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HccnenoBanne s¢dexra (a3oBoil  gemMomynsiuud B aJalTUBHOM
rosorpaguueckoM HHTephepoMeTpe . METOJUYECKUE YKa3aHUs K J1abopaTopHOi
pabote mo Kypcy «JluHamumueckas rojorpadus» s CTYACHTOB HaIlpaBlICHUS
11.04.04 ®nexrponuka u Hanodaekrponuka» / C.M. lllangapos, C.C. IlImakos;
MunuctepctBo oOpa3oBanusi u Hayku Poccuiickoit ®@enepauuu, DenepanbHoe
roCyJapCTBEHHOE  OIO/DKETHOE  00pa3oBaTENhbHOE  YUPEKACHUE  BBICIIETO
npodeccuoHanbHOr0 00pa3oBaHus TOMCKHH TOCYAapCTBEHHBIH YHUBEPCHUTET
CUCTEM YIpaBJICHUS U paauodiekTpoHukd, Kadenpa snexTpoHHBIX mpubOOpoB. -
Tomck : TYCVYP, 2015. - 16.

[lenpto Hacrosimiel pabOThI SBISETCS H3y4YeHHE MpHUHIUNA (Ha30BOM
JIeMOAYNALMN B AJalTUBHOM HHTEp(EpOMETpe, MCIOJIB3YIOMEM JUHAMHYECKUE
OTpakaTellbHble TOJOrpaMMbl B KyOMYecKHUX (OTOpedpaKTUBHBIX KpHUCTaJIaX
CUJIJICHUTOB.

B xome BbimonHeHus paboTel y cryAeHToB HampaieHus 11.04.04
bopMUpyIOTCS:

- CIIOCOOHOCTH HCIIONIb30BaTh MHOCTPAHHBIM SI3bIK B NpOQecCHOHATBLHON
chepe (OK-1);

- CIOCOOHOCTH MOHMMATh OCHOBHBIE MPOOJIEMBI B CBOEH MpPEeIMETHOM
obmnactH, BEIOHpaTh METOBI M cpeicTBa ux pemenns (OITK-1);

- TOTOBHOCThH (H)OPMYJNHUPOBATh I€JIM U 33Ja4d HAYYHBIX HCCIEIOBAHUN B
COOTBETCTBUU C TEHICHIUSMU U TEPCIEKTUBAMH PA3BUTHUA DJCKTPOHUKU U
HAHOAJICKTPOHUKH, a TAK)KE CMEXHBIX 00J1acTel HAYKU U TEXHUKHU, CITIOCOOHOCTHIO
000CHOBaHHO BBIOMpATh TEOPETHUYECKHE M OKCIEPUMEHTaJIbHbIE METOAbl U
cpexacTBa pemeHus copmynupoanHbix 3a1ad ([1K-1);

- TOTOBHOCTb OCBAaWBaTh TMPUHIMIIBI IJJAHUPOBAHUS U METOIbI
aBTOMAaTH3allMd DJKCIIEPUMEHTAa Ha OCHOBE HMH(POPMALMOHHO-U3MEPHUTEIHHBIX
KOMILJIEKCOB KaK CpEeACTBA MOBBIIMIEHUS TOYHOCTH M CHIIKEHMS 3aTpaT Ha €ero
IPOBEICHNE, OBJIA/ICBaTh HABBIKAMU M3MepeHuil B peanbHoM BpeMenu ([TK-3);

- CIOCOOHOCTBIO K OpraHu3allMd W TPOBENEHUIO AKCIEPUMEHTATbHBIX
VICCIICIOBAHU C IPUMEHEHUEM COBPEMEHHBIX cpeacTB U MeToioB ([1K-4).

[IpennasHayeHo A CTYACHTOB OYHOM, OYHO-3a0YHOM M 3a04HON (PopM,
oOyuaromuxcs no Hampaiennio 11.04.04 QnexkTpoHUKa U HaHOAJIEKTPOHUKA»
1o qucHuminHe «/{unamudeckas romorpadusi».
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1 BBepeHue

OnTrueckne W aKyCTOONTHYECKHE METOoAbl 00paboTku wuHbopMamu
UCTIONB3YIOT Pa3UYHbIE ONTHYECKHE TPAaHCIApPAaHThl, B TOM YHCJIe OOBEMHBIC
Cpelbl, B KOTOPBIX MOTYT (POpMHUPOBAThHCS (a30Bble THHAMUYECKHE TOJIOTPAMMBI,
uHpOpMaIis B KOTOPBIX XPAHUTCS B BUAEC M3MEHEHHUU MOKA3aTeNs MPEIIOMIICHUS.
OTH  rolloTpaMMbl  MOTYT  OBITh  WCIOJB30BaHBI I TOJIOTpadUIECKOM
uHTepepomMeTpun, a UX AMHAMHYECKUN XapakTep NejaeT UX aJanTHUBHBIMU K
MEIJICHHBIM HM3MEHEHHUSIM BHEIIHMX YyCIOBHUH, OOYCIOBIEHHBIX Jpeidom
TeMIIepaTypbl, aTMOC(HEPHOTO NaBJiIeHus, u Apyrux (akropos [1-5].

B xawectBe cpen s AMHAMHYECKON rojorpaduu, B KOTOPBIX MOTYT
dbopmupoBaThcs 00bEMHBIE (Da30BBIE TOJIOTPAMMBI, IIHPOKO HCIOJIB3YIOTCS
doropedpakTuBHbIe KpUCTAILIBL. OHU XapaKTEpU3YyIOTCS BBICOKOM pasperiaromei
criocobHocThIO0, npebimaromieit 10 000muHuil Ha MUJUTUMETD.

doropedpakTUBHbIC KyOHYeCKHE KPHCTaIbl CHIUIEHHTOB BiioMOy (M =
Ge, Si, Ti) xapakTepu3yrlOTcsl OBICTPBIM HEJIMHEWHBIM OTKJIMKOM M O0JIaJaioT
€CTECTBEHHOH OMTHYECKON aKTUBHOCTHIO. IHTEpeC K JaHHBIM KpHUCTaJJIaM CBsI3aH
C BO3MOXKHOCTBIO WX HCIIOJIb30BaHUS B TPUKIATHBIX YCTPOMCTBAX ONTHYECKON
00paboTku HHpOpMaIMKM MW JUHAMUYECKOW rojorpaduu. MakcumanbHas
3¢ (HEKTUBHOCTh B3aWMOJACUCTBHS 0€3 TPUIOKEHHOTO K KPHCTAUTy BHEIIHETO
AIIEKTPUYECKOTO TOJIS MOXKET OBITh MOJy4YeHa B 3TUX KPUCTAJUIAX MPU BCTPEUYHOM
pacmpoCTpaHEHUH MY4YKOB, (GOpMUpPYIOIIUX TojorpaMmMmy. B 3stomM ciyudae
amruiutyna  ¢oropepakTUBHOM  pemieTkd, (GopMupyomencs 3a  Ccuer
mup(y3MOHHOTO MEXaHHW3Ma, B OTCYTCTBHE HACBIIEHHUS JIOBYIIEK OOpaTHO
IpornopiuoHaibHa  ee mepuony. OTpakaTelbHble PEIIETKH W CXEMbl Ha HX
OCHOBE MOTYT OBITh HCIIOJIb30BAHBI JJII CO3JaHUSI y3KOMOJOCHBIX ONTHYECKHX
¢unbpTpoB, ToNOrpaduUecKuXx WHTEPPEPOMETPOB W ISl APYTUX MPAKTUIECCKUX
TIPUMEHEHH.

[lenpto HacTOsAmIEH paOOTHI  SBISETCS 3HAKOMCTBO C  IPUHIUIIOM
rojorpadpuueckoii  mHTEphEpPOMETpHUH W DKCIEPUMEHTAIbHOE  W3YYCHHE
aAMILTATY THOM XapaKTePUCTUKH aIalITUBHOTO rojorpadguueckoro
uHTep(epomMeTpa,  UCHOJB3YIOUIETO  OTpakaTelbHble  (hoTOpedpaKTUBHBIC
roJorpaMMbl B KpUCTAIaX THUTaHaTa BUCMYTa IS HM3MEPEHUS aMILTUTYIIbI
MEXAHUYECKUX KOJICOaHWH 3epKaJbHO OTPAXKAIOIIEro OOBEKTa, B IMIMPOKOM
JTUHAMHYECKOM JIHara3oHe.

2 TeopeTnyeckana 4acTb

2.1 llpuHnun rojorpaduyeckoii uHTepphepoMeTpru NPH BCTPEUYHOM
B3auUMO/IeCTBUM B KyOn4eckoMm GoropedpakTuBHOM THPOTPOITHOM
kpucraie cpesa (100)

[TIpu B3ammopeiictBum JazepHbix nydkoB (s m lp ma pumc. 2.1) B
doropedpakTUBHOM KpucTayie (OpMUPYETCS AMHAMUYECKAs TOJOrpaMma, Ha
KOTOPOH OJHOBPEMEHHO MPOUCXOMUT ux camoauppakius [1-6]. 3mecy umeer
MECTO HUHTep(epeHIus KaxJA0ro U3 MPOUIeANINX IyYKOB C OJHUM U3
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I parupoBaBIINX MyYKOB, TO €CTh OMOPHBIN MydoK |p unTEpdepupyer ¢ lg, a Is
— C |py. IHTEHCHBHOCTB MPOLIEAIIETO YePEe3 KPUCTAIUT CUTHAIBHOTO ITyYKa MOKHO
IpEJCTaBUTh B BUJE

| =1,(1+mcosAd), (2.1)
rie m=2,/lgly / |, — wuHTepdepeHUnOHHbIM KoHTpacT, log — cymmapHas

WHTEHCUBHOCTB MYYKOB |s ¥ Ipy, a AP — da30BbIil CIBUT MEXKITYy HUMHU.
I la 4
,'ﬂp

\\ I
Ipo, Is \‘:1

Pucynok 2.1 —I'onorpaduueckuii untepdepomMeTp, UCIOIB3YIOIUI BCTPEUHOE B3aUMO/ICHiCTBHE
CBETOBBIX ITYYKOB Ha POTOpe(PAKTUBHOIN OTpa’KaTeIbHON TOJIoTpaMMe

Ecnu BXOAHOW CHUTHaNbHBIM MYYOK |g MONydeH OTpa’kKeHUEM OT OOBEKTa,
KOJIEOJIIOIIEroCs ¢ 4acTOTou {2, TO OH UMeeT (Pa30BYI0 MOAYIISIUIO,

Ad =6, + ¢, cosQt, (2.2)
U €ro BBIXOJHAs MHTEHCUBHOCTH IIOCJIE B3aWMOJECHCTBUSA Ha TOJIOTPAMME CO
CTAIlMOHAPHBIM OMOPHBIM IYYKOM OyAeT aMIUIUTyJHO-MOAYJIMPOBAaHHOW Ha
KpaTHBIX YacToTax NC), C pacmpeneieHueM TIIyOUHbI MOIYJSIUN M(”)((po),
3aBUCSIIUM OT @o. Jns @o=0, m mepBas rapMoHHKa B CIEKTPE OTCYTCTBYET
(M(1)=O), U HaOIIOAaeTCs KBAaJAPATUYHBIA PEXUM (a30BOU JEMOIYJIAINH, TPH
KOTOPOM MaKCHMyM MOAYJISIIIMM HMEeT MecTo Ha dacrore 2Q [1].
[IpennodTuTeNbHBIM IS TPUJIOKEHUN SBIAETCS JIMHEHHBIN pexuM (pa3oBoi
JEMOAYJISIINHN, PEATU3YIOIIUNCS TIPU Po=7/2 Ha ocHOBHOM YacToTe Q2 [1-5]. B atom
cily4ae, Mpy MaJibIX aMIUTUTy1ax (Ga30BOM MOAYISAUU, M ~ @O,

Benmuuuna  ¢QazoBoro casura @p s AudparupoBaHHOIO  MOJS,
CKJIaJpIBAIOIIAsAiCa M3 pa3HOCTH a3 mexay ¢(oTopedpakTUBHON peleTkod u
UHTEePHEPEHIIMOHHON KapTUHOW, U JIOMOJIHUTEILHOTO CIBUra i IU(PpaKuu Ha
da3oBoii pelieTke, OMNpeneNsieTcs MEXaHU3MOM 3amucu  rojorpammel. [lpu
TG Py3nOHHOM MeXaHu3Me (B OTCYTCTBHE BHEUIHETO 3JICKTPUYECKOTO MOJIS) H
nudpakuy 0e3 U3MEHEHUS MOJIAPU3ALMOHHOTO COCTOSHUSI CyMMapHbBIN (ha30BbIii
caBur paBeH O Wiau 7, Y4TO COOTBETCTBYET KBaApaTUYHOMY pEeXHMY (pa3zoBoit
nemonynsauuu. B cimydae apeiidoBoil 3amucu, KOrna K KpUCTALTy MPUIIOKEHO
MOCTOSTHHOE 3JIEKTPUYECKOE MOJI€, U TaKOTro e pekuMa AuQpakiuu Ha (pa3zoBoi
rojorpamMMe, JOCTUTAeTCs JHUHEWHBIM pexuM (a30BOM NEMOAYNIALMHU 3a CYET
obecnieuenus (azoporo casura Ha /2 wian — /2 [1]. OnHAaKO CHIIBHOE TOCTOSTHHOE
AIEKTPUYECKOE MOJIE, TPUKJIIAIIBAEMOE K KPUCTAILTY, IPUBOJIUT K €TI0 MEPETPEBY.
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[Ipu anuzoTpomHOM AMGpPAKIUS CBETOBOW BOJHBI Ha JUHAMUYECKOU
rojiorpaMme, Korga MMEEeT MECTO HM3MEHEHHUE IMOJISIPU3ALMOHHOTO COCTOSIHUS
TudparupoOBaHHOIO MOJS HA OPTOTOHAJIBHOE K MCXOAHOMY, BO3MOXHO JIMHEHHOE
npeoOpa3oBaHus MOAYJSIIUM  (a3pl CUTHAJIBHOM BOJHBI B H3MEHEHUE €€
MOIIHOCTH M MpH MexaHu3dMe 3anucu auddysuonnoro tuma [2-5]. Ono
peanu3yercs Ipu CMEMIEHUU ABYX BOJH C PAa3jIMYHBIM TUIIOM IMOJISIpU3ALUU: OdHA
BOJIHA JOJDKHA MMETh JIMHEMHYIO MOJSPU3ALUIO, APYyTas — JJUIMITHYECKYIO WIIN
KpyroBy10. JIMHEHHOCTh AEMOYJISILIMM JOCTUTAETCS 32 CUET TOTO, YTO BHYTPEHHSSA
pa3sHOCTh (a3 B 7/2 MeXIy OpPTOTOHATBHBIMH KOMIOHEHTAMH JJUTUITHYCCKH
NOJIIPU30BAaHHOM  BOJIHBI ~ MEPEHOCUTCS B HMHTEP(EPEHIMIO  MpOIIEIIIen
CUTHAJbHOW BOJIHBI W JU(parupoBaHHOIO TOJS OMOPHOM BOJHBI, OOecreyuBas
TE€M CaMbIM HEOOXOIUMBIN JOTIOTHUTENBHBIN (DA30BBIA CIBUT MEKTY HUMHU.

B pabore [7] TmpoBemeH aHaIM3  BCTPEYHOTO  JIBYXBOJHOBOTO
B3aMMOJICHCTBUS UUPKYISIPHO-TIOJISIPU30BAHHONW CTAallMOHAPHOW OMIOPHOW BOJIHBI €
($ha30BO-MONYJIUPOBAHHONW  CUTHAJIBHOW  BOJIHOM,  MMEIOIIEH  JIMHEHHYIO
HOJISIPU3ALINI0, B KpUcTauiax cwiieHuToB cpe3a (100) m momydeHsl ClieAyromiue
BBIpOKEHUS Il €€ MHTEHCHBHOCTHM Ha BBIXOJE W3 KpUCTAIUIA U JJIA TIIyOUHBI
MOZYJIALIMM UHTEHCUBHOCTU HA HYJIEBOM, IEPBOM U BTOPOM TapMOHHMKAX CUTHAJA!

15(=d,1)0 14, M@ (=d) + M O (=d)sinQt + M @ (~d )cos B2t + .| (2.3)

M(O’(—d,¢m)=1+£@m%sinpd singd - B, )r% singd |}, (2.4)

MO (-d,6,)=J, 6,,)3 m%‘ sinpd )costd - &, | (2.5)

MO (-d,0,) =, ,,) % ¢m)%' sinpd )singd - B, | (2.6)
rae g =(l— R2)2|SO expFad) — HMHTEeHCHBHOCTh CHTHAJIBHOIO IIyyka Ha

BBIXO/IHOM T'paHU KPHCTaula B OTCYTCTBHE OMOPHOTro Myuka; R — dpeHeneBckwmii
KO(PULIMEHT OTpakKeHHUsI OT TpaHeW KpucTaiia, o — KOd(POUIHEHT MOTJIONICHUS
ceera;, |lg, U Oy — MHTEHCHMBHOCTb U Yrojl MEXAYy KpHUCTaUIOrpaduueckum

HanpasieHueM [010] w BekTOopoM MOJSIpU3AlMHA, COOTBETCTBEHHO, IS
CUTHAJILHOTO Ty4YKa B KPHUCTAJUIC Ha €ro BXOJHOW rpaHu; d — ToimuHa U p —
yIeJIbHOE ONTHUYECKOE BpalleHue Kpucramia; [y — xoadduument ycuneHwus,
XapakTepusyrommii 3p(GEeKTUBHOCTh B3aUMOACHCTBHUS My4koB;, J, — (QyHKUHA
beccens n-ro nopsinxa.

Takum  oOpa3oMm, JUHEWHBIM pexuM  (pa3oBOK  JEMOAYJSIMU B
paccMmaTpuBaeMoM rojiorpadguueckoM HHTep(epoMeTpe OCYIIECTBISCTCS TIpH
BXOJTHOM MOJISIpH3allMoHHOM yriie O, =pd/2— prt/2, rae p —nenoe yucio.
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2.2 AjanTUBHBIA HHTEpdepoMeTp, HCIOJIL3YIOLIHI BCTPEeUHOE
B3auMO/IeiCTBHE B KyOH4ecKOM (poTopeppaKTUBHOM I'MPOTPOITHOM
kpucrauie cpesa (100)

Ha puc. 2.2 npeacraBmeHa cxema J1abOpaTOpPHOW  YCTaHOBKH,
NPEJCTABISIIONICH MaKeT WCCIeAyeMOro Trosiorpaduyeckoro HHTEphEepoMeTpa,
NpeIHA3HAYeHHOTO I U3MEPEHUs CIEKTpa KoJeOaHul 3epKaJbHO OTPaXKAIOIIIX
00BEKTOB.

11

L |

= &

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

1 - He-Ne-nazep; 2 - nenurenbHas IWIACTHHA, 3 -3epKaio; 4 —IIbE30KEPAMUUCCKUI LUITHHID C
3epkasioM; 5, 6 —4eTBEpTHBOIHOBBIC IJIACTUHBI, 7 —Moisipu3arop; 8 —kpucramt Big2TiOy cpesa
(100); 9 —cobuparomas nunH3a; 10 —poTonpuemunk; 11 —ceaeKTUBHBIN BOJIbTMETp; 12 —
MUJUTUBOJIBTMETP; 13 —TeHepaTop CHHYCOMIAIbHBIX CUTHAJIOB.

Pucynoxk 2.2 —Cxema ronorpagudeckoro nHTeppepoMeTpa, HCIOTb3YIOMETO
BCTPEYHOE B3aMMO/ICHCTBUE BOJH, HMEIOIINX PA3TUIHYIO TOJISIPU3AIIUIO

B kauecTBe perucrtpupyiomieii cpeapl B YCTAaHOBKE HCIOJB3yeTCs
doropedpakruBHbIii kpructamt Bi,TiOy cpeza (100).McToUHUKOM KOT€peHTHOI'O
U3JYUYCHHUST CIAYXKHUT Telui-HeOHOBBIM jaszep 1 (A=633 HM) ¢ MakCHMalbHOM
BbIX0JHOM MomHOCThI0 20 MBT. JlenutenbHbll KyOMK 2 NpUMEHSIETCS s
pa3eNieHns JTIa3epHOTO U3JIyYCeHUs Ha OMOPHBIA M CUTHAIBHBIA MyYKH, KOTOPBIC C
noMonIbpio 3epkai 3 (HemoasmxkHOe) U 4 (koseOuromieecs) CO3al0T B KPUCTAILIC
KapTUHY HMHTep(EepeHIMr CTAal[MOHApHOW OMOPHOM BOJMHBI C  (pa30BO-
MOJAYJIMPOBAHHOW CHUTHAJIbHOW BOJIHOM. YeTBEpTHBOJHOBAs IUIACTUHA O 3a/aeT
KPYTOBYIO TIOJISIPU3AIIMI0 OMOPHOW BOJIHBI, @ YETBEPTHBOJHOBAS IJIaCTHHA 6 U
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noJiipu3aTop / TO3BOJISIIOT 3a/aThb HYXKHBIM Yrol Og MeXAy BEKTOPOM
NOJISIpU3AIlMM  CUTHAJIBLHON BOJIHBI IS peaM3alliy JMHEHHOTrO M KBAJIPAaTUYHOIO
pexuMoB (Ha3oBON JEMOAYIISIUU.

dazoBass MOIYJSIUS CUTHAIBHOM BOJIHBI OCYILIECTBISIETCS C IOMOIIBIO
3epKaya, MPUKICEHHOr0 K MbE30KEepaMHUeCKOMY IWIMHIPY, Ha yacTtoTax oT 300
I'm mo 10 x['1. DnexTpudeckuii curHai ot 3ByKoBoro reaeparopa 13 tuma '3-112
No/JaeTcsl Ha TNhE30KepaMHUKy Yepe3 corlacyroluid TpaHchopmaTop, a €ro
aMIunTyaa Ha nuiuHape MoxkeT m3MmeHsaThes oT 0,001 10 350 B, uro mo3Bomsier
3a/laBaTh AMIUIATYAy BHUOpAWH 3€pKaja, MOJACIUPYIOMIETO KOJICOTIONTUNCS
00bekT 4, ot 0,8m 10 300 HM. BBuay manoro yriia najeHus CHTHAJIbHOW BOJTHBI
Ha KoJeGmomeecs 3epKano, cocrapmsomero okono 1P, cBs3p ammmrymsr eé
$a30BO MOAYISIIIMKM C aAMIUIATYIOH MeXaHWYeCKuX KosieOaHuii | Moxker OBITH
HaliJileHa 13 MPUOJIMKEHHOTO cooTHOImeHus ¢ =471l /A

CurHanbHas BOJTHA, OTPAKAOIMIASACS OT 3epKajia 4 U UMeroIasi 3HAYUTEIIbHO
MEHBIIYI0O WHTEHCUBHOCTh, Ye€M OIOpHas, HHTephEepupyeT ¢ TMOCIeTHEH u
dbopmupyer B Kpucramie 8 Omaromaps ¢dortopedpakTuBHOMY dPderTy
CTallMOHapHyl0 (a3oByl0 ronorpamMmy. llocne mnpoxoxaeHus Kpucramia, B
pe3ynpTaTe AUQPPAKIUM OMOPHOM BOJHBI HAa JAaHHOW TroJiorpaMMe, OHa
npuoOpeTaeT aMIUIUTYAHYIO MOIYJISIIUIO U perucTpupyercs GoronpueMHukom 10
(botommon DM-256 K, marpyxkennblii Ha compotuBieHne Ry = 39 kOwm, npu
HanpsoKeHUU oopatHoro cMmemeHuss 10 B). AMITIUTYbI HANPSDKEHUS TS TIEPBOM
U BTOPOM TapMOHHMK CHTHajga (a3oBOW JAEMOIYJSIUU HM3MEPSIOTCS Ha
COTPOTHUBIIEHUU HArpy3KH TPU TOMOINM CEIEKTUBHOTO BoibTMeTpa 11 mapkm
Unipan 237, a mocTosHHAs COCTaBIAIONIAs CHTHAJA — MHUIMBOJIBTMETPOM
IOCTOSTHHOTO Hampsbkenus 12 tumna B7-78/1.

B doroanoaHom pexume nerekTpoBaHus [8], KOTOPBI HCIOJIB3YyEeTCS B
cxeme uHTepdepomerpa, ¢ yuerom cootHornenui (2.3), (2.5)u (2.6) Hanpsokenue
WH()OPMAITMOHHBIX CUTHAJIOB UQ(I) u UZQ(I), U3MEPSIEMOE  CEJICKTUBHBIM

BOJIbTMETPOM Ha MEPBOM M BTOPOM rapMOHMKaxX 4acTOThI KoJIeOaHUM 3epkana €2,
MOJKET OBITh MOJIYYEHO B BUJIE

Ug (1) =R, Sy do( 21 3 zq)r_p' sirfpd) cofpd - @.,)P., (2.7)

Ua (1) =RiSpndo () 2<J)r—p' sifpd) sifpd - 8,) R, (2.8)

rae Sy — TOKOBasi MOHOXPOMAaTUYECKasi 4yBCTBUTEIBHOCTH (hoToauona, Ko=2n/A u
Ps— BbIX0{HAst MOIITHOCTh CUTHAJIBLHOTO My4YKa B OTCYTCTBHE HAKAYKHU.

M3mepsieMass MUJLTUBOJIBTMETPOM TOCTOSTHHAST COCTABJISIONIAS BBIXOIHOTO
CUrHajia  uHTepdepoMeTpa,  ompeaesieMas  CpPeIHCH  HMHTCHCUBHOCTBIO
CUTHAJILHOTO My4YKa, C UCHOJb30BaHueM cooTHomeHui (2.3) u (2.4) Beipaxaercs
CJICYIOLIMM 00pa3oM:

Uy()=R,S, 1+J§(¢m)g—")sin()d sinpd - B, )r':—«') singd )\P.. (2.9)
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Takum oOpazoMmM, B wu300pakeHHOM Ha puc. 2.2 TojorpaduyecKkoM
uHTepepomMeTpe  M3MEpPEHHs]  TIOCTOSIHHOW  COCTABJIAIOIIEH  BBIXOJHOTO
HaNpsOKEHUST W CUTHAJIOB HA TIEPBOW M BTOPOW TapMOHHUKAX MOIYJIHPYIOIIETO
HaANPSDKEHUST MO3BOJITIIOT HMCCIeoBaTh 3()QEKThl MepeKayKd MOIIMHOCTH MEXKIY
CUTHAJIbHBIM W OMNOPHBIM IyYKOM Ha JUHAMHYECKOH TrojlorpaMMme, a TaKkke
3¢ (HEKTUBHOCTh JTUHEHHOTO M KBAAPATUIHOTO PEXKUMOB (Ha30BOM 1EMOIYIISAIINH.
W3 nmaHHBIX W3MEPEHHH MOXET OBITh OMNpeleleHa aMIUIMTyla KoJeOaHmid
3epKaJbHO OTPAXKAIOIIETO 0OBEKTA.

bonee neranbHOe omucaHue (PUINYECKUX SBICHUHM, HCIOIB3YyEMbIX IPHU
3alliCU OTPAXaTEJIbHBIX royiorpaMM B (OTOpePpaKTUBHBIX KpHUCTaIaX Kiacca
CUJUICHUTOB W TPW B3aWMOJICHCTBUM HA HHUX CBETOBBIX BOJIH, MOXKHO HAWTH,
Harnpumep, B padorax [9-12].

2.3 KoHTpOJIbHBbIE BONIPOCHI

1. Kakum obOpazom peanusyetcst pazoBas AeMOAYISALMS B rojiorpaduuecKum
uHrepdepomeTpe?

2. Ha kakoifi wyactoTe peanusyercs JHUHEWHBIM peXuM (Pa3oBoOi
IEeMOAYISMU B TonorpapuyeckoMm uHTephepomerpe? Kak cBsizaH BBIXOAHOU
curHaj uatepdepoMerpa B JaHHOM PEKUME C TITyOUHOU (pa30BOM MOYIISAIIUN?

3. Ha kakoii wyacToTe peamu3yeTcs KBaJIpaTUYHBIA pexuM (pa30Boi
JIEMOYJISILUU B TonorpaduueckomM uuTeppepomerpe?

4. KakuM A0mKeH ObITb cyMMapHbIi (ha30BbIil CIBHUT AU(PPArupOBAHHOTO
CBETOBOTO TIOJIS OTHOCHTEIIbHO HadajdbHOW (ha3hl CHUTHAIBLHOM BOJHBI IS
peann3anuy JMHEHHOTO pexuma (pa3zoBoil JeMOTYISALINN ?

5. Kakum o006pazom MOXHO o0OecrmeunTh JUHEWHBIH pexXuM (Pa3oBoi
JTEMOYISAIUU npu muhPy3noHHOM MEXaHU3Me dbopmHpoBaHus
dboTopedpakTUBHBIX TOJIOTPAMM?

6. Ilpu kakoM 3HAUYE€HUH BXOJHOTO TMOJAPU3ALMOHHOTO yria B
paccMaTpuBaeMoOM HHTEP(EPOMETPE peanu3yeTcs JUHEUHBIH pexuM (Pa3zoBoil
JEMOTYJISIITUN ?

7. llpy KakoM 3HAUYEHUU BXOJHOTO TMOJAPU3ALMOHHOTO yria B
paccMaTpuBaeMoM MHTEp(hEPOMETPE pean3yeTcsl KBaJIpaTUUHbINA pexuM (pa3zoBoil
JEMOTYJTISIIAN ?

3 dKcnepuMeHTarnbHas 4acTb
3.1 JlabopaTopHasi yCTAaHOBKAa

Cxema nabopaTOpHON YCTaHOBKHM, MCIIONB3yeMOM B HacTosmieil pabore,
n3o0pakeHa BhIlIE Ha puc. 2.2 U onKcaHa B nojapasa. 2.2.3BecTHbIe JaHHBIE MO
napamMeTpaM KpHCTalla M HCIOJb3yeMOro (OTONMpPHEMHHMKA COOOIIAIOTCS
IIPETo/IaBaTeIIeM.
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3.2 3ananue Ha padoty

3.2.1.BeiBectr cootHomienus (2.7)—(2.9),ucnons3ys popmyisr (2.3)—(2.6)
U W3BECTHbIE COOTHOILICHHUS, OINKMCHIBAIONIME CBSI3b BBIXOAHOTO HAIMPSKEHUS
(GOTOMOAHOTO MPUEMHHKA C MOUIHOCTbIO MOHOXPOMAaTHYECKOTO CBETOBOTO
nydKa.

3.2.2. BeiBecTH BBIpaXEHUE [JI1 WHTEHCUBHOCTH CBETOBOTO ITy4YKa,
SBIIAIOIIETOCA CYMNEpPIIO3UIMEN JABYX MOHOXPOMATHUYECKHUX CBETOBBIX BOJH C
OJIMHAKOBBIMHM YacTOTAMH W HAaINpaBICHUSIMH DPACIPOCTPAHEHUs, HO C Pa3HBIMU
HavYaJbHBIMU (pazamu.

3.2.3.CobpaTh 1 HACTPOUTDH IKCIIEPUMEHTAIIBHYIO YCTAHOBKY COTJIACHO PHUC.
2.2.

3.2.4. CHaTb  3aBUCUMOCTh  aMIUIUTYJbl  BBIXOJHOTO  CHUTHAaJa
uHTEpPepoMeTpa Ha MEPBOM TAPMOHHUKE YACTOThI MOIYJALMU OT HaNpPSHKEHUS,
110/1aBa€MOI0 Ha Tb€30KEPAMUYECKUN IIUITHH]IP.

3.2.5. CHATb  3aBUCHUMOCTb  AMIUIMTYAbl  BBIXOJHOTO  CHUTHaJa
uHTEpPepoMeTpa Ha BTOPOM TapMOHMKE YAaCTOThI MOIYJSALMUA OT HANpPSHKEHUS,
110/1aBa€MOI0 Ha TbE€30KEPAMUYECKUN IIUITHH]IP.

3.2.6.CHATH 3aBUCUMOCTb MTOCTOSIHHOM COCTaBJISIONIEH BBIXOJHOIO CUTHAJA
uHTephepoMeTpa OT HAMPSKEHHUSI, [10/IaBAEMOT0 Ha MThE30KEPAMUYECKUM LIUIUHIP.

3.2.7. Tloctpouth U3MEpPEHHbIE SKCIEPUMEHTAIbHbIE AMIUTUTYIHBIC
3aBHCUMOCTH B IIPEIOCTABICHHOM MperoaaBareineM nporpamme B makere Mathcad;
3[1€Ch K€ MOCTPOUTH PACUETHBIC 3aBUCHMOCTH, BBIMOJIHHUB MOATOHKY MO METOIY
HAaUMEHBIINX KBAJAPAaTOB TMOJ OSKCIEPUMEHTANbHbIE JaHHBIE IyTeM Moa0opa
3HAYEHUI HEM3BECTHBIX MapameTpoB kpuctamia BTO, ¢oronpuemuuka, a taxxe
koa(dduienTa, ONpeAeNsoNero JUHEHHYI0 CBSA3b aMIUIUTYIbl KojeOaHui
3epKaJia ¢ HalpsHDKeHUEM, 1T0/1aBaeMbIM Ha NTb€30KEPAMUYECKUN IIUITHH]IIP.

3.2.8.IloaroToBUTH U pacreyvarath OTYET MO MPOJIeTIaHHON padoTe.

3.3 [lopsaok BHINOJIHEHUS] PA0OTHI M MEeTOANYECKHE YKA3aHUS

3.3.1. PaGoTa BBIMOJHSAETCS B TOPSIAKE, KOTOPHIA OMpeesieH 3aJaHueM,
MIPUBEJICHHBIM BBIIIE B TOApas3. 3.2.

3.3.2. Ilpu moAroToBKE YCTAaHOBKM K JKCIEPUMEHTY CJIEAYyeT Y4YecTh
cnenyromee. Kak ormeuanoch Bbllle B moapa3a. 2.1, mpu omnpeneneHHON
OPUEHTAIIMA BEKTOpa TMOJSAPHU3AIMA CUTHAJIHLHOTO ITy4Ka MOXKHO peaan30BaTh
JUHEHHBIN pexuM ¢a3oBoil nemoaymauuu. B stom cimyuyae Ha ocuusiorpade,
KOTOPBI Ha CXEME YCTAaHOBKHM HE TOKa3aH, OyJeT HabO0IaThCs HEUCKaKCHHBIN
CUHYCOMJIAJIbHBIM CUTHAJ C YaCTOTOM, paBHOM 4aCcTOTE MEXaHUYECKUX KOJIEOaHUMI
3epkasia. Hactpoiiky BpamieHuem mnossipuzatopa / CileayeT HpPOBOAUTH IpHU
HaIpsOKCHUM Ha MhE30KepaMUUYecKoM IuuHIpe, coctapistonieM ot 20 no 50 B.
Jlanee HEOOXOAWMO CHSTh 3aBUCHMOCTb AaMIUIMTYJbl BBIXOJHOTO CHUTHAJA,
U3MEPSIEMOI0 CEJEKTUBHBIM BOJIBTMETPOM Ha 4YacTOTE IEePBOM TapMOHMKH, OT
aMIUTATYAbl HaMpsDKEHUs, MOJaBaeMOro Ha Mbe30KepaMUUYeCKud 1uiauHap. Jis
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TaKOW K€ HACTPOWKH TOJSpU3aTopa / PEKOMEHIYETCS CHATh aMIUTUTYIHYIO
3aBUCHUMOCTD JIJISI IIOCTOSSHHOM COCTABJIAIONIECH BBIXOJHOI'O CUTHAIA.

3.3.3. lns HaOmroeHusl KBaApaTUYHOTO pexkuma (Ha30BOM JAEMOMYIISIINH
pPEeKOMEHIyeTCsl TpU  HANpsDKEHUM Ha  IhE30KEepaMUYeCKOM  IUJIMH/IpE,
coctaisronieM ot 40 no 60 B, mogoOpark opueHTaruio nossipu3aropa / Takoi,
yTOoOBI Ha ocuuiiorpade HabIOAAICS MAKCUMYM CHUTHajla Ha BTOPON TapMOHHKE
4acTOThl Moayisuuu. Jlasee HEoOXOAMMO CHATh 3aBUCHMOCTh aMILIUTY/IbI
BBIXOJTHOTO CHTHaja, HW3MEPSIEMOr0 CEeJICKTUBHBIM BOJHTMETPOM HAa YacTOTE
BTOPOW TapMOHWKH, OT AaMIUIATYAbBl  HANpPSOKCHWs, T0/laBaéMoro  Ha
MbE30KEPAMUYECKU N LHJIUHAP.

JIsi TIONTOHKK TEOPETHYECKOW 3aBUCUMOCTH TIOJ JKCIEPUMEHTATbHBIC
JAaHHBIE HEOOXOIUMO HM3MEPUTh MOIIHOCTh CHUTHAJIBHOTO Mydka Ps Ha BBIXOHE
uHTep(epomMeTpa B OTCYTCTBHE OINOPHOrO Myuka. [[isi 3TOro omopHbIN My4doK
MePEKPHIBACTCS HEMPO3PAYHBIM IKPAHOM MEXK]Iy YETBEPTHBOJHOBOM IJIACTUHON 5
U KPHUCTAJUIOM U TI0CJIe PellaKCalliy 3allMCaHHOW ToJIorpaMMbI (3a BpeMsl IopsiaKa
60 ¢) MWUIMBOJIBTMETPOM  HM3MEPSETCS IOCTOSHHOE  HaNpsOKeHHE — Ha
CONPOTHUBJICHUN Harpy3ku (oroauona. Jlamee, ¢ HCHOJB30BAHHUEM H3BECTHOTO
3Ha4YeHUs Sy, poTonmona, paccunThiBacTcs 3HaYeHueE Ps.

DKCIepUMEHTaIbHbIE JIaHHBIC IO CHUTHAJIY Ha TMEPBOM TapMOHUKE M IO
MOCTOSTHHOM COCTaBIIAIONIEH PEKOMEHAYETCS 3aHOCUTh B Tabnuily. B kadecTBe
npuMepa Hike npuseneHa Tadi. 3.1.

Tabmuma 3.1 — Pe3ynbTaThl SKCIIEPUMEHTOB M PACUYETOB ISl BBIXOJIHOTO
CHUTHAJIA HA TIEPBOM TAPMOHUKE U JJIS1 IOCTOSITHHOM COCTABJISFOLIEH

U, B U,,MB [, am ¢Om, Pax ‘M (1)‘ U,, MB M ©

200

180

9KCHCpI/IMCHTaHLHLIC JaHHBIC II0 CHUI'HAJly Ha BTOpOﬁ rapMOHHKE,
IMMOJIYYCHHBIC IIPpW APYIOM 3HAYCHHHU BXOJHOI'O ITOJIAPU3ANMOHHOIO YIJId, TAKIKC

pPEKOMEH IyeTCs 3aHOCUTD B Ta0nuily. B kauecTBe mpumepa HUXe MpuBeaeHa Tal.
3.2.
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Tabnuna 3.2 — Pe3ynbTaThl 3KCHEPUMEHTOB U PACYETOB JJISI BBIXOJIHOTO
CUTHaJIa Ha BTOPOM rapMOHUKE

U, B U,,  MB l, Hm Oy PATL ‘M (2)‘

200
180

0,001

Jns  oTroOpakeHWsT ~ TOJNYYCHHBIX  AMIUTUTYAHBIX  3aBUCUMOCTEH
pPEKOMEHIyeTCsT UCTONb30BaHue makera nporpamm Mathcad.[lpumep rpadukos,

Ha KOTOPBIX TMPEACTABICHBl AMIUTUTYIHBIC XapaKTEPUCTHUKUA HHTEpHEpOMETpa,
npuBesieHbl Ha puc. 3.1a u 3.16, COOTBETCTBEHHO.

|]\4(1)|, T T T T T T |M<2)|, T T T T T T
OTH.C ! OTH.CI

0.4 0.2

0.3 0.15

0.2 0.1

0.1 0.05

0 0

0

0 50 100 150 200 250 I M

Pucynok 3.1 -TIpuMepsl aMIUTUTYIHBIX XapaKTEPUCTHK aJalITUBHOTO TOJIOTPadUIECKOTO
uHTephepomeTpa:
3aBUCHMOCTH OT aMILTATY bl KOJICOAHUI OTpa)xaTens Al OTHOCUTEILHON aMITTUTYIbI IEPBOU
(a) u BTOpOIi (0) rapMOHKK B CIIEKTPE MOIYJISIINHA HHTEHCUBHOCTH JTHHEHHO MOJISPU30BAHHOTO
CHUTHAJILHOTO IMyYKa, PH BCTPEUYHOM B3auMo/ieiicTBuu B Kpuctaiie BiioT1020:Fe, Cucpesa
(100) ¢ uupKyASpHO MOJAPU30BAHHON BOJHON HAKauKU. 3HAUECHUS BXOIHOTO
MOJIIPU3AIMOHHOTO yIJia: Q° (2), 30 (2), 48 (3); uacrora konebanwmii f =1.15xI 't Kpyxkw,
POMOBI ¥ KBaIpaThl — 3KCIIEPUMEHT, KPUBBIE — PacyeT.

3.4 Coaep:xanue oT4yeTa

3.4.1. Tlpu cocTaBieHHMH OTYETa HEOOXOAUMO PYKOBOJCTBOBATHCS OOIIKMMU
TpeOOBaHUSAMU U MpaBUIaMu 0GOpMIICHHS OTYETa O JabopaTopHOil paboTe.

3.4.2.B cOOTBETCTBYIONTUX pa3zieiiaXx 0T4eTa HEOOXOIUMO MPEICTABUTH:
1) 3aganue;
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2) cxeMy 3KCIEPUMEHTAIbHON YCTAHOBKH;

3) TabIUIIBI DKCIEPUMEHTAIBHBIX JaHHBIX;

4) pe3ynbTaThl pacyeTOB, IPEIYCMOTPEHHBIX 33 JaHHEM,;
5) rpad KK aMIUIATYIHBIX 3aBUCHMOCTEN;

6) BBIBO/IBI.
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