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On the current stage of the scientific research the
experimental prove of the scientific hypothesis
concerning new properties of the environs with negative
dialectical trangmittivity is being carried out.

Metamaterial in general case is the totality which has
the properties which cannot be found in nature, in
particular case, at the same time it has the negative
dialectical and magnet transmittivity. Metamaterials are
synthesized by means of inserting different periodic
structures with al sorts of geometrica forms into the
natural material which modify the dialectical and magnet
receptivity of the material [1].

There are environs in the nature, which can demonstrate
the negative values of dialectical (plasma) and magnet
(ferrite) tranamittivities in some conditions and some
range of frequencies.

The theoretical research of certain characteristics for
metamaterials of the phenomenon can be found in
scientific researches back in the beginning and middle of
XX century [3], however, the active experimental
researches were started only at the end of last century.
The first material with negative value of the refraction
parameter was attained in 2000 year by the David Smith’s
scientific group from California University (San-Diego,
the USA)[4].

At present stage, thanks to the development of the
computer technologies, it became possible to accomplish
the analysis and synthesis of constructions of vast class
metamaterials on the base of mathematical modds,
elaborated in researches [5, 7] to investigate the structures
with negative diaectical transmittivity.

The performed in this paper research has found that the
extremely promising direction for vast range of applied
tasks is solving of the problems which appear on the way
of creating materials with extremely eectro-magnet
properties, exactly the materials with negative dialectical
and magnet transmittivity which received the short name
as metamaterials.
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Ilposedeno amaniz cmeopennsa mamepianie 3 HOGUMU
enacmueocmamu 01a nomped nodyooeu iHGOKOMyHIKa-
WillHUX cucmem HO6020 MNOKONIHHA, ONMUYHUX 3AC00i6
CneyianbHO20 NPUHAYEHHA, MEOUUHO20 NPUNAO0OYOYS6aAHHA.

Kuouosi ciioBa — MeTamatepiai, BiJ'€MHa JielIeKTpUYHa
MIPOHUKHICT, Bil'€MHAa MarHiTHa IPOHUKHICTH, MITYYHI
CEepEeNOBHUINA.

l.Bctyn

Ha cy4yacHOMy eTami HayKOBHX JOCHIUKCHb AKTUBHO
3IIIHCHIOETHCS EKCIIEpUMEHTAIbHE OO PYHTYBaHHS HaYKO-
BUX TiIOTE3 IIOJ0 HOBUX BJIACTHBOCTEH CEpeloBHII 3
BiJl' EMHOIO JIEJIEKTPUYHOIO TPOHUKHICTIO.

Meramarepial — B 3arajJbHOMY BHIAJKy KOMIIO3UT
SIKMH Ma€ BJIACTUBOCTI, 110 HE 3YCTPIYarOThCs y MPUPOA,
B YaCTKOBOMY BHITAJKy — BOJIOJI€ BOJHOYAC Bi €MHOIO
JIENeKTPUYHOI0 W MarHiTHOI NpPOHUKHICTIO. Merama-
Tepiaq — e MTYIHO ¢(HOPMOBAHUHN I OCOOTMBUM YHHOM
CTPYKTYpPOBaHUM CEPEOBUILEM, SKE BOJOMIE EIEKTPO-
MarHiTHAMH BJIACTHBOCTSIMH, IIO BHUXOIATH 3a MeEXI
BJIACTHBOCTEH KOMIIOHEHTIB, 3 SIKUX BOHHU CKJIIalOThCS.
Meramarepialld CHHTE3YIOThCSI IIUIIXOM BBEIEHHS B
NIPUPOJHIA MaTepial pi3HUX NEPIONUYHHX CTPYKTYp 3
CaMHMMH pI3HHUMHU T€OMETPUYHMMHU (OpMaMH, SIKi MOIH-
(GIKyIOTh [ieNeKTpUYHY 1 MarHiTHy CIPHHHSTIUBICTD
Mmarepiany [1].

[I. OopMNEeHHs CTOPIHKK

B nmpupomi iCHYHOTH CepeloBHINA, SKi MOXYTh
JIEMOHCTPYBAaTH HETaTUBHI B €MHI 3HAUCHHS JIiCJICKT-
puunoi (rurasma) abo wmaruiTHOT ((pepuTH) TPOHHUK-
HOCTEHl TpH JeIKUX yMOBax 1 JAEIKOMY Jiara3oHi
yacToT. Taki cepenoBuIia OyAyTh HENPO3OPUMH IS
€JIeKTPOMATHITHOIO  BUIPOMIHIOBaHHS B TOMY
BHIAJKy, KOJHM XapaKTepHa TOBIIMHA MaTepiany Oyie
Oibllla 3a TOBHIMHY CKiH-IIapy. HempozopicTs MoxHa
MOSICHUTH 32 JIOTIOMOTOI0 HACTYITHOT'O CITiBB1HOIIEHHS
I XBUIBOBOTO 4ncna K, BUpakeHOro uepes 4acToTy
®, UIBUJAKICTH MOIIMPEHHS €JIEKTPOMAarHiTHOI XBWII B
BaKyyMi C, JieJIEKTPUYHY € 1 MarHiTHY |\ IPOHUKHOCTI:

k = ﬂ \/& .
c

Ockinbku B fgaHiit gopmyni € abo | BigeMHi, TO

XBWJIbOBHI BEKTOP € YHCTO YSBHHM, IO 1 O3Ha4ae
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3aTyXxaHHs €JIEeKTPOMAarHiTHUX XBWJIb B TaKOMY Cepeo-
Bulli. B uucal mTyYyHHX CepeloBHUI] 3 BiJ EMHUM €
ONHIEID 3 TMepHmMX Oyja OomMcaHa CHCTEMa 3 TOHKHX
METaJICBUX TPOBITHUKIB, SKI PO3TAIIOBaHI IapayeibHO.
OCHOBHI ~ CTPYKTYpH, SKi BHKOPHCTOBYIOTBCS  JUIS
OTpPUMaHHS BiJ' €EMHOrO 3HAUYEHHS |l, HA CHOTOJHIIIHIN
JIeHb BKJIFOYAIOTh TOHKI BKJIAJCHI METaJeBl IWIIHIAPH,
PYJIOHHI CTPYKTYPH THITY «PYJET», BKIaJeHi po3pizaHi
KUTbIld, Q-momiOHI 1 TpPSIMOKYTHI paMKH, TOABiMHI
KUTbIeBl pe3oHaTopu 1 T. 1. IloaBifiHME KiJTbIlCBHI
pesonarop (split ring resonator, SRR) pucyHok — myxe
BIIaJIa CTPYKTYypa, B sKii €MHICTh MK JIBOMa KiIBIIMHU
KOMIIEHCY€EThCS 1X 1HAYKTHBHICTIO. 3MIHHE MarHiTHE
rosie 3 BEKTOPOM HAaNpPYXEHOCTI, MepIeHIUKYIIPHUM
MTOBEPXHI KiJIeIlb, BUKIMKAE ITOTOKH, SIKi B 3aJICKHOCTI Bif
PE30HAHCHHUX BIIACTUBOCTEH CTPYKTYPH, HOPOIDKYIOTH
BTOpPMHHE MAarHiTHE TOJIe, SIKe IiJICHIIOE MM0YaTKoBE a0o
NpoTUie #HoMy, IO TNPUBOAWTH [0 JOAATHHX abo
BiJ' eMHUX e(DEKTUBHUX 3HAYEHB L [2].

Puc. 1. IToositinuii Kinvyesuii pe3onamop.

B 1968 p. pansauacekuii gizux Bikrop Becenaro nepen-
0ayuB iCHyBaHHS Matepiayly 3 BiJ €MHUM IOKa3HUKOM
3a/IOMJICHHS. JOrO TIPHIYIIEHHS 3aCHOBYBANOCS Ha
HACTYITHOMY JIOTIYHOMY IpUHOMI: SIKIIO 3pOOUTH
BiJ'€eMHUMH JIi€IEKTPHYHY 1 MAarHiTHY IPOHUKHICTH B
¢dopMynax Ui XBHJIBOBOTO 4YHWCIA 1 ITOKa3HUKA
3aJj0MJICHHS (Ili BEJIMYHUHHU € TPSAMO TPOIOPIIHHUMHU), TO
Lle He MpuBeAe A0 YIBHUX 3HaueHb. Dopmyna s
TOKa3HUKA 3aJIOMJIEHHS. N = \/;n

OCKIUIBKH pe3y/bTaToOM Orepaiii B3STTS KBaJPaTHOTO
KOpeHsl € JBa 4KcClia 3 pI3HUMH 3HakamH, TO Becemaro
3aIlpoIOHYBaB y BUMAAKY BiJ' EMHUX 3HAYEHb € 1 [l OpaTn
BiJ'€MHI 3Ha4eHHs NMOKAa3HUKA 3aJIOMJIEHHS 1 XBUIILOBOI'O
YHCIa.

Xoua TEOpeTHYHE MOCIIKEHHS NESIKHX XapaKTepHUX
JUTs MeTamatepiaiiB sSBUIL MOKHA 3HAWTH 1€ B HAYKOBUX
poboTtax modaTky Ta cepemnunu XX cTomitrs [3], akTHBHI
€KCIIEpUMEHTAJIbHI JIOCTIDKEHHSI PO3IOYaIIUCS JIMIIE B
KiHIi MuHYysoro cropiuys. [lepmmii Marepian 3 HeraTuBs-
HUM BiJI' €eMHUM 3HA4YCHHSM IIOKa3HUKA 3aJIOMJICHHS OYB
orpumanuii B 2000 porri HaykoBoro rpymoro epiga Cumita
3 Kamidopuificekoro  yaiBepcutery  (Can-Jliero,
CIIA)[4].

Ha cywyacHomy erami, 3aBAsSKd PO3BHTKY KOMI IO-
TEpPHUX TEXHOJIOTiH, CTal0 MOXIIMBUM 3JiHCHIOBATH
aHaJli3 Ta CHHTE3 KOHCTPYKIH IMMPOKOro Kiacy MeTa-
MaTepiajiB Ha OCHOBI MaTeMaTUYHUX MOJIEIEH, po3pod-
neHux B pobortax [5,7] Ans JOCHiDKEHHS CTPYKTYp 3
BiJl' €MHOIO JIEJIEKTPUYHOIO IPOHUKHICTIO.

[1l.BucHOBOK

JocmimkeHHs,, BAKOHAHE B JaHil poOOTi BUABHIIO, IO
Ha/I3BUYAl{HO MEPCIEKTUBHUM HAIIPSIMKOM JJIsl ITUPOKOTO
KoJla TpPHKJIaTHUX 3aJad € pO3B'sA30K MpolieM, Mo
BUHHMKAlOTh Ha NUBIXYy CTBOPEHHs MarepiaiiB 3
HE3BUYAHHUMH €JIEKTPOMArHiTHUMHU BIJIACTUBOCTSMHU —
MaTepiajiB 3 Bill' EMHOIO JIEJEKTPUYHOI Ta MAarHiTHOIO
MIPOHUKHICTIO, SIKI OTpPUMAaaX KOPOTKY Ha3By “Mera-
MaTtepiain” .

AwHami3 pe3ynbTaTiB Ta ICHYIOUOrO CTaHy pO3pOOKH
MeTamarepiaiiB J03BOJISE 3pOOMTH BHUCHOBOK, IO aKTYy-
aJBHOIO HAyKOBO-TEXHIYHOIO po0IIeMOoI0 €
YIIOCKOHAJICHHS IHCTPYMEHTApIil0 Ta METOMIB IMOOYI0BU
KOHCTPYKIIii MeTamarepiajliB 3 HOBUMH BJIACTUBOCTAMHU
JUIL PO3B’SI3KY HIMPOKOrO Kiacy NpHUKIAJHUX 33jad Ha
OCHOBI HaHO- Ta MiKPOXBHJIBOBHX TEXHOJIOTIH.
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