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OBILIME YKA3AHUNA K BBITIOJIHEHNIO JIABOPATOPHBIX PABOT
[ToaroroBka k pabotam u oopmiIeHUE OTUETa

Jia 3¢ deKTUBHOrO MCHOJB30BaHUs J1a00paTOPHOTO BPEMEHU KaXKIOW J1abopaTOpHOM
paboTe MoJKHA MPEAINIeCTBOBATh CAMOCTOSITEIbHAs MOATOTOBKA. BO BpeMs 3TOH mOATOTOBKHU
CTYJICHT 00sI3aH:

U3YYUTh COOTBETCTBYIOIIME pa3lieibl Kypca, METOJINYCCKUE YKA3aHUS K JIA0OpATOPHOM
paboTe u mpaBuiia 6€30MACHOCTH NP pabdOTe C IEKTPONPUOOPAMHU U JTa3epaMu;

VSICHUTH TIPUHIIAIIBI PAO00OTHI HCCIEAYEMBIX YCTPONCTB, U3YYUTh UX CTPYKTYPHBIC CXEMBI
Y UCIIOJIb3YEMbI€ ONITUYECKUE U ONTOSJIEKTPOHHBIE 3JIEMEHTHI.

[IpenBaputensHas paboTa BKIOYACT Takke OGOPMIICHHE OTYeTa IO MPEABIAYIICH
nabopaTopHOi paboTe U MOATOTOBKY K €€ 3alluTe.

OrtuyeT, cocTaBiIIeMbld HHIUBUAYATBHO U MOJIMKUCHIBAEMbIN C YKa3aHUEM JaThl KaXKIbIM
CTYJIEHTOM, JOJDKEH COJIEpXKaTh:

CTPYKTYPHYIO CXeMy JIaDOpaTOpHOW YCTAaHOBKM C YyKa3aHHEM HCIOJb3yeMOn
KOHTPOJIbHO-U3MEPUTEIBHON anmnaparypsbl;

ONTHUYECKUE CXEMBI UCCIEAYEMBIX YCTPOUCTB C YKA3aHUEM I'€OMETPHUUYECKUX MapamMeTPOB
pacupoCTPaHAIOIIMUXCA B HUX JIa3€PHBIX JIy4eil;

pe3yJIbTaThl BBINOJHEHHBIX TEOPETHYECKUX W SKCIEPUMEHTAIBHBIX MCCIEI0BaHUM,
CBEJICHHbIE B TaOIHIIBI M O(hOpMIICHHBIE B BUJIE TPAPUKOB, IUAarpPaMM, PUCYHKOB;

pe3yJIbTaThl pACUETOB U COOTBETCTBHUE UX IKCIIEPUMEHTY;

BBIBOJABl M  3aMe4yaHusi 1O  pe3yJbTaraM HUCCIEAOBAHMI €  IPUBEACHUEM
COOTBETCTBYIOLIMX JOKA3aTEIbCTB.

CxeMbl BBIYEPUMBAIOTCS aKKypaTHO OT PYKH C Y4e€TOM TpeOOBaHUU TOCYIapCTBEHHBIX
cTaHmapToB. ['paduku MOTy BBIUEPUMBATHCA Ha MUJUIMMETPOBOH Oymare. MUHUMaTbHBINA
pasmep rpaduka — He MmeHee 9x12 cm.

[TpaBuia 6e30MacHOCTH MPH BBITIOJHEHUH Ja00PaTOPHBIX PadoOT
OO01Ime moJI0KEHUS

1. He npuctynatb k paboTe, HE O3HAKOMMBILIUCh C WHCTPYKLIMEH 10 TEXHUKE
0€30MaCHOCTH JJISi CTYJEHTOB, BBHIMOJHAIOMMX pabOThl Ha JIA3€PHBIX YCTAaHOBKaX, M C
HACTOSICH MHCTPYKLIMEH.

2. BHumatenbHO OoCMOTpeTh MpHOOPH W 000pyHOBaHHME Ha pabodeM MecTe W TpHU
0OHapy>KeHUH KaKUX-JIMOO0 HEHCIPAaBHOCTEH COOOIIUThL 00 3TOM PYKOBOAUTEIIO.

3. He Brurouath ¥ He BBIKIIIOYATH PAAHOM3MEpPUTENFHBIE MPHOOPHI 0€3 pa3peuieHus
PYKOBOJIUTEIIS.

4. B cmyyae HEHCIPABHOCTU NMPHOOPOB I MAKETOB, MPU OTCYTCTBUH HAINPSDKEHUS B
CeTH HE0OX0AMMO COOOLIUTH 00 3TOM PYKOBOJUTEITIO.

[TpaBuia 351eKTpoOe30MacHOCTH

1. PaguomsmepurenbHbie MPUOOPHI U OJIOKH MUTAHUS JIa3€POB MUTAIOTCS HANPSKEHUEM
220 B, gactoTtoii 50 I'mi, omacHBIM 151 )KU3HH.

2. Tlepen BKJIIOYEHHWEM YCTAHOBKHM HEOOXOIMMO YOEIUTHCS B HATHUYUU 33a3€MIICHUS Y
BCEX TTPUOOPOB.

3. He npukacaTbcs K KopIrycam JIByX MpHOOPOB OJTHOBPEMEHHO.

[TpaBuia 6e3omacHOCTH MpH padoTe C Ja3zepamu.



1. JlaGopaTopHble YCTaHOBKM YKOMIUIEKTOBaHBI Jazepamu Il kmacca, mpsmoe u
3€pKaJIbHO OTPAKEHHOE U3JTyYEHUE, KOTOPhIX OMACHO /I TJa3.

2. 3ampemaeTcsl BKJIIOYATh U BBIKJIIOYATh OJIOKM MHUTaHUA J1a3epoB. VX BKIIOYeHHE U
BBIKJIFOYEHHE [TPOU3BOIUTCS PYKOBOIUTEIIEM.

3. 3ampemaercs CMOTPETh HABCTPEUY MPSIMOMY HIIM OTPAKEHHOMY JIa3€PHOMY JTy4y.

4. CooOmHMTh PYKOBOIUTENI0 00 OKOHYAHWHU BBIMONHEHUS pabotrel. [IpuBectu B
MOPSAI0OK paboyee MeCTo.

yLIe6HO'I/ICCJ'IeI[0BaTeJ'IBCKaH pa60Ta CTYACHTOB

Llensto yduebHO-HCCaenoBaTenbckol padoTel cryaeHToB (YHUPC) saBisercs pa3Butue y
CTYZICHTOB HAaBBIKOB CAMOCTOSITETIbHON Hay4HO-HCCIIEN0BaTeNbCKOl padoTl. YPC npoBoasTes
Mo TeMme Kaxjaoro jadopatopHoro 3aHsaTuss. OmHako 3amanus no YHWPC umeroT B 1ernom
HECTAH/IAPTHBIN XapaKTep U MOTYT BBIXOAHTH 32 MPEeibl HHCTPYKIINH K JIa00paTOpHOM padoTe.
YueOHo-uccnenoBaTenbckass paboTa MPOBOAUTCA BO BpeMs J1a00OpaTOPHOTO MPaKTUKyMa.
OpuentupoBounbie TeMbl 3ananuii o YMWPC npuBoasTcs B KOHIE ONUCAHUA K KakaOH
nabopaTopHO pabOTHI.

B mpenemax wHacrosimiero  siabopatopHoro mpakTukyma —opranusamus YUPC
OCYIIECTBIISICTCS CIIEAYIOIUM 00pa3oMm:

[IOJIyYEHUE 3aJaHMs;

u3ydeHue 00s3aTeNbHON U TOUCK TOTIOTHUTENbHOM JTUTePaTypHI,

TEOPETHUYECKUI aHAIIN3;

COCTaBJICHHE IJIaHA SKCIIEPUMEHTA U 00CYKICHUE;

00paboTKa pe3yIbTaTOB UCCIIETOBAHHUS;

(dbopMynupoOBKa BHIBOJIOB;

odopMIICHHE U 3allIUTa OTYETa 1Mo padoTe.

Jla6oparopuas paGora 3. MCCJIEJJOBAHUE OIITUYECKOM ®UJIBTPALIMU
M30BPAXEHUI

Llenb paboThl — U3yyeHHE OCHOBHBIX MPUHIIMIIOB KOTEPEHTHOM ONTHYECKON (puiabTpanuu
N300paXeHUH.

1.1. KpaTkue TeopeTuuecKkrue CBEACHUS

st ontraeckoit 00paboTku nHGOpMAIK HauboJIee BaKHBIM U TTOJIE3HBIM SIBIISIETCS TOT
GbakT, 4YTO ¢ MOMOMIbIO MOJIOKUTEIHHON JMH3BI MOKHO TMOJIYYUTh JByMEpHOE mpeoOpa3zoBaHue
®ypnre. [lockonbky onTHueckoe mnpeoOpa3zoBaHHE JBYMEPHOE, TO OHO MMEET 00Jiee BBICOKYIO
WH(OPMAILIMOHHYIO €MKOCTh, YeM MpeoOpa30oBaHUE, BBINOIHIEMOE C MOMOIIBIO IIEKTPOHHBIX
CUCTEM. JTO OOCTOSATENHCTBO IIO3BOJUJIO TPUMEHUTHh OINTHYECKOe TMpeoOpa3oBaHue st
pelleHus IIMPOKOTO KpyTa 3a/1ay.

Crenyer oTMETHTh, YTO (Qypbe-00pa3 BXOAHOTO OMTHYECKOTO CHUTHANAa CYIIECTBYET B
BUJE (DM3MUECKH PEAThbHOTO MPOCTPAHCTBEHHOTO paclpeeNieHus] KOMIUIEKCHBIX aMILTUTY/
CBETa, TO €CTh (ypbe-00pa3bl JIBYMEPHBIX ONTHYCCKHX CHUTHAJIOB pEATH3YIOTCS B BHIE
pealbHbIX  (PU3MYECKMX CHUTHAJOB C TOMOINBIO TPOCTEHINEH ONTUYECKOW CHUCTEMBI.
CrnenoBarebHO, HaJ HUMH MOXKHO MPOHM3BOJUTH PA3IMYHBIC MaTEMATHUYCCKHE OTepaIluu
METOJJaMH MPOCTPAHCTBEHHON (DUIBTpPAIIUH.

Ha pwuc.] mokaszana kimaccuueckas cxema omnTHdeckor (ruibrpanuu. OHa COCTOUT W3
CIEIYIOIUX  KOMIOHEHTOB: TOYEYHBI HMCTOYHMK MOHOXPOMAaTHYECKOro CBeTa S,
KOJUTMMUpYIOMmas JuH3a Lj, JBYX pacloJOXKEHHBIX ITOCICIOBATEILHO IMPOCTEHIIINX CHCTEM
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npeoOpazoBanuss Dypbe, OCHOBHBIMH SJIEMEHTAMH KOTOPBIX SIBISIOTCS JMH3BI Ly u Lg,
yCTpoOiiCcTBa BBOJA HH(POPMAINH, TIPOCTPAHCTBEHHOT'O ONEPAI[MOHHOTO (PUIIbTpA.

L, T L, H L, D
A ] A A

t(X%)
Puc.1 Knaccuueckast cxema onTHYecKon (pHIIbTpaluu

YcrpoiictBoM BBoJIa HH(MOPMAIMM CIYXHUT TpaHCmapanT T, KOTOPBIA SIBISETCS
HocuTeneM  oOpabaThiBaeMOro  JIEHCTBUTEIBHOIO  M300pa)kKeHUs,  XapaKTepU3yeMmoro
KOMILIEKCHOM aMIUTUTYIHOU TepeaarodHoil ¢yHkuuen t(Xo,Yo). TpaHcmapaHT momemiaercs BO
BXOJIHYIO INIOCKOCTb. OH OCBeNIaeTCs KONE€PEHTHBIM IIJI0CKONAPAJUIEIbHBIM CBETOBBIM ITyUKOM,
U3Ty4aeMbIM TOYEYHBIM MCTOYHHKOM MOHOXPOMATHUYECKOTO CBeTa S M c(hopMUPOBAHHBIM TPU
noMomy Koumupyromeil aun3sl L. IlonoxurensHas nuH3a Ly ocyiiecTBiseT IByMepHOE
Gypbe-npeoOpa3oBaHue KOMIUICKCHOW aMIUIMTYAHOW MepeaaroyHoit  ¢GyHkuuu  t(Xo,Yo),
OIMCBIBAEMOE BBIPAKEHUEM

iKE,
2r f

En(Em) = 25 [ [ tixy) expl-i2e [Ex+nyl} dx dy, (1)

o0

Ecnu TpaHcnmapaHT HaxoJIuTcsl OT JIMH3BI Lo Ha paccTOsiHMM, paBHOM €€ (OKYCHOMY
paccTosiHHIO a, To Ipeodpa3oBanne Pypbe 3aMCAHHOTO HAa TPAHCIIAPAHTE N300PaKEHUS JICKHUT
B 33/IHEH (POKATBHOM MIIOCKOCTH JIMH3BI Ly, pa3mudHble MacK WM TPAHCIIAPAHTHI C 3a/1aHHBIM
pacripesielIeHeM IPO3pauyHOCTH, MOXKHO ONPEAETICHHBIM CIOCOOOM BIUATh Ha MOJyYCHHBIH
CHEKTP NPOCTPAHCTBEHHBIX YACTOT H300paXEHUS, TO €CTh OCYIIECTBISTh (HIBTPAIIUIO
u3zo0paxkenus. [1oJo6HO 37eKTpUYecKUM (QHUIBTPaM, KOTOPBIE MPOIMYCKAIOT KOJeOaHUs OJHHUX
YacTOT W HE MPOITYCKAIOT KOJICOAHUS IPYTUX, ONTHUECKUI (QMIIBTP OCYIIECTBISET (PHIBTPAIIUIO
IPOCTPAHCTBEHHBIX YACTOT, MPOITYCKasi UX MIIU OCIa0ss.

OmnpenenyM TMPOCTPaHCTBEHHO-YACTOTHBIE TIEPEMEHHBIC IS IBYX M3MEpPeHHH &, M Kak
& = x/Af, n = y/Af, toe A - mimMHA BONMHBI CBETOBOrO M3iyueHus, a f — hokycHoe paccrosHue
JIMH3BL.

Bropas nunza L3 npousBoaut nocienyromiee Oypbe-npeodpa3oBaHue:

Eo(oe) = Eo (A07 [ | T(&m) H(En) exp [27i(ks E+ys )] dédn, (1.2)

OTO BBIpaKEHHE OIMUCHIBAET BBIXOJHOE M300parkeHue. DUIbTpalusl OCYyIECTBISETCS
IyTeM MOMEIIEHUS! B YAaCTOTHYIO IJIOCKOCTh H MpOCTpaHCTBEHHOTO ONEPAallMOHHOTO (UIBTPA,
oOnanaromiero mnepenarounoit ¢yukmuet H(E,m). OnepauvoHHBI QUIBTP MOXET ObITh
HOCHUTEJIEM KaK KOMIUIEKCHOH, TaK W JeHCTBUTENbHON (QYHKINH ((Pa30oBbId MM aMIUIMTYIHbII
TpaHCIIApaHT).
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OpnHuM U3 IPUMEPOB 00pabOTKU U300PAKEHUH SBISETCS UCIIOIB30BaHUE TTOIABIISIONIUX
¢mibTpoB. CyliecTByeT OJHO3HAYHOE COOTBETCTBHE MEXIYy IOJOXKEHHMEM M YacTOTOH B
wIockocTd (uibTpa. IIpM NMOMEIIEeHWH HENpO3payHOIo SJIEMEHTa B YAaCTOTHYIO IUIOCKOCTh
NOJABJIAETCS OIpENeIeHHass 4YacTOTHAas COCTaBIIAIOLIAs, I103TOMY OHAa HE Yy4YacTBYeT B
dopmupoBaHun H300pakeHUs. EcM B 4aCTOTHYIO IJIOCKOCTh HA ONTHYECKOH OCH MOMECTUTh
JBIPOYHYI0 auagpparMy, TO OyAyT NOJaBJIEHbl BBICOKHE IPOCTPAHCTBEHHBIE YacCTOTHI, T.€.
n300pakeHHe yTPaTUT MENKUEe JeTaqu. TakuM CIIOCOOOM MOXHO YIYYIIUTh KadecTBO
3allyMJIEHHBIX HM300paxkeHuil. Ecim, Ha000pOoT, Ha ONTHYECKOH OCH B YaCTOTHOM MJIOCKOCTH
IIOMECTHTh HEMPO3pPauHbId 3JEMEHT, TO OyayT 3a0JOKMpPOBaHBI HHU3KHE IPOCTPAHCTBEHHBIC
yacToThl. [To100HBIN c1OCOO UCIIOB3YETCSt B MUKPOCKOIIMY JUIsl CO3/1aHUsl TEMHOTO (DOHA.

Haubonpiee npuMeHeHHE Cpeid ONTHYECKHMX CUCTEM, B KOTOPBIX HCIIONb3YeTCS
GuibTpanus U300paxeHni, HallllIi ONTHUYECKUE KOPPEIATOPBI C YACTOTHOM IJIOCKOCTBIO.

B kadecTBE Takoro KOppelsATOpa MOXKET CIYKUTh  ONTHYECKas CHUCTeMa
IPOCTPAaHCTBEHHON (MIbTpaLuy, NpeJcTaBieHHble Ha pu.l. Ecim Ha BXoJ Takoll cuctembl
nojaTh BXOJMHOU curHai t(X,y), a B pypbe-TUIOCKOCTH CPOPMHUPOBATH QMIBTP C MEPEeaaTOuHON
byukuueit H(En)=V(E,M), TO Ha BBIXOAE MONYYHUTCS CHUTHAI, MPEACTABIAIONINA COOOM
KpOCCKOppemsuio curainoB v u V. Ecou v = V, To nonyyaioT (QyHKLHIO aBTOKOPPESILINH.
Takolf onepalOHHBIH (UIBTP HA3bIBAIOT COTJIACOBAHHBIM (MIIBTPOM, a COOTBETCBYIOLIYIO
ONTUYECKYIO CXEMY — CXEMOI COIJIacCOBaHHOU (PUIIbTPALIUU.

CornacoBanHass (uiabTpalysi OOBIYHO HCHOJNb3YeTCsl IpPU paclio3HaBaHUKM 00pa3oB B
3alaHHOM M300paskeHuu. [l 3TOro 3amuchiBalOT (QUIBTP, COIJIACOBAHHBIA C 00pa3oM
uHpOpMaLlMY, TMOJIeKAIIMM OIO3HABAaHUIO, IOCJIE 4YEero OCYLIECTBISIOT €ro B3aUMHYIO
KOPPEISIUIO C 3aJaHHBIM H300pakeHreM. Eciin B M300paXeHUH COAEPKUTCS MHTEPECYIOIUI
o0pa3, To B pe3ylbTaTe aBTOKOPPEISALMH B BBIXOJHOM IUIOCKOCTH 00pa3zyercs SpKOe CBETOBOE
ISTHO, YKas3bplBalOLlee Ha HaJWYME OIO3HABaeMOro obpa3a W €ro MECTOHAXOXJICHHE B
u3o0paxkeHnu. B ciaydyae moBTOpeHUs B M300paK€HMM HMHTEPECYIOLIEro obpas3a 4YuClO SIPKUX
CBETOBBIX IATEH OYyJEeT COOTBETCTBYIOUIMM. biaromaps 3ToMy MOKHO pacrio3HaBaTh OTIEYATKH
NaJIblEB, MHTEPECYIOLIUE CJIOBAa Ha CTPaHUIE TEKCTa, CHEIHMaJbHble OOBEKThl Ha Kapre
MECTHOCTH H T.II. Y CTPOWCTBA, OCYIIECTBIISIONINE TAKAE ONIEPAIlNH, HA3bIBAIOT KOPPEIATOPAMHU.

C mnoMoulIpl0 MPOCTPAHCTBEHHOM (MIBTpAllMM JIETKO OCYIIECTBIISATH  OINEPALUIO
npeoOpa3oBaHus KOJOB.

Ecnu tpebyercs mpeobpa3zoBaTh BXOJHOW cUTHAM t(X,Y) B 3aJaHHBIA BBIXOJHOW CHUTHAI
S(X,Y), TO ISt ATO¥ LeNIM HeOOXOIUM MPOCTPAHCTBEHHBIH QUIIBTP C MepeIaTOUHON HYHKIHEH:

H(Em) = s(En)/t(Em). (1.3)

MeTonamMu ONTHUYECKOW MPOCTPAHCTBEHHON (UIBTpAIlMM MOXHO MPOWU3BOIUTH TaKHe
BaKHBIE MaTeMaTHYECKUE Olepalui, Kak CyMMHUpPOBaHHE, BbIYMTaHUE, TudPepeHiupoBaHme,
MHTErpupoBanue u Ap. GUnbTpel AJid 4719 OCYIIECTBICHUS TAKUX ONEPALUi CUHTE3UPYETCS MIPU
oMoy OBM.

1.2. Ontucanue 1abopaTopHOTO MaKeTa

JlaGopaTopHbiii MakeT (puc.2) TO3BOJSET HCCIAEAOBATh ONTHYECKYIO (UIBTPAIUIO
n300paxeHuii, HOPMHUPYEMBIX MPOITYCKAIOIIMMH TPaHCIIApaHTaMHU.

Maker coxepxut renmii-HeoHOBBIM sazep (A = 0,6328 MKM); KOJITUMATOP
(pacmmpuTenpb) Ja3epHOro IMydKa; TpaHCHapaHT, (GopMHUPYIOMUNA HU300pakeHHe MoJjIeKaIiee
buneTpamuu, JuH3y L1, ocymecTBisioniyro mpeodOpaszoBanue dDypwe; ONTUYECKHA (DHIIBTP;
muH3y L, ocymecTtBastonryto oOpatHoe mnpeoOpasoBanne Dypwe; doronpuemuuk DJ]
(porommon); ocummnorpad. Jlazep W ONTHYECKHE DJIEMEHTHI 3aKPEIUICHBI B FOCTHPOBOYHBIX
MEXaHHM3MaX U pa3MeIlleHbl Ha ONITUYECKON CKaMbe.



;
Jlazep Komnmumarop | T Li @unstp Lo @/ Ocr.

Puc. 2

1.3. Tlopsimok BBIIOJIHEHHSI pabOTHI

1.3.1. BxrounTs OJI0K MUTAHUS J1a3epa U ociuuiorpad.

1.3.2. Tlepememast GpoTONPHEMHUK BUHTOM peiiTepa MEpreHAUKYIIPHO HU300paKEHHIO,
CHATh 3aBUCUMOCTh (oToTOKa oOT mepememieHus (x) ¢oronpuemuuka. Iloctpouts
pacrpezieJieHue OCBEIICHHOCTH B HCXOHOM M300paKeHHHU BJIOJIb KOOPAMHATHI (X).

1.3.3. VYcraHoButh ontuyeckuil (GUIBTP HUKHHUX YacTOT B (okyce muH3bl L;. B
COOTBETCTBUH C II. 1.3.2 TOCTPOUTH pacIpeie]ICHIEe OCBEIICHHOCTH B 00paTHOM H300payKEHUH.

1.3.4. YcraHoBUTH ONTHYECKH GUIBTP BEPXHUX YacTOT B (Qokyce auH3bl Li. B
cootBercTBUM ¢ mm. 1.3.2, 1.3.3 mocTpouTh pacnpeiesieHue OCBEIIEHHOCTH B HCXOJHOM
M300pakKeHUH BIOJb KOOPIUHATHI (X).

1.4. KoHTpOIBHBIE BOIIPOCHI

1. B yem 3akitoyaercs CXOJCTBO U OTIMYHME JCHCTBHUS ONTHUYECKUX (UIBTPOB OT
ANEKTPUIECKUX?

2. Yto npencrasisieT co00i oNTUYECKUN (QUIBTP HUKHUX, BEPXHUX MPOCTPAHCTBEHHBIX
4acToT?
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Jlabopatopnass ~ pabora 4. HNHUCIIEAOBAHMUE  AKYCTOOIITUYECKOI'O
AHAJIM3ATOPA CIIEKTPA PAJIMOCUT'HAJIOB

Ilenp paboThl — M3YyYUTh HOPUHLUIBI TMOCTPOEHUS U  (QYHKIMOHUPOBAHUS
aKyCTOONTHUYECKUX aHAJIM3aTOPOB CIEKTPA PaliOCUTHAIIOB.

2.1. KpaTtkue TeopeTuyecKkue CBeICHUS

B ocHoBe paboTBHl aKyCTOONTHYECKUX YCTPOHCTB OOpabOTKM pPagMOCHUTHAIIOB, B TOM
YHClie aHAJTU3aTOPOB CIIEKTpa, JICKUT SIBICHHE NU(paKIMU CBETa HAa aKyCTHYECKHX BOJHAX,
KOTOpble BeieacTBue 3¢pdekra (GoTOynpyrocTH BBI3BIBAIOT BO BPEMEHUM U B IPOCTPAHCTBE
NepUOANYECKHEe HM3MEHEHHUS II0KO3aTelsi NPEeJOMIICHUS B MaTepHalieé CBETO3BYKOIPOBOJA.
[Tpoxoasammii yepe3 aKkycTUYeCKoe Mojie CBET Au(parupyer Ha HEOAHOPOAHOCTAX IMOKa3aTems
peroMIIeHus, Kak Ha (a30Boi TuPaKIIMOHHON pelIeTKe.

Xapakrep Au(paKIuu CyIIeCTBEHHO 3aBUCHUT OT COOTHOLICHHS MEXIY JJIMHON BOJIHBI
cBeTa A, JUIMHOW aKyCTHYEeCKOH BOJHBI A W mUpuHOW akyctudyeckoro mydka L. [lpum
BEIMONHEHNH yenoBust Q << 1, rtme Q = ALinA? - napameTp akKyCTOONTHYECKOTO
B3aUMOJICHCTBHA, (a3oBas pemIeTKa MOMKET paccMaTpUBATBCS Kak IUIOCKas. B aTom ciydae
Tudpakus MPOUCXOAUT TMpU IJ0OOM yrie TMaaeHus CBeTa Ha aKyCTHYECKHH IMy4oK.
JudpaknuoHHas KapTHHA COAEPKUT 3HAUUTENIBHOE YUCIO MAKCUMyMOB C CHUMMETPUYHBIM
OTHOCHUTEIIbHO HYJIEBOTO TMOpSIKa paclpeieieHUEM HWHTECHCHUBHOCTU CBeTa. TakoW pexum
aKyCTOOITHUYECKOTO B3aUMOJICHCTBUSI HOCUT Ha3BaHue Audpakuuu Pamana-Hara.

CymiecTBeHHO MHOHM XapakTep umeet audpakius npu Q>>1. da3oBas pemierka B 3TOM
cilydae SIBJISIETCS] IPUHIUIHAIBHO TpeXMepHO. /udpakunonnas kKapTuHa BO3HUKAET JIHUIIb PU
OTpezieiecHHOM yTIie majaaHusi cBeta (yriae bpsrra) m comep uT, Kak HpaBUIIO, JHIIb OJWH
TU(PPAaKIMOHHBI MAaKCUMyM. ODTOT PEXHUM aKyCTOONTHUYECKOTO B3aUMOJICHCTBHUSI HA3bIBACTCS
mudpaxueit bparra.

PaccmoTpuM mnoppoOHee 3amady O pacnpoCTpaHEHHMHM CBeTa B M30TPOIIHOM cpene, B
KOTOPOM MO OCH X OSXKUT IUIOCKasi aKyCTHUYEeCKas BOJIHA C YaCTOTOM (2 U BOJHOBBIM uucioM K.
VYrpyrast BoJHa COIPOBOXK/1a€TCSI K3MEHEHUEM MT0Ka3aTelsl IPEeJTOMIICHUS:

n(x,t) = ng+4n sin(«x — Kx), (2.1)
rae Np — IOKa3aTelnb MPEJIOMIICHHS HEBO3MYILUEHHOM cpeabl, AN — aMIIUTyJa W3MEHEHMUS
MOKa3aTelisi NPEeJIOMIJICHHS N0 IEMCTBUEM aKyCTHYECKOW BOJIHBI.

[Tycth Ha 00/acTh BO3MYIIEHHUS, 3aKIIOYEHHYI0 MEXAY IIockocTeio Z = 0 u z = L,
MajaeT TIOCKasi CBETOBAsl BOJIHA MO yIIIOM 6b:

E = Eoexp[i(at - ke sin@ -k,z cos)], (2.2)
rae Eo — ee aMmmuiuTyna, @ — 4acrora, K = 27/ 4 — BOIHOBOE YHCIIO.

HpOXOI[SI qepes3 00J1acTh BO3MYIICHUA, CBETOBAs BOJIHA pacCliaJacCTCsd Ha CYMMY INTOCKHX
BOJIH, KOTOPBIC JaOT COOTBETCTBYIOIIHEC JII/I(i)paKI_H/IOHHBIC MAaKCUMYMBI:

E=E, icp exp[i(a)pt -k, xsing, — kpzcosep)] (2.3)

p=—0
Vrnel qudpakuuu 6, yaoBIeTBopsoT GpopMyiie qTu(paKIHOHHON pemeTky ¢ nepuogom A=27/K:

KoSinB, = KosinBo+pK. (2.4)
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Ho B oTnuune ot oObIYHOM (a30BOM pelIeTKy B JaHHOM IpUMEpe 4acToTa Au(parupoBaHHbBIX
BOJIH OTJIMYAETCS OT YaCTOTHI MAIAI0IIET0 CBETA:

wp = +pQ (25)

Cnur uyactoTel Ha p{2 oOycinoBieH 3¢pdexkrom Jlomnepa BCIEICTBHE TOT0, UTO
JU(pakLus IPOUCXOAUT Ha JBYDKYILEHCS peleTke.

Tak kak 2 << ayp, TO MOXHO ITPeHEOpEYb U3MEHEHUEM JIJTMHBI BOJIHBI CBETA B MpOIECCe
IudpakUy U CUYUTATh ISl U30TPOIHOI cpenbl Kp ~ Ko. [Ipu 3TOM cienyer uMeTb B BHIY, 4TO
IOPU CMEIIEHUH BOJH Pa3HbIX JU(PPAKUMOHHBIX MOPSAKOB (YTO IIMPOKO HCHOJIb3yeTcsl B
YCTPOMCTBaX OOpaOOTKU CHUTHAJIOB) JOIJIEPOBCKHM CABUTOM YacTOTHI MpPEHEOperaTh HEb3s,
IIOCKOJIBKY OH IPUBOJUT K MOAYJIALIMM MHTEHCUBHOCTH CBETA HA PA3HbIX YaCTOTAaX.

B akycroonTuyeckux yCTpoMCTBaxX HCHOJB3YIOTCS, KaK IPAaBHJIO, MAaKCUMYyMbI + 1-T0O
u - 1-ro nopsaakoB nudpakuuu. [Ipu 3TOM yron OTKIOHEHUS Jiydeil OTHOCUTEIbHO MaJaroIlero
(HyJIeBOTO MOpsIZIKa) B COOTBETCTBUH ¢ (2.4) € = A/ A. YuutsiBas, uto A = V/f, monydaem

Af
0=". (2.6)

\'
Baxxnoii XapaKTePUCTHKOM SIBJIETCS T paKImoOHHAS 3¢ (HeKTUBHOCTS,
XapaKTEepu3ylollasi JI0JII0 MaJalollero CBeTa, OTKJIOHEHHOTO B AU(PPAKIHOHHBIA IOPSIOK

77:|d/ |o.
B pexume nmudpakumm Pamana-Hara mudpakunonnas 3¢@deKTuBHOCTh 3amaeTcs
¢bynkuusamu beccenst p-ro nopsaxa:

17, =Jp(qL), (2.7)

rne  — mapamerp, NPOMOPIHMOHAIBHBI MOIIHOCTH aKyCTHYECKOM BOJHBI W 3aAlOIIUii
BeNMUMHY AN B (2.1).

B cootBerctBuM c (2.7) MakcuMmalibHas A0JI1 CBETa, MPHUXOJAIIAACA Ha Kakou-1u0o
nopsok nudpakuuu B pexxume Pamana-Hara, He npesbimaet 33,4% ot nmajaromiero cBera.

B pexume bparra nudpakiuonnas 3¢ hekTuBHOCTh paBHA

n= sinz(%}. (2.8)

Cornacno (2.8) makcumanbHast JudpakiunoHHas 3(Q(EeKTHBHOCTh B MICAIBHOM Cilydae
paBHa 100%, TO ecThb BCsS PHEpPrusl MajarolIero CBeTa NEpeKaunBaeTcs B JAUQPPAKIMOHHBIN
nopsfok. Ha mpakthke MakcumanbHas JUdpakiuoHHAs 3((EKTUBHOCTh CHMXKAETCA H3-3a
PacxoAMMOCTH CBETOBBIX U 3BYKOBBIX ITYYKOB, 3aTyXaHHsl yIbTPa3ByKa, OTKIIOHEHUSI OT PeKUMa
mudpakuuun  bparra m  mpouee. OnHako TpU  HEOOXOIUMOCTH HECIIOKHOW MOJIY4YHUTh
spdexTuBHOCTD Tudppakunu 80-90%.

B akycroonTudeckux ycTpoMCTBax B IPUHLUIIE MOXET HCIIOIb30BAThCS KaK paMaH-
HATOBCKHUH, Tak M Op3rroBckuil pexxuMm audpakuuu. Ho mockonbky audpaxmnus Pamana-Hara
UMEET MECTO Ha CPaBHHUTEIbHO HM3KHX YacTOTaxX (10 HECKOJBKHUX JECSITKOB Merarepii), TO
CO3/aTh IIUPOKOIOJOCHBIE U  OBICTPOACWUCTBYIOIIME YCTPOMCTBA B OSTOM Cllydae He
IpeJCTaBisieTcss BO3MOXHBIM. Kpome Toro, paMaH-HaTOBCKHI peXuUM J1aeT OOJbIINE CBETOBBIE
NOTEpPHU M MEHbIINN JUHAMUYECKUH quana3oH. HegoctaTkom OparroBckoit qudpakuuu sBiaseTcs
€€ yIJoBas CEIEKTUBHOCTb, KOTOpas BCJIEICTBHUE 3aBUCUMOCTH yrila bparra oT 4acToTbl
yIAbTpa3ByKa oOrpaHuumBaeT paboumii aumanmazon vactor Af. Ilostomy Hawmmydmime
XapaKTEePUCTHKH YCTPOMCTB JIOCTUTAIOTCS B MPOMEKYTOYHOM peXuMe Auppakiuu, Korjaa
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nuana3oH Af moctaroyHo mMpOK, HO MapasuTHbIE AU(PPAKIMOHHBIE MAKCUMYMBI MPAKTUYECKH
OTCYTCTBYIOT.

K mHacrosmemy BpeMeHH TPEAJIOKEHO U HCCIEIOBAHO OOJIBIIOE KOJIUYECTBO
AKyCTOONTHYECKUX YCTPOWCTB, OTJIMYAIOMIMXCS HA3HAYCHHEM, TMPUHIUIOM JEHCTBUS U
KoHCcTpyKkuueil. Ho, HecMoTpst Ha Bce UX pa3HOOOpa3ue, OHM UMEIOT MHOTO OOIIEro, MOCKOIbKY
OCHOBY OTHUX YCTPOICTB COCTaBJIsSIeT OJHAa WJIM HECKOJIbKO AaKyCTOONTUYECKUX SYeeK.
AKycToonTH4ecKasl sYeiika — 3TO CBETO3BYKOIPOBOJ U3 MPO3PAuyHOr0 KPUCTAIIMYECKOIO WIIN
CTeKJI000pa3HOro MaTepuana (WM KIOBETa C IKUAKOCTBbIO), B KOTOPOM C TOMOIIbIO
nbe3onpeodpaszoBarenss Bo30Oyxkmaercs ympyras BojHa. [Ipoxomsmmii uepes sueiiky cBer
mudparupyer B akyctuueckoMm rmose. [Ipu stom B nudpardupoBaHHBIN MYyYOK MEPEHOCUTCS
uHpopManus, coAepXKamasics Kak B MaJalolleil CBETOBOW BOJIHE, TaK U B DJIEKTPUYECKOM
CUTHAJIE, 10JaBaeMOM Ha 1npeoOpa3oBaTelib.

[Mpunoun  paboThl  aKyCTOONTHYECKOTO  aHAIM3aTopa CHEKTpa  PaJMOCHTHAJIOB
MOSICHSIETCS ¢ MOMOIIbI0 puc.3. AHaJM3UpyeMble CUTHAJIbl YCHIIMBAIOTCS IIMPOKOIIOJIOCHBIM
YCUJIMTEJIEM W IOJAITCA Ha YJIbTPa3BYKOBOW IIPeoOpa3oBaTeib aKyCTOONTUYECKOW SUEHKH.
W3myyaemblii 1a3epoM CBETOBOM MyYOK pacHIMPSETCS ¢ HOMOIIbIO KOJTMMaTopa 10 Auamerpa D
U TaJaeT Ha AaKyCTOONTHYECKYI sueiiky mox yriom 6. Pacmpoctpanstommecs B
AKyCTOOIITHYECKOHN SIUCHKE yJIbTPa3BYKOBBIC BOJIHBI C YacTOTaMH B jauana3oHe Af BBI3bIBAIOT
NePUOANYECKHE U3MEHEHHS MOKa3aTeNsl MPEeNOMIICHUSI CPE/Ibl, B PE3yNbTaTe Yero MpoUCXOAUT
mudpaknus cBeta. Jlyunm nudpardpoBaHHOTO CBETa IIEPBOTO TIOpPAIKAa OTKIOHAIOTCS B
COOTBETCTBUH C (2.6) B Tuana3oHe yrioB

AG =2 (2.9)

JuapparmupoBanHble Jy4d cobOuparorcs JiMH30M Lj, a 3areM ¢ IOMOIIbIO
KOpOTKO(OKYCHOM JMH3bI Lo NpOM3BOAMTCS yBEIMYEHHUE HUX YIJIOBOIO OTKJIOHEHHUS U
OCYIIECTBIIICTCSA UX (POKYCHUPOBKA.

Jlazep Kommmarop AO (O] Ocl.

YM

|
' I'BY

Puc.3

Kak crmegyer u3 (2.8) u (2.9), yrom OTKIOHEHHS JAU(PArUPOBAHHBIX Jyden
IPOTOPIIMOHATIEH YacTOTE€ AaHAJIM3HPYEeMbIX CHrHajoB. ClieoBaTeNbHO, €CIH IMOMECTUTh B
(okanbHOW TUIOCKOCTH cUCTeMbl JuH3 Li-Lp (L) juHE#Ky (OTOMPUEMHHUKOB, 3JIEKTPUYCCKHUI
OTKJIMK Ha UX BbIX0JaxX OyAeT MpONOPLUOHAIEH aMIUTUTY/AE CHEKTPAIbHBIX COCTABISIOIIMX
aHAJTM3UPYEMOTO CHTHAJIA.



11

PaccMOoTpuM OCHOBHBIE XapaKTEPUCTHKH aKyCTOONTHYECKOTO aHAIM3aTopa CHEKTpa
PaIMOCUTHAJIOB.

2.1.1. Pa3pemaromiasi CHocOHOCTB IO YaCTOTE

Paspemraroriass  crocobHocTh  Of  aKycTOONTHYECKOTO — aHajau3aropa  CIEKTpa
XapaKTepU3yeT ero CIoCOOHOCTh pa3jMYuTh JIBa CHUTHajla C OJU3KUMH 4YacTOTaMH U
omnpenensercs: AMGPaKIHOHHON PaCXOAUMOCTBIO CBETOBOTO ITy4Ka, MIPOXOISAIIETO Yepe3 TUCHKY.
YrioBasi pacXouMOCTh CBETOBOTO ITyYKa KPYTJIOTO ceueHus nuamMerpoM D paBHa

o0 = 2,441. (2.10)
D
Comnoctasmsis (2.6) u (2.10, momydum)
\'
& =2,44—. (2.11)
D

OtHomenue D/v paBHO BpeMeHM t MPOXOXKICHUS aKyCTOOITHYECKOTO CHTHajla 4epe3
amnepTypy aKyCTOONTHYECKOW SYEHKH M XapaKTepHu3yeT ObICTpOAEHCTBHE OOpabOTKM CHTHaa
aKyCTOONTHYECKUM ycTpocTBOM. Clie10BaTEIbHO

& = 2,44%. (2.12)

N3 (2.12) BUIHO,UTO YAaCTOTHOE pPa3pEUIEHHE 3aBUCUT OT CKOPOCTH PACIPOCTPAHEHMS
aKycTu4eckoil BosiHbL.I103TOMY A5 1TOJTydeHHs BBICOKOTO pa3pelleHHs] IPUMEHSIIOT MaTepHaibl
C OTHOCHUTEIIbHO HU3KOH CKOPOCTBIO pacHpOCTpaHeHus 3Byka. Hampumep, mpu nCnoiab30BaHUU
kpuctayioB naparenyputa (TeO) ¢ Bo3OyxIeHHEM MEXKIJIEHHON cABUTOBOM BOiHBI (V = 660
M/C) TIOTYYeHO MaKCHMAJIbHO JOCTIDKMMOE B HACTOAIIEE BpeMs pa3peuieHrne, KOTOpoe
cocraBiisieT okoio 40 xI11.

2.1.2. JInana3oH aHaJIU3UPYEMbIX YaCTOT

Pabounii nuama3oH 4YacTOT aKyCTOONTHUYECKOW SYEMKH B OCHOBHOM IIPEACTaBIISETCS
MOJIOCOM YJIBTPa3BYKOBOI'O MpeoOpa3oBaress U MOJI0COM aKyCTOONTHYECKOTO B3aUMOJIEHCTBUS.
[Tonoca wacToT  ynbTpa3BYKOBOro  mpeoOpas3oBaresis  3aBUCHUT  OT  Kod(dduuueHta
DIIEKTPOMEXAHUYECKOW CBS3HM MPHUMEHSEMOTO MHE30IEKTPHUECKOT0 MaTephalia U OTHOIICHUS
aKyCTUYECKUX HMIIEJJaHCOB MpeoOpa3oBaTenss M aKycToonTHueckod cpenbl. KoHcTpykius u
METO/ KperuieHHsl MpeoOpa3oBaTessi K CBETO3BYKONPOBOAY HEMOCPEICTBEHHO BIIMSIOT Ha
3 PEeKTUBHOCTh BO30YXJAEHUS 3BYKOBOM BOJHBI M Ha mojiocy paboumx yactoT. B obmactu
pabounx yactor Hwke 1 [T Hanbonee MMPOKO NMPUMEHSIOTCS IUIACTUHBI MOHOKPHCTAJUIOB
LiNbO. Ocobyro BaxxHOCTh MMEET METO/ KpeIuleHus mpeodpaszoBatess. Ha yacTorax mopsiaka
coreH MI'11 ucnionb3yercs muddy3Has cBapka ¢ IOMOIIBIO0 HANBUICHHBIX clloeB mHAus. [locme
CBapKM IUIACTHHBI MbE303JEKTPUKA CO 3BYKONPOBOAOM €€ COUUIM(OBBIBAIOT /0 TOJIIMHBL,
COOTBETCTBYIOIIEH TOJOBHUHE JUIMHBI 3BYKOBOW BOJHBI B TIHE30JIEKTPHKE Ha IIEHTPAIHHOMN
4acTOTe aKyCTOONTHYECKOW sueiiku. ToNMHY MOXXHO paccuuTaTh C IMOMOIIBIO YaCTOTHOM
noctosiHHOM. {7151 HmoOara nutus noBepuyroro 163 Y-cpesa, nmpumeHsieMoro Aiisi BO30yXIeHus
CIBUTOBBIX BOJIH, YaCTOTHAs! MOCTOAHHAs paBHa 2280MI 11 MKkM.

Ha vacrote Boime 1 [T Tonmunaa npeoOpa3oBartesis CTaHOBUTCSI OYEHb MaJIoi (Topsiika
Jojeil MHKpoHa). B cuily TEXHONOrMYecKMX TPYAHOCTEH Ha 3TUX YacTOTax NPUMEHSIOT
HaIbUICHUE TOHKON TNICHKH MTbE303JIEKTPUIECKOTO MaTepHaa.

OOBIYHO CTpEMSTCA MOJIYYUTh MOJIOCY aKyCTOONTHYECKOH SYeHKH BEIUYMHOIN B OKTaBy,
T0 ecth f, = f,,. [looca aKyCTOONTHYECKOTO B3aUMOICHCTBHSI OTIPEICIISCTCS 0 YMEHBIIICHHIO HA
3 nb uHTEHCHBHOCTH AM(PArUPOBAHHOTO CBETA MPU U3MEHEHHH YaCTOThl aKYCTHUECKOW BOJHBI
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U (pUKCUpOBAaHHOM YyIJie MaJieHUs cBeTa. MOXXHO IMOKa3aTh, YTO MOJIOCA aKyCTOONTHYECKOTO
B3aUMOJICHCTBUS JACTCS BHIPAKEHUEM

nv?

Af =18
AL

, (2.13)

rae fo — meHTpanbpHas 4acToTa, JUIsl KOTOPOH BBIIOJIHEHO YciioBue bparra.

N3 Beipaxenuit (2.11) u (2.13) cimegyer, 4TO OJHOBPEMEHHOE IOJIYyYE€HHE BBICOKOTO
paspelieHuss M IIUMPOKOM MOJOChl aHanM3a 3aTpyaHuTenbHo. IlosTomy mnpu  co3maHuun
aHaJIM3aTOPOB CIEKTpa JOCTHIKUMO JHO0 BbIcOKOe pazpemienue (1o 40 kl'1), mubo Oosbpmas
nosioca aHanu3a (ot 500 qo 1000MI'11) mpu HeBbicokoM pazpemienun (100 kI'm).

B mepBoMm ciydae HCHOJB3YIOTCS MaTepHUaibl C OTHOCHUTEIBHO HHU3KOW CKOPOCTBIO
pacmpocTpaHeHus 3Byka. Hampumep, nmpu uCnoib30BaHUU sueiiku Ha 0asze kpucramia TeOy, B
KOTOPOM BO30YyXJaeTcs MeIJICHHasl CABUIOBas BOJHA, PacIpOCTPaHSIOMIAsAcS BAOJIb €ro OCU
[100] ¢ v = 616 M/c, BO3MOKHO OCYIIECTBICHHE aHaJM3a CHEeKTpa ¢ paszpemeHueM 37 kl'1 B
noJjioce aganm3al 60 MI'm.

[Tpu ucnonab30BaHUU TOTO K€ KpUCTalIa, B KOTOPOM BO30Y:k1aeTcsi ObIcTpasi CIBUIOBas
BOJIHA pacmpocTpaHstomascs Baoiab ero ocu [001] ¢ V = 1200 m/c, monoca aHanu3a CreKTpa
MoxeT coctaButh 2000MI'y mpu paspemenun 250 kI'n. OTcrona ciemyeTr 1eaecoo0pa3HOCTh
CO3JaHMS aHalU3aTopa CIEKTpa C JBYMsS TpPaKTaMu, [OMOJHSIOMIMMU JpYyr JApyra Io
pa3pelIeHUIO U TI0JI0CE aHAIN3A.

2.2. Onucanue 1a60paTOPHOTO MaKeTa

JlaGoparopubiii Maker (puc.3) NO3BOJIAET M3YUYUTh CXEMY W HIPUHLUI PabOThI
aKyCTOONTHYECKOTO aHaJM3aToOpa CIEKTpa pPaguocUrHanoB. OH CONEPKUT Tresni-HEOHOBBIN
nazep (A = 0,6328 mMKM); KoUIMMATOpP (PACHIMPHUTENb) JIA3€PHOTO Iy4Ka; aKyCTOONTHYECKYIO
SYelKy, YCHIIUTEIb MOUIHOCTH. Jlazep W ONTHYECKUE JIEMEHTHI 3aKPEIUICHBI B FOCTUPOBOYHBIX
MeXaHU3MaxX M pa3MeIleHbl Ha ONTHYECKOH CKaMbe. B KauecTBe MCTOYHMKA aHATIH3UPYEMOTO
CUTHAJIa MCIIOJB3YEeTCS  BBICOKOYACTOTHBIM  TE€HepaTop, MOAYIMPYEMBIH TIeHepaTopoM
UMITYJIbCOB.

2.3. TlopsiioK BBITOTHEHHUS PaOOTHI
2.3.1. Uccnemoanue pabovero auana3oHa 9acTOT aHAIHM3ATOPa CIIEKTpa

1. Bxumrounth OJIOK NHUTaHWS Ja3epa. Ycwimrtens MoirHoctH, BY reHepatop u
ocuuiorpag.

2. C nmomobto UH3EI L cokycrpoBars audparupoBaHHbIi JIyd Ha (HOTOANOE.

3. W3menss uacrory BY reneparopa, CHATh 3aBUCUMOCTh CUTHana ¢ (oOToauoJa OT
yactoThl. [loctpouts rpaduk. Hailtu nguama3oH yactor, B KOTOpOM CHTHal ¢ (oToauoja
u3MeHsiercs He Oonee, yueM Ha 3 1b.

2.3.2. HccnenoBanue pa3peniaronieii criocoOOHOCTH MO 4acTOTe

1. VYoparp nunzy L.

2. YcraHoBUTH POTOAMOA B (DOKATHHON MIIOCKOCTH JIMH3HI L.

3. U3mensiss wacrory BY reneparopa, COBMECTHTh JU(PPAarMpOBaHHBIA MYYOK C
dorognonom. IlnmaBHO u3MeHsst yacrory BY reneparopa, CHATH 3aBUCMMOCTb CHTHajga C
¢doronuona ot yacrorsl BY renepatopa. Iloctpouts rpagux.

2.3.3. HccnenoBaHue CrieKTPOB paAHOCUTHAIIOB
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1. YcranoButs Ha BY reneparope pexuM BHEITHEH UMIYJIbCHOW MOAYJALMU. BKIIOUUTH
Tre€HepaTop UMIIYJIbCOB U II0JIaTh CUTHAJ C €r0 BbIX0/a HaBxoJ Monyisauuu BY renepartopa.

2. Ilepememiass oTonnon, CHATH 3aBHCHUMOCTh CHTHaia ¢ (POTOAMOAA OT BEIMYUHBI
nepemenieHus. [loctpouts rpapuk.

2.4 KoHTpOJIBbHBIE BOIIPOCHI

1. Kakue cymecTByrOT pexXUMbI JU(PPAKLIUU CBETA HA yIbTPa3BYKe?

2. Yem paznuuaeTrcs AUQPpaKIMs CBETa Ha aKyCTHUECKHUX BOJIHAX U Ha AU(PPAKIIMOHHOM
pemierke?

3. Kakue maTepuanbl UCIIONIB3YIOTCA B KAYECTBE CBETO3BYKOIIPOBOA M YIBTPAa3BYKOBOIO
npeoOpa3oBaressi akyCTOONTUUECKOU STUEHKH?

4. KakoBbl OCHOBHBIE XapaKTEPUCTUKU AaKyCTOONTHYECKOTO aHAIMU3aTopa CHEKTpa
pPaaoCUTHATIOB?
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