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“Imagination is more important than knowledge.
For knowledge is limited, whereas imagination embraces the entire world”
Albert Einstein

PREFACE

The Periodic Law and its tabular display of the chemical elements is an
outstanding discovery of humankind. At the end of 2019, the world scien-
tific community under the auspices of the UN celebrated the 150" anniver-
sary of this discovery. In terms of advancing knowledge on periodicity, there
has been published a huge number of works, which emphasizes the impor-
tance of the discovery. Currently, the Table contains 118 elements, but not
all of them are found in nature, since some have been obtained artificially.
In addition, according to Nobel Prize winner N. N. Semyonov, the Table is far
from being perfect.

Considering the concept of the Universe, the authors took the physical
model of the Big Bang and expanding Universe as a basis and set the task to de-
scribe the elements of the Periodic Table in the form of a three-dimensional
expanding matrix of chemical elements. Hydrogen (H) and Helium (He) are
at the top of the matrix being the basis for the creation of subsequent elements
and occupying zero and first periods. The other elements serving as facets
of this structure are arranged along the expanding spiral.

Another important consideration is the idea of the origin and evolution
of the Universe as well as the development of all living and non-living in it
in a spiral order. It is obvious for the living nature; as to non-living nature,
it was assumed that chemical elements might serve as the “building blocks”
for this spiral. These elements will interact with each other, and, thus, form
molecules. The entire material inorganic world is being generated from mo-
lecules giving rise to further natural processes of creating living nature: plants,
animals and people. Thus, the entire development of the mineral and living
world proceeds in spirals.

The presented generalizations show that the concept of cyclicity and block
structure of elements is preferable for arranging the system of chemical ele-
ments. It becomes obvious in the process of analysing and generalizing nucle-
ar masses in block periods, where neutrons and protons ratios are averagely
equalized within the block

Such physical confirmation of cyclicity makes up the concept of block
structure and harmonizes the arrangement of elements in the Three-Dimen-
sional Matrix of Chemical Elements (TDMCE). It is important not only for
chemistry, but might be useful for other sciences, including cosmology.
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The following concepts and definitions have been proposed in the book:

Physical model is a universal term widely used in science and technology
when developing a system to assess complex properties or processes in ma-
thematical and other types of describing (modelling) a phenomenon. For in-
stance, when describing the structure for a set of chemical elements, the au-
thors took the concept of an expanding conical matrix during the origin and
evolution of the Universe after the Big Bang and its further expansion.

Periodicity is a sequential change of one or more indicators related to pro-
perties of chemical elements. In existing tables, all 118 elements consistently
change in nuclear charge, mass and other characteristics.

Cyclicity is completion of changing key properties or recurring of these
properties at a new level. In the book, along with the word “cyclicity”, the
concept of “block structure” for structurally identical paired periods is used,
where similar properties begin to appear at a new level.

Grouping is a set (group) of chemical elements with similar properties lo-
cated, as a rule, in the same valence group. An example of grouping is lantha-
nides and actinides forming one of the orbitals s2, p%, d’’, f*, etc.

1. D.l. Mendeleev and IUPAC systems of chemical elements
and their analysis

Studies on properties of chemical elements as well as their interaction
when obtaining new substances and materials lie at the very core of chemis-
try. In materials science, the main task of which is to obtain a substance with
high performance characteristics, one inevitably has to turn to the scientific
basis of natural science i.e. the Periodic Law of Chemical Elements. Various
literary sources emphasize the contribution to the development of the periodic
system of chemical elements by D. I. Mendeleev, J. L.T Mayer, A. Shankurtua,
J. Newlands, W, Odling. Without limiting the preceding, it is noted that af-
ter D. 1. Mendeleev the most important contribution to the study of the Peri-
odic Law was made by H. Moseley, who established the relationship between
frequencies in X-ray spectra and atomic numbers of elements and predicted
the existence of previously unknown elements with atomic numbers 43, 61
and 72 [12]. As D. Mendeleev foresaw, this fundamental scientific discovery
affects all areas of modern theoretical natural science: “Keeping this track,
we will inevitably come to a completely new insight into many processes and phe-
nomena, and we might even change our ideas about the Universe” |1].

As science develops, the law is being improved and modified, new elements
are being discovered, new substances and areas of their application are being
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created. In other words, the periodic table of chemical elements promoted
scientific progress in all areas where chemical elements are the basis of natural
or artificial processes.

At the beginning of the twentieth century, the science of matter made a big
leap in connection with the development of the nuclear theory of the atom
structure, the experimental determination of the charges of atomic nuclei
and electron shells (Moseley, Van der Bruck, Thompson, Rutherford, Bohr and
others, 1907—1914) [10]. Since it became clear that it is the nuclear charge
that determines the individuality of chemical elements, and the atomic weight
(atomic mass) of an element is a quantity that depends on the nuclear charge,
the formulation of the Periodic Law has also changed. The modern formu-
lation of the Periodic Law is the following: the properties of simple substances
as well as the forms and properties of element compounds are periodically de-
pendent on the nuclear charge of elements’ atoms, expressed in the periodic re-
currence in the structure of the outer valence electron shell. |2, 5]. Table 1 shows
a short-period table of chemical elements by D. 1. Mendeleev.

Currently, there are plenty of ways to present the Periodic Law. Often-
times, the original authors’ ways are not reasoned enough and do not reflect
the patterns of changes in the properties of elements and their compounds.
Naturally, the first table was not perfect either. The very version of the Period-
ic Table, according to which many of us studied, turned out to be very confus-
ing, is due to the presence of main and side groups and the unrestricted desig-
nation of these subgroups with letters “A” and “B” (Table 1). In other words,
the subgroups in which of us s- and p-elements are located are called princi-
pal ones, and the subgroups with d-elements are called secondary subgroups.
The electronic structure and chemical properties of the elements in the main
and secondary subgroups may not have anything in common. The coinciden-
ces are rather random. For the elements of secondary subgroups, the valence
electrons are not only external, but also second to the last (second outside)
levels, which is the main difference in the properties of the elements in the
main and secondary subgroups. Elements of side subgroups (d-elements) are
called transition elements or transition metals (all d-elements are metals). The
term “transition metals” was coined due to the fact that all d-elements in pe-
riods serve as a kind of “transition bridge” from metallic s-elements to p-ele-
ments, among which there are already many non-metals. Sometimes the term
“transition metals” is applied to f~elements.

All known elements occupy their definite places in the Periodic Table
in accordance with the nuclear charge of their atoms and the structure of the
electron shells. However, the issue of hydrogen’s position (H), which is placed
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Table 1

Short-period table of chemical elements by D.l. Mendeleev

PERIODIC TABLE

* Internet resource used https://en.wikipedia.org/wiki/Periodic_table
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in the 1%t or 7" groups remains unsolved. Hydrogen in chemical reactions ex-
hibits two opposite oxidation states: * 1. All modern knowledge on hydrogen
chemistry objectively indicates that it is the only element that cannot be assu-
redly assigned to any specific group in the system and should be presented as an
independent element over periods.

In addition, it is necessary to make a sensible decision about the position
of helium (He) in the Periodic Table. Being s-element and one of the first
elements of the Periodic Table, it should be placed above lithium (Li) and
beryllium (Be).

A special feature is that group III contains a set of 14 chemically very si-
milar f~elements, lanthanides, from Ce to Lu and 14 elements having simi-
lar properties with actinium Ac (thorium Th — Lr lowrencium) i.e. actinides.
Lanthanides and actinides are plotted in a separate line at the bottom of the
Table. This technique is somewhat inconvenient, since 28 elements appear
to be outside the table and, in fact, two tables are used.

The VIII group of elements occupies a special position, and its structure is ex-
tremely contradictory. It includes subgroup VIIIb with the triad of the “iron group”
(Fe, Co, Ni) and the “group of platinum metals” (Ru, Rh, Pd, Os, Ir, Pt), which
should include elements 108-110 (that had never been platinum ones) in the form
of three vertical rows. This group also includes, contrary to common sense, sub-
group VIIla, which includes the noble gases He, Ne and others. We can confi-
dently assert that historically these triad-groups were “squeezed” into the last VIII
group out of necessity, contrary to logic, since this group according to the electron-
ic structure of atoms is naturally meant only for the indicated gaseous elements [7].

The short form of the Table (7 periods, 8 groups, lanthanides and actinides
are separately taken out) needs to be refined in accordance with the modern
achievements in chemistry and physics, although it is convenient for teaching
chemistry due to its seemingly rational compactness. In 1989, it was officially
replaced by the International Union of Pure and Applied Chemistry, [UPAC.
The recommended form of the periodic system includes 18 groups formed
from the elements of s-, d- and p- orbitals (Table 2).

The order of forming long periods is as follows. Here the elements are ar-
ranged in 18 groups and 7 periods (see Table 2). The seventh period ends with
element 118, and the next eighth period must begin with element 119. The
groups are assigned numbers from 1 to 18 from left to right i.e. from alkali metals
to noble gases. Elements of the 1st and 2nd groups constitute s-elements; groups
3 to 12 refer to d-elements, and from 13 to 18 to p-elements, which reflects the
order of completing the energy levels and sublevels in the atom.

The long-period form of the Periodic Table, recommended for use at the
present time, eliminated some difficulties. This form of the Periodic Table



| 9

1. D.I. Mendeleev and IUPAC systems of chemical elements and their analysis

*C 91901

J[qe) 2IPOLId] /IIM/SI10 eIpadIIM Uud//:sd11Y pasn 90IN0SAI JOUIU] |

N7 | g5 (Wl 43 |of |Ag qL|pg|n3 wg wg PN | Id|3] | E]

DVdNI SiUsW3|3 [ed1Wway) Jo djqe] dIpolidd porad-6uo



10 | New modelto arrange chemical elements

appeared only after the electronic structure of atoms was clarified and the dif-
ferences between s-, p- and d-elements became clear. The idea is explicitly
presented in Table 3.

There are no subgroups here, but only 18 groups (according to the [UPAC
rules, they are numbered not in Roman, but in Arabic numerals). Ten d-elements
are arranged in 10 independent groups. Together with two groups for s-elements
and six groups of p-elements, the total number of groups is 18. In the long form,
each period occupies only one line, and there are seven of them in total.

In the long form of the Table, all sublevels go strictly one after the other
from top to bottom: under 1s there are 2s, 3s, and so on; under 2p there go 3p,
4p, etc.; under 3d there go 4d, 5d and so on. Following this, the sequence
of completing all electronic levels of any element becomes clear. It is only
necessary to remember that after 6s-sublevel 4f-sublevel is completed, and
after 7s-sublevel 5f-sublevel is completed; f~elements are arranged in sepa-
rate rows at the bottom of the Table so as not to make it “extra-long”. The
long version of the Periodic Table did not solve the problem of arranging
f-elements in the Table, but removed the inconvenience when using main
groups and subgroups [11].

Currently, various authors have proposed many forms, which are mainly
aimed at didactic presentation of the material, since not all correlations be-
tween chemical elements are visible from the standard Periodic System [8, 9,
11]. However, all these proposals do not allow us to get an answer to the ques-
tion of where the boundaries of the periodic system are and what the reasons
for the rhythmically repetitive disturbance in the arrangement of elements
in the Table are, when a large number of elements are arranged into separate
groups, for example, actinides and lanthanides [13].

Numerous unsuccessful attempts to improve the Periodic Table of chemical
elements by D.I. Mendeleev demonstrate the extreme complexity of the task
set in 1951 by the Nobel Prize winner Academician N. N. Semyonov to eliminate
at least five shortcomings that gave rise to its unsystematic and asymmetric nature:

1. Rows (the so-called half-periods in the newly designated periods) have
different lengths, and in this case there appear 37 unfilled places i.e. free cells.

2. There are only two elements in the first row; moreover, hydrogen does
not occupy a constant place, and these two elements of the same row make
up the whole period (there can be no half-periods here).

3. Lanthanides and actinides were taken out of the table.

4. A group of inert gases was added later by the scientists who discovered
them on behalf of Ramsay.

5. The long-period Table introduced later does not save the situation as a
whole and remains too asymmetric.
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Despite this, the system had been the foundation for scientific research,
engineering solutions and chemical education for over 80 years. According
to N.N. Semyonov, “.. after eliminating the shortcomings, new properties and
interrelationships of elements will be discovered, which will allow most scientific re-
search to be carried out at a new, higher level and to solve the engineering problems

faced by not only physicists, but all scientists, engineers and practitioners”|3].

2. General prerequisites to develop a new model
of arranging chemical elements

The rapid development of the natural sciences at the beginning of the 19" cen-
tury was marked by the active desire of scientists to understand the fundamental
laws and regularities of the material basis of the world i.e. matter. The medieval
empiricism of alchemical knowledge is being replaced by the era of the cyclical or-
dering of chemical elements in accordance with their natural properties. In 1817,
the German chemist Johann Debereiner anticipated the predictive properties
of chemical elements with common chemical properties. In Debereiner’s triads,
with an increase in atomic masses, the chemical properties of the middle element
between similar ones turned out to be averaged relative to the sum of the proper-
ties of the two boundary elements of this triad [15]. This scientific fact is the first
predictive method to determine properties of undiscovered chemical elements.

One of the first systemic ideas about the arrangement of elements in a spi-
ral was made by the outstanding Russian mathematician Nikolai Ivanovich
Lobachevsky, who did not stay indifferent to the natural systemic harmony
of elements. He presented a sketch for the system of chemical elements in the
form of a nonlinear expanding cylindrical spiral (Fig. 1).

Fig. 1. Sketch of the system of chemical elements by N.I. Lobachevsky
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In 1862, the French scientist Alexandre Chancourtois made the first at-
tempt to systematize chemical elements as their atomic masses increased.
The spiral representation of the periodically repeating properties of che-
mical elements, called the “earth spiral”, is located on a cylindrical surface
of 16 evenly distributed verticals, forming a straight line with an intersection
at an angle of  / 4 to them, on which there are points proportionally located
to the atomic masses of the elements. Elements which atomic weights differed
by a multiple of 16 had similar properties and turned out to be located on the
verticals of the cylinder. The explanation for the discovery was given more than
half a century after the experimental determination of the nucleus structure.

In 1868, the Periodic Table of Chemical Elements by D.I. Mendeleev
was published in a two-dimensional form. Later, he expressed the idea of a
spiral form for the Table of chemical elements in the final article “Periodic
Order of Chemical Elements”: “Practically speaking, the entire distribution
of elements is continuity and corresponds to a certain extent to a spiral fun-
ction ...”. Now it is obvious that all intuitive ideas of the author of the Peri-
odic Law can be realized in the three-dimensional spiral form of the Peri-
odic Law. The prophetic words belong to him: “The future does not threaten
the Periodic Law with destruction, but only promises superstructuring and de-
velopment ...” . S. A. Shchukarev correctly noted that the system of elements
is too complex in its content “for a single canonical representation in the
form of a generally acknowledged Table” [7].

The formulated idea of the Three-dimensional matrix [14, 17] was based
on fairly obvious propositions about the Universe [15, 16], and chemical ele-
ments were considered from the standpoint of their origin as “building blocks”
of the Universe. The next assumption was that the formation of elements pro-
ceeded in the same way as the Universe developed and is developing. The im-
position of a natural periodic sequence of chemical elements on the 3D matrix
provides a more complete display of their properties, taking into account their
valence. The matrix includes all known natural elements, and is a harmoni-
ously organized three-dimensional model for studying the laws of matter, pre-
dicting new elements that are still unknown to science. The three-dimensional
matrix of chemical elements is shown in Fig. 2.

In comparison with the tabular form the three-dimensional spiral provides
a sequential continuous arrangement of elements with the possibility of in-
cluding isotopes, lanthanides and actinides. This will make it possible to cre-
ate a digital model to calculate the interaction processes of chemical elements
with each other throughout the spiral as well as to forecast methods for obtain-
ing new substances.
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1
0 .H hydrogen
2
9- He" helium

Fig. 2. Scheme of the three-dimensional matrix
of chemical elements (TDMCE)

Thus, it becomes possible to identify the main prerequisites to create
Three-dimensional periodic matrix of chemical elements:

— based on the laws of the Universe evolution, the authors propose
to consider the arrangement of chemical elements in the form of an
expanding conical spiral. Primary elements hydrogen and helium are
placed at the top of the spiral;

— in comparison with the tabular form the three-dimensional spiral
provides a sequential continuous arrangement of elements with the
possibility of including lanthanides and actinides and all discovered
and predicted groups. By means of the thorough study of the short and
long-period tables by D. 1. Mendeleev and IUPAC, taken as a basis
in different countries, all known structures should find their reflection
on the spiral.
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3. Three-dimensional periodic matrix of chemical elements

Basing on the two-dimensional periodic table of chemical elements
by D. 1. Mendeleev the authors present by far informative three-dimensional
form, achieving a more complete mapping of properties, taking into account
the structures of the electron shells of chemical elements located in a natural
continuous order of its expansion [18-20].

There has been proposed a three-dimensional coordinate system of a spa-
tial expanding matrix with an attempt to eliminate the disadvantages formu-
lated by academician N. N. Semyonov. Distinctive features of this classification
system are the following: the central symmetry of the known elements with
respect to hydrogen and helium, the linear symmetry of the main and secon-
dary subgroups along the coordinate axes, as well as the compact placement
of transition elements triads in the table, as well as lanthanides, actinides,
which is due to the spiral arrangement of the elements by their serial numbers
(Fig. 3). Long and short periods of the elements have a ring configuration,
thereby simulating the structure of the electronic shells of atoms according
to N. Bohr. Lanthanides, actinides and transactinides are placed in the sixth
and seventh periods also according to the spiral principle up to element 118
(analogue of radon Rn), completing the seventh period.

Thus, the three-dimensional matrix is based on:

— arrangement of all known elements along cylindrical coordinates, which
forms a planetary model of their structure. Atomic numbers n with the
dimension of a continuous series of natural numbers from 1 to 118 (and
more) are evenly arranged along the spiral from top to bottom.

— The ordinal number of the element coincides with the magnitude of the
nuclear charge (Z) and with the same total number of energetically
balancing electrons in the orbitals of the shells. The approach is universal
both for the short-period table by D.1. Mendeleev as well as for the
long-period IUPAC Table.

— An exponential increase in the number of elements in periods is shown,
which forms a Three-dimensional spiral system of chemical elements [20].

The proposed representation of the three-dimensional periodic matrix
of chemical elements in the form of an expanding conical spiral is a universal
tool that makes it possible to study a wide variety of physical and chemical
properties of already known and not yet discovered elements and their com-
pounds. The versatility of the three-dimensional matrix also lies in the fact
that, in addition to the mandatory serial number and strict coordinate bind-
ing of chemical elements to the groups, there appears a tremendous potential
to structurally analyse physical and chemical properties of elements as well
as the laws of their interaction.
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Fig. 3. Three-dimensional matrix of chemical elements

4, Cyclicity and block structure of chemical elements

The modern Periodic System is based on the nuclear charge (Z), which
determines the place of an element in the system. Nuclear periodicity is ex-
pressed in a periodic change in the properties of atomic nuclei. The main
parameter that determines this periodicity is the number of protons (P) and
neutrons (IN) in the nucleus. Figure 4 shows the dependence of nucleus mass
of elements (protons and neutrons) and the mass of neutrons for the disco-
vered 118 chemical elements.
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The authors have calculated the ratio of neutrons and protons in the nu-
clei of chemical elements. In the short-period table 4a the averaged indicators
of these ratios for the blocks are presented. It should be noted that these ave-
raged values for blocks are equal, both in the short-period table and in the
IUPAC Table (Table 4 b). Therefore, the block structure, in our opinion, cor-
responds to the concept of cyclicity i.e. the completeness of the periodicity for
two periods, including the groups of lanthanides and actinides.

The study on the Three-dimensional periodic matrix of chemical elements
based on a multiparameter coordinate system clearly demonstrates the stable
formation of block patterns in the cyclic periodicity of the elements’ properties
in periods and blocks with an increase in their ordinal numbers and unites all
the previously described periodicity options [4, 7]. It should be noted that the
concepts of “period” in two types of tables are identical (there are 7 of them
each), but an important circumstance that requires special attention is the ob-
vious discrepancy between the “rows” and the group valence principle of pe-
riodicity in a long-period table.

MNuclesr mass
e e ke BRRRARRRRERERARRRGTNN

Argmic number (number of protons)

Fig. 4. Dependences of nuclear masses (protons and neutrons) and mass
neutrons (neutrons) for 118 chemical elements

1 — the number of protons and neutrons; 2 — the number of neutrons; 3 — isotopes

In [18, 19], it was concluded that the three-dimensional spirally diverging
system of the chemical elements matrix has 4 periodicity blocks and 7 periods.
Structural analysis of period formation confirms that periods can be simple,
in which one element is formed in each group (2 elements with an external sig-
nal orbital and 6 elements with an external valence orbital, 8 in total) and more
complex ones containing grouped “family” elements within one group (III
or VIII). Thus, in blocks, everything can be represented as follows (Table 4).
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Table 4

The ratio of neutrons and protons in the nuclei of chemical elements
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b) IUPAC Table
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— The first block A corresponds to short single-element periods (and rows
0-1) of the matrix, where the first elements are hydrogen and helium
(H!'-hydrogen and He?-helium). For the first block, the neutrons (N) —
protons (P) ratio can be taken equal to 1.



5. Electronic characteristics of elements and analysis of their cyclicity in the structure... | 19

— The second block B structurally postures the completeness of the cyclic
eight-element periodicity, which corresponds to simple periods (or
rows) 2 (includes 8 elements from Li3 to Ne!’) and 3 matrices (includes
8 elements from Na'' to Ar'®). For the second block the N : P ratio
is less than 1.1.

— The third block C structurally represents the completeness of the cyclic
10- and 8-element periodicity in the block, two additional “families”
have appeared: from iron (Fe) to platinum (Pt), from ruthenium (Ru)
to palladium (Pd). The third block C presents the first short pair of rows
4 (includes 10 elements from K" to Ni?®) and 5 of the short-period table
(includes 8 elements from Cu? to Kr*) and the second short pair of rows 6
(includes 10 elements from Rb* to Pd*) and 7 short-period tables (includes
8 elements from Ag*” to Xe3). In the long-period table, a pair of rows 4
and 5 corresponds to period 4, and a pair of rows 6 and 7 corresponds
to period 5. For the third block, the N : P ratio is less than 1 : 1,3.

— The fourth block D structurally represents the completeness of the cyclic
24 and 8-element periodicity as a block of chemical elements D, which
additionally included the “families” of lanthanides (La) and actinides
(Ac), as well as two “families”: osmium (Os), iridium (Ir), platinum (Pt)
and chassium (Hs), maitnerium (Mt), darmstadtium (Ds).

The fourth block corresponds to the first pair of the long row of lanthanides

8 (includes 24 elements from Cs> to Pt’®) and the short row 9 of the short-pe-
riod table (includes 8 elements from Au” to Rn®) and the second pair of the
long row of actinides 10 (includes 24 elements from Fr?¥” to Ds!!?) and short
row 11 of the short-period table (includes 8 elements from Rg!'!! to Og!!®).
In the long-period table, a pair of rows 8 and 9 corresponds to period 6, and
a pair of rows 10 and 11 corresponds to period 7. “Families” of lanthanides,
actinides and some grouped metals require special study and attention of re-
searchers. For the fourth block, the N : P ratio is less than 1.55.

Thus, in comparison with the short-period and long-period tables of chem-
ical elements, the block structure of the Three-dimensional matrix of chem-
ical elements using a three-dimensional coordinate system can significantly
boost the informational value (multidimensionality).

5. Electronic characteristics of elements and analysis
of their cyclicity in the structure of TDMCE

The spatial form of the three-dimensional periodic matrix made it pos-
sible to structure the anomalous groups of III (lanthanides and actinides)
and VIII (metalloids) groups of the third C and fourth D levels of block
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periodicity, and the level formulas of electron shells facilitate the study
of systemic regularities of periodicity, including the mechanisms of satura-
tion and transition electrons at different energy levels (orbital) of electron
shells. The consistency of the periodicity is relevant when studying nuanced
mechanisms of interlevel transitions and consistent interruption of synthesis
of electron orbitals (Table 5).

The arrangement of electrons on energy levels (states) of shells K, L, M, N,
0, P, Q, X (EL), consisting of sublevels (orbitals) s-, p-, d-, f~, g-, h- at each
level, satisfies the principle of minimum potential energy.

Table 5
The structure of energy levels and sublevels (orbitals) for blocks

Block A—1  energy level (K* = Is?)
ends with Helium (He)

Block B—3  energy levels
KL2 M- (M?-5 = 35%3p%)
ends with Argon (Ar)

Block C—5  energy levels
K L5 M- Ns1-4-05r- (valence orbital 075 = 55?5p®)
ends with Xenon (Xe)

Block D —7  energy levels
K 52 Mp-p-d Ns-p-d-f(s-p-d-+- Pf—p—d—QY—p—
(valence orbital Q%% = 75%7p%)
ends with Oganesson (Og )

Predicted energy levels
and electronic structure of the
sublevels of Block E

Block E — has to have 9 energy levels
from element 119 to 218
K3 LsP M-p-d Ns-p-d-/()s-p-d-f-8 P—p—d—f—g—Q\'—p—d—f— Rs-p-d- X5p-
(valence orbital X2-6- = 95*9p°%)
ends with element Ne218

The maximum number of electrons at the energy level is calculated by the
formula R = 2n?, where n is the level number or the principal quantum num-
ber (1, 2, 3, etc.). Each filled level corresponds to a certain set of sublevels
(orbitals) (Table 6).

The sequence of filling the orbitals with electrons is determined by the
Madelung rule [5, 7]. Periodicity, as a valence cycle in the system of chemical
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elements, manifests itself during the formation of two successive orbitals —
the initial s-orbital and the valence p-orbital with the number of valence elec-
trons continuously increasing within the periods.

Table 6

Principal quantum number, types and number of orbitals, maximum number
of electrons at sublevels and levels

G = Number of orbitals Maximum number
= s 2 of electrons
E 5 2 & - .
5 = hay - o _ h
B 22| £ : ER- g 3%
= © = = g. = = g‘
= -5} . g
K(n=1) 1 1s 1 1 5 5
L(n=2) 2 2s 1 4 ) <
2p 3 6
M= ’ 5 ! 9 2 18
3p 3 6
3d 5 10
4p 3 6
4d 5 10
4f 7 14

Two groups of elements are initial. The first group of chemical elements
with one electron at s’ sublevel is Li* — Fr¥’, and so on. The filling of s’ — sub-
level with the first electron indicates (signals) the completion of the valence
shell of the previous period. The II group of chemical elements with two ele-
ctrons at s* — sublevel is made up of Be* — Ra®, etc. The filling of s?>-sublevel
with two electrons shows its saturation and the forthcoming formation of the
p-valence shell sublevel, starting with the first electron of p’-sublevel and the
subsequent set of sublevels of the valence period. For clarity and convenience
of analysis, electronic formulas of chemical elements were used.

Thus, grouping of elements into new periods starts with a systemically bound
pair of chemical elements from groups I and II, which show the completion
of the valence electron shells of elements’ atoms in the previous period as well
as the readiness to form the valence electron shell of a new period. In this case,
in chemical elements of group I, there forms a new two-electron initial orbital
of the sublevel ns of the corresponding energy level (from K, L, M, N, P, O, O, X)
by filling the formed energy shell with the first electron (ns’, electronic symbol
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K1, LI, M1, etc.), and in the subsequent chemical element of group II, the same
atomic orbital is filled with a second saturating electron (ns?, electronic symbol
K2, L2, M2, etc.), which forms a consistent pair of the external electrons atomic
orbital. This initial pair completes the filling of Is? sublevel, after which the next
layers of the corresponding energy level of the periodic sequence of chemical
elements in the three-dimensional matrix are filled.

On the other hand, the filling of the outer atomic orbital with a consistent
pair of electrons is always preceded by the formation of a new layer of the
valence shell in the atom. The initial elements in all periods of the matrix
form new periods on a new valence orbital (np?) by filling the corresponding
energy level with the first electron and reflect the periodic patterns of the ele-
ments formation in material world. The mechanism of block periodicity to fill
atomic orbitals is present at all levels of the three-dimensional periodic matrix
of chemical elements.

Speaking from the perspective of the periodicity laws of the formation
of chemical elements, there is a clear evidence for the special role of the initial
atomic orbitals of the two successive elements. The first element of the pair
demonstrates the completion of the stable state formation of the electronic
layers structure in the previous, fully completed period, consisting of elements
with maximum filling of energy level shells with electrons. All first elements
are odd ones. Best practices confirm that electronic layers of elements shells
of a fully completed period have a high degree of resistance to external energy
influences and have a pronounced attraction to stationary interaction with the
energy field of the atomic nucleus. Such consistent pattern implies the indif-
ference of the electronic layers e of the maximum filled atomic shells to the
valence (chemical interaction).

The second element is a formation significator of new electronic layers
for the elements of the subsequent (forming) period, consisting of electrons
of new shells of energy levels. All second elements are even. The electronic
layers of the shells of the elements of the forming period do not have a high
degree of resistance to external energy influences and have a lesser tendency
to interact with the energy field of the atomic nucleus. Such consistent pattern
implies the ability of the outer electronic layers of the unfilled atom shells
to show polyvalence when combined into molecules.

The first elements of the valence p-orbitals of the new period in each ener-
gy level form elements with a p’-orbital with one valence electron (B3 — Nh!!3,
etc.). All such elements are odd and belong to the ITI group of chemical ele-
ments. The second element is the element with two valence electrons of the
p?-orbital in each energy level (C® — FI'™, etc.). All elements are even and



6. Detailed record on electronic structure and valence of Chemical elements | 23

belong to the IV group of chemical elements. Subsequent elements with three
valence electrons of the p’-orbital and a different number of electrons of the
valence orbital in each energy level are structured similarly, belonging to the V,
VI, VII and VIII groups of chemical elements, respectively.

Consistent patterns to form electron atom shells using electronic-level
formulas make it possible, on the basis of the block approach and structural
analysis, to predict chemical elements outside the 118th element as well as to
form the structure of new periods, starting with the chemical elements of the
11" period of D.I. Mendeleev Table or the 8" period of the IUPAC Table.
Electron-orbital formulas is an extremely short description of the structure
of chemical elements.

6. Detailed record on electronic structure and valence
of Chemical elements

To characterize the ability of atoms to bind with each other there are used
the following concepts: valence (covalence), ionization potential, etc. Valence
as a number (bonds of atoms) is to some degree formalized in any of its elec-
tronic form [6]. The periodic dependence of the ionization potentials of atoms
on the ordinal number of an element is well known and is presented in many
publications and reference books [12].

Physical and chemical properties of elements have multiple variability
when chemical elements interact with each other. Models of interelectron-
ic interactions based on the natural property of polyvalence make it possible
to consolidate all knowledge available for analysis and synthesis. Examination
of chemical bonds of interacting elements at the electronic level convinces
us that the decisive factor is the relative electron donation of the atoms in-
volved in reactions. An element with a higher donor characteristic with more
mobile electrons of the outer layers acts as a positive one. The mobility de-
pends on the type of the outer layer of the sublevels s-, p-, d-, f~, g-, h-orbitals
of the energy levels K, L, M, N, O, P, O, X, the electron shell, which manifests
itself in the cyclic periodicity inside the sublevels in the system of chemical
elements [7]. At the same time, electronic interactions in chemical reactions
do not change the atom nuclei, the study of the internal structure of which
is engaged in physics.

In general, the commonly accepted structure of the electron shell of an
atom gives an idea of the physical meaning of valence, which changes with the
development of the electronic theory of chemical bonds and the atom struc-
ture. Valence, as a very important characteristic of elements’ chemical activity
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and the formation of stable molecules is not a definitive characteristic, but
is of great applied importance for high-quality analysis and effective synthesis
of chemical elements and their compounds [6]. This implies the exceptional
role of energy models of chemical reactions for the reasoned control of the
“affinity energy” to the atom of external electrons, alongside with an under-
standing of the theory of chemical bonds, mechanisms and the physics of the
obtained result.

The block structure of the polyvalent matrix is presented on the basis of the
TUPAC long-period Periodic Table. Both in the short-period table and in the
long-period table of the international community of IUPAC chemists, the
group principle (introduced by D. 1. Mendeleev) to differentiate the proper-
ties of chemical elements of the main (a) and secondary (b) subgroups is used.
Analysis of periodicity on the basis of polyvalence for all known chemical ele-
ments is fairly informative in the matrix coordinate system (Fig. 5). The struc-
turing of the energy levels of the polyvalence matrix is as follows:

— period 0-1 corresponds to block A;

— periods 2 and 3 correspond to block B;

— periods 4 and 5 correspond to block C;

— periods 6 and 7 correspond to block D.

In this case the cyclic periodicity is clearly in evidence in the electronic
structure of the atom shells of chemical elements as well as in its maximum
and minimum valences for each block. Thus, for block A there is one maxi-
mum valence, for block B there are two maximum valences, for block C there
are four, and for block D there are six maximum valences. There are also ne-
gative valences from -4 and -3.

Consistent patterns of filling the electronic levels and orbitals of the elec-
tron shell become more sophisticated with the distance from the atomic nu-
cleus, which leads to disruptions in filling the levels and sublevels. The reason
may be the alignment of the energy levels of neighbouring sublevels, at which
the electrons begin to jump between the sublevels and even to the neighbour-
ing level without changing their total number in the atom. The results of poly-
valences presented on the graph (Fig. 5) summarize the available knowledge
about the energetic activity (valence) of elements in each period as well as show
the cyclic nature of the build-up of the electron cloud.

The shortened periods 0 and 1 are formed by the pair of elements H! — He?
of the lower energy level K/, the maximum filling of the s-orbital of which in-
dicates the readiness for the beginning of the formation of chemical elements
of the second energy level L2 of the next period 2. The filling of the small
period is carried out in relation to the electron-orbital formulas (EOF) of the
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elements that form periods and blocks. The first s-element with one electron
in the outer orbital exhibits the maximum valence +1, and is included in the
main subgroup Ia and indicates the completed formation cycle of the previ-
ous energy level period. The second s-element with two electrons in the outer
maximum filled orbital exhibits a maximum valence of +2, which indicates
the beginning of the formation cycle of the next energy level. The maximum
filled s-orbital (s-pair of elements), formed by the elements of groups I and
II is the start of the forthcoming cycle of periodicity of the outer valence or-
bitals at all energy levels.

In each of the subsequent energy levels M, N, O, P, Q, X, after the initial
signal s-pair of period elements, there is a build-up of electrons of the outer
“valence” p-orbitals, after which there continues the filling of d-, f-, g- orbitals
in reverse order. Similar initial s-pairs of elements are formed in each period:
Li* — Be* (period 2), Na'' — Mg!? (period 3), K — Ca? (period 4), Rb¥ —
Sr38 (period 5), Cs* — Ba’ (period 6), Fr¥ — Ra®? (period 7) in short period
table numbering.

Despite the continuous increase in the number of electrons in the electron
shells of chemical elements, an identical structure of periodicity is observed
in periods 2 and 3:

s-pair = 5 valence p-elements = inert gas.

For elements of period 2, the structure is described by the following se-
quence:

Li3— Be*= B> — F* =+ Ne".

For elements of period 3, the structure is described by the following se-
quence:

Nall _ MgIZ _)A113_ C117_)Ar18.

Period 4 begins with s-pair K¥— Ca? with the further build-up of elec-
trons of the outer valence d-orbitals Sc?' — Ni*® of the energy level M3. The
subsequent structural transition of the formed elements of d-sublevel in the
specified period in the sequence of the outer valence elements of p-sublevel
Ga’' — Br* and inert Kr* corresponds to the new energy level N4.

In the structure of the fourth period of chemical elements of p-sublevel,
one pair Cu?® — Zn* precedes, which indicates the completion of the forma-
tion of d-sublevel of the energy level M and the beginning of the formation of a
sequence of external valence elements of p-sublevel of the new energy level
N. Formally belonging to the to the d-sub-level, they are initial with respect
to the subsequent p-sub-level of the new energy level V. This is the develop-
ment of a different structure of cyclic periodicity in relation to periods 2 and 3.
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For elements of period 4, the structure is described by the following sequence:
K19 _ Ca20_) SCZI _ Nl 28— Cu29 _ Zn30 — Ga3l _ Br35 - Kr36.

Period 5 begins with s-pair Rb¥ — Sr3 with the further build-up of elec-
trons of the outer valence d-orbitals Y¥— Pd* of the energy level V.

The subsequent structural transition of the formed elements of the d-sub-
level in the sequence of external valence elements of the p-sublevel In* — I
and inert Xe* corresponds to a new energy level O.

In the structure of the fifth period of chemical elements of p-sublevel, the
pair Ag*” —Cd* from the subgroup of metals precedes the formation of d-sub-
level of the energy level N and the formation of external valence elements
of p-sublevel of the new energy level O begins. Officially belonging to d-sub-
level, they perform a signal function with respect to the next p-sublevel of the
new energy level O. For period 5, in the nomenclature of chemical elements,
the structure is described by the following sequence:

Rb37 _Sr38 _)Y39 _ Pd46 - Ag47 _ Cd 8 In49_ 153 _’XCM.

Period 6 begins with s-pair Cs* — Ba®of the main subgroups lIa and Ila
of the energy level P with the further build-up of electrons of the outer valence
f-orbitals La% —Yb"® of the energy level V. The formed elements of f-suble-
vel as a part of the specified period are structurally transferred to the external
valence chemical elements of d-sublevel Lu’' — Pt of the energy level O and
p-sublevel TB' — At? together with inert Rn®, corresponding to the new ener-
gy level P. For period 6, in the nomenclature of chemical elements, the struc-
ture is described by the following sequence:

CSSS _ Ba56 — La57 _Yb70 - Lu7l —Pt78 _)Au79_ HgSO _,T181 _ At85 — Rn86.

Period 7 begins with s-pair Fr¥” — Ra® of the energy level Q with the further
build-up of electrons of the outer valence f-orbitals Ac ¥— Lr!% of the energy
level O. The specified period shows the subsequent structural transition from
the formed elements of f~sublevel to the external valence elements of d-suble-
vel Rf1%“—Ds"? of the energy level P and p-sublevel Nh!* — Ts!!”in the element
Og'8 of the energy level Q.

In the structure of the seventh period, elements of the p-sublevel are
preceded by elements Rg'"' — Cn''? of metal subgroups, which indicate the
completion of the formation of d-sublevel of the energy level O and the be-
ginning of the formation of external valence elements of p-sublevel of the new
energy level P. They perform a signalling function in relation to the next p-sub-
level of the new energy level Q. For period 7, in the nomenclature of chemical
elements, the structure is described by the following sequence:

F187_ RaSS _’AC89 _ LI-IOS —_ Rfl04_ IIODS —_ Rg lll_Cn 112 _)Nhl]3 _Tsll7 —_ OgIIS'
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There can be laid an emphasis on some consistent patterns related to the
valence of chemical elements [13]:

— elements of a group (subgroup) have a similar configuration of external

electronic shells and the same valence in compounds;

— s-elements have the same valence as the group number;

— p-elements have the highest valence equal to the group number, and
can also have a valence equal to the difference between number 8 and
the number of their group;

— d-elements have different valences that do not coincide with the group
numbers.

The cyclic nature of the electronic saturation of elements is also manifes-
ted in the fact that after a certain number of elements in the periodic table,
s-, p-, d- and other orbitals with the same configurations of electronic sub-
levels are repeated. This entails a periodic change in chemical and physical
properties of the elements. It means that any chemical element consisting of a
nucleus and the corresponding configuration of the electron shell of an atom
can be structurally represented in the form of four systemically related parts
of chemical elements, individual for each element:

a) nuclear structure of the atom is its proton-neutron structure, which has
a charge, an energetically balanced field of the electron shell and mass cha-
racteristic depends on the structure of the nucleus and does not directly affect
the chemical interactions of the atom;

b) lower energy levels of the shell which are maximum filled with electrons
do not directly affect the chemical interactions of the atom;

¢) non-valence orbitals of middle energy levels cyclically built up by elec-
trons which are formed in the elements of group III do not directly affect the
chemical interactions of the atom;

d) valence orbitals of external energy levels which are periodically built
up by electrons and formed in all chemical elements form the basis of the
mechanism of chemical interactions; the structure is variable up to the max-
imum filling of the external energy level with electrons, after which it moves
to a new (higher) energy level.

The existing practice of using the formula for the energy level of the
shell and the electron-orbital structure (EOS) can be used as a systema-
tic tool to describe and predict the structures of the electron distribution
over orbitals-sublevels (s-, p-, d-, f-, g-, h- ... ) in energy levels (K, L, M,
N, O, P, Q...) of chemical elements (Table 7). However, as the charge
of the atomic nucleus increases, the orbital representation becomes cum-
bersome [3, 5].
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It is advisable to write down the formulas for the energy level of the shell
in abbreviated form by replacing the EOS orbitals filled with electrons only
by the symbols of the corresponding energy levels without indicating the
orbital structures. Such nomenclature can be valid only to analyse shell
structures for periods in which there are no families of elements of the third
group.

Table 7
Electronic structure of the last elements in blocks,
including external (valence) orbitals
Energy levels
Closing - gy
Block | element cf;:lel(elté q incomplete Number External
A He? K — 1 1s?
B Ar's KL M 3(2+1) 3s23pb
C | Xe* | KLoMw NePd-Ovp 5(3+2) 5525p°
D Og!'s K LsP Mop-d Nsp-d-t | (Os-p-d-f- Piop-d- (hs-p 7 (4+3) 7s*7p®
E 218 | KL PMPINoT | prodtegepdd 9(5+4) | 9s9p°
Os-p-d—f-g Rs-pd/\/s»p

The relationship between the electronic structure of an element or material
and its functional properties is an issue of the utmost importance. It opens
up the possibility to predict these properties by its electronic structure. Due
to the scarcity of the available knowledge, for more than a century and a half
it was impossible to explain and apply the periodicity of the system from the
standpoint of predicting new and unknown chemical elements. The ratio
of block structures, periods and energy levels in the three-dimensional matrix
of chemical elements with boundary elements completing the energy levels
is shown in Fig. 6.

The concept of cyclicity, introduced by the authors, as a property of the
regular build-up of electrons of the inner shells d-, f-, g-, h-... in relation to va-
lence orbitals, is repeated for families of chemical elements of the third group.
The minimum valence of chemical elements, which is observed at the bound-
ary of orbital cycles is analogous to the zero valence of neutral gases at the
boundaries of the periods. Formulation of the consistent pattern of cyclic fill-
ing of non-valence internal orbitals in the periodicity structure makes it possi-
ble to predict new chemical elements and create a digital platform in materials
science [20].
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7. Structural analysis of cyclicity in the Three-dimensional
periodic matrix of chemical elements

To analyse the structure of the table of chemical elements, the authors pro-
posed the method of Structural Analysis (SA). This method allows not only
to eliminate the drawbacks noted by academician N. N. Semenov, but also to cre-
ate a universal model of the structure of energy levels (K, L, M, N, O, P, Q ...)
and orbital electronic sublevels (s-, p-, d-, f-, g-, h-, q -...), chemical elements
when filling the electron shells of the nuclei of chemical elements. The analysis
of block structures, periods and energy levels with their boundary elements and
cyclicity in the three-dimensional matrix of chemical elements is shown in Fig.
7. Structural analysis of the discovered 118 chemical elements makes it possi-
ble to formulate a consistent pattern of block structure for the pairing of orbital
structures of odd and even periods in a block. Block structure confirms all gene-
rally accepted laws, patterns and rules in chemistry, including Madelung’s rule.
The pattern of block structure is valid for all tabular forms of the Periodic Law
and is most notably manifested, starting with the family cycles of f~elements
of block D and all subsequent g-, h-clements of block E in group III. Pairing
in block periods does not contradict the regular increase in the number of ele-
ments in periods. An important circumstance is the natural order i.e. the pattern
of the cyclic build-up of electrons from the lower orbital sublevel to the next.
The maximum filling of the lower orbital sublevels with electrons brings them
to the area of chemically passive electron shells of these energy levels.

It is necessary to distinguish between non-periodic and periodic proper-
ties of chemical elements. Non-periodic properties of chemical elements are
characteristic of the atom nuclei i.e. they are the nuclear charge, the num-
ber of electrons, the mass of atoms, the stability or radioactivity of chemical
elements. The periodic properties of chemical elements are interrelated with
the cyclic structure of filling nuclear shells with electrons. There take place
changes in physical and chemical properties of elements due to the periodicity
of the structure of the electron shells of atoms. The physics of the chemical
periodicity is driven by the repetition of the configuration of the valence elec-
trons of the external energy level of atoms with an increase in nuclear charge.
In this regard, the following definition was formulated [25]: “in s-, p-, (s +
P)-, d- and f-elements there is a clear periodic dependence of the properties of el-
ements and compounds on the number of their corresponding s-, or p-, or (s +p)-,
or d-, or f-electrons in atoms. “ 19, 23].

The observed features of changes in the properties of the known chemical
elements at the end of the periodic system and the prediction of the prop-
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erties of elements with large ordinal numbers indicate that the phenomenon
of periodicity turns out to be much more complex than it seemed on the basis
of tabular knowledge of the chemistry of elements from the first to the seventh
period inclusive.

The theory of the atom structure explained the reason for binding atoms
into molecules as the tendency to form a stable two- or eight-electron ou-
ter shell. The formation of a stable electronic configuration can be achieved
in various ways: by electron loss, attachment, or collectivization of electrons.
Thus, by chemical binding we mean various types of interactions that deter-
mine the stable existence of bi- and polyatomic compounds: ions, molecules,
and other structures.

The main parameters of the chemical binding between atoms and mole-
cules are the following:

a) decrease in the total energy of a bi- or polyatomic system in comparison
with the total energy of isolated particles from which this system is formed;

b) redistribution of the electron density of the chemical binding in com-
parison with a simple arrangement of unbound atoms when approaching at a
binding distance.

The periodicity of the electronic structure is manifested in the fact that
after a certain number of elements in the periodic table s-, p-, d- and other or-
bitals with stable configurations of electronic sublevels are repeated. This en-
tails a periodic change in the chemical and physical properties of the elements.
So, the functional difference in the property of periodicity of chemical ele-
ments reflects the pattern and mechanism of recurrence during the formation
of the outer valence orbitals of the nuclear shells. As part of the development
of chemical sciences, researchers are attracted by the ideas of searching for
universal chemical constants, the influence of energy fields on the structure
of periodicity and its relation to the structure of the Universe [24].

Some physical and chemical properties of atoms (ionization potential,
atomic radius, etc.) of simple and complex substances can be not only quali-
tatively, but also quantitatively presented in the form of mathematical depend-
ences on the ordinal number of an element with periodic maxima and minima.

The periodicity of the electronic structure of chemical elements from
group I to VIII for s- and p-sublevels and families of orbitals of d-, f-, g-, h-
and g-sublevels is presented in Table 8.

The properties of the group periodicity are the first in the periodic table
to represent the 8-group even (shortened) period 2 of the block structure B.
The period forms two orbitals of the initial energy sublevels s? (groups I and IT)
and six orbitals of the final energy sublevels p® (groups III to VIII). In this case,
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the “range” of polyvalences is 8, from +5 to -3, depending on the chemi-
cal elements involved in the reactions, with subsequent zeroing of the valence
by the end of the periods in inert gases. The order, consisting in a continuous
increase in the number of electrons in the outer orbital of period 2, extends
to the next odd period 3 of the block structure B.

Table 8
Electronic structure and features of group Ill in TDMCE
No.
of pe- No. of Groups Orbitals
. elements
riods
0 1 1
S_
1 1 VIII
2 8 I-11, - -HI-1IV-V-VI-VII - VI
S,
3 8 I-11, - -1II-1V-V-VI-VII - VIII P
4 18 I-11, - d-111 -1V -V -VI - VII - VIII i
S} )
5 18 I-11, - d-111-1V-V-VI - VII - VIII b
6 32 I1-11, - f,d-111 -1V -V - VI - VII - VIII 0f
7 32 |1-11,-  fdam-v-v-vi-vii-vin | 7%
8 50 I1-11, - g f,d-1I1 -1V -V-VI-VII - VIII
50 dfg
9 50 I-11, - g f,d-1I1-1V-V-VI-VII - VI
10 72 I-11,- h,gfd-1Il -1V-V-VI-VII - VIII
S}p} d)ﬁg) h
11 72 1-11,- h,gfd-II-IV-V-VI-VII- VII
12 98 I1-11,-¢,h,gf,d-1Il -1V-V-VI-VII - VIII
s,pdfghq
13 98 1-11,-¢, h,gf d-1-1V-V-VI- VI - VI

Starting from the fourth period C of the block structure, another pattern
can be seen in the system of chemical elements i.e. the formation of an internal
sequence of orbitals of sublevels d-, f-, g-, h-, q- ..., fundamentally changing
the eight-group structure of periodicity (see Table 9).

From the standpoint of element “families”, it is advisable to consider the
families of three metals placed by D.I. Mendeleev in group VIII, which are
artificially put in the group of inert gases, although they have their place in the
table and the corresponding chemical properties, in the first of the inner or-
bitals of the lowest d-sublevel. In addition, the average valence of chemical
elements of d-orbitals is +3 as well as the dominant valence of all elements
of f-orbital of lanthanides which is also +3 and this confirms the authors’
opinion that all families of internal non-valence orbitals, starting with block C,
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(families of d-sublevel and subsequent internal block structures), must belong
to group III of the Table.

Subsequent families of inner d’ — orbitals of the sublevel of higher ener-
gy levels and all subsequent orbitals of f-, g-, k-, g- higher sublevels, similar
to f1“-lanthanides and f#-actinides of block D, do not fit into tabular forms (in-
cluding IUPAC). Moreover, structurally they should precede the s orbitals of all
levels, in group III with valency +3. The unjustified extension of family forma-
tions outside of any tabular forms is their disadvantage, fundamentally violating
the conditions of continuity, including the processes of energy interactions.

Table 9
Polyvalence of TDMCE element families
Periods Number of elements Polyvalence quyvalence
interval
0 1 +1 2
1 1 0 0
2 8 from +1 to+5 (-3); 0 1-8 max
3 8 from +1to +7 (-4); 0 1-8 max
4 2 {10} — with the metals family from +1 to +7 1-7, 6 max
6 from +2to +6 (-4); 0 1-6, 8 max
5 2 {10} — with the metals family from +1 to +8 1-8, 6 max
6 from +2to +7 (-3); 0 1-7, 6 max
6 2 {14} — with lanthanides from 1 to +4 1-4, 3 max
{10} — with the metals family from 1 to +8 (-1) 1-8, 8 max
6 from 1to +7 (-3); 0 1-7, 8 max
7 2 {14} — actinides from 1to +7 1-7, 6 max
{10} — with the metals family from 1to +8 (-1) 1-8, 8 max
6 from 1 to +6 (-2); 0 1-6, 8 max
8 50: 2 {18} {14} {10} 6 from 1 to +8
9 50: 2 {18} {14} {10} 6 from 1to +8; 0
10 72:2{22} {18} {14} {10} 6 from 1 to +8 1-8, § max
11 72:2{22} {18} {14} {10} 6 from 1to +8; 0 1-8, § max
12 98: 2 {26} {22} {18} {14} {10} 6 from 1 to +8
13 98: 2 {26} {22} {18} {14} {10} 6 from 1to +8; 0

The arrangement of the three-dimensional periodic matrix determines
the place of family orbitals in group periodicity of the relationship of families
of the discovered 118 chemical elements, which is presented in Table 9. The
table shows the correspondence of periods, distribution of valence orbitals and
{internal families}, practical manifestation of many possible valences (poly-
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valence), their ranges and confirmed maximum. The elements of group VIII
correspond to zero chemical activity.

From the eighth period of block E, the family structure and predicted va-
lence limits for the new predicted elements are presented. An important fea-
ture of the block formation of families of chemical elements is noted, both
in the short-period table and in the long-period IUPAC table. In the current
understanding presented above, with the exception of the shortened periods 0
and 1 of block A, between the two outer valence orbitals of the s- and six orbit-
als of the p-sublevels in two periods 2 and 3 of block B, there are no elements
with electronic orbitals of a higher sublevel of the group periodicity.

In the next two periods 4 and 5 of the C block, between the orbitals of the
s- and p- “outer” valence energy sublevels, there are 10 chemical elements of the
d-sublevel family of orbitals sequentially filled with electrons. And in two periods
6 and 7 of the D block, after two elements of the s- orbitals, the orbitals are se-
quentially filled with electrons of the f~sublevel family of orbitals (the lanthanide
and actinide families), after which the filling with electrons of the orbitals of 10
chemical elements of the I sublevel family continues, preceding the six chemical
elements of the outer valence closing orbitals of the p-sublevel in each period.

In all subsequent paired periods, the block structures also lack the cor-
respondence of the preferred mono valence to a particular group. There is a
special pattern of further structural build-up of “internal” energy sublevels.
The peculiarity consists in the regularity of the periodic formation of orbit-
al electronic energy sublevels f-, g-, h-, g- ... in sequence from the “senior”
orbital of the higher sublevel to the “junior”, lower sublevel. The consistent
pattern of filling the nuclei shells: first the outer valence s’>-sublevel, and then
(..q-, h-, g-, f-, d-) levels, ending with a sequence of p®-orbitals.

The pattern to cyclically fill the electron shell orbitals of chemical ele-
ments’ energy levels of the block pair periods for blocks A, B, C and D begins
with a pair of chemical elements of the initial valence s-orbitals (group I with
valence +1 and group II with valence +2) and ends with six valence p-orbitals
(groups III to VIII with corresponding valences). Boundary elements of peri-
ods are considered to be the first chemical elements with valence s’-sublevels
and the last chemical elements with energy sublevels of p®-orbitals.

The structure of the cyclicity of the internal family orbitals of the three-di-
mensional periodic matrix is presented in Table 10. The block structures of the
electron shells are brought in accordance with the number of chemical ele-
ments, the structure of the cyclicity of internal non-valence orbitals, the ordi-
nal numbering of energy sublevels and the ordinal structure of cyclic elements
in non-valence orbitals. Structural analysis of block correspondence of higher
sublevels and boundary elements of energy levels is presented in Table 11.
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Table 10
Groups and structure of chemical elements orbitals
P/ No. of . . Inner
No Blocks .elements Groups in blocks Orbital shells orbitals
in blocks

1 A 2 none (s%) none

2 B 8x2 none sp° none

3 C 18x2 10x2 s%d"p° d-

4 D 32x2 (14+10)x 2 sHYdp° Jf-d-

5 E 50x2 (18+14+10)x2 S2gI8f 14100 g-f-d-

6 F 72x2 (22+18+14+10)x 2 STh?2g!5f 14d'op® h-g-f~d-

7 G 98x2 | 26+22+18+14+10)x2 | s°%q*h*’g'5f“d"%p° | j-h-g-f-d-

This analysis showed a stable exponentially diverging nature of the ratio
of underfilled cyclic and valence orbitals relative to passive energy sublevels
filled with electrons in the structure of the block periodic sequence of 118
discovered and predicted chemical elements. If in the first four blocks A, B,
C and D this divergence indicator of the three-dimensional periodic matrix
relative to block B increases by 4 times, then in the next three predicted blocks
E, F and G the divergence increases up to 8 times, which is due to the chemical
elements of the third group.

Table 11
Energy levels and boundary elements
Blocks| Perods | | PUGR™ | ement | priod | inblock
A 0 I-st K (57) He? Helium ?2) 1:1
B 2 2-nd L pt Ne! Neon 8 1:2
C 4 3-rd M dv Zn* Zinc 12 1:3
D 6 4-th N i Yb”® Ytterbium 16 1:4
E 8 5-thO g’ Yn 8Yinium 20 1:5
F 10 6-th P h* Gu?* 24 1:6
G 12 7-th Q q* An®? 28 1:7

Block structures of even periods are brought in line with the boundary or-
bitals of energy levels. In these orbitals, a special role belongs to the final,
extremely saturated with electrons, boundary chemical elements, the serial
numbers of which make it possible to distinguish between the physical and
chemical characteristics of the preceding and subsequent elements in the cor-
responding periods.
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For the maximum filled first energy level K, such element is helium He?
of an energy level K2. For the maximum filled second energy level L, such
element is neon Ne'® with an energy level L6. For the maximum filled third
energy level M, such element is zinc Zn3 with an energy level M10. For the
maximum filled fourth energy level N, such element is ytterbium Yb’® with
an energy level N14. The stable pattern of the location of the maximum filled
orbitals of chemical elements gives grounds to predict the cyclic filling of ener-
gy levels. The boundary elements of the maximum filled energy levels, with
the exception of helium He?, the first energy level, are the last elements of the
maximum filled with electrons higher orbital of the completed energy level
of the first even period in each block. Their ordinal place within the indicated
periods is determined by the formula:

{2 (.Nizafpem )4

The developed formula is confirmed in all other periods 2—3 of block B,
in periods 4—5 of block C of the third level, in periods 6—7 of block D of the
fourth level for the discovered 118 chemical elements. The structural analysis
makes it possible to forecast the predicted chemical elements for new periods
8—9 of block E, periods 10 —11 of block F, periods 12—13 of block G, and so on.
The result of applying the formula for both 118 chemical elements and predicted
blocks is presented in Table 12. The above structural analysis indicates that the
cyclic sequence exponentially increases in paired periods D, E, F, G.

The structural analysis method allows to determine the position of the
boundary chemical element of the eighth period in the fifth block E, com-
pleting the fifth energy level at number 138. The boundary chemical element
of the tenth period of the sixth block F will complete the sixth energy level
at number 242, and the boundary chemical element of the future paired peri-
ods 12 and 13 of the block G will complete the seventh energy level under the
number of 390, etc.

For the first time there has been presented a structural internal block ana-
lysis of chemical elements of maximum filled orbitals in a completed energy
level to the total number of chemical elements of incomplete cyclic and va-
lence orbitals.

Within the discovered 118 chemical elements in the short-period tabu-
lar version, eight paired periods for four blocks (A, B, C and D) correspond
to four maximum filled energy levels (K, L, M and N). In this case, the bound-
aries of the periods do not coincide with the boundaries of the energy levels.
The cyclicity manifests itself starting from period 4 of block C and in period
5 in groups of 10 elements of the energy d-sublevel, which back in the day led
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to the introduction of the concept of “half-periods” in long periods, starting
with paired periods 4 and 5 of block C. As further structural analysis shows,
for the sake of preserving the “harmony” of the table, D.I. Mendeleev de-
cided to include two additional metals of the energy d-sublevel in group VIII
of the first “half-period” and replaced the chemical elements of two s-sub-
levels of groups I and IT with two metals of the energy d-sublevel before six
chemical elements of p-sublevels of the second “half-period”. The structure
of “families” of group III is clearly shown in Table 12.

Ifthe “harmony” of the short-period table had not been preserved, then two
families of chemical elements of d-sublevels of two “half-periods” in paired
periods 4 and 5 of block C would have fallen outside of it. The cyclicity was
more clearly exhibited in even period 6 and in period 7 of block D in groups
of 14 chemical elements of the energy f-sublevel of the previous fourth energy
level NV and in groups of 10 elements of d-sublevels of the subsequent fifth en-
ergy level O, which caused the groups of “lanthanides” and “actinides” to be
removed from the tabular forms of f~sublevel.

The above analysis allows us to assert that the long-period IUPAC ta-
ble pushed the above problem of “harmony” to one block E, in which the
discovery of new chemical elements confirms the need to withdraw 64 ele-
ments in the existing 18-group structure outside the table, and in block
F outside the table there will be 108 chemical elements and so on in an
increasing progression.

Thus, the authors have systematized the formation of new chemi-
cal elements due to the structural mechanism of the electronic build-up
of the elements energy sublevels, which do not directly affect the processes
of chemical interaction.

However, being internal in relation to external valence, they should affect
the physical properties of the substance, which for the discovered chemical
elements is confirmed by the knowledge on “lanthanides” and “actinides”
taken out from the Table. Structural analysis, in accordance with the above
formula, makes it possible not only to formalize the position of boundary ele-
ments completing energy levels, but also to predict the structures of periods
and energy levels of undiscovered chemical elements for new paired periods 8
and 9 of block E, paired periods 10 and 11 block F, and so on.

The method of Structural Analysis applied by the authors made it pos-
sible to formulate new patterns indicated in the Three-dimensional matrix
of chemical elements and which allowed to eliminate the shortcomings of the
existing tabular forms.
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The generalized concept of cyclicity in the structure of the Three-dimen-
sional periodic matrix is given in Table 13. The Table analysis suggests that the
three-dimensional matrix has practically eliminated the shortcomings in all
five points, formulated by N. N. Semyonov. The mechanisms of energy inter-
actions between the shells of chemical elements in the process of molecules
formation from homogeneous and heterogeneous atoms are fundamental
in materials science.

Table 13
General structural analysis of cyclicity and periodicity
Three dimensional
STRUCTURE Mendeleev Table TUPAC Table Matrix / GYS
Blocks A-B-C-D- A-B-C-D- A-B-C-D-(E-F-G-)
0-1,2-3,4-5,6-7,
Periods 0-1, 2-3,4-5,6-7 1,2,3,4 (8-9, 10-11,
12-13)
Groups I+ VIII I+ XVIII I+ VIII
Element {metals VIIIgr}, .
families (Lal, {Ac} {La}, {Ac} in group 11
Energy levels K-L-M-N- K-L-M-N- K-L-M-N- (O-P-Q-)
Valent orbitals 52, p° s2, p° 52, pt
Boundary ) 0 730 wioo | Her, Ne'®, Zn*, | He?, Ne', Zn*, Yb",
elements He’, Ne®, Zn®, Yb Yb" (Yn'3®)
External families {d"%, {La}, {Ac} {La}, {Ac} —
Forecasting Unavailable Unavailable Available
of elements

It should be noted that most of the elements, stable and unstable ones, can
consistently exist under special physical conditions, including high pressures
and temperatures, strong and weak fields of various energetic nature, signi-
ficantly different from the “normal” living conditions on the Earth, and they
also show new still unknown to science properties and energy states of ele-
mentary particles, chemical elements and materials.

Table 14 provides comparisons, and points out the novelty of the three-di-
mensional periodic matrix of chemical elements in comparison with the ta-
bles by D.I. Mendeleev and IUPAC. Figure 8 shows the Three-dimensional
periodic matrix of chemical elements with analytical parameters, and Fig. 9
illustrates a full view of the three-dimensional matrix.
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Groups T—11 —II1 — IV -V - VI —VII - VIII
of chemieal elements
Fig. 9. Flat drawing of the three-dimensional system of chemical elements
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Table 14
Comparison of the tables by D.l. Mendeleev, IUPAC and TDMCE
Mendeleev | yrpacTaple|  TDMCE/ GYS Novelty
Table
no cell continuity complete continuity Three-dimensional
(no empty cells) Matrix model - con-
tinuously expanding
eight-sector spiral
I-1I-1II-= VIII I+ XVIII I-1I-1II - is based on 8§ valence
-1V +VIII groups of elements
lanthanides and actinides are families of group III | all families of chemical
taken out of the tables are part of matrices elements are included
(La), {Ac) (La),{Ac) and are presented in group IIT
’ ’ in table 2
Mendeleev | y;pAc Table|  TDMCE/ GYS Novelty
Table
K-L-M-N- K-L-M-N- K-L-M-N- energy levels of chemi-
and new levels (O-P-Q-) cal elements
He?, Ne'®, Zn*, He?, Ne, He?, Ne!®, Zn*, Yb, boundary elements
Yb7° Zn*, Yb° (Yn'38) with complete elec-
tronic structure
no forecast of new elements structural ordinal forecasting of new
analysis is not limited chemical elements

8. Prediction of new chemical elements

Of the known chemical elements of the short-period system, only 83 are
found on Earth, the lightest of which is hydrogen (its atomic number is Z =
1), and the heaviest is uranium (Z = 92). In fact, only those elements survived
in the solar system and on the planet Earth, the lifetime of which is longer
than the age of the Earth (4.5 billion years). Others broke up and did not
survive to this day. Uranus, which has a half-life of about 4.5 billion years,
is still decaying. It is a radioactive element [21]. In nature, stable formations
(elements nuclei, consisting of different number of protons and neutrons) ex-
ist only up to lead and bismuth, followed by a small area that includes thorium
and uranium found on Earth. But as soon as the ordinal number of an element
exceeds the number of uranium, its lifetime decreases sharply. For example,
the nucleus of element 100 is by 20 times less stable than the nucleus of urani-
um, and this instability only intensifies further due to the spontaneous nuclear
fission. With further attempts to obtain new elements, scientists around the
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world face the increasing difficulty of synthesis. And only a tiny part of nuclear
research ends with the successful synthesis of a new element. No laboratory
can be compared with a neutron star, which can create other forms of matter.
During the life of stars, there take place nuclear reactions which are beyond
the human’s power. Scientists are trying to find new types of elements, but
experiments in search of “natural” superheavy elements still continue [22].
There arises a question: What is the practical use of such a pricey event to cre-
ate new unstable elements? Despite this, the development of experimental
methods to obtain elements led to the expansion of the periodic tables due
to transuranic elements, and the problem of the table boundary remains one
of the most fundamental in modern theoretical chemistry [24].

The representation of the nuclear-shell (orbital) structures (NOS) for-
mulated by the authors makes it possible to predict the block pattern for the
emergence of new elements, with the formation of families of d-, f-, g-, h-or-
bitals in the reverse order between s- and p-orbitals in the third group. There
is a special prospect to predict chemical elements of the families of group III
outside block D. The reason is that if the cyclic families of lanthanides and ac-
tinides of the III group in the paired block D consist of 14 f~elements in each
period, then the families of elements in the paired block E will consist of 32
g-f-elements in each period, and the families of elements in the paired block
F will consist of 54 g-f-elements in each period, and so on. The issues that de-
termine the possibility of the existence of predicted elements in special physi-
cal conditions have not been considered yet. However, taking into account the
“theory of stability areas” supported by the discoverer of the element Og'!8,
Academician of the Russian Academy of Sciences Yu. Ts. Oganesyan, such ex-
istence of potential chemical elements is possible [21, 22], and the question
of predicting new elements arises again. The structural analysis NOS makes
it possible to predict the structure of so far unknown elements in the periodic
system within 119—168 elements of the 8th period and within 169—218 ele-
ments of the 9th period of the block structure E, as well as within 219—290 ele-
ments of the 10% period and within 291-362 elements of the 11" period of the
block structure F and subsequent blocks.

For the first time, a preliminary structural analysis of the short-period ta-
ble is presented based on the forecast of four new periods of predicted chemi-
cal elements (Tables 15, 16). Thus, the idea of block structure made it possible
to substantiate electronic-level formulas, including the alleged new chemical
elements of the 5th block E with numbers 119 to 218.

In the future, the use of digital models for chemical research will be con-
sidered, which can significantly increase the effectiveness of computer mo-
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delling methods. Taking into account the crucial role of materials science,
it is appropriate to conclude: “whoever masters digital information tools earli-
er than others can become a leader in technological paradigm in many spheres
of human life” [13,20].

Key conclusions on the new arrangement
of chemical elements

1. The periodic law and its tabular presentation of chemical elements
is the greatest discovery in chemistry. Mendeleev’s two-dimensional tables
of chemical elements as well as IUPAC tables played a pivotal role in the de-
velopment of chemistry. However, the fact that there are currently more than
500 options for their modernization, including the statements by N.N. Se-
myonov, indicate the need to continue work in this direction at a new level
of comprehension.

2. First of all, it is the development of a physical model for the likely pro-
cesses of the origin of chemical elements. The concept of the Universe as an
expanding system presented in Stephen Hawking’s and Martin Rees’s papers
is a compelling evidence. In our opinion, the physical interpretation (model)
of the origin and development of the Universe makes it possible to formulate
a more general concept of the process the chemical elements are structured
by and its representation in the form of an expanding conical spiral as well
as to draw a number of new conclusions.

3. Like the Universe, the proposed Three-dimensional periodic Matrix
is an expanding system (spiral) and a continuous sequence in the arrangement
of elements from Hydrogen (1) and Helium (2) to Oganesson (118) with the
inclusion of lanthanides and actinides and possible inclusion of other infor-
mation preserving the periodicity for the groups of elements and the valence
framework of the matrix, proposed by D. 1. Mendeleev.

Hydrogen and helium are obviously structure-forming elements: all other
elements originated on their basis.

4. The authors formulated the concept of cyclicity in the arrangement of the
horizontal levels of chemical elements in the blocks of the three-dimension-
al matrix of chemical elements. Each of the blocks provides an approximate
equality of the neutrons — protons mass ratio in the chemical elements nu-
clei. There has been formulated the pattern of 4 levels of block cyclic structure
in the existing system of chemical elements. The blocks additionally include all
cluster formations, as well as the families of lanthanides and actinides. New
patterns of periodicity in the block matrix structure of chemical elements from
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block A to block D were obtained, combining the periods presented in the ta-
bles of chemical elements by D. 1. Mendeleev and IUPAC.

5. Based on the concept of cyclicity, the structures of electron shells are pre-
sented for the known 118 elements in four blocks A, B, C, D, which also allows
obtaining electron-orbital formulas, including the formulas for new elements
(119-218) of block E of the periodic system and the subsequent block F. There
have been presented serial numbers and nuclear masses for 100 new elements
in block E. Elements 119 and 218 ought to have been named after N. N. Se-
myonov Sm' and Sm?.

6. It should be noted that a progressive amount of new elements is arranged
in group III of the three-dimensional matrix and focus should be made on the
presence of chemical elements in this group for blocks C, D and subsequent
ones, the number of which is progressively increasing, especially for new
blocks E and F. 100 years ago this circumstance made it necessary to move the
groups of lanthanides and actinides outside the D.I. Mendeleev and IUPAC
tables.

7. Thus, the three-dimensional matrix of chemical elements is a more
general structure to continue generalizing main features of chemical elements
(their valence, polyvalence and valence orbitals in the tables by D.I. Men-
deleev and IUPAC). Its three-dimensional nature and the concept of cycli-
city made it possible to make a broader generalization, and the tabular forms
by D.I. Mendeleev and IUPAC are included in its composition and shown
in Fig. 8 and Fig. 9 as a layout.

8. The use of the three-dimensional matrix of chemical elements makes
it possible to apply mathematical methods and create digital models for the
interaction of chemical elements with each other enabling to obtain new types
of molecules for new materials.



«BoobpaxeHue BaxkHee 3HAHUSI.
3HaHUs orpaHnyYeHbl — BooOpakeHue BceoobeMIIOIEe».
Anvbepm Ditnwmeiin

BBEAEHUE

[lepuoamyeckuii 3aKOH M €ro MpencTaBlIcHUe B BUAC TAOIUIIbI XUMM-
YeCKHUX 2JIEMEHTOB — 3TO BblAAlOlIeecss OTKPHITHE YeoBeYecTBa. B KoHIle
2019 roma Bcé MupoBoe HayuHoe coobuiecTBo o arugoir OOH ormeuano
150-eTHMIT ;0OMIIEH TOTO OTKPHITHS. B mtaHe coBeplieHCTBOBaHMS 3HAHWIA
0 MIEPUOJMYHOCTH OIYOJIMKOBAHO OTPOMHOE KOJIMYECTBO paboT, 4TO Moayep-
KMBaeT 3HAUUMOCTb OTKPBITHSL. B HacTos1Iee BpeMs B Ta0IMIIE ITPEICTaBICHO
118 a;1eMeHTOB, OMHAKO B HATypaJbHOM BHJE BCTPEYalOTCs IaJeKo HE Bce,
TaK KaK HEKOTOPHIE MTOIy4eHbI UCKYCCTBEHHBIM IyTeM. Kpome Toro, 1o MHe-
Huto Hobenesckoro naypeara H.H. CeménoBa, ¢popma TaGIMLIBI 10 CUX TIOP
HeCcoBepIlIeHHA.

PaccmarpuBas npencrabieHust o BeeseHHOM, aBTOPBI B3sIA 32 OCHOBY
(usznyecKyo Moesb B3pbiBa M pacmupsomeiica BeeleHHoi 1 MOCTaBUIU
nepen coOOi 3amady ONMcaTh SJAEMEHThI IIEPUOANIECKOI CUCTEMbI B BUIE
OO0BbEeMHOI paclIMPSIIOIIEICSI MaTPULILI XUMUYECKHUX BJIEMEHTOB. B BepiiHe
Matpulibl ipeactasaeHsl Bogopoa (H) u reauii (He), kak ocHoBa co3naHus
MOCJCAYIONINX 3JIEMEHTOB, 3aHSB HYJIEBOM M MEpBBIN MepUOabl. A majee
10 PaCIIUPSIONICHCS CITMPaIN PACIIONOXKEHbBI IPYTHUe 3JIEMEHTHI, KOTOPhIE
00pa3yloT TpaHU TAKOTO ITOCTPOCHMUSI.

JpyruM BaxXHEHIIMM MOMEHTOM SIBJISCTCS IIPEACTaBICHNE O BOBHUKHO-
BEHHH U pa3BUTUU BceneHHOI, BCero HeXKMBOTO M 2KHBOTO B HEll MO ciMpa-
aa. Ecnu 1151 >kuBoi mpupoabl 3TO OUEBUIHO, TO IJIsI HEXXMBOU MPUPOIBI
MBI IIPEATIOIOXUIIN, YTO KUPITUUYNKAMHU 3TOM CITUPATIN MOTYT OBITh XUMMU -
YeCKHUE BJIEMEHTBI, KOTOPhIE OYAYT B JaJibHEHUIIEM IIPU B3aUMOICCTBUA
MexXay co00ii 00pa30BbIBATh MOJIEKYJIbl. V13 MoIeKy1 hopMUpyeTCs BECh
MaTepualbHbIA HeOpTaHUYEeCKUI MUp. A Jgajiee yxke IMPOUCXOIST IpU-
pOIHBIE MPOLIECCH CO3AaHUS KMBOM MaTEepUU: PACTCHUI, XKMBOTHBIX
u monaeit. Takum od6pa3om, BC€ pa3zBUTHE MUHEPATLHOTO U XKMBOTO MUpPa
MPOTEKaeT 110 CITMPAJISIM.

B npencraBieHHBIX 00001IEHMSIX TTOKA3aHO, YTO MPH CTPYKTYPHPOBAHUHA
CHCTEMbl XHMHYECKHX 3JIEMEHTOB IIPEIMNOYTUTEIbHBIMU SIBJISIIOTCS Mpe-
CTABJICHUS O IMKJIMYHOCTH M 0JIOYHOM CTPYKTYPHPOBAHHH DJIEMEHTOB. DTO
CTAHOBUTCS SICHBIM IIPU aHAIM3€ U 000OIICHUM SIEPHBIX MacC B OJIOUHBIX
Mnepuoax, riae B cpeaHeM 00eCIieuynBaeTCsl BhipaBHUBAHUE COOTHOILICHUM
HEUTPOHOB M TPOTOHOB B Mpezeiax 0oKa.
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dusnyeckoe MOATBEPXKACHUE LIMKINIHOCTA (DOPMUPYET OHSTHE 0109~
HOCTU U BHOCUT FAPMOHUIO TIPY YTOYHEHWU Tpoliecca CTPYKTYPUPOBAHUS
3J1eMeHTOB B Buzie O0beMHO# MATPUIIBI XUMHYECKHX deMenToB (OMXD). OTo
SIBJISIETCSI BAXKHBIM HE TOJIBKO JIJIST XUMUM, HO MOXKET OBITh TTOJE3HBIM TSI
JPYruX HayK, B TOM YUCJIE ISl KOCMOJIOTHH.

B pabome cgpopmyauposarvl ochogHble nowamus u onpedenenus:

Qu3suueckas modenb — YyHUBEPCATbHBIN TEPMUH, IIUPOKO UCIIONIb3YEMBbIii
B HayKe U TeXHUKE MPU CO3IaHUM 00pa3a sl OLlEHKM COBOKYITHBIX CBOMCTB
WJIY TIPOLIECCOB MIPY MaTeEMaTUYECKOM U APYTMX BUIAX ONMMCAHUS (MOIEIM-
poBaHus) siBaeHus. Hampumep, mpu onrMcaHuu CTPYKTYpbl COBOKYITHOCTHU
XMUMUWYECKUX 2JIEMEHTOB aBTOPHI TIPUHSUIM 00pa3 B BUIE PACIIUPSIOIICHCS
KOHUYECKON MaTpULIbl TPY 3apOKIECHUU U NajbHeeM pa3BuTuu BeeneH-
HOW MOCJIE B3pbIBA U €€ TIOCAENYIOLIEr0 PaCIUMPEHUSI.

Ilepuoduunocms — mocien0BaTeIbHOE U3BMEHEHUE OTHOTO WJIK HECKOJIb-
KX MoKazareseil CBOMCTB XMMUYECKUX 2JIEMEHTOB. B cyliecTByommx ta-
osmiax Bee 118 aeMeHTOB UMEIOT Mocie 0BaTeIbHOEe U3BMEHEHME SIACPHOTO
3apsiia, Macchl U IPYIUX XapaKTEPUCTUK.

Hukauunocms — 3aBeplIEHHOCTDH Ipoliecca U3MEHEHUsI noKazaresei
CBOWCTB MJIM HAaYyaJIo MOBTOPEHUSI STUX CBOMCTB HA HOBOM ypoBHe. B Gporirio-
pe, HapsIIy CO CJIOBOM «LUKITMYHOCTB» UCITOIB3YETCS ITOHATUE «OIIOYHOCTD»
JUISl TIAPHBIX CTPYKTYPHO MACHTUYHBIX MEPUOIOB, IPU KOTOPOM MOXOXHUE
CBOICTBA HAUMHAIOT MPOSIBJSITLCSI HA HOBOM YPOBHE.

CemeiicmeenHocmb — COBOKYITHOCTb XMMUYECKHX 3JIEMEHTOB CO CXOXKUMU
CBOICTBaMU, KaK MPaBUJIO, HAXOMSIIMXCS B OAHOM TrpyIIe BaJI€HTHOCTH.
[TprMepom ceMeliCTBEHHOCTH SIBJISIIOTCSI TPYTITIBI JIAHTAHOUIOB U aKTUHO-
WIO0B, 00pa3yIoINX OXHY U3 opouTaneit s2, pb, d’, f¥ u T.x.

1. Cucrembl xumnyeckunx snementos [1.1. MeHpeneesa,
IUPAC n nx aHanus

B ocHoOBe camMoil XMMKM 3aJ105K€HO U3YYEHUE CBOMCTB XMMMYECKUX 2JIe-
MEHTOB M MX B3aMMOIEUCTBUE TIPH TTOJYUYSHUN HOBBIX BEIIECTB M MaTePH-
ajioB. B MaTepuanoBeneHu, IJ1aBHON 3amadyeii KOTOPOTO SIBISIETCS ITOJIY-
YeHME BEeIeCTBAa C BBICOKMMM 3KCIUTyaTallMOHHBIMU XapaKTepPUCTUKAMU,
HEN30€XHO TPUXOAUTCSI OOpalaThCs K HAyYHOW OCHOBE €CTECTBO3HAa-
Hust — IlepuoanyeckoMy 3aKOHY XMMMYECKMX 3JIEMEHTOB. B pazImyHbIX
JINTePAaTyPHBIX UICTOYHUKAX OTMEUYAETCS BKJIAJ B pa3BUTHE MEPUOINIECKON
CHUCTEMBI XUMHWUECKUX 351eMeHTOB /[. h. Mendeneesa, 10.J1. Meiiepa, A. Lllan-
xypmya, lxc. Hotonendca, B. Odaunea. BMecTe co cKazaHHBIM OTMeYaeTcsl,
yrto nocye J. M. MeHneneeBa BaxkHelIMi BKIan B usydeHue Ilepuoanue-
cKoro 3akoHa caenai I. Mo3au, KOTOPbI YCTAHOBWII CBSI3b MEXIY YaCTOTaMU
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B PEHTTE€HOBCKUX CIIEKTpaxX ¥ aTOMHBIMU HOMEPaMU JIEMEHTOB U IIpeIcKa3al
CYLIECTBOBAHUE HEU3BECTHBIX paHee JIEMEHTOB C aTOMHBIMU HOMepaMu 43,
61 u 72 [12]. Kak u ipenBunen JI.1. MeHnenees, ¢hyHIaMeHTaJIbHOE Ha-
YYHOE OTKPBITHE 3aTparvBaeT Bce 00JacTh COBPEMEHHOIO TEOPETUUECKOTO
€CTeCTBO3HAHUS: « 05 no smomy nymu, mvl Heu30eicHo Npuoem K CO8epuleHHO
HOBOMY NOHUMAHUIO MHORUX NPOUECCO8 U A6AeHULL, MOdcem Obimb dadice UsMeHUM
ceou npedcmaegnenus o mupozoarnuu» |1].

ITo Mepe pa3BuTUS HayKM, 3aKOH COBEPLISHCTBYETCS U BUITOU3MEHSIET-
s, OTKPBIBAIOTCSI HOBBIE JIEMEHTHI, CO3al0TCSI HOBBIE BEIlleCTBA 1 00IaCTU
UX IIpUMeHeHus1. MHBIMU clIoBaMu, TIEpUOIMYECKasi CUCTEMa XUMUYECKUX
3JIEMEHTOB CTUMYJIMPOBajia Hay4HbI IIPOrpecc B 00J1aCTIX eCTeCTBO3HAHMS O
MaTepUH, IJe XMUMUYECKUE JIEMEHTBI SIBIISIIOTCSI OCHOBOM IMPUPOIHBIX U KC-
KYCCTBEHHBIX IIPOLIECCOB.

B nauane XX Beka HayKa O BeIlIECTBE cieajia 00IbIION CKAauOK B CBSI3U
¢ pa3pabOTKOM SIepHON TEOPUM CTPOSHUSI aTOMOB, 9KCIIEPUMEHTAIbHBIM
omnpeneaeHUeM BeJIMUMH 3apsIIOB aTOMHBIX SIAEP U DJIEKTPOHHBIX 000JI04eK
(Mozau, Bau-dep-bpyx, Tomncon, Pesepgopd, bop n np., 1907—1914) [10].
[TockonbKy CTallo ICHO, YTO UMEHHO 3apsiji SApa OnpeaeisieT MHANBUILYaIb-
HOCTb XMMUYECKUX 3JIEMEHTOB, a aTOMHBbII BeC (aTOMHasI Macca) sJIeMeHTa
SIBJISIETCS BEIMYMHOM, 3aBUCSILICH OT 3apsifa siapa, U3MeHWIach U (hOpMyIn-
poBka Ilepuonnueckoro 3akoHa. CoBpeMeHHas dopMyarpoBka [lepuonn-
YECKOT0 3aKOHA 3BYYUT TAK: CGOUCMEA NPOCHIbIX GeUleCME, d MaKice Popmbl
U C60licMea coeOuHeHUll 21eMeHmMO08 HaxX00AMCcs 6 NePUOOUHECKOl 3aBUCUMOCHIU
om 3apsda s0ep amomoe I1eMeHM08, GblpaXicaroueiics 8 nepuoouHecKol no-
6MOpAEMOCHIU CIPYKIMYPbl GHEUHell 6A1eHMHOU IAeKMPOHHOU 000104KU. |2,
5]. B rabnuue 1 npeacraBieHa KOPOTKONEPUOIHAS TaOIMIIa XUMUIECKHIX
anemeHToB /.M. MeHneneena.

B HacTosiiee BpeMs1 M3BECTHO OOJIBIIIOE KOJTMYECTBO (hOPM BhIPAXKEHUS
[lepuoanyeckoro 3akoHa. 3a4acTyl0 OpPUTMHAJbHbIE aBTOPCKUE (OPMbI
HE SBJISIIOTCS JIOCTATOYHO OOOCHOBAaHHBIMM U HE OTpaxkaloT 3aKOHOMEP-
HOCTU M3MEHEHUsI CBOMCTB 3JIEMEHTOB U UX coeduHeHuii. EcTecTBeHHO,
U nepBas Tabauia He Oblia coBeplieHHoM. Tot BapuaHT Ilepuoandeckoit
TaOJIULIBI, TT0 KOTOPOMY MHOTHME YUMJIMCh, OKA3aJcsl BeCbMa 3alyTaHHbIM,
4TO 0OYCJIOBJICHO HAJIMYMEM IVIABHBIX U IIOOOYHBIX TPYIII U BOJIBHBIM 000-
3HAUEHUEM BTUX MOArpyIm 0ykBamMu «A» U «B» (Tabn. 1). MHaue roBopsi, mox-
TPYIIIBI, B KOTOPBIX PACTIONOXEHBI S- W p-2JIEMEHTHI, HA3bIBAIOT TJIABHBIMMU,
a MOJATPYIIIHI ¢ d-37eMeHTaMU — MOOOYHBIMU ITOATPYIIIAMU. DJIEKTPOHHOE
CTPOCHUE U XUMUYECKUE CBOMCTBA 3JIEMEHTOB IJIABHBIX 1 TTOOOYHBIX MO -
IPYIII MOTYT HEe UMeTbh HU4ero ooiiero. CoBrnaaeHUsI HOCSIT CKopee ciyJai-
HBII1 XapakTep. Y 3JIeMEHTOB ITOOOYHbBIX MOAIPYIII BaJICHTHBIMU SIBJISIIOTCS



53

1. Cuctembl Xumnyeckux anementos .M. Menaeneesa, IUPAC v ux aHanus

P T T N T o>y [ ey P PR T Lo T LT B w 7 T Ty
% k] 1 AE Sty
I ON f w)uryg ng &
ol ZoL 96

aUOHIEY

WL emwen ] — et | o =3 B} ) wouy | — T Y =3l O ] M O = e [ AT
ISt el r.: Shar AT e (Fr A i L my}.._:
—.—1_ a".m a‘? :.:_ hﬁh— Q.H_ muwn.. Amvu :mu_ :m Wi Em ﬁmﬂ EAH.?;—.% ~U .a_u.u. .HAH :Wm_ QU S_._._.m,
T HOHELHR]],
¥l a'n “HY
Y <
‘o m [0}] G x
[TEr T —
LI
_‘|||I_ - L
D = - @
3d 11
D m

e W | g ]

[TEEEEE

Fose HVH R Hm WhSE
D - i A . i . ’
ity
r » ir rp

ity

1A Y _ dAW _A_>H<

STV _ I

egdaURBTHI ‘Y *IT a0LHAIWAIrE XMddhMINMX BinrgeL BeHIFondauoxLodoy
| bhnugb|



54 | HoBas Moaenb CTPYKTYPUPOBaHUS XUMUYECKUX INEMEHTOB

3JIEKTPOHBI HE TOJBKO BHEIIHUX, HO U MPEANOCAeIHUX (BTOPBIX CHAPYKU)
YPOBHEI, B YeM U COCTOUT OCHOBHOE pa3INule B CBOMCTBAX 3JIEMEHTOB IJIaB-
HbIX ¥ TOOOYHBIX OATPYIIN. DJIEMEHThl MTOOOUYHBIX OATPYMI (d-371€MEHTHI)
Ha3bIBAIOT MEPEXOIHBIMU 3JeMEHTAMM WJIU MIEPEXOTHBIMU MeTajljlaMU (Bce
d-sneMeHTBl — MeTaJulbl). TepMUH «IIepeX0oaHbIe META/UIbl» BOZHUK BCJIC]I-
CTBHE TOTO, UTO BCe d-3JIEMEHTHI B TIEPUOAAX CIAYXKaT KaK Obl «[1€PEXOIHBIM
MOCTHUKOM» OT METAJTMYECKUX S-2JIEMEHTOB K p-3JIeMEHTaM, Cpear KOTOPhIX
YK€ MHOT'O HeMeTajutoB. MHOrma TepMUH «II€peXOIHbIe METALIbI» IIPUMeE-
HSIIOT U K f~-2JIeMeHTaM.

Bce u3BecTHBIE 271eMEHTHI 3aHUMAIOT B IMIEPUOANYECKON CUCTEME CBOU
Ompee/IeHHbIC MECTA B COOTBETCTBUU C 3aPsIIOM siipa MX aTOMOB U CTPOCHU -
€M BJIEKTPOHHBIX 000Ji04eK. Ho He pellieH BOmpoc 0 MoJ0XeHUU BOAOPOaa
(H), xotopslit nomeiatoT B 1-i unu 7-i rpynnax. Boaopoa B xuMmuueckux
peakuusIX IPOSIBISET ABE MPOTUBOIMOIOXHBIE cTeneHu okucaeHus: = 1. Co-
BOKYITHOCTb BCEX COBPEMEHHBIX 3HAHW O XMMUU BOJIOPOAA OObEKTUBHO CBHU-
JETEIbCTBYET, UYTO OH SIBJISIETCS] €IMHCTBEHHBIM 3JIEMEHTOM, KOTOPbIi He MO-
JKeT ObITh 0JJHO3HAYHO OTHECEH K KAKOIi-IM00 onpeaeJeHHOM rpyIe CHCTeMbI
U TOJIKEH OBITh MTPEICTaBACH KaK CAMOCTOSATEIbHBII 3JIeMEHT HAJI IePHOAAMH.

Kpome 3T0ro, He0o0X0OMMO MPUHSITH Pa3yMHOE PEIICHUE O MEeCTe TeIns
(He) B mepuoandeckoii cucteme. SABJsISICh $- 2JIEMEHTOM U OJHUM U3 TIEPBBIX
3JIEeMEHTOB IEPUOANIECKOI CUCTEMbI, OH JOJIKEH PacIoiaraTbes Hajl TUTUEM
(Li) u 6epuninuem (Be).

OcobeHHoCTbIO sIBsgeTCs TO, uTo B III rpyrmne HaxoauTCs COBOKYITHOCTh
u3 14 XuMU4eCcK BeCbMa CXOAHBIX 3JIEMEHTOB, 4anmanoudos, ot Ce 1o Lu.
N 14 s51eMeHTOB 0UeHb CXOAHBIX TI0O CBOMM CBOMCTBAM € aKTUHHEM Ac (Topuii
Th — noypeHcwuii Lr) — ceMelicTBO akmunoudos. JlJaHTaHOMIBI 1 aKTUHOMIBI
3aMCHIBAIOTCS OTAEIbHOM CTPOKOM BHU3Y TAOJUIIBI. DTOT MPUEM HECKOIBKO
HeymoOeH, TTOCKOJIbKY 28 371eMEHTOB OKa3bIBAIOTCS KaK ObI BHE TaOJUIIBI K HA
MpakTuKe GaKTUIEeCKU UCTIONb3YETCS ABE TAOIUIIBL.

VIII rpynmna ajieMeHTOB 3aHMMAET 0C000€e MOJIOKEHUE, €€ CTPYKTYpa MaK-
cuMaibHO poTuBopeunBa. B Hee BxmoueHsl moarpymnma VIIIA ¢ tpuanoii
«cemelicTBa xkeine3a» — Fe, Co, Ni 1 «ceMelicTBa TJIATUHOBBIX METaJIJIOB»
(Ru, Rh, Pd, Os, Ir, Pt), Kyna no/>KHBI BXOOUTH B BUIIE TPEX BEPTUKAIBHBIX
psnoB u 31eMeHThl 108-110, KoTopble HUKOTAA HE OTHOCWINCH K IIATUHO-
BBIM. B 3Ty e rpyImmy BXoauT, MpOTUBOpeYa 3ApaBOMY CMBICITY, U ITOATPYIIa
VIlIla, xyna orHeceHbl 0aropoanbie ra3el He, Ne u npyrue. C yBepeHHO-
CTbI0O MOXHO YTBEpPKIaTh, YTO UCTOPUUYECKU 3TU TPUAIdbI-CEMENCTBA ObLIN
«BTUCHYTBI» B mocennioo VIII rpyriny BEIHYKAEHHO, BOIIPEKU JIOTUKE, TaK
Kak 9Ta rpyrmia, CorjiacHO 3JeKTPOHHOI CTPYKTYpe aTOMOB, IIpeiHa3HaYeHa
TIPUPOIOI TOJBKO JJIsI YKa3aHHBIX Ta30BBIX 371EMEHTOB [7].
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Kopotkast hopma tabauiisl (7 nepruomos, 8 TpymIl, OTASIbHO BEIHECEHBI
JJAHTAHOUIbI M aKTUHOM/IBI) HYK/IAe€TCSI B KOPPEKTUPOBKE B COOTBETCTBUU
C COBPEMEHHbBIMU ITOCTIKCHUSIMU XUMUU U PU3UKH, XOTS U yI00HA IIpU
00YyYeHNU XUMUU B CBSI3M C KaXXyIIeHcs palliOHAIBbHON KOMIIAKTHOCTBIO.
B 1989 rony ona 0bl1a opULIMAIbHO 3aMeHeHa MeXXIyHapOIHBIM COI030M
teopetndeckoii u npukiaagHoit xumuu IUPAC. PekomeHnnoBanHas (opma
MepUOANYECKON CUCTEMBI BKJIIoYaeT 18 rpymi, cpopMupoBaHHBIX U3 2JIe-
MEHTOB §-, d- 1 p-opouTtaieii (Tadu. 2).

[Mopsimok ¢opMupoBaHus IJIMHHBIX MEPUOAOB 3aKJIOYaeTcsl B Cle-
ayiomeM. 31ech 3JIeMEHThI pacrionaraloTes B 18 rpynmax u 7 rmepuogax
(cM. Tabm. 2). CenpMoii mepuon 3aBepiieH 118-M 31eMEeHTOM, U CIEAYIOIINIA
BOCHMOI ITEpUONI 1OJKeH HauMHAThCs co 119-ro anmeMenTa. I'pymiiaM npucsa-
nBaroTCcd HoMepa oT 1 1o 18 B HampaBiaeHUN clieBa HAIIpaBO — OT IIEJTOYHBIX
METaJUIOB K 0JIarOpOJHBIM Ta3aM. DIeMeHTHI 1-i 1 2-ii TPYIIIT COCTaBISIOT
S-3JIEMEHTHI; TpynIibl ¢ 3-ii 1Mo 12-10 oTHOCATCS K d-37eMeHTaM, a ¢ 13-i1
1o 18-10 — K p-3eMeHTaM, YTO OTpazKaeT MOPSIIOK 3aTlOTHEHUSI SHEePreTH -
YeCKUX YPOBHEH U MOAYPOBHEM B aTOME.

PexomeHnmoBaHHas1 1St TIOJIb30BAaHUSI B HACTOSIIIEe BpeMsI JUIMHHOIIEPU-
onHas (hopMa MeproanIecKoi TabJUIIbl yCTpaHWIa HEKOTOPHIE TPYAHOCTH.
DTa hopMa nepruoanIecKoii TabIULIbI CMOTJIA ITOSIBUTHCS TOJIBKO IOC]IE TOTO,
Kak BBISICHUJIOCH 3JIEKTPOHHOE CTPOEHUE aTOMOB U CTaJIO MIOHSITHO OTJINYUE
s-, p- U d-snemeHTOB. Mest HarjIsiaHO sicCHa U3 TaOauIIbI 3.

[Tonrpynmn 3aech HeT, a ecTh TOJIbKO 18 rpynm (v o npasuiam [UPAC onu
HYMepyIoTcs He pUMCKUMU, a apaOcKuMu udpamu). ecsathb d- 371eMeHTOB
BbIIeeHHI B 10 caMOCTOsITeNIbHBIX I'pyIn. BMecTe ¢ nByMs rpynnaMu st
$-3JIEMEHTOB U IIECTHIO TPYIIIAMU p-3JIEMEHTOB 00lllee KOJIMYECTBO TPYIIII
cocrtapigeT 18. B nmnuHHONM (hopMe KaxKIblil TIeproj, 3aHMMAET TOIBKO OTHY
CTPOUKY, BCETO MX CEMb.

B nnunHHOI hopMe TabIMLIBI BCe TOAYPOBHU UIYT CTPOTO OAUH 3a IPYTUM
CBepxy BHU3: 11of, 1s uayT 2s, 3s 1 Tak gajee; mon 2p unyt 3p, 4p u 1.14.; oxn 3d
unyt 4d, 5d v rak nanee. [locje 3TOro CTaHOBUTCS SICHOM TIOCIEI0BATENHHOCTD
3aIl0JIHEHMS BCeX 3JIEKTPOHHBIX YPOBHEH 00oro 3jaeMeHTa. Heobxoaumo
TOJIBKO TIOMHUTD, YTO TTOCJe 6S-TIOMYPOBHSI 3aIlOHSIETCS 4f-TT0NypOBEHbD,
a rocJjie 7s-ToaypOBHSI 3aI0JIHAETCS Sf~-IIOAYPOBEHbD; f~2JIEMEHTHI BLIHECEHBI
B OTHE/IbHBIE CTPOYKY BHU3Y TAOIMIIBI, YTOOBI HE IEJIaTh €€ «CBePXIIMHHON».
JIMMHHBIA BapUaHT MePUOANYECKON CUCTEMBI HE PEILMII IPOoOJIeMbl pa3Me-
LIEHUS f~3JIEeMEHTOB B TaOJIMIIe, HO CHSUI HeyIoOCTBa MPU UCITOIb30BaHUU
IIaBHBIX U TTOOOYHBIX rpyrm [11].

B Hacrosiiee BpeMs pa3IMYHbBIMU aBTOPaMU MPEJI0XKEHO MHOXECTBO Ba-
PUaHTOB, KOTOPHIE B OCHOBHOM HalleJIeHbI Ha UIAKTUIECKOE ITPEITOTHECEHNE
Marepuaa, Tak Kak He Bce KOPPEeIsLMU MEXIY XUMUUECKUMMU DJIEMEHTaMU
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BUIHBI M3 CTAaHAAPTHON MepruoanYecKoil cucteMsl [8, 9, 11]. OmHako Bce atn
MpeIOXKEeHUS He TIO3BOJISIIOT MTOJIyYUTh OTBETA Ha BOIIPOC O TOM, TJIe XK€ BCe-
TaKy TpaHUIIbI TIEPUOANYECKOM CUCTEMbI U B UeM 3aKJIIOYAIOTCS IIPUYUHBI
PUTMHMYECKU TTOBTOPSIIONIETOCS HAPYIICHNWST B PACIIONIOXEHUN DIIEMEHTOB
B Ta0JIM1Ie, KOTIa U3 Hee B 000CO0EHHBIE CTPYKTYPhI BBIACIISIOTCS O0IbILIOE
YICJIO 3JIEMEHTOB, HAaIpUMep aKTUMHOWIBI 1 JJaHTaHOU B! [ 13].

M3 MHOrOUMCIEHHBIX O€3yCIIEIIHBIX MTOMBITOK YCOBEpIlIeHCTBOBATh [le-
PUOIMYECKYIO TaONULY XUMUUeCcKUX 31eMeHToB .. MeHaeneeBa cieny-
€T ype3BblUyaliHas CJIOXHOCTh MmocTaBiaeHHou B 1951 r. naypearom HoOGe-
JieBcKoil mpemun akageMukoM H.H. Cemenogvim 3a1a4u 10 yCTPAaHEHUIO,
M0 KpaliHell Mepe, ST HeIOCTAaTKOB, ITOPOIMBIINX €€ HECUCTEMHOCTD
1 AaCUMMETPUYHOCTD:

1. Psapgsl (Tak Ha3bIBaeMble TTOJYIIEPUOAbLI B HbIHE 0003HAUYEHHBIX I1e-
pHoaax) UMEIOT pa3Hylo JJIMHY, MPU 3TOM BO3HMKAeT 37 He3armoJIHEHHBIX
MECT — CBOOOJHBIX KJIETOK.

2. B mepBoM psimy 371eMEHTOB BCEIO IBa; K TOMY K€ BOIOPOJ HE 3aHMMaeT
IOCTOSIHHOTO MECTa, a 3TH JIBa 3JIEMEHTA OJHOIO psia COCTABJISIIOT LEbIil
repros (MoJyrnepruoaoB 3eCh U ObITh HE MOXET).

3. JlaHTaHOMIBI M AKTMHOWbI OKA3aJIMCh 3a TIpeaeaaMy TaOJIMIIb.

4. I'pynma MHEPTHBIX Ta30B OblIa J00aBIeHA MTO3Ke OTKPBIBIIMMU UX y4e-
HbIMM OT UMeHU Pam3as.

5. BBeneHHas mo3xe MIMHHOMEPHOIHAS TAOIMLIA TOJOXEHUE B LICJIOM
HE CITacaeT M OCTAeTCs CUIIKOM aCUMMETPUYHOIA.

Hecmotps Ha 310, crucTeMa Obljla OCHOBOM [UISI HAYYHBIX UCCIEI0BAaHUIA,
WHKEHEPHBIX PELICHUI U O0YyYeHUS] XMMUYECKUM HayKaM Ha TOT MOMEHT
yxe oosee 80 net. [To cnoBam H.H. CeméHoBa, «...nocie ycmpanenus ne-
docmamkoe 00HAPYICAMCsL HOBble CEOLICMBA U 83AUMOCEA3U INEMEHMOE, UIMO
n0360aum nposoodums OOAbUUHCINGO HAYYHBIX UCCAe008AHULL HA HOBOM, DoAee
BbICOKOM YPOGHE U Peulamdb CIosUUe UHIICCHEePHbIe 3a0a4l He MOAbKO UHICeHe-
PaM-QU3UKAM, a 8CeM VHUeHbIM, UHMCeHepam U npakmurkam» |3].

2. OcHOBHbIe NpeanocbINKA ANA CO34aHNA HOBOW Mogenu
CTPYKTYPMPOBAHUNA XUMNYECKUX 3/IEMEHTOB

BypHoe pa3BuTHe ecTecTBeHHBIX HayK Havyaja XIX Beka o3HaMeHOBaHO
AKTUBHBIM CTPEMJICHUEM YYEHBIX K MO3HAHUIO (PyHIaMEHTaJbHbIX 3aKOHOB
M 3aKOHOMEPHOCTEl MaTepHuallbHO OCHOBBI MMpa — BelecTBa. Ha cMeHy
CPeIHEBEKOBOI SMITMPUKE AIXUMWUYECKUX 3HAHWI TIPUXOIUT 3TI0XA ITUKITH -
YECKOM yIOPSAA0YeHHOCTH XMMUYECKHUX 3JIEMEHTOB B COOTBETCTBUU C UX ITPU-
ponHbIMU cBolicTBamMu. Hemetikuii xumuk Hoeann Jlébepeiinep B 1817 roay
MPEeIBOCXUTUI MpeAcKa3aTeJbHble CBOMCTBA XMMUUECKUX DJIEMEHTOB, 00-



2. OCHOBHblE NPEANOCHINKM AN CO3AaHNUs HOBO MOAENM CTPYKTYpHpoBaHms... | 59

JIamaloInX OOIIHOCTBIO XMMUWUYECKUX cBoMCTB. B tpuamax JIgoepeiiHepa
C BO3PACTaHUEM ATOMHBIX MacC XUMUYECKUE CBOMCTBA CPEIHETO SIIEMEHTA
Mexay cebe MoJOOHBIMU OKa3bIBAIMCh YCPEAHEHHBIMU OTHOCUTEBHO CYyM-
Mbl CBOMCTB ABYX KpaliHUX 3JIEMEHTOB 3TOH Tpuanbl [15]. DTOT HayIHBII
(baxT gBMSIETCS IEPBBIM TIPEICKA3aTEbHBIM METOIOM OTIPEICSIEHUST CBOMCTB
elIe He OTKPBITHIX XUMUYECKUX DJIEMEHTOB.

OnHO U3 MEPBBIX CUCTEMHBIX MPEACTABICHUI O CTPYKTYPUPOBAHUM dJie-
MEHTOB B BUJIE CITUPAJIU Cliejiall BhIIAIOUIUIACS pycCKuii MaTeMaTuk Hukoaail
Heanosuu Jlobauesckuii, He OCTABUIMIACS PAaBHOAYIIHBIM K MPEACTABICHUIO
TPUPOJHON CUCTEMHON TApMOHUM 3JIEMEHTOB — TPEICTaBUII 3CKU3 CUCTEMBbI
XUMUYECKUX JIEMEHTOB B (hopMe HEeJMHENHOM pacIlnpsIoeincs KoHuue-
ckoil cnupanu (puc. 1).

2
A
‘%ﬁ’f’ Q‘i.-,
SonNhs
\\

2

Puc. 1. dcKns cmcrembl Xumumnueckux anementoB H.U. Jlo6aueBckoro

B 1862 rony dpaniy3ckuii yueHslit Arexcandp Lllankypmya npeInpuHsII riep-
BYIO TIOMBITKY CUCTeMaTU3alli XUMUYECKUX 2JIEMEHTOB 110 Mepe YBEeIUUEHHs
MX aTOMHBIX Macc. CrimpanbHOe MpeacTaBlIeHUE TePUOANYECKI TTOBTOPSIIOLINX-
Cs CBOVICTB XMMUYECKUX DJIEMEHTOB, HA3BAHHOE «3EMHOU CITUPAJIBIO», PACITIOJIO0-
3KEHO Ha IVIMHIPUIECKOI TTOBEPXHOCTH U3 16-1 paBHOMEPHO pacIipeie/IeHHBIX
BepTUKAJICH, 00pa3yoluX ¢ IepecedyeHreM Mo, YIJIOM 77 /4 K HUM TIPSIMOMA,
Ha KOTOPOIi HAXOIATCS TOUKM C PacToNOXKEHEM, TTPOIOPLIMOHATLHO aTOMHBIM
Maccam 3JIEMEHTOB. DJIeMEHTbI, aTOMHbIE BeCa KOTOPHIX OTJIMYAINCh Ha YUCIIO,
KpaTHoe 16, MMeJi CXOIHbIE CBOMCTBA 1 OKA3aJIMCh PACTIONIOKEHHBIMU Ha Bep-
TUKAISIX HIMHApa. OObsICHEHYE OTKPHITHIO OBLUTO TaHO 00JIee MOIyBeKa CITyCTs
ocJie 9KCIEPUMEHTATIbHOTO OMPE/IeIeHUS CTPOEHUSI siapa.

B 1868 roay 6blna onybankosaHa Ilepronnyeckas cucTeMa XMMUYe-
CKMX 2JIEMEHTOB JImumpus Ueanosuua Mendenreesa B TIJIOCKOU TaOIMUHOM
(double) dopme. [To3nHee OH BhICKA3al HAECIO CHUPAJILHOI (POPMBI TA0THIIBI
XMMMYECKUX BJIEMEHTOB B UTOroBoI cTaThe «[lepnonnyeckas 3aKOHHOCTb
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XMMMYECKUX JIEMEHTOB»: «B cywHocmu dce ece pacnpedenenue 31emMeHmos
npedcmaensem HenpepoviGHOCMb U Omeeuaem 00 HeKomopol CmeneHu CRUpalb-
Holl pyukyuu... ». Ternepb 04EeBUAHO, YTO BCE MHTYUTUBHBIC MIEU aBTOpa
[lepronnyeckoro 3aKoHa MOXHO peajn30BaTh B MPOCTPAHCTBEHHOM CIH-
panbHoit popme [leproanyeckoro 3akoHa. EMy mpuHaaiexar mpopoyeckue
cioBa: «llepuoduueckomy 3axorny 6yodyujee He epo3um paspyuieHuem, a moabko
Hadcmpoiky u pazsumue odewaem...». C.A. lllykapeB nmpaBUIbHO OTMETHII,
YTO CUCTEMa DJIEMEHTOB SIBJISICTCS CIMIIIKOM CJIOKHOI 110 CBOEMY COACpKa-
HUIO «1JIS1 eIMHCTBEHHOIO KAHOHMYECKOTO N300paKeH s B BUIE TaOIUIIbI
o01Iernpu3HaHHOro Buaa» [7].

CdopmynupoBanHas uaest O0béMHOM MaTpullbl |14, 17] ocHOBBIBaIach
Ha J0CTaTOYHO OYEBUIHBIX ITOJIOXKEHUAX 0 Beenennoii [15, 16], a xumuyeckue
2JIEMEHTbI PACCMATPUBAIMCH C MO3UIIMU UX IPOUCXOXKICHUST B KAYECTBE «KUP-
nuurkoB» BeenenHoii. CrenyomyM MpeanoioXXeHueM ObLI0 MPUHSTO TO, UYTO
00pa3oBaHMe JIEMEHTOB TaK e IIPOMCXOIUIIO T10 CITUpaIM, KaK pa3BUBajIach
u pa3BuBaetcs Beenennas. Hanoxenue Ha kapkac 3D-MaTpulibl eCTECTBEHHOM
MepUOaNIECKO IMOCIeA0BATEIBHOCTH 0003HAYECHUI XUMUYECKUX DJIEMEHTOB
obecrieunBacT 60Jiee MoTHOEe OTOOPAXKEHUE NX CBOMCTB C y4ETOM BaJIEHTHOCTH.
Martpuiia BKIo4YaeT B ce0sl BCe M3BECTHBIC MPUPOIHbBIE JIEMEHTHI, SIBJISIETCS
TapMOHUYHO OPraHM30BaHHOI OOBEMHOI MOJIEIbIO IJIT U3YUYEHMS 3aKOHOB
CTPOEHUSI BEllleCTBa, MPOTHO3a HOBBIX, €I1e HEM3BECTHBIX HAYKe 3JIEMEHTOB.
O6bemHas 3D-MaTpulia XMMUUYECKUX 2JIEMEHTOB MpeacTaBlieHa Ha puc. 2.
[IpocTpaHCTBEHHAsI CIpajib OOECIIEUNBACT, 10 CPAaBHEHUIO C TAOJIMYHON
(opmoii, mocnenoBaTebHOE HEMPEPLIBHOE PACIIONOKEHNE DJIEMEHTOB C BO3-
MOXHOCTBIO BKJTIOUEHMSI U30TOTIOB, TAHTAHOUOB U aKTUHOUIOB. DTO MO3BO-
JIUT co3aaTh UU(POBYIO MOJLb ISl pacyeTOB MPOLIECCOB B3aUMOICHCTBUS
XUMUYECKHUX DJIEMEHTOB MEXIY OO0l 10 BceMy 00beMY CITUPaIM U METOMIbI
MPOTHO3UPOBAHMS TS TTOJIyUYEeHUST HOBBIX BEIIIECTB.

Takum 00pa3oM, MOKHO BIACIUTH OCHOBHBIE TTPEATIOCHUIKY 7151 CO3IaHMS

OOBEMHON MeprUoANYECKON MAaTPUILIbl XUMUYECKUX JIEMEHTOB:

— MCXOJs1 U3 3aKOHOMEPHOCTEl pa3BuTUs BeeeHHOI, aBTOPHI Mpeaiara-

0T PacCMaTpPUBaTh CTPYKTYPY PACIIOIIOXKEHUST XUMUUECKUX 3JIEMEHTOB
B BUJIE PACLIMPSIONIEiCcs KOHUYeCKOU criupaiu. B Hauase cnimpanu pac-
10J1araloTCsl OCHOBHBIE TIEPBOHAYAIbHBIC 3JIEMEHTBI BOIOPOLI, 1 TE/INiA;

— TIPOCTPaHCTBEHHAs CIMpPasib 00eCIeYnBaeT, Mo CPABHEHUIO C TAOIMYHOM

(opMoii, TTocsienoBaTeIbHOE HEMPEPHIBHOE PACIIONOXKEHUE IEMEHTOB
C BO3MOXHOCTbIO BKJTIOUEHMSI JJTAHTAHOUJOB U aKTUHOMJIOB U BCex 00-
HapyXeHHBIX (OTKPBITHIX) U TIPOrHO3UPYEMBIX ceMeiicTB. Ha criupanu
JOJDKHBI HAITH CBOE OTOOpaKEHUE BCE U3BECTHBIC CTPYKTYPHI HA OCHO-
BaHWU TITyOOKOTO M3y4YeHMsT KOPOTKOTIEPUOAHOM 1 JUTMHHONIEPUOIHOM Ta-
o .. MenneneeBa u [UPAC, npuHSITbIE 32 OCHOBY B pa3HbIX CTpaHaX.
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Puc. 2. Cxema 06bemHoI1 3D-MaTpuLbl XMMMYecKux anemeHToB (OMXD)

3. O6bémHan nepuognyeckas maTpuua
XVIMNYECKNX 3/1IeMeHTOB

ABTOpBI Ha OCHOBE U B PA3BUTUE ILIOCKOI MEPUOANYECKOI TaOIMIIbI XM~
Muyeckux anemeHToB JI. M. MeHneneeBa npeacraBisgioT 6oiee MHPOPMATUB-
HyI0 ee 00beMHYI0 opMy, ITPUOIIIKAsICh K OoJiee TTOTHOMY OTOOpakeHHUIO
CBOICTB C YUE€TOM CTPYKTYP DJEKTPOHHBIX 000JI0YEK XMMUUECKUX DJIEMEH-
TOB, PACIIOJIOXKEHHBIX B €CTECTBEHHOM HEIIPEPBIBHOM ITOPSIIKE €€ pacIlim-
penus [18-20].

[IpemnoxeHna TpexmepHasl CUCTeMa KOOpPAWHAT OO0BbEeMHO-KapKacHO
paclIUpsIIONIElicsl MAaTPULIbI C TIOMBITKOM YCTpaHEHUsT HEIOCTATKOB, chop-
MyJUpOBaHHBIX akageMukoMm H.H. Cemernosvim. OCOOEHHOCTBIO JAHHOMN
Kj1accu(rKaluOHHONW CUCTEMBI SIBJISTIOTCS: LIEHTPaIbHAs CAMMETPUSI U3BECT-
HBIX BJIEMEHTOB OTHOCUTEILHO BOIOPOJA U TeJIsl, JTUHEHHAST CUMMETPUS
IJIAaBHBIX 1 TTOOOYHBIX TTOATPYIII IO OCSIM KOOPAWHAT, a TAaKKe KOMIIAKT-
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HOe pa3MmelleHne B Ta0aule TpUaa MepexXoqHbIX 2JIEMEHTOB, JJAHTAHOU/IOB,
aKTUHOMJIOB, YTO 00YCJIOBAECHO CIUPAJbHBIM PACIIOI0XEHUEM 3JIEMEHTOB
10 UX IOPSIAKOBLIM HOMepaM (puc. 3). bosbliue 1 Majible IepUOIbl JIEMEH-
TOB B TaOJIMIIE MMEIOT KOJIbLEBYIO KOH(UTYpaALIMIO, MOACIUPYS TEM CaMbIM
CTPYKTYpPY 3JEKTPOHHBIX 000I04eK aToMOB 110 H. bopy. JlaHTaHOUbI, aK-
TUHOMIBI M TPAHCAKTUHOMIBI Pa3MeIIeHbI B IIECTOM U CEIbMOM IeprOAax
TaKKe 10 crupanabHOMY NpuHUMMY 10 118 sanemenTa (aHanora pagoHa Rn),
3aBEPIIAIONIETO CEbMOM MEPUOT

i

M
(1]

-

-
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Puc. 3. O6bemHasn nepuognyeckaa matpuyga XxumnyecKknx ssieMeHToB
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TakuMm o6pa3zom, B ocHOBe OOBEMHOI MAaTPULIBI UCIIOIb30BAHBL:

— Pacnpenenenne Bcex M3BECTHBIX 3JEMEHTOB MO HWJIMHIAPUYECCKUM
KOOpIMHATaM, YTO (POpMUPYET IUIAHETAPHYIO MOJEIb UX CTPOCHUS.
ATOMHBIE HOMEpa n C Pa3MEpPHOCTBIO HENPEPLIBHOIO psiga HaTy-
panbHBIX yrcen oT 1 1o 118 (1 6oJiee), paBHOMEPHO pacrpenesieHHbI
10 CIIMpaJjy CBEpXY BHU3.

— IlopsiakoBbiii HOMEp 2JeMEeHTa COBIAAAET ¢ BEIMUMHOM 3apsaa sSapa
(Z) 1 TakMM Xe CYMMapHBIM KOJIMYECTBOM SHEPIreTUIECKU YpaBHOBE-
IIMBAIOIINX JIEKTPOHOB Ha opouTasisax odonouek. [Toaxon yHuBepca-
JIEH KaK M0 OTHOIIEHMIO K KopoTKonepuonHoii Tadnuie .M. Menne-
JieeBa, Tak 1 jmHHoIepronHoi tadbmmie IUPAC.

— IlokazaHo mporpeccuBHOE YBEJIMUEHUE KOJIMYECTBA JIEMEHTOB B Tie-
puogax, uro oopasyeT 3D-crivpanbHy10 MPOCTPAHCTBEHHYIO CUCTEMY
KapKaca MaTpMIIbl XUMUYECKUX 3JieMeHTOB [20].

IIpennaraemoe npencraBieHue OObeMHON MEPUOINYESCKON MATPUILIbI
XMMWUYECKNX 3JIEMEHTOB B BHUJIE PaCIINPSIONMIECSI KOHUIECKOM CIIMpann
SIBJISIETCSl YHUBEPCAIbHBIM MHCTPYMEHTOM, KOTOPbII MTO3BOJISIET U3y4aTh
0oJb1I0e MHOTOOOpa3re (hU3NKO-XMMUUECKUX CBOMCTB YK€ M3BECTHBIX
U €II€ HE OTKPBITHIX 3JIEMEHTOB M X COEIUHEHUIA. Y HUBEPCATbHOCTb 00b-
€MHOI MaTpUUBI elli¢ U B TOM, YTO IIOMUMO 00513aT€JIbHOI'O MOPSAKOBO-
ro HOMEpa U CTPOTOM KOOPAMHATHON MPUBA3KM XMMUYECKUX 3JIEMEHTOB
K IpyIlnaM, IOSBISIOTCS IIUPOKUE BO3MOXHOCTH CTPYKTYPHOTO aHa/In3a
(pU3UKO-XMMUUECKHNX CBOCTB 2JIEMEHTOB 1 3aKOHOMEPHOCTEI MX B3aM-
MOIEUCTBUS.

4. Unknn4yHocTb n 6n04YHOCTb B CTPYKTYpE XnMn4yecKmnx
JJiIeMeHTOB

B ocHOBY CoBpeMeHHOI1 ITeprOINYECKOI CUCTeMBbI TTOJIOXKEH 3apsii siapa
(Z), onpenesiioninii MECTo 3JIeMEeHTa B cUcTeMe. SlnepHasi IepuoauYHOCTD
BBIpaXKaeTcsl B MIEpUOANUECKOM U3MEHEHUU CBOMCTB simep aToMoB. OCHOB-
HBIM MapaMeTPOM, OMPEASISIONINM 3Ty IEPUOANIHOCTD, SIBISECTCS YMCIO
npotoHoB (P) u HelitpoHoB (N) B simpe. Ha puc. 4 nipeacraBieHa 3aBUCH-
MOCTb MACCHI Siiep 3JIEMEeHTOB (ITPOTOHBI M HEUTPOHBI) U MaCChl HEHTPOHOB
IUIS OTKPBITBIX 118 XMMUYECKUX 371€MEHTOB.

ABTOpaMM IMOJACYNUTAHBI COOTHOIICHUSI KOJIMYECTBAa HEMTPOHOB U IIPO-
TOHOB B SIApaxX XMMMUYECKHUX 3JIeMeHTOB. B KkopoTkonepuoaHoii Tabiauie 4a
MPEeACTABIICHBI YCPEAHEHHBIE TT0KA3aTe/ I STUX COOTHOLICHU 1JIsI OJIOKOB.
CrenyeT o0paTUTh BHUMAaHKE, YTO 3TH YCPEIHEHHBIE BEJIMUMHEI JIJIsT OJIOKOB
paBHBI, KaK B KOPOTKONEepHOaHOM Tabauie, Tak 1 B Tadbauie IUPAC (tab:.
4b). ITosTomy GI0YHAsI CTPYKTYpa, IO HallleMy MHEHHIO, COOTBETCTBYET I10-
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HSITUIO HIMKJIMYHOCTU — 3aBEPILIEHHOCTU CUCTEMbI OJIOYHOCTHU ABYX ITIEPHOIOB,
BKJIIOYas CeMeMCTBa JIAHTAHOUIOB U aKTMHOM/IOB.

HN3yuenne OO0BbEeMHON NMEPpUOAUYHON MATPULILI XUMUYECKUX IJIEMEH-
TOB Ha OCHOBE MHOTOIIApaMETPUIECKONM CUCTEMbI KOOPAWHAT HaTJISITHO
JEMOHCTPUPYET YCTOMUMBOE (hOPMUPOBAHME OJIOUYHBIX 3aKOHOMEPHOCTEH
B LIUKJIMYECKON MepUOINIYHOCTU CBOMCTB XUMUYECKHNX JIEMEHTOB B ITepU-
olax 1 0JIOKaxX ¢ yBeIMYCHUEM MX TOPSIIKOBBIX HOMEPOB 1 00BbEANHSIET BCE
OIIMCaHHbIE paHee BapUaHTHI IEPUOIUYHOCTH [4, 7]. Cieayer OTMETUTh, YTO
TOHSITHE «IIEPUOJ» ABYX BUIOB TaOJMIL UASHTUYHBI (MX IO 7), HO BAXKHBIM
00CTOSATEILCTBOM, TPEOYIOIMM 0COO0TO BHUMAHMS, SIBJISIETCS SBHOE HECO-
OTBETCTBUE «PSIAOB» TPYIIIIOBOMY BaJIEHTHOMY IPUHLIMITY TIEPUOIUIHOCTU
B JUIMHHONEPUOIHOM TaOJIUIIE.

300
90
B0
e

ABEPHBIE MACCH NPOTOHOB W HEATPOHOR
]
AQEPHBIE MACCH HEATPOHOR

104 7 1013 16 19 23 35 2 31 34 37 40 43 46 45 5 55 S8 G0 B4 BV T0 VI 76 79 82 BS 88 91 94 57 100 )03 106 109 113 115118

HOMEPA JNEMEHTOB (HONWHECTBO NPOTOHOB)

Puc. 4. 3aBucMOCTN AfEpHbIX Macc (MPOTOHbI 1 HEMTPOHDI) 1 MacCbl HENTPOHOB
(HenTpOHDI) AnA 118 XMMNUYECKNX 3NIEMEHTOB
1 — KONMYEeCTBO MPOTOHOB U HEMTPOHOB; 2 — KOJIMYECTBO HENTPOHOB; 3 — 130TONMbI

B pab6otax [18, 19] caenan BbIBom, 4TO 3D-criMpaibHO pacxoasinasics
CHUCTeMa MaTPUIIbl XUMUYECKUX 2JIEMEHTOB UMeeT 4 0JI0Ka IMepuoIuIHOCTU
u 7 mepruoaoB. AHAIU3 CTPYKTYPbI MEPHOA000pa30BaAHMsI TTOATBEPXKIACT, UYTO
MePUOIbl MOKHO Pa3le/INTh Ha IMPOCThIE, B KOTOPBIX 00pa3yloTcs 110 OTHOMY
3JIEMEHTY B KaxXKIol TpyIe (2 2JieMeHTa C BHEIIHEW CUTHAIBHOM OopOuTa-
JIbIO ¥ 6 3JIEMEHTOB C BHEIITHE BaJICHTHOI OPOUTAIbIO, BCETO 8 B TIEPUOJIE)
1 00Jiee CIOXHBIE, CoIepKaIle CTPYIIIUPUOBAHHBIE «CEMEMCTBa» 3JIEMEH-
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ToB BHyTpu ofHol rpymnmsl (III unu VIII). Takum obpazom, o 610Kam Bce
MOKHO TIPEICTaBUTh CIIEAYIOIINM o0pa3oMm (Tadir. 4).

Tabnuua 4

CoOTHOLLEHNE HEMTPOHOB N NPOTOHOB B AAPaX aTOMOB XMMUYECKNX JIeMEeHTOB
a) Tabnuua O.1. MeHpeneeBa

CootHo- Bokn,
meHHe epHO/IbI 1 1 I v v VI VII VI
HeiTpons! (n) / psiet i 3 2
/ mpoTtousI (p) A H He
1 1,008 1 4 1,0
B 3 4|4 5|5 6|6 6|7 7|8 8|9 10 | 10 10
Li Be B C N o F Ne
Menee 2 7 13309 125|101 12012 1,0 |14 1,0 16 10019 111[20 1,0
1.1 B 11 1212 1213 1414 1415 16| 16 16|17 18 18 22
’ Na Mg Al Si P S Cl Ar
3 23 1.09(24 1027 1,08[28 1,0 |31 10732 1,035 10940 122
19 20 | 20 20 [ 21 24 (22 26| 23 28| 24 28] 25 30 [ 26 30 [ 27 32[28 31
K Ca Sc Ti v Cr Mn Fe Co Ni
C 39 105[40 1045 1,04 (48 118 |51 12252 1,17|55 12056 1,15|59 1,19 |59 111
4/4-5 |29 35(30 3531 3932 4133 234 45] 35 45 36 48
Cu Zn Ga Ge As Se Br Kr
MeHee 63 1,21 (65 1,17 [ 70 1,26 | 73 1,28 | 75 127|179 1,32 | 80 1,29 | 84 1,33
1,3 37 49 | 38 50 | 39 50 | 40 51 | 41 52| 42 54|43 55 |44 57 | 45 58 | 46 60
Rb Sr Y Zr Nb Mo Te Ru Rh Pd
C 85 1,32 188 1,32 |89 1,28 | 91 1,28 | 93 1,27 | 96 1,29 | 96 1,28 | 101 1,30 [ 103 1,29 | 106 1,30
5/6-7 47 61 | 48 64 | 49 66 | 50 69 | 51 71|52 76| 53 74 | 54 77
Ag Cd In Sn Sb Te 1 Xe
108 130|112 1,33[115 135|119 1,38 122 139 [ 128 146|127 140|131 143
55 78 | 56 81)]57 8272 10673 108[74 10|75 11176 14|77 115[78 117
Cs Ba La Hf Ta w Re Os Ir Pt
D 133 142 [ 137 145/ 139 144 [179 149 | 181 148 [ 184 149|186 148 [190 1,50 | 192 149 | 195 1,50
6/8-9 |79 11880 12181 1238 125|8 126 |84  126[85 125[8 136
Au Hg Tl Pb Bi Po At Rn
MeHee 197 149|201 1,50 [ 204 1552|207 1,52 209 1,52 210 1,50 210 147 [222 158
1,55 87 136 | 88 138 § 89 138|104 161 | 105 163 | 106 165|107 160 [ 108 161 | 109 169 | 110 171
Fr Ra Ac Rf Db Sg Bh Xs Mt Ds
D 223 1,56 | 226 1,57 §227 1,55|265 1,55)|268 1,55|271 1,56(267 1,50 | 269 1,49 [278 1,55 |281 1,55
7/9-11 [ 10|12 173 | 13 173 (14 175 (115 173[116 177 | 117 177 [ 118 176
Rg Cn Nh Fl Me Lv Ts Og
281 1,53 |285 1,54 | 286 1,53 /289 1,54 (288 150203 1,53 [294 151|294 149
58  82[59 82[60 8461 84[62 88[63 89[64 9365 94[66 97[67 98[68  99[69 100[70 103 [71 104
Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
140 1,41 |141 1,39 [144 140 [145 1,38 [150 142 [152 141|157 1,45 [159 145 163 147 [165 146|167 146 [169 145[173 147|175 1.46
0 142 (91 140 (92 146 (93 144 (94 150 (95 148(96 151[97 150 (98 153(99 153 [100 157101 157 [102 157 [103 159
h Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
32 1,58 |231 1,53 238 1,59 237 1,55 244 1,60 (243 1,56 (247 1,57 (247 1,55 |251 1,56 |252 1,55[257 1,57 |258 1,55 |259 1,54 (262 1,54
Tabnuya 4

CoOTHOLIEHNE HEeTPOHOB 11 NPOTOHOB B AAPaX aTOMOB XMMUYECKUX 3/IeMEeHTOB
b) Tabnuua IUPAC

Coor-
Hote) Bitox, 1 I i v v VI Vi | vin X X X1 XI | XII | XIV | XV | XVI | XVII | XVIII
Hue | neprorn
wp
= A g 1 2 2
=T s e
410
- B |3 44 5 5 6|6 67 7|8 89 10/10 10
- 2 |Li Be B © N o F Ne
@ 7 133|9 1,25 11 120012 1,0 (14 1,0{16 1,0 (19 1,11 /20 1,0
q:E B 11 1212 12 13 14|14 14|15 16|16 16|17 18 18 22
2 3 |Na Mg Si P Cl Ar
= 23 1,09/24 10 27 1,08(28 10[31 1,07/32 1,035 1,09/40 122
) C 19 2020 20|21 24|22 26|23 28 |24 28 |25 3026 3027 32(28 31|29 3530 35|31 39(32 41|33 42|34 45|35 4536 48
- 4 |K Ca Sc Ti v Cr Mn |Fe Co Ni Cu Zn Ga Ge As Se Br Kr
P 39 10540 10|45 11448 118[51 122(52 117[55 120]56 1.15(59 1,19|59 10164 121]65 11770 126|73 128|75 127|79 132|80 129|84 133
Z | C [37 4038 50|39 sof40 siar 5242 5443 s5[a4 57[a5  S8[d6  60[47 61/48 64[49 66[50 6951 7152 7653 7454 77
‘E‘ 5 |Rb Sr Y Zr Nb Mo |Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
85 1,32/88 1,32|89 1,28/91 1,28|93 1,27|96 1,29 |98 123|101 1,30 |103 1,29 106 1,30 [108 1,30 |112 1,33 |115 1,35[119 1,38 122 1,39|128 1,46 |127 1,40 131 1,43
w | D [55 78[56 81] 57 s82(72 106(73 108[74 110(75 111(76 114|77 11578 17|79 118(80 12181 123[82 125(83 126/84 126[85 125(86 136
:r 6 |Cs Ba La Hf Ta Re Os Ir Pt Au Hg Pb Bi Po At Rn
@ 133 1,42 (137 1,45 139 1,44|179 1,49/181 148|184 1,49 186 1,48 190 1,50 |192 1,49 [195 1,50 /197 1,49 201 1,50 204 1,52|207 1,52|209 1,52|210 1,50{210 1,47 222 158
; D 87 136 |88 IJRIX‘) 138|104 161/105 163|106 165 (107 160[108 161|109 169 (110 171|111 170 112 173|113 173|114 175|115 173|116 177|117 177 118 176
) 7 |Fr Ra Ac Rf Db Sg h Xs Mt Ds Cn Nh Fl Mc |Lv Ts
= 223 1,56 |226 157|227 1.55/265 1.51|268 155|271 156|267 1.50|269 149|278 1,55 |281 155281 1.53[285 1.54|286 1,53 [289 1.54|288 1.50/293 1.53|294 1.51[204 1.49
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— IlepBomy 010Ky A COOTBETCTBYIOT KOPOTKHE OTHORJIEMEHTHEIE ITepU-
onbl (mnu psabl 0-1) MaTpulibl, TIe MpeAcTaBIeHbI TIEPBbIC JEMEHTHI
Bonopon u renuii (H'-Bogopon u He?-renuit). /17151 mepBoro 6J10Ka cooT-
HouleHre HeuTpoHoB (N) K mpoToHaM (P) MOXXHO MPUHSITH paBHBIM 1.

— Bropoii 610k B cTpyKTypHO MO3MLMOHUPYET 3aBEPIICHHBINA LINKII
BOCBMUBJIEMEHTHOM NIEPUOANYHOCTH, KOTOPOMY COOTBETCTBYIOT ITPO-
cThle Tiepuoabl (MK panbl) 2 (BkaovaeT 8 anemeHToB ¢ Li® mo Nel?)
u 3 marpulbl (BKIodaeT 8 anemeHTOB ¢ Na'l mo Ar'®). JIna BToporo
o610ka N:P menee 1,1.

— Tpetuii 6110k C CTPYKTYpHO MPEACTABIISICT 3aBEPLICHHOCTh LIMKIIM-
yeckoit 10-u u 8-371eMEeHTHOI MEPUOIUYHOCTU B OJIOKE, MOSIBUIUCH
JIBa JOITOJTHUTENbHBIX «ceMeiicTBax: oT xkeJie3a (Fe) mo minatunsl (Pt),
ot pyrenus (Ru) no mannagus (Pd).

B tpetbem Gsoke C npeacTaBiaeHbI epBasi KOPOTKas mapa psiaoB 4 (BKITIO-
qaeT 10 anemenToB ¢ K no Ni*®) u 5 kopoTkoneproaHoii Tabauiibl (BKII0YaeT
8 anemenToB ¢ Cu® 1o Kr*®) u Bropast KopoTkas mapa psimoB 6 (BKitoyaeT
10 anemenToB ¢ Rb¥ mo Pd*) u 7 kopoTKoneproaHoi TabauLbl (BKIIOYAET
8 anemeHToB ¢ AgY o Xe**). B miuHHOIIEprOaHOM Tabulie mape psiaoB 4
U 5 cooTBeTcTBYET TNepuo 4, a mape psiaoB 6 U 7 COOTBETCTBYET MepUOL 5.
Hns Tpetbero 010Ka cooTHoeHue N:P menee 1:1,3.

— YetsepThiit 610K D cTpyKTYpHO MpeACTaBIsieT 3aBepLIEHHOCTD LIMKJIU -
yeckoi 24-X 1 8-3J1eMeHTHOM NMepUOANYHOCTHU B KauecTBe OJIOKA XU-
MMUYECKHUX 3JEMEHTOB D, B KOTOPBIi JOMOJTHUTEILHO BOILIN «CeMeli-
cTBa» JaHTaHOUIOB (La) u akTHHOMIOB (AC), a TAKXKE IBa «CEMENCTBaY:
ocmuit (Os), upuauii (Ir), naatuxa (Pt) u xaccuii (Hs), meiiTHepuit
(Mt), mapmmmrantuii (Ds).

YeTBepTOMy 0JI0KY COOTBETCTBYET IIepBasi IIapa IJIMHHOTO psaa JaHTaHO-
naoB 8 (Bkmouaer 24 snemenTa ¢ Cs¥ o Pt7®) u xopotkoro psiga 9 Koport-
KOIlepUOAHOM Tabau1bl (BKIIoYaeT 8 aaeMeHTOB ¢ Au” nmo Rn?®®) u Bropas
napa JJIMHHOTO psiia akTuHouaoB 10 (Bkimovaet 24 snemenTa ¢ Fr¥ o Ds'?)
1 KOpoTKoro psaa 11 KopoTkonepruonHoii Tabauiibl (BKIIOYAET 8 31eMEHTOB
¢ Rg'' mo Og'"®). B mHHONEproaHOI Tabulie Tape psiaoB 8 1 9 cooTBeT-
cTByeT nrepuon 6, a mape psmoB 10 u 11 coorBeTcTByeT nepuon 7. «Cemeii-
CTBa» JIAHTAHOMJOB, AKTUHOUIOB M HEKOTOPBIX CTPYIIIMPOBAHHBIX METAJIJIOB
TpeOYIOT 0c000TO U3YyYeHUsT 1 BHUMAHUS UccaenoBareseii. [l 4eTBepToro
0710Ka cootHoueHue N:P menee 1,55.

Taxkum obpasoM, 0JiouHast cTpykTypa OOBbEeMHOI MATPULIBI XUMUYECKUX
3JIEMEHTOB C UCITOJIb30BAHUEM TPEXMEPHOI CHCTEMbI KOOPAMHAT MOXET 00e-
CIIEUUTDH CYIIECTBEHHOE MOBbIILIeHE NH(POPMATUBHOCTU (MHOTOMEPHOCTH)
10 CPaBHEHUIO ¢ KOPOTKOTIEPUOIHOM U IJTMHHOIIEPUOTHON TAOIMIIAMU XM -
MMYECKMX 3JIEMEHTOB.
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5. dneKTpOHHbIe XapaKTepUCTUKN 31eMeHTOB N aHanus
X UMKANYHOCTN B CTPYKTYype OMXD

ITpocTpaHcTBeHHas1 popma OOBLEMHOI ITEPUOANYECKOI MAaTPULIbI TTO3BO-
JIMJIa CTPYKTYpUPOBaTh aHOMabHbIe ceMeiicTBa I1I-ii (JaHTaHOMIBI U aKTU-
Houawl) n VIII-it (MeTammonasl) rpymn TpeTbero C u yeTBépToro D ypoBHeit
0JIOYHOI TIEPUOIUYHOCTH, a YPOBHEBBIE (DOPMYJIbI JIEKTPOHHBIX 000JI0YEK
00J1eT4al0T M3yYeHUE CUCTEMHBIX 3aKOHOMEPHOCTEN MePUOAMYHOCTH, BKITIO-
Yyasi MeXaHM3Mbl HACBIIIEHUS U TTIEpeX0a SJIEKTPOHOB 110 pa3HBIM SHEPTETH -
YECKUM YPOBHSAM (OpOMTAIN) 371eKTPOHHBIX 0001049eK. CUCTEeMHOCTD IepH-
OIVYHOCTU aKTyaJlbHA MIPU U3yYEHUM TOHKUX MEXaHU3MOB MEKYPOBHEBBIX
MePEXOI0B U YCTOMUMBBIX COOEB IpOoliecca CUHTE3a DJICKTPOHHBIX OpOUTaIeit
(Tabm. 5).

PacnipenesnieHue 3J1eKTPOHOB I10 SHEPTETUYECKUM YPOBHSIM (COCTOSIHUSIM)
obonouek K, L, M, N, O, P, Q, X (DY), cocTosux 13 moaypoBHeil (opou-
tajeit) s-, p-, d-, f-, g-, h- Ha KaxX10M ypOBHE, YAOBJICTBOPSAET MPUHIIUILY
MMHMMYMa MTOTCHLIATbHON SHEPIUN.

Tabauya 5.
CTpyKTypa SHepreTuyeckux ypoBHer u noaypoBHer (opb6uTtaneii) ana 6noxkos

Baok A — 1 sHepreTuyeckuii ypoBeHb (8arenmuas opobumans K* = 1s?)
3akaHunBaetcsd ['enuem He

Biok B — 3 sHepreTHuecKmnx ypoBHs
KsLs? M**- (6anenmuas opoumans M*4 = 3523p°)
3aKaHUYMBaeTCsl AproHOM Ar

Baok C — 5 osHepreTnueckux ypoBHeEN
KsLs? M7 Ns»--Q5P- (6anenmuas opoumans 0*% = 5525p°)
3akaH4yuBaetcs KceHoHom Xe

biok D — 7 sHepreTMuecknx ypoBHE
K5 L5 Ms-p-d Ns-p-d-1 () -p-d-F- Ps—p—d—Qs—p—
(6anenmuas opoumans Q%5 = 752 7p°)
3akaHuuBaeTcsa OranecoHoM Og
[IporHo3upyeMble SHEPTeTUUYECKHUE YPOBHU
U 3JICKTPOHHOE CTPOCHUE OpOrTaIeit
(monypoBHeii) bioka E

baok E — MPOTHO3UPYETCS 9 SHEPTreTUIECKUX YPOBHEM
¢ sneMmenTa Nel119 o snemeHT Ne218
KsLs-pMs-p-st-p-d—fos-p-d-f-gPs-p-d-f-g-Qs-p-d-/—Rs-p-d-Xs-p-
(6anenmuas opbumansy X% = 9s?9p9)
3aKaH4ynBaeTcs dyieMeHToM Ne 218
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MaxkcumaibHOe YMCIIO JIEKTPOHOB Ha SHEPTeTUYECKOM YPOBHE BBIYMC-
nsiercst o opmyiie R = 2n?, tie n — HoOMep YPOBHSI WIIM TJIaBHOE KBaHTO-
Boe uucio (1, 2, 3 u 1.1.). Kaxxnomy 3amojfHeHHOMY YPOBHIO COOTBETCTBYET
onpeneJeHHbIN Habop oaypoBHEl (opouTaneii) (Tabim. 6).

[TocnenoBarebHOCTh 3aMOJHEHUST BJIEKTpOHAMU OpOUTaJeil orpese-
ngercsa npaBuioM MagenyHra [5, 7]. IlepuoanyHoCTb, KaK LUK BaJIeHT-
HOCTH B CUCTEME XMMUYECKHUX 3JIEMEHTOB MPOSIBJSAETCS MIpYU 00pa3oBaHUM
JBYX ITOCJIeI0BAaTEIbHBIX OpOUTAIeli — HayajdbHasl S-OpOUTalb U BaJCHTHAS
P-OpOUTAIb — C HENPEPHIBHO YBEIMUMBAIOIIMMCS B IIpeieax MepruoIoB KO-
JIMYECTBOM BaJICHTHBIX 3JICKTPOHOB.

Tabnuya 6

ImaBHOe KBaHTOBOE YNCIIO, TUMbI N YNC/I0 Op6UTanei, MaKCMmanbHoOe Ynco
3NEeKTPOHOB Ha NOAYPOBHAX U YPOBHAX

2 B = Yucio opouraeii Maxcumansuoe
E = | o2 g YHCJI0 3JIEKTPOHOB
=OE A = 8 o =]
255 | g2s| EE
98 |77 =3 BNOA- | B YPOBHE, | HA MOIY- | HA ypPOBHe,
8 & g °© ypoBHe | paBHON? | pOBHe | paBHO 2n’
Kn=1) 1 Is 1 1 2 2
L(n=2) 2 2s 1 4 2
2p 3 6
M(n=3) 3 3s 1 9 2 18
3p 3 6
3d 5 10
N(n=4) 4 4s 1 16 2 32
4p 3 6
4d 5 10
4f 7 14

HavanbHbIMU SBASIIOTCS IBE TPYIIIIBI 3JIEMEHTOB. I-10 TpyIIITy XUMUUECKUX
3JIEMEHTOB C OJHMM 3JIEKTPOHOM Ha moaypoBHe s’ coctaBistior Li* — Fr?’
U T.JI. 3aN0JIHEHUE $’-TTOYPOBHS TIEPBbIM 3JIEKTPOHOM ITOKa3bIBaeT (CUTHa-
JIM3MPYET) 3aBepllieHNe 3arOTHEHUST BAJICHTHOM 00O0JIOUKM TPEAIIECTBYIO-
uiero nepuona. II-1o rpymmy XuMrUIeCKHUX 3JIEMEHTOB C ABYMS 3JIEKTPOHAMU
Ha §? — noaypoBHe cocTapisiiorT Be* — Ra® u T.1. 3anonHeHue s? — moaypos-
HsI IByMsI 2JIEKTPOHAMM TTOKa3bIBAeT €ro HAChIILIEHKE U TIpe/icTosIIIee oopa-
30BaHMe TIOAYPOBHS p-BaJIECHTHOI 000JIOUKH, HAUMHAS C TIEPBOTO 3JICKTPOHA
P'-TIONYPOBHS U TOCJIEAYIOIIEro 3a HUM Habopa MOaypOBHE BaJIeHTHOTO
nepurona. i HarjIsiIHOCTY 1 yIoOCTBa aHaIM3a UCTIOJb30BaHbI AJIEKTPOH-
HbIe (POPMYJIBI XUMUYECKUX DJICMEHTOB.
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Takum 00pa3oM, 0ObeIMHEHNE 3JIEMEHTOB B HOBBIE TTEPHUOILI HAUMHAETCS
C CUCTEMHO CBSI3aHHOM Mapsl xumMuyeckux sjemMeHToB I u II rpymnm, moka-
3bIBAIOIIMX 3aBEPLICHUE 3aMI0THEHMUsI BaJIECHTHBIX 3JIEKTPOHHBIX 000JI0YeK
aTOMOB 3JIEMEHTOB IMPEIIIECTBYIOLIEro Meproaa U TOTOBHOCTH K 00pa30-
BaHMIO BaJICHTHOM 3JIEKTPOHHOI 000JI0YKM HOBOTO mepuoaa. [1pu stom,
B XMMUYECKUX 3jIeMeHTax I rpymnmbl IpoOUCXOAUT aKT 00pa30BaHUs HOBOM
JIBYX3JIEKTPOHHOI HayaJbHOW OpOUTAIU TIOJYPOBHS NS COOTBETCTBYIOILIETO
sHepreTuueckoro yposHs (u3 K, L, M, N, P, O, Q, X) myTem 3aIioJTHeHUS 00-
pa3oBaBIIeiics SHEPTETUIECKOI 000JI0YKY TIEPBBIM 3JIEKTPOHOM (1S!, S7IEKT-
poHHoe obo3Hauenue K1, L1, M1 u T.1.), a B TTOCJIEAYIOIIEM XUMUYECKOM
aneMeHTe rpymnmbl 11 mpoucxonuT 3amoHeHUEe 3TOM XKe aTOMHOM opOuTanu
BTOPBIM HACHIIIAIOLINM 3JIEKTPOHOM (n1s*,3]1eKTpOHHOE 0603HaueHue K2, L2,
M2 wuT.1.), 00pa3yOLINM YCTOMUYMBYIO IMapy 3JEKTPOHOB BHEIIIHEW aTOMHOI1
opbuTaau. DTa HavajabHas Iapa 3aBepllacT 3aloJJHeHUe MOAYPOBHS Is?, TTo-
cJIe Yero MpoUCXOAUT 3aIlOJHEHUE CIECIYIOIINX CI0€B COOTBETCTBYIOIIETO
SHEPreTUYECKOTr0o YPOBHS MepUOIUYECKOM MOCIEA0BATEIBHOCTI XUMUYECKUX
3JIEMEHTOB OObEMHOI MaTPUIIHI.

C opyroii CTOpOHBbI, 3al10JIHEHUE YCTOMYMBOI ITapoii 3JIEKTPOHOB BHEIII-
Hell aTOMHOI opOUTaNy Bcerna MmpealiecTByeT Havaily Ipoliecca oopa3oBa-
HUSI HOBOTO CJI0$1 BaJIEHTHOM 000/104KM aTroMa. HauaibHble 371eMeHThI BCex
MepUOI0B MATPUIIbl 00Pa3yIOT HOBBIE TIEPUO/Ibl, HA HOBOI BaJ€HTHOMI Op-
outamu (np’), TIyTeM 3aITOJIHEHUS ITEPBBIM 3JIEKTPOHOM COOTBETCTBYIOILIETO
SHEPIreTUYECKOTO YPOBHS M OTpaXKaloT IePpUOINYECKUE 3aKOHOMEPHOCTU
00pa3oBaHMs RJIIEMEHTOB MaTepUaTbHOTO MUpa. MexaHU3M OJIOYHOI TTepu-
OIMYHOCTHU 3aIOJIHEHUSI aTOMHBIX OpOUTajIell MPUCYTCTBYET Ha BCEX YPOBHSIX
O0BEeMHOI TIEpHOANYECKON MATPULILI XUMUIECKUX DJIEMEHTOB.

C TOYKM 3peHMs MIOHUMaHUS 3aKOHOMEPHOCTE M MepuoaAnIHOCTH 00pa3o-
BaHUS XMMUYECKUX JIEMEHTOB, IIPOCMATPUBAETCSI 0co0ast poJib HaYalbHbIX
ATOMHBIX OpOUTAaeil ABYX MOCIeA0BATEIbHBIX 21eMeHTOB. [1epBblii a1eMeHT
nmapbl KOHCTaTUPYeT (DaKT 3aBeplleHUs] 00pa30BaHUs YCTOMYMBOIO COCTO-
SIHUSI CTPYKTYPBI 3JEKTPOHHBIX CJIOEB IPEAIISCTBYIOIIETO, TTOTHOCThIO 3a-
BEPIIEHHOTO NMepPro/ia, COCTOSIIETO U3 3JIEMEHTOB MTPEAeIbHOTO 3aMTOJTHEHUS
3JIeKTpOHAMU 000JI04eK dHEpPreTuUecKuX ypoBHeil. Bce mepBbie a1eMeH-
Thl — HeudeTHbIe. OIbIT MOATBEPKAACT, YTO NEKTPOHHBIE CJI0OM 000JI0YEK
3JIEMEHTOB ITOJIHOCTBIO 3aBEPILICHHOTO MepHroaa 001aaal0T BLICOKOM CTeTie-
HBIO YCTOMYMBOCTHU K BHEITHUM SHEPreTUYECKUM BIUSIHUSIM U 00JIaIa0T
BBIPaXKEHHBIM TSTOTEHUEM K CTALlMOHAPHOMY B3aUMOJIECICTBUIO C SHEPIeTH -
YECKUM T0JIeM siipa aToma. M3 3Toli 3aKOHOMEpHOCTH BhITeKaeT nHA G ¢e-
PEHTHOCTD 3JIEKTPOHHBIX CI0EB MPeIebHO 3aII0JIHEHHBIX 000J104eK aTOMOB
K IIPOSIBJIEHUIO BaJICHTHOCTU (XUMUYECKOMY B3aMMOJIEHICTBUIO).

Bropoii aneMeHT sABiseTcs npeaBeCTHUKOM Hauajla 00pa30BaHuUs HOBBIX
3JIEKTPOHHBIX CJIOEB 3JIEMEHTOB MOCJIeYyI0Iero ((popMUPYIOLIETrocs) Mepro-
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JIa, COCTOSIILIETO U3 JIEKTPOHOB HOBBIX 000JI0YEK SHEPreTUUECKHX YPOBHEH.
Bce Bropble a/1ieMeHTHI — YeTHbIE. DIeKTPOHHBIE CI0U 000JI0UYEK 3JIEMEHTOB
(bopmupylomierocs neproaa He 00J1aa10T BLICOKOM CTEIIEHBIO YCTOMYMBOCTHU
K BHEIITHMM SHEPreTUYSCKUM BIMSHUSIM M 00J1agaloT MEHBIIUM CTpeMJIe-
HUEM K B3aMMOJCHCTBUIO C SHEPIreTUYECKUM T0JIeM sapa aroma. M3 aToit
3aKOHOMEPHOCTH BBITEKAET CIMIOCOOHOCTb BHELIHUX 3JEKTPOHHBIX CJIOEB
He3amnoJHEHHbBIX 000JI0YEK aTOMOB K MPOSIBJICHUIO MOJMBAJIEHTHOCTU MPU
00beIMHEHUU B MOJICKYJIBL.

[TepBbie aeMeHTBI BaJIEHTHBIX p-0pOUTajieli HOBOTO MepHUo/a B KaXKI0M
SHEPreTUYECKOM YPOBHE 00Pa3yIOT 3JIEMEHTHI C p/-0pOUTAIbIO C OTHUM
BaJIeHTHBIM 2JIeKTpoHOM (B® — Nh!'3 1 1.1). Bce momoOHbBIe 2JIEMEHTHI He-
yeTHble U oTHOcATcs K III rpynme xumuyeckux sneMeHTOB. Bropoii ame-
MEHT — C IByMsI BAJICHTHBIMU 3JIEKTPOHAMMU p’-0pOUTAIM B KAXKIOM SHEpre-
tyeckoM ypoBHe (C® — FI'" u 1.1). Bce ay1eMeHTBI — YeTHBIE M OTHOCATCS
K IV rpynme XxumMuyecKux 3J1eMeHTOB. AHAJIOTUYHO CTPYKTYPUPYIOTCS I10-
CJEeNYIOIINE DJIEMEHTHI ¢ TPEMS BaJEHTHBIMU 3JIEKTPOHAMU OpOUTaIn p’-
OpOUTAIM U MHBIM KOJIMYECTBOM 3JICKTPOHOB BaJICHTHOI OpOUTAIN B KaXK-
JIOM DHEPreTUYeCKOM YpOoBHe, OTHOcsuecs cooTBeTcTBeHHO K V, VI, VII
u VIII rpynnaM XuMHUYEeCKUX 2JIEMEHTOB. 3aKOHOMEPHOCTU 00pa30BaHUs
3JICKTPOHHBIX 000JIOYEK aTOMOB C MCIIOJIb30BAHUEM 3JICKTPOHHO-YPOBHE-
BBIX (hOPMYJI MO3BOJISIIOT HA OCHOBE OJIOYHOTO TMOAXO0AAa U CTPYKTYPHOTO
aHajM3a MPOTHO3UPOBATh XMMUYECKUE 3JIEMEHTHI 3a mpeaeiaaMu 118-ro
aJIeMeHTa, C(POPMUPOBATh CTPYKTYPY HOBBIX IIEPUOIOB, HAUMHAS C €IIe
He OTKPBITBIX XMMUYECKHUX 31eMeHTOB 1 1-ro nepuona tadbauus .M. MeH-
neneesa win 8-ro nepuona Taonuusl [IUPAC. DiekTpoHHO-0pOUTaIbHBIE
(bopmysbl 00pa3yloOT MpeaebHO COKpallleHHOE OMMCAaHNUe CTPYKTYPhI XU-
MMYECKHUX 3JIEMEHTOB.

6. NMogpo6Hee 06 3NeKTPOHHOM CTPOEHUMN N BalleHTHOCTH
XUMMNYECKUX 3/IeMEHTOB

151 XxapaKTepUCTUKM CITOCOOHOCTU aTOMOB COEIUHSITLCS APYT C IPYTOM
yalie BCero MCIoJb3yIOT MOHATHS: BAJIECHTHOCTh (KOBaJIEHTHOCTb), MOTEH-
1aJl MOHU3alMX 1 T.4. BaJleHTHOCTh B KauecTBe ymncia (CBsI3eil aTOMOB)
SIBJISIETCSL B JTIO0OM e 2JIeKTPOHHOU (hopMe B TOI UIM MHOM CcTereHu hopMa-
nu3oBaHHOM [6]. [Teprognueckast 3aBUCUMOCTh MOHM3AIIMOHHBIX TIOTEHIINA-
JIOB aTOMOB OT MOPSIIKOBOIO HOMEpPa 3JIeMEHTa O0IIEN3BECTHA U IIPUBOIUTCS
BO MHOTHMX M3JaHUSIX U CIIpaBOYHUKAX [12].

Du3nKo-XMMUYECKHIE CBOMCTBA 2JIEMEHTOB MMEIOT MHOXECTBEHHYIO
BapMaTUBHOCTD IIPOSIBICHUI MPU B3aMMOICHCTBUN XUMUIECKUX DJIEMEH-
TOB MeXKAy co0oii. Moaean MeXaJeKTPOHHBIX B3aUMOAEHCTBUIA ¢ OMTOPOit
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Ha NPUPOIHOE CBOMCTBO MOJTUBAJIEHTHOCTH IT03BOJISIIOT OOBEAMHSTD BCIO T10JI-
HOTY MH(OPMAIIM, TOCTYITHOM /TSI aHaJIM3a U CMHTe3a. PaccMoTpeHue Xu-
MMYECKMX CBSI3eil B3aUMOICHCTBYIOLIMX JIEMEHTOB Ha 3JIEKTPOHHOM YPOB-
He yOexXImaeT B TOM, UTO pelIaloliuM (GaKTOPOM SIBJISIETCSI OTHOCUTEIbHAS
3JIEKTPOHOIOHOPHOCThH aTOMOB YY4aCTBYIOIINX B PEaKIIUSIX 3JIeMEHTOB. B ka-
YECTBE ITOJI0XKUTEILHOTO BBICTYMHAET 3JIEMEHT 00Jiee BHICOKOU JOHOPHOCTH
¢ 0oJiee OABMKHBIMU 3JIEKTPOHAMM BHEITHMX cJIoeB. [1oABMXKHOCTD 3aBUCUT
OT TUIIA BHEIIIHETO CJI0s1 IIOAYPOBHEl s-, p-, d-, f-, g-, h-opOuTaneil s3Hep-
retmyeckux yposHeil K, L, M, N, O, P, Q, X 371eKTpOHHOI1 000JIOYKH, YTO
MPOSIBISIETCS B LIMKJIMYECKOM MMEpUOANYHOCTY BHYTPU IIOLYPOBHEI CUCTEMBI
XUMAYECKUX 271eEMEHTOB [7]. [Ipr 9TOM 271EKTpOHHBIE B3aUMOIECUCTBUS B XU -
MMYECKMX peaKlvsX He U3MEHSIOT sIIep aTOMOB, U3YYeHUEM BHYTPEHHETO
CTPOEHMSI KOTOPBIX 3aHMMAeTCs (hU3HKa.

B nenom, obmienpr3HaHHas CTPYyKTypa 3JIEKTPOHHON 000JIOYKM aToMa
JaeT NoHUMaHue (PU3NUYECKOrO CMbIC/IA BAJICHTHOCTU, KOTOPOE MEHSIETCS
10 Mepe Pa3BUTHS DJIEKTPOHHOU TEOPUM XMMHWIECKUX CBSI3EH U CTPOCHUS
aToMa. BaJeHTHOCTb, KaK 0YeHb BaxKHasl XapaKTePUCTUKA IPOSBICHUS XUMU--
YECKOM aKTUBHOCTH 3JIEMEHTOB 1 00pa30BaHMUsI YCTONYMBBIX MOJIEKYJI, HE SIB-
JISIETCSI UCUEPIIBIBAIOIIEH XapaKTepUCTUKOI, HO MMeeT 0O0JIbII0e MPUKIaTHOE
3HAYeHME JJIs1 JOCTOBEPHOTO aHalu3a U 3¢ (GEeKTUBHOIO CUHTE3a XUMUYe-
CKMX 3JIEMEHTOB U UX coeMMHeHMH [6]. 13 3TOro BeITeKaeT MCKITIOUUTETbHAS
POJIb SHEPreTUYECKUX MOIEIe XUMUYEeCKUX peaKIUii AJ11 MOTUBMPOBAHHOIO
VIIpaBIICHUS «9HEPTUEi CPOACTBA» K aTOMY BHEIITHUX 3JIEKTPOHOB, BMECTE
C MIOHMMAaHHUEM TCOPUU XMMUYECKUX CBSI3El, MEXaHU3MOB U (PU3NYECKOTO
CMBbICJIA ITOJIyYEHHOIO pe3ysIbTaTa.

bnoyHas cTpykTypa MonBajeHTHO MaTpUIIbI TIPeACTaBIeHa HA OCHOBE
nepuoandeckoi mmHHonepuogHoi Tadauubsl [IUPAC. Kak B KkopoTkore-
pyonHOI TabMMIle, TaK W B JUIMHHOIIEPUOIHOM TaOIMIIe MEXIYHAPOIHOTO
coobuectBa xumukoB IUPAC, ucnons3oBaH BBeaeHHbIN .M. MeHnenee-
BBIM TPYIIOBOI MPUHLUIT 11 GepeHIINALINN CBOACTB XUMUIECKUX DJIEMEH -
TOB OCHOBHOI1 (@) M MOOOYHO# (b) moarpyrin. AHaau3 TIPOSIBJICHUS TIEpHO-
JUYHOCTH Ha OCHOBE MOJIMBAJIECHTHOCTU UISI BCEX M3BECTHBIX XUMUUYECKUX
3JIEMEHTOB 00J1a1aeT XOpolleil MH(POPMATUBHOCTHIO B MATPUYHON CUCTEME
koopauHat (puc. 5). CTpyKTypupOBaHUE SHEPTETUYECKIX YPOBHEN MaTPUIIbI
MOJINBAJICHTHOCTHY BBITIOTHEHO CIICAYIOIINM 00pa3oM:

— mieprony 0-1 cooTBeTCTBYET OJIOK A;

— mepuonaM 2 U 3 COOTBETCTBYeT 010K B;

— tmrepronaM 4 1 5 coorBeTcTBYeT 0710K C;

— nepuonaM 6 u 7 coorBeTrcTByeT 010K D.

[Tpu 5TOM HUKIMYECKasl IEPUOANIHOCTD ITPOCMATPUBACTCS B DJICKTPOH-
HOM CTPOEHMU 000JI0UEK ATOMOB XMMUYECKUX 3JIEMEHTOB, €€ MaKCUMaIbHbBIX
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1 MUHUMAJIbHBIX BaJICHTHOCTSIX T10 KaxKaoMmy 0J10Ky. Tak mist 6j10Ka A nMmeer
MeCTO OJiHa MaKCUMaJlbHasl BAJIECHTHOCTb, 17151 0;10ka B — 1Be MakcuMalibHbIE
BaJIeHTHOCTHU, 1151 O6710Ka C — yeThIpe, a 111 6j10Ka D — 1ects MakCUMaJIbHbIX
BaJieHTHOCTel. MIMeIoT MecTo TakxKe OTpUIIaTeIbHbIe BAJICHTHOCTU OT -4 1 -3.

3aKOHOMEPHOCTU 3allOJHEHUS 3JCKTPOHHBIX YPOBHEH U opOuTaieit
3JIEKTPOHHOI 000JIOUKM MO Mepe yAaJlIeHUs OT siapa aToMa yCIOXHSIIOTCS,
YTO TIPUBOAMT K cOOSIM B 3aMIOJIHEHUM YPOBHEN U moaypoBHeit. [IpuunHoit
MOKET OBITh BEIPABHMBAHME SHEPIeTUUECKUX YPOBHEN COCEIHUX ITOAYPOB-
Hel, MPpU KOTOPBIX 3JEKTPOHBI HAYMHAIOT MepecKakKuBaTh MEXIY ITOAYPOB-
HSIMM U JaXKe Ha COCeIHUI YPOBeHb 0€3 M3MEHEHMUSI MX OOIIET0 KOJIM4YeCTBa
B aToMe. Pe3yibTaThl monmBageHTHOCTEH B Bue rpacduka (puc. 5) 00001mamoT
JOCTYITHBIC 3HAHUS 00 SHEPreTUYECKOM aKTUBHOCTH (BaJICHTHOCTH ) SJIEMEH-
TOB B KaxXJIOM IEPUOJE, IIPOSIBISIOT LIMKINISCKUI XapaKTep HapalliBaHUs
3JIEKTPOHHOTO 00J1aKa.

Ykopouennsie nepuoani 0 u 1 o6pasyer napa snemenroB H' — He? Hix-
Hero aHepreTuyeckoro yposHs K/, npeneabHoe 3aMoHEHUE S-0pOrTaIM KO-
TOPOIO CBUAETEIBCTBYET O TOTOBHOCTHY K Hauaay 00pa30BaHUsI XUMUYECKUX
3JIEMEHTOB BTOPOTO SHEPreTuYeckoro yposHsi L2 cienyioliero nepuoja 2.
3aroxHeHre MaJoro Nepuoaa MPOU3BOAUTCS B MPUBSI3KE K 3JIEKTPOHHO-0P-
ouTanbHbIM hopmyiaMm (DOD) 351eMeHTOB, 00pa3yIOIINX ITEPUOABI U OJIOKMU.
[1epBblii s-271€MEHT C OHUM 2JIEKTPOHOM Ha BHEIIIHEH OpOUTAIU MPOSIBIISIET
MaKCUMaJIbHYI0 BaJIeHTHOCTD +1, BXOOUT B OCHOBHYIO noarpymmy la rpyr-
bl 2JIEMEHTOB 1 CBUAETEIbCTBYET O 3aBEPIIMBILEMCS 1IUKJIe 00Opa30BaHuUs
nepuoja MpealleCTBYIOIIET0 SHEPreTUYeCKOro ypoBHs. BTopoii s-a1eMeHT
C IBYMSI 2JIEKTPOHAMU Ha BHEIIHEH IpenesibHO 3all0JTHEHHON opOuTaIu
MPOSIBIISIET MAKCUMAJIBHYIO BAJIGHTHOCTD +2, YTO CBUAETEJbCTBYET O Havasie
LIMKJIa 00pa30BaHUS MOCIEAYIOLIETO SHEPIeTUIECKOro ypoBHsl. [IpenenbHo
3aII0JTHEHHAsI S-OpOMTab (S-T1apa 3JIeMEHTOB), oOpa3yeMas ayieMeHTamMu I n
II rpymm, Ha BceX HEPreTUYeCKUX YPOBHSIX SIBJISIETCS HAYaaoM MPEACTOSI -
IIEro LUKJIa IIePUOJNYHOCTY BHEITHUX BAJICHTHBIX OPOUTAJICH.

B xaxxmoM 13 mocienyronnx sHepreTuaeckux yposaeit M, N, O, P, Q, X,
MOCJIe HayaJbHOM CUTHAJIbHO S-TIaphl 3JIEMEHTOB IIepHOIa, IIPOUCXOIUT
HapallMBaHUe DJIEKTPOHOB BHEIIHUX «BaJ€HTHBIX» p-OpOUTAICi, MEXIY
KOTOPBIMU IIPOIOJIKAETCS 3aloHeHue d-, f-, g-opOuTajeil B uX o0paTHOMI
MOCJe0BaTeIbHOCTY. AHAJIOTUYHbIE HauyaJbHbIE S-TIapbl 2JIEMEHTOB 00pa-
3y1oTcs B KaxknoM nepuogne: Li® — Be* (mepuon 2), Na!'' — Mg!? (mepuogn 3),
K" — Ca? (nepuon 4), Rb¥ — Sr*® (nepuon 5), Cs** — Ba* (nepuon 6), Fr¥” —
Ra®® (mepuon 7) B HyMepalLy KOPOTKOIEPUOIHOM TAOJULILI.

HecmoTps Ha HenpephIBHOE YBEIMYEHUE KOJIMYECTBA JIEKTPOHOB B 3JIEK-
TPOHHBIX 000JIOUKAX XUMHUYECKNX DJIEMEHTOB, HAOIOHAeTCS WACHTHIHAS
CTPYKTYpa NepuoauYHOCTH B rieproaax 2 u 3:
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s-T1apa = 5 BaJICHTHBIX p-2JIEMEHTOB —* MHEPTHBIN Ta3.
J1J1s1 5]IeMEHTOB TIeproIa 2 CTPYKTYPa OMUCHIBACTCS HIETIOUKOIM:

Li*— Be*—=B°— F* = Ne'’.
J171s1 37IeMEHTOB Teproaa 3 CTPYKTYpa ONMKMCHIBACTCS LIEMTOYKOM:
Na'l — Mgl2 = AIB3— CI'7 = Ar's.

[Mepuon 4 HaunHaetcs s-mmapoii K°- Ca? ¢ npono/nkeHrneM HapallBaHKs
3JIEKTPOHOB BHEIITHUX BaJIeHTHBIX d-opouTaneit Sc*! — Ni?® sHepreTHueckoro
ypoBHs M3. TTocneayomnunii CTpyKTYpHBIN iepexo. yxe chopMUPOBABILIUXCS
3JIEMEHTOB d-TIOyPOBHS B COCTaBE YKa3aHHOTO MEpHUO/Ia B ITOCIEI0BATEb-
HOCTH BHEITHUX BaJICHTHBIX 3JIEMEHTOB p-TionypoBHs Ga’! — Br* u uneprt-
Horo Kr* cooTBeTCTByeT HOBOMY 9HEPreTUUECKOMY YPOBHIO V4.

B cTpykType yeTBepTOTrO IMeproaa XuMUIECKUM 3JIEMEHTaM p-TIOMyPOBHS
npexaiiecTsyeT onHa napa Cu?® — Zn*, 4yTo CBUIOETENBCTBYET O 3aBepllie-
HUM GopMUPOBaHUS d-TIOAYPOBHSI SHEPIETUYECKOTO YpoBHSI M 1 Haya-
Jie o0pa3oBaHUs IOCEIOBATEIbHOCTA BHEIIHUX BaJICHTHBIX 3JICMEHTOB
P-TIOyPOBHSI HOBOTO 3HepreTruyeckoro ypoBHs N. @opmaiibHO TpUHAIIeXka
K d-TIOIypOBHIO, OHU SIBJISTIOTCSI HAYaJIbHBIMK TI0 OTHOILICHUIO K TTOCTIEIYIO-
LIEMY p-TIOMYPOBHIO HOBOI'O SHEPIeTUUECKOTO YPOBHS N. DTO pa3BUTHE UHOM,
10 OTHOILIEHUIO K MeproaaM 2 1 3, CTPYKTYPbl LIUKIMYECKOM MEPUOAUIHOCTH.

Jliist iepuona 4 B 0003HAYEHUSIX 3JIEMEHTOB CTPYKTypa OMUCHIBAETC Lie-
TTOYKOM:

Kl9 _ CaZO - SC21 _ Ni28 - Cu29 _ Zn30 —_ Ga3l _ Br35_) Kr36‘

Iepuon 5 HaunHaeTcs s-mmapoil Rb¥ — Sr3® ¢ mpomomkeHneM Hapaliu-
BaHMSI DJIEKTPOHOB BHEIIHUX BaJIEHTHBIX d-opouraneit Y — Pd* suepre-
TUYECKOTO YPOBHS V.

[Mocnenytomnuii CTPYKTYPHBII ITepexo yKe ¢hopMUpPOBABILIMXCS JIEMEH-
TOB d-TIOAYPOBHS B IOCJIEI0BATEIbHOCTA BHEIITHNUX BaJIEHTHBIX JIEMEHTOB
p-nionypoBHs In* — I3? u unepTHOro Xe* cOOTBETCTBYET HOBOMY SHEPIreTH-
yecKoMy ypoBHIo O.

B cTpykType msiToro mepuoga XMMUYECKUX SJIIEMEHTOB p-TIOIYPOBHS
npenmectsyeT napa Ag?’ — Cd*® u3 moarpymmnsl MeTajajaoB, KOTOPbIE 3a-
BepiiaoT ¢popMupoBaHue d-ITOIYPOBHSI SHEPTeTUIECKOro ypoBHSI N U
HauMHaeTcs 00pa3oBaHKe BHEITHUX BAJCHTHBIX 3JIEMEHTOB p-TIOAYPOBHS
HOBOTO JHepreTudeckoro ypoBHsg O. ®dopmaabHO MpUHAIIEKA
K d-TIOOYpOBHIO, OHM BBIITOJIHSIOT CUTHAJBbHYIO (PYHKIIMIO IO OTHOIIE-
HUIO K TIOCJIEAYIOIIEMY p-TIOIYPOBHIO HOBOTO 9HEPTETUUECKOTO YPOBHS
0. [1nsg nepuona 5 B 0003HAYEHMSIX XUMUYECKUX DJIEMEHTOB CTPYKTypa
ONUCHIBAETCS LIETTOYKOM:

Rb37 _ Sr38 _>Y39 _ Pd46 _;Ag47 _ Cd48 - In49 _ 153_)X654.
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IMepuon 6 HaunHaetca s-mapoir Cs3° — Ba’ cooTBETCTBEHHO OCHOBHBIX
noarpytit Ia u Ila sHepreTyeckoro ypoBHs P ¢ MpoIoJKeHUEM HapallliBa-
HMS 3JIEKTPOHOB BHEIIHUX BaJIeHTHBIX f~opouTaineii La¥” — Yb’ sHepreTu-
yeckoro ypoBHS V. ChopMUpOBaBIIMECS IEMEHTHI f~-IIOAYPOBHS B COCTaBE
YKa3aHHOTO IeproIa CTPYKTYPHO MEePEXOIsT B IOCIEI0BATEIbHOCTh BHEII -
HUX BaJICHTHBIX XUMUYECKUX 2JIeMeHTOB d-nioaypoBHs Lu’! — Pt sHepre-
Th4yeckoro yposHs O u p-nogyposHs TIB! — At® Bmecte ¢ MHepTHHIM Rn®,
COOTBETCTBYIOIIMX HOBOMY dHEpPreTUUYecKoMy ypoBHIO P. JIjis1 nmepuona 6
B 0003HAYCHUSX XMMHUYECKUX DJIEMEHTOB CTPYKTYpa OIMKMCHIBACTCS LIETIOUKOM

Cs® — Ba’ = La¥ — Yb"" = Lu” — Pt = Au” — Hg¥— TI* — At% = Rn®*.

IMepuon 7 HaumHaetcs s-mapoit Fr¥” — Ra® snepretmueckoro ypos-
Hg Q ¢ MPOJOJIKEHUEM HapalllMBaHUsI 3JICKTPOHOB BHEIIHMX BaJICHTHBIX
f-opouTtaneit Ac¥® — Lr'® sHepretnueckoro yposHs O. [Tocnenytonimii CTpyk-
TYPHBII TIEpEX0/1 yKe c(POPMUPOBABLINXCS 3JIEMEHTOB f~TIOMYPOBHS B COCTABE
YKa3aHHOTO TMepro/a B MOCIeI0BaTeIbHOCTH BHEITHUX BAJICHTHBIX 3JIECMEH -
ToB d-niogypoBHs Rf1" — Ds"? sHepreTriueckoro ypoBHst P U p-TIOAypOBHS
Nh'B3 — Ts!'” pmecte ¢ nuHepTHBEIM Og!!8 sHEpreTnyeckoro yposHs Q.

B cTpyKType cenpMoro repuoa 3J1eMEeHTOB p-TIOAYPOBHSI ITPEIIIECTBYIOT
anemeHThl Rg''! — Cn'"? moarpyIin MeTajioB, KOTOPbIe CBUACTEIbCTBYIOT
0 3aBeplIeHUM (pOpMUPOBAHUS d-TTOXYPOBHS SHEPreTUIECKOro ypoBHs O 1
HavaJie 00pa30BaHUsI BHELIHUX BAJICHTHBIX 3JIEMEHTOB p-IIOAYPOBHSI HOBOTO
SHEPTETUUYECKOTO YPOBHS P; OHU BBITTOJHSIOT CUTHAJIBbHYIO (DYHKIIUIO IO OT-
HOIIEHUIO K MOCIEAYIOIIEMY p-IIOAYPOBHIO HOBOTO SHEPIeTUYECKOT0 YPOB-
Hs Q. [Ing neprona 7 B 0003HAYCHUSIX XUMMUYECKUX DJIEMEHTOB CTPYKTypa
OTIMCHIBAETCS LIETIOYKOIA:

Fr¥” — Ra® = Ac® — Lr'® = Rf" — Dg'"= Rg'"' — Cn'2= Nh'> — Ts'” = Og'*,

MoXHO IogYepKHYTh HEKOTOPbIe 3aKOHOMEPHOCTH,, CBSI3aHHBIE C BAJICHT-
HOCTBIO XMMHWYECKUX JIeMeHTOB [13]:
— BJIEMEHTHI TPYIIIbI (IOATPYIIIIbI) UMEIOT aHAJIOTUYHYIO KOH(pUrypa-
LIMIO0 BHELIHUX 3JIEKTPOHHBIX 000JI0YEK 1 OJMHAKOBYIO BaJIeHTHOCTb
B COCIMHEHUSX;
— §-3JIEMEHTHI UMEIOT BaJICHTHOCTh, COBIAAAIOLIYIO C HOMEPOM TPYIIIIHI;
— Pp-3JIEMEHTHI UMEIOT HauOOMbIIYIO BAJIECHTHOCTh, PABHYIO HOMEPY IpYII-
Tbl, @ TAKXKE MOT'YT UMETh BaJIEHTHOCTb, PABHYIO Pa3HOCTU MEXIY UYHC-
JIOM 8 1 HOMEPOM HX IPYMIIbI;
— d-a51eMeHThl OOHAPYXKMBAIOT pa3HbIe BAJIEHTHOCTH, HE COBIAAAIOLINE
¢ HOMepaMH TPYIIII.
LIMKIMYHOCTD 31€KTPOHHOTO HACHIIICHUS 3JIEMEHTOB MTPOSIBIISICTCS TAKKE
B TOM, 4TO Yepe3 OIpeIe]IEeHHOE YMCII0 2JIEMEHTOB B IEPUOINYECKON CrCTEME
MOBTOPSIOTCS §-, p-, d- U Apyrue opOUTaIN ¢ OAMHAKOBBIMU KOH(UTYypa-
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LUSIMU 2JIEKTPOHHBIX TTOAYPOBHEH. DTO BeYeT 3a cOOOU MEepUOANYECKOe
U3MEHEHNE XUMMYECKUX U (PU3UUECKUX CBOMCTB 3JIeMEHTOB. T.e. I1100oii
XAUMUYECKUI DJIEMEHT, COCTOSIIMMN U3 Spa U COOTBETCTBYIOIIEH €My KOH-
(urypanum 3JeKTpOHHOM 000JIOUKM aTOMa, CTPYKTYPHO MOXHO IpeacTa-
BUTHb B BUJIE YEThIPEX CUCTEMHO CBSI3aHHBIX YacTeil, MHIUBUAYaJIbHbIX IS
KaXXJ10ro XUMUYECKOTO 2JIEMEHTA:

a) sidepHoe cmpoerue amoma v ero MPOTOHHO-HEUTPOHHAs CTPYKTYpa, 00-
Jlagaronas 3apsaoM, SHEPreTMYECKU YPaBHOBEILIEHHBIM MOJIEM 3JIEKTPOHHOM
000JIOUKHM, a MaCCOBasl XapaKTepUCTHUKA 3aBUCUT OT CTPYKTYPHI sIIpa U Ha
XMMHUYECKHE B3aUMOACHCTBUSI aTOMA HEMOCPEACTBEHHO HE BIIUSIET;

0) npenesibHO 3aMOJHEHHbIE BJIEKTPOHAMU HUMICHUE dHepeemu4ecKue ypos-
Hu 00OJIOUKHM, HA XMMUYECKHUE B3aUMOJICHCTBUS aTOMa HEITOCPEACTBEHHO
HE BJIUSIOT;

B) LMKJIMYECKU HapalllMBaeMble 3JIEKTPOHAMU HEBaJIEHTHBIE OPOUTAIU cpe-
OUHHbIX IHEpeemMuUMecKUx yposHeil, oopasyroluecs B ajieMeHTax ceMmeicts III-it
IPYIbl, HA XMMUYECKHE B3AaMMOACHCTBUSI aTOMa HETIOCPEICTBEHHO HE BIIUSIIOT;

') IepUOJNYECKU HapallluBaeMble JIEKTPOHAMU @a1eHMHble OpOUmManu
BHEUWIHUX DHepeemUu4ecKux ypoeHeil, 00pasylolllMecss BO BCEX XMMUYECKUX
3JIEMEHTAX, COCTABJISIOT OCHOBY MEXaHU3Ma XMMUYECKUX B3AUMOIACHUCTBUM;
CTPYKTYypa MepeMeHHa 10 MPeIeIbHOIO 3a0JIHEHUS 2JIEKTPOHAMU BHEILIHETO
SHEPIreTUYECKOT0 YPOBHS, IIOC/IE Yero MepeMeIlaeTCsl Ha HOBBIN (BBICILIMIA)
SHEPreTUYECKUN YPOBEHb.

CylIeCTBYIOIIYIO TPAKTUKY UCIIOIb30BaHUS (POPMYJIbI S9HEPIEeTUIECKOTO
YPOBHS 000JIOUKU U 3JI€KTPOHHO-0pOUTATBbHOM CTPYKTYphl (DOC) MOXHO
MNPUMEHUTh B KAYECTBE CUCTEMHOI0 MHCTPYMEHTA OIMMCAHMS 1 MMPOrHO3a
CTPYKTYpP pacrpenesieHus 3JeKTPOHOB 10 OpOUTAISIM-TIOAYPOBHSIM (S-, p-,
d-, -, g-, h-...) B sHepretuueckux ypoBHsx (K, L, M, N, O, P, Q ...) xu-
MUYECKUX 3J1eMeHTOB (Tabauina 7). OgHako, 1o Mepe yBeJudeHus 3apsaaa

Tabnuya 7.

OneKTPOHHOEe CTPOeHMe NOoCIeAHNX dNIeMEeHTOB B 6110Kax, B TOM Yncie
AN BHEWHX (BaneHTHbIX) opbuTtanen

Koneu- DHepreTHYeCKHe YPOBHI
baok HbIH 3ANOHEAHEIE / He3aBepHieHHbIE | KOJMYECTBO | BHENIHHE
3JIEMEHT 3aBepiieHHbIE -
A He? K - 1 1s?
B Ar'® KL M- 3(2+1) | 3s23p°
C Xe* KSLsP Mfsv-d NPd-Opp 5(3+2) 5s8%5p°
D Og"® K L3P Mfs-p-d Ns-p-d-f Opp-d-f- ps-p-d- (p 7 (4+3) 7s*7p®
E 218 K3 LsP Mo-p-d Ns-p-d-f Pro-d-feQep-df 9 (5+4) 9s29p¢
Osp-d-fg Rspd X5-p
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sgpa atoMa, opouTaJbHOE MPEACTABICHUE CTAHOBUTCS TPOMO3KOM (hop-
Mmoii [3, 5]. Llemecoobpa3zHo opMyIIbl SHEPTETUYECKOTO YPOBHS 000J10Y -
KM 3aIKChIBaTh COKpPAILEHHO, MYTeM 3aMEHBI IIpeaebHO 3aIl0JHEHHBIX
anekTpoHaMu opoutangeir DOC TOJIBKO CMMBOJIAMH COOTBETCTBYIOIIMX
SHEPreTUYECKUX YPOBHEM 0e3 yKa3aHUs opOMTaJIbHBIX CTPYKTYp. Takas
3aIKMCh MOXET ObITh CITpaBeI/IMBa TOJILKO JJI aHAIM3a CTPYKTYP 000J104eK
IJI TIEPUOIOB, B KOTOPBIX OTCYTCTBYIOT CeMeiCTBa 3JIEMEHTOB TPEThei
TPYIIIBI.

CBs3b MeXIy 2JIEKTPOHHOU CTPYKTYPOI1 2JIeMeHTa WJIM MaTepuraja 1 ero
(byHKIIMOHANIbHBIE CBOMCTBAa — MPOOJIEMa UCKIIIOUUTEIbHOM BaxkHOCTU. OHa
OTKPbIBAET BO3MOXKHOCTb ITPOTHO3MPOBATh 3TU CBOWCTBA IO €0 JIEKTPOH-
HOI1 cTpyKType. BenenctBue peanbHO OrpaHMYEHHOCTH MMEIOIIMXCS 3HA-
HUIi, OoJiee TTOIyTOpa BEKOB HE ObLIIO BO3MOXHOCTH OOBSICHUTD U UCITIOJIb-
30BaTh Ha MPaKTUKE MEPUOIUUYHOCTb CUCTEMBI C TTO3UIIMM MpeacKa3aHus
HOBBIX, €11I¢ HEU3BECTHBIX XUMUYECKUX 3JIeMeHTOB. COOTHOIIEHUE OJI0YHBIX
CTPYKTYp, TIEPUOJIOB 1 SHEPTeTUUEeCKNX YpoBHEl B OOBEMHOI MaTPUILIE X1 -
MMYECKMX 3JIEMEHTOB C TPAHUYHBIMU 3JIEMEHTaMU, 3aBEPIIAIOLINMU SHEP-
reTu4ecKre YpoBHU, IIPECTaBIIeHO Ha puC.6.

BBeneHHOe aBTOpaMu NOHSTUE NUKJIMYHOCTH, KaK CBOIICTBA 3aKOHOMEP-
HOTO MOCTPOEHUS 3JIEKTPOHOB BHYTPEHHUX 000I0ueK d-, f-, g-, h- 110 OTHO-
LIEHUIO K BaJIECHTHBIM OPOUTAJISIM, TIOBTOPSIETCS 7151 CEMEMCTB XUMUYECKUX
3JIEMEHTOB TPETheil IpyInbl. MUHUMAJIbHAS BAJICHTHOCTb XMMUYECKUX DJIe-
MEHTOB, KOTOpasi HabJIIo1aeTcsl Ha IPpaHuile OPOUTAIBHBIX IMKJIOB, aHAJIO-
TMYHa HYJIeBOI BaJICHTHOCTU HEHTpabHBIX a30B Ha rPaHUIIAX MIepUOAOB.
®opMyIMpoBaHUE 3aKOHOMEPHOCTEH IIMKIMYECKOTO 3aTIOJTHEHUST HEBAJICHT-
HBIX BHYTPEHHMX OpOUTAJICil B CTPYKTYpe MEPUOAUYHOCTH 1aeT BO3MOXHOCTh
MIPOrHO3UPOBAHUS HOBBIX XMMUYECKMX JIEMEHTOB U CO3IaHUs LIU(PPOBOii
miat@opmMbl B MatepuanoBeneHuu [20].

7. CTPYKTYpHbI1 aHann3 LMKANYHocT O6BbeMHON MaTpuLbi
XNMUYECKNX dN1IeMEHTOB

Hns aHany3a CTPYKTYPbI TAOJMIBI XUMUUYECKUX 2JIEMEHTOB aBTOpaMu
npenjgoxeH meton CrpykrypHoro anamu3a (CA). DTOT MeTOJ MO3BOJISIET
HE TOJIBKO YCTPAaHUTh HEAOCTAaTKU, OTMeUeHHbIe akaneMukoMm H.H. Ceme-
HOB8bIM, HO U CO3JIaTh YHUBEPCAJIbHYIO MOJAC/Ib CTPOCHUST IHEPTeTUYECKUX
ypoBHeii (K, L, M, N, O, P, (...) 1 opOUTaJIbHBIX 3JIEKTPOHHBIX ITOIYPOBHEH
(s-, p-, d-, f-, g-, h-, g-...) XUMUYECKUX 3JEMEHTOB IPU 3aIOJTHEHUN DJIeK-
TPOHHBIX 000JIOYEK SIACP XUMUYECKMX DJIEMEHTOB. AHAIN3 OJIOUHBIX CTPYK-
TYp, TIEPUOIOB 1 SHEPTeTUIECKMX YPOBHEH C MX TPAHUYHBIMU dJIEMEHTaAMU
U TUKJIMIHOCTBIO B O0BbeMHOI MaTpUIIE XUMUYECKUX DJIEMEHTOB ITPeICTaB-
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JieH Ha puc.7. CTpyKTYpHBI aHAJINU3 OTKPHITHIX 118-1 XUMUYECKUX DJIeMEH-
TOB MO3BOJISIET C(POPMYIUPOBATH 3aKOHOMEPHOCTD HAPHOCHU OPOUMANbHBIX
CMPYKMYp HeMHO020 U HeHemHo20 nepuodos 6 b10ke. BIIOYHOCTh TONTBEPXKIACT
BCe OOLIEITPUHSITHIC B XUMHMU 3aKOHBI, 3aKOHOMEPHOCTH U TTpaBUJIa, BKITIOUast
npaBuio MagaenyHra. 3aKOHOMEPHOCTb OJIOYHOCTU CITpaBeA/IMBa ISl BCEX
TabsnuHbIX hopM [leproanyeckoro 3akoHa u HauboJiee CylecTBEHHO MTPo-
SIBJISIETCSI, HAYMHAS C CEMEICTBEHHBIX LIMKIIOB f~31eMeHTOB 0j10Ka D 1 Bcex
nociuenywmux f-, g- anemeHToB 0j10Ka E rpymmsl II1. [TapHOCTb B G10UHBIX
nepuoaax He MPOTUBOPEUUT 3aKOHOMEPHOMY POCTY KOJIMYECTBA JIEMEHTOB
B nieproaax. BaxXHbIM 00CTOSTEILCTBOM SIBJISIETCSI €CTECTBEHHBIIM MOPSIIOK —
3aKOHOMEPHOCTb LIMKJIMIECKOTO HapallluBaHUS SJIEKTPOHOB OT HMUXKHETO Op-
OuTaIbHOTrO MOMYPOBHS K caenyouiemy. [IpeaenbHoe 3anoHeHUe 3JEKTPO-
HaMU HIKHUX OpOUTATbHBIX IIOAYPOBHE! BBIBOAUT UX B 00JIACTh XUMUUECKU
MACCUBHBIX 2JIEKTPOHHBIX 000JI0YEK 3TUX IHEPreTUUECKUX YPOBHE.

CrenyeT paziuyaTh HEIIEPUOIUUECKUE U MEPUOINIECKIE CBOMCTBA X1~
MUYecKUuX djieMeHToB. Hemeproauyeckue cBOCTBA XMMUYECKUX JIEMEH-
TOB XapaKTEePHbI IJIS AP aTOMOB — 3TO 3apsij sSiapa, YUCIIO SJICKTPOHOB,
Macca aTOMOB, CTAOMJIbHOCTb MJIM paalOaKTUBHOCTh XUMUYECKUX 3JIEMEH-
ToB. [lepuoanyeckne cBOMCTBA XMMUYECKUX 2JIEMEHTOB B3aMMOCBSI3aHbI
C IMKJIMYECKO# CTPYKTYpPOIl 3alIOTHEHUSI 3JICKTPOHAMMU SIIEPHBIX 000I0UEeK.
[Ipoucxonar naMeHeHus1 GU3NKO-XUMHUIECKHX CBOMCTB 3JIEMEHTOB OT IEePU-
OIMYHOCTY CTPOCHUS DJICKTPOHHBIX 000JI04eK aTOMOB. PU3NYECKUIT CMBICTT
XUMHUYECKON TIepUOANYHOCTA OOYCIOBJIEH ITOBTOPEHUEM KOH(MUTYypaLuu
BaJICHTHBIX 2JIEKTPOHOB BHEIIHETO HEPreTUYECKOro YPOBHS aTOMOB IPU
yBeJIMUEHUU 3apsiaa siupa. B cBsi3u ¢ 3TMM chOpMyIMpPOBaHO CIeAyIolIee
omnpenenenue [25]: «6 s-, p-, (s+p)-, d- u f-anemenmax umeem mecmo uém-
Kas nepuoouueckas 3a8UCUMOCMb CEOLICINE INEMEHMO08 U COeOUHEHUTl OM HlUC-
Aa UX COOMBEMCMBYIOWUX S-, Uau p-, uau (s+p)-, uau d-, uau f-3nekmporos
6 amomax». [19, 23].

Habmomaemblie 0cOOEHHOCTY M3MEHEHMSI CBOMCTB M3BECTHBIX XUMUUYECKIX
3JIEMEHTOB B KOHIIE TIEPUOINYECKON CUCTeMbI ¥ POrHO3UPOBAHUE CBOMCTB
3JIEMEHTOB C OOJILIIMMM MTOPSAKOBEIMA HOMEPAaMU CBUAETEIBCTBYIOT, YTO
SIBJIEHUE MePUOJNYHOCTH 0Ka3bIBAaeTCs ropasao 0oJiee CIOXHBIM, YeM 3TO
MPpeACTABISLIOCH Ha 0a3e TaOIMYHBIX 3HAHUM XUMUU 3JIEMEHTOB OT IIEPBOIO
JIO CEIbMOTO MEPUO0Ia BKIIOUUTEIBHO.

Teopust cTpoeHust aToMa 00bsICHUIA TPUYUHY 00beIMHEHMS AaTOMOB B MO-
JIEKYJIbI, KaK CTPEMJIEHUE K YCTOMYMBOM ABYX- UJIM BOCBMUIJIEKTPOHHOM
BHeIIHel obonouke. OOpa3oBaHNe YCTOMIMBOM 3J16KTPOHHON KOHPUTYpa-
LIMM MOXKET JOCTUraThCsl pa3IMUHBIMU CIIOCOOAMU: OTHAYEH, IPUCOSAHE-
HUEeM, 0000IIIeCTBIEHNEM 3JIEKTPOHOB. TakuM o0pa3oMm, oA XUMUUYECKOM
CBA3bIO IOHUMAIOTCS Pa3IMYHbIC BUABI B3aMMOICHCTBUM, 00yCIaBIMBAIOIINE
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YCTOMYMBOE CYyIlIeCTBOBAHUE IBYX- U MHOTOATOMHbBIX COEIMHEHUI: NOHOB,
MOJIEKYJT U APYTUX CTPYKTYD.

K ocHOBHBIM mapamMeTpaM XMMUYECKOM CBSI3M aTOMOB 1 MOJIEKYJT MOXHO
OTHECTHU:

a) CHMXXeHHUe oOlleil 3Hepruy IOBYX- WJIM MHOIOAaTOMHON CHCTEMBI
10 CPAaBHEHUIO C CYMMapHOI SHeprueil N301MpPOBaHHbBIX YaCTHUII, U3 KOTO-
PbIX 3Ta cuctemMa o0pa3oBaHa;

0) mepepacrpenesieHre 3JIeKTPOHHOU IIJIOTHOCTUA XMMMYECKOU CBSI3U
110 CPaBHEHMUIO C IIPOCTHIM PACITONIO0XEHUEM HECBSI3aHHBIX aTOMOB ITpY COJIH-
>KEHMU Ha PacCTOSIHUE CBSI3U.

[TepruoanYHOCTD 3I€KTPOHHOIO CTPOSHUS IMPOSIBIISIETCS. B TOM, UTO Yepe3
OIIpeAeICHHOE YMCIIO 3JIEMEHTOB B MEPUOANYECKON CUCTEME OBTOPSIIOTCS
s-, p-, d- v ipyrvie opoMTaIn ¢ YCTOMUUBBIMU KOH(DUTYpALIMSIMU 2JIEKTPOH-
HBIX IIOIYPOBHEN. DTO BjIeUeT 3a COO0M NEPUOINIECKOe U3MEHEHNE XUMUKO-
(pr3rYecKrx CBOMCTB 37eMeHTOB. MTaK, (PyHKIIMOHAIbHOE OTIAMYME CBOM-
CTBa MEPUOANYHOCTU XMMUUECKUX DJIEMEHTOB OTPaKaeT 3aKOHOMEPHOCTh
Y1 ME€XaHMU3M ITOBTOPSIEMOCTHU ITPpU (POPMUPOBAHUM BHEIIIHUX BaJIEHTHBIX Op-
outaseii odboouexk saep. B pamkax pa3BUTHSI XMMHYECKUX HAyK, UCCIEI0-
Bartesiell MPpUBJIEKAIOT UIEeU TTOMCKA YHUBEPCATbHBIX XUMUUYECKUX KOHCTAHT,
BJIMSIHUSI DHEPreTUYEeCKUX M0JIeil Ha CTPYKTYPY IIEPpUOIUYHOCTHU U €€ CBSI3b
co ctpoeHueM BcenenHoii [24].

HexoTopble (pn3MKO-XMMUYECKHE CBOMCTBA aTOMOB (ITOTEHIIMAT NOHU-
3allM1, aTOMHbIN paaguyc U Ip.), IPOCTBIX U CIO0XKHBIX BEIIECTB MOTYT OBITh
HE TOJIbKO KaueCTBEHHO, HO ¥ KOJIMYECTBEHHO ITPEICTaBIEHBI B BUIE MaTeMa-
TUYECKHMX 3aBUCUMOCTEN OT MOPSIIKOBOTO HOMEpPA 3JIEMEHTA C MePUOANYECKU
MPOSIBJISIIOIIMMMUCS MAKCUMYMaMy U MUHAMYMaMU.

ITeproIMYHOCTD 3JIEKTPOHHOIO CTPOSHUSI XUMUYECKUX JIEMEHTOB C I
no VIII rpynmnel s s- U p-NoaypoBHEU U ceMeicTB opoutaneit d-, f-, g-,
h- u g-iogypoBHeli IipeAcTaBieHa B TaOIMLE 8.

CBolicTBa IpynII0BOi TEPUOANIHOCTH IIEPBHIM B IEPUOINIECKOM TabIM-
11€ MPeACTaBIISIET 8-TPYNIOBOI YEeTHBIN (YKOPOUYEHHbIN) nepros 2 6J104HOM
cTpykTyphl B. Ilepron oOpa3syeT nBe opOouTany HadyaJbHbIX 9HEPreTUIECKUX
noayposHei s? (rpymmsl I v IT) 1 mects opOuTaeil 3aBeplualolIX SHepre-
tnaeckux nomypoBHeit pb (rpyrmer ¢ IIT o VIII). [Tpu atom «pa3max» mo-
JIMBAJIEHTHOCTEM cocTaBiseT 8, oT +5 10 -3, B 3aBUCUMOCTH OT y4acTBYIO-
IIUX B peaKkIrIX XUMUIECKHMX 3JIEMEHTOB, C MOCAEAYIOIINM OOHYJICHUEM
BAJICHTHOCTH K KOHILY TIEPMOIOB B MHEPTHBIX razax. [lopsinok, cocTosimii
B HENPEePbIBHOM YBEJIMYEHUN KOJUUECTBA 3JICKTPOHOB BHEIIIHEH OpOUTaIn
nepuoja 2, pacrpocTpaHseTCs U Ha CIEAYIOLINI HeueTHbII repuo 3 0J104-
HOI CTpYKTYpHI B.
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Tabnuua 8
OneKTPOHHOoe cTpoeHmne n ocob6eHHocTwm Il rpynnbl OMX3
Ne Kosmue-
nepuo- | CTBO JJie- I'pynmnsi Opouram
J10B MEHTOB
0 1 |
S_
1 1 VIII
2 8 I-11, - -II-1V-V-VI-VII - VIII
S}
3 8 I-1I, - -III-1V-V-VI-VII - VIII ?
4 18 I-11, - d-111-1V-V-VI-VII - VIII p
S} b
5 18 I-1I, - d-111-1V-V-VI-VII - VIII P
6 32 I-11, - f, d-111 -1V -V - VI - VII - VIII 0f
s} bl s
7 32 I-11, - f, d-111 -1V -V - VI - VII - VIII b
8 50 I-11, - g fd-111-1V-V-VI-VII - VIII
s,pdfg
9 50 I-1I, - g fd-111-1V-V-VI-VII- VI
10 72 I-1I,- h,gf,d-1II1 -1V-V-VI-VII - VIII
S}p} d)ﬁgf h
11 72 I-1I,- h,gf d-1I1-1V-V-VI-VII - VIII
12 98 I-11,-¢q,h,gf, d-111 - 1V- V- VI - VII - VIII
s,pdf8hq
13 98 I-11,-¢,h,gf d-111 -1V - V- VI - VII - VIII

Hauunas ¢ yerBeproro nepuoaa 0Jo4Hoi cTpykTypsl C, B cucteMe Xu-
MMUYECKUX DJIEMEHTOB MPOSIBISETCS APyrasi 3aKOHOMEPHOCTbh — 00pa3oBaHuUE
BHYTpPEHHEl MOoCcIe10BaTeIbHOCTY OpOuTanei nonyposHeii d-, f-, g-, h-, q-... ,
MPUHLUINATBHO U3MEHSIOIINX BOCBMUIPYIIIOBOE CTPOSHUE TIEPUOANYHOCTU
(cM. Tabmuiy 9).

C no3uuuu ceMeiCTBEHHOCTH 1LIeJIeCO00pa3HO pacCMOTPEHME CEMEICTB
Tpex MeTaj1oB, pa3melleHHbIX /.. Menneneesnsim B VIII rpymmne, KoTopbie
HMCKYCCTBEHHO MOMEILIEHBI B TPYIITY MHEPTHBIX Fa30B, XOTS Y HUX UMEET-
Cs MECTO B TaOJIMIIe M COOTBETCTBYIOIIME XMMUIECKIE CBOMCTBA, B MEPBOM
U3 BHYTPEHHUX opOuTaneit Husiero d-nonypoBHs. KpomMe Toro, ycpenHeH-
Hasl BaJICHTHOCTb XMMUYECKUX 2JIEMEHTOB d-opOuTajeil paBHa +3, paBHO Kak
JOMUHUPYIOIIAsA BaJICHTHOCTb BCEX DJIEMEHTOB f~O0pOMTaIM JaHTAHOUIOB,
KOTOpas Takxke paBHa +3, U 5TO NOATBEPKAAET MHEHUE ABTOPOB O TOM, UTO
BCE CeMeiicTBa BHYTPEHHUX HEBAJEHTHBIX OopOuTajeii, HaunHas c 6joka C,
(cemeiicTBa d-TIOMYPOBHS U TTOCEAYIONINX BHYTPEHHMUX OJIOYHBIX CTPYKTYP),
JOJDKHBI npuHAIexkaTh rpynme 111 Tadammpi.

IMocnenyroliye ceMeiicTBa BHYTpeHHUX opouTtaieil d’-nonypoBHs 60-
Jiee BBICOKMX SHEPreTUYECKMX YPOBHEl U Bce IOCIEAyIolue opouTanu

f~, g-, h-, q- 6onee BBICOKMX TTOMAYPOBHEH, aHAJIOTMYHO f14-TaHTaHOMIaM
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u fi*-akTuHounaam 6j10ka D, He BIUCBHIBAIOTCS B TaOJIMYHbBIE (DOPMBI (B T.4.
IUPAC). ITpu 3TOM CTPYKTYpHO OHU JOJKHBI IIPEALIECTBOBATH OPOUTAIAM p’
Bcex ypoBHeii, B rpyrnme III ¢ BanenTHocThIO +3. HeobocHOBaHHAS BEIHECEH -
HOCTb CEMEHCTBEHHBIX 00pa30BaHMIA 3a MPeIesIbl TI0OBIX TAOJUMYHBIX (hOPM,
SIBJISIETCSI X HEAOCTATKOM, MIPUHIIMITMAIBHO HApYILAIOIIMM YCIOBUS HETIpe-
PBIBHOCTH, B TOM YMCJIE [JISI MPOIECCOB SHEPreTHIECKNX B3aUMOIEHCTBHIA.

CrpykrypupoBanue OO0beMHOI TIEPUOANYECKON MaTPULIbI ONpeaesieT
MECTO CeMEMCTBEHHBIX OpOUTaeil B CUCTEME I'PYMIIIOBOI NEPUOIUIHOCTU
B3aMMOCBSI3U CEMENCTB YK€ OTKPBITHIX 118 XMMUYECKUX 2JIEMEHTOB, UTO
npeacTaBieHo B Tabauile 9. B Tabauiie moka3aHO COOTBETCTBUE IIEPUOIOB,
pacripejie/ieH1e BAIEHTHBIX opouTaeil u {BHyTPEHHUX CEMENCTB}, MPaKTH-
YeCcKoe MPOSIBICHNE MHOXKECTBA BO3MOXKHBIX BAJICHTHOCTEH (IOJMBAICHT-
HOCTb), UX IMAIla30HbI 1 MTOATBEPXKICHHBIE MaKCUMYMBbI. DiemeHTam VIII
TPYMIIbl COOTBETCTBYET HYJIeBass XMMUYECKasl aKTUBHOCTb.

C BocbMoro niepuoaa 6;10ka E npencraBieHa CTpyKTypa CEMENCTB U TTPo-
THO3MpPYEMBbIE TIpeAesbl BaJICHTHOCTEH IJIST HOBBIX IIPOTHO3UPYEMBIX 3JIe-
MeHTOB. OTMeuaeTcsl BaxkHasi OCOOEHHOCTh OJIOUHOrO 0Opa3oBaHUs Ce-
MENCTB XMMUYECKHX JIEMEHTOB, KaK B KOPOTKOIIEPUOAHON TaOIMIIe, TaK
U B giauHHonepuoaHon tadauue IUPAC. B HbIHellIHeM, MpeacTaBIeHHOM
BBIIIIE TIOHMMAaHWH, 32 UCKJII0YEHUEM YKOpPOUYeHHBIX IepuonoB 0 u 1 6;10ka
A, MeXy IByMSI BHELITHUMU BaJIECHTHBIMU OPOUTAJISIMU §- U LIIECThIO OpOUTa-
JIIMU p- TIOAYPOBHEN B IBYX nepuonax 2 u 3 6;oka B oTcyTCTBYIOT /1eMEH-
THI C 3JIEKTPOHHBIMU OpOUTAISIMU 00Jiee BHICOKOTO TTOAYPOBHS TPYIIIIOBOIMA
MepUOANIHOCTH.

B nByx nocnenyromux nepuonax 4 u 5 6goka C Mexmy opoOUTaISIMU S-
U p-<«BHEIIHUX» BAJIEHTHBIX DHEPTeTUYECKUX TTOAYPOBHEN MPUCYTCTBYIOT
IOCJICIOBATEILHO 3aII0IHsIeMbIe 31eKTpoHAMM 10 XMMUYECKUX 2JIEMEHTOB
cemericTBa opouraneii d-momypoBHs. A B AByX nepuoaax 6 u 7 6;ioka D mocie
JIBYX 2JIEMEHTOB OpOUTAJICHi §- 3aIIOIHSIIOTCS 3JI€KTPOHAMI OPOUTAJIU MOCTIe-
JOBaTeJIbHO 14 XUMUYECKUX DJIEMEHTOB CeMelCcTBa OpOuTaIei f~IoLypoBHS
(cemeiicTBa JTAaHTAHOUAOB U AKTUHOUAOB), MOCJIE KOTOPBIX MPOAOKACTCS
3aIl0JIHEHME 3JIEKTpOoHaMu opouTaieit 10 XxuMuyecKux 3J1eMeHTOB CeMelCcTBa
d-1101ypOBHS1, TPENIECTBYIONIME IECTU XUMUIYECKUM 3JIeMEHTAaM BHEIITHUX
BaJICHTHBIX 3aMBIKAIOLIUX OPOUTAJIeli p-TIONYPOBHS B KaXKIOM IIEpUOJIE.

Bo Bcex mocenyommx mapHbIX eproaax 0JI0OYHBIE CTPYKTYPBI TAKIKE Y-
LLIEHBI COOTBETCTBUSI MIPEANIOYTUTETLHON MOHOBAJICHTHOCTHU ONpPeAeIeHHOM
rpymnne. Habmronaercss ocodast 3aKOHOMEPHOCTD JaabHEHIIEero CTPYKTYPHOTO
HapallMBaHUsI «BHYTPEHHUX» SHEPTeTUYECKUX MoaypoBHel. OCOOeHHOCTh
COCTOUT B 3aKOHOMEPHOCTH MEPUOANYECKOr0 (POPMUPOBAHNUS OPOUTATBHBIX
3JIEKTPOHHBIX SHEPIeTUYECKUX MOAYPOBHE f-, g-, h-, g-... B Ioc/enoBaTeb-
HOCTHU OT «CTapllieii» opouTaiu 00jee BLICOKOIO MOAYPOBHS K «MJIAIIICH»,
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MeHee BbICOKOTO TOIYyPOBHS. 3aKOHOMEPHOCTh OYEPEAHOCTH 3arOJTHEHUS
000JI0YeK sifiep: CHavasia BHEITHWI BaJICHTHBIH s°-TIOMypPOBEHb, a TIOTOM (... g-,
h-, g-, f~, d-) ypOBHU, 3aBepILIAIOLINECS TTOCIEI0BATEIbHOCTBIO pi-0pOuTaIeii.

Tabnuya 9
MonnBaneHTHOCTb cemencTB anemeHToB OMX3
I KommyecTBo Juana3on
CpHoE! 9JIeMEHTOB Toamsanenrnoctu BaJICHTHOCTEH
0 1 +1 2
1 1 0 0
2 8 or +1 10 +5(-3); 0 1-8 max
3 8 ot +1 10 +7 (-4); 0 1-8 max
4 2 {10} — ¢ ceMeCTBOM METAJUIOB oT +1 mo +7 1-7, 6 max
6 oT +2 10 +6 (-4); 0 1-6, 8 max
5 2 {10} — ¢ cemeliCTBOM METa/IOB ot +1 no +8 1-8, 6 max
6 or +2 10 +7 (-3); 0 1-7, 6 max
6 2 {14} — ceweiictro ot 1 o +4 1-4, 3 max
JIAHTAHOUJIOB
{10} — ¢ ceMeicTBOM METaJIJIOB or 1 g0 +8 (-1) 1-8, 8 max
6 or 1 g0 +7(-3);0 1-7, 8§ max
7 2{14} — cemeiicTso or 1 mo +7 1-7, 6 max
AKTUHOUIOB
{10} — c cemeiicTBOM MeTaJlJIOB ot 1 no +8 (-1) 1-8, 8 max
6 ot 1 10 +6 (-2); 0 1-6, 8 max
8 50: 2 {18} {14} {10} 6 or 1 mo +8
9 50: 2 {18} {14} {10} 6 or 1 1o +8;0
10 72:2 {22} {18} {14} {10} 6 or 1 mo +8 1-8, 8 max
11 72:2 {22} {18} {14} {10} 6 or 1 mo +8;0 1-8, 8 max
12 98:2 {26} {22} {18} {14} {10} 6 ot 1 no +8
13 98:2 {26} {22} {18} {14} {10} 6 or 1 o +8;0

3aKOHOMEPHOCTh LIMKJIMYECKOTO 3aIlOJHEHUSI OpOUTaIeil 2JeKTPOH-
HBIX 000JI0YEK €CTeCTBEHHOI MOCIeA0BATeIbHOCTU SHEPIeTUYECKUX YPOB-
HEll XMMMWYECKUX 3JIEMEHTOB OJIOYHBIX MapHbIX IEepUoaoB 0J0KOB A, B,
C u D HaunHaeTcs napoii XMMUYECKHMX 3JICMEHTOB HAada/lbHbIX BaJICHTHBIX
s-opouTaneii (rpynmna I ¢ BaieHTHOCTBIO +1 1 rpynima II ¢ BaJIeHTHOCTBIO
+2) 1 3aKaHYMBaETCS IIECThIO BAJIEHTHBIMU p-opouTtansaMu (rpynisl ¢ 11T
no VIII ¢ cooTBETCTBYIOIIMMU BaJIEHTHOCTSIMM). | paHUUHBIMUY JIeMEHTaMU
MEepUOAO0B IMPUHATO CUUTATH IIEPBbIC XUMUYECKME 3JICMEHTHI C BaJICHTHBIMU
s'- TOIypOBHAMMU U TTOC/IETHNE XUMUYECKIE DJIEMEHTBI C DHEPTreTUYECKUMU
MTOIyPOBHSAMU p®- OpOUTAIIEH.
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CTpyKTypa HIMKJIMYHOCTU BHYTPEHHUX CEMEUCTBEHHbIX opouTaiein O0b-
€MHOI TepuoandYeckKoil MaTpulibl npeacTtapiieHa B Tadauue 10. biaouHble
CTPYKTYPhI 2JEKTPOHHBIX 000JI04eK MPUBENCHBI B COOTBETCTBUE C KOJIUYE-
CTBOM XUMMUYECKUX 3JIEMEHTOB, CTPYKTYPOI LIMKJIMYHOCTY BHYTPEHHMX He-
BaJICHTHBIX OpOUTaJIeii, OPSIKOBOM HyMepalliK SHEPreTUIECKUX MOAYPOBHEM
U TIOPSIIKOBOM CTPYKTYPhI IUKJIMYECKUX 3JIEMEHTOB B HEBaJICHTHBIX OpOu-
tansix. CTpyKTypHBI aHaau3 0JJOYHOTO COOTBETCTBUS BHICIINX MOAYPOBHEM
U TPAaHWYHbBIX 2JIEMEHTOB 9HEPreTMUECKMX YPOBHEH IpescTaBieH B Tadauie 11.

Tabnuya 10
CemelicTBa M CTPYKTYypa op6uTtaneil XMMU4YecKnx sfieMeHToB
Im/ Koa-so CemeiicTBa Op6utam Buyrpen-
Ne baoku 3/IeMEHTOB B GIOKAX 0BON0UeK HHE OpOu-
B 0JI0Kax TaJIIN
1 A 2 HeT (59 HeT
2 B 8x2 HeT spt HeT
3 C 18x2 10 x 2 s2d"’p° d-
4 D 32x2 (14+10) x 2 SHrédp’ f-d-
5 E 50x2 (18+14+10) x 2 s2g18f14d %p° g-f-d-
6 F 72x2 (22+18+14+10) x 2 SZh?2 g8 14d10ps h-g-f-d-
7 G 98 x 2 (26+22+18+14+10) X2 | s%g*h?g!5f1%d"ps | j-h-g-f-d-
Tabnuya 11
3Hepre1'|/|qecxwe YPOBHU N rpaHUYHbIE 3J/1IeMeHTbl
Bao- | Ilepu- | Dueprernye- | I'panuunbie I'pannynbie Howmep Iloaoxenue
KU OIbl | CKHe YPOBHH | OpOHMTAIN 3JIeMEeHTBI B mepuoje B 0JI0Ke
A 0 1-i K ) He? l'ennit 2) (1:1)
B 2 2-u L P’ Ne! Heon 8 1:2
C 4 3-u M dv Zn* [Tunk 12 1:3
D 6 4-u N S Yb™ Utrepouii 16 1:4
E 8 5-u0 g’ Yn'3¥ W Huym 20 1:5
F 10 6-it P h* Gu**? 24 1:6
G 12 7-u Q q* An®? 28 1:7

biiouHbIe CTPYKTYpHI YETHBIX IIEPUOA0OB MPUBEACHBI B COOTBETCTBUE C Ipa-
HUYHBIMM OpOUTANIIMU SHEPreTUUECKUX YPOBHEl. B aTux opburansix ocodas
POJIb MPUHAIEKUT 3aBepLIAIOIINM, TIPEAEIbHO HACHIIIEHHBIM 3JICKTPOHAMU
IPaHUYHBIM XUMUYECKHUM dJIEMEHTaM, IMMOPSAKOBBIE HOMEpa KOTOPHIX ITO3BO-
JIIOT Pa3rpaHU4MBaTh GU3UKO-XUMUYECKUE XapaKTePUCTUKU IIPEAIIeCTBY-
IOIIMX ¥ TTOCIEAYIOIINX 3JIEMEHTOB COOTBETCTBYIOIIMX TIEPUOIOB.

J1st TipeieSIbHO 3aIl0OIHEHHOTO IIEPBOTO SHEPreTUYECKOro ypoBHs K Ta-
KUM 3JIeMeHTOM siBjisieTcs renvii He? sHepretnyeckoro ypoBHst K2. Jlns



86 | HoBasi MoJenb CTPYKTYPUPOBaHUA XUMUYECKUX INEMEHTOB

MpeaeabHO 3aII0JJHEHHOTO BTOPOTO 3HEPTeTUYECKOro YpoBHs L TaKUM 3J1e-
MeHTOM sBisieTcss HeoH Ne!® ¢ sHepreTnyeckum yposHeM L6. 11 npeneiib-
HO 3aIMIOJIHEHHOT'O TPEThErO SHEPIeTUUECKOTo YPOBHS M TaKUM 3JIEMEHTOM
aBisgeTcd UMHK Zn* ¢ sHepreTuyeckuM ypoBHeM M10. 17151 npenenbHo 3a-
MOJIHEHHOTO YETBEPTOr0 SHEPreTUYECKOIro YpoBHS /N TaAKUM 3JIEMEHTOM
apisieTcss uttepouit Yb’’ ¢ sHepretnueckuMm ypoBHeM NI14. Ycroitunubast
3aKOHOMEPHOCTb PACIOJIOXEHHUS MPEAEIbHO 3all0JTHEHHBIX OpOUTaneil Xu-
MMYECKHX BJIEMEHTOB JAaeT OCHOBAHMS IIPOrHO3MPOBATh LIMKINUECKOE 3a-
MOJHEHNUE S9HEPTeTUYECKUX YPOBHE!. [ paHMYHbIC 3JIeMEHTHI ITpeAe/IbHO 3a-
MOJTHEHHBIX SHEPreTUYECKUX YPOBHEI, 3a McKIoueHueM reavst He? mepsoro
SHEPreTUYECKOro YPOBHSI, SIBJISIIOTCS MOCISAHUMU 3JIeMEHTAaMU MIPEACIbHO
3aIM0JIHEHHOM 3JIEKTPOHAMMU BhICIIIEN OpOUTAIN 3aBEPIICHHOIO SHEPTeTHUYIe-
CKOTI'O YPOBHS IIEPBOI0 YETHOTO Teproaa B KaxkaoM 0jioke. Mx mopsinkoBoe
MECTO BHYTPHU yKa3aHHBIX IIEPUOIOB OMpeaesieTcs: (popMyIIOii:

{ 2¢ (Mnepuoda) +4} :

PaspaboTtanHast ¢popMyJsia MOATBEPKIAETCS BO BCEX OCTAIbHBIX IIEPHUOAaX
2 — 3 onoka B, B nepronax 4 — 5 6;oka C TpeThero ypoBHS U B TIepHOIAX
6 — 7 610ka D yerBepTOro ypoBHs WIS 118 OTKPBHITHIX XUMUYECKUX 2JI€-
MEHTOB. MeTof CTPYKTYPHOTO aHaIM3a ITO3BOJISIET BBITIOJIHATD ITPOTHO3 JIJIst
elIe He OTKPBITBIX XMMUYECKUX 2JIEMEHTOB HOBBIX IIeproaoB 8 — 9 Ooka
E, nepuonos 10 — 11 6sioka F, nepuonos 12 — 13 610ka G, u Tak gajee.
PesyabTar npumeHeHust GopMyiibl Kak ajist 118 a1eMeHTOB, TaK U MPOTHO-
3MpPYyeMbIX OJIOKOB IpeacTaBiieH B Tadbauie 12. [IpuBeneHHBIN CTPYKTYPHBIIA
aHaJIM3 CBUIETENbCTBYET O TOM, UTO B OyioKe nmapHbix nepuoaos D, E, F,
G nuKInyecKas rmocjaeIoBaTeIbHOCTb IIPOrPECCUBHO BO3pacTaer.

MeTon CTPYKTYpHOI'O aHa/IM3a ITO3BOJISIET ONPEAEINTD ITOJIOKEHHUE Tpa-
HUYHOTO XMMUYECKOTr0 3JIeMEHTa BOCBMOTO Tiepuoja msroro oyoka E, 3aBep-
IIAOIIETO TISIThII S9HEPreTUYECKU ypoBeHb IToa HoMepoM 138. 'paHUYHBIH
XUMUUYECKHUI 3JIEMEHT JIeCsIToro nepuoaa mecroro 6joka F 3aBepiuur 1ie-
CTOI1 SHEPreTUYECKMA YpOBEHb ITOJ HOMEPOM 242, a TpaHUYHBIN XUMUYECKUI
3JIEMEHT OyIayImmx MmapHbIX nepuonoB 12 u 13 6imoka G 3aBepIIUT CenbMOIA
SHEepPreTUYECKUil ypoBeHb moa HomepoM 390 u T.1.

BriepBbie mpuBeaeH CTPYKTYPHBIN BHYTPUOIOYHBINM aHATA3 XUMUUECKIX
3JIEMEHTOB MpeAeIbHO 3aIT0OIHEHHBIX OpOUTAJICii 3aBepIICHHOIO SHEPIreTUYe-
CKOT'0 YPOBHS K 001IEMY KOJIMYECTBY XMMUUECKUX 3JICMEHTOB HE3aBEPILICHHBIX
LIMKJIMYECKUX 1 BAJICHTHBIX OpOUTaieil. DTOT aHAIM3 MOKa3al yCTOMUMBBIM
PACXOIAIINIACS B TeOMETPUUECKOM MPOTrPecCUM XapakKTep COOTHOIICHUS
HEI03aMOJTHEHHBIX LIMKJINYECKUX 1 BaJICHTHBIX OpOMTAJIeli OTHOCUTEIBLHO
MAaCCUBHBIX MPEAC/IbHO 3aMIOJHEHHBIX 3JIEKTPOHAMU SHEPIreTUISCKHUX T10-
IYPOBHEN B CTPYKTYpe OJIOYHOM MepUoaNIeCKO mocienoBaTeabHocTy 118
OTKPBITHIX M IPOTHO3UPYEMbBIX XUMUYECKMX 3JIeMEHTOB. Eciiu B IiepBbIX ye-
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ThIpex Osokax A, B, C u D atoT mokaszatens pacxogumoct OObeMHOI IIepu-
OJIMYECKOI MaTpUIlbl OTHOCUTENIbHO 0J10Ka B pacteT B 4 pasa, To B mociesy-
IOIIMX TpeX MporHo3upyeMbix 010kax E, F u G pacxonuMocTh yBeInunBaeTcs
1o 8 pa3, 4TO MPOUCXOANT 3a CUET XUMUUECKHX DJIEMECHTOB TPEThEI TPYIIITHI.

B npenenax yxe oTKpHITHIX 118 XUMUYECKMX 3JIEMEHTOB B KOPOTKOTIEPH -
OIHOM TaOJMYHOM BapuaHTe, BOCbMU ITAPHBIM IIepUOIaM YEThIpeX OJIOKOB
(A, B, C 1 D) coOoTBEeTCTBYIOT YeThIpe IpeaebHO 3aIll0JJTHEHHbIE SHEpTe-
tnaeckue yposHu (K, L, M u N). IIpu aTOM, rpaHULIBI IEPUOIOB HE CO-
BMAAAIOT C TPAHUIIAMU DHEPTreTUYeCKUX YpoBHel. CBOMCTBO LIUKIMYHOCTU
MpoSBISIETCsI, HauMHas1 ¢ repuoaa 4 6aoka C u B epuone 5 B ceMeiicTBax
n3 10 3J1IeMEHTOB PHEPreTUIEeCKOTo d-TIOAYPOBHSI, UTO IIPUBEJIO B CBOE Bpe-
M1 K BBEICHMIO ITOHATUS «ITIOJIYIIEPUOI0B» B IJIMHHBIX IIEpHUOAaX, HAUMHAs
¢ napHbIX meproaoB 4 u 5 61oka C. Kak mokasbiBaeT JajabHEHUIINIA CTPYKTYP-
HBII aHanU3, paayd COXpPaHEHUS «CTpoitHOCTU» Tabauuebl, .M. MeHaeneen
IOILIeJT Ha BKJIIOYEHME ABYX JOIOJIHUTEIbHBIX METAIJIOB 9HEPIETUYECKOTO
d-nonyposHs B VIII rpymiry nmepBoro «Imojynepruona» 1 3aMEeHUIT XUMUJe-
CKUeE 3JIeMeHTHI IByX s-noaypoBHeii I u II rpynm Takxke nBymMsi METaIaAMU
SHEPIeTUYECKOTro d-TIOAYPOBHS Mepel eCThI0 XUMUUISCKUMU JIEMEHTaMU
P-TIOAYPOBHEN BTOpOTO «Iojiynepuona». CTpykrypa «ceMeiicTB» rpymibl 111
HarJIsSIIHO IpeAcTaBjieHa B Tabaule 12.

Ecnu 661 He ObLIa COXpaHEeHa «CTPOMHOCTb» KOPOTKOIIEPUOIHOM TabIu-
LIbI, TO 3a e€ Mmpeebl IoMajan Obl IBa CeMENCTBa XUMUYECKUX DJIEMEHTOB
d-riofnypoBHe IBYX «IOJIyIEpUOAOB» YK€ B TTapHbIX Mepuonax 4 u 5 6yoka
C. CBoIiCTBO HMKIIMYHOCTH 0OJIee SIPKO IIPOSIBUIOCH B YETHOM Tiepuoze 6 u B
nepuozae 7 61oka D B cemeiicTBax u3 14 XuMMUECKUX 3JIEMEHTOB SHEPreThYe-
CKOTO f~TIOTlypOBHSI MIPEAILIECTBYIOIIETO YETBEPTOTO SHEPTETUUECKOTO YPOBHSI
N u B cemerictBax u3 10 a1eMeHTOB d-IIOAYPOBHEN MOCIEIYIOLIErO IISITOrO
SHEPreTUYECKOTo YPOBHS O, UYTO MOCITYKMJIO IIPUYNHOM BRIBEACHUS 3a TIpee-
JIbI TAOJMYHBIX (DOPM CEMEIMCTB «TAHTAHOUIOB» U «aKTUHOUIOB» f~IIOAYPOBHSI.

IIpuBeneHHbI aHAINU3 MO3BOJISIET YTBEPKIATh, UTO JIMHHOIIEPHUOMTHASI
tabmna [UPAC oTonBrHY/Ia YKa3aHHYIO BBIIIE MPOOJIEMY «CTPOMHOCTH»
Ha oauH 0J10K E, B KOTOpOM OTKPBITHE HOBBIX XMMUYECKUX JIEMEHTOB IO~
TBEPKAAaeT HEOOXOAMMOCTD BBIBO/IA B CYILIECTBYIOIIEH 18-rpynmoBoii cTpyK-
Type 3a Ipenesbl Tabnuibl 64 s;meMenTa, a B 0;10ke F 3a mpeaenamu TabauLbI
okaxeTcs 108 xuMruecKunx 3JIeMEHTOB, 1 TaK Jajiee B BO3pacTarollei Imporpec-
cuu. TakuM 00pa3oM, aBTOpaMU CUCTEMATU3MPOBAHO CBOMCTBO 00pa30BaHUs
HOBBIX XUMUYECKUX 2JIEMEHTOB 32 CYET CTPYKTYPHOTO MEXaHM3Ma 3JIEKTPOH-
HOTO HapallliBaHUsI SHEPTETUUECKUX TTOAYPOBHEN 2JIEMEHTOB, KOTOPhIE He-
MOCPEICTBEHHO HE BJIMSIOT Ha MPOLECChl XUMUYECKOTO B3aUMOACICTBUSL.

OnnHako, Oyay4n BHYTPEHHUMU, TT0 OTHOIIEHUIO K BHEIITHUM BaJICHTHBIM,
OHU JOJIKHBI BJIUSITh HA (PU3MYECKME CBOMCTBA BELIECTBA, YTO JJIST OTKPBITBIX
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XUMMYECKUX 2JIEMEHTOB ITOATBEPKIACTCSI 3HAHUSIMU O BEIHECEHHBIX U3 Ta-
OJIMLIBI CEMENCTBAX «TAHTAHOMIOB» U «aKTUHOMIOB». CTPYKTYpHbIN aHAJIU3,
B COOTBETCTBUM C IIPUBEIEHHOM BbllIe (DOPMYJIOi1, IIO3BOJISIET HE TOJIBKO (op-
MaJIn30BaTh MOJI0KEHNE TPAHNIHBIX 3JIEMEHTOB, 3aBEPIIAIOIINX SHEpreTHYIe-
CKHE YPOBHU, HO ¥ IIPOTHO3UPOBATh CTPYKTYPhI IIEPUOAOB 1 SHEPreTUIECKUX
YPOBHEI e11ie He OTKPBITHIX XMUMUYECKUX 3JIEMEHTOB HOBBIX ITAPHBIX IIEPHOI0B
8 n 9 6oka E, mapawix neprogos 10 u 11 6;10ka F, n tak manee.

IIpumeHeHHbI aBTOpaMu MeTo, CTPYKTYpHOTO aHajI13a IT03BOJIWI chop-
MyJIMPOBaTh HOBbIE 3aKOHOMEPHOCTH, 0003HaYeHHbIe B OObEMHOI MaTpulie
XUMUYECKUX 3JIEMEHTOB U TTO3BOJIMBILIME YCTPAHUTh HEOCTATKYU CYILIECTBY-
JOIIUX TAOJIUYHBIX (DOPM.

O0001IeHHOE TTOHATHE HUKJIMYHOCTHU B CTpYyKType O0BEeMHON nepruoau-
YeCKOl MaTpUlIbl MMPUBeAeHO B Tabauie 13. AHanu3 TaOJULIBI TO3BOISIET
YTBEPXAaTh, uTo B OOBbEMHOI MaTpUIIe MPAaKTUIECKU YCTPAaHEHBI HEIOCTATKU
10 BCceM IATU NyHKTaM, cpopMynupoBaHHbie H.H. CemeHOBBIM.

MexaHu3MBbl 9HEPTreTUYECKNX B3aUMOICHCTBUI 000JI09eK XUMNIECKIX
3JIEMEHTOB B IIpoliecce 00pa30BaHUsI MOJIEKYJI U3 OMHOPOMAHBIX U pa3HOPO/I -
HBIX aTOMOB SIBJISTIOTCSI OCHOBOIIOJIATraloIIMMK B MaTepHaIOBEICHUMN.

Tabnuua 13
O6WNIA CTPYKTYPHbIN aHaNN3 UKANYHOCTA U NEPUOANYHOCTI
Cr a Ta6mmma Taoamma Oobemuas
PYKTYP JI.. Menneneena IUPAC Marpuna / GYS
Broku A-B-C-D- A-B-C-D- | A-B-C-D-(E-F-G-)
Ilepuoas 0-1,2-3,4-5,6-7 1,2,3,4 0-1, 2-3, 4-5,6-7, (8-9,
10-11, 12-13)
I'pyrmst I+ VIII I+XVIIIT |I-+ VIII
CewmelicTBa {mertannsl VIIIrp}, {La}, {Ac} |BIII rpymnrme
3JIEMEHTOB {La}, {Ac}
Dueprernueckue | K-L-M-N- K-L-M-N- | K-L-M-N- (0O-P-Q-)
YPOBHU
BaneHtHbie 5%, p° s, p° s%, p°
opouTanu
I'paHuyHbBIE He?, Ne'®, Zn*, Yb? | He2, Ne', | He?, Ne!’, Zn*, Yb"°,
3JIEMEHTBI Zn*, YO | (Yn,,,)
BriHeceHHbIe {d"’}, {La}, {Ac} {La}, {Ac} | orcyTcTBYyIOT
ceMencTBa
IIporHo3upo- HE TIPUBOAUTCS HE IIPUBO- | BBIMOJIHSIETCS
BaHUE HOBBIX JIUATCS
3JIEMEHTOB
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[Ipu 3TOM cleayeT OTMETUTh, UTO OOJIBIIMHCTBO 3JIEMEHTOB, CTA0UJIb-
HBIX 1 HECTAOWIBHBIX, OYEBUIHO MOTYT YCTOMYMBO CYIIECTBOBATh B OCOOBIX
(puzmyeckux yciIoBuUsIX, B TOM YKCIIE, IIPU BHICOKMX JaBJICHUSX U TeMIIepa-
Typax, CUJIBHBIX 1 CJIA0BIX MOJISIX Pa3IMIHON SHepreTHIECKOM ITPUPOIBI, CY-
LIECTBEHHO OTIMYAIOIINXCS OT «<HOPMAaJIbHBIX» YCIIOBUIM XXU3HEACSITeIbHOCTU
3eMHOI UMBUIM3ALNM, a TAKXKE TIPOSIBIISIET e1lI€ HEM3BECTHHIC HayKe HOBBIC
CBOICTBA U SHEPreTUYECKUE COCTOSIHYUS 37IeMEHTAPHBIX YaCTHULL, XUMUYECKUX
3JIEMEHTOB U MaTepUAJIOB.

B Tabmuue 14 mpuBogsTCsT cpaBHEHMST M oTMeuaeTcst HoBu3Ha O0beM-
HOI NepHOAMYECKO MaTPULIbI XMMMYECKUX DJIEMEHTOB II0 CPaBHEHUIO

Tabnuya 14

CpaBHeHue Tabnuy [1.1. MeHpeneesa, IUPAC n OMX3

Tabamua
J.A. Menneneesa

Ta6mna IUPAC

O0beMHas MaTpHIIA
GYS

Hosusna

Mozneiab OobeM-
HOU MaTpUubl —

HETPEPLIBHOCTD 3aTIOJTHEHUS MOJIHAsI HETTPEPhIB- HETpephIBHO
KJIETOUEK OTCYTCTBYET HOCTb 3aIlOJIHEHUS | paclIupsiionia-
(OTCyTCTBME MYCTBIX | $ICSI BOCBMUCEK-
KJIETOYEK) TOpHast
crnupaib
B OCHOBE
I—1II-1II - MaTpHUIIb §
I-1I-1II + VIII I+ XVIII -1V =+ VIII BaJICHTHBIX

TPYIIIT 2JIEMEHTOB

JIAHTAHOMIbI ¥ AKTUHOUIbI BEIHECEHBI
3a mpenesbl Tab L

CeMeNCTBA rPYIIbI
III HaxonsTcs B co-

BCe ceMelicTBa

cTaBe XUMUYECKUX JIe-
MaTpULbl U TIPe/I- MEHTOB BXOJSIT
{La}, {Ac} {La},{Ac} CTaBJICHBI B rpynmy IIT
B Tabuie 2
K-L-M-N- SHEPreTUYeCcKue
K-L-M-N- K-L-M-N- 1 HOBbIE YpOBHU (O- | ypOBHUM XUMMUE-
P-0-) CKHX 3JIEMEHTOB

He?, Ne!*, Zn*, Yb"°

He?, Ne!®, Zn*®,
Yb™

He?, Ne!®, Zn*, Yb,
(Yn138)

rpaHUYHbIE
3JIEMEHTBI
C 3aBEPIIEHHON
3JIEKTPOHHOM
CTPYKTYpPOIi

IIPOrHO3 HOBLIX 9JICMECHTOB OTCYTCTBYCT

CTPYKTYPHBIN ITO-
PSIIKOBBIM aHAIU3
HE OrpaHUYEH

ITPOTHO3 HOBBIX
XUMUYCCKUX
9JIECMCHTOB
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c tabnunamu .M. Menneneesa u IUPAC. Ha puc. 8 npencrasieHa O6bem-
Has TTeproanyYecKast MaTpulla XUMUYECKMX 2JIEMEHTOB C aHAJTUTUUECKUMU
napaMeTpamu, a Ha puc. 9 nmonHas paseprka OobeMHoi MaTpuubl (Ho-
BbI€ TIpEeACTaBACHUS B TAONMUYHOK (hopMe CTPyKTYpUPOBAHUS XUMUUECKHUX

3JIEMEHTOB).
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8. nporHosmpOBaHme HOBbIX XUIMNYeCKUX 3J1IeMeHTOB

W3 M3BECTHBIX XMMUYECKUX DJIEMEHTOB KOPOTKOIEPHUOIHOM CUCTEMbI
TOJIbKO 83 BCTpevaroTcsl Ha 3emiie, caMblii JIETKUI U3 HUX — BOAOPOJ (ero
aTOMHBII HOMep — Z = 1), a caMmblii TsKenblid — ypaH (Z = 92). Ha camom
nene, B CoTHeYHO! crcTeMe 1 Ha TIaHeTe 3eMilsl COXPaHWIMCh JIMIID Te dJie-
MEHTBI, BpeMsI KM3HU KOTOPBIX 00Jibllle Bo3pacTa 3emiau (4,5 Mmuidapaa
net). JIpyrue pacnajivch U He JOXWUIIN 10 HAILIUMX JHEH. YpaH, epruo Mmoy-
pacmanga KOToporo okoJjio 4,5 MUUIMapaoB JieT, elie pacnagaercsd. OH sABJs-
€TCsl palMOaKTUBHBIM 3eMeHTOM [21].

B npupone crabuiibHbie 00pa3oBaHUs (sApa BJIEMEHTOB, COCTOSIINE
13 pa3HOro yucjia MPOTOHOB U HEUTPOHOB) CYILIECTBYIOT TOJIbKO 0 CBUHIIA
¥ BUCMYTAa, 3aTeM CJIeayeT HeOOBIION «ITOJYOCTPOB», BKITIOUAIOIINIA B ce0s
TOpUil U ypaH, OOHapyKeHHbIe Ha 3eMJyie. Ho KakK TOJIbKO ITOPSIAKOBLIN HOMED
aJIeMEHTA MPEeBBIIIAeT HOMED YpaHa, BpeMsl €T0 KU3HU Pe3KO YMEHbIIIAeTCs.
Hanpuwmep, aapo 100-ro anemenTta B 20 pa3 MeHee CTaOMIBLHO, YeM SIIPO
ypaHa, a B JajJbHENIeM 3Ta HECTAOMJIbHOCTDb TOJbKO YCUJIMBAETCS M3-3a
CIIOHTAHHOTO AejeHUd saaep. [1pu ganbHEeUIINX MONbITKAX MOJYYeHUS HOBBIX
3JIEMEHTOB, YU€HbIE BCETO MUpPa CTAJKMUBAIOTCS C BO3pacTalollleil TpyaHO-
CThIO cMHTe3a. M TOJIbKO Majiast 4acTh SIIePHBIX UCCIIEAOBAHUI 3aBepIlIaeTCs
YCTEUIHBIM CUHTE30M HOBOTO 2JIEMEHTA.

Hu ogHa naboparopust He MOXET CPaBHUThCSI C HEMTPOHHOI 3BE310ii,
KOTOpast MOXeT co3/1aTh UHbIE (hopMbl MaTepuu. B mpoliecce KU3HU 3BE3/
MPOUCXOIAT SIACPHbIE peaKlIuy, KOTOPhIE YeJIOBEKY HE MOABIACTHHI. Yue-
HbIC TILITAIOTCS HAXOAWTh HOBBIC BUIbI 3JIEMECHTOB, HO TI0KA SKCIIEPUMEHTHI
MO TIOMCKY «ITPUPOAHBIX» CBEPXTSIKENBIX DJIEMEHTOB TMpoaoJkatores [22].
BosHukaet Borpoc, a B 4EM MPaKTUYECKUI CMBICI 3TOIO JOPOTOT0 MEPOIPH -
SITUS TIO CO3AHMIO HOBBIX HeCTaOMJIBHBIX ieMeHTOB? HecMoTps Ha 310, pa3-
paboTKa 3KCIIepUMEHTATbHBIX METOIOB IPeBpallcHUS DJIEMEHTOB IIpUBeja
K pacIIMpeHuIo MeproaNYecKOou TabIull 3a CYeT TPAaHCYPAHOBBIX 2JIEMEHTOB,
pobJieMa rpaHULIbl TAOJULIBI OCTAETCS OJHOM M3 BaXKHEMUIIIMX B COBPEMEH-
HOI1 TeopeTnIecKoil xumuu [24] .

CdhopmynupoBaHHOE aBTOpaMU IIPeACTaBICHUE SIEPHO-000JI0YEYHbBIX
(opbutanbHbix) cTpyKTyp (AOC) no3BoJsieT MporHo3upoBaTh OJOUYHYIO 3a-
KOHOMEPHOCTb IOSIBIIEHMS] HOBBIX 2JIEMEHTOB, ¢ 00pa30oBaHUEM CEMEUCTB d-,
/-, &-, h-opOuTasneii B 0OpaTHOM nopsake MexXmy s- u p-opourtansmu B I11-i
rpynne. Ocobasi mepcreKThBa Mo MIPOrHO3Y XUMUYECKMX JIEMEHTOB CEMEICTB
III-ii rpynel 3a nipeaenamu 610ka D. [TpuyrHa B TOM, UTO €CIM LUKINYE-
CKue ceMeiicTBa JaHTaHOUI0B U akTuHOMAOB I1I-i1 rpyrmbl B mapHOM 0J10Ke
D cocrosT u3 14-u f~371eMEHTOB B KaxXXI0M IIepUO/Ie, TO CeMEICTBa 2JIEMEHTOB
B mapHoM Oj10ke E OynyT coctosith u3 32-x g-, f~37€MEHTOB B KaXK/IOM Tie-
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puoje, a ceMelicTBa 3JeMEHTOB B mapHoM 0J10Kke F OymyT coctosiTh u3 54-x
h-, g-, f~31eMeHTOB B KaxXXaoM nepuone, 1 T. A. [loka He paccmaTpuBaloTCs
BOIIPOCHI, OIIPEEISTIOIINE BO3MOXKHOCTD CYIIECTBOBAHMSI IIPOTHO3UPYEMBIX
5JIEMEHTOB B CIIELIMATbHBIX (pr3nuecKux yciaoBusix. Ho ¢ yaeTom «reopun
OCTPOBOB YCTOMYMBOCTH», TIOJIEPXKUBAEMOI OTKphIBaTeeM aemMeHTa 0g'’
akagemrnkom PAH FO.11. OranecsiHOM, TaKoe CyIIeCTBOBaHME OYIYIINX X1~
MHWYECKUX JIEMEHTOB BO3MOKHO [21, 22], ¥ TIp1 3TOM CHOBA BO3HUKAET BO-
MPOC O MIPOTHO3UPOBAHUU HOBBIX 3JIEMEHTOB. BO3MOXHOCTH CTPYKTYPHOTO
aHanu3a JOC 1mo3BoJSIOT BBIIIOJIHUTH TPOTHO3UPOBAHUE CTPYKTYPhI HEU3-
BECTHBIX TIOKa 3JIEMEHTOB ITePUOANYECKOI CUCTEMBI B Ipeneiax 119 — 168
371eMeHTOB 8-To repuona u B npefenax 169 — 218 siaemeHTOB 9-T0 Iepuoa
0si0uHOI1 cTpyKTYypHl E, a Takke B nipeaenax 219 — 290 snemenToB 10-ro ne-
puona u B mpenenax 291-362 snemenToB 11-ro nepuona 6104HOM CTPYKTYPHI
F 1 mocaenytommx 0JI0KOB.

BriepBrie TIpeAcTaBIeH NIpeaBApUTEIbHBIN CTPYKTYPHBIN aHAIN3 KOPOT-
KOITepUOIHOM Ta0IMIIBI HA OCHOBE ITPOTHO3a YEThIPEX HOBBIX IIEPUOIOB IIPO-
THO3MPYEMBIX XUMUYECKHX JIEMEHTOB (TabJ. 15, 16). Takum obpa3om, npej-
cTaBJieHUe O OJJOYHOCTU TTO3BOJMIO 0O0CHOBATDH 3JIE€KTPOHHO-YPOBHEBBIC
(bopmybl, B TOM umrcIie 17181 MPEAnoaaracMbiX HOBbIX XMMUYECKUX 2JIEMEHTOB
5-ro 6ioka E ¢ Homepamu 119 o 218.

B manpHeiinem paccMarpuBaeTcs IpUMeHeHUe HMMPOBBIX MOIEICH s
WUCCIEIOBAaHMUSI B XUMUU, YTO MOXKET CYIIECTBEHHO MOBBICUTDH 3 (HEKTUB-
HOCTb IIPUMEHEHUSI METOI0OB KOMIILIOTEPHOIr0 MonearupoBanusa. C ydeTom
BaxKHEHIIeH PO MaTepUATIOBEICHNST YMECTEH BBIBOJL: «KMO PaHbUle OpYeUX
0C80UM YUPPOBOLL UHGDOPMAYUOHHBLIL UHCMPYMEHMAPULL, MOM MOXCem CMambp
AUOEPOM MEXHON02UHECKUX YKAAO08 60 MHO2UX cqhepax Jcu3HedesmeabHOCmU
yenoseka» [13, 20].

B tabnuie 15 nmpencraBieHsl saepHble HoMepa mist 6joka E ¢ 119 oo 218
Yy TIPOrHO3UPYEMBIX 3JEMEHTOB, JUIsI KOTOPHIX COOTHOILIEHWE HEUTPOHOB
U TIPOTOHOB paBHO 1,82 1 1,87 — 3T0 yKe BbIIIIE, YeEM Y CYILLIECTBYIOIIUX DJIe-
MeHTOB 1,5 1151 6710ka D. s 6ioka F oTu cooTHOIIEHUS OyAyT elie cylie-
CTBEHHO BbIlle (Tabauua 16).

ITpu cooTHoLIeHNHM 1,5 HaM TIpeACTaBISIETCSI, YTO 0OECIIeUnBAETCS I~
TeJbHAasl YCTOMYMBOCTh CYILIECTBOBAHUS 2JEMEHTOB B 3€MHBIX YCJIOBUSIX.
[IpennoyioKUTeabHO, YTO B YCIOBUSAX BHICOKUX TEMIIEPATyp U JaBICHUSIX
B 3B€3[1aX KOCMUYECKOTI'0 IIPOCTPAHCTBA MOT'YT CYILIECTBOBATH HOBBIE 3JIEMEH-
Thl. ECcii B 3¢ MHBIX YCJIOBUSIX MOXKHO CO3[aTh TAaKME CBEPXBBICOKHE TEMIIe-
paTyphl ¥ JaBJICHUSI, TO MOXHO OXHMAATh ITOJIyYeHUE 3TUX DJIeMEeHTOB. Takyo
3a1a49y MOXHO c(OpMYIUPOBaTh MTOKA B 00JIACTH TEOPETUUECKON (DM3UKU
JUIST BBIYMCJIEHNST TAKAX TeMIIepaTyp U JaBJICHUIA.
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OcHoBHble BbIBOAbI N0 HOBOW MOJENN CTPYKTYPUPOBaHUSA XMMUYECKMX 3IEMEHTOB | 97

OcHOBHbIe BbIBOAbI N0 HOBO MoAaenun CTPYKTYpUpoBaHuA
XNMN4YyecCcKmnx s3yieMeHTOB

1. Ilepromuyeckuii 3aKOH U €ro IpeAcTaBlIeHNE B BUAE TaOIUL XUMMU-
YeCKMX 3JIEMEHTOB — BejMYaiiliee OTKphITHE B XUMHH. [110cK1e TaOMUIIBI
xuMmmndecknx anmemMeHToB .M. MenneneeBa u IUPAC creirpanm orpoMHYyIo
poJib B pa3BuTUM XuMuu. OgHako (hakT HAJIMYKSA B HACTOsIIIIEEe BpeMsl OoJiee
500 BapuaHTOB 110 MX MOJCPHU3ALIMK, B TOM unciie BbickasdpiBaHus H.H. Ce-
MEHOBA CBUIIETEIBCTBYIOT O HEOOXO0AUMOCTH MPOIOKEHNS PAOOThI B 9TOM
HAaIlpaBJICHUW HA HOBOM YPOBHE OCMBICJICHMSI.

2. Ilpexne Bcero, 3To (hopmupoBanue (PU3NIECKOH MOAEIH BEPOSTHBIX
MPOLIECCOB MPOUCXOXKIAEHHS] XUMUIECKHX 3JIEMEHTOB. YOeIUTeIbHBIMU 00-
CTOSITeJIbCTBAMM SIBJISIFOTCSI TIpeACTaBIeHUsI O BeceleHHOM, KaK pacIlupsiio-
meiics cucreMbl — padoTel CtuBeHa XokuHra 1 Maprtuna Puca. ITo Hamemy
MHEHMIO (pr3ruIecKast MHTepIpeTalus (MoIesb) IIPOUCXOXIESHUS U Pa3BUTHUSI
BceneHnHoili 11o3BoJsIeT c(popMyIMpoBaTh O0Jiee 00IlIee ITOHSITUE O IIPOLIECce
CTPYKTYPUPOBAHUS XMMUIECKMX 3JIEMEHTOB U €ro IMpeICcTaBIeHNE B BUIE
pacIIMPSIIOIICIICS KOHMYECKOM CIIMpPaIn U CAEIaTh PsII HOBBIX BEIBOAOB.

3. Ilpennaraemas O0bEMHas eproAMIecKast MaTpPUIIA MPEACTABISIET CO-
0oii, Takke Kak 1 BceneHHas1, paclupsIionIylocs cucTeMy (Crupaib) U He-
MPEPBIBHYIO ITOCIENOBATEIBHOCTD B PACITONIOXKEHUH 2JIEMEHTOB OT BOAOpOAa
(1) m reug (2) no ora"ecoHa (118) ¢ BKiIroueHneM B Hee JJAHTAHOUIOB 1 aK-
TUHOMIOB Y BO3MOXKHOTO BKJIIOUEHUS APYroi MHGOpMALMU ¢ COXPAaHEHUEM
MEePUOANYHOCTH TPYIII JIEMEHTOB U BAJICHTHOTO KapKaca MaTpUIIbI, IPeI-
JnoxeHHoro .. MeHaeneeBbIM.

Bozopon u reJimii 04eBUIHO ABISIOTCS CTPYKTYPOOOPA3YIOIIMMH 3JIEMEHTAMH
U Ha UX OCHOBE ObUIM 00pa30BaHbI BCE APYIUE SJIEMEHTHI.

4. ABTOpaMu c(pOpMyIMPOBAHO MOHSTHE NUKJINYHOCTH B PACIIOIOXECHUU
TOPU30HTAIBHBIX YPOBHEN XMMUYECKMX 3JIEMEHTOB B 0j10Kax OObeMHO Ma-
TPULIbI XUMUYECKUX JIEMEHTOB. B Kaxmom 13 6J10KOB obecrieunBaeTcs Mpu-
MEepHOE PaBEHCTBO COOTHOIIEHMS MACC HEMTPOHOB 1 IIPOTOHOB B SIAPaX XUMU-
yeckux 3eMeHToB. CdopMyImpoBaHa 3aKOHOMEPHOCTDb O HAJTMYNM 4-X YPOBHel
0JI0YHOIA IMKJIMYHOCTH CTPYKTYPbI B CYHIECTBYIONIEH CHCTEMEe XMMUYECKHX dJIe-
MeHTOB. B 0J10KM BKITIOUE€HBI JOMOJHUTEIBHO BCE KIaCTepHbIE 00pa30BaHMsI,
a TaKXXKe CeMEMCTBA JIJAHTAaHOMIOB M aKTUHOMAOB. I101y4eHbl HOBBIE 3aKOHO-
MEPHOCTU MEPUOANYHOCTH B OJIOUHON MATPUUHOM CTPYKTYPE XMMUIECKUX
3JIEMEHTOB OT 0J10Ka A 110 6J10Ka D, 00bemuHSA0IINEe TIePUO/IbL, IIPEACTABICH-
Hble B Tabimuax xuMmmndeckux anemeHToB .M. Mengeneea u IUPAC.

5. Ha ocHoBe IOHSITYS HMKJIMYHOCTH NMPeICTaBIEHbI CTPYKTYPbI 3JI€KTPOH-
HBIX 000J109€eK 1)1 M3BeCTHRIX 118 31eMeHTOB B ueThipéx 0j0Kkax A, B, C, D,
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YTO MO3BOJISIET TAKXKE MOJYYUTh 3JIEKTPOHHO-OpOUTATIbHBIE (DPOPMYJIbI, B TOM
qucie 1 Ui HoBbIx 2sieMeHTOB (119-218) 610ka E nepuonnueckoii cucteMbl
u nocnenytouiero 6jgoka F. B 6oke E nas 100 HOBBIX 31eMEHTOB TTpe/ICTaB-
JIEHBI UX MOPSAKOBbIE HOMEPA U siepHble Macchl. DaeMeHThI 119 u 218 MoxxHO
obL10 OBI Ha3BaTh MMeHeM H.H. CeménoBa Sm! 1 Sm?.

6. Criemyer OTMETUTD, UYTO NMpeodIaaolIee KOJHIECTBO HOBBIX 3JIEMEHTOB
Bo3pactaet B nporpeccuu B I11 rpynne O0beMHOI MaTPHUIIBI 1 HAJ0 OOPaTUTh
0co00¢ BHUMaHUE Ha HATMYUE XUMMUECKUX 3JIEMEHTOB B 3TOI IpyIIIle AJIs
osokoB C, D 1 mocieayonmx, KOJIMYeCTBO KOTOPHIX B IIPOIPEeCCUM BO3pac-
TaeT 0co0eHHO M1l HOBBIX 0;10K0B E u F. OT0 0b6cTosTeneTBO 100 06 momy
Ha3ao 6v136a10 He0OX0O0UMOCHb BBIHECEHUS TPYIII JJAHTAHOUIOB U aKTUHOU -
noB 3a npeaensl Taonui .M. Menneneea u IUPAC.

7. Takum o6pazom, OObeMHass MaTprlla XUMUYECKUX DJIEMEHTOB SIB-
JisieTcss 6osiee oOImeil CTPYKTYpOii ISl JajibHeiero 0000meHnss 0CHOBHBIX
0CO0EHHOCTel XHMHYECKHX IJIEMEHTOB (X BAJICHTHOCTH, TTOJIMBAJIECHTHOCTHU
U BajieHTHbIX opouTaneit B Tabnuuax JI.1M. Menneneesa u IUPAC). Ee 00b-
€MHOCTb U MOHSITHE IMKIUYHOCTU MO3BOJIWIM clieaTh Oosiee ob1iee 0600-
meHue, a Tadmmunbie opmel 1. 1. Menneneesa u IUPAC BxoznsT B ee cocTaB
U MPeACTaBIeHbI Ha pUC. 8 ¥ pUC. 9 B BUOE pa3BEPTKU.

8. Mcnonb3oBanre OOBEMHON MaTPUIIbl XMMUYECKUX JIEMEHTOB T10-
3BOJISICT IPUMEHUTh MaTeMaTUYeCKIE METOAbI 1 ¢031aTh I poBbie MoaeN
10 B3aMMOJIEHCTBUIO XUMUYECKUX JIEMEHTOB MEXIy cOOO, UTO 1acT BO3-
MOKHOCTbD ITOJIy4aTh HOBbIE BUIbI MOJIEKYJI IUIsI HOBBIX MaTepPUAJIOB.
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