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Ñòðóíà ó ñëàáî çàêðèâ§åíîì ïðîñòîð-âðåìåíó
I Äåjñòâî çà çàòâîðåíó ñòðóíó ñà êîíôîðìíèì ãðàäèjåíòíèì

óñëîâîì gαβ = e2Fηαβ

S[x] = κ

∫
Σ
d2ξ ∂+x

µΠ+µν [x]∂−x
ν , ∂± = ∂τ ± ∂σ

I Ïîçàäèíñêa ïî§a: ìåòðè÷êè òåíçîð Gµν = Gνµ è

Êàëá-Ðàìîíäîâî ïî§å Bµν = −Bνµ

Π±µν [x] = Bµν [x]± 1

2
Gµν [x]

I Ïðîñòîðíî-âðåìåíñêå jåäíà÷èíå êðåòà»à

Rµν −
1

4
BµρσB

ρσ
ν = 0, DρB

ρ
µν = 0

I Ñëàáî çàêðèâ§åíî ïðîñòîð-âðåìå

Gµν [x] = const, Bµν [x] = bµν+
1

3
Bµνρx

ρ, bµν ,Bµνρ = const
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Óîïøòåíà Áóøåðîâà ïðîöåäóðà

I Ëîêàëèçîâàòè ãëîáàëíó ñèìåòðèjó δxµ = λµ = const

I Óâåñòè ãðàäèjåíòíà ïî§à v
µ
α

I Çàìåíèòè îáè÷íå èçâîäå êîâàðèjàíòíèì èçâîäèìà

∂αx
µ → Dαx

µ = ∂αx
µ + vµα

I Íàìåòíóòè çàêîí òðàíñôîðìàöèjå ãðàäèjåíòíèì ïî§èìà

δvµα = −∂αλµ, (λµ = λµ(τ, σ))

I Çàìåíèòè êîîðäèíàòó xµ èíâàðèjàíòíîì êîîðäèíàòîì

∆x
µ
inv ≡

∫
P

dξαDαx
µ = xµ − xµ(ξ0) + ∆Vµ,

ãäå jå

∆Vµ ≡
∫
P

dξαvµα
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Óîïøòåíà Áóøåðîâà ïðîöåäóðà
I Çàõòåâàòè åêâèâàëåíòíîñò ñà ïî÷åòíîì òåîðèjîì
I Jà÷èíà ãðàäèjåíòíèõ ïî§à

F
µ
αβ ≡ ∂αv

µ
β − ∂βv

µ
α

ìîðà áèòè íóëòà
I Äîäàòè ÷ëàí ñà Ëàãðàíæåâèì ìíîæèòå§åì yµ ó

Ëàãðàíæèjàí
I Ãðàäèjåíòíî èíâàðèjàíòíî äåjñòâî

Sinv = κ

∫
d2ξ
[
D+x

µΠ+µν [∆xinv]D−x
ν+

1

2
(vµ+∂−yµ−v

µ
−∂+yµ)

]
I Ôèêñèðàòè ãðàäèjåíòíè óñëîâ xµ(ξ) = xµ(ξ0)
I Äåjñòâî ñà ôèêñèðàíèì ãðàäèjåíòíèì óñëîâîì

S�x[y, v±] = κ

∫
d2ξ
[
v
µ
+Π+µν [∆V ]vν−+

1

2
(vµ+∂−yµ−v

µ
−∂+yµ)

]
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Jåäíà÷èíå êðåòà»à çà äåjñòâî ñà ôèêñèðàíèì

ãðàäèjåíòíèì óñëîâîì
I Êîíà÷íè äåî

Π0+µνv
(0)ν
− +

1

2
∂−y

(0)
µ = 0

Π0−µνv
(0)ν
+ +

1

2
∂+y

(0)
µ = 0

∂+v
(0)µ
− − ∂−v(0)µ

+ = 0

I Áåñêîíà÷íî ìàëè äåî

hµν [∆V (0)]v
(0)ν
− + Π0+µνv

(1)ν
− +

1

2
∂−y

(1)
µ = β+

µ [V (0)]

hµν [∆V (0)]v
(0)ν
+ + Π0−µνv

(1)ν
+ +

1

2
∂+y

(1)
µ = −β−µ [V (0)]

∂+v
(1)µ
− − ∂−v(1)µ

+ = 0, β±µ [x] = ∓ 1
2
hµν [x]∂∓x

ν .
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Ïîâðàòàê íà ïîëàçíó òåîðèjó

I Ðåøå»å jåäíà÷èíå êðåòà»à v
µ
± = ∂±x

µ

I Àðãóìåíò ïîçàäèíñêèõ ïî§à

∆Vµ(ξ) =

∫
P

dξαvµα = xµ(ξ)− xµ(ξ0)

I Jåäíà÷èíà êðåòà»à

∂+

[
Π+µν [∆x(0)]∂−x

ν−β+
µ [x(0)]

]
−∂−

[
Π−µν [∆x(0)]∂+x

ν+β−µ [x(0)]
]
=0

I Äåjñòâî

S�x[v± = ∂±x] = κ

∫
d2ξ ∂+x

µΠ+µν [x]∂−x
ν
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Ò-äóàëíî äåjñòâî
I Ðåøå»å jåäíà÷èíå êðåòà»à

v
µ
±[y] = −κΘµν

± [∆V (0)]∂±yν ∓ 2κΘµν
0±β

∓
ν [V (0)]

Θµν
± [x] = −2

κ

(
G−1E [x]Π±[x]G−1

)µν
I Jåäíà÷èíà êðåòà»à Ò-äóàëíå òåîðèjå

∂+

[
Θµν
− [∆V (0)]∂−yν − 2Θµν

0−β
+
ν [V (0)]

]
−∂−

[
Θµν

+ [∆V (0)]∂+yν + 2Θµν
0+β

−
ν [V (0)]

]
= 0

I Ò-äóàëíî äåjñòâî

?S[y,∆ỹ] =
κ2

2

∫
dξ2∂+yµΘµν

− [∆V (0)]∂−yν ,

ãäå jå ∆V (0)µ = −κ θµν0 ∆yν + (g−1)µν∆ỹν è

∆yν =
∫
P

(dτ ẏ + dσy′), ∆ỹ ≡
∫
P

(dτy′ + dσẏ).



Ò-äóàëíîñò ó ñëàáî çàêðèâ§åíîì ïðîñòîð-âðåìåíó

T0-äóàëíîñò
I ïðîñòîð-âðåìå Ìèíêîâñêîã Gµν → ηµν , Bµν → 0

I ðåøå»å jåäíà÷èíà êðåòà»à v
(0)µ
± = ±ηµν∂±yν

I T0-äóàëíî äåjñòâî

?S[y] =
κ

2

∫
d2ξ ηµν∂+yµ∂−yν

I ëèíèjñêè èíòåãðàë ãðàäèjåíòíèõ ïî§à ∆V (0)µ = ηµν∆ỹν
I Ò-äóàëíà êîîðäèíàòà

∆ỹµ ≡
∫
P

dξαεβα∂βy
µ =

∫
P

(dτy′µ + dσẏµ) = ỹµ(ξ)− ỹµ(ξ0)

I T0-äóàëíà jåäíà÷èíà êðåòà»à ∂+∂−yµ = 0 èìà ðåøå»å

yµ = y+µ(ξ+) + y−µ(ξ−)
I T0-äóàëíà êîîðäèíàòà ïîñòàjå ỹµ = y+µ(ξ+)− y−µ(ξ−)
øòî jå ïîçíàòè îáëèê çà Ò-äóàëíó êîîðäèíàòó ó

òðèâèjàëíîì ïðîñòîð-âðåìåíó
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T1-äóàëíîñò

I ðàâíî ïðîñòîð-âðåìå Gµν [x]→ Gµν , Bµν [x]→ bµν

I ïîëàçíà, åôåêòèâíà è Ò-äóàëíà ïîçàäèíñêà ïî§à

Π±µν [x]→ Π0±µν ≡ bµν ± 1
2Gµν

GE
µν [x]→ gµν ≡ [G− 4bG−1b]µν

θµν [x]→ θµν0 ≡ −
2
κ [g−1bG−1]µν

Θµν
± [x]→ Θµν

0± ≡ θ
µν
0 ∓

1
κ(g−1)µν

I ðåøå»å jåäíà÷èíà êðåòà»à v
(1)µ
± = −κΘµν

0±∂±yν
I T1-äóàëíî äåjñòâî

S[y] =
κ2

2

∫
d2ξ ∂+yµΘµν

0−∂−yν

I ëèíèjñêè èíòåãðàë ∆V (1)µ = V (1)µ(ξ)− V (1)µ(ξ0)
V (1)µ(ξ) = −κθµν0 yν+(g−1)µν ỹν = (g−1)µν [(2bG−1) ρ

ν yρ+ ỹν ]
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Ò-äóàëíå òðàíñôîðìàöèjå ó ñëàáî çàêðèâ§åíîì

ïðîñòîð-âðåìåíó

I Óïîðå¢èâà»å äåjñòàâà

∂±x
µ → ∂±yµ, Π+µν [x]→ κ

2
Θµν
− [∆V ]

I Ò-äóàëíà ïîçàäèíñêà ïî§à

Gµν → ?G
µν = (G−1E )µν [∆V ]

Bµν [x] → ?Bµν =
κ

2
θµν [∆V ]

∆Vµ[y] = −κθµν0 ∆yν + (g−1)µν∆ỹν

I Óïîðå¢èâà»å èçðàçà çà ãðàäèjåíòíà ïî§à

∂±x
µ ∼= −κΘµν

± [∆V (0)]∂±yν ∓ 2κΘµν
0±β

∓
ν [V (0)]
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Ò-äóàëèçàöèjà Ò-äóàëíîã äåjñòâà

I Äåjñòâî ñà ôèêñèðàíèì ãðàäèjåíòíèì óñëîâîì

?S�x[z, u±] =
κ

2

∫
d2ξ
[
κu+µΘµν

−
[
∆V [U]

]
u−ν+u+µ∂−z

µ−u−µ∂+z
µ
]

I Ðåøå»å jåäíà÷èíå êðåòà»à

u±µ = −2Π∓µν [∆z(0)]∂±z
(0)ν ∓ 2β∓µ [z(0)]

I Jåäíà÷èíà êðåòà»à çà Ëàãðàíæåâ ìíîæèòå§

∂+

[
Π+µν [∆z(0)]∂−z

ν−β+
µ [z(0)]

]
−∂−

[
Π−µν [∆z(0)]∂+z

ν+β−µ [z(0)]
]
=0

èëè ∂+∂−z
µ − B

µ
νρ∂+z

ν∂−z
ρ= 0.

I Çàêîí òðàíñôîðìàöèjå êîîðäèíàòà

∂±yµ ∼= −2Π∓µν [∆z]∂±z
ν ∓ 2β∓µ [z]
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Ïàðöèjàëíà Ò-äóàëèçàöèjà
I Ëîêàëèçîâàòè ãëîáàëíó ñèìåòðèjó çà íåêå êîîðäèíàòå

δxa = λa(τ, σ), a = d + 1, ...,D

I Ïàðöèjàëíî Ò-äóàëèçîâàíî äåjñòâî

Sπ[xi , ya] = κ

∫
d2ξ

[
∂+x

iΠ̄+ij[x
i ,∆Va]∂−x

j

+
κ

2
∂+yaΘ̄ab

− [xi ,∆Va]∂−yb

− κ ∂+x
iΠ+ia[xi ,∆Va]Θ̄ab

− [xi ,∆Va]∂−yb

+ κ ∂+yaΘ̄ab
− [xi ,∆Va]Π+bi[x

i ,∆Va]∂−x
i

]
ãäå jå Π̄+ij ≡ Π+ij − 2κΠ+iaΘ̄ab

− Π+bj è

Θ̄ab
0± ≡ −

2
κ(ḡ−1)ac Π0±cd(Ḡ−1)db = θ̄ab0 ∓

1
κ(ḡ−1)ab, ïðè ÷åìó

jå Ḡab = Gab è ḡab = Ḡab − 4bac(Ḡ
−1)cdbdb.
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Íåêîìóòàòèâíîñò
I Ïîàñîíîâå çàãðàäå

{xµ(σ),xν(σ̄)} = 0

{xµ(σ), πν(σ̄)} = δµν δ(σ − σ̄)

{πµ(σ), πν(σ̄)} = 0

I Êîìóòàòèâíå êîîðäèíàòå ñå òðàíñôîðìèøó ó

íåêîìóòàòèâíå êîîðäèíàòå

{Tyµ(σ),Tyν(σ̄)} = − 1

κ
Bµνρ

[
xρ(σ)− xρ(σ̄)

]
θ(σ − σ̄)

{Txµ(σ),Txν(σ̄)} = −
[ 1
κ
Rµνρ

(
yρ(σ)− yρ(σ̄)

)
− 1

κ

(
R̃µνρ − 4Q̃µνρ

)(
ỹρ(σ)− ỹρ(σ̄)

)]
θ(σ − σ̄)
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Öè§åâè

I Ðàçóìåòè ñòðóêòóðó ðåëàöèjà íåêîìóòàòèâíîñòè ïîòïóíî

Ò-äóàëèçîâàíå òåîðèjå

I Íà£è ðåëàöèjå íåêîìóòàòèâíîñòè çà ïðîèçâî§àí ñèãìà

ìîäåë ó ëàíöó Ò-äóàëíèõ òåîðèjà

I Íà£è âåçó èçìå¢ó îâèõ ñòðóêòóðà


