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Hucmumym cucmem obpabomku uzobpascenuti PAH
Camapcxruil 20cy0apcmeeHHblll adPOKOCMULECKUll yHUsepcumen

B 70-x romax wuccrnenoBareneil mepectaiu
VAOBJIETBOPATh OOBIYHBIC CHOCOOBI  yIIpaBICHUS
CBETOM C TIOMOIIBIO JIMH3, 3¢pKal U JUPPAKITHOHHBIX
pemretok. TpeboBanack omThka, KOTOpas crocoOHa
pemaTts Oojee CIIOKHBIE 3aJadyd. | oJorpamMMEl,

0coO0eHHO  TM(POBBIE  TOJIOTPAMMEI,  KOTOpEIC
CHHTE3UPOBAINCH C MOMOIIBI0O KOMIBIOTEPA, B
HpUHLHIE, MOTJIH OCYLIECTBUTh nroboe

npeoOpazoBanue cpetoBoro moisisi. Ho pabota romo-
rpaMMbl B TI€PBOM THOpsiAKe AUPPAKLUUM JENacT ee
sHepreTudecku HedpdekruBHoi. HyxHbI  ObLIH
OINTHYECKHE JJIEMEHTHI, KOTOPbIE OBl MPAKTHYECKU CO
100%-o0it »>ddexTuBHOCTBIO MO  (POKYCHPOBATH
MOIIHBIH ITy4YOK JIa3€pPHOTO CBETa B MaJylo 00JacTh
MIPOCTPAHCTBA NPOM3BOJIBHOIO BHJAa. Tak B Hayaie
80-Xx TrofoB TOSBHWICS MPUHIWIHAIGHO HOBBIM THII
ONTUYECKUX 3JEMEHTOB — (okycaTopbl. B pamkax
TEeOMETPUYECKONH ONTHUKH OBUTH TONydYeHbl aHAJIH-
THUYECKHE PELICHHs NMPAKTHYECKH BaXKHBIX 3a1ad (o-
KyCHPOBKH JIa3€pPHOTO M3Iy4EHHS: PACCUHTAHBI U
CHHTE3UPOBaHBI (DOKYCATOPHI B MPOAOJIBHBIH OTPE30K
[1], momepeuHBIf OTPE30K, CErMEHT KPUBOW MPOU3-
BOJIBHOTO BHUA [2], Koab1o [3], KpYT U KBajparT ¢ mo-
CTOSTHHOW MHTeHCUBHOCTHIO [4]. Takue nudpakiuon-
HbIe onTryeckue deMeHTHl (JJOD) mis uHppakpacHo-
r0O W BHIUMOIO JMAana3oHOB  CIIEKTpa  OBbUIH
W3TOTOBIICHEI C TOMOMIBIO  (hoTONMHTOrpadIIecKOmn
TEXHOJIOTUH, OOBIYHOMN [UISI MUKPOAJIEKTPOHHUKH, U T10-
Kazald BBICOKYIO IHGPAKIHOHHYIO S((PEKTHBHOCTD
(70-90%). Ilpumensrorcss (poKycaTopsl KakK CHIOBAsS
OIITHKA JJISI TEXHOJIOTHYIECKHX 3a/1ad 00pabOTKH MaTe-
puanoB. 3Tux nepBbix padorax M.H. CucaksHa u ero
COaBTOPOB OBUTH 3aJI0’KEHBI MHOTHE (DyHIaMEHTaIIb-
HbIC WU JU(PaKIMOHHON onTHKH. Tak BbIOOp THIA
NpUOJIMKEHUS, B PaMKaX KOTOPOTO PacCYUTBHIBAIUCH
(hoKycaTopbl, AUKTOBAJICS TOCTHXKCHUEM MaKCHMallb-
HOW mudpakumoHHOM 3¢ddexTuBHOCTH. [Nt 3TOTO
TpeboBasiock, 4ToObl PyHKIMS MHKpopenbeda GoKy-
caTopa ObUIa Kak MOKHO OoJjiee rJIagKoii U nMena Kak
MOXXHO MEHBIIIE Pa3pbIBOB, KOTOPBIE MPHUBOIAT K He-
KOHTPOJIUPYEMOMY PpacCesiHUIO CBETOBOW 3SHEPTHUH.
[losToMy B paMmkax Jy4eBOW ONTHKM C IOMOIIBIO
ypaBHEHH 3WKoHana U AuddepeHInanTbHOro 3aKoHa
COXpaHEHHs JHEPruM IpU IEPEHOCE H3IIYyUEHUs C
IUIOCKOCTH (hOoKycaTropa B IUIOCKOCTh MHUILIEHH HMCKa-
JIMCb TOYHBIC AHAJIUTHYCCKUE PCIICHUSA HEKOTOPBIX
KJIFOUEBBIX 3aj]ad, 00JalarolX TOH WJIM UHOM CHM-
Mmerpued. KoHeuHo, npu pelieHnH 3a/ladud B paMKax
TeOMETPUYECKONH ONTHKH HE YUYHTHIBAIOTCS AU(PpaK-
IIMOHHBIE SBJIECHHS, KOTOPBIE UTPAIOT CYIIECTBEHHYIO
poib pu GOpPMUPOBAaHUH BHAA (POKAITBHON 00JacTH,
MO3TOMY TeoMeTpHrUuecKue (poKycaTopsl, 00iamas BbI-
cokoit addexTrBHOCTBIO, (HOPMUPYIOT (oKaTbHOE
pacmnpesienenne "HTEHCUBHOCTH ¢ HEMAJION OIMMOKOH
(okono 30%). UroObl y4ecTh audpakunoHHble d¢-

(exTbl npu pacuere (HOKycaTOpoB TpeOyeTcs peuaTh Me-
TOJIOM IIOCIIEA0BATEIBHBIX MPUOIMKEHUH MHTETpaJIbHbIE
mudpaxkunonnsie  ypaBHeHuss Kupxroda-®penens. Ho
OKa3bIBa€TCsA, YTO WTEPATHUBHBIM IpOIECcC MOWCKA JH-
(paKIMOHHOTO pemeHus OBICTpEe BCEro CXOOUTCSA NIpH
BEIOOpE B KaUeCTBE HAYAIBHOTO MPHONMKECHUS I (Pas3el
¢dokycaropa — reoMeTpo-onTHYecKoro pemenus. Ilpu
3TOM B XOJI€ UTEPALMi INIaAKOCTh NEPBOHAYAIBLHOTO pe-
LIEHUs] HapyIIaeTCsl HECYIIEeCTBEHHO. Ecim ke HauuHaTh
HTepaTPIBHI)Iﬂ mpouecc MOoUCKa ONTUMAJIBHOI'O PCIICHUA
CO ciyyaiHOHW (ha3bl, KaK 3TO JIENIAeTCs MPH pacyere Ku-
Ho(opMOB, TO uTorosas ¢aszosas Qynkuus JJOD Oyner
HMMETh MHOXECTBO pa3pbIBOB, a CaMa MOBEPXHOCTh (DOKY-
caropa OyZeT BBIIIAAETh KaK [MIepOX0BaTast HOBEPXHOCTb.

[Tpu pemennu 3amauu GOKYCHPOBKH JIa3€PHOTO H3-
JIydeHUsI B MIPOM3BOJIBHYIO JIMHHUIO, 00JaaroIlyl0 MUHH-
MaJbHON MU(PPaKINOHHOW TONIIWHOW, JJISI OCYIIECTBIIE-
HUSL OTOOpaKeHUs] TBYMEPHOH IUIOCKOCTH (hOoKycaTopa B
OTHOMEPHOE MHOKECTBO TOYEK TPeOyeTcs, YTOOBI IeTIbIe
JIUHAN HAa MTOBEPXHOCTU (poKycaTopa (OKyCHpPOBAIHN B OT-
JeTbHbIE TOUKH KpUBOH. M3 TakMX MpennochuUIOK BO3HUK-
JIO TIOHSITHE €051 PoKycaTropa, KOTOPOe ¢ TeYeHHEM Bpe-
MEHHU CTaJI0 OCHOBHBIM IIOHATHEM FeOMeTpH'-IeCKOfI TECO-
pun poxycaTtopos.

B pab6ore [1] Takxke BbIcka3aHa uuest pacuera (a3o-
Boii (yrkmmu JIOD Kak JOMOTHHUTENBHOW abeppalroH-
HOW (yHKIMH, KOTOpPYIO Hamo m00aBuUTh K (ha30BOU
(GhyHKIMN WaeanbHON coOuparomieid TUH3BL Takum o0pa-
30M, (OKycaTop B OTPE30K OCEBOM JIMHUM MPEACTABISET-
cs Kak JuH3a ¢ Oosbmiol chepuueckoir abeppanueii, a
(dokycaTop B MOMEpedHbI OTPE30K — Kak cepuueckas
JIMH32a C OOJIBIINM aCTUIMaTH3MOM.

B pabote [2] BeIgBHHYTA Hes pacdyeTa MOIYJIbHBIX
(cocTaBHBIX) (OKYCaTOpOB, KOTOpbIE (POKYCHPYIOT H3IIYy-
YeHHE B MPOU3BOJIbHYIO INIOCKYIO KpuBYl0. CaMa cliokHast
KpuBas HabOupaercsi U3 Ooliee MPOCTHIX KPUBBIX (OTpe3ka
MIPSIMOM | TTOJTYOKPYXXHOCTH), IPUYEM B KaXKIIyIO IIPOCTYIO
KpHUBYIO (DOKYyCHPYET OTHAENIBHBIH Y4YacTOK ITOBEPXHOCTH
(okycaropa (OTOeTHHBIA MOIYIIH).

B pabote [3] BriepBBIe coolmmaercss 0 CHHTE3e M UC-
MIBITAHUHM OTPaXXaTeJIBHOTO (POKycaTopa B KOJBIIO MUHH-
ManpHOW nudpakunoHHon tommuHbl s CO, maszepa ¢
mHOK BoHBI 10,6 Mukpon. Juamerp JIOD Obin paBeH
2,5 MM, a KOJIBII0 IuaMeTpoM 25 MM (popMHpOBAIOCH Ha
paccrosituun 30 cM. [loBepxHocTh penbeda Obuia MOYTH
miaakon (255 rpanmanuii penbeda ObLIO peaTr30BaHO ITy-
TEM JIOKAIBHOTO BBIMBIBaHHMS  (DPOTOUYBCTBHTEILHOM
SMYJIBCHH W TOCIEAYIOIEr0 HAIBUICHUS CJIOSI aJlFOMH-
HUS).

B pabore [4] coobmanocs 00 yCHEITHOM HCITHITa-
HuHu Ha pupme xerepan Motope (CILIA) dokycatopa B
OTPE30K C YBEIMUYEHHON MHTEHCUBHOCTBIO CBETa Ha KPasiX
OTpe3Ka AJIsl YNPOYHEHHS CTAIN C MOMOLIBIO 3-X KHIIO-
BatHOTO CO,-11azepa: CpoK CIIy>KOBI yIIPOUYHEHHOM ITOJIOC-
KM CTaJy yBEIU4UiCs B 5-7 pas.



Iupoxoe pacmpoctpanenne B 70-X romax ja-
3epHBIX UCTOYHUKOB CBETAa M CBETOBBIX BOJIOKOH, KO-
TOPBIC MOPOXKIAAIOT MHOTI'OMOJOBBLIC CBCTOBLIC I10JIA,
MIPUBEJIO K HEOOXOJMMOCTH pa3paboTKU HOBOI'O Kiac-
ca nMpubOpOB — aHAIM3aTOPOB MOJOBOTO COCTaBa KO-
TEepeHTHOTo u3nyuyeHus. Tak B Haudaje 80-X romoB
nosiBwirch HoBble JIOD, mpeaHazHAueHHbIE AJSL ce-
JIEKIIMM TIPOCTPAHCTBEHHBIX MO/ JIA3€PHOTO H3Iyde-
HUS — MOJAHBI. BBUTH pacCUMTaHBl M M3TOTOBJICHBI
MOJIaHBI (TIPOCTPAHCTBEHHBIE (UIBTPHI) IS CEJeK-
mun Mop [aycca-Jlareppa u [aycca-Opmumra [5,6].
Ecmu mpmsma wimm audpaxmuoHHas pemeTrka Mpo-
CTPAaHCTBEHHO pAa3AesIoT XPOMATHYECKHE CIICK-
TpaJIbHBIE COCTABISIOIINE CBETA, TO MOJAHBI IPO-
CTPAHCTBEHHO PAa3JIEIISIIOT MONEPEYHbIE MOJOBBIE CO-
CTaBJISIIOLIME JIa3ePHBIX My4YKOB cBeTa. C MOMOIIBIO
Takux J1OD MOXXHO HE TOJBKO BBIIEIATH 3aJaHHYIO
MOJIy Ha BBIXOZIE ONITHYECKOT0 BOJIOKHA WIIH JIa3epHO-
ro pe3oHaropa, HO M, Ha00opoT, (HOPMHUPOBATH OJIHO-
MOJIOBBIE FITH MHOTOMOJOBBIC Ja3epHBIC ITYUKH IS
3¢ PEKTHBHOTO BBOJA H3ITyUCHHUS B BOJIOKHA.

B pabote [5] BunepBeIe CHHTE3MPOBAHBI AMILIH-
TyJHbIE (QUIBTPBI, COIJIACOBAaHHBIE C OTICIbHBIMHU
monamu ["acca-Jlareppa. 3nakonepeMeHHas (GyHKITHS,
OIHUCHIBAOLIAS POITyCcKaHHe (GUIbTPA, 3aMHChIBAIACH
Ha aMHHHTyﬂHLIﬁ HOCHUTECJIb C IIOMOIIBKO ClIICHaJIb-
HOT'O METO/a KOJMPOBaHHMs C J00aBIEHHEM IOCTOSH-
HOT'0O CMCUICHUS aMITJINTYAbI.

Pasmep mepBeix MomaHOB ObuT 6,4 X 6,4 MM,
paspeuieHue 25 MHUKpPOH, Ipajaluil MOJYyTOHOB aM-
IUTUTY bl OPOMyCKaHus — 256.

B pabote [6] ommcaH mepBBIi SKCHEPHMEHT IO
cenekrmu Mox ['aycca-Jlareppa, BO30yXICHHBIX C TIO-
MOIIBI0 TAyCCOBOTO ITy4YKa B TPAJUEHTHOM CBETOBO-
JIOKHE C OJIM3KHUM K MapabosinueckoMy HpoduieM Io-
KazaTenst mpesiomyieHus. [lonoKuTenpHple U OTpHIa-
TEJIbHBIE 4acTh JICCTBUTEIILHON GbyHKLIMH,
OIUCHIBAIONIEH MOJY, PEATH30BAINUCH B BHIE OTHEINb-
HbBIX AaMIUIUTYJAHBIX MPOCTPAHCTBEHHBIX (l)I/IIlI)TPOB.
Bcero ananm3upoBanock nepBble YeThIPe MOABI BOJIOK-
Ha.

B Hacrosiiee Bpems ¢ TOSIBJIEHHEM BBICOKOIIpE-
IU3HOHHBIX ()OTO ¥ DJEKTPOHHBIX WIH JIA3ePHBIX TIO-
CTpouTesel ¢ pa3pelieHrneM MeHee | MIKpOHa MHOTHE
WJIeH, 3AJI0KCHHBIE B OTUX MEPBBIX PadOTaX, YCIICIIHO
peanuzoBanbl. CHHTE3UPOBaHBI MHOTOIOPSIIKOBBIE (ha-
30BBIC MHOTOrpajanyoHHsie (10 64 rpamarmii (assr)
MOJIaHBI, CIIOCOOHBIE OJHOBPEMEHHO CEIEKTHPOBAThH
JI0 25 OTHEeNbHBIX MOJ, BO30YX/JaeMbIX B BOJHOBOJAX
C NOCTOAHHBIM U TPAJUCHTHBIM IIOKa3aTCJIsIMU IIPE-
JIOMJICHHSI.

B mocnennee Bpemst yCremHo pa3BHBaeTcsi HO-
BOE HaIpaBJICHHUE B ONTHUKE — CUHTYJISIPHAs ONTHKA, B
KOTOPOH HCCIIEAYIOTCSI KOT€PEHTHBIE CBETOBBIC IO
B OKPECTHOCTH HYJIEBBIX TOUEK WHTCHCHBHOCTH. Pac-
MIPOCTPAaHEHNE CBETa BOJM3M TAaKUX OCOOBIX TOYEK (B
TaKUX TOuYKax (ha3a AIIEKTPOMATHUTHBIX KolieOaHMi
HE OmpezesieHa) HamoMuHaeT BOpoHKy. Cdopmupo-
BaTh CBETOBOE IIOJIe, O0OJAJarollee BpamlaTeIbHBIM
MOMEHTOM, MO>KHO C IIOMOIIBIO 3JIEMEHTOB Deccesb-

ontuku. Briepsrie Takue JJOD ObUH paccunTaHbl M H3TO-
ToByeHsl B 1984 romy [7]. Beccemb-onTHKY MOXXHO HC-
IIOJIB30BAaTh TAKXKE€ JI1 OINTHYCCKOI'O BBIIIOJIHCHUS HWHTEC-
rpajibHOr0 npeoOpa3oBaHusi XaHKenss U (OPMUPOBAHUS
0e311(ppaKIMOHHBIX JIa3ePHBIX MYYKOB.

B pabore [7] BnepBble yKa3plBaeTcsi Ha TO, YTO C
MIOMOIIBIO OECCEeNb-ONTHKH I'ayCCOBBIH ITy4OK MEPEBOANT-
Csl B KOJIBIIEBOW IIY4OK M IPH 3TOM HE BO3HHKAET Xapak-
TEpHBIA LEHTPAJIbHBII NUK HMHTEHCUBHOCTH, KOTOPBIN
MPUCYTCTBYET TpH (POPMHUPOBAHHH CBETOBOTO KOJIBIA C
MTOMOIIIBI0 KOHMYECKOTO aKCHKOHA B C(epUIECKOM JTHH3HL.
Bricka3piBaeTcs Takke Uaes 0 BOZMOXKHOCTH C ITOMOIIBIO
Oeccenb-onTHKH (YIJIOBBIX T'apMOHHUK) (OpMHPOBATh U
CCJICKTUPOBATh MOJbL beccens BrIcIINX MOpAAKOB, KOTO-
pBIC BO36y)KIlaIOTCﬂ B CBE€TOBBIX BOJIOKHAaX C IIOCTOAHHBIM
nokasaresneM npeaomieHus. OnucaHHble B [7] BUHTOBBIE
Oeccenb-OMIBTPEl OBUTH M3TOTOBJICHBI C TIOMOIIBIO 0TOE-
JUBAHUS AMILTUTYIHBIX MAaCOK.

Pacuer JIOD B paMkax CKaJIsIpHOH TeOopHHu Tudpak-
mun Openensa-Kupxrodga ocHOBaH Ha UTEPATHBHOM pe-
[ICHWW WHTETPANbHBIX ypaBHEHWH. B Hacrosmee Bpems
CYIIECTBYeT MHOXECTBO HWTEPATHBHBIX WM TPaJWCHTHBIX
MeToA0B i cuHTe3a 10D, HO 0Ha U3 MEePBBIX pabOT 10
HTEPATUBHOMY pacyeTy MHOTOIOPSAIKOBBIX (a30BbIX
J(paKkIMOHHBIX peleToK Oblia BhiNonHeHa B 1986 roay
[8]. UtepatusHblii moaxon k pacuery 1O mo3BoseT op-
TFaHWYHO YYHMTbIBATb AUCKPCTU3AIHIO U KBAHTOBAHUE (1)8.-
30BOM (pyHKLMH, KOTOpble Hen30exHbI npu cunteze JOD
M0 TEXHOJIOTMM MHOTOKPATHOTO TPAaBJICHHS ITOJIOXKHU C
MIOMOIIBIO0 aMIUTUTYAHBIX Macok. [Ipaktuueckuii MHTEpec
NPE/CTABISIIOT TU(PPAKIMOHHBIE PELIETKH C CUMMETpHY-
HBIM PACIIOIOKEHUEM MOPSAKOB, PABHBIX MO HHTEHCHB-
HOCTH. UTOOBI ¢ BRICOKO TOYHOCTHIO JOCTHYBH PAaBEHCTBA
WHTEHCUBHOCTH TOPSAKOB B [8] yureHa maudpaxmus Ha
pactpe, KoTopasi BO3HHKAET M3-3a AUCKpeTH3auuu. Taxxke
B pabore [8] mpoBeneH aHANN3 YCTOWYMBOCTH IMOJIYUCH-
HBIX pEIICHUH K TEXHOJOIMYECKUM OIIMOKaM (HeTou-
HOCTb MOJIOKCHUA OTACJIBbHBIX HITPUXOB PCHICTKU, HETOY-
HOCTh BBICOTHI (ha30BOW CTyNeHbKH sl OMHApHOU pe-
meTkr). C MOMOIIBIO Pa3sBUTOrO METOJNA PACCUMTAH |
nsrotoBiieH /10D, KOTOpBIH IpeacTaBisier coboil MHOTO-
MOPSIAKOBYIO AU(PAKIMOHHYIO PEIIeTKy BMecTe co ce-
PUYECKON JTUH30M.

HHTepecHbIMU U BXKHBIMU C METOAOJIOTHYECKOM TOU-
KU 3pEHMs SBIBIETCS cepusi paboT, B KOTOPBIX pPa3BHUBACTCS
HOBBII TOJXOA K OIFCAHUIO PACHPOCTPAHEHHS CBETOBBIX
BOJIH B ONTHYECKUX BOJIOKHaX. Tak B paborax [9, 10] u3-
BECTHBIE METO/BI KBAHTOBOI MEXaHHKH, OTMCHIBAIOIINE CO-
CTOSIHMSL JTUHAMUYECKOM KBAaHTOBOW CHUCTEMBI C IOMOIIBIO
MHBApHAHTOB (MHTETPAJIOB JIBHKEHUS), KOTEPEHTHBIX U (o-
KOBCKHX COCTOSIHHM, OIEpPaToOpOB POXKACHUS W YHHUUTOXKE-
HHSI, OTIEPaTOPOB 3BOJIOLMK M MaTpPHILbl TUIOTHOCTH, OBLIN
BIEPBBIE IIPUMEHEHBI K ONMCAHUIO PaclpOCTPaHEHHs CBETO-
BBIX TIyYKOB B TPAJMCHTHBIX MPOMOIBHO HEOTHOPOIHBIX
CBETOBOJaX. BO3MOXXHOCTD TMPUMEHEHHS METOJOB KBAHTO-
BOM MEXAHUKHU K ONMCAHHIO KIACCHYECKUX CBETOBBIX MOJIEH
B TPaJMEHTHBIX BOJHOBOJAX OCHOBaHAa Ha TOM, YTO Iapa-
KcuajibHOe ypaBHeHHEe Doka-JIeoHTOBHYAa MaTeMaTH4eCKH
SKBUBAIECHTHO ypaBHeHuio lllpemumrepa, mpu 3ToM ainHA
BOJIHBI CBETa COOTBETCTBYET MOCTOsIHHOM [ lnanka, a pacmpo-



CTPAaHEHHUE CBETA BJOJIb ONTHYECKOH OCH COOTBETCTBYET
ABOJIFOIMM KBAaHTOBOM CHCTEMBI BO BpeMeHH. B paboTrax
[9,10] nony4eHs! sSBHbIE BBIpOKEHUS ISl TPAECKTOPHU
Jyuei, IUPUH Mo, K03(p(HULIMEHTOB CBS3U MEXIY MO-
JlaMH JUIsl BOJHOBOJOB C MCKPUBIIEHHOU OCbIO. IIpruem
KOTEPEHTHOE COCTOSIHUE OMUCHIBACT OTAENIBHBIN JIyd, U
BCE JIyuyd B BOJHOBOJE MOXKHO IOJIYYUTb W3 OJHOTO
OCEBOT0 Jyda C TOMOIIBIO ONEPaTOPOB POXKICHUA U
YHUUTOXEHNS, @ (POKOBCKHE COCTOSHMSI ONMCHIBAIOT OT-
JIeTIbHBIE MOJIBI BOITHOBOJA. [TomydeHa CBsI3b MeXITy KO-
TEPEHTHBIMHA U (POKOBCKUMH COCTOSHHSIMH, MO3BOJISIIO-
niast MEPEXOANUTh OT FEOMETPO-ONTUYECKOTO ONMHMCAHUS
pactpoCTpaHEHHs CBETA C TIOMOLIBIO JIy4ell K BOJIHOBO-
MY OIHCAHHIO C IOMOIIBIO MOJI.
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