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JIEKITUS 2

KBanToBasi pmnsmuka

Jlnst poToHa cripaBe I TUBbI CJIeyIonme (pOPMYJIbL:
E=hw, p=hk.

Ho wmmbr 3Ha€eM, 9TO B 3aBUCHUMOCTH OT TOI'O, KaKOit 9KCIIEpUMEHT MbI IIPOBOJANM, CBET
BeaeT cebst M Kak JaCTUlla, WX KaK BOJIHBI, IIO9TOMY JIJIA CBETOBOM BOJIHBI MOXKHO
nepenucaTb B CJAEAYIONIEM BUJIE:

E = h/ci7 w _ Oez(kz—wt) — Oe%(pI—Et) )
5= hi

[IpunrunuranbHOoe pazjndre KJIACCHYECKON M KBaHTOBOW MEXaHUKH COCTOUT B TOM,
aT0 3Heprus YM BOJIHBI eCTh Ha caMOM Jie/1e BePOSITHOCTh OOHAPYKUTH (POTOH B JTAHHOM
TOYKE ITPOCTPAHCTBA.

[Tpunn JIyu ne-Bpoiiins (Prince Louis de Broglie) mosy4min oyens xopoiiee o6pa3oBa-
HIEe, HO BO BpeMsI IIEPBOil MUPOBOI BOWHBI yIIe I CIy:KUThb. OTBOEBAB IECTD JIET, BEPHYJICS
U Totes1 paboTaTh K CBOEMY OpaTy, KOTOPbIN 3aHUMAJICA PEHTT€HOBCKUMHU UCCJIE/I0BAHNU-
avu. B 1923 roay ne-Bpoiiis 3amumTni guccepTalifio, KOTOPYO 0 JTOCTOMHCTBY OIEHUIT
JIATIb OWH DIHINTEHH, & PEIeH3eHThl ee MPOCTO He TOHSIIN, XOTs U OBLITN BbIIAIOIIIMICS
YYIEHBIMH.

Je-Bpoiinb ckazaJji, 9To ec/ii BOJIHA SIBJISETCS YaCTUIAMU, TO U YACTUIA TOJIZKHA OBIThH
BoJTHO#. Ec/im ecTh yacTuiia KOHEUHON Macchl, 00J1a 1ato1as SHeprueit

E=— p=V2mE,
TO MOZKHO IIOZICTaBUTDH 3TN 3HAYCHUA B CbOpMy.Hy
b = CenPe=El

DTO 3HAYUT, UTO JIIOOAA JACTHUIA JOJIZKHA MTPOSABJIATH BOJTHOBBIE CBOIICTBA.

B Benckom ynuBepcurere Jiaxke MPOBEJIH OIBITHI MO JUMPAKIIUN TIKETON UACTHUIIBI
Co® u nosyunnu audpakuuonnyio Kapruny. To ecTh oHa JeficTBUTEILHO 00J1a1aeT BOJI-
HOBBIMHI CBOMCTBaMH. A €CJIn eCThb 9acTOTa, TO €CTb U JAJIMHa BOJIHBI

N
p 2mE
IsBuccon n JI:xepmep uccsie1oBa M MHTEHCUBHOCTH PACCEAHUs SJIEKTPOHOB OT yTJia
IIpH [IPOXOXKIEHUN depe3 IIEHKH pa3HbIX 00pasioB. Bceerma mosydanach ogHa U Ta Ke
KapTHHA. HO 3aTeM JJId IIJICHKHW HHKeJId, IIOJIYIUJICA MaKCHUMYM. OKa3aﬂ0Cb, 9TO 9TOT
YTOJI COOTBETCTBYET OPITTOBCKOMY PACCESIHUIO 3JIEKTPOHOB HA KPUCTAJLIE.
Ho 310 Bce pocTo apudmeTnka; MoJie/ib, KOTOPas COOTBETCTBYET MOBEJIEHUIO YACTHIL.
A camu BostHBI Jie-Bpoitisg oOHApYKM/IM OTHOCUTEIHHO HegaBHO, B 1993 romy.
Ha noepxHocTH MOHOKpHCTa/I1a Meau fAeaan jnBa jgedexra. CBoOOIHBIE 9JIEKTPOHbI
OTHOCHUTEJILHO PABHOMEPHO PACIIPE/Ie/ICHBI 110 TToBepXHocTu. V3ydasin odpaserr ¢ TOMOIIbIO
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Puc. 2.1.

Puc. 2.3.

TYHHEJIbHOI'O MUKPOCKOIIA. OKSB&JIOCI), 9TO 3JIEKTPOHDbI BOJIN3HU 3THUX ,He(beKTOB paciipe-
JeJIeHbl KaK BOJIHBI.

KpI/ITepI/IeM JJId U3YyHYEeHUA KBaHTOBBIX CBOMCTB 00LEKTA SIBJISETCS CpaBHCHHEC JIJIMHBI
BOJIHBI 9aCTUIIbI 1 XapaKTEPHbLIX pa3MepOB CUCTEMBI.

BosbpMmem aToMm BOJOpPOAa 1 IIOCMOTPUM, HYZ2KHO JIX YIUTHIBATh KBaHTOBbIC CBOICTBAa
JJIA BBaHMO,HeﬁCTBHH QJIEKTPOH-IIPOTOH.

Ry ~ 10 3¢, Eyap =~ 105B, 15B = 1,6 % 10 "?spr,
h 6% 10727 .6 10~%7
V2mE  \/2%10727x 1,6+ 1011 1,7 107"

JlyimHa BOJIHBI Jie-Bpoiijisi B 9TOM cilydae COBIaJIaeT 10 MOPSJIKY C Pa3MEpOM aToMa,
a 3HAYUT KBAHTOBBIE CBOMCTBAa y4auThbIBaThb HeO6XO,ZLI/IMO.

Teneps paccmorpum Kuakuit reqmit. OH TEPEXONT B KUJIKOE COCTOSHIE TIPU TeMITe-
parype T'=42K.

AuB =

~ 10~ %cm.

r

p=0,15—"3, FE = kgT ~ 4% 10 *B,

’ CcM

n=—, R=n"1%~2%10%m, M >~ 5% 1075,
m

Hecmorps na 10, 9T0 06HEKT MAKPOCKOIIMYECKHiT, OH ABJIAETCA KBAHTOBBIM.
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Yactuna u BojsiHA Oe-Bpoiina — 3To ogHo u To ke!

Bouna je-Bpoitis: 1) = Cen®*=FY — cpofoanoii yacTuie CTaBUM B COOTBETCTBHE
BOJIHY (BOJTHOBYIO (DYHKITHIO).

A DiiHmTeiliH cKazaJ, 94TO KBaJIpaT aMILIUTYIbI BOJIHLI — 3TO BEPOSITHOCTHL OOHApPY-
KUATH (DOTOH B JIAHHOM MeECTe.

2.1. BeposiTHOCTHasi MHTEPIIPETAIs BOJIHOBOI (DYyHKIINN

910 nousaTue BBea Make Bopu. Yro sro 3mauuT?
Ecrb BosiHOBast byHKIMs U conpsizkenHas eit: ¥, ¢¥*(r,t). Ksagpar momyis — 1o u
€CTh aMILTUTY/Ia BOJIHDIL:

[9]* = ¢*y
[11oTHOCTH BEPOSITHOCTH OOHAPYZKEHUS TaCTHIIbI, ONMMChIBAEMO (DyHKIHEH 1) B 3a/1aH-
HO¥ TOYKe IIPOCTPAHCTBA B 3aIaHHBI MOMEHT BPEMEHU:

aw (o = Pav, W= [epav
\%

WHuTepecHO y3HATH MaTeMaTHYECKHe CBOMCTBA BOJHOBOW (DYHKIINN.
[TockonbKy WacTHIla I71e-To eCTh, TO HHTETPaJ 110 BCEMY IPOCTPAHCTBY JOJI?KEeH OBITH
pPaBeH eJIMHUIE. DTO HA3BIBAIOT HOPMHUPOBKOI BOJTHOBOI (OYHKITUH:

1.
/|¢|2dv =1.

Ho 570 3Ha9uT, uTo DyHKIWMS JOKHA YOBIBATH ObICTPEe, YeM 1 /7, 4ToObl MHTErpall
CXOJTUJICH.

Ecan Yy 9aCTHUIlbl €CTb JBa COCTOAHNA, TO BBIIIOJIHACTCA HTPUHITUIT CYIIEPIIOSUITUN:
2.

Y = Cpy + Cahs.

EC.HI/I MbI XOTHUM Y3HaTb, KaKUM HUMITYJIbCOM 06J1a,uaeT JacCTUulla, TO MbI TO2KE MOXKEM
9TO CJIeJIaTh C MOMOIIBIO BOJIHOBOI (DYHKITUT

1 T 1kx
"= 7 / f(k)eedk.

ObpatHoe mpeobpazopanue Pypobe:

(k) = %27 / f(z)e*dz.

Ota QYHKIMS U OIPEIe/ITeT BEPOITHOCTh TOI0, KAKON UMITYJIbC Y CUCTEMBI.

[TockoJIbKY MBI ITepenuii K BEPOATHOCTHOMY OIUCAHWIO, TO HYKHO BBOJIUTH BEPOSIT-
HOCTHBIE TIPABUJIa K OMUCAHUIO CUCTEMBI.

CpeiHee 3HaUeHIE KOOPIUHATHI (KBAHTOBOE CpEJIHEE KOOD/IMHATHI)

<r> = /az * [Y|?dr = /w*xwdx.
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B kBaHTOBOI1 (pU3MKE OT BEJIUUNH TEPEXOJAAT K OIIEPATOPaM, JJisi KOTOPBIX BBITIOJIHIETCS:

<f>= /w*fwdx.
s KoopAuHATHEL — OIIepPaToOp COBIAJIAET C CAMOl BeJIMYIMHOM

v, fl@) = f2) = flo).

IL.HH OIIMCaHMd ITOBEJCHNA IaCTHUIIbI, HYy2KHO 3HaTb KOOPAMHATY W UMITYJIbC IaCTHUIIBI.
st cBOOOIHON YACTUITHI

z

<p> =, ) = AenPr=El),

Torna u3 onpejieenusi:
p=<p>= /Ae W Pr=EO 5 At n@e=ED gy

Jlnst Toro 9ToObl y HAC BO3HUK HMITYJILC, HYXKHO TpoauddepeHImpoBaTh, TO €CTh
TTOJTY YA TCSA

p= —mdi, p = —ihV.
X

TeHepI) MOZKHO BBIYUCJIUTDL OIl€epaTOpPbI KHHETHYIECKON 1 HOTGHHH&JII)HOﬂ QHEPIHUNU:

Ho Bce 3111 BbIpazkeHus: 6eCCMbIC/IEHHBI, €CJIH HET 3aKOHOB nX n3MmeHenus . [Ipeunrep
IpUyMaJsl ypaBHEHUE JIJIsi OTIMCAHUS IBOJIIOIIME BOJTHOBOM (hyHKITHH.
3anuiieM SHEPruio:

E=hw
J1j1st TUIOCKO# BOJIHBI 3AIIMITIEM BOJIHOBYIO (DYHKIHIO
= Axexpli(kr — wt)]
Tenepb paccMOTPUM TPOU3BOJIHYIO

o o 1

= hw=ih——=FE h— = T
ot wy, ot " ’ ot ¥
ITocne B3amMomeiicTBus
p?
E=T+U-=H, T=-—, U="U(x).
2m
YpasHenune Illpenunrepa:
e
=H
82& v
Ho »T0 ypaBHEHHE 0UYeHDb CJIOXKHOE.
p2 h2 /{32
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Ecan ects cBOOOIHAS TacTHIA, TO

d*y)
B
de mw

— cranuoHapHoe ypaBHeHue IllpeauHrepa, KOTOpoe OMUCHLIBAET CHUCTEMY, HE U3Me-
HSAIONIYIOCS BO BPDEMEHH.

o h?
o 2m

Ectb ermie ofma Berb, oT/inyaroiias MUKpoMup oT Makpomupa. Ee ykazan [eitzentepr.
B makpomupe HET TPOOIEMBI OIIPE e/ IeHUsT KOODIUHATHI.

Mpeiciennniit sxciepumenT [eitzerbepra. OOIyIuM SJIEKTPOH CBETOM U IIOCMOTPHUM B
muKpockorie. Ho m3obpakenue OyjieT pa3Mas3aHHBIM 3a CYET JTUQPPAKIAHA, T. €. MbI He
MOKEM TOYHO ONPEJIETUTH KOOD/IMHATY.

A A

RS ===\~ Azxsina, Axr ~ ——.
5 sin v

V2 + Ut = Hip.

C Takoif TOYHOCTBIO MBI MOYKEM OIPEJICTUTH KOOP/IUHATY.
Ho npu obstyvuenun 31€eKTpoHa Mbl TIOMEHSIIU €0 UMITYJIbC:

h

Ap, ~ ppsina = Xsina

CoorHonrenue HeonpeaesieHHocTeil [eiizenbepra:

Puc. 2.4.

TO €CTb IIpU U3MEPEHUN MbI USMEHAEM CaMy CHUCTEMY.

Boumm TOBKO MBICTIEHHBIE SKCIIEPUMEHTBI, HO HEJABHO IPOBEJIN PeasibHbIe IKCIIEPHU-
MEHT I10 HAXOKJIEHUIO COOTHOIIEHUST HEOIIPE IeIEHHOCTEI .

Cy1recTByeT JIOBYIIIKa JIJIsd MIEJIOYHBIX METaJJI0B — CIelua/bHas KOH(MUTYPAIUs 110-
JIsg, 9TO OHM yJep:KUBaioTcsd BMecTe. Kem nmonm:Kkarh temiieparypy, To obpasyercs bosze-
kouyiencat Ap = 0. B 910i1 jloByIIIKe CHSIIH T10/1€ U aTOMBI HAYaJU pa3jerarbes. V3mepsist
pasmMep, Ha KOTOPBIN Pas3/eTe/nCh aTOMbBI, MOXKHO OIPEIEIUTh, KAKIM HMILYJIbCOM OHU
obnamamu. B Boze-konnencare Ap = 0 TOJBKO 111 6ECKOHETHONH CHCTEMBI.

W3mepennst IPOU3BOIMIIN IIPU PA3HbIX pa3Mepax Hada bHON CHCTEMBI.

OxkazaJgioch, ato ApAl ~ h. 3aBucumocts Ap or Al npusejena Ha rpaduke.

Hunbe Bop BBes1 IPUHITUIT JIOTIOJHATEIBHOCTH — HUK020G HEAD3A 3HAMG TOYHO CO-
NPAHCEHHDIE NEPEMEHHDIC.
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Puc. 2.5.

Puc. 2.6.

[IpoBesn 9KCIEPUMEHT 10 PACCESTHUIO ATOMOB HATpus Ha JuPAKIINOHHON peIeTKe.
OHu onpeieisyin MOJI0KEeHNEe ATOMOB B IJIOCKOCTHU U IIPHU 9TOM B JPYTO# IIJIOCKOCTH OBLIA
nHTepdepeHImontas Kaptuia. Ho Korjga onn mepeBuHyIuCh U CTAIH U3MEPTH ITOJI0ZKe-
HHUE B JIPYT'Oi IJIOCKOCTH, KAPTUHA IIPOTAJIA.

Puc. 2.7.
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