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KPATKHM OB30P HAYUYHBIX PABOT U. H. CHCAKSIHA
O JUPPAKIIMOHHOM U BOJIOKOHHOM ONTHUKE

B 1970 rr. uccnenopareneii nepecTaiy yIoBIETBO-
PATH OOBIYHBIE CIOCOOBI YIPABICHUS CBETOM C IIOMO-
IbI0 JIMH3, 3epKal U JTU(PAKIMOHHBIX peleToK. Tpe-
OoBajyiach ONTHKA, KOTOpas CIOCOOHa pemarh Oojee
clokHble 3aaau. ['omorpamMmbl, ocoOeHHO IHM(ppPOBEHIE
roOJIOTPaMMBI, KOTOpBIE CHHTE3HPOBAJIHMCH C ITOMOLIBIO
KOMITBIOTEPA, B IPHUHIIMIIE, MOTJIM OCYILIECTBHUTH JIF000€
npeoOpa3oBaHye cBeroBoro noius. Ho pabora romorpam-
MBI B [IEPBOM TOpPSAAKE MM(PPaKIHNK JENaeT ee SHepreTH-
gecku Hed(pdektrBHONW. HY)KHBI OBUIH ONITHYESCKUE dIie-
MEHTHI, KoTopble Obl mpaktrdecku co 100%it sddek-
TUBHOCTBIO MOINIM  (JOKYCHPOBAaTb MOIIHBIA ITy4OK
JIA3€PHOTO CBETa B MAIIy0 00JIaCTh NPOCTPAHCTBA IIPOU3-
BojbHOrO Bujaa. Tak B Hauwane 1980x rr. mosBuiCs
MIPUHIUIIMAJIBHO HOBBIM THIT ONTHYECKUX DJIEMEHTOB —
¢dokycatopsl. B paMkax reoMeTpHUYCCKOW ONTHKU ObLIN
MOJTYYEeHbI aHAJMTHYECKUE PELICHUS MPAKTUYECKU BaXK-
HBIX 337124 (POKYCHPOBKH JIa3€PHOTO M3JIyUEHHUS: pPaccyuu-
TaHBl ¥ CHHTE3HPOBaHBI (HOKYCATOPBI B TPOIOIBHBIA OT-
pe3ok [1], momepeyHblii OTPE30K, CETMEHT KPUBOW MpO-
u3BoabHOrO Buja [2], xombio [3], kpyr u KBaapar c
HOCTOSIHHOM HHTEHCUBHOCTHIO [4]. Takue mudpaxiuon-
HBle onTrueckue anmemMeHTsl (JIO3) mwis uHdpakpacHoro
U BUANMOTO IMANa30HOB CIEKTpa ObUIM M3TOTOBIICHHI C
oMOIIBI0  GoToauTOrpaduueckoll TEXHOJIOTUH, OOBIU-
HOH JUIA MUKPODJIEKTPOHUKH, U IMOKa3aJId BBICOKYIO JIU-
dpaximonuyo 3hdexrusaocts (70-90%). [Ipumensior-
csi (hOoKycaTophl Kak CHIIOBAsl ONTHKA JJIsl TEXHOIOTHYE-
CKHX 3a/1a4 00pabOTKH MaTepruasos.

B atux nepseix paborax M.H. Cucaksna u ero coas-
TOPOB OBUIH 3aJI0KEHBI MHOTHE (hyH/IaMEHTANIBHbIC UICH
JudpaknroHHoN onTuku. Tak, BEIOOp THITA MpUONMKe-
HUS, B paMKaxX KOTOPOTO PacCUMTHIBAIMCH (OKYCATOPBHI,
JIMKTOBAJICS JOCTHXECHHEM MaKCUMaJIbHOW JM(paKinoH-
HOW »¢¢exruBHOCTH. 11 3TOTO TpedOoBamoCh, YTOOBI
¢ynknus Mukpopenseda okycaropa ObUTa KaK MOXHO
Gosiee TIAgKOM M MMeTa KaK MOKHO MEHBILE Pa3pbIBOB,
KOTOpBIC MPUBOJST K HEKOHTPOIHUPYEMOMY PACCESHUIO
CBeTOBOM 3Heprud. IloaToMy B pamKax JIydeBON ONTHKHU
C NOMOIIBIO YpaBHEHUS dlKoHaa U M depeHIHaIbHO-
rO 3aKOHA COXPaHEHMs SHEPIUHU IMpH NEpPeHOCe M3Iyde-
HUSL C TUIOCKOCTH (DOKycaTopa B IUIOCKOCTh MUIICHH HC-
KaJMCh TOYHBIC aHAJIWTHYECKHE PEIICHHS HEKOTOPBIX
KITIOUEBBIX 337124, 00JaaloNMX TOH WM MHOW CHMMeT-
pueii. KoHeuHo, npu pelieHuM 3ajaud B paMKax Ieo-
METPHUYECKOH ONTHKN HE YINTHIBAIOTCS MU PaKIOHHbIE
SIBIICHUS, KOTOPBIC WIPAIOT CYIIECTBEHHYIO DPOJIb TIPH
¢dopmupoBaHrM BUAAa (POKAIBHOW O00JACTH, IMOITOMY
reoMeTpudecKkrue (QoKycaTtopsl, o0iazast BBICOKOH (-
(EKTHBHOCTHIO, POPMUPYIOT (HOKATHHOE PACIIPEIACICHIE
HWHTEHCUBHOCTH ¢ HeMayoi ommokoit (okoso 30%).Yro-
Ob1 yuecTb AudpakiuoHHble 3G eKThl pu pacyere $o-
KycaTopoB, TpeOyeTcst peraTh METOI0M MOCIIeI0BATENb-
HBIX IPUOJDKEHUH WHTErpajbHble U(pPaKIUOHHBIE
ypaBHeHHus Kupxroga-®penens. Ho okaswBaercs, 4ro
UTEPATHBHBIN Ipoecc MOUCKa AN(PAKIMOHHOTO pelle-

HUS OBICTpEE BCETO CXOAWTCS IMPU BHIOOpE B KadecTBE
HavyapbHOTO TIpUONIKeHns s (asel Gokycaropa reo-
METpoONTHYeCcKoro peuieHus. [Ipu 3Tom B Xoxe urepa-
LU TIIaJKOCTh MEPBOHAYAIBHOTO PELICHHS HapyIIaeTCst
HECYIIECTBEHHO. ECIN jKe HauMHATh UTEPATHBHBINA TPO-
[ecc IOMCKa ONTHMAIBHOTO PELICHHs CO CIydaiHoH (a-
3bl, KaK 3TO JIEJIAeTCs IPH pacyeTe KUHO(OPMOB, TO UTO-
roBas ¢azoas pyakms 10D Oyner uMeTh MHOXKECTBO
pa3phIBOB, a cama IOBEPXHOCTH (oKycaTtopa OyneT BbI-
IJBIIETh KaK IIepoXoBaTas OBEPXHOCTb.

[lpu peweHnn 3a1aun (GOKYCHPOBKU JIA3EPHOTO U3-
JTy4eHHs B IIPOU3BOJIBHYIO JIMHHUIO, 00JIa/IaloIyr0 MUHH-
MaJBHON TM(PaKIMOHHON TONIMHOMN, [UIS OCYIIECTBIIC-
HUSI OTOOpa)KeHHUsT IBYMEPHOH TIOCKOCTH (pokycaTopa B
OJTHOMEPHOE MHOXKECTBO TOUEK TPpeOyeTCst, uToOBbI Lieble
JUHUM Ha ToBepxHOcTH (okycaropa (okycupoBaiu B
OT/ICNIBHBIC TOUKHM KpHBO#. Takue MmpemmoChUIKK TpUBeE-
JM K BO3HUKHOBCHHIO MOHSTHA CJI0s POKycaropa, KOTo-
poe ¢ TeYeHHEM BPEMEHH CTal0 OCHOBHBIM ITOHATHEM
TEOMETPUYECKON TeOpHn (POKYCaTOpPOB.

B pabore [1] Takxe Bbicka3aHa ujes pacyera (hazo-
Boit pyrkImE 1O Kak JOMOTHUTENRHOH abeppaloH-
HOM (yHKIHH, KOTOpPYIO Hamo m00aBUTH K (ha30BOH
(hyHKIMK WAeanbHOW coOmparomei MuH3b. TakuM 00-
pazoM, (oKycaTop B OTPE30K OCEBOW JIMHMM IPE/CTaB-
JsleTcsl Kak JIMH3a ¢ OoJbIol cdeprueckoil abeppariu-
eil, a pokycarop B mornepeyHblid 0Tpe3oK — Kak chepu-
yeckast JIMH3a ¢ OOJIBLINM aCTUTMaTH3MOM.

B pabore [2] BbimBHHYTA Hes pacdyera MOIYIbHBIX
(cocraBHbIX) (oKycaTOpOB, KOTOPbIE HOKYCHPYIOT U3ITY-
YeHUE B MPOMU3BOJIBHYIO MJIOCKYIO KpHBYr0. Cama Clioxk-
Hasl KpUBas HaOupaeTcst U3 OoJiee MPOCTHIX KPUBBIX (OT-
pe3Ka mpsAMO M HONYOKPYXKHOCTH), IMIPHYEM B KaKIYIO
MIPOCTYIO KPHUBYIO (DOKYCHPYET OTHEIBHBIN y4acTOK I10-
BEPXHOCTH (poKycaTopa (OTAETBHBINA MOIYIE).

B pa6ore [3] BrepBbie cooOIIaeTCS 0 CHHTE3E U UC-
IBITAHUH OTpaXkaTeIbHOro (hoKycaTopa B KONBLIO MHU-
HUMaNbHON audpakimonHoN TomumHs! 11t CO2-na3zepa
¢ mmHou BonHbl 10,6 MxM. Tuamerp JIOD Obu1 paBeH
2,5 MM, a kombio guamerpoM 25 MM (GopMHPOBATIOCH
Ha paccrostann 30 cM. [ToBepxHOCTH penbeda Obua mo-
4TH T1aaKo# (255 rpananuii penseda ObUIO peann3oBa-
HO IIyTeM JIOKaJbHOTO BBIMBIBAHHS (POTOUYBCTBUTEIb-
HOH OSMYJIbCHUH W TIOCICAYIOIIEr0 HANbUICHHS CIIOS
ATIOMUHUS).

B pa6ote [4] coobmanock 06 yCEmHOM HCIBITA-
uun Ha pupme «JIxernepan moropc» (CIIA) dpokycaro-
pa B OTPE30K C yBEIMYEHHOI HHTEHCUBHOCTHIO CBETA HA
KpasX OTpe3Ka Ul YIPOYHEHHUS CTAIU C MOMOLBIO 3-
kusoBaTrTHOrO CO2-11a3epa: Cpok CIy>KOBI YITPOYHEHHOM
MOJIOCKH CTaJIi YBEJIHMUUJICS B 5-7 pas.

upokoe pacripocrpanenue B 1970x rr. na3epHbIX
MCTOYHUKOB CBETa U CBETOBBIX BOJIOKOH, KOTOpBIE I10-
POXIAOT MHOTOMOJOBBIC CBETOBBIC MOJIS, MPHUBEIO K
HEOOXOMMOCTH pa3pabOTKH HOBOTO Kilacca IpHOOpOB
— aHaJIM3aTOPOB MOJIOBOTO COCTaBa KOIEPEHTHOTO W3-
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nydenus. Tak, B Hauane 1980 IT. MOSBHIIMCH HOBBIC
J10D, mnpenHa3Ha4YeHHBIE Uil CEJIEKIUH POCTpPaH-
CTBEHHBIX MOJI JIA3EPHOTO M3JIy4€HUs, — MOJAaHBbI. BbI-
JM pacCYMTaHbl M HM3TOTOBICHBI MOJaHbI (IIPOCTpaH-
CTBEHHBIC (UIBTPBI) I celekuun Mojn [aycca-
Jlareppa u I'aycca-Opmuta [5, 6]. Ecimn npusma wnu
JT(paKIOHHAS penieTKa MPOCTPAHCTBEHHO Pa3ICIIsIOT
XPOMAaTHUYECKHE CIIEKTPAIbHBIC COCTABIISIONME CBETA,
TO MOJAAHBI IPOCTPAHCTBEHHO PA3JEISIOT IOIEPEUHbIE
MOJIOBBIE COCTABIIAIONME Ja3epHBIX My4dkoB cBera. C
rmoMoIpio Takux JJOD MOKHO HE TOJIBKO BBIACIATH 3a-
JIAHHYIO MOJly Ha BBIXOJC ONTHYECKOTO BOJIOKHA HJIH
JIa3epHOT0 pe30oHaTopa, HO M, Ha00opoT, HOpMHUPOBATH
OJTHOMOJIOBBIE WJIM MHOTOMOJOBBIE JIa3€pHBIC ITy4KH
Juts 9 (HheKTUBHOTO BBOZA M3IIy4EHUS B BOJIOKHA.

B pa6ote [5] coobiaercsi 0 TOM, Kak BIepBbIe ObUTH
CHUHTE3MPOBaHbl aMIUIMTYAHBIC (DMIIBTPHI, COTJIACOBaH-
HBIE C OTAENBbHBIMU MogamHu [ aycca-Jlareppa. 3Hakore-
peMeHHass (YHKIWS, ONMCHIBAION@S IPOIYCKaHUE
¢uIpTpa, 3aNKCHBATACH HA aMIUIUTYIHBIH HOCHUTEND C
MOMOIIBIO CHENHAITBHOIO METOAa KOIMPOBAaHUS C JI0-
6aBIEHHEM [TOCTOSHHOTO CMELICHUS aMIIIIUTYIBI.

[epBbie Momanbl uMenu pasmep 6,4x 6,4 mm, pas-
pewenne 25 mMkM, 256 rpaganuii MONTYyTOHOB aMILIUTY-
bl TTPOITYCKaHUSI.

B pabore [6] ommcaH mepBbiii 3KCIIEPUMEHT MO Ce-
neknuu moj I'aycca-Jlareppa, Bo3OY»KAE€HHBIX C IIOMO-
IIBI0 TayCCOBOTO ITy4YKa B TPaMEHTHOM CBETOBOJIOKHE
¢ Onmm3KkuM K mapaboindeckoMy MpoduiieM MoKa3aTess
npenomiieHns. [looXuTeNnbHbIe M OTPULIATENBHBIE Ya-
CTH ICHCTBUTENFHOW (YHKIWH, OMHCHIBAIONMICH MOXY,
peann30BaliCh B BUJE OTACIBHBIX aMITUTYIHBIX MPO-
CTPAaHCTBEHHBIX (MIIBTPOB. AHAIN3UPOBAINCEH IIEPBbIC
94EThIPE MOABI BOJIOKHA.

B Hacrosiiiee BpeMsi ¢ MOSIBICHHEM BBICOKOIPEIH-
3MOHHBIX AJIEKTPOHHBIX WM (DOTOMOCTPOUTENEH C pa3-
pemeHreM MeHee 1 MKM MHOTrHe WJeH, 3aJ0KEHHBIC B
STHX MEPBBIX paboTax, YCIemHo peann3oBaHbl. CHHTE-
3MPOBaHbl MHOTOIIOPSAKOBBIE (ha30BbIE MHOTOTpaalu-
oHHble (H0 64 rpamauuit (aspl) MOAaHBI, CIOCOOHBIC
OJTHOBPEMEHHO CEJIEKTUPOBATh 10 25 OTAeNbHBIX MO,
BO30YX/IaeMbIX B BOJIHOBOJAX C MOCTOSHHBIM U TPaH-
SHTHBIM IOKa3aTEeJSIMH ITPEIOMIICHUS.

B mocnenHee BpeMs yCHEIIHO Pa3BHBAETCS HOBOE
HaIpaBlICHUE B ONTHKE — CHUHTYIApHAs ONTHKA, B KO-
TOpPON HCCIIEAYIOTCSI KOTCPEHTHBIE CBETOBBIE IIONSA B
OKPECTHOCTH HYJIEBBIX TOUYEK MHTEHCHUBHOCTHU. Pacmpo-
CTpaHEHHE CBeTa BOIM3M TAKUX 0COOBIX TOUYEK (B TAKHMX
TouKax (haza PIIEKTPOMArHUTHBIX KOJIeOaHUIl He ompe-
JefieHa) HarmoMmuHaeT BOpoHKY. ChopMupOBaTh CBETO-
BOE TMoJie, oOyajaroliee BpallaTeIbHBIM MOMEHTOM,
MOJKHO C ITOMOIIBIO 3JIEMEHTOB Oeccenb-onTuky. Briep-
Bole Takne J]OD ObUTM paccYMTaHBl M M3TOTOBJIEHBI B
1984 r. [7]. Beccenb-ONTHKY MOXHO HCIOIb30BaTh
TaKXe TSI ONTHYECKOTO BBIOJIHEHUS MHTEIPAIBHOTO
npeobpa3oBaHus XaHKenss W (opMHpoBaHUSA Oe3[H-
(paKLMOHHBIX JIA3EPHBIX ITyYKOB.

B pabGore [7] BmepBbie yKasbBacTCs Ha TO, YTO C
MOMOIIBIO OecceNb-ONTHKU TayCCOBBIH ITY4OK MEpEeBO-

JUTCSL B KOJIBLIEBOM Iy4OK M IPH 3TOM HE BO3HHKAET
XapaKTepHBIA HEHTPaIbHBIA MUK WHTEHCHBHOCTH, KO-
TOPBIA MPHUCYTCTBYET IpH (POPMUPOBAHUH CBETOBOTO
KOJIbI]a C TIOMOIIBI0 KOHWYECKOTO aKCHKOHa M cepH-
YecKoil JINH3bI. BBICKa3bIBaeTCS TAKKE UIEs O BO3ZMOXK-
HOCTH C MOMOIIBIO Oeccenb-OnTHKU (YITIOBBIX rapMo-
HUK) (HOPMHpPOBaTh M CEJIEKTHPOBAaTH MOIBI beccers
BBICIIINX TIOPSITKOB, KOTOPHIE BO30YKIAIOTCS B CBETO-
BBIX BOJIOKHAX C TIOCTOSIHHBIM ITOKa3aTelleM IIpeoMIie-
Hus. B [7] BunTOBBIE Gecceb-QUIBTPBI OBLIM U3TOTOB-
JICHBI C TOMOIIBIO OTOSIMBAHNS AMILIUTY/IHBIX MaCOK.
Pacuer JIOD B paMkax CKaJspHOW TEOpUH OH(paK-
mun Kupxroga-®peHens oCHOBaH Ha UTEPaTUBHOM pe-
IIEHUW UHTErpalIbHBIX ypaBHEHUH. B HacTosiee Bpems
CYIIECTBYET MHOKECTBO UTEPATUBHBIX U I'PAJAUEHTHBIX
MeTonoB s cuHTe3a JJOJ, HO oJHa U3 MEepBhIX padoT
10 UTEPATHBHOMY PAaciyeTy MHOTOIOPSAKOBBIX (pa3oBBIX
T(PpaKIHOHHBIX peleTOK ObUla BhITONHeHa B 1986T.
[8]. Ureparusnbiii moaxoa k pacdery JJOD mo3BoisieT
OpPraHWYHO YYUTHIBATH TUCKPETHU3AIMIO U KBAHTOBAHHE
(hazoBoil PyHKIINH, KOTOPHIE HEM30EKHBI IPH CHUHTE3E
JOD mo TeXHOJOTMH MHOTOKPAaTHOTO TPAaBJICHHS TOJ-
JIOKKH C TOMOIIBI0 aMIUIMTYAHBIX Macok. [IpakTuue-
CKUI MHTEpEeC MpPEICTaBISIOT AU(PAKIMOHHBIE PelleT-
KA C CHMMETPHUYHBIM PACIOI0KEHHEM MOPSIIKOB, PaB-
HBIX [0 HHTEHCUBHOCTH. UTOOBI C BBICOKOW TOUHOCTHIO
JOCTHYb PAaBEHCTBA HWHTEHCHBHOCTH TMOPSAKOB, B [8]
ydareHa au(pakiysi Ha pacTpe, KoTopas BO3HUKAET M3-
3a puckperu3anuu. Takxke B padote [8] mpoBesneH aHa-
JU3 YCTOWYMBOCTH IOJYICHHBIX PEIICHUH K TEXHOJO-
TMYECKUM ONMOKaM (HETOYHOCTH IOJOKEHHUS OTHENb-
HBIX IITPUXOB PEIICTKH, HETOYHOCTh BBICOTHI (ha30BOM
CTYIIEHBKHU [UTs OMHapHOW pemierkn). C MOMOIIBIO pas-
BUTOTO MeToJa paccunTaH u usrorosieH JIOD, xoro-
PBIf TIPEenCTaBIsACT COO0H MHOTOMOPSAKOBYIO Audpak-
[HOHHYIO PEIIETKY BMECTE CO CPePUICCKOM JTHH3OM.
WuTepecHON U BaXKHOU C METOAOJIOIMYECKON TOYKU
3peHHs SBISIETCSl ceprsl padOT, B KOTOPBIX Pa3BUBACTCS
HOBBII IOJXOJ] K OIMCAHUIO PACIpOCTPAHEHUs CBETO-
BBIX BOJIH B ONTHYECKHX BOJIOKHaX. Tak, B paborax [9,
10] u3BecTHBIC METOJbI KBAHTOBOW MEXaHUKH, OMHCHI-
BalOIME COCTOSHHS TUHAMHYECKOW KBAaHTOBOW CHCTe-
MBI C TIOMOIIBIO MHBAPUAHTOB (HHTETPAIOB JBUKEHHS),
KOTePEHTHBIX M (POKOBCKHX COCTOSHHM, OIEpaTOPOB
POXACHUS W YHUYTOXKEHHS, ONEPATOPOB HBOJIONMUHA H
MaTpPHLBl TUIOTHOCTH, OBUTM BHEPBBIE MPUMEHEHBI K
OIMCAHMIO PaCpPOCTPAHEHUS] CBETOBBIX MYYKOB B Ipa-
JUEHTHBIX  IPOJIOJbHO-HEOJHOPOIHBIX  CBETOBOJAX.
B03M0XHOCTh IpUMEHEHHUSI METOJIOB KBAHTOBOM MeXa-
HUKM K OIMCAHHWIO KJIACCHYECKHX CBETOBBIX TOJIEH B
rpaJIMeHTHBIX BOJIHOBOJAX OCHOBaHa Ha TOM, 4TO IIa-
pakcuanbHoe ypaBHeHHne Doka-JleoHTOBHYA MaTeMaru-
YecKH JSKBUBAJICHTHO YypaBHeHuio lllpenunrepa, mpwu
9TOM JUIHHA BOJHBI CBETa COOTBETCTBYET IOCTOSHHOH
[lranka, a pacmpoCTpaHEHHE CBETa BIOJb ONTHYECKOM
OCH COOTBETCTBYET DBOJIOIHH KBAHTOBOHW CHCTEMBI BO
BpeMenH. B paborax [9, 10] momydeHsI sSiBHBIE BBIpaKe-
HUS JUIA TPACKTOPUH Jydel, mmMpuH Mo, Koddduimen-
TOB CBSI3U MEXIY MOJAAMH JJIsl BOJIHOBOJOB C UCKPHUB-
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JIeHHOW ocbro. [IpuuemM KOrepeHTHOE COCTOSIHHE OMu-
CBhIBAa€T OTJENbHBIN Jy4, U BCE JIyYH B BOJIHOBOJIE MOX-
HO IOJIYYHUTh U3 OJHOTO OCEBOIO Jiyya C IIOMOLIBIO Olle-
pPaTOPOB POXKJICHUSA U YHHUYTOXKCHUS, a (DOKOBCKHE CO-
CTOSIHMSI OITMCBLIBAIOT OTJEIbHBIE MOJbLI BOJIHOBOJA.
[NonyueHa cBSI3b MEXIy KOTEPCHTHBIMHA M (POKOBCKHMH
COCTOSIHUSIMH, I1O3BOJISIIOIIAS IEPEXOAUTH OT T€OMETPO-
ONTHUYECKOTO OMMCAHMs PACIPOCTPAHEHUs CBETA C IO-
MOIIBIO Jy4ell K BOJHOBOMY OIMCAHUIO C ITOMOILBIO
MO/I.

Jumepamypa

1. Toayd M.A., Kapnees CB., IIpoxopo A.M., Cucaksin
H.H., Coiipep B. A. doxycupoBka U3IydyeHUs B 3a/1aH-
HYI0 00JIacThb NMPOCTPAHCTBA C MOMOIIBI0 CHHTE3WPOBAH-
HbIX Ha OBM ronorpamm // TTucema B XXT®. 1981.T. 7,
Boin. 10.C. 618-623.

2. Jamumnos B. A., Ilonos B. B., IIpoxopoB A.M., Carare-
asu J. A., Cucaxsan U.H., Coiipep B. A. Cunres onru-
YEeCKUX 3JIEMEHTOB, CO3AAIOMNX (POKATBHYIO JIHHHUIO IIPO-
n3BonbHOM (opmbl // Tlucema B JKT®. 1982.T. 8, B
13.C. 810-812.

3. Toayo M.A., lerrsapesa B.I1., Kiumos A.M., TlonoB B.
B., Ipoxopo A.M., Cucaksaun E.B., Cucaksn WU.H.,
Coiipep B. A. MammnHBbIi cuHTE3 QOKYCHPYIOIINX 3JIe-
meHToB uist CO2-nazepa // Tucema B XKT®. 1982.T. §,
Boi. 8.C. 449-451.

4. Golub M. A, Sisakyan I. N., Soifer V. A.Infra-red ra-
diation focusators // Optics and Lasers in Engineering
1991. V. 15, No. 5. P. 297-3009.

10.

11.

T'omyd M.A., IIpoxopos A.M., Cucaxsan U.H., Coiidpep
B.A. CuHTE3 IPOCTPAaHCTBEHHBIX (DHIIBTPOB IS UCCIIENO-
BaHMS MONIEPEYHOr0 MOJOBOTO COCTaBa KOTEPEHTHOTO U3-
nyuenust // KBanroBast snekrponuka. 1982.T. 9, Bpm. 9.
C. 1866-1868.

Tonyé M. A., Kapnees C. B., KpuBouuisikos C. I'.,
IIpoxopos A. M., Cucaksan U. H., Coiigpep B. A. Dxc-
HNEepUMEHTAIBHOE HCCIIEIOBAaHUE PACIPENETICHHS MOIIHO-
CTH IO ITONEPEYHBIM MOJIAM B BOJIOKOHHOM CBETOBOJE C
MOMOIIBI0 MPOCTPAHCTBEHHBIX (GuibTpoB // KBaHTOBast
snektponnka. 1984.T. 11,sem. 9. C. 1869-1871.
Bepesnntii A.E., IIpoxopoB A.M., Cucakasn HW.H.,
Coiidep B.A. Beccens-ontuka // Jokn. AH CCCP. 1984.
T. 274,Bemm. 4.C. 802-805.

Bepe3nniii A.E., Komapo CB., IIpoxopo A.M.,
Cucaksan U.H., Coiidep B. A. DazoBrie nudpaknnon-
HbIC PELICTKH C 3aJaHHBIMH IapamMeTpamu — o0 OJHOH
obparroii 3amaue ontuku // Jloxn. AH CCCP. 1986.T.
287,8umm.3. C. 623-627.

Kpusomasiko C. I'., Cucakan U. H. Korepentasre
COCTOSIHHS M PAaCIpOCTPAaHEHHE CBETa B HEOAHOPOIHBIX
cpenax // KauroBas anekrponuka. 1980.T. 7, Bbin.3.
C. 553-565.

KpuBouuisikos C. I'., Cucaksan . H. KorepenTHbIE CO-
CTOSHMS M HEIapakCHaJbHOE PACIpOCTPAaHEHHE CBETa B
rpaaueHTHbIX cpenax // Ksantosas snexrponnka. 1983.T.
10, B5mm. 4.C. 735-741.

[peokok  mepekarom. [lamsatu  mpodeccopa U.H.
Cucaxksna. [Tox penakuueii B.A. Coiidepa u B.JO. Xomu-
ya. Jlyona: OUSU, 2005, 88.



I.N. SISAKYAN'S SCIENTIFIC WORKS ON DIFFRACTIVE AND FIBER OPTICS

Overview

In the 1970s, researchers were not satisfied amg mo
with normal ways of light control via lenses, miso
and diffraction gratings. They needed optics toveol
more complicated problems. Computer-synthesized
holograms, especially digital holograms, could gahe
ly carry out any optical field transformations. Hewver,
performance of a first-order diffraction hologranade
it energy-inefficient. Thus, optical elements weare
quired, which could focus a powerful laser beara it
small freeform domain with practically one hund et
cent efficiency. So, in the early 1980s, a compyatew
type of optical elements fecusators - appeared. Ana-
Iytical solutions of practical critical problems laser-
beam focusing process were obtained within the dram
work of planar optics: focusators were designed and
synthesized into a direct-axis segment [1], a trarse
segment, a freeform curve segment [2], an O-rifg [3
and a constant-rate circle or square [4]. Thedeadifve
optical elementsOOEs) for infrared and visible light
spectrums were manufactured using photolithography
technology, which is normal for microelectronicsida
showed high diffraction efficiency (70-90%). Focusa
tors are used as power optics tools when solvingnina
als processing tasks.

These early Sisakyan's and his co-authors’ works
contained many fundamental ideas of diffractivaaspt
So, selection of an approximation type, throughohhi
focusators were calculated, was driven by maximum
diffraction efficiency achieved. This required atdisa-
tor's microrelief function to be as smooth as pblesi
and to have as few disconnections as possible hvigit
to uncontrolled light-energy scattering. Therefowéth-
in the framework of ray optics, using the eikonguia
tion and the differential law of energy conservatio
during radiation transfer from a focusator’'s planea
target plane, proper analytical solutions were Bbfmy
some key problems with particular symmetries. Of
course, in the performance of ray-optics probledifs,
fraction phenomena, which play an essential role in
shaping a focal region, can't be taken into conside
tion; that's why geometric focusators with highi-eff
ciency form the focal intensity distribution withcan-
siderable error (about 30%). In order to considfrad-
tion effects in calculating focusators, we needéaide
diffracting Fresnel-Kirchhoff integral equationssing
the successive approximations method. However, as
turns out, an iterative process of searching aadifive
solution may faster converge when selecting a ray-
optical solution, as a focusator’s initial phaserapi-
mation. In addition, during iterations, the smoeiss of
the original solution is insignificantly violatetf.an it-
erative optimizing process starts with a randomspha
as is done at calculating phase-only synthetic -holo
grams, the overall DOE phase function will haveis d
continuity set, and the overall focusator’'s surfadé
look like a rough surface.

When solving a beam freeform focusing problem
with a minimum diffraction thickness, while mappiag
two-dimensional focusator’s plane in a one-dimemsio
point set, it is required the whole lines on theufa-
tor's surface be focused at some isolated curvetfoi
These conditions resulted in occurrence of a faousa
layer concept, which eventually became a basicaqanc
of geometric focusators theory.

In paper [1] the authors suggest an idea of caiagla
a DOE phase function as a complementary aberration
function, which should be added to the phase fanadif
an ideal converging lens. Thus, the focusator imdal
segment may be represented as a lens with largeicgh
aberration, whereas the focusator in a transvegment
— as a spherical lens with large astigmatism.

In paper [2] the authors put forward the idea déica
lating module (composite) focusators, which fodwslight
on a freeform plane curve. The whole complex cusve
composed from more simple curves (a straight lind a
semicircle), where a particular focusator's surfacea (a
single module) is focused on each simple curve.

In paper [3] the synthesis and testing of a refbeet
mode focusator in a ring with minimum diffraction
width is first reported for a CO2-laser, 10.6 mitsdn
wavelength. DOE'’s diameter equals to 2.5 mm, ard th
ring, 25 mm in diameter, is formed at 30 cm therefr
The relief surface is almost even (255 relief lsvate
fulfilled via local washout of photosensitive emals
and subsequent deposition of an aluminum layer).

As reported in paper [4], the focusator was success
fully tested by General Motors (USA) on a segment
with larger light intensity on the edges thereoh&rden
steel by a 3-kilowatt CO2 laser; the durabilityaofein-
forced steel strip was increased five- or sevenfold

Ever-growing use of laser light sources and light f
bers in the 1970s, which generated multimode light
fields, resulted in necessary development of a class
of devices — coherent light mode content analyZ8os.
in the early 1980s new diffractive optical elements
(modans), designed for selection of spatial laser modes,
appeared. Modans (spatial filters) were designedl an
manufactured for selection of Gauss-Laguerre and
Gauss-Hermite modes [5, 6]. If a prism or a diffi@t
grating spatially divides chromatic light spect@m-
ponents, the modans can spatially divide transVersa
mode components of laser light beams. Using suth di
fractive optical elements, it's possible not ordydefine
a target mode at the output of an optical fibea daser
resonator, but also, in contrast, to form one-mode
multi-mode laser beams for efficient introducinge th
light into fibers.

In paper [5] the authors explain how amplitude fil-
ters were first synthesized matched with particular
Gauss-Laguerre modes. An alternating function, de-
scribing filter’s transmission, was recorded oraampli-
tude carrier using a special encoding techniqué adt
dition of constant amplitude displacement.



The first modans had size of 6.4 x 6.4 mm, 25 mi-
crons resolution, and 256 halftone values of tlaast
mission amplitude.

In paper [6] the first experiment on selection of

spherical lens was calculated and fabricated wsinm-
telligence technique.

A series of papers, which defines a new approach in
description of light wave propagation in opticabdrs,

Gauss-Laguerre modes excited by Gaussian beams inis important and methodically interesting. For egéem

graded-index optical fibers with a near-parabaditac-
tion index profile was described. Positive and tigga
parts of a real-valued function, describing the eod
were implemented in the form of different amplitude
spatial filters. The first four fiber modes wereabzed.

Meantime, with the appearance of high-precision
electronic or optical plotters with a resolution leks
than 1 micron, many ideas contained in these early
works were successfully implemented. Multiordinal
phase gray-level modans (up to 64 phase levelsg wer
synthesized, which were capable to simultaneousty s
up to 25 different modes excited in waveguides with
constant and graded indices.

A new direction in optics -singular optics — has
been successfully developed in recent years, watiad:
ies coherent light fields around zero intensity ngei
Light propagation near these critical points (agehaf
electromagnetic modes isn't defined in these ppirsts
analogous to a vortex. It's possible to form thghti
field with an angular momentum using Bessel-opgies
ements. These diffractive optical elements west fie-
signed and fabricated in 1984 [7]. Bessel-opticy ala
so be used to optically perform Hankel integrahdra
forms and to form nondiffraction laser beams.

It is first stated in paper [7] that, using Besspfics,
the Guassian beam may be transferred into an annula
beam, and thus there is no indicative central gitgn
peak presented during the light-ring formation gsn
conical axicon and the spherical lens. It is alsgued
that it's possible, using Bessel optics (angulammiaa-
ics), to form and select higher-order Bessel maties
are excited by light fibers with the constant refree in-
dex. In paper [7] it's mentioned that threaded Befk
ters were manufactured by whitening amplitude masks

Calculation of diffractive optical elements withtine
framework of the scalar diffraction Kirchhoff-Fretn
theory is based on iterative solution of integrgliaions.
There are currently many iterative and gradienthos
for synthesis of DOEs, and one of the first workstera-
tive calculation of multiordinal phase diffractigratings
was performed in 1986 [8]. The iterative appro&ch
calculating DOEs enables to naturally account frs d
cretization and quantization of the phase functieinich
can't be avoided in synthesizing DOEs in a multiplib-
strate etching process, using amplitude maskstaotfbn
gratings with symmetrical arrangement of ordersaém
intensity, are of practical interest. To achievehhi
accuracy equality of orders intensity, the scanrdifg
fraction occurred due to discretization is consdem
paper [8]. In paper [8] a stability analysis ofaibed so-
lutions is compared to technology errors (locait@tcu-
racy of different grooves, height inaccuracy of lmage
step for a binary grating). The diffractive optied¢ment
represented by a multiordinal diffraction gratinghathe

in papers [9, 10] the known quantum mechanical meth
ods, which describe states of a dynamic quantum sys
tem, using invariants (motion integrals), coherant
Fock states, creation and annihilation operators|ue

tion and density matrix operators, were first usede-
scribing light beams propagation in gradient lomdjit
nally inhomogeneous optical-fiber waveguides. Russi
use of quantum mechanical methods in description of
classical light fields in gradient waveguides isdxhon

the fact that the paraxial Fock-Leontowitch equai®
mathematically equivalent to the Schrodinger equati
thereby light wavelength matches the Planck’s eorist
and light propagation along an optical axis coroasis

to time evolution of a quantum system. In paper<.()
explicit expressions were obtained for beams paths,
modes widths, coupling factors between modes for
waveguides with a curved axis. Moreover, a coherent
state described a single beam, and all beams in the
waveguide might be obtained from an on-axis beam by
means of creation and annihilation operators, wdgere
Fock states described different waveguide modes-A
lationship was obtained between coherent and Fock
states that made it possible to pass from the ptigad
description of light beam propagation to the modeav
description.
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