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TO THE ISSUE OF THE OPEN SYSTEMS EVOLUTION: MASS DYNAMICS

Abstract. The article is presenting a part of our reports on an international gravitational
conference (RUSGRAV-15, Kazan, 2014) where the main results of our regular observations of
the weight (mass) dynamics of geological systems (mineral/mineral aggregates) are summed up:
the experimental facts, visible examples of variation of weight (mass) and one fundamental fea-
ture of the temporal structures of open natural systems — average ranges of the weight (mass)
magnitude over time intervals of different scales satisfy a definite power relation. Causes of ne-
cessity of using control of the corresponding system weight (mass) in modern long-term physi-
cal experiment are briefly discussed in conclusion.

Keywords: weight (mass) of open systems, annual weight (mass) dynamics, mineral,
mineral aggregate, time series, temporal structure, unexplainable systematic effects, Hurst em-

pirical law.

Introduction

The purpose of the present review is to at-
tract attention to the appropriateness to control
dynamics of the corresponding complex system
in long experiments on gravitation and basical-
ly not only in gravitational ones — we mean all
modern experiments in which open systems
take part. As a matter of fact, according to the
review of the results of gravitational experi-
ments conducted by A. Cook [1], as well as in
previous and modern experiments on gravita-
tion -unexplainable systematic effectsl are usu-
ally observed [1, p. 754]. What can be the cause
of the -unexplainable systematic effects|?

It is possible, in precision experiments, that
are experiments on gravitation, the situation
demands to be beyond our traditional represen-
tations. In particular, attention should be paid to
the fact that the mass of an object is a character-
istic of its inertial and gravitational properties,
and they, according to the logic of things, do
depend on the state of the object. I. S. Newton
regarded the -massive pointll (i. e. a body that
has no internal structure and is in one and the
same state) and could assume that the mass of
the body is determined only as -quantityll of
matter (see his definition of the mass in [2, p.
1]: “quantitas materiale est mensura ejusdem
orta ex illius densitate et magnitudine conjunc-

tim’™), because it stays in one and the same
state, so that, due to its invariability, the mass is
regarded as a constant value. In methodological
notes [3] dedicated to the concept of mass L. B.
Okun underlined that in case of the change of
state (inner energy) of a complex system (i. e.
the system that has an inner structure) its mass
changes. That is why a long control of the
weight (mass) of an open (i. e. specially un-
screened) complex system with the simultane-
ous control of measurements conditions is of
interest both from the point of view of evalua-
tion of a possible change of its inner state and
for finding out the origin of the mentioned sys-
tematic effects.

The given review sums up the main results
of long-term observations of the natural dynam-
ics of weight (mass) of the specimens of a rep-
resentative geological collection compiled es-
pecially for the occasion.

Real examples of the mass variation

In this section we are given only the exper-
imental facts, real, visible examples of variation
of mass. These observations which were started
in 1991 are considered in our monograph [4,
Ch. 2] in detail. It makes sense to accent that
the geological specimens with their of every

! The quantity of matter (mass) is a measure of the same
established in proportion to density and volume
of it (A. N. Krylov’s translation).
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kind variety of the structure, form and content,
genesis, porosity and permeability of a bound-
ing surface were selected so that by means of a
comparative analysis of their weight (mass) be-
haviour in time we can interpret physical cause
of the phenomenon under study. That is why we
put also in our observations various substances
within the glass. (For instance, in order to eval-
uate influence of changes of relative humidity
inside of the monitoring room, see Ch. 2 (p. 76—
87, 90-92) in [4].) Time and place, order of the
observations are defined according to the prop-
erties of that phenomenon which we are con-
sidering as a source of the mass variations. This
phenomenon was considered in detail in our
works [4-8].

In Figure 1 that reproduces Figure 2.2 from
the monograph [4] we can clear see the three
geological specimens’ mass variation in spring
of 1991: A — some garnet with admixtures (141
g; the variation range equals to 18 mg), B — the
garnet from Dashkesan (aggregate of pure crys-
tals, 137 g; its variation range is less than 2
mg), and C — certain aragonite (71 g; its varia-
tion range equals to 14 mg).
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Figure 1. Mass M variation of the various
specimens A, B, and C, M, is the minimal value of
M (measurement error is +£0.00075¢g for A and B and
+0.0005¢ for C)

In this first calendar observation under con-
trol were the masses of a small trial geological
collection (13 specimens) and the observation
conditions, too. Then, taking into account the
results of the observation, a special representa-
tive geological collection (55 various specimens
which related to various groups with the mass
dynamics of definite type) was prepared.
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In Figure 2 are given seven types of mass
dynamics observed among the specimens of this
collection. They were presented in Figures 2.6—
2.10in [4].

M, mg

10.04.1992 23.04 1882 Date

Figure 2. Seven types of mass dynamics observed
in our geological collection (measurement error
for all mass M is less than +0.00025g)

As we can see, specimens with the mass
dynamics of type | have in the given period of
observations the mass variation of the order of 1
mg, while specimens with the mass dynamics of
type VII have the mass variation of the order of
16 mg. However both variations have an identi-
cal rhythm — see Figure 3 where on the vertical
axes are used different scales: one of them is 25
times as much.
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Figure 3. Data comparison of the first and seventh
types (measurement error is £0.00012g)

Observations hourly indicated that among
the specimens, which belong, as a rule, to one
type of the mass dynamics, one of them can re-
act upon certain factor that other specimens of
this type do not react upon — see Figure 4 which
reproduces Figure 2.12 from [4]. The observa-
tions were carried out at Sayan Solar Observa-
tory of Institute of Solar-Terrestrial Physics,
Russian Academy of Sciences, Siberian Branch.




Annual dynamics of the mass of several
geological specimens of various types
(1994.07.02 — 1995.07.11) is discussed in sec-
tion 2.3.3 in [4]. In Figures 5-7 reproducing
ones from there we can find out its some attrib-
utes:

1. The rather different geological systems
(the specimen b in Figure 5, specimens 1 and 2
in Figure 7) have identical specific annual dy-
namics of their mass M where well-known as-
tronomical dates (autumnal equinox, winter sol-
stice, vernal equinox, and summer solstice)
showed themselves. Note, similar annual dy-
namics we observed during our special almost
continuous monitoring (2010.11.19-2012.06.22
UT) when under control was some
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Figure 6. Annual mass dynamics of other quartz
crystal (measurement error is £0.00012g)

rolled pebble of paleozoic granite from recent
river deposits of Tien Shan, 9 g — see Figure 8
that reproduces Figure 4.22 in [4].

2. As we can see in our long-continued ob-
servations, transparent minerals can have con-
trary behaviour of their mass as compared with
opaque ones — cf. dynamics of My (an opaque
specimen) and Ma (transparent one, quartz crys-
tal) in Figure 5.
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Figure 4. Mass dynamics of the two specimens
a and b from the group VII; a — cubic crystal of py-
rite, which was by magnetite replaced, b — green straticu-
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error is =£0.00012g)
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Figure 7. Annual mass dynamics of the two geolog-
ical systems 1 and 2, 1 — siliceous
argillite, stratified, with interbeds of cherty siltstone
and 2 — mineral aggregate: combination of pirrhotite
(predominates), chalcopyrite, and black shales (measure-
ment error £0.00012¢ for 1 and +0.00025g for 2)

Figure 5. Annual mass dynamics of quartz crystal (a) and
fine-crystalline aggregate of dolomite and mica (b)
(measurement error is +0.00012g)
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Figure 8. Annual dynamics of daily mean mass M;

its change of 0.01 is adequate to the change
of 0.05mg

3. Two specimens with identical material
composition but of different genesis can have
rather different annual behaviour — cf. annual
dynamics of Ma in Figure 5 and M in Figure 6.

In the observations during several hours
every day manifested themselves some short-
term fluctuations of the mass. So, for instance,
in Figure 9 (it reproduces Figure 2.16 in [4]) is
given the annual dynamics of the mass of two
identical medical ampoules with cyanocobala-
min (CesHssCON14014P) — vitamin B12. We
can see there two visible identical fluctuations,
they are indicated with mark N.B.! Such a fluc-
tuation was observed in that day also in dynam-
ics of the quartz crystal in Figure 6.
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Figure 9. Annual mass dynamics of two identical
medical ampoules with vitamin B12 (measurement error
is £0.00012g)

Another example, in Figure 10 (it repro-
duces Figure 2.13 in [4]) is given behaviour of
the mass of several various specimens every
hour during 2.5 days. We can see there two
short-term fluctuations in dynamics of the mass
of the two specimens e (orthoquartzite, aggre-
gate of quartz crystals, very pure) — from the
group of type I and d (fine-crystalline aggregate
of dolomite and mica) — from the group of type
VII. (The observations were carried out at Sa-
yan Solar Observatory.)

Finally, in Figure 11 (it shows Figure 4.7 in
[4]) are given measurements data of the Dub-
na—Nauchny—Novosibirsk geophysical monitor-
ing [4, Ch. 3]: the geological specimen mass
M, the relative humidity Hin and the temperature
Tin in the monitoring room, the atmospheric
pressure P. On the vertical axes are used moni-
toring’s units: the mass change of 0.01 is ade-
quate to the change of 0.05 mg, the temperature
change of 0.01 corresponds to 0.44 , the rela-
tive humidity change of 0.01 — 0.32%, the at-
mospheric pressure change of 0.1 — 1mm Hg.
As we can see, this fluctuation of the mass of
the order of 0.25 mg was lasting in the course of
eight minutes. (Note, that an information-
measuring system, which realized this monitor-
ing, measures and records data every 10 s.)
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Figure 11. Fluctuation of the mass M of geological
specimen from the group of type | under control (rolled
pebble of paleozoic granite from recent river deposits of

Tien Shan, 9g) and
measurement conditions on August 28, 2011

Features of the mass dynamics
Consider time series describing the com-

plex system state dynamics
A(to), A(tl), A(tz), A(ts),..., A(tn), 1)

where A(ti), =0, 1,2, 3, ..., n, is avalue
of the definite constitutive, key quantity A of
the given system (for instance, its mass) at the
moment ti . We consider the structure of series
(1) as the temporal structure of the given sys-
tem and use for its description well-known
mathematical characteristics. First of all, we are
considering the series (1) when A is the mass M
and examining behaviour of the average range
R,, of the mass M magnitude over time inter-

vals of different scales: z and mz, where 7 —
minimal time interval (we deal with the case
whenti =iz, 1=0,1,2,3,...,n), missuch in-
teger for that the number n of minimal time in-
tervals 7 is equal to mk where k also integer.
Experimental data analysis [4, 9] found out that
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a definite power relation takes place. It is de-
scribed by the formula

W:mZ*DM
Ru (1;7)
Ru(m;7) =i 2 Ri(m;),
R,(m;7) =max{M (t), (i-1)mz <t<imz}-
—min{M (t), (i-1)mz <t<imz},

)

where

1n
RM(1:T)=HIZIM((i—l)f)—l\/l(if)l-

We suggested to consider quantity Dv as a
characteristic of the time structure of a geologi-
cal system because it turned out that this value
corresponds to the material composition of the
system and does not depend on the type of the
mass dynamics. For instance, we see in Figures
5 and 6 that two different (variant genesis)
quartz crystals have unlike annual dynamics,
however values of Du for them are identical:
1.54 = 0.02 and 1.55 + 0.02 (here z = 1d, n =
375). For the kindred to them by substantial
origin specimen (quartzite) Dm = 1.52 £+ 0.02.
For the specimen b in Figure 5 (fine-crystalline
aggregate of dolomite and mica) Duw = 1.44 +
0.02. This specimen (4.9 g) was picked out
from one and the same crystalline rock together
with the same two other specimens (18.1 g and
7.2 g), for them Dw is also equal to 1.44 + 0.02.

In our works [9, 10] was shown that the
power relation (2) is underlying of the well-

known Hurst em?irical law [11] for time series
describing natural phenomena and processes

Ry, (n7)
Sa(n7)

Ln™, H — the Hurst expo-
nent.
Here RXA(nr)/SA(nr) is Hurst rescaled
range, where
Ry, (n7) =max{X,(t), t=727,..,n7}-
—min{X,(t), t=7,27,...,n7}
is the range of function
t 1 nr

Xa)=2IAW - AL A= 3 AQ)

used by Hurst, and S, — the standard deviation
of the quantity A:
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1nr _ =
S,(n7) :{E D IA®M - Al
t=7
Hurst rescaled range RXA(nr)/SA(nr),

from the standpoint of the temporal structure of
quantity A, is a number of constituents of that
structure (see [10, p. 13-14]), of which size in
time interval zn is defined by value of S,(n7),

while R, (n7) characterizes size of the struc-

ture. That is why Hurst rescaled range can be
used for a compact and data-intensive graphic
representation of the temporal structure, see
portraits of temporal structures in [4, p. 165].

In conclusion it makes sense here to pay at-
tention to one Yu. G. Kosarev’s result obtained
in his investigations of ways for construction of
cybernetic systems with the unlimited possibil-
ity for their development — they must be har-
monic systems, whose main feature is the exist-
ence of corresponding power relations of their
parameters [12, 13]. Generally speaking, the
power relations are typical for spatial and tem-
poral structures for natural systems, various
phenomena and processes, see comprehensive
experimental data in monograph [11].

Conclusion

On the whole, we have to state that when
we deal with an open complex, organized sys-
tem that can be in different internal states its
integral characteristic — mass, which is an ex-
pression and a measure simultaneously of its
inertial and gravitational properties — can (and
must [3]) change. The complex system, which
was not screened on purpose, stays actually in
the world ocean of external irreversible pro-
cesses that initiate it [5, 6]. That is why (under
the corresponding conditions of observation)
should be observed a certain dynamics of mass
that is determined by a periodicity of external
natural (cosmic) processes. It confirms the ob-
served annual dynamics of mass of geological
specimens.

Thus, in the modern precision experimental
investigations planning where open complex,
organized systems are involved, a possibility of
variation of their internal state due to the world
interconnection that is conditioning the space-
time metric [5-8] should be taken into account.
The observations results of the natural dynam-
ics of minerals’ and mineral aggregates’ mass,
given in this review, open an opportunity to
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study the origin of the -unexplainable systemat-

ic effectsl in experiments on gravitation and

also the origin of the well-known absence of the
precise reproduction of results that are obtained
in experiments where complex non-equilibrium
systems or non-equilibrium processes are pre-
sent by means of the synchronous control of the
mass of the corresponding geological system.
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K ITPOBJIEMAM 2BOJIIOIIUU OTKPBITBIX CUCTEM:
JUHAMMUKA MACCBHI

AHHoOTanus. JlaHHas cTaThs NpeACTaBisAeT cOOOM YacTh HALIEro JO0KJIaJa Ha MEXAYHapos-
HOM rpaButanmonHoit konpepenuu (RUSGRAV-15, Kazanb, 2014). 3nech cyMMHpPOBaHbI TJIaB-
HbIE€ Pe3y/bTaThl HAIIUX PETYJSAPHBIX HAOIIOIEHUI JMHAMUKH Beca (Macchl) OTKPBITBIX T€0JIOrHYe-
CKUX cHCTeM (MHHEpaJbl 1 MUHEPAJIbHBIE arperaThl): SKCIEPUMEHTANIbHbIE (aKThl, yOSIUTEIbHbIC
IIpUMephl Bapualuu Beca (Macchl) U OJTHO (PyHIAMEHTAJIbHOE CBONWCTBO BPEMEHHBIX CTPYKTYp OT-
KPBITBIX €CTECTBEHHBIX CHCTEM — CPEIHHE pa3Maxy BETHYMHBI Beca (Macchl) HA BPEMEHHBIX WH-
TepBaJIax Pa3HOro MaciuTada yAOBIETBOPSIOT ONpPENEICHHOMY CTEIIEHHOMY COOTHOIIEHHI0. B 3a-
KITFOUEHUH KPAaTKO 0OCYKIAIOTCS MPUUMHBI HEOOXOIMMOCTH MCIONB30BaHUsl KOHTPOJIS Beca (Mac-
Cbl) COOTBETCTBYIOIIEH CUCTEMBI B COBPEMEHHOM JI0JITOBPEMEHHOM 3KCIIEPUMEHTE.

KuoueBblie ciioBa: Bec (Macca) OTKPBITHIX CUCTEM, TOJ0Basi TMHAMHUKA Beca (Macchl), MUHE-
pai, MUHEpPaJIbHBIN arperaT, BpEMEHHOM psiji, BpeMEHHasi CTPYKTYypa, SMIUPUUECKUI 3aKOH XepcTa,
HeOOBsICHUMBIE CUCTEMAaTUUYECKHE AP (HEKThI
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AIIBIK JKHUEJEP 3BOJIOIASACBIHBIH MOCEJIEJIEPI:
MACCACBIHBIH JUHAMUKACBI

AHHoTanusi. byn Makana Oi3/iH XaJbIKapajiblK TI'PaBUTALUSIIBIK KOH(EpPEHIUSACHIHIAFbI
OassHnaMamb3abH Oip Oemiri G6ombim Tabbuiagsl (RUSGRAV-15, Kazanp, 2014). MyHaa ambik
reoJOTHSUIBIK  KYHenepaiH (MHHepangap >KoHE MHMHEpalJbl arperaTTapblH) JAUHAMUKAIBIK
calMarblHa (MaccacblHa) Y3IiKCI3 Oakpulay OKyprizyzaeri Oi37iH HeTi3ri HOTHXKeIepiMi3/IiH
KUBIHTBIFBIH YCBHIHA/BI: KCIIEPUMEHTAIAB! (haKTiIep, CaIMakThIH (MacCaHbIH) BapHAIlMSICHIHBIH
KO3KETKI3UITeH MBICAJIbI JKOHE aIlIbIK TAaOWFU XKYHeJNepliH YaKbITIIa KYPBUIbIMBIHBIH

e
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dbyHIaMeHTaN bl  KypamMbl —  OpTypii  MacmTadra  Oenrun  Jopekeneri  KaThIHACTBI
KaHaFaTTaHJIBIPAThIH CaJIMaKThIH (MAacCaHBIH) OpTalla mamMachl 0ok TaObuiaasl. KophIThIHABI A
3aMaHayd y3aK Mep3iMJi SKCIIEpUMEHTKE COMKec JKyhenep YIIiH caiMmakka (Maccara) Oakpuiay
KYPrizyal KOJJIaHy KOKETTIIIr Typasibl cebenTepre KbICKaIa Tauiaay Kypri3iiii.

Kiar ce3mep: amblKk >kyienep cainMmarbl (Maccachbl), CaJMaKTblH (MacCaHbIH) KbUIABIK
JMHAMUKAChl, MUHEpaJI, MUHEPAJJbl arperar, yakbIT KaTapbl, yaKbITIIA KYpPbUIbIM, XEpPCTTiH
SMIUPHUKAIBIK 3aHbI, TYCIHIIPIIMEUTIH CHCTEMATUKAJIBIK A PEKTTED.
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