
25

the  new  arMenian  Medical  JOurnal 
Vol .6  (2012) ,  Nо 3, p . 25-33

INFLUENCE OF GEOMAGNETIC FIELD ON ARTERIAL PRESSURE 
RHYTHMS AND ASPECTS OF THEIR SYNCHRONIZATION 
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AbsTrAcT

Patients with arterial hypertension were studied to identify symptomatic hypertension, in par-
ticular, the hemodynamic hypertension associated with exogenous influence of the geomagnetic 
field induction as one of components in the complex of parameters characterizing the space weather. 

This study was carried out using the mathematical method of cross-correlation.
It was established that among 10 studied patients in four subjects the values of cross-correlation 

coefficients between biorhythms of systolic and diastolic blood pressure and abnormal rhythms of 
the heart rate, separately, and the rhythms of the geomagnetic field induction, before and after its 
anomalous influence, on average, changed in the range of 0.3÷0.8. Corresponding values of the 
response time to anomalous influence of geomagnetic field were in the range of 1÷12 hours.

For revealed 4 patients with hemodynamic hypertension, in order to perform a comprehensive 
study on influence of geomagnetic field rhythms to the mentioned biological rhythms of the heart, 
we propose to use earlier in-depth analyzed dynamic self-oscillating non-autonomous paramet-
ric model. The conditions, under which synchronization can be achieved in the test system (bio-
rhythms of the heart + rhythms of geomagnetic field induction), are identified and studied on the 
basis of this model.

keywords: hemodynamic hypertension, biological rhythms of the heart, rhythm of the geomagnetic 
field, self-oscillations, synchronization.

IntroductIon 
Biological organisms are the open nonlinear 

systems. During the evolution from the simplest 
cell until multi-parameter system, the human or-
ganism has developed the adaptive mechanisms 
for accommodation to all external natural factors. 
Moreover, adaptive mechanisms operate according 
to the type of self-consistent inclusion in the sys-
tem of natural associations, but not according to 
the type of confrontation. Investigation on mecha-
nisms of organization of the living ones, in partic-
ular, the study of the time aspect of the problem is 
the subject of biorhythmology. The functional or-
ganization of living systems, except the rhythmic-
ity, has a coherence of occurring in biological sys-
tems, the frequency, and phase characteristics of 
the processes. Therefore, a study on the fundamen-
tal properties of oscillatory processes, namely, the 
ability to synchronizing is of special importance.

Meteosensitivity of a human organism is em-
pirically confirmed. There are studies on the influ-
ence of heliogeophysical factors on the course and 
outcomes of ischemic heart disease (IHD), myo-
cardial infarction (MI) occurring during geomag-
netic disturbances (GDs) [Kondratyuk I. et al., 
1984]. Mentioned diseases are characterized by a 
more severe course and are accompanied by com-
plications and high mortality rate.

It is revealed that during magnetic storms the phe-
nomena of desynchronosis of cardiovascular system 
(CVS) occur; one of the first signs of the event are 
violations of amplitude and period of biological 
rhythms of the heart contractile force. There is the 
phenomenon of amplitude rhythm fading under the 
influence of informational stress factor, which is the 
magnetic radiation of super-low frequency.

The sensitivity of a living organism to the influ-
ence of cosmic radiations, in particular, the solar 
wind and magnetic storms initiated by it in a range 
of various frequencies, especially super-low ones, is 
proved. The experimental measurements of capil-
lary blood flow in patients with IHD revealed 
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changes of this index at the day of magnetic storm 
onset and during the next 2-3 days, with transient 
disorders of cardiac rhythm in sick men [Lyubimov 
V., Vydrin V., 1995]. To determine the sensitivity of 
a patient to the GDs pulse and arterial pressure (AP) 
were measured three times a day. These indices 
were compared with parameters of geomagnetic ac-
tivity. The study results led to a conclusion that the 
GDs negatively affect the objective indices in these 
patients resulting in violations of microcirculation 
system and failures of the cardiac rhythm.

Such experimental study [Halberg F. et al., 2000; 
Ragoulskaya M. et al., 2000] confirms the impact of 
space weather on the human organism. A complex 
experiment was carried out to identify non-stationary 
solar processes that affect the state of the human or-
ganism. The measurements of electrical conductivity 
of the control biologically active points of skin, AP, 
and pulse were performed in 30 observed subjects. 
The obtained data were compared with variations in 
the values of environmental indices, such as atmo-
spheric pressure, temperature, geomagnetic activity 
indices, and indices of cosmic rays. The authors came 
to the conclusion about the existence of a coherent 
two-phase (hyperfunction –hypofunction) reaction of 
the human organism to the sharp solar disturbances.

Our aim was to perform a more detailed inves-
tigation of the arterial hypertension (AH), since at 
present it is one of the most common diseases af-
fecting the CVS. In presence of AH atherosclerosis 
of vessels is rapidly developed, and in this connec-
tion, MI and insult can proceed. Besides, AH also 
leads to the lesions of kidney and ocular vessels. 
Hemodynamic hypertension is closely related to 
the impact of changes in the atmosphere and bio-
sphere of the Earth. This is the conclusion of many 
researchers [Godik E., Gulyaev Yu., 1991; Vladi-
mirsky B. et al., 1995; Agulova L., 1998; Dmit-
rieva I., et al., 1999 a; b; 2000; Otsuka K., 2001]. 

Among a broad class of dynamical systems, the 
self-oscillating systems are of the greatest interest 
for biorhythmology [Halberg F., 1969; Biological 
Rhythms, 1981]. This is due to the fact that circa-
dian rhythms, the rhythms of heart activity and 
many other most important vital rhythms of the 
living system are endogenous self-sustaining os-
cillations, capable to synchronizing actions under 
the influence of a certain range of frequencies.

Self-oscillations are investigated using the theory 

of nonlinear oscillations. Only the non-linear equa-
tions adequately describe the process of “self-
build-up oscillations” i.e. generation of oscilla-
tions, amplitude and period of which are deter-
mined by the properties of the dynamical systems 
as such, but not via the invoking influence. 

According to modern conceptions, the synchro-
nization of oscillations is establishment and main-
tenance of such a regimen of operation of two or 
several coupled oscillators, at which their frequen-
cies are equal, make aliquot part, or are in the ra-
tional relationship to each other.

Thus, at synchronization of biological oscilla-
tions with periods τ and τ′ or biological oscilla-
tions with a period τ and external periodicity G, 
the equality is as follows: 

pτ = qτ′, or pτ = qG, 

where: p and q are the natural numbers. 
It must be noted that when the ratio of frequen-

cies cannot be represented as a rational fraction, 
then these frequencies are incommensurable. .

MaterIal and Methods 
Among the mentioned ten persons we investi-

gated patients having the rhythms of arterial pressure 
and abnormal pulse due to the interaction of men-
tioned rhythms with the geomagnetic field changes, 
i.e. with the geomagnetic field induction rhythm. 

The measurements of the magnetic field were 
carried out using the high-precision proton magne-
tometer MMP-3. The measurements of blood pres-
sure and pulse were performed using the daily 
monitor MPP-BD-01.

results oF InvestIgatIon 
The study included patients with AH and was 

aimed to reveal symptomatic hypertension, in par-
ticular, hemodynamic hypertension associated 
with exogenous influence of the geomagnetic field 
induction, as one component in a complex of indi-
ces characterizing the space weather, in the aspect 
of determining the conditions, under which in the 
studied system, i.e. biological rhythms of the heart 
(systolic and diastolic pressure, pulse) + variations 
of the geomagnetic field, it is possible to reach the 
synchronization.

Prior to study of the geomagnetic field impacts on 
the above-mentioned indices of heart biorhythms 
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under hemodynamic hypertension based on the self-
oscillating non-autonomous model, we would like to 
present a more detailed quantitative proofs of the cor-
rect application of precisely this non-autonomous 
model described by differential equations with a 
right-hand term, which represents the determined law 
for the induction variation of the geomagnetic field.

The blood flow in large arteries in the presence 
of a uniform magnetic field is considered [Varda-
nian V., 1973] by the mathematical methods of 
magnetic hydrodynamics. Here is given evaluation 
of the magnetic-and-hydrodynamic inhibition of 
blood flow, which is a consequence of the appear-
ance of inductive currents, influenced by a uniform 
magnetic field. Moreover, emerging inducing cur-
rents oppose the flow of blood. In its turn, the inhi-
bition of blood flow causes blood pressure changes 
and, consequently, changes in systolic, diastolic 
blood pressure and heart pulse.

Besides the above-mentioned proof of mecha-
nisms of action exerted by a magnetic field on 
these biological rhythms of the heart, we carried 
out studies to reveal correlations between the mea-
sured data of relative values (namely: the systolic 

blood pressure ΔS, diastolic pressure ΔD, pulse 
ΔP) for ten patients with high AP. Studies were 
carried out in these 10 patients (aged 20 to 60) 
with high blood pressure: systolic and diastolic 
pressure above 140 mm Hg. For certain periods of 
real-times and at the same time intervals the rela-
tive magnitudes of the total (summary) values of 
the geomagnetic field induction ΔT were measured 
at Aruch station (near Yerevan, Armenia)

It should be noted that the above-mentioned 
relative values are defined as follows:

ΔS = (Sm – Sn); 
ΔD = (Dm – Dn); 
ΔP = (Pm – Pn); 
ΔT = (Тm – Ta), 

where Sm,  Dm, Pm, Тm are variables, Sn = 120 mm Hg; 
Dn = 80 mm Hg; Pn = 70 beats/min (conventionally 
accepted normal values) and Ta = 48 485 [nTl] is 
the average value, correspondingly.

Figure 1 is a graph of the measured relative values 
of systolic blood pressure ΔS, diastolic blood pressure 
ΔD, pulse ΔP for a patient and for the complete induc-
tion vector of the geomagnetic field ΔT, depending on 
the real-time (22 hours), with interval of 2 hours.

Figure 1. The relative values of measured quantities:
a) systolic blood pressure (DS); b) diastolic blood pressure (DD); c) pulse (DP);
g) the complete vector of the geomagnetic field strength (DT). 
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Figure 2 shows the values of cross-correlation 
coefficients ρcc between DS and DT (2a), DD and 
DT (2b) and DP and DT (2c) for one patient. The 
shift of time τ = ± 22 hours.

Table 1 below is based on the values of the time 
shifts and the corresponding values of the coefficients 
ρcc between ΔS and ΔТ before and after the anomalous 
influence of magnetic field for one patient.

As shown in Table 1, values of cross-correla-
tion between the systolic blood pressure and ab-
normal effects of the magnetic induction ΔТ, both 
before and after the anomalous effect of time-shift 
τ, respectively, 4, 5, 6, 7, 8 and 4, 5 hours, made 
more than 0.5 (|ρcc(ΔS, ΔТ)|>0.5). This result con-
firms that the degree of the relationship of systolic 

blood pressure values of ΔS and the anomalous ef-
fects of induction of ΔТ at certain time-shifts τ is 
conditionally strong.

Table 2 shows the values ρcc(ΔD, ΔТ) depending 
on the specific values of τ. As shown in Table 2, 
values ρcc (ΔD, ΔТ) between the values of diastolic 
blood pressure ΔD and the anomalous magnetic 
field exposure ΔТ, before and after the anomalous 
effect of time shift τ, respectively, 4, 5, 6, 7, 8, 9, 
3, 4, 5 hours were more than 0.5 (|ρcc(ΔD, ΔТ)|>0.5). 
This result implies that the extent of the relation-
ship of diastolic pressure values ΔD and anoma-
lous ΔТ impact at certain times of τ is condition-
ally strong.

TAble 1.
The values of correlation coefficient ρcc (ΔS, ΔТ) for 

the determined time-shifts of one patient
Time-shift τ (hour)

ρcc (ΔS, ΔТ)before the 
anomalous effect

after the 
anomalous effect

4 0.5470185
5 0.7329326
6 0.7279364
7 0.768167
8 0.66922898

4 – 0.5074303
5 – 0.5113373

TAble 2.
The values of correlation coefficient ρcc (ΔD, ΔТ) 

for certain time-shifts τ

 Time-shift τ (hour)

ρcc (ΔD, ΔТ)before the 
anomalous effect

after the 
anomalous effect

4 0.5541245
5 0.6888061
6 0.6905199
7 0.7374206
8 0.7065206
9 0.5060972

3 – 0.5013412
4 – 0.5353503
5 – 0.5282133

Figure 2. The coefficients of cross-correlation rcc be-
tween DS and DT (a), DD and DT (b), DP 
and DT (c). The shift of time t = ± 22 hours. 
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Table 3 shows the values ρcc(ΔP, ΔТ) depending 
on the specific values of time-shifts τ. The analysis 
of values presented in Table 3 shows that ρcc(ΔP, 
ΔТ) (coefficient of cross-correlation between pulse 
ΔP and the anomalous influence of magnetic in-
duction before and after the abnormal impact of 
ΔТ at determined time-shift values, respectively, at 
4, 5, 6, 7, 8, 9 and 4, 5 hours is more than 0.5 i.e. 
(|ρcc(ΔP, ΔТ)|>0.5). As follows, the relationship at 
certain time-shifts τ between the corresponding 
values of pulse ΔP and ΔТ is conditionally strong.

TAble 3.
The values of correlation coefficient ρcc (ΔP, ΔТ) 

from the certain time shifts of the τ
Time-shift τ (hour)

ρcc (ΔP, ΔТ)before the 
anomalous effect 

after the 
anomalous effect

4 0.60880665
5 0.6828055
6 0.6835129
7 0.7368002
8 0.6892043
9 0.5571784

4 – 0.5205475
5 – 0.5007727

It shold be noted that, as mentioned above, 10 
patients with high AP and pulse were observed.

In 6 patients from total 10, the correlation coef-
ficients between mentioned biorhythms of the 
heart and the anomalous effect of the geomagnetic 
field is less than 0.3, which conventionally means 
a very weak correlation.

In other words, in these time intervals, high AP 
and pulse are not caused by an abnormal influence 
of the geomagnetic field.

In 2 patients the cross-correlation coefficients 
are greater than 0.3 and less than 0.5, i.e. a weak 
relationship between mentioned functions is ob-
served, while in other 2 patients the cross-correla-
tion coefficients are greater than 0.5. In this case, 
it can be asserted with sufficient accuracy that in 
these temporary conditions, high AP and pulse are 
caused by an abnormal influence of the geomag-
netic field.

It should be emphasized that data for a patient, 
whose correlation coefficients between these vari-
ables were ρcc>0.5, are presented above.

Thus, among the observed 10 patients having 
the high AP, we revealed that in 4 patients high AP 
had the character of hemodynamic hypertension 
0.3<ρcc<0.8 [Gyulbudaghyan R. et al., 2010]. 

It should be emphasized that upon approval to 
use the dynamic self-oscillating non-autonomous 
model for studies on the impact of the geomagnetic 
field induction towards the heart biorhythms, we re-
vealed patients with hemodynamic hypertension by 
means of cross-correlation method. This latter is of 
special interest, because the obtained results might 
be used for treatment of these patients in terms of 
choosing the optimal time for medication receipt. 

Thus, bearing in mind the abovementioned 
tasks, as well as the result of identifying 4 patients 
with high blood pressure rhythm and abnormal 
heart rate due to interaction with the geomagnetic 
field induction rhythm, for comprehensive investi-
gation on the impact of geomagnetic field towards 
the biorhythms of the human heart, we propose a 
dynamic self-oscillating non-autonomous model, 
described by a family of differential nonlinear 
non-autonomous equations of parametric type, 
which has the following mathematical form

dt2
d 2x + n e 2l + 1^ hx 2l - 16 @

dt
dx + ~ o

2x + nmx 2l + 1 = T cos mt^ h

dt2
d 2x + n e 2l + 1^ hx 2l - 16 @

dt
dx + ~ o

2x + nmx 2l + 1 = T cos mt^ h :          (1)

where l =1, 2, 3, ... .
It was testified [Gyulbudaghyan R., 1991] that 

model (1) describes the nonlinear voltage or cur-
rent fluctuations – x(t,μ,e,l,ω0,m,T,λ) in the nonlin-
ear electrical self-oscillating circuits LC with two-
terminal and an external power source (generator) 
described by a term T∙cos(lt). In the mentioned 
work a complete algorithm for solving the family 
of differential equations was constructed. By 
means of the analogy method, we proved that 
model (1) describes the nonlinear oscillations of 
systolic blood pressure, diastolic pressure, as well 
as the pulse. In other words, in the model (1) the 
variable x(t,μ,e,l,ω0,m,T,λ) takes the following val-
ues: x≡S – systolic blood pressure, x≡D – diastolic 
pressure, x≡P – pulse.

The effect of blood flow inhibition by external 
magnetic field was investigated and evaluated 
[Vardanian V.A., 1973], and these studies were 
based on an approximate model of the blood ves-
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sels in the form of a cylindrical tube with hard 
walls. The author concluded that for correct solu-
tion of this problem, the elasticity of blood vessels, 
must be taken into account.

Our model (1) takes into account not only the 
elasticity of blood vessels, but also the viscosity of 
blood flowing through them. Thus, the parameter 
of blood dissipation is introduced into the model 
(1), which is determined by the ratio of blood vis-
cosity parameter h in the blood vessel to the pa-
rameter of elasticity of blood vessels Е [Fung Y., 
1981; O’Rourke M., 1982; Siebert W., 1986]. So, 
m=h/Е, where m is the bifurcation parameter. It 
should be noted that the autonomic (without a 
right-side term) model described by a family of 
differential equations (1) is solved using the theory 
of Hopf bifurcation [Hassard B. et al., 1981], and 
the analogues of these equations in terms of medi-
cal applications, with corresponding variables (the 
concentration of hormones, electrolytes), the solu-
tions of which describe, in particular, the bio-
rhythms of hormones and electrolytes in blood 
were studied earlier [Gyulbudaghyan R., 1991; 
1999; Kocharyan S., Gyulbudaghyan R., 2001; 
Gyulbudaghyan R., Kocharyan S., 2005].Other pa-
rameters of the model are as follows: m is a pro-
portionality parameter determining the rate of 
changes in the recurring strength of the oscillator 
fluctuations; l is a parameter of velocity variation 
of blood dissipative function that determines the 
number of terms in the family of equations; w0 is 
the natural frequency of the autonomous (endoge-
nous) fluctuation of the oscillator; T is an amplitude 
of the total or summary induction of the geomag-
netic field; l is the violation frequency of the geo-
magnetic field; e is a coefficient of proportionality. 

Analysis of the model: Let us proceed to the 
analysis of model (1) at a value of dissipation coef-
ficient m<1.

The following cases should be considered : a) 
soft non-resonant excitation; b) hard non-resonant 
excitation; c) soft resonant excitation, and d) hard 
resonant excitation. It should be noted that the de-
tailed solution of equations (1) for the above-men-
tioned conditions, which are determined from the 
relationships between the geomagnetic field pa-
rameters T∙cos(lt) and parameters describing the 
endogenous process (autonomous equations) are 
given in [Gyulbudaghyan R. et al., 2008].

Let us proceed to a more detailed analysis of 
the model in case of resonant excitation.

To explain the meaning of the term “resonant ex-
citation” we introduce the following designation:

m - ~ o = vn                          (2)

The excitation resonance condition (2) means 
that (λ – ωо) by its value is comparable to μ, where 
σ is reduced, but remains greater than unity.

The soft excitation condition follows from the 
relationship:

                     T = nk                                                       (3)

Condition (3) in case of soft excitation means 
that the amplitude of forced oscillations T in its 
magnitude is comparable with the value μ; in other 
words, T is reduced, remaining greater than unity.

In case of μ<1 and soft resonant excitation the 
solutions of family of equations (1) and the ampli-
tudes, phases of fluctuations are determined by the 
following expressions: 

x t^ h= ua cos ~ o t + u{ t^ h^ h                       (4)
a) The amplitude of oscillations a~  is deter-

mined as the solution of the following algebraic 
equation: 

g22 +
~ o
2

42l + 1C l
2

c m
42l + 1
ua2 2l + 1^ h

- 2 g2 +
~ o
2

4 l + 1C lvc m
4 l + 1

ua2 2l + 1^ h
+ 1 + 4v2^ h 4

ua2 -
4~ o

2
k = 0

g22 +
~ o
2

42l + 1C l
2

c m
42l + 1
ua2 2l + 1^ h

- 2 g2 +
~ o
2

4 l + 1C lvc m
4 l + 1

ua2 2l + 1^ h
+ 1 + 4v2^ h 4

ua2 -
4~ o

2
k = 0

                            (5)
where l=1,2,3,… 

In (5) the following designations are made: 

C l =
2 2l + 1^ h l + 1^ h!

m 2l + 1^ h 2l^ h. . . . l + 2^ h
              (6)

where l=1,2,3,…

g2 = l!
e 2l + 1^ h 2l^ h

-
l + 1^ h!

e 2l + 1^ h 2l^ h. . . l + 2^ h
,  (7) 

where l=1,2,3,… 
b) The phase of oscillations is determined by 

the following expressions: 
u{ t^ h= na - arcsin k

k2 - 2C l
2 ua4l + 2 - 4v2~ o ua2 + 8vC l ua2l + 2~ o

u{ t^ h= na - arcsin k
k2 - 2C l

2 ua4l + 2 - 4v2~ o ua2 + 8vC l ua2l + 2~ o

     (8)
where l=1,2,3,… 
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On the basis of algorithm for solving equations 
(4), (5) (6) (7) (8) in case of soft resonant excita-
tion the research findings are processed using the 
mathematical software Version 5.2 of “Wolfram 
Research” Company; graphical results are shown 
in Figures 3 and 4. 

Figure 3. Dependence of ϕ~  phase on time t for soft 
resonant excitation.

Figure 4. Soft resonant excitation: m=1; l=1; m=0.1; 
w0=0.1; l=0.3; k=1.1; e=1; s=2.

It should be noted that for plotting the solution 
x(t) the algebraic equation (5) must be solved for 
different values of parameter l. Let l=1, then solv-
ing the equation (5) we have 6 roots of ã, from 
which the real root is selected with compliance to 
the condition ã>1. Then, substituting the found 
value of ã in equation (8), we construct a graph of 
the phaseϕ~  dependence on time t (Figure 3). 

Now we already have all the data, i.e. the am-
plitudes and the phase values, for construction on 
the basis of (4) the final graph of the solution of 

equation (1) with parameters satisfying conditions 
of soft resonant excitation, as shown in Figure 4. 
Let us analyze the solutions in case of soft reso-
nant excitation: the conditions (2) and (3). 

It should be noted that, as evident from (4), the fre-
quency of system oscillations is defined as follows:

~ = dt
d ~ o t + u{^ h= ~ o + dt

d u{

                   (9)
Introducing the designation T1 = m t, where T1 is 

scaled time, we obtain: 

 
dT1
d{ =

ndt
d u{ = v   (10)

From relation (10) follows:

                 
dt
d u{ = nv                         (11)

Taking into account the ratio (9), it follows 
from (11) that ω = ωо+ms, and from condition (2) 
it is finally obtained:

    (12)
It follows from (12) that for a soft resonant ex-

citation, at close approximation of L to ωо, the 
fluctuations of endogenous system coincide with 
the forced ones. Thus, the output signal ω is syn-
chronized with the frequency of excitation l. 

conclusIon 
Model (1) from the class of dynamical systems 

describes the auto-oscillatory systems, in which 
the endogenous self-sustaining oscillations (sys-
tolic and diastolic blood pressure and pulse) occur 
with the ability to synchronization under the effect 
of external influences, in our case: geomagnetic 
field variations described by the term T∙cos(lt) of a 
certain range of frequencies, i.e. ω=l. As men-
tioned above, this condition is a special case of a 
more general case of synchronization condition at 
p=q=1, where τ=1/ω, G=1/l.

It should be noted that this synchronization 
phenomenon might be used in treatment of patients 
with hemodynamic hypertension.

~ = m
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