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Abstract—The novel “worst-case” mathematical models of
electromagnetic background, created by base stations of cellular
communications and ground radio transmitters of other services
is offered. This model allow to estimate the background total
intensity directly on the basis of calculation of the total
electromagnetic loading on territory as the total equivalent
isotropic radiated power of base stations of cellular
communications and other radio transmitters falling to the unit
of the area of considered territory. The relationships
characterizing restrictions on maximum permissible parameters
of radioelectronic environment, created by base stations, at
operating restrictions on maximum permissible levels of an
electromagnetic field for the population, are resulted.
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[. INTRODUCTION

Intensive development of the mobile and fixed radio
communication systems and networks in places with high
population density is the reason of intensive electromagnetic
pollution on urban and suburban territories produced by BS of
CC (see Section VII) and wireless broadband access and many
other radio transmitters of different radio services covering
these territories. This circumstance causes anxiety, that, in
particular, is reflected in official memorandum [1] and in
earlier works [2,3, et al.], and also in papers devoted to the
estimation of intensity of an EMF (see Section VII) generated
by mobile phones [4,5,6], and also to the analysis of
electromagnetic compatibility, ecology and safety of radio
telecommunication systems [7].

Direct estimation of total intensity of set of EMF in some
observation point at a ground surface, as a rule, represents
extremely difficult and intricate problem connected with
calculation of levels of EMF in the considered point generated
by all radio transmitters located in a zone of radio visibility.
Expected uncertainty of transmitters spatial allocation and
parameters of EMR (see Section VII) in most cases impede of
it correct performance.

In this paper the original and novel technique of worst-case
estimation of total intensity of an electromagnetic background
(EMB - see Section VII) in any point near to the ground
surface is stated. This technique is based on calculation of
integrated system parameter of REE (see Section VII) - the
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total e.i.r.p. (see Section VII) of BS of CC and other radio
transmitters falling to the unit of the area of considered
territory, named in [8] as “electromagnetic loading (EML - see
Section VII) on territory”. This technique in particular can be
of interest for designing sensor networks for monitoring of
electromagnetic pollution of the human environment.

The paper is organized as follows. In Sections II the main
concepts are given. Initial models and relations are described in
Section III. Relations for worst-case estimation of EMB and
some results of practical application of presented technique are
given in Sections IV, V. The main advantages and novelty of
presented technique are summarized in Conclusion.
Abbreviations are given in Section VII.

II. MAIN CONCEPTS

Solving of many problems of electromagnetic ecology and
electromagnetic safety of radio systems of an information
service of a human society is connected with the analysis of
electromagnetic stress as an integrated system characteristic of
electromagnetic environmental pollution. Nevertheless, today
the generally accepted definition of the term “EMS” (see
Section VII) is absent. As a rule, the concepts described by this
term, can be carried to one of two groups: “EMS on a human
body” and “EMS on the population (the industrial personnel)”.

The term “EMS on a human body”, as a rule, is applied to
define the following quantities:

a) The total intensity 15 of the EMF ensemble affected on
human body; it is determined as the scalar sum of
power flux densities II; of each of N EMR sources
created an EME (see Section VII) in observation point:

N
My = > IT; , W/m™. (1)
i=1
b) The total radiant exposure W. of EME impact on
human body; it is determined as the product of the total

intensity Ily of the EMF ensemble affected on human
body and the time duration T of this impact:

W, =I5 - T, W-s/m’. Q)

¢) The relative total intensity X of the EMF ensemble
affected on human body; it is determined as the scalar



sum of relative intensities of each of N=M+K EMR
sources created the EME in observation point:

M 2k
X = Z E—m + Z& , 3)
m=1\ EMPLm k=1 1IMPL k

where Emprm, IlvpLk - the accepted maximum
permissible levels (MPL) of EMF, expressed in terms
of EMF strength [V/m] (for group of M sources for
which values of their EMF strength E,, are considered,
m=1, ..., M), or in terms of power flux density [W/m?]
(for group of N sources for which values of their EMF
power flux density IT, are used, n=1, ... , N) depending
on a frequency range, kind of radio service
(broadcasting, radar, fixed mobile, etc.), on an EMR
modulation and mode (continuous, pulse, pulse
narrow-beam with circular scanning, etc.).

The term “EMS on the population (the industrial
personnel)” is applied to define the following quantities:

d) Set (matrix) of values of total EMF intensity (1) from
the set of EMF sources (REE) located on given
territory (in space) and forming a terrestrial map of
total EMF intensity at specified height (over a
terrestrial surface, above sea level, etc.), or a map of
total EMF intensity in plane section of some spatial
domain (a zone of high population density, a zone of
aircrafts short-range air navigation and landing, etc.).

e) Set (matrix) of values of a total radiant exposure (2)
from the set of EMF sources (REE) located on given
territory and forming a spatial map of total radiant
exposure of an industrial premise, zone, settlement, etc.

f) Set (matrix) of values of relative total EMF intensity
(3) forming a terrestrial map of values of relative total
EMF intensity produced by the set of EMF sources
creating REE on specified territory.

Taking into consideration variants of EMS definition given
above, however it is necessary to notice the following:

e For a designation of variants of EMS definition
resulted above in normative documents, in the
scientific, technical and educational literature the other
terms of the concrete physical interpretation are often
used, such, as “total EMF intensity, "EMF power
exposition”, “relative total EMF intensity”, etc.

e  All characteristics mentioned above are characteristics
of EME, i.e. characteristics of EMF ensemble in an
observation point (variants ¥, ”, ) or in specified
territory (variants 49 D) Tt is possible to use these
characteristics only indirectly to describe properties of
the supreme cause of EME formation - properties of
REE on considered territory (space) - power and time
characteristics of EMR of total set of radio transmitters
of different radio services placed in considered area.

The last can be considered as an inconvenience and
disadvantage of the EMS definition "by the field", because
power and time characteristics of EMR of transmitters forming

REE in considered area are represent the initial information
containing in corresponding databases used for spectrum
management. This initial information on technical
characteristics, modes of EMR and allocation parameters of
equipment set in considered area which are the reason of EMS
occurrence, in a combination with characteristics of RWP (see
Section VII) in considered area is directly used

e for EMS management on separate terrestrial plots by
change of EMR power and time characteristics of radio
equipment placed on considered area;

e for mathematical modeling and estimations of power
characteristics (1), (2), (3) of EME in separate points or
in specified territory.

Therefore, at least at the integrated system analysis of
electromagnetic compatibility, ecology and safety of modern
radio telecommunication system, according to author opinion,
the additional consideration of electromagnetic loading on
territory (EML) “by EMR power” in the form of the total
specific EMR power of ground radio equipment falling to the
unit of the terrestrial area is required. Quantitative
communication of EML on territory and EMS on the
population will be established below.

Particularly the EML on territory Ly s created by EMR of
BS of CC networks with the identical e.i.r.p. P, of BS at
identical areas Sg of sites (at regular spatial topology of a CC
network), or identical e.i.r.p. P, of BS at it’s constant average
territorial density p=1/Sg (at generally irregular spatial
topology of a network, including random or close to random
territorial BS allocation) can be defined as follows:

Lyps =Pe/Ss. 4.1
at regular spatial topology of a CC network;
Ltgs =pPe 4.2)

at generally irregular (random) spatial topology of a network.

The goal of this work — to estimate relation between
characteristics (4.1), (4.2) of EML on territory created by EMR
BS CC, and EME characteristics (1) - (3), used for description
of EMS produced by BS of CC.

III. MODELS AND RELATIONS

A. Worst-Case Model of RWP conditions

Conditions of RWP from BS with antennas established at
stated height Hgg over a surface, to an observation point with
cellular phone (human head) near to a ground surface at height
Hop, have a following important features [9]:

e On small distance R from BS RWP conditions is equal
to this conditions in free space - strength E of EMF BS
decreases in inverse proportion to distance to BS, the
power flux density IT of EMF BS decreases in inverse
proportion to a square of distance R to BS.

e Since some distance Rgp (“breakpoint” distance) from
BS RWP conditions changes: distance dependence of
strength E of EMF become to oscillate because of the



multipath RWP; the envelope of distance dependence
of EMF BS strength become to decrease in inverse
proportion to a square of distance R to BS, the
envelope of distance dependence of EMF power flux
density IT decreases in inverse proportion to the fourth
degree of distance to BS.

e Distance Rpp between BS and MC on which the given
changes of RWP conditions occurs, depends on a
wavelength A of BS EMR, height of BS antennas Hps
and height Hop of supervision point over a terrestrial
surface and is defined by a following relation:

Rpp =4HpgHpp /A . (5)

Consequently for the case Hpg>>Hgop the worst-case
model of RWP conditions between BS and observation point
near ground surface on distance R can be represented as
follows:

=P, /(4nR2), Hpg <R <Rpgp, 6.1)

=R3pP, / [anR*), R2Rpgp. (6.2)

B.  Statistical Model of EMF Ensemble (free-space RWP)

At random terrestrial allocation of BS with constant
territorial density p [BS/m*] and BS antenna height Hyg [m]
under the surface in circular domain of radius Rgp round a
supervision point, the probability distribution of a power flux
density of EMFs in observation point from BS of this (1%)
group will be the hyperbolic distribution of the order “-2” [4,8]:

IT i I I1

_ minlImax — _ Himin
vim= (Mg ~ T2 112 ”
Mg SIT<TI .y, Hpax >> 100
max = émil—eiw’ Hpp <<Hpg;
Hinin = % P , Hpg<<Rpp;
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average of this distribution is defined by a following relation:

ml(H) ~ I min ln[nmax ) =

min
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C. Statistical Model of EMF Ensemble (multipath RWP)

At random terrestrial allocation of BS with constant
territorial density p [BS/m’] and identical BS antenna height
Hgs [m] under the surface in ring domain of inner radius Rgp
round a supervision point and outer radius mRgp, m>>1 (radius
of zone of BS radio visibility), the probability distribution of a
power flux density of EMFs in observation point from BS of
this (2"%) group will be as the hyperbolic distribution of the
order “-3/2” [4,10]:

) = Hmaxnmin ~\jnmin
W( )_ y - y H
211 Z(JHmaX _1/Hmin) 21172

M SO
average of this distribution is defined by a following relation:

my (H) = \]Hmaxnmin = Pe/(4m2nR2BP ); . (10)
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D. Model of BS Terrestrial Allocation

BS allocation against an observation point and number of
BS of the 1* group (from the zone of free-space RWP between
BS and observation point) and of the 2™ group (from the zone
of multipath RWP between BS and observation point) are
random under the following reasons:

e At classical regular hexagonal terrestrial structure of
cellular network (case 1) — under the random allocation
of the observation point against BS that make random
the minimum distance between this point and the
nearest BS (the source of EMF of prevailing intensity)
and owing to randomness of hit inside a zone of free-
space RWP of BS allocated near to border of this zone.

e Atrandom BS terrestrial allocation on territory (case 2)
- owing to the random allocation of BS against the
observation point and to randomness of BS appearance
inside a zone of free-space RWP.

In both cases the uniformity of average territorial BS
density p allows to define average BS quantity Ny obviously
as follows:

Sgp > l6pnHggHop 1
Nayi =——=pRgp=——7>—-,S¢=— (1]
Ss 22 p

in zone of free-space RWP between BS and observation point
(Sgp is an area of this zone, Sg is an area of cellular site);
N ava = 16pmm?HEsH2p /A2, m >> 1 (12)

in zone of multipath RWP between BS and observation point.

IV. AVERAGE TOTAL EMF INTENSITY

A.  The total EMF intensity from the BS of the I* group

The total average EMF intensity [Ty, from the BS of the 1*
group allocated in a zone of free-space RWP between BS and
observation point can be defined evidently as scalar product of
average quantity (11) of BS in this zone and average (8) of
probability distribution (7) of an EMF power flux density in
observation point from BS of this group:

My = Naymy (IT)= [PPe/4)1H(16H%)P/7L2 )=

L
_Lres ln[—4HOP j (13)
2 A



This relation is of very great value: it establishes the simple
direct dependence between EMS on a human body (1)-(3) in
the observation point and EML on territory (4.1), (4.2) in free-
space RWP vicinity of this point.

The most important features of (13) are in following:

e The EMS on a human body in observation point
formed by EMF of BS allocated inside the vicinity of
free-space RWP to this point is defined generally by
the EML on the area pP, = Ly gg of this vicinity created
by EMR of these BS.

e Under the condition that Hpp << Hgg the EMS on a
human body in observation point does not depend on
BS antennas heights; under this condition the relation
(13) is true also for cases, when e.i.r.p. and antenna
heights of separate BS are essentially unequal.

If K radio networks of the same frequency range (A=const)
are deployed in considered territory, and generally these
networks are of various standards and generations, and
appropriately of essentially various e.i.rp. Py and spatial
densities pg, k=1, ..., K of BS, and also of various heights of
BS antennas and sizes of a free-space RWP vicinities round the
observation point, then on condition that elevation of an
observation point is much less than BS antenna heights, the
total EMS in this point formed at the expense of free-space
RWP between BS and observation point, will be defined by a
following relations:

Ltgsy, (4H
Iy, = ZHElk 5 ——In KOP 5 (14)
K K
Lrpsz = D PxPek = O L1Bsk ; (15)
k=1 k=1

here Ly s is the EML on territory created by all BS of the 1%
group of k-th radio network on considered area, Lrpgy is the
total EML on this area created by BS of the 1¥ group of all K
radio networks.

For the case of different frequency ranges (A#const) the
relation (14) become more complex: it become a weighted sum
of the total EML created by BS of the 1* group of each radio
network:

I —in —liL In| 2Hop 16
Sy = Tk =5 TBsk N === ) (16)
k=1 k

k=1

B.  The total EMF intensity from the BS of the 2nd group

The total average EMF intensity ITg, from the BS of the 2™
group allocated in a zone of multipath RWP between BS and
observation point can be defined evidently as scalar product of
average quantity (12) of BS in this zone and average (10) of
probability distribution (9) of an EMF power flux density in
observation point from BS of this group:

PP, LT BS
4 4

Ms) = Nayom (IT) = (17)

This relation as well as the relation (13) would be of very
great importance: it establishes the simple direct dependence
between EMS on a human body (1)-(3) in the observation point
as a result of the EML (4.1), (4.2) on area out of free-space
RWP vicinity of this point, created by distant BS of the 2™

group.

Under the conditions of uniform terrestrial distribution of
BS with average density p in annular vicinity Rgp <R<mRgp,
m>>1, and Hpp << Hpg the most important features of (16) are
the same as the features of (13):

e The EMS on a human body in observation point
formed by EMF of BS of the 2™ group is also defined
generally by the EML out of the “breakpoint” vicinity
on the area of the multipath RWP to this point.

e The EMS on a human body in observation point does
not depend on BS antennas heights and frequency
range.

e The relation (16) is true also for cases, when e.i.r.p.,
antenna heights and EMR frequencies of separate BS
are essentially unequal.

Under the generalized conditions accepted at reception of
the relation (14), additionally expanded on a case of different
frequency ranges of considered radio networks (A#const), the
total EMS in an observation point formed at the expense of
multipath RWP between BS and observation point, will be
defined by a following relation:

K L
TBSE
=D Myyy =

(18)
k=1 4

1558

C. The total average intensity of EMB created by BS

The total average intensity [Iy of EMB created by BS of
both groups in observation point located near ground surface,
under the condition of uniform terrestrial distribution of BS
with average density p and Hop << Hpg can be estimated using
(13)-(18). For BS of the same frequency range (A=const)

Lres (l(m_o] +ij _
2 A 2

_Lrss, (4x/_HOPJ LTBSln(6'6'HOPj-

Iy =1y +II5; =

1
2 A 2 A (1)

for BS of the different networks and frequency ranges

(A#const)
My, =My, +15,, =

K
4H L
:l ZLTBS]{ 11'1 opP +—TBSZ .
2.0 A 4

(20)

V.PRACTICAL APPLICATIONS

A. Proportion Between EMB Components

Relations (13) - (20) indicate that EMB in observation point
near ground surface is formed substantially by the EMR of BS



of the 1* group from the free-space RWP zone. Values of ratio
[y, / Iy, received for Hop=2m accepted in some countries for
estimation of electromagnetic safety of the population and for
Hop=5m corresponding to height of a window aperture of the
second floor of a residential building are given below in Table.

TABLE 1. VALUES OF RATIO Iy, / Ty, FOR DIFFERENT Hop
Frequency Standard of CC Iy / Oy,
Range, MHz Hop=2m Hop=5m
450 GSM-450, TETRA, APCO-25, 5.0 6.8
IMT-MC (CDMA-450)
900 GSM-900 6.4 8.2
1800 GSM-1800 7.7 9.5
2000 UMTS 8.0 9.8
2600 LTE 8.5 10.3

B.  Permissible EML on Territory Created by BS CC

Using (13)-(20) it is possible to find potential limitations on
EML on territory created by BS of CC implied by requirements
of ecology and electromagnetic safety of the population.
Taking into consideration different values of maximum
permissible level of EMF power flux density ITyp; accepted in
different countries it is possible to define the following:

e The maximum permissible EML on territory created
by radio networks of the same frequency range
(A=const):

2l_[MPL (2 1)

L =~ MPL
TBSmax = 11(6.6- Hop /A)

e The maximum permissible terrestrial density pp.x of
BS for fixed ITypy and fixed e.i.r.p. P. of BS of the
given frequency range:

20T yipL
: 22
P, In(6.6-Hpp /M) (22)

Pmax =

e  The maximum permissible e.i.r.p. Pe nax of BS for fixed
ITypr and fixed terrestrial density p of BS of the given
frequency range:

2ITvpL
=—0>= 23
M 5 1n(6.6- Hop /A) &)

Relations (21) - (23) represent the worst-case limitations for
an estimation of potentially dangerous levels of EML on
territory created by BS CC, and also potentially dangerous
levels of BS terrestrial density and e.i.r.p.

It is obvious, that the estimation (23) may be optimistic
(overrated) because, as a rule, at BS location in urban area the
absence of a sanitary-protective zone should be provided, i.e. at
height Hop < 2 m over a surface the total EMB level should be
not exceeding the ITyp. (that is partially provided by a BS
beam shape in a vertical plane.

Estimations of the maximum permissible EML on territory
for GSM 900/1800 network at various ITyp levels accepted in
various countries, regions and time, are given below in Table
II. These estimations are received using (20), (21) and taking
into account the ratio of three to one between the amount of

GSM-1800 and GSM 900 frequency channels [15]: it is
accepted that 25 % EMB are created by GSM-900, and 75 %
EMB are created by GSM-1800.

TABLE II. VALUES OF Ligg yiax FOR DIFFERENT Iy AND Hop
L, Range of Application LrBS max 5
Wim W/m? (kw/km?)

H0p=2m H0p=5m
0.001 |Recommended [2] as preliminary preventive| 0.00048 | 0.00039

MPL value for “total general electromagnetic| (0.48) | (0.39)
irradiations from all high-frequency equipment
with very low pulse modulation”

0.01 |Recommended by [3] as qualified top border of | 0.0048 | 0.0039

EMB intensity safe for the population.| (4.8) (3.9)
Corresponds to ITypr, for the population earlier

accepted in USSR [11]
0.02 |MPL accepted in Moscow for UHF systems| 0.0096 | 0.0078
[16] 9.6) (7.8)
0.025 [ MPL accepted in Ukraine [12] 0.012 | 0.0098
(12.0) 9.8)
0.024/]0.024 W/m> (GSM-900) and 0.095 W/m’| 0.036 | 0.0295
0.095 | (GSM-1800) accepted in Paris (cited in [2]) (36.0) | (29.5)
0.042/]0.042 W/m> (GSM-900) and 0.095 W/m’| 0.038 | 0.0315
0.095 | (GSM-1800) accepted in Switzerland (cited in| (38.0) | (31.5)

[2])

0.1 |MPL accepted in Russia and Belarus [13,14]; it| 0.048 0.039
is also close to MPL levels accepted in some| (48.0) | (39.0)

European countries and regions [2].

An estimations resulted above are harmonized with known
data concerned an actual EML on urban areas [17]. Particularly
the average EML on territory created by BS of 2G/3G CC on
urban areas in Belarus, Russia and some other countries come
up to 0.015...0.02 W/m® (15...20 kW/km?) for p=5...10
BS/km?, P.=1.5...2.5kW. This level of average EML on
territory created by infrastructure of CC is acceptable for
majority of countries and regions, but rather dangerous
according to [11,12]. And it also may be dangerous for
populous regions where EML on territory created by other
EMF sources of different radio services (fixed and mobile) is
commensurable or exceed the EML created by BS of CC.

EML on territory and EMB created by BS of CC may be
decreased at the expense of high-quality frequency planning
and optimization of an infrastructure of networks, considerable
reduction of the site’s sizes and wide use of mini / micro BS.

C. Probability to get into a restricted space for building

In respect to modern cities characterized by intensive
industrial, office and residential high-rise construction activity
on all territory of urban areas, it is of interest to estimate the
probability of event that arbitrarily chosen point of ground
surface can get into a restricted space with inadmissible level
of EMB created by BS CC. This estimation can be executed
with use of models resulted above.

At free-space RWP the radius Rp, and the area Sga of the
restricted space around BS with e.i.r.p. P, of circular EMR is
defined by an obvious relations:

P 5 P
Rip = | &, Spa=mREy =t
RA Y andlyp - TR RA T 4 yp,

It is necessary to expect, that



e restricted spaces of separate BS are not crossed in
connection with the tendency to regularization of
network spatial structure;

e area of restricted space is much less (10 times and
more) then the BS site area.

Therefore probability Vg, of that randomly chosen point of
urban area gets under the restricted space of nearest BS, can be
defined as a relative part of the BS area of service (site area) of
CC network coinciding with area of BS restricted space of this
network:

pP.  Ltps

VRA =PSgpa = (24)

Allypy  ATlypr

Thus, this probability characterizing potential ecological
risks of construction activity in modern urban area, is defined
generally by the ratio of total EML on urban area created by
BS CC and accepted value of EMF maximum permissible
level.

VI. CONCLUSION

In the given paper the concept of EML on territory as an
integrated system characteristic of REE in considered area of
space is proposed, and original worst-case models for
estimation of EMB near ground surface which illustrate the
direct coupling between the total average EMB level and the
level of EML on territory created by BS are offered.

The main advantages and novelty of results presented
above are in following:

e They allow to perform a direct and comparative
quantitative estimation of the contribution in total
EMB near ground surface of BS from the zone of free-
space RWP to the observation point and of BS from
the zone of multipath RWP to this point, and testify
that BS of the 1% group make a prevailing contribution
in EMB formation.

e They point that EMS on a human body in observation
point near ground surface substantially specified by the
EML level on considered area. EMB level near surface
practically does not depend on BS antennas heights
and relatively weakly depend on CC frequency range.

e They allow to specify potential limitations on EML on
territory created by BS of CC, and also to estimate
potential limitations on BS e.ir.p. or BS average
terrestrial density in urban areas implied by
requirements of ecology and electromagnetic safety of
the population.

e They testify that relations (13)-(15), (17)-(19), (21),
(24) are true also for cases, when “e.i.r.p. and antenna
heights of separate BS are essentially unequal, and
Dwhen fixed EMF sources are transmitters of other
radio services. These circumstances additionally
confirm the large value of EML on territory as an
integrated system parameter of REE electromagnetic
ecology and safety which generally determine the
EMB level in human environment.

e The worst-case models of EMB created by the
radiation of BS CC given above can be of interest for
designing sensor networks for monitoring of
electromagnetic pollution of the human environment.

VII. ABBREVIATIONS

EMR - electromagnetic radiation of radio transmitter.

EMF - electromagnetic field.

EMB - total electromagnetic background in observation point.
EMS - electromagnetic stress (on human, on population, etc.).
EML - electromagnetic loading

EME - electromagnetic environment

e.l.r.p. — equivalent isotropic radiated power

REE - radioelectronic environment

RWP — radiowave propagation

BS — base station of cellular communications (CC)

REFERENCES

[1] "IARC classifies radiofrequency electromagnetic fields as possibly
carcinogenic to humans", International Agency for Research on Cancer
(IARC) Press release. May 31, 2011.

[2] Electromagnetic Fields and Human Health, Ed. by Y.G.Grigoriev, PFUR
Publishers, Moscow, 2002, 177 p. (in Russian).

[3] V.Popov, Electromagnetic Radiation of Mobile Phones and Human
Body, RTU Publishers, Riga, 56 p. (in Russian).

[4] V.Mordachev, “System Ecology of Cellular Communications”, Belarus
State University Publishers, 2009, 319 p. (in Russian).

[5] V.Mordachev, S.Loyka. On Node Density — Outage Probability Tradeoff
in Wireless Networks. IEEE Journal on Selected Areas in
Communications, Vol. 27, No. 7, September 2009, p.1120-1131.

[6] Y.Wen, S.Loyka and A.Yongacoglu, Asymptotic Analysis of
Interference in Cognitive Radio Networks, IEEE Journal On Selected
Areas in Communications, Vol. 30, No. 10, November 2012, p.2040-
2052.

[71 V.Mordachev, The Compelled Environmental Risk at Occurrence of the
Overall Electromagnetic Field Created by the Mobile and Fixed Radio
Equipment, Proceedings of the 11-th Int. Symp. on EMC “EMC Europe
2012, Rome, Italy, Sept. 17-21, 2012, 6 p.

[8] V.Mordachev, Terrestrial Electromagnetic Loading Created by
Electromagnetic Radiations of Cellular Base Stations,.- Doklady BSUIR,
No.6(68), 2012, p.116-123 (in Russian).

[9] K.Siwiak Radiowave Propagation and Antennas for
Communications, 2™ ed., Boston: Artech House, 1998, 418 p.

[10] V.Mordachev, Electromagnetic Filling of the Territory Created by
User’s stations of Cellular Communications,.- Doklady BSUIR,
No.7(69), 2012, p.25-33 (in Russian).

[11] Operation With Sources of HF, UHF and SHF, Hygienic Code and
Regulations No. 848-70, USSR, 1970.

[12] The State Sanitary Codes and Regulations of Protection Against the
Influence of Electromagnetic Radiations on the Population, 1996
(Republic of Ukraine).

[13] Hygienic Regulations No. 2.2.4/2.1.8.9-36-2002. Electromagnetic
Radiations of Radiofrequency Range (Republic of Belarus).

[14] Hygienic Regulations No. 2.1.8/2.2.4.1383-03. Hygienic Requirements
to Location and Operation of Transmitting Radio Objects, 2003 (Russian
Federation)

[15] ETSI EN 300 910, V8.5.1. Digital Cellular Telecommunications System

(Phase 2+). Radio Transmission and Reception (GSM 05.05 version

8.5.1 Release 1999).

Hygienic Code and Regulations of Protection of the Moscow Population

Against the Electromagnetic Fields of Transmitting Radio Objects,

Moscow, 1996.

Methodology for the Calculation of IMT-2000 Terrestrial Spectrum

Requirements, Recommendation ITU-R M.1390.

Personal

[16

[}

[17

—




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	1: DOI: 10.1109/IWCMC.2013.6583624


