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COJICP)KUT ONHUCAHUE JITA0OPaTOPHBIX PabOT M METOJAUKY HX MPOBEICHUS.
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METOANYECKUE YKA3AHNMA K BBITTIOJIHEHUIO
JIABOPATOPHbLIX PABOT

IHoaroroBka k padoram u opopmiieHUe 0TYETA

s 3hpeKTHUBHOrO HMCIOIL30BaHUS J1a00PATOPHOIO BPEMEHHM KaXKJIOW Jia-
oopatopHoit  pabotre  Jlo)bkHa ~ MpEAIIECTBOBATH  CaMOCTOSITENIbHAs
noAroToBKa. Bo BpeMst 3TOM MOATOTOBKHU CTYJEHT 00s3aH:

®  U3YUYUTh COOTBETCTBYIOIIHNE Pa3/Ieibl Kypca, METOJMYECKHE YKAa3aHUS K
Ja00paTOpHOM paboTe U mpaBuiia 0€30MaCHOCTU MPU PAdOTE C IICKTPOIPH-
OopaMu U Jazepamu;

®  YIACHUTh MNPUHIUIBI Pa0OTHl HMCCIEAYEMbIX YCTPOMCTB, H3YUUTh HX
CTPYKTYPHBIE CXEMbl M HCHOJIb3yEMbI€ ONTUYECKUE W ONTOAJICKTPOHHBIC
AJIEMEHTHL.
[IpeaBaputenbHas paboTa BKIIOYAET TakKe oQopmileHHE OT4ETa MO Tpe-
JpLAyHIeH 1a00paTOpHON padoTe U MOJATOTOBKY K €€ 3alllUTe.
Otuér, cocTaBiIIEMbld WHAWBUAYAJIbHO W MOIIUCHIBAEMBIA C YKAa3aHUEM
JAThl KAKIBIM CTYJIEHTOM, JOJKEH COJIEPKATh:

e cTpykTypHyto (Cxemy sabOpaTOpHOM YCTaHOBKM C YKa3aHUEM
VCTIOJIb3YEMOM KOHTPOJIBbHO-U3MEPUTEIIBHOM annaparypsl;

®  ONTUYECKUE CXEMbI UCCIEIYEMBIX YCTPOMCTB C yKa3aHUEM I€OMETPU-
YECKUX MapaMETPOB PACIPOCTPAHSIONINXCS B HUX JIA3€PHBIX JIyUeHd;

®  pPE3yJbTaThl BBIMOJHEHHBIX TEOPETHUUYECKUX M DKCIEPUMEHTAIBHBIX
UCCIICIOBAHUM, CBEJICHHBIE B TaOJHIBI U OOPMIICHHBIE B BUJE TpadUKOB,
IarpaMm, pUCyHKOB;

®  pe3yabTarhl pacu€ToB U COOTBETCTBHUE UX IKCIICPUMEHTY;

®  BBIBOJIBI M 3aMEYAHHUS MO pE3yJibTaTaM HCCIEAOBAHHUI C MPUBEICHUEM
COOTBETCTBYIOIIUX JI0KA3aTEIIbCTB.
CxeMbl BBIUEPUYUBAIOTCS aKKypaTHO OT PYKH C Y4E€TOM TpeOOBaHHEM TOCY-
JApCTBEHHBIX  CTaHAapToB. ['paduku  MOryT  BbIUEpUMBATHCS  HA

MUWIJIUMETPOBOM OyMare. MuHuManbHbIA pa3Mmep rpaduka - He meHee 9 X
12 cm.

IIpaBuia 6€30N1aCHOCTH NP BBINOJHEHUH JTA00PATOPHBIX
patdor. O01ue MoJI0KEeHUA

1. He mpucrtymats k paboTte, HE 03HAKOMHUBIINCH C HHCTPYKIIUEH 1O TEXHUKE
0€30IMacHOCTH ISl CTYJCHTOB, BBITIOJTHSAIONIMX pabOThl Ha Ja3epHBIX
YCTAaHOBKAX, U C HACTOSALLEH UHCTPYKIUEH.



2. BHMUMaTENbHO OCMOTPETh MPUOOPHI U 000pYAOBaHUE HA pabOYeM MeCTe U
npu OOHAPYKEHUU KaKUX-TUOO HEHUCIPABHOCTEN COOOLIUTHL 00 3TOM
PYKOBOJIUTEITIO.

3. He BwiIouath M He BBIKIIIOYATH PAAUOU3IMEPUTENBbHBIE TPUOOpPHI Oe3
paspenieHus pyKOBOAUTEIIS.

4. B cnydae HEWCIPaBHOCTH NPUOOPOB WM MAKETOB, MPU OTCYTCTBUU
HaIpSHKEHUS B CETH HEOOXOAUMO COOOIIUTH 00 3TOM PYKOBOIUTEIIO.

IIpaBujia 3/1eKTP0OOE30MACHOCTH

1. PapnousmeputenbHble NpUOOpPHl M OJIOKM MUTAHUA JIa3€pOB IMUTAIOTCS
HanpspkeHreM 220 B, gactorou 50 ['1, ormacHbIM 1151 )KU3HU.

2. llepen BkIIOYEHHWEM YCTAHOBKH HEOOXOAMMO yOEIUTHCS B HAJIUYHUM 3a-
3eMJIEHUS Y BCEX TPUOOPOB;

3. He nmpukacaTbcs K KOpIycam JABYX MPUOOPOB OJHOBPEMEHHO.

IIpaBusa 0e3onacHoOCTH IPHU padoTe € JazepamMu

1. JlabopaTopHble YCTaHOBKHM YKOMIUIEKTOBaHBI jJazepamu 11 kiacca, mpsimoe
Y 3€PKaJIbHO OTPAXKEHHOE U3ITyYEHNE KOTOPBIX OMACHO IS TJ1a3.

2. 3anpemraetcs BrxirodaTh W BBIKIIOYATH OJIOKM MHUTaHUS JiazepoB. X
BKJIIOUEHHUE U BBIKIIOUCHUE TPOU3BOJAUTCS PYKOBOIUTEIEM.

3. 3ampemiaercss CMOTPETh HABCTPEUY MPSIMOMY WJIM OTPAXEHHOMY Ja3ep-
HOMY JIy4y.

4. CooOumTh pPYKOBOAUTENIO 00 OKOHYAHUM BBIMOJHEHUS PabOTHI.
[IpuBectu B mops10K pabodee MECTO.

YueOHoO-uccae0BaTeIbCKAsA PpadoTa CTYJACHTOB

[enpto yueOHO-HcchenoBaTenbckoi padotsl ctynentoB (YUPC) spusiercs
pPa3BUTHE y CTYJCHTOB HABBIKOB CaMOCTOSITEIIbHOM HAyYHO-HCCIIEIO0BA-
TenbCckoM paboTel. YUPC npoBoasSITCS MO TeME KaXJA0ro J1adopaToOpHOro
3aHaTusA. OpHako 3amanusa o YMPC umeror B 1enoM HecTaHJIapTHBIN
XapakTep W MOTYT BBIXOJUTH 3a Mpeaeibl MHCTPYKIUU K JabopaTOpHOU
pabore. VYueOHo-ucclenoBaTeabCckas paboTa MOPOBOAUTCA BO  BpeMs
nabopaTopHoro npaktukyma. OpueHTUpPOBOYHBIE TeMbl 3ananuii mo YMPC
MIPUBOJIATCS B KOHIIE OMUCAHUA KaXX01 1abopatopHoi paboTa.

B npenenax Hacrosiiero jgadbopaTopHOro mpakTukyma opranuzanus YHUPC
OCYIIECTBIISCTCS CIEAYIOIINM 00Pa30M:



e T[OJy4CHUE  3aJaHusi; u3yueHue o0s3aTeIbHON U TIOHUCK
JOTIOJTHUTEIILHON JTUTEPaTyPHhI;

® TEOPETUYECKUN aHaJIN3;

® COCTaBJICHHE TIJIaHa SKCIIEPUMEHTA U 00CYXKICHUE;

e 00paboTKa pe3yJIbTaTOB MCCIICIOBAHMUS;

e (hopMyIHUpOBKa BHIBOJIOB;

e odopmiieHHE U 3alUTa OTYETA 110 padoTe.

JlaGoparopnas padora 1.

NCCIEJOBAHUE UHTEP®EPEHIIUU JAZEPHOI'O
N3JIYUEHUA

[enp paOOThI—BBISICHEHHE YCIOBHUI (popMUpoBaHUs MHTEP(DHEPEHIIMOHHON
KApTHUHBI, HCCIEJOBAHUE OCHOBHBIX HWHTEP(EPEHLMOHHBIX CXEM U HX
PaKTUYECKOE MPUMEHEHUE.

1.1. Onucanue 1a00paTOPHON YCTAHOBKH

JlaGopaTtopHas yCTaHOBKa (puc.1.1) MTO3BOJISIET HCCIIeIOBATh
UHTEPPEPEHIINIO JIA3EPHOTO M3IYUYEHHUS B PACXOMASIIUXCS U MapaieTbHbIX
nyuykax. OH coaepXuT renui-HeoHOBBIM  nazep  (A=0,6328MKMm).
KOJIJIUMATOP, (doTONPUEMHUK (IradgparMupOBaAHHBIMI dboTonnon),
ocLyUIorpad, AEIUTEeN CBETOBOrO mydka. KommmaTop COCTOMT U3 ABYX
KOH()OKATBHBIX MOJOKHUTENBHBIX JIMH3 U MPEICTaBIACT CO00N 0OpaTHBIN
teneckon (Tpyoy Kemnepa ¢ koaddunuentom ypenudenus okojio 0.2). OH
CIIY)KUT Il pacUIMpeHus Jia3epHOro mydka. M3MeHsisi paccTosiHue MEXIy
JUH3aMU B KOJUTUMATOpPE. MOXHO JeJaTh MYy4oK ci1abo CXOIAIIMCH,
pacXoIAIUMCS WM TMapajlyIeIbHBIM  (CKOJUIMMUPOBAHHBIM). Jlazep wu
ONTHYECKHE DJEMEHTHl 3aKpEIUICHbl B IOCTUPOBOYHBIX MEXaHM3Max U
pa3MeIIeHbl Ha ONITUYECKOM CKaMbe.



A

JIA3BEP ocCL

JIA3EP L -

OKpaH

Pucynok 1.1 - Cxema nabopaTopHOU yCTaHOBKHU

1.2. llopsaiok BBINMOJHEHUS PAa0OTHI.
1.2.1. UccnenoBanue nuTepdepeHnd B PACXOAALIUXCH MyYKaX.

1. BxmrouuTh OJIOK TUTaHUS Ja3zepa (BKIIOYAET PYKOBOJMTENb) U
ocrsuiorpad.

2. CHATh C ONTHYECKOW CKaMbU PEUTEPHI C 3AKPEIUIEHHBIMU HA HUX
JIMH3aMH, COCTAaBJISIOIIMMHU KOJUIMMATOP. YCTAHOBUTh HA ONTHYECKOU
CKaMb€ Ha MUHUMAJIbHOM PACCTOSTHUM OT JIa3epa PEUTEP C 3aKPETUICHHBIM Ha
HEM JIEPKATEIIEM C TOHKOW MPOBOJIOYKON.

3. Bpamas BUHT peurepa, IepeMeNaTh ITPOBOJIOYKY
MEPICHINKYISIPHO JIydy, TOKa OHA HE OKAXKETCs Ha myTH Jyda. [IpoBonouka
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3]1ECh BBINOJIHSIET POJIb ACIUTENS Myuka, MpUyYeM BeluuuHa d (auaMertp
MPOBOJIOYKH) OIIpeAesieTcs o ¢popmyiie:
d=al/nAx
rje: d—nauameTp MPOBOJIOKH; A—WJIMHA BOJHBI; #—KO3()PUIUEHT
IpeJIOMJICHUS OKpYy’Karollel cpenpl; Ax—repuos HHTep(PEepeHIIMOHHOM
KAPTUHBI; G—PACCTOSTHUE MEXKAY MPOBOJIOYKOU U SKPAHOM.

4. Tlepememast (HOTOaMOJ MO BEPTUKAIM, YCTAHOBUTH €r0 Ha IyTH
unrepdepupyromux tyuen. [lepemeras ¢poToanon BUHTOM peulTepa BAOJb
UHTEp(EPEHIIMOHHOW  KAapTHUHBI, CHSATh 3aBUCUMOCTh  (OTOTOKA  OT
nepemenieHusa x goronuona. Ilocrpouts rpadux. M3 rpaduka onpenenutsb
Ax nHTEpPEPEeHITMOHHON KapTHHBI.

5. H3MmepuTh pacCTOSTHUE OT MPOBOJIOYKHU 70 (hoToauoAa. BeIUUCIUTD

JMaMETpP MPOBOJIOYKH.
B NOpOMBINIIEHHBIX YCIOBUSIX, MCIOJIb3YS BMECTO MEPEMEIIAOIIETOCS
dboTonMOAa HEMOABMXKHYIO JIMHEWKY (OTOAMOAOB WIM TeJIeKamepy,
PacCCMOTPEHHBIN METO UCTOJIB3YIOT I OECKOHTAKTHOTO aBTOMAaTHYECKOTO
U3MEPEHUST pasMEpPOB MHUKPOOOBHEKTOB, HANPUMEp, JTUAMETpa BOJIOKOHHBIX
CBETOBOJIOB B ITPOLECCE UX U3TOTOBJIEHUS.

1.2.2. UccaenoBanue uHTepepeHUN B MAPAICIbHBIX Jy4aXx.

1. CrprocTupoBaTh ONTUYECKYIO cxemy. JlJist 3Toro:

a) CHSATb BCE PEUTEPHI C ONTUYECKUMH DJIEMEHTAMHU C ONTHYECKOU
CKaMbH, KpOME Jlazepa M peuTepa € 3KpaHOM. Bpamas rOCTHPOBOYHBIE
BUHTBl PEUTEPOB M JepxaTeied, B KOTOPBIX 3aKPEIUIeH Jia3zep, TOOUThCA
NapajulebHOCTH JIA3€PHOIO JIyda HANpaBIAIONIMM ONTHYECKOW ckamMbh. B
3TOM CJIy4ae CBETOBOE IISITHO OT JIyda HE JIOJKHO MEPEMEIATHCS MO IKPAHY
P NIEPEMEIICHUH 110 HAPABJISIOIIUM.

0) mocieAoBaTEIbHO YCTAHABIMBATH PEUTEPHl C ONTHYECKUMHU
AJIEMEHTAMU HA HANpaBJISIOMIMX W, Bpalias CTUPOBOYHBIC BHHTHI,
aHAJIOTUYHBIM 00pa3oM JOOUTHCS NapaUIEIbHOCTH MPOUIEANIET0 Yepe3
3JIEMEHT JIa3€PHOTO JIy4ya HAMPABISIONIMM ONTUYECKON CKaMbH.

2. YCTaHOBUTH pEUTEPBl C JIMH3aMH HAa ONTHYECKOM CKaMbeE.
[lepemerniasi UX MO HAMPABISIONIUM, JOOUTHCS, YTOOBI JTUAMETP JIa3€PHOTO
Jy4a Ha BBIXOJE BTOPOM JINH3bI HE U3MEHSJICA C PACCTOSIHUEM OT JIMH3HI (T.€.
YTOOBI JTA3EPHBIN My4YOK OBbLT CKOJUTMMUPOBAHHBIM).

3. VYcra"HoBuTh pedTep € ATAJOHHOM  (IUIOCKOMApasieIbHOM)
IJJACTUHOM Ha IYTH JAa3epHOTO Jiydya. HampaBuTh OTpa)K€HHBIM JIyd Ha
skpaH. Ha sxpaHe BuaeH pe3ynbTaT HHTEP(DEPEHIINH JTyUueld, OTPaKEHHBIX OT
JIBYX IUIOCKOCTEN ITAJIOHA.



[lepemMeras TMH3BI MO HAMIPABIISAIOMINM, TOOUTHCS MAKCUMAaIbHOTO MEPHO/Ia
UHTEp()EPEHLIMOHHOW KapTUHBL. TeM CcaMbIM MOJy4aeM MPAaKTUYECKU
MIJIOCKHI BOJTHOBOW (PPOHT B JaHHOM HaIpaBJICHUH.

4. 3aMeHUTh OSTAIOHHYIO IUIACTHHY Ha u3Mepsemyto. C IMOMOIIBIO
JUHENKHU U3MEPUTH Nepro] Ax HHTEpPEPEHITMOHHON KAPTUHBI.
Bripaxkenue 11 yriia MexXay INIOCKOCTSIMH TUIaCTHUHBL:

a=1/Ax
rJie: A—IJIMHA BOJHBI; Ax—Tiepro1 nHTep(hEepEeHIIMOHHONW KapTHHBI.
[To marHOM (popMyJie BEIYUCITUTD YTOJI MEXKITY IIIOCKOCTSIMH.

1.3.Temnl naa YUPC.

1. HccnenoBanue QMHBI KOTEPEHTHOCTH U3JTyUYEHHUS Ja3epa.

2. HccnenoBanue KoHTpacTa HHTEPHEPEHITMOHHONW KapTHUHBI.

3. MUccnenoanue ¢popmbl HHTEPHEPEHIIMOHHBIX MTOJIOC.

4. HccnenoBaHrue OCHOBHBIX ONITHYECKUX CXeM MHTEPHEPOMETPOB.
1.4. KoHTpoO/IbHBIE BONPOCHI

1.  KaxoBsl ycnoBus Ha0M0AeHUSI UHTEP(HEPEHIIMOHHONW KapTHUHBI?

2. Yo Takoe pa3HOCTh X0Ja JIyuen?

3. Ot yero 3aBucut popma HHTEP(HEPEHIIMOHHBIX TTOJIOC?

4. Ot 4yero 3aBUCHUT KOHTPACT UHTEPPEPEHIIMOHHON KAPTUHBI?

5. Kakyo BeJMUnHy Ha3bIBAIOT JJIMHOW KOT€PEHTHOCTHU?

6. KakoBa CBA3pb MEXIQy UIMHOM KOT€PEHTHOCTM M IIMPUHOU

CIEKTPaJIbHON JTUHUU U3ITYyUYEHUS?
7. Kakoil BBIBOJI MOXHO CJH€JaTh O JJIMHE KOT€PEHTHOCTH W3IyUYCHUS
Ja3epa, UCIOIb3yeMOro B TaHHOU paboTe?

JlaGoparopnas padora 2.

NCCIIEAOBAHUE OIITUYECKOI'O TIPEOBPA3OBAHUA
DYPLE

2.1. Onucanue Ja00paTOPHOI YCTAHOBKH

JlaboparopHas ycrtaHoBka (puc.2.1) npegHasHadyeHa IS MCCIIEIOBaHUS
onThYeckoro mnpeodOpazoBaHusi @ypbe. OHa COAECPKUT TeEIUN-HEOHOBBIN
nazep (A=0,6328 MkM). KoJumuMaTop (pacuIMpuTelib) Ja3epHOTO Jyua,
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TpaHCIIApaHT, MOJCIUPYIOUIUNA BXOJHYI (PYHKIHIO, KOPOTKO(POKYCHYIO
JauH3Y, GoTonpuéMHUK (HOTOaANO ), ocuruIorpad.

i(x,y)

JIA3EP [ = OCI]

Pucynok 2.1 — Ontuueckas cxema J1abopaTopHON YCTaHOBKH

OnTuueckasi cxema J1ab0paTOPHOM YCTAHOBKU OTIUYAETCS] OT KJIACCUUECKHUX
cxeM. Kommumarop ¢dopmupyer ciaboCcXoAsuuiicss My4yoK, Hrpas poJib
mmmHHOGOKYycHON — Dyphe-muH3bl.  CdopmupoBanubii  Dypbe-o0pas
BXOJIHOTO CHUTHAJIa, NAJaroNIMii Ha KOPOTKO(MOKYCHYIO JIMH3Y, MOXHO
CUMTATh MapaJyieIbHbIM MydkoM. [Ipoiias 3aaHIo (HOKaIbHYIO MIOCKOCTH
JUH3BI, OH TMpeoOpa3yeTcs B PACXOIAIIUNUCS MY4YOK, MPUUYEM YTrOJ
pacxogumoctu ompezaensercs pasmepom Dypre-oOpaza u  (HOKYyCHBIM
paccrosiHueM JnH3bL. (ClenoBaTenbHO, H300paxkeHue @Dypre-o0Opa3a B
MIOCKOCTH  (OTONMPUEMHUKA OMNpENEsieTcs YIJIIOM pPacXoJMMOCTH U
pacCTossHUEM OT 3ajHeld (OKAIbHOM TIJIOCKOCTH JIMH3BI 10 IIJIOCKOCTH
dboTonpuéMHUKA.

DOneKkTpuueckuil curHai ¢ (GporonpuéMHUKA, U3MEPSIEMBbI ocuuiorpadom,
MPOTNOPIIMOHATIEH MHTEHCUBHOCTU CBeTa B u300paxeHun dDypne-o0pasa.
Ckanupys uzoOpaxeHue (QoTONPUEMHHKOM, IMOTydaeM JaHHBIE O CIEKTPe
BuHepa nccinenyeMoro curHaia.

2.2. Ilopsiaok BBINMOJIHEHHS] PA0OTHI

1. BximounTh OJIOK TUTaHUSA Ja3epa (BKIIOYAET PYKOBOJAMTEINb) U
ocrutorpad.



2. C moMouIpbl0 HOCTUPOBOYHBIX BHUHTOB JOOUTHCS MapaJICIbHOCTH
Ja3€pHOTO Jy4a HAMPABJISIOIMM HAa BCEX YYAaCTKaX ONTUYECKOU CXEMBI.

3. YcTaHOBUTHP  TpaHCHapaHT HA  IyTH  JA3€pPHOr0  Jy4a
HEMOCPEACTBEHHO 3a KOJUIMMATOPOM, JOOUTHCS YETKOM AMPPaKIHMOHHOU
KapTUHBI Ha YKpPaHE.

4. Omnpenenuts X0/ Jiyya B ONITHYECKON cxeme. {151 3Toro ¢ noMonipro
JUCTa MIWIJTMMETPOBOM OyMaru Wiv JIMHEWKH U3MEPUTh CEYEHUE Jyda B 2-X
-3-X TOYKaX Ka)J0ro y4acTKa ONTUYECKON CXEMBI.

5. HW3meputh (dbokycHBbIC PaCCTOSIHUS SKBUBAJIEHTHOU
JUTMHHO(POKYCHOM JIMH3BI, CO3/IaHHOM KOJUIMMATOPOM, U KOPOTKO(OKYCHOM
JIUH3BI.

6. UM3mepuTh pacCTOSIHUA MEXKIY DJIEMEHTAMHU ONTUYECKON CXEMBI.

7. Ilomp3ysach pe3yabTaraMd HU3MEPEHUHW MO TIL3—5, HAYEepTUTh
ONTHYECKYIO CXEMY Ja0OpaTOPHOM YCTAaHOBKH C M300paKEHWEM XO07a Jiy4ya U
yKa3aHUEM Pa3MEpOB.

8. VYOparh 3kpaH U ycTaHOBUTH oToauoa. Ilepemenas ¢poToanon mo
BEPTUKAIM U MO TOPU30HTAIU, COBMECTUTD €ro ¢ MEHTPOM AU(PPaKIIMOHHON
kaptunbl. llepememas ¢GoToAMON BHUHTOM peiTepa MEPHEHAUKYIISIPHO
ONTHUYECKON OCH, CHSTh 3aBUCMMOCTh CHUTHaja ¢ (oToauosa OT €ro
nepemerenus. [locrpouts rpaduxk.

9. Tlomw3ysace ¢opmynamu (2.44) unu (2.46) B 3aBUCUMOCTH OT BHUJIA
BXOJHON (hYHKITUMH, OIIECHUTh pa3Mep IJIaBHOTO MakCcCUMyMa crekTpa Bunepa
UCCIIETyEMOTr0 CUTHAJA.

10. ITonp3ysch pe3yJbTaTaMd OICHKH MO M. 9 W U3MEpEHHBIMHU
3HAQYCHUSAMHU IapaMETPOB ONTHUUYECKON CXEMBbl, OIEHHUTh pa3Mep TJIABHOTO
MakcuMyMa criektpa Bunepa B miockoctu Gotoauona.

11. TTonw3ysch pe3yabTaTaMu U3MEPEHUM Mo 1. 8, BHIOpaTh HamboJiee
OJIM3KYI0 K HM3MEPEHHON «MojenbHyo» (QyHKiuw. [IpousBectu pacuér
cnektpa Bunepa «wmonenbHON» GyHKIMU. [Ipou3BecTH COOTBETCTBYIOIILYIO
HOPMHUPOBKY M COINOCTABUTh PACUETHBIC U U3MEPEHHBIC 3HAYEHUS HA OJTHOM
rpaduke. JlaTb 0OBbSICHEHNE UMEIOIUMCS PACXO0KICHUSIM.

2.3. Temsbl paa YUPC
1.UccnenoBanue nudpaxuuu Openens.
2.AccnenoBanue npeodbpazoBanuss Oypbe KOMIIEKCHBIX CUTHAJIOB.

3.AccrnenoBanne ONTHYECKON CBEPTKHU U KOPPEIISIIIUH.

2.4. KoHTpOJIbHBIE BONPOCHI
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1.Kakue cyiecTByIOT 30HbI AUPPAKIIIU?

2.KakoBsI ycinoBus noaydeHus audpakiuu Opaynrodepa?

3.KakoBa poJib TOJOXWUTEIbHONW JIMH3bI B BBINOJIHEHUU ONTHYECKOTO
npeoOpaszoBanusi Oypne?

4.Yem omnpenesieTcss BpeMs BBIIIOJHEHUS ONITHYECKOT0 MPeoOpa3zoBaHUs
dypne?

5.KakoBa mpenenbHass  MOPOU3BOJUTEIBHOCTH  ONTHYECKOTO  Dyphe-
nporeccopa?

6.KakoBbI CBOMCTBA ONTUYECKOTO MpeodpazoBanus Dypne?

CIIMCOK JIMTEPATYPEHI
1. Oy ©.T.C. Bpenenue B Teopuio qudpakuuu, o0padoTKy nHPOopMaluu u
rosiorpaduto - M.: Cos. paauo, 1979.
2. AkaeB A.A., MaitopoB C. A., Ontuueckue MeToasl 00paboTku uHGOP-
Maruu. -M.: Beicml. mikoia, 1988.
3. IIpecton K. KorepeHTHbIE ONITUYECKUE BHIYUCIUTEIbHBIC MAIIIMHBL. -
M.: Mup. 1974.
4. IMapeirun B.H. banakmmuii B.W., Ontudeckas 00padboTka nHpOpMaIuu. -
M.: MI'Y, 1987.
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MUHUCTEPCTBO OBPA3OBAHMA PECIIYBJIIMKM BEJIAPYCb
BEJIOPYCCKUI TOCYJIAPCTBEHHBIM YHUBEPCUTET MHOOPMAT VKU 1 PAJTMODJIEKTPOHMKIA

Kadenpa paanoTexHHUECKHUX YCTPOWCTB

10. M. IIEPBAK, A. 1. KOHOUKO,

M. II. PEJOPMHYUK

YCTPOMCTBA ONITUYECKOM OBPABOTKHU CUTHAJIOB

YACTbH 2

JIABOPATOPHBI TIPAKTUKYM

JUISL CTYJEHTOB CIELUUATLHOCTH
"PagunorexHuka"

B 2-x wuacrtax

MHUHCK 1997
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YK 621.3.01:535

[ep6ak FO. M., Konoiiko A. U., ®enopununk M. I1. YcrpoiicTBa onTuyeckoi
00paboTku cur”anoB. Yacte 2. JlaGopaTopHbIii NMpakTUKyM B 2-X 4acTax. - MH.:
BI'YHP, 1997. - 17 c.

[IpakTuKyM npegHa3HayeH Ui MOATOTOBKH U MPOBEACHUS JIA00PATOPHBIX
3aHATHI N0 Kypcy «YCTpOMCTBAa ONTHYECKON OOpaOOTKH CHUTHAJIOB» CTYJIEHTaMU
JHEBHOrO OOydYeHHS clenuanbHOCTH "PamuorexHuka" W CONSPKHUT OIMCAHHE
71a060paTOPHBIX pabOT U METOAMKY UX MpoBe/eHus. V3105KeHbI KpaTKie TEOPETUYECKre
CBEJICHUS 00 U3y4yaeMbIX YCTPOWCTBAX U SABJICHUSAX, MPUHLUIBI TMOCTPOCHUS
ONTHYECKUX CXEM YCTPOWUCTB 0OpaOOTKH CHTHAJIOB, YTO JAET BO3MOXKHOCThH CTYJIEHTaM

HCIIOJBb30BaTh IIPAKTHUKYM JJIA CaMOCTOSTEIbHOU pa6OTBI IIpu HU3y4YCHHUHU JaHHOTO

Kypca.

Hn. 3. coucok auT. - 5 Ha3B.

10.M.Ilep6ak, A.W. Konoiiko,
M.IL.®enopununk 1997
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OBIIME YKA3AHUA K BBITIOJIHEHMIO JIABOPATOPHBIX PABOT

[ToaroroBka k pabotam u oopmIIeHHE OTYETA

Hns  sddexTuBHOrO UCHOIB30BaHUS  JaOOPATOPHOTO  BpPEMEHH  KaXKIAOU
nabopaTopHOil paboTe MOJDKHA TMPEeANIecTBOBATh CAMOCTOSITENbHAsl MOATOTOBKA. Bo
BpeMsI 3TOM MOATOTOBKH CTYACHT 0053aH:

- U3YYUTh COOTBETCTBYIOIIME pa3fefibl Kypca, METOJMYECKHE YKa3aHHs K
nabopaTopHOil paboTe U mpaBuiia 0€30MacHOCTU MPHU padoTe C dIEKTponpudopaMu u
na3epamy;

- YSCHUTbH TNPHUHLHUIBI PaOOTHI UCCIEAYEMBIX YCTPOHCTB, U3yUUTh HUX CTPYKTYpHBIE
CXEMBI M UCIOJIb3yEeMbIe ONTHYECKHUE U OMTONICKTPOHHBIE DJIEMEHTHI.

[IpenBaputenpHas paboTa BKIIOYAeT Takke O(OpMIIEHHE OT4YeTa IO IIpe-
IBIAYyIIeH 1abopaTopHOi paboTe U MOATOTOBKY K €€ 3alluTe.

OTuer, cocTaBisieMblii MHIWBUIYATbHO M TOJNHCHIBAEMBI C yKa3aHHUEM JaThbl
CTYJEHTOM, JIOJKEH COJIePKaTh:

- CTPYKTYpHYIO CXeMy JIabOpaTOpHOW YCTAHOBKM C YyKa3aHHEM HCIIOJIb3yeMOil
KOHTPOJIbHO-U3MEPUTEIHHON anmnapaTyphl;

- ONTHYECKHE CXEMBbl HCCIEAYeMBbIX YCTPOWCTB C YKa3aHHEM TI'€OMETPUYECKUX
apaMeTpOB PACIPOCTPAHSIONINXCS B HUX JIA3€PHBIX JTyUeH;

- pe3yibTaThl BBIMOJIHEHHBIX TEOPETUYECKUX M IKCIEPUMEHTAIBbHBIX HMCCIEI0BaHUMH,
CBEICHHBIC B TA0NHIIBI M O(hOpMIICHHBIE B BUE TPAQHUKOB, TUATPAMM, PUCYHKOB;

- pe3yJIbTaThl PACUETOB M COOTBETCTBUE UX IKCIIEPUMEHTY;

- BBIBOJABl M 3aMEYaHUS IO pe3ysbTaTaM HCCIEAOBAaHUA C TNpPHUBEACHUEM
COOTBETCTBYIOIIUX JI0KA3aTEIbCTB;

CxeMbl BBIUEPUMBAIOTCS AKKypaTHO OT PYKHM C Y4YeToM TpeOoBaHHUIl rocy-
JapCTBEHHBIX CTaHAApTOB. ['paduku MOryT BBIYEPUYMBATHCS HA MUJLTUMETPOBOIA

Oymare. MuHManbHbIN pazMep rpaduka - He MmeHee 8 X 12 cm.
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[IpaBuna 6€30MaCHOCTH MPU BBINOJHEHUH 1a00PaTOPHBIX padboT

OO011He MoJIOKEHUS

1. He mnpucrynmate k paboTe, HE O3HAKOMHUBIIUCH C WHCTPYKIUEH TIO
TEXHUKE OE€30IaCHOCTH [JIsi CTYJIEHTOB, BBINOJHAIOMMX pPaOOThl Ha Ja3epHBIX
YCTAHOBKaX, ¥ C HACTOSIIIIEN UHCTPYKLIUEH.

2. BuumarenbHO ocMOTpeTh HpuUOOpHI M 00OpyJOBaHME Ha paboyem Mec-
T€ U NOpU OOHAPYKEHUU KaKUX-TMOO HEHCHPAaBHOCTEH COOOIUTH 00 3TOM py-
KOBOJMTEIIIO.

3. He BkiII04aTh U HE BBIKJIIOYATh PAIMOU3MEPUTEIbHBIE TPUOOPHI 0€3
pa3perieHus: pyKOBOJUTEIS.
4. B cinyuyae HeucrpaBHOCTH IPUOOPOB MIIM MAKETOB, IPU OTCYTCTBUU

HaIPsDKEHUS B CETU HEOOXOAMMO COOOIIUTH 00 3TOM PYKOBOIUTEIIIO.

[IpaBuna 351eKTpOOE30MaCHOCTH

1. Paguon3meputenbHbIe MPUOOPHI U OJIOKW MUTAHMS JTa3€POB IMTUTAKOTCS
HanpspbkeHuem 220 B, wacroroit 50 I'1, omacHbIM 71 KU3HU.

2. Ilepen BKIOYCHHEM YCTAHOBKH HEOOXOUMO YOSAUTHCS B HATMYHUH 3a3EMJIICHUS
y BCeX IPUOOPOB.

3. He npuxkacatbcsi kK KOpirycaMm JBYX NPUOOPOB OJTHOBPEMEHHO.
[IpaBuina Ge3omacHOCTH P paboTe ¢ JazepamMu
1. JIabopaTopHblie paboThl yKOMIUIEKTOBaHbI Jlazepamu Il kiacca, npsimoe u
3€pKaJIbHO OTPSKEHHOE U3JIyUYECHHE KOTOPBIX OMACHO JJIS IJ1a3.

2. 3anpemaeTc;1 BKJIFOYATh Y BBIKJIFOYATH OJIOKH MTUTAHUS JIa3C€poOB. Hx BKIIOUCHHE

H BBIKIIFOUCHUC ITPOU3BOAUTCA PYKOBOJHUTCIICM.
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3. 3ampeniaercsa CMOTPETh HABCTPEUY NMPSAMOMY HIIA OTPAKEHHOMY JIA3EPHOMY
ayqy.
4. CooOmMTh pyKOBOAUTEINIO 00 OKOHUYAHWUHU BBITIOJIHEHUS paboThl. [TpuBecTu B

NOpAJIOK paboyee MecCTO.

VY4eOHo-uccnenoBarenbckas padora CTyJEHTOB

[enbro yueOHO-uccae0BaTeIbCKOM padoThl cTyieHTOB (YHPC) sBasiercs
pa3BHUTHE Yy CTYJIEHTOB HAaBBIKOB CAMOCTOSITEIbHON Hay4YHO-UCCIIEI0BATEIbCKON
pabotel. YUPC npoBoadTcs o Kaxa0il reme aboparopHoro 3aaanus. OJIHaKo
3amanus 1o YPC uMeroT B I€JIOM HECTAaHIAPTHBIN XapakTep U MOTYT BBIXOJUTH 3a
npeaeiibl HHCTPYKIUHI K TabopaTopHOl padoTre. YueOHo-uccIenoBaTenbckas pabora
IIPOBOJUTCS BO BpeMsi 1a00paTOpHOro npakTukyma. OpueHTUPOBOYHbBIE TEMBI 3aJaHU
no YUPC npuBoasTcs B KOHIIE OMUCAHUI KaXKI0M 1a00paTOpHOM pabOTHI.

B npenenax namero maboparopHoro npaktukyma opranuzanus Y MPC
OCYLIECTBJISIETCS CIEAYIOIIUM 00pa3oM:

- IOJTyYEHUE 3aJJaHus;

- U3y4eHue 00s13aTeIbHON U MOUCK TOTIOJHUTEIBHOMN IUTEpaTyphl;

- TCOPETUYECKUN aHaAIU3;

- COCTaBJICHHUE TJIaHA YKCIEPUMEHTA U 00CYXICHUE;

- 00paboTKa pe3yabTaTOB UCCIIEIOBAHMUS;

- (hopmynHMpoOBKa, BEIBOJIOB;

- ohopMIIeHHE U 3allliUTa OTYETa MO JIabopaTopHOU padoTe.

Jla6opatopras pabora 3. UCCJIEJOBAHUE OIITUYECKOM ®UIbTPAIIUN
M30BPAXKEHUN

[{ens pa®oOTHI - U3y4eHNE OCHOBHBIX MPUHIIAIIOB KOTEPEHTHONW ONMTHYECKOM

bunbTpanuu U300paKEeHUI.
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1.1 Kparkue TeopeTudecKue CBEACHUS

Jlis ontuyeckoi 00paboTku HHpOpMaLUK HaubOoJIee BaKHBIM U MOJIE3HBIM
ABIICTCS TOT (DAKT, YTO C MOMOIIBIO MOJIOKUTEIBHON JTMH3BI MOKHO MOTYYHUTh
nByMmepHoe rpeodpazoanue Pypre. [lockonbKy onTHueckoe npeodpazoBaHue
JIBYMEPHOE, TO OHO UMeET 00Jiee BBICOKYIO HH()OPMALIMOHHYIO EMKOCTh, YEM
npeoOpa3zoBaHuE, BBIIOJIHAEMOE C IOMOLIBIO 3JIEKTPOHHBIX CUCTEM. DTO
00CTOSITENTLCTBO U MO3BOJIUIIO IPUMEHHUTH ONTHUECKOE MPeoOpa3oBaHUE [l PELICHMUS
LIMPOKOT0 Kpyra 3ajay.

CrnenyeT OTMETHUTD, YTO (ypbe-00pa3 BXOJHOIO0 ONTHYECKOTO CUTHaA
CYILLECTBYET B BUJIE (PUBNUYECKHU PEATBHOIO IPOCTPAHCTBEHHOI'O PaCIIpeICICHMUS
KOMIUIEKCHBIX aMILJTUTY/]] CBETa, TO €CTh (hypbe-00pa3bl IBYMEPHBIX ONTUYECKUX
CUTHAJIOB PEaJIU3yI0TCA B BUJIE pealbHbIX (PU3NUECKUX CUTHAJIOB C TOMOLIbIO
IIPOCTEMNIIEN ONTUYECKOM cucTeMbl. Clie10BaTeNbHO, HAI HUMU MOXKHO IIPOU3BOJIUTH
pa3IMYHbIe MATEMATUYECKHE ONEPAllMi METOIaMH NMPOCTPAHCTBEHHOW (PUIIbTpaLUy.

Ha puc. 1 noka3ana kinaccuueckas cxema onTuueckoi ¢puibrpanuu. OHa COCTOUT
U3 CJIEYIOIINX KOMIIOHEHTOB: HCTOYHNKA MOHOXPOMAaTHYECKOTO CBETA S KOJUIMMATOpa
L1, AByX pacnoyio;k€HHBIX OCIEA0BATENbHO IPOCTEHILINX CUCTEM IIPE0Opa30BaHUs
dypbe, OCHOBHBIMM JIEMEHTaAMU KOTOPBIX ABJSAOTCS JIMH3BI L2 n L3, ycTpoiicTBa

BBOJAa MH(OpPMALINU, TPOCTPAHCTBEHHOTO OMEPALIMOHHOTO (PUIBTPA.

—t : 1 —

S W | T
L1 T L2 P L3

Pucynok 1 - Knaccuyeckas cxema onTH4eCKOW GriibTpanuu

YcTpolicTBOM BBOJIa MH(OPMALUMU CITYKUT TpaHCIAPaHT T, KOTOPBIH SBIISIETCS

HOCHUTCJIICM O6pa6aTBIBaCMOFO HCﬁCTBHTGHBHOFO I/1306pa)KGHI/I}I, XapaKTCpUu3ycmMoro
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KOMIUIEKCHON aMIUIUTYAHOH nepeaarounoi ¢pynkueit f(xy). Tpancmapant
noMeIaercs B IIockocTs P. OH ocBemaeTcst KOorepeHTHBIM IIOCKOIIapaJlIeIbHbIM
CBETOBBIM IIyYKOM, U3JTy4a€MbIM TOUEUHBIM UCTOUHUKOM MOHOXPOMAaTHYECKOTO CBETA
S u copmupoBaHHBIM MTpu TTOMoIIK KojutmMmartopa L 1. Tlepas momoxuTenpHas TUH3a
L2 ocymiectBisier ABymMepHOE pyphe-npeodpa3zoBaHue KOMIUIEKCHON aMIUTUTYTHOM

nepenaroyHon Gpyukmuu f(xy) B miockoctu P, onuckiBaeMoe BhIpaXEHUEM

F(f,, f,)= 1/AF]f(x,y)exp[-i2n(xf, + yf,)]dxdy. (1.1)
S

Ecnu TpancnapaHT HaXOAUTCS OT JIMH3bI L2 Ha paccTOSHUU, PAaBHOM €€
dboxycHoMy pacctosiHuIO F, To mpeobpazoBanne Dyphe 3aTMCaHHOTO HA TPAHCIIAPAHTE
H300pakeHus JICKHUT B 3aHel (pokanpHOM T1ockocTu uH3bI L2. [Tomemnias B
(hoKaIBbHOM MIIOCKOCTH JIMH3BI L2, pa3iMuHble MAaCKU WJIM TPAHCIIAPAHTHI C 33 TaHHBIM
pactupeneseHueM PO3pPavyHOCTH, MOXKHO OIMPEACICHHBIM CIIOCOOOM BIIHSITH HA
MOJIYYEHHBIA MTPOCTPAHCTBEHHBIN CIEKTP U300paKeHUs, T.€. OCYIIECTBIIATh
bunpTpanmio nzoopaxkenus. [1ogo0HO dmekTprdeckuM PrIbTpaM, KOTOPHIE
MPOITYCKAIOT KOJIEOAHUS OJHUX YaCTOT U HE MPOITYCKAIOT KOJIeOaHUs IPyTUX,
ONTHYCCKHUI PUIBTP OCYIIECTBISACT (GUIBTPAIUIO TPOCTPAHCTBEHHBIX YacTOT,
MPOITYCKAast KX WJIH OCTIa0IIss.

OrnpenenuM MpoCcTpaHCTBEHHO-YACTOTHBIE MIEPEMEHHbIE JJI IBYX U3MepeHui f;,
fy kak fy=x/AF, f,=y/AF, rae A - nyMHa BOJIHBI CBETOBOTO M3ay4eHus, a F - Gpokxycnoe
paccTostHue uH3bL. [lepBas yacTh onTuyeckoro GuiibTpa mpecTaBiIsieT cooon
aHaJIM3aTOp CHEKTpa.

Bropas nunza L3 npousBoaut nocneayrwoiiee @ypbe-npeodpazoBaHue:

r(u,v) = (1/AF) [[ F(f.£,)exp[i2n(f, u+f, v)]df, df,. (1.2)
S
910 BBIPAKCHHC JAaCT BBIXOJHOC I/1306pa>K€HI/I€ I'(U..V), 3aBUCAIICC OT IMPOITYCKAHUA
Ha Bxoje f(x,y).

(DI/IJ'II)TpaI_[I/ISI OCYHCCTBIIACTCA IIYTCM ITOMCIHICHUS B HaCTOTHYIO INIOCKOCTD
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P mpocTpaHcTBEHHOTO OnepanoHHOro (PuiIbTpa, 001a1aI0IEr0 CBETONPOITYCKaHUEM,
cootBeTcTBYIOmUM (pyHkunu H(f ,f, ). ®uabTp MokeT ObITH HOCUTENEM KaK
KOMIUJIEKCHOM, TaK U AeUCTBUTENbHOU PyHKIIMH (Pa30BbIi HWIIM aMILJTUTY IHBIN
TpaHCIapaHT).

OTtdunbrpoBanHas BXoaHas QyHKUUSA 1(U,V) MOXKET ObITh OIMCAHA CIIEAYIOLUIUM

obpazom

r(u.v) = (I/AF) [[ F(f, ,f, YH(f, ., Jexp[i2n(f, u + f, v)]df, df, . (1.3)
S

Taxum 06pa3om, BO3HHKAET MOAN(DUIIMPOBAHHOE pACIIpeIeTICHIE N300paKeHMs,
SBIISIONIECECS OTOUILTPOBAHHBIM U300paKECHUEM.

OpHuM U3 npuMepoB 00pabOTKU U300paKEHUI SIBISETCS UCIIOJIb30BAHUE
noaBisonuXx GuiabTpoB. CylecTBYeT OTHO3HAYHOE COOTBETCTBUE MEKIY
MOJIOKEHUEM M YaCTOTOM B MIIOCKOCTH GuibTpa. [Ipu nomenennn Henpo3pauHoro
AJIEMEHTa B YaCTOTHYIO TJIOCKOCTh MOJABIISIETCS OMpe/IeIeHHAsI YaCTOTHAS
COCTABJISIFOIIAs ¥ HE YYacTBYET B (hOpMHUPOBAHUU H300pakeHus. Eciu B 4acTOTHYIO
IUIOCKOCTh Ha ONTHUYECKOW OCH MOMECTHUTH ABIPOYHYIO AHadparMy, To Oy IyT
I0/TaBJICHBI BEICOKHE TIPOCTPAHCTBEHHBIC YaCTOTHI, T.€. H300paKEHUE YTPATUT MEITKUE
netanu. TakuM crmocoO0M MOKHO YITYUIIMTh KAYECTBO 3aITyMJICHHBIX U300payKCHHM.
Ecnu, Hao060poT, Ha ONTUYECKON OCH B YACTOTHOM MJIOCKOCTH MTOMECTUTH
HEMPO3PAYHBIi 3JIEMEHT, TO OyayT 3a0JI0KUPOBAHBI HU3KUE TPOCTPAHCTBEHHEIC
yacToThl. [10100HbII CIOCOO UCTIOB3YETCS B MUKPOCKOTIMH JIJIsl CO3JJaHUSI TEMHOTO
(doHa myTeM yaajieHus MOCTOSTHHOM COCTaBIISIOLIEH.

HaunGomnbiee mpuMeHeHUE Cpeid ONTHIYECKUX CUCTEM, B KOTOPBIX UCIIOJIB3YETCS
bunbTpanys n300paxeHu, HAILIKM ONITHYECKUE KOPPEISATOPHI C YACTOTHOU
TUIOCKOCTBIO.

B kauecTBe Takoro KOppeiasiTopa MOXKET CIYKUTh ONTUYECKask CUCTEMa
MPOCTPAHCTBEHHOU (puiibTpaluu, mpeacTaBieHHas Ha puc. 1. Eciu Ha Bxoa Takoi
CUCTEMBI IMOJaTh BXOIHOM curHan f(X,y), a B Gypbe-mIocKOCTH chOpMHUPOBATH GUIBTP
¢ nepegarounon pynkuuert H(f, ,f,; ) = V(f, .f;; ), To Ha BBIXO/I€ MOTYUUTCS CUTHA,

IPEICTaBISAIOMINI CO00M KpOCCKOPpEALMIO CUTHANIOB V U V. Eciin v =V, TO
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NOJy4aroT (YHKIIUIO aBTOKOppesauu. Takol oneparmoHHbIN QUIBTP Ha3bIBAIOT
COTJIACOBAaHHBIM (PUIIBTPOM, & COOTBETCTBYIOIIYIO ONTHUECKYIO CXEMY - CXEeMOMU
COrJIacOBaHHOW QUIIbTpaLIUU.

CornacoBanHas (punbTpanys 0ObIYHO UCTIONB3YETCA MPH paclo3HaBaHUHM 00pa30oB
B 3aJJaHHOM M300paXKEHUU: OTAEIbHBIX OYKB, CHMBOJIOB, PUCYHKOB, CIIELIUATIbHON
uHdopmaruu. /[ 3Toro 3anuceBaioT GUILTpP, COTJIACOBAHHBIN C 00pa3omM
uHbOpMaIuy, MOoAJIeKAILUNA OTI03HABAHUIO, [TOCIIE YETO OCYLIECTBIISIOT €r0 B3aUMHYIO
KOPPEISLHUIO C 33JaHHBIM H300pakeHreM. Eciiu B n300paskeHUH COAEepKUTCA
UHTepeCcyromuid 00pa3, TO B pe3yJbTaTe aBTOKOPPEISIIIMYA B BHIXOAHON TUIOCKOCTH
CUCTEMBbI 00pa3yeTcs IPKOE CBETOBOE ISATHO, YKa3bIBAIOILIEE HA HATTMUHE
OM0O3HaBaeMoOro o0pasa U ero MECTOHaXOXKJeHUE B M300paxkeHuu. B ciydae
HOBTOPEHHUS B U300paKEHNN UHTEPECYIOLIEro o0pa3a Yncio IPKUX CBETOBBIX ISTEH
OyZAeT COOTBETCTBYIOIIMM. TakuM IyTeM PaclO3HAIOT OTIEYATKU NaJIbLIEB,
MHTEPECYIOIINE CI0Ba HA CTPAHUIIE TEKCTa, CIEIMATbHbIE OOBEKTHI Ha KapTe
MECTHOCTH H T. II.

C nomo1pio NPOCTPAaHCTBEHHON (PUIBTPALIMU JIETKO OCYIIECTBIISATH ONEPALUIO
npeoOpa3zoBaHus KOJIOB.

Ecnu tpebyercs nmpeobpa3oBath BX01HOM curHai f(x,y) B 3ajaHHbIN BBIXOIHOM
curHai s(X,y), To Jist TOM eI He0OXO0 UM MPOCTPAHCTBEHHBIN PUIBTP C

nepenaToyHon (pyHKIue:
H(f £y ) = s(f £, /(£ £ ). (1.4)
MeTonaMu ONTUYECKON NPOCTPAHCTBEHHOW (PUIIbTPALKA MOKHO MPOU3BOJUTH
TaKye Ba)KHbIE MATEMATUYECKUE OllEpalui, KAK CYMMHUPOBAHUE, BBIYUTAHHUE,
nuQdepeHInpoBaHe, UHTETpUpoBaHue U 1p. PUiIbTPhl U1l OCYIECTBICHNUS TAKUX

omnepalui CUHTE3UPYIOTCA Mpu nomoum IBM.

1.2. Onucanue 1abopaToOpHOTO MakeTa
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JlaGopaTtopHbIii MakeT (puc.2) MO3BOJISIET UCCIEI0BATh ONTHUECKYIO (PUIBTPALINIO

n300pakeHuid, HOPMUPYEMBIX MPOMYCKAIONUMHU TPaHCTIApAHTAMH.

St

] T "*“’"

Jlazep Kommumarop T L1 & L2 @] Ocu.

B

[ —

Pucynok 2 — Cxema J1abopaTOpHOT0 MakeTa

MakeTt coepKuT reaui-HeoHoBbIH nazep (A = 0,6328 MKM), pacIupuTeNb Jyda
(xommumatop), TpancmapanT (T), hopmupyromuii n300pakeHne, Mo IeKaIIee
bunbTpanmu, muH3y L1, ocymecTBistonyto npeodpazoBanne Oypbe, ONTUIECKUAN
bunetp (@), nuu3y L2, ocymiecTristonyo oopaTHoe nmpeodpazoBanue Dypne,
dotonpuemuuk (poroaunon - /1), mogkmoueHHbIN K ocumiiorpady. Jlazep u
ONTUYECKHE DJIEMEHTHI 3aKPEILICHBI B FOCTUPOBOYHBIX MEXaHU3MAX U Pa3MEIICHBI Ha

OIITUYECKOU CKAMbE.

1.3. Ilops10K BBIIOJIHEHUS paOOThI

1.3.1. BxirouuTs 010K TUTaHUSI Jiazepa U ocuiorpad.

1.3.2. Ilepemeniast GOTONPUEMHUK BUHTOM perTepa NeprieHIuKyISIpHO
U300PKEHUI0, CHATH 3aBUCUMOCTD (DOTOTOKA OT mepemernieHus (x) GoTonpueMHUKa.
[TocTpouTs pacnpeieseHue OCBEIIEHHOCTH B UCXOIHOM U300pa’KeHUHU BIIOJIb
KOOPAUHATHI (X).

1.3.3. YcranoBuTh onTHYecKuil GUIBTP HUKHUX 4acTOT B okyce smun3bl L1. B

COOTBETCTBHH C II. 1.3.2 MOCTpOUTH pacipeiesieHne OCBEUIEHHOCTH B 0OpaTHOM

U300paKCHUU.
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1.3.4. YcTaHOBUTH ONTUYECKUH PUIBTP BEpXHHUX 4acTOT B (pokyce nuu3bl L1 .B
cootBeTcTBUH C ILII. 1.3.2, 1.3.3 mocTpouth pacmpeesieHne OCBEIICHHOCTH B 00paTHOM

U300paKEHUU.

1.4. KoHTpobHBIE BOIPOCHI

1. B ueM 3akiro4yaeTcsi CXOACTBO U OTIIMYHE JEHCTBUS ONTUYECKUX
(GUIBTPOB OT DIEKTPUUYECKUX ?
2. Yrto coboii mpeacTaBisieT ONTHUECKUN (QUIBTP HUKHUX YacTOT,

BCPXHUX 4acToT?

Jlaboparopnas pabota 4. UCCJIEJJOBAHUE AKYCTO-OIITUYECKOI'O
AHAJIN3A TOPA CIIEKTPA PAJIMOCUTHAJIOB

[eap pa®oThl - U3YUUTh MPUHLUIBI TOCTPOEHUS U PYHKIMOHUPOBAHUS

AKYCTOOIITHYICCKUX aHAJIN34aTOPOB CIICKTPa paIuOCUT'HAJIIOB.

2.1. KpaTkue TeopeTH4eCKUe CBEACHUS

B ocHOBe pa0O0ThI aKyCTO-ONTHYECKUX YCTPOUCTB 0OPaOOTKU PaUOCUTHAIIOB, B
TOM YHCJI€ aHATU3AaTOPOB CIIEKTPA, JISKUT SABJICHUE U(PAKIIUU CBETa HA aKyCTUUECKUX
BOJIHAX, KOTOpbIE BeieacTBre 3 dexra poToynpyrocTu BbI3bIBAIOT BO BPEMEHHU U
MPOCTPAHCTBE MEPUOJUUYECKIE U3MEHEHUS MMOKa3aTelis NPEIOMIICHUS B MaTeprane

cBeTO3BYKOMpoBoa. [Ipoxoasmiumii uepe3 akycTuyeckoe moJie CBeT qudparupyeT Ha
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HEOHOPOIHOCTSIX MOKAa3aTesl MPEIOMIICHU, KaKk Ha ()a30BOM Au(pakiinoOHHON
pelieTKe.

Xapakrtep AM(PpaKUUU CYIIECTBEHHO 3aBUCUT OT COOTHOLIEHUS MEXAY JUTMHOU
BOJIHBI CBETA A, JUIMHOW aKyCTHUYECKOW BOJIHBI M IIMPUHON aKyCTUYECKOTO Iy4kKa L.
[pu BeimonuaeHnu yenosus Q << 1, rae Q = AL/nA” - mapaMerp akyCTOONTHIECKOTO
B3aMMOJCHCTBHS, (Da30Bas pelieTka MOKET pacCMaTPUBAThCs, Kak TuIockas. B aTom
ciydae JUgpakius IPOUCXOAUT IPU J0O0M yriie MaJeHus CBeTa Ha aKyCTHUECKUN
ny4dok. JIudpakuroHHas KapTUHA COAECPKUT 3HAUYUTENBHOE YUCIO MAKCUMYMOB C
CUMMETPUYHBIM OTHOCHUTEJILHO HYJIEBOT'O MOPSI/IKA paclpeaeIeHUEM HHTEHCUBHOCTH
cBeTa. Takol pexuM aKyCTO-ONTHYECKOTO B3AUMOICHCTBUSI HOCUT Ha3BaHUE
mu¢pakuuu Pamana-Hara.

CymiecTBeHHO HHOU XapakTep uMmeet nudpakmus npu Q >> 1. dazoBas perieTka B
ATOM CJyuae sIBJISE€TCS MPUHLUIUAIBHO TpexMepHoi. IudpakunonHas kapTuHa
BO3HUKAET JIMIIb IIPU ONPEACIIEHHOM yIJe najaeHus cseta (yrie bparra) u conepxur,
KaK MPaBWIIO, JIUIIb OJWH TU(DPAKIIMOHHBIA MAKCUMYM. DTOT PEKUM aKyCTO-
ONTUYECKOT0 B3aMMOCHCTBUSI Ha3bIBaeTCs qudpakiuen bparra.

PaccmoTrpum nozipoOHee 3a1ady 0 pacpOCTpaHEHUH CBETA B U30TPOIHOM Cpefie,
B KOTOPOM MO OCH X O€XKUT IUIOCKAsi aKyCTHYeCKasi BOJIHA C YaCTOTOM {2 ¥ BOJTHOBBIM

yuciiom K. pryF as BOJIHA COIIPOBOKIAACTCS U3MCHCHHUEM I1OKA3aTCIIS ITPCIIOMIICHU S

n(x,t) = ng + An sin(Qt - Kx), (2.1)

I N — MOKa3aTesb MPEJIOMIICHUS HEBO3MYIIIEHHOW Cpeabl, An - UBMEHEHUS MTOKa3aTes
MPEJIOMJIEHUS IO IEMCTBUEM aKyCTUYECKOW BOJIHBI.
[TycTh Ha 001aCTh BO3MYIIICHUS, 3aKTIOUCHHYIO MEXIY IIOCKOCTIMU Z= 0 1 Z =

L, MagacT 1moa yriiom @0 IIJIOCKas CBCTOBAs BOJIHA:

E = Ej exp[(wt — ky x sin®( — k, z cos By)]. (2.2)

rae Eo - ee ammmutyna, w - gactoTta, k - 2tn/A - BOTHOBOE YHCIIO.
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ITpoxoas yepe3 001acTb BO3MYIEHHs, CBETOBAsI BOJIHA PACIaJaeTCs HA CYMMY

IINIOCKHUX BOJIH, KOTOPBIC JalOT COOTBCTCTBYIOIIUC I[I/I(bpaKI_[I/IOHHI)Ie MAaKCHMYMBI:

E=Ey 3 oc,exp[i(w,t—k, x sin®, — k,z cos®, )]. 2.3)

p=—0

Vsl pudpakuuu O, yI0BIETBOPAIOT (popMyie qudpakLMOHHON PELIETKH C Ie-

puoaom A = 2n/K:
k, sin®, = k, sin®, + pK. (2.4)

Ho B otnuune ot oObr4HOM (ha30BOi pelieTku B JAHHOM MPUMEPE 4acToTa

nudparupoBaHHBIX BOJH OTIWYASTCS OT YACTOTHI IMAIAFOIIEr0 CBETA!
O, = 0y T pQ (2.5)

Cnur yactoTsl Ha pC2 00ycnoBieH 3ddexkrom Jlomnmepa BeaeacTBUE TOTO, UTO
nupakiys MPOUCXOIUT Ha IBMKYIIEHCS peIIeTKe.

Tak kak Q < ®¢ , TO MOXHO MpeHeOpeyUb U3MEHEHUEM JUTMHBI BOJHBI CBETA B
npouecce AU(PAKLUU U CUUTATh A7l U30TPOIHOM cpensl k, = ko . IIpu aTom cnenyer
UMETh B BU]Y, UTO MPU CMEIIIEHUU BOJIH Pa3HBIX JUPPAKIIMOHHBIX TTOPSIKOB (UTO
HIMPOKO UCHOJIb3YETCS B YCTPOMCTBaX 00pabOTKM CUTHAJIOB) AOIJIEPOBCKUM CABUTOM
9acTOTHI IPeHEOperaTh HENb3sl, MOCKOJIbKY OH MPUBOJIUT K MOIYJIALIUYA HHTCHCUBHOCTH
CBETa HA PA3HOCTHBIX YACTOTAX.

B akycTo-onTHYeCKUX YCTPOHCTBAX UCMOIB3YIOTCA, KaK MPaBUIIO, MAKCUMYMBI
+1-10 1 -1-rO MOPSIAKOB TUPPAKITUH, TIPU STOM YTOJI OTKIOHEHHSI Ty4ei OTHOCUTEIIHHO
najaroIero (HyJIeBOro mopsiaKa) B COOTBETCTBUU C (2.4) ©® = A/A. YuuTeiBas, yto A =

v/f, momydaem

® = Aflv. (2.6)
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BaxxHoil xapakTepuCTHKOM sBiseTCA AUPpaKIHOHHAS Y3PPEKTUBHOCTD,
XapaKTepU3yoIIast JOJI0 MaJarollero CBeTa, OTKIIOHEHHOTO B AU(PPAaKIIMOHHBIH
nopsiaok n = Iy /1o,

B pexxume qudpaxnun Pamana-Hata nudpakinuonnas 3¢ peKTHBHOCTD 3aaeTCs

dbynkuusmu beccens p-ro nopsiaxa:

Mo =1, (qL). 2.7)

rA€ q - HapaMeTp, TPONOPLUHUOHAIBHBIA MOITHOCTH aKyCTHYECKOM BOJHBI M 33 JAIOIIHM
BennuruHy An B (2.1).

B cootBercTBUU ¢ (2.7) MakcuMasbHas J0JIs CBETA, MPUXOAIIAsACS HAa KaKOU-Tu00
nopsnok qudpakuuu B pexume Pamana-Hara, He npessimaet 33.4% ot nagaromero
CBETA.

B pexxume bparra nudpakunonnas 3ppexTHBHOCTH paBHA

n = sin® (qL/2). (2.8)

Cornacho (2.8) makcumanbHas qudpaxironHas 3pHEKTUBHOCTh B UI€aTLHOM Clydae
paBHa 100%, T.e. BCsl HEPrUs MAJAIOLIEro CBETA MePEKAUYNBACTCS B TUPPAKIUOHHBIN
nopsnok. Ha mpaktuke makcumanbHas qudpakinonHas 3h(PeKTHBHOCTb CHUXKAETCS U3-
3a PaCXOJUMOCTH CBETOBBIX M 3BYKOBBIX ITYUKOB, 3aTyXaHUs yJIbTPa3ByKa, OTKIIOHCHUS
ot pexuma audpaxiuu bparra u mpouee. OgHaKo Mpu HEOOXOAMMOCTH HECTIOKHO
noJy4uTh 3 pekTuBHOCTh Tudpakuu 80-90%.

B akycTo-onTrueckux yCTpOHCTBax B MPUHITUIIE MOKET UCITOJIH30BATHCS KaK
paMaH-HAaTOBCKUM, TaK U OpIrroBcKuid pexkum nudpaxiuu. Ho nmockonbky audpaxims
Pamana-Hara umeer MecTo Ha CpaBHUTENIBHO HU3KUX YaCTOTaX (0 HECKOJIbKHUX
JIECSITKOB MeTrarepil), TO CO3aTh MIMPOKOIOJIOCHBIE M OBICTPOICHCTBYIOIINE
YCTPOKMCTBA B 3TOM ClIy4ae HE MPeJCTaBIsAeTCs BO3MOXHBIM. Kpome Toro, pamaH-
HATOBCKHUU PEXKUM JaeT OOJIbIIIKE CBETOBBIC TOTEPU U MEHBIINKN TUHAMUYECKUI
nuana3oH. HegoctaTkom OparroBckoi AUQPaKIMK SABISETCS €€ yriioBas

CCJIICKTUBHOCTBL, KOTOpasd BCICACTBUC 3daBUCHUMOCTHU YTIJIa Bparra OT 4aCTOThbI
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yIIbTpa3ByKa OrpaHUYUBaeT pabouuit nuanazoH yactot Af. [losTomy Hammyumme
XapaKTePUCTUKHU YCTPONCTB JOCTUTAIOTCA B IPOMEKYTOUHOM pexuMe Tudpakuuu,
Korja auanazol Af 7ocTaTouHO HIMPOK, HO Napa3uTHbIE TU(PAKIIMOHHBIE MAKCUMYMBbI
IIPAKTUYECKU OTCYTCTBYIOT.

K HacTosieMy BpeMeHHU NpeyIokKEHO U UCCIEA0BAHO O0JIBIIOE KOJIUYECTBO
aKyCTO-ONTHYECKUX YCTPOUCTB, OTINYAIOIINXCS HA3HAYEHUEM, TIPUHLIMIIOM IEUCTBUS U
KoHCTpyKuueil. Ho HecMoTpst Ha Bce ux pa3zHooOpa3ue OHU UMEIOT MHOTO OOIIero,
IIOCKOJIBKY OCHOBY 3THX YCTPOMCTB COCTABJISIET OJIHA WJIM HECKOJIBKO aKyCTO-
ONTUYECKUX AYEEK. AKYCTO-ONTHYECKAS YEHUKA - 3TO CBETO3BYKOIPOBOJ U3
IPO3PAaYHOI0 KPUCTAJUIMYECKOTO WK CTEKI000pa3HOro Marepuana (Win KIoBeTa ¢
AKUIKOCTBIO), B KOTOPOM C IIOMOUIBIO MbE30Mpeodpa’oeaTelis BO30yKIaeTcs ynpyras
BostHA. [Ipoxoasmuii uepes ssiueiiky cBeT Audparupyer B akycTuaeckom mode. [lpu
3TOM B AU(PparupoBaHHBIN MMy4OK NEPEHOCUTCSI UH(POpMAaLIMsL, COEPIKAIIASCS KaK B
NaJAOIIEN CBETOBOM BOJIHE, TaK M B JJIEKTPUYECKOM CUTHAJIE, TIOJaBAEMOM Ha
npeoOpa3oBaTeb.

[TpuHIMn pabOTHl aKYCTO-ONTUYECKOTIO aHATIU3aTOPa CIIEKTPA paguoCUrHaia
MOSICHSETCS C TOMOIIBIO pUC.3. AHAIM3UPYEMBIE CUTHAJIBI YCUIIMBAIOTCS
IIMPOKOIIONIOCHBIM YCUJINTENEM U IOJAOTCS Ha YJIbTPa3BYKOBOM IpeoOpa3oBaTelib
aKyCTO-OITUYECKON YerKu. M3mydaeMblii J1a3epoM CBETOBOW IIy4OK PaCLIUpPSETCS C
IIOMOIIIBIO KOJIIMMATOpa 0 nuaMeTpa D ¥ magaeT Ha akyCTO-ONTHYECKYIO STYEHKY O
yriioM ®. PacnipocTpanstomuecs B akyCTO-ONTHYECKON SYEUKE yIbTPA3BYKOBBIE BOJHBI
C 4acTOTaMU B Juana3oHe f BhI3bIBAIOT NEPUOINYECKUE U3MEHEHUS [TOKa3aTels
IPEJIOMJICHUS CPEJIbl, B PE3YJIbTaTE YET0 MPOUCXOANUT AUPpakius ceera. Jlyuu
Tu(dparupoBaHHOTO CBETA MEPBOT0 NMOPAJIKA OTKIOHSIIOTCA B COOTBETCTBUU € (2.6) B

AUaIla3oHC yIJ1oB

A® = )AfHv. (2.9)

JudparupoBanHble Jiyun coOuparoTcs auH30i L1, a 3aTeM ¢ moMouIbko
KOPOTKO(OKYCHOM MH3BI L2 MpON3BOANTCSA yBEIMYEHUE UX YTIIOBOTO OTKJIOHEHUS U

OCYIIECTBIISIETCS UX POKYCHPOBKA.
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Kak cnenyet u3 (2.8) u (2.9), yron oTknoHeHus tuparupoBaHHBIX JTydei
IPOIOPLIMOHAJIEH YaCTOTE aHAIM3UPYEMBIX CUTHANIOB. CJe10BaTENbHO, €CIIN
NOMECTHUTH B (POKAJIBHOM MIOCKOCTU cUcTeMBI TMH3 L1-L2 nuHeiky (poTonpueMHUKOB,
IIEKTPUYECKHUI OTKIIMK Ha X BbIXOJaX OyAeT NpONOpUUOHAIIEH aMILIUTY e
CIIEKTPAJIBHBIX COCTABIIAIOIINX aHATU3UPYEMOIO CUTHAJIA.

PaccmoTprm OCHOBHBIE XapaKTEPUCTUKHU aKyCTOONTUYECKOTO aHAIU3aTopa

CIICKTpa paanoOCHUIHaJIOB.

2.1.1. Pa3pemaromiasi CmocoOOHOCTh IO YacTOTE

Pa3pemaromas cnocoOHOCTh df akyCTO-ONTHYECKOTO aHAIN3aTOpPa CIIEKTPa
XapaKTepU3yeT ero CoCOOHOCTh Pa3InYUTh JIBa CUTHAJIA C OJIM3KUMHU 4aCTOTAMH U
onpenensieTcss AMPPAKIUOHHON PaCXOIMMOCTBIO CBETOBOIO ITy4Ka, TPOXOAIIEIO Yepe3
SYENKY. YTIIOBas PaCXOAMMOCTh CBETOBOTO Iy4YKa KPYTJIOTO CEUeHUs tuaMeTpom D

paBHa

50 = 2.44 /D. (2.10)

ConoctaBisst (2.6) u (2.10), monyuum

5f= 2,44 v/D. (2.11)

OtnHomenue D/v paBHO BpeMeHH t TPOXOKACHUS aKyCTUUECKOIO CUTHAJIA Yepe3
anepTypy aKkyCTOONTHYECKOW SYEHKH U XapaKTepU3yeT ObICTpOJAeHCTBIE 00pabOTKH

CUTHAJIa aKyCTOONTUYECKUM yCTporcTBOM. Cle10BaTEIbHO

5= 2,44/t. (2.12)

N3 (2.12) BUgHO, 4TO YaCTOTHOE Pa3pellIeHHE 3aBUCUT OT CKOPOCTH
pacrpoCTpaHeHUsl aKyCTUYECKOW BOJIHBI. [103TOMY 17151 TOTyYeHHs] BBICOKOTO

pa3pClICHUA IIPUMCHAIOT MaTCPpHUAJIbl C OTHOCUTCIIBHO HEBBICOKOM CKOpPOCTBIO
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pacnpocTpaHeHus 3Byka. Hampumep, mpu UCTOIh30BaHUN KPUCTAIUIOB IMapaTeypuTa
(TeO) ¢ Bo30yk1eHrEeM MEIJICHHOM CIIBUTOBOM BOJIHBI (V=060 M/C) moy4eHO
MaKCHMAaJlIbHO JOCTHKHMOE B HACTOSIIIEEe BpeMs pa3pelieHre, KOTOPOE COCTABIISAET

okoJio 40 xI'11.

2.1.2. Ilnana3oH aHaIU3UPyEMBIX YaCTOT

Pabounii quana3oH 4acToT aKyCTO-ONTUYECKOU sTYEHKU B OCHOBHOM
MpEeACTaBISAETCS MOJIOCOM YIIBTPa3BYKOBOTO IIpeoOpa3oBaTesl U MOJIOCOM aKyCTO-
ONTHYECKOT0 B3auMoJieicTBuUsA. [lonoca yacToT ynbTpa3ByKOBOTO MpeoOpa3oBaTeis
3aBUCHUT OT KOA(DPUIIHEHTA DJIEKTPOMEXAHUUYECKOMN CBSI3U MPUMEHSEMOTO0
MbE303JIEKTPUYECKOr0 MaTepraia U OTHOLIEHUS aKyCTUYECKUX UMIIE/IaHCOB
npeoOpa3oBaTes U aKyCTO-ONTHYECKOU cpefibl. KOHCTpYKIUs U METO1 KperieHus
peoOpa3oBaTes K CBETOABYKOIIPOBOIY HEMIOCPEACTBEHHO BIHSIOT HA A)(HEKTUBHOCTh
BO30Y KJICHUS 3ByKOBOM BOJIHBI M Ha MOJI0Cy paboumnx yactot. B o6mactu yactor Hike
1 I'T'u Hanbosiee MIMPOKO MPUMEHSIOTCS MIaCTUHBI MOHOKpHUcTauioB LiINbO . OcoOyro
BAXHOCTh UMEET METOJ] KperieHus mpeoodpazoBatessi. Ha yacTorax nmopsiika cCOTeH
Merarepi| uCroJib3yercs nIudy3Hasi cBapKa ¢ TOMOIIBIO HAMBUICHHBIX CIOEB UHIUA.
[Tocre cBapku MIIACTUHBI THE302JIEKTPUKA CO 3BYKOITPOBOIOM €€ OTHUIM(OBBIBAIOT JI0
TOJIIIMHBI, COOTBETCTBYIOIIEH MOJIOBUHE JUIMHBI 3BYKOBOU BOJIHBI B bE303JIEKTPUKE HA
LEHTPAIIbHOM YaCTOTE aKyCTO-ONTUYECKOU TUYEUKU. TOMIHUHY MOXKHO paCCUUTATh C
MOMOIIIBIO0 YaCTOTHOM NMOCTOSIHHOM. JIJ1st HHoOata nutust mnoBepHyToro Ha 163 Y-cpesa.
MPUMEHSEMOTO AJ1 BO30OYX ACHUS CABUTOBBIX BOJIH, YACTOTHAs MOCTOSIHHAS paBHa 2280
MI 1 MKM.

Ha gactore Bbimie 1 I'T11 Tonmmaa npeoOpa3oBaTesisi CTAHOBUTCS OYEHb MaJIOn
(mopsika qosei MUKpoHa). B crily TEXHOJIOTHYECKUX TPYAHOCTEH Ha ATUX YaCTOTaX
MPUMEHSIIOT HalbLJICHUE TOHKOW MIICHKU MbE303JIEKTPUYECKOr0 MaTepuaa.

OOBIYHO CTPEMATCS MOTYUYUTH MOJIOCY AKYCTO-ONTHYECKOU STUYCHKH BEIIMUYUHON B
OKTaBy, T.e. f; = 2f;; . [loyioca akycTO-0NTHYECKOTO B3aUMOJECHCTBUS OMPEACIISICTCS 110

YMEHbIIIEHHUIO Ha 3 b MHTEHCUBHOCTH AU(parupoBaHHOTO CBETA MPU U3MEHEHUHU
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9aCcTOTHI aKyCTHUECKOM BOJIHBI U (PUKCUPOBAHHOM yTJIe MajeHus cBeTa. MOKHO

IIOKa3aTb, YTO I10JIOCA aKYCTO-OIITUICCKOI'O BBaHMOHeﬁCTBHﬂ HacTCA BBIPAKCHUCM

Af=1,8 nv*/Af L. (2.13)

rae f; - HeHTpanbHas yacToTa, AJisl KOTOPOM BBIIIOIHEHO yclioBre bparra.

N3 Beipakenuit (2.11) u (2.13) cnegyert, 4To OTHOBPEMEHHOE MOJIYyUYEHUE
BBICOKOT'O Pa3pelIeHus U HIMPOKOH MOJIOCH! aHau3a 3aTpyAHUTENbHO. [loaToMy mipu
CO37IaHUH CIIEKTP-aHATU3ATOPOB MPAKTUICCKU JOCTHKUMO JIHOO BBEICOKOE pa3pernicHue
(mo 40 kI'm), mu6o Gompinas nmosioca ananuza (0T 500 7o 1000 MI'11) mpu HEBBICOKOM
paspemennu (1000 xI'1).

B nepBom cirydae 00BIYHO UCITOIB3YIOTCS MaTepUAJIbl C OTHOCHTEIIFHO HU3KOM
CKOPOCTBIO pacnpocTpaHeHus 3BykKa. Hanpumep, 1pu UCIoab30BaHUN SUCHKH Ha 0ase
kpuctamia TeO, , B KOTOPOM BO30YXKIaeTCs MEAJICHHAS CIIBUTOBAs BOJTHA,
pacrpocTpanstomasics Baojb ero ocu [100] ¢ V=616 m/c, BO3MOKXHO OCYIIICCTBIICHHE
aHalu3a CrekTpa ¢ pazpemenreM 37 kI’ B monoce ananuza 160 MI 1.

[Tpu ucnosbp30BaHNM TOTO K€ KPUCTAIIa, B KOTOPOM BO30YKIaeTcst ObICTpast
CIIBUTOBas BOJIHA pacrpocTpaHstoiasics Baoib ero ocu [001] ¢ V==4200 m/c, nonoca
aHanu3a crekTpa MoxeT coctaBuTh 2000 MI'1y mpu paspemenun 250 kI'n. OTcroga
CIEAYET IeJIECOO0PA3HOCTh CO3/IaHMs aHAJIM3aTOPa CIIEKTPa C ABYMS TPaKTaMHU,

JOTOHSIOMIMMY JIPYT APYTa MO pa3peuieHUI0 1 MOJI0Cce aHaIU3a.

2.2. Onucanue 1a60paTOPHOTO MaKeTa

JlaGopaTopHbIit MakeT (puc.3) MO3BOJIIET U3YUYUTh CXEMY U MPUHITUI PAOOTHI
aKyCTO-ONTHYECKOT0 aHAIM3aTOpa CIEKTpa paauocurHanoB. OH COACPKUT TeNnid-
HEOHOBBIN Jazep (A = 0,6328 MKM), KOJUIUMATOP, aKyCTO-ONTHYECKYIO stueriky (AO),
a3y L, poronpuemnuk Ha potonuozae (D), ocummiorpad (Octt.), ycunurenb
morHocTH (YM), reneparop ummyibscoB (I'1), reneparop paguovactotsl (I'PY). Jlazep

N OIITUYCCKHEC 3JICMCHTHI 3aKPCIIVICHBI B FOCTUPOBOYHBIX MCXaHHU3MAX W PA3MCIICHBI HA
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ONTUYECKOM CKambe. B KauecTBe HCTOUHUKA AHAJIMBUPYCMOI'0O CUT'HAJIa UCIIOJIb3YCTCs

BBICOKOYACTOTHBIN rereparop (I'PYH), MogynupyemMblii TeHEPATOPOM UMITYJIbCOB.

Jlazep Kommamarop AOS L ®J  Ocr.

)

Pucynok 3 — Cxema nabopaTopHOW yCTaHOBKU

2.3. [lopsimok nipoBeieHUs paOOThI.
2.3.1. UccnenoBanue pabodero jauana3oHa 4acTOT aHalM3aTopa CIEKTpa

1.BxitounTh GJ10KM MUTaHUS Jiazepa U ycuiurtens MoiiHocty, BU rene-
paTop u ocuorpad.

2. C nomomisto auH3bI L cokycupoBath qudparupoBaHHblil iyd Ha QOTO-
IUOJE.

3. U3mensist wactory BU renepartopa, CHITh 3aBUCUMOCTh CHTHaJa C (OTOMO0/IA OT
yacTtoThl. [loctpouts rpaduk. Haiftu nuana3on 4acToT, B KOTOPOM CHUTHAI C
dboToanoma usmeHseTcs e 6osnee, uem Ha 3 ab.

2.3.2. UccnenoBanue pa3pemaronieii ClioCOOHOCTH TI0 YaCTOTe

[E—

Yo6pars nun3zy L.

YceranoButh hotoanoa B GOKaIbHON MIIOCKOCTH JIUH3HI L.

N3mensis vactory BY reneparopa, COBMECTUTh TU(PparupoOBaHHBIN JIyY C
dboToaMOIOM.

4. IInaBHO m3meHss yactory BY renepartopa, CHATh 3aBUCUMOCTb CUTHAJIA C
dotoauona ot yacrotel BY reneparopa. [loctpouts rpadux.

w

2.3.3. HccnenoBaHue CIEKTPOB PaJAMOCUTHAJIOB

1. Ycranosutk Ha BY reneparope pexuM BHEIIHEW UMITYJIBCHOM
MOAYISUMU. BKIIFOUUTH reéHepaTop UMITYJIbCOB U MOJATh CUTHAJI C €r0 BBIXOJAa Ha BXO/[
monaynsunu BY reneparopa.
2. Ilepememas Gpotoauon, CHATH 3aBUCUMOCTh CUTHAJIA C POTOIMO/A OT BETUYUHBI
nepemerenus. [loctpouts rpadux.

2.4. KoHTpOJIbHBIE BOIIPOCHI
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1. Kakue cymecTByeT pexxumbl Ju(pakiiK CBETA Ha YIbTPa3ByKe?

2.Yem paznuuaercs Au(pakius CBeTa HAa aKyCTUYECKUX BOJTHAX U HA
Tu(dpakMOHHON peleTke?

3. Kakue maTepuansl HCHOJIB3YIOTCS B KAUECTBE CBETO3BYKOIIPOBOAA U
yJIBTPa3BYKOBOTO MPe0oOpa3zoBaTessi aKyCTO-ONTUYECKON sSTUeiKu?

4. KakoBbl OCHOBHBIE XapaKTEPUCTUKH aKyCTO-ONTHYECKOIO aHAJIM3aTOpa CIEKTPa
paguocurHaioB?
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