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Abstract

This report can be interpreted as the “bonus example” for our paper “Towards the
analytical approximation of weathering forms based on fitting of the geomorphological
structures by the “Tafeln Hoherer Funktionen” profile database”; any hydrothermal vents
/ black smokers and white smokers are described in this report in the framework of our

previous publication.
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1. Introduction

It the work “Towards the analytical approximation of weathering forms based on
fitting of the geomorphological structures by the “Tafeln Hoherer Funktionen” profile
database” our group report, that the “weathering activity and morphogenesis of the Earth
surfaces can be qualitatively correlated and spatially colocalized (Govindarajan, Murthy,
1969; Modenesi, 1983; Pavich, 1985; Tokuyama, 1986; Le Pera, Sorriso-Valvo, 2000;
Rochette Cordeiro, 2014). The form of the surface peculiarities can be analyzed and
approximated using multifactor analysis, including the influence of some geophysical and
geochemical factors such as temperature and mineralization of the geographical
environment and also surface reactions on the solid state rock interfaces and within the
pores (Velbel, 1990)” (Bolkhovitinov et al., 2018). But it is obvious, that such simulations

were not realized for hydrothermal vents, despite the fact, that they are very interesting
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morphological / geohydrodynamical and geochemical (chemical weathering and
biogeochemical processes) objects (Arp, Childress, 1981; Beaulieu et al.,, 2013;
Chevaldonné et al., 1991; Cowen et al., 1990; Foustoukos, Seyfried, 2004; Jamtveit et al.
2004; John et al., 2008; Johnson et al., 1986; Lilley et al. 2003; Little et al., 1987; Little,
Vrijenhoek, 2003; McCollom, 2000; Planke et al., 2005; Tivey, 1995, 2007; Tunnicliffe,
Fowler, 1996).

2. Materials and methods

Methodological bases of this study include special function tables (by Jahnke E.,
Emde F. and Losch F.), also known as a “Tafeln Hoherer Funktionen” in original language
editions (Jahnke, Emde und Losch, 1960 [etc.]), initially provided by “B.G. Teubner
Verlagsgesellsch” AFT, Leipzig.

The study is based on the comparative analysis between the approximations (by some
special functions from this book) and different images of the hydrothermal vents, provided
by the artificial intelligence or machine learning-assisted Web searching using “black
smokers”-like keywords. Some notations of such illustrations are introduced into the
article body for clarification of the theoretical principles proposed and visual recognizing of
similar objects in different figures. Some types of hydrothermal fields / hydrothermal

vents were analyzed in 3D directly (see fig. 1).

Fig. 1: Volume representations of hydrothermal vent / fields in pseudocolor mode.

3. Results

The results of the comparative morphological studies are presented in Table 1.
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Riemann zeta function or Euler—Riemann zeta function {(s) is a function of a complex variable s

that analytically continues the sum of the Dirichlet series:

=. 1
¢(s) = 2. —

when the real part of s is not greater than 1. More general representations of {(s) for all s are given
below.

The values of the Riemann zeta function at even positive integers were computed by Euler. The first
of them, {(2), provides a solution to the Basel problem. The values at negative integer points, also
found by Euler, are rational numbers and play an important role in the theory of modular forms.
Many generalizations of the Riemann zeta function (Dirichlet series, Dirichlet L-functions) are

known.




.
‘-}“M'ﬂbbﬁﬂh\}“h%

A modular form is a complex analytic function on the upper half-plane satisfying a certain kind of
functional equation with respect to the group action of the modular group, and also satisfying a
growth condition. The theory of modular forms therefore belongs to complex analysis but the main
importance of the theory has traditionally been in its connections with the number theory. A
modular form can equivalently be defined as a function F from the set of lattices in C to the set of
complex numbers which satisfies certain conditions: I) If we consider the lattice A = Za + Zz
generated by a constant a and a variable z, then F(A) is an analytic function of z. II) If a is a non-
zero complex number and aA is the lattice obtained by multiplying each element of A by a, then
F(aA) = a—KF(A) where k is a constant (typically a positive integer) called the weight of the form.
III) The absolute value of F(A) remains bounded above as long as the absolute value of the smallest

non-zero element in A is bounded away from o.
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The example of the Jacoby function relief.
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The relief of the Weierstrass function.
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Example of the Hankel function relief.

4. Conclusion

Some results of this computations and comparative morphological studies very good

confirm our hypothesis about approximability of different types of hydrothermal vents

using different special functions, including Euler—Riemann zeta function, Jacoby function,

Mathieu function, Weierstrass function, Hankel function etc.
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Ha myTH Kk aHATUTHYECKOU aniPOKCUMAU (pOPM «IEPHBIX KyPUIBIIUKOB»
Ha OCHOBE CONOCTABJIEHUS C NIPOPIIAMH CIENUATBHBIX (DYHKIINN U3

CIIPABOYHHKOB, KATAJIOrOB, 0a3 fanHpix “Tafeln Hoherer Funktionen”
Kpamxoe coooweHue

A.C. BoIXoBUTHHOB

AHHOTAIINA

B [aHHOM KpaTKOM COOOIIEHWU aBTOPOM IIpeZJjIaraeTcsi HOBBIA IOAXOMA K
QHAJTUTUYECKON ammpokcuManuu QopM pasjauyHbIX (GoOpM MoJiell TreTOepMaIbHBIX
HCTOYHHUKOB U COIYTCTBYIOIIUX UM IIpoiieccoB MopdoreHe3a. HoBbIM MeTO/l, OCHOBaHHBIN
Ha COIIOCTABJIEHUM XapaKTepPHBIX THUIIOB Npodujell BbHIBETPUBAHUA M CIEIUATbHBIX
dyHKIIMI (B YaCTHOCTH — TaKuX, Kak a3era-QyHKIus Pumana / ¢yHKOus Odiyiepa-
Pumana, pyuknusa Axobu, dyukuusa Marbe, pyHkiusa Betiepmrtpacca, dyaknusa ['ankens,
dyHKnUA AHrepa, 3/UTUNTUYECKHE MOAYJIApDHble (QYHKIMU U T.J.) MO3BOJISET BechbMa
3¢ PeKTUBHO MOJIeINPOBATh U TPOTHO3UPOBATh MOP(QOJIOTHI0 pesbeda U aHAmadTOB Ha
Pa3HBIX CTaAUAX W NMPU Pa3HbIX (opMax TUAPOTEPMATIBHON AKTUBHOCTH, I10/ICTABJIAA
KOppeKTHble KO3((UIMeHTbl, INpPU KOUX MOP(QOJOTUA «YEPHBIX KyPUJIBIIUKOB»

AZI€EKBATHO AaIIlIPOKCHUMHUPYETCA BU3YAJIU3UPOBAHHBIMU HpO(bI/IJIHMI/I COOTBETCTBYIOIITUX

pyHKIIUH.

Keywords: mopdosiorus, yepHble KYyPUJIBIIUKH, AMMIPOKCUMAIUs, CHEIUAThHbIE
dyuknmu, nzera-¢pynknus Pumana, ¢yakmusa fAxobu, yHknma Matbe, GyHKIHUA

Betiepirrpacca, dynkius I'ankeis.



