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3aKOHOMEPHOCTMN 6/I0UHOro nogxopa
ANA aHaNn3a CTPYKTYPbl XUMNYECKNX 3/IEMEHTOB
1 npobnembl MaTepnanoBepeHNs

Aemopebl:

lyceB Bopuc Bnagumuposuy,
3aB. Kadegpoi «CTpounTenbHble MaTepUasbl 1 TEXHONOTN»
Poccuiickoro yHuBepcuteta TpaHcnopTa, Mocksa, Poccns, e-mail: info-rae@mail.ru

CnepaHckuin AHaTonui AnekceeBuy,
Buue-npe3sngeHT PUA, MockBa, Poccus, e-mail: vibro-vector@yandex.ru

Pe3tome: ABTopamu pa3paboTaHo npefcraBneHre 06 06beMHON MaTpULLe XMMUYECKUX SIEMEHTOB, KOTOPOE NMO3BONWIIO YCTPa-
HWTb OCHOBHbIE HEAOCTATKMN TabnMYHbIX GOPM CTPYKTYPbI XMMUYECKUX 31IEMEHTOB, pa3paboTaHHbix .M. MeHaeneeBbiM 1 Mexay-
HapogfHbIM coobLyectBom xmrKkos VKOMAK. O6bemHas CTPYKTypa NpefcTaBfieHa B BUAE PacLUMPAIOLLEN KOHYCHOM MaTpuLibl. [Mpr
3TOM BCe U3BECTHbIe XUMUYECKMe 3N1eMeHTbl o Homepa 118 ob6befmnHeHbI B YeTbipe 6510Ka. [NpeacTtaBneHyie o 67104HOCTY MO3BOMIIO
0060CHOBaTb 3/1EKTPOHHO-YPOBHEBYIO GOPMYITY, B TOM YMCIIe ANA NpeAnonaraeMblX HOBbIX XMMUYECKMX 3IeMEHTOB 5-ro 6roka E
c Homepamu 119 no 218. 3To nNo3sondAeT pa3paboTaTb LMPPOBYO MOAENb AJ1A pacyeTa B3auMOLENCTBUN XMMUYECKUX S1IEMEHTOB
1 NOJTyYEHNA HOBbIX BUOB COEJVIHEHUI 1 MaTepnanos.

Knroyesolie cnoga: XxviMnyeCcKum 3yieMeHT, TabNMYHble (I)OprI I'IepVIO,U,VIHeCKOI;I CTPYKTYpPbI, ob6bemMHasn MaTpurua, MeXaHU3Mbl
nepnoanvyHoCTH, op6|/|Taanb|e MoAeNn SNEKTPOHHbIX 0060/104€eK aTOMOB.
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INTRODUCTION

I January 2019, the World community celebrated the

150" anniversary of one of the greatest discoveries
in the field of fundamental scientific knowledge — the
publication of the periodic table of chemical elements of
D.I. Mendeleev, and it seems relevant to express some
considerations related to modern tasks of scientific and
technological development.

In the structural materials science, the main task of
which is to obtain a substance with high performance
characteristics, it is necessary to turn to the scientific basis
of natural sciences — the periodic law of D.I. Mendeleeyv.
The author of the law himself repeatedly returned to the
issues of its «incompleteness and practical ambiguities,
including the reasons for the law of multiple relationships,
differences in elements and changes in their atomicity,
and at the same time it is necessary to understand what
is mass and aggravation» [1]. And, if the first part of the
problem is practically solved by the science of matter,
then the understanding of the second part is still relevant.

MAIN PART

An important list of questions in terms of improving
knowledge about periodicity was voiced by Nobel Prize
Laureate Academician N.N. Semyonov in a stage lecture
in 1951 to the students of the physics faculty: «The goal is
clear — after eliminating shortcomings, new properties and
interrelationships of elements will be revealed, which will
allow most scientific research at a new, higher level, and
solving engineering problems not only to you — engineers-
physicists, but to all scientists, engineers and practitioners.
So far no one in the world has managed to eliminate these
obvious shortcomings! And this is necessary for advancing
science, technology, and engineering». The main short-
comings of the periodic table were the following:

1. Rows (the so-called half-periods) in the designated
periods have different lengths. The number of free
cells is 37.

2. There are only two elements in the first row; moreover,

hydrogen does not occupy a permanent place, and

these two elements make up a whole period.

Lanthanides and Actinides were outside the table.

4. The group of inert gases discovered subsequently by
scientists was added.

5. The position introduced later in the long-period table
as a whole does not help the issue, the table continues
to remain asymmetric. There are 7 periods, and 10
rows, that is, a half-period and a series are different
mismatched concepts [2].

Many scientists and practitioners from different
countries of the world, from well-known chemists to
persistent practitioners, have made efforts to solve the
proclaimed problem. From the numerous unsuccessful

hed

attempts to improve the periodic table, there follows the
genius of D.I. Mendeleev and the extreme complexity of
the task set by Academician Semyonov, the urgency of
which is not questioned. At the same time, the universal
striving for scientific and technical leadership in master-
ing the sixth technological order observed in the world
economy indicates that informational modernization
of the system of chemical elements is a subject of great
importance [3].

This article presents a three-dimensional matrix of
chemical elements as an identification-analytical tool that
allows you to study a wide variety of physicochemical
properties of already known and not yet open elements
through the construction of dynamic energy models of
the electronic shells of the elements themselves and their
compounds. The universality of the volume matrix lies in
the fact that in addition to the required sequence num-
ber and strict coordinate binding of chemical elements
(or their cluster formations) to groups, there are wide
possibilities for structural analysis of the physicochemi-
cal properties of elements, laws and regularities of their
interactions using periodic orbital structures [3].

When studying the problems of periodicity, rather ob-
vious assumptions were made. The world is multidimen-
sional and is typically considered in spatial dimensions,
and the table is two-dimensional. Furthermore, a more
convincing idea was formulated of considering chemical
elements from the position of their origin as materials
of the Universe (atoms are stellar matter). During the
formation and development of the Universe, at the first
stage only hydrogen and helium existed and they should
be at the head of the table or, more figuratively, of the
three-dimensional matrix. Then light elements appeared
and only stars with their high temperatures and pressures
could synthesize heavy nuclei. The next assumption was
that the creation of elements also took place in a spiral,
as the Universe develops [4].

The three-dimensional matrix presents the indexes
of chemical elements in the form of a continuous series
of natural numbers from 1 to 118 and further, evenly dis-
tributed in a spiral from top to bottom (Fig. 1). The index
number of the element coincides with the value of the
nuclear charge and the same total number of energeti-
cally balanced electrons in the orbitals. The approach is
universal with respect to both the short-term table of
D.I. Mendeleev and the long-period IUPAC table.

The 3D-spiral matrix of chemical elements has 4 pe-
riodicity blocks [3]:

— inthe first block A, the first elements of the emerging

Universe are hydrogen and helium;

— the second block B consists of two identical periods
of eight elements from lithium to argon;

— inblock C, two additional cluster formations appeared:
iron, cobalt, nickel and ruthenium, rhodium, palla-
dium;
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Fig. 1. Three-dimensional periodic matrix of chemical elements
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in block D, the lanthanide and actinide families were
additionally included, as well as two clusters: osmium,
iridium, platinum, and hassium, maytnerium, and
darmstadtium.

The form of the three-dimensional periodic matrix
allowed structuring the anomalous families of the third
(lanthanides and actinoids) and eighth (metalloids)
groups of the third C and fourth D levels of block pe-
riodicity. In addition, the level formulas of electronic
shells facilitate the formation of a model for studying the
system regularities of periodicity, including saturation
mechanisms and the interlevel valence transition through
the distribution of electrons over different energy levels
(orbitals, states) of the electron shells. The consistency of
periodicity is relevant to the study of subtle mechanisms
of interlevel transitions and stable failures of the synthesis
of electronic orbitals.

In connection with the anniversary of the publica-
tion of the fundamental discovery of D.I. Mendeleey, it
is appropriate to consider four levels of knowledge of the
periodic law.

Table 1
Energy levels of electron shells of chemical elements

The first level corresponds to a generalization of the
facts of changes in chemical properties depending on
the structure of the nucleus and the increase in atomic
masses.

The second level of knowledge corresponds to the
introduction of the concept of periodicity of electron
shell structure of atoms, which energetically balances
the nuclear charge and demonstrates the repetition of
similar types of electronic configurations of atoms as the
atomic number (index number) increases.

The third level of knowledge is associated with the de-
velopment of a periodic structure of electron-level orbitals
of shells in the system of atomic energy levels, realized as
a model of atomic-energy (valent) interaction.

The fourth level will make it possible to form methods
and conditions for the formation of models of substances,
taking into account the energy interactions of the chemi-
cal elements involved in this process.

The concept of block structure properties, which al-
lows predicting chemical elements beyond the 118" ele-
ment based on electron-level formulas, should also be at-

| d-elements | f-elements |

2-{] 3anonHeHHsIl sHepeemudeckull ypogers L™ =

Short electron STRUCTURE of energy shell completion in the atoms of

26

2s°2p°

| s - elements ] p - elements
Ne, denotation,
Name of the elements chemical elements
The short block A 1" energy level K=
1 [ H | Hydogen [K' _
2 | He Helium K 1" complete energy level K = 18"
Block B 2 energy levels KL*”
3 [ Lithium | K°L'
4 | Be Berilium | K°L°
5 B Boron KL
6 I Carbon | K1**
7 N Nitrogen  K°L**
8 | 0O Oxygen K™
9 | F Fluorine | KL
10 | Ne Neon oo
3 aHepaemuyeckux ypoeHs KL M™*
11 | Na Sodium [ KELZM'
12 | Mg | Magnesium |K°L™°M’
13 Al | Aluminum | KCL*MF
14 | Si Silicon | KEL*OM**
15 | P | Phosphorus | KL“°M*°
16 | S Sulphur KEL*M™
17 | €l Chlorine | KL*M*®
18 | Ar Argon | KLZOMES

M® = 35°3p°
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Continuation of Table 1

Block C 4 energy levels K* L*P MFP*N**
19 | K Potassium | K°L“°M*°N'
20 |BCH Calcium KL= M°N°
21 (NS¢ Scandium | KCLTMTTN®
it
30 | Zn Zinc K2LZOMEo TN 3-U1 3anonHeHHbil yposers ME51° = 35%3p°3d™
31 | Ga Galium | KELZMEPTON
32 Ge  Germanium | KLZPMETONZ2
33 | As Arsenic KELZONEEON2S
34 | Se Selenium | KPLZMPEONZ*
35 | Br Bromine | KLZMP P ONZ
36 | Kr Krypon | KPLZSMP S ON%® N*® = 4s°4p°
5 energy levels K*-L*P M7 ON*P 0"
37 | Rb Rubidium KL'M N0
38 | Sr Strontium | K°L“°M*7N°O*
39 [y Yitrium KLM TN

i}
48 | Cd Cadmium | KELZMPE TIN5 10? NZ510 = 4g240°4d™
49 | In Indium Lo TN E
50 | Sn Tin KCL2ONP o T2 e 0022

51 | Sb Antimony | KPLZOMPETONZE 0023
52 | Te Tellirium LM N
53 | | lodine LM O IO

54 | Xe Xenon ?L! aMf'«r—wNz-m R S 55‘5p"
sk L 6 energy levels K= LSP MFP o NFPOFQsP-apss

55 | Cs Cesium LT N TN o
_Ba Barium ?LJ"’M""'N&!)JUOd-b

80 Hg Mercury K‘z’_z-snd?-a-wNz-o-m-mOM 2 o5 = 5545p05dw

81 | TI Thallium | KCLZ PP ONP 5 10732 610p21

82 | Pb Lead s T s s 7 =

83 | Bi Bismuth LM TN e

84 | Po Polonium KELZ N TONE & 101325102 %

85 | At Astatine | KELZCMPE TONPE 101332 610p25

86 | Rn Radon KL M ON T o IS P*® = 6s"6p°

7 energy levels K LSP M P N°P QS P o psPagse
87 Fr Francium LM N Ty R e
88 Ra Radium KZLZ-EIM”-E-"JNE-E.10—1‘02L571QP2€QZ
89 Ac Actinium L i D P
1
103 | Lr Lawrencium | KLZ WP 1IN S0 1902 81 04p2 e 02
4

112 | Cn Copemicium | KELZSpEP 1IN T30# 0 0apeellne pRe il - geZgnbeq Tl
113 | Nh Nihonium Woz e oy
114 | F Flerovium | KeLZOpP o TONP&- 101352 6-T0-T4p2 510322
115 | Mg || Moscovium, | KL MNP g e

=i

116 | Lv Livermorium | KCL2 PME 2 ONFo 10 132 61014 p2 610y 24

117 [aE Tennessine | KCL T Y PN T 10 RO2 S o pZET00ZS
118 | Og Oganesson | KCLZ oMo ONPE 1O RQ# 6 1014p2e1002E 26 = 767705
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Continuation of Table 1

block E 8 aHepzemuueckux yposHel K= -LSP - MF P& NP O Qe Paro-psharQspay e
1 1 g 5'1 S-Orbital KZLZ-SM?-E IBNZ 6-10-1402 -6-10- 14P2 -6~ 1DQZ~SX1
120 s_2 S-Ol’bi'[al KJLZ-bM!-b IﬂNz’-b-'lU-‘ld Z2-6-10- 14P£ = 1U 26 z
1 21 g_1 g_ Ol’bltal - KZLZ-BMZ-H-II'UN?-b-'lU-T4OZ—B—1 0-14-1 P2—5—1 UOZ—BX‘Z
+
138 9'-1 8 g_ orbital 1 K2L2;5M'2-6;1UN2-6-10#1402-6-'10-1‘4-'18"32-'5-'1DQZ-SXZ'
1 39 1 f- Orb]tal KZLZ-SW-’GJGNZ-B-TG-TlO'Z-S-ID-h'-1BP2751[¥1025X2
1
152 | £14 | f-orbital KL SN E g S P pE SRR
153 d‘1 d_ Ofbitaj _K2L2-6M2-6-10N2-6-10-1402-6:10-14-1EP2.5‘1D-14QZ.6_1X2
| -+
162 d_.l 0 d_ Orbital KQLZ-SMZ-E-!UNZ-S-TB-TJO'Z'-S-TD-T#IBPZAB:H)-140%#[}‘)(2
163 p_1 p_ Orbital KZLZ-SME-S-VTONZ-S-TD-T4OZ-6-ID-74-TBPZf&10—1402—[371DX271
164 | p-2 p- orb_ltal ' KELZ-SME-E-IIUNZ-S-10-.1402-6-10-14-iBPZ—G10—1402—571O“)(Z—Z
165 | p-3 p- orb!tal . KELZ P o TONF-6 10-1392-6-10-T4 18 2:6-10- 14 2-6-10¢ 23
. 1 66 p_4 p_ Orb|ta| K?L.z.ész-’nN'Z-é_10—140?-6_-10-14-18P.275_710714Q'27E?71DX‘274
1 67 p_5 p_ crbltal 7KiLZ'bMZ*-70N£-b-1&1JOZ-b-'0-T"WPZ’%JU’MQ'&%JUX.H)
168 p_s p_ Orb|ta| K2L2<5‘M2-5—10N2-5-10-1402-6-70-14-18P2—b 1[}1402 Ey1UXZ B !
9 sHepeemuyeckux yposHel K= -L¥P - NP P& NoP O gF P-arg-pspaig qspdiyspdysp
169 s-1 s-orbital . KZLZ-EM?-S =10 p $2-6-10-14 6-T0-7. Iiapz-§1r}14oz Gr1DX2 EY
170 3'2 ‘ s_orbital K L2-6M2-5-10N2-6-ﬁ-1402-5-10-14-18|32 6-10- 14Q2 6- 19X2 6Y2
| 171 : g_.l g_ Drb|tal KZLZ-SMZ-S-IDNE-S-10-1402-5-10-14—1BP275—1D—1471027571 DXZBYZ
4
| 188 g_1 8 g_ orbital .K2L2-5M2-5-10’v2-6-10-1402-6-'1‘0-1‘4-IBPMQZ—E%1OXZ—SYZ
189 f'1 f = Orbital iFLZEN’zE-:EiFEﬁ:ﬂ Ezﬁ-iﬂ-iziEPZ—Er1K)—14—1BQZ-6-1D-1X2-bY2
4
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212 | d-10 d-orbital | 1!(213*511/#“_'_"*"’n.r?“‘“*’‘*_'"c:f*‘"’__’_"'_"""’_Fﬁ*ﬁ""‘‘_‘*‘_‘E‘QZ“_’_*‘_‘%“‘“_xmj¢1 ¥
21 3 p_1 p_ Orb!tal K2L£-5M2-6-10 -&1“—1402-§-1W1¢IBP276—1U—14»1BQ2—b—1O—14X2—5—1DY'Z—1
214 | p-2 P- orb!tal KL 2B PP T 0N 1012 o604 T80 2°6-10-14- 182 6-10- 14 D6-10y,2°2
215 p_s p_ Orb!ta| KZLZ-EMZ-E 10N2 6-10-1402 -6-10-14- IBPZ 6-10-14- 1802 6-10- 14X2 6- 10Y2 3
216 p_4 p_ Orb|ta| Kw.‘L"bMZ-b IUNZD-TU-I4OJD-PU-1‘4—1&PA 6-10-14- 1802b1u14xzb 1UY&4
21 7 p_s p_ Orb!ta] L M{ - Nd 6-10-7 Pz -6-T0-14- 'IBQZ B6-10- 14xz 6- 1UY£ ]
21 8 p_e p_ orblta| K2L2-5M2-6-1DN2-6-1D-1402-5-10-14-1BPZfb—1D—1471Boz—b—1()—14xéfb—1DYﬂ

tributed to this. Tab. 1 shows the electron-orbital formulas
of chemical elements for all blocks, including the fifth E
block, which covers elements from 119 to 218.

From the standpoint of physics, it is advisable to
consider the result of energy interactions that determine
all the properties of a substance. There may be two ap-
proaches that define two energy models of the structural
representation of matter. One model using electron-
orbital formulas (formal) (Table 1), and another model
(physical) from the standpoint of structuring based on
quantum phenomena and physical constants.

The physical method is different from the formal one
in that it is based on the causal correspondence of the
energy interactions of the physical fields (cause) of the
space-time position of the electrons of the shells of ho-

mogeneous and heterogeneous chemical elements (con-
sequence). This situation is similar to the concepts of
classical mechanics and can be determined by a number
of constants [4].

CONCLUSION

Further research on the formation of substance struc-
tures and the assessment of its influence on all types of
interactions are the strong and weak electromagnetic and
gravitational fields, which will be characterized by fun-
damental physical constants. The authors will continue
research on the consideration of those constants that af-
fect the processes of structure formation and the creation
of new types of structural materials.
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BBEJEHUE

BHHBapC 2019 roma MupoBoe coO0IIEeCTBO OTMETH -
J10 150-7eTre BeaMyalIIero OTKPEITUS B 00IaCTH
(byHIaMeHTaTbHBIX HAYIHBIX 3HAHUU — OITyOJIMKOBA-
HUS TIEPUOIMUYCCKON TaOIMITHI XUMIUIECKUX 3JIEMEHTOB
.. MeHneneeBa — U IIpeACTaBIISICTCS aKTyaIbHBIM BbI-
CKa3aTh HEKOTOPBIC COOOPAKEHMSI, CBSI3aHHEIC C COBpe-
MEHHBIMU 3aJadaMi HAyIHO-TEXHUYCCKOTO Pa3BUTHS.
B KOHCTPYKIIMOHHOM MaTepHaJIOBeICHUN TJIaBHOM
3aadycii SIBJISIETCS TTOIYICHIE BEIIECTBA C BRICOKMMH
SKCITIyaTallMOHHBIMU XapaKTePUCTUKAMHU, M HEM30EKHO
TIPUXOIUTCST 00paIIaThes K HAyIHO OCHOBE €CTECTBO3-
HaHUs, Tiepuoandeckomy 3akony .M. Menneneena.
CaM aBTOp BBIIAOIIETOCS 3aKOHA HEOTHOKPATHO BO3-
BpaIIajICcs K BOIIPOCAM €T0 «HE3aBEPIIEHHOCTH U TTPaK-
TUIECKNX HESICHOCTEH, B TOM YMCIIe K IIPUIMHAM 3aKOHA
KpAaTHBIX OTHOIICHUI, pa3INdus 2JICMEHTOB 1 M3Me-
HEHMS UX aTOMHOCTH, ¥ B TO K€ BpeMsI HY>XKHO TTIOHSITb,
YTO TaKOE Macca U TaroteHue» [1]. M ecam mepBas 4yacThb
3aJja4d HAyKO# O BellleCTBE MPaKTUYECKU pellleHa, TO
TMOHUMAaHNE BTOPOI € YaCcTH aKTyaIbHO IO CUX TI0D.

OCHOBHAA YACTb

BaxxHbIii TTepedeHb BOIIPOCOB B IIAHE COBEPIIIEH-
CTBOBAHUWS 3HAHUI O MEPUOANYHOCTH O3BYUYMII JIay-
peat HobGeneBckoit mpemun akageMuk H.H.Ceménon
B ITOCTAaHOBOYHOI JieKumu 1951 roma mepen cTyaeHTa-
mu ®usrexa: «Llenpb sicHa — mocne ycTpaHeHUs Helo-
CTAaTKOB OOHapy>kaTcsl HOBbIE CBOMCTBA Y B3aMMOCBSI3U
3JIEMEHTOB, YTO ITO3BOJIUT MPOBOAUTH OOIBIIMTHCTBO
Hay4YHBIX MCCJIEIOBAHUN Ha HOBOM, 00Jiee BLICOKOM
YPOBHE U pellaTh CTOSIME WHXEHEPHbIE 3a1a4yMl He
TOJIBKO BaM — WHXXeHepaM-(pU3nKaM, a BCEM YYEHBIM,
WHXeHepaM U IIpakKTUKaM. YCTpaHUTh 9T OYEBUIHbBIC
HEJIOCTATKM TTOKa HUKOMY B MHUpE He yIanoch! A aTo
HEOOXOIMMO JJIsI MPOABUKEHUS HAYKU, TEXHOJIOT WA,
TeXHUKU U WHXeHepnHu Briepe». O3BydeHbI TJIaBHEBIE
HEIOCTATKU TTePUOANIECKON TaOINIIBI:

1. Psamel (Tak Ha3pIBacMBIC TTOIYIIEPHOIBI) B 0003HA-
YEeHHBIX ITepUOIax UMEIOT pa3Hylo muHy. [Tpu aTom
YUCII0 CBOOOIHBIX MECT — KJIETOK 37.

2. B mepBoM psay 2JIEMEHTOB BCETO ABa; K TOMY Xe
BOJOPOJ, HE 3aHUMAET ITOCTOSTHHOTO MECTa, a OTH IBa
3JIEMEHTA COCTABJISIOT LIEJIbII TEPUO]I.

3. JlaHTaHOMIBI U AKTMHOWIBLI OKA3aJIMCh 3a TIpeeiaMu
TaOJINIIBL.

4. JlobaBuyach OTKPBITAsT BIIOCIEACTBUM YYESHBIMU
TPYITIa MHEPTHBIX Ta30B.

5. BBenmeHHas nosxe JIMHHOIEPUOIHAS TaOIMIIA O~
JIOXKEHHUS B 1IeJIOM He cracaeT, TadJmia mpomgo-
JKaeT ocTaBaThcd acuMMeTpuuHoii. [lepuomnos 7,
a psaoB 10, TO ecTh MONYNEPUOA U pSII — pa3sHbIe
HeCOBITaJaoNIe NOHATH [2].

K paspernreHIIo IpoBO3IIIAIICHHON ITPOOIEMBI TIPH-
JIOXKVUIA YCUJIUSI MHOTHE YICHBIC W TIPAKTUKH U3 Pa3HBIX
CTpaH MUpa, OT U3BECTHBIX XUMUKOB IO HACTOMYMBBIX
MMPaKTUKOB. 13 MHOTOUMCIIEHHBIX 0€3yCIEIIHBIX T10-
ITBITOK YCOBEPIIICHCTBOBATh MIEPUOINICCKYIO TAOIHUILY
creayet reHuanbHOCTh .. MeHneneeBa 1 upe3BbIyaii-
Hag CJIOKHOCTD rocTasiieHHoM akagemukoM H.H. Cemé-
HOBBIM 3a/1a49H, aKTYaJIbHOCTb KOTOPOI HUKTO HE CTABUT
o1 coMHeHme. BmecTe ¢ TeM, HabIiomaeMoe B MUPOBOit
9KOHOMMKE BCEOOIIEe CTPEMIIEHUE K HAYUYHO-TeXHUYE-
CKOMY JIMIEPCTBY B 0CBOCHUHM VI-TO TEXHOJIOTMIECKOTO
VKJIaJa CBUAETEIBLCTBYET O TOM, UYTO MH(pOpMaIIMOHHAS
MOIEPHM3ALMS CUCTEMbI XUMUUYCCKIX DJICMEHTOB SIBJISI-
eTcd TIpeaIMeTOM OOJIBIIION 3HAYUMOCTH [ 3].

B Hacrosimeit cratbe TIpencTaBiIcHa OObeMHas Ma-
TpUILa XUMUIECKUX 3JICMEHTOB B KaueCTBEe MICHTU(H-
KaIIMOHHO — aHAJIUTUYECKOTO MHCTPYMEHTA, KOTOPBIA
MO3BOJISIET U3y4YaTh 00JIbILIOE MHOI000Opa3ue (u3uKo-
XUMUYECKNX CBOMCTB yK¢ M3BECTHBIX U CIIe HE OT-
KPBITBIX 3JIEMEHTOB Yepe3 ITOCTPOCHNE TMHAMUUIECKIX
SHEPreTHYCCKUX MOIEIICH 3JIEKTPOHHBIX 000JI0UeK CO0-
CTBCHHO 2JIEMECHTOB M MX COCIMHECHWI. YHUBEPCAIb-
HOCTH OOBEMHOI MAaTPUIIBI COCTOUT B TOM, UTO TTOMIMO
0053aTeIBHOTO TTOPSIAKOBOTO HOMEpPa M CTPOTOM KO-
OPIMHATHOM MPUBSI3KU XUMHIECKHUX JIEMEHTOB (JTM00
UX KJIACTEPHBIX 00pa30BaHUIT) K TPyHIIaM MMEIOTCS
IIUPOKHE BO3MOXHOCTHU CTPYKTYPHOTO aHaImM3a (pr3u-
KO-XMMHMYECKNX CBOMCTB 3JIEMECHTOB, 3aKOHOB 1 3aKO-
HOMEPHOCTEH NX B3aMMOACHCTBHI ¢ NCIIOIh30BAHUEM
OpOUTAJIBHBIX CTPYKTYP MEPUOTUIHOCTH [3].

[Ipu u3ydeHnM podIeM IIEPUOTNIHOCTH B KAUECTBE
uneu ObUTU cHOPMYIUPOBAHBI JOCTATOYHO OYEBUIHBIC
ITOJIOKEHMSI. MUp MHOTOMEpPEH M, KaK IpaBUIIO, pac-
CMaTpHUBAeTCs B IIPOCTPAHCTBEHHBIX M3MEPCHMSIX, a Ta-
onuua — aByxMmepHasi. anee Obl1a cpopmynmpoBaHa
Oosiee yoenuTeabHas Uaesl paCCMOTPEHUSI XUMUYECKUX
5JIEMEHTOB C TTO3UINHU WX IIPOUCXOXICHNS B KAUeCTBE
MaTepuaioB BceneHHOM (aTOMBI — 3TO 3Be3IHAS Ma-
tepus). [Ipu o6pazoBaHUM 1 pa3BUTHHM BceleHHOI Ha
IIEpBOM 3Talle CYIIIECCTBOBAIMN TOJIHKO BOTOPOI 1 TEJINIA,
1 OHHU JTOJDKHEI OBITH BO TJIaBe TaOIUIIBI MJIH, 9TO OOJIee
00pa3Ho, 00BEMHOI MATPHUIIBL. 3aTeM BO3HUKIIN JICTKIE
5JIEMEHTBI, ¥ TOJIBKO 3BE3IbI C X BBICOKIMU TeMIIepa-
TypaMHM U TaBJICHUSIMU MOTJI CHHTE3UPOBATD TSKEITbIC
saapa. B kadecTBe clieAyIomero mMpeanoIoKeHNs ObIIO
TIPUHSITO, YTO CO3MaHMUE IIEMEHTOB TaK K¢ TTPONCXOIMIIO
10 CITUpaJIi, KakK pa3BuBaercs Becenennas [4].

Ha o0beMHO-KapKacHOM MaTpuIIe IIpeacTaBIeHBI
HOMepa XUMUIECKUX 3JIEMEHTOB B BHUIIE HEIIPEPHIBHO-
ro psaa HaTypaJdbHBIX urcen ot 1 no 118 u manee, paB-
HOMEPHO paclpeAcICHHBIX IT0 CITMPaIN CBEpXY BHU3
(puc. 1). [TopssaKoBBIif HOMED 3JIEMEHTA COBITafacT C Be-
JIMYMHOM 3apsiaa sapa U TAKUM XK€ CyMMapHBIM KOJTIIe-
CTBOM SHEPTCTHUYCCKY YPABHOBEIIMBAIOIINX ICKTPOHOB
Ha opbuTasx obonouek. Iloagxon yHuBepcaieH KaK 110
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OTHOIIIEHUIO K KopoTKonepuoaHoi Tadbmuue 1. 1. MeH-
JeyneeBa, Tak v qnHHoIiepuogHoi Tadbmune [UPAK.
3D-crmpanbHO TPOCTPAHCTBEHHAS PACXOMSIIASICS
cucTeMa Kapkaca MaTpMIIbl XMMUYECKUX 2JIEMEHTOB
nMeerT 4 6;10Ka IepruoauIHoCcTH [3]:
B IIepBOM 0J10Ke A TIpeICTaBI€HbI IEPBbIE DJIEMEHTHI
HaponuBieiicss BceaeHHOM, BOOOPOI U TeIni;
BTOpOIi 010K B 00pa3yioT 1Ba 0OAMHAKOBBIX ITIEPHOJIA
M3 BOCbMU 3JIEMEHTOB OT JIMTHUS 10 aproHa;
B 0s10ke C MOSBIIINCH IBA TOIMOJHUTEIIHHBIX KiIa-
CTEpHBIX 00pa30BaHUSs: XKeJie30, KOOAIbT, HUKEIb U
pYTE€HUIA, ponuvii, IajIaguii;
B 0;10Ke D 1OMoJHUTEIbHO BKIIOUMIMCh CEMECTBA
JIJAHTAaHOUJIOB M aKTUHOMIIOB, a TaKXKe ABa KJacTe-
pa: ocMuii, UpUINHA, TIJIATUHA U XaCCUU MAaTHEPUA,
ITApMIITaaTUA.
IIpocTpancTBeHHas1 popMa 0OBEMHON MEPUOAU-
YyecKol MaTpMIIbl MO3BOJIWIA CTPYKTYpUPOBaTh aHO-
MainbHBIe cemeticTBa I11-11 (TaHTaHOWIBI 1 AKTHHOWIH )
u VIII-it (MeTayutonnsl) rpymil TpeTbero C 1 9eTBEpTO-
ro D ypoBHeii 6J104HOI NEPUOAUYHOCTH, 4 YPOBHEBbBIE
(bopMyITBI 37IEKTPOHHEIX 000JI0YEK 00JIeTIaroT (popMu-
pOBaHUE MOJIECJIN U3YYEHUS CUCTEMHbBIX 3aKOHOMEPHO-
CTeil MepuoANYHOCTH, BKJTIOYAsi MEXaHU3MBbI HACbIIIIE-
HUSI 1 MEXYPOBHEBOTO T€pPeXoa BAJIEHTHOCTU Yepes
pacripenesieHue 3JeKTPOHOB IO pa3HbIM dHEpPreTuye-
CKHM YPOBHSIM (OpOUTAIM, COCTOSTHUS) JICKTPOHHBIX

Tabauya 1

o6osouek. CUCTEMHOCTh IEPUOANIHOCTH aKTyaTbHA
MPYU U3YyYeHUU TOHKUX MEXaHU3MOB MEXYPOBHEBBIX
TepexXo0B U yCTOMYMBBIX COOEB Mpollecca CUHTE3a
3JIEKTPOHHBIX OpOUTAJIEH.

B cBs131 ¢ MexXIyHapOIHBIM 1001JIeeM OITyOJIMKOBa-
Hust pyHgameHTanbHOro otkpoitus .M. MenneneeBa
YMECTHO pacCMaTpUBATh YEThIPE YPOBHS TTO3HAHUS Tie-
PUOIMYECKOTO 3aKOHA.

[lepewiil ypoeHb COOTBETCTBYET O00OIIEHUIO (DAKTOB
U3MEHEHUS] XUMUYECKUX CBOMCTB B 3aBUCUMOCTH OT
CTPYKTYPHI SIJpa U BO3pacTaHUsI aTOMHBIX Macc.

Bmopomy yposHio TIO3HAHUSI OTBEYAET BBEICHUE T10-
HSITHSI O TIEPUOAMYHOCTH CTPYKTYPHI DJIEKTPOHHOI 000-
JIOYKH $ITpa aTOMa, SHEPTeTUIECKU YPAaBHOBEIITBAIOIIIEH
3apsif SApa v IEMOHCTPUPYIOIIEH TTOBTOPEHUE CXOTHBIX
TUTIOB 3JIEKTPOHHBIX KOH(MUTYPAIINIT aTOMOB TIO MeEpe
YBEJIMYEHUSI aTOMHOTO HOMepa (TIOPSIIKOBOTO HOMEpPA
SJIEMEHTA).

Tpemuil yposensb TIO3HAHUS CBSI3aH C pa3pabOTKOM
TIEPUOINIECKON CTPYKTYPhI AIEKTPOHHO-YPOBHEBBIX OP-
ouTaseit 000JI0UeK B CCTEME SHEPTETUUECKUX YPOBHEH
aToma, peajm3yIonuX B BUIE MOJEIN aTOMHO-9HEpTe-
TUYECKOTO (BAJICHTHOTO) B3aMMOIEHCTBUSI.

Yemeepmulil yposeHsb TIO3BOIUT CHOPMUPOBATH METO-
JTBI ¥ yCTIOBUST (hOPMUPOBAHUS MOJIETICH BEIECTB C yue-
TOM DHEPTeTUYECKUX B3aUMOCUCTBUI XUMUIECKIUX
3JIEMEHTOB, YUaCTBYIOIINX B 3TOM TIpOIIecce.

SHCPFCTI/I‘ICCKHC YPOBHH JJIEKTPOHHBIX 000.109€K ATOMOB XMMHYECKHX 3JIEMEHTOB

I 5 = INEMEHTBI I P = 3INEMEHTbI

| d-3nementbi | f-3nementni |

Ne, XMMHUYecKHMH 3HaK,
Ha3BaHWe aneMeHTa
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K 3TOMYy Xe ciiemyeT OTHECTH IMTOHSATHE O CBOMCTBAX
OJIOYHOI ITAPHOCTU CTPYKTYP, TTO3BOJISIONICE Ha OCHOBE
3JIEKTPOHHO-YPOBHEBBIX (hOPMYJI IIPOTHO3UPOBATH XM -
MHUYECKUE 3JeMEHTHI 3a TipeaenaMu 118-ro ameMenTa.
B Tabin. 1 npencraBiaeHbl 3JIeKTPOHHO-OPOUTAIbHEIC
(hopMyIIBI XUMHIECKUX JIEMECHTOB IIJISI BCEX OJIOKOB,
B TOM uucJie S 6ioka E, BKIIIoYaoIero 3JeMeHThbl CO
119 mo 218.

C mo3unmu GU3NKA MeIeco00pa3HO pacCMOTPETh
pe3yJIbTaT SHEPTeTUUCCKNX B3aMMOICHCTBUIA, OTIpee-
JITFOIINX BCe CBOMCTBA BelecTBa. [1py 3TOM MOTYT OBITh
IIBa TTOIX0/1a, KOTOPBIC OIIPEIEIISIOT IBE SHEPIeTUICCKIE
MOJIEIIN CTPYKTYPHOTO TIpeACTaBIeHUs BemecTBa. OmHa
MOJIENTb C UCITOJIb30BAaHNEM 3JIEKTPOHHO-OPOUTAIBHBIX
dbopmyn (BOD) (Tadm. 1), mpyras Momenb (pru3mdecKas
C TIO3WIINI CTPYKTYPUPOBAaHUS Ha OCHOBE KBAaHTOBBIX
saBIeHUN 1 pusmdeckmx KoHcTaHT (DK).

DusnaecKuii METOI IO CPAaBHEHMIO ¢ (POpMaTbHBIM
OTJINYAETCS TEM OOCTOSITEILCTBOM, UYTO OH OCHOBAH Ha

MPUYUHHO-CJIEACTBEHHOM COOTBETCTBUU SHEPTreTUYE-
CKMX B3aMOICUCTBUN (DM3MIECKUX IOJIeH (ITpUIMHA)
MMPOCTPAHCTBEHHO-BPEMEHHOTO MOJIOKEHUS SJIEKTPOHOB
000JI0YE€K OTHOPOIHBIX U PA3HOPOIHBIX XMUMUYECKUX
3JIEMEHTOB (CJIEACTBUE). DTO MOJOXKEHNE aHATOTUIHO
MPENCTABICHUSAM KJIACCUYECKON MEXaHUKUA U MOXET
OBITH OITPEAEICHO PSIOM KOHCTAHT [4].

3AK/IIOYEHUE

JanpHele ncciaeaoBaHus Mo GopMHUpoOBaHUIO
CTPYKTYpPHI BEIlIeCTBAa B HAIIPaBJICHUN OILICHKM BIIVSI-
HUS BCEX BUIIOB B3aIMOICICTBUS: CUIbHBIC 1 CITa0bIe
5JICKTPOMArHUTHBIC 1 TPAaBUTAIIOHHBIC TT0JIsI, KOTOPBIC
OynyT XapakTepu3oBaThCsl GyHIaMEHTAIbHBIMU (PU3U-
YECKMMU KOHCTAHTAMH. ABTOPBI TIPOIOJIKAT UCCIICIOBA-
HUSI TI0 PACCMOTPEHUIO TeX KOHCTAHT, KOTOPBIC BIUSIIOT
Ha TIPOIIECCHI CTPYKTYPOOOpa30BaHUS 1 CO3IaHNE HOBBIX
BUIOB KOHCTPYKIIMOHHBIX MaTepHUAJIOB.
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