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OUTLINE

> Mathematical model of the FE system for the NEPTUN project
> Parallel realization by GPU

> Results
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ACTIVE ZONE

Generalized coordinates T, =T, (d,,...,0,y ), N=1..N,

(ql""quN ) 7 (Xl""’ XN Ynaar o Yo ) = (rl""’ N Pnsar e Pon )’
(q17""q2N ) = (Xl""’ Xno Ynaareo Yan ) = (r-.l""’ PN Prinrees Pon )
Hamiltonian function

@p)= S ([T 0T |

n

CID(\/rn2 +1 = 21,1, cos (g, — ¢, ))

2N
Zgn,jqj’ n(p) :mn Z gn+N,jqj’ pflr) :mnr'n’ pﬁ(ﬂ) :mnrn2¢n’

j=1 j=N+1

° | G, - dia (K is an identi -
, Gy =diag| n ,...,rN), |, IS an identity matrix.
N



HAMILTONIAN FORMALISM

An approximation of Hamiltonian function

I\ 1 1 I\ l I\ 1 \
H, (U, p)=> =72, +Z 773N+n =S M + =D K = D K5 s
n=1 Zm j,s=1 2 j,s=1 2 j,s=1
2 2 2
where K-El’sl) — o°U (R’®), K_EI;Z) _ o°U (R1®)’ KEZg,l) _ KS(l,jZ)’ K_Ezs,g) _ o°U (R @)
’ Or; O, ’ or; 0@, ’ ’ ’ 0@, 0,
Motion equations |ij = J6,H, = G7#, |0, = {am ..... 0, }T ,

) (12) (1)
e B I p-|¢ ’ d™ =d®? =diag AN 28
-K 0) 20 (22 ] 0 d@2 /) m= m,




DISSIPATIVE SYSTEM

2 2 def

—U(F)}em: H(F,ﬁ,t):p—e‘27t+U(F)e27‘, where p = pe*’".

Dissipative system L(F,V,t)={ 2
m

i o Ut U, pl) B <¢>}T.

1 aeees 1 s Uy 5Py Tsees PN 5Py o Py

def e27’t |

Motion equations (=G, (t)#,|G, (t)=GE(t), E(t) = " J

—

Solutionf77 (t) =e M| £(t)C. +E(-t)C_ || where C, dif[

A =27 (0)£ 1 [ (0)+ D7 (0)]), B =M {7(0)2r [ (0)-Ki7(0) ]}

def def

['=MIQM?, T"= MIQM™, Q=diag(@, ,.... @,y ), @, =\ —7°, ME(2t) M =™,

def

Q* =M (DK)M’=M"*(KD)M" =diag &/, ... %, ).
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Parallel realization by GPU
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LIBRARIES

Google Colab: NVIDIA A100 40Gb CUDA 12.8
Google Colab: Intel Xeon Skylake-SP CPU 2GHz Intel MKL 2025.0.0
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CPU VS GPU
Rate = time_CPU / time_GPU
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TOTAL RATE
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SYMMETRIC CONFIGURATIONS OF RADIAL
DISPLACEMENTS OF THE RODS
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Initial conditions ul”)| =(d,,&,)=0, u”
t t=

e :(vn,é)z{vo’negl . W =(v,8,)=0



COMPONENTS OF EIGENVECTORS

Coordinate and momentum representations for the system of 468 elements
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COMPONENTS OF EIGENVECTORS

Coordinate and momentum representations for the system of 468 elements
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DISSIPATIVE SYSTEM
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CONCLUSION

> An Important advantage of the proposed approach is the speed of
numerically finding the phase trajectories of the system.

> Note that in practice, initial state of the system n, = n(0) iIs never
exactly known. In reality, there exists multidimensional ( 4N ) phase
region V, of admissible initial parameters of the system. Thus, it is
necessary to map initial region V, into region V,, corresponding to
moment of time t. Such a procedure requires multiple calculations for
the set of initial states of the system n,eV,. Knowing region V,, the
elements of which are n(t), it is possible to make an estimate of the
stability parameters of the reactor.



