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KeaHToBaa (BonHoeas) mexaHuka LpeauHrepa

PeweHus ypasHeHusa LUpeauHrepa.
1D KeaHTtoBbI rapmoHuveckuu ocuunnatop (KIro)

[apMOHNYECKUA OCLMIIIATOP B KIACCMYECKOW MEXaHMKe: 4YacTuua Maccou M,
kBasuynpyras cuna F =—KX > noTeHumanbHas sHeprs U (x)=Kkx /2
ypaBHeHue aswxeHns MX=-KX > rapMmoHuyeckne konebaHus C 4acTOTOM

w=+/K/m | [oTeHUManbHy0 3HEpPruo yao6HO NepenncaTb B BUAE

U(x)=mx

B KBaHTOBOW MexaHuKe:

ypaBHeHne HbloTOHa - ypaBHeHue LpeanHrepa H W = E "V rpe

2
H=-""v2,u(r)
2m '




2 2mp_ o dw 2m _ma)zxz._
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BeeneM 6e3pasMepHyIo NEPEMEHHYIO 6 = >

2 dzl// |:2E 2:|
d? v _ d2 v (dE)” dy mo _ v =0
ol a2 { J SLLCEY 02 + s | ()

AcmmnToTnyeckoe (asymptotic) noBeaeHne pelieHus Wa moxHo yraaaTthb:
2E

npu ha)<<§

ypaBHeHue (*) cBoaAUTCH K

d’ Wa
— =0

2
MpuBAvKeHHble peuerunst (*%) (npu ¢ >>1):



v ~explt £2/2)

Pacxoasueecss Ha 6eCKOHEYHOCTU pelleHne cneayeT otbpocuTb (TpeboBaHume
KoHe4yHocTn BD) n ganslie nckatb BO B BUae

W = f ‘Wa .
CxeMa fanbHeuLWEero pelleHus: nonydaem amddepeHumnanbHoe ypaBHEHUE Ha
f > VLLIEM pelleHne B BuAe CTerneHHoro psiaa (CM. ypaBHEHUSt MaT. PU3NKN).

PellieHna: nNpu pa3yMHbIX FPaHUYHbIX ycnosusgx, T.e., BO —0 npy X —>too -
TONIbKO NPU ANUCKPETHbIX 3HAYEHUAX SHEPIUMN:

E :(n+;j-ha), n=012..
BO:
_ £2/2
Wn(x)_ Ch- Hn(§)°e



Mo

H p - nonvHombl 3pmnTa, 6 = 7°X, HOPMUPOBOYHbIE MOCTOSAHHbIE
z —1/2
Mo
[lepBble TPU COCTOAHUSA:
_n=0 E :%ha) wo=Co-expl-£2/2)
3 2
L=l B=Sho  yi=Cp-(28)-expl-¢7/2)

2 E,= gha) v>=C,- (4% —2)expl- £2/2)

>
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DHepreTndyecknn cnekTp 3agadunm o KO — auMcKpeTeH, Kak B npuMmepe C
NPSIMOYroNIbHOW SIMOW C 6E€CKOHEYHO BbICOKMMU CTEHKAMM.

JlectHnua ypoBHen KI'O (cpaBHUTb ¢ 6€CKOHEYHOU NPSAMOYTrofibHOM AMoK!):



 /
oS

NToru:

e YpoBHU 3Heprum KI'O 3KBUANCTAHTHI

e MMHMManNbHoe 3Ha4yeHue sHeprun KO — «HyneBasd 3Heprusa» E, :ha)/Z_
OTO - NposiBNeHne cneumduyHbIX KBaHTOBbIX CBOMCTB CUCTEMbI U CBA3AHO C
COOTHOLUEHNEM HeornpeaeneHHocten [emseHbepra ansa KOOpPAWHATbLI U
nmnynbca (JIK-16)



e JHeprnsd KO MOXET M3MEHATbCSA TOMbKO MOPUMSAMU BENUYMHOU ho >
cneacteBue  peweHua  y.l. ¢ rapMoHuMyeckmMm  noTteHumanom - -
noaTeepxaeHne runote3bl [lnaHka (BblABMHYTAa NpW CO34aHUN Teopuu
TENnI0BOro Usny4yeHuns)

e BonHoBble dyHKUMM KIO — uetHble (N - yeTHoe) M HeueTHble (N -
HeYeTHoe). 3TO — CNeAcTBME YETHOCTU NOTEHLUMANbHOM SHEPrM

M’ X’
U(X)=—
(x) o
e Bonblme kBaHTOBbIE Uncna: N >>1

AE E,,—-E,  ho 1

l

E E,  (n+12hw n

Bo3HMKHOBEHME (KBa3u) HernpepbiBHOro cnektpa wu3nydenus KIO npwu
KBAaHTOBbIX MNepexoAax BMECTO JIMHEMYATOr0 —> Mepexod K KacCMYecKou
pusukKe.



KBaHTOBBIU U KNACCUYECKUA FAPMOHUYECKUU OCLUNNATOPBLL

Knaccuueckmii ocumnnsitop: Tpaextopus yactuusl X(t)=a-sin(at), @ =/k/m
2
MonHas aHeprus E =ka / 2

BeposSITHOCTb HaXOXAEHUS YacTULbl Ha oTpeske X + X+ dX

dt
p(x)dx = T2

[T0NOBUHY BPEMEHM YacTuLA ABMXKETCS CIEBA HAMPaBO M MOMIOBUHY - CrpaBa
Haneso.

Ecnu ckopocTb Yactuuel V, To dt =dx/v >

20t 2 dX wdX
T 2r/ov 7wV

p(x)dx =



Haxoaum

v:?j)t(: am-cos(at)= am-+1-x2/a’

[115 BEPOSITHOCTM HAXOXAEHMA YacTuLbl Ha oTpeske X+X+dX (—a<x<a)
nony4yaem:

1 dx
ﬂa\/l—xz/az

p(x)dx =

CneacreBue: B KNacCUYECKOM MeXaHUKe MTOTHOCTb BEPOSITHOCTU OBHAPYKUTb

yacTuuy Ha otpeske X+ X+0X > 00 npu X—>E @ (86131 Touek
nosopoTa). BennunHa @ - aMnnuTyaa KonebaHui - onpeaenseTcs HauaabHbiMu
yCNOBMSAMU (B KOHEYHOM CHETE, MOJIHOM 3HEPruei oCLUNIATopPa).

KBaHTOBbIN rAPMOHNYECKUIN OCLMNNATOP: NMIOTHOCTb BEPOSATHOCTM OBHAPYXXUTb
YacTuuy Ha oTpeske X+ X+ 0X onpepensieTcs KBaapaToM MOZY/S BOSHOBO



DYHKUMN N 3aBUCUT OT HOMEPA COCTOAHUS (B KOHEYHOM CYETE — OT MOJSTHON
SHEpPrumn, HO TeNepb — SHEPrnst KBAHTOBAHA):

2
Pn (X)dX = “//n (XX dx
ToNbKO AUCKpPEeTHble 3HayeHnsa aHeprum KIO:

E :(n+;j-ha), n=012....

BonHoBble yHKLUUN:

W, (X) — Cn ' Hn(f) . 6_52/2

Mao

Hn - MOJINHOMbI DpMUTA é:: X C - HOPDMUUPOBOYHbIE NMOCTOAHHbLIE
N I h / N

Cneacreus:



1.  WcyesaeT pacxoamMOCTb NIOTHOCTM BEPOSATHOCTU Npn X—>L a

2.  CyllecTtByeT BEpOATHOCTb OOHAPYXUTb YacTuuUy 3a rnpeaenamu
KNlaCCUYECKM O03BONIEHHOM 06nacTu ABMxKeHna —a< X<a

3. [Tpu n>>1 noeBeageHune Pn (X)Z‘l//n (X)(Z npnbnmxaeTcs K

«Knaccuyeckomy», L X) (nnntocT auusa npuHUMNa coTBeTCTBUA bopa: npu
4

60/bLLNX KBAHTOBbIX YMC/1ax NoBeAeHMe CUCTEMbI NMpUbmxXaeTcsa K
KSlaCCUYeCcKoMy)

[padduKm (pUC. HMXKE): HY>KHO CpaBHUTb rnoBeaeHune

11 .
p(x):ﬂaﬁ_xz/az n Pn(X)=|wn(x)

ANnd OANHAKOBbIX 3Heprm‘/’| .






Knaccmyeckmm rapMoHUMYECKMM OCLIMANSATOP:

2
PelleHns onpenensioT K , M v nonnas aveprus E =ka / 2, unun
(3KBUBANEHTHO) @ = +/ k/m amMnnuTyaa konebanuii A .

KBaHTOBbIN FAPMOHUYECKUM OCLIMNNATOD:

Pelwenus onpeaensitotr & = X-+/Ma@/fi v uenoe uncno N.
Ons N >>1 («KBasuknaccuyeckuin npeaens)

2 2
Mo-a 1
E:ka2 2 = S holn+—-|=2n-ho,>>1 ~
/ > ( 2) a=.2nkh/me

MakeTrbli: Quantum @ Wave packets



[Be 3agauu

1. KBaHTOBble NECTHWLbI YPOBHEN ANS:

k-(x2 + yz)
A) 20 kro: YY) ==—=

k-(x2+y2+22) k-r?
5) 30 kro: Y% Y)= > =5

(pelueHuns ypasHeHus LLipeanHrepa)

2. [ns 3D: cpaBHUTb KBAaHTOBYO JIECTHULYY YPOBHEW SHEPTUN C NOSTYYEHHOM
(MP-3) KkBAHTOBAHMEM 3HEPIrUM SNEKTPOHA B aToMe o bopy, Ans

k-r?
u(r)- <




TTEPCOHATINMN: Erwin Schrodinger

Schrodinger

Quantum Theory

In the 1920s, Schrodinger and other scientists abandoned the idea of precise
orbits, and replaced it with a description of regions called orbitals.
Schrodinger's theory is called the Quantum theory.



Although Bohr's model gives a qualitatively accurate description of atoms,
it does not give quantitatively accurate results for atoms more complex
than hydrogen.

In order to describe such atoms, it is necessary to use quantum mechanics.
In quantum mechanics, the electron orbits are replaced by probability
distributions that only indicate in which regions of space each electron is
most likely to be found.

An equation first written by Schrodinger allows this distribution to be
calculated for each atom. From the distribution, properties of the atom
such as energy and angular momentum can be determined.

Calculations of a wide variety of atomic phenomena have been carried out
by means of quantum mechanics. Without exception, these calculations
have proven to give an accurate description of the properties and behavior
of atoms.

For the simplest atoms, the observations and calculations sometimes agree
to better than one part in a billion.



