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YK 539.3

I'.M. IBaH4€HKO, 1-p. TEXH. HAYK

BILIUB IAPAMETPIB AHI3OTPOIIII [IPYKHOI
TPAHCBEPCAJIbHO-I30TPOITHOI JITH3U
HA Ii ®OKYCYIOUYI BJJACTUBOCTI

PosrismatoTsest Bumaaky GpoKycyBaHHS IUTOCKOI HECTAalliOHAPHOI PO3PHBHOI XBHIIL
B  TPaHCBEPCAIBHO-I30TPONHOMY  CEPEJOBHINI  IOBEPXHSIMH  IUIOCKO-BHITYKIIOL
TPaHCBEPCAIBHO-130TPONMHOI MPYXKHOI JiH3U. JlOCTiKYEThCS 3aJIeKHICTD ITOTOKESHHS
30H ()OKYCYBaHHS XBHIIi BiJl BEJIMIHH ITapaMeTpiB aHi30TPOIII] CepeIOBHIIA JTiH3H.

Beryn.  SlBuma  ¢okycyBaHHS  CBITJIOBHX IPOMEHIB  ONTHYHUMH
npwiagaMu — JIH3aMU 1 J3epKajJlaMd — LIMPOKO BHKOPHUCTOBYIOTHCS JIJISI
JIOKAJIIBHOTO 301NIBIIEHHST OCBITJIIEHOCTI 1 KOHIIEHTpalii CBITJIOBOI €Heprii.
AmnasoriyHi eeKTH BHSBJISIOTHCS 1 NMPH PO3MOBCIOKEHHI HeCTalliOHapHUX
PO3PHMBHHUX XBWIIb B NMPYXHUX cepeqoBUINaX. s KiNbKICHOTO OMHCY TakKHX
SIBUIN, @ TaKoX IS JOCHTIJKEHHS iX OCOOJIMBOCTEH 3aCTOCOBHI METOIU
reoMeTpuyHoi onTuku [1-3].

3amaya akTyajdbHa TPH JOCTIHKCHHI OCOOIHMBOCTEH PO3MOBCIOIKCHHS
HecTalioHapHUX PO3PUBHUX XBWJIb B 3€MHill KOpi, MOPO/DKYBaHUX BHOyXaMu,
3eMIJIETPYCOM, J€ NpPAaKTHYHWH I1HTEpeC MAaloTh MUTaHHS TIE€OMETPUYHOL
MoOyIOBH PYXOMHUX IIOBEPXOHb PO3PHUBIB MEpHIMX MOXIJHAX MOJIBOBHX
(YHKIH, SKi 9acTO HAa3WBAIOTh yAAPHUMH XBWIISIMH a00 XBWJISIMH CHJIBHOI'O
pO3pHBY.

Jlis mocTaHOBKM 1 PO3B’sI3yBaHHS TAaKWX 3a7ad B Teopil NPYKHOCTI
BUKOPHCTOBYIOTBCS METOJM TEOMETPUYHOI ONTHKH, 30KpeMa, HYJIbOBE
HaONMKEHHS TPOMEHEBOTO METONy, SKWi 3abe3leuye XOpOUIMH KiJbKiCHUH
ormic 0araTb0X XBHWJIBOBHX SIBUIII Pi3HOI (i3nuHOI pupoau [2,3].

[TpomeHeBuii MeTOx TpUITYCKAae BHIUICHHS (QYHKII ONTHYHOTO HUISAXY
XBWJIi, 200 elikoHaIry, 1 Mo0yA0Ba 3a AOTIOMOI'OI0 PIBHSHHS €HKOHAIY CUCTEMH
nIpoMeHiB 1 GpoHTIB yaapHoi xBuiIi. L5 3a1a4a 10CTaTHBO JIETKO PO3B'SI3YETHCS
JUIS 130TPOITHUX CEpPE/IOBHUIN, NPOTE 1 TaM BHHHKAIOTH JEsKi YCKJIAJHEHHS,
MOB'SI3aHI 3 JOCITI/DKEHHSM B3a€EMOJISl XBWIII 3 TIOBEPXHSAMH PO3IITY
CepeqIoBHIL, SIKi BOJIOJIIOTH PI3HUMH MEXaHIYHHUMHU BJIACTUBOCTAMH (NPYXKHI
BiOMBaui, JIIH3M, IapyBaTi CEPEOBUILA Ta iH.), BHACIIJOK YOI'0 YTBOPIOETHCS
KayCTUK, 1¢ (DOKYCYETHCSI €HEPTisl i 3HAYHO 3pOCTAE IHTEHCUBHICTH TIOJIS.

[Mpwu mociiKeHHI PO3MOBCIOKEHHS XBWIIb CHIIBHUX PO3PHUBIB B MPYKHUX
aHI30TPOITHUX CepeloBUIaxX (hi3WdHa KapTHHA JIUHAMIYHHMX SIBHII Pi3KO
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YCKJI/IHIOETBCS, OCKUIBKM B IIUX BHIIAJKaX BEKTOpHA MOJNBOBAa (YHKIS IS
KO)KHOTO HampsMy € TpU BUAM XBHWIb, BiAMIHHI moisipu3amiero; ¢as3oBi
IIBHIKOCTI XBWJIb 3aJI€XKaTh SK BiJl MONSpH3ALil XBWII, Tak 1 BiJl HampsaMmy ii
PO3IIOBCIO/DKEHHS; ITIPOMEHI, B 3arajbHOMY BHIIAJKy, HE OpPTOTrOHAJbHI
TIOBEPXHI XBWJIBOBOTO ()POHTY, @ NMPOMEHEBI MIBUAKOCTI BiIPI3HSAIOTHCS BiJ
(da3oBuX WIBWAKOCTEH 1 MK IX HampsMaMH He 3aBXIW € OJHO3HAYHA
BIJIIOBIAHICTE.

IMocranoBka 3agaui. CtaH TMHAMIYHOI pIBHOBAru Mpy>KHOTO CEpeIOBHIIA
B JIEKapTOBill CHCTEMi KOOPJIHMHAT X, X,, X3 BH3HAYAETHCS CHCTEMOIO TPHOX

nudepeHIiagbHuX PiBHSHD

3 u,  Pu
Mk g =0 (i =1,2,3), 1
k’pz,,:izl k,pq axk axp 6t2 ( ) ( )

A Xy py=Cik.pg!P5 Cikpg — HAPAMETPH NPYXKHOCTI CepefoBHIa; p — ii
TYCTUHA; U, U,, U3 — KOMIIOHEHTH BEKTOpA MPYKHUX 3CYBiB, ¢ — yac.

BpaxoBytoun Te, 110 B aHI30TPOIIHHMX CEPEJOBHIAX IPOMEHI B
3araJbHOMY BUIIQJIKy HE OpTOTOHAJIBHI MOBEPXHSM XBHIIOBUX (DPOHTIB,
PO3pI3HATUMEMO BEKTOpU (pa30BOI V1 TPOMEHEBOI &  IIBUIKOCTEH,
BBaXKAIOUM, IO (PPOHTOM XBWJII € MOBEpXHS IoOCTiiiHOI ¢asm, ne KoxHa
eJleMEHTapHa IUIONIaJKa (POHTY PYXaeTbCs Y3JIOBXK MICUEBOI OJUHUYHOI
HOpMaJTi m 3i mBHAKICTIO V. TyT r— pajiyc-BeKTOp TOYKH (POHTY.

@a30Bi MBUAKOCTI V XBHJII 1 BEKTOpH ii momspusamii A a1 BHOpaHOTo

HampsMy N MOXKHA MOOY/yBaTH 3 OMHOPIAHOI CHCTEMH areOpaiyHuX pPiBHSIHb
(2,4]

3
24 _ -
2 Ajppg iy A=V 4;=0 (i=1223) )
k,p.g=1
SIK BJIACHI YKCIa i BEKTOPH MaTpHLli 11 KoeillieHTiB.
HenynpoBi pimeHHst cucteMu (2) MatoTh Miclie IPH BUKOHAHHI YMOBH

3
2
| Ziik,pq men,=vo, =0, (3)
k,p=1
3a JIONOMOTOI0 AKOrO [ KOKHOTO HATpPSAMY HOpMali N MOKHA BU3HAYUTH i

po3TramiyBat |y IHOpAAKY 3MCHIICHHA TpH IJ_IBI/II[KOCTi o pi3HOMy
NOJIAPU30BAHUX XBUJIb.

. . 2 . .
[TizcTaBnsroun 3amicTh BETMYMHU V- B cHCTeMy (2) mo 4ep3i oiHe i3

. 2

BiJIIyKaHUX 3HaueHb Vv, (n) (r = 1,2,3), MOXXHA BU3HAYUTH KOMIIOHEHTH

BekTopiB nonspusanii A) TPHOX XBHIIb, SKi PyXalOThCS y JAHOMY HANpAMi N

31 cBoiMU (pa30BUMU HIBUAKOCTAMU V,. (1) .



ISSN 0132-1471. Omip matepiaxnis i Teopis cnopyx. 2011. Ne 89 167

IToBepxHst  QpoHTY  XBWJII  CWIBHOTO  PO3PHBY  BHU3HAYAETHCS
CHiBBIIHOIIEHHSM
T(xln xzz X3)_l:0, (4)
y sikoMy (YHKIis T NOBHUHHA 33/I0BOJIBHATH JH(epeHIialbHOMY PiBHSIHHIO B
YAaCTKOBUX ITOXIJHUX TEPIIOro MopsiaKy [2]

3
(r) 4 (1) _
z }"ik,pqpkppAq 4;°=1, (5)
ik,p.g=l
Slke y3arajbHIOE PiBHSIHHS €HKOHATY T€OMETPUYHOI ONITUKHU YIS TIPYKHUX
aHI30TPOITHUX XBHJIb.

Bemnuunn p, (k =1, 2, 3), o BXoAATh y piBHAHHS (5), € KOMIOHEHTAMH
BexTopa pedpakuii p=01/0x,=n[v,m) (k= 1,2,3).

@®poHT (4) XBMII CHIBHOTO PO3PUBY B aHI30TPOITHOMY CEpEJOBHIII
MIOCTIHHOI TYCTHHU OYAyeThCS MicCis 3HAXO/PKEHHS pO3B’sI3KiB PiBHSHHSA (5),
K€ METOOM XapaKTePUCTHK IPHUBOIUTHCS 10 CHCTEMH 3BHYAHHHUX
nudepeHIiaabHuX PiBHSHD

3
dxk/dt = ak: Z }\'ik,pq ppAE]r)Al(r) s
i,p,q=1 (6)
dp; /dt=0, (k=1,2,3).

VY cucremi (6) mepma rpymna piBHSIHb XapaKTEPU3YE PO3MOBCIOKCHHS
XBHWJI Y370BXK NMPOMEHsI 3 IPOMEHEBOIO HIBHIKICTIO, a Jpyra — IMOKa3ye Ha
NPSMOIHIHHICTS MPOMEHIB B aHI30TPOITHOMY CEpENOBHINI 3 IIOCTIHHOO
T'YCTHUHOIO.

Metonuka po3B’sisyBaHHs. PosrisgatumMemMo JBa TpaHCBEPCAJIbHO-
130TPONHI  CepeloBHIa, B SKAX OCI CHUMETpii NPYXKHUX IapaMeTpiB
chiBmagawoTeh 3 Biccto Ox,  JEKapTOBOI CHUCTEMH KOOpPAMHAT. 3aBIISKH
BJIACTHBOCTSIM CHUMETpii, KOMIIOHEHTH C TEH30pa NPYXHHUX TOCTIHHUX

ik, pq
KOXKHOT'O CEpEeIOBUIIIA MOXKHA MPEIICTABUTH Y (OpMi KBaIpaTHOI MaTPHIIi
A+2u A A=l 0 0 0
A A2p-p A=l 0 0 0
| -t A-l A2 0 0 0
(Cap)=| 0 0 pm 0 0 | D

0 0 0 0 p 0

0 0 0 0 0 p-m

me A i p— mapamerpu Jlame, /, m, p — KOHCTaHTH, IO BiJPI3HSAIOTH
CEepEIOBUIIE BiJ] 130TPOMHOI (apaMeTpH aHI30TPOITii).

Hexaii y cepenoBuiyi 1 30ypeHa IUIOCKA IMOZOBXKHS XBHIS CHIBHIX
PO3pUBIB, BEKTOp MOJNSApU3aIlii SKOI HampaBiieHUN y3momxk ocu Ox;. Bymemo
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JOCTIDKYBATH NUGPAKINIO TaKOl XBHJI MPHU 11 B3aeMOil 3 KPUBONiIHIAHUMHU
ocecUMeTpHYHUMH MexaMu G; i G, po3Iily cepemoBHII, BiCh CUMETpii KOl
Takoxk cmiBnagae 3 Ox; 3agada € OCECUMETPUYHOI0, TOMY JOCTaTHbO
pPO3MIISTHYTH siBHII@ TepedynoBH 1 (OpPMYBaHHS CIIJIB XBWJIb CHJIBHHX
PO3pHUBIB Ha OfHINA i3 IUIONIMH, HATIPUKJIAJ HA IUIONIMHI, SKa MICTHTh BiCh
cumerpii. TlpuiiMeMo ,,JJOKaTbHO-IDIOCKE HAOMWKEHHS [2], BiAMOBITHO JO
SKOTO y MiICIl TaJiHHS XBWJII Ha €JEeMEHTapHy IUIONIAIKy PpO3IUITIOUO]
noBepxHi G; B IUIONMHI MaJiHHA, BCl BioOpaXkeHi 1 3aIO0MJIEHI XBHIII TAKOX
HaJIOKATUMYTh I IUTONIMHI, TOOTO TpeTi KOMIIOHEHTH BCIX BEKTODIB
nonsipu3anii piBHI Hymio. Lle no3BoJsie 3aCTOCOBYBAaTH y3araJbHEHUH 3aKOH
CHemiyca, sIKMH OnMCyeThes piBHICTIO [2,4,5]

sin (y)_sin (@, ~y) _sin (9} +7)
v w(®©) Vi@

Je Y — KyT HaXWiIy JOTHYHOI A0 HoBepxHi (5, B TOUI IaJiHHS NIPOMEHS Ha

v, o =1,2, (®)

. PN . . .
MEXy po3ainy cepenosum, ©;,®; — xyru mix Biccto Ox; 1 HampsAMamu
BEKTOpPiB (pa30BUX IIBUIKOCTEH KBa3iOMOBXKHBOI gP 1 KBasimomepeuHoi ¢S

) - I I .
XBUJIb, BiJJoOpaXkeHUX B cepefouile 1; ©Or,®; — aHamoOriyHi KyTH s

XBUJIb, 3aJIOMJICHUX B cepeioBule 11 (y cepeiHiif map — B JiH3Y); V, V% , vg.

Jnst  BUMAAKIB aHI30TPONHUX CEPEJOBUIN CHIBBiTHOMICHHS (8) 3akoHY
CHemriyca XapaKTEepU3YIOThCS THM, IO 3HAMCHHHKH 1 YHCCIBHUKU €

(GYHKIISIMA  BiATOBIAHUX KYTiB G)%},G)g 1 HesBHO (QYHKUIAMH KyTa Y.
3HavyeHHs KYTiB G)%,,G)g (v, 0 =1, 2) Bigg3epkaseHHs 1 3aJOMJIECHHS
NpoMeHs Yy JAedKid TodYli MeXi, BH3HAYalOThCS PpO3B’SI3KAMH CHCTEMH
HeNmiHiiHNX piBHSHE (8) MeromoMm HploToHa cHiBHO 13  aIrOpUTMOM
MIPOJOBXEHHsI po3B’si3Ky mo mapamerpy [3]. Tyr 3a mpoBiguuii mapamerp
3py4HO BUOpaTW KyT HaXwiy XOTHYHOI Y. Toxi, HampuKiIad, ISl TEpLIOro

PIBHSHHS CUCTEMH (8) MPH JEAKUX BiIOMHUX BENUYMHAX MapameTpa y=7y"

cos y~v\i, (G)% )+cos(®£ —Y)-v

AL = _Ay+,, )

I . I I
cos(@y, —y)-v—sin(y)-dv, (05, )/dO;
ae ¥, =sin(®\1, -Y)-v— siny-v%, (®£) — HEB's3Ka Ha JAHOMY KpOIli MOOYIOBH
PO3B’SI3KY.
Ha mnoBepxHioo posainy G, mNDajaroTh NPOMEHI KBa3ilOJOBXKHBOI 1
KBa3iMONEPEYHOI XBWIb, SKi TOPOMKYIOTECA B JCSKiM TOYIl B3aeMOmii
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MOYaTKOBOTO TPOMEHsI 3 IIEPUIOI0 MEXe po3aury cepenosuil. Ha npyrii
MEXI1 PO3JITy CepeTOBUIN OOMIBA MMPOMEHI TAKOX ITiJUICTII CITiBBiTHOIICHHIM
CHemriyca

sin (0—¢) _sin (O +¢) _sin (0}, —¢)
v(©) Vel Vel

Je (¢ — KyT HaXWiIy AOTUYHOL 10 noBepxHi G, B TOYIl NAAiHHA BiJNOBIAHOIO

v, p = 1,2, (10)

TpoMeHs KBA3iMoNOBKHK0I a60 KBasinonepeunoi xpumi, @, ®) — KyTH Mix
Biccto Ox, 1 HampsIMaMH BEKTOPiB (Pa30BUX IIBUIKOCTEH KBa3iMOJOBKHBOI 1

. . SR TN o
KBa31r[or[epeqH01 XBHJIb, 3aJIOMJICHHUX B CepeI[OBI/IH_Ie l, @f @H — AHAJIOI'14YH1

KyTH JUIsl XBHWJIb, BifloOpakeHHX B cepensiid map II; v, VI Vg — BEJIMYUHU

($a30BUX IMIBUAKOCTEW Majgarodoi XBIWII Ha TOBEPXHIO, 3aJOMJICHHX B
CepeqloBUILIE I i BiOOpaXCHUX B CEPEIOBUIIE H Po3B’s30k cuctemu (10)
TakoK (OPMYEThCS TOKPOKOBO. Hampukiam, Majia 3MiHA KyTa HaXWIy
JIoTHYHOT 10 moBepxHi (G, Ha BeqnuuHy AQ=A@" CIOPUYMHUTH MPHPOCTH

HAIpaBIISIOYMX KYTIB BEKTOPIB (ha30BHUX IIBUIKOCTEH BiJOOpPa)KEHUX XBHIb
000X TUMiB

Ji-A® +f2A(p

A@! = .
f

(11)

Tyt nozHaueHi QyHKIii

f1=sin(®lvl+(p)~dv(®) —cos(®— ¢)V ((E)II)

de
f>=cos (@)—(p)~vﬁ (®ﬁ)+cos(®g +0)-v(0),
d VII (®II)
5 =sin(0-0)- cos(@II +0)-v(@)

de!

v
1 HeB's13Ky piBHaAHHA (11) 7, = sin(®§+y)-v(®)_ Sin(@—y)-v?(@?) )
OO6uncnenns no ¢opmynax Burasiny (9), (11) MoxnuBi 3a HasBHOCTI
SN0 = = 70
neskoro mouatkosoro crany vy, v° ( ) [ JCH )} (@Ll) ’[Vg(@g)}

Jlns aHuX BUITAJIKIB 3 OCECHMETPHYHMM CEpeIHIM MIapoM (JIiH3010) 3pyYHO
MMOYMHATH TOOYIOBY CIMEHCTBA TMaNar0vyoro, BiTOOPaKCHUX 1 3aJOMIICHHX
TIPOMEHIB 13 ITPOMEHSI, OPIEHTOBAHOTO Y310BX oci Ox.
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S s \lll% s
> — 3

[ 6
Puc. 1

PesyabraTtu gociimkenb. Po3risHyTa 3amada mpo JTOCHTIDKEHHS! BIUTUBY
rapameTpiB aHi3oTpomii /, m, p TpPYKHOI IJIOCKO-OMYKJIOI JIH3M Ha Ii
(oKyCyr0Uy 3/1aTHICTb.

Ipu po3B’a3yBaHHI NOCTAaBIEHOI 3a/adi NPUHHATO: P, =2.650x10°k2/

7»1=4.972><1010Ha R u1=3.906><101017a JIJISL CEpEeIOBUIIA i 1 JUTsl cepeToBHIIa

1 (nimsu):  p,=2.760x10%ke/a®, A, =3.409x10°Ma, i, =1.364x10'1Ta .
KoedinienTu anizoTpomii and mepiioro cepemoBuina mnoctiiini: m, =0.1y,,
1,=0.3k, i p;=0.1(A;+2u,), a ans NiH3K BOHU BapitoBaINCh. BHSBIEHO, 1110
CTYMiHb 1 piBHOMIpHICTH (OoKycyBaHHS abO PO3CiIOBaHHS ABiUi 3aJIOMIIEHHX
IPOMEHIB 3alleXaTh HE JIUIIE Bix reomerpii nmoepxons, G,, G, 1 NPyXHHX

XapaKTEPUCTHK CEPEJOBHIN, ajie 1 B 3HAYHIA Mipi BOHHM 3aJeXaTh BIiJ
nmapameTpiB aHizotpormii. [le BuaHO Ha puc. 1, e moka3aHi MPOMEHi Maaarvol
(1) i 3amomiieHol B JiH3Y (2) KBa3iMOJOBXKHBOI XBWJII @ TaKoX HpPOMEHi i
EBOJIIOIISI (PPOHTY KBa3ilMOMOBKHBOI XBHWII (3), 3ayioMiieHOT 3a miH30t0. Jliis
NPY)XHUAX JIiIH3 OJHAKOBOI T'eOMEeTpii NpuiMaucs HACTYIHI ITapaMeTpH:

my=03p,, L=—04k,, p,=—0.6(r,+2p,) (puc. La); my=0.1p,,
L,==02k;, p,=—03(Ay+2p,) (puc. 1,6) i my=0.1u,, 1,=02%,,
§2 =O.05(7\,2 +2p, ) (puc. 1,6). Ilpu mpomy rycruHa i koedimieHtn Jlame

CepeIOBUINA JIIH3HU 3aTHIIATIKCS MOCTIHHUMH.
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Uesanuenxo I'M.

BJIMSITHUE TIAPAMETPOB AHU30TPOIIUU YIIPYTOM TPAHCBEPCAJIBHO-
M30TPOITHOM JIMH3bI HA EE ®OKYCHPYIOIUE CBOMCTBA

PaccmarpuBaroTest  ciiydan (OKYCHPOBKH IUIOCKOM HECTAI[IOHAPHOM pa3phIBHOW BOJHBI B
TPaHCBEPCAIbHO-U30TPOITHOM  CpElie  MOBEPXHOCTSIMH  IIOCKO-BBINYKIIONH — TpaHCBEPCAaJbHO-
M30TPOIHOM yrnpyro# nuH3bl. Vicciaeayercst 3aBUCHMOCTD MOJIOXKEHHUS 30H (JOKYCHPOBKH BOJIHBI OT
BEJIMYHMH TAPAMETPOB aHU30TPOIIUH CPE/IbI JINH3BIL.

Ivanchenko G.M.

ANISOTROPIC PARAMETERS EFFECT OF ELASTIC TRANSVERSALLY ISOTOPIC
LENS ON ITS FOCUSING PROPERTIES

The cases of focusing of a plane unstationary discontinuous wave by the surfaces of a plane-
convex transversally isotropic elastic lens in a transversally isotropic medium are examined.
Dependence of position of focusing zones of the wave on the values of parameters of anisotropy of
the lens medium is explored.



