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THEORETICAL FOUNDATIONS OF EXPANSION OF THE NUMERICAL SPACE

In this paper, the theoretical foundations of the expansion of a numerical space are introduced
due to the introduction of the concept of a spatially indeterminate unit whose product by an imaginary
unit is equal to zero, which ensures that all algebraic operations on "three-dimensional" numbers are
called volumetric ones. For volume numbers, all the properties of addition and multiplication are
fulfilled, except for the associative property in multiplication, but it is true for a certain set of numbers
that form hyperbolic surfaces, and they also have the inverse mirror image property.

Keywords: volumetric numbers, imaginary unit, spatially indeterminate unit, real numbers,
mirror numbers.

B oanii pobomi Hasedeni meopemuyHi OCHOBU POUIUPEHHS HUCLOB020 NPOCMOPY BHACTIOOK
66€0EHHSI NOHAMMSA NPOCMOPOBO HEGUIHAYEHOI 0OUHUYI, O0OYMOK SKOI HA YABHY 0OUHUYIO OOPIGHIOE
HYII0, WO 3a0e3neuye BUKOHANHS 6CIX aneeOpaiuHux onepayit Hao «MpPbOXMIPHUMUY YUCTAMU HA36A-
HUMU 00 emuHumu. [{na 06 eMHUX Yucen GUKOHYIOMbCA YCI 61ACMUBOCHE CKAAOAHHS MA MHONMCEHHS 3d
BUHSIMKOM GLACMUBOCI ACOYIAMUBHOCMI NPU MHOJICEHT, SIKA 8Ce MAKU BUKOHYEMBCA OJisl BIONOBIOHOL
MHOJCUHU YUCeN 5K YIMEOPIoIomb 2inepOoNiuHi NOGEPXHI, a MAKONC iM NPUMAMAHHA 81ACMUBICIND
83AEMO360POMHBLO2O 03EPKANLHO20 BI00OPAINCEHHS.

Knrouoei cnosa: o6 ’emui uucna, ysigHa 0OUHUYs, NPOCMOPOBO HeGU3HAUEHA OOUHUYS, OIUCHI
yucna, 03epKaibHi 4ucia.

Formulation of the problem

Analysis of the history of development of numbers leads to the following logical conclusions.
The real numbers are represented by points of the numerical line from —ooto + oo, that is, they are
"one-dimensional". Complex numbers, under the condition of introducing an imaginary uniti, are
represented by the points of the plane, that is, they are "two-dimensional". Thus, it should be possible
to expand the set of numbers that will be represented by points of space, that is, "three-dimensional".
Many scientists worked on solving this problem. The development of vector algebra and work with
spatial vectors led to the idea of introducing "three-dimensional" numbers. As in the case of complex
numbers that can be considered as "two-dimensional", the permissible operations on "three-
dimensional" numbers would have to include addition, subtraction, multiplication and division. And
that these numbers can be easily and effectively produced algebraic operations, they must have the
usual properties of real and complex numbers.

Analysis of recent research and publications

By the middle of the XIX century complex numbers are widely used to represent vectors on
the plane and perform operations on them. In this connection attempts have been made to introduce
"three-dimensional" numbers to represent spatial vectors and perform operations on them. As in the
case of complex numbers, admissible operations on "three-dimensional" numbers would have to
include addition, subtraction, multiplication and division [1]. Unfortunately positive results have not
been achieved in this direction. The most close to the solution of this problem came Hamilton.
Analogues of the corresponding numbers were proposed by William Hamilton in 1843, which he
called quaternions [2]. However the Hamilton quaternions were "four-dimensional" and expanded the
number space according to certain rules of multiplication, as well as by not performing the
commutativity property in multiplication.

Formulation of the research objective
Thus, the question of expanding the numeric space using "three-dimensional" numbers
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remained open. To solve the problem, taking into account the analysis of [3,4,5] and the analysis of
the theory of complex number systems [6], a generalization was made about the need to revise the
notions of imaginary units in number theory with the purpose of expanding the numerical space.
According to the analysis performed, the parameters i and j, which make it possible to compile a
mathematical notation for a three-dimensional number, must play the role of certain transformation
operators, and not only carry the meaning of the corresponding units. And the corresponding actions
with these operators must meet certain rules.
Statement of the main material
The authors of this paper introduce the notion of a spatially indeterminate unit j to solve the

problem. The introduction of a spatially indeterminate unit leads to an expansion of the concept of
number-to volume numbers [7].
The general algebraic formula for the volume number has the form
V=a+bi+c,
where: a,b,c —real numbers; i — imaginary unit; j — spatially indefinite unit.
The number a is called the real part of the volume number; bi— its imaginary part (b — the
coefficient of the imaginary part); ¢j — its spatial part ( ¢ — coefficient with the spatial part). Giving all

possible real values, we get all possible volumetric numbers.
The geometric interpretation of the volume number (Fig. 1) is as follows.

A

¢
ety gbl‘-f-cj

. P

. L7

. 27
.

---------- ;V=a+bi+cj

bi

Im

v

Fig. 1. Geometric interpretation of a volume number.
Re — is the real axis, Im — is the imaginary axis, Sp — is the spatial axis.

Since each point of space is completely determined by the radius vector of this point, then to
each volume number there corresponds a definite vector emerging from the pole to the corresponding
point. Thus, the volume numbers can be represented by both space points and vectors. According to
the geometric interpretation, the volume modulus is a sphere.

Proceeding from the definition, two volume numbers are considered equal if their real parts
and coefficients are equal separately for imaginary and spatial parts. Geometrically, the volume
numbers are equal if their imaging vectors are equal. The concept of "more" and "less" for volume
numbers does not exist.

If we enter instead of the Cartesian coordinates of a point (representing the volume number)
its spherical coordinates (Fig. 1), then we obtain a trigonometric formula for writing the volume
number
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V = p(sin®cos@ +isin@sinp + jcos®),
where: p — length of the radius vector of the corresponding point; ¢ — longitude; ® — polar distance.
The relationship between the Cartesian and spherical coordinates of the point:
a=psin@cos@; b= psinOsing; c=pcosO;

p= a2+b2+c2;

va' +b’

Q= Arctgé; O = Arctg
a c

Positive directions are shown in Fig. 1.
Given thata + bi there is a complex number z , then the volume number can be written in the

form
V=z+¢.
A particular case of a volume number is a complex number provided thatc =0,
V=a+bi,
or a real number, provided thatb =c =0,
V=a.

Axioms of volume numbers.

1. jxj=j>=-1.

2.ixj=jxi=0.

The logical explanation of the second axiom is as follows. In relation to imaginary numbers,
Leibniz wrote: "The Spirit of God found the finest vent in this miracle of analysis, the freak of the
world of ideas, the dual essence that lies between being and non-being, which we call the imaginary
root of the negative unit." A spatially indefinite unit contains, at the moment, an even more
contradictory and incomprehensible meaning. Therefore, the product of an imaginary unit and a
spatially indeterminate unit must be zero. A physical analogue in this case may be the interaction of
matter with antimatter, although it is possible to only compare the substance with the imaginary unit
conditionally.

The mathematical justification of the second axiom is as follows. The concept of an imaginary
unit i implies an expressionlisince i* =ixi=—1. A purely imaginary number has the formbi,
where is a b — real number. If we assume thati is some imaginary transformation operator (matrix) that
makes it possible to extract the square root of a negative number, then in the general form a purely
imaginary number can be written (b)i , whereb € {—o0,4+00} . If we consider the option when the

parameter b is absent (but not equal to zero), then, accordingly, we obtain the following
expression( )i . Then we will have the condition

(i ()i=[00F =~().

Since for a spatially indeterminate unit the condition j x j = j> = —11is true, by analogy with
the imaginary number, the spatial number can be written in the form (c) j , where c € {—0,+00} . If we
consider the option when the parameterc is absent (but not equal to zero), then, accordingly, we
obtain the following expression( ) 7 . Consequently, we become the condition

()ix()i=[0)F==().

Taking into account the characteristicof the introduced transformation operators (matrices),
their product equals zero
(ix()j=()ix()i=00).
It is possible that a spatially indefinite unit can have a dual character and have a deeper

meaning than it appears at the moment.
Algebraic operations on volume numbers are performed in the same way as over complex
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. . . . 2 .
numbers or over ordinary trinomials, assuming that i” = —1, j2

=-1, ixj=jxi=0.
The addition of two volume numbers is determined by the formula
(a,+bi+cj)+(a,+bi+c,j)=(a,+a,)+ (b +b)i+(c,+c,)).
The subtraction of two volume numbers is given by
(a, +bi+cj)—(a,+bji+c,j)=(a,—a,)+ (b —by)i+(c,—¢,)j.
The multiplication of two volume numbers is given by
(a,+bi+cj)x(a, +bi+c,j)=(aa,—bb, —cc,)+(ab, +ab)i+(ac,+ayx,)j.
Two volume numbers are called mutually conjugate if their real parts are equal, and imaginary
and spatial ones differ only in sign. The product of mutually conjugate numbers is a real number
(a+bi+cj)x(a—bi—cj)=a’ +b”>+c’.
The division of two volume numbers is given by
a +bi+cj aa,+bb,+cpc, N a,b,—ab, . ac,—a,c

a2+b2i+czj_ a; +b; +c; a;+b;+c; @ +b+c;
Basic properties of addition for any volume numbers.
1. Commutativity V, +V, =V, + V.
2. Associativity V, + (V, + V) =(V, +V,) + V5.
3. The zero property V +0=V".
4. The property of the opposite element) + (—=V)=0.
5. Perform subtraction through additionV, =V, =V, + (V).
Basic properties of multiplication for any volume numbers.
1. Commutativity V, xV, =V, x V] .
2. The property of units V' x1=V".
3. The zero property V' x0=0.
4. Distributivity V, x (V, + V) =V, xV, + V, x V.
The associativity property for multiplication
Vix(VyxVy) = (Vi xVy) <V,
for arbitrary volume numbers does not hold. However, this property is valid when the condition that

the product of the opposite real coefficients for the imaginary and spatial parts of the first and third
factors are equal,

b xc;=b,xc.
That is, for the set of real numbers b;,b5,c;,c3, that form hyperbolic curves in the imaginary-

spatial plane, and the corresponding volume numbers, that form hyperbolic surfaces.
Particular cases of the value of the numbers V| and V; and for which the associative property

in multiplication is satisfied are given in Table 1. The volumetric number V), is arbitrary.

Table 1. Condition for the performance of the associativity property in multiplication

b xc,=byxc¢ Vi £
b =0 ¢, =0 a, | a3+b3i+f'3j
b, =0 a +cj a,+c,j
¢ =0 b, =0 a, +bi+cj a, |
¢ =0 a, +bji a, + b,i
b=b=c=c,=0 a, a,
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Special properties of volume numbers.
According to the geometric interpretation, the volume numbers of the form
V=a+bi+c
fill in the entire eight octant of the numeric space (Fig. 1), provided that a,b,c — take any values from
—ooto + . The numbers in which the coefficients a,b,c modulo are pairwise equal are called

mirror ones. An arbitrary volume number of any octant corresponds to seven mirror numbers, which
can be considered as its mirror image (Fig. 2).

V,=a+bi+cj

V,=—a+bi+cj

Vy=-a-bi+cj

V, =a-bi+cj

v

V,=a+bi—cj

V, =—a+bi—cj

Vy=—a-bi—cj

Vo =a—bi—cj

Fig. 2. Distribution of mirror numbers in octans.

If we consider the volume number of the first octant V;, then the following mirror images
correspond to it. The numbers V,,V,,,V, are a mirror image of the V, relative to the planes Splm,
ReSp, Relm. The numbers V,,V,,,V,,, are a mirror image of the V,relative to the the Sp, Im, Re
axes, as well as the mirror image of the numbers V,,,V,,,V, relative to the corresponding planes. The
number V,,, is a mirror image of the ¥, relative to the origin of coordinates, as well as a mirror image
of the numbers V/

1>

Numbers V/

11>

V.V, relative to the corresponding planes.

v,

v,V are called the first-order mirror image of a number V,. The numbers

Vi sV sV are called the second-order mirror image of a number V,. The number V,,, is called the

opposite number to ¥, or a third-order mirror image.

Taking into account the distribution of mirror numbers in octants (Fig. 2), the inverse of the
mirror image also takes place. Thus, we can draw up the following scheme of a system of reciprocal
mirror image of volume numbers.
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Fig. 3. The reciprocal mirror image of volumetric numbers.
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In the scheme of reciprocal mirror image of volume numbers (Fig. 3) the following
designations are accepted: V, — initial volume number; V; — mirror image of the first order of the
number V;; V, — mirror image of the second order of the number V,; ¥V, — the opposite volume

number or a mirror image of the third order.
Proceeding from the corresponding scheme for the entire set of volumetric numbers, there are
four variants of the inverse mirror image:

Vi Vin Vi Viv
VieVrieWn 1oV Vi oV 19 Vs
W Vi Vi Vo
Vi 4 4 Vi
Vip oV 3V, vV, VoV, ¢4V, 1 &V,.
Vi Vvir o Vou

Consider the addition of an arbitrary volumetric number of the first octant V, with its
corresponding mirror numbers:
1) with a first-order mirror image
V,+V, =(a+bi+cj)+(—a+bi+cj)=2bi+cj),
V,+V,, =(a+bi+cj)+(a—bi+cj)=2(a+cj),
V,+V, =(a+bi+cj)+(a+bi—cj)=2(a+bi),
2) with a mirror image of the second order
V,+V,, =(a+bi+cj)+(—a—-bi+cj)=2c,
V,+V,, =(a+bi+cj)+(—a+bi—cj)=2bi,
V,+V,, =(a+bi+cj)+(a—-bi-cj)=2a;
3) with a mirror image of the third order
V,+V,, =(a+bi+cj)+(—a-bi—cj)=0.
The corresponding results are valid for an arbitrary volumetric number of any octant.
Thus, taking into account the result obtained and the geometrical interpretation of the volume
number, the following conclusions can be drawn:
1. The sum of an arbitrary volume number with its first-order mirror image is equal to twice
the projection of the radius-vector of a given number by the corresponding coordinate plane.
2. The sum of an arbitrary volume number with its second-order mirror image is equal to twice
the projection of the radius-vector of a given number on the corresponding coordinate axis.
3. The sum of the opposite numbers is zero.
Consider the product of an arbitrary specular volume number of any octant with its

corresponding mirror numbers.
The results of multiplying the mirror numbers of eight octant are presented in Table 2.
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Table 2. The product of mirror numbers

Ne I II III v
I (a®=b*—c) + P (—a*+b* =) - | (@ +b* =)+
+ 2abi + 2acj —2abi + 2acj
I 2_p2_ 2 (@ =b"-c)— | (@ +b* =)= | (~a*+b —cM)+
ST Te —2abi - 2acj —2acj + 2abi
- (—a*+b* -t - | (@+b* =) - | (@-b =)+ s
—2abi —2acj + 2abi - 2acj 4 mbc
@+ =)+ | (@b =D+ |, | @b =)=
v 20t o abi -a -b"-c dabi+ 2aci
acj + 2abi — <aot T zaqgj
v (@ =P+ + | (@’ =D+ + | (-a*+b+)— | By
+b° +
+ 2abi + 2acj —2abi+2acj 4 ¢
(—a*=b*+c*)— | (a®=b*+P)- s, (—a* +b* +c*)+
VI 9 aci 5 2bi a +b +c +2abi— 2aci
_2+b2+2_ 212 2 _2_b2+2_
VII (-a , C.) a’+b*+¢? (@ =b+e)t | (a . )
—2abi —2acj + 2abi —-2acj
VI | ¢+ b + ¢ (@ +b"+c)+ | (-a" =D+ )+ | (@ -b+ ) -
+ 2abi + 2acj + 2acj —2abi
No \Y VI VII VIII
I (@ -b*+M)+ | (=a*=b +*)— | (-a>+b*+P) - 2y
+b° +
+ 2abi —2acj —2abi -2acj 4 ¢
(—a’-b*+c)+ | (a®=b*+P) - s (—a* +b* +c*) +
I I 5 abi a +b" +c +2abi+2aci
acj —2abi abi + 2acj
—d+b+cH - 2 32, 2 —d b+
- (—a . c') RO (@ -b"+cH)+ | (-a . c?)
—2abi + 2acj + 2abi +2agj
v a2+b2+cz (_a2+b2+C2)+ (—az—b2+cz)— (az—b2+cz)—
+ 2abi - 2acj —2acj —2abi
v (a* =b*—c) + T (—a* +b* =t - | (@ +b* =) -
+ 2abi — 2acj —2abi —2acj
VI 222 (@=b=c)= | (@ +b" =)+ | (=@’ +b"—c")+
ATy e —2abi + 2acj + 2acj + 2abi
Vil (—a*+b* -t - | (@+b =)+ | (@ -b -+ s
—2abi +2acj + 2abi + 2acj S TeTe
vip | @0 == @t - | (@b e
_ a c . .
—2acj + 2abi —2abi - 2acj
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According to the results of Table 2, the following conclusions can be drawn:

1. The product of a mirror volume number on itself or on the opposite is always a volume
number.

2. The product of a volume number with its mirror image of the first and second order is not a
volume number.

3. The product of the opposite numbers themselves is equivalent to each other.

Two mirror numbers are called mutually conjugate if their real parts are equal, and imaginary
and spatial ones differ only in sign. The product of mutually conjugate mirror numbers is a real

number of the form a” +b” +c>.
Two mirror numbers are called oppositely conjugate if their imaginary and spatial parts are

equal, and the real parts differ only in sign. The product of the oppositely conjugate mirror numbers is

the real number of the form — a* —b* — ¢?.

The sum of products of mutually conjugate and oppositely conjugate numbers forms
corresponding cross zero loops
V3 Vi) + Vy x V) + Vg XV ) + Vyyy x V) =0,
Vi %V )+ Vi XV, )+ (Vy XV )+ (Vyy x V) = 0.
Conclusions
The theoretical foundations of the expansion of a numerical space due to the introduction of
the concept of a spatially indeterminate unit whose product by an imaginary unit equals zero ensures
the implementation of theall algebraic operations on "three-dimensional" numbers, which are called
volumetric ones.
The general algebraic and trigonometric formula of a volume number provides, as in the case
of complex numbers, the admissible operations of addition, subtraction, multiplication and division.
For all volume numbers, all the properties of addition and multiplication are satisfied. An
exception is the associative property in multiplication. However this property is valid when the
condition that the product of the opposite real coefficients are equal for the imaginary and spatial parts
of the first and third factors. That is, for the set of real numbers by,b5,c;,c3 that form hyperbolic

curves in the imaginary-spatial plane, and the corresponding volume numbers formhyperbolic
surfaces.

An arbitrary volume number of any octant corresponds to seven mirror numbers, which can be
considered as its mirror image. Mirror numbers are those in which the coefficients a,b,c modulo are

pairwise equal. According to the geometric interpretation of volume numbers, the mirror image
relative to the planes corresponds to the first-order image, and the second-order image relative to the
axes.

Mirror numbers have the following basic properties:

- the sum of an arbitrary volume number with its first-order and second-order mirror image is
equal to twice the projection of the radius-vector of a given number by the corresponding plane or the
coordinate axis;

- the product of a mirror volume number on itself or on the opposite is always a volume
number, and with its mirror image of the first and second order are not a volume number.

These numbers can play a big role in algebra and mathematical analysis, providing concrete
interpretations in the study of contradictory, and in some cases dual, physico-mathematical aspects of
the world. Such studies using volume numbers and their properties are conducted by the authors of
this work on the development of mathematical models of the evolutionary processes of the world [8].
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TEOPETUYHI OCHOBHA PO3HIUPEHHSA YUCJIOBOI'O TPOCTOPY
Pomaniok O.[1., Pomaniok P.O.

Pedepar

Jloriunuii aHami3 icTopii pO3BUTKY TEOpii YHCEI i 0COOIMBO BEKTOPHOI allreOpH, HAIITOBXYBAB
Ha 1JIe10 BBE/ICHHS «TPUMIPHUX» YHMCEN, HAJl SKUMH MOXHa Oyiio 6 Oe3mepenikofHo i epeKTHBHO Mpo-
BOJIUTH Ollepalii anreOpu mpu AOTPUMaHHI OCHOBHHX BJIACTUBOCTEH MIHICHMX i KOMIUIEKCHUX YMCEll.

bixde BCiX 0 BUpINICHHS MAHOTO 3aBIAaHHS IMIIWIIOB |'aMiJIbTOH, HAa3BaBIIW BiIITOBITHI
yrcia KBaTepHIOHAMH, sIKi OyJIM «H4OTHPBOXMIpPHI» 1 PO3MIMPIOBAIIM YHCIOBHH TPOCTIpP 32 YMOBH BijI-
MOBiJHHUX MPAaBUJ MHOXCHHS, @ TAKOXK HE BUKOHAHHSIM BJIACTUBOCTI KOMYTAaTHBHOCTI P MHO>KEHHI.

TakuM 4MHOM, TIUTaHHS PO PO3MIUPEHHS YUCIOBOTO MPOCTOPY 3 BUKOPUCTAHHSAM «TPHOXMi-
PHUX)» YHCEJI 3AIHIIAN0CS BIAKPUTUM. /711 BUPIMICHHS OCTABJICHOTO 3aBJaHHs OyJ0 MPUIHATO NpH-
MYIIEHHS, 0 YSABHI OJMHUII B TEOpil YKMCes SKi Jal0Th MOMJIMBICTh CKJIACTH MaTeMaTHYHHUE 3aIuc
«TPUMIPHOTO» YHCIIA, TOBUHHI TPATH POJIb IESIKHX OIIEPATOPIiB IIEPETBOPEHHS, a HE TUIBKH HECTH CEHC
BIIITOBITHUX OMWHUITG. | BiMIMOBIMHI Iii 3 IIUMHU OIepaTOpaMH TIOBWHHI BIIIOBIAATH MEBHUM IIpaBHU-
JaM.

ABTopaMu aHOi poOOTH AJIsl BUPILIEHHS MOCTAaBJICHOTO 3aBJAaHHS BBOJHUTHCS MOHSTTS MPOC-
TOPOBO HEBH3HAYEHOI OJIWHUIII, IO JTAJI0 MOKJIMBICTh CKJIACTH aireOpaiduHy i TPUTOHOMETPHUYHY (o-
PMYyJy «TPHMIPHOTO» TaK Ha3BaHOTO 00'eMHOro uncina. JJoOyToK MpocTOpoBO HEBU3HAYEHOT OJTMHHUII
Ha ysIBHY OJMHHMIIO JOPIBHIOE HYJIIO, IO 3a0e3redye BUKOHAaHHS anreOpaidyHux omepauiil Hajg 00'eM-
HMMH YHUCIaMH 3 TOTPUMAHHSIM BCIiX BIACTUBOCTEH 10JJaBaHHS i MHOJKEHHS 32 BUHSATKOM BJIACTHBOCTI
aCOIIIaTUBHOCTI MPU MHOXKEHHI, TIPOTE BOHO CIPABEIINBO IS TICBHOI MHOXHHH YHCEN, SKi YTBOPIO-
I0Th TinepOoivHI MOBEPXHi. 3riJHO reOMETpUYHIl iHTepnpeTalii 00'eMHi yKcia, B SKUX TiliCHI Koe-
(hiieHTH IO MOJIYIIIO TIOMIAPHO PiBHI, YTBOPIOIOTH 0€311iY J3epPKAIBHUX YHCEIN, 3 0COOJMBUMH BIIACTH-
BOCTSIMH.

[IpencrarneHi TeopeTHYHI OCHOBU PO3IIUPEHHS YKHCIOBOTO MPOCTOPY BHACHIJOK BBEICHHS
HOHSTTSA NPOCTOPOBO HEBU3HAUEHOI OAMHUII, JOOYTOK SIKO1 Ha YSBHY OAMHUIIIO JOPIBHIOE HYIIO 3a-
Oe3nedye BUKOHAHHS BCIiX omeparliii anreOpu Hall «TPUMipHUMW» YHCIAMH, Ha3BaHUMHU 00'€MHUMH,
IUISL IKNX BHKOHAHO PO3MIMPEHHH aHaji3 iX OCHOBHMX BiacTHBOCTEH. JlaHi 4mciia MOXYyTb 3irpaTu



Po3nin 1. MaremarnuHe MOJIENIOBaHHS B IPUPOJHUYKMX HAyKaxX Ta iHPOpMaliliHi TeXHOIOTii 29

BEJIMIKY POJIb B auireOpi Ta MaTeMaTHYHOMY aHalli3i, 3a0e3Mevy0Yr KOHKPETHI iHTepIpeTallii npu goc-
JDKEHH] CYNEpewINBUX, a B JEIKUX BHIMAIKaX 1 ABOICTHX, (i3MKO-MaTeMaTUIHUX ACIEKTIB CBITY.
Takoro poxy IOCTiKEHHS, 3 BAKOPUCTAHHSAM 00'€MHUX YHCEI 1 iX BIACTUBOCTEH, MPOBOATHCS aBTO-
pamu gaHoi poboTH 1O PO3poOLi MaTEMaTUIHUX MOJEJIel eBOTIOLIMHUX MPOLECIB CBITY.
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