[punoxeHue 2

Pacuet B cuctemMe Mathematica

Paccvorpum Boipazkenne W _ 2' popmyast ( 7.66 ) , Koraa Ha4aIbHOE MOJOKEHHE YACTHLIBI
q0[2] = —a:

w2'=-(3m/ (e”*2 *xbt”3)) (q[2] - (p0[2] t/m) +a) "2 +
(37 (e*2 xbt"2)) (q[2] - (PO[2] t/m) +a) (p[2] -pPO[2]) -
(1/(e*2 xbmt)) (p[2] -pO[2])*2+ (i*a/h) * (p[2] -pO[2])
ia(p[2] -p0[2]) (p[2] -p0[2])? .

h bmte?
2
3 (p[2] -p0[2]) (a- *B2E 4 q[2]) 3m (a- S2UE . q[2])
b t2e? bt3e?

Expand[w2', p0[2]]

3aZm iap[2] 3ap[2] pl2]? 1ap0[2] 3ap0[2]
¥ -

- + - - +

b t3e? h bt?e? bmte? h bt?e?

p[2]p0(2] p0[2]° _6amgq[2] . 3pl2] g[2] . 3p0[2] af2] 3mg[2]?
bmte? bmte? bt3e? bt?e? bt?e? bt3e?

Yepenuum exp (W _ 2') no p0[2] ¢ HAYANBHBIMH YCIOBHSIMH — HOPMANbHBIMH
pacnpenenenusimuno p0 [2] uq0[2]
- (p0[2])%® | ap0[2]
—+n—+w2'],
2 0p0~2
{p0[2], -, +}, Assumptions -» {op0 >0, 0q0 >0, h>0,a>0,b >0,€>0,

Intlp0g0 = Integrate [Exp[

t>0, m>0, g[2] > Real, p[2] » Real, pO0[2] » Real, qO0[2] » Real)]

3aZhm2 (2bmte240p02)+h (30p02 (tp(2]-mq(2])2+2bmte? (£2p[2)2-3mtp(2] q(2]+3m2 q[2]2))-2anm (i

mté e p[2]+3hop02 (tp[2]-mq[2))+bte? (24 t20p02p[2]+3hm (tp(2)-2m
02

e 2bhmtd eZ (bnte?

bmt
V27 € op0

bmte?+2op0?

stpIntlp0 = Expand[- ((3 a?hm? (2bmte? +cp02) +
h (30p0% (tp[2] -mq[2])2+2bmte? (t2p[2]2-3mtp[2] q[2] +3m? q[2]2)) -
2am (ib?mt?e’p[2] +3hop0? (tp[2] -mq[2]) +bte? (24 t?op0?p[2] +
3hm (tp[2] —2mq[2]))))/(2bhmt352 (bmte2+20p02))), q0[2]]
f((3a2hm2 (met62+o‘p02) +
h (30p0? (tp[2] -mq[2])?+2bmnte? (t2p[2]?-3mtp[2] q[2] +3m? q[2]?)) -
2am (ib?mt?efp[2] +3hop0? (tp[2] -mq[2]) +
bte? (21t20op0?p[2] +3hm (tp[2] -2mq[2]))))/(2bhmte? (bmte?+20p0?)))



Integrate[Exp[stpIntlp0], {p[2], -Infinity, Plus[Infinity]},

Assumptions ->
{op0 > 0, h>0,a>0,b>0, e>0, t>0,m>0, q[2] -> Real, p[2] -> Real,
p0[2] -> Real, g0[2] -> Real}]

m (a2 (3n2m-6iht (bmte2+0p02) b3 2

bmt (bmt62+20‘p02)

2bmte? + 3 0p0?

stpIntlpOp =
Expand[- ((m (a? (3h?m-6iht (bmte?+0p0?) +bt3e? (bmte?+20p0%)) +6ah (hm-
it (bmtez+op02)) q[2] +3h2mq[2]2))/(2h2 t2 (2bmtez+3cp02))), q[2]]
—((azm(3h2m—6iht (bmt62+o‘p02) +bt3e? (bmt62+20‘p02)))/
(2h?t? (2bmte? +30p0?))) -
3am(hm-it (bmte?+op0?)) ql2] 3m? q[2]2

ht? (2bmte?+30p0?) Cowe (2bmte? + 3 0p0?)
Bbl}leJ‘llllM COCTABHbIE YACTH B 3TOi CTENMEHH.
constl = Simplify[—((azm(3h2m—6:‘1ht (bmte?+0p0?) +bt3e? (bmte?+20p02))) /
3 2 52
(2% ¢2 (2bmtez+3ap02)))++]
2t2 (2bmte? + 3 op0?)
-((a?m (b’ mt’e’-6ihop0?+2bte? (-3ihm+top0?)))/(2h?t (2bmte?+30p0?)))
const2q = simplify[
3m? 2
-((3am (hm-it (bmte?+0p0?)) q[2])/ (ht? (2bmte?+30p02))) + Lt (L)
t2 (2bmte? + 3 op0?)

3iam (bmt62+o‘p02) ql2]

ht (2bmte?+3o0p0?)

constaqz - - — M (@i2lva)?
2t2 (2bmte? + 3 0p0?)
3m? (a+q[2])?
} 2t? (2bmte?+30p0?)
Iposepka:
Simplify[stpIntlpOp - (constl + const2q + const3q2) ]
0

Or6pocum B stpIntlp0qOp necymecrsennyio constl. Ioayunm

stpIntlpOpN = const2q + const3q2

3iam (bmte?+op0?) q[2] 3m? (a+q[2])?

ht (2bmte?+3o0p0?) 2t? (2bmte? + 3 0p0?)
970 ot neppoii meau. OT BTOPOIi mean
stpInt2pOpN = stpIntlpOpN /. a -» -a

3iam (bmte?+op0?) q[2] 3m? (-a+q[2])?

ht (2bmte?+30p0?) 2t? (2bmte? + 3 0p0?)

]



3iam (bmte?+0p0?) q[2]

const2qa = -
ht (2bmte?+30p0?)

3iam (bmte?+op0?) q[2]

ht (2bmte?+ 3 o0p0?)

3m? (-a+q[2])?

const3q2a = - %

2t? (2bmte? + 3 0p0?)
3m? (-a+q[2])?

2t? (2bmte? + 3 0p0?)

Hrak, nonyyaem, uro ro[q[2]] nponopunonansno
ro[q[2]]~(Exp|[stpInt1p0qOpN]+Exp[stpInt2p0q0pN]) (Exp[stpInt1p0qOpN]+Exp[stpInt2p0qOpN]) *

HJIH
ro = Expand[ (Exp[const2q + const3q2] + Exp[const2qga + const3qg2a])
(Exp[-const2q + const3q2] + Exp[-const2qga + const3qg2a])]
32 (-ae 3m? (asar2))
@ t (2bmtes3op0?) 4 @ 2 (2bmte2e3op0?) 4
Giam (bmtcteopo?) ar2 32 (-asql2])? 302 (asq(2))? Giam(bmt c2eopo?) af2 32 (-aeql2))? 3n2 (asa(2))?
@  ht(2bmtc23op0Z]  2tZ (2bmteZ:30p02) 2t2 (2bmte2+30p02) 4 @ Nt (2bmtel:30p02)  2t2 (2bmte2+3op0Z) 2tZ (2bmteZ+30p02)
To ecTb
. _ _3m2@+q[2])" + ___3m2(2])? + _ _3m2(-a+q[2])’
10 = exp( [ (th((zﬁhrpﬂz)) 2A cos(omega q[2])exp( © (2hml(1+3(rp02]) exp( 2 (2hm(€z+30p01))
rae
3m? (-a+q[2])? 3m? (a+q[2])2 3m? (q[2])?
A=Simplify[Exp[_ ( qal2]) (a+q[2]) . (a[2])

2t2 (2bmte? + 3 0p0?) Tow (2bmte?+30p02) t2 (2bmte? +3 op0?) ]]

@ @ (2bmee

6 am (bmtez+ap02)
omega = Simplify[ —]
ht (2bmtez+30‘p02)
6am (bmt e+ op0?)
ht (2bmte?+30p0?)
t? (2bmte? + 3 op0?)
6 m?
t2 (2bmt62+3op02)

6 m?

dispers =

Paccrosinue MeK1Y CBeTJIBIMH M0JI0CaMHu:
d = Simplify[2 7 / omega]

hrt (2bmte?+30p0?)

3am (bmtez+cp02)

_ hxt 2bmte+3op0® 2bmte+3 opo’
To ecth d= TEL-ARMLEESIL. o ypggyrens LEEIBL vepgercs oT 2 10 3 NPH H3MEHEHHH BXOISIIMX B HEro
3am  bmte+opl bmte+opl’
napamMeTpos.

Ycaosue BUAMMOCTH Nojoc: d <o uam (dl /dispers)< 1, rae (d‘ /dispers) paBHO



Simplify[d*2 / dispers]

2h% 7% (2bmt e? + 3 op0?)

3a? (bml:€2+crpoz)2

B ITHX 0603“3“8““?{){
plql2]] = (1/21) Exp[- -220%] 4 2 AExp [- 42L] Cos[omega q[2]] + Exp[- H22212 ],

202
€(2bmte+3 op0?) a 6am(bmte+opo’
, A = Exp[-3%] u omega=

2 = dj =
rae o2 = dispers = S
A P 6m? ht(2bmtet+3 op0?)

Ecau npeanosarate d << 0, To MHTErpaJj oT BTOPOI0 CJ1araeMoro npuéiM3uTe bHo paBen 0 u
7 2 2
Zl=lntegrate|Exp[- %D_] +2 A Exp [— mﬂ-] Cos[omega q[2]] + Exp[— M%“—], {roo,+00}|=2V2 7 0.

207 20°

Ko3ppuuuent A npeacrasisier co0oii IKCNOHEHTY, B MOKa3aTe/le KOTOPOH MHOKHTeeM BXOAMT a2, YBeJAHYHBas PACCTOSIHHE

MKy HIeJsMH, KO3()PHIHEHT A MOKHO CAeJIaTh KAK YTOAHO MaJIbIM.

I'paduk naoTHocTH Npu a=40" u omega=300" uMeeT BUI:
N[
Integrate[ (Exp[- ((4+q)"2) /2] +2Exp[- (472 +q”*2) /2] Cos[30q] +Exp[-((4-q)*2)/2]),
{a, -8, 8}]1]
5.0131+0. 1
Plot[(Exp[- ((4+q)"2) /2] +2Exp[- (4"2+Qq"2) /2] Cos[30q] +Exp[- ((4-q)"2)/2])/
5.013, {q, -8, 8}, Ticks - {{-6, -4, -2, 2, 4, 6}, Automatic}]

6 -4 -2 2 4 6
BbicoTa nukoB papa H= 1/(2 V2rx a').

v (2 v2r)]

5.01326

Cnenosarenbno, o =1/(5.01326 H).

£(2bmte+3 opo®
3aBHCHT OT BPEMEHH MNpoJieTa Mexay dKpaHamu. MeHsisi paccTosiHMe MEkIy

i =o2=
Beauuunna dispers = o S

IKPAHAMH, MOKHO IIOCTPOUTH rpaduK 3aBHCHMOCTH 02/t2 0T t. IT0 nuHeiinas pynkuns. Koddpduuuents 31oii GyHKUMH MOKHO

OnpeaeJuTh MeTOA0M JIMHeHHOMH perpeccuu. Tak Kak B OnbITe H3BECTHA MACCa YACTHUIBI M, TO OTCIOAA BLIYHCJISIOTCS 3HAYCHUS

be?u opo2.



I'paduk niaoTHocTH npu a=2.20" u omega=300" uMeeT BUJ :
N[Integrate[ (Exp[- ((2.2+q)"2) /2] +
2Exp[-(2.2%2+q"2) /2] Cos[30q] +Exp[-((2.2-q)"2) /2]), {q, -8, 8}]]

5.01326 +0. i

Plot[
(Exp[- ((2.2+q) *2) /2] +2Exp[-(2.2%2+9"*2) /2] »Cos[30q] +Exp[- ((2.2-q) *2) /2]) /
5.01326, {q, -6, 6}]

I'paduk niornocru npu a=0.20" u omega=300" umeer BUJ :
N[Integrate[ (Exp[- ((0.2+q)"2) /2] +
2Exp[-(0.2"2+q"2) /2] Cos[30q] +Exp[-((0.2-q)"2) /2]), {q, -8, 8}]]
5.01326 +0. 1
Plot[
(Exp[- ((0.2+q)~2) /2] +2Exp[- (0.2%2 +q*2) /2] xCos[30q] +Exp[- ((0.2-q)*2) /2]) /
5.01326, {q, -6, 6}, PlotRange -> {0, 0.8}]

0.8

-6 -4 -2



pumep 1.
Paccmorpum npumep npu b=107(-23), €=10(-1), m =10~(-21), h=1.054*10"(-34), op0=10~(-23), t=0.2

Bobrunciaum o=
N[Sqgrt[dispers] /. {b -> 10~ (-23), € -> 10~ (-1),
m->10~(-21), h>1.054 %10~ (-34), op0 - 10~ (-23), t->0.2}]

0.00150555

6am(bmte+opo’ o B 2bmte+3 op0?
un o= .

Hanomuum, uro omega=

ht(2bmte2+3 op0?) 6m?
o=
N[Sqgrt[dispers] /. {b -> 10" (-23), € > 10" (-1),
m->10%(-21), h»1.054%10" (-34), op0 » 10" (-23), t->0.2}]
0.00150555
omega=

N[omega /. {b ->10"(-23), € » 10" (-1),
m->102(-21), h>1.054%10" (-34), op0 » 10~ (-23), t->0.2}]

1.00458 x 10 a

Paccrosinue MeEKAY IM0JIOCAMH HA JKpaHe d:
N[d/. {b->10~(-23), €-»10~(-1), m->10%(-21),
h->10~(-34), op0 -> 104 (-23), a->5x104(-7), t -> 0.2}]
1.18682x 1077
IIpumep 2.

Pacemorpum npumep npu b=107(-23), € =107(-1), m =10~(-21), h=1.054*10"(-34), op0=10"(-22), t=0.2
ITpu 3THX 3HAYEHHSAX

o=
N[Sqgrt[dispers] /. {b -> 10~ (-23), € -> 10" (-1),
m->104(-21), h>1.054 %10~ (-34), op0 » 10~ (-25), t - 0.2}]
0.000516591
w=
omega /. {b ->10*(-23), € -> 10~ (-1), m-> 10~ (-21),
h->1.054 %10 (-34), op0 » 10~ (-25), a->5%10~(-7), t- 0.2}
7.11397 x 107
d=

d/. {b->10~(-23), € -> 10~ (-1), m -> 10~ (-21),
h-1.054 %10~ (-34), op0 -» 10~ (-25), a-» 5x10% (-7), t- 0.2}

8.83218x10°®



PaccMoTpuM NPHOIHIKEHHS MOYyYeHHBIX Pe3y/IbTATOB AJIsi omega H constStpAE

Cayuaii 1. TIpeanosoxkum, 4to b m t €2 << op02. Tlpu 3TOM NpeaAnoaoxKeHnH:

omega

omega /. € » 0
2am

ht

Hrak, Bciaydae, koraa b mte? << op0?, mIoTHOCTH pacnpeueﬂenun ro[q[2]] Ha BTopom 5KkpaHe NPONOPUHOHAIBHA
— 2
ro[q[2]] = Exp|— 22U | 4 2 pxp| - | xp |- 22 o AL Cog| 22 g2]] + Exp|- 2|

© opo? 2 op0?

© :rpl)‘

PacemoTpum caenyiompumii ciayyaii.
Cayuaii 2. TIpexnooxum, uro b m t €2 >> op02.

TIpu 5ToM NPeNoJI0KeHHH MIOTHOCTD o [2]

3m?(a + q[2])?
ro=exp|-———mm—
2 (mete2 +30'p02)
3 m? a2 3 m? (q[2])? 3m? (-a +q[2])?
exp | ————————| cos (omega q[2]) exp | — + -
2(2bmte +30p0?) 2(2bmte +30p0?) £2(2bmte +30p0?)

npeodpa3oBBIBAETCS K BHAY
3m(a-q2])?
ol e |

2btte
m a? 3 m (q[2])? 3m(a+q[2])?
+2 exp [— ] Ex [—¢] Cos[omega] + Exp[— —q[]]
2btde 2btde 2btde

TIpu 5ToM omega =

omega /. op0 -0
3am

ht

HTtak, Bcaydae, koraa bmte? >>op0?, naoTHocTs pacnpeneenus ro[q[2]] Ha BTOpoM SKpaHe NPONOPUHOHATLHA

3 +q[2])? 3 2 3 27)2 3 3 —al21?
ro[q2] ~ Exp[—M] +2exp|-———| Ex [—M] Cos[ am m (a — q[2]) ]
2bte 2 b3 e 2pee ht 2 b8 e

al21] + Exp[-

2 27ht
PaccrosiHue Mes1y MOJIOCKAMH Ha IKpaHe paBHo d = = —

omega 3am

TosocKku MOTYT HabI0AaThes, ecan o > d? MM, TOACTABHB MX BHIPAJKEHHS ,

bt} € (27{}1[]2
>I—| .

3m 3am



	Приложение 2. Расчет в системе Mathematica

