MwuHucTepcTBo obpasoBaHna U Hayku Poccurckon degepaumm
depeparnbHoe rocygapctTeeHHoe bogkeTHoe obpasoBaTefnbHOe

yypexaeHue
BbICLLEro NpodeccnoHanbHoOro obpasoBaHus
«TOMCKMIA roCy[apCTBEHHbIA YHUBEPCUTET CUCTEM YMNpPaBMEHUS U
PaAVO3NEKTPOHUKNY

Kadeapa anekTpoHHbIX Npubopos

UCJEAOBAHUE AMILIUTY AHOM
XAPAKTEPUCTUKU ATATITUBHOT'O
TOJIOTPA®UUYECKOTO UHTEP®EPOMETPA B
LIMPOKOM JIMHAMUYECKOM JUATA3OHE

MeToanyeckne ykasaHusl kK nabopaTopHoi paboTe no Kypcy
«OnTUYeckne 1 akycToonTu4eckne MetToabl 06paboTkn NHPopMaLmUm»
AN CTYAEeHTOB HanpaBneHus « PoToHMKa 1 ONTOMHOPMaTUKa»

2012



IlanaapoB CranuciaaB MuxaijaoBu4
IIImakoB Cepreit CepreeBu4

Uccnenosanue aMIUTUTY THON XapaKTEePUCTUKHU aJanTUBHOTO
rojorpaguueckoro HHTEpdhEepoMeTpa B IMIUPOKOM JIMHAMHUYECKOM JHAIa30HE:
METOIMYECKHE YKa3aHusd K JIabopaTtopHoil pabore mo Kypcy «Onrtuyeckue u
aKyCTOOINTUYECKHE MeToAbl  00paboTku  uH(OpManmum» Il CTYJEHTOB
HanpaBieHus: «@Poronuka u onrtouHpopmarukay / C.M. Ilangapos, C.C.
[[ImakoB; MunucrtepctBo 00pa3zoBanuss W Hayku Poccuiickoii ®enepanuu,
denepanbHOE TOCYIApCTBEHHOE OIOHKETHOE O00pa30BaTENbHOE YUPEIKICHUE
BBICIIETO  MpodecCHOHANBHOTO  OoOpa3oBaHusi TOMCKUH  TOCYyAapCTBEHHBIN
YHUBEPCUTET CHUCTEM YIPABIEHUS M PaanodeKTpoHukH, Kadenpa 3nekTpoHHBIX
npudopos. - Tomck : TYCVYP, 2012. - 16 c.

lenpto HacTosmel pabOTHl SBIAETCS U3YYEHHE 3aBUCHMOCTH BBIXOJIHOTO
OTKJIMKA aJanTUBHOTO HMHTEpGEpPOMETpa, HCHOJB3YIOIEro JIMHAMHYECKHE
OTpaXkaTeJbHbIE TOJOrPAaMMbl B KyOHWueckux QoTopedpakTUBHBIX KpUCTaIIaX
CUJIJICHUTOB, OT aMIUIUTY]Ibl MEXaHUYECKUX KOJIEOaHUN 3€pKaIbHO OTPAKaOUIEro
00BbEKTa, B IMaIa30He OT €AMHUI] MUKOMETPOB 110 150 HaHOMETpPOB.

[IpeqnazHayeHo 1JIs1 CTYyJACHTOB OYHOW, OYHO-3a0YHOM W 3a04HOM ¢opwm,
oOyyaroruxcst 1Mo HampaBieHUui0 «@DOTOHMKA U ONTOMH(POPMATHUKAY» IO
muciuiuinHe  «OnTUYecKue W aKyCTOONTHYECKHME  METONbI  00padoTKH
uHbOpMAITUNY.

© lanaapos CranuciaB Muxaitinosud, 2012
© IlImakoB Cepreii Cepreesuy, 2012



MunucrepcTBo 006pazoBanus U Hayku Poccuiickoit denepanun
®enepalibHOE TOCYAApCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKIACHUE
BBICIIIETO MPO(EeCCHOHATBLHOTO 00pa30BaHMs
«Tomckui rocy1apCTBEHHbBIN YHUBEPCUTET CUCTEM YIIPABIICHUS U
PaIUOIIEKTPOHUKI

Kadenpa a5exkTpoHHBIX TPHOOPOB

YTBEPXIAIO
3aB.xadenpoit 11

C.M. lllangapos
«_» 2012 r.

WCJIEJOBAHUE AMILIUTY IHOM XAPAKTEPUCTHUKH
AJAITUBHOI'O I'OJIOI'PA®OUYECKOI'O HHTEP®EPOMETPA B
HMPOKOM JTUHAMUYECKOM JAUAITA3OHE

Metoauueckue ykazaHus K JJabopaTOpHOM paboTe 1o Kypcy

«OnTHyeckue u AKYCTOOIITUYICCKUC MCTO/IbI O6pa6OTKI/I I/IH(i)OpMaHI/II/I»
I CTYACHTOB HAIIPABJICHUA «®DoTOHHUKA U OHTOI/IH(bOpMaTI/IKa»

PazpaboTunk

I-p. pu3.-Mar. HayK. HaYK,

mpod. kad.II1
C.M. lllangapos
« » 2012 r.
accucteHT kad. 11
C.C. IIImakoB
« » 2012 T.

2012



4

Conepxanue
I BBEIECHHEC ......oiiiiiiiiiiiiiie ettt st et 5
2 TCOPETHUECCKAS HACTD....eeeeesuurrreeeesnreeeeeannrereesanssereesessssseeesessssseeesssssssseessssnssneessans 5
2.1 punuun rosorpaduyeckoil UHTEp(HEPOMETPUHU IPU BCTPEUHOM
B3aMMO/JICHCTBUU B KyOHMueckoM (poTopepakTUBHOM IMPOTPOITHOM KPHUCTAILIE
CPE3A (100)...eeiiieiiie ettt ettt e et e e e st e e e ete e e e st e e e eaaaeeestaeeenssaeeennneas 5
2.2 AMIIMTYyAHAs XapaKTepUCTUKA aallTUBHOTO UHTEpPEepOMeETpa,
UCMOJb3YIOIIEr0 BCTPEYHOE B3aUMO/IEUCTBUE B KyOnueckoM (oTopedpakTHBHOM

rUPOTPOTTHOM KPUCTAIIC CPE3A (100) .eviiiiiiiiieiiieeceeeee e 8
2.3 KOHTPOIIBHBIE BOIIPOCH....uuevvreeeeserreeeeeainrreeeeassnnseeeeessssseseesssssseessssnssseesssnnnnns 10
3 DKCIIEPUMEHTATBHAS HACTD ..vveeeeeuvrrreeeesrrrreeeanarreeeeesssseseeesssssesesesssssesesessssseseesnns 11
3.1 JTaOOPATOPHAS YCTAHOBKA ......uvveeeeerreeeereeeerreeeesareeessreeesssseeesssesesssseessssesnnnns 11
RIVACT:Di £:12 17 (S0 18 o - 1070 PSR R 11
3.3 IlopsinoK BBIMOIHEHUS pA0OThl U METOJUUYECKUE YKAZAHUS ......eeerevreeenerrennnse. 12
3.4 COHCPKAHUIE OTUECTA....eeeeruurreeeeannrrreeeeninrreeeesunereeessnnsreeesssnnsseeesssnssseeessnnnnns 14

CHUCOK JTUTEPATYPBI «.vvvveeeeenerireeeeanirreeeeessreeeessansseeessssssseeesessnssseesssssssseessssssneesenns 14



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'onorpadguueckuii uHTEpPEPOMETp, HCTIONB3YIOMINNA BCTPEUHOE
B3aMMOJICIICTBHE CBETOBBIX MyYKOB Ha (oTOpeppakTUBHOMN OTpaskaTeIbHON
roJIorpaMme

Ecnu BXOgHOW CUTHANIBHBIA MYYOK [gy MOJTYYEH OTPaKEHHEM OT OO0BEKTa,
KOJIEOJIOIIErocs ¢ 4acTOTOM €2, TO OH uMeeT (ha30BYIO MOJYJISIIHIO,

Ao =@, + ¢, cosQt, (2.2)

U €ro BBIXOJIHAas MHTEHCUBHOCTH IIOCJIE B3aWMOJEHCTBUS Ha TOJIOTPaMME CO
CTAI[MOHAPHBIM OMOPHBIM IMYYKOM OyJeT aMIUTUTYJHO-MOJYJIUPOBAaHHON Ha
KPaTHBIX d9acToTax n€), ¢ pacmpemeneHueM riyOuub Moxymsmmn  M™(go),
3aBUCAIIMM OT @o. st @y=0, m mepBas rapMOHHKa B CIHEKTPE OTCYTCTBYET
(M(l)=0), ¥ HaOJIOJAeTCs KBAJPATUYHBIA PEKUM (a30BOU JEMOIYJISIHNH, TIPH
KOTOPOM MakCHUMyM MOJYJSIIMM HUMEeT MecTo Ha yacrtore 2Q [1].
[IpeAnoyYTUTENbHBIM ISl TIPWIOKEHUN SBISETCS JIMHEWHBIM pexuM (a3oBon
JEMOYJISIIIUY, PEATU3YIOIIUICS TIPU (y=7/2 Ha OCHOBHOM yactoTe ) [1-5]. B atom
ciydae, Mpy MajblX aMIUTUTYaX (a3oBO MOYIISILIUU, 11 ~ Q.

Benuuuna  ¢QazoBoro caBura @y s AudparupoBaHHOTO  IOJS,
CKJIaJpIBatOIIasics M3 pa3HOCTH a3 Mexay (oTopedpakTUBHON peleTkod u
UHTEPPEPEHIIMOHHON KapTUHOMW, U IOMOJIHUTEIBLHOTO CBUTA JJisi MUdpakiuy Ha
da3zoBoil pelieTke, OMpelresieTcss MEXaHM3MOM 3amucu  rojorpammsl. [lpu
muhPy3noHHOM MexaHu3Me (B OTCYTCTBHE BHEIIHETrO 3JIEKTPUYECKOTO TOJs) U
audpakiuy 0e3 U3MEHEHHUs MOJSPU3AMOHHOTO COCTOSIHHUSI CyMMapHbIN (pa3oBbIi
caBur paBeH (0 WM T, YTO COOTBETCTBYET KBaApPAaTUYHOMY pPEXUMY (Ha30BOM
nemonayisiuu. B cioydae gpeiidoBoil 3ammcH, KOTAa K KPUCTALTY MPHIOKEHO
MIOCTOSTHHOE 3JIEKTPUYECKOE TOJIe, U TaKOro K€ pekuMa AU(pakiuu Ha (a3zoBou
rojorpamme, JOCTUTAaeTCsl JIMHEWHBIM peXUM (Pa3oBOMl NEMOAYJSALMU 3a CYET
obecnieuenus pazoBoro casura Ha /2 win — 1/2 [1]. OgHAKO CUIIBHOE MOCTOSIHHOE
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IIEKTPUYECKOE T0JIE, MPUKIIAIBIBAEMOE K KPUCTAILTY, IPUBOJUT K €r0 MEPETPEBY.

[Ipu anu3oTpomHON JUGpPAKIUS CBETOBOW BOJHBI Ha JUHAMUYECKOU
rojorpaMme, KOrja HMEET MECTO HW3MEHEHHE TMOISPU3aLUOHHOTO COCTOSHUSA
Ju(dparipoOBaHHOIO MOJSI HA OPTOrOHAJIBHOE K MCXOAHOMY, BO3MOYHO JIMHEHHOE
npeoOpa3oBaHusg MOAYJSIUU (a3bl CUTHAJIBHOM BOJHBI B H3MEHEHUE €€
MOIITHOCTH M TpH MexaHuzMme 3anucu 1auddysunonHoro tuna [2-5]. OHO
peanu3yercs NpHU CMEIIEHUU JABYX BOJH C Pa3JIU4YHBIM THUIIOM MOJSpU3ALUU: OHA
BOJIHA JOJDKHA MUMETh JIMHEMHYIO MOJSPU3ALUIO, IPYTas — JJUIMITHYECKYIO WIIN
KpyroByt0. JIMHEHHOCTh N1EMOMYJSLUH JOCTUTAETCS 32 CUET TOTO, YTO BHYTPEHHSSA
pazHocTh (a3 B 72 MEXIy OPTOrOHAJIbHBIMU KOMIIOHEHTAMHU 3JUIMINTHYECKH
NOJIIPU30BAaHHOM  BOJIHBI ~ NEPEHOCUTCS B UHTEpREpEeHINI0  MNpOIIeaIIeH
CUTHAJIbHOW BOJIHBI U JU(parupoBaHHOIO MOJS OMOPHOM BOJHBI, oOecreyuBas
TEM CaMbIM HEOOXOIMUMBIN JOMOIHUTENbHBIN (Pa30BBIA CABUT MEXKAY HUMH.

B paGore [7] nmnpoBemeH aHaimM3  BCTPEYHOTO  JIBYXBOJHOBOTO
B3aUMOJICHUCTBUSA LUPKYIAPHO-NOJAPU30BAHHON CTAlMOHAPHOM ONOPHOM BOJIHBI C
($ha30BO-MOIYyJTUPOBAHHOM  CUTHAJBHOW  BOJIHOWM,  HUMEIOIIEW  JIMHEHHYIO
MOJISIPU3alINI0, B KpUCTAJIaX CHJLICHUTOB cpe3a (100) u monmydeHsl cleayroiue
BBIPAKEHUSI JUIsl €€ MHTEHCMBHOCTHM Ha BBIXOJE W3 KpUCTAUIAa W JJIs TJIyOHHBI
MOZYJIAIIMM UHTEHCUBHOCTU Ha HYJIEBOM, IEPBOM U BTOPOM FrAPMOHUKAX CUTHANA!

I.(=d,t)~ I, [M(O)(—d) + MO (~d)sinQt + M® (~d)cos2Qt + }, (2.3)
MO (-d,p )=1+1; ((pm)%sin(pd) sin(pd —20,) + %sin(pd) , (2.4)
p p

r, .
M (-d,,)=1y(9,)] 1(9,)Fsin(pd)cos(pd ~205,), (2.5)

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

rne I, = (1 - R’ )2 I, exp(—0d) — WHTEHCHMBHOCTb CHUTHAJIBHOIO IIy4yKa Ha

BBIXOJIHOW TPaHM KpHUCTalla B OTCYTCTBUE OMOPHOTO Mydka; R — ¢peHeaeBCKuit
KOA(DPUIIUEHT OTpa)KeHUsI OT TpaHe Kpucrtaia; o — KOd(PPUIUEHT MOTIoMeHUs
ceera; [,, U O — HMHTEHCHMBHOCTb U YIojd MEXIy KpHCTaIorpaduyecKum

HanpaiaeHneM [010] u BekTOpOoM TONSpU3ALUM, COOTBETCTBEHHO, JJIA
CUTHAJBHOTO MyYKa B KPHUCTaUIE Ha €ro BXOJHOW rpaHH; d — TOJLIMHA U p —
yIEIbHOE ONTHUYECKOE BpallleHue Kpucramia; I; — koddduuueHTt ycuneHus,
XapakTepu3yromuii  3¢pHEeKTUBHOCT, B3aUMOACHUCTBUS MydkoB; J, — QyHKUUA
beccens n-ro nmopsiaka.

Takum  oOpa3oM, JIMHEWHBIM pexuM  (a3oBOM  JAEMOIYJALMH B
paccMaTpuBaeMoOM ToJorpauyeckoM HUHTEPPEPOMETPE OCYLIECTBISETCS MpH
BXOJHOM IOJIAPU3ALMOHHOM yriie O, =pd /2 — pn/2, rae p — 1enoe 4ucio.



2.2 AMILUIMTYIHAsl XapaKTepUCTHKA aJallTHBHOI0 HHTep(epoMeTpa,
HCIOJIB3YIOLIEro BCTPEeYHOe B3auMo/jeiicTBie B KyOM4eCcKoM
(poropeppakTHBHOM rHPOTPONHOM KpHcTasLIe cpe3a (100)

Ha puc. 2.2 nmpeacraBiaeHa cxema J1aboOpaTOpHOM — YCTaHOBKH,
MPEJICTABIIAIONICH MaKeT MCCICIyeMOro ToJorpaduyeckoro HHTephepoMeTpa,
MPEeTHA3HAYCHHOTO JIJIT U3MEPCHHMSI CTIICKTpa KOJIcOaHWH 3epKaTbHO OTPAKAFOIINX
0OBEKTOB.

11

L |

12

13

1 - He-Ne- nazep; 2 - nenurtenbHas IacTUHA; 3 - 3epKaiio; 4 — Mbe30KEePAMUYECKUN ITUITHMH/P C
3epKaiioM; 5, 6 — 4eTBepTHBOHOBBIC IIACTHHBI; 7 — Mosipu3arop; 8§ — kpuctami BijpTiOy cpesa
(100); 9 — cobupatomas nun3a; 10 — poronpueMuuk; 11 — cenekTuBHbIN BOIbTMETp; 12 —
MUWJIMBOJILTMETP; 13 — reHepaTop CUHYCOUJALHBIX CUTHAJIOB.

Pucynox 2.2 — Cxema ronorpadguieckoro nHTepdepomMerpa, HCIOTb3YIOMEro
BCTPEYHOE B3aUMOJICHCTBUE BOJIH, UMEIOIINUX PA3THYHYIO MOJSIPU3AIUIO

B kadectBe peructpupyromend cpeapl B YCTAHOBKE HCIOJIB3YETCS
dbotopedpaktuBHbIil Kpuctamt Bij;Ti0,y cpesa (100). McTouHMKOM KOT€pEHTHOTO
U3JIyYEHUS CIYXKHUT Telnui-HeoHOBBIM Jazep 1 (A=633 HM) ¢ MakCUMalbHOU
BBIXOJHOW MoIHOCThI0 20 MBT. JlenutenbHbI KyOWK 2 TNpUMEHSETCS s
pa3ielieHus JIa3€pHOTO U3JIYYEHUsI HAa OTIOPHBIA U CUTHAJIBHBIN MYYKH, KOTOPBIE C
MOMOIIBI0 3epKall 3 (HemoJaBWXKHOE) U 4 (KoJebioieecs) CO3/1al0T B KpUCTaIe
KapTUHYy HUHTepPEepeHInn CTallMOHAPHOM OMOpHOM BONHBI C  (ha30BO-
MOJyJIMPOBAHHON CHUTHAJIBHOW BOJHOM. YUeTBEpPTHBOJIHOBAas IUIACTHHA S5 3aJ1aeT
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KPYTOBYIO MOJSPU3ALMIO OMOPHOM BOJIHBI, @ YETBEPTHBOJIHOBAs IJIaCTUHA 6 U
NOJISIPU3aTop 7 TO3BOJIAIOT 3a7aTh HYXKHbIA yroin 0Ogy MeXAy BEKTOpPOM
MOJISIPU3AlMKY  CUTHAJIBHOW BOJIHBI JIJISl pean3alii JUHEHHOTO U KBaJIPATUYHOTO
peXKUMOB (Pa30BOM IEMOTYIISAIUU.

dazoBasi MOIYJSIUS CUTHAJIBHON BOJIHBI OCYIIECTBISETCS C TMOMOIIBIO
3epKaJia, MPUKIECHHOTO K MbE30KepaMUUYECKOMY LMJIMHIPY, Ha yacToTrax oT 300
I'm no 10 kI'. DnekTpudeckuii CUrHai oT 3ByKOBOro reneparopa 13 tuna ['3-112
NojlaeTcs Ha TMhE30KepaMUKy uepe3 coriacyromuid TpaHchopmaTop, a €ro
aMIUIMTYy1a Ha HMuiuHape moxeT uaMeHsAThess ot 0,001 mo 350 B, yto mo3Bossier
3a/1aBaTh AMIUIATYAY BUOpaIy 3epKajia, MOACIUPYIONIEro KOJIeOTIouuics
00bekT 4, ot 0,8 M 10 300 HM. BBuy Manioro yria najeHus CUTHAJILHON BOJIHBI
HAa KOJEOMIOMEecs 3epKaI0, COCTABISIOMEro okono 10°, CBs3h aMIUIATYIBI €&
¢da3oBOM MOAYJSAIMU C AMIUTHTYJOM MEXaHWYeCKHX KojeOanwii | MOXKET OBITh
HaiiJleHa 13 NpUOIMKEHHOTO COOTHOWEHUs @, ~ 4ml/\.

CurHanibHast BOJIHA, OTpaykarouiasica OoT 3epkaia 4 U uMeronas 3Ha4uTeIbHO
MEHBIIYI0 HHTEHCHUBHOCTb, YE€M OIMOpHas, HWHTephepupyeT ¢ TNOoclIeIHed u
dbopmupyer B kpuctauie 8 Onaromaps doTtopedpakTuBHOMY b PeKTy
CTallMOHapHYIO0 (a3oByto rosnorpammy. llocie mnpoxoxkiaeHus Kpucramia, B
pe3ynbraTte AUQPPAKIUK OMOPHOM BOJHBI Ha JAHHOW TrojiorpaMme, OHa
npuoOpeTaeT aMIUIUTYAHYIO0 MOAYJISILUIO U peructpupyercs potonpuemuukom 10
(porommon ®N-256 K, HarpykeHHblld Ha comportuBieHue Ry = 39 kOwm, npu
HanpspkeHUuu oopaTtHoro cMmeienus 10 B). AMmuuTyapl HanpsKeHus Uil IepBOM
U BTOPOW TapMOHHMK cHUTrHama (a30BOM JAEMOAYJSAIMH HU3MEPSAIOTCS  Ha
CONPOTUBJIEHUU HArpy3Kd NpH TOMOIIM CEJIEKTUBHOTO BoOJbTMEeTpa 11 Mmapku
Unipan 237, a NOCTOSIHHasg COCTABJISIIOLIAs CHUTHaja — MUWLUIMBOJIBTMETPOM
NOCTOSIHHOTO HarpsixeHus 12 tuna B7-78/1.

MuHuManpHas aMIUTMTY1a MEXaHUYECKUX KOJIeOaHH, KOTOpasi MOKET ObITh
U3MEpeHa paccMaTpUBaEMbIM rojiorpauyecKum UHTEPPEPOMETPOM,
OTrpaHUYMBACTCS ITYMaMH Jiazepa U (POTOMPUEMHOr0 YCTPOUMCTBA. YUUTHIBAsA, YTO
(doToaNOABl XapaKTEPU3YIOTCS TETJIOBBIMU, IPOOOBBIMU U M30BITOYHBIMU IIIyMaMH
[8], paccMOTpuM WX  BIHMSHHE Ha  NPEACIbHYI0  YYBCTBUTEIBbHOCTH
uHTepdepoMeTpa K PpErucTpauyl MEXaHWYECKUX KoyeOaHUN TIapMOHHYECKOIO
TUIIA.

B dotommogHoM pexuMe neTeKTHUpoBaHHS [9], KOTOPBIA HCTHOIL3YETCS B
cxeme HuHTepdepoMeTpa, C ydeToM cooTHomeHu (2.3) u (2.5) HanpsokeHue
MH(QOPMALMOHHOIO curHaia U, (Z ), U3MEPSIEMOE CEJIEKTUBHBIM BOJBTMETPOM Ha
NEPBOM rapMOHMKE YacTOThI KoJieOaHUM 3epKaiia (), MOXKET ObITh TIOJy4E€HO B BUJIE

Ua(l)=R,S,, J0(2kol)J1(2kol)%sin(pd)cos(pd—29SO)PS, 2.7)

rie Sy, — TOKOBas MOHOXPOMAaTHY€ECKask 4yBCTBUTENBHOCTD (POTOANOA, ky=2T/A 1
Pg — BpIXOHAs MOIIHOCTH CUTHAJIBHOTO ITy4YKa B OTCYTCTBHE Hakauku. KBampar

IIyMOBOr0 HampsvkeHuss U, , BBIIEIAEMOTO CEJIEKTUBHBIM BOJBTMETPOM B
noysioce aHanusza Af , onpemensieTcsi CyMMOW W3 TpeX  CIlaraeMbiXx,
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COOTBETCTBYIOIIMX BKJIATy MOIMHOCTEH IIyMOB JApOOOBOTO, TEIUIOBOTO U
M30BITOYHOTO TUIIOB [8]:

Uzy =2eAfR}, (S, B + 1, )+ 4kTR, + BARR}, (S, + 1) . (2.8)

rI€ e — DJJEMEHTapHbIA DJIIEKTPUYECKUM 3apsa; Py — cpeaHsiss MOIIHOCTH
CUTHAJIBHOTO My4YKa MPU HAJWYUHM HaKayku, [ — TEMHOBOW TOK (poroamona; kz —
noctosinHas bonbimana; 7' — abcontoTHas temrneparypa. [lapamerpsl B u v 31€ech
ONPEIENSAIOTCA UCIIOIB3YEMOIM MOJIENBIO H30BITOYHOIO IITyMa, JIJIsl KOTOPOTO TAKKe
UCIIOJIB3YIOTCSL Ha3BaHUs «QuuKkep-mym» u «l/f~mrym». Ilocnennee Ha3BaHue
CBSI3aHO C YacCTO HMCIIOJB3YEMOW B KAauyeCTBE MOJEIM SMIIMPUYECKOM 4YaCTOTHOMU
3aBUCUMOCTBIO (pIIuKKep-1ryma [8]:
A
Fa
riae A — mapameTp, OnpeaesieMblii SKCIEPUMEHTANBHO; f — 4acToTa, Ha KOTOPOW
OH Habmromaercs (B HalleM cllydae — 4acTOTa, Ha KOTOPOW CHUTHAJI H3MEpSeTCs
CEJICKTUBHBIM BOJbTMETpPOM). OOBIUHO TpUHUMAETCS, 4To mapamerp P=1, a
ve2.

HroroBoe HampspKEHUE, HU3MEPSIEMOE CENEKTHUBHBIM  BOJIBTMETPOM, B
KOTOpoe aeT Bkiaj kKak curian Ug(/), Tak u mym Uy, , C y4eTOM HEKOT€pEeHTHOTO

= (2.9)

XapakTepa CYMMUPOBAHUS MOXKET ObITh MPEICTABICHO B BUJIC

({Uy(1)+ Uy ) =JUL(D) + U2, . (2.10)

CpenHsasT MOIIHOCTh CUTHAJIBHOTO Iy4YKa IpPU HAIWYAM HAKAYKH, C Y4YETOM
dbopmy (2.3) u (2.4) MoxeT OBITh pacCUUTaHA U3 CICAYIOIIETO BhIPAKEHUS:

P = 1+J§((pm)%sin(pd) sin(pd—2950)+%sin(pd) P. (2.11)
p p

Takum  oOpa3oM, aMIUIUTyJIHas  XapaKTEpUCTUKA  PACCMOTPEHHOTO
rosorpapuueckoro uHTephepomerpa, IpeICTaBIIAIONIas 3aBUCUMOCTb
U3MEPSEMOr0 CEJIEKTUBHBIM BOJIBTMETPOM HANPSKEHHUS HA YacTOTE IEepBOMU
FapMOHUKM MEXaHUYECKHX KoyieOaHUi 0OBbEKTa OT MX aMIUIMTYJbl, MOXKET OBITH
nojiyueHa u3 ypaBHeHus (2.10) ¢ yuyetrom coortHomenuit (2.7)-(2.9) u (2.11).
OTMeTUM, YTO TMOJTYYEHHbIE COOTHOIICHHUS HE YUYMTHIBAIOT M30BITOYHBIX LIYMOB
UCIIOJIB3YEMOTO Jla3epa U COJEpKaT HEKOTOPbIE MapaMeTpbl (OTOANOAA, KOTOPBIE
JIOJKHBI OBITH OIPEIEIeHbl SKCIIEPUMEHTANIBHO.

2.3 KoHTpOJIbHBIE BOIIPOCHI

1. Kakum o6pazom peanuzyercs (azoBasi JeMOAYIAIUS B rojiorpaduueckum
uHTepdpepomerpe?

2. Ha xakoil wyactoTe peanusyercss JUHEHHBIA pexuM (pa3oBoi
JEeMOAYISIuMU B ronorpaguueckom uHTeppepomerpe? Kak cBsizaH BBIXOAHOU
CUTHAJI UHTEPPEPOMETPa B JAHHOM peXUME C TITyOHHOU (Ha30BOM MOLYIALUNA?

3. Ha kakoil wyacToTe peanu3zyercs KBaJpaTUUHbIA pexuM (a3oBoi
JIEMOYJISIUU B TojorpaduyeckoM uHTeppepomerpe?
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4. KakuM nomxeH ObITh CyMMapHbIH (ha30BbIil CABUT JU(PPArupOBaHHOTO
CBETOBOTO TOJSi OTHOCHUTEIIBHO HayaldbHOM (a3bl CUTHAJIBHOM BOJHBI IS
peanu3zanuu JUHEHHOro pexuma (Ha30Boil 1eMOayII N ?

5. Kakum o006pazom MOXHO oOecrneunuTh JUHEHHBIH pexuM (a3zoBoi
JIEMOYJIAIUN npu nuddy3noHHOM MEXaHU3ME dbopmupoBaHUs
dboTopedpakTUBHBIX roiorpaMm?

6. UYrto Takoe aMIUIMTyJIHAs XapaKTEPUCTHUKAa Troyiorpaduueckoro
uHrepdepomerpa’?

7. Uem  orpaHMYMBAETCS  YYBCTBUTEIBHOCTh  TOJIOTPAPUUIECKOTO
uHTepdepoMeTpa K HU3MEPEHHIO MEXaHMYECKUX KoJeOaHUH  OTpaXkarouIux
00BEKTOB?

8. Kakme Buapl mIyMOB TPUCYTCTBYIOT B  BBIXOJHOM CHUTHaJIe
rosiorpaguyeckoro uatepdpepomerpa’?

3 3KcnepumeHTaanaﬂ 4yacTb
3.1 JlabopaTopHasi yCTAHOBKA

Cxema ma0opaTOpHOM YCTaHOBKH, HCIIOJNB3YEMOH B HacToslleld padore,
n300pakeHa BhIIIE HA pHC. 2.2 ¥ omucaHa B nofpasf. 2.2. M3BecTHbIe JaHHbBIE 11O
napamMeTpaM KpUCTajUla M HCIOJIb3yeMOoro (OTONPHEMHHKAa COOOIIaoTCs
IpernoaBaTeieM.

3.2 3aganue Ha padoTy

3.2.1. BeiBectu cootHomenus (2.7) u (2.11), ucnonszys dopmynst (2.3)-
(2.5) 1 U3BECTHBIE COOTHOLLIEHUS, ONMUCHIBAIOIINE CBS3b BBIXOAHOIO HAIPSHKEHUS
GoTOAMOAHOTO MPHUEMHHKAa C MOUIHOCTHIO MOHOXPOMAaTHYECKOTO CBETOBOTO
y4Ka.

3.2.2. BpiBeCcTH BBIpa)KEHUE U1 HWHTEHCUBHOCTH CBETOBOIO IIy4Ka,
SBIIAIOIIETOCS CYyNEPHO3UIMEN JBYX MOHOXPOMAaTHYECKHUX CBETOBBIX BOJIH C
OJIMHAKOBBIMHM YacCTOTAMHM W HANpPaBICHUSIMU PACHpPOCTPAHEHUs, HO C Pa3HbIMU
HavyaJbHBIMU (ha3amu.

3.2.3. CoOpaTb 1 HACTPOUTH IKCIIEPUMEHTAIBHYIO YCTAHOBKY COIJIACHO PUC.
2.2

3.2.4. CHATD 3aBUCUMOCThH AMILTUTY I BBIXOJIHOT'O CUTHaJIa
uHTepdepoMeTpa Ha MEpPBOMl TapMOHUKE YaCTOTHl MOJYJSLUH OT aMIUTUTY/IbI
KoJIeOaHuM 3epKaia.

3.2.5. IlocTpouTh SKCIEPUMEHTAIBHYI AMIUIMTYAHYIO XapaKTEPUCTHKY
rojorpaguueckoro uHTEppepoMeTpa B MPEAOCTABICHHOW IMpernojaBaTesieM
nporpamme B makere Mathcad; 3meck ke MOCTPOUTH pacueTHYIO 3aBHUCHMOCTD,
BBIIIOJIHUB ~ MOATOHKY IO  METOAYy  HAaWMMEHbIIMX  KBaJApaToB  MOJ
AKCIIEPUMEHTAIIbHBIE TAHHbIE TyTEM M000pa 3HAYEHUI HEN3BECTHBIX MTapaMeTPOB
kpuctamia BTO u poronpuemuuka.

3.2.6. [loAroToBUTH U pacreyaTaTh OTYET MO MPOAETaHHOMN padoTe.
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3.3 llopsinoK BbINOJHEHUS PA00OTHI M METOANYECKHE YKA3AHUS

3.3.1. PaGora BbINOJNHSETCS B MOPSAIKE, KOTOPBIM OINpEeNeH 3aJaHueM,
MIPUBECHHBIM BBIIIE B 1MOipasa. 3.2.

3.3.2. Ilpu noAroToBKE YCTAHOBKH K HKCHEPUMEHTY CIEIyEeT YYEeCTb
cnenayroniee. Kak orTMeuanoce Bbille B moApa3d. 2.1, mnpu omnpeaeneHHOU
OpUEHTAllUd BEKTOpa MOJSIPU3ALUU CHUTHAJIBHOIO Iy4YKa MOYKHO PEaln30BaTh
JUHENHBIA pexuM (a3oBoil nemonyisauud. B 3ToM cinydae Ha ocuuiuiorpade,
KOTOpBI HAa CXEME YCTAaHOBKHM HE€ IOKa3aH, OyJeT HaOJM0aThCsd HEUCKaKEHHBIN
CUHYCOUJIAJIbHBIM CUTHAJ C YaCTOTOM, paBHOM 4aCTOTE MEXAHWYECKHUX KOJIeOaHUN
3epkana. HacTpolky BpalieHueM mnoispuszaropa 7 CIEAyeT HNPOBOJIWUTH IIPU
HanpsHKEHUH Ha MbE30KEPAMHUYECKOM IUIMHPE, cocTaBitoemM ot 20 1o 50 B.

3.3.3. B xoae BbINIONHEHUs pabOThl HEOOXOIUMO CHATH 3aBUCHUMOCTH
aMIUTUTYAbl BBIXOJHOTO CHUTHAJIA, U3MEPSIEMOIO CEJIEKTUBHBIM BOJBTMETPOM Ha
4acTOT€ NEPBOM TapMOHUKH, OT AMIUIMTYAbl HANpSHKEHUS, IMOJABAEMOr0 Ha
nbe3okepaMuueckuii nuiuHAp. [Ipu BbicOkux HampspkeHusix, ot 50 mo 200 B,
HEO0OX0AMMO 3a(pUKCUPOBATH HEKOTOPOE 3HAUEHHUE ITOTO HAIPSIKEHUs, IMpHU
KOTOPOM BBIXOJIHOM CHUTHAJl NMPUHUMAET 3HAUYeHHE, Onm3koe K HyJeBomy. Jlims
MPUKJIAJIIBAEMOT0 HANpPSKEHUS CO 3HAYCHHSIMU, COCTABISIONIMMU E€IUHHUIIBI
MUJUTUBOJIBT, HY>KHO 3a()UKCUPOBATHh HECKOJIBKO IKCIEPUMEHTAIBHBIX TOYEK, MPHU
KOTOPBIX YMEHBIIICHUE aMIUIUTYAbl KOJIeOaHWM HE MNPUBOAUT K YMEHBIICHUIO
BBIXOJIHOT'O CUTHAJIa UHTEPPEpPOMETpA.

JUIsi TIOTOHKW TEOPETUYECKOW 3aBUCUMOCTH IO/ SKCIEPUMEHTAIbHbIE
JAaHHBIE HEOOXOJIMMO HM3MEPUTHh MOIIHOCTh CUTHAJIBHOTO Mydka Pg Ha BBIXOJE
uHTEpPEepoMeTpa B OTCYTCTBHME ONOPHOrO Imyduka. [[is 3TOro OmopHbIA My4yoK
IIEPEKPBIBACTCS HENPO3PAYHBIM 3KPAaHOM MEXKAY YETBEPTHBOJIHOBOM IIJIACTUHOM S
U KPUCTAJIOM U TIOCIIEe peflaKcalliy 3alTMCaHHOM rojIorpaMMBI (3a BpeMsl MopsiaKa
60 ¢) MWUIMBOJBTMETPOM U3MEpsAETCS TOCTOSHHOE HaNpsOKeHHe  Ha
CONPOTHUBJIEHUM HArpy3Ku cBeToauona. Jlamee, ¢ UCHOIb30BaHUEM H3BECTHOTO
3HaueHus S,, PoToanoaa, pacCUNThIBAECTCS 3HaYeHHE P.

DKCHepUMEHTAIIbHBIE JaHHBIE PEKOMEHAYeTCs 3aHOCUTh B Tabnuiy. B
KauecTBe MpUMepa HIDKe MpuBeaeHa taou. 3.1.

Tabnuua 3.1 — Pe3ynbTarsl 3KCIIEPUMEHTOB U PaCYETOB

U., B U,,MB [, HM O, PATL ‘M“)‘

200
180

0,001
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Jis  oTOOpakeHUs  TOJMYYEHHBIX  AMIUIMTYJIHBIX  3aBHCHUMOCTEH
PEKOMEHIyeTCsl UCIONIb30BaHue makera mporpamm Mathcad. Tlpumep rpadukos,
Ha KOTOPBIX MPEICTaBIEHbl aMIIUTYIHbIE XapaKTEPUCTUKU UHTEPPEpOMETpa Mpu
OOJBIIMX aMIUIMTYyJaxX KojieOaHud (JMHEWHBIM Macimital) W B HIMPOKOM
JUHAMUYECKOM J1hana3oHe (B JorapumMuiyeckoM maciiutade) MpUBEIEHbl HA PUC.
3.1au 3.10, COOTBETCTBEHHO.

| MY,
l:lTHe:[ T T T I T
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0.2 .
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001 .
~ -3 — —
S 10
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Ei
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10 103 0.01 0.1 1 10 100

Oscillation amplitude (nm).

Pucynoxk 3.1 - IIpumepsl aMIIuTy IHBIX XapaKTEpUCTHUK aJallTUBHOTO
rojiorpadguyeckoro uaTephepomerpa
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3.4 Coaep:kanue oT4yeTa

3.4.1. Ilpu cocraBieHMH OT4YE€Ta HEOOXOAMMO PYKOBOJCTBOBATHCS OOIIUMU
TpeOOBaHUSIMU U MpaBHiiaMu 0(OPMIICHHS OTYETa O JTabopaTopHO padore.
3.4.2. B cOOTBETCTBYIONINX pa3jiejax 0TYeTa HEOOXOAUMO MPEJCTABUTS:

1) 3amanue;

2) cxeMy 3KCHEPUMEHTAIIBHON YCTaHOBKU;

3) TaOJIMLIBI SKCIIEPUMEHTANIBHBIX JAHHBIX;

4) pe3yabTaThl pacue€TOB, IPEAYCMOTPEHHBIX 3aJaHUEM;

5) rpaduKu aMILTUTYHBIX 3aBUCUMOCTEH;

6) BBIBOJIBI.
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