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Introduction

Cartography is one of the most ancient sciences. During thousands of years of   its existence, due to the research work of many scientists, it acquired a number of schools. In the course of time each of them was considerably changed. Now it is high time to look for new advanced ways of cartography development which would be remarkable for their perfection, relative simplicity and availability.
So, what is cartography? Cartography is the science which deals with the representation and investigation of natural phenomena and society by means of geographical and other cartographical images. Starting from this definition we come to the conclusion that cartography is a complex science. Today cartography includes several disciplines; one of such will be dealt with in the present work.
Mathematical cartography is the discipline studying the theory of cartographic projections. Throughout the whole period of its development it annually replenished its "stores" with new methods of representing the earth's surface. However, despite such a great number of projections, the chief problem is still not solved. That is why the present project is dedicated to the solution of the given problem, that is to the invention of new projections with the as minimal distortions as possible.
The aim of the project is to create such a projection which would preserve meridian and parallel lengths in different sectors of the map and would give in total just insignificant distortions of lengths, areas and angles.

The problem of cartographic projections is a vital issue now as in the given case we have to deal with the distortions of the basic cartometric indices. As a consequence it is rather difficult to conduct measuring works with the help of a map. Projecting ellipsoid onto the plane is the process of systematic transition of the points from the ellipsoid surface onto the map by the agency of mathematical devices. For the most part projecting is carried out into practice by means of either geometrical figures or certain devices which give projections known as conventional ones. We believe that the most productive method is the one which is based on the convergence of the two mentioned above methods. That is why the construction of new projections was carried out on the basis of the mixed method. The advantages and disadvantages of the present method and new projections will be given in the summary account of the research part.

We are thankful to the working team of the Regional Scientific Innovation Center and to the students of Kokshetau State University named after Sh.Ualikhanov, Historical department for their help in the development of the scientific project. The present work is a part of a scientific series "Mathematical cartography" and is protected by the law on copyright and allied rights of the Republic of Kazakhstan.

Research part
Cylindrical-conical equal-space projection

 (variant №1; φ=45°).

Solid state modeling. While working with cartographic projections we see a great variety of their kinds and forms. Each kind of projections has its individual form which reflects the summation of distortion regularities. Generally, the arrangement of the isolines of distortions depends on the form of the projection, to be more exact, on its cartometric measures (lengths, angles, areas, forms of objects). Working with more straight lines is much easier than that with the curved lines, that's why it is the cylindrical projections that we offer to analyze. However, having analyzed a regular cylindrical equal-space projection, we see that though there are no meridian distortions, the distortions of the parallels are great, that is why they must be lessened by diminishing their lengths. So subsequently it was concluded that it is necessary to create a projection that would be a combination of cylindrical and conical projections. Why was the conical projection chosen for this purpose? The point is that in the conical projection poleward regions are depicted much more precisely than in the cylindrical one. That is why, having weighed all the opportunities of the regular cylindrical equal-space projection and the conical projection, it was decided to combine them for creating a new and more perfect projection. We started the construction of the projection with the general view. At first there was constructed such a figure that would give in section a regular octagon tangent to the full sphere in several points. Here one shouldn't neglect the shape accuracy; otherwise it can affect properties of the projection. Besides, the angle joining extreme vertexes of one of the cylinder generators with the center of the full sphere is 45°; the bases of the cylinder are as great as the bases of the truncated cones. Beyond that point, in the interior of the figure we can draw several planes which have their own qualitative characteristics. All these planes are divided into 4 groups; they are: 1.The equatorial plane - a plane limited by the line which is formed by intersecting the sphere and the cylinder body. This line is called equator. 2. The tropical plane - a plane coinciding with the bases of the cylinder and the lower base of the cones. The plane is limited by the line called tropic. 3. The plane of the temperate zones - a plane limited by the line which is formed by intersecting the sphere and the cone body. This line is called the 45th parallel. 4. The polar plane - a plane lying in the upper base of the cone and osculating with the sphere in the point called pole.

Expanding. When expanding the given projecting figure each constituent element should be taken separately. Consequently, the cylinder and two cones are expanded separately. We see that all the three figures have the same central meridian while all the rest have discontinuities. However, since initially the cylinder and the truncated cones have common bases in which there lies the tropical plane then, consequently, tropics "torn apart" after the expanding and situated both on the cylinder and the cone are absolutely equal to each other. That is why we can join together the corresponding tropics, thus making the conical parts of the projection equal. Since the cone has similar concentric parallels, then, consequently, after the equation of one parallel of the cone all the others will be equalized too and they will lie parallel to the cylinder parallels.

Cartographic grid generation. It is carried out in the following way: 1.Constructing the equator and the central meridian (their lengths are not changed). 2. Dividing the central meridian and the equator by the corresponding number of the parallels and meridians. 3. Making parallels to the equator (the length of each parallel is given below) 4. Drawing parallels in the intertropic zone. 5. Dividing the polar line, tropics and the 45th parallel by the corresponding number of the meridians and drawing them. The central meridian must only be 10° in the east longitude as just only in this case we can achieve relative completeness in the depiction of the territory of Russia and Alaska.

Calculation of the cartometric indices. Here belong the calculations of the lengths, areas, angles and forms. The calculations are made separately for each suggested variant of the cylindrical-conical projection.

The first proposed variant of the projection has a parallel of contingence coinciding with the 45th parallel. By analogy the given parallel mustn't have distortions but since solid state modeling did not take into account the peculiarities of the ellipsoid, the given parallel may have some insignificant distortions (n≤l). Here are given intermediate data and derived computation formulas:
1.  Formula aimed at calculating lengths by parallels : φ = Ψ — 2h ctg A, where φ is the length of the desired parallel, Ψ- the length of the tropic, h- the distance from the parallel to the tropic by the central meridian. (Tabl 1,3)
2.  Formula aimed at calculating lengths by meridians: λ= Λ sin B, where λ is the length of the desired meridian, Λ - the length of the central meridian. (Tabl 2,4)
3. Formula aimed at calculating areas: S=Λ( (Λ sin (β -α) /2sinα sinβ) +φ), where φ is the length of the minor parallel, Λ- the length of the central meridian, α,β - tilt angles of the extreme meridians. For the central trapeziums another formula is suitable:
S= Λ( (Λ sin (β +α) / 2sinα sinβ) +φ) (plan 1,2)
4.  The course of deriving a formula for calculating angle distortions: sin α/2 =m-n/ m+n /2/ , where m is the linear distortion coefficient    (meridians);    n - the linear distortion coefficient by parallels. Angle computation by sin α/2 is rather inconvenient, that is why for further calculations it is necessary to modify the given formula a little:
sin2 α/ 2 = (1 - cosα)/ 2 →  (1 - cosα)/ 2=(m-n)2/ (m+n)2 → 1 -cosa =2(m-n)2/ (m+n)2→ →cosa =1- 2(m-n)2/ (m+n)2 = m2 +2 mn +n2 - 2m2 +4 mn -2n2 / (m+n)2 =

= - m2 +6 mn -n2 / (m+n)2 = - (m2 -2 mn +n2 -4mn) / (m+n)2 = - (m - n)2 +4 mn / (m+n)2 =4mn - (m - n)2 / (m+n)2 (plan 3)

So, at this point we can stop speaking about the first variant. But it is necessary to mention once again the most important characteristics of the suggested projection.

The presented projection is a regular conical-cylindrical equal-space projection with one 'parallel of contingence' (φ=45°). The advantage of the given variant is its guaranteeing minimum of distortions (especially closer to the extreme meridians). Due to the ellipsoidal shape of the earth's sphere there was formed a whole zone relatively devoid of distortions with its center in the 50th latitude where the isolines of the least distortions are situated. Besides that, the central meridian is devoid of linear distortions; several zones and the equator are devoid of area and angle distortions. The given variant of the projection can be applied for making any map of the world and charts (except navigation charts).

Cylindrical-conical equal-space projection
(variant №2; φ=75°). 

The given variant differs in some respects from the previous one; they differ mainly in the solid state modeling, indices of the distortions, etc. The explanation of the given variant will be incomplete. We will rest mainly on the points of difference between the mentioned above variants, that is on the different indices. Calculation was done with the help of the same formulas. 


 Solid state modeling and expanding. The given variant is different, first of all, because of its having "secant parallels" (one of them should be given in the name of the projection). It is necessary to say that there may be other similar variants with various combinations of "secant parallels". The present variant is taken only due to the fact that one of its sectional parallels has a more effective position between the pole and the 45th parallel. It should be pointed out that the sectional parallels form planes of the temperate zones of the lower and upper levels. Their properties are similar to those of the plane of the temperate zones presented in the first variant. The territory between them is liable to distortions less than 1. In other points there are no changes: there also exist equatorial, tropical, polar planes whose properties have already been described. The construction and expanding are carried out according to the plan given above.

It should be noted that as the cylindrical zone in the second variant didn't undergo any changes, then correspondingly angle distortions in the given part didn't alter.
In conclusion it is necessary to rest on the peculiarities of the given variant. The second variant of the cylindrical-conical projection is different, first of all, because of its having "secant parallels". Studying the tables with the distortion indices we see that at the transition from the "tangent" parallel to the "secant parallel" there appeared a change in distortions; their number diminished in the region of the 45th parallel (1.06 times less) and at the polar line (almost twice as little). Almost the same we can observe examining the indices of the lengths and areas. As for the angle distortions, they changed quite in other way. While in the first variant there existed a whole "clean" zone with 4 "short sleeves", in the second variant the zone is divided into 2 separate ones with "longer sleeves".

Sectional view of the cylindrical-conical projection 

("the truncated variant")


The general view of the cylindrical-conical projection can be valid mainly in dealing with the maps of the world and, on the whole, it has quite insignificant variations of distortions. But generalizing this variant, that is modifying images by accentuating the central part, we can make it possible to get a more "trimmed" view - "the truncated variant" of the cylindrical-conical projection. If the general view of the projection encompasses the total representation of the earth surface, then the given, sectional view is a part of the earth surface that runs 180° of the longitude. For the given view all the suggested variants are suitable. All the indices can be found in the corresponding tables, only it should be borne in mind that it is necessary to take the space between 80°, west longitude and 100°, east longitude. Some minimum and maximum indices of the distortions are shown in table 5.


 The most positive thing in the given variant of the cylindrical-conical projection is the fact that in the process of new projection it is possible to gain even a more minimal degree of distortions, namely diminishing of the linear distortions of the meridians. Due to this there appears an opportunity of applying the given projection for making navigation charts even of the equal-space variant. However, the disadvantage of all cylindrical-conical projections is their abrupt transition on the map from cylinder to cone, which makes certain inconveniences for cartometric works.

Conclusions


Cartography is one of the sciences which accompanies humanity in the whole field of its history. In this connection it is necessary to note that the map, the main value of cartography, was a certain "guide" for the pioneers of history. Today the map gained another quality: it is a source for site investigations in chambered conditions. There appeared a corresponding direction - cartographic method of investigation. Nowadays map-makers from many countries aim at the main goal of cartography - a projection devoid of any distortions.

The singularity of cartography is that throughout all its history it had its ups and downs. In the 20th century there began the greatest rise in cartography as almost all developed countries set about studying it. In the latest quarter of the century there were founded new research studies institutes, many scientific investigations and discoveries were made. However the collapse of the USSR led to the destruction of the common system of the cartographic institutes, and the economic crises following it led to the destruction of the last ones. Thus, we can say for certain that in the CIS the scientific "epicenter" of cartography is still situated in Russia, where there a number of institutes of both cartography and geography. As for, for example, Ukraine, Belorussia, Kazakhstan - there are scarcely any of such institutes on their territories.

Cartography is not a constant guest of the man's knowledge. The lack of cartographical research institutes, obsolescence of the information sources, the lack of its advertising and propaganda among the population lead to the fall of its authority in the given country. An important factor of the separation of the population from the given science is the fact that the latter reflects the territorial differentiation of the things that are sometimes classified as top secret national objects. However, despite that, we should note that for cartography the beginning of the 21st century turned out to be more successful, which can be proved by the numerous international conferences both in the CIS countries and far abroad. The most remarkable fact is that in the lists of participants there are countries where cartography has never been studied properly. The given fact proves that in cartography there starts a new rise which will involve the whole world.

The aim of the present work, on the whole, is partly achieved. The suggested projections are not worse in their characteristics than any other modern analogues. Though they are not ideal, in any case, their invention will become a new step in studying cartography and in the expansion of its area of knowledge.
The given work is not the last one and soon I am going to carry out another project, whose realization is just a question of time.
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Equal-space projection № 1

Table 1. The indices of lengths and linear distortions ( parallels).

	φ
	h (km)
	The obtained results (km)
	Genuine results (km)
	Distortions

	0˚
	-
	40075,56
	40075,56
	1,00

	20˚
	-
	40075,56
	37673,64
	1,0638

	23,3˚
	-
	40075,56
	36817,05
	1,0885

	30˚
	739,085
	36481,42
	34735,68
	1,05

	40˚
	1848,52
	31086,28
	30742,2
	1,011

	50˚
	2959,857
	25681,89
	25810,92
	0,995

	60˚
	4073,102
	20268,23
	20088,36
	1,0009

	70˚
	5188,029
	14846,38
	13747,32
	1,08

	80˚
	6304,206
	9418,516
	6981,84
	1,349

	89˚
	7309,355
	4530,46
	701,64
	6,457


Table 2. The indices of lengths and linear distortions ( meridians)

	λ1
	λ2
	The result (km).
	Distortions.

	10˚ east longitude
	-
	7309,355
	1,00

	0˚
	20˚ east longitude
	7375,737
	1,0091

	10˚ west longitude
	30˚ east longitude
	7571,323
	1,0358

	30˚ west longitude
	50˚ east longitude
	8308,918
	1,1368

	40˚ west longitude
	60˚ east longitude
	8820,267
	1,2067

	60˚ west longitude
	80˚ east longitude
	10059,668
	1,3763

	70˚ west longitude
	90˚ east longitude
	10761,712
	1,4745

	90˚ west longitude
	110˚ east longitude
	12284,63
	1,6807

	100˚ west longitude
	120˚ east longitude
	13089,819
	1,7908

	120˚ west longitude
	140˚ east longitude 
	14766,374
	2,0202

	130˚ west longitude
	150˚ east longitude
	15638,329
	2,1395

	150˚ west longitude
	170˚ east longitude
	17403,226
	2,381

	160˚ west longitude
	180˚ east longitude
	18310,001
	2,505

	170˚ west longitude
	-
	19219,971
	2,6295


Plan 1.The indices of the angle distortions.
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Equal-space projection № 2

           Table 3 The indices  of lengths and linear distortions by the parallels

	φ
	h (km)
	The obtained results (km)
	Genuine results (km)
	Distortions

	0˚
	-
	40075,56
	40075,56
	1,00

	20˚
	-
	40075,56
	37673,64
	1,0638

	23,3˚
	-
	40075,56
	36817,05
	1,0885

	30˚
	739,085
	36259,07
	34735,68
	1,0439

	40˚
	1848,52
	30530,17
	30742,2
	0,9931

	50˚
	2959,857
	24791,45
	25810,92
	0,9605

	60˚
	4073,102
	19042,88
	20088,36
	0,9480

	70˚
	5188,029
	13285,62
	13747,32
	0,9664

	75˚
	5745,995
	10404,39
	10404,72
	1,00

	80˚
	6304,206
	7521,9
	6981,84
	1,0774

	89˚
	7309,355
	2331,51
	701,64
	3,323


Table 4. The indices of lengths and linear distortions of the part of the projection (meridians)

	λ1
	λ2
	The result (km).
	Distortions.

	10˚ east longitude
	-
	7309,355
	1,00

	0˚
	20˚ east longitude
	7383,933
	1,010

	10˚ west longitude
	30˚ east longitude
	7603,615
	1,040

	30˚ west longitude
	50˚ east longitude
	8425,77
	1,153

	40˚ west longitude
	60˚ east longitude
	8995,022
	1,231

	60˚ west longitude
	80˚ east longitude
	10357,595
	1,417

	70˚ west longitude
	90˚ east longitude
	11125,35
	1,522

	90˚ west longitude
	110˚ east longitude
	12780,827
	1,749

	100˚ west longitude
	120˚ east longitude
	13654,689
	1,868

	120˚ west longitude
	140˚ east longitude 
	15466,261
	2,116

	130˚ west longitude
	150˚ east longitude
	16399,72
	2,244

	150˚ west longitude
	170˚ east longitude
	18296,258
	2,503

	160˚ west longitude
	180˚ east longitude 
	19260,488
	2,635

	170˚ west longitude
	-
	20241,914
	2,769


Plan 2.The indices of the angle distortions in the conical part of the projection.
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Plan 3.The indices of the areas for the conical part of the projection  (square kilometers)
 ( Equal-space projection № 1;Equal-space projection № 2)
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Sectional view of the cylindrical-conical projection

(“the truncated variant”)

Table5.  The indices of the distortions.

	The name of the projection variant.
	m
	n
	p
	ω

	
	max
	min
	max
	min
	max
	min
	max
	min

	Equal-space variant №1.
	1,58
	1,0
	6,46
	0,995
	1,65
	0,998
	< 90˚
	0˚

	Equal-space variant №2
	1,64
	1,0
	3,32
	0,95
	1,14
	0,95
	65˚
	0˚
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