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1 BBepgeHue

OnTuyeckue M aKyCTOONTHYECKHE METOJbl 00paboTku uH(pOpMaLUU
UCIOJIB3YIOT Ppa3JIMYHble ONTUYECKUE TPAHCIAPAHTHI, B TOM 4YHUCJIE OObEMHbIE
Cpelbl, B KOTOPBIX MOTYT (popMHpOBaThCs (pa30BbIE TUHAMHYECKHE TOJIOTPAMMBI,
uH(popMaIus B KOTOPBIX XPAHUTCS B BUIEC U3MEHEHUI MOKa3aTels MPEIOMIICHHUS.
OTu  rTojOrpaMmMbl  MOTYT OBITh  HCHOJB30BaHBl A Tojorpaduyeckoin
UHTEPPEPOMETPUH, a MX AUHAMUYECKUN XapakTep JeiaeT MX aJalTUBHBIMHU K
MEJUICHHBIM ~HM3MEHEHMSIM BHEIIHUX YCJIOBHM, OOYCIOBIEHHBIX Japerdom
TeMIIepaTyphl, aTMOC(HEPHOTO JAABICHHUS, U IpyTuX pakTtopos [1-5].

B xadectBe cpen st AMHAMHUYECKOM rojorpaduu, B KOTOPBIX MOTYT
dbopmupoBaThcs 00beMHBIC (PA30BBIE TOJIOTPAMMBI, IIMPOKO HCIOJIb3YIOTCS
doropedpakTuBHBIE KpUCTAIUTBI. OHU XapaKTEpU3YIOTCS BBHICOKOW pa3peraronieit
cnocoOHoCThIO, npeBplimaromeid 10 000 TMHUI HA MIILITUMETD.

dotopedpakTuBHBIE KyOMYeCKHe KpUCTAUTbl CHIUICHUTOB Bij,MOy (M =
Ge, Si, Ti) xapakrepusyroTcsi OBICTPbIM HETUHEHWHBIM OTKIMKOM M OOJadaroT
€CTECTBEHHOM ONTUYECKON aKTUBHOCTHIO. IHTEpEC K JaHHBIM KPUCTAJUIAM CBSI3aH
C BO3MOXHOCTBIO UX HCIOJB30BaHUS B MPUKIAIHBIX YCTPOMCTBAX ONTHYECKOU
00paboTku UWHpOpMAIUU ©W JWHAMUYECKOW Tojorpadguu. MakcumanbHas
3G (HEKTUBHOCTh B3aMMOJICUCTBHS 0€3 MPUIIOKEHHOTO0 K KPUCTAJLUTy BHEIIHETO
IIEKTPUUECKOTO TMOJISI MOXKET OBbITh MOJy4YeHa B 3TUX KPUCTAJIAX MPU BCTPEUHOM
pacnpoCcTpaHEHUH Iy4KoB, (OPMHUPYIOIIUX rojorpaMMmy. B stom ciyuae
amuutyga  doTtopedpakTUBHOM  pemieTkd,  GOpMHPYIOUMIEHCS 32  CYeT
muh(Py3MOHHOTO MEXaHW3Ma, B OTCYTCTBHE HACBIIIEHUS JIOBYIIEK OOpaTHO
OpONOpIUOHabHA  ee mepuoay. OTpakaTellbHblEe PELIETKM U CXEMbl Ha HX
OCHOBE MOTYT OBITh HCIIOJIb30BAaHbI JJISI CO3JaHHsS Y3KOMOJOCHBIX ONTHYECKHX
¢unbpTpoB, ToNOrpaduUecKux UHTEPHEPOMETPOB U ISl APYTUX MPAKTHUIECKHX
IIPUMEHECHUM.

Llenpto HacTosAwmEed pabOThl ABISETCS 3HAKOMCTBO C  MPUHLUIIOM
rojorpaguueckod  UHTEpHEPOMETPUM U DKCIHEPUMEHTAIbHOE  HM3yUYEHHE
aAMILTUTY THOM XapaKTEePUCTUKH aJanTUBHOTO rojorpauyeckoro
UHTEpPEpPOMETpa,  HMCHOJB3YIOIIET0  OTpaxkarelbHble  (QoTopedpaKkTUBHbBIC
rojorpaMmbl B KpHUCTaJUlaX THUTAHATa BUCMYTa IS HM3MEPEHUS aMIUTATYAbI
MEXaHUYECKUX KOJIeOaHUN 3epKajdbHO OTpaXarollero o0beKTa, B HIMPOKOM
JMHAMHYECKOM JIMaIia3oHe.

2 TeopeTuyeckasa 4acTb

2.1 IlpuHuun rosorpagpuyecko HHTEpPepoMeTpHU NPH BCTPEYHOM
B3aUMO/JEICTBUHU B KyOn4ecKoM (poTope)pakTHBHOM TrMPOTPONHOM
kpucrasuie cpesa (100)

[Ipu B3aumopeiicTBuM JazepHbIXx mnydykoB (Is u Ip Ha puc. 2.1) B
dboTopedpakTUBHOM KpHCTaie (GOpMHUPYETCS IWHAMHYECKas TojorpaMma, Ha
KOTOPOM OJHOBPEMEHHO MPOMCXOIUT WX camoaudpakmus [1-6]. 3aecy umeer
MECTO HHTEpPEPEHIUS KaXIO0r0 H3 TMPOMICAMHNX IMYYKOB C OJHUM W3
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Iu(parupoBaBIIUX MyYKOB, TO €CTh OMOPHBIN My4doK /p unTepdepupyer ¢ Iy, a Is
— ¢ Ip;. IHTEHCUBHOCTD NPOILIEANIErO YEPE3 KPUCTAIUI CUTHAIBHOTO ITyYKa MOXKHO
NIPEACTABUTH B BUJIE

I=1,(1+mcosAg), (2.1)
rne m=2.1, / I, — uHTeppepeHIMOHHbII KOHTpacT, I, — CyMMapHas
WHTEHCUBHOCTD ITy4YKOB /s U Ip;, 2 AQ — (a30BBIi CABUT MEXKIAY HUMHU.

[SO [Sl ’
/’/IP

AY
1 p/ IS\\ ‘: Pl

Pucynok 2.1 — I'onorpaduueckuii uaTephepOoMeTp, NCHOIB3YIONMINI BCTPEUYHOE B3aUMOICHCTBHE
CBETOBBIX Iy4YKOB Ha (OTOPEPPaKTUBHON OTpaKaTeIbHON ToJIorpaMMe

Ecnu BXOAHON CHUTHANBHBIA MYy4YOK [g) MOJIYyYEH OTPAKEHUEM OT OOBEKTa,
KOJIEOJIOIIErocs ¢ 4acTOTOM €2, TO OH UMeeT (Ha30BYIO MOYJISIIHIO,

Ap =@, + ¢, cosQt, (2.2)

U €ro BBIXOJIHAS WHTEHCUBHOCTH MOCJI€ B3aUMOJCHCTBHS Ha TOJIOTPaMME CO
CTAI[MOHAPHBIM OMOPHBIM IMYYKOM OyJ€T aMIUTUTYJHO-MOJYJIUPOBAHHON Ha
KpaTHBIX dYacToTax n€), ¢ pacupemencHueM riayOuHbI Momymsun M (o),
3aBucAIMM OT @p. [ @y=0, m mepBas rapmMoHHKa B CIIEKTPE OTCYTCTBYET
(M"=0), u HaGmromaeTcs KBaAPaTUUHBIA pexuM (a30BOil IEMOLYIALHH, MPH
KOTOPOM MaKCUMyM MOJYJISIIMM HMeeT MecTo Ha dactore 20 [1].
[IpenmouTuTeNbHBIM ISl TPWIOKEHUN SIBISIETCA JIMHEHHBIM pexuM  (pa3oBoi
JIEMOIYJISIUH, PEATU3YIOMUNCS TIPU (y=7/2 Ha OCHOBHOM yacTote (2 [1-5]. B aTom
cilydae, py MajblX aMIUTUTYJaX (a30BON MOYISILIUU, 171 ~ (.

Bennunna  ¢azoBoro caBura @y a8 AUGparupoBaHHOTO  MOJIA,
CKJIaJpIBAlOIIAsCd M3 pa3HOCTH (a3 Mexay (oTopedpakTUBHON peleTKod u
UHTEPPEPEHIIMOHHON KapTUHOM, U IOMOJIHUTEIBHOTO CIBUTA JJisi Mudpakiuu Ha
dazoBoil pelieTke, OMpPENesieTCs MEXaHU3MOM 3amucu  rojorpammel. [lpu
mudPy3noHHOM MexaHu3Me (B OTCYTCTBHE BHEUIHErO 3JIEKTPUYECKOIo MOJis) U
mudpakiuu 0e3 U3MEHEHUs MOJISIPU3AIMOHHOTO COCTOSIHUSI CyMMAapHbIN (ha30BbIN
caBur paBeH (0 WM T, YTO COOTBETCTBYET KBaJPAaTUYHOMY pPEXUMY (ha30BOM
nemonayisuuu. B cioyuae gpeiidoBoiil 3amucH, KOTa K KPUCTALTY MPHIOKEHO
MIOCTOSTHHOE 3JIEKTPUYECKOE MOJIe, U TaKOro K€ pekuMa AUPpakiuu Ha pa3zoBoi
rojorpaMMe, JOCTHUTAeTCs JIMHEHWHBIM pexuM (a30BOM NEMOAYISIIIMA 33 CYET
obecrieueHus (azoBoro capura Ha /2 wim — /2 [1]. OmHAaKO CHIIEHOE TIOCTOSTHHOE
AIIEKTPUYECKOE T0JIE, MPUKIIAABIBAEMOE K KPUCTAILTY, IPUBOJAUT K €r0 IEPETPEBY .
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[Ipu anuzoTpomHON JUdpPAKIUS CBETOBOW BOJHBI Ha JUHAMUYECKOU
rojIorpaMme, KOrja HMEET MECTO HM3MEHEHUE IMOJAPU3ALUOHHOTO COCTOSHUS
Ju(parupoOBaHHOTO MOJsI HA OPTOrOHAJIBHOE K MCXOAHOMY, BOBMOYKHO JIMHEHHOE
npeoOpa3oBaHusg MOAYJSIUU (a3bl CUTHAJIBHOM BOJHBI B H3MEHEHUE €€
MOIIHOCTH M TMpU MexaHu3Me 3anucu auddysuonHoro tuna [2-5]. OHO
peanu3yercs NpHU CMEIIEHUU JABYX BOJH C Pa3jIU4YHBIM THUIIOM IOJSpU3ALUU: OdHA
BOJIHA JOJDKHA MUMETh JIMHEMHYIO MOJSPU3ALUIO, IPYyTas — JJUIMITHYECKYIO WIIN
KpyroBy0. JIMHEHHOCTh N1EMONYJISILIUH JOCTUTAETCS 32 CUET TOTO, YTO BHYTPEHHSSA
pasHocTh (a3 B T/2 MEXIy OpPTOTOHAJIBHBIMM KOMIIOHEHTAMHU JJUIUNTUYECKH
NOJIIPU30BAaHHOM  BOJIHBI ~ NEPEHOCUTCS B MHTEpREpEeHINI0  MpoIleaIen
CUTHAJIbHON BOJIHBI M JU(pParupoBaHHOIO MOJS OMOPHOHM BOJHBI, oOecreuuBas
TEM CaMbIM HEOOXOAUMBIN JOMOJIHUTENbHBIN (Pa30BbIA CABUT MEXKAY HUMH.

B paGore [7] mnpoBemeH aHanmM3  BCTPEYHOTO  JBYXBOJHOBOTO
B3aHMOJCHUCTBUS HUPKYISIPHO-TIOISAPU30OBAHHON CTAlIMOHAPHOM OMOPHOM BOJHBI C
($ha30BO-MOMYITMPOBAHHONW  CUTHAJIBHOW  BOJHOW,  UMEIOMICH  JMHEHHYIO
MOJISIPU3alINI0, B KpUCTAJIaX CHJUICHUTOB cpe3a (100) u momydeHsl cleayroime
BBIPAKEHUSI ISl €€ MHTEHCUBHOCTHM HAa BBIXOJE M3 KpUCTAUIA U AJIA TIIyOUHBI
MOZYJIALIMM UHTEHCUBHOCTH Ha HYJIEBOM, IEPBOM U BTOPOM rAPMOHHKAX CUTHAIA:

I.(=d,t)~ I, [M(O’(—d) + M (~d)sinQt + M®(~d)cos 20t + ], (2.3)
MO (-d,p, )=1+1; ((pm)g—’sin(pd) sin(pd —20,) + %sin(pd) , (2.4)
p p

r, .
MV (~d,g,)= Jo(0,)01(@,)"-sin(pd)cos(pd = 20s), (2.5)

r, . .
M?(=d,0,)=1y(0,)] 2(0,)"sin(pd)sin(pd ~205,) (2.6)

rne Iy, = (1 - R )2 I, exp(—ad) — HHTEHCHUBHOCTb CHIHAJIBbHOTO IIydKa Ha

BBIXO/IHOM T'paHU KpHCTasla B OTCYTCTBHE OMOPHOro Myuka; R — ¢dpeHeneBckuii
KOA(DPUIIMEHT OTpa)KeHUsI OT TpaHe Kpucrasia; o — KOd(PPUIUEHT MOTIoImeHUs
ceera; [, U O — MHTEHCHMBHOCTb U Yrojd MEXIy KpHCTaIorpaduyecKum

HanpaiaeHueM [010] u BekTOpOoM TONSpPU3ALUM, COOTBETCTBEHHO, JJIA
CUTHAJBHOTO MyYyKa B KPHUCTaJUIE Ha €ro BXOJHOW rpaHH; d — TOJLIMHA U p —
yIEIbHOE OINTHYECKOE BpallleHue kpucramia; I; — kosdduuueHT ycuneHus,
XapakTepu3yromuii 3¢ (HEeKTUBHOCT, B3aUMOACUCTBUS MydkoB; J, — QyHKUUA
beccens n-ro nmopsiaka.

Takum  oOpazom, JHMHEWHBIM pexuMm  (pa3oBod  JeMOAYNALMUA B
paccMaTpuBaeMoOM ToJorpauyeckoM HUHTEPPEPOMETPE OCYLIECTBISETCS MpH
BXOZHOM IOJIAPU3ALMOHHOM yriie O, =pd /2 — pn/2, rae p — uenoe 4ucio.
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2.2 AjanTuBHbIA HHTEep(depoOMeTpP, HCHOJIb3YIOUIUIl BCTPEYHOE
B3anuMo/ieiicTBHE B KyOH4ecKoM (poTope()paKTHBHOM I'MPOTPOITHOM
Kpucrajie cpesa (100)

Ha puc. 2.2 nmpeacraBieHa cxema J1a0OpaTOpHOM — YCTaHOBKH,
IPEICTABISIIONIE MaKeT MCCIEAyeMOro royiorpauueckoro HHTEpPEpoMeETpa,
IpeIHA3HAaYEHHOI0 Ul U3MEPEHUsl CIEKTpa KOJEOAHUN 3epKaJIbHO OTPa)KarolInX
00BEKTOB.

11

L |

= &

- 12
5 Iz
l..::::.l 9
% 2
2
13

1 - He-Ne- na3ep; 2 - nenuTenbHas IUIACTHHA; 3 - 3epKaio; 4 — NIbe30KEPaMUUYECKUIN LIMIIMHAP C
3epKayioM; 5, 6 — 4eTBEpTHBOJIHOBBIC INIACTUHBI; 7 — moJisspu3arop; 8 — kpuctam BijpTiOyg cpesa
(100); 9 — cobuparomas nuH3a; 10 — poronpueMuuk; 11 — cenekTUBHBIN BOAbTMETD; 12 —
MWJINBOJIBTMETP; 13 — reHepaTop CUHYCOUJAIbHBIX CUTHAJIOB.

Pucynox 2.2 — Cxema ronorpadguieckoro nHTepdepomMerpa, HCIOIb3YIOMEro
BCTPEYHOE B3aUMOJICHCTBUE BOJIH, UMEIOIINUX PA3THYHYIO MOJSIPU3AIUIO

B kadectBe peructpupyromied cpeabl B YCTAHOBKE HCIOJIB3YETCS
dbotopedpaktuBHbIil Kpuctamt Bij;Ti0,y cpesa (100). McTouHMKOM KOT€pEHTHOTO
U3JIyYEHUS CIYKHUT Telnuii-HeoHOBBIM Jnazep 1 (A=633 HM) ¢ MakCUMalbHOU
BBIXOJHOW MoIHOCThI0 20 MBT. JlenutenbHbI KyOWMK 2 NpUMEHSETCS s
pa3ielieHus JIA3€pHOTO U3JIYYEHUsI HAa OTIOPHBIA M CUTHAJIBHBIN MYUYKH, KOTOPHIE C
MOMOIIBIO 3epKai 3 (HeMmoaBIKHOE) U 4 (KoJieOrolieecs)) CO3/Ial0T B KpUCTaILIe
KapTUHYy HUHTepPEepeHInn CTallMOHAPHOM OMOpHOW BOMHBI C  (ha30BO-
MOJyJIMPOBAHHON CHUTHAJIBHOW BOJHOM. YUeTBEpPTHBOJIHOBAs IUIACTHHA S5 3aJ1a€T
KPYTOBYIO MOJISIPU3ALMIO OMOPHOW BOJIHBI, @ YETBEPTHBOJIHOBAs IJIaCTUHA 6 U
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MOJIApU3aTOp 7 TIO3BOJISIIOT 3a/laTh HYXHBIM yroin 0Ogy MeEXAIy BEKTOPOM
MOJISIPU3AlMM  CUTHAJIBHOW BOJIHBI JIJISl PEaIN3alvi JIMHEHHOTO U KBAJIPATUYHOTO
pEXKUMOB (Pa30BOM IEMOTYIISAIUU.

dazoBasi MOJIYJSAIUS CUTHAJIBHON BOJIHBI OCYIIECTBISETCS C TMOMOIIBIO
3epKajia, MPUKJIECHHOTO K MbE30KEpaMUUECKOMY HWIUHAPY, Ha vyacTtoTax ot 300
I'm no 10 kI'. DnekTpudeckuii CUrHai oT 3ByKOBOro reneparopa 13 tumna ['3-112
NnojlaeTcs Ha TNhE30KepaMUKYy uepe3 coriacyromuid TpaHchopmaTop, a ero
aMIUIMTy1a Ha [MuiuHape mMoxeT uaMeHsAThes ot 0,001 mo 350 B, yto mo3Bossier
3a/aBaTh AMIUIATYAY BUOpalMu 3epkajia, MOACIUPYIOUIEro KOJIeOIouuics
o0wekt 4, ot 0,8 mm g0 300 HM. BBy Manoro yria najieHusi CUTHAJILHOW BOJTHBI
HAa KOJIEOMIOMEecs 3epKaI0, COCTABISIOMEro okono 10°, CBs3h aMIUIATYIBI €&
$ha30BOM MOAYJSALMHM C AMIUIUTYJA0M MEXaHHUYECKHX KojieOaHui [ MOXKeT OBITh
HaiiJleHa U3 NpUOIMKEHHOTO COOTHOWEHUs @, ~ 4ml/\.

CurHanbpHasi BOJIHA, OTPAXKAOIIAsICS OT 3epKayia 4 ¥ UuMerolas 3Ha4YuTeIbHO
MEHBIIYI0O HHTEHCHUBHOCTb, YE€M OIMOpHas, HUHTephepupyeT ¢ TNOoClIeIHed U
dbopmupyer B kpuctauie 8 Onaromaps doTtopedpakTuBHOMY b PeKTy
cTaimoHapHyto ¢a3zoByto rojorpammy. llocie mnpoxoxaeHUs Kpucramia, B
pe3ynbraTte AUGPAKIUK OMOPHOM BOJHBI Ha JAHHOW TrojiorpaMme, OHa
npuoOpeTaeT aMIUIUTYAHYIO0 MOAYJISIUIO U peructpupyercs poronpuemuukom 10
(porogmon ®MI-256 K, Harpyxkennoli Ha compoTtuBiieHue Ry = 39 xOwm, mpu
HanpspkeHUuu oopaTtHoro cMmelenus 10 B). AMmuuTyapl HanpskeHus Uil epBOM
U BTOPOW TapMOHHMK cHUrHama (a30BOM JAEMOAYJSAIMH HU3MEPSAIOTCS  Ha
COTPOTUBIICHUU HArpy3KH MPU TOMOIIM CEJIEKTUBHOTO BosibTMeTpa 11 mapku
Unipan 237, a NOCTOSIHHAsg COCTABJISIIOIIAs CHUTHaja — MUWUIMBOJIBTMETPOM
NOCTOSIHHOTO HanpsikeHus 12 tuna B7-78/1.

B doroguonHom pexume neTeKTUpOBaHUS [8], KOTOPBIM HCIOIB3YETCS B
cxeme uHTepdepomMeTpa, ¢ yudeToM cooTHomeHui (2.3), (2.5) u (2.6) HanpsokeHue
nHdopMarmonHbix curhanoB U, (/) u U,y (I), u3MepsieMoe CeNeKTHBHBIM

BOJIbTMETPOM Ha MEPBOM M BTOPOM rapMOHHKaX 4acTOThI KoJieOaHUH 3epkana €2,
MOKET OBITh MOJYYEHO B BUJE

Ua(l)=R,S,, JO(2kol)J1(2kol)%sin(pd)cos(pd ~20,,)R,, 2.7)

Ua(l)=R,S,, JO(2kol)J2(2kol)%sin(pd)sin(pd ~20,,)P,, 2.8)

rie S,, — TOKOBas MOHOXPOMAaTHY€ECKask 4yBCTBUTEIBHOCTD (pOTOANOAA, ko=2T/A 1
Ps— BBIXO/THAsE MOIITHOCTh CUTHAJILHOTO My4YKa B OTCYTCTBUE HAKAUKH.

N3mepsiemasi MIJITUBOIBTMETPOM TOCTOSTHHASI COCTABIISIONIAST BBIXOTHOTO
curHaia  wHTepdepomeTpa,  ompenensemMas  CpeaHEH  MHTCHCHBHOCTHIO
CUTHAJIBHOTO MyYKa, C UCMOJb30BaHUEM cOOTHomIeHuH (2.3) u (2.4) BbIpaxkaeTcs
CIeAYIOIUM 00pa3oMm:

Uy()=R,S, 1+J§((pm)%sin(pd) sin(pd—26s0)+%sin(pd) P.. (2.9)
p p
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Takum oOpa3zom, B wu300pakeHHOM Ha puc. 2.2 TojorpadudecKom
uHTEpPEpOMETpe  HM3MEPEHHUS  IMOCTOSTHHOW  COCTABIJISIIONIEH  BBIXOJHOTO
HanpspDKEHWST U CUTHAJIOB HA TMEPBOM M BTOPOW TapMOHUKAX MOAYJHUPYIOLIETO
HaMpPsDKEHUS TO3BOJISIIOT HMCCeAoBaTh 3(PGEKThl MEepPeKauyku MOIIHOCTA MEXKIY
CUTHAJIBHBIM UM OINOPHBIM ITYYKOM Ha JUHAMHYECKOM TOJIOTpaMMe, a TakKxkKe
3 PEKTUBHOCTh JTMHEHHOTO U KBAJAPATUYHOTO PEKUMOB (ha30BOM JIEMOIYIISIUU.
N3 naHHBIX U3MEpPEHUN MOXKET OBbITh OMpelelieHa aMIUIUTyJa KojaeOaHui
3epKaJIbHO OTPAXKAIOIIET0 0ObEKTA.

bonee neranpHOoe omucaHue (PU3NYECKUX SBICHUM, HCIONB3YEMBIX MPHU
3aMUCH OTpaKaTeNIbHBIX TOJorpaMMm B (oTOopePpaKTHUBHBIX KpHUCTaIaX Kiacca
CUJUICHUTOB W MPH B3aUMOJICUCTBMM HA HUX CBETOBBIX BOJIH, MOHO HaWTH,
Hampumep, B paborax [9-12].

2.3 KoHTpOJIbHBbIE BONIPOCHI

1. Kakum 00pa3om peanuzyercs ¢azoBasi 1eMOIYJISIIUS B TOJI0rpad@uuecKum
uHTEpPEepomeTpe?

2. Ha xkakoil wyacTore peanusyercss JUHEHHBIA pexuM (a3oBor
neMoayisuuu B ronorpaguueckom uHTepdpepomerpe? Kak cBsizaH BBIXOAHOU
CUTHAJI UHTEephEepOMeTpa B JAHHOM pexUMeE ¢ TIIyOnHoU (ha3oBoit MOy Iaun?

3. Ha xakoil wyacroTe peanu3yeTcsi KBaJAPAaTHUUHBIA PEXUM (Pa30BOM
JEMOYJISIUU B TojorpadudeckoM uHTeppepomerpe?

4. Kakum a0mkeH ObITh CyMMapHBIM (a30BbIi cABUT AUGPArupoBaHHOTO
CBETOBOI'O TMOJISI OTHOCUTEIBHO HauyalbHOM (pa3bl CHUTHAJIBHON BOJIHBI JJIs
peanu3anuu JMHEHHOTO pekuMa (Ha3oBoil teMoaysaun?

5. Kakum o00pa3oM MOXHO OOeCHeuuTh JHUHEHWHBIM pexuM (a3oBoi
JNEMOIYISUN npu 1 dy3nOHHOM MEXaHU3Me dbopmupoBanus
doTopedpakTUBHBIX roJIOrpamMm?

6. Ilpy KakoM 3HAYE€HHUHU BXOJHOTO MOJSAPU3ALMOHHOTO yIjia B
paccMaTpuBaeMoOM HMHTEphEepoOMETpe peau3yeTcsl JUHEUHBIM pexuM (a3oBoit
JEMOIYJIALUN?

7. llpu KakOM 3HAYE€HUHU BXOJHOTO TMOJSPU3ALMOHHOTO yriia B
paccMaTpuBaeMoM UHTep(hEpOMETpPE peanu3yeTcs: KBapaTUUHbIN pexkuM (Ha3oBoit
JEeMOIYJIAUn?

3 JKkcnepuMeHTarnbHasi 4YacTb
3.1 JIabopaTopHasi yCTAHOBKA

Cxema 1aboOpaTOpHON YCTAaHOBKHM, MCIIOJNIB3yeMON B HacTosiend padote,
M300pakeHa BHINIEC HA puc. 2.2 U omucaHa B mojpasa. 2.2. M3BecTHBIE TaHHBIE TIO
mapaMeTpaM KpUCTalyla M HCIHOJb3yeMOro (poTompueMHUKAa COOOIIAI0TCS
IPENo/IaBaATEIIEM.



11

3.2 3ananue Ha padory

3.2.1. BriBectr cootHomenus (2.7)-(2.9), ucnonb3ys popmyisl (2.3)-(2.6) u
U3BECTHBIE COOTHOILCHHMS, OMNMUCHIBAIOUIME CBSI3b BBIXOJHOTO  HAIPSKEHUS
(OTOAMOAHOIO MPUEMHHMKA C MOLIHOCTBIO MOHOXPOMAaTHYECKOIO CBETOBOTO
Iy4Ka.

3.2.2. BeiBeCcTH BBIpaXXEHHE [UIsI HHTEHCHUBHOCTH CBETOBOTO IIy4YKa,
ABIJIAIOIIETOCS CyNEPHO3ULUEN JBYX MOHOXPOMAaTHYECKHX CBETOBBIX BOJIH C
OJIMHAKOBBIMM YaCTOTAMHM W HANpPAaBICHUSIMH PACHpPOCTPAHEHUs, HO C pPa3HbIMU
HaYaJIbHBIMU (ha3amu.

3.2.3. CoOpath ¥ HACTPOUTH IKCIIEPUMEHTAILHYIO YCTAHOBKY COTJIACHO PHC.
2.2.

3.24. CHATh  3aBUCUMOCTh  aMIUIUTYABl  BBIXOJHOTO  CHUTHaJIa
uHTepdepoMeTpa Ha MEPBOl TaPMOHUKE YACTOTHI MOIYJSIUN OT HAMpsKEHHS,
110/IaBAEMOI'0 Ha MTb€30KEPAMUUYECKUH IIMIIUHIP.

3.2.5. CuaTp  3aBUCUMOCTb  AMIUIMTYJbl  BBIXOAHOIO  CHTHaja
uHTepPepoMeTpa Ha BTOPOM TapMOHMKE YACTOThl MOIYJSLMU OT HaNpPSKEHUS,
I10/1aBAEMOI0 Ha IIbE30KEPAMUYECKUI LIWIIHHID.

3.2.6. CHATH 3aBUCUMOCTb IIOCTOSIHHOM COCTaBJISIOLIEN BBIXOJHOI'O CUTHAja
uHTEep(hEepOMeTpa OT HAIPSKEHUS], [101aBaEMOr'0 Ha ITb€30KEPaMUYECKUIN LIUIUHIIP.

3.2.77. llocTpouTh H3MEPEHHBIE DKCIEPUMEHTAIbHBIE  AMILIUTY/IHbBIE
3aBHCHMOCTH B MPEOCTaBICHHON IpernoaaBareneM nporpamme B nakete Mathcad;
3/1€Ch K€ NOCTPOUTH PACUETHBIE 3aBUCHMOCTH, BBINOJHUB MOATOHKY IO METOLY
HaUMEHBIIUX KBaJApaTOB IIOJl 3KCIEpUMEHTAJIbHbIE JaHHbIE IyTeM [oadopa
3HAYeHU HEM3BECTHBIX napameTpoB kpuctamia BTO, ¢goronpuemuuka, a taxxke
KO3 UIIMEHTa, OMNPEACNAIONIEro JIUHEHHYI0 CBA3b AaMIUTUTYIbl KoJeOaHu
3epKajla ¢ HapsDKEHUEM, 1I0/1aBAEMbIM Ha MbE30KEPAMUYECKUI [IMIIUHIP.

3.2.8. [loAroToBUTH U pacreyaTaTh OTYET MO MPOAETAHHOM padoTe.

3.3 Ilops10K BHINOJHEHUS PA0OTHI M METOAMYECKHE YKA3aHUS

3.3.1. PaGoTta BbINONHSETCS B MOPSAJKE, KOTOPBIA OIpEAeNieH 3aJaHueM,
MIPUBEJECHHBIM BBIIIE B OApa3a. 3.2.

3.3.2. Ilpu HOArOTOBKE YCTAHOBKH K OKCIEPUMEHTY CIIEIYET YYECTb
cieayroniee. Kak ormedanmoce Bbllle B mnoapasd. 2.1, mpu omnpeaeneHHOU
OpUEHTAllMd BEKTOpAa NOJISPU3ALMH CUTHAIBHOTO ITydYKa MOXHO pPEan30BaTh
JUHENHBIN pexuM (azoBoil nemonynsauuu. B 3ToMm cinydae Ha ocmuiorpade,
KOTOpBIA Ha CXEME YCTaHOBKM HE IMOKa3aH, OyAeT HaOII0JaThCsl HEMCKAKEHHBIN
CUHYCOUJIAJIbHBIN CUTHAJ C YaCTOTOM, paBHOM 4acTOTE MEXaHUYECKUX KOJIeOaHUM
3epkana. Hactpoiiky BpamenueM mnossipusaTropa 7 CleAyeT IPOBOAWTH IpHU
HaIpsDKEHUM Ha MbE30KEpaMUYEeCKOM LMIMHApE, cocTaistomeM ot 20 go 50 B.
Jlanee HEOOXOAMMO CHATH 3aBUCHMOCTh AaMIUIMTY/bl BBIXOJHOI'O CHUTHAJA,
U3MEPSAEMOr0 CEJIEKTUBHBIM BOJBTMETPOM Ha YacTOTE€ MEPBOW TapMOHHUKH, OT
aMIUTUTY/Ibl HANpSOKEHUS, MOJAaBAa€MOro Ha IMbe3oKepaMudeckuid muiauHap. s
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TaKOM JK€ HACTPOMKM IOJspU3aTOpa 7/ PEKOMEHIYETCA CHATH AMIUIMTYIHYIO
3aBUCUMOCTb JIJIS1 TOCTOSIHHOW COCTABJISIOIIEN BBIXOJHOTO CUTHAJIA.

3.3.3. Jlna HaOnroAeHus KBaJpaTUYHOrO pexuma (a3oBOM AEMOAYISLUU
pPEKOMEHJyeTCsl MpU  HANpsSOKEHUUM HA  bE30KEPaMHYECKOM  LIMJIMHIPE,
cocrasisitonieM oT 40 1o 60 B, mogoOpaTh opHeHTaLMIO MOJSIpU3aTOpa 7 TAKOW,
yTOOBI Ha ocuusuiorpade HaOIIOAICT MAKCUMYM CHUTHajla Ha BTOPOl rapMOHHUKE
4acToThl Monayisiuu. Jlamee HeE0OXOAMMO CHSTh 3aBHCHUMOCTb AMILIUTYbI
BBIXOJJHOTO CHTHajla, HW3MEPSIEMOro CEJIEKTHBHBIM BOJIBTMETPOM Ha 4YacTOTE
BTOPOM  TapMOHMKH, OT AaMIUIATYAbl  HANpPsDKEHHs, I0JaBAEMOro  Ha
IbE30KEPAMHUYECKUN LAIIUHJP.

JUIs TIOATOHKM TEOPETHYECKOW 3aBUCHMOCTH IIOJ 3KCIEPUMEHTAIbHBIC
JaHHbIE HEOOXOAMMO H3MEPHUTh MOIIHOCTh CHTHAJIBHOIO Iyuyka Pg Ha BBIXOJE
uHTepdepoMeTpa B OTCYTCTBHE OINOPHOTO Myuka. [[msi 3TOro OmopHBINH MydoK
IIEPEKPBIBACTCS HENMPO3PAYHBIM 3KPAHOM MEXIY YETBEPTHBOJIHOBOM IUIACTUHOM 5
Y KPUCTAJJIOM U NOCJIE€ peslaKCallMy 3alIMCAaHHOM roJIorpaMMBI (3a BpeMsl MOpsiaKa
60 c) MWUIMBOJBTMETPOM U3MEpSAETCS IOCTOSHHOE HANpsDKEHHE  Ha
COMPOTUBJIEHUN Harpy3ku ¢otonuona. Jlaiee, ¢ HMCIOIB30BAHUEM H3BECTHOTO
3Ha4YeHMA S,;, POTOIUOA, PACCUUTHIBACTCS 3HaYeHUE Ps.

OKCIEpPUMEHTAIBHBIE JTaHHBIC 10 CUTHANY Ha MEPBOM T'ApMOHUKE U 110
IIOCTOSIHHOW COCTaBJIAIOLIEH pPEKOMEHIYETCs 3aHOCUTh B Tabiuiy. B kaudectse
npuMepa HWKe npuBeaeHa Taou. 3.1.

Tabnmuua 3.1 — Pe3ynbTaThl 3KCIIEPUMEHTOB M PACUETOB JJIS BBIXOJHOTO
CUTHaJIa Ha IEPBOM FrApMOHUKE U ISl IIOCTOSSHHOM COCTaBJISAIOLIEH

U.B U,,MB [, HM O, PAIL ‘MU)‘ U,,MB MO

200

180

9KCH€pI/IMeHTaHBHBI€ JaHHBIC TII0 CHUTHAJIY Ha BTOpOﬁ TapMOHHKEC,
IMOJYYUYCHHBIC IIPW APYIOM 3HAYCHHUHN BXOAHOI'O IIOJIAPU3AIHOHHOI'O YIJIA, TAKIKC

pPEKOMEHIyeTCsl 3aHOCUTh B Ta0uIly. B kauecTBe nmpuMepa HUKe MpUBEIEHA Ta0JI.
3.2.
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Tabnuma 3.2 — Pe3ynpTaThl SKCHEPUMEHTOB U PAacyeTOB JAJSI BBIXOJHOTO

CUT'HaJIa Ha BTOPOW FapMOHUKE

U, B U,,,mB [, aM O, PAT ‘M(Z)‘
200
180
0,001
Hist oToOpaskeHHUsT ~ TIONYYEHHBIX  aMIUIUTYJIHBIX  3aBHCHUMOCTEU

PEKOMEHIyeTCsl MCIOab30BaHue nakera nporpamm Mathcad. [Ipumep rpacdukos,
Ha KOTOPBIX TMPEACTABIICHB AMIUIUTY/IHBIE XapaKTEPUCTHKU HWHTEphEepoMeTpa,
npuBeeHbl Ha puc. 3.1a u 3.16, COOTBETCTBEHHO.

|[V[(l)|, T T T T T T
OTH.€J ]
04 b
0.3 i
0.2 E
0.1 R
L% A
0 ! y "l i J
0 50 100 150 200 250 [, um

|M?),
OTH.€II
0.2
0.15

0.1

0.05

150 200 250

50 100

Pucynoxk 3.1 - [Ipumeps! aMITTUTYAHBIX XapaKTEPUCTUK Al TUBHOTO TOJIOTpapUIecKoro

uHTephepomeTpa:

3aBUCHUMOCTH OT aMIUTUTY/IbI KOJICOAHHIA OTpaxaTels AJIsi OTHOCUTEILHOW aMITUTY bl IEPBOU
(a) 1 BTOpOI (0) rapMOHHK B CIIEKTPE MOYJISIIMH HHTCHCUBHOCTH JIMHEHHO TOJIIPU30BAaHHOTO
CHUTHAJIBHOTO IyYKa, IPH BCTPEYHOM B3auMmo/ieiicTBuu B kpuctaiie Bij,TiOy:Fe, Cu cpesa
(100) ¢ nupKyISTPHO MOJSIPU30BAHHON BOJHON HaKauyKH. 3HAYCHUST BXOIHOTO
nomspmsaronsoro yria: 0° (1), 30° (2), 45° (3); uacrora koneGanuii £ =1.15 k' Kpysxkw,
POMOBI U KBaipaThl — SKCIIEPUMEHT, KPUBbIE — pacyeT.

3.4 Coaep:kanue oT4yeTra

3.4.1. Ilpu cocrtaBieHMH OT4YeTa HEOOXOIWMO PYKOBOJCTBOBATHCS OOIIUMHU
TpeOOBaHUSIMU U MpaBHiiaMu 0(OPMIICHHS OTYETa O JTabopaTopHO padoTe.
3.4.2. B cOOTBETCTBYIONINX pa3/iejax 0T4eTa HEOOXOAMMO MPECTABUTH:

1) 3ananue;
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2) cxeMy 3KCIEPUMEHTAIIbHOW YCTAaHOBKHU;

3) TaGJIUIIBI YKCTIEPUMEHTATHHBIX JAHHBIX;

4) pe3yabTaThl pacue€TOB, IPEAYCMOTPEHHBIX 3aJaHUEM;
5) rpaduKu aMILTUTYAHBIX 3aBUCUMOCTEH;
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VYuebHoe rmocooue

[Tanmgapos C.M. , [IImaxos C.C.

HccnenoBanre aMImidTy JHOM XapaKTEPUCTHKU aAalTUBHOTO TOJI0TPadUIECKOTO
uHTEephepoMeTpa B IIMPOKOM JTUHAMUYECKOM JHAra3oHe:

Metoanueckue ykazaHus K JJabopaTopHO paboTe Mo Kypcy
«OnTryecKue 1 aKyCTOONITHIECKIE METOIbI 00pabOTKH HH(DOPMALIHID)
JUISl CTYJ€HTOB HanpaBiieHUsI « DOTOHHUKA U ONITOMH(POPMATHKA

Y. neu. 1. [IpenpunT
ToMcKknii rOCy1apCTBEHHBIM YHUBEPCUTET
CHCTEM YIPABIICHUS U PATUOICKTPOHUKH

634050, r.Tomck, np.Jlennna, 40
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