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MATPUYHA ANMEBPA B K EBKNIAOBUMA NPOCTIP

Ipencrasnenns iHboOpMaIli 3a JTOMOMOTOK TiMEPKOMILICKCHUX
YHCIIOBHX CUCTEM BHKOPHCTOBYETHCS B PI3HHX 3a7a4aX HAyKH i TeXHi-
K{: y KIACHYHIi MeXaHilli, MeXaHilli TBEpIOro Tija, CICKTPOANHAMILI,
PpazioeNeKTpOHiLl, KOMII TOTepHil aHiMamii Ta iHmmXx [1].

YacTo mif TimepKOMIDIEKCHOK CHCTEMOIO (TOOTO CHCTEMOIO, elle-
MEHTH SIKOI BB)KAIOTHCS TiMEPKOMIUIEKCHUMH YHCIAMH) PO3yMIIOTH
Oy1b-sIKy CKIHYCHHOBHMIpHY aireOpy Haj mojeM. Baxmse micle ce-
pel Takux anreOpaidHuX CTPYKTYp 3aiMarOTh MaTPHUHI areOpH.

HemoxxnmBicTs moOy0BU anreOp 3 AIJICHHSIM 30BCIM HE O3Ha-
yae HEMOJJIMBICTh MOOYm0BH anreOp 0e3 mijeHHs, aje 3a CBOIMHU
BJIACTUBOCTAMH 6J'II/I3I>KI/IX J0 NEPUInX (BHKOpI/ICTaHHﬂ JOO3Hay4e-
HOTO JIiJICHHS).

OCKITBKH KOXKHA anredpa CKiHYEHHOTO paHry MoXke OyTH MOHO-
MOp(hHO 3aHypeHa y AesKy NMOBHY MaTpU4Hy anreOpy, TO Lie CIPHYH-
HWJIO, TaK O MOBHTH, IHBEPCHHH MiJXiZ 1O MOOYIOBH HOBHUX aire0p.
3 MOBHOI MAaTPUYHOI aIreOpH BUALTAETHCS Jesika Mmiganredpa, ska €
MaTpUYHUM TOJAHHIM anreOpH CKiHYeHHOro paHry. Came peamizamist
TaKOTO MIIXOAY Ja€ MOIIMBICTh HAIULATH €IEMEHTH aireOpH CKiH-
YEHHOr0 PaHI'y MaTPHYHUMU XapaKTePUCTHKAMH, 30KpeMa OyIyeThest
KaHOHIYHE TOJJaHHs €IEeMEHTIB anreOpy yepe3 CHeKTpabHe MOaHHs
MaTpHili, a cama anredpa HaJIeThCs TOMONOTIUHO0 CTPYKTYPOIO Ue-
pe3 oHY 13 MaTpHYHUX HOpM. [Ipy IboMy YacTo HakIamaroTh e J10-
JIATKOBY YMOBY, 1100 11e Oyia anredpa HaJ mojieM AifcHHX abo KOM-
IUIEKCHHUX YHCEN; y MepIIOMY BHIIQJKy KaKYTh IO «IiHCHY» Tirep-
KOMIUIEKCHY CUCTEMY, Y IPYTOMY — IIPO «KOMILIEKCHY».

VY crarti moOynoBaHO AiiicHy anreOpy CKIHYEHHOTO pPaHTy,
eJIEMEHTaMH SKOI € MaTpHIl JPYroro IOPsIKY 3 OJHAKOBOIO Cy-
MO0 PSJIKIB 1 CTOBMIIIB. MU HaAiMMiIK 1l HOPMOIO 1 CKAISPHUAM JI0-
OyTKOM, IIPOJEMOHCTPYBABILH, 1110 BOHA € €BKJIJOBUM HPOCTOPOM.
L5 anrebpa € MaTpUYHUM MOAAHHIM alreOpu TilepKOMINICKCHUX
YHCETI, SIKi MU Ha3BalM y CBOIX JOCIIKeHHsIX OiHapHuMHE [4].

KurouoBi cioBa: aneebpa cxinuennozo pauey, mampuys, Hop-
Ma, e8KIi008ULl NPOCIP, 2iINePKOMNIEKCHA cUcmemd.

Beryn. YV npyriit monoBuHi XX CTOMITTS TEOpist MATpHILb 30araTuia-
Csl HOBMM HANpSAMOM JOCTIDKeHHS, SIKMH IiCTaB Ha3BY «MaTPUYHUH aHa-
ni3». TepMiH «MaTpUUHHUI aHAJI3» TIYMaunuThCs 3 OAHOTO OOKY SIK CITiJIb-
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Ha Ha3Ba THX PO3iIIB JiHIHHOI aareOpH, sIKi BUHUKIIN 3 IOTPEOU MaTeMa-
TUYHOTO aHaNi3y, a 3 iHIIoro 00Ky MaTpUYHHUH aHANI3 € MiAXiA 10 3a1ad
JHIKHOT anredpH, KU mopsia 3 cyTo anreOpaiyHUMHU 3ac00aMU BUKOPHC-
TOBYE OCHOBHI TOHSATTS MaTeMaTHYHOTO aHAJ3y — IPaHUYHUI Iepexi,
HETIePEePBHICTh, CTEMeHeBi psiau, Toio [5]. ¥V pobotax [2, 3] Hamu moOy-
JTIOBAHO 1 TOCTIXKCHO MAaTpPHYHI anreOpH, siKi € MPeCTaBICHHIMU Tilep-
KOMIUTIeKCHHX cucteM. [1o0ymyemo 1e oHy Taky anreopy.

OcHoBHuii 3MicT. Hexait MaeMo MHOXKHHY MaTpHUIh
Xy
B= |x,yeR
y X

CraHpapTHi orepallii JogaBaHHS MaTPUIlb 1| MHOXKCHHS MaTpUIIi Ha JTi-
CHE YHCJIO HaJ eJIEeMEHTaMU MHOXKUHU B He BHBOIATH 32 MeXi 1i€i MHOXKH-
HH 1 33I0BOJIGHSIOTE BiCIM akcioM JiiHiiHOrO mpoctopy. Omke, MHOXHHA B
BiZTHOCHO BKa3aHHX OIeparliii € JiHIHHIM [IPOCTOPOM Haf moseM R .
Martpwumi
10 01

0 1)t (1 0

€ niHiitHO He3anexxHumu. JlificHo. Matpuus aE, + SE; € Hynb-maTpuiero

E, =

toni i mumre toxi, komu = f=0. Koxen enement MmHOXuHH B mona-
€ThCS y BUTILAIL
y = XEq + YE;.
Tomy maemo niHiitHuMit npocTtip Hax nmojem R, anIOMy(EO, El) —
6a3uc mbOro MPoCTOPY.

[oxaxxeMo, mo MHOXXHMHA B 3aMkHEHa BiTHOCHO omeparlii MHOXEH-
HS MaTpuib. Hexaif MaeMo /1Ba TOBLIBHI €IEMEHTH 3 MHOKUHH B :

R B. = X Y
B = By =
i % Y2 %
JloOyTOK IMX eIeMEeHTIB
BB, - o Yo X2 Y2 (XXt VY2 XY2t XY
Vi X% J)\Y2 X XY, XY XX + V1Yo

HaJIeKUTh MHOXMHI B, ToMmy B — 3amkHena BimHOCHO omeparii MHO-
JKeHHS MaTpullb. L[5 oneparrist acomiaTiBHa i KOMYTaTHBHA.

BpaxysaBmy, mo E, — onuHuMuHa MaTpuns, MaeMo IO MHOXHHA
Marpullb B BiJHOCHO CTaHIApTHHMX omepauiil J0AaBaHHS 1 MHOXKEHHS
MaTpHllb, MHOXKEHHSI MaTpUIb Ha AiliCHE YHCJIO € KOMyTaTUBHA anreopa
paHry 2 Haj HOJIEM JiHCHUX YHCEL.
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Busnaunuk matpurii B

detB =" y:xz—yz,
y X

JIOPIBHIOE HYJIFO TOZI 1 JIUIIE TOJ1, KOJIH X = £V .

TakuM 9WMHOM, JJISI KOXKHOTO eleMeHTa B, BH3HauHHMK SKOTO Bif-
MIHHWA Bif] HYJISl, iCHY€ OOCpHEHHIA:

4 1 X -y
B :ﬁ(_ j
_y y X

3ayBa:kennsi. Enementn anrebpy B MaroTh Taky BIacTHBICTB: CyMH
€JIEMEHTIB TIEPIIOTO i IPYToro PsAKIB Ta MEPIIOTO i IPYroro CTOBIIIB PiBHI.
Lto cymy iHOZI HAa3UBaIOTh XapaKTEPHCTUKOIO MATPHIIi 1 TO3HAYAIOTH!

X
chB = ch( y] =X+Y.
y X
OueBuzHO, 1m0 A7 OyIb-IKUX eneMeHTiB B, B, anre6pu

chAB = AchB, ch(B, + B, ) =chB, +chB,,
ch(B,B, ) = chBichB,,chB™ = (chB) .
Osnauenns 1. Matpuirto
=5 %)
-y X
Ha3BEMO CIPSDKEHOIO 10 MaTpPHIli
B [X yj.
y X
[lincraBa mys TAKOTO TEPMIHY:
BB =BB =(x"-y’)E, = detB-E,.
OueBuaHI Taki BIACTUBOCTI:
AB=1B,B +B, =B +B,,B B, =B -B,.
Osznauenns 2. Sxmo maTtpunsg B, HeocobiuBa, TO yacTKOMO Bin Ai-
neHHs Matpuli B, Ha B, Hasemo matpuio

E = : B, B,.
B, detB,
OsHaueHHs 2 Jja€ MOXKJIMBICTh BUKOHYBATH Jil HaJ APoOaMHU: SIKIIO
matpuni B, i B, Heocobmusi, To

EJFE _ BB, +B,B;




MatematuyHe Ta KOMI'I,IOTepHe Mo entoBaHHA

BB BB
B,B, B,B,’
SIKIIO Xk MaTpuus B; HeocobnuBa, TO
BB BB
B, B, B,B;

B anre6pi B MokHA BUKOHYBaTH iJICHHS, ajie HE 3aBKIH. binbiie
Toro, ainrebpa B € anrebporo 3 ginpHUKamMK HyIs. SIK pUKIaz;

1 -1)(1 1) (0O
-1 1 )l1 1) (o o)
Ockinbky B Matpuli B xapakteprcTiuuHe piBHSHHS

det (1E, —B)=[A__yx - j:(l—x)z ~y2 =0,

A=X
Mae KopeHi A4, = X+ Y, 4, =X—V, a il pe3oabBeHTa Mae BUIJLA
- A=X
ResB:(ﬂEO—B)1:+( ! j
(A-x)"-y*L Yy A=X

To marpunss B sk MaTpuuHe mojaHHs JIIHIHHOTO omepaTopa Mae
BJIaCHI NPOEKTOPH, IO BiANOBiNAIOTh BIACHUM 3HAYEHHAM A = X+Y,

A, =X—Y, [Ki OOUHUCIIIOIOTECS 32 (POPMYIIO0

P, -1 [ ResBd4,
27rlc

A
jge C; — KoJo 3 HEHTPOM y Toulli X .
Takum 4UHOM, 3aCTOCYBABIIIH 10 MAaTPHIIb

[ [
27Z'|C (ﬂ_x) _y2 27Z'|C (l_x) _yz

P _ X+y X+y

Y 1 #dg 1 $d}t
271 (a-x)—y? 27 (A-x)-y?
el I L [ X
27Z'|C (ﬂ_x) _y2 27Z'|C (ﬂ_x) _y2

P_ _ X+y X+y

Xy 1 #dg 1 Ldl
27Z'ic (l_x)z_yz 277.'iC (/1—X)2—y2

X+y

(hopmyny Ko, orpumaemo:
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11
2 2
et
2 2
1 1
2 2
P —
ot
2 2
Otxe,
11 1 1
B:(x+y)Px+y+(x—y)Px_y=(x+y) i i +(x—vy) 2 12 =
2 2 2 2
1 1 1) 1 1 -1
== =(x- 1
2(X+y)(1 1]+2(X y)(—l 1) @

€ CIIEKTPaJIbHUM MOJaHHsIM MaTpuili B .
Teopema 1. n -ii creninb enementa B wmarpuunoi anrebpu B wmae
BUTJIST
n n n
B =(x+Y) Py +(X=y) Py 2)

JoBenenns. [lokaxxemo, 110

00
I:)x-¢—ypx—y :( ]l Px+ny+y = I:)x-¢—yl |:)x—ypx—y = Px—y .

00
Maemo

1 1)1 1

2 2| 2 2 00

i R R :(0 oj’
2 22 2

1 1y1 1) (11

2 212 21 |2 2

ReyBey =1 101 171 1/

2 20\2 2) (2 2

1 1yr 1y (1 1

2 2012 2112 "2

S IR BN i B

2 2 )72 2 2 2

Ile i o3Hauae, 1m0



MatematuyHe Ta KOMI'I,IOTepHe Mo entoBaHHA

B" =(x+Y)" Py +(x-y)" Py
Teopemy moBeIeHo.

Teopema 2. Binoopaxenns f :B — R, ske nie 3a npaBmioM:

[; ij|—>d2x2+2y2 , 3)

HaJUIs€ MaTPUIHY aaredpy HOPMOIO.

Hosenenns. [lepeBipumo, mo (3) 3a10BONBHSE TPU aKCIOMH HOPMH.
Hacammnepen, oueBMiHoO, mo s Oymp-skoi marpuni B f(B)>0 i
f(B) =0, Tomi i mume Tomi, kKomu B -Hymp-matpunia. [y Oymb-ikoro
nificHoro uucna A i Oyap-skoro enementa B 3 B

f(1B)= f[j;(/ ig:\/uthzﬁyz —|2|ax2 +2y% = |2/ £ (B).

I napemri. na Oynp-sxux eneMentis By, B, anredpu B

f(B,+B,)= f([xﬁxz yl+y2n=(2(xl+xz)2+2(yl+y2)2)2 -

ity Xt+X

N |-

:E(\/EJF\/E)ZJF(\/EJF\/E)Z) <

<[] o (2] ) o{ (Vo) () ) -

1 1
=(2x12 +2y12)2 +(2x22 +2y22)2 = f(B)+ f(B,).
OTxe, 1 HEPIBHICTh TPUKYTHHKA TaKOX BUKOHYETHCS. TakuM 4nHOM,
BifjoOpaxxeHHs (3) 3a10BOJIbHSIE akcioMu HopMU. TeopeMy n0BeaeHO.

BucnoBok. MarpuuHa anredpa B € HopmoBanwuii npocrip, y skomy
X

( y] =222y )
y X

Teopema 3. /Ins Oyzap-axux exementis B, B, anre6pu B

882 <[[Bi]B- ®)

JoBenennsi. Po3riissHeMO pi3HHUITIO

2 2 2
A =

Bl =

Maemo:
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(2x12 +2y;° )(2x22 + 2y22)—(2(x1x2 1Yo ) +2(xy, + xlyl)z) =
A% +4X7 Y7 + XY, + AN Y, = 27X =X Y1y, —2Y17Y =2y,
—A% X 1Yo = 2X57YiE = 24X, + 2%,2 i + 2% 7Y, " + 2Y, Y, —8XXo iV, =
=2(%% ~ Y1¥ )2 +2(%Y, — Xzyl)z 20.

Otxe, ||Bl||2 || Bz||2 —||Ble ||2 >0, 3Bifick OTpUMY€EMO HepiBHICTH (5).
Teopemy noBeneno.

Teopema 4. Hopma (4) 3a10BOJIbHSIE IPABIIIO Mapaiesiorpama, To0To
a1 6yap-akux B, B, anre6pu B

B+ B, +[B,—B|* = 2||B,|] +2|B, " (6)
JloBenenHs.
||Bl+Bz||2 +||Bl—Bz||2 = 2(x1+x2)2 +2(y + yz)2 +2(x1—x2)2 +2(y1—y2)2 =
= 2% +2%,°2y,2y," = 2% + )7 )+ 2(x%. + v,* ) = 2|, + 2|8, .

Ha migcragi piBHOCTI (6) MOYKHA 3pOOMTH BUCHOBOK, 110 HOpMa (4)
HOpOKeHa cKalsipHUM 1o0yTkoM. Teopemy noBeaeHo.

Teopema 5. Binobpaxenns f : BxB — R | sike nie 3a npaBunom

X Y1) (X Y2
, = 2X X, + 2V, Yo » (7
[()ﬁ le (yz in v e

Hanse anredpy B ckamapaum 1o0yTKOM.

Hosenenns. Ilepesipumo, 1o (7) 3aJ0BOJBHSIE YOTHPH aKCIOMHU
CKaJISIPHOTO TOOYTKY.

Hacamnepen, oucsunmo, mo f ((By,B,))= f ((B,,B,)).
Hns 6y nb-skux enemenris B, B,,B; 3 B
f((B,+By,By))=
X HX Yi+Yo) (X Y
=f|| 20 ZJ(S 3j=2x+x Xg+2( Y, + =
E()ﬁ*'yz XX ) (Y3 X3 Gat2e i +205+32)%s
= 2% Xg + 2YY3 + 2%, X5 +2Y, Y5 = (B, By)+ f (By,B3).

s 6y nb-sKoro AilicHoro yucna A i0Oynp-saxux B, B, 3 B

A A
f(/lBl,Bz):f& X h]l(Xz Y2j -
Ayr Ax ) \Y2 %
= 2% Xy +2AY1Yo = A(2X Xy +2Y1Y, ) = AT (By, By).
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JonarHa Bu3HaveHicTh OiniHiitHOT hopmu (7) oueBHaHA.
Bino6paxxenns (7) Haninsge anredpy B cxamspHuM 100yTKOM, SIKHH
M03HAYaTHMEMO

(BLBy)=2xX%, +2Y1Ys, ®)
aToMmy anrebpa B e eBktinoBwmit pocTip, HAMUICHN MHOYKEHHSIM €JIEMEHTIB.
Jst 6asucy (Ey, E;) maemo

|Eoll =& =+2.(E. &) =0,
TOOTO 00paHuii 0a3uc € OPTOrOHANBHUM, a Oa3uc (% Eo’% Elj — op-

TOHOPMOBAHHUH.

BucnoBku. [ToOynoBaHa HaMu MaTpu4Ha anrebpa € TaKOX 1 MeTpH4-
HUM TIPOCTOPOM, OCKUTHKH KOXXHA HOpPMa TOPOKYE METPHUKY (BIACTaHB). A
TIOHSATTS BiZICTaHi B CBOIO Yepry J03BOJIsIe OyayBaTH y il anreOpi aHaiTHY-
Hy YacTHHY, O3HAYMBIIM B Hill (DYHKLII, YBIBIIM ITOHSTTS TPAHMYHOTO TIepe-
XOJly, HEIEpEepBHOCTI Ta IHIINX KJIaCHYHHX MOHATh MATEMAaTUYHOTO aHAJI3Yy,
1110 3HAYHO PO3IIMPIOE KOJIO 3aCTOCYBAHb 1 MOAAJIBIIHX JIOCIIDKEHb.
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MATRIX ALGEBRA B AS EUCLIDEAN SPACE

Representation of information by means of hypercomplex numerical
systems is used in various problems of science and technology: in classical
mechanics, solid body mechanics, electrodynamics, radio electronics,
computer animation, and others [1].

Often a hypercomplex system (that is, a system whose elements are
considered to be hypercomplex numbers) is understood as any finite-
dimensional algebra over a field. An important place among such algebraic
structures is occupied by matrix algebras.

The impossibility of constructing algebras with division does not at all
mean the impossibility of constructing algebras without division, but their
properties are close to the first ones (use of defined division).

12
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Since each algebra of finite rank can be monomorphically immersed in
some complete matrix algebra, this caused, so to speak, an inverse ap-
proach to the construction of new algebras. A certain subalgebra stands out
from a complete matrix algebra, which is a matrix representation of an al-
gebra of finite rank. It is the implementation of such an approach that
makes it possible to endow elements of algebra of finite rank with matrix
characteristics, in particular, a canonical representation of algebra elements
is constructed through the spectral representation of a matrix, and the alge-
bra itself is endowed with a topological structure through one of the matrix
norms. At the same time, an additional condition is often imposed, that it
be an algebra over the field of real or complex numbers.

The article constructs a real algebra of finite rank, the elements of
which are matrices of the second order with the same sum of rows and col-
umns. We endowed it with a norm and a scalar product, demonstrating that
it is a Euclidean space. This algebra is a matrix representation of the alge-
bra of hypercomplex numbers, which we called binary in our research [4].

Key words: algebra of finite rank, matrix, norm, Euclidean space, hy-
percomplex system.
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Kateryna Heseleva, Ph. D.

Kamianets-Podilskyi Ivan Ohiienko National University,
Kamianets-Podilskyi

METHODS FOR SOLVING ONE TYPE OF
LINEAR INTEGRO-FUNCTIONAL EQUATION

The article considers one of the possible variants of the linear
integro-functional equation. A method of transforming such equa-
tion into a Fredholm integral equation of the second kind is pre-
sented. Approximate solutions of this equation are constructed us-
ing collocation and collocation-iterative methods.

Key words: one type of linear integro-functional equation,
Fredholm's equation of the second kind, completely continuous op-
erator, inverse operator, approximate solution, collocation and
collocation-iterative methods.

Introduction. In the study of different problems of a theoretical and
applied character of differential, integral and integro-functional equations
are totally used [3, 4, 6]. As the construction of exact solutions of such
equations is possible only in separate cases. Therefore, methods of con-
struction of approximate solutions of these equations are of great im-
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