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Abstract. The purpose of this study was to study 

the influence of the variability of weather and 

heliophysical factors on the appeal to the 

“Ambulance” service for different groups of 

nosologies in the population of the Russian North. 

Information about calls to the emergency medical 

service of Khanty-Mansiysk was obtained from the 

database of calls for the period from 2001 to 2021 

by disease classes (ICD-10). To assess the 

dynamics of weather factors, data from the All-

Russian Research Institute of Hydrometeorological 

Information and materials from the weather station 

of Khanty-Mansiysk were used. The dynamics of 

air temperature; barometric pressure; relative 

humidity; baric trend; maximum wind speed; 

weight oxygen content in the air are analyzed. Data 

on the relative daily number of sunspots are 

obtained from the materials of the Royal 

Observatory of Belgium. The average daily values 

of the level of planetary geomagnetic activity, 

expressed by the Ap index, are copied from the 

website of the National Center for Geophysical 

Data of the USA (Boulder). Mathematical 

processing was carried out using wavelet analysis. 

The graph of temperature fluctuations for the 

period from 2001 to 2021 shows a significant 

circadian cyclicity and a semi-annual rhythm with 

a high level of trend. Significant rhythms of 

barometric pressure with a period of 5 years, 1 year 

and rhythms close to semi-annual, seasonal and 

near-monthly are observed. Humidity changes 

significantly in the circadian and intra-annual 

rhythms. The baric tendency has significant 

rhythms: 3 years, 1 year, 6, 3, 2 months. Changes 

in the maximum wind speed do not have a circadian 

rhythm, but intra-annual monthly variations are 

observed. The value of the weight oxygen content 

has circadian; two-year, five-year; two- and near-

Аннотация. Целью данного исследования явилось 

изучение влияния вариабельности погодных и 

гелиофизических факторов на обращаемость в 

службу «Скорой медицинской помощи» по разным 

группам нозологий населения российского Севера. 

Информация об обращениях в службу «Скорой 

медицинской помощи» г. Ханты-Мансийска 

получена из базы данных вызовов за период с 2001 

по 2021 гг. по классам заболеваний (МКБ-10). Для 

оценки динамики погодных факторов использованы 

данные Всероссийского НИИ 

гидрометеорологической информации и материалы 

метеостанции г. Ханты-Мансийска. 

Проанализирована динамика температуры воздуха; 

барометрического давления; относительной 

влажности; весового содержания кислорода в 

воздухе. Данные об относительном ежедневном 

числе солнечных пятен получены из материалов 

Королевской обсерватории Бельгии. 

Среднесуточные значения уровня планетарной 

геомагнитной активности, выраженные Ap-

индексом, выкопированы с интернет-сайта 

Национального центра геофизических данных США 

(Боулдер). Математическая обработка проведена 

при помощи вейвлет анализа. График колебаний 

температуры за период с 2001 по 2021 годы 

показывает значимую окологодовую цикличность и 

полугодовой ритм с высоким уровнем тенденции.  

Наблюдаются значимые ритмы барометрического 

давления с периодом 5 лет, 1 год и ритмы, близкие к 

полугодовым, сезонным и околомесячным. 

Влажность значимо изменяется в окологодовом и 

внутригодовых ритмах. Величина весового 

содержания кислорода имеет окологодовой; 

двухлетний, пятилетний; двух- и околомесячный 

ритмы. Относительное число солнечных пятен (W) 

за период с 2001 по 2021 годы характеризуется пяти-

, двухлетними и окологодовым ритмом. При 
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monthly rhythms. The relative number of sunspots 

(W) for the period from 2001 to 2021 is 

characterized by a five-, two-year and circadian 

rhythm. When considering the variations of the 

number W for the period from 1818 to 2017, in 

addition to the classic eleven-year, annual and near-

monthly, rhythms with a period of 42.5 years, 18.1 

years and 2.1 years are found. The index of 

planetary geomagnetic activity (Ar) has a rhythm 

with a period of 4 years, two-year and near-annual. 

The significance of all rhythms is p=0.001. When 

analyzing fluctuations in geomagnetic activity 

from 1932 to 2016, long-term rhythms are added: 

35.00 years; 16.06 years; 10.88 years; semi-annual 

and three-month rhythms. Despite numerous 

hypotheses of the search for cosmobiological 

harmony in the form of “evolutionary 

synchronisms”, “rhythmic cascades”, “golden 

section”, the problem of the interaction of 

exogenous natural rhythms and endogenous 

rhythms of the human body remains largely 

unresolved. Comparison of the results of various 

studies is difficult due to methodological and 

mathematical approaches. With observation 

periods of 100-200 years or more, a long-period 

component is monitored, and in clinical studies 

(from a day to a week), short-period components 

are detected. Changing the background in the form 

of helioclimatic and social variations also does not 

add accuracy. The use of various methods of time 

series analysis involves obtaining information of 

different resolution levels (Fourier transform, 

SWANN, wavelet analysis). Nevertheless, the 

results obtained track the classical rhythms of solar 

and geomagnetic activity with periods of about 

eleven years, a year and a month. There is also a 

35-year-old rhythm, a 42.5-year-old rhythm close 

to the 44.16-year rhythm identified by Bezrukova 

A.Ya., at 18.1 years (long-period components of 

the lunar tide) and other intra-annual rhythms with 

periods from two weeks to 9 months. The effect of 

helioclimatic factors on human health indicates the 

absence of constant coherence (in our case, the 

consistency of these processes over time, 

manifested when they are combined), due to the 

presence of a large number of mega- and 

mesorhythms, which is manifested by amplitude 

and phase desynchronization of heliogeophysical 

indicators and health status. 

Keywords: rhythms of health disorders, variability 

of weather factors, solar and magnetic activity, 

northern region. 
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рассмотрении вариаций числа W за период с 1818 по 

2017 гг., кроме классических одиннадцатилетнего, 

годового и околомесячного, обнаруживаются ритмы 

с периодом: 42,5 года; 18,1 года и 2,1 года. Индекс 

планетарной геомагнитной активности (Ар) имеет 

ритм с периодом 4 года, двухлетний и окологодовой. 

Значимость всех ритмов р=0,001. При анализе 

колебаний геомагнитной активности с 1932 по 2016 

годы добавляются многолетние ритмы: 35,00 лет; 

16,06 года; 10,88 лет; полугодовой и трехмесячный 

ритмы. Несмотря на многочисленные гипотезы 

поиска космобиологической гармонии в виде 

«эволюционных синхронизмов», «ритмокаскадов», 

«золотого сечения», проблема взаимодействия 

экзогенных природных ритмов и эндогенных 

ритмов организма человека остается во многом 

нерешенной. Сопоставление результатов различных 

исследований затруднено, вследствие 

методологических и математических подходов. При 

периодах наблюдений 100-200 лет и более, 

отслеживается длиннопериодный компонент, а при 

клинических исследованиях (от суток до недели) 

выявляются короткопериодные составляющие. 

Изменение фона в виде гелиоклиматических и 

социальных вариаций также не добавляет точности. 

Применение различных методов анализа временны̀х 

рядов предполагает получение информации 

различного уровня разрешения (преобразование 

Фурье, СВАН, вейвлет анализ). Тем не менее, в 

полученных результатах отслеживаются 

классические ритмы солнечной и геомагнитной 

активности с периодами около одиннадцати лет, 

года и месяца. Так же присутствуют 35-летний ритм, 

ритм в 42,5 года, близкий к ритму 44,16 года, 

выявленному Безруковой А.Я., в 18,1 года 

(долгопериодические компоненты лунного 

прилива) и другие внутригодовые ритмы с 

периодами от двух недель до 9 месяцев. 

Воздействие гелиоклиматических факторов на 

здоровье человека указывает на отсутствие 

постоянной когерентности (в нашем случае – 

согласованности этих процессов во времени, 

проявляющаяся при их сложении), ввиду наличия 

большого количества мега- и мезоритмов, что 

проявляется амплитудной и фазовой 

десинхронизацией гелиогеофизических показателей 

и состояния здоровья. 

Ключевые слова: ритмы нарушений здоровья, 

вариабельность погодных факторов, солнечная и 

магнитная активность, северный регион. 
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Introduction. Heliogeophysical and climatic factors quite seriously affect human health [19; 

22; 26]. Meteotropic reactions are observed in diseases of the heart, blood vessels, bronchi and lungs, 

digestive organs, joints, skin, nervous and mental pathologies [16; 23; 27]. 

In the northern region, conditions are created for the disruption of the temporal organization of 

the psychological and physiological functions of the body, due to climatic and geographical features 

and the characteristic heliophysical status of the circumpolar regions [8; 11; 12; 18]. The human 

organism is constantly in a state of mismatch in the phase of its own endogenous rhythms and 

fluctuations of helioclimatic factors [6; 10], which can lead to the development of various pathologies 

[7; 20; 25]. 

Purpose of the research is studying the influence of the variability of weather and heliophysical 

factors on the ambulance service appeals for different groups of nosologies in the population of the 

Russian North. 

Objects and methods of research. Information about the ambulance service appeals in 

Khanty-Mansiysk was obtained from the electronic database of calls for the period from 2001 to 

2021, on average per day by class, in accordance with ICD-10 (https://clck.ru/32oJRk): Certain 

infectious and parasitic diseases (AB); Neoplasms (CD); Endocrine diseases (E); Mental and 

behavioural disorders (F); Diseases of the nervous system (G); Diseases of the circulatory system (I); 

Diseases of the respiratory system (J); Diseases of the digestive system (K); Diseases of the 

mailto:elinka1000@yandex.ru
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musculoskeletal system (M); Diseases of the genitourinary system (N); Pregnancy, childbirth and the 

puerperium (O); Injuries (ST). The length of the time series is 7665 measurements. 

To assess the dynamics of weather factors, long-term meteorological data of the All-Russia 

Research Institute of Hydrometeorological Information were used – World Data Center (ARRIHI – 

WDC) (http://meteo.ru). The observation period was from 2001 to 2021. The dynamics of the 

following parameters was analyzed: ambient air temperature (оС); barometric pressure (kPa); relative 

humidity (%); partial pressure of oxygen in the air (g/m3). The partial pressure of oxygen in the air is 

directly proportional to atmospheric pressure minus the partial pressure of water vapor and inversely 

proportional to air temperature: O2 (g/m3) = 83 * (P-e) / T, where P and e in kPa, T in °K, another 

definition – partial density, which correlates with the partial pressure of oxygen in the inhaled and 

alveolar air, depending on the physical characteristics [15]. 

Data on the relative daily number of sunspots (Wolf number – W) were obtained from the 

materials of the Royal Observatory of Belgium (Brussels) [33]. To track the short period component 

of rhythms and possible correlation with weather data and chronopathology rhythms, the period from 

2001 to 2021 was analyzed. To analyze the long-period component, we analyzed a time series 

consisting of 72635 observations for the period from 1818 to 2017 (199 years). 

The daily average values of the level of planetary geomagnetic activity, expressed by the Ap-

index, were copied from the Internet site of the US National Geophysical Data Center (Boulder) 

(http://www.sidc.be/silso/datafiles). 

The period from 2001 to 2021 was analyzed to track the short period component of rhythms 

and possible correlation with weather data and chronopathology rhythms. To analyze the long-period 

component, a time series consisting of 31025 observations was used for the period from 1932 to 2017 

(85 years). 

Statistical data processing. To test the assumption about the presence of many cyclical 

parameters of contacting the emergency medical service, weather factors, and heliogeophysical 

indicators, a program was used using wavelet analysis to identify the rhythms of the estimated 

indicators and evaluate their correlation [17]. Wavelet is a mathematical function that allows you to 

analyze various frequency components of data [9; 13; 14]. Based on the results of the wavelet 

transform, we can judge how the spectral composition of the time series changes over time. The 

statistical significance of the rhythms was assessed by multiple (5000) random permutation of the 

levels of the initial time series. The reduced p shows the proportion of cases when the energy of the 

selected frequency component in the original series exceeded the corresponding energy in a random 

permutation. 

Results. The graph of the initial series of temperature fluctuations for the described period from 

2001 to 2021 (tabl. 1) shows a significant (p=0.0001) annual cycle with a high rhythm amplitude and 

a semi-annual rhythm with a high trend level (p=0.065). Intra-annual seasonal (period of 96.6 days) 

and lunar (period of 23.7 days) are present, but unreliable. In decreasing power, rhythms of barometric 

pressure are observed with a period of 5 years, 1 year, and rhythms close to semi-annual, seasonal 

and circa-monthly: 173.4 days; 109.3 days; 37.2 days, with the significance of the detected rhythms 

(p=0.001). The value of humidity regularly changes in the circumannual rhythm (395.6 days), the 
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intra-annual dynamics is as follows; 6, 4 and 2 months. All rhythms are significant (p=0.001). The 

value of the partial pressure of oxygen, being calculated, retains the main rhythm of such components 

of the formula as temperature, barometric pressure and humidity, namely: circannual (p=0.001); two 

years (p=0.001), five years (p=0.042); two- (p=0.001) and about-monthly (p=0.002) rhythms. 

Rhythms are arranged in descending order of power. 

The relative number of sunspots (W) for the described period from 2001 to 2021 (tabl. 2) 

changes with the following pattern. The most stable and powerful is the rhythm with a period of 5 

years (p=0.001), followed by two-year and circannual rhythms. The following low-amplitude 

components reveal a rhythm with periods of 9, 4 months and circa-monthly rhythms. 

When considering the variations in the number W for the period from 1818 to 2017, wavelet 

analysis shows, in addition to the classic eleven-year, annual and circa-monthly, rhythms with a 

period of: 42.51 years; 18.10 years and 2.14 years. 

Table 1 

Consistency of fluctuations in weather factors and calls to the EMS by groups of diseases  

of the population of Khanty-Mansiysk for the period from 2001 to 2021 
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When conducting a wavelet analysis of the index of planetary geomagnetic activity (Ap), 

attention is drawn to a larger number of significant rhythms (tabl. 2), which can be explained by the 

sum of the effects of various sources, which are complex systems of currents flowing in the 

ionosphere and in the Earth's magnetosphere. 

 
Table 2  

Consistency of fluctuations in heliomagnetic activity and calls to the EMS by groups  

of diseases of the population of Khanty-Mansiysk for the period from 2001 to 2021 
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The most powerful is the rhythm with a period of 4 years, the next multi-year, two-year and 

circannual. Intra-annual cycles: six-, three-, two- and circa-monthly. Significance of all rhythms is 

p=0.001. 

When analyzing fluctuations in geomagnetic activity over a longer time interval (from 1932 to 

2016), multi-year rhythms are added: 35.00 years; 16.06 years; 10.88 years; semi-annual and three-

monthly rhythms. 

Discussion. If we take a mechanistic approach to the influence of heliophysical and weather 

factors on biosystems, then there are coincidences in the periods of parameters of solar, magnetic 

activity, weather factors, the occurrence and exacerbation of diseases of various groups (tabl. 1 and 

2). The annual rhythm W coincides with the frequency of calls to the EMS by groups of diseases: 

AB; CD; F; G; I; J; K; M; N; O, and the period of rotation of the Sun – with exacerbations of groups 

of diseases E; F; fluctuations of Ap are similar with the indicated groups of diseases and most weather 

factors. 

Synchronicity is also observed in rhythms with periods of 5 years (secondary geophysical 

rhythm) and 2 years, and the injury rate is added, as well as intra-annual rhythmic activity with periods 

of 9 and 4 months. Coincidences in the two-year rhythm are also observed with the Ap index (groups 

of diseases AB; E; I; J; M; O; ST), but geomagnetic activity also has a four-year rhythm (synchronized 

with AB; G) and intra-annual low-amplitude rhythms (six-, three-, two-month and two-week), 

nevertheless coinciding with the rhythms of fluctuations of exacerbations of pathology in groups AB; 

G; I; CD; J; F; M; N. 

The correlation analysis between the time series of appeals for diseases, weather factors, solar 

and geomagnetic activity did not show significant relationships, which is quite natural, given the 

polycyclic nature of the analyzed parameters, and is confirmed by the dynamics of the in-phase index. 

That is, despite the high index of synchronicity, there is a change in the phase difference of the 

analyzed pairwise time series. 

Conclusion. Despite the numerous hypotheses of the search for cosmobiological harmony in 

the form of “evolutionary synchronisms”, “rhythm cascades” [2; 3], “golden section” [4; 28], the 

problem of interaction between exogenous natural rhythms and endogenous rhythms of the human 

body remains largely unresolved [23; 24]. Comparison of the results of various studies is difficult due 

to methodological and mathematical approaches. With observation periods of 100-200 years or more, 

a long-period component is monitored, and in clinical studies (from a day to a week), short-period 

components are detected. Changing the background in the form of helioclimatic and social variations 

also does not add accuracy. The use of various methods for analyzing time series involves obtaining 

information of various levels of resolution (Fourier transform, STAN, wavelet analysis). 

Nevertheless, the results obtained trace the classical rhythms of solar and geomagnetic activity with 

periods of about eleven years, a year, and a month. There is also a 35-year rhythm, a rhythm of 42.51 

years, close to the rhythm of 44.16 years, identified by A.Ya. Bezrukova [1], at 18.1 years (long-

period components of the lunar tide) and other intra-annual rhythms with periods from two weeks to 

9 months [5]. It is shown that the impact of helioclimatic factors on human health indicates the 

absence of constant coherence (in our case, the consistency (correlation) of these processes in time, 
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which manifests itself when they are added), due to the presence of a large number of mega- and 

meso-rhythms, which is manifested by amplitude and phase desynchronization of heliogeophysical 

indicators and health status. 
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