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JIOCBIJ] PO3POBJIEHHA TA BUKOPUCTAHHA 3ACOBIB IHOOPMAIIMHUX TEXHOJIOTIA
HA NIACTABI METAJI-AIEJIEKTPUYHHUX CTPYKTYP TA IIVIASMOBOTI'O PO3PAAY

Hasezneno pe3ynpTaTy aHanizy IpUHIHIIB TOOYIOBH Ta NPHUKIIAIB 3aCTOCYBaHHS CyJacHHX 3aco0iB iHOpMaNiifHUX TEXHOIIOTIH
Ha 0a3i MeTaJ-JielNeKTPHYHNX CTPYKTYp. BUsiBIeHO, MO cTpiMKHi PO3BHTOK CYyJacHUX 3ac00iB iH(pOPMaLiiHUX TEXHOJOTIN 3yMOB-
JICHUI BUKOPUCTaHHAM (DI3MYHUX BIACTUBOCTEH ITOBEPXHEBHX IUIA3MOHIB i MOBEPXHEBUX IUIa3MOH-NOJISAPUTOHIB. OLiHEHO BIUIMB
MOJLYJIAL{T TTOBEPXHEBOI0 IMIEIaHCy METal-IieICKTPUYHUX CTPYKTYp Ha GopMy MpOCTOPOBOrO po3Honiny moss. BussneHo, mo B
3aco0ax mepeiaBaHHs eJIeKTPOMArHiTHOI eHepril e()eKTHBHO BHKOPHCTOBYEThCS TopoBaHa MeTaseBa CTPYKTYpa B POJI MITYYHOTO
JieJIeKTpUKA [UIsl CIIOBIIBHEHHSI PYyXOMOI IMOBEPXHEBOT XBHIIL. 3'ICOBAHO, 1[0 TEXHOJOTIs 30yIKEHHS MOBEPXHEBHX IJIA3MOHIB 3a re-
omerpiero Kperumana porenep MIHPOKO B)KMBaHA B 3aco0ax iH(pokoMyHikauiil. BcraHoBieHO, 1110 BArOMY poJib y PO3BHUTKY cydac-
HHUX BUIIPOMIHIOBAJbHUX 3ac00iB iH(pOpPMAIIHUX TEXHOJOTIH Bigirpac BUKOPHCTaHHS BHCOKOIOHI30BaHOTO rasy sIK KOMIIOHEHTa
CTPYKTYPH, 3[aTHOI OIIUPIOBATH NOBEPXHEBI IJIa3MOH-MIOISIPUTOHN. BUsBICHO HU3KY MepeBar 3aco0iB iHpopMaliiHUX TEXHOJIOTIH
Ha 0a3i IJIa3MOBOTO PO3PSLY, SIKi 3yMOBIIEH] (hi3UIHIMH 0COOIMBOCTSIMY ITa3MH. JlociikeHo cydacHi iH(opMaIiifHO-KOMIT TOTepHi
TEXHOJIOT1{ MOJIETIBHUX IOCII/DKEHb eIeKTPOANHAMIUYHHX ITapaMeTpiB BUIPOMIHIOBAILHHUX 3ac00iB. Ha ITijicTal 3[iHCHEHOTO aHai3y
3aIpONOHOBAHO BUKOPUCTAHHS PEOPHCTO-CTEPIKHEBUX CTPYKTYp Ha 0a3i IIa3MOBOTO pO3psiAy B poJli 3ac00iB mepeaBaHHs €IeKTPo-

MarHiTHOI eHeprii.

Knrouosi cnoea: noBepxHEeBUii MI1a3MOH-TIONAPUTOH; METAJI-Ji€NEKTPUYHA CTPYKTYPA; IUIa3Ma.

Beryn. IHTeHCMBHHET PO3BUTOK CcydacHHX iH(popMa-
LITHUX TEXHOJIOT1H CYNPOBOJIKYETHCS BEJINKOIO KiIBKICTIO
TEOPETHYHHUX Ta €KCHEPHUMEHTAIBHUX JIOCITI/DKEHb MeTal-
nienextpuaanx ctpykryp (MJIC), B SIKHX CTOpPOHHIM Ke-
peItoM TIOJIS Ha MEXi MEeTally Ta AieJeKTPUKa 30yHKYIOThCS
noBepxHeBi enekrpomardithi xsuini (IIEX). Baromuii BHe-
COK Y PO3BHUTOK TEOpii Ta MaTeMaTHYHOTO amapary CTPyK-
Typ Ha mifctai [IEX HamexwuTh BITYM3HIHUM Ta 3apyOixk-
auM BueHuM: ['. T. Mapkosy , A. @. Yamniny, /. M. Caszo-
HoBy, A.JL. lIpabkiny, B.B.To6muky, I. M. Bbonecri,
®. ®@. Jlyoposui, B. B. OBcsnikoBy, A. A. IlicTonskopcy,
A. Otro, E. Kperumanny Ta in. J{nst 3a0e3neyeHHs] MOXKIIH-
BOCTI Iepesiaydi BeJIMKHUX 00cAriB iH(opMmanii BUHUKAE MOT-
peba y BUKOpUCTaHHI TirareploBoro Ta TeparepueBoro ii-
amasoHy. lle nocsraeTbcs 3aBISIKH BHKOPHCTAHHIO HOBEp-
xHeBux miaa3MoniB (I1IT) Ta mOBEpXHEBUX ILJIA3MOH-IIOJS-
puronis (IIIIT), siki, BogHOYAC, € OKPEMHMH BHIAJAKAMHU
I[NEX. AKTyanpHICTh IOCTiIKEHb y cepi MIa3MOHIKH 3y-
MOBJE€Ha TUM, WO 3aBasiku IIII MoOXkHa KOHLEHTpyBaTu

IHpopmauis npo aBTopiB:

€JICKTPOMATHITHY CHEPTil0 B MaJHX BiTHOCHO JOBXHHHU
XBHIII CBiTIa 00'eMax. EnexTponuHaMivHi mpuiamy Ha 6asi
IIT Ta I xapakTepu3ylOThCs BUCOKOIO HaJIiHHICTIO Ta
TOYHICTIO pOOOTH, HU3bKUMHU €HEPIreTHUYHUMH Ta CKOHOMI-
HUMH 3aTpaTaM¥, MaJlUMH T€OMETPHYHUMH pO3MipaMu Ta
MIPOCTOTOIO BUTOTOBJICHHS KOHCTPYKITiI.

OcTaHHIM YacoM 3HAYHO ITiABHIIUBCS iHTEpeCy 10 3a-
Jadi TOCIHiHKEHHS MPOCTOPOBOTO PO3MOTY TOJS BHITPO-
MiHIOBaHHS 3ac00iB Ha 6a3i TIa3MOBOT'O PO3PSIY, KA € aK-
TyallbHOK, OCKUIBKM Ma€ BAXKJIUBE MPAKTHYHE 3HAYCHHS
JUIS BIOCKOHAJICHHSI HASIBHUX Ta CTBOPCHHSI HOBHX KOMIIO-
HEeHTIB 1H(POKOMYHIKaIli#f, ocHOBaHMX Ha craHmapti Wi-
Gig, a Takox i MOTped BiiCHKOBOTO MPU3HAYEHHS, HAII-
PUKIAJ, U PO3pOOJICHHSI HOBUX Ta MOKPALICHHS C()CKTHB-
HOCTi HassBHHX 3aC00iB MPUXOBaHOI pajiooKartii.

AHTeHH Ha 0a3i pyXoMHUX MOBEPXHEBUX eJeKTpoMar-
HiTHUX XBWJIb. Cepen iHPOKOMYHIKaliHHUX TPHUCTPOIB,
moOynoBannx Ha minctai MJIC, ocobmuBe micie 3aiiMaroTh
aHTeHn noBepxHeBoi xBuwi (AIIX), ski npu3HayeHi s Ie-
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penaBaHHS Ta NMPUWMaHHS PaJiOCHTHATIB ACLMETPOBOIO,
CaHTUMETPOBOTO Ta MIJTIMETPOBOTO Jiana3oHy XBuib. AITX
y nianazoni HBY cTaHOBIISATH HIMPOKHUI KiIac BUIIPOMIHIO-
BaJIbHUX €JIEKTPOANHAMIYHUX HPUCTPOIB, SIKi YMOBHO MOX-
Ha PO3IUINTH 3a TAKUMH KpUTepisiMu: 3a (opmoro mosep-
XHi, 32 METOZIOM J>KMBJICHHS Ta 3a THIOM KOHCTpyKmii. 3a
TUIOM KOHCTPYKIiT AITX mozinsioTs Ha AienekTpuyHi (BU-
TOTOBJIEHI 3 IPUPOIHOTO JIieNIeKTPHKa), peOpUCTi (BUTOTOB-
JIeHl 31 WITY4HOTO JieNeKTPUKa), MeTalsl-AieJIeKTPHYHI Ta
AITX moOynoBaHi Ha miacTai Mma3Mu, a 3a GOpMOI0 OBEP-
XHI BiIOMi Taki BUIU: TUIOCKI (iMITEJJaHCHI), CTEpPIKHEBI,
VYna-Sru, crmipanbHI Ta JAWCKOBI, SIKi, BOAHOYAC, OyBalOTh
kosoBuMH abo emintnannmu (Milligan, 2005; Markov, &
Sazonov, 1975; Krasiuk, 1986; Drabkin, Zuzenko, & Kis-
lov, 1974; Hoblyk et al., 2016).

B AIIX 3amicTh aieNeKTpuKa i3 IJaJKOI0 ITOBEPXHEIO
4acTO BUKOPHCTOBYIOTh MEPIOANYHY CTPYKTYPY Y BHUIJISIL
ropoBaHOi METaJeBOl MMOBEPXHI, Y SKiH TIMOMHA KaHABKH
3a3Bpuail craHoBUTH 0.1A. Taky rodpoBaHy CTpyKTYpy
MOXHa PO3IVISIATH SIK IIap ITYYHOTO AieJIEKTPHUKA, B SIKO-
My BifgOyBaeTbes crioBinbHeHHs mBuAKocTi [TEX. Taxwmit
npouec crnoBinbHeHHS [IEX y KaHaBKax ITOSICHIOETHCS
301IBIICHHSM BiAAaji MPOXOKEHHS IIOBEPXHEBOTO CTPYMY
BHACJIIIOK HOTr0 MPOHUKHEHHS y KaHABKH.

KoHnenTpatiisi OCHOBHOI IMOTY>KHOCTI, IO IIEPEHOCHTh-
cs [IEX, nokanizoBana no6musy nosepxHi AITX (Drabkin,
Zuzenko, & Kislov, 1974). V pasi 3miHi po6o4doi yacToTH
3a3BUYail crocTepiraeThes piska 3MiHa (azoBOi MIBHIKOCTI
Y CIIOBUIBGHIOBAJIBHIN CHCTEMi, @ TakoXX €(EeKTHBHICTH Ta
SIKICTh Y3TO/DKEHHs 30y/pKyBanbHOi cuctemu (Markov, &
Sazonov, 1975).

Yacto B AIIX BHKOPHCTOBYIOTH CIIOBUIBHIOBAJBHI iM-
megancHi moBepxHi (Andreas, 1968) 3a moTpebu cuHTE3y
00'eKTIiB 31 3aJaHUMH PO3CIIOBATBHUMH BIIACTUBOCTSIMH, a
TaKOX ITiJ 9ac JOCIiDKCHHS PO0IIEeM, SKi BUHUKAIOTh MIPU
PO3B'S31I PO3TAlIOBAHMX HA CHUIBHUX IOBEPXHSAX aHTEH,
JUIS 3MEHIICHHS B3a€MHOTO BIUIMBY MK IEPEIalodyor0 Ta
npuiiMalodyor0 aHTeHaMH. Po3B's3yrounmu 3acobamMu B Ta-
KHX BHITQ/IKaX 3a3BHYail BUCTYMAIOTh METaJICBl IOBEPXHi, B
SIKUX BHpizaHi MetasneBi kaHaBku (Kiurkchan, 1985).

3a Manux po3MipiB MONEPEYHOTr0 Nepepizy BUIIPOMIHIO-
BaJBHOI CHUCTEMHU MpOSIBISEThCA yHiKanbHiCTE AITX, sika
MoJIsira€ 'y BUCOKOMY 3HA4€HHI Koe(illieHTa CHpsSIMOBAHOL
i1, 1110 € 0COOJIMBO BXKIIMBHUM JJISl aHTEH 3BOPOTHOTO BHII-
pominroBanHA (Aizenberg et al., 1985).

3Ha4YHUIA IPOPUB y AOCIIKEHHI Tpoliecy TpaHcgopMma-
1ii pyXxoMoi 1oBepxHEBOi XBWIIi B 00'eMHY Ta 0COOJIMBOC-
Tei (OpMyBaHHS MPOCTOPOBOTO PO3MOALITY ITOJIS iIMIEIaH-
caux aHteH HanexuTb I'. T. MapkoBy, A. ®. Yamriny Ta
B. B. I'oGiuky. Bonu po3poOuiy Teopiro, sika ITPyHTYEThCS
Ha aHAJIITHYHUX BUBEICHHSIX, IO aJE€KBATHO OMHUCYE aHTE-
HH Ha 6a3i [IEX.

Huckoei Oienexmpuuni anmenu. Taxi aHTeHH 30yIKY-
IOThCS 3a JOIIOMOIOI0 YBEPTHh XBHIJIEBOTO BEPTUKAIEHOTO
BiOpaTopa, SKuil po3TalIoBaHWil B IEHTPI AUCKA y BUIIIAIL
JENEKTPIYHOI ITiJKIaIKd Ha METaJIeBOMY eKpaHi. J{uckoBi
JUEeNeKTPUYHI aHTeHW BUKOPHUCTOBYIOTH Uit (DOPMYBaHHS
BiJJTHOCHO BY3bKHX JliarpaM CIIpSIMOBaHOCTI, IIUPHHA TOJIOB-
HUX TEJIIOCTKIB SKMX 3HAXOAWUTHCA B MeXax Bix 15 mo 25°.
Oco0nMBUM BHIAJAKOM JUCKOBHX JEJICKTPUYHUX aAHTEH
CTaJIO MOKPUTTS JieJIEKTPUKa METAJICBOI0 CMY)KKOIO y BHT-
naai coipani Apximena. Taka cucrema 30ymKyeTbCsl pafi-
AJIBHOIO TIOBEPXHEBOIO XBHJICIO, SIKA MOIINPIOETHCS BiJl IIEH-
Tpa mucky. Ha 0a3i 1iei quckoBOi MeTa-mieleKTpUIHOl

CTPYKTYPH PO3POOIICHO CEPir0 KOTIMATOPIB 31 CIIipaTbHUMU
neoxnopinnoctamu (Hoblyk, & Subota, 2011).

Imnedancni anmenu. Taki aHTEHN CKIAJAIOTHCS 3 MO-
JTyITbOBAHOTO Mi€IEKTPUYHOTO IMOKPHUTTS, HAHECEHOTO Ha
MeTajeBuil ekpaH abo 3 MeTajeBol IUIACTHHHU, TO()pOBaHOL
3a MepioANYHNM 3aKOHOM KaHaBKaMu. JKuBIIEHHS iMIeqaH-
CHHX aHTEH JIOCATAETHCS 3a JIOOMOT'OI0 ITPSIMOKYTHOTO PY-
1opa, Ha BXiJ SIKOTO BiJ| FeHepaTropa IMOJA€ThCs EIEKTPO-
MarHiTHa XBWIL. B Jeskux Bumazxkax MOXIIMBA 3aMiHa py-
1opa CHCTEMOIO NPOPI3aHMX B €KpaHi MIIJTMHHUX BUIPOMi-
HioBauiB. [loBepxHeBa XBMIISI TOMIMPIOETHCS Y3JIOBXK peo-
pHCTOI CTPYKTYpH Maibke 6e3 3MiHM aMIUTITYAH, IO Iosic-
HIOETHCS MAajMM 3HAaYeHHSIM BIAOWTTS XBWIl BiJ KIiHIA
CTPYKTYpH.

Teopis Ta aHATITHYHHUN PO3PaXyHOK IIPOCTOPOBOTO PO3-
TIOJIUTY TIOJISI aHTEHU Ha 0a3i MOBEpXHEBOI XBUIIi, TOBEPXHE-
BHUI IMITEIaHC SIKOI MOJYJTbOBAHUN MPSMOKYTHUMH IMITYJTb-
camu, orpumano B (Hoblyk, 1986). Po3Burok mporo Ham-
psAMKy mpojoBxkeHo y poborax (Hoblyk, 2012, 2015), B
SIKHX pO3pO0OJICHO TEOpilo Ta MaTeMaTu4Hi MOJIEN IIOCKHX
M/IC, noBepxHeBHii iMIETaHC SKHUX MOJIYJIBLOBAaHHN TpH-
KyTHUMH QyHKUisMU. Ipy 11bOMy HaBEAEHO ITOPiBHSIHHS
mpocTopoBux posmoaitie nomst MJIC, B SKHX TPUKYTHHUMUA
Ta MPSIMOKYTHUMH (QYHKLISIMH MOAYJIHOBAHO ITOBEPXHEBHI
imrenanc. IIpukian po3B'si3Ky 3a1aui 3HaXOHKEHHS TTIOBEp-
XHEBOI'O PO3NOAIIY CTpyMy Ha iMIIeaHCHIHM MOBepXHI Ha-
BezieHo B poboti (Markov, & Chaplin, 1967).

Cmepoicnegi aumenu nogepxnesoi xeuni. Ilopsa 3 mioc-
KAMHU IMIICIAaHCHUMHM aHTEHaMH BUKOPHUCTOBYIOTH CTep-
YKHEBI aHTCHH, B SKMX MOMIMPEHHS PYXOMHUX HOBEPXHEBHX
XBWJIb BiOYBAa€ThCs Y3JOBXK MPSIMONIHIHHOTO CTEPXKHS
(Milligan, 2005). 3a reomerpru4Hoi0 KOH(Iryparieto crep-
JKHS BUIULIOTH TakKi Pi3HOBUAM AHTEH: KOHIYHOIOMIOHI,
LMJTIHIPUYHI Ta peOpUCTO-CTEPXKHEBI. Y TNEpIINX JBOX BH-
MajIkax CTepKeHb MOXKe OYyTH SIK CYLUIBHHM, TaK 1 MOPOX-
HiM (Drabkin, Zuzenko, & Kislov, 1974). VHikameHIiCTH
pebpucro-crepkHeBoi antenu (PCA) 3ymoBiieHa THM, 110 B
poai iMIeTaHCHOI CHOBIUIBHIOBAIBHOI CTPYKTYPH BUKOpHC-
TaHO CHCTEMY METAJIeBUX AWCKIB (KUTEIh), SKi HACAIDKCHI
abo mpopizaHi y310BX HeHTpaigbHoro crepxkHs (Lobkova,
2002). XXupnenns 11i€i aHTeHN 3a0€3Me9y€eTHCS 3a JOMOMO-
TOI0 IPOTOBOTO BiOparopa abo pymopa.

Maxkcumym BurpominioBanHs PCA cnpsimoBanuii y3-
JIOBX OCl aHTeHH. Bizmomo, 110 3a HamnpaBiIeHHMMH BIACTH-
BoctamMu PCA Omm3pki 10 aHTeH Yma-SIru, Tomi cucremMy
JIMCKIB MOXKHA TPAaKTyBaTH y BHUIUIAl IUIOCKHX BiOpaTopiB
(Milligan, 2005). Taki xapakTepUCTHKH Jaf0Th 3MOT'Y BUKO-
pucroByBari PCA Ha moBepxHi JITaTbHUX KOCMIYHUX ama-
pariB, SKMM TNOTpiOHO 3a0e3MEeUYNTH HaNpaBICHUH paii-
03B'SI30K 3 3eMJICIO.

VY poborti (Hoblyk & Pavlysh, 2009) mpomoskeHo BUB-
YEeHHs! WTIHAPUIHAX METall-IieJIeKTPHYHNX CTPYKTYp, HO-
BEPXHEBUI IMIIEAHC SKUX 3MIHIOETHCS 32 NMEPIOAUIHUM 3a-
KOHOM. Po0OTI po3po0ieHO MaTeMaTHIHI MO, sIKi HaJie-
XKaTh /10 Kiacy TUUIICTHX JAHIIOTOBHX Jpo0iB, Ha 0Oa3i
SIKHX PO3Pax0OBaHO MPOCTOPOBI PO3IOALIHN 1oJisl. BusiieHo,
110 3MiHA MapaMeTpiB UIIHAPUIHOI MeTall-{ieJIeKTPHIHOL
CTPYKTYpH IIPU3BOIUTH 10 3MiHU (DOPMH PO3MOALTY IPOC-
TopoBoro nosisi. Came 1eit pakT 1a€ 3MOTy BUKOPHCTOBYBA-
TH Taki CTpYKTYpH SIK 0a30Bi U1 pO3pOOIIEHHS IIUPOKOTO
KJlacy paliOTeXHIYHHMX IPHUCTPOiB Ta 3aco0iB iHPOKOMYHI-
Karii.

BapiroBanns Hanpsmy BunpominioBanHs PCA B mmpo-
KX MEXaXxX J0CATAEThCs 32 JOIMOMOIOI0 3MIHM IapaMeTpiB
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ctpyktypu PCA, a came: mepiony Ta JOBXKHHH METAJICBUX
pamialbHAIX HEOIHOPITHOCTEH, SKI MaTeMaTH4yHO MaloTh
3MICT NPSIMOKYTHHX IMITYIbCHUX (DYHKIIH y MaTeMaTHaHIf
mozeni (Hoblyk & Pavlysh, 2009), a Takox rimbuau Moy-
namii. Bimomo (Goblik, 1984), mo nmoxiGHuil edexT Takox
MOXHa JIOCSITTH 4epe3 3MiHY eJIEeKTPUYHHX apaMeTpiB aH-
TEHH (ieTIeKTPUYHOI MPOHUKHOCTI TOIIO).

Oruisig cydyacHUX NPUJIAAIB, OCHOBAHUX HA BUKOPHC-
TAaHHi SIBMINA TOBEPXHEBOI0 MJIA3MOHHOIO PE30HAHCY
Ta MOBEPXHEBUX INIA3MOH-NIOJIAPUTOHIB. MOXIHMBOCTI
Bukopuctanns [1IT ta I y npuiagax iHTerpajibHOI ON-
TUKH 3YMOBIIIOIOTH PICT iHTEpECy 10 CTBOPEHHS NPHIIaIiB
Ha 0a3i IpOro sIBHIA, NPHU HbOMY 3a ocTaHHi poku I[IITIT
JIOCITIJKYIOTBCS y TepareplioBOMY JAiana3oHi 4acToT.

Mikpockon na 6aszi nogepxunegux naazmvonie. Y 1987 p.
BHIIIUIA TIepIa JONOBigb ITPpo Mikpockon Ha 6a3i I1I1, skuit
BHKOPHCTOBYBAB PO3MIMPEHUN KOJIMOBAaHWH IIPOMIHB ¥y
koH(irypamii Kperumana. 3romom Oyso omy0JikoBaHO cXO-
K1 Pe3YIbTaTH MOCIIKCHb, BiIMIHHICTh SKUX IOJIATaNa y
KOHCTPYKIIi MIKpOCKOIa, SKHH BHKOPHUCTOBYBAaB CKaHY-
1ounii mpominb (Yeatman, 1996).

[Mpuanun pobotn Mikpockona Ha 6asi IMI1 ommcano B
poborax (Valianskii, 1999; RothenhKusler, & Knoll, 1988).
OcHoOBHa 0COOJIMBICTE POOOTH IIHOTO MIKPOCKOIIA TOJISTAE
B TOMY, IIIO BiH pearye Ha JOOYTOK Ji€IeKTPUYHOI IPOHUK-
HOCTI Ta TOBIIMHU BUMIipIOBaHOTO 00'ekTa. Po3minpHa 3maT-
HICTh 3aJIC)KUTH BiJl BiJICTaHi, Ha SKy PO3MOBCIOKYETHCS
[I1, o, BomHOYAC, 3aJIeKATUME BiJl piBHOCTI TOBEPXHI Me-
TAJIEBOI IUTIBKH Ta Bij YSIBHOI YaCTHHHM Ji€IEKTPUYHOI IIpo-
HUKHOCTI Marepiajy IUIBKH. BcTaHoBieHO, IO HaKpa-
MM y IIbOMY CEHCI MaTepiajoM € cpibio (HOBXKHHA NUIXY
PO3IOBCIOKEHHSI TUTa3MOHIB csarae 100 Mkm).

biocencopui cucmemu na 6azi nogepxnesoeo NAA3MOH-
Hoeo pesonarcy. TexHOIOTIS PO3pOOIICHHS 0i0CEHCOPiB HA
6a3i moBepxHeBoro miazmMonHoro pesonancy (I1I1P) na e
Yyac € HallCy4acHIIIOI TEXHOJIOTIEI0 CTBOPEHHS OioceHCo-
PiB, OCKIJIbKM BOHA € HaWOIJIBII JOCTYITHOIO Ta MPAKTHIHO
BXXMBAHOIO JIsi MOTped OioXiMIYHOrO aHamizy KpoBi Ha
TJIIOKO3Y, CEYOBHHY, aHali3iB TOPMOHIB, OiJIKiB, CTEpOiliB
BipyciB, ananizy JJHK, mikiB, a TaKoX IS TOCITIIKCHHS Ki-
HeTHKH JAii JIKiB B peanpHoMy Macmrtadi dacy (Do-
rozhynskyi, Maslov, & Ushenin, 2016; Shpacovitch, 2012).
VYci 6iocencopu Ha 6a3i I[P BUKOPHCTOBYIOTH BIIACTHBOC-
Ti cunbHOI Tokamizamii [T mo6mu3y moBepXHi pO3IiTy KOH-
TaKTYIOUHNX CEPEIOBHII Ta BHCOKOI YyTIMBOCTI J0 3MiHU
JUEeNeKTPUYHNX BIacTHBOCTEH moBepxHi. OCHOBHUNA METO[
30ymkenns [1I1 y 6iocencopax Ha 6a3i [II1P crana ontuvHa
KoH(iryparis, sika orpuMana Ha3By Kperumana (y neskii
miteparypi ii HasmBaioTh reomerpieto Kperumana) (Doro-
zinsky, 2013).

Cnexmpomemp "PLASMON-6" na 6a3i noeepxuegozo
NA3MOHHO20 pe3oHancy. B iHcTUTYTI (i3ukn HamiBIIpoBia-
HuKiB iM. B. €. JlamkaproBa HAH Yxpainu BrpojoBx 0a-
raTbOX POKIB NPOBOASATH EKCIIEPUMEHTAIBHI JOCIiHKESHHS
JUI TIOTpeOM y BUTOTOBIICHHI OioceHcopiB Ha 6a3i IIITP
(Khristosenko et al., 2011). ¥V mif po6oTti po3pobiieHO Mo-
nens cnekrpomerpa "PLASMON-6", ska ycminmHo 3apeko-
MeHIyBasla ce0e Mij 4ac eKCIepUMEHTaIbHUX JI0CIIHKEHb
B J1abopatopisx 6ioxiMiuyHOTO Ta 6iodizuuHOTO MPOdisiB.

Cnektpomerp "PLASMON-6" 3a cBO€IO CYTTIO € KEpO-
BaHMM KOMII'TOT€POM, BUMIpPIOBAIbHA YaCTHHA SIKOTO Peati-
30BaHa y KoH(irypamii Kperumana, npu mpoMy mpuiaj
3aTHUH BUMIPIOBATH 3Pa3oK JOCIHIPKYBaHOI PEYOBHHHU B
aBTOMaTHU30BaHOMY pexuMi. [Ipucrpiii mae 3mory mpamgo-

BaTH 3 AHAJIITHKaMH, NMOKa3HWK 3aJOMJICHHS SIKMX 3HaXO-
muThes B miamasoHi 1.33 1.7. BBeneHHs mapaielsHOTO J10-
JITATKOBOT'O KOHTPOJBHOTO KaHAIy € OCHOBHOIO OCOOJIMBIC-
Tio criektpomerpa "PLASMON-6" (Hoblyk, 1986; Vali-
anskii, 1999; RothenhKusler, & Knoll, 1988).

Inmepgepomempu Ha 6a3i nOBEPXHEBO20 NIAA3ZMOHHO20
pesonancy. Y mitepatypi (Dorozhynskyi, Maslov, & Ushe-
nin, 2016) BimoMi KoHCTpyKuii iHTepdepomerpiB Ha 0Oa3i
IITP, npusnaueHux a1t BU3HAUYeHHs (pazoBoro 3cyBy [IEX
LIJISIXOM aHaji3y iHTepdepeniinoi kaptunu. [IporoTunom
TaKMX KOHCTpyKHil craB inrepdepomerp Maxa-Llennepa.
3a3HaunMo, 1O icHYIOTH MoauGikamii ceHcopiB Ha 0a3i
[ITP, poboTa SKUX OCHOBaHA HA METOJAX iHTEPHEPOMETDii.
Jl71st IhOTO B POJIi IPOTOTHUIIIB BUKOPHUCTOBYIOTH 1HTEpQE-
pomerpu Maiikenscona (Shpacovitch, 2012) ta ®abpi-Ile-
po (Dorozinsky, 2013). Ipunimn pobotu inTepdepomerpa
Ha 0a3i [1I1P monsrae y BumipioBanHi 3cyBy (as3u BinouTo-
T'O MPOMEHS CBITJIA.

T'emepoounnuii inmepgepomemp Ha 6aszi nosepxuesux
enekmpomazHimuux xeunv. ['ereponuHHUN iHTEpPEepoMeTp
Ha 6a3i [IEX Oyio BuHAiiIEHO Ta pe3ylnbTaTHBHO arpo0o-
BaHO 711 oTpe® BuMiproBaHHA (azoBoi mBuakocTi ITEX
(Khristosenko et al., 2011). OcHOBHIMH KOHCTPYKTHBHUMH
eJIEMEHTaMU € Jla3ep Ta AU(PAaKIiiHI TpaTKyd BBEICHHS Ta
BusenenHs [IEX. Ilpuanun podoTu reTepoJuHHOTO iHTEp-
(depomerpa Ha 0a3i [IEX momsrae y BUKOPHCTaHHI SBUINA
iHTepdepeHnii, Ipu IBOMY CIIOCTEPIraloThes HU3bKOYAC-
TOTHI OUTTS Ha Pi3HIHA YaCTOTI.

Cnaszep na 6a3i nosepxnesux niazmowie. MOXITUBICT
TeHEpYBaHHS Ta MiJCWIECHHS IUIA3MOBHX XBHJIb Y HaHOI-
PHUCTPOSIX, B CEPEINHI SIKMX CTBOPIOETHCS CHIIBHE KOTEpeH-
THE TI0JIe Y IPOCTOPOBii 00JacTi, Mo € HabaraTo MEHIIOK
3a JOBXHHY XBHJI, po3ristHyTo B podoti (David et al,
2003). INomanpmmii pO3BUTOK HBOI'O HANPSMY HAaBEICHO B
poboti (Zheludev et al., 2008), B siKiii MOKa3aHO MOXKIMBOC-
Ti CTBOpEHHS cHasepa Ha mifcrai kKomOiHamii (oToHHOTO
MeTamarepialy Ta KOI€peHTHOTO JDKepelia BY3bKO HaIlpaB-
JICHOTO €JIeKTPOMArHiTHOTO BUIIPOMIHIOBaHHSI.

JloBruii 4ac BBaXaJH, 110 JHKEPEJIO KOTEPEHTHOTO BHII-
POMIHIOBAaHHS ITOBHHHO MaTH PO3MIpH HE MEHII, HIX I10-
JIOBMHA BiJI 3T€HEPOBAHOI HUM JOBXXWHH €IEKTPOMATrHITHOL
XBHWJII — yMOBa PE30HAHCY B ONTHYHIN cructeMi. Buxopuc-
TaHHS IJIa3MOBOI'O PE30HATOPY Jajlo 3MOTY ITOA0JIaTH LeH
Oap'ep Ta BIIKpWIIO OUISX HOBUM TexHouorisM (Stockman,
2011).

CyuacHi 3aco0M mnepelaBaHHsl eJIEKTPOMATHITHON
eHeprii Ha 0a3i mi1asmoBoro po3psaay. Ha nouatky XX cr.
OyJl0 3aIPONOHOBAHO BMKOPHCTAHHS IUIA3MH ISl Tepera-
BaHHS Ta MPUHMaHHS PaJdiOCUTHAIIB. Biaroni BimOyBaeThes
3HAYHE ITiIBUIIEHHS IHTEpECy 10 3aa4 JOCITIPKSHHS IIPOC-
TOPOBOTO PO3MOILTY EIEKTPOMATHITHOTO ITOJISI BUTTPOMIHFO-
BaJIGHHX 3ac00iB, sIKi po3podiieHi Ha 6a3i MIa3MOBOro po3-
psny. B 3aranpHOMY BUNIaJIKy TAKHMH 3aC00aMH € IJIa3MOBI
antenu (ITA), siki ckiamaeTses 31 CKISTHOT TPYOKH, 3aIlOBHE-
HOI iHepTHUM ra3oMm abo mapamu pryTi (Jenn, 2003; Bogac-
hev, Bogdankevich, & Gusein-zade, 2014; Kyrychenko,
Karlov & Kiiko, 2017; Sergeichev & Minaev, 2014).

Bukopucranns HeioHizoBaHOTO ra3y B [IA mpusBoanTsb
JI0 3MEHILICHHS PO3CIIOBAHHS HEIO eJIEKTPOMArHiTHOTO MO-
JI51, TIPH [IbOMY 3MEHIIYETHCS BIUTUB HaBEICHNUX HEIO 3aBa]
Ha iHIIi OJIN3BKO PO3TAIIOBaHi aHTeHH. Takuii "BUMKHEHUH
ctan pobdoru" pobuts ITA HeBHIMMOIO IS pajapiB Ta iH-
mmx 3aco0iB PEDB (Patel, Masani, & Parekh, 2014). Takox
i TTA xapakrepHui HabaraTo MEHIIMI TEIIOBHH IIyM,
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Ha BiIMIHY BiJ] 3BUYalfHMX METAICBUX aHTCH. Y pPOOOTI
(Bogachev, Bogdankevich & Gusein-zade, 2014) nocmi-
JOKEHO BIUIMB HAacCHYEHOCTI IUIa3MH Ha (opMy Hiarpamu
cnpsimoBanocTi [TA. OcHoBHi Henoniku [TA 3yMmoBieHi BH-
COKOIO BapTICTIO Ta CKJIAJHICTIO BUTOTOBJIECHHS KOHCTPYK-
uii anrenn (Shriwas & Gulhane, 2015).

Buznaueno (Vecchioni et al., 2016) BruinB 1OBXHWHU Tra-
30pO3psIIHOI TPYOKH (BiZICTAaHB MiXK EIEKTPOAaMH) Ta ONTH-
MaJIbHY TIPOBIJIHICTD IJIa3MU Ha eheKTHUBHICTH podoTn ITA.
Y poborax (Bogachev, Bogdankevich, & Gusein-zade,
2014; Patel, Masani, & Parekh, 2014; Kumar, & Kumar,
2016) HaBeneHO pPE3YJAbTATH JOCIIKEHHS HPOCTOPOBOTO
posmoiny mons ITA, siki Oyno oTpUMaHO B NPOrpaMHOMY
koni KAPAT Ta B 3acobax aBTOMaTru30BaHOTO MIPOEKTYBaH-
us1 EMpro ta Ansoft HFSS. ¥V po6ori (Shriwas, & Gulhane,
2015) obumcneHo BTpaTH MOTYKHOCTI CUTHAIIYy Ta HaBeJe-
HO CXEMY BHIIPOMIHIOBAIEHOTO 3ac00y Ha 0a3i 12 razopos-
PSTHUX JIaMII, SIKi B €KCIIEpUMEHTAIbHOMY MaKeTi 3alloBHe-
Hi PTYTTIO Ta aprOHOM.

OTKe, pe3yabTaTH YHCEIFHOTO MOJICITIOBaHHS Ta eKCIIe-
pUMEHTAIBHOTO AociimKkeHHs [1A, B IKMX MOIIMPEHHS Ho-
BEPXHEBUX PYXOMHX XBHUIIb BiIOYBa€ThCs B TIAAKIN JTieNeK-
TpHUYHIN TpyOui, 3aIIOBHEHOI MapaMH PTYTi, A00pe BiloMi.
PesynpraTn JocCmipKeHb BHUIPOMIHIOBAJIBHHX 3aco0iB Ha
6a3i Ia3MOBOTIO PO3psNy 31 CKIQAHUM Tpo(dijeM IoBep-
XHEBOI'O IMIIEJ]aHCY 1€ HEAOCTaTHHO BHBUEHI. Y poOOTax
(Shchadylo et al., 2018a, 2018b) npoBeneHo TeopeTHUHE Ta
eKCIIEPUMEHTAJIbHE JIOCHIIKEHHSI MOXKIIMBOCTEH Ta 0C00-
JIMBOCTEH BUKOPHCTAHHS IUIa3MOBOTO PO3psAY ITijJ 4ac BH-
rotoBieHHss PCA. BukopucTanHs BHCOKOIOHI30BaHOT'O ra-
3y B poii kommoHeHTa cTpyktypu PCA nano 3mMory orpu-
MaTd BHIPOMIHIOBIBHMH 3aci0, skuii Moxe OyTH eJex-
TPUYHO HEBUIMMUI 32 BiICYTHOCTI ITa3MH.

BucnHoBku. Y po6oTi po3TisIHYTO 0COOIMBOCTI MOOYI0-
BU CyYacHHX INPHUCTPOiB, MOOYAOBaHMX Ha 0a3i IMOBEpXHE-
BHX €JIEKTPOMAarHiTHUX XBWb. Lle mano 3mMory 3po3yMiTH
CyTh KOHCTPYKTHBHHX OCOOJIMBOCTEH TaKHX E€JIEKTPOIUHA-
MIYHHUX 3ac00iB, SIK aHTE€HH, iHTeppEepOMETpH, MIKPOCKOIIH,
GioceHcopH, cra3epy Ta OrJSHYTO cdepi 3aCTOCYBaHHS IUX
MIPUCTPOIB. 3'ICOBAHO OCHOBHI NMPUHIMIHN (GOPMYBAHHS HHU-
MU IIPOCTOPOBOTO €JIEKTPOMArHITHOT'O ITOJISI.

BusiBiieHo, 1o nepioq Ta AOBXMHA METAJICBUX Pajlialib-
HUX HEOTHOPIAHOCTEH, a TaKOK TJMHOMHA MOXIYIAIIl B
KOHCTPYKIISIX AHTEH INOBEPXHEBUX XBWIIb JAIOTh 3MOTY
3MIHIOBaTH (OPMY MPOCTOPOBOTO PO3IOIUTY HOJS B AaJb-
Hi#t 30Hi. Leit eexT MOKHA BUKOPUCTATH ITiJ Yac po3pod-
JICHHS HOBHIX 3aC00iB, TaKHX K aHTCHH Ta iHTEp(epOMeT-
pH, 3 HEOOXIAHUMHM EJIEKTPOAMHAMIYHUMH XapaKTEPHCTH-
KaMH.

BcranoBiIeHO HU3KY IepeBar CTpyKTyp Ha 0a3i riazmo-
BOT'0 PO3PSAY MOPIBHIHO 3 TPAAUIIIHHUMH METAIEBUMH, SIKi
3YMOBIICHI (PI3UIHUMHU O0COOTUBOCTSIMHU I1a3Mu. Oriisy Me-
TOJIIB MOJICJIIOBAHHSI BUIIPOMIHIOBauiB Ha 0a3i IJIa3MOBOTO
PO3psAy BUSBUB, IIO MiJ Yac JOCIHIHKEHHS TaKUX 3ac00iB
IIMPOKO BUKOPHUCTOBYIOTh CKIHUEHHO-PI3HUIIEBUH METOX Y
yacoBili 00JacTi, a TAKOXK METOJI CKIHYEHUX €JIEMCHTIB. Ha
IiIcCTai IPOBEACHOTO0 aHaji3y BHSBJICHO, IO NEPCHEKTHB-
HUM HaIpsSMKOM € pO3pOOJICHHS Ta JIOCITIDKEHHS HOBHX
BHITPOMIiHIOBaUiB Ha 0a3i mIa3MoBoro po3psmy. s mporo
32 OCHOBY MOKHA B3SITM CTEP>KHEBI aHTEHH ITOBEPXHEBOL
XBWJI, B SIKMX IIEHTPAJbHUH CTepKeHb Oyne 3aMiHEHWH
w1a3Moro. CX0XicTh KOHCTPYKIIi ITa3MOBHUX 1 pedpHcTo-
CTEP>KHEBHUX aHTEH /A€ IIJCTaBH MPHUIIYCTHTH, IO Ti cami

napameTpy OyIyTh aHaJIOTIYHO BIUTMBAaTH Ha (opMy mpoc-
TOPOBOTO PO3TO/LITY ITOJIS.
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Hayuonanvuwviii ynusepcumem "JIveosckas nonumexnuka”, 2. JIveos, Yrpauna

OMNBIT PABPABOTKHU U UCII0Ib30BAHUA CPEJICTB HH®OPMAIIMOHHBIX TEXHOJIOTUIA
HA OCHOBE METAJUI-AU3JIEKTPUYECKHUX CTPYKTYP U IIVTASMEHHOTI'O PA3PAJA

HpHBeHeHH PE3YAbTAThl aHAJIW3a IMPUHIUIIOB NOCTPOCHUS U NPUMEPOB IIPUMEHCHUSI COBPEMEHHBIX CPEACTB I/IHq)OpMaHI/IOHHI)IX

TEXHOJIOTHH Ha 0a3e MeTaJuI-IUNICKTPHIECKUX CTPYKTYp. BBISIBIEHO, YTO CTpEMHUTEIBHOE Pa3BUTHE COBPEMEHHBIX CPEJCTB HHPOP-
MAaIOHHBIX TEXHOJIOTHI1 00YCIIOBJIEHO UCIIOIb30BAaHUEM (DPU3HYECKHX CBOMCTB IIOBEPXHOCTHBIX IUIA3MOHOB U TOBEPXHOCTHBIX IUIA3-
MOH-TIOJIAPUTOHOB. OIEHEHO BIMSHHE MOIYJISIMH MOBEPXHOCTHOIO MMIIEJJAHCA METaUI-AUIIEKTPUUECKUX CTPYKTYp Ha Qopmy
IIPOCTPAHCTBEHHOTO PAaCIpeleNeH s Mojsl. BEIIBIEHO, YTO B CpPEACTBaxX Iepefadl 3JIEKTPOMArHUTHOWH SHeprud (G QeKTHBHO HC-
HoJIb3yeTcst ro) pUPOBAaHHAS METAJUIMIECKask CTPYKTypa B KaueCTBE NCKYCCTBEHHOTO IMAJIEKTPHKA JUIsl 3aMeIeH s GeTymieit moBep-
XHOCTHOH BOJHBI. BEIICHEHO, YTO TEXHOIOTHUs BO30YXKICHUS IIOBEPXHOCTHBIX IIA3MOHOB 110 reoMeTpun KpeTumana 1o ceromHsi-
HUH JIeHb IIUPOKO NPUMEHsieMast B CpeicTBaX MHPOKOMMYHHUKAIMNA. Y CTAHOBJIEHO, YTO BaXXHYIO POJIb B Pa3BUTHH COBPEMEHHBIX H3-
JIYaIOIUX CPEJCTB HHPOPMALIOHHBIX TEXHOJOT Uil HTPaeT UCIIONb30BaHNE BEICOKOMOHU3UPOBAHHOTO I'a3a B KaUeCTBE KOMIIOHEHTA
CTPYKTYPBI, CHOCOOHOH pacHpOCTpaHATh OBEPXHOCTHBIE IIa3MOH-IIOISIPUTOHEI. BBISBIICH psi MPEHMMYIIECTB CPEACTB HH(POPMAIHU-
OHHBIX TEXHOJIOTMH Ha 6a3e IUIa3MEHHOTo pa3psia, KOTOpble 00YCIIOBIICHBl (M3MYECKHUMH OCOOEHHOCTSIMU ILTa3Mbl. VccimenoBaHbl
COBpEMEHHbIe HH()OPMAIIMOHHO-KOMIBIOTEPHBIE TEXHOJIIOTMU MOJSIBHBIX HCCIEJOBAaHUH IEKTPOANHAMUYECKIX apaMeTpoB H3ITy-
YaloIux cpeacTB. Ha ocHOBE ImpOBEIEHHOTO aHANIN3a IPEI0KEHO HCIOIb30BaHNE PEOPUCTO-CTEP)KHEBBIX CTPYKTYp Ha 0a3e Iias-
MEHHOI0 pa3pszia B KaUyeCTBE CPEJCTB Iepelauy IeKTPOMAarHUTHOM SHepruu.
Knrwuesgvie cnosa: 1oBepXHOCTHBIH [1a3MOH-IIOJIAPUTOH; METaILI-IUICKTPUUYECKas CTPYKTYpa; I1a3Ma.
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THE EXPERIENCE OF DEVELOPMENT AND USE OF INFORMATION TECHNOLOGY TOOLS
BASED ON METAL-DIELECTRIC STRUCTURES AND PLASMA DISCHARGE. OVERVIEW

The article has presented the analysis results of the construction principles and application examples of the modern information
technology tools based on metal-dielectric structures. The authors have revealed that the rapid development of modern information
technology tools is due to the using of the physical properties of surface plasmons and surface plasmon polaritons. The modulation
impact of the surface impedance of metal-dielectric structures as well as the period and length of metallic radial inhomogeneities on
the shape of the spatial field distribution is estimated. This effect can be used in the new tools development, such as antennas, mic-
roscopes, biosensors, spasers and interferometers, with the necessary electrodynamic characteristics. Corrugated metal structure is re-
vealed to be used effectively as artificial dielectric for slowing of propagation electromagnetic surface wave in the means of electro-
magnetic energy transmission. The authors have also found that the excitation technology of surface plasmons and surface plasmon
polaritons according to the Kretchman geometry is currently widely used in information technology tools. It has been established that
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the using of highly ionized gas as a component of a structure capable to propagate surface plasmon polaritons plays an important role
in the development of modern radiating information technology tools. The number of advantages of information technology tools ba-
sed on plasma discharge, which are due to the physical characteristics of plasma, are identified. The modern information-computer
technologies for electrodynamics modeling of the radiating means parameters have been investigated. The modeling method overvi-
ews of the electromagnetic radiators based on the plasma discharge has found that in the research of such means are widely used fini-
te-difference method in the time domain, as well as the finite element method. The analysis which has been performed in this paper
enables concluding that corrugated rod structure based on plasma discharge can be used as means of electrodynamics for electromag-
netic energy transmission.
Keywords: surface plasmon-polariton; metal-dielectric structure; plasma.
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