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Anomayia. Y Oamomy 00CniOdceHHI CMBOPEHO MamMeMamuyHuti Memoo aHdarizy NI0CKUX (HOHOHHO-(PA30OHHUX
MepMOMEXAHIYHUX NONI8 ) KB8A3IKPUCMANIYHUX MINAX HA OCHO8I anapamy meopii QYHKYii KoMniekcHoi 3smiHHOI ma
dopmanizmy Cmpo. Koncmumymueni ma 6anancosi piHsiHHs MePMONPYHCHOCII K8AZIKPUCMATTYHUX ML 3ANUCAHT 6
V3azanvbHenii Qopmi i3 UKOPUCMAHHAM POZUWUPEHUX DOHOHHO-(PAZOHHUX 6eKmOpi6 | men3opie. Adanmyiouu Memoou
dopmanizmy Cmpo, cghopmynbosany 3aeaivhy 3a0auy 36e0eHO 00 NOWLYKY 7-Mu ananimuynux @yuxyit (I ons mem-
nepamyprnozo ma 6 ons QoHoHHO-pazonHux nonie). Ompumanuil RIOXI0 BUKOPUCMAHO OJ11 NOOYOOSU [HME2PATbHUX
PiBHAHb GIONOBIOHUX 0BO0GUMIDHUX 3A0AY MEPMONPYICHOCMI KEAZIKPUCMANIYHUX ML, d MAKONC HA 1020 OCHOBI PO3-
8 '53AHO KOHKpemHy 3a0auy O0Jsi K8A3IKPUCMANIYHO20 cepedosuwya i3 mpiwunor. Ompumano po3noditu memnepa-
MYPHO20 MA MEXAHIYHO20 NOI8 Y Mii ma QYHKYIl ACUMIMOMUYHUYHUX PO3NOOINIE (POHOHHO-AZOHHUX NOIIE NOOAU3Y
B8ePUIUHY MPIWUHU 3 BUKOPUCTHAHHAM KOeiyieHmie iHmeHCUHOCMI (hpOHOHHUX MA PA30HHUX HANPYIHCEHD.

KurouoBi ciioBa: keasikpucman; mepmonpyosicnicms, chopmanizm Cmpo, mpiwguna, inmezpanvHe PiGHAHHSL.

VY cyyacHOMY aepOKOCMIYHOMY MAIIIMHO- Ta MPpUIa100y1yBaHHI yce YacTillle BUKOPUCTOBYIOTh
HOBITHI Matepiaiu, MOBEAIHKY SKUX HEMOJXJIMBO OINMHUCATH IAXOJaMH, TMPUIATHUMH IS Tpa-
muniitHux. Lle 3ymMoBItO€E HEOOXiNHICTh CTBOPEHHS HOBUX MATEMATHYHUX MIIXOAIB 10 iXHBOTO
MOJICTFOBaHHS. 30KpeMa, Il KBa3IKPUCTATIYHUX MaTepiajiiB pO3BHBAIOTHCS TEOPIisl MPYKHOCTI Ta
TEPMOTIPYKHOCTI, sIKi BUOKPEMITIOIOTh Y MEXaHIYHOMY IT0JIi BCEPE/IMHI TAKOTO CepeIoBUINA (DOHOHHY
Ta ¢dazoHHy ckiaaoBi [1, 2]. MeTorw naHOTO MOCTIIKEHHS € CTBOPEHHS MAaTeMAaTHYHOTO METOIY
aHanizy (OHOHHO-()a30HHUX IJIOCKUX TEPMOMEXAHIYHUX IOJIIB y KBa3iKPUCTATIYHUX TiIaX Ha
OCHOBI amapary Teopii PyHKIIiT KOMIIEKCHOT 3MiHHOT Ta popmanizmy Ctpo [3].

VY naniii poOOTI KOHCTUTYTMBHI CHIBBIJHOIIEHHS TeOpii MpYy>KHOCTI KBaszikpucramis [1, 2]
3amucaHo y TakKii y3arajabHeHild Gopmi:
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posumpennit Tensop Cpy,, HOHOHHO-(HA3OHHUX CTANMX € CUMETPHYHUM:

Cyim = Cony - 3)
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Cekuis 1. CyyacHi npo6nemu mexaHiku gecopmiBHOro TBepgoro Tina

VY (1), (3) ingekcu BETUKUMHU JIiTEpaMH 3MIHIOIOTHCS Bif 1 10 6, TOMI SIK 1HIEKCH MalUMU
JiTepaMu 3MiHIOIOTHCS Big 1 1o 3.

BianoBigHo 10 [2] piBHAHHS pIBHOBarv KBa3ikKpUCTAIIYHOTO CEPEOBHINA MOXKHA 3AMTUCATH Y
BUTIIAI:

O-,'j,j:_fi; H,'j,j:_gi: (4)

ne f,, g, — BIANOBIIHO KOMIIOHEHTH BEKTOPIB (JOHOHHUX Ta (Pa30HHUX CKJIAJ0BUX MACOBUX CHIL

BukopucroByroun y3arajabHeHi BeTUYUHH (2), pIBHAHHS PIBHOBArM KBa3iKpHCTAIIYHOIO cepe-
noBuia (4) HaOy1yTh BUTIISATY

6,,=—1 (5)

[MigctaBusmm (1) y (5) oTpuMaHo piBHSHHS PIBHOBArd MPY>KHOTO KBa3iKpUCTaa, 3aMKiCaHl y
KOMIIOHEHTaX PO3IIMPEHOr0 BEKTOpa GOHOHHO-(Da30HHHX MEepeMilleHb

C[ijuK,jm = _f} . (6)
CriBBITHOIIEHHST TEPMOIPY>KHOCTI KBa31KPUCTATIYHUX TIJ BIAMOBIIHO 110 [4, 5] 3amucaHo y

Takii y3araibHeHil (hopMi:
G, = Cpgnlly —ﬁljé’ . (7

[MincraBuBmm (7) y OamancoBi piBHSHHA (5), OTpUMAaHO Take PIBHSHHS TEPMONPYKHOL
PIBHOBAaru KBa3iKpUCTaIIYHOTO CEpPEIOBUIIA:

CIijﬁK,jm _IHIje,j = _fl . ®)

Po3rnsiHyTO IMITiHAPUYHI KBa3iKpHCTATIYHI TiNa, B IKUX (POHOHHI Ta (ha30HHI IepeMileHHs He

3MIHIOIOTBCS 3 KOOPJMHATOK X, (TapalenbHa JO TBIPHOI MOBEPXHI), TOOTO, i, , =0. [ns Takux

JBOBUMIPHHX IIOJIB, IO 3aJI€XkKaTh JIMIIE BiJ AEKAPTOBUX KOOPAUHAT X, Ta X,, MOXKHA PO3LIUPUTH

¢dopmainizm Ctpo [3] Ta mopaTi OAHOPIAHUHN (U1 BUMAIKY j;, = () po3B’sI30K piBHIHb piBHOBAru (6)
KBa3iKpucTaty y ¢opmi

Uy :aKF(xl+px2), 9)

1€ a, Ta p € IeBHUMH KOMIUIEKCHUMU CTAIUMH, 10 NOTPEOYIOTh BU3HAUYEHHS. AHAIITUYHA (DYHKIIS
F (x,+ px, ) 3ale)uTh BiJl KpailOBUX yMOB Ha Me3Ki 3aifHATOl TiIoM 06nacTi y monwHi Ox,x, .

3a BiJICYTHOCTI 00’ €MHUX CHJI, BHACTIIOK MiACTaHOBKHU (9) y (6) OTpUMaHO PIBHSHHS 11010
HEBI1IOMUX KOMIUIEKCHUX CTIUX 4, Ta P :

ég’Km(5ﬂ+p5j2)(5m1+p§mz)a1< =0, (10)
ne §; — cumBon Kponekepa. ¥ marpuuniii gpopmi piBasans (10) HabyxyTs BUIIILY NOAIOHOTO 32
CTPYKTYPOIO /10 BIAMOBIIHUX CHiBBiAHOIIEHB popmanizmy Ctpo [3]

[Q+p(R+RT)+p2TJa=O. (11)

Tyt BepxHiit ingekc “ T o3Havae oneparliro TpaHCIIOHYBaHHsI, a KoMnoHeHTH Matpuilb Q, R, T
O3HAYeHI TaK:

13

Ok =Crxis Tk =Cryxrs Ry =Chip =Cryyy- (12)
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Binnosinuo g0 BiactuBocti (3) matpuiii Q ta T cumerpuuni. Ha BigmiHy Big dopmaiizmy
Crpo ni1s 3a1a4 Teopii NpYy>KHOCTI aHI30TPOIHOIO TiJa, y 3a/1a4ax MpYy>KHOCTI (Ta TEPMOIIPYKHOCTI)
kBazikpucramis Matpuiii Q, R, T maroTs po3mip 6x6.

Komnionentu 6, po3mmpeHoro Ten3opa GoHOHHO-(pa30HHUX HANPYKEHb BiAMOBIIHO 10 (1) Ta

(9) 3 ypaxyBaHHsM no3HaueHb (12) 1OpiBHIOIOTH
6,1 =(O + PRy )ax F'(xy +px;), & =(Ryg + pTi JagF' (x4 pxy ), (13)

ne F’(z)=dF (z)/dz — nosna noxizna Bix gpysxuii F(x, + px,).

CuiBignomenHs (11) MokHa nepenucaTy y TAaKOMY BHUTJISIL:

1
_;(Q]K + PRy )ag = (R + pT ) ax . (14)
Toxi no3HaYUBIIN
b=(R"+pT)a=—(Q+pR)a/p, (15)
¢, =bF(x +sz) 5 (16)
3anuemo (13) rak:
5-11 = _(51,2 ’ 5-12 = ¢1,l . (17)

Tyt §; — y3aranpHeHa GyHKITIS POHOHHO-(PA30HHUX HATIPYKEHb.
[MoasiitHy piBHICTH (15) aHanoriuxo 10 [3] MOKHA TIEpPENUCATH Y BUTIISII

IR NN %

ne I — ogmunyna matpuis. Bpaxosyioun cumerpito Matpuis Q i T Tta e, mo T icmye, (18)
MOJKHA 1T0/1IaTH Y OpMi 3a]adi Ha BIIACHI 3HaYeHHS [3]:

Ne=p&, N'n=pn. (19)
Tyt
N= T e T 20
{N3 NlT} : [b} " L‘} (20)
N, =-T"'R", N,=T'=N;, N;=RT'R"-Q=Nj. (21)

IlpaBuii €, Ta JIiBHil 1, BIaCHI BEKTOPH, O0UNCIICH] JUIS BIACHUX 3HAYCHD P, , P, HOPMYBATHMEMO
yMoBOIO [3]
T
éanﬁ = 80([3 . (22)

OCKUTbKM TEepeMillleHHS € MJIMCHOI0 (YHKIIE, TO TOBHUH pO3B’S30K PIBHAHb TEPMO-
npy>kHOCT1 (8) 3ammMcaHo y BUIIISAl JIMCHOI YacTHHM CyMH oOJHOpigHOro (9) Ta 4YacTKOBOTO
HEOHOPITHOTO PO3B’A3KIB!

i = 2Re{Af(z.)+cg(z)} - (23)
Kommnonentu &6, pO3MIMPEHOro TEH30pa HANPYKEHb 3HOBY X TaKM OOYHCIIOIOTHCSA 3
¢dopmyioro (17), ane npu boMy po3iKpeHa QyHKIiS HApy>KeHb ¢ MaTHUME BUTIIS:

¢ =2Re{Bf (z.)+dg(z)}. (24)
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3acTOCOBYIOUH JUISI ITOJJaHHS KOMIUIEKCHUX MOTEHI1alliB iHTerpaibHy Gopmyty Komri

o(:) === ] 4 e 23)
27wt T -z

BJAJIOCST OTpUMATH IHTerpayibHi (opMynu (a NpH BUKOPUCTaHHI cHiBBiAHOIIEHb [lnemem i

IHTerpaJibHI PIBHIHHS) 33724 TETUIONPOBITHOCTI Ta TEPMOIPY>KHOCTI KBA31KPUCTATIYHHX T1JI.
Po3riisiHyTO MIIOCKY 3amauy TEpPMOIPYKHOCTI JUIs KBA3iKPUCTAYHOrO Tila 13 TPILIMHOIO.

3’scOBaHO, MO SIK 1 Y BUMAJAKY IUIOCKOI 3a1a4l Teopii Mpy»XHOCTI, POHOHHO-(Da30HHI TOJSI MArOTh

KOpPEHEBY 0COOJIMBICTh Y BepIIMHaX aedekTy. Briepiie orpumano y3araabHeHi aCUMITOTHYHI PO3IOALIH

JUTS TIOJTIB (JOHOHHUX Ta (Pa30HHUX MIEPEMIIICHB Ta HAMPY>KEHb MOOIM3Yy BEPIIUHH TPIIUHU Y (PopMi:

= —\/% Re{A<\/Z> B_lf(} 20
s ATl 1 -12\ p-1i;
6,=[5,]= 9, \/ERG{B@?*Z* >B k}’ (27)

! Re{B<Z[”2>B"l~(}.

62:[~i2]:¢,1:_m

~ T
Tyt k= [KZ,K}’,KZ,,K KT K ,[,ﬂ — y3araJbHEHHUH BEKTOp KOeQili€HTIB 1HTEHCUBHOCTI
(hoHOHHUX Ta (Pa30HHUX HAIIPYKEHb; <F (Z. )> = diag(F (x, + p,x, )) .

OTpuMaHO HU3KY aHATITUYHUX PO3B’SI3KIB 33]1a4 TEOPMONPY>KHOCTI KBa31KpUCTAIIYHUX TIJI 13
TPIIIMHAMHU.

Cnucok Jitepatypu

1. T.-Y.Fan, Mathematical Theory of Elasticity of Quasicrystals and Its Applications, Second Edition. Springer, 2016.
https://doi.org/10.1007/978-981-10-1984-5

2. T.Y.Fan, W. Yang, H. Cheng, X.H. Sun, Generalized Dynamics of Soft-Matter Quasicrystals: Mathematical Models,
Solutions and Applications, Second Edition. Singapore: Springer, 2022. https://doi.org/10.1007/978-981-16-6628-5

3. T.C.T. Ting, Anisotropic elasticity: theory and applications. New York: Oxford University Press, 1996.

4. F. Long, X.-F. Li. “Thermal stresses of a cubic quasicrystal circular disc,” Mechanics Research Communications,
vol. 124, pp. 103913, 2022.

5. J.Pi, Y. Zhao, L. Li, “Interaction between a Screw Dislocation and Two Unequal Interface Cracks Emanating from
an Elliptical Hole in One Dimensional Hexagonal Piezoelectric Quasicrystal Bi-Material,” Crystals vol. 12, pp. 314,
2022. https://doi.org/10.3390/cryst12030314

Extended Stroh formalism for plane problems of thermoelasticity of quasicrystal
media

R. Kushnir, Ia. Pasternak, H. Sulym

Abstract. This study provides a mathematical method for the analysis of plane phonon-phason thermomechanical fields
in quasi-crystalline bodies, which was developed based on the complex variable calculus and the Stroh formalism.
Constitutive and balance equations of — thermoelasticity of quasicrystal solids are written in a generalized form using
extended phonon-phason vectors and tensors. Adapting the methods of the Stroh formalism, the formulated general
problem is reduced to the search for 7 analytical functions (1 for temperature and 6 for phonon-phason fields). The
obtained approach was used to construct the integral equations of the corresponding two-dimensional problems of the
thermoelasticity of quasicrystal solids, and on its basis a specific problem for a quasi-crystalline medium with a crack
was solved. Distributions of temperature and mechanical fields in the body and functions of asymptotic distributions of
phonon-phason fields near the crack tip using intensity coefficients of phonon and phason stresses were obtained.
Keywords: quasicrystal; thermoelasticity; Stroh formalism, crack; integral equation.
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