% Reports of NAS RA NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA
/<< QUU Qtinyghtin  <UBUUSULD <ULLAUMESNFE-EBUL GhSNFE-BAFLLELP U23USPL UUUAGUDU

2026 Volume 126 Issue 1 Article No. 1

Category: Physics
Type of Paper: Original Research Article

Received: August 24, 2025, Revised: November 28, 2025, Accepted: December 14, 2025,
Published: January 16, 2026

DOI: 10.54503/0321-1339-2026.126.1-1

New Equation for a Spin-1/2 Particle with Three Additional Characteristics in the
Presence of Electromagnetic and Gravitational Fields

Vasiliy Kisel!, Elena Ovsiyuk?, Anton Bury?, Alina Ivashkevich?®, Viktor Red’kov*", and
Artur Ishkhanyan®

Belarusian State University of Informatics and Radioelectronics, Minsk, 220013 Belarus
?Mozyr State Pedagogical University, Mozyr, 247760 Belarus
3B.1. Stepanov Institute of Physics of NAS of Belarus, Minsk, 220072 Belarus
“Institute for Physical Research of NAS of Armenia, Ashtarak, 0204 Armenia

*Correspondence: v.redkov@ifanbel.bas-net.by

Abstract. Within the general Gel’fand—Yaglom method, starting from the extended 28-
component representation of the Lorentz group, we construct a new relativistic P -invariant
generalized equation for a spin-1/2 particle possessing three characteristics in addition to the
electric charge. The model is first developed for a free particle, where the corresponding system
of spinor equations is derived and then transformed into spin-tensor form. In this form, we
incorporate the interaction with external electromagnetic fields. By eliminating the accessory
variables of the complete wave function, we obtain a minimal four-component Dirac-like
equation that contains three new interaction terms, interpreted as arising from the additional
electromagnetic characteristics of the particle. This approach is further extended to a Riemann
space—time background within the conventional tetrad formalism, leading to additional

geometrical interaction terms involving the Ricci scalar R(x), the Ricci tensor R 4, and the
Riemann curvature tensor R4, (x) .
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1. Introduction

The general theory of relativistic wave equations has a long history [1]-[26]; for more
details, see the recent book [24]. Within the general method of Gel’fand—Yaglom [9], we
consider an extended 28 -component representation of the Lorentz group, comprising four
bispinors and one third-rank spinor. This choice allows the construction of a relativistic system
of equations for a spin-1/2 particle that possesses, in addition to electric charge, three further
electromagnetic characteristics. The introduction of these characteristics extends the standard
Dirac formalism by accommodating additional interaction structures, including higher-order
derivatives, within a covariant framework.

We first work in Minkowski space and derive a four-component Dirac-like equation
containing the additional interaction terms via couplings to the electromagnetic field tensor.
These terms are interpreted as corresponding to the three supplementary electromagnetic
characteristics, and their structure goes beyond the minimal-coupling scheme by involving
second-order derivatives. The resulting equation therefore generalizes the standard Dirac
equation both in algebraic structure and in the types of physical interaction it describes.

The formalism is then extended to a Riemannian space—time background using the
tetrad approach, where additional couplings to the curvature appear through the Ricci scalar,
Ricci tensor, and Riemann tensor. Finally, the non-relativistic limit is developed for both flat
and curved backgrounds, yielding generalized Pauli-type equations in which the same
combination of electromagnetic parameters governs both magnetic and curvature-induced
interactions. This framework thus provides a unified description of anomalous electromagnetic

properties and geometric effects for spin-1/2 particles.

2. The new equation for a spin-1/2 particle

We construct a generalized relativistic equation for a spin-1/2 particle based on an

extended 28-component set of irreducible representations of the proper Lorentz group.
T=4[(0,1/2)@(1/2,0)]®[(1/2,1)@(1,1/2)], 2.1)

with the linking scheme
4(0,1/2) — 4(1/2,0)
| | (2.2)
(1/2,1) - (L1/2).
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First, we construct a matrix equation for a free particle (applying the icf -metric):

(T,0,+M)¥=0, u=12,34. (2.3)

In the modified Gel’fand—Yaglom basis, the matrix I', of the basic equation can be
written in the form

17 g, o
r,= 7 2.4)

0 oLy,

where the spin blocks ¢ and ¢ have the structure (corresponding to the linking scheme

(2.2))

w2 @2y 12y 12 (/2)
9% €12 13 Cig Cis
w2 12y 2y 12 (1/2)
1 €y €3 Co4 Crs
172y _| (/2 12 1/2 172 172 (3/2) _ (3/2)
=P PSP P YY) B =, (2.5)

2 12 12) (12 (1/2)

C41 Cqp C43 Cyq4 C4s
a2y 12 12 12)  (1/2)

Csy Csy Cs3 Csq Css

and 7, is the 2x2 unit matrix. The involved irreducible representations are enumerated as

follows:

1,2,3,4=(0,1/2), 1,2,3,4' =(1/2,0), 5=(1,1/2), 5=(1/2,1).  (2.6)

Below we use shorter 4 and £ notations:

A=, L=y, =0y, Ay=cy,
B . B . : By _ .

= =—iCs, == —lChs, == —iCrs, = =—ICyscr,
NG 15 NG 25 NG 35 NG 45

Ps

o B P B
ﬁzlcﬂ" ﬁleSZ" ﬁzlc%" ﬁzlcﬂ“

Py (2.7)

The involved parameters obey a number of quadratic constraints, which follow from standard

physical requirements on the equation:
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A+Ah+A4+4, =1,
P+ D+ i o 4 2 e 2 (B s 4 P+ o+ i) =0,
P+ Adaa t Bisda+ Iadoat
LG+ 4 R 4 Gt I+ 2B+ G+ A Bofs 4 Gt B 4 23) B ] =0,
Iad o+ lsa+ Tadeat
L= 2080+ (1= i) Bofi 4 (1= ) By + (= 2B ) =0,

200454+ 3B, Bs (M Ay + MAy + 4 ) +3 8, B (M Ay + Ady + 3 A,) +
36,: (A + Ay + o A) + 3B s (A, + 1A + A4, 4,) = 0.

(2.8)

3. The presence of electromagnetic fields

We omit the technical details and start with the resulting first-order equations in the

presence of external electromagnetic fields (D, =0, —ied,):

R ) 1 A
(M + AD)¥D —i2p {D,¥, —ZD(;/H‘PH)} =0,

1

(M +2,D)¥? —i23, {D,Y, —Zb(yﬂ‘l’ﬂ)} =0,

(M + D) -i28,{D, ¥, —i[)(yﬂ\yﬂ)} =0, (3.1)

5 _ 1
(M +4,D)¥Y -i28,{D, ¥, —2 Pu¥ 01 =0,

. | R 1
ﬂ@%—ZmD}&T“+&W@+mwm+&mewﬂwfquanrw

where the four bispinors and one vector—bispinor are defined as

a
U

LW o= 4, k=1,2,3,4. (3.2)

ap
The linear combination of four bispinors is denoted by ¥ :
v =901 gw® 4 el gyl (3.3)

From these equations we can derive (with D= 7.D,):

(M +4D)¥' +%(D2—%[)[)j‘l’:0, (3.4)
(M+22D)W2+%(D2—%l§lﬁj?=0, (3.5)

4
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(M+/13D)‘P3+2—’B3(D2—lﬁ15j‘1‘:0, (3.6)
M 4
(M+14D)‘P4+2—ﬁ4(D2—l AD)‘I’:O. (3.7)
M 4
Next, we act
on 3.4 by S +4,D)(M +2,D), (3.8)

(p+2,D) (M + )
on3.5 by fi,(M+4D)(M + ), (3.9)
on3.6 by B (M +4D)(M+4,D)(M+4,D), (3.10)
)(M+22b M+2315), (3.11)

on3.7 by f(M+4D

and sum the results. Using the identities

bﬁ:Dz—ieF Jpﬂ, D2:DﬂDﬂ, 7y7/v7p:5yv7/p—5yp7/v +0, oVt Vpnysyn, (3.12)

and taking into account the constraints on the 4 parameters, we obtain the basic equation:

{M+}/pr M'UF Jup Y O'DFﬂJu/pL

1 5 ) 1 ) 1

where

%(MQ A D+ Ay + Dy + Dl + Aoy, (3.14)

= o 4 B hada s Bdads), =S hhadel @19

This equation describes a spin-1/2 particle which, in addition to its electric charge,
possesses three additional electromagnetic characteristics ¢, o, and 77. The structure of the

resulting equation differs significantly from the known Dirac equation because it contains

second-order derivatives in the additional interaction terms.
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4. The presence of gravitational fields
Assuming the wuse of the relativistic interval in real-valued form
ds* = c*dt* —dx* —dy* —dz*, one should use the following form of the basic equation in flat

Minkowski space:

{i}/pr ~M+ Af[lF % +%5Faﬁﬂ/’ +

%(—zezD Fﬂ] —e*y"F, Fﬂ;/ —e %F F _ 2%75(‘)’)’1“[}17,,1@,3}}‘?:0- 4.1)

We now extend this approach to a space—time models with Riemannian structure. To

this end, we start with the system:

(M +4D)¥0 21[31(1)“\11 ——D j 0, (4.2)
N\w@ _ris [ pe _l mp )=

M +4,D |V -2ip,| DY, 4D ¥, ) |=0, (4.3)

(M +2,D) ¥ ~2ip,| D —%D 7',) j=o, (4.4)
A\ (4 ) I A

(M +2,D) ¥ -2, D”‘Py—zD(y"‘Pﬂ)jZO, (4.5)

_i(Di —i yﬂ[)j( B+ g 4 g gl 4 gyl )+M(‘P _% 7, (y”‘}’ﬂ)j =0, (4.6)

where ‘I’(”>, a=1,2,3,4 are covariant bispinors, and ¥ 4 18 a covariant vector—bispinor. We
apply the generalized derivative D, , which accounts for the presence of both electromagnetic
fields and a curved space-time background. The symbol V , denotes the covariant derivative,
I',(x) is the bispinor connection, and y,, (x) are the local Dirac matrices:

D,=V,—ied,(x)+T,(x), D=y"D,=y"(x)(V,—ied,+T,). (4.7)
We have

An s\ n Y8 ey’ =y
bb=(r"D, (7 Dﬂ)—DafDﬂthafDﬁ_ 45
g (x)D,Dy=D"D,, + j* (x)[D,, Dyl =D* + 5 (x)M (),

where
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7 ()7 ()= ()7 (x)

y (4.9)

2 a .
D*=D"D, M, (x)=[D,,Ds1l_, j P (x)=
We then derive
A . O A.g n . .p0 @
{M +D+ﬁ] ﬂMaﬂ+WD] ﬂMaﬂ—i—V(Dz] "M 5+ 77 ﬂMpaMaﬁ)}‘P=O, (4.10)

3

where the involved additional terms are

. 1.
M ¥ =(D,Dy~DyD, ¥ = [zeFaﬁ +5]Vf’&paﬁjw, (4.11)
Hojaing w=FL e, i LR (x j‘I’ 4.12
M aff M( aﬂ] 4 ( ) s ( )
A,V L ("D, )| ieF, 0 L p(x)|w (4.13)
e )j op —M207 L )| ieFs) 1 x) |V, )

n . o -aff _n . yeled 1 2
F]p ] MpGMaﬁ_F‘:(leroﬂ]p —ZR) +

vpo vpo

ie .pa Ry a . .pS roav .p0 .qVv 0T
5Faﬂ(—2]p RE -2 RE" ~2iy® 7005 RE )+Rﬁ I } (4.14)
Thus, the final form of the basic equation is:

o Hlier 8 L p1e % (oD Ve, oo~ L
{(;/ DU+M)+M(zeFaﬁj 4RJ+M2 (}/ Dp)(zeFaﬁj 4R +

2
n o . .af 1 . . PO 1
F{D Da(leFaﬁ] _ZRJJF(WFPJJP _ZRJ +

%Faﬂ (27 RY =27 RO =21y 7205 Rl ) = (R 77 ) 1 (Rugor S )}}‘P =0. (4.15)

vop vpo

In order to have a standard presentation for Dirac equation, we should multiply the

above equation by imaginary unit i, and make replacement M = iM , so, we obtain

{(i}/GDU —M)+%(ieFaﬁjaﬁ _%R]+%(7/pr)(ieFaﬁjaﬁ _%R]Jr

2
_77 o . .aﬂ 1 . . po 1
—L\D°D, | ieF, ;j¥ ——R |+| ieF ——R| +
M{ U( »I j ( S

ie ., WV o . . N VO - PO Vo ols
S Fup (257 R =2 7RG =21 7065 RE, ) =(Rl 177 ) 37 (oo J° )}}‘P =0. (4.16)
Equation (4.16) differs from (4.15) only in the formal change of notations:

7
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U=u, oc=>-ioc, n=>-n, M>0, (4.17)
till now the symbols p,0,n are just formal notations; some of them may be even imaginary
(see in the end of the next Section)

As seen, a number of additional geometrical interaction terms arise through the Ricci
scalar R(x), the Ricci tensor R,;, and the Riemann curvature tensor R, (x). The
contributions from the Ricci tensor and Riemann tensor are zero only if the third parameter 7

vanishes.

5. The non-relativistic equation in flat space

Let us perform the (3+1)-splitting of the above equation. Using the identities

F'Fy=2(E*-B), FuF,j" =0,

1 W_ 2 g2 1 ki =5 (5.1
EFk,F =B?—E*, 275 e" F F,=7EB,

and the notations (Kl.) = (]Ol,jm,jm), (J) =(j23,j3],j12) , we can write the main equation

1

in the form
, ; 2eifl (= 5 ==\ 2e0 ; == oo
i(r°Dy+7'D;)-M+=E(EK +B )+W(}/0D0+7/1Dj)(EK+BJ)—
(5.2)
en (~:( n2 rE L BT\ (B2 _ B2 SEB\w
F(Zz(DO -D,D,)(ER +BJ)+(E*~B*)+y EB)‘P_O.
It is convenient to use the Pauli representation for the Dirac matrices:
I 0 0 o 0 -7
0_ J_ I S— i1 23 = 5.3
Y ‘o 7 i ol T ETIrTTY ‘_10, (53)
1 0 0 1 0 —i 1 0 (5.4)
O, = , O] = , Oy = , O3= : .
o1 oo P00 -1
1
The generators j*° =Z(;/“;/b —7/1’}/“) are given by
0 0 0
1(12161 ’ Kzzlo-z ’ K3:la3 > (55)
ilo, 0O ilo, 0 o, 0
J =L , J =t Sy =] ? (5.6)
210 o 20 o, 20 o

To define large and small components, we apply the projection operators:
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0
2

) (.7

10 1-7° ‘0 0

’R=P2= =
0 0 2 0 1

we write

@, (x)

‘PP‘PO
0 ) 2 = LT =

o_(x)

In the non-relativistic limit, ¢, (x) is the large component and ¢_(x) the small one.

‘P = . \Ill = I)I\P = (5'8)

Presenting the main equation in block form, we obtain the coupled equations:
(iDy—M )@, +iD,c,p_+ %(E& — iE&)go+ +

<7 D.(EG-iB6)p.+ Do, (~EG-iB5)p_ |-

2

—L—”[(Dé -D,D,)(EG-iB&)p. +(E*- B’ )e, —(EE)(p_} —0, (5.9

3
—-iD.o,p, + (—iDO —M)(of +e]‘l/l—ﬂ(—E5' —iﬁ&)gpﬁ +

;I_O;[_Dko-k (E&_il}.éz)(l’+ -D, (—E&—iéé‘)(pf} —
;—Z[(Dé -D,D,)(-EG-iB&)p. +(E*~B)p. —(EB)p, |=o0. (5.10)

We now separate the rest energy by the substitutions:
D,=>(D,~iM), iDy=(iD,+M), D;=(D;—2iMD,~M?). (5.11)
We then obtain
o1 o1 il (= .5
lﬁDo% +lﬂDkO-k¢— +W(EO'—ZBO')¢+ +
ec|( 1 N e p= 1 R
—ZKHDO —lj(EO‘—lBO')(Qr +HD"O-" (—EO‘—ZBO')(D} -

ﬂ{(#[)& _21‘%% —1—WD_I.D]](E6-—1'§5')@ +

+#(Ez_§z)¢+__(éé)¢_}:o, (5.12)
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;/[O; |:_%Dk6k (55_,-35)% —(%DO —i)(—E&—iE(})(p_}_

1 L.
;4772 Kﬁ} D; —21’%&) —I—WDijj(—E&—iB(})go_ T

(E-)o 1 1=(EB)o. |- (513

It is known (for instance, see [3, 4]) that we should assume the following orders of

smallness for the involved quantities (magnetic components B; arise from commutators D[ L

electric components £, from commutators D,

o] whence follow their smallness orders):

B. E.
o, ~Lo ~x, %Dj~x, %D0~x2, M—’2~x2, L~ X, (5.14)

In both equations, we will preserve only the terms of order x and x’. In this way we

obtain:
2, 1 el (. eo (. en (N o
X ZHDO([L+ZHDkO'k(07+W(BG)¢+—W(BG)(D+—ZW(BO')¢+—O, (5.15)
o1
X: qo_:—lWDkO'k@:O. (5.16)

Eliminating the small component ¢_, we derive (changing the notations o = ic, = -7):

: 1 N B
iD,p, +W(Dkak)(Dnan)(o+ +ﬁ(%r,u—o‘—m)(Bo‘)(o+ =0. (5.17)

Keeping in mind the multiplication rule for Pauli matrices, we arrive at the equation (let

v =¥, , by physical reason we should assume the replacements: u = u, o =0, —in=n):

1 e (- e -
iDredy +—D*w+——(B&\w +—(u+o+n)Béy =0. 5.18
yredy +— D'y 2M( % (wrovn)Boy (5.18)

Thus, in the non-relativistic limit, the generalized equation takes the form of the
ordinary Pauli equation for a spin-1/2 particle with anomalous magnetic moment due to

additional (u+ o +17)-term.

6. The non-relativistic approximation in presence of curved space background

The detailed structure of the basic equation within the tetrad formalism reads as

10
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. cr o . _ i . [] _l
{1}/ (e, (0, +ied, +T,)—M + v (zeF[kl]] 1 RjJr
—i0 o o [K] l
Iva 4 (e(c)fia +Fc)(zeFikl]] 1 RJ+

N\ o . w1 1
JVE {D D (leF[kl]][ ]—ZRJ+(16 k[]] (k7] 4R)2+

iZeF (( ke pt _ [lc]RCk)_j[nc](Ril;_Rik) lysj[cd]okns(Rl _R ))

[kl] c nsc snc

(R A1) (R ) | =, (6.1)

] o

where D, = e(‘z )85 +ied, +% Y{mje i €0 is a tetred and the symbols Yl stand for Ricci

rotation coefficients. The Latin letters designate the tetrad components. Equation (6.1) contains
the scalar and tensor Ricci quantities.

In order to develop the non-relativistic approximation (this is possible only for the non-
relativistic metric, dS° = dx; +g,dx'dx', we need to fix the smallness orders of the involved

geometrical quantities:

R = (7abc d ~ Vabd.c ) + (Vabf?’{d - 7/abf7§c ) + (7q/e71{d - }/a_/d}/l{c ) ) (6.2)
Ry, =R =(Voun = Vome ) ¥ (i s =77 i )4 (Foerta = 7iar ). (6.3)

In the non-relativistic equations, only the components of the Ricci tensor with spatial indices

are present, so we get the simpler formula
Ry =(Via = Vias ) ¥ (Vv s =gl )+ (Vv la =Voarte)- (6.4)
In the Ricci rotation coefficients, only the following appear: Yo and i . Therefore,

expressions for the generalized derivatives are simplified (note that n,m, k,[ e {1, 2, 3} ):
— 0 tied 4Ly M p g : 1 141
D, =0, +ied, +— 5 Vo) D, =e,, (o, +Z€An)+57[k/]m] . (6.5)

So, in the non-relativistic metric, we have:

R, =0, R, =0, R,=0, R,=0, (6.6)

11
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Ry =iy = 7))+ G = 7)) + Gty = 707
Ry, = (75[,2 - 7%2,;') + (751(7/[](2 - 7§k7§z) + (71;'7’;{2 - 72275;%
Ryy = (1313 = 73a.) + (P ls = 733) + (Via¥s = Vis¥a)s
Roy = (Fi5 = Va3.) + (Pauls = Vo 73) + (Va2 = Via Vi)
Ryy = (731 =751+ g = 7)) + (V51 = 750
Riy = (Fia =700+ (Fin¥is = Yin?a) + Fata = Via?1o):

(6.7)

Similarly, for non-vanishing components of the curvature tensor we have (indices belong to
{1,2,3}):
Rklmn = (yklm,n = Vkin,m ) + (ykljyjmn _7/kl]7/itm)+(7kjm7{n - y]g}’Z}/;n‘l ) (68)
The smallness orders of the involved quantities are:

Dy Yun .. Do o B » Bi 4 E, 5 Bl

n n n
—_— ~ ~x’ ~x, ~x, Nx’

2 ‘x b

M M M M? M* M? M*? 6.9)
R R R R R

wo ~ X2, klz N 2, ~~ x2, kln;n - 2, kln;n % kmén - x4.

M M M M M? M

Further, making the needed calculations, we arrive at a generalized Pauli-like equation
. 1 1 n .
(180 —edy (x) +EGnO (x)an)‘P = _W(Jme(m) (x)(an +ied, (x))—

i 2 1 1
—o,0G (x)Y+—(u+o+n)eB o ——R V. 6.10
where we apply shortening notations for Ricci rotation coefficients:

(7[01]0’7[02]0’7[03]0) =G (x)’(7[23]m’7[02]m’7[03]m) =G, (x).
Thus, in the presence of a curved space—time background, the Pauli-like equation takes the
form of the ordinary Pauli equation for a spin-1/2 particle with anomalous magnetic moment

(p+0+n), and the same coefficient appears in the geometrical term proportional to the Ricci

scalar R.

7. Conclusions

Starting from the extended 28-component representation of the Lorentz group for a
spin-1/2 particle, we have constructed a new relativistic equation that incorporates, in addition
to the electric charge, three further electromagnetic characteristics. The derivation leads to a

generalized 4-component Dirac-like equation in which three new interaction terms appear

12
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)

explicitly. Each of these additional terms can be naturally interpreted as corresponding to one
of the new electromagnetic characteristics of the spin-1/2 particle, thereby extending the range
of possible interactions beyond those described by the standard Dirac formalism.

The approach has been further generalized to the case of a Riemannian space—time
background, where the formulation is carried out within the tetrad formalism. In this
generalized setting, the presence of curvature introduces a number of additional geometrical
interaction terms into the basic equation. These terms involve contributions from the Ricci

scalar R(x), the Ricci tensor R, ;(x), and the Riemann curvature tensor R, (x). The

appo
resulting framework thus provides a unified description of spin-1/2 particles with anomalous
electromagnetic properties, applicable in both flat and curved space—time, and explicitly shows
how electromagnetic and geometrical interactions can be incorporated simultaneously into the

relativistic dynamics of the particle.
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uuoNeuarr
Bpbip jpugnighs punipuqptpny 1/2 uyht niubkgnn dwuthyh hwdwp tnp
huwjuwuwpnud fEjunpudwuguhumljut b gpughinwughnt nuontph nhupnid

Jwuhh Yhuby!, Gihuw Odupnily?, Uuwnnt Foiph?, Ujhtw bquoljlihy?, 9hljinnp
[rEnyny?®, Uppnip Pojuwbywi

Pubnpdwinhjuygh b punhnk Ejnpnuhjugh phjunniuujut yhnwlwuh
hwdwjuwpwui, Uhtuly, 220013 fijunniu
2Unqhph ywhnwlubh dutjudupduljut hwdwjuwpwub, Unghp, 247760 Fijunniu
3PEjunniuh QUU A.h.Unbkyuwiungh wutdut $hqhjuyh htunnhwnniwn, Uhtuly, 220072
Fhjunniu
422, FUU $hqhjujut hbnmwgnunipnituubph htunhwunnun, Upwnwpuy, 0204
Zujuuinwly

* Zunnpnuligmpjub hudwp' v.redkov@ifanbel.bas-net.by

A dwun-8wgnuh punhwunip dkpnph opowbwfubpnud, Ejukny Lopkugh fudph
piguyiws’ 28 pununphs nilkgnn Ukphuyugniuhg, Ukbip jupmgmd bup tnp
nhjwnhyhunwuljut  P-hujuphwbn punhwipuguws hwjuuwpnid 1/2 uwhb
niukgnn dwuthyh hwdwp, npp LEjupuljwut thgphg pwgh, odnjws E bu bpkp
punipwgnpbpny: Unpkjp btwju junmigynmd £ wquun dwutthih hwdwp, nph nhwypnid
unwgynd £ hwdwyuunwupwt vyghinpujhtt hwjuwuwpnmudutiph hwdwlwpg, np
wjunthbnl Jhputhnjuynid £ uyhti-phugnpuyhtt dbh: Ugw wyu tkpuyugdwt ke
ubkpwnynid £ wpunupht LEjunpuduqthuwljut qupwntph hkn thnjowqptgnipniup:
Lphy  wihpuyhe  pmiblyghwgh  jpugnighy  thnihnuwlwiibph - wpnwpudwb
wpyniupmd wnwugynud £ tjuqugnyt snpu pununphs niikgnn “thpulh wmhuh
huwjuwuwpnid, npp wwpmbwlnd £ thnjuwgnbgnipju bpkp  tnp whnud
Ubjuwpwtiynn npybu dwutthlh jpugnighs fhjnpudwghuwljuwt pinipwgptphg
dwgnn: Uju Unwinbgnudp hEkunwqunid punuytuynid E [*hdwth
nwpuswdudwbwluiht $ntth Jpu wjwinuiuwb nknpunuhtt $npdwuihqih
opowbwljutipnid, htgsh  wpyniipnid  wpwowunmd ki Eplypusuwhwljui
hnfuwqntignipyul [pugnighs wipuutbp dkpwoyuy (thshh R(x) ufuqwpp, Othshh
R, spEUqnpp b (thuwlh R, g, (x) Ynpnipjul phuqnpp:

Pwiiunh punkp’ 1/2 uyhb niitkgnn dwuthy, pkjunhyhunwluwb hudwswhnipnid,
punhwipugdws hwjwuwpnud, jpugnighs LEjunpudwquhuwlut punipuqgpbp,
wpunwpht fEjunpudwqthuwlwt b gpuyhwnwughnt nuowntp
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