MeToa KOMNbIOTEPHOIO MOAENNPOBAHUS B
3agavax pagnaunoHHOU PU3UKK

3.A. lWapwunos

Jlabopamopusi UHgbopMayUuoHHbIX mexHosioaul um. M.I.Mewepsikosa
Ob6beOuHeHHbIU uHCmumym si0epHbIX uccredogaHul, [JybHa



1. Pa3Butme moaernen B3ammMmogencTBuUS
TAXENbIX NOHOB N HAHOKNACTEPOB C
KOHOEHCUPOBaHHbLIMU cpegamm

2. BblumncnutenbHble acneKkTbl

3. NpuknagHble 3agayvn: pagmaunoHHas
CTOMKOCTb MaTepuarnos



MexaHu3mMmbl 06pa3oBaHUA CTPYKTYPHbIX
HapyweHUU B MaTepuanax

Mopaenb TEPMUYHECKOIO MMKa - JIaTeHTHblEe TPEKU B
MaTepmnanax 3a CHET JIOKaJibHOINro noBblilLEeHNA

TemnepaTypbl

Mogenb  ydapHbiX  BONMH  —  paspylleHue
KpUcTannmyeckon pellueTku 3a cyeT reHepauuu
yOapHOW BOJSTHbI
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ObnyyeHme maTepuranos TAXKENbIMU MOHAMMN BbICOKUX
3Heprmmn

Ni + Ur (700 M3B)

S nei(2); MeB/mkm S (z), MeB/Mkm
phonon
80 - ;
1 3,0 1
70 - ]
60—-\ 2,5
50 - . 2,01
40 X L5
30- L1 1
_ 1,0-
20 - ]
15 . - T
0 T T v T T T T T T T T T ."-_I 050 — T ¥ T Y T T T T
0,0 2,5 5,0 75 100 12,5 150 17,5 0,0 2,5 5,0 7,5 10,0
Z, MKM Z, MKM

3aBMCMMOCTb YAeNbHbIX MOHM3AUMOHHbIX NoTepb 3Heprumn S, .(z) n notepwu

3Heprun Ha Bo36byxAeHWe POHOHHbIX KonebaHumn S, (z) MOHOB ypaHa ¢
sHepruen 700 M3B ot rnybuHbl B HUKene(SRIM-2012).



MeToa, moneKkynapHOU AMHAMUKM
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+ nporpammHuble naketbl (LAMMPS, DL_POLY u T.4.)
+ CTPYKTYypa, TemnepaTtypa, AaBaeHue, U T.A4.
+ pecypcoemkocTb (!)
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Ncnonb3yemble nporpamMmmb

LAMMPS —
MonekynsapHo-guHamMmunieckoe
MoOenupoBaHue
([1] https://www.lammps.org/)

OVITO — Busyanmaauua v ap.
([2] https://www.ovito.org/)



[TapamMeTpsl MOJIETUPYEMOM CUCTEMBI :

Hanoxknacrep: W, Cu(9 1.5 M, 2HM)
Oueprus HaHokiactepa: 10-100 eV/atom
MuliieHb. W, Cu
Pa3mep MuIicHu: 5x5x50 M (~110.000 gactwi)
[ToreHiuan: ZBL < 0.5A<EAM
(urnepa-bup3aka-JlnTTmapka ) (Monaenb morpy>x€HHOTo aroma)
JedhexTnl: A 1.5 um (Ha riyoune 16, 28 u 41 Hm)
FpaHI/I‘IHBIC YCJIOBHHAL. PPS (HepI/IOI[I/I‘-IeCKI/IMI/I IPaHMYHBIMH YCIOBHUSIMH T10 OCH X H Y)
..... S X ==

M) Z
Hcxoanblid o0Opasel] MUILIEHH B pa3pe3e ¢ 3aJaHHBIMM Jc(EKTaMu THIa
nmop ¢ pazMepamu 1.5 aM. CTpenkamMu yKa3aHbl paclo0KEHHUS 10D .
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dopmupoBaHne u AuHaMUKa YyOapHOW BOMHbI B MULLIEHM MpU 0BnydYeHun
HaHoOKNacTepoM BoJSibppama ¢ aHeprmnen 50as/atom B MOMeHTLI BpemeHn Onc (1),

0.5nc (2), 2nc (3), 3nc (4) n 10nc (5).



Pe3ynbTaThl E,=100 3B/aTtom, 3.6 x 3.6 x 32 Hm




Pe3ynbTaThl E,=100 3B/aTtom, 3.6 x 3.6 x 51 Hm




PesynbTtaTthl
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dopmMmupoBaHne u AOuHaAMUKa YyOAPHOW BOSHblI B MULLUEHM MpU  OOSydYeHun
HaHOKIlacTepom Bonbdpama ¢ aHepruen 30as/atom B MOMeHTLI BpemeHu Onic (1),
0.5nc (2), 1nc (3), 1.5nc (4) v 2nc (5). Ctpenkon ykasaHa yaapHasi BofiHa U eé€

OBM>XeHne B MULLEHN.



PesynbTaTthl
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dopmMmupoBaHne u AOUHaAMUKA YOAPHOW BOSIHbI B  MUWIEHW Mpu  06nyyYeHUu
HaHoOKNacTepoMm Bosibppama ¢ aHeprien 803s/aTom B MOMeHTLI BpemeHn Onc (1),
0.5nc (2), 1nc (3), 1.5nc (4) n 2nc (5).



PesynbTtarthl

[MpoxoxaeHue yoapHoM BOMHbl 4epe3 agedekTbl MULEHW npu obnydeHun
HaHoKacTepom Bonbdpama ¢ aHeprmen 803B/aToOM B MOMEHThLI BPEMEHU 5.4,
6, 8,10 nc.



PesynbTaTthl
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BrnvsaHne ymapHonm BonHbl  Ha AedekTbl  MULLIEHW Npu  obny4YyeHun

HaHOKITacTepoM Borbdpama ¢ aHeprmen 50aB/atom B MOMEHThI BpemMenn 0, 1,
1.5, 3,10 nc.
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E=10 aB, N=140 atom t=0, 1, 5 ps
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PesynbTtarthl

20 3B, N=140 atom t=0.5, 1, 5 ps
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Geometry alignment for Silicon and
GEM detectors of the BM@N
experiment

Zarif Sharipov



Introduction to Alignment




Introduction to Alignment

S* = (x=%,) +(y~ Vo)

Nitrack Ndet [AS?,:, u@j’at o° )]2

=D 2 —

1=1 =1 J




623 X 338

GEM planes
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Schematic view of Forward Silicon detectors including 4th Si plane and first large
apperture GEM (0=150 mkm[BacunabeB C.E. u ap. [lucbma B 3YAA .2019.T.16.
Ne6. C.643-652]) stations in YZ (left) and XZ (right) projections.



Alignment for x and y

AS = x — x,

x =A,z+ B,

AS=A,z+ B, —xy—dx
AS;; = u;j — Ajz — B; + du;
a;=A4;, 1=1,..,n_tr
a;=B;, i=n_tr+1,..2n_tr

a; = duj, 1 = 2ng + 1, 0,200 + Nger — 2

Ng = 6 - number of detectors

N: = 5 - number of tracks

aq, ..., X1 - parameters of tracks
11, .-, X4 - alignment parameters

of the detectors

Ax =B

S, 0 0 0 ofls, 0 o o0 0l|lz, zz z, Zs
0 S, 0 0 ofllo s, 0 0 0llz, zz Z. Zs
0 0 S, 0 ofllo 0 s; 0 0llz, zz Z. Zs
0 0 0 S, ollo 0 0 s, 0llz, Zz Zo Zs
0 0 0 0 S,J/l0 0 0 0 Sz, zz z, Zs
S, 0 0 0 ol[Ngjo 0 0 o[t T 1 1
0 S, 0 0 oflo Ny O O Off2 1 1 1
0 0 S 0 oflo o NyO Off2 1 1 1
0 0 0 S, 0/lo 0o 0 NyoOYfz 1 1 1
0 0 0 0 S4/0 0 0 0 Ngl1 1 1 1
Z, b, L, Z, ZlJ[1 1 1 1 1][N, O 0 O
7, Zs Zs Zs Zs|1 1 1 1 1]/lo0 N, 0 O
Z, Z, Z, Z, ZJ|1 1 1 1 1]/l0 0 N, O
Zs Zs Zs Zs ZJ|1 1 1 1 1//lo 0 O N,




Alignment for x and y

[ run7 dx4577 n_tr=18000 ]

Mean [sm] SD

0.01151 0.35574

0.0361  0.7877

[ run7 dx4648 n_tr=30000 ]

Mean [sm] SD

0.0395  0.77921
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Alignment for x and y
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Alignment for x, y and z
ﬂSfj = (x—x0)*+ (= ¥)?
x =A,zZ+ B,, y=A4A,z+B,

x =A,(z+dz) + B,

X = szBx

x = (A% +dA,)(z+ dz) + B,,

y = (A} +dA))(z +dz) + B,

x =A%z +dA,.z + A%dz + B,



Alignment for x, y and z

dz i

0
Ax{ z,
0
Ax5 7,

0 0
Ax{z3 Ax{Z4

0 0
Ax;73 Ax;74

dAX_i Bx_i dx_i
S, 0 0 0 Ol|s, 0 o o0 O0||lz, z5 Z, Z
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Alignment for x, y and 6

ASEZ} = (x—x0)"+ (= y0)°
x =x'cosf —y'siné,
y =x"sinf +y'cosf

x'=A,z+ By, y'=Ayz+ B,

smxfux‘. cosx~1' x <1

x=x"—vy'8, y=x"6"+y'
x' = (A% + dA, )z + B,,
x'=A% +dA,z+ B,

y= (A% +dA,z+ B8 —y'

y = A%z6’ ++Bx9’ -y’

-
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dAX,
Bx

dx

Alignment for x,y,zand 6

dAy,

dAX, 0 0
BXx
0 dAy, 0
By
0 dx

dz,0

dz,0




Principle of alighment

1. Volker Blobel, Claus Kleinwort. A New method for the high
precision alignment of track detectors (https://arxiv.org/abs/hep-
ex/0208021)

2. IMSL Fortran Library
(https://www.imsl.com/products/imsl-fortran-libraries)

3. Millepede-ll
( https://www.desy.de/~kleinwrt/MP2/doc/html/draftman_page.html)

4. benotenos U./. BnnsHne TO4HOCTN MO3ULMOHUPOBAHUA MOAYNEN
TPEKOBbIX ETEKTOPOB Ha PEKOHCTPYKLMIO (PM3NYECKOro CUrHana B
akcnepumeHTtax Hera-B n CMS u reometpuyeckoe BblipaBHUBaAHUE
BHELLUHEro Tpekepa getekropa Hera-B. uccepTtauma Ha conckaHue
y4yeHomn cteneHn K.do.-M. Hayk., [lybHa, 2006r.


https://arxiv.org/abs/hep-ex/0208021
https://arxiv.org/abs/hep-ex/0208021
https://www.imsl.com/products/imsl-fortran-libraries
https://www.desy.de/~kleinwrt/MP2/doc/html/draftman_page.html

HayuyHasa oeATenbHOCTb

1) PaspaboTka nporpamMMHOro pelweHust Ana reoMeTpuyeckon HCTUPOBKK
TpekoBbix getektopoB STS n GEM akcnepumeHta BM@N meranpoekta NICA
(coenaHbl 3 goknaga Ha KonnabopaunMoHHOM COBELLAHUU SKCNEepUMEHTAa
BM@N, cotpyaHundyectBo JIOB3 [epueHbeprep K, Mepy C., Hayano
coTpyaHuyecTtso 2022r.).

2) MaTtemaTnyeckoe MoaenmpoBaHne NpoLeccoB B3aMMOAENCTBUA TSHKENbIX
MOHOB WM HAHOKIIAcTEPOB C KOHAEHCUPOBAHHbLIMW cpegamMu C NPUMEHEHUEM
MOJSIEKYNIAPHON AOWMHAMUKNM N KBAHTOBO-MNOMEBbIX METOAOB (COTPYAHUYECTBO
NNAP Mwupsaes M., JIAlN TlonoB E., JIT® LoHkoB A., ®MU CY bonrapus,
XpuctoB WU., Xpuctoea P., MI'YHu1T, Monronusa, batrapan b., onybnukoBaHo
13 paboTt 3a nocrnegHue 5ner).

3) PaspaboTka 4yncneHHbIX cxem, napannenbHbIX anropuTMOB M KOMMITEKCOB
nporpaMm Ans ManoyacTuUyHbIX CUCTEM C UCMNOMb30BaHMEM  TMOPUOHbLIX
cynepkomnbloTepoB. (cotpygHuyectso OMU CY bonrapua, Xpuctos W.,
XpuctoBa P., onybnnkosaHo 6 paboT 3a nocrnegHue 5ner).



KonunyecTtBOo Hay4YHbIX NyO6nuKauum:

nyonukauum B peueHsnpyeMblix XypHanax 53, wu3 Hux 19 3a nocnegHue 5
ner.

cTaTbyW B HAy4YHbIX COOPHMKAX N NEPUOLONYECKUX N3LaHUAX 27

21 (n3 Hux 17 poknagyvk) OOKMagoB B KOHpEpeHUMAX U COoBEeLaHusaX 3a
nocnegHue 5 net

Hay4yHo-oOpa3oBaTenbHas AeATesNIbHOCTb:

PYKOBOACTBO Hag KaHaugaTckonm aucceprtaumen TyxnueBa 3.K. Ha Tewmy
«MopenupoBaHMe CTPYKTYPHbLIX WM3MEHEHWW B MeTannax npu obnyyeHuu
TSXKENbIMA  MOHAaMMU U HAHOKacTepaMM Ha  OCHOBE  HENpepbIBHO-
aTOMUCTUYECKOro noaxoaa»

Hay4yHo-opraHusaumoHHasa 4eATeNbHOCTb:
YyacTue B gedatenibHOCTM guccepTtaumoHHoro coseta JIUT

YyacTtue B rpaHTax:

PykoBogutenb npoekta POOUN Poccua-Monronusa 20-51-44001 «PaspaboTka
KOHTUHYarIbHO-aTOMUCTUYECKNX Moaeneu ans nccregoBaHus
pasHoMacLUTabHbIX NPOLIECCOB B CNOXHbIX cuctemax dmamkn» B 2021-2023r.
CopykoBogutenbs nporpammbl coTpygHndectso OUAN-bonrapus 3a 2018-
2021r.



lNMnaH pabot

OtB. ucn.: Wapunos. 3.A., TyxnueB 3.K.
(CotpyaHuyecTtBo: JI®B3 lNepueHbeprep K. B., Mepy C. I.)

PaspaboTka nporpaMMHOro Kommnnekca Ans reoMeTpuyeckom HCTUPOBKU
netektopoB STS n GEM akcnepnmeHta BM@N.

OTtB. ucn.: lNy3biHuHa T.M., Tyxnues 3 .K., Llapunos 3.A.
(CoTtpygHuyectso: JIAP Mupsaes M.H.; JI1Al MNMonos. E.;, JIT® [JoHkoB A.;
OMWN-CY, bonrapusa, Xpuctos W.I., Xpuctoa PL.; MI'YHuT, MoHronus,
b. batrapan)

MogenupoBaHue nNpoLeccoB 0bnyyYeHUst pasnUYHbIX MULLEHEN NOHAMN U
HaHoOKnacTepaMy Ha OCHOBE MeToda MOMEKYNAPHOA AUHAMUKUA U
HenpepbIBHO-aTOMUCTUYECKOrO noaxoda. PaspaboTka anroputmMoB WU
napannenbHbiX MNPOrpamMM BbICOKOM TOYHOCTM AN  Mano4yacTUYHbIX
CUCTEM.



Cektop Ne3 «MeToab! pelieHnA 3aaad
MaTeMaTUYECKON GUIUKU»

1. Wapwunos 3apnd AnmmxoHoBKY 1,2 K.p.-M.H., Ha4YanbHUK ceKkTopa

. Anam CaHpa AHka 0.0p.-M.H., rfaBHbIN HAYy4YHbIN COTPYAHUK
. OcockoB ['eHHagnn AnekceeBuny 0.00.-M.H., rmaBHbIN HAYy4YHbIN COTPYAHUK
. AMunpxaHos Unbkusap Banunesuny K.Jp.-M.H., BeQyWwMin Hay4HbIW COTPYOHMUK
0.00.-M.H., BeayLnn Hay4YHbIn COTPYOHUK

. INy3biHMHa Taucuda lNeTpoBHa

2

3

4

5. Aukycap Hukonan embaHoBMY
6 0.0.-M.H., BeayLUnn Hay4YHbln COTPYLHUK
7

8

. OkanoBa EnnsaseTa lNeTpoBHa K.Jp.-M.H., BeQyWMin HayYHbIW COTPYOHMUK

9. Kapamsbiwesa Tancusa Bnagnmmnposa K.p.-M.H., CTapwunmn Hay4YHbI COTPYOAHUK

10. CapxagoB N6poxum

2
1
2
1
2
. CepatokoBa CeeTtnaHa iBaHOoBHa 2 0.00.-M.H., BeayLUnn Hay4YHbIN COTPYOHUK
2
2
2  K..-M.H., CTapwu1in Hay4YHbIN COTPYOAHUK
1,

11. Tyxnunes 3adap KamapngmHosuy 2 HaY4HbIA COTPYOHMK
12. YynyyHbaaTtap ManmaHgax 2 K..-M.H., Hay4HbIN COTPYOHUK

13. UynyyHbaaTap XynaH 2 cTapLwmin nabopaHT



OCHOBHble HanpaB/eHNA nccneaoBaHUM
cekTopa Ne3 B pamKax Tembl 1119

"MNpoekt 1"

1. MaTematunyeckne MetToabl 1 nporpaMmMmHoe obecneveHne ans oopaboTku
N aHanusa gaHHblx akcnepnmeHTa BM@N.

2. PaszpaboTtka anropMtMoB PEKOHCTPYKUUN U nOEHTUdMKaALNUM YacTul B
akcnepumeHTtax MPD n SPD Ha ocHoBaHMM MeTO40B MaLLUMHHOIO
oby4yeHus.

3. ObpaboTka 1 aHanM3 HEMTPOHHbIX LWWYMOB peakTopa NBP-2M.

"INpoekT 2"

1. PaspaboTka meTogoB, anropuTMOB M KOMMSIEKCOB NporpamMm Ans
NpoBeAEHNST YNCNEHHbBIX UCCNEAOBAaHMN B3aUMOOEUCTBUN Pa3STNYHbIX
TUMOB B CIIOXHbIX CUCTEMAX SAePHON PU3NKU N KBAHTOBON MEXAHUKM.
2. MogenupoBaHne MHOroakTopHbIX MPOLECCOB B MaTepuanax u
KOHOEHCMPOBAHHbLIX cpedax Nnod BHELWHUMN BO3OENCTBUSIMNA.

3. PelleHune 3agay mogennmpoBaHua rnpu npoekTupoBaHumn
9KCnepuMeHTarbHbIX YCTAHOBOK U ONTUMN3aLUN PEXMMOB UX paboThl.



Cnucok Hay4HbIX paboTt
3a nepuop ¢ 2018 no 2023rr. (aaHHbIe Ha 04.12.2023)

My6nukaumm B peueH3npyeMbiX XypHanax (3apy6exHble):

1. Development of Continuum-Atomistic Approach for Modeling Metal Irradiation by Heavy lons. Zarif Sharipov, Balt Batgerel,
Stefka Dimova, et al., European Physical Journal Web of Conferences, N3a:EDP Science, 173, 03005, 2018

2. Modeling Thermal Effects in Metals Irradiated by Copper Nanoclusters. Balt Batgerel, Stefka Dimova, Temenujka Kupenova,
et al., European Physical Journal Web of Conferences, N3a:EDP Science, 173, 06001, 2018

3. Combined Explicit-Implicit Taylor Series Methods. S.N Dimova, I.G. Hristov, R.D. Hristova, et al., CEUR Workshop
Proceedings, N30:CEUR Workshop Proceedings, 2267, 544-548, 2018

4. Molecular-Dynamic Modeling of Thermophysical Processes in Metals Irradiated by Nanoclusters. B. Batgerel, S.N Dimova,
T.N. Kupenova, et al., AIP Conference Proceedings, N3a:American Institute of Physics, 2075, 110005, 2019
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