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HOJIAPU3AIIMOHHBIE N UHTEPOEPEHIIMOHHBIE DO®PEKTHI B
MHOI'OMOJOBbIX BOJTIOKOHHBIX CBETOBOJAX

OBIIAA XAPAKTEPUCTHUKA PABOTHBI

AKTYAJILHOCTD TEMbI. du3zuko-MaTeMaTuuecKas OCHOBAa TCOpUN

pacmpocTpaHEHUs U3ITy4YEeHHs B BOJIOKOHHBIX cBeToBO1ax (BC) Opuia coznana B 60 -
70x romax npounuioro Beka. OQHaKO SKCIIEPUMEHTAIBHBIE JAHHBIE U TEOPETUUECKHE
IPEACTABICHUs, IIOJNy4YeHHble 3a mnociuennue 30 7eT, a Takke pa3BUTHE
BBIUMCIUTEILHON  TEXHUKH  TPUBEIM K  HEOOXOAMMOCTH  YACTUYHOTO
NIEPEOCMBICIIEHUSI TTOJYYEHHBIX DPAHEE pPE3YyJbTATOB M H3MEHEHMIO IOAXOI0B K
pPELICHNIO IIMPOKOTrO Kpyra 3aJad BOJOKOHHOM ONTHKUA. B wyactHOCTH, 10
HACTOSIIIIETO BPEMEHH (PAKTUYECKU HE CYIIECTBOBAJIO BOJHOBOJHOM TEOPHH,
ITO3BOJIAIOLIEH  ONMCATh IOJSAPU3ALMOHHBIE CBOMCTBA MHOromoaoBelx BC
MPOCTHIMHU aHAIUTHYECKUMU BBIPAXCHUSAMU, croco0oB YUCIIEHHOTO
MozenupoBaHus crekyi-cTpyktyp (CIIC) uznydeHus: CBeTOBOJIOB, a Takxke (hU3UKO-
MAaTeMaTHYECKUX MOJECINIEH, IO3BOJAIOLNIMX KOPPEKTHO PpPACCUUTATh YIVIOBYIO
nepenarounyto xapakrepuctuky (YIIX) cBeToBOJOB cO CTymeHYaThIM MpoduiieMm
nokazarenss npeinomsienust (IIIIII). Cnemyer Takke OTMETUTh, 4YTO TaKOE
¢usznyeckoe SBIEHUE KaK OINTHYECKHE BHUXPU B BOJIOKOHHBIX CBETOBOJAX,
MPEACTABISIONIEE HMHTEPEC IS PA3jJWYHbIX NPUKIAIHBIX LEJIEH, HECMOTpsS Ha
XOpoUIee pa3sBUTHE TEOPUH, IKCIIEPUMEHTAIBHO U3y4YEHO HEJOCTATOYHO. B cBs3M ¢
NOSIBICHUEM HOBBIX TEXHOJIOTMH W TEXHMYECKHUX IPUMEHEHUN CBETOBOAOB CO
crynenyateiM [IIII1, HeoOXomumo co3laHuMe HOBBIX (PU3HKO-MATEMATHUYECKUX
MOJIEJIEM W TEOpPUM I AJEKBATHOIO OIMCAaHUs IIPOLIECCOB PACIPOCTPAHEHMS,

BBOJA W BbIBOJA U3ITYUCHUS, IIPUTOIHBIX HJIS ITIPUKITAJHBIX paCdCTOB.

Ileab paGoTrbl. Ha ocHOBaHWMM HOBBIX (PU3MKO-MAaTEMAaTHYECCKUX MOJEICH
cO3/1aTb TEOPHUHM, METOJUKH 4YHUCIEHHOro MojenupoBanus (UM), nomyduTh

AHAJIMTHYCCKNEC BBIPAKCHUS JIS1 PCHIICHWA aKTyaJIbHbBIX 3aaa4 BOJIOKOHHOM OIITHUKH,



UCIIONBb3Yysd KOTOpBIE IMOSBISIETCS BO3MOJKHOCTH BBIABUTH DPAaHEE HEU3BECTHBIE
CBOMCTBAa BOJIOKOHHBIX CBETOBOJIOB, OINPEAEIUTh OOJACTH HMX MPaKTUYECKOrO
NPUMEHEHUS, a TAaKXE paccuuTarb TpeOyeMble XapaKTEPUCTUKH Pa3TUYHBIX
BOJIOKOHHO-ONITUYECKUX  ycTpoiicTB.  Llenpto  paboThl  sBiIsieTcs  Takxke
JKCIIEPUMEHTAJIBHOE IOATBEPKICHUE TEOPETUYECKUX BBIBOJOB M CO3JaHHBIX
METOIUK pacyeroB. B yacTHOCTH, CO3MaHUE BOJTHOBOAHOW TEOPUHU JCHONISAPU3ALNI
U3JIy4eHHs] MHOroMofoBelx BC, METOOMKM YHCIEHHOIO MOJEIMPOBAHUS
pacrpeneneHuii MHTEHCHUBHOCTHM KOTEPEHTHOIO H3JIYYEHHs, BBIXOMSIIETO U3
CBETOBO/Id, B TOM YHCIE CHEKI-CTPYKTYp, C(POPMUPOBAHHBIX ONTHUYECKHUMHU
BUXPSIMH, COBEPIICHCTBOBAHUE TEOPUHU, OIUCHIBAIOLIECH BIUSHUE PACCEIHUS
U3JIy4EHUs1 TOpPLUEBBIMM NOBepxHOCTAMU BC Ha mnepenaToyHble XapaKTEPUCTUKHU

CBCTOBOIA.

Havuuasit HOBU3HA.

1. [Tomyuensl acumnroTHUecKHe QOpPMYJbl s COOCTBEHHBIX YHCEI
BOJIHOBOJIHBIX MO/, pacueTa HaNpPsHKEHHOCTHU 3JIEKTPOMATHUTHOIO I10JI U3JIy4YEeHUS
BOJIHOBOJIHBIX MOJl ¥ ONTHYECKHX BUXpEW B JajbHEH 30HE MUPPAKIUU U JIUHBI
pacnaza JTUHEHHO-MOJISPU30BaHHbIX TIpynn (LP) B CBETOBOAAX CO CTYNEHYATHIM
[1I1IT B BuAE MPOCTHIX apUPMETHICCKUX BBIPAKCHUH.

2. Co3zmaHa  BOJHOBasE  TEOpUS  JENOJSApU3ALMM  W3JIyYEHHS B
MHOromoz1oBbIx BC co crynenuarsim [IIIII. Teopernueckn u 3kcrnepruMeEHTaNIbHO
MIOKa3aHO CYIIECTBOBAHHWE YIJId, HA3BAaHHOTO YTJIOM OTCEYKHA JIMHEMHOU
MOJIAPU3AIIMH BBIXOSAIIETO U3TYUYEHUS U TIOJyYEeHbl (POPMYIIbI, CBA3BIBAIOIINE YOI
OTCEYKH C MapamMeTpaMH CBETOBOJAA. BbIBe[eHbl aHanIUTHUYECKHE (HOPMYJIbI IS
OIMCaHUsA CIIEKTPAIBHO-TIOJIAPU3ALMOHHBIX OueHui B OJTHOMOJIOBOM
JBYJIYYEIIPEIIOMIISIIOLIIEM CBETOBOJIE C JIOKanbHbIM JedektoMm. Pazpabortana
METOAMKA W BBIIOJHEHO  YHMCIEHHOE  MOJEIMPOBAHUE  CHEKTPAIBHO-
NOJIIPU3ALMOHHBIX OHEHMH [Uig ciiydass OOJIBIIOrO KOJIMYECTBA JIOKAIbHBIX

ne(EKTOB CO CIIyYalHbIM PACIIOJIOKEHUEM IO JITTUHE.



3. Pazpaborana MeToauka YHMCIEHHOTO MOJCIMPOBAHUS pacrpeacieHui
MHTEHCUBHOCTU BbIXoAsmero u3 BC KOrepeHTHOro H3Iy4eHHUs, IO3BOJISIONIAs
KOPPEKTHO OMHUCATh KaK 00pa3yrollyocs CIEeKI-CTPYKTYPY, TaK U YCPEIHEHHOE T10
dazam  uwHTepdepUPYIOIIUX  BOJIH  3aJaHHOE  YIJOBOE  paclpeIeliCHHE
MHTCHCUBHOCTU. BBINOJIHEHO HCCIE0OBAaHUE MPOCTPAHCTBEHHBIX CTATUCTUUYECKHUX
XapaKTEPUCTUK  CIEKI-CTPYKTYp M3JIyYCHHS BOJOKOHHBIX CBETOBOJOB CO
cryneHdateiM npoduiem I mMeTomoM YHCICHHOTO MOJCIUPOBAHUSA, KaK IS
BOJIHOBOJIHBIX MOJl, TaK M JJI1 ONTUYECKUX BHUXpEH, pacnpocrpanstonuxca B BC.
OnpeneneHbl KOPPENSLIUOHHBIE PACCTOAHUS CHEKI-CTPYKTYP NPU ITOCTOSHHOM

a3uUMyTaJlbHOM AL U aKCHaJIbHOM AL

pconst —eonss YTJIAX. YCTAHOBIIEHO, 4YTO IIpHU
BO3HUKHOBeHMN B BC onthueckux BHXpeld C OJHHMM HAIPaBICHUEM BpAILICHUS

BOJTHOBOTO (pOHTAa BeIUYMHA AL Bo3pactaer, a CIIC cra"HoBurcs

r=const

aHM30TpOonHOM. CMOIENNPOBAHO INPOCTPAHCTBEHHOE W3MEHEHHE CHEKII-CTPYKTYP
BC npu u3MeHeHuH JUIMHBI BOJIHBI M3JydyeHHs. Teopernuecku u merogom UM
IIOKa3aHO, a TaKXke OKCIEPUMEHTAIBHO  IOATBEPXKACHO, 4YTO  CIEKJIBI,
c(OpMHUPOBAHHbBIE H3JIYyYEHUEM ONTHUYECKUX BHXpEH, B OTIMYHE OT CIIEKJIOB,
00pa30BaHHBIX M3JIyYEHHEM BOJIHOBOJIHBIX MOJI, MPU H3MEHEHUH JJIMHBI BOJIHBI
UMEIOT NPEUMYILIECTBEHHOE Aa3UMYyTaJIbHOE HAIPABICHHUE ABWKEHUS, YTO MOXHO
paccmarpuBaTh kak BpamieHue CIIC. Omnpenenenbl (QyHKIMM — B3aUMHOMN
KOPPEISILNN CIEKJI-CTPYKTYp NPU Pa3IWYHbIX JUIMHAX BOJH W Pa3JIMYHBIX YIJIax
BBIXO/[a U3TyUYEHHUSI.

4. Co3mana MerToaukKa, NO3BOJISIONIAS pa3IMYaTh CIEKJI-CTPYKTYpBHI,
Cc(OPMUPOBAHHBIE ONTHYECKMMHM BHUXPSIMH C OJMHAKOBBIMU HAlpaBICHUSIMU
BpauieHus ot CIIC, oO6pa3oBaHHBIX TPEUMYIIECTBEHHO BOJIHOBOJAHBIMU MOJIAMH CO
CPaBHUTEIBHO MAJIBIMHU 3HAYEHUSAMHU a3UMYTAIBHBIX HHIEKCOB.

5. O6nHapyxeHa HOBasi pPa3HOBUAHOCTb d(Qexra BpamieHUs CHEKJI-
CTPYKTYpPBI BBIXOJSLIET0 U3IyUYEHUs IPU U3rHOe CBETOBO/A OJJHOBPEMEHHO B JIBYX
IUIOCKOCTSAX, IPUTOAHAS IS CO3JaHuUs JAaTYUKOB YIJIa IIOBOPOTA.

6. Pa3paborana MeroAauka UW3MEpEHUs  YIJIOBBIX  MEpPEJAaTOYHBIX

xapaktepucTk (YIIX) BOJTOKOHHBIX CBETOBOJIOB, MTO3BOJIAIONIAsl OIIEHUTH BIUSIHUE
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HETOYHOCTH IOCTHPOBKH OINTHYECKOW CHUCTEMbI HA MAPAMETPHl HU3MEPSEMBIX
3aBUCHUMOCTEN. DKCIEpUMEHTAIBHO ompeneneHbl YIIX pa3nuyHbIX BOJIOKOHHBIX
cBeToBO/OB. IIpennoxkena npocras Guanyeckas MOJAENb, MO3BOJSAIONIAS TOIYYHUTh
IIPOCTHIE AaHAUTUTUYECKUE BBIpAXKEHUS It onmcanus Y [1X.

7. Pa3paboTan kBa3mIy4eBOM MOAXO JIJIsl peUICHUs 3a]]a4 BBOJ1a-BbIBOA
V3JIyUYCHUS, COXPAHSIOMMN TMPOCTOTY KJIACCHYECKOW JIy4€BOM MOJEIU, HO
MO3BOJISIONIEH (POpMaIbHO Yy4YeCTh BIHMSHUE DSHEPrOOOMEHa MEXAY MOJaMU |
muddepenunansHoe MojoBoe 3aryxanue. Co3maHa TeopeTHuecKass OCHOBA IS
pacuera BIMSHHS ONTHYECKUX HEOJHOPOAHOCTEHW TOPLEBBIX MOBEPXHOCTEU
BOJIOKOHHOTO CBETOBOJIa Ha IMapaMeTpbl BBOAMMOTO U OOpaTHO OTPa)KEHHOTO
usnydyenusd. [Ipenioxked cnocod paBHOMEPHOIO BO30Y>KIACHUS BOJTHOBOIHBIX MOJT
IIpU  IPOBEICHUM  HW3MEPEHUM  IapaMeTPOB  BOJOKOHHBIX  CBETOBOJIOB,
3aKJIIOYAIONIMICA B MOCJEI0BATEIbHOM HAHECEHUHM CJIOEB CBETOPACCEUBAIOILIETO
Jaka C OJHOBPEMEHHBIM KOHTPOJIEM PACCEUBAIOIINX CBOMCTB MOKPBITHS.
HccnenoBaHo BIMSIHUE DPACCEsiHUS HA TOPLEBBIX IMOBEPXHOCTAX CBETOBOJAOB Ha
XapaKTEPUCTUKHA MOJIOBOTO IIyMa, B TOM 4uclie Npu nosiBaeHnu B BC ontuueckux

BUXPEM.

IlpakTHUyecKasi IEHHOCThb AUCCCpTallMKU  3aKJII04acTCsa, IIPCKAC BCECro, B

CO37JaHUM  HOBBIX  (U3UKO-MATEMAaTHYECKUX  MOJIETIEH W TEOPETUUYECKUX
MPECTABICHUM, TO3BOJISIOIIMX TPUMEHUTD MOJYUYEHHBIE PE3YJIbTAThI ISl PELICHUS
IIMPOKOTO Kpyra MNPUKIAJHBIX 33Ja4 BOJOKOHHOW ONTUKU. B wacTHOoCTH, 14
CO3JaHHUs, MPOEKTUPOBAHUS U ONTHUMU3ALMU MAapaMETPOB BOJOKOHHO-ONTHYECKUX
cucTteM. BBIsSIBICHHBIE MOJISIPU3AIMOHHBIE CBOMCTBA MHOTOMOJIOBBIX BOJIOKOHHBIX
cBeToBO/IOB co ctynenudatsiM [T u pasHoBuaHOCTH 3ddexTa BpalieHus: CeKi-
CTPYKTYp, MOTYT OBITh HCIIOJIb30BaHBI MpHU pa3pabOTKE BOJIOKOHHO-OMTHYECKUX
JTATYUKOB, YCTPOWCTB JOCTABKHU IOJIIPU30BAHHOIO W3JIYUYCHUS K U3MEPUTEIbHBIM
npubopam, I pacuyeToB TOJEH ONTUYECKHX JOBYIIEK MHUKPOYACTHUI[ M JIPYTUX
neneil. CoznaHHble (PU3MKO-MAaTeMaTUYECKHE MOJENIH, a TakKe pe3yJbTaThl

HUCCIICIOBAHUN METOJIOM YHCJIICHHOTO MOJCIUPOBAHUA CO3Jal0T OCHOBY JJIA



pa3pabOTKU U BHEAPEHHS HOBBIX METOJOB AMArHocThku kadectBa BC Ha ocHOBe
aHajM3a IOJISPU3ALMUOHHBIX, VYIVIOBBIX IEPENATOYHBIX  XApPaKTEPUCTUK U
CTaTUCTUYECKUX XAPAKTEPUCTUK CIEKJI-CTPYKTYP BBIXOAIIETO U3TYUYEHUS], 4 TAKKE
JUIS COBEPILICHCTBOBAHUS CYLIECTBYIOLIMX M CO3JaHUS HOBBIX CTaHIApTOB B
METPHUKE BOJIOKOHHBIX CBETOBOJOB. Pe3ysbTaThl MCCIIENOBAHUM OTKPHIBAIOT HOBBIE
BO3MOXHOCTH JUISl MPAKTHYECKOTO HMCIOJIb30BAHUS BOJIOKOHHBIX CBETOBOJIOB B
KaueCTBE I'€HEpaToOpa ONTHYECKUX BUXPEU MU MAHUITYJALUKA MHKPOYACTHULIAMU,
JIMAarHOCTUKU BUHTOBBIX BHYTPEHHHMX HAMNPSIKEHUN W IMCIOKALMN TBEPJbIX TEI,

ONTUYECKUX KPUCTAJUIOB, HAHOCTPYKTYP M OMOJIOTMYECKUX OOBEKTOB.

Ha 3amuTy BLIHOCSATCS

1. BosiHOBast Teopus nenonspusanuy U3JIydeHUs IIPU PacIpOCTPAHEHUH
no mHoromogoBomy BC co crynenuarsim IIIIII, ocHOBaHHas Ha NOJYyYEHHBIX
ACUMNTOTHYECKNX (OopMysax Il COOCTBEHHBIX YHCEN BOJHOBOJIHBIX MO/,
BrisBiieHHBIE U TEOPETUYECKH OOOCHOBAHHBIC MOJSpPHU3alMOHHBIE cBOMicTBa BC, B
YaCTHOCTH, (POPMYJIbl, CBA3BIBAIOLIUE, YIOJ, HA3BAHHBIA YIJIOM OTCEUKH JIMHEWHON
NOJISIPU3ALIMK BBIXOAILEr0 U3Iy4YEHMs, C apaMeTpaMu CBETOBOJA, OTKPBIBAIOIINE
HOBBIE BO3MOXXHOCTH ucnosnb3oBanuss BC 1ns nepenauu  Moisipu30BaHHOTO
U3NydeHHus.  AHanuThueckue — QOpMyJbl I ONUCAaHUS  CIEKTPAIBHO-
HOJIIPU3ALUOHHBIX OMEHHI B OJTHOMOJIOBOM JIBYJIYUETIPEIOMIISIFOIIEM CBETOBOJIE C
JOKaNbHBIM JA€(PEKTOM, METOJUKA W pe3yJbTaThl YHCIEHHOI'O MOJEIUPOBAHUS
CHEKTPaJIbHO-TIOSPU3ALMOHHBIX OWEHMI Ui ciaydas OOJbIIOr0 KOJUYECTBa
JIOKAJbHBIX AEPEKTOB CO CIyYAHBIM PACIIOIOKEHUEM 10 JTHHE.

2. Meroauka YUCIIEHHOTO MOJIECIINPOBAHUSA pacnpencneHun
WHTEHCUBHOCTU BbIXomdmero u3 BC KOrepeHTHOro u3iydeHus. Y CIOBHS
BO3HUKHOBEHUss B BC Trpynmbl ONTHYECKUX BHUXpEW M HUX BIWSIHUE Ha
IPOCTPAaHCTBEHHbIE M crnekTpanbHble Xapakrepuctuku CIIC. IlpennoxeHHas
METOJMKa, IO3BOJISIONIASl  OTIMYATh  CIEKJI-CTPYKTYpbl, C(HOPMUPOBAHHBIC

ONTUYCCKMMHN BHXPsAMHU C OIJWMHAKOBBIMH HAIIPABJICHHUAMU BpPaAIICHUA OT CHC,



00pa30BaHHBIX MPEUMYIIIECTBEHHO BOJHOBOJHBIMH MOJAMHU CO CPaBHUTEIBHO
MaJbIMU 3HAYEHUSIMH a3UMYTaJIbHBIX HHIAECKCOB.

3. OddexT BpalieHusi CHEKJI-CTPYKTYPhl BBIXOISIIETO HW3JIy4YEHUS IPHU
U3rube CBETOBOJIAa OJIHOBPEMEHHO B JIBYX IUIOCKOCTSIX, Ha OCHOBE KOTOPOTO
BO3MOKHO CO3/IaHUE AaT4YHMKa yIJia OBOPOTA.

4. @usnyeckas MOJENb, MO3BOJISIONIAS KOPPEKTHO OINKUCATh YTIJIOBbBIC
nepegaTounbie XxapakTepucTuku (YIIX) BoJIOKOHHBIX CBETOBOJOB CO CTyIE€HYATHIM
npodpuiaeM  MokazaTessli — NPETOMJICHHUs,  pPe3yJbTaThl  AKCIEPUMEHTAIbHBIX
VU3MEPEHUI U MTOJYYEHHbBIC AaHATUTUYECKNE BBIPAKEHUS.

5. Meroauka pacuera, TEOPETUYECKHME OLEHKM U PE3yJbTaThbl
SKCIIEPUMEHTAIIBHBIX HMCCIIEIOBAHUM BIMSHUS ONTHYECKUX HEOJIHOPOIHOCTEU
TopueBbIX MoBepxHocTed BC Ha mapameTpsl BBOAMMOTO, BBIXOASIIETO U OOPAaTHO
OTPAXKEHHOTO M3IIY4YECHHs, B YaCTHOCTH, 3((HEKTUBHOCTH BBOJIa, MOJOBBIM COCTaB,
JMarpaMMmy HaIpaBICHHOCTH W3JIyYCHUSI W IIYMOBBIE XapaKTEPUCTUKU MpPHU
MPOCTPAHCTBEHHOMN (PUIIbTpAIMU, HEOOXOAUMBIE TIPH MTPOCKTUPOBAHUH BOJIOKOHHO-
ONTUYECKUX CHUCTEM B PEAIbHBIX YCIOBHUAX dKcIUTyaTanuu. Criocod paBHOMEPHOTO
BO30YKJICHUS BOJIHOBOJIHBIX MOJT CBETOBOJA c UCIIOJIb30BAHUEM

CBCTOPACCCUBAIOIICTO JIaKa I CTAHAAPTHU3alIlUH I/ISMepCHI/Iﬁ [mapaMCcTpOB BC.

JlOCTOBEPHOCTH Pe3yabTaToB. J[OCTOBEPHOCTH IOJIYYEHHBIX pE3YyJbTaTOB
NOATBEPKIACTCS  COBMAJCHHEM  TEOPETHMUECKMX W JKCHEPUMEHTAIbHBIX
3aBUCUMOCTEH, a TaKKe 3aBHUCHUMOCTEH, IIOJIYYEHHBIX METOJIOM YHUCJIEHHOIO
monenupoBaHus. Co3gaHHble (U3MKO-MAaTEMATHUYECKUE MOJEIM M YUCICHHO-
AHAIUTUYECKHE METO/IbI MIO3BOJIUIIU BBISIBUTh U OOBSICHUTH Pl 3D PEKTOB, paHee HE
UMEBIIMX HAYyYHOTO OOBSICHEHHS, 4YTO TaKXe TIOATBEPXKAAET JOCTOBEPHOCTD
IOJIyYEHHBIX pe3yibTaToB. Ha OCHOBaHMM OJHOTO M3 BBISBIEHHBIX 3(()EKTOB ObLI
CO37aH, NPOTECTUPOBAH M 3aMATEHTOBAaH JIA0OPAaTOPHBIM MakKeT JaTyuKa yria

IIOBOPOTA.



JInyHbBIH BKJIaJ aBTOPa. ABTOPOM HOJTy4YEHbl MaTeMaTHIECKHE (POPMYJIbI IS

pacyeToB COOCTBEHHBIX 4Hcen (TJI. 2), OMMCAHUs MOJSPU3ALUOHHBIX 3()(PEKTOB B
MHOroMoA0BbIXx BC (rn. 3), MozenupoBaHus CHEKI-CTPYKTYp (Ti. 4), OLEHKH
s dextuBHOCTH BBOAA (OB) B BC, BenmnumHbl 00paTHOTO OTPAKEHUS U TUArPaMM
HarnpasieHHoctTd BC ¢ paccenmBamomMMHU TOPIEBBIMU MOBEPXHOCTSIMHU. ABTOPOM
npeajokeHa (¢uisnueckas Mozenb i onucanus YIIX ceroBogoB (i 5),
00bsicHEeHBI (pusndeckue A(HPEKThl, CBA3aHHBIE C BO3HUKHOBEHHEM OITHYCCKUX
Buxpeit B BC (111 4, 6), oonapyxen 3¢ dext Bpawmenust CIIC B cetoBojax (ri1. 4).
JInuHO  aBTOPOM  TPOU3BENEHBI  OKCHEPUMEHTAIbHBIE W  TEOPETUUYECKHE
UCCJIEIOBaHUsI, OINHUCAaHHbIE B TJ. 3-5, UCKIOYas M3MEPEHUs CIEKTPaJIbHO-
MOJISIPU3AIMOHHBIX  XapakTepUCTUK (M.  3), BBIMOJIHEHHBIX COBMECTHO C
MamoruabiM - B.MA. Taxxke coBmectHo ¢ Mamoruasim  B.M. npousBeneHbl
AKCIIepUMEeHTalbHbIe u3Mepenust OB u mogoBoro coctaBa B BC ¢ paccenBaronmmmu

TOPLUCBLIMU IMOBECPXHOCTAMMU.

Crpykrypa u 00beM paboTbl. Marepuan auccepTauuy, COCTOSIIUN U3

BBeJCHUS, 6 TJIaB, 3aKJIIOUEHHS U CIIMCKA JINTEPATyphl U3JIOKEH Ha 227 CTpaHULAX,
BKJrOoYass 85 pucyHkoB Ha 72 juctax u 3 Tabmunpl. CHUCOK IUTUPYEMOM

auTepaTypsl BKintodaeT 160 HaumMeHOBaHMM.

AnpobGauus _padorbl. Marepuanbl JHCCEpTALMM  JOKIAIbIBAIMCH Ha 21

Hay4yHOU koH(epeHuuu B nepuoa ¢ 1983 r. mo 2007 r. B wactHoctu, Ha 4-i1 u 6-i
MEKyHApOIHOU Hay4YHO-TEXHHYECKOMN KOH(pepeHuu «KomMmmbrorepHoe
MozaenupoBaHue», r. Cankrt-lIletepoypr, 2003, 2005 rr., Ha MeXAYHAPOIHOMN
HaydyHoW koH(pepenmmu «Jlazepel. Wsmepenus. Wuadopmamms», 1. CaHKT-
[TerepOypr, 2003 - 2007 rT., HA MEXIYHAPOAHOW Hay4yHOU KOH(pepeHnn «Jlazepbl
JUIS. MEIMIIMHBI, OMOJIOTUU U 3Kosoruny, r. Cankrt-IlerepOypr, 2004, 2006 rr., Ha
61-i1 Hay4HO# ceccum, mocBsieHHou J{aio Paauo, r. Mocksa, 2006 r.

Marepuanbsl auccepTaluy JOKIAJbIBATUCh TaKKEe Ha HAYYHO-TEXHUYECKUX

CeMUHapax paguopU3nYecKoro u annekTpoMexannieckoro ¢axynapreroB CIIOITIY.



[lo marepuanam nucceprauuu omnyoaukoBaHo 49 pabor, B TOM uyucie 5

ABTOPCKUX CBUACTCIILCTB U 1 matent PO.

KPATKOE COIEP’)KAHUE PABOTHBI

Bo BBeieHun chopMmyanpoBaHa U 000OCHOBaHA IETb M aKTYaJIbHOCTh Pa0OTHI,

IMPUBCACHLI ITOJIOKCHHA, BBIHOCUMBIC HA 3alllUTY.

I'maBa 1. O630p aureparypel. B 1. 1 paccMoTpeHbl OCHOBHBIE padOTHI,

OTHOCAIIHUECCA K TEMC NTUCCCPTALIUN.

I'maBa 2. AcumMnrornueckue GopMvyJbl A pPelieHUu JUCHEePCHOHHOI0

YPABHCHUSA M 3414491 BBOAA-BbIBOAAa U3JIVICHUA.

2.1. AcUMIITOTUYECKHE d)ODMVJ'IBI pIn) b COOCTBEHHBIX YHCEN BOJHOBOJHBIX MOA

CBCTOBOZAA CO CTYIICHYATbhIM HDOd)I/IJ'IeM IMOKa3aTCjid IMPCIOMICHUA. B o 2.1

MPUBOJUTCA MAaTEMAaTUUECKUN BBIBOJ ACUMITOTUYECKUX (HOPMYIT AJisi COOCTBEHHBIX
YHACEJI BOJHOBOJHBIX MOJ CBETOBOJAOB cO cryneHdareiM [IIIII. Meromom
JMHEeapu3aIiy XapaKTePUCTUUECKOro (JIUCTIEPCHOHHOT0) YPaBHEHUS BOJIM3U TOYEK

£,,, ABIAIONIMXCSA s-BIM HyJEM Ipou3BoaHON (yHkumu beccens [-ro mopsuaka
(J/(u)=0), npu V>>1, rne V =rk,(n’ —n,’ )"’ — HOpMUpOBAHHAs YacTOTa, 7, —
panuyc cepauesunsl BC, k,=27/A, A — JQjuHa BOJHBI W3JIy4y€HUS, n,, n, —

[MOKa3aTcCiikn IIPCIOMIICHUA CCPALCBHUHBI H O6OHO‘IKI/I, JJIs COOCTBEHHBIX YHCEII

(O] (2)

EH, ,, Mox — u,,"” m HE, MOl — u, '~ HOJIy4eHO:
(12) _ _i(njz+n22)i((n12+n22)2—4n12(n22—p0))”2 1
u[,s _é:l,s 2 ( )
é/l,s 27’11

rae [/ - asUMYTalbHBIM MHAEKC MOABL, &, =(V>-&1 )2, p, =V Pul /(E k),
= (k=& .2 /1 )"? — BenMYMHA MOCTOSHHON PACIIPOCTPAaHEHHs £ NpU u=¢, .
Jiia nonepeunsix BOIH 1Ey u TM ) nmeem:

M(TE):EJV/(V+1)3 u(‘TM):é?fV/(V-F;/”)’ (2)

J J
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rae y,=n’/n’, a £ — KOPHM ypaBHEHMs J,(&)=0. ANNPOKCUMALUS OTHOIIEHHS
J)(u)/J,(u) Qynkuumein tanrenca J,(u)/J,(u)=-tg(u—¢&, ) naer 0Oonee TOYHBIE

BBIPAKCHUA JIA COOCTBEHHBIX YHCEI:

W =&, rareig (P 3)

ls

Tac:

bs = (é*‘l) fl’s M’ ds — (bSZ _4Cs)1/29 c. _ﬁé:lz,s (Kll(é/z,s))z y4 lzluis

n ¢, Ki(&L) nt &K (S) &G nikl

B wactHOCTH, pU V' >>1, cipaBe 1JIMBO:

2 2 g2 i,
b = _(71_22+1) St ,d = (b —4c)"?, ¢ = ”_2651,s 4 His

s 2 22 g2 4 272 °
n, Cl,s ny ¢, §I,S§l,s ny kg

OmnpeneneHbl TOYHOCTHM  TOJYYCHHBIX BbIpakeHud. [lokazano, dro s
IPAaKTUYECKUX PACUYETOB MpEACTaBICHHbIE (OPMYJIbI MOXXHO HCIHOJB30BaTh MpPH
v >10..20.

Takum 00pa3zom, pacdeT COOCTBEHHBIX YHCEIN, COOTBETCTBEHHO M MOCTOSHHBIX
pacnpocTpaHEHHUs,  MOXHO  BBIMOJHUTH ~ 0€3  YHUCICHHOIO  pPELICHUS
TPAHCUEHJCHTHBIX  YPaBHEHH, WCIOJB3Yys IMOJyYCHHbIE apu(METHUYECKHUE
BbIpakeHUs. OCHOBHBIM mpeumyniectBoM ¢opmyn (1)-(3) mo cpaBHeHHIO C
M3BECTHBIMH AaCHUMIITOTUYECKHUMH (POPMYJIaMHU SIBJISIETCS BO3MOXKHOCTh IOJTyUEHHS
KOPPEKTHBIX AaHAJIUTHYECKUX BBIPAKCHHH [ MPOU3BOJHBIX MO JIOOOMY
napaMeTrpy, B 4aCTHOCTH, 1O JJIMHE BOJNHBL. B 1. 2.1 paccmMoTpeHa Takxke pa3HOCTb
COOCTBEHHBIX YHCEI M TIOCTOSHHBIX PpACIPOCTPAHEHUS MEXIY pPa3IUuYHBIMU
BOJIHOBOJIHBIMHM MOJIAMH U TTPOAHAIU3UPOBAHBI OCHOBHBIE 3aKOHOMEPHOCTH.

2.2 ACHMIITOTUYCCKUE d)ODMVJ'II)I JJIs1 pacuycTa JJIWNHBI BOJIHBI

MMOJISIPU3ALMOHHBIX M CHEKTPAIbHO-IIOIIPU3aMOHHBIX Ouenuil. 11.2.2 mocBsiieH

PacCMOTPEHHMIO Pa3HOCTH COOCTBEHHBIX YMUCET U IMOCTOSHHBIX PacHpOCTpaHEHUs
BOJHOBOJHBIX MOJ, OOpasymolUX JIMHEHHO-NONsApru3oBanHble (LP;;) MOmoBbIE
rpynnsl.  [lokazano, 4to wu3BecTHas (opMmyna, MOJIy4YeHHass B MPUOIMKECHUH

CHa6OHaHpaBHHeMBIX MO C UCIIOJIb30BaAHUC TCOPHUHA BOBMYIHGHI/If;K
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Au __nf+n22 (4)

n v

Uiy

rae i, j - UHICKCHI LP I'pynaiibl, HC IO3BOJIACT KOPPCKTHO OLCHHUTHL BCINYHNHY

Aut"

i/, COOTBETCTBEHHO H Af. YHCICHHOE pEIICHHE XapaKTEPHUCTUIECKOrO
ypaBHEHHUS JJisI pa3HOCTHU COOCTBEHHBIX YHCEI Au MpPHU V —> oo, MOKA3bIBAET, UTO
ACUMITOTOM st Awu(V) sBasiercs 1/V°, a uHe 1/V. COOTBETCTBEHHO, IIPH
¥'=100...1000 ommOka BbYHUCIEHUS Au C HWCIOJb30BaHUEM (4) cocTaBisieT 2-3
MOpAAKA. YCTaHOBJIEHO, YTO KOPPEKTHOM AamNIMpOKCUMALMEd It Au  MOXKET

CIIY’KUTb BBIPAKECHUE:

2 2
Al L S M 5)

_ .

rae n, - uucioBas aneprypa BC. Crnemyer OTMETUTb, YTO NOJISIPU3ALMOHHBIC
Oumennss B LP;; MOIOBBIX TIpymnmax HIpH i>( BO3HMKAIOT B HJCaIbHBIX
uunuaapuiyeckux BC mnpu  orcyrcTBuM ByJydenpenomiieHus. OnpexaeneHa
TOYHOCTh BbIpakeHus (5) s pasnuunbix napamerpoB BC. Hckmrouas
cOGCTBEHHBIE UncIa BOIM3H oTceukn, mpu ¥ =50..10* oTmmuns anmnpoxcumarmn (5)
OT TOYHBIX 3HAYEHMM, B OOJBIIMHCTBE ClIydaeB, He mpeBbimaer 1,5 — 3 paza.
YuureiBas, 4TO BEJIMUYMHA Au BO BCEM JIMANA30HE i, j IPHU 7 =10" usmensiercst Ha
6 TOpPSIAKOB, OMMOKY B 2..5 pa3 MOXHO CUMTATh MPUEMIIEMOW IJisI MPOBEICHUS
OIICHOK TMOJSPU3AMOHHBIX XapaKTEPUCTUK. JJI1 HU3IMKX MOJOBBIX TPy,
KOTOpble Mpu pactnpoctpaHeHun no BC, kak Oyaer moka3aHo B IJ1. 2, MOTYT
COXPaHATh JIMHEHHYIO TOJsSpHU3anuio, ommoka dopmynsl (5) cocraBuser 15% -

30%. U3 (5) monmydeHsl BbIpaxkeHUs Uil Af, IJIUHBI BOJIHBI TOJISIPU3AIMOHHBIX

OMeHMI1 L. M mepruoja CIeKTPAIbHO-NOJIAPU3ALMOHHBIX OUEHUN A | :

)

“noA

~ i,j'"A4

A'Bi,j~4 2 2.2 2 ° (6)

TG,

27[39‘1.2].72127‘02 o é’fjnj 251.3].742 »
z /13"2 > A/IzL_(4 2"222+2/{24)’ (7)
éi,jnA F ”nIF()éli,j n, gi,j

rac LF - JUJIMHa CBC€TOBO/A. OHCHO“IHOG 3HAUCHUC LZ, B 3aBHUCHUMOCTHU OT

. 3 6
napametpoB BC u wuHAEKCOB MOJI0BOM rpymmbl, coctasiaser 107...107 M.
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Hanpumep, npu 1=0.633 mxm, n,=0.25, =500 mxm (V ~ 1.2-10°) ans LP,, niunHa
L, npuOImKeHHo 3-10° M, ans LP g - 1 ™M, ipu 7,=10 Mxm (V = 25) nns LP;, —

0.6 M, nna LP;s; — 3-107 ™. Ilepuoja cHeKTpaabHO-NOISAPU3ALUOHHBIX OHCHHIMA
MEXIy MOJaMH, oOpasyronmMu LP MOJIOBbIE TPYIIbl, MHOTOKPATHO MPEBBIIIACT
MepuojJ MEXKMOJIOBBIX OWEHMI, IMOATOMY B MHOTOMOJOBBIX CBETOBOJIAX, IIO-
BHJINIMOMY, HE MOXKET OBITh ONpeielIeH SKCIIEPUMEHTAJIBHO.

2.3. AcMMOTOTHYECKOE PCIICHUC 3aJa4YM BBOJA-BbIBOJA M3JIYYCHHS JUIA

MHOTI'OMOAOBBIX BOJOKOHHBIX CBCTOBOIOB. Ha ocHoBanum HamOojee HM3BECTHBIX

paboT, CBS3BIBAIOIIMX IOJS BOJHOBOAHBIX MOJ B OJIMKHEM M JanbHEH 30Hax
mu¢pakuun, a1 BC co crynenuateim IIIIT — A. Chalinepa, MCHojib30BaBIIETrO
pasznoxeHue coOCTBeHHbIX BOJH BC MO MIOCKMM 3J€KTPOMarHUTHBIM BOJIHAM U
H.C. Kananu, npumenusmero merof lllenkyHoBa, IOJy4eHO aCHMITOTUYECKOE
BBIpAKEHUE (V —>o0) Ui YIJIOBOM 3aBUCUMOCTH MPOEKIUN HaIpsSKEHHOCTEH

aJIeKTpoMarHuTHoro noud B JA3/] npu v >> 1, I <<u, B BUZIE:

E ,ocsin(y—u )/ x—u,), )
rae 0, y=rk,sin(6) — akCUaIbHBIA U aKCUAJIIbHBI HOPMUPOBAHHBIN YIJIbI BEIXOJA.
COOTBETCTBEHHO, YIJTIOBOE paclpeAcIcHHe HHTCHCUBHOCTU [, (6) 000N MOJIBI B

paMKax JaHHOTO IMPHOIMKEHUS MOXKET OBITH OmucaHo (GpyHKuuei (sin(y)/ y)°, 9To

MOATBCPKAACT CYHMCCTBYIOIICC YTBCPKIACHUC O BO3MOXHOCTH HCIIOJIB30BAHUSA

(1)0pMyJ1 madpaknuu  Ha IMEeIH IS ONMCAaHMS — pacupeacieHud [ 15(0).

HpOEIHaHI/ISI/IpOBaHBI OCHOBHBIC 3aKOHOMCPHOCTH B036Y)K,Z[CHI/IH U H3JIYUYCHHUA

BOJIHOBOAHBIX MOA.

I'a1aBa 3. [loasipu3anmoHHbIE XapaAKTePUCTHKH BOJOKOHHBIX CBETOBOI0OB.

3.1. PacyeT mogsapu3aIliMOHHBIX XapaKTEPUCTUK MHOTOMOJIOBBIX BOJIOKOHHBIX

CBCTOBOAOB CO CTYIICHYATHIM lTDO(bI/IJ'IeM IMOKa3aTCJasd ITPpCIOMIICHH . B m.3.1

IPECTaBICHO TEOPETUYECKOE paccMOTpeHHe IpOOJIEMBI pacuera
HOJIAPU3AIIMOHHBIX ~ XapaKTEPUCTHK HW3JyUYECHUS MHOTOMOJIOBBIX BOJIOKOHHBIX

CBCTOBOOB. TGOPCTI/I‘KICKI/I pPacCMOTPCH  paciang HHHCﬁHO-HOHHpH3OB&HHBIX
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moznoBbix rpynn B BC co crynenuarsim IIIIII. Iloka3aHo, 4TO mpu Hamu4uu
pazHoctd (a3 w Mexay MoaamH, oOpasyroumu LP  MOAOBYIO Tpymmy,
MHTErpajJbHylo cTeneHb JuHerHoi nonaspusauuu (CJIII) p, a taxxe CJIII ¢ yuetom
HaIIpaBJICHUs IUIOCKOCTH NOJISIPU3ALIMM p, , MOKHO OIIMCATh 3aBUCUMOCTSIMH:

p=lcos(y )|, p,=cos(y). %)
[TprHIMNMAIBHBIM OTIUYHEM IOJIPU3ALMOHHBIX OMEHUN LP;; MOIOBBIX I'PYMII C
i>0 OT MOJISIPU3AIMOHHBIX OMEHHI OCHOBHON MOJOBOM TPYIIIBI, 3aKIIOYAETCS B
TOM, 4YTO, BO-TIEPBBIX, pacCMaTpuBaeMble OUEHUs OOYCIOBJIEHbI BOJIHOBOJHBIMU
CBOMCTBaMHU MO/ IWJIMHIPUYECKOTO JUIIEKTPUYECKOTO CBETOBOIA IIPU OTCYTCTBUHU
JBYJIY4YETIPEIOMIIEHUS, & BO-BTOPBIX, B CIy4YasAX y =7z+2zm WU y =27zm, TAE m -
L[EJI0€ YHCIIO, CYMMApHBIE NOJISI UMEIOT OPTOTOHAJIBHBIE HANPABJICHUS MTOISPU3ALIMT
HE3aBUCMMO OT HampaBiieHus nosspuzauuu Ha Bxone BC. YcraHoBieHO, 4TO
CyIIECTBYET KPUTHYECKUH YTroa 6,, IPU NPEBBILIEHUH KOTOPOro, Kak B Clly4yae
BBOJIa M3JIyYEHHUs C y >0,, TaK U BbIXoAa ¢ 0> 6,, MOXKHO CUATATh p<<l, TO €CTh
noJjiaraTh, YTO W3JIy4EHHE ACMNOJSAPU30BaHO. Yrosl 6, B paboTe Ha3BaH YTIJIOM
OTCEUKH JIMHEeWHOM mnongpuzanuu. Mcnonssys dopmyny (6), n. 2.2 momyydeHo
BBIpa)XEHUE JJIsI HOPMHUPOBAHHOIO YyIVla BBIXOAA 6, , IPU KOTOPOM JOCTUIAETCS
p=0:

0, =(x’nr,/L)"” /n, (10)

COOTBETCTBEHHO:

6,=6,0. (11)
Ecimu w3 dopmyner (11) cnemyer 6,>1, To 3TO 0O3HA4aeT, YTO MpPH 3aJaHHBIX
napaMeTpax CBETOBOJIa pa3HOCTh (a3 y He JocTUraer /2 jaaxe npu 6=6.. B
MaJoyIJIOBOM NPHUOJIMKEHUHU BbIpAKEHUE ISl yIIa 6, MOYKHO MPEJICTABUTH B BUJIE:

0,~2.75(r,/L)" (12)
Ecnu sHeproodmen mexy Mojaamu rpu pacrnpoctpanenuu no BC npenedpexumo

MaJl, TO MOJbI C yIJIaMH BbIXOJa 6 < 6, COXPAHSIOT JIMHEWHYIO Noysipu3anunio. Tak,
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Hanpumep, At BC ¢ =100 MKM, HE3aBUCMMO OT BEJIMYMHBI n,, Ipu L=1 M
OIIEHKa 6, AaeT 7,50, anpu L=10 M — 3,50.

Tak kak B OonbiiMHCTBE ciaydaeB B BC pacnpocTpaHsieTcs OJHOBPEMEHHO
OO0JIBIIIOE KOJUYECTBO MOJIOBBIX TPYIII, B pab0oTe OBUIO MPOU3BEACHO YHMCICHHOE
MOJCIMPOBAHUE TOJISPUANMOHHBIX XapPAKTEPUCTUK BBIXOMISIIETO U3IYUYCHUS TIPU
Pa3IMYHBIX pacOpeACICHUSIX MOIIHOCTEH MEXIy MOJOBBIMU Trpynnamu. Jlis
NPUOJIMIKEHHOTO PEeIISHUs 3a/aud TPEJIOKEHO JiBa ajJbTePHATUBHBIX IOAXO0/A,
OMHUCaHHbIX HWxke. [IpyHUMas BO BHUMAaHHWE PA3IUYHOE MPOCTPAHCTBEHHOE
pacnpeenieHrde MoJiel BOJHOBOJHBIX MO, MOXXHO CYMMHUPOBAaTh MHTEHCHUBHOCTH
U3JIyYEHUS MOJI JBYX OPTOTOHAJBbHBIX MOJISIPU3alMi B 3aITaHHOM HHTEPBAJE YIJIOB
BbIx0/a.  [IpOTUBOMONOXHBIA  MOAXOJ  3aKJIIOYaeTcsi B  CYMMHUPOBAHUU
HaIpPsDKEHHOCTEW moJiel, mpeHedperas MPOCTPAHCTBEHHBIMU pacIpeeIeHUSIMHU
MO/, T.€. SIBJIICTCS aHAJIOTUEHN JTy4YeBOTO MOJIX0/1a C YYETOM BOJTHOBOJHBIX CBOMCTB.

ITomy4eHbl TeOpeTUYECKHE 3aBUCUMOCTU p (L) U p,(6). IlponsseneHo cpaBHeHUE

C pe3yJibTaTaMd YHUCJIEHHOTO MOAeNupoBaHus (TJ. 4) U 3KCHEPUMEHTAIbHBIMU
nanueiMH (1. 3.2). [lokazaHo, 4To 00a MOJIX0/1a KOPPEKTHO OMHUCHIBAIOT XapaKTep

U3MEHEeHUs p,(0) B Auana3zoHe 0<6, <6, (COOTBETCTBEHHO M 3aBUCHUMOCTb p OT
yria BBoja). OgHako B MepBOM ciyyae, Mpu L — oo, UMEET MeCTo p, -0, p —> 0,

4TO COOTBCTCTBYCT HM3BCCTHBIM OKCIICPUMCHTAJIbHBIM JdHHBIM, 4@ BO BTOPOM -

p,—>1/2, p—1/2, 94TO HE COOTBETCTBYET IEHUCTBUTEIBHOCTH. HO BO BTOpOM
ciaydae 0OoJsiee TOYHO OINUCHIBAIOTCS ocuwuisiuuu p,(L) u p(L). llpennoxena
anIpoKCUMaIHMsA 3aBUCUMOCTH p,(6,) B BUIE:

P.(0,) = p,cos(nyL6; /(2m]r, ) exp(=6; /s, ), (13)
rie p,, s, - Kodbduumentel amnmpokcumanuu (p,<1), obOnagaromias

n

JOCTOMHCTBAMH 00oux PAaCCMOTPCHHBIX IIOAXOOOB. I[J'IH IMPUKIIaIHbIX PAaCdYCTOB

MOKHO Tojararb: s, ~6, . Jl1s CBETOBOJOB BBICOKOI'O KauecTBa s, MOXKET ObITh

oompme 6,, a p,~I1, mia BC Huszkoro kauectBa - s,<6,, a p,<<I.
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3KCH€pI/IMCHTaJII)HO HU3MCPCHHOC 3HAYCHHUC p, MOKET paCCMATPUBATBCA KaK

0oOBbEeKTUBHAs YMCIIEHHAs OlleHKa KauecTBa BC.

B n. 3.1 nmpoaemMoHCTpupoBaHa BO3MOKHOCTh OLIEHKM uHTerpaibHoil CJIIIT
BBIXO/SILETO  M3JYYEHUS] C YUYETOM PpPEAIbHOM MOJYLIMPUHBI  YIJIOBOTO
pacnpeneneHrss BBIXOISIIEr0 W3JIy4YeHus. B 9acTHOCTHM, DOJNydeHa OILeHKa
YMEHBIIEHHUSI p NOpU y =0 BCIEACTBUE MEPEPACIPEACICHUS SHEPTUU MEXIY
MOJIOBBIMM TPYIIIIAMH.

3.2. DKCHEepUMEHTAIHLHOE WCCIEJIOBAHUE TOJIPU3AIMOHHBLIX XapaKTEPUCTHUK

MHOTOMOJOBBIX BOJOKOHHBIX CBETOBOJOB. B 1. 3.2 IMPUBOIATCA PC3YJIbTAThI

UCCIEIOBAHUM  TOJISIPU3AIMOHHBIX  XapaKTEPUCTUK MHOromoaoBeix BC co
crynenuarsim IIIIII ¢ paznmuusbiMM mapameTpaMu, B T.4. BOJIOKOHHO-ONTHYECKUX
xrytoB (BOX). beumn uccnemoBanbl uHTerpanbHas CJIII cBeToBOMOB OT yria

BBOJIa W3JIy4eHUsS p(y), a Takxke 3aBucumocth CJIII ot yrma BeIxXoma p,(6).

HonyquHHe OKCIICPUMCHTAJIbHBIC [OAaHHBIC IIOATBCPAHIIM BCC TCOPCTUUCCKHU

npejackasanubie 3akoHomepHocTH. Hampumep, st BC ¢ n,=1.45, d,=200 MKwMm,
L=05 M, 6 ~25° (no ypoBuio I/e, n,=0.43) pacuernoe 3maueume 6, — 9.3°,

0
HKCIIEPUMEHTAIbHO u3MepeHHoe — 9.5°. Ilpu paBHOMEpHOM BO30YXKICHUU MOJ]

BenuunHa unrerpanbHoil CJIII Bcero BeIxojsiero u3nyuenus p cocrtasisua (.15,
a p, BOmm3u ocu (0<<6,)—0.5...0.7. IIpu yrie BBona y =0 umeno mecto p ~0.94,
a BOmu3um ocu — p, ~0.98, 1.e. chmwkenue CJIII npu paBHOMEpPHOM BO30YKICHUH

Obul0 00ycioBiIeHO B3auMoOCBs3bio MoA. s BOX ¢ nuameTpoM OAMHOYHBIX

cBeToBeayuX K d,=20 MM, L=0.25 M, 6, ~33° pacuerHoe 3HaueHne 6, — 5.5,
sKcnepuMenTanbHoe — 5.4°. VI3MepeHHble 3aBHCHMOCTH p,(6) TAKKe XOpPOLIO

COOTBETCTBOBAJIM TeOpETUUYECKOM 3aBucumMoctu (13).

3.3. CHhexkrpajJbHO-TIOJIPU3AIUOHHBIE  XAPAKTEPUCTUKU HECOBEPIICHHBIX

BOJIOKOHHBIX  CBETOBOJIOB. B m. 3.3 mOpeAcTaBleHbl TEOPETUUYECKHUE U

DKCIIEPUMEHTAJIbHBIC UCCIIEI0BaHHUS CIEKTPAJIbHO-ITOJISIPA3ALUOHHBIX
xapakrtepuctuk asyiydenpenomisitomiero BC. Iloka3aHo, 4To mOMHMMO XOpOIIO

U3BECTHOTO 3(deKTa CeKTPATbHO-TONSIPU3ANMOHHBIX OUEHUN C TIEPHOIOM:
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A =272, /(LAB) (14)
rae A, - HeHTpalibHas JUIMHA BOJHBI, L - anuHa BC, AS - pa3HOCTb MOCTOSTHHBIX

pacinpoCTpaHCHusd MO C OPTOTOHAJIbHBIMHA ITIOJIAPpU3AlHUAMA, HAJIUMYINC JIOKAJIbBHOI'O
,Z[G(I)CKT&, MPUBOIAUICTO K MCPCPACHPCACICHUIO SQHCPIUHU MCIXKIAY MOAaMU, IIPUBOIUT

K M3MEHEHHIO CIIEKTPaIbHO-MOIAPH3aIlMOHHBIX XapakTepucTrK. IIpu |AL,

<< L,rtne

AL =L-L,, L, — pacCTOSHHE OT BXOJHOIO TOpHa 10 JAe(eKTa TMOSBISCTCS

m

MOJYJISALUS CHIEKTPA ¢ Orubarolieii, UMeroIei nepuon A, =474, /(AL,AB), a pu
AL,|<<L, rne AL,=L,-L,, L, — paccTossHAE OT JedeKTa JIO BHIXOJHOI'O TOPIA,

CHEKTpaTbHO-TIOSIpU3AIMOHHBIE OueHus: ¢ mepuonom (14) wHabmomaroTcs Ha

U3MEHAIOUIEMCA C NEepUoaAoM A, =4zh, /(AL,Af) ypOBHE HHTEHCUBHOCTHU. lIpu

YBEIMYCHUH  KOJMYECTBAa JIOKAIBHBIX JE(PEKTOB BO3pACTaeT  KOJMYECTBO
BO3MOXHBIX YaCTOT OMEHHUM, MOATOMY IS CiIy4asi O0IBIIOrOo Yrciia AePEeKTOB ObLI
NPUMEHEH METOJ] YUCIICHHOTO MojenupoBaHus. I[loka3zaHo, 4TO mpu CilydaiiHOM
WIA PaBHOMEPHOM PAaCIOJIOKEHUHU JeEeKTOB MO JUTMHE CBETOBOjAA Ha Bbixoge BC
OueHusT HAONIOMAIOTCS MPAKTUYECKH TOJBKO C MEPUOJIOM MPUOIMKEHHO PABHBIM
A. OpHako B ommuue otT ciayyas Oe3gedekrHoro BC, cnekrpanbHO-
HOJISIPU3AI[MOHHbIE OMEHUs HaOII01al0TC HE3aBUCUMO OT TUIOCKOCTH MOJISIPU3AIHH
U3Ty4YeHHS Ha BXOJIe CBETOBO/IA.

B n. 3.3 mnpuBeneHsl pe3yabTaThl HSKCHEPUMEHTAIBHOTO HCCIEAOBaHUS
CHEKTPATbHO-TIOSPU3AIMOHHBIX XapaKTEPUCTUK M3TYyUYEHHUs, BBIXOJAIIETO U3
HECOBEPIICHHOTO ofHOMoa0Boro BC, B TOM uucie misi ciydas HCKYCCTBEHHO
HaBeneHHoro mrubom BC nmedexra. Co3ganHas mMaremarwdeckass MOJCHb U
pe3yabTaThl YUCICHHOTO MOJIEIUPOBAHUS OOBSICHSIOT MOJTYUYEHHBIE 3aBUCHUMOCTH.
HccrnenoBanusi CHEKTPaTbHO-TIOISIPU3ANMOHHBIX XapaKTEPUCTUK MHOTOMOJIOBBIX

BC npencrasiiens! B 1. 4.3.

I'naBa 4. CtaTucTHYECKHE XAPAKTEPUCTHKH CHEKJI-CTPYKTYP H3JYYeHHS

BOJIOKOHHBIX CBE€TOBOAOB.
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4.1. MeToauka 4MCIEHHOTO MOJIEIUPOBAHUS DACOPENECICHUA WHTEHCUBHOCTHU

BBIXOJISIIIETO  M3JAy4dYeHMs. B 1. 4.1 pacCMOTpCHa MCTOJHKA YHUCIICHHOTO

MOJICTIMPOBAHUS PACOPEACICHU HWHTEHCUBHOCTU U3JIYYEHUSI MHOTOMOJIOBBIX
BOJIOKOHHBIX CBETOBOJOB co crynenuyatsiM [IIII1, 3akmtouaromascs hakTU4ecKu B

CYMMHUPOBAHHUHM II0JIEM BCEX BOJHOBOIHBIX MOJ E, B JalbHEH 30HE AUDPaKLIMU C

3aJJaHHBIMHU BECOBBIMH KOY(D(DUIIMEHTAMU ¢ :
4
E(rp)=), 2. D aVEN (1), (15)
m=1 I s

rje m - YUCIIO, XapakTepusyouee tan moawl (HE, , EH, , TE, , TM ), I, s -

l,s?>
a3UMyTalbHBIA M PaJUaiIbHBIA WHIEKCHI MOIBI, E - BEKTOP OJIEKTPUYECKOM
HaIpSOKEHHOCTH — DJIGKTPOMAarHUTHOM  BOJMHBI B TOYKE C  KOOpPJAWHATAMHU
HWIAHAPUYECKOW cuctemMbl r, ¢. B m. 4.1 npumMeHeH METOJl YHCIEHHOTO
MOJEJINPOBAHUS, OCHOBAHHBIN HA MCIOJIb30BAaHUU AHATUTUYECKUX BBIPAXKEHUM ISt
COOCTBEHHBIX YHCENl W HANPsDKCHHOCTEHW TOJIeM M3Iy4YeHUs  OTAEIbHBIX
BOJHOBOJHBIX MoA (I71. 2), 4YTO TIO3BOJSET M30eXaTh HMCIIOJIb30BaHUS
npeoOpazoBanust Oypbe, 1 yMEHbIIIAET BPEMsl pacueToB B Thicsauu pa3. IlokazaHo,
4TO JUIsI MOJICJTUPOBAHUS PABHOMEPHOTO BO30YXKIEHUSI BOJHOBOJHBIX MOJ]
K03 (PULIMEHTHI CeayeT 3a/1aBaTh Kak

a,, o«1/6/°, (16)

rae 6,, - yroja BbIXOJa U3JIy4€HUS MOJbI C MHAEKcaMu /[, s (1. 1.5), a ms cirydas

CEJICKTUBHOTO BO3OYXICHHUS MOJ C YYETOM IMepepacrlpefeleHus] YHEPruu MpHu
pacnpoctpanenuu o BC BcnenctBue kousepeuu (TI1. 5) — B BUJE:

02 2
LT (17)

“ et o

1
()6
I o, (y) — NOJNYIIMPUHA YTIIOBOTO PACIPEICICHHS BBIXOISIIETO U3IyUeHUs MPU
yriie BBoAa y . [{ns yBenuyeHus TOUHOCTH MOJISTUPOBaHUS BOIM3U ocu (6 — 0) st
OCHOBHOW Moabl HE, yroin 6,, 3ajaBajcsi Kak HYJIEBOH, YTO COOTBETCTBOBAJIO
CTpOrOMy pacueTry, a BecOBOM KOI(Q(GULMEHT «,, OBUI CKOPPEKTUPOBAH.

[IpencraBiieHHbIN METOJ] MTO3BOJIMII ONMKUCATh KaK CHEKII-CTPYKTYPY UHTEPPEPEHIINH
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KOI€PEHTHOI'O M3JyY€HHs BOJHOBOJHBIX MOJ, TaK M OrHUOAIOLIYI0 YIJIOBOIO
pacrpeneneHus, MoJy4acMyo IIpU YCPEAHEHUU paclpele]ICeHUs] UHTEHCUBHOCTH 110
dazam Moa. A3UMyTaIbHBIE 3aBUCUMOCTH cos(lp), sin(lgp) COOCTBEHHBIX (yHKIIUN
BOJIHOBOJIHBIX MOJ COOTBETCTBOBAJIM BOJIHAM C a3UMYTaJbHO OJHOPOIHON (a3oii,
T.€. KJIACCUYECKUM BOJHOBOJHBIM MoJaM (Jjajiee MO TEKCTYy — «OOBIUHBIMY»), a
3aBUCUMOCTb BHUJIA exp(t/p) — ONTHYECKUM BUXPSAM. IJTO MO3BOJUIIO MCCIIEIOBATh
MeToAOM  yuciaeHHoro  mogzenupoBanus  CIIC  pa3auyHBIX  CBETOBOJOB,
chOpPMUPOBAHHbIE KAaK MW3JIy4deHHEM OOBIYHBIX BOJHOBOJHBIX MOJ, TaK H
ONTHYECKHUMHU BUXPSIMH, B YACTHOCTH, IPU U3MEHEHUM [JIMHBI BOJIHBI M3JTy4YECHMUS.
PesynbTaTel nccnenoBaHuy NpuBeneHs! B 1. 4.2 - 4.4.

4.2. HccnenoBanue CTaTUCTHUYCCKHUX XapaKTCPUCTUK CIICKJI-CTPYKTVYD

HU3JYYECHHUS BOJJOKOHHBIX CBETOBOJAOB METOAOM YMCICHHOI0 MojaeaupoBanus. 1. 4.2

MOCBSAIIEH HCCIEI0BAHUIO CTAaTUCTUUYECKUX XapakKTepUCTUK (CX) CHEKI-CTPYKTYp
BC co crynenuareim IIIIII B panbHE#t 30HE audpakiuy METOAOM YHCICHHOTO
MOJEIUPOBAHUA. DbbBUIM  CMOJENMPOBAHBI  PACHPEICICHUS  MHTEHCUBHOCTHU
BBIXO/ISIIIIETO M3Jy4YEHUsI NpU pas3finuHbIXx napamerpax BC u pa3znumyHoM MOA0BOM
COCTaBE, a TAaKXKE OINPEACIICHbl CTAaTUCTUYECKUE XapaKTEPUCTUKHU IOIy4aeMOn

CIIC: dyHKIMS TIIOTHOCTH BEPOSTHOCTH pacCIpe/iesieHuss WHTEHCUBHOCTU p(l) |

IPOCTPAHCTBEHHAs yIiioBas aBToOKoppensaunoHHas GyHkius (AKD).

HaubGonee BaxXHBIM SBISETCA CiIy4all pPaBHOMEPHOTO  BO30YXKICHUs
BOJIHOBOJAHBIX MoA. Kak Oyner mokazano B m. 6.6, paBHOMEpHOE BO30YXACHHE
MOYeET OBITh JIETKO PEaJTM30BAHO B JIA0OPATOPHBIX yCiIoBUsX, a mapamerpsl CIIC B
3TOM Clly4yae yOpOIIAIOT 3ajJady ONpeAeleHHs TUIlA BOJH, KOTOPBIMHU
chopMupoBaHa HcCcleAyeMasi CHEKI-CTPYKTypa: OOBIYHBIMH MOJAMHM WM
ontuueckuMu Buxpsmu. [lokazaHo, 4to craructuueckue xapakrepuctuku CIIC
BOJIOKOHHBIX CBETOBOJOB HMMEIOT AaKCHAIbHYIO CHMMETpHIO. OTMEYeHO, dUTO
[OJTy4yaeMble XapaKTEPUCTUKH MO BCEH IUIOIMIAAN BBIXOSIIETO U3IYUYCHHS IS
OOBIYHBIX BOJHOBOAHBIX MOJl TMPU PABHOMEPHOM BO30YKIACHHH COOTBETCTBYIOT
U3BECTHBIM TEOPETHUYECKUM TnpezacTaBieHusM. OnHako, B oOwmieM ciydae,

XApaKTCPHBIC PasMCpPbl CIICKI-IFITCH 3aBUCAT OT IIapaMCTPOB CBCTOBOAA U
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MoA0BOro cocrasa, a CIIC sBnsercs aHM30TPONHONW. XapaKTEPHbIA a3UMyTalbHbIN
YIJI0BOM pa3Mep CHEKJI-ISTEH, T.€. IpH (PUKCUPOBAaHHOM 3HAUYEHUHU YIJIa BbIXoJa &
(0 =const) — AL OTJIMYAETCS] OT XapaKTEPHOr0 aKCHUAJIBHOIO YIJIOBOTO pa3Mepa

O=const

— npu (PUKCUPOBAHHOM 3HAYEHUU A3UMYyTAIBHOTO yria ¢ (@ =const) — AL

@=const *
BBegem BemnmuuHy &, XapakTEpHU3YHOUIYI0 AHU30TPONMIO IPOCTPAHCTBEHHBIX
xapakrepuctuk ClIIC:

£ = AL§0=const /AL6‘=conxt . (1 8)

MeTOI[OM YHUCJICHHOIO MOACIIMPOBAHNA BBIABJICHBI CIICAYIOIMUC 3aKOHOMCPHOCTH. B
3aBUCUMOCTH OT IIapaMCTpPOB BC, BCJINYMWHA ¢ JIA OOBIYHBIX BOJIHOBOJAHBIX MO/

(mamee MO TEKCTY — «g,») MPU PABHOMEPHOM BO30YKJICHUM HAaXOIUJIacCh B

npenenax 1.0 — 1.5, mid onTudyeckux BUXPEN C OJHUM HAIMPABICHHEM BpaILCHUS

BOJTHOBOTO (ppoHTa — 1.3 — 2.7 (nanee — «&,») u 0.9 — 1.3 — 1114 ontuueckux BUXpen
CO CIyyallHbIMHM HAIpaBICHUSMM BpalleHUs (manee — «e,»). Ilpu yBennueHuu
panuyca cepauesunsl BC umeer mecto ¢, — 1, a IpU yMEHBIIEHUH 7, — IapaMETPBI

&, , €, Bo3pacraror. Hanpumep, anst BC ¢ #,=0.15 npu 1=0.6328 mxm, 7,=100 mxm

o
nonyueHo: ¢,=1.12, & =1.36, ¢ =121, a npu =50 Mxm — ¢,=1.37, ¢,=1.67,
£,=0.94. B n. 4.2 Ha npumMepax paccMOTpeHus: UHTep(EepeHMn IBYX BOJH (ABYX
LP MOJIOBBIX TpYIII JIUOO IBYX ONTHYECKUX BUXPEN), a TAKKE CYMM a3MMYTaJbHbIX
3aBUCHUMOCTEH MOJIe MOJT U BUXpEl 00BSICHEHBI MTOTYyUYEeHHbIE 3aKOHOMEPHOCTH.

B 1. 4.2 paccMOTpeHbI Takke Ciydau MPEeUMYyIIECTBEHHOTO BO30YKIECHUS MO

CO CPABHUTCJIIbHO MaAJIBIMH 3HAYCHUHAMH a3WMYTAJIbHBIX HHJICKCOB (Z<<l rac

max 2

..~V — MaKCUMaJIbHBIA a3UMyTaJIbHBIA HMHAEKC MOAbl aiusi naHHoro BC).

m

YcTaHoBIIGHA B3aMMOCBSI3b BEIWYHUHBI & C MOJOBBIM COCTaBOM H IIOKAa3aHO, 4YTO

UMEET MECTO &>¢,. OINHMM U3 OTIMYMM Takux creki-ctpykryp ot CIIC,

chOpMHUPOBAHHBIX H3IYyYEHHEM ONTHYECKUX BUXPEH C OJIHUM HampaBleHHEM
BpALLCHUS 3aKJIOYAETCS B UX PA3JIUYHBIX CHEKTPAJIBbHBIX 3aBUCUMOCTSX, KOTOPBIE
paccmotpensl B 1. 4.4. B n. 4.2 npeacraBieHa HOBAask METOAMKA, MO3BOJISIOMIAS

paznuyarh ykazaHuele CIIC mpu mocTostHHOW BenuuynHe A U 0€3 MCIOJIb30BaHUS
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UHTEP(HEPOMETPHUUECKUX CXEM M3MEPEHUHN C OMOPHOM IUIOCKOM BosHOM. [ aToit
Henu u3iydeHue, Boixomdmee u3 BC, nmenuTcs mnoaynpo3padHbIM 3€pKaloM, a
BO3HUKAIOIME H300paK€HUsi C TMOMOIIbIO ONTHUYECKOW CUCTEMBI COBMEIIAIOTCS
TaKUM 00pa3oM, YTO MEPEKPHIBAIOTCS TUAMETPAIbHO MPOTHUBOIIOIOKHBIE YUACTKH
onHoro pacnpenenenud. Eciu CIIC cBetoBoga cdopmupoBaHa ONTHYECKHUMHU
BUXPSIMU C OJHUM HAlpaBJICHHEM BpalleHUs, TO B OOJACTH IMEPEKPBITHS IMOJEH
Oyzner uHTep(hepupoBaTh U3JIy4YeHHUe, uMeroniee IIPOTUBOIIOJIOKHBIE
MPOCTPAHCTBEHHbIE HAIPABJICHUS JBUXKEHUS BOJHOBBIX (POHTOB, YTO IMpHU
(OpMHUPOBAHUU CHEKI-CTPYKTYPhl SKBUBAJIEHTHO WHTEPPEPEHIIMU H3ITyUYEHUs
ONTHYECKUX BUXPEH C pa3IM4YHbIMHM HAIpaBJICHUAMU BpalieHus. COOTBETCTBEHHO,
JUIsl OOBIYHBIX BOJHOBOJHBIX MOJ| BEJIMYHMHA & HE M3MEHAETCS, T.€. COXPaHSIETCs

£>¢,, a JUISl ONTUYECKUX BHUXPEH HMMEET MECTO &=~/. ODKCIEPUMEHTAIBHOE

m?

HOJTBEPXKJIEHUE croco0a, a TaKKe OCHOBHBIX 3aKOHOMEPHOCTEW, BBISBICHHBIX
METOJIOM YUCIIEHHOTO MOJEIUPOBAHMSI, IPUBEACHO B 11. 4.3.

PaccMmoTpeHHble pUMEpBI IEMOHCTPUPYIOT IJIaBHOE JOCTOMHCTBO METO/A —
BO3MOXHOCTb MOJIEJTUPOBAHUS IIPOCTPAHCTBEHHBIX pacnpeneneHuin
MHTEHCUBHOCTU I MPOU3BOJILHOTO MOJOBOIO COCTaBa, B YAacCTHOCTH, TPYIHO
peanu3zyemMoro Ha mnpakThke. [l0J€3HOCTP ONMCAaHHON METOAMKH YHCIEHHOTO
MOJICIIMPOBAHUS 3aKJIOYAETCS TAKXKE B TOM, YTO MUMEETCSI BO3MOKHOCTb MOJIYUYHUTh
ceenenus o napamerpax CIIC mis upeanu3upoBaHHOM Mojaenn — 0e34e(eKTHBIX
BC u cpaBHUTB C mapaMeTpaMu PeAIbHBIX CIIEKI-CTPYKTYP.

4.3. DKCIEPpUMEHTAJILHOE WCCIEIOBAHME CTATHCTHYECKUX XaAPAKTEPUCTHUK

CHEKJI-CTPYKTYpP HW3JYYEHUs BOJIOKOHHBIX CBETOBOAOB. B 1. 4.3 mpencraBieHbl
pPEe3yJbTaThl HKCIEPUMEHTAIBHOIO HUCCIIEIOBAHUS CTATUCTUYECKUX XaPAKTEPHUCTHK
CIIC wuznyuenuss mHOromonoBeix BC. OCHOBHOE€ BHUMAHHME YAEJIEHO CIEKII-
ctpyktypam BC co crynenuateim IIIIII. VYcranoBieno, dYTOo uisi  Bcex
uccinenoBanHblx BC MHTErpajibHble NMPOCTPAHCTBEHHBIE XAPAKTEPUCTUKHU MO BCEH
IUIOLIAJAN BBIXOJAIIEr0 M3JyYEHHUsS COOTBETCTBOBAIM pacueTHbIM (1. 4.2). Ilpu

paBHOMepHOM BO30yxkaeHuu moa BC c¢ r,>50 mxm anwmsorponus CIIC He
HaOmroJanachk, M HMEIO MEeCTO &~[, 4YTO MPUOIMKEHHO COOTBETCTBOBAJIO
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pe3yyibTaraM 4YUCICHHOIO MOACIIMPOBAHUS IJIsA OOBIYHBIX BOJIHOBOJIHBIX MO & — [

npu 1, >o. Jlng BC ¢ r,=10 Mkm ObLI10 monyuyeHo ¢=1,6 (pacueTHOE 3HaYEHUE —
¢=1,4), 4TO TNOATBEPKIAET TEHACHLMIO YBEIWYEHUS & IPU YMEHBLICHUHU 7.

YcTaHoBIEHO, UTO Ul OONBIIMHCTBA pealbHbIX CBETOBOJOB B J[3]1 cymiecTBYIOT
obnmactu CIIC, B KOTOpHIX MPOUCXOAUT HAPYIIEHHE YCJIOBHUS aKCUAJIbHOU
CUMMETPUHU CTaTUCTUYECKUX XapaKTEPUCTHK CIEKJIOB, OOYCIOBICHHOE BIMSHHEM
BHYTpeHHUX AedekToB cepaueBuHbl BC. Ha ocHOBaHUU MOTy4YEHHBIX PE3YJIbTATOB
UCCIICIOBAaHUM W OOOOIICHHS] M3BECTHBIX SKCIEPUMEHTAIBHBIX JAHHBIX CHEIAHO
IPEANOIOKEHNE O HEYCTOMYMBOCTH BOJHOBOJHBIX MOJ MHOroMoJoBbeIX BC,
AQHAJIOTUYHO HEYCTOWYHUBOCTU ONTUYECKUX BUXPEH.

[Tpu cenekTUBHOM BO30YXJACHUU MOJ HaKIIOHHBIM C(OKYCHPOBAHHBIM JTyUOM,
CMEIleHHbIM oTHocutenpHO ocu BC, B I3/ Habmoganoch yBEIUYEHHE
XapaKTEPHOIO0 a3UMYTAIBHOIO pa3Mepa CHEKI-MSTEH MO CPABHEHHIO C Pa3MepoM
OpU PABHOMEPHOM BO30YXKAECHHH MOJ, OOYCIOBJIEHHOE BO3HHUKHOBEHHEM
ONTHYECKUX BHUXPEH C OJMHAKOBBIMHM HAIIPABICHUSAMHU BPALLICHHUS BOJIHOBOIO
¢ponTa. Hamnume ontudyeckux BUXpell OBLIO 3KCIEPUMEHTAIBHO MOJITBEPKICHO
n3MeHenneMm mnapaMerpoB CIIC B 3aBUCHMOCTM OT HallpaBJICHUS BpPALLECHHUS
NOTOKOB 3HEPTrUH, BBOJMMOIO Y€pEe3 IUAMETPATIBHO MPOTHUBOIOJIOXKHBIE YyUaCTKU
BXOJHOTro Topua. Takke 3KCEpUMEHTaIbHO ObLT peajin30BaH CIOCO0, OMMCAHHBIN
B 1. 4.2, mNO3BOJSIIOIIMKA HAOMIOJaTh MHTEPPEPEHLMI0 U3IYUYEHHUS JIBYX
JUaMETPAIIbHO TPOTUBOIONOKHBIX ydacTkoB CIIC BbeIxomsmero usiydeHus. B
yKa3aHHOW 00JIaCTH TOJIYYE€HO yYMEHBIICHHE BEIUYUHBI & OT &~2,0 mo 1,5, 4ro
CBUJIETENBCTBOBAJIO O JOMUHHUPYIOIIEM BIUSHUM ONTHYECKUX BUXpEH C
OJIMHAKOBBIMH HAIPABJICHUSMHM BPALLEHUS TPU (POPMHUPOBAHUU CIIEKII-CTPYKTYPBI.

4.4, CHCKTDEUILHBIC XapaKTCPUCTHUKHM  CIICKJI-CTPYKTYPD MHOI'OMOJOBBIX

BOJIOKOHHBIX CBETOBOJOB. HCHOJ’IBSYH MCTOAUKY YHCJICHHOI'O MOJCIUPOBAHMA,

IpPEICTaBICHHYIO B 1. 4.1, ObUIM paccUMTaHbl IPOCTPAHCTBEHHBIE PACIIPEICICHHUS
UHTEHCUBHOCTH, Bbixoasmero u3 BC co crynenuareim IIIIII, mpu pasnuuHeix A.
Omnpenenensl QyHkiuu B3auMHONU Koppemsiun (PBK) cnekn-ctpyktyp mpu

Pa3JINYHbIX JIMHAX BOJIH. HOKaSaHO, 4TO HMCCT MCCTO XOpomec COOTBCTCTBHC
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OBK cMOAENMpOBAHHBIX M JKCIIEPUMEHTAIBHO W3MEPEHHBIX pPACHPENEIICHUM.

Hampumep, mis BC ¢ 7,=100 mxm nipu L,=0,5 M, A~1 MKM 1 6 =0.50, pacueTHas

pa3HOCTh IJMH BOJH AA, coorBercTtByromjasi cHuxkenutro ®BK no ypousa 0,5
cocraBisina 0.4 HM, skcnepuMeHTanbHO wu3MepeHHas — 0,5 HM. YkazaHHble
BEJIMYMHBI COOTBETCTBOBAIM TAKKE OIIEHKE AA, CIEIYIOIIEH U3 aCUMITOTHUYECKUX
dbopmyi, npuBoauMbix B 1. 2.3. B 1. 4.4 npencraBnensr uaMmepenasie @BK s
cBeToBoioB ¢ mapabonuyeckum [IIIII, xoTopbie Takke HaXOAATCS B XOPOIIEM
COOTBETCTBHUM C TEOPETHUYECKMMH OIEHKaMU. YCTaHOBJEH psa  APYrux
3aKOHOMEPHOCTEH, CBSI3aHHBIX c IIPOCTPAHCTBEHHO-CIIEKTPAIIbHBIMU
xapakrepuctukamu CIIC. B wyacTHOCTH, MOKa3aHO, YTO JJIMHA TPAEKTOPUHU
JBMKEHUS CTICKJI-TISITEH TIPU U3MEHEHUU A OOJIbIIE BETUYMHBI IPOCTPAHCTBEHHOTO
KOPPESLHUOHHOTO PACCTOSHUS.

MeTtoxom YHCJIEHHOT'O MOJEIUPOBAHUS II0Ka3aHo, 4TO CIIC,
c(OpMHUPOBAHHBIE H3JIYYECHHUEM ONTHUYECKUX BHUXPEH C OJHHUM HalpaBICHUEM
BpallleHusT BOJIHOBOTO (PpoHTa MpU HM3MEHEHUU A HMEIOT MPEUMYIECTBEHHOE
a3UMYyTaJIbHOE HAMpaBICHUE TMEPEMENICHUS CHEKI-MATEH, KOTOPOE€ MOYKHO
paccmarpuBath kKak 3ddexkr Bpamenus CIIC. JIpmwkenue mnsten CIIC,
00pa30BaHHBIX U3TYUYECHHEM OOBIYHBIX BOJHOBOJIHBIX MOJ| WJIM ONTHYECKUX BUXPEH
C pa3NUYHBIMUA HAMPABICHUSIMH BpAIICHUS HOCUT XaOTUYECKHH Xapaktep 0e3
MPEUMYIIECTBEHHOTO a3UMYyTaJIbHOTO HAMPAaBJICHUS TTEPEMEILICHHUS.

4.5. BparmieHus CIEKI-CTPYKTYPHI BOJIOKOHHBIX CBETOBONOB IIPU WM3rHOax.

N3BectHO, 4TO mpu aedopMaIusx MHOTOMOJOBBIX CBETOBOJIOB, B OOIIEM cilydae,
MPOUCXOUT KBA3HUCIyYalHOEC HW3MEHEHUE CHEKI-CTPYKTYphl. W3BECTHBI TaKkxke
HeKkoTopbie BUABI aedopmarnuu BC, mpu KOTOPBIX MPOUCXOIUT BpAIIEHUE CIEKII-
nateH BcienctBue 3¢dexra Marnyca. B m. 4.5 paccmorpen addekt BpaieHus
CIICKJIOB, paHee HE OMUCAHHBIN B JINTEPAType, U HE CBSI3aHHBIN HEMOCPEICTBEHHO C
apdpexkrom Marnyca. CymHOCTh BBISBJICHHOTO d(deKTa 3aKI0YacTcs B TOM, YTO
IIPY TIOBOPOTE M30THYTOTO CBETOBOA B IJIOCKOCTH, MEPIICHINKYIISIPHON TTIOCKOCTH
BpaIICHMs, TPOUCXOJUT TOBOPOT CHEKJI-TISATEH HA YroJl, paBHBIM yriay MOBOpPOTa

cBeToBosa. JlanHbll >QdeKkT BbI3BaH TEM, YTO MPU yKa3aHHOM BHUJE MOBOPOTa
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CBETOBOJA MNpU HJeANbHOW LMIMHApHYecKo cummerpun BC reomerpuueckue
napameTpbl u3ruda B mwiockoctu BC ocTtaroTcsi HEU3MEHHBIMU, COOTBETCTBEHHO, HE
U3MEHSETCS U PAa3HOCTh (pa3 MEXIYy HHTep(EepUpyrOIMIMMH MOJAMH, a IMJIOCKOCTb
usrn6a BC Bpamaercs otHocutenbHo ocu BC. B nmanHOM cimydae W30THYTHIN
Y4aCTOK  CBETOBOJA  AHAJOTMYEH  3€pKally, paClOJIOKEHHOMY  HAKJIOHHO
OTHOCHUTEJIBHO IUIOCKOCTH BBIXOJHOI'O TOpLA CBETOBOJA M BpallalOLIEMYCs
oTHOcuTenbHO ocu BC.

B n. 4.5 npencraBieHbl pe3ysbTaThl AKCIEPUMEHTAJIBLHOTO HCCIEIOBaHUS
a¢dexra Bpamenus cnekiaoB B BC ¢ paznuunbm I 1 ¢ pazaudasiM 1uamMmeTpom
cepaneBunbl. [lokazano, uro addekr HabmomaeTcs Kak B OJIMKHEH, TaKk U B
nanbHe 3oHe audpakuuu. Ha ocHoBaHMM BBISIBIEHHOTO 3(dexra co3aaH
nabopaToOpHBI MakeT JaTdyuka yriia moBopota [14] w maruymka JTUHEHHOTO
cMeleHus. [JTaBHBIM JOCTOMHCTBOM TaKHUX JATYMKOB SIBJISIETCS BO3MOYKHOCTD
UCIIOJIb30BAaHUSI KOPPEJSIIMOHHOIO aHallh3a ABUKEHUS CIIEKJIOB, YTO IO3BOJSET
OTIWYHUTH ToJIe3HOe BoznelicTBue Ha BC oT ciayuaiiHbIX MHKpoaedopmaruii win
BJIUSIHUA W3MEHEHUs JUIMHBI BOJHBI uW3lydeHus. B n. 4.5 npaHo omnwucanue
71a060paTOPHOTO MaKeTa M MPUBEICHBI OCHOBHBIE TEXHUYECKHE TPeOOBaHUS K

QJICMCHTAM KOHCTPYKIHWHU JaTUHWKA.

I'naBa 5. KBazuiydeBasi MojieJib JIJIS1 pacyeTra JuarpaMM HANPaBJeHHOCTH

U XAaPAKTEPUCTHK BB0/J1a B BOJIOKOHHBIC CB€TOBO/bI.

5.1. KBazuiydyeBor MOJIXOJ JUI PEISHUS 3a1ad BBOHA-BLIBOIA W3JIVUEHUS.

Knaccuueckas mydeBass Mozielb JJIsl pacdyeTa MOIIHOCTH U3Jy4YEHUs, BBOJUMOTO B
MHOTOMOJIOBBIA ~ BOJIOKOHHBIM ~ CBETOBOJ,,  (haKTUYECKH  3aKJII04YaeTcs B
WHTETPUPOBAHUM JUarpaMMbl HampaBJICHHOCTH B IMpenesiax Iulomaaud Topua. B
JAHHOM TIPUOJIM)KCHUW TIPEAToiaraeTcs, 4YTo JII0O0M Jyd, MajJalolivi B TUIOMIAb
CEpALICBUHBI, Jalie€ PacHpOCTPAHSIETCS B CBETOBOJIE W JIOCTUTAaeT BBIXOJHOTO
TOpIIA, UCKJIFOYasl BEJIMYMHY ONTHUYECKUX MOTEPh. TO €CTh, MOIIHOCTh BBIXOJISIIETO
W3JIyYEHUS CUUTAIOT HE3aBUCSIIEH OT yrja BBOJIa U PACIPOCTPAHEHUS U3ITyUCHUSI.

TounocTh pacuera S(PGEKTUBHOCTH BBOJA C MCIOJIB30BAHUEM MpOCTEHIICH

24



JYy4EeBOM MOJEIM BO MHOTHX CIy4yasx HEJOCTaTO4YHA, HO, CAMOE€ IJIaBHOE, TaKOH
crnoco0 HE TMO3BOJIIET OMNPENCIUTh AuarpaMMy HaIlpaBICHHOCTH W3ITyYECHHUS
BOJIOKOHHBIX CBETOBOAOB. HeoOX0nMMO OTMETHUTh, YTO HEBO3MOKHO BBIIIOJIHUTH
CTPOTMH  pacyeT yIJOBOIO pAaCHpENeSeHUss HWHTEHCUBHOCTH  BBIXOJSIIEIO
U3Ny4eHUs, T.€. JuarpaMMbl HANpaBICHHOCTH, OCHOBBIBASICh TOJBKO Ha
TEOPETHUYECKUX  MPEACTABICHUSAX  PACHPOCTPAHEHHUS]  3AJIEKTPOMATHUTHOTO
U3JIyYEHHUs B UICATIbHBIX IMJIMHAPUYECKUX TUAIEKTPUUECKUX CBETOBOJAX. Tak Kak,
BO-TIEPBBIX, HEM3BECTHHl  MEpPEJATOYHblE  (PYHKUMU  KaXKIOW  OTAEIbHOMN
BOJIHOBOJHOM MOJIbl, YUYUTBIBAOIIME AUPPEpPEeHIINAIBHOE MOJOBOE 3aTyXaHUE U
SHEProoOMEH C JPYyrMMH MOJAMH, BO-BTOPBIX, YyKa3aHHas 3ajadya CIUIIKOM
TPYJIOEMKAs U €€ pelieHue noTpedoBano Obl OONBIINUX 3aTPaT BPEMEHU HA PACUEThI.
[ToaTomMy B nmanHOW paboTe MpeACTaBICH METOJ]l, OCHOBAaHHBIM Ha MPUMEHEHUU
KBa3WJIyuyeBOM MOJIE€NH, OOJIaNaloluii  MPOCTOTOM JydyeBOro MOAXOAa, HO
MO3BOJISIOLIMI YUUTBIBATH YIJIOBBIE NIEPENATOUHBIE XapAKTEPUCTHKHU peasibHbIX BC,
AuarpaMMmy HamnpaBiI€HHOCTH HMCTOYHHMKA M, €ClIM HEOO0XOAMMO, pacCeHBalOLINe
CBOMCTBa TOPLEBBIX MOBEepXHOCTEH. CyHUIHOCTh METO/a 3aKJII0YaeTCs B TOM, YTO
VHTETPAIIBHYIO YIJIOBYIO IIEPEIaTOUYHY IO XapaKTEPUCTUKY (VIIX)
anmpoKCUMUPYIOT  (GYHKUMEH  COOTBETCTBYIOUIEH  peallbHbIM  (PU3UYECKUM
mpoleccam, a JJis pacuera AuarpaMM HampaBJIEHHOCTU CBETOBOAOB KaXJIOMY YIITy
BBOJIa ¥ COIOCTABJISIETCS TEOPETUYECKOE WIIM IKCIIEPUMEHTAIBLHO OMpEeeIsieMoe

pacupeneneHue UHTEHCUBHOCTH [(y,0), rae [ - HHTEHCUBHOCTH BBIXOIALIETO

U3IIy4YECHHs] B €IMHWYHBINA TEJIECHBIA Yroy, & - yroj BbIXOAA OTHOCUTEIBHO OCH.
Kak Oynmer moka3zaHO HWXKE, YIJIOBBbIE IE€pEJAaTOYHBIE XAPAKTEPUCTHUKH, Kak
mupdepeHnranbible, TaK W HHTErpalbHbIE JUISl  PA3JIMYHBIX  BOJOKOHHBIX
CBETOBOJIOB, B OOJIBIIMHCTBE CIIy4aeB, MOTYT OBITh aNMPOKCUMHUPOBAHBI
U3BECTHBIMM MaTeMAaTUYECKUMHU (PYHKIHUAMU C HEOOJIBIIUM  KOJHYECTBOM
BapbUpyeMbIX NapaMeTpoB. Eciin napametpsl annpokcumupyromux ¢pyHkuui u JITH
HMCTOYHHMKA HW3JIyYEHUS M3BECTHBI, TO HWMEETCd BO3MOXHOCTb OIPEIEIUTh
pacupeseneHue WHTEHCUBHOCTU HW3JIy4YE€HMs], BBIXOJSILETO M3 CBETOBOAA. aKum

06pa30M, A1 pacdeTa AuarpaMmbl HAIIPaBJICHHOCTH M3JIYUYCHHA CBCTOBOIOB
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JOCTAaTOYHO 3a/1aThb BCEr0 HECKOJIBKO MapaMeTpoB. Mcmonp3yeMblil Mmoaxo[
IO3BOJISIET, C OJIHOM CTOPOHBI, M30€KaTh CIIOXHBIX BBIUYMCICHUN, CBA3aHHBIX C
COOCTBEHHBIMU (DYHKLMSIMU BOJIHOBOAHBIX MO/, & C APYTOM CTOPOHBI, (PaKTUYECKU
yuecTh peanbHoe nuddepeHaibHoe MOIOBOE 3aTyXaHUe U B3aUMOCBS3b MO/l ITPH
pacnpocTpaHEHUM HM3Iy4deHHs] 10 cBeToBoay. Jlanee, MCHOnb3ysl anmpoOKCUMAalUH
YIJIOBBIX TepenatouHblx xapaktepuctuk (YIIX) (m. 5.2.), npencraBiieHHBIN
KBa3WIy4eBON MOJAXOJ ObUI MPUMEHEH, B YACTHOCTH, JJISI ONpPEAETCHUS BIMSHUS
paccesinus Ha Topuax BC Ha XapakTepuCTUKH BBIXOSILIEr0 U3nydeHus (Ti1. 6).

5.2. AnmpoxkcuMariis VYIJIOBBIX IIEPEIATOYHBIX XapaKTEPUCTHUK. B 1m. 5.2 Ha

ocHOBaHMM JUG(Y3MOHHOM MOJENHM PACIIUPEHUSI YIJIOBOTO PpaclpeiesieHUs
MOJIy4yeHbl (POPMyJIbl, ONMKCHIBAIOIIUE YTJIOBBIE MEPEIATOYHBIC XaPAKTEPUCTUKHU

BOJIOKOHHBIX CBETOBOJIOB. 7151 OJTHOMEPHOMN MOJIEIIH:

T(y) =(1—erf(</_3£ <)/2, (19)

T y - yroJl BBOJA, o - MOJYILIMPUHA YTIIOBOTO PACIpEICICHHUs, y, - allepTyPHBIN
yros BC. Jlyist AByXMEpHOW MOJIEIH B HMJIMHAPUYECKON CUCTEME KOOPIUHAT:
T(y)=1-Q(y/oc.y./0) (20)

rie Q- ¢ynkuus Mapkyma. [ns pacnpenenenuss unteHcuBHOCTH B JI3/1 B
MaJjOyrJIOBOM MNPUOIMKEHUM TPU CEJIEKTUBHOM BO30YXKJIEHUU MOJ IJIOCKOM
AJIEKTPOMArHUTHOW BOJIHOM, BBOAUMOMU I10JT YIJIOM y OTHOCHUTEIBHO OCH, UCXOS U3
bynkuuu  pacnpenenenuss — Penes-Paiica, nmns  QyHKmum  pacmpeneneHus
VHTEHCUBHOCTHU NPU €AUHUYHON MOITHOCTHA MOKHO 3aIUCaTh:
3 6’ +y° Oy )

20, °(y)" " o (y)

I7ie o.(y)- NOIyIIMPUHA YTJIOBOrO pacipeaesieHus pu yrie Beoja y . OqHako Juis

Xy,0,0)= p(

1
S —€X, 1
2707(7) ot
3aJa4 BOJIOKOHHOM ONTHUKHM YJ0OHEe HCIOJb30BaTh O€3pasMEpHYI0 (PYHKLHIO C
VHOU HOPMUPOBKOM:
4y 20y
UFZ( 7)

R(7.0.0)=exp(~2

21
O_FZ(J/) / 1)

Mo
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Toraa MOITHOCTH U3JIyYEHHUS B 3aJaHHBIN TEJIECHBIM YIOJl IIPU yIJIE BBOJA ¥ MOYKHO

BBIYUCIIUTh UHTETpUpOBaHueM (21) ¢ yueToM HOPMUPOBOUYHOTO MHOKHUTEISL.

5.3. 9KCHCDHMCHT&J’IBHO€ OoNnpCaACICHUC YIJIOBBIX HCPCAATOYHBIX

XapaKTEPUCTHK BOJIOKOHHBIX CBETOBOAOB. B m. 5.3 onmcana MeToMKa FOCTUPOBKH

ONTUYECKOW CHUCTEMbI U U3MEPEHHUS YIJIOBBIX MEpPENaTOUYHbIX XapakTtepuctuk BC,
3aKJIFOYAIONIAsACS B M3MEPEHMM MOIIHOCTH BbIxojsmero n3 BC wu3nydeHus kak
dbyHKIIMU yria BBOJA P(y) NpH pa3iudHbIX yriax HakioHa ocu BC oTHOCUTENBHO
JA3€PHOTO Jiyya 7 B IUIOCKOCTH, IEPIEHAUKYJSIPHOM IUIOCKOCTH yIyla y W
MOCJIEYIONIEM OIPEICIICHUH yIia ¥,, COOTBETCTBYIOLIErO YCIOBUIO OCEBOTO BBOJIA
u3lydeHus (y =0) C WCHOJIb30BAaHMEM CIUIAlH allpOKCUMAIUd TPEXMEpPHOM
3aBUCUMOCTHU P(y,7 ). PacCMOTpEeHO BIMSIHUE HETOYHOCTU FOCTUPOBKU ONTHYECKOU
CUCTEMbl HAa U3MEPAEMBIE XAPAKTEPUCTUKU U BO3MOKHOCTU KOPPEKTUPOBKHU
3aBUCUMOCTH 7'(y) IPpU pa3InYHBIX J .

B n. 5.3 npexncraBieHbl pe3yNbTarbl U3MEPEHUN T(y) CBETOBOJIOB C
paznuunbiMu  napametrpamu. [na BC co crynmenwareim IIIIIT npuBeneno
cornocTaBieHue Teopuu (1. 5.2) u IKCeprUMeHTaIbHbIX JaHHBIX. [lokazaHo, 4TO Kak
bynkuus (19), tak u (20), MO3BOISET MOJYYUTH XOPOIIEE COOTBETCTBUE C
skcniepuMeHToM. Hawnyuniyro TouHocTh anmpokcumaruu YIIX maer dopmyna
(20): cpenmHekBagpaTHYECKOE OTKJIOHEHHWE & B JuanaszoHe 0<y <2y, 1
uccienoBanHbpix BC cocraBisuio 2-7107° - 5107, a mias hopmynsl (19) - 3-107 -
107", OTKIIOHEHHWE & TPH HUCIOIB30BAHUU TayCCOBCKOM ammpoKcumaruu 7T(y)

Obu10 B 3 — 5 pa3 Oosblile, YeM Mpy NPUMEHEHUH TOJTYyYEHHBIX (OpMYII.

I'maBa 6. BiaussHue HeCOBEepIIEHCTB TOPIEBLIX MNMOBEPXHOCTEH HA

NepeaaTouYHbIC XapPAKTCPUCTHKH CBETOBO10B.

6.1. TeopeTnyeckas OCHOBA i y4e€Ta BIMSIHMS PACCESIHMS TOPLIEBBIMU

IMOBEPXHOCTSIMM _CBETOBOJIOB HA XapaKTCPUCTHKU BBLIXOASAIIECIO H3dydyeHus. B

KBa3uJIy4CBOM HpI/I6HI/I}KeHI/II/I 3aga4ya BBOJa CBCACHA K HHTCIPUPOBAHHIO

WHJVKATPUCBhl paccesHuss Ha BxoAHOM Topue BC ¢ ywyeroM mnepeaaTOYHBIX
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XapakTepucTuk. B 1. 6.1 paccMOTpeHbI JOMYIEHHS 1Sl UCIIOJIB30BAHHOTO MOAX0/1a
Y TIPOAHAJIM3UPOBAHBl OCHOBHBIE HCTOYHUKH ITOIPEIIHOCTEN IPU pacyeTax.

6.2. MuaukaTpuchl pacCesHUS IISPOXOBATHIX W ONTUYECCKH HEOJHOPOIHBIX

noepxHocteil. B m. 6.2 00001ieHbl JUTEpaTypHbIE JaHHBIE O H3MEPEHUSIM
uHaukatpuc paccesuus (MP) u  ocHoBHBIE cBoiictBa WP  miepoxoBarhix
MOBEPXHOCTEH CTEKOJ, HEOOXOAMMBIC AJisi CO3JaHHS KOPPEKTHBIX (U3NUECKUX
MoOZeNel MW BBINOJHEHUsT pacyeToB mnapamerpoB BC ¢ HecoBepleHHBIMU
TOPLIEBBIMU MMOBEPXHOCTAMH (I1. 6.3-6.5).

6.3. Teopus M HSKCIEPUMEHTAIBLHOE HcciaeaoBaHnue 3GhGOEKTUBHOCTH BBOJA

INIOCKOM  MOHOXPOMATMYECKOW DJICKTPOMArHUTHOM BOJHBI B CBETOBOJBI C

paccemBalollell  IOBEPXHOCTBIO  BXOAHOrO Topma. B 6.3. mpezacraBieHO

TEOPETUYECKOE PACCMOTPEHUE 3aJ1a4d C MCIIOJIB30BAHUEM KBAa3MJIIyYEBOI'O MOAXO0AA
u npuommkenudn YIIX (m. 5.2, 5.3), a Takke pe3yJbTaThl IKCIEPUMEHTAIBHBIX
uccienoBanuii. [Ioka3zaHo TEOPETUUECKHU U MOATBEPKACHO SKCIIEPUMEHTAIBHO, YTO
IpU pacCessTHUW H3JIY4YeHUs Ha BXOJHOM TOpIIE HMMEIOT MecTo ABa 3ddekra:
yMeHnbliienne 3¢dextuBHoct BBoAa (DP) um pacmupenue YIIX, koTopeie B

raycCcoBCKoM npuoOmmkennu st IP MoryT ObITh OnMCaHbl 3aBUCUMOCTBIO:
de % ! ! ’ ’
Pv(n)ock,,T(n)+7IOT(%,)R(7n,7n,0n)nd7n (22)

rne y,=y/y., 0, =0,/y.- HOPMUPOBAHHBIC yIrOj BBOAA U nonywupuna WP, y/ -
HOPMHUPOBAHHBIN YIOJ paccesiHus, P, - BBOAUMAas MOILUHOCTb. B 4acTHOCTH, IIpU
y=0 u YIIX Buga (19) B rayccoBckom npuOmmkeHuu WP mi1s oTHOCHTEIBHOM
BenuuunHbl OB auddy3Hoi coctaistomen P,/ P, MOXHO MOJIYYHUTh:

i
Pd

] 2 2
=(1-0, exp(—L)— Erf (X ) -6, exp(— L5 )Erf (L22)) (23)
o, o o, 0,0,

rae P, - monHas MomHocTh auddysHoit cocrapmsatomei UP, o, =(o; +07)"”,
o,=05/0,. Ecmi y,>>0,, T0 T(y=0)~1 n OTHOWEHHE (23) ONMCHIBAET TAKKE

u3MeHeHne OB 1o OTHOmIEHWIO K MOIIHOCTH, BBoauMod B BC npu
HepacceuBarolieM BxoaHoMm Topue. s Oomee mpocteix  Mopeneit  YIIX
CBETOBOJIOB: CTyIIEHYAaTON U I'ayCCOBCKOW NMEEM COOTBETCTBEHHO:
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P 1 P 1
= l-ep(~y), o (24)
P(oc,—>0,y=0) o P(oc,—>0,y=0) I+o

n n

yCTaHOBJICHO, 4dTO PpaCcCMOTPCHHBIC 3aKOHOMCPHOCTH M MCTOIMKA pacdcTra
MOTYT YCIICHIHO MCIIOJIB30BAaTbCA KakK IJIAd BC co CTyIICHYAaTbIM, TaK W C

napabonuueckum IIIIII. B kadectBe KOppekTupytomero ko3ddunreHra k,,

MO3BOJISIONIETO YY€CTh HeraycCoBckuii Bua WP, Moxer uCnonb30BaThCs
AKCIIEPUMEHTAIIBHO M3MEpPsieMasi BEJIMYMHA MTOJTHOTO MPOIYCKAaHUS JIa3€pHOTO JTyda
IUTACTUHKOM C IIEPOXOBATOM BXOJHOW MOBEPXHOCTHIO, ITAPAMETPHI IIEPOXOBATOCTH
KOTOpPOM COOTBETCTBYET MapaMeTpaM IIepOXoBaTOCTH BXxoaHoro topiia BC. B sTom

city4ae JJig yTouHeHUs GopMyIibl (22) COMHOKUTEND k, CIIETyeT 3aMEHUTh Ha kk, .

Tounocts pacuera OB n YIIX npu mepoxoBaroM BXOIHOM Topue cocrasisiia 10%
- 30%.

6.4. Biusnue mMICPpOXOBATOCTH IMOBCPXHOCTH BXOJHOI'O TOPId M JAHAI'PaAMMBI

HAImpaBJICHHOCTH MCTOYHHMKA HM3JIYUYCHHUA HA Bd)d)eKTI/IBHOCTB BBOJ1a B BOJIOKOHHBIC

cBeTOBO/IBl. PaccmoTpeHo m3MeHeHue 3¢G(HEKTUBHOCTH BBOJA B 3aBUCUMOCTH OT
noxymupuHbl JIH MCTOYHMKA U3IIyYEHHS IPU PA3JIMYHOM CTETIEHU IEPOXOBATOCTH
noBepxHocTH BxogHoro topua BC. IToka3zaHo, 4TO OCHOBHON 3aKOHOMEPHOCTBHIO

SBIIIETCSI YBEIMYEHUE OTHOCUTENbHOW d(]dexTuBHOCTH BBOma P/P  Tpu
BO3pacTaHUM OTHOWIEHUs o /y,. [IpeacraBieHsl pe3ynbTarsl pacueToB P/ P s
HamOoJnee TunuuHbIX ciydaeB. s JIH uctounuka B Buje KOHyca ¢ MOJYIIUPUHOM
pacXoaMMOCTH o, C PAaBHOMEPHOM OCBELICHHOCTHIO B mpenenax JIH mposeneno
COITOCTABJIEHUE PACYETHBIX W OSKCIEPUMEHTAIBHBIX JAaHHBIX MPU Pa3IMYHBIX
COOTHOUIEHUSIX &, , Oy, ¥, W MOKA3aHO, YTO UMEET MECTO YAOBJIECTBOPHUTEIHHOE

cooTBeTCTBHE. Takke JKCIEpPUMEHTAIBbHO W3MEPEHO H3MEHeHHe OB u3nyudeHus
ceeroguofoB B BC Tuna «xBapu-nmojauMep» C pa3jWyHbIMU [apaMeTpaMu |
CEpHITHO BBIMyCKaeMble IUIAacTHKOBbIE BC ¢ COOTBETCTBYIOIMM H3IydYaTeleM IIPU
Pa3IMYHOM BBICOTE LIEPOXOBATOCTU MOBEPXHOCTH BXOJHOI'O TOpLA. Y CTAHOBIIEHO,

YTO JUIsl peajbHBIX MapamMeTpoB epoxoBaToctu TopuoB BC npu k, <<1 u o, >y,

OTHOLIEHUE P /P OLEHUBAEeTCS BeIUYMHON k, (m. 5.4). Jlns paccMOTpeHHBIX
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ciaydaeB npu R >0.3 MKkM BenuuuHa P/ P, Haxomauinach B mpexaenax 0,5 — 0,75.

3KCHepI/IMeHTaJ'IBHO MNOATBECPKACHBI BCC TCOPCTHICCKHUC 3aKOHOMCPHOCTH.

6.5. Bausiaue IIEPOXOBATOCTH MOBEPXHOCTU TOPIIOB CBETOBOJIA HAa MOIOBBIM

COCTaB W MarpamMMbl HaIlpaBJIEHHOCTH W3nydyeHus. B n. 6.5 npexncraBiena teopus

Y PE3YJIbTAThl KCIIEPUMEHTAIBHBIX UCCIECIOBAHUNA MOJIOBOTO COCTaBa M JAUarpaMm
HanpasieHHoctu (JJH) mis cmydaeB paccestHus Ha BXOJHOM U BBIXOJAHOM TOpIAX
MHoromozioBbix BC. AHamorumudo m. 6.3, mpu MmIEepoXoBaTOM BXOJHOM TOPIIE,
MOIIIHOCTh, TepefaBaeMas BOJHOBOJHBIM MOJaM, MOXET ObITh MpejCcTaBjicHa W3

JIBYX COCTaBJISIIONUX P, P,, a 7l pacueTOB MOKHO HMCIOJIB30BaTh (hopmyiy (22),

3ameHuB YIIX cBeroBoma Ha YIIX 3amannoit mozapl. OpHako, MpUHHMAs BO
BHUMAaHUE, YTO PEaJIbHO MpH J0OO0M yIJie BBOJA BO30YXKIAeTCs IIMPOKUN CHEKTP
BOJIHOBOJIHBIX MOJ, VIJIOBOE pPAaCIpeleiCHuEe KOTOPOTrO aIllpOKCUMUPYETCS

byukiuen pacnpenenenus Penes-Paiica (. 5.2), ans IH 7(6) cnpaBemiuso:

100) < 5 Ry, 0.0, )+ 2 = ((7 ))R(y,y',as)R(y',e,aF)yuy' (25)

AHQJIOTUYHO CIIy4ar, pPAacCMOTPEHHOMY B 1. 6.3, mpu o >0, YIiIoBoe
pacrpeneneHue pacumpsieTcs, a Mpu og >y, MOJOBBIA COCTaB INPAKTUYECKU HE
3aBUCUT OT yIUIa BBOJAA. DKCIIEPUMEHTAIBHO YCTAHOBIICHO, 4TO IpU R, >0,2 MKM,
2=0,6328 MkM, 7, ~25° KonblieBas CTPYKTYpa BBEIXOISIIETO M3Iy4CHHS He
dopmupyertcs, a npu R,>0,5 MkM m3meHenue nonymupussl /IH cBeroBoga npu
u3MeHeHuu y ot 0 1o y, He npesbimaer 10% - 15%. Jluarpammy HarpaBiIeHHOCTH

BC npu mepoxoBaToM BBIXOAHOM TOPIIE MOYKHO OINKCATh 3aBUCUMOCTBIO:
I(@)ock”T—(j/)R(y,H,O'F)+k"T—z(yz)TR(}/,@’,GF)R(H’,Q,GS)G’d@' (26)
Y do g OO0
rae 6 - oceBoil yron paccesHus. M3 (25) u (26) ciemyer, 4To OAMHAKOBas
[IEPOXOBATOCTh BXOJHOTO W BBIXOJHOIO ToOplia Mo-pasHoMy Biusger Ha JIH
BBIXOJSIIIEro wu3iaydeHus. B m. 6.5 npuBoguTcs MNOAPOOHOE TEOPETHUYECKOE

paccMoTpeHue dd@dexra acUMMETpHHM BIHMSHHUS pacCcesHUS Ha TOPIEBBIX
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noBepxHocTsix BC W mpencraBieHbl  pe3yJbTaThl  3KCIEPUMEHTAIBHOIO
UCCJIeIOBAHMUSI, MOATBEPKIAI0IIME OCHOBHBIE BHIBOJIBI TEOPHH.

[Tonyyens! hopMysibl JUisl pacdeTa MOIIHOCTUA U HEJIMHEWHBIX MCKAXKEHUU MpU
GunbTpaly U3IMy4eHHs TOITYIPOBOAHUKOBBIX JIa3epoB. TeopeTHdyecKhe OLEHKU
CHIDKCHHMSI HEJIMHEWHBIX MCKaKeHWH Mnpu paccessHuu Ha BxogHoMm Topie BC
COIOCTABJIEHBI C PE3yJIbTaTaMU IKCIIEPUMEHTAIBHOIO UCCIIEIOBAHUS.

[IpousBeneHa olLieHKa BeIUYMHA OOpPATHO OTPAKEHHOTO W3JIYYEHUS OT
HIEpOXOBATOM WM JE€(PEKTHON MOBEPXHOCTH BBIXOJHOIO TOpPILA CBETOBOJA.
Y CcTaHOBIEHO, YTO MPY BO3HUKHOBEHUU /AK€ HEOOJBIINX AEPEKTOB MOBEPXHOCTH
CKOIIIEHHOT'0 BBIXOAHOro Topia (tumna “APC”) kauecTBO BOJIOKOHHO-ONTHYECKOTO
pa3zbeMa 1o BEJIMYMHE OOPATHBIX MOTEPh MNOHMKAETCA Ha OJIHY KaTeropuio u 0osee.

6.6. Hcnoip30BaHHE CBCTOPACCCHUBAIOMICIO JIaKa JJIA ~ PABHOMCPHOI'O

BO36V)KI[CHI/ISI BOJHOBOJHBLIX Moa. B 1. 6.6 IMpCaAcCTaBJICH HpGI[J'IO)KGHHBIfI

HEpa3pylaomui CII0c00 CTaHJAPTU3ALUH U3MEpEHUN napameTpoB
MHOTOMOJIOBBIX ~ BOJIOKOHHBIX CBETOBOJIOB [7], TMO3BOJSIOMIMIA  0OECIIEUUTH
paBHOMEpPHOE BO30YXkJI€HNE BOIHOBOAHBIX MOJ. Croco0 3aKirodaercss B TOM, 4TO
nepesx MpoBeAeHUEM H3MepeHui napamerpoB BC KOIIMMUPOBAHHOE ONTHYECKOE
U3Iy4YyeHUE OT MCTOYHHMKA BBOJSAT 4YEpPE3 TOPEL] CBETOBOJAA, a HAa JIPYrod KOHeIl
CBETOBOJA IIOCJIEAOBATEIbHO HAHOCAT CIOH CBETOPACCEMBAIOIIETO IOKPBITHS,
HaIpUMep JaKa Wil dMYJIbCUH, A0 TEX IOp, MMOKA BBIXOJIIEE U3ITydeHHE HEe OyeT
MOJIHOCTBIO  paccenBaTbcad. KOHTpPOJb pacceuBarOIMX CBOWCTB  MOKPBITHS
OCYULIECTBIISIETCS IO AMAarpaMMe HalpaBJICHHOCTU M3JIYy4YEHHUs, BBIXOSIIETO Yepes
TOpELl CBETOBOJA C pacceMBaIOIIMM MNOKpbITHEM. Korma BeIxopsiee U3IydyeHHUE
CTaHeT 4HUCTO AU(PPy3HbIM (OOBIYHO MPU YHUCIE CIOEB HOKPBITUA 2 U Oojee),
JaJbHENIIee HapallMBaHUE 4YHUCIa CJIOEB IPEKPAIAOT U MPOBOASAT HU3MEPEHUS
[apaMeTpoB CBETOBOA, BBOJS U3JIyUEHHUE UEPE3 TOPEL C HAHECEHHBIM ITOKPBITUEM.
[To OKOHYAaHHIO M3MEPEHUI CBETOPACCEUBAIOLIEE MOKPBITHE HAa TOPLE CBETOBOJA
CMBIBAIOT pacTBopuTeseM. [IpenoxkeHo B kauecTBe Mephbl CTAOMIBHOCTH MOJIOBOTO

COCTaBa MCIIOJIb30BAaTh IMOJYLWIUPUHY w, PACHPENECICHUS WHTEHCUBHOCTH [(6)

BBIXOIAICTO H3JIYyUCHMUA. B no. 6.6 IMPHUBOAATCA PE3YJIbTAaThbl OKCIICPUMCHTAIIBHOI'O
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UCCIIEJIOBaHMs pacnpezeneHuil /(6) kak (yHKIUHU yria BBOJA y, HA OCHOBaHHUH
KOTOPbIX  ObUIM  ONpeleieHbl  3aBUCUMOCTH  w,(y). YCTaHOBJIEHO, YTO
CPEIHEKBAAPATUUECKOE OTKJIOHEHUE w, OT CpeqHero npu 0<y <y, kak aiug BC co

CTymeHuaTbiM, Tak u ¢ mnapadonudeckum [IIIII, cocraBmsamo 5% - 15% B
3aBUCUMOCTH OT KOJIMYECTBA CJIOEB CBETOPACCEMBAIOLIETO Jlaka. 10 ecTh,
NOATBEPKJACHA BO3MOXHOCTh HCIIOJIb30BaHUSI CBETOPACCEUBAIOIIEIO JlaKa JIst
cTaHAapTu3anuu u3Mepenui napametpoB BC, uro Hanbonee BaXXHO TSI KOPOTKUX
OTPE3KOB CBETOBOJIOB C OOJBIIUM JHAMETPOM CEPALEBUHBI, B KOTOPBIX
HEBO3MOYKHO MOJYYUTh PAaBHOBECHOE MOJIOBOE PACIIPECIICHHE.

6.7. Buusnue pacCCiaHusd Ha TTOBCPXHOCTHM TOPIIOB CBCTOBOJOB HA

XapaKTePUCTUKU MOJIOBOro imyma. B m. 6.8 mpuBeneHbl TEOPETUUYECKUE OIEHKH U
pe3yJbTaThl  AKCHEPUMEHTAIBHOTO  MCCJIEAOBAaHMA  MOJIOBOIO  IIyMa IpH
NpOCTpaHCTBEHHOUW  ¢uibTpaiuu  poronpuemaukom  (PII)  korepeHTHOrO
y3inydeHus, Bbixomsmero m3 BC. YCTaHOBIEHO, YTO pacCCEIHUE Ha BBIXOJHOM
topiie BC mpu paBHOMEpHOM BO30YXXJIEHMH MO, He3aBucuMo oT Buma [IIII,
MPUBOJUT K HE3HAYUTEIHLHOMY YMEHBIIEHUIO OTHOIIeHus curHai-uym (OCII).
Ecimu CIIC Beixonsimero wuziydeHus: cHOpMHpOBaHA ONTHUYECKUMHU BUXPSIMHU C
OJIMHAKOBBIMM HarpasieHusiMu Bpaienusi, To OCHI moxeT ObITh CyIIECTBEHHO
MEHBIIE, YeM TPH UHTEePHEPEHIINN U3TYyUYCHUS OOBIYHBIX BOJHOBOIHBIX MOJ WIIH
BUXpEH C  pa3NuMyHbIMU  HamnpaBieHusMH  Bpamienus. Ilpu  paszmepax
dboTonpUEeMHNKA, COM3MEPHUMBIX C pa3MepaMu CHEKJI-MATEH JKCIEPUMEHTATBHO
3apeructpupoBano yxyamenune OCHI B 2,5-3 pasa. Ilpu HaHeceHun
HIEPOXOBATOCTA WJIM CBETOPACCEHMBAIOIIETO Jiaka Ha IOBEPXHOCTh BBIXOAHOTO
topria BC OCII yBenuuuBanoch npuOIMKEHHO 10 BEJIUYMHBI, COOTBETCTBYIOIICH
paBHOMEpPHOMY BO30OYXKJICHHIO MOJA. YcraHoBieHo, uTo wu3meHeHue OCII
00yCIJIOBJIEHO M3MEHEHUEM MpocTpaHCTBEHHbIX XapakTepuctuk CIIC Bwixonsiiero
U3ITydeHrs. AHaTOTnIHbBIN d()PexT HAOIIOMaNCs TPU CETEKTUBHOM BO30YXKICHHUU
ornensHbix Moa B BC ¢ mapabGonmueckum IIIIIT cdoxycrpoBaHHBIM Ja3epHBIM
Jy4OM, CMEIIIEHHBIM OTHOCUTEIIBHO LIEHTpa cepteBunbl BC.

B 3akj104enuu 060011eHbl OCHOBHBIE MOTYyUYEHHBIE PE3YyJIbTaTHI.
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OCHOBHBIE PE3YJIBTATBI PABOTbI

OCHOBHBIM pe3yJIbTATOM PpalbOTHI SIBIAETCS, MPEXIE BCEro, CO3JAaHUE HOBBIX
bU3UKO-MaTeMaTUYECKUX MOJIEJeH IS  ONMUCAaHHMS CBOMCTB  BOJIOKOHHBIX
CBETOBOJIOB,  YJIYUIIAKOIMIMX  I[OHMMaHWE  (PU3MUECKUX  TPOILIECCOB  TPHU
pacnpocTpaHeHun usziaydyeHus 1o BC U ABASIONIMXCA OCHOBOW ISl pa3BUTHUSA
TEOPETUUECKHUX MPEACTABICHUN, METOIUK YHACJIEHHOTO MOJICIIMPOBAHUSA U PAaCUCTOB
MapaMeTPOB BOJIOKOHHO-ONTHUYECKUX YCTPOMCTB. ITO TMO3BOJSET CO3/aBaTh
MPUHIUITHAIBHO HOBBIE BOJIOKOHHO-ONITHYECKUE CUCTEMBI U METOJIMKHA HU3MEPEHUN
rmapaMeTpoB CBETOBOJOB, BBIpaOaThIBaTh HAYYHO OOOCHOBAHHBIE TEXHUYECKHE
TpeOOBaHUS K DJIEMEHTaM BOJIOKOHHO-ONTHUYECKUX YCTPOWCTB B 3aBUCUMOCTU OT
pelmaeMon TEXHUYECKOW 3a/1auM.

Hwxe npuBeaeHo 000011eHHOE ONMMCaHUE TTOTYUYCHHBIX PE3YIbTaTOB.

1. [Tomy4yensr acuMnToTHdecKkue POpPMyIIbl, XapaKTEPU3YIOIHUE OCHOBHBIC
CBOMCTBAa BOJIHOBOJHBLIX MOJ B MHOIOMOJIOBBIX BOJOKOHHBIX CBETOBOJAX B BHJIC
MPOCTHIX apU(PMETHUYECKUX BBIPAKEHUM, CTaBIIME OCHOBOM IJIsI TEOPETUYECKOTO
UCCJIEIOBaHMs MOJSpU3aUMOHHBIX cBoMcTB BC u  pa3paboTKM  METOIUKH
YUCJICHHOTO MOJICJIMPOBAHUSI PaCHpEeIeICHUI HMHTEHCUBHOCTU BBIXOJSIIETO U3
CBETOBOJOB M3JTyUYCHUS.

2. Co3gana  BOJIHOBas ~ TEOpUsl  JACHOJSpU3ALIMM  M3JIYYECHHS B
MHOTOMO/JIOBBIX BOJIOKOHHBIX CBETOBOJIax co crtyneHudarbiM [IIIII, u3MeHstonias
MPEJICTABICHUS] O MOJISIPU3ALMOHHBIX CBOMCTBaxX MHOromonoBbeix BC wu
OTKPBIBAIOIIAST HOBBIE BO3MOXKHOCTH HWX MPAKTUYECKOrO HWCIIOJIb30BaHus. B
YAaCTHOCTH, TMOJIyYEHbl AQHAIUTUYECKUE BBIPAXKCHHUS M ANNPOKCUMALMMU I
OTMCAHUS CTENEeHHU TOJSAPU3AIMA BBIXOJAIICTO H3IIYYCHHUS, HEOOXOJMMBIC IIPHU
MPOEKTUPOBAHUU YCTPOMCTB JJIsl JOCTABKU MOJISIPU30BAHHOTO M3JIYUCHMS, & TAKKE
IUI1 OOBEKTUBHOM onleHKH KauecTtBa BC.

3. [TostydyeHbl aHATUTUYECKUE BBIPAXKECHUS JJI1 ONUCAHHS CIIEKTPAIBHO-

MOJISIPU3ALMOHHBIX OMEHUN B OJTHOMOJIOBOM JBYJIYUYENPETOMIISIONIEM CBETOBOJIE C
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JIOKAThHBIM JIe(heKTOM M pa3padoTaHa METOIMKA YUCICHHOTO MOJCITHUPOBAHUS IS
ciy4yasi MHOXKeCTBa Je(EeKTOB, PACIIUPSIONINEe BO3ZMOXKHOCTH METOJ0B M3MEpPEHHUS
napamMeTpoB OJHOMOOBBIX BOJIOKOH.

4. Pa3zpaboTana METOJUKA YUCJIIEHHOTO MOJEIHUPOBAHUS
MIPOCTPAHCTBEHHBIX pacupenesieHnil Bbixonsamero u3 BC wu3nmyuyeHus, UCHOIb3ys
KOTOpPYIO, OBUIM OTpEEICHBl OCHOBHBIE IPOCTPAHCTBEHHBIC W CIIEKTPAJIbHBIC
XapaKTEPUCTUKHU CTICKI-CTPYKTyp BC, B TOM uncne chopMUpOBaHHBIX U3ITYyUECHUEM
ONTUYECKUX BUXPEU.

5. Co3mana Meroauka, NO3BOJISIONIAS pa3IMYaTh CIEKJI-CTPYKTYpBHI,
c(hOpMHUPOBAHHBIE ONTUYECKHUMHU BUXPAMH C OJAHUM HAMpaBIICHUEM BpAIEHUS OT
CIIC, oOpa3oBaHHBIX MPEUMYIIECTBEHHO  BOJIHOBOJHBIMU  MOJAaMU  CO
CPaBHUTEIHHO MAJBIMU 3HAYEHUSIMU a3UMYTaJIbHBIX MHJIEKCOB, HEOOXOIUMAsT IS
AKCIEPUMEHTAIILHOTO MCCIIEI0BAHUS CBOMCTB BOJIOKOHHBIX CBETOBOOB.

6. OOnapy>keHa HOBas pPa3HOBHIHOCTh d((deKkTa BpalleHus CHEeKI-
CTPYKTYPBI BBIXOJISIIETO U3TyUYEHUs PU U3THOe CBETOBO/A OJTHOBPEMEHHO B JIBYX
IUIOCKOCTSAX, HA OCHOBAHUM KOTOPOTO ObUI CO3/aH J1abOpaTOpPHBIM MakeT AaTyuKa
yTJia IOBOPOTA.

7. [Ipennoxxena ¢usuveckas MojeNb, MO3BOJISIONIAS MOTYYUTh MPOCTHIE
aHanMTHYeCKue BhIpaxeHus: s onucanus YIIX BC. Pa3paboran kBaszumydeBon
NOAXOJ JJIsl PELICHUs 33a/lad BBOAA-BbIBOAA M3JIYUEHUS, COXPAHSIOMIMN MPOCTOTY
KJIACCUYECKOM JTy4eBOW MOJIENH, HO MO3BOJSIOIIEH (OPMAIbHO YYECTh BIIUSHHE
SHEProoOMeHa MEXy MoJaMu U auddhepeHInaTbHOEe MOJOBOE 3aTyXaHHE.

8. Coznana TEeopHus, ONUCHIBAOIIAS BIIMSIHUE ONTHUYECKUX
HEOJJHOPOJHOCTEN BXOJHOW M BBIXOJHOW TOPLIEBBIX ITOBEPXHOCTENM BOJOKOHHOI'O
CBETOBOJIA HA MapaMeTPhl BBIXOJANIETO M OOpPAaTHO OTPAKEHHOTO W3IyYCHHS,
MO3BOJISIONIAsl BBIPA0OTaTh HAY4YHO OOOCHOBaHHBbIE TpPeOOBaHUS K KayeCTBY
TOPIIEBBIX MOBEPXHOCTEW BOJOKOHHBIX CBETOBOJOB B 3aBUCHUMOCTH OT peIIacMoOi

TEXHUYECKOH 3aauH.
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