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Âëîæåíèå o(1, 1) ⊂ sl(2)

o(1, 1) ⊂ o(2, 1) ≈ sl(2)

VA ⊥ o(1, 1), VAV
A = 1, VAF

A(k) = 0

DV A = 0, VAe
A = 0, D2FA(k) = kλ2eAeBF

A(k−1)
B
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Âëîæåíèå o(1, 1) ⊂ sl(2)

o(2, 1) : [TA,TB ] = −2εABCTC

sl(2) : [Tαβ ,Tγρ] = εαγTβρ + εβρTαγ + εαρTβγ + εβγTαρ

Fαβ = FA(τA)
αβ , (1)

τ0 =

(
1 0
0 1

)
,

τ1 =

(
0 1
1 0

)
, (2)

τ2 =

(
1 0
0 −1

)
.
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Âëîæåíèå o(1, 1) ⊂ sl(2)

Tα = εαβTβ (3)

Tα = Tβεβα (4)

εαγε
βγ = δβα (5)

FαβGαβ = −2FAGA (6)

FαβFβγ = −δαγ FAFA (7)
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Ñîîòíîøåíèÿ íà ìóëüòèñïèíîðû

V ββV γγ : (
β β ⊗ γ γ

)
sym

= β β γ γ ⊕ β β
γ γ

(8)

VββVγγ = VβγVβγ − εβγεβγ (9)

VβγVβγF
γγ = Fββ (10)

Vαα[e
ααcα(k)] = Vαα[V

α
β V

α
β e

ββcα(k)] (11)

⇓

Vββe
βαcβα(k−1) = −V βαeββc

βα(k−1) (12)
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Ñîîòíîøåíèÿ íà ìóëüòèñïèíîðû

eββ ∧ eγγ , ωββ|γγ :

( α α ⊗ β β )asym = α α β
β

(13)

D2cα(k) = −kλ2

2
eααeββc

ββα(k−2) (14)
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Ôîðìàëèçì ðàñïàêîâêè

C (x) = {c , cα, . . . cα(k), . . .} (15)

(DC )α(k) = 0 (16)

D:

ëèíåéíîñòü

ñîõðàíåíèå ïîïåðå÷íîñòè

äëÿ íåêîòîðîé öåïî÷êè T èç òåíçîðíûõ ôîðì p - ôîðì T
A(k)
(p)

âûïîëíÿåòñÿ

(DT )
α(k)
(p+1) = D

[
T
α(k−2)
(p) ;T

α(k)
(p) ;T

α(k+2)
(p)

]
(17)

D2T = 0
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Ôîðìàëèçì ðàñïàêîâêè

D = σ− + D + σ0 + σ+ (18)
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Ôîðìàëèçì ðàñïàêîâêè

(σ−T )
α(k−2)
(p+1) = eββT

ββα(k−2)
(p) (19)

(σ+T )
α(k+2)
(p+1) = f (k)

[
F
α(k+2)
(p+1) + G

α(k+2)
(p+1) + H

α(k+2)
(p+1)

]
(20)

F
α(k+2)
(p+1) = eααT

α(k)
(p)

G
α(k+2)
(p+1) =

k

k + 1
V ααVββe

βαT
βα(k−1)
(p)

H
α(k+2)
(p+1) =

k − 1

4(k + 1)
V ααV ααeββT

α(k−2)
(p)ββ
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Ôîðìàëèçì ðàñïàêîâêè

(σ0T )
α(k)
(p+1) = φ(k)

[
V ααeββT

α(k−2)
(p)ββ + 2Vββe

βαT
βα(k−1)
(p)

]
(21)

Äëÿ áîçîíîâ (k ∈ 2N)

V ααeββT
α(k−2)
(p)ββ = −2VββeβαTβα(k−1)

(p) (22)
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Ôîðìàëèçì ðàñïàêîâêè

σ2− = 0 (23)

{σ−,D}+ {σ−, σ0} = 0 (24)

D2 + σ2
0
+ {σ−, σ+}+ {D , σ0} = 0 (25)

{D , σ+}+ {σ0, σ+} = 0 (26)

σ2+ = 0 (27)
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Ôîðìàëèçì ðàñïàêîâêè

{σ−, σ0} = 0 (28)

D2 + σ2
0
+ {σ−, σ+} = 0 (29)

{σ0, σ+} = 0 (30)
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Ôîðìàëèçì ðàñïàêîâêè

φ(2k + 1) = 2φ(1)
2k + 1

2k + 2
(31)

f (k) =
λ2

8
k(k + 2) + f0 (32)

Äëÿ ôåðìèîíîâ:

f0 = 4φ2(1) +
λ2

8
(33)
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Ôîðìàëèçì ðàñïàêîâêè

(DC )α = 0 (34)

V αβDββc
β +mf c

α = 0 (35)

φ(1) = mf . (36)
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Ôîðìàëèçì ðàñïàêîâêè

(DC )α(0) = 0 (37)

(DC )α(2) = 0 (38)

(DββD
ββ +m2

b)c = 0 (39)

f0 = −
m2

b

3
(40)
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Àëãåáðà îñöèëëÿòîðîâ

[q̂α, q̂β] = 2iεαβ (41)

T̂αβ =
1

4i
{q̂α, q̂β} (42)

[T̂αβ , T̂γρ] = T̂αγεβρ + T̂βγεαρ + T̂αρεβγ + T̂βρεαγ . (43)
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Óíèâåðñàëüíàÿ îá¼ðòûâàþùàÿ

B =
∞⊕
k=0

Bk =
∞∑
k=0

Bα1...αk q̂α1 . . . q̂αk
(44)

B =
∞∑
k=0

Bα1...αkqα1 . . . qαk
(45)
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Òâèñòîâàííàÿ êîâàðèàíòíàÿ ïðîèçâîäíàÿ

∇̂B = dB + [[W ,B]]∗ = 0 (46)

DB + eβγ{Pβγ ,B}∗ = 0 (47)
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Öåïî÷êà óðàâíåíèé

DBk + E+Bk−2 + E−Bk+2 = 0 (48)

E+ = −ieβγqβqγ (49)

E− = ieβγ
∂

∂qβ

∂

∂qγ
(50)
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Öåïî÷êà óðàâíåíèé

Bk =
∑

2p+m=k

(T+)
pC(p)m (51)

T+ =
1

2
V βγqβqγ (52)

T− =
1

2
V βγ ∂

∂qβ

∂

∂qγ
(53)

T−C(p)k = 0 (54)
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Öåïî÷êà óðàâíåíèé

π+C(p)m = −i
(σ+C(p))

α(m+2)

f (m)
(qα)

m+2 (55)

π−C(p)m = i(σ−C(p))
α(m−2)(qα)

m−2 =
1

m(m − 1)
E−C(p)m (56)

Äëÿ áîçîíîâ:

π+C(p)m = E+C(p)m + (T+)
2π−C(p)m (57)

T−π+C(p)m = 0 (58)
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Öåïî÷êà óðàâíåíèé

∑
2p+m=k

(T+)
pDC(p)m+

(59)

+
∑

2p+m=k−2

(T+)
pπ+

[
C(p)m − (p + 1)(p + 2)C(p+2)m

]
+

+
∑

2p+m=k+2

(T+)
pE−

[
p(2m + p − 1)

m(m − 1)
C(p)m −

1

m(m − 1)
C(p−2)m

]
= 0
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Öåïî÷êà óðàâíåíèé

DC(p)k−2p+ (60)

+π+
[
C(p)k−2p−2 − (p + 1)(p + 2)C(p+2)k−2p−2

]
+

+π−
[
p(2k − 3p + 3)C(p)k−2p+2 − C(p−2)k−2p+2

]
= 0
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Äàëüíåéøåå ðàçâèòèå

[q̂α, q̂β] = 2iεαβ(1+ νQ̂) (61)

{Q̂, q̂α} = 0 (62)

Q̂2 = 1 (63)

π0C(p)m =
(σ0C(p))

α(m)

φ(m)
(qα)

m (64)
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BF äåéñòâèå

S2 =
∞∑
k=1

g(k)

k!

∫
eB3 ∧ . . . eBn ∧ εB1...Bn(DC )B1A(k−1)(DC )B2A(k−1) (65)
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Ñïàñèáî çà âíèìàíèå!
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