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the development of accelerator technology for new physical measurements is considered. the viability of  
the standard Model in elementary particle physics has been confirmed thanks to the modern experimen-
tal measurements and problems that are not solved by this model are considered. historical development 
of physical science from classical physics to the modern theory of d-branes and superstrings is presented.  
in parallel, the development of mathematical science from the geometry of euclid to algebraic geometry and 
the theory of derived categories was studied. within the framework of modern physics and mathematics, new 
theories are presented that solve the problems of the standard Model.
Keywords: accelerator technique, standard Model, elementary particle physics, development of physical and 
mathematical science, theory of d-branes and superstrings.

introduction. the current development of 
science is connected with experimental 

achievements [1], that is, with the construction of new 
accelerators, and with the needs of new theoretical 
physics beyond the standard Model (sM) [2].  
the construction of the large hadron collider (lhc) 
[3], on which it is planned to increase luminosity and 
energy (fig. 1), as well as the planned construction 
of the international linear collider with energy 
of 500 geV [4], other experimental constructions, 
is a vivid demonstration of the development of 
modern accelerating technology for the needs of  
the discovery of new particles beyond the sM [5].

 
fig. 1. changes in the luminosity at the lHc

on the other hand, the problems of the sM 
inability to explain the dark matter, the problem 
of the hierarchy of interaction, the problem of  
the lack of clarity of the higgs boson properties, 
and many other sM problems lead to the need for 
an experimental confirmation of new theoretical 
models beyond the sM theory: theory of d-branes 
and superstrings, supersymmetry, quantum gra-
vity and so on [6]. therefore, in order to find out 
further guidelines in physics, it is necessary to 
look at the situation from the side to understand  
the theoretical achievements for the further pro-
ductive development of science.

our article is devoted to the review of the de-
velopment of modern physics from mathematical 
achievements to modern physical theories, caus-
es and fundamental positions of modern theories, 
which can solve problems of standard Model. 

development of mathematics and physics. 
if you look at the history of the development of 
mathematics and physics, then mathematics be-
gan its development much earlier. algebraic ge-
ometry began its development from the geometry 
of euclidean, which appeared about 300 years Bc. 
then, in 1637 year appeared analytical geometry, 
in the 18th century – complex algebra, in the 19th 
century – tensor calculus, in the early 20th centu-
ry – differential forms. the modern mathematical 
structure is shown in fig. 2.

accordingly, in physics, the founder of 
classical mechanics was galileo galilei (early 
17th century). then classical mechanics passed 
the stages of theoretical mechanics (euler, la-
grange, d'alembert, hamilton) in the 18th and 
19th centuries. the mathematical apparatus of 
classical mechanics is the differential and inte-
gral calculus developed by newton and leibniz 
(17th-18th centuries). classical mechanics has 
undergone several stages in its development, 
connected both with changes in sizes and with 
changes in speed, fig. 3.
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fig. 2. the modern mathematical structure

 

classical mechanics has somewhat in common 
with Maxwell's theory of electrodynamics (it was 
developed in 1862 y.), and relativistic mechanics is 
connected with the theory of relativity of einstein 
(1915 y.). Quantum mechanics is described by the 
schrödinger equation (1922–1929 y.), and quantum 
field theory was proposed by yang and Mills (1954 y.) 
to describe elementary particles. gell-Man classified 
elementary particles through group theory (1958 y.), 
and s. weinberg, s. gleeshaw and a. salam pro-
posed a unified theory of electroweak interaction of 
quarks and leptons (1968 y.). thus, there is a gradual 
transition from large to small dimensions in physics 
and, accordingly, the transition to a new mathemat-
ical theory from ordinary equations to differential 
and integral, and then to the theory of groups. thus, 
the sM was generally completed, and its main dis-
coveries are as follows, table 1.

table 1 
 steps for the discovery of sm particles

1897 y. electron
1911 y. nucleus
1930 y. neutrino
1932 y. neutron
1969 y. quark
1983 y. w, Z bosons
2012 y. higgs boson

1. modern theoretical high-energy physics
sM model problems:
•	 hierarchy	of	interactions
•	 dark	matter	and	dark	energy
•	 radiative	 corrections	 to	 the	 mass	 of	 

the higgs boson
•	 CP	asymmetry
•	 neutrino	mass
led to the need of searches for new theories in 

high-energy physics. Modern high-energy phys-

fig. 3. stages of the development  
of classical mechanics

ics is associated with the transition to very high 
energies (up to 14 teV) and, accordingly, to small 
distances, up to 10-17 cm. the theory associated 
with such distances is the theory of d-brane and 
superstrings (green, schwarz, ramon, nambu) [7], 
and the mathematical apparatus of such a theory is 
algebraic geometry and topological algebra, which 
uses the theory of derived categories. analytical 
mechanics, based on the formulation of classical 
mechanics in the form of lagrangian and hamil-
tonian mechanics, can no longer be applied here, 
since we are dealing with very complex nonlinear 
equations that can not be solved by ordinary means. 
symmetries acquire great importance in theoretical 
physics of high energies, including conformal sym-
metries, which are also associated with the searches 
for possible theories of quantum gravity for unifi-
cation of all interactions: strong, electroweak and 
gravitational. in a 1997 article, which is now one of 
the most frequently cited in the history of phys-
ics, the theorist, Juan Maldasena, demonstrated 
mathematical equivalence between the conformal 
field theory and the gravitational space-time envi-
ronment, with one additional spatial dimension [8]. 
Maldasena duality, the so-called ads/cft, binds 
the conformal field theory to the corresponding 
"anti-de sitter space", which is connected with hol-
ogram. in ads space there is a geometry different 
from the geometry of space-time in our universe, 
but the gravity works in ads space as well as in 
our world. and since existing theories are not used 
in the middle of black holes (the paradox associated 
with the preservation of quantum information of 
the black hole), the solution of this paradox requires 
from physicists to find the quantum theory of grav-
ity, from which the space – time picture arises at 
low energies, for example, outside of black holes. 
ads/cft provides a working example of quan-
tum gravity, where everything is clearly defined.  
the hope lies in the fact that, based on the ge-
ometric structure, physicists will get a better idea 
of our universe. well-known physicist o. Polyakov, 
inspired by recent discoveries about the geometry 
of space, said: "there are many miracles – and, 
probably, we will find out why."

in the theory of strings, the graviton, as well 
as electrons, photons and other particles, are 
not pointy, but invisible tiny bands of energy or 
"strings" that vibrate differently. the interest to 
the string theory took off in the mid-1980s, when 
physicists realized that it gave a mathematically 
consistent description of quantum gravity. But five 
known versions of the theory of strings were "per-
turbative", that is, they broke in some regimes. lat-
er, in 1995 y., physicist edward witten discovered 
a unified theory of all the theories of strings [9]. he 
found various indications that the theory of pertur-
bative strings is united into a nonperturbative the-
ory, which he called M-theory. another explosion 
occurred two years after 1995 y. Physicist Juan 
Maldasena discovered ads/cft correspondence, 
which gives a complete definition of the M-theory 
for the spase-time geometries in ads. this duality 
forces spase-time geometries in ads to flex differ-
ently than our universe. the 16,000 articles quoted 
by Maldasena over the past 20 years are mainly 
aimed at fulfilling of these calculations in order to 
understand ads/cft and quantum gravity.
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conclusions. we live in an interesting time of 

new discoveries, accompanied by new powerful ex-
perimental installations and new theories such as 
theory of everything. of course, new discoveries 
are just around the corner. at the lhc accelera-
tor, both technological improvements and experi-
mental measurements related to the search for new 
physics beyond the standard Model are constantly 
being carried out: the searches for Kaluza-Klein 

partners, microscopic black holes, superparticles, 
the extended higgs boson sector, etc. indirect or in-
complete experimental data on the B meson decays, 
the top-quark interaction with the higgs boson, the 
properties of the higgs boson indicate the presence 
of deviations from the sM. "ask – and they will 
give you, seek – and find, knock – and you will be 
opened," is written in the holy gospel of Matthew. 
we are on the threshold of great discoveries.
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ІСТОРИЧНІ АСПЕКТИ РОЗВИТКУ ФІЗИКИ ВИСОКИХ ЕНЕРГІЙ

Анотація
розглянуто розвиток прискорювальної техніки задля нових фізичних вимірювань. підтверджено жит-
тєздатність Стандартної Моделі в фізиці елементарних частинок завдяки сучасним експерименталь-
ним вимірам і розглянуто проблеми, які не вирішуються цією моделлю. наведено історичний розвиток 
фізичної науки від класичної фізики до сучасної теорії d-бран і суперструн. паралельно вивчався роз-
виток математичної науки від геометрії евкліда до алгебричної геометрії і теорії похідних категорій. 
в рамках сучасних фізико-математичних досягнень наводяться нові теорії, які вирішують проблеми 
Стандартної Моделі. 
Ключові слова: прискорювальна техніка, Стандартна Модель, фізика елементарних частинок, розви-
ток фізичної і математичної науки, теорія d-бран і суперструн.
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ИСТОРИЧЕСКИЕ АСПЕКТЫ РАЗВИТИЯ ФИЗИКИ ВЫСОКИХ ЭНЕРГИЙ 

Аннотация
рассмотрено развитие ускорительной техники для новых физических измерений. подтверждена жиз-
неспособность Стандартной Модели в физике элементарных частиц благодаря современным экспери-
ментальным измерениям и рассмотрены проблемы, которые не решаются этой моделью. приведено 
историческое развитие физической науки от классической физики до современной теории d-бран 
и суперструн. параллельно изучалось развитие математической науки от геометрии евклида к алге-
браической геометрии и теории производных категорий. в рамках современных физико-математиче-
ских достижений приводятся новые теории, которые решают проблемы Стандартной модели.
Ключевые слова: ускорительная техника, Стандартная Модель, физика элементарных частиц, раз-
витие физической и математической науки, теория d-бран и суперструн.


