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Knroyoeu dymu: Obpabomka Ha cueHanu 8 Lp; CeusmuyHa, eemposa u ozHesawuma; EneeamopHu
cbopwbxeHus, Komnompu u ceH3opu, EneeamopHu waxmu, Cb8peMeHHO Ceu3MUYHO palioHupaHe, HauuoHanHu
HespoHHU Mpexu.

Pesrome. Paspabomkama komOuHupa cucmeMu 3a akmueeH U racueeH KOHmMPOs Ha OUHaMUuYHUsI
omeogop Ha cepadu U UHXeHepHU koHcmpykuuu. B AKTUBHATA BEPCUS Ha uscrnedeaHemo, ceu3mMuyHO
ysa3sumu (om 3 o 16 emaxa) u eemposu (Had 16 emaxa) cepadu ¢ hyHKUUOHUpaWU acaHCbopu ca 06eQuHeHU
8 HeepoHHa mpexa. OcHosHume obekmu — CEH30PU u WHEPULINMATIHU OBUIFATEJ/IN Ha akmueHume
cucmemu 3a yrnpasseHue, ca pasrosfioXeHU 8 acaHCbopHUMe waxmu Ha czpadama (MoHe Yemupu KonnaHapHU
dsuzamerns 8 eopHama Yacm Ha BCSKA acaHcbopHa waxma Ha npedrioxeHama HE8POHHa Mpexa, Cba/lacHO
Queypa 5). CbomeemHo Ha npedsapumesiHO U320MeeH UHXEHEPEH MPOeKm 3a acaHcbopu 3a BCAKA CIrPALA,
3D akcenepomempu ca rocmaseHU 6b8 OCHOB8UME Ha acaHCbOpHUME waxmu U 8 eopHama 4Yacm Ha
acaHcbopHUMe waxmu. IHepyuoHHUMe dguzamenu ca nocmaeeHu 8 2opHama 4acm Ha acaHcbopHama waxma
u Ha OOMb/AHUMENIHU Mecma 8bpxy [IOKpUBHama KOHCMPYKUUsi (ako e HeobxodumMo 0 U34YUCIIEHUST).
Akcenepomempume u g8uzamenume ca efleMeHmu Ha HE8POHHaMa Mpexa U 3a 8Csika acaHCbopHa waxma me
obpasysam Bb3EJ] Ha Mpexama (cbanacHo rpedsapumerniHume ycrosusi Ha Teopema 8 om u3cnedgaHemo).
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Introduction

The development combines systems for active and passive control of the dynamic response
of buildings and engineering structures. In the ACTIVE VERSION of the study, seismically vulnerable
(from 3 to 16 floors) and wind-vulnerable (over 16 floors) buildings with functioning elevators are
combined into a Neural Network. The main objects — SENSORS and INERTIAL ENGINES of the
active control systems are situated in the building elevator shafts (at least four coplanar motors at the
top of the EACH elevator shaft of the prosed Neural Network in accordance to Figure 5.) Respectively
to a previously prepared elevator engineering project for EACH BUILDING, 3D accelerometers are
placed in the foundation of the elevator shafts and at the top of elevator shafts. The Inertial motors are
placed at the top of the elevator shaft and at additional locations on the roof structure (if it is necessary
by calculations). The accelerometers and motors are elements of the Neural Network, and for each
elevator shaft they forms a NODE of the network (according the Prerequisites conditions of Theorem 8
of the study).

Unfavorable conditions. Under certain unfavorable conditions (according to the classical
theory of probabilities and catastrophes at least three in number):

Unfavorable Condition 1) Earthquake with a magnitude above 6 on the Richter scale,

Unfavorable Condition 2) Coincidence and resonance between the frequency parameters of
the facilities and external dynamic loads,

Unfavorable Condition 3) Duration of damage (dynamic loads exceeding certain critical
values - see Figure 10 - line number 600 of the study). The damping matrix [ny] in equation (2) plays

an important role in automatic control theory.

The Neural Network produces control effects with the same characteristics as the external
harmful dynamic effects, but with an INVERTED SIGN. This guarantees the INDESTRUCTIBILITY of
ALL NODES of the neural network, which can be TRIGGERED by early warning system or systems. A
theorem on the INDESTRUCTIBILITY of the nodes of the Neural Network has been proven. This
ensures that there will be no casualties in the buildings covered by the Neural Network for any
earthquake, any frequency composition of the signals, and any duration of the seismic or wind signals.
It is obvious that, in the massive buildings of the construction infrastructure in modern urban
agglomerations, there are buildings of the most different origin and quality. The neural network
guarantees the absence of victims from harmful dynamic effects regardless of the qualities of the
building infrastructure. The main goal of the research is to build such a neural network that does not
allow the destruction of nodes under arbitrary earthquake loads (arbitrary magnitude, arbitrary
frequency composition of the signals, arbitrary duration). The indestructibility of neural network nodes
is guaranteed by the following theorems. The Theorem 8 is the focus of the study.
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Fig. 1. Structural model of a multilayer media.
a) Reflection - Refraction process for the SH wave; b) Block diagram; c) Signal - flowchart graph
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Fig. 2. Quadruple symmetric real functions — for example velocity of particles of the medium V(t) [u/s] from Fig. 1
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Aluminum skeleton and Massive Pneumatic Shell

Development unites dynamically vulnerable (seismically vulnerable from 3 to 16 floors and
wind vulnerable over 16 floors) buildings and facilities in which there are functioning elevator devices.
The union is in Neural Network. Elevator shafts are the main element of active control in case of
harmful external dynamic effects of seismic and wind nature. In Figure 5. inertial motors mounted on
top of the elevator shaft are shown. If necessary according to an individual project to control the
dynamic behavior of the building, additional inertial motors are placed on the roof of the building.
Figure 6. illustrates a variant of the system with passive dynamic response control. Figure 3. shows
the distribution of 3D accelerometers of an example elevator shaft in case of active control of the
system. Figure 4. illustrates an example distribution of the Inertial Motors of an example building with
12 floors in an active control variant. Figure 1. It illustrates a structural model of a multilayered
environment under the foundation of the example building with active management, and Figure 2.
shows an example view of Quadruple symmetric real functions - medium particle velocity V(t) [u/s].

Frequency Analysis for Arbitrary Real Functions from L,. [1, 2, 3, 4, 5]

* Theorem 1. (The phenomenon “Symmetry” in the time domain corresponds to the phenomenon
“Conjugation” in the frequency domain). The complex Fourier F(jw) spectra of the symmetric real
functions in the first and second quadrants are conjugated as well as.
+ Theorem 2. The complex Fourier F(jw) spectra of the symmetric real functions in the third and
fourth quadrants are conjugated respectively.
*+ Theorem 3 (The phenomenon “Anti Symmetry” in the time domain corresponds to the
phenomenon “Anti Conjugation” in the frequency domain). The complex Fourier F(jw) spectra of the
anti symmetric real functions in the first and third quadrant are anti conjugated as well as.
+ Theorem 4. The amplitudes of the functions in first and second quadrants are both positive, while
these of the amplitudes for the functions for third and four quadrants are both negative. The functions
under investigation could be of arbitrary amplitudes — negative or positive. The corresponding complex
Fourier F(jw) spectra also are of arbitrary type amplitudes — negative or positive.
+ Theorem 5. (Frequency indistinguishable). Four quadruple symmetric real functions are frequency
indistinguishable.

Theorems from 1 to 5 are presented in: [2] [Jivkov Venelin, Philip Philipoff, Anastas Ivanov,
Mario Mufioz, Galerida Raikova, Mikhail Tatur, Philip Michaylov, (2013), “Spectral properties of
quadruple symmetric real functions”, Applied Mathematics and Computation — Elsevier, impact factor
=1, impact factor = 1,766, 221 (2013) 344-350].
* Theorem 6. [6.1. Venelin Jivkov, Philip Philipoff, (2016), Quadruple Symmetric Real Signals
Spectral Even and Odd Decomposition, Building Materials and Structures, UDK: 624.9.042.7,
699.841, doi: 10.5937/grmk1603003M, N3 2016, (in English), Jivkov, V., Philipoff, Ph., Quadruple
Symmetric Real Signals Spectral Even and Odd Decomposition, Building materials and structures 59
(2016) 3 (63-77), ISSN 2217-8139 (Print) ISSN 2334-0229 (Online),
UDK: 06.055.2:62-03+620.1+624.001.5(497.1) = 861
https://lwww.researchgate.net/publication/311340555_ Quadruple_symmetric_real_signals_spectral_ev
en_and_odd_decomposition ;
6.2. BenenunH KuskoB, CumeoH lNaHeB, dunun dununos, (2020), PasnpocTpaHeHne Ha BbIHU B
orpaHuyeHn n HeorpaHuyeHu npoctpaHcTBa (Wave propagation in limited and unlimited spaces),
“COOTTPALE", ISBN 978-954-334-341-9, (in Bulgarian)]

The phenomenon “Symmetry” in the time domain corresponds to the phenomenon
“Conjugation” in the frequency domain. The phenomenon “Anti Symmetry” in the time domain
corresponds to the phenomenon “Anti Conjugation” in the frequency domain. The simultaneous
operation of the Theorems 1 and 3 leads to even and odd decomposition of the Fourier complex

spectrum of the common function Feommon functmn(jm} with length N in the time domain. This
result represents spectral function, composed by the equivalent nonzero real and imaginary spectral

left .codd right
parts with length N/2 in the frequency domain R:ven ef (a}} and }fm g (C-'J) ) as follows:

( Feommon function(jm} — 2 (R even left (w) +jf,r?,1dd Tight(m}) )

e

Theorem 7. Damping of structures in the finite element method. (Global damping matrix [C] of
the finite element models by FEM).

If in mechanical systems the frequency equation f(®)=0 allows only SINGLE (unit) roots
0<®@;<®@;<...<®¢<...<®@,, (single own frequencies, Eigen values), it than the matrix
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is POSITIVE DEFINITE detW (m} = (0. The linear algebraic system of equations constructed
using the matrix [W]:

{&} = WHa} (b2)
connects the diagonal damping matrix of the finite element model {f} with the unknown principal

coordinates {{1} in the formula for constructing the global attenuation matrix , [Tceitlin A.l., Kusainov
A.A. Internal Rubbing Methods for Dynamic Structure Design. —Alma-Ata: Nauka, 1987 (in Russian)]:

(€] = [M]%; a; ([M] KD (c3)

(For example in formula (2) this is the matrix [ny])

Indestructibility of the neural network's branches.
e Theorem 8. [Indestructibility of the neural network's branches.] The necessary and sufficient
conditions for the indestructibility of the neural network's branches are:
A (The Kinetic energy of the Network) The velocities of each of the network nodes during dynamic
impacts TENDS to ZERO, and
B (The Total Potential Energy of Deformations of the Network) The total potential energy of
deformations of all nodes of the Network during dynamic impacts TENDS to a MINIMUM.

Conclusions

Theorems 1 — 8 forms the frequency conditions for creating of frequency analysis in space I,
of national neural network for protection of buildings and facilities from seismic and wind loadings.
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