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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-

AnHotanus. Llenpio naHHOTO HcCiaelOBaHUs SBUIOCH
W3y4YeHHE BIUSIHUS BapHaOCILHOCTH TIOTOJHBIX U
rennopu3ndecknx (HakTopoB Ha 00pamaeMocTb B
ciyx0y «CKopoil MEAMIIMHCKOHN ITOMOIIMY 10 Pa3HbIM
rpynmaM HO30JIOTUI HaceleHus! poccuiickoro Cesepa.
HNudopmarmus 06 obOpamenusix B ciyx0y «Ckopoi
MEIUIMHCKOM  moMomm» TI.  XaHTbl-MaHcHiicka
nmoJsrydeHa u3 0a3bl JaHHBIX BBI30BOB 3a mepuoy ¢ 2001
o 2021 rr. no knaccam 3aboneBanuit (MKbB-10). s
OLIEHKU TUHAMUKH [TOTOTHBIX ()aKTOPOB UCIOIb30BaHbI
JIAaHHBIE Bcepoccuiickoro H1N
THJIPOMETEOPOIOTUIECKON MH(pOpMAIK 1 MaTepHabl
METEOCTAHINH I. XadaTtel-MaHcuiicKa.
IIpoananu3upoBaHa JUHAMHKA TEMIIEPATyphl BO3yXa;
0apoMeTpUIEcKOro JTaBJICHUS; OTHOCHUTETLHON
BJIQKHOCTH; BECOBOTO COICp)KaHUs KHUCIOpOAa B
Bo3ayxe. JlaHHBIE 00 OTHOCHUTEIBHOM €XEIHEBHOM
YHCie COJHEYHBIX IATEH MOJY4YeHBl W3 MaTepHajoB
Koponesckoit oOcepBaTropuu benbrun.
CpenHecyTOUHbIE 3HAU€HHWS YPOBHS IUIaHETapHOMH
T€OMarHUTHOW  aKTHBHOCTH,  BBIpaXEHHblE  Ap-
WHAEKCOM,  BBIKOIMPOBAHBI C  WHTEpHET-caiiTa
HarmonaneHoTro nieHTpa reodusmueckux ganasix CIIA
(boynnep). Maremarnueckass o0paboTka TpOBEACHA
npyd TIOMOIIM BelBieT aHanm3a. ['paduk koneOaHwmit
TemrnepaTypbl 3a nepuon c 2001 mo 2021 roxel
MOKa3bIBAE€T 3HAYUMYIO OKOJIOTOI0BYIO IMKJINYHOCTD H
MOJTyTOJIOBOM PUTM C BBICOKMM YPOBHEM TEHICHITUH.
Habnronarorcst 3Ha4MMble PUTMBI 0apOMETPHUYECKOTO
JaBJICHUS C IEPUOJOM 5 JieT, 1 roJ U pUTMBI, OJTH3KHE K
MOJyTOIOBBIM,  CE30HHBIM U OKOJIOMECSYHBIM.
Bna)XHOCTh 3HAYMMO HM3MEHSIETCS B OKOJIOTOJOBOM H
BHYTPUTO/IOBBIX ~ pUTMax. BenmuumHa  BECOBOro
COJEp)KaHUsl  KHCIOpOJa HUMEET  OKOJIOTOAOBO;
JIBYXJICTHUM, IISITWIETHUH; NIBYX- U OKOJOMECSYHBII
putMbl. OTHOCHTENIbHOE YnCIO cosiHeuHbIX msiTeH (W)
3anepuof ¢ 2001 mo 2021 roas! xapakTepu3yeTcs MATH-
IBYXJIETHUMH M OKOJIOTOAOBBIM puTMOoM. llpm
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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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paccMoTpennu Bapuanwii uncia W 3a mepuoz ¢ 1818 mo
2017 rr., KpoMe KIaCCUYECKUX OJMHHAIATHICTHETO,
TOJIOBOTO U OKOJIOMECSIUHOTO, OOHAPYKUBAIOTCS PUTMBI
¢ mepuogom: 42,5 roaa; 18,1 rona u 2,1 roga. Unnekc
IJIaHETApPHOH T'€OMAarHUTHOW aKTHUBHOCTH (Ap) MMeEeT
PUTM C IEPHOJOM 4 TOZa, IBYXJIETHUI 1 OKOJIOTOJOBOH.
3naunmocts Bcex putmoB p=0,001. Ilpu anamuze
Kosie0aHM reoMarHUTHOM akTHBHOCTH ¢ 1932 1o 2016
roapl H00aBIISIOTCS MHOTOJIETHHE PUTMBL: 35,00 meT;
16,06 rona; 10,88 meT; mOIYro0BOM U TPEXMECIUHBIN
putMbl. HecMoTps Ha MHOTOYMCIICHHBIC THUIIOTE3bI
MOWCKa KOCMOOHMOJIOTHYECKON TapMOHHHM B BUJE
«3BOJIFOIIMOHHBIX CHHXPOHH3MOBY», «PUTMOKACKA0B»,
«30JI0TOTO  CEYCHUs», MpoliemMa B3aUMOJICHCTBHS
DK30T€HHBIX MPHUPOJHBIX PUTMOB U JHIOTEHHBIX
PUTMOB OpraHM3Ma YeJIOBEKa OCTaeTCS BO MHOTOM
HepenieHHOH. COnocTaBICHHUE PE3YJIbTATOB Pa3IMYHbBIX
WCCIIeIOBAaHUN 3aTpyTHEHO, BCJIEJICTBUE
METOJIONIOTUIECKUX W MaTeMaTHIeCKIX moaxonoB. [Ipu
nepuogax Habmromenuii 100-200 ner u  OGoree,
OTCJISKUBACTCS JUTMHHOTICPUOIHBIM KOMIIOHEHT, a MPH
KIIMHUYECKAX HCCIEOBAHUAX (OT CYTOK 10 HEIEIH)
BBISBIISIFOTCSI  KOPOTKOTICPUOJHBIC  COCTABJISIOILKE.
N3meHnenue ¢oHa B BHJE TCIUOKIMMATHUECKUX H
COIMATFHBIX BapHAIINI TAKXKe HE J0OABIsIET TOUHOCTH.
[IpumeHeHne pa3TMYHBIX METOJIOB aHATTN3a BPEMEHHBIX
pAZOB  TpearojaracT — MoJiyueHHe — MHGOpMAIUU
pa3IMYHOrO YpPOBHS paspelieHus (mpeodpa3oBaHue
®ypre, CBAH, BeiiBner ananu3). Tem He MeHee, B
MOJTyYEHHBIX pe3yibTaTax OTCJICKUBAIOTCS
KJIACCUYECKUE PUTMbI COJIHEUHOW U T€OMarHUTHOU
aKTUBHOCTH C TIEPHOJAMH OKOJIO OJWHHAIATH IIET,
rojia u Mecsifa. Tax e NPUCYTCTBYIOT 35-I€THUH PUTM,
put™ B 42,5 roma, Omum3kmii k putMmy 44,16 Tona,
BbUsIBIEHHOMY bespykoBoit A.f., B 18,1 roma
(monromneproanYECKue KOMITOHEHTBI JYHHOTO
NpWIMBa) W JIPYTHE BHYTPUTOAOBBIE PHUTMBI C
nepuojaMu OT JABYX Hemeldb J0 9  MecsIeB.
BozneiicTBre TrelMOKIMMATHYeCKUX (PaKTOPOB Ha
3I0pOBbE  4YEJIOBEKAa yKa3blBa€T HA  OTCYTCTBHE
MOCTOSTHHOM KOTEPEHTHOCTH (B HAIleM Ccllydae —
COTJIACOBAaHHOCTH JTHX IMPOIECCOB BO BpPEMEHH,
MIPOSIBIISIONIASICS TIPH WX CJIOKEHUH), BBUAY HATUYHS
0OJIBIIOTO KOJMYECTBA Mera- M ME30PUTMOB, YTO
MPOSIBISACTCS aMIUTATY THOM u (hazoBoit
JIECUHXPOHU3AIMEH rennoreo(pu3nIecKrx moxka3arenei
1 COCTOSIHUS 3/I0OPOBbSI.
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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/320JRk): 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 (1);
Diseases of the respiratory system (J); Diseases of the digestive system (K); Diseases of the
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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 (°C); barometric pressure (kPa); relative
humidity (%); partial pressure of oxygen in the air (g/m®). 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: 02 (g/m®) = 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

» Period of rhythms
o
= ) ) ) %) o 2 2 2 2 S | 9
8 S g g g 5 | 5| § 5 s |8
g1zl 2 |3 2 2 E | E| E E | E|Z
s © < ™ N — ™
= Groups of diseases
AB; CD; F; G;l; AB; AB;J; .
T J; K;M; N; O G; N EF
G; AB; CD; F; G; I; AB; . .
P N J; K; M; N; O Gl GM EF
AB; CD;F; G; I; AB; . AB; CD;
RH J; K; M; N; O Gl GM F;:G;N
p CD; F; I; AB;E;I;J; | AB;CD;F;G; I; AB; CD; EE
02 M; O; ST M; O; ST JK; M; N; O F:G; N ’

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
2 Period of rhythms
o ; [72] [%2) [%2] [%2] [%2] - %)
—_ [<5]
sgl 2 | 2] & 5 o |elelelz| & |28
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£ Groups of diseases
W CD; F; I, AB;E; I;J; | AB;CD;F;G; N; G; EE
M; O; ST M;O; ST | I;J;K;M;N; O | ST M '
A AB; | AB;E; I;J; | AB;CD;F;G; AB; AB; AB;CD; | E; | CD;
P G | M;O;ST | L K;M;N;0 Gl IN| FEGN | F [ M
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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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