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INTRODUCTION
There are lots of fountains in every city, but not all of them attract our attention, because of that we have decided to find out why people like these or those fountains. What do the fountains exist for? How do they decorate our city? For all these questions we have decided to find out the answers. Also we are going to make a research about fountains’ harmony with other things and research fountains on a sign of the golden section.
We all want to relax after a busy day. If we open the water in the bathroom and are looking at it, it makes us feel relax. But if we are looking not only at the flowing water, but at ten moving streams in a special order it makes other good feelings. There are fountains in every district in the modern world. So that everyone can easily walk and admire this wonderful sight.  
In every fountain there is a special order of releasing of the water streams. Some of them may be lower than others, or higher, but this order has a big influence on our comprehension. Also buildings, sculptures and structure of fountains have some influence on the citizens. Therefore there is a big question how to organize and calculate it in a proper way.
In Novosibirsk there are lots of fountains, but the most famous are: in Pervomayskiy Skver, near the library GPNTB and near the theatre «Globe». We want to check, why they are so popular and we are going to compare their mathematical descriptions.
The purpose of our essay is:
to find out some mathematical descriptions of fountains, which influence on perception and to give some recommendations.

The main tasks of the research work are:

1) to study theoretical material about the golden section;
2) to define the most popular fountains in Novosibirsk by questioning different age groups;
3) to take picture of fountains in lively places;
4) to execute measuring and calculations in the pictures;
5) to compare the results with the golden section;
6) to count up the amount of elements, being in the golden section for every fountain;
7) to compare the results with opinion poll;
8) to build the own models of fountains.
Hypothesis of research: 

«Popularity» of fountains depends on the amount of elements, connected with the golden section.
Methods of research work:

Measuring, calculations, statistical analysis, planning of models, opinion poll.
CHAPTER 1. THE GOLDEN SECTION. 
THEORETICAL INFORMATION
Geometry owns two treasures: one of them is a theorem of Pythagoras;the other is a division of cutting-off on the average and extreme relation.
I.Kepler
What is «the golden section»? 
People can distinguish the surrounding objects by their forms. Some interest to the forms of objects can be dictated with a vital necessity, and can be caused with beauty of forms. The basis of construction is in a special combination of symmetry and the golden section. It encourages the best visual perception and appearance of feeling of beauty and harmony. The whole always consists of some parts, which are different in size and in certain attitude toward each other and to the whole.

The principle of the golden section is a higher display of structural and functional perfection of the whole and its parts in an art, science, technique and nature. 
During Renaissance age, some artists understood that any picture had certain points, which attracted our attention, so-called ‘visual centers’. In this case it is absolutely unimportant, what format a picture has - horizontal or vertical. There are only four points, and they are located in the distance 3/8 and 5/8 from the proper edges of plane.
That discovery of the artists got the name "the golden section" of pictures. It is necessary to combine this element with one of visual centers in order to attract our attention to the main element of the photograph.
A proportion in the mathematics (lat. proportio) is an equality of two relations: 
a : b=c : d. A golden section is a harmonic proportion.
The segment of line of AB can be divided into two parts by the followings methods:
· into two equal parts – AB : AC= AB : BC;
· into two unequal parts in any relation (such parts do not form any proportion);
Thus, when AB : AC=AB : BC. The last is a golden division or division of cutting-off in an extreme and middle relation.
 The golden section is a  such proportional division of cutting-off into unequal parts, when  the whole  segment is  to the biggest  part, as the biggest part is to the  smallest; or in other words,  the smallest segment is  to the biggest, as the biggest is  to everything: a: b= b: c  or 

c: b= b: a.

Picture 1.  The golden proportion of segments
The segments of the golden proportion are expressed with the endless irrational fraction   - 0,618..., if AB is accepted for the unit, BE = 0,382... For practical aims we often use approximate meanings 0,62 and 0,38. If to take the segment of AB for 100 parts, the biggest part is to 62, and the smallest is to 38 parts.
62/38 ≈ 1,63
Characteristic of the golden section can be described by the following equation:
x2 – x – 1 = 0.
The decision of this equation is:
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The second golden section

Bulgarian magazine “Homeland”
 published an article by Cvetana Cekova-Karandashal “About the second golden section” which follows from a basic section and gives the other relation 44:56. This proportion is found in architecture, and also takes place at the construction of compositions of images of the extended horizontal format.
The golden section in architecture

Reading books about “the golden section” is possible to find a remark that in architecture like in painting everything depends on position of an observer, and that, if some proportions in building from one side seem formative “the golden section”, from other points of view they look differently. “The golden section” gives the quiet correlation of sizes of different length. [1]
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Picture 2. Golden rectangle
CHAPTER 2. RESEARCH OF FOUNTAINS IN NOVOSIBIRSK 
To know which fountains are the most popular we decided to make opinion poll: children, adults, Goths and emo. According to our opinion poll (table 1) we found out  the most popular fountains. The most popular fountain is a fountain in the Pervomayskiy Skver, on the second place is a fountain near the Library GPNTB, and on the third place is a fountain near the theatre “Globe”. 
And the second question is “why”. Asking about it we’ve known that people love the fountain in the Pervomayskiy Skver more than others because alongside there are a lot of benches, cafes, shops, and metro. 
                                                                                                                Table 1.
	
	Fountain in the Pervomayskiy Skver
	Fountain near the Library GPNTB
	Fountain near the theatre  “Globe”

	Children
	8

(out of 19)
	6

(out of 19)
	5

(out of 19)

	Adults
	7

(out of 19)
	8

(out of 19)
	4

(out of 19)

	Goths
	7

(out of 15)
	6

(out of  15)
	2

(out of 15)

	Emo
	8

(out of 15)
	4

(out of 15)
	3

(out of 15)


Let’s look at the most popular fountain in the Pervomayskiy Skver. Using this example we want to show, how we made this research work and investigated a question about the golden section.
For the basic architectural elements of fountains we made the following research:
1. We drew segments from one edge of element to the other and made their measuring.
2. Then we divided this segment into two unequal parts (on the scopes of element of the least length)
3. We found attitude of the whole segment to the length of its biggest part (picture 3).
4. We compared our results with the golden section, for this purpose we used approximate meanings of «basic» (1,63) and «the second» (56/44 ? 1,27) golden sections.
5. Made a conclusion about connection some aesthetic qualities of fountains with the amount of these present elements, which bear a relation to «golden section».
[image: image2.jpg]



Picture 3.  The fountain in the Pervomaiskiy Skver
AB/CD =17,2/12,3=1,398374  (red lines).
GF/YZ =6,2/5,1=1,215686 (violet lines)

RV/NM =6,1/4,7=1,297872 (dark blue lines)

HP/OP =1,2/1=1,090909 (orange lines)

TS/QX =62/2,06=1,75 (green lines)

AB/KL =17,6/10=1,76 (red lines)
As visible, these results are near to the meaning of golden proportion, taking into account the error of measuring and chosen foreshortening of survey.

CHAPTER 3. THE COMPARATIVE ANALYSIS OF THE DATA OF INTERROGATION AND RESULTS OF CALCULATIONS
We checked several fountains for the sign of the golden section and found (calculations you can see in an appendix 2) that many elements in them are connected with the golden section (in every fountain), but we cannot say that we’ve found all of them, since the golden section can be in the water streams too, and also it depends on the point when we take pictures. Also our survey and measuring were made at that time of the year, when fountains do not work, and a landscape looks a little bit different in summer, when they are the popular places for rest. 
We counted that the fountain near the theatre “Globe” has 13 subjects of the golden section, the fountain in Pervomaiskiy Skver has 10 subjects of the golden section and the fountain near the State Public Scientific Technical Library has 7 subjects of the golden section.
But then our opinion poll and test on the golden section do not have some similarity with “the golden section”. According to our opinion poll the fountain near the theatre “Globe” is after the fountain near the library GPNTB, but after our test on the contrary. So what is the popularity of fountains in? To understand it, we decided to compare two fountains only: near the library and near the theatre “Globe”.
It turns out that the fountain near GPNTB harmoniously combines with a library and an underground. But near the theatre “Globe” there is a ball which almost completely blocks off this fountain and does not harmonize with alongside buildings.  It is possible to consider some aesthetic predilections for children, adults, Goths and emo. So a mathematical method and correlation analysis can help. It consists of the following.
It often happens between casual quantities X and Y and there is such a connection, for example, if one quantity changes the second changes too. In mathematical statistics there are some indexes, which estimating some force of such a connection. Coefficient of correlation is the most important in this connection. The coefficient of correlation characterizes not every dependence, but only linear. The problem of linear dependence of casual quantity is that if one casual quantity increases the other increases too or if one casual quantity decreases the other decreases too according to a linear law. [3]. If casual quantities X and Y are connected with exact linear dependence, that   Y= k*x+m, the coefficient of correlation of  Rxy is equal +1 or –1.
Rxy = +1, if k >0 and Rxy= -1, if k < 0.  If Rxy = 0, it testifies to absence of linear connection between casual quantities.
Algorithm of calculation of coefficient of correlation you can see in an appendix 3.
We checked the presence of linear connection between the results of opinion poll in different age groups. It is easy to find out through correlation, that children, and also representatives of informal youth associations, such as Goths and emo have the similar idea about beauty, it means that the coefficient of correlation between the results of these groups is near to 1 (0,98) . Goths and emo also have the coefficient of correlation is near to 1 (0,8). But adults have another idea about beauty the coefficient of correlation is about 0,6, it testifies to weak connection. 

CHAPTER 4. PLANNING OF FOUNTAINS 
Every project about fountains is a new view of the simple forms, fresh architectural ideas and non-standard engineering decisions using new technologies and materials.
Planning of fountains can be divided into two stages:
· The design of fountains
This part of research work is about how to build the original forms of fountains, geometries of bowl, determination of materials for their revetment in concordance with amount, configuration, saturation and dynamic of the water streams and illumination. Development of original forms of fountain is in electronic 3D, artistic realization, the existent interior or exterior.
· Architectural planning of fountains 

On this stage the engineering, electric and designer charts of device of fountain are developed. The analysis of the state of soils, speed of wind and the weather terms, is conducted with the local area, selection of materials for building, waterproofing bowl, hydro technical and electrical engineering calculations, methods of connecting: preparing some water, add some more water and sewage systems. It includes connecting knots, methods and materials for a main layer, calculations of load on foundation and connecting knots for fountain’ bowl. It includes development of design, build drafts, electric charts of closet of management and cable networks.
Using principle of the golden section, we decided to create the model of fountain independently. Not far away from our gymnasium we found something looks like a former pool (picture 4), it could be a fountain, but it obviously is an architectural decoration no more. We testified calculations, and checked for the golden section, and found out that in this «pool» there are elements, being in such relation.
                                                                                                    Picture 4
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HZ/UY = 12,5/10,5 =  1,19

QX/HZ= 16/12,5 = 1,28

UY/UE1 = 10,5/6 = 1,75

QX/UY = 16/10,5 = 1, 52

HZ/HL1 = 12,5/8 = 1, 56

QX/UE = 16/6 = 2, 6

MK/M1X= 3,5/2 = 1, 75

3,5= AB=CD=EF=LG=MK=PO

10,5=UY

12,5=HZ

16=QX
When we found the elements of golden section, I did a few models, reconstructions of this «pool», using principle of golden section (pictures 5, 6, 7, 8). We were limited with the external view fountains, taking into account only the external side.
Picture 5
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Picture 6                                     
[image: image5.jpg]



Picture 7
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Picture 8
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CONCLUSION
At the end of this research work we would like to generalize all information and find out the answers to the main tasks.

We made a conclusion about what influences on popularity of fountains: 
•
   Amount of elements, being in the golden section  
•    Surrounding landscape 
•    Interests of different age groups.
Thus, recommendations for building fountains could be, for example, it is better not to pile up a lot of elements, if they will overshadow the external buildings. It can destroy harmony. It is better through the golden section to build a fountain into a surrounding landscape or to build a «laconic» fountain with a few elements in a special place for children and teenagers.
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SUPPLEMENT

                                                 Appendix 1. Pictures of fountains
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Fountain near the Library GPNTB              Fountain in the Pervomayskiy Skver
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                                     Fountain near the theatre “Globe”
                                                   Appendix 2. Table of calculations
	
	Fountain near the Library GPNTB
	Fountain in the Pervomayskiy Skver
	Fountain near the theatre  “Globe”

	Children
	6

(out of 19)
	8

(out of 19)
	5

(out of 19)

	Adults
	8

(out of 19)
	7

(out of 19)
	4

(out of 19)

	Gots
	6

(out of  15)
	7

(out of 15)
	2

(out of 15)

	Emo
	4

(out of 15)
	8

(out of 15)
	3

(out of 15)

	Coefficient of  correlation

of popularity
	0,352941176         
	0,441176471
	0,20588235


Appendix 3. Calculation of coefficient of correlation
The disorder of a random quantity is estimated with dispersion. Dispersion is counted as the average sum of squares of differences between elements of units and average value. It characterizes disorder of elements of units around of average value.
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The size equals to a root from dispersion refers to standard deviation S. 
There are results of supervision above two random variables:


 Х1 Х2... Хn


 Y1 Y2... Yn
The selective factor of correlation is calculated with the formula:
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Where Xs, Ys – are the average values of random variables, Sx, Sy - are standard deviations.
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