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uchuusuuvep cLHKULNr PLARMIUSPLL

Wluwnwph wpnhwlwunipiniup

dwdwuwlwyhg $nuinuhluwih puwquywnnuw hpwlwuwgynn hbwnwgnunnieniu-
ubiph hhduwywu swpdwnhpubphg £ dh swpp Yhpwnnygniaubpnud BiEYyunpnuplugh’
dnuinnupluwyny thnfuwphtdw hinwulwpp: Snpduwlwi Yhpwnnigniuubph nbuwuly-
Jntuhg, uwlwju, $nuinuhyuwih Yypw hpdujws hwdwlhwpgbpp ntnlu nwbu dpguwy-
gwiht pbpnuygyniuubn: <pduwlwu fuunhpubpp, npnup swpniuwynd 5U uwhdwuw-
thwlyb) wprynitwpbpwlwt jwju Yhpwnnigyniiubipp, wwjdwuwynpywsé GU upwny, np
Upywd hwiwlwpgbpnw jnwwghtu thuskph punewgnbiph wpryntuwybun nEywywpdwu
gnpdhpubpp phs Gu: Wu gnpshpubiph wofuwwwuph hhdpnd unynpwpwp puyws £
(nyup wdwhwnnh, thnyh b pubnwgdwiu fuwnwdwpndp: ®nyh dhongny [ntuwiht
thugtiph nElwywpdwu wjwunwywu dbpnnubpp hhdujwsd Bu oyunpyulwu dwuw-
wwphubph  Gpywpniggniuttph thinthnfudwtu dhongnd  thnyp Ywnwdwpdwu  Ypuw:
hanunpny dhowywjpbpnd wihpwiht dwlwunp junwdwpdwt todwd bnwuwyp hw-
Guwlu hpwlwuwgynid b hbwnlyw| dninbgnwdubph Yhpwndwdp' 1) Unysh hwuwnneywy’
wnnywd wnndhiny intnwiht thnthnfudwdp; 2) dhgwywyph Swywnud pldwt gnighsh
pw2tujuonipju (bwfuopnp nipdwd wpndhind) mbnuwiht hinthinfudwdp:

Unwoht Gnwtwlyny thnywiht owunhlwlwu punwnphsubiph ywunpwunndp, dwu-
uwynpwwbu, Jwgbpwiht thugbiph nmwpwdwlwt pwofudwdnieiwu dLwynpdwy twyw-
nwlny, Yupnn b wwhwugl| dwybpbnyewihu pwpn, Gppbdu' swn unpp YunnigJwdp-
utph unwgnui: Wuwhuh Yunnigudpubipp gwwn qguiniu Gu wpwwphu (sGpdwjht,
phihwywu, U wy) wgnbgniggniuttinh tlwwndwdp, husp qquihnpbt uwhdwuwhwyned
E npwug Yhpwnnigniuubph opowtiwlp: Gplpnpn dninbgdwt Yhpwndwdp, dhusnbn,
huwpwynp £ vnipud thnyught pwotujusnipywdp ownhulwt wwppbp ywwnpwunb|
pwpdp Yuwudwu obd niubignn pwihwughly unystiph dwywinuwi: Ujuwhuh pwnwnphs-
ubpp Ywpnn Gu hpwwnwy b hnwuupwiht Yhpwnnyggnivtbp niubuw] pwpdp hgnpu-
1hu ownhYuynwd b Yhpwndwu dhowdwynph 2w wybh fuhun $hghlwywt wywpdwuub-
pnwi: Uu wnnwiny, hwwnnty hwnwppppniggniu Bu ubplwjwgund uhjhljwwmwiht www-
Yhubipp (hbnay pduing, prpnuhihlunwht (N-BK7) L wy)” huigdh wntbing owpnhlw-
Yuwt b owyinhlw-dwupwpbijwiht wnbjuuhlund win unyebiph jwit nwpwdjusnyniup:

Quuwywsd Ybipnugjw) wnwybinuyeyntuubphu, 3D dwywjwjhtu owywhlwlwu nwppbph
wwwnpwuwnup owpniwynd | dwpunwhpwdbp duwp Gpw hbin dbyntn, hu-
wnbgpdwl pwpdp wunhbwuh b swihbph thnppugdwt Uwndwdp wénn ywhwugwn-
Yp fupwunud £ dowlydwu wijuwhuh tnwuwlyubph hGwnmwgnunnwt neunbindnidp, npnup
Yuwwwhnybu dhypn- b wun-dwupnwpubpnd qbppwnén nwwswih, unuebph (wju
puwnpniniu, Juwnmgdwt nhquiuh wenwng' d4niungggniu b wibfuuninghwlwu wy
wnngbuubph htwn hwdwwnbnGhnyeniu: Uhypndowldwu jwgbipwihtu ninnulh gpwig-
dwt (LNhS) depennu niuh ybpp tpdwd wywhwuolbpp pwywpwnbnt yninkughwip, L
ubpluynwu npw' npwbu dhypn- L wunfunmgdwu gnpdhph Yhpwenyeniuubph
opswtiwlyp wpwg nbdwbpny punqwitynad £ [1, 2] Uw dedwwbu wwjdwuwynpdws &
Unpwagnyu nbluunnghwlwu dowlnuiubpny, npnug wpryniupnud hwuwubh Gu nup-
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&bl pwqdwphy whkluuninghwjwt wwpwdbunpbiph nGlwywnbhnywdp 6Yyniu, gbpw-
pwq wabpwhtu dhypndrwlydwu hwdwlwpgbp:

Wuwhuh hwdwlwpgbph Yhpwndwdp dhypn- b twun-dwlwpnuyubpnud wwwyh-
ubph dowlydwu wpngbuh nbGlwywpbijhnyeintup uygpniupnpbu huwpwynpnyeniu &
wwihu hunpwhwpb] Wwhwueynn hwwnynipniuubpny dwywuwiht Yunnigwsépubnh
wwnpwuwndwtu hbn Yuwywd funspunnintbin, npnup plund 5u wdywp upnysh htiin
jwabiph thnjuwgnbgnipjuu wnwuduwhwwnlynyeniuubiphg b Gppbdu hhduwpwn puny-
ph Bu: Tw wnwehu htippht ytpwpbpnd £ jwabpny dwlwdjws pbljdw gnigsh thn-
thnfuniypjwu (P8P) wnpdbpubphu, npnup wwwlhubph nbwpnwd 2w thnpp GU'
(An=10-*...10-%): <hwnlbwpwp, [nyup thnyh bwlwu hninfuniyniuubn unwuwne hw-
dwp wuhpwdbtion £ wywuwpwunb] d6d wnwpwdwlwt swihtpn Yunnigywsdpubip:
Owywwihu biEdbuwnubph wwwunpwuwndwu wbuwuyniuhg dbennh Yhpwndwu hwdwn
uwhdwuwthwynwiubp Gu dingunud wlbe dowlynn jwgbipwjhu thush (Ybpwihnfudwd wnp-
pnyeh) nwpwdwlwt wiuhwdwubinniginiup, huswbu twlb npnawlh funpnipjwu nbw-
pnwd udbiphly wpbpwghwubnh ggquwih wgnbgnieniup: Layws funspunnunubph hwnpw-
hwpnuip ywhwuenwd £ LAY wnwuduwhwwnndy dninbignuiubp W wbuuninghwljwu
(nwnwiubn, husp bW winbUwfununigwu wnwoht gfund tupwgpjwd hbnwgnunnie-
jntuubiph wnwnpywu &

h wmwppbpnyeniu hgnunpnwy dhewywptiph, wuhgnuipnw dhowduwipbpnud dlw-
Yynpywd Yunnigwdpubipp htwpwynpnypinit Gu tniwihu nuwght thugbipp nGlwdunbg
Bpyptydwu b Gphypwswithwlwu thnyh dnnnydwu Bnwuwlubpny: GpYypwswthwlwu
thnip Yunwlwpdwt Ypw hhdugwsd owynplulwu wwppbpp unp ubpunh owyunphyuw-
Ywt wwppbp Gu, npnug Wwwpwundwt huwpwynpnipiniup gnigunpyby £ htnndy
pynipnubpnud [3], pwthwughly nyebpnud® LORS dbpnnh Yhpwndwdp (ogunwgnp-
Stiny wwnbtwfununygwu dby uywpwagnpywd Gpypnpn whwh Ybpwihnfunieniautipp)
[17, husybu bwl denmwdwlbpunyputph Yhpwndwdp [4]: Lodwsd dGennh hhdwi Jpw
wofuwwnnn owywnhlwlwu nmwppbpp hwéwhe wudwunw Gu nhdpwyunwiht wihpweh-
pEnubn (HU): <nnwypnipbinwghtu fjwuwnndbputipp (KPE), 2unphhy hptug hwwnynipe-
jniuubiph (wpunwpht  nuownbpnd  nGElwdupbih owywhluwlhwt wuhgnunpnwnipiwl,
ninnnpnh pwfudwt dpwgpwynpdwt huwpwynpniypjwt), hbnwppppwywu dhowywj-
pbip Gu nEYwywpbh punypwgpbipng HU-ubp ywwnpwunbijne hwdwp: wtp huwpw-
npnggnit BU wiwhu unww] pugnighy bnwowubipnd nbluwduwpbh (ophtwl’
dbfuwuhlywywu Gnwuwyny, sEpdwumnhtwup thnithnfubiing) wihpwehptnubn:

Ywplinp £ ok, np LARG dbennh Yhpwndwdp ywunpwundws [nwwihu thuskiph
ntywywpdwl wwppbpp b <RE-Ubph hpdwt Jpw wywinpwungnn, difuwthlulywu
Gnwuwyny Yunwywpynn owyuhlwlwu wmwppbipp hpwp hbn juwydwd Gu: Fpwup
Bnynwit &, h ybipgn, hpbughg ubipyujwgunwd tu nt$npdwghwubph wgnbgnieiniu ow-
whjwywu hwunlnieniuutiph ypw: Uwutwynpwwbu, dh Ynndhg niubup wwwyhubph
swywnd Ytpwihnfuniginiuutip, npnug nbwpnid jwgbipnd dwjwdywsd dwjwih nbnw-
Jhu thnihnfunigyniuubpp hwugbgund 5 whpdwubun nEdnpdwghwubph: Ujnw Ynn-
uhg k| <RE-ubph hhdw Yypw yuwinpwunynn, defuwuhluwlwt bnwuwyny Yunwdwp-
ynn wihpwpehpbnutph nbwpnul niubup wnwéquw nEdnpdwghwubph wgnbgnie-
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Nt owyuinhlwlywu hwinynigniuutiph dpw: Liwuwnhy (hwinuwbu dGluwuhluwlywu
jwpnuitipny ntwdwnbih) wihpwehpbnubph Wwwpwunnwp swpniiwyned £ dwp-
wwhpwybn hwunhuwtwy: b hwywn Glws hhduwlwu nddwpnyeniiutinp hGunlywiu Gu.
1) owyuwhlywlwu wwppbp Wwwpwuwnbine hwdwp wuhpwdbon hwnynenaiutpng
Flwuwnndbpubiph uhtupbgp ntnbu wpnhwlwi £ b jpwgnighs hbnwgnnnieiniuubnh
Yuwphpp niup; 2) <PE-ubph Yunnigwdp-hwnlynieniutbp Yuwp nbnlu wdpnnonyhu
wwpqupwuywsd sk Unw Ynndhg, <RE-Ubph 3D niwgpnygjut nbfjuuninghwubiph
ybipoht qupgquignuiubpu wyu Unebph hhdwu Jpw pwpn unniggusdp niubignn
owwnhlwlywu wwppbp wwwpwuwbint huwpwynpnin 5U nwihu: Nwnh, <PE-
ubiph hpdwu Ypw dGfuwuphyuywu Gnwuwyny Yunwdwpynn owyunhlulwu uwppbpp
Uwhuwgddwt b ywnpwuwndwt nbuwuljniuhg swhwqutg Yuplnp £ nwnunad updud
ujnyebiph wdpnnowlwu  dhluwuhlwlywu  punypwgpdwt  hpwywuwgnip:  Syjuw
wwnbUwfununipwu Gplypnpn gintut wunpunwnunw £ updwd hwnght:

Lhunwppppwlwu dhowywyptp Gu twl wuhgnunpny dGfuwupyulwu W owwnp-
Yuwlywt hwwnynyeniuubipny pwthwughy thwynbpp ((¢P): Uu Unebipp pwithwughly
thwjw-wynhdbp Yndwynghwnubp 5u, npnug owywnhlwlywu Yhpwnniegniuubph wnunbu-
ghwip gnigwnpybi| £ dh swpp wotuwwnmwupubipnud [5]: (3P-tpp hwdbdwwnwpwp unp
dhowywyptip Gu, nwwh npwug owywnhlwlwu b dbfuwuhlwywtu hwwnlynyenitubpp
nbnbu dwupwdwut nwunuWuwuppdwsé b ujupwgpjwd sbu: Sppnpn gqifup wnwehu
dwunud, ogunwgnpstiiny (wjtwlwu hgninpnunipjui Gupwnpnieiniup, wbuwlwun-
ptiu Uywpwapyt| Gu (FP-h wuhgnuipnw dGfuwuhlwlwi hwnynysniubipp:

Ywplinp towuwynipniu niuh nhnwpyyws dhowywintiph owwnhYwywu hwwnynie-
jniuutiph npnonuwdp: LNRS dbennh fhpwndwdp ywwnpwundwd dwypnuynuyulwu
Yuwnnigwspubph owwhywywu punyewagpnip puuwpyyt) b wnyjw) wnbuwfununie-
Jwu wnweht gfunw: Unkuwfununipiwu dbe nhunwnpldwd wuhgnnpnuy dhowywjptph
owwhlwlwu punipwgpnuip 2ntiup dwunphgwlwu deennh Yhpwndwdp puuwplyyws
£ Bppnpn gyfup Bplynnpn. dwunuwd:

Winbuwlununipjwt tywwnwly £

% Pnpnupjplunwiht wwywynt dwywnw  gbplupé  Jwgbpwht  hdwnyuubpny
dwywdyws Ytpwihntunigyniwubiph htitnwgnunuiu ne Yhpwnnwp pbldwu gnigsh
hwdwubn  thnthnfunieywdp  hnd  dwypnuynwhy  thnyuihtt - Yunnigwdpubiph
unwgdwl uwywwnwlyny:

% Sbuwlwu b hnpdwpwpwywt nwuwlubpny dnunnndbu ubdwnply hbnnwypynipt-
nuwjht bjwuwmndbnpubph wuhgnupnw wnwaquljwt hwnynyeniutiph wdpnnow-
Ywu puntpwgpnuip:

Shwunwljwt Unpniyep
Uwbuwfununipjwt  opswuwlubpnd  ppwywiwgywd woluwwnwuph ghunwywu

unpnypep UGpluwjugynd £ wnwoht wugqwd Juwwwpdwd nbuwlwt b thnpdwpuw-

pwlwy woluwwnwuputiph hbGnlywi 2wppny’

1. ®npdwpwpulwi bnuuwyny gnyg £ npygt), np nkdhdubiph d2gphwn punpnyzjudp
N-BK7 wwwynt dwywnud huwpwynp £ hpwlwuwgul) pbldwu gnigsh hnd L
hwdwubn duwhnfudwdp Bnwswih dhypnunnigywdpwynpnud: Lwjnuwpbnyby
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BU obpun-wn-otipn Jwgbpwiht gpwugdwt Gnwuwlyny N-BK7 wujwynt Swywinwd
dtd swithubpny dwywwiht thnywiht Yunnigwsdpubiph wwunpwuwndwl ownhdw)
wnbhuuninghwlwu nbkdhdubn:

2. 8nyg £ wpyb, np gbplupb-hdwnyuwiht qugbph Gogphn ufwtwynpdwdp
wwwynt Swywnud dwypnuynwhly hnd thnyuwiht funnigjwdpubiph in situ wwwn-
pwuwndwu htwpwynpnigyniup Ywpnn £ Yhpwndby npubu duluwdjws pblydwu
gnigsh hnthnfunyeyut winpdtiph U upwuh guwhwwndwt wpwag ne ywng deenn:

3. Shuwlwunpbu gnyg L wpdb|, np ubdwwnhly hnnypnipbnughtu bjuuwnndbputiph
wnwdguywiu hwwnyniejniuubinp tywpwgpynd Gu hhug hwuwnwwnnuubp ywpne-
twlynn wnwaqulwu wqwwn Lubpghwih funnijwu dhongny: Unwewpyyby Gu
dquwl wwng thnpétip ubdwwnhly hennwypnipbinwht bjwuwnndbpubipp punipwgpnn
upywd hhug gnpdwlhgubipp npnotine hwdwp:

4. Unwswplyynn wnbuwlwu dnnbih Yhpwndwdp wgnpbiugtiuny $niuyghntwjwgywd
ubdwunhly hbnnypjniptinwiht Euuwnndbpubph bW wyphjwwnwihu hhdpny opubiinhy
hbnniypyniptinwiht fuuwnndbpubph hwdwp wnwehtu wugqwd npnayb) U wnwé-
gwlwunipjwu pninp hhug gnpdwyhgubipn:

5. ShuwlwunpbU nwnutwuppyb) U wuhgnupny pwthwughy thwynh defuwuhlw-
Ywu hwwinynigniutubipp: Pwjuwgh hhdwu Jpw ywinpwunywsd pwihwughl thwjnh
udnph hwdwp quwhwwnyb) 6 wnwdgqwlwu wquuwn Eubpghwih  funnigjwu
wpunwhwjnnipiwu dke dnunn gnpdwlyhgubp:

6. Stuwlwunpbu gnyg E wpybi|, np ubdwuinhly hbnny pyiniptinubpnd nmwpwdwywun-
nbu wuhwdwubn bEYunpwlwu nwownh Yhpwndwdp wnwewgwd Swywih mbnwihu
UJwgnuip Yupnn £ hwugbgub| uinysh hnuph:

Uhpwnwljwt Bywuwlnieniup
Uwinbuwfununipjwu wnweht dwunw hwjinuwpbpyws b htinwgnunjwd dhlypndowly-

dwt wnblutninghwlwu nbdhdubpp Ywpnn Bu wudhowlwunpbtu Yphpwndb) pnpnupip-

Yuwwiht wwwynt Swywnud jwgbpuht thugbph ninnnpndwt, wwpwsdwlwu wypndhih

thnfuwYbpwdwu hwdwp twjuwnbuyws uwpptbp (nhy | W nhy 1 wihpwwnwputp, $n-

Ynwwwnpubip, thugh dlwynphsutip, nthypwlmwihu gwughip) wwwnpwuwnbint hwdwp:

Uwwynt dwywind dbd swihbpnyg hnd thnywjht Yunnigusépubph unwgnup htwpw-

Ynpnuginiu b inwihu Yhpwnb (indyw) mfuuninghwlwt nbdhdnid) duljudyws P8P ugw-

uh b wpdtiph qguwhwwndwu wwng dbpnn: Gpypnpn dwund unwgywd wpryntupubpp

Yuwpnn U oguinwlwp |hubp wuhgnupnw bjwuwndbpubph hhdwt Jpw defuwthlujwu

bnwuwyny Ywnwywpynn wjhpwpehptnubp twfuwgstine b wwwpwunbint hwdwp:

Bnypnpn dwunid ubpwndwé wpryniupubpp Yupnn Gu uwl oguwlwp hub) win dhow-

Juwjpbph $hahlwlywu dnnbjwynpdwt b npwig hhdpny wy) Yhpwnniggniutbiph hwdwp

Uwfuwwbujws deluwupluwywu Gnuuwyny nblwdupbh uwppbph Wwnpwundwu

wnbuwtlyniuhg:

NMuynuwwunipjwy ubpjuwyjwgynn hhduwywi npnypub

1. Unip-whyndwypywuwiht  qugbpwiht hdwnyuubpng  N-BK7 - wwwlynt  Swywnid
phldwt gnigsh sbwihnfudwt dwlwddwu' sbdwihupt dnuin htunbuuhynigniiubph L
gwdn (obpdwjhtu Ynwnwlwiht Gpunypubpp pugwnnn) hbppwawdw hwawfunie-
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jnwutiph Yhpwndwu wwjdwuubpnud pEldwt gnigsh thnihnfunyeniup puguuwlwt
Uowp k:

2. Pnpnupjhyuwnuwht wwwyne swywinw pEydwt gnigsh hwdwutin thnthntudwdp hnd
thnyuiht junniguspubin htwpwynp £ wywwnpwuwnt) 2bpn-wn-otipn wgbpwhu
nunuyh gpwugdwu  tnuuwyny'  gbplup-hdwnyuubph  Eubpghwlwiu  hnuph,
htppwgwdw hwiwfunyeut b Yhqulybnh nbnwihntudwu Yhubdwnhyuywt ww-
pwdbtivpbph dogphin nEluwywpdwdp: <wjnuwpbpdb) G wywyne dby ubipgdywd
dwypnulynwyuut swihubpny b Ynnduwght swihubiph npwsé hwpwpbpuygniejudp
thnywyhtu wwpptiph wgbnwihu shypnywnnigdwi owwnhdw| nkidhdubn:

3. Ununnndbu ubdwwnpy hbnniypnipbnuiht fjwuwnndbputiph gdwjht wnwégquwu
hwuynigynitutipp wdpnnontejwdp tjwpwagpynd Gu hpug wuljwfu hwunmwnniu-
ubp wwpniuwynn wnwéqulwu wqwwn Fubpghwih fuwnyejuu dhengny: Unw-
owpyyb] Gu jnp swihniubp updwd hhtg wnwdguywunyewt gnpdwyhgubipp
dquwl wwnpg thnpdtiphg npnabnt hwdwin:

4. Uypppww-wdhtu hpdpny dnunnndbu ubidwwnpy hbnnypyniptinwiht fjwuwmndbpubpp
punipwagpnn hhug wnwdquluwunyejwu gnpdwlyhgubiphg jnipwpwusiniph wpdbipu
puyws £ 0.5-200 UMw-h wnhpnypnd: THwtp gnpduwljwund jwy pwjwpwpnid
EU wnpwuuybpuw-hgnunpny Uynyeh wnwdquwu hwunwwnniuubph wpdtpubtiph
hwiwp duwfuwlundwu wquwn Eubipghwih fuinnygywt npwlwu hubint uygpniu-
phg pfunn nbuwlwu uwhdwuwhwynuiubpht:

Woluwwnwiph ubpyuywgnuip

Uwinbuwfunuwlwu wpluwwnwuph hhduwlwu wpryniuptubipp gtyngyt) Gu Ultrafast
Beams and Applications-2019, 2022 (Yerevan, Armenia), Optics of Liquid Crystals, OLC-
2019, (Quebec, Canada), Laser Physics-2019, 2023 (Yerevan-Ashtarak, Armenia),
EuroDisplay 2019 (Minsk, Belarus), Optics & its applications 2019 (Yerevan, Armenia),
huswbu Uwlt International Liquid Crystal Conference 2022 (Lisbon, Portugal) dhowqquiht
ghunwdnnnyubipnwd: Upryniupubipp twl putwpyyt) Gu 6M< owyinplywih wdphnuh ubdh-
twpubiph bW LEL, ULh Bphunwuwpnulwu wofuwnwdnnnyubiph pupwgpntd:

Lpwwywpwlndubpp

Uwnbuwfunungiwt  phdwiny hpwwwpwydl) £ 13 ghuwlwt woluwnwup' 5
ghunwlwu hnnywd gpwiunuynn wwppbpwlwuutpnud b dhowqguiht ghinwdnnny-
ubiph 8 phighuubip, npnup pEpdwd Gu ubindwagph Ybpenid:
Uwbtwhinuniejwt junnigywdpp

UwnbUwfununyginiut niuh hinlyw) Yunnigdwépp' wnwowpwl, hwuwwdndubph
guul, ubipwénipniu, bnpbip ginituutip, gpuljwgnyeiniu, pwfunwghwnnyeniu, hwybi-
Jwd, oqunwgnpdywd gpwwuniejwu guul: Usfuwmnwuph punhwunip Swywip 146 ko
E: Wu ubpwnnud £ 24 uljwp, 7 wnnwwl b 31T wuniu gpuljuiunigwt guily:

uchuusuvek fN4ULTUYNRMI3NRLE

Lbpwémpyniumid hhduwynpywsd | wnbtwfunuwlwi woluwwnwuph wpnhwlyw-
unigyniup, uwhdwujws Gu wotuwwnwuph hhduwwu bwwwnwlubpu nu fuunhpubpp,

ubpyuywgywsd Gu wpryntupubph Yhpwnwlwt vpwtuwlnipintup, ghunwlwt unpnypen,
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npubin n,-n wwwynt, huy n;-p Wwwnpwunywsd Yunnigywdph pblydwu gnighsu |, d-u
ytipghuhu hwunnigynii £, e-u £ unnigudph Jpw dwnwquyeh wuldwt wulynut k:
Wuwnbin' wg dwuh Gplpnpn qnidwnbiht Gppnpn Ywngh ubiphly wpbpwghwt E:

Owwhljwlwu Jdwlpwnhwnnput  Gnuuwlynd quwhwnbind 6 hwpwpbpwlwu
obnnuip L oguwgnpdtiny (1)-p* gnyg £ wpdb, np dhypnowlydwt nipdws wnbluunn-
ghwywu nbdhinw dwlwdJwsd Jtpwihnfunyeniubpp hwugbgunid Gu pbldwu gnigsh
pwgwuwlwl An = —9,6 x 1073 (hnihnfunigjwi:

Gfunwd unwgywsé hhduwywt thnpdwpwpwlwt wpryniupubipp wdthnihyws Gu 1.6
wwpwgpwdnid:

Gpypnpn qnifup uyppdwd £ ubdwwnply <PE-UBpD wuhgnupny wnwdquiwu
hwuwlnigynilubiph nunwWuwuhpdwup: $tup ulgpnud' bwluwpwinad, putwplyws bu
wnGUwununipjut ndjw glfund npwnpnygjw YEunpnunwd guinuynn fuunhpubipp: 2.1
wwpwgpwhp ubpwdwlywu t, npnbkin tbpluwgwsd u <PE-ubiph wnwuduwhwwn-
Ynipniubpp U npwtg hinwulwpwiht Yhpwnnipiniubiph dh owpp ophtwlutn: 2.2
wwpwgpwdpp ubpwnnud £ hwyhpé wluwnpy <RE-ubiph wwwnpwuwndwt inkfuuninghw-
ubph qupgqugiwt wwwndniejwt ybepwpbipjw): Unwuduwgyws tu <PE-ubiph’ wpuw-
phtu wgnuwyubpny nGlwdwnbh owyuinhlwlwi wihpwpehpbnubph ywwpwundwt hw-
dwn wuhpwdtpn phpwuwihu punewgnbpn: <wdwnnn wunpwnwpd b junwnpjws
wjn wwhwuubpp pwywpwpnn wyphjww-wdhtu hhdpny b wyppwwwiht hhdpny
opubiinhly <RE-ubiph wwuwpwumdwu gnpdpupwgubppht: 2.3 wuwpwgpupnd ulw-
pwagnyws Gu <PE-ubiph dbfuwupyuwywt wywhywdph npny wnwuduwhwunyniygniuutip:
Wuwnbin hwlhpd wunpwnuwpéb) Gup <PE-ubph W wpwnwpht wgnwyubph thnfuwgnb-
gnipjwl wpryniupnud thnpédbpnud nhnywé Gplinypubipp pwgwwunpbiint hwdwp wnwg
pwoyws Unp dninbignuiubinhu:

Lhdwuwnhly <PE-ubiph wnwégqulwu punypwgpiwu hwdwp Yhpunjwd nbuwlwu
dnunbgnuip ubpluwjugywsd £ 2.4 wuwpuwgpuwdpnud: Untunnndbt ubdwnply <RE-UbGpp
ulwpwgpnn punhwung wquwn Bubpghwih funnygeiniup gpynud £ hbunlywi wbupny’

Feor = Ag(S)* + %’11(51‘1')2 + 22,11 Sip Sip + A3y Sy Spp + %A4ninknlnmsikslm +
nm(ekpmwp - akm) [%Dl(equwq — akr)nr + Dznl—sik] + %Kl(V -n)? +%K2(n (P xm)?+ )
K x (7 xm))?%:

Wuwbin s;-U duwfuwlundwt pkugnph uhdbuphly pwnwnphsu b, n-p dhwynp yshunp
E, npptu wudwund Gu ninnnpn, a-u dLwfuwfundwt pBugnph wuwmnhuhdbunphly pw-
nwnphsu k, e;-0 wuwinhuhdbwnphly Luh-2hghwnwih plugnpu £, huly e-U punipugpnud
ninnnpnh yunyunp (6n = w x n): 4; gnpdwlhgubpp ubipwnnn wnwehtu hhug wunwdub-
pp, Npnup pwnwlynuwiht 5u pun dbwfuwfundwt, Ukpjuwgunud Gu Ubdwinhly bwu-
windtinh wnwadqulwu Fubinghwu; K, K,, K3 gnpdwlhgutinp ubipwnnn ybpsht tiptip wu-
nwdubipp ubpyujwgunud BU ninnnpnh duwjuwfunnudp Uupwgpnn dpwulh wnws-
qulwt Eubipghwt; D;-p b D,-p ubdwinhY-wnihdbpwihtu gutg Yuwp uwpwagpnn hwu-
twwnnwtbpu Gu, hul npwup wwpniwwynn wunwdubpp pungewgpnd Gu dbfuwup-
Julwt b Yynndunpnonidwiht dLwfuwfunnwubiph dholt thnfuwgnbignygniup:

Lwpdwdnipjwu phugnph pwnwnphsubpp unwgynd Gu' nh$bpbugbing punhwunip
wquwn Fubipghwjh funnegniup pun dLwfuwfundwt pbugnph pwnwnphsubph: Unwa-
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Gppnpn qifup Bpypnpn dwundd® 3.2 wpwgpu$nd, ptuwpldws bu hbunwgnn-
Jwd wuhgnunpnunipjudp  dwypnuynuulwt dhowyuwypbph b npwug hhdwu Jpw
wwwnpwuwnywsd inwpnbiph owynhywlwu hwnynigniubnh puntyewgnpdwi nwuwlutip:
Vwutwynpwwbu, 3.2.1 fupwuwwpugpudnud uwpwapwsd tu pubnugdwu yhbwlh
Uwpwgpnygut dh owpp gnpshpubip’ nuup b Ujnybph dwnphgulwt $npdwihqu-
ubpp, Mnwiulwpbh gunninpunp: 3.2.2 Gupwwwpugpudnd wywng ophuwlubph nh-
wwpldwdp  ptwplywd £ nyup vwpwdndp  hwdwubn - wuhgnunpnyy Yuwnnig-
Jwopubpny: 2ntuh dwwnphgulwu dGpnnh Yhpwnnwp dhowduyph  owunplwywu
hwwnynieniutubph punpwgndwu hwdwp gngunpyws £ 3.2.3 Gupwwywpugpudpnd
dwutwynp ophuwyh' nbwlunhy dbgngbuubpny dluwdnpywd wppndwwnhly ghYinhnwhtu
nhdpulinwht wihpwehpbinh (S7HU) nhuwplydwdp: Gupwwwpwgpwh ulgpnd hw-
Yppt Ubpluywgdws BU- hbnnypnipinught nh$pwlwwihtt wihpwehptinubph npng
wnwudUwhwnynienitutp: Wunthbunl ptuwplyws 5u 8HU-ubiph hwwnyniegniutbpp
uupwagpquws Gu SMU-ubphg ywwnpwunjwsd pwqdwstinn dwéynypubpp:

Lwlwnwl pyhunh tpwuny Gpynt phpwy 8HU-ubiphg pwnywgwd wppndwwnhly
SHU-h nuup dwwnphgp unwgynd £ wwpquuwbu pugiwwwnlybing dwu Jugdnn
pyhuwnny 8 HU-ubiph 2nuuh dwwnphgutipp: (dyhuwnny 8 HU-h &nuuh dwinphgp npnynud
E' wju ubpluywguting npuybu pwadwehy pwpwly ST-ubph sbpubphg Yugdywd hw-
dwlwpg, pun npnd jnipwpwtginip 2tipin dinwh uwndwdp niuh thnpp wighdnunwiht
thniyuht obinnul: Upryniupnd, unwgynud GU wuwjhnply wpnwhwjnngniuubp wppn-
dwwnhy 8HU-h nhppwyunwiht hwwnynyesniuubph hwdwp: [Jwjhu guwhwnwlwuubpp
gnyg Gu wwihu, np pYhun Ynndunpnodwd wppndwnhly wihpwehebnutipp wnwudhu
S8MU-ubph hwdbdwunnigjudp niubt pupbjwyywsd owinhulwu punypwgnbp (wnwyb-
[wgnyu nhdpwlynwihu gnuint jwjuniegniup wyth pwt ybg wugqud gbpwquugnd b
wnwudhu 8HU-h nhdpwyundwu gnwnnt jwjunyjwun). udwu wihpwehpbnubphu punt-
pPwgpwlwl £ pupap nhppwluwiht Epblupynignit inbuwubih wihpwhts Gplwpnye-
jnwutinh gpbipt wdpnne whpnyenu: 3.2.4 Gupwwwpugpudpnd ubpluwgyws t
Eppnpn gufuh Bplnpnpn. dwuh wdthniinwip:

Lwybjwé U-nd inbuwywunpbt nwnwitwuppybp b wnbnwjuwgyws biunpwlwi
nwownh wanbgnipjudp JwlwdJws hhnpnnhtwdhlulwl tplinye ubdwwnplubpnd’
wwdwuwynnpyws EptYwhy dniGynquiht sdwywih Ypdwndwdp: UU wyywpuwgpubnid
ubpyuywgywd Gu wotuwnwuph 2wpdwnhpubpp, Yuplnpnniup b uwp wnbuw-
fununipywu dbe Ubpwnywd djinw wofuwwnmwupubph htiv: UR wuwpwgpudp ubpwdw-
Ywu E, npinbin hwdwnnun wunpwnwpd b uwnwpywé ubdwinhlubpnd hhnpnnhuwdh-
Julwu pwpdnudubp dwlwdtint tnwuwlubppu b hnuph wnwowgdwu dbjuwuhqd-
ubipht: Yjunthbunlb hwdwnnun puwpyywd £ wofuwnwupnud hmwgnunynn dbfuwthg-
up: Pnpdbpnd nhunwpyywd hbnnypjniptnwiht pesh utubdwnhly wwwnybinp ubplw-
Jugywd £ ULY. 9-nud: Pohop wwpniuwynid £ hndbnnpnuy Ynndunpnanud niubgnn ubdw-
why hbnnty pynipbn (LLP): Elunpwlut wyninbughwip Yhpwnynd £ pooh we dwunud:
Uprynwupnud, wju hwwndwdnid, npwnbn Yhpwnyws b nwownp, niubup Ynndunpnpdw
wykih pwpdp wunhtwu b, hGnmbwpwp, dnlGYnyubph gpunbgpws ESLlunhy dwlwih
UJwgnud: Audwu gpwnhtunp, npt wju nbiypnud wnwewunwd £ wnbnwght nhktYunph-
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Owwhlywlwu dwupwnhwnyejwu  nwnwuwuppnugniiunnyg gnyg £ wpdb, np
gbpyupd jwgbpwihtu hdwnyuutipnd N-BK7 wwwynt dwjwinwd dwlwddws ujnyeh
ybpwihnfunieniup sbdwihuhu dnwn hunbuupyniggniuutinh W gudp htippwgwydwu
hwéawflunygniubph Yhpwndwu wywjdwuubpnd hwugbgund £ pbljdwt gmgsh hnd
dlwihnfudwt, huy pwpdp whywihtu hgnpnggniutbph nbwpnud U/Jwd Bplwpwnl
Swnwaguwjpwhwndwu wwjdwutbpnd jwgbpuwiht hdwnyutubpnyg dwlwdywsd pdtpu
niubU thnthnfuwwt upwuph R8P-ny punipwgnynn wihwdwubin Yunnigywdp:
8nyg k wnpyb, np dwnwqu)jpwhwpdwu gudp Eubpghwwi swhwpwdhuubph nbw-
pnd huwpwynp £ puwnpbp dhypndowldwu inbuuninghwlywu ntdhdubnp (uywuwynp-
dwu wpwgnyeyniu, hdwynyuubph hGppwguidwu hwdwlunyeniu), npnup pny; Gu
wwihu 2bnpn-wn-2bpn ujwiwynpdwt Bnwuwlny wywwnpwuwnbp wwwyne ptljdwu
gnigsh hné b hwdwutin duwhnfudwdp Gplwpwéagyuwd Yunngyuwdpubin: Unweownly-
ynn dninbgdwtu  Yhpwnbihnyeniup  gnigwnpyb £ N-BK7  wwwlyne  dwjwnud
puynddws, dtd swihubip niubgnn, hwdwubn thnywjht Yunnigdwdph wwwnpwun-
dwidp:

Ogunwgnpdbiny Uté swihutipny, pbldwu gnigsh hwdwubin hinthnfudwdp puyndyws
thnywiht Yunnigwdpubiph in situ wywunpwundwl fupnnnugniup' wnwownplyyby k
pwthwughy Ynyebph Swywind jwgbpuwiht hdwynyuubpny dwlywdjws pblydwu
gnigsh thnthnfuniejw tpwuh U wpdbph quuwhwwndwt wpwg nL ywpg dbpnn: Snyg
E wpyb, np dhypndowldwt mpjwd nbfutininghwlwi nkdhdnd unipwyhyndwjplyw-
uwyhu ugbipny N-BK7 wwwynt Swywind dwlwdyws unysh Ybpwihntunyesniuubpp
hwlgbgunul U pkldwt gnigsh pugwuwlwt (An = —9,6 x 1073) thniinfunzjw:
8nyg L wpybi, np dnunnndbit ubdwuinhly hbnniypyniptinwihtu fuiunndbputiph wnws-
gulwu hwwnynyeniuubipp nbuwlywunpbu tywpwgpdnd Bu hhug wulwiu hwuwnw-
wintuubp wwpniwynn wnwédqulwu wqwn Eutipghwih funnyegjwu dhongny: Lodwd
hhug wnwdgqulwuniejwu gnpdwlhgubiph npnadwt hwdwp wnwewnpyyb) Gu dqdwu
wwnq thnpabip:

Unwownlynn mbuwywu dnnbih Yhpwndwdp wnweht wuqwd wnwégulwuniyeput
hhug hwuwmwwniuubpp guwhwingb Bu wgnpbugbuny $niuhyghnuwwgywsd wynph-
(wuw-wdht  hhdpny  Ubdwwhly  htnnyppnpbinught - fuuwnndbpubiph hwdwp'
ogunwgnpdtny hwuwubh hnpdwpwpwywt wndjwiubpp: Lagwd hbnnWypnptinwiht
Flwuwnndbpubpp puniewgpnn hhug wnwédquuunyguiu gnpdwlhgubiphg jnipuw-
pwtgniph wndbipt puywsd £ 0.5-200 UNw-h nppnypend: Snyg £ wipygbi, np thnp-
atiphg unwgywsd wndbtpubpp gnpduwlwunwd jwy pwywpwpnd GU wnwdgulwi
hwuwnwwinniubph wpdbpubiph hwdwp Unyebph hwdwswihnieudp wwjdwbwynp-
Jwd nbuwlwu uwhdwiwhwnwiubpht:
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CAPICAH MAKCUM

NCCNELOBAHME MEXAHUYECKMX M OMTUHECKUX CBOWCTB CTPYKTYP,
CPOPMUPOBAHHBLIX B U3OTPOMHLIX U AHW3OTPOMHLIX CPEAAX

AHHOTALMA

B ancceprauuonHoii paboTe npenctaBneHbl TEOPETUYECKUE U 3KCMEPUMEHTAsbHbIE
pe3ynbTaTbl, KOTOpble MOTYT BHECTW BKNaj, B pa3paboTKy CPeAcTB yrpaBlieHUA CBETOBbIMM
My4Ykamu, 4TO ABAAETCA OLHOW M3 axkTyanbHbIX 3agay B 06nacTM  (DOTOHUKM,
crnocobeTBytoLLEl NPOEKTUPOBAHMIO U U3rOTOBMEHUIO KOMMAKTHbIX M 3pPeKTUBHbIX
OMTUYECKNX YCTPOICTB C YrPaBIAEMbIMUA XapaKTePUCTUKAMM.

MeTop npamoii nasepHoii 3anucu (IJ13) ABnAeTcAa ogHUM 13 Hanbonee NEpCNeKTUBHBIX
METO[LOB M3rOTOBMEHUA ONTUYECKUX 3NEMEHTOB B 0Obeme M30TPOMHBIX MPO3payHbIX CPey,
(k npumepy, B cTekne). B HacToALLee BpemA 0bnacTb NPUMEHEHUA METOAA CTPEMUTENBHO
paclumpaeTtca bnarogapa HoOBeMLLIMM TEXHONOMMYECKUM pa3paboTkam, B pesynbTaTe Yero
cTanM  JOCTYNHbl  cBepxXObicTpble  ((heMTOCEKYHAHble)  NasepHble  CUCTEMbI
MUKpoobpaboTkK, obnajarolLime BO3MOKHOCTBIO TOYHOTO YNPaBNeHNA TEXHONOTMYECKUMN
napameTpamu U LLIMPOKUM BbiboOpom penmos obpaboTku. OnHaKO M3-3a XapaKTepHOro
HepocTaTka paccmarpusaemoro metoja [M13, cBA3aHHOrO ¢ MpOCTPaHCTBEHHOM
HEOJHOPOAHOCTBIO 06NacT CTPYKTYpPUPOBAHUA, BO3HMKAIOT 3HAYMTENbHblE TPYAHOCTM
Mpu HeobXoAUMOCTM 3anKUcK MPOTAKEHHBIX (C BBICOKUM COOTHOLLUEHUEM MPOAOALHbIX W
nornepeyHbIX pasmMepos) CTPYKTYP MK ha3oBbIx 1eMEHTOB ¢ BONbLIMMK pasMepaMi.

Muprkorpucrtannuueckne snactomepnl (MKI) npepcrasnatoT uHTepec ana cospaHua
ONTUYECKUX  3NEMEHTOB C  KOHTPOAMPYEMbIMW  XapaKTepuUCTMKaMM Ha  OCHOBe
aHusoTponHblx cpen. [MocnepHue 6bnaropapsa cBoMM cBOMCTBaM (B YacTHOCTU, OHM
0bnajatoT ONTUYHECKOl aHU30TpoNel, ynpaBnAeMoi BHELLIHUMK NONAMMU, BO3MOKHOCTBIO
nporpaMMUpoBaHUA U NepenporpaMMUPOBaHKUA pacrpefeneHua AMPeKTopa) No3BoiAlT
M3roTaB/MBaTb OMTUYECKWE 3MEMEHTbl, YynpaBhAemble LOMOAHUTENbHBIMK crocobamu
(Hanpumep, MEXaHUYECKN, NyTeM U3MeHeHuA Temnepatypbl). Ocobblii MHTEpeC Bbi3biBaeT
An3aiiH 1 paspaboTka MexaHW4ecKkW yrpasiAeMblx YCTPoicTs Ha ocHose MKID. OpHako
Co3jaHUe TakUX YCTPOWCTB JO CWUX MOp OCTaeTCA CNOMHON 3apaveil. B ocHosHOM 3TO
CBA3AHO C TeM, YTO MEXaHWuYeCKWe CBOMCTBa 3TUX MaTepuasos €Lie He MOJIHOCTHIO
XapaKTepU30BaHbl, Y4TO CYLLLECTBEHHO 3aTPY/JHAET NpaBU/bHbIN AU3aiH TaKkUX YCTPOUCTB U
WX MHTErpaLuio B Lpyrue CUCTeMbl.

OcHOBHOI Lenbio guccepTauMoHHoN paboTbl ABNAETCA UCCNefOBaHME MOANUKaALIA,
MHAYLMPOBAHHbIX CBEPXKOPOTKUMM NA3epHbIMI UMMNYNbcaMK B 0bbeme 60pOCUANKATHOTO
CTewna, U WX NpUMEHeHMe ANA MONYY4eHUA OOHOPOAHBLIX MAaKPOCKOMUYECKUX ha3oBbiX
CTPYKTYP C CIIOLLIHbIM U3MEHEHUEM NMoKa3aTenA NpPenoMneHus. A TakKe TEOPETUYECKN U
3KCNEPUMEHTA/IbHO MPOBECTU MOMHYIO XapaKTEPUCTUKY aHU3OTPOMHbIX YMPYrux CBONCTB
MOHOLOMEHHbBIX HEMATUHECKUX HUIAKOKPUCTANNUYECKNX 21acTOMEPOB.

OcHosHble pe3ynbTaTbl AUcCepTaLMoOHHON paboTbl NPUBELEHBI HUMKE:

1. Ha ocHoBe MUKpOCKOMUYECKNUX UCCNefoBaHNin Bbino NoKasaHo, 4To MoancuKauma

BELLLECTBa, MHAYLMPOBaHHAA YIbTPaKoOPOTKUMU Na3ePHbIMM UMMYNbCaMKU B 0Obeme
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cterna N-BK7 npu ycnosuax npUmeHEHWA OKONOMOPOroOBbIX WHTEHCUBHOCTEW W
HU3KMX 4acTOT MOBTOPEHMA, MPWBOANT K CIUIOLIHOMY M3MEHEHWIO MoKasaTens
MPENOMAEHNA, a NPU BbICOKUX MUKOBbIX MOLLHOCTAX /UK B YCTIOBUAX ANTENBHON
3KCMO3ULMU NTa3ePHO-MHAYLMPOBAHHbIE TPEKU UMEIOT HEOLHOPOLHYIO CTPYKTYPY,
XapaKTePU3YIOLLYIOCA NEePeMEHHbIM 3HAKOM N3MEHEHUA NoKasaTesna NpenoMieHua.
Bbino nokasaHo, 4TO MpM MarbiX 3HEPreTUHecKMX [Ao3ax ODNYYEHWUA MOMKHO
BbIOpaTb TEXHONOTUYECKME PEMUMbI MUKPOODPAbOTKN (CKOPOCTb CKaHUpOBaHWA,
yacToTa CNeAOBaHWA  WMMNYJIbCOB), MO3BOMANOLME  METOAOM  MOC/IOIHOrO
CKaHMPOBaHWA W3roTaBAMBaTb MPOTAMEHHbIE CTPYKTYPbl € C/IOWHBIM - W
OLHOPOAHbIM M3MEHEeHWeM MoKasaTenAa npenomneHua ctekna. [MpumeHumocTb
npepiomeHHoro  nogxoja  Obina  MPOJEMOHCTPUpPOBAHA  U3rOTOBEHWEM
ojHopopHoii ha3oBoii CTpyKTypbl Gonbluoro pasmepa, 3ariybneHHoi B obbem
crexna N-BK7.

Wcnonb3ya BO3MOMHOCTL in Situ U3roTOBNEHUA 3arnybneHHbix Pa3oBbIX CTPYKTYP
60oNblUMX pa3smMepoB C OQHOPOAHLIM M3MEHEHMEM MoKasaTens MNPenoMIeHua,
npepioxeH ObICTPbIA U NPOCTON METOJ, OLEHKM 3HAKa U BENNYMHBbI U3MEHeHUA
nokasartens rnpenomIeHus, UHAYLMPOBAHHOIO Na3ePHbIMU UMMNYNbCaMU B obbeme
npo3payHblx maTepuanos. Bbino nokasaHo, 4TO B [JAHHOM TEXHOMOMMYECKOM
pexume  MMKpoobpaboTKkM,  moauMKaLMM  BeLlecTsa,  MHAYLMPOBaHHble
CyONMKOCEKYHAHBIMM Na3epHbIMKU UMNynbcami B obbeme ctekna N-BK7, npusopat
K oTpuuatenbHomy (An = —9.6 X 107%) U3MeHeHUIO NoKasaTena NPenoMIeHus.
Bbino nokasaHo, 4TO ynpyrue CBOICTBA MOHOLOMEHHbIX —HEMaTUYecKux
MUAKOKPUCTALINYECKUX 3N1ACTOMEPOB TEOPETUYECKM OMUCHIBAKOTCA MIOTHOCTHIO
ynpyroii ceobopHoli 3Heprun, cogepsalleil MATb HE3aBUCUMbIX KOHCTaHT.
MMpocTbie sKcnepUMeHTbl Ha pacTameHue OblM NpepnoKeHbl AfA onpeaeneHua
YNOMAHYTbIX NATA KO3hPULMEHTOB yNpyrocTu.

C ucnonb3oBaHnem NpeAnoM#eHHON TeopeTnyecKoil MOAenN Ha OCHOBE JOCTYMHbIX
3KCMEPUMEHTANbHBIX JaHHbIX MATb KO3MMULMEHTOB YNPYrocTu srepsble Obiau
oueHeHbl  AnA  (PYHKLMOHANN3MPOBAHHbIX  a300€H30/0M  HEeMaTUHeCKMx
MUAKOKPUCTALINYECKUX 31aCTOMEPOB Ha OCHOBE aKPWUNaT-aMUMHOB. 3HaueHue
KaXKLOro M3 NATM KO3hPULMEHTOB YNPYrocTh, XapaKTepusyloLWX YNOMsAHYTble
MUOKOKPUCTANNNYECKUE 3nacTomepbl, HaxoauTcA B guanasoHe 0.5-200 MIa.
Bbino nokasaHo, 4TO MONyYEHHbIE W3 3IKCMEPUMEHTOB 3HAYEHUA XOPOLLO
YO0BNETBOPAIOT TEOPETUYECKUM OrpaHNYeHUAM Ha BEMYUHBLI YNIPYTUX KOHCTaHT,
0byCnoBNEeHHbIX CUMMETPUEI MaTepranos.
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SARGSYAN MAKSIM

STUDY OF MECHANICAL AND OPTICAL PROPERTIES OF STRUCTURES FORMED IN
ISOTROPIC AND ANISOTROPIC MEDIA

ANNOTATION

In this thesis, both theoretical and experimental findings are presented, that can
contribute to the advancement of light control tools, which is one of the current challenges
in the field of photonics. The results obtained can assist in the design and fabrication of
compact and efficient optical devices with tunable characteristics.

Direct laser writing (DLW) stands out as one of the most promising techniques for
fabricating optical elements in the volume of isotropic transparent media (such as glass).
Currently, the scope of applications of the method is rapidly expanding due to the latest
technological advancements, resulting in the availability of ultrafast (femtosecond) laser
micromachining systems that offer precise control over technological parameters and a
wide choice of processing regimes. However, the characteristic drawback of the DLW
method, related to the spatial inhomogeneity of the structuring region, causes significant
challenges when it is necessary to write extended (high-aspect ratio) structures or phase
elements with large sizes.

Liquid crystalline elastomers (LCEs) are of particular interest for creating optical
elements with adjustable characteristics based on anisotropic media. Their distinctive
properties (including controllable optical anisotropy through external fields, and the ability
of programming and reprogramming the director distribution), enable the creation of
optical elements that can be controlled in additional methods (e.g., mechanically, or by
changing the temperature). The design and fabrication of mechanically controlled devices
based on LCEs is of particular interest. However, the creation of such devices remains
challenging. Primarily, this is due to the fact that the mechanical properties of these
materials have not yet been fully characterized, which significantly complicates the proper
design of such devices and their integration into other systems.

The primary aim of this thesis is twofold: first, to investigate the modifications induced
by ultrashort laser pulses in the volume of borosilicate glass and their application for
fabrication of homogenous macroscopic phase structures with continuous refractive index
change. Second, theoretically and experimentally perform the full characterization of
anisotropic elastic properties of monodomain nematic liquid crystal elastomers.

The main results of the thesis are presented below:

1. Based on optical microscopic studies, it was shown that the modification of the
material induced by ultrashort laser pulses in the volume of N-BK7 glass at
application of near-threshold intensities and low repetition rates leads to a
continuous change in the refractive index, while at high peak powers and/or under
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conditions of long-term irradiation the laser-induced tracks have a non-uniform
structure characterized by a variable sign of the refractive index change.

It was shown that at low energy doses of irradiation it is possible to choose specific
technological regimes of micromachining (scanning speed, pulse repetition rate)
that allow fabrication of extended structures within the glass using the layer-by-
layer scanning approach, resulting in a smooth and homogeneous change in the
refractive index. The applicability of the proposed approach was demonstrated by
fabrication of a large-size homogeneous phase structure buried in the volume of
N-BK7 glass.

Using the possibility of in situ fabrication of buried phase structures of large sizes
with smooth and uniform refractive index change, an express and simple method
for the estimation ofthe sign and magnitude ofthe refractive index change induced
by laser pulses in the volume of transparent materials has been proposed. The
research demonstrated that in the given technological regimes of micromachining,
the material modifications induced by sub-picosecond laser pulses in the volume
of N-BK7 glass result in a negative change (An = —9.6 x 10 3) in the refractive
index.

It has been shown that the elastic properties of monodomain nematic liquid crystal
elastomers are theoretically described by an elastic free energy density containing
five independent constants. Simple tensile experiments were proposed to
determine the mentioned five elastic coefficients.

Using the proposed theoretical model and based on available experimental data,
five elasticity coefficients were estimated for the first time for azobenzene
functionalized acrylate-amine-based nematic liquid crystalline elastomers. The
value of each of the five elasticity coefficients characterizing the mentioned liquid
crystalline elastomers is in the range of 0.5-200 MPa. It was shown that the values
obtained from the experiments satisfy well the theoretical constraints on the values
of elastic constants imposed by the material’'s symmetry.
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