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GEOMETRICAL MODELING OF A SLEEVE GALAXY FORM BY METHODS
OF DESCRIPTIVE GEOMETRY

Posenauymo epagiune modeniosanns pykaegie earakmuk chipanimu. Ilokasano, wo pyxkasu 2a-
JNAKMUK Maoms Qopmy 102apu@dmivHux cnipaieil, npudomy Kym Midc paoiyc-6eKmopom ma 0omuy-
HOIO 3AIUMAEMbC CMAAUM OJIs1 OOHIEL | MI€T Jic 2anaKmuKu, ane pisHuM OJisl IHUWUX 2ANAKMUK.
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Graphical modeling of the sleeves of galaxies by spirals is considered. It is shown that the
sleeves of the galaxies have the form of logarithmic spirals, with the angle between the radius vector
and the tangent remains constant for one and the same galaxy, but different for other galaxies.
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Formulation of the problem

There are many material objects in our universe, ranging from microscopic particles of matter
to large clusters such as galaxies, nebulae, and more. Of these objects, galaxies stand out the most, in
that most of them have a distinct helix shape. Each galaxy has two or more arms that diverge from the
center. The clear shape of the sleeves allows them to be approximated by smooth geometric curves, in
particular helices, which will allow them to understand more the nature of their formation.

Analysis of recent research and publications

In our time, the shape of the Universe has stabilized and the process of accumulation of matter
in and around cells is underway [8]. These cells are galaxies in our universe. Many theories of galaxy
formation have been cited in the literature [1, 2], but there is no generally accepted theory [3]. In
particular, galaxy arms are formed by the emission of matter from the nucleus, with the motion of
matter consisting of rotation around the center and radial motion. These two movements affect the
matter and it is formed in the form of sleeves [2]. The formation of the sleeves causes the galaxies to
have a disco-shaped shape and all the sleeves are in a plane.

With the development of the science of the universe and the mathematics of the theory of
formation of the universe increasingly relied on mathematics, which led to its development, but these
works [5, 6] increasingly rely on mathematics that requires deep knowledge.

Spiral curves refer to transcendental curves and have many types [7], and the appearance of a
spiral type will allow simple methods to get closer to understanding the nature and formation of
galaxies.

Formulation of the study purpose
The purpose of the research is to approximate the sleeves of galaxies with transcendental curves -
spiral rallies - and to identify the spiral type by the methods of descriptive geometry, in particular
graphic constructions on a plane.
Presenting main material

The spiral as a curve line is constructed in the polar coordinate system. For this purpose, a
polar axis P is drawn from the polar center O, from which a radius vector r is deposited at a polar
angle ¢. Thus, each point 4 of the helix is defined by two coordinates a polar angle ¢, which is
determined in radians, and a radius vector r, which is a function of the polar angle, that is, 4 (¢, r).

The shape of the spiral depends entirely on the function of the radius vector » =, ((0) , but regardless
of the type of spiral, the initial radius vector #, cannot be zero 7, # 0, since in this case the existence
of the spiral will be impossible.
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The method of galaxy research was carried out on the image of a galaxy taken from the
Internet, and the image of the galaxy was chosen such that its plane was perpendicular to the line of
sight. Then the sleeves were mid-lines. In the nucleus of the galaxy was located the polar center O
from which the polar axis of P. was determined. From the polar center O at a constant angle A

several rays (Fig. 1). These rays give points when crossing the midline of the sleeve 4, B, C, D, ...

Points 4, B, C, D, ... united by chords AB, BC, CD, ... . Together with the rays, these
chords form triangles OAB, OBC, OCD, ... . In these triangles are angles ZAOB, ZBOC,
ZCOB, ... equal to each other and equal to the polar angle Ag, that is

LAOB =/ZBOC =ZCOB=...=A¢@. angle LZOAB, ZCBO, £ZDCO, ... Their average value

was measured and calculated. It was found that for the same galaxy these angles are close in
magnitude, their deviation from the mean is =*3,7°. The calculations found that the angles
ZOAB = ZCBO = £ZDCO... are equal. Since the angles Z40C = ZBOC, ZBOC = ZCOD , and
the corners LOAB=/0BC, ZOBC =/Z0CD then triangles AOAB, ABOC, AOCD are
similar to each other, AOAB U ABOC [ ADCQO ... . This means that the differences are the radius
vectors AA=0B-0A4A, AB=0C-0OB, AC=0D-0OC, .. has become, that is
AA=AB=AC=.... So the point is A, that moves along a radius vector, for example, OA4 which
rotates evenly at a speed proportional to the distance traveled. That is, the polar angle ¢ is
proportional to the logarithm of the distance OA4, OB, OC, ... that is, logarithms of radius vectors [7].
Thus, the radius vector rotates at an polar angle ¢ exponentially. This means that as a result, we have a
logarithmic spiral.

The logarithmic spiral in the polar
coordinate system is described by the
following equation

r=ry-e’’ (1)

where ¥, — initial radius vector; w — helix
shape factor; @ - the polar angle measured in
radians. Coefficient w completely affects
the shape of the logarithmic spiral. If w=0,
then the spiral turns into a circle, =7, if
the coefficient is infinite, then the spiral turns
into a straight line. In general, the coefficient
w is equal to the cotangent of the angle €
between the tangent ¢ at an arbitrary
midpoint F' and radius vector r, w=ctg,
(Fig. 1). For the same spiral this angle is con-

stant and does not change at any value of the
polar angle ¢ [4, 7].

To determine the angle # mid-lines

were smoothed in the galaxy's sleeves,

Fig. 1. Scheme of approximation of the  smoothed by curves. The angle was measured
galaxy sleeve: 1 — bulge; 2 — core; 3 — sleeve;  at five points and then the mean was
1 is the middle line of the sleeve calculated. Separate data are given in Table. 1.
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Table 1. The average value of the angle between the tangent and the radius vector of some

galaxies
o Angle
#S Image Dlrg CFIOH between Coefficient
. Name twisting )
/n galaxies tangent and of spiral
sleeves .
radius vector, shape, w
deg
Counter-clockwise
MN1 movement 75°35' 0,257
1
In clockwise
2 M51 direction 72028’ 0,315
NGC 3344 | In clockwise
3 direction 73°45' 0,291
In clockwise
4 M 74 direction 68°35' 0,392
NGC 1365 Counter-clockwise
5 movement 76°15' 0,243
Counter-clockwise
6 NGC1566 movement 69°28' 0,374
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Continue of the table 1.

In clockwise

7 M137 direction 73°37' 0,294
Counter-clockwise

8 M101 movement 77°20' 0,225
Counter-clockwise

9 NGC1753 movement 76°50' 0,245
Counter-clockwise

10 M77 movement 67°45' 0,408

The table shows that the smallest value of the helix parameter w = 0.225 is in the M101
galaxy, which corresponds to the angle 8 = 77°20 ', and the highest w = 0.392 in the M74 galaxy,
which corresponds to the angle 6 = 68°35 '. The difference between them is 0.067, or 3°45 ', which
corresponds to 27.3%. Given that the middle lines of the sleeves were constructed graphically, the
accuracy can be considered satisfactory.

It should be noted that the number of sleeves ranged from two MNI1s, NGC1566 to five
NGC1365. The table also shows the direction of spin of the galaxy's sleeves.

The conducted researches have allowed to develop algorithm of construction of logarithmic
spirals which has the following points:

1. We define the values of the initial radius vector 7, and the angle 6 between tangent to helix
and radius vector.

2. Determine the increment of the radius vector Ar by increasing the polar angle to increase

A@ . To do this, we draw from the polar center O, the initial radius vector r, (Fig. 2a). From the polar
center O, under the increase of the polar angle A@ we draw a beam O,1. From the end of the initial
radius vector ry (point A) at an angle # we draw a tangent t which intersects with a ray O,1 giving a
point B. Drawing an arc from the polar center O, of the circle radius 0,4 determine the point on the
ray A,. The segment 4 B will be an increment of the radius vector 4,8 = Ar when rotated by an
angle Ag.
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a o

Fig. 2. The scheme to the graphical model
of the logarithmic spiral: @ — the graphical incre-
ment of the radius vector; » — pobudova spirali

Fig. 3. Scheme for the analytical determina-
tion of the angle betweenradius vector and tangent

3. To construct a spiral from the
polar center O with the interval of the polar
angle of A¢@ right-smoke rays, Ol, O2,
03, ..., O5 (Fig.2b).

4. On the first ray Ol we postpone
the initial radius vector r,. From its end
(point 4,), the arc of the circle transfers this

point to the ray 02, and obtains a point 4, .

From this point we delay the segment Ar
and get the point B, . The segment OB, will

be equal to the radius of the vector 7, .
5. We transfer the point B, by the

arc of the circle to the ray O3 and obtain the
point B,from which we defer the radius

vector Ar increment and get the point C;.

The segment OC; will be a radius vector 7 .
6. Build until the rays are over. By
connecting the points obtained A4,, B,, C;,

D, and E; smooth curve we obtain the

required logarithmic spiral.

For analytical verification, we refer to
the scheme in Fig. 3. The tangent of the angle
6 between the radius vector r and the tangent
t will be equal

d
100 ="22 )

dr
From the expression of the
logarithmic helix (1) we find the first

derivative

dr

—=rwe".
do
Substituting the resulting expression
into the formula for determining the tangent of
the angle & (2) we obtain
1g0 = e _1 .

rwe'’  w

Where will we get the expression for angle 0:

0 = arctg (lj .
w

The angle 6 values were calculated for all galaxies in Table. 1. The results of the calculations

are presented in table. 2.

As can be seen from the table, the calculations obtained the same results as the graphical
constructions. This indicates the high accuracy of geometric constructions.
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Table 2. Determination of the angle between the radius vector and the tangent

The galaxy Form factor w 1 1 Angle 6, degr
number in Table 1 — arctg (_j
w w
1 0.257 3,891051 1,31924 75,5869
2 0,315 3,174603 1,265636 72,5156
3 0,291 3,436426 1,287617 73,775
4 0,392 2,55102 1,197205 68,5948
5 0,243 4,115226 1,332417 76,3419
6 0,374 2,673797 1,212903 69,4942
7 0,294 3,401361 1,284853 73,6167
8 0.225 4,444444 1,349482 77,3196
9 0,245 4,081633 1,330529 76,2337
10 0,408 2,45098 1,183412 67,8045

Conclusions and prospects for further research

Based on the research we can draw the following conclusions.

1. The development of galaxy arms is subject to the most widespread law in nature —
exponential, when growth of some magnitude occurs in proportion to the logarithm.

2. The slight deviation of the angle between the radius vector and the tangent for different
spirals indicates that the same elements are present at the base of the galaxies.

3. Since the initial radius vector of the spiral can not be zero, galaxies could not be formed
"from nothing", they were formed from the original protomatter.

4. A graphical algorithm for modeling galaxies sleeves by logarithmic spirals is proposed,
which can be applied in any field.

The following studies should be conducted in the study of galaxies in which the sleeves break
into two or more parts.
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TEOMETPUYHE MOJIEJIIOBAHHS ®OPMHU PYKABIB
T'AJIAKTUK METOJJAMU HAPMCHOI TEOMETPII
Tumenko C.C., boraanos /I.10.

Pedepar

VY cTarTi po3rISIHYTO MOAETIOBAHHS PYKaBiB TaJIAKTHKH JIOTApU(OMITHUMHA cripaimsamu. st
[BOTO LIEHTP MOJSPHOI CHCTEMU KOOPAMHAT OYyB PO3MIIICHUI B IEHTPI ralakTHYHOTO sapa. Pykas
rajakTHK OyB rpadiuHO BHIIPSIMIICHUH CEpeHbOI0 BUTHYTOIO JIiHi€K0. Bix monspHoro neHTpy nosms-
pHI POMEHi IPOBOIMIIHCH i PIBHUMH KyTaMU JI0 TIEPETHHY 13 CEPEIHBOIO JIiHI€I0 pykaBa. OTpuMaHi
TOYKH 3'€THYBaJIUCS BiApizkamMu. BUMipioBaHHS KyTiB MiXK XOpAaMH Ta MOJSIPHUMHU POMEHIMHU MOKa-
3aJM, IO i KyTH PiBHI MK c00010. OCKIIBKH KYTH MK XOpAaMH Ta MOJIIPHUMH MPOMEHSIMHU PiBHI, a
MIOJISIPHI KyTH PiBHI, TPUKYTHUKH, YTBOPEHI CYMIKHUMH TMOJIIPHUMH TPOMEHSIMHU Ta XOPAAMH, MO/1i0-
Hi. [le o3Hauae, M0 BEKTOp MOJSPHOTO pajaiyca MpOMOpIiHHUNA JorapudMy MOIIPHOTO KyTa 1 MiAmo-
PSIKOBY€ThCSI HAUTIOMIMPEHIIOMY 3aKOHY B TIPUPOJHOMY eKCIloHeHIianpbHoMy. OTxe, orapudmiuna
cripasib 3HaXOAUTHCA B OCHOBI PYyKaBiB raJaKTHKU. PO3IIISIHYTO BIUIMB OCHOBHHUX INapaMeTpiB Jiora-
pudMigHOT Cripali - TOYaTKOBOTO PaJiyCHOTO BEKTOpa Ta TAHTEHCY KyTa MK pafiyCHHM BEKTOPOM
Ta IOTUYHOIO Ha GopMy cripasi Bif KoJa 0 MpsiMOi.

BcranoBieHO, 0 KiTBKICTh TaTaKTUK, PYKAaBU SKHX 3aKPYUYIOTHCS 32 TOAMHHUKOBOIO CTPiI-
KOI0, TOPIBHIOE KIJIBKOCTI TJIAKTHK, PYKaBH SIKUX 3aKPy4YyIOTHCSl IPOTH TOJUHHUKOBOI CTPUIKH, IO
BKa3ye Ha BUIIAKOBE CKPYUIyBaHHS pyKaBiB mix yac GpopmyBaHHsA. OCKUTBKH KYT MK PaJilyCHUM BEK-
TOPOM 1 JOTHYHOIO HE3HAYHO BIAPI3HAETHCS MK ralaKTHKaMHU, MOKHA 3pOOMTH BUCHOBOK, IO TalaK-
THKH CKJIAJIAl0ThCS 3 OJHUX 1 THUX )K€ €JICMEHTIB.

3anpomoHoBaHo TpadiyHUE METOJ MOAETIOBAHHS JIOTapU(PMIUHUX CIHipanel, 3TiTHO 3 SIKUM
CIOYaTKy BU3HAYAETHCS NPUPICT PailyCHOTO BEKTOPA, a TOTIM LIEH MPHUPICT MOCIII0OBHO BiIKIAIA€ThCS
BiJI PajliyCHOTO BEKTOPA, KOJIM BiH 00epTaeThcsl Ha MOCTiHHE 30UIbIICHHS TOJSPHOTO KyTa. 3pocTarodi
KiHIII paJiyCHOT'O BEKTOPA YTBOPIOIOTH JIOTapUPMIUHy crripaih. OCKUTEKH alTOPUTM 3aCHOBAHUH Ha OC-
HOBHHX IapaMeTpax JorapuMiuHol cripalti, BiH MOke OyTH 3aCTOCOBAHUH 1 B IHIIINX Tay3siX.
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