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MooenunpoBaHue
Modeling and Simulation - M&S

Model. A physical, mathematical, or otherwise logical representation of a system, entity, phenomenon,

or process.

Modeling and Simulation. The development and use of live, virtual, and constructive models including
simulators, stimulators, emulators, and prototypes to investigate, understand, or provide experiential
stimulus to either (1) conceptual systems that do not exist or (2) real life systems which cannot accept

experimentation or observation because of resource, range, security, or safety limitations.

Simulation. A method for implementing a model over time.

Verification. The process of determining that a model implementation accurately represents the

developer's conceptual description and specifications.

Validation. The process of determining the degree to which a model is an accurate representation of

the real-world from the perspective of the intended uses of the model.

Department of Defense, Instruction number 5000.61: “Modeling and Simulation
(M&S) Verification, Validation, and Accreditation”, 1996, 15 p.




MooenunpoBaHue
Modeling and Simulation - M&S
Steps in M&S*

1. Determine appropriate mathematical model

2. Classification of partial differential equation
3. Transformation of mathematical model

4. Select grid pattern

5. Formation of finite difference equations

6. Solution algorithm

7. Perform auxiliary calculations

8. Verification and Validation
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Bepuoukauma v Banngauunmsa
Verification and Validation - V&V
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Bepudnkauna n Bannaaumms
Verification and Validation - V&V

Model. A representation of a physical system or process intended to enhance our ability to understand, predict, or
control its behavior.

Modeling. The process of construction or modification of a model.

Simulation. The exercise or use of a model. (That is, a model is used in a simulation)

Verification. The process of determining that a model implementation accurately represents the developer’s
conceptual description of the model and the solution of the model.

Validation. The process of determining the degree to which a model is an accurate representation of the real world
from the perspective of the intended uses of the model.

Uncertainty. A potential deficiency in any phase or activity of the modeling process that is due to lack of knowledge.

Error. A recognizable deficiency in any phase or activity of modeling that is not due to lack of knowledge.

Prediction. Use of a model to foretell the state of a physical system under conditions for which the model has not been
validated.

Calibration. The process of adjusting numerical or physical modeling parameters in the computational model for the
purpose of improving agreement with experimental data.

AlAA. Guide for the Verification and Validation of Computational Fluid Dynamics Simulations,
American Institute of Aeronautics and Astronautics, AIAA-G-077-1998, Reston, VA, 1998.



Bepuoukauma u Banunaauunms

Verification and Validation - V&V

Mpouecc Bepupukaumnmn*
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*AlIAA. Guide for the Verification and Validation of Computational Fluid Dynamics Simulations,
American Institute of Aeronautics and Astronautics, AIAA-G-077-1998, Reston, VA, 1998.



Bepudnkauma v Banupaumna MO

Software verification asks the qu Software validation asks the g
estion, "Are we building the prod uestion, "Are we building  the
uct right?"; thatis, does the soft right product?”; that is, is the so
ware conform to its specification. ftware doing

what the user really requires.

IEEE Std 610.12-1990 - IEEE Standard Glossary of Software Engineering Terminology



Bepupukauna v Banngaumusa
Verification and Validation - V&V

A simple framework for Verification and Validation*:

1. Test the model for face validity. For a given scenario, examine all the
model’s output measures of performance and ask “are they reasonable?”.

2. Test the model over a range of input parameters.

3. Where applicable, compare model predictions to past performance of
the actual system or to a baseline model representing an existing system.
When designing a new system, compare implemented model behavior to
assumptions and specifications.

*Carson J.S., ll, “Model verification and validation”, Proc. 2002 Winter Simulation Conf.,
pp.52-58, 2002.



Bepuoukauma v Banungauumsa
Verification and Validation - V&V

2-9 ARE THE RESULTS CORRECT? TESTS

The simulator, in demonstrating correctness, has many of the problems
of a theorist or experimenter. The latter two may be questioned, for exam-
ple, on their approximations and on their instruments. The simulator uses * C.K. Birdsall
an unpublished program, with a restricted set of physics (e.g. forced to be in e !
one dimension, or to be electrostatic or lacking collisions, radiation, etc.), A.B Langdon_
with carefully chosen initial conditions and a limited amount of output. How .
can he tell himself and the world that his work is to be believed? Plasma PhyS|CS
He can compare his results with those obtained in theory and or in via Computer
experiment, obtain the desired results for problems with known answers, i i
show invariance of his results as the nonphysical computer parameters (Ar, Simulation. CRC
Ax, NP, NG, etc.) are changed, and so on. Even so, he may leave some Press. 2004
doubters. Problems that are fundamental may twchecked by simulators at !
different computer centers, using separate programs; an example of such a
problem is plasma diffusion across a magnetic field.

The simulator himself must have confidence in his program and know
the bounds within which it should work. The confidence must be real.
First, all component parts of the program (particle mover, field solver, etc.)
must be tested separately to produce predictable results.




ObbeMHble s1a3epbl HA CBOOOAHBIX
3nekTpoHax (0JIC3)

HoBas 3akoHOMepHOCTb* a5 MHKpeMeHTa G n3nyyaTesibHOM HEYCTOUYMBOCTU

NyyKa penaTMBMUCTCKMX YacTuL, NPOoaeTatoLero Yepes npoCcTPaHCTBEHHO-
NMepuoAnNYeCcKyo MULLEHDb B YC10BUSX andpakumm bparra B61msm obnactu
nepecevyeHusi KOpHEW AUCMEPCMOHHOIO YPaBHEHUS, MPUBOAUT K paauKaibHOMY
N3MEHEeHMUIO NOPOroBbIX YCA0BUU reHepauumn (s —Yncio 4ONOJAHUTENbHbIX

BOJIH, BO3HUMKAOLWMNX B cucTeMe baarogapa Andpakummn) :

jstart - }/(( LE+23

*\V.G.Baryshevsky, I.D.Feranchuk, Phys.Lett. 102A (1984) 141,
B.l .bapbiweeckuu, JAH CCCP, 299(1988), 1363



OCHOBHble MpuUHUKUMBLI padoTbl OJIC3

OJ1C2 MOXeT NCnosib30BaThb Pe3oHaTtop

Pa3/INYHble MeXaHU3Mbl CMIOHTAHHOI O
N3NYYEHNA — ANPPAKLNOHHOE NN luIIIIIIII
yepeHkoBckoe, CmuTt-lapcenn, A (

OHAYNATOPHOE, N3/Ty4YeHme B
N1A3ePHOMU BOJIHE U T.A4,.
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Cuctema ona AByxBonHosoro OJICO*
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Yp,; — HaMNpaBAfAOLWME KOCUHYCbI,
&=1* %0, Xor Xiw — DYpPbE-KOMMOHEHTbI AN3NEKTPUYECKON MPOHNLAEMOCTU CPEAbI

*bampakoe K.I., Cbimoea C.H. 2KBM u M® 45: 4 (2005) 690-700



YpaBHEHUA A1 SNeKTPOHHOro ny4ka*

3
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I )] — $a3a 31eKTPOHOB MyyKa MO OTHOLIEHMIO K 3/1I€KTPOMArHUTHOM BOfHe

Ucnonb3oBaH MeToa ycpeaHeHUA no ¢pa3am BeTa peNATUBUCTCKUX
3/1eKTPOHOB B 06/1aCTb B3aumMoAeincTBms (Mo MOMEHTY U MO nonepeyvyHom
KOOpAMHAaTe B/IeTa 3/1eKTPOHOB B 061acTb B3anmoaeincTeus )

*bampakoe K.I., Cbimoga C.H. XXBM u M® 45: 4 (2005) 690-700
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® [NpoBepka 3aKOHOB COXPAaHEHWUS SHEPrn
= CpaBHeHME aHA/IMTUYECKUX PELLUEHUIM CUCTEMDI B C/1yYae CTaLMOHAPHbIX M HEKOTOPbIX NePUOAUNYECKUX
pexumoB paboTbl OJICS ¢ pe3yabTaTaMm YNC/IEHHOIO MOAENVNPOBAHMS

» [IpoBepKa OCHOBHbIX 3aKOHOB GYHKLMOHMpOBaHUsA OJ1C3, B TOM YMC/1e MOPOroB reHepaLumm 1
NoAaBAeHUS NAPA3UTHBIX MO NPU NPOXOXAEHNM NMYYKa NEKTPOHOB Yepe3 pe3oHaTop

" lccnes0BaHME NPOCTPAHCTBEHHO-BPEMEHHOMU U pa3oBou guHamuku OJ1C3, B TOM uncne
4YYyBCTBUTE/IbHOCTb K USMEHEHMIO HAYa/IbHbIX YCI0BUM U NSANMYHOBCKUX SKCMOHEHT

" [lapameTpuyeckmne KapTbl Mepexosa K Xaocy npu
M3MEHEHWNM PA3/IMYHbIX MAPaMeTPOB
"MogenvpoBaHue paboTbl yctaHoBkM OJ1C3 (250 K3B)
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| NapameTpuyeckue kapTbl nepexoga K Xaocy npw
U3MEHEHUN O/IMHbI pe30oHaTopa L M NNOTHOCTU TOKa J




OCHOBHble pe3ynbTaTbl MOAEIMPOBAHUA

YncneHHO NoslyvyeHbl BCe OCHOBHbIE PpU3MUecKme 3aKOHb
dyHKunoHmnpoBaHmsa OJ1C3, BkAKOYas NOPOroBble YC/I0BUSA FreHepaLLmm

[NokasaHo, uTo Ans 3PPEeKTUBHOM reHepaLmm CyLwecTByeT ONTUMa/IbHbIN
Habop napametpos OJ1C3

[lony4yeHbl NOporun reHepauum 49 3KCrNepmMMeHTaIbHbIX YCTAHOBOK
ON1C3

[Noka3aHa HeobXOoAMMOCTb yyeTa ANCNEPCUM SNEKTPOMATHUTHBIX BOJIH Ha
HUTAX pe30HaTopa B cMcTeme

Moka3aHo, yto OJIC3 ABseTCA XaoTUYeCKOU ANHAMMNYECKOW CUCTEMOMN.
[lony4yeHbl npMMepbl CIOXKHOW TpaHCPOpPMALMN AMHAMUYECKUX PEXMMOB
C HaAnM4YmMeMm ob1acTen NeEPUOLNYHOCTM, KBA3UMEPUOAMUYHOCTU N Xaoca.



BOMPOCHI NONYNAPU3ALUA
HAYYHbIX 3HAHUU




Cuctema ynpaBieHUA KOHTEHTOM
y4yebHo-Hay4Horo noptana elLab-Science

Co3saHHan opurmHanbHas besopycckan cMcTeMa ynpaBJ/ieHus
KOHTeHTOM eLab-Science Ha ocHoBe cBO6OAHOIO NPOrpPamMMHOro
obecneyeHust peasnusyem sce Heobxodumsie pyHKyuu nopmana,
BKJ/1H04Asi BO3MOXHOCTb YAa/1IeHHOM NPaBKM CTPYKTYpPbl NOpTasia U
3aHeCeHUs AOKYMEHTOB, pa3HOObpa3HOM COPTUPOBKU U
duAbTpaLMM, a TaKKe HECKOIbKO YPOBHEW A0CTYNA K AOKYMEHTaM
B 3aBMCMMOCTW OT NPaB N0/1b30BaTeNeN, OPUTMHABHBIN
MEeXaHW3M TeCTUPOBAHMS NPU BbIMOJIHEHMN TabOpPaTOPHbIX paboT.
Hapsay c obwenpusHaHHbiMu cucteMammn Moodle n MediaWiki
npedocmasasem 803MOXHOCMb pa3pabomku CAOHHbIX
Hay4HbIX MeKcmos.
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KpaTkne cBefjeHMA W3 AEPHONl PU3MKM W AAEPHON CMEKTPOMETPMM PaAMOAKTUBHOCTE W MCTOUHUKM
VOHUBMPYIOWEO U3/NYUEHNA. PRAMOAKTUBHOCTL - 3TO MPOLECC CaMOMPOMIBO/IEHOrO MPe0GpazoBaHMs #APa C
vCnycKaHMen ofHoOM Wan Bonkwero uvcna uacTu. MssecTH. ..
aGopaTopHan pafoTa N2 MorflougHue 31EKTPOHOB B aslownHWM Lienk paBoTsi: MsyunTs npouecc
B3aUNOAENCTENA 3NEKTPOHOB C BEWECTEON. ONPefenUTs TOAUMHY CAOA MOSIOBUHHOMO OCNAGNEeHNA B A/IOMMHIA
ANR 3neKTpoHos B-pacnaga CTPOHUWA-UTTPUEBOro WUCT
W3yueHue MOTIOLEHNA y-USNYUSHUA B PasiMuHbX BeliecTeax Lens paboTs:
WATBCA C NPOLECCAMM BIAMMOAEHCTBUA y-M3NYUSHUA C BEWECTEOM, CPABHUTL MPOHMKEOWYID COCO
acThY y-usnyuennn uaotona \[_{\text{55}}A{\te
paTopHas pab p CNOCOBHOCTM y-KBAHTOB PasmuuHbix SHepruii Lens paBoT:
CpPaBHUTL MPOHUKALYID CMOCOBHOCTE Y-M3NYUEHUA PAAMIOAKTUBHLX M30TOMOB Hanmﬁ \[A{\text{22}}Na\] u
yesna \[A{\text{137}}Cs\]. Mpu npoxoxaeH. .
NaBopaTopHas paboTa M5 EcTecTeeHHhle paguoakTueHsie psgsl Lenk paBoTsi: WsyueHue snemeHTHoro cocTaea
€CTECTBEHHOTO PAAMOAKTUBHOO PAAA ypaHa. ATOMHOE SAPO — CWILHO CBASAHHAR CUCTEMA MPOTOHOB
HEiTPOHOB G/1ar0aaps UHTEHCUBHbIM AASPHbIN
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2 18
ui Visit of Prof. M.Portnoi from University of Exeter (UK) to INP BSU
(Belarus)

Visit of Prof. M.Portnoi from University of Exeter (UK) to INP BSU (Belarus) is occured in April, 2018.
Some photos can be seen in attachments.

=gy 2018-04-17
w Visit of Prof. Yuri Svirko (UEF) to INP BSU
Visit of Prof. Yuri Svirko (UEF) to INP BSU was occured in March, 2018 Read more.
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[lopTanbl Ha ocHoBe elab-Science

CNocobCTBYIOT :

» pacnpoCTpPAHEHUH HAYYHbIX 3HAHWN;

» BOBJIeYEHUH 6enopyCcCKMX Y4YeHbIX B 0bLeMmpoBoe
eAnHoe WHPOpMALMOHHOE MPOCTPAHCTBO B 061aCTH
AfepHbIX N GU3NYEeCKUX 3HAHUK;

» [aNnbHeuweMmy pas3BUTUHO MHPOPMaALMOHHOro obuwecTBa
Pecnybnnkn benapycb 4Yepe3s nonynapusauuiw NOAYYeHHbIX
Hay4HbIX pe3yabTaTOB C WUCMNO/Ib30BAaHUEM UHTEpHEeT-
TEeXHOJIOrnn.



3HaHue —
2/1a8HASA
dobpodemens.

CMACMBO 3A BHUMAHME




