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BusHauyeHHsa koedinieHTa MPOXOIKeHH S
NPY>KHUX XBIIb Y MeTaMaTepiai 3 I paTKaMu
ABOIEPIOAMYHNX eTINTUIHUX TPIIVH

IIpedcmasnena axademixom HAH Yipainu PM. Kywinipom

Posensrymo mpusumipHy 3adauy nouupeHHs eapmoHiuHol no3008#HbOI XU y NpyscHomy npocmopi 3 0eonepi-
00UMHUMU MACUBAMU eTIINMUYHUX MPIWUH 34 IX YKAA0AHHS 6 CKiHueHHUl HAOIp pieHosid0aneHux napanenvHux
K8A0PAMHUX SPAMOK. Y 4aCMOmHiil 0671acti OMPUMAHO ePaHUYHE iHIMeZPabHe PIBHAHHS CIOCOBHO POSKPUMMS
8i071iK080T MpiuuHy 8 YHIMApHiil KoMipyi 060nepioduUHOT cCIMPyKmMypu 3a 00NOM02010 8i0n08ioH0T PyHKuii [pina.
Hns cmitikocmi yucno8ux po3paxyHie eukopucmano nodanns gyuxuii Ipina é ekcnoHeHyianvHo 30ixcHitl gopmi
ma 30iiiCHeHO pe2ynApU3aUilo Uil PyHKUIT WIAXOM 3A7yHeHHS 3aMKHYMUX 3HAYeHb CNeUIATbHUX SPAMKOBUX CYM.
Yucnose po3s’si3aHHs PiBHAHHSI BUKOHAHO 3d 00NOMO2010 Mermody 8idobpaxerv. ObuucneHHs Koedinienma npo-
XO0OJNEeHHS X6UTIb y Memamamepiani 3 NOOOUHOKOIW sPamKoio mpiugun 3abe3neuero nidcmMaHoBKow 2paHu4Hoene-
MEHMHUX PO36’A3Ki6 y cnié6iOHOUIEHHS anpokcumayii 6i00aneH02o 8i0 spamros8020 MAacusy Xeunv06020 nons. [ns
8UNAOKY MHOMUHHUX SPAMOK Uell KoedilieHm USHAUEHO HA 0CHOB] WUPOKONPOCINOPOBOT eKBiOUCAHMHOT MOOeri
X6UNb0B020 NepeHeceHH .

Knrouosi cnosa: nepioouuni eninmuuni mpiugunu, xoegiuienm npoxo0uceHHs X6usv, OUGpaxuis ma inmepgepen-
Uisl X6UTb, MEMOO 2PAHUMHUX iHINEZPATIbHUX PIBHSHD, WUPOKONPOCIMOPO6A MOOeNb, Memod 6i000pasens.

Beryn. IIpakTiyHe 3ailikaBieHHA MeTaMmarepiaamMy 3i IITYYHO OPraHi30OBaHOKI PETYIAPHICTIO
IX CTPYKTYPM 3yMOBJIEHO IOCATHEHHSM YHIKaJIbHUX XBU/IbOBUX SKOCTEN, HAIIPUKIIAJ, 30ATHOCTI,
KpiM yokasisanii xBunboBoi eHeprii [1] i HeraTuBHOI pedpaxuii [2], mo Bb6ipkoBOTO IpOIyCKaH-
HA 411 O/I0KyBaHHSA XBIIb HA YaCTOTHOMY CIeKTpi [3]. 36araueHHs 1MX MpOsABiB KOHCTPYKTMBHOI
4) JeCTPYKTUBHOI XBWIbOBOI iHTepdepeHIil 3a0e31medyeTbcsi pO3IIALOM IPYXXHUX CEPeLOBMUIL
BHAC/TiIOK BUHVKHEHH i IIepeTBOPEHH: Y HMX Pi3HOMOJIOBUX XBI/Ib (II0O3OBXKHIX i ITOIIepeYHNX).

Jlo HOBOTO K/Tacy Haje)XaTh MeTaMarepiasy, CpOpMOBaHi BBEIeHHAM Y IIPY>KHE CepefjOBNUIIe
HepiofMYHO PO3TAIIOBAHMX TOHKOCTIHHMX HeofiHOpifHOCTell. Ha mporusary o6’emuctum [4],

IIntysannsa: XXoéaguucekuit 151, BusnayeHH:A KoedillieHTa IPOXOPKEHHA NPYXHUX XBWIb Y MeTaMaTepiai 3 rpaT-
KaM {BOIICPIOANYIHNX e/NTHIHNX TpituH. Jonos. Hay. axad. Hayk Yip. 2025. Ne 3. C. 25—32. https://doi.org/10.15407/
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LA. JK6aourcvxuil

TOHKOCTIHHi po3citoBadi, 30KkpeMa Kpyrosi [5] Ta nmpsAMOKyTHi [6] TpilvHN, YMOX/IMBIIOOTD
YTBOPEHHA IUIOCKMX I'PAaTOK Ha LIIAXY IOMIVPEHHSA XBWUIb, & BiITAK NPUBOJATD [0 CIIEliasib-
HIX e(peKTiB XBU/IbOBOTO BifONTTA i NpoHMKHEHHA. Y po6orTi [7] Ha mpuK/Iafii eKBiMCTaHTHOTO
KacKajly 3 TaKUX I'PaTOK II0KAa3aHO iCHYBaHHS YacTOT 3 HYIbOBUM KOe(illieHTOM IIPOXOf)KEeHHS
IIO3JJ0BXXHbOI IPY>KHOI XBUJIL.

Meta po60TM — HOMIMPUTHU aHAi3 FAPMOHIYHOTO 32 YaCOM ITPOHMKHEHHS NPY>KHIX XBUIb
Ha BUITA[JOK HAAABHOCTI B MeTaMaTepiajli MHOXKVMHI piBHOBi[a/IeHNX IUIOIIVHHIX €eKPaHiB i3 He-
CKIHYEHHVIMM [JBONIEPIOAVYHNIMY CUCTEMaMH eTiNTUYHUX TPIillVH.

ITocranoBKka 3agaui. PosrissHeMo TpuBMMIpHUII NpY>XHMIT MeTamaTepian, chopMoBaHMil
pO3TallyBaHHAM y 06€3MeXHOMY MPOCTOPi [OBIIBHOTO, MpOTe CKiHYeHHOro 4mucia N piBHO-
BijaneHux 3 iHrepBanoM h mwiommH x5 =0, b, 2h,...,(N —1)h 3 gBOIEpiOAMYIHMMM MacUBaMU
eMNTUYHUX TPIl[MH 3 OTHAKOBMMM BeTMKMMM d Ta ManuMu b miBocsamu. [eomerpuyni neHTpu
obmacreit S, (n, me€Z), AKi 3aiiMalOTh TPIIMHM y KOXKHil1 ITONIMHI, po3TallloBaHi 3 mepiofnd-
HicTIO d Y3[OBX IBOX B3aEMHO IEPIEHJUKYIAPHUX OCEN, a MaJli Ta BEMKI IiBOCI eiICiB € ma-
paJIeTbHMMU 10 IMX ocell. Take po3TanryBaHH: 3abe3ledye KBaJpaTHNUI Bi3epyHOK YTBOPEHMX
I'PaTOK 3 TPillIMH Ta TPUIIEPIOANYHICTD 3ara/IbHOIO MacUBY po3ciroBaviB. MeXaHiuHi B/TaCTMBOCTI
Marepiasy IpoCTOpy BU3HAYAIOTHCA IYCTIHOIO P, MOZLy/IeM 3CYBY [ Ta koedirientom [TyaccoHa v.
IleprienIMKyIAPHO HA KaCKaJl 3 TPATOK TPIllIMH Y HAMPAMKY oci Ox; Habirae m1ocka nosioBxKHA
rapMOHIYHA y Yaci XBU/IA IepeMilljeHb u;"(x) =u, exp(ik,x;) i3 3aJaHNMU CTa/I00 AMIUTITYHOI0
U, Ta LMKJIIYHOI YaCTOTOI k (TyT i i 3arasbHMIT eKCIIOHEHIIiaTbHNIA YaCOBUI MHOXKHUK BU-
nydaeThea 3 posyasky, k; =~/(1-2v)pk /\20-V)u, k, = \/Ek / \/H — XBW/IBOBI 4IC/IA TIO3/{0-
B)XHDOI 1 IIOIIEPEYHOIL MO, i = \/—_1 ).

Buxigaumu pnsa cdopmynboBaHOi 3ajjadi NMPUIIMAOTbCA PiBHAHHA KOMMBAHDb IPY>KHOTO
cepefioBMINa y epeMilleHHAX W(u;,U,,U;), AKi 38 BiICYyTHOCTi MacOBUX CM/I MAIOTh BUITLAS, (8]

k2V(V-u) -k Vx(Vxu)+u=0, (1)

ne V — TpuBMMipHNMit Habma-BEKTOP.
KpaiioBi yMOBM Ha IOBEPXHAX TPILlIMH 3aNIMCYIOTbCA K

G4;(x)=0, xeS,, (n,meZ). (2)

Y TouHOMY GOpMYIIOBaHHI PO3IJIIHYTA 3a/jaya Hependadae 3aOBOICHHS KPaloBUX YMOB
(2) Ha BCill CyKyMHOCTi TpPilMH, BKIIOYHO 3 YPaXyBaHHAM iHAMBifyanbHUX B3AEMOJINl MixX
TUMI, 1O PO3TAIIOBaHi B pisHUX IIomyHaX. CIpOIIeHHA aHajli3y BOCATAEThCA 1A BiTHOCHO
PO3PIIPKEHOr0 KacKay Ta 3 BUKOPMCTAaHHAM XBIU/IbOBMX PO3IIOAI/IIB Y Bifjla/IeHiil 30Hi.

IIInpokonpocTopoBa apOKCMMALlid XBUIbOBUX IOMiB 151 €KBiiICTAHTHOrO KacKagy
posciroBaviB. BuxogutumemMo 3 INpUIyIIEHHdA, IO BifCTaHb MDK CYCifHIMM IUIOIIVHAMM
PO3ciloBaviB € JOCTATHBO BeNMKOI0 (h > 2a), 11106 3HEXTYBATU BIUIBOM Ha B3aEMOJII0 MK IIVIMM
IIOUIVHAMY XBWJ/Ib, BIIMIHHMX BiJi IVIOCKMX MO3[0BXKHIX 3 HaIIPAMKOM CIIafHOI XBU/Ii. Takox
Bi/ICTaHb MK IUIONIVHAMM IIOBMHHA II€PEBUILIYBATH NOBXMHY IeéHepyBaAbHOI XBUIi (klh > 1).
Bkasani yMoBU 3a6€311€4yI0Tb JOCTaTHBO BEIMKMIL IIPOCTIp Mi>K I'PaTKaMy TPillliH, TAPAHTYI04N
iX po3gineHHA y GpisMYHOMY CEHCi, TOOTO BIUIMB PELITU IUIOLIVMH Ha I10JIe PO3CiAHMX XBWIb Oifs
KO>XKHOI I'paTKM € MiHiManbHUM. Lle cripolye aHais, OCKi/IbKY KOXKHA IJIOLMHA PO3ITIALAETbCA
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HesaneXHo Bif immmx [7]. ¥ pamkax Takoro HabmmwxeHHA KoedilienTn Bin6urTa R, Ta
NIPOXOJ KEHHA TN XBU/Ib Ha NEPIOANYHIN CTPYKTYPi, 10 CKIalaeTbcA 3 N = 2 piBHOBIfJa/IeHNX
IUTOLIVH 3 TPl HaMM, BU3HAYAIOThCS CIIiBBiTHOIIEHHAMM [9]
R, —-22L T - ik,h(N -1 fatay 3
N — " > N —eXP[—l 1 ( - )] tll_t— ( )
22 22 )

Tyt ty (j.k=1,2) — xoediuientn Marpuii s PO3MIpHOCTI 2 X 2, AKa OTPUMYETbCA IEPEMHO-

JK€HHAM MaTpUIL PO3CiAHHA S 1A OFHOIUIOIMHHOTO MACUBY JBOIEPIOANYHUX TPIlMH CTiNbKN
pasiB, ckibKu 6ap’epiB y kackaji, a came:

S¥ =§xSx..x8S. (4)
N

Y piBusHHI (4) MaTpuIA po3CisHHA S BUpaXKaeTbcA yepes Koedilientn Bimburta R, Ta
NPOXO/pKeHHs T XBUIIb I OMHOIUIOIIMHHOTO MacUBY TPIll[MH TAKMM YMHOM:

_1 [Tf—Rf}exp(iklh) Rlexp(iklh)

T,

(5)
1 —Ryexp(—ikh)  exp(—ikh)

Y uactoTHOMYy piamasoHi 0<k,d <2m cmocrepiraerbca mmdpaxijia nuire MO3TOBXKHIX
xpuib. 106 shaittu R, Ta T,-koedinientn y 1npbomy pianasoHi, BUKOPUCTOBYBATUMEMO

¢dbopmymn [10]

R =Qd’uy) ™ [[Auty)dS,, T, =1+Cdu,) " [[Au(y)ds, , (6)
S S

ne Au — cTpuboK nepemiiieHb Ha BiTiKoBiit TpitnHi S = §
HJX YMOB II€PIOAMYIHOCTI

o> BBETEHNI 5IK PE3YIbTAT IPUPO]I-

Au, (x,+nd, x, +md)=Au(x,x,), n,meZ. (7)

OTxe, 3a/jaya TOIIVPEHHA MPYXKHOI MO3[J0BXXHBOI XBU/I Y PO3IIIIHYTOMY MeTaMaTepiari
3BOAVTHCS [0 3HAXOMKeHHS QYHKUil cTpubka mepemimeHb (7) 3a Habiry Ha TpiliMHU B
OIHOIUIOIIMHHOMY /IBOIIEPiOAVYHOMY MacKBi Ta MifCTaHOBKY Iji€l QyHKLII y CIiBBiZHONIEHHA
(3)—(6) nna xoediuientis Bin6utTa R, i mpoxomxenHs T, XBUIb 3a pO3IAALY N-IIOMMHHOTO
eKBiJVICTAHTHOTO KacKaJy po3ciroBauiB.

BusHaueHHs cTpMOKiB AMHAMIYHUX NepeMillleHb Ha peNnpe3eHTATUBHIl TPilHi y KBa-
APpaTHiN rpaTii. 3 ypaxyBaHHAM YMOB IlepiofnIHOCTI (7) Ta KpalloBUX yMOB Ha TpiluHax (2)
3ajla4a 3BOIUTHCA O TPAaHUYIHOTO iHTerpanbHoro piBHAHHA (['IP) 3 iHTerpyBaHHAM 3a 06/1acTIO
pO3TaIlyBaHH JINIIE BiflTiKOBOro fiedekTy S BifHOCHO cTpubKa HOpMa/IbHUX IlepeMillieHb Au 'y
11ii1 06/macTi:

ks
” Au(y)[Rdx -yD+ G(x,y)}a’Sy = —720’3"3 (x), xeS. (8)
N
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Tyt anppo R(|x—y|) Bi[IIIOBiJja€ 3a iHAMBigya/lbHY peaKlilo Bifl/IiKOBOI TPIlIMHM Ha XBU/IbOBE
HaBaHTa)KEHHS 1 Ma€ BUITIA,

R(r) = {(9 - 9ik,r — 4k;r* + k1 ) exp(ik,r) —[9 — 9ik,r + (ki — 5k )r* +
1
+ ik, 2k? — k2 )1 +Z(2k12 — k2 r*]exp(ik,r)}r >, 9)
|x — y| — Bigcranp Mixk TOUKOW mKepena x(x;, X,) i Toukom iHTerpyBanus y(y,, y,), a Aapo
G(x, y) — 3a B3aeMopio BifTikoBoOi TpimnHM 3 yciMa iHIMMM y gBONepiogmyHii rparni. Lle

AMPO iHTepIpeTyeThcs AK QyHKUiA [piHa i Mae BUIIA MOABITHO-HECKiHYEHHOI CyMH, €KCIIO-
HeHI[ia/IbHO 30KHMIT aHAJIOT AKOI MOXKHA 3amycaTi y popmi

1 &t exp(-U; (1)) (x -y j
G t ] y.| =L Lot |x
Goy)= dSJZ;‘[;[ U,Ol-exp(-U;0)] '\ d
ij( ,tJdt+ i exp(znin%jx
< exp(-W,, (1)) X, =¥, j
X_Lan(t)[l—exp(—an(t))]Xj"( St |0t |, (10)

X =

e

Y;(q,t) = explqU;(t)]+exp[-qU;(1)],

2

2
i (p.1) =(k72—kf ] d*J,(pt) +1(k2 —2Kk) d? _]1(;”) s
+3t* JZ(P ), Qz(P>t)=tk22d2 ]1(Pt)_3t2 ]2(}271‘)’
P’ p p

U () =* ~(kd)?, W,,(1)= \/tz +(2mnn)’ — (kd)?,

Xjn(r, t)= exp[ern(t)]+ exp[—rVan(t)] ,
5 2
D, ()= (k kZJ d* +t7 (k2 -2k} d* +t*,

D, () =tkyd* —t*

Edextune uncnose posp’asyBanus I'IP (8) moBuHHO CIMPATUCA HA Bi[IIIOBiJiHI perynapu-
3allilfHi mpoueRypy LIOAO iHTeTpasliB 3 TiMepCUHTYIAPHICTIO |x y| B Afpi R y Touli yKeperna
Y =X, 2 TAKOXX iHTeTPaIiB 3 CMHT'Y/IAPHOCTAMM B AA7ipi G y TOUKax t = k d, 1110 € KOpeHAMY PYHKIIii
U(t) MeTOAMKY YCYHEHHA CUHTYIAPHOCTeN Axpa G feTanbHO ormcaHo B pobori [5].
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Mertop Bimo6paxxenn I'TP 3amauvi. 3Bakatoun Ha 36ir xapakrepuctnaHux yactus I'IP pos-
IJITHYTOI 3aj1adi i 3a1a4i AMHAMIYHOTO HaBaHTA)XXeHHA 6€3MeXXHOTO OJHOPIJHOrO Tila 3 Tpilm-
HOIO, J/I1 ITOOY/IOBYM PETry/IAPHOTO aHa/Iora piBHAHHA (8) MO>KHA BUKOPMCTATI METOAUKY poOOTH
[11], sixa mepeni6adae BiTO6paXkeHHs eMNTIIHOI 06/MaCTi § Ha KPYToBY 06/acTh S OFMHUYHOTO
papiyca. Iy bOro BUKOHYEMO 3aMiHy 3MiHHMX:

{xl =ag,, {)’1 =any, (11)
x, =b&y, |y, =bn,,
ne §(&,, €,), n(n,, n,) — HOBi 3minHi B 06macri S . Iicnst Takoi saminu TIP (8) HabyBae BUITIANY
k> ~
jj o & 157 ] g m) |dS, =-"265E), &S, (12)
BE M) B

Y piBHsHHI (12) BBefieHO TaKi TO3HAYEHHA I CKIAHUX QYHKIIL:

AG(E) = abAu(x), _ . ; G (E) =00 (x)

x=ag, ’

ez, GEM=G(x,Y)
x,=bE,

xy=ag,, yy=an; ’
x,=bE,

x,=b8,, y,=bn,

¢yuxuis B(§, n) omncye BigHOIIEHHS BificTaHeil MK Toukamu & i1 Ta Ix mpoo6pasami, TO6TO
-1/2

2 1/2
R ,qz(l—b—zJ .
- a

Y T'IP (12) Bugpinsaemo ocobnuBi iHTerpanm, nepeTBOPUBILY JIOTO TOTOXHO [5]:

dS—

3 [B(&,n)f < (7-12v+8VA)K] ¢ Adi(n)
_[JAM(H)_—anSn— 8(1—\/) ‘”‘E_, T]‘

o {4(1 V) ( |§—n|]_[B(§,n)]3_(7—12v+8v2)k§B(§,n)} 5
BEM)  [g-nf 81-v)|&-n| )

4n(l—v) . sin

) [T A& WS, = nE),  ged, (13)
S

2

TyT nepumit iHTerpan rinepcuHryIsApHUiL, a pyruit — cmabocuurynsapumit. 11i interpann
MaTh GOPMY CBOIX CTATMYHMX aHAJIOTIB, a iX perynapusanis [5] peanisyerbcs 4epes MOJaHHA

Adi(m) =/1-n7 —m3&(m), (14)

fe a(n) — HoBa HeBimoma QyHKiA. [Toganua (14) Bignosinae ¢isnywiit iHTeprnperanii GpyHkuii
Au(x) six cTpubKa HOPMaJIbHUX IepeMillleHb Ha TPIllMHI Ta YMOBi HellepepBHOCTI IepeMillieHb
Ha KOHTYPI L€l TPIlMHMA.
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|T] = |Ts
0,8} 0,8
0,6 0,6
elele)
04 “Toidoo) ||| 04
d eYelele)
ozl cooo 02l b=07a
d d=3b
0 0,25 0,50 075 100 0 0,25 0,50 0,75 1,00
k.d/(2m)
a 6

3anexxHocTi MORY/Is KoediljieHTa MPOXOKEHHsS XBWUIb Bifi 6e3p03MipHOrO XBMIBOBOIO
YMCTIA IS @ — ORHOIUIOIIVHHOTO, 6 — BOCBMMIUIOLIVHHOTO TPIllIMHHOTO 6ap’epy 3 ABO-
nepiogynyHux emntudnux (b = 0,7a) ta Kpyrosux (b = a) TpilyuH 3 MDKIPaTKOBOIO BiCTaH-
uio (d = 3b)

PiBusAnHA (13) po3B’A3yBay YMCI0BO, BUKOPUCTOBYIOUM METOJ, KOJIOKALliil y By3/IOBUX TOY-
KaX IPaHMYHOEJIEMEHTHOTO ITOKPUTTSA 00/acTi S . Tlix wac PO3paxyHKiB 00/1acTh pelpeseHTa-
TUBHOI TPiluHYN po36uBanyu Ha 177 eneMeHTiB 3 iHTepBanmamu 1/12 y pagianpHOMY Ta 1/8 KyTO-
BOMY HampsMKax. Ha ko)xHOMY eneMeHTi yKaHy (YHKIIi0 IpUitMay CTAIo0. Y TaKuii Criocio
OTpUMay cuctTeMy 3 177 niHiltHNX anre6palyHNX piBHAHD 3 KOMIUIEKCHUMM KoediljieHTaMMm 1
BU3HAYEHH: 3Ha4eHb QYHKIIII G y By3/IOBMX TOYKAX 06/IacTi S.

AHami3 ofiep)KaHMUX pe3ynbTaTiB. YMc/I0Bi pe3ynbTaTyt CTOCYIOTbCA 4aCTOTHOI IOBENiHKMU
MOJy/IiB KoedillieHTiB XBUILOBOTO IIPOXOIKEHH A |T1| IJ1s OHOIUIOIIVIHHOTO MAaCUBY TPilllH
(pucyHOK, a) Ta |Ts| y €KBiIMCTAaHTHOMY KaCKaJii, yTBOPEHOMY BiCbMOMa KBaJpaTHUMU IJIOC-
KJMJ I'paTKaMi 3 OIHAKOBOIO BificTaHHIO = 3b MiX HUMM (pUCYHOK, 6). Po3Mip yHiTapHOI KO-
MipKU KBaJIpaTHOI IPaTKM 3 HePiOAMYHUX eTINTUYHNX TPilinH Bubupascs K d x d, d = 3b. Ha
000X IaHe/AX PUCYHKY rpadiku cTocyoTbes KpyroBux (b = a) ta enintiannx (b = 0,7a) Tpimus.
Koedinient ITyaccona marepiany v npuitmascs piBaum 0,3.

J1/1s1 OTHOIIOIIMHHOTO TPIilMHHOrO 6ap’€py 3a HM3bKUX YaCTOT 3HAYEHHA aMIUITYJ Koedi-
I[iEHTa XBWJIbOBOTO ITPOXOPKEHHS O/IM3bKi 1O OIVHMILL |T| =1, o BinOBizae Ge3epeIKogHO-
MY IIPOHVMKHEHHIO XBWIb, i He 3a/IeXKaTh Bix GopMU TpiliuH (JUB. PUCYHOK, a). 3i 30i/IbIIeHHAM
JaCTOTY CIIOCTEPira€Tbcsl 3MEHIIeHHs Koe(illieHTa IPOXOIKeHH XBWIb, sIKe CTpiMKile s
MaCUBY €iNTUYHNX TPillNH.

3paTHICTb O/10KyBaTy NPY>XHi XBWIi (iKCyeTbCA JII BOCBMUITIOIMHHOIO KacKafy po3ci-
I0BAYiB i IPOIEMOHCTPOBAaHa YaCTOTHUMM CMYTaMM, 3a AKUX CIIOCTEPIra€TbCs BifJCyTHICTb XBU-
HbOBON)HpOHMKHeHHH,KOHM|TH=4)(HMB.pMCYHOK,6)IkKTOTHaCMYTa6HOKYBaHHHXBMHb€
3HAYHO LIV PILIOK JI/IA eINTUYHUX TPIlliMH IOPIBHAHO 3 KPYTOBMMIA.

BucnoBku. IToenHyoun MeToAM MIMPOKONIPOCTOPOBOI anpokcuMaliii, Birobpakens ta I'TP,
MOXXHa OTpMMAaTy e(eKTUBHMII aHaMiTMYHO-YMCIOBUI iHCTPYMEHTapill M1 aHaji3y IMOLIN-
PeHHA rApMOHIYHMX XBWU/Ib Y IPY)KHUX MeTaMarepiajnax 3 KaCKaJIHMMM CHCTeMaMy Iepiofgud-
HUX TPillIMH 31 3MiHHOIO KPMBMHOIO KOHTYPY. Taki MeTamarepianu JaroTh 3MOTy MaHIITy/TI0BaTH
IIMPUHOIO CIIEKTPa YaCTOT XBUIbOBOTO OJIOKYBaHHS BIOOPOM opMu po3cCiloBadiB y IpaTKOBiit
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Busnauenns xoegiyieHma npoxooreHHs NPyHHUX XBUTb Y MemAaMamepiani 3 ;pamkamu 080nepioOUUHUX. .

CTPYKTypi. 30i/IbIIeHHs KiIIBKOCTI I'paTOK y MeTaMarepiasi HpU3BOAUTD [JO PO3IINPEHHS CMY-
i 6/I0KyBaHHA XBU/Ib, SIKa /1A eTNTUYHNX TPIlMH € CTa0i/IbHO INMPIIO, HiK /I KPYTOBMUX.
OtpuMaHi pe3ynbTaTy 100 KoedillieHTa MPOXOMKEHHA XBIUIb 3aCTOCOBHI B TEXHOJIOTiAX Au-
3ailHy i IpOAYKyBaHHA TPUBMMIPHMX MeTaMaTepiatiB Ta pOHOHHUX KPUCTAJIIB 3 KOHTPO/IbOBA-
HOIO XBIJIENIPOBIJIHICTIO.
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DETERMINATION OF ELASTIC WAVE TRANSMISSION COEFFICIENT
IN A METAMATERIAL WITH LATTICES OF DOUBLY-PERIODIC ELLIPTICAL CRACKS

The three-dimensional problem of propagation of harmonic longitudinal waves in an elastic solid containing
double-periodic arrays of elliptical cracks located in a finite set of equidistant parallel square lattices is considered.
In the frequency domain, a boundary integral equation for the reference crack opening in the unit cell of the
double-periodic structure is obtained using the appropriate Greens function. For the stability of numerical
calculations, the Green’s function is represented in an exponentially convergent form, and its regularization is
achieved by employing closed-form expressions for special lattice sums. The numerical solution of the equation is
carried out using the mapping method. The wave transmission coefficient in a metamaterial with a single crack in
the lattice is calculated by substituting the boundary element solutions into approximation relations for the wave
field distant from the lattice. In the case of multiple lattices, this coefficient is determined based on a wide-space
equidistant model of wave propagation.

Keywords: periodic elliptical cracks, wave transmission coefficient, wave diffraction and interference, boundary
integral equation method, wide-space model, mapping method.
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