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Abstract. This article examines the mathematical research of Abu Nasir al-Farabi in honor of the 1150th
anniversary, with particular emphasis on his research on round bodies. Examples from the research of the great thinker
al-Farabi are given and diagrams are given to determine the center of a given circle, how to draw a circle indirectly, how
to fill a segment to a full circle. You can see the theorems of the study of modern round bodies, begun in the works of Al-
Farabi. Parts of the Center In the work "Mathematical Treatises" describe the center of a circle, perpendicular to the
perpendicular radius of the circle, the method of dividing the arc into three equal parts and a diagram of the method of
drawing a house or a sphere, obtained in two equal proportions, relative to another house or ball. Examples are given in
comparison with Euclid's research on round bodies and Al-Farabi's research. The article proves the similarities and
differences between Euclid's drawings and those of Al-Farabi. Al-Farabi's mathematical treatise contains 15 illustrations,
each of which has a clear explanation. This explains why drawings can be studied and used in everyday life. These
drawings prove once again that Al-Farabi was a very thoughtful scientist.
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Introduction. Abu Nasir al-Farabi, a great thinker of the East, was born in 870 in the city
of Farab, now called Otrar, at the confluence of the Arys and Syr rivers (a medieval city near the
modern city of Otrar in the South Kazakhstan region). Farabi's full name is Abu Nasir Muhammad
Ibi Muhammad ibn Uzlag ibn Tarhan Al-Farabi. We know that Al-Farabi came from a wealthy Turkic
tribe, as evidenced by the fact that his full name is "Tarkhan". The Arabs called Otrar, the ancient
Kazakh city of birth, Barba-Farab, and from there he came from Abu Nasir al-Farabi, that is, from
Faraban.

At the same time, according to the records of the survivors, the city of Otrar in the IX century
is one of the most important places in terms of historical relations and trade routes. Problems of
geometry and some other branches of mathematics were closely connected with the development of
the theory of historical geometric constructions. Euclidean geometry, founded in 300 BC, states that
"a straight line can be drawn from any point to any point", "a finite line can be drawn as long as
necessary (infinite)", "a circle can be drawn from any center to any size™ , etc. The axioms show the
importance of the role of constructions in the formation of geometry [2].

Geometric constructions 1X - XV centuries. Al-Farabi's work "Spiritual manipulation of the
secrets of nature through geometric figures™ was devoted to the problems of geometry, and about 150
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drawings were published. Fifteen problems are solved with a ruler and a compass with a constant
pitch. Al-Farabi's main achievement was the collection and systematization of materials on the
problems of geometric construction, scattered everywhere, and the assignment of "principles™ that
made him a certain branch of geometry [5].

The main part. Al-Farabi's manuscript does not mention the definition of the circle center in
his first book. This report is considered in the treatise of Abu al-Wafi.

How to fill the segment to the full circle, then we put the segment ABC and divide it at point
B. Draw the lines AB and BC and construct the right angles BCD and BAD on each of the points A
and C on the lines AB and BC. Draw a line BD and divide it at point E. Then the point E is the center
of the arc ABC.

Figure 1 - Indirect driving

How can we make a tangent from point A to the circle BC with center D, then we draw the line
AD. It intersects the circle BC at point B. Draw a circle AE at a distance DA from the center D.
Construct a right angle ABE at point B and draw a line ED that intersects the circle BC at point C.
Let's add A and C. In this case, the AC is carried out in the circuit of the indirect BC. Euclid
corresponds to the chapter in the 17th appendix of the 111 book "Nachala”. Here is his picture [1, 4].

Figure 2 - Indirect conduction in Euclid’s book ""Beginning"
Mathematical substantiation: The tangent to the circle is perpendicular to the radius.
If it is indirect, according to the method of the craftsman, then we place the ruler on the line BC

and open the compass to one dimension; If one end of it moves along the ruler, then the other end
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passes through the point A and gives a line parallel to BC. Al-Farabi demonstrated the method of

drawing using a ruler and compass (Figure 3).

Figure 3 - The method of drawing with a ruler and compass

If we draw a tangent from point A to the circle of the wheel ABC, then we connect point A with
the center of the circle, point D, so we draw A and D [AD]. Construct a rectangle DAE along the line
AD at point A. Then the line AE is adjacent to the wheel ABC. Here is a picture of him. According
to Euclid in the 16th appendix of the 111 book "Nachala” [1,4].

If we draw a tangent from point A to the circle of the wheel ABC, then we connect point A with
the center of the circle, point D, so we draw A and D [AD]. Construct a rectangle DAE along the line
AD at point A. Then the line AE is adjacent to the wheel ABC. Here is a picture of him. According
to Euclid in the 16th appendix of the 111 book "Nachala" [1,4].

Figure 4 - Drawing in Appendix 16 to Book 111 of Euclid "'"Beginning"*
If the line between the lines AB and AC of the triangle ABC is parallel to BC and draws a line
equal to the given D [and if BC is less than the line D], then the line BC in its direction [until point E
is equal to [D] if BC is greater than line D, we draw a line BE equal to] D on line BC.
Draw a line parallel to the line AB from the point E. It intersects AC at point G. Draw a line
parallel to the line BC from the point G; This is the line GH that intersects AB. Then the line GH is
equal to the line D. 34 appendices of the first book of Euclid «Nachala» prove the correctness of the

decision [5].
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Figure 5 - Pictures in the works of Al-Farabi and Euclid
If you want to draw a line between the lines AB and AC of the triangle ABC parallel to the line

BC, for example, on the line AB equal to the distance it intersects, ie equal to the line EB, then divide

&

H

the angle ACB by the line BD and draw the line B from point DC. Then the line DE is equal to the
line EB. The solution of the problem is shown in the following figure. The correctness of the

construction is proved by the appendices 29, 6 of the first book of Euclid "Nachala” (Figure 6) [5].

(A

Figure 6 - Appendix 29, 6 of the first book of Euclid **Beginning
If, for example, in a triangle ABC it is necessary to draw a line parallel to the line BC and a line DE
equal to the lines BE and F. Then draw a line BG equal to the line F, draw a line GH parallel to AB
through the point G and divide the angle HGC [GD ] and draw a line DE parallel to the line BC from

point D. Then the line DE is equal to the lines BE and F (Figure 7) [5].
A

8
¢ G

Figure 7 - The line DE is equal to the lines BE and F.
About drawing a triangle equal to another triangle. If it is a triangle whose sides are equal to

the sides of another triangle [for example, ABC], then we draw a straight line DE and draw a line DG
equal to AB, GH equal to BC and HF equal to CA. Let's take the point G as the center and give the
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part of the circle at a distance GD, so let's take the point H as the center and give the part of the circle
at the distance HF. The first part [the second part] intersects at point I. Next, let's draw lines Gl and
IH. Then the sides of the triangle GIH are equal to the sides of the triangle ABC. The solution is

/\
I ¢
Figure 8 - The sides of the triangle GIH are equal to the sides of the triangle ABC.

On the division of an angle into three equal parts. If he divides the angle ABC into three equal

shown in the figure below [5].

2 ¢ 8

parts, then the angle ABC is a rectangle, we draw an equilateral triangle DBC on the line BC. Then
the angle ABD is one third of the rectangle. Divide the DBC angle. Each angle of an isosceles triangle

is equal to two-thirds of the right angle (Figure 9) [5].

¢ 4

Figure 9 - Each angle of an equilateral triangle is equal to two-thirds of the rectangle
If the angle is smaller than the right angle, then we take the point B as the center and draw a

circle DAC at a distance BA. Place BD at right angles to BC and draw CB to point E until it intersects
the circle. Bring the ruler to point A and move it along the circumference of the wheel CDE until the
line HF between the perpendicular DB and the arc DE is equal to the line DB, in which case the ruler
does not deviate from point A. Then we draw an arc EK equal to the arc EF and connect KB in the
direction to the point L. Then the angle LBC is one third of the angle ABC. Then divide the angle
ABL (Figure 10) [1].

Figure 10 - The angle LBC is one third of the angle ABC
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Another way to divide an angle into three equal parts. Let's construct an acute angle ABC and
if we want to divide it into three equal parts, we will draw a perpendicular from point A [from a point
on the line BC]. Bring the ruler to point B and move until the line between the lines AD and AH is
doubled AB. For example, the line DEB, and therefore the line DE is a double line AB. Therefore,
the angle DBC is one third of the angle ABC. Here is a picture of him [5].

Annewnd

{

¢
Figure 11 - Divide the angle into three equal parts
On the division of the arc into three, equal parts. If he wants to divide the arc ABD into three
equal parts, then we find the center of the circle where the arc is located. Let this be the point E.
Adding A and E, E and D, we divide the angle AED into three equal parts by the lines EV and EC,
which intersect the arc ABCD at points B and C. Then the arc ABCD is divided into three equal parts
arcs AB, BC and CD (Figure 12) [5].

D
Figure 12 - Divide the arc ABCD into three equal parts arcs AB, BC and CD

Consider a report on building a house or balloon that is two times larger than the house or
balloon or in relation to the other. If it is necessary to build a square house, which is a double house
of equal length, width and height, or to build a double ball, or to divide a ball or a ball of equal
diameter, and how to put a ball of the same length and diameter? Construct an equal line AB, draw a
line AC on the line AB along the double rectangle and complete the plane figure DABC.

Draw diagonals AD and BC. They are separated at point F. We draw DC and DB lines in their
direction. We place the edge of the ruler at point A and move it along the lines GC and EB [until they
intersect at points E and G] so that GF and FE are equal. Then the length of the house or the diameter
of the sphere is a line BE (Figure 13) [5].
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¢ ¢
Figure 13 - The length of the house or the diameter of the ball

About making a burning mirror. If we want to make a mirror that burns an object from a distance
with the help of sunlight, then first we need to make a ready-made model that defines the mirror
(pattern). Let's make a circle, half the diameter of which is equal to the distance of the object we want
to burn. This is the ABC circle. Let's draw its diameter ADC. Let's draw some equal segments from
point C on the line DC. The smaller these sections, the better and more accurate the finished sample.
These sections are CF, FH, HG, GE and ED. Let's draw lines E, G, H and F at right angles through
the point D [to CD] and extend them on both sides to the points B, I, K, L and M. Let's add points C
and B, Cand I, C and K, C and L, C and M. Let us draw the line FN equal to the line CM, the line
HX equal to CL, the line GO equal to CK, the line EP equal to CI and the line DS equal to CB. Let's
add points C, N, X, O, P and S and draw a pattern along the line. Let's make a mirror out of a lot of
metal, such as iron, bronze, copper or zinc, and if possible, polish it. If the mirror is crooked, we
adjust it according to the finished pattern by placing the finished sample on the mirror so that the
point C coincides with the center of the finished sample on the mirror. Then we get a combustible

mirror with a high ignition power (Figure 14) [5].

Figure 14 - Drawing of a combustible mirror with high flammability
The second way to make a burning mirror. If we want to draw it, we can take any distance, half

of which is the line AB, and draw it in its direction to the point C. Let us place the line DB
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perpendicular to point B on both sides and draw small lines BE, EG, GH and HC equal to each other
on the line BC. Divide AE at the point F and draw a circle at a distance FA from the center F. It
intersects the line BD at points I. Draw lines IL parallel to the lines AC from points | and a line
parallel to the line BD from points E to the points L. Divide the line AG at the point M and draw a
circle at a distance MA from the point M. It intersects the line BD at N points. Draw lines NX parallel
to the line AC from points N to the point X. Divide the line AN at the point O and draw a circle at a
distance OA from the center O. It intersects the line BD at points P. Draw lines from points P to points
Z parallel to BC. Connect the points B, L, X and Z with a line and get a sample. If we are going to
check the finished sample, we place it at point B in the middle of the mirror. Thus, we can obtain a

combustible mirror with a high ignition power (Figure 15) [5].

Figure 15 - Ignition mirror diagram

Conclusion. Let us now briefly consider the content of Farabi's mathematical treatises
contained in the above collection. We have already mentioned that Farabi in his famous
"Encyclopedia™ defined the subject and content of mathematical sciences, as well as other sciences.
Farabi focuses on each of the chapters of mathematics and defines the disciplines, the content, which
is not a small glove for the development of mathematics. His views on the seventh chapter of
mathematics, that is, on the science of manipulation, are especially important here. The ancient
Greeks as mechanics knew the project of this science. "Mechanics" means "cunning” in Greek.
However, Farabi expanded the content of this science and made it a special branch of mathematics.
In terms of content, this field is close to the mathematics (applied mathematics) used in modern
practice. The great scientist has a great place in the history of mathematical sciences and technology.
One of his great principles in science is the ability to apply mathematics to the study of natural

phenomena, to practice.
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The main purpose of the science of trickery is to make the possibility a reality. "The science of
manipulation is the study of how to find the methods and mechanisms that are necessary to apply
mathematical, principled, natural and perceptible bodies deliberately,” he said. According to Farabi,
the mathematical basis of architecture, geodesy, metrology, artisanship, various tools and other
practical areas lies in science [7].

The great scientist, in other words, says that the application of mathematics is innumerable, it
is only necessary to be able to find the source, the problem, that is, the trick. Modern science has fully

proved that this principle is correct.
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IJI-OAPABUIIH MATEMATHUKAJIBIK IYHUETAHBIMbI ’KOHE IOHI'EJIEK
JEHEJIEP TYPAJIbI 3BEPTTEYJIEPIHE HIOJIY
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“e-mail: lyako1990@gmail.com

Amngarna. ¥ CEIHBUTBII OTHIPFaH Makanagaa 90y Haceip On-®apadumin 1150 KeUabFbHA Opail MAaTeMaTHKAIBIK
3epTTeyJiepiHe IOy JKacasblll, COHBIH IIIiHJAE AOHreNeK AeHeNepre KaThICTHl 3epTTeyJiepiHe aca KeHLT OesiHreH.
Bepinren menOepaiH HEHTPIH aHBIKTAY, MIEHOEPTe KaJlai xKaHaMa KYpri3yre 0oazpl, CETMEHTTI TONBIK meHOepre qeiin
Kanail TOJNBIKTBIPY KEPeK JereH cypakrapra yibl oimbul on-®PapalOuiiH 3epTTeysiepiHeH Mblcajiap KeNTipimim,
cei30anapbl yebiHbUIFaH, On-Dapaduain eHOCKTepiHeH OacTay aiFaH Kasipri JAOHreNICK ACHENep Typalibl 3epTTeyiep
Teopemanapabl kepyre 0oiansl. MaTeMaTHKAIBIK TpakTaT eHOerinaeri LleHTpain OemikTepi, HIeHOEp IICHTPIH aHBIKTAY
TypaJibl, IIeHOepre )Kypri3iireH xaHaMma paJnycKa MeprneHJuKyIIsp xKanblHIa, TOFaHbl TeH YII OeiKKe 0oy 9/1ici KoHe
€Ki ecelleHTeH Oacka yiire HeMmece Iapra TEeH KaTbIHACTa ajbIHFAH YH HEMece LIap cally Typajlbl SJicTepiHiH chI30achl
KepceTiiin, TyciHnipinred. EBknmareH Oactay anraH JOHTENEK JICHENEp Typaibl 3epTreyiiepi MeH On-Dapaduain
3epTTeyNIepiMeH CalbICTHIPBUIBIN, MbIcaimap KenrtipinreH. Maxkanaga EBkmun ceizbamaper MeH Anb-Qapabu
ChI30ANapBIHBIH YKCACTHIKTAPhl ONICNCHII, epeKIIeNiKTepi aHBIKTHl KepceTimreH. On-PapabumiH MaTeMaTHKAIbIK
TpakTaThiHAH 15 CypeT aibIHBII, 9P ChI3BIFBIH aHBIKTHI €Till TyciHgipinreH. O cei30anapAblH HE YIIIH 3eppTer, Here
naiifiaganyra OONaThIHBIAA, TYPMBICTHIK OMipJie Maiaacel na alTeuiFaH. byn ceizdanapaan On-Dapabuniy aca oitib
FyJiama OOJIFaHBI Tarbl Oip ANIENACH .

Tyiiin ce3nep: On-Dapadu, 3eprrey, meHOep, LIEHTP, CHTMEHT, HYKTe, IOHIelIeK, I0Fa.
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MATEMATHYECKOE MUPOBO3PEHUE AJIb-®APABU U OB30P
WCJIEJIOBAHUM KPYTJIBIX TEJ

A. E. KYMAT AJIMEBA, JI.A. KOJKAXMETOBA"
3amanHo- Kazaxcranckuii yauBepcuteT uMeHn MaxamOeTta YTeMucoBa, Y palbCK,
Kazaxcran

“e-mail: lyako1990@gmail.com

AnHoTanus. B maHHOW cTaThe paccMaTpuBaeTCs MaTeMaTHdeckoe uccienoBanne A0y Hacupa anp-®apadu B
yecth 1150-1eTHs, ¢ 0COOBIM aKIIEHTOM Ha €ro HCCIeNOBaHMs KpYIibIX Teil. [IprBeneHs! mpuMepsl U3 UcCIeJOBAaHUN
BEJIMKOTO MbIcTHTENS anb-Papabu v 1aHbI AUAarpaMMbl, YTOOBI OTIPEAETUTD LIEHTP JAHHOTO KPyTa, KaK HapUCOBAaTh KPYyT
KOCBEHHO, KaK 3aIl0JIHATh OTPE30K J0 MOJIHOro Kpyra. MoXHO yBHIETh TEOPEMBI UCCIEIOBAHUSA COBPEMEHHBIX KPYTIIBIX
TeJ, HadaTele enle B Tpyaax Anb-®Papabu. Yactu Llentpa B Tpyne «Maremarudeckue TpakTaTbDy OIUCHIBAIOT LIEHTP
Kpyra, HepIeHIuKyIIAp K paanycy NepleHauKyisipa Kpyra, MeTo I IeJICHUS IyTH Ha TPU PaBHBIC YaCTH U CXEMy MeToa
pHCOBaHUS JIoMa WM CQepbl, MMOJYYEHHOH B JBYX PaBHBIX MPOINOPIHMAX, OTHOCHTEIBHO JIPYroro JoMa MM LIapa.
[IpuBeneHs! IpUMepHl B CpaBHEHUH € McCIeA0BaHUsIMH EBKina o KpyribIxX Tejax u ucciaeqoBaHusMu Anb-Dapadu. B
CTaThe JIOKa3bIBAIOTCS] CXOJCTBA U PAa3NHuMs pUCYHKOB EBkimaa u pucynkoB Anp-Papadbu. MatemaTndeckuil TpakTat
Anp-®apabu comepkut 15 wumocTpannii, Kakaas U3 KOTOPBIX HMEET YeTKOe OOBSCHEHHE. JTO OOBSCHSET, ITOYeMy
PHUCYHKH MOXHO M3y4aTh M UCIIOJIb30BATh B IOBCETHEBHOMN XKU3HU. DTU PUCYHKH €lIle pa3 JO0Ka3bIBaioT, 4To Anb-Papabdbu
OBbLT O4YEHb BIYMUYUBBIM yUCHBIM.

KoaioueBsie cioBa: Anp-Dapabu, ucieoBanue, Kpyr, UEHTP, OTPE30K, TOUKA, KPYT, Iyra.
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