
1 Âîëíîâàÿ �óíêöèÿÂîëíîâàÿ �óíêöèÿ - ýòî êîìïëåêñíàÿ �óíêöèÿ, èñïîëüçóåìàÿ â êâàíòîâîé ìåõàíèêåäëÿ âåðîÿòíîñòíîãî îïèñàíèÿ ÷èñòîãî ñîñòîÿíèÿ êâàíòîâîé ñèñòåìû.Âîëíîâàÿ �óíêöèÿ ýëåêòðîíà â ýëåêòðîñòàòè÷åñêîì ïîëå ÿäðà àòîìà
Ψnlm(r) = Ψnlm(x, y, z) = Ψnlm(r, φ, θ).Ñâÿçü äåêàðòîâûõ è ñ�åðè÷åñêèõ êîîðäèíàò

x = r sin θ cos φ,

y = r sin θ sin φ,

z = r cos θ,ãäå
0 ≤ r < ∞, 0 ≤ θ < π, 0 ≤ φ < 2π.Îáðàòíûå �îðìóëû

tgφ =
y

x
,

tgθ =

√

x2 + y2

z
,

r =
√

x2 + y2 + z2.Ýëåìåíò îáúåìà
dV = dxdydz, dV = r2 sin θdθdφdr.Êîíñòàíòà

a0 = r0 =
~

2

mee2
.2 Àòîìíûå îðáèòàëèÀòîìíàÿ îðáèòàëü - îäíîýëåêòðîííàÿ âîëíîâàÿ �óíêöèÿ â ýëåêòðîñòàòè÷åñêîì ïîëåàòîìíîãî ÿäðà, çàäàþùàÿñÿ ãëàâíûì n, îðáèòàëüíûì l è ìàãíèòíûì m êâàíòîâûìè÷èñëàìè.1) n = 1

1s Ψ100 =
1
√

π
a
−3/2
0 e−r/a0 .1



2) n = 2

2s Ψ200 =
1

4
√

2π
a
−3/2
0

(

2 −
r

a0

)

e−r/2a0 ,

2pz Ψ210 =
1

4
√

2π
a
−5/2
0 r e−r/2a0 cos θ,

2px Ψ211 =
1

4
√

2π
a
−5/2
0 r e−r/2a0 sin θ cos φ,

2py Ψ21−1 =
1

4
√

2π
a
−5/2
0 r e−r/2a0 sin θ sin φ.3) n = 3

3s Ψ300 =
1
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√
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a
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0

(
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r

a0

+ 2
r2

a2
0

)

e−r/3a0 ,

3pz Ψ310 =

√
2

81
√

3π
a
−5/2
0

(

6 −
r

a0

)

e−r/3a0 cos θ,

3px Ψ311 =

√
2

81
√

π
a
−5/2
0

(

6 −
r

a0

)

e−r/3a0 sin θ cos φ,

3py Ψ31−1 =

√
2

81
√

π
a
−5/2
0

(
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)

e−r/3a0 sin θ sin φ,

3dz2 Ψ320 =
1

81
√

6π
a
−7/2
0 r2 e−r/3a0 (3 cos2 θ − 1),

3dxz Ψ321 =

√
2

81
√

π
a
−7/2
0 r2 e−r/3a0 (2 sin θ cos θ cos φ),

3dyz Ψ32−1 =

√
2

81
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π
a
−7/2
0 r2 e−r/3a0 (2 sin θ cos θ sin φ),

3dx2
−y2 Ψ322 =

1

81
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π
a
−7/2
0 r2 e−r/3a0 (sin2 θ cos 2φ),

3dxy Ψ32−2 =
1

81
√

π
a
−7/2
0 r2 e−r/3a0 (sin2 θ sin 2φ).
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3 �èáðèäèçàöèÿ àòîìíûõ îðáèòàëåéÏî ìåòîäó ìîëåêóëÿðíûõ îðáèòàëåé ëþáàÿ ìîëåêóëà ðàññìàòðèâàåòñÿ êàê ñîâîêóï-íîñòü âñåõ ÿäåð è ýëåêòðîíîâ âñåõ àòîìîâ, îáðàçóþùèõ ýòó ìîëåêóëó. Ñóùåñòâó-åò íåñêîëüêî âàðèàíòîâ ýòîãî ìåòîäà. Íàèáîëåå ðàñïðîñòðàí¼ííûì ÿâëÿåòñÿ ìåòîäËÊÀÎ ÌÎ, â êîòîðîì ìîëåêóëÿðíàÿ îðáèòàëü ïðåäñòàâëÿåòñÿ ëèíåéíîé êîìáèíàöè-åé àòîìíûõ îðáèòàëåé.Ïðè ðàññìîòðåíèè êîâàëåíòíûõ õèìè÷åñêèõ ñâÿçåé ÷àñòî èñïîëüçóþò ïîíÿòèåî ãèáðèäèçàöèè àòîìíûõ îðáèòàëåé. �èáðèäèçàöèÿ ÿâëÿåòñÿ �îðìàëüíûì ïðèåìîì,ïðèìåíÿåìûì äëÿ êâàíòîâîãî îïèñàíèÿ ïåðåñòðîéêè îðáèòàëåé â ìîëåêóëàõ ïî ñðàâ-íåíèþ ñî ñâîáîäíûìè àòîìàìè. Ñóùíîñòü ãèáðèäèçàöèè àòîìíûõ îðáèòàëåé ñîñòî-èò â òîì, ÷òî ýëåêòðîí âáëèçè ÿäðà ñâÿçàííîãî àòîìà õàðàêòåðèçóåòñÿ íå îòäåëüíîéàòîìíîé îðáèòàëüþ, à êîìáèíàöèåé àòîìíûõ îðáèòàëåé ñ îäèíàêîâûì ãëàâíûì êâàí-òîâûì ÷èñëîì. Òàêàÿ êîìáèíàöèÿ íàçûâàåòñÿ ãèáðèäíîé îðáèòàëüþ. Ìàòåìàòè÷åñêèãèáðèäèçàöèÿ àòîìíûõ îðáèòàëåé îïèñûâàåòñÿ êàê ëèíåéíàÿ êîìáèíàöèÿ âîëíîâûõ�óíêöèé.1) sp-ãèáðèäèçàöèÿ
Ψ(1)

sp =
1
√

2
(Ψ2s + Ψ2px),

Ψ(2)
sp =

1
√

2
(Ψ2s − Ψ2px).Îäíà s- îðáèòàëü è îäíà p- îðáèòàëü ïðåâðàùàþòñÿ â äâå îäèíàêîâûå "ãèáðèä-íûå"îðáèòàëè, óãîë ìåæäó îñÿìè êîòîðûõ ðàâåí 180.2) sp2-ãèáðèäèçàöèÿ

Ψ
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1
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√

6
Ψ2px,

Ψ
(2)
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1
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Ψ2px +

1
√

2
Ψ2py),

Ψ
(3)
sp2 =

1
√

3
Ψ2s −

1
√

6
Ψ2px −

1
√

2
Ψ2py).Îäíà s- îðáèòàëü è äâå p- îðáèòàëè ïðåâðàùàþòñÿ â òðè îäèíàêîâûå "ãèáðèäíûå"îðáèòàëè,óãîë ìåæäó îñÿìè êîòîðûõ ðàâåí 120. 3



3) sp3-ãèáðèäèçàöèÿ
Ψ

(1)

sp3 =
1

2
(Ψ2s + Ψ2px + Ψ2py + Ψ2pz),

Ψ
(2)

sp3 =
1

2
(Ψ2s − Ψ2px − Ψ2py + Ψ2pz),

Ψ
(3)

sp3 =
1

2
(Ψ2s − Ψ2px + Ψ2py − Ψ2pz),

Ψ
(4)
sp3 =

1

2
(Ψ2s + Ψ2px − Ψ2py − Ψ2pz).Îäíà s- îðáèòàëü è òðè p- îðáèòàëè ïðåâðàùàþòñÿ â ÷åòûðå îäèíàêîâûå "ãèáðèä-íûå"îðáèòàëè, óãîë ìåæäó îñÿìè êîòîðûõ ðàâåí 109◦28'.Ñïèñîê ëèòåðàòóðû1) Ìèíêèí Â.È., Ñèìêèí Á.ß., Ìèíÿåâ P.M. Òåîðèÿ ñòðîåíèÿ ìîëåêóë. Ýëåêòðîí-íûå îáîëî÷êè. Ì.: Ìèð, 19792) À.Â. Öûãàíîâ Êóðñ ëåêöèé "Êâàíòîâàÿ ìåõàíèêà ñ Maple.http://www.andrey-ts.narod.ru/Maple/maple.html
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