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94, = (Sl +ix + jy +kzl)(S2 +ix, + jy, +kzz) =88, XX, = WY, — 452, +
+i (x5, +X,8 )+ F (1,8, + 3,8, )+ k (2,5, + 2,85) +
+ij(x1y2 _x2y1)+jk(y1zz _y221)+ki(zlx2 _sz1)~ (4)

From (4) it is clear that when the places of the multiplied quaternions are changed, the product will
not be the same, that is, indeed, condition (3) makes the algebra of quaternions non-commutative.

However, in spite of the above, in this paper we propose a theorem on the construction of a
commutative quaternion algebra.

Theorem. The associative algebra of quaternions can be modified into the commutative algebra of
quaternions by specifying a set of sign coefficients of the directions of reference of the angles between
radius vectors in the coordinate planes of the vector part of the coordinate system of the quaternion space.

Evidence. Let us consider the essence of the products in (4), which are the reason for the lack of
commutativity of quaternions. Let's start with the expression that characterizes the cross product in the
plane xy.

By adopting

PL=AX Y o=+ (5)

we carry out the following transformations

X, — X . . .
57— % 0 = pypy 22T 5 (cos g sin g, —cos g, sin ) = p,o; sin (¢, — ). (6)

1102

Because the sine in (6) is odd, the expression considered here cannot be commutative.
However, the angle

<012=<02—<01=(/31,/32j (7

In the existing theory of quaternions, the direction of this angle is not strictly specified. For the
complete coordinate system, the concepts of right and left screws are noted, which only indirectly indicate
that the positive direction of this angle corresponds to the positive direction of the axis z, however, no
formula is given that strictly specifies this noted condition.

As you know, when turning (rotating) the radius vector in xy plane by one full circle, the angle ¢,
changes within 0 <¢_ <27 , but the positive value of sin ¢, remains only within 0 < ¢ <7 . Within
7 <¢,, <2x the function sin ¢, already has a negative value, which does not correspond to the sign of
the angle ¢, . Indeed,

sin (7[ + qpxy) =—sing,, =sin (—goxy) .
In connection with this inconsistency, it is necessary to introduce a condition for the correspondence

of the sign of the angle of rotation to the linear direction of its reference in the basis of the quaternion
space, which for the angle ¢, in the theory of quaternions is associated with the direction z. This

condition can be written as
sign(z) = sign(gow). (8)
For a more detailed consideration of the need to take into account Equation (8), we represent z in the
form
z = sign(z)- |z| . 9)
Now, taking into account (6), (8) and (9), we associate the angular displacement with the coordinate z
as follows

z= Sign(¢12)-|p1p2 'Sin(q’z ¢ )| . (10)

In the last equation, the modulus can be replaced by the expression

— § ——
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|20, sin(p, — @ )| = sign(pp, -sin(p, = @) o, -sin (@, — 9. (11)
then, we have
z = sign(g,,) - sign(pp, -sin (¢, — @) P, -sin (@, - 4, - (12)
Let us introduce the notation
o, = sign(g,,) - sign(p,p, -sin (@, — 9,)). (13)

where

+1, sign[ﬁl,ﬁzj = sign [i}:] =sign(g,);
sign (qplz) = . . (14)
~1, sign (ﬁz,ﬁlj = —sign [77] = —sign(p,).

The sequence of signs in the indices hereinafter indicates the direction of the angle of rotation. The
index «xy» means that the positive direction of reference of the angle ¢, corresponds to the direction of

the angle of rotation of the radius vector g, relative to the origin from axis x to axis y. From (13) and

(14) it follows

o, =—0,.(15)

Now, let us rewrite equation (12) for z in the form
z=0,ppysin(p, - @) =0, (X, - xp,). (16)
In this equation, the signs of the directions z u ¢, are matched using the sign coefficient o7,. In

general, equation (15) can be rewritten as

mn nm

where m and 7 denote the serial numbers of factors.

By analogy, the same conditions for matching the signs of the directions of linear and angular
displacements (coordinates) must be met for other pairs of coordinates. These conditions can be fulfilled
by replacing equalities (3) by the following equalities

j=—ji=c2k, jk=-ki=0li, ki=—ik=07]. (18)

mn” ?

where o for the positive direction of reference of the angle of rotation in the plane xy , i.¢. at

sign(@,, ) = sign (gpxy ) ,
is defined by formula
oY = sign(gpxy)-sign(xmyn —-X,¥,)=—00, (19)
And for planes yz m zx, when counting the angles of rotation also in the positive direction,
according to the formulas

o = sign(e,,)- sign(y,z,—y,z,)=—02,

ol =sign(p,.)-sign(z,x,—z,x,)=—0L. (20)

The sign coefficients given in (19) - (20) remove the questions about specifying the right or left
screws when determining the accepted directions of the used coordinate system.

When using equations (18) - (20), the product of two quaternions instead of (4) takes the following
form
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94, = (Sl +ix, + jy +kzl)(S2 +ix, + jy, +kzz) =88, XX, = WY, — 452, +
+i|:x1S2 +X,8 + 0, (yIZZ - yzzl)] + j|:y1S2 + 1,8 +0,, (lez - szl):| +
+k|:ZIS2 + 2,8+ o (%), —xzyl)} 2D

From equation (21), taking into account (19) - (20), it can be seen that the product of quaternions
possesses the commutativity property.

The theorem is proved.

It is easy to see that all the basic properties of the quaternion algebra stated earlier are preserved,
including the possibility of the division operation. In addition, along with commutativity, the associativity
property of the product of quaternions is also preserved. When checking this condition together with (18) -
(20), it should be noted that

oL =+1. (22)

mn

Let's confirm the possibility of the division operation. The conjugate four-dimensional quaternion
number (1) is the quaternion
qg=s—ix—jy—kz. (23)

The product ¢q , when using conditions (18) - (20), remains unchanged
g =5 +x>+y> +z2°, (24)

which confirms the possibility of the division operation.

The proof of the above theorem on the commutativity of the quaternion algebra, modified by
specifying a set of sign coefficients for the directions of angles, opens up new possibilities both in
studying the properties of other hypercomplex numbers and for using hypercomplex numbers in solving
various scientific and engineering problems.

Next, we will consider the possibility of solving the problem related to the construction of a
commutative octonion algebra. To achieve the commutativity of the octonion product, as a basis, we use
the method that was proposed above to ensure the commutativity property of the multiplication of
quaternions.

We present some general conclusions that can be drawn from the results of solving the problem of
constructing a commutative quaternion algebra.

First, in hypercomplex numbers, the results of mixed products of imaginary units with the properties
of unit vectors of a vector space are pseudovectors associated with the projection of rotational
displacements on the plane.

Secondly, the absence of an unambiguously established modular direction of rotational displacements
leads to the duality of their reference system and is the reason for the absence of commutativity of the
multiplication of hypercomplex numbers.

Conclusion: to ensure commutativity of the multiplication of hypercomplex numbers, it is necessary
for each plane of the vector space of the hypercomplex number to unambiguously set the reference signs
of the directions of rotational displacements.

In the general case, the octonion ¢ (x) , which in a number of works is also called the octave or the

Cayley number, is written in the form
qs (x) =X, T X0 X0, + Xy + X0, + XD+ XD X0, (25)

where X, is a scalar component, variables x,-x, constitute the vector part of the quaternion, 7 -7,

imaginary units having properties of unit vectors in the corresponding vector space, the number 8 in the
subscript on the left side of the equation indicates the octonion dimension.

In the existing theory of octonions, the multiplication rules for unit imaginary vectors 7 -7, satisfy the
conditions given in the table 1.
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Table 1
1 A A A I I I I
A -1 A —I, I =, = I
A — -1 A I A = —i;
A A = -1 A = I =
I —I; — —i, -1 A IR A
I I —i, I - -1 —I IR
i i i —iy =, i -1 -
A — I i — —I, A -1

The octonion, given by equation (25) and the rules of multiplication indicated in table 1, has all the
basic properties necessary to construct a normalized algebra. However, in this form, the octonion has only
the property of alternative multiplication and, in contrast to complex numbers and quaternions, does not
have the properties of commutativity and associativity of multiplication.

It is possible to ensure commutativity and associativity of octonion multiplication, as follows from the
above conclusion, by replacing the multiplication rules in accordance with table 1 with new rules that are
specified by the table 2 below.

Table 2

1 A I A i I I I

4L - Ol O3l 014i5 Ol Oaly Ol

) Ol - O34 624i6 Os5yl; Ol _072i5
i3 GSliZ _023i1 -1 634i7 _653i6 663i5 _037i4
i4 _014i5 _624i6 _034i7 -1 645i1 646i2 647i3

is 651i4 _052i7 653i6 _045i1 -1 _G6Si3 657i2

i6 O i7 662i4 _663i5 _646i2 O i3 - _676i1
i7 _G7li6 G7zi5 037i4 _047i3 _057i2 676i1 -

Included in table 2, unit sign coefficients ¢ (m=1+7. n=1+7) indicate the directions of

rotation that are typical for mixed products j + i, that is, when performing a multiplication operation for
cases where. m#n .

When using table 2, the product of two octonions ¢ (x) “qy ( y) has the form
qs (x) gy (y) = (x0 + X0, + X0, + X0 + X0, + Xl + Xl + X1, )D
(Yo + Vil + Vol + Yiiy + Vi, + Yiis + Vil + Y30, ) =
=X Vo =XV T XYy T XYy T X Yy X Ys = XV = X7 )y
+|:x0y1 + Y, + (3,05 =033, )05y + (%35 — X3, ) ok + (x, 96 — x6y7)a;“g}'l +

— § —
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xy xy xy
+ [xoyz + X0+ (x3y1 - x1y3)031 + (x4y6 - x6y4)046 + (x5y7 — XY )057
xy

+[xoy3 T X3, +(x1y2 _xzyl)alxiv +(x6y5 _x5y6)0g +(x4y7 - x7y4)047 ]13 +

+[x0y4 + X4 +(x5y1 - xlys)agcly +(x6y2 _x2y6)ag +(x3y7 - x7y3)a;§ J

i, +
iy +
T Xo¥s T X5 +(x1y4 - x4y1)01xi) +(x6y3 _x3y6)ag +(x7y2 - x2y7)a;g Is +
+|:x0y6 T XsJo +(x7y1 - x1y7)0;? +(x2y4 - x4y2)0§ +(x5y3 _x3y5)a;c§:|i6 +
+|:x0y6 T XsYo T (x6yl - x1y6)ag + (xsyz - xzys)agciv + (x3y4 - x4y3)a§]i7 : (26)

It is easy to see from equation (26) that when using the new rules of multiplication, the octonion
possesses the commutative property of multiplication.
The conjugate number to octonion (25) has the form

q, (x) =X, — X0 — X0, — Xyl — X0, — Xy — Xl — X1 (27)
Multiplying the octonion (25) by its conjugate number (27), we have
qy (x) Gy (y) = (x0 + X0, + X0, + X0, + X0, + X+ XD+ X1 )D
[(Xy = X0y = X,0, — X0y — X0, — Xl — Xgi — X0, ) =
:x§+xf+x22+x32+xj+x52+x62+x§:‘qg(x)‘z. (28)

Equation (28) confirms that when using Table 2 (when performing the multiplication operation), the
octonion retains the property of being able to construct on its basis a normalized division algebra over the
field of real numbers.

In conclusion, we note that the construction of the commutative algebra of quaternions, octonions,
and other hypercomplex numbers opens up new possibilities for their application for solving many
problems in a number of fields of science and technology, including in the areas of field theory, robotics,
digital processing of multidimensional signals, and physical electronics.

A.T. Hopaes
On-Oapadu arerHIarsl Ka3ak yITTeIK yHEBEpCHTETI, AMaTsl, KazakcTan

KBATEPHHOHJIAP MEH OKTOHHOHIAP/ILIH
KOMMYTATHUBTI AJITEEPACBIH JKACAY/IBIH TOCLII

Annoramus. Ksarepanonaapasl 'amumeToH 1843 KBUTHI YCHIHFAHBI OCTTLL KOHC KBATCPHHOHIAP FHLIBIMHBIH
KONTEICH CAJNATAPbIHAAFBI TCOPHATIAPIBIH IpTelepiH KypyAblH OacTamkpl HETi3i OOJBIN TAOBUIATBHIH BEKTOPIBIK
anreOpaHbIH KAJbIITCYBIHA JKOHE KA3ipri 3aMaHAyH MATEMATHKAHBIH 0ACKA 1A MAHbI3IBI CATAAPBIHBIH TE3 aMYybIHA
ceoen Oonmpl. Kaszipri ke3ae KBAaTCPHHOHIAP, OKTOHHOHAAP JKOHE 0ACKA THICPKOMIUICKCTI CAHIAPBIHBIH anreOpa-
CBIHA, COHBIMCH KATap, OJAPbI OPTYPIIL iprefi sKoHE KOMAAHOAIB! FRUIBIME €CENTEP/I eIy Te KONAAHYFa apHAIFaH
KOINTETCH FHUTBIMH CHOCKTEP Oap. MacerneH, KBaTepHHOHAAP MEH OKTOHMOHIAPABIH anredpanapsl PoOOTOTEXHHKA,
(PM3MKATIBIK NMCKTPOHMKA XKOHE KO OJIIIEMAl CHTHAIIAPAB! H(PIBIK 6HACY CAaNaChIHAAFBI OipKaTap KypAei HAKThI
MOCCJICIICPII IICTITY YIiH >KHi KOJTTAHBLIAIBL.

ConpIMeH Oipre, o ¢ THNCPKOMIUICKCTI CAaHIAPABIH KOOCHTY aMasbIHIA KOMMY TAIMSUIBIK KACHETI HKOK JeI
ecenrreneai. @podeHMyC nieH ['YPBULTIH aTaKTHI TCOPEMAIaphl OCIriNi, 0IapaaH KBATCPHHOHIAP MCH 0acKa THICP-
KOMILJICKCTI CaAHZApAbIH KOMMYTATHBTI aareOpachlH KYPy MYMKIHZIITI JKOK GKCHZIriH Oalikayra Oonapl. COHBIMEH
Kartap, @poOeHHYC TeOpeMachl THIIEPKOMIUICKCTI CAaHAAPIBIH HAKTHI CAHAAp opici OoHbIHIIA 06y amaisl 6ap anred-
panapabIH KYPbUIYbl KBATEPHHOHIAP MECH OKTOHHOHIAPIBIH a1reOpanapbIMEH NICKTENCTIHIH aHTaIbL.

By skyMpIcTa KOMMYTAaTHBTI TOPT eJIIEMII anreOpaHbl Kypy IIAPACHIH iCKE aCBIPy TACUI TYpPaibl TOMCHIC
KEJTIPIATeH TEOPEMA YCHIHBLIFAH.

Teopema. KsarepHHOHIAp KCHICTITiHIH KOOPAWHATANAP >KYHECIHIH BEKTOPIBIK OOIITiHIH KOOPAMHATAJBIK
JKa3BIKTHIKTAPBIHIATHI PATHYC-BEKTOPIAPHI APACHIHIAFEI OYPHIITAPIBIH OaFbITTAPBIHIH OCNTiICHTIH KO3 uImeHT-
TEPIHIH KUBIHTBHIFBIH KOPCETY APKbLTbI KBATCPHUOHAAPIBIH ACCOIMATHBTI anreOpachIHBIH OPHBIHA KBATCPHHOHAAP-
JTBIH KOMMYTATHUBT1 anreOpachIH KypyFa 001aIbL.
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Opi Kapalt anbIHFAH HOTIDKCIICPACH KBATCPHHOHAAP ANTcOPACHIHBIH OAPIBIK HETI3r KACHETTCPi, OHBIH iIIiHAC
06y aMaibIH OpPBIHZAY MYMKIHZITI CaKTanFaHbIH kepyre Oosaxsl. COHBIMEH Karap, KOMMYTATHBTUIKICH Oipre
KBAaTCPHHUOHAAP aNreOpachIHIa KoOCHTY IiH aCCOLMATHBTLIIK KACHETi ¢ CAKTAIA/IBL.

Bypoimrap OarbITTapbIHEIH Oenrisiep KO3()(HIUCHTTEPIHIH >KHBIHTBIFBIH KOPCETE OTBIPHIN KAHTa KYpFaH
KBAaTCPHUOHAAP aNTeOpaHblH KOMMYTATHBTUIITT Typadsl TCOPEMAHbIH >KOFAPBIAA KENTIPIITeH moymemi Oacka ma
THICPKOMIUICKC CAHTAPBIHBIH KACHETTEPIH 3EPTTEYAC, SPTYPJL FHUIBIMH KOHE HHKCHEPIIK €CENTepi MICHIyne
THIICPKOMITICKC CaHIAPAbI KOJAAHY YIIiH /1€ KaHA MYMKIHIIKTEP aIaibL.

Opi Kapall Oy1 >KyMbBICTA OKTOHHOHIAPIBIH KOMMYTATHBTIK aireOpachlH KYPY MYMKIHAITIHE OalIaHBICTHI
Mocerenep KapacTelpburaH. OKTOHHOH KOOCHTIHAICIHIH KOMMYTATHBTITIHE KOJI JKETKI3y YINiH HETi3JeME PETiHIe
OCBHI )KYMBICTA YCHIHBUIFAH KBATCPHHOHIApP KOOCHTIHAICIHIH KOMMYTATHBTIK KACHETIH KAMTAMACBI3 ETCTIH 9IC
KOJIIAHBIIIBL.

KBarepHHOHIApABIH KOMMYTATHBTI anreOpacslH KYPY MACENECIH IIEIyIiH HOTHKEICPIHEH KeiOip KOPBITHIH-
JBIIap Kacayra OOIaabL

BipiHmmiIcH, THHCPKOMILICKCTI CAHJAPABIH BEKTOPNBIK KCHICTIKTITIHAC OOMKAMIBI OipmikTepAiH KacHETTEepi
Oap Oipiik BCKTOPIAPHIHBEIH apajiaCc KeOCHTIHIIMCPIHIH HOTHOKCNICPI JKA3BIKTBIKTA AWHAIMANBI BIFBICYIAPABIH
MPOCKUMACHIMEH OAWIaHBICTHI ICEBJOBEKTOPIAP OO TAOBLIAIBL.

ExinmigeH, afiHaIMamsl BIFBICYTAPABIH AHBIK OCNTIICHICH MOIYIbAIK OAFBITHIHBIH OOIMAYBl OJAPABIH
OaFBITTHIK JKYHECIHIH KOCAPIAHYbIHA OKENEel )KOHE THICPKOMIUICKCTI CAaHJAPBIHBIH KOOCHTYIHIH KOMMYTaTHUBTLII-
riHiH 60MaybIHA ceoen 00mambL.

Korappina aiThUFaHIAPAAH HETI3T KOPHITBIHABL THIICPKOMILICKCTI CAaHIApPABIH KeOCHTYiHIH e3apa Oaiina-
HBICBIH KaMTaMAachI3 €Ty YIIiH, THICPKOMILICKCTI CAHHBIH BEKTOPIBIK KCHICTITIHIH 9P ’KAa3bIKTHIFBIHA AHHAIMAIIBI
KO3FaJIbICTap OAFbITTAPBIHBIH AHBIKTAMAIIBIK OCNTiICPiH OIpKETKI KOO KAKET.

KBarepHnoHIap MEH OKTOHHOHAAPIBIH ANreOpachIH >KETIIAIPY OOHBIHINA AJBIHFAH HOTIDKENEP HAKTHI CAHAAP
KeJIeMiH/e 06y KaCHeTTEepiHe Me THINECPKOMIUICKCTI XKaHA CaHZAPAbI ’Kacay YIOiH MaimagaHyra 00ambl, COHBIMECH
KaTap, epiCTep TCOPHACH], (DHM3HKANBIK 3ICKTPOHHKA, POOOTOTCXHHUKA JKOHC KON OJMICMII CHTHAIIAPIBI MH(PIBIK
OHJZICY CANAIAPBIHAAFEI OIpKATap FHUIBIMH KOHE TEXHUKAJIBIK MOCEICICP Il IMEIyTe KOITaHyFa O0Ia bl

Tyiiin ce3aep: THICPKOMIUICKCTIK CAH, KBATCPHHOH, OKTOHHOH, anreOpa, keOelTy, 0eiy, KOMMYTaTHBTIK,
BEKTOP.

A.T. HOopaep
Kazaxckuii HalmOHATBHBIN yHUBEpCHTET HMCHU Anb-Papadu, Amvarsr, Kazaxcran

METOJ HOCTPOEHUS KOMMY TATUBHOM AJITEGPBI
KBATEPHUOHOB 1 OKTOHHOHOB

AnHoTtanmmsi. KBaTepHHOHBI, KaKk M3BECTHO, OBLTH IpeaiokeHbl I ammibToHOM B 1843 roay m manxm Havamo
OYPHOMY pPAa3BHTHIO BEKTOPHOHM anreOphl W JIPYTHX BAKHBIX PA3ICIOB COBPEMCHHOM MAaTEMATHKH, KOTOPBIC
SIBILTFOTCSI OCHOBHOHM 0a30# mocTpoeHus (DyHAAMCHTAIBHBIX OCHOB TCOPHH BO MHOTHX HANPABICHMAX HAayKu. B
HACTOANIEE BpeMs anreOpe KBAaTCPHHOHOB, OKTOHHOHOB W JAPYTHX THIICPKOMIUICKCHBIX YHCEN, a TaKkKe HX
MPUMCHEHHIO U1 PEIICHUS PA3IHYHBIX (D)YHIAMCHTAIBHBIX M IPUKIATHBIX HAYYHBIX 33724 IOCBSIICHBI MHOTO
HAay4HBIX pador. Hampmmep, amreOpsl KBATCPHHOHOB W OKTOHHOHOB HEPEIKO HMCIONB3YETCS I PEHICHHUS psiia
CIIOKHBIX CHEIU(IICCKUX 337134 B 001acTAX POOOTOTEXHHUKH, (PH3HUCCKON 3NMEKTPOHHKH W IH(poBOi 00padoTKH
MHOTOMEPHBIX CHTHAJIOB.

BwmecTe ¢ TeM, J0 CHX MOp CUMTAETCS, YTO THUIICPKOMILICKCHBIC YHCIA HE OOIATAr0T CBOHCTBOM KOMMYTa-
TUBHOCTH. M3BeCcTHBI 3HAMEHHTBIE TeopeMbl DpodeHmyca, ['ypBuIa, 13 KOTOPHIX CIEAYET BBIBOJ O HEBO3MOKHOCTH
MOCTPOCHIS KOMMYTAaTHBHOH anreOpbl KBATCPHUOHOB M APYTHX THIIEPKOMILICKCHBIX urcel. Kpome Toro, B Teopeme
®pobeHmyca YTBEPKIACTCS, YTO MOCTPOCHHUE THIICPKOMIUICKCHBIX YHCET C JICICHUEM HAJl TIOJIEM ACHCTBHTEIBHBIX
YHCEJ OTPAHMYHMBACTCS aITeOpPaMH KBATCPHUOHOB W OKTOHHOHOB.

B Hacrosmie#t paboTte mpeaaraercs TeopeMa O IOCTPOCHUH KOMMY TATHBHOI aareOpbl KBATEPHUOHOB, KOTOPAs
c(hopMyTHPOBAHA CIICAYFOIIHM 00PA3OM.

Teopema. AcconmaTHBHAA anreOpa KBATCPHHOHOB MOKCT OBITh MOTH(PHIMPOBAHA B KOMMYTATHBHYIO anrcOpy
KBAaTCPHUOHOB IYTEM 33aJaHWS HA0OpPa 3HAKOBBIX KO3((UIMEHTOB HAMpaBICHHWH OTCUETA YIJIOB MEXIY Paiyc-
BEKTOPAaMH B KOOPAMHATHBIX IUIOCKOCTSIX BEKTOPHOH YaCTH CHCTEMBI KOOPAMHAT ITPOCTPAHCTBA KBATCPHUOHOB.

W3 mosyyeHHBIX JambIIE PE3yJIbTATOB MOKHO BHACTb, UTO BCE W3JI0KCHHBIC PAHBINEC OCHOBHBIC CBOWCTBA
anreOpbl KBAaTCPHHOHOB COXPAHSIOTCSA, B TOM YHCIC, BO3MOXHOCTb OICpanuu JAencHms. Kpome Toro, Hapsay c
KOMMYTaTHBHOCTBIO COXPAHACTCS TAKKE U CBOWCTBO ACCOIMATHBHOCTH MPOM3BEACHHUS KBATCPHHOHOB.

Jloka3aTenbCTBO NMPHUBEACHHOM BBINE TEOPEMBI O KOMMYTAaTHBHOCTH anrcOpbl KBATCPHHOHOB, MOAH(PHIMPO-
BAHHOW IyTeM 3aJaHus HA0Opa 3HAKOBBIX KOI()(HUIMCHTOB HAMPABICHHH OTCYETA YIJIOB, OTKPHIBACT HOBBIC
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BO3MOXKHOCTH KaK IIPH HCCICAOBAHMH CBOMCTB APYTHX THIEPKOMIUICKCHBIX YHCEN, TaK WM I IPUMCHCHHS
THICPKOMITICKCHBIX YHCEI P PEIICHUH PA3IIIHBIX HAYUHBIX W HEDKCHEPHBIX 337121

Jansie B paboTe paccMOTPEHA BO3MOKHOCTb PELICHHA 3aJa4H, CBA3AHHOH C IOCTPOSHHEM KOMMYTATHBHOH
anreOpel OKTOHHOHOB. [l JOCTIDKCHHS KOMMYTATHBHOCTH IIPOM3BEACHHS OKTOHHOHOB B KAaUeCTBE OCHOBBI
HCIOJB3yETCA METOA, KOTOPBIM OBLT MPEJJIOKEH B JAHHOM paboTe A 00ecHeueHHI CBOMCTBA KOMMYTAaTHBHOCTH
VMHOKEHH KBAaTCPHHUOHOB.

[TpuBenacHBI HEKOTOpPHIC OOINHME BBIBOIBI, KOTOPHIE MOXKHO CAENATh IO PE3yJIbTaTaM PEIICHUS 3aJa4vd II0
TOCTPOCHHIO KOMMYTaTHBHOH anreOpbl KBATCPHUOHOB.

B-mepBBIX, B THINCPKOMIUICKCHBIX YHCIAX PE3YyIbTATAMH CMCIIAHHBIX MPOW3BEACHUI MHHMBIX CIOWHHUIL CO
CBOWCTBAMH CIMHIYHBIX BEKTOPOB BEKTOPHOTO MPOCTPAHCTBA SBILIFOTCS IICEBIOBEKTOPHI, CBS3AHHBIC C MPOCKIHEH
BPAIIATEIBHbIX IEPEMCIICHIUH HA TLITOCKOCTH.

Bo-BTOpBIX, OTCYTCTBHE OJHO3HAYHO YCTAHOBJCHHOTO MOJYJIBHOTO HAIPABJICHHS BPAMIATCIBHBIX IICpeMe-
HICHUH MPHBOJUT K ABOHCTBEHHOCTH CHCTEMBI MX OTCHUCTA WM SBILICTCS MPUYUHOM OTCYTCTBHS KOMMYTATHBHOCTH
VMHOKEHHS THICPKOMIUICKCHBIX UHCEIL

W3 wW3705KeHHOTO BHIIE CIIEAYET OCHOBHOM BBIBOA: UIT OOCCICUCHHS KOMMYTATHBHOCTH YMHOXKCHHS
THMCPKOMIUICKCHBIX HYHCET HEOOXOAMMO I KAKTOM IUIOCKOCTH BEKTOPHOTO IPOCTPAHCTBA THUIICPKOMILICKCHOTO
YHCIa OJHO3HAYHO 337aBaTh 3HAKU OTCUCTA HANMPABICHUH BPAIIATCIbHbIX MIEPEMCIICHHIH.

[Nony4eHHBIE PE3yJIBTaTHI IO COBCPIICHCTBOBAHHMIO aNrcOpHI KBATCPHHOHOB W OKTOHHOHOB MOTYT OBITH
HCIIOJIb30BAHBI PH Pa3pabOTKE HOBBIX THICPKOMIUICKCHBIX YHCEN C ACICHHEM HAX MOJEM JCHCTBUTEIBHBIX YHCEIL,
a TaKKe MOTYT HAHTH NMPHMEHEHWE UL PEUICHUS PAJa HAYIHO-TEXHHUYCCKHX 33729 B OOIACTIX TCOPHH IIOJ,
(pU3MIECKOH INEKTPOHUKH, POOOTOTEXHHUKH H IH(PPOBOH 0OpabOTKH MHOTOMEPHBIX CHTHAIIOB.

K/roueBble cj10Ba: TUNEPKOMIUIEKCHOE 4YHCIO, KBaTCpHHOH, OKTOHHOH, ajiredpa, YMHOJKCHHE, ICICHHUC,
KOMMYTaTHBHOCTb, BEKTOP.
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