi. ConviMen bipee JHcapwix
COYIeCiH Y30IKMI HCOHe Y30IKCI3 CKAHepIey, MOOYIAYUSIIAY HCOHE ONMUKATIbIK
PE30HAMOPObIY MOOMAPLIH DOIIN ALY, ONMUKALLIK COVIeIePOiY Y3aKmblebl
MeH mypin 6ackapy commi wewinedi. Kpucmanovl onmukanwix sxcytienep
KeHICMIKMIK KOOUPOBKANAY JHCOHe 0eKOOUPOBKANAY YUliH, 6ACKAPMATbL
Kenicmix cyzeiwmep Kypy ywin Kaxcem. Kpucmanovl onmuxanuix sicylierep
He2i3iH0e NOAAPUSAYUANBIK, UHMEPHEPOMEeMPIIK KOHObIPSLLIAD dA2bIHOAD
bonadel. JKymvicma ocvl coyienepOiy unmepgepeHyuscol 3epmmeeol.

Kpucranapr onTHKaNbIK XYHenepAiH )KyMBICHI KpHUCTalIapAaFbl KOCapJIaHbIIl
CBIHY KYOBLIbICEIHA Heri3aenren. Kpucranap xyifenepre opTypiti KoMOMHAIMSIIAp
Herizinne eneni. Komimri xarmaija KpUCTaiabl ONTHUKAJIBIK XKYyHeaep eki
TYPJi KpHUCTaJlapAaH Kypanaasl. byn mpusMmanap miarbIChIHIaHAA CHI3BIKTHI -
ToJIsipu3anysIaFad coyJlie Oepelti (MOIAPH3ALMSIIBIK TPU3Maiap).

Kacuerrepi 3epTTemninin >kaTKaH KocapJIaHbII CHIHBIPFBINI TPU3MaIapIbIH
TYpJepi KeIl.

[Ipu3maHbl KypalThIH KpUCTaNAapAblH ONTHKAJIBIK OCTEpiHIH e3apa
OaFBITTAIBIHYHI 13 9P TYpIi. ©3apa OaFrbITTAIBIHY IBIH ©3repici KaCHeTTEpIiH op
TYPJI JKYHenep aryFa MyMKIHIK Oeperi.

1,2,3 cyperrepne okKyabikrapna oenrim [1,2,3] KocapaaHBII CHIHIBIPFBIIT
npu3Manap kentipinred. bys npusmaap Gip ocTi KpucTanaap/IbIH €Ki ChIHACBIHAH
KypanraH Kpucrannapaarsl ONTHKANBIK OCTEpIIiH OaFbITTaphl JKOHE ONapiarbl
KoJIIMTI1 )kKoHe K9IIMI'l eMec CayJeliep liH TpaeKTOpHsIChl KenTipiiren. Kepcerinren
KaF [aiiap meHOepIi mossipu3anysIaHFaH sKapbIK MPU3MaHbIH Kipic KaObIpFachIHa
HOpMaJIb TYCKEH >KaFJaia OpbIH ajla/ibl.
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