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wihpltph pwywywbwswih Lwyh wnhnpnpnid’ ujuwd qbippwnén
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G0 uwnwgyby pnuninlwihl pjniptinGtph L nhbGYunpwlwb Shypnuywywrwybtinh
hpdwl Jpw unbndJwd rbgnGuunnplbpnid’ nhtGyunpwlwb rbgnGuwnnpbtpnid
[3]: Uwluw)G wihph GpywpnipyjwC Yeuny npnzynn nhdnpwyghnb uwhdwbp pniyg sh
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Uhnjwé |hGGind S3g hOnbgpwiwihl  ufubdwlbph  uwnbinédwlp, S3g
wihpwwnwpwihG uwppbph  wnpwoplpwgl wbhpwdtunnipintd £ wnwowgnb



unbtinébl wyn hwdwfhunipntGGph  nppnypntd gnpénn 0G6d  pwpnpwynipjwdp
nGgnGwwnnpGtp:

Nrpwgpwy b Gl hwdwfunipyntGGliph S3g whpnypnid UGwnwGyniptinh hhowa
ypw OGS pwpnpwynipjwdp  npbgnlwwnph  unbnéliwl  hGrwGYwpp, nph
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Gwqugnt)b Lwjlnepynclphg L uhpwdw)ph nht Gyunpwywb
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3. Lawél (wjlwywlb hwwnyph pwgdwépny wnpnhnwp ntgnlGwwnnpnid
nwywtph pw2fujwénipjwl L pwnnpwynipjw hwdwp
hwidwfunipjntbbGiph  S3g  whpnypnid unwgyb &G Jbppncswlw
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4.  UbtwwGnptiph  hpdwl Jpw unbinéywé qlnwiht  hwdwswihnipjwdp
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conferance on The Technique of Microwave and THz Waves and its Applications in
Biomedical and radar Technologies and in Remote Sensing" (Ashtarak-Aghveran,
Armenia, 2010), "Photonics and Micro- and Nano-structured Materials" (Yerevan,
Armenia, 2011) dhowqqwjhlb ghnwdnnnybbpnid, hGswbu Gwb Gplwbh whnwhwb
hwdwuwpwp Qbppwpdp hwawfunipjnLGGtiph nwnhndhghywjh L
hGnwhwnnpnwygnipjwb wdphnbh uGdhGupGGpniy:
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Gnwlwybbpp: LEPYWjwgwd GG GhGs wydd hwdwfunipyntGbbph owwnhlywlywh
wmhpnypnid wnbuwlwbnpt0 L thnpdOwywlnpblG  hGunwgnundwé UMM
wihpwwwnpltiph hhdGwywb nhwbpp, npwig Ywenigywépwihl L ncbyghnbug
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Gpwlg dwybplnypbbph dhol thnppwantyb hGrwynpnepinilGp™ do=100 Gd: Uwnnwg-
Jwé Jbpntswywl wpunwhwyinnipynitbGGbpp hGupwynpnepynih G0 wwhu npnobi
UMM wihpwwnwpwihlG dnnbph hhdGwywb  pGnipwagphsObpp: Lwp  2-nud
wwuwnybpqwdé t UNN wihpwwnwpwihG hhdGwlwb dnnh nwpwédwb Gplwpnipjwl
YwhudwénepyniGlb wihph tpywpnigintbhg: Iwnuwbwyw t, np wju whpwunwnp-
GGpnud dnnbph (wyOwywb swihubpp Ywnbih £ wnbnw)Gwglb) dh pwGh nwulbjwy
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Swiwldwl  wpmynilplbp  unwgynid G0 Owl  ubwwdl  dGEnwnwywb
twytipbnypbbpn vwhiwlwithwyywséd gnquynp, Gulnibunpwywb (wjlnipjudp
atnpnid dLwynpdnn UMM wihpwwnwpwihG dnnbph nbwpncd: Iwnubwlywh k,
np  hwydnn ubwwél dwytpbnyplbph nbwpnid  unwOnd  GOp  wynuwél
wihpwwwnph  pOnipwaphsGbph wpunwhwynnepyniGbbpp [6,7]: buly, Gpp
thnppwanyb htrwynpnipjnibp pGnniGnid £ qpnjhg twpptin wpdtipltip, wihpwjhG
yGywnpp  dbnpdnud £ Gpynd®  updbunphy L wGwnhupdBunphy o (neénidGiph
hwiwwwwnwufuwbnn wpdtpltph:

1.3 wwpwagpwpnid nhnwnydwsd GG hhpphnwihl wiwgqinlwihl wihpwwnwn-
OGph (3TU)  Ywd  hwnnpnhsg-nht Ghwphy-YUhuwhwnnpnhs  wihpwunwnlbph
Uhpwnwywb L Ywenigdwdpwiht wnwbdOwhwwnynipntGbbpp: 3MU - wihpw-
wnwnpObpp hGwpwydnpnepynid G0 pGabenid wwywhnyb]p nwpwéynn wqnwbywhh
hGswbu wbhpwdtipin  nbnwjlwgned, wjlwbu £ wlhpwdbyn  nwpwsiwh
Gpywpnipynih [8-10]: 3IMU  wihpwwwnlbbpp Gdwh GG nhbGYwphyny (gdwé
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UGnwnwywl wihpwwnwnltphG, vwlywl nObG YuenigdwédpwihlG wnwppbpne-
pjnLbGGEn, w)b £ dbnwnwlwh 26pnG ne pwjwywlwswih 066 ptYdwh gnighsny
Yhuwhwnnpnphsp pwdwlwé GG thnpp pGYOwWG gnighsnd  dGYniuhgsh  pwpwy
2tpnny: Stuwywl hbwnwgnuinegniGlbph - wpnynilpnid unwigyty £, np wynwhuh
wihpwwwnbbph  Yuwenigqwépnd  wynup  wrelwynipjntbp  pbipnud £ thnpp
ynpneunltipny nbnwjGwgywé  dnntiph  dLwynpiwlp, npnGg  nwpwdéiwb
Gnywpnepyntbl  twwbu  Ywhujwé L nhiGyunpwywb  sGnph  Gwquant)l
hwuwnnipjnibhg [10]: Btinph swihubph thnihnfunipyjwb dhongny  Ywpbih £ unwGuwy
hGswtu dnunbwjhl, wjlwbiu b wwqdinbwjhl dnnbp, npwiny huy unwlwiny
hGswbu ndtin nbinw)bwglwb, wjlwtu £ wlhpwdtn nmwpwddwhb Gpywnpnip)nih:
Liwl Swlwwwphny hwonndbp L uwmbnét] GwlndGwnpwlywb  swihubiph
wlwquinbwyhb wqgbipbtp [11], npnGp  Gnp hGupwydnpnipjncGGbp GG nwhu |nyup b
Gyniptiph dhole Gnp inphwh  thnfuwgntignipyniGlbiph hGunwgnundwb hwdwnp [12] L
Gnp nnpGGp GG uwnbnénid dnuiinlwihl nbnGywwnywlwb wnbuGninghwbbph
plwqwywnned:  MwqginGwihl (wgbpbbpp  ppwywbwgytp &G hhpphnwyhG
wwqginlwjhG wihpwwwph hpdwl Ypw, npp Yuwaqidwsé b en nhbGyunpwyw
pwithwlgbihnipjwdp  wpéwpt  dwybpbnyphg 5 040 hwuwnnipjudp’™ &g
nhE GYunpwywb pwithwGgbhnipjwdp, nhtGyunpwlywb 26pnnd pwdwbdwé’ & UGS
nht Gyunpwywb  pwthwbgbihnipjwdp, Ywnohnwh unydphnh (CdS) Yhuwhw-
nnpnswiht GwOnwphg:  Unhwpwwhy dnnwdnpnipjwlb  vwhdwGGGpnud, Gpp
d>>A-hg (A-G UMM dnnh wihph GpywpnipyncGG ), wihpwhG phdp npnaynid k
hGwnlyw|] wpunwhwjnnipjwdp.

1
2uw3h 4uw3\2
o = |2 —2E —(2n+1)<—f3 > )

c3 d

npwntin

leplec @ lemle
ko = —_me =, U= m3c , n=0;1;3;...
|gm| —&C gd(lgml_sc) (|£m|+£c)

h-p dGrnwnwywb L Yhuwhwnnpnswyhl dwytipbnypbbph dhol hGrwynpnep)niGh k,

d-0 Gwlnwph wpwiwghéb £, w-0 wihph hwdwpunepyntGa £, c-G°  [nyuh
wpwagnepjntbp Jwyninudnid: bGwpbh £ Ggpwywglb, np wihpwhG pyh wshG
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Guwuwnnud 60 YhuwhwnnpnswihG quuGh 066 pwnwdhnp L nhtGYyunpwlwh sknph
thnpp hwuwnnipnclp:

Epynnpn quoifup Gyppdwé b hwibtdwwnwpwnp 066 pwpnpwynipjwip, thnpn
swubpnd UMM nbignGwwnnpltph  hGunwagnundwGp:  Un rtgnGuwnnpbbpp
hGwpwynpnepyntd G0 wwihu twpwnbuwy owyunhywywl uwnppbiph unbinddwl
hwdwp, hGswhuhp o]0} thnpn LGtpghw wwhwlonn  wpwquagnnd
owwnk GYwnpnlwihG dwnwquw)phsGpl no plnniGhsGbpp, L wpwGdbwgywé
uniGynbGbph  YnhbptOown  Swnpwquwipiwl JGpwhuyntdd wwwhndnn  gqquynth
owwnhlwywb utbunplbipp:

2.1 wwpwgpwdnid GEpyuywgwd GG UMM npbgnGwwnnplbph  unbinédwh
Gnwlwybtpp L pipqwé G0 npwbg wpnniGwybnnipjwb opphbwybtin: LEpYw)nLdu
GwlndGunpwlwb swihubpnyd nbgnGwunnplGGph npwyp pGnipwgpnn plnnlGjwé
dténipyntGp npnpdnid £ Gpw pwpnpwynipjwlb b Swdwih hwpwpbpnipjwdp:
bSnnnlGwyhG pjniptinGeph L nhk GYnpwlwb shypnuywdwnwybbph hhdwb Jpw
untinddwé nbgnGwuwnnpbbpnid [3] hwennybp b uwnwlw)  Gdwé dténLpjwb
pwywywlwswih 0t wnpdbplbp: MwaqinGwihl GwbnntgnGwwunplbph dwywih
thnppwgnidl  nunblygynid £ YnpnunbGbph wénd, npp, uwluwyl, sh Yupnn
funsplnnunt Gpw wprynLGwybunnipjwb plGnipwagnphsh wahG: Unpniunbbph G2qphwn
pGnipwagpniip hGwpwynp £ uwuwnbp pwpnpuynipjwlb nbuwlwb npndwb L
thnpdOwlwl swihniiGiph dhongnd, npnGg Yhpwnenipjwip Yuwpbih b wwpgbp
UnpniuinlGbph dwqiwl wwwndwnlbpl nt npwlg Gwqgbtigdwl ninphGGpp: Pwpén
pwnnpwynipjwdp Gwybplbnipwyhb wLwquinOuwjhb uhypnntgnbwwnpbtph
Uhpwndwl  hGwpwynpnipnibbGbpp . pwdwywOha  wyd 660 hhdGwpwn
hGwnwagnuinipyntGltiphg dhGsk uwpptinh Gwfuwaqdéniy:

2.2  wwpwgpwdnd  hbnwgnnjwsé GG V-mhwh  wynuny UMM
uhypnntignGwwnnph  wrwGdbwhwwnynipjniGbbpp, npnid wihpwihG  EGEpghwa
hhdlwlwbnid yGGupnlwgywé k UGunwnwyw Gwybplnyplbpny
uwhdwlwhwyywd vbyniups wynuwél dhowdwjpnid: Unwgqwd ybpniéwyw
wpunwhwynnigjntGGbpp pnyp G0 wwhu npnpbp onwlywdl dhypnetgnGwwnnph
wfuwwnwlph wnwyb] Guwuwnwynp wwydwGGbpp: Npnadb £ wynuwdl dhypn-
ntgnGwwnnpnid UNM nbignOwGuwhG  hwawfunipjwl Ywujwdénipinilp dnnbpp
pGnipwapnn pdbphg L wynuh pwgdwéph waynibhg: Uwnwgybp G0 wynuwél
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dhypnntgnGwwnnpnud  pwpnpwynipjwlb (Q)) L Gpw Swnwquwjpwihl (Qe) nL
ohiwywh (Qq) ynpnrunltipny wwpwlwynpywoé pwnuwnphsGtph
YwfujwénipyniGGlipp rtgnOwGuwjhG hwawfunipjnilhg (nku LY. 3):

500

200

400
@300
150
200

L
100

500 ¢ 100}
J

54400
‘,\mé?

200

S0

1 f
100 75
J ,

1 I : e el P (T h
180 H 45 540 180 270 360 450 540 630 720

f,(S2g)

LY. 3 Uynuwdl shypnetignGunnpnid pwpnpwynipjwl b Gpw pwnwnphsGtph Ywhunidp
ntignGwluwjhG  f,  hwdwfunipntlhg. w) Qe-Gwnwaqwjpwihl Ynpniunblinh
pwnuwnnhs (dwfu wnwlgp), Qe-gtinduyhl YnpniunGliph punuwnnhs (w9 wrwgp),
p) Q - pGnhwinip pwpnpuinipintlp’ €= 1 L 2.5-h hwdwp, 9=12° L 14°
plnipwgpulwl  wGyncGobpny:  Ywenigwéph  plGnipwgpulwl  wrwyhnp’
R= 2d4u: Ubwwnh (Ag, 1060 G4 wihph Gpywpnipjwl nbwpncd ) nhbGyunpwlwb
pwthwgtiihnipntGG  nibh hbwnlyw|] wpdbpp’ en= -57.35+0.56i: LEpnhpp gnug k&
nwihu Q-h Ywhunidp Ywrnigwdéph 9 pGnipwgpuyuwb wayyniGhg dninwynpwwtiu
283 S3g-h hwiwp’ €= 1 L 2.5 nwpbipncd:

Pwpnpwynipjwl SwnwqwjpwihG pwnuwnphsp® Qe-0, wpwqg woénid £ UMM
nbgnGwluwihl hwdwfunipjwl wdh plpwgpnid: UhGsnbn  pwpnpwynipjw
otndwjhG  YnpniunlGbph  pwnwnphsp™  Qq-G, Odwgnid £ nbgnGwluwjhb
hwswfuntpjwl wth plpwgpnid: Wuwhund, Qg-G plnnilGnid £ 500-hG dnwn
wnwyblwagnyG wnpdbpp 283 S3g-h nbwpnid, huly Qe-0 dhdwlnd £ dhGsl
wluwhdwlnepntG®  hwdwfunipjwl  dtéwgiwlp qnigplpwg:  Lwp  3p-nid
wwwybpqwé b pGnhwlnip pwpnpuynipjwl™  Q+=h  Ywhudwénipynilp
nbgnGwluwihl hwdwfunip)nilhg: Updwpb Jwnrnigwéph®™ R= 204y, 2wnwynh
nbwpntd  pwpnpwynipjwl  hwdwp unwgduwt] GG hbGnlwp  wrwybjwgnyl
wndtiplbpp” Q=105 (9=727, £4=2.5, £=280.4 $3g), Q=131 (9=14°, £4=2.5 L =283
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S39), Qi =102 (9=12° €4 =1, £=394.7 S39) L Q=86 (9=14 7, e4=1, £,=411 S3g):
UhLlnyl dwiwlwly Qrh YwhJwénipjwl YnpG wynuwdl dhypnrtignGuwnnph
waynilhg Gnijlwbu vwhdwlwhwydws b L hp wewdbiwagnyG® 131, wpdtipl k
plnniGnLd 9=14° wlyywh nbwpntd (nbu LY. 3p-h GEpnhpp):

Uu wwpwgpwdnd GEpJuywgywséd nbuwlwb Jepniénpntlp Ywpbih &
htiinnipjwdp Yhpwebp npnpwyh Guwuwyh dchndwéd wynuwdl Yurnigywuédpny
UhypnntignGwwnnph pGnipwgpuywl wwpwdtunptph wpwq qGwhwndwb hwdwn:
Fwpnpwynipjwl hwibkdwwnwpwn pwpdp wpdtpp, npp dnwn £ 130-h, Yuwrnigwdéph
hwdwp Yppwrdwb Gnp hGwpwynpnipyntGGbp £ unbinénid, ufuwé hhdGwpwn
owwnhlwjh plwquywrhg dhGsl uwppbph Gwfuwqoénty:

2.3 wwpwgnpwpnid nhunwnpydws £ wywqinGuihb rtgnbwwnp, npb hpbGhg
Gepyuwywglnid £ hwpp L winpnpnw dGnwnwywb dwytpbnypltph dheole pGYwé
nht EYunpwywh dhowdwp (inbu LY. 4): NagnGuwnnph wihpwjhG nwwnhp tGepghw
hpdGwywbnd YGhunpnGwgwé £ dGnmwnwywb dwytpbnypbtph thol pGywé
nht Gyunpwywb stnpnid: Ujunbin npwbu dGunwnwywb dhowdwjn Swewynid L
nuyhG €m, nhkGYwnpwywh pwthwGgbhnipjwdp:Gbnph nhtGYnpwywl pwuthwbgt-
Lhntpyntlp €q £, do-0 GEnph Gwquant)h
hwuwnipntGlG £, huy Ywrnigdwdpp
plnipwgpnn R L Ro wnwyhnGtph
twwbu wybh 066 GG nbgnGuuwnnpnid
UNN dnnh wihph btpYwpnipnibhg:
Swydwpybbpp gnuyg GG wwihu, np
do=10 00 L R, Ro=A¢ nbwpnid UMM
dannp inbinw)bGwgyntd t Ao/10

ihpnypntd ( Ag-0 nignGuwnnpnd UMM

h
LY.4 YhiEynpwywb shywdwipny wnwbé- ntqnlwbuwh0 wawfuntpjwp

Gwgywé hwpp dGunwnuywb bpnhg L
Shinwnwywa nnpnhnhg Guqiyws pnipjntGh £ wquwn nwpwdénignilnid):
wiwqonGuyhG  ntgnGwwinph  Yueng-  Unwgdb)p GG ntignOwwnnph  hwsw-
Jwépp: funipjwl  Juiudwénipywl  gpwdhljw-
Jwb wywwnybpbGpp vinpnphnh R L Ro  pOnipwqpuywb 2wnwyhnbbphg: LUwp 5-hg
Ywnbih £ wbulb], np onwywdél ntgnlGwuwnph nbgnGwluwihl hwdwfuncp)nilp

hwiwwwwnwufuwlnn  wihph  GpYw-
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thnppwlnid £ dGunmwnwywb wninpnhnh Gpywpnpjwl’ 21Re, wdhb gnigplpwg: Ro-h
Utéwgiwl hbwn dhwdwdwlwly dGSwOnd £ Gwl wihph Gpywpnepnilp L, hb-

nbwpwn, dnnh $hpudwd pytiph hwdwp  thnppwlnd £ fr pbgnOwGuwihG
hwdwfunipynclp:
Tl 600 — — — 600 T .
do=10 tud | 500 2

500 dZ=20 w| | T :o:;g ‘t::[[
- do=40 ud e I e d3=40 o
INg N
@ 400 g 2 400 - E

300 e 300 :_‘ ................. i

200 — : }\ & 209 i ; i .5 i ]

3 1.
Ro (ufly) R (i)

LY. 5 Cpowlwdl ntignGwwnph ntignlw-
uwjhl hwdwhunipjwl Ywfujwénipnilp Ro

wpnwphl  pwnwynhg:  Onuwyh  GepphG
wnwyhnG  nbh R=1.50yd0  wpdtpp:
AhtGhuphy  dhpwdwyph  nhtGhnpwywl

pwthwgbihnipjntGG nilGh £4=2.5 wpdtip, huy
unnh phuyp m=40 t:

LY. 6 Cpowlwdl ntgnGwwnph
uwjhl hwdwfunipjwl Ywhudwénipntlp R
GbpphG  2wnwynhg:  Onuwyh  wnpwnwphh
2wnwyhnb nLGh Ro=3u1yd wndtipp:
ThtGYwnphYy  dhowduwyph  nhtElupwywa
pwthw(gtihnipjntGh niGh €4=2.5 wpdtip, huy
tnnh phup m=40 t:

ntiqnOwa-

Swpy t Gz6], np UMM nbgnGwluwjhG hwdwfunipnilp dbinph hwuwnnipjwb
thnpp wpdtiplGtph nbwpntd”™ do<20 04, npubinpnid £ pnuyp whudwénipynih tnnpnhnh
R wnwynhg (ntu ULY. 6): Lwp 7-nid wwwybpwsd L
pwpnpwynipjwl Ywfuqwénipjwlb gqpuwdbhywywld wnbupp UNM  ntgnOwluwihb
Q=40,
wwjiwlwynpgws b obinwnwywl dwytipbnypbtph dhol pGYwsé nmwpwdénepynLlnLd

ntgnGwwnph

hwdwfunipntlhg: Pwpnpwynipjwl  hwdtdwwnwpwp  thnpp  wnpdbpp

UNM Ghpwwihpwwwpwihl donnbph nudbin wnbnwjwgdwdp: Uju  wprynibpp
nhwh  Gpypwswdinipjwdp - UMM dhypn-
ntgnOwwnnplbph hwdwp Ywuwpdwéd thnpdlwlwb L pywihG hwpdwpybhph
wpnynilpnid unwgywd wpdtiplbphb [13,14]: OLL ntuntdGwuhpywé nbignGwwnnph

hwiwwwwnwufuwbnd £ wy

pwnnpwynipyntGh nbh pwywlwlhG hwdbun wpdtip, uwlw)b dnnh qpwnbgpwé
thnpp dwywip Mnipubih gnpdwygh dtdwgdwl hbnbwbpny Ywpnn £ Guwuwnbg

-14-



uynbuwb swnwaqw)pdwl qqwih wahb [15]: Wuwhund, dGpinidwywl L pgwhl
hwydwpylbtph  dhongnd uwnwgdbi £, np nhnwpydwd Ywnnigqwdpnid UMM
dunnbph  |wjlwyh pwpfuniip wbnwjGwgwd bt Gwlnibunpwywb swihubpnuy
Ao?/S=103, npnbin S-p (wylwlwh hwwnyph SwlbpbuG t: Unnbph  funinepyntGG
45 T T T fwywlnpbl wond £ wihph Gpywpnepjwb

40 . OJwqguwlp qgniqplpwg’  A<<Ag, Ro=Ao,
3B ] m>>1: Uw pny| b wnwihu Jurnigywopl
‘7 ; oquwgnpob npwbu ntgnGwuwnp
hwawfunipjntGbph  (wyG  whpnypnid:
NGgnGwhuwyhb dnnbiph wihpwjhG
tGGpghwG Ywpnn E Ynuinwyyb] Yud wquwn

_ wpdwydbp tJwlbugbOunnpbd  dwnlnn L
20050 ‘fr(S"ng) o nntpu GYnn SwrwquwjpdwG  nunnnipjwi
JGpwhuynnnipjwa hGwpwynpnipjwip,

LY. 7 Cpowlwdél nbgnGwwnph Q-
gnpéwlgh  Lwfunwip  rbgnGwluwgha 4Nyl whwh wihpwwwpnid UNT dnnh htin
hwdwfunipjntlhg: UpnwphG L GepehG Ygiwh GnwOwyny: fulnph pwnwnnphglbnh
2wnwyhnbbnl nLOGG hwiw- 066 pwlwlp nddwptglnd t pywyhh

wwwnwufuwlwpwp  hbnlyw|  wpdtip- hwpqwpyGtnh  thengnd  ntgnGwwnnnpGb-
Gbpp” Ro=3 dyd L R=1.5 dyd: “hkby-

nphy  dhowdwyph - nhtEhunpwlwo
pwthwgbhnipjnilp’ £4=2.5:

pnid wihpwihG EGGpghwih ywhwwbGiwb L
nbnwjiwgiwl owwhliw] wwjydwbGEph
npnOnudp: SYw| wwpwgpwdnid  wnw-
pwnyywd Gnwlwyp pnyp £ wwihu wybih dwlpwdwulb nuncdGwuhpbp wn
wnngbulbpp:

Gppnpn qnefup Gdhpdwé b tEynpwiwgbhuwywl wihplbnh uwblhuph S3g
whpnypnid 066 pwpnpwynipjwdp  onwlwdl  wihpwwwpwihl npbgnGuwnph
pGnipwaphsGbph  wlwihinply  hGunwgnuniwlp L dGunwbnepbipnud Gpbp
nwpwoéwlwh  swihubpnd nbnwjlwgwdé  pwpdp  hwdwfuwhlG  nwwbph
dLwynpdwlp:

3.1 wwpwapwdpl  wylwpywhld L npnbn  Gepyuwjwgdwé GO S3g
wihpwwnwnplbph L rbgnOwwnnplbph  unbinélwd ninpunnd Jkipeoh
dwiwlwybbpnid dtnp pbpdwéd wnwybp Grwlwywihg wprynlplbnl nu Gpwg
Unpwrndwb  hGwpwdnpnipyniGGtipp:  Wuwbn  GEpyuwjwgdwéd GO Gwl  S3g
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inhpnipnid gnpénn dtinwbiniptinh Yuwrnigwépwihl wnwOdbwhwwnynipyntGatna
nt Gpwlg hpowG Jpw uinwgdwd thnpdwpwpwywb wpnynclpbbnn:

3.2 wwpwagpwdnud plGwpyywdéd t dbGwnwbnipbph hhdwb Jpw unbinéwd
qlnwihG  Ywenigywépnid  nbnwjbwgwd  LGYunpwiwqbhuwlwb  nuwwnbph
dLwdnpdiwG  hOwpwynpnipynilp:  GOpwnptlp, np  &<0  pwgwuwlwh
nhtlGyunpwywd  pwhwbgbipnipjwdp L p>0  npuywl  dwqbhuwywb
pwihwlgbihnipjwip R wnwynny gnilnp qunbGynid t npwywl nhkGyunpwywa
€>0 L pwgwuwywl dwqbhuwlwb po<0 pwthwlgtihnipyniGGGpnyd dhowdwjpned:
NpnGlp qlnh GGpuntd L qlnhg nnipu nuawnbpp: UnnpnhGuwnGBph qlnwyhh
hwiwywpgnud® (r,9,¢), Uwpuybih hwjwuwpnwiGbphg Yupbih £ npnzbp nwwntipp
qlnh GGpuntd L GpwlOhg nnipu: QGnh Gepunid, Gpp® r<R, €<0 L p¢1>0-hg,
EEYynpwlw E L dwqbhuwlwh A nupnbph pwnwnphsGinh hwdwn uinwgyntd GG
hbwnlw) wpnwhwjinnipjniGGpp.

£ ZA( sh k1r> (—i) g elot )
=—|chkjr———— cos 6 e'?t,
T2 ! kyr & )
Aky chkr shkr (=) .

E :—(shk r—— —) —sinf) —=e'®t,

6 r ! kir (k)2 ( )\/|g_1| ©)
_ Ak shk,r . 1.

Hy, = = (ch kir for ) (—sin9) \/Ee , (4)
Hyg =E, = H, =0, (5)

nputin k; = %\/ leqlps:

QGnhg nnipu, bipp’ r>R, €50 L 42<0-hg, E L H Jthunnpatiph hwdwp YunwGwip.

E, = Z—B(l + L) e~%2" cos Hie"“’t (6)
Tor2 kot e ’
E :B_kz(l_ki_k;)e—kﬂsingi elwt (7)
¢ r kor — (kpr)? Ve, '
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_ Bk, 1

(_i) iwt

Hy=—" (1 + —) e~k (=sin §) ett, 8)

kzr

E, = H,

nputin k, = %\/ & lual:

2|

Hg =0, )

LJwghunnwunhly dnnwynpnipjwlb uwhdwbbbGpnud, Gpp' kiR<<1 L koR«1,

nhuwtpuhnl wrbGsnipnbb fwywlnptl wwpqbgdnd £, pOnniGGind  hGunbyw

@ lli@]
[e@m@ - (10)

wnbiupn.

Ljwp 8-nid pbpjwd

Jwnnigwépnd  nbnwjlwgwé  wwquinGGbph

pnipwapwywl  pwpfuqwénipinilp: Ujuwhuny, dGwnwbnipbipnud, npuntin nhk G-

10

my,-

¥ -Swpwisnipmih ()
(P muteuhag g g

00

100 .
X-Supubnpmt (hak)

npwlwl  pwithwOgbihnipniGp  Ywpnn L

plnnibbl  npwywa L  pwgwuwlyw
dlwynnybi

twywlnpta Gnp wnbuwyh wnbnujiwgywsé

wndbpltp, Jwpnn &G
wlwquinGbbp: b wwpptpnipjnt unynpw-
Jwb nbnwjlwgdwé wwaqinbGGbph, npwntin
uGnwnwywb Gwlndwubhyhg hGnwlwnll
anigplpwg wihpwjhl nwawnbpp Gwgned
G0 wunhdwlwihG opklpny, wjuwntin dtlp

LY. 8 9Gnh Ghpunid L qlnhg nnaqu wrOsyntd GOp  fuphunn  wnbnwjbwgywé
blUnpwlwl nwownh pwzfuqwénipiwG  WlwaqdnGhbph, npnlg nbwpntd
ythunpwlwh nbupn: uGunwnwlywb Gwbndwubhyhg htnwOwnia
gnigplpwg  nwpwp  Gdwgnid £ tpuwnbGblGghw  opblpny:  Ldwé
wnwOdlwhwwnynpntlp  (wy  Owpuwnpuwilbp £t unbnénud  nblwydwnpynn

Ghpwwhpwjhl hwdwywpgbiph dLwynpdwb hwdwp, npuintbn wihpwjhl nwwnbnb

hptiGg plnypny Gowhynid GO wnndGbpnid inbnwjGwgywé nwwnbph:

3.3 wwpwgpwdnid hGnwagnnwé t Gwdl (wjbwywhb hwwnnypny tninpnhnu

wihpwwnwpwihl rtgnGwwnnph ubithwwb hwdwhunigntGlGtph L pwpnpwynipywl
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Ywhudwénipynilp Ywrnigwéph Gpypwswihwywb pGnipwqnphsbtinhg: Snpnhnwg
ntgnbwwnph Ywrenigdwépp pbipdwé £ G4.9-nud: Snpnpnp (wjbwlwb hwwnneph

hptGhg  OGpYuwywglnuy £ R
2wnwynny tpync GhwOdwa
2nowbGEph hwwnid, Re-G Ynnpnh-
GuuwnGbph ythwnnGhg uhGsl
wnpnhnh wjlwywG  hwwnnyph
YtGunpnGG pGUwd hbrwynpnipjnlGh
t, do-G° wnpnhnh dEwnwnwywh

wwuwnbph dhol dwpuhdw] htpwyn-
LY.9 Snpnhnuyg

wwwnltn

ntignGwwinph  ufubdwwnhy

pnipjniOp: Uwnwgyt) GG nGgnGw-
winph Yuiujw-
onLpjntlGlbpp m, do, R L Ro-hg tiptip dtnmwnuwywb dwybplnyplbiph hwdwp™ nuynt
(0 = 4 x10Y CGSE), wpéwph (o = 6 X 107 CGSE) L wnGdh (o = 5 x 107 CGSE)
(nbGu LY. 10-13): Ro=4 40, R=2 0d L do=1 00 plnipwaqphsbtpny wnnpnhnGtph
hwiwnp unwgynid £, np uluwé m=8-hg pwpnpwlnipynilp’ Q~10° Yupgh t:

pwnnpwynipjwb

Pwpnpwynipjntlp dGéwlnd £ dnnh pyh wdhG gnigplpwg  (nbGu  ULY.10):
Pwpnpwynipyntlp dESwhnLd £ Gwl do-h (nnbu LY.11) L R-h (inbu LY.12) dESwgiw
htiwn L thnppwlnud’ Re-h tGdwgdwlp qnigplpuwg (nku LY.13):

w nun/Ypy 1
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r 4000 ol
ot Vi
a 3500 p<
2000 i i 3000 £ —
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= do i
LY. 10 Pwpnpwynipjwl Ywhudwoéni- LY. 11 Pwpnpwynipjwl  Ywhudwént-

pjntlp m-hg™ Ro=400, R=244, dy=100
hwiwn, Gpbp dGnwnwywb dwybpt-
Uniypltiph nbwpntd:

pjntlp do-hg™ Ro=404, R=204, m=10
hwiwn, Gpbp dGnwnwlwb dwybpt-
Unjpltiph nbwpntd:
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LY.12  Pwpnpwynipjwl  Ywhudwont-
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hwdwn,
nlneypltiph nbwpntd :
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LY. 13 Pwpnpwynipjwl Ywudwone-
pntlp Re-hg” R=2 a4, d=100, m=10
hwiwn, Gpbp JdGnwnuywld dwyb-

nlniypltiph nbwpntd :

Uhpwnjwé wbuwywb dnnbip pnyp £ wwihu  unwlwp  yGppniéwywb
wpuwhuwynnep)ntGbbp nwawntph  pwpfudwl, rbgnGwluwihG hwdwpunipjwb L
pwpnpwynipjwl hwiwp wihpwihG uwytyunph 066 nppnyph nbwpnid: uGnpnd
wwpwibwnpbph 066 pwlwlp nddwpbglnid £ rGgnGwwnnpnid  wihpwjhG
tGtpghwjh nbnwjGwgdwb L wwhwywbdwh hwdwnp pqwjhb dtpnnbtipnd owywnhdwy
wwjdwabbph  npnaniop: Unwownpydwé wbunipyntlp Yupbh t oguwagnndti
wnnpnhnwjha

wwnpwuibwpbph

ntgnGwwnph  Owfuwqédwl L wOhpwdbyn

Un
Gpwlg  Yhpwndwh

plnipwgpuywa
wpwq  qOwhwwndwh
0té  wpdbipp

wnwnpkip

hwiwn: ntgnGwuwnnpGGph

pwnpnpwynipjwl  hwitdwwnwpwnp
pGatnnLy plwqwywrbbpnLd®

dnunnGhyuwyh hhdGwpwp fuGnhpbbphg 0hGsb uwpptiph Gwfuwqdénty:

Gnp

hGwpwynpnipyntGlGbp  k uluwd

G2ruuwusnka3nku

UwnbGwhununtpniOp  Ghpwé £ hwidwhunigntGlGbph  owywnmhjwywb L S3g
wmhpnypltpnid  thnpp tGGpghw wwhwlpnn wpwqugnpé dwnwaquw)phsGbph L
plnniGhsbGbph untinddwl hGupwynpnipjntGGbph pwgwhwjndwln, wyn uwpptiph
hhdlwywb  wwpptpp  hwlnhuwgnn

wlwqinlwihl  wihpwwwplbph  no
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nbgnGwwnnpltph  owwnhdw Jwnnigywéph L hhdGwywhG pGnipwaphsGbph
npndwl  dhongny:  UwbGOwfununipjntlnud  hGwmwagnuynn wpwaqdnbw)hb
wihpwwwpltpd no nbgnGwwnnplbpp Ywpnn GO Swnwjb| Gnp ubplnh
Gwlnitwnpwywb swihubpnd wjl hGunbgpwiwiht uwppbiph untnédwbp, npnlp
hwdwwbnnd G0 owwmhywywb dGpnnlGphG pGnpn wqnwbwbbbph qbpwpwaq
dowlyowl hGwpwynpnipntGGEpG wihph GpywnnipiniGhg thnpp swithubip nilbgnn
b GYnpnOwihG 2npwltiph wnwybnipjnLGGtiph htiwn:

1. 8nyg t wpdwd, np gniquhbn dnwnwywl quuGbtph Ywd ubwbph
gnhqwynp dhowlwjpnid Ywpnn GG dLwdgnpdtp UMM wihpwwnwpwihb
dnntp,  npnGg  wihpuyhG pdh L nwawbph  pwzfudwénipjwl
JwhujwénipntlGp  gbnph  GJuwquignyylG  (wylnepjnithg L dhowywjph
nhtGyunpwywb  pwthwlgbihnipyntbhg  (wyG  hGwpwynpnipjniGlbn
unbnénd  OwlndGunpwywl  (wlwywb  swihubpnd wlhpwdbn
plnipwaptipny dnntph dLwynpdwl hwdwp: fWGnpnd wwpwdbuptbph
066 pwlwyp nddwpbglnid £ wihpwwwnpnid  wihpwjhG  EGGpghwjh
nbnwjlwgiwl L Wywhwywbiwb hwiwp pywhba dGpnnltpny owunphdwg
wwjiwhababph  hwjwnbwptpnuip: Unwowplyjwd wnbunpyntlp Yupbh
oquwgnpéty  wwqunlOwihG  wihpwwwplbph  OGwhuwgqddwl L
wbhpwdtian  plnipwqpuwlb  wywpwibwnpbph  wpwq  qlwhwwniwb
hwiwn:

2. 8nyg Lt wpdws, np onwlwdl V-nhwh wynund wrwginGuwjhb
ntgnGuuwnpltpnid |nruwghG wgnuwbwh pwylwywb swihubpp Yupbih k
nbnwjlwglb] Gwbnibunpwywb nppnypnd’ Guwuwnwynp wwydwGabp
unbinétind OwlnwqgbipGbpnd  G0wyhlG wwjdwGGbph  pwpbwydwh
hwdwp: Pwpnpwynipjwlb L Swywih hwpwpbpnipjwdp
GwlnntgnGwuwnnpGGph  npwyp  pOnipwgpnn  GeEpYuwynidu plnnlGdwé
uténLpynLlGh wju nbwpnid qquihnpblb wandd E:

3. Snpnhnuwi Gwybplnypbbpny uwhdwlGwthwyqwéd wLwqinGuwyhb
ntgnGwuwnnpGtpnid  |nruwghl wgnwbwOh pwpnpwynepjwl no dnnbph
nbnwjlwgiwl hwiwp wnwohl  wlqwd  unmwgywé YLppnidwlwhb
wpunwhwynnepyntGbbpp pnyp 66 wwihu npn2Gp wyn  Gwlnywnnig-
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Jwéplbph owyunhdw| plnipwqgnphsbtinp: NGgnGwGuwihG dnnbiph wihpwjha
EGGpaghwl Ywpnn £ Yninwyybp Ywd wqun wpdwyybi EwlbugbGunnptl
dnlnn L nnipu BYynn dwnwaquwjpdwl  ninnnipjwl Ybpwhuynnnipjw
hGwpwynpnepjwdp® Gnyl inhwh wihpwwnwnpnd UNTM dnnh hbn Ygdwh
Gnwlwyny:

Stipwhbipgwyht hwawfunipniGGtph wnhpnypnud pwgwhwjngb) G0 Gowal
(wjbwywb hwwnnyph pwgywépny wnpnhnwy rtgnbGwwnph owwnhdw
pGnipwaphsGbpp, nphG  pOnpny  pwpnpwynipjwl OGS wpdbiplbpp
Yppwenipjwl Gnp hGwpwynpnipjniGbbp GG unbnénd  wnwppbp
plwgwqwnbtpniy, uluwd  dnnnbhlwih  hhoGwfulnhplGtphg  dhGsl
uwnpbph GwhuwqoénLy:

8nyg £ wpwé, np dGunwbniptiph hpdwb Jpw uinbnéjwd qlnwyhG
hwiwswihnipjwidp Yurnigwoéplbpnd wihpwihG tGGpghwl Ywpbih &
Uninwlby wipph Gplwpnegynilhg qquithnpbb thnpp wihpnypndd, npuntin
nwwnbph GJwqgnuip YkGupnGhg hbnwgiwlp gnugplpwg wbnh L
ntGtlnud tpuwnbtbghw ontiGpny: LJwé  wnwbdbGwhwwnynipyntlp (wy
GwiuwnpywO6p £ unbnénid nGlwywpynn Gopwwhpwihl hwdwywngbiph
dLwynpdwb  hwdwp, npnbn wihpwihlG nwwnbpbG hptGg  pOnypny
GowGynid 6O wnndGEpnud nbnu)Gwgywé nwpnbinh:
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ITJIASMOHHBIE BOJIHOBOJbI 1 PEBOHATOPBI B CTPYKTYPAX
METAJUI-JUDJIEKTPUK-METAJLIL

AHHOTAIIUA

Juccepranus MOCBAIIEHA BBIIBICHHIO BO3MOKHOCTEH CO3/aHHSA OBICTOPIACHCTBYIOIIUX
KBAaHTOBBIX U3JIydaTeled U IPUEMHUKOB B CIEKTPE ONTHYECKMX U TEparepLoOBbIX 4acToT. B
YaCTHOCTH, IIyTE€M OIIPE/EJICHHS OCHOBHBIX IapaMeTPOB U ONTUMAIBHBIX CTPYKTYp JUIA
IUIa3MOHHBIX BOJHOBOJIOB U PE30HATOPOB, KOTOPBIE SBJIAIOTCA OCHOBHBIMHU COCTaBIIIONIMMU
TaKUX YCTPOMCTB.

TlokazaHo, 4TO B BOTHYTOH 0OJIaCTH HapajuIeibHBIX METaJUTMYECKUX LUJIMHIPOB WU
KOHYCOB MOTYT (OPMHPOBATHCS BOJHOBOJHBIE MOJIBI IIOBEPXHOCTHBIX IUIA3MOHHBIX
nomsiputoHos (I1I1IT). 3aBHCIMOCTE BOTHOBOTO YHCIIA U PACTIPEAENICHHUS IO 3THX BOJIH OT
MHUHUMAJIbHOH IIMPUHBI ILIEMU M JUIENEKTPUYECKOM IPOHMLAEMOCTH JaeT LIMPOKUE
BO3MOXXHOCTH [l 00pa3oBaHHMsT MOA C HEOOXOOUMBIMH  XapaKTEPUCTUKaMH B
HAaHOMETPUYECKUX IMONEPEYHBIX pa3Mepax. boibinoe 4ucio napaMerpos 3a1adu yCIOKHICT
BBIBICHUEC ONTUMAJbHBIX YCIOBUM JOKIM3alMd M XPaHEHUS 3HEPrMM B BOJHOBOJE.
IIpemiokeHHY0 HaMM TEOPHIO MOXKHO HCIIOJIB30BaTh NSl NMPOCKTUPOBAHMS IUIA3MOHHBIX
BOJTHOBOJIOB H AT OBICTPOIl OLIEHKH HEOOXOIUMBIX XapaKTEPHBIX MTapaMeTPOB.

Tloxazano, uTo B pe3oHaTOpax ¢ V-00pa3sHBIMH MIEISMH BO3MOXKHO JIOKaJIH30BAaTh
HOIIEpeYHble pa3Mepbl CBETOBOTO CHTHajla B HAHOMETPUUYECKOM 00JacTH, 4YTO CO31acT
ONaronpuATHBIE YCIOBHS ISl YIyYIIEHHs IOPOTOBBIX YCIOBHH HaHONa3epoB. Bemmumma,
KOTOpasi SIBIAETCS COOTHOIICHHEM JOOPOTHOCTH M 00beMa pe30HaTopa M CUYHUTAeTCS
[IOKa3aTeNIeM XapaKTePUCTUK PE30HATOpa CYLIECTBEHHO BO3PACTaeT.

B HaHOpe3oHaTOpax, OrpaHMYEHHBIX TOPOHMIAIBHBIMU IIOBEPXHOCTSMH, BIIEPBBIC
MOTydYEeHHbIE AHATUTHYECKHE BBIPAKCHUS ST MOOPOTHOCTH ¥ JIOKAIM3alUM MOJOB
BOJIHOBOT'O CHTHaja Jal0T BO3MOXKHOCTb OIpPENENIUTh ONTUMAJbHbIE XapaKTEPUCTUKU IS
TakuX  cucreM. BoiHOBas »Heprus pEe3OHAHCHBIX MOJ MOXKET HaKalIuBaThCS WM
OCBOOOXKIATHCS  DBAHECHEHTHO C  BO3MOXHOCTHIO — HANPaBICHUS ~ BXOMAAIIETO U
BBICBOOOX/IAIOIIEro H3nydeHus: crocobom mpukperuienust ¢ IIIIII momoit B TakoMm ke

BOJIHOBO/IC.
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B TtepareprioBoif 06macTM uYACTOT BBIABICHBl ONTHUMAlbHBIE XapAKTEPHCTHKU
TOPOMJATIFHOTO PEe30HaTOpa ¢ MUHIAJBHOOOPA3HBIM IIONEPEYHBIM CEYEHHEM, THIHIHBIC
3HAYEHUs] JOOPOTHOCTH KOTOPOTO CO3/AI0T HOBBIE BO3MOXHOCTH MJISI NPHUMEHEHHS B
pa3nIuYHBIX 001aCTsIX, HAUWHAA OT OCHOBHBIX MP0OJeM (OTOHHUKH, A0 MPOOIEM CBSI3aHHBIX C
MPOEKTHPOBAHHEM yCTPOMCTB.

Tloka3zaHo, 4TO B CTPYKTypax cO cepHdIecKoil CHMMETpHEl, CO3JaHHBIX HAa OCHOBE
MeTaMaTepUaJoB, MOKHO HAKOIIHTh BOJTHOBYIO SHEPTHIO B 00JIACTH CYIIECTBEHHO MEHBINEH
JUIMHBl BOJIHBL, TJe YyOBIBaHWE TIOJIeH IpH OTHAJCHHUHM OT IIEHTpa IPOHCXOJUT IO
SCIIOHEHIMANbHOMY 3aKOHy.JlaHHas OCOOEHHOCTh [JaeT XOpOIIME MPEANOCHUIKH IS
(OpMHpPOBaHUS KOHTPOJIHMPYEMBIX CYOBOJHOBBIX CHCTEM, IZi¢ MOJA BOJHBI IO CBOEH

CYHIHOCTH CTAHOBATCA IMOXOKHWMHU Ha JIOKAJIM30BaHHLBIC I10JIA B aTOMax.
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METAL-DIELECTRIC-METAL PLASMONIC WAVEGUIDES AND
RESONATORS

ANNOTATION

The thesis is devoted to identify the creation opportunities of high-speed quantum
emitters and detectors in the range of the optical and terahertz frequencies. Particularly by
defining the basic parameters and the optimal structures for the plasmonic waveguides and
the resonators which are the basic components of such devices.

We shown that in curved area of parallel metallic cylinders or cones can be formed the
waveguide modes of surface plasmon polaritons (SPP). The dependence of the
wavenumber and the field distribution of these waves from the minimum gap width and
permittivity provides ample opportunities for formation of modes with the necessary
characteristics in nanometric transverse dimensions. The large amount of object
parameters complicates the detection of optimal conditions for localization and storing of
energy in waveguide.

We shown that in resonators with V-shaped gaps is possible localize the the transverse
dimensions of light signal in the nanometric area. This effect can create the good
conditions for improving the threshold conditions of nano lasers. The division of quality
factor to the volume of resonator increases significantly.

In nanoresonators limited by toroidal surfaces in the first time are obtained analytical
expressions for the quality factor and the localization of the wave signal mods give
possibility to determine the optimal characteristics for such systems. The wave energy of
resonant modes can be stored or released evanescently with possibility to control

incoming and releasing radiation by attaching with the SPP mode in the waveguide.
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In terahertz range of frequencies are detected the optimal characteristics of the
toroidal resonator with almond shaped transverse section, typical values of which quality
factor creates new opportunities for applications in various areas, ranging from the basic
problems of photonics to the designing of devices.

We shown that in structures with the spherical symmetry which are created on the
basis of metamaterials is possible to accumulate the wave energy in significantly smaller
sizes than the wavelength, where the decrease of fields during the distancing from the
center obeys exponentially. This feature provides good conditions for the formation of
subwavelength controllable systems where the wave field in essence becomes like a

localized fields in atoms.
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