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1 BBepeHue

OnTuyeckue M aKyCTOONTHYECKHE METOJbl 00paboTku HHGOpMALUH
UCIIOJIB3YIOT PA3JIMYHbIE ONTUYECKUE TPAHCIAPAHTHI, B TOM 4YHUCJIE OOBEMHbBIC
Cpellbl, B KOTOPBIX MOTYT (hopMupoBaThcs (a3oBble JUHAMUYECKUE TOJIOTPAMMBI,
uH(popMaIus B KOTOPBIX XPAHUTCS B BUAEC M3MEHEHUN MMOKa3aTelNsl MPEIOMIICHUS.
OTH  rToJOrpaMMbl  MOTYT OBITh  HCIOJB30BAHBI NI TOJOrpapUUECcKO
uHTEepPEPOMETPUH, a MX AMHAMUYCCKUN XapakTep IeiacT WX aJalTHBHBIMH K
MEJUICHHBIM ~HM3MCHCHHMSIM BHEIIHUX YCJIIOBHH, OOYCIIOBIEHHBIX Jperdom
TEMIIepaTypbl, aTMOC(HEPHOTO NIaBJIeHuUs, H Apyrux (hakropos [1-5].

B kauectBe cpem mius AMHAMHYECKOW Tojorpaduu, B KOTOPHIX MOTYT
dbopmupoBaThCcs 00BEMHBIE (Pa30BBIE TOJIOTPAMMBI, IIUPOKO HCIOIB3YIOTCS
dboTopedpakTuBHBIE KpUCTALIB. OHU XapaKTepU3yIOTCS BBICOKOW pas3periaroniei
crocoOHOCTHIO, peBbimatoniei 10 000 TMHUI Ha MIJITTUMETD.

doTopedpakTuBHBIC KyOWYEeCKHE KPUCTALIbI CHILICHUTOB BijzMO, (M =
Ge, Si, Ti) xapakTepu3yrTCs OBICTPHIM HEIMHCHHBIM OTKJIMKOM M 00JaJaroT
€CTECTBEHHOMN ONTHUYECKON aKTUBHOCTHIO. IHTEpeC K JaHHBIM KpUCTaJIaM CBSI3aH
C BO3MOXXHOCTBIO HMX HCIOJIb30BaHUS B MPUKIAJIHBIX YCTPOMCTBAX ONTUYECKOU
oOpaboTku wuHpOpMaMKM © JWHAMHYECKOM Trojorpaduu. MakcumanbHas
3G (HEKTUBHOCTH B3aMMOJICUCTBHUS 0€3 MPUIIOKEHHOTO0 K KPUCTAJLTy BHEIIHETO
AIEKTPUUECKOTO TTOJISI MOXKET OBITh MOJTy4YeHa B ATHX KPUCTAIAX MPU BCTPECIHOM
pacnpoCTpaHEHUH IYYKOB, (HOPMHUPYIOMUX ToJorpaMMmy. B 3Tom ciydae
ammuTyga  ¢otopedpakTUBHOM  pemieTKd, (QOpMHUpYIOUIEHCSs 3a  CYeT
muhPy3MOHHOTO MEXaHW3Ma, B OTCYTCTBHE HACHIIIEHUS JIOBYIIEK OOPaTHO
MpOTOpIMOHaIbHa  ee mepuony. OTpakaTenbHbIC PEIICTKH W CXEMbl Ha WX
OCHOBE MOTYT OBITh HMCIOJB30BAaHBI I CO3MAHUS Y3KOTOJOCHBIX OMTHYCCKUX
bunbTpOB, TONOTrpaPUUYECKUX HUHTEPHEPOMETPOB M JUISI JAPYTHUX MPAKTUYECKUX
IIPUMEHEHUM.

[leapto HacTOsmed pabOTHl SIBISETCS 3HAKOMCTBO C  MPUHIIUIIOM
rojorpadpuyeckol  UHTEPHEPOMETPUM U IKCIEPUMEHTAIBHOE  H3y4YeHUE
aMIUTUTYTHOM XapaKTEePUCTUKHU aJIalTHBHOTO roJiorpayuuecKoro
uHTepdEepOMeTpa,  HCIOIB3YIONMIET0  OTpakaTelbHble  (QoTopedpaKkTUBHbBIE
rojorpaMMbl B KpHUCTaJUIaX THTaHAaTa BUCMYyTa JUISI W3MEPEHUS AaMIUIATYIbI
MEXaHUYECKUX KOJICOaHWH 3EpKadbHO OTpaKaromero oOBeKTa, B IIMPOKOM
JTUHAMUYECKOM JHrarna3oHe.

2 TeopeTnyeckasa 4acTb

2.1 Tlpuniun roJiorpaduyeckoii uHTepphepoMeTPHU NPU BCTPEYHOM
B3aMMOIEICTBIH B KyOM4ecKoM (poTope(ppAKTUBHOM I'HPOTPONHOM
Kpucrtaie cpeza (100)

[Ipu B3aumopeiicTBuu na3zepHbix mydkoB (Is u lp Ha puc. 2.1) B
dboTopedpakTUBHOM KpuCTaie (GOpMHUPYETCs AWHAMHYECKas TrojorpaMma, Ha
KOTOPOM OJHOBPEMEHHO MPOUCXOAUT uX camoaudpakuus [1-6]. 3aecy umeer
MECTO HHTEepPEepeHIus KaXI0ro W3 MPOIICANMNX IMYYKOB C OJHUM HU3
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nudparupoBaBIIMX MyYKOB, TO €CTh OMOPHBIN My4oK |lp unTepdepupyer c lsi, a ls
— ¢ lp;. IHTEHCHBHOCTB MPOLIEALIETO Yepe3 KPUCTAII CUTHAJIBHOTO ITyYKa MOKHO
IpEJICTaBUTh B BUJIE

| =1,(1+mcosAgp), (2.1)
rie m=2ll,, / |, — wuHTepdepeHUMOHHBIH KOHTpacT, lp — cymmapHas

UHTCHCUBHOCTH MYYKOB s U lpy, @ AQ — (a30BbIii CABUT MEXITY HUMH.
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Pucynok 2.1 — I'onorpaduueckuii uunTephepomMeTp, NCIOTB3YIONINI BCTPEUHOE B3aUMO/ICHCTBIE
CBETOBBIX ITYYKOB Ha (poTopedpakTUBHOM OTpaxaTeiabHOI rojorpamme

Ecnau BXOJHON CUTHAIBHBIM MYYOK lsy MOTYyUYEeH OTpakeHHUEM OT OOBEKTa,
KOJIEOJTIOIIEToCs ¢ 4acToTo {2, TO OH UMeeT (Ha30BYIO0 MOIYIISIIHUIO,

Ap=@,+ ¢, CosQt, (2.2)

W €ro BBIXOJIHAS WHTEHCUBHOCTH MOCJI€ B3aMMOJCHCTBUSI Ha TOJIOTpaMMeE CO
CTallMOHAPHBIM OIMOPHBIM MYYKOM OyAeT aMIUIMTYJHO-MOJYJIUPOBAHHOW Ha
KpaTHbIX 4YacToTax NL), C pacrnpefeneHreM TIIyOuHbl MOIYJSIIUU M(")((po),
3aBUCAIIUM OT @g. st @p=0, m mepBas rapMOHHUKAa B CHEKTPE OTCYTCTBYET
(MB=0), u mabmomaercst KBaapaTHUHBI pexuM (HA30BOH AEMOLYISIHH, MPH
KOTOPOM MaKCHMyM MOAYJISIIIMM HMEeT MecTo Ha dacrore 2Q [1].
[IpeanoyTUTENbHBIM IS TIPWJIOKEHUHN SIBISICTCS JIMHEWHBIH pexuM  (Ha3oBOi
JEMOYJISAIIUH, PEATH3YIOMIUUCS TIPH (o=71/2 Ha OCHOBHOM yactoTe ) [1-5]. B atom
cilydae, Mpy MajbIX aMIUTUTYax (Ga30BON MOIYIISIITUU, M ~ @p,.

Benmuuuna  (dazoBoro caBura Q¢ s AudparupoBaHHOTO  TOJS,
CKJIaJpIBarOIIascs W3 pasHocTh (a3 Mexay (GoropedpakTUBHOW PEMIETKON H
uHTEepHEPEHIITMOHHON KapTHHOW, U IOMOJIHUTEILHOTO CABUTA ISl MUdpaKiuy Ha
da3oBoOl pemIeTKe, OMpPENeNseTCs MEXaHW3MOM 3alucu  Tojorpammbl.  [pu
nuddy3uoHHOM MexaHu3Me (B OTCYTCTBHE BHEIIHETO AJICKTPUYECKOrO TOJs) U
nudpakiuy 0e3 U3MEHEHHUs MOJISIPU3AIMOHHOTO COCTOSIHUSI CyMMapHbIi (ha30BbIN
caBur paBeH 0 WM 7T, YTO COOTBETCTBYET KBaJpaTUUYHOMY peXuUMy (Ha30Boi
neMmonyisiiuu. B ciydae apeiidoBoi 3amucu, KOrja K KPUCTAILTY MPHUII0KEHO
MOCTOSIHHOE 3JIEKTPUYECKOE TI0JIe, U TAaKOro ke pexuma audpakiuu Ha (a3oBoi
rojiorpamMme, JOCTUTaeTCs JMHEHHBIN pexuM (a30BOM JAEMOAYJISIUM 3a CYET
obecrieuenus (azoBoro casura Ha /2 wim — /2 [1]. OmHaKO CUITEHOE TTOCTOSIHHOE
ANEKTPUUYECKOE MOJIe, TPUKIIAIBIBAEMOE K KPUCTAILITY, IPUBOJIUT K €rO MEPETPEBY.
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[Ipu anuzoTpomHON AMGPAKIMS CBETOBOW BOJHBI HAa JUHAMHYECKON
rojiorpaMme, KOorjga MMEET MECTO HM3MEHEHHE MOJISIPU3alMOHHOTO COCTOSIHUS
nudparupoOBaHHOIO MO HA OPTOTOHAJIBLHOE K MCXOJAHOMY, BO3MOXHO JIMHEHHOE
npeoOpa3oBaHusg MOIYJISIUM  (a3bl CHUTHAJIBHOM BOJHBI B U3MEHEHHE €€
MOIIIHOCTA M TMpu MexaHuzMe 3amucu auddysuonHoro Ttuna [2-5]. OnHo
peanu3yercs Npyu CMEIICHUU JBYX BOJH C PA3JIMYHBIM THUIIOM MOJSPU3ALMH: OJTHA
BOJIHA JOJDKHA MMETh JIMHEWHYIO MOJSPU3ALMIO, Ipyras — JJUIMNTHYECKYIO0 WIIU
KpyroByto. JINHEHMHOCTh 1EMOAYJSLIMK JOCTUTAETCS 32 CUET TOTO, YTO BHYTPECHHSIS
pa3HOCTh (a3 B 7/2 MEXKIy OPTOTOHAIBHHIMA KOMIIOHCHTAMH JIUTUTITHYCCKU
MOJIIPU30BAHHOW  BOJHBI ~ TEPEHOCUTCS B  HHTEPHEPEHIUI0  MPOIICIIIeH
CUTHAJILHOM BOJIHBI M JU(PArupOBAHHOTO TIOJISI OTMOPHOW BOJHBI, 0OecIeunBast
TEM CaMbIM HEOOXOIUMBIN JOTIOTHUTEIBHBIN (Ha30BBINA CABUT MEXKITY HUMHU.

B pabGore [7] nmpoBeneH aHaiM3  BCTPEUHOIO  JIBYXBOJHOBOIO
B3aMMO/JICHCTBUS TUPKYISPHO-TIOJISIPU30BAHHON CTAllMOHAPHOW OMIOPHOW BOJIHBI C
$ha30BO-MONYJIUPOBAHHONW  CHUTHAJBHOW  BOJIHOM,  HMEIOUIEH  JIMHEHHYIO
MOJISIPU3AINIO, B KpUCTaIIaX CWJIEHUTOB cpe3a (100) u mosydeHsl clieyronme
BBIPOKEHUS Il €€ WHTEHCHBHOCTH Ha BBIXOJICE M3 KpPUCTaNIa M ISl TIyOWHBI
MOZYJIALIMM UHTEHCUBHOCTU HAa HYJIEBOM, IEPBOM U BTOPOIl TAPMOHUKAX CUTHANA!

1(=d,t) 0 Iy, M@ (=d) + M P (~d)sinQt + M@ (~d) cos 20t +... |, (2.3)

I\/I(O)(—d,(pm):1+J§(@m)1;4sin(pd) sin(pd—2650)+%sin(pd) | (2.4)
p p
r, .
M®(-d,¢,)= Jo(tpm)Jl((Pm)F'Sm(Pd)COS(PO' —20g), (2.5)
r, . _
M P (-d,e,) =Jo(cpm)Jz(cpm)g'sm(pd)sm(pd —20s,), (2.6)
rae g, :(l—RZ)2 lsoeXp(—od) — MHTEHCHBHOCTb CHUTHAJIBHOTO IIydKa Ha

BBIXOJTHOM TpaHM KPHUCTaJIa B OTCYTCTBHE OMOPHOTO myyka; R — dpeHeneBckuit
KOd(OPUIIMEHT OTpakeHUsI OT rpaHeil KpucTtamia; o — KodOPHUIIMEHT NOTIomeHns
ceera; |, M Osp — MHTEHCHMBHOCTb M YroJl MEXIy KpHCTaIorpaduyecKkum

HanpaBieHnneM [010] w BekTOpOoM TONSPU3ALAM, COOTBETCTBEHHO, JIJIA
CUTHAJILHOTO IyYKa B KPHCTa/UIE Ha €ro BXOMHOW rpanu; 0 — ToimmHAa U p —
yAeJIbHOE ONTUYECKOe BpalleHue kpucramia; | — koadduiIMeHT ycuneHus,
XapakTepu3yromuil 3Pp(GHEeKTUBHOCTh B3aUMOJEHCTBUS IMYy4KOB; J, — GyHKUUS
beccens n-ro nmopsaka.

Takum  oOpazoM, JWHEWHBI pexuM  ($a30BOH  JIEMOAYJISAIUA B
paccMaTpuBaeMoM rojiorpaguueckoM HMHTEp(EpPOMETpe OCYLIECTBISAECTCS MPH
BXOJIHOM HOJISIPU3aLUOHHOM yrie O, =pd/2— pn/2, rae p — uenoe uucio.
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2.2 AjanTUBHBII HHTEp(depoMeTpP, UCIOJIL3YIOLHIT BCTPEYHOe
B3auMO/IeCTBHE B KyOU4eCKOM (poTopep)paKTUBHOM I'MPOTPOITHOM
Kpucraie cpeza (100)

Ha puc. 2.2 npeacraBineHa cxema  J1aDOpaTOPHOW — YCTaHOBKH,
IPEICTABIISAIONICH MaKeT MCCIeAYyeMOro royorpaduyeckoro HHTephepoMeTpa,
peIHA3HAYCHHOIO I U3MEPEHUs CICKTpa KOJcOaHU 3epKajabHO OTPaXKAIOIIMX
0O0BEKTOB.

11

L |

=~ &

- 12
5 Is
l..::::.l 9
% v
2
13

1 - He-Ne- nazep; 2 - nenuTenpHas IaCTHHA; 3 - 3epKaJio; 4 — MbE30KEPAMUUECKUH ITUITHH/P C
3epkaiioM; 5, 6 — 4eTBEpPTHBOIHOBBIE TIACTUHBI; 7 — MoJsipu3aTop; 8 — kpuctamt Bij TiO2 cpesa
(100); 9 — cobuparommas nun3a; 10 — poTonpuemMuuk; 11 — ceneKTHBHBINA BOIbTMETD; 12 —
MWJINBOJIETMETP; 13 — reHepaTop CUHYCOUABHBIX CUTHAJIOB.

Pucynok 2.2 — Cxema royiorpaduyeckoro nuatTephepomerpa, UCIoIb3yIOIIEro
BCTPEYHOE B3aUMOJICHCTBUE BOJIH, UMEIOIINUX PA3THYHYIO TOJISIPU3BAIUIO

B kauectBe peructpupyronied cpeabl B YCTAHOBKE HCIOJIB3YETCS
doropedpakruBHbIi Kprctamt Bijpy TiOy cpesa (100). McTOYHHKOM KOT€peHTHOTO
U3ITy4CeHUs] CIY)KUT Teaui-HeoHOBbIM nazep 1 (A=633 HM) ¢ MakKCUMaJIbHOU
BBIXOJHOW MomHOCThIO 20 MBT. [lenutenbHplii KyOMK 2 NpUMEHSIETCS s
pa3ziesieHHs JIa3€PHOro U3JTyYeHUs] HA OMOPHBIA U CUTHAIBHBIN MYYKH, KOTOPHIE C
MOMOIIBI0 3epkai 3 (HemoaBwKHOE) U 4 (KoJieOJroleecs) CO3/1al0T B KpUCTaJlIe
KapTUHY HWHTEpPEpeHIIUH  CTallMOHApHOM  OmMoOpHOM BOJHBI ¢  (pa3oBo-
MOJYJIMPOBAHHON CUTHAJIBHOM BOJHOM. UeTBEepTHBOJHOBAs ILIACTUHA S5 3aaaer
KPYTOBYIO TIOJISIPU3AIIMIO OMOPHOM BOJIHBI, a YETBEPTHBOJHOBAS IJIaCTUHA 6 U
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NoJIsIpu3aTOop 7 TO3BOJSIIOT 3a7aTh HYXHBIH yroil Osyp MEXIy BEKTOPOM
TOJIIPU3AIIMN  CUTHAIBHON BOJIHBI JUISI pETU3AIMH JTUHEHHOTO U KBaIPaTUIHOTO
peXUMOB (Ha30BOH TEMOTYIISITHH.

da3oBasi MOIYIALUS CUTHAIBHON BOJIHBI OCYIIECTBISETCS C TMOMOIIBIO
3epKaja, IPUKICEHHOTO K Mhe30KepaMUUECKOMY MIIMHAPY, Ha dactoTax ot 300
I'n go 10 x['1. DnekTpuyeckuil curHan ot 3BykoBoro reHeparopa 13 tumna 1'3-112
MOJIaeTCS Ha TMHE30KEpPAMHUKY dYepe3 corjacylmuid TpaHchopmarop, a ero
amMIuInTyna Ha mwmHape mMoxeT uaMeHsaTees oT 0,001 mo 350 B, uro mo3Bossier
3aJaBaTh AMIUTUTYJy BHOpalMW 3epKaja, MOICIUPYIOUIEro KOJIEOMIOMmuUnics
00BekT 4, ot 0,8 M 10 300 HM. BBUAy Manoro yria majieHusi CHTHAJIbHOM BOJIHBI
Ha KOJICONIOMIEECs 3ePKAI0, COCTABISIOMEro okoino 10°, CBsi3p aMIUIMTYIBI €&
¢da30BOi MOAYNANMU C AMIUTUTYIOW MEXaHHYECKUX Koiiebanuit | mMoxer OBITH
HaliieHa n3 MPUOIMKEHHOTO COOTHOMEHUs @, ~ 4nl/\ .

CurHasibHasi BOJHA, OTpa)KaroIascs OT 3epKaja 4 U UMEIoIasl 3HAUUTEIbHO
MEHBIIYI0O HHTEHCUBHOCTb, YE€M OIOpHas, HHTEepdepUpyeT ¢ MOCIEAHEH u
dbopmupyer B Kpuctauie 8 Omaromaps (dortopedpakTuBHOMY dDdeEeKTy
cTanMoHapHylo (a3oByto ronorpammy. llociae mpoxoxkaeHus Kpucraaia, B
pe3ynpTaTe AUQPPAKINA OMOPHOM BOJHBI Ha JI@HHOW TOJIOTpaMMe, OHa
npuoOpeTaeT aMIUIUTYIHYIO MOIYJISIUIO B perucTpupyercs GoronpueMuukom 10
(poromnon ®/I-256 K, marpykeHHblii Ha comportuBieHue Ry = 39 xOwm, npu
HanpspkeHuu oopatHoro cmemienus: 10 B). AMImuTy sl HanmpspKeHUs U1 IEPBOU
U BTOPOW TapMOHMK cHUrHaia (a3oBOM JAEMOAYJSALMM U3MEPSAIOTCS Ha
CONPOTUBIICHUN HArpy3Kd INpU IMOMOIIM CEJIEKTUBHOro BoJibTMeTpa 11 mapku
Unipan 237, a mocTosHHAas COCTaBIAIOIIAs CHTHAJAa — MHUJLIHBOJIBTMETPOM
MOCTOSIHHOTO HanpsbkeHus 12 tuma B7-78/1.

B dorommonHom pexxume nerektupoBanus [8], KOTOPBIH HCIONIB3yeTCS B
cxeme uHTephepomMeTpa, ¢ yueToM cootHomeHui (2.3), (2.5) u (2.6) HanpsbkeHue
nadopmarmonnsix curanos U, (1) u U,,(l), usmepsemoe cenexTiBHBIM

BOJILTMETPOM HA MEPBOM M BTOPOM rapMOHMKAX 4acTOThI KoseOaHUU 3epkana €,
MOJKET OBbITh MOJYYEHO B BUJIE

U, (1)=R,S,, JO(ZkOI)Jl(ZkOI)%sin(pd )cos(pd - 26, )P, 2.7)

U (1)=RyS 1, 3o (261 )3, (2K, ) L sin (pd )sin (pd — 204, )P (2.8)
p

rae Sph — TOKOBasi MOHOXPOMAaTHYECKasi YyBCTBUTENBHOCTD (hoToanonaa, Ko=2n/A n
Ps— BbIXO/IHasi MOIIIHOCTb CUTHAJIBHOTO My4YKa B OTCYTCTBUE HAKAYKH.
N3mepsiemass MUUIUBOJIBTMETPOM TOCTOSTHHASI COCTABJISIFOIIAS BBIXOJIHOTO
CUTHaja  HMHTEpdEepoMeTpa, ompejensieMas  CpeIHEH  HMHTECHCUBHOCTHIO
CUTHAJIBHOTO IMyYKa, C UCIOJIb30BaHUEM COOTHOIIEeHUM (2.3) u (2.4) BbIpaxkaeTcs

CJIETYIOITUM 00pa3oM:
U,() =R,S,, 1+Jg((pm)g—'sin(pd) Sin(pd—2630)+%3in(pd) P. (2.9)
p p
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Takum oOpa3zom, B wu300pakeHHOM Ha puc. 2.2 ToiorpapuIecKom
UHTepPEpOMETPe  M3MEPCHHS  IOCTOSIHHOM  COCTABJSIONICH  BBIXOJHOTO
HANpSHKCHUS W CUTHAJIOB Ha TICPBOM M BTOPOW TapMOHHMKAX MOJYJIHPYIOIIETO
HANpPSHKCHUS TO3BOJISIOT HCCIeI0BaTh 3((EKThl MEePeKaukh MOIIMHOCTH MEKIY
CUTHAJIBHBIM M OINOPHBIM IYYKOM Ha JWHAMHYCCKOW TOJIOTpaMMe, a TaKKe
3P PEKTUBHOCTh JTUHEHHOTO M KBaJIPATUYHOTO PEIKUMOB (Ha30BOW JIEMOTYJISIIHH.
W3 naHHBIX HM3MEpPEHHM MOXKET OBITh OINpeNeicHa aMIUIMTyAa KoJcOaHMi
3€PKAIIBHO OTPAXKAIOIIETO 0OBEKTA.

bonee neranpHoe omnucaHWe (HU3MYECKUX SIBJICHUH, HCIOJIB3yEMBIX MpPH
3allUCH OTPAXKATENBHBIX TOJIOTPaMM B (OTOpe(PaKTHBHBIX KpHCTAIaX Kiacca
CHJUICHUTOB W TP B3aWMOJICHCTBHHM HAa HHUX CBETOBBIX BOJH, MOXHO HAaWTH,
Harpumep, B padbotax [9-12].

2.3 KoHTpoJibHbIE BONPOCHI

1. Kakum obpazom peanuzyercs (pazoBasi 1eMOAYISLMS B TOJI0rpaduIecKum
unTepdpepomerpe?

2. Ha xakoit wyacTore peanm3yercss JUHEHHBIM pexuM (pa3oBoi
JEeMOIyJIsiluU B rojorpapuueckoM uHTeppepomerpe? Kak cBsA3aH BBIXOIHOM
CUTHAJ UHTEepPEpOMETpa B JAHHOM PEKUME C IITyOMHON (ha30BON MOTYISALIUN?

3. Ha kakoii wacToTe peamu3yeTcss KBaIpaTHYHBIA pexuM (Ha3oBoii
JIEMOJTYJISIIIUYU B rosiorpaduyeckoM uHTEphepomeTpe?

4. KakuMm noymxeH ObITb CyMMapHbI (a30BbIid cABUT JU(ParupoOBaHHOTO
CBETOBOTO IOJISI OTHOCHUTEIbHO HayaldbHOW (ha3bl CHUTHAJIBHOM BOJHBI IS
peanu3anuy JMHEWHOTO pexuma (pa3zoBoil JEMOTyISIIIN ?

5. Kakum o06pazom MOXHO 00ecneuuTb JMHEWHBIA pexXUM (PazoBoi
JEMOYJIAIIUU npu b y3noHHOM MEXaHU3Me dbopmupoBaHus
dboTopedpakTUBHBIX TOJIOTpaMM?

6. Ilpu KkakoM 3HAUYEHHWH BXOJHOTO TMOJIAPU3ALMOHHOIO yIja B
paccMaTpuBaeMoM HHTephEepOMETpe peanu3yeTcss JUHEHHBIM pexuM (a3oBon
JIEMOTYJISIITAN ?

7. Ilpm KakoM 3HAUYEHHWU BXOJHOTO TMOJIAPU3ALMOHHOIO yIja B
paccMaTpuBaeMoM MHTEp(hEpOMETpe pean3yeTcs KBaJpaTuYHbI pexxuM pa3zoBoi
JEeMOYJAUn?

3 JKkcnepuMeHTanbHas 4YacTb
3.1 JIabopaTropHasi ycTaHOBKA

Cxema nabopaTOpHOM YCTAaHOBKH, HCIIOJNIb3yeMOW B HacTodlleld padore,
M300pakeHa BhINIEC HA pucC. 2.2 ¥ OMHUcaHa B mojpasa. 2.2. M3BecTHbIe JaHHBIC TIO
napaMeTrpaM KpUCTalyla M HCIHOJb3yeMoro (oTompueMHHKa COOOLIAIOTCS
npernoaaBaTesieM.
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3.2 3aganue Ha padoTy

3.2.1. BeiBectr cooTHoienus (2.7)-(2.9), ucnonn3ys ¢hopmyisl (2.3)-(2.6) u
U3BECTHBIE COOTHOIICHMS, OMNMUCHIBAIOUIUE CBSI3b BBIXOJHOTO  HAIPSIKEHUS
(GOTOIMOAHOTO TMPUEMHHUKA C MOIIHOCTBIO MOHOXPOMATUYECKOIO CBETOBOTO
my4Ka.

3.2.2. BrobiBecTH BbIpaXeHHE i HMHTEHCUBHOCTH CBETOBOTO ITyuKa,
SBIIIOIIETOCS CYNEpPHO3UIMEe JBYX MOHOXPOMAaTHYECKHUX CBETOBBIX BOJH C
OJIMHAKOBBIMH YaCTOTAMHM M HAIPABJICHUSMHU PACHPOCTPAHEHUS, HO C Pa3HBIMHU
HaYaJIbHBIMU (Da3amu.

3.2.3. CobpaTh 1 HACTPOUTD FKCIIEPUMEHTAIHHYIO YCTAHOBKY COTJIACHO PHC.
2.2.

324. CHaTp  3aBHCHUMOCTb  aMIUIUTYAbl  BBIXOJHOIO  CHUTHala
uHTEpPepoMeTpa Ha MEPBOM TAPMOHHUKE YACTOTHI MOIYJSALMUA OT HANPSLKEHUS,
10/1aBa€MOI0 Ha TTb€30KEPAMUYECKUHN ITMITUHIP.

3.25. CHATp  3aBUCUMOCTh  aMIUIMTYAbl  BBIXOJIHOTO  CHUTHaJIa
uHTEpPEepoMeTpa Ha BTOPOM TapMOHMKE YaCTOThI MOIYJSALUUA OT HANpPSOKEHUS,
10/1aBa€MOT0 Ha TTb€30KEPAMUYECCKUHN ITMITUHIP.

3.2.6. CHATH 3aBUCUMOCTb MTOCTOSIHHON COCTaBJISIIOIIEH BBIXOJHOTO CUTHAJA
uHTephepoMeTpa OT HANPSHKEHUS, IT01aBaEMOT0 Ha TEE30KEPAMUYCCKUI IIUITHHIIP.

3.2.7. TloctpouTh W3MEpPEHHBIC OKCIICPUMEHTAILHBIC  aAMILIUTYIHBIE
3aBHCUMOCTH B IIPEIOCTABICHHOM MperoaBarTeseM nporpamMmMe B makere Mathcad;
3[IECh JK€ TOCTPOUTH PACUETHBIC 3aBUCHMOCTH, BBITIOJIHHUB MOATOHKY MO METOMY
HAaUMEHBIINX KBAJAPAaTOB TOJ OJKCIEPUMEHTANbHBIE IaHHBIE IyTeM Moa0opa
3HAYEHU HEM3BECTHBIX MapameTpoB kpuctamna BTO, ¢orompuemuuka, a taxxke
ko3 dunreHTa, ONPENeNsIoNero JHUHCHHYIO CBS3b aMIUIUTYIbl KOJeOaHU
3epKaJia ¢ HapsKEHUEM, T10/1aBaeMbIM Ha TTh€30KePaMUYECKUH IIMITUHIP.

3.2.8. [loaroToBUTH M pacreyaTaTh OTYET MO MPOIeTaHHOM padoTe.

3.3 Ilopsaaok BHINOJIHEHUSI pA0OTHI M METOANYECKHE YKA3aAHUS

3.3.1. Pabora BBIMIONHIETCS B TOPSIKE, KOTOPBIM OIpPEACIICH 3aJaHuEM,
MIPUBEJECHHBIM BBIIIE B moaApas. 3.2,

3.3.2.  IIpu NOArOTOBKE YCTAHOBKHM K 3KCIIEPUMEHTY CIEAYET Y4YeCTb
cnenyromee. Kak orMeudanmoce Bellie B moapasd. 2.1, mpu omnpenencHHON
OpMEHTAllMM BEKTOpa MOJIAPU3AIMM CUTHAJIBHOIO MyYyKa MOKHO pPeain30BaTh
JUHEWHBIA pexuM ¢a3oBoil aemoayssuuu. B 3ToM ciiydae Ha ocuuiorpade,
KOTOpPBbI HAa CXeME YCTAaHOBKHM HE TOKa3aH, OyJeT HaOJII0JaThCs HEUCKAKEHHbBIN
CUHYCOUJATBHBIN CUTHAJI C YaCTOTOM, paBHON YAaCTOTE MEXaHUYECKUX KOJeOaHUN
3epkana. HacTpoiiky BpalleHueM mnojspusaropa 7 CIEeAyeT NPOBOAUTH IIPHU
HaIpsHKEHUM Ha MbE30KEPaMUUYECKOM LUIIUHIpE, cocTaBisomeM ot 20 qo 50 B.
Jlanee HEOOXOAMMO CHSTh 3aBUCUMOCTh AaMIUIMTY/bl BBIXOJHOTO CHUTHAJIA,
MU3MEPSIEMOr0 CEJEKTUBHBIM BOJITMETPOM HAa YacTOTE IMEPBOW TapMOHHMKH, OT
aMIUTUTYAbl HAMPSHKEHUS, MOJABAEMOr0 Ha MbE30KepaMUYECKH muiuHAp. Jis
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TaKOM ’K€ HACTPOMKM IOJApU3aTOpa 7/ PEKOMEHAYETCS CHATHh AaMIUIMTYIHYIO
3aBUCHUMOCTD JJI ITOCTOSIHHOM COCTaBJISIONICH BBIXOIHOI'O CHTHAJIA.

3.3.3. Jlna HaOmroieHusT KBaApaTUYHOTO pekuma (Ha30BOM JIEMOMYIISALIUH
pPEeKOMEHIyeTCs TPH  HaNpsDKEHUW Ha  MbE30KEPAMUYECKOM  ITUIMHJPE,
coctasisironieM ot 40 1o 60 B, momo6paTh opueHTaLMIO MOJsipu3aTopa 7 TaKoH,
yT0OBI Ha ociuiiorpade HabIrOgaICS MAaKCUMYM CHUTHaja Ha BTOPOM TapMOHMKE
4acTOThl Monayisiuu. Jlajee HEoOXOAUMO CHATh 3aBUCHMOCTh aMILIUTY/IbI
BBIXOJIHOTO CHUTHAJIa, W3MEPSIEMOI0 CEJIEKTUBHBIM BOJIBTMETPOM Ha YacTOTE
BTOPOl ~ TapMOHUKH, OT AaMIUIMTYAbl  HANpSOKEHWS, [0JaBaeéMOro  Ha
NbE30KEPAMUYECKAN [IMIIMHJIP.

JIns. TMOATOHKKM TEOPETUYECKOW 3aBUCUMOCTH TIOJ HKCIEPUMEHTAIbHbIC
JaHHBIE HEOOXOIUMO HM3MEPUTh MOIIHOCTh CHUTHAJIBHOTO IMydka Ps Ha BBIXO/E
uHTtepdepoMeTpa B OTCYTCTBUE OMOPHOIO Myuka. [[7s 3TOro OMOPHBIN My4OK
MIEPEKPBHIBACTCS HEMPO3PAYHBIM SKPAaHOM MEXIY UYETBEPTHBOJIHOBOM IJIACTUHOMN S5
1 KPUCTAJIJIOM M TIOCJIE pelaKcalliy 3allMCaHHON TOJIOTpaMMBI (3a BpeMs MOpsaKa
60 ¢) MWUIMBOJBTMETPOM  HM3MEPSACTCS TOCTOSHHOE  HampsDKEHHE  Ha
CONPOTHUBJICHUU Harpy3ku (oroauona. [lamee, ¢ HCIOJIB30BAaHHEM H3BECTHOTO
3Ha4YeHMA Spnh (POTOAUOMA, pacCUUTHIBAETCS 3HadeHue Ps.

DKCNepUMEHTaIbHbIC JaHHBIE O CHUTHAIY Ha IEPBOM TapMOHUKE M TIO
MOCTOSTHHON COCTaBIIAIONIEH PEKOMEHAYETCS 3aHOCHTh B Tabnuily. B kadecTBe
npuMepa HUKe MpuBeaeHa Taoi. 3.1.

Tabmuua 3.1 — Pe3ynbTaThl SKCIIEPUMEHTOB M PACUYETOB JUISI BBIXOJIHOTO
CUTHaJa Ha IEPBOM TAPMOHHMKE U JUIs1 TOCTOSIHHOM COCTaBIISAIOIIEH

U, B U, MB I, am Om, Pax ‘M(l)‘ U,, MB M ©

200

180

3KCHepI/IMeHTaHBHBIe JaHHBIC TII0 CHUI'HAJIy Ha BTOpOﬁ TapMOHHKC,
MOJYYCHHEBIC IMPHU APYIOM 3HAYCHHUHU BXOJHOI'O IOJAPU3AIWMOHHOTO YIJId, TAaKXKE

PEKOMEHTyeTCsl 3aHOCUTh B TabnuIly. B kauecTBe npumepa HUXKE MpUBEIEHA Ta0JI.
3.2.
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Tabnuna 3.2 — Pe3ynbTaThl 3KCHEPUMEHTOB U PAaCUYETOB MJISI BBIXOJHOTO
CUT'HaJIa HA BTOPOU rapMOHUKE

U, B U,,. MB I, HM Om, Pax ‘M (2)‘

200
180

0,001

Jns  oTroOpakeHHs ~ TOJYYEHHBIX  AMIUIUTYIHBIX  3aBHCHUMOCTEH
pPEKOMEHyeTCsl UCToIb30BaHue nakera nporpamm Mathcad. IIpumep rpadukos,
Ha KOTOpPBIX IPEACTABICHbl AMIUTUTYIHbIE XapaKTEPUCTHKU HHTEp(hepoMeTpa,
npuBeeHbl Ha puc. 3.1a u 3.106, COOTBETCTBEHHO.

IM(1)|, T T T T T T IM(Z)ly T T T T T T
OTH.€JI OTH.€JI /'\
/ﬂ
04 . 02 | /o ”L\ 6 .
3 P
0.3 - 0.15 F }?u”}l 2 }If 6“‘? J
o RO
L TN
0.2 § o1 b §f %% i GG
: Q‘é L', II b,-éoé;%
oo 93 Koo %
0.1 f . 005 |- g1 '-3‘,5 0 Aé.;; 3\
; ;  p ; R \
0 0 &7 4

Pucynok 3.1 - [IpuMepsl aMIUTHTYIHBIX XapaKTEPUCTHK aIallTABHOTO TOJIOTPapUIeCKOro
uHTepdepomerpa:
3aBUCHMOCTH OT aMIUTATY bl KOJICOAHHI OTpa)xkaTels Ui OTHOCUTEIbHOW aMILTUTY/IbI TIEPBOM
(a) u BTOpOIi (6) TapMOHHK B CIIEKTPE MOAYJIALIUYA HHTEHCUBHOCTH JIMHEHHO MOJISIPU30BAHHOTO
CHUTHAJILHOTO MyYKa, MPH BCTPEYHOM B3auMo/ieiicTBuu B kpuctaiuie Bip TiOz:Fe, Cu cpesa
(100) ¢ uupKynapHO MOJAPU30BAHHOM BOTHON HAKAYKH. 3HAYEHHUS BXOIHOTO
nosspusaruonsoro yria: 0° (1), 30° (2), 45° (3); wacrora kone6anuit f =1.15 k' Kpyxku,
POMOBI U KBaJIpaThl — IKCIIEPUMEHT, KPUBBIE — pacyerT.

3.4 Coaep:xkanue oT4eTa

3.4.1. Ilpu cocTaBieHUH OTYETA HEOOXOIUMO PYKOBOACTBOBATHCS OOIIMMU
TpeOOBAHUIMU U MpaBHIIaMKi 0(hOPMIICHHSI OTYETA O JabOpaTOpHOl padoTe.
3.4.2. B cOOTBETCTBYIOIIUX pa3jeiax 0T4eTa HeOOXOIUMO TPEACTABUTD:

1) 3amanue;

1 )
0 50 100 150 200 250 | HM
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2) cxeMy 3KCIEPUMEHTAIbHOW YCTAaHOBKH;

3) TaOIUIIbI AKCTIEPUMEHTAIBHBIX TAHHBIX;

4) pe3yJbTaThl pacueToB, MIPEAYCMOTPECHHBIX 3a/IaHUEM;
5) rpaduky aMILIUTYIHBIX 3aBUCUMOCTEH;
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