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Lwuwnwiinyb) k, np ptippndwqubinhy dhowdwipnud dwquhuwywt dndbiuwnh ng
goéwjht  Ywludwonigintup  wpwwpht  dwquhuwlwu  nwownhg Jwpnn &
hwunhuwtw| S<g dwnwqwjpdwl qtutipwgdwu wpryniuwytwn dafuwuhqd:

QGnpsuwljuu wpdbpp

Ny qéwjht dhwnndtu [hehnwh upnpwpeh pniptinnud S<S ufubidw)ny
unwgywd nipnnpnywd S<g dwnwquwjpenip, huswbu twlb hwpe gniqwhtn
Ggpbpnd  pynipbinnud - gubpwgdwt - wbuwlwu  dnnGwynpdwt  wprynwupubpp
Ywpnn Gu  bwwuwnb]  hGnwhwnnpnwlygniejwu, wuywnwugnigjwu, Unuebiph
uwbunpnuynwhy  hbwnmwgnnneniuutiph,  Yetuwpdoulwyu  wwwnlbpdwu L
unebpph wuduwu  hGwwgnunigniuutph hwdwp twuwwbudws  S<g
hwdwywpgbipnid:

(Gwthwughy $bppndwqupuwlywu unyebipnud jwgbpwiht dwnwquw)edwu
oywnmhjwlhwu ninndwu  hbGnwgnwinyeniuubph  wpryntupubpp Ywpnn  Gu
ogunwgnndybp hY U owunhlwlwu wnppnypubiph hgnp jwgbpwiht hdwniuubiph
wpwqgwagnpd  nlwnblwnnpubiph  dowldwu, huswbiu  bwl S<g  hdwniuutiph
gbubpwgdwu hwdwp:
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unwuw|  [pphnwh  upnpwwh  piptinh - dh wnwuduwgywsd
(nnnwuyniuwél)  hwwdwsdh  ng géwihu puluntuwynipjw
wwppbpwlywu pubnwgdwu dhongny:
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Unwowpwuh dbo hhduwynpjwd L wojuwwnwuph  wpnhwywunye)niup,
suwybpwyywsd Gu bwywwnwlubpu nu fuunhpubpp, ubpluwjwgyws Gu wotuwnwuph
ghunwlwu unpnyep U gnpduwlwu wpdtipp: Aduwybpwywsd G ywanmwwuniejw
ubipyuwjwgynn hhduwlwu npnyputipp:

Uwbuwfununipjuw wnweht gynifup uyppywsd £ jwgbpwih dwnwquw)pdwu
wnwppbipwiht hwwfunyejwu qtubpwgdwu wpryniuwybwnnigjwu htnwgnudwup,
Gpp Jwgbpwihtu  thugbiph jwjuwywu swihbpp hwdbdwwbh Bu  gbubpwgynn
wmwppbpwiht hwéwfunygjwu wihph Gplwpniejwu htw:

LUbpyuwjwgywsd Gu  ny gdwihu pyniptinubipnid S<g twnwquwjpiwu unwgdwu
nwuwlubipp hdwnyuwihtu jwabpwiht dwnwguypdwlu thnfuwlybpwdwu' S< L
ONMt dbpnnubipny, U wpryniiwybinn  hnfuwybpwydwu  hwdwp  wuhpwdtion
wwydwuubpp' owywhywywu UL S<g wppnypubpnd thnpp Ywudwdp L Jbs
pwnwynwwiht ns gdwjuniygjwdp  pnipbnubph - wnlwynueyntu,  huswbu  twb
thnywjhu upuppnuhquh wwwhnydwu huwpwynpnipyniu:

§1.2-nud ubpYuywgywsd £ wihpwiht hwjwuwpndp ng gdwihu dhowduwypnud'
uwhdwuwthwl wjuwlwu swihbpny, gdnptiu pubnwgywd qunwjwu  jwgbpwhu
thugbiph nbwpnud, Gpp npwup wwpwdynwd Bu dhdjwtg tywwndwdp wulwu nwy
(wbu LY. 1):

§1.3-nud pbpqwd b wihpwiht  hwjwuwpdwu nwdnwdp wpjwd  nuwonbph
dninwynpnigudp: Snyg £ wpdb), np thnpp pwnwyhnutipny thugkph nbwpnud,
ounphhy wyu pwuh, np wulyniuwiht uyblwpubpp jwju Bu, gquuynud Gu uhuppnu

X a4 x

TS

———

2 T etk M »

/

i ” k

LY. 1. a.  o; bw, hwbwfunieniubipny jwabtipwht  thugtiph nwpwdniip
pnipbinnud; b, S<g  Gwnwqwedwl nipnnugintup xyz  Ynnpnhuwnwlw
hwdwlwpgnwd; ¢ Ujppwihtu  yGYwnpubiph - hnfunwuwynpywdnieginiup
ytyunnpwlwu uhuppnupqih wwwhnydwt nbwpnid
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thnfuwgnnn  uwblupwy  pwnwnphsbip, - dhtgntin - qwju thugkiph - nbuwpnud
wuyniuwihu uwblwpubpp YGunpnuwund Gu thugbiph nwpwddwu ninnniejwu

onipe U hnfuwytipwydwu wprynituwybunngyniup ujugnud k:

Pnfuwgnnn  wihpwiht nuwowbpp  ubpluwjwgdwsd Gu  hpbug  wuyniuwihu
uusunntitinh dhongny [1].
1
Ai(a,B,z,t) = any?
Wuwhuph  ubpluwjwgdwu  gunphpy  hwjwuwpdwu  nddwt  wpryniupnud
wudhowwtiu  Yuwwgytu gbubpwgynn S<g  Gwnwquyedwu  hhduwywu
wwpwdbwnpbpp' hunbuuhynyeiniup W wulyniuwhu pwotunudp:
S<Y nwownh  wuynwiht  uwblhunpph  hwdwp  wihpwht  hwywuwpnudu
punniunwd £ htwnlywy nbupp [1]:
AP | g24(a, B, 2,t) = —YF (@, B,2,0) )

dz?

ff_oooo Ei(xJ Y, Z, t) e_i(ax+‘8y)dXdy (1)

npnbn a=k-sind-cosp , B=k-sind-sing , g=k?—a?-p%2 , Y=
471')((%)2 ; k=n % ; 2 =w; —w, wnwppbpwht  hwéwfuneinut £, o; bhw, n
qngnnn - wihpubiph  hwéwfunigniutibnp,  hulj  xer = esfere; - dhgwywyph
wpryntuwpwn ns géwjhtu puywniiwyniegyntup:

F(a,B,z,t) Pniuyghwtu npnpynud £ gpgnnn  wihpubph  wulyniuwghu
uwblwnpubph thwpenypeny .

F(a,B,z,t) = [ A1y, 2,t) A (5,2, )8 (% + 7y — ) dony doe (3)

npntin d#; = da;dp;

Lnwtiny (2) hwwuwpnip «inpgwd nwownmbiph» dnunwynpnipjwdp, unwgyb) §
wpuwhwjnnigintu

_i(g+b)l

_ g L e 2 . L(b—g) . _
Ala, B 1) = H s sinc = exp[

r2(a—k,sin¥)? _ ﬂ
4(1+cos?¥) 8 ] (4)

sinn

2
npintbn H = —L'yzr—nEwEZO, sincn = .

Gupwnpbind, np ny qéwjhu  pUbnwgdwu ninnnEniup  hwdpubunwd  §
Ynnpnhtwnwywu hwdwlwpgh y -wnwugph htiwn (nbu LY. 1), jwgtpwihtu thustiph
dhol ywquwd Y-wuyniuhg Ywjuwsd SLF dwnwquypdwu Gipwjhu hgnpniejwu
wuYyntuwihtu pwotujwdnipjwt hwdwp Yniubuwup [2].



P,¢,2) =

= H? - (sin?9sin?¢ + cos?9) -

S2sinc? [(kz cosp— ky — k- cosd + siny - cosy(ky - sin — k - sin® - COS(p)) %]

1+ cos?y
20 . ) B ) sinp - cosy(k, - sin — k - sind - cosgo))2
(1 + cos?y) (kz cosyp —ky + k- cos9 + T+ cos?y
r2(k - sind - sing)?  r%(k - sind - cosg — k, * siny)?
rexp|— - ()
4 2(1 + cos?y)

§1.4-nwd nwnwuwuhpyb £ LiNbOs pynipbinnud - S<S dhongny unwgywé S<g
Swnwqwpdwl  wulniuwht  pwotunwdp  Jwagbipwht  thugbiph  hwdwnwugp
nwpwddwu nbwpnud: <Enmwgnunnyeniup gnyg £ wnyby, np ubin thugbiph nbwpnud
Swnwquwjpenit wnwybjwwbu nhnynwd £ 26pEuynyjw wulwup dnn wnppnyenid
(LY.2w.), huy thustiph 2wnwyhnubpp dGdwgnudp ptipnud £ S<g dwnwqw)pdwu
yGumpnuwgdwup qwgbipwiht  thugbph  wnwpwddwu  ninnnijwdp b dhliunyu
dwdwuwy fuhuwn udwgnwd  hnfuwybipwydwu wpryniwwytwneniup (LY. 2p.):

X 10—11

-13
B ou x10

LY. 2. Cwdwnwugp jwgbpwihu thugbipny
4 = 0.3ud whph tplupnuyejwdp
gbubpwgywsd S<g dwnwquw)jpdwu
hgnpnipjwt wulniwihtu pwytuntdp.

w. r=0.05dd. p.r=0.0754d

§1.5-nud nhnwplyyby b S<g qhubipugnidp’ dhdjutg Uywindwdp wuljjult wnwy
wnwpwdynn wgbtipwihu thugbiph nbwpnid:
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8nyg b wpyb, np qwju hugbiph nbwpnd thnfuwnwpd wuljwu owwnhdwy
punpnniup eny] £ wwihu hpduwywt uwblunpw] pwnwnphsubph  hwdwp
wwwhnyt yaywnpwlwu uhuppnuhqd, hush 2unphpy dedwundd £ thnfuwytpwydwu
wpryntuwybnnieniup b unwgynid £ owwn wybijh dbd ninnnpnywdniejudp S<g
Swnwaquwjpnud (nku LY. 3):

X 10'7 Px’ 0. u.

Ul. 3. LiNbO3 ns qdwjhu pynipbinnid
gbubpwgywod 3=0.3ud wihph
Gpywpnigjwdp SwnwaquwjpUwu
hgnpnigjwt wulntuwihu - pwotunudp
Y=yo wuljwu b z=5dd tplupnpjudp
pjnipbinh nbwpnud: r=0.5d4:

§1.6-nid  wbuwlwunpbt unwgwd  wprynitupubpp  hwdbdwndty Gu  [3]
wotuwwnwupnid unwgywsd thnpdwpwpwlwt wpryntuputiph htwn: <woyh wnubiny,
nn [3] wofuwwnwupnd hpwlwt wabpwihtu thugbinp mwppbipynud Gu quinwuywuhg
W pwgh win' ns gdwihu pnipbinp wbnunpdwd £ wihpwnwpnud, nbuwlwu b
thnpéwpwpwlwu wpryniupubiph hwdpuyunwip Yupbh £ hwdwpb] pwdwpun:

Gapwlwgnipjwt dbe wdhnihyb) Gu wnweht gjfuh hhduwlwu wpryniupubpp:

Gpypnpn gnifup udhpdwsd nbipwhbipgwiht dwnwqwpdwu gqtutipwgdwup
MPLU pynipbinnud jugbpwhu hdwnruubph owwhyulwu ninndwu dhongny:

§2.1-nud puuwpyyby 5u MPLLU pynipbinubpny  pjwghdnunppndwnhly  S<g
dwnwaquwjprdwu gbubpwgdwu uygpniupubipp: LEpYwjwgyt| E pnipbinh ny qdwyhu
puwiniwynipjwu  gnpdwlgh tpwuh  wwppbpwlwu  thnihnfudwt  2unphhy
pywghthniwhwidwéwjubgdwt ywjdwuh hpwlwuwgdwu huwpwynpniginiup, nph
ntwpnud gbubipwgywsd dwnwqujpdwu hwbwfunientup npnaynwd £ pubinwgdwu
thnihnfudwu wwppbpniejwdp:

§2.2-nud dbpndyty £ MPLL pynipbinnud S<g  hdwnyuubiph qtubpwgnudp b
wihpwjht yGhwnnpubiph thnfunwuwynpwodniginiup uhuppnuhgqih wwywhnydwu
ntwpnw: Lwuh np MPLL pyniptinnud S<g wihpp wnwpwdynud £ gliubipugynn
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thugbph  UJwwdwdp  2Wpbuynwt wuljwu  wwly, www wju  pnipbinhg
wpryntuwybin nnipu pbipbint hwdwp wuhpwdtion E pnipbinu puinpbp nipnuiayyntu
wphqudwjh wbupnd, nph Gpwht dwybplnyep Yupdwsd £ Wptuyndh wuljwu
wnwl: Uwlwju wyu nbwpnud pjniptinhg wnwpynn S<g thugnud  huwnbuuhynipjwu
pwolunidp  fupunn  wuhwdwuwpuwswih ' pnipbinh - wiwpptip - hwndwdubipnud
ghubipwgynn wihpt wugunud £ nwpptip 6wuwwwnh: <Gunbwpwp, wybh npwyjwg
huntuuhynigjwt hwjwuwpwswih pwotundng S<g thntug unmwuwint hwdwnp
wuhpwdtiown £ npnub wy ninputip:

§2.3-nud wnwownlyt; £t MPLL pynipbinnud hwpe wihpwjht 6wlwwny S<g
hdwynyuubiph gbubpwgdwu dh wmwppbpwy, npuntn wwppbpwlywu pubnwgyws L
LiNbOs pjnipbinh dh npnawyp’ nipnuiuyyniuwdl hwndws (nbu LY. 4):

dbipndyb) £ pnipbinh Gpypwswihnieniup W wyu wwydwup, npnug ntiwpnid
pjnipbinh twppbp hwndwdutiphg bpGuynyjwt wuljwu wwly wnwpynn S<g
wihpubipp Ywugubu dhwudwt dwuwwwph W nnipu Ygwu pyniptinhg hwdwidhne:

4

X

LY. 4 Gnwulynu wphqiwh wbupnd, Jdp' nipnuuynuwsl  hwnywsh
wwpptipwpwp - pubnwgdwdp  hphnwh - Uhnpweh  ng - gdwiht  pyniptinh
ufubdwwnpy wwuwnytipp. ABCD wwppbpwlwu pubinwgywsd hwwndwsdn, Yunpdhp

ujwplbipny - gnigwnpyws £ pynipbinh Ypw pulunn jwabipught tintugp, Yutiwg
upwputipny' gbubipwgywsd S<g Gwnwguypnidp

§2.4-nid hbwnwgnwnyt £ S<g twnwquwjpdwu gbutipwgnup hwpe gniqwhbn
wphbunmwlywu  MPLL  pjnipbinnud,  npnbn. wwppbpwlwu  hwdwywnpgp
Suwynpynwd £ pnipbinh - dnwnpnid thnyuhtt Ywd - wdwhiiniwght nhdwy
wbnwnntny [4]:
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UphGunwywu MPLU pyniptinnid unyuwtiu S<g dwnwquwjpenudp ghubpwgyntd
EosBpbuyngjwu wulwu  wwy, hGnbwpwp, |phy ubppht wunpwnwpddwu
wwwbwnny wiu sh Ywpnn nnipu qwp  hphnwh thnpwwnh hwpe gniqwhtn
pjnipbinhg: Uwlwju COMSOL Multiphysics dhowdwypnud dnnGjwynpnudp gnyg L
wwihu, np pnipbnh wwppbp  hwndwsdubpnud  gbubpwgywsd S<Lg  nwownbiph
ybpwnpnwip pynipbinh Gipwihtu dwybplinyeh dnn wnwwguntd £ nwownh npnawyh
wwppbpwlwu pwotund (LY. 5), husp  huwpwynpneiniu £ unbindnud Gipwyhu
thnywiht Ywd wdwhnninwiht nhdwyh dhongny dwnwquwyenwp nnipu pbipk;
piniptinhg’ on:

Wea=1Thz  Suface: Electrc fied . zcomponent (Vim)

Lhehnwd
Uhnpwre
AynLpkn.

LY. 5. Gpwihtu thnywihu nhdwyny hwpe gniqwhtin wphbunwlwu MPLL
pnipbnnud S<g  nwpwnh wwwnlbpp' dnnbjwynpdwd COMSOL Multiphysics
dhowywypnid

Unnbwynpndp gnyg £ wydb, np 6pon punpywd b pynipbinh - Gipwjhu
dwytipunyeh dnun tbinunpywsd thnywiht nhdwyp Yupnn £ wwywhnyb) hwdwihny
dwnwquwypend  Gpwhtu  Jwybpunyphg, hwugubing pnipbn-on  wugdwu
wpryntuwybinnigyniup dhusl dnuin 50% (inbu LY. 5):

Cwpp gniqwhbn  wphbunwywu MPLL  pjnipbinhg wnwpynn S<g  thugh
Suwynpdwt ufubdwu ubpyuwjwgyws £ LY. 6-nud:
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§2.5-nud wdihnthyby Gu Gpypnpn gfund unwgywd hhduwYwu wpryniupubpp b
wpybi| GU hwdwwwwwufuwu Ggpwlwgnieyniubn:

; S<g
fwnwaguw)jenLd

s<g
Swnwqupni >

LY. 6. wppe gniqgwhbin wphbunwlwu MPLL pynipntinhg wnwpynn S<g thugh
Suwynpdw ufubdwu

Uwnbuwjununipjwtn  Gppnpn qjlunid hGwnwgnnygl  Gu pwhwughy
dwquhuwlwpguynpywsd pyniptinubpnd hdwnyuwihtu jugbpwiht twnwqujpdiwu
ntnbyundwt wnwuduwhwwnynigyniuubnp:

§3.1-nid  ubpyuwywgyly £ bippndwqUhuwlwu - unebph Yhpwnwywu
Upwuwynipyniup W hhduwynpyb b dJwguhuwowuinhwlwu ny gdwjht wpdwaqwuph
hGunwgnundwu wuhpwdbtipnnieniup owywnhywlwu nt S<g whpnyputipnud: Loyt k,
np wmbuwubh W hubpwywpdhp wppnypubipnd nhnynn wpdwqwupp nwuwlwy'
nbignuwtuwjht dafuwupqdny sh pwgwwnpynid [5] b dhus opu ntinlu pwuwybébiph
wnwpyuw k:

§3.2-nd  puuwplyyti Gu  nhwdwquputbiph,  wwpwdwquhuubiph L
dwquhuwlwpgquynpyuwd dhowywjptiph hhduwywu dwqUhuwywu
hwwnynugyniuubpp, Jwutwynpuwbu' $ppndwguhuwlwy  ynebph  unwnpy
dwquhuwgdwu Ynpbipp, 2tipngb) £ npwug ny gdwjhtu punypen:

§3.3-nw nhinwnyyby £ hnthnfuwlwt dwquhuwlwt nwownnwd M dwquhuwywu
dndunh owpdnudp, npp ywpwgpydnd £ [6] wotuwwnwupnd wnwowpyywd
hwywuwpnidny.

d d
S =vIMxB] -y I +R (6)

dt
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npinbn ¥ = e/2m-p ghpndwquhuwlwt hwpwpbpnugyniuu k, 71-U° hubipghwh
dndtuwnp, huy R-p' nhupywwnhy wunwdp:

Lwywuwnnuihg htiwnlnwd £, np hnthnfjuwlw dwquhuwlwu nwownnd, Gpp wju
ninnywsd £ dwquhuwlwu dndbuwnp ninnnipjudp, www dwquhuwlwu dndGunp
dwpnn wpbgbupwiht gniquihbn Yuwnwpnd £ uwl nwnwunnuywu swpdnid'
thnihnfuwlywu nwonh hwbwfunyejwdp:

Sbppndwquphuwlwu  dhowdwiph ny  gqéwjuniejwu  wnlwjniejwu nbwpnid
dwquhuwlwu nwonh hwdwp wihpwiht hwwuwpnwip Yniwibuw hbinlyw) wnbupp

A%2H(rt) 92H(rt) %My,
Tarz EHEoHo 5 T €8olo 5 (7)

nphg hbwnbnd £, np pwnwynwwiht ny gdwjunuyejut’ My, ~H? wnlwjnygjwu
ntwpnud $bppndwquhuwlwu dhowdwypbipnd huwpwynp £ nhwnb) wwppbp ng
gdwihu bpunypubp, dwutwynpwwbu' jwgbpwihu  hdwynyuubph  owwnhywlwu
ninnnud:

§3.4-nwd thnpéuwywunpbu nwunwtwuhnyb) b wdwyhunnipwdnnnyugywsé He-Ne
|wqgtiph dwnwqwjpdwu nbntlwnnwdp dJwquhuwgywsd YFeOsoppndtiphunud' tpynt
wmwppbp wihph Gplwpnigyniuubpp nbwpnd (A =1.15 dyd b A = 3.39 dyd), npwnbin
udnu niuh pwywpwp pwithwughynieniu:

hwnbywd wanwupwuh dEdniejwu Ywiunwip wpwnwpht dwgUhuwywt nwawnh
(wnywdnipyniuhg ubpyuwjwgyws £ LY. 7-nw:

200
Udo,nV

150

100

50

Ho, Oe

-50
LU. 7. Hnblhyws wgnwupwup dbdnipjut Ywiundp dJwguhuwlywi nwywnh
(wnywdnipntupg

8nyg Lt wpdt, np pbwnblundws wgnwuowup pwgwywind £ gpnjulw
wpunwpht  dwquhuwlwt nwonh nbwpnud: Uwquhuwlwt nwown Yhpwntijhu
hwjnuynid £ nbnbydwsd wgnwuowt, nph wpdbpp uygpnd dGdwund |
dwquhuwlwu nwownh wédwu htiwn, nphg htnn wju ujwgnid £ dhusle gpn, thnfunud
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E hp upwup (9poynud k thnyp) b Ypyptu dedwund dhusle npnpwyh wnwybjwagnyu
wnpdtiph huy nwownh htnwgw wép pbpnud £ nbnbyywsd wgnwuowup ujugqdwun
dhusle qpn: Uw (hnptu hwdwwwwnwufuwunud £ udnigh unwunhly dwquhuwgdwu
Ynphu:

§3.5-nud htilnwgnunyb £ uwundw)pljwuwhu ubinnhdwjhtu jwgbpph hdwniuubiph
owuhlywlwu nbnblywnndp YsFesOn U YFeOs pinipbinubipnid’ puwn LY. 8-nud pbipdwd
pinYy ufubidwih: Wuwnbin unyuwbiu nbnbyunywsd wgnwupwuh wdwyhwninp Yufudws
£ obindwu dwquhuwlwu nwownphg b hwdwwwwnwutuwunud £ udnipubiph unwwnpy
dwquhuwgdwu  Ynpbpht:  2pnjulwu wpnwpht nwonp b dwquhuwgdwu
hwgbgdwu nbwpnd nbwnbEyunywsd wanwuowup pwguwywind £ Henblhundws
hdwnyuutipp gpuitgyt Bu oughingpwdh Eypwht:

5

LY. 8. Lwunjwplwuwiht jwgbpwhtu  pdwnyuubph  owyunhlwlwu
nGnblundwu hnpéwpwpwlwt ufubdwu

Unn 20 Uy wunnngjudp jwgbpwiht  hdwnyup  wbupp'  unwgywsd
htunwgnuynn dwguhuwywu nbwntyunnph dhongny hwdbidwwnyb b wpwqwgnpd
$nwinnpnnh dhongny unwgywsdh htinn (nbu LY. 9), husp gnyg £ wwihu, np
dwaquhuwlwu ntintiywnpu niuh pwywpwp wpwagwgnpdnLp|nLu
uwundwyplwutubp  wbnn jwgbpwiht phdwniuubph  dwdwuwywihu  nbupbipp
ybpwpuwnpbnt hwdwn:
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0.5F

Uy, arb. unit

0.0

50 100
ns

LY. 9. w. bwpphnu-Gplwpeh untwpwph Ypw hhduws dwgquhuwlywu
ntwblwnnph Ynndhg gpwugqwsd jwgbpwihu hdwniuph dwdwuwlwihtu wnbupp,

p. wpwqgwagnpd $nunnnhnnh ypw hhdugwsd nbnbYunnph Gpwiht wgnwuwuh
wnbupp

§3.6-nid  nwnuwuwuhpytp £ YIG pnipbinh gbpunnud - SEdinindwyplwiuwihu
(wgbipwjpu hdwnyuubph owywhlwlywu ninndwu dhongny S<g twnwgujpiwu
gbubpwgdwu huwpwynpnipyniup: Npwtiu  wigtipwiht hdwnuuubph - wnpnip
ogunwgnndyby & Spectra-Physics pulbipnypjwu  Mai-Tai  Titanium:Sapphire
ddinduwyplywtiwht jugtipp

Pnpsduwlwunpbu gpwugyty £ wnbpwhbpguih dwnwquwjpend  wpunwphu
obindwt  JwqUpuwywu nwownnd  nbnunpdwé  hunpphnw-tpyweh  unbwpwph
dhwpyniptinh pwpwy 2Gpnnud” hudpwywndhp whpnyeh $hdundwplwtiwht
(wgbipwihu hdwnyuubph wgnbgniejwu nwy:

Upwnwpht  dwqupuwlwl nwownp  wju  wpdbpubiph  nbwpnd, npunbin
Ptippndwqupuwlwu udnph dwquhuwgdwtu Ynpp ny gdwiphu £ (H~80 Oe), S<g
wqnwuowup wnwybwgnyuu £ Udniph hwgbgdwup dninbuwihu nbnbydws
wqnwuwup ujwgnid £ U funpp hwgbgdwu nbwpnwd nwnunud £ qpn:

Unuwpwnh udniph dwgquhuwgdwt Ynph hhdwu ypw hpwlwuwgyb) £ uwb S<g
hdwnyuwiht  Gwnwguwjpdwu  hwdwlwpgswiht  dnnbjwynpnd’  dhowwph
dwquhuwlwu  dndbunp  gbpwpwg  thnthnfuneniuubph nbwpnd,  nph
wpryntupubipp hwdwwwwnwufuwunwd GU hnpduwlwunptu unwgywdutiphu:

§3.7-nd wdthnihyby Bu Gppnpn gfunwd unwgywd hhduwlwu wpryntupubipp W
wpybi| Ggpwywgnip)niuutip:
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CLIKULNR BRPULUSNRE3NRLLEN

Uwnbuwtununipjut opowtwlubipnid juwnwpywsd hbGnwgnunnigyniuubpp gnyg
Gu wwihu, np

1. Ny qdwihu pnipbinubpnd  Jwgbpwht dwnwgqujpdwu  wwppbipwhtu
hwéwlunipjwu gbubpwgdwtu U owwhlwlwu nipndwu nbwpnd Lk
lwqbipwiht thugtiph 2wnwyhnutipp 2wwn thnpp BU- qliutipwgynn wihph
Gpluwpnieyniuhg, www Ynhtbwn jwqbpuwht thugtiph nbupnud, npwug
(wju - wuyniuwghu uwblnph gunphhy, wbnh nith  wpryniwybn
thnfjuwybpwnud, phuy gbubipwgynn wihpp wwpwdynud £ A6pGEUYNYjwu
wuywu wwly: Pugbiph 2wnwyhnubpp dadwgdwu nbwpnd jwgbpwihu
thugbiph  wuynwwipu  uwblwpubpp  YEunpnuwunwd Gu - tnwpwddwu
hhduwywu ninnnigjw 2nipg, U Ynihubwp nwpwddwu nbwpnid uhuppnu
thnfjuwgnbgniejwt  huwpwynpnieiniup bjwgnud £, hush  hGunlwupny
ujuwgnu | bwl dwnwquwjpdwt gbubpwgdwl wpryntuwybwnnyeniup:

2. Lhwnwgnunigjwt  wpryntupubipp hwunwwnnud Gu, np o wjuwywu  dboé

swihipnd - qwqbpwght - thugiph nbiwpnid  thnfuwlbpwdwt
wprynituwybunngyniup Yupnn b fwwbu wéb), et thugbpp wmwpwdytiu
dhdjwug  Uywwdwdp  nquht upuppnuhqiu wwwhnynn  ng
Ynihubwpnigywu ~102 nwnhwu wuljjwu nwl:
Stpwhbpgwiht dwnwqwjpdwu gtubpwgdwt nbwpnd wyn wuljwu
owywnhdw| puwpnygjwdp  htwpwdnp £ wwwhndb)  Jahunpuywu
uhuppnuhqu jugtipuh thugliph hhdtwlwl uwbynpw) pwnwnphgubiph
dhol, hush 2unphpy wpryniuwybunnugyniup Ywpnn £ wéb] dh pwup
Yuwnpgny, b dhwdwdwuwy dwnwguwjenip nwnunw £ fuhuin nuipnnpnywé:
Lhnbwpwp, hgnp S<g dwnwquyend unwtwint hwdwp  owwnhdw
wuywu punpnigjwu nbwpnud huwpwynp £ Yppwnbp wybh jwiu W hgnp
lwqbipwiht thugbin® ujwqtiguting ng gdwyht pynipbinh - ownhlwlyuw
Juwudwt  hwjwuwlywunyeniup,  dhwdwdwuwly  wwhwwubny
wpryntuwybn hnfuwybipwdwt wwydwuubpp:

3. Gbpypnpn giunid wnwowpyjws MPLL U wphbunmwlywu MNPLL
ufubdwubpp Ywpnn Bu dwnwb] npwbu  hunbuupynipiwu  hwdwubin
pwtuntdny wmbpwhbpgwiht dwnwquw)prdwu gutipwgdwu wpryntuwybun
tnwuwyutip: Uwutwynpwwbu, ninnuulniu wphqdwih nbup niubkignn
pniping - dhwjt dp - wnwuduwgywsd  hwndwdnd - wwppbpwlwu
pubnwgdwu hpwywuwgnudp huwpwynpniejniu k wwihu
Pdinnuypljwiwht (wgbipwihu hdwynyuubiph owwhywlwu ninndwu
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dhongny uwnwuwy pywghdnunppndwwnhly S<g Gwnwguypnd’  thugh
(wjuwywu Yupywdpnid hwdbtdwwwpwp hwywuwpwswth
huntuuhynipjwu pwotudwdp:

Cwpe qniqwhtin wphbunnwywu MPLL pyniptinnud gbipljupé jwatipwyhu
hdwnyuubph  owwhlywlwu ninpndwu  dhongny  gbubipwgywsd S<g
dwnwquwyenuip dtid wpryntuwybnniejwdp (dhusl 50 %) Ywnbih £ nnipu
hwbi pnipbinhg’ pniptinh - Gipwihts dwybipunyep  wwwnting - wihph
wwpwdbnptpht  hwdwwwwwufuwy thnywiht Ywd  wdwhnnwwht
Ahduwliny:

Lhnwgnunnigyniuubiph wpryniuptubipp hwuwnwwnnud G, np pwthwughy
Pbppndwqupuwlwu pinipbinutipp Ywpnn Gu Yhpwnyb) npwbiu jwgbipwht
Swnwqwjpdwl  wpwgwagnpd nbwnbyunnpubp W npwbu ny  gqdwjhu
wmwppbp'  wgbpwiht fwnwqwjpdwu  thnfuwybpwdwdp  S<g
Swnwqwjpdwu gbubpwgdwu hwdwp: <Gnwgnuinegniuubpp gnyg Gu
wwihu, np nEnEYnyws wgnwupwu unwgynud £ dhwju dwquhuwgywd
udnpnud:  Hnblundwd  wqnwupwuh  wdwyhnninh  uiujwényeniuu
wpwnwpht  dwquhuwgunn  nwownhg  (wy hwdwwwwnwufuwund £
Pbppndwqupuwlwu  vdnph  dwquhuwgdwu  unwwinhy  Ynphu, pusp
hwunwwnd £ wju quplwsdp, np nbnbyundwu wpryniuwybnnyeniup
wwjdwuwynpyws b unwwnhl dwquhuwgdwu Ynph ns qéwjuntgjwdp:
Unyu  pwtt Lt hwunwwnd  twb YIG  dnunpynipbinnid
Pdinnuypljwiwht (wgbipwihu hdwynyuubiph owwhywlwu ninndwu
dhongny unwgywd SLg twnwqujpdwu wdwhwuninh Yufujwdniypniup
dwquhuwlwu nwownhg:

Uwnbuwlununipjut 2powtwlubpnd Yuwwnwpywd hbunwgnunnye)niuutiph
wpryniupubpp - Ywpnn G quubp wwppbp Yppwnnigyniuubn:
Uwutwynpwwbiu, npwup Ywpnn Gu  Gwwuwnbp  wgbpwhu
dwnwquwyedwt  thnfuwlbpwdwu  dhongny S<&g  dwnwquypdwu
gbubpwgdwu hwdwlwpgbph  wpryniwwybnngejut pwpdpugdwup L
npwlyw) SLg thuginh dLwdnpdwup: dtippndwquhuwywu pjniptinutipnud
[wgbipwhu Gwnwqwjpiwu ns qowjhu thnfuwybpwdwu
hGunwgnwinigniuubph wpryniupubpp . Ywpnn  Bu oquiwgnpdybip
wpwgwagnpd  dwquhuwowwplwywu b GRL Gwnwqueldwl
ntwbyunnpubiph, S<g wnpynipubph dwydwu hwdwp b wyinip:
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CAAKSIH HOPUA

NCCNEOOBAHME ONTUYECKOT O BbINMPAMIIEHUA NA3EPHOIO U3JTYHYEHUA B
LOVSNEKTPUYECKMX U PEPPOMATHUTHBIX HEJIMHEAHBIX CPEAX

AHHOTALIMA

WccnepoBaHue MOCBALLEHO reHepauvy U LETEKTUPOBaHUIO 3N1EKTPOMArHUTHOro
nsnyyeHus CBY, TeparepLoBOro M OMTMYECKOro AManasoHOB C WCMOb30BaHWEM
HEeNUHEHO-ONTNYECKUX U MarHUTOOMTUYECKUX MaTepuasIoB.

B nepBoii rnase uccnesoBaHbl 0COGEHHOCTU reHepaLn pasHOCTHON YacToTbl
OMTUYECKOrO BbIMPAMNEHUA NA3EPHOrO U3NyYeHUA B HENMHElHbIX KpucTannax. bbino
MoKasaHo, YTO eCni PafMychbl NasepHbIX My4YKOB 3HAYUTENBHO MEHbLLIE [JIMHbI BOMHbI
reHepupyeMoro UsnyyeHus, To B Cllydae KONNMHeapHbIX nasepHbIx Myykos, bnaropaps
WX LUMPOKOMY YrNOBOMY CMEKTpY, npoucxoguT acbcpekTBHOE npeobpasosaHue, a
reHepupyemas BONHa pacrpocTpaHAeTcA nof yrnom YepeHrkoBa. C yBenuueHuem
pafMycoB My4YKOB YINOBble CMEKTPbl NasepHbIX MyYKOB KOHLEHTPUPYHOTCA BOKPYr
OCHOBHOTO HarnpaBleHWA pacrpoCcTpaHeHUA MYYKOB, U B CNyyae KONNMHEapHOro
pacnpocTpaHeHUA YMeHbLLIAEeTCA BEPOATHOCTb CUHXPOHHOrO B3aMMOAEHCTBUA, B
pesynbTaTe Yero CHuMaeTcA 1 3(hPeKTMBHOCTb reHepaLn U3ayYeHus.

PesynbTaTbl uccnefoBaHuA MOATBEPHAAIOT, YTO B Cyyae lasepHbIX My4YKOB C
60MbLUMMM MONepeYHbIMM pasmepami 3pPeKTUBHOCTb Npeobpa3oBaHnA MOKET ObiTb
3HaUMTENbHO  YBENWYeHa, €CAM  MyYKM  PacrpOCTPaHAITCA  HEKONNIMHeapHO
OTHOCUTENBHO ApYr Apyra, nog, yrnom obecrneunBatoLLiM grasoBblii CUHXPOHN3M.

B cnyyae reHepalum TeparepL,oBOro U3NnyyeHua Npy onTMMaabHOM Bblbope 3Toro
yrna Mo}HO 06ecrneunTb BEKTOPHBbI CUHXPOHM3M MEMY OCHOBHbBIMU CMEKTpaibHbIMM
KOMMOHEeHTamMM fasepHblx My4ykos, 6OnarogapAa 4emy 3(PEKTUBHOCTL MOMET
YBENMUUTBECA Ha HECKOJIbKO MOPAAKOB, M OJHOBPEMEHHO W3MyyeHUe CTaHOBUTCA
y3KOHarnpaBneHHbIM. Takum 06pazom, Npu onTUManbHOM Bbibope yrna Ana nonyyeHus
moLLHoro Tlu-u3nyyeHua MOXKHO UCMoNb3oBaTh bonee LLIMPOKME N MOLLIHbIE NasepHble
MyYKM, CHUKAA BEPOATHOCTb OMTUYECKOrO MOBPEMEHNA HENMHEHOro KpUcTanna, npu
3TOM COXpaHAA ycnosua Ana 3cpcheKTMBHOro npeobpasoBaHms.

lMpennoxeHHble BO BTOpOl INaBe AMCCEPTALMM  CXeMbl  MEPUOANYECKOI
nonapusauun HenvHeliHoro kpuctanna (PPLN) u wuckycctBeHHON nepuoguyeckoin
nonApusauun HenuHeitHoro Kpuctanna (APPLN) moryt cnysutb 3adhcpekTuBHbIMM
MeToJamMy reHepaLuu TeparepLioBOrO W3NyYyeHUA C OHOPOAHbIM pacrpefeneHuem
MHTEHCMBHOCTU B Myyke. B uvacTHoOcTU, peanu3auuA nepuoaMyecKoil monApusaLun
TONbKO B OTAENbHOM MPAMOYrONbHOM CEYEeHUM MPU3MOObPa3HOro HENMHEHHOro
KpuCTanna Mo3BONAET MONYYUTb  KBasMMOHOXpomaTuueckoe TlLU-usnyyeHue c
OTHOCUTENIbHO ~ PaBHOMEPHbIM — pacrpefeneHUeM MHTEHCUBHOCTU B MOMEpPeyHOM
CeYeHMN MyyKa MyTEM OMTUYECKOTO BbIMPAMIEHUA (PEMTOCEKYHOHbIX Na3epHbIX
MMMyNbCOB.
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B paborte mopenuposaHa reHepauus Tl u3nydeHus B njaockonapaniesnbHOM
uckycctseHHom Kpuctanne APPLN. MokasaHo, yto T u-usnyueHve, reHepmupyemoe npm
OMNTUYECKOM BbINPAMIEHUN CBEPXKOPOTKMX NasepHbIX MMMYIbCOB, MOMET ObiTb
U3BNIEYEHO U3 KpUCTalna C BbICOKOI achcpekTnBHOCTBIO (BO 50%) nyTem nokpbITuA
BbIXOGHON  MOBEPXHOCTVM  KpucTanna pa3oBOVi  WMAM  amMmIUTY[HOW  MackoM,
COOTBETCTBYIOLLIEW NapameTpam BOMHbI.

B TpeTbeii rnaBe uccnegoBaHO [EeTEKTMpOBaHWE fasepHbIX WMMYNbCOB B
dpeppoMarHuTHbIX KpucTannax. PesynbTaTbl MccnefoBaHWA MOLTBEPMAAIOT, HTO
npo3payHble peppoMarHTHble KpUCTadibl MOTYT WCMONb30BaTbCA B KayecTse
BbICOKOCKOPOCTHbIX [ETEKTOPOB Nla3epPHOr0 U3My4YeHUs U B KayecTBE HeNHelHbIX
anemMeHToB AnA reHepauuu Tl U-u3nydeHua nyTem HenuHeliHoro npeobpa3oBaHus
nasepHoro wusnyvenus. MccneposaHue noKasblBaeT, 4TO [eTEKTUpYeMblii curHan
nonyyaetcA TONMbKO B  HamarHWyeHHoMm obpasue. 3aBUCMMOCTb — amMiUTyfbl
OETEKTUPYEMOrO  CWUrHana OT  BHELUHEro HamarHWYMBAtOLLEro MONA  XOPOLLO
COOTBETCTBYET CTaTUYECKOIl KPUBOI HamarH14MBaHWA heppomarHMTHOro obpasua, 4To
MOLTBEPKAAET MMUMNOTE3Y O TOM, YTO 3(PPEKTUBHOCTL AETEKTUPOBaHNA 0byCnoBNeHa
HENMHENHOCTBIO CTAaTUYeCKOl KpMBOI HaMarHM4MBaHuA. DTy runoTesy noaTsepmiaeT
TaKMe XapaKkTep 3aBUCMMOCTM OT MarHUTHOroO nonA amnauTyabl TTu-u3nyyeHus,
MONYYEHHOro BCNEACTBUE OMTUYECKOrO BbINPAMIEHNA (PEMTOCEKYHAHbIX NasepHbIX
“MnNynbcoB B MoHoKpucTanne YIG,

PesynbTaTbl MccnefoBaHWA, NPOBELEHHOMO B pamKax AuccepTaLuumn, MOryT Haittu
pasfnyHoe npumeHeHue. B yacTHocTW, OHM MOryT CrnocobCTBOBaTbH MOBbLILLIEHNIO
3pPeKTUBHOCTU  cucTeM  reHepauun  TTL-M3Ny4eHUA,  MOMyYEHHOro  MyTem
npeobpasoBaHuA NasepHOro U3nyyeHns, u hopMMPOBaHUA BbICOKOKaYeCTBEHHbIX TI L~
ny4ykos. Pe3ynbTatbl uccneposaHuii  HenMHeliHoro npeobpa3oBaHUA  Na3epHOro
u3nyyeHna B hePPOMAarHUTHbIX KpucTainax MoryT ObiTb MCMONb3oBaHbl A
pa3paboTkM BbICOKOCKOPOCTHbIX MarHuToonTuyeckux u CBY petexropos usnyyeHus,
ncToyHmKoB TlLU-U3ny4eHus n B gpyrux obnacrax.
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SAHAKYAN YURI

INVESTIGATION OF OPTICAL RECTIFICATION OF LASER RADIATION IN
DIELECTRIC AND FERROMAGNETIC NONLINEAR MEDIA

ANNOTATION

This study focuses on the generation and detection of microwave, terahertz, and
optical electromagnetic radiation using nonlinear optical and magneto-optical
materials.

The first chapter examines the features of difference frequency generation and
optical rectification of laser radiation in nonlinear crystals. It is shown that if the radii
of the laser beams are significantly smaller than the wavelength of the generated
radiation, then, in the case of collinear laser beams, due to their wide angular
spectrum, efficient conversion occurs, and the generated wave propagates at the
Cherenkov angle. As the beam radii increase, the angular spectra of the laser beams
become concentrated around the main direction of beam propagation. In the case of
collinear propagation, the probability of synchronous interaction decreases, leading to
a decrease in the radiation generation efficiency.

The results of the study confirm that for laser beams with large transverse
dimensions, conversion efficiency can be significantly increased if the beams propagate
noncollinearly relative to each other at an angle that ensures phase matching. When
generating terahertz radiation, optimal selection of this angle can ensure vector
matching between the main spectral components of the laser beams, thereby
increasing efficiency by several orders of magnitude while simultaneously making the
radiation highly directional. Thus, with an optimal angle, wider and more powerful
laser beams can be used to generate high-power terahertz radiation, reducing the
likelihood of optical damage to the nonlinear crystal while maintaining conditions for
efficient conversion.

The periodic polarization of a nonlinear crystal (PPLN) and artificial periodic
polarization of a nonlinear crystal (APPLN) schemes proposed in Chapter 2 of the
dissertation can serve as effective methods for generating terahertz radiation with a
uniform intensity distribution within the beam. In particular, implementing periodic
polarization in only one rectangular cross-section of a prismatic nonlinear crystal
enables the generation of quasi-monochromatic terahertz radiation with a relatively
uniform intensity distribution across the beam cross-section through optical
rectification of femtosecond laser pulses. This paper simulates the generation of
terahertz radiation in an artificial plane-parallel crystal (APPLN). It is shown that THz
radiation generated by optical rectification of ultrashort laser pulses can be extracted
from the crystal with high efficiency (up to 50%) by applying a phase or amplitude
mask corresponding to the wave parameters to the crystal's output surface.
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The third chapter examines the detection of laser pulses in ferromagnetic crystals.
The results of this study confirm that transparent ferromagnetic crystals can be used
as high-speed laser detectors and as nonlinear elements for generating THz radiation
through nonlinear conversion of laser radiation. The study demonstrates that a
detectable signal is only obtained in a magnetized sample. The dependence of the
detected signal amplitude on the external magnetizing field corresponds well to the
static magnetization curve of the ferromagnetic sample, confirming the hypothesis that
the detection efficiency is due to the nonlinearity of the static magnetization curve. This
hypothesis is also supported by the dependence of the THz radiation amplitude on the
magnetic field, obtained by optical rectification of femtosecond laser pulses in an YIG
single crystal.

The results of this dissertation have various potential applications. In particular,
they can contribute to increasing the efficiency of THz radiation generation systems
through laser conversion and the production of high-quality THz beams. The results
of research on nonlinear conversion of laser radiation in ferromagnetic crystals can
be used to develop high-speed magneto-optical and microwave radiation detectors,
THz radiation sources, and other applications.
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