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Abstract. A coordinate system of the 2nd kind is being built, corresponding to canonical coordinates
of the 1st kind (terminology A.I. Maltsev), thereby obtaining a parametric solution of the system Lie’s
equations. The integral representation of the group operations f(z,y) of the local Lie group G in
canonical coordinates 1st kind. As the main apparatus is used modified formula of A.P. Yuzhakov for
implicit mappings. The operation f(z,y) is also represented as a power series, which is the reduced form
of the series Campbell-Hausdorff.
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There are currently three known recovery methods of a finite-dimensional Lie group with a
given Lie algebra: analytic (via solution systems of differential Lie equations [1]), topological
(with using cohomologies of groups and Lie algebras [2]), algebraic (using Campbell-Hausdorff
series (C'H-series) in the form of Dynkin [3]). The C' H-series is the most famous, but inconvenient
for practical application and is rarely used in applications, because homogeneous terms C H-series
contain a lot of uncredited similar elements. These homogeneous terms are found by I.Shur’s
algorithm [4] (and C H-series is called then SCH-series ), or by integrating on the unit segment
by Campbell-Baker-Hausdorft formula [5], or Dynkin formula [3].

In this article we introduce a group operation f(x,y) of the local Lie groups G in canonical
coordinates of the 1st kind as the power series, which is the reduce form of the C'H series.

This formula is obtained from the integral representation of the group operation arising from
Yuzhakov’s formula [6, 7], which we have a little bit of supplemented (the investigation was also
subjected to an obvious generalization).

For the application of the modified Yuzhakov formula and the consequence of it needs a
complexification, which in the local case is always possible [1].

1._ Let G be Lie Local Group, S be its algebra Lie dimensions n, Xi,..., X, be basis <,
C’;k(i,j, k=1,...,n) be specified structural constants.

Definition 1. Canonical system coordinates of the 1st kind (x!,...,x™) in some neighborhood of
an unit element e of the group G this is an exponential map exp : & — G, in this case a system
of equations x* = a't (i =1,...,n) specifies I-parametric subgroup for any vector a € .

Setting coordinates of the first kind does not depend on the group operation f(z,y) = x-y, but
in terms of function f(z,y) Definition 1 will obviously be rewritten so: for any A,y € R,z € G

O, uz) = (A + ). (1)
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Main matrix v}(x) (Jacobi matrix of multiplicative increment group operation (z+ Ax)-z~")

is obtained [1] from system

wh =08+ Clga®w!, wi(0,a) =0, (2)
where a is an arbitrary vector: ' _
vi(z) = wi(1, ). (3)
Matrix v} is reversible, because v}(0) = 8%, let
Aj(@) = (vj(2) 7" (4)
Canonicity criterion coordinates of the first kind can be written using a matrix v :
v(x)r == (v; (z)z? = 2", (5)
or, obviously, using a matrix A :
Ax)r ==z (A; (z)z? = 2b). (6)

Definition 2. Canonical coordinates of the second kind is called a local card in a unit e, specified
smooth map R"™ 6 G:

(L, ") — el X" X = g (). (7)

Each element g from some the neighborhood of the unit e is the uniquely represented in
the form (7), jacobian of the map (7) at zero is not zero and converts the standard basis R"
to the basis § :¢; — X;, (i = 1,...,n). Set the coordinates of the second kind, unlike the
coordinates of the first kind, uses a group operation G. (Coordinates of the first kind are ana-
logue of polar coordinates, coordinates second kind are cartesian.) Using the basis & (vector
fields) X1, . .., X, easily write out a Lie group operation G in coordinates of the second kind with
vector (t!,...,t") : along X1, ..., X, find 1-parametric fi(x;t!),..., f,(x;t") with initial condi-
tions fi(z;0) =x (i =1,...,n), and then superpose f(z;t!,...,t") = fi(z;t}) o...0 fn(x;t").
For example (see [9]), fi(z;t!) = o + t}, fo(2;1?) = a:et27f3(ﬂc;t3) =15 33 5 1-parametric

—x
along the fields 0, 20, 220, on the straight line Ri. Then the general map of the local group
G in coordinates of the 2nd kind with vector (t!,t2,#3) this:
T 2
L2 3 — |
f(xa ) 9 ) 1 — zt3 € + )

herewith f(z;t',0,0) = f(z;t!), f(2;0,t2,0) = fa(x;t?), f(2;0,0,t3) = f3(z;t3). A.1. Maltsev [§]
introduces a concept linking these two species coordinate.

Definition 3. Let vectors X1,...,X, setin S system coordinates of the 1st kind, passing through
them 1-parametric subgroups x;(t) = tX; (i=1,...,n), we get a coordinate system of the second
kind. This coordinate system will be call the corresponding first.

Thus Maltsev introduces coordinate system of the 2nd kind within the already existing coor-
dinates first kind.

2. The lines of the main matrix v from (3) are the coefficients of Maurer-Cartan’s 1-forms

(Pfaff’s 1-forms)
w' :v;(a:)dxj (i=1,...,n) (8)
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with properties ) o
du' = Clpo? Aob (k= 1,...,m), ©)

where A is external multiplication. Columns of the inverse matrix A from (4) are coefficients of
dual vector fields (first-order differential operators)

Xi:Ag(x)@ (i=1,...,n) (10)
with properties o ‘
dw’ (X;)=06! (4,i=1,...,n), (11)
(X, X;]=-CEXy (1,4, k=1,...,n). (12)
Rewriting the Li system of equations [1]
i O -
A2 i) (k=1m) (13)
in the form of
O Nite) = AB() Gk =1,...m) (14)
al’j 1 1 ) ) AR )
and considering z¢(t!,...,t") (i =1,...,n) as solutions of the system
(2)m = AL (z) (i,m=1,...,n), (15)

we get that the components of a group operation f(z!(t!,...,t"),...,a"(t},...,t")) satisfy the
same system of equations , '
(f1)tm :Azn(f) (iam:la"'7n>7 (16)

and system solutions (15) and (16) differ only in constants ¢; and ¢y:
=X e en), PN, o on) (P=1,.00,n). (17)

The coincidence of the systems equations for 2* and f* is explained by the right invariance of
Pfaff’s 1-forms v%(f)df? = vi(x)da’, which is obtained from the system of Lie equations (13)
after multiplication (13) on da’ and summation by j (f(z,y) = x - y — right shift of an element
x by element y). Let’s select the values of constants ¢, = ¢, pr = @,(y) (k=1,...,n) so, that

Xi(oa-'-a()?El»-«-aEn) =0, Xi(oa~~705¢1(y)""7¢n(y)) :yi (Z = 17"'7”)7 (18)

then ' = x%(t!,...t";¢,...,¢,) will the desired coordinates of the 2nd kind, corresponding to
the available coordinates of the 1st kind, and f* = x*(t!,...t";%,(y),...,,(y)) — parametric
representation of the group operation component G. Left from the system

ot =\t .t e, ., (19)
fr=X (), Baly)

(i =1,...,n) exclude parameters(t!,...,t") and express fi(x!,... 2% y!,...,y") obviously. In
this we will be helped by Yuzhakov’s formula, which gives an integral group operation view
f(z,y), and a consequence of the Yuzhakov’s theorem will allow you to get the Campbell-
Hausdorff series (C'H-series) in the reduced form.

3. In 1975, A.P.Yuzhakov [6] (see also [7]) with the help of multidimensional logarithmic
residue obtained a generalization of the classical Lagrangian decomposition into arbitrary implicit
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functions of many complex variables defined by the system of equations. Indexes in this paragraph
write lower, as in [6] and as is customary in the theory of functions of many complex variables.

Let ®(w,z), Fj(w,z), j = 1,...,n are holomorphic variable functions w = (w1,...,wn),
z=(21,...,2n) in the neighborhood of the point (0,0) € C’m‘z"”, F;(0,0) =0, Jacobian
oF
O —s Gk=1,....n). 20
At ) (20)

According to the theorem of the existence of implicit functions, the system of equations
Fij(w,z)=0 (j=1,...,n) (21)

uniquely defines a system of functions

G=tw) G=1,..,n), (22)
holomorphic in the neiborhood of the point 0 € Cj'. Then there will be numbers € > 0,6 > 0
such that in a closed polycircle Vs = {w € C™ : |w;| < 4§, j = 1,...,m} there is an integral
representation
1 O(w,z) OF

P = - —d 23
(0,900 = o [ sy et (23)

whereis FI = Fy-...- F,, Te ={z:|z1| = ... = |za| = €}

Asking the purpose to present ®(w, ¥ (w)) as a Taylor series
B, p(w) = 3 cow®, a=(ar,...,am) (24)
la| >0

substitute in the formula for the coefficients of the series (24)

1 / dw
Ca = N ‘I)(waw(w))T (25)
(2mi)™ [, wet!
expression
(—1)l8l 3 OF(w,z) dz
O(w, YP(w)) = Z (2ri)n Q(w,2)g (w’Z)Tﬁv (26)
18>0 Fe
1
obtained from (23) after the decomposition of the fraction Fllw.2) in a multiple geometric
W,z

progression

1 —1)IBlgB(w, =
Z( )Pg"(w, 2)

Fl(w, 2) - = B+ )

where is g;(w,z) = Fj(w,z) — z; and at w € V5, z € ['. inequalities are met |g;(w, 2)| < e.
Finally from (25) and (26) we get

_ (—17% w. s szaF(w,z). dwNdz
=Y G ], M) -

0 2mg)mtn 0z wotl ZB+1
B %’ D as) (s, 21g8 ) - 2F03) | (2
g s ORI e ) o’
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It is easy to see (this is our addition) that if ® holomorphic depends on more variables
Yy = (y1,--.,Yn) from some surroundings point 0 € Cy, then, similarly (23), fair integral repre-
sentation then, similarly (23), true integral representation

1 D (w, z,y) . OF (w, z)
2ri)r Jp, Fl(w,z) 0z

q’(“’W(“’)»Z/) = dz, (28)

and (generalization consequences of Yuzhakov’s theorem) coefficients of the power series

‘I’(wﬂ/}(w)»y) = Z Ca,uway'/, (29)

|| >0, ][>0
are calculated by the formula

2|e|

_ 5 EV s (g0 OF(w,z) —2)P
o = 3 gy P (90020 S s 2) 2 ey B0)

4. Theorem. Integrated local group operation components Lie G in canonical coordinates of
the 1st kind have an integral representation

1 X (6B () I(x(t,0)
k ) )
= . dt 31
Ry A e o e e e e R oy
d(x(t,c d(x(t,c) —
where x(,2)) = (x(t,9) = 2) is Jacobian, Tc = {t: |[t'|=...=|t"| =€} (k=1,...,n).
ot ot
Proof. We combine constants, parameters, variables in formulas (19) and form functions
Fj(z,t) = x?(t,e) =27 (j = 1,...,n), which are analogues of holomorphic functions Fj(w, z)

from the Yuzhakov’s theorem, with the role w play variables x, role z — options ¢t. Holomorphism
by « is obvious, and holomorphism on ¢ follows from the local analytics of system solutions (15),
(16).

Taking as ®(w, 2,y) = x*(t,%(y)) from (19) (k = 1,...,n), we get the formula (31). This
formula (28) used in the simplified case — function ® does not depend on w (in our case

X*(t,2(y)) (k = 1,...,n) does not depend on z). Jacobian a(X(t’? —2) = Ix(t,2)) at

t = 0 turns into a single matrix, because x(t,¢) is the solution of the system (15) with zerf) initial
data, and A}(O) = 4.

Calculating multidimensional residue (31) is often convenient use the transformation formula
from the monograph of A. K. Tsikh [10]: let holomorphic mapping f = (f1,..., f») has an isolated
zero in point a € C™ and g = Af, where the elements of the matrix A are holomorphic in some
surroundings point a. Then for anyone h € O, resyq(h) = resg q(h - detA), In here O, -ring of
germs of holomorphic functions at a point a € C™.

From (29), (30) follows what interests us

Investigation. Components f*(x,7) group operation local Lie groups G allow decomposition
into power series

Flay =Y dhay (32)
lal 50,1120
with coefficients
= 35 U (¢t 24 o) - - 0) (3
T A el XYy gy W T rmtmy=0’
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which, because of uniqueness in canonical coordinates of the 1st kind, coincides with C' H-series
in the reduced form.

Recall (see [3]) that if the bracket [a1a2...a,] means multiple cjmmutator
[a1]az ... [an—1,ay]...]], that CH-series has the form:
1 (_1)771*1 [wPrydr ... gPmyln]
fmvy =r+y+ ST,y + : ) 34
(=.9) 2[ ] pz; m >oi+ @) I, pilas! (34)
where summation is done for all non-negative integer values p;,q; (i = 1,2,...,m; m =2,3,...),

pi +q; # 0, except in the simplest cases when m = 0, 1, which are written separately in the form
of the first three terms.

A.D.Mednykh aptly put it that C'H-series expresses algebraic essence group operation, and
power series (32), (33), which is a consequence of the Yuzhakov’s formula — her analytical essence.

5. Let’s illustrate the theory with two examples from [11].
Example 1. Consider a group G affine transformations of the straight line R' matrices of the

species
1,2
( 1j:)$ xl ) , zl, 22 e RY, (35)

with group operation components in non-canonical coordinates

fHay) =t +y! + a2ty
2 2, .2 1 21,2 (36)
[ y) =2 +y* +ay”
From the decompositions (36) it follows that structural constants of this group C'Jlk =0(j,k=1,2),
C, =1,C5 = —1. (37)

Let’s restore the group G by its structural constants (37) in the canonical coordinates of the 1st
kind. The system (2) from Pontryagin’s theorem [1] is divided into two:

Wl =1, Wl =0,

38
{ a*wl +w? — alw? =0, { awl + 13 — alw3 =1, (38)

with initial conditions w; (0,a) = 0. Using Laplace transforms we get a solution

wi  wy . .
; 3 — a2 6at_l 6at_l . (39)
wi w3 il t— o o

Formula (3) v(z) = w(1,x) we get the main auxiliary matrix v’ (z)

. ) 1 0
vy U
< ) 3) o ([ -1} -1 (40)
vy U3 gy 1-— o o
and inverse to it
1 0
A; (z) = x? x! x! (41)
1 L— xl xl
x et —1 et —1
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Obviously, the criterion of canonicity is met. Coordinates of the 1st kind: v(z)x = x and

A(z)x = z. Using the formula (8) we get 1-forms

wt =dat,
2 z! -1 z! -1
w2zzl<1—e - )dzl—Fe T dx?,
x x x
et — 1
with properties (9) dw! = 0, dw? = dz' Adx? = 1-w' A w?. According to the formula

s
(10) we get dual vector fields

2 1
Xlzamlm(l_w)aﬂ,
X

et —1
1
— x
Xo = ﬁaﬁ,
N xl I
with property (12): [X1, Xs] = fﬁaﬁ =-1-X,.

Also running (11): w*(X7) =1, w?(X;) =0, w'(X2) =0, w?(X3) =1,

Next, entering parameters ¢, #* and using matrix columns A%(x) (41), we will make systems

(15), (16):
() =1, (z1);2 =0,
2 1 1
2. T x . x
(I )tl 331(169”1—1), (lz)ﬁzemli—l’
(=1, (f')i2 =0,
i 1 : ft
(f2)t1 = F (1 - ef{_l) ) (fZ)t'z = m-
Separately 1-parametric solutions of both systems (42) and (43) have the form
91(t1;01702):t1+61; 91({;2;61,02)201’
1 t'+ey C1 . )
02(t';c1,c0) = 02%, 0% (t*;cr,c2) = oo — 1(t2 + c2e),
e c1

a desired functions (17) x* :

xl = Xl(tlvtz;ChCQ) = tl + c1,

¢ + 1 1
'TZ = X2(t1,t2;01702) = et1+cl — 1(t2 +C2et +C1)7
Fr= Xt 2501, 02) =t + 1,

t + 1 1
=20 01, 02) = m(tz + e’ TO1).

(42)

(43)

Note that x!'(t%,0,;¢c1,c0) = 0 (t';c1,c2), X2(0,t%¢c1,c0) = 6%(t%;c1,co). Further, counting
2

c, @atvxay7f complex and? belieVing ClL = C2 = 07 El(y) = y17 @2(1/) = yi(eyl -

: , , yt
get (18), i.e. x*(0,0;¢1,23) =0, x*(0,0;%,(v)),®(y)) =y* (i =1,2), besides

m=xX(E0) =t m = (4E) = oy
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are coordinates of the second kind, corresponding to the coordinates 1st kind. Constructing
functions in Yuzhakov’s notations Fj(z,t) = x?(t,¢) —a’ (j =1,2) :
nl
Flztl—.’bl, FQZ T'tQ—.’EQ;
e 1

th+ yl y2 1 1
ol =ty 2= e — t2—|—E(ey —1)e' ),
jacobian
o) _ 1
ot et —1°
According to formula (31), calculating components f¢ of a group operation is reduced to finding
double deductions

(46)

1 th 4yt 1 N )
) = = / ; S ———dt' N di?, A7
(:9) (2mi)* Jr, (¢! — al)(Grt? —a?) e -1 (47)
Ploy) = 1 / (t + y) (2 + z—l(eyl —1)et) o A2 s)
TR Jr, (P D) - o) (A —a?) e '

Formulas (47), (48) give integral representations of components group operation G (36) in
canonical coordinates of the 1st kind. Calculating residues, we get

fHa,y) =t + 4, (49)
zt+y! e —1 wleyl—l
fz(xay) = eyt _ | S| > +e Yl y2 s (50)

(which in this model example can be obtained directly, Substituting ¢!, ¢? from (45) in @1, ®
from (46)).

It’s easy verify that for (49),(50) associativity is performed, unit is the origin of the co-
ordinates (0,0), back to x is —z, the structural constants coincide with (37), and for any
\peRY f(Az, px) = (A + p)x, which indicates canonical coordinates of the 1st kind. Finally,
we will show how formulas (32), (33) decomposition of components work group operations of
the group G (35), (36) in the form of power series and compare with the Campbell-Hausdorff
formula of [3]:

2, [ o) + [l 91, 9]) — = [, [ [ o] - (51)

1 1
f(a:,y):x+y+*[x,y}+f 24

2 12 (
Because [z,y]" = C;kxjyk' and C;k =0 (see.(37) (cm(37) ), then fl(x,y) = z' + ¢!, and

1 1 1
fay) =2 +y* + inleyz + 502215’3291 + 1—2(0122x1(0122:1:1y2 + Gyt +
(52)
1
+C51(Chor'y” + Oyl )y') — 51 Choe’ (Clay' (Claw'y” + Cia”y')) + ..
Substitute in (52) C%, = 1,02, = —1 from (37), we get
1 1
Pla,y) =22 +y% + §(x1y2 — 22y + E((‘%1)2y2 — 2ty — 2yt 4 22 (y)?) -
1 (5%
o (@R~ ea2(1)) +
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here we have brought the commuting factors. Consider, for example, monom coefficient (z*)%y? =
1
= (z1)2(2?)°(yH)°(y?)! equal oE and calculate it by the formula (33) from the investigation

modified Yuzhakov’s formula:

2 (18l 1,1 2 (0,1)
@ (D oo (T HY (a0 YR "
o01= D DI0T0T] ot 2 m(t +E(ey ~ e ) X
|Bl=0 """ yly2
tl L tl B2
B1 2 2 2 o
X — t“ — — 1 =
et' — 1( z) <et1 -1 . > r=t=y=0

(it is immediately apparent that 3, = 2, a > should be taken by Zero)

2 2 B
B S Yol (N R L
B2=0 2 Bl T et' —1 et' —1
=

1 N ¢! ! A\
2<(et11) ¢ <1<6t111>+<6t111> "

t=0

t1=0
t 1 1 t!
(producing function of Bernoulli numbersetli_1 =1- §t1 + E(tl)2 +..., i 1=
1 1
=——t'+ () +. ..
S )+ )
1 1 1 1
= (14 =th —#H2 ) =
A LT USR] I T L

which coincides with the corresponding factor C'H-series (51).
Finally, without giving detailed calculations (unfortunately, cumbersome), get a group I.50(2)
movements of the Euclidean plane [11] in canonical coordinates of the 1st kind.

Example 1. Let’s imagine the product of matrices from 1.50(2)

cosz® —sinz?® 2! cosy® —siny? y!
sinz® cosz® 2 siny® cosy® 9y
0 0 1 0 0 1
in the form of
100 x! cosz® —sinz® 0 y!
01 0 22 | + | sinz® cosz® 0 v? |, (54)
0 0 1 x5 0 0 1 y3
group operation components
ft=a' +cosz? y' —sinz? - 92,
f? =22 +sin2® - y! +cosz3 - y?,
fP=a 1y
allow you to calculate the structural constants of this group :
0213 =1, C;Z =-1, C:?l =1, 0123 =-1 (55)
(the other constants are zero). Systems of equations (2):
w% + a3w% — a2w§’ =1, w% + anS — aZwS’ =0,
—adwi +W? + a'w? =0, —adwd + w3 + a'wi =1,
Wi =0, Wi =0,
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w§ + a3w§ — a2w§’ =0,
—adwi + w3 + alw3 = 0, (56)
23
wy = 1,

with initial conditions w’(0,a) = 0, have decision

wi wy wg
wi ws wi | =
wi wi wj
sin a3t 1—cosa’t a®> 1—cosa’t at (t sin a3t)
a3 a’ a3 a3 a3 a3
=] 1—cosd® sin a3t a' 1—cosa’t N a? (t sin a3t> ) (57)
a3 a3 asd as a3 a3
0 0 t

According to the formula (3) we get the basic auxiliary matrix

sin 3 1 —cosa? 22 1—cosz® 2t sin 3
3 B 3 23 3 2\ 23
vi(z)=| 1—cosa’ sin 23 z' 1—cosa® 22 ) sin 23 (58)
3 3 T3 3 23 23
0 0 1
and inverse to it
23 sin 23 x3 x? n x? 2! sin 23
2(1 — cosx3) 2 2 a3 2(1—cosxd)
Ai(z) = x3 23 sin 23 x! N x? 2?2 sin 23 ) (59)
2 2(1 — cos x3) 2 3 2(1—coszd)
0 0 1

Canonicity criterion of coordinates of the 1st kind done because. v(z)z = z u Alx)z = x

. 3 :
Entering parameters t',¢2,¢3 and using the formula 1811117%3 = ctg %, compose systems (15):
—Ccosx
G B 23 o | 23
(@) =Fetg5, | @) =7 @) =—5+ 53~ 55,
3 3 3 1 2 2 3
x x T x T z T 60
GG | st | @y h-bash )
(@) =0, (@%);2 =0, (%) = 1.

Equations for f do not discharge, because they coincide with the equations for z. We get the
desired functions (44):

t34ca t34+cy
t3 + ¢3 [ cos cos
2l — 3 ERRS S 2‘ ,

. 3 . . 3
2 gin tcs gin Ltes
2 2
3 .43
, t3+cs a o, cos — P tHa
xre = — = . Co— -2
2 sin L;CS ? t$-|2-03 ’

23 =13 +c3,
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3+ 3+
fl — t3 + 903 <COS 2<P3 . tl + t2 + V2 cos 2<'Dl>
— s sin —*£2

2 i BPtes B4
S11 3 3
3 t3+o3 ! 61
f2 _ t° + p3 4 €os —5 e %sm 5 ( )
2 ;L Btes Ui o2
) ) S 3 3
f‘3 =13+ ©3.

We complexify constants, parameters, variables, and find constants ¢ u p(y) so that it is executed
z'(0,2) =0, f1(0,p(y)) = y', Get
t3
xl = 5 (ctg% -t1+t2> ;
3

t
x2:§<—t1+ctg§~t2),
3 =13,
3+ 93 343 sin cost -yl —sinf -y
fl= Y [t L 2 . z'Y 7Y
2 2 % sin—tg'gy?’ ’
. 3 .43 3
f2:t3+y3 —t1+ctg7t3+y3.t2+smy7,Sln%'y1+005%'yz (62)
2 2 % Sin—tg"gy3 ,
=8+

in the canonical coordinates of the seco2nd kind, corresponding to the coordinates of the 1st
2 sin
kind because @, (y) = Qarctgy—, By(y) = V/(yh)?2 + (y2)2—2%, Bs(y) = y3. Excluding from
¥1 T P2 3 P3
y g

2
(62) parameters ¢, we get

3 3
cos % sin % 0
1 3,3 3 1
f "ty T . 3 3 T
12 T S 5~ —sin % cos & 0 2 |4
- . 31 43 3 . 3.3 3
3 sin &1y z sin ¥ z 3
f 2 2 0 0 2 . _ 72 T
2343 . 23
Fkin Ch sin £~
2 2
3 . 3
cos L —sin - 0
. 2 2 1
. . 3 3
sin%- | sin & cos i 0 y2
3 3,3 3 Yy , (63)
y i Y Yo
¥ sin 3
2 2 2 Yy
0 0 3143 : 3
o4y sin £~
2 2

group operation components 1.SO(2) in canonical coordinates of the 1st kind. In (63) f(Az, ux) =
(A + )z, associativity is performed, inverse to = is —x, the structural constants coincide with

(55). In non-canonical coordinates (54) vector (y',y?) turns to corner z® counterclockwise, then

shifted to a vector (2!, 2?), argument 3> grows on z3. In canonical coordinates (60) vector (y*, y?)

3
turns against the clock arrows on half the corner EX at this time, the shear vector (z!,z?) turns

3 Y N
sin £~ in £
halfway to the argument %7 then they are shortened, respectively, in y32 and in 132 times,
2 2
$3+y3

and stored. The result then experiences a general, "compensating" stretch in —

sin =24
Argument y3 also grows on x3. Example 2 is considered to demonstrate how "actually" (63)
turns work, and shifts on the plane (54).

3
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O BoccTaHOBJIEHUM JIOKAJILHOU Ipynnbl JIum Mo cTpyKTypPHBIM
KOHCTaHTaM

Buranuit A. CrenaneHko
Cubupckuit deiepabHbIil YHUBEPCUTET
Kpacnosipck, Poccuiickas Perepariust

Awnnorarusi. CTpouTcst cucreMa KOOPJIUHAT 2-I'0 POJIA, COOTBETCTBYOIMX KAHOHUYECKUM KOOPIMHATAM
1-ro poma (Tepmunosnorus A.U. Masbiesa), TeM CAMBIM TOJy9a€TCsl TAPAMETPUIECKOE PEIIEHUE CUCTE-
Mbl ypasrennil JIu. IlpuBoauTcs mHTErpasbHOE NpEACTABIEHUE IPYNNOBON omepanuu f(z,y) JIOKaIb-
Hoit rpynnsl JIu G B KaHOHWYECKUX KoopauHaTaX 1-ro pojga. B KauecTBe OCHOBHOTO ammapara HCIOJIb-
gyerca momudunuposannas dopmyma A. Il FOxakosa mia messHBIX oToOparkenmit. Onepanus f(z,y)
TakK>Ke IPEJICTABIEHa B BUJE CTEIIEHHOIO Psijia, ABJIAIONIErocs IpuBeJIeHHoi (hopmoil psaga Koamnbesia—
Xaycnopda.

KiroueBsle cioBa: JjiokajbHas rpytima Jlu, psag Kemnbemna—Xaycaopda, dopmyia A. I1. FOxakosa.
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