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JIEKIINSI 4

KBanToBasi pmnsmuka

JLnist onrcanus SBOJIIONME CUCTEMBI, MBI UcIoIb3yem ypasHenue [IIpeaunrepa

. B2
Hy = BY = (—5 A+ U) = By,

[Ipu pemnrennu Takoro ypaBHEHHS II0JIyYaIOTCsi COOCTBEHHBIE 3HadYeHus onepaTopa ['a-
MUJIBTOHA.

Mpb1 paccMoTpes i TPOHMKHOBEHNE YACTUIBI Yepe3 Oapbep KOHEYHO! MUPUHBI U Ha-
y4amiich perarh ypasHenue IlIpeaunrepa.

Mgzr BBIACHUJIN, YTO BOJIHOBaA (byHKL[I/IH JOJIZKHaA O6J’I&,H&Tb cJIe Ay romumMmn CBOMCTBAMMU:

1. xoneuna — W = [1|?, T. e. ona jo/kHA yObIBATH Ha GECKOHEUHOCTH;
2. menpepwBHa — Y (a — §) = P(a + 6);
3. magkag — Y (a — 0) = Y(a + 9).

Puc. 4.1.

TeHepb MbI MOZKEM PaCCMOTPETHL YaCTUILY B HOTGHHI/IaJIbHOfI aMe ¢ OeCKOHEYHO BBICO-
KHIMH CTECHKaMMH.

Banurmem ypasaenne [[pemunnrepa:

d>)  2m
— 4+ —=(E-U)yp=0
sx2 + K2 ( )1/1 )
U= npu 0 < z < a,
2mE
QID” + hz ¢ = 07
2 2mE

Xouercsa CKa3aTb, 9YTO 9TO 6ery1m/1e BOJIHBI HaJIEBO U HalIpaBO, HO Ha CaMOM J€JI€ 3TO

JKe CTAIMOHAPHOE COCTOSHMEe, HUYero HUKY/Ia He 0eXKUT. Kk — 9TO He BOJHOBOE UHC/IO.
Tenepnb cieaem CHIUBKY:

VY]p=0a = 0 = b = Asin(kzx) + B cos(kx),
0
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Puc. 4.2.

¢ = C'sin(kx).

B CHJIy 'PaHUYIHOT'O YCJIOBUA IIOJIydIa€TCA:

N3-3a rpaHUYHBIX YCJIOBHUIl 1IOJIyYUaeTCsi KBAHTOBAHME.

Puc. 4.3.

Ho nonywaercs, 1ro:
Y(e=0-19)#¢Y(x=0+)9)

— 9TO cJIeZCTBUE TOI'O, 9TO Ha CaMOM JieJie HE ObIBaeT OECKOHEYHO BLICOKUX CTEHOK SMBEI.
Ha camom JeJjie CTCHKM KOHEYHDBI 1 BOJIHOBaA (bYHKHI/IH 9KCIIOHEHIIUaJIbHO 3aTyXaeT. Mgl
2Ke olIpeaessdaeM OeCKOHEYHbIE CTeHKH, KaK IIpeaesl KOHCYHbIX.

Puc. 4.4.
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Ho eme mykHa HOpMUPOBKA!

+oo
[ o= 1.
+oo a
2 .2 2 2 %5 2
C* [ (sin® kxdx) = C* [ (1 — cos® kx)dx = %ka =1=C=4/-.
a
—00 0

Torma BosmoBast yHKIHA:
2
¥ =/ —sin(kz)
a

LR R,

n —

— —2n
2m 2ma
Yacruia B siMe MOXKeT 3aHUMATh (PUKCUPOBAHHbBIE YPOBHH SHEPIUU, KOTOPBIE IIPOIIOP-
IINOHAJIbHDBI 77,2.
YeMm 6 9] i ?. K i — —1
eM OOJIbIlle YnCJIO N, TeM OoJbiine ocnuasanuit ¢°. KomudecrBo Hysneit — 1o n )
DTO0 HaA3BIBAETCS OCIMLIAIMOHHAS TEOPEMA.

Puc. 4.5.

Ecan B3aTh oveHb 060JIBIIOE 1, TO YNCJIO OCHUJIAIII O0/IbIIIOe, a 3HAUUT Pacipeielie-
HUE BEPOATHOCTH HAXOXKJICHUSA YaCTUIIBI ITPAKTUYECKN OJIMHAKOBBIE JIJIA PA3HBIX MOJIOXKE-
nuii. [lepexoa K OOIBIIMM KBAHTOBBIM YHC/aM O3HAYAET IIePeXoi] OT KBAHTOBON (hbu3uKu
K KJIACCUYECKOM.

Puc. 4.6.

1. Baxxno moHmMaTh, UTO B CTAIIMOHAPHOM COCTOSIHUU k — 9TO HE BOJHOBOE YHCJIO.
Cocrosinue He 3aBucuT OT BpeMeHu. Ecjim Obl ObLIO JIBUKEHUE TY1a-00PaTHO, TO
9TO 3HAYUT, YTO CHUCTeMa 00Jajiaia Obl (PUKCUPOBAHHBIM UMITYJILCOM, HO B CHJIY
COOTHOIIIEHUS HEOPeIEeIeHHOCTEN 9TO He TakK.
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2. JInCKpeTHOCTh SHEPTHUU — FTO IPAMOE CJIeJICTBUE IPAHUYIHBIX YCJIOBHIl, TOTO, UTO

Ha CTEHKaX BOJIHOBadAd CbYHKIlI/IH PpaBHa HYJIIO.
2

3. CrekTp BO30Yy>KJ€HUS — TO €CTb KaKne SHePriu BO3MOYKHBL Y 4YacTUIbl. F,, oc n”.
4. E(n =1) # 0 — nysnesas sneprusi. OHa BOBHHKAET U3 COOTHOINECHUS HEOIIPE/CJICH-
HOCTEIA:
Axr ~a
)
(Ap)? 7R

Ap, ~ h/a, AE =

om  2ma?’
3/1ecb BayKHO MMOHUMATH, YTO 9TO CPE/IHSIST SHEPTHUSI.
5. Ipwunnun coorBercrBusa bopa. [Ipu n — oo — Kiaccuyueckoe onucanme.
Knaccuuecknit mepuos;
2a 2r 7w
Tin = — = Wiy = —

) T  a

[Tepexoq u3 (n + 1)-0ro cocrosHus B n-0e COCTOSHIE CBS3AH C HOIVIONEHHEM (HCITyC-
kanueM) kBaHta: AFE, = hw

m2h? T2h? wh |2F 1
hw = ‘+2n+1-n?) = n+1)=—/— 1+ —
2ma2(n tant ") 2ma2< n+1) a m( +2n)’

h

n — 00 = hw = 20

a

To ecTh MBI TIOJIyIUIN PEIIEHIE OJUHAKOBOE U JIjIst KJIACCUKHU U JIjIsi KBAHTOBO (hu3u-
K.
[TocmorpumM, a0 GyJer, ecin noste chepudecku cumMmerpudes, T. e. U = U(r).

Hy = By,

. 2

H = _h_AT_|_U7
2m

2 2d
A= —+——.
"odr? + rdr
SaMeHa mepeMeHHbBIX:
£
1/} =
T
dy 1d§ &

dr — rdr 13
Py 1 1dE 1de 2%

a2 rdr?_r2dr  r2dr, 13’
TV

1 de
r2 dr

L% 2dg 26 2df 2% 1d%

Ao-ts 2% Bl T S
rdr2  r2dr 3 r2dr r?2  rdr?’
1R ¢
2P PS g > _
r2mdr2+( U)*r 0,

£(0) = 0.
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[Tony4gaercs, 9T0 JABUXKEHUE B TPEXMEPHOM ChEepUIECKU CUMMETPUIHOM I10JIE€ aHaJI0-

I'MYHO ABUZKCHHNIO YaCTHUIIBI B O,ZLHOMepHOﬁ AaMe.

R d2¢
%W‘F(E—U)f—o

dzDQ n 2m(E - U)
dz? h?

PaccmorpuMm perenne.
B nepgoit obstactu U = 0; Bo BTOpoit — U = U,

. 2mkE
Y = Asinkyx, k2 = o
1/)2 = Be_k”
5 2m(U—FE)
k2 - T

Puc. 4.8.

CrieaeM CIIUBKY:
Yi(a) = 2(a),
vi(a) = Ps(a).
Asin kja = Be ™29,
k1 Acoskia = —kyBe ™,
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kl s
tgekia = —— = kia > —.
gria s 1Q 5

,Z[JIH TOro, YTOOBI CyHaieCTBOBaJIO CTalMOHAPHOE COCTOAHUE,JOJIZKHO BbIIIOJTHATHCA Ta-

KO€ YCJIOBHE:
5 9 2mb 5, _m

kia” = 2 a® > T
m2h?
Uy>FE > Sma? MOIIHOCTE SIMBI.
ma

HonyqaeTc;{, HECMOTDP Ha CyHieCTBOBaHHE fAMbI, COBCEM H€O6H33T6JII)HO, 9TO JaCTHUIIla
6y,ZLeT TaM HaXOJUTbhCA. Ecsm Bomosnaserca ycjoBue

w2 h?

8m’

UQCL2 2

TO B AM€ €CTb CTaHI/IOHaprIfl YPOBEHDb Jid YaCTHUIIBI.
To ectb gMma J10/1zKHA OBITH JIOCTATOYHO TUIYOOKO# M MUPOKOI

Puc. 4.9.

4.1. OgHOMEpPHBIH ciryvail

HYCTB QHEPIrusd JaCTUIbl COBCEM HEMHOI'O MEHBIIIE HYJIA, CBA3b OYCHDb C.Ha6a§{:
E= —&0
Cpasy 0603HauuM yCJIOBUE JIJIsI MBI

2mUya?
e <!

B nepBoit ob1actu MOXKET OBITH TOJIBKO TaK, IIOTOMY YTO BHE sIMBbI — HOJIb:

. 2mU0

1 = Acoskz, k? o

E < U07
2m

P’ = ﬁ(UO — E).
— 371ech penedpexem E.
_ 2mUpa?

2 9
k%a 2

<1
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Puc. 4.10.

SAVe) O3Ha4YaeT, 9TO BOJIHOBasd CbYHKHI/IH IIOYTH IIOCTOAHHA.:

Y &~ const(—a < z < a).

Teneps Bo BTOpOIT 0bJIACTH:

[TonsaTHO, UTO BHE sAMBI BOTHOBas (DYHKIHSA JIOJIZKHA SKCIOHEHITUAIHHO 3aTyXaTh, I10-
CKOJIbKY Oapbep KOHEUHBIN:

2me
_ —xT 2 0
o= e, mre st = T

Puc. 4.11.

Tenepnb jiestaeM CITUBKY:
Acoska = Be ™,
—kAcoska = —»xBe ™.
coska ~ 1,
sin ka ~ ka.

k*a = s,

2m 2mFE
w2 N e
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€o

h? h?
HOHy‘{aeTC}I, 49TO B O,JlHOMGpHOfI MOTEHIINAJBHON sIMe ¢ KOHEYHBIMHA CTeHKaMH, CYIIe-

CTBYyET SHepI‘eTI/I‘{eCKI/Iﬁ YPOBEHDL CBA3aHHOI'O COCTOAHMIA. B ABYXMEPHOM CJIydae TaKKe.

To ecTb ecam JBMXKeHME JBYMEPHOE WJIN OJITHOMEDHOE, TO OHO KBAHTYETCH W CYIIECTBYIOT
CTaIlMOHAPHBIE YPOBHU SHEPIUU.

2mUZa? 2mUya*
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