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1. BBenenue
Lenbto manHO¥M pabOTHI SABISETCS HMCCIEAOBaHUE rosorpapudeckoro Gopmu-
POBaHUS OJHOMEPHBIX (POTOHHBIX CTPYKTYP B (POTOMONMMEPHBIX MaTepHagax MeTo-

JIOM JIBYXITYYKOBOH 3aITHCH.

2. OcHOBHbBIE TeopeTHYECKUE CBedeHU s

[IycTh 1B€ KOr€peHTHbIE MOHOXPOMATHYECKUE CBETOBBIE BOJHBI C aMILIUTY-
namu Eq(r), Ei(r) u BoHOBEIME BekTopamu Ko'(r) u K;'(r) Ha rpanmie pasmena cpen
pacmpocTpaHsitoTes noj yriiamu 0p u 0; BHYTPU IUIOCKOTO CJIOS IMOTJIOINIAIOIIETO
®IDKKM (0<y<d). Taxxe Oyaem cuutaTh, uTo Ko u K;' nmexar B miockoctu XY.
[TpocTpaHcTBEHHAs TEOMETPHUS MTPOLIecca 3aUCH MpeAcTaBieHa Ha puc.2.1.

3ammucey AP B ®IDKKM npoBoAUTCA ¢ MOMOIIBIO JIa3€pOB, YTO MO3BOJISIET B
TEOPETUYECKOM PACCMOTPEHUU OTPAHUYUTHCSI MOHOXPOMATHYECKHM IIOJIEM B T€O-
METPO-ONTHYECKOM MpuOIMkeHnu. Torna ontuyeckoe nojie BHyTpu PIIM tommu-

Hoti d (puc.2.1) 3anuiiem B BHJIE:

Et,r)=Ye, -E )-ep[-a®)(N, r)lepli-(0-t-o,(r)]+e, (2.1)

j=01

r7e € -BekTop nossipusanuu, o(t) — koapduiuent ontudeckoro nornomenus GIIM
C Y4E€TOM €ro (pOTOMHAYUUPOBAHHOTO U3MEHEHUS, I — paANyC-BEKTOpP, LEHTPATbHbBIN
BostHOBOM BekTop K'j=kN;,=-grad(ep;(r)), k=n; o/c —BonnoBoe unciao u N;— BoiaHOBas
HOpMaJib, Nj — IOKa3aTelb IPEIOMIICHHS.

[Tox BozueiictBueM cBeroBoro usnydeHus B OIDKKM B pesynbprare mponec-
COB paJMKalbHOU (oTononumepusanui U Juddy3un IpoucxoiT JOKaJIbHbIe H3Me-
HEHUS IMOKa3aTessl MPEeJIOMIICHHUS, YTO NPUBOJUT K (HOpMUPOBaHMIO (Ha30BOM TroJio-

rpauuecKoil peneTKu.

Pucynok 2.1 - TlpocTpancTBeHHasi T€OMETPUS TIPO-

necca 3almncu
El np

PaccmoTtpum Gosiee moapoOHO Tpoliecc pa-

y JTUKATBHON (DOTOMOIMMEPHU3ALMKH TIPUBOIAIIIN K




dbopmupoBanuio pemetkn B DIDKKM.

DOTOXMMUYECKUE PEAKIUH, MTPOTEKAIOIIUE B MPOIECCe paguKaIbHOU (POTO-
MOJIMMEPU3ALINY, NPUBOAAT K JIOKAJIbHBIM M3MEHEHUSM IMOKa3aTeNlsl MPEIOMIICHHUS
cpensl N(rt). B ympomeHHOM BHJIe cXeMa paJuKaibHON nomumepusanuu B OIIM ¢
KpacHUTEIeM-CCHCUOMITN3aTOPOM BKJIFOYACT B €051 HECKOJIbKO ATaroB [1].

Ha nepBoM stamne monekyna kpacutens K morjomiaer KBaHT CBETOBOTO M3JTy-
gyeHus (Nw) 1 B3auMOJICHCTBYET B BO30YKIACHHOM COCTOSTHHUH K ¢ VHHUIMATOPOM

K+hao—K', K'+In K +In’

¢ 06pa3oBaHMEM PaMKaia KPACUTeNIs U MEePBHYHOTO pajukana nuauiuaropa In”. Pa-
JIMKaJl KpacuTelsl B JAJIBHEHIINX PEaKUUIX HE YYacCTBYET, B CBSI3U C paccpelIoTaudu-
BaHHEM PaJMKAJIBHOIO LIEHTPA MO BCEW MOJIEKYJIE U MOTEPEe aKTUBHOCTH U MEPEXO-
JUT B MPO3pavyHyIo JieKko-popMy. Pagukan nHULMaTopa B3aMMOJIEHCTBYET C MOJe-
Kyloii MoHOMepa M, uTo mpuBOAUT K 0OpasoBaHuio Hooro paaukana (No*), cocto-
AIIEr0 U3 UHUIMATOpa U MOHOMEpPA, MPUYEM PAJUKAIbHBIN LEHTP NMepEMENIAeTCs Ha
MOHOMEpP

K+M—No".
HoBpii1 pagukan B CBOKO 04Yepeb B3aUMOJICUCTBYET C APYTrOM MOJIEKYJIOM MOHOMEPA,
MIPUCOEIUHSAS €€, 00ycIaBIuBas MPOIECC POCTa MOJUMEPHON LENu, CKOPOCTh KOTO-
pOro xapakTepu3yeTcs napaMeTpoM pocTa uenu Kg

NS +m— N, I=0,1,....

3aryxaHue peakuuu MOJIMMEpPHU3alMU MPOUCXOIUT, BO-TIEPBBIX, 38 CYET pe-
KOMOHWHAIIMK PAJUKAIOB OOYCJIOBJICHHOTO MOHOMOJIEKYJISIPHBIM MEXaHU3MOM, TO
€CTh paJuKalibHas IEMOoYKa B3aUMOJCHCTBYET C TIEPBUYHBIM PAIUKAIOM, HIIA OUMO-
JEKYJSIPHBIM MEXaHHU3MOM, KOIZla JIB€ pPaJHUKalbHbIE LENOYKH B3aUMOJIEHCTBYIOT
IpyT ¢ Apyrom, oOpa3yst JUMEp, U BO-BTOPBIX, 32 CUET B3aUMOJAEUCTBUA ABYX paju-
KaJIOB, IIPUYEM OJHMH TEPSET CBOM PAJAMKAIBHBIN LIEHTP, & BTOPOU IIPUCOEIUHAECT K
cebe atoMm Bojopoaa (aucnponopuronupoBanue) [1]. CkopocTs oOpbIBa monauMep-
HOM 1enH XapaKkTepu3yeTcs: mapameTpoM oOpeiBa K.

[Ipn MaTeMaTHyeCKOM ONMUCAHUU IMPOLIECCOB B OMMCAHHOW CXEME 3a OCHOBY

MpPUMEM TEOPHUI0 PAJUKAIBHON MOoJuMepu3anuu, u3noxeHnyto B [11]. CymiecTBeH-
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HbIE YIPOILIECHUS] B OMUCAHUM MOJY4alOTCsl B CIydae, KOT/la XapaKTEepPHOE BpEeMs U3-
MEHEHUS KOHIICHTPAIIUU KPaCUTENSI 1 MOHOMEpA SBISETCS OOJBIINM 10 CPAaBHEHUIO
CO BPEMEHEM pelaKcaliud BO30Y)KICHHBIX COCTOSHUN KpacUTENlss Top W BPEMEHEM
YCTaHOBJICHHSI paBHOBECHSI B aHCaMOJie paJiuKaioB [56].

B cootBeTcTBUM ¢ Teopuel paaukanbHOU nodumMepusanuu [11] ckopocts mo-
JuMepur3anuy (M3MEHEHUsI KOHIEHTPAllUM MOHOMEpPA) 3alUChIBACTCS B CJICAYIOIIEM
BUJIE:

k
_M:K Bl_abs M (t), (2.2)

dt g K,

/1€ laps - MHTCHCHBHOCTH TOTJIONMIEHHOTO cBeTa, M(t) - KoHIIeHTparust MOHOMEpa, 3 -
napaMeTp peakiuuu (HOTOMHUIIMUPOBAHUS, K — CTCIIEHh HEMHEHHOCTH mpoiiecca ¢o-
tonoaumepusanuu, 0.3<k<l B o0mieM ciydae, 3aBUCHUT OT COOTHOIICHHS MEXaHH3-
MOB POCTa, PAaCIPOCTPAHECHUS U 0OpHIBA MOJUMEPHOU 1IETH B MPOIECCe PATUKAIHHOM
noaumepuzaruu [11,52,75].

Koraa B coctap ®IDKKM BX0IUT KpacuTenb CEHCHOUIU3ATOP U SKCIO3UIIUS
MPOU3BOJIUTCSI UBITYYCHUEM C MHTEHCUBHOCTBIO |lg U ITTMHON BOJIHBI U3 CHEKTpa IO-
TJIOMIEHUS] KPACUTENsI, TO BBIPAKCHHE JIJII MHTEHCHBHOCTH, MOTpaYeHHON Ha (HOTO-

noJuMepu3anuio, umeet Bun [11]:
s = 15 1-10™9 ) 1 oy (K)d (2.3)

rae K — KOHIIEHTpaIys KpacHTesl, y4acTBYOIIEro B ¢orononumMepusanuu, d — To-
HIMHA MaTepuania, oo - 3PQPEeKTUBHBIN KOA(PUIIMEHT MOTJIOMIEHHS] MOJIEKYJIbl Kpacu-
TeJIsl Ha JUIMHE BOJIHBI SKCIIO3UIIUU.

Takum oOpazom, u3 conocrasienus (2.2) u (2.3) BugHo, uro B ®IIM ¢ kpa-
CUTEJIEM CEHCHOMIN3aTOPOM CKOpPOCTh (DOTOMOJIMMEPH3AIMN MPOMOPIHOHATIEHA
MEPBOM CTENEHU MOHOMEpPA U 3aBUCUT OT I (PEeKTUBHOTO KOIPDUIIMECHTA MOTIIOIIE-
HUST KpacHUTETIsl.

Korna skcno3uiust MaTepuana NpoOU3BOAUTCS YIbTPaduOIIETOBBIM CBETOM U

H3JIy4YCHUC IIOTJIOMIACT HCIIOCPECACTBCHHO MOHOMCD, BBIPAXKCHUC JISI MHTCHCHUBHO-



CTH, IOTPAYCHHOU Ha (POTOMOITUMEPU3AIIHIO, TPUHUMACT BHUI:
—eMd
Lips = 1o(1—107M )~ 1,eMd . (2.4)

B nanHom ciydae |l mpornopiimoHaibHa KOHIIEHTPAIIMKM MOHOMeEpa M, u Torja mpu
MOACTAaHOBKE B (2.2) MOJy4YUM, YTO CKOPOCTH (POTOMOJMMEPU3AIIUA ITPOIIOPIIUO-
nanpaa M

BripaxkeHne st CKOPOCTH M3MEHEHHUs KOHIIGHTpAlluM MOHOMEpa B 00IIeM

ClIy4ac MOXKCT OBITH 3aITMCaHO B BHUJC:

k
_d_M:Kg% M", (2.5)
dt Ky
rae h =1+K — s B3anMoIeiicTBUS H3ITyYeHUsT HETTOCPEICTBEHHO ¢ MOHOMepoM, h =1
— st @IIM ¢ kpacuTenem CeHCUOMIN3AaTOPOM, B3aMMOJEHCTBYIOIIUM C M3IYYEHU-
EM.

Cnenyer ormetuts, st ®IIM ¢ kpacutenem ceHcuOmimsatopoM h moxker
OBITh PaBHO JIBYM, KOTJla OOpbIB OJMMEPHOUN LEMU MPOUCXOJUT TOJIBKO BCIEICTBUE
MOHOMOJIEKYJISIPHOIO MeXaHu3Ma [75], KOTOphIi HAa4MHAET MPEBAIMPOBATH TOJIBKO
NP IIyOOKHX CTENEHSIX KOHBEPCUH MOHOMEpA B MOJIUMEP U MPEHEOPEKUMO Majon
muddy3un [52]. DkcnepuMeHTalIbHbIE UCCIeN0BaHUS [75] MOATBEPAKAAIOT, YTO B MO-
JaBIISIIOIIEM OOJIBIIMHCTBE ciiydaeB h=1, moaTomy B nalibHEHIIEM pPacCMOTPECHUU
®IIM c kpacutenem ceHcHOMIM3aTopoM orpanmaumcs h=1.

Jlnsa HeomHopoHoW 3acBeTkH |(F) cKOpOCTh u3MeHeHHs M SBISETCS TPO-
CTPaHCTBEHHO-HEOIHOPOJAHON (PyHKLIMEH, YTO MPUBOAUT K BO3HUKHOBEHUIO I'pajiv-
€HTa KOHIIEHTPAallud MOHOMEpPa U COOTBETCTBEHHO NU(Py3un MOHOMEpa U3 MEHee
OCBEIICHHBIX O0OJsiacTel B Oosiee ocBerieHHbie. OO0benuHsAst 00€ TPUUUHBI U3MEHEHUS

KOHIIEHTPAIIMM MOHOMEPA, 3allMILEM YPAaBHEHUE ISl CKOPOCTH U3MeHEHU M B BUE:

=div(D(t, r) grad M (t, r)

aMa(tt, r) MN(t,r), (2.6)

aoB(K ol () ¢
_K | 2o
)- K, :

rae I(r) — mpocTpaHcTBEHHOE paciipe/ieieHne HHTEHCUBHOCTH 3aCBETKH, I — paauyc-

BEKTOp MpocTpaHcTBeHHOW ToukH, D(t,r)— xoaddunment muddy3un MmoHomepa; mna-



paMeTpsl BELIeCTBa, B3aMMOACHCTBYIOLIETO C U3IYYEHHUEM: O — Kod3(duuueHT mno-
TJIOIICHUS OJHON MOJIEKYJIbl, <K> - KOHILIEHTpalus MOJIEKYJ, To — BPeMsl )KU3HH BO3-
Oy>XKJIEHHOTO COCTOSIHUSI MOJICKYJIbI.

Jlns onmcanus mpouecca Aud@y3un MOHOMEpa IMpUMEM BO BHUMaHHE Bpe-
MeHHOe u3MeHeHnue D u ucnonbs3yem Beipaxkenue [48], momyueHHOE HA OCHOBE (pe-
HOMEHOJIOTHYECKOT0 TMOAX0/1a U MMOKAa3aBIIee XOPOIee COrflache C AKCIePUMEHTAIb-

HBIMM pe3yibTaTamu [43,56]:

M

n

D(t,r)=D,, exp —s(l—M] : (2.7)

rae M, — HauanbHas KOHIEHTpauus MOoHOMeEpa, Dy, — HauanpHOE 3HaUeHne Kod(pPu-
nueHTa quddysuu, S — napameTp, ONUCHIBAIOIINNA CKOPOCTh U3MeHeHus D.

JlanbHeillee U3J10KeHNE Mepexo/ia OT KOHIIEHTPAallud MOHOMEpa K MoKazare-
JI0 TpesioMyIeHHs TpuBeaeHO B padote [56] mis k=0.5 h=1+k=1.5. 3meHeHune Bo
BpeMEHU M B HEKOTOPOM TOYKE IPUBOAUT 3a CYET MPOLECCa NOJIMMEPU3ALNM K 13-
MEHEHHUIO BO BPEMEHU IIJIOTHOCTHU MOJIMMEPHBIX MOJIEKYJI B 3TOM TOUYKE. 3a CUeT Mpo-
neccoB AU Py3un MOHOMEpPA MPOUCXOTUT TAKKE BHITECHEHNE KOMIIOHEHTHI MaTepH-
aya, KOTopasi He y4acTBYET B IpoLEecCe MOJUMEPU3aLNU, OJHAKO UMEET OTIUYHBIN
OT MOHOMEpA U noumMepa nokaszarensb npeiaomiienus (KK komnonenra). T.o. Bce 3Tu
IIpoLeCcChl BEAYT K M3MEHEHHUIO IOKAa3aTess NPEJIOMJIEHHUS N, KOTOPOE HAa OCHOBE
dbopmyisl Jlopenti-JlopeHiia MOXHO 3anucaTh B BUJE:

2 oN
@:ﬂ(n +2)2 o oN, ra, P 4 o N 1 (2.8)
o 3 6n ot ot ot

rae Nm, Np, Nic 1 o, 0, Ol UHCIIO MOJIEKYN B €UHULE 00BbEMA U MOJIAPU3YEMOCTD
MOJIEKYJ MOHOMepa, nojquMmepa U KK KOMIOHEHTBI, COOTBETCTBEHHO [56] . 3mech

MOJ O - MOHUMAETCs APHEKTUBHOE 3HAYCHHUE TOJSIPU3YyEMOCTH.

Wsmenenne Ny, N, 1 Ni¢ B HEKOTOpOM TOYKE IpU HEOJHOPOIHOM 3aCBETKE
MIPOUCXOJIUT 32 CUET JBYX MPOIECCOB: (POTOMOIMMEPU3AIIT MOHOMEPA B TIPOIIECCOB

B3anmoauddysun moHomepHoit 1 KK KOMITOHEHT.
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[TpuHUMas cpemHIO JIMHY MMOJIMMEPHOH 1enu paBHOH |, W3 3akoHa coxpa-
HeHust uncna dactul cieayeT Np+INy=const. Torna u3menenue n 3a cuer peakuu
HOJMMEPU3ALH OyIeT

[an(t,r)j s (GM(t,r)j o |ooB(K)ol (D) “M"t,r)
ot ), "L oa ), 7 Ky M,

n

rae an, , W, -MoutekyisipHbIif Bec MoHOMEpa [56].

_4n (P42 op) M,
3 6n "W

m

Cuutas nuddysuonnsie morokn MoHomepa U KK KOMIIOHEHTHI paBHBIMH,
M3MEHEHHE TMOKa3aTessl MpPeJIOMIICHUsI BCJIEACTBUE BhITeCHEHUS MoHoMepoM KK

KOMITIOHCHTBI B HCOCBCIIICHHYIO 0071aCTh 3aIIMIIEM B BHUIC:

(a%t)lc =0n,. div(D,. grad M) ,

(n +2)2 Ll §
rame ong = '°, M. — KOHIIEHTpaIusi UHEPTHOU KOMIOHEHTHhI, W, —

Ic

MoJekyJsipHbii Bec KK KommoHeHThl. OTMETHM, 4YTO BCJIEACTBUE AHU30TPONUU
OIDKKM nmapametp ONjc B 0011IEM CTydae 3aBUCUT OT MOJISIPU3AIIMN CBETOBBIX BOJIH.

B pe3ynbTate, yuuTsiBas o0a mpoiecca, MU3MEHSIOMUX N, ToJIy4Yum [56]:

n

an(t, _ M (t, an(t, M (t,
%p = 5, K K (cgB(K )71 () an N, ngt r)I.C = 8n, dlv{D,c grad |\(/| r)}

(2.9)

Cucrema ypaBuenuii (1.6), (1.9) sBisercs 0a30Boil JuIsi OMHMCaHUs TpoIecca
3amucu rosiorpamMm B @IDKKM u Oyzaet uicnons3oBana st pa3paboOTKH BCEX Mare-
MaTUYECKUX Mojieliel B JaHHOW pabote. JlaHHas cucTteMa ypaBHEHHM MOJydeHa B
oO1IeM BUAE, T.K. YUTEHBI IPOU3BOJIbHAS CTENEHb HEIMHEWHOCTH Ipoliecca (poTomno-
auMepu3aryn K, a h=1.

Kak nokaspiBaeT ananu3 Beipaxkenuit (1.6), (1.7) u (1.9), yuer B 3agaue 3anu-
cU TU(PAKIMOHHON PElIETKA aMIUTMTYJHOTO MPOQuUiIs 3alUChIBAIOLIIUX MYYKOB C
IUIOCKUM (Pa30BBIM (PPOHTOM MPHUBOJUT K 3aBUCUMOCTH KOHTPACTa U MHTEHCUBHOCTHU

3aIMMChIBAIONICTO MOJIA OT KOOPAMHAT X U ), YTO IPUBOJAUT K HCPABHOMEPHOCTH CKO-
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POCTH MOJMMEPU3ALMU U KOHTPACTA B KAXKJAOM JIOKAJTbHOW TOYKE 3aIIMCHIBAEMOU T'O-
norpadudeckoit pemeTku. TakuM oOpa3oM, OMpPeNeuB CTENEHb BIUSHUS KOHTPACcTa
¥ CKOPOCTHU MOJMMEPU3AIUU HA KUHETUKY U BU POGUiIs AUPPAKIIMOHHON pelIeTKA
B TPHUOJMKEHUU TUIOCKMX BOJIH, PE3yJbTAaThl MOXKHO OOOOITUTH HA CIOydall 3alucu

IMPOCTPAHCTBCHHO-HCOAHOPOAHBIMH CBCTOBLIMHU ITYUKAMMU.

3. DKCcnepuMEHTAJbHAS YacTh
CxeMa SKCIEpUMEHTAIbHOM YCTAaHOBKH JUISl Tojorpadudeckoro hopmMupoBa-

HUSl OJTHOMEPHBIX (DOTOHHBIX CTPYKTYp JBYJIYYEBOM 3alUChIO MPEACTABIICHA HA PH-

CyHKe 2.2.
0 =1mm B =4 mm
He-Ne - .
1—e3zmm  |T——= —
Eo:r:J-:a::arnp Jepraioe

MK

Il zaTEOp

EY

Pucynox 2.2 — DxcnepuMeHTaabHask yCTaHOBKA /i royiorpaduyueckoro gpopmupona-

HUS OJTHOMEPHBIX (DOTOHHBIX CTPYKTYP JIBYITYUEBOU 3aIMHUCHIO

HcTounukom m3mydenus caykut He-Ne nazep ¢ anunoit BoiaHsl A = 633 HM. [[na-

METp BBIXOAHOTO ITyuka @ = 1 MM. Jlanee u3imydeHrne mpoXoauT Yyepe3 KOJUTHMATOoP,
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YBEJIMYUBAIONIUHN nuaMeTp mydka 10 @ = 4 mM. [locne kommumaTopa my4ok, oTpa-
3MBIIKCH OT 3€pKaJia, MPOXOaUT depe3 cBeToaenutenbHbiil Kyo (CK). O6pa3oBaBmin-
ecs JiBa MMy4Ka MajialoT Ha 3epkana. OTpakeHHbIE OT 3€pKaJl JIy4H JIOKAJTU3YITCs Ta-
KUM 00pa3oM, YTOOBI CBETOBBIC MTyUKH COILIUCH B OJHON TOUKE HA (POTOMOITUMEPHOM
matepuaie (PIIM). B pesynbrate ocyiecTBisieTcss popMUpOBaHHUE OJTHOMEPHOM T'O-
norpaduyeckoit hotonHol cTpykTypsl (['DC) Ha OIIM nBynyueBoii 3anuceio. Bpe-
ms 3arucu ['@C coctaBuiio nopsinka 100 c. Kontposas Hag BpemeneM (hopMHUpOBaHHS
['®C ocymiecTBIsETCS 3a CUET DIEKTPOMEXAaHUUECKUX 3aTBOPOB (DM 3aTBOp), nepe-
KPBIBAIOIIUX U3TyYeHUE KaKI0To myuka ¢ uarepsaiom 0,5 c. [Ipouecc 3anucu peru-
cTpupyercst GoToaroaaMu, (PUKCUPYIOIMMH OTAEIbHO HHTEHCUBHOCTD MAJAt0IIEr0
U 1i(pparupoBaHHOIO MyYKOB.
4. TlopsigoK BbINOJIHEHUS PA0OThI
4.1 PacyeTHast 4acTh
1. Boruucnts yron bparra 8 Mexay nagaromuM U JudparupoBaHHBIM U3-

JydeHueM 1o ¢hopmyiie:

a
O = arctg (—)
b
Il @ — MOJIOBMHA PACCTOSIHUS MEKIY 3epKajiaMu; b — paccrosiHue OT IIeHTpa OTpe3ka

Mexy 3epkanamu 1o OMII (pucyHok 4.1).

Pucynok 4.1 — CxemaTuueckoe n300paxxeHue CXOKIACHUS

2. OnpenenuTs U3MEHEHHE MoKa3aTes npesioMiieHust An u3 GopmyJibL:
An- L arcsin(‘/nﬂ) “21-n
= gj 2 (—— - A = )
= sin? (57) = L

13



rae 1, — AuppakuuonHas >Q(EKTUBHOCTL OTPAKEHHOTO 1y4a; A — IIMHA BOJHEI
CBETa; N — [0Ka3aTeJb IpeIoMIIeHUs MaTepuaia; L — TonmHa MaTepuaa.

3. Omnpenenum > ekTUBHBINA KOA(DGUIMEHT MOTIOMICHNS MOJIEKYJIbl Kpa-
CHUTEJISl Ha IJTMHE BOJIHBI AKCIO3UINH @ U3 (POPMYJIBL:

Iabs
Io'L,

Ipps =lp-a"L = a=

rac I abs — HHTCHCUBHOCTD, IIOTPAYCHHAA Ha (bOTOHOHHMepHSaHHIO B HayvaJbHBINA MO-
MGHTBpeMCHH;IO—-HHTCHCHBHOCTBBKCHOSHPYKHHCN)HSqueHHH;L-—TOHHHHHlMa-

TCpHaa.

4.2 JkcnepUMEHTAJbHAS YaCTh
1.  HacTpoutb yCTaHOBKY, COIJIACHO PUCYHKY 3.1

2. OrkpsiTh porpamMmy Polymer Gratings Experiment

Qaiin  Jkcnepwment  Momouss

ORY YORED QO B 4B

ww 'sodo ualafolod no)

0
BpeuMa uiMepeHns, ¢ (Yron NoEopoTa CTOMNUES, rpaa)

Calibrate  #1| 0 0 [#] 0 0 Progress StepDriver unknown (click for check)

Pucynox 4.2 — Matepdeiic mporpaMmbl
3. OTtkanubpoBath POTONMPUEMHUKH.
JIJ1s1 5TOTO OTKPBITH IMAPAMETPHI:
OkcriepumenT > [lapamerpsr = [lapaMeTpsl yCT. 3aITUCH.
Heo0OxomuMo, 4ToOBI MUHUMAJIBHBIE M1 MakcuMaibHble 3HaueHus ADC#1 u ADC#2
COOTBETCTBOBAJIU JAPYT JIPYTY.
4, YcranoBuTh 00pasen priM Ha MO3UITMOHEP U 3aIMYCTUTH ABYXITYYKOBYIO

3aII1Ch.
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®aiin  3xcnepument  Momows
& |~ (S 58 L

€ s o o o . P

OBy wOE QO B-og
2 ey ‘

) e

ww 'dodolialalfo Lo Ho)

0
BpemAa u3meperwA, ¢ (¥Ton NOBOPOTA CTOMWKE, rpaja)

Calibrate 1| 0 0 |#2] 0 0 Progress StepDriver unknown (click for check)

Pucynok 4.3 — 3anuck roiorpaMMbl
S. [locne 3aBepiieHHs MpoUecca 3anucu He0OXOAMMO SKCIIOPTUPOBATH JTAHHBIE B
Microsoft Excel, nins manpHeiinei 00padOTKH:
daiin = Dkcnopt = Bce naHHBIC SKCIIEPUMEHTA.
6. [TocTpouTs rpaduk 3aBUCUMOCTH TUPPAKITUOHHON F(H(PEKTUBHOCTH OT BpeMe-
Hu 3anucu ['OC.
7. Onpenenuts Bpems nosiHou 3anucu ['@C no yposHto 90% 7,.

28

x 10

41 46¢
o f¢
0 10 20 30 40 50 60 70 80 90 100
Bpema zammcH (), ¢

Pucynok 4.4 — OnpeneneHue BpeMEHH 3aIlUCH
8. Jlamee HEOOXOAMMO BBIIMOJIHUTE MOJAEIUpOBaHue B mporpamme Polygrating,
YTOOBI CPAaBHUTH C IMOTYYCHHBIMH TAHHBIMU B OKCTICPUMCHTE.

Jlns1 aTOr0 HE0OX0 MO TTOA00PATh IMApaMETPHI B POTPpaMME:

15



%" PolyGrating v1.0

> 2 I @ %

Pacurars Mocofue  TecTupoeadie MNowows O nparpame

| Anmea sors
B2 i

0
Bpems sanucwu (t), cex

Coord
< >

Pucynok 4.5 — Uutepdeiic mporpammel Polygrating
9. CpaBHHTB pe3yJIbTaThl MOJICIIMPOBAHUS U SKCTIepuMeHTa. ClieaTh BbIBOBI 10

MpOJIeJIaHHON padoTe.

4. Copepikanue oT4eTa

1. HasBanue pa0oThl, 11e71b pabOThI, U CXEMbI SKCIICPUMEHTAIBHBIX yCTa-
HOBOK C MOJIHBIM ONHUCaHuEM paboThl (CXEMbI U OMMCAHUE YCTAHOBOK JOJKHBI COOT-
BETCTBOBATH JIOTHYECKOM IEMTOYKE JCHCTBU).

2. Pe3ynprarsl pacueToB u moaenupoBanus. CpaBHUTH pE3yJbTAThI C JKC-
nepuMeHTamu (co0Jiro1asi JOTUYECKYI0 MOCIEA0BATEILHOCTh BBIMOJHEHUS PacUyeTOB
Y SKCIIEPUMEHTOB).

3. Pe3ynbpTarsl BEIYUCIEHUS TAPAMETPOB.

4, AHaJIN3 NOJYYEHHBIX PE3YJIbTATOB U 3aKIIOUCHHE.

Pexomenayemasi iureparypa

1. ["onorpadguyeckue GOTOHHBIE CTPYKTYPHI B POTOMOIMMEPHBIX MaTepHa-
nax. Yueonoe nocodue / C.H. lllapanrosuu. — Tomck: TOMCK. TOC. YH-T CUCTEM YIIP.
U paaunosiekTponnku, 2015. — 191 c.

2. OC TYCYP 01-2013 PaboThl CTyI€HUECKHE IO HAIPABICHUSIM TMOJIO-
TOBKH M CIIEIUATLHOCTSIM TEeXHUYEeCKOTo mpodwist. O0mue TpedoBaHUS M TpaBHIIa
opopmienus.- Bzamen OC TYCVYP 6.,1-97; Beea. 03.12.131- M: U3n-Bo crangap-
TOB, 2013.-53 c. ([lara o6pamenus 20.10.17 r).
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2. JABOPATOPHASA PABOTA Ne2 UCCJIIEAJOBAHUE
I'OJIOTPAOUYECKOI'O POPMUPOBAHUSA IBYMEPHbBIX
®OTOHHBIX CTPYKTYP METOJ0OM NNOCJIEAOBATEJIBHOI'O
YIJIOBOI'O MYJIBTHIIVIEKCUPOBAHUA

COJIEPKAHME

R 232 13 (5) 3 1 (T
. OCHOBHBIE€ TCOPETUUECKHUE CBEIECHHUS . .. vunevtteeennnnteeeennnneeeeanannneeeannnnns

. 9KCHCpI/IMCHTaJII>HaH e L

I O70)i (5072 221504 (SR 1 Ae (<4 r: DR

1

2

3

4, TIOpSAIOK BBITIOTHEHHS PAOOTBI ...uvvetiette ettt eantteeiteeaineeeaneeanneenns
5

6. KOHTPOIBHBIC BOTIPOCH. ... .vvteuttenteeeteeteeenteenneeneeaneanneeanreenneenneenns
7

. PEKOMEHTYEMAST JTUTEPATYPA. ... eeeenntteeeeiete e eaiee e eieeeeeaneeeenns
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1 BBenenue

Lens paboThl: HMccraeaoBaHue Tojorpadpuyeckoro GoOpMUPOBaHUS JBYMEPHBIX
(GOTOHHBIX CTPYKTYp B (POTONMOJUMEPHOM MaTepuaje METOJOM MOCJIEeI0BATEIHHOTO

YTJIOBOT'O MYJIbTUILICKCUPOBAHMSI.
2 OCHOBHBIE TeOpeTHYECKUE CBeAEHMSI

B nannoit mabopatopHoii pabote paccmarpuBaetcs (popMUPOBaHHE HAJOKEH-
HBIX rosorpadpuyeckux audpakimonnsix pernierok (HI'JIP) npu ux mocnenoBaTeib-
HOM ronorpadguueckoit 3arnucu B @IIM B yClIOBUSIX YIIIOBOTO MYJIBTUILIEKCUPOBAHMUS
C LEJBbI0 ompeaesneHus ycnoBui 3anucu ans nonydeHuss HI'JIP ¢ 3apanHbiMu 1u-
(bpakIMOHHBIMHU XapaKTEPUCTUKAMHU.

[Iprammn nocnenoBarensHor 3anucu HI'JIP mokasan Ha pucynke 1.1. Jlu-
(bpakiMOHHBIE PEHIETKHU 3alMCHIBAIOTCS MOCJIEIOBATEIBHO C OJIMHAKOBBIM WM pa3-
JTMYHBIM YTJIOM CXOK/ICHHS 3aITHCHIBAIONINX JIA3€PHBIX ITydKoB O' M pasimdaroTcs

yriaMu HakJioHa ¥;BeKTOpoB pemieTku K.

Pucynok 1.1 — I[Ipuniun nocnenoatensroi 3anvcu HI'JIP [1]

Tak kak 3amuchk ['JIP sBisieTcst mocyieqoBaTeabHOM, TO B MOJEIN IS KaXI0H
['JIP HeoOxoauMO y4ecTh U3BMEHEHHE HayaJlbHON KOHIIEHTpAIlMK MOHOMEpA, JJIsl ue-
ro HEOOXOJMMO BBECTH B MCXOIHBIC BBIPAKCHUS WHACKC |, 0003HAYAIOMIUN HOMED
3anuceiBaeMoit I'/IP, a Bpems caenars TEKYIINM.

[Tycth nBa KOTE€pPEHTHBIX, KBA3UMOHOXPOMATUYECKUX CBETOBBIX Iy4yKa C aM-

wintyaaeiMU ipodustsimu Eo(r), Ei(r) u BomHOBBEIME BekTopamu Ko u Ko Ha rpaHuiie
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paszeinia cpell pacCpoCTPAHSIOTCS Mo yriiamMu ®p u ®; BHYTpPH IJIOCKOTO MOTJIOIIa-
romero ¢oromonumepHoro cinost (0<y<d). bymem cumrath, ut0 0 Ky u K; nexar B
wiockoctd XOY. Ontuyeckoe mnosne BHyTpu PIIM tonmuuoi d 3amuinem B clieay-

roreM Buje [1]:

_atr) (- t—k'-
E(r,t)zZej-Ej(r)-e 2 (Nfr)-e‘(“’tkfr)+1<.c.,
j=0,1

rae € —BekTop nossipusanud, a(t,r) — koaddumuent normomenus OIIM, r — paguyc-
BeKTOp, Kj = kK X N; , k=nw/c — BomHOBOE uncmo n N; — HOpMasb K BOTHOBOMY (hpOH-
Ty, N- MOKa3aTeb NPETOMICHHUS .

3anuieM BeIpaXKeHHE JJI paclpeesieHUus] HHTEHCUBHOCTH WHTEP(EpPEeHITNOH-

HOM KapTHHBI CBETOBOTO 101 [1]:

I{(t,r) = I(‘;(t, xX,y) - [1 + mi(t, X, V) - cos(Kli -r)],

rae m'(t,x,y) = 2/1°(t, x,y) - 11t x,y) - (ex - €0) /(1% (t, x,¥) + IM(t,x,¥)) -

JIOKaJbHBIM KOHTPACT WHTEPPEPEHIIMOHHON KapTHUHBI, I(l; (t,x,y) = {I Oi(t, x,y)+

()}, 16, %, y) = 1§(x) - e @@ /eos(0), - 11(t,x,y) = [{(x) -
e~ txy)y/cos(61) _ nng npormyckarommeii reomerpuu 3amucu, 1'(t,x,y) = IH(x) -
e~ (txy)(d=y)/cos(61)_ nngq orpakaroleil TeoMETPUM 3aIHCH; Ii(x) = |E (x)|2 ,
j=0,1; K; =k — ki, i — HOMep HAJIOKEHHOM PEIIETKH.

OcHoBHbIM TpeOoBanrem kK HI'JIP ams mynbTuruiekcopoB/ 1eMyIbTHILICKCO-
POB, SIBJISIETCS PaBEHCTBO UX 3(dexTuBHOCTEN. 11 momydeHus paBHbIX 3P(HEeKTHB-
Hoctel kaxaon HI'JIP, nist kaxknoii cinenyromieit HI'JIP BeiOpaHo cooTBETCTBYIOIIEE
BpeMs 3alUCHU. YBEJIUYCHHE BpeMeHU 3amucu Kaxaou ciemyromert HI'JIP o6ycnos-
JIEHO YMEHBUIEHUEM KOHUEHTPALMK MOHOMEpPA, MPUBOASIICH K YBEIUYCHUIO BpeMe-
Hu nosnmmMepusanun (b=T,/Ty, pacTeT), U Kak CIeICTBHE, YBEINYCHHIO BKJIaxa Tud-
dby3uu B popmupoBanue /[P. T.o., yBenuuenue Bkiana aud@dy3uoHHOTO MEXaHU3Ma
B (popmupoBanue HI'JIP, mpuBoauT k ToMy, 4TO IJisi JOCTUXKEHUS aMIUIUTYABI Mep-
BOM TapMOHMKH 33/ITaHHOW BEJIMUMHBI TPEOYETCS MEHBIIIE MOHOMEpA JIJIsl KaXKIOH T0-

cnenyromieit HI'JIP 3a cuet nuddy3un MmoHOMEpa U3 TEMHBIX 00J1aCTE€H B CBETIIBIE.
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Ha pucynke 1.2 mokaszanbsl 3aBUCHMMOCTHM BpeMeHm 3amucu kaxmout HI'JIP.
Bunno, uro Bpems 3amucu kaxaou mocienyromeid HI'JIP Gomnbine, yeM s mpebl-
JyIIel, TpuYeM 3aBUCUMOCTh UMEET HEJIMHEWHBIN XapakTep. M3 pucynka 1.2 BugHO,
YTO 4eM OO0JIbIlle KOJIMIeCcTBO 3amuchiBaeMbix HI'JIP, TeM MeHbIle oTIMYaroTCs Bpe-
Msl 3amucu Tnpenbiayined u nociuenytomen HI'JIP, T.e. ¢ yBenndeHMEM KOJIMYECTBA

3anrceiBaeMbix HI'JIP, HaK10H KpUBOM YMEHBIIIAETCH.

rac

T
»
P
-4
*

N,oTH eI

Pucynok 2.2 — Pe3ynbTatsl pacyeToB nocnenoBatenbHoM 3amucu HI'JIP B ®ITKM ¢

paBHbIMU 3G (HEKTUBHOCTIMU Audpakuuu [1]

3. IKCnepUMEeHTAIbHASA YaCTh

Cxema 3KCHEpUMEHTAIbHON YCTAaHOBKHM AJIsi rojorpaduueckoro (GopMupoBa-
HUS IBYMEPHBIX (DOTOHHBIX CTPYKTYp B PIIM MeTomoM mocieaoBaTeIbHOTO YTIIOBO-
r0 MYJIbTUIUIEKCUPOBAHHUS NIPEACTABIEHA HA pUCYHKeE 3.1.

IIpouecc 3anucu: Vcrounnkom uzmydeHus nociayxuia He-Ne nazep ¢ anmuHoi
BOJIHBI A = 633 HM. JIlmameTp BbIXOaHOTO Iydyka @ = 1 MM. Jlanee U3Iy4eHHUE MPO-
XOJUT uYepe3 KOJTMMATOp, YBEIMUMBAIOIMIUK auaMeTp mydka A0 @ = 4 mm. Ilocne
KOJUIMMATOpa My40K, OTPAa3UBUIMCh OT 3€pKajia, IPOXOJINUT YEPE3 CBETONEIUTEIbHBINA
ky0 (CK). O6pa3oBaBmiuecs ABa mydyka MmajaroT Ha 3epkajia. OTpakeHHbIE OT 3epKa
Jy4YH JIOKAJIM3YIOTCS TakKuM 00pa3oM, YTOOBbI CBETOBBIE NMYYKH COILIUCh B OJHOU
Touke Ha ¢oTonosuMmepHoM Marepuasie (PIIM). B pesynbTaTe OCYyIIECTBISETCS
dbopmupoBanue ogHOMepHOM roJsorpaduueckoir GoroHHoit cTpyktypsl (I'®C) Ha
®IIM nBynydeBol 3anucero. [Ipu moBopore @IIM Ha AW npou3BoaUTCS 3aIUCh HE-

CKOJIBKUX Tepecekaromuxcsi ogHoMepHbIX ['@C, Takum o0pa3oMm, OCYUIECTBISETCA
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MMOCJICA0OBATCIIBHOC YITIOBOC MYJIbTUINICKCUPOBAHHUC, KOTOPOC ITO3BOJISICT (bOpMHpO—

BaTh ABymepHyro I'J[P.

He-Ne

BY

ITK

V1Y ITh-

Pucynok 3.1 — DkcniepuMeHTadbHasi yCTaHOBKA /i rojiorpaduueckoro gopmMupoa-

HUS OJTHOMEPHBIX (DOTOHHBIX CTPYKTYP JIBYIYyYEBOM 3aMHUCHIO

4  TlopsiioK BbINOJHEHUS PadOTHI

1. Tlepen Hauasom pabOThI C YCTAHOBKOW HEOOXOIUMO MPOBEPUTH:

1) Bce myuku cBeTa JO/DKHBI OBITH Ha OJTHOM YPOBHE C JIa3€POM;

2) Ilyukm cBeta cxoasaTcs B oqHou Touke PIIM ob6pasiia;

3) Ilpoxoasiiye MyYKH MOMAAAI0T MOJHOCTHIO Ha (DOTONPUEMHHKH.
2. OmpenenuTh BpeMs 3allUCU JBYMEPHOW PENIETKU MPU TOCIEIOBATEIHBHOM YTJIO-

BOM MYJIbTUIICKCUPOBAHUH:

Ha monydenHoMm u3 mepBoi jgabopatopHoi paboTel rpaduke I3 duxcupyem ypo-
BeHb 0.9 or makcumyma JI9. Hanee, 1D no yposHto 0.9 nenum Ha 3 paBHBIX MO aM-
TUTMTY/IE Y9acTKa M HaXOJUM BpeMs 3alMCH JUTsl KaKION M3 TpeX perieTok. JlaHHbIH

ATaIl MPOWJUIFOCTPUPOBAH Ha pucyHke 4.1.
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Pucynok 4.1 — 3aBucuMocTh 1u()paKuuoHHON 3G (HEKTUBHOCTH 1), OXHOMEPHOM pe-
IIETKH OT BPEMEHHU 3aIliCU
Torna t; — Bpems 3anmcu nepsou [P, t, — Bpems 3anmcu Bropoii JIP, t3 — Bpems 3anu-

cu tperent JIP.

3. Pabora ¢ koMIbIOTEpOM:
3axoaum Ha auck D m otkpriBaeM mupekroputo: Polymer Gratings Experiment/ Pol-
ymer Gratings Experiment/bin/Debug/Polymer Gratings Experiment.exe. OTkpbiBa-

eTCs TJIABHOE OKHO MPOTrpaMMbl (PUCYHOK 4.2):

B IxcneprMeHTaALHBE HuA 23NNCK ron m £ O] [n{=
2. . T s
= [ ) = - Y - | et
ORY o200 B- @&

Wi 8000 142 LaFo Lo Ho |

0
Bpema uimepeHuA, © (Yron NOBopoTa CTONWMKE, rpajg)

| Calibrate 21| 0 0 |#2| 0 0 Progress || StepDriver unknown (click for check)

Pucynok 4.2 — I'naBHO€ OKHO POTrpaMMBbI

4. Jlanee, 3aX0AMM BO BKJIAJKY IKCIIEPUMEHT/TIapaMeTphl/IIapaMeTphbl YCTAHOBKH 3a-
nucu. [IpoBepsieM paboToCOCOOHOCTH (POTOMPUEMHUKOB O€3 3aCBETKH U C HEM.

3HaueHHs (I)OTOHpI/IeMHI/IKOB JOJIDKHO OBITH IMPAaKTUICCKN PaBHLIMU.
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5. IIpoBepuB paboTOCIOCOOHOCTH 3aTBOPOB M (HOTONMPHEMHHUKOB, 3aXOJUM BO
BKJIQJIKy DKCIEPUMEHT/TIapaMeTphl/IIapaMeTpbl IKCIEPUMEHTA. Y CTaHABIUBACM
BpeMsI 3aCBETKH Ui TIEPBOM TOJIOTPaMMBbI, MCXO/Isl U3 BPEMEHH 3alHCH 3alaHHON
TG PaKIIMOHHON 3((EKTUBHOCTH, TIOTYYEHHONW M3 MEpBOM J1abopaTOpHOW pado-

ThI. JlaHHBII 3Tan NPOWJLTIOCTPUPOBAH HA pUCYHKE 4.3.

MapameTpsl 3KCNEPUMEHTE

DOpa nyuka | Tpu nyuxa

MapaMeTpbl MSMEPEHUA MPOMYCKEHWA
Bpemn sacseTsm, c 50

Yncno Touer 200

MNapameTps samck
Bpema zanuck, c D45

Bpema yTerwA napameTpos, c 0.05
Bpemna saceetkn, © 100

Bpemn naysel, © 0

KonwyecTeo nepwonos 1
MapameTpbi cenexTMBHOCTH
Bpemn usmepeHns, © 120
Yucno Tover 1000
DuanasoH yrnos, rp. -15 15
o

Pucynok 4.3 — [TapameTpbl 3KCiepuMeHTa
6. [locme HACTpOWKH MpOrpamMmbl, HEOOXOAMMO BPYYHYIO CMECTHTH MOBOPOTHBIN
CTOJMK Ha 3aJaHHBIA yron (3azaHo mpernonasarenem). [lamee B mporpamme
HaxkaTh «3anuck//[Ba myukay. [loligeT npouecc 3amucu Ha 3agaHHoOM yrie. [Ipu
OKOHYaHHU MpOIlecca, Bce JaHHbIC 3amucH 3amnuckiBatorcs B daitn Excel. [{ns To-
ro 4ToObl COXPaHUTh JAaHHbIE, HAXKUMaeM BKIaJKy «Jlo0aBUThH 3amuchky», naiee,
BKIAJKy «@ailn/Okcnopt», BbIOEpeTe MyHKT «Bce gaHHBIE C SKCHEPUMEHTAY,
YKaXXUTE MyTh cOXpaHeHus (aiina, roroBo. Ha pucynke 4.4-4.5 npownsuttoctpupo-

BaH IPOLECC padOThI ¢ IPOrPaMMOil BO BpEMS 3aIIUCH.
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Pucynok 4.4 — a) Ipouecc 3anucu; 0) JloO6aBnenue naHHbIX 3allUCH
_ng 3KCNOPT pesyNLTaToE [ = éj_

Brifiop oSbekTa sKonopta

Bece JAaHHEIE IKCNEPMMEHTE ']

IMyTs coxpaHeHma
C:\Users'witi\Desktop“Polymer Grating

T R ar—

Pucynox 4.5 — Coxpanenue JaHHBIX IKCIIEPUMEHTA

7. CHATh JaHHBIC aHAJOTHMYHBIM O0pa3oM IS ABYX JIPYTUX YIJIOB, B IapameTpax
DKCIIEPUMEHTA MPU 3TOM yKa3bIBask HOBOE BPEMs 3aIlMCH, HAWICHHOE MUCXOJS W3
paBeHcTBa 3P hEeKTUBHOCTH TUDPAKIINK U3 TIEPBOM TaOOPATOPHOI pabOTHI.

8. OO6paboTka pe3yinbTaToOB:

OtkpeiTh Qaitn Excel, rme Haxomsrcs nannbie 1o nepsoi 3amucu JIP. IToacuunrars
nudpakiMoHHy10 3¢ GeKTUBHOCTH (1) mis kaxmaoro MomeHTa 3anucu. s sToro B
nmote D B crpouke 7, ykaspiBaeM (Qopmyny s HaxoxaeHus  [1O
«=100*C7/(B7+C7)» wu pactsaruBaeM JaHHOE BbIpakeHHe. B wurore mnomydaercs
cTosiOer] 3HaueHul nudpakiuroHHoN 3 PexkTUuBHOCTU. JlaHHBIN 3Tan NPOUIUTIOCTPH-

poBaH Ha pucyHke 4.6.
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D7 - | =B7*100/(B7+C7)

A B C D E F G H
CoxpaHeHHble CEPHH
Cepun #0 03.11.2017tr=045 tp=005 T.r=100 Tp=0  N.p=1

[laHHEle cepuit

Cepun #0

Bpema, ¢ ADC1, mA ADC2, mA

4 285] 1.3840831
282 1052632

285 1,384083

288 1,369863

286 1,37931

285 1,384083

222w oo o e
(=}

o
ERE R = S )

Pucynox 4.6 — O6paboTka pe3yabTaToB

9. 3anonauth Tabmuubl 4.1 s kaxaou u3 Tpex [P, ucxoxs u3 momydeHHBIX AaH-
HBIX.
Tabmuna 4.1 — JIudppakunonnas 3p(eKTuBHOCTD 1),, U3MeEpsieMas TPU 3aMuch 1-0i

o

['®C na ®MII, pacnosioxKEHHOM OTHOCUTENBHO NaJar0nX dyuen npu Af; = _

Bpems Bpemsa Bpems My Bpemsa My

77/1 nﬂ
3anncum 3anucun 3anumcum 3anucum

10.AnanoruyHbiM 00pa3oM pe3ysbTaT 00padoTaTh JJIs IPYTUX YIJIOB 3alKCH, U ITH
JTAHHBIE CKOMUPOBAaTh B MEPBBIA (aill Juisi MOCTpoeHus: obmie auarpammsl [10.

Jannas quarpamma /19 npowsuitocTpupoBaHa Ha pucyske 4.4.

10
9
8

0 5 10 15 20 5

Pucynox 4.7 — 3aBucumocts qudpakiinoHHON 2P HEKTHBHOCTH KaXKIOH PEIIETKH OT

BPCMCHHU 3allMCH IIPH IMOCICAOBATCIIBHOM YITIOBOM MYJIbTUIINICKCUPOBAHUHA
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1. OnpenenuTs U3MEHEHHE TOKa3aTessl MpeoMIICHUST An Il KaXI0# pe-

MIETKW UCXOs U3 (POPMYIIBI:

arcsin(\/n—ﬂ) ‘21-n
L )

i _
=sin‘|——| = An =
M (2/1 - n)
rae M, — mudpaxionHas 3¢h(PEKTUBHOCTh OTPAKEHHOTO Jiyda; A — JIJIMHA BOJIHBI

CBCTa; N — IMOKAa3aTCJib MPCIOMJICHUA MaT€puaa, L — TonmuHa mMarcpuaiia. N 3amnu-

caTh 3Ha4YeHUS B TaOmiy 3.2.

Ta6J'II/IHa 3.2 — U3MEHEHHE MOoKa3aTeJs IMPCIIOMJIICHU A

Any An, Ang
MoneaupoBanue
1. OtkpeiTh npuiiokenue Poly Grating, B 1IeBOM MEHIO yKa3aTbh: KOJHYE-

CTBO roJiorpamMm; toaumuay ®IIM; niauHy BOJHBI; Yroa MEXAY ABYMs IMAaJAtOIIMMU
nyykamu u yriisl nosopora OIIM s kaxaon 3anuceiBaemon /IP; nmocraBurs ranou-
Ky B nosie «OntumansHoe t»; [loctaButh 3nauenue K/ (%), paBHoe 3Hauenuto /19
MEPBOM 3aMMCAHHOMN pemeTKH. JlaHHbIN 3Tan TPONJUTIOCTPUPOBAH HA pUCYHKE 4. 1.

j‘ P2 Fonorpadn

a0 Q Tonwmna S
g
. IEJ Ormaa Eom

= | zanmcw, He
= = Kal, &

[w OrmurdaneHoe b

M: £, rpan |"P,r'p:ur
1 16 -4
2 16 0
3 16 4

Pucynok 4.1 — MeHio napameTpoB 3anucu

2. [Tono6parh kK03 HULMEHTHI B IPABOM MEHIO MPOrpaMMbl (PUCYHOK 4.2),

TOOUTHCS TAKUX K€ 3HaueHui 19, kak u B 1abopatopHoii padoTte.
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MapareTp | 3HaYEHWE
JaTysaHu9e h
hi 1.78e-3

np Te-2

& 1

d1e15 |1

4] 1.45

Pucynok 4.2 — MeHio napameTpoB MaTepuana

[Tono6pas mapameTpsl, noayyaeM 1D Tpex pemeTok (pUcyHok 4.3).

KatTp), %
. P

e
—

Fd
—

0123435678 010111213141516171810202122232425262728203031 323334 353637383040
Bpemn 3anucw (t), cex

Pucynok 4.3 — Kuneruka ¢popMupoBaHus Tpex 3anucbiBaembix J[P

3. Bpemena 3ammncn 3KcnepuUMEHTa M MOJEIMPOBAHUS PA3IUMYAOTCS, TO
HEO0OXOIMMO BBECTU HOPMHUPYIOMIMKI KO3 duimenT. Jlyis BelpaBHUBaHUA MacuiTada
CpaBHUM 3Ha4Y€HUs BpeMeHU No ypoBHIO 0,5 nns mepBoil 3anuckiBaemoint P nms
000ux rpauKoB:

takcn =14 &
t pacy = 2.83 .

OTHoOIlIEHHE MTOTYYeHHBIX 3HAYEHUN JaeT KO3 (P(UINEHT:

K= 14 = 4,947
283 U

4. llepecTpouTh HKCIEPUMEHTAJIbHBIM TrpapuK, HCIOIb3YS MOJIYYCHHBIN

MaciTabHbI KO3 duieHT. Pe3ynbrarsl npecTaBieHbl Ha pucyHke 4.4.
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Pucynox 4.4 — DxciepuMeHTalbHAS 3aBUCUMOCTD TUPPAKITHOHHON (D PEKTUBHOCTH
1, OT BpeMeHu 3amucu t/K
Ha pucynke 4.5 npuBefeHO MOJIETUPOBAHNE KUHETUKU (DOPMUPOBAHUS JBYMEPHOU

['®C.

Ka(t/Tp), %

0 1 2 3 4
Bpema zanucu (t), cex

Pucynox 4.5 — MoaenupoBanue kuHeTHKH hopmupoBanus nsymepHoit ' @C

U3 pucynka 4.4 BugHo, uTo Tpaduxu 4.4 u 4.5 1Mo XxapakTepy HEMHOTO Pa3InYyaroTCs,

9TO CBsA3aHO C HCTOYHBIM HOI[60pOM JAHHBIX JJI1 MOACIIMPOBAHUS.

5 Coaep:kaHue oT4eTa

1 HazBanue paboThI, 11e7b PaOOTHI, U CXEMbI IKCIIEPUMEHTAIBHBIX YCTAHOBOK C
TIOJTHBIM OIMCAaHWEM PadOTHI (CXEMbI M ONUCAHWUE YCTAHOBOK JOJDKHBI COOT-
BETCTBOBATH JIOTHUYECKOM IETIOYKE JICUCTBU).

2 Pesynbrathl pacueToB u MojenupoBaHus. CpaBHUTH pe3yJdbTaThl C SKCIEPH-

MeHTaMH (COOJ0ast JIOTHUECKYI0 TMOCIEA0BATEILHOCTh BBITIOJHEHHS PacyeToB U

AKCIEPUMEHTOB).
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3 Pe3ynbTaThl BRIUMCICHUS TAPAMETPOB.

4 AHain3 NOJyYEHHBIX PE3YIbTATOB U 3aKIIFOUEHHUE.

6 KoHTpoJibHBbIE BONPOCHI

1. B yem otnuune ognomepuoit ['JIC ot aBymepHOH?

2. Kak npoucxonut nporecc popmupoBanus apymepusix I'JIC?

3. Ot vero 3aBuUCUT AUPpaKIHOHHAS 3(H(HEKTUBHOCTH MOCIEAYIOMUX 3aMUChIBa-
€MBIX PEHIECTOK?

4. Kakue npeumyiecTBa naet rojgorpadpudeckoe hopmupoBanue ['C B DIIM?

7 Pexomenayemasi iuTeparypa

3. ["onorpadguyeckrue GOTOHHBIE CTPYKTYPHI B POTOMOIMMEPHBIX MaTepHa-
nax. Yueonoe nocodue / C.H. llapanrosuu. — Tomck: TOMCK. TOC. YH-T CUCTEM YIIP.
U paanossiekTponuky, 2015. — 191 c.

4, OC TYCYP 01-2013 PaGotbl cTyAeHUYECKUE 10 HAMPABICHUSM TOJIIO-
TOBKU U CIIEHUATBHOCTSAM TE€XHMUYECKOTo npoduis. O6mue TpeOoBaHUS M IpaBUIIa
opopmienus.- Bzamen OC TYCVYP 6.,1-97; Bsen. 03.12.131- M: U3n-Bo crangap-
ToB, 2013.-53 c. ([lara o6pamenus 20.10.17 r).
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3.

JIABOPATOPHAS PABOTA Ne3 NCCIEAOBAHUE

JANPPAKIIMOHHBIX XAPAKTEPUCTHUK OJHOMEPHBIX
I'OJIOTPAOUIYECKUX ®POTOHHBIX CTPYKTYP

Conep:xanue
B 23: 150 (5 £ 1 (<P 31
. DKCHEPUMECHTATBHAS YCTAHOBKR. ...\ eutententenennentenneneeneaeneneeneaneananeanss 31
[TOPSITOK BBITTOTTHEHHS PAOOTBI. .. vt eteenteenneennteenneeneneaneeenneenneennnens 32
B 003 (50> %1217 (el o) ks (<1 v: 34
. PEKOMEHITYEMAS JTTCPATYPA. ...t euvtente et eteete et eeeeeteeeeeneeeneeenans 35

30



1 Beenenue.
[lens paboThl: uccneaoBaHue AUGPAKIIMOHHBIX XapaKTEPUCTUK OTHOMEPHBIX

rojorpadpuyeckux (OTOHHBIX CTPYKTYP .

2 JKcnepUMeHTAIbHASl YCTAHOBKA
CxeMa 3KCIepUMEHTAIbHON YCTAaHOBKH I UCCIEAOBaHUS AUGPaKIMOHHBIX
XapaKTEPUCTHK OJHOMEPHBIX TOJOTpaPUIECKUX (POTOHHBIX CTPYKTYp, cPopMupo-

BaHHBIX JIBYJIy4€BOM 3aMKCHIO MIPEICTABICHA Ha pUCYHKE 2.1.

PD=1mMm 0=4

He-Ne ——
1=633 = -

>
I (Na]
/ C“X
3epxan epKaJjIo
OM 3a M I l
To3umu-
>
Lo

Pucynok 2.1 — DkcniepuMeHTagbHasi yCTAHOBKA JIJIS UCCIEAOBAHUS TUPPAKITUNOHHBIX
XapakTepucTuK ogHOMEPHBIX ['OC

Ucrounnkom uznyuenus ciayxut He-Ne mazep ¢ qiuHoi BoiaHb A = 633 HM.
JlnameTp BbIXOAHOTO TIydka @ = 1 MM. Jlanee u3mydeHne IpoXoauT dyepe3 KoJTuMa-
TOp, YBEIWYHMBAIONINK nuaMeTp mydka g0 @ = 4 mM. [locrme kommmMaTopa MydYoK,
OTPa3MBIINCH OT 3€pKaia, MPoxoauT depe3 cBeropenutenbHbiii kyd (CK). O6pazo-
BaBIIMECS J[BA MyYKa MaJal0T Ha 3epkana. OJIUH U3 OTPAKEHHBIX OT 3€pKaJl JIyY Ie-
PEKpBIBaeTCs AJEKTpOMexaHuueckuM 3aTBopoM (OM3). Bropoit yd jokaiu3yeTcs
Ha BXOJIHOM Tpanu (poronomumepHoro matepuaina (PIIM), mpoxoms, Takum 00pazom,

yepe3 onHoMepHytro ['®C. B pesynbrare, Ha Beixoae I'/IP ¢popmupyrorcs npoien-
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mmii 1 gudparupoBansblil myun. Jlanee, usmenss nonoxxkenne @MII otHocuTenbHO
MaJaroero Jyda B Auama3one -15°+15°, npu momomu GoToaArOI0B PETUCTPUPYETCS
WHTEHCUBHOCTH MAJAroNIero u audparupoBaHHoOro sydeir. Takum oOpa3om, Mo 3a-
(UKCHPOBAHHBIM JTAHHBIM OIICHUBAETCS M3MEHEHHWE MHTEHCUBHOCTU IU(]parupoBaH-

HOTO M3IIy4€eHHUs [; Ipy OTKIIOHEHUH OT ycaoBMi bporra.

3 Ilopsi10K BBINOJHEHHS PAadOTHI
1. HacTpoutb yCTaHOBKY, COTJIACHO PUCYHKY 3.1

2. OtkpeiTh iporpammy Polymer Gratings Experiment

@aiin  Skcnepumest  Momowe

OAY vOE

0 OO B @

W 'Bodoa Lalio Lot 0]

a
BpeMA WIMEPEHNA, © (¥TON NOBOPOTA CTONMKE, rpaf)

Calibrate  #1| 0 0 |#| 0 0 Progress StepDriver unknown (click for check)

Pucynox 3.1 — MaTepdeiic mporpamMmbl
3. OtkanubpoBath (HOTONMPUEMHUKH.
JIJIs 5TOTO OTKPHITH TApaMETPBHI:
OkcnepumenT > [lapameTpsr = [lapamerpsl ycT. 3amucHu.
Heo0OxoaumMo, 4ToObI MUHUMAJIBHBIE U MakcuMaiabHble 3HaueHuss ADC#1 u ADC#2
COOTBETCTBOBAJIU JPYT JIPYTY.

4. YcranoButh o0pazeny ®IIM Ha nmo3uLIMOHED U 3alyCTUTh CUYUTHIBAHUE.
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®aiin  Jkcnepument  Momors
] p— N AT e

A vOa WEL MR

5 o e [ G

‘ 2 [Jea mywqka ‘

3 TP thriee

v ‘sodouialalolod o)

0
Bpema uiMepeHun, ¢ (¥ron NoBOpoTa CTONMEA, rpaa)

Calibrate 21| 0 o [z 0 0 Progress StepDriver unknown (click for check)

Pucynok 3.2 — CUUTBIBaHHE rOJIOTPAMMBI
5. [Tocne 3aBepmieHus nporecca CYNThIBAHUS HEOOXOAMMO SKCIIOPTUPOBATH
nanaele B Microsoft Excel, st nanpHeimei 00paboTKH:

daiin 2 DkcnopT = Bee naHHBIE SKCIIEPUMEHTA.
_ng JKCNOPT pe3yNLTaTos [ | ﬂ_

Brifop oftexTa skcnopTa

Bece paHHbie IKCNEPMMEHTA V]

[MyTe coxpareHna
C:h\Usershwiti\Desktop \Polymer Grating

[ oK ] [ Ommena ]

Pucynok 3.3 — CoxpaHeHue TaHHbIX
6. OtkpeITh daiin Excel, rae Haxoastes maHHbie o nepBoi 3amucu JIP. [Toacuu-
TaTh AUGpaKuoHHYI0 3¢ deKTUBHOCTL (D) mimsa kaxmoro MomeHTa 3amucu. s
stroro B mose D B crTpouke 7, yka3piBaeM ¢opmyny ans Haxoxaenus 19
«=100*C7/(B7+C7)» wu pactsaruBaeM JaHHOE BbIpakeHHe. B wurore mnomydaercs
cTosi0er] 3HaueHul nudpakiuroHHON 3P PexTuBHOCTU. [{aHHBIN 3Tan NPOUILTIOCTPH-

pOBaH Ha pucyHke 3.4.
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D7 -

fe | =B7*100/(B7+C7)

A B c
1 |CoxpaHeHHEIE CEPHH

2 Cepua #0 03.11.2017t.r=0,45

3
4 [NaHHble cepui
5 |Cepun #0

6 Bpema, c ADC1, mA ADC2, mA,
285{ 1.3840831

7| 0 4
282
285
288
286
285

=
[}
EoRE S S S )

D E F G

tp=0.05 T.r=100 T.p=0

1,052632
1,384083
1,369863

1,37931
1,384083

M.p=1

Pucynox 3.4 — O6paboTka pe3yabTaToB

7. ITocTpouts rpaduk u3sMeHEHU AUPPAKUMOHHON 3P YEKTUBHOCTH 1], (OTH. €11.)

IPH OTKJIOHEHUM OT ycinoBui bparra audpakunonnoi ¢ GeKTuBHOCTH 1,

8. Ol'[peI[CJ'II/ITB MaKCUMAaJIBbHOC 3HAYCHUC

Q. [IpoHOpMUPOBaB 3HAUEHUS, OLIEHUTDH YIIIOBYIO CEIEKTUBHOCTh AB, KOTOpast

OIIpCACIIACTCA 110 IIOJIOBUHHOMY YPOBHIO MAKCUMAJIBHOI'O 3HAYCHUA ,Z[H(I)paKLIHOHHOﬁ

5} HEKTUBHOCTH 1.
10.

(B 1b) OOKOBBIX JIENECTKOB.

[lepeiias B noropudmMuueckuii Maciirad, OleHUTh YPOBEHb dPPEKTUBHOCTH

-2 -1

—n

Pucynok 4.4 — Usmenenue nudpakunonnoi s¢pekruBHocTu 1, (1b) npu oTkio-

HECHHUUN

OT ycinoBuii bparra

4. Conepskanme oT4yeTa

1. Ha3Banue paboThl, 11€J1b paOOThI, 1 CXEMbI SKCIIEPUMEHTAIIbHBIX YCTAaHOBOK C

IIOJHBIM OIIMCAaHHECM pa6OTBI (CXGMBI U OIMUCAHHUC YCTAHOBOK HOJIKHBI COOT-

BETCTBOBATH JIOTHUECKOM 1IETIOYUKE JECUCTBUM ).
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. Pesynprarel pacuetoB u MozaenupoBaHusi. CpaBHUTH PE3YIbTAaThl C IKCIIEPHU-
MeHTaMH (COOMIoAas JTOTHUECKYIO MOCIEA0BaTEIbHOCTh BBIIIOJHEHUSI pacye-
TOB U SKCIIEPUMEHTOB).

. AHanu3 NoJy4YeHHBIX PE3yJIbTATOB U 3aKIIOYEHUE.

5. PekxomMeHnayemas jurepatypa

1. Tonorpaduyeckrue POTOHHBIE CTPYKTYpPhl B (POTOMOIMMEPHBIX MaTepHallax.
Yuaebnoe nocobue / C.H. lllapanrosuu. — Tomck: ToMck. roc. yH-T CUCTEM
yIp. U paguosnekTponuku, 2015. — 191 c.

2. OC TYCYP 01-2013 PaGoTbl cTyJeHYECKHE IO HAMPABICHUSM MOJATOTOBKH
U CIIELMAIBHOCTSAM TeXHHUYECKOoro npoduia. O0mue TpedboBaHus M MpaBUiia
opopmiterus.- Bzamen OC TYCVYP 6.,1-97; Been. 03.12.131- M: Uzxa-Bo
crangaptoB, 2013.-53 c. ([lara oopamenus 20.10.17 r).
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4. JIABOPATOPHASI PABOTA Ned  MUCCIEIOBAHHE

JAUDOPAKIIUOHHBIX XAPAKTEPUCTUK JABYMEPHBbIX
IF'OJIOTPAOUYECKUX ®OTOHHBIX CTPYKTYP
COILEPKXKAHHUE

(I 21501 (535 1 (<P 37
2. DKCTIEPUMEHTATBHAS YCTAHOBKA. .. utveenetteennteeennteeenneennneeennnneennnenns 37
3. TTopsAIOK BBIMOTHEHUS PAOOTBL. ... vvteteeentteeanteeeanneeareeenneeeaneeannns 38
7Y, (01 (01171 010) : 213 1 (<P 43
ST @101 (500 %13 1 (S0 Ae (o1 v D 45
6. KOHTPOTIBHBIC BOTIPOCHI. . ..veuetteentteeenteeenteeeateeeaneeeaeeeaineeeanneeannans 45
7. CITHCOK JTATEPATYPBI. . .t vt eneteeennteeenteeentee e eteeeeteeeeteeaneeeanneeeaneeeenns 45
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1 BBeaenue

Llenp paboThl: HccieqoBaHuE AUPPAKIMOHHBIX XapaKTEPUCTHK ABYMEPHOIA
($OTOHHOI CTPYKTYpPHI B (POTOMOIMMEPHBIX MaTepraiax, COPMUPOBAHHBIX METOIOM

IMOCJICAOBATCIIBHOT'O YIJTIOBOT'O MYJIBTUIITICKCUPOBAHUA.

2 JKCIepUMEHTAJIbHASI YCTAHOBKA

Cxema 3KCIEepUMEHTAIbHOM YCTAaHOBKH JJIsl MCCIIEAOBAHUSA JUPPAKIUOHHBIX
XapaKTepUCTUK JABYMEPHBIX roJjiorpaguueckux (OTOHHBIX CTPYKTYp, chopmupo-
BaHHBIX JIBYJIYYE€BOU 3aIUCHI0 METOAOM MOCIEI0BATEILHOTO YTIIOBOTO MYJIbTHILICK-
CUpPOBaHUS NPEJCTaBlI€Ha HA pUCyHKe 2.1.

%
He-Ne

2

bY

1K

bY

PucyHok 2.1 — DkcnepuMeHTalIbHasl YCTAaHOBKA JIJIsl CCIIeIOBaHUs TU(GPAKIIMOHHBIX
XapakTepUuCTUK AByMepHbIX [ OC

Hcrounnkom u3aydeHus ciayxuT He-Ne mazep ¢ qiuHoM BOIHBI A = 633 HM.
Juametp BeIxoaHOTO IMydka @ = 1 MM. /lanee usmydeHne MpOXOANUT depe3 KOoJUTuMa-
TOp, YBEIUYHMBAIOMNN auaMeTp mydka g0 @ = 4 mM. [locne kommuMmaropa IMydoK,
OTPa3UBIIUCH OT 3€pKayia, MPOXOAUT uepe3 creroAenuTenbHbii kyd (CK). Obpazo-
BaBIIMECS J[BA MyYKa MaJar0T Ha 3epkana. OJIUH U3 OTPAKEHHBIX OT 3€pKaJl JIyY Ie-
PEKPBIBACTCS AJIEKTPOMEXAaHUYECKUM 3aTBOpoM (OM3). Bropoli nyu nokanusyercs

Ha BXOJIHOM rpaHu (porononumepHoro marepuaina (PIIM), npoxozs, Takum 00pa3om,
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yepe3 ogHomepHyto ['@C. B pesynbrate, Ha Bhixoae I'/IP dopmupyrores npore-
mmii 1 qudparupoBansblil myun. Jlanee, usmenss nonoxxenne @MII otHocuTenbHO
najaroiero gyda B auamna3one -30°+30°, mpu nomomu GoTOIUO0B PETUCTPUPYETCS
WHTEHCUBHOCTh TAJAIOIETO U JAu(parupoBaHHOTO Jydei. Takum oOpa3om, Mo 3a-
(UKCUPOBAHHBIM JAHHBIM OIICHUBAETCS M3MEHEHUE MHTEHCUBHOCTHU JU(parupoBaH-

HOTO M3IIy4€HHMs [; Ipy OTKIIOHEHUH OT ycaoBMi bporra.

3 IlopsiioK BBINOJHEHUSA PA0OTHI

1. [lepen HauaaoM pabOTHI C YCTAHOBKOW HEOOXOAMMO MPOBEPUTD:
- Bce myuku cBeTa TOJKHBI OBITH HA OJTHOM YPOBHE C JIA3€POM;
- ITyuku cBeta cxonstces B ogHoi Touke OIIM obpasna;
- [Ipoxopsiye myyku MonajaroT MOJIHOCTHI0 Ha (POTONPUEMHUKH.
2. PaboTa ¢ KOMIBIOTEPOM:
3axonuM Ha auck D m oTkpeiBaecMm mupektopuro: Polymer Gratings Experiment/
Polymer Gratings Experiment/bin/Debug/Polymer Gratings Experiment.exe. OTkpsbi-

BAETCs TJIABHOE OKHO MporpaMmsbl (pucyHok 3.1):

E o
8 SkcnepuMeHTabHbIE B3HWA 33MUCK ronorpamm g O] a0

CRY wOBQLU- OO B %

ww 'sodomalarolop Ho)

0
BpemA namepeHnA, © (¥Ton NOBOPOTa CTONWKA, 1pag)

I Calibrate #1| 0 0 |#| 0 (1] Progress StepDriver unknown (click for check)

Pucynok 3.1 — 'maBHOE OKHO MPOrpaMMBI

Jlanee, 3aX0IuM BO BKJIAJKy —23KCICPHUMEHT/IapaMeTphl/iapaMeTphl YCTaHOB-
ku 3anucu. [IpoBepsiem paboTocrnocoOHOCTh (HOTOMPUEMHHUKOB 0€3 3aCBETKU U C HEH.

3HadeHne POTONPUEMHHUKOB JOJIKHO OBITh MPAKTHYECKH PABHBIM.
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[IpoBepuB pabOTOCIOCOOHOCTH 3aTBOPOB M (POTOMPUEMHHUKOB, 3aXOJIHUM BO
BKJIIQJIKYy OJKCIIEpUMEHT/TIapaMeTphl/lapaMeTpbl SKCIIEPUMEHTa. Y CTaHABIMBAEM B
napameTpax CeJIEKTUBHOCTH JMama3oH yrioB oT mMuHyc 10 mo 10, yucno Todek s

nyumied touyHoctu ctaButcda 1000. [laHHBIM 3Tan OPOWLIFOCTPUPOBAH HA PUCYHKE
3.2.

MapameTpel 3KCNEPUMERTE

Oea nyuka | Tou nyssa

[NapameTp uSMEepeHna NpOMYCKaHUA
Bpemn saceemn, 50

Yncno Touek 200

MNapameTpid SamucK
Bpemn zanmcu, © 045

Bperna 4TeHWA NapameTpoE, © 0.05
Bpemn zaceeman, © 100
Bperan nayswl, c ]

KonuuecTeo nepuoacs 1
MNapameTpr cenexMEHOCTH
Bpema vsmepeHun, ¢ 120

Yncno Tover 1000

[LwanazoH yrnoe, rp. -10 10

0K OmveHa

Pucynok 3.2 — [TapameTpsl 3kcriepuMeHnTa

[Tocne HaCTPOHKK MPOrpaMMBbl, OTKPBIBAEM BKJIAJIKY —> CEJICKTHBHOCTD '
OupaeM MyHKT 2«2 myukay. [ToiaeT mporecc CUnThIBAaHKS rOJIOTPaMMBbI.

[lpu oxoHuYaHWHM TIpollecca, BCEe JaHHbBIC 3amUcH 3amuchiBaroTcs B (aiin Excel. [{ns
TOr0 YTOOBI COXPAHUTH JIaHHbIC, HAKUMAEM BKJIAAKY «J[00aBUTh CETEKTUBHOCTHY,
nanee, BkIaaky —»«daiin/Ikcnopty, BeIOepeTe MyHKT —>«Bce maHHBIe ¢ IKCIEpH-
MEHTa», YKaXUTe MyTh coxpaHeHus (aitna, roroBo. Ha pucynke 3.3-3.4 npousuiio-

CTPHPOBaH IMporecc padoTHI ¢ IPOTPaMMOI BO BpeMsl 3aITUCH.
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sanmcu 50NM (=B i oo sanvcu

®aiin  xcnepumen Qaiin  3xcnepument  Momous
OBy PO 200 Q0B 18 ORY vO200-0 O
Y Iy
2 feanyna ‘
3 Tou nyuxa
E g
g g
<
s <
o o
] b3
2 1
- o
3
| 3 3
| s 2
] 8
E b4
0 0
Bpema uamepexua, ¢ (Yron nosopoTa cTonuka, rpaa) Bpewun usuepeHn, C (Yron Mosopora cronka, paz)

Pucynok 3.3 — a) I[Iponecc 3anucu; 0) Jlob6aBnenue naHHbIX 3allUCU
- o 3kcnopt pesynsTaTos { =l — éj

Brifiop ofbexTa akcnopTa

Bce paHbie sikcnepyumenTa - ]

MyTe coxpaqeHna
C:\Users'witi"Desktop'.Polymer Grating

Cox ] [Gows]

Pucynok 3.4 — CoxpaHeHre JaHHbBIX YKCIIEPUMEHTA

3. OO0paboTKa pe3yIbTaToOB:

OTkpeITh Qaitn Excel, rne HaxomdTcs gaHHBIE MO YIVIOBOM celeKkTuBHOCTH JIP-
ok. [logacunrars mudpakuuonnyio 3¢gdexkruBHocTh ([13). dns storo B mone D B
cTpouke 7, ykaspiBaeM Gopmyny s Haxoxaenus 19 «=100*C7/(B7+C7)» u pacts-
rMBaeM JJaHHOE BbIpakeHue. B mrTore momydaeTcst cTosder 3HaueHU TuQpaKkimoH-

HOM 3 dexTruBHOCTH. JlaHHBIN STAll TPOUJUTIOCTPUPOBAH HA PUCYHKE 3.5.

D7 - £ | =B7*100/(B7+C7)

A B C D E F G H

CoxpaHeHHbIE CEPHH
Cepua #0 03.11.2017t.r=045 tp=0,05 Tr=15 T.p=0 M.p=1

1
2
3
4 |[laHHEIE cCEpMR

5 Cepun #0

6 Bpema, ¢ ADCT, mA ADCZ, mA
:| -4.9992 56 4095[ 1.3490731

-4,9596 a7 4095 1,3?2832.
EI -4.98 a7 4095 1,372832
10| -4.9704 56 4095 1,348073
11| -4,9596 a7 4095 1,372832

Pucynox 3.5 — O6paboTka pe3yabTaToB
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4. JlaHHbIE U3 DKCIIEPUMEHTA 3aHECTH B Tabnuiy 3.1.
Tabmuua 3.1 — M3MeHeHMe MHTEHCUBHOCTU AU(PPArUPOBAHHOTO U3Iy4eHUs [, npu

OTKJIOHEHUU OT yCJIOBHM bparra

1-arap 2-a FAP 3-arapP
A =_"° NG =_° AG = _°
0 MBT 0 MBT 0 MBT
,rpaj. ,— ,rpas. ,— ,rpas. ,—
B, 'Paj O 5, T'PaA LU 5, 'Paj LUy
5. [Toctpouts rpaduk U3MEHEHHS HHTEHCHUBHOCTH JU(ParupoBaHHOTO

2 .
usnydenus I, (MBt/cM”) npu oTkioHeHnu ot ycnoBuid bporra pucynke 3.6.

-10

Pucynok 3.6 — Mi3MeHeHre MHTEHCUBHOCTH AM(ParupoBaHHOIO U3ITy4eHus I, mpu

6. 3anonHuTh Tabmuny 3.2. 3MepeHnble 3Ha4enus [, HOPMUPYIOTCS OTHO-

-5

10

0

0

5

10

OTKJIOHEHUU OT yCi0Bui bparra

CHUTEIBHO CaMOro OOJIBIIOTO 3HAYCHHS.

Tabnuua 3.2 — M3MeHEHHE HHTEHCUBHOCTH IU(PParupoBaHHOrO M3ay4deHus I, (OTH.

€/1.) Ip1 OTKJIOHEHUU OT yciioBuii bparra

1-aTgp 2-arapP 3-argpP
AHZ_O AQ:_O Agz_o
O, Tpag. I,,0TH.ex. 05, rpag. I,, 0TH. ex. O, rpag. I,,0TH.ex.
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7. [TocTpouts rpaduixk M3MEHEHHS] HHTEHCUBHOCTH TU(ParupOBaHHOTO W3-
iydyenus [, (OTH. €]I.) IpH OTKIIOHEHUH OT yCJIOBHMI bporra u onpeaenuTs no ypoBHIO

0.5 yrinoByo CeNeKTUBHOCTH (PUCYHOK 3.7).

Pucynox 3.7 — i3MeHeHre MHTEHCUBHOCTH AU(ParupoBaHHOIO U3Iy4eHus I, (OTH.

€l1.) P OTKJIOHEHUH OT ycJIoBUi bparra

A@l == _o,' Aez == _O; A93 = _0.

8. [TonyueHnnbie 3HaUeHUs U3 TabnuIlbl 3.2 nepeBecty B 1b mo gpopmyre:
I,(aB) = 10 - lg(1,).
Q. 3anucaTh 3HaYEHUS U3 MMyHKTa § B Tabmuiry 3.3.

Tabnun 3.3 — M3MeHeHMe MHTEHCUBHOCTH AU(pparupoBaHHOro usnydeHus I, (ab)

IIPY OTKJIOHEHUH OT yCJIoBUM bparra

05, rpag. 1, nb Og, Tpag. 1, nb 05, rpag. 1, nb
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10. [Toctpouts rpadvk M3MEHEHHUS WHTEHCUBHOCTU AU(PPArupOBaHHOIO U3-

nmy4genus I, (1b) npu oTknonenun ot ycnosuid bpsrra no maHHbIM M3 Tabmuubl 3.3

(pucyHok 3.8).

A
ANy
A

T ——

Pucynox 3.8 — Mi3MeHeHne MHTEHCUBHOCTH Au(parupoBaHHoro usnyvenus I, (1b)
IIPY OTKJIOHEHWH OT YCJIOBHM bparra
11. Omnpenenuts ypoBeHb HHTEHCUBHOCTU OOKOBBIX (JIEBOI'O M IIPABOIO) Jie-
IIECTKOB JUISl KAXJ0W PEIIETKU U3 PUCYHKa 3.8.

ypOBeHB MHTEHCUBHOCTH OOKOBBIX JICTIECTKOB:

— s 1-i pewerku pasen [;,, = ab, i, = Ab;
— st 2-i pewietku paseH I, = ab, L, = ab;
— 11s 3-i pewieTku paseH Iz, = ab, I3, =  4b.

4 MoaeaupoBaHue
1. OtkpeiTh npuiokenre PolyGrating. BBectu maHHbIe, UCXOIs U3 MOJIE-

JIMPOBAHMS TPETEH 1abopaTOpHOU paboThl. B rimaBHOM OKHE MpOrpamMMbl MPOU3BECTH

> «CUYUTHIBAaHUE TOJ0rpamMm» (PUCYHOK 4.1).
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Ka, %

- M W B @ ~ @ WO

60 -50 -40 -30 -20 -10 0 10 20 30 40 50 €0
OTHOCHTeNbHan Gperoeckan paccTpoika

Pucynok 4.1 — PacueTHOe u3MeHeHHE MHTEHCUBHOCTH TU(PparupoBaHHOTO U3ITyde-

HuUs [,

2. 1o ypoBHI0 0.5 onpenenuTp yrioByrO CEIEKTUBHOCTh Kaxa0u J(P.
AB, = __°,
Ay, = %
AB3, = __°.
3. [Toctpouts Ha 0IHOM rpaduke U3MEHEHHUs] HHTEHCUBHOCTU Iudparupo-
BAHHOI'O M3JIy4€HMs [, IIPpU OTKIOHCHUH OT YCIOBHUM bparra npu MopeanpoBaHuu U

13 DKCIIEpUMEHTA (PUCYHOK 4.2).

bk n
)
5 A
3 A
= .
g [
) \
k.Y N\ (1)
. I\ [
i i\ / \
! Sl ,.,—.,-;2 - ‘UA: \.l e e ZAY; A:= N

Pucynok 4.2 — CpaBHeHUE yTIIOBOM CEIEKTUBHOCTH SKCIIEPUMEHTA U MOJIEJIUPOBA-

HUA

4. CpaBHUTH YIJIOBYIO CEIEKTUBHOCTh U3 DKCIIEPUMEHTAIbHA U MOJEIUPO-

BaHMs. 3amucaTh mapamMecTpbl MOACIUPOBAHUA:
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w N

— Yucno rogorpamm = 3; TonmuHa OIIM = MKM; JUJIMHA BOJIHBI 3a-

mcu = 633 HM;

— 3aTyXaHHe = ; n; = n, = LS =

- d-le—-15=_,;n=

5. Cogep:xanue oT4eTa
HazBanue paGoThl, 11e1h paboThl, U CXEMbI SKCIIEPUMEHTAILHBIX YCTAHOBOK C

MOJIHBIM OMUCAaHHEM Pa0OThI (CXEMBbI U ONKMCAHUE YCTAaHOBOK JIOJKHBI COOT-
BETCTBOBATH JIOTHUYECKOH IEMTOYKE CHCTBU).

Pe3ynbraThl pacueToB U MojaenupoBaHus. CpaBHUTH PE3yJbTaThl C AKCIEPU-
MeHTaMH (COOJI0/1asi TOTHYECKYIO TOCIEA0BATEILHOCTh BHITIOJIHEHUS pacye-
TOB U SKCIIEPUMEHTOB).

Pe3ynpTarsl BEIYMCIEHUS TAPAMETPOB.

Ananus IIOJIYUCHHBIX PC3YJIbTATOB U 3aKJIIOYCHUC.

6. KonTposabHbIe BONPOCHI
Kak mMoxHO uccienoBarh AudpakiimoOHHbIe XapakTepucTuku asymepHoii ['JIC

?
. Kax npoucxonut npouecc popmupoBanus npymepnoit I'JIC?
. OT 4ero 3aBUCHUT U3MEHEHUE AUPPAKIMOHHON AP PeKTUBHOCTH?

. Kakue npenmymectsa gaet ronorpadguueckoe popmuponanue I'C B IIM?

7. CIMCOK JIMTEPaTypPHhI
1. T'onorpaduueckue POTOHHBIE CTPYKTYpPbl B (POTOMOIMMEPHBIX MaTepHalax.

VYuyebnoe nocodue / C.H. lapanrosuu. — Tomck: ToMck. TOC. YH-T cucTeM

yIOp. ¥ paiuodnekTpoHuku, 2015. — 191 c.

2. OC TYCYP 01-2013 PaboTsl cTyAeHYECKHE IO HAMPABICHUSM MOATOTOBKHU

U CIICIHAIIBHOCTSM TeXHH4YecKoro mpoduis. O6mue TpedoBaHus M MpaBUiia
opopmiierus.- Bzamen OC TYCVYP 6.,1-97; Been. 03.12.131- M: Uzxa-Bo
ctangaptoB, 2013.-53 c. ([lara oopamenust 20.10.17 r).
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