NANO >XIV

HAHOTEXHONOrMA - I'IF'OPHE B BYAYUIEE!

®du3snKa gna WKonbHUKOB 7 — 11 Knacca (3aknounTenbHbIl 3Tan)
MpocTbie 3aaaun

3apaua 1. Mpob6er anekTpoHos (10 6annos.)

DNIeKTPOHHAA  MUKPOCKONMA  ABAAETCA  PacnpoOCTPaHEHHbIM  MeToAOM  UCCnefoBaHUA
HaHOOObeKTOB. [ns TOro, 4tobbl MNOAYYUMTb W306paXKeHWe B INEKTPOHHOM MWKPOCKOME,
nccnepyemblit 06BbEKT MOMELLAOT B BaKYyMHYKO Kamepy C OCTAaTOYHbIM AaBJeHMEM BO34yxa
P1 = 107® mm pt. cT. Mpn 3ToMm anmHa ceobogHoro npobera anekTpoHa cocTasnseT A1 = 1 m, a
TemnepaTtypa B Kamepe t = 27°C.

1. Hangute uncno monekyn B kamepe ob6vbemom V = 10 n npu gasneHumn P1. (5 6annos)

2. Kakosa byaet anvHa ceobogHoro npobera snekTpoHa A2 Npy aTMOCchepHOM AaBNEHUM U TOW
e Temnepatype? (5 6annos.)

3apaua 2. MoHHaa umnaaHTauma (10 6annos)

NoHHas nmnnaHTauma —3pdeKTUBHbIN MeTog GOPMUPOBAHUA HAHOCTPYKTYP. B pe3ynbtaTte MOHHOM
MMNAAHTaLMKU MOHbI Ag" NPOHMKAIOT B rNyOUHY NAacTUHbI Kpuctanamdeckoro Ge. MakcumasibHas
rnybuHa NPOHUKHOBEHMUA WOHOB npu yCKopALWem HanpAXeHUn Ux pasHa
d1 =50 HMm. YcKopstowee HanpaxkeHue ysennumam s 4 pasa. Hangure rnybmHy npoHMKHOBEHMA NpU
ycKkopsatowem HanpsaxeHuu U,, nonaran, 4to cpegHAa TOpMo3aLLasa cmaa F:

1. He 3aBUCUT OT CKOPOCTM NOANETAIOWMX MOHOB U MOCTOAHHA BO BCEW TOJILLE NAACTUHBI;
(5 6annos)

2. NponopuMoHanbHa CKOPOCTU NOAJIETAIOLMX MOHOB U NOCTOAHHA BO BCEM TOJILLE NAACTUHDI.
(5 6annos)

3apaua 3. OnacHble HaHo4acTuubl (10 6annos)

HaHouacTuubl ABNAKOTCA 3a4acTyo NO6OYHbIM MPOAYKTOM U BUAOM OTXOA0B Ha MPOMbILLIEHHbIX
npeanpuATMAX, NPU 3TOM OHM MOTYT MPeACTaBAATb OMAaCHOCTb ANA 340POBbA NPM MonagaHuu
BHYTPb Y€/I0BEYECKOrOo OpraHusma (Hanpumep, HaHOYACTULbl TAXEeNbIX MeTannos). [Ona
OrpaHUYEHUs PaCNpPOCTPaHEHMA HaHOYacTML, Ha nNpeanpuATMAX MOTyT MCNO/b30BaTbhCA
cneumanbHble MembpaHHble GUNBLTPBI.

1. OueHuTe, C KAKON MAKCMMaIbHOM CKOPOCTbHO Vimax MOTYT ABUraTbCA HAHOYACTULbI KObBabTa
(nnoTtHoctb p = 8,9 r/cm3) amametrpom d = 50 HM, YTOBbI OHM MOMM BbITb YAep*aHbl
MmembpaHoi (6e3 ee pa3pbiBa) C Npeneiom NPOYHOCTM Og = 4 MIMa? CunTaliTe, YTO ABUNKEHME
HaHOYaCTUL, NPOMCXOAMT MO HOPMA/IM K MOBEPXHOCTU MeMbpaHbl, a BpeMaA B3auMOoAenCcTBus
¢ membpaHolii coctaBnseT At = 1 He. (10 6annos)
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3apaua 4. Hepaspywatowuit metog (10 6annos)

OAHOM M3 YyHMKaNbHbIX O0CcOBeHHOCTEe HAHOOOBLEKTOB ABASAETCA yBeAndeHue paboTbl BbiIxoda
3N1EKTPOHOB MNPW YMEHbLIEHUN PA3MEPOB M3y4aeMblX 4acTuu. bnarogapa 3Tomy BO3MOXKHA
peanusaumsa metoda aHa/n3a HaHOYacTWL, KOTOPbI MNO3BONSAET COXPaHWUTb MX NepPBOHaYasibHble
dopMmy M pasmep U 3aKAOYaeTCA B BO3AEWACTBMM MOHOXPOMATMYECKOrO W3/yYeHUAa Ha
nccnepyemblii matepuan.

[na sKkcnepumeHTa B3SAM ABa ob6pasua: HaHoyacTMubl cepebpa ¢ anametpom 50 HM
(obpasey A, pabota Bbixoaa 4,7 3B) u HaHo4YacTMUbI cepebpa c guameTpom 5 Hm (obpasey, B, paboTa
BbIxoaa 4,8 3B).

1. PaccumTaiTe BENNYMHY 3anMpatowero HanpsaxeHua ana obpasuos A 1 B, ecnm Ha KaxKapin
N3 HUX NOAENCTBOBAIN U3Nly4EHMEM C A/INHOM BOIHbI 250,0 HM. (6 6annos)

2. Ha ckonbKo HAHOMETPOB OT/INYAETCA KpacHas rpaHmua ¢potoaddekra ana obpasuos A n B?
OTBseT noaTBepauTe pacyétom. (4 6anna)

3apgaua 5. MexaHuuecKkana aktuBauua HaHovactuy (10 6annos)

Kak n3BecTHO, XMmMuyeckue peakunn mexgy tBepabiMmn BeweCTBaMn NMPOUCXOAAT TOJIbKO MpH
A40BOJZIbHO BbICOKOW TeEMNEpPAType, Aa*Xe eCan pasmepbl peareHToB COCTaBAAKT AECATKU
HaHOMETPOB. OpgHako TEMNEPATYPY TaKOro npouecca MOXHO CyweCTBEHHO CHU3UTb 6naro,c|,apﬂ
MHTEHCNBHOMY MEXaHUNYECKOMY BO3,CI|eViCTBVIPO Ha UCXogHble HaHO4YaCTULbI. Hanpwv\ep, MeToa0oM
MeXaHMYeCKoM dKTUBaUnmn yAaéTCﬂ CHMHTE3NpPOBATb Kap6l/1,£l| HUKeNA N3 NpoCTbiX BELWECTB.

1. MycTb B pe3ynbTaTe Heynpyroro CTO/IKHOBEHMA ABYX OAMHAKOBbLIX HaHOYaCTWUL, HUKens,
NeTeBLINX HAaBCTPeYy APpYr APpYry C PaBHOM NO MOAYH0 CKOPOCTbIO 10 m/c, CKOPOCTb KaXKA,oM
N3 HUX CHUXKaeTca Ha 30%. OnpeaennMTe MMHMUMAIbHOE KOJIMYECTBO TaKUX CTONIKHOBEHW,
HeobxogMmoe Ans YBEAMYEHMA TemnepaTypbl HaHodacTmy, Ha 100 K. Mpouecc cuuTaiTe
agmabatmyeckmm. ATomHaa macca HuKena 0,0587 Kr/monb, TENNOEMKOCTb HUKena 26,1
Ox/(monb-K). (8 6annos)

2. Kakve npoueccbl, Kpome M3MEHEeHMA TemnepaTypbl, MOryT MPOUCXOAUTL MpU
MeXaHMYeCKOM BO34eNCTBMM Ha HaHoYacTuubl? (2 6anna)
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CNUCOK KOHCTAHT

MoctoaHHana MnaHKka h = 6,626-1073* Oxk-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 nageHus g = 9,81 m/c?
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