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Jlabopamopus paduayuonnoiu 6uonouu —
Ha cmulKe yHOAMeHmanbHbIX HAYK

O0veOuHenHbIL UHCIMUNYM S0ePHbIX UCCIe008aHUll
ABNAEMCA VHUKATILHBIM MENCOYHAPOOHBIM HAYYHBIM UYeH-
mpom, 8 KOmopom cocpedomoueHvl A0epHo-(usuiecKue
VCMAHOBKU, 2eHepupyloujue UOHUIUPYIoWUe U3TYYeHUs
¢ pasuviMu usuyeckumu xapakmepucmuxamu. Ha npo-
MANCEHUU MHOSUX Jlem OH Npugiexaem Cneyuaiucmos us
PA3HBIX CMpan 01 nposedeHus (hyHOAMEeHMANbHbIX UC-
cnedosanull 8 0bracmu He Mmoabko QuU3UKU, HO U OUOTOLUU.
Pewenuem @ynoamenmanbHulX U NPUKIAOHBIX 8ONPOCO8
buon0UUeCK020 OCUCMEUsT UOHUUPYIOWEl paouayuu &
Hnemumyme 3anumaemces Jlabopamopus paouayuoHHou
buonoeuu, ommemusuids 8 smom 200y ceoe 20-nemue.

Ilepsvle  paduobuonozuueckue  IKCNEPUMEHNbL
6 OMAU 6wy nauamwt 6 danexom 1959 2. na 6-mempogom
NPOMOHHOM CUHXPOYUKTIOmMpoHe Jlabopamopuu s0ephbix
npobnem, 2oe 8NOCIEOCMBULU CREYUATUCTaMU U3 pas-
auunelx uncmumymog Munzopasa CCCP ovliu ycnewino
BbINOIHEHbl UCCIe008AHUS GNIUAHUA NPONOHO8 PA3HBIX
9Hepeull HA OPeAHU3M Hel08eKd U NOUCK CNOcoO08 3auyu-
Mbl KOCMOHABMOB OM UX He2AMUBHO20 BIUSHUSA 80 8PEMS
noremos. B 1967 2. no unuyuamuee oupexmopa Jlabopa-
mopuu S0epHuIX npobnem, uyneHa-koppecnonoenma AH
CCCP B. 11 []rcenenosa ¢ OUAU na 6aze moeo gice ycko-

pumeinsi 6w cozoan nepgoiii 6 CCCP npomoHmbiil Medu-
YUHCKULL NYYoK. B paduobuonocuyeckux sKkCcnepumenmax,
NPOBEOEHHBIX HA KAEMOYHbIX KYIbIYPAX U 1A00PAMOPHbIX
HCUBOMHBIX, ObLIU ONpedenenbl OCHO8HbIE pAOUOOUONIOU-
yecKue napamempuvl YCKOPEHHbIX NPOMOHOS, 4mo O0alo
B03MOJICHOCHIL YIICe Yepe3 200 HAYAMb 1yHesoe JIeHeHUe
OONBHBIX C OHKONOSUYECKUMU 3A00NE6AHUIMU.
Paouobuonoeuueckue uccrnedosanus Ha 6a308blx
yemanoekax Mucmumyma enociedcmeuu cmaiu ycneud-
HO pazsusamvcsi paouoduonoeamu, pabomarowumu He-
nocpedocmeenno ¢ OUAU, 6 cozoannom 6 1978 e. cex-
mope  buonocuyeckux  ucciedosanuii  Jlabopamopuu
s0epuvix npoonem (npuxaz no OHUAU Ne3388 om 29 no-
sa6ps 1977 2.). Hnuyuamopom cozoanusi cexkmopa Ouo-
JI02UYeCKUX UCCIe008aHULL CMAT PYKOBOOUmenb omoend
CUHXPOYUKTIOMPOHA OOKMOP  (PUUKO-MAMEMAMUECKUX
nHayk B.HU. Jlanunos. [lna pyxoeoocmea cexmopom 0Ovli
npuenawen npogeccop B. U. Kopocooun, a ¢ 1986 e. cex-
mop eozenasun npogeccop E.A. Kpacasun. Pacuuperue
cnekmpa ucciedosanull 6 0bracmu paouoouoiocUuu Ha
basosvix ycmanoskax OMAU nompebosano cmpykmyphotu
peopeanuzayuy noopazdeieHutl, OCyuecmesiouux mu
uccneooganus. U yoce ¢ 1988 2. cekmop buonoeuvecxkux

Laboratory of Radiation Biology:
Where Fundamental Sciences Meet

The Joint Institute for Nuclear Research is a unique
international scientific centre, which houses nuclear phys-
ics facilities generating ionizing radiations with different
physical characteristics. For many years, it has attracted
specialists from different countries to conduct fundamental
research not only in physics but also in biology. The Labo-
ratory of Radiation Biology, which celebrated its 20th an-
niversary this year, is engaged in solving fundamental and
applied issues related to the biological effects of ionizing
radiation at the Institute.

JINR's first radiobiological experiments were started
in 1959 at the 6-m proton synchrocyclotron of the Labora-
tory of Nuclear Problems (LNP), where specialists from a
number of institutes of the USSR Ministry of Health later
successfully conducted research on the effect of protons
of different energies on the human body and searched for
the ways to protect cosmonauts from their negative impact
during flights. In 1967, at the initiative of LNP Director,
Corresponding Member of the USSR Academy of Sciences
V. Dzhelepov, the first medical proton beam in the USSR

was produced at this accelerator. In radiobiological ex-
periments conducted on cell cultures and laboratory ani-
mals, the main radiobiological parameters of accelerated
protons were determined, which made it possible to begin
radiation treatment of patients with oncological diseases
just a year later.

Radiobiological research at JINR’s basic facilities
was then successfully developed by the Institute’s own ra-
diobiologists — at the LNP Biological Research Sector,
which was established in 1978 (JINR Order No.3388 of
29 November 1977). The initiator of the establishment of
the Biological Research Sector was Head of the Synchro-
cyclotron Department, Doctor of Physics and Mathematics
V. Danilov. Professor V. Korogodin was invited to lead the
sector, and from 1986 the sector was headed by Professor
E. Krasavin. Later, the expansion of the scope of radiobi-
ological research at JINR’s basic facilities required a re-
structuring of the divisions carrying out the studies. Thus,
in 1988, the Biological Research Sector was transformed




uccreoosanuli Ovln npeobpaszosar 8 omoen OUODUIUKU
(npuxaz no OHAU Ne 248 om 25 mapma 1988 2.).

Iocne ycnewmnoeo npogedenus pabom no yckope-
HUIO mAdCenblX A0ep 00 DelAMUBUCICKUX dHepeull Ha
HyKIOmMpoHe 8 Jlabopamopuu 8blCOKUX dHepIUull U Ha4and
QusuuecKux IKCNEPUMEHMO8 HA HOBOM YCKopumene Ovliu
CHAAHUPOBAHBI PAOUOOUONIOSUYECKUE IKCNEPUMEHINbL HA
NYUKAX BbICOKOIHEP2EMUUHBIX MAdNCEeNbIX UOHO08. [Ipose-
Oenue maxkux pabom mpedo6anio CReyuaIbHbIX CHeKmpo-
MEMPUUECKUX U OOZUMEMPUYECKUX UCCTeO08AHULL NYUKOS
DPENAMUBUCICKUX mAdCenblX A0ep. Bonvuwum onvimom
oannou obracmu obradanu compyoHuxu omoena paou-
AYUOHHBIX UCCTE008AHUL U PAOUAYUOHHOU Oe30NaACHO-
cmu OUAU. JJupexyus OUAU — B.I. Kaowviwesckuii u
A. H. Cucaxan — noodepcana unuyuamugy obwveoute-
HUsL 08YX OMOENL08 8 HOBOE CMPYKIMYPHOE NOOpa3sdeienue
Hucmumyma — Omoenenue paouayuoHHbix u paouoouo-
noeuveckux uccredosanuti (npuxasz no OHAH Ne270 om
27 anpensa 1995 2.).

B 2005 2. no unuyuamuse npogpeccopa E.A. Kpaca-
suHa u npu nododepaicke oupexyuu OUAHN na 6aze Omoerne-
HUSL PAOUAYUOHHBIX U PAOUODUOIOSUYECKUX UCCTE008AHUL
bvL1a coz0ana Hosas, ceovmas rabopamopusi ObveduneH-
Hoeo uncmumyma — Jlabopamopus paouayuoHHo 6uono-
euu (npukaz no OUAN Ne403 om 20 urons 2005 2.). Hu-
PEKMOPOM-0Peanu3amopom 1abopamopuu. cmai OOKmop
ouonoeuueckux nayk npogeccop E. A. Kpacasun. B 2009 e.
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OH OblLl U30pPAH NepeviM OUPEKMOpoM 1abopamopuu Ha
106-11 ceccuu Yuenoco cosema OHAU. Omo cobvimue
ABUNOCH 3AKOHOMEPHBIM Pe3VIbIMAmom OAUHHO20 Nymu
CManoeaenuss 00H020 U3 HANPasieHull PyHOAMeHMaIbHOU
ouonoeuu ¢ OUAU u npusnanuem donvuioeo exiada pa-
0UObUON0208 8 peLeHIe AN CHBIX HAYUHBIX 3A0ay.
Ouesuono, umo paouobuonocus Kaxk MeHcoucyu-
NJIUHAPHASL HAYKA HYHCOAemcsi 8 NO00epicKe (DU3UKOS,
u OHAU 6 smom cmvicie npedocmasisiem YHUKATbHbLE
B03MOJCHOCTU, NOCKONLKY 0011a0aem 6blCOKOK8ANUpUyU-
POBAHHBIMU KAOPAMU, HEODXOOUMOU annapamypou u uiu-
poUatiuUM CNEKMPOM CAMBIX PAZHOODOPAZHBIX UCTNIOYHUKOS
usnyuenuti. Pakmuuecku 6 cmpanax-yiacmuuyax Mnemu-
myma Hem 60/1ee YOOOH020 U (Pu3U4ecKU OCHAUWEHHO20 015
nposedenus paouodUOIOSUECKUX UCCTLEO08AHULL HAYYHOO
yenmpa, yem OMAU. Tlosmomy 6 obaracmu uzyuenus s¢h-
hexmos UOHUBUPYIOWUX USTYYEHUll C PASHbIMU Qu3ude-
cKumMu xapakmepucmuxamu Jlabopamopust paouayuonnotl
ouonocUU ¢ NOTHBIM NPABOM MOJCEN NPemeHdo8amy Ha
JUOEPCMB0 8 OAHHOU HAYYHOU 001acmuU Cpedu HAYYHbIX
opeanuzayuti Poccuu u cmpan-yuacmnuy OHAN.
Hccneoosanusi, 6vinonnenHvle KOLIEKMUBOM 1abopa-
mopuu Ha 06azosvix ycmauoskax MHcmumyma, no3eonunu
pewiums 00OHy U3 YEeHMPATbHBIX 340ay PaouodUONIOSUU —
npobiemy OmHOCUMENbHOU OUONI02UHEeCKOU dPPeKmueHo-
cmu (OBD) usnyuenuii paznoeo kauecmea, Komopas, Kax
ObLIO NOKA3AHO, ONPeOeNsAemcs He MOAbKO (PU3UYECKUMU

into the Biophysics Department (JINR Order No.248 of
25 March 1988).

After the successful acceleration of heavy nuclei to
relativistic energies at the Nuclotron at the Laboratory
of High Energies, and the start of physical experiments
at the new accelerator, radiobiological experiments were
planned at high-energy heavy ion beams. Such work re-
quired special spectrometric and dosimetric studies of
beams of relativistic heavy nuclei. The staff of JINR’s Ra-
diation Research and Radiation Safety Department had
extensive experience in this area. The JINR Directorate,
V. Kadyshevsky and A.Sissakian, supported the initiative
to merge two departments into a new structural division of
the Institute: the Department of Radiation and Radiobio-
logical Research (JINR Order No.270 of 27 April 1995).

In 2005, at the initiative of Professor E. Krasavin and
with support from the JINR Directorate, a new — the sev-
enth — laboratory of the Institute, the Laboratory of Ra-
diation Biology (LRB), was established on the basis of the
Department of Radiation and Radiobiological Research
(JINR Order No. 403 of 20 June 2005). Doctor of Biologi-
cal Sciences Professor E. Krasavin became the Organizing
Director of the Laboratory. In 2009, he was elected the
first Director of the Laboratory at the 106th session of the

JINR Scientific Council. This event was a natural result
of the long path of the formation of one of the sections of
fundamental biology at JINR and recognition of the great
contribution of radiobiologists to the solution of important
scientific problems.

It is obvious that radiobiology as an interdisciplinary
science needs support from physicists, and JINR, in this
regard, provides unique opportunities, since it has highly
qualified personnel, necessary equipment, and the widest
range of the most diverse radiation sources. In fact, no
scientific centre in the JINR Member States is more conve-
nient and physically equipped for conducting radiobiolog-
ical research than JINR. Therefore, in the field of studying
the effects of ionizing radiations with different physical
characteristics, the Laboratory of Radiation Biology can
rightfully claim leadership among the scientific institu-
tions of Russia and the JINR Member States.

The studies carried out by LRB scientists at JINR’s
basic facilities allowed Institute’s specialists to solve one
of the central problems of radiobiology: the problem of
relative biological effectiveness of radiations of different
quality, which, as was shown, is determined not only by
the physical characteristics of a specific radiation but also
by a biological factor — the ability of the cell to repair
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XApakmepucmukamu Uusnyuenus, Ho U OUOI0SUYeCcKUM
Gaxmopom — cnocobHOCmbvIO KIemKi penapuposams no-
epedicoenuss JTHK. Ha ocnose pazeumvlx npedcmasieHuil
ObLIU OeMAIbHO U3YYEeHbl MEXAHUMbL PAOUAYUOHHO-UHOY-
YUPOBAHHO20 MYyMA2eHe3a y K1emoK NPOKapuom u HU3UIUx
YKAPUOM NPU OCUCTNEUU MAICENBIX 3APAACEHHBIX YACHUY.

Cosmecmmo co cneyuanucmamu PAH enepevie 6 mupe
ovLIa npednodcena u 0OOCHOBAHA HOBAS KOHYeNnyus pa-
OUAYUOHHO20 PUCKA 0I5l NUTOTNUPYEMBIX MENCHIAHENHBIX
nonemos (A. U. I pueopves, E. A. Kpacasun, M. A. Ocmpos-
ckutl, 2017 2.), 8 pamkax Komopou paouayuoHHblll PUcK
0151 KOCMOHABIMO8 ONpeOensemcs Oellcmsauem msaxHceiblx
A0ep 2anaKmMu4ecKux KOCMU4ecKux Jjiyyeti npesjcoe 6cezo
Ha CMpPYKMypol YeHmpaibHOU HEPEHOU CUCMeMbl U No-
MEeHYUATbHBIM HaApYUleHUeM ONepamopcKoll OesmenbHo-
cmu dKunasxfcetl.

B nuonepcxux skcnepumenmax, nposedenuvix JIPH
OUAU cosmecmuo ¢ konnecamu uz Tockanckoeo yHugep-
cumema (e. Bumepbo, HUmanus), no obnyuenuro 800HbIX
pacmeopos  PopmMamuoa yCKOPEeHHbIMU NPOMOHAMU U
MHO203APAOHBIMU  UOHAMU 6 HNPUCYMCMEUU Geujecmed
Memeopumos 6 Kawecmee Kamaiuzamopa 6nepevle Ha-
onooancs cunmes OONLULO20 YUCIA NPEOUOTNUYECKUX COe-
OUHEHUIl. AMUHOKUCTION, KapOOHOBbIX KUCIOM, CAXApOs,
HYKJIEUHOBbIX OCHOBAHUL U 0ddce HYKAe03Ud08. Dmil co-
eouHenus panee He ObliU OOHAPYIHCEHDI 8 IKCHEPUMEHMAX
€ 8030€elicmeusMU Opy2oeo mund.
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B 2019 2. 6 nabopamopuu enepguvle npednodicet u 3a-
namenmosan NPUHYUNUAILHO HOGbINL NOOX00 0.l NOBbI-
wienusi 6uono2UYecKoll 3PhekmusHOCmY UOHUSUPYIOUUX
UBYYEHUU ¢ HUSKOU TUHEUHOU nepedayell dHepeuu nymem
npeobpasosanust Heremanvbhwix nogpexcoenuu /[HK ¢ ne-
manvHsie 8 NPUCYMCMEULU ONPedelleHHbIX NPenapamos —
uneubumopos cunmesa JHK. Memoo npodemoncmpu-
POBANL BbICOKYVIO IPhekmueHocms 6 IKCHePUMEHmax Ha
DPA3TUYHBIX KYIbIYPAX ONYX0Le8biX KI1emoK u 1abopamop-
HBIX JHCUBOMHBIX C NPUBUMBIMU ONYXOJAMU, YMO Oeldem
€20 OYeHb NepCneKmuHbIM O PaoUayUOHHOU mepanuu
C UCNONb308AHUEM NYUKO8 NPOMOHO8 U 2AMMA-KEAHMO8.

B 2022 2. gsedena 6 sxcnayamayuio nepeas 6a308ast
yemauoska aabopamopuu — cucmema 0718 npeyusuoHHo-
20 PEHM2EHOBCKO20 00YUeHUs 1aDOPAMOPHBIX HCUBONI-
noix SARRP (Small Animal Radiation Research Platform).
Oueguono, umo CnUcox yCmaHoB8OK He 0SPAHUYUBAENC sl
MONBKO UHGPACMPYKMYpol camoul iabopamopuut, 8e0yn-
€5l UCCTe008AHUSL HA BCEX KPYNHBIX ycKopumenax Mucemu-
myma — Ha npukiaoHvix Kanarax ARIADNA xomniex-
ca NICA & Jlabopamopuu ¢husuxu 6blcOKUX dHepeull, Ha
yukrompone Y-400M Jlabopamopuu si0epuvix peaxyuil,
Ha auneunom ycxkopumene Jlunax-200 Jlabopamopuu
A0epHbIX npobnem. AKMuHo UCNONbL3VIOMCA  pecypcyl
Mnozoynryuonansnoeo undopmayuonHo-8bIyUCIUmMENb-
HO20 Komnaexca Jlabopamopuu uH@dopmayuoHHbIX MexHo-
noeutl. B bnuscatiwem 0yoyujem HauHymcs uccie0o8aHus

DNA damage. Based on the developed concepts, the mech-
anisms of radiation-induced mutagenesis in prokaryotic
and lower eukaryotic cells after exposure to accelerated
heavy charged particles were studied in detail.

Jointly with specialists from RAS, an original con-
cept of radiation risk for manned interplanetary flights
was proposed and justified, in which, for the first time, the
radiation risk for cosmonauts was mainly determined by
the effect of heavy nuclei of galactic cosmic rays on struc-
tures of the central nervous system, resulting in potential
impairment of the crews’ operator activity (A.Grigoriev,
E. Krasavin, and M. Ostrovsky, 2017).

In pioneering experiments conducted by LRB scien-
tists together with colleagues from the University of Tus-
cia (Viterbo, Italy) on the irradiation of aqueous solutions
of formamide with accelerated protons and multicharged
ions in the presence of meteoritic material as a catalyst,
the synthesis of a large number of prebiotic compounds
was observed for the first time: amino acids, carboxylic
acids, sugars, nucleic bases, and even nucleosides. These
compounds had not previously been detected in experi-
ments with other types of exposure.

In 2019, the Laboratory of Radiation Biology pro-
posed and patented a fundamentally new approach to in-

crease the biological effectiveness of ionizing radiations
with low linear energy transfer by conversion of nonlethal
DNA damage to lethal damage in the presence of certain
drugs — DNA synthesis inhibitors. The method demon-
strated high effectiveness in experiments on different can-
cer cell cultures and laboratory animals with transplanted
tumours, which makes it very promising for radiation ther-
apy with proton and y-ray beams.

In 2022, the LRB first basic facility was commis-
sioned: a SARRP (Small Animal Radiation Research
Platform) system for precise X-irradiation of laboratory
animals. Obviously, the list of experimental facilities is
not limited to resources of the Laboratory itself. LRB sci-
entists conduct research at all JINR's major accelerators:
ARIADNA applied channels of the NICA complex at the
Laboratory of High Energy Physics, the U-400M cyclotron
at the Laboratory of Nuclear Reactions, and the Linac-200
linear accelerator at the Laboratory of Nuclear Problems.
The Multifunctional Information and Computing Complex
of the Laboratory of Information Technologies is active-
ly used. In the near future, research will begin at neutron
beams at the Laboratory of Neutron Physics and at the
new MCS-230 medical proton accelerator at the Labora-
tory of Nuclear Problems.
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Ha nyuxax xeumponos 8 Jlabopamopuu HeumpoHHOU
Qu3suKU U HA HOBOM MEOUYUHCKOM YCKOpUumene npomo-
Hoe MCIL]-230 6 Jlabopamopuu sdeprbvix npooiem.

Ceeoonss Jlabopamopusi paouayuonnou 6uono-
euu ygepenno cmompum 6 6yoyuee. Ona cmana yen-
MpPoM NPUMANCEHUSL O MOLOOEHCU U 3PENblX YUEHbIX
U3 PA3HBIX CIMPAH, NPEOCMABIAIOUIUX MEHCOYHAPOOHBLE
Konrabopayuu. Bnepeou noevie eopuzonmer — yue-
HbIM-PA0UOOUONI02aM NPedCmoum HOUCK —peuleHull
@ynoamenmanvnelx npobrem, Makux Kax ycmauose-
HUe UHMeZPAMUBHBIX 83AUMOCEA3El PAOUAYUOHHO-UN-
OYYUPOBANHBIX I Pekmos na pasHwvlX YPOsHAX OU0I0-
2UYECKOU Op2aHu3ayuu. MONEKVIAPHOM, KIemOYHOM,
MKAHE8OM U OP2AHUSMEHHOM NpU 0eliCmeul u3Iy4eHull
C PA3HBIMU XAPAKMEPUCMUKAMU, A4 MAKIHCE BbIAGTICHUE
Mexanusmog Oeticmeus paouayuu Ha evlcuiue unme-
epamusHble QYHKYUU YeHmpaibHol HepeHOU cucme-
Mbl U pasgumue Helpooe2eHepamuHvlx 3a001e6aHuUl.
Ocoboe guumanue Oyoem yoeneHo u NPaAKMU4ecKuM
NPUNIONCEHUAM — PA3PAOONIKE HOBbIX MEMOO08 NOGbl-
wienus 3¢gexmusHocmu 1y4esol U paoUOHYKIUOHOU
mepanuu 310KauecmseeHHbIX HO8000PA308aHUll, OYeH-
Kam paouayuoHHbIX pUCKO8 OISl PA3IUYHBIX CYEHAPUEs
RUIOMUPYEMBIX KOCMUYECKUX NONemos8 u npu padbome
8 CMEWAHNbIX PAOUAYUOHHBIX NOTIAX.

Today, the Laboratory of Radiation Biology looks
confidently into the future. It has become a centre of
attraction for young and mature scientists from differ-
ent countries representing international collaborations.
New horizons lie ahead: radiobiologists will have to find
solutions to fundamental problems, such as establish-
ing integrative relationships between radiation-induced
effects at different levels of biological organization —
molecular, cellular, tissue, and organismal — after ex-
posure to radiations with different characteristics, as
well as identifying the mechanisms of radiation action
on higher integrative functions of the central nervous
system and the development of neurodegenerative dis-
eases. Special attention will be paid to practical appli-
cations, including the development of new methods to
improve the effectiveness of radiation and radionuclide
therapy for malignant neoplasms and radiation risk as-
sessments for various scenarios of manned space flights
and for work in mixed radiation fields.



