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BBEAEHHUE

AKTYaJIbLHOCTh

B nHacTosiiee BpeMsi ONTUYECKUE TEXHOJIOTHHM HAXOJATCS HA OCTPUE HAYKH.
CBeToBblE M ONTUYECKHUE SIBJICHUSA BCTpPEYAIOTCA TNOBCIOAy. OnrTuyeckoe
o0opy/noBaHHWE WrpaeT Bce Oolee 3HAYUMYIO pPOJb B COBPEMEHHOM MHUDE,
obecreunBasi mepemady MW 0OpabOTKY ONTUYECKMX CUTHAJIOB B Pa3IMYHBIX
obnacTsax. OnTuyeckre TeXHOJIOTHH, TaKUe KaK ONTUYECKUE BOJIOKHA U MPUOOPHI,
OTKPBIBAIOT MIMPOKHE BO3MOXKHOCTH B OOJIACTH TEICKOMMYHHUKAIIWNA, MEIUITMHBI,
HAayKH, TPOMBIIIJIEHHOCTH M Jpyrux cdepax pestenpHoctd [3]. 3epkana ¢
BBICOKUM  KO3(PPUIMEHTOM  OTpa)k€Hus, a  TakkKe  MOJYyNpo3payHbie
MIPOCBETIIAIONINE 3€pKaja BOCTPeOOBaHBI KaK B Ja3epHOM, TaK U B BOCHHOU
MPOMBIIIUIEHHOCTU. AKTUBHO pa3padaTbiBalOTCSl aHTUOJIMKOBBIE JIMH3bI U JIMH3BI C
HU3KUM TIPOIEHTOM HCKaXXCHHS IS CO3/IaHus 00Jiee COBEPIICHHBIX 0OHEKTHBOB
doroanmnaparoB, BHIEOKaMep U TeleckonoB. Bc€ 3To Bo3MokHO Onaromaps
TEXHOJIOTUYHBIM  IUIEHOYHBIM  MOKPBITUSIM,  PACHIMPSIONIMM  BO3MOXKHOCTHU
COBPEMEHHOW ONTHKH.

[TokpeiTHsI BCe yalle CTAHOBATCA HEOTHEMJIEMOM YaCThIO OYKOBBIX JIMH3,
3HAQUUTENILHO  paclupsis WX  NoTpeOuTensckue  cBoiicTBa. COBpeMEHHbIE
MHOTO()YHKITMOHAJIbHBIE TTOKPBITUSI 00ECIEYMBAIOT BHICOKOE KA4YECTBO 3PEHUS U
KOM(OPT MpU HOUIEHUU OYKOBBIX JIMH3, 00JIaJJal0T ONpPEJEICHHOW 3CTEeTHUYEeCKON
IEHHOCTBIO U JIETKOCTBIO B YXOJ€ 32 HUMH. Kpome TOro, HOKpBITHS 3HAYUTEIHHO
YBEJIMYMBAIOT CPOK 3KCIUTyaTallud OYKOB, YTO HEMAJIOBAKHO TPU HBIHEIIHEN
JOpPOTOBU3HE (PUPMEHHBIX OYKOBBIX JIMH3. [103TOMY TEXHOJOrMS HAHECEHHS Ha
OYKOBBIE JIMH3bl PA3JIMYHBIX MOKPBITUM HMHTEHCUBHO pPa3BUBACTCS, Yyiydllas

ONTUYECKHE U MEXaHUYECKHE CBOMCTBA JIUH3 [7].

IIpo6aema
Jlns  pa3pabOTKU ONTUYECKUX MHOTOCIOMHBIX IJIEHOYHBIX IMOKPBITUN

Tpe6YIOTCH 3HAHHUS O CBOMCTBaxX U IMOBCACHHUHU PA3JIMYHBIX MATCPHAJIOB B OIITUKC.



Taxoke HEOOXOAMMO HCCIENOBaTh OCOOEHHOCTU Ka)XI0W YHUKAJIbHOW IIEHOYHOU
CTPYKTYphl M Ha OCHOBE Ja0OpaTOpHBIX SKCIHEPUMEHTOB YIydIlllaTh YiKe
cylecTBytome U 3(pQPexkTuBHbIC FK3EMIUIIPbl. OJHAKO B 3TOM Cllydyae HEPEIKO
BO3HUKAET MpoOiieMa, CBSi3aHHasg C OTCYTCTBUEM HEOOXOIMMOTO MJisi JaHHOU
paboTel O0OpYHOBaHMS Y >KENAIOIIMX 3aHUMAThCS TaKOW HaydHOM paboToi.
HMmeHHO mO3TOMY HamOojee JOCTYIMHBIM W OTHOCHTEIHHO OBICTPBIM METOJO0M
pa3pabOTKH MHOTOCIOWHBIX IMJIEHOYHBIX MOKPBITUH MBI CUMTAEM KOMITBIOTEPHOE
MOJICTUPOBAaHKE, TO3BOJSIONIEE paboTaTh C IIEHOYHBIMU CTPYKTypamH, HE
BbIXoAs u3 JoMa. Kpome Toro B ceru MHTepHET HENOCTAaTOYHO MAAHHBIX O

CBOMCTBaX KOMOMHAIUH CIOEB MOKPHITHH.

eab padoTsbl

Pa3paboTka miI€HOUHbIX TOKPBITUNA, COCTOSIINX U3 PA3IMYHBIX MaTepUalioB,
TOJIIMH U KOMOWHAIMN CJIOEB JUIsl OTPaKEHUsI BOJIH OMNPEAEIEHHOTO Juana3oHa
WIEKTPOMAarHUTHOIO  M3JIyY€HUsA C  [OMOILIBIO  IpOrpaMMbl  Ha  S3BIKE

nporpammupoBanust Python.

3agauu padoThl, KOTOpPhIE TPeOyeTCs PEIIUTh B X0/ PeaTu3aliu 1eH:

1. N3yunuth pazivuHble UCTOYHUKM HWHPOpMAIIMM HA TEMY ONTHYECKHUX
SIBJICHUM W POJIM TUICHOYHBIX NOKPBITUM B ONTUKE. M3ydnTh ONTHYECKUE CBOMCTBA
BemectB [16] u ¢opmynsr Ortocrena YKana @DpeHens o0 MNPeOMIECHUU U
oTpakeHUM cBeta [12].

2. Co3nmate mporpaMMmy Ha s3blke  nporpammupoBanus Python [1],
MOJCIUPYIOIIYI0O  CTPYKTYPY  MHOTOCJIIOWHBIX  IUIEHOYHBIX  ITOKPBITUA U
ONPEACIISIONIYIO UX ONTUYECKHE BO3MOKHOCTU U CBOMCTRBA.

3. [IpoTecTupoBaTh mporpamMmy, IpoaHAIM3UPOBaTh IpadUK 3aBUCUMOCTHU
kKod(pduieHTa OTpakeHHUsT pa3pabOTaHHBIX TUIEHOUYHBIX MOKPBITUH OT JJIUHBI

BOJIHBI B HAHOMCTpax.



OO0BeKT uccjieI0BaHuA

[TpocBeTsonMEe U BBICOKOOTPAKAIOIINE TIIEHOUYHBIE TTOKPHITHSL.

IMpeamer uccaenoBaHus

OnTuyeckre CBOMCTBA KOMOMHAIHI CIOEB Pa3HBIX TONIIWH U MaTepUaiOB B
MOKPBITHUSIX.

[Ipu BeIMOSTHEHUH HAYYHO-UCCIIEIOBATEIbCKON paOOThl OBLIIM MCIOIb30BaHbI
TaKkue MeTOAbl MCCJIe0BAHMSA, KaK aHajiu3, CpaBHEHHE, MOJEIUPOBAHMUE,

TeCTUpOBaHUE U 0000IIEHNE.

Teopernyeckass 3HAYMMOCTb NPOEKTA 3aKJIKOYACTCA B HCIOJIb30BAHUU
BBISIBJIEHHBIX ONTHUYECKUX CBOMCTB KOMOMHAUUWA TMJIEHOYHBIX CTPYKTYp TMpHU
aHayn3e (PU3NIEeCKUX SBICHUI.

B cBoo ouepenp mpakTH4ecKas 3HAYMMOCTb COCTOUT B INPUMEHEHUU

CO3/IaHHOM MPOrpaMMbl U KOMOMHAIMI OKPBITUN B JaOOPATOPHBIX YCIOBUSX.

I'mnore3a

[Ipyn yBenMYEHHH TOJNMIMHBI CIOEB IUICHOYHBIX MOKPBITUA Ha OJHY
ONPENICNIEHHYIO BEJIMUMHY TIPU MPOYMX HEU3MEHHBIX MapaMeTpax KpuBas rpaduka
CMENIAETCA BIIPABO IO OCHU JUIMH BOJIH 3JIEKTPOMAarHUTHOTO M3JIyYCHUs OT Hayaja
koopauHaT. [Ipy yMEHBIIEHUH TOJIIHUHBI CIOEB IUIEHOYHBIX MOKPBITUM HA OOHY
OTIPENICNIEHHYIO BEJIMUMHY KpUBasi rpadka CMEIAeTcsl BJIEBO MO OCH JIJIMH BOJIH

SJICKTPOMATrHUTHOTO U3JIYYCHUS OT Ha4YaJia KOOPpAUHAT.



IJIABA 1. TEOPETUUYECKAS YACTb. ®U3UKA ILJIEHOUYHBIX
IMOKPBITUI

1.1 O630p JuTepaTypbl. AHAJIU3 UCTOYHUKOB

VcTopus ONTHYECKUX INOKPHITHH HaumHaercss B 19 Beke, xorma MHozed
O®paynrodep, HeMeukuid (UMK, ONTUK U H300peraresb, OTKPbUT 3hdeKT
NPOCBETJICHUS TPU HAHECEHUU CJosi TUIEHKM Ha cTekiao. CoBpeMeHHbIE
ONTUYECKUE TOKPBHITUS IIUPOKO TMPUMEHSIOTCS B  AJIEKTPOHHO-ONTUYECKHUX
U3JIeNUsAX, TpU OTOM OHM JOJDKHBl OTBEYaTh TaKUM TpeOOBaHUAM K
AKCIUTYaTallMOHHBIM ~ XapaKTEPUCTUKAM U  CHENHUaJIbHBIM  CBOWCTBaM, Kak
CBEPXHHU3KOE MOTJIONIEHUE JIsi OOHAPYKEHUS TPABUTAIIMOHHBIX BOJH, YTO TaKXKe
UCIIOJIb3YETCsl B IATYMKAX CUCTEM BU3yaJlM3allMi HOBOTO MOKOJIEHUs [6].

Hcxons u3 moxoxkell BepCcHUH, CUUTAETCS, YTO MEPBOHAYAIBLHO KOHIIEHIUA
aHTUPe(dIEKCHOTO MOKPBITUS JIMH3 OblIa TipeyiokeHa B 1880 roay. Bnepseie oHO
HaO0aoch Ha TpakTuke B 1886 romy, korma OBUIO OTMEYEHO, YTO
MOTYCKHEBILIEE CO BPEMEHEM OINTHYECKOE CTEKJIO 00ecrneuyuBaeT OOJBIIYIO
CBETONPOHUIIAEMOCTb MO CpaBHEHUIO ¢ HOBBIM. B 1935 rony Hemelkas koMnaHus
Carl Zeiss BblmycTHIIa IepBO€ UHTEP(DEPEHIIMOHHOE aHTHPE(DIEKCHOE MOKPHITHE.
[ToBepXHOCTHBIE OTpaKE€HUS YMEHBIIAIOTCS 3a CYEeT HaHeceHUss Ha o0e
MOBEPXHOCTU JIMH3bl TOHKOM IUJIEHKHM M3 MPO3pAayHOro Marepuasna, TOJIIHMHA
KOTOpOW JoykHa cocTaBisATh (0,25 AJIMHBI BOJHBI MAJAlONIETO CBETa MpH Oolee
HU3KOM TI0Ka3aTese MpeIoMIIeHUs, YeM Yy JUH3bl. UTOOBI NOOMUTHCS 3TOTO Mpu
UCITOJIb30BAaHUM KPOHOBOI'O CTEKJA, OTJIMYAOLIErOoCs BBICOKMMH IOKAa3aTENsIMU
JTUCTIEPCUH, HAa TOBEPXHOCTh JIMH3bI HAHOCUTCS OJWH TOHKWU cioh (ropuma
Maruus [10].

B o6mem u memnom, MoaepHHU3AIMs ONTUYECKUX MPUOOPOB MHTEpEcOBaIa
MHOTHX Y4€HBIX M H3o0perareneil. B Hawase XX Beka W MO37HEE ONTHYECKUE
BO3MOXXHOCTH  WHHOBAllMOHHBIX  IUIEHOYHBIX  TMOKPBITHM  CTPEMHUTEIBHO
pacmmpsuiuck. HecoMHeHHO, paboTa HaJg HUMHU TMPOJOJDKACTCS U B HACTOSIIEE

BpEMSI.



1.2 Marepuajbl IJIEHOYHBIX MOKPBITHIA

CymiecTByeT MHOXKECTBO MAaTEpUaiOB, KOTOPbIE MCIOJIB3YIOTCS B HAYYHOM
cpele MpH CO3JaHWM ONTHUYECKUX IUIEHOYHBIX NOKpbITUH. IlepBoe, Ha d4TO
TpeOyeTcss omuparbcs MpH BbhIOOpEe MaTepuana IUIEHKH, 3TO €€ TIoKa3aTellb
npesnomiieHus. OH 3aBUCUT OT HECKOJIbKUX (DaKTOPOB, TaKUX KaK CTPOCHUE U
COCTaB BEILECTBA, JABJICHUE W TEMIIEpATypa, MPU KOTOPOM OHO HAXOIWUTCH,
arperaTHOro COCTOSIHUSI BEIIECTBA, THIA XMMHYECKON CBsI3M W IOTHOCTH [11].
KpomMe TOro, onruueckue TMOCTOSHHBIE  JUAJIEKTPUUECKUX  IUIEHOK U
IIOJIYTIPOBOJHUKOBBIX MAaTE€pUAJIOB, HaJ KOTOPBIMHU IPOBOJIUTCS HCCIEIOBAaHMUE,
3aBHUCST U OT crioco0a MoTy4YeHHs! JaHHBIX MIIEHOUYHBIX MOKPBITUH, a uMeHHOo TU -
TepMu4ecKkoro ucnapenus; TPU - Tepmuyeckoro peaktTuBHOTO ucnapenus; IJIN -
AJIEKTpOHHO-IIyyeBoro wucnapenus; KP - xarogHoro pacnsuienus; BP o -
BBICOKOYACTOTHOTO pacnbuieHud; MP - marnerpoHHoro pacnbuieHus; OP -
OCaXJIeHUs U3 pacTBOpoB. OnNTHYeCcKHEe OCOOEHHOCTH XHWMHUYECKHX BEIIECTB,
MCIIOJB3YEMBIX Yalle OCTAJbHBIX B CO3JaHUM IUIEHOYHBIX IOKPBITUM, IIPUBEICHBI

B Ta0JIMIIe OPUECHTUPOBOYHBIX MTOKa3atesen (cM. Tadauity 1) [15].

Taobmumua 1 - Onrryeckue 0COOEHHOCTA XMMUYECKUX BEIECTB

Bl lNokazaTeas Apeadsncisa o .
B HHTEPOANE SANH BOAN OT Ky l?:-;?:::bﬂ?_?ﬂﬂuklrv:uH
MNAsmoTnmi Cnocos OEAsETE ) e i'_-r- ww | mEARW .
MATE PR ROAYSCHAR APO3 pATINGCTH,
MEM

" L =1y " i

Ma,AlF, ™, 3H 0,2—14 1,37—1,32 0,222 — —
MgaF, TH, 3H 0,11—-10 1,40—1 .32 0,252 6,0-107% 1,06
9,0-107" 0,52
ThF, ™ | 0.2—I15 1,57—1,5 0,252 2,0.10~"8 1,06
5.0:107° 0,52

CeFy ™ 0.3—5 1,69—1,59 0,252 — —
LaF, TH, 3H 0,222 1,66—1,67 | 0,25-2 | 101077 n,25

Maky TH, 3H 0,222 1,68—1,58 0,252 | —-

PIF, ™ 0,24—20 1,75—1,7 0,55—1 - — _
S50y, 3H, KP, BP, 0,2—8 1,46—1 44 0, 4—1 .6 2,0.107 5 I,06
MP, OP 1,5:107% 0,52
AlgOy 3H, KP, 0,20—11 1,65—1.,57 0,5—1,6 h.[!l-ll'll"r’ 1,06
MP, BP 2,3.107% 0,52
U0y 3, TH - 1,95—1,77 0,352 4,0-10* 0,25
HiOQ, 3, KP 0,259 2.31—1,97 0,252 1,610~ 0,25
Zridy 3H, KP 0,25—9 2,32—1.98 0,252 1,0. o2 0,25




[Iponomkenne TabauIs! 1

PR DL TTEEN LT

_”f:_:f;::: A_Ef,':"’:;::":;, H TIOMA3ATENE MOCADLIERNA X
Macwogkmn Crocod Ogracrn RO Mg M L A
METEpHAA MONYTEHHA nW’I’:::MTIF. I
n | A, —A, b A
Ce, TH, 3H 0,46—2 2,52—1,92 0,42 —— —_
TayOy IM. KP 0,3—2 | 2,502 06 0,252 8.0.1073 0.3
MP, BP, OP i |
TiO, TPH. 34, | 0,4—3 - 2,65-2.1 : 0,4—1,5 2.6.10—4 1.06
KP, MP, OP | : ' 7.5-10~" 0,52
ZnS TH, 3H | 0,38-25 | 23522 | 0,4-5 3,0.10~6 1,06
[ | ; 2,7.10* 0,52
ZnSe TH ! 0,615 | 2,623 | 0,5—2 — —
Si TH, 3H | 1.1—9 : 3.4 ! 3 —
Ge TH, 3M ! 1,7—23 | 4.4 | 2 i - -
PhTe TH, 2H i 3,6—20 5.6 | 1—8 ' - -
CdTe | .3 | 09628 27 | 18 ! -
i | i | |
OGosnadennn TH — tepunseckoe nenapenne; TPH — tepmuseckoe peawtnsnoe ucnapenne; 3H — anex-
TpolHo-aAyiesoe Henapedne; KP — watoanoe pacnuaesne; BP — pucokowacToTHoe pacne sesme; MP — marwerpod-
Hoe pacnuaenne; OF — ocasaecHue H3 pacTBOPO,

[Io OonbuiomMy cué€ry, cpeau IUAIEKTPUKOB C OTHOCHUTEIBHO HHU3KUMH
MOKa3aTesIsIMU MPEJIOMJICHUSI B KaU€CTBE MPOCBETISIIOIINX TIEHOUYHBIX MOKPBHITUN
BBIJICIISIOTCSL  OKcunbl, Hampumep: Si0, (awmokcunm kpemuus) u Al,O; (oxcun
amoMunus), ropuasl: MgF, (ropun marnus), CaF, (propun xanwius), BaF,
(¢ropun Gapus) u PbF, (dbropua ceunna II). [In€Hku ¢ OTHOCUTENBHO BBICOKUM
MOKa3aresieM MPEIOMIICHHS 9acTO COMEP KAT CTPYKTYPHI U3 CyIb(UIOB, HAIPUMED,
ZnS (cynbbua IMHKA), a TakKe U3 IOJYIPOBOJIHUKOBBIX MaTepHajioB, B
ocobenHoctu Ttemnypuaos: PbTe (temnypun cBunna 1) u CdTe (temtypun
kaamus). B HayuHO-MCcienoBarenbckol pabore OyneT MPOBOAMTHCS H3YUYEHUE
CBOMCTB MHOTOCJIOMHBIX IUIEHOYHBIX TOKPBITUMA, COCTOSIIMX W3 MaTepUalioB
Pa3IMYHOTO ONTHYECKOTO MOTEHIMAJA, TO €CTh U3 CIOEB C TOCTATOYHO OOJBIINM
pazOpocoM mokazareneil mnpenomsieHus. MccienyemMbiMu MaTephallaMd CTaHYT
meHee npenomsitonue MgF, (dropua maraus), PbF, (dropun csunna 1I), Al,Os
(oxcup amomuHus), ZrO; (okcun mupkonus V), u Gonee mpemomsstomue ZnS
(cynbdun nunka) u CdTe (Temnypua kaamust).

CrnemyeT OTMETUTH TO, YTO MCIIOJIb30BAHUE TUIEHOK B ONTHKE HAYMHAJIOCH C

CaMbIX ITPOCTBIX IUIEHOYHBIX HOKpBITI/Iﬁ, COCTOSIILIMX M3 OYECHb TOHKHUX CJIOEB



METaJUIOB, KOTOPbIE HAHOCWJIM Ha OTPAXKAIOIIWE NMOBEPXHOCTH. Mcmonb3yeMbiMu
MeTajulaMH OBLTM aJTIOMUHUN, cepeOdpo W 30JI0TO. 3epKajo — CBOETo poja
ONTHUYECKUN MpuOOp, KOTOPBIM €CTh y KakJoro B KBaptupe. MIMeHHO ¢ Hero
Ha4YaJOCh HAHECEHHWE METAJUIMYECKOTO CJOS M3 amajbramMbl Ha MOBEPXHOCTH
crekna emé B XV-XVI Bekax. OqHako HayKa HE CTOUT HA MECTE, U B HACTOSAIIEE
BpeMsl HCIOJIB3YIOTCA 00Jiee CIIOKHBIE ONTUYECKHUE TOKPBITUS, COCTOSIIUE U3

CIIOEB Pa3IMYIHBIX XUMHWYCCKUX COCI[I/IHCHI/Iﬁ W TOJIIIIHUH.

1.3 HnTepdepenuusi cBera. Pu3UKa OTPaKeHUs W TNPEJTOMIICHHUS
CBETOBOI BOJIHbI

BonnoBasi Teopusi cBera, koropasi 6epér cBoé Hauano emé B XVII Beke,
SBJISIETCA OQHOM W3 OCHOBHBIX TEOPHM, KOTOPBIE  XapaKTEPU3YIOT BOJHOBYIO
npupoay cBera. BrionHe oTu€tnuBas (opMyauMpOBKa BOJIHOBOM TEOPHHM CBETa U
0o0BbsiCHEHHE C €€ TMOMOILIBI0 OCHOBHBIX ONTHYECKHUX SIBICHUN ObUIM JaHbI
coBpeMeHHUKOM HpIOTOHA, To/uTaHACKUM (U3UKOM XPUCTHAHOM [ TOWTEHCOM.
OO6miee mpu3HaHKUE 3Ta TEOPUsl MOTYyUMIIa, OJHAKO, JuIlllh B XIX Beke mocie Toro,
Kak ¢ e€ TMOMOIIbI0 OBLJIO JaHO HCTOJKOBAaHUE SIBICHUN WHTephEepeHIINH,
nudpakimy, MPSIMOJIMHEMHOTO PACIPOCTPAHEHUSI U JIBOMHOIO JIy4elpesTOMIICHUS
ceera (T. FOur, O. ®penens, . Aparo) [8]. 13 OCHOBHBIX MU Ba)KHEUIIHUX
NOJIOKEHUM JaHHOW TEOpUH CleAyeT To, 4YTO CBeT BeAeT celds Kak
DIIEKTPOMAarHuTHasi BOJHA. VIMEHHO MMOATOMY NPENOCTABISAETCS BO3MOMXKHOCTH
OOBSICHATh Takue (U3NYECKHe SBICHHUS, KaK JAUPPAKIUsi, JTUCIEPCUS U
uHTephEPEHIINS CBETA.

B 1803 rony anrnuiickuii ¢puszuk Tomac FOHT, oguH 13 co3aaresieil BOJIHOBOM
TEOpUHM CBETA, JOKa3ajl TO, YTO I3Ta TEOpUs CIHpPaBELJIMBA. Y UYEHBIN
MPOJAEMOHCTPUPOBA ABJICHUE AUPPAKUMU U UHTEP(EPEHIIUN CBETOBBIX BOJH MpU
MOMOIIM  CHEUAaJIbHOIO YCTPOWCTBA — JIByXILIEJIEBOT0 HHTEphepoMeTpa.
NuTtepdepeniiuss — sBICHUE YBETUYCHHUS WM YMEHBIICHUS PE3YJIbTUPYIOIIEH
aMIUTATYAbl HECKOJIBKUX KOTEPEHTHBIX BOJH NP MX ONTHYECKOM HAJOXKEHUU

ONHOW Ha Apyryro. IIpuuéM KOrepeHTHbIMH HAa3bIBalOT BOJIHBL, KOTOPBIE
9



XapaKTePU3YIOTCS OJMHAKOBOM YAaCTOTOM, KOJICOAHMS KOTOPBIX MPOUCXONIAT B
OJTHOM 00IIel TUIOCKOCTH M OTIMYAIOTCS TOCTOSIHHOW Pa3HOCTBIO (a3 Mexmy
JIBYMSI MCCJIEAYEMBIMM TOYKaMH, HE 3aBUCALICH OT BpemeHu. Jlig cBeta mnpwu
uHTephEPEHIINN, HAIOKCHUH BOJH, TPOUCXOIUT SBJICHWE YCWICHHS WA
ocJia0JIeHus OCBEIIEHHOCTH.

[Ipumepom uHTEpPEpeHIIMU CBeTa, HAOMIOAAIONIECHCS B €CTECTBEHHBIX
YCIOBUSIX, MOXET CIYXHTh paaykHas OKpAacka TOHKHUX IUIEHOK (MBUIBHBIX
nmy3bIpel, TIeHOK HeTU WM Macjia Ha TOBEPXHOCTH BOJIbI, MPO3PAYHBIX TJICHOK
OKHCJIOB Ha TMOBEPXHOCTAX 3aKaJCHHBIX METAUIMYECKUX JeTalled — IIBeTa
nobexanoctyt — W T 1.). OOpa3oBaHWE YACTUYHO KOTEPEHTHBIX BOJIH,
UHTEep(PEepUpyIOMUX MPU HAJOKEHUH, MPOUCXOIUT B ITOM ClIydae BCIICICTBHUE
OTPaXXEHHUs MAJAIOIIET0 Ha IUIEHKY CBETA OT €€ BEPXHEU U HUKHEN IMMOBEPXHOCTEN

(cm. pucyHok 1) [2].

BO3JIyX
n, = 1

/f{/ AL SE LSS

(LR AN VIS IIIIINS

Pucynok 1 - O6pa3oBaHue 4aCTUYHO KOTEPEHTHBIX BOJIH

Pesynbrar uHTEpdepeHIMH 3aBUCUT OT ciaBura ¢as, MOpUoOpeTaeMoro
HAKJIQIbIBAIONIMMHUCS BOJIHAMU B IUICHKE W 3aBUCSIIET0 OT HUX ONTUYECKOU

pasHocTH xoza [ 14].
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Onthueckol MJIMHOM MyTH S CBETAa HA3bIBAETCS  MPOU3BEIACHUE
TEOMETPUYECKON MJIMHBI MYTH [, IPOMJIEHHOTO CBETOM B CpE/AE, Ha IMOKa3aTelb
IIPEJIOMIIEHHS] 1 3TOM cpenbl. BenmnunHa S paBHa MyTH, MPOXOIAWMOMY CBETOM B
BaKyyM€ 3a TO K€ BpeMs, 3a KOTOPOE B JAHHOU cpele OH MPOXOAWI Obl MyTh /.
CToUT OTMETHUTh, YTO MPU HOPMAJHLHOM MAJECHUU JIydya Ha IUIOCKOCTh clios (MpU
MaJCHUH N0 HYJIEBBIM YIJIOM MEXKAYy Jy4OM M HOPMaiblo, MPOBEAEHHON K
MOBEPXHOCTHU B TOUKY €T0 MaJICHUS) ONTUYECKAs IJIMHA €0 MyTU B Mpeeaax ciaos
ABJISIETCS OTPE3KOM, KOTOPBINM MPUHAIICKUT MIPAMOM, COBIAIAIONIEH C MAIAI0IIUM
M [OpOXOMAIIMM B Cpele JiydoMm. borsee TOro, 3TOT OTPE30K OrpaHHYEeH
MTOBEPXHOCTSIMH CJIOSI, @ IJIMHA €r0 paBHA MPOU3BEICHUIO TONIIMHBI MIJIEHOYHOTO
CJIOS HA MOKa3aTelb €ro MpeJIoOMICHUS.

OnTuyeckoil pa3HOCTHIO X0J1a IBYX BOJIH HA3bIBAE€TCSl PA3HOCTh ONTUYECKUX
JuH mytd 3tux BoiH: AS = S2 — S1. Ontuueckodd pasHoctu xoma AS

COOTBETCTBYET U3MEHEHHUE Pa3HOCTH (ha3 BOJIH Ha A@ WM (a30BbIN CIABUT:

ro = 2T ps
@ ==—45.
Ao

[Ipuuém Ay — muMHa BONMHBI CBETa B BakyyMme, AS — omnTHuYecKas pa3HOCTh XOAa
BOJIH, A@p — BesnnunHa (pa3oBOro CBUra.

OnTtuyeckass pa3HOCTh XxoAa BOJH AS — MNpPOU3BENECHHE HW3MEHEHHUS
re€OMETPUYECKON IMHBI MyTH L OTpa)KEHHBIX, IPEIIOMIICHHBIX CBETOBBIX BOJIH OT
NOCJIENYIOIIEN T'PaHULBl CJIOS IJIEHOYHOTO IIOKPBITHS M M3MEHEHHS I10Ka3aTells
IPEJOMJIEHUS. N 3TOM CPEIbl B CBSA3U C IEPEXOJOM Ha HOBBIM CIIOM U (Pa30BbIM

CABUI'OM. ITocne MMOACTAaHOBKHU I10JIyHaCM:

AS = nlL,
rp = 2T as
go - AO .
2T
Ap = —nl. (D)

Ao
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PaccMoTpuM siBieHHE HOPMATBHOTO MAJCHUS U3TYUYSHUS C JJIMHOW BOJHBI A
Ha OCCKOHEYHO TMPOTSHKEHHYIO TpPaHUIly pas3lena cpel ¢ TOoKa3aTesIMu

MPEJIOMIICHUS Ny U Ny, (CM. pUCYHOK 2) [4].

1, dl Illdl (Pl

nm

Pucynok 2 - fIBieHne HOpMaIbHOTO NAJACHUS U3JTyUEHUs
OToi rpanule OyJeT MIEHOYHBIM CJIOM C TMOKa3aTelieM MPEOMJICHUS 1, U
tommuHoit  d,. Clol ABISIETCS W30TPOMHBIM, OIHOPOJHBIM, OECKOHEYHO
MPOTSHKEHHBIM, TIOCKOMAPAJUICIbHBIM U HJI€aTbHO TIPO3PAYHBIM ciI0eM ¢ (ha30Bor

TOJIIIIUHOM (01, BEIYUCIAEMON 0 aHAIOTHYHOUN (hopMyJie pasHoCTH (a3:

2T
Y1 = Tn1d1-

Hccnenyem noapoOHee GU3MKY OTpakeHUs U NMPEIOMJICHHS CBETa B CpeEJE,
SBJICHUE IPOIyCKaHUs, ONTUYECKOIO NPOCBETIEHUs H3nydyeHus. [Ipm manenunn
CBETOBBIX JIy4€l Ha CJIOM IUIEHOYHOM CTPYKTYpPBI, TPAHUILY ABYX CpPEI C Pa3HBIMH
IIOKA3aTeIsIMU IIPEJIOMIICHMSI, YacTb CBETAa OTPAXKAETCA, & 4acTh, MPEIOMISACH,
JBUKETCSI BHYTPb IUIEHOUHOTIO MOKPBITUS (CM. pUCyHOK 3). [Ipndém BBINONIHAIOTCA
3aKOHBl OTPAKEHUS M MpeJioMieHus cBera. Hemano BaxxHO TO, 4YTO B
MHOT'OCJIOMHBIX CTPYKTypax C IUIEHKaMHU Pa3jIUu4HbIX IOKa3aTesed MpeOMIICHUS
aOCOJIIOTHO TaK e MPOUCXOJUT JIEJICHUE YacTel CBeTa Ha IPYIITy OTPaXKEHHBIX U
npesoMiIeHHbIX. OQHAaKo MpH MAJCHWHM W3JIYyYEHHs Ha TPaHULy paszena JByX
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ONTUYECKUX CPEeJ KKl OTPaXEHHBIN JTyd, BO3BpAILAsACh B OOPaTHYIO CTOPOHY,
IIEPECEKACT YXKE IPOMJICHHBIE PAHEE I'PAHULBI CIOEB U IPEIOMIIECTCS IIOBTOPHO.
Ecnu oTpaxeHue MNPOUCXOJUT HEOTPAHUYEHHO TIIIYOOKO MEXIy CJIOSIMH, TO
KOJIMYECTBO NOBTOPHBIX IPEJIOMIICHHI TaK e He orpaHndeHo. CymMMapHas rpyIia
BCEX BOJIH, BBIIIECAIINX HA MEPBYIO TPAHUILY pa3feia Cpel, SABISIETCS OTPaKEHHBIM
U3Iy4eHHEM, OTpaK€HUEM r oT aHmmiickoro «reflection». AHaJOrMYHO rpyrmna
Jy4yel, BBIMIEAIINX 3a TPAHUILy MOCIEIHET0 WM CaMOT0 HHMXKHETO CJIOS, SIBIISETCA
MPOIYIIEHHBIM Y€pe3 CJIOU U3IIYyYEHHEM t OT aHIIIMICKOTo «transmissiony». MHbIMU
CJIOBaMHM JIy4d 3TOM TIpynnbl NPOLUIM HACKBO3b MHOTOCIOMHOE IUIEHOYHOE

IIOKPLITHUEC C CY6CTpaTOM OCJINMKOM.

ry Ng

%
\VAVARD

i1 0
f:g Nitq

Pucynok 3 - [lageHue cBETOBBIX Jyuell HAa MHOTOCIOHHOE MOKPBITHE

OnHuM u3 co3fareneil BOMHOBOW TEOpUM CBETa SBISETCS (PpaHIly3CKUi
¢busuk, kupmmii Ha cThike XVIII m XIX BekoB, Ortocren Kan ®peHerns.

BonbmmuacTBO paboT 3TOr0 y4éHOro mocBsiieHbl (usnueckoil ontuke. B 1815
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rony O.K. @penenb n10kazan yxe U3BECTHOE SIBIICHUE UHTEPPEPEHLINH, MTPOJICIIaB
CPaBHUTEJIIBHO HOBBIE ONTHUYECKUE OMNBITHI, KOHLENTYaJbHO OTIMYAIOIIHUECS OT
onbiToB Tomaca FOnra. B 1823 rogy O.)K. ®dpenens npenctaBuil MUPY 3aKOHBI
OTPAKEHUS U TIPEIIOMIICHUS JJIEKTPOMATHUTHOW BOJHBI B YCJIOBUSAX H3MEHEHUS
nonsapuzanuu ceera. opmynbel OpeHennst BRITEKAIOT U3 YCIOBUM, HAJIAraeMbIX Ha
IEKTPOMATHUTHOE M0JIE HA TPAHULIE ABYX AUIICKTPUKOB. YUEHBIN MOJIYYUII OTH
dopMynbl Ha OCHOBE WIPEJACTAaBICHUW O CBeTe Kak 00 YIPYrux BOJHAX,
pacnpoctpansitomuxcst B a¢upe [12]. 3akonsl, dopmynsl OriocteHa Kana
®penenst ocHOBaHbl Ha (PU3UKE MAJCHHS MOJISIPU30BAHHBIX BOJIH Ha IJIOCKYIO
IPAaHMILy pa3fena JByX Cpel C pas3IMYHbIMU IOKAa3aTeIsIMU IPEJIOMIICHHS (CM.

PHUCYHOK 4).

L3

Ny

Pucynok 4 - [Tanenue nydeil Ha TpaHHIly pasjelia cpel
[Tpruém HEOOXOAMMO MOHMMATH, YTO MOJIAPU30BAHHOW BOJIHOM Ha3bIBaETCA
TakKas ornepeyHasi BOJIHA, B KOTOPOM KoJIeOaHUs BCEX YACTHUIL MMPOUCXOJAT B OAHOU
MJIOCKOCTU [5]. AMIUIUTYAHBIE KOA(PPHUIIMEHTHI MPOMyCKaHUsl t U OTpakKeHUs T,
4acTo HasbiBaeMble Kod(durmentamu dpenenss B cOOTBETCTBUH ¢ [9], ¢ yuéToM

3aKOHa MpejaomiieHus (n,Sina, = n,Sina,) COOTBETCTBEHHO PaBHBI:
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( nycosay—nycosa, tan(ag — as)

Ty, = = )

n, cos ay + nycosa, tan(ay + a,)

Ny COS Xy — N,COSAy sin(ay, — ay)

Lrs T nycosay +nycosa,  sin(ag + ay)’

(t _ 2nqcosa _ 2sina,cosag
P n,cosag+nycosa, sin(ag+ a,) cos(ay — ay)’

{ 2n,cosay 2sina,cosay

\ bs = ny coS @y + nycosa,  sin(ay + a,)’

[Tpuuém n; — mokazarenab NPEJOMIICHUS CPEbL, U3 KOTOPOU MaJaeT ayyd; N,
— MoKa3aTesb MPEJOMJICHUs Cpebl, B KOTOPYIO JIyd NPOHUKAET; Xy — YIoi
MajeHust Jy4a; Q, —— Yrojd €ro TNpeJIOMIEHHs; 1, WU U, — aMIUIUTYIHbIE
KO3 PUIIMEHTHI OTPAKEHUS U MPOMYCKAHUS MIPU P-TIOJSPU3ALNU CBETA; Ty U g —
aMIUTUTYHbIE KOA(DPUIIMEHThI OTPa)KEHUS W TMPOIYCKAHUS MPU S-TIOJISPU3ALUU

cBeTa. B onTuke U 3MeKTpoJMHAMUKE S-NIOJISIPU30BaHHAasl BOJIHA (HeM. senkrecht —

o
NEPHEHANKYJIAPHBIN) UMEET BEKTOP JIEKTPUUECKOro noJisl E, neprneHauKysipHbIid

MJIOCKOCTH TMaJIeHUsl. AHAJIOTUYHO p-TIOJISIpU30BaHHas BoJiHA (JaT. parallel —

-

napajuieNibHbIi) HMEET BEKTOp dJEeKTpUYecKoro 1mojis E, mnapauienbHbIN
IJIOCKOCTH TajaeHus [13].

[Ipu HOpMaTLHOM TAJIEHUH JIEKTPOMATrHUTHBIX BOJIH, TO €CTh B TOM Cllydae,
€CIIM MaJarolui Jy4, TPEJOMIIEHHBINA JTyd U HOpMallb, TPOBEAEHHAS K MJIOCKOCTH
B TOYKE TIAQJCHUs, JIEKAT HAa OJHOW TIPSMOW, yroa MaJeHUus paBeH Iy
npejoMsieHusT U ap=a,=0. B »3ToM ciyuae ammuTyaHble KOd()PUIIUEHTHI

MPOMYCKAaHUS M OTpaKeHUs BOJH (K03 puitmeHTs OdpeHess) paBHbI:

n, —ng
r, = ———
Pn, +ny
n, —n
rsz_g. (2)
n, + ny
(t 2
{p_n2+n1'
. 2ny 3
ks_n2+n1' ()
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Eciu r — 4uciIo NMOJI0KUTENBHOE, TO PA3HOCTh (a3 MEXIy MalarolliuM U
OTPaKEHHBIM HU3JIy4YCHUEM PAaBHA HYJIIO, @ €CIIU ' — OTPULATENIBHOE, TO PA3HOCTh
¢a3 paBHa . [Ipu oTpaxkeHUu OT cpebl ¢ OOJIBIIKMM MOKA3aTENIeM MPETOMIICHUS,
KaK 3TO YCTAHOBJIEHO 3KCIIEPUMEHTAIBHO, CBET TEPSIET MOJIOBUHY JJIMHBI BOJHBI,
TO €CTh PA3HOCTH (ha3 MEX Ay MaJaroel 1 OTPAKEHHOM BOJTHAMU paBHA «-T0» [4].

CTtoUT OTMETUTH TO, YTO HWCKOMBIM DSHEpreTuyecKkuil KoddduuneHt
OTpak€HUs R MNPOCBETISIIOLIETO CJIOS IUIEHOYHOTO IOKPBITHS — 3TO KBaApar
MOJyJI aMIUTUTYAHOTO Koddduimenta otpaxkenus r [4], To ecTh ko3P duirenra
Openens:

R =|r|% (4)

[TonBoast UTOT paccyKAECHUSIM, OTMETHM, YTO aMILTUTYHbIE KO3 (OULIUEHTHI
IIPOIYCKAHMUS U OTPAXKEHUS WU3JIYy4YEHUs B OJHOCIOMHOM IUIEHOYHOM IOKPBITUU
3aBUCAT TOJBKO OT IOKa3aTeseil MpEeIoMIIEHUs OKpYyXarolehd cpelpl (B HalleM
ClIy4ae BO3AYIIHOM) H CJOS HCCIEAYEeMOW ONTHYECKOW CTpPYKTypbhl. B
MHOTOCJIOMHBIX K€ TOKPBITHSX TpeOyeTcsl aMIUIMTYAHbIE KO3((ULIHUEHTHI
IPOIYCKAHHUS M OTPaXKEHHsI 3aBHCSIT HE TOJIBKO OT ITOKAa3aTesIed MpEeIoMIICHUS
BO3JYIIIHOM CpeIbl M KaXXJIOTO CJIOS IOKPBITHSA, HO M OT KOJIMYECTBA CIOEB, a

TAKKC UX PACIIOJIOKCHUA APYT OTHOCUTCIBHO ApYyra.
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IUIABA 2. MOJIEJIUPOBAHME IIEHOYHBIX MOKPBITUI

2.1 Onucanue NporpamMmmabl

CHavaia WMIOPTUPYEM MPOTPAMMHBIN BBIYUCIUTEIBHBIA MOIYTHh «mathy,
KOTOPBIM TIPEAOCTaBiIsieT OOJIBIION CHEKTP BO3MOXKHOCTEH 10 pabore ¢
MaTeMaTHYeCKUMHU (YHKITUSIMUA M BBIYUCIUTEILHBIMU OMEpaIusiMu (CM. PHUCYHOK
5). Hanpumep, BBOA QPyHKITHI «COS, SiN» — KOCUHYC U CUHYC, a TAK)KE YHCIIA «T0»
(mpu BBOJIE Ha sI3bIKe MporpammupoBanus Python — «pi»). CToUT OTMETUTH, YTO
IIPY UCIOJIb30BAHUH BBINICTICPEUUCIICHHBIX TPUMEPOB TPEOyeTCsl 00s3aTeIbHOE
YIOMHUHAHUE MaTeMaTH4eCcKOT0 MOMYJIs, TO €CcTh «math.sin()» wim «math.pi».

import math

# Wmnopm modyna math,

# komopeili npedocmabnaem QyHKYuuU 0Ona mamemamu4yecKux BeivucneHud.
import matplotlib.pyplot as plt

# Wmnopm 6ubauomexku matplotlib 0na nocmpoeHusa epagukob.

Pucynok 5 — WUmnopt moxyns «mathy, 6ubmuorexku «matplotliby»

3areM UMIIOPTUPYEM B KOJI BCTPOCHHYIO OnbnmoTeky «matplotlib» Ha s3bike
nporpammupoBanust Python, nmpu nomomu KOTOpoH CTaHOBUTCS BO3MOXKHBIM
BU3yallM3allMsl TONYyYEHHBIX B Xone paborel maHHbX. [locme 00paboTku
pEe3yJAbTaToOB BBIYKMCICHUNA OOJBIIMM BHYTPEHHUM Ha0OpOM HMHCTPYMEHTOB
OMOIMOTEKN Ha BBIBOJ IPOrpaMMmbl OyleT BbIJABATHCS MOCTPOCHHBIA T'paduk
Tpebyemoii 3aBUCUMOCTH KOA(D(HUIIUECHTA OTPAKESHUS OT ITTUHBI BOJTHBI U3TYICHHUS.

Beeném kiacc «Wavey, koTopblil OyzneT BKIIOYaThb B Ce0sl YHUKAJIbHBIM
HAa0Op XapakTEepUCTUK, aTpUOyTOB U (PYHKLIMN, OIMUCHIBAIOIIUX TTOBEACHHE
CBETOBOW BOJIHBI B BemiecTBe (cMm. pucyHoK 6). Kimacc «Wavey Bkirouaer B ceOst
napameTpbl BOJHBI, METObI 00pabOTKH €€ JBUKEHUS, OTPAKEHUS U MPETIOMIICHUS
B MHOTOCJIOMHON IJIEHOYHOM cTpykType. [nuHa BomHbl, €€ amrumrtyda, ¢asa
YKa3bpIBa€TCA YUCIAMHU, NPUHAICKAIIMMUA MHOKECTBY PalMOHAJBHBIX YHUCEI, a
UMEHHO JIeCATUYHBIX Apobeil. Homep TekyIiero ciosi, MOBEPXHOCTH TJIEHKH, THE

HaxoAWTCsA BOJIHA, 4 TAKXKXC HOMCP IMOCIICAHCIO CJI0A, KOTOpBIﬁ MOXKECT AOCTHYb
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BOJIHA, HE BKJIOYAsl HYJIEBOW CJION (BO3AYIIHOE MPOCTPAHCTBO) U MOCIEIHUNA CION
(MOANIOXKKY), 3aJAr0OTCS JIUIIb LEJbIMU 4YUCiaMd. Takum ke oOpa3oM BBOIUTCS
HaITPaBJICHUE [IBM)KCHUE BOJIHBL: | — BHM3, B CTOPOHY IOMJIOXKKH, WM -1 —
BBEPX, B CTOPOHY Bo3ayxa. llenslMM 4YucnaMu yKa3blBaeTcsi M CTaTycC
MPEJIOMIICHHOW/OTPaXEHHOW CBETOBOM BOJHBI, a MMEHHO: 0 — BOJIHA BHYTpHU

CTPYKTYpPBI, | — BHE ONTUYECKON Cpe/Ibl U BhIIILTIAa 0OPaTHO HAPYXKY.

class Wave:
# Knacc Wave onucwiBaem noBedeHue BonHel, e€ napamempel, OBuxeHue u ompaxeHue 6 MHozocnaolHoU cpede.

wavelength: float # Jauna 6osHei

ampl: float # Amnaumyda GonHbl

phase: float # ®asza BosHel

surface: int # Homep mekywezo cnos (noBepxHocmu), 20e Haxodumca BoaHa

surface_max: int # Homep nocnedHezo cnoa, do komopozo BoaHa mowxem dotmu (uckmoyasa 6030yx u nodAoKKY)

direction: int # HanpaBneHue Bonawei: 1 - 6HU3 (B cmopoHy nodaoxku), -1 - B6epx (6 cmopoHy Bo3dyxa)
out: int # Cmamyc Gonnvi: @ - BHympu cmpykmypel, 1 - GonHa Bblwna Hapyxy

Pucynok 6 — BBox kiacca BoiaH «Wavey

YCTaHOBUM KOHCTPYKTOp JUIS HWHUIIMATU3AIMK BOJHBI C 3aJaHHBIMHU
napametpamu (cMm. pucyHok 7). Merton «def init (self, wavelength=632,
ampl=1, phase=0, surface=0, surface max=1, direction=1, out=0)»
WHUIIMATIM3UPYET HOBBIM OOBEKT Kjacca C ero arpuOyramu (CM. PUCYHOK 7).
ApryMeHThl, 3allMcaHHble B Kpymiblx ckoOkax (self, wavelength=632, ampl=I,
phase=0, surface=0, surface max=1, direction=1, out=0) sABIAIOTCS 3HAYECHUSIMH,
MepeNarImMMICcT B MOMEHT CO3/IaHUs HOBOTO oOBbekTa kiacca «Waveyn. 31ech
«self» — ccplTka Ha UCCIIeAYEMBI, TEKYIIUI SK3eMIUISp BOJHBI. YCTaHAaBIMBaeM
mHy BodHBL «self.wavelengthy; e€é ammmutyny «self.ampl»; dazy «self.phase».
Taxoxe HOMep TekyIero ciost (moBepxHocTH) «self.surfacey, riue HaxoauTCs BOJTHA;
HOoMep mocieaHero cios «self.surface max», 70 KOTOpOro BOJHA MOXKET JOWUTH,
WCKITIOYasi CIIOW BO3/yXa W MOMIOKKY, cyOcTpar. Jlasiee ycTaHOBUM HampaBiieHUE

nBIKeHUs BOTHBI «self.directiony» u e€ Mmecrononoxkenue, craryc «self.outy.
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def init (self, wavelength=632, ampl=1, phase=0, surface=0, surface max=1, direction=1, out=@8):
# KoHcmpykmop 0n8 uruyuanudayuu 6osaHbl ¢ 3a0aHHBIMU napamempamu .
self.wavelength = wavelength # YcmanaGauBaem dauny 6GonHebi.
self.ampl = ampl # YcmaHaBauBaem amnaumydy GonHel.
self.phase = phase # YcmanaBauBaem ¢asy BGosaHel.
self.surface = surface # YcmaHaBnuBaem Homep meKywezo CA0A.
self.surface max = surface max # YcmanabauBaem Homep nocnedHezo CA0A.
self.direction = direction # Ycmana6nuBaem HanpaBnerue dBuxeHus BGosHbl.
self.out = out # YcmaHaBauBaem cmamyc Bonrel (BHympu uau CHapyxu).

Pucynok 7 — BBon merona nnunmanuzanuu BoiH «def  init  ()»

Beeném meron, oobsBuB ynkmuio «def run(self, layers, refr index)», mus
MOJIETTUPOBaHUSI Tpoliecca nepemenieHus (0era) BOJIHBI BHYTPHU CJIOEB C YYETOM
(dazoBOro caBura, BBI3BAHHOTO MEPEXOIOM UYEPE3 IPAHHUILY KaXKIOTO CIIOS (CM.
pUCYHOK 8). ApryMeHTHI, 3allMCaHHbIe B KPYIIIbiX ckoOkax (self, layers, refr index)
aHAJOTUYHO KaXJAO0W (PYHKIIMU MEepeAaroT CBOE 3HAUCHHUE MPU CO3JAAHUM HOBBIX
MPEJIOMJIEHHBIX BOJIH, TMPOXOMSIIMX BHYTpH ciosi. HoBwiii mapamerp «layers»
SABJISETCS CCBUIKOM Ha TEKYLIUM CJIIOW TUIEHOYHOM CTPYKTYPBI, KOTOPBIA HMEET
COOCTBEHHBIN UCCIEAYEeMbId U 3aJ€HCTBOBAHHBIN B JIAHHBI MOMEHT MOKAa3aTellb
npenomieHust  «refr_index». Ecmm «ify HampaBneHune JBUKEHHS ~ BOJHBI
«self.direction» coorBeTcTBYyeT 1, TO €cCTh BOJIHA JABMXKETCS BHM3, BIIYOb (B
CTOPOHY TOJUIOKKN — cyOcTpara), Torna Beraucisiem dasy «self.phasey», cinaras u
npucBauBas (a3oBblii caBur no dopmyne (1). YuuThiBaeM, 4YTO TOKa3arelib
npenomiieHust «refr_index» MOXHO CuuTaTh aJAPEcOM, MO KOTOPOMY JAaHHBIE U3
CIIUCKa MTOBEPXHOCTEH, CoéB «self.surface», rae HaxoauTCs BOTHA, TIEPEIAOTCS HA
MPOLIECC BBIYUCIIEHUS MO COOTBETCTBYIOIIMM HUHJEKCOM. AHAJIOTMYHO BbIOHpaeM
uccienyeMbiit  ciaoir  «layersy, ccbutasch Ha - «selfisurface», a  Taxke
«self.wavelengthy — nnuny Tekymieit BonHbl. Eciu «if» HampaBieHue IBUXKCHUS
BostHBI «self.direction» cooTBeTCTBYeT uemy-aub0 (kpome 1), To ecTh -1 B 3TOM
cllydae, TO BOJIHA JIBUXKETCSI BBEPX, B CTOPOHY BO3AYIIHOTO IMPOCTPAHCTBA, TOTIA
¢da3zy BbIUMCISIEM MO aHajoruu. Jlamee mepemeniaeM 3JIEKTPOMArHUTHYIO BOJIHY
BHU3 Ha cueayroumii cinoit «self.surface += self.direction». Eciam >xe BonHa

JIBUKETCS BBEPX, TO MTEPEMENIAEM Ha MPEABIAYIINHI CI0M IIJIEHOYHOTO IMTOKPBITHSL.
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def run(self, layers, refr_index):

# Memod dna nepemeueHus BoaHel BHympu cnoe6 ¢ yvemom ¢pasoBozo cdbuza, 6BeizbaHHo20 nepexodom uvepes Kaxobvili caoll.

if self.direction ==
# Ecnu Bonna dBuxemca GHus (6 cmopoHy nodnoxku), mo Beiducngem ¢asobeili cdbuz, ucnonssys nokasamens NpenomAeHuUs C€AO0A.
self.phase += 2. * math.pi * refr_index[self.surface + 1] * layers[self.surface + 1].d / self.wavelength

else: # direction == -1
# Ecnu BonHa dBuxemca 66epx (6 cmopory 6o3dyxa), mo Bbucnsem ¢asobuii cdBue no aHanozuu
self.phase += 2. * math.pi * refr_index[self.surface] * layers[self.surface].d / self.wavelength

self.surface += self.direction # lepemewaem Boany Ha cnedywuuii cnol (unu Hazad, ecnu BonHa udem BGBepx).

return @

Pucynok 8 — BBon metona «def run(self, layers, refr_index)»

Beeném metonm (cMm. pucyHok 9) miasi oOpaOOTKHM OTpa)KeHUS BOJHBI OT
MOBEPXHOCTU CJIOSI WU MOIOKKHU (rocnennero cios). O0bsiBuM ¢GyHKIno0 «def
reflect(self, layers)», aprymenTamu €€ cTaHyT mapameTphl TeKyIero ciaos «self» u
cceuika «layersy». Ecnu BomHa OyneT aBUTarhcs BHU3 (K CICAYIOMIEMY CJIOK0) «if
self.direction == 1», TO moJIy4rM MOKa3aTely MPEJIOMIICHUS TEKYIero cios «nl =
layers[self.surface].n(self.wavelength)» u mocnemyromero «n2 = layers[self.surface
+ 1].n(self.wavelength)» cno€s, onupasch Ha 3alaHHBIA CIUCOK CJIOEB U JJIHHY
CBETOBOM BOJIHBI, 3aJCHCTBOBAHHOM B JAaHHOM ONTHYECKOM sBiIcHMU. Ecim xe
uHaue «else», TO eCTh MpU JABMKCHUHM BOJHBI BBEPX (K MPEABIIYIIEMY CIOIO),
yCTaHaBJIMBaE€M TMoKazarenu mnpenomieHus «nl = layers[self.surface +
1].n(self.wavelength)» u «n2 = layers[self.surface].n(self.wavelength)» mo
AHAJIOTWH, OJIHAKO TMEPECTaBIsieM MX MecTaMu (HaoOOpoT), Tak Kak HampaBlieHUE
CBETOBOM BOJIHBI M3MEHWJIOCH Ha MPOTUBOIOIOKHOE. BBeném HOBOE ycioBue «if
(self.surface == self.surface max) and (self.direction == 1)». Ecnu BonmHa mommia
JI0 TIOCJIETHETO Cios (MOAJIOKKH — CcyOcTpara) M JABUKETCS BHHU3, MPOUCXOIUT
OTpaXCHUE OT TOMIOKKA ¢ HM3MCHECHHWE AaMIUIMTYAbl ¥  aMILIUTYIHOTO
ko3 durmenta «self.ampl *= abs(nl - n2) / (nl + n2)» u3-3a oTpakeHus, UCXOISA
u3 (2). OnHako BaXXHO YYE€CTh TO, YTO MPOUCXOAUT (HAa30BBIM CABUT HA T
«self.phase += math.pi», ecnu mokaszarenb MpeIOMIICHHS] BTOPOTO CJOS OOJbIIe
nepBoro. 3areM MeHseMm HampasiaeHue «self.direction *= -1», Bemp BoJHa
orpa3wiack. PaccMoTpum apyroil ciiydaid. DNEKTPOMArHUTHAs BOJIHA HAXOHAUTCS
eni€ B BO3AYIIHOM MpocTpaHCcTBe u aBmxkercs BHU3 «elif (self.surface == 0) and

(self.direction == 1)». Torma ImpPOUCXOAUT OTpaKE€HHUE BOJHBI OT MOBEPXHOCTHU
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NIEPBOTO CJIOA M W3MEHEHHE aMIUTUTYIbl U aMIUIUTYIHOTO KO3(pPUIIHEHTa BOJIHBI
«self.ampl *= 2. * nl / (nl + n2)», npomeamie BHYTph ciiosi, ucxonas u3 (3).
Paccmorpum em€ oguH KpaHuW ciaydad. Eciii cBeToBas BOJIHA HAXOHOUTCS B
BO3/yX€, HO JIBIKETCS YK€ BBEPX, TO €CTh MOKHUIACT IIIEHOYHYIO CTPYKTYpY «elif
(self.surface == 0) and (self.direction == -1)», Torma U3MeHEHUE AMIUIMTYIbI U
amMIMTygHoro koagduuuenta «self.ampl *= 2. * nl / (nl + n2)» BonHbBI
MPOUCXOJIUT aHAJIOTUYHO, ucxond u3 (3). [lanee BoiaHA MOKUAAET CIIOU, MEHSISI CBOU
craryc «self.out = 1». OTpaxenusi BHyTpH TUIEHOUHOW CTPYKTYPHI MEXKIY CIOSIMU
XMMHYECKUX BELIECTB (BAAJM OT IPAHULBI C BO3IYyXOM U cyocTparom) «self.ampl
*= 2. * nl / (nl + n2)» c nociaexylOUMMH HU3MEHEHUSIMHU B aMIUIMTYIE
JBIDKYIIEHUCST BOJHBI ONMMCHIBAIOTCS aHAIOrM4HO 1o dopmysne (3). 3aech CHOBa
YUUTBIBAE€TCS TO, YTO MPHU MepexoJe B Oosee MIOTHYIO cpedy (CIoM, Mmoka3areib
IPETOMIICHUSI KOTOPOTO OOJbIlle, YeM y TpeAbIayero) mobapnseTcs ¢a3oBbIid
caBur Ha m «return Wave(self.wavelength, self.ampl*abs(nl - n2)/(nl + n2),

self.phase + math.pi, self.surface, self.surface_max, -self.direction, 0)».

def reflect(self, layers):
# Memod Odna obpabomku ompaxernua Boaner om noBepxHocmu cAoA uAu NOOTOXKU.
if self.direction == 1:
# Ecau Bonna dBuxemca Bnus (k caedywwemy caow), noayqaem nokasamenu npeaomnerus dByx cnoeb
nl = layers[self.surface].n(self.wavelength)
n2 = layers[self.surface + 1].n(self.wavelength)
else: # direction == -1
# Ecnu Boawa dBuwemcs 66epx (k npedudyuyemy cnow), nony4aem nokazamenu npenomaeHus obpammbix caoel.
nl = layers[self.surface + 1].n(self.wavelength)
n2 = layers[self.surface].n(self.wavelength)
if (self.surface == self.surface_max) and (self.direction == 1):
# Ecau Bonna downa 0o nocnedwezo caoa (nodnoxku) u dBuxemca Bruz, npoucxodum ompaxeHue om NOOMOXKU.
self.ampl *= abs(nl - n2) / (nl + n2) # Hzmenenue amnaumydsl U3-3G OMPAXEHUA.
if n2 > nl:
self.phase += math.pi # @agzo8uii cdBuz, ecau Bmopoli cnoili naomwee nepBozo
self.direction *= -1 # HanpaBaenue menaemcAa Ha npomuBononoxnoe (Bonna udem 66epx).
elif (self.surface == 8) and (self.direction == 1)
# Ecnu Bonna 8 Gosdyxe u dBuwemcsa BrHus, npoucxodum ompawenue om nobBepxtocmu nepBoezo cnoA.
self.ampl *= 2. #* nl / (nl + n2) # Hamenenue amnaumydsr nponyuwenHol BHympe Boamsi.
return Wave(self.wavelength, self.ampl * abs(nl - n2) / (nl + n2), self.phase + math.pi, self.surface, self.surface_max, -self.direction, 1)
elif (self.surface == @) and (self.direction == -1):
# Ecnu Boana B Bosdyxe u dBuwemca BBepx (nokudaem cucmemy), owa Bvixodum Hapyxy
self.ampl *= 2. # n1 / (nl + n2) # Wamenenue amnaumydsi BeinywerrHoii Hapyxy BGoawbi.
self.out = 1 # Boana Bemxodum Hapyxy.
return Wave(self.wavelength, self.ampl * abs(nl - n2) / (nl + n2), self.phase, self.surface, self.surface_max, -self.direction, 8)
else:
# OmpaweHue Buympu cmpyxkmypsl (He Ha zpavuue ¢ Bozdyxom).
self.ampl *= 2. * nl / (nl + n2) # Uamenenue amnaumyds:.
if ((self.direction == 1) and (n2 > nl1)) or ((self.direction == -1) and (nl > n2)):
# Ecnu npoucxodum nepexod 6 Bonee nnomuyw cpedy, dobaBnasemcs $pazoBeii cdbuz.
return Wave(self.wavelength, self.ampl*abs(nl - n2)/(nl + n2), self.phase + math.pi, self.surface, self.surface_max, -self.direction, 8)
else:

return Wave(self.wavelength, self.ampl # abs(nl - n2) / (nl + n2), self.phase, self.surface, self.surface_max, -self.direction, @)

Pucynox 9 — BBox merona «def reflect(self, layers)»
Cozmanum emé onuH ocHOBHOM kitacce «Layer» (cm. pucyHok 10). lanHbIi

KJ1acc OyJeT ONMMChIBaTh CBOMCTBA CIOEB B IUIEHOUHOM cTpykType. Ilpu momormu
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HEro 3aJaroTcs TOJIIMHBI CIIOEB, Marepuajbl, U3 KOTOPBIX OHHU CHEJAHBI, U
MoKa3aTelu TMpeIoOMIICHUS ATHX BemlecTB. TonmuHa «d» OyaeTr yka3blBaTheCs
JNECATUYHBIMU JpOOSIMU, TO €CTh YHUCIaMHU, HE NPUHAAJEKAIIUMHU MHOXKECTBY
Henbix yncen. B To ke Bpems Martepuanbl «material» KaxkI0To cliosl TIEHOYHOTO
NOKPBITUS OyAyT 3aJaBaTbCsl IEJIBIMU YHUCIaMH, KOTOpble OyayT OTBe4aTh 3a

HOpH,Z[KOBBIﬁ HOMCP YHUKAJIbHOI'O BCIICCTBA B HpI/IBe,Z[éHHOM KaraJiore.

class Layer:
# Knacc "Layer" onuceiBaem cBolicmBa cnoeB 8 mHozocnolHoU cmpyKmype.

d: float # ToawuHa cnosa
material: int # Tun mamepuana cnoa (0 - B60o390yx, 1 - MgF2, 2 - PbF2, u m.d.)

Pucynok 10 — BBog kiacca «Layer»

[lo amanoruu ¢ MeTogaMH MpPENbIAYIIEr0 BOJIHOBOTO kiacca «Wavey B
HOBOM Kilacce cioéB «Layer» yCTaHOBUM KOHCTPYKTOp Uil WHHUIMAIM3ALUU
YHUKQJIBHOTO CIIOSI C 3aJlaHHBIMH TapameTrpamu (cM. pucyHok 11). Bmemém
¢bynkunonanpHblii Meton «def init  (self, d=100, material=1)». B aprymenTsl
bynkuuu (self, d=100, material=1) BImTHI 3HaYEHUS, KOTOPBIE OYTyT OOHOBIATHCS
U TIepeaBaTbcs BO BpeMsi CO3/IaHUsA HOBOro oObekTa kiacca «Layer», To ecTh B
MOMEHT HWHUIUAIU3AIMK HOBOTO CJIOS IUIEHOYHOU CTPYKTypbl. Ilpm momoriu
CCBUIKHU «self» Ha TeKyluii 271eMEeHT ycTaHaBIMBAeM TOJIIIMHY MOPSAKOBOTO CIOS

«self.d» u ero marepuan «self.material».

def __init_ (self, d=100, material=1l):
# KoHcmpykmop 0n4 uHUYUAnu3ayuu cnoA ¢ 3adaHHoU moawuHoU u Mamepuadsiom.
self.d = d # YcmanaBauBaem monwuHy csoA.
self.material = material # YcmaHaBauBaem mamepuan cao0A.

Pucynok 11 — BBon metona «def _init  (self, d=100, material=1)»

Breném meton «def n(self, X)» s BeIYMCICHUS MOKa3aTeNs MPeIOMIICHUS
BEIECTBA CJIOSI IJIS1 3aIaHHON JUTMHBI AIEKTPOMArHUTHOU BOJTHBI «X» (CM. PHCYHOK
12). DTOT CTPYKTYpHBIA OJIOK KOaa OyaeT OTBEYaTh 3a XpaHEHUE MH(OpMAIUU O
BBIOPAHHBIX TIOJB30BaTEJIEM MarepuajaX IUIEHOYHBIX TOKPBITHH. Kakmomy

BEIIECTBY UAET B COOTBETCTBUE €T0 WACHTHU(UKAIMMOHHBIN TMOPSAKOBBI HOMED,
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YCTAaHOBJICHHBIN TIO KEJIAHWIO, UCXOMAs U3 JTUYHBIX TpeOOBaHUM Mmojb30BaTens. B
JAaHHOW Hay4HO-HMCCIIeI0BaTEeNbCKONW paboTe ObUIM BHIOpAHbI TaKKe BEIIECTBA, Kak
MgF, (bropun maruaus), PbF, (bropun ceunna II), Al,Os (oxcupa antomunus), ZrO,
(oxcun mupkonus IV), ZnS (cynpdun nmaka), SiO, (mmokcun kpemuus) u CdTe
(temmypun kammusi). MM 3ajmarorcs yHHMKanbHbIE MOPsAKOBbIE HOomepa 0 —
BO3JIYIITHOE MPOCTPAHCTBO HAJ UCCIEAYEMbIM MOKpbITUEM, 1| — MgF,, 2 — PbF,,
3 — AlLOs, 4 — Z1rO,, 5 — ZnS, 6 — CdTe, 7 — SiO, (cyocTpar, momoxka). K
YyycjaaM NPUBA3aHbl BHECEHHBIE 3apaHEE BPYUYHYHO ITOKA3aTENH MPEIOMIIEHUS
MaTepHUaJiOB, CKPBIBAIOIIUXCA 3a WICHTU(DHUKAIMOHHBIMA HOMepamu. HykHbie
MOKAa3aTeIN MPEJIOMJICHUS HAXOIATCS B OTKPBITOM JIOCTYIE, UX MOXXHO HAlTH B
0a3e MaHHBIX, mepeias Ha calt [16], pacnonoxeHHbI B cetu MHTepHeT. B 6a3ze
JTAHHBIX (CM. pUCYHOK 13) HE0OXOaMMO B TIOMCKOBOW CTPOKE yKaszaTh TpeOyemoe
BEILIECTBO, HaWTH BKIaAKy «Data», mpoitu mo cceuike «Expressions for n» u
CKOMMPOBATh BBIpAKEHUE, XapaKTEepHU3yIolllee MoKa3aTelib TpeOyeMoro Marepuana,
B cpeay pa3paboTku mnporpammbl. [Ipumep wucmonp3oBaHus 0a3bl JaHHBIX
NPUBOJIUTCA MpU KONMUpOBaHUM TMokazarenss mnpenomiieHus CdTe (temnypuna
KaJMHs) B JaHHOM cliydae. AHAJIOTHYHO U C APYTUMH MaTepuajaMu JJIs OyIyImx

CJIIOEB.

def n(self, x): # Memod 0na BbMUCAEHUA NOKA3AMENA NpeAaoMAeHuA 0aA OaHHolU OnuHbl BoAHbl X.
if self.material == @: # Bosadyx
return 1
elif self.material == 1: # MgF2
return (1 + ©.27628 + B8.68967 / (1 - (©.88636 / x) ** 2) + ©.0088 / (1 - (18.8 / x) ** 2) + 2.14973 / (1 - (25.@ / x) ** 2)) ** 9.5
elif self.material == 2: # PbF2
return (1 + ©.66959342 / (1 - (©.00034911 / x) ** 2) + 1.3886319 / (1 - (©.17144455 / x) ** 2) + 0.01670641 / (1 - (8.28125513 / X) ** 2) +
elif self.material == 3: # AL203
return (1 + 1.023798 / (1 - (©.06144821 / x) ** 2) + 1.058264 / (1 - (©.1186997 / x) ** 2) + 5.280792 / (1 - (17.92656 / x) ** 2)) ** 9.5
elif self.material == 4: # ZrO2
return (1 + 1.347691 / (1 - (©.062543 / x) ** 2) + 2.117788 / (1 - (©.166739 / x) ** 2) + 9.452943 / (1 - (24.320570 / x) ** 2)) ** 9.5
elif self.material == 5: # ZnS
return (8.393 + ©.14383 / (x ** 2 - ©.2421 ** 2) + 4438.99 / (x ** 2 - 36.71 ** 2)) ** 9.5
elif self.material == 6: # CdTe
return (1 + 4.68 + 1.53 / (1 - ©.366 / x ** 2)) ** 0.5
elif self.material == 7: # 5102 (nodnoxka-cybcmpam)
return (1 + 0.6961663 / (1 - (8.0684843 / x) ** 2) + 0.4079426 / (1 - (0.1162414 / x) ** 2) + 8.8974794 / (1 - (9.896161 / x) ** 2)) ** 9.5
else:
return 8
# flpyzue mMamepudnsl aHanozu4Ho (0n8 Kaxdozo mamepuana cBou gopmyasl 6aA BerMucneHus n(x))

Pucynok 12 — BBox merona «def n(self, x)»
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Dispersion formula

1.53\°
A —0.366

n® —1=468+

Comments
Room temperature

References

D. T. F. Marple. Refractive index of ZnSe, ZnTe, and CdTe. J Appl. Phys. 35, 539-542 (1964)

Data

[Expressions forn] [CSV - comma separated] [TXT - tab separated] [Full database record]

Fresnel reflection calculator

Wavelength: 0.86 pm C

Angle of incidence (0~90°):0 |

Direction: @in O out

n=sqrit(1+4.68+1.53/(1-0.366/pow(x,2)))

Python

Reflectance ]
n=(1+4.68+1.53/(1-8.366/x**2))**.5

P-polarized
Fortran

RF’ =0.24385 0.75
S-polarized E N=SQRT{1+4.68+1.53/(1-8.366/x*¥2))
= g 0
Rg=0.24385 E MATLAB
0.25
Non-polarized (Rp+Rs)/2 n=sqrt(l+4.68+1.53./(1-8.366./x.°2))
0
o 10 20 30 40 50 60 70 80 EJ LaTEX
Angle of incidence, deg. =
Rp 85 O O Logy n*2-1=4.68+\frac{1.53A*2}{\*2-0.366}
Pucynok 13 — ba3a nanHbIX noka3zareneil npeioMIeHUN
Tenepn HCIIOIb3yeM (yHKIIMOHATBHBIN METOT «def

count available waves(waves, min_ampl)» mns moacuéra BCeX IOCTYMHBIX U
o0OpabaThiBaeMbIX CBETOBBIX BOJIH (CM. pucyHOK 14). OObsBieHHas (QyHKLIUA,
ONUPAsICh HAa MEPEMEHHbIE apTyMEHThI, 3alMCAHHbIE B KPYIJIBIX CKOOKax «(waves,
min_ampl)», OyIeT MOJCUYUTHIBATh T€ SJICKTPOMArHUTHBIC BOJHBI, KOTOpBIC €IIé
HAXOJATCSl BHYTPU IUIEHOUYHOM CTPYKTYpBI, & TAKKE aMIUIUTYa KOTOPHIX OOJbIle
MHUHUMQJIBHOM BBIYMCICHHOW MpOrpaMMoOi aMIuiuTyabl. OYeBUIHO, MOACYET
HauuMHaeM ¢ Hyns «count = O» u 3amaém nuki «for wave in waves» ¢ BOJHOBBIM
napamMeTpoM, B KOTOPOM MEPEMEHHAs «wave» IOCeI0BaTeIbHO MPUHUMAET
3HAYEHHsI, COOTBETCTBYIOLINE HOMEPY UTEPUPYEMOH B Tele LHKIa BOJMHBI. Ecin
uccieayemas dJIeKTpOMarHuTHasl BOJIHA HaXOJUTCsl BHYTpH cios «if (wave.out ==
0)» u e€ ammuTyga IO 3HAYEHUIO OOJbIIE MHUHUMaJIbHOMH «(Wave.ampl >
min_ampl)», TO cuéTuuk oOOHOBIAeTCa «count += 1», W cymMmMa BOJH

YBCIINYHUBACTCA HA CAMHUILY.
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def count_available waves(waves, min_ampl):
# OyHKyua 0na nodcyema BosH, Komopvle BHympu u umetom amnaumydy 6osvwe MUHUMA/IbHOU
count = ©
for wave in waves:
if (wave.out == @) and (wave.ampl > min_ampl):
count += 1
return count

Pucynoxk 14 — BBon metona «def count available waves(waves, min_ampl)»

AHaJIOTUYHO  TpefplaylieMy  Metony, o0bsBuM  ¢yHkumio  «def
sum_refr signal(waves)» /Uil CYMMHPOBaHHSI BCEX CUTHAJIOB BOJIH, OTPaKEHHBIX
OT TOBEPXHOCTEW TpaHUIl CJIOEB TUIEHOYHOM CTPYKTYphl (CM. PHUCYHOK 15).
OyHKIMS XapaKTepU3YyeTCs JIMIIb OAHUM IEPEMEHHBIM BOJHOBBIM apryMEHTOM
«(waves)», 3alMCaHHbIM B CKOOKaxX. YUHUTHIBaTbCcsl OyAyT TOJBKO CHUTHAJIBI TeX
ANIEKTPOMArHUTHBIX BOJIH, KOTOPBHIE BBIIUIA OOPaTHO B BO3AYLIHOE MPOCTPAHCTBO.
[Toncuér curnanoB HaunHaeM ¢ Hyms «signal = Oy», 3aTem co3naém nuki «for wave
iIn waves», KOTOpbIi OyIeT ornepupoBaTh BCEMU OTPAXKEHHBIMU CHUTHAJIAMHU
CBETOBbIX BONMH. Ecnu BonmHa BbINIA B BO3AYIIHOE NPOCTPAHCTBO, TO €CTh
MOKHHYJIA MJIEHOUHYI0 MHOTOCIOMHYIO CTPYKTYpy «if wave.out == 1», To cuérumk
CUTHAJIOB OOHOBIISIETCA, UX CyMMa yBEJIMUUBACTCS U nepenaéTcs «return signal» Ha

TaTbHENTITYI0 00paboTKYy.

def sum_refr_signal(waves):
# OyHKyusa 9Oaa cymmupoBaHusa cuecHanoB om Bcex BonH, Komopsie Bbunu u3 cucmemsi.
signal = ©
for wave in waves:
if wave.out ==
signal += wave.ampl * math.sin(wave.phase)
return signal

Pucynoxk 15 — BBon Merona «def sum_refr signal(waves)»

[lepeitnéM Kk BBOAY UHTEpecyloUMX mapameTpoB «print("BBeaurte
napameTpbl cuctembl:")». [lpu 3amycke mporpammbsl Koj OyAeT 3ampaiiuBaTth Y
MOJIb30BATENSl  IJIAHUPYEMOE KOJIMYECTBO CJIIOEB B IUIEHOYHOM MOKPBITUU
«num_layers = int(input("KonuaectBo cinoéB (MuauMyM 1): "))», TOMIMIMHBI 3THX

cnoéB «d = float(input("TonmuHa caost B MKM: "))», a Takke MaTrepuaibl «material
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= int(input("Marepuan (0 — Bo3myx, 1 — MgF2, 2 — PbF2, 3 — AI203, 4 —
7r02, 5 — ZnS, 6 — CdTe): "))», u3 KOoTOphIX OHH OyIyT caenaHbl. BemiecTpa
OyIyT MpeJCTaBICHbI 371eCh e B Karayiore (cM. pucyHok 16). Ilonp3oBarens ke B
CBOIO oOuepelb JODKEH BBECTH 3arpalirBaeMble MPOrpaMMON MapaMeTphl.
KonmnuecTBo COEB IMIEHOUHON CTPYKTYypbl OyIeT NPUHUMATHCS JIMIIb EIbIM
YHUCJIOM, TOJIIHWHA CIOEB MOXKET OBITh YUCIIOM JPOOHBIM, 3alTCHIBAEMBIM HMCHHO
JECATUYHON NPOObI0, a MOPSIAKOBBI HOMEp BEIIECTBA, OYCBUIHO, TOXKE UHUCIOM
HeNbIM B JMana3oHe, YyKa3aHHOM B KOpPHE MPOrpaMMbl paHEe CaMUM
nonb3oBareneM. [lanee cosma€res cmmcok «layers = [Layer(100, 0)]», rme 3a
HYJIEBOU CJI0M OyJeT BBICTYIIAaTh BO3AYX. 3aTe€M MPHU 3aJaHUU CIO0EBOTO IuKia «for
1 in range(l, num_layers + 1)», B KOTOpoM mepeMeHHas «i» OyaeT MpPUHUMATh
3HaYeHUS B (YHKIIMOHAIHHOM JHAra3oHe OT MEPBOTO J0 MOCIEIHETo TpeOyeMoro
CJI0sl, YUUTHIBAsE TOJNIIUHY «d» U Marepuay Kaxaoro «material», TaHHbIE O HUX
OynyT mepenaBarhcsi B 0JIOK 0OpaOOTKM M TMO/CU€Ta BOJIH C UX CUTHalaMmu. Jlanee
MOCJIe BBOJIAa BCEX MapaMeTPOB, KOTOPHIE MOJIH30BATEN0 HEOOXOMUMBI, MPOTpaMMa
camocTtositenbHO fo0arisieT «layers.append(Layer(100, 7))» nocnemuuii cioit u3
Si0, (muokcuma KpemHHsI), KOTOPBIM SBISETCS TMOAJIOKKOW (cyOcTparoMm) B

COCTABJICHHOM BPY4YHYIO INIEHOYHOM MHOTOCJIOMHOM IMIOKPBLITHUH.

# B60o0 napamempoB

print("BseguTe napameTpbl cucTembl:")

num_layers = int(input("Konudecteo cnoés (MuHuMyMm 1): "))
layers = [Layer(160, 0) # Bo3dyx

for i in range(1, num_layers + 1):
print(f"\nCnoi {i}:")
d = float(input("TonwmMHa cnoa B MKM: ™))
material = int(input("MaTepuan (8 — Bo3ayx, 1 — MgF2, 2 — PbF2, 3 — Al1203
layers.append(Layer(d, material))

layers.append(Layer(100, 7)) # lodaoxka Si02

Pucynok 16 — BBoj 1osib30BaTeibCKuX MapaMeTpoB.

TCHCpB nepea BBOAOM AualiasoHa JJIWH BOJIH, UCCICAYCMBIX I10 TpC6OBaHI/IIO

N0JIB30BATENS, YCTAHABIMBAEM (CM. PUCYHOK 17) MakCUMasbHBIA NEPEMEHHBIN
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cinoit «surface_max = len(layers) - 2», ucxoas u3 KoIM4ecTBa, CyMMapHON JJTUHBI
BCel TMIEHOYHON CTPYKTYphl 3a HCKJIIOUYEHHEM BO3IAYLIHOTO TPOCTPAHCTBA U
cyOcTpara W3 JUOKCcHAAa KpemHus (utoro -2 cios). Jlamee ycTaHaBiuBaeM
MUHUMAJIHYIO aMIUTUTYy CBETOBBIX BOJIH BHYTPH TIOKDPBITHUSA IEITUKOM
«min_ampl = le-4». [lomumo komuvecTBa CIOEB, WX TOJIIMH M MaTepPHAJIOB,
UCCIIElyeMbIX TOJNb30BaTeNieM, eMy TpeOyeTcs BBECTH W YHUCIO JUIMH
ANIEKTPOMArHUTHBIX BOJH «num_wavelengths = int(input("\nBBenurte komudyecTBo
Touek s pacuéra: "))», KOTOphIe OyIyT CUMYJIHUPOBATHCS, TO €CTh KOJIUYECTBO
TOYEK JJIsi pacy€ra OTpaKeHHs U MpesiomMyieHus. J(nana3oH MOCTYMAIOWUX JJIMH
BOJIH OyneT 3amaBatbesi cruckom «wavelengths = [300 + 1 for 1 in
range(num_wavelengths)]» ¢ HayanpHOW jIMHOM BOJHBI B 300 HaHOMETPOB C
MOCJIEMYIONUM  YBEJIMYCHHEM JUIMHBI 70 3HAUCHUW, (QUKCUPYEeMBIX U
OTPAaHWYEHHBIX YHUCIIOM JJIMH JJICKTPOMAarHUTHBIX BOJH, BBEIACHHBIX paHEe
nosib3oBateseM. Jlanee oTKpeIBaeM MyCTOM CIMHMCOK «signals = []» mna xpaHeHus

CHUI'HAJIOB Kﬂ)KI[OfI JJINHBI BOJIHEI.

surface_max = len(layers) - 2
min_ampl = le-4

# BBod duanasoHa 90nuH BonH
num_wavelengths = int(input("\nBBeanTte KonuvyecTBO TO4YeK AnA pacyéTta: "))
# BB00 4ucna dauH BonH, Komopeie b6ydym cumynupoBambcs.

wavelengths = [300 + i for i in range(num_wavelengths) # fJuanasoH AnuH BonH
# om 300 Hm
signals = # Cnucok 0nAa xpaHeHus cuzHanoB8 0nsa kaxdol OnuHbl BosiHbI.

Pucynok 17 — BBoa nquana3oHa JUIMH BOJIH

[TepexomquM K OCHOBHOMY pPacuéTy OTpPaKCHHS M TPEJIOMJICHHUS BOJH (CM.
pucynok 18). Beeném mukn «for wavelength in wavelengths», xotopsrii Oymer
pacCUMTHIBATh YHUKAIBHBIE TMPEIOMIISIONINE TIOKA3aTeNu JUIsl KaKIOW JJTMHBI
BOJIHBL. B Teno mukia moMecTuM mycToi crimcok «refr index = []» mis XxpaHeHus
BBIYHCIIIEMBIX JTAHHBIX O TIOKA3aTeJsIX MPEJIOMIICHHS JIJIsI BCEX CIIOEB TJICHOYHOTO
MOKPHITUA. 3aTeM 3aaaauM cioeBoil 1uki «for layer in layers», B HEM Oyuer

IMPOUCXOIUTD OOHOBJIEHHE IIoKa3aTcirs IMPCIOMIICHUS
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«refr_index.append(layer.n(wavelength))» B 3aBUCMMOCTH OT JJIMHBI BOJIHBI,
nepemMemiaroniercss B - cioe. Jlanee BbI3BIBACTCA MPOLECC HWHULMATIU3ALNN
nepBoHA4YaIbHOM BOJMHBI «waves = [Wave(wavelength, ampl=1, phase=0,
surface=0, surface max=surface max, direction=1, out=0)]» u3 kmacca «Wavey.
CrapTOBbIMU TOKa3aTeIsIMA yCTAaHABIMBAIOTCA €IUHUYHAS aMIUIMTY/a BOJIHbI
«ampl=1», wnyneBas daza «phase=0», mnoBepxHoCcTh (cyoi) «surface=0»,
nocleaHuit cinoi  «surface max», HampaBlieHHE JIB)KCHHS CBETOBOW BOJHBI
«direction=1» u eé craryc «out=0» — mecronosoxenue. Jlanee moacunuThIBacTCs

KOJIMYCCTBO BOJIH C IICPEMCHHBIMU IMapaMCTpaMu.

# OcHoBHoU pacu4ém
for wavelength in wavelengths:
# [nAa kaxool OnuHbl BonHel paccyumsiBaem e€ npenomaswyue nokasamenu U cumyaupyem pacnpocmpaHeHue BonH.
refr_index = # Cnucok 0na BvlMucaeHUA nokasamenel npenomneHUuA dnAa Bcex cnoeb.
for layer in layers:
refr_index.append(layer.n(wavelength))
waves = [Wave(wavelength, ampl=1, phase=0, surface=@, surface_max=surface_max, direction=1, out=0)
# WHuyuanuzayua HavanesHol BosHbI.
num_available_waves = count_available_waves(waves, min_ampl)

Pucynox 18 — BBox mukia «for wavelength in wavelengths»

Hanee BBeném 1ukn «while num available wavesy, kotopsiii Oyzmer
paboTaTh HaJa OAHOM W TOM K€ TOCJENOBATEILHOCTBIO JICHCTBUM, TOKa
MIPOBEPSEMOE BOJHOBOE yCIIOBHE UCTUHHO (CM. pucyHOK 19). Iloka ecTh CBETOBBIC
BOJIHBI C JIOCTATOYHOW aMILIUTYION, MPOTpaMMa BBHITIONHSAET UX 00paboTKy. 3areM
MOJIETTUPYEM OTPAKEHHUE U MPOXOKACHUS AIEKTPOMArHUTHOW BOJIHBI MTPU ITOMOIIU
utepupytomiero mukina «for i in range(len(waves))». Uepe3 ananu3 ycinoBus «if
(waves[il.out == 0) and (waves[i].ampl > min_ampl)» OpPoOUCXOAUT mpoIece
00pabOTKM OTpaXKeHUS TSI KaXIOW 3aJCHCTBOBAHHOW BOJIHBI, B3ITON W3 CITUCKA.
Ecnm e snmeMeHT mycT, BOJIHA BHE TUICHOYHOW CTPYKTYpHI, TOTAAa UAET KOMaHa
«waves.append(wave new)» Ha J00aBjIe€HHE HOBOW BOJHBI B CYIIECTBYIOLIUN

CITMCOK.
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# Moka ecmb BoaHel ¢ docmamouHol amnaumydoli, BenoaHaem ux obpabomky.
while num_available waves > 0:
# OmpaxeHue u npoxoxdeHue
for i in range(len(waves)):
if (waves[i].out == @) and (waves[i].ampl > min_ampl):
wave new = waves|[i].reflect(layers) # Obpabomka ompaxeHus 0na Kaxdol BosHsl.
if wave_new is not None:
waves.append(wave_new) # [JobaBneHue HoBol BosHbl B chnucok.

Pucynok 19— BBog nukiia «while num_available waves»

PaccmoTpum  pacmipocTpaHeHHE — JJEKTPOMArHUTHBIX ~ BOJIH  BHYTPH
TUIEHOYHBIX CJIOEB. 3aJaliM BHOBBH BOJHOBOHM WK «for wave in waves» s
UCCIIEIOBaHUA MEPEMEIIICHUS CBETa MO CTPYKType (cM. pucyHok 20). Ecau cratyc
BOJIHBI «0», €€ monoxkenue BHyTpu «if (wave.out == 0)» Kakoro-nmbdo cios u eé
aMIUTMTyJa TPeBbIIAaeT MHUHUMAJIBHYIO «(wave.ampl > min ampl)», TO
IPOUCXOAUT  MPOILIECC  TMEPEMEIICHHUS BOJHBI MO  CJICAYIOIIUM  CJOSM
«wave.run(layers, refr index)». Jlanee mpoBoauTCs MOACYET NEPEBEAEHHBIX Ha
apyroid cimoii BomH «num available waves = count available waves(waves,
min_ampl)». OtnenbHO moAa€Tcss KOMaHJa Ha CYMMHUPOBAHHE BCEX CUTHAJIOB
«signals.append(sum_refr signal(waves))» OTpa)K€HHBIX CBETOBBIX BOJIH, KOTOPHIC
BBINIUIA U3 TIEHOYHOW CTPYKTYPHI JUISl TEKYIIEH JJIMHBI BOJHBI. 3aT€M WUTOTOBBIN
K03 UITUEHT OTpaXeHUs, omupasicb Ha (4), BBIUMCISICTCS, HCIOIb3YS BCE
BOJIHOBBIE CHUTHaJbI, oOpaboTtaHHble 3a IuKIbl «refr coef = [x ** 2 for x in

signals]».

# PacnpocmpaHeHue
for wave in waves:
if (wave.out == @) and (wave.ampl > min_ampl):
wave.run(layers, refr_index) # [lepemeuerue BoaHbl no cioam.
num_available waves = count_available waves(waves, min_ampl)

signals.append(sum_refr_signal(waves))
# CymmupoBaHue Bcex cueHanoB, komopele Bouuau u3z cucmemsl 0na mekyuel 0auHbl BOsHbI.

refr_coef = [x ** 2 for x in signals]| # Kosg¢duyueHm ompaxeHus 30ecob - kBadpam amnaumydHozo
# KosgpuyueHma ompaxeHus.

Pucynox 20 — BBoj 0110ka, pacripoCTpaHsIOUIEro BOITHBI
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3aKIIOYUTENBHBIM OJIOKOM MPOrPaMMHOTO Koja (cM. puUcyHOK 21) sBisiercs
nocTpoeHue rpaduka 3aBUCUMOCTH Ko3(uIMeHTa OTpakeHus Ui Bce

3aJIaHHOU TJIEHOYHOU CTPYKTYPBI OT JUIUHBI AJIEKTPOMArHUTHOW BOJIHBI.

# lMocmpoeHue epaguka 3aBucumocmu kKoa¢ppuyueHma ompaxeHua om OaAuHel BosHel.
plt.figure(figsize=(10, 5))

plt.plot(wavelengths, refr_coef)

plt.xlabel('AnuHa BonHbl, HM') # [lodnuce ocu X.

plt.ylabel('Koa¢puumneHt otpaxenun') # [lodnuce ocu Y.

plt.title('3aBucumocTb Ko3ddOUUMEHTA OTpPAXeEHWUs OT ANIMHBI BOJIHbI' )
plt.grid()
plt.show() # OmobpaxeHue zpaguka.

Pucynox 21 — Iloctpoenue rpaduka

2.2 AHAJIN3 MOJTyYeHHBIX 3aBHCHUMOCTeH

Jis  mocTpoeHuss  rpaduKoOB — 3allyCKaeTcsi  IporpamMma,  BBOJISTCS
MHTEPECYIONINE MOJIb30BaTeNsl MapaMeTphbl, TAKUE KaK KOJIMYECTBO CIOEB MJiA
IJIEHOYHOTO MOKPBITUS, UX TOJIIMHBI, MaTEPHAIIBI U YUCIIO CUMYJIUPYEMBIX JJINH
ANEKTPOMArHUTHBIX BOJH. [lOCTpOEHO HEKOTOpOE KOJIMYECTBO TIpa(UKOB,
XapakTepu3yomux Kod(QOUIHUEHT OTpPaXEHHUS MOACIUPYEMBIX MHOTOCIONHBIX
IJIEHOYHBIX OKPBITUM, CO3AaHHBIX U3 CIOEB Pa3JIMYHBIX MAaTEPUAJIOB U TOJIIIIHH.

[IpoananuzupyeM Tpaduk 3aBUCUMOCTH KO3(PUIIMEHTAa OTpaXeHUs OT

JJIMHBI BOJIHBI C ITapaMEeTpaMUu BXOAHBIX JaHHBIX, HpI/IBCI[éHHBIX Ha PUCYHKC 22.
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3aBMCUMOCTE KO3dhiuuneHTa oTparKeHWA oT ANWHEl BONHLI
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ONWHa BONHBI, HM

BBeaMTe napaMeTpel CHCTEMsI:
Konwyecteo cnoge (muHumym 1): 4

Cnon 1:

TonuuHa cnom B Mkm: 46

MaTepuan (@ — eospyx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1
Cnoi 2:

TonuwHa cnoR B MKMm: G8

MaTepuan (@ - Bosgyx, 1 - MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — In5, 6 -~ CdTe): 3
Crol 3:

TonuMHa cnoA B MEM: 75

MaTepnan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — InS, & — CdTe): 1
Cnoi 4:

TonuwwHa cnoA & mkm: 56

MaTepwan (8 — esosayx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — Zn5, 6 — CdTe): 4

BeeguTe KONWMYECTEC TOYEK AnA pac4yéTa: 1.

Pucynok 22 — I'paduk 3aBUCUMOCTH k03(ppuiineHTa oTpaskeHust OT JJIMHBI BOJHBI C
napameTpaMy BXOTHBIX JaHHBIX

Ha rpaduke maHHON 3aBHCHMOCTH OTYETIMBO BHJAEH MUK Ko3(duimenrta
OTpaxeHUs Ha JJMHE BOJIHBI B 650—680 HaHOMETpOB. DTO 3HAYUT TO, YTO
Habmonaercst okono 100%-oe oTpakeHHe 3JIEKTPOMArHUTHOTO U3JIy4YE€HUS Ha 3TOM
nuana3zoHe JUIMH BOJH. OH NMpUHAIEKUT 00NIACTH KPACHOTO/TITyOOKOTO0 KPacHOTro
1BeTa BUAUMOTO u3iaydeHus. CieayeTr OTMETUTh TO, YTO KOAPPUIUEHT OTpaKeHUs
Ha JAPYTUX JIJIMHAX BOJIH HU30K, 3HAYUT UHTEHCUBHOCTH OTPAKEHUS M3Iy4EHUS B
ATUX JIMara30Hax HEBbICOKAs.

[Ipoanamm3upyem rpaduk 3aBUCUMOCTH KOI(D(GUIIMEHTA OTPAXKEHUS OT

JJIMHBI BOJIHBI C TapaMETpaMu BXOAHBIX JaHHBIX, HpI/IBCI[éHHBIX Ha PUCYHKC 23.
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JAaBNCHMMOCTh KODPHUWEHTa OTPaMEHWA OT ONVMHB BONHbI
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ONAHa BOMHB, HM

BBEAHTE napaMeTpbl CHCTEMSI!
KonuyecTeo cnoés (MWMHMMyM 1): 4

Cnoit 1:
TonuwHa cnof B Mkm: 73
MaTepuan (@ — sosgyx, 1

MgF2, 2 - PbF2, 3 — Al203, 4 — Zr02, 5 - InS, 6

CdTe): 3

Cnow 2:
Tonumea cnoA B8 MkMm: 65
MaTtepuwan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — A1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 4

Cnoit 3:
Tonuywsa cnos B8 mem: 54
MaTtepwan (@ - Bosgyx, 1 — MgF2, 2 - PbF2, 3 — Al203, 4 — Zr02, 5 - ZnS, 6 - CdTe): 1

Cnoit 4:
Tonuwea cnos B Mem: 15
MaTtepuan (@ - sosayx, 1 - MgF2, 2 - PbF2, 3 — Al203, 4 - Zr02, 5 - ZnS, 6 - CdTe): 3

BBeguTe KonM4ecTBO To4ek AAA pacyéTa: 1809

Pucynok 23 — I'paduk 3aBucUMOCTH k03(ppuiineHTa oTpaskeHust OT JJIMHBI BOJHBI C
napamMeTpaMy BXOTHBIX JaHHBIX

Ha rpaduke maHHON 3aBHCHMOCTH OTYETIMBO BHJAEH MUK KO3(pduimenrta
oTpaxeHuss Ha iuuHe BOJIHBI B 300-315 HaHOMETpoB. DTO 3HAYUT TO, YTO
HabmonaeTcst okosno 93%-0e oTpaxkeHHe SIEKTPOMArHUTHOTO M3IYUYEHHUS Ha STOM
KOpPOTKOM (IO CpaBHEHHUIO C PHUCYHKOM 22) nuamna3oHe MH BodH. OH
OPUHAJICKUT 00JacTH  ynbTpapuOIETOBOTO  JIMHHOBOJIHOBOTO — JIUAra3oHa
uznyyeHus. CreayeT OTMETUTh TO, YTO KOA(M(GUUIMEHT OTpaXeHHsl Ha JPYrHx
JuinHaxX BoJH HU30K (0—19)%, 3HAYUT MHTEHCUBHOCTb OTPAXKECHUS W3IIYYCHHS B
ITUX JMANa30HaX HEBBICOKAS.

[Ipoananuzupyem rpaduk 3aBUCUMOCTH KOIPQPUIHUEHTA OTPAXKEHUS OT

JUTMHBI BOJIHBI C TApaMETPAMH BXOJHBIX JAHHBIX, TPUBEAEHHBIX HA PUCYHKE 24.
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3aBUCMMOCTb KO3phuLMeHTa OTpa>KeHUa oT ONNHbI BOJHbI
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BeeanTe napameTpel cUCTEMsI:
KonuyecTBo cno&s (MuHumym 1): 4

Cnoi 1:
TonwuHa cnos B MKM: 5@
MaTtepuan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1

Cnoi 2:
TonwuHa cnos B MKM: 5@
MaTtepuan (@ — sosgyx, 1 — MgF2, 2

a
|

CdTe): 4

PbF2, 3

A1203, 4

Zr02, 5 — Zns,

Cnon 3:
TonwuHa cnos B MKM: 50
MaTepuan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 3

Cnoi 4:
TonwuHa cnos B MKM: 5@
MaTtepuan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1

BeeguTe Konu4ecTBO Todvek ANA pacyéTa: 10600

Pucynoxk 24 — I'paduk 3aBucuMoctr Ko GuIueHTa oTpaxeHus: OT JTMHBI BOJHBI C
napaMeTpaMu BXOAHBIX JAHHBIX

I'padux 3TOM 3aBUCHMOCTH Kau€CTBEHHO OTIMYAETCS OT mpeabiayuinx. Ha
rpauke OTUETIMBO BUIHBI 4YETbIpE MNHKa KOd((ULHMEHTAa OTpakeHUs Ha
pasnuuHbix giauHax BosH: 350-360; 390—410; 570-600; 970-1150 nHanomeTpoB.
DT0 03HAYaeT TO, YTO HaOMIOHaeTCsl 0KOIO 1%-0€ oTpaxkeHue 3JIeKTPOMarHuTHOTO
U3JIydeHUs Ha JuamnasoHe H BoiH B 350-360 HanomeTpoB (00JacTh
yAbTpauoIETOBOTO JUIMHHOBOJIHOBOIO Juamna3zoHa usnydeHus). Okono 2,5%-oe
orpaxxenue Ha nauamnazoHe B 390—410 manomeTpoB (00macTh yabTpaduOIECTOBOTO
JUTMHHOBOJIHOBOT'O JMarna3oHa, yABTPa(UOIETOBOTO CBETOAMOIHOIO,

MEepeXosIIero B BuauMoe usiydenue). Okono 5%-oe oTpaxxeHue Ha Auana3oHe B
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570-600 nHanoMeTpoB (00JACTh KENTOTO IBETA BUAMMOTO W3ITyUCHHs). A TaKxKe
okoio 11,8%-oe orpaxenue Ha auanazoHe B 970-1150 nanomeTpoB (00iacThb
KOPOTKOBOJIHOBOTO  MH(pakpacHoro  usnydenus). OueBHIAHO  TO,  YTO
WHTEHCUBHOCTh HA  YIOMSHYTBHIX JMana3oHaX HEBEJMKa, OJHAKO  JTO
YETBIPEXCIIONHOE TUIEHOYHOE TIOKPBITUE IIPUMEYATENIbHO TEM, YTO IIpHU
YBEJIMYEHUU JIJIMHBI BOJIHBI YHUKaJIbHBIM 00pa3oM (BOJHOOOpA3HO) pacTeT Kak

BBICOTA IMUKOB, TadK U UX BOJIHOBAA IIPOAOJLKHUTCIIBHOCTD.

[Ipoanamm3upyem rpaduk 3aBUCUMOCTH KOX(D(GUIIMEHTA OTPAXEHUS OT
JUTMHBI BOJIHBI C TITapaMeTPaMH BXOJHBIX JaHHBIX, TPUBEIEHHBIX HA PUCYHKE 25.

Ha rpaduke pgaHHOM 3aBUCHUMOCTH OTYETIMBO BHUIHBI JBa [HKa
k03 duUIMeHTa OTpaKEHUSI Ha TaKUX JUIMHAX BOJH, Kak 580—590 HaHOMETPOB U
890-900 wnaHOMETpPOB. DTO 3HAUYUT TO, 4YTO HaOmomaeTcs okojo 71%-oe
OTPaKEHHUE DIIEKTPOMATHUTHOTO M3JIyYEHHUs Ha THANA30HE JIUH BOJIH B 580-590
HAaHOMETPOB (00JACTh KEJITOTO, OPAHKEBOTO IIBETA BUJIMMOTO W3IyYCHHs ), a
TaKxke oKkoJIo 43%-0€e oTpakeHre U3y4YeHUs Ha Juana3oHe JiauH BojaH B 890-900
HaHOMETPOB (00macTh OmmkHEero MH(ppakpacHoro uznydenus). CiaemnyeT OTMETUTh
TO, YTO KOA(DPUIIMEHT OTpaKeHUs Ha APYTUX JUyIMHaX BOIH HU30K (0—18)%, 3Hauut
WHTEHCUBHOCTb OTPAKEHUS U3TYyUYEHUS B 3TUX JHAIa30HaX HeBbIcokas. O4eBUAHO,
YTO 3TO YETHIPEXCIONHOE MIEHOYHOE MOKPHITUE OTIMYAETCA TEM, YTO UMEET JiBa
MMKa BBICOKOTO KO3(dUIIMeHTa oTpakeHUs, OJUH U3 KOTOPBIX BBIIIE, OJJHAKO Ha
MEHBIIUX JJIMHAX BOJIH, a JPyrod HWXKE, HO Ha OONBIIUX JJIMHAX

QJICKTPOMAIHUTHBIX BOJIH.
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3aBUCUMOCTb Ko3huumueHTa oTpa>KeHUA oT ANUHbI BOJTHbI
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BseauTe napameTpel CUCTEMbI:
KonuuecTtso cnoés (MuHumym 1): 4

Cnoin 1:
TonuuHa cnos B MKM: 50
Matepnan (@ — Bosgyx, 1 — MgF2,
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PbF2, Al203, 4 — ZrD2, 5 — ZnS, 6 — CdTe): 1

Cnoid 2:

TonwuHa cnes B8 MKM: 60

MaTepnan (@ — sosgyx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 6
Cnoid 3:

TonuuHa cnos B MkM: 180

MaTtepnan (@ — Bosgyx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1
Cnont 4:

TonuuHa cnos B MKM: 50

MaTepnan (@ — Bosgyx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 4

BeeauTe Konu4ecTBO TOYeK ANA pac4yéTa: 1000

Pucynok 25 — I'paduk 3aBucCUMOCTH k03(ppuiineHTa oTpaskeHust OT JJIMHBI BOJHBI C
napamMeTpaMy BXOTHBIX JaHHBIX

[Ipoananu3zupyeM rpaduk 3aBUCUMOCTH KOA(PPHUIIMEHTA OTpaXeHUs OT

JJIMHBI BOJIHBI C TapaMEeTpaMu BXOAHBIX JaHHbIX, HpI/IBCI[éHHBIX Ha PUCYHKC 26.
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3aBUCUMOCTb KoahpUuNeHTa OTpaXXeHUa OT AJINHbI BOJIHbI
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BBeguTe napaMeTpsl CUCTEMbI:

Konudectso cnoés (muummym 1): 5

Cnoit 1:

TonunHa cnos B MKM: 68

MaTepuan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1

Cnoit 2:

TonwnHa cnos B MKM: 79

MaTepuan (@ — Bosayx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 - Zr02, 5 - ZnS, 6 — CdTe): 4

Cnoit 3:

TonyuHa cnos B MKM: 67

Matepwan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1

Cnoit 4:

TonunHa cnos B MKM: 78

MaTepuan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 5

Cnoit 5:

TonunHa cnos B MKM: 5@

Matepuan (@ - Bosayx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 - Zr02, 5 — ZnS, 6 — CdTe): 1

BeennTe konn4ecTso Todek ANA pac4éTa: 1008

Pucynok 26 — I'paduk 3aBucuMoctr Ko GuImeHTa oTpaxeHus: OT JTMHBI BOJHBI C
nmapaMeTpaMu BXOAHBIX JAHHBIX

OTMmeTHM, YTO KAa4eCTBEHHO TIpaduK MaHHON 3aBUCHMOCTH TIOXOX Ha
npenbiaynmi. Ha rpadguke Tak ke OTYETIMBO BUIHBI JIBa MHUKa KO3(PUIIKEHTA
OTPaXEHUs Ha TAaKMX JJIMHAX BOJIH AJIEKTPOMAarHUTHOTO H3aydeHusd, kak 390—400
HaHoMeTpoB ¥ 900-920 HaHOMETpPOB. DTO O3HAYAET TO, YTO HAOIIONAETCS OKOJIO
60%-0€ OTpa)keHuEe ANEKTPOMArHUTHOTO M3JIy4EHUS HA JUAIla30HE JJIMH BOJH B
390400 wnHanomeTpoB  (0OJMACTh  AJUHHOBOJHOBOTO  YABTPadUOIETOBOrO
U3Ty4YEHUs, Mepexonasdmas B (UOJICTOBBIM LIBET YK€ BUIMMOTO H3JIy4YCHHs), a
TaKke OKOJIO 98%-0€ oTpakeHre U3Ty4YeHUs Ha Juana3oHe JiuH BojaH B 900-920
HaHOMETpPOB (00sacTh ONMKHEr0 MH(PpaKpacHOro u3nydeHus). CieayeT OTMETUTD
TO, YTO KOA(DPUIIMEHT OTpaKeHUs Ha APYTUX JUIMHAX BOJIH HU30K (0—22)%, 3HauuT

HHTCHCUBHOCTDb OTPAXXCHUS NU3JTYUCHUS B OTHX AWAIIA30HAX HCBBICOKAS. O‘{CBI/I)IHO,
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YTO 3TO MATUCIONHOE IJIEHOYHOE MOKPHITUE OTIMYAETCS TEM, UTO UMEET JIBa MUKa
BBICOKOTO KOX((UIIMEHTa OTPaKEHUS, OAMH H3 KOTOPHIX OTpa)xaeT ciadee B
Jana3zoHe JUIMHHOBOJIHOBOIO YABTPa(QHUOIETOBOIO U3IIy4eHUs/(DHOIETOBOTO 1IBETA
BUJIMMOTO W3JIy4YeHHUs, a JPYyrol OTpakaeT CuibHEee B 00JacTH OJIMKHEro
UH(PpaKpPaCHOTO U3ITyUYEHUS.

[Ipoananu3zupyeM rpaduk 3aBUCUMOCTH KOAI(PPUIIMEHTA OTpaKeHUs OT

JJIMHBI BOJIHBI C ITapaMETpaMUu BXOAHBIX JaHHBIX, HpI/IBeI[éHHBIX Ha PUCYHKC 27.

3aBUCUMMOCTL Ko3hdhuuneHTa oTparKeHUa oT ASIMHbI BONHbI
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400 600 800 1000 1200
OnuHa BONHBI, HM

BeeanTe napameTphl CUCTEMbI:
KonuuecteBo cnoée (munmmym 1): 5

Crnon 1:
TonwwHa cnos B Mkm: 38
MaTepuan (@ — sospyx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1

Cnoit 2:
TonwvHa cnos B MKM: 76
Matepuan (@ — sospyx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 4

Cnoid 3:
TonwvHa cnos B MKM: 72
MaTepuan (@ — sospyx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1

Cnon 4:
TonwwHa cnos B MKM: 96
MaTtepuan (@ — sospyx, 1 — MgF2, 2 — PbF2, 3 — Al1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 6

Cnoii 5:
TonwvHa cnos B MKM: 45
MaTepuan (@ — sosayx, 1 — MgF2, 2

PbF2, 3

Al203, 4 — Zr02, 5 — InS, 6 — CdTe): 1
BeeanTe konu4ecTso Todek ANA pacyéTa: 1000

Pucynoxk 27 — I'paduk 3aBucuMOCTH KO3(pPHUIIMEeHTa OTPAKEHUS OT IJTUHBI BOJTHBI C
napaMeTpaMu BXOAHBIX JAHHBIX
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KauectBeHHO rpaduk [aHHOM 3aBHCUMOCTM BHOBb IIOXOXK Ha Mapy
OpeaslIyluX 3aBucuMoctedl. Ha rpaduke Tak ke OTYETIIMBO BHJAHBI J[Ba IHKa
K03(QUIIMEHTa OTpaXeHUsT Ha TAKUX [JIMHAX BOJH AJIEKTPOMAarHUTHOTO
m3inydyenus, kak 400—405 nanomerpoB u 870-880 HaHOMETPOB. ITO O3HAYAET TO,
4yTo HabOmopaeTcss okosno 60%-0e oTpa)keHue >MEKTPOMATHUTHOTO M3IYy4YEHHUs Ha
nuarna3ode juimH BoidH B 400-405 HanoMeTrpoB (001acTh JJIMHHOBOJIHOBOTO
yABTPaUOIETOBOTO U3ITYUCHHUS], TEPEXOAsIas B (PUOIETOBBIN LIBET YK€ BUIUMOTO
W3JIyYEHUs), a Takke OKoJio 59%-0e oTpakeHHe U3TyYeHUs] Ha Juara3oHe JJIMH
BoJH B 870-880 HaHOMeTpoB (00sacTh OMMKHETO MH(PPAKPACHOTO H3ITYUCHHUS).
Crnemyer OTMETHTH TO, YTO KOA((ULIMEHT OTpa)XeHHWsI Ha JPYTruX UIMHAX BOJIH
oueHb HHU30K (0—8)% MO CpaBHEHHIO C TMOITYYEHHBIMH paHee 3aBUCUMOCTSIMH,
3HAQYUT UHTEHCUBHOCTH OTPAXKEHUS U3IIYUYEHHUS B 3TUX JUANA30HAX MOYTH HYJeBas
U BCE M3IY4YECHHUE IIPOXOAMUT CKBO3b MHOTOCIIOWHYIO IUIEHOYHYK CTPYKTYpY.
O4eBUIHO, YTO ATO MATUCIOWHOE MIIEHOYHOE MOKPHITHE OTPAXKAET HA MPUMEPHO
TaKUX K€ JJIMHAX BOJIH, KaK U TIOKPBITHE, 3aBUCUMOCTh KOI(PDUIIMEHTA OTPAKECHUS
KOTOPOTO MPEACTaBlIeHAa HAa pUCYHKE 26. OQHAKO HAHHOE MOKPBHITUE OTIMYAETCS
TE€M, YTO MMEET JIBa OJMHAKOBBIX IO BHICOTE MUKA KOA((UIIMEHTa OTpaKeHHUS,
OJIUH U3 KOTOPBIX MPUHAIJICKUT JIMaNa30Hy 00Jiee KOPOTKUX JIIMH BOJIH, a APYyroi
— OoJiee UTHHHBIX.

[Ipoanam3upyem rpaduk 3aBUCUMOCTH KOX(D(GUIIMEHTa OTPaXKEHUS OT
JUTMHBI BOJIHBI C TApAMETPAMH BXOJHBIX JAHHBIX, TPUBEAEHHBIX HA PUCYHKE 28.

KayecTtBeHHO rpaduk maHHOW 3aBUCHMOCTH OTJIMYAETCS OT paHee
MPENCTABICHHBIX 3aBucMMOcTel. Ha rpaduke oTueTIMBO BHUIHBI JIBa THKa
KO3(QPUIMEHTa OTpaXEHUs1 Ha TAKUX [JIMHAX BOJH 3JIEKTPOMAarHUTHOTO
u3iydeHus, kak 510-520 nanometrpoB u 580-590 HaHOMETPOB. JTO O3HAYAET TO,
yTo HaOmomaeTcss okono 41%-oe oTpaxkeHue 3MEKTPOMArHUTHOTO M3IYy4YEHHUs Ha
Jrara3one JIMH BoJIH B 510-520 HaHOMeTpoB (00J1acTh 3€JIEHOTO 1IBETA BUIUMOTO
U3IIy4YEHUs), a TaKkKe OKoJo 87%-0€ OTpa’keHHE WU3IYUYEHHs] HA JUaIa30HE JJIMH
BoiH B 580-590 HanoMeTpoB (001acTh KENTOTO IBETAa BUAMMOTO H3JIY4YEHUS,

nepexosIias B opamwkeByro). HecMoTpst Ha To, 4To UMEIOTCs Ooiee cliadble MUKH
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K03()(PUIIMEHTOB OTpa’keHUsI HA JAPYTUX [Wana3oHax JIMH BOJH, TpaduK 3TOH

3aBHCUMOCTH 0CO00 OTJIMYaeTCs TEM, 4YTO JBa HauOONBIINX ITHKA HaxoaAaATCs

CPaBHUTEJIBHO PSIOM.

3aBUCHMOCTE KO3MDUUWMEHTa OTRAMEHWA OT ONWHLI BONHBI

0.8

0.6 1

0.4 4

KoahhWLMEHT OTpameHus

0.2

0.0 1

400

BeeguTe na paMeTpbl CACTEMEl:

KonuyecTso cnoés (MUHUMYM

Cnow 1:
TonuuHa cnos B MKM: 55
MaTepunan (@ — Bosgyx, 1

Cnow 2:
TonuuHa cnos B MKkM: 8@
MaTtepuan (@ — sosgyx, 1

Cno# 3:
TonuwHa cnoa B8 MKM: 48
MaTtepuan (8 — sosgyx, 1

Cnoit 4:
TonuwHa cnoAa B MKM: 5@
MaTepuan (@ — Bosgyx, 1

Cnoit 5:
TonuywHa cnoA B MKM: 75
MaTepuan (@ — sospyx, 1

600 BOO 1000 1200
ONHUHA BONHEL, HM
1): 5

MgF2, 2 — PbF2, 3 — Al203, 4 - Zr02, 5 — ZnS, 6 — CdTe): 5

MgF2, 2 — PbF2, 3 - Al203, 4 - Zr02, 5 - ZnS, 6 — CdTe): 3

[}
I

MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZnS, cdTe): 4

MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1

MgF2, 2 — PbF2, 3 — A1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 5

BeeguTe KONWMYECTBO ToYeK ANA pac4éTta: 1080

Pucynoxk 28 — I'paduk 3aBucHMOCTH KOd(DPHUITMEHTA OTPAXKEHUS OT JIJTUHBI BOJTHBI C

napaMeTpaMu BXOAHBIX JAHHBIX

2.3 AHAJIN3 MICTUHHOCTH I'MIOTE3bI

B mpouecce

MOZACIIMPOBaAHUA Pa3INYHbIX IIEHOYHBIX HOKpLITHﬁ,

oOnamaronx COOCTBEHHBIMH YHUKAJIBHBIMU TapaMeTpamu, ObUla BBIJBUHYTA

THUIIOTE3a O TOM, 4YTO IIPpHU YBCINYCHUHN TOJIIWHBI CJIOEB IJICHOYHBIX HOKpBITI/Iﬁ Ha

39



OJIHY ONPENEIEHHYIO BEIWYMHY IPU NPOYMX HEU3MEHHBIX IapaMeTpax KpuBas
rpaduka cMemaeTcst BIPaBo MO OCH JIMH BOJIH JIEKTPOMArHUTHOTO U3ITy4EHUs OT
Hayayia KoopauHar. [Ipy yMeHbIIEHUU TOJIIUHBI CJIOEB IIJICHOUYHBIX ITOKPBITUN Ha
OJIHY ONpeNelEHHYI0 BETUYMHY KpUBas rpaduka cMemaercss BIEBO MO OCH JUIUH
BOJIH 3JIEKTPOMAarHUTHOIO U3JIy4YEHMs OT Hayajaa KOOpAUHAT.

PaccMoTpum omnucaHHOe sBJIEHHME Ha NPUMEpPE IUIEHOYHOW CTPYKTYPBI,
3aBUCUMOCTb KOTOPOM MPEICTABIEHA HA PUCYHKE 22.

VYBeAM4MB TONMMIMHY KaXa0ro ciost Ha 10 MUKpoMeTpoB (CM. pUCYHOK 29),
3aMETHM, YTO IpapvK CMEIIaeTcsl BIPaBO 1O OCH JUIMH BOJH 3JEKTPOMArHUTHOTO

U3ITy4EHHsI OT Hayasa koopauHat Ha 50—-60 HaHOMETpPOB.

33BUCHUMOCTE KDEq]ﬂJHuHEHTE OTpa¥eHWna OT ANWHE BONHBI

o o o
£ on L]

Kos@pUUHEHT OTPaXeHna

o
(Y]

0.0

400 600 800 1000 1200
OnuHa BONHB, HM

BeeguTe napameTpsl CHCTEMSI:
KonudecTea cnoés (mMuHmmys 1): 4

Cnon 1:
TonyuHa cnoA B mEM: 56
MaTepwan (@ — soznyx, 1 — MgF2, 2 — PbF2, 3

Al203, 4 — ZrQ2, 5 — In5, 6 — CdTe): 1

Cnon 2:
TonwwHa cnoA B MKM: BB
MaTepwan (® - sosgyx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — Zn5, & — CdTe): 3

Cnon 3:
TonyMHa cnoAa B MkM:  BS
MaTepwan (@ — sosgyx, 1 — MgF2, 2 = PbF2, 3 = Al203, 4 = Zr02, 5 = ZnS, 6 = CdTe): 1

Cnoi 4:
TonyuHa cnoA B MEM: 66
Matepwan (@ — sozgyx, 1 — MgF2, 2 — PbF2, 3

A1203, 4 — Zr02, 5 — ZIn5, 6 — CdTe): 4

BeeguTe KOAWYECTED TOYEK QNA pacdéTa: 1882

Pucynoxk 29 — I'paduk 3aBucuMOCTH KOd(DPHUITMEHTA OTPAXKEHUS OT JIJTUHBI BOJTHBI C
napaMeTpaMu BXOAHBIX JAHHBIX
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VYBenuuuB TONIMHY Kaxkaoro cios Ha 30 MukpoMeTrpoB (cM. pucyHok 30),
3aMEeTHM, 4TO rpaduK CMEIMIAETCs BIPABO MO OCH JJIMH BOJH JIEKTPOMArHUTHOTO

M3JIy4YeHUs OT Hayaja koopauHaT Ha 320—-330 HaHOMETPOB.

JaBucHMocTe KoadhduuneHTa oTpaXeHWa oT ONWHB BOMNHI

1.0 4

2 2 2
S o™ ]
L L L

Ko3@@duuuenT aTpaxeHns

=
(5]
L

0.0

400 600 BOO 1000 1200
LnuHa BONHLI, HM

BseguTe napameTpsl CUCTEMbI:

KonuvecTso cnoée (mMuHumym 1): 4

Cnoit 1:
TonwuHa cnoa B MKM: 76
MaTepuan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — A1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1

Cnoi 2:
TonuwuHa cnoa B MKM: 88
MaTepuan (@ — sosgyx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZInS, 6 — CdTe): 3

Cnoit 3:

TonwuHa cnosa B MKM: 105

MaTepuan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZInS, 6 — CdTe): 1
Cnoit 4:

TonuwuHa cnoa B MKM: 86

MaTepuan (@ — sosayx, 1 — MgF2, 2 — PbF2, 3 — A1203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 4

BeeguTe KonnMyecTBo ToYek AnA pacyeéTa: 1600

Pucynoxk 30 — I'paduk 3aBuCHMOCTH KO PHUITMEHTA OTPAXKEHUS OT JIJTUHBI BOJTHBI C
napaMeTpaMu BXOAHBIX JAHHBIX
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YMEHBIINB TOJUIMHY KaKJI0ro cjios Ha 10 MUKpoMeTpoB (cM. pUCyHOK 31),
3aMETHUM, YTO TpauK CMELIAETCs BJIEBO MO OCH JJIMH BOJIH 3JEKTPOMArHUTHOTO

M3JIy4eHUs OT Hayasa koopauHat Ha 90—100 HaHOMETpOB.

ZHRRCAMO T HORES e HTE OTEASRHAA OT MR RO Hb
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FIrHA AN,

BEEQMTE NapaMeTpsl CHCTEM
Konuwdecteo cnogs (mMummmys 1): 4

Cnoi 1:
TonywHa choR B MEM: 36

MaTepuan (8 — sosgyx, 1 — MgF2, 2 = PbF2, 3 = Al203, 4 = Zr02, 5 = InS

, B — CdTe): 1

Cnon 2
TonyuHa chros B MEM: 48
MaTepwan (@ — sosgyx, 1 — MgF2,

[
|
|
=
|
|

PuF2, 3 = Al203, Zr02, 5 = InS, & = CdTe): 3
Chon 3:
TonuuHa cnoA B MEM: 65

MaTepwan (@ — sosgyx, 1 — MgF2,

LX)
|

PbF2, 3 — Al203, 4 — Zr02, 5 — In5, 6 — CdTe): 1
Cnol &

TonuuHa choA B MEM: 46

MaTepwan (8 — esosgyx, 1 — MgF2, 2

PbF2, 3 — Al203, 4

Zrd2, 5 - InS, 6 — CdTe): 4

EeeguTe KonWdYecTBo TOYEK ANA pac4eTa: 1888

Pucynoxk 31 — I'paduk 3aBucHMOCTH KO(DPHUITMEHTA OTPAXKEHUS OT JIJTUHBI BOJTHBI C
napaMeTpaMu BXOTHBIX JaHHBIX
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YMEHBIINB TOJUIMHY KaKJI0TO cjios Ha 30 MUKpPOMETPOB (CM. PUCYHOK 32),
3aMETHUM, YTO TpauK CMELIAETCs BJIEBO MO OCH JJIMH BOJIH 3JEKTPOMArHUTHOTO

M3JIy4eHUs OT Hayaja koopauHaT Ha 320—-330 HaHOMETPOB.

3aBUCMMOCTL KO3®PUUMEHTa OTpaeHWA oT OANWHbI BONHbI

0.7 1

0.6 1

0.5 -

0.4 1

0.3 4

0.2 1

Ko3thdUuMeHT oTpaxkeHna

0.1 1

0.0 4

T T T ' '
400 600 800 1000 1200
[nuHa BONHBI, HM

BeeauTe napamMeTpsl CHCTEMSI:
KonwyecTeo cnoés (MuHWMyM 1): 4

Cnoi 1:
TonuuHa cnos B Mkm: 16
MaTepuan (@ — eo3pyx, 1 — MgF2, 2 — PbF2, 3 - Al203, 4 — ZrD2, 5 — InS, 6 — CdTe): 1

Cnoi 2:
TonwwHa cnoa B Mkm: 28
MaTepuwan (@ - sosgyx, 1 — MgF2, 2

(]
I

PbF2, 3 - Al203, 4 - ZIr02, Zns, &6 — CdTe): 3
Cnoi 3:
TonuuHa choa 8 MKM: 45

MaTepuan (8 — sozgyx, 1 — MgF2, 2 — PbF2, 3 - Al203, 4 - Zr02, 5

Zns, 6 — CdTe): 1

Cnon 4:
TonuuHa cnoA B MKM: 26
MaTepuan (@ — sosgyx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZInS, 6 — CdTe): 4

BeeauTe KoAUYecTBO Touek ANA pacqéTa: 1080

Pucynok 32 — I'paduk 3aBucUMOCTH k03(ppuiinenTa oTpaskeHust OT JJIMHBI BOJIHBI C
napameTpaMy BXOTHBIX JaHHBIX

['mnoTte3a moka YTO HAIISIHO MOATBEPXKACHA, OJJHAKO CTOUT MOMPoOOBaTh €€
UCTHUHHOCTD, B3SIB JIPYTYIO 3aBUCUMOCTD, TO €CTh I'paduK i APYroro mi¢HOYHOTO
nokpeiTus. McnonsdyeM rpaguk 3aBUCUMOCTH KOd((UIIMEHTAa OTpaXeHHs OT

JJIMHBI BOJIHBI C ITapaMCeTpaMu BXOAHBIX JAHHBIX, HpHBeI[éHHBIX Ha PUCYHKC 25.
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YMEHBIIUB TOJIIMHY Ka)KJI0r0o cj1ogd Ha 20 MUKPOMETPOB (CM. pUCYHOK 33),
3aMETUM, 4TO TpauK HM3MEHSET CBOIO CTPYKTYpy KapAHMHAIBHO, a HE IMPOCTO
CMeINIaeTcs B JIEByIO CTOpoHy. Torma nemaeM BBIBOA O TOM, YTO BBIABHUHYTas
TUTIOTE3a OIKCHIBAET JIMIIh YACTHBIM Clydyald TIOBEACHHS MHOTOCIOWHOTO

IJIEHOYHOTO IMOKPBITHUS, 3HAYNUT I'MIIOTC3a HC MOXKCET CUUTATLCSA HO,ZITBCp)KI[éHHOfI.

3aBUCUMOCTh KoathduuneHTa oTpaKeHna oT ANVWHbI BONHBLI

1.0 1

0.8 1

0.6 1

0.4 4

Ko3hpMUHEHT oTpaXeHns
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0.0 1

400 600 800 1000 1200
[OnuHa BONHBI, HM

BeeduTe napameTpsl CHCTEME !
Konwqecteo cnoée (MuHumym 1): 4

Cnoi 1:
TonwKHa cnoAa B MEM: 38

MaTepwan (@ — so3pyx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — Zr02, 5 — ZnS, 6 — CdTe): 1
Cnon 2:

TonuwHa cnoA B MEM: 48

MaTepuan (8 = Bozgyx, 1 = MgF2, 2 = PbF2, 3 = Al203, 4 = IrD2, 5 = Zn5, 6 = CdTe): &
Cnon 3:

TonuuHa cnoA B MEM: 168

MaTepuwan (@ — so3pyx, 1 — MgF2, 2 — PbF2, 3 — A1203, 4 — ZrD2, 5 — ZnS, 6 — CdTe): 1
Cnoi 4:

TonywHa cnoA B MEM: 38

MaTepuan (® — so3gyx, 1 — MgF2, 2 — PbF2, 3 — Al203, 4 — ZIrD2, 5 — ZnS, 6 — CdTe): 4

BeeguTe kKonMyecTBo Touvek ANA pacyéTa: leee

Pucynok 33 — I'paduk 3aBucuMOCTH k03(ppuiinenTa oTpaskeHust OT JJIMHBI BOJHBI C
napaMeTpaMH BXO/IHBIX IaHHBIX
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3AK/IIOYEHUE

B mporecce BBITIONIHEHHS HAyYHO-HCCIIEIOBATEIHCKOH pabOThl  OBLIN
JOCTUTHYTBl BC€ 3aJauu HUcclieoBaHus. M3ydeHbl pa3auyHble HCTOYHUKH
uHpoOpMaIu Ha TEMy ONTUYECKUX SIBJICHUU M POJIM MHOTOCJIOMHBIX IJICHOYHBIX
IIOKPBITUM B ONTHUKE B HACTOSIIEE BPEMsI U HECKOJIBKO ITOKOJICHUM Haszand. Takxke
ObUTM UW3Y4YEHbl HAay4yHbIE TPYJIbl O Pa3IWYHBIX OINTUYECKUX CBOMCTBAX
XUMHUUYECKUX BEIIECTB, IIMPOKO HCMOJB3YEeMbIX B KaueCTBE MaTepUaNIOB IS
CO37aHMsl TOHYANIIMX TUIEHOYHBIX CTPYKTyp. bbula m3ydyeHa uHTepdepeHIms
AJIEKTPOMArHUTHBIX BOJIH, ()U3WMKA OTpPa)X€HUsI U TIPEJIOMIICHUS CBETa Kak B
OJTHOCJIOWHBIX, TaK W MHOTOCJOWHBIX TIUIEHOYHBIX TOKPHITUSAX. Takxke ObUIH
PACKpPBITHl TMOHSTHUS KOT€PEHTHBIX BOJIH, pa3HoCTH (a3 u ¢a3oBOro ciaBura, a
TaKK€ ONTHUYECKOW JJIMHBI IyTH CBETa B BEIIECTBE, MOJAPU3ALMU BOJH H
3aBUCHUMOCTH  SHEPre€TUYECKOr0 IOKa3aTeliss MpeJoOMJIEHUs BeIllecTBa  OT
aMIIuTyaHoro. MccneqoBaHbl TPYJbl M OMBITHI TaKMX BEIMKUX YYEHBIX, Kak
Tomac IOur, Xpuctuan ['toiirenc u Oriocten Xan @Dpenens. [loapoOHBIM
oOpa3zoMm Obu u3yudeHbl hopmyisl OriocteHa XKana dpeHenst 0 MPEIOMIICHUU U
OTpaXXCHUU CBeTa B BellecTBe. Ha ocHOBe HalijeHHOW wuHMOpManuu Oblia
HaIMcaHa MporpaMMa Ha si3bIke nporpammupoBanusi Python, koropast monenupyer
CTPYKTYPY MHOTOCJIOMHBIX TJIEHOYHBIX MOKPBITUH U OMPEACISIET UX ONTHYECKUE
BO3MOYXHOCTH 51 CBOMCTBA. [Iporpamma ObLIa [IPOTECTUPOBAHA,
MPOAHAM3UPOBAHbl  TpauKKM  3aBUCUMOCTH  KoOd(uImeHta  OTpaKeHUs
pa3pabOTaHHBIX IUIEHOYHBIX TOKPBITUH OT JJIMHBI BOJHBI B HaHOMETpax.
['umore3a, KoTopas ObLJIa BRIIBUHYTAa HA OCHOBAaHUU TOTO, YTO, U3MEHSS TOJIIIHHY
CI0€B, MOXXHO W3MEHATH OTpaKaeMbIi Juana3oH 0e3 U3MEHEHHS BHJA
3aBUCHMOCTH, OKa3aJlaCb HMCTUHHOM JMIIb JUI YacTHOTO Ciy4as IIOBEACHUS
Kod(hpuIeHTa OTpakeHHs TUIEHOYHOTO MOKPHITHS U OblIa OMPOBEPTHYTA.

[lens HayyHO-UCCIEAOBATEIbCKOM pabOThl OblIa JIOCTUTHYTA, OBLIN
pa3paboTaHbl IUIEHOYHBIE TOKPBITUSA, COCTOSIINE W3 Pa3IMYHBIX MaTepUajoB,

TOJIIIIMH ¥ KOMOWHAIMN CIOEB NJIi OTPAXEHUSI BOJIH OMpPENETEHHOTO Jhara3oHa
45



SJICKTPOMArHUTHOTO H3JIy4YCHUA C

IPOrpaMMUPOBAHMS

MIOMOILBIO  TPOIPaMMBbI

napaMeTpaMH M OTpakaeMou ClIOCOOHOCTHIO MPUBEICHBI B TaOIHUIIE 2.

Tabnuna 2 — XapakTepuCTUKH TUIEHOYHBIX MOKPBITUI

SA3BIKC

Python. Pa3paGoranHbie MIEHOYHBIE TMOKPHITUA C UX
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IMpunoxenune

Cnucoxk aurtepatypsl [lpuiioxenune

IHpuioxenue

import math

# Ummopt Moynst math,

# KOTOpBIN MpeAoCTaBIsAeT PYHKINUU AJIT MATEMAaTHICCKUX BHITHCICHUH.
import matplotlib.pyplot as plt

# Nmmnopt 6ubmuotexu matplotlib mist moctpoenus rpadukoB.

class Wave:
# Knacc Wave onuchIBaeT MOBEACHUE BOJIHBI, €€ MapaMeTphl, JTBUKEHUE U

OTPaXK€HUE B MHOTOCJIIOMHOM Cpele.

wavelength: float # J[nHa BosHBI

ampl: float # AMIuIMTYy/1a BOJTHBI

phase: float # ®a3a BoHBI

surface: int # Homep Tekyuiero ciost (OBEpPXHOCTH), TJ€ HAXOAUTCS
BOJIHA

surface_max: int # Homep mocienHero ciosi, 10 KOTOPOro BOJIHA MOXET
JOUTH (MCKITIOUYask BO3AYX U MOJJIOKKY)

direction: int # Hanpasnenue BomHbI: | - BHU3 (B CTOPOHY MOJIOKKH), -1
- BBEPX (B CTOPOHY BO3/1yXa)

out: int # Craryc BomHbl: 0 - BHYTpPH CTPYKTYphI, | - BOJIHA BHIILIA

HapyKy
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def  init (self, wavelength=632, ampl=1, phase=0, surface=0,

surface_max=1, direction=1, out=0):

# KoHcTpykTop JUIsi HWHHWIMATU3alldd  BOJNHBI C  3aJaHHBIMHU
napamMeTpamH.

self.wavelength = wavelength # YcranaBiauBaem 1JIMHY BOJHBI.

self.ampl = ampl # YcranapnuBaeM aMIITUTYy BOJIHBI.

self.phase = phase # YcranapnuBaem a3y BOJHBI.

self.surface = surface # YcranarnuBaeM HOMEp TEKYIIETO CIOS.

self.surface_max = surface_max # YcranaBnuBaeM HOMEp IMOCJIETHETO
CJIO0S1.

self.direction = direction # YcTanaBnuBaeM HarpaBieHHUE JABUKCHUS
BOJIHBI.

self.out = out # YcranaBnuBaeMm cTaTyc BOJIHBI (BHYTPHU WUJIM CHAPYKH).

def run(self, layers, refr _index):
# Meton as mepeMeleH!s] BOJHBI BHYTPU CJIOEB ¢ y4eToM (pa3oBOro
CIBHIA, BBI3BAHHOTO MEPEXOAOM UepPE3 KaXkKIbIN CIIOM.
if self.direction == 1:
# Ecnu BoJHA IBMXKETCSI BHU3 (B CTOPOHY MOJJIOKKH), TO BHIYUCIISIEM
(bha30BbIi CABUT, UCIIONIB3YS TTOKA3aTEIh MPEITOMIICHUS CIIOS.
self.phase += 2. * math.pi * refr index[self.surface + 1] *
layers[self.surface + 1].d / self.wavelength
else: # direction == -
# Ecnum BoiHA NBYOKETCS BBEPX (B CTOPOHY BO3IyXa), TO BBIYUCISIEM
(ha30BbIi CABUT MO aHAJIOTHUHU.
self.phase += 2. * math.pi * refr index[self.surface] *
layers[self.surface].d / self.wavelength
self.surface += self.direction # Ilepemeriaem BOJIHY Ha CIEIYIOITUI
CJIOM (U Ha3aj, €CJIM BOJIHA UJIET BBEPX).

return 0
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def reflect(self, layers):
# MeTton A 00pabOTKH OTpaXEHHS BOJIHBI OT TIOBEPXHOCTH CIIOS WIIH
TIOJITIOMKKH.
if self.direction == 1:
# Ecnu BonHa ABMXKETCS BHU3 (K CIEAYIOIIEMY CJIOIO), MOIy4aeMm
MOKa3aTes N MPEJIOMIICHUS JIBYX CJIOCB.
nl = layers[self.surface].n(self.wavelength)
n2 = layers[self.surface + 1].n(self.wavelength)
else: # direction == -
# Ecnu BoiHA ABMXKETCS BBEpX (K MPEABIAYIIEMY CIIOH0), TOIydacM
MOKa3aTes N MPeIOMJICHUS OOPaTHBIX CIIOEB.
nl = layers[self.surface + 1].n(self.wavelength)

n2 = layers[self.surface].n(self.wavelength)

if (self.surface == self.surface max) and (self.direction == 1):
# Eciu BoJHA Jonuia 10 MOCIAEAHEro cosl (MOJIOKKH) U JIBUKETCS
BHU3, IPOUCXOUT OTPAKEHUE OT MOJIOKKH.
self.ampl *= abs(nl - n2) / (nl + n2) # M3MeHeHne aMILTUTYbI U3-3a
OTpaXECHHUSI.
ifn2 >nl:
self.phase += math.pi # ®a30BbIii CHBUI, €CIU BTOPOH CIIOK
IJIOTHEE NIEPBOTO.
self.direction *= -1 # HanpapneHnue MeHsieTCsl HAa IPOTUBOIIOJIMKHOE
(BOJIHA WJIET BBEPX).
elif (self.surface == 0) and (self.direction == 1):
# Ecnu BoJIHA B BO3JyXE M JIBHXKETCSI BHU3, IPOUCXOIUT OTPAKEHUE
OT ITOBEPXHOCTHU MIEPBOTO CIIOS.
selfampl *= 2. * nl / (nl + n2) # l3MeHeHUe aMIUIUTYAbI

IIPOIYIIEHHOW BHYTPb BOJIHBI.
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return Wave(self.wavelength, self.ampl * abs(nl - n2) / (nl + n2),
self.phase + math.pi, self.surface, self.surface max, -self.direction, 1)
elif (self.surface == 0) and (self.direction == -1):
# Ecnu BoiHA B BO3AYXE W JBHXKETCS BBEPX (MOKUIAET CUCTEMY),
OHA BBIXOJIUT HAPYKY.
selfampl *= 2. * nl / (nl + n2) # M3MeHeHue aMIUIUTYIbI
BBITTYIIICHHON HapY>Ky BOJIHBI.
self.out =1 # BonHa BbIXOZUT HapyxKy.
return Wave(self.wavelength, self.ampl * abs(nl - n2) / (nl + n2),
self.phase, self.surface, self.surface max, -self.direction, 0)
else:
# OTpakeHue BHYTPU CTPYKTYpbI (HE Ha TPaHULIE C BO3IYXOM).
self.ampl *=2. * nl / (nl + n2) # V3mMeHeHue aMILTUTY/IbI.
if ((self.direction == 1) and (n2 > nl)) or ((self.direction == -1) and
(nl >n2)):
# Ecmm mnpoucxogut Tmepexox B Oonee IUIOTHYIO —Cpeny,
nobaBinseTcst pa30BbIil CIBUT.
return Wave(self.wavelength, self.ampl*abs(nl - n2)/(nl + n2),
self.phase + math.pi, self.surface, self.surface max, -self.direction, 0)
else:
return Wave(self.wavelength, self.ampl * abs(nl - n2) / (nl + n2),

self.phase, self.surface, self.surface max, -self.direction, 0)

class Layer:

# Knacc "Layer" onucbIBaeT CBOMCTBA CJI0EB B MHOTOCJIOMHOM CTPYKTYpE.

d: float # Tommumua cios

material: int # Tun marepuana cnost (0 - Bo3ayx, 1 - MgF2, 2 - PbF2, u

T.JI.)
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def init  (self, d=100, material=1):
# KoHCTpyKTOp 1711 MHULMAIUA3ALUUA CJIOSl C 3aJaHHOW TOJIIUHON U
MaTepuajIoM.
self.d =d # YcranaBnuBaeM TOJIIHUHY CIIOSL.

self.material = material # YcranaBnuBaeM Marepua cjos.

def n(self, x): # MeTon aJis BBIYMCICHUS TTOKA3aTENsl IPEIOMIICHUS IS
JAHHOM JITTMHBI BOJTHBI X.
if self.material == 0: # Bo3myx
return 1
elif self.material == 1: # MgF2
return (1 + 0.27620 + 0.60967 / (1 - (0.08636 / x) ** 2) + 0.0080 / (1
- (18.0/x) **2)+2.14973 / (1 - (25.0 / x) ** 2)) ** 0.5
elif self.material == 2: # PbF2
return (1 +0.66959342 / (1 - (0.00034911 / x) ** 2) + 1.3086319 / (1
- (0.17144455 / x) ** 2) + 0.01670641 / (1 - (0.28125513 / x) ** 2) + 2007.8865 /
(1-(796.67469 / x) ** 2)) ** 0.5
elif self.material == 3: # Al1203
return (1 + 1.023798 / (1 - (0.06144821 / x) ** 2) + 1.058264 / (1 -
(0.1106997 / x) ** 2) + 5.280792 / (1 - (17.92656 / x) ** 2)) ** (.5
elif self. material == 4: # ZrO2
return (1 + 1.347091 / (1 - (0.062543 / x) ** 2) + 2.117788 / (1 -
(0.166739 / x) ** 2) +9.452943 / (1 - (24.320570 / x) ** 2)) ** 0.5
elif self.material == 5: # ZnS
return (8.393 + 0.14383 / (x ** 2 - 0.2421 ** 2) + 4430.99 / (x ** 2 -
36.71 ** 2)) ** (.5
elif self.material == 6: # CdTe
return (1 +4.68 + 1.53 /(1 -0.366/ x ** 2)) ** (.5
elif self.material == 7: # Si02 (nmogyoxka-cyoctpar)
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return (1 +0.6961663 / (1 - (0.0684043 / x) ** 2) + 0.4079426 / (1 -
(0.1162414 / x) ** 2) +0.8974794 / (1 - (9.896161 / x) ** 2)) ** (.5
else:
return 0
# [pyrue marepuanbl aHAIOTMYHO (A1 Ka)XJIOTO Marepuala

cBOM (OPMYJIBI JIJIsl BEIYKMCIIEHUA N(X))

def count available waves(waves, min_ampl):
# OyHKIUS U1 TOACYETa BOJH, KOTOPHIE BHYTPU U HUMEIOT aMIUTHTYILY
00JIBIIIe MUHHMAIbHOM.
count =0
for wave in waves:
if (wave.out == 0) and (wave.ampl > min_ampl):
count += 1

return count

def sum_refr signal(waves):
# DYHKIUS IS CYMMHPOBAHUS CUTHAJIOB OT BCEX BOJIH, KOTOPBIC BBIILIN U3
CUCTEMBI.
signal =0
for wave in waves:
if wave.out == 1:
signal += wave.ampl * math.sin(wave.phase)

return signal

# BBoa mapaMeTpoB
print("BBenurte napameTpsl cUCTEMBIL:")
num_layers = int(input("KomuuectBo cioés (Muaumym 1): "))

layers = [Layer(100, 0)] # Bozayx
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for 1 in range(1, num_layers + 1):
print(f"\nCroit {i}:")
d = float(input(" Tonrna cjiost B MKM: "))

material = int(input("Marepuan (0 — Bo3nyx, 1 — MgF2, 2 — PbF2, 3

— AI203,4 — Zr02, 5 — ZnS, 6 — CdTe): "))

"))

BOJIH

layers.append(Layer(d, material))

layers.append(Layer(100, 7)) # Ilognoxka Si02

surface_max = len(layers) - 2

min_ampl = le-4

# BBojg nuama3zoHa JUIMH BOJIH

num_wavelengths = int(input("\nBBeaure konnuecTBo TOYEK AJiA pacuéra:

# BBOJ 4Kciia IJIMH BOJIH, KOTOPBIE OyIyT CUMYJIHMPOBATHCS.

wavelengths = [300 + 1 for 1 in range(num_wavelengths)]| # Jluana3on nmux

# ot 300 M

signals =[] # CricoK Ji71s1 XpaHEHUS CUTHAJIOB JIJISl KXKJOU JIJTMHBI BOJTHBI.

# OCHOBHOM pacy€T
for wavelength in wavelengths:

# JInst KaX 0¥ JJIMHBI BOJIHBI PACCUMTHIBAEM €€ MPEJIOMIIAIONINE TTOKa3aTen

Y CUMYJIUPYEM PaCIpPOCTPAHEHUE BOJIH.

refr index = [] # Cnucok aJisi BBIYMCIICHUS MMOKa3aTeaed MpeaoMIICHUS

JUUTSI BCEX CJIOEB.

for layer in layers:

refr index.append(layer.n(wavelength))
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waves =  [Wave(wavelength, ampl=1, phase=0, surface=0,
surface_ max=surface max, direction=1, out=0)]
# Maunmanu3ays HadaJIbHOW BOJIHEL.

num_available waves = count_available waves(waves, min_ampl)

# Iloka ecThb BOJHBI C JOCTAaTOYHOW AaMIUIMTYIOW, BBIMOJIHSIEM HX
00paboTKy.
while num_available waves > 0:
# OTpakeHHE U IPOXOXKJICHUE
for 1 in range(len(waves)):
if (waves[i].out == 0) and (waves[i].ampl > min_ampl):
wave new = waves|[i].reflect(layers) # O6paboTka oTpakeHUs 115
Ka’KJOM BOJIHBI.
if wave new is not None:
waves.append(wave new) # JloOaBieHne HOBOW BOJHBI B
CITHCOK.
# PacnipocTpaneHue
for wave in waves:
if (wave.out == 0) and (wave.ampl > min_ampl):
wave.run(layers, refr_index) # [lepemerniieHue BOJIHBI MO CIIOSM.

num_available waves = count available waves(waves, min_ampl)

signals.append(sum_refr signal(waves))
# CyMMHpOBAHHE BCEX CHTHAJIOB, KOTOPBIC BBIIUIA M3 CUCTEMBI JIJIS

TEKYIIEH JJIMHBI BOJIHBI.

refr_coef = [x ** 2 for x in signals] # Koadduuuent orpaxxkenus 3nech -
KBaJIpaT aMILUIUTYIHOTO

# ko dulrieHTa OTPAKECHHUS.
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# IlocTpoenue rpadurka 3aBUCUMOCTH KO3(h(PHULIMEHTa OTPaKEHHUS OT JJTUHBI
BOJIHBI.

plt.figure(figsize=(10, 5))

plt.plot(wavelengths, refr coef)

plt.xlabel('{nmuna BonHbl, HM') # [loanuce ocu X.

plt.ylabel('Koadpunment orpakenus') # [logmuce ocu Y.

plt.title("3aBucuMocTs K03 uleHTa OTpasKEHUs OT AJIMHBI BOJIHBI')

plt.grid()

plt.show() # OToGpakenue rpaduka.
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