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Abstract

Descriptions of dreams and the timings of associated REM-sleep stages have been recorded over a
long period of time (more than 1 year). Invariance of the probability distribution of awakenings
within a certain period of ultradian rhythm over random sample reveals the influence of the rhythm
on the timings of the sleep stages.
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1. Introduction

The biorhythms in living organisms are stimulated by the circadian rhythms of
geological origin [1], thythms of cosmic radiation and other rhythms of environment.
Since the present work has been executed as part of investigation into the correlations
between dreams and astronomic phenomena, here under consideration are rhythms
associated exclusively with the physiology of human sleep. To rhythms of the type we can
attribute the ultradian rhythms that stimulate the 90-100 min cycles known as rapid eye
movement (REM)-sleep stages and consisting in succession of slow and rapid sleep stages.
However, in the present research not the periodicity is stressed but rather the shifts of
sleep stages and phases are important as related to the global time; most likely these shifts
also depend on some external rhythmical drives.

The aim of the present investigation is/was to reveal the factors that point — directly

or indirectly — to the existence of rhythms belonging to the ultradian range and affecting
the position of rapid eye movement (REM) stage of human sleep on the scale of global

time, since it is the phase during which a person sees dreams.

To achieve this aim, the on-location timing measurements of REM phases have been run in
order to obtain the probability distribution for the occurrence of events within the time

interval equal to the period of a rhythm presumably located in the ultradian range.

Terms and notions accepted in the text

T - the full calendar period of observation: the time span from April 1, 2013 to May 20,
2014, during which the noises produced by body movements of a sleeping person under
test were recorded, read from the end REM-phase audiogram and placed in the database

together with the texts of associated dreams.
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Ti (i=1,2,3,4) — Lengths of the calendar time as proportions of the full calendar period of
observation; these lengths have been selected assuming that there is the equal number of
events in each of the lengths — both intersecting and non-intersecting within the full
calendar period of observations T. The notion was introduced into the calculation methods
in order to estimate the invariance of distributions with regard to the scale of calendar
time.

ATi — The 9.09 min time span to which the lengths of calendar time T, are broken down;

the span is considered as a period of ultradian rhythm.

@ (t) - The density distribution of awakings over the full period T: @, (f) — over the

time length T1, D1y (t) — over the time length T2, and so on, with t being the time from

the beginning of span T, Ti'

@ . (t) — The probability distribution for falling of the value t within a minute interval
on the time span AT. The distribution @ AT (1) is obtained by making summation of those
for each separate span AT within the length T of calendar time, with t being the time from

the beginning of span ATi .

2. Experimental procedures and treatment

The tests proceeded as follows. During the sleep of a testee under test all the noises
from her body movements were recorded on a dictaphone, the recorded audiogram was
analyzed, and singular points on the audiogram that correlate with the REM-phase end
time were entered into the database. If after awaking the testee was able to transmit the
contents of her dreams, this communication was also stored in the dictaphone’s memory.
The awaking time was recorded with the accuracy of +5 s from the global time maintained
in the equipment by synchronization via internet.

The length of rhythm span AT — whose influence on he shift of REM-sleep stages is
the subject of investigation — was determined by analyzing characteristic data shown in
Fig. 1, where the lines of intersection of the Earth’s surface by the ecliptic planes at the

awaking moments are in some sections alternating at approx. equal time intervals. The



Ultradian rhythms and timings of human REM-sleep stages

calculation of this period of alternating events has given the result AT=9.09 min.

Fig. 1. The picture of the Earth-ecliptic plane
intersection lines for the awaking events. The length of
rhythm span AT - whose influence on the shift of
REM-sleep stages is the subject of investigation — was
determined by analyzing some characteristic data.

At processing the data, the length of calendar time Ti of the observation period is broken
down into intervals AT, and for each event the shift ¢ is calculated from the beginning of
the interval to which a given event belongs. Next, considering the data set as a series of
random numbers, we broke down the period AT into equal time intervals and count the
frequencies of events in each step. In such a way we obtain an interval series with the
absolute frequencies, and, having divided each frequency by the overall number of events
in the period, we derive some relative frequencies — i.e. the probability of the event’s
falling into the dividing interval. After that, the calculations are performed with plotting
the curves (see below) of probability distribution for falling of the event’s value into the
unit of measurement over period AT of the rhythm.

3. Results

All singular points obtained in the analysis of audiograms are (sub)divided into the
completed (1594 events) and uncompleted (1544 events) awakings. Not every completion
of the REM phase is followed by full awaking with subsequent readiness to communicate
the memorized dream.

We will consider separately the treatment results for some groups from these two

categories.
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3.1. Completed awakings. In the case when the end of REM-sleep stage results in full
awaking and the testee is able to dictate the contents of a memorized dream, on
audiogram this event is categorized as the full awaking. In this category total 1594 events
have been collected. To estimate the invariance relative to the calendar time scale, the
calculations have been performed for four variants of dividing the full calendar period T

of observation into the calculated lengths of time T;.

The full period of calendar time of observation.

Fig. 2 shows the diagram of probability density distribution @, (#) for completed

awakings over time interval AT for the full observation time T from April 1, 2013 to
May 20, 2014. On the diagram the areas/domains with clearly seen maxima of the

event density are designated 1 and 2.
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Fig 2. Distribution @,4(2) of the probability for ¢ falling into a minute interval on the time span
AT=9.09 min for completed awakings. The observation period T — from April 1, 2013 to May 20,
2014. Areas 1, 2 — the maxima in distribution curves.
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The observation period T is divided into two non-overlapping intervals T1 and T2.

The condition of dividing is the equal number of events within each of the intervals.
The treatment result is presented in Fig. 3a, where the explicitly expressed maxima
in distribution curves for both intervals are located approx. in one and the same

sector of time span AT. The scheme of dividing the full period T into two time

intervals is shown in Fig. 3b.
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Fig.3. Distributions @xi(t) for completed awakings in the case of two non-

intersecting intervals T1 and T2 in the observation period T from

01.04./04.01.2013 to 20.05/05.20.2014.

a) Distributions @a7i(t) of the probability for # falling into a minute interval on the time
span AT=9.09 min.

b) Scheme of dividing the full period T into two time spans T1 and T2 against the
background of awaking density distribution curve @ar(f).

Areas 1, 2 — the maxima in distribution curves for probability of f falling into a minute
interval.
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The observation period is divided into three non-overlapping intervals T1,T2 and T3.

The condition of dividing is the equal number of events within each of the intervals.
The treatment result is presented in Fig. 4a, where the explicitly expressed maxima
in distribution curves for the three intervals are located approx. in one and the same
sectors of time span AT. The scheme of dividing the full period T into three time

intervals is shown in Fig. 4b.
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Fig.4 Distributions @(1) for completed awakings in the case of three non-intersecting
intervals T1, T2, T3 in the observation period T from 01.04.2013 to 20.05.2014.

a) Distributions @ari(t) of the probability for ¢ falling into a minute interval on the time
span AT=9.09 min.

b) Scheme of dividing the full period T into time spans T1, T2 and T3 against the
background of awaking density distribution curve @r(%).

Areas 1, 2 - the maxima in distribution curves for probability of t falling into a minute
interval.
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The observation period is divided into four overlapping intervals (T1,T2, T3, T4).
The condition of dividing is the equal number of events within each of the intervals.

Fig. 5a shows the curves of distributions @, .(#) for the four intervals, and Fig. 5b -

the scheme of dividing the full period T into intervals. Here the distribution is also

invariant with regard to the samples from the observation period.
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Fig.5. Distributions of probability @(t) for completed awakings in the case of four
intersecting intervals T1, T2, T3, and T4 in the observation period T from 01.04.2013 to
20.05.2014.

a) Distributions @ari(f) of the probability for f falling into a minute interval on the time
span AT=9.09 min.

b) Scheme of dividing the full period T into time spans T1, T2. T3 and T4 against the
background of awaking density distribution curve @r(t).

Areas 1, 2 — the maxima in distribution curves for probability of ¢ falling into a minute
interval
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3.2.Uncompleted awakings. In the process of treatment from the audiogram not only the
events of the REM phase end were retrieved that are completed with awakings and
recording the dream contents, but also other noises produced by the body movements of a
sleeping person. These latter are estimated as the end of rapid sleep but without full
awaking. The number of such type events revealed in the observation period is 1544. The
treatment results are shown in Fig.6: a) the distribution curve for uncompleted awakings
is given in comparison with that for completed in the period T; b) distribution curves for
completed (blue) and uncompleted (orange) awakings within interval AT during the full

observation period T.
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Fig. 6. Distributions of probability for completed ®(t) and uncompleted Fi(t) awakings
for the full observation period T from 01.04.2013 to 20.05.2014.

a) Distributions @uri(t) and Fati () probabilities for ¢ falling into a minute interval on the
time span AT=9.09 min.

b) Distributions @r(t) and Fr(t) awaking density probabilities in the full observation
period T.

The number of awakings in the full observation period T: completed ®1(t) — 1594,
uncompleted Fr(t) — 1544.

Area/Domain 1 - the maximum in distribution curve for probability of t falling into a
minute interval
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4. Discussion

Analysis of the probability distribution @, (#) over the time interval AT for awakings

estimated as the end of REM-sleep stage with the completed and the uncompleted
awaking allows for the inference that REM phases are connected with some external
rhythm of unknown nature. Such inference relies upon the invariance of distribution

@, (1) type for time spans T, (i=1,2,3,4). The central maximum in the distribution curve

presents the upper part of normal distribution, which means that there is some common
source of rhythm. The smaller maxuma are presumably indicative of less intensive

rhythms.

The results presented here have been obtained from the author’s observations;
therefore, so far we might consider the observed pattern of probability distribution @, ()

as some individual characteristic.
Probable sources of the ultradian rhythm

One of the most probable sources of an unknown rhythm could be variations of the
geomagnetic field vector in the frequency range 0.5-3.0 mHz (5-30 min periods) that
synchronizes the heart rhythms [1]. This means that the period AT=9.09 min of the of
hypothetical rhythm falls within these limits. Results of the mentioned work imply that in
the case under consideration we should proceed from the existence of several rhythms in

the range from minutes to tens of minutes.

The rhythm can also be stemmed from asteroids and the planets of solar system —
see, e.g., Ch.6 (Steins asteroid).

One more suggestion is that the origin of ultradian rhythm is some carrier wave
frequency in the procedure of synchronization and connection of the sub-consciousness
and the noomatter — its existence was proposed in [2].

Some presumptions

Interaction of an external source of the rhythm and the subconsciousness within a
sleep stage proceeds in several steps in a nocturnal period, which are observed as phases
of human sleep. In the first phases (the slow sleep) the synchronization procedure is
started up as search for and adjustment to the external rhythm, and the mentioned above
connection happens at the beginning of a REM phase. On completion of this phase the
connection closes.
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In further investigations the following is to be done:

To use encephalograph for determination of timing for all sleep stages, which
would give an unambiguous identification of the events than audio-recording. This
would allow revealing the contribution of each sleep stage to the procedures of
synchronization and interaction between subconsciousness and the source of
external rhythm. In turn, this will considerably extend the present-day notions
about the influence of external rhythm on the dynamics of sleep stages as well as
about the general properties and the functional features of sleep stages and phases.

To perform calculations to reveal correlations with the motion of celestial bodies as
parameters of the awaking density distribution within the periods of exposure to
external actions and as well as those relating to the contents of dreams.

To extend the scope of using mathematical methods.

To recruit volunteers for investigations with the aim to obtain the data that would
allow revealing the dependence of rhythm parameters on individual features.

5. Devices and Tools

In the course of research the following equipment and software have been used:

1) Instruments. Dictaphone Sony IC Recorder ICD-UX512, memory 2 Gb, MP3 48 K/s, with

connection to computer via USB.
2) Software.

e Sony Sound Organizer — the program for representation of audio-signal in the

form of graphic audiogram.

e The author’s software for calculating the ephemerides of celestial bodies with

graphical deduction of results.

6. Asteroid Steins as the source of hypothetic rhythm

The nature of the rhythm affecting the proceeding of sleep stages is unknown. As a
variant, we will presume the source of this rhythm to be one of several celestial bodies of

the solar system whose rotation generates signals exerting influence of the dynamics of
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human sleep. Presumably, this could be the asteroid discovered as long ago as 1969 and
investigated in 2008 by means of interplanetary spacecraft “Rosetta” of European Space
Agency (ESA): when this apparatus was flying by the asteroid, at shooting for seven
minutes its 3D image was obtained. As seen on the photo from [3], the shape of the
asteroid is close to that of diamond. Consequently, at the asteroid’s rotation the Earth
planet will periodically be intersected by the beam entering through the top face (called
the surface element of the crown of asteroid-diamond) and refracted by the cut side faces

of the diamond’s crown and pavilion.

Estimation of the number of asteroid faces. Let us suppose that asteroid Steins (named
after Karlis Steins, a Latvian and Soviet astronomer) is the source of the exorhythm
affecting the timings of REM phase. Using the orbital parameters of Steins 2867, class E [4]
and having performed all the necessary calculations with the rhythm’s taken 9.09 min we
obtain the figure of 39.9. This means that from the Earth 40 flashes at the interval of 9.09
min are to be observed in one turn of the asteroid-diamond about its axis (6 h 2 min). To
some extent these calculations allow judging/estimating the number of faces in the main-
belt of diamond. The central maximum of the density distribution of events in Fig. 2
corresponds to the basic frequency of the rhythm, while the secondary maxima are either
distortions due to irregular shape of the asteroid or are produced by reflections from the

faces of extra belts of the crystal.
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YAI)TpaAI/IaHHI)Ie PWUTMBbI 1 Bp€EMEHHbDbIE ITOKa3aTeAan (])a3 CHa JYea0BeKa

Ouier /iImutpueBuy KouHes

AHHoOTaIMA

I[Iposedetivl Hamyprvie usMeperus. 6peMeHHbLX nokasamerei Gas cHa weA06exa U pezucmpayus
codepxarus COnYMCcmeyouux cHosudeHuil 3a OAUMeAbHbLL nepuod epemenu. Vnsapuarmmocmo
NOAYHEHH020 3AKOHA PACnpedereHus. 6eposmuocmu  npodyxdenutl 6 npederax nepuooa
HeKO0mMopoz0 YAbMpaouarnHozo0 pumma oOmHoCUMeAbHO NPOUSE0AbHOTE 6b100pKU céUdemeAbcmeyem
0 BAUSHUYU 2111020 PUMMA HA NOAOKeEHUE HA3 CHA 60 GPEMEH.

Katouesvie caosa: dpassl cHa BAI, HoomaTepus, yabTpaAViaHHBIE PUTMBL.
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CoOlepiicaHue

7. Ilpeaucaosue

8. DKcrnepmMeHTaAbHbIe IIpoLleAyphl 1 0OpaboTKa
9. PesyabraTh

10. Obcy>kaeHMs

11. ITpnbope! 1 MHCTPYMEHTBI

12. ACTepOI/I,ZI, [IITeriHCa KaK UCTOYHUK IUIIOTETUIECKOIO purMa

1. ITpepucioBue

buopurMmer B JKMBBIX OpraHM3Max CTUMYAMPYIOTCA IUPKaAVlaHHBIMM, pUTMaMU
reoAormyeckoi npupoasl [1], kocMmyecknx mMsAydeHuit m ApyruMy puUTMaMy BHEITHeN
cpeapl. IlockoabKy IpeacraBaeHHast paOoTa BbIIIOAHEHa KaK 4YacThb MCCAeJOBaHMUIA
KOppeAsunii CHOBUAEHUN ¥ aCTPOHOMMYECKIIX SBAEHIUI 34€Ch PacCMaTPUBAIOTCSI PUTMBI,
CBA3aHHbBIe ICKAIOUMTEABHO C ¢uamoaorueir cHa deaoseka. K purmam Takoro poga
OTHOCATCs, HallpuMep, yAbTpajauaHHble puUTMBL cTtumyanpyoomuye 90-100 mMunyTHBIE
LIMKABI, W3BeCTHble KaK CTagUM CHa M COCTOsIINMe U3 IocAejoBaTeabHOCTU a3
MeAAeHHOro 1 OpicTporo cHa. OAHaKO B HACTOSIIMX MCCAEAOBAHMAX BaXKHBI He CTOABKO
IIepMOANIHOCTh, CKOABKO CABUIM CTaauii M ¢a3 CHa II0 OTHOIIEHUIO K MIPOBOMY
BpeMeHM, KOTOpble, IIO BCel BUAMMOCTY, TakXKe 3aBUCIAT OT HEKMUX BHEIIHNX
PUTMUYECKIIX BO3AEVICTBUIA.

Ileap HACTOAIIETO MCCA€AOBAHM:A — BBIABAEHME IPU3HAKOB, YKA3BIBAIOIIVX IIPSIMO
1AV KOCBEHHO Ha CyIlleCTBOBaHIE PUTMOB YAbTPaAMaHHOIO AMalla3OHa ¥ BAMAIOIINX Ha
roaoxeHne ¢asbl ObicTporo asvkenusa raas (BAI) deaoseka 1o IIKale MIPOBOIO
BpeMeH!, ITIOCKOABKY MEHHO BO BpeM: 9TON (pa3bl 4eA0BeKY U SBASIOTC CHOBUAECHMA.

Aast TOro ObLAM IPOBeAEHbI CepUM HaTYPHBIX M3MepPeHIII BpeMeHHBIX IToKa3aTeaelnn
¢asz BAI' c 1eapio 1oaydeHms: pacripejeleHns BePOSITHOCTU COBepIIeHNs COOBITUII Ha
IIPOMEXXYTKE BPEeMEHN, pPaBHOM Iepuogy NpearioaaraeMoro purMma yAbTPaAMaHHOIO
Aalia3oHa.

TepmuHbl U NOHAAMUS1, NPUHSIMble 8 MeKcme

T - Iloanbli KaaeHAApPHDIN IIepynoA HaOaoaenus. Ilepuog c 1-to anpeas 2013 roaa o
20 mas 2014 roga, B Te4eHMe KOTOPOIO MPOBOAMAACH 3AMMCh IIYMOB OT ABVDKEHUI Teaa
CILAIIETO MCIIBITYeMOTO C II0CAeAyIOIINM BBIUMTBIBAHNMEM M3 ayAMOTpaMMBbl KOHIIa (pa3bl
BAT u perucrpanmeii B 0aze 4aHHBIX COBMECTHO C TeKCTaMM CBsI3aHHBIX CHOBVAEHUIA.

Ti (i=1,2,3,4) - OTpe3skum KaaeHAAPHOIO BpeMeHM KaK 4YacTu IIOAHOIO Ilepuoja
Ha0AIOAeHUsT BBIOpaHbI MCXOAs M3 PaBHOIO 4lcAa COOBITUIT A4Sl KaXKAOTO U3 OTPE3KOB,
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Imepecekarommxcesl nAM  HEIepeCeKaloInMXxcsa Ha II0AHOM KaJl€HAapHOM  IIepuoge
Ha6AIOAEHMﬂ T. IlousTne BBEAE€HO B METOAMKY pacdeTa A4s OIEHKM MHBAaPUMaHTHOCTN
pacnpeAeAeHI/HZ OTHOCUTEADBHO IMKaAbl Ka1€HAAaPpHOTIO BpEeMEHIL.

ATi - IIpomexXyTOK BpeMeHM, pasHbIl 9.09 MUHYT, Ha KOTOPBII pa3OMBaIOTC OTPe3KN
KaseHgapHoro BpeMenn T; paccMaTpuBaeMblil KaK IIepuoJ yAbTpaAlaHHOIO pUTMa.

@; (t) - PacnpegeaeHne NAOTHOCTY IPOOYKAeHMII 110 rToaHomy niepuoay T, @ry(t) —

110 oTpe3ky spemennu 11, @1, (1) — mo orpesky T2 u Tak Aaaee, Tae t - BpeMsI OT Hayala
npomexytka T, T;.

@,r; () - PacripeaeaeHnie BepOsITHOCTM IIONajaHUs 3HadyeHWUsi ¢ B MIHYTHBIN

UHTepBaa Ha npomexyTke Bpemenn AT. Pacnpeseaenne @ ri(t) moaydeHO IyTeMm
CYMMUPOBaHMs paclpejeAeHNII 0 KaXa0My OTdeabHOMy npomexyTky AT Ha orpeske
KaseHgapHoro Bpemenn T;, rae £ - Bpems oT Hayaaa rpomesxyTka AT

2. DKcnepuMeHTa/IbHbIE MpoLeAypbl 1 00paboTka

VcnplTaHns cocTos1AM B TOM, 4TO B TedeHIe IIeproja CHa UCIIBITYeMOTO Bce IIyMBbI OT
ABVIKEHUII Tela percTpupoBaAlCh Ha AMKTOPOH, ayduorpaMma 3aIucu
aHaAM3JpOBaAach 1 OCOObIe TOUKM ayAMOTPaMMbl, COOTHOCKMEbIE C MOMEHTOM BpeMeH!
koHlla BAT', BHOCHAMCH B 023y gaHHBIX. Ecan 11ocae mpoOy>KAeHsT UCIIBITYeMBblil OblA B
COCTOSIHUM IlepejaTh cogeprKaHue CHOBUAEHMI, TO pacckas TaKKe COXPaHAACS B IaMATU
AukTodoHa. BpeMst mpoOy>kaeHNs1 perncTpupoBaloch C TOYHOCTBIO * 5 ceK OT MUPOBOTO
BpeMeHl, I0AAep>KIBaeMOTIo B 000PyAOBaHNI CMHXPOHM3aIl/iell Yyepe3 MHTepHeT.

Pasmep nepuoga purma AT, BausHue Koroporo Ha casur ¢gas cia BATI moaaexxur
yCTaHOBAEHUIO, OblA OIlpeJedeH U3 aHaAM3a AaHHBIX, M300pakeHHBIX Ha Pwmc. 1, rae
AVIHUM TIepecedyeHNs] 3€MHOM IIOBePXHOCTM IIAOCKOCTBIO BSKAUIITMKM B MOMEHTBI
IIpOOY>KAeHUI 4epeaylOoTcsl Ha HEeKOTOPBIX ydyacTKaXx d4epe3 IHpUMEpHO paBHbIe
IIPOMEXXYTKM BpeMeHH. BblumcaeHme »TOro mnepuoga uepejoBaHUsI COOBITUIL AaA0
pesyabrat, paBHbit AT=9.09 MmunyT.
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Puc 1. KapTuna AMHUIT mepeceveHIs II10CKOCTeN 9KAUTITUKH C TIOBEPXHOCTHIO
3eMHOTO Imapa A4 coObITHiT TpodyKaenus. Vcroabzosana 44s orrpeaeaeHios
npoMeskyTka speMenn AT=9,09 MuH., Ha KOTOPBIN pa3bMBaeTCA OTPE3OK
Ka/AeHAaPHOTO BpeMeHH 11pu pacdere pacnpeaeaeris Dari(t).

B Xoge o0OpaboTkm gaHHBIX OTpe3oK KadeHJapHoro Bpemenu Ti niepmoga
HabArOAeHMs1 pasOuBaercss Ha HpoMexXyTku AT u A48 KaXKAOTO COOBITUS BBIYMCASIETCS
cMmerieHne ¢ OT Hadada IIPOMEXYTKa, KOTOPOMYy IIpMHAAA€XMUT JaHHOe COOBITHe.
PaccmaTtpuBast 1I0Ay4eHHBIN MacCHB KakK ps/j CAydaiHBIX 4licea pa3duBaeM gajee Iepuoj
AT na paBHBIEe IIPOMEXYTKI BpeMeHM U IOACYUTHIBAEM YaCTOTBI COOBITUII MO KaXKAOMY
mary. IToaydaem mHTepBaAbHBIN Psig ¢ aDCOAIOTHBIMM YacTOTaMU M, pasAeAnB KaXKAyIo
4acToTy Ha oOlllee 4ucA0 COOBITUIL B Iepuoje, I1oaydaeM OTHOCUTEeAbHbIe YaCTOThI, 4TO
SABASIETCSI  BEPOATHOCTBIO IIONajaHMs COOBITMSA B MHTepBaa pasOuenmsa. Jaaee
BBIITIOAHAIOTCA PacdeThl C IIOCTpOeHneM Ha rpadpukax (CM. HIM>Ke) KPUBBIX pacpejeaeHns]
BEpOsITHOCTM IIOINaJaHus 3HadeHUs COOBITMA B eAMHUIy M3MepeHus 1o nepmody AT
puT™Ma.
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3. Pe3ysibTarsl

Bce ocoOble TOUKM, IMOAyYeHHBIe 3 aHAaAU3a ayAuorpaMM, IIOAPa3AeAsIoTCs Ha
3apeplIeHHble NpoOyxJeHus (1594 coObitmit) u HesasepiienHsle (1544 coOwprtmit). He
BCAKoe 3apeplieHne (paspl OblcTporo ApvkeHus raas BAI cormpoposkgaeTcs IOAHBIM
IIpOOY>KAeHIeM C I10CAe4yIOIell TOTOBHOCTBIO K AMKTOBKE 3allOMHEHHOTO CHOBMAEHILS.
PaccMoOTpyM 110 OTAE€ABHOCTU pe3yAbTaTbl 00pabOTKM IPYIIIT STUX ABYX KaTeTOpUIL.

3.1. 3aBepieHHbIE IPOOYKACHH.

B cayuae ecan xonen ¢paser BAI mpuBoAUT K II0AHOMY IPOOY>KACHMIO U MICIIBITYeMBbIiA
CrI0cOO€eH ITPOAMKTOBATh COAep>KaHle 3alIOMHEeHHOTO CHOBUAEHMsI, COObITHE Ha
ayauorpaMme KaTeropupyeTcs Kak 3apeplIeHHoe Ipo0ykJeHue. Bcero B 3Toit Kateropumn
cobpano 1594 coObITHIA. /451 OLIeHKM MHBaPMaHTHOCTY OTHOCUTEABHO IITKaAbI
KaJAeHAapHOTO BpeMeHM pacyeThl BLIIIOAHEHBI 4451 YeThIpeX BapMaHTOB pa3OyeHms
II0AHOTO KadeHAapHoro nepuoga T HabAI0AeHIs Ha pacyeTHbIe OTpe3Ku Bpemenn T;.

ITosTHBIN MepPUOJ, Ka/IeH/JaPHOT0 BpeMeHH Ha0/TIoieHusl.

Ha Puc. 2 npeacraBaena auarpaMma pactpedeaenns @ r(t) maorHocTn
BEpPOSITHOCTU AAsl 3aBepIIIeHHBbIX IPOOY>KAeH!II 110 TpoMesKyTKy BpemeHu AT 3a
roAHb1 nepuog HabaodeHnsa T c 1 anpeas 2013 roga nio 20 mas 2014 roga. Ha
AuarpaMMe 001acT! € sIBHO BbIPa’KeHHBIMU MaKCMMyMaMM IIAOTHOCTU COOBITHIA
o0o3HaueHbI Kak 1 u 2.

014

012

010

0,08 ;Oﬁl‘laCTb 1

Obnactb 2

006 |

O6nactb 2

004 i Mepuog Haﬁﬂl'O,D,E‘HVIF;I T-01.04.2013-20.05.2014

002

BepoATHOCTL nonagaxns t B MUHYTY

0’00: g it
0 1 2 3 4 ] 6 7 8 9

CwmeleHue t oT Hayana npomexyTtka AT, MUHYTbI

Puc 2. Pacipeaeaenme @ar (f) BeposTHOCTH MTONIaAaHNsI 3HaY€HMIT § B MUHYTHBII MHTepBa
Ha mpoMesKyTKe spemenn AT=9,09 MUI. A5 3a6eptueHHbIX TTPOOYKAEHUIL.

ITepuoa nadbawaenus T ot 01.04.2013 a0 20.05.2014 roaa.

Obaactit 1 1 2 — MaKCUMYMBI KPUBLIX pacipeieaeHus.
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Ilepuog HabGmopenuss T pa3duT Ha JBa Hemepecekamommxcs orpeska T1 u T2,
Ycaosuem pazOmeHus1  sIBAse€TCS PaBeHCTBO 4YlcAa COOBITMII Ha KaXkKAOM U3
orpe3koB. Cxema pasOmeHUst 1moaHoro nepuoga T Ha ABa OTpe3Ka BpeMeHU
rnmokasaHa Ha Puc. 20.

Pesyaprar oOpaboTkm mnpeacraBaeH Ha Puc. 3a, Ha KOTOpoM sBHO
BBIpa’KeHHble MaKCUMYMBl KPUBBIX paclpedeleHNil AAsd OOOMX OTpPe3KOB
PacIioA0KeHbl IPUMePHO B OAHOM M TOM >Ke ceKTope mpoMexxyTka spemenn AT.

0,20 .

018 : Dari(t)
016
014 !
012!

BeposiTHOCTL nonagaHust £ B MUHYTY
O6nacte 2 <

0,10 (-
0,08 Y=E
a) G O6nacTb 1 T
0,06 5
004 D
0,02
0,00 e : j
0 1 2 3 4 5 6 Z 8 9
CwmeuieHue t oT Hayana npomexyTtka AT, MUHYTEI
2
oy s . 01.04.2014-05.09.2013 05.09.2013-20.05.2014
0) 2 - 92 cobbizKi 802 cobbiTuii
=
T 4
(]
;c 2
> o
‘8 (0] 50 100 150 200 250 300 350 400
Q.
= Bpewmsa oT Hayana nepuoaa Habnwogenus T, cyTkn

Puc.3 Pacnipesesenns @(t) saseputennbix IpodYy>KAEHUIT 4451 cAydast ABYX
HerrepeceKaomuxcst otpeskos 11 u T2 nepuoaa nadawaenus T ot 01.04.2013 a0 20.05.2014
roaa.

a) Pacipeaeaens @ati(t) BeposiTHOCTY [TONIAAANYIT 3Ha4enIii § B MAHYTHBIN MHTepBaA Ha
npoMexxyTKe speMenn AT=9,09 MuH.

6) Cxema pasdueris moaHoro mepnoga nabawoaenns T na orpeskn T1 u T2 na dore
KPUBOJ pacIpeieAeHis @D1(t) maoTHOCTH Hpoﬁymeﬂmﬁ.

Obaact 1 1 2 — MakCUMYMBI KPMBLIX paclpejeeHis BepOATHOCTH II0IajaHNs 3HaueHHI!
t B MMHYTHBII MHTEPBAA.
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ITepuop HaO/1r0AeHNA Pa30UT Ha TPU HelepeceKawIuxcsa oTpe3Ka Bpemenu T1, T2 u

T3.

Ycaosuem pa361/1eHM;1 SIBASIETCS paBEHCTBO 49rcCaa COOBITUI Ha Ka>XA0M 3

oTpeskoB. Pesyabprar 00paboTKu npeacrasaeH Ha Puc. 4a, Ha KOTOPOM SBHO

BbIpa’kKe€HHbIE MaKCMMYMBI KPMBbIX pacnpeAeAeHm?I AA51 TpeX OTPE3KOB

PpacIioa0>KeHsl IPUMEPHO B OAHVIX U T€X K€ CEKTOpPaxX IIPOMEXXYyTKa BpeMeEHN AT.

Cxema pasdbuenns moaHoro nepuoga T Ha Tpu oTpe3ka BpeMeHM IT0Ka3aHa Ha pPIC.

40.

a)

0)

BeposaTHOCTL nonagaHvs t B MUHYTY

MpobyxaeHWin B cyTKn

\ ’ ]
0,08 o' L
0 Ee ]
006 5 5
£ £
004 g : i )
Obnactb 1 !
0,02 = 3 s )
0’00 ...............................................
0 1 2 3 + 5 6 Z 8 9
CwmelleHue t oT Havana npomexyTka AT, MUHYTbI
01.04.2013- 156.07.2013-15.12.2013 15.12.2013-20.05.2014
s 15.07.2013 /(DT(t)
6 530 cobbiTuit 532 cobLTHS
- 532
& coBbiTus T2
. (8] 50 100 150 200 250 300 350 400

Bpems oT Ha4yana nepuoaa HabnwogeHus T, cyTku

Puc.4 Pactipeaeaenus @(t) 3asepuieHHblx NPOOYKACHUIT AAsL CAydas TPeX
Hertepecekatonuxcs otpeskos T1, T2 u T3 nepuoaa nadbawaenus ot 01.04.2013 a0
20.05.2014 roaa.

a) Pacripeaeaenia @ari(f) BepoATHOCTH NONaAaHNs 3HaYeHMI1 £ B MMHYTHBII IHTepBaa
Ha TpoMeskyTKe Bpemenn AT=9,09 Mun.

0) Cxema paszbueHns rmoaHoro nepuoga Habawaenus T Ha otpesku T1, T2 1 T3 Ha Jone
Kp1BOIi pacnipejeaeHus Pr(t) IAOTHOCTU MPODYKAHUIL

Obaactu 1 11 2 — MaKCUMYMBI KPUBLIX pacripejeAeHI] BePOATHOCTY ITOTaAaHs
3Hauenuil t B MUHYTHDIN MHTEpBa.
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ITepuop HaO/1I0AeHNA Pa30MT Ha YeThIpe MepeceKarIuxcs orpe3ka Bpemenn (T1, T2,
T3, T4).
Ycaosuem pasOueHns sBAsE€TCS paBeHCTBO YMCAa COOBITUI Ha KaXKA0M U3

orpeskos. Ha Puc. 5a mokaszans! Kpussle pacripedeaenuit @ p(t) 415 deTvipex
oTpe3kos, a Ha Puc. 56 mokasaHa cxema pazOnmeHus moaHoro nepuoga T Ha
oTpe3Ku. 34ech TakKe HabAI0AaeTcs paclipeeleHiie, MHBapMaHTHOe OTHOCUTeABHO
BBIOOPOK U3 Tleproda HabAIOAeHNsL.
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Bpemsi oT Ha4ana nepvoaa HabnwoaeHusa T, CyTKK

MpobyxaeHuii B CyTKM

Puc.5 Pactipeeaenus sepositHocTy D(t) 3aeeputennvix npodyKAEHUIT AAs caAydast
geThipex rnepecekaloniuxcs orpeskos I'l, T2, T3 u T4 nepuoaa nadaoaenus T ot
01.04.2013 a0 20.05.2014 roaa.

a) Pacnipeaeaenust @ati(f) BeposATHOCTH TTOTIAAAHMS 3HAUEHUIT £ B MUHYTHBIN THTEpBaA Ha
npomMexyTtke spemenut AT=9,09 My

0) Cxema pasOunenus noaHoro nepuoga Hadawaeuns T ua orpesku T1, T2, T3 u T4 na
(]JOHe KPUEBOII pacnpeaeaeHist OD1(t) maoTHOCTH HpOGy)K,ﬂ,EHI'IfI.

Obaactu 1m 2 - MaKCI/IMyMIJI KPMBBIX paciipeAeaeHI A BEPO}{THOCTI/I ImoragaHmusl 3HAYEeHUT
t B MMHYTHBIN MHTEPBaA.
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3.2. He3aBepiueHHbIe MPOOYX/eHUs

B mporecce 0O6paboTKu ¢ ayauMorpaMMbl CHMMAaAUCh He TOABKO COOBITHA KOHIAa (pasbl
BAT, 3aBepiaromuecs NpoOy>KAeHIeM I 3allIChIO COAeP>KaHMs CHOBUAEHNS, HO TaKKe U
ApPyTVie IITyMBI OT ABVKEHI:I TeAa CILIIEero MCIBITYeMOTIO, OlleHBaeMble KaK KOHel] (pa3bl
OpIcTpOro cHa, HO Oe3 MOAHOro IpoOyKAeHus. Taxkux coObITMII OBLAO OOHapy>KeHO 3a
nepnog, Habaoaennsa 1544. PesyabraTsl 0OpaboTku npusesensl Ha Puc. 6, rae Ha Puc.6a
KpuBasl paclipejeleHs] He3aBepIleHHBIX NPOOyXKAeHUIl JaHa B CpaBHEHUM C TaKOBOIL
3aBepIlleHHbIX ITpo0yKaeHui1 Ha nepuode T, a na Puc. 60 gaHbI KpuBble paclipedeaeHNns
KaK 3aBepIeHHbIX (CMHMIL), TaK ¥ He3aBepIIeHHLIX (OpaH’KeBbll) IPOOYXKAeHUI Ha
nnpomexyTke AT 3a Bech nnepuog Haba0Aenns T
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2 0,16 Dar(t) ; : Far(t)
T 014 : : —
g 012
=1
g 01
Qo
a c: 008
S 006 :
E 0,04 : 3aBepu3eHHEb|e npobyxaeHus
08'1_ 0,02 ————  HezaBepleHHbie NpoByxaeHus
0 1 2 3 4 5 6 4 8 9
CwmeLleHue t oT Havana npomexyTtka AT, MUHYTbI
= 10
5 e Dr(t) Fr(t)
& =
=
0) & =
& =
j(=}
Q 0t
E— 0 50 100 150 200 250 300 350 400

Bpems oT Havyana nepuoaa HabnwaeHua T, CyTKK

Puc, 6 Pactipejeaenus seposatHocT D (1) sasepiuennvix npodyKAeHUI 1
Hesasepennvix Fr(f) Aas noanoro nepuoga nabaoaennst T ot 01.04.2013 a0 20.05.2014
roJa.

a) Pacnipeaeaenist @ari(f) u Fati(f) BeposTHOCTY TTOTTaAaHMs 3HAYE€HUTI B MUHYTHBII
MHTepBa/ Ha TpomMesKyTke ppeMenn AT=9,09 mun.

6) Pactipeeaenza @1(t) u Fr(t) maoTHOCTH POOY>KACHMIT 10 TIOAHOMY TIEPHOAY
Habawaenus T.

ITpoby:xAeHnit Ha noaHoM ntepuoae T: sasepuenivix Dr(t) — 1594, nesasepiuentivix Fr(t)
- 1544,

Obaacts 1 - MakCUMyM KpUBOIT paciipeAeAeHus BepOsITHOCTH MOMNa aHus 3HaueHnit £ B
MMHYTHBIN MHTEPBaA.
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4. O0cyxaeHus

M3 anaamsa pacnpesesenuit BepostHoctu @P,r(t) Ha npomexyrtke AT aas
IIpoOy>KAeH!i, OlleHMBaeMbIX Kak Kooerr a3l BAI' ¢ 3aBepiieHHBIM 1AM
He3aBepIIIeHHBIM ITpOOy>KAeHneM, dedaeM BbBOA O csasu Ppas BAI ¢ BHemIHUM puTMOM
He3BeCTHOM HIpupogsl. OcHOBaHMEM AAsl TaKOTO BbIBOAA sABAseTCs HaOAl0gaeMas Ha
AuarpamMMax MHBapMaHTHOCTh BuAa pactpegedennit D p(t) aas orpeskos Bpemenn T;
(i=1,2,3,4). llenTpaabHbII MaKCUMyM KpMBOI pacIpejeleHUs] IpeAcTaBAseT coDoix
BepXHIOIO YacThb HOPMAaAbHOTO paclpejeleHNs], YyKa3bIBalOIero Ha HeK!Il OOIuii
JICTOYHMK puUTMa. MaKcMyMbl MEHBIIIErO pa3Mepa HpeAlloAOKNUTeAbHO YyKa3bIBalOT Ha
MeHee MHTeHCUBHbIe PUTMBI.

IIpuseaenHsle 34ech pe3yAbTaThl HOAYy4eHbl U3 Ha0AIOAEHNII aBTOpa, [IOD9TOMY Ha
DTOM DTaIle MCXOAVM U3 TOTO, YTO HabAl0JaeMas KapTUHa paclpejeAeHNi BepOATHOCTI

@D, 1(t) sBASIETCSI UHAUBUAYAABHOM XapaKTePpUCTUKOIA.
BeposimHble UCMOYHUKU y1bmpaoudHHO20 pummad.

OgnuMm 13 HamboAee BEePOSTHBIX MCTOYHUKOB HEM3BECTHOIO PpUTMa MOIYT OBITH
Bapuall BeKTOpa TeOMarHUTHOTO 104 B AnarniazoHe yactot oT 0.5- 20 3.0 mI'Ty (mepmoan
5-30mmnn), kak HalgeHo B [1], cunxponusmpymoomero cepaeunsle putmbl. Kak Buanm,
repuod rurnorerndeckoro purma AT=9,09 MuH BXOAUT B yKa3aHHBbIe IIpedeabl. PesyabTarsl
pabotsl [1] moackasbIBalOT, YTO M B paccMaTpuBaeMOM cAydae IIpM aHaAlu3e caeayeT
JICXOAUTD 3 HAaANYMSI HECKOABKIMX PUTMOB B AMaria3oHe eAVHNIL U AeCATKOB MUHYT.

Ncrounmukamm purMa MOTyT OBITH TAKKe acCTeponAbpl 1 I11aHEThI COAHEYHOU
CIICTEeMEI.

V1, B TpeTbMX, B KauecTse MICTOYHMKA yAbTPaAVaHHOTO PUTMa MOKHO IIPeATI0AOXKUTh
HeKYIO HeCyIIyIO 4aCTOTy BOAHBI B IIpOllelype CMHXPOHU3AIIUM 1 COeAMHEeHs
110/ CO3HaHMs C HOOMaTepueri, CylllecTBoBaHIe KOTOpOoil Ob110 ITpeAoA0KeHo B [2].

Hexomopble npeononoxiceHusl.

BsanmMogericTBue BHEIITHETo NCTOYHMKA pUTMa U IIOACO3HAHNS B IIpejeaax CTaium
CHa IIPOMCXOANUT B HECKOABKO DTAIIOB, B HOYHOI ITep1no/, HabA104aeMbIX Kak (pasbl CHa
gyeso0BeKka. Ha nepsrix ¢asax (MeAA1€HHOTO CHA) 3aIlyCKaeTcs Ipolelypa CMHXPOHU3AII NI
Kak ITOMCK I HaCTpOliKa Ha BHeIIIHUI pUTM 1 B Hayaae ¢gassl BAT mponcxoant
coeannenne. I'lo sapepienun ¢aspl — coeauHeHNe 3aKphIBaeTcsl.

JanbHeliwue uccaedosaHusi npeononazaiom ciedyoujee.

- Ilpumenenne suuedaaorpada 4451 onpeaeleHNs paclioA0KeHs BO BpeMeHN BCex
a3 cHa, garomiero 001ee 0AHO3HAYHYIO UASHTU(PUKALINIO COOBITII, YeM
ayA103amuch. DTO IMTO3BOAUT BBLICHUTD BKAaJ KaXKA011 13 (a3 CHa B IPOIieAyPhI
CUHXPOHU3ALUN U B3aIMOAENCTBISI IIOACO3HAHNS C MICTOYHMKOM BHEIITHeTO pUTMa,
9TO 3HAYMTEABHO PacIIMPUT IIpeAcTaBAeHNe KaK O BAVSHII BHEIIIHETO pUTMa Ha
AVHaMIKY (a3 CHa, Tak ¥ 00 OOILINX CBOICTBaX 1 (PYHKIIMOHAABHBIX OCOOEHHOCTSIX
craauit u ¢as cHa.
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- BrimoaneHme pacueToB A4s BbISABAEHNs KOPPeAsSIIUIA C ABVKeHNeM HeOecCHBIX Tea
Kak ITapaMeTpoB paclipejeAeHIs IIA0THOCTY TPOOYy>KAeHMI1 B IIpeJeaax IIepuoAoB
BHEIITHIX BO3AEVICTBIUI TaK M COAeP>KaHIsT CHOBUAECHMIA.

. PacmmpeHI/Ie CIIEKTpa IIPpUMEHEHNS MaTeEMATNYE€CKIIX ME€TOAOB.

- IIpuBaedenne K nccae40BaHUAM BOAOHTEPOB C [1€ABIO MOAYYEHIS AaHHBIX,
KOTOpBIe II03BOAST YCTAaHOBUTD 3aBUICUMOCTD ITapaMeTPOB PUTMOB OT
MHAVBUAYaAbHBIX OCOOEHHOCTeIN.

5. IIpuGopbI 1 HHCTPYMEHTBI

B xo4e nccaeaoBaHMII IPUMEHIANCH CAeAYIOIIe OOOPYAOBaHIEe U IIPOrPaMMHOE
obOecrieyexue:

1) Macrpymentsl. Auktodon Sony IC Recorder ICD-UX512 ¢ mamsarsio 2 Gb, MP3 48 K/s, ¢
II0AKAIOYeHIeM K KoMIbpioTepy yepes USB.

2) IlporpamMmHoOe o0ecrieueHue.

e Sony Sound Organizer — nporpaMmma IpeAcTaBAeHIs ayANOCUTHAAA B BUAE
rpaduueckoit ayAMorpaMMBl.

e ABTOpCKOe IporpaMMHOe ODecIieueHre aCTPOHOMIYECKIX pacdeToB ddpemepu
HeOecHBIX Tea ¢ rpapUUecKM BBIBOAOM Pe3yAbTaToB.
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6. Actrepoup IlITeliHCca KaK MCTOYHMK y/IbTPAaAUAHHOI0 PUTMA

IIpuposa purtMa, OKa3bIBalOIerO BAMSAHME Ha IIpoTekaHue ¢a3 CHa, HeM3BecTHa.
IlpeanioaoxuM B KayecTBe BapuaHTa, YTO MCTOYHMKOM pUTMa SABASETCS OAHO WAU
HeCKOABKO HeOecHbIX Tea CO/AHEYHOI CHCTeMBI, IIPU BpallleHN) KOTOPBIX TeHepUPYIOTCs
CUTHAABl, OKa3bIBalOIIe BAVSAHIE Ha AMHAMMKY CHa 4el0BeKa. B kauecTse 04HOTo Takoro
IIpeATIOA0XKEHNS paCCMOTPUM acTepons, OTKPHITHIN e1rie B 1969 roay u mccaeA0BaHHBIN B
2008 wMexnaaHeTHBIM 30HAOM  Eppomnerickoro Kocmmueckoro ArentcrBa (EKA)
“Posemma”, ipu 1poaeTe KOTOpOro BOAMU3M acTeponja B TedeHre 7 MUHYT CbeMOK ObL10
II0Ay4eHO ero TpexmepHoe usodpaxkenme. Kaxk sugno ms ¢ororpadum [3], Ppopma
acreponga 6amska Kk ¢opme Opuaamnanra. CaesosaTeabHO, IIpM BpallleHUM acTepoua
naaHeta 3eMAas OyJeT NepuoAMdecKu IepecekaThCsl Ay4OM, BXOASAIINM yYepe3 BePXHIOIO
rpaHb, Ha3bIBaeMyIO IIA0IAaAKOI KOPOHBI acTeponAa-OpuAauaHTa ¥ IIpeAOMAEHHBIM
OTpaHeHHBIMY OOKOBBIMM ITOBEPXHOCTAMI KOPOHBI U IIaBUAbOHA OpMAAMaHTa.

Onenka 4dncaa rpanen acrepomga. Ilpeanoaoxnm, uro acrepong Ilrevinca sBasercs
VICTOYHMKOM DK30PUTMa, BAMSIONIEIO Ha BpeMeHHble TTokasaTean ¢asnl BAL. Vicnioansy:
napaMerpsl opoutsl acreponga Kapa IllTeiinc 2867 xaacca E [4] u BbimoaHMB Bce
HeoOXOAMMBIe pacdeThl ICXOAS U3 TOTO, YTO epuo/ puTtMma paseH 9.09 MuHyT, noaydaem
gncao 39.9. Do 3HaunT, 4YTO C 3eMAM 3a OAMH 00OPOT acTepona-oOpuaananra (6 4acos 2
MIH) BOKPYT CBOeN OCH, A0AKHO Ha0a104aTbcs 40 BCIIBIIIEK, MAYIIMX C MHTEPBAaAOM B
9.09 MmuHyT. B Kakoil TO cTelleHM pacyeT IIO3BOAsIeT CyAUTb O 4YUCAe TpaHell B
LIeHTpaAbHOM mHosice Opuaananra. LleHTpaabHBII MaKCUMyM pacIipejeAeHns IIA0THOCTH
coOBITHII Ha pUC. 1 COOTBETCTBYeT OCHOBHOI 4YacTOoTe pUTMa, a BTOpUYHbIe — AMOO
JCKa>kKeH!s, 0OyCAOBAeHHble HeIlpaBUABHONM (POpMOI acTeponuga, AMOO OOYCAOBAEHBI
OTpa’keHUAMM OT TPaHell 40II0AHUTEABHBIX II0SICOB KpUCTaaAla.

BnaropapHocTn

Asptop 6aarogaput Anthony Goddard 3a momo1s B nepesose aHHOTAIIUM Ha aHTAMIICKIIA
ABBIK,

/. A. AHTUIIIHY 32 MOPaAbHYIO ITIOAAEPKKY B MCCAe40BaHMAX, B OCOOeHHOCT! Ha
Haya/AbHBIX DTarlax.
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