£ ynNhfa3UL b4 ShSNhfa3UL LUUNUNMNR@3NRL
GMeyuLh MESU4UL <UUULUUNUL

Lwynp Sphgnph nyduwjwt

deMPNUUSLPUUYUL UhRUYUSNENNRY GRL B4 ONMShyUuyUL
ShMNh3faLENP ELE4SMUUUSLhUUYMUL sUUSUSUUL
PNruUYEMMUUL <6SU2NSNhUL

U.04.03 - "MNrwnhndhghlw" dwutwghwniyejudp

Phahywiwpbdwnphlwlywu ghnnyeniutph Yuwsdnth
ghunwlwu wunhbwuh hwjgdwt wnbuwfununyejwu

usuuahr

bpluwt 2017

MWHUCTEPCTBO OBPA30BAHUA N HAYKN PA
EPEBAHCKWIA TOCY [IAPCTBEHHbIIA YHUBEPCUTET
Axon [xynbdaaH
UCCITEAOBAHUE MPEOBPA3ABAHUA SNEKTPOMATHUTHOI O U3JTYHEHNA CBY
N ONTUHECKOT O AUAMA30HOB B PEPPOMAIHUTHbBIX CPEOAX

ABTOPE®EPAT
JMCCEpTaLMM Ha COMCKaHUE YYEHOI CTENeHN KaHauaata
hu3nKO-MaTEMATUHECKUX HaYK MO CMeLuanbHOCTH
01.04.03 - "Papnocpusnka”
EPEBAH 2017



Uwnbuwfununipjw phidwt hwunwunyb) £ << FUU NtwnhndhghYwh W
ElG4unpnupywgh huunphwnnunnid:

Shunwlwu nbhwwp' $.4.q.p., nngbuwn
U.<. Uwlwpjwu
Mwownnuwlwu punnhdwfunuubp' $.d.q.1., nngbuwn
U. d. Pwpwowujwu
$.4.q.n., ypnpbunp
U. U. Uwhwlyuwu

Unwowwnwp Yugdwybpwynipnt® << AUU Shghyulwu hbunwgnnnyeiniuubph
huuwinhwnun

Muwounwwunieniup Yuwywuwint £ 2017e. hnwhuh 10-hu dwdp 12:00-hu

Gpuwup whnwlwu hwdwuwpwuh 049 $hghlwih dwutwghwwywu funphpnh
uphuwnnui: <wughk' 0025, bplwu, U. Uwundyw 1:

UwnbGuwfununyejwup Ywpbih £ dwunpwuw) 6N< gpunwpwuntd:

Utindwghpu wnwpyws k 2017p. dwjhup 5-hu:

Uwutuwghunwlwu funphpnh $.U.q.p., nngbun
ghnwlwu pwpuininup’ 27 4N, Rwjwupwpjwu

Tema pucceptauumn yTeepiaeHa B VIHCTuTyTe pagnodusunkmn u snektpoHukn HAH PA.

HayuHbIi1 pykoBoauTens: K.p.M.H., LOUEHT
A.O. MakapaH
OdpmupanbHble OMMOHEHTbI: A.p.M.H., AOLEHT

A.K. babagkaHaH
A.¢.M.H., npocpeccop
A.C. CaakaH
Bepyluan opraHuzaumsa: WMHcTuTyT dhusmnyecknx uccneposannii HAH PA.

3awwmta aucceptauun coctoutca 10 urona 2017r. B 12:00 vacos,

Ha 3acefaHun cneumnanusmposaHHoro coseta 049 no dmsuke EpesaHckoro
rocyaapcTeeHHoro yHusepcuteta no agpecy: 0025, EpesaH, yn. A. MaHnykaHa 1.
C puccepTaupeil MOXHO O3HaKoMUTbCA B bubnuoTeke ENY.

AsTopedpepart pasocnaH 5 maa 2017r.

Y4eHblii cekpetapb
creLuanM3MpoBaHHOro coBeTa:

K.(p.M.H., BOLEHT
B.M. KanaHTapsaH

Z7



Uoluwwnwuph punhwunip punipwqhpp

Uzluwmnmwuph wpnhwlwunipyniup

Sbppndwqupuwlwu  unyebpp  jwjunpbut Yhpwnynd Bu ghwnpuu L
wbuupyuih  wwppbp  puwgquwnubpnd'  hubnpdwghwih - wwhwywudwu W
thnfuwybipydwu, wgnwupwuutiph nbnbyundwy, ndbnugdwu, hwlwfuniejwu
thnfuwytpwydwu hwdwp b wyu [1]: dbpohu wmwphubphtu uwlwju, hugnpdwghwih
ghwugdwt b hnfjuwybpydwtu wjwunwlwu dbpnnubpu wpnbu s6u pwdwpwpnud
hupnpdwghwih  thnfuwtwydwu  wpwgnejniuubph wupunhwwn  wénn
wwhwueubiphu: Uuhpwdbiowin E npnut| dhowdwiph dwguhuwgdwt Yunwywpdwu
wywunwlwu dbennutiphg whblwunptu wwppbpynn wyp Gnwuwlubp: Wu
fuunph  NWdwu  hbnwulwpwiht wwppbpwlyubphg  dayp  $tippndwqupup
dwquhuwgdwt Yuwnwlwpnuwu £ jwgbpwihu hdwnyuubph dhongny [2]:

Sbppndwqupuwywu  dhowdwypnud  thnthnjuynn  dwquhuwwu nwownh
wqanbignipjwu nbwpnwd Ywpnn b wnwewuw| thnthntfuynn dwquhuwlwu dndbuwm,
nph Ywfunwp dwquhuwlwtu nwnhg punhwunyp wndwdp ng  qdwihu
Lhnbwpwp dwqupuwlwu dndbunh uwblyupp pwgh  thnhnfuwwtu nwownp
hwéwfunyjwdp pwnunphshg Ywpnn £ wywpnitwyb twb hwunwnniu pwnunphs
U wmwppbp hwpdnupyubp [3]:

Swoénp  hwbwlunyejniuubiph, nwnhnhwéwfunyenitutph - b GRL
whpnypubpnd winwhuh  thnfjuwgnbtignyeyniuubpp Junnig hwpwuph Gu Loy
nunwWuwuppdws  [1]: Uwluwiu  [3]  dnnnwdniubpnd  ubplujugdws
woluwwmwupubipnud AL dwnwquw)edwu ny gdwjhu thnfuwgnbignigniutbpu niubu
nbgnuwluwiht punype, npnup wdbh pwpép' hubpwywpdhp L wbuwubh
whpnypubtpnw gnpduwlwund h hwyn s6u quipu: Pwgh wyn, hwdwpdb E, np
upywd nphpnyputipnud dJhowdwph dwquhuwlwu pwihwugbhnyeniup hwdwuwn
E dbyh, hGnbwpwp dhowdwipp sh Ywpnn npubnpbp nput  dwquhuwlwt
hwwnynyeniuutip, bW dwutwynpwwbu s6U Yupnn nbinh niubuw] dJwquhuwlwt ng
qdwjhu Gpunypubn: Wn wwwdwnny hubpwlwpdpp b wnbuwubih whpnypubpnd
$bppndwqupuwywu  dhowdwipbph  ny  qdwihu  hwwnyniyeniuubpp  wwnpwb
Ytpwny sku nwnwuwuppyb:

Uunwdbuwjuhy, huppwlwpdhp U wbuwubjh  wphpnyputipnd  Ywu
pwthwughy $bppndwquhuwlwu ujnyebtin, npnup hwonnnipjwdp Yhpwnynd Gu
owyunhlwywt dwnwqu)pdwu wwpwdbnpbph junwywpdwu hwdwp [2]:

dbpoht nwutwdjulyubpnud pwqiwpehy wofuwwnwupubp G Yuwwnpyby
uyhpwsé  gbipyunéd [wabpw)jhu hdwnyuubph wqnbgniRjwu nwy
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Ptppndwqupuwywu  Ynebipnwd  wbknh  niubignn dwquhuwownhlwlwu
Gpunyputiphu [2]: Wn wluwwnwupubpnd dhowduwyph dwquhuwlwu dndbuwnp
gbipwpwg thnthnfungynitutipp pwgwwnpynd  GU owywhlwlwu whpnyph ny
qdwjhu  nphEEYunphy  puwiniuwynipywdp: Uwlwjut wpnwpht  dwquhuwlwu
nwownnd guuynn ptippndwqupuntd ny gdwihtu nhkGynpphYy puluniuwyniejwu
wnwowgnuwip dhghynptu hhduwynpywsd sk, bW niuh qnun $tundbuninghwlwu
punyp: dbppndwquhuwlwu  dhowywipnd  gbpwpwg  dwquhuwownhYwwu
Gpunypubpp wnwjuop dunw KU putwpynuwiubph b pwuwybébph wnwpluw:

[5] wotuwwnwupnid gnyg £ wnipdws, np wgbpwiht dwnwqujpdwu W
pwthwughly puppndwqupuh dhol ng qdwht thnfuwgnbgnugjwu 2unphpy Ywpnn £
hpwlwugyt| oywnplwlywu ninnnw: Lnyuhul dwnwquypdwu pwjwlwu thnpp
hgnpniejniuutiph nbwpnwd wyu  thnfuwgnbignipjwu  thnpduwlwu  wpryntupbipp
pwywlwu gnowthbih Gu: Nwwh, wju  hnfuwgnbignipniiutipp s6U Yupnn
pwgwwnpyt) ntgnuwuuwihu dGfuwuhqdny, pwuph np wjn nbwpnuw Yuwhwueyh
owwn Uk, gnpduwlwunwd wuhwuwubh dwquhuwlwu nwownbp:

LUtipjwjwgynn  wwbuwfununyeuu  dbe hbwmwgningtp £ owyunhlwlywu
(mbuwubh U pubpwlywpdhp) b FPL nhpnypubph  wdyhnninwdnnnyywd
Swnwquwjpdwt  nhnbyunnwp  ubjulwihu  obipdwunmhéwund  gunuynn
$tppndwqupuwywu  dhowdwjpni: - Pnpduwlwunptu  gnyg L owpdb, np
htnwgnunywsd nn9  hwdwjuwjht  nhwwwgnund  nnblndwd  wgnwuwu
fwwbu Ywhjwsd £ pbippndwqupuwlwu udniph dwquhuwgdwu Ynph winbuphg,
huswbu twl wpunwpht dwquhuwlwu nwonh dGdnyeniuhg W ninnnieyntuhg:
Hnbyundws  wgqnwuowup  wdwhnnp qquihnpbut Ywiujwéd o uwl
dtppndwqupuwlwu  udniph  Jwqupuwlwu  dndbGunp tuwndwdp  wgbipwihtu
nwawh putinugdwu hwpenyejwu Ynndunpnonwihg:

U2juwwnwuph twywwmwlyp
Unyu wluwwwuph uwwwwyu £ hbGnwgnnbp $P< L owyunhlwlwu
whpnypubtiph  dwnwquwypdwu nbwnbywnwip  ubujwlwiht  osbEpdwuwmpbwunwd
gwuynn $bppndwquhuwywu dhowywypbpnid:
Wn uywwnwyhtu hwutbint hwdwp npyt) Gu hbinlyw) fjuunhpubpp.
1. Sbppndwquhuwlwu tdnpubph W dwquhuwlwu ubuunpubiph Wwwnpwuwnnid:
2. Sbppndwquhuwywu unyetiph dwquhuwgdwt Ynpbph swihnd L upwug
hwdwlwpgswihtu dnnbuynpnud,
3. dbppndwquphuwlwu udnpubph' YIG dhwpnipbnubph W pwqdwpjnipinutiph,
huswbu twl nmwpptip wmhyh $tpphnutiph owywhlwlwu hwwnYynyejniuubinh
(pwthwughynipntu, ptldwu gnighs W wjju) hGunwgnunnud,
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4.  YIG dhwpyniptinnud hgnp wgbipwjhu hdwnyuubph nbinbyundwu hGnwgnunnd,

5. Swppbp pwthwughy $bppndwqupuwlywu Unebpnwd  thnpp  hgnpniejwdp
wupunhww jwgbpwjht dwnwqupdwu nbinbyundwt htinwgnunnid,

6. dbtppndwquhuwlwu  Jdhowdwipbpnud GPL dwnwquypdwu  nbnbklundwu
htitnwgnunud,

7. Manbyndwu  dnnbjudnpnud® hpdudbind - $bppndwquphuwlwu  udnpubiph
unwwnhly dwquhuwgdwtu Ynpbiph Jpw, b nbnbyundwt wpryniswybnngegjwu
quwhwwnid:

8. Mhwnbklywdwu wnryntuwybinniejwu htnwgnunud Ywiujwsd
dtppndwqupuwlwu udnph, udnip dJwquhuwgunn nwonh b wnwgqw)jeiwl
nwawh wwpwdbpbiphg:

Ghwnwlwu unpnypep

Unwoht wugqwd uwnwgyl) b Eyunpwdwquhuwywt  dwnwqujpdwu
nbnbtlwnnd pwihwughy $Eppndwgqupuwlwu dhowywpbipnd hwéwfunieiniuubph
wwppbp  whpnypubpnuW  (Uninn huppwlwpdhp  (h4), hbnne b4 L GPL) L
Swnwquwjpdwu  wwppbp hgnpngyniutbph  (Mwutyjwly  Jhihjwwnnbphg  dhusl
dbquywwnwnbip) nbwypnud:

Lbwnwagnunyt Gu nbwntlyundwu wnwuduwhwwnyniginiuubipp:
Pwgwhwjnyb) £ nbnblundwu wpryniuwybunyejwu Ywiujwdnieniup wpunwphu
hwunwwnit dwqUupuwlwu  nwowmh  dednpeinithg W ninnnueyntuhg,
dtppndwqupuwlywu dhowdwyph wwpwdbtiwnptphg, huswbu uwl
EiGyunpwdwquhuwywi dwnwquwjpedwu pubinwgniihg W hgnpnipe)niuhg:

8nyg L wnpyb|, np nhnbyunjwd wgnwuowuh dEdneniup hwdbdwnwlwu
t dwqUuhuwgdwu Ynph  Gpypnpn Ywpgh  wéwugjwihu, L thwihny
$tippndwqupuwywu  (wnwug  hhupbpbghup  dwquhuwgdwu  Ynpbpny)
dhowywyptipnd  nbnblndwd  wgnwuowup  pwgwlwind  E wpunwphu
dwqUuhuwlwu nwonh  pwgwlwnypwu, huswbu  uwb  |phy  hwgbigunn
dwquhuwlwu nwownh nbwpnwd: Ynon  ptippndwqupuwlwt  dhowduwjpbpnid
(hhuptiptighuh  wnlwjnejwu nbwpnul) udnph Jwquhuwgnuwhg hbwnn, udnigh
duwgnpnwiht  dwquhuwgdwu 2unphphy, nbnblnjwd wgqnuiowip Ywpnn &
gpwugyti] bwb wpunwpht dwquhuwlwu nwonh pugwwniejwu nbwpnid:

8nyg b wpdbp twl, np hwpe pubnwgywd |jwgbipwjht Gwnwqw)jpiwl
nbntlyundwu nbwpnd nbnblundws wgnwupwut wnwybjugnyuu t, Gpp hwpe
pubnwgywé (wgbipwjht dwnwquypiwl dwquhuwlwu nwowunp gqniquhtn |
dwquhuwgdwu ytYwnphu:



Qnpéuwlju wpdbpp

Unyu wwnbuwfununiyejwu opowuwlubipnud wuglugywud
hGwnwgnunnieniuutiph wnryntupubipp Ywnnn Gu ognwagnndytip
blGyunpwdwquhuwlwu  Ywupd  hdwynyuubph  gpwugdwu, jwgbpwhu b GRL
Swnwgwjpdwt  hwbwfuniEjwu  thnfuwybpydwu,  wgnwuwuubph  Jbd
wpwgniejwdp gpwugdwu, wwhwywudwu b pupbpgdwu hwdwp, huswbu twl
udwuwwnhy wj) ninpinutipnid:

Ywwnwpjws  woluwwnwuptbph  hpdwt  Jpw,  ppwlwiwgyt; b
huppwywpdhp  EEYnpwdwqupuwlywu  dwnwquypdwu  bppndwquhuwlwu
nbwntyunnph twfuwnphw:

U2fuwwnwuph ubpluyugnudp

UwnbGuwfununiypjwu hhduwlwu wpryniupubpp gynigyt tu "Microwave and
THz Technologies and Applications”, IRPhE' 2014, October 2-3, Aghveran, Armenia
(2014), Laser Physics-2015 (IPR of NAS of Armenia, 6-9 October, 2015), Ashtarak,
Armenia, "Microwave and THz Technologies, Photonics and Wireless
Communications”, IRPhE' 2016, May 4-6, Yerevan, Armenia (2016) dhowqquw)hu
ghunwdnnnyubpnud,  huswbu  uwb  Mwnhndhghwh W EGYwnpnupugh
huunhwnunh, Gplwuh whnwlwt hwdwuwpwuh Stppwpénp hwéwfunyeniubinp
nwnhndhghlwjh b hinwhwnnpnwygnyejwu wdphnuh ubdhtwpubipnid:

pwwwpwlnudubipp

UwnbBuwfununipjwu hhduwlwu wpryniupubpp mwwagpyt| Gu 8 ghunwlwu
woluwwmwupubipnud, npnug gnigwyp ubpyuwjwgdwsd k ubindwgph gtiponud:

Muwyunywunipju ubpyujugynn hhduwlwu npnypubkpp

1. (dwthwughy, dwquhuwgdws Pptippndwqupuwlwu dhowdwipbipnud hwpe
pubnwgyws Eywnpwdwquhuwwt dwnwqujpdwt wgntignyjwdp Yupnn k
unwgyb) dhowdwjnph dwquhuwlwu dndGunh thnthnfunienit’ nbnblunnd:

2. %wnbyundwu  wprynuwybungegniup fupun Yuiudwd b wpunwphu
hwunwwnit dwquhuwgunn  nwownh  dGdnyeintuhg, ninnnieniuhg b
wwjdwuwynpywsd k£ $Eppndwquhuwlw udnigh unwnhly dwquhuwgdwu
Ynph ng gdwjuniejwdp:

3. “enbyundwu wpryniwwybnngeniut bwwbu Yuiudwsd E $Eppndwqupuwlwu
udnph  Jwqupuwlwu  JdndGunp L EEYwpwdwquhuwlwu  wihph
dwquhuwwu nwownh thnfuwnwps Ynndunpnonudhg:



4.  dbtppndwquhuwlwu dhowdwypnu ny  ntignuwtuwiht  thnfjuwgnbgnyejwu
nbwpnu htwpwynp § unwuw| AL dwnwqujpdwt nbnblyunnd, Gpp wihph
dwquhuwwu nwownp gniqwhtin £ dhowywjph dwquhuwlywu dndbunhu:

Uwnbuwjununipjwtu junnigwépp

Uwnbuwfununiejniup  pwnugwd £ wnwowpwuhg, 3 gnijuubiphg W
Ggpwlwgnipniuhg U 119 wun gpulwunyejwu gwuyhg:

Uptuwwnwuph punhwuniyp dwywip Yugdnw £ 117 ko, wju ywpniwwynud &
27 ujup:

uchiusuuveh PN4ULIUUNRE3NRLE

Unwowpwup dbo hhduwynpywsé b wofuwwnwuph wpnhwlwuniye)niup,
ubpyuwjwgqwsd Gu wotuwwmwuph twywwnwyp, ghnwlwu unpnypp W gnpduwlywu
wndtipp, &Guwybpwyywd Gu  wwrnmwwunygywu  ubplwiwgynn  hhduwlwu
npnyRubpp:

Unwgoht qifup ulygpnud (ywn. 1.1 - 1.3) jwunwnpdwd £ winbuwfununyejwu
ptidwjhu wnusynn ghwlwunipjwu wluwpy: Lbkipyuwjugywd Gu
dwquhuwwunyeniu punhwunp wbunyeyniup b $bppndwquhuwyuu ujnyebinh
hpduwywu puniewanbipp:

Unwuduwhwwny putwpyyws bGu  pbppndwquphuwlwu  dhowywjpbiph
unwwnhy  dwqthuwgdwl  Ynpbpp L Upwtg  Yuuwp  w(Ho) = () lu=n,
nhytiptughw| dwguhuwlywu pwihwugbihnygjwu hbwn:

Cwodph  wnubind  hGwnwgnunygnn  $bppndwqupuwlwu udnyubiph
dwquhuwgdwu Ynptiph b nhpbiptughw| dJwquhuwwu pwthwugbihniejwu npnohs
nbpp  pbppndwqupuwlwu  dhowdwiptpnd - wbnh niubignn pwqdwphy
Gpunypubpnw, woluwwwupnud  dowlydt] b updwd wwpwdbwpbph  swihdwu
hwdwlwpg, npp uyupwgnpjws k1.4 wwpwgpwdpnu: <wdwluwngh pny ufubdwu
wwwnytpJws Euy. 1-nd:

uy. 1 YIG udnipubiph
B dwquhuwgdwl  Ynpbiph  swithdwu
hwdwlwpgh  pnYy  ufubdwu.  1-
uhuntunhnw| jwpdwl gbubpwwnnp,
2- YIG udni, 3-wjwjinwdl $tpphun,
4-wnwelwjhu thwpenye, 5-
Gplpnpnwh thwpnyp, 6-
FiGYnpwdwquhu,  7-oughningpw,
8-hwuwnwwnniu hnuwph
n&Ywyuwinynn wnpynep:
Quithnwiubpp Ywwnwpynid Gu hbunlyw) ybpw. htwnwgnunynn
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$tippndwqupuwlwu udnipht (2) hwpwygynd £ wwynwal dtipphin (3), npnup 4
L 5 Uyndtph hbn dhwuht Yugdnd Gu  wnpwtuudbnpdwnnp: Lepnwuwy
wmwwwunwubiph  gbubpwwnphg (1) wnwouwjht  thwpenypht  wnpdnd |
hwunwwnnt - wdwhnnipnd  gwdép  hwdwfluwihu  hnuwup:  Gpypnpnwghu 5

thwpnyph jwpndp, npu ninpn ninpn hwdbdwwnwlwu £ udniph nhbiptughw
dwquhuwlwtu  pwthwugbpnypjuup’  gpwugynd £ oughingpwdh  dhongny:
Pnipnfubiiny wpwwpht dwquhuwlwu nwownp 6 EGYynpwdwquhup  dhongny
Ywpbh b unwuw g'-h Yufudwsdnieniup dwquhuwlwtu nwownhg, hGnbwpwp
Yuwptih £ yEpwywuqub) twb dJwquhuwgdwu Ynph nbupp:

1.5 U 1.6 wwpwgpwdubpnud ubipyujwgdwsd £ dwquhuwlwu nwannid
gwuynn ptppndwquhuwlywu dhowywypnud dwqupuwlwtu dndbunh swpddwu
hwjwuwpnwip, npp Uwpwgpnd £ dwquhuwlwtu  dndbunh - wypbgbuhw:
Uwupwdwut puuwpyyws £ Pppndwqupuwlw ntignuwtuh tplnypep:

1.7 wwpwgpwdpnud thwpwgpywsd tu dwquhuwlwu dndbunp ny qdéwjhu
wmwwnwunwubpp  $bippndwquphuwlwu  nkignuwuuh  nbwpnwd, hush  2unphhy
$tppndwqupuwywu dhowywypnud Ywpnn Gu unwgyb) EiEYunpudwquhuwlwu
Swnwquwjpdwt  nbwblhunnd, hwpdnuplyubph  gbubpwgnd,  hwbwfunyejwu
thnfuwybtipynud b wyju:

1.8 wwpwgpwpnd Yuuwpyws £ peppndwquhuwyu dhowywypnid nyup
wgnbtgnipjwu wnwl wnbtinh niubgnn Bplnyputipht ytpwpbipdnn gpwywuniyejwu
wluwpy: Luuwpyyws Lu qdwjhu b ny gqdwjhu Jwquhuwowunhlwlwu L
owwnndwquhuwwu dh 2wpp Gpunyputp (Dwpwnbjh, Ynnnu-Ununnuh ninhn b
hwlwnuwnpé thbYwnubp, Ybnh ESEYn L wyu):

Uwnbuwfununipjuu  Gpypnpn gnifup udhpdws £ dbippndwquhuwlywu
dpowdwyptipnd  wbuwubh W puppwlwpdhp  whpnypubph  wqbipwht
fwnwgwjpdwu  nhnblywndwu  hGnwgnndwup,  hush dwupt wuynd |
ubpwonyeywu dby (wywp. 2.1):

2.2 wwpwgpwdnw ubpluwyugyws £ PEppndwquhuwyw dhowywipnud
hgnp  dEdnndujpywuwght - npunwu-gwihjninw  (Ti-sapphire) L ubnnhdw)hu
(YAG:Nd) jwgbputph hdwnyuubiph nbnbyundwu hbnwgnuinwip: Pnpédwpwpuwlyuu
uwppwynpnuwiutiph pinYy ufubdwubpp ubplwjwgyws Bu hwdwwywwnwufuwlwpwp
uy. 2w L 2p-nwi: Lwgbipubph pUbnwgnwip géwjhu k, hdwnyuubph whywhu
hgnpnieyniup' hwdwwwwnwufuwtwpwp ~200 4w b ~1 Udwn:

dtdunnuplywuwihu  jwgbph  hdwnyuubph  wunnneniup ~80 $y K,
YpYudwu hwbwpunyeniup' ~80 U<Lg: Ujhph tiplwpnysyniup Ywpnn & jwppwynpyby



710-950 ud  whpnypnui:  Ubknnhdwihu  qwgbiph  Gwnwqwjedwu  wihph
Gpywpnieniup 1.06 Jyd k, Ypludwt hwdwfunyejniup ~10 £g:
T

LY. 2 w) SEdwnnduypywuuwihu
lwgbipwhu Swnwagw)jpdwu

nhwntyundwu thnpdwpwpwlywu

HEHHHHHE o
QY . S [ ISR f aor e » 4

2

H l uwppwynpdwl pinYy-ufubdwu:

: 1-$Edinndwypyjwuwihu  wagbkp,  2-
UbluwuhYuwlywu thwlwu, 3-
Ubuwuhywlwt thwlwuh
Yungquynphg,  4-YIG  dhwpyniptin
dJwquhuwlwu ukuunph htwn

| :
r—a%; dhwuhu,, 5-ough|ngpwd, 6-
“ I biEywpwdwgquhu:

) p) Lbnnhdwhu lwqtiph
1 EEEEEEEE 2 3 Swnwgw)pdwl nbwntywndwu

thnpdwpwpwlwu uwnppwynpdwu
piny-ufubidwu:
2-$bippndwquhuwywu  nbwnbyunnp,
3-oughingpwd, 4-YIG udnwubin, 5-
dwqUhuwywu ubiuunpubin, 6-
ElEYwnpwdwquhuutip:

Lhwnwagnunigjniubiph pupwgpnud  npubu - $bppndwqupuwlywu  udny
ognwagnndyti| £ YIG dhwpniptinh 0.4 Jdd hwuwnypjudp phebin, npp dwuwdp
pwithwughy k ogunwgnpdynn jwgbpubiph wnwqwjpdwu hwdwp. upw Ywudwu
gnpdwlyhgp Yuqgind £ B~15 ud™: wgligdwu dwgquhuwgnidip 4mMo = 1750 & :

Lwagbpwhtu thniugu puyunid £ wpnwpht dwguhuwlwt nunnud gunuynn
dtppndwqupuwlwu udnph ypw ptswbu wywnybpqws £ uy. 2w b 2p-nud:
Lwgbpwhu  hdwnyup  wgnbgnypjwu  wnwly udnph  JdwqUhuwlwu  dndbGuwnmp
thnihnfuneyniup  (nbinblundwd wgnwupwt) Ywupbih £ gpwugh) dwquhuwlwu
ubitunph oqunipjwdp, npu hptuhg ubipyujwgunu £ wywjnwdl $tipphnt dhonyny
hunniywhy  Yné  (nbu uy.  2): Uwqupuwlwu ubuunpp  thnfund |
$tppndwquphuwywu udnph wwywdwquhuwgdwu dwlnnpubipp, hnbwpwp twlb
dwquhuwgdwu Ynph wbupp: Oguwgnpdyb) Gu Gpynt dhdjwughg wwppbipynn
ubuunpubip, npnug  wnlwinEywt  nbwpnd  $Eppndwqupuwlwu  udnubph
dwquhuwgdwu Ynpbph wnbupbpp wwwnlybpdws Gu uy. 3w b 3p-nwd, puy uy. 3g L
3n-nw ubpyuwjwgyws Gu dwquhuwgdwu Ynpbiphtu hwdwwwunwufuwu udniubpny
unwgywsd nbnblundwd wanwuowuubpp' Yuiudws wpnwpht Ho dwquhuwlwu
nuwwnhg:



4mr, G . ! ! amMG . -
H 10007 : 4 1000 /’l

LY. 3 YIG pjniptinh dwquhuwgdwu Ynptipp Gpyne tnwppbin: $bpphinwghu ubuunputiph

nwpnd (w b p), U Upwug hwdwwwnwuuwt nbnblndwsd  wgnwugwuubiph
wdwhnnwubph Ywhujwsdniejniuubpp wpwwpht dwqUhuwlwy nwownphg (¢ LW n) (hnd
qdbip - thnpdh wpryntupubin, Yhnwagdtp - dnnbjwynpdwu wpnyniupubin):

HnbYundws  wgnwuowup gpnjhg  wwpptipdnwd £ He-h  dhwju  wyu
wndtpubiph nbwpnid, npntin tippndwquhuwlw tdnh dJwquhuwgdwu Ynpu
nth ny géwiht wmbnwdwu, huy gpnjuywu nwownnd, b hwgbgdwu nhpnypenud
nbnblyndwsd wgnwugwup pwgwluinud  t: - SEdnndujpyuuwght  jwgbph
Swnwguwjpdwu nbnbyundwu nbypnuw nbnblndwsd wgnwupwuh wnwybjuagnyu
wnpdtipp Yuwqun £ ~50 d4, huy ubinnhdwjhu jwgtiph nbwypnd' ~ 1 4.

YHnbyundwu hwdwlwpgswihtu dnnbuynpdwt wpryntupubpp (nbu uy. 3q
L 3n, YGwwgdtn) gnyg Gu wwihu, np nEnblundwd wgnwupwuh Ywfunwubpp
wpunwpht dwquhuwlwt nwanhg jwy Ynpbijugyws Lu udnipubiph  unwunply
dwquhuwgdwu Ynpbiph htiwn:

Lbwnwgnuinieniuttpp gnyg Gu wiwihu twl, np nGnblundwd wgnwupwunp
fupunn Ywjudws £ Z wnwugph tjuwundwdp twnwqwjpdwt dwquhuwlwu nwownp

(H-) Ywquws 6 wuyniuhg (nbu Uy 4 w,p): Uu wnwybwgnyuu t, bpp et
wpnwpht nwownp, b pE Jwgbpwht dwnwqwjpdwlt Jwquhuwlwlu nwownp
ninywd tu Z wnwugpny:

2.3 wwpwgpwdp udhpdwsd £ A=1.15 dyd wihph GpYwpnipywdp, tnpp
hgnpniejwdp (P~12 d4wn) hbjhnw-utinuwhu jwgbiph dwnwquw)jpdwu ntnbyundwu
htnwgnundwup YIG pjnipinnud, npu wyn. wppnypnud Jwy  pwiwughy £ B
~0.03ud”):
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Uy, arb. units LY. 4 w) Fdwhu pubnwgdws

\ T Ho — ugh u
H $tppndwquhuwlwu udnwh
thnfuwnwnd nwuwynpnipiniup, p)

v nbnbhundwsd wgnwuwuh

wdwhwnnwh Ywhunwip Z wnwugph

R uuindwdp Swnwqwjpdwl

w) X ® JwqUhuwluwu nwotnh (H)

Ywqiwsd 6 wulyjniuhg:

Pnpdwpwpwyuu uwppwynpdw piny ufubidwt wwwnybpdws £ uy. 5-nd:

Lwuh np dwquhuwlwu ubuunpp Yupnn £ gpwugb) dhwju hnhnfuwywt
wqnwlowl, www wupunhwn  wgbpwjht  dwnwquyenuwiu  wuhpwdbon |
dnnnyby,  hust ppwlwuwgdt £ 2 dGjuwuplwywu  hwlwup - dhongnd:
Hanbyundws wgnuupwup swihwqutg pny; £ wnwug nidbnugdwu gpuugdwu
hwdwp, win wwwdwnny wju ndbnugynd £ dbjuwupluwywu hwlwuh hbwn
uhuppnuwgywé 7 nidbinugnighsny, nphg htwnn gpwugynud 8 oughingpwdh
Eypwupu:

HI TH“ LYy 50 Pnpdwpwpwlul  uwppwynpdwl
- piny ufubdwu. 1. hthnw-ubnuwghu jwqbn,

1 |- . . . 7 — 8 2-Ubfuwuhlulw thwlw, 3-
2 4 5/ 6 Ubfuwtihuuwit thwijwh yuinguinphs, 4-
Ywpqwynnynn owjinhywlywu dwphs, 5- YIG

dnunpyniptin, 6 - Uwquhuwlw ubuunp, 7 -

Uhtppnt nidtinwgnighs, 8 - oughingpw$:

LY. 6w b 6p-nd nud wwwnlybpdws tu YIG udniph dwguhuwgdwt Ynpp, L
wjn Ynphu hwdwwwwnwuuwu nEnblndws wgnwuwuh Ywfunwip Ho wpnwphu
dwquhuwlwu nwawnhg:

Unnbjwynpdwu wpryniuptbipp gnyg Gu wwihu, np wn Ynpbpp jwy
hwlwwwwnwufuwunyeuu dbe &u  Jdhduug hbwn, U pwgh wjn, thnpp
hgnpnigyniuutiph nbwpnwd  (H- << Ho) nbiwnblundwsd wgnwupwuh dtdnipjwl
Ywiunwp qugbipwjht dwnwquypdwu hgnpniegynithg qdéwihu Lk, husp  |hnghu
hwldwwwwnwufuwunwd £ hnpduwwunpbu unwgywd wpryniupubipht (uYy.6 w,p):

2.4 wwpwgpwdn ubpyujugdwd k£ hbnne hubpwlwpdhp wnhpnyph
(A=10.6 dyd) wupunhww gnpdnn CO2 |wgbiph Gwnwqujpdwu nbwnbyundwu
htnwgnunuip myjw| nppnypnud pwthwughy dbippndwquhuwlwu dhowywpnud:
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Pnpdwpwpwlywt uwppwynpdw piny ufubidwu sh mwppbpynud uly. 5-nwd
ubipyuwjwgywshg, b wotuwwnnd £ hwdwudwtu duny: CO2 jwagbph dwnwquw)pnwip
unyuwbiu gdwjhu pubnwgyws k, hgnpnieyniup' P = 15 Yun:

Wu nbwpnd  hGnwgnngniuubph - hwdwp npubiu ny gdwjhu
dtippndwqupuwlwu une oguinwgnnpdytii £ HM2000 $tpphwp, npp wjunpbu
Yhpwnynw £ gwdp hwdwluwihtu EGYunpnupluind: Wu  pbipphinph - twppbip
udnubip Ywpnn Gu niubuw fuhun nwpptbp Jluudwu gnpdwyhgubp 2~ 10 dyd

w)

100] T (uv)
M (C 80
2000 e () 60
w) 40
1000 20 P (mW)
) Py » » &0 » o 1 4 6 38 10 12
. Ho (Oe) 2001y, (arb. units)
1000 150 B
o 100
50
130] Us (uV) o P (mW)
) 0o 2 4 6 8 10 12
™ 2004 U; (arb. units)
q)
» o %0
» » » Ho (0e) 600
™
300
= P (mW)
] 50 100 150 200 250

LY. 7 w) Hwnblundws wgnutpwuh Yufunwp jwgbipwihu
Gwnwagwjpiwl hgnpnieintuhg. w) thnpduwlwunpbu
unwgywd p) dnntijwynpdwdp unwgywsd Eunwguw)pdwl
thnpp hgnpnipniuttiph nbwpnid), q) dnntijwynpdwdp
unwgywd (Gwnwquijpdwl d&d hqnpnigniutnh ntwpntd):

LY. 6 w) YIG Udniph dwguhuwgdwt Ynpp,
p) Hanbyunywsd wonwgwuh Ywhundu wpnwpht
Jwquhuwlwl nwawnhg:

wihph Gpyupnyejwu mhpnyend: Lpwup hhduwwunw wupwthwug bu, uwlwju
hwunhwnd Gu twl dwuwdp pwihwughly udnyubp: <wdwdwiu dbp swihnwubiph,
ntnblundwu  hwdwp  oquwgnpdynn  dbpphip udniph  Ywudwu  gnpdwlhgp
Juwgin £ dnnn 16 ud™ Hnblywdwu hGunwgnuneniuubph  wpryniupubpp
ubpywjwgywd Gu uy.8-nwi, npnughg htwnlbnw £, np HM2000 $bpphwinp dhongny
nbnbliundwtu nbwpnud unyuwbu, nbnblundws wgnwuswuh Juppp' Ywiudws
dwquhuwlwu nwownhg jwy hwdwwwwnwuluwun § ndju udnph dwquhuwgdwu
Ynphu:
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HanbEyundwsd  wanwuowuh  wnwybjugnyu  wdwhwninp  gpwugyb) b
wpuwpht dwquhuwluwu nuonp' Ho=50 £ wpdbph nbwpnud, U Ynsh qujwnpubph
pUh n = 500 nbwpnud wju Yuqudb) £ Unx=150 dyd:

dbpp  tywpwgpywd  hGwnwgnungeniiubpp gnyg G wwhu,  np
nbntyunnd  Ywpbih £ unwuw] dhwjiy dwqupuwgywsd  ptippndwquhuwlwu
dhowdwypnd:  Lowd  pninp hbunwgnunyeniuutiph - pupwgpnd  udniph
dwquhuwgnuit phpwlwuwgyt bt wpnwphtu  EEYunpwdwquhup  dhongny, huy
wnwyb] wpryniuwybun nbnblyunnd unwgyb b, Gpp udnipp dwquhuwgunn nuownp
U jwgbpwihtu dwnwqwipdwu nwownp dhdjuug gniqwhtin Gu W ninnywd Gu udniph
Gpywjupny: Wu  thnfunwuwynpwdnipiniup  pny; £t wwhu  wpryniuwybin
nbnblywnnd unwuw| twlb tdnih dwquhuwgdwt hwdwp npwtu EEYnpwdwquhu
ognwgnndtiny Jwquhuwwu ubbunpp  (uGuunph  hunniyunhy Ynéh dhony
wuglwgubny hwuwnwwnnit hnuwup):

)

a.u

s
05 LY. 8 w) HM2000  udnigh
£ % 0 % oo B O dwguhuwgdwu Ynpp,
S N p) dwquhuwgdwl Ynph  BpYpnpn
s, Ywngh — wdwuguwh  Yuwfunup
s < T

wpunwpht Jwguhuwlwl nwownhg,
1 q) nbwntyundwsd wqnuwuwuh

100 50 0 E 100 H, Oe

ukidnipjwu Ywfunwip wpuwphu

Jwquhuwlwu nwownhg:

L
100 50 [] 0 100 H, Oe

2.5 wwpwgpwdpnwd ubpyuywgywd bt YIG udnipnud ubinnhdwjhu jwgbiph
dwnwquwjpdwu nbwnbiundwu  hnpdwpwpwlwu  hGwnwgnunnyeniup, bGpp YIG
udnipp  dwqupuwgynud £ upwu  hwpwlygwd wwpnwsl  $bpphnh Jpw
thwpwpwd hunniywnhy Ynéh dhongny: Pnpdwpwpwlywt uwppwynpdwt piny-
ufubdwu ubpYuywgywsd t uy. 9-nwd:

Uwquhuwlwu nwownh thnhnfunwp Juwnwpdnd £ 7 ubdwt wnpniph
(wpdwu thnhnfudwu dhongny: YIG udnwubph dwquhuwgdwu Ynpbpp' Yuiudwd
utdwu wnpnipp qupnwihg Gpyne twppbp ywunwdl epphnubiph nbwpnud,
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wwwnybpyws tu uy. 10 w-nwd b p-nud: buy uy. 10 g-nwd U n-nwd Wwwnybpdwsd Gu
wjn Ynptipht hwdwwywwnwuluwt nbnblundwd wgnwupwutubph wdwyhwnninubph
Ywfunwip utdwt wnpjniph jwpnuwhg:

LY. 9 Pnpdwpwpwlwu
uwppwynpdwl pinYy upubdw:
1 - hdwyniuwhtu ubnnhdwihu
jwqbn, 2 - pugbpuwht thnug,
3 - YIG udniy, 4- gpwgnn Yns,
5 - wwjnwal $bpphwn, 6 -
dwquhuwgynn  Yng, 7 -
hwuwmwwnu uudwu  wnpjnip,
8 - oughingpw$:

|

Unwgywd Ynpbiph hwdbtdwwneniup gnyg £ wwihu, np nbnblndwsd
wgnwuowuubph  Jwppp'  Ywldwé  uudwu  wnpniph wpnwhg  hnghu
hwdwwwwnwufuwunwd £ $Eppndwquhuwlwu unyubiph dwquhuwgdwu Ynpbphu
(uy.10):

1AM, G

LY.  10:  YIG  udnih
dwquhuwgdwu Ynptipp
1000 tnwpptip wwjinwal
) | $tpphwutiph nwpnd (w,
N » swy P Woown Ynpbphu
——— - hwdwwwwinwutuwu
nbwntyundwud
wqnwuowuubph  Yufunuip
r})' utudwu  wnpniph  wpnuihg

. : m Ty e —a sy (B

dbpght wwpwgpwpnud ubipyuywgyws £ pypnpn. gjiuh wdthnthnudp:

Uwnbuwfununipjwu  Gppnpn gqnifup udhpdwsd £ dbppndwquhuwlwu
dpowdwnptipnud $RL Gwnwquwjpdwu nhnbyundwu htlnwgnundwup, hush dwuht
funuynid £ ubipwdnipywu dbe' 3.1 wwpwgpwdnid:

3.2 wwpwgpwpnud ubplujugyws k£ 1.07 - 2.14 G<g hwdwfuniygyniuubiph
whpnyeh 4P<L dwnwquipdwu nbnblundwu hGnwgnundwtu hwdwp dowyjwsd
thnpdwpwpwwu uwppwynpnudp, nph pnYy ufjubdwt Wwwnytpdws tuy. 1-nw:

Npytu SPL wgnwuowuh wnpnip  hGnwgnunnygyniuubiph  pupwgpnid
ogquwagnpdyti| b hwbwfuniyejwu énépny (sweep) P2-52 dwluhoh ghubipwwnnpp' 1,
nph Gpwjhu hgnpniejniup Yuaqdnd £ ~10 ddwn: UWdyhunninwdnnnyjwd FRPL
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wgnwuowup  (Unpnydwtu  hwéwfunyeyniup® 100 y<g) wpdnd £ 2
$bppndwquhuwyuu udnpht' Jbpohthu Jpw hwpwplwd 3 Yndh Jdhongny:
Npwbu ny géwihu pbppndwquhuwlwu udny oguwgnpdyby £ 13x3.5x1.5 dud
swihbipny ninnuiuyniuwaél YIG pwqdwpjnipbinp:

huswbu U |ugbpwiht Gwnwqujpdwu nbnblyndwu nbwpnd, SPL

LY. 11: dnpdwpwpwlwt uwppwynpdwu
piny uubdwu: 1 - hwdwuntpywu Gnépny
gtubpwwinp, 2 - YIG udny, 3 -
wnwouwjhu thwpenyp, 4 - wuwjnwal
$bpphwn, 5 - Gpypnpnuwiht thwenye
(udnigh  dwquhuwgdwl U wqnwugwuh

L nbnblundwlu hwdwp), 6 - Owbpwghnu

ndtinugnighs, 7 - oughingpwp, 8 -
R Ywnwywpynn  hwunwwnn hnuwuph

8 wnpnip Ci— thnthnfuwlw niiwlynueyni,

C - Luuuwqbpdnn nibwlngeint, L -
Juwwqbipdnn Yné, R - pwjwuinwihu
nhdwnpnipynit:

wqnwuowuh npbnbyundwt  hwdwp  unyuybu  wuhpwdbom £ dwquhuwgub
dtippndwqupuwlwu  udnipp b woluwwnb| dwquhuwgdwu Ynph ns  géwjhu
wbnwdwunw: Udnh dwquhuwgnip  Ywuwnpynd £ 8 uldwu  wnpyniphg
$tpppwiwihu ubtunpp Ynéhu RL  Ywwwgbpdnn onpwih dhongny wwiny
hwdwwwwnwuluwl wpnid:

Uwnbuwfununpjuu 3.3 wwpwagpwpp udhpwsd £ YIG pwqdwpiniptinh
dwquhuwlwu  hwwynejniuutph b wyn pwqdwpjniptinh - dhongny  GRL
Swnwguwjpdwu nbnblwndwu htnwgnundwup:

Muwpwgpw$ 1.4-nd vywpwgpdwsd dbpnnny swihybp £ 13x3.5x1.5 Jddd
swihbpnd udnph nh$bpbughw| Jwqupuwlwu pwdwugbpnyenup’ Yuiudwsd
dwquhuwgunn hnuwuphg, npp wwwlybpdws £ uly. 12w-nwd: Lwphg Gplnd £, np
wjn Ynpu niwh hhupbiptighuwjht punype:

Lbwnmwgnunygtp £ nbnblundws  wgnwupwuph  Ywfunwp  dwquhuwgunn
hnuwuphg, nph wprynipubpp Wwwybpyws Gu uy. 12p-nwd: <Gwnwgnunye)niup
Ywuwuwpyt| £ $PL gbubipwnnph hwéwfunyeniuubph nne whpnyenut (1.07-2.14
q<g) b hwbwfunygyniuhg Ywiujwd npluk wnwuduwhwwnynyeiniu sh uwnyb):

34  wwpwgpwpnud  ubpluwywgws U swihdwu  wpryniupubipp
Jeppnwdnyegniup b wyn Jepndngywu hhdwtu Jpw Yunwpdwd
Ggpwlwgnpniuttpp: - dbpinidnggniup gnyg £ wwihu, np hwunwnniu
dwquhuwgunn nwowh (dwquhuwgunn hnuwuph) pwgwlwjnyejwu nbwpnid, tGpp
udnipp nbn Jwqupuwgywsd sk, nbwnblndwséd wgnuuowup pwgwywinud k:
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Uwquhuwlwtu nwownh (dwquhuwgunn hnuwuph) wéhu gnigpupwg nbnblndws
wgnwuowut wénwd k, hwuunw £ hp wnwoht wnwybjwuagnyu wpdbipht (~35 d4)
dwquhuwgunn Yn6h ~4 JU hnuwuph nbwpnd (nbu uy. 12p (hnd ghd)),
wjunthbnl' hnuwuph wéhu gnigpupwg ujwanud k, thnfund upwup b hwutnw
tpypnpn - wnwybjugnyu  wpdtipht' ~65 Jd4' ~7 JdU  hnuwuph nbwpnu:

w)

LY. 12: Hhtipbughw) dwquhuwlwu
pwthwugtihnipjwu (w) U
nhntyundwd wgnwugwuh dEdnipjwu
()  Uwhnuubpp 5 Ynéh
dwquhuwgunn hnuwuphg (hnd gdtpp
hwdwwwwnwufuwuntd Gu
dwquhuwgunn  hnuwuph  wéhu,
Yhwnwgdtpp' hnuwuph udwqdwup):

Ut mV

30 35
I. . mmA

Uwquhuwgunn hnuwuph hbGwnwgw wép pbpnd £ udnph hwgbigdwu, hush
htnbuwupny nbwnblunjws wgnwugwup udugnd £ dhusk gpn: Uwquhuwgunn
hnuwuph wédwu U ujwqiwu nbwpbpnd nbnblundwsd wgnwupwuh Ynpbpp
Jwhuwé Jwquhuwgdwu hnuwuphg wnbnwowpdwé Gu Jdhdjwug uuundwdp,
husp wwjpdwuwynpwd £ hhupbpbghun:  Uu  nbwpnwd, duwgnpnwjhu
dwquhuwgywdnipjuu 2unphhy nbntyunnd unwgynud £ twl wpunwpht nwownh
pwgwlwjnypjwu wwjdwuubpnud:

Lhduwywu Ggpuljugnipyniuubp

Uwnbuwfununipjuu  oppwuwlubpnud  Yuwwnwpywd  hbinwgninnieniuubipp
gnyg tu wwihu, np pwihwughy $Eppndwquhuwlwu dhowdwpbipnud Ywpbh &
unwuw| bEYunpwdwqupuwlwu  Swnwguwjedwt  nbnblhunnd:  HYenblundws
wqnuupwuh dbdnenut nt Upwut bwwbu Ywhjwsd Gu pbippndwquhuwlwu
udnh unwwhy JdwqUpuwgdwu Ynpp wbuphg, huswbiu twl  wpnwphu
Jwquhuwwu nwowh dbdnieintuhg W ninnniejniuhg:

HnbYundws wgnwupwuh Juppp jwy Ynpbugynd £ dEppndwquhuwlywu
udniph dwquhuwgdwu Ynph hbwn: Uu gpnjhg wiwppbipgnd £ dwquhuwgunn
nwownh dhwju wju wpdbpubiph nbwpnid, npintin udniph dwquhuwgdwu Ynpu niup
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ns qdwjhu  wbnwdwu:  Pwihnly  $Pbppndwqupuwlywu  udnubiph  nbwpnd
gnnjuiwu nuwonnw, U hwgbgdwt whpnypnd  nhnblundwsd  wgnuuowup
pwgwlwinwd k: <hupbiptighuh wnlwjniypuu nbwpnu (Ynown ptippndwquhuwlwu
udny), duwgnpnuwiht dwquhuwgywdnigjut ounphhy, nbnbyunnud unwgynd k
Uwl wpwwphtu nwonh puwgwlwniejut wwjdwuubpnid:

MEnbyundwu  wpryniwwybwnngegniup fupun Yujudwsé £ uwb udniph
dwqUhuwgdwu ninnpjwi ujuwundwdp twnwquwjpiwl Jwquhuwlwu nwownh
Jwquwd wuyniuhg: Wu wnwybjugnyuu t, Gpp dwnwqwjpdwt dJwquhuwlwu
nwownp gnigwhbin £ udnipp dwquhuwgunn nwownhu:
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UccnenoBanue npeobpa3aBaHuA aneKkTpomarHnTHoro usnyyenua CBY un
ONTMYECKOTO AMana3oHOB B (PeppPOMarHUTHbIX cpeaax

AHHOTALINA

deppomarHeTMKM LUMPOKO WCMOMb3YeTCA B SMEKTPOHUKE Kak CepAeYHUKM
TpaHccopMaTopoB, ApPOCeNeil U 3NEKTPOMarHUTOB, B 3NIeKTpoMaTopax U reHeparopax,
B KayecTBe MOCTOAHHbIX MarHutoB U T.4. OHW ABNAIOTCA OfHUM M3 OCHOBHbIX
maTepuanos A 3anucu U XpaHeHuAa MHdopmauuu, Wupoko ucnonbsyetrca s CBY,
MH(ppaKkpacHOM M OMNTUYeCKOM obnacTax AnA BpalleHUA MIOCKOCTU MOoNApu3aLmu,
ynpaBneHwa M3nyyeHuem, U T.4. XOpOLIO WU3yyeHbl TaKKe HeNUHElHble MarHUTHble
cBOliCTBa (PpeppoMarHETUKOB B HW3KOYACTOTHOM M PajMoyvacTOTHOM J[uanasoHax, U
LLIMPOKO WUCMONb3YeTCA B 3NEKTPOHUKE.

Hecmotpa Ha 370, HenuHeliHble cBolicTBMA peppomarHeTukos B UK u
ONTUYECKOM JManasoHax no ceii AeHb Mano U3yyeHbl.

Llenbto HacToALLell auccepTalMoHHON paboTbl ABMAETCA 3KCMEPUMEHTaNbHOE
uccnefoBaHue JEeTEeKTUpPOBaHMA nasepHoro wusnydeHua sugumoro, UK wu CBY
[Manas’oHOB B Mpo3payHoil heppoMarHUTHOW Cpede, Bbi3BaHHOe BO30YMKAeHUEM
MarHWTHOrO MOMEHTa CPeAbl MHAYKLME MarHUTHOrO MOA Na3epPHOro U3NyYeHUs.

[na pocTueHuna 3Toll uenu cHayana Obinu  WccnepoBaHbl CTaTUYECKUE
HeNnMHeliHble  MarHUTHble  XapakTepucTuku  (auddepeHumanbHas — MarHWTHasA
MPOHULLAEMOCTb, KpUBaA HamarHWY4EHHOCTW U T.M.), a TakKe ONMTUYeCKue CBOICTBa
(koacbpuLMEHT  MpUNOMAEHMA,  MPO3payvHOCTb)  heppoMarHUTHbIX  0OpasLios,
NMPUMEHAEMbIX B SKCMEPUMEHTAX.

DKCNEPUMEHTAIBHO  UCCNeJOBaHO  AETeKTUpOBaHME Na3epHbIX  WUMMYNbCoB
Bugumoro u 6nmmHero MK pmanasoHoB B MOHOKpUCTannMueckom deppomarHeTuke
MUl B KayvecTBe WCTOYHMKOB W3MYYEHUA WCMONb30OBANCL TUTaH-CandUpoBbIi
dpeMTOCEKYHAHBI nasep ¢ nukoBol MolHocTeto ~200 kBT u  umnynbcHbii
HEOAMMOBbI nasep C NUKOBOM MolHocTbto ~1 MBT. [lnanasoH nepecTpoiiku
usnyyeHma dpemtocekyHaHoro nasepa coctasnan 710-950 HM, a HeogmmoBbIli nasep
paboTan Ha gavHe BonHbl 1,06 MKM.

B pabote wuccnepoBanacb BO3MOMHOCTb  AETEKTUPOBAHWUA  U3NY4YeHUA
ManoMOLLHbIX fa3epoB baukHero u panbHero MK pgmanasoHoB B Mpo3payHbix
dheppoMarHnTHbIX MaTepuanax, a Takme getektuposaHue usnyvenna CBY puanasona
B nonukpuctanamyeckom KU npu KomHaTHOI Temnepartype.

OcHoBHble pe3ynbTaTbl paboTbl crepytoLme:
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1. Bnepsble nony4eHO [JETEKTUPOBAHME  3NEKTPOMArHUTHOTO  U3Ny4YeHUA B
cheppomarHuTHolii cpefe B pasHbIX YacTOTHbIX obnacTax (BUAMMON, GnvMHel
uHdppakpacHoit (MK), panbHeli UK u CBY) n npu pasnnyHbix MOLLHOCTAX W3Ny4eHUu
(oT AecATKOB MUNMBATT A0 MerasartrT).

2. [lokasaHo, 4TO BeMMYMHA W 3HAaK [JETEKTUPOBAHHOrO CUrHasa XOpoLUO
KOPPENVpYIOTCA CO CTaTUYECKUMU KPUBBIMW HaMarHM4MBaHUA cpeppoMarHUTHbIX
obpasuos. BennunHa AeTeKTMPOBAHHOTO CUrHana MpOMOPLMOHaIbHA NMPOU3BOAHOM
BTOPOro MopAfKka KPUBOW HamarHUYMBAHWA, W B CNyyae MATKUX (peppoMarHUTHbIX
obpasLos (Npu OTCYTCTBUU rUCTEpesnca) AeTEKTUPOBAHHbIN CUrHaN OTCYTCTBYET Mpu
OTCYTCTBUM HaMarHUYMBAIOLLLErO MOMA, & TaK¥e MpU MOMHOM HAaCbILLEHUN KPUBOIA
HamarHuuvBaHua. CurHan oOTIMYaeTcA OT HynA NpU TeX 3HAYEHWAX BHELLHEro
MarHWTHOrO MoJA, NPU KOTOPbIX KPMBaA HamarHU4MBaHuA cheppomarHuTHoro obpasta
HenuHeliHa. lNpu HanMuum ructepesnca, bnaropapsA OCTaTOMHOM HamMarHUYEHHOCTW B
cheppomarHeTMKe MOKHO MOAYYUTb AETEKTUPOBAHWE Jae NPU OTCYTCTBUM BHELLHErO
nojmarHM4MBatoOLLLEro Nons.

3. lMokasaHo TakMe, YTO MpU AETEKTUPOBAHMW MIOCKO-MONAPU30BAHHOIO NA3ePHOro
U3MyYeHNA AeTeKTUPOBAHHbIN CUrHan MakcUManeH, Korja MarHUTHOe nose nasepHoro
U3My4eHnA napannenbHO BEKTOPY HamarHWY4eHHOCTU cheppomarHeTuKa.

[nA oueHkM 3pheKTUBHOCTN AETEKTUPOBAHWA U €8 KOPPENALUN C KPUBbIMM
HamarHu4vMBaHuA peppoMarHUTHbIX 00pa3LoB, MpoLecc [AeTeKTUpoBaHuA Obin
mogenuposaH B cpege MATLAB. CpaBHeHne pesynbtaTtoB  u3MepeHuil 1
MOJENMPOBAHUA MOKa3bIBaET, YTO OHM XOPOLLO KOpPpenupyloT mexay coboil, a
BEMMYMHA U 3HAK [JETEKTUPOBAaHHOrO CUrHana COOTBETCTBYHOT CTAaTUYECKUM KPUBbIM
HamarH1U4YMBaHUA.

PesynbTtatbl nccnepgosaHuii, NpoBeeHHbIX B paMKax HacToALLell auccepTaumm
MOTYT HaWTW NpPUMEHeHWe ANA PEerucTpauum KOPOTKMUX NasepHbIX UMMYNbCOB, A/IA
BbICOKOCKOPOCTHOW OMTUYECKOW 3anucu, XpaHeHusa, obpaboTku uHdopmauuu, AnA
[eTeKTUPOBaHUA, NpeobpasoBaHNA YacTOTbl 3NEKTPOMArHUTHOrO U3NyYeHUA U T.J,.
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INVESTIGATION OF CONVERSION OF ELECTROMAGNETIC RADIATION IN
FERROMAGNETIC MEDIA IN MICROWAVE AND OPTICAL REGIONS

Ferromagnetic materials are widely used in electronics as the cores of
transformers, throttles and electromagnets, in the electromotors and generators as
permanent magnets, etc. They are one of the basic materials for recording and
storing of information and they are widely used in the microwave, infrared and
optical regions for rotating the plane of polarization, controlling radiation, etc. The
nonlinear magnetic properties of ferromagnets in the low-frequency and radio-
frequency are also well studied, and it is widely used in electronics.

Nevertheless, the nonlinear properties of ferromagnets in the IR and optical
ranges have been studied slightly until now.

The purpose of this dissertation is an experimental study of the detection of
laser radiation in visible, IR and microwave bands in a transparent ferromagnetic
media caused by excitation of the magnetic moment of the medium under the
influence of magnetic field of laser radiation.

To achieve this goal, first of all, static nonlinear magnetic characteristics
(differential magnetic permeability, magnetization curve, etc.) were studied, as well as
optical properties (coefficient of refraction, transparency) of ferromagnetic samples
used in experiments were investigated.

The detection of laser pulses in the visible and near IR ranges in a
monocrystalline YIG ferromagnet was studied experimentally. As radiation sources
were used the titanium-sapphire femtosecond laser with a peak power of ~200 kW
and a pulsed neodymium laser with a peak power of ~1 MW. The tuning range of the
femtosecond laser radiation was 710-950 nm and neodymium laser wavelength was
1.06 pm.

The possibility of the detection of low-power laser radiation in the near and
far IR ranges in transparent ferromagnetic materials, as well as detection of
microwave radiation in polycrystalline YIG at room temperature, was investigated.

The detection of microwave radiation in the ferromagnetic materials at room
temperature it was also investigated.

The main results of the work are as follows:

1. For the first time, electromagnetic radiation was detected in the transparent
ferromagnetic medium at various frequency regions (near infrared (IR), far IR and
microwave) and at different power levels (from tens of miliwatts to megawatts).
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2. It is shown that the magnitude and sign of the detected signal are well correlated
with the static magnetization curves of ferromagnetic samples. The value of the
detected signal is proportional to the second order derivative of the magnetization
curve, and in the case of soft ferromagnetic samples (in the absence of hysteresis)
the detected signal is absent in the absence of an external magnetizing field, as well
as when the magnetization curve is completely saturated. The signal differs from zero
for those values of the external magnetic field at which the magnetization curve of the
ferromagnetic sample is nonlinear. In the presence of hysteresis, due to the
remanent magnetization in the ferromagnet, one can obtain detection even in the
absence of an external magnetizing field.

3. It is also shown that at the detection of plane polarized laser radiation, the
detected signal is maximal, when the magnetic field of plane polarized laser radiation
is parallel to the magnetization vector.

Analysis of the results of investigations shows that the detected signal differs
from zero for those values of the external magnetic field, at which the magnetization
curve of the ferromagnetic sample is nonlinear.

To evaluate the detection efficiency and its correlation with the magnetization
curves of ferromagnetic samples, the detection process was modeled in the MATLAB
environment. Comparison of the results of measurements and the modeling shows
that they correlate well with each other, and the magnitude and sign of the detected
signal correspond to static magnetization curves.

The results of the research conducted within the framework of this
dissertation can find application for detecting short laser pulses, for high-speed
optical recording, storage, information processing, for detection, frequency
conversion of electromagnetic radiation, etc.
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