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Attracting youth to science

JNla6opaTopus pU3NKKU BbICOKMX 3HEpPrii LTS ' JNabopaTtopua saepHbiX peakuun uMm. I.H.@nepoea
nMm. B.U.Bekcnepa n A.M.banguHa -

’ bittpo/Iheninm . http://flerovlab.jinr.ru/fiInr/index_rus.html

Nab6opaTtopunsi MHPOPMALMOHHDBIX TEXHONOMMIA
M. M.I". MewwepskoBa

® nepssdinpjincrun e/ ® hositineun

Na6opaTtopusa agepHbix npobnem uMm. B.MN. [xenenosa

Na6opaTopua TeopeTUUecKom hU3nKu
M. H.H.Boronw6oea

’ http://theor.jinr.ru/lab_rus.shtml . ’ http://Irb.jinr.ru/new/olab/olab_ru.shtml

Na6opaTtopua paanaumMoHHON BUonorum

Na6opaTtopua HeMTPOHHOM hU3mnku uM. U. M. dpaHKa

’ http://finp.jinr.ru/ru/

YyebHO-Hay4YHbIN LEHTP
’ http://ucjinr.ru/ru/
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ttracting youth to science

NNIAGOPATOPUA TEOPETUYECKOU ®PUSUKU
um. H.H. borontobosa

— aBnsetca ogHom mn3 cemn nabopatopmun OUMAU c WKMPOKOM HAy4yHOW MNPOrpammomn
PaboT B TaKMX obnacTax teopeTnyeckon PU3nKM Kak KBAHTOBAA Teopua nonda, Gusnka
3IEMEHTAPHbIX YacTuuy, AaepHasa ©u3MKa, Teopua KOHAEHCUPOBAHHLIX Ccpea,
coBpemeHHasa  matemaTtnyeckaa  o¢usmKa. LKMPOKMKN  CNeKkTp  TeopeTUYECKUX
nccneaoBaHumN, nenosoe B3aMmoaencreme 7 KoopAnHauUua paboT C
3KCcnepumeHTasbHbiMn nabopatopmnammn OUAU obecneumBatoT xopolume BO3MOXKHOCTU
Ana MEXKANCUMNANHAPHbIX pabor, NPAMOro KOHTaKTa TEOPEeTUKOB 7
3KCNEPUMEHTATOPOB.



THEORETICAL PHYSICS (BLTP)

Theory of
Fundamental
Interactions

Theory
of Atomic
Nucleus

Theory of
Condensed
Matter

Modern
Mathematical
Physics

Interlaboratory cooperation

VBLHEP
Hot and dense nuclear matter in heavy-ion collisions
DLNP FLNR
Neutrino physics Superheavy and
exoftic nuclei
MLIT
Lattice QCD DLNP
calculations Few-body systems,

Exotic nuclei

FLNP
Condensed Matter
Research,
Material investigations

FLNR
Nanoporous 2D
membranes,
lon irradiation

MLIT

Computational methods for
nuclear physics and quantum chemistry

BLTP Director — Dmitry Kazakov
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Cynepkomnbiotep «[OBOPYH» —

COBMECTHbIN MPOEKT, OCyLLecTBAEHHbIN JlabopaTopuen TeopeTnyeckom pusnkm n Jlabopatopmen MHGOPMaALMOHHbIX
TEXHOJIOTUI, HALLE/IEHHbIN Ha 3HAYNTENIbHOE YCKOPEHUE C/IOXKHbIX TEOPETUYECKUX N SKCMEPUMEHTAJIbHbIX
nccnenoBaHmnim B o0bnactu agepHom GU3UKN U PU3NKU KOHOEHCMPOBAHHOTO BELLECTBA, B MEPBYHO o4epeb N0 TEMATUKE
npoekTta NICA



Nikolai Nikolaevich Bogoliubov (1909-1992) is a distinguished scientist in
the field of physics and mathematics. His scientific activity began in Kyiv
(1923-1947) and then continued in Moscow (since 1949) and Dubna (since
1956). Main scientific results in the fields:

e DNonlinear mechanics: asymptotic methods, stability theory ;

e Statistical physics: kinetic eguations, quasiaverages for systems with

spontaneously broken symmetries;

e (Juantum statistics: microscopic theory of Bose gas superfluidity, micro-
scopic theory of superconductivity ;

e (uantum field theory: axiomatic scattering matrix, general renormaliza-
tion theory, renormalization group theory, proof of dispersion relations;

e Elementary Particle Theory: "quark bag” model, guantum number " colour™.

MN.N. Bogolinbov's scientific activity began at the age of 14 —15. His major
independent results were obtained when he was 20-25.

MN.N. Bogolinbov's scientific activity is specified by considerable mathemat-
ical culture and directness to solution of concrete problems of natural science.




Dmitrii Ivanovich Blokhintsev (11.01. 1908 — 27.01.1979), one of the pioneers of
atomic science and technology in USSR, the organizer and the first director of
the JINR.

Main scientific results in the fields:

*Quantum mechanics

*Acoustics of an inhomogeneous moving medium
*Neutron physics

*Quantum field theory

*Paricle physics

1954 — the scientific supervisor of creation and putting into  operation of the
world first atomic power station.

Initiated work on the creation of a nuclear rocket engine for space flights with S.
P. Korolev

1960 — first pulsed reactor on fast neutrons
1956- 1965 — the JINR Director
1965 — 1979 — Director of Lab of Theoretical Physics






Meetinos 2020

S =

1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 |
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 |2019 |

2020

Mawv 18 - 22 Almaty, Kazakhstan
Internarional Conference
Astroparticle and Nuclear Physics

June 7 - 13, Pereslavl-Zalessky, Fussia

The 2 1%t International Seminar on High
Energy Physics Quarks-2020

June 29 - Julv 3

Internarional Conference

Low Dimensional Materials: Theory,
Aodelling and Experiment

July & - 10, Prague, Czech Republic

The XXVII" International Comnfererice on
Intesrable Systems and Quantum
Symmetries

July 13 - 18, Yeosu, Republic of Korea

14" nternational Workshop
Modern problems in nuclear and
elementary particle physics

Julsy 20 - 24, Yerevan, Armenia
XTI International Cornference
Symmeitry Methods in Physics
(SYMPHYS)

July 26 - 31, Gyvumri, Armenia
BLTP/UJINR - KILTP/CAS Joint Workshap
Physics of Strong Interacting Syvstems

July 26 - 31

International School

Advanced Methods of Modern Theoretical
Physics: Integrable and Stochatic Systems

August 16 - 26

Heimhaltz Inrernational Surmmer School
Matter under Extreme Conditions in Heavy-
Ion Collisions and Astrophysics

August 27 - September 5

Helmholtz Internarional Swmmer School

Hadron Structure, Hadron Matter and Lattice
QCD

Aungust 31 - September 4, Samnmt-Petersburg,
Fussia

The 7% International Co Mference

MModels in Quantum Field Theory

dedicated to the 80-th anmiversary of professor
AN Vasiliew

September 8 - 10
IIT Interrnational Workshop
Lattice and Functional Techniques for QCD

September 14 - 19

XXT International Baldin Seminar
Relativistic Nuclear Physics and Quantum
Chromodyvnamics

September 21 - 25

IT Inrernational Workshop

Infinite and Finite Nuclear Matter
(INFINTUM-2020)

September 21 - 25, Khabarovsk, Fussia

IT*% Imternational Workshop on
Few-Bodwv Svstems




Mopgenb aroma Mooene atoma
TomcoHa

Pesepdopaa

]
r
[
F)
-

"_l._--‘
T s
wt i .
# . | "r &

! il P *
3 ol H H "o W
I i : .
b ] ¥ &

[ ]
1 ]

‘a-4acTvua

o >T. e Ba >
I-*Rﬂq "f Tﬂhﬁgﬁ%ﬂ": >
. R

R ookl Canuuc;suﬁ © g-uacTuus (7,68 MaB)
! Ronnumatop

NOKPWTH# ~ ¢
ZnS



Amom:
XapakTepHbin pasmep: ~ (0.6 -2.5)*10"°m

10°m=14

XapakTepHsble 3Heprun: eV=1.6022 x10"° J

Adpo:

XapakTepHbln pasmep: ~(1-7)*10"°m

10" m=1fm
XapakTtepHsble 3Heprumn: MeV=10°eV

Ilo CPaBHCHHUIO C aTOMOM SA/IPO OYE€HDb MAJICHBKOC U COACPZ’KUT KOJI0CCAJTBbHOC KOJINICCTBO 3Heprnn!



AronvHoe Aaapo
Z — 4¥CJI0 IPOTOHOB B AJIpE

N — 9ucIio HEHTPOHOB sApe Maccosoe 4uciio

A=7Z+N — MacCOBO€E YHUCIIO /

— 2
Mp 938.27 MeV/c A x < XUMHUUYECKUU CUMBOJI

(1.673*10" kg)

M, =939.56 MeV/c? Z N
(1.673%107 kg) ya N

M =0.511 MeV/c? ATOMHBII HOMED Hucio HeHTPOHOB
(9.109*10-! kg)

Anpo MOXKHO ONMMCHIBATh HE3ABUCHUMO OT aTOMHBIX 3JIEKTPOHOB KaK CUCTEMY HYKJIOHOB
(HEMTPOHOB M MPOTOHOB).
IIpu onrcaHuu sijipa, HyKJIOHBI CYMTAIOTCS DJIEMEHTAPHBIMU YaCTHUIIAMU.



N3oTonbl — Aapa ¢ 04MHaKOBbIM 3apsagom Z

Isotopes of Carbon

T #F ®

12C 13C 14C

N306apbl— c 0AMHAKOBOW maccoun A

Carbon-12 Carbon-13 Carbon-14 BUX .
(5] t G t ' Isobar
prors  Sproone  gproions - OS\@
V) 53 Protons 54 Protons
M3OTOH bl — ﬂ,ﬂ,pa C OAMHaKOBb”V\ YAC/ZTOM HeMTpOHOB N 78 Neutrons 77 Neutrons
131 € same —> 13|

31P 32
15 S

16



XapakTepHble 0COOEHHOCTH SIIEPHBIX CHJI:
* SBJISIFOTCSI KOPOTKOACUCTBYIOIIIMMHU
* 00J1a1at0T 3apsI0BOM HE3aBUCUMOCTBIO

* WMEIOT CIIOCOOHOCTHIO K HACHIIIICHUTO

Xnmku FOkaBa,
23.01.1907— 08.09.1981,
OOBsSICHII OCHOBHEIE CBOIICTBA
SJICPHBIX CHJI, TIpeJCcKa3all
CYIIIECTBOBAHHUS ITHOHA




MIoTHOCTL aTOMHOIO AApPa

ALP(r) '\ 1 =440 !
1

JlaHHBIE IO PACCESHUIO JIEKTPOHOB Ha sApax: Po i !

80 % :
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*[110THOCTb BHYTPH sApa NPAKTUISCKU ITOCTOSTHHA :
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*V sapa HEeT KeCTKOM I'PaHULIbI z o K1z :
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*II10THOCTB si/ipa MOXKET OBITh OIKMCaHa '

acapeneneaueM PepMmu: B

pactipes P g Peduye s0pa r

1l + e

R — paouyc aopa

a —oughghyznocmo
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Paapyc atontioro siapa
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SHepPIviA CBsI3Y aTOMHOIo AApPa

Macca sapa MeHbIIIEe 4YeM CyMMapHas Macca HEB3aMMOACHCTBYIOIUX HEMTPOHOB U MIPOTOHOB.

*  Binding
- energy

NMucleus +

(smaller mass) Separated nucleons

(greater mass)

YacTh dHEPIrUM 3amaceHa B SJHEPTUU B3aUMOJIEUCTBUSA, CBA3BIBAIOIIEU HEUTPOHBI U IPOTOHBI
BMECTE- IHEPIrus CBSI3U



SHepMA CBA3Y aTOMHOIO AApa
B(Z,N)Y=N-M +Z-M —M(Z,A)
IIpumep: sapo I'enus (*He, anbda-yactuia)

© O @ @ s:i)2255MVL ’

2-M,+2-M, =3755.66MeV/c’ M(*He)=3727.41 MeV/c?

DHeprus CBI3u Ha oauH HYyKJIoH: B(*He)/4=7.06 MeV/c?

Note, that *He (alpha-particle)
1s very strongly bound nucleus!!!



DHeprus CBsI3U Ha HYKJIOH (M»aB)

O s e et g o
_\ x\.. “\\\\ - e w— -—
. 11 -~
. e Mlp 208
_41:[3 - Pb
o Li
He
- 2H
- _-] H
0 50 100 150 200 250

A

DHEPruUs CBI3U PACTET
MIPAKTUYECKU JIMHEWHO C
POCTOM MACCBhI, KaK JIJIs
KHUIKOCTH




Maccosan ¢opmya (dopmyna Balaiperaepa)

2 ~ 2
B(Z,N)=a A-a 4273 _4 *  _g4 (Z - A12) 5
v \) CA1/3 Symm

Volume Coulomb Asymmetry Pairing
20.0
av=15.8 MeV 17.5 1
Volum
15.0 A
% 12.5 4
ad.— 1 7 8 MeV Z 10.0 + Coulomb
S * T 754
a=0.7 MeV

25

a. =94.8 MeV 0.0

symm 0 50 100 150 200 250 300
A

o==x12 MeV (4eTHO-4eTHBIE, HEUETHO-HEUETHRIE AIpa)



Obonouetsnie 3¢hdexbl (Manreame aapa)
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Number of Neutrons, N el .
5 1
[ 060 20 =0
I Mass number A
Pa3HI/IHa MCKIY SKCIICPUMCHTAJIbHBIMHA SHCPIUAMUA CBA3H U L L L 1 -
0 50 100 150 200 250

PaccuutanubiMu 110 popmysie Baitizekkepa
(cyumrecTBOBaHME MAaruyeCKuXx sijiep)

Mass number A



CyuiecTBYIOT JIM SIIPa TOJbKO U3 NIPOTOHOB?

2 2
2/3 Z (Z —A/2) o
y
¢ symm / /
B(Z,0)=|a --% Z—a 72134 7773 <0
L 4 s c

CyuiecTBYIOT JIM AAPA TOJbKO U3 HEUTPOHOB?

a
B(O,N)=|a -2 Ny _4 N2/3_4 S N 53
v 4 s symm 4 5 50

B(0,Z) >0 for N =10%%or R~=6 km

Paguyc HenTpoHHOM 3Be3abl: R = 10-20 km



Jvaan crabwmHoCcH

2 2
B(Z,NY=a A—a 423 _4 2 __4 (Z-4/2)* &
, v S CA1/3 Symm A 412
dB (Z,N) _
dz -
_2ac AZI/3_ asymm Z_j/z =0
Z = 4 5
24+ 2 ac A2/3 g-
asymm
neutrons
A

Z

= 2+ 0.015 42" OnA nerkux agep: Z=N=A/2



PaanoakTuBHOCTD

1896 r. --- 0OHapy>XWUJI U3TyYEHHUE, UCITYCKAaEMOE YPaHOBOM PY/IOH;

1898 1. --- Mapus u IIsep Kropu Berenmim 1 rpaMm painoakTUBHOTO
BemiecTBa (Ilononuii, Z=84) U3 TOHHBI ypaHUTA.

1899r. --- Aaruiickuii ¢puzuk J.Pezepdopa B pesynbrare
IIPOBEJICHHBIX OIBITOB OTKPBII HEOAHOPOIHOCThH PATNOAKTHBHOTO
u3nydeHus (anbda-, 0eta- U ramma- U3JIydeHHUE).

1911 r. --- Mapus Kropu Beiaenniia paguOaKkTUBHBIN AIEMEHT - Paauid,
/=80.




PaanoakTuBHOCTD

;X_)ZJrAlY"‘e_"“T - f decay M(A,Z)>M(A,Z+1)+me
(n > p+e +V)

1) p-decay

- fp" decay M(A4,Z)> M (A,Z -1)+ m,
(p > n+e +v)

- e-capture M(A,Z)> M(A,Z—1)+me
(p+e —> n+v)

2) o-decay (2>83) A x5 4%y 4 ‘He M (A, Z)>M (A—-4,Z -2)+ M (He)

3) Proton or neutron emission



PainoakTUBHOCTD

HopmuposanHoe Bpema

AKTHEHOC TR

AKTHEHOC TR
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Al = 3la
A
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0 50 100 150 200
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.I:I:I:l.1+ -'-é'-'-ﬂ 12 = 31]_
1
A4
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CeMelicTBa PAJIHOAKTUBHBIX siiep.

B npupopae cyuwectsyeT 11 paanoaKkTMBHbIX A4€ep, pacnagarowmxca B CTabunbHble aapa U Tpu Aapa, pacnagarowmecs
B PaAMOAKTUBHbIE AOYEPHME AAPa, NOKA HE NOAYYMTCA CTabunbHOe [4p0.

Thorium
228

Radium
224

Radon220
(Theren)

Radon219
(Actinon)




Protons P

KapTta HyKAaupos

B stabie
- EC+B+
M &

P
| K

LI nknossn

Neutrons N

CALHIAL < X/]
Z="7+'Z V=T1+V
M(A,Z)> M (4,Z)+M(4,,Z,)

-
=9




PacnpocTpaHeHHOCTb XMMUNYECKUX
31eMEeHTOB BO BceneHHoOM
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IlepBHYHBIN CHHTE3 SAEP

T=1-10%2 K

sa P

e
(p.y) T T(D,n)\q@
N\

p (n,y) D (D.p)

n

O6pasoaaHV|e NnepBbIX ANNIEMEHTOB MNOCIE
bonbLuoro B3pblBa

75% hydrogen

XulMuyeckuit cocTas
BceneHHon nocne
NPEeKpaLLEHNI peakLmi
TEPMOSIAEPHOTO CUHTE3a

Q ‘He + 3.5 MeV

n+14.1 MeV
aona
no macce . Bp&h:ﬂ. c . Eﬁg:?:;?:
10 10 10 10 a2
13 . 2 h r-cm
/2 4107
1072
r
. % 410
10
. 110°
10 a|.,|
110°°
10°® n ,
410
107" - " .
§ T 10
10-1'1 - . |
1.0 0.3 0.1

Temnepatypa, 10°K



OoOpa3oBaHue XUMHYECKHX 3JIEMEHTOB BHYTPH 3Be3/I

5'5F_a Bdjer

12~ & 2057} 2as
19.1 \\- Region of very - 2'
®iHe stable nuclides 38

Fusion Fission
] ‘Tu — -
L]

Negative of binding energy per nucleon (MeV)
== bk L Bk & O =~ & O
L 1 1L 1
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20 40 60 80 100 120 140 160 180 200 220 240 260
Mass number (A}




OoOpa3oBaHue XUMHYECKHX 3JIEMEHTOB BHYTPH 3Be3/I

T'openue Bogopona



OoOpa3oBaHue XUMHYECKHX 3JIEMEHTOB BHYTPH 3Be3/I

® nNeutron ® Poton Y Gamma Ray

T'openue reaust




OoOpa3oBaHue XUMHYECKHX 3JIEMEHTOB BHYTPH 3Be3/I
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o Neutron Gamma ray Y
Positron Neutrino P

IMo6ounbiii nukia CNO



OoOpa3oBaHue XUMHYECKHX 3JIEMEHTOB BHYTPH 3Be3/I

Negative of binding energy per nucleon (Me\)
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IIpouecchl 3axBara MeJICHHBIX (S) M OBICTPBIX HEUTPOHOB (7)
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IlpuxkiaaagHbie NPUMEHEHUS AACPHOU (PU3UKHU

* AnepHbie peakTopbl (Ha BbICTPbLIX M MeANIeHHbIX HEMTPOHAX)

* TepmoAaaepHble peakTopbl

* [laTnpoBKa cobbiTni

* AKTUBALMOHHbIN aHaNKn3

* PaanoaKTMBHbIE U30TOMbI B MEAULMHE

* AnepHble membpaHbl

* paaMaLMNOHHbIE METOAbI IeYEeHUA OHKOIOTMYECKUX 3a601eBaHNI
* MarHUTHO-pe30oHaHcHaA Tomorpadua (MPT)



JlarupoBKka COOBITHI
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OTHOCKMTenbHaa nosa

IlpuMeHeHHEe MYYKOB THAKEJIbIX HOHOB 114
JICYCHUS OIMYyXO0JIeH

A B3
100 I N .
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50 e I Iy AR,
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f T
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MMy6uHa NpPoOHUKHOBEHWSA B Boae (CM)



DUBNA
JINR
BLTP

Welcome!




JINR
University —  AiauBuom
2.Centre ousu

Cnacubo 3a BHMUMaHue!

Xomume y3Hamo bonbuie,
uwjume Hac e couycemsx:

Jinr.ru

m https://t.me/jinrofficial

https://www.youtube.com/user/jinrtv

http://uc.jinr.ru/
m https://t.me/jinr_uc

B MI'Y
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