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GENERAL DESCRIPTION OF THE WORK 

Relevance of the topic. Among the important lessons from quantum field theory on curved space­
times is the dependence of the vacuum and particle notions on the observer. The natural mode func­
tions used in the canonical quantiLation of fields may differ for different observers, giving rise to 
different particle and vacuum states. If the Bogoliubov transformations mix the annihilation and cre­
ation operators corresponding to two sets of mode functions, the Bogoliubov ti-coefficient is different 
from zero, and the vacuum states based on those sets are not equivalent: the vacuum state correspond­
ing to one set of modes contains particles of the other set of modes. The classical examples of two 
inequivalent vacuum states in llat spacetime are the Minkowski and Fulling-Rindler (FR) vacua. They 
are vacuum states for inertial and uniformly accelerating observers, respectively. The interest in the 
quantization of fields in Rindler coordinates, which are the natural coordinates for uniformly accel­
erating observers, is motivated by several reasons. Firstly, it comes from the principal questions of 
quantization of fields in geometries having horizons. The latter can be either observer-dependent (like 
Rindler or de Sitter (dS) hori7ons) or determined by the matter distribution (examples are the black 
hole horizons). The Rindler geometry is simple enough to allow exact solutions to different prob­
lems of quantum field theory to be found. 1 his may shed light on the problems in more complicated 
geometries, where the exact solutions arc not available or are complicated. Next, the Rindler metric 
approximates the black hole geometry in the near horizon limit, and the roots of several quantum field 
theoretical phenomena around blact.. holes can be found in the Rindler physics. An example is the 
relation between the Unruh effect and I la\\ t..ing radiation. Being a background with horizons, the 
Rindler geometry is an interesting arena to investigate the phenomena of quantum entanglement. 

Among the exciting effects of quantum field theory in curved backgrounds are the polarization of 
the vacuum and particle creation by gravitational fields. In particular, these effects play an essential 
role in the early Universe and near the blact.. holes. An essential feature of vacuum polarization in 
the presence of gravitational fields is the possibility of breaking the energy conditions in Hawking­
Penrose singularity theorems. This provides an opportunity to solve the singularity problem in Gen­
eral Relativity. The exact results for the physical characteristics describing the vacuum polarization 
are obtained for highly symmetric gravitational fields . In particular, the dS and anti-de Sitter (AdS) 
spacetimes have attracted a great deal of attention. I laving the same number of symmetries as the 
Minkowski spacetime, these geometrics arc maximally symmetric. They are vacuum solutions of the 
Einstein equations with positive (dS) and negative (AdS) cosmological constants as the only source of 
the gravitational field . The results for the inllucncc of the gravitational fields on quantum matter, ob­
tained for dS and AdS bulks, may shed light on the effects of gravity in more complicated background 
geometries. In addition to this, the popularity of the dS and AdS spacetimes in quantum field theory 
is motivated by their important role in cosmology and in high-energy models with extra dimensions. 

In accordance with the inflationary scenario, al the beginning of the evolution, the Universe went 
through a phase of accelerating expansion, " hi ch is approximated by the dS spacetime. Several mod­
els have been proposed for the inflationary phase, the predictions of which can be tested by using 
the recent observations of temperature anisotropies of the cosmic microwave background radiation. 
On the other hand, the observational data on those anisotropies, high redshift supernovae, and galaxy 
clusters indicate that the recent expansion of the Universe is dominated by a source of the cosmologi­
cal constant type. The relative contribution of the latter to the total energy density will increase during 
the expansion, and the corresponding geometry asymptotes dS spacetime in the future. Hence, the dS 
geometry appears as the past and future attractors for the expansion of the Universe. The dynamics 
of quantum fields in AdS spacetime have long been an active field of research. The early interest was 
related to the principal questions of the quantization procedure on curved backgrounds. The lack of 
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global hyperbolicity and the presence of both regular and irregular modes were among the new fea­
tures having no analogues in quantum field theory on the Minkowski bulk. The natural appearance 
of AdS spacetime as a ground state in supergravity and Kaluza-Klein theories and also as the near­
horizon geometry of the extremal black holes and domain walls has further increased the interest in 
quantum field theories on AdS bulk. The AdS spacetime has played an important role in two exciting 
developments of theoretical physics during the last decade: AdS/conformal fi eld theory (CFT) cor­
respondence and braneworld scenarios with large extra dimensions. The AdS/CFT correspondence 
establishes a duality between two different theories: supergravity or string theory on asymptotically 
AdS bulk from one side and conformal fi eld theory on AdS boundary from another. It provides a vital 
poss ibility to investigate strong coupling non-perturbative effects in one theory by mapping them to 
the weak coupling region of dual theory. It has been applied in different physical settings, includ­
ing a variety of condensed matter systems. The braneworld paradigm naturally arises in the context 
of supergravity and string theories and presents an alternative to Kaluza-Klein compactification of 
extra dimensions. The models formulated on AdS bulk provide a geometrical solution for the hierar­
chy problem between the electroweak and grav itational energy scales, and also new perspectives and 
different interpretations for various problems in particle physics and cosmology. 

The aim of the thesis is to investigate the influence of the background gravitational field , the 
spatial topology and boundaries on the properties of the vacuum state fo r quantum scalar, fermionic 
and electromagnetic fields. In accordance with the equivalence principle, the features of the local 
influence of the grav itational field can be studied considering the physical processes in non-inertial 
reference frames. The thes is includes the investigations of the properties of the vacuum in a uni formly 
acce lerating reference frame (FR vacuum). The following problems are considered. 

Investigation of the vacuum expectation values (YEVs) of the field squared and current density 
for a charged scalar fi e ld in the Rindler spacetime with a part of spatial dimensions compactified 
to a torus. 

Investigation of the properties of the fermionic FR vacuum in a general number of spatial dimen­
sions. As local characteristics of the vacuum state, the fermion condensate (FC) and the VEY 
of the energy-momentum tensor are considered, and their dependence on the spati al dimension 
is studied. 

Properties of the electromagnetic vacuum around a topological defect in dS spacetime that gen­
eralizes the geometry of a cosmic string for a general number of spatial dimensions. 

Investigation of the quantum vacuum effects for a massive scalar field with general curvature 
coupling parameter induced by two parallel branes orthogonal to the AdS boundary. The two­
point function , the VE Vs of the field squared and energy-momentum tensor, and the Cas imir 
forces are studied . 

Scientific novelty. The expectation values of the field squared and current density fo r a charged 
scalar field in the FR vacuum are examined in Rindler spacetime with a compact subspace. Scalar 
mode functions are found for general quas iperiodicity phases and the expression of the I ladamard 
function is derived, where the corresponding function for the Minkows!..i vacuum is explici tl y ex­
tracted. The VEYs are periodic functions of the magnetic flux enclosed hy compact d1mcnsin11s, with 
the period equal to the flux quantum. The current density tends tn /Croon the Rindler hn11/on . 'I he 
difference in the current densities for the FR and Minkowski vacua is cxponc11t111 ll y smal l for smal l 
accelerations and lengths of compact dimensions. The local proricrt1cs ol thc I· R vacuum arc studied 
for a mass ive Dirac field in a general number of spati al dimensions Cm rcsrin11d111J.' lcrmionic normal 
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modes arc found, and the renormali zed FC and the VEY of the energy-momentum tensor are explored. 
The FC vanishes fo r mass less fi e lds and is negative for massive fields. The properties of the vacuum 
energy-momentum tensor near the Rindler horizon are examined, showing weak dependence on the 
mass for large accelerations and an exponential decay for small accelerations. The effects of back­
ground geometry and topology on the VEY of the energy-momentum tensor for the electromagnetic 
field in locally dS spacetime are studied. The non-trivial topology is induced by a defect, which is 
a generalization of a cosmic string. The topological contribution in the vacuum energy-momentum 
tensor is explicitly extracted. Outs ide the defect core the renormalization is required only for the pure 
dS part. The asymptotic behaviour of the topologica l contribution at small and large distances from 
the defect core is studied. The influence of two parallel branes, orthogonal to the AdS boundary, on 
the scalar vacuum in AdS spacctime is investigated. General Robin boundary conditions are imposed 
on separate branes, and the positive frequency Wightman function is evaluated. The vacuum energy 
density can be either negative or positive depending on the boundary conditions and the distance from 
the branes. The asymptotics for points near and far from the branes are discussed in detail. The normal 
and shear components of thc Casim ir fo rces, acting on the branes, are investigated. Their signs depend 
on the Robin coefficients, the distance from the branes and the distance from the AdS boundary. 

Practical importance. The mode functions for a scalar fi eld in Rindler spacetime with a part of 
spatial dimensions compactificd to a torus can be used for the investigation of the effects of non-trivial 
topology on the VEY of the energy-momentum tensor. The corresponding Wightman function can be 
employed in studying the response of Unruh-de Witt-type particle detectors in a given state of mo­
tion. The fermionic Rindler modes presented in the thesis are easily generalized for spaeetimes with 
toroidally compact dimensions and general quasiperiodic conditions along them. With this general­
ization, those modes can be used to investigate the term ionic current density. In the particular case of 
two-dimensional space, the corresponding results can be applied to carbon nanotubes within the frame­
work of the Dirac model for a long-wavelength description of the corresponding electronic subsystem. 
The results for the vacuum energy-momentum tensor around a cosm ic string can be used to investigate 
the back reaction of quantum effects on the background geometry. Those results are also important 
considering the evolution of vacuum fluctuations in the post-inflationary era of the Universe's expan­
sion. The results obtained for the geometry of branes in AdS spacetime should be taken into account 
when considering the stabi lity of corresponding braneworlds. Within the framework of the AdS/CFT 
correspondence, those results can also be used for the investigation of the boundary-induced effects 
in conformal field theory living on the boundary of AdS spacetime. 

The basic results to be defended arc as follows: 

I. The magnetic fluxes enclosed by compact spatial dimensions generate currents in the FR vac­
uum state for a charged sca lar lield in locally Rindler spacetime. The charge density and the 
components of the current along uncompact dimensions vanish. The components of the current 
in the compact subspace are periodic functions of the magnetic flux , with the period equal to 
the flux quantum. They tend to zero on the Rindler horizon. The expectation value of the field 
squared in the FR vacuum is an even period ic function of the magnetic flux . Depending on the 
value of the proper acce leration, it can be either positive or negative. 

2. For a mass ive Dirac field, the fermion condensate is negative in the FR vacuum state fo r the 
general case of the spatial dimension and tends to zero in the mass less limit. The correspond­
ing VEY of the energy-momentum tensor is diagonal , and the vacuum stresses are isotropic. 
Compared to the Minkowski vacuum, the energy density and the effective pressures in the FR 
vacuum are negative . For a massless field, the corresponding equation of state is of the ra­
diation type and the spectral distribution is thermal with the Unruh temperature . The thermal 
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distribution is of the Fermi-Dirac and Bose-Einstein types in odd and even numbers of spatial 
dimensions , respectively. 

3. For the Bunch-Davies vacuum state in locally dS spacetime and in the presence of a general­
ized cosmic string type defect, the expectation value of the energy-momentum tensor for the 
electromagnetic field is not diagonal in spatial dimensions D > 3. The off-diagonal component 
corresponds to the vacuum energy flux along the radial direction with respect to the defect core. 
It is directed towards the cosmic string. The contributions in the vacuum stresses induced by 
the cosmic string are anisotropic, and for D > 3 the stresses along the directions parallel to the 
string core differ from the energy density. Depending on the planar angle deficit and the distance 
from the cosmic string, the vacuum energy density and pressures can be positive or negative. 
The influence of the gravitational field on the diagonal components of the energy-momentum 
tensor is weak for points near the cosmic string and is essential at proper distances from the cos­
mic string larger than the dS curvature radius. At large distances, the topological contributions 
in the diagonal components tend to zero like the inverse fourth power of the proper distance and 
the energy flux behaves as the inverse-fifth power for all values of the spatial dimension. The 
exception is the energy density in the special case D = 4. 

4. The vacuum energy-momentum tensor for a massive quantum scalar field in the geometry of 
two parallel branes perpendicular to the AdS boundary has a non-zero off-diagonal stress. De­
pending on the coefficients in the Robin boundary conditions on the branes and the distance 
from the branes, the vacuum energy density can be either positive or negative. The off-diagonal 
component of the vacuum stress gives rise to the component of the Casimir force parallel to the 
branes (shear force). If the boundary conditions on the separate branes are different, the corre­
sponding normal Casimir forces differ, and they can be either repulsive or attractive. Depending 
on the coefficients in the boundary conditions, the shear force is directed toward or from the 
AdS boundary. At large proper separations between the branes, compared to the AdS curvature 
radius, both of the components of the Casimir forces exhibit a power-law decay. 

Approbation of the work. The results of the thesis were reported at the conferences "Modern Physics 
of Compact Stars and Relativistic Gravity" (Yerevan, 2021 , 2023) and have been discussed at the 
seminars of the Chair of Theoretical Physics of Yerevan State University and of the INFN National 
Laboratory ofFrascati (Frascati , Italy). 

Publications. Five papers were published on the topic of the thesis. 
Structure of the thesis. The thesis consists of an Introduction, three Chapters, a Conclusion, six 

Appendices and a bibliography. It contains 172 pages, including 31 figures. 

CONTENT OF THE THESIS 

In Introduction, the scientific literature related to the topic of the thesis is reviewed, the relevance 
of the topic is argued, the aim of the work, the scientific novelty and the practical value are presented, 
and the primary results are described. 

In Chapter I, the VEY of the field squared and the vacuum currents are investigated for a charged 
scalar field in Rindler spacetime with a toroidally compact subspace. In the Rindler coordinates, the 
geometry is described by the (D + ! )-dimensional line clement (units with c h l are used) 
dsfl = p2dr 2 

- dp2 
- dx2

, where dx2 = L::~2 (d.r') 2 and 0 < p < oo. The worldline for given 
(p. x2 

. • . • . :c /J ) corresponds to an observer with constant proper acceleration 1/ p. The p-dimensional 
subspace covered by Cartesian coordinates X p = (x2 .. . . . xP+ 1) has trivial topology, RP, with the 
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range of variations -oo < x1 < oo for I = 2, . ., p + 1. The subspace corresponding to the coordinates 
Xq = (xv+2, ... , xD) is compactified to a q-dimensional torus (S1 )", q = D - p - 1. The length of 
the compact dimension x1 will be denoted by L1 and one has 0 ~ x1 ~ L1 for l = p + 2, .... D. 
Assuming the presence of an external class ical gauge field with the vector potential A1., the field 
equation for a quantum charged scalar field cp(.r) reads (gµ" DµDv + rn2 ) <p = 0, with spacetime point 
x = ( r, p, x ) and gauge extended covariant derivative D1, = 'l1, + ieAµ. Generic quasi periodic 
conditions cp(t , t;, x v, x,1 + L1e1) = e'0 '<P( t . t;, xv , x q) are imposed along compact dimensions, where 
l = p + 2 . ... , D , and e1 is the unit vector along the dimension x1. By using the complete set of the 
mode functions , obeying those conditions, a closed expression of the Hadamard function G (x, x') for 
the FR vacuum is derived for a gauge field with constant components A1 along compact dimensions. 

Given the Hadamard function, the VEY of the field squared is evaluated by using the relation 
(cp(x)ipl(x)) = limx'->x G(.r, x')/2. The corresponding expression reads 

(cpcpt)=(cpcpl) _ m/J-.I '°' ( -100 f .!l:=.l( m /4 p
2

cosh
2

u+ °"
0 

L2 2) 
r-.1 (

2
n)¥ L cos n " · a ) du ' V L..•-v+2 , n; 

~ o ~+~N ' 
(I) 

where n " = (nv+2· nv+3, ... , 1t1J), a = (ci.v+2, ... ,ci.o ), n " ·a = L:t=v+2 ·n1&1, and &1 = a1+eA1 L1. 
In (I), L;11, = L: ~,::', . . 00 • • • L:~;;°,_00 and the function f v(x) is defined by !v( x) = x-"JC(x), 
where K v(x) is the modified Bessel function. The Minkowskian VEY (ipcpl)~ 1 is found by using 
the finite temperature I ladamard function from [I] . The renonnalization is required only for that 
part. Note that the term cA1L1 in the expression for ii1 can be written as eA1L1 = -27r <I>if <I>0, where 
<I> 0 = 27r/e is the flux quantum and <I>1 is the magnetic flux enclosed by the Ith compact dimension. 
The Rinlder horizon corresponds to the limit p -+ 0 (large accelerations). Near the horizon the last 
tenn in (I) dominates and the VEY ( 'P'Pt) behaves as 1/ pD- I . For small accelerations, corresponding 
to large values of p, the difference (.;;p') - (.;cpl)~ 1 is suppressed by the exponential factor e-2''"'0 , 

where w5 = L;;~v+2 o.; / L; + m2 and it is assumed that liid ~ 7r . 
The VEY of the current density for a charged scalar field is obtained from the formula (jµ) 

ie lim.c'-.x(Dµ -D;,)G(x, x')/2. The charge density and the components along uncompact dimensions 
vanish: (jµ) = 0, µ = 0, 1, ... , p + 1. The contravariant component along the lth compact dimension 
is given by the expression 

.1 _ .1 _2em D+ 1L1 .· . -1"' . !Rf!(rnJ4p2 cosh2 u+ L:~v+2 LTnTJ 
(J) - (J h 1 .!ill L n1 s1u (nq a ) du ? 0 , , , 

(27r) , "" 0 u- + 7r 
(2) 

with l = p + 2, . .. , D , and (/h1 being the current density for the Minkowski vacuum. The current 
density (2) is an odd periodic functions of &1 with the period 27r and even periodic functions of ii,, 
i f I, with the same period. This corresponds to the periodicity in the magnetic flux <I>1. The current 
density vanishes on the Rindler horizon, lirnµ_, 0(/) = 0. Similar to the case of the field squared, 
the difference of the current densities for FR and Minkowski vacua are exponentially small for small 
acceleration, (i) - (J'h 1 o:: e-2pwo, pw0 » 1. In figure I the graphs for the current density are 
plotted for the model D = 4 with a single compact dimension of the length L and &0 / 27r = 0.2. 
The left panel presents the dependence of the current density on mp for different values of mL (the 
numbers near the curves). In the limit mp -+ oo the current density tends to (jD ) ~ 1 and it vanishes 
on the Rindler horizon p = 0. On the right panel , the difference in the current densities for the FR 
and Minkowski vacua (in units of emD) is plotted versus the length of the compact dimension. The 
numbers near the curves are the values for mp. 
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Figure I: The current density as a function of the inverse acceleration and the length of compact 
dimension. 

As an application, the vacuum currents near the horizon of cylindrical black holes are investigated. 
The corresponding exterior geometry is approximated by the Rindler-like metric considered above 
with the lengths of the compact dimensions L1 = 27rr 11 , where r 11 is the radius of the event horizon. 
At large distances from the horizon, the geometry of cylindrical black holes is approximated by a 
locally AdS spacetime with a toroidally compact subspace. The lengths of the corresponding compact 
dimensions are expressed in terms of the AdS curvature scale a as L1 = 27ra. The vacuum currents in 
the latter geometry have been investigated in [2]. 

In the second part of Chapter I, the local properties of the FR vacuum for a massive Dirac field 
111(.r) are investigated in a general number of spatial dimensions. As characteristics, the FC and the 
VEY of the energy-momentum tensor are considered. The mode summation technique is employed 
in combination with the point-splitting regularization procedure to evaluate those quantities. The line 
element is the same as that for a scalar field, but now for all spatial dimensions -oo < x1 < oo, 
l = 2. 3, ... , D . The dynamics of the field is described by the Dirac equation (h1' \1 µ. - rn ) 1/J = 0, 
where \11, = 81, + r µ. and r µ is the spin connection. A fermionic field , realizing the irreducible 
representation of the Clifford algebra {1µ. , l'v} = 2gµ.v, is considered with N x N Dirac matrices, 
where N = 2i(D+IJ/2l. As the first step, the results of [3] are generalized for the complete set of 
fermionic normal modes in Rindler spacetime in the case of a massive field in (D + 1)-dimensional 
spacetime. By using those modes, the following formula is obtained for the FC in the FR vacuum: 

- __ 2N mJJ 1"" u sinh u ? 
(1/J'l/J) rn - QH du 2 2 / f o- 1 (-mp coshu), (3) 

( 27r) , 0 1t + 7r -1 , 

where J; = 1/J' ,,0 . From (3) it follows that the FC vanishes for a massless field. In the case of a massive 
field, the condensate is negative and monotonically decreases with increasing proper acceleration 1/ p. 

It is exponentially suppressed by the factor e-2
mp for large values of p and behaves like 1/ p/J- I for 

small p (near the Rindler horizon). 
The renormalized VEY of the energy-momentum tensor in the FR vacuum is diagonal. The corre­

sponding energy density and the vacuum stresses are expressed as (no summation over l = 1, ... , D) 

2N rn D+ 
1 1"" u sinh u [ ] (Tg)rn = - QH du 2 214 

J o.-• (2mpcosh it)+ D f 12# (2mp cosh u) , 
(27r) , 0 1t + 7r 2 , 

(T/) rn 
2NmD+i 1"" usinh u 

!Lil du 2 21 
f !2.±l (2mp coslrn). 

(27r) 2 0 1t + 7r 4 , 
(4) 
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The vacuum effective pressures are determined by -(T/) rn and they are isotropic. Note that the latter 
property generally does not take place for a scalar field . From (4) it follows that the energy density and 
the effective pressures in the FR vacuum are negative. For a massless field , the general expressions 
(4) are simplified to 

2- DNp- /J- l 1"" wDJ3 (w) ( 1 1) 
(T;)Fll = 0 dw JJ JJ cliag - 1, -D ,. . ., -D , 

7r<T ( ~) o e2r.w - (- 1) 
(5) 

where 130 = 131 = 1 and 

BD(w) = g [1 + c- ~/2} rJ , (6) 

for D 2 2. Here, {D/ 2} is the fractional part of D / 2 and lJJ = D / 2- 1 + {D/ 2}. Note that the energy 
cp measured by an observer with proper acceleration 1/ pis expressed as £p = w/ p. The respective 
factor ( e2r.P£• + 1 )- 1 is interpreted as an indication of the thermal nature of inertial vacuum with 
respect to a uniformly accelerating observer. The corresponding temperature (Unruh temperature) 
is given by T = Tu = l /(27rp). An interesting point to be mentioned is that in an even number of 
spatial dimensions, the thermal factor for the Dirac field is of bosonic type, ( e2r."'• - 1)- 1

. Similar 
features in the response ofa uniformly accelerating Unruh-DeWitt detector interacting with the Dirac 
field prepared in the Minkowski vacuum have been observed previously in the literature. 

For a massive fermionic field and small accelerations corresponding to mp » 1, the energy 
density and the stresses are exponentially suppressed: (Tg) m ex (mp)-12fl e-2

"'P and (T/) rn ""' 
-2mp(T(/) rn, I = 1, . .. . D. An interesting feature is seen in the asymptotic estimate is that 
the absolute value of the energy density is much smaller than the absolute value of the pressure, 
l(T(/) rnl « l(Ti) rnl- For classical sources rg 2 IT/I and in the non-relativistic limit IT/I « T(}. 
In the opposite limit m p « 1, the leading term in the expansion over mp coincides with the VEY 
for a massless field. In figure 2 the FC and the energy density in the FR vacuum are plotted as func­
tions of dimensionless combination mp for different values of the spatial dimension (numbers near 
the curves). The qualitative behaviour for the vacuum effective pressure -(Ti) rn is similar to that 
for the energy density. 

0 

~ -2 

~ 
Ill- -3 

'b 
- -4 

0.0 0.5 1.0 1.5 2.0 2.5 

mp 

~~~~~·-..----~__....-,. -,. ' '" • ..- 1 ~- ...- ..- T ..... 

0. 0,-~--~ 
5 --:::::~- ~----

Q 
~ -0.5 
~ ... 

>-" 

~ 

- 1.5 

0.0 

4 

0.5 1.0 1.5 

mp 

2.0 2.5 

Figure 2: The FC and the energy density versus the inverse proper acceleration. 

Having the VEVs for a massless Dirac field in the FR vacuum, the corresponding VEYs are gener­
ated in the problems where the background geometry is conformally related to the Rindler spacetime. 
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As such geometries, a static spacetime with constant negative curvature spatial sections, the Milne 
universe, dS spacetime foliated by negative curvature spatial sections and dS spacetime described in 
static coordinates are considered. 

Jn Chapter 2, the combined effects of the background geometry and topology on the VEY of the 
energy-momentum tensor for the electromagnetic field in (D + 1)-dimensional locally dS spacetime 
are studied. The non-trivial topology is generated due to a topological defect generalising a cos­
mic string in 4-dimensional spacetime. The corresponding geometry is described by the line element 
ds~s = dt2 - e211°[dr2 + r2d<f>2 + (dz)2], where z = ( z3 . .... zD), t , zi E (-oo, +oo ), 0 ,,:;; r < oo, 
and 0 ,,:;; </> ,,:;; </>o. Jn the special case </>o = 27r the geometry corresponds to the (D + 1)-dimensional 
dS spacetime sourced by the cosmological constant A= D(D - l) / (2a2). For <f>o < 27r and at the 
points r > 0 the local characteristics coincide with those for dS spacetime. The defect core, given by 
r = 0, presents a (D-2) -dimensional spatial hypersurface. In terms of the conformal time coordinate 
r = -ae-11°, the metric tensor is given as g;1 = (a/r) 2 diag(l , -1, -r2 , -1, ... , -1). The complete 
set of the normalized mode functions is found for the vector potential Aµ(x) of the electromagnetic 
field. By employing those modes, the VEY of the energy-momentum tensor for the electromagnetic 
field , (Tf ), is investigated, assuming that the field is prepared in the state which is the analogue of 
the Bunch-Davies vacuum state in dS spacetime. The contribution in the energy-momentum tensor 
induced by the presence of the defect (the topological part) is given by (Tj), = (Tf)- (Tf)(dSJ, where 
(Tf)<<lS) is the VEY of the energy-momentum tensor in dS spacetime in the absence of the cosmic 
string. From the maximal symmetry of the Bunch-Davies state, it follows that (Tj)(<lS) = const · Jj. 

For the topological contribution in the VEVs of the nonzero components of the energy-momentum 
tensor, the following expressions are obtained (no summation over i): 

2a-D- I 
(Tn, = (27r)D/2+1 [ 

fq/2] (°"' t (i) ( r / 77, cosh z) ] f;' t (il (r/7), s1) - ; sin(q7r) lo dz cosh(2qz) - cos(q7r) ' 

S(D - 3)r 
(T~)t = (27r)D/2+1 aD+t7) [

[q/
2
] roo tCOl l(r/7),COSby) l 

f;t (o1 )( r / 77.s1)-;sin(q7r) lo dycosh(2qy)-cos(q7r) , 

(7) 

(8) 

where 77 = lrl , q = 27r /1>0 , SJ = sin(j7r / q) and the prime on the summation sign means that the term 
j = q/ 2 (for even values of q) should be taken with additional coefficient 1/ 2. In (7), the notations 

l oo duu lf eu-2ux'v' L J( !f-1(u) J,iil(x, y. u). 
. 0 kl,2 

t Cil(x,y) (9) 

t(Oll(:i:, y) y2100 duu lf (1 - uy2.r:2) K q-1 (u)eu-2x'y'u (I 0) 

are introduced with the functions 

[ 4bfil ux2y2 - 2(bli) + d? ))ux2 - ( (D - 2)alil + 2b)il)] y2 + e)il, i "# 1, 2, J/il (x.y ,u) 

J/il(.x , y , u) 2(b?l - dvl)ux2 y2 + elil, i = 1, 2. (I I) 

The numerical coefficients a?l, bf il, cl;), d)il , and eli) are completely determined by the spatial dimen­
sion D. The off-diagonal component (Td ), corresponds to the energy flux along the radial direction. 
For this component one has (Td ), < 0 which means that the flux is directed towards the cosmic string. 
The topological part of the VEY depends on 77 and r in the form of the ratio r/77. This property is a 
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consequence of the maximal symmetry of dS spacetime. Considering that m/r1 is the proper distance 
from the string, it is seen that r /77 is the proper distance, measured in units of the dS curvature scale 
a. 

For odd values of D , the topological contribution is expressed in terms of elementary functions . 
In particular, for D = 3, 5 one gets (no summation over i) 

(17), A(ilc4(q) , (Td )t = 0, A (o) = A(t) = A(3) = 1, A (2) = -3, D = 3, (12) 
87r2(ar/77)4 

(Tt), [BCil+(r/77)2C(il]c4(q)+D<ilc5(q). (T,1 ),= .c4(q) 5' D =5, (13) 
l67r3(ar/ 7J) 6 · 

0 87r3a 6 (r/17) 

where B (o) = B(il 
D C2l = 10, and 

2, B(I) B C2l = 0, C(O) -cc1J 1, cc2l = 5, D(O) 

q2-1 (2-1 
C4(q) = ---go(q2 + 11) , ct;(q) = 1

1890 
(2q'1+23q2 +191). 

D Ctl -2, 

(14) 

At small proper distances compared to the curvature radius of the background spacetime, one has 
r/1J « 1, and the leading terrns in the asymptotic expansions of the diagonal components near the 
string coincide with the corresponding expressions for the Minkowski bulk with the distance from the 
string replaced by the proper distance in the dS bulk. In that region, (T/)c ex l /(ar / 7J)D+1 with the 
relations (T/)t "" (Tg ),, l = 3, ... , D, and (Ti), "" -D(Ti )c. The energy density near the cosmic 
string is negative in spatial dimensions D = 3, 4. Near the cosmic string, the radial stress is negative, 
and the azimuthal stress is positive, (Ti), < 0 and (T:j)t > 0. For the off-diagonal component one 
has (TJ)t ex (ar/7J)-D /a for r / 77 « 1. At large distances from the cosmic string, one has r/1J » 1 
and the leading terms in the corresponding asymptotic expansions are given by (no summation over 
i) 

T ~ r(D/2 - l)t6ilc.1(q) r,i ~ (D - 3)r(D/ 2 - l)c 1(q) 
( ;), ~ 327rD/2+1aD+I (r/7))4, ( 0 )t ~ 87rD/2+1aD+I (r/r1)5 

( l 5) 

where f( x) is the gamma function and the numerical coefficients t~i) are completely determined by 
the spatial dimension D. The exception is the energy density for the case D = 4 with the asymptotic 
(11!), "" -3c6 (q) ln(r/ 7J) /[87r3a 4 (r/ 7J) 6] . At large distances from the cosmic string, the topological 
contribution to the energy density is negative for D = 3, 4 and positive for D > 4. The stresses 
(T/)t, with i = 1, 3, ... , D, are negative for 3 ::=; D ::=; 6 and positive for D > 6. The stress (Ti), 
is positive for D 2 3 and the energy flux is negative. Notably, the topological contributions in the 
diagonal components decay at large distances as the inverse fourth power of the proper distance from 
the cosmic string in all spatial dimensions D 2 3. The exception is the energy density in 4-dimensional 
space. This behaviour is in contrast to the geometry of a defect in the Minkowski bulk where the VEY 
decays like 1/ rJJ+t . 

Figure 3 displays the dependence of the diagonal components of the topological contributions in 
the VEY of the energy-momentum tensor, (T;')t (in units of l /a1J+1), on the ratio r/ I) (proper distance 
from the cosmic string in units of the dS curvature radius a). The numbers near the curves correspond 
to the value of the index i, and the left and right panels are plotted for D = 5 and D = 6, respectively. 
For For the planar angle deficit, we have taken the value corresponding to q = 1.5. The dashed curves 
on both panels present the energy flux. For both cases, D = 5, 6, the energy density is positive. For 
D = 3, 4, the corresponding energy density is negative. In general , depending on the values of D and 
q, the energy density can be either positive or negative. For the values of the parameters corresponding 
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Fig ure 3: The radial dependence of the topological contributions in the vacuum energy-momentum 
tensor. 

to fi gure 3 the radial and azimuthal stresses are monotonic functions ofr /ry, whereas the stresses (TD,, 
i = 1, 3 ..... D, are positive near the cosmic string and negative at large distances. 

Chapter 3 considers a scalar field cp(x) on the background of a ( D+ 1 )-dimensional AdS spacetime 
with the curvature radius n . The corresponding line element is given by ds~\dS = (a/z) 2 [dt2 

-

(cl.T 1)
2 

- dx 2 - dz2], where x = (x2,. . .,.rD- 1), .ri E (-oo. +oo) and 0 < z < oo. The AdS 
boundary and horizon are presented by the hypersurfaces z = 0 and z = oo, respectivel y. The 
Ricci scalar and the cosmological constant are expressed by the relations R = - D(D + l )/a2 and 
A = -D(D - l )/(2a2). The operator of the scalar field with the curvature coupling constant~ obeys 
the equation (g1k\l;\h + m 2 + ~R) cp(:r) = 0. We are interested in the effects of two branes located 
at :r 1 = a1 and x 1 = a2 on the local properties of vacuum state. It is assumed that on the brane at 
x 1 = ai, j = 1, 2, the field obeys Robin boundary condition (Ai+ B1 n~\l;)cp(x) = 0, where nj is the 
normal to the brane. In the region between the branes, a1 :'::'. x 1 :'::'. a2, one has nj = (-1)1- 18\z/a. 
The special case with Bi / A1 = ofJi/ z is considered, where {Ji, j = 1, 2, are constants. The complete 
set of mode functions , obeying the boundary conditions on the branes , are found. By using those 
modes, the positive frequency Wightman function is evaluated. The local VEVs are obtained in the 

coincidence limit of the arguments of that function and its derivatives . 
In the region between the branes, the VEY of the field squared is expressed as 

( 2) = ( 2) + y7rO dxx/J+2v- l pD/2(:r) L...i= l,2 J ~ ( r:;; )1-/J 1"" 2+" e2lx1-aJlx/zc·(x/-) 
'P cp o 2D+2v o " . c1(x/z)c2(x/z)e2ax/z - 1 ' 

(16) 

where v = J D 2 /4 - D(D + l ).; + m 2a2, a= a 2 - a1, ci( A) = (fJiA - l )/(fJiA + 1) , and 

F"( )= 1F2(v+4;µ+v+4, 1 +2v;-u2) 
" 

71 
f(µ + v + !)r(l + v) 

(17) 

with 1 F2 (a: b. c; z) being the hypergeometric function . In (16), (cp2)0 is the renormalized VEY in AdS 
spacetime when the branes are absent. Because of the maximal symmetry of AdS geometry, the part 
(cp2)0 does not depend on the spacetime point. 

The VEVs of the nonzero components of the energy-momentum tensor are written in the form (no 
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summation over i) 

(Tl) { 
/) 

. Q- 1-D oo E;xD+2vp,7(.r) 
To- dxx 

( ,) 2D+2v7r¥ 1 c1(.T/z)c2(:r/z)e2ax/z - 1 

2+ " ._ e2lx1-a;lx/zc(.T/z) 1J • 1J } + L....i-1,2 J [A- D+2vF:2+ I( ·) + B D+2vF:'I( l] 
c1(x/z)c2(x/z)e2ax/z_ l ,x v :z; ,.T " x , (18) 

(Tb) 
2n- l-D { "" L i=l.2 (- l )i e2lx1-a;lx/zc1(.T/z) 

20+2v7r "; 1 
,/0 dx c1(:c/z)c2(x/z)e2ax/z - 1 

x [(.;- D xa..,+.;] .TD+2"FJ'(x), (19) 

where E1 = 2 (1 - 4.;) for i = 0. 2, .... D, E1 = -2, A 1 = 0, A;= 1/2 for i = 0, 2, ... , D - 1, and 
AD = ( 1 - D) /2 . In the expressions for the diagonal components, ll; are the second-order differential 
operators with respect to x . For example, 

B 1 = (~ - 1/4) a';+ [(D - 1/4) - (D - 2) .;] .c-10.., - D.;.-c-2 . (20) 

In ( 18), the part (Tho corresponds to the vacuum energy-momentum tensor in the brane-frec AdS 
spacetime. From the maximal symmetry of the AdS geometry one has (T,k} 0 = const · bf. The 
components (T(J) and (I';'), i = 2, . .. , D - 1, determining the energy density and stresses along 
the directions parallel to the branes (except the component i = D), are equal. Of course, that is 
a consequence of the problem 's symmetry. The products a 0 - 1 (cp2) and a 0 +1 (T;k) depend on the 
quantities having dimension of length (x 1, ai, {Ji ) and on the coordinate z through the ratios x 1 / z, 
ai/z, /3i/z. Those ratios are the proper values of the quantities measured by an observer with fixed z 
in units of the curvature radius n . This feature is a consequence of the AdS maximal symmetry. 

In the limit n -too, with a fixed value of the coordinate y = oln(z/a), from (16) and (18) 
the corresponding VEVs are obtained in the region between two Robin plates in the background of 

Minkowski spacetime with the line element ds~ 1 = dt2 - (dx 1 )2 
- dx2 - dz2. For a massless field, 

they are reduced to the results derived in [4) . In the Minkowskian limit, the off-diagonal component 

(Tb ) tends to zero like l /n. Another special case corresponds to a conformally coupled massless field 
with ~= ~JJ = (D- l )/(4D). In this case, the problem on the AdS bulk is confonnally related to the 
problem in the Minkowski spacetime with the line element ds~i- invo lving two parallel Robin plates 
at x 1 = a1 and x 1 = a 2 intersected by the plate z = 0 with the Dirichlet boundary condition. The 
latter plate is the conformal image of the AdS boundary. The VEVs are connected by simple relations 

(cp2) = (cp2)0 + (z/n)/J-l (cp2 )c~ 1 ) and (Tk) = (Tk)o + (z/a)D+ i (Tk)(~l) . where (cp2 )c~ 1 ) and (Tk)(~ ! ) 
are the VEVs in the Minkowskian problem. 

Near the brane at x 1 = ai, l:r 1 
- ail« z, the VEVs are dominated by the last terms in (16) and 

(18). Assuming additionally l:r1 - ai l« IB11 (non-Dirichlet boundary conditions), the leading terms 
in the expansions over the distance from the brane read 

( 2)"'" r(o21) (nlx1-a l/z)1-D . (Tf!)"'" (1-D)(Ti') "'" 2D(fo-.;)f(-'2f-) . (21) 
cp Q±! J 0 (I I I/ )2 Q±.!. (? I I I/ )/J+I (47r) 2 :r -a1 z 7r 1 _Q.T -a_; z 

For the off-diagonal component one gets (Tb)"'" (.T 1 - a1) (T(J)/z. For the Dirichlet boundary con­
dition, the corresponding asymptotics differ from (21) by the sign of the right-hand sides. The leading 
terms (21) coincide with those for plates in Minkowski bulk, with the distance from the plate replaced 
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by the proper distance in AdS bulk. In the region under consideration, the dominant contribution to the 
VEVs comes from the vacuum fluctuations with small wavelengths, and the influence of the gravita­
tional field on those modes is weak. For points near the AdS boundary and not too close to the branes, 
corresponding to z « lx 1 - aJI• j = 1, 2, the brane-induced parts (<p2 ) - (ip2 ) 0 and (T.[) - (T,' )0 tend 
to zero like z0+2v. The off-diagonal component behaves as (Tb ) ex z0+2v+1. 

Figure 4 presents the brane-induced energy density for minimally coupled scalar fields in the region 
between the branes versus the proper distance from the brane (in units of o ). The graphs are plotted for 
a1 = 0, a2f z = 5, nm = 0.5 and for the same Robin boundary conditions on the branes (/31 = /32). The 
numbers near the graphs correspond to the values of the ratio {3 1/z . We have also plotted the graphs 
for Dirichlet and Neumann boundary conditions (f31 = 0 and {31 = oo, respectively). The vacuum 
energy density near the branes is positive for a minimally coupled field and non-Dirichlet boundary 
conditions. For the Dirichlet boundary condition, the energy density is negative. The behaviour of 
the energy density near the centre with respect to the branes depends on the Robin coefficients. For 
!31/ z < 0 and sufficiently close to zero, the brane-induced energy density is negative near the centre. 

With the increasing value of 1!311/z, started from a certain critical value fJj<l, that depends on a/z, 
it becomes positive everywhere in the region between the branes. For the values of the parameters 

corresponding to Figure 4, the critical value is given by fJ)<l / z ~ -0.69. The critical value is an 
increasing function of a/ z . 

The Casimir forces acting on the branes have two components. The first one corresponds to the 
nonnal force, which is determined by the component (Ti ) of the energy-momentum tensor. The 
vacuum pressure on the brane at x 1 = a1 is given by the expression 

p . = 0-
1
-D { "" d" - 2 + [2+c1(x/z) + l /c1(x /z)] B1 o+2v F.q( ) 

J 20+2vrr ¥ Jo xx c1(x/z )c2(x/z)e2ax/z -1 X v X. 
(22) 

The normal force is attractive for P1 < 0 and repulsive for P1 > 0. Unlike the problem in the 
Minkowskian bulk, the forces for Dirichlet and Neumann boundary conditions (c1(u) = -1 and 
c1(u) = 1, respectively) are different. Another difference is that the forces acting on separate branes 
differ if the coefficients in the Robin boundary conditions on them are different. The normal forces 
can be attractive or repulsive depending on the boundary conditions and the separation between the 
branes. The effects of background curvature are weak at small separations, and the force is well ap­
proximated by the corresponding result for the Minkowski bulk. They are repulsive for the Dirichlet 
boundary condition on one brane and non-Dirichlet condition on the other and attractive in the remain­
ing cases. The influence of gravity is essential for proper separations larger than the AdS curvature 
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Figure 5: The normal and shear forces per unit surface of the brane x 1 = a1 versus the interbrane 
separation. 

radius, a > z . For the brane with Neumann boundary condition, the Casimir force on that brane 
decays at large separations like (z/a) 0+2v regardless of the boundary condition on the second brane. 
For non-Neumann boundary conditions on the brane at x 1 = a1 and for a » 1!311 the corresponding 
force behaves as (z/a) 0+2v+2 and the suppression is stronger. The decay of the forces at large sep­
arations obeys a power-law for both cases of massless and massive fields. For massive fields , these 
results contrast the exponential decay in the Minkowski bulk. The normal Casimir forces can be at­
tractive or repulsive at large distances depending on the boundary conditions. The sign of the forces 
is determined by the factor 4v Bv/'3J / z2 + 1, where Bv = (D + 2v + l ) ~ - D / 4 - u / 2. This factor 
is positive near the horizon and is negative near the AdS boundary if Bv < 0. This shows that the 
vacuum pressure changes the sign as a function of z. 

A qualitatively different feature of the AdS bulk problem is the vacuum shear force on the branes 
acting along the z-direction. It is determined by the off-diagonal component (T1° ), evaluated at the 
location of the brane, and is decomposed into self-action and interaction contributions. The shear force 
per unit surface of the brane at z = z1 induced by the second brane (the interaction contribution), is 
expressed as 

! (int) 
J = 

· dx CJ T z - 1 / c1 ( x / z) 1 . 0 20- l - D 1"" ( I ) 
20+2v'll' o; r o C1(x/z)c2(x/z)e2ax/z _1 [(~-4) Tu,+ (] x D+2vFv" (:i: ). (23) 

This part acting on the brane at x 1 = a1 vanishes for Dirichlet and Neumann boundary conditions 
on that brane regardless of boundary conditions on the second brane. The shear force is directed 

toward the horizon for Jj'"') > 0 and toward the AdS boundary for Jj"") < 0. At small proper 

separations compared with the curvature radius, a/;;« 1, and for~ ol fo one has J}'"') ex (z/a)D At 
small separations, the shear component of the force has opposite signs for Dirichlet and non-Dirichlet 
boundary conditions on the second brane. At large proper separations, a/;; » 1, the interaction force 

behaves as Jj'"') ex (z/a)0+2v+ 1. It has opposite signs for Neumann and non-Neumann boundary 
conditions on the second brane. For conformally and minimally coupled fields and for {31 < 0, at 
large separations between the branes the shear force acting on the brane x 1 = a1 is directed toward 
the AdS horizon for Neumann boundary condition on the second brane and toward the AdS boundary 
for non-Neumann conditions. 

Jn figure 5, the normal and shear forces are presented versus the proper separation between the 
branes, in units of the AdS curvature radius, for D = 4 minimally coupled scalar field. The same 
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boundary conditions are imposed on the branes, and the numbers near the curves are the values for 
(3 1/ z = i32/ z. The graphs are plotted for mer = 0.5. The dashed and dotted curves on the left panel 
correspond to Dirichlet's and Neumann 's boundary conditions, respectively. The graphs on that panel 
show that the forces attractive at small separations may become repulsive for larger distances. The 
shear force is directed toward the horizon at small separations between the branes and toward the AdS 
boundary at large separations. 

CONCLUSIONS 

I. Expressions are derived for the Hadamard function and currents in the Fulling-Rindler for a 
charged scalar field in Rindler spacetime with a part of spatial dimensions compactified to a 
torus . The charge and current densities along uncompact dimensions vanish. The current den­
sity along compact dimensions is a periodic function of the magnetic flux enclosed by those 
dimensions and vanishes on the Rindler horizon . For small accelerations of the Rindler ob­
server, the difference in the current densities for the Fulling-Rindler and Minkowski vacua is 
exponentially small. 

2. Properties of the fermionic Fulling-Rindler vacuum for a massive Dirac field are investigated 
in a general number of spatial dimensions. The fermion condensate vanishes for a massless 
field and is negative for non-zero mass. Unlike the case of scalar fields , the fermionic vacuum 
stresses are isotropic for the general case of massive fields. The vacuum energy density and the 
pressures are negative. The corresponding spectral distributions exhibit thermal properties with 
the standard Unruh temperature for a massless field. However, the density-of-states factor is not 
Planckian for a general number of spatial dimensions. The thermal distribution is of the Bose­
Einstein type in an even number of spatial dimensions. In an even number of space dimensions, 
the fermion condensate and the mean energy-momentum tensor coincide for the fields , realizing 
two inequivalent irreducible representations of the Clifford algebra. 

3. Effects of a generalized cosmic string type defect on the vacuum expectation value of the energy­
momentum tensor are investigated for the electromagnetic field in locally dS spacetime for a 
general number of spatial dimensions D . The topological contributions are explicitly extracted 
in the diagonal and off-diagonal components for the Bunch-Davies vacuum state. The latter 
describes the presence of radially directed energy flux in the vacuum state. It vanishes for 
D = 3 and is directed towards the cosmic string for D 2: 4. The topological contributions in 
the vacuum stresses are anisotropic and, unlike the geometry of a cosmic string in the Minkowski 
spacetime, for D > 3, the stresses along the directions parallel to the string core differ from the 
energy density. The corresponding expectation values can be positive or negative depending on 
the planar angle deficit and the distance from the cosmic string. 

4. Near the cosmic string, the effect of the gravitational field on the diagonal components of the 
topological part is weak, and the leading terms in the expansions of the diagonal components 
for the energy-momentum tensor coincide with the expectation values for a cosmic string in the 
background ofMinkowski spacetime. The spacetime curvature modifies the topological terms ' 
behaviour at proper distances from the cosmic string larger than the dS curvature radius. In 
that region, the topological contributions in the diagonal components of the energy-momentum 
tensor decay in inverse proportion to the fourth power of the proper distance, and the energy flux 
density behaves as the inverse-fifth power for all values of the spatial dimension. The exception 
is the energy density in the special case D = 4. The energy flux is absent for a cosmic string in 
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the Minkowski bulk, and the diagonal components are proportional to the (D + l)th power of 
the inverse distance. 

5. For a massive scalar field with general curvature coupling, the Wightman function is evaluated 
in the geometry of two parallel branes perpendicular to the AdS boundary. The vacuum energy­
momentum tensor, in addition to the diagonal components, has a non-zero off-diagonal stress. 
Depending on the boundary conditions and also on the distance from the branes, the vacuum 
energy density can be either positive or negative. The Casimir forces acting on the branes have 
two components. The first corresponds to the standard normal force , and the second is parallel 
to the branes and presents the vacuum shear force. 

6. Unlike the problem of parallel plates in the Minkowski bulk, the normal Casimir forces acting on 
separate branes differ ifthe boundary conditions on the branes are different. They can be either 
repulsive or attractive. Similarly, depending on the coefficients in the boundary conditions, the 
shear force is directed toward or from the AdS boundary. The separate components may also 
change their signs as functions of the interbrane separation. At large proper separations between 
the branes, compared to the AdS curvature radius, both of the components of the Casimir forces 
exhibit a power-law decay. For a massive scalar field , this behaviour is in contrast to that for 
the Minkowski bulk, where the decrease is exponential. 
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KOTAH,Ll,)IUIH BAP,Ll,A3AP 

BAKYYMHblE KBAHTOBbIE 3<1><1>EKTbl B HEl1HEPQHAJlbHblX Cl1CTEMAX H 
rPABHTAQHOHHblX IlOJUIX 

B JHICCepTaumt llCCJleL!OBaHbl CBOHCTBa KBaHTOBOro BaKyyMa B HeHHepuHaJlbHblX Cl1CTeMax OT­

C'leTa, B npoCTpaHCTBax De C HTTepa (dS) c HeTpHBHaJlbHOH TOnonorneii 11 B npoc-rpaHCTBe a1-1TH-L1e 

C HTTepa (AdS) np11 HaJ111'11111 rpaHl1U. B Ka'leCTBe JlOKaJlbHblX xapaKTepHCTl1K BaKyyMHOro COCTOllHHll 

paCCMOTpeHbl BaKYYMHble cpeL!HHe KBanpaTa nOJrn, nnOTHOCTH TOKa 11 TeH30pa 3HeprHH-HMnynhca. 

51BHO BhlLleJleHbl BKJ13Llbl B B3KYYMHblX cpeL1HHX, HHL1yu11poBaHHbte TOnonorneti 11 rparn1uaMH 11 HC­

CJlCLIOBaHO HX llOBeL1eH11e B pa3Jl11'1HblX npeL1eJlbHblX o6naCTl!X 3Ha'leHllH napaMeTpOB. 06cyl!<.L1alOTCll 

npHJ10l!(eHHll B KOCMOJlOrHH, B MOLleJlllX Kanyub1-Knei1Ha 11 6paH MHpOB. 

I. nonyYeHbl BbtpalKeHHll nllll cjiytlKUHH AL1aMapa 11 TOKOB B BaKyyMe <!Jynn111-1ra-P111-1nnepat1J1ll 3a­

pi!ll<e1rnoro CKallllpHoro nOJlll B npoCTpaHCTBe-speMeHH PHHL!Jlepa np11 HaJ111'1Hl1 TOp011LlaJlbHO 

KOMn3KTl1(p11u11pOBaHHblX npOCTpaHCTBeHHblX 113MepeHHH . noKa33HO 'ITO nJlOTHOCTH 3apl!L1a 

H TOKa BLIOJlb HeKOMllaKTHblX 113Mepem1i1 paBHbl HYJllO, a n JlOTHOCTb TOKa BLIOJlb KOMnaKTHblX 

113MepeHHH llBJllleTCll n e p110LlH'leCKOH cjlyHKUHeii M3rHl1THOrD nOTOKa, npOHl13blBa!Olllero 3Tl1 

113MepeHHll, 11 c;rpeMHTCll K HYJllO Ha rop1130HTe P11Hnnepa. np11 MaJlblX ycKopeHl1llX pa3Hl1-

ua nJlOTHOCTCH TOKa nllll BaKyyMOB <Pynn11Hra-P11HL1Jlepa 11 MHHKOBCKOro 3KCllOHeHU11aJlbHO 

Malla. 

2. Y!ccneL10BaHbl CBOHCTBa cjJepM110HHOro BaKyy~rn <Pynn11Hra-P11Hnnepa nllll M3CCHBHOrD nom1 

,lJ,11paKa np11 npOH3BOJlbHOM 'IHCJle npOCTpaHCTBeHHblX H3MepeHHH. noKa3aHO 'ITO cjiepM110H­

HblH KOHLleHcaT paseH Hymo MH 6e3Maccoeoro nonll 11 o-rp11uaTeJleH np11 HeHynesoti Macce. B 

OTJ111'1He OT CJ1Y'l3ll CKanl!pHblX noneii , cjiepMHOHHble BaKyyMHble H3Tlll!(eHHll H30-rponHbl LlJlll 

06LI.1ero cnyYall Macc11BHh1x noneti. nnoTHOCTh :mepr1111 saKYyMa 11 L1aeneH11ll 0Tp11uaTeJlbHb1. 

,lJ,nll 6e3MaCCOBOro nOJlll COOTBeTCTBYIOlllHe cneKTpanbHble pacnpeL1eJleHHll 11MCIOT TellJlOBOH 

xapahoep co CTaHL1apTllOH TeMnepaTypOH Y11py. 0L!H3KO cjlaKTop nJlOTHOCTH COCTOl!HHH He l!B­

JllleTCll nnaHKOBCKHM MH 06LI.1ero cny'13ll Y11cna npoc-rpaHCTBeHHhlX 113MepcH11H. Tennosoe 

pacnpeL1eJle H11e HMeeT 603e-3i1HWTeHHOBCKllH THn B 'leTHOM 'lllCJle npoc-rpaHCTBeHHblX 113-

MepeHHH. np11 'ICTHOM KOJlH'leCTBe npOCTpaHCTBeHHblX 113MepeHHH cjlepMllOHHblH KOHL!ellC3T 

II cpeL1Hee TeH30pa 3HeprH11-11MllYJlbCa cosnanalOT nllll noneii , peanl13yl0llll1X LIB3 He3KBHBa­

Jlel-ITHblX Henp11BOLll1MhlX npeL1CTasneH11H anre6pb1 Kn11cpcjiopL1a. 

3. Y!CCJlCLIOB3HO BJlllllHHe L1ecjJeKTa THna 0606LI.1eHHOH KOCMH'ICCKOH c-rpyHhl Ha BaKyyMHOe cpeL1-

Hee TeH30pa 3 Hepr1111-11Mnyni,ca LlJlll 3JleKTpOMarHHTHOro nOJlll B JlOKaJlbHOM npoCTpaHCTBe­

speMeHH dS Ml! 06LI.1ero Y11cna npoCTpaHCTBeHHhlX 113Mepe1111ti D. ,lJ,nH BaKyyMHoro coCTo­

llHllll b3H'la-,lJ,3Bl1Ca l!BHO BblLICJlCHbl TOflOJ10rH'ICCKHe BKJ13Llbl K3K B Ll113rDH3JlbHblX, T3K 11 

B HeL111aro1·laJlbHblX KOMnOHCHT3X. nocJlCL!HCe Onl1CblB3eT HaJlH'IHe B BaKYYMHOM COCT0l!Hl111 

paL!HaJlbHO HanpasneHHOro noToKa 3Heprn11. TononornYecK11e BKJlMbl B BaKyyMHble HaTHlKe-

11115! 3Hl130TpOnHbl H, B OTJlH'IHe OT re0Me-rp1111 KOCMH'leCKOH CTpyHbl B npOCTpaHCTBe-speMeHll 

MHHKOBCKOro, np11 D > 3 HaTl!lKeHllll BLIOJlb 11anpasne1111i1, napanneJlbHblX OCH CTPYHbl, OT­

Jl l1'talOTCll OT nnOTHOCTl1 3 HeprH11. B 3aBl1CHMOCTll OT L1e cjl11u11Ta flJlOCKOro yrna II pacc-rol!HHJI 

OT KOCMH'leCKOH CTPYHbl COOTBCTCTBYIOlllHe cpeL!HHe 3Ha'leHHll MOryi- 6b1Tb KaK flOJlOllrnTeJlb­

HblMH, TaK H 0TpHuaTenbHb1M11. 

4. B6J1H311 KOCMll'leCKOH CTPYl1bl BJ111llHHe rpaB11TaUHOHHOro nOJlll Ha L!HarDHaJlbHble KOMnOHeH­

Tbl TOnOJlOrl-l'leCKOH 'laCTH CJ1a6oe. rnaBHble 'IJleHbl B pa3JIOlKeHHJIX Ll11arDHaJlbHblX KOMnOHeHT 
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Tc1nnp11 1rn·1111111 11M11~ 11,\111111111111;1101 co 11111•1c111111M11 cpc; 11111x nnH KOCMlt'leCKOH CTPYHbl Ha 

cj>o11c 11pnl 1 p.i111 11111 11pn111111 l\l 1111111111cK01 o Kp 111111 Hia 11pocTpa11CTsa-speMeH11 cyweCTBeH-

110 llJ11Hll' I 1111 11111\l' 11·11111· 11lllll 1111 11'1l'l' k 11\ 'l JIC llOll Ila coficTAC llllblX paCCTOl! HllllX OT KOCMll'le­

CKnli l' Ip~ 111 .1 1111 lldllll\ 'll' M Jl.I 111 y1: hp111111 llll.I dS . 13 ')TOl1 o6naL'Tl1 TOflOJ10rw1eCKHe BKJ13Llbl B 

; 111:11011<1 11.111.11· 1"1'11111111· 1111.1 1r111op11 111cp11111-11~111yJ 11>ca1rrryxmoT 06pan10 nponopu1101-1anb-

110 'll' I lll'Jll 11ll 1 I l ' lll'l lll l:lllll I llCllllOI () pi!CC 1 Olll lllll , a llJIO l llOCl 1, rlOTOKa J 11eprm1 BeLICT ce6H K3K 

nf1p<1111,111111111111 lll'llC111. t rn 11cc\ 11rn•1c 11111i 11poc 1pa11c 111c 1111of1 pa3MepHOCT11. YlcKJ110'1e1111-

l'M )11\ l l)ll' llll 1110111\ICll. 111cp11111 II CJ1y •wc /) l. / lJlll KOCMll'1CCKOl1 CTPYflbl B npocTpaHCTBe 

M1111hn111,;ho1n11010K >11cp 11111 o 1 cy 1 c1nyc 1, a w 1aro 11aJ1b11b1e KOMno11e11Tb1 o6prrmo nponopu11-

0 11 :u1i.11i.1 ( /J I 1) -11 C ICllCl111 paCC10ll1111ll. 

5. Bb1'111cJ1e11a cj1y11KUHH Bal1TMatia Mll Macc11s11oro CKanHpHoro nonH c npoH3BOJlbHblM 311a,1e-

1111eM napaMeTpa CBll3H c KPHBH3 HOH B reoMeTpHH LIBYX napanneJlbHblX 6paH, nepneHLIHKYllllp­

llblX rpairnue AdS. TeHJop JHepr1111-11Mnynbca saKyyMa noMHMO L111aro11anhttb1x KOMnoHeHT 

coL1epllrnT HeHynesoe HemtaroHanbHOe HanpH)J(eH11e. B 3as11c11MOCT11 OT rpaH11'1Hb1X ycnoe11!1 , 

a T3KlKe OT paCCTOllHHl1 LIO 6paH, nJlOTHOCTb 3 HeprH11 BaKyyMa MOlKCT 6b1Tb KaK flOJlOlKHTCJlb­

HOH, TaK H OTpHU3TCJlbHOH. Cirnbl Ka311M11pa, LlC HCTBYIOLI.IHe Ha 6paHbl, HMelOT LIBC KOMllOHeH­

Tbl. nepsall COOTBeTCTByeT CTaHL1apTHOH HOpMallbHOl1 CHJle, a BTOpall napaJlJlCJlbHa 6paH3M 11 

npeL!CTaBJlllCT co6oi1 BaKyy~rnylO c11ny CLIBHra. 

6. B OTJ1H411C OT 3Ma411 0 napanneJlbHblX nnacT1rnax B npoc-rpaHCTBC MHHKOBCKOro, HOpMallb­

Hble CHJlbl Ka311M11pa, L1CHCTBY10LI.1He Ha OTL1CJlbHb1e 6paHb1, pa3Jll1'1Hb1 , ecn11 rpai·1H'1Hb1e ycno­

BHll Ha 6paHax pa3JlH'IHbl. 0HH MOryT 6b1Tb K3K OTTaJlK11BalOLI.IHM~I , TaK II npHTllrl1B310lllHMl1. 

AHaJ10rl14HblM o6pa30M , B 33B llCl1MOCTH OT K03cjlcjmu11eHTOB B rpaHH4HblX ycnOBl1llX, napan­

JlCJlbH3ll CHJla HanpaBJleHa K rpa1111ue AdS 11Jll1 OT Hee. OTLleJlbHble KOMnOHCHTbl T3KlKe MOryT 

MCHl!Tb CBOH 3HaK B 33BHCHMOCTH OT MelK6paHHOro paCTOllHl1ll. np11 60JlbWHX C06CTBeHHblX 

paCCTOllHHllX MelKLIY 6paHaMl1 no cpamtel·IHIO c paDHYCOM Kp11Bl13Hbl AdS o6e KOMnOHCHTbl 

CHJl Ka311M11pa 3aTyX310T no CTe ne11110My 33KOHy. ,lJ,Jlll M3CCHBHOro CKallllpHoro nOJlll TaKOe no­

BeLICHHe OTJlH'laeTCll OT llOBCLICHllll nllll npOCTpaHCTBa MHHKOBCKOro, rL1e 3aTyX3Hlle llBJllleTCll 

JKCllOHeHUllaJlbHblM . 
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