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3AEMEHTAP TEOPHACHL, OOMIHYAIH Ti30eKTi peakiysuiapsl Typalbl TYCiHiK
Gepyre MyMmKinzik Gepeni, ypaHmel GaiibiTy, 3aT apKbUIHl €Ty Ke3iHe
HeHTpoHHapaplH — Oasynaybl, ApPONBIK  OHEpKACINTEri  MaHBI3ABI
CyGaTOMIBIK KYOBUTBICTAP/IBI FHUBMH-TEXHUKANBIK Naiaiany, saposIK
peakiiusi SHEPruachl, AOPOJBIK OalinaHbic SHEPrUsACHl, €piKTI MeH
MxOYpai saponapAbIH GelliHyi kKaHe T. 6. Macenenep KapacThIphLIabI.

H3y4yenne JaHHOrO MOXNYIS OOYYArOIIMMHCA IMO3BOJSAET JATh IOHSATHA
3JIEMEHTAPHOH TEOPHH [CJIECHHSA, CNOHTAHHOTO JeNieHHsS, MEXaHH3MOB
NefeHUs SAEP ypaHa IOX [AeHCTBHEM HEHTPOHOB, HElHbE pPeakijHu
DEeNeHUs, PaCCMATPHBAIOTCSA NMPOOAEMbI 000TALICHMS ypaHa, 3aMeICHHS
HEHTPOHOB IIPH IPOXOXKIECHHH 4Yepe3 BEUIECTBO, HAYYHO-TEXHHUECKOE

HCIIONIb30BAHHE  BAXKHEHIIMX Ccy0aTOMHBIX SBIGHHH B sA/IepHOM

No | Ilonmin | onHiHaTaysl / Kpenut / Kpickamma asHoTaums / Ipepexsuzutrep /
LUK / Hassanme pucumnnuse! /
Lpkn Name of discipline Kpenur / Kparkas anHoTauus / IpepexBuzyte /
JHUCLIMILTH
Hel / The Credit Annotation Prerequisites
cycle of
i discipline (ECTS) B
B 1 cemectp / 1 cemectp / Semester 1
Tagaay 6ofipIHmA KOMI[OHeHTTep / KomnosenTel no BriGopy / Optional components )
1 | BIVTK ATOML[I:-IK AIPOHLIH OeNiHyi 5 bisim anyuisinapass 6yn Momyseal 3epaeneyi HeHTPOHIApAbIH 3CepiHeH | ATOMABIK S1pO
bJ/KB Henenne  aromusix  sanep ypaH saposnapbitbiH SeslidyiHiH, e3airinen GoniHyiHiH, MeXaHH3M/EPIHIH | QH3UKacbiHa Kipicne
BD/EC Nuclear fission

Beenenue B dusuky
aTOMHOTO s1pa
Introduction to the physics
of atomic nucleus
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NPOMBIIIUTIEHHOCTH, SHEPTUs SAEPHOH pEeaKIMH, SHeprus CBA3M sfpa,
MPOU3BOJIBHOE M BHIHYXICHHOE ICNICHHE AAEp U Ap.

The study of this module by students allows us to give the concepts of
elementary theory of fission, spontaneous fission, mechanisms of fission
of uranium nuclei under the action of neutrons, chain reactions of fission,
the problems of uranium enrichment, neutron deceleration during passage
through the substance, scientific and technical use of the most important
subatomic phenomena in the nuclear industry, nuclear reaction energy,
nuclear binding energy, arbitrary and forced nuclear fission, etc.

BII/TK SAnponblH  ansda-, Gera- 5 | Byt Kypetsl 3epaeney kesiHme atom AOPOCBIHBIH, BIABIPAYBIHBIH 9PTYPI | ATOMABIK AP0
bJI/KB JKOHE raMMa-bIABIPay bl TYPACpi,  AOPONApABIH  H3OTONTAPHIHBIH  TY3iMy omicrepi  MeH | Qu3MKachHa Kipicne
BD/EC Anbda-, Oera- u ramma- 3aH/IBITBIKTAPEI, onapapiH  aedopMausapsl MEH buisipay | BeeaeHue B pusnky
pacnaggs! saep TOCKAYbUIAAPEI, anb(a BIABIPAYbIHAAFbI TYHHENBIIK 9CEp, MEIHUMHA MEH | ATOMHOTO anpa
Alpha-, beta- and gamma- OHEPKICUITE ~ MAHBI3ABI  CY0ATOMABIK  KyORUTBICTAPIEL kongany | Introduction to the physics
decays of nuclei KapacThIpbUIa sl of atomic nucleus
Ilpu M3y4eHHH JAHHOrO Kypca NMpEANONaraeTcss paccMOTPEHHE pasHbIX
BHIOB pachajga aTOMHOTO s1pa, crnocodbl W 3aKOHBI OOpPa3OBaHMs
M30TONOB sifep, ux Aedopmaumii ¥ GaprepoB pachaja, paccMOTPEHHe
TYHHENBHOro 3¢dekra npu anbda-pacnaje, HCMONB30BAHUE BAKHEHIINX
CyOaTOMHBIX ABICHUH B MEAMLIMHE U TIPOMBILLICHHOCTH.
When studying this course, it is assumed to consider different types of
atomic nucleus decay, methods and laws of nuclear isotope formation,
their deformations and decay barriers, consideration of the tunneling
effect during alpha decay, the use of the most important subatomic
| phenomena in medicine and industry. )
Tangay Goiibinma xomnonenTTep / KoMuonents mo Bb1Gopy / Optional components _ _ .
BII/TK HelitpoHaap xoHe ramma- 5 Kypetst oky Gapeicbinma ¢potosaponbix peakiusiapipl, HEATPOHAAPIBIH | ATOMABIK AAPO
BA/KB KBaHTTap TYPAEpiH, SAPONBIK peakTopia GeiHeTiH >Heprus KesiH, ypaH Hemece ¢u3uKachiHa Kipicne
BD/EC HeliTpoHs! 1 raMma-KBaHTEI TUYTOHHH AApONapbiH GemyaiH Ti30exTi peakiysachiH >oHe opTypii | Beenenue B buzuKy

L

Neutrons and gamma quanta

CoyNeseHy TYPIICPiHiH apachIHAA SHEPriAHBIH TAPATYBIH KAPAacThIPabL.
Ipy H3y4eHuu NaHHOrO Kypca paccMatpuBaeTcs OTOSCpHbIC PeaKiun,
THNB  HEHTPOHOB, HCTOYHMK 3JHEPrUM BBIACISIOMENCS B SAEPHOM
peaKTope, LeMHas peakuus IeeHus sAep ypaHa WM IUTyTOHHT, |
pacrpeneneH|s SHEPTHH MEXY PasUYHBIMHA BUAAMM H3TyYCHHUS.

In the study of this course is considered photonuclear reactions, types of
neutrons, the source of energy released in a nuclear reactor, the chain

aTOMHOTO s/pa
Introduction to the physics
of atomic nucleus
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reaction of fission of uranium or plutonium, and the distribution of energy
between different types of radiation.

BIVTK SIIpOHBIH CTATHCTUCTHKANBIK 5 Kype saponbik peakuusiap kesinne naiina Gonarein Kypama sapo TYpanbl | ATOMABIK SAPO
bJI/KB MoAEes MeH Ka3ipri 3aMaHrbl TYCIHIKTEPAI JKoHe KOMNAyHA-fpo bIABIPaYbIHLIH | PU3HKACHIHA Kipiciie
BD/EC TEePMOAMHAMHKAJIBIK, SPTYPA  CHMATTAMANAphIH  €CenTey iCTepin  TepeHaeTe OKwiTaabi. | Beenenue B busuxy
KacHeTTepi KypeTsl oKy 6apeichinaa MarMCTPaHT aTom sSAPOCHIHBIH HEHTPOHAAPMEH | aTOMHOIO aapa
CrarucTHueckas MOIeIb U FKOHE ANPOAAPMEH COKTHIFBICYbI Ke3iHAeri TemeHri smepreTukanbik | Introduction to the physics
TEPMOAUHAMHYECKHE AAPONBIK PEAKLMATAPABIH KACUETTEPIH OKbIN YHpeHen. of atomic nucleus
CBOIiCTBa s7Iep Kype yrnyOnser usyueHHe COBPEMEHHbIX MPECTABNEHHI O COCTABHOM
Statistical model and ANPE, BOZHUKAMOUIEM MPH SAEPHBIX PeakUUAX. M METONOB pacyera
thermodynamical properties PaznuYHBIX XapaKTePUCTHK pacnaga Komnayui-s4pa. B xome msyuenus
of nuclei Kypca MarucTpaHT M3YYaeT CBOWCTBA HHM3KUX SHEPreTHYECKHX SAEPHBIX
peaKuyi Mpy CTOJIKHOBEHWH aTOMHBIX AAED ¢ HEHTPOHAMH W AApaMHu.
Course deepens the study of modern concepts of a compound nucleus
arising from nuclear reactions. and methods for calculating the various
characteristics of decay of a compound nucleus. During the course, an
undergraduate studies the properties of low-energy nuclear reactions in
collision of atomic nuclei with neutrons and nuclei.
Tanpay Goiinima komnonentrep / Komnonents! no Bri6opy / Optional components ) )
BII/'TK Anponsix ¢puszuka 5 " SAnponpiK (pu3MKa TKIPUOECIHIH TIPKETIlll KYPHUFBICH " KypchiH OKy | Snponsik ¢puzrukaHbig
BJ/KB ToxIpUOECIHIH TipKeriu KaTThl JeHe ()M3MKAChl CanachbIHAAFbl, a3 pPaspANTApBl  (PU3HKACH! Toxipubenik sxici
BD/EC KYPBUIFBICHI CaNachiHAArel, — YASTKIUTED — TEXHONOTMACHI,  COHAAH-aK  KOFaphbi | DKCIEpUMEHTATbHbIE
Jerextupylomee HKbUTAAMABIKTEL €CENTey OAICTEP] CanachiHAAFbl XOFAPHI JKETICTIKTEPMEH | METONbI AnepHoH dhU3UKU

obopyaoBaHue saepHO-
(HM3HYECKOro IKCIIEPUMEHTA
Detecting equipment of
nuclear physical experiment

GainaHbICTBL, KYPC COHbIMEH KaTap 6aif apceHanmbH ACCHMUIALHEACHIH
Oomxkaiinel. SINpoNBIK coyneneHyAi aHBIKTAy YVINH KOJIAHBUIATHIH
Kypajjap, aran aWTKaHAa, AAPONBIK COYRENCHYIIH >KOFapbl BOJBTTHI
ACTEKTOPJIApbIMEH  KaMTaMachl3 €Ty, SAPONbIK COyJeNeHyAi Tipkey
CHIHAJIBIH ONIIIEY JKOHE KYINCHTYZi XY3€re achlpy CHIKTHI Macerenep,
AETEKTOpNAp/bIH CHIIATTAMANIAPBI, COYJIENEHY TYpiepi, ONapibl Tipkey
SJIICTEPI HKHE CIIEKTPOMETPHSIChI 3€PTTENE .

Hsyuenne xypca "JletexTupyromee oGopyaoBaHue sAepHO-PH3HIECKOTO
SKCHEPHMEHTA" CBA3aHO C BHICOKHMMH JOCTHKEHUAMH B O0NACTH (QH3MKH
TBEPIOro Tena, B 0ONacTH (M3MKM rasoBOro paspsaga, yCKOPHTEIbHOM
TCXHHUKH, a Talke METOAOB OBICTPOACHCTBYIOIIEH BBIYHUCIMTENBHOM
TEXHHKM, KypC IONPa3yMeBaeT TakKe YCBOGHHE 6Oratoro apceHana
CPEACTB, CITy)KalHX JUIs PErHCTPALHK SACPHOrO H3TVYEHHs, B YACTHOCTH

Experimental Methods of
Nuclear Physics
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TAKHE BONPOCHl KaK ODECreYeHHE BBICOKOrO HAIPSIKEHMS IETEKTOPOB
ANCPHBIX H3TyYeHUH, H3MEPEHHE M OCYIUECTBIICHME YCHJICHHA CHTHAIA
perucTpaiuy  ANCPHBIX — m3iy4eHMH. H3y4aroTcs — XapakTepUCTHKH
ACTEKTOPOB,  BHAbI  M3ITYYeHMH, METONBI HMX pErucTpalMu M
CTIEKTPOMETPHH.

The study of the course "Detecting equipment of nuclear physics
experiment” is associated with high achievements in the field of solid state
physics, in the field of gas discharge physics, accelerator technology, as
well as methods of high-speed computing, the course also implies the
assimilation of a rich arsenal of tools used to register nuclear radiation, in
particular issues such as providing high voltage detectors of nuclear
radiation, measurement and implementation of amplification the signal of
registration of nuclear radiation. The characteristics of detectors, types of
radiation, methods of their registration and spectrometry are studied.

4 | BIVTK
BJI/KB
BD/EC

Srponsix duzrka
TOKIpHOECiHIH
3/IEKTPOHHKACHI
OJIEKTPOHHKA HEPHO-
(bH3HMYECKOro IKCTIepUMEHTa
Electronics of nuclear
physical experiment

"SAnponbIK-QUIMKANBIK  SKCTIEPUMEHTTIH  3JIEKTPOHHKACH!" Kypchl
ANPONBIK  INCKTPOHUKAHBIH JKYMBICHIH KaMTAMaChi3 €TY[i, MbICael,
AAPOJIBIK peaKiHs/ap OHIMACPIHIH aFbIHIAPBIHBI NapaMeTPAEpIH oIy
Ke3iHIE, aMIUTUTYAATbIK-WHPIIbIK TYpAEHAIpyIepai JKysere achIpyakl,
AJPOIBIK COYNENIEHY Al TipKey CHrHANBIH TaIAAyHBl JKoHe 6acka eHueyni,
SKCIEPUMEHTTIK  JAepeKTepAi  eHrisy-INbIFapysl, JETEKTOPIBIK
KaOIBIKTBIH HKYMBICBIH KOJIAAY bl 3€pTTEHI].

Kypc "Onexrponuka smepHO-H3UIECKOTO 3KCHEpHMEHTA" H3ydaeT
obecriedeHue paGoThl SAEPHOI SNEKTPOHHKH K MPEMEDY, NPH U3MEPEHIH
NapaMeTpOB MOTOKOB MPOAYKTOB AASPHBIX PEakuHii, OCYIUECTBICHHE
AMILTHTY THO-UM(POBLIX NpeobpasoaHuii, aHAN3 M PoUyI0 06paboTKy

CHTHaJIa perucTpauuu SAAEPHBIX H3ITY9eHHH, BBOJ-BHIBO/JL
SKCIICPUMEHTANILHBIX JAHHBIX, MOAJEPKKY paboTBl HAETEKTHPYIOMIETO
obopynoBaHus.

The course "Electronics of nuclear physics experiment" studies the
operation of nuclear electronics, for example, when measuring the
parameters of the fluxes of nuclear reaction products, the implementation
of amplitude-digital transformations, analysis and other processing of the
nuclear radiation registration signal, input and output of experimental
data, support for the operation of detecting equipment.

Anponbik GH3MKaHBIH
ToKIpubenix saici
OKCREPUMEHTAJIBHBIC
METOMBI ANEPHOM PU3UKH
Experimental Methods of
Nuclear Physics

2 cemectp / 2 cemectp / semester 2

KOO xomnonenti / BY3oscknii komnonent / University component

@ EHY 708-01-20 Karanor nucuuruins no obpasosarensHoii nporpamme. Hananue BTOpOE




KII2KOO | Slnponbik Moaenbaep 5 Ocbl Kypc opTypii sOpONBIK MONENBAEPOE €cenTeynepmi Kyprisyaid SAnpoHsIy,
IT/BK Monenu simep NPaKTHKAILIK JIArAbUIAPEIH  JJAMBITA OKBITAJBl. Y KBIMABIK >K9HE Oip | CTATHCTHCTHKANBIK MOIENi
PD/UK Nuclear models Gemmekri MoAenbiep, MAEMEK: TaMIIBLIHI MOXENb, TFAPMOHHSJIBIK | MEH TEPMOAMHAMMKAIBIK
OCLMIUIATOP ~ MOZeENI, aKCHAaNBAH-CHMMETPHAIIBIK DPOTATOP MOJENi, | KacuerTtepi
AAPONBIK CYHBIKTBIKTIH MOAenl, PepMu-raz mopeni, kabbikia mogeni | CrarucTHgeckas MogelDb |
XKOHE SAPOHBIH JKAINbUIAHFAH MOAEl KapacTeIPhUTAZBl. SIAPONBIK | TEPMOJMHAMHYECKHE
TONKBIHABIK (QYHKUMSIAD MEH ©3apa dpeKerTecy TOTeHUMANAAPBIHBIH | CBOHCTBA aaep
THICTI TYpJepi, eKi HylIoH xyleciHiH MYMKiH Kyinepi ae seprreneni. | Statistical model and
S1npOHBIH SHEPTHAIBIK JEHTeinepi opTYpIi TaciiiepMeH MOZIebACHE!. thermodynamical properties
B nawHomM kypce mW3yudaercs pasBHTHME INIPaKTHYECKHMX HABBIKOB s | of nuclei
NDOBCACHKA PacyYeTOB B PA3NMYHBIX MOAEIEIX smep. Paccmarpuparotcs
KOJUIEKTHBHBIC M OJHOYACTHYHBIC MOJENH: KarielbHAs MOMENTh, MOJEIb
FapMOHHYECKOTO  OCLIMIIATOPA, MOJENh aKCHAIbHO-CHMMETPUYHOrO
poTaTopa, MOAENb SAEPHOM >KMAKOCTH, Moaenps Pepmm-raza, Monenb
obomoyek u  ob6oOluensas Momens sapa.  Tatoke  M3yvaroTes
COOTBETCTBYIOIME TUIbI ANEPHBIX BOJHOBHIX QYHKIMH M MOTEHLMANOB
B3aHMOJICHCTBHS, BO3MOXHBIC COCTOSHHUS CHCTEMbI IBYX HYKJIOHOB.
MogaenupyIoTes SHEpreTHYECKHEe YPOBHH SApa B PA3HUHBIX TOAXOAX.
In this course a Master-student studies the development of practical skills
for calculations in different models of nuclei. A Master-student examines
collective and single-particle models: drop model, the model of harmonic
oscillator, model of axially symmetric rotator, nuclear liquid model, Fermi
gas model, shell model and generalized model of a nucleus. The
corresponding types of nuclear wave functions and interaction potentials,
possible states of a system of two nucleons are also studied. The energy
levels of a nucleus are modeled in various approaches.
Tanpay Golibmma xomnonenTTep / KoMnonenToi no BreiGopy / Optional components -
KIVTK FapenuTeik coynenep 5 «FapeinTelk coymenep (U3MKACH» KYPCHIHBIH MAaKCaTBl — sxorapel | HelitpoHaap soHe ramMma-
ITJVKB dbu3HKACH SHEPTHsNIb - 32pAATAIFaH GenulekTep arbiHbIH JKOHE TaIaKTHKANHIK | KBAHTTap
BD/EC Du3KKa KOCMHYECKHX JTyueit FAPBIITHIK COyNeNepAl JKaKblH FapuiliTa 3eprreyre yiipery. Penuxtrik | Heiirponst 1 ramma-
Cosmic Ray Physics COyJIENEHY >KOHE aJIFAlliKbl HYKICOCHHTE3i, MYJIABI3JABIH TYYhl, »KaHA | KBAHTHI

KYNIBI3AAPIABIH HykieocuHTesi, KyHHIH FapbIIITEIK Caynienepi oTe KywTi
FapBIIITBIK CIyJIeepAi FBUTHIMU-3EPTTCY HHCTHTYTTAPHIHAA AHBIKTAYb]
KaMTaMachl3 eTei.

Oenbio kypca "®u3HKa KOCMHYECKHX Jiy4el" sBisercs oOyuenue
H3YYEHHIO NOTOKOB  3apsDKEHHBIX YacTHIl BBICOKHUX SHEpruii W

Neutrons and gamma
quanta
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TalakTHYECKHX KOCMHYECKHX H3NydYeHHH B OMDKHEM KocMoce.
PenukToBoe M3mydeHHWEe M MEPBHYHBIA HYKIIEOCHHTE3, POXKACHHE 3BE3f,
HYKJICOCHHTE3  HOBBIX  3Be€3f, kocmudeckue Jryun  ConHia
NIPEAYCMATPHBAIOT PETUCTPALIHIO OYEHb CHIIBHBIX KOCMHUECKHMX Jy4eH B
Hay4HO-HCCIIE0BATEABCKUX HHCTUTYTAX.

The purpose of the course "Physics of Cosmic Rays" is to teach the study
of high-energy charged particle flows and galactic cosmic radiation in
near space. Relic radiation and Big Bang nucleosynthesis, star birth,
nucleosynthesis of new stars, solar cosmic rays provide for the detection
of very strong cosmic rays in research institutes

7 | KIVTK

BD/EC

Hyxneocunres
Hyxneocunres
Nucleosynthesis

"Hywieocunres" MoHiH MEHrepy MNpOLECIHAE aToM  SAPONAPbIHbIH,
XUMISUIBIK  JIEMEHTTEpAiH maHjaa OOoMybIHBIH Herisri ypmictepi MeH
BIKTHMAJl  CUCHADUMAEpiH, IKYINBI3ZAP MOOENAEPIH IKoHE KaHa
IEMEHTTEP MeH WU30TONTAPAbIH CHHTe3 OOMBIHINA 3epPTXaHANBIK
3€PTTEY/IH HETi3ri OarblTTapblH OKbITagbl. OJEMAEN TEePMOSAPONBIK
NPOLECTEPAIH Heri3gepi, ONAPJIbIH, JHEpreTHKana KoHE
SKCTIEPUMEHTTEPAE KONJaHysl Kapacteipputagbl. Cyreri MeH Tenmiigig
JKaHYBl CHMAKTHI JKYJIABI3OAPHAFBl SAPONBIK PeaKNMANAPFa, supernova
JKYJIBI3AAPBIHAAFE HYKIEOCHHTE3re, FaJaMaTThH epTe 3BOJIOLMACHIHA
epeKilie Ha3ap ayjapbuiajel.

B nmponecce ocsoenus mucummnuesl  «HykneocuHTes»  m3ywayorcs
OCHOBHBIC TPOLECCHl H BO3MOMKHBIC CLIEHAPHH OOpa3sOBaHMs 4aTOMHBIX
SieP, XUMHUYECKUX 3IEMEHTOB, MOJETH 3BE€3] M OCHOBHbIE HANpaBACHMUS
N1a6OpaTOPHBIX UCCNEROBAHMI IO CHHTE3Y HOBBIX 3JIEMEHTOB M H30TOMOB.
PaccMatpuBaloTcs OCHOBBI TEPMOSAJEPHBIX IPOLECCOB BO BceneHHOH U
HX MPHMEHEHME B JHEPreTUKe M akcnepuMenTax. Ocofoe BHUMaHMe
YACHACTCA SOEPHBIM PEaKHAM B 3BE3JaX: NOPEeHHE BOAOPOAA W Ienud,
HYKJIEOCHHTE3Y CBEPXHOBBIX 3B€3/1, IO3BE3IHOM 3BOMOLMH Beenenuoii.

In the process of the development of discipline "Nucleosynthesis", a
Master-student studies the main processes and possible scenarios of
formation of atomic nuclei, chemical elements, star models and the main
directions of laboratory research on the synthesis of new elements and
isotopes. The fundamentals of thermonuclear processes in the Universe
and their application in power engineering and experiments are
considered. Special attention is paid to nuclear reactions in stars: the
burning of hydrogen and helium, nucleosynthesis of supernovae, pre-

ATOMABIK AAPOHBIH OeiHyi
Jlenenue aTOMHBIX Afep
Nuclear fission
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stellar evolution of the universe.

Tanpay Ooiibiama komnonentrep / KomnonenTs! mo Beidopy / Optional components

8 | KIV/TK Coynenix AMarHOCTHKA MEH ) Ocbl Kypc OHKOAOTMANBIK aypy/lap HAMATHOCTHKACHI YIUiH saponsi | HelTponaap jkoHe ramMma-
/KB TCPaNHSIHbIH usBKaIBIK MeIMUMHAAA CoyNe NHATHOCTHKA MEH TEPANUAHbIH KONIaHYbIH OKBITAIbl. | KBAHTTAp
BD/EC MPHHLMITEp] PentrenoanarHocTvka, ynpTpajpIOBICTRIK AMArHOCTHKA, peHTreHnik | Helirpoun: u ramma-
duzuyeckue HPYHLIHITEL KOMITBIOTEPMIK TOMOrpadus, PaguoOHyKIHIAbl THATHOCTHKA, MATHHTTIK- | KBAHTHI
JydeBOW  [HArHOCTHKH W PE30HAHCTHIK TOMOrpadUAHBIH (bHU3HKATBIK npuHuunrepi | Neutrons and gamma
TepaIHx KapacThIpbLIAbI. quanta
Physical principles of B nanHoM Kypce H3ydaeTcs NpPHUMEHEHHWE JIyueBOM JMATHOCTHKH H
radiation diagnostics and Teparyi B SJSPHON MENMUMHE [UIS JAMArHOCTHKH OHKOJIOTHYECKHX
therapy 3a00JNeBaHuUL. PaccmarpuBarotest ¢buznueckue NPHUHLMIIBL
PEHTT€HOHATHOCTHKH, Y/AbTPa3BYKOBOH MHArHOCTHKH, PEHTTE€HOBCKOM
KOMITbIOTEpHOH ToMorpadus, paauoHyKITHIHON AUarHOCTHKY, MarHHTHO-
pe3oHaHCHOH ToMorpadun.
In this course, a Master-student studies the use of radiation diagnosis and
therapy in nuclear medicine for the diagnosis of cancer, examines the
physical principles of x-ray diagnostics, ultrasound diagnostics, X-ray
computed tomography, radionuclide diagnostics, magnetic resonance
- imaging. - -
9 | KIVTK Pagnoxumus 5 KypcToii MasMyHBI pafHalMsUIBIK XHMHS SAICTEpiH, AOpoiblk eHepkacin | Hefitpouaap xoHe ramma-
TI/KB Pamuoxumus KOCINOpbIHAApE MEH FBUIBIMH-3€pPTT€Y HHCTHTYTTAPLIHJAFbl FHUIBIMH | KBAHTTAp
BD/EC Radiochemistry KBI3METTEr  PafMOHYKIMATIK, PpagdOUMMYHOBIK XWMHAHBIH Herisri | HeiftpoHsl u raMma-

GarbITTapbiH 3epaeneyai 6inaipeni. CoHnali-ak ynbTpa CyWblITHUTFAH Ky
XMMUSACHl, TAOWFH JKOHE pEaKTOpNbIK PagHOAaKTUBTI OTOACHUIApHAFHI
PaJMOAaKTUBTI Tene-TeHAIK TYpaIbl MAJIiIMETTEep i KaMTH/Ib!, PAAHOAKTHETI
3aTTapipl OesnyalH, INOFBIPAAHABIPYIABIH, ©HAEYAIH 3aMaHayW aficTepi
KOpCETINTeH.

CosaepkaHue Kypca MOAPa3yMeBaeT W3YYeHHE METONOB PaAMAllHOHHOMN
XMMHH, OCHOBHBIX HANPaBICHUH PajHOHYKIIHIHON, palHOUMMYHHOH
XHMMHUM B HAyYHOH JEATENbHOCTH Ha MNPEANpUATHSAX SOCPHOM
INPOMBIIUIEHHOCTH H HAYYHO-HCCIICHOBATENBCKHX HHCTUTYTaX, a Takxke
COAEPKHT CBEJCHHI O XHMWH YIbTpapa3OaBJ€HHOTO COCTOAHUA,
PaIMOAaKTUBHBIX PaBHOBECHAX B €CTECTBEHHBIX H  PEaKTOPHBIX
pPaJMOaKTUBHEIX  CeMelicTBax, IIOKa3aHpl COBPEMCHHBIC  METOMEI
pasicneHus, KOHUEHTPHPOBAHUA, NePepabOTKU PaaHOAKTHBHBIX BEIECTB.
The content of the course implies the study of methods of radiation

KBaHTBI
Neutrons and gamma
quania
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chemistry, the main directions of radionuclide, radioimmune chemistry in
scientific activities at nuclear industry enterprises and research institutes,
and also contains information about the chemistry of the ultra-diluted
state, radioactive equilibria in natural and reactor radioactive families,
modern methods of separation, concentration, processing of radioactive
substances are shown.

3cemectp / 3 cemectp / Semester 3

KOO xomuoonenti / BY3oBcknii komnounent / University component

10 [KII/XOO | ATOM 8apOCHIHBIH 5 Ocbl  Xypc  XMMHANBIK  OSNEMEHTTEp  SAAPOCBIHBIH  HYKHOHABI | HykneocuHTes
ITJ/BK | HyKIOHIBIK XKOHE KIACTEPIIK KYPBUIBIMBIHBIH YCHIHBUIFAH MOZACIIIH KapacTEIpalbl. ATOMIBIK SAPOHbIH | HyxsreocHtTes
PD/UK | KYpBINbIMBI HYKJIOHIBIK  KYPBUIBIMEL, ~ XMMHSUIBIK  SMEMEHTTEPiH ~KACHETTEPIHIH | Nycleosynthesis

Hyx/10HHas ¥ K1acTepHas JHEPrus HOeHreiiep KYpHUIBIMBIHA OaliiaHBICTBI ©3repyi OKBITHLIAIbL.

CTPYKTYpa arOMHOrO s/pa KypcToif Makcatsl — MAaHBI3IB CYOaTOMABIK KYPRUIHIMAAPTa [HOJTY.

Nucleon and cluster structure B 3TOM Kypce paccMaTpuBaeTcs MpeljiaraeMas MOFENb HYKJIOHHOM

of atomic nucleus CTPYKTYpHl silep XUMH4YeCKMX J3neMeHToB. M3yuwaercs HykIoHHAs
CTPYKTypa aTOMHOTO 5Apa, U3MEHEHHE CBOWCTB O3JIEMEHTOB B
3aBUCUMOCTH OT CTPYKTYPHl 3HeprerHdeckux ypouei. Ilenbro kypca
aBnsercs 0630p BaKHEHIIHX CyGaTOMHBIX CTPYKTYD:
In this course, we consider the proposed model for nucleonic structure of
nuclei of chemical elements. Nucleonic structure of a nucleus, changes in
the chemical properties of elements depending on the structure of energy
levels. The aim of the course is an overview on the most important
subatomic structures.

- S Tannay 6oiibiama komnonenrrep / Komnonentri no Beifopy / Optional components

11 | KIVTK Anponsix dpuznka S Kypctel oKy OapbichlHOAa MEHOIIKTI HOHAANy, YIIY YaKbITBIH J>koHe | SOponbiK PpU3HKaHbiH

/KB TaxipubeciHiH aaicTemMeci HUMITYTIECTIH TapaThUTYyBIH eney oficTepi KapacToipsinaini. COHBIMEH | ToXKIpUOeNiK afic

BD/EC Meroauka saepHO- KaTap CIeKTpNepHi eNey, peaKUMsUIapIblH KHHEMAaTHUKAIBIK TANIAYBL, | DKCIEPHMEHTATbHbE
($U3MYECKOr0 SKCIIEPUMEHTA KOppe/LMSUIBIK ~ oNIeyiep, Ko3y QYHKIMAAapblH eJIey JKIHE | METOIBI SACPHOH Gu3NKH
Methods of nuclear physical PanHOaKTHETI coynenepaeri 9KCHEPUMEHTAABIK, anmicreMenep | Experimental Methods of
experiment KapacThIpbUIAIBI. Nuclear Physics

B xome kypca paccMaTpHBAalOTCA METOAbI YACTUYHOM HOHM3AIHH,
M3MEPEeHHsS BPEMEHHM NpoJieTa W UMITYABCHOTO pacnpenenenus. Kpome
TOTO, PAacCMATPUBAIOTCS METONBI H3MEPEHUS CHEKTPOB, KHHEMATHYSCKUI
aHanM3 peakiMi, KOPPE/LIUMOHHBIC H3MEpeHHs, H3MEpPeHHH (QYHKLHIA
BO30YXKICHHA U SKCTIEPUMEHTANIBHBIE METOIB PaAMOAKTHBHBIX JTyUeid.

In the course, the methods of specific ionization, time-of-flight
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measurement and momentum distribution are considered. In addition, the
methods of measuring spectra, kinematic analysis of reactions, correlation
measurements, measurements of excitation functions and experimental
methods for radioactive rays are considered.

12

KIVTK

/KB
BD/EC

Anpoiteik Texipubenin
KYPannapoi MEH TEXHHKACH
IpuGops! 1 TexHHUKa
AAEPHOTO JKCIIePHMEHTA
Devices and technique of
nuclear experiment

"SAnpobik TOKIpHOEHiH Kypanjgapsl MeH TEXHHUKACH!"
TIOHIHIH MKCaThl — SAPONBIK (M3MKAHBIH op TYphi canagapbiHza
KOJIIAHBLTATEIH 32TTap MEH MATEPHANAAPABIH (PU3MKANBIK KACHETTEpiH
3epTTey XKaHe THKIPHOENIK aficTepiH KoMmaHy. SIponsIK SKCHepHMEHTTIK
3epTTeY YWIH YAETKIll KEmeHAEPiHAE OMuiey KypaifapeiMeH JKYMBIC
ICTey NpPUHLMIITEP] KapacTBIPhUIabl.  SIIPOIBIK caylesiepai  Tipkey
ACTEKTOPJIAPBIHLIH JKYMBICHl JKOHE YNETUIreH ayblp HOHZAPAbIH 3aTTap
apKBIIEl 6TY IPOLIECTEPi OKBITHLIAAEL.

Lensto mucupmimpbl «[IpuGOpsl M TeXHHKA SAEPHOrO SKCIEPHMEHTA»
ABNACTCA W3y4eHHE (DU3MUecKMX CBOWCTB BEMECTB M MAaTepPHAJIOB,
UCTIONB3YEMBIX B Pa3IM4HBIX 00/1acTAX SAEPHOM PU3MKH, M NPUMEHEHHE
TIPAKTHYECKHX MeTONOB. PaccMaTpuBaroTcst NpuUHUWMITEI paboTHl CPeACTB
H3MEPEHHH Ha YCKOPHTENbHBIX KOMILIEKCAX I OKCIEPHMEHTATHHBIX
ANEPHBIX HccrnenoBanuid. M3yyaetcs pabota AETEKTOPOB pervcTpanuu
AJCPHBIX H3IIYYSHHH M MPOUECCH MPOXOXKECHHA YCKOPEHHBIX THDKENBIX
HOHOB Y€pe3 BeIlecTRA.

The purpose of the discipline "Devices and Technique of Nuclear
Experiment” is to study the physical properties of substances and
materials used in various fields of nuclear physics, and the application of
practical methods. The principles for operation of measuring instruments
at accelerator complexes for experimental nuclear research are considered.
The work of detectors for detecting nuclear radiation and the processes of
passage of accelerated heavy ions through substances are studied.

SInponAbiK GUsHKaHbIH
Toxipubenix apici
OKCNepUMEHTANBHEIE
METOMBI ACPHON QH3NKM
Experimental Methods of
Nuclear Physics

Tannay Goiibiama xomnonenTrep / Komnounents! mo riGopy / Optional components
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KIT/TK

BD/EC

OK30THKAJBIK SpoJiapabl
JKOHE KOPPESLUAHBI
3€PTTEYiH AAPOIbIK QHU3HKA
TOXKipUOeCiH jkacay
Iocranoeka seprHo-
(bH3MYECKHX IKCTIEPHMEHTOB
NIPY H3YYEHHH 3K30THYECKHUX
SAEP H KOPPeISALHH

5

Kypctel  MeHrepy — HoTWwkeciHae  SK3OTHKANBIK — SAPONAp  MeH
KOPPENALMANAPAbl  3epTTeyAe AAPOABIK (H3MKA JKCIEPHMEHTTepiH
OpHATY 9MIiCTePiHiH GH3HKATBIK IPHHUMIITED] OKBITBUIAABL. DK30THKAIBIK
ANPONAPABIH Kelleci ePEKIIENKTEP] KapacThIPhUIA/BI: YAKEH GYPBIIITHIK
MOMEHT, JKOFapbl KO3y 3HEpPrHsCHI, KYIITi AedopMauMsiaHFaH saposnap,
HEHTPOHJAp HEMECe NPOTOHAAP CAHBI 6TC a3/)KOFaphl SAPONAp, aca aybIp
sAponap.

B pesynerare ocBoeHMs Kypca M3yYaloTcsi (DHMIMUECKHME NPHHLMIBL

SIApONBIK PpU3NKAHbIH,
TOXipuGemnix suici
OKCTIepUMEeHTAIbHEIE
METOMBI AepHOH (PHBHKH
Experimental Methods of
Nuclear Physics
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Statement of nuclear physics METONIOB IIOCTAHOBKH /ISPHO-PUIHIECKHX SKCIEPHMEHTOB NIPH H3YYCHHH

experiments in the study of SK3OTHYECKMX sANEP H KOppenauud. PaccmaTpHBaroTcs CIIeOYIOIIHE

exotic nuclei and correlation OCOOCHHOCTH 3K30THYECKIX sjiep: OONbIIOH YrnoBoii MOMEHT, BEICOKAas
3HEprus BO30YXKJEHUA, CHIBHO AeOPMUPOBAHHBIE sApa, sApa
aHOMATBLHO  BBICOKMM/HM3KMM  HMCAOM  HEHTDPOHOB  wiH TIPOTOHOB,
CBEPXTKENBIE AApa.
As result of the course, we study the physical principles of methods of
nuclear physics experiments in the study of exotic nuclei and correlation.
The following features of exotic nuclei are considered: large angular
momentum, high excitation energy, strongly deformed nuclei, nuclei with
an abnormally high/low number of neutrons or protons, super heavy

A nuclei.

14 | KI/TK Snponsik pusukanars: 5 «snponeik  puskEKanarsl TaKipHGETiK MONIMETTep/l JKUHAKTAY >KOHE SInponsbiK GuzMKaHbIH
/KB TIKIpudenik aepekTepai OHICY»  KYPCHIHBIH ~ MakKcaThl —  spOfblK  (pU3HKaga oJey | Taxipubesik aaici
BD/EC KHHAKTAY JKOHE OHAEY CTATUCTHKACBIHAZ KOJAAHBLIATBIH  ToXipUbeniKk 3€pPITEY OMICTEpiH | OKCHEPUMEHTAIbHbIE

Hakonnenue v 06pabotka KOJNAaHyABI 3epTTeY. 3aMaHayH LuGpPIbIK TipKeiTin KOMITBIOTEPIIK JKOHE | METORLI ACPHOH dusnku
SKCHEPHMEHTAJILHBIX GarpapaamMaiblk  Kypanaapasl  KoNAaHa OTBIPBIT,  IKCIICpHMEHTTIK | Experimental Methods of
JaHHBIX B AJIepHOI GU3HKe AEPEKTEPA] ATy XoHe OHAEY oMiCTEPiHIH Herisri KOMITOHEHTTepiH OkKHTy | Nuclear Physics
Accumulation and processing KapacThIphLIAEL.
of experimental data in Hensio kypca «Hakomnenue u oGpaGotka SKCHEPUMEHTANBHBIX JAHHBIX B
nuclear physics SACPHOH QU3HKE» ABNACTCS H3yHeHHE NPUMEHEHHS MIPAKTHYECKHX

METONOB MCCIIEIOBAHHSA, TPUMEHAECMBIX B CTATHCTHKE U3MEpeHuii B

ANEPHOH  usvke. H3yueHMe OCHOBHBIX KOMHOHEHTOR METO/I0B

MoTyueHus ¥ 0oOpaGOTKM  OKCIEPUMCHTANBHBIX — NAHHBIX — ©

HCMONL30BAHHEM  COBPEMEHHBIX  LH(POBBIX PETHCTPHPYIOLIMX

KOMIIBIOTEPHBIX M NIPOrPAMMHBIX CPEACTE.

The aim of the course "Accumulation and processing of experimental data

in nuclear physics" is to study application of practical research methods

used in measurement statistics in nuclear physics. The study of the main

components of methods for obtaining and processing of experimental data

using modern digital registering computer and software.

Tangay Goiibinma komnonenTrep / KomnonenTsi no BeiGopy / Optional components

15 | KIVTK S ApOnBIK peakTopabiy 5 loHni wrepy xesinme sapombk ome HEHTPOHABIK (u3KKa Herizzepi, | AToMaBIK SAAPOHBIH OOmiHyi
I1JI/KB (GH3HKa MEH TEOpHSICH PaJHOAKTHBTI  BIOBIPAYOBIH  3aHbl  MEH CHDATTAMaChl,  ARPOJBIK | Henenuwe atomHbiX —spep
BD/EC Du3MKa M TEOPHS AAEPHBIX PCaKIMATap MEH OJapAblH ©peKINeAikTepi, SIPONIBIK peaxtopaarsl | Nuclear fission

peaKkTopoB HEHTPOHABIK IMKJI, HEHTPOHAAPMBIH KOOEIOIHIK THIMJTI K03)pHITHEHTI,
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Physics and theory of nuclear
reactors

HEATPOHHAPABIH KEHICTIKTIK OSHEPrHMIBIK TapaaybIHBIH KOHE iLIKi
3Heprus 6eNiHyiHiH KaJbITacy 3aHABUIBIKTAPbl OKBITBUIA b

Ilpx OCBOSHMM MHCIHILIHHBI W3Y4alOTCS OCHOBBI SAEPHON M HEWTPOHHOM
Gu3KKH, 3aKOHBI U XaPaKTEPHCTHKH PafHOAKTUBHOIO pacnaja, sAepHEIE
peakuuu U uX OCOOEHHOCTH, HEHTPOHHLIH LMK B SAEPHOM peaKTope,
3¢ (eKTHBHBLH K03 HIHEHT Pa3MHOXKEHHS HEHTPOHOB, 3aKOHOMEPHOCTH
(GOpPMHPOBaHMA NPOCTPAHCTBEHHOIO 3JHEPreTHYECKOTO pacripeieNeH s
HEHWTPOHOB M pacripeieNicHHs BHYTPEHHEH SHEPruu.

When mastering the discipline, the basics of nuclear and neutron physics,
the laws and characteristics of radioactive decay, nuclear reactions and
their features, the neutron cycle in a nuclear reactor, the effective neutron
multiplication factor, the patterns of formation of the spatial energy
distribution of neutrons and the distribution of internal energy are studied.

16 | KIVTK TomeH sHeprusIb! xKeHin Kypcta TeMeH OHeprsuiblK HWOHZApABIH 3aT apKblIbl e©Tyi koHe | SAponbiK GU3UKAHBIH
I1/KB HMOHAAP/IBIH aTOM paauaLMsIIbIK aKayJIapAbiH Maiaa 6onysl KesiHaeri SHeprus WbIFBIHAAPH | TaxXipubenik agici
BD/EC SAApOJIapbIMEH aceprecy OKBITBLTA/GL. TOMEH OHEprus WOHAAPBIHBIH IHALIBIPAYBl, HOHAAPHBIH | DKCNEPUMEHTAAbHHE

MEXaHH3MI INAHIGIPAYBIHAAFEl CEPIMCI3 NPOLECTEPAIH Poli, HOHAB! ATKBUIAYABIH | METOABI SAEPHON (DH3UKH
MexaHu3M B3aUMOAEHCTBUS oCepiHeH KaTTh JeHeNnepAiH OeTiH TosaHmary oHe mambiparan | Experimental Methods of
JICTKHX MOHOB HHU3KMX Henmexrepnin KEHICTIKTIK TapaybIHbIH anuzoTponusckl | Nuclear Physics
9HEPruii ¢ aTOMHBIMH KapacTBIPbITAbI.
AnpaMHu Kypc uzyqaet norepu HEPTrHHU MPH NPOXONACHUH HH3KOIHEPTETHYECKIX
Mechanism of interaction of HOHOB HYepe3 BEMECTBO M BO3HMKHOBEHHH DPafAHAILlMOHHBIX Ae(EKTOB.
light ions of low energies IpenycmarpuBaeTca paccesHHe MOHOB HU3KOH SHEPTHH, POJib HEYNPYTHX
with atomic nuclei MPOLECCOB B PACCESIHHM HOHOB, NOBPEXACHHE MOBEPXHOCTH TBEPABIX TEN
non  AeHCTBHEM  HMOHHOM  OoMOapaupOBKM M aHH30TPOUMs
MPOCTPAHCTBEHHOI'O PACIPENCICHHUS PACCEIHHBIX YACTHI,
Course examines energy loss from passage of low energy ions through a
substance and occurrence of radiation defects. Low-energy ion scattering,
the role of inelastic processes in ion scattering, sputtering of surface of
solids under action of ion bombardment and anisotropy of spatial
distribution of scattered particles are provided.

17 | KIVTK Koraps! anepruse: JKorapel oHeprus ¢usukacel. ManjensmTaM HMHBapHAaHTTaphl. ©sapa | SAponwlk peakumsmap
/KB A0ponbIK (H3HKa acepiiecy Typrepi. Pemxe teopuscel. Kennewen wumanap. JKoraphl | Teopusce
BD/EC SlnepHas ¢uzHKa BEICOKHX SHeprusiisl Oesiuexrepai Tipkey oaicrepiMeH Tadbicy. CraTHCTHKA. | Teopust sAepHBIX peaKipii

SHEPryui
High energy nuclear physics

Xorapel 3Heprusapaarbl GenuuekTepAiH o3apa SpeKeTTeCYiHiH KAJIIBI
uaescel. Kenpertrik apekerrecy. ['aybep teopuscrr. KenneneH KUMaHBIH

Theory of nuclear reactions
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ocepnecy  3HEPrHACBIHA  TOoyesAimiri. DparMeHTalyMs peaKIHACKHL
CraHgapTThi mozenbAeH ThIC ¢uskka. ITpolecTepmiH KHHEMATHKACHL.
Ceinak xyiienep. backa coiHak xyiiere xemy.

Dusuka BHCOKMX SHeprui. MHeapuawtel MaHmenscrama. Bumsi
B3auMoneicTuit. Teopus Pemxe. CeueHua. 3HakOMCTBO € MeTomaMu
PETHCTpauMK  4YaCTHI[ BbICOKHMX SHepruit. Cratuctukxa. OO6inee
NPEACTABACHHE O B3aMMOICHCTBMAX 4YacCTHI{ NPU BHICOKMX SHEpTHsX.
Meuorokpatnble B3aumonelicteus. Teopus Imaybepa. 3aBucHMOCTS
CEe4CHHUA OT 3HEpruu BzaumojeicTBua. Peakimus ¢parmenTampy. ®uzmuka
3a pamkami CrtanmaptHoi mopenu. Kuuematdka mponeccoB. CHCTEMbi
orcyera. [lepexo B Ipyryro cHcTeMy oTcHeTa.

High energy physics. Mandelstam invariants. Types of interactions.
Regge's theory. Cross sections. Familiarity with the methods of
registration of high-energy particles. Statistics. A general idea of particle
interactions at high energies. Multiple interactions. Glauber's theory.
Dependence of the cross section on the interaction energy. Fragmentation
reaction. Physics beyond the Standard Model. Kinematics of processes.
Reference systems. Transition to another frame of reference.

18

KIVTK

IIJVKB
BD/EC

Y netkin TexHuka
YckopHTebHas TeXHHKa
Accelerator technique

Y eTKiil TeXHUKa CalachHAArsl (BH3HUKANBIK 3ePTTEYIepPaiH MIHAETTEPIH
KOK oHe LElly aaicTepi MeH Tacinaepi. YAETKIll TeXHUKAHBIH HETi3ri
YFBIMAApsl,  MOZAE/BAEPl.  3aHAAPLI  MEH  TEOpUSRaphl. Y ASTKIlU
TEXHUKAHLIH TEOPUANBIK KIHE 31ICHAMANbIK HETI3Aepi K3HE ONapibl
FLUILIMA-MHHOBALMABIK  MOCENeNepAl  LWewly/le KOAJAHY Tocligepi.
Y aerxiwrepain Ausalinet sxone naligatady epexiwenikrepi. 3apsarana
OolLIeKTeP/IiH YASTKILITEPIH 3PTYPIli MaKCaTTapaa KOAAAHYIbIH SAeMAaiK
Taxipubeci.

Metoget M cnocoGbl MOCTAHOBKM W peimeHHs 3a4ay  (PH3HYECKHX
HCCNIENOBAHMI B OBJIACTH YCKOPUTENBHOM TeXHUKH. OCHOBHBIE MOHSTHS,
MOJIENIH, 3aKOHBI H TE€OPHM YCKOPHMTENBHOM TexHuku. TeopeTuueckue H
METOAQNIOTHYECKHE OCHOBBI YCKOPHUTE/bHON TEXHMKH M CHOCOOBI WX
UCMONB30BAHUA MpPH  PELUCHWH  HAyYHO-WMHHOBAIMOHHBIX  3ajad.
KoncTpyxkums 1 ocobeHHOCTH Hcnonb3oBaHus yckoputeneil. MHpOBoi
OTIBIT HCIONL3OBAHUSA YCKOPUTENEH 3apSKEHHBIX YaCTHI( JUIS Pa3IMUHbIX
uenei.

Methods and ways of setting and solving problems of physical research in
the field of accelerator technology. Basic concepts, models, laws and

SnponsIK QU3HKAHBIH
TOKIpHOENiK oaici
OKCTIepMMEHTAIBHEIE
METOABI ANEPHON HUHKH
Experimental Methods of
Nuclear Physics
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theories of accelerator technology. Theoretical and methodological
foundations of accelerator technology and methods of their use in solving
scientific and innovative problems. Design and features of using
accelerators. World experience in the use of charged particle accelerators
for various purposes.
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