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®du3snKa gna WKonbHUKOB 7 — 11 Knacca (3aknounTenbHbIl 3Tan)
CnoHble 3agaumn

3apava 6. F'padeHoBbIN aetekTop (20 6annos)

TpaauumoHHble doToaeTekTopbl GOPMUPYIOT TONBKO MIOCKOE M306pakeHue, MOCKONbKY Becb
NagaoLWmii CBET LeIMKOM noraowaeTtca. YueHble n3 MUWYMTaHCKOrO yHUBEPCUTETA NpessoxKuan
MCcnonb3oBaTb Npo3payHble oToaeTekTopbl M3 rpadeHa pns opmupoBaHMA O0B6BEMHOrO
n306paxkeHna, 0 Yem OHWU coobwmnm B }KypHane Nature Photonics.

Ha puc. 1 npuBegeHa nNpuUHUMNMANBbHAA ONTUYECKAa CXema 3KcnepumeHTa. [na
WANKOCTPALMM NPUHLMMIA paboTbl B 3KCNEPUMEHTE CTPOMIOCL W306paxKeHWe MasleHbKOro
OTBEPCTUA C NOMOLLLbIO COBMpatoLel IMH3bI, @ HECKObKO rpadeHOBbIX AEeTEKTOPOB PACMNo/aranochb
B6/1M3M NOCTPOEHHOIo U306paKkeHuUs.

ManeHbKoe Kpyrnoe oTeepcTHe Mukpockon
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patheHoBbIE AETEKTOPI

PucyHok 1: MNpuHyunuansHaa cxema sKkcrnepumeHma

1. Halgute, Ha KakOM pPacCTOSHMM OT /IMH3blI NoJydYaeTca M306paxkeHne MasieHbKoro
oTBepcTUs, ecnn GpokycHoe pacctosHue F = 100 MM, a paccToAHWE OT OTBEPCTUSA A0 ANH3bI d
= 300 mm. /IMH3Y cuMTaTb TOHKOM. (3 6anna)

2. BbinonHuTe HeobxoAumble NOCTPOEHUA HaA puUC. 2 ANnA rpaduyeckoro onpeaeneHua
MECTOMOJIOXKEHNA UN306paXKEHUSA TOYEYHOrO WCTOYHMKA CBETa, PACMOJIOMKEHHONO Ha
onTtnyeckomn ocu. (7 6annos)
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PucyHok 2: K sonpocy Ne2

3. Hanmgute oOTHOWeEHME WHTEHCUMBHOCTM CcBeTa, Magatwowero Ha 10-n  pgeTtekTop, K
MHTEHCMBHOCTM CBeTa, najatouwero Ha 1-i aetekTop, lio/l1. U3BecTHO, uTo 1-ii geTekTop
pacrnonoXeH Ha pacctoAaHun L1 = 140 mm oT AnH3bI, @ 10-i — Ha paccToaHum Lig = 170 mm.
Kaxkapin petektop nponyckaet 96% Bcein sHeprum nagatowero cseta. OTpaxeHuem ot
AETEKTOPOB MOXKHO NpeHebpeyb. (10 6annos)



NANO >XIV

HAHOTEXHONOMAK - NPOPLIB B BYAOYLLEE!

3apgaua 7. MNepeHoc aByx HaHouacTuy, (20 6annos)

Kak obcyKaanocb B 04HOWM M3 3344 3a04HOM0 Typa, MaHMNyAALMA OTAENbHbIMU HaHOYACTULAMM
ABNAETCA BECbMa HENpOCToM 3aaaden. Tak, Hanpumep, 418 ee pelleHna MoXKeT bbITb MCNOIb30BaHa
METOAMKA NA3epHOro nepeHoca, KOTopad NO3BOAAET MEPEHOCUTb OTAENbHbIE HaHOYACTULbI U3
MacCcuBa B 3aZ,aHHOE MECTO C BbICOKOM TOYHOCTbIO.

CyTb MeToAa cOCTOMT B ciegytowem. Ha npo3payHyto Noan0XKKY HAHOCUTCA TOHKAA NAEHKa
M3 MeTanna, Ha KOTOpyl NpeaBapuUTE/IbHO OCAXKAAETCA NOArOTOBAEHHbIN ANA NepeHoca MaccuB
HaHo4yacTul. [lanee MeTanNMYecKaa TMNEHKa OCBELLAeTCcA 4Yepe3 MNPO3padyHylo  MOALJ0MKKY
beMTOCEKYHAHbBIM 1a3ePHbIM MMMNYAbCOM, HarpeBaeTcA M B34YyBaeTCA B pe3y/ibTaTe TEPMUYECKOrO
paclwmpeHns (cm. pPUCYHOK). [onyuymB [AOCTATOUHYHO 3SHEPruto, OTAE/IbHble HaHOYaCTULbI
«CTPAXMBAKOTCA» C NNEHKM U NEPEHOCATCA Ha NPUEMHbIN 3KPaH.

B aKkcnepuMmeHTe No nepeHocy MCMo/b30Ba/IMCb ABE HAHOYACTULbI M3 30/10Ta (MAOTHOCTb
ps = 19,32 r/cm3) n cepebpa (nnotHocTb pe = 10,49 r/cm3) oamnHakosoro amametpa 40 Hm. NepeHoc
OCYLLECTB/IACA HA NPUEMHbIN 3KPaH, PACMO/IOXKEHHbIM Ha paccToAHUKU L =5 mm. M3BeCTHO, YTO cMna
NPUTAMKEHUA, YAEPKMBAIOLWAA HAHOYACTULbI Ha NAEHKe, OAMHAKOBA U PaBHa Frpumw = 3 NH, n 4to
NPV B34YTUM NNEHKA ABUXETCA C YCKOPEHMEM, U3MEHAIOLWMMCA MO 3aKOHy a = A-sin(wt), rae A = 107
m/c?, w = 2.5-10% ¢}, a obLee Bpema B34yTMA NAEHKM cocTaBmno 170 MKc.
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1. C KaKoi pasHuUEeN MO BpPeMEeHM HaHoyacTMubl Au M Ag AOCTUIHYT MNPUEMHOro 3KpaHa
(HAQYUMHAA c MOMeHTa [OEeNCcTBMA /N1IAa3epHOro WMMMYAbCa), €CAM U3HaAYya/lbHO OHW obe
Haxo4WANCb B OL4HOM FOPU3OHTAIbHOM MAIOCKOCTM M B LEHTPe AENCTBMA Na3epHOro ay4ya’?
(20 6annos)
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3apaua 8. UccnepoBaHue nenectkoB pomalukm (20 6annos)
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Puc. 1. MukpodoTorpadua fenectka pomallKku, Puc. 2. 3aBUCMMOCTb AaBneHus B pabouen
NONy4eHHasA C NOMOLLbI PACTPOBOrO Kamepe OT BpeMeHW. [yHKTUPHaA TNHKA
3/IEKTPOHHOIrO MMUKpOcKona (ysennyeHue 5000 COOTBETCTBYET BaKyyMUPOBAHMIO MYCTOM
pas, yckopsatoulee HanpsaxkeHne 3 KB). KaMepbl, a CM/IOLWHAnN — 3TOM Ke Kamepbl,
Ha n3obpakeHnn — pactutenbHble KNeTKN coaepKallen N1enecTok pomaLlKku

PacTpoBas 3N1eKTPOHHAA MUKPOCKONMA MO3BOMAET BWM3Ya/IM3MPOBATb MesibYaune aetanu
0OBEKTOB, KOTOPble HEBO3MOMKHO PACCMOTPETb B OMNTUYECKMIA MUKPOCKOM. MOCKOAbKY B 3TOM
MmeToge M30bpaxkeHne popmupyeTca B pesynbTaTe B3aMMOLENCTBUA YCKOPEHHbIX 3/1IEKTPOHOB C
BELECTBOM, WCCNefoBaHWe HeobxoguMmo npoBoauTb B FNy6OKOM  Bakyyme, 4Tobbl
MWHUMU3NPOBATL pacceaHWe 3/IeKTPOHHOro ny4vyka. O4yeBUMAHO, 3TO HaKnagblBaeT HeKoTopble
OrpaHNYeHMA Ha NPUMEHEHNE SNEKTPOHHOM MUKpOCKonun. Hanpumep, AaBneHne B NycTon Kamepe
yaaérca cHmsntb ¢ 10° Ma go 0 Ma 3a 10,5 muHyT. OAHaKO Npu UCCNea0BaHUM NenecTka POMaLLKu
(puc. 1) nonHaa oTKayKka rasoB npogosirkaetca 60 muHyT. Mpu aTom, B nepsble 10 MUHYT (g0
Aasnenua 0,6 MNa) 06e 3aBUCMMOCTM AaBAEHUA OT BpEMEHM COBMNAAAt0T (pUC. 2; 306 parkeHa TONIbKO
YyacTb rpadMKoB, COOTBETCTBYIOLLAA HU3KUM AaBNEHUAM).

1. OnpepenuTe KMHETUYECKYID 3HEPruto 3/1IeKTPOHOB, YCKOPEHHbIX HanpsxeHuem 3 KB.
OueHuUTe TemnepaTypy 3/IeKTPOHHOTO rasa, obnagatoLero Tako aHepruei. (6 6annos)

2. Ha nonyyeHHbiX M306pa’keHUAX  pacTUTE/IbHbIE  KNETKM  BbIMAAAT  CAULIKOM
MOPLWMHUCTBIMU. Kakne akTopbl, 06YCNOBAEHHbIE WCMNONb30BAaHMEM 3/1EKTPOHHOWM
MUKPOCKONUM, NPUBOAAT K Takomy 3ddeKTy? (4 6anna)

3. YTto ABNAETCA NPUYMHON PACXOMKAEHUA BPEMEHHbIX 3aBUCMMOCTEN AaBNeHUs ANA MyCcToM
Kamepbl M KaMepbl, CoAep Kalllel 1enecTok pomawku? (3 6anna)

4, OueHuTe, HACKONIbKO M3MEHWIaCb Macca Jenectka B pes3yabTaTe WCCNeAoBaHUA B
3/IEKTPOHHOM MMUKpOCKonNe, ecin 0b6bém Kamepbl coctaBnsdeT 10 n, a TemnepaTypa paBHa
25 °C. Ona npocToTbl MOXKHO cumTaTb, uto ¢ 0,6 MNa ao O MNa gaBAeHME CHUMKANOCh IMHEMNHO.
(7 6annos)
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CNUCOK KOHCTAHT

MoctoaHHana MnaHKka h = 6,626-1073* Ixk-c

CKopocTb cBeTa B Bakyyme ¢ = 2,998-10% m/c
dnemeHTapHbIl 3apag e = 1,602:107° Kn

Macca aneKkTpoHa me = 9,109-:1073% kr

Macca npotoHa mp = 1,673-10727 kr

MoctoaHHaa bonbumana k = 1,381-10723 /K
YHuBepcanbHas razosas noctoaHHas R = 8,314 [x/(monb-K)
MoctoaHHaa Asoraapo Na = 6,022:1022 monb™!

YcKkopeHue cBoboaHoro nageHusa g = 9,81 m/c?



