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To the attention of: Yunitskiy Anatoly Eduardovitch.

Letter of transmittal of the Report NeO-905 dated May 22, 2013

“On market value assessment of exclusive intellectual property and know-how rights on the
“String-and-rail Transportation System of Engineer Yunitskiy”

Moscow May 22, 2013

In accordance with the Paid Services Agreement NeO-905 dated May 14, 2013, between Y unit-
skiy Anatoly Eduardovitch (hereinafter — the Customer) and HOLD-INVEST-AUDIT Consulting
Company CJSC (hereinafter — the Contractor), the Appraiser of the Contractor performed assess-
ment of market value of the object — exclusive intellectual property and know-how rights on the
“String-and-rail Transportation System of Engineer Y unitskiy”.

This letter of transmittal includes main information on the results of the performed assessment,
presented in the Assessment Report NeO-905 dated May 22, 2013. The information is shown be-
low:

Exclusive intellectual property and know-how rights on
Object the “ String-and-rail Transportation System of Engineer
Y unitskiy”
Assessed rights on the object Ownership
Type of estimated value Market value
Purpose of the assessment Estimation of market value of the object
Intended use of the assessment For following contribution to the authorized capital
Assessment date May 20, 2013
Report date May 22, 2013

Resulting from the performed investigation based on the available information and general and
specia assumptions as of the assessment date, May 20, 2013, the total market value of the as-
sessed object at the exchange rates acting on the assessment date amounted to™:

12,584,471,411,000 (Twelvetrillion five hundred eighty four billion four hundred seventy
one million four hundred eleven thousand) rubles,

400,867,433,000 (Four hundred billion eight hundred sixty seven million four hundred thirty
three thousand) US dollars,

! Per currency exchange rates of Central Bank of the Russian Federation as of the date of the assessment, value stated without
VAT and rounded to 1 thousand units of currency
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311,692,010,000 (T hree hundred eleven billion six hundred ninety two million ten thousand)

Euro;

263,122,633,000 (Two hundred sixty three billion one hundred twenty two million six hun-
dred thirty three thousand) UK pound sterling.

by countries of investment project implementation employing the assessed object:

Table 1. Market value of the assessed object by countries of investment project implementation employing the

assessed object
No. Country tra;?s;)%trrt];t)fion Market value, Market value, US Market value, Market valuq, UK
network, km rubles dollars Euro pound sterling
1 | China 130,000 1,635981,283430 | 52,112,766290 | 40,519,961,300 | 34,205,942,290
2 | India 95,000 1,195524,784,045 | 38,082,406,135 | 29,610,740,950 | 24,996,650,135
3 | Russia 70,000 880,912,998770 | 28,060,720,310 | 21,818,440,700 | 18,418,584,310
4 | TheUSA 50,000 629,223570550 | 20,043,371,650 | 15584,600500 | 13,156, 131,650
5 | Brasilia 40,000 503,378,856,440 | 16,034,697,320 | 12,467,680,400 | 10,524,905320
6 | Canada 30,000 377,534,142,330 | 12,026,022,990 9,350,760,300 7,893,678,990
7 | Ausralia 25,000 314,611,785275 | 10,021,685825 7,792,300,250 6,578,065,825
8 | Indonesia 25,000 314,611,785275 | 10,021,685825 7,792,300,250 6,578,065,825
9 | Mexico 15,000 188,767,071,165 6,013,011,495 4,675,380,150 3,946,830,495
10 | Pakistan 15,000 188,767,071,165 6,013,011,495 4,675,380,150 3,946,830,495
11 | Nigeria 15,000 188,767,071,165 6,013,011,495 4,675,380,150 3,946,830,495
12 Eceg}ogc?:;o Repub- 13,000 163,598,128,343 5,211,276,629 4,051,996,130 3,420,594,229
13 | Argentina 12,000 151,013,656,932 4,810,409,196 3,740,304,120 3,157,471,59%
14 | Iran 11,000 138,429,185,521 4,400,541,763 3,428,612,110 2,804,348,963
15 | Algeria 11,000 138,429,185,521 4,409,541,763 3,428,612,110 2,804,348,963
16 | Bangladesh 11,000 138,429,185,521 4,409,541,763 3,428,612,110 2,894,348,963
17 | Japan 10,000 125,844,714,110 4,008,674,330 3,116,920,100 2,631,226,330
18 | Kazakhstan 10,000 125,844,714,110 4,008,674,330 3,116,920,100 2,631,226,330
19 | Ethiopia 10,000 125,844,714,110 4,008,674,330 3,116,920,100 2,631,226,330
20 | Saudi Arabia 9,000 113,260,242,699 3,607,806,897 2,805,228,090 2,368,103,697
21 | Egypt 9,000 113,260,242,699 3,607,806,897 2,805,228,090 2,368,103,697
22 | Sudan 8,000 100,675,771,283 3,206,939,464 2,493,536,080 2,104,981,064
23 Sggltihc African - Re- 8,000 100,675,771,283 3,206,939,464 2,493,536,080 2,104,981,064
24 | Turkey 8,000 100,675,771,283 3,206,939,464 2,493,536,080 2,104,981,064
25 | Vietnam 7,000 88,091,299,877 2,806,072 031 2,181,844,070 1,841,858 431
26 | Philippines 7,000 88,091,299,877 2,806,072 031 2,181,844,070 1,841,858 431
27 | Peru 7,000 88,091,299,877 2,806,072,031 2,181,844,070 1,841,858,431
28 | Tanzania 7,000 88,091,299,877 2,806,072,031 2,181,844,070 1,841,858 431
29 | Columbia 7,000 88,091,299,877 2,806,072,031 2,181,844,070 1,841,858,431
30 | Germany 6,000 75,506,828,466 2,405,204,598 1,870,152,060 1,578,735,798
31 | France 6,000 75,506,828,466 2,405,204,598 1,870,152,060 1,578,735,798
32 | Thailand 6,000 75,506,828,466 2,405,204,598 1,870,152,060 1,578,735,798
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No. Country tra;?s;)%trrt];t):on Market value, Market value, US Market value, Market valuq, UK
network, km rubles dollars Euro pound sterling
33 | Libya 6,000 75,506,828,466 2,405,204,598 1,870,152,060 1,578,735,798
34 | Mongolia 6,000 75,506,828,466 2,405,204,598 1,870,152,060 1,578,735,798
35 | Chad 6,000 75,506,828,466 2,405,204,598 1,870,152,060 1,578,735,798
36 | Angola 6,000 75,506,828,466 2,405,204,598 1,870,152,060 1,578,735,798
37 | Myanmar 6,000 75,506,828,466 2,405,204,598 1,870,152,060 1,578,735,798
38 | Italy 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
39 | Ukraine 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
40 | Great Britain 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
41 | Kenya 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
42 | Niger 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
43 | Venezuela 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
44 | Afghanistan 5,000 62,922,357,055 2,004,337,165 1,558,460050 1,315,613165
45 | Spain 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
46 | Mali 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
47 | Republic of Korea 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052490,532
48 | Bolivia 4,000 50,337,885,644 1,603,469,732 1,246,768040 1,052,490,532
49 | Mauritania 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
50 | Mozambique 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
51 | Chile 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
52 | Madagascar 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
53 | Yemen 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
54 | Uzbekistan 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
55 | Morocco 4,000 50,337,885,644 1603,469,732 1,246,768,040 1,052,490,532
56 | Irag 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
57 | Poland 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
58 | Mdaysia 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
59 | Namibia 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
60 | South Sudan 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
61 | Cameroon 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
62 | Zambia 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
63 | Uganda 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
64 | Nepa 2,600 32,719,625,669 1,042,255,326 810,399,226 684,118,846
65 | Ghana 2,500 31,461,178,528 1,002,168,583 779,230,025 657,806,583
66 | Cote d'lvoire 2,500 31,461,178,528 1,002,168,583 779,230,025 657,806,583
67 | DPRK 2,200 27,685,837,104 881,908,353 685,722,422 578,869,793
68 | Romania 2,200 27,685,837,104 881,908,353 685,722,422 578,869,793
69 | Zimbabwe 2,200 27,685,837,104 881,908,353 685,722,422 578,869,793
70 | Burkina-Faso 2,200 27,685,837,104 881,908,353 685,722422 578,869,793
71 | Syria 2,100 26,427,389,963 841,821,609 654,553,221 552,557,529
72 | Somdli 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
73 | CAR 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
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No. Country tra;?s;)%trrt];t):on Market value, Market value, US Market value, Market valuq, UK
network, km rubles dollars Euro pound sterling
74 | Botswana 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
75 | Turkmenistan 2,000 25,168,942822 801,734,866 623,384,020 526,245,266
76 | Ecuador 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
77 | Papua-New Guinea 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
78 | Sweden 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
79 ggﬁ’]‘;”“c of the 1,900 23,910,495,681 761,648,123 592,214,819 499,933,003
80 | Paraguay 1,800 22,652,048,540 721,561,379 561,045,618 473,620,739
81 (F{Te;‘\j\f’gnc) of  China 1,800 22,652,048,540 721,561,379 561,045,618 473,620,739
82 | i Lanka 1,700 21,393,601,399 681,474,636 529876,417 447,308,476
83 | Finland 1,600 20,135,154,258 641,387,893 498,707,216 420,996,213
84 | Guinea 1,600 20,135,154,258 641,387,893 498,707,216 420,996,213
85 | Senegal 1,600 20,135,154,258 641,387,893 498,707,216 420,996213
86 | Cambodia 1,600 20,135,154,258 641,387,893 498,707,216 420,996,213
87 | Malawi 1,600 20,135,154,258 641387,893 498,707,216 420,996,213
88 | the Netherlands 1,400 17,618,259,975 561,214,406 436,368,814 368,371,686
89 | Belarus 1,400 17,618,259,975 561,214,406 436,368,814 368,371,686
90 | Tunis 1,400 17,618,259,975 561,214,406 436,368,814 368,371,686
91 | Norway 1,400 17,618,259,975 561,214,406 436,368,814 368,371,686
92 | Oman 1,200 15,101,365,693 481,040,920 374,030,412 315,747,160
93 | New Zedand 1,200 15,101,365,693 481,040,920 374,030,412 315,747,160
94 | Laos 1,200 15,101,365,693 481,040,920 374,030,412 315,747,160
95 | Greece 1,200 15,101,365,693 481,040,920 374,030,412 315,747,160
96 | Portugal 1,100 13,842,918,552 440,954,176 342,861,211 289,434,896
97 | Benin 1,100 13,842,918,552 440,954,176 342861,211 289,434,896
98 | Cuba 1,100 13,842,918,552 440,954,176 342,861,211 289,434,896
99 | Kyrgyzstan 1,100 13,842,918,552 440,954,176 342,861,211 289,434,896
100 | Azerbaijan 1,000 12,584,471,411 400,867,433 311,692,010 263,122,633
101 | Gabon 1,000 12,584,471,411 400,867,433 311,692,010 263,122,633
102 | Tajikistan 1,000 12,584,471,411 400,867,433 311,692,010 263,122,633
Other countries,
103 | overseas dominions 104,500 1,315,077,262,450 | 41,890,646,749 | 32,571,815,045 27,496,315,149
and territories
Best regards,

Director General

HOLD-INVEST-AUDIT Consulting Company CJSC

.*  Hold ¢ Invest *Audit Consulting Company LLC

/1. N. Drozdov/
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2 DESCRIPTION OF THE ASSESSMENT OBJECT

The Appraiser performed neither legal examination of ownership rights for the assessed object nor
technical examination of the documents on the assessed object provided by the Customer. De-
scription of main characteristics of the assessed object is compiled on the basis of summarizing of
data and documents, provided by the Customer (they are listed in section “Addendum 3. Copies of
documents provided by the Customer” of this Report).

2.1 Information on ownership rights and encumbrances of the assessed ob-
ject

Table 2-1 Infor mation on ownership rights and encumbrances

Characteristic Value

Exclusive intellectual property and know-how rights on the “ String-and-rail

Assessment object Transportation System of Engineer Y unitskiy”

Type of assessed right Ownership

Citizen of the Russian Federation Y unitskiy Anatoly Eduardovitch
Date of birth: April 16, 1949

Passport , issued by M oscow,
Object of law (department code ______ )

Registered address: Moscow,

INN 772577968329 dated February 10, 2006

Existing limitations and encumbrances of right Not found/not registered

Original/depreciated balance cost of the assessed | The assessed object is owned by a physical person, this concept is not appli-
object cable

Source of information: Paid Services Agreement No. 0-905 dated May 14, 2013

2.2 The essence of the assessed object

The assessed object is the exclusive intellectua property and know-how rights on the “ String-and-
rail Transportation System of Engineer Y unitskiy”.

The assessed object is a complex object embodying the results of 35 years of intellectua, scien-
tific and experimental activities of engineer Yunitskiy, certified by 99 industria patents, a variety
of research papers (over 100) and monographs (18), popular scientific articles (over 200), techni-
cal, technologica, design and engineering know-hows (over 100) and other results of intellectual
activity of the author and the owner of thisintellectua property.

Legally the assessed object isintellectua rights in the results of intellectua activity and methods
of individuaization equated to them (results of intellectua activity and methods of individuaiza
tion) including exclusive rights which is an ownership right.

Based on Civil Code of the Russian Federation the String-and-rail Transportation System of engi-
neer Yunitskiy is, initsturn, classified as a “structure” in the category of immovable property.

Article 130. The Movables and the |mmovables

1. To the immovables (the immovable property, realty) shall be referred land plots, land plots with mineral de-
posits, and everything else, which is closely connected with the land, i.e., such objects that cannot be moved with-
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out causing an over-proportionate damage to their purpose, including buildings, structures, and assets in construc-
tion.

(in rev. of Federal Laws dated December 30, 2004 No. 213-FZ, dated June 03, 2006 No 73-FZ, dated December 04,
2006 No. 201-FZ)

art. 130, “ Civil Code of the Russian Federation (part one)” dated November 30, 1994 No. 51-FZ (rev. of February
11, 2013) {KonsultantPlus}.

Source of information: information provided by the Customer, Civil Code of the Russian Federation (part one) dated December
18, 2006 No. 230-FZ.

2.3 Background of creation of the assessed object

The 21 century will be the century of resource saving — energy, raw materials, mineras, space,
etc. This has direct relation to transportation and infrastructura projects.

As an example the authorities of China set a course to construction of high-speed railways. Their
track panels are set on gravel cushion over earth embankment, since overhung railways, especialy
high-speed types, are extremely expensive. Specifically, China built the world's longest high-
speed railway “Beijing — Shanghai”.

However there are private expert reports dated twenty years earlier in which foreign experts make
the following forecasts. If China builds a network of traditional European type high-speed rail-
ways their numerous embankments will impair river heads, movement of surface and ground wa-
ters, animal migration paths, etc. This will effectively obliterate agriculture of the country and
may result in mass starvation comparable in its severity to starvation during the Cultura Revolu-
tion when steel casting furnaces were constructed in every village, and when over 10 million peo-
ple died of hunger.

The same adverse effects may be created by a network of conventional high-speed railroads con-
structed on any territory, if the rails will pass on embankments. As an example, in 1990s a decree
of the President of the Russian Federation banned the construction of the “Moscow — Saint-
Petersburg” high-speed railway owing to ecologists, since according to the estimations of envi-
ronmentalist environmental damage to the country in the result of the project would be commen-
surable with the aftermath of the Chernobyl Power Plant breakdown.

The most valuable mineral-biological resource is fertile soil which enables growth of the “green
lungs’ of the planet and cultivation of maor portion of our food. The soil’s humus devel oped by
the living nature for millions of years should have other use than be covered with earth embank-
ment with sand-and-gravel cushion and railway track panels.

The planet’s main transportation communications of the 20 century, rail and motor ways on em-
bankments, by now have destroyed soil by burying it under railway crossties and road pavement
on aterritory exceeding the total area’ of such countries as Germany, Great Britain and Portugal.

Nothing growth on this soil, it is dead. On a still greater territory, larger by one to two orders of
magnitude movement of ground and surface waters is impaired, since any embankment is a low

4 About 100 min. hectares of the planet’s land are appropriated for transportation lines, mainly for rail and motor ways. This land
does not breathe; no plants grow there to produce oxygen necessary for breathing of humans and animals. It produces no oxygen
also used for combustion (consumed by billions of tons every year) both in internal combustion engines of transport moving along
the roads (locomotives, cars, buses, etc.), and in remote thermal electric power stations in case of electrified transport. Territory
still larger by several orders of magnitude was degraded by moving hundreds of billions tons of earth, sometimes transported via
dirt roads to construction sites for tens of kilometers. Soils immediately adjacent to roadways are constantly, for decades, pol-
luted by carcinogens and mutagenous products of use of these transportation lines: motor vehicles exhaust products, products of

tire and pavement wear, deicing salts, transportation wastes, etc.
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dam®. This leads to bogging of huge territories and desertification of other similarly vast territo-
ries resulting in irreversible destruction of existing natural ecosystems and biogeocenoses, de-
struction of certain habitats of rare flora and fauna. In agricultura areas this often leads to degra-
dation of productive soils.

According to McKinsey Global Institute (MGl), one of the world’s most esteemed expertise or-
ganizations, the world enters an era of expensive resources. The 3-billion growth of the middle
class by 2030 will boost the demand for resources drastically, while development of new sources
of energy, water and food is difficult and very costly (see: http://www. mckinsey.com/mgi).

A report by MGI states that in 20 century the population of the planet grew four times over, and
GDP — by 20 times resulting in 2.000% growth of demand in natural resources, whereas commod-
ity exchange prices dropped by half. However this price drop was set back during the last decade,
as the authors stress. In their opinion the low-price erais in the past. According to a forecast of
MGI from 2010 till 2030 the world’s middle class (that is, those capable of spending $50-100
daily, with regard to purchasing power parity) will grow by 3 billion from todays 1.8 billion. The
demand will surge just at the time when development of new resource sources is difficult, and we
fill face the “resource revolution”.

According to MGI, lack or price growth of one of the resources may spread into the others. For
example, climate warming may call for more water for irrigation, thus reducing volume of elec-
tricity generated by hydroelectric power plants. And the rise of the World ocean due to the climate
warming will cause flooding of large territories and damage of agriculture and infrastructure, in-
cluding land-based (i.e. “first level™) transportation.

The authors note that efforts to meet the growing demand by proportionate growth of production
will require up to $3 trillion of additional investments annualy, which is at least $1 trillion more
than the world invested in the accounted past, and will bear serious risks. Drinking water con-
sumption by 2030 will increase by 30% and its deficit in arid countries will aggravate. Half of
new copper deposits are located in countries with high political risks, and over 80% of unused ar-
able lands are situated in countries with underdeveloped infrastructure or severe political prob-
lems. It should be noted that increase of investment will be necessary just in the time when money
will be difficult to earn and expensive, experts estimate additional costs of money attraction as
$400 — 500 billion per year.

Should the production not just be expanded but its effectiveness aso enhanced, up to $3 trillion
(in current prices) may be saved. If subsidies and other preferences of the energy sector, transpor-
tation, agriculture, are removed the total saving will amount to about $4 trillion per year.

® The high-speed railways require that not only embankment earth but also underlying ground (totaling over 10,000 m3/km) be
compacted by about 10%, otherwise safety of movement will be undermined due to low stiffness of the base. This turns earth
embankment of such roadways into a low dam which impairs movement of ground and surface waters, including flood waters.
This, in turn, leads to bogging of large areas on one side of the embankment and desertification of areas as large on the other
side. Besides such roadways require, at least for safety reasons, double-sided fencing since an elk, a cow, or a wild boar standing
on the roadway may result in crash and derailment of a high-speed train. Thus the embankment complemented with the high-
speed railway fence makes an impassable obstacle for wild animal migration across railway and similarly for travel of domestic
animals, humans and agricultural machines. Sometimes it results in destruction of habitats of rare plants and animals. Further-
more the numerous traffic accidents and disasters are very much due to the fact that motor and railways pass on the ground
level, i.e. on the “first level”, just where all the nature, including humans, is situated. Yearly more than a million people and a bil-
lion animals (especially small ones) die on the roads of the planet, every year over 10 million people are disabled. The accident
rate grows over years and in 100 next years this will result in loss of life for over 100 million people and more than 1 billion will be
disabled. (For comparison: accident rate in aviation which operates high above the ground level is about thousand times lower
annually, much less than one thousand people die in air disasters).
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However one can hardly rely on the increase of effectiveness of resource use alone. Though it will
allow saving 20 QBTU (Quadrillion British Therma Units), it will not abate the demand of addi-
tional 400 QBTU due to ail, gas and coa reserves depletion. Enhancement of effectiveness will
require additional capital investments estimated by McKinsey at amost $1 trillion per year.

The main consumer of the maority of resources today is the world’s transport and infrastructure
complex (motor and railways with motor transport, trains and infrastructure; aviation and its air-
crafts, airports, and infrastructure; sea transport with vessels, ports, infrastructure, etc.).

That is why the world's future overpass-based transportation and infrastructure railway complex
(since embankment-based roadways should, considering the aforesaid, be prohibited by law as
extremely dangerous to the nature and people), must satisfy the following mutually exclusive cri-
teria:

a  Construction resource demand must be cut by an order of magnitude as compared to rail-
ways and motorways, with consideration not only to conventiona mineral resources — steel,
reinforced concrete, but also to other no less important resources — ground safety exclusion
areas, volume of excluded arable soil, of used earth, construction sand, gravel, and besides
that — the fuel burned not just by the engines of construction machines during construction
works, but aso considering its previous consumption for extraction of minera resources,
their transportation and processing into structural materials and structures for both the road-
way and infrastructure transportation objects, etc.;

b.  Thecost of the complex must be much less than the cost of the known overhung transporta-
tion systems — monorail, transportation systems with magnetic suspension of carriages,
standard high-speed railway trestles, bridges, overpasses, and trestles of the conventiona
railway;

c.  Theralway transportation complex including its infrastructure shall be located only on the
“second level” with minimal land exclusion and minimal intrusion into the natural environ-
ments.

In this case the resources — mineral, energy, and other, including financia resources, will be
enough for the humankind not only to re-equip/converse to other standards of development of a
conceptually new “second level” communications, but also to operate this network for the follow-
ing centuries.

Railways shdl over time be deployed over the ground surface on lightweight laced supports, and
the land occupied by today’s roadways shall be re-cultivated and returned to the land user. The
road structure of the “second level” shall also comprise communication lines and power lines, and
its support and structure shall integrate sun and wind electric plants. This will alow developing a
conceptualy new network, not as much transportational as communicationa for transporting pas-
sengers and freights, and besides — electrica energy and electronic information.

Railways located at the “second level” will bring double economy.

Firstly, the freight routes of the “second level” will provide access to presently unavailable min-
eral resources, located for example in mountains, tundra, a the Arctic Ocean shelf, deep in vast
deserts, deep within a continent, for example in Australia, etc. These mineral resources will allow
the world’'s economy to continue to develop dynamicaly, but to develop within the logic of
maximum saving of resources, and not in the unlimited growth of consumption, as it was before.

Secondly, the high-speed freight-and-passenger roadways of the “second level” will alow devel-
oping a distributed worldwide network of ecologically safe transportation communications, inte-
grated with information and energy communications, cheaper and with less expense of mineral
and energy resources.
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Upon that within the 21% century practically al of transportation of the planet shall pass to the
“second level”, leaving the “first level” to the nature and people. This will alow increasing com-
municativeness of the Earth’s civilization, according to UNO the demand of the people to travel
shall multiply 3 to 5 times within the next 50 years, with considerable increase in speed and dis-
tance of these travels.

The basis of the proposed railway infrastructure complex is an improved railway trestle — a trans-
portation system of the “second level” with pre-strained string-and-rail track structure. It uses
conventiona railway rails, on which traditiona freight, passenger and high-speed trains may
travel.

Tota length of the world's railway network reached its peak in mid-20 century — 1.3 min. km.
Presently the length of this network totals 1.1 min. km. and starts to expand again due to construc-
tion of high-speed railways. The three countries with the longest railroad networks (including ser-
vice and special freight railroads): the USA — 230 thous. km, Russia— 149 thous. km, China— 119
thous. Km.

Like in the 20 century railway has passed from steam locomotion to diesel and electric locomo-
tion, in the 21% century it shall, due to the above reasons, pass from ground level placement onto
the “second level” —the trestle.

Newly constructed roadways, al of which will be high-speed roadways, shall initialy be per-
formed on the “second level”, but this does not happen because of one reason — it is very expen-
sive. Under current conditions railway trestle with infrastructure costs minimum $100 min./km, or
for networks with length of 1 min. km — $100 trillion, which will amount 150% of the present
world's GDP. Also, this construction will require enormous, even limitless quantity of construc-
tion and structura and structural materials — about 100 thousand tons of steel and reinforced con-
crete for one 1 km of length of atwo-track road, or for a1 min. km. network — 100 billion tons,
which will be beyond the capabilities of the world’s industry not only due to resource, but also to
economic and ecologica reasons.

If the cost of atrestle, most of all ahigh-speed one, could be reduced by at least 5 times, than such
construction would be in the humanity’s capacity, since it would cost $20 trillion, which would
amount to no less than 30% of the world’s GDP.

In the end of the 19" century (1880 — 1890) the rate of construction of railroads reached its his-
torical peak of 20 thousand kilometers per year (for comparison: construction of hard-paved mo-
tor ways, aso very costly in resources and costs, reached its historical peak of 200 thous.km/year
in the 20 century).

Instead of construction of new high-speed railways a conservative course of the railway complex
development is possible — by investments in reconstruction of the existing road network with the
am of increasing average train travel speed. Reinforcement of the existing upper section of rail-
way may provide conditions for train travel a speeds of 140 to 200 km/h. This practice is widely
used in France, Germany, Chinaand Russia

For instance, in 2007 JSCo “RZD” (Russian Railroads) repaired 12 thous. km. of railway tracks,
spending 73.5 bIn. rub. In the case cost of repair of 1 km. of the raillway amounted to 6.125 min.
rub. The repair works alowed to increase average speed of passenger trains by 0,8 km/h — from
88.3 km/h to 89,1 km/h (http://www.kommersant.ru/doc/831539/print).

In order to increase speed on RZD railroads at least up to the speeds supported by the “Sapsan”
trains purchased in Germany (250 km/h), the reconstruction will need investment of 1.23 bin.
rub./km, or $40 min./km. And increase of the speed to 450 km/h RZD will require over 400 years,
in this case reconstruction expenses for every kilometer of the existing railways will exceed $100
min.
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That is why construction of an innovative transportation infrastructure on the “second level,”
based on string-and-rail technologies of engineer Yunitskiy, will be more advisable and rational,
since it will be cheaper by an order of magnitude and faster by an order of magnitude.

High-speed roadways are quite competitive with aviation. Furthermore, air lines need to be un-
burdened. High-speed roadways will allow reducing air traffic of metropolises airports thus
opening additiona possibilities for internationa air traffic.

Any high-speed road is an object of advanced technology. Not only maintenance and auxiliary
services need to be integrated into it, it is also necessary to develop infrastructure, develop new
cities, launch new energy facilities and other objects. This will mean millions of workplaces
which will be an asset in today’s time of crisis. Furthermore, a network of cost-effective high-
speed roads will boost economic and socia development of regions, including the depressed ones.
The concept of “remote regions’ will change drastically. Their residents will be able to travel 300
— 400 km to work.

When one speaks of high-speed roads, we think of the economics first: when will the spent money
return and when the money will give profit. The string-and-rail trestle is the only self-repaying
type of high-speed roadways both due to low capital investments for construction and to low op-
eration costs and a longer service life. Yet projects of high social importance must not be judged
from the viewpoint of immediate benefit. There are different benefits. The main significance of
the high-speed roads is political, since a country with such roads is an unambiguous developed
country. Their socia significance is no less important, since they elevate the level of development
of human capital.

Sour ce of information: Information provided by the Customer

2.4 Quantitative and qualitative characteristics of the assessed object

String-and-rail transportation system design of engineer Yunitskiy is a transportation system of
the “second level” with pre-strained string-and-rail track structure. It uses conventional railway
rails, on which traditional freight, passenger and high-speed trains may travel.

The string-and-rail transport system of engineer Yunitskiy, located over the ground level on the
“second level” has low material intensity and consequently low demand for mineral resources for
its construction: steel and steel structures, nonferrous metals, reinforced concrete, concrete, ce-
ment, steel reinforcement, gravel, sand, earth, etc.®

The above said applies equaly to the type of string-and-rail roads that uses conventional railway
rails as the track structure for travel of both low- and high-speed conventiona railway rolling
stock.

Furthermore, due to continuous design of string-and-rail way (it has no deformation seams or
seams of other types on its whole length thanks to being welded into one string, including railway
rail), the bearing capacity of the carrying supports is increased by an order of magnitude. And
since these structures constitute the major part of a “second level” road (for one anchor support
there are 100 intermediate supports) material intensity and cost of the supportsiis halved’.

°AE Yunitskiy Optimization of surface transportation system. International magazine “Problems of Mechanical Engineering and
Automation” — M.: IMASH, MosgorCNTI, 2005, No. 4, pp.. 45 — 50.

"AE Yunitskiy String transportation systems: on Earth and in space. — Gomel: Infotribo, 1995. — 337 p.: gr.; A. E. Yunitskiy Trans-
port System Yunitskiy (TSU) in questions and answers. 100 questions — 100 answers / Monograph. Eighth edition, revised and
enlarged, — Moscow, May 25“’, 2012-80p.: gr.
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For a string-and-rail railway type trestle it is most advisable to use atrack structure, protected by
industrial patents® — they provide for the track structure in the form of a spatial structure, in par-
ticular, in the form of astring trestle without the use of conventional crossties and gravel-and-sand
cushion. This track structure, while having a low material intensity (steel intensity), will provide
nevertheless a high static and dynamic evenness and stiffness of the trestle structures under the
effect of the assumed mobile load of railway trains.

In order to ensure comfortable travel of high-speed means vehicles, including high-speed trains,
unevenness of the way, with regard to deformability of the trestle must be very low: no more than
8 mm for a 30 m span for the speed of 100 m/sec (360 km/h), or in relative values — no more than
1/3.750; no more than 9 mm for the speed of 125 m/sec (450 km/h) for a 40 m span, or in relative
values — no more than 1/4.440.

Characteristics of the proposed high-speed pre-strained string-and-rail trestle (SRT) for travel of
high-speed trains on conventiona (serialy produced) railway rails:

- span length — 40 m;

- intermediary supports (a separate support for each way): vertical load on the support — up to 400
tons, that is 10 times less than in a competitive conventiona high-speed trestle. Support founda-
tion — two injection piles with diameter of 60 cm and length of up to 18 m. Weight of the support
including the weight of the foundation — up to 80 tons,

- one massive anchor supports placed, depending on the relief, every 3 — 5 km. Weight of this
support (made mainly of reinforced concrete) — up to 2,000 tons, or up to 500 t/km;

- two-way span structure: string trusses with height of 3 m, housing in their booms strings (tension
reinforcement), pre-strained to total load of up to 1,200 tons. On the upper booms of the trusses
standard rails for high-speed travel are located, on which wheel-sets of trains travel. Empty spaces
between strings and walls of rectangular steel tubes of booms of the trusses are filled with special
concrete. Material demand for 1 kilometer of stretch of atwo-way truss-and-string rail track struc-
ture (without rails) is: steel — up to 1,250 tons, including finished steel (rectangular tubes) — up to
1,150 tons, strings (high-tensile steel wire) — up to 100 tons; concrete — up to 2,200 tons (ap-
proximately up to 0,9 m*/m).

Accordingly, one kilometer of length of the proposed high-speed railway SRT will require, in-
cluding supports, up to 6,000 thousand tons of structural materias — steel and reinforced concrete,
including up to 1,500 t/km of steel. The weight of 4 R65 rails must be added to this — 260 t/km.

The string-and-rail trestles designed by engineer Yunitskiy encompass tens of structural, techno-
logical and other know-hows, alowing materia intensity and cost of the “second level” railroads.

The know-hows may not be published since their value and the vaue of the business developed
on their basis will in this case be nullified. However it is possible and quite reasonabl e to describe
their essence without divulging the know-hows themselves. It should be noted that these know-
hows are in their engineering substance are quite simple solutions. As they work jointly they cre-
ate a synergy effect. The know-hows may be grouped in separate systems.

84 E Yunitskiy Transport System Yunitskiy (variants) and method of construction of the transportation system. Eurasian patent
No. 006359, cl. B 61 B 3/00, 2004.; A. E. Yunitskiy Transport System Yunitskiy (variants) and method of construction of the trans-
portation system. Eurasian patent No. 006112, cl. B 61 B 3/00, 2004.; A. E. Yunitskiy Transport System Yunitskiy (variants) and
method of construction of the transportation system. Eurasian patent No. 004917, cl. E 01 B 25/00, 2002.; A. E. Yunitskiy Trans-
port System Yunitskiy (variants) and the method of construction of the transportation system. Patent of the Russian Federation
No. 2224064, cl. E 01 B 26/00, 2002.; A. E. Yunitskiy Transport System Yunitskiy (variants) and the method of construction of the
transportation system. Patent of the Russian Federation No. 22202489, cl. E 01 B 26/00, 2002.
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First, one of the reasons of the high materia intensity of conventiona railroad trestles is that they
consist of separate beams, separated lengthwise by expansion (temperature) seams. There is no
other way to construct these trestles due to the large cross-section of the span structures. Under
temperature variations this would create extreme longitudinal temperature strains which would be
unbearable by the structure of the trestle. For example if the high-speed railway trestle described
above, similar to the one built a Taiwan Island, would be continuous, than under temperature
variations within 100 °C (environmenta conditions of Russia make possible temperature varia-
tions of up to 120 °C) longitudinal temperature strains could reach 200 thousand tons.

Expansion seam in a trestle with other conditions being equal would result in increase of the tres-
tle material intensity by 2 times, and that of the supports — by 16 times (including 8 times increase
due to ateration of loading pattern of the support, since under compressive strain it would become
cantilevered, with an unfixed top, and 2 times due to the increase of weight load from heavier
Span structures).

Besides, the temperature seam undergoes a dynamic impact from wheel-sets, since they are the
point of bend of a high-speed train travel trgectory. Together with other disadvantages of such
transversal gaps in the structure this makes the expansion seam the weakest and the most prob-
lematic location of the modern trestles.

The String-and-rail Trestle (SRT) has no expansion seams, providing al the ensuing advantages.

Second, notwithstanding the fact that steel structures have a number of advantages over the ones
made of reinforced concrete, Japanese trestle designers still use reinforced concrete. This has an
explanation. During the development of the high-speed Shinkansen railway network in Japan 30 —
40 years ago initidly steel trestles were constructed. However after numerous complaints from
townships surrounding the high-speed railways about powerful high-frequency noise, construction
of steel trestles was legally banned. None of the tested measures used to abate the noise generated
by steel structures, including covering them with rubber and polyurethane reveded positive re-
sults.

The SRT solves this problem by effective and simple methods that Japanese trestle developers
never proposed or tried.

Third, due to the continuous type of the trestle (in other words it is “endless’), braking forces of a
train which may in some cases total hundreds of tons, are transferred not to the intermediate sup-
ports (they do not participate in distribution of longitudina horizontal stress), but to the anchor
supports. Thus only one of 100 supports is under horizontal breaking stress, whereas in a competi-
tive trestle due to the presence of the deformation seams this stress shal be borne by every sup-
port. This results in additional increase of materia intensity and cost of conventiona railroad tres-
tles. It should be noted that the continuous structure of the proposed SRT trestle results in de-
crease of breaking power transferred to the anchor support since this force will be spread to 2
supports simultaneously, both to the one situated in the front, and in the back.

Fourth, a continuous statically indeterminate and pre-strained truss-and-string trestle required
new solutions for al of its structura elements and construction techniques, from the booms and
diagona ties of trusses, to supports and their foundations, besides the need to reinforce truss
booms by pre-strained strings. All these solutions have been created. The main development crite-
ria are the following: the trestle must be durable under the heaviest load, have a long operation
time (of no less than 100 years), stable under cyclical stress (strained elements and welded seams
especialy) — no less than 100 min. strain cycles, quiet, designed for temperature variations (with a
1in 100 years possibility) of 120 °C and hurricane wind with speed of over 250 km/h (storm, tor-
nado), and be resistant to Richter scale grade 9 earthquakes.

Fifth, the crossties of the conventiona railway track make it a heavily loaded beam resting on
discrete supports (crossties) working in high-frequency bending during passing of each wheel the
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movement (rolling) speed of which may exceed 10 m/sec. This places extraordinary requirements
for both strength of high-alloy grade steel of the rails, and for the geometry and structure of the
rail itself and its resting on the crosstie. Nevertheless this does not rule out breaking of the rails
resulting in crashes and disasters, and derailing of trains from the track structure which is espe-
cialy dangerous in high-speed travel.

In the proposed string-and-rail trestle traditional crossties are not used and each rail rests on one
of the “endless’ continuous (having no cross seams) longitudinal “crosstie”. That is why it practi-
cally does not suffer bending stresses and prevents ensuing breaks since the rail will work as a
beam resting not on supports, but on a continuous elastic base. That is why the SRT may use
much lighter rails (for instance, instead of R75 rails R50 rails may be used), nevertheless these
rails will be more reliable and long-lasting elements of the rail track structure.

Sixth, concrete in the SRT is encased in steel tubes and does not contact with the ambient air. One
of the main known disadvantages of concrete is that it practically does not work in tension (that is
why steel reinforcement is needed) and it cracks in tensioned areas. Through the cracks ambient
moisture permeates to the steel reinforcement resulting in its corrosion damage. In time it may
result in collapse of areinforced concrete structure.

Cracking of concrete in the so-caled steel-confined concrete poses no danger to the structure
since the pre-strained reinforcement (strings) are effectively protected from externa environ-
mental and mechanica effects not only by concrete but also by the continuous wals of steel
tubes, within which the concrete and the strings are situated. Furthermore, encased concrete in-
creases its carrying capacity by 2 to 3 times which will considerably increase the safety factor of
the string-and-rail trestle (even oil having no bearing capacity, placed in a standard hydraulic cyl-
inder will endure the pressure of 1,00 aimospheres due to the enclosed space).

Seventh, where for low-speed railways the main criterion is strength of the trestle, for high-speed
railways it is evenness of track. Unevenness at each span is the results of both construction un-
evenness and dynamic oscillation of span structures under the weight of a passing high-speed
multi-wheel train. At speeds of around 100 m/sec (360 km/h) unevenness of track on 35 — 50 m
spans must be within 10 mm.

It is known that welding of steel structures makes them shift and it is virtualy impossible to
achieve high evenness of span structures. That is why special technique and equipment needed to
be developed for welding of string-and-rail truss structures (partially in a shop, partidly in the
field), so that construction unevenness in a span would not exceed 2 to 3 mm. However, one needs
to remember that unevenness is the result not only of steel span structures, but aso of supports
and foundations of the trestle.

Eighth, exclusion from the track structure of a solid slab working as an aerodynamic shield will
reduce aerodynamic resistance of a high-speed train’s movement by half and at the same time will
considerably reduce aerodynamic noises. This will reduce by about 1.5 times the needed power
output of a high-speed train driving gear, that is, the economy of the installed power for one train
may amount to 7,000 — 8,000 kW and more (total power output of drive gear of modern and per-
spective high-speed trains may exceed 20,000 kW).

Ninth, there are other groups of know-hows without which it will be impossible to construct
string-and-rail trestles with high quality and at low costs. These are:

(1) the technology of production and specia additives to make concrete more flexible and to pro-
vide corrosion protection to steel structures contacting it;

(2) the technology and equipment for laying and straining of the strings and their fixing on the
support and anchor units;
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(3) the technology and equipment for continuous assembly of lengthy and rather heavy steel-
reinforced concrete span structures in the field;

(4) designs of the intermediate and anchor supports not only in relation to supporting units for fix-
ing continuous and statically indeterminate span structures, but also in relation to the structure and
erection of their body and their foundation;

(5) design and technologica solutions for combining the string-and-rail track structure with com-
munication channels (fiber-optic, wire, radio repeating, cellular), with high voltage aerid and ca
ble lines, with wind and solar energy plants and other renewable and alternative power sources,
(6) design and technologica solutions for the infrastructure of the “second level” (switches, sys-
tems of control of energy supply and communication on the linear (the trestle) section of the rail-
ways, etc.);

(7) prospective design and technological solutions for alarger scale (about two times) reduction of
materia intensity and cost of string-and-rail trestles by improving railway rolling-stock, etc.

The layout of capital investments for development and construction of the “Sting-and-rail Trans-
portation System of Engineer Yunitskiy” on an example of an averaged section with length of
1,000 km, and the schedule of capital investments, are shown on the table and the figure below.
Sour ces of information: information provided by the Customer
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Table 2-2 Capital investmentsfor development and construction of the “ Sting-and-rail Transportation System of Engineer Yunitskiy” for an averaged 1,000 km section

Capital expenses (capex)
Length of route 1,000 km
Cost of construction and turnkey development, including track structure, supports
and infrastructure:
per 1 km of track $13,449,013
Total cost per 1,000 km $13,449,012,500
Design data
1.00 1,000
per 1km per 1,000 km
minimum average maximum units average
Design  develop-
1. ment 640,429,167
Estimation based on the length and total cost of all works at the rate of 5%
Total
Total
per 1 km of track $640,429 $640,429,167
2. Congtruction of the SRT track $10,022,333,333
1) Steel-reinforced concrete string-and-rail track structure
Estimation based on cost of 1 ton of installed stedl structure $4,000 $5,000 $6,000
Number of string-and-rail structures per 1 kilometer of track
(steel) 1,500 1,050 800 tons/km
Total
per 1 km of $5,250,000 $5,250,000,000
2) Intermediate supports
Cost of one support $30,000 $40,000 $50,000
Support height 4 7 10 meters
Distance between adjacent supports 30 40 50 meters
Number of supports for 1 km (x2 for a two-way track) 40 units
Total
per 1 km of track $1,600,000 $1,600,000,000
3) Anchor supports
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Capital expenses (capex)
Cost of one anchor support $400,000 $500,000 $600,000
Height of a support 4 7 10 meters
Distance between adjacent supports 2,000 3,000 4,000 meters
Number of supports for 1 km (x2 for a two-way track) 0,667 units
Total
per 1 km of track $333,333 $333,333,333
4) Increasing factors $2,801,500,000
of the track
Uneven and difficult terrain 100% cost
In percent of thetrack length and in kilometers 8% km
Estimated total $1,149,333
of the track
Mountainous terrain 150% cost
In percent of the track length and in kilometers 5% km
Estimated total $897,917
of the track
Sea regions 250% cost
In percent of thetrack length and in kilometers 3% km
Estimated total $754,250
Total
per 1 km of track $2,801,500 $2,801,500,000
5) Land allocation (appropriation) for the track supports 37,500,000
Estimation isbased on standard 200 250 300 sg. m/km
Cost of land $1,000,000 $1,500,000 $2,000,000 ha
Total
per 1 km of track $37,500 37,500,000
3. Infrastructure 2,786,250,000
1) Stations 3 units
Metric area 10,000 sg.m
Including commercial section 5,000 sg.m
Cost of construction of 1 sg. m $3,000 $5,000 $5,000 per 1sg. m
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Capital expenses (capex)

2)

3)

4)

5)

6)

Cost of high-speed switch (x2 for two-way track)
per 1 station
Tota
Stations
Quantity
Metric area
Including commercial area
Cost of construction per 1 sq. m.
Cost of high-speed switch (x2 for two-way track)
Cost of construction per 1 station
Tota
Servicing shops
Quantity
Metric area
Cost of construction per 1 sq. m.
per 1 servicing shop
Tota
Freight terminals
Quantity
Metric area
Cost of construction per 1 sq. m.
per 1 freight terminal
Tota
Servicing station
Quantity
per 1 servicing station
Tota
Land allocation (appropriation) for infrastructure
Estimation based on the area of infrastructure with factor
Total area
Cost of land

./ Hold « Invest +Audit Consulting Company LLC

$3,000

$4,000

$2,000

15

$1,000,000

$4,000,000
$54,000,000
162, 000

5
2,000
1,000

$5,000
$4,000,000
$14,000,000

$70,000

2
1,000
$5,000
$5,000,000
10,000

3
4 000
$2,500
$10 000 000
30,000

2
$3,000,000
6,000

2,0
5,50
$1,500,000

units
sg. m

sq. m
$4,000 per 1sg. m

units

. m
$6,000 per 1sg. m

units

sg.m
$3,000 per 1sq. m

units

25
ha
$2,000,000

$162,000,000

$70,000,000

$10,000,000

$30,000,000

6,000,000
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Capital expenses (capex)

Tota
7 Train driver-based control system
per 1 km (controlled with preset data) $300,000
per 1 km of track
Tota
8) Electrification
per 1 km $1,000,000
Tota
9) Automatic control system (without train drivers)
per 1 km $800,000
Tota

8,250

$350,000
$350,000
350,000

$1,250,000
1,250,000

$900,000
900,000

$400,000

$1,500,000

$1,000,000

8,250,000

350,000,000

1,250,000,000

900,000,000

Sources of information: information provided by the Customer (data shown without VAT)
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Figure 2-1 Diagram schedule of development and construction of the “ Sting-and-rail Transportation System of Engineer Y unitskiy” for an averaged 1,000 km section
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Dranbl NPOEKTa Project stages
Hauano Start
JITUTeNpHOCTh Duration

Ton 1 Year 1

Top 2 Year 2

T'ox 3 Year 3

Ton 4 Year 4
Mecsig Month
Mecsues Months

CO0p MCXOAHO-PA3PEIIUTENBHON TOKYMEHTAIIMH Ha TPAacCcy

Collection of basic documents and approvals for the track

CO0p MCXOAHO-pa3peIINTeIbHON JOKYMEHTAllMH

Collection of basic documents and approvals

[penmnpoextHbie padoTs, TOO Tpaccel

Front end engineering, Technical and Economic Assessment

Paspaborka TexHu4eckux yciaoBuid (TY) s myTeBoi CTPyKTYpBI

Development of Technical Specifications (TS) for the track structure

Pazpabotka TY uH(pacTpyKTyphl

Development of TS for infrastructure

Pa3paborka TY Ha 000pyaoBaHHE CTAHLUN M CEPBHCHBIX LIEHTPOB

Development of TS for station and servicing center equipment

Pazpaborka TOO

Development of Technical and Economic Assessment

ITpoexTHbIe PabOTHI

Project design works

[IpoeKT myTeBO# CTPYKTYpBI U OIOP

Design of track structure and supports

[IpoeKT nacca’kupcKUX CTAHLUUI U BOK3aJIOB

Design of passenger stations and terminal stations

ITpoeKT cepBUCHBIX AENO U Ap. 00EKTOB HH(PACTPYKTYpHI

Design of servicing depots and other objects of infrastructure

[IpoekT cTaHAapTU3MPOBAHHOIO 00OPY/IOBAHHUS

Design of standard eguipment

[TpuobpereHne TEXHOJIOTUH ISl TPacchl

Procurement of technologies for the track

[IpoBesieHUe cornIacoBaTeNbHBIX PabOT U MOJIyYeHHE pa3pelIeHUi Ha CTPOUTEIBCTBO

Approval activities and obtaining permits

[ToaroroButenbHble pabOTHI K CTPOUTEIBCTBY TPAcChl

Track construction preparatory works

OdopmiieHne TOKYMEHTOB Ha 3€MEJIbHbIE YUaCTKH TPACCHI

Processing of documents for land plots of the track

[loAroToBKa CTPOUTENBLCTBA

Construction preparation

CtpoutenbHbie padoThl Ha Tpacce

Congtruction works on the track

CTpoUTenbCTBO IIyTEBOM CTPYKTYPBI

Congtruction of the track structure

CTpoUTENbCTBO BOK3AIOB M CTAaHIMN TPacchl

Congtruction of stations and terminal stations on the track

CTpOUTENBbCTBO CEPBUCHBIX JIENO U 0OBEKTOB MH(PPACTPYKTYPHI

Construction of servicing depots and objects of infrastructure

MoHTa)xHbIE PabOThl Ha Tpacce

Installation works on the track

MoHTax 000pya0BaHUS

Equipment installation

MOoOHTaXX CHCTEM IYTE€BOM CTPYKTYPBI

Installation of track structure systems

BrinonHeHne KoMIuieKca MmycKo-HajaaqouHbIx padort Ha Tpacce TCHO

Pre-commissioning of the YTS track

OnbITHas! 9KCILTyaTaIys

Operational testing

3anyck pabouel HKCIUTyaTaluu

Launching of commercial operation

Sour ce of information: information provided by the Customer
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2.5 Competitive advantages of the assessed object

For a relevant comparison of resource intensity of the two competing transportation systems a
comparative analysis of the proposed string-and-rail trestle and a railway trestle of conventional
design needs to be performed. For instance, a comparison with arailway situated on ground level
will be irrelevant. These competing systems shall have the same level of user characteristics:
movement speed of 500 km/h and a prospective passenger traffic of no less than 100 thous.
pass./day, with similar level of comfort, safety, and service life.

A high-speed trestle railway would partially meet these requirements, particularly the one con-
structed in 2000 — 2005 on Tawan Idand with Japanese technology (see:
http://www.niizhb.ru/engin06.htm). Movement speed on this road, however, is limited to 350
km/h, since its further increase would entaill even greater materid intensity of the trestle and
growth of its cost.

Main resource characteristics of this railroad which has the length of 345 km and the cost of 15 to
18 billion US dollars, depending on reports (or $43.5 — 52.2 min./km in 2005 prices; these num-
bers shall be doubled for 2013 prices):

- span length — 35 m;

- massive supports of reinforced concrete with diameter of several meters (vertical load of each
support amounts to 4,000 tons), each having a thick foundation placed on four injection piles of

reinforced concrete with diameter of 2 m and length of 60 m (weight of pile foundation under
each support amounts to 1,800 tons);

- massive span structures in the form of two pre-strained prefabricated reinforced concrete beams
with width of 6 m, height of 3 m and weight of 800 tons each. On the bearing beams similarly
massive pre-strained slabs of reinforced concrete with width of 13 m (the weight of the slab on the
span may be estimated at 500 tons) are placed, on which a two-way high-speed rail track panels
are located.

One kilometer of length of such conventional high-speed railway trestle requires up to 100 thou-
sand ton of structura materias (considering supports and their foundations) — of steel and rein-
forced concrete, including up to 10,000 ton/km of high-alloy steel needed only for reinforcement
of the concrete.

Similar characteristics of the proposed high-speed two-way pre-strained String-and-rail Trestle
(SRT) designed for travel of the very same high-speed trains on the very same rails, are shown in
the section above.

Let us compare demand of materials needed for the construction of the competing transportation
systems on an example of a worldwide network of high-speed railroads with total length of 1 min.
km, as shown in the table below.

Table2-3 Demand of structural materials for construction of a network of railroad trestles with total length of

1 min. km
. . . String-and rail trestle designed by engi-
Conventional high-speed railroad trestle neer Yunitskiy
Structural element i oroed —
Sted!, tons Rein orcmgconcrete, Stedl, tons en orcmgconcrete,
1. Bearing span structure for two 1.250.000.000 920.000.000
tracks (total length — 1,000,000 - 24,000,000,000 o D
km) (string truss) (truss gap filler)
2. Two-way rail track structure 350,000,000 390,000,000 210,000,000 —
LY 36
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. . . String-and rail trestle designed by engi-
Conventional high-speed railroad trestle neer Y unitskiy
Structural element orced Reinforced
Sted!, tons Rein orcmgconcrete, Stedl, tons en orcmgconcrete,
(length — 2,000,000 km for one (rails and rall (crossties) (rails and rail
way) fasteners) fasteners)
3. Supports:
- intermediary — 800,000,000 95,000,000 160,000,000
- anchor — — 6,000,000 210,000,000
4. Support foundations — 16,000,000,000 280,000,000 460,000,000
?ioco)/gler uses and contingencies | 55 355 g 4,200,000,000 184,000,000 175,000,000
45,400,000,000 1,920,000,000
Total 385,000,000 oot 2,020,000,000 (indluding
; om0 | ooonas | 2E0B0 | 505 cots
ment) steel reinforcement)

Sources of information: information provided by the Customer

It needs to be pointed out that for construction of these competing railway transportation trestles
similar materials with similar initia costs are used: steel reinforcements for reinforced concrete,
rails, high-tensile wire for strings, etc., are manufactured from high-aloy steel commercidly pro-
duced today, on the existing equipment, reinforced and ordinary concretes have conventiona
compositions, conventional strength, and are produced on standard equipment. For example, the
railway trestle constructed on Taiwan Island used class K-7 reinforcement cables with diameter of
15 mm (twisted cables with 7 5-mm wires each) and high-tensile steel reinforcement wire as pre-
strained reinforcement, that is, just the materials used as strings by the proposed string-and-rail
trestle.

To estimate the amount of reinforcement used in construction of the high-speed railway trestle of
Taiwan Idle (this datais not disclosed by the system developer), let us assume a minima standard
reinforcement factor for reinforced concrete structures of 3%. This figure represents cross-section,
if demand by weight is estimated it will amount about 10% of the weight of reinforced concrete,
or 240 of reinforcement steel for 1 m® of reinforced concrete.

Analysis of the data of the table above resultsin the following conclusions:

1) The demand of steel for construction of the proposed worldwide high-speed network of
string-and-rail trestles with total length of 1 min. km, will be lower than that of a conven-
tiona high-speed railway trestle (constructed with Japanese Shinkansen technologies) of the
same length, by 5 times, the demand of reinforced concrete structures — 23 times lower. The
estimation takes into consideration the “hidden” steel used as reinforcement in the rein-
forced concrete: for a conventional railway trestle it is 11 billion tons of high-aloy steel, for
a string trestle — 240 min. tons. Here resource saving will tota: for steel — 9,1 billion tons,
for reinforced concrete — 43.5 billion cubic meters (104 billion tons).

2)  Construction of trestles uses specia implements and equipment at every stage — from pro-
duction of prefabricated units in factories to their transportation to the construction site and
performing construction and installation works involving not only installation equipment,
but aso welding, encasement, corrosion protection, etc. Therefore the cost of “turnkey” in-
stallation of structures constructed sometimes out in the field within thousands kilometers
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from the supplier, would multiply several times as compared to the selling price of the initial
raw materials — steel and concrete. Under highly mechanized flow-line construction in the
field international average cost of the mentioned construction works will increase: for steel
structures constructed on the “second level” — up to $4,000 — 6,000 or more per one ton, for
reinforced concrete structures constructed on the “second level” — up to $900 — 1,200 or
more per one cubic meter.

3) Based on the stated efforts and their costs the cost of the string-and-rail trestle for the net-
work of high-speed rail roads with the length of 1 min. km will total, on the average (with-
out the cost of infrastructure and rolling stock):

- with traditional trestle design, similar to the high-speed railroad build with Japanese tech-
nologies: $49.4 trillion ($49.4 min./km),

- with string-and-rail design (SRT): $11.1 trillion ($11,1 min./km).

Therefore the economy of investments for construction of the network of trestle railroads with the
total length of 1 min. km will total $38.3 trillion, or, in terms of 1 km of length — $38.3 min./km.

In reality the proposed string-and-rail trestle may be about twice cheaper since the table above
shows the most massive variant of such trestle designed for load per unit of length of 6 t/m. This
weight load would be brought by two massive diesel or electric locomotives in a train of tota
mass of up to 200 tons, for heavy-duty ore transportation routes. Whereas high-speed railways use
motor cars with specific weight load of up to 3 t/m, construction costs of string-and-rail trestles
for such trains may be twice lower.

A specid stress must be made of the following fact. A conventiona reinforced concrete railway
trestle is pre-strained. That is, steel reinforcement of the reinforced concrete bearing beams of
conventional span structures is preliminary strained, so this structure in its engineering essence is
also a string. Since the devel oper of the railway trestle constructed at Taiwan does not disclose the
force of pre-stress of the reinforcement, let us estimate these forces independently.

Load per unit of length of such span structure (taking into account two trains and two track pan-
els) will be about 68 t/m. Thus the maximum bending moment in the middle of the span, consider-
ing the dynamics of high-speed rolling stock will amount to about 10,500 t/m. Since cracking of
the strained zone's concrete of the pre-strained reinforced structures is undesirable, the pre-strain
force of the reinforcement which compresses the concrete must exceed the bending force in this
strained zone. With the bending moment of 10,500 t/m and the height of the bearing beams of 3 m
this force may be estimated at 3,800 tons. This is the force of compression of the concrete of a
conventiona span structure, that is, the concrete will also be pre-strained, since it will be pre-
compressed longitudinally with aforce of no less than 3,800 tons.

Thus the “strings’ (the pre-strained steel reinforcement) of a conventiona “non-string” railway
trestle must be strained with a force of minimum 3,800 tons, and strings (pre-strained steel rein-
forcement) of the proposed string-and-rail trestle will be strained only at 1,200 tons, that is, 3
limes less.

Also, the pre-strained conventiona reinforced concrete trestle is not strained longitudinally, so
from the engineering standpoint it is not a “string” — reinforcement strain forces are compensated
by equal forces of train of concrete, resulting in zero total longitudinal forces.

Thus the term “string” included in the definition of the string-and rail trestle design proposed by
engineer Yunitskiy refers not as much to the presence of a preliminary strain, as to the definition
of apre-strained, continuous and statically indeterminate transportation trestle:

1) The bearing structure must be raised over the ground level and set up on intermediate and
anchor supports (similar to, e.g., apre-stretched guitar string);
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51
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

-

Chili (0,76 min. km2, 18 min. residents) — 4.000 km.
Madagascar (0,59 min. km2, 22 min. residents) — 4.000 km.
Yemen (0,53 mIn. km2, 26 min. residents) — 4.000 km.
Uzbekistan (0,45 min. km2, 30 min. residents) — 4.000 km.
Morocco (0,45 min. km2, 33 min. residents) — 4.000 km.
Iraq (0,44 min. km2, 34 min. residents) — 4.000 km.

Poland (0,31 min. km2, 39 min. residents) — 4.000 km.
Malaysia (0,33 min. km2, 30 min. residents) — 3.000 km.
Namibia (0,83 min. km2, 2,3 min. residents) — 3.000 km.
South Sudan (0,62 min. km2, 8,3 min. residents) — 3.000 km.
Cameroon (0,48 mIin. km2, 20 min. residents) — 3.000 km.
Zambia (0,75 mIn. km2, 14 min. residents) — 3.000 km.
Uganda (0,24 min. km2, 36 min. residents) — 3.000 km.
Nepal (0,14 min. km2, 31 min. residents) — 2.600 km.
Ghana (0,24 min. km2, 26 mIn. residents) — 2.500 km.

Cote d'Ivoire (0,46 min. km2, 7,2 min. residents) — 2.500 km.
DPRK (0,12 min. km2, 25 min. residents) —2.200 km.
Romania (0,24 min. km2, 21 min. residents) — 2.200 km.
Zimbabwe (0,39 min. km2, 13 min. residents) — 2.200 km.
Burkina-Faso (0,27 min. km2, 18 min. residents) — 2.200 km.
Syria(0,19 min. km2, 21 min. residents) — 2.100 km.

Somali (0,64 min. km2, 9.8 min. residents) — 2.000 km.

Central African Republic (0,62 min. km2, 4,6 min. residents) — 2.000 km.

Botswana (0,58 min. km2, 2,1 min. residents) — 2.000 km.
Turkmenistan (0,49 min. km2, 5,2 min. residents) — 2.000 km.
Ecuador (0,28 min. km2, 15 min. residents) — 2.000 km.

Papua-New Guinea (0,46 min. km2, 7,2 min. residents) — 2.000 km.

Sweden (0,45 mIn. km2, 9,5 min. residents) — 2.000 km.

Republic of Congo (0,34 min. km2, 4,2 min. residents) — 1.900 km.

Paraguay (0,41 min. km2, 6,3 min. residents) — 1.800 km.

Republic of China (Taiwan) (0,04 min. km2, 23 min. residents) — 1.800 km.

Sri-Lanka (0,07 min. km2, 21 min. residents) — 1.700 km.
Finland (0,34 min. km2, 5,4 min. residents) — 1.600 km.
Guinea (0,25 min. km2, 10 min. residents) — 1.600 km.
Senegal (0,20 min. km2, 13 min. residents) — 1.600 km.
Cambodia (0,18 min. km2, 14 min. residents) — 1.600 km.
Malawi (0,12 min. km2, 16 min. residents) — 1.600 km.

The Netherlands (0,04 min. km2, 17 min. residents) — 1.400 km.

Belarus (0,21 min. km2, 9,5 min. residents) — 1.400 km.
Tunisia (0,18 min. km2, 11 min. residents) — 1.400 km.

%
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91. Norway (0,32 min. km2, 5,1 min. residents) — 1.400 km.

92. Oman (0,31 min. km2, 2,8 min. residents) — 1.200 km.

93. New Zedand (0,27 min. km2, 4,5 min. residents) — 1.200 km.
94. Laos (0,24 min. km2, 6,3 min. residents) — 1.200 km.

95. Greece (0,13 min. km2, 11 min. residents) — 1.200 km.

96. Portugal (0,09 min. km2, 11 min. residents) — 1.100 km.

97. Benin (0,11 mIin. km2, 9,4 min. residents) — 1.100 km.

98. Cuba (0,10 min. km2, 11 min. residents) — 1.100 km.

99. Kyrgyzstan (0,20 min. km2, 5,7 min. residents) — 1.100 km.
100. Azerbaijan (0,09 min. km2, 9,2 min. residents) — 1.000 km.
101. Gabon (0,27 min. km2, 1,6 miIn. residents) — 1.000 km.
102. Tajikistan (0,14 min. km2, 8,0 min. residents) — 1.000 km.

The listed 102 countries account for 895,500 km of the proposed trestle type railways, so the re-
maining 104,500 km of the “second type” of the 1,000,000 km will account for the rest 163 coun-
tries, dominions and territories.

2.7 Information about the author of the intellectual property of the Yunit-
skiy string-and-rail technologies

Anatoly Eduardovitch Yunitskiy is a chief designer with more than 150 inventions, including the
principally new design of Yunitskiy string-and-rail transportation system. 29 of the A. E. Yunit-
skiy’sinventions are used in construction, transportation, mechanical engineering, electronics and
chemical industry, in scientific researches, conducted in the Russian Federation, the Republic of
Belarus, Ukraine, and other countries of the CIS.

A full member (academician) of the Russian Academy of Natura Sciences (1999), of the Russian
Academy (1998) and of the International Academy for Integration of Science and Business
(2011). Three university degrees (1973, 1985 and 2006): railway engineer; technical-engineering
worker and researcher in patenting and invention; design engineer of high-rise buildings. A Doc-
tor of Philosophy in transport (2002).

Awarded by the honorary title and a badge of honor the “Knight of science and arts’” of the Rus-
sian Academy of Natural Sciences, two gold medals“ Laureate of the All-Russian Exhibition Cen-
ter”, three gold high-quality awards “The Russian Mark” for the technology of string-and-rail
transportation, projects of freight and passenger rail vehicles (awarded by Russian Union of In-
dustrialists and Entrepreneurs).

A. E. Yunitskiy conducts research of string-and-rail transportation since 1977. By this time static
and dynamic models of SRT were created, the basics of which were stated in the first research
monograph of the author — “String transportation systems on Earth and in space” (1995 r.). This
alowed to create the theory of a resonance-free movement of rolling stock on a string-and-rail
track structure with speeds up to 600 km/hour, ensuring more even and tough track in comparison
with the modern beam trestle for monorail tracks and magnetic suspension trains, and alowing to
reduce the cost of the track structure, supports and rolling stock, by 5 — 10 times or more as com-
pared with the latter. Principally new transportation standards were developed for: string-and-rail
track structure of overhead and suspended types for various speed modes and various mass-and-
dimension characteristics of the rolling stock; intermediate and anchor supports; anchor fixing of
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the string; the string-and-rail for superlight, light, medium, heavy, and super-heavy trestle types
for various travel modes; the steel wheel with anti-derailing system and its independent suspen-
sion; the automatic hitching device; switches; stations, termina stations and freight terminals of
the “second level”; the technology of manufacture and organization of movement of passenger
and freight rolling stock on the “second level”, etc.

In 1995 — 2001 a set of aerodynamic tests
of high-speed rolling stock (on 1:5 scale)
was performed in wind tunnel of the Aca
demician Krylov Memoria Centrad Re-
search Institute (Saint-Petersburg). The
data collected alowed designing a high-
speed rail vehicle with the best aerody-
namic qualities among al of the known
wheeled vehicles.

Wind tunnel testing of model of the unibus

For this reason the specific consumption of fuel (energy) as compared with a conventiona high-
speed railway train is lower by 6 — 8 times and more. Thiswill allow the proposed string-and-rail
trestles with improved rolling stock to become the most environment-friendly and the most eco-
nomical type of high-speed transportation not only by energy consumption for movement, but aso
by the minimal appropriation of land for tracks owing to the location of the track structure at the
“second level” — on cheap and compact supports.

In 2001 a Ozery, Moscow region, “Uni-
tran” Fund led by A. E. Yunitskit build a
testing section of light trestle string-and-
rail, being the world's first completed full-
scale segment of actual string-and-rail
transportation system. It had length of 150
m, support height of up to 15 m, maximum
span of 48 m, string tension of 450 tons,
track pitch of 10%, weight of travelling
load of up to 15 tons.

A labouratory complex based on a freight ZIL-131 truck at
thetesting ground in Ozery

At the testing ground methods of estimation and front-end and engineering research, technique of
straining and fixing the strings, the design of string-rail and of steel wheel, the anchor and inter-
mediate supports, were successfully tested, as well as static and dynamic loads and effects of
weather and climate conditions. The results of the series of tests allow the developer to start front-
end and engineering research of specific trestle type freight and passenger tracks and work on in-
dustrial production of string-and-rail track structures and supports.
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The string-and-rail transportation system was displayed as working models of 1:15, 1:10 and 1:5
scale at more than 50 exhibitions, trade fairs, workshops, forums, including events held in Berlin,
Leipzig, Hannover, Dubai, Sharjah, Mamoe, Cape Town, Tripoli, Islamabad, Karachi, Baku,
Kiev, Sevastopol, Moscow, Saint-Petersburg, Khabarovsk, Hanty-Mansijsk, Minsk, Sydney, and
other cities, and was awarded with more than 30 diplomas, certificates and medals.

For the period from 1977 to 2012 A. E. Yunitskiy created a scientific school dealing with string-
and-rail technologies with its specidists in Russia, Belarus, Ukraine and other countries. A set of
labouratory, test-bench, model and testing-ground tests were performed. 18 monographs were
published (see www.yunitskiy.com), including “String transportation systems on Earth and in
space” (1995, 337 p.), over 60 string-and-rail technology inventions and more than 100 know-
hows were created (the author and the patent owner is A. E. Yunitskiy). Unique unprecedented
results were achieved. Two grants of the United Nations Organization were awarded (1998 and
2002).

Source of information: information provided by the Customer
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3 MARKET ANALYSIS

For the estimation of market value of the assessed object the Appraiser performed a review of the
world economy, being the place of possible redization of the “ String-and-rail Transportation Sys-
tem of Engineer Yunitskiy, an analysis of industry environment of the assessed object — the
world’'s market of high-speed surface transportation, and an analysis of the world’'s air transporta-
tion market, being an indirect competitor.

The anaysis was performed with the aims of additiona substantiation of the estimations and opin-
ions stated in the Report.

3.1 Overview of the world economy

International Monetary Fund (IMF) adjusted downwards its forecast of the globa economic
growth stating that many developed countries will face considerable hardships on the way to re-
covery. According to the opinion of IMF experts growth of the world economy will total 3,3%
which is 0,2% less than was projected in the beginning of the year. The experts believe that the
growth will gain momentum in 2014. IMF forecasts that depression of the world economy will
last another half of a year. An adjusted report was published by IMF on April 16", 2013, when
representatives of financial authorities of the world were preparing for the annual meetings of
IMF and World Bank, held in Washington.

The economies of the USA and Europe being the fastest in recovery are believed to be the driver
of the world’s growth. The recovery of the developing countries, including BRIC, will be some-
what slower, and the poorer countries will recover the slowest. According to estimations of IMF
growth of the economy of the USA will tota this year no more than 1.9% due to reduction of
government spending; however in 2014 GDP of the largest economy of the world will start to
grow at afaster rate.

Meanwhile recession continues in the Euro zone, resulting in rebating of its GDP by 0.3%. Never-
theless IMF believes that the recession in Europe will end soon and in the next year economy of
the countries of the currency union will somewhat strengthen.

Despite the proposal of Cyprus to part with at least some of its gold reserves and other assets with
the aim of at least partial settlement of losses with its investors, in April 2013 discussions of its
possible forthcoming withdrawa from the Eurozone intensified.

Unemployment level in Spain has soared this quarter up to 27,1%. Judging by the published pre-
liminary data of GDP dynamics of Great Britain it has barely avoided officia recession in 1%
guarter of 2013. In Germany exceptionally poor reports in terms of business optimism and con-
sumer confidence have been published by ZEW and Ifo.

The activities of the developed countries are expected to be much higher — growth of their econo-
mies this year will total 5,3%, and will continue to grow in the following year. GDP of China, the
world’ s third largest economy, will increase this year by 8%.

Another considerable change in the report is the increase of growth forecast for the five ASEAN
countries (Indonesia, Malaysia, Philippines, Thailand and Vietnam) for 2013 and a sudden drop of
the activities in 2014. IMF believes that these countries will gain temporarily from certain reduc-
tion of China's activities for this year, but the situation will reestablish itself for Chinain 2014.

Forecasts for Russia are somewhat outside of thislogic: estimates of growth for 2013 are reduced
to 3,4% (and are still higher than the one forecasted by the Ministry of Economy, 2.8%) and re-
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Precious metals

April 2013 was the month of reduction of quotes of precious metals when gold fell in price by
15%. Notably, prices for the “yellow metal” reached two years minimum again and broke the
decade-long ascending trend (during this period the price of an ounce grew 7 times over). The
drop was unexpected to many market players.

By the end of the month the situation has settled somewhat, and gold has made a successful at-
tempt of an upward rebound, growing by 8%. Neverthelessit did not quite succeed in reestablish-
ing its standing. Silver, platinum and palladium demonstrated similar dynamics: they fell in price
by 5 — 15% and aso did not completely recover. ETF funds reduced their investments in metals,
though the level of physical demand (for bullions, coins, adornments) of central banks and con-
sumers was and remains high. This is confirmed by the presence of a “bubble” in this market:
fund investments exceeded physical quantity of meta. Quantities of gold sold a exchange
amounted hundreds tons which is comparable with gold reserves of the Gold and Foreign Cur-
rency Reserve of Russia

Foreign exchange market

In the past month Russian ruble did not feel its best, resulting in drop to both components of the
bi-currency basket. The exchange rate of common European currency a the Moscow Exchange
grew an impressive 2.9% — up to the level of 40.95 ruble/Euro (+1.19 rub.). The exchange rate of
dollar grew insignificantly by the end of April 2013, by 0.2% (31.12 ruble/dollar; + 6.1 kop.).
Bank of Russia even had to perform currency interventions (this time selling foreign currency) in
order to support ruble. Increased volatility of the exchange market is one of the main features of
the reviewed period. Traders had plenty occasions (of both externa and interna origins) for
speculations which were actively pursued.

Threatening petroleum activities played against the national currency, with price of oil dropping
in the second decade of April amost to $97 per barrel — below the psychologicaly important
level.

Confident domination of euro over ruble was the result of an ascending dynamics of the
euro/dollar pair and in many aspects was the consequence of an ascending trend of euro/dollar
pair on the Forex market. The activity managed to gain 2.7%, reaching the level of 1.317. Yield of
10-year bonds of problematic European countries managed a notable reduction: Spain (4.12% per
annum interest; -93 points); Itay (3,89% per annum interest; -87 points); Greece (10,88% per an-
num interest; -138 points).

Comparison of ruble with its main competitors, the 35 currencies quoted daily by the Bank of
Russia, reveals that it dropped to 23 of them. Most remarkably the national currency dropped in
comparison to Romanian leu (+4.2%), Hungarian forint (+3.3%), SAR rend (+2.7%), euro. Ruble
gained the most to Japanese yen (-3.9%).

Primary commodity markets

The primary commodity markets with the exception of agricultura futures in April demonstrated
their extreme dependency on the negative events around gold and oil prices. With this regard in-
vestors did not take into consideration any news or, especialy, fundamental factors.
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cluding 18 thousand kilometers of high-speed railroads, and 40 thousand of express railroads. On
the whole China plans to increase the length of roads ailmost by a third — today the country’s rail-

way network has the length of 90 thousand kilometers.

Figure 3-1 High-speed surface transportation of Asian countries
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The European Union does not stay back of the “railway boom” either, over the next eight years it
plans to invest in infrastructure development more than 600 billion dollars. The largest project
within this plan is Rail Badltic, intended to develop railway and ferry communication between
Finland, the Baltic States, Poland, and other EU countries. The project assumes to connect by the
common European track Talinn, Riga, Warsaw, Berlin, and Helsinki. The route is planned to
continue to Venice. The first stage of the raillway construction is projected to be completed by

2013, the second stage — by 2020.
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Figure 3-2 High-speed surface transportation in European countries
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Lastly, the USA also turns its attention towards railroads: President Barak Obama promised to
make the development of high-speed railway mainlines a priority of the country’s transportation
policy as far back asin 2009. Over 12 billion dollars was spent on the program. However, accord-
ing to CNN the program failed: the funds were spent mainly to support the existing infrastructure,
no new mainlines were built. Nevertheless the development of railroad communications is a na-
tional project of the USA up to 2030.

It appears that the majority of the world’ regions have large-scd e projects of railway development
of some sort. However only a few decades ago it seemed that trains lost competition to cars and
airplanes. In the mentioned USA government sponsored construction of highways and airports
and “forgot” about trains, the result being only a single operating high-speed mainline Washing-
ton — Boston that passes through Baltimore, Philadelphia, and New York. The line's trains speed
is not high, averaging only 110 kilometers per hour.

Given the widely-accepted drop of development of the world’ s economy and the forecast by the
Ministry of Economic Development and Trade of a similar drop of growth rate of Russia s GDP
to 2,4%, the resolution of the Government of the Russian Federation to assign funds for develop-
ment and modernization of transportation infrastructure of the Far East with the am of increasing
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traffic capacity of Baikal-Amur Mainline and the Trans-Siberian Railway can hardly be overesti-
mated.

The investments (amounting 260 bin. rubles) will be assigned during three years and will alow to
virtualy triple freight traffic to Far Eastern ports (by 25 min. tons per annum) as compared to cur-
rent figures.

RZD JSCo has rather ambitious plans. Firstly, itis HSML-1 (the High-speed Mainline), projected
to link Moscow and Saint-Petersburg with a new railway line. Secondly, it is HSML-2 that shall
connect Moscow and Y ekaterinburg. Kazan and Samara, Omsk and Novosibirsk, Novorossiysk
and Krasnoyarsk are aso planned to be linked by an HSM L.

However these projects have as of yet not been approved — today RZD only prepares investment
justification of the projects. In 2006 RZD aready adopted a project involving construction of 21
high-speed mainlines, but over seven years the projects never started. The state monopoly assures
that private investments will be attracted to the HSML construction, but it is aready obvious that
realization of these extensive plans would require considerable state investments. It should be
noted that the railway monopoly has its opponents, believing that it aready has been given too
much preference by the authorities in organizing passenger traffic.

At the transportation summit at Merano possibilities of attracting Italian, Spanish and German
specidlists to the development of the Moscow raillway junction, and of development of a high-
speed railroad Moscow-Kazan-Y ekaterinburg, were discussed. Europeans are interested in devel-
opment traffic potential of the Trans-Siberian Railway which will make it possible to deliver
goods from Chinato the center of Europe in ten days.

Sources of information: http://lenta.ru/articles/2013/04/12/railways/,

http: //ru.wikipedia.org/wiki/%D 0%A1%D 0%BF %D 0%B8%D 1%81%D 0%BE%D 0%BA %D 1%81%D 1%82%D 1%8
0%D0%B0%D 0%BD _ %D 0%BF%D 0%BE_ %D 0%B4%D 0%BB%D 0%6B8%D 0%BD %D0%B5_ %D 1%81%D0%B5
%D 1%682%D0%B8_%D 0%B6%D 0%B5%D 0%BB%D 0%6B5%D 0%B7%D 0%BD %D 1%8B%D 1%685 %D 0%B4%D0
%BE%D 1%80%D0%BE%D0%B3, http://mwwwv.r zd-par tner .ru/inter views/blogs/sobytiia-zhel eznodor ozhnoi-otr asli/

Summary: recently the interest in the field of transportation increased considerably. All
countries are unanimous in that investments in development of railway infrastructure are both
necessary and advisable.

International experience demonstrates that development of high-speed railroad communi-
cation has a significant social and economic effect for any country. Investments in development of
railroads, including advanced-speed and high-speed mainlines, bring a tremendous multiplicative
effect to economy and social sphere due to development of railroads. It is expressed in develop-
ment of regions, optimization of transportation network, stimulation of science-intensive produc-
tion. Realization of infrastructural projects promotes creation of added value and growth of na-
tional wealth, “binds’ state investments for a long time, resulting in inflation compensation. The
development of transportation infrastructure forms a real foundation for modernization of econ-
omy and provides conditions for its growth. Without application of innovative solutions in trans-
portation and in development of rolling stock progressis impossible.

Development of networks of advanced-speed and high-speed railroads is a priority for
many countries. High-speed trains (High-speed Surface Transportation, HSST) have not yet
reached the speeds of passenger jet planes, nevertheless diversion of passenger traffic from air
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Table 3-4 Analysis of cost of construction of 1 km of conventional high-speed railroad mainline based on infrastructure as of the moment of data publication

Stated invest-
Line Train trave Stated investments as ments 3 as of the
Country Line of the moment of data Currency moment of data Period Sour ce of information
length, km speed, km/h C L
publication, currency publication, cur-
rency/km
Moscon- information dated end of | http://forum.nashtransport.ru/i
Russia ) 2,100 350-400 km/h 2,500,000,000,000 rub. 1,190,476,190 2010, project not com- | ndex.php?showtopic=3693&s
Y ekaterinburg menced =115
Shanahai — statement dated end of
China Suzhgu 6 254,000,000 US dollars 42,333,333 2010, commissioning in | http://www.begusha.com/info/
the end of 2012 shownew/206
Taiwan Taipei-Kaohsiung 346 300 km/h 15,000,000,000 US dollars 43,352,601 information dated 2011 gggi//\MNW-infuture-ru/afticle/
information dated April,
Australia ‘éﬁtf;aa of the 1,748 Up 10350 120,000,000,000 US dollars 68,649,886 | 2013, project duration — | http/lentaru/articles2013/04

40 years

/12/railways/

Sour ce of information: Internet
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4 SELECTION OF PRINCIPLESAND METHODS OF ASSESSM ENT

4.1 General description of the used principles and methods of assessment

In the estimation of the market value of the assessed object a most likely price a which the as-
sessed object may be alienated is estimated as of the assessment date on commercia market in
conditions of competition, with parties of the transaction acting reasonably basing on al the re-
guired information, the transaction price is not affected by any extraordinary circumstances, in
other words, when:

One of the parties of the transaction is not obliged to aienate the assessed object and the
other party is not obliged to accept the transaction;

The parties of the transaction are well informed about the object of the transaction and act in
their best interests,

The assessed object is offered to the commercia market by a public offer typica for ssimilar
assessed objects;

The price of the transaction is a reasonable reward for the assessed object and there is no
pressure to complete the transaction by any party;

The payment for the assessed object is expressed in monetary form.

Methods used in estimation of value of objects of intellectua property (hereinafter OIP), are de-
termined by the character of value type, and by the purpose of the assessment and the intended use
of its results.

In estimation of OIP value methods of cost, comparative and income principles may be used.

Table 4-1 Recommended pr eference of the use of principlesin estimation of ITAsand OIPs

ITA and OIP types Primary priority Secondary priority Rarely used
Patents and technologies Income Market Cost
Trade marks Income Market Cost
Copyright objects Income Market Cost
Skilled manpower Cost Income Market
Information management software Cost Market Income
Software products Income Market Cost
Distribution networks Cost Income Market
Core deposits Income Market Cost
Franchise rights Income Market Cost
Corporate practice and procedures Cost Income Market

Each of the principlesis realized through certain assessment methods.

Accordingly the most applicable method for assessment of intellectual property and know-hows is
the income principle, then the comparative principle, and the cost principle is used rarely.

Ly 60
"% %/ Hold « Invest +Audit Consulting Company LLC




REPORT No. 0-905 dated May 22, 2013 “On market value assessment of exclusive intellectual property and know-how
rights on the“ String-and-rail transportation system of engineer Y unitskiy”

Assessment date: May 20, 2013

4.2 The cost concept

“The cost principle is a body of methods of estimation of value of an assessed object, based on
estimation of costs necessary for reproduction or replacement of the assessed object with regard to
its wear and obsolescence. Reproduction costs of an assessed object are the costs necessary to cre-
ate an exact copy of the assessed object with the use of materials and technologies utilized in the
creation of the assessed object. Replacement costs of an assessed object are the costs necessary to
create a similar object with the use of materials and technologies utilized at the date of the as-

sessment” 22,

The cost principle of assessment of an OIP is based on determination of costs, necessary for re-
production or replacement of an assessed object with regard to its technologica obsolescence and
economic wear. The cost principle is used if reconstruction or replacement of the assessed object
and associated costs is possible.

Methods of the cost principle imply that the value of an OIP is determined not only by its utility
which creates demand, but aso by the supply of similar objects in a market, and this supply will
take place when the value is higher than the producer’s costs. Thus costs are an important crite-
rion in composition of vaue, especialy in the case of creation of a new, origina OIP. A case is
possible when investor itself iswilling to create the object of interest and to bear certain expenses
related therewith, that will reflect the value of the object. All these provisions are the basis of the
cost principle of estimation of value of an OIP.

Within the cost principle of assessment of intangible assets (ITAS) severa analytica methods are
used. Each group of analytical methods uses a respective genera definition of the cost type rele-
vant to the performed assessment. The most widely used types, or definitions, of costsinclude:

Reproduction costs.
Replacement costs.

There are somewhat subtle but important differences between definitions of these two types of
costs.

Reproduction costs involve creation (or purchase) of an exact copy of the assessed intangible as-
set. Before performing necessary adjustments for the aim of determination of cost parameter, re-
production costs do not account neither for market demand for the assessed intangible asset, nor
for its market acceptance. In other words, before performing necessary assessment adjustments
the estimated reproduction costs will not provide information on whether anyone will wish to
have an exact copy of the assessed intangible asset at al (moreover, the issue is not examined).

Replacement costs involve costs for reproduction of utility of the assessed intangible asset; how-
ever such reproduced asset may differ considerably in form or in appearance from an exact copy
of the actual assessed intangible asset. Utility is an economic concept, relating to the ability of the
replacing object to provide an equivaent degree of satisfaction as compared to the assessed intan-
gible asset.

All methods of the cost principle are usually connected with performance of comprehensive or al-
including analysis of relevant constituent costs. Namely, al definitions of costs (i.e. costs of re-
production, replacement, etc.) usually include examination of al components of costs of materi-
als, manpower, overheads, profit of the developer of the intangible asset (i.e. adequate margin

13 Federal Valuation Standard No. 1“ General notions on assessment, principles and requirements for its performance’ , (FVS No.
1) enacted by decree of the Ministry of Economic Development and Trade of the Russian Federation of 20.07.2007, No. 256
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profit against the incurred expenses related to payments for materials, manpower and overheads),
the entrepreneuria stimulus (i.e. profit of the developer of the intangible asset per capital, includ-
ing expenses for coordination and labour inputs during the development period, adequate to
stimulate the process of development of the intangible asset).

All these components or elements of costs must be encompassed within each specific type of
costs, estimated with the use of each specific method of intangible assets assessment.

The value of an OIP is defined as the difference between the adjusted quantity of cost and the
guantity of the accrued wear.

Summary: the cost principle is not applicable for assessment of the object in view of the
fact that the assessed object is a complex object, involving the results of 35 years of intellectual,
research and experimental activities of engineer Yunitskiy, certified by 99 patents for inventions,
multiple scientific reports (over 100) and 18 monographs, by popular science articles (over 200),
technical, technological, design and engineering know-hows (over 100) and other results of intel-
lectual activities of the author and the owner of thisintellectual property.

Retrospective expenses for the development of the assessed object cannot be reproduced
and substantiated by actual documents, and their reproduction/replacement cannot be imitated
hypothetically.

4.3 The comparative concept

“The Comparative concept is a body of methods of estimation of the value of an assessed object,
based on comparison of the assessed object with similar objects that have price information avail-
able. An object similar to the assessed object is defined as an object similar to the assessed object
in main economic, material, technological and other characteristics, determining its vaue”.**

The comparative concept is based on the principle of an effectively operating market where inves-
tors purchase and sell similar assets while taking independent individual decisions. Data on simi-
lar transactions is compared to the assessed OIP. Economic advantages and disadvantages of the
identified assets are accounted in comparison to the selected equivalents by introducing appropri-
ate adjustments. Here adjustments that account for qualitative variations between the identified
assets and their equivaents are introduced.

When using the methods of comparative sales analysis the following activities are performed:

1. Data on completed transactions for similar objects of intellectual property is gathered.
OIPs similar in profit and revenue should be selected. Transaction markets of OIPs in the
same industry will not be deemed comparable if their profitability is not the same.

2. Main criteriato be considered in selection of compared transactions. similar OIPs; uniform
events and equivaence of compared objects; geographical coincidence of transactions; du-
ration of agreement; exclusive rights; end of production; marketing support and distribu-
tion channels of the products.

3. A list of characteristics to be used in comparison of OIPsis determined.

4 Federal Valuation Standard No. 1“ General notions on assessment, principles and requirements for its performance’ , (FVS No.
1) enacted by decree of the Ministry of Economic Devel opment and Trade of the Russian Federation of 20.07.2007, No. 256
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4. Actual prices of OIPs are adjusted for the values of the compared characteristics of the
identified OIP.

5. The value of the identified OIP is estimated basing on the adjusted actua data on compa-
rable transactions.

Summary: the comparative concept is not applicable in the assessment of the assessed ob-
ject of intellectual property, in view of the fact that the assessed object is a complex object, involv-
ing the results of 35 years of intellectual, research and experimental activities of engineer Yunit-
skiy, certified by 99 patents for inventions, multiple scientific reports (over 100) and 18 mono-
graphs, by popular science articles (over 200), technical, technological, design and engineering
know-hows (over 100) and other results of intellectual activities of the author and the owner of
thisintellectual property.

The assessed object has no equivalent in Russia or anywhere in the world. For that reason
methods of the comparative concept are not applicable to its assessment.

4.4  Theincome concept

The income concept is a body of methods of estimation of value of an assessed object, based on
determination of expected revenues from the use of the assessed object™.

A particular feature of assessment of an OIP is that the estimate of its market value is based, as a
rule, on the use of asingle standard concept — the income concept.

The income concept is based on estimation of economic benefits expected from the use of an OIP.
The method involves estimation of income associated with the identified assets, capitalization (or
discount) rates that reflect the level of risk related to the profitability of the OIP and its remaining
economic service life.

For different methods of income concept of assessment of intangible assets various measures of
economic income may be relevant.

Alternative measures of economic income include, in particular: gross or net earnings, gross reve-
nue, net operating income, net revenue before taxes, net revenue after taxes, cash flow from op-
erations, net cash flow and some other measures.

There are at least as many methods of the income concept to assess intangible assets, as there are
measures of economic income. Nevertheless the majority of methods can be grouped in several
categories of similar conceptua bases and similar practica applications. Let us describe some
categories of methods of the income concept:

Premium profit methods. These are methods of quantitative assessment of added economic in-
come (i.e. the owner will receive more economic income due to the ownership of the assessed in-
tangible asset as compared to the situation when that person is not the owner of the asset).

Cost savings methods. These are methods of quantitative assessment of decrease of economic
costs (i.e. due to the ownership of the assessed intangible assets the owner will bear economic
costs, such as investments in capital assets, that would have been needed in other circumstances,

15 Federal Valuation Standard No. 1“ General notions on assessment, principles and requirements for its performance” , (FVS No.
1) enacted by decree of the Ministry of Economic Development and Trade of the Russian Federation of 20.07.2007, No. 256
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or operating costs — in smaller quantities as compared to the situation when that person is not the
owner of the asset).

Royalty relief methods. These are methods of estimation of hypothetical royalties or license fees
that the owner will be relieved of (i.e. sums of roydties and license payments that the owner
would have to pay to an independent third party, owning the intangible asset in order to have the
possibility to use the asset and accrue legd rightsto it).

Revenues methods. These are methods of quantitative assessment of cost difference of a business
or a similar economic subject in general in the result of ownership of the assessed intangible asset
(and its use by a business) as compared to the case when the owner would not own the asset (and
would not use it in a business). This group of methods suggests estimation of value of an intangi-
ble asset as the remainder of the value of the whole business (or of the vaue of a similar busi-
ness).

Thus the ways of discriminating the economic effect together with the used mathematical tools
(extended form of discounting of monetary concepts or a formula of express capitalization) lead to
asystem of classification of income concept methods (see the table below).

All of the methods of estimation of intangible assets value within the income concept are fully
described and examined in the course book by A. N. Kozyrev and V. L. Makarov “Assessment of
value of intangible assets and intellectual property,” Moscow, “Interreklama’, 2003, where al in-
tangible assets assessment methods within the income concept are divided in three methods: D1,
D2, D3, with a certain set of modifications.

The main methods of the income concept:
D1 Method “Royalty relief”;
D2 Method “ Discounting/capitalization of advantage in revenues’;
D3 Method “Discounting/capitalization of costs saving”.

Table4-2 M ethods of the income concept

L e . Used mathematical tools
Criteria of classification

Methods using the for- | Methods using the ex-

M ethods of discriminating of economic effect mula of discounted cash | press capitalization pro-

flow (DCF) cedure

1. Above-limit profit EV A methods Surplus profit method

2. Price advantage Advantage in profit meth- | Approximate  estimation
ods methods (quick estimate)

3. Advantage in prime costs
within variable costs

Methods based on as- | 4. Advantage in prime costs
sessment  of  actual | within conditionally fixed costs
economic effect

5. Advantage in volume of prod-
uct sales

6. Economy on amount of in-
vestments

7. Actua license fees

Methods of simulation | 8. “Royalty relief” method
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L e . Used mathematical tools
Criteria of classification

Methods using the for- | Methods using the ex-
mula of discounted cash | press capitalization pro-

M ethods of discriminating of economic effect flow (DCF) cedure

construction  of  €C0- | 9. The method of estimation of
nomic effect licensor's share in licensee's
income ( the “25 percent rule”)

Each of the three main options may be executed in two modifications, indicated by letters () and
(b). Modification (a) is based on capitalization of averaged income (cash flow), modification (b) —
on discounting of expected cash flows (expected incomes).

In both cases either income (before or after taxes), or cash flow may be selected as the income in-
dex. The choice of income index is determined basing on the purposes of an assessment and the
type of value to be estimated.

The D1 method of estimation of market value is the most popular among appraisers. It can be ap-
plied either in modification (a) with income capitalization (before taxes), or in modification (b)
with discounting of the expected income (also before taxes).

Assumed license fees in the form of royalty — regular payments calculated as percent of proceeds
collected as the result of sales of licensed products, are assumed as the calculation basis.

The advantages of the D1 method are: the possibility of its use in both assessment of ITA (rights
to OIPs) aready in use, and of rights to OIPs only intended to be used; relative ssimplicity of ap-
plication; possibility to use standard industry royalty rates.

The D1(a) method is easier to apply and allows to use standard royadty rates as well, however it
may be applied only in the process of assessment of an asset already in use, generating a stable
income. In other cases application of the method results in not just crude but admittedly false es-
timates.

Capitalization is a simpler procedure than discounting. However it is advised to be applied in
cases when the assessed object is aready in use and has generated stable income, or when a rather
crude estimate is required of an asset that will presumably generate stable income.

For assessment of an OIP used in an investment project it is, as a rule, advised to use the method
of discounting of advantages in income.

The D2 and D3 methods are applicable for estimation of value of assets used by scientific and
technical organizations (companies) that produce products using ITA independently. Here the D2
method is more suitable for estimation of exclusive rights to patentable solutions realized in prod-
ucts, and the D3 method — for assessment of technological know-hows.

The selection of the D2 or D3 methods is determined by specific conditions of the assignment.
For example, to estimate the value of the use of know-hows the capitdization (discount) method
of cost saving is preferable.

The D2 method allows to take into account not only advantages in income from sale of each
product but aso from expansion of market at the expense of competitors. In the cases when it is
possible to calculate additional income received as the result of use of a specific intangible asset
with adequate accuracy, the D2 method is preferable. As arule there is no such possibility for sci-
entific-technical organizations and enterprises. That is why the D3 method is used more often.
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The essence of the D3 method is as follows. Effectiveness of production technology of a given
enterprise is compared to that of technology used in production of similar products on other enter-
prises which does not have the assessed technological know-hows, but which sells its products at
the prices as the examined enterprise. The comparison is performed in monetary terms; however it
is more advisable to use physica indicators, such as: demand of electricity, materias, labour.
(Otherwise the correlation between saving and know-how is doubtful).

The procedure of application of this method depends on the choice of specific modification: D3(a)
or D3(b). First two stages of estimation are the same.

1.  Cost savings are estimated for the whole volume of production, produced within a year. The
estimation is performed for a succession of years during which exclusive ownership of
know-how is assumed.

2. From the calculated sums expenses related to securing the confidentiality of information re-
lated to the know-how are deducted, and risks associated with the possibility of accidenta
disclosure of the know-how or of its independent development by competitors are ac-
counted. Risk assessment consists in reducing the value of the expected savings by deduct-
ing penalties estimated by expertise.

3. If the expected savings differ considerably for various years of the examined period than the
D2(b) method is used. For each year within the base period discount factor is calculated.
The revenues expected from cost saving are multiplied by respective factors. As a result a
set of discounted receiptsis produced.

4. Reduced vaue of cost saving for the total period of use of the know-how is determined. For
this purpose discounted revenues from cost saving are summed up.

Is it possible to use methods based on assessment of cost saving in assessment of and ITA not
used at the moment of the assessment?

To solve this problem the “ Slider rule” or the “25% rule” is used.

The basic idea of the “Slider rule” of cost assessment is that the overall value created by transac-
tion (license) must be distributed fairly between the seller and the buyer of the license.

An agreement reached by the interested seller and buyer shal be considered as a value-creating
event. Digressing for a moment from the issue of who receives what portion of the created value,
it is important to note that the transaction will necessarily create benefit expectation. If it would
have been otherwise neither the buyer, nor the seller would wish to conclude the agreement.

According to the “25% rule” afair distribution of conditiona 100% of saving is 25% for the seller
and 75% for the buyer. Thus in this simple example royalty rate shall be 25% of the saving per
one unit of the produced product, with some conditions alowing for possible changes of the sav-
ing benefit in time.

When the “25% rule” is used to estimate value of an ITA not in use as of the moment of assess-
ment, based on estimation of cost saving, the following procedure is used:

1. Estimation of annual figures of saving with the use of the ITA;
2. Estimation of licensor’s share in this saving;
3. Estimation of costs of maintenance or redesign of the ITA;

4.  Estimation of annual cash flows from the ITA with regard of revenue and costs components,
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5.  Estimation of discount rate;
6.  Discounting of cash flows and calculation of current value of the ITA.

Source of information: A. N. Kozyrev and V. L. Makarov “ Assessment of value of intangible assets and intellectual
property,” Moscow, “ Interreklama” , 2003, p. 153, item 3.5.

Summary: the income principle is based on estimation of actual simulated economic bene-
fits expected from the use of an IP object. This concept consists of estimation of the value of eco-
nomic income generated by the assessed object and of capitalization (discount) rates accounting
for degree of rick related with profitability of the IP object and for the remaining economic ser-
vicelife.

The following documents were provided to the Appraiser by the Customer: description of
the assessed object, including its quantitative and qualitative characteristics, level of capital ex-
penses for construction, time schedule of construction, and major parameters of investment pro-
ject employing the assessed object.

Consequently the Appraiser is able to perform assessment of the assessed object using the
income concept, with the method of discounted cash flows, based on estimation of actual eco-
nomical effect created on the basis of saving in the amount of investment expenditures, necessary
for construction of the String-rail Transportation System of Engineer Yunitskiy, as compared to
the amount of investment expenditures necessary for construction of a transportation system of
conventional high-speed railway transport with technologies available as of the assessment date.

Snce the assessed object is not in use and requires certain time and monetary expendi-
tures for redesign, certification, expert examination, etc., the “25% rule” was used to discrimi-
nate the share of economic income due to the owner of the assessed object.

The Appraiser believes that the information provided by the Customer and the information
obtained by the Appraiser during market research, is adequate to estimate the value of the as-
sessed object by means of the income concept, using the method of discounted cash flows that re-
flect the actual economic effect of the use of the assessed object.

Therefore the Appraiser made a decision to perform estimation of the value of the assessed
object by means of the income concept, using the method of discounted cash flows (the methods of
discrimination of actual economic effect).

4.5 Summary of the selection of concepts and methods of assessment

Based on the data available to the Appraiser and the purpose of the assessment the Ap-
praiser believes that in order to perform estimation of market value of the assessed object it is ap-
propriate to use the income concept, the method of discounted cash flows based on discrimination
of actual economic effect in the form of saving of investment expenditures. The use of this concept
and method, in the opinion of the Appraiser will allow to arrive at an unbiased and the most ade-
quate and reliable estimation of market value of the assessment object.
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The monograph by A. Damodaran titled “Investment assessment” (it has aready run into several
editions in Russian) presents quite solid justifications of the necessity to anayze of the effect of
inflation in the estimation of the results of a company’s activities or of an investment project. He
states the following: “in the conditions of a high and stable inflation the estimation is often ex-
pressed in real terms... This means that cash flows are estimated on the basis of real growth rate,
disregarding the growth resulting from high price inflation. In order to perform a consistent esti-
mation, the discount rates used in such case must be real discount rates. That is, if proceeds were
estimated without regard to effect of inflation (the inflation component was left out) then a corre-
sponding discount rate must be determined with the same exception.”

Summary: the estimation of cash flows from the assessed object was performed on the ba-
sis of real cash flows, without regard to inflation component. For discounting of the cash flows
such respective discount rate will be determined that will also be estimated excluding this ef-
fect.

5.3 Estimation of forecast period and of other parameters of thein-
vestment project

According to the method of discounting of cash flows the value of the assessed object is estimated
on the basis of future cash flows within the forecast period.

Forecast period is aduration within which monetary income is forecasted. As the forecast period a
duration lasting until cash flows growth rates stabilize or come to zero, is assumed.

Based on the information provided by the Customer the Appraiser set the forecast period to 55
years, including the first 3 years necessary for development of engineering documentation, con-
struction of test site, certification, various expert examinations and other activities concerning the
assessed object, within all of the 55 years the construction of 1 min. km of string-rail trestle rail-
way lines al over the world is planned.

Since the development of engineering documentation, construction of test site, certification, vari-
ous expert examinations and other activities concerning the assessed object within the first 3 years
of the forecast period will aso need investments, the Appraiser, based on the information of the
Customer, projected respectively 50, 100 and 150 min. US doll. for these expenses.

Distribution of the length of the transportation system among countries of the world is shown in
the table below. The infrastructural network of railroads of “the second level,” with tota length of
1 min. km., proposed within this Report, is divided into regions (zones) proportionaly to the area
of territory of a country and its population (total land area of the planet is 149 min. km?, its popu-
lation totals 7,143 min. residents):

1. China (9,60 min. km2, 1.357 min. residents) — 130.000 km.
2. India (3,29 min. km2, 1.234 min. residents) — 95.000 km

3. Russia (17,10 min. km2, 143 min. residents) — 70.000 km.
4. The USA (9,52 min. km2, 316 min. residents) — 50.000 km.
5. Brazil (8,51 mIn. km2, 198 min. residents) — 40.000 km.

6. Canada (9,98 min. km2, 34 min. residents) — 30.000 km.

16 sources of information: http://www.sroarmo.ruw/info/articles/article012

Ly 69
T
" ' Hold « Invest *Audit Consulting Company LLC

oy



http://www.sroarmo.ru/info/articles/article012

REPORT No. 0-905 dated May 22, 2013 “On market value assessment of exclusive intellectual property and know-how
rights on the“ String-and-rail transportation system of engineer Y unitskiy”

Assessment date: May 20, 2013

7. Austradia (7,69 min. km2, 24 min. residents) — 25.000 km.

8.

Indonesia (1,90 min. km2, 245 min. residents) — 25.000 km.

9. Mexico (1,97 min. km2, 117 min. residents) — 15.000 km.

10
11
12
13
14
15
16

43
44
45
46

-

. Pakistan (0,80 min. km2, 179 min. residents) — 15.000 km.

. Nigeria (0,92 min. km2, 167 min. residents) — 15.000 km.

. Democratic Republic of Congo (2,35 min. km2, 70 min. residents) — 13.000 km.
. Argentina (2,77 min. km2, 41 min. residents) — 12.000 km.

. Iran (1,65 min. km2, 77 min. residents) — 11.000 km.

. Algeria (2,38 min. km2, 36 min. residents) — 11.000 km.

. Bangladesh (0,14 min. km2, 152 min. residents) — 11.000 km.

17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

Japan (0,38 min. km2, 128 min. residents) — 10.000 km.
Kazakhstan (2,72 min. km2, 17 min. residents) — 10.000 km.
Ethiopia (1,123 min. km2, 91 min. residents) — 10.000 km.
Saudi Arabia (2,15 min. km2, 29 min. residents) — 9.000 km.
Egypt (1,00 min. km2, 83 min. residents) — 9.000 km.

Sudan (1,89 min. km2, 36 miIn. residents, 31 min. residents) — 8.000 km.
South African Republic (1,22 min. km2, 51 min. residents) — 8.000 km.
Turkey (0,78 min. km2, 75 min. residents) — 8.000 km.
Vietnam (0,33 min. km2, 89 min. residents) — 7.000 km.
Philippines (0,30 min. km2, 92 miIn. residents) — 7.000 km.
Peru (1,29 min. km2, 30 mIn. residents) — 7.000 km.
Tanzania (0,95 min. km2, 48 min. residents) — 7.000 km.
Columbia (1,14 min. km2, 47 min. residents) — 7.000 km.
Germany (0,36 min. km2, 82 min. residents) — 6.000 km.
France (0,55 mIn. km2, 64 miIn. residents) — 6.000 km.
Thailand (0,51 min. km2, 66 min. residents) — 6.000 km.
Libya (1,76 min. km2, 7 min. residents) — 6.000 km.
Mongolia (1,57 min. km2, 3 min. residents) — 6.000 km.
Chad (1,28 min. km2, 11 min. residents) — 6.000 km
Angola (1,25 min. km2, 20 min. residents) — 6.000 km.
Myanmar (0,68 min. km2, 49 min. residents) — 6.000 km.
Italy (0,30 mIn. km2, 61 miIn. residents) — 5.000 km.
Ukraine (0,60 min. km2, 46 min. residents) — 5.000 km.
Great Britain (0,24 min. km2, 63 min. residents) — 5.000 km.
Kenya (0,58 min. km2, 43 miIn. residents) — 5.000 km.

Niger (1,27 min. km2, 17 min. residents) — 5.000 km.

. Venezuela (0,91 min. km2, 30 min. residents) — 5.000 km.

. Afghanistan (0,65 min. km2, 33 min. residents) — 5.000 km.
. Spain (0,50 min. km2, 46 min. residents) — 5.000 km.

. Madi (1,24 min. km2, 15 min. residents) — 5.000 km.
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47.
48.
49.
50.
51
52.
53.
54.
95.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.

-

Republic of Korea (0,10 min. km2, 50 min. residents) — 4.000 km.
Bolivia (1,10 min. km2, 10 min. residents) — 4.000 km.

Mauritania (1,03 min. km2, 4 min. residents) — 4.000 km.
Mozambique (0,80 min. km2, 24 min. residents) —4.000 km.

Chili (0,76 min. km2, 18 min. residents) — 4.000 km.

Madagascar (0,59 min. km2, 22 min. residents) — 4.000 km.
Yemen (0,53 mIn. km2, 26 min. residents) — 4.000 km.

Uzbekistan (0,45 min. km2, 30 min. residents) — 4.000 km.
Morocco (0,45 min. km2, 33 min. residents) — 4.000 km.

Iraq (0,44 min. km2, 34 min. residents) — 4.000 km.

Poland (0,31 min. km2, 39 min. residents) — 4.000 km.

Malaysia (0,33 min. km2, 30 min. residents) — 3.000 km.

Namibia (0,83 min. km2, 2,3 min. residents) — 3.000 km.

South Sudan (0,62 min. km2, 8,3 min. residents) — 3.000 km.
Cameroon (0,48 min. km2, 20 min. residents) — 3.000 km.

Zambia (0,75 mIn. km2, 14 min. residents) — 3.000 km.

Uganda (0,24 min. km2, 36 min. residents) — 3.000 km.

Nepal (0,14 min. km2, 31 min. residents) — 2.600 km.

Ghana (0,24 min. km2, 26 mIn. residents) — 2.500 km.

Cote d'Ivoire (0,46 min. km2, 7,2 min. residents) — 2.500 km.
DPRK (0,12 min. km2, 25 min. residents) — 2.200 km.

Romania (0,24 min. km2, 21 min. residents) — 2.200 km.
Zimbabwe (0,39 min. km2, 13 min. residents) — 2.200 km.
Burkina-Faso (0,27 min. km2, 18 min. residents) — 2.200 km.
Syria(0,19 min. km2, 21 min. residents) — 2.100 km.

Somali (0,64 min. km2, 9.8 min. residents) — 2.000 km.

Centra African Republic (0,62 min. km2, 4,6 min. residents) — 2.000 km.
Botswana (0,58 min. km2, 2,1 min. residents) — 2.000 km.
Turkmenistan (0,49 min. km2, 5,2 min. residents) — 2.000 km.
Ecuador (0,28 min. km2, 15 min. residents) — 2.000 km.
Papua-New Guinea (0,46 min. km2, 7,2 min. residents) — 2.000 km.
Sweden (0,45 mIin. km2, 9,5 min. residents) — 2.000 km.

Republic of Congo (0,34 min. km2, 4,2 min. residents) — 1.900 km.
Paraguay (0,41 min. km2, 6,3 min. residents) — 1.800 km.
Republic of China (Taiwan) (0,04 min. km2, 23 min. residents) — 1.800 km.
Sri-Lanka (0,07 min. km2, 21 min. residents) — 1.700 km.

Finland (0,34 min. km2, 5,4 min. residents) — 1.600 km.

Guinea (0,25 min. km2, 10 min. residents) — 1.600 km.

Senegal (0,20 min. km2, 13 min. residents) — 1.600 km.

Cambodia (0,18 min. km2, 14 min. residents) — 1.600 km.
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87. Malawi (0,12 min. km2, 16 mIn. residents) — 1.600 km.

88. The Netherlands (0,04 min. km2, 17 min. residents) — 1.400 km.
89. Belarus (0,21 min. km2, 9,5 miIn. residents) — 1.400 km.

90. Tunisia (0,18 min. km2, 11 min. residents) — 1.400 km.

91. Norway (0,32 min. km2, 5,1 min. residents) — 1.400 km.

92. Oman (0,31 min. km2, 2,8 min. residents) — 1.200 km.

93. New Zedand (0,27 min. km2, 4,5 min. residents) — 1.200 km.
94. Laos (0,24 min. km2, 6,3 min. residents) — 1.200 km.

95. Greece (0,13 min. km2, 11 min. residents) — 1.200 km.

96. Portugal (0,09 min. km2, 11 min. residents) — 1.100 km.

97. Benin (0,11 mIin. km2, 9,4 miIn. residents) — 1.100 km.

98. Cuba (0,10 min. km2, 11 min. residents) — 1.100 km.

99. Kyrgyzstan (0,20 min. km2, 5,7 min. residents) — 1.100 km.
100. Azerbaijan (0,09 min. km2, 9,2 min. residents) — 1.000 km.
101. Gabon (0,27 min. km2, 1,6 miIn. residents) — 1.000 km.

102. Tagjikistan (0,14 min. km2, 8,0 min. residents) — 1.000 km.
103. Other countries, domains and territories — 104.500 km.

The listed 102 countries account for 895,500 km of the proposed trestle type railways, so the re-
maining 104,500 km of the “second type” of the 1,000,000 km will account for the rest 163 coun-
tries, dominions and territories.

For the purposes of this Report the duration of the forecast period is assumed to be 55
years, starting with the date of assessment, May 20, 2013.

5.4 Estimation of cash flowsfrom capital expenditure saving

Estimation of values and periods of redization of capital investments in construction of world-
wide network of string-rail transportation system designed by engineer Y unitskiy with total length
of 1 mIn. km. is based on the information provided by the Customer.

Based on the information provided by the Customer the Appraiser estimated that averaged cost of
construction of 1 km. of transportation system of Yunitskiy including the required infrastructure
(stations, servicing depots, switches, etc.) and without the cost of rolling stock, amounts to
13,449,013 US doll./km.

Based on the market research performed previously the Appraiser estimated world average cost of
construction of a conventiona high-speed railway mainline, aso including the necessary infra-
structure and excluding the cost of rolling stock at 52,121,862 US doll./km (part 3, item 3.3 of the
Report).

Since analytical information contained figures of investment sums of various dates (2010 to 2013)
the Appraiser conduced these investment amounts to the assessment date using price indexes for
engineering equipment, construction and assembly works in corresponding country, with the use
of the Interregiona Information and Anaytical Bulletin CO-INVEST (price indexes for construc-
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tion), part 82, January, 2013, for Russia, and data on similar indexes for other countries from
Internet’.

Further the Appraiser estimated the value of savings of capital investment expenditures for the
construction of the String-rail Transportation System of Yunitskiy as compared to world average
cost of construction of similar conventiona high-speed railway mainline — in the amount of
38,672,849 US doll./km.

All caculations are shown in the table below.

The value of savings of capital investment expenditures was estimated at 38,672,849 US
doll./km of the transportation mainline as of the assessment date, May, 20, 2013.

e Sources of information: http://www.ereport.ru/stat.php?razdel= country& count=china&table=inecia,

http://novosti ua.net/ekonomika/381 7-inflyaciya-v-kitae-v-2012-godu-sostavit-4.html
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Tableb5-1 Analysis of cost of 1 km of a conventional high-speed railroad mainline

Price index Exchange
Erolected amount of fromthean- rate of the Cost as of a
Countr Mainline Currenc investment as of the Duration Sour ce of information nouncement currency to ment date, US
y Y date of publication, datetill the | USdoll. asof Soll Tk
currency/km assessment the assess- ’
date ment date
information dated
. Moscow - end of 2010, pro- | http://forum.nashtransport.ru/ind
Russia Y ekaterinburg rub. 1,190,476,190 ject ot com- ex php2howtopic=3603& st=115 1.224 31.393 46,428,292
menced
statement dated
China Shanghai - Suzhou | US doll 42,333,333 endof 2010, | hitou/lwviw begusha cominfo/sh 1131 1.000 47,889,038
commissioning in | ownew/206
the end of 2012
Taiwan Taipei - Keohsi- US doll. 43,352,601 information dated | http://www.infuture.ru/article/39 1.050 1.000 45,520,231
ung 2011 2
information dated
Australia East coast of the US doll. 68,649,886 Apnl, 20;3, pro- http;//lenta.ru/artncles/2013/04/1 1.000 1.000 68,649,886
country ject duration—40 | 2/railways
years
Aver age value of cost of construction of 1 km of a
conventional high-speed railway mainline 52,121,862
Capital expenditureson construction of the
Transportation System of engineer Yunitskiy 13,449,013
ECONOMY, US doll./km 38,672,849

Source of information: estimation of the Appraiser
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5.5 Estimation of licensor’s share of the saving

Since the assessed object is not in use and still requires certain time and cash expenditures for re-
design, certification, expert examination, etc., in order to discriminate the licensor’s share of eco-
nomic income the Appraiser made a decision to use the “25% rule” after prior anaysis of the four
elements being the basis of the “Slider rule”:

Full cost (or vaue);
Proportional distribution (discrimination);
Investment;
Risk.
Full cost

As the result of the transaction the buyer (licensee) will be able to produce products and service
which will create a flow of income. It is assumed that in future the buyer of the license will be-
come the seller of products produced with the use of the technology. It is the licensee that will re-
ceive dl the revenues from al the sales, and their share shall further be distributed between the
licensee and the licensor/seller. The distributed income will be received gradualy, in the course of
many years.

Proportional distribution

The second element is proportiona distribution. This is the essence of application of the “Slider
rule” in cost assessment. Proportional distribution in the “25 percent rule” is 25 percent of the full
value for the licensor (the seller) and 75 percent for the licensee (the buyer).

Thereisalong list of the above mentioned business processes that the buyer shall implement and
apply in order to redize the vaue of the technology. Many, if not al of these processes may be
viewed as productive assets which the buyer has created before the transaction and which need to
be intensified to draw value from the technology. Than the “25 percent rule” states that 75 percent
of work necessary in order to convert the unprocessed (created but practicaly realized) engineer-
ing technology into cash of aclient, will be performed by the licensee with the use of vast produc-
tive assets in its possession and developed by it independently, however these assets are also
needed for commerciaization of the technology.

It is fair to say that development of technology for production of a new product or service is one
big step. Making it manufacturable is the second big step. The third and the fourth steps in this
succession are production and sale of the product. That is why development of a technology is one
of four big stepsto commercidization, thus one fourth is determined, or 25 percent of the value.

I nvestment

The third value is investment. The licensor made investment to bring the technology to its current
state. From this stage on the licensee independently or, in some cases with the aid of the licensor
must make further investments in order to develop the product and the business. When two parties
developing business start at the same stage usually the reward is distributed in the same way as
the complete value of investment: whoever does the most of the work receives the magjor part of
the reward. This principle is universal. Since under alicense transaction the parties did not start at
the same stage by definition, there was a period when only the licensor invested its capita and
there will be a period when only the licensee will invest capital. In addition to varying timing of
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investments the amount of investments will most likely vary, as will the risk of such investments.
That iswhy it should not come as a surprise that 50:50 distribution is rarely used.

Risk

The above argumentation leads us to the fourth and the final element: risk. Not al investments
result in equa output. It would be appropriate to mention that the higher investment risk usualy
borne by the licensor deserves a higher output proportionaly to the amount of the investment,
than the lower investment risks borne by the licensee with al other factors equal. The majority of
new technology projects starting as concepts fail. Thought failure may occur on any stage includ-
ing after launching the product in the market, it is well known that the rate of unforeseen conse-
guences occurrence in new ideas is the highest during the research and development stage which
usually precedes licensing.

5.6 Estimation of discount rate

Mathematically the value of capital isthe interest rate used to convert future income flows into the
unified quantity of current value. Economically the value of capital is an aternative profitability
that may be achieved in stock market by investing in securities similar in risk and maturity date to
the assessed subject of investment.

There are several approaches to estimation of discount rate. Three models are used most often in
practice: Capita Asset Pricing Model (CAPM), the cumulative arrangement model, and the mul-
tiplier model.

The Appraiser made a decision to estimate the discount rate with the cumulative arrangement
method, since there is not enough long-term statistical data for p-factor to construct the CAPM
model (the project uses intellectua property with no equivalents around the world), the multiplier
model is not applicable here since the Appraiser has not found equivalent comparable realized in-
vestment projects in the market, the project is unique.

The cumulative assessment method is determined with the following formula:
rm=r¢+ri, where

rm — discount rate for the investment project;

r.—risk-free yield rate;

ri —the rate accounting for the degree of investment risk for the assessed object.

Hypothetically the risk-free yield rate equals to profitability of a security or a security portfolio
that are in no circumstances liable to risk of default, thus it does not correlate with other profita-
bilities of the economy. Theoretically the best matter of the risk-free yield rate would be profit-
ability of an investment portfolio with anull beta. However putting together such null-beta portfo-
lios is expensive and quite complicated, this tool of assessment of a risk-free rate is not used. In
globa practice usualy yield rate on long-term state promissory notes (bonds or bills of exchange)
with investment duration similar to the assessed project are used as the risk-free yield rate.'® For
the estimation the Appraiser assumed the value of yield rate of the US thirty-years state promis-
sory notes (Government Bonds) amounting 3,18 % as of the assessment date.

18 Copeland T., Moel A. Comments on beta and on the risk-free rate when using the CAPM to calculate WACC. Moni-
tor Group, July 2003; Coupland T., Koller T., Murrin D. Company value: assessment and management / Translation
- M.: “ Olymp-Busines’, 2000, p. 283
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Figure5-1Yield rates of Government Bonds as of the assessment date
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Source of information: Bloomberg Agency, http: //mwww.bloomberg.com/markets/r ates-bonds/gover nment-bonds/us/

Firstly, this long-term interest rate reflects the duration of cash flows of the investment project
more accurately than the others. In fact it is geometrical mean of expected short-term rates of
treasury bills during the whole of the assessment period. Secondly, a long-term interest rate is
more stable over time, and thus, is less risky than a short-term one. Thisrate is defined by a lesser
sensitivity to sudden inflation fluctuations, and by lower liquidity premium as related to rates of
longer periods.

Thirdly, the time duration of the rate is similar to the one of a share portfolio of market index, and
thus it is compatible with the beta and the market risk premium related to market portfolio.

The rate accounting for investment risk degree. Risk premium was estimated by the aggregated
method on scale of risk premiums at 19%. This method is described in the “Regulations of as-
sessment of effectiveness of investment projects in competitive alocation of centralized invest-
ment resources of the Russian Federation” (enacted by Decree of Government of the Russian Fed-
eration N0.1470 dated November 22, 1997).

The regulations describe the recommended procedure of discount rate estimation for analysis of a
project. The following “ladder” of risk premiums is proposed (see the table below).
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Table 5-2 The procedure of risk premium estimation used in competitive allocation of centralized investment
resour ces of the budget of the Russian Federation

Project type Risk premium
Investmentsin intensification of production based on assimilated equipment 3-5%
Increase of sales of the existing products 8-10%
Production and market promotion of a new product 13-15%
Investments in research and innovations 18 - 20%

Sour ce of information: Series of procedural documentation on the subject of “ Practice of commercial assessment and
expert examination of industrial investment projects’ . Alt-Invest CIJSC, Moscow, 2006, p. 71.

Since the String-rail transportation System of engineer Yunitskiy lies in the category of innova
tions requiring the development of engineering documentation, certification, expert examination
and other works prior to actua implementation in an investment project of construction of the
transportation system itself, the investment risk premium was assumed to be the average of the
last range (investments in research and innovations) — 19 %.

Based on all the presented data of the components of discount rate of the cumulative arrangement
model the calculation of the discount rate of the object assessed within this Report is as follows:
"m = 3,18% + 19,00% = 22,18%

H Consequently the discount rate for the assessed object is estimated in the amount of
22,18%.

5.7 Estimation of the value of the assessed object
The Appraiser further performed estimation of the following indicators:
1. Total cash flow by years of the forecast period (cash flow owing to saving);
2 Discount multipliers by years of the forecast period (at the middle of each period);
3. Discounted cash flows from the assessed object;
4

The vaue of the assessed object in US doll., UK pound sterling, Euro, and Russian rubles
at exchange rates as of the date of assessment, May 20, 2013.%°

The formulafor estimation of discounted cash flows will be the following:
PV = FV * [1/(1+i)"n], where

FV — future vaue of monetary unit (cash flow, US doll.);

PV — present value of monetary unit (discounted cash flow);

i —yield rate (discount rate, %);

n — time factor (at the middle of each period for cash flows and at the end of the forecast period
for reversion vaue).

19 http: /iamw.cbr.ru/currency base/daily.aspx?C_month=05& C_year=2013&date reg=20.05.2013
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Continued
Parameter Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15
Commissioning of mainlines (around 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000
the world), km
t'\gt""'al”'l'(r:ﬁ COMMISSONING,  progressive 70,000 90,000 110,000 130,000 150,000 170,000 190,000 210,000
Costs of development of engineering
documentation, certification, expert ex- 0 0 0 0 0 0 0 0
amination, etc., min. US doll.
Savings of the licensee, min. US doll. 773457 773457 773,457 773457 773457 773457 773,457 773,6457
Savings, mill. US doll./km 38.673 38.673 38,673 38.673 38.673 38.673 38,673 38,673
Sgyg";ﬁ payments based on savings, min. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364
Savings-based royalty rate, % 25% 25% 25% 25% 25% 25% 25% 25%
Cash flow, min. US doll. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364
g;slh flow, progressive totdl, min. US 676,475 869,839 1,063,203 1,256,568 1,449,932 1,643,296 1,836,660 2,030,025
Discounted cash flow, min. US doll. 43,040.298 35226959 | 28,832.017 | 23597.984 | 19314114 | 15807.918 | 12,938.220 | 10,589.475
3}?}"%‘2‘3‘3 l"aSh flow, progressive totdl, | o5 633507 | 242060165 | 270892182 | 294,490.167 | 313,804.280 | 329612198 | 342550419 | 353,139.893
Time factor 7.50 8.50 9.50 10.50 11.50 12,50 13.50 14.50
i 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18%
i+1 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
Unit current valueindex |  0.2225866 0.1821793 0.1491073 0.1220390 0.0998846 0.0817520 0.0669111 0.0547644

Source of information: estimation by the Appraiser
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Parameter Year 16 Year 17 Year 18 Year 19 Year 20 Year 21 Year 22 Year 23
Commissioning of mainlines (around 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000
the world), km
t'\gt""'al”'l'(r:ﬁ COMMISSONING,  progressive 230,000 250,000 270,000 290,000 310,000 330,000 350,000 370,000
Costs of development of engineering
documentation, certification, expert ex- 0 0 0 0 0 0 0 0
amination, etc., min. US doll.

Savings of the licensee, min. US doll. 773457 773457 773,457 773457 773457 773,457 773,457 773,457

Savings, mill. US doll./km 38.673 38.673 38,673 38.673 38.673 38.673 38,673 38,673
Sgyg";ﬁ payments based on savings, min. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364

Savings-based royalty rate, % 25% 25% 25% 25% 25% 25% 25% 25%
Cash flow, min. US doll. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364
gg‘lslh flow, progressive total, min. US|, )3 5g9 2.416,753 2,610,117 2,803,482 2,996,846 3,190,210 3,383,574 3,576,939
Discounted cash flow, min. US doll. 8,667.110 7,093.722 5,805.960 4,751.973 3,889.321 3,183.272 2,605.395 2132.423
mff%‘gtzgl lc""Sh flow, progressive totdl, | 509 637003 | 368,900.726 | 374706.686 | 379,458.659 | 383,347.980 | 386,531,251 | 389.136.646 | 391.269.070
Time factor 1550 1650 17.50 18550 1950 2050 21.50 22.50
i 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18%
i+1 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
Unit current valueindex | 0.0448227 0.0366858 0.0300260 0.0245752 0.0201140 0.0164626 0.0134740 0.0110280

Source of information: estimation by the Appraiser
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Parameter Year 24 Year 25 Year 26 Year 27 Year 28 Year 29 Year 30 Year 31
Commissioning of mainlines (around 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000
the world), km
t'\gt""'al”'l'(r:ﬁ COMMISSONING,  progressive 390,000 410,000 430,000 450,000 470,000 490,000 510,000 530,000
Costs of development of engineering
documentation, certification, expert ex- 0 0 0 0 0 0 0 0
amination, etc., min. US doll.

Savings of the licensee, min. US doll. 773457 773457 773,457 773457 773,457 773,457 773,457 773,457

Savings, mill. US doll./km 38.673 38.673 38,673 38.673 38.673 38.673 38,673 38,673
Sgyg";ﬁ_paymems based on savings, min. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364

Savings-based royalty rate, % 25% 25% 25% 25% 25% 25% 25% 25%
Cash flow, min. US doll. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364
gg‘lsl*_’ flow, progressive totdl, min. US| 4274493 3,963,667 4,157,031 4,350,396 4,543,760 4,737,124 4,930,488 5,123,853
Discounted cash flow, min. US doll. 1,745.313 1,428.477 1,169.158 956.914 783.200 641.022 524.654 429.410
3:?%‘2‘33 l"aSh flow, progressive totdl, | 595 314 353 | 304,442,860 | 395612018 | 396,568.932 | 397,352.132 | 397993154 | 398517.807 | 398,947.218
Time factor 2350 2450 25.50 26.50 2750 2850 29.50 30.50
i 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18%
i+1 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
Unit current valueindex | 0.0090260 0.0073875 0.0060464 0.0049488 0.0040504 0.0033151 0.0027133 0.0022207

Source of information: estimation by the Appraiser
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Parameter Year 32 Year 33 Year 34 Year 35 Year 36 Year 37 Year 38 Year 39
Commissioning of mainlines (around 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000
the world), km
t'\gt""'al”'l'(rr‘ﬁ comMISSoning, — progressive 550,000 570,000 590,000 610,000 630,000 650,000 670,000 690,000
Costs of development of engineering
documentation, certification, expert ex- 0 0 0 0 0 0 0 0
amination, etc., min. US doll.

Savings of the licensee, min. US doll. 773457 773457 773,457 773457 773457 773,457 773,457 773,457

Savings, mill. US doll./km 38.673 38.673 38,673 38.673 38.673 38.673 38,673 38,673
Sgyg";ﬁ payments based on savings, min. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364

Savings-based royalty rate, % 25% 25% 25% 25% 25% 25% 25% 25%
Cash flow, min. US doll. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364
gg‘lsl*_’ flow, progressive totdl, min. US| 54,757 5,510,581 5,703,945 5,897,310 6,090,674 6,284,038 6,477,402 6,670,767
Discounted cash flow, min. US doll. 351.457 287.655 235.436 192.696 157.715 129.084 105.651 86.471
3:?%‘2‘33"’% flow, progressive totdl, | 599 095 675 | 309586330 | 399.821.766 | 400,014.461 | 400,172.176 | 400,301.260 | 400,406.910 | 400,493.381
Time factor 31.50 3250 33.50 3450 35.50 36.50 37.50 38.50
i 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18%
i+1 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
Unit current valueindex |  0.0018176 0.0014876 0.0012176 0.0009965 0.0008156 0.0006676 0.0005464 0.0004472

Source of information: estimation by the Appraiser
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Parameter Year 40 Year 41 Year 42 Year 43 Year 44 Year 45 Year 46 Year 47
Commissioning of mainlines (around 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000
the world), km
t'\gt""'al”'l'(r:ﬁ COMMISSONING,  progressive 710,000 730,000 750,000 770,000 790,000 810,000 830,000 850,000
Costs of development of engineering
documentation, certification, expert ex- 0 0 0 0 0 0 0 0
amination, etc., min. US doll.

Savings of the licensee, min. US doll. 773457 773457 773,457 773457 773457 773,457 773,457 773,457

Savings, mill. US doll./km 38.673 38.673 38,673 38.673 38.673 38.673 38,673 38,673
Sgyj;?f payments based on savings, min. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364

Savings-based royalty rate, % 25% 25% 25% 25% 25% 25% 25% 25%
Cash flow, min. US doll. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364
gg‘lsl*_’ flow, progressive totdl, min. US| ¢ g5/ 939 7,057,495 7,250,859 7,444,223 7,637,588 7,830,952 8,024,316 8,217,680
Discounted cash flow, min. US doll. 70.774 57.926 47.410 38.804 31.759 25.994 21.275 17.413
3:?%‘2‘33 l"aSh flow, progressive totdl, | ) 554 155 | 400,622,081 | 400.669.491 | 400,708.294 | 400,740.054 | 400,766.048 | 400787323 | 400,804.735
Time factor 39.50 40.50 41.50 42.50 43.50 44,50 45.50 46.50
i 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18%
i+1 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
Unit current valueindex | 0.0003660 0.0002996 0.0002452 0.0002007 0.0001642 0.0001344 0.0001100 0.0000901

Source of information: estimation by the Appraiser
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Parameter Year 48 Year 49 Year 50 Year 51 Year 52 Year 53 Year 54 Year 55
Commissioning of mainlines (around 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000
the world), km
t'\gt""'al”'l'(r:ﬁ COMMISSONING,  progressive 870,000 890,000 910,000 930,000 950,000 970,000 990,000 1,010,000
Costs of development of engineering
documentation, certification, expert ex- 0 0 0 0 0 0 0 0
amination, etc., min. US doll.

Savings of the licensee, min. US doll. 773457 773457 773,457 773457 773457 773,457 773,457 773,457

Savings, mill. US doll./km 38.673 38.673 38,673 38.673 38.673 38.673 38,673 38,673
Sgyg";ﬁ payments based on savings, min. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364

Savings-based royalty rate, % 25% 25% 25% 25% 25% 25% 25% 25%
Cash flow, min. US doll. 193,364 193,364 193,364 193,364 193,364 193,364 193,364 193,364
g;slh flow, progressive totdl, min. US| g /14 545 8,604,409 8,797,773 8,991,137 9,184,502 9,377,866 9,571,230 0,764,594
Discounted cash flow, min. US doll. 14.252 11.665 9.547 7.814 6.395 5.234 4.284 3.506
3:?%‘2‘33 l"aSh flow, progressive totdl, | ) 815987 | 400,830,652 | 400840199 | 400,848.013 | 400,854.408 | 400,859.643 | 400,863.927 | 400,867.433
Time factor 47.50 48.50 49.50 50.50 51.50 52.50 53.50 54.50
i 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18% 22.18%
i+1 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
Unit current valueindex | 0.0000737 0.0000603 0.0000494 0.0000404 0.0000331 0.0000271 0.0000222 0.0000181

Source of information: estimation by the Appraiser
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Therefore the value of the assessed object estimated within the income concept with the discounted cash flows method, as of the assessment
date, May 20, 2013, amounts to*® 400,867,433,000 US doll.

The appraiser further performed estimation of the value of the assessed object in the currencies stated above™.

Table 5-4 Estimation of the value of the assessed object in the following currencies: Russian ruble, Euro, UK pound sterling

Currency

Currency exchangeratetothe Rus-

Conversion factor

Valuein the currency

sian ruble
US dollar 31.3931 1.0000 400,867,433,000
Ruble of the Russian Federation 1.0000 31.3931 12,584,471,411,000
Euro 40.3747 0.7775 311,692,010,000
United Kingdom pound sterling 47.8274 0.6564 263,122,633,000

Source of information: estimation by the Appraiser, exchange rates of the Central

(http:/Ammw.cbr.ru/currency _base/daily.aspx?C_month=05&C_year=2013&date _req=20.05.2013)

% Rounded to 1 thous. US doll.

Bank of the Russian

Federation as of the

assessment

2! At the exchange rates of the Central Bank of the Russian Federation as of the assessment date, value stated without VAT and rounded to 1 thousand units of currency
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6 COORDINATION OF THE ASSESSEMENT RESULTSAND
ESTIMATION OF THE FINAL AMOUNT OF MARKET VALUE OF THE
ASSESSED OBJECT

6.1 Coordination of the assessment results

Coordination of the results of application of the conceptsis advisable if there are values obtained
as the result of use of varying concepts of the assessment. Since only the income concept was
used to estimate market value of assessed object the Appraiser assumed the amount estimated
within the concept as the final amount of market value of the assessed object, with specific weight
of 1.00.

6.2 Estimation of the final amount of market value of the assessed obj ect

The results of estimation of the final amount of the market value of the assessed object are shown
in the following calculation table®:

Table6-1 Estimation of the final amount of the market value of the assessed obj ect
Value estima}teql with .Value esti.ma.ted with Value est.lmate.d Wlth Final agreed market
Currency the cost principle, income principle, cur- | comparativeprinciple,
value, currency
currency rency currency
Not applied due to rea- Not applied due to rea-
US dollar sonable refusal 400,867,433,000 sonable refusal 400,867,433,000
Ruble of the Rus- Not applied due to rea- Not applied due to rea-
sian Federation sonable refusal 12,584,471,411,000 sonable refusal 12,584,471,411,000
Not applied due to rea- Not applied due to rea-
Euro sonable refusal 311,692,010,000 sonable refusal 311,692,010,000
United Kingdom Not applied due to rea- Not applied due to rea-
pound sterling sonable refusal 263,122,633,000 sonable refusal 263,122,633,000
Net value - 1,00 -

Source of information: calculations of the Appraiser

At the exchange rates of the Central Bank of the Russian Federation as of the assessment date, value stated without

VAT and rounded to 1 thousand units of currency
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7 CONCLUSION ON THE VALUE OF THE ASSESSED OBJECT

In accordance with the Paid Services Agreement No. O-905 dated May 14, 2013, between Y unit-
skiy Anatoly Eduardovitch (the Customer) and HOLD-INVEST-AUDIT Consulting Company
CJSC (the Contractor), the Appraiser of the Contractor performed assessment of market value of
the object — exclusive intellectua property and know-how rights on the “ String-and-rail Transpor-
tation System of Engineer Y unitskiy”.

The assessment was performed as of May 20, 2013 and is stated in the Assessment Report No.O-
905 dated May 22, 2013.

The assessment was performed and the Report was executed in compliance with the requirements
of Federal Law dated July 29, 1998, No 135-FZ “On assessment activities in the Russian Federa
tion”, Federal Vduation Standards “General notions on assessment, principles and requirements
for its performance” enacted by decree of the Ministry of Economic Development and Trade of
the Russian Federation of July 20, 2007, No. 256, Federal Vauation Standard “Purpose of valua-
tion and types of values’ enacted by decree of the Ministry of Economic Development and Trade
of the Russian Federation of July 20, 2007 No. 255, Federal Vauation Standard “Requirements to
vauation report”, enacted by decree of the Ministry of Economic Development and Trade of the
Russian Federation of July 20, 2007, No. 254, Vauation Standards Code of the Russian Society
of Appraisers (SSO ROO 2010).

The information characterizing the assessed object, the estimation procedures, the conclusions, the
main assumptions of the assessment, as well as the other information used in the process of esti-
mation of market value of the assessed object, is presented in respective sections of the Report.
The constituent sections of this Report may not be interpreted separately, but only in relation to
the complete text, with regard to al the assumptions and limitations contained therein. Any modi-
fications in the base conditions and input data, affecting the assessment, will result in partia or
complete revision of the Report. The Customer is responsible for reliability of the presented in-
formation.

Resulting from the performed investigation based on the available information and general and
specia assumptions as of the assessment date, May 20, 2013, the total market value of the as-
sessed object at the exchange rates acting on the assessment date anounted to®:

12 584 471 411 000 (Twelvettrillion five hundred eighty four billion four hundred seventy
one million four hundred eleven thousand) rubles,

400 867 433 000 (Four hundred billion eight hundred sixty seven million four hundred thirty
three thousand) US dollars,

311 692 010 000 (T hree hundred eleven billion six hundred ninety two million ten thousand)
Euro;

263 122 633 000 (Two hundred sixty three billion one hundred twenty two million six hun-
dred thirty three thousand) UK pound sterling,

By countries of investment project implementation employing the assessed object:

% At the exchange rates of the Central Bank of the Russian Federation as of the assessment date, value stated without
VAT and rounded to 1 thousand units of currency
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Table 7-1 Market value of the assessed object by countries of investment project implementation employing

the assessed obj ect

No. Country tra;?s;)%trrt];t)fion Market value, M arket value, US Market value, Market valuq, UK
network, km rubles dollars Euro pound sterling
1 | China 130,000 1,635,981,283,430 | 52,112,766,290 40,519,961,300 34,205,942,290
2 | India 95,000 1,195524,784,045 | 38,082,406,135 29,610,740,950 24,996,650,135
3 | Russia 70,000 880,012,998,770 | 28,060,720,310 21,818,440,700 18,418,584,310
4 | TheusA 50,000 629,223570,550 |  20,043,371,650 15,584,600,500 13,156, 131,650
5 | Brasilia 40,000 503,378,856,440 | 16,034,697,320 12,467,680,400 10,524,905,320
6 | Canada 30,000 377,534,142,330 | 12,026,022,990 9,350,760,300 7,893,678,990
7 | Austraia 25,000 314,611,785275 | 10,021,685,825 7,792,300,250 6,578,065,825
8 | Indonesia 25,000 314,611,785275 | 10,021,685,825 7,792,300,250 6,578,065,825
9 | Mexico 15,000 188,767,071,165 6,013,011,495 4,675,380,150 3,946,839,495
10 | Pakistan 15,000 188,767,071,165 6,013,011,495 4,675,380,150 3,946,839,495
11 | Nigeria 15,000 188,767,071,165 6,013,011,495 4,675,380,150 3,946,839,495
12 Euet')ﬂgccr’?“gongie 13000 163,508,128,343 5,211,276,629 4,051,996,130 3,420,594,229
13 | Argentina 12,000 151,013,656,932 4,810,409,196 3,740,304,120 3,157,471,596
14 | Iran 11,000 138,429,185,521 4,400,541,763 3,428,612,110 2,804,348,963
15 | Algeria 11,000 138,429,185,521 4,400,541,763 3,428,612,110 2,804,348,963
16 | Bangladesh 11000 138,429,185,521 4,400,541,763 3,428,612,110 2,804,348,963
17 | Japan 10,000 125,844,714,110 4,008,674,330 3,116,920,100 2,631,226,330
18 | Kazakhstan 10,000 125,844,714,110 4,008,674,330 3,116,920,100 2,631,226,330
19 | Ethiopia 10,000 125,844,714,110 4,008,674,330 3,116,920,100 2,631,226,330
20 | Saudi Arabia 9,000 113,260,242,699 3,607,806,807 2,805,228,090 2,368,103,607
21 | Egypt 9,000 113,260,242,699 3,607,806,897 2,805,228,090 2,368,103,697
22 | Sudan 8,000 100,675,771,288 3,206,939,464 2,493,536,080 2,104,981,064
23 Ezoe;t:bnc African 8,000 100,675,771,288 3,206,939,464 2,493,536,080 2,104,981,064
24 | Turkey 8,000 100,675,771,288 3,206,939,464 2,493,536,080 2,104,981,064
25 | Vietnam 7,000 88,001,299,877 2,806,072 031 2,181,844,070 1,841,858,431
26 | Philippines 7,000 88,091,299,877 2,806,072 031 2,181,844,070 1,841,858,431
27 | Peru 7,000 88,001,299,877 2,806,072,031 2,181,844,070 1,841,858,431
28 | Tanzania 7,000 88,001,299,877 2,806,072,031 2,181,844,070 1,841,858,431
29 | Columbia 7,000 88,001,299,877 2,806,072,031 2,181,844,070 1,841,858,431
30 | Germany 6,000 75,506,828,466 2,405,204,508 1,870,152,060 1,578,735,798
31 | France 6,000 75,506,828,466 2,405,204,508 1,870,152,060 1,578,735,798
32 | Thailand 6,000 75,506,828,466 2,405,204,508 1,870,152,060 1,578,735,798
33 | Libya 6,000 75,506,828,466 2,405,204,508 1,870,152,060 1,578,735,798
34 | Mongolia 6,000 75,506,828,466 2,405,204,508 1,870,152,060 1,578,735,798
35 | Chad 6,000 75,506,828,466 2,405,204,508 1,870,152,060 1,578,735,798
36 | Angola 6,000 75,506,828,466 2,405,204,508 1,870,152,060 1,578,735,798
37 | Myanmar 6,000 75,506,828,466 2,405,204,508 1,870,152,060 1,578,735,798
38 | ltaly 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
b, 89
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No. Country tra;?s;)%trrt];t):on Market value, Market value, US Market value, Market valuq, UK
network, km rubles dollars Euro pound sterling
39 | Ukraine 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
40 | Grea Britain 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
41 | Kenya 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
42 | Niger 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
43 | Venezuda 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
44 | Afghanistan 5,000 62,922,357,055 2,004,337,165 1,558,460050 1,315,613165
45 | Span 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
46 | Mali 5,000 62,922,357,055 2,004,337,165 1,558,460,050 1,315,613,165
47 | Republic of Korea 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052490,532
48 | Bolivia 4,000 50,337,885,644 1,603,469,732 1,246,768040 1,052,490,532
49 | Mauritania 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
50 | Mozambigue 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
51 | Chile 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
52 | Madagascar 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
53 | Yemen 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
54 | Uzbekistan 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
55 | Morocco 4,000 50,337,885,644 1603,469,732 1,246,768,040 1,052,490,532
56 | Irag 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
57 | Poland 4,000 50,337,885,644 1,603,469,732 1,246,768,040 1,052,490,532
58 | Mdaysia 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
59 | Namibia 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
60 | South Sudan 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
61 | Cameroon 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
62 | Zambia 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
63 | Uganda 3,000 37,753,414,233 1,202,602,299 935,076,030 789,367,899
64 | Nepa 2,600 32,719,625,669 1,042,255,326 810,399,226 684,118,846
65 | Ghana 2,500 31,461,178,528 1,002,168,583 779,230,025 657,806,583
66 | Cote d Ivoire 2,500 31,461,178,528 1,002,168,583 779,230,025 657,806,583
67 | DPRK 2,200 27,685,837,104 881,008,353 685,722,422 578,869,793
68 | Romania 2,200 27,685,837,104 881,008,353 685,722,422 578,860,793
69 | Zimbabwe 2,200 27,685,837,104 881,008,353 685,722,422 578,860,793
70 | Burkina-Faso 2,200 27,685,837,104 881,008,353 685,722422 578,869,793
71 | Syria 2,100 26,427,389,963 841,821,609 654,553,221 552,557,529
72 | Somali 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
73 | CAR 2,000 25,168,042,822 801,734,866 623,384,020 526,245,266
74 | Botswana 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
75 | Turkmenistan 2,000 25,168,042822 801,734,866 623,384,020 526,245,266
76 | Ecuador 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
77 gi‘i’z:;“e"" 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
78 | Sweden 2,000 25,168,942,822 801,734,866 623,384,020 526,245,266
v 9
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No. Country tra;?s;)%trrt];t):on Market value, Market value, US Market value, Market valuq, UK
network, km rubles dollars Euro pound sterling
79 ggﬁ’]‘;”“c of the 1,900 23,910,495,681 761,648,123 592,214,819 499,933,003
80 | Paraguay 1,800 22,652,048,540 721,561,379 561,045,618 473,620,739
81 (F{Te;‘\j\f’gnc) of China 1,800 22,652,048,540 721,561,379 561,045,618 473,620,739
82 | Si Lanka 1,700 21,393,601,399 681,474,636 520876,417 447,308,476
83 | Finland 1,600 20,135,154,258 641,387,893 498,707,216 420,996,213
84 | Guinea 1,600 20,135,154,258 641,387,893 498,707,216 420,996,213
85 | Senegd 1,600 20,135,154,258 641,387,893 498,707,216 420,996213
86 | Cambodia 1,600 20,135,154,258 641,387,893 498,707,216 420,996,213
87 | Mdawi 1,600 20,135,154,258 641387,893 498,707,216 420,996,213
88 | the Netherlands 1,400 17,618,259,975 561,214,406 436,368,814 368,371,686
89 | Belarus 1,400 17,618,259,975 561,214,406 436,368,814 368,371,686
90 | Tunis 1,400 17,618,259,975 561,214,406 436,368,814 368,371,686
91 | Norway 1,400 17,618,259,975 561,214,406 436,368,814 368,371,686
92 | Oman 1,200 15,101,365,693 481,040,920 374,030,412 315,747,160
93 | New Zedand 1,200 15,101,365,693 481,040,920 374,030,412 315,747,160
94 | Laos 1,200 15,101,365,693 481,040,920 374,030,412 315,747,160
95 | Greece 1,200 15,101,365,693 481,040,920 374,030,412 315,747,160
96 | Portugd 1,100 13,842,918,552 440,954,176 342,861,211 289,434,896
97 | Benin 1,100 13,842,918,552 440,954,176 342861,211 289,434,896
98 | Cuba 1,100 13,842,918,552 440,954,176 342,861,211 289,434,896
99 | Kyrgyzstan 1,100 13,842,918,552 440,954,176 342,861,211 289,434,896
100 | Azerbaijan 1,000 12,584,471,411 400,867,433 311,692,010 263,122,633
101 | Gabon 1,000 12,584,471,411 400,867,433 311,692,010 263,122,633
102 | Tajikistan 1,000 12,584,471,411 400,867,433 311,692,010 263,122,633
Other  countries,
103 | 2SS ‘t’;’:;g 104,500 1,315,077,262450 |  41,890,646,749 32,571,815,045 27,496,315,149
ries
The Appraiser /0. V. Krutskaya/
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8 ADDENDUM 1. DOCUMENTS CONFIRMING COMPETENCE OF
THE ASSESSM ENT
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Federal Tax Service
CERTIFICATE

of registering in the Unified State Register of Legal Persons

We hereby confirm that in compliance with Federal Law “On state registration of legal per-
sons and private entrepreneurs’ changes in constituent documents of a legal person were
recorded in the Unified State Register of Legal Persons’

Closed Joint Stock Company HOLD-INVEST-AUDIT Consulting Company
(full company name and legal status of the legal person in Russian)

HOLD-INVEST-AUDIT Consulting Company CJSC
(short company name of the legal person in Russian)

Main state registration number 1027739150328

December 03, 2012 assigned state registration number

(month) (date)(year)
9127747154780

Inter-district Inspectorate No 46 of the Federal Tax Service, Moscow
(mane of regulating authority)

Chief State Tax Inspector
Of Inter-district | FTS of Russia /Sgnature/ N. P. Vzdorik

No 46, Moscow Official sed: (illegible)

Series 77 No 016099374
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POCCHUHACKOE OBUIECTBO OUEHIIUKOB
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Ne 0064/77-1111/01
3A0 «AyauTopckasi KOMIAHHUA
«XOJJI-UHBECT-AYIAT»

MPH3HACTCH HPOGJWHOH&JIBHO 3aHHMArONIHMCA mpefiocTaBjleHHeM OLEHOYHBIX
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RSA
RUSSIAN SOCIETY OF APPRAISERS CJSC

CERTIFICATE OF
ACCREDITATION

To certify that

HOLD-INVEST-AUDIT Consulting Company CJSC
M oscow

Was accredited at the RSA and recorded in the Record of Appraisers and Vauation Companies of
the RSA

No. 0064/77-1111/01
HOLD-INVEST-AUDIT Consulting Company CJSC

is deemed to professionally provide valuation services, is incorporated into the system of business
cooperation of the RSA in compliance with Regulations on Accreditation in the RSA dated
03.04.1998.

the President of NP “RSA Partnership”

I. L. Artemenkov /Signature/

Sedl: All-Russia non-governmental organization, OGRN 102770149146, Moscow, Russian Soci-
ety of Appraisal

March 13, 2013 Valid till March 12, 2016
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Of insurance of civil liability in
Auditing

This policy was issued in confirmation of execution of an insurance contract No. GS4T-GOA D/000003-10 dated June 16, 2010 (hereinafter — “the
Contract”) in compliance with “Regulations of Voluntary Insurance of Civil Responsbility in Auditing” by GUTA-Insurance CGSC (hereinafter —

“Insurance Regulations’)

The insured:

Address, telephone, fax

Closed Joint Stock Company “HOLD-INVEST-AUDIT Consulting Company”
11000, Moscow, Maroseyka, 6/8; (495) 795-03-83

Insurance object:

Proprietary interests of the Insured not contradictory to legidation of the Russian Federation,
related to appearance of liabilities to compensate damage caused by it to property interests of
third parties in the result of a mistake, negligence, or omission in performing by the Insured of
auditing services.

Insured accident:

Appearance of liability of the Insured to compensate property damage caused to a third person
as the result of a mistake, negligence or omission of the Insured during performance of auditing
services:

- performance of compulsory auditing (in compliance with the requirements of the Rus-
sian Federation);

- performance of voluntary auditing (voluntary examination, conducted after the inquiry
of an organization or a private entrepreneur based on a contract with auditor);

- performance of a tax auditing (auditing of business and tax accounting systems of and
organization or a private entrepreneur based on a contract with auditor);

- organization, recovery and conduct of accounting, accounting (financial) reporting;

- organization, recovery and conduct of accounting, execution of tax statements and
declarations;

- analysis of financial and business activities of organizations and private entrepre-
neurs,

- automation of accounting and implementation of information technol ogies;

- estimation of value of property, assessment of businesses as business complexes;

- conduct of research and experiments connected with auditing, distribution of results
thereof, including paper and electronic media.

Insurance sum:

50,000,000 (Fifty million) rubles

Reimbursement limits per one insured acci-
dent:

10,000,000 (Ten million) rubles

Franchise deductible:

25,000 (Twenty five thousand) rubles

Insurance premium:

120,000 (One hundred thousand) rubles

Terms of payment of the insurance premium:

Installments, by three annual payments as per item. 4.3 of the Insurance Contract

Term of vaidity of the Contract (term of
insurance):

June 16, 2010 till June 15, 2013

Attached documents, being integral part of the
Policy:

Addendum 1 — Application for insurance

Addendum 3 — Regulations of voluntary insurance of civil responsibility in auditing of GUTA
Insurance CJSC

The Insurer: GUTA Insurance CISC
Director of “ GA Petrovsko-Razumovskoye”

By Power of Attorney No.467 dated 15.04.2010
Seal: GUTA Insurance CJSC, (illegible)
/Signature/ (S V. Astashov)

The
CJsc

Director General, under the Satute
Seal: “HOLD-INVEST-AUDIT Consulting Company” CJSC (illegible)
/Signature/ (1. N. Drozdov)

Insured: “HOLD-INVEST-AUDIT Consulting Company”
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All-Russian Socid Organization
RUSSIAN SOCIETY OF APPRAISERS CJSC

CERTIFICATE
of membership in self-governed appraisers organization

The All-Russian Social Organization “Russian Society Of Appraisers,” registered by the Federal
Registration Service in the Unified State Registry of Self-governed Organization of Appraisers’
dated July 9™, 2007, registration No. 0003.

The Appraiser:
Olga Viktorovna Krutskaya
(name, patronymic name, family name)

Passport: series 4505 No. 851432, issued 05.05.2003.
DIA of Lianozovo district, Moscow
(issuing authority)

was recorded in the Register of Members of the RSA:

June, 24, 2010, registration No. 006681

The Appraiser has the right to perform assessment activities on whole of the territory of the Rus-
sian Federation in compliance with Federal Law “On assessment activities in the Russian Federa-
tion” No. 135-FZ dated July 29, 1998.

Term of validity of this Certificate is three years from the date of issue.

Issued on June 25, 2010.

Sed: All-Russia non-governmental organization, OGRN 102770149146, Moscow, Russian Soci-
ety of Appraisal
0007415*
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ALL-RUSSIAN SOCIAL ORGANIZATION
“RUSSIAN SOCIETY OF APPRAISERS CJSC”

CERTIFICATE
To certify that the appraiser
Krutskaya
Olga Viktorovna
Has successfully passed a qualifying examination
as per the Resolution
Of The Council of the Russian Society of Appraisers
Minutes No. 371 dated 21.12.2010.
He(she) was awarded the qualifying title of

“REALTY APPRAISER CERTIFIED BY THE RSA”

President of the RSA /Signature/ S. A. Tabakova
Sed: All-Russia non-governmental organization, OGRN 102770149146, Moscow, Russian Soci-
ety of Appraisal

Registration number 0171

Issued on December 22, 2010 Valid till December 22, 2015
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UTILITY PATENT
No. 2220249

Russian Agency for Patents and Trademarks, basing on the Patent Law of the Russian Federation,
encated October 14, 1992, issued this utility patent

YUNITSKIY TRANSPORT SYSTEM (VARIANTS) AND METHOD OF CONSTRUCTION
OF THE TRANSPORTATION SYSTEM

Patent holder(s):  Yunitskiy Anatoly Eduardovitch

Teryokhin Dmitry Valdimirovitch
After the application No. 2002113320, date of arrival: May 21, 2002
Priority of May 21, 2002
Autor(s):

Yunitskiy Anatoly Eduardovitch

The patent is valid on al of the territory of the Russian
Federation within 20 years from May 21, 2002 subject
to timely payment of the duty for keeping the patent
valid
Registered in the State Registry of inventions of the
Russian Federation

Moscow, February 27, 2003

Director General
Officia Seal: Russian Agency for Patents and Trademarks

/Sgnature/ A. D. Korchagin
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THE EURASIAN PATENT ORGANIZATION
THE EURASIAN PATENT OFFICE
EURASIAN PATENT
No. 004917

Name of the invention:

“YUNITSKIY TRANSPORT SYSTEM AND METHOD OF CONSTRUCTION OF THE
TRANSPORTATION SYSTEM”

Patent holder(s): YUNITSKIY ANATOLY EDUARDOVITCH (RU)

KAPITONOV ALEXANDER ALEXANDROVITCH (UA)
Autor(s):

Yunitskiy Anatoly Eduardovitch (RU)
application No. 200200992
Priority of the invention:
Date of application: October 17, 2002
Date of issue of the patent: August 26, 2004

This certifies that the Eurasian patent was issued for

the invention stated in clam of the attached descrip-
tion.

Subject to payment of respective annual duties the pat-
ent is vaid on the territory of the member-states of the
Eurasian Patent Convention —Azerbaijan Republic,
Kyrgyz Republic, Republic of Armenia, Republic of
Belarus, Republic of Kazakhstan. Moldova Republic,
Republic Taikistan, the Russian Federation, Turk-
meni stan.

/Signature/
Seal: Eurasian Patent Organiza- GRIGORIEV Alexandr Nikolaevitch
tion, Eurasian Patent Office President of the Eurasian Patent Office
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THE EURASIAN PATENT ORGANIZATION
THE EURASIAN PATENT OFFICE
EURASIAN PATENT
No. 006112

Name of the invention:

“YUNITSKIY TRANSPORT SYSTEM (VARIANTS) AND METHOD OF CONSTRUCTION
OF THE TRANSPORTATION SYSTEM”

Patent holder(s):
YUNITSKIY ANATOLY EDUARDOVITCH (RU)

Autor(s):
Yunitskiy Anatoly Eduardovitch (RU)

application No. 200400905

Priority of the invention:

Date of application: July 9, 2004

Date of issue of the patent: August 25, 2005

This certifies that the Eurasian patent was issued for
the invention stated in clam of the attached descrip-
tion.

Subject to payment of respective annual duties the pat-
ent is valid on the territory of the member-states of the
Eurasian Patent Convention —Azerbaijan Republic,
Kyrgyz Republic, Republic of Armenia, Republic of
Belarus, Republic of Kazakhstan. Moldova Republic,
Republic Taikistan, the Russian Federation, Turk-
meni stan.

/Signature/
Sed: Eurasian Patent Organiza- GRIGORIEV Alexandr Nikolaevitch
tion, Eurasian Patent Office President of the Eurasian Patent Office
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THE EURASIAN PATENT ORGANIZATION
THE EURASIAN PATENT OFFICE
EURASIAN PATENT
No. 006359

Name of the invention:

“YUNITSKIY TRANSPORT SYSTEM (VARIANTS) AND METHOD OF CONSTRUCTION
OF THE TRANSPORTATION SYSTEM”

Patent holder(s):
YUNITSKIY ANATOLY EDUARDOVITCH (RU)

Autor(s):
Yunitskiy Anatoly Eduardovitch (RU)

application No. 200400710

Priority of the invention:

Date of application: July 9, 2004

Date of issue of the patent: December 29, 2005

This certifies that the Eurasian patent was issued for
the invention stated in clam of the attached descrip-
tion.

Subject to payment of respective annual duties the pat-
ent is vaid on the territory of the member-states of the
Eurasian Patent Convention —Azerbaijan Republic,
Kyrgyz Republic, Republic of Armenia, Republic of
Belarus, Republic of Kazakhstan. Moldova Republic,
Republic Taikistan, the Russian Federation, Turk-
meni stan.

/Signature/
Sed: Eurasian Patent Organiza- GRIGORIEV Alexandr Nikolaevitch
tion, Eurasian Patent Office President of the Eurasian Patent Office

Ly 125
T
" ' Hold « Invest *Audit Consulting Company LLC

oy




REPORT No. 0-905 dated May 22, 2013 “On market value assessment of exclusive intellectual property and know-how
rights on the“ String-and-rail transportation system of engineer Y unitskiy”

Assessment date: May 20, 2013

The Russian Aeademy of Sciences
The Establishment of the Russian Academy of Scicnoes
Institute of Transportation Problems named after N.5. Solomenko RAS
199178, St. Petersburg, Vasilievsky Istand 12" Line, 13
Tel. {812) 321-97-42, Fax (812) 323-29-54, F-mail: belyi@iptran.ru

“1 asscni™

Dircctor.of Institute of Transportation Problems
b&'r?mtldﬂﬁrii'ﬂ Solomenko BAS
+ Honoured Worker of Science of RF
¢ Doctorof Engineering Scicnces, Professor
e e = Relyi OV,

v

Exuﬁ'ﬁvq'ﬁum mary
Of Innovative Transport Technology
“String Transport Unitsky™

1. Introduction

Analysis of transport state-of-the-art and its perspectives was carricd out as the part of the
Transport Strategy of Russian Federation till 2030, Tt proves that there are a number of
limitations for transport development in Russia. Among them one can mention high rate of
capital and energy output, severe climatic conditions, long period of project implementation, low
transport infrastructure payback,

In such eonditions formation of competitive transport services market is impossible without
progressive achievements of techniques and technologies which are in conform to the security
standards. The most important development direction becomes the implementation of innovative
technologies in transport sphere. Therefore, introduction of Unitsky Siring Transport (STLI) may
become one of the most perspective direetions in innovative transport technologies development.
In November, 2008 Transport Committee of State Duma ol the Federal Assembly of the Russian
Federation admitted STU to be the best innovative project in terms of Consultative Council
*Transport wnites Russia” on project “Innovative Types of XXI1 Century Transportation in
Russia™. STU was also recommended for early implementation to the economic scheme of the
country.

String transport is the tfransport of “the second level”. 15 infrastructure doesn’t need great
deal of land resources. STU has spans (from 30-50m to 1-2km) between supports which provide
STU passing through swampy, sand and mountain terrain, water barriers. boreal forest, cold
desert and above ever frozen gsround. STU has large energy efficiency and is less capital-
intensive in comparison with monorail, elevated roads with magnetic levitalion trains or high
speed railways. STL is resistant enough to atmespheric effects, earthquakes, floods and other
natural disasters. STU system meels Russian standards SNiP (Construction Standards and
Regulations) and GOST (all-Union State Standard), has Russian and international patents. Basic
compounds and details of the system have been tested and are certified in accordance with
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Russian legislation, Above mentioned advantages allow to introduce a new type of transport in a
small period of time. It will solve public, suburban and intercity transportation problems and also
the problem of passenger and transportation overload.

2. String Transport Concept

Sinng transport consists of several supports [ocated at a distance one from another, string-
rails tensed on them and self-moving vehicles called unibuses. The main difference belween
STU and conventional railway is that string-rails are raised above the temain 3 and even more
meters high, they are strained between supports and are pretensioned up to 100-500 tons eflorts
and even more, It provides high stiffness of a string-rail track which is determined from relation
of span structure deflection to the length of 2 span (about 1/1000). At the same time, there is no
necessity of making subgrades, building ernssovers, viaduets, bridges, pipe-culverls and other
comgtructions. [t results in high economie elfectiveness of STU and its rapid building-up,

The string itself is a metallic box with pretensioned ropes inside of it. The ropes are made of
3-5mm diameter wires encapsulated with modified concrete or other filling on the basis of
epoxide resin, The metallie box is covered with rail top where unibus wheeling takes place, Such
string-rail construction provides not only proteetion against corrosion of load-bearing stecl wires,
but also high reliubility of system functioning, because rail excursion on a spary doesn’t exceed
4+ 15mm {towards midline) at low speeds and =3mm at high unibus speed. Oscillation decay time
15 about (1.1 sec. Eventual uprise ol resonant elfects in a string-rail is compensated by choosing
of reagsonable unibus speed rate (low-, average-, high- and exira high speed string versions were
designed). Lventnel uprise of resonant effeets in o string-roil may also be compensated by the
rate of siring-rail bending stiffness, string tension force and physical-mechanical specifications
of a filling.

In comparison with conventional vehicles unibus is more cost-cfficient due to its distinctive
acrodynamic features, Al speed rates over 200 km/h on a steing railway unibus aiv resistance
coeflieient may be reduced to 0.land lower because of sereen effect elimination and dug to
patented highly asrodynamic mold lines,

STU transport system has different speed rate versions: up to 50km/h, up to 100 km/h, up 1o
150 ko/h, up to 200 km/h, up to 300 kv, up to 400 km/h, up to 500 kmv'h,

3. Short List of Work Performed

Since “String Transport Unitsky™ Ltd was founded (19887 a large seope of scientific,
experimental and development work has been implemented. It includes the Following resulls
classifizd in accordance with the abovementioned STU concept.

3.1 Supports
-Basic types of supports (anchor and intermediate) were designed; their configuration (mainly T-
frame and Il-framc) was detenmined for suspended and mounted STU,
-Dptimum distances between anchor (up to 10km) and intermediate (30-50m For mounted and
100-300m for suspended STU) supports were determined. Besides, supports height (not less than
3m), depth of support setting (1.5-2.5m and more for panel=wall foundation and G=-8m and morc
for pile foundation, depending on physical-mechanical ground features and the depth of frost
penctration) and support setfing technology were determined.
-The types of snpport foundation were delermined.
-The types of support malfunctions and their admissible values were determined.
-Admissible support leans were determined.
-Conerete grades necessary for building of supports and string-rail filling were determined in
accordance with GOST 18103-86,
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Building of supports and string-rail transport svstem of “the second level™ is supposed to
be implemented in accordance with Russian standard SNiP 2.05.03-84* “Bridges and pipes™.
Thus, string-rail constructions of a double-line track will be less resource-demanding, because
there 1s no need of making continuons rail coverage.

3.2 String-Rail
-The shape of string-rail frame and its inner structure were determined for suspended and
mounted ST in all versions (extralight, light, average, heavy and extraheavy).
-Strength properties of string steel ropes were determined in accordance with SRNIP 2.05.03-84*
“Bridges and pipes”, Strings and frame bonding tochnique was also determined.
~The project principle is “the higher unibus speed is the stiffer a track should be and (he more
pretension in a string should be™. In accordance with thiz principle string pretension values were
determined (10-20 tons for extralight suspended track and 500-1000 tons and even more for
extraheavy mounted siring-rail track) depending on span lengih, gavge size, dynamical load
mass and unibus speed rate.
=Safcty coctficients of constantly and variably loaded tracks were determined.
-Siring welght per running meter was determined for different string-rail versions,
-The diagrams of static and dynamic string-rail defleetions, caused by total weight of a track and
a 1olling stock taking into secount different speed rates, were determined.
-Specific and absolute values of track irregularities on different spans of a wack at difTerent
temiperature rates were determined. For example, for high-speed STU (speed rate of 180km/h)
maximum irregularity on 30m span will be 18mm (1/1667) at a specified temperature of +55°C
and minimum irregularity will be 4mm (1/7500) at a temperature of 0PC,
-To increase dynamic evenness ol & track it was recommended o make bending (deflechion) of a
rail frame in horizontal position upgrade to the extent equal to an average dynamic value of span
deformation depending on string-rail vertical forces. Seamless linkage of string-rails was
accepted. The diagrams of track deformation in terms ol extreme atmospheric temperature were
developed.
- Lstimate of “wheel-rail top” contact stresscs was fulfilled. They arc 4-6 times lower than
contact stresses of conventional railroads due to another tvpe of wheel and rail bearing, The
cocfficient of unibus wheel rolling resistance was determined; the diagrams were developed and
string-rail assumed service life {up to 100 years) was delermined.
-ln accordance with string-rail bending stiffness the values of a track curve radius both static and
dynamic were determined. They should be no less than 1000m ot unibus speed of 100km/h, no
less than 10000m at unibus speed of 3530lkm/h, no less than 20000m at wnibus speed of 300km/h,

3.3 Unibuses
- A number of desien solutions were suppesied, Among them the desipn of passenger unibuses
of differert passenger capacily and the design of freight unicars intended for various cargo
transportation (bulk and liquid cargoes, raw wood, containers, ete.) on different string-rail tracks
{double-line of different gaugce size and suspended or mounted monorail type).
-To increase unibus resistance on string-rails wheels with two bearing ribs are equipped with
additivnal derailment side rollers. Clearance has negative value of approx. 100mm. Rescnant
vibrations dampeners are provided.
-Unibus design is worked out. Tt is based on the best equipment of world manufacturers.
-Fuel (energy) consumplion per 100 km was determined,
~Track and dynamic analyses of high-specd (up to 450 km/h) passenger unibuses (iwo-wheel and
multiwheel in the shape of a wain) with 1m, 1.25m, 1.5m gauge and also of city bus {1.5m
gauge) and cily suspended mono-unibus were carried out,
-Braking distance changing intervals ai speed rates up to 450 km/h for unibuses of different
weizght and capacity were determined.
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=1:5 scale unibus models of different versions were tested several times in acgrodsnamic tuneel in
Krvlov Central Research Institute (St Potershurg). Therchy drag coctficient was below (0.1,

-The analysis of how the above mentioned coeflicient influences technical and economic
features of high speed unibuses was carried out,

=Calculation of costs of unibus prolotypes production was made, [is potential manufzcturer was
chosen,

-Acting models of high speed mounted STU with track of 1.5m (1:20 scale). 2m (1:5 scale), city
unibus with a track of 2m (1:1( scale) were produced and tested.

3.4 Optional Equipment and Associated Systems
-Various types of unibus control systems were sugpested. It can be cither manual, semiaulomatic
or automatic control ayetems.
-STU was suggested to be equipped with antomatic control systems produeed in Russia which
are used, for example, in light metro. The system might also ke equipped with automatic control
system produced abroad, in particular, by THALES (France), the world leader in this branch.
They are widely used in public and ntercity railway transport syslems
-Unibus point work constructions were developed.
=Passenger stations and suspended and mounted 5711 depots were designed.
-Alternate grrangement of suspended and mounted unibuses on string-rails was analyzed.

3.5 Transportation Process Organization
-Unibus traffie time intervals were determined (20-30sec, in the city STU in rush hours and 3-3
min. and more in the intercity high speed STU.,
-Arrangements of passenger cvacuation in case of emergency are provided, They include
transportation of out-of-order unibuse to the nearest station or to the depot, he use of a special
recovery vehicle, In extremely eritical situations passengers are supposed to come down with the
help of ropes or rope ladders.
-Batellite navigation system and unmanned contre] of the unibus arc stipulated,
-A complex system of designing dynamic STU with speed mates up to 500 km'h was developed.
liz main principle stipulates moticnless strings and supporis while unibus moving. All static and
dynamic analyses were carried out with the aid of Patran-Marc and Patran-Nastran programimes.
-Equipment operation demands and envitonmental safety demands were determined.
-Alternatives of STU location in different cities, regions and countries were considered, The
strategy of “the second level” transport system foundation was devecloped for the Khanty-
Mansijsk Autonomous District — Yugra, It envisages installing of 3km of ¢ity, intercity and
freight tracks. Expectative social-economic effect of the strategy realization is estimated at RUB
1.2 trillion.

Taking into account the cffect in the abovementioned region (GDT growth, road
accidents loss reduction, fuel economy, mineral resources and stock economy, cnvironmental
improvement, ete.) on a nationwide scale the strategy realizacion eifTect is estimated at RUB 100
trillion.

3.6 String Transport Performance Evaluation

etz structures [100-250kg) and iron concrete (0.1-0.3m*) consumption per installation of Im
of double-ling string-rail track was determined,

-Comparative evaluation of metal structures and iron concrete consumption for the installation of
a conventional railroad (400-800kg/m of metal structures and 0.5-0.8m*%m of iron conerete) and
monerail (1500-3000ke/m of metal structures and 0.5-1.5m%m of iron concrete) was fulfilled
taking into account earthwaork in the scope of 10-50m/m.

-Evaluation costs (USD 1-1.2min) of 1km of high-speed mounted light STU {1.5m gauge)
installation in conditions of northland were determined. As a comparison, costs of lkm of a
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conventional railroad (USD 3-5min) and of a high-specd railway (USD 30-60min) were
estimnated,

-Prime cost of track building was determined for all 3TU versions (suspended and mounted,
extralight, light, average, heavy and extraheavy) of different speed rates (up to 100km/'h, 200
kmfh, 300 km/h, 400 km/h, 500 km/h) taking into account different geographical conditions.
Different ST versions were considered (with contact wire line or without it with manual,
semiautomatic or antomatic control systems, ete). The same with all STU components: siring-rail
track of “the gecond level™, rolling stock and “the second level™ infrastructure.

-lLand allocation (about 100m™) per 1km of a string-rail track was determined. In comparison
highway or railroad land allocation (Sha/km) was estimated.

-Estimation of 8TS efficiency was made which is determined by:

-environmental friendliness. Emissions of harmful substances into the atmosphere
correlate as 0.01 per 100 passenger kilometers in eomparison with (L1 for conventional
automohile transport, Eleciromagnetic emigsion rate is lower than it is in a wolleybus,

-small energy consumption {(0.2-03 liters of pasoline per 100 passenger kilomelers in
comparison  with bus  consumption (1.8-2.5 litcrs/passenger km), tram  and  trolleybus
consumption (1.6-1.9 liters/passenger km, energy converted to fuel), monorail consumpiion (1.3-
1.6 liters/passenger km, depending an a speed ratc).

~fewer land resources are needed (150-200 times fewer in comparison with motor and
railway transport)

=fzwer resource consumption (at the same time, STU building is 3-4 times faster than 1t 13
needed for motor roads or railroads).

-lower expenses (2-3times lower in comparison with railway building, 10-15 an more
times lower in comparison with high-speed mailway building, 15-20 and more times lower in
comparison with monorail building, 20-25 and more times lower in comparison with maglev
train, 3-4 and more times lower in comparison with autobahn).

The possibility of STU realization was presented with the help of one of the possible
freight versions in Ozyory-town near Moscow in 2001-2008.

4. STU analysis in eomparison with other transport systems. The possibility of its
practical realization in adverse climatic and geographical condifions of Russian
Federation (in terms of the Khanty-Mansijsk Autonomous District — Yugra).

Any transport systom consists of three basic components: a track, a rolling stock and
supporting infrastructure, Cost estimate of a new transport system is a preat challenge. Usually
only track costs arc mentioned, not very often infrastructure cogts are mentioned. and hardly ever
rolling stock costs are mentioned. Table 4.1 represents the costs of different transport systems
(rolling stock costs are not included).

Tahle 4.1
Transport Systems Cost

[ Transpart Deseription of a Project Location Double-line Referral Source
System System System Cost per
1km, USD min.
City 5TLI* City line, up Lo Khanty-Mansijsk 24 Project Designer STU Ltd,
1D0kmh | oo =
Speed STU*® Intereity line, up to | Khanry-Mansijsk- 1.3 Project Designer STU Lid,
300k mh Surpar, 250 km
PRT-1lira City autornated | Heathrow airport in 4 Manufaciurer
system, up ta Lomdaon www.atsltd/co.ukiprt/fag
40kmh
LRT-Tram City tram ling, up Portland, Orezon, 43 Texas Association For Public
Lo Glkmi USA, 13.4km Iransport Development
Atiplioh irai Inow.ore
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Transport Deseription of 2 Project Location Double-line | Referral Source
System Svstem System Cost per
Thm, USD mln.
AR T-Isolated bus Exclusive Bus Jacksonville, USA, 10.6 Jacksonville Transport
[ing Line, upto #0kmh S4.4km [repariment
- waww jiaonthemove com
Monerail Aantomated city Las Vegas, USA, 103 Devel oper-Ciperator
lirse, up 10 60kmh 63kmn | www. | vmonerail.com
Speed railway® | Diesel trains, up lo | Weniworthville- n Consoriium of Developer-
200k mh Las Vopas, 0.3km Ciperators
htp://www desertexpress, com!
I geonomics php
High-speed Electrified, up to California, USA, 33 CA Department of High-
railway* 300K mh 1200km Speed Railways
| www.cali phapeedrail ca.pov
High-speed Elestriled, up to Mescow-MNizdmy 3 wyew.nta-nn.m
| i vy ® 350kmh Moveorod, 400km
Railway* Imtended for ore The Chita Region, 57 weww_rzd-partner.ou
ranspartation, up Maryn-Lugckan,
Lo $0kmh 375k I8
Light metro Crverhead city Bwovo, Moscow Fd www mctro. molol.
mielro, up o
B0kmh
Motor road® Intercity line, up to Moscow- 13.5 Www. 22p.ru
| 20kmh St.lefershurg,
- 650km -
High-spead Crvirhesad Taiwan, the north- 43.3 wwrw.niizhb.rm
railway electrified ,upto | the south, 3435km
120kmh

* The data given is based on pre-design offers. STU data was taken from reports on contracts
NeTy and Noel2y concluded with the Khanty-Mansijsk Auntonomous District - Yugra
administrative authorities and performed in 2007,

Analysis of the data represented in Tab. 4.1 proves that STU is 10-20 times cheaper than
other trunsport systems {incleding “the seeond level™ systems on elevated structurss).

Table 4.2 represents energy inlensity of different transport systems in torms of crude
enerzy (for electric svstems in terms of thermal power stations fuel consumption taking into
account encrgy loss in cleetric lines and ather losses).

Transport Systems Energy Intensity

Transpori Faeility

Table 4.2

Fuel Consumption

Derived Energy

Efficieney of Crude |

Crude Energy

liters/| Mpass. km Consumption Enerpy to Derived Caonsumption
Wart/pass, km Eneray Walt/pass.km
Conversion, pet
Electric unibus of - 39 335 |5
city double-line
mounted STU {12
pussenzers)
Eleetric unibus of - 21 33 6.3
city mono-rail
suspended STLT(12
passensers) |
Eleciric unibus of - 19.5 s 3
speed intercity STU
{200kmh, L1
passengers)
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Transport Facility | Fuel Consumption Derived Encrgy Efficiency of Crude Crude Encrgy
liters/1 Mpass.km Consumption Energy to Derived Consumption
Wit/ pass. kim Energy Watt/passkm |
Conyersion, pet |
Motor car {on £33 178 Q0.5 g7
averaze |7
paszangers, [MEmh] — | =
Bus {on average 80 0.7l 23.7 a5 26.2
pet of secupied
suats, d0kmh)
Aimplane (o average 530 177 0920 192
T pet of occupicd
seats, P00kmh} 1
Express train, 10 - a0 335 149
wagons { 160kmha) B
Highe-speedd traim, 14 - | 333 152
wagons (2 50kmi)
High-speed magler - I T& KRR bl
train Transrapid, 5
wigons (430 kmh | = |

The dala, represented in Tab.d.2 (except for STU data), was taken from “Research on
feasibility of high-speed railway with magnetic levitation train Berlin-Hamburg construction™,
VIEREGG-ROSSLER. GmbH [nnovative Verkehrsberatung (the lcading transport consulting
company in Germany, http/www.vr-transport. dedtransrapid.de/Aransrapid-energ y /D03 himl).

The amalysis of the data, represented in Tab.4.2, proves that STU is the most cost-
effective transport syslem. For example, in comparison with an airplane, intercity high-speed
electric STU will be 3.3 times more cost-effective and non-electric diesel-drive STU will be
3.3%90.5%/33.5%=8.9 times more cost-¢fficient. In comparison with a high-speed rail, STU will
be 2.5-3.1 times more cost-efficient. And in comparison with “Transrapid™ maglev train, which
is more encrgy-consuming than an airplane is, STU is 9.6 times more cost-efficient. City
mounted STU, due to lower speed rates, will be approx. 3.3 times more cfficient in comparison
with intercity speed STU, Crude energy consumption of the eity suspended STU will be 29 times
even lower, And in comparison with a motor-car, STU energy consumption will be 31 times
lower.

Taking all this data into account, STU is supposed to be the most environment friendly
fransport system ever known.

Due to string-rail specific characleristics, stated by a system designer, STU is less
resource-demanding, more reliable and has longer serviee life than any other tramsport system,

Taking into account technical and economic benefits of the system, STU ean also be
cxploited in the northlands and at river crossings (with the help of string highway and railroad
bridges and crossings), Thus, the territorics will be provided with up-to-date commumeations. At
the present time “the second level™ transport system produced on the basis ol string technologics
is supposed to be implemented in the Khanty-Mansijsk Autonomeous Distriet — Yugra. The
necessity of making high-speed, economic, environmental friendly, long lasting and safe tracks,
which meet the demands of the XXI century, in this region is c¢lear enough. The Khanty-
Mansijsk Autonomous District - Yugra is the most effective region of the Russian Federation,
and its total area exceeds the territories of the majority of European countries. The project
implementation is entirely possible and will depend on administrative and financial possibilities
of region authorities. In the future STU might be developed and integrated into the transport
infrastructure of the Russian Federation. The usage of radically new transport technologies will
improve investment climate in any region of the Russian Pederation. It will also move & basc to
solving of main social-economic problems.
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5. STU Designing, Certification and Technical (Technological) Realizahility

STU consists of three self-contained parts, which are separately designed and certified:
-rolling stock;

the second level” track and supports;

-“the second level” infrastruciure.

5.1 Rolling Stock

Introduced by the project designer STU transport system refers to railway transport and
serves for eity and intercity transportation of passengers and cargoes.

City transportation rolling stock is a self-moving tram-type wagon. In fact, it is the sort of a
conventional tram wagon in accordanee with GOST 8802-78, STU tram wagon has a passenger
cabin and drive endtrueks. There are doors, seats, ventilation, heating and conditioning systems,
zlass fixing, handrails and lighting in a passenger cabin. Endirucks have clectrie drive, reduction
gear and undercarriage equipped with brakes and mounting. The abovementioned compounds of
a conventional tram wagon are mass produced by a number of Russian companies and by many
[oreign companies. These compounds might he in vse for unibus construction or might be
adapted to it. It follows that unibus might be developed and realized [rom technical point of
vicw.

Intercity transportation rolling stock {a mil car) is a version of a motor car (passenger car,
truck, minibus, bus, ete.), which is mounted on steel wheels,

The designed construction of a rail car (except for underearriage) eonsists of the ssme
compoinds as a conventional motor car. There is a body, the doors, system modor, seals, cabin
ventilation, heating and conditioning systems, glass fixing, handrails and lighting in a rail car.
All the abovementioned compounds are also mass produced by many Russian and well-known
foreign compenies. These compounds might be in use for unibus construction or might be
adapted to it

Thus, selfemoving city wagon is supposed o be equipped with the following certificated
equipment produced by the leading foreipn manufacturers of electric railway compounds:

-W¥EM Sachsenwerk GmbH, Germany (drive motors);

-L-3 Communications Magnet-Motor GmbH, USA-Germany (electric drive);

-Enore-Bremse, Germany (brake system);

~VosslohKiepe GmbH, Germany (traction invertors);

-Bonatrans a.8. Bohumin, Czech Republic {undercarriage compounds);

-Gummi-Metall-Technik GmbH, Germany (undercamriage rubber-metal details);

-Webasto, Germany (conditioning system);

-Hilbner, Germany (doors with opening device),

The production of thesc companies is supplicd with the certificates, where equipment
conformanee to the requirements is stated,

The use of the cortificated cquipment, aggregates, details and system compounds, produced
by well-known companies, will help the project designer 1o sherten rolling stock development
time and will provide is high gquality and reliability. It follows that unibuses and unicars might
be developed and realized from technical point of view.

Rolling stock design and engineering is implemented in accordance with international
requirements (UNECE, EN Standards, ete) and CIS regulations (GOSTs, O5Ts, ete.) in the
sphere of transport engineering, STU is supposad 1o make vse of the following regulations:

-ombient noise level in accordance with UNECE Standard #5351,

-clectromagnetic compatibility in accordance with UNECE Standard #11;

-brake system reguirements in accordance with GOST 8802-78 and EN Siandard 13452-1;

-construction refractory featurcs in accordance with UMNECE Standard #532 and NPB
Standard 20-2000;
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-protective properties of a passenger cabin in accordance with UNECE Standard #29;

-interion layout of a passenger cabin conceming service and emerzency doors aceessibility,
pangway dimensions, passenger seais size, seat pitch, the dimensions and construction of service
and emergency doors, fire extinguishers equipment and hand-rail construction in accordance
with UNECE Standard #36 and #52;

<in-cab noise level in aceordance with GOST P 51616-2000;

-in-eab content of harmful substences in accordance with GOST P 51Z206-2004, GOST
12.1.003-88;

-radicinterference in accordance with GOST P 51318.12-99;

-heating, ventilation and conditioning in accordance with GOST P S0993-94;

-¢lectrosalely in accordance wilth GOST 8802-78,

Meeting the requirements of transport engineering will help the project desiprer 10 ensure the
rolling stock complianee with safety, reliability, ergonomics and environmental engincering
demands,

To perform elaborating of normative documentation and certification of a rolling stock, the
project designer has completed a cooperation arrangement with Seience Research Institute of
Electric Transpont of Russian Federation (SEIET) in the sphere-of city railway transport,

Thus, the project designer in cooperation with SRIET plans to fulfil the following scope of
work:

-development of programs and technigues of rolling stock and iis compounds stationary and
running tests;

-organization of rolling stock prototype stationary and running tests and its certification;

-¢laborating of rolling stock normative documentation;

The cooperation of the project designer with the Research Institute (SRIET) will help o
shorten time needed for rolling stock certification.

The use of a certified equipment in rolling stock construction, fulfilling the requirements of
Russian and international normative documentation in the sphere of transport engineering,
cooperation with the Research Institute will help the project designer:

-to develop arollmg stock of high quality and in time;

-to provide a rolling stock with high salely, reliability, ergonomics and environmental
protection standards,

-to shorten time needed for certification.

Taking into account the availability of faeilities, technologies and equipment in Russia and in
foreign countries, STU rolling stock might be developed and implemented in any climatic
conditions of any region of Russian Federation including the Northlands.

5.2 Traek Structure and Supports

STU string-rail track structure ond supports are the variety of flyving or cable-stayved bridges,
because they represent trestle bridges. That is why making design documentation, the head
engineering company  follows bridge standards of Russian Federation SNiP 2.05.03-84#
“Bridges and pipes’”. These standards cover raibway, road and passenger bridges, subway and
express tramway bridges, trestle bridges, pipe bridges and rail-road bridges.

5TU Lid bas a conforming license Ne ['C-1-99-02-26-0-77045332-62-0383 79-1 “Designing
of Buildings and Constructions of the [, [1 Importance Level in Accordance with the State
Standard” including designing of high-speed wansport lines and city eleciric transport, ropeways,
bridzes, high-rise buildings, ete. The license was issued to STU by the Russian Federal Agency
for Construction, Housing Maintenance and Utilities on 02/05/2006. Besides, STU makes use of
Russian standards in steel construction designing (SNiP 11-23-817, some articles of European
Standard (ENV) and new bridge standards of the USA (AASHTO), At the same time STU meets
the most severe safety and durability requirements of all abovementioned standards,
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Construction and building meterials used in STU track strueiure designing are not unique.
They consist of metals and alloy materials which are produced in a large scope by Russian and
loreign manufacturers. They can be bought, they are certified, and there is no need of making
extra expenses and performing technology development, Besides, there is no need in creation of
manufacturing facilitics and in certification of these materials,

Rail body and rail top are produced from already existing and manufactured according 1o
GOST steel shapes (as a string rail top in some of its versions the designer suggests to make vse
of & conventional rail, for example, PS0) or high-tension aluminum alloy shapes. These shapes
under agreement with the manufacturers might be supplied with appropriate cerfificates 1o any
region of Russian Federation, where a certain version of STU will be implemented.

As a rail compound it is supposed to make use of certified high-tension galvanized steel wire
of 3mm diameter (CKBK TC71915393-053-04) in accordance with GOST T348-21.

This type of wire is produced by Volgograd factory “VolgoMetiz”, which is the part of
Cherepovets holding company. Sample lot of this wire was produced on 8TU Lid request in
2007, 4mm, 5mm, 6mm and other diameter wire might also be in use. According to SNiP
2.05.03.84* “Bridges and pipes”, reinforeed ropes which consist of 3-5mm diameter wires might
be in use in regions with an average tempersture of -40°C. In fact, the string represents multi-
wire unrolled rope, which is assembled on a building arca with the help of separate wires. The
siring is located in a close rail channel protected with encapsulating material, which is an
anticorrosive agent. That is why in accordance with the requirements, min. 3mm diameter wire
without zing or any other protective covering can be used.

STU track structure and supports are built structures, which are installed direcily on a
building area. That is why “the second level™ transport line doesn’t have to be certified, such as
other analogous built structures like roads, railways, bridges, viaducts, causeway s, ele.

Taking into account the availability of facilities, technologies and equipment in Russia and in
foreign countries, STU track structure and supports might be developed and installed in any
region of Russian Federation including the Northlands.

5.3 Infrastructurc

STU infrastructure consists of stations, depots, ete. Their [unctions are similar o the
functions of bus stations and depots, which installation process is alrcady worked out,

Constructional and finishing agents, elevators, lifting devices, sanitary ware and other
equipment which is in use of S8TU infrastructure might be purchased from the best cenified
manufacturcrs. It will provide high quality and reliability of this cquipment,

Price and other specifications of constructional materials and station equi pment might be
corrected by the customer in the developmental stage. These changes shouldn't provoke
deferioration in quality and reliability of the construction project.

Construction and handover of such projects is implemented in accordance with GOSTs,
SNIPs and other normative documentation worked out by the Russian Pederal Agency for
Construction, Housing maintenance and Utilities,

Thus, taking into account the availability of facilitics. technologics and equipment in Russia
and in foreign countries, STU infrastructure might be developed and installed in any region of
Raussian Federation including the Morthlands,

54 Development and Expert Evaluation of Design and Estimate Documentation

STU design and estimate documentation, STU track and infrastructure building end their
mtroduction mto service are the similar as the designing and building of bridges, high-rise
structures and other complicated construction projects.
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6. STU Implementation Specifies

Documentation submitted to estimate and all abovementioned facis prove that the project
designer has serious intentions to implement STU project to transport sector of Russian
Federation. A larpe scope of research and development work has been implemented. But still
there is & question of interest:

How will STU Behave in terms of permanent frost, and will il retain ity normal apevation and
technical atid econamic features in the longer term?

The climate in the North of Russia is characterized with large temperature gradient (about
100°C), high winds, high humidity and permafrost. The abovementioned temperature gradient
and wind are taken into account in the estimates. But permaltost influence on a string-rail track
evermess, which is a weak spot of any high-speed wansport system including STU, is not
adequately researched. And it is permafrost that can disturb required ideal evenness of a track.
This fact can negatively influence STU implementation in the MNorthland, if" it is taken into
aceount in A wrong way,

6.1. About Permafrost Influence on STU

It is known that in terms of permafrost, which specifies so—called eryvolithic zone of the
Northern regions of Russia, such processes as thermokarst, frost fracturing and frost lift of
dispersive ground may occur.

Thermokarst is the formation of subsidence and downwarping land forms due 1o melting of
ground ice or melting of frozen ground, Thermokarst is caused by exchange flux on the land
surface, when the depth of sesson melting exceeds the depth of ground ice lay or icy frozen
greund,

Frost fracturing of ground swfice is caused by freering due to in-depth nonuniform
temperature distribution in frozen earth materials. [n such case compression and tension stress
take place and lead to earth materials creviee and crack formation.

Frost lift of dispersive grounds comes from ground surface lift, caused by increase of froren
moisture, and ice formation, due to water migration at soil freczing.

The abovementioned permafiost peculiarivies have negative influence on building of
conventional reads. The roads lay on the ground, which stores heal in summer, It results in
uneven frost melting and ground subsidence.

According to the estimates of the project designer, STU doesn’t have such disadvantages due
to its partial reference to permafrost. STU foundation piles are installed at sufticient depth and
are made in such a way that they don’t store heat and they transfer freeze into the depth of
permafiost in winter, which provides stabilization of the foundation piles for the whole period of
“the second level™ track exploitation. Such solutions are already in use (for example, gas pipe-
line in Alaska, open pile foundations of high-rise buildings in the Northland, etc.). But
concerning STU additional researches should be conducted. Though SNiP 2.05.03.84% “Bridges
and pipes” stipulates designing of bridges in terms of permafrost, and the project desizner has
the license Mo ['C-1-99-02-26-0-77045332-62-038379-1 dated on (2/05/2006 issued hy the
Russian Federal Agency for Construction, Housing Maintenance and Ulilities. According to the
license STU may desipn buildings and constructions (ineluding high-speed lines) in the regions
with severe geotechnical conditions (subsident, bulging, karst and deeply frozen). Still STU
implementation in such regions has specifie requirements.

Suspended STU is more resistant to the influence unstable actions of ground frecze. But it is
influcneed by strong crosswinds due to small bending and torsional stiffness of a siring rail. I
should be mentioned that the project designer bas studied maximum deflection angle of I0-37211
unibus cabin in terms of the overall impact of maximum asymmaetric location of the passengers
and the force of stormy crosswind (3.57 slope angle). Still these researches should be continued
taking imto consideration supports installment on permafrost grounds. Effective operational
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experience of ropeways, where ropes don’t have torsional stiffness at all, proves that the problem
has technical solutions, but additional researches have to be conducted,

6.2 About 5TU High Technological Effectiveness

The sbovementioned concepl in our case includes string-rail manufacturing technology,
supports installment technology, and the way pre-tensioned string rails are mounted on supporis,

String-rail manufacturing technology is rather simple. There is rail top and rail body
industrial rolling. placement and fixing of reinforcing ropes in it, filling of a rail body, welding
of a long, narrow metallic strip to a rail body for unibus wheeling, These procedures require
approx. 50-75 kg per | running meter (the same amount s needed for manufacturing of a
conventional rail). All these procedures are less complicated than building of huge stecl-
reinforced conerete bridges with larpe spans or installation of monorail beam trestles. The
designer has already demonstrated effective filling of a long and narrow string body with
conerete, made without eracks and splits. Testing took place in experimental area in Ozyory-
lown. The concrete wos squeczed to the pipe with the inner diameter of 82mm filled with nine
K-7 ropes with the inner diameter of 15.2 mm at a temperature of -75C.

A string serves as a principal reinforcement in a string-rail. That is why reguirements to it
will be the same as the requirements to pre-tensioned reinforcement of concrete structures. As
the concrete is squeezed to a close rail frame, it follows thal ready-mounted string-rail represents
n concrete pipe. And it is easier 1o conirol and elimingte the process of eracks and splits
occurrence, which weakens the construction, than it is in conventional reinforced concrete
structures, As the external surface of conereie is all around covered with solid sieel sheet, it will
help to eliminate moisture penetration to the concrete, Thereafter, it will help to eliminate
corrosion of the steel ropes and will increase their service life in comparison with conventional
reinforced concrete bridges, which service life is approx. 50-100 years,

Supports installment technology and string-rail mounting to the supports 1n summer might
be implemented with the help of special manufacturing equipment. At the same time there is no
need of building access roads or platforms, because the string rails might be mounted on the
supports from alrcady installed sites of a track structure. In winter, when the ground is frozen,
the installment might be implemented in accordance with & simpler process scheme.,

6.3 About Transportation Process Safety in STU and its Convenience

STU transport svstem, as any other high-speed system, is rather sensitive to external actions,
including mechanical influences. But 1t should be mentioned. that in distinction from
conventional rail transport STU is equipped with anti-derailment system, It will considerably
decrease the possibility of unibus derailment. And it should be also mentioned, that it would be
more difficult for ferrorists to put any harardous large items at a height of 5-6 and more meters
on nareow rails, than it might be done o unactivate conventicnal railroads.

Due to the possibility of permaftrost influence on STU, track strueture may become uneven,
That is why the supports should be equipped with track adjusting mechanisms, which eliminate
the effects of supports leans and sagging,

While moving across eertain string-rail sites (in the top and in the final quarters of each span
the bottom of a mong-unibus might be inclined. This incline is supposed to be in the limits of
admissible inclination value of bottoms ol city automaobile, tram and bus transport.

In case of emergency passengers’ psychological state won™t be critical. If the unibus geis out
of order away from the station at snow-storm, the passengers are supposed (o be immediately
transported (o the station by the moving next properly functioning untbus. Unibus traffic interval
is supposed 1o be 1-2 min.
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6.4 About Technical State Diagnostics of a Track and its Maintainability

The diagnostics of technical state of a string-rail track may be implemented with the help of
sensors installation. The sensors should control unibus state and transfer data to the diagnostics
service division,

The rate of track maintainability is rather high. For example, a closed pre-tensioned STU
string is less unstzble than an open pre-tensioned rope of a conventional ropeway, But in case of
string break off, eaused by any reasons, ils pre-tension force (up to S00t) will cavse decrease of
length in a special rail chamnnel. The string will pet out of order, but at the same time pre-tension
force in a string rail will decrease (rail top and rail body pretension will remain, ie. 20-30 per
cent of primary tension). Basic equipment may proceed on such a track, and the string may be
replaced or sirengthened with additional external strings in the shoriest possible period of time. [T
such emergency sitnations occur during exploitation of conventional bridges (for example, stay
cable or load cable break off, or abruption of pre-tensioned reinforcement strand) it will lead 1o
bridge collapse and long-lasting repair,

7. Conclusions and Recommendations

7.1. The designer presented plenty of documentation, which provides the idea of STU
objectives, goals, investment character, principles and directions of STU implementation in
Russian Federation and abroad,

In terms of transport system development of any region of Russian Federation, and in
general, STU might be implemented as one of its constituent parts along with the implementation
of conventional transport systems.

7.2. To put STU implementation into practice, it is necessary o move [rom investment stage
of a project to enginecring design, which will take into account construction and service
peculiaritics of “the second level™ transport system in certain climatic conditions. Precise
estimate of any STU project might be fulfilled only after desipn work on a particular STU
version has been implemented. In this case all necessary analyses and explanations will be
carried oul. And adeguate engineering solutions concerning infrastruciure, track structure and
rolling stock will be introduced.

7.3, Un the stage of engincering design additional range of works, aimed at providing STU
with elfective implementation, should be completed. When high-speed passenper STU will be in
the stage of implementation, additional researches comcerning STU safety and reliability
{towards passengers and persomnel life, health and properiy} should be conductad. Comfort
psvehological state of passenpers should also be taken into consideration.

74. Taking into account the development of the Transport Strategy of Russian Federation till
2030 and the tendencies in transportation indusiries of the country, STU designer should initiame
in accordance with the established procedures a special-purpose program of statc and private
cooperation. It will be concerned with the implementation of projects of federal sipnificance and
with the creation of a new transport system in Russian Federation, which is String Transport.

To make a real step in soch cooperation, it 15 reasonable to construct all basic types of track
structures and STU versions on the experimental area of the Technolopy Development zone in
the town of Dubna (Russian Spocial Economic zone. which resident s STU-Dubna Lad,
subdivision of STU Ltd) in order to carry out prototype testing and further certification.

Deputy Direetor of Science
Institute of Transportation Problems
Mamed after N.5. Sulomenko RAS

Doctor of Engineering Science, Professor”
\_/
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Nothing growth on this soil, it is dead. On a still greater territory, larger by one to two orders of
magnitude movement of ground and surface waters is impaired, since any embankment is a low
dam?. This leads to bogging of huge territories and desertification of other similarly vast territo-
ries resulting in irreversible destruction of existing natural ecosystems and biogeocenoses, de-
struction of certain habitats of rare flora and fauna. In agricultural areas this often leads to degra-
dation of productive soils.

According to McKinsey Global Institute (MGl), one of the world’s most esteemed expertise organi-
zations, the world enters an era of expensive resources. The 3-billion growth of the middle class by
2030 will boost the demand for resources drastically, while development of new sources of en-
ergy, water and food is difficult and very costly (see: http://www. mckinsey.com/mgi).

A report by MGI states that in 20 century the population of the planet grew four times over, and
GDP — by 20 times resulting in 2.000% growth of demand in natural resources, whereas commod-
ity exchange prices dropped by half. However this price drop was set back during the last decade,
as the authors stress. In their opinion the low-price era is in the past. According to a forecast of
MGI from 2010 till 2030 the world’s middle class (that is, those capable of spending $50-100 daily,
with regard to purchasing power parity) will grow by 3 billion from todays 1.8 billion. The demand
will surge just at the time when development of new resource sources is difficult, and we fill face
the “resource revolution”.

According to MG, lack or price growth of one of the resources may spread into the others. For ex-
ample, climate warming may call for more water for irrigation, thus reducing volume of electricity
generated by hydroelectric power plants. And the rise of the World ocean due to the climate
warming will cause flooding of large territories and damage of agriculture and infrastructure, in-
cluding land-based (i.e. “first level”) transportation.

The authors note that efforts to meet the growing demand by proportionate growth of production
will require up to $3 trillion of additional investments annually, which is at least $1 trillion more
than the world invested in the accounted past, and will bear serious risks. Drinking water con-
sumption by 2030 will increase by 30% and its deficit in arid countries will aggravate. Half of new
copper deposits are located in countries with high political risks, and over 80% of unused arable
lands are situated in countries with underdeveloped infrastructure or severe political problems. It
should be noted that increase of investment will be necessary just in the time when money will be
difficult to earn and expensive, experts estimate additional costs of money attraction as $400 —
500 billion per year.

carcinogens and mutagenous products of use of these transportation lines: motor vehicles exhaust products, products of tire and
pavement wear, deicing salts, transportation wastes, etc.

* The high-speed railways require that not only embankment earth but also underlying ground (totaling over 10,000 m3/km) be
compacted by about 10%, otherwise safety of movement will be undermined due to low stiffness of the base. This turns earth em-
bankment of such roadways into a low dam which impairs movement of ground and surface waters, including flood waters. This, in
turn, leads to bogging of large areas on one side of the embankment and desertification of areas as large on the other side. Besides
such roadways require, at least for safety reasons, double-sided fencing since an elk, a cow, or a wild boar standing on the roadway
may result in crash and derailment of a high-speed train. Thus the embankment complemented with the high-speed railway fence
makes an impassable obstacle for wild animal migration across railway and similarly for travel of domestic animals, humans and
agricultural machines. Sometimes it results in destruction of habitats of rare plants and animals. Furthermore the numerous traffic
accidents and disasters are very much due to the fact that motor and railways pass on the ground level, i.e. on the “first level”, just
where all the nature, including humans, is situated. Yearly more than a million people and a billion animals (especially small ones)
die on the roads of the planet, every year over 10 million people are disabled. The accident rate grows over years and in 100 next
years this will result in loss of life for over 100 million people and more than 1 billion will be disabled. (For comparison: accident rate
in aviation which operates high above the ground level is about thousand times lower annually, much less than one thousand people
die in air disasters).
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Should the production not just be expanded but its effectiveness also enhanced, up to $3 trillion
(in current prices) may be saved. If subsidies and other preferences of the energy sector, transpor-
tation, agriculture, are removed the total saving will amount to about $4 trillion per year.

However one can hardly rely on the increase of effectiveness of resource use alone. Though it will
allow saving 20 QBTU (Quadrillion British Thermal Units), it will not abate the demand of addi-
tional 400 QBTU due to oil, gas and coal reserves depletion. Enhancement of effectiveness will re-
quire additional capital investments estimated by McKinsey at almost $1 trillion per year.

The main consumer of the majority of resources today is the world’s transport and infrastructure
complex (motor and railways with motor transport, trains and infrastructure; aviation and its air-
crafts, airports, and infrastructure; sea transport with vessels, ports, infrastructure, etc.).

That is why the world’s future overpass-based transportation and infrastructure railway complex
(since embankment-based roadways should, considering the aforesaid, be prohibited by law as
extremely dangerous to the nature and people), must satisfy the following mutually exclusive cri-
teria:

d.  Construction resource demand must be cut by an order of magnitude as compared to rail-
ways and motorways, with consideration not only to conventional mineral resources — steel,
reinforced concrete, but also to other no less important resources — ground safety exclusion
areas, volume of excluded arable soil, of used earth, construction sand, gravel, and besides
that — the fuel burned not just by the engines of construction machines during construction
works, but also considering its previous consumption for extraction of mineral resources,
their transportation and processing into structural materials and structures for both the
roadway and infrastructure transportation objects, etc.;

e.  The cost of the complex must be much less than the cost of the known overhung transporta-
tion systems — monorail, transportation systems with magnetic suspension of carriages,
standard high-speed railway trestles, bridges, overpasses, and trestles of the conventional
railway;

f. The railway transportation complex including its infrastructure shall be located only on the
“second level” with minimal land exclusion and minimal intrusion into the natural environ-
ments.

In this case the resources — mineral, energy, and other, including financial resources, will be
enough for the humankind not only to re-equip/converse to other standards of development of a
conceptually new “second level” communications, but also to operate this network for the follow-
ing centuries.

Railways shall over time be deployed over the ground surface on lightweight laced supports, and
the land occupied by today’s roadways shall be re-cultivated and returned to the land user. The
road structure of the “second level” shall also comprise communication lines and power lines, and
its support and structure shall integrate sun and wind electric plants. This will allow developing a
conceptually new network, not as much transportational as communicational for transporting pas-
sengers and freights, and besides — electrical energy and electronic information.

III

Railways located at the “second level” will bring double economy.

Firstly, the freight routes of the “second level” will provide access to presently unavailable mineral
resources, located for example in mountains, tundra, at the Arctic Ocean shelf, deep in vast de-
serts, deep within a continent, for example in Australia, etc. These mineral resources will allow the
world’s economy to continue to develop dynamically, but to develop within the logic of maximum

saving of resources, and not in the unlimited growth of consumption, as it was before.
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Secondly, the high-speed freight-and-passenger roadways of the “second level” will allow develop-
ing a distributed worldwide network of ecologically safe transportation communications, inte-
grated with information and energy communications, cheaper and with less expense of mineral
and energy resources.

Upon that within the 21° century practically all of transportation of the planet shall pass to the
“second level”, leaving the “first level” to the nature and people. This will allow increasing com-
municativeness of the Earth’s civilization, according to UNO the demand of the people to travel
shall multiply 3 to 5 times within the next 50 years, with considerable increase in speed and dis-
tance of these travels.

The basis of the proposed railway infrastructure complex is an improved railway trestle — a trans-
portation system of the “second level” with pre-strained string-and-rail track structure. It uses
conventional railway rails, on which traditional freight, passenger and high-speed trains may
travel.

2. The demand for railway trestle type in the 21st century

Total length of the world’s railway network reached its peak in mid-20 century — 1.3 miIn. km.
Presently the length of this network totals 1.1 min. km. and starts to expand again due to con-
struction of high-speed railways. The three countries with the longest railroad networks (including
service and special freight railroads): the USA — 230 thous. km, Russia — 149 thous. km, China— 119
thous. Km.

Like in the 20 century railway has passed from steam locomotion to diesel and electric locomotion,
in the 21% century it shall, due to the above reasons, pass from ground level placement onto the
“second level” — the trestle.

Newly constructed roadways, all of which will be high-speed roadways, shall initially be performed
on the “second level”, but this does not happen because of one reason — it is very expensive. Un-
der current conditions railway trestle with infrastructure costs minimum $100 min./km, or for
networks with length of 1 min. km — $100 trillion, which will amount 150% of the present world’s
GDP. Also, this construction will require enormous, even limitless quantity of construction and
structural and structural materials — about 100 thousand tons of steel and reinforced concrete for
one 1 km of length of a two-track road, or for a 1 min. km. network — 100 billion tons, which will
be beyond the capabilities of the world’s industry not only due to resource, but also to economic
and ecological reasons.

If the cost of a trestle, most of all a high-speed one, could be reduced by at least 5 times, than
such construction would be in the humanity’s capacity, since it would cost $20 trillion, which
would amount to no less than 30% of the world’s GDP.

In the end of the 19" century (1880 — 1890) the rate of construction of railroads reached its his-
torical peak of 20 thousand kilometers per year (for comparison: construction of hard-paved mo-
tor ways, also very costly in resources and costs, reached its historical peak of 200 thous.km/year
in the 20 century).

3. Resource efficiency prestressed string-rail rail road overpass

The string-and-rail transport system of engineer Yunitskiy, located over the ground level on the
“second level” has low material intensity and consequently low demand for mineral resources for
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its construction: steel and steel structures, nonferrous metals, reinforced concrete, concrete, ce-
. 2
ment, steel reinforcement, gravel, sand, earth, etc. 6

The above said applies equally to the type of string-and-rail roads that uses conventional railway
rails as the track structure for travel of both low- and high-speed conventional railway rolling
stock.

Furthermore, due to continuous design of string-and-rail way (it has no deformation seams or
seams of other types on its whole length thanks to being welded into one string, including railway
rail), the bearing capacity of the carrying supports is increased by an order of magnitude. And
since these structures constitute the major part of a “second level” road (for one anchor support
there are 100 intermediate supports) material intensity and cost of the supports is halved?’.

For a string-and-rail railway type trestle it is most advisable to use a track structure, protected by
industrial patents28 —they provide for the track structure in the form of a spatial structure, in par-
ticular, in the form of a string trestle without the use of conventional crossties and gravel-and-
sand cushion. This track structure, while having a low material intensity (steel intensity), will pro-
vide nevertheless a high static and dynamic evenness and stiffness of the trestle structures under
the effect of the assumed mobile load of railway trains.

In order to ensure comfortable travel of high-speed means vehicles, including high-speed trains,
unevenness of the way, with regard to deformability of the trestle must be very low: no more than
8 mm for a 30 m span for the speed of 100 m/sec (360 km/h), or in relative values — no more than
1/3.750; no more than 9 mm for the speed of 125 m/sec (450 km/h) for a 40 m span, or in relative
values — no more than 1/4.440.

For a relevant comparison of resource intensity of the two competing transportation systems a
comparative analysis of the proposed string-and-rail trestle and a railway trestle of conventional
design needs to be performed. For instance, a comparison with a railway situated on ground level
will be irrelevant. These competing systems shall have the same level of user characteristics:
movement speed of 500 km/h and a prospective passenger traffic of no less than 100 thous.
pass./day, with similar level of comfort, safety, and service life.

A high-speed trestle railway would partially meet these requirements, particularly the one con-
structed in 2000 - 2005 on Taiwan Island with Japanese technology (see:
http://www.niizhb.ru/engin06.htm). Movement speed on this road, however, is limited to 350
km/h, since its further increase would entail even greater material intensity of the trestle and
growth of its cost.

Main resource characteristics of this railroad which has the length of 345 km and the cost of 15 to
18 billion US dollars, depending on reports (or $43.5 — 52.2 mIn./km in 2005 prices; these numbers
shall be doubled for 2013 prices):

B A E Yunitskiy Optimization of surface transportation system. International magazine “Problems of Mechanical Engineering and
Automation” — M.: IMASH, MosgorCNTI, 2005, No. 4, pp.. 45 — 50.

A E. Yunitskiy String transportation systems: on Earth and in space. — Gomel: Infotribo, 1995. — 337 p.: gr.; A. E. Yunitskiy Trans-
port System Yunitskiy (TSU) in questions and answers. 100 questions — 100 answers / Monograph. Eighth edition, revised and
enlarged, — Moscow, May 25“’, 2012-80p.: gr.

BAE Yunitskiy Transport System Yunitskiy (variants) and method of construction of the transportation system. Eurasian patent
No. 006359, cl. B 61 B 3/00, 2004.; A. E. Yunitskiy Transport System Yunitskiy (variants) and method of construction of the transpor-
tation system. Eurasian patent No. 006112, cl. B 61 B 3/00, 2004.; A. E. Yunitskiy Transport System Yunitskiy (variants) and method
of construction of the transportation system. Eurasian patent No. 004917, cl. E 01 B 25/00, 2002.; A. E. Yunitskiy Transport System
Yunitskiy (variants) and the method of construction of the transportation system. Patent of the Russian Federation No. 2224064, cl.
E 01 B 26/00, 2002.; A. E. Yunitskiy Transport System Yunitskiy (variants) and the method of construction of the transportation sys-
tem. Patent of the Russian Federation No. 22202489, cl. E 01 B 26/00, 2002.
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- span length — 35 m;

- massive supports of reinforced concrete with diameter of several meters (vertical load of each
support amounts to 4,000 tons), each having a thick foundation placed on four injection piles of
reinforced concrete with diameter of 2 m and length of 60 m (weight of pile foundation under
each support amounts to 1,800 tons);

- massive span structures in the form of two pre-strained prefabricated reinforced concrete beams
with width of 6 m, height of 3 m and weight of 800 tons each. On the bearing beams similarly mas-
sive pre-strained slabs of reinforced concrete with width of 13 m (the weight of the slab on the
span may be estimated at 500 tons) are placed, on which a two-way high-speed rail track panels
are located.

One kilometer of length of such conventional high-speed railway trestle requires up to 100 thou-
sand ton of structural materials (considering supports and their foundations) — of steel and rein-
forced concrete, including up to 10,000 ton/km of high-alloy steel needed only for reinforcement
of the concrete.

Characteristics of the proposed high-speed pre-strained string-and-rail trestle (SRT) for travel of
high-speed trains on conventional (serially produced) railway rails:

- span length — 40 m;
- intermediary supports (a separate support for each way): vertical load on the support — up to 400
tons, that is 10 times less than in a competitive conventional high-speed trestle. Support founda-

tion — two injection piles with diameter of 60 cm and length of up to 18 m. Weight of the support
including the weight of the foundation — up to 80 tons;

- one massive anchor supports placed, depending on the relief, every 3 — 5 km. Weight of this sup-
port (made mainly of reinforced concrete) — up to 2,000 tons, or up to 500 t/km;

- two-way span structure: string trusses with height of 3 m, housing in their booms strings (tension
reinforcement), pre-strained to total load of up to 1,200 tons. On the upper booms of the trusses
standard rails for high-speed travel are located, on which wheel-sets of trains travel. Empty spaces
between strings and walls of rectangular steel tubes of booms of the trusses are filled with special
concrete. Material demand for 1 kilometer of stretch of a two-way truss-and-string rail track struc-
ture (without rails) is: steel — up to 1,250 tons, including finished steel (rectangular tubes) — up to
1,150 tons, strings (high-tensile steel wire) — up to 100 tons; concrete — up to 2,200 tons (approxi-
mately up to 0,9 m*/m).

Accordingly, one kilometer of length of the proposed high-speed railway SRT will require, including
supports, up to 6,000 thousand tons of structural materials — steel and reinforced concrete, includ-
ing up to 1,500 t/km of steel. The weight of 4 R65 rails must be added to this — 260 t/km.

Let us compare demand of materials needed for the construction of the competing transportation
systems on an example of a worldwide network of high-speed railroads with total length of 1 min.
km, as shown in the table below.

Table 1

Demand of structural materials for construction of a network of railroad trestles with total length of 1 min. km

String-and rail trestle designed by engi-

Conventional high-speed railroad trestle A
neer Yunitskiy

Structural element

steel, tons Relnforcedsconcrete, steel, tons Relnforcedsconcrete,
m m
1. Bearing span structure for 1,250,000,000 920,000,000
two tracks (total length - - 24,000,000,000 . .
1,000,000 km) (string truss) (truss gap filler)
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- il | - -
Conventional high-speed railroad trestle String-and rail trestle .des_lgned by engi
neer Yunitskiy
Structural element
Reinforced concrete, Reinforced concrete,
Steel, tons 3 Steel, tons 3
m m
2. Two-way rail track structure 350,000,000 390,000,000 210,000,000
(length — 2,000,000 km for one | (rails and rail fas- . (rails and rail fas- -
(crossties)
way) teners) teners)
3. Supports:
- intermediary — 800,000,000 95,000,000 160,000,000
- anchor — — 6,000,000 210,000,000
4. Support foundations — 16,000,000,000 280,000,000 460,000,000
oth . .
f’l O?/t) er uses and contingencies 35,000,000 4,200,000,000 184,000,000 175,000,000
(]
45,400,000,000 1,920,000,000
(including (including
Total 385,000,000 11 2,020,000,000
/000,000,000 tons 240,000,000 tons for
for steel reinforce- .
steel reinforcement)
ment)

Sources of information: information provided by the Customer

It needs to be pointed out that for construction of these competing railway transportation trestles
similar materials with similar initial costs are used: steel reinforcements for reinforced concrete,
rails, high-tensile wire for strings, etc., are manufactured from high-alloy steel commercially pro-
duced today, on the existing equipment, reinforced and ordinary concretes have conventional
compositions, conventional strength, and are produced on standard equipment. For example, the
railway trestle constructed on Taiwan Island used class K-7 reinforcement cables with diameter of
15 mm (twisted cables with 7 5-mm wires each) and high-tensile steel reinforcement wire as pre-
strained reinforcement, that is, just the materials used as strings by the proposed string-and-rail
trestle.

To estimate the amount of reinforcement used in construction of the high-speed railway trestle of
Taiwan Isle (this data is not disclosed by the system developer), let us assume a minimal standard
reinforcement factor for reinforced concrete structures of 3%. This figure represents cross-section,
if demand by weight is estimated it will amount about 10% of the weight of reinforced concrete,
or 240 of reinforcement steel for 1 m* of reinforced concrete.

Analysis of the data of the table above results in the following conclusions:

4) The demand of steel for construction of the proposed worldwide high-speed network of
string-and-rail trestles with total length of 1 min. km, will be lower than that of a conven-
tional high-speed railway trestle (constructed with Japanese Shinkansen technologies) of the
same length, by 5 times, the demand of reinforced concrete structures — 23 times lower. The
estimation takes into consideration the “hidden” steel used as reinforcement in the rein-
forced concrete: for a conventional railway trestle it is 11 billion tons of high-alloy steel, for a
string trestle — 240 min. tons. Here resource saving will total: for steel — 9,1 billion tons, for
reinforced concrete —43.5 billion cubic meters (104 billion tons).

5)  Construction of trestles uses special implements and equipment at every stage — from pro-
duction of prefabricated units in factories to their transportation to the construction site and
performing construction and installation works involving not only installation equipment, but
also welding, encasement, corrosion protection, etc. Therefore the cost of “turnkey” installa-
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tion of structures constructed sometimes out in the field within thousands kilometers from
the supplier, would multiply several times as compared to the selling price of the initial raw
materials — steel and concrete. Under highly mechanized flow-line construction in the field
international average cost of the mentioned construction works will increase: for steel struc-
tures constructed on the “second level” — up to $4,000 — 6,000 or more per one ton, for rein-
forced concrete structures constructed on the “second level” — up to $900 — 1,200 or more
per one cubic meter.

6) Based on the stated efforts and their costs the cost of the string-and-rail trestle for the net-
work of high-speed rail roads with the length of 1 mIn. km will total, on the average (without
the cost of infrastructure and rolling stock):

- with traditional trestle design, similar to the high-speed railroad build with Japanese tech-
nologies: $49.4 trillion ($49.4 min./km),

- with string-and-rail design (SRT): $11.1 trillion ($11,1 min./km).
Therefore the economy of investments for construction of the network of trestle railroads with

the total length of 1 min. km will total $38.3 trillion, or, in terms of 1 km of length — $38.3
min./km.

In reality the proposed string-and-rail trestle may be about twice cheaper since the table above
shows the most massive variant of such trestle designed for load per unit of length of 6 t/m. This
weight load would be brought by two massive diesel or electric locomotives in a train of total mass
of up to 200 tons, for heavy-duty ore transportation routes. Whereas high-speed railways use mo-
tor cars with specific weight load of up to 3 t/m, construction costs of string-and-rail trestles for
such trains may be twice lower.

A special stress must be made of the following fact. A conventional reinforced concrete railway
trestle is pre-strained. That is, steel reinforcement of the reinforced concrete bearing beams of
conventional span structures is preliminary strained, so this structure in its engineering essence is
also a string. Since the developer of the railway trestle constructed at Taiwan does not disclose the
force of pre-stress of the reinforcement, let us estimate these forces independently.

Load per unit of length of such span structure (taking into account two trains and two track pan-
els) will be about 68 t/m. Thus the maximum bending moment in the middle of the span, consider-
ing the dynamics of high-speed rolling stock will amount to about 10,500 t/m. Since cracking of the
strained zone’s concrete of the pre-strained reinforced structures is undesirable, the pre-strain
force of the reinforcement which compresses the concrete must exceed the bending force in this
strained zone. With the bending moment of 10,500 t/m and the height of the bearing beams of 3
m this force may be estimated at 3,800 tons. This is the force of compression of the concrete of a
conventional span structure, that is, the concrete will also be pre-strained, since it will be pre-
compressed longitudinally with a force of no less than 3,800 tons.

Thus the “strings” (the pre-strained steel reinforcement) of a conventional “non-string” railway
trestle must be strained with a force of minimum 3,800 tons, and strings (pre-strained steel rein-
forcement) of the proposed string-and-rail trestle will be strained only at 1,200 tons, that is, 3
limes less.

Also, the pre-strained conventional reinforced concrete trestle is not strained longitudinally, so
from the engineering standpoint it is not a “string” — reinforcement strain forces are compensated
by equal forces of train of concrete, resulting in zero total longitudinal forces.

Thus the term “string” included in the definition of the string-and rail trestle design proposed by
engineer Yunitskiy refers not as much to the presence of a preliminary strain, as to the definition
of a pre-strained, continuous and statically indeterminate transportation trestle:
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3)  The bearing structure must be raised over the ground level and set up on intermediate and
anchor supports (similar to, e.g., a pre-stretched guitar string);

4) Compensating compressing forces are transmitted not to structure of the trestle, since it
would be over-stressed, but to the Earth’s crust which has extremely high bearing capacity29
(for instance, in a guitar these compensating compressing forces are transmitted to the neck,
serving as an analogue of the Earth’s crust).

For comparison, the costs of construction of conventional high-speed railroads, both constructed
and planned for construction in the near future in various countries, are shown. The cost of these
railroads where track panels and gravel-and-sand cushions are laid on earth embankment which is
cheaper than a trestle depends on the country, the estimated travel speeds of trains, the relief,
the applied technologies and many other factors. It should be noted that while the operational
speeds of these railroads are moderate, up to 300 — 350 km/h, their costs is rather high:

- “Frankfurt — Cologne” (Germany): $47 min./km;

- “Pretoria — Johannesburg Airport” (SAR; speed 160 km/h): $62 min./km;

- “Astana — Almaty” (constructed with the use of Chinese technologies): $24 min./km;

- “San-Francisco — Los Angeles — San Diego” (the USA): $32 min./km;

- “London — Edinburgh” (The UK; speed up to 400 km/h): $83 min./km.
(http://mosurforum.ucoz.ru/news/skorostnoj_gudok_na_zheleznoj_doroge_pojavjatsja_poezda
novogo_pokolenija/2010-03-30-64).

The figures shown above correlate with estimations of cost of similar conventional high-speed
railway mainline reported recently, in particular in the Russian press. For example, the cost of the
high-speed railway “Moscow — Saint-Petersburg” with the length of 660 km which is 1.515 times
shorter than the discussed trestle type railway network with the total length of 1 min. km, is esti-
mated by the experts at a sum starting $40 billion (a road on an embankment), up to $60 billion or
more (a road on trestle). A high-speed railway network with the total length of 1 mIn. km con-
structed with these conventional technologies would cost the customer $60 to $90 trillion.

Some experts (e.g., the Head of RZD in his public speeches) express the opinion, with reference to
their foreign colleagues, that, for instance, in Russian environment with its harsh climate any high-
speed railroad, whether it is built on an embankment or on a trestle, cannot be constructed for
less than 100 million Euro per kilometer.

Instead of construction of new high-speed railways a conservative course of the railway complex
development is possible — by investments in reconstruction of the existing road network with the
aim of increasing average train travel speed. Reinforcement of the existing upper section of rail-
way may provide conditions for train travel at speeds of 140 to 200 km/h. This practice is widely
used in France, Germany, China and Russia.

For instance, in 2007 JSCo “RZD” (Russian Railroads) repaired 12 thous. km. of railway tracks,
spending 73.5 bin. rub. In the case cost of repair of 1 km. of the railway amounted to 6.125 min.
rub. The repair works allowed to increase average speed of passenger trains by 0,8 km/h — from
88.3 km/h to 89,1 km/h (http://www.kommersant.ru/doc/831539/print).

2 Al constructed structures sometimes weighing millions of tons or more are supported by the Earth’s crust: buildings, including
high-rise buildings; the Pyramid of Cheops, suspension and cable bridges with total forcesin bearing cables of 100 thousand tons or
more; dams amd man-made lakes (weighing billions tons); artificial isands, etc. Therefore horizontal efforts of about 1,000 tons
transmitted to the Earth’s crust from trestle strings are environment-friendly, considering also seismic activity. Furthermore, these
efforts will be concentrated only on the terminal anchor supports of all, even the longest roadways, which, also will be combined
with passenger stations and freight terminals, whereas at intermediate anchor supports this effort will be internal -- the effort on one
side of a support will be compensated by the same effort on the other side.
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In order to increase speed on RZD railroads at least up to the speeds supported by the “Sapsan”
trains purchased in Germany (250 km/h), the reconstruction will need investment of 1.23 bin.
rub./km, or $40 mIn./km. And increase of the speed to 450 km/h RZD will require over 400 years;
in this case reconstruction expenses for every kilometer of the existing railways will exceed $100
min.

That is why construction of an innovative transportation infrastructure on the “second level,”
based on string-and-rail technologies of engineer Yunitskiy, will be more advisable and rational,
since it will be cheaper by an order of magnitude and faster by an order of magnitude.

High-speed roadways are quite competitive with aviation. Furthermore, air lines need to be un-
burdened. High-speed roadways will allow reducing air traffic of metropolises’ airports thus open-
ing additional possibilities for international air traffic.

Any high-speed road is an object of advanced technology. Not only maintenance and auxiliary ser-
vices need to be integrated into it, it is also necessary to develop infrastructure, develop new cit-
ies, launch new energy facilities and other objects. This will mean millions of workplaces which will
be an asset in today’s time of crisis. Furthermore, a network of cost-effective high-speed roads will
boost economic and social development of regions, including the depressed ones. The concept of
“remote regions” will change drastically. Their residents will be able to travel 300 — 400 km to
work.

When one speaks of high-speed roads, we think of the economics first: when will the spent money
return and when the money will give profit. The string-and-rail trestle is the only self-repaying type
of high-speed roadways both due to low capital investments for construction and to low operation
costs and a longer service life. Yet projects of high social importance must not be judged from the
viewpoint of immediate benefit. There are different benefits. The main significance of the high-
speed roads is political, since a country with such roads is an unambiguous developed country.
Their social significance is no less important, since they elevate the level of development of human
capital.

The conclusions of high recourse effectiveness of string-and-rail trestle roads in comparison with
the known transportation systems are also upheld by an independent report of the Institute of
Transportation Problems Named after N. S. Solomenko of the Russian Academy of Sciences®.

4. Structural and technological know-how in the string-rail racks

The string-and-rail trestles designed by engineer Yunitskiy encompass tens of structural, techno-
logical and other know-hows, allowing material intensity and cost of the “second level” railroads.

The know-hows may not be published since their value and the value of the business developed
on their basis will in this case be nullified. However it is possible and quite reasonable to describe
their essence without divulging the know-hows themselves. It should be noted that these know-
hows are in their engineering substance are quite simple solutions. As they work jointly they cre-
ate a synergy effect. The know-hows may be grouped in separate systems.

First, one of the reasons of the high material intensity of conventional railroad trestles is that they
consist of separate beams, separated lengthwise by expansion (temperature) seams. There is no
other way to construct these trestles due to the large cross-section of the span structures. Under
temperature variations this would create extreme longitudinal temperature strains which would
be unbearable by the structure of the trestle. For example if the high-speed railway trestle de-

30 Executive Summary of Innovative Transport Technology "String Transport Unitsky" / Ingtitute of Transportation Problems Named
after N. S. Solomenko of the RAS. - S. Petersburg, 24 May 2010. - 13 p. (see: http://mww.yunitskiy.comyauthor/2010/2010_14.pdf)
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scribed above, similar to the one built at Taiwan Island, would be continuous, than under tem-
perature variations within 100 °C (environmental conditions of Russia make possible temperature
variations of up to 120 °C) longitudinal temperature strains could reach 200 thousand tons.

Expansion seam in a trestle with other conditions being equal would result in increase of the tres-
tle material intensity by 2 times, and that of the supports — by 16 times (including 8 times increase
due to alteration of loading pattern of the support, since under compressive strain it would be-
come cantilevered, with an unfixed top, and 2 times due to the increase of weight load from heav-
ier span structures).

Besides, the temperature seam undergoes a dynamic impact from wheel-sets, since they are the
point of bend of a high-speed train travel trajectory. Together with other disadvantages of such
transversal gaps in the structure this makes the expansion seam the weakest and the most prob-
lematic location of the modern trestles.

The String-and-rail Trestle (SRT) has no expansion seams, providing all the ensuing advantages.

Second, notwithstanding the fact that steel structures have a number of advantages over the ones
made of reinforced concrete, Japanese trestle designers still use reinforced concrete. This has an
explanation. During the development of the high-speed Shinkansen railway network in Japan 30 —
40 years ago initially steel trestles were constructed. However after numerous complaints from
townships surrounding the high-speed railways about powerful high-frequency noise, construction
of steel trestles was legally banned. None of the tested measures used to abate the noise gener-
ated by steel structures, including covering them with rubber and polyurethane revealed positive
results.

The SRT solves this problem by effective and simple methods that Japanese trestle developers
never proposed or tried.

Third, due to the continuous type of the trestle (in other words it is “endless”), braking forces of a
train which may in some cases total hundreds of tons, are transferred not to the intermediate
supports (they do not participate in distribution of longitudinal horizontal stress), but to the an-
chor supports. Thus only one of 100 supports is under horizontal breaking stress, whereas in a
competitive trestle due to the presence of the deformation seams this stress shall be borne by
every support. This results in additional increase of material intensity and cost of conventional rail-
road trestles. It should be noted that the continuous structure of the proposed SRT trestle results
in decrease of breaking power transferred to the anchor support since this force will be spread to
2 supports simultaneously, both to the one situated in the front, and in the back.

Fourth, a continuous statically indeterminate and pre-strained truss-and-string trestle required
new solutions for all of its structural elements and construction techniques, from the booms and
diagonal ties of trusses, to supports and their foundations, besides the need to reinforce truss
booms by pre-strained strings. All these solutions have been created. The main development crite-
ria are the following: the trestle must be durable under the heaviest load, have a long operation
time (of no less than 100 years), stable under cyclical stress (strained elements and welded seams
especially) — no less than 100 min. strain cycles, quiet, designed for temperature variations (with a
1 in 100 years possibility) of 120 °C and hurricane wind with speed of over 250 km/h (storm, tor-
nado), and be resistant to Richter scale grade 9 earthquakes.

Fifth, the crossties of the conventional railway track make it a heavily loaded beam resting on dis-
crete supports (crossties) working in high-frequency bending during passing of each wheel the
movement (rolling) speed of which may exceed 10 m/sec. This places extraordinary requirements
for both strength of high-alloy grade steel of the rails, and for the geometry and structure of the
rail itself and its resting on the crosstie. Nevertheless this does not rule out breaking of the rails
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resulting in crashes and disasters, and derailing of trains from the track structure which is espe-
cially dangerous in high-speed travel.

In the proposed string-and-rail trestle traditional crossties are not used and each rail rests on one
of the “endless” continuous (having no cross seams) longitudinal “crosstie”. That is why it practi-
cally does not suffer bending stresses and prevents ensuing breaks since the rail will work as a
beam resting not on supports, but on a continuous elastic base. That is why the SRT may use much
lighter rails (for instance, instead of R75 rails R50 rails may be used), nevertheless these rails will
be more reliable and long-lasting elements of the rail track structure.

Sixth, concrete in the SRT is encased in steel tubes and does not contact with the ambient air. One
of the main known disadvantages of concrete is that it practically does not work in tension (that is
why steel reinforcement is needed) and it cracks in tensioned areas. Through the cracks ambient
moisture permeates to the steel reinforcement resulting in its corrosion damage. In time it may
result in collapse of a reinforced concrete structure.

Cracking of concrete in the so-called steel-confined concrete poses no danger to the structure
since the pre-strained reinforcement (strings) are effectively protected from external environ-
mental and mechanical effects not only by concrete but also by the continuous walls of steel
tubes, within which the concrete and the strings are situated. Furthermore, encased concrete in-
creases its carrying capacity by 2 to 3 times which will considerably increase the safety factor of
the string-and-rail trestle (even oil having no bearing capacity, placed in a standard hydraulic cyl-
inder will endure the pressure of 1,00 atmospheres due to the enclosed space).

Seventh, where for low-speed railways the main criterion is strength of the trestle, for high-speed
railways it is evenness of track. Unevenness at each span is the results of both construction un-
evenness and dynamic oscillation of span structures under the weight of a passing high-speed
multi-wheel train. At speeds of around 100 m/sec (360 km/h) unevenness of track on 35 — 50 m
spans must be within 10 mm.

It is known that welding of steel structures makes them shift and it is virtually impossible to
achieve high evenness of span structures. That is why special technique and equipment needed to
be developed for welding of string-and-rail truss structures (partially in a shop, partially in the
field), so that construction unevenness in a span would not exceed 2 to 3 mm. However, one
needs to remember that unevenness is the result not only of steel span structures, but also of
supports and foundations of the trestle.

Eighth, exclusion from the track structure of a solid slab working as an aerodynamic shield will re-
duce aerodynamic resistance of a high-speed train’s movement by half and at the same time will
considerably reduce aerodynamic noises. This will reduce by about 1.5 times the needed power
output of a high-speed train driving gear, that is, the economy of the installed power for one train
may amount to 7,000 — 8,000 kW and more (total power output of drive gear of modern and per-
spective high-speed trains may exceed 20,000 kW).

Ninth, there are other groups of know-hows without which it will be impossible to construct
string-and-rail trestles with high quality and at low costs. These are:

(1) the technology of production and special additives to make concrete more flexible and to pro-
vide corrosion protection to steel structures contacting it;

(2) the technology and equipment for laying and straining of the strings and their fixing on the
support and anchor units;

(3) the technology and equipment for continuous assembly of lengthy and rather heavy steel-
reinforced concrete span structures in the field;
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(4) designs of the intermediate and anchor supports not only in relation to supporting units for
fixing continuous and statically indeterminate span structures, but also in relation to the structure
and erection of their body and their foundation;

(5) design and technological solutions for combining the string-and-rail track structure with com-
munication channels (fiber-optic, wire, radio repeating, cellular), with high voltage aerial and cable
lines, with wind and solar energy plants and other renewable and alternative power sources;

(6) design and technological solutions for the infrastructure of the “second level” (switches, sys-
tems of control of energy supply and communication on the linear (the trestle) section of the rail-
ways, etc.);

(7) prospective design and technological solutions for a larger scale (about two times) reduction of
material intensity and cost of string-and-rail trestles by improving railway rolling-stock, etc.

5. Information about the author of the intellectual property of the Yunitskiy string-and-rail
technologies

Anatoly Eduardovitch Yunitskiy is a chief designer with more than 150 inventions, including the
principally new design of Yunitskiy string-and-rail transportation system. 29 of the A. E. Yunitskiy’s
inventions are used in construction, transportation, mechanical engineering, electronics and
chemical industry, in scientific researches, conducted in the Russian Federation, the Republic of
Belarus, Ukraine, and other countries of the CIS.

A full member (academician) of the Russian Academy of Natural Sciences (1999), of the Russian
Academy (1998) and of the International Academy for Integration of Science and Business (2011).
Three university degrees (1973, 1985 and 2006): railway engineer; technical-engineering worker
and researcher in patenting and invention; design engineer of high-rise buildings. A Doctor of Phi-
losophy in transport (2002).

Awarded by the honorary title and a badge of honor the “Knight of science and arts” of the Rus-
sian Academy of Natural Sciences, two gold medals “Laureate of the All-Russian Exhibition Cen-
ter”, three gold high-quality awards “The Russian Mark” for the technology of string-and-rail
transportation, projects of freight and passenger rail vehicles (awarded by Russian Union of Indus-

trialists and Entrepreneurs).

A. E. Yunitskiy conducts research of string-and-rail transportation since 1977. By this time static
and dynamic models of SRT were created, the basics of which were stated in the first research
monograph of the author — “String transportation systems on Earth and in space” (1995 r.). This
allowed to create the theory of a resonance-free movement of rolling stock on a string-and-rail
track structure with speeds up to 600 km/hour, ensuring more even and tough track in compari-
son with the modern beam trestle for monorail tracks and magnetic suspension trains, and allow-
ing to reduce the cost of the track structure, supports and rolling stock, by 5 — 10 times or more as
compared with the latter. Principally new transportation standards were developed for: string-
and-rail track structure of overhead and suspended types for various speed modes and various
mass-and-dimension characteristics of the rolling stock; intermediate and anchor supports; anchor
fixing of the string; the string-and-rail for superlight, light, medium, heavy, and super-heavy trestle
types for various travel modes; the steel wheel with anti-derailing system and its independent
suspension; the automatic hitching device; switches; stations, terminal stations and freight termi-
nals of the “second level”; the technology of manufacture and organization of movement of pas-
senger and freight rolling stock on the “second level”, etc.
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In 1995 — 2001 a set of aerodynamic tests
of high-speed rolling stock (on 1:5 scale)
was performed in wind tunnel of the Aca-
demician Krylov Memorial Central Research
Institute (Saint-Petersburg). The data col-
lected allowed designing a high-speed rail
vehicle with the best aerodynamic qualities
among all of the known wheeled vehicles.

Wind tunnel testing of model of the unibus

For this reason the specific consumption of fuel (energy) as compared with a conventional high-
speed railway train is lower by 6 — 8 times and more. This will allow the proposed string-and-rail
trestles with improved rolling stock to become the most environment-friendly and the most eco-
nomical type of high-speed transportation not only by energy consumption for movement, but
also by the minimal appropriation of land for tracks owing to the location of the track structure at
the “second level” — on cheap and compact supports.

In 2001 at Ozery, Moscow region, “Unitran”
Fund led by A. E. Yunitskit build a testing
section of light trestle string-and-rail, being
the world’s first completed full-scale seg-
ment of actual string-and-rail transporta-
tion system. It had length of 150 m, support
height of up to 15 m, maximum span of 48
m, string tension of 450 tons, track pitch of
10%, weight of travelling load of up to 15
tons.

A labouratory complex based on a freight ZIL-131 truck at the
testing ground in Ozery

At the testing ground methods of estimation and front-end and engineering research, technique of
straining and fixing the strings, the design of string-rail and of steel wheel, the anchor and inter-
mediate supports, were successfully tested, as well as static and dynamic loads and effects of
weather and climate conditions. The results of the series of tests allow the developer to start
front-end and engineering research of specific trestle type freight and passenger tracks and work
on industrial production of string-and-rail track structures and supports.

The string-and-rail transportation system was displayed as working models of 1:15, 1:10 and 1:5
scale at more than 50 exhibitions, trade fairs, workshops, forums, including events held in Berlin,
Leipzig, Hannover, Dubai, Sharjah, Malmoe, Cape Town, Tripoli, Islamabad, Karachi, Baku, Kiev,
Sevastopol, Moscow, Saint-Petersburg, Khabarovsk, Hanty-Mansijsk, Minsk, Sydney, and other cit-
ies, and was awarded with more than 30 diplomas, certificates and medals.
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For the period from 1977 to 2012 A. E. Yunitskiy created a scientific school dealing with string-and-
rail technologies with its specialists in Russia, Belarus, Ukraine and other countries. A set of la-
bouratory, test-bench, model and testing-ground tests were performed. 18 monographs were
published (see www.yunitskiy.com), including “String transportation systems on Earth and in
space” (1995, 337 p.), over 60 string-and-rail technology inventions and more than 100 know-
hows were created (the author and the patent owner is A. E. Yunitskiy). Unique unprecedented
results were achieved. Two grants of the United Nations Organization were awarded (1998 and
2002).

6. Information about the investment projects on the basis of exclusive rights to intellectual
property and know-how, "a string-rail system engineer Unitsky

Within the implementation of the investment project employing the assessed object — the exclu-
sive intellectual property and know-how rights on the “String-and-rail Transportation System of
Engineer Yunitskiy”, establishment of a holding company is assumed.

The authorized capital of the holding company established for construction on the planet within
50 years of 1 min. km of string-and-rail trestle type railroads will be raised by means of the Exclu-
sive intellectual property and know-how rights on the “String-and-rail Transportation System of
Engineer Yunitskiy”. In effect this authorized capital characterizes the possible (probable) capitali-
zation of the company in future, within 30 — 35 years, when the main part of roads of this type
with total length of around 500 thous. km and total cost of $7 trillion will be constructed>™.

The initial sale of stock of the established company, which authorized capital will be raised by
means of the intellectual property will be performed at a large discount from 1:100 to 1:20, that is,
for 1 — 5% of the reported value. That is why for the realization of this program in Russia, for in-
stance, it will be possible to attract on the venture stage no more than $50 min., which will, how-
ever, enable the launch of this large-scale project.

With constructions rate of trestle type railroads (construction of new roads and replacement of
the old roads build on embankments) at 20 thous.km/year, as it was 120 years ago a principally
new network of railroads with length of 1 min. km may be constructed in 50 years. Virtually all of
these roads, excluding service and special-purpose (ore-bearing, coal-bearing, etc.) shall be high-
speed roads.

The length of roads network in a particular country relates not only to transportation of the coun-
try’s residents, manufactured goods, and extracted materials, but also to transit traffic, and be-
sides that — to development of new deposits of mineral resources. Furthermore the territory itself
will become one of the main resources of the man in the 21° century, therefore underdeveloped
and presently hardly accessibly territories of all countries and continents will be developed and
populated.

The proposed within the scope of this assessment infrastructural network of railroads of the “sec-
ond” level with length of 1 min. km is divided into regions (zones) in proportion to the area of ter-
ritory of each country and its population (total area of land on the planet totals 149 min. km?, total
population of the Earth — 7,143 min. individuals):

3 For instance, the capitalization of the American company Apple Inc. which works in a smaller market niche than the established
company in the end of February, 2012, 35 years from the date of creation, exceeded $500 bil. Due to innovative technologies and
aesthetically attractive design the Apple corporation created a unique reputation, comparable to a cult, in the industry of consumer
electronics, thusin May, 2011 the Apple trade mark (which is a part of its intellectual property) was recognized as the world’s most
valuable brand estimated $153,3 bil. in a rating of the Millward Brown international research agency. Such capitalization is possible
in development of the network of trestle railroads based on the Exclusive intellectual property and know-how rights on the “ String-
and-rail Transportation System of Engineer Yunitskiy” .
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http://www.yunitskiy.com)

. China (9,60 min. km?, 1.357 min. residents) — 130,000 km.
. India (3,29 min. km?, 1.234 min. residents) — 95,000 km.

. Russia (17,10 min. km?, 143 min. residents) — 70,000 km.
. the USA (9,52 min. km?, 316 min. residents) — 50,000 km.
. Brazil (8,51 min. km?, 198 min. residents) — 40,000 km.

. Canada (9,98 min. km?, 34 min. residents) — 30,000 km.

. Australia (7,69 min. km2, 24 min. residents) — 25,000 km.
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. Indonesia (1,90 mIn. km2, 245 min. residents) — 25.000 km.
. Mexico (1,97 min. km2, 117 min. residents) — 15.000 km.

. Pakistan (0,80 min. km2, 179 min. residents) — 15.000 km.
. Nigeria (0,92 min. km2, 167 min. residents) — 15.000 km.

. Democratic Republic of Congo (2,35 min. km2, 70 min. residents) — 13.000 km.

. Argentina (2,77 min. km2, 41 min. residents) — 12.000 km.

. Iran (1,65 mIn. km2, 77 min. residents) — 11.000 km.

. Algeria (2,38 min. km2, 36 min. residents) — 11.000 km.

. Bangladesh (0,14 min. km2, 152 min. residents) —11.000 km.
. Japan (0,38 min. km2, 128 min. residents) — 10.000 km.

. Kazakhstan (2,72 min. km2, 17 min. residents) — 10.000 km.

. Ethiopia (1,123 min. km2, 91 min. residents) — 10.000 km.

. Saudi Arabia (2,15 min. km2, 29 min. residents) — 9.000 km.

. Egypt (1,00 min. km2, 83 mlin. residents) —9.000 km.

. Sudan (1,89 min. km2, 36 min. residents, 31 min. residents) — 8.000 km.

. South African Republic (1,22 min. km2, 51 min. residents) — 8.000 km.
. Turkey (0,78 miIn. km2, 75 min. residents) — 8.000 km.

. Vietnam (0,33 min. km2, 89 min. residents) — 7.000 km.

. Philippines (0,30 min. km2, 92 mln. residents) — 7.000 km.

. Peru (1,29 min. km2, 30 min. residents) — 7.000 km.

. Tanzania (0,95 min. km2, 48 min. residents) — 7.000 km.

. Columbia (1,14 min. km2, 47 min. residents) — 7.000 km.

. Germany (0,36 mIn. km2, 82 min. residents) — 6.000 km.

. France (0,55 min. km2, 64 min. residents) — 6.000 km.

. Thailand (0,51 miIn. km2, 66 mIn. residents) — 6.000 km.

. Libya (1,76 min. km2, 7 min. residents) — 6.000 km.

. Mongolia (1,57 min. km2, 3 min. residents) — 6.000 km.

. Chad (1,28 miIn. km2, 11 min. residents) — 6.000 km

. Angola (1,25 min. km2, 20 mIn. residents) — 6.000 km.

. Myanmar (0,68 min. km2, 49 min. residents) — 6.000 km.

. Italy (0,30 mIn. km2, 61 min. residents) — 5.000 km.

. Ukraine (0,60 min. km2, 46 min. residents) — 5.000 km.

. Great Britain (0,24 min. km2, 63 min. residents) — 5.000 km.
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41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

Kenya (0,58 min. km2, 43 min. residents) — 5.000 km.

Niger (1,27 min. km2, 17 min. residents) — 5.000 km.

Venezuela (0,91 min. km2, 30 min. residents) — 5.000 km.
Afghanistan (0,65 mIn. km2, 33 min. residents) — 5.000 km.
Spain (0,50 mIn. km2, 46 min. residents) — 5.000 km.

Mali (1,24 min. km2, 15 min. residents) — 5.000 km.

Republic of Korea (0,10 mIn. km2, 50 min. residents) — 4.000 km.
Bolivia (1,10 mIn. km2, 10 min. residents) — 4.000 km.
Mauritania (1,03 min. km2, 4 min. residents) — 4.000 km.
Mozambique (0,80 min. km2, 24 min. residents) — 4.000 km.
Chili (0,76 mIn. km2, 18 min. residents) — 4.000 km.

Madagascar (0,59 min. km2, 22 min. residents) — 4.000 km.
Yemen (0,53 min. km2, 26 min. residents) — 4.000 km.
Uzbekistan (0,45 min. km2, 30 min. residents) — 4.000 km.
Morocco (0,45 min. km2, 33 min. residents) —4.000 km.

Irag (0,44 min. km2, 34 min. residents) — 4.000 km.

Poland (0,31 min. km2, 39 min. residents) — 4.000 km.

Malaysia (0,33 min. km2, 30 min. residents) —3.000 km.
Namibia (0,83 min. km2, 2,3 min. residents) — 3.000 km.

South Sudan (0,62 min. km2, 8,3 min. residents) — 3.000 km.
Cameroon (0,48 min. km2, 20 min. residents) — 3.000 km.
Zambia (0,75 mIn. km2, 14 min. residents) — 3.000 km.

Uganda (0,24 min. km2, 36 min. residents) — 3.000 km.

Nepal (0,14 min. km2, 31 min. residents) — 2.600 km.

Ghana (0,24 min. km2, 26 min. residents) — 2.500 km.

Cote d’lvoire (0,46 min. km2, 7,2 min. residents) — 2.500 km.
DPRK (0,12 min. km2, 25 mIn. residents) — 2.200 km.

Romania (0,24 min. km2, 21 min. residents) — 2.200 km.
Zimbabwe (0,39 min. km2, 13 min. residents) — 2.200 km.
Burkina-Faso (0,27 min. km2, 18 min. residents) — 2.200 km.
Syria (0,19 min. km2, 21 min. residents) —2.100 km.

Somali (0,64 min. km2, 9.8 min. residents) — 2.000 km.

Central African Republic (0,62 min. km2, 4,6 min. residents) — 2.000 km.
Botswana (0,58 min. km2, 2,1 min. residents) — 2.000 km.
Turkmenistan (0,49 min. km2, 5,2 miIn. residents) — 2.000 km.
Ecuador (0,28 min. km2, 15 min. residents) — 2.000 km.
Papua-New Guinea (0,46 mIn. km2, 7,2 min. residents) — 2.000 km.
Sweden (0,45 min. km2, 9,5 min. residents) — 2.000 km.
Republic of Congo (0,34 min. km2, 4,2 min. residents) — 1.900 km.
Paraguay (0,41 min. km2, 6,3 min. residents) — 1.800 km.
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81. Republic of China (Taiwan) (0,04 min. km2, 23 min. residents) — 1.800 km.
82. Sri-Lanka (0,07 min. km2, 21 mlIn. residents) — 1.700 km.

83. Finland (0,34 min. km2, 5,4 min. residents) — 1.600 km.

84. Guinea (0,25 mIn. km2, 10 min. residents) — 1.600 km.

85. Senegal (0,20 mIn. km2, 13 min. residents) — 1.600 km.

86. Cambodia (0,18 mIn. km2, 14 min. residents) — 1.600 km.
87. Malawi (0,12 min. km2, 16 min. residents) — 1.600 km.

88. The Netherlands (0,04 min. km2, 17 min. residents) — 1.400 km.
89. Belarus (0,21 min. km2, 9,5 min. residents) — 1.400 km.

90. Tunisia (0,18 min. km2, 11 min. residents) — 1.400 km.

91. Norway (0,32 min. km2, 5,1 min. residents) — 1.400 km.

92. Oman (0,31 min. km2, 2,8 min. residents) — 1.200 km.

93. New Zealand (0,27 min. km2, 4,5 min. residents) — 1.200 km.
94. Laos (0,24 min. km2, 6,3 min. residents) — 1.200 km.

95. Greece (0,13 min. km2, 11 min. residents) — 1.200 km.

96. Portugal (0,09 min. km2, 11 min. residents) — 1.100 km.

97. Benin (0,11 min. km2, 9,4 min. residents) — 1.100 km.

98. Cuba (0,10 min. km2, 11 min. residents) — 1.100 km.

99. Kyrgyzstan (0,20 mIn. km2, 5,7 min. residents) — 1.100 km.
100. Azerbaijan (0,09 min. km2, 9,2 min. residents) — 1.000 km.
101. Gabon (0,27 mIn. km2, 1,6 min. residents) — 1.000 km.

102. Tajikistan (0,14 min. km2, 8,0 min. residents) — 1.000 km.

The listed 102 countries account for 895,500 km of the proposed trestle type railways, so the re-
maining 104,500 km of the “second type” of the 1,000,000 km will account for the rest 163 coun-
tries, dominions and territories.

7. Sources of information:

1. A. E. Yunitskiy Optimization of surface transportation system. International magazine
“Problems of Mechanical Engineering and Automation” — M.: IMASH, MosgorCNTI, 2005, No. 4,
pp.. 45— 50.

2. A, E. Yunitskiy “String transportation systems on Earth and in space” — Gomel: Infotribo,
1995.-337 p.: gr.

3. A. E. Yunitskiy YUNITSKIY TRANSPORT SYSTEM (TSU) in questions and answers. 100 ques-
tions — 100 answers / Monograph. Eighth edition, revised and enlarged, — Moscow, May 25th, 2012
- 80 p.: gr.

4. A. E. Yunitskiy — YUNITSKIY TRANSPORT SYSTEM (variants) and method of construction of
the transportation system. Eurasian patent No. 006359, cl. B 61 B 3/00, 2004.

5. A. E. Yunitskiy — YUNITSKIY TRANSPORT SYSTEM (variants) and method of construction of
the transportation system. Eurasian patent No. 006112, cl. B 61 B 3/00, 2004.

6. A. E. Yunitskiy — YUNITSKIY TRANSPORT SYSTEM (variants) and the method of construc-
tion of the transportation system. Eurasian patent No. 004917, cl. E 01 B 25/00, 2002.
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From: Anatoly Eduardovitch Yunitskiy

Purpose: for assessment of market value of exclusive intellectual property and know-how rights on the “String-and-rail Transportation System of
Engineer Yunitskiy”

Table 1 Capital investmentsfor development and construction of the “ Sting-and-rail Transportation System of Engineer Yunitskiy” for an averaged 1,000 km section

Capital expenses (capex)
Length of route 1,000 km

Cost of construction and turnkey development, including track structure, supports
and infrastructure:

per 1 km of track $13,449,013
Total cost per 1,000 km $13,449,012,500
Design data
1.00 1,000
per 1km per 1,000 km
minimum average maximum units average
Design  develop-
1. ment 640,429,167
Estimation based on the length and total cost of all works at the rate of 5%
Total
Total
per 1 km of track $640,429 $640,429,167
2. Congtruction of the SRT track $10,022,333,333
1) Steel-reinforced concrete string-and-rail track structure
Estimation based on cost of 1 ton of installed stedl structure $4,000 $5,000 $6,000
Number of string-and-rail structures per 1 kilometer of track
(steel) 1,500 1,050 800 tons/km
Total
per 1 km of $5,250,000 $5,250,000,000
2) Intermediate supports
1
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Capital expenses (capex)

3)

4)

5)

Cost of one support $30,000
Support height 4
Distance between adjacent supports 30

Number of supports for 1 km (x2 for a two-way track)
Tota

per 1 km of track
Anchor supports

Cost of one anchor support $400,000
Height of a support 4
Distance between adjacent supports 2,000

Number of supports for 1 km (x2 for a two-way track)
Tota

per 1 km of track
Increasing factors

Uneven and difficult terrain
In percent of the track length and in kilometers
Estimated total

Mountainous terrain
In percent of the track length and in kilometers
Estimated total

Sea regions
In percent of the track length and in kilometers
Estimated total
Total
per 1 km of track
Land allocation (appropriation) for the track supports
Estimation is based on standard 200
Cost of land $1,000,000
Total
per 1 km of track

$40,000
7
40
40

$1,600,000

$500,000
7
3,000
0,667

$333,333

100%
8%
$1,149,333

150%
5%
$897,917
250%

3%
$754,250

$2,801,500

250
$1,500,000

$37,500

$50,000
10 meters
50 meters
units
$1,600,000,000
$600,000
10 meters
4,000 meters
units
$333,333,333
$2,801,500,000
of the track
cost
km
of the track
cost
km
of the track
cost
km
$2,801,500,000
37,500,000
300 sg. m/km
$2,000,000 ha
37,500,000
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