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OPENING ADDRESS

V.G.Kadyshevsky

Director of the Joint Institute for Nuclear Research

Dear Members of the Scientific Council, Honorary guests, Colleagues,
Ladies and Gentlemen,

Let me open the round-table discussion dedicated to different aspects of cooperation
of JINR with scientific centres, universities and organizations of Poland.

The present meeting is included into the agenda of the 89th session of the Scientific
Council of the Joint Institute for Nuclear Research in accordance with your
recommendation made a year ago after the results of the round-table discussion
dedicated to the JINR cooperation with Russian institutions. Academician Hrynkiewicz
suggested a round-table discussion «Poland—JINR», and today the idea is being realized.
The exhibition, which we opened today in the morning with Professor Niewodniczanski,
can be regarded as a prologue to the present round-table discussion. In the exhibited
pictures we could gladly see a lot of our Polish colleagues.

I think it is natural that Poland became the first Member State about whom we start
our discussion in the new century and new millennium.

Poland has played a great role in the foundation of JINR. Poland has been a Member
State of the Joint Institute for Nuclear Research from 1956. Since the very first days of
JINR’s existence Poland has been taking the most active part in the Institute activities
and in its governing bodies. A prominent Polish scientist Corresponding Member of the
Academy of Sciences of Poland Marian Danysz was a member of the first JINR
Directorate.

Poland forwarded outstanding scientists to the governing bodies of the Institute.
First Scientific Councils of JINR included Professor M. Danysz, Professor A. Soltan,
Academician H. Niewodniczanski, and Academician L. Infeld.

Today the names of many of these scientists are kept in the alleys on the JINR’s sites.
You may find the alleys after M. Danysz and L. Infeld on the territory of the High Energy
Laboratory, and H. Niewodniczanski’s alley at the Laboratory of Nuclear Problems’ site.

Two Polish physicists were elected on the alternative basis to the first international
Scientific Council, which was established at the session of the Committee of
Plenipotentiaries in March 1993. The present Scientific Council represents Polish
scientists on a wider scale. These are Academicians A. Hrynkiewicz, R. Sosnowski,
J. Janik and A. Budzanowski. I would like to stress the fact that the number of Polish
members of the present Scientific Council is on the second place, after that of Russia.
Poland was among the initiators of the 90s changes and reforms in the Joint Institute. The



role of Academician A. Hrynkiewicz, who was the Plenipotentiary of Poland to JINR, is
immense.

The Institute Directorate is grateful to Academician A. Hrynkiewicz for his constant
attention to the needs of the Joint Institute, for his great efforts in the development of our
cooperation with Polish scientific centres and universities.

Dubna physicists have wide contacts with Polish scientists. Today we keep close ties
with 35 scientific organizations in Poland (including 7 universities) on 28 scientific
topics in all directions of the JINR activities. The geography of this cooperation is all
Poland.

Many forums may be mentioned here where the cooperation of Dubna and Polish
physicists was the topic of discussions and presentations. [ would like to say a few words
about the exhibition «People near the atomy, which took place in the Warsaw Museum
of Science and Technology from 25 November to 8§ December 1996.

The exhibition reflected the history of the cooperation of the Joint Institute with
Polish centres since the moment of the Institute’s establishment.

At the opening of the exhibition [ heard the remarkable words addressed to JINR and
pronounced by the President of the National Atomic Energy Agency of Poland Professor
J. Niewodniczanski: «Our common Joint Institute on the Volga banky.

I think these words may become the motto of our present round-table discussion.

In conclusion I would like to mark the following: we expect the today’s discussion
will promote further successful development of the cooperation of JINR with Polish
scientists, physicists from other Member States, with all partners of the Joint Institute
from different corners of the world.



ITIOJIBIITA B OBPBEJUHEHHOM MHCTUTYTE
AOEPHBIX UCCJETJOBAHUN

A.XpbIHKEeBUY

ITomaomounsiit [IpeacraBuTens npasurenbeTBa PII B OUAN

YBaskaeMblil TOCIIOIUH TIPEICEIaTeNb, YBaXKaeMbIe KOJIIeTH!

B Moem BCTyHHTENIbHOM CIIOBE XO4Y B C)KaTOW (popMme MpencTaBuTh BaM ydacTHe
[OJIbCKUX HAyYHbIX LIEHTPOB M MOJBCKUX COTPYAHHUKOB B JiesiTeIbHOCTH OObeaNHEH-
HOTI'0 MHCTUTYTA SAEPHBIX UCCIIEJOBAHHM.

B 1956 r. Ilonbma 6buta oxHoM U3 11 crpan-co3aareneit OObeIMHEHHOIO UHCTH-
tyta (AnGanus, bomrapus, Beurpus, I'/IP, Kuraii, KHIP, Monronus, [lonpmia,
Pymeramns, CCCP, UexocnoBakus).

B cocraBe nepBoii qupekiun OOBEANHEHHOTO MHCTHTYTA MOCT BHILE-IUPEKTOpa
3aHUMaJl 3HAMEHUTBIN MosIbcKuil yuenslid Mapuan Jlanbim (1956—-1958 rr.). B mocne-
nyromue rojel Bute-aupextopamu OV ot [onbim Obimu:

* Aumkeit XpoerakeBud (1966—1968),

* MeuncnaB Counckuit (1977-1981).

[lonbckue y4yeHble 3aHUMAIM TaKKe IOCTHI 3aMECTHTENICH TUPEKTOPOB Jiabopa-
Topuit OUSAU:

* 3ourHeB Crpyransckuii (JIBD),

* Exxu baptke (JIBD),

* CnaBomup XoitHauxwuii (JISIP),

* I'enpux Jluzypett (JIAID),

» OnBapa Kamycruk (JITD),

* Upeneym Harkanen (JIH®),

* Anekcannep llonsuckuit (JIUT),

1 OBLIM IIpeJcenaTeIsiMi HayYHbIX KOMUTETOB!

* AHjpxell XpbhIHKEBUY,

* Exu SHuKk,

» Kmmmmrod Peibuiikni,

e [TmrempiciiaB 3eMHCKUM,

o Su XKunuy.

[lepeiM mpencenarenem lIporpammuo-koHcynsTaTBHOTO Komutera (ITIKK) mo
siepHoit Gu3uke ObuT M30paH AHmKel bya3aHOBCKHIA.

B cocraB Yuenoro coBera OUSIM Bxoaunm u3BeCTHBIE MOIBCKNE YUeHble: MapraH
Hanwm, Jleomonsn Uuadensa, ['eapux HeBogamuanckwii u Aumxeit Conras.



B nacrosimee Bpems uneHamu Yuenoro copeta OMAU sBnstoTes:

* Anmpkeit bynzanosckui,

* AHpkeil XpbhIHKEBUY,

* Exxn SIHUK,

¢ Periiapg CocHOBCKUIA.

B nayuHO# M TexHHueckoil nestenbHOCTH OOBEINHEHHOTO MHCTUTYTA SIEPHBIX
WCCIIeJIOBAaHNN TIPUHUMAIOT Y4aCTHE:

* 10 moyibcKUX BY30B,

* 5 UHCTUTYTOB ['OCYJapCTBEHHOr0 areHTCTBA O aToMHOM sHepruu PII,

* 3 uncruryTa [loabckoi akageMuun HayK.

B Teuenue 19562000 rr. Ha monrocpounyio padory B OUSUN (Gonee mrectu
Mecs1eB) ObuTH HarpaBiieHbl 470 MOIBCKUX COTPYAHUKOB. Ha ocCHOBaHMY pe3yIbTaToB,
nonryueHHbIX B JlyOHe, 104 u3 Hux 3ammtiin B [lonbie kKaHARIATCKUE AUCCePTALINH, a
47 — MOKTOPCKHE TUCCEPTALUH.

Kpome monrocpouyHbIX KOMaHAWPOBOK, IIOJIBCKHE COTPYAHUKH TPUE3KAIA B
OU SN st mpoBeieHNs SKCTIEPUMEHTOB, 00CYKICHHSI UTOTOB COBMECTHBIX Pa0OT, IS
y4acTusi B KOH(QEPEHIHSIX 1 COBEIIaHUAX, OPTraHN30BaHHBIX B [{yOHe.

B mocrnennee Bpems B TedeHHE roja ¢ TaKUMH KpaTKUMH Bu3uTamu B [lyOHY B
CpeIHeM TpHUe3XKaIo OKoio 60 Hay4YHBIX COTPYAHHUKOB OOIIMM KOJUYECTBOM
800 uenoBeko-aHEW B Toj. bosee moapoOHO 3TH TaHHBIE IPEICTaBIEHBI B Ta0M. 1.

Tabnuya 1. KpaTkocpouHble KOMaHIHPOBKH

T'on KonnuecTBo yueHbIX YenoBeko-1HU
1998 52 764
1999 58 783
2000 63 839

['maBHBIE Hay4YHBIE HANIPABIEHUs, pealn30BaHHbIe B Jaboparopusx OUAU, yuac-
THEM B KOTOPBIX 3aWHTEPECOBAHBI ITOJILCKUE HAyYHbIE [IEHTPHI, TPEICTABICHBI B Ta0. 2.

Tabnuya 2
HayuHnoe HanpaBnenue Sautepeco-
BaHHOCTHb

»  DusuKa TSKEIbIX HOHOB 32%
»  @du3KKa KOHICHCUPOBAHHBIX CPEJl 31%
* BrunciuTenbHas GU3MKa U TEXHUKA 14 %
» Teopernueckas pusnka 10 %
» PensruBucrckas suepHas Gpusnka 6 %
* Pajuonorus v pagoMeMIuHa 4%

3%

* Hei#itponnas sinepHasi pusuka




Bompocamu corpyaandectBa ¢ O0beIMHEHHBIM HHCTUTYTOM SIJIEPHBIX UCCIIE- J0-
BaHui B [losbie 3aanmaercst komuccust CoBeTa 110 aTOMHOHN SHEPTHH, B pad0Tax KOTO-
POl IPUHUMAIOT y4acTHE MPEACTABUTENM MOJbCKUX HAay4YHBIX LEHTpoB. Kommuccus
00Cy’KIaeT HanpaBIIeHHs COTPYAHUYECTBA, YTBEPKIAAET JOJITOCPOUHBIE KOMaHIUPOBKH
MOJIbCKUX HAyUYHBIX COTPYIHUKOB B OVSU u oulieHMBAET UTOTM UX HAYYHOU NEATEINb-
Hoctu. Komuccns 3aHMMaeTCsl TaKKe pacipeeieHneM CpeCTB 10 (PMHAHCUPOBAHUIO
rpantoB [lonnomounoro [IpeacTaBuTens U COBMECTHBIX IPOrpamMM, OCYIIECTBIISIEMbIX
MOJIbCKO-TyOHEHCKUMU HaYYHBIMH IPYIITIAMA U KOJUTA0OPAIHSIMH.

Komuccust o corpyauuuectBy ¢ OMSU BeipaboTaiia cTpaTeruto CoOTpyIHUYECTBA
MOJILCKUX HAY4YHBIX IEHTPOB ¢ OOBEAMHEHHBIM HHCTUTYTOM, KOTOpPAas CBOIUTCS K
TOMY, YTO KOJINYECTBO MMOCTOSIHHO Pa0OTAIONINX MOIBCKUX COTPYAHUKOB B JlyOHe He
JIOJKHO MPEBBIMATh 15-20 yenoBek. DTO Tak Ha3bIBAEMbIC «PE3UACHTHI», KOTOPHIC 3a-
HUMAIOTCS] COBEPLICHCTBOBAHMEM M3MEPUTEIHLHON anmnapaTypbl, HAOJIIOAAI0T 32 ee COo-
CTOSIHMEM U TOJTrOTaBIMBAIOT YKCIIEPUMEHTHI. B cormacoBannoe Bpems u3 llompinu B
naboparopun OUSAU B kpaTkocpouHble KOMaHIUPOBKU Ha 10—15 mHel mpueskaioT
CHEIMATUCTHI JUIS POBEICHHUS KCIIEPUMEHTOB. OOpabOTKa MOTYYCHHBIX PE3yJIbTATOB
u nogaroroBka myonukanuii 8 OVSN u B [lonbiiie BBIMOIHSAIOTCS C MCIIOJIB30BAHUEM
KOMIIBIOTEPHOH CBSI3H.

Paznmuunbie aciekTsl coTpyaaundectsa [lomsimu ¢ OSSN wmrocTpupytot Taor. 3,4.

B nepBoii u3 HuX nokazansl JaHHble 3a nepuoa 1995-2000 rr. no:

* B3HOCY llonbiu B 610mxer OUSAN,

* KOJIMYECTBY HAYUYHBIX COTPYAHUKOB U3 I1oyibIy, HApaBIEHHBIX Ha

JIOJITOCPOYHYIO PaboTy,
* KOJIMYECTBY HAYYHBIX MyOIHKAIMN B MEX/[yHAPOTHBIX KypHAIIaX,
* KOJIMYECTBY JIOKJIAJIOB HAa MEXK/IYHAPOIHBIX KOH()EPCHIIUAX.

Tabnuya 3. Janubie 00 yuyactuu Ioasmm B OUSIN

Tox B3O, ThIC. IOJLL. KonmnuecTBo Hay4YHBIX KOJII/I‘IGCTB? KomnuuectBo
COTPYAHUKOB My OIMKaIHid JOKJIaI0B

1995 1310 19 45 6

1996 1472 19 53 13

1997 1590 19 46 6

1998 1811 20 57 14
1999 1838 19 58 12
2000 1799 18 — —

[Tonbckuit B3HOC B OUSAU pacnpenensercs ciaeayromuM 00pa3om:
* 3apaboTHAas IJIaTa MOJIbCKUX COTPYAHUKOB — 15%,

* Hay4Has JesTeNbHOCTh B Jlyone — 35%,

* MexKayHapoaHoe cotpyaandectso OSSN — 20%,



* rpanThl [TonmHomouHoro ITpencrasurens — 10%,
* COBMECTHBIE Hay4HbI€ porpaMMbel — 20%.
B tabm. 4 npencraBneHo puHAHCHPOBAaHUE TPAHTOB U mporpamm 3a 1997-2000 rr.

Tabnuya 4. T'paHTBI M COBMECTHBIE MPOEKTHI

I'panTh! [IpoekTsl
Tox Boiaenennoe Boinenennoe
Konunuectso (uHAHCHpOBaHUE, Konnuectso (uHAHCHpOBaHUE,
TBIC. JOJLIL. TBIC. JOJLIL.
1997 14 240 — —
1998 14 125 11 325
1999 15 120 10 210
2000 13 140 16 300
Bceero 625 835

Ceropansi, mociie BeICTyIUIeHHS Tpodeccopa Exxu HeBomnnuanckoro — mpencena-
Tens ['oCylapCcTBEHHOrO areHTCTBAa 10 aTOMHOM JHEPIMM, COIVIACHO IIOBECTKE JHS
VYdeHoro coBeTa ero y4acTHUKH 3aCITyIIAIOT IECITh JOKIIAI0B PUIIIalIeHHBIX B JlyOHY
YYaCTHUKOB COBMECTHBIX IIPOTPaMM, KOTOPBIE BBITTONHAIOTCS coTpyauukamu OUAN u
[IOJIbCKUX HAYYHBIX LICHTPOB.



SPEECH OF WELCOME

J.Niewodniczanski
President of the National Atomic Energy Agency, Poland

Mr. Chairman — Academician Kadyshevsky,
Ladies and Gentlemen,

First of all I would like to express my appreciation for inviting me to this meeting of
the JINR Scientific Council. This is the second time I have the opportunity to participate
at the deliberations of this Body; for me — having also been a regular member of the
CERN Council since 1992 — to be here today is really a very interesting experience.

For such a country like Poland it is practically impossible to perform any frontal
experiments in physics using only our own facilities. Therefore, it is so essential for our
scientists to participate in international research programmes, using facilities not
available in Poland. The best form of such a participation is a membership of
international scientific organizations, like CERN in Geneva or JINR in Dubna. We are
very happy to be members of those two institutions and to be able through that to use
their unique installations and to collaborate with their staff members.

[ try to avoid a word «cooperation» in case of Polish involvement in the programmes
of JINR or CERN; being the member of a family you cannot cooperate with this family,
but you try to be present in all its activities. So I believe that instead of the expression
«cooperation» in the title of our discussions dealing with relations between Poland and
JINR, the word «presence» (of Polish groups in the JINR laboratories and programmes)
should be rather used.

Being the members of JINR and CERN costs quite big amount of money. We do
whatever we can to fulfil our financial obligations and so far we have paid all our
contributions in full. Since both contributions come from the same part of our budget and
both are connected with the research in «subatomic» physics, we would like to justify
our presence in these institutions by the opportunity to apply their unique installations to
study different in both cases scientific topics. Therefore, we are not very happy when
either the programmes or research teams overlap and our contributions paid to CERN
and JINR are partly used to cover costs of the same scientific tasks. We feel that here in
Dubna there are such interesting facilities, research topics and — especially — people to
work with that our financial obligations have to be devoted entirely to the programmes
which cannot be performed at CERN.

Today we have opened an exhibition on Poles present here in JINR laboratories and
on Polish institutes and universities cooperating with Dubna. At this exhibition we could
see pictures of people and their working places. Now at the next part of our meeting we



are going to listen to the presentations on their programmes and on the results obtained.
So it will be a natural extension of that exhibition, from faces to brains, from laboratories
to scientific results. I am quite convinced that an outcome of that meeting will
demonstrate benefits of Polish science from our presence in JINR and of the Institute
from our contribution to its programmes.
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THE MEDICAL CYCLOTRON AIC-144
AT THE HENRYK NIEWODNICZANSKI
INSTITUTE OF NUCLEAR PHYSICS

A.Budzanowski

Institute of Nuclear Physics, Cracow, Poland

The proton isochronous cyclotron with the diameter of the main magnet pole pieces
of 144 cm was conceived during early 70s in the Accelerator Division of the Dzelepov
Laboratory for Nuclear Problems of JINR. Although it is almost impossible to trace back
all the story of this cyclotron until the very beginning, we should mention that its main
parameters were designed so that it could be constructed using the SP-44W
electromagnet of the U-120 classical cyclotron which has been in operation in the
Institute since 1958. The authors of the first idea and first design were Drs J.Schwabe,
V.P.Dmitrievsky, A.A.Glazov, V.V .Kolga, and N.L.Zaplatin.

Atthe end of 70s it became clear that the Institute of Nuclear Physics in Cracow will
not get money to buy a commercial isochronous cyclotron of the new generation so the
decision was taken to start the construction of the proton cyclotron using the existing at
DLNP project. This defined the basic parameters of the new machine: diameter of the
pole pieces of 144 cm, one dee, the shape of the spiral magnetic field structure and the
range of values of the K factor 37 < K < 60. It was also decided to build a new yoke, to
keep continuous exploitation of the U-120 cyclotron for fast neutron tumour therapy and
radioactive isotope production. Consequently the prototype of the new cyclotron was
assembled and tested on a provisional experimental stand located outside the radiation
shield of the U-120 cyclotron. The process of manufacturing and testing of the prototype
of the new cyclotron was performed under the guidance of Dr J.Schwabe. It started in
1981 and ended up in 1992 with the extraction of the 19 MeV deuteron and 36 MeV
alpha particle beams.

Radiative hazard precluded further tests of the beam extraction system and the
decision was to pass the AIC-144 cyclotron to the exploitation team. This team consisted
mostly of the former operators of the U-120 cyclotron as well as members of Dr
J.Schwabe’s group. Working under the leadership of M.Sc. Eng. E.Bakewicz it had to
perform the following tasks: dismantling the U-120 cyclotron, dismantling the prototype
of the AIC-144 cyclotron, reinstalling the AIC-144 cyclotron on the working stand
inside the radiation shielding, installing and putting into operation a new RF variable
frequency generator bought from the TIRA factory in St.Petersburg, constructing,
manufacturing and installing the new beam extraction system including two electrostatic
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deflectors, 3 magnetic channels and additional harmonic coils. It should be mentioned at
this point that the reinstallation operation allowed one to modernize several parts of the
AIC-144 including the water cooling system as well as removal of some faults like, e.g.,
some irregularities found in the internal parts of spirals which were due to lack of the
strict control of the shape by the manufacturer. The extraction system was based on the
principle of induced beam orbits, precession was designed by Dr S.B.Vorojtsov from the
Accelerator Division of the DLNP. In June 2000, a beam of protons with the energy of
35 MeV was extracted. The transmission of the main electrostatic deflector of 50 % was
achieved. This value can be considered as a remarkable one taking into account a small
distance between last subsequent proton orbits about 0.5mm. The important contribution
of the specialists from the Accelerator Division of DNLP, namely Drs N.A.Morozov,
E.V.Samsonov and N.G.Shakun to the job of putting into operation the whole beam
extraction system is noted. The main parameters of the AIC-144 cyclotron are listed in
Table 1.

Table 1. Main parameters of the AIC-144 cyclotron

1. Pole diameter 144 cm
2. Magnetic structure 4 spirals with angles from 45 to 54°
3. Average magnetic field 8.5-18 kGs
4. Main magnet current 0-700 A
5. Number of concentric coils 20
6. Number of valley coils 4
7. Range of the concentric coils current +400 A
8. Number of dees 1 (¢=180°)
9. Range of the RF generator 10-27 MHz
10. Output power of the RF generator 120 kW
11. Dee voltage (amplitude) max. 50 kV
12. Extraction system 2 electrostatic deflectors,
(the precession method) 2 magnetic channels (passive),
1 electromagnetic channel,
4 harmonic coils
13. Efficiency of extraction up to 70%
14. Ion source internal, PIG type
15. Acceleration factor K =60
16. Energy ranges protons: 20-60 MeV,

deuterons: 15-30 MeV,
a-particles: 30—60 MeV

The radioisotopes obtained so far by using proton and alpha beams from AIC-144
are listed in Table 2.
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Table 2. Radioisotopes produced by the AIC-144 cyclotron (1998-2000)

Nuclear reaction Beam Current Irradiation time
910%Ry (p, n) *'Rh p 12 MeV 3uA 20h
864N (p,xn) P'Co p 30 MeV 2uA 1h

"B n''C p 10 MeV 3uA 1h
3817y h (ar, xn) " PHE a 28 MeV 5uA 24 h
"“Ag (a, 20) M'In a 28 MeV 1 uA 10h
"“Ag (a,2n) "''In a 28 MeV 1uA 10h

"B n''C p 10 MeV 3uA 0.5h

The nearest future of AIC-144 looks as follows. By June 2001 the proton beam at
the energy of 45 MeV should be extracted. The beam will be then guided by a system of
dipole magnets and quadrupole lenses to the position where the proton eye therapy
should take place. The increase of the beam energy to the top value of 60 MeV is planned
by the end of 2001. The beginning of the proton eye therapy is expected at the end of
2002.

The plans for the far future are to install the post-accelerator of the linear booster
type (LIBO) a prototype of which is being tested by Ugo Amaldi’s group at the Catania
Cyclotrone facility. This will allow one to increase the proton energy from 60 to
200 MeV what will open the way to the full-body proton therapy of malignant tumors.

In Fig.1 the general view of the AIC-144 cyclotron is shown. The scheme of the
beam extraction system is presented in Fig.2. General outlook of the beam distribution
system is given in Fig. 3.

Fig. 1. Cyclotron AIC-144
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Finally it should be mentioned that since 1992 the AIC-144 cyclotron project was
financially supported by special investment grants from State Committee for Scientific
Research and National Atomic Energy Agency. As can be seen the Medical Cyclotron
Project perfectly fits into the scheme of financing of the so-called Hrynkiewicz’s
programmes. I should acknowledge the support obtained so far on this way and express
my wish to extend for the coming years the cooperation with JINR laboratories
particularly with DLNP and FLNP.
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THREE-PARTIES COOPERATION:
INP (CRACOW), IFE (KJELLER, NORWAY)
AND JINR (DUBNA), ON NEUTRON SCATTERING
IN MOLECULAR MATERIALS

J.A.Janik

Henryk Niewodniczanski Institute of Nuclear Physics, Cracow, Poland

After the IBR-1 pulsed reactor was started, the Institute of Nuclear Physics (INP) in
Cracow contributed to its instrumentation by constructing a spectrometer for measuring
the neutron spectra, which informed about the phonon dynamics in hydrogen containing
materials. Later on these studies were extended on neutron diffraction performed by the
time-of-flight method well suited for the pulse source. In this way the instrumental basis
was created. Further achievements of this basis were the spectrometers KD-SOG and
NERA.

The three-parties cooperation is functioning with the following division of tasks:
IPN is responsible for samples and knowledge of their basic properties concerning
phases and phase transitions, which may be obtained from the scanning calorimetry,
adiabatic calorimetry, polarization microscopy, and IR Fourier spectroscopy. Institute
for Energiteknikk (IFE) provides the possibilities of neutron scattering measurements
via the time-of-flight spectrometer (TOF) operating in the «direct» geometry. The Joint
Institute for Nuclear Research (JINR) provides the possibilities of neutron scattering
measurements via the time-of-flight spectrometer NERA operating in the «inverted»
geometry.

The strategy of these joint efforts is the following: After a basic information
concerning sample has been obtained at INP, we carry out neutron scattering
measurements at [FE, where we have at our disposal a practically unlimited time, but low
neutron intensity and a «wide» line of incoming neutron wavelength (HWHM equals
130 peV). Selected aspects (as the most important) — temperatures, momentum
transfers, etc. — are then being measured at JINR, in frame of users policy, i.e., via
applying for time on the NERA spectrometer. Time of measurements is of course limited
to ca. 2 weeks per year. Here we have at our disposal the simultaneous phase control (via
diffraction) and a high neutron intensity plus a «narrow» line of neutron wavelength
(HWHM may be as 30 ueV).

Financing of the project from the Polish contribution to JINR makes it possible to
cover part of travel costs and per diem of persons involved in the cooperation.
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Fig. 1. Schematic view of the 5*CB molecule

As an example of research carried out in
frame of this project let me briefly present the
study of low energy part of the atomic
dynamics in glasses — as compared with the
crystal phase [1]. The substance chosen for

this example is the co-called 5*CB (Fig. 1)

which exhibits the cholesteric phase. On
cooling below 210 K one obtains the «cholesteric» glass. On heating then one obtains
two crystalline forms: a metastable (I) and a stable (II) one. This information was
obtained at INP via the scanning and adiabatic calorimetry.

At IFE (Norway) we obtained an evidence of the so-called «boson peak»
characteristic for the glass. Figure 2 shows this result for six temperatures scaled via the
«Bose scaling» to 100 K. We may say that the scaling is satisfactory, but there is a great
scatter of points due to a low neutron intensity at the Norwegian reactor.

At JINR it was possible to get results of a much better quality which made it possible
to express them in the form of density of excited states for the glass, crystal I and crystal
II (Fig. 3). After subtracting the results of crystal I, from those of glass we obtained the
«boson peak» which in this case is composed of two maxima (Fig. 4). It was impossible
to obtain this interesting feature via the neutron measurements in Norway.
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Fig. 2. «Bose scaling» of neutron scattering data obtained at IFE (Norway)
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THEORETICAL AND EXPERIMENTAL STUDIES
ON ACCELERATOR-DRIVEN SYSTEMS
FOR TRANSMUTATION OF NUCLEAR WASTE
(Cooperation JINR, Dubna—UMM, Cracow)

S.Taczanowski

University of Mining & Metallurgy, Faculty
of Physics and Nuclear Techniques, Cracow, Poland

Introduction

The title of the present contribution to the round table «Poland in JINR» is at the
same time the title and thus the subject of the cooperation agreement between the JINR,
Dubna and the University of Mining & Metallurgy (UMM), Cracow. More precisely, the
Department of Energy Problems at the Faculty of Physics and Nuclear Techniques of
UMM is the group carrying out the respective studies. This direction of research
deserves a still stronger support whereas simultancously some misinterpretations
regarding it can be felt, thus giving rise to a need of some clarification. The content of the
paper tries to meet these demands, while providing a comprehensive substantiation and
explanation of the research in question.

Premises of the Research Subject

The global inventory of civilian spent nuclear fuel (including the reprocessed
fraction) amounts to over 200 000 tn [1] that contain nearly 4 000 tn of fissile nuclides.
The amount of actinide waste of military origin (mainly either depleted or weakly
burned-up uranium from dedicated reactors supplying weapons-grade Pu) may even
triple this quantity [2]. Here, the energy content of actinides (200 MeV/1 atom) equal to a
striking number of 2:10% J contained in the global (civilian only) inventory. This
quantity is equal to the consumption of energy (at present rate) in all forms by the whole
humankind during 50 years. To bury such enormous amount of energy would be really
deplorable. Much more rational and responsible in regard to present and future
generations is to work out a technology that will assure safe utilization of this waste.

Simultaneously, it should be reminded that only fissioning is a definitive way of
getting rid of radiotoxic actinides, since the fission products are stable (major part)
whereas the rest in general — much shorter lived. Thus, the transmutation (or
incineration) of spent nuclear fuel is inseparable from energy release, at the rate
= 1 tn/2500 MW, yr. These numbers show the scale of the problem and the size of
needed devices.
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In addition one may hope that a possibility of definitive destruction of nuclear waste
may positively influence the public attitude towards nuclear energy thus adding an
important social value to this research.

Explanations

In connection with this subject of studies a series of questions may appear. This form
of questions and answers will be maintained.

How is the actinide waste generated?

The answer is given in Fig. 1.

It is worth to notice that in result of neutron absorptions, parallel to fissioning some
nuclides are transmuted into heavier Minor Actinides (MA), namely into highly
radiotoxic transplutonics Am and Cm. Therefore, a completely closed fuel cycle, i.e.,
permanent recycling, is a very difficult task.

What does a transmutation system consist of?

The main parts of such a system are sketched in Fig. 2.

It can be noticed that a complete transmutation system in addition to accelerator in
general requires the fundamental units of power production (subcritical assembly) and of
the fuel cycle (radiochemical reprocessing).

Why is a subcritical system needed?

Let us assume the proton beam: 10 mA, 1 GeV 10 mA - ~ 6-10'° p/s -
~2-10* p/a = ~ 0.8 kg/a*(fissions/proton). In view of the needs of actinide destruction
expressed in thousands of tonnes, the effect of beam alone is absolutely insufficient and a
necessity of utilization not only of secondary or tertiary processes, but also of a whole
multiplication chain arises.

160 d 150 a 18 a 9300 a 4000 a
Cm 242 —= 243 —= 244 246
430a \503,16h 79003\ 10h
Am 241 —— 243

88a 2410 % 6600 a 14a 3810 & \ 5h

238 —— {980 —p> 240 % 242 —= 243

2110 &
237 239

<— (n,xn) o decay
2A41o7a\ 6.7 d 4510%\ 23m
—= (n,Y) B decay

C] natural nuclide m fissile nuclide
short-lived fissile nuclide

Fig. 1. Main trajectories of nuclear transformations in the U-Pu nuclear fuel cycle
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Radiochemical fabrication
separations

Subcritical
assembly

Waste from separations

Fig.2. A basic scheme of accelerator-driven system for transmutations

Thus, why is it prefered not to incinerate the waste simply in a critical system?

Subcritical systems have the advantage of operating in conditions farther (than
critical systems) from superprompt criticality, which is the state inadmissible in any
power reactors. This distance signifies a larger safety margin, thus hopefully making
subcritical systems easier accepted by the public.

Why must the respective research be performed in Dubna?
The reasons can be listed as follows:

* The idea of experiment was born in Dubna.

* The key device — the accelerator — is available

(the Phasotron 660 MeV).

» Competent staff .

* Subcritical assembly can be built soon.

» Meantime, experiments on bare targets are carried out.

Why is it necessary to do it right now?

The present circumstances are unique. No experiments on such subcritical devices at
the kW scale have been performed yet. But very competitive projects have already begun
(see the Table).
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Examples of accelerator-driven transmutation related research projects

Name Country Period Budget Power Prot. energy
AAA USA 2000-2010 68MS/FYO01* 20-100 MW ~600 MeV
MYRRHA Belgium 1997-2008 rooMme 10-20 MW 350 MeV
JAERI + KEK Japan 19992020 910" y* 2-5 MW(b) 600 MeV
TRASCO Ttaly 2000-? n.a. 80 MW 600 MeV
MEGAPIE EU + CH 1999-2006 n.a. 2 MW(b) 590 MeV

*Scope of the project is much larger.

The content of the Table indicating the scale of other projects signifies that the time

is rather urgent if the experiment in Dubna has to maintain its great value.

Why is it necessary to cooperate just with the Polish partners?
» Computing facilities and codes are available at Cracow.
 Experience in respective calculations and experiments.

* Th-Pb assembly at Cracow for testing low energy neutronic codes and data.
* Cracow team participates in the Sth FP of the EU.
* The subject enjoys a support of Polish authorities.

The experience in respective calculations is shown below by a sample of calcula-
tions, whereas the measurements performed up to now are presented in an accompanied
paper [3]. First, however, is shown a sketch of subcritical assembly proposed earlier
(Fig.3).

The results of neutron transport calculations of this SAD model (Fig. 4) performed
with the MCNP code are shown in Fig. 5.
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Fig. 3. A sketch of the subcritical assembly



Fig. 4. Simplified calculation model of Subcritical Assembly in Dubna (SAD)
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Fig. 5. Distribution of fissioning in subcritical assembly vs. time

23



The picture in Fig. 5 illustrates the importance of the shield for small assemblies. Its
influence manifests itself by means of the neutron lifetime in the system strictly
dependent on the properties of the shield. Moreover, it affects the possibilities and
conditions of planned measurements of the system parameters on the basis of the slope of
neutron pulse decay. The delayed neutrons in certain cases can hinder it effectively (both
curves with lower values of 7).

The programme of planned research is to be only sketched here.

Research Programme

Its fundamental premise is the known truth that: The reliability and accuracy of
information a future industrial design is to be based upon must be perfect. It is the
responsibility the financial engagement draws behind that makes the requirements so
high. Thus the general objective of the research is a comparison of the theory with the
experiment, namely:

* Validation of computation tools — codes and nuclear data related to

accelerator-driven subcritical systems, in particular:

— Nuclide production & energy release (the above items seem to be most
important, there is still lack of nuclear data in the energy range 20650 MeV;
thus experiment includes, e.g., measurements of the hadron, i.e., mainly
neutron distributions and spectra);

— Shielding (first of all against high energy neutrons);

— Neutronics of subcritical systems.
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EXPERIMENTAL VALIDATION OF CALCULATIONS
OF RADIONUCLIDE PRODUCTION IN THE VICINITY
OF A SPALLATION NEUTRON SOURCE

J.Janczyszyn, W.Pohorecki, S.Taczanowski, V.Shvetsov’,
G.Gerbish!, G.Domanska
University of Mining and Metallurgy, Faculty of Physics

and Nuclear Techniques, Cracow, Poland,
'Frank Laboratory of Neutron Physics, JINR

1. Introduction

Plentiful and multidirectional research conducted to alleviate public reservations
towards nuclear power has brought, among others, a revival of systems consisting of a
subcritical multiplying core linked to an accelerator driven spallation neutron source, the
so-called Accelerator Driven Systems (ADS). The proposed options of such systems, in
principle, can radically reduce the probability of uncontrolled supercriticality, minimize
the threat to people’s life and health in case of serious system failures, and limit the
amount of waste from the nuclear power industry as a whole. It can also allow for most
efficient use of the energy contained in nuclear fuels (U and Th). Very important feature
of ADS is its capacity to effectively burn Pu with simultaneous production of electricity
[1,2].

Majority of ADS projects consists of: a proton accelerator (~ 1 GeV, 10-100 mA),
heavy metal target (i.e., W, Pb, Pb-Bi) for the production of neutrons [3] and a blanket
surrounding the target, containing fissile (*°U, ***Pu, **'Pu), breeding (**U, >**Th), and
waste (transuranic nuclides: 237Np, 240py, 242py, ' Am and others) materials, the last to
be destroyed by fissioning. Moreover, a radiochemical factory is included to complete
the fuel cycle, which is necessary for separation of fission products, breeding material,
unused fissiles and wastes, for further transmutations.

The designing of ADS systems needs numerous precise neutron transport
calculations. The existing codes and data bases applied in this calculations should be
verified experimentally and improved to warrant credible results. Necessarily such
experimental verification must be done on a small scale compared to the real nuclear
power system. The below presented experiment is thought as a part of such verification,
especially for the calculation of construction materials transmutation and induced
radioactivity. It is carried on within the frame of a larger project called SAD (from
Subcritical Assembly in Dubna) [4]. In this report are presented some of the results
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obtained during the first experimental session of the SAD project, which took place on
June 22-26, 2000. The plan of these measurements was as follows:

1. Irradiate single element samples of Mg, Al, Cr, Mn, Fe, Ni, Cu, Nb, W, Bi, Pb
mainly with protons; this was realized by placing samples directly in the proton beam, in
front of the target.

2. Irradiate samples of the above-mentioned elements with neutrons by placing them
in the neutron field behind the target.

3. Measure gamma spectra of irradiated samples with the use of semiconductor
detectors.

4. Analyze the spectra to identify produced radionuclides and determine their
specific activities.

5. Compare these activities with respective values obtained from calculations with
the use of LAHET and MCNP codes.

2. Experimental Conditions

The experimental installation for conducting the experiment included:

— 660 MeV proton accelerator called the Phasotrone,

— beam transport channel,

— heavy metallic target (Pb),

— protective, control and supervising systems,

— two types of HPGe gamma spectrometers: a bulk one for energy range
100 keV-3 MeV and a LEPS for energy range 20-100 keV.

The most important parameters of JINR Phasotron from the point of view of the
present experiment are the following:

— the maximum beam power 2.1 kW
— the maximum proton energy 659 = 0.6 MeV
— proton energy dispersion 3.1 £0.8 MeV

— intensity of the extracted proton beam: 3.2 uA (2: 10" protons/s).
Values of the parameters applied in the presented experiment were:

— proton energy 650 = 4 MeV

— max. proton yield Lymax=3" 10" p/s
— irradiation time t=10m-3h
— min. decay time td. min =2 h.

The target for producing spallation neutrons was made of natural lead and consisted
of four cylindrical parts (Fig. 1), 82 mm in diameter, coated on the side with 1.5 mm
thick stainless steel layer. The total outside diameter was 85 mm.

Samples and individual Al monitors were mounted in a special sample holder
suitable for fitting either to the front or to the end of the target. The holder with samples is
presented on Fig. 2.

Irradiated samples were counted in a typical counting geometry (see Fig. 3). Since
the induced activities were rather small, in most of cases samples were placed for coun-
ting directly on the detector surface. Only in few cases they were placed 5 cm above it.
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Fig. 1. The spallation Pb target used in the first experimental session of the SAD project

Fig. 2. The polyethylene sample holder with mounted samples (numbered). Behind each sample is placed
an individual Al monitor
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Fig. 3. The typical counting geometry applied. » -
The samples were placed either directly on the L
detector surface or 5 cm above it
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3. Measurements and Results of Monitoring

Four sets of samples were irradiated. In each case slightly different geometry was
applied, as can be seen in Fig. 4. The characteristic of each irradiation is given in Table 1.

Table 1. Irradiation conditions applied in the experiment

Irradiation Tareet Sample holder position/ | Integral number Irradiated 1
number arge irradiation time of protons rradiated samples
1 Dummy* Front/ 12 m 1.96:10" Al, Fe, Cu, Nb, Pb
103 Mg, Cr, Mn, Ta, W
2 Pb Front & back /21 m 2.20-10 (front) Bi (back)
3 Mg, Al, Cr, Mn, Fe, Cu,
3 Pb Back /277 m 3.8510 Nb, Ta, W, Pb
4 Pb Front /75 m 1.45-10" Ni, Bi

* Tube made of duralumin ®70/80, L500

Aluminium monitors were applied for the sake of monitoring the absolute number of
protons and/or neutrons, both for the whole beam and for each irradiated sample. For
protons the use was made of ’Al(p, x)**Na and *’Al(p, x)**Na reactions. Circular moni-
tors 85 mm in diameter for monitoring the whole beam were made of Al foil
(8.41 mg/cm?). They were used in all irradiations, except of the first, either in front of the
target or behind it. Individual monitors for samples were made of 0.5 mm thick Al sheet
and had the same shape as respective samples (either square 1 X 1 cm? or circle 1.8 cm in
diameter). During irradiation also a proton counter was applied for monitoring integral
proton number in the beam, over the whole irradiation time. This counter was calibrated
using carbon monitors and cross section of the reaction *C(p, x)''C.

Target
dummy

Monitors Monitors
Samples (Al, Fe, Cu, Nb, Samples (Mg, Cr, Mn, Ta, W)
Pb,
c d
Samples (Mg, Cr, Mn, Ta, W Target
Target \A‘ Al, Fe, Cu, Nb, Pb)  Sample holder
N BN
MW il IR AN
AN NN
N} N
N NN
Monitors “\Beam profile gauge

Sample holder Monitors s
Samples (Ni, Bi)

Fig. 4 Diagrams of different irradiation settings applied
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Fig. 5. Calculated radial distributions of pro- Production of Na-24 from Al-27
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. . . 24 .
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X . R . 0E+00 b—oto—nlo o 8 7 0 lh g
different, since it can be efficiently 4 s 2 a4 0 1 2 3 4

produced by neutrons with energies

above 7 MeV (the *'Al(n, 0)**Na

reaction theoretical threshold is 3.25 MeV), which are numerous in the target
surrounding. In order to be able to use this nuclide for monitoring both neutrons and
protons, the ratio of respective production yields was calculated for each monitor with
the use of LAHET and MCNP-B codes (Fig. 5). Results of the whole beam monitoring
are presented in Table 2.

Table 2. Results of absolute beam monitoring

Number of protons [10" p]

Irradia- Al foil *Na activity Al foil **Na activity
Proton

counter | Reaction cross section [5] | LAHET simulation

tion No. Reaction cross section [5,6]

+ computer simulation*

1 1.96 — — —
2 2.20 2,12 +£0.24 2.16 £ 0.24 2.00 *= 0.08
3 3.85 — — —
4 1.45 1.93 £ 0.41 1.90 = 0.40 1.06 = 0.03

* LAHET and MCNP-B calculation of the **Na and **Na secondary particles and proton production
ratio
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Irradiation 1 Irradiation 2

Reaction #Al(p,x/*’Na

N° of .
protons N° of
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1,2 1,E+13+
4E+13 12
SErt 0 5E+12 | ’ 0
1,2 ylem] a2y [em]
0 0,E+00
-1,2 0 1,2 1,2 0 1,2
x [cm] x [cm]
Reaction %’ Al(p,x/*Na
No of No of
protons protons

8E+13+
6E+13 1E+134 12
4E+13 4 0
2E+13] SE+121 y [em]

04 04 ’

-1,2 0 1,2 -1,2 0 1,2
x [em] x [em]

Fig. 6. Proton beam distribution at the target front surface from Al monitors

The knowledge of proton beam distribution at the target front surface is very
important for the determination of the number of protons irradiating each individual
sample. From measurements done with the use of TLD matrix [7] it was found that this
distribution has the shape near to a two-dimensional Gauss-surface. However, not
exactly symmetric, since the beam spread in x and y directions is slightly different and
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according to evaluations the standard deviations amount to: 6, =4.0 mm and 6, =4.3
mm.

A very rough approximation of the distribution could be obtained from the **Na and
*Na activity of individual Al monitors. Such distributions are presented in Fig. 6. From
these results one can observe that the beam spread is not stable and the differences
between irradiations are considerable.

The situation is similar in case of the measurements made with the use of beam
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Fig. 7. Lateral distributions of the beam measured with strips of the profile gauge

profile gauge. The gauge is made of two layers of conducting strips 5 and 6 mm wide and
7-8 cm long, arranged perpendicularly. The obtained results are presented in Fig 7.

4. Qualitative Results

After the irradiation, gamma spectra of the irradiated samples were collected several
times with the use of semiconductor HPGe detectors. The spectra were analysed and
many radionuclides were identified (see Table 3). However, the results shown in Table 3
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are not yet complete because of two reasons: measurements are not finished yet and not
all of the collected spectra have been analysed.

Table 3. Nuclides identified in samples irradiated in front of the Pb target

Irradiated
element

Nuclides (T)))

Mg

Na(2.0602y), *Na(15.02h)

Al

"Be(53.29 d), *Na, *Na

#Na, **C1(37.24m), *CI(55.6m), *' Ar(1.827h), **K(12.36h), ®K(22.3h), “*Sc(3.891h),
#3¢(3.927h), “™Sc(58.6h), *°Sc(83.79d), Y7Sc(3.349d), **Sc(43.7h), ¥V (15.974d),
®Cr(21.56h), “Cr(42.09m), *'Cr(27.7d), *Mn(5.591d)

24Na, 41AI’, 42K, 43K, 43SC, 44+44mSC, 4GSC’ 47SC, 488C, 48V, 48C1’, 49Cr7 SICr) 52+52mMn,
*Mn(312.3d), **Mn(2.578h), **Fe(8.275h)

Fe

2Na, **™C1(32.00m), **S(2.84h)?, **C1,*°Cl, *'Ar, K, K, PSc, *#mSc, 4Sc, “'Sc, #Sc,
By, BCr, ¥Cr, *'Cr, 7™ Mn, **Fe, **Mn, *>Co(17.53h)?, **Mn, **Co(77.27d)

Ni

24Na, 38C1, 41AI‘, 42K, 43K, 4SSC’ 44+44mSC, 4680, 47SC, 48SC, 48V, SICI', SZMII, SZFG, 54Mn, SSCO,
%Mn, **Co, *’Ni(36.08h), **Co(70.916d)?, *'Cu(3.408h)

Cu

24Na, 38Cl, 39C1, 41AI‘, 42K, 43K, 4380, 44+44msc’ 4680, 47SC, 4SSC, 48V, 48CI’, 49C1‘, Slcr’
SEIMMR, S2Fe, *Co, **Mn, °Co, 'C0(270.9d), *’Ni, **Co, “’Cu(23.2m), *'Cu, **n(9.26h),
4Cu(12.70h), ©Ni(2.520h)

Nb

7Ga(3.261d), "' As(62h), "*Zn(46.5h), *Se(7.15h), “As(17.78d), “mBr(41.5m),
3Se(119.77d), ”Br(97m), "*As(1.0778d), "°Br(16.2h), "Br(57.04h), "'Kr(74.4m),
Kr(35.04h), *'Rb(4.58h), **Br(35.30h), **™Kr(4.480h), ¥*"Sr(67.66m), **™Rb(6.2h),
BRb(86.2d), #*Sr(32.41h), ¥*Rb(32.87d), **™Y(39.5m), *Y(2.68h), *™Y(4.86h),
$Rb(18.63d), *°Y(14.74h), ™Y (48m), **Zr(16.5h), *™Sr(2.81h), 'Y (80.3h), *'mY(12.9h),
8771(1.73h), *¥Y(106.64d), ¥7r(83.4d), ¥™Y(16.06s), ¥Zr(78.41h), **Nb(1.9h),
$mMNIb(1.18h), **™Y(3.19h), **Nb(14.60h), *’Mo(5.67h)

Ta

Eu(4.61d), °Gd(48.3d), *'Gd(120d), ' Tb(17.6h), **Tb(22.7h), **Dy(9.9h),
10mpo(5h), **'Er(3.21h), ' Tm(1.81h), '**Yb(75.8m), '*Tm(30.1h), '*“Tm(7.7h),
Lu(1.42d), "Yb(32d), ""°Hf(16.0h), "°Lu(2.0d), """Hf(12.1h), ""'Lu(8.24d), "Lu(6.7d),
"BHf(23.6h), "*Lu(1.37y)?, '°Ta(10.5h), '"Hf(70d), '"*Ta(8.1h), ™ Ta(2.36h),
EmIH(31y), ¥ Ta(114.43d)

10A¢(249.79d), '*'™Te(154d), '*Ce(137.64d), **Tb(4.13h), °'Tb, '*Tb(17.5h),
13Tb(2.34d), **Dy(6.29h), **Ho(11.3m), '**Er(2.25h), '““"Ho, "*'Er, ' Tm, " Tm, '*“Tm,
169Lu’ 170Lu, 170Hf, me, mLu, 173Hf, 175Ta, 176Ta’ 177Lu(6.71d), 177mLu(160.9d),
""Ta(56.6h), "*"2Hf, """W(135m), '"*Ta(9.31m), "™ Ta, '"*"2Hf, '**Ta(8.7h)
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3Se(119.77d), **Rb(86.2d), **Sr(64.84d), *Rb, **Y (106.64d), *°Nb(34.97d), **Zr(64.02d),
12mRh(2.9y), '“Ru(39.35d), *'Te(16.78d), "'Lu, *Lu, "*Lu(1.37y), *Hf, '*Ta,

Pb BRe(70.0d), *°0s(94d), '*¥Pt(10.2d), "*¥1Ir(41.5h), *Ir(13.3d), " Au(183d), ***TI(12.23d)
2 Hg(46.60d), °Pb(51.88h), **Bi(15.31d), ***Bi(6.24d)

Bi "82Ta, '*Au(39.5h), **Hg(46.60d), **Pb, **Bi(15.31d)?, ***Po(8.8d)?, ***Bi(6.243d)

5. Example of Quantitative Results

For the first quantitative analysis a series of nuclides with atomic number 4 = 175
detected in the irradiated Ta sample (99.988 % of '*'Ta) was selected (Table 4).

Table 4. Chain of nuclides generated in Ta sample

Lp sotope Tus Decay Nuclide production in sample per one proton
(calculated by LAHET)
1 Re 4.6 m B 5E-7 + 100%
2 5w 34m B 2.6E-5 + 14%
3 3Ta 10.5h B’ 1.4E-4=+ 6%
4 g 70d B 7.2E-5+ 8%
5 Ly — stable 2.4E-5% 14%

These nuclides could be produced from Ta not only in proton induced reactions but
also in the neutron ones, the last for neutron energies exceeding 20 MeV. Therefore it
was assumed that their production (per proton) can be properly calculated with the
LAHET code, without the following use of the MCNP code. The values obtained from
LAHET, multiplied by proton current crossing the Ta sample during irradiation, yielded
the respective reaction rates. It was assumed that these rates were constant during the
irradiation. Using these rates the growth of activity during proton exposure (equations
(1)) and its further evolution after the end of irradiation (equations (2)) were calculated
numerically.

N, ()=N,(t=At)-(1=-1))+¢, - At
N, (t)=N,(t=At)-(1-Ai)+c, -At+ N _ (t=At)- A, (1)
N (=N (t=At)+c ., AM+N (A1) A, -
N, (t)=N,(t=At)-(1-1)),
N, ()=N,(t=At)-(1-Xi)+ N, (t=At)- A, 2)

Nstab(t)z Nstab(t_ At)+ Nstab—l (t_ At) '}\’stab—l’
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Evolution of proton induced activity for nuclides with

A =175
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Fig. 8. Curves presenting calculated evolution of activity of A=175 isotopes in Ta sample irradiated in front
of the Pb target and respective results of experiment

where: N— number of nuclei in sample, ¢ — production rate per proton, A — decay con-
stant, At — time step equal to 1ms for exposure time and 1s after the end of irradiation.

Results of these calculations are presented in Fig. 8 together with experimentally
obtained activities.

6. Conclusions

1. Activities generated in the samples irradiated in front of the target are significant,
even for small samples.

2. Behind the target the activities are 3 orders of magnitude lower and too small for a
reliable measurement. It is necessary to use shorter targets to obtain there a sufficient
neutron flux.

3. Itis important to have a reliable evaluation of the number of protons crossing each
sample (individual monitors, known beam shape).

4. Aluminium monitors have some drawbacks (low activity of **Na, production of
**Na also by neutrons). In future experiments also other monitors should be used, e.g.,
carbon ones.
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TECHNICAL AND RESEARCH ACTIVITY ASPECTS
OF HIL COLLABORATION WITH THE JOINT INSTITUTE
FOR NUCLEAR RESEARCH

J.Kownacki

Heavy Ion Laboratory of the Warsaw University, Warsaw

1. Status of HIL and Cyclotron Operation

* General introduction,

* Basic cyclotron parameters,

* Beam characteristics,

» Statistics of operation — 1999/2000.

Several major upgrades of the facility were undertaken to improve the quality of
the beam offered to the users.

The PIG ion source has been replaced by the home made ECR ion source which
covers the scope of available beams from B to Kr. This task was accompanied by the
construction and installation of the axial injection line. Simultaneously with the

The total beam time in the period from May 1999 to June 2000 was 1975 hours delivered to various
experiments (see also Sec. 2). Altogether 14 different ion beams were accelerated during this time. Now the
demand for beam time is much higher than technically achievable
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external ECR ion source the new vacuum system based on cryopumps was installed
what improved the beam transmission. Another major undertaking was the
improvement of the electric structure eliminating most of the discharges as well as the
installation of the new, more flexible centre of the machine. The new power amplifiers
for the RF generator system were also installed. In parallel the changes in the cooling of
the dees and the pressurized air systems were implemented, the latter allowing for the
remote control of the state of the vacuum valves throughout the beamlines. In the
continued effort to build up home made stock of typical NIM modules, an octal fast
discriminator, a 32 channel Multiplexer and a few others were designed and tested to
fulfill mainly requirements of GDR, COULEX,OSIRIS and IGISOL experiments. After
all those modifications and improvements, the regular running of the K=160 U-200P
cyclotron has started in April 1999 and its operation was continued until now with
relatively high reliability.

2. Machine and Technical Studies

* Beam transmission,

* Buncher development,

* New ECR operating at 10 GHz and 20 kV producing ions from solid materials
with relatively high charge distributions.

3. Selected On-Line Experiments

Nuclear structure far from stability. IGISOL and He-jet systems (beam line: C1).

Aim: to test and develope an isotope separator with He-jet transport on-line. Decay
studies of the short-lived Z ~ N nuclei around A ~ 40.

Equipment available:

» Magnetic Separator with He-jet transport system,

* Nuclear spectroscopy tools (HPGe’s, Si-det., electronics).

Collaboration: Inst. of Exp. Phys. (Warsaw University) — coordination, GSI
(Darmstadt), Univ. of Leuven, Univ. of Jyviskyld, JLL (Grenoble), Orsay, Lyon, Isolde,
SINS (Swierk), HIL (UW).

Investigation of the nuclear structure at sub-barrier energies. — Coulomb
Excitation (beam line: C2).

Aim: Multiple Coulomb excitation.Verification of nuclear models. Cooperation
with radioactive beam projects. Experiments on electromagnetic nuclear structure, e.g.,
shape coexistence, octupole deformation, validity of K quantum number, etc.

Equipment available:

* 32 PIN-diode particle (CUDAC),

* HPGe’s ~ 8,

* C.E. analysis code «GOSIA».

37



Collaboration:

HIL — coordination, Univ. of Liverpool, Univ. of Jyviskyld, Ludvig-Maxim. Univ.
(Miinich), Univ. of Rochester, [AERI (Tokai), Kiev, St.Petersburg, CEA (Saclay).

In-beam spectroscopy — «OSIRIS-bis» (beam line: C3).

Aim: study of poorly known (or unknown) isotopes and isomers in the vicinity of the
proton drip line — in particular complementary investigation of the nuclei in the region
from Ni through Sn to Gd.

Equipment available:

* 10 HPGe with ACS,

* 4-sector HPGe polarimeter,

* 50 BGO det. mult. filter,

* SiBall — 28 elements,

* electronics,

* ¢ -conversion transporter.

Collaboration: HIL. — coordination, Inst. of Exp. Phys. (UW), KFA (Jiilich), SINS
(Swierk), Inst. of Nucl. Phys. (Krakow).

High energy y-ray emission studies in heavy ion collisions at 4—12 MeV/n
(GDR — «Janosik» — beam line: C4).

Aim: Investigation of the nuclear structure by the statistical Giant Dipole Resonance
decay. Studies of y-ray emission mechanisms in heavy ion reactions at 4-12 MeV.
Development of the experimental set-up installed at the Warsaw cyclotron.

Equipment available:

* 25 X 29cm Nal detector with plastic LiH and Pb shields,

» multiplicity filter — 32 scint. det.: BaF2 and Nal(TI).

Collaboration:

Inst of Exp. Phys. (UW) — coordination, HIL (UW), Inst. of Exp. Phys. (Cracow),
SINS (Swierk), Chalmers Techn. Univ. (Goetenburg),Univ. Oslo.

Short time Experiments (beam lines: B, D). Tests of the detectors developements,
multiple ionization, cross section measurements, etc.

Activations (beam line: A), e.g., solid state physics, material properties, laser
spectroscopy

Off-line activity — selected examples

* Laser spectroscopy,

* Low background measurements,

* ECR for ion-surface interaction,

* Solid state physics applications of HI beams,

* Vacuum drying of the flooded papers — salvaging the cultural heritage using the
accelerator infrastructure.
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THE BOGOLIUBOV—-INFELD PROGRAMME

W.Nawrocik

University of Poznan, Poland

1. General Remarks on the Bogoliubov—Infeld (B—I) Programme

The B-I Programme on scientific exchange and cooperation between Polish
scientific centres and the Joint Institute for Nuclear Research in Dubna, Russia, was
launched in 1998 and covers two fields: theoretical physics and education.

The cooperation in theoretical physics is coordinated by Prof. Wladyslawa
Nawrocka from the University of Wroclaw and Prof. Aleksandr Filippov — the head of
BLTP at JINR.

The cooperation in the field of education is coordinated by Prof. Wojciech Nawrocik
from Adam Mickiewicz University, Poznan and Prof. Svietlana Ivanova — the head of
the University Centre at JINR in Dubna.

The financial support of the B—I Programme, similarly as of the other programmes,
could start only from autumn 1998. Hitherto the cooperation of the theoreticians has
been supported with USD 83000, while that in the education field with USD 52000.

2. Cooperation in the Field of Theoretical Physics

After a long period of intense cooperation between Polish theoretical physicists and
the Bogoliubov Laboratory of Theoretical Physics at JINR in the years 1956—-1980, this
cooperation gradually declined. The economical and political changes in Poland and
Russia, increasing possibilities of cooperation with leading research centres in Western
Europe and USA, have contributed to decreasing attractiveness of the cooperation with
Dubna centre. As a remedy for this situation the Bogoliubov—Infeld Programme was
initiated. The main purpose of the programme was to ensure attractive conditions of
cooperation for both sides. The already noted effect of the launching of the programme
has been a recent increase in mutual contacts and research projects in the areas of
quantum field theory, theory of atomic nucleus and theory of solid state.

After 1998, so since the launching of the programme, the number of visits has
increased 3- or 4-fold. Unfortunately, there is no symmetry in the exchange, Poland is
more attractive to research workers from Dubna than otherwise. This means that the
scientific potential of Dubna is still underestimated by the Polish side.

In view of this situation much effort should be made to spread the comprehensive
information on the possibilities and conditions of work in Dubna (annual plans of
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conferences). Much attention should be directed to encourage students working towards
Master’s or Doctor’s degrees to make use of the Dubna centre offer.

3. Cooperation in the field of education

The main objective of the cooperation in this field was encouragement of exchange
of students between Polish universities and Dubna University Centre. The offer of the
Dubna centre covers short-time group visits of up to 10 students for 7 days and longer,
3-month visits of individual students realizing a specific project.

The 7-day visits. The aim of such visits is to show the possibilities offered by the
Dubna centre. A group of students arrive at Dubna on Friday, they stay at a hotel or at
guest rooms of the Polish group, on the same day they get the pocket money and in the
evening meet the representatives of the centre and are given some information on the
centre. On Saturday the students are taken to Moscow and on Sunday to Sergijew Pasad.
From Monday to Friday next week they visit the Institute and particular laboratories,
meet graduate students and Ph.D. students, participate in lectures and talk to the students
and scientific staff about specific problems of interest. On Friday they go back to Poland.
Such short visits are an opportunity to recognize the offer of the Dubna centre, in
particular in the areas the centre specializes in, to get acquainted with unique equipment
of the centre unavailable in Poland, to break the psychological barriers of contacts with
Russians and Russian students in particular and to compare development of our
countries. The students do not pay for the accommodation, get a day diet of USD 8§ (after
taxation) and they can apply to have 50 % of the cost of travel covered.

The 3-month visits. Individual students can come for a period of 3 months once or
twice a year to carry out specific programme of research within the Master’s or Doctor’s
thesis. The students get free accommodation, a grant of USD 240 and have the cost of
travel covered in the range approved by the coordinator of this part of the B-I
Programme — Prof. W. Nawrocik from AMU.

Examples of cooperation within the exchange programme: A student from AMU,
Poznan, after a short-time visit in a group of students came to FLNP twice for 3 months
and under the supervision of Prof. Marina Frontasieva carried out the research part of his
Master’s thesis, within the cooperation with the Institute of Biology, Polish Academy of
Sciences, Cracow.

Two students from the Faculty of Chemistry, Warsaw Technical University, came to
the Dubna centre with the samples of the material they were interested in and studied the
samples by the small-angle neutron scattering under the supervision of Dr Aldona
Rajewska. The results were part of the Master’s thesis of one of them.

In the end of May 1999, the centre in Dubna invited the vice-deans responsible for
education representing some Polish universities. The meeting with the Dubna centre
staff and detailed presentation of the Dubna centre offer resulted in signing a special
resolution in support of the cooperation.
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In this year an international school for students and Ph.D. students of medical
physics is planned to take place in Dubna. The effort made so far to encourage the
interest in the Dubna centre offer has increased the number of students wishing to make
use of the unique opportunities offered by this centre. At present the number of such
students is greater than before and a selection of students is proposed taking into regards
the specializations and age of students.

A possibility of including visits to Dubna in syllabuses of Physics at our universities
is considered.

4. Institute of Physics AMU — FLNP JINR Cooperation

The cooperation between the Institute of Physics, Adam Mickiewicz University and
the Joint Institute for Nuclear Research dates back to 1970, when a group of AMU
workers was invited to Dubna by Prof. Jerzy Janik from the Institute of Nuclear Physics
in Cracow.

The cooperation was particularly intense with BLTP, FLNR and FLNP.

Since that time over 30 staff members of the Institute of Physics AMU paid
long-term visits to the JINR in Dubna. Many of them used the results obtained in Dubna
in the Ph.D. theses, 3 in the habilitation theses.

A result of cooperation between FLNP and the Institute of Physics AMU was
publication of over 50 research reports.

Our studies at FLNP have concerned mainly the structure and dynamics of
condensed phase, in particular phase transitions, by the neutron scattering method. The
pulsed neutron source — the IBR-2 reactor, a number of spectrometers, great experience
of the workers from the FLNP helps achieve interesting and significant results.

AMU group has been working mainly with the groups of Dr Ireneusz Natkaniec and
Prof. Anatoliy Balagurov on the properties of different kind of molecular crystals —
from plastic to ferroelectric crystals. Often we use high pressure as an important
parameter for better explanation of the behaviour of our crystals.

In Poznan complementary studies are performed using the NMR spectrometers,
dielectric spectrometers and systems for investigation of thermal properties.

Increasing use at JINR of the user system implemented in other European centres
has been noted.

We wish to thank the Directorate of the Institute for the hitherto cooperation in the
frame of Bogoliubov—Infeld Programme and we wish to thank the Directorate of the
Frank Laboratory for long time cooperation.
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JIOA3UHCKHUH YHUBEPCUTET — OUSIN:
COTPYJHUYECTBO ®U3NKOB

I0.AngsxeeBcKuin

Wuacruryr dusuru JlogduHcKkoro yuusepcurera, Ilonbmnia

CotpynandectBo ¢puznkoB Jlog3nHCcKoro yHuBepcuTeTa ¢ Komwieramu u3 OUSIU B
Hy6ne Hauanoch mpumepHo B 1960 r. 1 mpoomxaercs 10 cux mop. C mepcreKTuBLI Bpe-
MEHHU OLICHUBAEM Hallle COTPYIHUYECTBO OUYEHb IOJIO0KUTENBbHO. OHO BO MHOTHX CJIy4a-
SIX TIPEBPATHIIOCH B IPOYHYIO Py KOy, YTO MOBIHUSIIO Ha €0 OOJBIIYI0 3 ()EeKTHBHOCTb.

B TedeHwe STOro ANUTENBHOrO MEPUOJA JIOJ3WHCKHE (HU3MKH COBMECTHO C
KOJIJIETaMH, TJIaBHBIM 00pa3oM u3 JlabopaTtopun HEHTPOHHOH (HU3UKH, OIYOIMKOBAIH
MHOTro pabor. VX TpyaHO ceiluac MEpedncinTb, 3aTO JIETKO IMOJABITOXKUTH APYTHE
n3Mepumble 3P (eKT COBMECTHBIX HCCIECIOBAHUM, KAaKUMH SIBIISIOTCS ITOJyYCHHBIC
HayuHble cTeneHd. Mtak, deTbipe coTpyaHuKa JIOA3MHCKOro YHUBEPCUTETA TOITYIHIN
Hay4Hylo cTeneHb jaoktopa Hayk (I.Manenkuit, M.IImmryna, M.CTOMIUHBCKUNA H
1O.AnxeeBckuil), ABe ouepeHbIe JOKTOPCKUE AUCCEPTALUN HAXOAATCS B IOATOTOB-
Ke. Pe3ynpTaTbl COBMECTHBIX HMCCIENOBAaHUM SBUIMCH TAK)KE OCHOBOM 3alllMIIEHHBIX
13 xanpmpmarckux auccepranmuii B JlogsuHckoMm yHuBepcutere. Bce »tm (hmsukm
COCTaBMJIM W COCTaBJSIIOT OO0 CHX IIOp CTEpXKEeHb Kaeapbl siiepHOW (U3UKH H
panmanroHHoi 6e3onacHocTH JIOA3MHCKOro yHUBEPCUTETA.

[Tonp3ysck BO3MOXKHOCTBIO, XOUY MEPEYUCINUTh paMuinu yuenbix u3 JIHO, koto-
pble 0OCOOCHHO MHOTO CeNalli Ul COTpYAHUYECTBa ¢ JIOA3MHCKMM YHUBEPCHUTETOM.
910 U.M.Dpank, JILb.Ilukensuep, HO.IlIlonos, B.U.®ypman, HO.M.I'neaeHos,
A.b.ITono. Ctout HanmoMHUTH, YyTo B 1975 T. cTeneHp noyeTHoro aokropa Jloa3uu-
CKOT'O YHUBEpCHUTETa Mmony4ui JaypeaT HobeneBckoii mpemun akagemuk M.M.Dpank.

Cotpynuuku JIoJ3MHCKOTO YHHBEPCUTETA TPUHUMAIOT yYacTHE BO MHOTHUX OYEHb
Ba)XKHBIX JKCIIEPHUMEHTAX Ha IMydYkax HeUTpoHOB JlabopaTopuu HEHTPOHHOH (UIUKH.
Hazno noguepkHyTh UCClIeIOBaHUSA:

— SIIGPHBIX PEAKINHA, HHAYINPOBAHHBIX PE30HAHCHBIMH HEHTPOHAMH C BBUIETOM
3apsKCHHBIX YaCTHIL;

— MarHUTHBIX MOMEHTOB SIZIEP B PE30HAHCHBIX COCTOSTHUSIX;

— CIIMHOBOH 3aBUCUMOCTH YCPEJHEHHBIX CEUEHUN;

— HECOXpaHEHMs UYETHOCTH B Mpoliecce JeNeHUs, BBI3BAHHOIO PE30HAHCHBIMU
HEUTPOHAMU;

— HECOXpaHEHHUs MPOCTPAHCTBEHHON YETHOCTHU B AJIEPHBIX PEAKIHIX, HHIYIIHPO-
BAHHBIX HEUTPOHAMU;

— ONpEACICHNs] CIMHOB HEUTPOHHBIX PE30HAHCOB 110 TaMMa-CIIEKTPaM.
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Kak naunbonee >pQeKTUBHYIO TEMaTHKy HalO BBIACIUTH MEPBYIO U3 BBILICYIO-
MSIHYTBIX, 0COOGHHO HCCIEeI0BaHUs peakuuu (#,0.), HadaTele B JlyOHe mpodeccopom
FO.IL.IIonoBeIM. JIBa roga TOMy Ha3ajJ MbI BHIIUIM HAa «HOBBIM Kpyr» B UCCIIEJOBAaHUU
9TOl peakumu. OkasbIBaeTCs, YTO Ui MOJENEH B3PBIBHOTO HYKJICOCHHTE3a B TaK
Ha3bIBAEMOM p-TIPOLIECCE OUYEHb Ba)KHOE 3HAYEHHE WIPAIOT PEAKUUH C YIacTHEM
O-9acTUIl, 0COOeHHO peakiuu (Y,00) u (O, p). DTH peaKIud SKCIEPUMEHTAIHLHO
OIIPEEeNUTh YPE3BbIYAHO TPYAHO MM COBCEM HEBO3MOXKHO. B cBoto ouepens, Teope-
TUYECKUE CEUEHHsS OLEHEHBl C IOrPEIIHOCTBbIO, JIOCTUTAIOMIEH OJHOTO IOpsaKa
BEJIMYMHBI, YTO MPONOPLHOHAIBHO MEPEHOCUTCS Ha HEONPEAETICHHOCTh PacyeTHOTO
MIPOLICHTHOI'O COJEP KaHMsI TaK Ha3bIBaeMbIX p-M30TOIOB. JlaHHas mpobieMa cBsi3aHa,
IJIaBHBIM 00pa30M, C HEONPEAEICHHOCTIO ONITHYECKOro MOTeHIMaNa anbda-yacTuna —
aTOMHOE SIpO B 00JIACTH PHEPrUH, COOTBETCTBYIOLIEH 3BE3AHBIM Iporeccam. Jlis
JIYYILIETO ONpeesIeH s 3TOT0 MOTEHIMAala HAMH BMECTE C aMEPUKaHCKUMH KOJIIETaMH
3aIUTaHUPOBAHO IPOBEJICHNUE CEPUH CCIIEIOBAHUM peakuy (71, 0) Ha siApax B OOJIbILIOM
JMara30He aTOMHBIX Macc M AJIs1 OOJIBLIOrO Juara3oHa SHEPruu HeWTpoHoB. [lepBrie
COBMECTHBIE 3KCIIEPUMEHTHI MbI poBen B Ok-Pumke, a pe3yabTaTsl OIyOJIMKOBaIN B
«Phys. Rev. C» (vol.62, 042801(R)).

Msbl paccuuThiBaeM Ha npoBeaeHue B Oyaymem B JlyOHe Takoro pona
9KCIEPUMEHTOB, OYCHb HYKHBIX SACPHOI acTpopH3HKe, a TAKKE APYTHX HHTEPECHBIX 1
BA)KHBIX 3KCIIEPUMEHTOB Ha ITy4YKE UMITYJIbCHOr0 HcTOUHUKA HelTpoHOB UPEH. C stum
HCTOYHUKOM CBSI3bIBaEM OOJIbIINE HAJIEXK bl HA JabHEHIIYIO IUI0I0TBOPHYIO padboTy B
Hy6One. be3 3amycka 3TOro MCTOYHHMKA HAllla 3aMHTEPECOBAHHOCTb B IPOBEICHHUH
nccinenopannii B OUSIM cunbHO orpaHmuuTCs (3TO CBSI3aHO C HAIIeld MHOTOJIETHEH
CrieIaan3anuei).

Hano momuepkHyTh, uTO Oymymmii criektpomeTp HelTpoHoB MPEH sBisercs
KOMIIJIEMEHTApHBIM K CYILIECTBYIOLIMM B MHUpe crieKTpomerpam, TakuM kak ORELA B
Ox-Pumxke, GELINA B Geel wnmm n_ TOF B LIEPH. Ero 3amyck oTkpoeT BO3MOKHOCTH
LIMPOKOTO0 MEXIYHApOJHOI'O COTPYAHWYECTBA B HCCIIEIOBAHUSIX B3aUMOACHCTBHS
HEHTPOHOB C SAapaMH.

MBI TakKe 3aMHTEpECOBaHbI B UCCIIEI0BAHUAX HA MOJISIPU30BaHHbIX Tyukax UBP-2.
CunraeM BakKHBIM Pa3BUTHE HEKOTOPBIX HKCIIEPUMEHTAIbHBIX YCTAHOBOK, HAIPUMED,
«[HonsHb». OCOOEHHO MHTEPECHBIM sl MOMX KoJuler B JIOA3MHCKOM YHMBEPCHUTETE
SBJISIETCS. M3YUECHUE NTPELIECCHU HEUTPOHOB B LIMPOKOM JHAINIA30HE UX SHEPTHH.

B JlonzuHCcKOM yHHBEpcHUTETE HOIydaeT o0pazoBaHne 0kojo 30 ThIC. CTYIEHTOB.
Hamra kadenpa — onna u3 matu kadenap Muacturyra Gusuky.
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PERSPECTIVES OF COOPERATION
BETWEEN THE JOINT INSTITUTE FOR NUCLEAR
RESEARCH AND THE FACULTY OF CHEMISTRY,

UNIVERSITY OF WROCLAW

L.Sobczyk
Faculty of Chemistry, University of Wroclaw, Poland

The experience based on the cooperation between Polish colleagues assembled
at the Faculty of Chemistry, University of Wroclaw and Dr [.Natkaniec and Dr A.Paw-
lukojc from the Frank Laboratory at Dubna show that the INS technique can be particu-
larly fruitful in studies of molecular interactions reflected in low frequency vibrations.

The objects of studies were among others so-called proton sponges — derivatives
of 1.8-diaminonaphthalene — showing unusual proton affinity. In a number of cases
protonation leads to a cation with symmetrically located proton between the two nitro-
gen atoms as shown in the case of 1.8-bis(dimethylamino)-2.7-dichloronaphthalene
(DMAN-CI,).

In the crystalline lattice, as demonstrated, the bromide anion is surrounded
by H-atoms originating from dimethylamino group and naphthalene ring.

We have shown that interactions classified as weak hydrogen bonds lead
to considerable changes in dynamics of cation. To visualize such changes we performed

Fig 1. Structure of DMAN-CI,



Fig 2. Structure of DMAN-CL,-HBr

the DFT calculations of frequencies and R and IR intensities for isolated DMAN-H *
cation and in the presence of Cl -ions. The analysis of data in the Table shows that:
1) substantial changes in frequencies appear in the range below 300 cm™
and 2) majority of transitions are nonactive in IR and R spectra, while in INS spectra,
where the selection rules do not obey, all those transitions are active because
in respective vibrations participate hydrogen atoms with large amplitude.

Table of frequencies and intensities

DMAN-H" DMAN-H*-C1~

% IR R \ IR R
28 3 37 0 4
86 0 0 61 11 1
122 0 5 92 0 4
93 30 0

132 0 1 102 10 0
151 12 0 143 0 1
171 5 0 160 0 0
183 0 0 178 9 1
204 1 0 183 21 0
207 0 0 192 2 0
219 0 0 221 18 4

45



Table (cont.)

225
229 7 3
247
288
303
357 17 1
391 25 0
402 0 2
460 0
462 19 9

238 4 0
242 1 0
250 0 0
255 5 1
267 2 0
302 7 4
303 0 2
357 12 1
387 20 0
401 1 4
462 0 0
462 16 10

Taking into account our experience gathered up-to-date it seems justified the contin-
uation of joint studies in the following area. Firstly an attractive object of studies could

Me
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°
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Me NO2
CN
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°
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]
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NC ~ /CN
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NC CN

Fig 3. Structures of hexamethylbenzene and acceptors
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be the crystals of charge-transfer
(EDA) complexes in which the elec-
tron donor would be hexamethyloben-
zene and electron acceptors such like
trinitrobenzene, hexacyanobenzene,
tetracyanoquinodimethane and many
other strong acceptors. The interaction
should be reflected among others in
torsional vibrations of methyl groups.
The acceptor effect should arise not
only from the direct interaction
with methyl groups but also from the
partial flow of electron density.

Another topic to be offered for
joint studies is related to crystals of
dichloromaleates (DCM).

The detachment of the proton can
lead to either simple anion with very
short (2.38 A) intramolecular hydro-
gen bond or polianions being an ex-
ample of one-dimensional hydrogen
bonded crystals. In the last case the
hydrogen bonds are markedly longer,
2.45A.
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Fig 4. Structures of DCM

They can be treated as critical ones in a sense of the proton ordering and formation
of polar phases. It seems that recognition of dynamics of dichloromaleate polyanions
modified by various counter cations can yield a substantial contribution to understanding
of phase transitions related to the proton ordering.
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STRONG INTERACTIONS
BETWEEN LIGHT NUCLEI AT LOW ENERGIES
(Collaboration: JINR, Dubna — FPNT, Cracow)

J. Wozniak

Faculty of Physics and Nuclear Techniques, University of Mining
and Metallurgy, Cracow, Poland

Our collaboration with the Laboratory of Nuclear Problems at JINR has started
about 20 years ago. In the past, there was an activity in the field of muonic physics,
especially in the experimental and theoretical aspects of muon catalyzed fusion. The
number of common publications in the mentioned two decades exceeds 80 papers. The
actual works in the frame of Cracow—Dubna collaboration are focused on:

« nuclear fusion in du’He muonic complex (R-98-02; collaboration with SIN and

Fribourg University);

* scattering of muonic atoms in hydrogen (E-742; collaboration with TRIUMF and
Fribourg University);

* measuring cross sections of nuclear fusion reactions at low collision energies
using Z-pinch technique (JINR-05-2-1039-2001//2003; collaboration with HCEI,
Tomsk).

Below I present shortly the last topic which idea was born here in Dubna and its

realization is strongly supported by the Polish part of the collaboration.

The Team

V.M.Bystritsky (spokesman), Vit.M.Bystritskii, S.A.Chaikovsky, G.N.Dudkin,
M.Filipowicz, A.Gula, E.Gula, V.M.Grebenyuk, A.V.Luchinsky, E.Lacki, G.A.Mesy-
ats, V.I.Makhrin, B.A.Nechaev, V.N.Padalko, S.S. Parzhitsky, F.M. Pen’kov, N.A. Ra-
takhin, V.A.Sinebryukhov, S.A.Sorokin, A. Stolupin, A.Toor, E.N.Volkov, J. Wozniak.

Collaboration

The collaboration between the JINR and the Faculty of Physics and Nuclear
Techniques UMM in the project LESI has started in 1994 (protocol no. 2786-2-94/96;
June 21, 1994) and is continued actually in the research JINR programme
no. 05-2-1039-2001/2003.

The other collaboration members:

High-Current Electronics Institute, Tomsk, Russia;

Tomsk Polytechnic University, Tomsk, Russia;
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Institute of Electrophysics, Ekaterinburg, Russia;

University of California, Irvine, USA;

Lawrence Livermore National Laboratory, Livermore, USA;
Institute of Nuclear Physics, Cracow, Poland.

History, Scientific Background

At the Cracow’s international workshop «Exotic Muonic Complexes: Experiment,
Theory» the new approach to the measurements of nuclear reaction cross sections
between light nuclei (p,d,z,’He) for low energies (< ~ keV) has been presented'. The
novel idea was based on using high intensity, radially converging ion beams generated
during a plasma linear implosion (Z-pinch). For this purposes high power (high-current,
high-voltage) nanosecond pulse generators are used.

Up to now, there were no experimental data on the cross sections of light nuclei
fusion reactions at low collision energies”.

The classical accelerators cannot be used for the study of nuclear reactions at very
low energies (E = 1 keV — 100 eV) because the cross sections for such energies lie in the
range 6= 10" —=10"* cm” and the intensities of the accelerated beams are too low.
From the other part the importance of such studies is evident for the physics of few
nucleon systems and for solving some astrophysical problems.

Experiments

Experiments are performed using nanosecond high-current accelerators in the
High-Current Electronics Institute in Tomsk. High intensity ion beams are produced
when a short, high-current pulse (~ MA, ~ 70 ns) passes along the liner (hollow-cylinder
gas jet produced by a special load unit). The type of gas (deuterium, protium, etc.)
depends on the requested reaction. The plasma liner is radially accelerated towards a
target placed on the liner axis by the self magnetic field of the current. The intensity of
the accelerated ion flow reaches 10°°~10?' particles per pulse. The target can either be the
second inner gas jet injected by the load unit or a solid material (as CD, or CH, deposited
on a metallic rod placed along the liner axis). Schematic layout of the apparatus is
presented in Fig. 1.

Different conditions of experiments have been tried. At the first stage we study the
dd fusion reaction

d+d—>He + n (2.5MeV).

'V.B.Belyaev et al., «New proposals for the investigation of strong interaction between light nu-
clei at super-low energies», Proc. Int. Workshop «Exotic Muonic Complexes: Experiment, Theory»,
Sept. 27 — Oct. 10, 1993, Cracow; Nukleonika, 4, 2 (1995) 85.

The lowest collision energies, for which the measurements have been performed using classical
accelerator technique, are: 3, 5, 16.7, 17.1, 5.9 keV for (d,d), (d.1), (p,d), (1,) and (d,’He) reactions,
respectively.
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Fig. 1. Experimental set-up. 1 — high-current generator, 2 — load unit, 3 — measuring chamber, 4 —
supersonic nozzle, 5 — electromagnetic valve, 6 — liner, 7 — target, 8 — scintillation spectrometer (8 pcs)
and thermal neutron detector (3 pcs), 9 — lead shield

The cross section ¢, can be traditionally obtained by measuring the yield of
neutrons from dd reaction produced in the interaction of a highly intense beam of
deuterons formed during the implosion of the linear plasma with the deuterium target,
according to the equation:

where N, is the number of detected neutrons, N, is the total number of accelerated
deuterons of the liner plasma, #, is the target density, / is the deuteron range in the target
and o, is the neutron detection efficiency. In fact, the analysis is more refined and takes
into account the energy spread of deuterons within one pulse, the Coulomb deceleration
of deuterons in the target, the dispersion of average deuteron energies for different
accelerator pulses (shots).

The strong suppression of ¢, when collision energy becomes small (see Fig. 2)
makes the measurements of the cross sections difficult. In such a case it is better to focus
the attention on the measuring the astrophysical S-factor.The formula which describes
the energy-dependent cross section can be rewritten as a product of the barrier factor
responsible for the Coulomb repulsion and the astrophysical S-factor:

50



=
IS

—_ —_ —
S 99
~ o)} (o]

Cross section, barn
—_
9
[ee]

10712 . | . | . | . |
1.0 2.4 3.8 5.2 6.6
E . keV

*x
o

Fig. 2. Cross sections for dd reaction versus collision energy. Three points with error bars near 2 keV — this
work. The point near 6.6 keV — experimental point for the channel d(d,*He)n received for the lowest
collision energy by using the traditional technique (A.Krauss et al., Nucl. Phys. A. 1987. V. 465. P.150).
Solid line — theoretical prediction

G(E) — S(E) 67 2mn(E) ,
E
where 1 (E) is the so-called Sommerfeld parameter.
The S-factor is weekly energy-dependent (see Fig. 3). It is obtained by measuring
the neutron yield from the dd reaction and by using the following formula:

Nexp
S(E)= -

« « 7, “ e_znn’ /,
Nne, | fEYE | S(EE, x Do ®

where N - is the total number of detected neutrons, f(E) is the energy distribution of
deuterons hitting the target and £ is the deuterons collision energy. In the typical
measurement we use deuterium gas as the liner and a solid CD, deposited on a copper rod
as the target. Neutrons from dd fusion are detected by two types of detectors: time of
flight scintillation spectrometers and thermal neutron detectors (BF; counters placed in a
polyethylene moderator).

More details of the methodics of measurements and the experimental set-up used in
the studies as well as the physical results can be found in our publications (see below).
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Fig. 3. Astrophysical S-factor for dd reaction versus collision energy. Experimental points: ® — this work;
triangles and squares — old existing data

Scientific results

In 1995-1996, when the first phase of the set-up was finished, the cross section for
the dd reaction at the mean energy of the accelerated liner plasma deuterons £, = 440 eV
has been measured. At the beginning of 1997 the second phase of the set-up for studying
the dd reaction and the first phase of the set-up for investigation of the pd reaction
(pd = >He + y) were completed. Then the cross section for the dd reaction was measured
for deuterons collision energies in the range 0.1 — 1.46 keV. In 1998-1999, we measured
the astrophysical S-factor for the dd reaction at deuteron collision energies £ = 1.8, 2.06,
2.27 keV.

In 1999, we started to study an alternative approach in which plasma is electrodyna-
mically accelerated radially away from the axis (the inverse Z-pinch). With such
method, not exploited up to now, one can solve some experimental difficulties connected
mainly with plasma instabilities and improve the accuracy of measurements.

Measured experimental cross sections and S-factors of dd nuclear reaction

Collision energy (keV) Cross section (sz) S-factor (b-keV)
0.11 <3.1-10*
0.34 <16-10°%
0.37 <11-10%
1.46 <15-10*
1.8 43(x26) - 107 53 + 16
2.06 9.8(= 4.6) - 107 64 = 30
227 2.1(x 0.6) - 1072 114 + 68
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Our main results are published in the papers:

* Bystritsky V.M. et al. Experimental Investigation of dd Reaction in the Range of
Ultra-Low Energies Using Z-Pinch // Laser and Particle Beams. 2000. V.18. P.1.

* Bystritsky V.M. et al. The Astrophysical S-Factor for the dd Reaction at
Ultra-Low Energies // Journal of Physics of Atomic Nuclei. 2001. V.5 (in press).

* Bulgakov T.L. et al. Measurements of the Cross Sections for the Reaction d +
d->He + n at Ultra-Low Collisions Energies by Z-Pinch Technique //
Yadernaya Fizika. 1997. V.60. No.8. P.1349; Physics of Atomic Nuclei. 1997.
V.60. No.8. P.1217 (English transl.) .

* Bystritsky V.M. et al. Inverse Z-Pinch in Fundamental Investigations // Nucl.
Instr. and Meth. A. 2000. V. 455. P.706.

and in conference presentations:

* Bulgakov T. et al. Nuclear Reactions Cross Section Measurement Using Z-Pinch
Technology. // Proc. of the Intern. 11th Conf. on High Power Particle Beams
«Beams’96», Prague, Czech Rep., June 10-14, 1996. V.2. P.917.

* Bystritsky V.M. et al. Investigation of Strong Interactions Between Light Nuclei
at Super-Low Energies Using Z-Pinch Plasma Flow. // 10th IEEE Intern. Pulsed
Power Conf. Albugerque, NM, July 10-13, 1995, USA: Abstract Book.

Methodics of experiments is presented in:

* Belyaev V.B. et al. Investigation of Strong Interactions at Very Low Energies
(50-1000 eV). JINR Commun. D15-92-324. Dubna, 1992.

* Belyaev V.B. et al. New Proposals for the Investigation of Strong Interaction of
Light Nuclei at Super-Low Energies. // Nukleonika. 1995. V.40. No.2. P.85.

* Belyaev V.B. et al. Investigation of Interactions between Light Nuclei at
Ultra-Low Energies of 100-2000 eV (project LESI). // JINR Commun.
D15-95-378, Dubna, 1995 (in Russian).

* Bystritsky V.M. et al. A New Approach in the Experimental Studies of Nuclear
Reactions at Ultra-Low Energies. / Nukleonika. 1997. V.42. No.4. P.775.

* Bystritsky V.M. et al. Set-up to Investigate Rare Neutron Producing Processes. //
Nucl. Instr. and Meth. 1996. V.374. P.73.

Figures 2 and 3 show the main results of dd-reaction cross sections and astrophysical
S-factor measurements.

It is worth to note that most of the results, namely:

— cross sections and astrophysical S-factors of dd reaction at collision energies

1.8-2.3 keV,

— upper limits for cross sections of dd reactions for energy range 100—1.5 keV
have been measured for the first time;

— actually tried and examined new technique of inverse Z-pinch seems very

promising for obtaining higher precision of measurements.
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Plans for Years 2001-2005

2001:

1. Development of techniques for measuring the energy distribution of accelerated
ions in a liner.

2. Study of the inverse Z-pinch formation dynamics for research of the dd reaction in
the range of deuteron collision energies from 0.5 to 3.0 keV and the characteristic of the
process of the direct and inverse Z-pinch formation.

3. Investigation of the dependence of the dd reaction effective cross section on the
deuteron collision energies in the range 0.53 keV and measurement of the astrophysical
S-factor in the above range.

2002:

1. Study of the inverse Z-pinch formation process for research of the pd reaction in
the range of deuteron collision energies from 0.5 to 3.0 keV.

2. Final analysis of the experimental results for dd reaction.

2003:

1. Research of the pd reaction in the range of collision energies from 0.5 to 3.0 ke V.

2. Measurement of the astrophysical S-factor in the above range.

2004:

1. Study of the inverse Z-pinch formation dynamics for research of the @°He reaction
in the range of collision energies 3+ 10 keV.

2. Analysis of the results of the pd experiment.

2005:

1. Investigation of the dependence of the @°He reaction effective cross section in the
collision energy range 3+10 keV.

2. Measurement of the astrophysical S-factor in the @°He interaction in the collision
energy range 3+10 keV.

3. Analysis of the data of the &°He experiment.
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35 YEARS OF THE JINR—-LUBLIN UNIVERSITY
COLLABORATION

D.Maczka
Maria Curie-Sklodowska University, Lublin, Poland

The cooperation of physicists of the Lublin research centre with the Joint Institute
for Nuclear Research in Dubna started in the 60’s, and from the very beginning
concerned nuclear physics in a wide range of aspects. On the turn of the 70’s and 80’s
this cooperation was broadened by studies on the nature and dynamics of the condensed
phase, using methods of nuclear physics. The cooperation undertaken with JINR was not
accidental. On the one hand, it contributed to the development of studies on nuclear
spectroscopy carried out in Lublin, and on the other it was connected with parallel
investigations of electromagnetic isotope separation. Both research lines were initiated
and directed by the late Prof. Wlodzimierz Zuk, a renowned specialist in the field of
studies on isotopes, mass spectrometry and electromagnetic separation of isotopes. At
the beginning of the 60’s he formed in Lublin a group of nuclear spectroscopy and a team
which in 1963 built the first electromagnetic isotope separator in Poland. That team,
working on nuclear spectroscopy, at the beginning used isotopes obtained in proton
synchrocyclotron at Dubna. However, after several years of those studies in Lublin their
further continuations became impossible because of necessary investigations of nuclides
of shorter and shorter lifetimes. In that condition closer contacts were established with
the Laboratory of Nuclear Problems of JINR, but strictly speaking with the Spectroscopy
and Radiochemistry Department headed in those day-times by Prof. K.Ya.Gromov. As a
result of those contacts it was possible for the Lublin nuclear physicists (T.Goworek,
J.Wawryszczuk, J.Szarzynski, M.Budzynski, E.Krupa) to go to the Dubna Institute and
work there using their own apparatuses. Together with the Russian physicists they initi-
ated a number of complex studies concerning determination of values of spins of excited
states, energy of levels, times of life, multiple order and the mixing ratios of the y tran-
sitions in over 50 nuclei from the area of rare earths. On the initiative of the Lublin
physicists (M.Budzynski, J.Wawryszczuk, E.Krupa) studies of perturbed angular yy
correlations were started for the first time in the Laboratory of Nuclear Problems of the
Dubna Institute, to obtain data about magnetic moments and the internal magnetic fields
acting on nuclei implanted in ferromagnetic targets. The latter subject was then shortly
associated with studies on solids carried out in Lublin. The Lublin apparatuses brought
to JINR consisted of: spectrometers vy,  and o, coincidence spectrometers and systems
for measurements of angular yy and ey correlations. It should be stressed that a large part
of the apparatuses constituted original and valuable construction inventions of the
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Lublin physicists contributing significantly to the research facilities of the Laboratory of
Nuclear Problems.

The cooperation with JINR involved also a group of Lublin physicists dealing with
electromagnetic separation of isotopes, to which belonged among others J.Pomorski,
A.Latuszynski, K.Kiszczak, A.Wasiak. From the very beginning of its cooperation with
Dubna, this group worked actively on application of the techniques of electromagnetic
isotope separation in studies of nuclides lying far from the f3 stability line. The effects
obtained in separation of radioactive isotopes depend on the separator itself. They are
however determined largely by the construction of the ion source and its operating
conditions. Taking this into consideration the Lublin physicists gave much attention to
ion generation, ionization efficiency and optimization of the separation process in
off-line system, and above all in on -line one. The complexity of the latter technique can
be accounted for by the fact that it must warrant simultaneous proceeding of the
following processes:

1. irradiation of properly chosen target with a high-energy beam of protons, neutrons
or heavy ions to induce nuclear reactions,

2. extraction of the nuclear reactions products formed in the target and extraction
(most often chemically) of the needed element,

3. transport of the studied element to the ion source of the separator and separation of
its isotopes,

4. transport of the isotopes gathered on the separator collector to the spectrometric
systems,

5. measurement of the nuclear parameters of the reaction products with nuclear
spectrometers.

Thence, only a few world laboratories have at their disposal technical possibilities of
using the on-line separation method. The Spectroscopy and Radiochemistry Department
headed at present by Prof. V.G.Kalinnikov, is just one of them in which such a project
(JASNAPP-2) was developed. JASNAPP-2 facility utilizes a proton beam from proton
synchrocyclotron of 680 MeV energy for production of studied nuclides.

It was that system for which a group consisting of physicists, mostly from Lublin and
Cracow, developed the method of the so-called «hot tantalum», which appeared
especially useful and efficient. Its applications resulted in obtaining a number of
valuable pieces of information about the properties of short-lived isotopes of rare earths,
particularly of nuclei from the transient area about the life-period in seconds. It is worthy
of noting that many of those data serve as reference for studies carried out at present.

The collaboration in the field of nuclear physics was joined by Lublin theoretical
physicists on the turn of the 70°s and 80°s. That period was marked by a large progress in
experimental studies on collision of heavy ions. As regards JINR, such investigations
were carried out largely in the Laboratory of Nuclear Reactions and their purpose was
the synthesis of new elements. In collisions of heavy nuclei the formed nucleus is
characterized by enormous rotational speed with angular momentum of the order of
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several dozen of Planck’s units and a strong shape deformation. They are those prob-
lems, actual not only in that time, which were subjects of studies of B.Nerlo-Pomorska,
K.Pomorski, A.Baran and Z.Lojewski. They were especially interested in observing
metastable states of fast rotating nuclei of relatively high excitation energy to estimate
the influence of the rotation speed of nuclei on their symmetry and disintegration. It
appeared that the features of that states (e.g., energy, spin) are very sensitive to details of
the theoretical models.

The cooperation between the Maria Curie-Sklodowska University, Lublin and JINR
was intensified in the 80’s, which consisted in joint studies in the field of physics of
solids with methods of nuclear physics. The involvement with them resulted from
extension of electromagnetic separation of isotopes, traditionally dealt with in Lublin, to
ion implantation. Installation of an ion 330 keV implantator at the Lublin University in
the 70’s initiated studies on interaction of middle energy ions with solid as well as
postimplantation defects. Due to that it was also possible to conduct investigations on
changes of physicochemical properties of solids in consequence of ion implantation;
both semiconductors and metals were studied, the latter in cooperation with a group of
researchers from the Technical University of Lublin (P.Tarkowski, P.Budzynski,
B.Kamienska). As regards metals, the studies concerned a considerable number of
phenomena responsible for changes of tribological properties, while in the case of
semiconductors — electric and optical properties. Many experimental methods are used
for studies of implanted semiconductors and metals. In Lublin, largely SIMS (Secondary
Ion Mass Spectrometry), elipsometry, PIPE (Particle Induced Photon Emission) and
modulated reflection spectroscopy are used. A considerable increase of our research
possibilities was attained owing to the undertaken cooperation with a group of
Dr A.A.Kobzev and Prof. A.M.Balagurov from the Neutron Physics Laboratory. This
group enabled us using such nuclear methods as: RBS (Rutherford Back Scatering),
PIXE (Particle Induced X Emission), NR (Nuclear Reactions), and ERD (Elastic Recoil
Detection), channeling, that is, methods, which were to a high degree complementary to
ours. Due to this cooperation we obtained a number of interesting and valuable results
about the distribution of admixtures implanted to targets, admixture diffusions, radiation
enhanced diffusion, gettering, preimplantation and recoil implantation. We hope that
this cooperation will be further developing, the more so as it has been supported by a
mutually signed protocol of studies (07-4-1031-99/2003). It is however to be mentioned
that because of a considerable distance between Lublin and Dubna many troubles of
technical character hinder effective exploitation of this cooperation. Therefore, we hold
out a great hope of the research complex cyclotron — ion implantator being installed in
Lublin owing to the grant of Dubna Institute (05-2-0986-1992/2000). This complex
consists of an ion implantator WID and a small cyclotron obtained from the Nuclear
Physics Institute in Cracow thanks to Prof. A.Hrynkiewicz’s friendly support. This
apparatus being installed is expected to form unique research conditions, among other
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things, due to the possibility of ion implantation of samples with their simultaneous
bombarding with a cyclotron beam.

Solid state physics was also an objective of the cooperation of our theoretical
physicists. Especially R.Taranko and E.Taranko carried out studies on phenomena,
which occur on solid surface. As a result of these studies the theory of chemisorption on
metals at finite coverages has been developed. In their calculation the electron
correlation effects have been considered. The influence of the disorder and electron—
photon interactions on the superconductivity effect has also been investigated
(K.Wysokinski).

In conclusion of the discussion of our more important researches, we cannot omit
mentioning 3 habilitation and 10 doctor’s theses as well as about 300 publications
resulting from the cooperation between the Lublin physical research centre and the Joint
Institute for Nuclear Research.
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cnektpockonuu T. Mromypa, I1. Cunop, O. I'myxunkas, A. Kamyctunckas



Jyona—Bapmasa

BapraBa. MTHCTHTYT siiepHON XMMHHK 1 TeXHOJIOTHHU. JJabopaTopHst CTPyKTYPHBIX
nccienosannii. Hauansank maboparopuu B. Crapocra (cieBa) odcyxnaer
C COTPYIHMKAaMH CBOWCTBA MaTepHaoB AJIsl TPEKOBBIX MeMOpaH

BapmaBa. IHCTUTYT siIepHON XUMUU U TEXHOJIOTHH.
Jlaboparopust aHanuTHIeCcKoH xumun. HauansHuk maboparopuu
npodeccop P. JIp10unHCKHIA ¢ STaTOHAMH 00pa3IOB /151 HEOPTaHMYESCKOTO aHaAIN3a



JAdyona—-Bapmasa

BapmaBa. IHCTUTYT sIICpHON XUMUU U TEXHOJIOTHU.
['enepanbublii fupexTop uHCTUTYTa Tipodheccop JI. Bamum



Jlyona—Bapmaga

BaprraBa. Muctutyt dusuku [lobckoit akageMuu Hayk. JlabopaTopusi HaHOIUTOTpaduu.
O (QyHKIMOHAIBEHBIX BO3MOKHOCTSIX allaparypbl pacckassiBaet npodeccop T. CromkeBna
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Bapmasa. MucrutyT dusuku [Toabckoii akagemun Hayk.
Jlazepnas ycranoBka « MBF» [uis moirydeHus: MOJIEKYJIIPHBIX ITy4YKOB.
[Tosicuenns gaet . KumBuuckuii



Jdyona—Bapmaga

Bapmasa. UactutyT pusukn [lonsckoil akagemMun HayK.
Jupekrop nHcTUTyTa podeccop P. anmoHcka




Jdyona—Bapmasa

Bapmasa. MHCTHTYT siaepHBIX ipobineM. OTaen TeopeTHIECKOH HU3NKH.
Ha caumke: ipodeccop A. Coduuesckuii, P. Cmonsapayk u ipodeccop C. Boirex

Bapmasa.

WHCTUTYT AAepHBIX TPOOIEM.
B skcniepumeHTanbHOM 3ai1e
HavanpHUK oTaena K. Pycek
u acniupanTka P. Paraituax




Jyona-Bapiasa

Bapmasa. IHCTUTYT MareMaTn4eCcKuX MalllyH.
Ha cuumke: T. CenkeBuu, J{. CnaBunckuii u JI. Po30oumkmit

Bapuraga.
WHCTUTYT MaTeMaTHYeCKIX MaIlInH.
O pabote ycTpOUCTB pacrio3HaBaHHs
00pa3oB pacckasbiBaeT A. Koemckuii




Jdyona—Cgepk

_ o

Caepk. MuctutyT sipepHbix npodiiem uM. A. Conrana. [Ipodeccop Cr. KynnHckuii,
Jupekrop uHCTUTyTa podeccop 3. Cyiikosckuii 1 npopeccop M. MommHcKuii

Ceepk. MHCTUTYT siI€pHBIX
npo6nem uM. A. Conrasa.

LenTp 00y4eHUs U KOHCYIBTALHUI.
HauanbHuk nenTpa

JI. JloOxkuHCKHH




Jdyona—Caepk

Caepk. MHcTuTyT sipepHbIx npodiem uM. A. Conrana.
Berepansl oTena yckopuTeneil: HayalbHUK OTAETa
M. Ilaxan (cunur), E. [TaBnosckwuii, 1. buronac u Crt. KynuHckuii



Jdyona—CBepk

Cgepk. Ha teppuropun NuctutyTa simepHbix mpodiem um. A. Conrana




Jyona—Csepk

Caepk. MHCTUTYT siiepHBIX

mpobiem uM. A. ConraHa.

OTen TEXHUYECKOH MPOIyKIUH.

Ha yuacTke MOHTaxa 3IEKTPOHHBIX
YCKOpUTENEH Ul MEAULIMHCKUX LesIen
HavaJbHUK oTnena A. Xuiarep

-

Ceepk. UucTUTYT simepHbIx mpodieM uM. A. Conrana. Otaen GU3NKH I1a3MBbL.
Bakyymnas kamepa IBISEK ai1s ncciieioBanust BOTOPOIHOM U a30THOM IJ1a3MBl.
Ha caumke: 3. Cxiannuk-CajgoBckas U HadanbHUK otaena [l. bapanosckuil



JMyona—Cgepk

Caepk. MHCTUTYT aTOMHOI S9HEprum.
Jupekrop unctutyta npodeccop K. Berecka

‘IJ

Caepk. MHcTutyT aromuoi sHeprun. HayansHuk taboparopun
JUISL ICCTIE0BAHMSI paIMaIlOHHBIX MarepuaioB T. Baruep




Jdyona—CBepk

e 3

Caepk. MHcTUTYT aromHo# sHepruu. LienTp ynpasineHus peakropom «Mapusy.
[osicHeHus naet HavanbHUK peakTopa I. Kmmmromek (cnesa)

Caepk. MHCTUTYT aroMHO# SHeprun. Ha ycTaHOBKE 110 M3y4YSHHUIO CBOICTB
MoJISipU30BaHHBIX HeUTpoHOB B. XmenboBckuii, K. baunosckuit u K. Muxanuk



Jyona—Kpaxos

Kpaxos.

WuctutyT anepHoii Gpuzuku
um. I. HeBogunvauckoro.
Jupekrop uHCTUTYTA
akazeMuk A. byn3aHoBckuit

Kpaxos.

WuctutyT snepHoit Gusnku
um. I'. HeBogHnyanckoro.
Axagemuk E. SIuuk u

A. KoBanbckast 00Cyx/1atoT
COBMECTHYIO HayuHYyIO paboTy




Jdyona—Kpaxos
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Kpakos. MuctuTyT simepHoit ¢pusukn nm. I. HeBogHmaanckoro.
[onromounstii [Tpeacrasurens Pecrryomuku [Tonpma 8 OMSAU
akageMuK A. XpbIHKEBUY B CBOEM KaOnHeTe



Jyona—Kpaxos

Kpakos. UuctutyT sinepHoii ¢pusuku um. I. HeBopHuyanckoro

KpakoB. UucTuTyT sinepHoii ¢pusuku um. I. HeBopunu4anckoro. Y pyantos nukinorpona AUIL-144
3. bakesuu, B. IIspken, I. Hopuc, S. Jlarum, P. Tapamkesuy, K. Jlanusns, X. Jopyx




dyona—Kpaxos

Kpakos. UuctutyT sinepHoii ¢pusuku um. I. HeBognuuanckoro.
TIpodeccop 3. Kamycuunk

Kpaxos.

WuetutyT sipepHOit Gusukn
um. I HeBoguuvancxkoro.
[podeccop 5. CtbrueHb




Jdyona—Kpaxos

-

-

Kpakos. MacTuTyT simepHoit ¢pu3ukn um. I'. HeBogHmuanckoro.
CucTeMa KaHaJIOB BBIBEJICHHBIX ITy4YKOB U3 MJIEKTPOCTATHYECKOro yckoputens Ban e I'paada

Kpaxos. Muctutyt sigeproii ¢pusuku um. I. HeBoganvanckoro.
Ha mequmuHCKOM Iy4Ke IpoToHOB yckopuTeist Ban ne I'paada 3. HIkimsok



dyona—Kpaxos

Kpaxos. MucTutyT simeproii ¢pusuku um. I. HeBogHuganckoro.
HauanbHuk otnena yckopureneit O. bakeBuu



JYOHA-KPAKOB s

Kpakos. [0pHO-MeTa/uTyprudeckas akaaeMus.
JlekaH daxynbrera GU3UKH H SIICPHOI TEXHUKH
npodeccop K. Enenn

Kpakos. ['opHo-meraiutypruueckas akagemust. [Ipodpeccop C. Tauanosckuid, I1. ['porek
u npodeccop E. STHUNIINH B BBIYUCIUTEIBHOM IIEHTPE aKaJAEeMUH



Jdyona—Kpakos

Kpaxkos. ['opHo-mMeTamryprudeckas
akagemust. O6paboTKa pe3yabTaToB
9KCHEPHMEHTA, IIPOBEJICHHOTO

Ha cuaxpodaszorpone OUSIN.

Y monuropa I'. lomanbckast

A
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Kpakos. ['opHo-meTamtypruueckas
akagemust. CBUHIIOBO-TOpHEBasi COOpKa
JUISL N3MEPEHHs XapaKTePHCTHK
HEUTPOHHBIX MOJICH.

Ha cuumke: B. IToxopenkuit




Jdyona—Kpakos

Kpakos. Bug na Buciy u Basens
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Kpaxos. Uuctutyt 60Tanuku [lonbckoit akagemuu Hayk. [Ipodeccop K. I'poasunckas
U IUPEKTOp HHCTUTYTa podeccop 3. Mupek B HAyIHOU OMOIHOTEKE HHCTUTYTA



Jyona—Bpouias

3nanue BporyraBckoro yHuBepcHTeTa

Bpounasckuii ynusepcuret. [lapanHbiil akToBBIH 3a11



————————————————— /| YOHa—-Bpouias

BpouaBckuii yHUBEpPCUTET.
[popekrop yHHBepcHuTEeTA
npodeccop U. 3ronkoBckuit

Bpownasckuil yHuBepcuTeT.
Xumudeckuii Gpakyibrer.
Axanemuk JI. CoOunk




Jdyona—Bpounas

WuerutyT Teopetnueckoit pusuku BporyiaBckoro yHuBepcHuTeTa.
Ousuku-teoperuku 3. [Tomosuy u C. YexaHOBCKHUit

Bpownasckuil yHuBepcurer.
Xumunueckuil GpakyIbrer.
Xumuk Y. Maex




Jyona—Bpowias

mm
A

Bporytasckuii yausepcuret. Corpyaauku MHacTHTyTa
TEOPETHIECKOH (PU3MKH CO CTYJCHTAMHI

WuctutyT Teoperuyeckoit pusnku BporyiaBckoro yHuBepcurera.
Jupexrop uHcTHTYTa Tpodeccop E. Jlykepckuit



Jyona—Ilo3nanb

[To3nanb. YHuBepcuter uM. A. MuikeBuya.
Jexan ¢pusmyaeckoro paxynsrera B 1993-1999 rr.
Ipodeccop B. HaBpouuk

ITo3nane. YHuBepcuTeT uM. A. Munkepnda. Ousndeckuii GpakynpTer.
Otnen HenuHeHHOM onTuky. Jlaypear mpemun OVSIN 1992 ropa
npocgeccop P. Tanam




Jdyona—Ilo3nann

FE—————
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[To3nans. Yauepcuter uM. A. MunkeBuya.
Jexan ¢pusmueckoro ¢paxynsreta mpodeccop A. JJobex

IToznanb. Yuuepcuret uM. A. Muikeuya.
Om3nyeckuil paKyabTeT.

JlaGoparopust KBaHTOBOH JIEKTPOHUKH.

Ha ycranoBke i na3epHOM CIEKTPOCKONINU
acnupasT M. XKynex




Jyona-Ilo3nann

[To3nanb. YHuBepcuteT uM. A. MurkeBnya.
Ouznueckuit GakynbTet.
[podeccop I'. nmnosckuit

[To3nanb. YHuBepcuter uM. A. MuikeBuya.
Ou3uyecKkuil GaKyabTeT.

Jokrop C. MenbLapek ¢ «IpoayKLuuei»
naboparopun PU3UKH KPUCTAIIIOB




Jdyona—Ilo3nann

[To3nans. YHEBepcuTeT nM. A. MutnkeBnda. dusnueckuii hakyinprer.
B naboparopuu ¢usmku Beicokux aasnennit K. Xonnepua-Harkanerg

ITo3uans. YauBepcuteT uM. A. MurikeBuda. dusndeckuii GakynpTeT.
Jlaboparopust pagrocnekrpockonuy. O padoTe CIeKTPOMEeTpa Ha OCHOBE
A7IepHO-MarHUTHOTO pe30oHaHca pacckasbiBaeT C. JleBuIkuii



Hdyona—Jlon3b

Jlon3unckuii yHuBepcuTeT. PakyabTeT GUIUKH U XUMHU.
I'pynmna ¢uzukos, corpynHudaromux ¢ yuensivu OSSN
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Jlon3uHCKM YHUBEPCUTET.
DakynpTeT GUINKH U XUMHU.
[Ipodeccop M. CremnuHCcKkui

u I1. lananbckuii BeAyT HAAAKY
JIETEKTOpa AJIsl CHEKTPOMETpa
3apsKEHHBIX YaCTHIL

1 OCKOJIKOB JICJICHUS




Jdyona—Jlon3b

Jlon3unckuii yHuBepcutet. OakynbreT GU3MKU U XUMHUH.
Brictynaer gupekrop Uucturyra dusuku npodeccop S. PambenuHbCKumit

Jlonzunckuii yauBepcuret. @axynsreT GU3UKN U XUMHU. B mabopatopuu
HEWTPOHHOI criekTpomeTpun podeccop M. [Tmuryna, K. Mukynsckuit n Y. AnpkeeBckuii



Ayona—Jlooaun

Jlro6mun. UuctutyT dusukn Yausepcurera um. M. Ckionosckoii-Kropu.
B naGoparoprui HOHHOM UMIUTAaHTALMK JeKaH (aKysbreTa MaTeMaTHKK 1 QU3HKH
npodeccop M. Byasunckuii, mpodeccop 1. MoHuka u A. JIATYIIMHBCKHUI

JIro6nun. [MonurexHudeckuit KHCTUTYT. OT/Ie BEICOKOTEMIIEPATYPHON CBEPXIIPOBOANMOCTH.
Ha ycranoBKe 110 TOITy4eHHIO BEICOKOCHIBHBIX MATHUTHBIX TIOJIEH ¢ IPIMEHEHNEM CBEPXIIPOBOJUMOCTH
C. Kozak, I Manunosckuii, T. SlukoBckuii u I'. BoiiTamesuy



Jdyona—JI06aun

JIro6nun. UHCTHTYT U3nKN JIro0muH. UHCTHTYT usukn
Yausepcurera uM. M. Cxiogosckoit-Kropu. Yuusepcurera nm. M. Cknonosckoi-Kropn.
Jupexrop uHCTHTYTA IIpodeccop M. 3anyKHblit Ha ycranoBke /Ui NO3UTPOHHON aHHUTUIISILIMU

mpodeccop T. [oBopek, paboTaBmuit
B lyOne B 1957 rony

Jrobmun. UnctutyT

¢m3ukn YHHBepcHuTeTa

uM. M. CknomoBckoii-Kropu.
OU3NKI-TEOPETHKH CYNIPYTH
Kummrod n boxxena [Tomopckue




Ayona—Jlrooaun

JIro6mun. UeCcTnTyT Quznkn Yausepcutera uM. M. CxitonoBckoii-Kropn.
Hamstauk Mapuu Cxiionosckoit-Kropu



IIOJIBIIIA—OUAN: BEXH COTPYTHUYECTBA®

A.H.Cucaksan
Buie-gupexTop OUAN

['myGoxoyBaxaemble KoJuter!

[To3BonpTe MHE OTKpBITH 3acenanue KoopaunanuonHoro komutera «llonbiia B
OUSIN» n B kauecTBe BCTYIUTEILHOTO CIIOBA AaTh KPATKYIO CIPaBKY B IU(pax o co-
tpynanuectBe OMSAU ¢ nayunsiMu nieatpamu PecrryOmvku [lompmia.

Pecnry6mnmka Ilonbia Bceraa urpana 3HAYATEIBHYIO POJIb B HAYIHOW M OpTaHu3a-
IMOHHOM AesTenbHOCTH OObeTMHEHHOTO HHCTUTYTA SIEPHBIX HCCIIeI0BaHNA. MHOTHE
MOJIbCKHE (PM3UKHU CTApIIEero MOKOJICHUS IJI0OTBOPHO padotanu B MHCTUTYTE U cTO-
COOCTBOBAJIM CTAaHOBIICHHUIO €r0 HAYYHBIX HAIPaBIeHUA. B mepBbie TObI CyIIecTBOBA-
Husa OUSAN B coctaB YueHoro coBera MHCTUTYTa BXOIWIN TaKUE KPYIIHBIE MTOJIBCKUE
yuenble, kak M.Jlanwmm, JI.Madensa, [.HeBonanuanckwmii, A.Contan. B pa3Hoe BpeMs
pyxoBozsmue noctel B OSSN n ero maboparopusix 3aHUMAaIA U3BECTHBIC YICHBIE H OP-
ranuzaTopbl Hayku M.Jlanbi, A. XpeiHkeBuY, A.byazanosckuii, E.baptke, M.CoBuH-
ckuil, 3J.Kamycuuk, 3.Crpyraneckuii, M.Hatkanen u nap. bosblioe BiausiHHE Ha
(hopmupoBanue Hay4yHbIX nporpamm OMSUN taxxke oxazamm P.CocHoBekwmid, E.SIHUK,
K.Pwioutkwmid, [1.3enmuHcKuit 1 1p.

U ceronHs nojbCKHE yYEHbIE AKTUBHO yYaCTBYIOT B HayuyHOU nporpamme OV,
B Tabn.1 npuBeneHp! TaHHBIE O KOJIMYECTBE MOJIBCKUX COTPYIHHKOB, paOOTAIONINX B
HNHcTuTyTE HA KOHTPAKTHOM OCHOBE, 3a TIOCJIEAHUE 7 JIET.

Tabnuya 1
o161
Jlaboparopus 1994 1995 1996 1997 1998 1999 2000
JIBD 3 3 3 3 5 3 1
JIAT 2 2 2 2 3 4 3
JIH® 6 7 8 10 10 9 8
JISIP 4 6 6 6 5 6 6
JIUT 2 1 1
JT® 1
VYnpasieHue 1 1 1 1 1
BCEI'O 15 18 20 2 26 24 21

*BerynurensHoe cinoBo Ha KoopanHannoHHOM coBeranuu o cotpyaandectsy OUSIU ¢ HayuHbIME 1ICH-
tpamu PecryOnuku [Tonbina 20 stuBapst 2001 r. Bee mocneytoiue 10KIaabl CeIaHbl HAa TJaHHOM 3aCEIaHuUH.
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B nensix nanpHeHIero pa3BuTHs, MOMCKa HOBBIX (DOPM COTPYTHHUYECTBA MOIbCKIX
HayuHbIX LEeHTpoB ¢ OMAW mo ununmatue mupekuuu MHCTHTYTa, mpeacenateis
I'KAD PITmpodeccopa E. HeBoganuanckoro u Ilomaomounoro IIpencraBurens mpaBu-
teabcTBa [losbinm akamemuka A. XpbhlHKeBHYA Oblla 00pa3oBaHa COOTBETCTBYOIIAS
KOMUCCHSI, KOTOpasi 04eHb dPPEeKTUBHO padoTalia B MOCIETHHIE TOIbL.

YBennuuBaeTCsl KOJMYECTBO B3aMMHBIX KPATKOCPOYHBIX KOMaHIMUPOBOK, JTAHHBIE
M0 KOTOPHIM NPUBEICHBI B TA0I.2.

Tabauya 2

1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
Ipuem B OUSAN 62 73 53 90 85 70 98 108 137
KomanaupoBku B [Tonbiny 45 113 129 133 162 105 105 143 124

B 70-80-e roapl kak Benymue, Tak U Mosozble crnenuanuctsl OUSAN perynspao
[IPUHUMAJIH YYACTUE B KAYECTBE JIEKTOPOB U CIIYIIATENEH B OMYJISIPHBIX TOI/A IKOJIAX
no ¢usuke B Mukonaiikax u 3akonane. M B HacTosiee BpeMsi MeKAyHaPOIHBIE IIKOJIBI
n KoH(epeHIMH, TpoBoguMbie B lloibpime, MpUBIEKAIOT BHUMaHUE COTPYIHUKOB
OUAU. TpaIuIIMOHHBIM CTAJIO y4acTHe IyOHEHCKUX YYCHBIX B MEKIYHAPOHBIX IITKO-
nax 1o ¢pusnKe Bo BpoiyiaBe, ceMuHapax 1o ucciaeJ0BaHuI0 HEHTPOHHOTO PacCesiHUS B
koHaeHcupoBaHHbIX cpeaax B [Toznanu. B 2000 r. 18 cneunanucros OUAN npunsiiau
yuactue B 15 koH(epeHIHUsX, IIKOJIaX, COBEHIaHUIX, MpoxoauBiiux B [lonbmie. B
[Nonbie He pa3 npoBoaminch coBermanust OWAU. Tak, B 1990 r. B Bapimase Ob11 ipoBe-
neH X1V MexmyHapoIHBI CUMITO3UYM 10 SIIEPHOM dIeKTpoHuke, a B 1997 1 1999 1. B
[To3nanu — pabouue coBemaHus Mo Ja3epHON CIIEKTPOCKOIINH Ha ITyYKaX paJioaKTHB-
HBIX sifiep (CIemyroriee CoBellaHte B 3TOW CeprH TakKe TIaHUupyeTcs rmpoBectH B [1o-
3aand B 2001 1.). B 1993 r. B 3akomane cocrosiachk TpaauumoHHas EBpomeiickas
(LIEPH-OUN) mikoia o ¢u3KKe BEICOKUX SHSPTUH.

HaquO-TeX}mqecmoe COTPYAHHUUECTBO

OUSIU TecHO COTPYIHUYAET CO MHOTUMHU IIOJIbCKUMU Hay4YHbIMU LIeHTpaMmu. Cero-
JTHSI 9TO CBBIIIE 35 HayYHBIX OpTaHU3aINi, a Tak:Ke 00pa30BaTEIbHBIX [IEHTPOB U YHU-
BepcureToB [lonbmm.

CotpyaHndecTBO BeeTcs 10 28 Hay4YHBIM TEMaM, OXBAaThIBAIOIUM BCE HAay4HbIE
HarpaBieHus aesrensnocta OSSN

Teoperuueckas Gpusuka 1o 3 remam
du3nKa >eMEHTAPHBIX YaCTHUIL o 4 Temam
PensruBucrckas saepHas pusnka 1o 7 Temam
®du3uKa TSHKEIbIX HOHOB 1o 2 Temam
Ou3HKa HU3KUX H IPOMEKYTOUYHBIX SHEPTUI 1o 3 TeMaMm
Heiitponnas snepHas pusmuka o 1 Teme

du3nKa KOHICHCUPOBAHHBIX CPEJI o 4 Temam
PanuanuoHHbie ¥ pagoOHOIOrHYECKUE HCCIICIOBAHNUS o 2 reMam
CeTH, KOMITBIOTHHT, BBIYUCINTEIbHAS (PH3UKA o 2 TeMam
O0pa3zoBaTenbHas IporpamMma o 1 Teme

60



HauOonee akTuBHBI Hay4HbIE KOHTaKThl ¢ IHCTUTYTOM siiepHON (U3UKU MMEHH
I'. Heogamuauckoro u MUucturyToM usuku SAremmonckoro yausepcuteTa B Kpakose,
BapmaBckum yHuBepcuretoMm, MuctutyToM simepHbix npobiem B Bapmase, Muctu-
TYyTOM aTOMHO# 3Hepruu u UHcTuTyTOM 1ipodiieM sapa nmeHu A. Conrana B CBepke,
JlogzuackuMm yHuBepcuteroM. Hanbonee akTMBHBIE TapTHEPHI IIPEACTaBIICHBI B Ta0JI.3.

Tabauya 3
WD (KpakoB) — MHCTHTYT sinepHoit ¢pu3uku um. I'. HeBogar9Ianckoro ITo 15 remam
WAIIT (BapmaBa) — HMucTHTYT simepHbIX npobiem uM. A. Contana ITo 8 Temam
BY (Bapmasa) — Bapmrackuii yHuBEepcUTET ITo 5 Temam
BpY (Bpomna) — Bportasckuii yHuBepcuTer Ilo 5 Temam
N AY (Kpakos) — MucrutyT dusmku SreuioncKoro yHuBepcuTeTa ITo 5 Temam
NO® BY (Bapmasa) — WHCTUTYT SKcTIepuMeHTanbHON Gu3ukn BY ITo 4 Temam
MAXuT (BapmaBa) — MHCTUTYT siiepHO XUMUU U TEXHUKU Ilo 4 Temam
WAII (Cepk) — UMHcTHTYT sinepHbIX podiem uM. A. ConraHa ITo 4 Temam

IIpomoxkonwt 0 6bInOIHEHUNU COBMECHHBIX HAYYHO-UCCIE0068AMETbCKUX PADOmM

B HacTosiiee Bpemst 1eicTBYIOT 45 MPOTOKOJIOB, KOTOPHIC 3aKJIFOUEHBI ¢ 5 1abopa-
topusimu OUSU (JIBD, JIHO, JIAIL, JITD, JISIP) u oxBarbiBaloT 8§ HampaBicHHI
Hay4HbIX HCCIEAOBaHMM, mpoBoauMbix B OMSAN.

Tabauya 4

Hanpasnenus uccnenopanuit KonuuecTBo mpoTokooB

Teopernueckas puzuka

dDusKKa HIEMEHTAPHBIX YaCTHI]
PensiTuBuCcTCKAs sepHas HU3MKa

®n3zuka TSHKETBIX HOHOB

®dunznka HU3KKUX ¥ IPOMEKYTOUHBIX SHEPrHid

[ EEN-REN-RRV I S BN 8]

Heiitponnas saepHas pusmuka

Ju—
Ju—

®dusnka KOHACHCUPOBAHHBIX CPEJ]

PaguanronHbie ¥ pasinoOMOIOrn4ecKue UCCIICA0BaHUS 2

B nierom, xax BBl BUIUTE, HAIlIE COTPYAHUYECTBO PAa3BUBAETCS MOSUTHBHO U TIJIOJ0-
TBOpPHO. MBI HajieeMcs, YTO TPOIIEIIee 3aceTanre KPYTJIOTO CTOJIa U CETOIHSAIIHEE
3aceanne KoopJuHallMOHHOW KOMHUCCHU JIayT HOBBIM HMMITYyJIbC AabHEHIIEMY
corpymanuectsy OUSIN ¢ HaydHBIMH B 00pa30oBaTeIbHBIMH IIEHTpaMu PecryOmmukm
[Tonpia.

brnaronapto Bac.
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HYKJIOTPOH: COCTOSHUE JAEJI
U BJIMKAHNIIUE NEPCIEKTUBBI

A.JI.KoBajieHKo

JlaGopaTopus BeIcOKUX sHepruit OMAN

1. BBoaHble 3aMeuaHusA, COCTOSIHHE e/

Hyxnorpon — cBepXIpoBOISIINI CHHXPOTPOH, OCHOBAHHBI HA YHHUKAJIbHOU
TexHosoruu ObicTpouuknupytomux ClI-marauros. Co3ganue HyKIOTpoHA Kak 0a3o-
BOM YCTAHOBKHM ISl HCCIIEIOBAHUH B 00JIaCTH PEJIATUBUCTCKON SACPHON (PU3UKH HHU-
LUUPOBaHO aKajeMUKoM A.M.bananHeim, 1 10 HACTOSILETO BpeMEHHU paboThl BEAyTCs
O]l €ro Hay4YHbIM pykoBojacTBoM. KostektuBoMm crenuanuctos JIBD BbimoiaHEeHb!
YHHUKaJIbHbIE Pa3pabOTKH, PELIeH KOMIUIEKC Ipo0IeM, CBA3aHHBIX ¢ CO3JaHUEM CBEPX-
MIPOBOJSIIIMX MAarHUTHBIX CHUCTEM HOBOTrO THIa. OCHOBHBIE Y3JIbl M 3JIEMEHTBI HYKJIO-
TpoHa ((hparMeHT ero KoJybla 1mokazaH Ha puc. 1) uzrorosinensl B OIl OUSAU u JIBD.
OmnbIT pa3paboTKH OBICTPOLMKIMPYIOLUIMX CBEPXIPOBOSIIMX MATHUTOB ¥ MAaIrHUTHBIX
CUCTeM CHHXPOTPOHOB, HakoruieHHbIH B JIBD OWSIU, BocTpeboBaH: B mpormienmniem
roay HauaTbl coBMecTHbIE ¢ GSI paboThI 110 OBICTPOLUKIMPYIOLIMM CBEPXIIPOBOASIIINM
Maraurtam s Oyaymero cuaxpo- Tpona SIS200 B lapmimraare.

3a nepuon ¢ mapra 1993 mo suBaps 2001 1. coctosmuchk 18 ceancoB pabOTHI
HYKJIOTPOHA CYMMAapHOM IPOAOSKUTENbHOCTHIO 4920 yacos. [Ipu 3ToM Ha oxJtakieHue
KoJbpla 3aTpayeHo 1580 4, Ha OTIAaAKy CUCTEM
YCKOPUTEIS U HACTPOHKY ¢ myukoM — 2430 4,
Ha (U3MUECKHE DOKCHepuMeHTel — 910 u.
I'maBHBIM (hakTOpPOM, ONPENEIAIOUINM CyMMap-
HYTO TOJIOBYIO MPOJIOJKUTEIFHOCTH CEAHCOB Ha
yckopuTesie, ObUIO M OcTaercs (PUHAHCH-
poBaHue.

LleneBoe BbIJCIICHUE CPEIICTB HAa 0a30BbIC
ycranoBku aupekuueit OUAN B 1999-2000 rr.
[MO3BOJIMJIO 3aBEPIIMTh B MPOIICAIIEM TOIy
MPUHIIMITHAIBHBIC 3Tallbl pa0OT IO BBOAY B
JIEHCTBHE CUCTEMBI MEJIJICHHOTO BBIBOJIA ITy4Ka
W peann3anuu «0e3a30THOTO» PeXHMa PabOThI

reJIneBOro pedpmxeparopa CHUCTEMBI
oxJaxaeHus. Takum oOpa3oM, oOecreueHbI
Puc. 1. HOBBIE BO3MOKHOCTH I HCIOJB30BaHHUS
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[IyYKOB HYKJIOTPOHAa M COBEPLICHCTBOBAHHUS €r0 IMapaMeTpoB. DTO CO3MAET TaKXKe
OJaronpuATHYI0 OCHOBY M JUIsl Pa3BUTHS HAYYHO-TEXHHYECKOTO COTPYAHHUYECTBA C
nHcTuTyTamMu [lombiy, BO3MOXKHbBIE HAlIPaBJICHUS! KOTOPOTO MPEACTABICHb! B JAHHOM
cooOmennn. OCHOBHBIE NapaMeTpbl HYKJIOTPOHA (IIPOCKTHbIE M IOCTHIHYTBIC)
MIPUBEACHBI B TAOJINLIE.

[TapameTpbr [IpoexTHbie Hocturnyrsie
YcKopsieMble 4acTHITbI Py’ U p.d,o, °C, *Kr
MaxkcumanbHast sHeprus, [ 9B/Hykinon 6(4/Z=2) 4,1
MaruuthHoe mose, Tia 2,0 1,5

MHTEHCHBHOCTH MyYKOB (YACT./I[HKIT)

» 2.10" 2,4-10"°

d 2-10" 2-10"

ot 5-10° 8-10°

C 1-10° 6,5-10°
DddexkTuBHOCTH BHIBOIA YaCTHIL, Yo 95 60-70
JITeNnbHOCT CTOMIa MAarHUTHOTO TTOJIS, C 10 150((;;/1/ :20 5 11—33]3]?//:;15;))
Yacrora uukios, I'i 0,5 0,2

[IporpaMma COBEpIICHCTBOBaHMSI M Pa3BUTHS HYKJIOTPOHA BKIIOYAET B ceOs
TIOJIHBIN TIepeveHb paboT, MIaHUPyeMbIi Ha Ommkaiimue 2—3 roga. OHAKO periIaMeHT
JAHHOTO COOOIICHUSI MTO3BOJISIET TOJILKO MPOKOMMEHTHPOBATH OT/IENIbHBIE BOIIPOCHI.

2. bankaiimue nepcrneKTUuBbI

[lepBonpriopureTHON 3a7ayeil MO COBEPIIEHCTBOBaHMIO HykyoTpoHa B 2001 T.
OyzeT MOBBILICHNE HHTEHCUBHOCTH YCKOPEHHBIX ITyYKOB 3a CYET YMEHBILCHHS [TOTEPh
YaCTHUI[ Ha BCEX dTaax OT WHXEKIIMH JI0 BbIBoJIa. JlJ1st perieHus 3Toi 3a/1a4u BBIIEICHO
HEOOX0IUMOE BpeMs B MNPEICTOSIIMX CeaHcaX, pa3paboTaHbl U OyAyT BBEICHBI B
JICHICTBHE HOBBIC CPEJICTBA AMATHOCTUKH MTyYKOB, JIOKATH3AIMH (ITIPOCTPAHCTBEHHON U
BPEMEHHOI) MOTEph YacTUI] B KOJIbLE YCKOpHUTEIS U Ip. OKugaeMblid pe3ynbTaT —
yMEHbIIIEHHE TToTeph YacTull B 5—10 pa3. OTMETHM, 4TO 3TO UMEET MPUHIIMITHATHHOE
3HAYEHHE I TOJY4YCHHS HAa HYKJIOTPOHE ITyYKOB MOJSPU30BAHHBIX JIEHTPOHOB C
HEOO0X0IUMOM IS psafa GU3NUYECKUX IKCIIEPUMEHTOB HHTCHCUBHOCTBIO.

[IpakTrueckass BO3MOYKHOCTh TPEAOCTABICHUS OONBIIETO BPEMEHH IS HCCIe-
JIOBaHUH MO MPOTPaMMe COBEPIICHCTBOBAHHS ITapaMeTPOB HYKJIOTPOHA MOSBHIIACH B
cBs3u ¢ mposeacHHOW B 2000 T. MomepHHU3anell KPHOTCHHBIX TEIMEBBIX YCTAHOBOK
KI'Y-1600/4,5, ocyIIecTBISIFOIIIX OXJIAKICHUE €r0 MarHUTHOW CHCTEMBI 10 paboueit
temmepatypel 4,5 K. B pe3ymprare MOCTHTHYTO CHIDKCHHE YPOBHS ITOTPEOJICHUS
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AATA MNOCAEAHEA SANMHCM! 11:30:11 21-12-2000
AATA HAaYana oToSpaxeHwAa: 11:00:01 16—-11-2000

2504/}

2M4E T1 2M4BE T3 2M4ar T1 2M4ar T3 3mM2a T1
IM2a T3 IM2E T1 IM2E T3 IM2T T1 IM2T T3

200

100

50

f

2 4 -] ] 10 iz 14 16 ia 20 22 24 26 t,cuTkM

Puc. 2. Temneparypa konblia HyKJIOTpoHA B 18-M ceaHce

JKHUJIKOTO a30Ta ¢ 14 710 8,3 TOHH B CYTKH, YTO 00€CIICYMBACTCS MMEIOIIUMHCS MOII[HOC-
TamMu VHCTUTYTa IO TIPOU3BOJCTBY JKHIKOTO a30Ta C Y4E€TOM MOTPEOHOCTEH PYyTHX
noJsib3oBatelieil. TeM caMbIM CHATO MMEBIIIEE MECTO Ha MPOTSHIKESHUH BCETO MPEJIIIEeCT-
BOBABIIIETO MMEPHOJIa TEXHUKO-DPKOHOMUYECKOE OIMPaHUYCHUE Ha MPOI0JIKUTEIbHOCTh
CEaHCOB PadOTHI HyKJIOTPOHA.

PaboThl 1O TOBBINICHUIO 3KOHOMHYHOCTH CHCTEMbI OXJIAXKJCHUS HYKIOTPOHA
MPOJIOJDKAIOTCSA, W MBI TUIAHUPYEM YK€ B IPEACTOSIIEM CEaHCe CHU3UTH YPOBEHBb
MOTPeOICHHSI JKUKOTO a30Ta elle He MeHee ueM B 2 pasa. [locne mpoBemeHus 3Tux
paboT OyJneT 3KOHOMHYECKH IIeJICCO00pa3HO PEKE OTEIUIATh MArHUTHYHO CHUCTEMY
nyksotposa j1o 300 K, a nojaepkuBath €€ B ciiydyae KOPOTKUX MPOMEKYTKOB MEKY
ceancamu mipu Temrmeparype xuiakoro azora — 80 K. IIpexcraBnennsiii Ha puc. 2
rpad)uk W3MEHEHHsI TeMIIEpaTypbl KOJblla HYKIOTPOHA JIEMOHCTPHPYET OIBITHYIO
MIPOBEPKY TAKOTO PEXKHUMA.

OxJtak/iIeHUe HYKJIOTPOHA, UMEIOIIEIO «XOJIOJHYH Maccy» okojo 80 TOHH, OT
TeMIIepaTyphl okpyxaromieil cpensl mo 4,5 K mpomsBogurcs B cpegrem 3a 90—100
4yacoB, U npH 3ToM pacxoayercs 80-90 ToHH xuakoro azora. Kak BugHO M3 puc. 2,
BBIXO/]] HYKJIOTPOHA Ha pabounii pexxuM B cirydae crapra ¢ T’ = 50—-80 K ocymiectsien 3a
14 9acoB, v IpH ATOM JIOTIOJIHATEILHOTO pacxoja XKHUAKOTO a30Ta He TpeOyeTcs. Takum
oOpa3oM, mojiepkaHue Kojblla HykinoTpoHa mpu 7 =80 K B TeueHue Tpex Henenb
OyJZieT SKOHOMHUYECKH 00Jiee BBITOJHBIM, YeM LMK ero oxnaxaeHus ot 7 =300 K.
Takme may3sl B ceaHcax IIellecOOOpa3Hbl TakkKe M C TOYKH 3pEHHUS OTHbIXa
AKCIUTYaTAIlMOHHOTO MePCOHANA, Ne(QUIIUT KOTOPOIO Mbl HCIIBITHIBAEM, U MOJTOTOBKH
HOBBIX (PU3WYECKUX DKCIIEPUMEHTOB, TPEOYIOMIMX IMEPECTAHOBKA OOOpYIOBAaHUS Ha
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KaHaJIaX Iy4YKOB U HepCCTpOﬁKH HWHKCKIIMOHHOT'O KOMIIJICKCA ITPU NepeXoI€ Ha npyroﬁ
COpPT 9acCTull.

3. PazButue texnosoruu CII-maruurToB, 0ycrep HyKJOTpPOHA

JIBD OUSIN sBnsercs numepoM B pa3pabOTKe W CO3AaHWM MHUHHUATIOPHBIX
9KOHOMHUYHBIX CBEPXIPOBOIAIINX MAarHUTOB. TexXHOIOTn4YecKkas 6a3a Jst MpOU3BOACT-
Ba CBEPXIIPOBOJAIIETO Kalemss pa3nuyHbIX KoH(purypanuid, oomotok ClI-marHuTos,
OTIBIT Pa3pabOTKM CHUCTEM KpPHUOCTATUPOBAHUS, MCTOYHWKOB IMUTAHMS, MarHUTHBIX,
TEMITIEPATyPHBIX W KPUOPUINUCCKUX H3MEPCHUU IMO3BOJSIOT 3(PGHEKTHBHO periaTh
3a/aud  pa3pabOTKW ¥ WCHBITAHMA KPUOTEHHO-MAarHUTHBIX CHCTEM JIJISi HOBBIX
yckopuTenel pa3nuyHoro HasHaudeHHs. Oco0o ciemyeT OTMETHTh HMEIOIIYIOCS B
nmaboparopuu 0a3y AJs MPOU3BOJICTBA KUAKOTO TeNns M X0J0/1a Ha ypoBHe 4,5 K.

OpnHa 13 po0JIeM, pelaeMbIX B HACTOSIIEE BPEMsI, — ITO CO3JJaHne ObICTPOIMKIIHU-
pytoumx CII-marauToB, Oonee >(pQPEKTHBHBIX U HKOHOMHUYHBIX MO CPAaBHEHHIO C
MarHUTaMu HYKJIOTPOHA JUIsi CHHXPOTpPOHa-OycTepa HYKJIOTPOHA Ha DHEPTHIO siIep
250-500 MaB/uykion u npoektupyemoro B GSI ([lapMiiTanT) BBICOKOMHTCHCUBHOTO
cBepxmpoBosiero cuaxporpona SIS 50/200 (BR =50+200). Co3nanue Oycrepa
[TO3BOJIUT MOBBICUTH UMITYJIbCHYIO0 HHTEHCUBHOCTB ITyYKOB B HyKJI0TpoHE B 10—50 pas.
Oco60 HE0OXO0IMMO MOAYEPKHYThH 3HaYCHUE OycTepa JUisl OBBIIICHUS! HHTCHCUBHOCTH
ITy4YKOB MOJISIPU30BaHHBIX JIEHTPOHOB.

[IpopaboTanbl HECKOJIBKO BapHaHTOB Pa3MEIICHHUs HOBOW YCTaHOBKH B CYLIECT-
BYIOILMX 3AaHUSAX YCKOPUTEIbHOro KoMiuiekca JIBD. Onun n3 Haubonee npuemiieMbIx
MoKa3aH Ha puc. 3. B paccmarpuBaeMoM BapuaHTe HEPUMETP KOJIbLA YCKOPUTENS PaBeH
83 M, YTO COCTaBISIeT OJHY TPETh MEPUMETpa HYKJIOTpOHA. MarHuTHas CTPYKTypa
COCTOMT W3 32 AWMNOJBHBIX M 24 KBaJpYyNOJBHBIX CBEPXIIPOBOISIIIMX OBICTPOLMK-
aupyromux MarautoB (f, =1 I'n). MakcumanbHas Belu4nHa UHIYKIHM MarHUTHOTO
noyist B ameprype aumnojied, umeromei pazmepsl 100X 160 MM, BepTHKaIbHBIA U
TOPU3OHTAIBHBIA COOTBETCTBEHHO, — 1,8 Tu. Ilpu 3TOM 3HEprus yCKOpeHHBIX A1ep C
oTHOIIEHHEM 3apsjga K macce Z/A=0,5 cocrapur 500 MaB/uykinon. OTMeTHM, 4TO
HECMOTPS Ha JOCTaTOYHO OOJBIIYIO anepTypy MarHuTa, BBIOOP KOTOpPOH 00yCIOBJICH
HEOOXOIUMOCTBIO OCYILIECTBICHUS! MHOTOOOOPOTHOH HMH)KEKLMH YaCTHL, HAPYKHBIH
JMaMeTp KpUocTaTa He yBEJIMYUBACTCS 110 CPAaBHEHHIO ¢ HYKIOTpoHOM. Kpome Toro,
WCTIOJIb30BaHNUE MJICH TEIUIOBOM Pa3BA3KH CBEPXIPOBOAALICH OOMOTKH OT CTAlIbHOTO
sapMa, (HOPMHUPYIOLIETO MAarHUTHOE I10JIe, CHUXKAET TEIJIOBbIE HArpy3KHu Ha TemIlepa-
TypHOM ypoBHe T =4,5 K Gonee yem B 2 paza. DTO yKe MOIATBEPKICHO MEPBBIMU
CTEHJOBBIMHU HCIIBITaHUAMU. [ oxnaxneHust Oycrepa He TpeOyeTcs JOMOIHUTEIBHO
co3JaBaTh KPUOI'CHHOE O0eCHeueHHEe — JOCTaTOYHO HMMEIOMIMXCS BO3MOKHOCTEH
HYKJIOTPOHA.

Hcnonp3oBanne mMeromieiicss B gaboparopun 1 MHCTUTYTE 6a3bI, a Takke psiua
HOBBIX IIOAXOJO0B U MPAKTUYECKOTO OIbITA, IIOJIyYCHHOT'O IIPU HKCILIyaTalluy HYKJIO-
TPOHA, TAPAHTUPYET BO3MOKHOCTD PEAIN3ALUH IPOEKTa B KOPOTKUE CPOKH IIPU MUHU-
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Nuclotron

Extraction
from the
Nuclotron

Puc. 3. Pa3memenne Oycrepa B 31aHUM CHHXPO(]A30TpoHA

MaAJIBHBIX SanaTaX n Ha ypOBHe, HpeBBIIlIaIOH_[eM MI/IpOBI)Ie JOCTHMXXCHUS B 3TOI71
00J1acTH.

4. Bo3mo:kHBIE HanpaBJICHUA Pa3BUTUSA COTPYAHUYIECTBA
C HHCTUTYTaMH Ioabin

Hawm mipencrasisiercsi, 4TO COTPYAHUYECTBO MOJIBCKUX (PU3HKOB M CHEIIUAIMCTOB C
JIBD Mo’eT ycIemHo pa3BUBaThCs MO CIIETYIONIMM HallpaBIeHUIM:

— TOJITOTOBKA U TIPOBEJICHUE SKCIIEPUMEHTOB Ha ITyYKaxX HYKIOTPOHA;

— COBEPLICHCTBOBAHHUE U Pa3BUTHE YCKOPUTEIBHOTO KOMILJIEKCA HYKIIOTPOHA;

— pa3paboTKa BOIPOCOB CO3JIaHUS CBEPXIIPOBOJSIIEIO OBICTPOIUKIUPYOIIETO
OycTepa HYKJIOTpOHA M pa3BUTHE TEXHOJOTHU DKOHOMHYHBIX CBEPXIPOBOISIIIX
MarHUTOB.

B pamkax kaxJ10ro U3 9THX HalpaBlIeHHH CYIIECTBYET NPOrpaMMa KOHKPETHBIX pa-
00T, SKCTIEPUMEHTOB, HCCIIEJIOBAaHHNA. B 4acTHOCTH, COBEpIIICHCTBOBAHHUE YCKOPUTEIh-
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HOT'0 KOMILIEKCa HYKJIOTPOHA BKIIFOUAET B c€0s HE TOJIEKO YMEHBIIIEHUE MTOTEPh YaCTHUIT
B YCKOPUTEIE, HO H:

— pa3BUTHE UCTOYHHKOB MHOTO3aPSAHBIX HOHOB (JIa3€PHBIN, AIIEKTPOHHO-TyYe-
BOM, MTOJIIPU30BAHHBIX JIEUTPOHOB);

— COBEpIICHCTBOBAHUE aIIapaTyphl YIIPABICHUS, IUATHOCTHKH ITYYKOB U KOHTPO-
JIS1 TApAMETPOB CHCTEM;

— CO3/IaHHE MPEIU3HOHHBIX TPOTPAMMHUPYEMBIX HICTOYHUKOB nuTanus ClI-marau-
TOB, cucTeM 3amuThl CII-MarHUTHBIX CHCTEM H ABaKyalliyd YHEPTHH;

— pa3BUTHE METOJIOB M CHUCTEM BBIBOJA ITYYKOB W3 CBEPXIPOBOJISAIINX CHHXPO-
TPOHOB, B TOM YHCIIE C HCITOJIb30BAaHUEM M30THYTHIX MOHOKPHCTAIUIOB BOJb(pama;

— noBBIIIeHHE YPPEKTUBHOCTH M HAJIS)KHOCTA KPUOTCHHOTO 00ECTICUeHHS U JIP. ;

— HCCIIeJIOBaHNE IMHAMUKY ITyYKOB B HYKJIOTPOHE;

— HUCTOYHHKU MHOTO03apSATHBIX MOHOB (JIa3€pHBINA, SJIEKTPOHHO-TyYEBOH, TOJIS-
PU30BaHHBIX JEHTPOHOB);

— anmapaTtypa yNpaBJieHHs, JUATHOCTHKH ITy9KOB W KOHTPOJISI IMapaMeTpoB
CHCTEM;

— MpeUuu3HoHHbIe, yrpasisieMble oT OBM ucrounuku nuranust CII-mMarHuToB,
CUCTEMBI 3aIllUTHI U 3BaKyalliu SHEPTUH;

— MOBBIIIeHHE YPPEKTUBHOCTH KPHOTEHHOTO 00ECIIeYeHHSI.

EcTtecTBeHHO, W ATOT mepedeHb HalleK0 HE HCYEpIbIBaeT BCE HMEIOIINECS
MTOCTAHOBKH 3a/1a4 JIJIi COBMECTHBIX PaloT.
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YCROPUTEJDb 1 PEARTOP

N.A.lllenaes, A.M.Baamuu, A.M.Maxaxos, D.-M.JIanrpok

JlabGopaTopusa BbicOKuX sHepruit OUAN

1. Beegenue

WccnenoBanns, HalelneHHbIE Ha HWCIOIB30BaHHE HCKYCCTBEHHO TEHEPHUPYEMBIX
HEHUTPOHHBIX IyYKOB I SIICPHBIX DHEPTeTHYECKHX PEaKTOPOB, MMEIOT IOJTYIO
uctopuio [1,2]. B mocnennee BpeMs npeuiokeHrne 00 UCIOIB30BAHUH TOPHUS BMECTO
ypasa [3] 0’KMBHWJIO HAYYHBIA HHTEPEC K 3TOM 3aaye. B yacTHOCTH, B IOCIEHUE TOIbI
MpoIIa CepHUs HAYYHBIX KOH(EpeHIHH Mo 3TOoM mpobiemaruke. [[Byms Tpyrmamu
YYEHBIX OBUIM ONYOJIMKOBaHBI INEPBBIE AKCIEPUMEHTAIbHBIC pe3yibTarthl [5—8]. B
JIOTIOJIHEHUE CTOUT OTMETHTBH paboTy [9], comepikalnyto poTrHO3 110 Pa3BHTHIO 3TOTO
HaIpaBJICHUS.

Konnenuus moJKpuTHYHOTO peakTopa, ympamiseMmoro yckopureneMm (ADR), c
AJICKTPOHHOHN YIIPABJIAIONICH CHCTEMON TpPECTaBIsCTCS Hamboyee HaAS)KHBIM U
THOKHUM yCTPOHCTBOM TSI TEHEPAIMH SJCKTPOIHEPTHH MPH HCIIOJIB30BAHUH ypaHa U
TOpUSI TIPU TIOAaBIICHHOM Iiielie pagnoakTuBHBIX 0TX0/10B [10]. Takoe ycrpoiicTBo
MpeBpalaeT 4acTb SHEPTrUU AIIEKTPOCETH B MOIIHOCTh YCKOPEHHOT'O IMPOTOHHOTO
MydYka, TpaHcHOpMHUPYEeMOro B TOTOK HEHTPOHOB HAa MHUIICHH. DTOT TOTOK JaeT
MHO’KECTBO aKTOB JICJICHHS B TOIUIUBE W OCBOOOKIAET JIOTIOJTHHUTEIBHYIO TEIUIOBYIO
suepruto. Koadpumment ycunenns & 3aBUCHT OT CTETICHH MTOAKPUTHYHOCTH PEaAKTOpa,
U pa3JIMYHbIC OLEHKHU MOKa3bIBAIOT, UTO €ro 3HaY€HHUE HaXOoJuTca B mpexaenax 25-30
npu sHepruu npotoHoB 0,3—1 B [11,12]. T'maBHas TpyIHOCTb MPHU MPAKTUYECKOM
CO3/IaHUU TAKOTO JHEPTETHYECKOTO YCHIIUTENSI COCTOWUT B OTCYTCTBHU YCKOPHUTEI,
crocoOHOro 3¢ (EeKTUBHO CO3/1aBaTh IMyUKH kernaeMoit MmoutHocTH (100—120 MBT) ipu
npuemieMoll crouMoctd. CyIIecTBYeT JIOCTaTOYHO MHOTO MPEIOKEHUN, KOTOPbhIE
MpeyCMaTPUBAIOT JJISI STOW IENH JHHEWHBI YCKOPUTENbh — TEIUIbI WM CBEpX-
npoBosimuit (CIT). YckopuTenb Takoro Tuia MOXET 00eCHeuuTh MyYku TpeOyeMoi
WHTEHCUBHOCTH, HO TOJILKO B UMITYyJIbCHOU Mojie. bonee Toro, TMHEHHBIN yCKOPUTETh
(YHKUMOHUPYET B AMAna3oHe 04eHb BBICOKMX 4yacToT (300—500 MI'm), a1t KOTOphIX
COOTBETCTBYIOIIICE OOOpPYJOBAHUE CIHUIIKOM JIOPOTO, a €ro Pa3Mepbl OYCHb BEIHKH
(okomo 1 xkm).

HuxmoTpoH ¢ pasmeneHHbIMH opOutamu [13] ¢ MarHMTOM Ha OCHOBE CBEpX-
MIPOBOJIUMOCTH W TEIUIBLIMH BBICOKOYACTOTHBIMH PE30HATOPAMHU TMPEIACTABIISCTCS
HauboJIee MPUBIIEKATEIBHBIM. B TakOM yCKOpHTEIE MOXKET OBITh OCYIIIECTBICHO JIECITh
Iy9KOB. DTO OOCTOSITENIBCTBO CYIIECTBEHHO YMEHBIIACT TMPOOJIEMBI OTPAHUUICHUS
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WHTEHCUBHOCTH Iy4Ka M3-3a OOBEMHOro 3apsja B yckopurese. JlomomHuTenbHOE
pacuieneHne KaXI0ro U3 JeCATH YCKOPEHHBIX MYYKOB MO3BOJISIET PELIUTh IPOoOIeMy
OXJIQXKJICHUS MUILEHU NpU noaHoU MoutHocTd B 100 MBT 1 B TO k€ BpeMsl OJIy4YUTh
JOCTaTOYHO OJHOPOAHOE T0JIe HEHTPOHOB B peakTope. BrioueHue yckoputens B
MIPOMBIIUICHHBIA SACPHBI PEaKTOp paccMaTpUBAEeTCs HA MHpPUMEpPe POCCHHCKOTO
peakropa PMBK-100. OnHOBpEeMEHHO CYILECTBYET BO3MOKHOCTh Ppa3IeiIbHOTO
WCTIOJIb30BaHMsl  OBICTPBIX HEUTPOHOB, CPOPMUPOBAHHBIX B MHUIICHH, U TEIJIOBBIX,
POXIIEHHBIX ITOCTIe OXJIKICHUS B aKTUBHOM 30He peakTopa. Mrak, o0cyxnaeTcs HoBast
KOHLICTIUS «JIBa B OJHOM» JUIS PEAKTOpa Ha OBICTPBIX M MEAJICHHBIX HEHTpOHAX Ha
€IMHON YCTaHOBKE.

2. JHepreTHYeCKUui O0ajlaHC

VYmpouennas cxema ADR nipencrasnena Ha puc. 1 ¢ ykazaHrueM OCHOBHBIX TTIOTOKOB
sHepruu B HeM. [Ipennonoxum, 4To mydKu MPOTOHOB, UMEIOLTUE MOIIHOCTE Pj, Nat0T
TEIIOBYIO MOIIHOCTH P), Oyarojapsi SHEPrUM JICJICHUS SIEPHOTO TOIUIMBA B aKTUBHOMU
30HE PEaKTopa TOCIE MOMAIaHUs HA MUIIICHD:

P, =kP,, (D

rae k— ompenesieHHbIN BhilIe KO3 GUIneHT ycuieHns sHeprun. TermmoBas MOIHOCTb
TpaHcHOPMUPYETCSI B IJIEKTPUUECKYIO P, YHEpPreTHUecKOil yCTAaHOBKOM peakTopa ¢
s¢dexTrBHOCTBIO 1),. Clle10BaTENBHO,

P, =knp,. 2)

YacTh 3JeKTPUYECKOM SHEPruM BO3BpAILAE€TCS B YCKOPUTEIb, Jpyrasi HampaBJsieTCs
MOTPEOUTEINIO:

P,=P,+P,. 3)

OuHeprusi, morpednsemMas yCKOPHUTENEM, MOXET OBITh pa3jelieHa Ha JIBe YacTH:
MOIITHOCTH P TSI yCKOpHUTEIIst 6€3 Imyduka (BaKyyMHasi CHCTeMa, OXJIaKIaeMbIE MATHATHI
Y PE30HATOPBI, yIPABJIAIONIAs CHCTEMA U T.I1.) © MOIIHOCTB Py, TpeOyeMast I MUTaHHs
BBICOKOYACTOTHOTO TeHepaTopa. 31eCh MOITHOCTH MTPOMBITINIEHHOHN CETH JOJIKHA OBITh
npeoOpa3oBaHa B BEICOKOYACTOTHYIO MOIHOCTL Py [Tomyuaem

P, =P, +1’S=P—f+P @

s
4

Puc. 1. Cxema ADR: / — BbIcOKOUYaC-
TOTHBIH TE€HEpaTop, 2 — YCKOPUTEIb, P + P A P
|

S I N N
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1pu 3 (HEKTUBHOCTH NPeoOpa3oBaHus 1, .

BricokouacTOTHAasE MOIIHOCTH HANpaBiIseTCs B PE30HATOPHI JUIS BO30YXKICHUS
YCKOPSIIOIIETO 3JIEKTPHYECKOTO MOl W YCKOPEHHUsS IIyYKa, M TOTJa CIIPABEIUINBO
CIIeIIyIOIIee BEIPaKEHUE:

P, =Pm,, (%)
rae 1M, — 23(QQPEeKTUBHOCTh NEpeJaud SHEPIUu OT BBICOKOUACTOTHOI'O I'€HEepaTopa
myuky. O0benunss Beipaxenus (1)—(5), momysaem

Pu +Ps:(kne_1/ngnb)Pb‘ (6)

O‘IGBI/II[HO, YTO MOCJCAHCC BBIPAKCHUC MMCECT CMBICII, €CJIM BBIPAXKCHUC B CKOOKax
TMOJIOKUTCIIBHO, T.C. IIPXU YCIIOBUH, YTO

kg, > 1. (7

HepaenctBo (7) ompeznensier yciaoBuHe palOOTBl pPeakTopa, YIPaBIsIeMOTO
yYCKOpHTEIEeM, 0e3 Kakoro-1udo 3HepronoTpedIeHUs U3 BHEIIHUX HCTOUYHHUKOB.

B nepasenctBe (7) SKCHEpUMEHTAIBHO ONpEAEiIeHbl 3HaueHus ABYX 3¢ddexrus-
HOCTEH M, U M g» @ IMCHHO: 1, = 0, 3 1 3HaueHHeE M ¢ HAXOJMUTCS B IPEIeIIax 0,65-0,7,
€CJIM BEICOKOYACTOTHBIN reHepaTop, padoTaromuii Ha gactore 30—40 MI ', moctpoeH Ha
COBPEMEHHBIX MOIIHBIX TETPOAAX. 3HAYUT, MOKHO BApbUPOBATh TOJIBKO J1Ba TapaMeTpa
B ypaBHeHuu (7) —kunm,.

3HayeHue k 3aBUCUT OT HOJAKPUTHYHOCTH peakTopa. ClenoBaresbHO, THUI
YCKOpUTEIIs OIpENesieT TOIbKO 1), B HepaBeHCTBE (7). DMPEKTUBHOCTD 1), MOKET
OBITH peZcTaBIeHa KaK

b _ B (8)
U = s
P, P,+P,

rae P, — MOIIHOCTb, pacceMBaeMasi B pe30HaTopax MpH OTCYTCTBYIOIIEM ITyYKe U MPU
BO3OYKICHMM  Ha  HEM  YCKOPSIOIIETO
100 HaIpsHKEHUs.

Ha puc.2 noka3anbl 5 QEeKTUBHOCTH 1), LIS
IBYX yCKOpuTened: kpuBas [ — JuId
LUKJIOTPOHA, uMeroiero S MBT MoutHoCTH J171st
BO30YXJeHHUs 56 BBICOKOYACTOTHBIX PE30-
HatopoB a0 0,5 MB kaxnplii, Kak IPUHATO B
HACTOSIIEM NPOEKTe, U KpuBas 2 — IS
JTUHEHHoTo yckopuTess MourHocTeio 100 MBT.
0 5 100 150 Kak Bugno, B nuknorpone 1, 6onsiue 0,95 npu

Mousocts yekopurens, MBt 100-MBrT nyuke, B TO BpeMs Kak B JUHEHHOM

yCKOpHTEJIe 3HaueHus 1, nocturarot 0,75 npu

DddexkruBHOCTD, %
W
S
T

Puc. 2
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MomHocTy mydka 400 MBT. Dta pa3Huia o0bsCHIETCS MHOTOKPATHBIM IepeceueHIEeM
IIyYKOM YCKOPSIIOLINX ITPOMEKYTKOB MJIM BEICOKOYACTOTHBIX PE30HATOPOB.

3. YcKopureab

3.1. Butoop cxemut u ceazanuvle ¢ Hum npoodaemst. [IpuHumas BO BHUMaHHUE BCe
BBIIICOTMEYCHHBIC YCIIOBHUs, MOXEM C(OpPMYJIUpOBaTh TIJaBHbIE TPeOOBaHHUA K
YCKOPUTEIIIO JUIs YIIPABIECHUS PEAKTOPOM:

a) OH JIOJDKEH o0ecrevynBaTh MPOTOHHBIE MYYKH ¢ TOkoM 100 MA nnm BbIIIE IpH
sHepruu 1 ['3B B pexxnmMe HenpepbIBHOTO WM KBa3WHENPEPHIBHOTO TOKA,;

0) OH JOJIKEH UMEeTh HauBbICUIYIO 3(p(HEKTUBHOCTS 1), I€PEAaun BEICOKOUACTOTHOI
MOIIIHOCTH K TYUKY;

B) OH JIOJUKCH UMETh HaMBBICIIYIO 3(Q(QEKTHUBHOCTh NPEoOpa30BaHUsI MOIIHOCTH
CETH B BBICOKOYACTOTHYIO;

I') OH JJOJDKEH UMETh HAUMEHBIITYIO CTOUMOCTB BBICOKOYAaCTOTHOTO 000PYIOBaHUS U
€ro padoThI;

) OH JOJDKEH OBITh KOMIAKTHBIM, HAJEKHBIM, THOKMM B YIPaBICHUU H
9KCIUTyaTalHH.

Bcem »TuM TpeboBaHMAM yIOBIETBOPSET HUKIOTPOH C Pa3aelIeHHBIMH OpOUTaMH
(IPO) Ha ocHOBe CBEpXIPOBOSIICH MarHUTHON cucteMbl. Cuctema, 000pyIoBaHHAS
MUHHMATIOPHBIMH  CBEPXIIPOBO/SIIIMMH MarHUTaMd C SPMOM M3 JKene3a, Oblia
paspabotana B JlabopaTtopuu Beicokux suepruit OUSN.

[Tonnas cxema ADR mnoka3zana Ha puc.3. Yckoputenb MMeeT Tpu cTyneHu. Ha
nepBoi MpOTOHBI yckopsitoTes 10 30 M3B Ha Teriom MHOTOAYaHTHOM HMHKEKTOpE
LPO. Ucnonb3yetcs 10 mammmH Takoro Thra, Kaxjaas ooecrieunBaet Tok 10 MA. 3atem
5t 10 mydYKkoB, WHXXEKTUPOBaHHBIX B OyctepHbii L[PO co cBepxnpoBoasmiei

10 TennoBeIX bycrepnblii
M/I-1MKI0TPOHOB CIT PO Ocuosnoit CIT LIPO =
10 MA, 30 MsB 100 MA, 300 MaB 100 MA, 1 THB PeaxTop ¢ TemnoBoit

MOIIHOCTRIO 3 'BT

Puc. 3
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MarHUTHOM CUCTEMOH, YCKOPSIIOTCS 12 TEmabIMH BBICOKOYACTOTHBIMHU PE30HATOPaAMHU
10 300 MbsB. Tpaekropusi mydka 3aBOpaurBaeTCsl CBEPXIPOBOJAIIMMHI JUTOJIbHBIMU
MarHuTamMu 1 (poKycupyeTcs CBepXIpPOBOSAIINMHU KBaAPYTIOJIbHBIMU JIMH3aMU. BmecTte
OHU (DOPMHUPYIOT HE3aMKHYTYIO TUIOCKYIO CIIHPAIIbHYI0 CHHXPOTPOHHYI) MarHUTHYIO
JIOPOXKKY, a pajualibHble IIaru Ha JOPOKKE OMPEICISIIOTCS YCKOPSIOIIUM HampsiKe-
HueM. IIydok BcTpedaeT 3TO yCKOpSIOLIEe HaIpsDKEHHUE, Iepecekas YCKOPSIoLue
IIPOMEXKYTKH B PpPE30HATOpax. MI/IHI/IaTIOpHI)Ie MAarHuTbl MO3BOJIKOT IIOMECTUTH
HECKOJBKO JOPOXKEK JAPYr HaJ APYroM, M, TaKHM 00pa3oM, MarHWTHas CTPYKTypa
oycrepuoro [{PO umeer 10 staxeii.

Ta ke nmecsATHITaXHass MarHUTHAsE CTPYKTypa HcHoib3yercd B rinasHoMm L[PO, B
KOTOpOM 44 TEIUIbIX Pe30HATOpa JAKT MPHUPOCT pajuyca B 5 cM Ha o0OpOT Ha TO-
cieHeM paanyce. BICOKOYacTOTHBIE CTPYKTYPHI BCEX TPEX YCKOPUTENeH padoTaroT Ha
OJIMHAKOBOU "acToTe 3,766 MI'1, uTo pemaeT mpodiieMy BPEMEHHOTO COTJIACOBAHMUS
IIy4KOB.

ITocne BbiBoga u3 riaBHoro I[PO 10 myukoB pacmiemisgrorcs Ha 20 OTAENIbHBIX
ITY4YKOB W HaIIPaBJIAOTCA K aKTUBHOM 30HE PEaKTOopa 1o CBEPXIIPOBOJAAIINUM TpaHC-
MOPTHBIM JIMHUAM. I'uranTckas MOIIHOCTb YCKOPCHHOI'0 IydYKa CO34a€T HEMAJIO
Mpo0OJIeM W CPE/IM HUX JIBE B3aUMOCBSI3aHHBIE: KaK TIOJTYYUTh HEOOXOIUMYFO MOIITHOCTh
My4Ka ¥ KaK UCII0Ib30BaTh €r0 HA MUILICHH.

Uwucrno 4acTil B UHTEHCHBHOM ITyYKe OIPpaHUYeHO dPPEeKTOM 00BEMHOTO 3apsijia.
Ha npaktuke ctaOuibHOE M HAJE)KHOE YCKOPEHHE Ha IMKJIOTPOHAX OCYIIECTBIIICTCS
pu Toke, paBHOM 3—5 MA [15]. [ToaToMy pemieHue MpoOIEMBbI COCTOUT B pa3ONCHUHN
Mmy4yka TpeOyeMoi WHTEHCHMBHOCTH Ha HECKOJBKO ITy4YKOB MEHbIIEH MHTEHCHBHOCTH,
Kak ¥ Jenaercsd B HamieMm ciaydyae. OHAKO TaKoe PEIICHUE CIUIIKOM JO0POro, TaKk Kak
O3HauaeT, 4YTo TPeOyeTcs MOCTPOUTh HECKOIBKO CXOXHX YycKoputenen. Jlms
yMeHbIeHusT croumMoctd ADR HEKOTOpBIE CHCTEMBI TOKHBI OBITh 00BETHMHEHEI. J[BEe
13 HUX B 00CYXK/IaeMOM CXEME OJIMHAKOBBI: YCKOPSIOIINE PE30HATOPBI M KPHOCTATHI C
KHUIAKUM I'€JIMEM. HOTpe6JI€HI/IC OHEpPTHUn O6CI/IMI/I CHUCTEMAaMU SABJIACTCS HAUBBICIINM.

BTropas nmpobaema nCIorb30BaHus ITydIKa UMEET TO XKE PEIICHHUE: MOIITHOCTH ITyUKa,
Iommagarouiero Ha MMIICHb, JOJIXKHA OBITh MEHBIIIE BCJIMYHUHBI, BCI[YHICﬁ K paspyuieHuIo
muieHu. [1o3ToMy KaKIplil My4OK MOCIE YCKOPEHUS JOTOTHUTEIBHO PACIICIUISCTCS
Ha JIBa OTAEJIbHBIX ITyYKa, HAIIPaBJISIEMbIX HA pa3Hble MULIEHU. B To ke Bpems Takas
paboTa TO3BOJISAET MOXYIHUTH 00JIee OJTHOPOIHOE TI0JIE€ HEUTPOHOB BHYTPH PEaKTOpa U
VIIYYHIATh €r0 GYHKIIMOHUPOBAHUE.

OddexruBHOCTE ADR ompenensercs, B MEpByI0 odepeab, BBHICOKOYACTOTHBIM
rpeoOpasoBaTesieM U ero 3PPeKTUBHOCTHIO. MHOIOCTYIIEHYAThIH BHICOKOYACTOTHBIN
YCUJIMTEIIb Ha KECTKUX JIAMIIax ¢ BHEIIHUM BO30y KIeHHUEeM TpH MOIIHOCTH 22,5 MBT
MOCIIEIHETO KAacKajJa YCWICHWS BBINIIIUT HawOoliee MpHEeMJIeMO Ui padOThI B
HEMpephIBHOM WJIM KBa3WHENpPEphIBHOM peknme. Tetpomabl ¢pupmbr « Thompson Tube
Electronique» tuma TH 518 (1,2 MBt) u TH 525 (1,7 MBT) moaxoasT ajist 3TOU TEIH.
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Hausbicmiasi 3>Q@eKTUBHOCTh O3HA4YaeT CIEAYyIOIlee: IOCIEAHAS CTYIICHb
BBICOKOYACTOTHOT'O YCHJIUTENISI TOMEIIaeTcs BOJIM3M BO30YKJaeMOro UM Pe30HaTopa,
YTO NPAKTUYECKH N30aBIIsIeT CXeMy OT IIOTepb SHEPTUH. Bce 3T0 NpuBOIUT K TOMY, U4TO
[IOJTHOE YMCJIO PE30HATOPOB M BBICOKOYACTOTHBIX YCHUIINTENEH MOKET ObITh He MeHee 50
JUIS yCKOpeHus mydyka momHocThio 100 MBT. B Hamem ciydae mbl BeIOpamu 56 B
OycrepHoM 1 ocHoBHOM [[PO.

Pa3mepsr ceueHnst cBepXmpoBOAIIUX MarHuToB oboux [[PO ommuakoBbl. OHU
OTJIMYAIOTCS TOJIBKO 110 JJTMHE. DTO MMO3BOJISIET OPraHU30BaTh MaCCOBOE IPONU3BOICTBO
MarHUTOB M CHU3HUTh UX CTOMMOCTb.

3.2. Huorcexmopuwrii I[PO. Nnxextopusiil LIPO sBnsiercs: TemasIM H30XPOHHBIM
LUKJIOTPOHOM, TaK KaK TPYAHO M30€XaTh MOTEPb ITydyKa HAa HECKOJBKHX IEPBBIX
00opoTax, Ha KOTOPBIX (hopmupyeTcs da3oBas CTPyKTypa mydka. Cxema 3Tol MaIliHbI
npuBeAeHa Ha puc.4, a ee riaBHble napamerpbl — B Tadi. 1. LluknoTpon paboraer Ha
LIECTOH TapMOHUKE YacTOTHI NPOTOHOB M HMEET ILIEeCTh AYaHTOB, YIEpPKHBAaEMbIX
OJHUM BEPTHKAJIbHBIM IOTOKOM, KOTOPBIH SIBJISIETCS BHYTPEHHEHW JIMHHUEH
YEeTBEPTHBOJHOBOIO KOAKCHAJIBHOTO pe3oHaTopa. Jnamerp pe3oHaTopa HOCTATOYHO
BenMK (BHyTpeHHUI — 2,4, BHemHuil — 4,6 M). Kak cienctBue, oH o0nagaeT oueHb
BBICOKOH JT0OpOTHOCTHI0 — 0K0J10 20000, Kak moka3anu mpeIBapuTeIbHBIE PACUEThI U
M3MepeHus Ha Mojienn. briaromaps cBoeit 100poTHOCTH OH TpedyeT 15 kBT MomHOCTH,
4TOOBI BO3OYANTH HampspkeHne ¢ aMIuuTynoi 125 kB Ha Becex mectn ayanTax. [lpu
TaKOM YCKOPSIIOLIEM HaNpsHDKEHUH
CHUHXPOHHBIE MIPOTOHBI MOJTY4atoT
npupaiienue >Hepruu 1,5 MaB 3a obopot u
JOCTUral0T KoHeyHoU sHepruu B 30 M»aB 3a
20 000poTOB.

MarnuTHas cucrema TaKoro
MHOT'OJlyaHTHOTO IIMKJIOTPOHA  BKJIIOYAET 0 12 Im
IIECTh CEKTOPHBIX MAarHWTOB C paaHaIbHON
BapHalMell pacCTOSHUS MEXIy IOJIIOCAMH,
obecneunBaronumu  moie 0,78 Tn wHa
TPaeKTOPHH YACTHUI[ U B IIECTh pa3 MEHbIIIEE
3HaYeHHE BHE TpaeKTopuu. Takas pajauaib-
Has Bapualysl CHIXKAeT OOpaTHBIA IOTOK
MarHUTHOM WHIYKIMU NPHOIM3UTEIFHO B
YeThIpe pa3a. DTO IMO3BOJIAET CYIIECTBEHHO
YMEHBIIUTh JKEJIE3HOE SpPMO MAarHUTOB U
pPa3MecCTUTh WX BHYTPHU BaKyyMHOH Kamepsl

LUKJIOTPOHA. &

[Iydox WHXXEKTHpYyeTCsS B MAarHUTHl C
sHeprueir 0,92 M»dB mocme 7-3a30pHOTO
«JTUHEWHOTO YCKOPHUTEIS», NCIIONB3YIOMIEro Puc. 4
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BBICOKOYAaCTOTHOE HANPsDKEHHE JYaHTHON CHCTEMBI. DHEPTUsl HHKEKIUH JaeT JI0CTa-
TOYHO MeCTa B IIEHTpPE LUKIOTPOHA, YTOOBI Pa3MECTUTh MAarHUTBl W JIyaHTHl U
COXPaHUTh 3a30p MEXAy DOdIIeKTpojamMu 2,5 c¢cM W 0ojJee W TakuM 00pa3oMm
MHUHUMHU3UPOBATh HCKPEHUE TyaHTOB.

MoHHBIII UCTOYHHUK THIIA AYyOIUI1asMOTpO- Ha pa3MEIICH BHYTPH HITOKa BBICOKO-
JaCTOTHOTO PE30HATOPA MPH MMOCTOSTHHOM ToTeHInasne +45 kB. ATomapHbIe HOHBI Hfl

(xax mpaBmi0, UCTOUYHHUK HaeT 30 % MOJEKyISIpHBIX MOHOB BOAOPOJAA) OTOMparoTcs
MarHUTHBIM MAacC-CENapaTopoM M HAMpaBIIAIOTCS B BBICOKOYACTOTHBIA OaHuep.
HouHble uMIyiibehl ¢ (ha30BOi UTUTENBLHOCTBIO B 5—6° (opmupyroTcsi OaHuepom, u
(oKycHpoBKa IydKa B Ipeii(hoBOM MPOMEKyTKe OaHuepa 00eCrIeunBaeTCs ¢ IIOMOIIBIO
KBaJIPYIOJBHBIX 3JIEKTPOCTATUYECKUX JINH3.

Tabnuya 1. OcHOBHBIE MapaMeTpPbl HHAKeKTOpPHOTO [{PO

IIygox

OHeprus uHxexkuuu, MsB 0,92
Koneunas sneprus nporonos, M>B 30,10
VHTEHCHBHOCTH BHEIIHETO ITy4YKa, MA 10,00
Koneunslif paguaibHelil mar 3a 060poT, cM 4,95
berarpoHHas yactoTa, paguanbHas 1,043

BEPTUKAJIbHAS 1,055
HopmupoBaHHBIH SMUTTAHC, MKM 0,6

Maruur
Pagnyc nmkexnyun, M 0,343
Koneunslii paguyc, m 2,020
CeKTOopHBIi yroiu, rpagyc 28,8
Uwmcino cekTopoB 6
MaruuthHoe mosie, Tia 0,783
3a30p Ha/BHE MarHUTHOMN TOPOXKKE, CM 1,0/6,0
Umnciio BUTKOB OOMOTKH 8
Tox oOMoTKH, A 815
CeueHne NpOBOIHUKA, MM 11,5% 13,5
ConpoTHBIIeHUE POBOAHKUKA, OM 0,0928
Macca menu, T 0,240
Macca kene3Horo sipma, T 24
BeicokouacToTHast cuctema

Ywucno 1yaHToB 6
Yacrora, MI'il 34,766
Hanpsokenue Ha nyanrax, kB 125
BricokouyacToTHast MOITHOCTE Oe3 mmydka, KBT 15
Bremnuii pa3mMep BEICOKOYaCTOTHOTO PE30HATOPA, M 4,6
Macca BBICOKOYaCTOTHOTO PE30HATOpa, T 2,5

COaH4uepoBaHHEIN TyY0K, BEPTHKAIHHO WH)KCKTUpOBaHHBIH B [[PO B MOMeHT,
KOTJ]a IITOK HAXOJMTCS TMPH MAaKCUMAaJIbHOM BBICOKOUACTOTHOM HAIPSHKEHUH, BCTPE-
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YaeT NEpBBIH 3a3eMJICHHBIM 3JEKTPOA, IMOJydas SHEPIUI0, PaBHYIO aMIUIUTYHAE
HanpsDKEHUs Ha yaHTax. [yinHa 3Toro 3ieKkTpoa paBHa 6 CM, U ITy4OK ITOKHIAET €ro,
KOTJja HalpsDKEHUE Ha JyaHTaX MeHseTcs o (hase Ha T U yCKOPSEeT Iy4YOK elle pas.
Oneprus nyuka paBHa 0,295 MsB mnociie stux nByx yckopenuil. [Ipu stoit snepruu
IIy4YOK ITOBOPAYMBAETCS B FOPU3OHTAIBbHYIO IUI0cKOCTh [[PO mpu momomm siiekTpo-
craruueckoro gaediexropa. IISTh AONOMHUTENBHBIX YCKOPSIOUIMX MPOMEXKYTKOB
YBEJIMYUBAIOT 3Hepruio nydka a0 0,920 M»sB nepea uHKekuued Ha MarHUTHYIO
TOPOXKKY.

Kak mokazano Ha puc.4, My4oK Ha 3TOM YYacTKe TPAeKTOpUH (OKYCHPYETCs U
[IOBOPAYMBACTCS KBAIPYIOIbHBIMU MJIEKTPOCTATHUECKUMU Je(PICKTOPaMH, pa3MeILeH-
HBIMHU B BBICOKOYACTOTHBIX AJIeKTpoaax. KaHan quHaMHUuecKol MHKEKIUU COTIacoBaH
110 pOKyCHPOBKE C MATHUTHOW CUCTEMOH, B KOTOPOI BEPTHUKAJIbHBIE U TOPU30HTAJIbHBIC
OeTaTpOHHBIE YaCTOTHI OOJbIIE €AWHHULBI. PamuanbHbIA IIar mydka Ha MOCIETHEM
pammuyce (201 cM) paBeH 5 cMm. D10 oOecriednBaeT aBTOMATUYECKHI BBIBOJ ITy4Ka C
s dextuBHOCTHIO 100 % IpH pagManbHON MHUPUHE MATHUTHON JOPOXKKH 2,4 CM.

[lonst B MHXXEKTOPHOM LMKJIOTPOHE JIMHEHHBI HA OONBLICH YacTH TPACKTOPHU.
[losTOMY ABMXKEHHE YacTHIl COXpaHsET CBOM HOPMHMPOBAHHBIM 3MHTTAHC, PAaBHBIN
7T MKM.

3.3. Huscekmopnwtit I[PO u neckonvko muwieneii. bonpnon paguaabHbId mar
my4ka B MHOrogyanTHoM L[PO no3Bossier pa3MecTuTh JONOIHUTENbHbIE UMITYJIbCHBIE
JIEKTPOCTATHUECKHE Je(IIEKTOPBl B KaXKJOM H3 IISITH JYaHTOB. JTO IO3BOJIHT
HCTIOJIb30BaTh MAalIMHY B KAaue€CTBE HOBOTO U
BecbMa  A(PQEKTUBHOIO  YCTPOWCTBA  AJIS
NPUKJIATHBIX  LeJei,  Hampumep, i
[IPOM3BOJCTBA PAJINOAKTUBHBIX U30TOINOB JIS
MEIULHBI.

B namem ciiyyae umeercsi BO3MOXHOCTb
BeiBecTd U3 [IPO OIHOBpEeMEHHO IIECTh
[IyYKOB M3MEHSEMOH HWHTEHCHBHOCTH Ha
LIECTh PAa3JIMYHBIX HAPaBJICHUH, C TEM YTOOBI
WCTIOJIb30BATh MYYKH Ha Pa3IMYHBIX MUIICHIX
(puc.5). Murienn (YHKIMOHUPYIOT
COBEpILIEHHO He3aBucumo. [Ipenmonoxum,
YTO HMOHHBIH HMCTOYHMK M BBICOKOYACTOTHAS
chUcTeMa YCKOpUTeNsi paboTaloT B KBa3u-
HETPEPHIBHOM ~ pPEXHUME, T.6. B IYJIbCH-
pytorem, ¢ gactotoi ciaemxoBanus S00 ['m, mpu
KOTOPOH Iy4OK YCKOpSIETCS MEPUOIUYECKU B
teuenue 1,5 mc npu maysax B 0,5 mc. D10
OOBIYHBINM PEKUM pabOThI HUKIOTPOHOB, MPH
KOTOPOM PE3KO YIIYUIIAeTCSI UX CTAOUITBHOCTb. Puc. 5

%
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B srom pexume umeercss pocratouHo BpemeHu (0,5 Mc), 4TOOBI BKJIIOYUTH H
BBIKJIIOYUTh Ha- MNpsDKeHHE Ha jaeduiekropax ©0e3 BO3MYIIEHHsSI COCEAHUX OpOUT.
JletanbHble BBIYUCICHHS IIOKAa3bIBAIOT, YTO Iapa OTKJIOHSIOUIMX 3JIEKTPOIOB II0]
HarnpspkeHueM T 18 kB oTkioHsieT nmydyok Ha 13 MM. DTO Bbllle, YeM MNOJIYLUMPUHA
MarHUTHOM JOPOXKKH, M IYYOK BBIXOAWT M3 LHUKIOTPOHA. 3aTeM, HU3MEHssI Bpems
BO30Y)KIEHHUS KaXKI0T0 U3 AC(DIEKTOPOB, MOKHO U3MEHSITh U BpEeMsI 00JTydeHHU s KX 101
n3 muueHed. Ecnu MUIIeHb COAEp)KUT pa3Hble CTaOMIIBbHBIE W30TOIbI, TO OBICTpBIE
MIPOTOHBI POXKAAIOT OAHOBPEMEHHO PAa3HbIC PAJHOAKTHBHbIC H30TOIIbI.

PexxuM pa®oThl HA HECKOIBKMX MHUILEHSIX YMEHBIIAET «MEPTBOE» BPEMsI UCIIOJIb-
30BaHMs LMKJIOTPOHA NPU CMEHE MUIICHEH M CHIKACT B LLIECTh pa3 pacxo AJIEKTPO-
SHEPruM, NoTpedIIieMoi IpHu padoTe Ha OHY MUIICHb.

Takum obOpazom, wuHxekTOpHBIH [[PO ms paboThl Ha HECKONBKHUX MHIICHSIX
MIPEJICTaBISIETCS HauboIee 3¢ (heKTUBHBIM
pelieHreM sl TONYyYeHHsT  IyYKOB IPOTOHOB
HU3KUX SHEPIUi.

3.4. Bycmepuuui ceepxnpogodawuit I[PO.
[locie  MHXEKTOPHOIO  LUKJIOTPOHA  IIYUKH
TpaHCIOpTUpYIOTCS B OyctepHsbiii LIPO (puc.6) no
KaHaJIaM TPaHCHOPTUPOBKH. 3/1€Ch OHU YCKOPSIOTCS
Ha 8-POTOHHOW YACTOTHOM TapMOHHUKE 110

0 2m
—

300 M»B.
OcHoBHBIE mapameTpbl  OyctepHoro [[PO
Puc.6 npuBeneHbl B TaOm.2. Kaxnmplii MHOTOyaHTHBIN

LUKJIOTPOH HAXOJIUTCS HAa Pa3HOM pPACCTOSIHUU OT
MIEPBOT0 BHICOKOYACTOTHOTO pe3oHaTopa-oycrepa. [loaToMy mydok coriacyercst myrem
YCTaHOBKH ()a30BOTO CIBUTA MEXKIy PE30HATOPOM M BBICOKOYACTOTHOH CHCTEMOM
COOTBETCTBYIOLLEH MaIIUHBbI.

Byctepupiii I[PO wumeer 12 BBICOKOYACTOTHBIX pe30HATOPOB. Pe3oHaTOpHI
BBIOpaHbl  TEIUILIMM [0  JIBYM  OOCTOSITEIbCTBAM:  BO-IICPBBIX,  CO3JIaHUC
CBEPXIIPOBOJAIICH TETIH CBsi3u Ha 2 MBT mpencraBisercss mpoOJIeMaTHYHBIM;
BO-BTOPBIX, BBICOKOYACTOTHBIN yCHIIUTENb, HATPYKCHHBIA CBEPXIIPOBOISIINM
PE30HATOPOM, JOJKEH MMETh HCKIIOUUTEIHHO MIMPOKUNA AMHAMHYECKHUM TuanazoH
BBIXOJIHOM MOIIHOCTHU JUUIS BO30OYXKIACHUS pe30HATOpa C IMy4KoM M 0e3 Hero. UToObl
YMEHBIIUTh MIHOBEHHYIO 3arpy3Ky pe3oHaTtopoB B OycrepHom I[PO kopoTkumu
HUMITyJIbCaMH OaHYEPOBAHHOTO IMyuYKa (BBIYUCIICHUS MMOKA3aJIM, YTO BHICOKOYACTOTHAS
(da3oBas AMMHA TyYKa MOCIE HHKEKTOPHOTO IHKJIOTPOHA paBHA 5-6°), IS TSATH
ITy4YKOB BBIOPAHO BPAIICHHUE 10 YaCOBOM CTPEJIKE, a JUIs APYTUX MATH — IPOTUB HEe.

MarnutHas cuctema Oyctepa coctout u3 16 @O J1O-mepronoB Ha 000poT Imyuka. B
KKIIOM TIEpHUOJIC MMEIOTCS JIBA CBEPXIPOBOISIINX MArHUTA W JIBE KBAIPYIOJBHBIC
(dhoxycupyromue IUH3BL J[Ba oTknoHsromux Maranta Ha @O JIO-meprox BEIOpaHBI IS
TOTO, YTOOBI YMEHBIIINUTE BIUSHAE CATUTTHI HA TOPU3OHTAILHYIO allepTypy MarHHTA.
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Marnut umeer npocteiimyio ¢opMmy. Bce MarHMTBI HMEIOT OAMHAKOBOE 3HAUYCHHE
MarHuTHOro mounsg, paBHoe 1,45 Tun. Ilome dopmupyercs 0OmHOCIONHOMN
CBEPXIIPOBOJIAIICH OOMOTKOW C MajoW paauallbHOW MIMPUHOW, paBHOW 2,5 MM, H
BBICOKMM 3HAYCHHEM KPUTHYECKOIO TOKa. B ciydae MaccoBOro mnpou3BOJCTBA
CTOMMOCTb MarHuTa 1 JUH3 OyAeT BecbMa HU3KOH.

Tabnuya 2. OcHOBHBIE MapaMeTPbI 0ycTepHOro cBepxnposoasimero [{PO

ITy4oxk

Oueprus nHxeknnu, MaB 30,10
Koneunas sneprus npotoHos, MsB 298,22
Yucno 060poToB 42
O011ee 9nCIIO ITyYKOB 10
Uucno myykoB, BpallaloIuXcs [0 YaCOBOM cTpernke 5
Berarponnas yacToTa, pagnanpHas 3,542

BEpTUKAJIbHAs 3,561
ITosiHast HHTEHCHBHOCTB IyuKa, MA 100

MaruauTHas cuctema

Ywcino nepuo 0B Ha 000POT 16
MarsuTtHoe 1oJie IPH UHKEeKIHHU, T 0,2947
Ha BeIXOJE, Ti 0,3769
CpenHuii pagnyc Ipu UHXKEKLIUH, M 2,709
Ha BBIXOJIE, M 7,147
Uucno qUNonabHBIX MarHUTOB HA STYEHKY 2
Iloste B nunonbHOM Maruure, Ti 1,450
JlnvHa 1UoSbHOrO0 MarHuTa MPU MHKEKIUH, CM 10,82
Ha BBIXOJIE, CM 36,32
AnepTypa AUIOIBHOTO MarHUTa, MM 25% 25
Pa3mep aunoss B nonepeyHoM Ce4eHUH, MM 40% 48
Cpeznsist Macca IMIOJILHOIO MarHuTa, Kr 2,104
AMTIEP-BUTKH CBEPXIPOBOJIAIICH 0O0MOTKH, KA 28,847
Umcno BUTKOB CBEPXIIPOBOSAIICH 0OMOTKH 26
Tox 0OMOTKH, A 1030
I'pagueHT B KBaJApyNOJIbHBIX JIMH3AX, Ti1/M 65,50
CpenHsis JuIMHa KBaAPYIOIbHBIX JIHH3, CM 2,988
Ha BBIBOJIC, CM 3,782
AnepTypa JIUH3, MM 25% 25
Pa3mep J1uH3BI B IONIEPEYHOM CEUCHUU, MM 40x% 40
CpenHsis Macca KBaIPYIOIBHOW JINH3BI, KT 0,257
[losHas Mmacca MarHUTHOM CUCTEMBI, T 32

BricokouacToTHas cucrema

YactoTa obparieHus npoToHoB, MI'1y 4,3458
Homep rapmoHukn 8
Hucno BEICOKOYACTOTHBIX PE30HATOPOB 12
HauanbHeit pagnyc pe3oHaTopa, M 1,25
MaxkcuManbHOe HalpshKeHUE Ha pe3oHaTope, kB 600
HaGop snepruu 3a 000poT npu uHxeKkn, MaB 3,675
Ha BbIX0JIe, MaB 6,070
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20 K renueBblii 5Kpan LN-okpan BaxyyMHBII KOKyX

R2866 R7104

Puc. 7
PaauaneHbIil mar 3a 000pOT MPH UHKEKIMU, CM 15,29
Ha BBIXOJIE, CM 4,82
Pasmep pesonaropa, M 8,6x 5,0
Hlupuna pesonaropa, M 0,58
MorHOCTh BO30YXKJICHUSI OJHOIO pe30HaTopa, KBT 150
Macca pesonaropa, T 5,23

YTroJ OTKIOHEHUS B MAarHUTE U BHICOKOYACTOTHASI CHHXPOHHOCTH ITy4YKa 3aal0TCs
JUTMHON JTOPOXKKH B KaXKIOM TEpHOJE. DTa JUIMHA MOXKET OBITh JIETKO M aKKypaTHO
HaiiJleHa IyTeM KOMIIBIOTEPHOIO0 MOJEIMPOBaHUA Ipolecca yckopeHus. s atoro
HE00XOMMO 3HATh PacIpeACIICHHE OIS B pe30HATOPAX.

TUnu4HBIM SBJIETCS pa3MEIlEeHHUE AByX MarHUTOB U ABYX JINH3 B OJJHOH [1OJIOBUHE
nepuoaa, GpopMupyromeil XonoaHyo yacte. Jpyras, Temias, yacTb MEpUOJa 3aHITA
YCKOPSIIOLIUM TPOMEKYTKOM pe3oHaTopa. Pe3oHaTopbl OTCYTCTBYIOT B KaKaoOH
YeTBEpTON SYEWKe, M ITO MECTO HCIIONB3YeTCs JUId pa3MelieHHs] 000pymaoBaHUsS
WH)KEKLUH [TyYKa, OTKJIOHEHHS], YIIPAaBICHUS OPOUTOH 1 INArHOCTHKH.

Bce cBepxmpoBonsdie 371€MEHThl pa3MeIaloTcss B OJHOM Kpuoctate (puc.7),
OXJIAKAAEMOM JKUAKUM renueM. KaxIplil 4eTBepThIN U MATBIN KPHOCTAT CBSI3bIBAIOTCS
B eauHbId y3en. OOopynoBanue 10-3Ta’kHOW MAarHUTHOM CHUCTEMBI IJisi OyCTEPHOTO
PO pasmermaercst B 0011eM KprocTaTe, U CHapy» H OycTep BBIMISIIUT Kak 12 KHUIIKO-
reJIMEBbIX KPUOCTATOB, Pa3AeiCHHBIX 12 BBICOKOYACTOTHBIMH pe30HATOpaMu, (hopmu-
PYIOIIUMH 3aMKHYTOE KOJIBIIO.

OneHKy TETIOBBIX TIOTEPh KPHOCTAaTa IIOKA3bIBAIOT, YTO OONBIIMHCTBO HUX
MIPUXOANUTCS Ha KpaeBble YacTH, B KOTOPBIX XOJIOJHAsl BaKyyMHasi KaMepa yCKOPHUTEIs
CMOTPUT Ha TeIUIble CTEHKH YCKOPSIOLIUX pe30HATOpoB. TemM He MeHee JeTalbHble
BBIYMCJICHNA TTOKA3bIBAIOT, YTO OTEPH TeIlIa Ha KPHOCTAT paBHbI 26 BT. D10 03Havaer
npumepHo 310 BT Ha cBepxmpoBosIyto cuctemy 0yctepHoro LIPO mpu remnepartype
JKHUJIKOTO resud. 3HauuT, Harpy3ka cetu pasHa 240 kBT, 4To 10ImycTHMO IO CpaBHEHHIO
C TIOJIHBIM MOTpebsieHueM sHepruu B 45 MBT.

AHanu3 6eTaTpOHHOTO JIBMKSHHUS 1TOKA3al, YTO TOPH30HTAIBHBIC 1 BEPTHKAIBHBIC
OeTaTpOHHBIE YacCTOTBHI PaBHBI MpPUMEPHO 3,5, a MOMepeyHbIe pa3Mepbl MydyKa He
MIPEBBIIIAIOT 7 MM IIPH JIIO00H SHEPTUH, KPOME CarUTThI, KOTOpasi JOOABIISET eIl 8 MM.
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[Ipobnemsr, CBSI3aHHBIC c
BBICOKOYACTOTHOW CHCTEMOH OycTepHOTro
IIPO, Takme ke, Kak W JUIi OCHOBHOTO
HPO, u oan OyyT 00CyKIaThCS HUXKE.

3.5. Ocnosnoit ceepxnposoosuuil
IIPO. B ocuoBHOM cBepxmpoBozsiiem [IPO
(puc.8) Ty4OK  TPOTOHOB  IOJyYaeT
nanbHeimee yckopenue 10 1 [9B na 12-i
rapMOHHKe, npu 3TOM 4acToTa
BBICOKOYACTOTHOTO TeHepaTopa OCTaeTcs
Toi »xe. OCHOBHBIE MapameTpbl 3TOrO
KacKaZa yCKOpEHHsI IPUBEACHBI B Ta0JI1.3.

Kak ormedanocs BellIE, BBICOKOYACTOT-
HBII pe3oHaTop ocHoBHOTO [[PO Takoii ke, kak B Oycrepe. OH nmeeT Ghopmy napasuie-
JIenHIe 1, Kak 00beMHBII pe3oHaTop (puc.9) ¢ mpocreiiiiei Bo30yKaaeMoi MOIOH KO-
nebanuit TM-110. J{st 3Toi MOIBI HEOOXOIMMO COOIIOATH CIIEAYIOIIee YCIOBHE B TaK
Ha3bIBAEMOM IJIaJJKOM HNPUOIIIKCHNN:

LSRRI ©)

Puc. 8

Aooa b

rjie A — JUTHHA BOJIHBI KOjIe0aHus, a ¥ b — HanOOJbIIe CTOPOHBI MapaIeenue/ia.
DeKkTprYecKoe MoJie B Pe30HATOPE HMEET CIEYIONINE KOMIOHEHTHI:
y

E. =E, sinEsin?, E, =E. =0. (10)
a

R9008 [

] mnn[[mm]m[rzr%o 5000

R10722 R14411

8600

1 1
240 - 580 —

Puc.9
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[lapamerpsl pe3oHaTropa mpuBeAeHb B TaOm.3, u u3 ypaBHeHus (10) MoxHO
YCTaHOBHUTH, UTO KOMIIOHEHTa E, OCTAeTCS MOCTOSHHON C TOYHOCTHIO +3- 10°° , B TO

BpeMs Kak KoopanHaTa y uaMensercs ot 0 10 =20 cm nipu 10-3TakHON TE€OMETPHUH.

Urob6s! momyunts B ocHOBHOM [[PO pammanbHeni mar B 5 cM Ha 000poT Ha
KOHEYHOM pajinyce, M0 OKPY>KHOCTH MAaIIMHBI IMOYTH PAaBHOMEpPHO pa3memtaerca 44
pe3onaropa. /{yst BBIMOIHEHUS 3TOT0 yCIOBHUS MarHUTHAs CTpyKTypa riaasHoro [[PO
cocraniena u3 24 nepuojos OO Ha 060poT.

Tabnuya 3. OcHOBHBIE TapaMeTphI 6ycTepHOro cBepxnposoasimero [{PO

JINEOR

DHeprus uHxekuu, MaB 298,22
Koneunas sneprus nporonos, MsB 1000,12
Yucno o6oporoB 30
[lonHOE YKCa0 MyYKOB 10
UucIo myykoB, BPALIAOIIUXCS 110 YACOBOM CTpeIKe 5
BerarponHas yacToTa, paguaibHas 5,3342

BEpTUKAIbHAs 5,3277
ITonHast ”HTEHCHBHOCTS ITyuKa, MA 100

MarnuTHas cuctema

Yucno @OJJO-nepro0B Ha 060pOT 24
MarauTtHoe 1oJie Py UHKEKIUH, 111 0,2512

Ha BeIXoJe, T 0,3933
CpenHuii paanyc Ipu HHXEKLIUH, M 10,726

Ha BBIXOJIE, M 14,411
Uncno TUMoIbHBIX MarHUTOB Ha TIEPUOJT 2
ITone B numonsHOM MarHute, Ti 1,450
JlMHa IUIOJLHOTO MAarHUTA MPU MHKEKIUH, CM 24,23

Ha BBIXOJIE, CM 51,04
AnepTypa JUINOIBHOIO MarHuTa, MM 25% 25
Pasmep aunons B monepeyHoM Ce4eHUH, MM 40x 48
Cpeassisi Macca IMIOJILHOIO MarHuTa, Kr 3,360
AMIIep-BUTKH CBEPXIIPOBOISIICH OOMOTKH, KA 28,847
Umcio BUTKOB CBEPXIIPOBOISIICH 0OMOTKH 28
Tox oOMoOTKH, A 1030
I'paaueHT B KBaApyNOIbHBIX JIUH3AX, Ti1/M 65,50
JluHa KBaApyNOIbHON JIMH3BI IIPU UHXKEKLUH, CM 3,80
Ha BBIXOJIE, CM 5,94

AmnepTypa JIuH3, MM 25% 25
Pasmep JInH3BI B IONIEPEYHOM CEUCHUH, MM 40% 40
CpenHsist Macca KBaJpyIHOIbHON JINH3BL, KT 0,370
[MTonnast Macca MarHUTHOI CHCTEMBI, T 55,33

BricokouyacToTHas cucremMa

[IpoTonnas yacrora, MI'rg 2,8972
Howmep rapmonuku 12
Uucno BU-pezonaropon 44
HauanbHblil paguyc ojocTu pe3oHaropa, M 9,008
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MaxkcuMansHOe HalpshKeHHE Ha pe3oHaTope, kB 584

HaGop sHepruu 3a 000poT npu HHxeKn, MaB 15,103

Ha BbIXoJe, MaB 23,838
PaguanbHeil mar 3a 000pOT NPH WHKEKIHH, CM 17,32

Ha BBIXOJIE, CM 5,54

Pasmep npomosibHOTO ceyeHus pe3oHaTopa, MM 8,6x 5,0
[Mupuna peszonaropa, M 0,58
MorHOCTE BO30YKICHHS OTHOTO pe3oHaTopa, KBT 140
Macca pe3onaropa, T 5,23

Kaxxnas momoBuHa neprojia BKItOYaeT Gokycupyromue (Min JeOKyCHPYIOIIHe)
JIUH3BI, IBA MOBOPOTHBIX IHUIIONS TOTO K€ TUMa, 4To u B OyctepHom L[PO, a Taxxke
OOJIBIIION TEIUIBbI TPSMON ydacToOK, cojepkamuid pe3oHarop. IloaToMy MOKHO
pasmecTuTh 48 pe30HATOPOB, TIPU ATOM YETHIPE U3 HUX JOJKHBI OBITH MPOIYIICHBI JIJISI
TOTO, 4TOOBI OCTABUTH MECTO IJId YCTAaHOBKHU B KOJIBIIO MHXXCKIHMOHHOI'O W APYroro
JIOTIOJTHUTENILHOTO 000PYIOBaHUSI.

HpOTOHBI ABUXXYTCSA OT OJHOTO pe€30oHaTopa K COCCIHEMY B TCUCHHUE YCTBCPTHU
BBICOKOYACTOTHOTO IMKJIA. TakuM oOpa3om, BbiOupaercs 90-rpanycHbiil (a3oBbIi
CABUI' MEXKOY COCECAHUMH PE30HATOpaAMU. C,ZIBI/II‘ BBIACPKMUBACTCA COOTBECTCTBYIOIIUM
BO30Y)KJICHUEM BBICOKOYACTOTHBIX YCHJIIMTENEH, yNpaBIsIeMbIX Pa3BUTON CHCTEMOM
(ha30BOI1 M AMITUTYJHON HACTPOHKH.

W3-3a HEOOCTaTKa MECTA MBI IIPOITYCTUM JI€TaJIbHOE OIMCAHUE BAKYYMHOI CHCTEMBI
YCKOPHTEJIS, OHAKO U3 HAIIEro OIbITa CIEAYET, YTO JIaBICHUE B BaKYyMHOW Kamepe
ceepxmpoBozusiiiero 1[PO Gyxer 10 MM pr.cT. min Hipke. JTO 03HAYAET, YTO MOTEPHU
[IyyKa BCJICACTBUE pACCESHUS HPOTOHOB HAa AaToMax OCTaTOYHOrO rasa OynayT
peHeOpeKUMOo Majbl. To jke yTBepKIeHHE CIPaBeUIMBO U AT TOTEPh APYrOro TUIIA.
Bosee Toro, norepu MMEIOT MECTO B CHHXPOTPOHAX IIPU MHOIOOOOPOTHOM MHKEKLNH,
rie Iy4YKH YCKOPSIOTCA B TEUYEHHE HECKOJbKHUX CEKyHJ M 3aTeM ucue3arT. B
obcyxmaemoM Bapuante L[PO mms gactumer Tpedyercs 25 MKC, 9TOOBI TIPOUTH OT
HOHHOI'O HCTOYHMKA [0 BBIXOAA. OTOT MpOLEcC IO/DKEH ObITh Ha3BaH CKOpee
TPAHCHOPTUPOBKON. MTak, IECCUMUCTHUECKHE OLIEHKH IOTEPh IIyUKa JAl0T 3HAUECHHUE
10° ~10"®. D1i moTEpH MOTyYT GBITH TOKAIN30BAHBI TAK HA3BIBAEMBIM METOIOM «OPHTBS
IIy4Kay, KOI'Zla rajio IIy4yKa IepeXBaThIBAETCS CHEIHATIBHBIM CKPEOKOM.

[locne yckopeHMs HeCSTh IyYKOB aBTOMATHUECKH JOCTUTAIOT TPAHCHOPTHBIX
JIMHUH, CBS3BIBAIOLIMX YCKOPHUTENb M PEAKTOp, IIe KaKAas JIMHHUSA 3aBEpLIACTCS
CBEPXIMPOBOJAIIMM MAarHUTOM, 3aBOPAYMBAIONIMM My40K Ha 90° B BepTHUKAIBHOM
iockocTH. Jluanu gononHeHs! 10 6aMm-MarHUTaM#, KOTOPBIE PACIHICTIISIOT KayKIBIH
13 IyYKOB Ha ABa. BbIkiroueHne O0aMI-MarHUTOB NMPOUCXOIUT TOIZA, KOTJa MYy4OK
MOJIHOCTBIO OTCYTCTBYET B KaHajle M, COOTBETCTBEHHO, HE BBI3BIBAET MOTEPHU, KOTAA
MarHa paboTaeT B KBa3MHETIPEPHIBHOM peKuMe (CM. BhIIIe). Pacmiernienrne cHIKaeT
BJIBOE TEIUIOBYIO Harpy3Ky Ha MUIICHb.

4. IIpoMBIILIEHHBIH dHEPreTUUYeCKNil peaKkTop
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Hwuxe, kax npumep, paccemorper peaktop PMBK-1000 [16]. Koneuno, M0xHO
paccmotpers 1 peaktop tuna [IBP. Ilpennonoxnm, 4To TOIIMBO UMEET MOIKPHUTHU-
YeCKHH MaccoBBI COCTaB M caMmo Mo cebe He cropaeT. AKTHBHAs 30Ha pPEaKTopa
nmoka3aHa Ha puc.10. Ona BkiIrO4aeT B ce0s mpuMepHo 1693 cOOpKM WM CTEpKHS,
BCTaBJICHHBIX B IpaUTOBYIO KOJIOHHY pazmepom 250 X250 mm. CHopka — 370 TpyOKa
pasmepom 88X4 mm B amamerpe. TpyOka U3 HepKaBEIOIIEH CTanu COAepKuT 13
TOIUIMBHBIX cTepkHer pasmepom 13,6X0,4 mm B nuamerpe u anuuoil 3,5 m. OHu
3aII0JIHEHBI OKCHIOM ypaHa. /IBe KacceTbl cTepKHEH MOMEILIeHbI OHA HaJ Ipyroi B
coopke. Oxyaxnaromasi Boga HMIET [0 CBOOOIHOMY IPOCTPAHCTBY COOPKH IOJ
naBneHneM 74 atM u npu temneparype 284 °C. HawanbHas 3arpyska peaktopa
TOTIMBOM cocTaBisieT 204 T ypaHa ¢ oboramenueM 1,8.

Bes aktuBHas 3o0Ha (11,6 M B nmuamerpe u 7 M B BBICOTY) OKpY’KE€Ha CHCTEMOUH
Oounonornyeckoil 3amuThl. Kpome Toro, mmeercs 169 rpaduTOBBIX CTepKHEW LIS
ynpasieHust paboToil peakropa. HauanpHoe oboramieHne TOIIMBa yMEHBIIACTCS IPH
padore peakrtopa. Ilpm noctwkeHun oOorameHus, OIM3KOIO K €CTECTBEHHOMY
3Hauenuto (0,7 %), TOIUIMBO IOJDKHO OBITH 3aMEHEHO H3-3a 3aTyXaHUsl LENHOH
peakuuu. BeirpyskeHHOe TOMIMBO conxepkHuT 1,1 % TpaHCypaHOBBIX JIEMEHTOB M
okono 4,4 % mnpoAayKTOB JAeneHus B cMecH ¢ 95 % okcuma ypaHa B TOIIMBHBIX
cTepkHAX. TpaHcypaHOBasi KOMIIOHEHTA PAJAMOAKTUBHBIX OTXOJOB, PpOXJICHHAs B
SICPHOM TOIIMBHOM LIMKJIE, COXPAHSET JOJTOBPEMEHHYIO PaJHOTOKCHYHOCTh, B TO
BpeMs Kak IpOAYKTBl JAEJICHHUS, KOTOPbIX B 4YeThlpe pasza OoJbllie IO Macce,
MPEICTABIAIOT KOPOTKOKUBYIIYIO KOMIIOHEHTY pajuoTOKCHYHOCTH [17].

OOmyro mpobieMy Oe30HacHOW SHEPreTHKH COCTABISIET paspylleHHe o0enx
KOMITOHEHT OTXOJI0B IIPU COXPaHEHHH CIEeUU(UKN 00OpaleHns C KaxXI0M.

4.1. Oxnascoenue muwienu. I1peanonoxum, 4rto MpeaCTaBICHHBIA BBIIIE PEAKTOP
MOJBEPrcs MOJAEPHU3ALNH, & MMEHHO 19 TeXHOJIOrH4ecKuX COOPOK YAaJICHbI U BMECTO
HUX 19 TpyOOK C )KMIKAM CBUHIIOM WX IBTEKTHKOW Pb—Bi momemieHsr B akTHBHYIO
30HY peakTopa. Kaxnas TpyOka, umeromast
BaKyyM B BEpXHEH 4acTH M KUAKHN METasll
B HIDKHEH, CIIy>)KUT MMULICHBIO JJISl IIy4YKOB
OpoTOHOB. [laBleHWe mMapoB MeTayia
NpeHeOPEeKUMO MaJlo, €CIH TeMIlepaTypa
He mpesbimaer 500 °C  (upu  Takow
TeMIrepaType maBiieHHe mapoB Bi mmm Pb
meree 1-107'" MM PT.CT.) M IOBEPXHOCT
MeTajyla OTKpbITa A IIyuka. Bapuant
pelIeHns TakK Has3blBaeMOl  IPOOJIEMBI
«TIEepPBOM  CTEHKW» IIOAHHUMAeT HOBYIO
npoOiaemy yIpaBJICHUs YPOBHEM
HOBEPXHOCTH METAJIIa B BAKyyME U B TO XK€
Puc.10 BpeMsi  IOJYy4EHHUs  COOTBETCTBYIOLIEH

TIPOTOHOB

z
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CKOPOCTH TIepeMEeIeHHs] MeTalula B TpyOKe JJIs yIaJeHHs TeIlla, MPOU3BOJUMOrO B
MUIICHN ITYYKOM TIPOTOHOB. Ecnu Takas ruapaBiudeckas mpodiemMa pemieHa, To, Kak
MTOKA3bIBAIOT TPUOJIMKEHHBIE OIEHKH, CKOPOCTh KHJKOro CBHHIA Oymer 2,5 m/c B
TpyOKe quameTpoM 88 MM (Takoi ke, Kak U B mpeapayiieM ciuydae) uwiu 0,6 m/c npu
BIIBOE OoubIeM auamerpe. [Ipu 3Tol cKOpocTH Macca epeHOCHMOTO MeTallia paBHA
100 kr/c, yro mo3BodseT BhIBecTH S5 ['BT MOImHOCTH TeIUia, CO3JaHHOTO
MOHU3aLUOHHBIMU ITOTEPSIMU POTOHOB.

4.2. llona u cnekmput neitmponog. Kaxxnas MUIIEHb MOXKET PacCMaTPUBATHCS Kak
TOUYCUHBIIl UCTOYHHUK HEHTPOHOB, IPH TOM IIOTOK HEHTPOHOB CHHKACTCS KaK 1 -, TJIe
r — paccrostHue oT MuuieHu [18]. Ecau onucaHHble BINIE MHIIEHH PaBHOMEPHO
pacrnpezeneHsl MO0 TOPU3OHTAIBHOMY CEUYEHHIO pEeakTopa, 3HA4uT, IJIOTHOCTh
HEHTpOHOB (hopmupyeTcst 19 ToueuHBIMI HCTOYHUKAMH, UMEIOIIMMH MaJIbIE Pa3Inyiusl.

[lepBuuHbIE HEWUTPOHBI, CPOPMUPOBAHHBIE HA MUILICHIX, WMEIOT IIMPOKUI
SHEPreTUYECKUil CreKTp, aocrurarmomui 20 MsB, ogHako OHM JIOCTATOYHO OBICTPO
3aMeUIAIOTCA M3-3a PacCesiHUs Ha JIETKUX sApax peakropa (yriepon, Boja). Peakuuu
JIeTICHNsI TPAHCYPaHOBBIX DJIEMEHTOB Ha TEIUIOBBIX HEHTPOHAX HMEIOT CHIIbHBIN AP QeKT
110 YETHOCTU-HEYETHOCTH SJEP BEPOSITHOCTH JieJIeHUs. Takue U30TOoIbl, KakK 233U, 2 SU,
#%Pb, HMMEIOT BBICOKYIO BEpOATHOCTH jeieHus (=60 %). Hanporus, m3otomsr U,
28U, *°Pb 1 T.11. UIMEIOT HU3KYIO BEpOSTHOCTS jeaeHus (< 10 %), a HEKOTOPBIC U3 HUX
He jenarcsi BoBce. KoHeuHO, MOACpHM3MPOBAaHHBIM peakTop OyaeT padoTarh Kak
OYHCTUTENb, HO BecbMa HEI(PPEKTHBHBINA, Ul TJIABHOM YacTH pPaJiOaKTHBHBIX
OTXOJI0B. 3aMeTHO 00Jiee MPUBJIEKATEIbHOW BBITJISIIUT CXeMa, B KOTOPOH MepBUYHBIC
HEHTPOHBI HCHIONB3YIOTCS Tiepe 3ameiieHrneM. Cxema, 0003HaueHHas! KaK KOHIICTIIIHS
«JIBa B OJTHOMY», 00CYKJaeTCsl HUKE.

4.3. Konuyenyusa «oea 6 oonomy. Ilpenmonoxum, 9ro 19 HEUTPOHHBIX MUIICHEH
pa3MeIIeHbI B IEHTPATBHON YaCTH PEaKTOpa TUAMETPOM 5 M U BBICOTOM 2 M, a rpaduT
3aMEHEH TSKEJION MeTalInyeckoi KoHcTpykuueil. Ilpu aToM oxiaxjaroiiasi Boja B
TEXHOJIOTHUECKHX COOpKax 3aMeHEHa JKUIKUM CBHUHIIOM HJIM 3BTEKTHKON Pb-Bi, a
IUIOTHOCTH TOTUTMBHBIX COOPOK yBenmudeHa B 3—4 pasa, uyTo o3Ha4yaeT 64 cOOpKku Ha
KBaJpaTHbI MeTp BMecTo 16. Torma mepBUYHBIE HEWTPOHBI JEISAT BCE HM30TOIIBI
OTXOJIOB BO BHYTPEHHEH YacCTH peakTopa C JOCTaTOYHO BHICOKOH 3(pPEeKTHBHOCTHIO,
MT'HOBEHHBIE HEHTPOHBI JEJICHHUS COXPAHAIOT CBOIO »Hepruro. CpemHsst dSHEprus —
2 MbB u BrIIIIe, a cpeiHee YMCII0 HEMTPOHOB JeNIEHUsT V YBEJINYHBACTCS C SHEPTHeH
HEUTPOHOB F,,, BKJII0OYasi MOCIEAYIOLIEE ACIICHUE:

V(En) = vy +ak,, (11)

Irzie vV, — CpelHee YnuCiI0 HEHTPOHOB JIEJIEHHsI U @ — KOHCTaHTa, c/1a00 MEHAOLIAsACS C
E, [19]. Hanpumep, 3HaueHue v, ais 28U paBHo 2,65 st 1,5 MaB, win st sHEprun
HEUTPOHOB ACNCHUs, M MocTHTaeT 4,55 mist 14,2 MaB, wim a1 sHeprud 3HAYUTEIIEHON
9aCTH MEPBHUYHBIX HEHTPOHOB. B TO e Bpems cedenue meneHus U P SHEPTHH
HEeUTpoHOB 2 M»3B paBHo 1 6. DT0O 03Ha4YaeT, YTO CBOOOMHEIN MpoOer HEUTPOHOB B
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n3oTonax ypana cocraBisger okono 30 cm [20]. Tem He MeHee 4YacTh OBICTPHIX
HEHUTPOHOB TIOKHJAET IEHTPAIBHYIO 30HY pPEaKTopa W 3aMeUIseTCs BO BHEIIHEH
obmactn. OHa MOXET paccMaTpHBAaTbCA Kak OJlaHKeT, (POPMHPYIOIIUN TeIIOBEIe
HelTpoHbl. [loaToMy cxema Ha3BaHa «/Ba B OJHOM.

Kos(hbuimenT pasMHOKEHIsI HeHTPOHOB B urcToM - U He mpesbimaet k < 0,0435
[20]. SmepHble OTXOABI BKJIIOYAIOT B CE0SI MHOXECTBO APYTHX HM30TOIOB. Torma
MOKPUTHYHOCTh CMECH MOXET M3MEHHUTHCSA. CHUTyalusi MOKeT OBITh yiIydIieHa Mpu
KBa3WHETIPEPBIBHOM peXHMe padOTBl YCKOPHTENsS, TMPH KOTOPOM MOSIBIIIETCS
BO3MOKHOCTH CTa0MIIM3UPOBATH MOIITHOCTH peakTopa Ha 3aJaHHOM ypoBHe. OueBHIHO,
aTo mpemioxenue [20] TpeOyeT MOMONHUTETHHBIX HCCICAOBAHIA M KOMITBIOTEPHOTO
MOJICJTMPOBAHUSA, OJTHAKO BBITIISAUT OOCIIAIONINM.

5. 3akiaroueHue

B pabore ommcaH yCKOpHTENb, MPHUIOJHBIA Ui YIPaBICHUS JHEPreTHUYCCKUM
SICPHBIM pEakTopoM. XOTsI TaKOW YCKOPUTENb ITOKa HE CYIIECTBYET, €ro MPOEKT Oa3u-
pyercs Ha y37axX ¥ TeXHOJIOTHH, KOTOPBIE XOPOIIO U3BECTHBI MPAKTHUYECKHU M HIMPOKO
WCIOJIB3YIOTCS B pabOTaIONMX MalinHax. Takum o0pa3oM, MPOEKT o0CYKIaeMOoro
YCKOPHUTEJIS TOTOB K peasln3aliny.

VY nobHoe pa3nesneHre MHTEHCUBHOTO Iy4Ka Ha 20 ¢ MeHbLIeH MOLTHOCTBIO CHUMAET
MHOECTBO NPOOJIeM YCKOPEHHUS U AalbHEHILETro NCTI0Nb30BaHMs ITyUKa B peakTope. B
TO K€ BpeMs OH I03BOJISIET MHTEIPUPOBATh YCKOPUTENb B CYIIECTBYIOIIMNA MPOMBIIII-
JICHHBII PEaKkTOp MOCIIE HETOPOTOH MOJICpHU3ALINH 1 O€3 CTPOUTENILCTBA HOBOTO. bosee
rny0okas MoJepHH3auus OOellacT MOSBICHHWE HOBOW TEXHOJIOTMH IPOU3BOJICTBA
JSHEPTUH C 8, HAKOTLICHHBIM CeiJac.
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HOBBIE ITPENJIOKREHUA NJI NCCJAEJOBAHUSA
T'UITEPAAEP HA HYRJIOTPOHE

10.JIykcTuHbBII

JlaGopaTopus BeicoKux sHepruit OUAN

B Hacrosiee Bpemsi, B CBSI3U C MEPBBIMU YCICIITHBIMU MOMBITKAMH BBIBOJIA TTy4YKa
Ha HOBOM YCKOpHUTEJIE HYKJIOTPOHE, BIIOJHE YMECTHO 00CYIUTh NPOrpaMMy UCCIEI0-
BaHUH THUIEPsIEP, OCOOCHHO Ty 4YacTh, KOTOPYIO B TIOCJEIHEE BPEMs IMPEIIONKIIN
MOJICKUE U YCHICKHE (DU3HKH.

MsI npeanosiaraeéM, 4To B IEPBBIX THIEPSACPHBIX JKCIIEPUMEHTaX Ha HYKJIO-
TpoHe [1-4] nemecoodbpa3HO MPOTODKUTE T€ MPOCTEHUININE UCCICIOBAHUS, B KOTOPBIX
XOPOILIHUI pe3yNbTaT ObLI JOCTUTHYT OJarogapsi OTpabOTaHHOW METOAMKE, HAIpUMeEp,
3a CUCT OTCYTCTBUSA CUCTEMATHUYCCKUX OHII/I6OK npyu HU3MCPCHHUU BPEMCHH KHU3HU
runepsiaep [5]. DTa yacTh IporpaMMbl UCCIICTOBAHUN TUIIEPSIACD SBIISICTCS MIPOIOJIKE-
HUCM HalIUX NPEAbIAYIINX SKCIICPUMEHTOB.

Ha cunxpodasorpore B myukax nonos (*He, *He, °Li) wnccrmemoBanuch cedeHs
POXIECHUS M BpeMeHa >KU3HU THUIIepSJIep iH u iH pu 0OJTyYEeHUN CTPUMEPHOU
kamepsl [MIBC [5,6]. Kak mpenmyImecTBo 3THX 3KCIEPUMEHTOB CIEAYET OTMETHUTH
0C3yKOPU3HEHHYIO HICHTH(DHUKAITUIO THIECPSIEP, He3HAUNTEIBHBIA (DOH M XOPOIIIYIO
s dexTuBHOCTL TpUTTEepa. OMHAKO ATH SKCIICPUMEHTHI OBUTH MTPHUOCTAHOBJICHBI U3-3a
MaJIOi CKOpOCTH Habopa JaHHBIX B ITydKaX CHHXPO(ha3oTpoHa.

[Inanupyemasi Oonbpmiasi IIUTEIHLHOCTh BPEMEHH BBIBOJA IMydKa HA HYKIOTPOHE
(6omee 10 ¢) u UCHOIB30BAHHUE IMPOIOPIUOHAIBHBIX KaMep IO3BOJISIOT YBEIUYUTH
ckopocTh Habopa maHHbIX B 200-300 pa3 m pemarb KadyecTBEHHO OoJiee CIOXKHBIC
3amaun. Hampumep, U3MEpUTh BpeMs KHU3HH JISTKUX TUTIEPSIEP C TOYHOCTHIO B 2—3 %,
YTO B HECKOJIBKO pa3 TOYHEE U3MEPEHHI B APYTUX Ja00paTOpHUsX.

Jlpyroe HampaBjeHHE HCCIICIOBAHHMN JUIsl TIEPBBIX SKCIICPUMEHTOB — IPHUHIIU-
MUaIbHO HOBBIM METOJ ONPEACIICHUSA SHEPIrunu CBA3U cJ1a00CBsI3aHHBIX runepaacp
(iH), OCHOBaHHbIH HAa M3MEPEHHUM CEUYEHUN KYJOHOBCKOW MCCOLMALMU TUNEPSIAED
(mpu 3TOM BHIepBBIE OYJET NCCIIEIOBAHO B3aUMO/ICHCTBHE THIIEPSIIEP C BEILIECTBOM).

OnHoli M3 BaXKHEHIIMX XapaKTEPUCTHK THUIEPANEp ABIACTCA B, -DHEPrus CBA3M
naMOa-g9acTumpl B sAape. V3mepenne 3Toil BeTHMYWHBI IJIsl THIIEPTPUTOHA OCOOEHHO
[IEHHO, MTOCKOJIbKY 9TO JIerdaiiiee W Jjis TeOpuH Hambosee OJHO3HAYHO PACCUMTHI-
Baemoe runepsaapo (cm. [7]). Tenepp misa ompeneneHuss B, npepiaraercss METO,
OCHOBAHHBIN HA N3MEPEHUH CEUCHHSI DIEKTPOMArHUTHOM INCCONMAIIUH THIIEPTPUTOHA.
B pabote B.JIro6ommria [8] moka3aHo, 4TO cEUeHUE IICKTPOMArHUTHOW THCCOITHAITIT
CITa00CBSI3aHHBIX SJIEPHBIX CHCTEM 00PaTHO MPOTIOPIIMOHATBHO YHEPTHH CBSI3U U TIPSIMO
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MPOMOPIUOHAIILHO KBAAPATY 3aps/a sIep MULLIEHU. AHAJIOTUYHBINA pe3yJIbTaT MOIYYeH
B pacyeTax, MPOBEICHHBIX ISl Hallero skcrnepuMmeHTa M.EBIaHOBBIM C COTPYIHHU-
kamu [9]. CpaenaHHble HAMH OLUEHKH [2] MOKA3bIBAIOT, YTO HU3MEPEHHUE CEUCHUS
JUCCOLIMALIMY TUIIEPTPUTOHA C TOUHOCTBIO 0K0JIO 10 % siBNIsieTCS BIOJHE PEAIbHBIM U
TaKOM TOUHOCTH JAOCTATOUHO JJISl OTPEICIICHUS 3HAUECHHSI SHEPTUH CBSI3U.

OMHOBPEMEHHO B ATHX JKCIEPHMEHTaX Ha IMOPSJIOK OyAeT yBelIndeHa TOYHOCTh
ONPEICICHHSI CECUCHUSI POXKACHUS THIEPSICP, YTO IO3BOJMUT MHPOBEPUTH PACUECTHI,
MIPOBEACHHBIC 110 MOJEIU KOAJECUEHUUHU ANOHCKUMU TeopeTukamu [10,11], kak mis
CaMOl BEIMYUHBI, TAK U JUIsI SHEPTe€TUUECKON 3aBUCUMOCTH.

B nocnieiHee BpeMst OJILCKUMU U YeIICKUMH (PU3UKaMU ObLIO TIPeIokeHo [12,13]
WCIIOJIb30BaTh MyYKH HYKJIOTPOHA JUIs O0Jiee CIOKHBIX, HO U Oosiee HH(POPMATHBHBIX
SKCIIEPUMEHTOB C THIIEPSIIPAMH ITPOMEXYTOUHBIX aTOMHBIX 4rcen (4 = 10 wiu 6osee),
JUIS KOTOPBIX HaWOoJiee XapaKTepHbl OE3ME30HHBIC pacmajbpl. B HammMx mepBhIxX
AKCIIEPUMEHTAX, B KOTOPBIX HAOJIOJAINCH pacaibl C UCITyCKAaHHEM OTPHIIATEIIBHOTO
MUOHA (IUIs JICTKUX SJep OYCHb MHTCHCUBHBIA KaHall pacrajia), TPUITEP BBIICISLII
OTHOCUTEIBHO MPOCTO U HAJCKHO HU3MEPSIEMYIO Pa3sHUILy 3apsiia siapa A0 U IMOCHe
pacnana. J{ist 6e3Me30HHBIX pacmalioB CO3JlaHUE TPUITEpa HAMHOTO CIIOKHEe. A s
TOMBITKA PErHCTPUPOBATh pacmaibl ¢ 'Be B MPOMEKYTOYHOM COCTOSHHH [13]
TpeOyeTcst TAKKe TPEKOBBIN ICTEKTOP C BBICOKUM Pa3pelieHHeM, YTOObI pa3JIeUTh JIBE
Onmu3ko Jnersmuye anbga-dacTuibl. Eciim Obl  yIanoch pPEerucTpupoBaTh YETHIPE
rurepsagpa, KOTopble pacrnagaroTcs 4epes *Be — iLi — 1 +°Be, iBe — 1 + p+°Be,
11\0 Be — n+n+"Be, ZI\OB —>n+p +%Be, To mosiBUiIach GBI BO3MOXKHOCTH BECHMa TOUHO
OTIPEJCIUTh COOTHOIICHHE BEPOSITHOCTU KAHAJIOB, CTUMYJIMPOBAHHBIX MPOTOHAMHU U
HEHUTpOHaMH. DTa BEIMYMHA WHTCHCHUBHO OOCYXIACTCS TCOPETUKAMHU, IMOCKOJIBKY
PacXOKJeHUE HMEIOIIUXCS HE OYCHb OOraThIX OSKCIIEPUMEHTAIbHBIX JTaHHBIX U
TEOPETUYECKUX PACUCTOB BEIUKO U TPYAHO OOBSICHUMO.

['pyObie OlleHKM 3aCTaBISIOT JyMaTh, YTO TAaKHE SKCICPUMEHTHI HEBO3MOIKHBI.
OnHako JeTanbHOE MOJCIMPOBAHKE MOKA3aj0, YTO PEATUCTUYHO CO3JaTh TPEKOBBIC
JETEKTOPbl ¢ (UOPOBBIMU CUMHTHUISITOPAMUA B KA4eCTBE LIEHTPAJIbHONH 4YacTw,
HMMEIOIICH JIOCTAaTOYHO BBICOKOE paspelieHue U APQPEKTUBHOCTH PETUCTPALUU
YIOOMSIHYTBIX THIIEPSIIEP.

Haneroch, 94TO COTPYJHHYECTBO C MOJBCKUMHU (PU3UKAMU B TIOJTOTOBKE M IPO-
BEJICHUU TUTIEPSICPHBIX SKCIIEPUMEHTOB Ha HYKJIOTPOHE MPOIOJKUTCS. ITO MO3BOIUT
3HAUYUTEIHHO YCKOPHUTH MOTYUYCHUE YHUKAIBHBIX SKCIIEPUMEHTAIBHBIX JaHHBIX.
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CO3JIAHHUE U UCCJIETOBAHUE
BBICOKO9KOHOMMUYHBIX YCTAHOBOK
C CWJIbHBIMU MATHHUTHBIMH ITIOJISIMHA
A AOEPHOU ®HU3UKHU U 3KOJIOTUN

TI''MaauHoBCKUMI

HNucturyr snexrporexauku I[loabckoit AH, BapiraBa

1. Maznummnvie nonsa o0na adepuou ¢uzuku. COBPEMEHHBIE NETEKTOPHbBIE
YCTAHOBKM 00J1aJal0T YHMKaJbHBIMH IapaMeTpaMHd MarHuToB ¢ noiasiMua 3—7 Tn u
Oosiee. DTO OKa3aJI0Ch BO3MOXKHBIM IIPH UCIOIBb30BAaHUN KOMITAKTHBIX CBEPXITPOBOIS-
IIMX MAarHUTHBIX CHUCTeM. Pa3BuUTHE 3THX CHCTEM MPOUCXOOWIO Ha 0Oa3e Tak
Ha3bIBAEMBIX JKECTKHX CBEPXIPOBOAHMUKOB, OXJAKAAEMBIX METOJOM IOTPYKEHHS B
KHMJIKOM T'€JIMHd — €AWHCTBEHHOM XJIaIar€HTe, C MOMOIIBI0 KOTOPOTO MOKHO JI0CTHYb
TeMIIepaTypbl CBEPXIPOBOAMMOCTH ATUX MaTepuanoB. Ho naxe ass MmaiomacmtabHbIX
skcnepuMeHToB ¢ CII-maruuramu TpeboBaioch rpOMaHOE OCHAILICHHE, TO3BOJISIOLICE
Ha BpeMsl ONbITa COXPAHUTh T'eIHH KHUIKUM: TEIUIOM30JSIIMOHHBIC COCYIbl U TPYOBI,
cucremMa coopa ra3zoBoro rejivsi 1 MH. ap.

Ob6cyxuBaHue BCell cUCTEMbI TPeOyeT BBICOKOKBATH(UIIMPOBAHHBIX COTPYAHH-
KOB W Oonpmmx 3aTpaT. TOJBKO KpYMHBIE MPOEKTHI MOTYT NpodrHAHCHPOBATH
CO3/1aHHE COBPEMEHHBIX JIETEKTOPHBIX ycTaHOBOK ¢ CII-marauTamu.

2. Ilpozpecc 6 kKpuozennoi mexnonozuu. B ociennee BpeMs B CBA3U C H3yUYCHUEM
YHUKAJIbHBIX TEIJIOBBIX CBOMCTB PEAKHX 3€MEIb MIET Pa3BUTHE TaK Ha3bIBAEMOIl
0e3resineBON TEXHOJOIMH JIOCTH)KEHHMsSI KPHOTEHHBIX TeMieparyp. OTu Oe3reineBble
MHKPOMAITTHHBI BBIPA0aTRIBAIOT MOITHOCTE okoiio 1 BT mpu 4,2 K u 35 Bt npu 40 K.
(Momraocts 1 Bt ipu 4,2 K oTBeuaeT uicmapeHuto 1,4 71 )KUIKOTO TeIHs B Yac.)

[IprMepoM MOXKET CITY>KUTb KPHOKYJUIEp GUPMBI «Sumimoto.

C Takoi «XOJIOJHOI» MOLIHOCTBIO peaibHO 00CTyKUBaTh 0ojbmre CII-MarHUTHI
BECOM JI0 HECKOJBKHX COT KujorpamMM. Ho 3To gocTuraercst 3a c4eT CO3/aHUsS
BBICOKOPKOHOMHUYHBIX KPHOCTATOB C MCIIOJIb30BAHUEM HOBEMIIMX TEXHOJOTHH U
MaTepHajoB U TpeOyeT JaTbHEHIINX UCCIIC0OBAaHUN 1 Pa3BUTHSI.

3. Ilpeumywiecmea Ho60u KpuozeHHOU mexHonozuu. OCBOCHUE MPOMBIIIEH-
HocThi0 gomamHuxX (home) pedprmxepaTropoB HEGONBIIONH MOITHOCTH TMOBIEKIO 32
c000if MHUPOKOE OCBOSHUE CBEPXITPOBOIAIINX MATHUTOB B PA3IMYHBIX 00TACTAX HAYKH
Y TEXHHUKH, 0COOCHHO TaM, TJIe OHH paHee He MpuMeHsunCh. Pa3pabareiBaercs cucrema
C TaK Ha3bIBAEMBIMH CYXHMH MarHUTAaMH (paHbIIle HA3bIBAJINCH «C KOCBEHHBIM KPHOCTa-
THPOBAaHNEMY» — «HHIUPEKT KyJJiep») AnaMeTpoM a0 1 M, naayknueit go 12—15 T
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brnaromapst mpocTore yrnpaBieHHS W HaJIEKHOCTH TaKUE CUCTEMbI MOTYT OBITh HC-
TTOJIb30BaHBI HE TOJBKO B OOJIBIINX TA00OPATOPHUSIX, HO U B YHUBEPCUTETAX H HEOOIBIIINX
¢upmax. [Ipexae Bcero OHM PE3KO COKPATAT KAlHMTAIbHBIE W JKCIUTyaTalllOHHBIC
3aTparthl ¥ Ype3BBIYAHO yIpocTIT 00cayxuBaHue CII-MarHUTHBIX crcTeM.

Hampumep, cpemaux pazmepoB CII-maraut Ha 6 T 3a Tog HEMPEepLIBHOW pabOTHI
Mpu OOCITY>KMBaHWHW TI0 HOBOW TEXHOJOTHH TIO3BOJSET COKOHOMHTH OKOJIO 4—5 ThIC.
JIOJUTapOB TI0 CPAaBHEHUIO C MCTIOIB30BAaHUEM OOBIYHON TEXHOJIOTHH C JKUIKUM TeIIHEM,
1 3a 3—4 TOofIa TOTHOCTHIO OKYTIAETCSI CTOMMOCTD TE€THEBON MUKPOMAIIHHBI.

Hogast cucrema o0najaet cienyronMi TPEeUMYIIEeCTBAMU:

— TMpaKTHYecKass BO3MOXKHOCTb HempepblBHOro oxjaxiaeHus ClI-marHutoB B
TEUYEHUE HECKOJIBKMX MECSILEB M BIUIOTH 10 5—7 JIET IPU 3MHU30AUYECKON IPOBEPKE
YCTAHOBKH CIIEUATUCTOM CPEAHEH KBAIN(HUKAIINY;

— MUHHUMAaJIbHOE BPEMsI IOATOTOBKU CUCTEMBI K ITyCKY MOPSAKA HECKOIbKO YaCcOB;

— KOMIIAKTHOCTh M YHUBEPCAIBHOCTH (paboTa B JII000M IOJIOKEHNH);

— BO3MOJKHOCTB ITOJTHOH M JenreBoil apromarn3anun CII-MarHuTHOI CHCTEMEBI C
WCIIOJIb30BaHUEM JUCTAHIIMOHHOTO YIIPABICHHUS.

KoneuHo, kak 1 Bce ycTpoHCTBa, KPUOKYJUIEP TOXKE HMEET HEJOCTATKH — MPEXIe
Bcero HeOoublinyto MoimHOCcTh: 1 Bt mpu 4,2 K. Ho Hano momuepkHyTh, 4TO yiKe
CYILIECTBYeT NPOCTOM METOJ| YBEIUYEHHUs CKOpocTH oxJyaxjaeHus CII-marHuToB c
MOMOIIIbIO KPUOKYJLIepoB B 1,52 pa3a.

4. 3adauu uccnedoganua noevix maznumnvix cucmem ¢ OHAH. Brpiuens-
JIO’)KEHHBIE MPEMMYIIECTBA HOBBIX KPHOTEHHBIX M MarHUTHBIX TEXHOJIOTMH CO3JA0T
HOBBIE MEPCIIEKTUBLI B CO3/IaHUU U UCIOJIb30BAHMN BBICOKMX MAarHMTHBIX IOJEH B
saepHoi ¢gusuke. [IpuMepoM KOHCTPYKLMH MAarHUTHBIX CHCTEM C KPHOKYJUIEPOM B
CHCTEME OXJIaXICHUS MOTYT OBITh CIIEIYIOIIIE yCTAaHOBKU.

Opna n3 HUX OblIa moctpoeHa B 1977 1. s (HOKYyCHPOBKH TSKEIBIX MOHOB Ha
yckoputene RIKEN. YcraHOBIEHHBIH CBEpXIPOBOSIINN COJEHOUI OBLT OXJIaXICH
KPUOKYJJIEPOM, YKa3aHHBIM Bbllle. MakcuManbHasi MHAYKUUS Aocturana 6,2 Tm, a
uHTerpan nonst — 6,8 Tn-m mnpu mmmae Marauta 1,1 M. Bec 0OMOTKM MarHuTa —
300 xr.

B ucnonp3oBarnu cucteM, KOTOpPBIE 00Iaal0T TAKUMH XOPOIINMH TTapaMeTpaMu
MarHATHOTO TOJIS, 3AMHTEPECOBAHBI M IPYTHE OTPACIN HAYKHA — HKOJIOTHS, METUITHHA.
C OUAU B obmactu TIpUMEHEHHUS HOBOW TeXHOJOTHHU oxynaxkneHus CII-mMarHuTOB
CcOTpyAHMYAOT THCTUTYT 21eKTpoTexHUKH B Bapiase, [ToauTeXHUYECKU HHCTUTYT B
Jro6mmue n ['opHo-MeTamyprudeckas akagemus B Kpakose. EcTb yke monoxxurens-
HBIE AIIEMEHTH B pa3paboTKe HEKOTOPHIX y37oB cuctembl: B llompme B MHCTHTYTE
anekTpoTexHukn (BapmraBa) pa3zpabarbiBaeTcss MarHUT OXJIAKIACHUS KPHOKYJIIICPOM,
BecoMm 50 kr ¢ mHAyKnued 6,5 Ti, KOTOpeIil mpenHa3HA4YeH JIJIs OYUCTKU TPOMBIII-
JIEHHBIX BOJ M cemnaparuu MmeTayuioB. B JlabopaTopuu smepHasix mpodiem um. B.I1. [Ixe-
JieroBa pazpadarbIBaeTcsi MarHUT i MctouHnka noHoB DECRIS, xotopsrii myrem
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MTOBBIIIICHUS MATHUTHOM MHTyKITMH Ha OCH Ty4Ka 70 3 T gact HOBOe KaueCTBEHHOE eT0
WCIIONBb30BaHue. MarHuT OyIeT OXJIaXKIaThC KaK MarHuT JUIsl OYUCTKU BOJIBI.

Ho Bce 9TO BO3MOXHO TOJNBKO B pE3yJbTaTe€ HCCICNOBAHUS W OCBOSHUS
KauyeCTBEHHO HOBOM TEXHOJIOTHH U MaTEPHAJIOB.

HccnenoBanns BKITIOYAIOT CIEAYIONINE OCHOBHBIC aCTIEKTHI:

* yuccienoBanue u co3nanue 3eMeHToB ClI-maruura ¢ npumenenuem HTS-mare-

pHAJIOB;

* coznanue ClI-mMarauTa ¢ BBICOKOW TETUIOMPOBOTHOCTHIO;

* CO3JIaHUE U UCCIIEIOBaHNE SKOHOMHYHOTI'O KPHOCTATa;

* IproOpeTeHNE U OCBOCHHUE IeIMEBON MUKPOMAIIHUHBI.
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TOPAYUE AAPA U ®A30BLIN IIEPEXO/]
HAHUIROCTb-TA3 B AAJEPHOM BEIIECTBE

B.A.Kapnayxos

JlabopaTopusa saepubIx mpobsaem um. B.I1.Ixxememoa OUAN,
OoT mMeHU KoJimaboparnuu @PA3A

Konnabopayus @A3A:

» C.I11.A60¢ees, B.A.Kapnayxos, B.B.Kupaxocan, JI.A.Ilempos, B.K.Poouonos,
B.J]. Tonees — Obweourenmblll UHCMUMYM A0ePHBIX UCCTIe008AHULL,

* A.byoszanosckuil, B.Kapu, M. Anuyxuii — Hncmumym s0epHoti pusuxu
um. I Heeoonuuanckoeo, Kpaxos,

* X Ouunep — Texnuueckuii ynusepcumem, Jlapmumaom;

* O.B.bouxapes, E.A.Ky3vmun, JI.B. Yyakoe — PHIL] « Kypuamosckuul uncmumymy,
Mocxea;

* A.C.bomeuna — Hucmumym sdepuvix uccredoganutl, Mockea,

* D.Hopbex — Vuugepcumem wmama Atiosa, Atiosa-cumu

B noxmage mpuBoasTcs HanOoJee 3HAYUTENBHBIC DPE3YJIbTAThI, MOTyYCHHBIC
komrabopamueir ®A3A 3a mecATh JIET ee CyIIecTBOBaHHUSA. BecbMma CyIecTBEHHBIH
BKJIaJ] B peanuzaiuto mpoekra @PA3A BHECIO COTPYAHUYECTBO ¢ UHCTUTYTOM si/IepHOI
¢uzukn M. I'.HeBogHIUAHCKOTO.

BBengenue

HccenenoBanne CBOMCTB OUEHb rOpsUUX SIEP — OJIHA U3 MHTEPECHEUIIINX 3a1a4 CO-
BpPEMEHHOH siiepHOM (pu3uku. DHeprus Bo30yxaeHus Takux sgep (400-600 MaB)
CpaBHUMaA C IIOJIHOM AHEpruen cBsi3u saapa. Kak Mbl Teneps 3HaeM, JUIsl CTOJIb FOPSUUX
siIep UCTIapeHHE YaCTHUI] CMEHSIETCS TPOIIECCOM B3PBIBHOTO THIIA — TEIUIOBOH SASpHON
MynbTU(GparMeHTaneil. JTo HOBBIM, MHOTOTENBHBIN THI pacmaga BO30YXKIEHHBIX
s1ep, IPH KOTOPOM NMPOUCXOIUT MHOKECTBEHHAsI YMUCCHSI (PparMeHTOB IPOMEKYTOU-
Ho#t Maccel (PIIM). OHH TspKeIee O-9acTHIl, HO JIeTYe OCKOJIKOB JeeHUs. TeroBas
MyJbTH(parMeHTalusl SBISICTCS IPOSIBICHUEM (PAa30BOro MEpexoAa >KUAKOCTb—Ta3
B siiepHOM BetiecTse. [loa aelicTBrEM TEIIOBOTO JaBIEHUS TopsYee PO pacIIupser-
csl ¥ monajaet B 00sacTh ha30BOH HEYCTOHUMBOCTH (CIIMHOAAIbHAS 00/1acTh). DIyKTY-
aIMM TNIOTHOCTH MPUBOJIAT K TOMY, YTO OJJHOPOJIHASI CUCTEMA ITPAKTHUYECKH MTHOBEHHO
MpeBpalaeTcss B CMeCh ABYX (pa3 — KarelbKH KUAKOCTU ((PparMeHThl), OKpY>KCHHBIC
ra3oM (HYKJIOHBI). HEHTPOHBI yCTpEeMIISIFOTCSI B CBOOOIHOE MPOCTPAHCTBO C IHEPTUCH,
OTBEYAIOIIEeH TeMIIepaType CUCTEMBI B MOMEHT pa3Bana (5—6 M»B), a 3apsokeHHbIe ya-
CTHIIBI pa3JIeTaloTCs MO ISHCTBHEM KYJIOHOBCKHX CHJI. Takas KapThHa paciazia O4eHb
TOPSIYMX S7ep MPEACKa3bIBATIACh CTATUCTUIECKON MO/IETIBIO U ObliIa ToKa3aHa SKCIEepH-
MEHTaJIbHO B padoTax xoyuraboparmu GA3A. OcTaHOBUMCS Ha HTOM TOApoOHEe.
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Kak npuroraBiIuBaTh ropsuyue sgpa

J1s 5TOM 11enn MHUPOKO UCTIONB3YIOTCA SePHBIE PEaKINH, BEI3BAHHBIC TSHKEIBIMU
WOHAMH C YHEPTHSIMH B IECATKU M cOTHU M»bB Ha HykioH. OHaKo B 3TOM ciydae Ha-
TPEB COMPOBOXKAAETCS 3HAUNTEIHHBIM C)KaTHEM, CHIILHBIM BpallleHneM u aedopmarmeit
cucteMbl. Bo30y keHre KOJIEeKTUBHBIX CTeTIeHEH CBOOOIbI CYIIECTBEHHO CKa3bIBAECT-
s Ha pacrajie TopsYero siapa v 3aTpyAHSET [oJTydeHHe HHPOPMAIIUX O €T0 TePMOINHA-
MHYECKHX XapakTrepucTukax. KapTuna ympornaercs, eciau B KauecTBe OomOapaupyro-
el YacTUIBl HMCIOJIB30BATh JIETKOE AP0 (MIPOTOH, TEeNUi) C pPEISTHBHCTCKON
sHepruei. [Ipoxons vepes aapo-muiieHs (Hampumep, Au), OHO HCTBITHIBAET CEPHIO
COyJapeHHi ¢ HyKJIOHaMH, BBI3bIBAs BHYTPHAJEPHBIN Kackal. BeicTpble KackamHble
YaCTUIIBl BBUIETAIOT Hapyxky, a Oojee MEIJICHHbIE 3acCTPEBalOT B sIIPE-OCTAaTKE
(cmiextarope), HarpeBas ero. Vcrnonp30BaHne peNITUBUCTCKUX JIETKMX MOHOB — YHH-
KaJIbHBIA CTIOCO0 TOIYYEeHHS TOPSUUX SJep, dHEprus Bo30YKJIEHHS KOTOPBIX Mpak-
TUYECKH IENUKOM TerioBasd. Puc. 1 wimocTpupyeT KapTHHY coyaapeHusi ObICTporo
[IPOTOHA C TSKENBIM SIAPOM, B PE3yJbTATE€ YEro BIEPE] BBUICTAIOT «KACKAIHBIC»
YacTHIbI, @ Pa30TPETOE M PACIIMPHUBIIEECS AIPO-OCTATOK PAa3BaIMBACTCS, MCITyCKast
B pa3HbIe CTOPOHBI HYKJIOHBI M (DParMEHTHI.

4

Puc. 1. Kaptuna coynapeHust ObICTpOTO MPOTOHA C TSHKEIBIM SAPOM

Ycranosga ®PA3A

Jnist u3ydeHust mpouecca MyJabTH(parMeHTanru Obljia co3JaHa MHOTOJIETEKTOpHAsI
ycraHoBKa DA3A, umeromas 4m-reoOMeTpUI0. YCTaHOBKAa pa3MElEHAa Ha Iy4Ke
cuHxpo- (azorpona OUSM. B Hacrosimee BpeMmsi HCIIONIB3YyeTCS YK€ YCTaHOBKa
DA3A-2, yucno HETEeKTOPOB B KOTOPOHMl yBenauueHo B 1,5 pas3a 3a cyeT BBeNEHHUS
cuctemsbl u3 25 AE — E-teneckomnoB. Temneps B ycTaHOBKE 30 TEIECKONOB 3apsHKEHHBIX
YacTULl, KOTOpBIE  CIyKaT TaKKe TPUITEpaMH  CHUCTEMbl  PETHUCTpaLuH,
n 64 cuuHTWUBIIHOHHBIX  cuerynka  CsI(Tl), cocraBmsommx — nmeTexTop
MHOXECTBEHHOCTH (PparMeHTOB (cM. puc. 2). IlosHOE YMCll0 KaHAJIOB 3JIEKTPOHHUKH
okoo 200.

KakoBa nmioTHOCTH siipa, MCIyCKaOIEero (pparMeHThI?
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Puc. 2. Ycranoska ®A3A-2

JlecTBUTENBHO JIM rOpsiYee PO paCIUpsAETCs MO JeHCTBUEM TEILJIOBOIO JlaBlie-
HUS U TOJIBKO TI0CIE 3TOT0 pacnanaerca? [10710KUTenbHBIH OTBET Ha 3TOT BOIIPOC MOXK-
HO paccMaTpuBaThb KaK  JIOKa3aTelIbCTBO  TOMAAAHUS  SJAEPHOM  CHUCTEMBI
B CIIMHOIAJTBHYI0 00J1aCTh (pa30BO HEYCTOMUMBOCTH. YTOOBI OTBETUTH HA 3TOT BOIIPOC,
M3MEPSITOCH PacTpe/IeIICHIe COBIAIAIOMINX (U3 OTHOTO COOBITHS) (DparMeHTOB 1O OT-
HOCUTENBHOMN ckopoctu V, =V, —V,. IIpu stom peructpuposanucs OIIM, nersamue
B IIPOTHBOIIOJIOKHBIE CTOPOHKL. YeM ompeensercs 3Ta CKkopocTh? PacueTs! mokas3biBa-
10T, uTo Ha 80 % sHeprus hparMeHTOB OMpeAesIeTC UX YCKOPEHUEM B KYJIOHOBCKOM
noJie ¥ ToJbK0 20 % CBA3aHO € TEIUIOBBIM ABMKEeHHEM. [TosTOMY V| yyBCTBUTEIBHA
K KOH(UTYpaluy CUCTEMBbI B MOMEHT Pa3Bajia: YeM MEHbILE IJIOTHOCTS (T.€. 4eM 00JIb-
e pa3Mep CHCTEMBI), TeM MEHBINE KaKaas W3 CKopocTel. B BepxHeit gactu puc. 3
[IPEACTABIIEHBI JIBA BO3MOXHBIX BapuaHTa smuccun OIIM: ucnapenue ¢ NoBEpXHOCTH
Sapa ¢ HOPMaJIbHOM MJIOTHOCTBIO (CTpaBa) U 0OBEMHBIN pa3Ball PaCIIMPEHHON cHCTe-
MEI. B ciTyuae mepBoro BapraHTa 0)KHIaeTCs pacipeielieHue, ToKa3aHHOEe M TPUXOBOM
nuHUeN. M3mepeHHoe pacipe/ieNieHne CMEIIeHO OT 0)KUIAaeMOro sl TOBEPXHOCTHON
SMHUCCHH B CTOPOHY MEHBIIINX 3HAYE€HUI CKOPOCTH, OTBEUas pa3Bally f]pa ¢ IOHUKEH-
HOM TIOTHOCTHIO. KonmaecTBeHHBIH aHaIN3 MOTpeOOoBall pa3BUTHSI KOMOMHUPOBAHHON
monenu B3aumozeiicteusa INC +o+ SMM.

[lepBas cTyIeHb peaKIiy OMMCHIBACTCS B IPUOIMKSHHH BHY TPHSIEPHOTO KacKaia
(INC). Ha cTaguu TETUIOBOTO PaCIIHPEHUS Topsdee SIpo-0CTaTOK TepseT 4acTh dHEP-
T'Mu BO36y)KI[CHI/I$I 3a CUCT SMHCCHUU HYKJIOHOB. 9TOT MpoueCC yUYUTbIBACTC BBEACHHUEM
AMIHUPUIECKOT0 TTapaMeTpa «0». PazBai 0cTaTOUHOTO A/pa OMHUCHIBACTCS CTATUCTHYC-
CKO# Mozenbio MynbTu(GparmenTauu (SMM), KoTopast BKII09aeT MHOTOTEIIBHBIH pac-
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Puc. 3. PacnpeﬂeneHMe 4uciia COBHAIANINX (bparmeHTOB 10 OTHOCHUTEIBHOM CKOpPOCTH JIJIst coyﬂapeﬁnﬁ
“He (14,6 TB) + Au

YeT KYJOHOBCKUX TPAaeKTOPHH BCEX 3apsDKEHHBIX YacTull. B pesynbrare monyyarorcs
CKOPOCTH, SHEPTHHU U YTJIbI pa3iera ()parMeHTOB, YTO YK€ MOKHO CPaBHHBATH C DKCIIe-
puMeHTOM. [IITOTHOCTD siipa B MOMEHT pasBaja sSBJSIETCS MapaMeTpoM pacueTa, KOTo-
PBIH U onpeesnsieTcs U3 TAKOTO CPABHEHHUSL.

Haiineno, yto sMuccust GpparMeHTOB MPOUCXOIUT IOCIE TOrO, KaK ropsuee sapo
pacmupsiercss B 3—4 pasa, YTO OTBEYaeT IOMNAJAHUIO B CIMHOAAIBHYI O00JACTh.
AHaJIOTUYHBIA BBIBOJ| MOJIyYaeTCss M U3 aHaiu3a (OPMBbI SHEPreTUYECKOro CIEeKTpa
(parMeHTOB.

TenmoBass MyJabTU(parMeHTAINA — HOBBII TUII pacmaga
ropAa4ux sanep

KakoBa BpeMeHHas IKaia Mmporecca MHOXKECTBEHHOM amuccuu pparMeHToB? D10
KITF04YeBOM Borpoc. VcnyckaroTes Jin pparMeHThl HE3aBUCHMO U TTOCIIEI0BATEIBHO (TO-
I'J1a 3TO MPOCTO EIIe OJHO MPOSBICHUE y)KE U3BECTHOT'O UCTIAPEHUS YaCTHUI] U3 SApa) WU
9TO COBEPIIIEHHO HOBBIM, B3PhIBOMIOAOOHBIN MPOIIECC — MHOTOTENBHBIN pacmaj, Koria
(parMeHThl BO3HUKAIOT MPAKTHUECKH OJHOBpeMeHHO? OTBET MOJYYCH B PE3ysbTare
TOHKOT'O aHaJM3a PaCIpe/ICICHUS COBNANAIONIHNX (PArMEHTOB (BO3HUKAOIIMX B OJJHOM
COOBITHH) TIO OTHOCUTEIILHOMY YTy (cM. puc. 4). Ecu a1Ba pparmenTa BEUIETAIOT B O11-
HOM M TOM K€ HallPpaBJICHUH HE3aBHCUMO, T.€. C CYIIECTBEHHOMN CABHIKKOW BO BpEMEHH,
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é} T Puc. 4. Pacnpenenenue copnasatomux ¢par-
MEHTOB 10 OTHOCUTEIBHOMY YIILy AJsl COyza-

penuii “He (14,6 ['B) + Au. IlIkana BpemMenu

JaHa B eAMHHUIAX (M/C =3.107* C, JKUpHas

100

CKOpOCTb cyeTa COBIaleHNN

«TOUKa» Ha HEW MOKa3bIBAET CPEJHEE BpeMs
IMHCCHH (HPATMEHTOB

10 &

UX TPAGKTOPUH HE OYAyT MCKAKCHBI
B3aUMHBIM KYJIOHOBCKUM OTTaJIKHUBa-
1 HHUEM. DTO ciIydail ociIe0BaTeNIbHO-
—_— ro ucnapeHus pparMeHToB, IpH TOM
0 50 100 150 cpeaHee BpEMsl DMUCCHUU T IIPEBBIIIA-
OTHOCUTEJIBHEIA YTOJI MeKIy QparMeHTaMu €T XapaKTepHOE BPeMs yCKOPEHHS
MHOTOTENILHBE .. TIoCTIez0BaTeMbHOe B KYJOHOBCKOM IIONE T, = 107" c.
pacnax f HcmapeHye Ecimn ke smuccust OyneT mpomcxo-
10 ’160 1000 JUTh €T < T_, TPAEKTOPUH Pa3oUayT-
cst 3a cyer KYJIOHOBCKOTO
OTTAJIKMBAHUSI U MaJibleé OTHOCHUTEIIb-
HBIE YIJIbl OyyT HaOMronaThes peako. CTeneHb MoJaBiIeH sl BBIX0Ia Map ¢ MaJIbIM OT-
HOCHUTEJIbHBIM YIJIOM 3aBUCHUT OT T: YEM MEHbILIE CPEJHEE BPEMsI SMUCCHHU, TEM OOJIbIIE
s ekt nogasneHus. Takum 06pa3zoM, Mbl UMEEM CBOCOOpa3HBIE Yachl [T U3MEPCHHUS
OYEeHb KOPOTKHX BPEMEHHBIX HHTEpBaJIoB. Ha puc. 4 mokas3aH pe3ysbTaT Takoro u3me-
peHus ans MynbTudparMenTanuy B coyaapennsx * He (14,6 TaB) + Au. I'my6okuit Mu-
HUMYM B 00JacTH MalblX YIJIOB — KaueCTBEHHOE CBHUJIETEILCTBO B IMOJB3Y
«OTHOBPEMEHHOCTH» IMHUCCHH (pparmMeHToB. BpemeHHasl mkana, mokaanHasi B HIOKHEH
4acTH pHC. 4, pa3/ielieHa Ha JBE YaCTH XapaKTePUCTUUYECKHM BPEMEHEM T : MEHBIINM
BpEMEHaM SMHUCCHH OTBEYAET MHOTOTEIIbHBIN pacnall CUCTEMbI, OOJIBIINM — IOCIE0-
BaTeNbHOE nciapenre. KonmnuecTBeHHBIH aHATN3 MPUBOIUT K BEJIMUUHE CPEAHETO Bpe-
Menn smuccun T < 2-107% ¢, 4ro cymecTBeHHO MeHblie T,. Takum o6pasom,
JI0Ka3aHo, YTO TEIUIOBast MyJIbTH(parMeHTalys — HOBBIH, MHOTOTEJIbHBIN THII pacraaa
BO30YKJICHHBIX sijiep. briu3kue 3Ha4YeHUsT BpeMeH SMHUCCHU (ParMEHTOB MOJTYYEHBI
u U1 coynapenuii p (8,1 TsB) u > C (22,4 I'3B) ¢ siapamu 30510Ta.

>

T, IM/C

IBOIIONUA MeXaHN3Ma TEeIJIOBOH MyJabTH()pPAarMeHTaIun
€ PocTOM Macchl 60MOapPIAUPYIONIEH YaCTUIBI

W3BecTHO, 4TO HA MyYKaX OUCHb TSHKEIBIX HOHOB MYJIbTH(ParMeHTAIHs HE ONUCHI-
BAETCS CTATUCTUUYECKON MOJIETBIO U, TO-BUJUMOMY, SIBIISIETCS] JUHAMHUYECKUM IPOLIEC-
coM. Hamu npoBeieHO CpaBHUTEIIBHOE UCCIICAOBAaHUE MYJIbTH()PArMEHTALMH MHILCHH
3 30710Ta Ha Tyukax p (8,1 I'3B), “He (4 u 14,6 I3B) u > C (22,4 I'3B). Bo Bcex s1ux
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Puc. 5. DHepreTnueckue CHEKTpHI yriepoja
u3 coymapenuit mpotonos ‘He m >C ¢ mmume-
HBIO U3 30J0Ta. PacxoskieHne sKcIeprMeHTa
U pacdera (JIMHMM) B CIy4ae IIyYKOB
“He (14,6 I'sB) u “C yka3blBaeT Ha BKJIaJ KOJI-
JIEKTUBHOTO ITOTOKA

CIy4asiX MOXKHO TOBOPHUTD O TEIIJIOBOH
MyJabTH(parMeHTanuu. B pamkax
KOMOMHHPOBaHHON MOJIENIN
INC+0+ SMM, B KoTOpOii pa3Bai ro-
psidero siapa-ocTaTka paccMaTpHBaeT-
Csl KaK PaBHOBECHBIN CTATUCTHYECKUN
MpoIecC, yIaeTcs OlUcaTh pacrpere-
neHrne (parMeHTOB 10 MHOKECTBEH-
HOCTH, MaccaMm, YIIy  BbUIETA.
ChoexkTpbl KUHETHYECKUX JHEpruit
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HMMEIOT TUIIMYHYIO MaKCBEJUIOBCKYIO (hOpMY, OJJHAKO C YBEIMYCHUEM Macchl bomMOapau-
PYIOLIEH YaCTUIIBI OHU CTAHOBSITCS O0JIee «GKECTKUMMU». TO BUHO U3 PHC. 5, Te TOKa-
3aHBI CIEKTPHI yTIIEPO/Ia, MOJTyYEHHBIE B COYIAPEHUAX PENATUBUCTCKUX MPOTOHOB, * He
1 *C ¢ Au. Pacuets 1o mozienu INC +0i+ SMM T1ipekpacHo onuchIBaioT GopMy Criek-
Tpa s cinydast p (8,1 ['9B) + Au u 3aMeTHO pacXoasTcs ¢ TaHHBIMH, ITOJYICHHBIMA
Ha myukax ‘ He (14,6 I9B) u " C (22,4 I'3B). D10 CBA3aHO C TIOSBIEHHEM KOJLIEKTHBHO-
ro MOTOKa Ha 0oJiee TSHKETBIX MydKax (OTMETHM, YTO B CTATUCTHYECKON MOAETH KOJ-
JIEKTUBHOE JIBUKEHUE HE YUYMTHIBAaeTCs). BennunHa moroka HaXOOUTCS U3 Pa3HOCTH

U3MEPEHHON U pacyeTHOU SHEPruit

¢dparmenTos. [TonyueHHas cpeaHs- Vhow)'e R Rsys

s KOJUIEKTHBHAsl CKOpPOCThH (hpar-

MEHTOB B (DYHKIIMA WX aTOMHOTO 0.08 096

HOMEpa Z MOKazaHa Ha puc. 6 ais 0.84

coymapennii ' C + Au. B aTom ciry- 0.06 072

Yae TIOJIHAs DSHEeprus IMOTOKa

100-120 M»B. Dto paanaibHBIH 0.60

TOTOK, KOTOPBIii BOSHUKAET 33 CYCT ) 0.48
0.36

Puc. 6. CKOpOCTH KOJUIEKTHBHOTO MOTO- () ()2 025

Ka, UBMCPCHHLIC JUIsSL q)paFMeHTOB C pas-

mmgHbeiME Z. 1llkana cmpaBa MOKa3bIBaeT F 10.12

COOTBETCTBYIOILINE UM CPEIHUE paaualib-

HblE KOOPIWHATHI ()parMeHTOB, ITyHK- 0 :‘ é é 16 112 0

THp — TIpeficKazanue Mojgem SMM Z
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TEIJIOBOTO JABJIEHHS B PA30IPETOM siipe. AHAIIM3 3aBUCUMOCTH KOJUIEKTUBHON CKOPO-
CTH OT Z JIaeT HEOKMIAAaHHYI0 HH)OPMALUIO O pacnpejie]ieHHn (pparMeHToB B 00beMe
CHUCTEMBI, KOTOpask HE COTIaCyeTCs € MPeICKa3aHUAMU KOIIEHIareHCKOW MOJIEIH MyJIb-
THdparMeHTaluu: 6osee TsKeble pparMeHTsl 00pasyroTCs NPEUMYLIECTBEHHO B IEH-
TpaJIbHON 4acTH 00bEMa CHCTEMBI, YTO YKa3bIBAET HAa HEOIHOPOJHOE PacIpeie/icHue
IUIOTHOCTH B TopsdeM szape. (B 3ToM aHanmse ucnone3yeTcs TMHEHHAs 3aBUCUMOCTb
CKOPOCTH IIOTOKA V= OT paaMaibHOM KOOPAMHATEI YaCTUUBI R, : V  ~R .

IIpoekTr ®A3A B 2001—-2003 r.

Memoouueckoe paszsumue yctaHoBku DA3A cBA3aHO B IEPBYIO OuYepeib
C BBEICHHEM B CTPOH B IOJHOM O0BEME HOBOH CHUCTEMBbI TPUITEPOB H3 25
AE — E-TeneckonoB (B HAaCTOSIILEE BPEMsl OCHAILCHO JIEKTPOHUKON TOJIBKO 16 U3 HUX).
Ota cucTeMa o3BOJIUT MPOBOIUTH KOPPESIHOHHbBIE U3MEPEHUSI C TyYIlIeH TOYHOCTBIO,
4yeM paHee, W TOAHUMET 3(PQPEKTHBHOCTh TpUITepoBaHus B 6 pa3. B kauectse
CJICAYIOIIETo ATana Mbl PacCMaTpUBaeM BO3MOXKHOCTH BBEJCHUS €IIE OJHOIO «CIIOS
JICTEKTOPOB» Ha OCHOBE IUIACTUYECKUX CLUUMHTWUISTOPOB AJISl PErHCTPALMH JIETKUX
3apsDKEHHBIX YacTHL. DTO MO3BOJUT U3MEPSATh UX MHOKECTBEHHOCTh U COPTUPOBATH
COOBITHSA IO PHEPTUH BO30YKICHUS (PparMEHTUPYIOMIUX SIAEP.

Hayunas npocpamma HampaBlieHa Ha ajJbHEHIIee HCCIEJOBaHHE MEXaHH3Ma
TEIUIOBOH SI/IEPHON MYJIbTH(QpArMEHTAIIMH Ha BEIBEICHHOM ITyYKe HYKJIOTPOHA.

— BynyT nosy4eHsl HOBbIC JaHHBIE O BPEMEHH KU3HH TOPSUHX siAep (B AMana3zoHe
107 —=107% ¢), o6pasyromuxcs B pasIHuHbIX COyIAPEHHUSAX.

— AHaJIN3 YHEPreTUYECKUX CIEKTPOB JAacT WHPOPMAIUIO O TPOCTPaHCTBEHHON
KOH(HTYpallui CUCTEMBI B MOMEHT pa3Baja.

— Byayr cpenanpl BBIBOABI 00 SBOJIONMHM MEXaHHW3Ma MpoLecca OT YHCTO
«TEIIOBOT0» (CTaTHCTHYECKOT0) K OOJIee CII0KHOMY (3a CYET BIUSIHUS JHHAMUYECKUX
3¢ (}HeKToB) MU YBEITHUYSHUH MACCHI SApa-CHAPSA.

— ByayT ycranoBiieHbI Tpeiebl IPUMEHUMOCTH CTATUCTUYECKON HHTEPIIPETaN
nporiecca MyJIbTH(pparMeHTaIIH.
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B stom cnmcke Hambosee 3HaumtesieH rpaHT llomnomounoro IlpeacraBuress
[Monbim akanemuka A.XpbpiHKeBUYa. OH MO3BOJIMII OCHACTUTH yCTaHOBKY DA3A co-
BPEMEHHOH 2JIEKTPOHHUKOM, KOMIIBIOTEPHOI TEXHUKOMN U IIPOBECTH CYLIECTBEHHYIO MO-
JCpHHU3ALMIO YCTaHOBKH. s miumocTpaudu npuBoAMM (GOTOrpaduio yCTaHOBKH
DA3A (puc. 2), Ha KOTOPOU BUICH TPUTTEPHBIH MOIYJIH (B JICBOM BEPXHEM YTIIY). DTOT
MOAYJIb CIIPOEKTUPOBAaH U u3rorosieH B MAD um. I HeBOgHMYAHCKOrO U OCHAIIECH
ANIEKTPOHMKOM Ha cpesicTBa 3Toro rpanta. CToumMocts Moyt okoino 120 k$.

IIpemun OUAN

1. I[ToompurensHas npemust OUSAN 3a 1994 r.
2. Ilepsas mpemus OUAN 3a 1998 T.
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HNCCJIETOBAHHUE B3AUMOJIEMCTBUM
MEXKIY JETKHMHU AOPAMHU B OBJIACTH
YIBTPAHU3KNX SHEPTUH (3B—k3B)

C UCHIOJBb30BAHUEM JAMHEPHOM IIJIA3MBI
(ITPOEKT «LESI»)

B.M.BreicTpunkuii

JlabopaTopusa sxepHbrx npobsem um. B.I1.[[:xenemoa OUAN

* Bay.M.bvicmpuyxuti, B.M.I pebeniox, C.C.Iapocuyxuti, @.M.Ilenvros, B.A.Cmony-
nun — OQbveounennwlil uncmumym soephuvix uccreooganuti (OUAN), J[yona;

* I"A.Mecsay — Uncmumym snexkmpoguzuxu Cubupcroeo omoenernus PAH (U2 CO
PAH), Examepunbype, Poccus,

* E.A.Boakos, A.B.JIyuunckuii, B.M.Maxpun, H.A.Pamaxun, B.A.Cunebproxos,
C.A.Copoxun, C.A.Yaiikosckuii — Mncmumym cunbHOmMOYHOU 31eKMPOHUKU
Cubupckoeo omoenenuss PAH (MC3 CO PAH), Tomck, Poccus;

* A.Tyyp — Jloypencosckas nayuonanvras nabopamopus (LLNL), Jlusepmop, CLLIA;

* Bum.M.bvicmpuyxuii — Kanugoprnusickuii ynusepcumem (UCI), Hpsaiin, CLLIA;

* A .Bosnusik, A.Iyna, E.Jlonyxu, M. @urunosuy, B. Yanmunckuii — axyiomem Qusuxu
u s0epnou mexnuku I opno-memannypeuyeckou axademuu (PDAT I'MA), Kpaxos,
Tonvwa;

* E.lyna — Uncmumym sioepuoti pusuxu um. I.Hesoonuuarnckozo (UAD@), Kpaxos,
Tonvwa;

* ["Monxopcm — Ynugepcumem @nopuowvt (UF), I'etinceunn, CLIA.

[Ipoext «LESI» mocesIen n3ydeHuio peakinii Mexay JISTKUMHU sapamu (dd-, pd-,
d’ He-peakuuii) B 00671aCTH YIIbTPaHH3KHX SHEPrHii ( ~ K3B).

WHTepec K M3y4eHHIO CHIIBHBIX B3aUMOJCHCTBHI B yKa3aHHOW OOJIACTH HHEPTUil
00YCIJIOBJICH HE TOJIBKO BO3MOKHOCTBIO IMTPOBEPKU (PyHAAMEHTAIBHBIX CHMMETPHIA (3a-
PSI0BOM, M30TONIMYECKOM MHBAPUAHTHOCTH) [1,2], HO M1 HEOOXOAMMOCTBIO pa3peIICHHsI
psina mpoliiem, cymiecTByomux B actpodusuke [3,4]. Kpome Toro, nmossiusiercs peaiib-
Hasi BO3MOXXHOCTB IOJYYCHUS] HHPOPMALMK O BKJIAJIE BO B3aUMOJICHCTBIE OOMEHHBIX
ME30HHBIX TOKOB [5], 0 BemuumHe 3(PQeKTa dKpaHUPOBKU sifep [6], o XapakTepe
HYKJIOH-HYKJIOHHOTO moTeHiuana [1,2], a Takke o macmrade 3¢ddexra OmmeHreii-
Mepa—Dumnunca [7].

DKCHepUMEHTATBLHOE HCCIIeI0BAHNE SIEPHBIX peakimii (dd, pd u d’ He) B obnactn
YIIBTPAaHU3KUX HEPTHH CTOJKHOBEHHUS (~ K3B) ¢ HCHONBb30BaHMEM KIIACCHYECKHX
yCKOpHUTENlel BechbMa MpoOJIeMaTHIHO, TaK KaK MHTEHCUBHOCTH ITyYKOB 3apsKEHHBIX
YACTHI] M CeUeHHs M3ydaeMbIX mpomeccoB (G = 1072—-10"% cm?) kpaitne Mansr.
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Puc. 1. 3aBucumocts  ceuenuit  dd-,  pd- 10°

u d’He-peakiuii oT sHEPrHiA CTONKHOBEHHUS 10"

102 | . e

10 H(d.n) *He/” / \

he >~/ / | *He(dp) *He
Ha puc. 1 npuBeaeHbl 3aBUCUMOCTH ceve- B S/
Huit dd-, pd- u d’ He-peakuuii ot s5Hepruu ye :g.s 71/ -
CTOJIKHOBEHHSI, OTPAKAIONINE PEANbHY0 — ° 07 ™~
CUTYaIIHIO, CYIIECTBYIOIIYIO q‘g 10° i ; *H(ply) °He
B JIMTEpaType 10 Hayala MNPOBEACHHA - 10° :." /
Hamux uccienoBanuil. [Tlynkrupom orpa- .8 10™
’K€HbI pacYeTHbIE 3aBUCHUMOCTH CEUCHUH, § 10::;
COOTBETCTBYIOIME O0JACTH YIbTPaHU3- 4 10_13
KHUX SHEPruil cToJkHOBeHUs (3B—K3B). 8 18,14

Jiig momydeHuss HEOOXOTUMOW WH- 107

¢dbopmaLuu O XapaKTEPUCTUKAX JIaHHBIX 10
peakuuii B yYKa3aHHOW BbILIE 00JACTH 10"
SHEpPruil HamMH OBbUT MPEJIOKEH HOBBIH 107
METOJ U3MEPEHMSI CEUECHUI, OCHOBAHHBII 107 Frmrrrrmt—— v
Ha HUCIIOJIb30BAHUH BHICOKOMHTEHCHUBHBIX (LU U (S (U
paauaIbHO KOHBEPIHPYEMBIX HOHHBIX Ecatisions K€V

[IOTOKOB, TEHEPHUPYEMBIX B TEYEHHUE

UMIUIO3UK  JaifHepHOW mna3mbl [4,8,9]. llpn STOM MHTEHCHMBHOCTH IOTOKOB
YCKOPEHHBIX HOHOB cocTannsgeT 10> — 10> yacTum B uMmyIIbce B yKa3aHHOM 001acTH
sHepruil. CyTh MeTO0/1a MOJyuYeHUs] BRICOKOMHTEHCHUBHBIX UMITYJILCHBIX ITYYKOB HOHOB
3akiovaeTcs B cieaytomeM. [lo maiiHepy (monas OMIMHApPUYECKAs ra3oBasi CTPys
nenTepus, BOJOPOAA WK renus; coopka amdnekrpudeckux Hutedd uz CD, umu CH,,
PAacIoNIOKEHHBIX 110 00pa3yloliell HMINHAPA) IPOITyCKACTCSI MOLIHBIM UMITYJIBC TOKa
(I =1-2MA), xoTopslii B3pBIBaET €ro, 1 0Opa3zoBaBIIasicA IUIa3Ma MOA JACHCTBHEM
COOCTBEHHOI'O MarHUTHOI'O HOJIsI YCKOPSIETCS. B PaJualbHOM HAIIPABICHUH K MUILCHH.
B kauectBe MumeHu ucnonssyerca crpys rasa (H,,D,), dopmupyemas coriom
JloBans u umeroLas HarpasJIeHUE BIOJIb OCH JIaliHepa, 1nbo crepxxens u3 CD, (CH,),
YCTaHOBJIEHHBIH BJIOJIb OCH JIaliHepa.

BrinosiHeHre HaMEUEHHOM KCIIEPUMEHTATBLHOM MTPOTrpaMMBbl 3aIJIAHUPOBAHO HAMU
Ha MOIIHBIX HOHHBIX UMITYIbCHBIX yekopuTenax UCD CO PAH (Towmck). [Iporpamma
BKJTFOYACT B ce0s TpH dTarma:
— HccneqoBaHue dd-peakun B HHTepBaie sHepruil cronkHoBenuit 0,1-3,0 kaB;
— myuenue pd-peaxiuu B uaTepBaie 0,1-3,0 k3B;
— wu3MepeHue ceuenuil d° He-peakuuu B uanasone sHepruii 3—-10 xoB.

PaboTsI 10 cO3aHNI0 AKCIIEPUMEHTATBPHON YCTAHOBKH - ouepenn uist u3ydeHus
dd-peakuun Obuin HavyatTel B 1995 1. mpu $uHAHCOBOI moanepkke MexkIIyHapoaHOTO
HayuHoro ¢onma Copoca u ¢ponma [Tomaomounoro Ilpencrasurens [lompmm B OV
B komabopaunu OUAN-N3D CO PAH (ExarepunOypr)-UC3 CO PAH (Tomck)—
UCI (Mpgaiin, CILIA)-ODAT 'MA (Kpakos, [Tonsira).
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Puc. 3. a) Cxema  CHJIBHOTOYHOTO  yCKOPHTEILS.
6) 3aBHCHMOCTH HAMNpPSDKEHHUS Ha HM30JSITOPE U TOKa
yepe3 JaiiHEp OT BpPEMEHH (BpeMsI OTCUUTHIBAETCS
OT MOMEHTA MOSBJICHUS BEICOKOBOJIBTHOTO MUMITYJIbCA
Ha Harpy304HOM MOJYJIE)

102

Puc. 2. Cxema sKcnepuMEHTalIbHOH yCTaHOB-
KU: /| — CUJIBHOTOYHBIM MMITYJIBbCHBIH YCKOpU-
TeNb; 2 — HArpy304Hblil MOJY/Nb yCKOPUTEJL;
3 — KaMmepa JIMarHoCTUKU; 4 — CBEPX3BYKOBOE
COIIO; 5 — OBICTPOJCHCTBYIOMNI 3IICKTPO-
MarHuTHBIN KJlanaH; 6 — ra3oBblii JaitHep; 7 —
MUILIEHb; 8 — CLUHTWULALMOHHBIC BpeMs-
HPOJIETHBIE CIIEKTPOMETPHI (§ CIEKTPOMETPOB);
9 — JCTEKTOpbl  TEIUIOBBIX  HEUTPOHOB
(3 nerexropa); /0 — CHIEKTPOMETPHI Ha OCHOBE
kpuctamwioB Nal(Tl) (6 criekrpomerpos); 11 —
TPEKOBBIC JETEKTOPHI 3aPSUKCHHBIX YaCTHL[ Ha
ocHoBe CR-39 (PM-355)

OKcIlepUMEHTaJIbHAsl ~ yCTaHOBKA
[8-11] Brmtouwaer B cebs (cM. puc. 2):
CHWJILHOTOYHBIM T'eHepaTop (Hampsbke-
Hue 750 kB, ammutyga Ttoka 950 KA,
Bpems HapacTtaHus Toka 60—-80 Hc) (cMm.
puc. 3), 00K Harpy3ku (JaifHep U MHU-
menp) (puc. 4), AETEKTOPHI MPOIYKTOB
SAIEPHBIX PEaKUHid, PETUCTPUPYIOLIYIO
3JIEKTPOHUKY, TUarHOCTHYECKYIO arra-
partypy AMHaAMHK{A MMIUIO3MHM JIaiiHepa.
Peructpanmst HEHTpOHOB dd-cuHTE3a
OCYILIECTBIISIETCS] IBYMsI TUIIAMH JETEK-
TOPOB: CUMHTWUISILIMOHHBIMU CHEKTPO-
METpPaMHU C UCHOJIb30BAaHUEM METOIUKH
110 BPEMEHH NPOJIETA U IETEKTOPaMH Te-
IUIOBBIX HEWTpoHOB [8—11]. Perucrpa-
st Y-KBaHTOB u3 peaxuuit
pd— *He+y (5,5MoB)udd — *“He+y
(22,4 M»aB) ocymiecTBisieTCsl MIECTHIO
CUMHTHWUIILMOHHBIMU JAETEKTOPAMHU Ha
ocHoBe kpuctaiioB Nal(T1), a 3apsoxen-
HOIl  KOMIIOHEHTBl W3  peakuui
dd— p+t,dd— *He+nud’He— p+o
— C MOMOILBIO TBEPAOTENBHBIX TPEKO-
Bbix  nerekropoB CR-39, PM-355
[4,8—-11].



Puc. 4. Cxema Harpy304HOTO MOAYJIS B PEKUME TIPSI-
MOT0 Z-IMHYa

[lepBble SKCHEPUMEHTHI IO HCCIIEAOBA-
HUIO dd-peakumu ¢ UCIIOIb30BAHUEM JAaHHON
METOJIMKH, BBITOJHEHHBIE B 1995-1996 T1T.
[10,11] Ha cunpHOTOYHOM yckopurene Mu- onons
CTUTYTa CHIBHOTOUYHOU nsyekTpoHuku CO TARGET
PAH (Tomck), cCBHIETEIHCTBOBAIH O TOM, YTO ]
MIPEIIOKEHHBIN ITOIX0/1 3aCTyKUBAET BHIMAa-
HUS U MOXET OBITh 3(PPEKTUBHO MPHUMEHEH
ISl peasIn3aliy [IPOTPaMMBbl HCCIIEIOBAHUS
CHJIbHBIX B3aMMOJICHICTBUI B 00JIaCTH yIIbTpa-
Hu3kux sHepruid. Ha 90 %-M ypoBHE nocTto-
BEPHOCTH IIOJIyYCHO BEpXHEEe TI'paHHUYHOE
3HaueHne IP(PEKTUBHOTO CeYeHUs dd-peax-

UK ¢ 00pa3oBaHUEM HEHTPOHA HpHU cpefHei [0 rToR E‘m’w“ &”E
sHepruu aeiitponos 440 3B:

o, <2107 em’.

B mawame 1997 1. OBUIO 3aBepIICeHO coO3[aHWe 2-i OdYepennd YCTaHOBKHU
JUIA uccienoBanus dd-peakiun. [IpoBeneHsl n3MepeHust ceueHuit dd-peaximm [12]
IIPU TPEX 3HAUCHUAX CpeliHel aHepruun aeitponos: £, =0,1; 0,38; 2,07 xk3B. Ha 90 %-m
YPOBHE JOCTOBEPHOCTH HAWJIEHbl BEpPXHHE TI'PaHUYHBIC 3HAUYCHHUS APPEKTUBHBIX
CEUYCHUH dd-peaknnn:;

6, < 311077 M (E,=1005B);
o, < 1,6-10" c™® (E,=0,38 k3B);
o), < 15-107 em® (E,=2,07 k3B).

[lonmy4yeHnHsle SKCHEPUMEHTAIbHBIE OLEHKH A(PQEKTUBHBIX CeUCHHH dd-peakiuun
HaXOJTCS B COIVIACHUU C pe3yJIbTaTaMH BBIYHMCIEHUH COOTBETCTBYIOIIEH BETMUNHBI.

B 1998-1999 rr. HamMu BBINIOJIHEHBI W3MEpPEHHsS 3HAYCHUH acTpodu3nIecKkoro
S-daxTopa ans dd-peakuyy NMpU SHEPTUsIX CTOJIKHOBEHHUs aedTponoB E=1,8; 2,00;
2,27 x3B [13].

BriepBble mosryueHbl SKCIEPUMEHTAJIbHBIC 3HAUCHUS acTpodu3uyeckoro S-gax-
Topa dd-peakniuy TpH yJIBTPAHU3KUX DHEPTUAX CTOJIKHOBEHUS AchTpoHOB 1,8; 2,06
u 2,27 x3B:
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200 S — . — Puc. 5. 3aBucumocts actpoduzmyec-
. Koro S-¢aktopa B dd-B3auMOJICHCTBUU
OT DHEPTHH CTOJIKHOBCHUS JICHUTPOHOB:

150 | _ B, A — jannsie pabor [15] n [16]
s COOTBETCTBEHHO; ® — pe3yabTar
el o
= " HacTosIIel paboThI
2100 R
(28] t .

50 | 1 { T 3 % &= =Ee i

0 1. L 1 |
1 2 3 4 5 2 3 4 5 100
Ecol (keV)

S(E=1,8xB)=(1141£68)6- k3B;
S(E=2,06x3B)=(64+30)6- k3B;
S(E=2,27 x3B)=(53116)6- k3B.

Ha puc. 5 npuBeieHbl HaliZIcHHbIE HAMU YKCIIEPUMEHTAIILHBIC 3HAYSHUS acTpodu-
3uueckoro S-hakropa Uil dd-peakuuu, a Takke 3HaueHHs S-pakropa IS HU3KO-
SHEPreTHUYECKON 00JIACTH SHEPTUI CTOIKHOBEHHUSI ICHTPOHOB, CYIIECTBYIOIIUE B JIUTE-
paTtype Kk HacrosimeMy BpeMeHH. Kak BUIIHO, HaliJIeHHbIe HAMU 3Ha4eHUs S-(akropa
B Ipenenax CTATUCTUYECKUX IMOTPEIIHOCTEH COINacyroTCs CO 3HAYCHUSIMHU JTaHHOM
BEJIMYUHBI, U3MEPEHHBIMU B HHTEPBAJIC SHEPTUil CTOJIKHOBEHUS AeUTpoHOB 7—45 K3B.

Uro kacaeTcs ceYeHHi dd-peakiiui, TO HaMH ObLTH BBIITOJIHEHBI BEIYHCIICHUS JIaH-
HOUM BEJTUYMHBI JUIsl YKa3aHHBIX BBILIE YHEPTUN CTOJKHOBEHUS ACUTPOHOB C UCHOJb-
30BaHHEM JKCICPUMEHTAILHO HAMICHHBIX 3HAUCHUN

o, (E. =1,8%B)=(4,3+2,6)-10"% cm’;
o, (E,, =2,06B)=(9,8%4,6)-10 % cm’;
o, (E ., =2,2710B)=(2,1£0,6)-10 " cm’.

[Tomy4uennsie TakuM 00pa30M 3HAUCHUS CEUCHUS dd-peaKiiny IPUBEICHBI Ha PHC. 6.
B mpemenax cTaTUCTHYECKMX TIOTPEIIHOCTEH HAOMIOJAETCS COTJIache PacYeTHBIX
3HAYEHHUH CEUEeHNUs dd-peakiiui ¢ SKCIIEPUMEHTAIbHBIMH.

Ha ocHoBaHmuM MoydeHHBIX PE3YyJIbTATOB MOKHO C(OPMYITUPOBATH CIETYIOIINE
BBIBO/JIBI.

1. Tlpenno>xeH HOBBI METOJI MCCIIEIOBAHUSI CHUJIbHBIX B3aMMOJEHCTBUH MEXKY
JIETKUMU SIAPAMHU B 00TACTH yIBTPAaHU3KUX dHEPTUi CTONKHOBEHUS ( ~ K3B), 6azupyro-
LIMKACS HA UCIIOJIb30BAHUM JIAMHEPHOU MJ1a3MBbl.
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Puc. 6. 3aBUCHMOCTB CeUeHUsI dd-peaKiny OT YHEPTUHU CTOJKHOBEHUS ICHTPOHOB: CIUIOLIHAS KPHUBAst —

pacdeTHast 3aBUCUMOCTb, — — 3KCIEPUMEHT [ 15]; pe3ynbTaThl HACTOSIINX UCCICIOBAHUN: ® — 3HAUYCHUS

cedeHus dd-peakuny, HaWICHHBIC MIPU SHEPIUAX CTOJKHOBEHHs aedTpoHoB 1,8; 2,06; 2,27 x3B; -

9KCTIEpPUMEHTAIbHO HaliICHHBIE BEPXHUE OLEHKH (P(HEKTUBHBIX ceueHui dd-peakimit Ha 90 %-M ypoBHE

2. BuepBble dKCIIEpUMEHTATBHO MOTYYCHBI 3HAYCHIS acTpO(hU3MIeCKoro S-hak-
Topa ISl dd-peaklny Py SHEPTUSX CTOJIKHOBEHUS neiiTpoHos 1,8, 2,06 u 2,27 k3B.

3. BrmepBble SKCMEPUMEHTAIBHO OIPEAETICHBl BEPXHHE T'PAHWYHBIC 3HAYCHHS
3¢ (eKTUBHBIX CeueHU cToNKHOBeHU NeiTpoHoB 0,05-2,3 k3B.

HecomuenHo, mnpencTaBisier OONBIION HMHTEpeC MPOBEICHUE HCCIeIOBaHUM
dd-peakuyy pu SHEPTUSX CTOJIKHOBEHUS JAeUTpoHOB 3—5 k3B. JlaHHBIC MCcCenoBaHUS
MTO3BOJISAT BIEPBbIE U3MEPHUTHh CEUCHUS dd-peakiiuil B YKa3aHHOM JHara3oHe 3Hepruit
CTOJIKHOBEHHsI JEUTPOHOB, a TaKXKe IPOU3BECTH KOPPEKTHOE CpaBHEHHE HUX Kak
C pe3yibTaTaMH 3KCTPATOJSAIMH COOTBETCTBYIOIINX 3HAUEHUH NaHHOW BEITMYWHBI U3
«BBICOKOHEPIeTUUECKOW» 00JIaCTH B M3y4aeMylo, TaK U C Pe3yJbTaTaMH, IOJIy4YeH-
HBIMU C HCIIOJB30BaHUEM KJIACCUYECKMX yckoputTenei. Jlig peanuzanuu gaHHOMN
MPOTrpaMMBbl HCCIICAOBAHMS SACPHBIX peakiuil B obmactu sHepruil 3—5 k3B Hamuy,
B Ka4eCTBE aJbTCPHATUBEI, ObIa BRICKa3aHa rumore3a [12] 0 BO3MOKHOCTH HCIIOJb-
30BaHMSI MHBEPCHOIO Z-NMHYa. B cxeme MHBEpCHOro Z-NuHYa JIallHEepHas IuIa3Mma
YCKOPSIETCSI paJlialibHO OT OCH (IO ATOTO MBI MTPOBOIMIIN HCCIEOBAaHUS dd-peaKinu
C HCIIOJB30BAaHMEM MPSIMOro Z-MHHYA: IJla3Ma yCKopsjach B HANpaBIEHUU K OCH
naifHepa), Y4TO TO3BOJSET JUCKPUMHHHPOBATH 110 BPEMEHH TPOIECCHI AJIEKTPOIUHA-
MHYECKOTO YCKOPEHHS IUIa3Mbl U €€ B3aUMOJCHCTBHS C MHIIEHBIO. B smrteparype
K MOMEHTY peajii3aliy 3TOH UAen OTCYTCTBOBaJa Kakas-m100 nH(opManus o npume-
HEHUHM WHBEPCHOTO Z-MTUHYA B (PU3NIECKIX UCCIEAOBAHUAX.

B 1999 r. HamMu ObuM BBHITIONHEHBI paboThl [14], TOCBSIIEHHBIE H3yYEHHUIO
JMHAMHUKY (OPMUPOBAHUS MHBEPCHOTO JICHTEPUEBOTO Z-TMHYA MPUMEHHTEIHLHO
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K HCCIEIOBAHUIO dd-peakuuu B O0JACTH YIbTPAHU3KUX OSHEPTUil CTOJKHOBEHHS

HIeUTpOHOB. BrepBble W3MepeHBI XapaKTePHCTHKH JEHTEpUEeBOTO  JaliHepa,

YCKOPEHHOT'O B CXEME HHBEPCHOTO Z-MMHYA JI0 ckopocTeid (2,8+7,2)-107 cm/c, a Takke

UCCIIEZ0OBAHBI XapaKTep U YPOBEHb HEMTPOHHOTO U Y-HM3IyYEHHH, COMPOBOKIAIOIINX

npouecc yckopeHus jaiiHepa. [lokazaHo, 4TO NMpHUMEHEHHE METOJUKH HHBEPCHOTO

Z-IMHYa TI03BOJIAET JIOCTaTOYHO HAJIEKHO JTUCKPHMHHUPOBATH IO BPEMEHH

«ToJIe3HbIe» U (OoHOBBIE COOBITHA. OTMETHUM, YTO METOIUKA MHBEPCHOrO Z-THHYA

NPUMEHHMA TAaKXKe Ul MPOBEACHHS KCIIEPUMEHTOB 110 U3MEPEHHIO XapaKTEPUCTUK

pd- u dHe-peakuuii B 00J1aCTH yIbTPAHU3KUX SHEPIHH.

Besi cOBOKYMHOCTH IONYYEHHBIX PE3YJIbTATOB CBUIETEIBCTBYET O TOM, 4TO
MPUMEHEHUE TMPEIUIOKEHHOH HaMU METOJMKH HCCIEJOBaHMsl CHJIBHBIX —B3aH-
MOJCHCTBUI B 00JaCTH yIbTPAHU3KHX JHEPTUI CTOJKHOBEHHSI C HMCIOJIb30BaHUEM
OpSMOTO ¥ «HHBEPCHOTO» Z-TIMHYA SIBJSIETCSl IEPCIEKTHBHBIM HAIlpaBlICHUEM,
MO3BOJISIIOIIMM OCYIIIECTBUTh M3yUYCHHE SACPHBIX PEAKIUH MEXKAY JETKUMH SApaMH
B 00JIACTH DHEPTUH, HENOCTYITHOHN JUIS KJIACCUYECKUX YCKOPUTEIICH.

C MoMeHTa HaJaja BBINOJHEHUS SKCIEPHUMEHTAIBHOM MPOTpaMMBI IO TIPOEKTY
«LESI» namu ormry6nmkoBano 14 pabort:

1. V.B.Belyaev, V.M.Bystritsky et al. Investigation of strong interactions at very low en-
ergies (50 eV +1000 eV). JINR Communication D15-92-324, Dubna, 1992.

2. V.B.Belyaev, V.M.Bystritsky et al. New proposals for the investigation of strong in-
teraction of light nuclei at superlow energies // Nucleonica, 40 (1995) 85.

3. Vit.M.Bystritskii, Vyach.M.Bystritsky et al. Investigation of interactions between
light nuclei at ultralow energies 1002000 eV. JINR Preprint D15-95-378, Dubna,
1995.

4. V.M.Bystritsky et al. Investigation of strong interactions between light nuclei at su-
perlow energies using Z-pinch plasma flow // 10th IEEE Intern. Pulse Power Conf.,
NM, Jule 10-3, 1995, USA; IEEE, v.2 (1995) 1215.

5. V.M.Bystritsky et al. Nuclear reactions cross section measurement using Z-pinch
technology // Proceed. of the 11th Intern. Conf. High. Power Particle Beams
«Beams 96», Prague, June 10-14, 1996, v.2, p.917.

6. V.M.Bystritsky et al. A new approach in the experimental studies of nuclear reactions
at ultralow energies // Nukleonika, 42 (1997) 775.

7. V.M.Bystritsky et al. Setup to investigate rare neutron producing processes. // NIM,
374 (1996) 73.

8. V.M. Bystritsky et al. On the registration ability of solid state CR-39 track detectors. //
NIM (Russia), 4 (1997) 12.

9. V.M.Bystritsky et al. Measurement of d+d — > He+ n cross section at ultralow ener-
gies using Z-pinch. JINR Preprint D15-96-11, Dubna, 1996.

10. V.M. Bystritsky et al. Measurements of the cross section of the reaction
d+d— *He+n at ultralow collisions energies by Z-pinch technique // Physics
of Atomic Nuclei, 60 (1997) 1349.
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11. V.M.Bystritsky et al. Experimental Investigation of dd Reaction in Range of Ultralow
Energies Using Z-Pinch // Laser and Particle Beams, v.18 (2000) 1.

12. V.M. Bystritsky et al. The Astrophysical S-Factor for the dd-Reaction at Ultralow En-
ergy // Phys. of Atomic Nucl. 5 (2001).

13. V.M.Bystritsky et al. Invesrse Z-Pinch in Fundamental Investigations // NIM, A455
(2000) 706.

14. Vyach.M.Bystritsky and F.M.Pen’kov. Analitical estimates of the nuclear reaction
yields in the ultralow energy range. JINR Preprint D15-2000-293, Dubna, 2001.

IIporpamma ucciemoBaHUit
Ha 2001—-2003 rr.

2001 2.

1. HccnemoBanue 3aBUCUMOCTH d(DPEKTUBHOTO CCUCHUS dd-peakiiy B TUATIa30HE
SHEPTrHi cTOTKHOBeHHS neiiTponoB 0,1-3 kaB.

2. M3mepenue actpoduzmueckoro S-akropa B BBIIIEYKa3aHHOM JIMAIa30He
SHEprui JeUTPOHOB.

2002 ..

1. UccnenoBanue mporecca o0pa3oBaHHs HMHBEPCHOTO Z-NMUHYA IS M3YUYCHHS
pd-peaknuu B Trana3oHe YHEpruil CTOTKHOBeHU neiTpoHoB 0,1-3 kaB.

2. VHTepnperanyss M aHaIM3 JaHHBIX OKCIIEPUMEHTOB MO HCCIIEJOBAHHIO
dd-peaxuuu.

2003 2.

1. HccnenoBanue pd-peakunu B quanazone sHeprui cronkaosenus 0,1-3,0 kaB.

2. W3mepenue actpodusuueckoro S-akTtopa Ui BbIIICYKa3aHHOIO JAuana3oHa
SHEPIUH.

I'panThI

B Hacrosee Bpemst ipoekT «LEST» nMeeT puHAHCOBYIO MOIICPKKY:
1) rpanra Poccuiickoro ¢onna dynnamentansHbix nccnenoBanuii (Ne 00-02-17203);
2) rpanrta [lomnomounoro Ilpencrasurens PecyOnuku [lonbira B O0beMHEHHOM
HWHCTUTYTE SIICPHBIX UCCIIECIOBAHUM.

B 3aknrodenue xo4ercst BhIpa3uTh UCKPEHHIOKW OarofapHocTh qupekropy OSSN
akanemuky PAH B.I" Kagsimnesckomy, Bute-aupexkropy OUSU nmpod. A.H.Cucaksiny,
npod. E.HeBogumuanckomy u mpod. A.XpbIHKEBUYY 3a IOCTOSHHBIA HWHTEpPEC
K MIPEJICTABJICHHOW MTPOrpaMMe HCCIeIOBaHMi U (PUHAHCOBYIO MOJIEPIKKY.

Cnucok aurepaTypsl

1. Merkuriev S.P. et al. // Proc. Int. Conf. on the theory of Few Body and Quark
Hadronic Systems, Dubna, 1987, p.6.
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2. Friar J.L. // Proc. Intern. Conf. on the Theory of Few Body and Quark—Hadronic
Systems, Dubna, 1987, p.70.

3. Rolfs C. // Proc. Intern. School of Phys. «Enrico Fermi», Course C.3, Villa Monas-
tero, 23 June — 3 July 1987, edited by P.Kienle, R.A.Ricci and A.Rubbino, North
Holland, 1989, p.417;

Bachall J.N. and Pinsonneault M.H. // Rev. Mod. Phys., 64 (1992) 885;
Arnould M. and Forestini J. // Nuclear Astrophysics, Proc. of the Third Intern. Sum-
mer School, La Rabida, Huelve, Spain, June 1988, Springer-Verlag, Research Re-
ports in Physics, p.48.
. Belyaev V.B. et al. // Nucleonika 40 (1995) 85.
. Xapuenxo B.®. u op. // Anepuas puzuka 55 (1992) 86.
. Angulo C. et al. // Z. Phys. A513 (1990) 316.
. Greife U. et al. // Z. Phys. A351 (1995) 107.
. Belyaev V.B. et al. JINR Preprint D15-92-324, Dubna, 1992.
. Belyaev V.B. et al. JINR Preprint D15-95-375, Dubna, 1995.
10. bvicmpuyxuti Bum.M. u op. // Sinepnas ¢puznka 60 (1997) 1349.
11. hoicmpuyxuti Bum.M. u op. lpenpuatr OUSAN J[15-96-11, [y6Ha, 1996.
12. Bystritsky V.M. et al. // Laser and Particle Beams 18 (2000) 1.
13. Bystritsky V.M. et al. // Phys. of Atomic Nucl. 5 (2001).
14. Bystritsky V.M. et al. // Nucl. Instr. Meth. A 455 (2000) 706.
15. Krauss A. et al. // Nucl. Phys. A465 (1987) 150.
16. Jarmie N. et al. // Phys. Rev. C29 (1984) 2031.

O 0 9 N W B

108



MHOTI'OKPUCTAJIBHBIE ITOJYITPOBOJHNKOBBIE
CIIERTPOMETPBLI JJId SAJAY PU3NKHN HUSKUX
1 ITIPOMEKYTOYHBIX OHEPTHI

B.I'.CangykoBcKmit

Jla6opaTopus axepHbix npodiaem um. B.IIL. I:xenemosa OUAN

Corpyanuuecto JISIIT OUSAN — USAD um. I'.HeBoagnnuanckoro (Kpakosn) B o6s1actu
COBCPLICHCTBOBAHMSI METOJUKH CO3JaHUS HECTAHAAPTHBIX THIIOB TePMAHUEBBIX
JAeTEKTOPOB YACTHIL:

* mmupoxkoanepTypHbix mianapubeix HPGe-nerexropos;

* CEeKINOHMPOBAHHBIX KoakcuanbHbIX HPGe-1eTekTOpOB;

* HPGe-1eTeKTOPOB VISl CBEPXHU3KHUX TeMIIepaTyp

CotpyannuectBo Jlaboparopuu siIEpHBIX NPOOJIEM C HAayYHBIMH IIEHTPaMH
PecniyOnuxu Ilonpima B 00acTH TEXHOJOTMH W3TOTOBJIEHUS MOIYIPOBOJIHUKOBBIX
JETEKTOPOB SJIEPHBIX H3ITyUYEHUH U CO3/IaHuUs PA3INIHBIX CIIEKTPOMETPOB Ha HX OCHOBE
nMeeT JaBHue Tpaauiui. boee TpuaaTy et BeayTcs pa3paboTKH pa3IHIHBIX THIIOB
CHEKTPOMETPHUYECKUX CHUCTEM M OTACINBHBIX IETEKTOPOB YaCTHIl M3 KPEeMHHS W
TepMaHMs COBMECTHO co criennanuctamu u3 Cepka, Jlroonmaa, Kpakosa, Bporyiaga.

B mocnenaue 5—7 nmet Hambolee pe3yNbTaTUBHO Pa3BUBAETCS COTPYAHHYECTBO C
MAD (KpakoB) mo cozmanuto crenuaibHeIXx HPGe-nerekTopoB. ITH pabOTHl HAILIH
CBOE OTPAKEHHE B CIIEAYIONIUX AKCIIEPUMEHTAFHBIX MPOTpaMMax, 0a3upyONINXcs Ha
MHOTOKPHCTAIBHOMN KOHIEIIIIH CIIEKTPOMETPOB.

1. Muozoxpucmanwvnwiii cnekmpomemp TGV (Telescope Germanium Vertical)
MpeIHa3HA4YeH U1 MOHWCKAa OYeHb PEIKOTo Ipollecca — JIBOMHOTO Oera-pacmaja.
Cxema 16-1eTeKTopHON KOH(PUTypalruu CHEKTPOMETPa, KOTOPBIH PacIiONokKeH B MO~
3eMHO naboparopun Mogan (@paHuus), okazaHa Ha puc. 1. AKTHBHas IUIOIIAAb
ornensHoro HPGe-getexropa 12 cm’. B
HACTOsAIIEe BpeMsl UJAET IMOJATrOTOBKA K box
3alycKy  cleaymooimed  Moaudukanmuu SHIELDING
cnektpomerpa — TGV-2, B cocraB
KOTOpOro  BoOMmyT 32  mIaHapHBIX
HPGe-nerextopa ¢ aKkTUBHOW IUIO-
manaeo 20 oM’ KOKIpIA.  JleTeKTOpHI
Obutn u3rotosieHsl B MSAD (Kpakos) mno
KOHTPaKTy B cueT B3HOcOB llombmm B
OUSIN. PabGora mo CO31aHUIO JIETEK-
TOPOB W WX TECTHPOBAHMIO 3aHAJA
YeThIpe ToAa. Puc.1.
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d

CONTACT

HOLDER

|
i
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Puc.2. Manoyrinopoit cnekrpomerp komiuiekca CELSIUS-WASA  (Voncana, Illeemust): I —
10JIyIIPOBOJJHUKOBBIN TEJIECKON, 2 — IMOBOPOTHBIE MAarHUThI, 3 — HMOHONPOBOJ, 4 — KpUOCTaT, 5 —
cub(oH, 6 — cucTeMa nepeMerieHus, 7/ — Si cTpurnoBble AeTeKTopbl, § — HPGe-nerexTopst

2. Manoyznoeoii cnekmpomemp uzmepumenvrozo komniexca CELSIUS-WASA
(Yroncana, 1lIBenust), co3naHHbI HA OCHOBE JETEKTOPOB U3 T€PMaHUs, MpeIHa3HAYCH
JUISL UCCIICIOBAHUI JIByXYACTHUYHBIX SJCPHBIX pEeaKkiMid Ha BHYTPEHHHUX MHIIICHSX
HakonurensHoro kojblla CELSIUS. Coweranne MHOTOCIOWHOTO MOJIYIPOBOJHHU-
KOBOT'O TEJECKONMa M MAarHUTHOW CHUCTEMbI HAKOMHUTEIBHOTO KOJbIAa 00ECleunBacT
XOPOIINE BO3MOKHOCTH JIJIsl HCCIIEJIOBAHUS ITPOIECCOB C BBUIETOM YaCTHII IT0/T MATBIMH
yrnamMu (MEYEHHE PeakUud T, MFPOXKICHHUS B SKCIHEPUMEHTAaX IO H3YyYCHHUIO MOJ
pacnajoB ME30HOB, OUCK TIYOOKOJIEKAIINX COCTOSIHUI IMUOHHBIX aTOMOB TSKEIBIX
anemeHToB B (d, He)-peakiuu u T.1m.). Cxema criekTpoMerpa IOKa3aHa Ha puc. 2.
[Tonbckue crienMaIMCThl OKa3ajid IMOMOIIh B CO3J@HMHM TOHKHX MEPEIHUX BXOJHBIX
okoH Ha HPGe-nmerekropax.
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3. Ilpocpamma EDELWEISS. Cotpyanuuectso JIAII OUAU ¢ psnom HaydHBIX
ueHtpoB ®panmuun no nporpamme EDELWEISS nanpasneno Ha co3gaHue
HU3KO(OHOBOTO IOJYIIPOBOJHUKOBOIO 0OJIOMETpa, pabOTAIOWIEro B JBOWHON Moze
(TeroBoit m wWoHM3anMoHHOW). Hasnauenme ycranoBkm EDELWEISS — mownck
TUIIOTETHUYECKUX TSDKEIBIX HeUTpasibHbIX yacTHL (WIMPS), BO3MOXHO OTBETCTBEHHBIX
3a geuuur Matepuu BO BceneHHOW. YCTaHOBKAa pAaclojoXeHa B IOA3EMHON
nmaboparopun B Mogane. B pamkax sroro corpyarmuectBa B JISII mpoemeHO
HCCIICIOBAHNE TOBEACHUSI XaPaKTEPUCTHK PA3IMYHBIX JETEKTOPOB W3 KPEMHHSA H
repMaHusl B yCIOBUSIX CBEPXHHM3KHX Temmeparyp. Jerekropsl n3 HPGe nokasanm, B
YaCTHOCTH, CIIOCOOHOCTH HE TEpATh CHEKTPOMETPHUYECKHE CBOMCTBA BIUIOTH [0
temmnepatypsl 1 K.

4. Ilpoexm MAJORANA. T'on Hazan Ooiblias KoJUTaOOparysi, BO3TIIaBIIsieMast
VYuusepcuretom [lroka (CeBepHast Kaponmna, CIIIA), mpemioxumia TpOeKT
MAJORANA, HanpaBJIeHHbBII Ha MOUCK O€3HEHTPUHHOTO OeTa-pacraja ¢ IMOMOIIHI0
500-Kr cerMeHTHPOBAaHHBIX JNETEKTOpOB W3 oboramenHoro Ge-76. [Ipenmonaraercs,
yto mpoektT MAJORANA Oyner umets B 100 pa3 OOJBIIYI0 9yBCTBHUTEIHHOCTH I10
CPAaBHEHHIO C CYIIECTBYIOIIMMH B HACTOSIIEEC BPEMs HKCIEPUMEHTAMH M CMOXKET
OTBETHUTH Ha BOIPOC O IPUPOIEC HEUTPHHO (MallopaHOBCKas WIIM ANPAKOBCKAs YACTHLIA).
Ha nepBoii ctaguu npeanonaaraercs UMeTh OJIMH CErMEHTHPOBaHHBIN Kpuctami Ge-76,
OKpY>KEeHHBIH 13 KoakcHalbHBIMU JeTekTopamu u3 o0braHOoro HPGe. Ha aToii craguu
Oyner Bectuch nouck 2vPB-pacnaga. B okoHuaTenpHO# cTamuM ycTaHOBKa Oyner
BKIItOUaTh B ceOs 210 cermMeHTHpPOBaHHBIX AeTekTopoB u3 Ge-76. B pamkax 3toro
COTPYIHHYECTBA MBI INITAHUPYEM CO3J1aHre cCOBMeCTHO ¢ kosuteramu u3 MAD (Kpakos)
[IPOTOTHIIA CETMEHTUPOBAHHOTO JETEKTOpa M3 OOBIYHOIO FepMaHMs Ui JETaIbHOTO
HCCIIEIOBAHNUS €T0 CIIEKTPOMETPHUYECKUX XapaKTEePUCTUK.

111



ITPOTPAMMA «BOT'OJIOBOB—HUH®EJIb/I»
(IIporpamMMa coTpyaZHHMUYECTBA C HAYYHBIMHU I€HTPAMU
IHoapmu B 00J1IaCTH TEOPETUYECKON (PU3UKM)

B.B.Boponos, B..;KypaBaes

JlaGopaTopus Teoperunueckoil ¢pusuxu um. H.H.Boromwooosa OUAN

Haunewm c kpatkoit nuapopmaruu o nadopatopuu. Ceroans Jlaboparopus teoperu-
yeckoit puzuku um. H.H. Boromo6oBa — Mex1yHapoIHBIH MHOTONPO(UILHBIA LICHTP
Teopernueckor ¢u3uku. Hayunslii mepconan naboparopun — okosio 160 uenosexk,
MPUMEPHO MOJIOBUHA M3 KOTOPBIX paboTaeT 1mo KoHTpakTy. [loMuMo poccuiickux yue-
HbIX B JITD padoTator npencraBurenn Apmenut (3), Aprentunsi (1), benopyccun (2),
Bonrapuu (3), 'epmannu (4), I'py3un (3), Kasaxcrana (2), Mekcuku (1), Monnasuu (3),
Mouronuu (2), [Honsmm (2), Cnoakuu (2), Y36ekuctana (1), Ykpaunsi (2). Uccneno-
BaHUS BEAYTCs 110 TPEM HAIPaBJICHUAM (TeMaM):

1. Hoas u uacmuyvr (pyxkoBoautenn Tembl A T.@ununmos, [I.M.Kasakos,
A.Il.HcaeB):

* KBAaHTOBBIE CUMMETPHUH, HHTETPUPYEMbIC MOJIENIH, CYIIEPCUMMETPHUH € IIPHIIOKE-

HUSIMU K CTpYHaM, TPaBUTAllMM 1 KOCMOJIOTHUH;

* HenepTypOaTHUBHbIEC MOAX0/Ibl B KAJIMOPOBOUHBIX TCOPHSX;

* CTaHJApTHas MOJIENIb U €€ PACIIUPEHUS;

* KBAaHTOBAsI XpPOMOJIMHAMUKA: CIIMHOBBIC 2(p(peKThI, mpaBuia CyMM, CTPYKTypa Ba-

Kyyma;

* KBapKOBBIEC MOJIENIN a/IPOHOB.

2. Teopus amommnozo sA0pa u Opy2ux KoHeunvlx cucmem (PyKOBOAUTEIU TEMBI
B.B.Boponosg, P.B.JI>xomoc):

* CTPYKTYpa si7jpa B SKCTPEMAJIbHBIX YCIOBHSIX;

* IMHAMUKA U CTPYKTYpHBIC 2P (EKTHI B SACPHBIX © ME30CKOIIMYECKUX CUCTEMAX;

* (U3HKa MAIIOYACTUYHBIX CUCTEM;

* PESITUBUCTCKAA s/iepHas THHAMHUKA.

3. Teopus konoencuposannwix cped (pykoBonuteau Temsl H.M.ITnakuna, B.b.I1pu-
€3)KeB):

* CUJIbHO KOPPETUPOBAHHBIC CHCTEMBI;

* IMHAMUYECKHE CUCTEMBI: Xa0C, HHTETPUPYEMOCTb, CAMOOPTaHN3ALINS;

* HEYMOPSZOYCHHBIE CTPYKTYPBI: CTEKJIA, TONOJIOTHYECKUE Ne(EKThI, HAHOCTPYK-

TYPBI ¥ JDKO3E()COHOBCKHE KOHTAKTHI,
* ME30CKOITMYECKHE N KOTEPEHTHBIE SBJICHHUS B KBAHTOBBIX CHCTEMaX.
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KommnbrorepHslil neHTp 1a00paTopuyl BKIIOYAET MApK CEPBEPOB U MEPCOHANBHBIX
KOMITBIOTEPOB, OObEAMHEHHBIX B JIOKAJIBHYIO CeTh. B 1aboparopuu exeroiHo npoBo-
mutcst okoio 10 KoHdepeHIuii, UKo, COBEIIaHNH.

BaxHas yacTh AeATebHOCTH 1a00paTOpUH CBsI3aHa C COTPYIHUYECTBOM C HAyUHbI-
MU LIEHTPaMM CTpPaH-y4acTHHI U Apyrux ctpa. [loMumo ydactust B OOIIEHHCTUTYT-
CKHUX COTJIaLICHUSIX JabopaTopuel 3aKI0UeHbI CIIeAYIOIUE ClIeHHaTbHbIe COTTIalCHHs
0 COTPYAHHYECTBE B 00JIACTH TEOPETHUECKON (PU3HUKH:

* JITO-ICTP (1988);

» JITO-T'epmanns (1991)

IIporpamma «I eitzenbepr—Jlanmay»;

* JITO-INFN (1995);

* JIT®-CERN TH (1995);

* JITO-Ilonbmma (nexadps 1998 1.)

IIporpamma «boroiro6oB—Ha)ETHI;

» JITO-Yexwus (nexadbps 1999 r.)

IIporpamma «brmoxuntieB—BoTtpy06a».

[onbma ceirpana 6ombiryto poib B co3nanuu OUAN u JlabopaTopun Teoperude-
ckoii pusuku. B cocraBe nepBoro Yuenoro coera OV Obu1 BELIAIOIIUIICS TTOTHCKHIA
teopetuk Jleomonbn MHDensa, a B cocTas epBoro YueHoro cosera JITD, yrBepxkaeH-
HBII 26 ceHTa0pst 1956 r., Bonum nonbsckue teoperuku AH XKeyckuii u Exxu [Ine6an-
ckuil. OZHUMH M3 TEPBBIX COTPYAHUKOB JIAOOPATOPUM M3 CTPaH-yYacTHHUL ObUIM
nonbckue Teopetuku Anymr JlomOpoBckuit, ['eopruit Casuikuit, 11 XKeByckuii.

[Tonbckue TEOPETUKU BHECTH 3HAYMTENbHBIN BKJIaJ B HAYYHYIO IpOrpamMmy J1abo-
paropuu. [Ipu3HanneM 3Toro ObLI0 IPOBEICHHUE BBIE3IHON CECCUU CEKIIMU Y Y€HOT'0 CO-
Bera OUAU no Teopernueckoii pusnke B Kpakose 1620 mas 1988 r.

B nauane 90-x rogoB TpyAHOCTH, IIEpEKUBACMbIe HALLIMMHU CTpaHAMU, IPUBEIN K
3aMETHOMY COKPAILEHHUIO COTPYIHUYECTBA J1a00PaTOPHH CO CTPAaHAMHU-YUYaCTHULIAMH, B
ToM uucie u ¢ [Tonpmeit. [lepenom Hactynun B koHie 1998 r., korja rno npeaniokeHuIo
npodeccopa A. XpbIHKEBHYA OblIa YTBEPKACHA [IPOrpaMMa LIEIeBOr0 NCTIONb30BaHMs
MOJILCKOT'0 B3HOCA B paMKax cpeAcTB 1o rpanty [lonmHomounoro IIpencrasurens Peciy-
omuku [Tonpma B OUSIN. B obnactu coTpyIHUYECTBa [0 TEOPETHYECKOW (PU3UKE ITa
nporpaMma noiy4uia HazBanue «lIporpamma boromro6os-Mudensny». 3a nmocnennue
1IBa r0J1a 3HAYUTEIILHO YBEIMYMIOCH YMCI0 KOMaHAUPOBOK cOTpyHUKOB JIT® B [Tomb-
LIy U HOJBbCKUX TEOPETUKOB B JlyOHYy.

KomanaupoBku 1996 1997 1998 1999 2000

B INoapmry 13 11 13 35 21

N3 Ionemm
(6e3 xoH(pepeHnHit) 2 5 3 13 12
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B 1999-2000 rr. mosisckre TEOPETUKN YYaCTBOBAIH B KOH(EPEHINUAX U pabOdmX
COBEIIAHMSIX, OpraHu30BaHHbIX JITD:

* pabouem coBemmanny «KoJuleKTUBHBIE METOBI B AApaX U JPYTUX ME30CKOIMYe-

ckux cuctemaxy (14-24 wrons 1999 r., Jlyona);

* pabouem copenianuu  «CynepcUMMETPUH W KBaHTOBBIE  CHMMETPUU

(27-31 mrons 1999 1., ly6Ha);

* boroito6oBckoii koHpepeHimuu «[IpodiieMbl TEOPETUUECKON U MaTeMaTHUECKOM

¢duzukn» (27 centsops — 6 okTsa0ps 1999 r., Mocksa, [ly6Ha, Kues);

* MEXAyHApoAHOH KoH(pepeHIMH «CTpyKTypa sipa W CBSI3aHHBIE BOIIPOCHI»

(6-10 uronst 2000 r., JlyOHa);
* paboueM COBEIIaHUM «AHATUTUYECKHE BBIYUCICHHUS Ul COBPEMEHHBIX U Oyy-
mmx Koutaiaepos» (9—23 uross 2000 r., JlyOHa);

o XXIII MexayHapoHOM KOJUIOKBHYME TI0 TEOPETHKO-TPYITIIOBEIM METOIaM B (hH-

suke (31 mronsa — 5 aBrycra 2000 1., JlyOHa);

* paboueM coBelaHNu «AKTyallbHbIe TIPOOJIeMBbI B acTpodusuke» (22—26 aBrycra

2000 r., /IyOHa).
Cotpyanuku JITO 3a mocnenHue qBa rojia TakKe y4acTBOBAIH B psiie KOH(EpeH-
LMK U coBellaHui, npoxoAuBLux B [lonbuie:
* XXXV 3umMHeil mkosne no reoperndeckoit pusuke (2—12 pespans 1999 r., [lona-
HHUIIA);

* XIV BbopHoBckoMm cummnozuyme «HoBble CUMMETpUM U MHTEIPUPYEMbIE CHUCTE-
MbD» (21-24 centsops 1999 r., Kapmau);

* 7-M MexnyHapoaHOM CeMUHape I10 MCCIEI0BAaHUIO KOHIEHCUPOBAaHHBIX Cpell ¢
MTOMOIIEI0 paccessuus HeUTpoHoB (11-13 mas 2000 r., [To3Hanb);

* MeXKIyHapoHOH KoH(epeHimu «Me3oH-2000» (19-23 mas 2000 r., Kpakos);

* 6-i1 MexxayHapoJHO# JieTHel mKoje mo teopernueckon ¢pusuke (30 aBrycra —
6 centsiops 2000 r., XKemrys);

* 2-M paboyeM COBELIAHUH 110 BBIXOAY 3@ PAMKH KBaHTOBBIX Teopuid (12—15 oxTs-

ops 2000 r., Kpakos).

Ha exxerogaom konkypce OUSU BTopas nmpemust 3a 1999 rox B obnactu TeopeTn-
4ecKoll (pM3MKM NMpHCYXICHA LUKy HcciaeqoBaHuil «llpeackazanue cyiiecTBOBaHMS
CBEPXTSDKEIIOTO JOITOKUBYIIETO sijpa ¢ 3apsinoM Z =114 u octpoBa cTaOMIBHOCTHY,
aBTopsl: @.A. I'apees (JITD, OUSAN), b.H. Kamuakur (JITO, OUSAN), A. CoOnveBckuit
(M1, Baprasa).

3a MpoMIeAIIHA TO C MTOJIbCKUMHU TEOPETHKaMU Oy OIuKoBaHo 10 COBMECTHBIX pa-
00T, HECKOJIBKO ITyOJIMKAITHI TOTOBSITCS K Tiedat. OTMETHM O0JIBIINoi 0030p, Omy0H-
koBaHHBIH B kypHame DUAS (2000, tom 31, Bem.4): B.W. HaBpormka (UTO,
Yuusepcutet, Bpomnas), P.I'. Hasmutauros (JIT®, OUSIM) «HekoTopble acmeKThI
[apHBIX KOPPEJSILUi B KOHEUHBIX (hepMu-cucreMax». B 0030pe nmoaseneH ntor MHOTO-
JIETHUX COBMECTHBIX HCCIIeA0BaHUN 3((EKTOB IaPHBIX KOPPEISALUI CBEPXIIPOBOISILE-
r'0 THIIA BO BPAILAIOIIKXCA SAPaxX U METAJUIMUECKUX 3epHaXx.
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B Tedenue rnocaeHUX ABYX JIET MBI PETYJIIPHO IPUHUMAEM ITOJIBCKUX CTYACHTOB, U
Ha TaKuX BCTpeYax BHICTYIAIOT BeAymue coTpyaHukH JITD.

B stom rony B Ilosemie Oynet npoxoauts padbouee copemanue «CynepcuMMeTpUH
Y KBaHTOBbIE cuMMeTpum» (17-22 centsopsi, Kapmau), opranuzyemoe copmectno JITO
u UucTuTyTOM TeopeTrueckon Gpusuku (Bporpras). Ha XXX VII 3uMHI0OF0 MIKOITY 110 TE-
opetrueckoit pusuke (6—15 pespains, Kapmau) npuriameHsl B Ka4eCTBE JIEKTOPOB TPH
corpynnuka JITO.

[Iporpamma «boromo0os—-Mudensn» elcTBYeT aBa roja, 1 HaM IpeiCcTaBiseTcs,
YTO OHa €IlIe HE B [TOJIHOM Mepe peain3oBana TBopuecknuid noteHnnan JIT® n nonbekux
yueHbIXx. Heo0xonumo Gosbuie nHGOPMUPOBATE O IPOrpaMMe MOJIbCKUX TEOPETHKOB.
C 9T0ii 11e7TBI0 B TIPOIIIIIOM oty ¢ Bu3uToM B [lonbine 6putn mupextop JITD npodeccop
A.T. ®unaunmnos 1 pykoBoauTesb TeMbl «Teopus KOHIEHCHPOBAHHBIX cpeay» npodec-
cop H.M. IInakuna. B oprann3anioHHOM IJ1aHE MOXKET OBITh T0JIE3EH OIBIT POrpam-
™Mbl «l efizenOepr—Jlanmay».
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ITPOEKT HOBOT'O HEMTPOHHOI'O HCTOYHHUKA OUAH
IJISI UCCJETOBAHUHU 110 ®YHIAMEHTAJBbHON
U IIPUKJAJTHON ATEPHON ®U3UKE
U IIEPCIIEKTUBBI COTPY THUYECTBA
C ITIOJILCKUMHU HAYYHBIMU ITEHTPAMHA

B.A.®dypman

JlabopaTopusa HelTpoHHON pusuku um. V.M.Ppaunka OUAU

1. Beegenue

Coznannas B JIHO nayuyHas mKkoia 1mo HEMTPOHHOH simepHON (hr3mKe m0OUIIaCh
00Ienpu3HaHHBIX PE3YIHTATOB B UCCIICIOBAHNN CBOMCTB HEUTPOHA KaK dJIEMEHTAPHOU
gacTulbl, 3()()EeKToB HapylIeHns cUMMETpur (PyHTaMEHTAIbHBIX B3aMMOAEHUCTBUI
HEHUTPOHOB C SApPaMHU, CTPYKTYPHI BO30YKIEHHBIX KOMIIAYH/I-COCTOSTHUNA TSKEIbIX
siep, 00pa3oBaHHBIX IMOCTIE 3aXBaTa PE30HAHCHBIX HEHTPOHOB, a TaK)Ke MEXaHU3MOB
SIIEPHOTO JIeJIeHNA U anb(da-, raMMa- ¥ IPOTOHHOTO Pacmaia THUX COCTOSHUH.

Hayunas mporpamma, peann3oBaHHas ¢ aKTUBHBIM YYaCTHEM CIICIUAIHNCTOB W3
MOJIbCKUX HAy4YHBIX LEHTPOB Ha cymiectByromeMm uctounuke HWBP-30, koropsbrit
IUTaHUpYeTCs 3aKphITh B MioHE 2001 T. B COOTBETCTBHH C TUTAHOM-TPa(UKOM CO3/IaHUS
HOBOT'0 HCTOYHHKA pe3oHaHCHBIX HelTpoHOB (MPEH) OUSIN, oTBeuana coBpeMeHHOMY
MupoBoMy ypoBHIO. Ilo pesymbratam pabor Ha MBP-30 myOmmkoBanocs mo 30-40
cTareid B roj B pedepupyeMbIX XKypHalaX, Takux Kak «SmepHas dusmka», «Nucl.
Phys.», «Phys. Rev.», NIM u ap. (Cm. mogpoOHee rogosbie oTdeTsl JIHD 3a 311 rojibr.)
Psin pe3ynbraToB OBUT IIPECTaBIICH B MPUIIIAICHHBIX JOKIaIaX Ha MEXTyHapOIHBIX
KOH(EPEHIIUsX.

[Tonp3oBaTenyu U3 psija Hay4YHBIX HEHTPOB [lonbM akTUBHO padoTald Ha IMMyYKax
WBP-30 u no pe3ynapTaTam UCCIEIOBAHUN 3AIUTIIN TECATKH KaHTUAATCKUX U JOKTOP-
ckux auccepranuii. KoHKypeHTocrnocoOHbIe Ha eBPOMEHCKOM YPOBHE MapaMeTpbl HO-
BOT'0 MCTOYHMKA JOJKHBI IIPUBJIEUb MOJIOJIBIX M OIBITHBIX HCCIIE0OBaTeNe U3 CTpaH-
yuactHull 1 Heyuactau, OUSIN, B ToMm uncie, koHeuHo, u3 [lonpim.

Konnenmuss HOBOrO WCTOYHHMKA SABISETCS TMPSAMBIM DPa3BUTHEM HaeH OycTepa
JIYD2-40 + UBP-30. YcranoBka MPEH cocTOMT W3 COBPEMEHHOTO JICKTPOHHOTO JIH-
HeliHoTo yckopuTemsd Ha 200 MpB ¢ IIMTeNbHOCTRIO AIEKTPOHHOTO UMITYIbca 250 Hc,
gacToToit 150 I'lt ¥ MOIITHOCTEIO 3IIEKTPOHHOTO Imy4yka He MeHee 10 kBT, koTopslit nH-
YKEKTHPYET ITyYOK JICSKTPOHOB B IIEHTP OBICTPON MOIKPUTHICCKON TITYTOHUEBOM cOOp-
KU OPUTHHAIBLHON KOHCTPYKINU € KOA(PGUIIMEHTOM pa3MHOXKEHUs okono 30, 9ro
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MTO3BOJISIET TIOJIYYUTh UMITYIJIEC OBICTPBIX HEUTPOHOB MIPOAOIDKUTENLHOCTRIO 400 HC co
CpelHEel HHTEHCUBHOCTBIO 108 ¢,

B npoext PEH 3anosxeHo yiydieHue pa3perieHns HEHTPOHHOTO CIIEKTPOMETpPa
Ha MOPAJIOK MPYU YBEIUUCHUH UHTCHCUBHOCTH B J[Ba pasa.

JloctmkeHnne ykazaHHBIX mapamerpoB cuenaer OUSN obmanatenem coBpeMeH-
HOT'0 HEUTPOHHOT'O UCTOYHUKA ISl SIZICPHOM (DU3UKH, YCTYIAIOIIETO U3 CYIIECTBYOIIMX
TonbKO Jyumiemy B Mupe uctouHuky LANSCE B Jloc-Anamoce (cM. Tabmuity).

He Bxons B getanu, 3€Ch YMECTHO OTMETUTH, uTo mpoekT MPEH Oput onTrMu-
3UPOBAH 0 CTOMMOCTH COOPYKEHUS M IKCILTyaTallMH C PEeaTbHBIMI BO3MOKHOCTSIMHU
OUSIN, a umenHO: cymecTByomue 3aanus yctaHoBku JIY3-40 + UBP-30, skcniepu-
MEHTAJILHOTO 3ajla M My4YKOoBask MH(PPACTPYKTypa ¢ U3MEPHUTCIbHBIMHU MMaBUILOHAMHU
OyJyT HUCIIOJIb30BaHbI MPU CO3AaHUN U B pabOTE Ha IKCICPUMEHT HOBOI'O HCTOYHHKA.
[Ipumenenne pa3MHOXKAIONICH MHINEHU CYIIECTBEHHO CHW)KACT DHEPro3aTpaThl MPHU
AKCIUTyaTalliy MCTOYHUKA IO CPABHEHUIO C IPYTUMH HCTOYHHKAMH HEHTPOHOB C
0JIN3KON MHTEHCUBHOCTBIO.

CrniekTpomeTp (L,), 10° ¢! c,10 1, He At (12(0) 5B),
®AKEJI (PHII KU, Poccusi) 0,003 0,03 50 200
ORELA (Ox-Pumxk, CIIIA) 0,13 1,5 30 180
GELINA (IRMM, Benbrus) 0,05 0,6 1 160
JIYD-40/UBP-30 (Ty6Ha) 0,5 6 4300 4500
LANSCE (Jloc-Anamoc, CIIIA) 10 40 150 300
CERN n_TOF 0,4 5 40 200
WPEH ([1y6Ha, npoexr) 0,9 9 400 430

[Mpumeuanue. 31ech T — NPOAOIDKUTEIFHOCTh HEHTPOHHOI BCHBIIIKH IO OBICTPBIM HEHTpOHAM, Af —
peanbHas AIUTEIBHOCTh HEUTPOHHOTO MMIybca npu £, =100 3B nmocine 3ameuienns, senuunna C omnpe-
nenena cootHomennem O(E,)=C/E,-L’, rne O(E,) — TOTOK HeHTPOHOB ¢ sHeprueii E, Ha obpasie B

1 cM%, PaCIIONOKEHHOM HA PACCTOAHHE L METPOB OT HCTOYHHKA, <1n> — TOJHBII BEIXOA HEHTPOHOB B
CeKYHI.

2. Hayunaa nmporpamma ucciaenosanuii Ha UPEH

brarogapst BeICOKOW MHTEHCHUBHOCTH M PEKOPAHOMY s cTpaH-ydacTHun OVSIN
SHEpreTuyeckoMy paspemieHuro ycraHoka MPEH npenocraBisieT KOHKYpPEHTOCHO-
COOHBIC BO3MOXKHOCTH JUIS 9KCTIEPUMEHTAIILHBIX HCCIIeJOBaHUM B 00J1aCTH (hyHIaMEH-
TAJBHOW M MPHUKIIAJHON SIEPHOM (PUBUKH.

Hammuwe crnoxusmieiicst B8 OSSN HaydHOH MIKOJIBI U AKCTIEPUMEHTATIBHOM 0a3bl
TUTST HEHTPOHHOU siAepHOHN (DM3UKU ITO3BOJISET BKIIOYHUTH B IIPOTPAMMYy HCCIICTIOBAHUI
TaKue TPYJHbIE 3a/1a4H, KaK IOUCK 3(P(EeKTOB, HapyIIalIUX BPEMEHHYO0 HHBApUAHT-
HOCTb M IIPOCTPAHCTBEHHYIO UYETHOCTH B pEaKUUAX, BBI3BAHHBIX HEUTPOHAMHU,
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JIETaIbHOE WCCIIEIOBAaHNE HOBBIX, HENAaBHO OOHApYXEHHBIX B OJKCIIEPUMEHTax Ha
WBP-30 siBneHuii B paaualliOHHOM 3aXBaTe U JeNeHUH TsKembIx siaep. Coznanue IPEH
OTKpBIBaeT OOraThle BO3MOXKHOCTH IS TONyYEHHUS HOBBIX SJIEPHBIX JTaHHBIX IS
aCTpO(U3UKH, pEaKTOPHON TEXHUKU U TPAHCMYTAIIMU PATUOAKTUBHBIX OTXOJIOB.

CymiecTByroIye OpurHHAIBHBIE METOIMYECKNE HAPAOOTKH IIO3BOJISIFOT TIO-HOBOMY
[IOCTaBUTh MCCIICJOBAHUSI 3JEKTPOMArHUTHBIX CBOICTB HEUTpOHA — €ro 3JIEKTpHU-
YeCKOH mosIpru3yeMocTH (ycraHoBka YI'PA) 1 HEUTPOH-2IEKTPOHHOTO B3aUMOICHCT-
Busl. [Tocnenusis 3aqa4a npeanoiaracT UCI0JIb30BaHUE TEIIOBBIX HEUTPOHOB peakTopa
WNBP-2 B momonHeHWE K MaHHBIM, moidydaeMbiM Ha MPEH B o0mactu pe3oHaHCHBIX
HEUTPOHOB.

TIpem3HOHHbIe SKCIEPUMEHTH 110 m3ydenmio Mabix (10°-107) sddexron
HapyIICHUsI CAMMETPHA (yHJaMEHTAIbHBIX B3aNMOICHCTBIH B PEAKIIHSIX, BRI3BAHHBIX
PE30HAHCHBIMH HEWTPOHAMH, TPEOYIOT HCIOIB30BAHMS ITYYKOB MOJISPHU30BAHHBIX
HEHTPOHOB ¥ NOJSPU30BAHHBIX SJEPHBIX MUIIICHEN. DTa 3KCIIEpUMEHTAIbHAS TEXHUKA,
TpaJMIIMOHHO ucnoib3yemass B JIH®, HaxoauTcsa B HacToslllee BpeMsi B CTaauu
AKTUBHOTO Pa3BUTHs, HEOOXOAUMOTO JIJIS BBITOIHEHUS HayqHO!U rporpammbl Ha IPEH.
B corpynuuuectee ¢ ®UAH u UTO®D co3maroTcs W HCTBITHIBAIOTCS TEIHEBBIE
MOJIIPU3ATOPHI M HOBBIE THITHI TTOJISIPU30BAHHBIX S/IEPHBIX MHUIIICHEH.

[To opurunansuoii, npemioxernnord B JIHO® meroamke KATRIN wuccnemyrorcs
3¢ PeKThl HapyLICHUS] BPEMEHHOW MHBAPUAHTHOCTH B MPOITYCKAHUHU TOJISIPU30BAHHBIX
HEUTPOHOB 4epe3 IMOJSPU30BAHHYIO Ta30BYI0 MHUIIEHb B1Xe. HoBble coemHeHHs
JIaHTaHa HCHBITHIBAIOTCA B KAauecTBE TMOJIAPU30BAHHOM MHIIEHM Ha OCHOBE
CBEPXIIPOBOJIAIINX MarHUTOB.

MonepuusupoBannyto ycraHoBky IIOJISIHA mnpenmonaraercs ucnoib3oBaTh B
kotabopanuu ¢ [MUA®D (Fatumna) anst mcciieqoBaHUs P-4eTHBIX M P-HEYETHBIX
YTJIOBBIX KOpPpENALMH OCKOJIKOB JENeHUs psfa aKTUHUAOB C LEJIbI0 BBIACHEHUS
3aBHCHUMOCTH OT YETHOCTH BHEIIHUX OapbepoB ACJICHUS U, CIIEA0BATEIbHO, CHMMETPHH
¢dopmbl runepaeOpMUPOBAHHBIX SIIEP B TOUKE Pa3phiBa.

B xomnabopamun ¢ ®OU (OOGHMHCK) HA HOBOM METOJMYECKOM YpPOBHE OYyAyT
MIPOJIOJI>KEHBI UCCIIEIOBAHUS YITIOBOM aHU30TPOIIUU OCKOJIKOB JACIICHUS BBICTPOCHHBIX
[0 COHUHY siAep-MUILEHEH. byner n3y4yaTbcsi aHU30TPOIUS, CBA3aHHASI C OTACIbHBIMU
MOJAMH JIE€JCHUS, YTO JOJKHO YJIYUIIWTh IOHMMAHHE MPUPOAbl MEPEXOAHBIX
COCTOSIHUU JENSIIUXCS SAep.

UccnenoBanne wmaccoBbix U TKE-pacnpenenenuid s MHOTHX KOMIIAyHJ-
COCTOSIHMI mHpoKoi o0mactn aktuHUIOB (9kcriepument JIEJIPEHE), kotopoe craneT
BO3MOXKHBIM Ojarojiapsi CyIIeCTBEHHOMY YIIYYIIEHHIO pa3pelieHHs 110 JHEPTUH U
YBEJIMYECHUI0 MHTEHCHUBHOCTU HEUTpOoHHBIX myuykoB Ha MPEH, mo3Bonut petanbHO
M3Y4HTh Oaphepbl IENeHUS IS OTACIBHBIX MO,

OdeHp TEpPCIEeKTUBHBIM SIBISETCS HCCIEOBAHME HECTATUCTHYECKHX 3aKOHO-
MEpHOCTEe B KacKaJHOM TraMma-pacrajze KommnayHa-cocTosHuil. [ns 3Toro
HE0OX0AMMO cyIIecTBeHHOE yiyurieHue 3 dexTuBHocTH HPGe-neTexkTopoB B ycra-
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HoBke KACKA/I. 31ech NepCreKTUBHBIM SIBISIETCS COTPYAHUYECTBO C KPAKOBCKUM
WnctutyToM simepHOi pusnky, 001afalomyM TEXHOIOTHEH CO31aHUsI HE0O0XO0IUMBIX
raMMa-JIeTeKTopoB. Vcroiabp30BaHue TakUX JETEKTOPOB IMO3BOJIUT BIIEPBBIE HU3YUYHUThH
Ui Habopa HEWTPOHHBIX PE30HAHCOB HEOABHO OOHApY)KEHHBbIC SBJICHHS THUIIA
KBa3MBHOPAIIMOHHBIX I10JIOC WIIM CKayka B SHEPreTUUYECKOW 3aBUCHMMOCTH IJIOTHOCTH
YPOBHEH MNpH NPOMEXYTOUYHBIX SHEPrHsAX BO30YKIOEHHS M CHENaTh HAAEKHOE
3aKIII0UYEHUE O CYLIECTBOBAHUM U CBOICTBaX (ha30BOr0 MEPEX0a CBEPXTEKYYeCTh —
(epMmu-ra3s B CTpyKType BO30YKICHHBIX YPOBHEH TSDKENBIX SIIED.

Pa3BuTHEe COBMECTHO C JIOA3MHCKMM YHHUBEPCHTETOM HENABHO IPENIIOKECHHON
cBeTocwbHOH  MeTtomukn  (ycraHoBka KOKOC) peructpanmmm  MTHOBEHHBIX
raMMa-KBaHTOB M3 OCKOJIKOB [ICJICHHS AA€T BO3MOXHOCTb U3YUUTh UX LIUPKYJSIPHYIO
HOJISIPU3ALMIO. DTO IIO3BOJIUT IPOJBUHYTHCS B IOHUMaHUK MEXaHU3Ma (OPMUPOBAHUS
BBICOKOI'O CIIMHA IIPOIYKTOB JIEJICHUS, UTO SIBJIAETCSI OJHOM M3 aKTyaJIbHBIX IIPOOjIeM
(bM3uKY OeIeHus.

B xommabopamuu ¢ nom3uHckuM YHuBepcuteroM 1 ORNL (CHIA) namedeHa
HIMPOKasi MPOrpamMma 1o siJIepHOi acTpodusnke, KOTopast OyIeT BBIMOIHATHCS CHAYaIa
Ha ucrounnke ORELA (Oxk-Pumx), a morom u na IPEH.

3a1auu M0 MOJTyYEHHUIO HEOOXOAUMBIX AJISl Pa3BUTHUS SICPHON TEXHOJIOTUU JaHHBIX
OyayT pewatbcsi B TpaaAWUMOHHOH kojuabopamun ¢ ®DOM Ha OCHOBE COBMECTHO
CO3/1aBa€MbIX HOBBIX METOJMK M HCIOJb30BaHUs YHUKAIBHBIX H30TOMHBIX MUIIEHEN.

HoBble skcnepuMeHTanbHble Bo3MOXKHOCTH yctaHoBku WMPEH wu  pasBuras
nHppacTpykrypa mnpuBiekyr B OWSM mone3oBateneli w3 CTpaH-y4acTHUI] |
HeyuactHul, OVSN, koTopble MPUBHECYT HOBBIC IJIOJOTBOPHBIE UAEH B MPOrpamMmy
Hay4HbIX HCCIIEOBAHHH.

3. Craryc nmpoekra UPEH

[Tocne omo6penus mpoekta MPEH na ceccuu KIIIT OUAN B mapte 1993 1. m mocite
ero paccMotpeHus Ha 76 ceccuu Yuenoro cosera OUSIM B mrone 1994 r. mupexuus
HNuctutyta npuHsia peuienue o peanuzanuu npoekra UPEH co cpokoM okoH4YaHus B
nekadpe 1997 r. OgHako 1Mo meaoMy psany OObEKTUBHBIX IMPHUUYWH, TIIABHBIM 00pa3oM,
M3-32 OTCYTCTBUS HEOOXOMUMOro (MHAHCHPOBAHHUS, pealu3alis IMPOeKTa HIET C
CYIIECTBEHHBIM OTCTaBaHWEM OT IEPBOHAYAIBHOTO TIUTaHa-rpaduka. Curyarmus c
BoinojHeHueMm mnpoekra MPEH HeonHokpatHO paccmarpuBaiiach Ha ceccusax KIIII,
Yuenoro cosera u I[IporpaMMHO-KOHCYIBTATHBHOTO COBETA IO SIACPHON (HU3HKHU
OUSIN. Haunnas ¢ cepenuasnt 1999 r. mookeHne CTaio MEIJICHHO BBITTPABIIATHCS, U B
mapte 2000 r. qupexius OVSAN npunsina mman-rpaduk peanm3aruu mpoekta MPEH co
CpPOKOM ITycKa mepBoit ouepenn uctognmnka B 2003 . (cm. Hmke). K magamy 2001 1.
M3TOTOBJICHHI 1 TTocTaBiieHbl B OSSN yckopuTenbHBIC CEKIINN JTMHEHHOTO YCKOPUTEIS
JIYD-200, B cTagum 3aBepIieHUS HAaXOIATCS OCTaIBbHBIE Y36l JIY3-200, m3roraBinBae-
Mmbie B UAD mm. I'.1.byakepa (HoBocubupck). Co3man u Hauan padoratsb B JIOY HOBEII
OTJIeJI, OCHOBHAA 3a7ava KoToporo — cosnanue JIY3-200. [loakimrodeHne T0ICKIX |
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Puc. 1. O6uwmii Bua ycranosku UPEH

TexHudeckux pecypcos JIOY k peanmszanuu npoekra TPEH no3BoiuT yCKOpUTh IIyCK
HOBOTO HcTounnka. Ha 1O «Masik» 3aBepIiieHbI H3TOTOBJICHUE U O(hHUIIHATBHAS IIPHEM-
Ka TBAJ10B pazMHoxaromei mumienn MPEH, onu octaBieHbsl TaM Ha OTBETCTBEHHOE

XpaHC€HHUC. 3aKaHYMBAETCS pazpaGOTKa IMMPOCKTAa BbIBOJA M3 3KCILNTyaTallMWd PEaKTopa
NBP-30.

[Tnaser pador mo mpoekry MPEH na 2001 1. mpemycMaTpuBaiOT JEMOHTaX
cyuecTBytouiero yckoputens JIY3-40 u noarotosky 3nanus 43 k monTaxy JIY2-200.
Baxwneitmeii 3amaueid Ha 2001 r. sBisieTca 3aBeplIeHHE MOATOTOBKH K BBIBOIY H3
skcmtyatauuu peakropa MBP-30 u ero gemonTtaxy. Jljig mojiydeHHsl K KOHIY Toaa
COOTBETCTBYIOIIEH JIMIIEH3UH HEOOXOAMMO CIPOEKTHPOBATh M H3TOTOBUTH 000pY-
JIOBAaHWE M OCHACTKY JJIs JIEMOHTa)ka M 3BaKyallMu AJEPHOTO TOIIMBA M aKTUBHUPO-
BaHHBIX KOHCTPYKLHOHHBIX JIEMEHTOB PEAaKTOpPa, IOCTPOUTh M aTTECTOBATh HOBOE
XpaHWJIMILE PaJIUOAKTUBHBIX OTXOJIOB.

B 2001 r. mnanupyercsi 3aBEpIINTh KOHCTPYKTOPCKUE pabOTHI MO OTIEIbHBIM
y3nmam JIYD-200, m3roraBmumBaeMbiM B OMSIM, a Takke OOIIyI0 KOMITOHOBKY
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yckopurens B 31aHuM 43. JIOJDKHBI OBITH M3TOTOBJICHBI 3JICKTPOHHBIH HCTOYHUK,
cUCTeMa MarHUTHOH (POKYCHPOBKH U CIIEKTPOMETp. Y CKopuTenbHbIe cekimn JIYD-200
JIOJDKHBI OBITH MCIBITAHBl Ha moHy BY-momrHocTs npu wactore 50 I'm. B USAD
nMm. .. bynkepa onu O6butn uctibiTanbl B oKTsA0pe 2000 T. ¢ MMyYKOM 3JIEKTPOHOB IPU
gactoTe 2,5 '1, mory4eH npoeKTHBIN Temil yekopeHust 35 MaB/wm.

Taxum 00pa3zoM, Mpu HAJTMYUK HEOOXOOUMOTo (PMHAHCHUPOBAHUSI COXPAHSIOTCS
IIAHCHl BBITIOJIHUTH YTBEPXKICHHBIN 1aH-rpadguk mpoekra WPEH co cpokom
¢usnyeckoro mycka B 2003 T.

Inan-rpadguxk Beimosnenns npoexkta UPEH na 2000-2003 rr.

Coneprxanue pabot 2000 2001 2002 2003
Ksapranst 213

Texuuueckuit npoext ycraHoBku UPEH, Bkirouas
TOB, cornmacoBaHue MPOEKTa

M3sroroBieHne yCKOPUTENBHBIX CEKLIUH, TPYIIIIH-
posaresst u cucrembl SLED, nocraBka B OUSN

M3roToBiieHHEe OCHOBHBIX CUCTEM JIMHAKA M UX
HMCHBITAHUC Ha CTCHIAX

JIunensupoBanue u u3rotosiaenue TBAOB U TYK,
noctaBka TB3j10B B OSSN

Pabouwii MpOEKT pa3MHOKAIOIICH MUIIICHH

N3roroBneHne pa3MHOXKAIOIIEH MUIIEHH U
KOMIUIEKTAIXsI 000pyI0BAaHMS BCIOMOTATEIbHBIX
CHCTEM

JlunensupoBanue octaHOBKH u geMoHTaxka MBP-30
JemonTax JIYD-40

W3srororienue ocHacTku [yt qemonTaxka MbP-30
JemonTax UBP-30

Pexonctpykuus 3n1anus 43 u cozganue
uH(pacTpyKTypH! Juist ycranoskn UPEH

MomnTax nmuHaka JIY3-200

MoHTa)k pa3zMHOXKaIOIIEH MUIIEHH B 31. 43

Hananxa JIY3-200 u nyck ycranosku IPEH
@unancuposanue (B k$) 306,5 609 1523

VTBepKIeHHAs: CMETHAst CTOUMOCTD 1poekTa — 3740 k§.
WusectupoBano B 1994-2000 rr. — 1608 k$.
SanpammBaemoe GpuHancuposanue Ha 2001-2003 rr. — 2132 kS.
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OB30P TERYIIETO COCTOAHUSA ITPOEKTA SAD

B.H.llIBemos

JlaGopaTopus meiTpornHou ¢usuku um. U.M.Ppanxka OUAN

BBengenue

[Ipoexkt «Co3naHne MOAKPUTHYECKON COOPKM C KOMOMHHUPOBAHHBIM CIIEKTPOM
HEUTPOHOB, YIPABIAEMON IPOTOHHBIM YCKOPUTEJIEM C SHEpruel npotoHoB 660 M»>B
JUIS1 IPOBEICHHUS HKCIIEPUMEHTOB 110 TPAHCMYTALUH JOJITOKHUBYIIHUX TPOAYKTOB JieJie-
HUSl 1 MUHOPHBIX aKTHHUAOBY, NoxyunBLIMi HazBanue SAD (Subcritical Assembly in
Dubna), umeer cBoeil menpto co3manue Ha ©Oasze ¢azorpona OUSN mpororuna
JIIEKTPOSIICPHON YCTAHOBKH € IUTyTOHHEBBIM MOX-TOIIMBOM (METAII0-OKCUAHBIM),
yIpaBIsieMOH Iy4KOM IpOTOHOB. PUHAHCUPOBAHUE IPOEKTA INIAHUPYETCSI B OCHOBHOM
3a cyet cpencts MHTLL (MexayHapoIHOrO HayYHO-TEXHHYECKOTO LIEHTPa) — MEXKLY-
HapOJHON MEXIPABUTEIbCTBEHHOW OPraHU3alUH MIPU HEIOCPEICTBEHHOM YYacTHH B
(uHaHCHMpPOBaHUM ITPOEKTa cTpaH EBpomeiickoro coodecTsa.

Ienan mpoexTa

[IpoGiiema yTuiM3aMK TOITOXKUBYIINX OTXOJIOB SAEPHON SHEPTETUKH SIBIISICTCS
KJIFOYEBOM B OIpPEJICTIEHNUU CTPATETny JajdbHENIlero pa3BuTus sjaepHoil orpaciu. s
CTpaH C «3aMKHYTHIM» TOILTMBHBIM ITUKJIOM (Dpanmwms, Anonus, Poccus) cymecTByer
Takke mpoOieMa ONTUMANBHOTO HCIIOIB30BAaHUS IUTYTOHHS, BOCCTAHOBIEHHOTO W3
0OJy4eHHOTO TOIUIMBA. DTH HACYIIHBIE 33/1a4l PE3KO IMOBBICHIN HHTEPEC K BO3MOXK-
HOCTH WCTIOJB30BAHHUSA IMOJKPUTHYECKUX CHCTEM C IUIyTOHHEBBIM TOIUIMBOM JIJIS
YTHIIM3ALWN TUTyTOHUS U TPAHCMYTAllMd MHHOPHBIX akTHHUAOB (MA) W TOITOXH-
Bymux mpoxaykrtoB meneHus (HAILJ[). Dxomormueckm Oe3omacHas W SKOHOMHYECKHU
BBITO/IHAS YTHIIN3ALMS OPYKEHHOTO M HapaOaTHIBAEMOTO B OOJBIINX KOJIWYECTBAX HA
ADC «TeXHIIECKOTOY» TUTYTOHHS CITOCOOCTBYET MOBBIIIICHUIO AaTOMHOM 0€301TaCHOCTH U
BMECTE C TEM MOXXET OBITh MOIIHBIM HCTOYHHKOM 3Hepruu. CO3MaHHIO0 KPYITHBIX
MTOAKPUTHYECKUX COOPOK ¢ TPOTOHHBIMH ycKopuTeasmMu (ADS) momxHB Tpen-
IIECTBOBATh AKCIEPUMEHTAbHAS MPOBEPKA TEOPETHUECKUX TMPEACKA3aHUiA W OIeHKA
TEXHOJIOTHUECKNX OCOOCHHOCTEH TaKMX CHCTeM. 3aJadaMi, TPEOYIOMHUMH CBOETO
pasperieHusl, SIBIBIFOTCS: 000CHOBaHUE 0€30ITaCHOCTH PaOOTHI TAKUX CHCTEM — PacueT
BEJIMYMHBI YHEPTETUYECKOTO BBIUTPHIIIA; BHIOOP TOIUIMBA, THIA MHUIICHH U pediek-
TOPOB; KOHCTPYKIIMSI aKTHBHOM 30HBI, pa3pab0oTKa METO0B Ha/ICKHOTO MOHUTOPHPO-
BaHMS KO3 PUITHEHTA PA3MHOKCHISI HEHTPOHOB K, M3MEPEHUE BETNIMHBI SHEPTETH-
9ecKoro Berxoqia ADS; m3Mepenue BKiIana BRICOKOdHepreTHaeckoi (£ > 10 MaB) gwactu
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HEHUTPOHHOTO CIEKTPa, OCOOEHHO Ba)KHOW ISl CO3JIaHUS HAJIC)KHOU paralliOHHON
3amuUThl. J{jsi pelreHust 3TuX 3ajady JI0CTaTOYHO UMETh IMOJKPUTHYECKYI COOPKY C
TEIUIOBOW MOIHOCTHI0O OKoyio 15 kBT. Co3mamme mporotuna ADS ¢ MOITHOCTBIO
15 + 20 kBt u sBasercs ocHoBHOM Lenbio npoekta SAD. B xo1e BBIIONIHEHHS 3TOU
3aJlaud OyAyT TaKKe PEIICHBI BOMPOCHI IKCIECPUMEHTAILHOTO W TEOPETUYECKOTO
HCCIICIOBAHUS XapAKTEPUCTUK TSKEIBIX HEHTPOHONPOM3BOIAIIMX MHIICHEH |3
pPa3IMYHBIX MAaTepUAOB, CO3MaHbl W WCIBITAHBl METOJUKA MOHHTOPHPOBAHUS
XapaKTePUCTUK MOAKPUTHYECKOH cOOpKH, pazpaboTaHo 000CHOBaHHE OE30TIACHOCTH.

Hayuynasa nmporpamma

[Tocne peanuzanuu rpoekTa Ha OCHOBE ycTaHOBKM SAD mpeamnonaraercs BbINOJ-
HEHUE CIICAYIOLICH NCCIIeI0BATEIbCKOM IPOrPaMMBl:
* MCCIIEJOBAaHUE PEXKUMOB PaOOThI MOJKPUTHUECKONH COOPKU B COUETAHUH C
MPOTOHHBIM YCKOPUTENEM, OTPa0OTKa METOJUK U3MEPEHUS U KOHTPOJIS
napamMeTpoB YCTaHOBKH;

U3yUYeHHE TPOOJIEM COTIPSKEHHSI MUILICHH U TIOJAKPUTUYECKON COOPKH, BKITIOYAsI
BIIMSIHME pa3Mepa U MOJI0KEHUsI MUIIIEHEH Ha OCHOBHBIE XapakTepucTuku SAD;

M3MepeHne abCOMOTHON BETMYNHBI SHEPTETHYECKOTO BBIX0/1a YCTAHOBKH (IS
pereHus 3Toi 3a1a4n HauboIee MOIXOASAT CUCTEMBI C HU3KUM YPOBHEM
MOIITHOCTH);

n3MepeHue 3PpPEeKTUBHOCTH 3aUTHI (0COOCHHO B HAIIPABICHUU MIEPBUYHOTO

MPOTOHHOTO MyYKa);

* aHAJIM3 COCTOSIHUS HEUTPOHOMPOU3BOISIINX MUILICHEH TIOCIIE 00IyYeHNUs
NPOTOHAMH, aHAJIU3 CIIeNHaIbHBIX 00pa3noB (MA, AI1/]), o6my4eHHBIX B
kaHanax SAD (Bkitoyas paAMOXUMUYECKUH aHAIN3);

* U3MEpeHne CKopocTei peakmuiit TpancmyTaru MA u J{I1/] B pa3nunaabix

HEHUTPOHHBIX CIIEKTPax.

Oprauusamnusa mpoexTa

I'omoBHoO#M opranm3amueit mpoekta SAD sBrnsercs OUSN, opranm3amusMu-mapT-
Hepamu OVAN 1o BEINOIHEHUIO NPOEKTAa — UHCTUTYTHI U IPEANPpUsiTUsI MUHUCTEPCT-
Ba P® no atomuol sHeprun: Hay4yHO-UCCIIE10BATENBCKUN HHCTUTYT SHEPTOTEXHUKU
(HUKUDT), 'ocymapcTBEHHBIN CTIEMATA3UPOBAHHEIN TPpoeKTHEBIN HHCTUTYT (I"CITN),
Bcepoccuiickuil HaydHO-HCCIIE0BATENBCKUM HHCTUTYT HEOPTaHUUECKUX MaTepHalioB
(BHMMHM) u mpousBojacTBeHHOE 0o0ObeanHeHHe «Masik». B craanm meperoBopos
HaXOJUTCs BOIPOC 00 y4acTUH B peaM3allliy [IPOEKTa KOHIEPHA SIAEPHOTO MAIIMHO-
ctpoenns «Ikoma» u3 Yerickoii PecryOmuku. Upe3BhI4aiftHO BaXKHBIM JIJIS peaTi3alii
MPOEKTa SIBJIAETCSA ydacTHe B €ro BBINOJIHEHUH 3aMHTEPECOBAHHBIX CTpPaH-YYacTHHUIL
OUSIN. Tak, B 4aCTHOCTH, MPEICTABIISCTCS BO3MOXKHBIM W JKEJATCIBHBIM YJIaCTHE
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MOJILCKHUX CIEHUATN3MPOBAHHBIX OpraHU3alyii, co3aaBaBnx koMmiuieke CY3 peakro-
pa UBP-2, B co3nanuu aHaJoruyHou cucteMbl Ha yctaHoBKe SAD.

Te}cymee COCTOAHME IIPOEKTa

Ha nanHbIil MOMEHT 3aBepIICHBI IEPETOBOPBI CO BCEMH YYaCTHHUKAMHU MIPOEKTA I10
YTOYHEHHIO CPOKOB, 00BEMOB padoT 1 prHancupoBanus. [Ipu GpruHAHCOBOM MOAEPIKKE
3anagHbIX mapTHepoB npoekTa (FZK, Kapncpya, I'epmanus; RIT, Ctokronsm, HIserus;
Ciemat, Manpun, Hcnanus u CEA, Kapmapam, ®paniusi) v OpraHu3aidoOHHO-
TEXHUYECKOH MOJIep>KKe COo CTOpOoHBI ['opHO-MeTamutyprudeckoit akagemun (Kpakos,
[Nonpia) ObLIH pa3paboTaHbl SCKU3HBIE TPOEKTHI MoAKpuTHYeckoi coopku (HUKNUIT,
puc. 1), npotonHoro tpakra (JISIIT OUSIU, puc. 2, 3 u tabiu. 1) u oOeHHKESHEPHBIH
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Puc. 1. O6mwuit Bux noaxpurnaeckoit coopku SAD
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MIPOEKT YCTAaHOBKH. 3aBepInaeTcs padboTa 1o 3CKHM3HOMY ITPOEKTHPOBAHUIO TETIJIOBEIIe-
JISOUINX JJIEMEHTOB ycTaHOBKHU (TBAOB). Pabora Bemercs Bo BHUMHM u na 110
«Masik». Taxxke Ha [1O «Masik» npoBeneHa paboTa 10 UCCIEIOBAHUIO BO3MOKHOCTH
YBEJIMYEHUS TIPOLEHTHOTO COAepKaHus okcuaa miyronus B MOX-tomnuse 10 35 %
BMecTo 27 %. Pe3ynbraTsl nccienoBanuii Oy1yT HCIIOJIB30BaHbI IPH IPOSKTUPOBAHUH
Y U3rOTOBJIEHUH TBAJIOB yCTaHOBKU SAD.

Tabnuya 1. OueHKa CTOUMOCTH PAa3JHYHBIX BADHAHTOB KaHAJIa TPAHCHOPTHPOBKH
BbIBEIEHHOI'0 IPOTOHHOI'0 NMY4YKA K NOJAKPUTHYECKOil cOopke

O1neHoYHast CTOUM. [Monnas moTpedt.
Bapuant Yucno 31eMeHTOB KaHaia

BapuaHTa, ThiC. § MOIIIHOCTb, KBT

1 14 140 840

2 36 360 2160

3 22 220 1320

4 47 470 2820

5 37 370 2220

6 55 550 3300

7 29 290 1740

Ha ocHOBe TEXHMKO-3KOHOMHUYECKOT'O 000CHOBAHMSL, TPEACTABICHHOIO B 3CKHU3HOM
MpOeKTe YCTAaHOBKH, MOATOTOBIEHA 3asBka B MHTLI, koTopast Oyner HampaBieHa B
oTpacieByro kKomuccuto Munucrepctsa PD mo aroMHO#l sHepruM B KOHLIE MapTa
2001 roma 1uist SKCHEPTU3bI U AalibHENIIEro HanpasieHus 3asBku B MHTLI.

JKCIIepMMEHTAJbHASA IeSATeJBHOCTh 10 MPOEKTY

B pamkax moaroroBkm mpoekta SAD merom 2000 r. Ha BBIBEJCHHOM ITy4Ke
npotoHoB (azorpona JISII Obl MPOBECH SKCHEPUMEHT 0 U3YUYCHHUIO CIICKTPAIbHO-
YIJIOBBIX M TPOCTPAHCTBEHHBIX pPACHpe/eNIeHUil aJpOHOB, MCITyCKA€MbIX CBHHIIOBOW
MUIICHBIO NP 00JydeHUH MPOTOHaMHU ¢ 3Heprueit 660 MaB. B pesynbprare nsatuae-
CSATUYACOBOTO CeaHca OBUIM M3MEpEHBl YTIIOBBIE W HHEPreTUYECKHE paclpeaeseHHs
HEHTPOHOB BOKPYr MHIICHH C WCIIOJIBL30BAHUEM MHOTIOC(HEPHOr0 CIIEKTPOMETpa
Bonnepa (pabota BrimonneHa cotpyaankamMu OPPU OUSIN). Takke nByms TpynmaMu
(OPPU OUSAUN u T'opHo-meramurypruueckas akajgemusi, KpakoB) ObITH H3MEpPEHBI
YIJIOBBIE W TPOCTPAHCTBEHHBIE pacTpeieNieHHs] aJpOHOB BOKPYT MHIIEHH C
WCIIOJIb30BaHUEM AaKTHUBAIMOHHBIX JeTekTopoB. ['pymmamu u3 JIHO OUAN wu
I'opHO-MeTamTyprudeckoil akageMuH ObIITM N3MEPEHBI BBIXO/BI TIPOAYKTOB SJIEPHOTO
KackaJla B CBUHIIOBOI MMIIIEHH, B HACTOSIIEEe BpeMs BEIETCS COBMECTHasi paboTa 1o
OIpe/IeNICHHI0 a0COMIOTHBIX aKTHBHOCTEH 00pa30BaBIINXCsl H30TOIIOB.

[Tpu mognepxke [Tomromounoro [IpencraBurens Yemickoit Peciyonmku B OSSN
B USI® AH (Pxex, Uexnst) ObUTH H3TOTOBJICHBI IBa KOMIUICKTA CBHHIIOBO-BUCMYTOBBIX
MHIIEHEH TSI TPOAODKCHHS dKCIIEpUMEHTANBHON mporpamMmel B 2001 r. Mumenu
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OoynyT noctasiensl B OMSAU Bo Bropom kBaprase 2001 r., SkcriepuMeHThI Ha (ha30TpoHe
3aIUTaHUPOBAHBI HA BTOPYIO MOJIOBUHY TOJA.

3akaroueHue

B OUSIN skcriepuMeHTaNbHBIE M TEOPETUYECKHE pabOThl MO HMCHOJIb30BAHHIO
MIPOTOHHBIX YCKOpPUTENEH B AJEPHOM TEXHOJOTHMHU BeAyTcs ¢ cepeauHbl 50-X rofoB.
W3mepeHsl BBIXObI HEUTPOHOB U UX CIIEKTPbI B CBUHIIOBBIX U YPAHOBBIX MHUIICHAX
pPa3JIMYHBIX THUIIOB, HEUTPOHHBIE CEYEHHMsI Ul Psiia U30TOIOB, BAXKHBIX IS OLICHKU
3G PEKTUBHOCTH pa3NUYHBIX PEKUMOB TPaHCMYyTallMH, CO3JlaHa MaTeMaTH4ecKas
MO/JIENIb U COOTBETCTBYIOIIEE KOHCTAHTHOE M MPOrpaMMHOe oOecrieyeHue Ajisl pacueTa
3IEKTPOSIEPHBIX CUCTEM.

B OUSIM umeeTcs paspelieHue Ha HKCILTYyaTalui0 UCCIEIOBATEIBCKUX SACPHBIX
PEaKTOpPOB C 30HAMHU, COACPKALMMU METAJUIMYECKUN IUIyTOHUA U OKUCH ILTYyTOHUS.
OTH peakTophl HAJCKHO U OE30IACHO IKCIUTYaTHUPYIOTCS B TeueHue Oosee 35 yer. B
OUSIMU Taxxe HaAKOMIIEH MHOTOJIETHUM OIBIT IKCILTyaTallMd IPOTOHHBIX YCKOPUTEIEH.
Bce 310 sBsieTCs XOpOLlIeld OCHOBOM JUIsl CO3AAHMS U ITOCIIENYIOIIErO HCIIOIb30BaHUS B
JlyOHe 3KCIIepUMEHTAIBHON 3JIEKTPOSIEPHON YCTaHOBKH C IITyTOHHUEBBIM TOILJIMBOM.
MexayHnapoausiii craryc OWMSIN mo3Bosnsier ucmosb30BatTh Asl paboT MO BIIEKTPO-
sIepHON TpoOJieMaTuKe 1esieBble ((rHAHCOBBIE BKJIAABI CTpaH-y4acTHUL MHCTHTYTA.

Coznanne B OMSU mporoTumna 3ieKTposiiepHON YCTAaHOBKM C HCIIOJIB30BAaHUEM
MOX-TorumBa MpeJoCTaBUT YHUKAIBHYIO DKCIIEPUMEHTAIbHYIO 0a3y AJsl pelieHHs
KOMILJIEKCa 3aJiad, CBSI3aHHBIX C MpoOyieMaMu 0e30MacHOM SKCIUTyaTalluy MOJKPUTH-
YEeCKHUX OBICTPBIX COOPOK, YIPABISIEMbIX IPOTOHHBIM YCKOPUTEIEM, H TPAHCMYTAIlH
SIIEPHBIX OTXOJI0B.

Co3pmanne ycraHoBku SAD — He TOJIBKO BechbMa MHTEpECcHasi Hay4Hasi pobiema,
HO U CJIOXKHAsl MHKEHEPHO-TEXHOJIOIMYECKas 3a/1a4a, IPHUBJICKATeNIbHAs UL ClIelna-
nuctoB BHUMHM u I'CIIN. Yyactue 3TUX HHCTUTYTOB U MPEANPUITUMN, SBISIONIUXCS
pa3paboTunkamMu U npousBoauTesisiMu TBIOB BH-600, BEIOpaHHBIX 3a OCHOBY ISt
ycraHOBKH SAD, mo3BoiuT UM 3(QQPEKTHBHO HCIOIb30BaTh CBOW OMBIT B MEPCIEK-
THUBHOI MUPHOU 00JiacTH, 4To coorBetrcTByeT Lensim MHTC.

VYyactue B mnpoekre OMSM B KkauecTBe T'OJOBHOM OpraHu3ali IO3BOJIUT
3¢ PEKTHBHO OCYIIECTBUTh MHTETPAIMIO YUCHBIX U3 cTpaH-ydactHun OMSN B peme-
HUM QyHJAMEHTAIbHBIX U MIPHUKIIAJHBIX 3324, CBA3aHHBIX C pealu3alei mpoeKTa.
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AHAJINTHYECRHUE NCCJIEJOBAHUA
HA PEARTOPE UBP-2 JIH® OUAHU

M.B.®poHTacseBa

JlabopaTopusa HeTpouHo pusuku nm. I.M.Ppauxka OUAN

Uto Takoe aHanuTHKA? DTO HayKa O CrMoco0ax WACHTH(PHUKAINN XUMHUICCKUX
COCIMHEHNH, O TPHUHIUIAX W METOJax OIpEAeJeHHs COCTaBa BEIIECTBA M €ro
XUMHYECKON CTPYKTYpHl. TepMWH auanumuxa CO3ByYEH TaKWM Ha3BaHHUAM, Kak
knOepHeTHKa n Ononuka. B I'epmannu, mpapoauTensHUIE aHATUTHYECKON XUMUH, yKe
naBHO BMecTo Analytisch Chemie mmmryt Analytik. ITonnmas ycimoBHOCTH Bcex
KJIACCH(HKAINA, MOXHO OXapakTepHU30BaTh THIBI aHANIW3a KaK KadeCTBEHHBIH,
KOJMYCCTBCHHBIN, aHAIM3 XUMHUYECKHX (opM (speciation), CTPYKTYpHBIA aHAIH3,
aHaJIN3 pacrpeieNIeHNi, aHAJIN3 KHHETUKN 1 MEeXaHN3Ma peakiii. Bce MeTo e ananmsa
(37IeMEHTHBIHN, MOJICKYJISIPHBIH, (ha30BbIi WIIM H30TOITHBIN) OCHOBAHBI HAa 3aBUCUMOCTH
MEXJIy COCTaBOM BEIIECTBA U ero cBoiicTBaMu. s a1epHO-(PU3NIECKUX METOJOB —
9TO CHNWH W MAarHUTHBIM MOMEHT, Macca, BO30YKICHHBIE COCTOSHHS fA1pa U HX
napaMeTpsl, BEPOSTHOCTh SACPHBIX PEAKIHW, MEPHUOJ TONypachaaa, BHIABI pacraja
(0.—PB—Yy ¥ zp.) ¥ SHEPTUH UCITYCKAEMOTO U3TYYCHHS B CIIydae PaHMOAKTUBHBIX sIEp.
Hwxe nepeunciiensl OCHOBHBIE siZIepHO-(DM3WYECKHE METO/IbI aHAJIH3a!

NHAA — wHCTpyMEHTATBHBIN HEUTPOHHBIA akTHBAITHOHHEBIH aHam3 (INAA);
PHAA — pagmoxuMuyecknii HeHTPOHHBIN aKTHBAITMOHHBIN aHamn3 (RNAA);
P®JI — pentrenoduryopectienTHbIi ananu3 (XRF);

P®DJI-ITO — PDJI ¢ momabM otpakeruneM (TXRF);

P®JI-CU — PDJI ¢ cuaxpoTpoHHBIM 00myueHneM (SXRF);

NDC — nonno-dporonnas cnekrpomerpus (PIXE);

HCII-3C — smuccnonnas cnekrpockorus ¢ UCIT (ICP-ES);

AAC — atoMHO-abcopOnmronHas cnekrpometpust (AAS);

HCTI-MC — macc-cnekrpomerpust ¢ UCIT (ICP-MS);

HCII-UPMC — UCII-MC ¢ uzotomubM pazodasieaneM (ICP-IDMS);

HNMC — uckpoBas Macc-criekTpoMeTpus (SSMS).

CpaBHEHHE 3THX METOJIOB MO TAKUM MapaMeTpaM, Kak TOYHOCTh, UyBCTBUTEIIb-
HOCTh (ISl aHAIHM3a TBEPBIX BEINECTB U JKUAKOCTEH), pacipoCTPaHEHHOCTh, MHOTO-
3JIEMEHTHOCTh, pasMep oOpasia, THI 00pasiia, PYTHHHOCTh U TPOJOKUTEIHLHOCTD
aHanu3a, J0CTYIHOCTh, CTOUMOCTh, JIaHO B Ta0. 1.

Kakaplii MeTo[ XapaKTepU3yeTCss CBOMM IIpeleiioM OOHapyxeHus. B Havaie
40-x TT. IpUMecH B MeTallaX ompenesuin ¢ mpenenoM obuapyxkernus 0,1-0,01 %,
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K 1950 1. st GONBIIMHCTBA YUCTHIX METAJUIOB ATH TPEOOBaHUS BO3POCIH JI0 10°* %,
a JUIsl HEKOTOPBIX MpuMecel (0opa, TaloNuHus, KaJMusi) B ypaHe U JAPYTUX SAEPHBIX
Marepuajax — Jaxe 0 107°—10"° %. Eme Gousee ecTKHe TpeOOBaHMS BOSHHUKIIA
B IIEPHOJ] Pa3BHUTHS IMOIYIPOBOJHIUKOBONH TEXHUKH. Tak, IS MOIYMPOBOIHUKOBBIX
MaTepuaioB TepMaHUs W KPEMHHUS HEJOIyCTHMO COJIEpyKaHHe MPUMECH MEIH WU
Hukens Ha yposHe 1077 —107°%. Taxkum 06pa3om, BO3HMKIA HEOOXOIUMOCTh
OTIPENIETIATh OIMH aTOM 3JIeMeHTa-TipuMecH Ha 10 MUIUTHapI0B aTOMOB T€PMaHUS UITH
kpemHUs! B 3TOT mepuoj TONBKO pajinOaKTHBAIIMOHHBIA METOJ J1aBajl BO3MOXHOCTh
onpenensaTh npumeck Ha yposre 107 =107 %,

Tabnuya 1. CpaBHeHHEe HEKOTOPBIX CHEKTPOMETPHYECKHUX METO0B 3JIeMEHTHOI0 aHAJIM3a

= ® | a 2
— — = =
a ¥.] Q Q
= = e} e}
2 = 2 G 8 < 3 = C) k)
Merton 5 5 s = = g = 2 2 A A
e & = = S g g Q 15 = 5 5
= = ) 15 ] o, Q o = 3 3
Q ) ) e} o o ) = [} =
(=] = = o, 2 5] o) = [=% > = =
= Q Q = &) b=} = = = = =
z 2, 2, g = g E 5 2 3 e e
= & =y ~ = ~ = & Q) = &) &)
NHAA + 0 0 - + M—0 | T,K + - - 0 0
PHAA + + + - 0 M,C T,K + - - -
POJI 0 - - + M T + + + +
POJI-ITIO 0 0 + - + M,C K + + + 0 +
PDJI-CU 0 + + + M T - - - -
NUDC - 0 + + M T + — _ _
UCII-DC 0 0 + — + M,C K + + + 0 +
AAC - 0 + - M,C K + + + 0 +
HCTI-MC 0 0 + - + M,C xK + + 0 - 0
UCTI-UPMC + 0 0 - M,C K 0 + 0 -
NMC — 0 - + M T + + + +

[Ipumeuanue. 3nadenus: Boicokoe (+); cpenuee (0); Hu3Koe (—). Pazmep obpasia: M — maislif; ¢ —
cpennuit; 6 — GoubInoit. Tun oOpasna: T — TBEPbIil; K — JKUJAKHN.

OcHoBarensIMu paanoaKTUBAIIMOHHOTO METOJAa — HeﬁTpOHHOI‘O AKTUBAITUOHHOT'O
anamm3a (HAA) — cumrarorcs Jxopmx ¢on Xesemu u Jluuga Jlesn. B Jlanwnm
B 1936 r., berblpe TOAa CHYCTS TOCJIE OTKPHITHA HEHTPOHA, OHH H3ydalu
B3aMMOJICHCTBHE HEUTPOHOB C PeIKO3eMEeTbHBIMH 1eMeHTamu: «... The usual chemical
methods of analysis fail, as is well known, for most of the rare earth elements and have
to be replaced by spectroscopic, X-ray, and magnetic methods. The latter methods can be
supplemented by the application of neutrons to analytical problems by making use
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of artificial radioactivity and of the great absorbing power of some of the rare earth
elements for slow neutrons...».

HeWTpoHHBIN aKTUBALlMOHHBIM aHAJIU3 IPOLIEN BCE ATAlbl PA3BUTUS AHAIMTH-
YEeCKOTO METOJa M0 CXeMe, IPUHITON Ha OJIHOM U3 MEXJTYHAPOIHBIX KOJUIOKBHYMOB
no cnekrpockonuu B CIIA: 1) xoHuenmus, uaes; 2) NPOSKT U CO3IaHUE Mpubopa
JUTS TIPOBEPKH MPHUHINIIA; 3) yCTenIHast JeMOHCTpaus ueu; 4) MpoeKT U CO3/1aHne
WHCTPYMEHTA JIJIsl HJCHTU(HUKAIIMY SKCIIEPUMEHTAIBHBIX apaMeTPOB ¢ HEOOXOAUMOM
YyBCTBHUTEIBHOCTBIO, CEJICKTUBHOCTBIO, MPAaBHIBHOCTBIO M BOCIPOU3BOJIUMOCTHIO;
5) HDOCTHMIXKEHHUE 3aBEpPIICHHOCTH, pa3pad0TKa CTAaHMAPTHBIX YCIOBUW W TPOIECAYD,
ABTOMATHU3aIlMsl OIEpaluid, KOMIbIOTEpHAs 00paboTKa JaHHbBIX; 6) yriyOJieHue
MTOHUMAaHUS HAyYHBIX MIPUHITAIIOB; 7) cTrapeHue (mature).

Tabauya 2
Toxsl OCHOBHBIE 3Tarebl TunnyHele XapaKTEPUCTUKU Yucno my6mukaruii
1936-1944 Tlepuo CTaHOBIEHHUS ITnoTHOCTH MOTOKA 10
ueitrponos 5-10° cm ¢!
1944-1950 | SInepHsle peakTopsl [lnoTHOCTH IIOTOKA 10
HeiitpoHos 5-10" cm *.¢”!
1950-1960 CUMHTWUISIIHOHHEIE Paspemenue 50 k3B 100
nerexrops! Nal(Tl) ans muann 1332 k0B “Co
1960-1970 IonmympoBogHUKOBBIE Pazpemenne 2-3 koB 1000
nerexktopsl Ge(Li)
1970-1998 OxcTeHcuBHBIE TpuMeHeHus | [lnoTHocTs moToka 2000
JleTexTopsl U3 cBepxuncTOro | HeiTporos 107" cm ¢!
repMaHHsi; METOIHYECKIE Paspewenne 1,7 k3B
YCOBEPIIEHCTBOBAHUS

Paznuuaror umHcTpymentansHbli (MHAA) u pamuoxuMudeckuil HEHTPOHHBIH
AaKTUBAIIMOHHBIN aHanu3. Ha peakTopax, CHOEKTphl HEUTPOHOB KOTOPBIX COAEPKAT
pPE30HAHCHBIC (AMHUTEIUIOBBIE) W OBICTPhIE HEHTPOHBI, BO3MOXHO MPOBEIACHHE
AMUTEIJIOBOTO HeWTpoHHOTro aHanm3a (DHAA), a ecru peakTop OCHAIEH W OBICTPOI
ITHEBMOIIOYTOM, TO ¥ IIUKIMIECKOT0 HEMTPOHHOTO aKTHBaIMoHHOTO aHanm3a (LIHAA).
Ob6a »Tu Meroja peanu3ylOTCsl HAa HMMITYJIbCHOM ObicTpoM peaktope WMBP-2 JIHD
OUSIN. AxTuBalys STUTEINIOBEIMU HEHTPOHAMU MO3BOJISIET ONTUMU3ZUPOBATH YCIOBUS
o0JTyueHHs HCCIeyeMbIX 00pa3oB, 0COOCHHO B TE€X CIIydasX, KOTJa HHTEPECYIOLIHe
M30TOITBI 00JIAAr0T OOIBITUMH PE30HAHCHBIMU MWHTETPATIAMHU (s TSHKEIIBIX METAJUIOB,
OOJIBIIMHCTBO PEIKO3EMENBHBIX JJIEMEHTOB).

AHaTUTHYECKUN KOMIUIEKC Ha 0Oasze mHeBMoTpaHcmopTHoi yctaHoBku (IITY)
«Perara» na UbP-2 JIHO® OUSIN npenna3HadeH M1 IPOBEICHUS MHOTO3JIEMEHTHOTO
nHcTpyMmenTansHoro (MHAA), sttuterioBoro (OHAA) 1 MUKINYECKOTO HERTPOHHOTO
AKTHUBAI[MOHHOTO aHAJM3a, a TAK)KE PATUAIIMOHHBIX HCCIIEIOBAaHUH C HCITOIB30BAaHUEM
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Puc. 1. Dueprernueckue crnekrpsl HeiTpoHoB B kaHamax OKI1 u OK3 peaxropa WBP-2. Crutomnas
kpuBasg — cnextp aiust OK3, M — s OK1. B unrepane £<0,55 3B — crnekTpsl TEIUIOBBIX HEHTPOHOB

B OK1 6e3 u ¢ sKxpaHOM M3 KaaMHus

TEIUIOBBIX, PE30HAHCHBIX M OBICTPBIX HEUTpoHOB peakTopa MBP-2. Ycrtanoska
«PeraTta» ocHaleHa «ropsiYUMU» KaMepaMy C JUCTAaHIMOHHBIMH MaHUITYJISTOPaMH,
TEePMETHYHBIM TEPYATOYHBIM OOKCOM i TPOBEACHUS pPadOT C  OTKPHITHIMHU
PaaMOAKTUBHBIMU UCTOYHUKAMHU.

[Tomemenue IITY «Perata» na MbP-2 macnopTu3oBaHO Kak «paguoXUMUYECKas
nmaboparopus 11l kinacca». Ha mpoBefeHrne aHaMUTHYECKHX PabOT MMEETCsl aKKpeIH-
tauus ['occrangapra Poccun u mexxnynapoanas akkpeauranuss MATATO.

OO0pasupl 00iIy4aroTCss B TPAHCIIOPTHBIX
KOHTEMHepax U3 MOJIMATHIICHA, Te(hJIOHA WK -
amoMunusa  (puc. 2). Bpems o0myuenus
B KOHTEMHEepax U3 noaustTuieHa — 10 30 Mux
JUTSL BCEX KaHAJIOB 00JTyUeHHsI TIPY MOIIHOCTH 25
peaktopa 2 MBT. AIOMUHHUEBBIC a
KOHTEHHEPBl HWCHOJB3YKOTCS JUISl JUTHTEIb-
HBIX OOJIy4EHUH.

@13
215

25

216

|
02'0
226

Puc. 2. T1onmsTHICHOBBI TPAaHCTIOPTHBIN KOHTEHHED
W BHYTPEHHSIS Karcyia uist oopasua. Pasmeps! ykazaHsl 38

B MM. /10 7 KOHTEHHEPOB MOKET 00JIy4aThCs B KaHAIax 43
OJHOBpPEeMEeHHO. IIIOTHOCTH MOTOKa HEHTPOHOB KOH- 6
TPOJIUPYETCSI MOHUTOPAMU U3 30J10Ta, UPKOHUS U JP.
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Puc. 3. Cxema ycranoBku «Perara»: Chl +Ch4 — xananbs! 00ay4eHust, S — MPOMEKYTOYHOE XPaHHIIHIIE,

DCV — ycrpoiicTBO pa3BopoTa KoHTeWHepoB, L — Onok 3arpy3ku, RCB — pagunoxumuueckuii
nepuatounbiii 6okc, U — 6nok Beirpy3ku, SU — G110k copTupoBKH, SM — BpeMEHHOE XpaHUIHUILE
o0mydeHHbIX 00pa3noB, R — Onok mepemakoBku, D — Ge(Li)-geTtexTopbl, AA — aMIUIUTYIHBIA

anaymusarop, CB — nyner ynpasienus, CC — CAMAC-koutpoiiepsl, R1+R3 — nomemenus, rae
pacronaraercst yCTaHOBKa

Tabnuya 3. OcHOBHbBIE XaPAKTPUCTHKH KAHAJIOB 00.1y4eHHsI

[TnoTHOCTH OTOKA HEHTPOHOB,

IMo3unus em 2¢'10" T C Iuametp JlnuHa

o0JrydeHus ’ KaHajla, MM | KaHaja, MM
Tennosele | PesonancHele | boicTpble

OK1 Cd-akpan 3,31 4,32 70 28 260

OK2 1,23 2,96 4,10 60 28 260

OK3 4,2 7,6 7,7 30-40 30 400

OO6pasupl TPaHCIIOPTUPYIOTCS B THEBMOTPAHCIIOPTHOM CUCTEME CHKATBHIM BO3LyXOM
npu nasieHnn 3—6 atMm. Bce Omoku cuctembl HaxoasTcs Ha paccrosHun 50—-60 M
OT aKTHBHOM 30HBI peakTopa. Bpems TpaHCIOPTHPOBKH MOJIMATUICHOBBIX KOHTEHHEPOB
K mo3unuud obmydeHus 7-20 c¢. ANIOMUHHEBBIE KOHTEHHEPHI IEPEMEIIAI0TCs
obicTpee — 3—7 c. [Ipomexyrounoe xparuuiie (S) (EMKOCTBIO 10 15 KOHTEHHEPOB)
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WCTIONIB3YeTCs ISl BBIACPKKH AJTIOMUHHEBBIX KOHTEHHEPOB II0CJE UIMTENBHBIX
oOiryuyeHHid. DTO XpaHWIMIIE HAXOAUTCS B KOJBLEBOM KOPHUIOPE OHOJIOTHYECKON
3amuUThl peakropa. Xpanunuine (SM) comepkut 32 s4erKu U XpaHSHHsI aKTHBHBIX
00pa3LoB, OHO OKPY>KEHO OMOJIOTrMYECKOH 3alUTON N3 CBUHLA U OETOHHBIX OJIOKOB.

VYcraHOBKa KOHTEHHEPOB B IMO3MLUH OOJIyYEHHS KOHTPOJIUPYETCSl C HOMOLIBIO
aKyCTHUYECKHUX JAaTUYUKOB.

O6paboTka pe3yabTaTOB U3MEPEHUI BEIETCS C MOMOIIBIO KOMILIEKCAa IPOrpamm,
paspaboTtanHbix cneuunasuctaMu JIH® 111 KOHKPETHBIX YCIOBHUH ITPOBEACHUS
HEUTPOHHOI'0 aKTUBAIIMOHHOIO aHanu3a Ha VbP-2.

Ha 6aze cektropa AAuPU JIH® opraHmn3oBaH NMpakTUKyM M YHTAETCS CHEIKYPC
«HeWTpoHHBIN aKTUBAIMOHHBIN aHAIH3 KaK SIEPHO-PU3UICCKUI METO]T OTIPEIeTICHHSI
3JIEMEHTHOI'O cOCTaBa BellecTBa. [IpruMenenue B 3KoJI0rum» Aisl cTyaeHToB Mexda-
KyJbTeTckoro nentpa MI'Y u kadenps! sxonorun yHuBepcutera «/lyOHa», a Taxxke
MpaKkTUKYM Ui exeroqHoit Helitponnoit mikosnsl JIH®, opranusyeMoit ajist CTyI€HTOB
1 MOJIOJIBIX CIICLIMAIMCTOB.

B Hacrosimee BpeMs ¢ IOMOIIbIO aHAIUTHYECKOTO Komruiekca Ha Oaze IITY
«Peraray pemaroTcs 3KOJIOTMYECKUE 3a7a4M, CBA3AHHBIC C M3YYEHHEM 3JIEMEHTHOTO
cocTaBa OOBEKTOB OKPY’KaIOLIEH Cpelibl, a TaKXKe 3a7a4l MaTepHajIoOBeACHUs (HOBbIC
MaTepuajbl W TEXHOJOIMYECKHE TMpOLecChl, TIAe HeobOxoxuma HH(opmanms
00 3JIEMEHTHOM COCTaBE BeEILECTBA). Pe3ynbTaThl 3TUX HMCCIECIOBAHMN Ba)KHBI Kak
IUIs1 IPUKIIaJHbIX, TaK U 17151 GyHAaMEHTaIbHBIX HayK. Huxke nepedncieHsl OCHOBHBIE
HarpaBJIeHUsI padOT, KOTOPbIE BEAYTCS B HACTOALIEE BPEMS

AHAJIMTHYECKRHUE UCCJIEJOBAHUA
HA PEARTOPE UBP-2 JIH® OUAU, IYBHA

HuctpyMmeHTabHbII ONUTeNNoBON HEUTPOHHBII Huknuyeckuil HEHTPOHHBIN
HEHUTPOHHBIN aKTUBALIMOHHBIN AKTHUBAITMOHHBIN aHaIN3 AKTHUBAIMOHHBIN aHAIN3
ananuz UHAA DHAA IITHAA
DKOJIOrHYECKUE UCCIICIOBAHNUS ‘ ‘ MarepuanoBeneHue
- buomonuTOpHHT aTMOC(EpHBIX BHIMaIC- - BuotexHonornu: GakTepraibHOE BBIIIEIIA-
HUil (MXH, JHIIAWHUKHA, KOpa JCPEBBEB). YUBAaHME METAJJIOB U3 PYJ, MOPOJ U IpO-
IIpoext «PET'ATA». MBIIUJICHHBIX ~ OTXOJIOB; HOBBIC  MEJU-

LOUHCKUE MpernapaTbl Ha OCHOBE CHHE-
3ereHoi Bogopociu Spirulina Platensis).

 V3ydenue 3arpsi3sHeHHI BO3myxa (a»’po- + CBepxXuMCThle MaTepualbl:  AJIOMHUHUM,
3ompHBIe  QuiIbTpel: Cubups  (baiikan), MOJYIPOBOAHUKA Ha OCHOBE IEpMaHus,
Erumrer (Benmkast Kaupcekast jonnna)). KPEMHHUS ¥ apCEHUA TFaJUIHs.
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+ OmeHKa AKOJIIOTHYECKOH CHTyaIlMH: Tell- + KoHcTpyKnnoHHBIE MaTepHansl B Mpobie-

JIOBBIE NIEKTPOCTAHIIHN; TIOJUTOHBI OBITO- Max MPEKPaIIEeHHs IKCILTyaTaI[ aTOMHBIX
BBIX OTXOJIOB, aBAPHHU C PA3IUBOM He(TH, 9NEKTPOCTAHIMH, OCTEKIOBBIBAHUS PAIHO-
3arpsi3HEHNEe BOJTHBIX OacceitHoB (Moc- aKTUBHBIX OTXOJOB, YTHIM3AIUU OTXOZOB
KOBcKoe Mope, peka Oka, o3epo Baiikai). TIPOMBIIIIEHHOTO TTPOU3BOJICTBA.

bonee JACTAJIBHOC COACPIKAHUEC ITUX I/ICCHCL[OBaHI/IfI OTpaXCHO B CJICAYIOMIUX

KOHKPETHBIX TpoeKTax (Tadi. 4).

Tabauya 4

ON-GOING INTERNATIONAL PROJECTS

Biomonitoring of heavy metals and radionuclides in Chelyabinsk Region, South Ural,
Russia: temporal and spatial trends (Russia, Norway) (IAEA grant 1997-2002)

Air Pollution Monitoring Industrial Areas under Strong Anthropogenic Impact
(Grant RFBR. Magnitogorsk Technical University—JINR, 2001-2001)

Heavy metal atmospheric deposition in Bulgaria (PP* grant, 2000)

Atmospheric deposition study in Poland (PP* grant, 1999-2001)

Biomonitoring in Slovakia for heavy metals and radionuclides (PP* grant 2000-2003)

Biomonitoring in Czech Republic and y —y-coincidence installation (PP* grant, 2001)

BN (o N [V, R SN (OS]

Biomonitoring in Yugoslavia around Belgrade and Novi Sad (Serbia) and mountainous area
(Bosnia) (Pilot project, 2000-2001) (Project submitted to UNEP)

Heavy metal atmospheric deposition in Romania (1995-2001) (IAEA grant for IFIN and JINR);
(Expectations for a PP* grant for 2001-2002)

Heavy metal atmospheric deposition in the South Korea (moss, lichens, bark) (Pilot project)

10

Atmospheric deposition study in China (Protocol on collaboration) (1999-2003)

11

Air Pollution Studies in the Greater Cairo Area, Egypt
(Agreement with the Atomic Energy Authority of Egypt) (2000-2003)

12

Workplace monitoring and occupational health studies at some selected phosphate fertilizer plans
using nuclear and related analytical techniques in Russia, Uzbekistan, Poland, Romania,
the Netherlands, Denmark (Grant COPERNICUS) (2001-2002)

13

Workplace monitoring and health related studies at phosphate fertilizer plant in Voskresensk,
Russia (IAEA grant) (1998-2001)

14

Workplace monitoring and health related studies at phosphate fertilizer plant in Gdansk, Poland
(PP* grant, 2000-2001)

15

Selenium-Containing Blue-Green Algae Spirulina Platensis for Preventive Health-Care
Investigated by Nuclear Techniques (IAEA grant for «a single project of outstanding
importancey», JINR-Georgia, 2000-2002)

16

Biotechnology applied to rocks and poor ores in Georgia for extraction of radioactive and rare
earth elements (grant ISC) (1999-2000)

17

Development of the Analytical Complex REGATA at IBR-2 (Grant of the Academy of Sciences
of Czech Republic) (2000-2001)

PROJECTS SUBMITTED FOR FINANCING
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1 | Quality and toxic safety of food products grown in contaminated areas under strong
anthropogenic impact of heavy metals and radionuclides (submitted to INTAS-2000)

2 | The upgrading of the analytical complex based on pneumatic installation REGATA at IBR-2
reactor, FLNP JINR (submitted to MINNAUKA as a part of JINR project)

3 | Investigation of atmospheric heavy metal deposition impact population health in some selected
areas of Russia (Central Russia, basins of Ivankovskoe and Rybinsk reservoirs, Tula Region,
South Ural Mountains, Lake Baikal) (EPIDEP-RUSSIA) (submitted to RFBR)

PROJECTS UNDER PREPARATION

1 Identification of freshwater aquatic biomarkers using advanced field and laboratory techniques
in Russian freshwater ecosystems (Rybinsk Reservoir) (2001-2003)

2 | Assessment of the environmental situation in the deltas of two great rivers of the world: Volga
and Nile (European Union Commission on Mediterranean projects)

3 | Monitoring of radionuclides and heavy metals in the Northern Kazakhstan, Russia, Mongolia
and China affected by Semipalatinsk nuclear test site (World Monetary Bank)

* PP — grant of the Plenipotentiary of JINR member-state.

Hoctuxenus corpyanukoB cexkropa AAuPU JIH® ormedeHbl nepBoil npemuei
OUAUN 1996 r. 3a nuxit u3 18 padot «HelTpoHHBIH aKTHBaUMOHHBIN aHanu3 Ha IBP-2
B PEIICHHUH 3a/1a4 OXPAaHBI OKPYXKAIoMIei cpensl». B HacTosmmee Bpems cektop AAuPU
y4acTBYET B UETBIpEX KOOPAMHALMOHHBIX nporpamMmmax MAI'ATO; Ha koHKypcHOMN
ocHoBe momyueH rpanT «lIporpammer-5» ¢onma COPERNICUS (European Union)
B 2000 r.; a Takxe rpant PO®U na 2001 r. Hayunas oubmmorpadust cekropa AAuPU
(cM. TIpuIIOKeHHE — CIUCOK HanboJiee BayKHBIX padOT 3a MOCIeIHUE 5 JIeT) oTpaxaeT
MEXIYHapoJIHOE Mpu3HaHWe paldoT 1o wucnoib3oBaHuio HAA B skomormueckux
WCCIIEIOBAHUAX, BEIYIIMXCS B TECHOM COTPYAHHWYECTBE KaK C POCCHHCKMMH, TaK
U ¢ 3apyOeXHbIMU HayYHBIMHM LEHTpaMu. Pe3ynpTaThl aHaan3a MX0B-OMOMOHUTOPOB,
nony4yeHHsle B cekTope AAuPU, BrimrouaroTcs B ATiiac aTMOC(EPHBIX BBINAJCHHUH
TSDKETBIX MeTauioB B EBpore, m3gaBaemerii Dkonornaeckoit komuccueit OOH (UNEP
Commission on Ecology and Hydrology).

OmHO W3 OCHOBHBIX HampaBleHUW wucciaenoBaHuii B cexkrope AAuPU JIHO
OUSIN — GUOMOHHUTOPUHT aTMOC(EPHBIX BBITA/ICHUH TSHKEIBIX METAIOB. AHAIN3U-
pyroTCsi 00pasiibl MXOB (MIIN JIMIIAHWHUKOB), KOTOPBIE SIBISTIOTCS PUPOJHBIME aHAJIOTa-
MH BO3IYIITHBIX GHIBTPOB C TOYKH 3PEHUS cOPOIINH aTMOC(EepHBIX BBITAICHUN 3a PHUK-
CHPOBaHHBIN MEpHOJ BpeMeHH. JTH paboThl B pamkax npoekra O nepsoro mpuo-
putrera «Perata» BeyTcsl B COAPYKECTBE CO CIIELUAINCTAMU U3 PA3HBIX OpraHU3aLuil
HOxnoro Ypana, Tynbckoit, MockoBckoii obiacreit, Konbckoro momyoctposa, [Tomb-
iy, bonrapuun, Pymeiaun, Hopeeruu. Iloanucan npoTokos 0 COTpYJHUYECTBE B 3TOI
obxnactu ¢ Kuraewm.

OCHOBHBIC LIETU TIPOCKTA:

* pa3paboTKa 1 CO3TaHUE CETH MOHUTOPHHTA aTMOC(EPHBIX BBITIAJCHUI Ha 00CITe-

JIyEMBIX TEPPUTOPUSIX B COOTBETCTBUM CO CTpaTerverd u npuHiunamu EBponeii-
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ckoii mporpammbl «Atmospheric Heavy Metal Deposition in Europe —
Estimations Based on Moss Analysisy;

* ONIPEACIICHUE YPOBHEN 3arpsI3HEHUN TAKEJIBIMUA METAJUIAMU U APYTUMU JIEMEH-
TaMH, BKITIOYAasl PeIKO3EMEIIbHbIC 3JIEMEHTHI, Ha OOJNBIINX TeorpaduiyecKux Tep-
pUTOPHSIX;

* BBISIBJICHUE JIOKAJIFHBIX HCTOYHUKOB 3arpsi3HEHUI W TEPPUTOPUH, TTOTATAIONTUX
IO MX BO3JICHCTBHE;

* co3anue 0a3bl JaHHBIX JUIS CPAaBHUTEIbHBIX, MTOBTOPSIONIMXCS C TEPUOIUIHO-
CTBIO B IISITh JIET, 0JTHOMOMEHTHBIX COOPOB MXOB-OMOMOHUTOPOB (MOSS-SUIVeys);

® IPOBEACHUEC CTATUCTUYCCKOI'0 1 rpaQ)quCKoro aHaJIn3a MOJIYUYCHHBIX MaCCHBOB
JaHHBIX C LCJIbIO0 BBIABICHUSA XapaKTEpa U MPOUCXOXKIACHUSA UCTOYHHUKOB 3arps3-
HEHUS B IPEJIENIAX UCCIIEYEMBIX TEPPUTOPHIA, & TAKIKE BO3ICHCTBHUS 1aJIbHETO I1e-
peHOoca 3JIEMEHTOB-3arPS3HUTEIICH;

* pa3paboTKa ¥ CO37aHKe KapT PacIpeIe]ICHU OIpeIesieMbIX JIIEMEHTOB ISl 00-
CJIeIOBaHHBIX TeppuTopuii ¢ momouisto I'MC-TexHonornii B 1eNs1X MOHUTOPHHT A
OKPYKaroIeH cpepl.

Takol KOMIUIEKCHBIH TOAX0J — OT cOopa 00pa3loB, J0 MOCTpOeHHs reorpadu-
YECKUX KapT PacIpe/IeiCHUH 3JIEMEHTOB — T03BOJISICT MOJy4YaTh YHHUKAJIbHYHO HH(OP-
MaIIo JUIst OOJIBIIOTO Kpyra CIEeNHaIlCcTOB, BOBICUEHHBIX B PELICHUE 3371a4 OXPaHbI
OKpY>Karollen cpe/ibl.

B pamkax rpantoB MexayHapoJIHOIO areHTCTBa IO aTOMHOW 3Hepruu u EBpo-
nietickoro ¢pouga COPERNICUS B cexrope AAnPU JIH® peanmnsyercs npoexT « MoHn-
TOpPUHT Ha pabodnMx MecTaX M 3/I0pOBbE IepCOHAa, 3aHSITOTO B IPOU3BOJICTBE
(dbochopHBIX yaoOpeHui». B HETo BXOIAT MPEACTaBUTENN YEThIPEX CTpaH-y4aCTHUIL
OUSIU: Poccun, Y36exuctana, llonsimm u Pymeranm, a Taxoxke Hunepianmos u Jlanwm.

Oco6o0 cnenyeT OTMETUTh MaTepHallOBEAUECKOE HalpaBlIeHue paboT ¢ IpUMEHe-
HUEM BCEro apceHajia CpeJCTB HEMTPOHHOTO aKTUBAIIMOHHOTO aHAN3a — 3TO aHAIN3
CBEPXYHCTOTO AJTFOMHUHHSI, TOJYITPOBOHUKOB HA OCHOBE KPEMHHUS U apCEHUJIA TaJlIus,
M3YYCHHUE XUMHUYECKOTO COCTaBa MaTepPHaliOB, MCIOJIb3YyEeMbIX MPH OCTCKIOBBIBAHUU
PaJIMOaKTUBHBIX OTXOJIOB, BBISIBJICHHE TOKCUYHBIX AJIEMEHTOB, KOTOPHIE MOT'YT IIOTIACTh
B OKPYXXaIOIIyI0 Cpeay TpH YTHIM3AlUH 00 KMHECKOITHOTO CTEKJa, MOHHTOPOB
KOMITBIOTEPOB U JIIOMUHECIICHTHBIX JIAMII.

HccnenoBanns B ceKTope akTUBAIMOHHOTO aHAJIM3a M PaJANallMOHHBIX UCCIIE0Ba-
Huti JIH® Bcerna nmpuBiekaad BHIMaHNE MTOJIbCKUX YUICHBIX CBOSH pa3HOOOpa3HOM Te-
MaThkoi. B cBoe BpeMs B cekTope pabortamu mnpodeccopa A.HaBpouku
u C.Crepnuncku, P JIummept, O.1anek, B.KanTop, 3.bo6poscku, JI.CTapocTH U MHO-
rue apyrue. B Hacrosiee Bpems B pamkax JByx rpantoB [losiHomounoro IIpencraBure-
s PecnyOnmmku Ilomema B OUSIM BemyTes coBMecTHBIE paboThl ¢ MHCTHTYTOM
6oranuku [TAH, Bo3riasmsieMsle ¢ IOILCKOH cTOpoHBI TpodeccopoM K.I'pom3uHCKOiM
(cm. ipoekT Ne 4), BTOpoli TpaHT MOAIECPKUBACT ITPOCKT, CBSI3aHHBIN ¢ MByMs Kadempa-
Mu TeXHHUECKOTO YHUBEpCHUTETa B | MaHbCKe, BO3TIIaBIsIeMBIMH podeccopamu M.bu-
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3tokoM u Sl.HamecHukom (mpoekt Ne 14). DTu ke MONBCKHE YYEHBIE Y4YacTBYIOT
B OOJIBILIOM MEXITyHAapOIHOM IpoekTe poHaa EBponerickoro 3Kk0oruaeckoro coooue-
ctBa COPERNICUS. IlonnepxuBaroTcst TpaAULIMOHHBIE CBsI3U ¢ THCTUTYTOM XUMUye-
CKOM m smepHO# TexHojormm B Bapmase. [Ipodeccop P.JlubGumHbcKkM mpurimachm
HAIllUX CHEIHUATMCTOB JUIsl y4acTUs B MEXKIyHApOIHON CBEPKE HOBBIX STAJIOHHBIX MaTe-
pHaoB, pa3padOTaHHBIX B 3TOM MHCTHUTYTE.

[Toutu nmosrosa nposena B JlyOHe cTyaeHTka Guszndeckoro ¢axyyibreTa Y HUBEP-
cuteta wM. A.Munkesuda B Ilo3mamm Arnemka Kyxapcka. Ee wmarmcrepckwmii
JUIUIOM — 3TO IPUMEP COBMECTHOI'O IOJIbCKO-POCCHUMCKOrO PYKOBOJICTBA HAYyYHOM
paboTOol MOJIOICKHY.

B 3akmouenue xotesnoch Obl BBIPa3HTh TIyOOKYIO MpH3HATEIbHOCTH [lonHoMOuU-
Homy [IpencraBurento Pecryomuku [onbemia 8 OUSN akanemuky [TAH, npodeccopy
A.XpbIHKEBHYY 3a €T0 MOCTOSHHOE BHUMAaHUE K MPHUKIAJHBIM aHAIUTHYECKUM HCCIe-
JIOBaHUSAM, BEAYLIUMCS B COTPYJIHHUYECTBE C MOJIbCKUMU COTPYAHUKAMU HA PEAKTOPE
UBP-2. ABrop Takxke OnaromapuT IokTopa B.XMenboBcku 3a mpoOpokenarenbHOe
OTHOLIEHUE U IIOMOILb B OPraHU3ALMOHHBIX BOIIPOCAX.

Crincok Hambojiee BaXKHBIX PaOOT, BBIMOJIHEHHBIX B CEKTOPE aKTUBAIMOHHOTO
aHaJIM3a U PaJMalMOHHBIX UCCIICIOBAHUH 3a TIOCIICTHUM TEPHO/I.

1.  Gorbunov A.V., Gundorina S.F, Onischenko T.L., Frontasyeva M.V. Development
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vation. J. Radioanal .Nucl. Chem., v. 129, No 2, p. 443-451, 1989.

2. Lavdanskij P.A., Nazarov V.M., Stefanov N.I., Frontasyeva M.V.: Neutron activa-
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3. Volokh A.A., Gorbunov A.V., Gundorina S.F., Revich B.A., Frontasyeva M.V.,
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1991.
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HEWUTPOHHBIE UCCJEIOBAHUA
ROHAEHCHPOBAHHBIX CPE]

A.B.Benxymkun

JlabopaTopusa HelTpoHHON pusuku um. .M.DPpauka OUAU

CotpyannuectBo mexay JIH® OUAN u nayunsimu nentpamu Ilonpmm B o0nactu
HCCJIEJOBAHNIN CBONCTB KOHJIEHCUPOBAHHBIX CPEJ C MTOMOUIBIO PaCCEsIHUA HEUTPOHOB
MMeeT JaBHIOIO M O0TaTyI0 HCTOPHIO. Y MECTHO BCIIOMHHUTD, YTO CaMO TO HallpaBJICHHE
pormnocs B OMSM mo mnpeninoeHWIo BBIAAIOMIErOCs IMOJBCKOIO YYEHOro, IMpo-
(eccopa, akagemuka Exxu Slauka. B 1958 1. on cienan npemioxkenue o Hauyaje padoT no
JaHHOW TeMaTUKe TOrJalllHeMy AUpeKTopy Jaboparopuu Unse Muxaiinosuuy ®paHky,
KOTOPBI MACI0 Hoajepxai, u yxe B 1959 r. Obun npoBeJeHbI NIEPBbIe COBMECTHBIC
sKcepuMeHTsl ¢ MuctutytoMm sineproi gpusuku (Kpaxos). Ceroansi coTpyAHUYECTBO
BKIIIOYAET B ce0s, MOMHMO YHOMSHYTOIO MHCTHTYTa, MHCTUTYT XUMHH U SIEPHON
TexHuku B Bapmase, Sremnonckuii yHuBepcureT B Kpakose, MHCTUTYT aTOoMHOMH
sHeprun B CBepke, YHuUBepcuTeT uM. A. Munkesuua B Ilo3nanu, TexHonornueckuit
yHuBepcuteT Bo Bpoiptase, Yausepcuter Mapuun Critonosckoii-Kropu B Jltobmmnne n
Texunueckuil yausepcurer B lllenmne. TemaTtnka COBMECTHBIX UCCIIEOBAHUMN TaKKe
JOCTaTOYHO LIMPOKA, U C KAX/BIM I'OZOM BO3HHUKAIOT BCE HOBBIC HANPABJICHUS PadoOT.
Taxum obpas3om, unes akagemuka E.SlHuka okaszanack 4pe3BbIYaiiHO MIOAOTBOPHOM M
0 CHUX TOp CIYXHUT (YHAaMEHTOM AaKTHBHOIO COTPYIHHYECTBAa MCCICAOBATEICH
[Monpmm u Jlaboparopun HelTpoHHOW (u3uku. Ha onHOM M3 caMbIX COBPEMEHHBIX
HEHUTPOHHBIX HUCTOYHMKOB B Mmupe WBP-2  mnonasistomiee  OOJBIIMHCTBO
9KCIMEPUMEHTAIBHBIX YCTAaHOBOK MPEIHA3HAYEHO MMEHHO JUIl HEHTPOHHBIX HCCIIENO-
BaHUH KOHJICHCHPOBAHHBIX cpell. [IBa ciekTpoMeTpa ObLIM CAeIaHbl IO HHALIUATUBE U
IIPY ONIPEICIISIONIEM YUaCTHH TONbCKUX (DU3UKOB, MH)KEHEPOB, TEXHUKOB. B co3nanue
LIEJIOT0 PsiJia APYTUX YCTAHOBOK CIIeNUanCThl [1oMby BHECTN CYIIIECTBEHHBIN BKIIA/L.

BaxHo oTMeTuTh, YTO W B CO3JaHHUU caMoro peakropa I[losbina urpansa oueHs
BOKHYIO POJb. DJIEKTPOHHAS ammaparypa CHCTEeMbI yrpaBicHus u 3amuThl (CY3)
peaktopa Obima pa3paboTana u usrotoBieHa B llombmie. Co3maHHBIA KOMIUIEKC
MTO3BOJIIET KOHTPOJHMPOBATH OOJBIIOE YHCIO IMapaMeTpPOB PEAKTOpa, M3MEPATH U
ABTOMAaTHYECKH TIOJIEP)KUBATh €T0 MOIITHOCTh, KOHTPOJINPOBATh BUOPAIINN W OCEBbIC
CMEIIEeHUs] TOJBMKHBIX oTpaxareneidl. Cnemmanuctsl u3 CBepka y4acTBOBAIHA B
¢msnyeckoM n sHEpreTndeckoM mycke MIbP-2. B pesynbpTare ObUT HAKOTUIEH OOJBINIOMHN
MPaKTHYECKUH MaTephall, SBUBIIHUIICS OCHOBOW COBMECTHBIX ITyOIHMKaIMii u u300pe-
TeHuil. HeyiuBuTtenbHO, 4TO ceiyac, B IEPUO]I MOJIEPHU3AIIMU PEAKTOPA, PEITIOKEHUE
0 pa3paboTke HOBOW ammapaTtypsl mist CY3 010 HampaBiieHO B MIHCTUTYT aTOMHOM
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sHepruu B CBepke. biiaronapst npuHIUNuanbHOU JOrOBOPEHHOCTH MEXTY TUPEKTOPOM
OOBEMHEHHOT0 HHCTUTYTA SICPHBIX HCCIenoBaHuid akaqemukom B.I . KaapieBckum
u [lomnomounsim [Ipeacrasutenem [onpmu B OUAN akagemukom A.XpbIHKEBUYEM B
2000 r. Hayanach pa3paboTKa TEXHUYECKUX YCJIOBHI Ha HOBYIO ammapaTypy 3a cyer
cpencts rpanTa [lomaomounoro [pencrasurens [lonpmm. Cnenmanuctel JIHO kpaiine
3aMHTEPECOBAHBI B CKOPEHIIIEM 3aBEpPIICHUH TPOIEAYPHI COTIACOBAHMHI U BBIPAOOTKE
MIPEITOKCHI OTHOCUTEIIBHO KOHTPaKTa IT0 HOBOM ammapatype 11t CY3, TOCKOJIBKY e¢
WCIBITaHUE HE0OX0 1Mo rpoBecTH He no3Hee 2006 1., B koHIe KoToporo UbP-2 Oyner
OCTaHOBIICH JIJIsl 3AMEHBI OCHOBHOT'O 00OPYIOBaHHSL.

TemaTnka COBMECTHBIX HAYYHBIX Pa0OT OXBATHIBACT YPE3BBIUANHO IIUPOKHIA KPYT
npobsieM. TpaauIMOHHBIM HAIMpaBi€HHEM COTPYAHMYECTBA B TEYEHHWE MHOTHX JIET
SIBIIIETCS HEHUTPOHHAS CHEKTpOcKomus. OCHOBY O3THX WCCIEIOBAHUHN 3aJ0XKHIN U
MPOJIOJDKAIOT pa3BUBaATh CrenuanucTel MHcTHTyTa sinepHoit ¢msukm B Kpakose. B
MOCIIEIHAE TO/IBI K paboTaMm 110 TJaHHOW TeMaTHKe IPUCOEINHIIINCH UCCIIeI0BATENN 13
BapmraBel, BpommaBa u Illenuna. BcenencTBue 0COOCHHOCTEH B3aWMOJCHCTBUS
HEHUTpPOHA C BEIECTBOM JaHHBIM METOJl MMEET psAJ NMPEUMYIIECTB MO CPABHEHUIO C
TPAJAULIMOHHON ONTHUYECKOM CIEKTpOoCKOonueil. B pe3ynbrare HEHTpPOHHBIE M ONTH-
Yyeckne MeTo/ bl 3P PEeKTUBHO JOTONHSIOT JIPYT APYra, TO3BOJIsis MMOJIydaTh Hanbosee
[OJIHY}0 KapTHHY CHJIOBBIX B3aMMOJCHCTBUH MEXIy aTOMaMH M MOJEKYJIaMH B
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Puc.1. CpaBHeHne >KCHEPUMEHTATIBHOTO CMEKTpa HEYMPYroro HEKOTEPEHTHOIO PAcCesHUs HEHTPOHOB
(Toukn) ot MoiexynspHoro kpucramia NH;CH,SO; ¢ MonensHbIM pacdeToM (JIMHHUS). DKCHEPUMEHT
BbINONTHEH Ha criektpoMeTrpe HEPA-TIP na peaktope MBP-2
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KpHUCTaJU1ax. B coueTaHnm ¢ COBpeMEHHBIMH KBAHTOBO-XHUMUYECKHUMH PAcYeTaMH C T10-
MOIIBIO HOBBIX METOJIOB 00pabOTKM U aHalM3a SKCIIEPUMEHTANbHBIX JaHHBIX yAaeTCs
MOJy4aTh BaKHBIC PE3YNbTAThl JUIsi OMOJOTHYECKUX COCTUHEHHUH, JEeKapCTBEHHBIX
npenapaToB U T.4. CO3MaHHBINA NPH ONPEEIAIONIEM BKIIAAE MOJbCKUX CICIMATHCTOB
CIIEKTPOMETP HEynpyroro paccesHus HedTpoHoB HEPA-IIP mo3Bossier mpoBOAMTH
yKa3aHHbIE UCCIIEZIOBAHUS HA CAMOM COBPEMEHHOM MHPOBOM YpPOBHE.

OdeHp UHTEPECHOE HATIPABJIEHUE COTPYAHNYECTBA PA3BUBACTCA C Y HUBEPCUTETOM
uM. A. Munkesuua B [To3nanu. Ha peakrope UBP-2 B corpynnuuectse ¢ Poccuiickum
Hay4YHbIM LEeHTpoM «KypuaTOBCKMI HMHCTUTYT» ObUI CO3AaH CHELUAIN3UPOBAHHBIN
CHEKTPOMETP JUIs UCCIEAOBAHUIN CTPYKTYphl M JUHAMUKH KOHJIEHCHPOBAHHBIX CPEI
IIPY BBICOKHX AaBJIeHUAX. VICTIONIB3ys TEXHUKY carlpUpOBBIX MM AJIMA3HBIX HAKOBAJICH,
Ha MCCIIEAyeMblil 00pa3ell MOXHO BO3JCHCTBOBATH JABJICHUEM CBBILIE CTA THICSIY
arMocdep, IpH 3TOM B U3y4aeMOU CHCTEME MOTYT IIPOUCXOJIUTh (pa3oBbIe MEPEXOIbL,
BO3HHMKATh HOBbIE (u3nveckue siineHus. B VYHuBepcurere uM. A. MunkeBnya
M3yYeHUEM TOMOOHBIX 23(P(EKTOB 3aHUMAIOTCS MHOTHE TOABI C HCIIOJIB30BAaHHUEM
METOJIOB JHUAIEKTPUYECKON CIEKTPOCKONNU W SAEPHOIO0 MAarHUTHOIO pe30HaHCA.
JaBnenue Ha o0Opaslie IpU 3TOM CO3[ACTCS ¢ MOMOIIBIO CIEHHALHOTO KOMIIpeccopa,
CKMMAIOIIETO Tra3000pa3HbIil renuii. B pesysbrare 00ecrieunBaeTCsl MOJIHAS THIPO-
CTaTHYHOCTh, HO JOCTIJKAMBIE JaBJICHUS OrPAHWYECHBl BEIWYMHONM B JECATH—
MATHAAUATh ThIcsi aTMocdep. COBMECTHOE HCIOJIb30BAaHHUE BO3MOXKHOCTEH, MMEro-
uuxcst B JIHO OUSIU u B YHuBepcutete uMm. A. MullkeBU4a, O3BOJISIET CYIIECTBEHHO
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Puc. 2. OxmH W3 pe3ynbTaTOB COBMECTHOTO C YHHBepcuTeToM M. A. MunnkeBnua B [loznHanm
HCCIIEOBAHMS BIMSHUS BBICOKOTO JABICHHS HA CTPYKTYpy H JAWHAMHUKY HOHHO-MOJEKYJISIPHBIX
KpUCTAUIOB. TOYKM — 4YacTOTHl JMOPALMOHHONM MOjbI KosiebaHuii woHa ammonus B ¢asze II NHyl,
paccYUTaHHBIC HAa OCHOBE JIAHHBIX SJIEPHOTO MarHUTHOTO pe3oHaHca. KBajaparsl — HpsiMble M3MEPEHUs
9TOH YacTOTHI IPH Pa3IMYHBIX JaBleHUsAX Ha crekrpomerpe J{H-12 Ha peakrope NBP-2
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pacuIMpUTh KPyr HCCIECAOBAaHWUN, MPOBEPUTH COTJIACOBAHHOCTH PE3YJIbTATOB, MOJY-
YaeMBIX Pa3lUYHbBIMA METOAAMH, 332 CYET 3TOr0 IMOBBICUTH HAJEKHOCTH IAHHBIX, a
3a4acTyI0 MOJIYYUTh U Ka9Y€CTBEHHO HOBYIO HH()OPMAIHIO.

HoBbIM, HO UCKITIOUHUTEIILHO HHTEPECHBIM H MEPCIIEKTUBHBIM HAIIPABICHUEM Pa0dOT
SIBJIIETCS. M3yYeHHUE IMOBEPXHOCTHO-aKTUBHBIX BEIIECTB. YKa3aHHBIE HCCIIEOBAHUS
IIPOBOJISATCS COBMECTHO C BPOLUIABCKUM Y HUBEPCUTETOM U IHCTUTYTOM aTOMHOM 3HEp-
run B CBepke. [loBepXHOCTHO-aKTHBHBIE BelllecTBAa — Cyp(aKkTaHThl — 00pa3oBaHbl U3
aMQuQUIBHBIX MOJIEKYJ, COCTOSIINX U3 TUAPOMUIBHON MOJISPHON TOJOBHON YacTH H
XBOCTOB — OZIHOH WM JBYX THAPOQOOHBIX alKHIBHBIX Lenel. B psine apyrux pactso-
puTenel Takue MOJIEKYJIbl CAMOOPIaHU3YIOTCS B TIIOOYIIsipHBIE arperarthl. Takas camo-
OpraHu3anys OKa3blBACTCS HSHEPreTHUECKH Ooliee BBITOAHOW, YeM pa3JelbHOe
npeObIBaHUE MOJIEKYN B pacTtBopuTenie. [Ipu Manbix KOHIEHTpauMsx cypdaxTtaHTa
arperatbl UMEIOT ()OpMY MIAPUKOB — MUIIEIUI, B KOTOPBIX XBOCTBI CIIPSITAaHBI BHYTPb, &
TOJIOBBI HAXOAATCS cHapysku. C pOCTOM KOHLEHTpauu cyppaKkTaHTa U B 3aBUCUMOCTH
OT THUIIa PaCTBOPUTENS U BHEIIHUX YCJIOBUH (TeMIepaTypa, JaBjIeHHe U T.II.) arperarsl
MOTYT IPUHUMATh (POPMY LIITUHIIPOB, TTOJIBIX CHEPUUECKUX CII0EB, MIIOCKOCTeH. DPu3m-
KO-XHMHUYECKHE CBOICTBA TAKMX CAMOOPTaHU3YIOLIUXCSl CUCTEM ITPEJICTABIISIOT HCKITIO-
YUTEIbHBIA HHTEPEC HE TOJIBKO C YHCTO HAYYHOW TOUKH 3PEHHSI — ITO UCCIIEIOBaHUE
XapakTepa MeKarperaTHbIX B3auMOACUCTBHM, (QIyKTyauuoHHBIE YQQEKThI, (a3oBbie
Mepexo/ibl B pacCMaTpPUBAEMbIX CUCTEMax M T.A. [IoBepXHOCTHO-aKTHBHbBIE BEIECTBA
HaxXoJAT IIMPOKOE MpakThdeckoe IpuMeHeHne. OHM CIy’KaT OCHOBOW MOIOIIMX
CPEJICTB, HCIIOJIb3YIOTCSI B KOCMETHUYECKOM MPOMBIIIIEHHOCTH JUIs CO3/JaHMs Mpenapa-
TOB, JIETKO IIPOHHUKAIOIINX CKBO3b KOKY, B MEAUIIMHE JUIs IIeJIEHAPaBICHHOT O IEPEHO-
ca JekapcTB B oprannsme. OueHb NepCreKTUBHO UCTIOIb30BAHNE CIOUCTBIX CTPYKTYP B
AIIEKTPOHHOM M (POTONPOMBINIICHHOCTH. TakuM 00pa3zoM, yKazaHHOE HalpaBICHHUE CO-
BMECTHBIX UCCIIEZIOBAaHNH, HECOMHEHHO, BCKOPE MPUHECET IEJIbIN psii HOBBIX, HHTEPEC-
HBIX ¥ HEOKUJAHHBIX PE3YIbTATOB.

B 3axmmrouenmne xorenmoch ObI OTMETHTH, UTO JlabopaTopus HEHTpOHHOW (HHU3UKU
um. 1.M.DpaHka 3aMHTEpecOBaHa B Pa3BUTUH KOHTAKTOB C II0JIbCKUMH HAyYHBIMHU LI€H-
TpaMu U [0 APYTHMM HAIlpaBJIeHUsAM padoT. B yacTHOCTH, MOXKHO OTMETHUThH CO3AaHUE
HOBBIX HEPCIEKTUBHBIX E€TEKTOPOB TEILUIOBBIX HEHTPOHOB, 0OJIAAAIOLUINX TO3ULHOH-
HOW 4YyBCTBHUTEIBHOCTBIO, PA3BUTHE METOJOB IIOJIyUYCHHS MHOTOCIONHBIX TOHKOILIE-
HOYHBIX CTPYKTYp AJsl HEHTPOHHBIX 3€pKasl, B TOM 4YHCIE MOJSIPU3YIOIUX. MHOro
COBMECTHBIX Pa0bOT MOIJIO Obl IPOBOAUTHCA U B 00JIACTH CO3/1aHUSI JIEKTPOHUKH U IIPO-
IrpaMMHOTI'0 00€CIeYeHus 7151 HEUTPOHHBIX CHEKTPOMETPOB, Pa3pab0TKU HOBBIX METO-
J0B 00pabOTKM M BU3yalW3allud [aHHBIX, PA3BUTUSA CUCTEM II€peladyd U aHalIu3a
O0JIBIIMX MAacCUBOB AaHHbIX. 110 psiy U3 3TUX HanpaBIeHUH B IPEABLIYIIIE TOAbI CO-
TPYAHUYECTBO CYLIECTBOBAJIO, HO B CHIIy OOBEKTUBHBIX ¥ CyObEKTUBHBIX IIPUUNH IIpaK-
TUYECKU IIPEKPaTUIOCh. B0300HOBIIEHHE KOHTAKTOB, MOUCK HOBBIX (OPM B3aUMO-
BBIF'OJJHOI'O COTPYAHUYECTBA, HECOMHEHHO, JOJDKHO CTaTh OJJHOM U3 IPUOPUTETHBIX 3a-
Jla4y Ha OMMIKaMIIyIo IIePCIIEKTUBY.
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DRIBs. IIEPCIIERTHUBBI COTPY THUYECTBA

10.I1.0Oranecan
JlaGopaTopus amepubix peaknuii um. I'.H.®iaeposa OUAN

Moe kpaTkoe BbICTYIUIEHUE OyeT MocBsiieHo HoBoMy rpoekty OSSN — DRIBs
(Dubna Radioactive lon Beams). Dta ycraHoBka, 0a3upyrOIIascsi Ha YCKOPUTEISIX
TsoKenbIX WoHOB JISIP, nmomkHa TeHepHpoBaTh IyYKH pPaJWOAKTHBHBIX HOHOB,
OTCTOSIIIIUX OT JIMHUH O€Ta-CTaOMIBHOCTH B CTOPOHBI M30BITKA IMPOTOHOB ¥ HEUTPOHOB.
Hecwmotps Ha Tpyanbsie nans MucTHTyTa BpeMeHa oHa, pemeHueMm aupexiun OSSN,
(UHAHCHpYETCS 10 MPUHSATOMY TpaHKy €€ COOPYKEHHUs, © MHE MPUSATHO OTMETHUTD,
YTO aJeKBATHO 3TOMY TpauKy HJAET ee CoopykKeHHe. B co3maHuu 3TOro CI0XKHOTO
MIPOCKTa YYACTBYIOT WHCTUTYTHI M MPEANPUITHS HAMIUX CTpaH-ydacTHUIL: [lombmiy,
Uexun, bonrapun, CnoBakuu, Pymeranu, Poccun. OHm genarot cBOE JeI0 HACTOIBKO
KauyeCTBEHHO M OIEpPaTHBHO, YTO MBI, IO CYIIECTBY, MPAKTHYECKH TOITHOCTHIO
OTKA3aJIUCh OT YCIYT 3amagHbeiXx (UpM. DTO MOKa3bIBaeT, uTo ecimm y OUAN Oynet
(bHAHCOBBIH 0a31C — OH MOXET BECTH HAyYHO-IKCIIEPUMEHTANIbHYIO I€ATEeIHHOCTh Ha
CaMOM COBPEMEHHOM YPOBHE.

I[To cBoum mapamerpam DRIBs Oymer ogHMM M3 JIyUYIINX YCKOPHTEIHHBIX
KOMIUIEKCOB MYYKOB PaJMOAaKTUBHBIX MOHOB. B 2002 1. Ha HEM HA4YHYTCS dKCIEpHU-
MeHTHI ¢ noHamu "He u “He, spa KOTOPBIX MMEIOT, KAK M3BECTHO, SK30THUECKYIO
cTpykTypy. Ceifuac BefeTcs MoIroTOBKa K 3TUM DKCTIEPUMEHTAM.

Teneps s xoTen OBl 3aTPOHYTH BOIIPOC HAIIETO COTPYAHHYECTBA C (PU3MKAMHU,
paboTaroImKUMHU B pa3IMYHBIX HHCTHTYTax [lonpmy.

B wucropun OUAU, u JISIP B uacTHOCTH, MOJbCKas Hayka B JIMIE CBOMX
npeacTaBUTeNeH Pa3IuuHbIX MOKOJICHUI Urpaia OOJIBIIYIO POJIb. DTO OOBSACHSIETCS HE
TOJIBKO TJIyOOKUMU TPaaulUsIMHU B oOyiacTu sipepHor (usuku B [lonbiie, HaunHas ¢
MOMEHTa OTKPBITUSI €CTECTBEHHOW pPaJHOaKTHBHOCTH, HO U OOJIBIIMM HHTEPECOM
MOJIbCKUX YUYCHBIX K UCCIEIOBAHUSAM, TPOBOAUMBIM Kak B EBporie, Tak u B Poccuu.

He 3arpy»as Baiie BHHMaHHUE MEPEUUCIEHHEM H3BECTHBIX YUEHBIX, KOTOpBIE, K
Halleil ropaocTH, GUTypHpPYIOT B KaYECTBE COABTOPOB B pabOTax, BBHIOJHECHHBIX B
OUSIN, s nomkeH, ¢ OOJIBbIIUM COXKAICHUEM, OTMETUTh, YTO KOJUYECTBO TaAKUX paboT
CTaHOBUTCS Bce MeHbIIIe. Bee enaercs MoabMy U BCe eJIaeTCs IS JII0JEH.

Ecan OoTKphIBalOTCS HOBBIE BO3MOYKHOCTH JUISl MCCIIEOBaHUI, HalpuMmep, Ha
komiuiekce DRIBs, KOTOpbIi HENErko HaM JaeTcs, U €CJIM K HeMY IPUKOBAHO BHUMAaHHE
HallMOHAIBHBIX 1IeHTpoB Ppannmu, ['epmanun, Utammu, Snonun, CILIA — duszuku
3TUX CTPaH yXe NPUHUMAIOT Y4acTHE B 3TOM Mporpamme, TO IOYEMY 3TOH aKTUBHOCTH
HE BHIHO CO CTOPOHBI MOJBCKOro (pr3mdeckoro coobmectBa? Crapiinee MOKOJICHUE
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MO-IPEXXHEMY aKTUBHO, HO OHO 3arpyKeHO MHOTUMH 00s13aHHOCTIMU BHYTpH [lomby,
a MOJIOJIO€ TTOKOJICHNE, MHE Ka)XETCsl, MaJI0O MHPOPMUPOBAHO O TOM, YTO IPOUCXOJIUT B
OWHSIN. Ha Hammx coBeTax 3allHuIaT CBOU JUCCEPTANNA MHOTHE MOJIObIe (PU3NKH U3
Pa3HbIX CTpaH, HEKOTOPHIE U3 HUX IO pe3yibTaTaM cBoel pabotsl B yone. Ho naBHO
MBI HE CIIIIAJIN HA 3TUX 3aCEIAHUSIX MOJIOJBIX MOJISIKOB.

CuTyanuio HaJlo UCTIPABIISAT. DTO Halla 00SA3aHHOCTH U Hallla OTBETCTBEHHOCTD.

Hano, no-Bunumomy, paclMpHUTh CTEHNEHH CBOOOABI C Y4ETOM HAay4YHO-TEXHHU-
YECKOT0 ¥ KOMMYHHUKAIIMOHHOT'O IIPOrpecca MOCIeAHEro BpEMEHH.

He Bce moryT mpuexats B JlyOHY W KUTH 31€Ch HECKOJBKO JIET, KaK 3TO OBUIO
panbiie. Ho Bo MHOTHX ciydasix 3Toro u He Tpedyercs. COBpeMeHHbIE BO3MOKHOCTH
y4acTHs B 9KCHEPUMEHTaX B MaclITabe peaJbHOr0 BPEMEHH MO3BOJISIOT JIOJSIM BECTH
aKTHBHOE COTPYIHHYECTBO Ha PACCTOSHHUM, OBITH IOJHOLEHHBIMH Y4YaCTHHUKaMH
paloThl, OKa3bIBaTh AKTHBHOE BIHMSIHHE HA XOJ paboT M NPaBWILHO OLEHUBATDH
pe3yabTaThl. Hamo naTh 3Ty BO3MOKHOCTD.

C npyroii cTOPOHBI, HAJI0 BBIPABHUBATH CTATyC COTPYIHHKA, KOMaHIUPYEMOTO M3
[Honbimm B mo6o# eBporneiickuii tHCTUTYT U B OUSN. MHBIME crioBamM#, HEOOXOAMMO
BBIPaBHITH BCE MPOYME YCIOBHS, OCTaBMB AJIsi BbIOOpa JIMIIb NMPOdecCHOHATbHBIN
uHTepec. Torma cpasy cTaHeT SCHO, I'Zleé MOJOAOMY (HM3UKY MOXKHO ObIcTpee H
Ka4yeCTBEHHEE CIeJaTh HayYHYIO Kapbepy U MPOSIBUTH CBOM CIIOCOOHOCTHU. Y BEpEH, U4TO
B 3TOM cinydae OSSN Oynet nMeTh omnpeaeneHHbIE TPEeNMYIIecTBa, Tak kKak [loipia
siBisieTcs crpaHoil-yuactHunedt OV u akTUBHO y4acTBYET B €r0 pa3BUTHH.

MpbI Bce MOHMMAaeM, YTO HAay4YHbIE JOCTHXKEHHS HE OINPEICIISIOTCS KOJIMYECTBOM
pabotHukoB. laxe HeOOIbLIAs IPYMIA TAJAHTINBON MOJIOJEKH MOXKET CYIIECTBEHHO
M3MEHMTB JIUIO HAYYHOTI'O KOJUICKTHBA.
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PROPOSALS FOR EXPERIMENTS
AT DRIBs FACILITY AT FLNR

R.Wolski'?, G.M.Ter-Akopian®, A.Budzanowski'

'H. Niewodniczanski Institute of Nuclear Physics, Cracow, Poland
2Flerov Laboratory of Nuclear Reactions, JINR

Introduction

The project of Dubna Radioactive Beams (DRIBs) has been developed recently at
the Flerov Laboratory of Nuclear Reactions (FLNR). The aim of the project is to produce
unstable, radioactive ions by ISOL method, transport these ions to the U-400 cyclotron,
accelerate and deliver to an experimental area for physical experiments.

In the first stage of the project the beam of ®He ions has to be obtained in fall of 2001.
The ions will be produced at U-400M cyclotron by bombarding a thick beryllium target
with a 34 MeV/n 'Li primary beam. The *He ions accelerated in the second cyclotron
will have a fixed energy of 16 MeV/n. A task has to be fulfilled to adopt the U-400
cyclotron for providing a beam energy resolution of 0.5 % and the beam emittance on a
physical target of 5 m mm mrad. These parameters are rather standard prerequisites of a
scattering type experiment. In the advent of commissioning the first beam of DRIBS
project we propose here experiments for the *He beam, which will be available soon.
Because of a rather high beam energy, we leave aside any consideration of otherwise
very interesting experiments on resonant scattering as well as investigation of °He
interaction with nuclei close to the Coulomb barrier, for example, sub-barrier fusion
phenomena. These experiments would need the beam energy in the region of
3.5-10 MeV/n.

Discussed experiments are listed in order according to our comprehension of their
scientific importance. They are the continuation of the earlier studies, which have been
done or are currently underway at FLNR [1-3].

1. A search for Analog States of °H and *He

Ground state properties of the ’H nuclear system are of fundamental importance for a
few body physics. Recently a resonance in p (*He, 2p) *H reaction has been observed at
34 MeV/n °He beam energy [3]. The experiment has been carried out at separator
ACCULINNA in FLNR. The resonance lays at an energy of about 2.0 MeV above the
t+ 2n decay threshold, and its width is 1.9 MeV broad including the experimental
excitation energy resolution which was estimated to be of the order of 1.0 MeV. The
obtained width seems to be unexpectedly narrow as compared to the existing model
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calculations. However the calculations are heavily dependent on the assumed properties
of the *H subsystem, which is a problem by itself. A new attempt to unambiguously
determine quantum characteristics of this level and more precisely measure its width is
highly desirable. Moreover the isospin invariance of nuclear forces implies that an
analog state, 7= 3/2, should exist in the He nucleus at similar excitation energy counted
in respect to the *He + 2n or ¢+ (p + n) decay thresholds. Such analog state in *He is
unknown so far.

We propose to investigate the d (‘He, *H) *He and d (*He, *He) *H reactions for a
simultaneous study of *H and its analog 5He (T = 3/2) systems. These two reactions, in
terms of one nucleon transfer mechanism, correspond to the pickups of either proton or
neutron from the alpha-particle core of °He. The kinematics as well as dynamics of both
reactions should be very similar, and their relative yields governed by the isospin
selection rule. The experiment requires the measurement of energies and scattering
angles of recoiled *He and ¢ particles in the region of 14-25 degrees in laboratory system
in coincidence with *H and *He (7 = 3/2) decay products emitted in forward direction,
(5—12) degrees in lab. system. It is expected that the two-body decay of the two ejectiles
will be forbidden due to the fact that the ground state resonances of corresponding
4-nucleon subsystems are less bound than those of 5-nucleon systems. The *H nucleus in
the three-body decay yields triton and a pair of neutrons. The *He (7= 3/2) decays
through the two branches: *He +2n and ¢ + (p + n). The branching ratio will depend on
the Coulomb energy of ¢ + (p + n) configuration. This Coulomb energy of He (7 = 3/2)
state is a main physical information to be extracted from the data. The main experimental
task would be to provide unambiguous identification and energy and angle
measurements of the low energy target-like *He ions. A thin-window deuteron gas target
should be applied and a telescope with a thin position sensitive silicon detector installed.

2. Study of the Structure of ®He by Means
of Neutron Transfer Reactions

The *He nucleus is usually represented as a superposition of a “He core interacting
with two loosely bound neutrons. Assuming that partition of the initial nucleus, 3-body
calculation results in 2 main configurations of the total wave function, that is the cigar
and di-neutron configurations [4]. 2-neutron transfer reaction is expected to provide
information on the existence and relative weight of these two configurations. However
this partition is not unique, and recent calculations [5] consider other channel, i.e., the
presence of a *H-"H configuration in the total wave function of “He. Following Ref. 2,
where p (*He,*He)t reaction at 25 MeV/n was reported, this reaction may be considered
as a 2n transfer to the proton target, and/or a °H transfer to form *He as well. The relative
weight of these processes is expected to be strongly dependent on the exact wave
function of °He. The involved Q-values and choice of the projectile energy are known to
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be crucial for the final matching of the transfer. Since the cross sections decrease rapidly
with the number of transferred particles, the direct 2n transfer may be in competition
with a sequential 1n transfer leading to the same exit channel. In the case of °He, such a
mechanism would involve the resonant *He state. There are calculations considering the
evolution of the two processes with the incident energy [6]. It was shown that the total
cross section, which is a coherent sum of the one-step and two-step processes, is
dominated by the later at low energy. Above 10 MeV/n, it becomes sensitive to the
one-step component, still with some destructive interference. In order to disentangle the
two processes and to extract relevant spectroscopic factors, it is necessary to perform the
experiment on one- and two-nucleon transfer for, at least, two different incident
energies. We propose to make the measurement at 16 MeV/n, which will be completed
by other experiments already done at 25MeV/n in Dubna and recently at GANIL. The
angular distributions corresponding to 1z and 2 transfers have to be measured within a
maximally wide angular region and a special effort has to be done to cover forward and
backward scattering angles.

3. Study of the Elastic and Inelastic Scattering *He Ions
on a Tritium Target and *H(°He,*He)’H Reaction

The high quality beam of °He ions combined with a tritium target would offer a
unique opportunity to study nuclear interaction between a few body systems with large
channel isospin. The most straightforward experiment in this context is to measure
elastic scattering in a wide angular region, particularly at backward angles where an
enhancement due to exchange processes could be expected. Most likely, the
enhancement will be related to the exchange of a triton cluster and in this way dependent
on the triton spectroscopic factor of “He wave function. On this point see proposal 2. In
the interaction of °He with triton one has to consider two isospin channels present —
T=3/2 and T'= 1/2. The elastic scattering angular distribution will be analyzed in terms
of theoretical models and compared with existing experimental data on °Li + *He
scattering at similar CM energy and their interpretation. See [7] and references therein.
Assuming isospin independence of nuclear interaction these data could provide a
consistent way for the treatment of both isospin channels. It is known that the elastic
channel is coupled to inelastic excitations. In order to put some constraints on coupling
mechanisms the data for inelastic scattering leading to excitation of 2" resonance in *He
would be highly desirable. The data could be obtained in the same experiment provided
that the condition of sufficient angular and energy resolution is fulfilled.

At first glance ®He + 7 system looks also as an attractive tool for alternative way to
study the *H resonance. Indeed 2-neutron transfer reaction should populate favorably
2n + t configuration. Its presence should be seen as a peak in the energy spectrum of
alpha particle ejectiles. However it seems that the inclusive energy spectrum of alpha
particles will be heavy contaminated by the same product originated from nuclear
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reactions on non-tritium content of a physical target. In the best case the target would be
a Titanium foil saturated by tritium with the atomic ratio 1:1. Moreover, one should be
aware that the exclusive measurement could be difficult to do due to a low kinetic energy
of the recoiled *H system. Nevertheless, since the detecting system will be flexible
enough, an attempt can be undertaken to reveal the manifestation of “H resonance in the
experiment on the elastic scattering.
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COTPYJHUYECTBO JdP C HAYUYHBIMU ITEHTPAMUA
ITIOJIBIIIN B OBJIACTH ®USUEKHU TAREJIBIX HOHOB

M.I''UTkuc
JlabopaTopusa amepHbIX peaknuit um. I'.H.®aeposa OUAN

Hayunas nestenprOocTs JlaGopatopum smepHsix peaknuit mMm. [.H.Dmeposa B
o0acTh (PU3UKK TSKENBIX HOHOB TPATUIIMOHHO Pa3BHBACTCA IO TPEM TIJIABHBIM
HamnpasieHusIM. OHa BKIIIOYAaeT SKCIIEPHUMEHTHI TI0 CHHTE3Y TSHKEIBIX U 9K30THIECKHIX
SIIEP C MCIIOJIb30BAaHUEM ITyYKOB CTAOMIIBHBIX M PAIHOAKTHBHBIX H30TOTIOB U H3YUCHHE
MEXaHW3MOB SICPHBIX pPEAKIHH, pa3BUTHE YCKOPUTEIHHOW TEXHUKH, H3yYEHHE
B3aMIMOJCHCTBUN TSDKENBIX HOHOB C BEIIECTBOM W TNPUKIIAJHBIE HCCIETOBAHMUA.
[IpakTrueckn BO BceX MPOEKTaxX yYacTBYIOT HAIH KoJutern u3 [lompmm.

Taxxeasie 31eMeHTHI

OyHIaMEHTANBHBIM CIICJICTBHEM MaKpPO-MUKPOCKOITUYECKOH TEOPHH SIBUJIOCH
MPEJICKa3aHue «OCTPOBA CTAOMIILHOCTHY CBEPXTSDKEIBIX 3JIEMEHTOB BOM3U Z =114 u
N =184. Drta uHTpUrylOmas TUIOTE3a, MNPEIOKEHHAS OKOoJIo 35 JeT Ha3aa B
nuoHepckux padorax ®.['apeea, b.Kanmunkuaa u A.COOHYEBCKOTO U WHTCHCHBHO
Pa3BHUBABIIASICS BCE 3TO BPEMs, IMOJyYMIIa IKCICPUMEHTAILHOE MOJTBEPKICHHE B
JlaGoparopuu sepHBIX peaknii.

Hcnonb30Banne HOHOB Ca B KauecTBe GOMOAPAMPYIONIMX YACTHI] IPEICTABISCT
0COOBIN WHTEpEC JIJIsi CHUHTE3a TSDKEJIBIX 3JICMCHTOB. 3HAYMTEIbHBIA HEHTPOHHBIH
M30BITOK ATHX S/IEP MO3BOJISIET MOTYYUTh KOMITAYH/I-sIJIpa C YHCIIOM HEHTPOHOB, HAUOO-
Jiee MPUONMKEHHBIM K MpPEJCKa3aHHBIM MarMuecKUM 4YHciaM. braromaps ABaibl
marngeckoit crpykrype “Ca (Z=20, N =28) npu 5Heprusx BOIH3U KyIOHOBCKOTO
Oapbepa MOTYT 00pa30BBIBATHCSI OTHOCHTEIBHO XOJIOAHBIC KOMIIAYH/I-S1pa.

OKCIEePUMEHTHI BBIMOIHINCh HAa MHUKIOTPOHE TsDKENbIX noHOB JISAP V-400 u
cenapatopax BACUJIMCA u 'HC B paMkax mIMpOKOTO MEXTYHAPOIHOTO COTPYIHHU-
yecTBa. Pe3ynbTaThl 9KCIIEPUMEHTOB MPEJICTABICHBI B TA0M. 1.

[lepBrle MONOXHUTENBHBIE pPE3ydbTAaThl OBUTM IIOJY9EHBI Ha Cemaparope
BACUJINCA Becroit 1998 r. mocie obumyuennst mumrenn > U nonamu **Ca. B stom
SKCIIEPUMEHTE HAOIIOJAINCh JIBa COOBITHS CIIOHTAHHOTO IENeHUs, KOTOphIe OBLTH
TIPUITHCAHBI pacmagy HOBOTO m3oToma daemenTa 112 (em. puc. 1,6). [Ipu oOmyuenun
mumern ~?Pu momamu “*Ca HaGmromalcs O-pacman pOXHTENbCKOro supa o 114
(cm. puc. 1,a). OGe MEMOYKH pacmagoB 3aKaHIMBAINCH CIIOHTAHHBIM JICJICHUEM YKe
M3BECTHOTO JOUepHero siapa - 112.
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Tabauya 1

M Oueprus Bo3Oyxnenus |Josa mydka, Habmon. | Cedenwe,
Hata UIIEHb E*, MB 1018 A7p0 6
Mapr 1998 r. 28y 31,0 35 3112 5
Hos6.—nex. 1998 . 244py 35,0 5.2 289114 1
Mapr 1999 r. 242py 33,5 7.5 87114 2,5
Uosb—okT. 1999 . 244py 35,3 10 288114 1
Uronb—zaex. 2000 .* 28Cm 33,1 18* 22116 0,5*

*DKCIEPUMEHT OyIeT MPOIOJIKCH.

B peakumsax cimsmms Ca ¢ MmumeHsmu Pu u **Cm Ha ra3oHamnogHeHHOM
cemaparope ObUIH CHHTE3UPOBAHBI M30TOMHI 371eMeHTOB 114 1 116, Hanbonee 6u3Kue K
BEpIITHE «OCTpOBa cTabmIbHOCTHY (pHcC. 1,8, 2,4, 2,0).

CBoiicTa Hanboee TsKeIbIX n3otonos Hs — 22116 npeacrasieHs! B Tadu. 2.

[Mpn amanmm3e pe3yinbTAaTOB Mbl KCIIONB3yeM TIPEJICKA3aHUsl CBOWCTB HOBBIX
AJIEMEHTOB, BBITIONIHEHHEIE Tpodeccopamu A.CoduaeBckuM U L. YBokom.

B 2001-2002 rT. 5KCTIEpUMEHTHI Oy Ty T HaIleIeHBI Ha cuHTe3 simep ¢ Z =110+ 1188
peakimsx 232Th, 236,238U’ 237Np, 242’244Pu, 241,243 Am, 246,248Cm, 190 4 By
OG6CyXKIaeTcss BOSMOKHOCTh MPOBEACHHS HCCIeqoBanmii ¢ nonamu S, 'Ti, *Fe n
PaMOAKTUBHBIMY ITyYKAMH.

a 2pu+48Ca

3n

287114 |K—{20114"

o

195 M»B

283112

10,29 MaB
1,32 ¢

9,3 Mun

K1

SF

3n

287114 201147

283112

165 MaB
3,8 MuH

KA

SF

6 238U 4 48Ca

190 M>B

283112

3n

286112

3.0 muH

K A

SF

212 M>B

83112

<

286112

0,9 Mmun

K5

2,31 M»aB (yckornb3aroruif)
144c¢

190 M>B
16,5 mun

8,83 MaB
1,6 MuH

277108

Kt

1

8,67 MaB
5,4 Mun

281110

o3

9,71 M>B
304 ¢

285112

L)

6 24Ppu+48Ca

3n

289114 K—

292114

a4

Puc. 1. IT03MIHOHHO-KOPPEIUPOBAHHEIC LEHOUKH PAcIaioB: a) - 114, oBpasylomerocs B peaKiuu
BCa+**?Pu; 6) 112, obpasyromerocss B peaxuun *Ca+> U u 6) **’114, o6pasyromerocs B peakiuu

48C a +244Pu
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221 MaB (156 + 65)

143 ¢
30,6 MM

To3a nouos 1,0-1019

SF

213 MoB (171 +42)

T4c
11,5 mm

Jlo3a nowos 0,65:101° 6

10,56 M>B

46,9 mc
28,4 Mmm

9,81 MaB
242¢
28,8 MM

197 MaB (194 + 3)
6,9c
28,5 Mmm

VYexopurens
BBIKJIFOUEH

Puc. 2. a) JlBe nemnoyku pacmaaoB 288114, nabmonaBumecs B peaxkuuu 244pu(*Ca,dn); 6) mocnegosa-
o 292
TEJBHOCThH COOBITHIA, HAOIOAABIIIASCS B LICTIOYKE pacnaga = 116

Tabnuya 2

M3oton Bun pacriaga E, ,M>B TKE ., MaB Tin
277HS SF 170 11 mun
280110 SF 210 6,6
B0 o 8,83 1,1 mun
33112 SF 190 3 MuH
84112 o 9,17 19¢
285112 o 8,67 11 mun
87114 a 10,29 5¢c
288114 o 9,83 1.8¢
289114 o 9,71 2lc
22116 o 10,56 33 me

B 2001 . OymyT 3aBepITIeHBI TIEPBBIC ATAITHI MOJICPHU3AIINN TA30HATIOTHEHHOTO CeTa-
paropa 'HC (ssextponHas n gerektupyromas cucremsl) u cenapatopa BACUJIMCA
(ycTaHOBKa HOBOT'O OTKJIOHSIOIIETO MAarHuMTa, 3JEKTPOHHAas W JETEeKTUpPYIOoLIas
cucteMsl). B aTux paboTtax Takke y4acTBYIOT HAIIH MOJBCKHE KOJIJIETH.

XuMusa TpaHCAKTUHHUIOB

NccnenoBanns XMMUYECKHX CBOMCTB HOBBIX 2JIEMEHTOB TPATULMOHHO BXOAST B
nporpammy uccienosanuil JISP. Hamwmm naptHepoM siBasiercss MHCTUTYT siaepHOR
¢mukn B KpakoBe — rpynma mpodeccopa Illermosckoro. B pe3ynprare COBMECTHBIX
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paboT OBLTH MMOTyYeHBI HOBBIE IaHHBIE 0 CBOMCcTBax pezepdopaus (Rf), myornus (Db) u
cuboprus (Sg).

3HauuTeNbHbIE BpEMEHA XU3HU M30TOmNOB ¢ Z =108+ 114, cHHTE3npOBaHHBIX B
peaximsix ¢ **Ca, MO3BOISIOT IPOBOIUTH IKCIEPUMEHTBI [0 H3Y4EHHIO XMMHUECKUX
CBOMCTB 3THX 3jeMeHTOB. [Ipobiema moxkeT ObITH copMynHrpoBaHa CIETYIOUIM
00pazoM: SIBJISIFOTCS JIW 3TH DJIEMEHTBI TOMOJIOTAMH TsDKeIbIX MeTaiioB Os -+ Pb. Xumu-
YEeCKHE CBOWCTBA TSDKEIIBIX DJIEMEHTOB OTPEACISIOTCS PEISITUBUCTCKUMU P QeKTamu,
W MX M3y4YeHUE OTHOCUTCS K (DyHJaMEHTAIBHBIM [TPOOJIeMaM COBPEMEHHON XUMHUH.

IToaroroBiieHbl METOJUKH 1O M3yYeHHUIO XUMUU AiemenToB 107, 108, 110, 112 u
114 B BOAHBIX pacTBOPAaxX M BBIINOJHEHBI MOJEIBHBIE OMNBITHI C KOPOTKOXKHBYIIUMHU
n3ortoramu Re, Os, Pt, Hg u Pb.

B 2001 r. 3ammanupoBaHbl 3KCIEPUMEHTHI [0 XUMUYECKOMY BBIJIETIEHHUIO U UJIEH-
TUQUKAIMK TSDKEJIOro M30Toma sneMeHta Z =112, oOpasyromerocs B peakUuH
28U(*Ca,3-4n), neTeKTHPOBAHHE €r0 O-PACMajga W CIOHTAHHOTO [EICHHS B COBIIA-
JCHUU C HEUTpOHAMH. JTH KCIIEPUMEHTHI OYAYyT MPOBOIUTHCS B COTPYAHUYECTBE C
HayuHbIMU HleHTpamu LBelinapun, ['epmanun u [onsmui. K HUM noaxmounTes Takxke
rpymnmna npogeccopa bunesnua 3 MHCTUTYTA S6pHOH XUMHU M TEXHOJIOTHU.

Henenue sanep

WHuTepec K M3YyUEHUIO JIENEHUS CBEPXTSIKENBIX SJIEp B PEaKIUSAX C TSHKEIBIMU
HWOHAMH CBSI3aH B MEPBYIO OUepe/ib C BO3ZMOXKHOCTBIO MOJTyYeHUsT HHPOPMAIUH, HEOO-
XOJUMOW JJIi CHHTE3a HOBBIX OJJIEMEHTOB U OLIEHKH CEeYeHHUs 00pa3oBaHUs
KOMITayH[[-sIJIep TIPU dHepTruu Bo30yxaeHus = 15+ 30 MaB.

DKCHEPHMEHTHl BBIIOIHSIMCH HA BBIBEJCHHOM Iyuke HOHOB Ca u “Kr
uukioTpoHa ¥Y-400 ¢ nomouisio BpemsitposietHoro cnekrpomerpa CORSET, 24 mony-
jneit HedtponHoro crnektpomerpa DEMON u 4-KpUCTaNbHOTO CUUHTHUIUIALIMOHHOTO
JETEKTOpa MHOXKECTBEHHOCTH Y-KBAHTOB.

B JISIP Oblny BBIMONHEHBI SKCIIEPUMEHTHI 10 JISICHHUIO TSHKEJBIX SACP B PEaKIHIX
W8Py 4805 250N 0, B8U+BCa>25112, 24Pu+BCa>22114, 25Pb+*Kr>2*118. BeiGop
STHX peaKiuil ObLI CBA3aH C SKCIEPUMEHTAMH MO CHHTe3y H3oTomoB ~-112, **7114,
9114 B Jly6ue u m3otona **118 B Bepxu (CILIA).

B Tabn. 3 HpeacTaBICHBI Pe3yiIbTAThl M3yUCHHs peakuuii ¢ °Ca M peaKiuu
861 1-+208ppy.

B ciywae peaknuu Kr+***Pb B obnactu CUMMETPUYHOI'O MacCOBOI'0 pacIpene-
nenus (4/2+30) npouecc kBa3uaeneHus npeodnagaer. B sToM 3akirouaercs KOpeHHOE
ormmune peakmun “Kr+*®Pb ot peaxmmn **Ca+***U u ocobenno ot *Ca+**Pu, B
KOTOPBIX B TOM e 00JIacTH Macc Npeo0iagaeT BKIAA AeJeHNs] KOMIIayHA-Sapa.

[Tpu momomu BpemsimposietHoro criekrpomerpa CORSET u Moy el HEHTPOHHOTO
criekrpomerpa DEMON 6yzneT npooisKeHo n3ydenne cusiausi-nestenns Pb, U, 2*Pu,
Cm + **Ca, *Fe, *Ni, *Kr. [Inanupyercs Takxe MPOLOIKUTD H3YICHHE BIMSHHS
060104edHBIX S (PEKTOB HA TUHAMUKY CIIOHTAHHOTO Aeinenns ~ ~Cf.
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Tabauya 3

Peaximst E, MoB E, MbB Ofis Gris/eap, %0 (TKE), M>B
BCat+?p 230 33 350 M6 96 193
Bra+?U 232 33 6 MO 3 215
BCa+**pu 233,5 33 4 M6 9 220
oK r+2%Ph 486 28 ~ 6 M6 <107 260
SR r+2%Pb 453 15 <500 16 — 260

Cenaparop COMBAS

[Tonbckue (GU3NKH TPOSBIAIOT OOJBINON HMHTEPEC K H3YUCHHIO PEaKIHH TIpU
MIPOMEKYTOUHBIX SHEPTHIX. DTH PabOTHI MPOBOAATCS Y HAC Ha (hparMeHT-cerapaTope
COMBAS (puc. 3) na myuke yckopurens Y-400M. B HacTosmee BpeMs cemaparop
MOJHOCTBIO OCHAIIIEH KOMIUIEKCOM YIPAaBJISIIOMIEH W KOHTPOJIbHOM armaparypsl. B
KaueCTBEe JIETEKTOpa HCIOJb3yeTcs monynpoBoauukoBeii AE;, AE,, AE;, AE,
TEJIECKOII-CTIEKTPOMETP.

Bbuti BRITIONHEHBI CEpUHM JKCIEPUMEHTOB 10 HW3YYECHHIO HYKIOH-HYKJIOHHBIX
B3auMoaecTBui Tpu SHepruax 20-+50 M»dB/A u omnpeneneHHI0 WHTEHCHBHOCTH
BTOPUYHBIX PAIMOAKTHBHBIX MTyYKOB SAEP.

B peakumsix mMexay O (35 4 MaB) u ’Be (nerkas mumens) u ' Ta (Tspkenas
MHIIICHB) H3MEPSINCH HHKITIO3HBHBIE BBHIXOJIBI 3K30THUECKHX n30TomoB 'Li, ''Li, ''Be,
Be u '*Be, koTOpble MOIYT HCIIONB30BATHCS KAK BTOPHYHBIC PAJIMOAKTHBHBIC MTyHKH
siIep, IMEIONTNX CTPYKTYPY rano (tadm. 4).

First selection Second selection

4 by Bp MOTE‘:wm by Energy loss, Bp and TOF

M2 M3 s a5 M6 M7
|

M1 M8

|

Beam Fy
stopper Degrader
Production M lit
I, target assshit~ Fy
Primary
beam Focal plane
60 T T y T T T
b M2 E 4 § M7
a 4018 |4 M MS E
= o0t 109 B

0%,

g

<

= sf E
L ,

2 4 6 8 10 12 14
Distance, m

Puc. 3. MonHo-ontHyeckas cxema cenapatopa COMBAS
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Tabauya 4

BropuuHble myyky (4acTHIl B CEKYHIY)

°Li 4 Be 12Be “Be
5.10° 6-10° 3.10° 3.10° 5107

B tedenne 2001-2002 rr. OyayT BBITOJHEHBI UCCIEIOBAHUS BHIXOJOB U CBOHCTB
TSDKEJIBIX U30TOMOB KUCIIOPOA B PEAKIUIX 368, 40Ar(20 =604 MaB)+9Be,Ta. Jlimst aTHX
neneid OyleT WCHOJh30BaH TPEKOBBIM JETEKTOpP Ha 0a3e MHOTOCIOWHOW IPOIop-
[IMOHATILHON KaMephl.

Peaknuu ¢ myykaMu paguOaKTHBHBIX MOHOB

Ota 001acTh SACPHON (PU3UKH SBISACTCS, MOXKaIyH, Hanboee TUHAMUYHO Pa3BH-
Batomielicss B mupe. s nccriepoBaHuii peakuui ¢ pagioOaKTUBHBIMU IyYKaMU OBbLI
pa3pabotan u co3nan cenapatop AKYJIMHA, koropsiii B 2000 r. ObLI CYIIECTBEHHO
MOJICPHU3UPOBAH: JIMHUSI TPAHCIIOPTA MMy4YKa Oblia MPOAOIDKEHA 3 IByXMETPOBYIO Oe-
TOHHYIO CTEHY 3ajla YCKOPHUTENS K HOBOMY dKCIIEPUMEHTAIBHOMY TaBUJIbOHY, /I Obliia
CMOHTHpPOBaHa peaKkIMOHHAs KaMepa ¢ KPMOT€HHOM TPUTHEBOM MHUIIEHbIO (puc. 4).

Vcrionb3yst BbIBEJCHHBIC M3 LUKIOTpoHa Y-400M myuks momos 'Li m ''B ¢
sueprueit 32-34 4 MaB, yzanoch momyuuth BTopuuHble mydkn uoHos ‘He u “He ¢
sueprueit 20-30 A M>B U HHTEHCHBHOCTBIO coOTBeTCTBEHHO 3-10° 1 1-10% ¢! mpm
MHTEHCHBHOCTH MEPBUYHOrO MyuKa Ha OepuammeBoll mumrenn oxomo 2-107 ¢! B

MIPOIIJIOM T'O/1y MBI TOJIYYHIIH ITy4OK HOHOB TPUTHS ¢ sHeprueit 51 MaB Ha nukioTpoHe
V-400M.

Primary Beam dump
beam
(tritons) é
iy 5 Tritium
T T
| T target
C T T
JIIIII
= Pout
L~
1 VW (00 |
i B
= T &
-] Target, L1 DEMON
L formed and ::::]: detectors
- present T T
1 positions :‘I’,:,
T M A ==
[T e )
11 N O O I B Er E
51 (7 O ol } M 0 | | 58 w6 s R G G50 RSl Sl VO SORXS B I IS A0 O N B | | S I IR O
C T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TT
Ill\l\‘Illlll\‘I‘I!Ilr‘l‘l‘le‘I‘I‘I‘I‘I‘I‘IIIII[I‘II\Ill IIIIIMI\II‘I
T T T T T T T T T T T T T T T T T T T T T T T T T T T 2 WP W I B B
s A ) e P A P S W NN I R JES P R ) Bl IO 2 IS P I s I N N N

Puc. 4. Cemapatop AKYJIMHA, MonepHH3UPOBAHHEIH JJIsi SKCIIEPUMEHTOB C KPUOTCHHON TPHTHUEBOI
MHIIECHBIO
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Puc. 5. Tuddepennuansroe cedenne ynpyroro pac-  Puc. 6. Pe3oHaHC OCHOBHOrO cocTosHES B “H,
cestrmst “"He+*He, sHeprus noros *He 25 MaB/A nabmonasimiicss B peakiun “He+p - “H+2p

[Tepsrie axcniepumenTsl Ha yetaHOBKe AKYJIMHA Opltn HaripaBiieHbI HA U3yYEHUE
peaxiuii mepenay Mex Iy HaueTarouuMy dactunamu ‘He u “He u sapaMu-mumeHsmu
BOZIOPOJIOM U TermieM. B ciyuae suapa-mumnenn “He MOT/Ia IPOHCXOIUT Iepeaua JByX
win getbipex Heitporos st ‘He u *He, T.e. 0OMEHHBIH mpoIece, KOTOPBIE MOKHO
Obut0 ObI HAOJIIONATH B CHCTEME LIEHTPA Macc Kak yHpyroe paccesHue B oOpaTHOM
Hanpasinenny. Ilepenaua aByx HeiiTpoHoB Mexy supamu ‘He u 'H Morma 6b1 GBITH
XOPOIIIUM TECTOM TEOPETHYECKUX TpeICKa3aHUi, CleNaHHbIX Ha 0a3e TPeXTeIbHOH
mozmemn *He (puc. 5).

VYcenemHo 3aBepiniack cepusi HIKCIEPUMEHTOB, HAallpaBJIeHHAs HA OOHapyKeHHUE
pesonanca °H (ocHOBHOTO cocrosiHms). Pesomanc “H Bo3Oyxkmancss B peakiyu
6He-i-p—>5H-i-2p. VcnoBus IByX4acTUYHOM KMHEMATHKHU B 9TOM PEakLUU peaau3yroTcs
Osaroapsi BUpTyaJbHOMY B3aMMOJIEHCTBHUIO IBYX IIPOTOHOB. Pe3oHaHCHOE cocTosIHME,
KOTOpOE HaxOAMTCS NpuMepHO Ha 2 M»dB Bblme mopora pacmnaga f+n-+n, OblIO
00HapYKEHO B CIIEKTPE MOIHOM SHEPTUU KOPPEIUPOBAHHBIX TPOTOHOB, HCITYCKAEMBIX B
BBIXO/IHOM KaHaye peakiuu (puc. 6). C TpUTHEBBIM IyYKOM 3TOT pe3oHaHc Oyner
m3ydathes B peakmun ~H(z,p) H.

3aBepIIeHb! SKCIIEPUMEHTHI 110 H3yUEHHIO PE30HAHCHBIX COCTOSHMI B 'He, 3acemse-
MBIX IIPHU IIepefadye OJHOr0 HEUTPOHA Ha SHe ot JledTepueBoi MullleHH. B HacTosee
BpEMSI TaHHBIE aHATTM3UPYIOTCS C IETIHI0 U3BJIEUb HH(OPMAITHIO O CTPYKTYpPE pe30HaHCa
p3/2 B OCHOBHOM COCTOSIHHH 'He 1, BO3MOKHO, 0 IPYroM pe3oHaHce — p1/2.

B cepun skcnepuMeHTOB ObUIM HCCIEIOBaHBI NPSMbIC PEaKIMU, MPOTEKAIOIIUE
Mexay “He u BogopogoM mpu sHeprim 26 4 MsB. CedeHust ympyroro paccesHus,
Tepenaun OHOrO U ABYX HEHTPOHOB Ha OCHOBHOE cocTosuue *He, a Takxke nepeaaua
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JBYX HEHTPoHOB Ha 2 -cocTostHue “He GbUTH N3MEPEHbI B UANa30HAX yIIoB 35°—142°,
33°-143°, 15°-135°m 13°-138°.

JlanpHeHIIne HAM [UIaHbl B 3TOM 00J1acTH CBSI3aHbI C U3YUYCHHEM PeaKLHi HOHOB
TPUTHUS U APYTHX SK30THUECKUX HOHOB C TPUTHEBOM MHUILECHBIO. J{JIs1 SKCIIEPUMEHTOB C
PaaMOAKTUBHBIMU IIy4YKaMHU IOCJE 3alycka mnepBod ouyepenu komiuiekca DRIBs Mbl
BeiOpanu peakimn: ‘Het+’H-'"Hetp; °Li+’H-''Lit+p; *He+’H->*He+p. Ilpu stom
Oyner momydyeHa uHpopMaius 00 0Opa3oBaHMHM HEUTPOHOM3OBITOYHBIX SIEP U O
HQJIMYMHU B HUX BO30YKICHHBIX COCTOSIHUI.

PanguanuonHasa ¢pusukKa TBepaoro Teja
M MPHUKJIAJTHbIE MCCJIETOBAHUSI

B »TOM HanpapileHUH UCCIIEJOBAaHUHI y HAC CYLIECTBYET MHOI'OJIETHEE TAPTHEPCTBO
co MHOrUMH uHCTUTyTaMu B [lonbire: BapiiaBckuM yHHBEpCUTETOM, TeXHUUECKHM
YHUBEPCUTETOM, THCTUTYTOM XMUMHHU U SIEPHON TEXHOJIOTUU.

3a ToABl COBMECTHBIX PabOT OBUIM BBIOJHEHBI AKCIEPHUMEHTHI M0 H3YyYEHHIO
B3aUMOJICUCTBYS YCKOPEHHBIX TSKEIbIX MOHOB C METAJUIAMU, MOHOKPHUCTAJIAMHU U
MOJMMEPHBIMU MaTtepuanamMu. PazpaboTaHbl METOJbl MPOU3BOJACTBA YIIBTPAYUCTHIX
usoronos (Z°Np, Z*°Np, **°Pu).

9KCHCpI/IMeHTI)I, YHOOMSAHYTBIC B HNPCEACTABICHHOM JOKJIaA€, BBLIINOJHAIMCL MPHU
CaMOM aKTUBHOM YYaCTHHU MOJIbCKUX KOJUIET U HCOJHOKPATHO OTMCHYAJIMChH IMTPEMUAMU
OMIN.
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REPORT ON THE PROJECT OF THE REGENERATIVE FEL
AMPLIFIER AT THE DESY TESLA TEST FACILITY

J.Krzywinski', M.V.Yurkov?®

Institute of Physics of Polish Academy of Sciences, Warsaw
’Laboratory of Particle Physics, JINR

Introduction

The RAFEL project is the result of a collaboration agreement between DESY and
JINR (Dubna). The budget of the project is formed by DESY and JINR contributions.
Institute of Physics of Polish Academy of Sciences (IP) participates in the RAFEL
project in the framework of the grant programme of the special purpose use of the Polish

contribution to JINR.

Table. VUV Regenerative FEL amplifier at DESY

Electron beam

Energy 180-260 MeV

Charge per bunch 1 nC

Peak current 500 A

Bunch separation 444 ns
Undulator

Period 273 cm

Peak magnetic field 0.497T
Feedback system

Distance between mirrors 66.4 m

Monochromator resolution 5x10°

Total transmission 5% 10"
Radiation

Wavelength 80-140 nm

Micropulse duration (RMS) 500 fs

Spectrum bandwidth 0.01 %

Peak output power 300 MW

Average power upto 25 W

The concept of regenerative FEL amplifier (RAFEL) has been developed in the
framework of the JINR participation in the TESLA collaboration. The RAFEL project
may be regarded as a milestone towards a short wavelength FEL user facility, since it
aims at demonstrating the possibility of seeding an FEL, turning it from a mere amplifier
of shot noise into a real VUV/soft X-ray laser. The proposed project requires the
additional installation of a narrow-band feedback system and is fully compatible with the
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present design and the infrastructure developed for the TTF FEL project. It would allow
one to construct a tunable VUV laser with a minimum wavelength around 80 nm, a pulse
duration of 1 ps, a peak power of about 300 MW and an average power of about 25 W.
The output radiation of the regenerative FEL amplifier would possess all the features
which are usually associated with laser radiation: full transverse and longitudinal
coherence and shot-to-shot stability of the output power. The degeneracy parameter of
the output radiation would be about 10'* and thus have the same order of magnitude as
that of a quantum laser operating in the visible.

RAFEL Layout

The schematic layout of the RAFEL is presented in Fig. 1. The equipment of the
RAFEL consists of three main systems:

e the mirror assembly;

* the grating assembly;

* the control system.

RAFEL ACC2 Undulator RAFEL
Dipole EXP1 ~ chamber

cham’:be]r"i\DiPOICBCZ
S
ull (T :

Fig. 1. RAFEL layout

The mirror and the grating assembly have similar design (see Fig. 2). Each assembly
consists of a vacuum chamber, a set of translators and a rigid support. The optical
elements (mirrors and grating) are fixed firmly inside the vacuum chambers. The tuning
of the optical elements is provided by means of translation of the whole vacuum
chamber. The chambers are installed on the translators having sufficient number of
degrees of freedom.

Fig. 2. Mirror (upper photo) and grating (lower photo) assembly mounted at the TTF accelerator
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Fig. 5. Angular oscillation of the grating chamber () and probability distribution of the angle deviation (b)

The vacuum chambers have similar design (see Fig. 3). The following elements are
mounted inside the vacuum chamber of the mirror assembly: a plane SiC mirror and
radiation detectors (micro-channel plate (MCP) and SiPt photodiode). The following
elements are mounted inside the vacuum chamber of the grating assembly: a curved SiC
mirror, curved grating, an optical prism and radiation detectors (MCP and SiPt
Photodiode). Each vacuum chamber has a viewport for laser prealignment of the optical
elements. The design of the grating vacuum chamber allows one to move all the elements
out of the beam axis, thus providing sufficient aperture for the electron beam transport in
the mode of the TTF Linac operation without bunch compressor 2 (BC2).

Each assembly is equipped with an active alignment system for stabilization of
angular position of the optical elements with a microradian level accuracy (see Fig. 5).
The active alignment system provides accuracy of measurements of angle deviations of a

2BC2 1Coll

screen I screen
RAFEL i ACC2 Undulator RAFEL
DipoleBE? Dipole EXP1 ~ chamber

Collimator
1ACC3 3Expl
screen screen
HeNe laser
2BC2 |1C011
sereen screen
RAFEL i ACC2 Undulator RAFEL
chamber DipoleBC2 Aln Dipole EXP1 ~ chamber
| ] i i | =T "
1 (A L\>—‘_l Alignment
Collimator HeNe laser
1ACC3 |3Exp1
screen Sereen

Fig. 6. Scheme of laser pre-alignment of RAFEL mirrors
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Fig. 7. MCP signal in the mirror chamber. First peak is SASE pulse. Second peak is the same SASE pulse
after complete round-trip in the optical feedback system. Pulse separation is 444 ns

fraction of microradians. Special efforts were directed to suppression of mechanical
resonances which made possible to keep oscillation amplitudes around one microradian
level (see Fig. 4).

The alignment of the optical elements was performed in two stages. At the first stage
laser prealignment procedure has been performed (see Fig. 6). Final alignment of the
mirrors has been performed with SASE FEL radiation (see Fig. 7).

RAFEL Schedule

RAFEL project has been launched in the middle of 1998 and proceeded as follows:

* June, 1998 — approval of the project by DESY;

* November, 1998 — approval of the project by JINR;

* May, 1999 — finishing the design;

* June, 1999 — purchasing of mechanical equipment, mirrors, gratings, radiation
detectors and electronic components for the control system;

* June/December, 1999:
— manufacturing of elements, assembling and testing of the RAFEL alignment

system at JINR. Design and manufacturing of the RAFEL control system;
— manufacturing of the mirror and grating vacuum chambers at DESY;
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* January/June, 2000 — assembling and testing of the RAFEL alignment system
at DESY. Integration of the control system into the TTF control system;

* May/June, 2000 — assembling of the RAFEL optical feedback and control
systems at the TTF site. Upgrade of the photoinjector laser for 2.25 MHZ
repetition rate;

* July/September, 2000 — alignment of the optical feedback system;

RAFEL Budget

Budget 1999:

* 60 k$ — the grant program of the special purpose use of the Polish contribution
to JINR: design, ordering and delivering components for the RAFEL to DESY
— Institute of Physics of the Polish Academy of Sciences;

* 30 kDM — a fraction of the German contribution to JINR: manufacturing,

assembling and testing of the RAFEL systems at JINR;

* 170 kDM — DESY budget: ordering components for the RAFEL.

Budget 2000:

* 40 kDM — a fraction of the German contribution to JINR: control electronics;

* 150 kDM — DESY budget: ordering of components, manufacturing of

equipment, salary & infrastructure.

The grant from program of the special purpose use of the Polish contribution to
JINR, 60 k$, has been received in the year 1999. A fraction of 8 k$ has been spent by
JINR for travel expenses and organization of RAFEL components production at JINR. A
fraction of 52 k$ has been transferred to the Institute of Physics of the Polish Academy of
Sciences and was used for ordering the equipment for the RAFEL.

Future Plans

At present all components of the RAFEL are ready and installed at the TTF
accelerator. Dedicated beam time is scheduled for spring 2001. The first stage of the
RAFEL experiment will be organization of the optical feedback with mirrors and fixing
the longitudinal base of the RAFEL feedback. In the second stage the grating will be
installed in the grating chamber and RAFEL will produce fully coherent, tunable VUV
radiation. It is foreseen to deliver this radiation for experiments currently under
preparation at the TESLA Test Facility.
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COOPERATION WITH POLISH INSTITUTES
IN THE FIELD OF COMPUTATIONAL PHYSICS

A.Polanski
Laboratory of Information Technologies, JINR

Laboratory of Information Technologies (LIT) cooperates with different scientific
research organizations in Poland: Soltan Institute for Nuclear Studies (SINS) in Swierk,
University of Mining and Metallurgy (UMM) in Cracow, Institute of Mathematical
Machines (IMM) in Warsaw, and H.Niewodniczanski Institute of Nuclear Physics
(NINP) in Cracow.

The well-known internuclear cascade model and Dubna Cascade program complex
was developed [1,2] in cooperation with SINS. The intranuclear cascade model
describes hadron-nucleus interactions quite exactly, but overestimates the multiplicity of
produced mesons in nucleus-nucleus interactions without taking into account the meson
and baryon resonance production. Inclusion of the resonances leads to decreasing
multiplicity of mesons, neutrons and protons. In order to overcome the problem, it is
proposed to modify the FRITIOF code to low energies [3,4]. For these purpose we
choose:

s dW/dM' ~ 1/M' M'in= 1.1 GeV;

* [sotropic decay of quark strings with masses less than 1.7 GeV;

* Charge exchange of nucleons during the interactions;

* The Reggeon theory model of nuclear destruction.

Figure 1 shows the proton and pi-meson rapidity distributions in different
nucleus-nucleus interactions. They were calculated by the modified FRITIOF code and
by the code of the cascade-evaporation model. The cascade model takes into account the
trailing effect, Pauli principle, and the dependence of the Fermi momentum on the local
nuclear density, the pre-equilibrium emission and the evaporation of the nuclei. Events
with at least one inelastic NN collision were selected at the simulations. As is seen, for dd
interactions the models give similar results. Since in this case we can neglect the cascade
interactions, the coincidence of the results tells us about the correctness of the NN
interactions description in CEM (the CEM code used by us does not allow a direct
simulation of NN interactions). We can mark only a little enhanced baryon production in
the central rapidity region in CEM. In alpha-alpha interactions where the influence of the
cascade interactions is sufficiently large, we observe a difference of the predicted
pi-meson spectra. As expected, taking into account the resonances in the FRITIOF
model leads to a decreased meson yield. The enhanced meson production in CEM
becomes more pronounced in CC interactions.
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Fig. 1. Proton and pi-meson rapidity distributions in nucleus-nucleus interactions at the energy of
3.3 GeV/nucleon. Points are the experimental data. The solid and dashed curves are the modified FRITIOF
and CEM calculations, respectively

To describe the proton production in the nuclear fragmentation regions in the
framework of the FRITIOF model, we take into account both the inelastic interactions of
the nucleons considered above and the elastic re-scatterings. As seen, we reproduce the
baryon yields in the fragmentation regions at y ~ 0, 2.2 for the dd and alpha-alpha
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Fig. 2. Proton momentum distributions in n-Ta interactions. Points are the experimental data. The solid and
dashed curves are the modified FRITIOF and CEM calculations, respectively

interactions. The CEM calculations for CC collisions were used for determination of the
nuclear destruction model parameters, C,, =1, 7., = 1.4 fm’. Then we introduced the
experimental criteria for the proton registration.

The calculations for heavy nuclei look more interesting. Figure 2 gives the proton
distributions on total and transverse momentum in # + Ta interactions at P =4.2 GeV/c.
As seen, the model predictions are close to each other. The same closeness we observe
for C + Ta interactions at P =4.2 GeV/c/nucleon presented in Fig. 2. Though, there is a
big difference between the predicted meson spectra. The FRITIOF model calculations
are close to the experimental data. At the calculation we use the following values of the
parameters: C,, =0.2, 2, = 1.1 fm” to reproduce the Ta nuclei destruction.

Summing up, we can conclude that we have reached a satisfactory description of the

meson and nucleon production in the nucleus-nucleus interactions at the energy of
3 GeV/nucleon in the framework of the sufficiently simple FRITIOF model. The model

Fig. 3. Geometry of subcritical assembly
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can be applied to a practical calculation of the nucleus-nucleus interaction characteristics

at high energies.

It is shown that the combination allows one to satisfactorily reproduce the meson
and baryon yields in the nucleus-nucleus collisions at the energy of 3.3 GeV/nucleon.
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The combined model works faster than a typical quantum molecular dynamic model,
and allows one to estimate the data needed for creation of an electronuclear amplifier.

In cooperation with UMM, the properties of the experimental facility — a
sub-critical assembly in Dubna (SAD) — driven with the existing 660 MeV JINR
protons accelerator have been investigated [5—15]. The assembly consists of a central
cylindrical lead target surrounded by a mixed-oxide (MOX) fuel (PuO, + UO,) and a
leader reflector (Fig. 3).

The calculated quantities were: a neutron multiplication coefficient, a neutron
energy distribution for different places inside the subcritical assembly and the
dependence of the energetic gain G on the proton energy,

The fuel has been considered with a composition of plutonium dioxide PuO, and
uranium dioxide UO,. The content of plutonium isotopes in plutonium was as follow:
95 % **°Pu, 5 % **°Pu. Uranium was natural. Taking into account the split between the
fuel element wall and the tablet, the effective density of the fuel is in the range from 9 to
9.5 g/em’. Calculations have been done in the MCNP4B code for different percentage of
PuO, in the MOX fuel and for various density of the fuel fabricated in the Research
Institute of Atomic Reactors in Dimitrovgrad in Russia.

According to Fig. 4, we have found that for k.= 0.945 the percentage of PuO, in
MOX fuel is about 29 for effective density: 9.0 g/cm”.

Figure 5 presents neutron spectra averaged over the small volumes calculated along
the radius (» = 8.5,15, 30 and 38 cm) of the subcritical assembly with k.= 0.947.

Neutron flux: 1.54-102 cm2-s™', 1.35-10% em™-s!, 0.74-10"? cm?-s”', and

0.52-10% ecm™2-s7, respectively, was obtained inside the core.
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Fig. 6. Energetic gain G vs. incident proton energy 7 for k.g= 0.945 /0.003/
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Fig. 7. Comparison of calculated and experimental neutron flux (neutrons/cm? per unit lethargy) from the Pb
target at 75°

Calculations were performed for the 660 MeV protons and 1 uA current. ALCS
computer code was used.

Several conclusions can be made from the presented results: (i) different neutron
spectra can be formed inside the assembly — from hard up in the blanket to epithermal
ones in the lead reflector; (ii) fast neutron flux is about 10'* cm 2-s™.

The energetic gain G is presented in Fig. 6. It was calculated by using a Dubna
CASCADE code. The energetic gain G is a ratio of the heat produced in the device to the
beam energy. A decrease in the energy gain (see Fig. 6) at low energies range is caused
by ionization losses of primary protons. As we can see from Fig. 6 for 660 MeV proton
energy, the energetic gain is G = 27 and for 1.5 GeV proton energy G =32.

The calculations show that for the subcritical assembly with a mixed-oxide (MOX)
BOR-60 fuel (29 %PuO, + 71 %UO,) the multiplication coefficient k.ris equal to 0.947,
the energetic gain is equal to 30, the fission power is 20 kW and the neutron flux density
is 10 em s,

In frames of the project SAD, a first stage of the experimental investigation was
carried out at LNP phasotron. [16,17]. The main goal of the experiment was to study the
differential characteristics of the secondary radiation field around the thick lead target
irradiated by protons. Such experimental data are needed for verification of the
calculations of the internuclear cascade of secondary particles generated by primary
protons within the target. Figure 7 demonstrates the comparison of the calculated and
experimental neutron spectra from Pb target at 75° [16].
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In cooperation with IMM, image-processing method [18] was developed. Image
processing can be applied to:

» Experimental physics;

* Space photograph recognition;

* Chromosome analyses;

* Face recognition.

A computer code for the face recognition by a new type of neural networks was
proposed [19]. They are suitable for a direct handling of digitized images of human faces
and need much less time for training than the ordinary multilayer perceptions with the
back propagation algorithm. The tolerance ability to various image distortions was
tested. Such imaging processing problems as a massive data array, great variations in
size, orientations, lightening, background, etc., were solved by:

» Data Compression by Principal Component method,

 Image scaling by Wavelet transforms,

* Classification by a new type of neural networks.

Theoretical investigation on quantum theory with a vector time was performed in
cooperation with NINP. The possibility of supraliminal signals and the respective
generalization of relativity have been investigated by means of the multitime theory
developed at JINR. The results are presented at the International Workshop on Extended
Quantum Theory (Cracow, October 2000, to be published in the Proc. of the Workshop).
A common (V.Barashenkov, E.Kapuscik) review paper of cosmological theories has
been prepared and sent to the Russian journal «Znanie — Sila». The paper will be
published in the January issue of the Journal.

Future Plans for the Years 2001—-2003

e Development of computer codes for the mathematical modeling of interactions of
particles with nuclei and substance. Creation of a modern version of the program
DUBNA-CASCADE for Monte-Carlo simulation of transport and interaction of
particles with nuclei.

e Creation of methods and numerical algorithms for physics fields calculation and
particle beams transport. Introduction and maintenance of modern computer programs
for magnetic fields calculations.

e Creation of numerical methods and software for mathematical simulation of
complex physics systems. Development of a program library for calculation of the
stationary and dynamic models of quantum mechanics and the field theory oriented to
vector-parallel computer systems.

e Development of methods, algorithms and software of computer algebra.
Introduction and maintenance of modern systems of analytical calculations.

e Development of numerical and analytical methods for a research in nonlinear
models of theoretical physics.
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e Development of the elastodynamic approach to the continuum mechanics of
nuclear matter and its application to physics of nuclear fission and pulsar astrophysics.

e Development of methods for modeling and processing experimental data,
including the development and introduction of new methods for data filtering and data
compression as well as pattern recognition. Introduction of the results in the software
support of experimental investigations.

o Creation of systems for experimental data processing in particle physics, including
the development of algorithms, software and architecture of computing clusters.
Application of the developed systems for mathematical processing of experimental data.

eDevelopment of the program packages for simulation, processing and visualization
of data with the use of systems ROOT, GEANT, LAHET, FRITIOF, HIJING, RQMD
for experiments STAR, ALICE, COMPASS, HEND, SPHERE, FAZA HERA-B.

¢ STAR — Research of the spatial-temporal characteristics of the nuclear substance
in the course of nuclear collisions, simulation of spin effects in the experiments with
polarized beams.

e COMPASS — Development of a method and algorithms for calculations of the
cross sections of diffraction processes in mp, pp, pA, and 14 collisions. Creation of a
mathematical model to achieve high efficiency pattern recognition when restoring
events. Development of algorithms for particle identification on the data from the
RICH-detectors.

«HEND — Creation of a mathematical model of the neutron and gamma irradiation
of the Mars surface on the basis of the measurements of fast neutrons.

«SPHERE, FAZA — Simulation of the processes of the neutron field’s generation;
development and maintenance of the programs: event generators for modeling the
processes of nuclei fragmentation, processes of complete destruction of nuclei and
dynamics of nuclear interactions on the basis of measurements at the installations.

e HERA-B — Increasing the efficiency of the track reconstruction program for the
external track detector.
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PyxoBoxurenu naboparopuit OIS (cneBa Hanpaso): M. I. Utkuc, H. A. Pycakosuy,
B. 1. Kexenunze, U. B. Ily3siaun, A. 1. Manaxos

B nepBom psay: npodeccop A. B. benymkun (OMSIN), akanemuk E. SInuk,
mpodeccop JI. Cobuuk, npodeccop C. Xoitnankuii ([Tompima)



KPYIUIBIA CTOJI

Axaznemuk B. I'. Kagsresckuii (OUSIN), mpodeccop A. Cobuuesckuii (ITonbria)

[Mpodeccop E. Hesoguuuanckwuii, O. ypaunnckuii (ITonbiia), B. XmensoBckuii (OMSN)



KPYIJIBIA CTOJI

[podeccop C. Tauanosckwuii (ITompima), mpodeccop A. H. Cucaxsa (OUSIN)

10. A. Tymanos (OUSIN), npodeccop B. Haeporwk (ITonkina), B. B. Cukonerko (OMSIN)



KPYIUIBIN CTOJI

TopxkecTBeHHOE OTKpBITHE (hoTOBBICTABKH «Ilonbima B OVSI»

B BeIcTaBOUHOM 3a51e



KPYIJIBIA CTOJI

Axanemuxu A. H. Tasxenmunze (I'py3us) u A. A. Jlorynos (Poccus)

[podeccop 0. Aumxeenckuii, D. Cymuncka, C. Poxosunckuii (ITonbiira)



KPYIUIBIN CTOJI

INonmucanue urorosoro fokymenTa KoopanHaruonHoit komuccuu
o corpyauudectsy OSSN ¢ nayunsivu nenrpamu PecryOmuku [Tombma



NHTEI'PAIIAA
HH®OPMAIITMOHHO-BBIYUCJIUTEJIBHON
NHO®PACTPYRTYPBI OUAN
N HAYYHO-OBPASOBATEJIBHBIX ITEHTPOB I10JbIITN

B.B.Kopenskos

JlabopaTopusa nHOOPMAITMOHHBIX TexHoJgorui OUAN

CrpeMHTEIbHOE Pa3BUTHE CETEBBIX, KOMITBIOTEPHBIX U MH()OPMAIMOHHBIX TEXHO-
JIOTUH co3aai10 0a3y JUIsl I7100aIbHOr0 00bEIMHCHUS BBIYMCICHUI U BHICOKOCKOPOCT-
HBIX CETEH CBSI3H.

Ha py6exe BexoB Obuta chopmymupoBana kormnernmus GRID, kortopast mpenmosra-
raetr co3JiaHhe KOMIBIOTEPHOH HHPPACTPYKTYPhl HOBOT'O MOKOJICHHSI, OPUEHTHPOBAH-
HOW Ha Ka4eCTBEHHO HOBBI ypOBEHb JIOCTyNa K HH(OPMAIMOHHBIM M BBIYUCIH-
TEeITHLHBIM pecypcam Ha TI100aTsHOM YpoBHE. grid — 3aposkmarommascst HHPpacTpyKTypa,
CHOCOOHAsT KapJWHAIBLHO WM3MEHHUTH IPHUBBIYHBIC IMPEICTABICHUS 00 OpraHU3aIiH
Bbuucnennd. [lpenmnonaraercs, 4to MOJOOHBIE CTPYKTYPbl CMOTYT OOBEJIWHHUTH
peruoHaIbHBIC U HAIIMOHAIBHBIC BEIYUCIUTEIbHBIC KOMIILIOTEPHBIC HHYPACTPYKTYPHI
JUIsL CO3/IaHus BceoOIero pecypea.

TexHomorn4eckoe OCHOBaHWE Ui Co3maHHs grid-MHQPaCTPyKTyp MAIOT YyKe
CYIIECTBYIOIINE BOJOKOHHO-ONTHYECKHE CETH, BBHICOKOIPOW3BOIUTENIBHBIE MpOLEC-
COPBI, MapaJUICIEHBIE aPXUTEKTYPBI, IPOTOKOJIBI CBS3M, MaTeMaTHIeCcKoe obecrieueHne
pacmpeneneHHbIX CTPYKTYP, MEXaHU3MbI o0ecTieueHus 6e3omacHocTu. Peannzanus grid
noTpeOyeT TPOMOIDKEHMSI CEpPhe3HBIX HCCIEIOBaHUI BO BCEX MEPEUMCICHHBIX
00JI1acTsIX.

BesycioBHO, ycuius 1o pa3BepThiBaHUIO grid-mHPPACTPYKTYP UMEFOT CMBICIT TOJIb-
KO B TOM Clly4ae, €CIi OHU OyJIyT BOCTPEOOBaHBI OOJIBIIINM YHCIOM TIOJIh30BATEICH.

Cpeny OCHOBHBIX HAIlPaBICHUH MCHOIb30BaHMs grid Ha JaHHBI MOMEHT MOXKHO
BBIJICJIUTD:

* pacmpeiesieHHbIE CYTNIEPBBIUYUCICHHS, PEIICHHE O4YeHb KPYITHBIX 3a1a4, TpeOyro-
IIMX OFPOMHBIX MTPOLECCOPHBIX PECYPCOB, MAMSTH U T.J.;

* «BbIcOKOMOTOUHBIe» BhrurcieHust (High-Throughput Computing), nmo3BoJistoriue
Ooprann3oBath dPQGEKTHBHOE HMCIIONB30BAHUE PECYpPCOB JUIS HEOOJIBIINX 3ajad,
YTHIU3NPYS BPEMEHHO MPOCTaNBAIOIINE KOMIIBIOTEPHBIE PECYPCHI;

* BEIUHCIIEHUST «10 TpeboBanuio» (On-Demand Computing), KpymHBIE pa3oBBIC
pacueTsr;
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* BEIYMCJICHUS C TIPUBJICYCHUEM OOJBIIMX OOBEMOB PACIpPEETICHHBIX TaHHBIX
(Data-Intensive Computing), HanpuMep, B METEOPOJIOTHH, aCTPOHOMUH, (hHU3HKE
BBICOKUX DHEPIHH;

* xoyuiekTuBHBIC BhruuciieHus (Collaborative Computing).

Baxnelmnm KOMIOHEHTOM grid-uHQPacTPyKTYphl SIBISICTCS MPOMEXYTOYHOE
nporpammHoe obecrieuenue (110), koTopoe OyieT oOecrieunBaTh 6€30MACHBIN JOCTYII K
JaHHBIM OOJIBIIOTO 00beMa B YHHUBEPCAJIBHOM NPOCTPAHCTBE MMEH, IEpeMellaTh U
TUPAXUPOBATH JAHHBIE C BBICOKOM CKOPOCTBIO M3 OAHOTO reorpaduyecku yIaJeHHOTO
y3j1a Ha JPYroil M OpraHU30BHIBATH CHHXPOHHU3AIMIO YIAJICHHBIX KOIHH, a TaKkKe
HHTEpPENC K CHCTEMaM YIPABJICHUSI MACCOBOW MaMSATBIO.

Brruucnurenbras grid-uHppacTpykTypa — pacrpe/esieHHas porpaMMHO-ariia-
paTHas KOMIIbIOTEpPHAs Cpefia, B KOTOPOH OpraHW30BaH (PyHKIMOHAIHHO HAIEKHBIH,
COIJIaCOBAHHBIN, YCTONYMBBIA M HEAOPOTOM JOCTYI K KOHEYHBIM BBIYMCIIUTEIbHBIM
pecypcam.

OyHKIMOHATIBHAS HAJJEKHOCTD MO3BOJISIET IPEIOCTABUTD I10JIB30BATENIIO0 FAPAHTUH
MOJIYYEHUS UM JUIMTEIBLHOTO MPEJCKa3yeMoro JOCTyIa K PecypcaM BCeX KOMIIOHEHTOB
grid. Koneunslil mosib30BaTenb [OODKEH HMMETh IOJIHYIO HMHGOPMALHUIO O BCeX
XapaKkTEePUCTUKAX [TPOU3BOJUTEIBHOCTH, BKIIIOYAS IIOJIOCY MPOITyCKaHUS KaHajla CBSI3H,
BpEMEHa 3a/ICPKEK, HCKaKCHUS, IIPOU3BOIUTEIBLHOCTh KOMIIBIOTEPOB, IPOrPaMMHBIE
CI1y>k0bl, 6€30MaCHOCTh M Ha/ICKHOCTh KOH(QUTYPALIHH.

CoracoBaHHOCTh TpEATOJIaraeT CTaHIapTH3anuo Beex grid-cimyx0, uHrepdei-
COB, a TaK)Ke CITOCOOOB padOTHI TOJIH30BATEIICH.

Pabomul 6 oonacmu pacnpeodenennvix eviuucienuii ¢ OUAHU. B O0bennHeHHOM
MHCTUTYTE SIAEPHBIX UCCIIEA0BAHUI BOIPOCAMH MHTErPALlN KOMIIBIOTEPHBIX PECYPCOB
U TMOBBILIEHUEM 3P QEKTUBHOCTH UX UCIOIb30BaHUS 3aHUMAIOTCs yxe Ooinee 40 sieT.

C 1997 r. BerUnCAUTEIBHBIE MOIIHOCTH IIEHTPabHBIX cepBepoB OMM cocraBumm
OCHOBY cymnepkoMibioTepHoro 1entpa (CKL), spom KOTOporo craja mapasiieibHast
mamHa SPP-2000 1 aBTOMaTH3upoBaHHas JJeHToIHas OnommoTteka ATL-2640, momyc-
KaroIasi JBe TEXHOJIOTMYECKHE CXEMBI MCIOJIB30BAHMS: C MOMOIIBIO MPOTPAMMHBIX
cpencte HP OmniBack (aBromarnueckoe pesepBHOE KOMUPOBAHHE HHCTUTYTCKUX
kommbioTepoB) 1 HP OmniStorage (ymnpasienne Murpupytomiei (painoBoit CHCTEMOIN).
Kak moxa3zeiBaeT omeIT, BO3BMOKHOCTEH ctanmapTHoro [1O He Bcerna 10CTaTOYHO IS
OpPraHM3alru BBHICOKOA((EKTUBHOM SKCIUTyaTallii MPOrpaMMHO-ANIIapaTHOTO KOMII-
JieKca ¥ TpeOyIOTCSI TOTIOTHUTENIbHBIE YCHITUS ISl ONTUMH3AINK PaOOThI IEHTPA.

B Teuenne nocneauux necstu yet B OUSUM Obn cozmaH psa KinacTepoB Ha
PasNMYHBIX IIATGopMax: OT KIacTepoB Ha O0aze komnbioTepoB VAX u Sun 1o Linux-
KJactepoB, coopanHbix u3 [1K.

3a 1999-2000 rr. cozmano Heckombko (epm m3 [IK coBokymHOW mpom3Boan-
terapHOCTRIO TpuMepHO 1,5K SPECint95. Ha stux depmax Mcmonb3yroTcs pa3indHbIe
cucteMbl nmaketHoit oopadorku: NQS, PBS, Condor. YcranoBnen Habop MHCTpyMEH-
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TaJdbHBIX cpeAcTB Globus ¢ 1enbro IPOBEACHNS COBMECTHBIX PadOT ¢ POCCUHCKUMU U
3apyOeKHBIMH KOJUIETaMH.

Ha nporsoxenuun psga ner OUSAU saBisieTcss Beayleld opraHu3aivedl ImpoeKTa
BA®U3 1o co3maHuio W pasBUTHIO pacIpeACIICHHON ceTH 0a3 MaHHBIX W 3HAHUH B
obmacTu  smepHO-(PU3NICCKUX HCCIACAOBAHMMA. DTOT MPOCKT SBISCTCS XOPOIICH
OCHOBOW JUIsI CO3MaHMS CAWHOTO WHQOpMAIMoHHOro mpocTpanctBa OUSN wm
WHCTUTYTOB CTPaH-Y4acTHHII.

Y4acTBys B COBMECTHBIX C psaoM ¢usmdeckux uHCTUTyTOB (HUMAD MI'Y,
UTDOD, UDPBD) paboTax mo co3aanuio peruonansHoro mnenrpa mist LHC B Poccun, Mbt
BIUIOTHYIO TMIOJIONIIM K OCO3HAHWIO HEOOXOAMMOCTH CO3/IaHUS JIOKATHHOTO
grid-cermenTa B Poccun.

[Mockonbky HH(pOPMaIMOHHO-BEIMHCIHTENBHAS HHPpacTpykTypa OUSN xapakre-
pHU3yeTcst HATM4rueM 000pYI0BaHHS PA3IMUHBIX APXUTEKTYP U ONIEPAIIMOHHBIX CHCTEM,
TO HWCHOJNb30BaHWE grid-TeXHOJIOrWd TO3BONUT A(PPEKTHBHO HHTETPHPOBATH
pasnuunsbie daemMeHTsI CKL , KitacTepsl, BRIYUCIUTEIbHBIC PepMBI, TUCKOBBIC MACCHUBHI,
CHUCTEMbI MACCOBOM MaMATH B €IMHBIN KOMILJIEKC.

Bo MHOTHX pa3BUTHIX cTpaHax Mupa (B ToM uncie B Poccun u Ilosbiie) nosiBUINCH
VMHUIIMATUBHBIE PA0OTHI MO CO3/IAHUIO HAIIMOHATBHBIX cerMeHTOB GRID.

Ha cerogusimnHuil neHp CIOXWINCH XOPOIIKWE MPENNOCHUIKA IS aKTHUBU3ALUU
paboT 1o co3nanuto eauHOro HHpopMannoHHoro npocrpanctea OUSN u uaCTHTYTOB
CTPaH-YYaCTHHII.

[Ipennaraercst paccMOTpeTh MUIIOTHBIN MPOEKT OOBEAMHEHUS WH(POPMAIIMOHHO-
BBIYUCIUTEIbHON HHPpacTpykTypel OUSM u HayuyHO-00pa3oBaTeNbHBIX ILEHTPOB
[Tonbiu.

OCHOBHBIE 3a/1a4H MTPOEKTA!

— COBMECTHOE OCBOCHHE M 00MeH ombIToM B oOactu GRID-texHomormii u y4ac-
THE B CO3/IaHMH HAIMOHAJHHBIX CErMEHTOB;

— 00beMHEHNEe U COBMECTHOE HCIOJh30BaHNE MH(POPMAIMOHHBIX U BBIYHUCIH-
TEIBHBIX PECYPCOB, pACIPEICICHHBIX 0a3 JaHHBIX, dJICKTPOHHBIX OHOINOTEK;

— UCTIOJIb30BaHHE COBPEMEHHBIX CUCTEM JJIsl OpPraHU3allui XpaHeHHs 1 00padoTKU
0O0JIBIINX MACCUBOB SKCIIEPUMEHTAIBHBIX JaHHBIX;

— obecrieueHre BO3MOKHOCTH yJIaIEHHOTO yuacTusi ¢u3ukoB [lonbmm B pabore
yctanoBok OUSU;

— COBMECTHBIC Pa0OTHI U OOMEH OIBITOM B YIPAaBICHHH KPYIHBIMH CETSIMH,
BKJIFOYAsi BOIIPOCKI KOHTPOJIS, aHAIIN3a, 3aIIUThI CETeH, CepBepOB, NH(MOPMAITHUH;

— COBMECTHBIE Pa0OThI M OOMEH ONBITOM B CO3JAaHHH CYNEPKOMIIBIOTEPHBIX
MPUIOKEHUMH;

— TpsIMBbIE TeJeKOH(EPEHIINH 1 TUCTAaHIIHOHHOE O0yUYeHHE.

B xagectBe ocHoBHOrO maptaHepa OUSM u3 mayunbix meHtpoB llombrmm mis
peanm3anid dTOro TMWIOTHOrO Tpoekra mnpemraractcss [[UDOPOHET (Kpakos).
B undpacrpykrype OUSAN u HIUDOPOHET nMeercs oueHb MHOTO OOIIIETO B COCTABE
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BBIYMCIUTEIBHBIX U KIacTepHbIX peweHuit, cucreM DATA MANAGEMENT, ceteBbix
tex"onoruii 1 SOFTWARE.
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OBPASOBATEJBHAS YACTDH ITPOT'PAMMBI
«BOI'OJIIOBOB—UH®DEJDB/ »:
COCTOAHUE JEJ U ITEPCIIERTHUBbBI

C.I1.UsanoBa

YuebHo-Hayunblit meaTp OUAN

Joporwue xosieru!

[Ipexne yem mepedTn K oOCykaeHHIO mporpammbl «boromo6oB—UHpenbay, s
XO0uy KPaTKoO IPEACTABUTh BAM HEKOTOPBIEC HAIIpaBIeHUs AesTeiabHocTy Y HIT.

CrapmekypcHuks nony4arot B YHII noiHoe Boiciiee 0Opa3oBaHKe B CICAYIOMINX
obuacTsx: sipepHas pusnka, GU3MKa JIEMEHTAPHBIX YacTHll, (PU3MKa KOHIECHCHPOBAH-
HBIX Cpel, TeopeTHuecKas pr3rka, TeXHn4eckas pusnka, paguoOnoIorus.

st otaenbHBIX cryaeHuecknx rpynm YHI[ pazpabareiBaeT HOBBIE TPOTpPaMMBI
CIEIMAIBHON TOATOTOBKH.

B pamkax noAroToBKH CrieUaIiCTOB JIJIsl CIOBAIKOTO IIMKJIOTPOHHOT'O KOMILJIEKCA,
cTposimerocs ¢ nomoinbsto OUAN, ocensto 1998 r. B YHI Hawanuck 3aHATHS Y IEpBOi
rpynnsl cryaeHtoB u3 CrnoBakuu. B 2000 1. oOHM ycHeUIHO 3alUTHIN TUIUIOMHbBIE
pabotel. B suBape 2001 . 3ammTHTCS BTOpas rPyMIia CIOBALKUAX CTyaeHTOB. O0e 9TH
IPYHONBl COCTOST W3 CTYJIEHTOB bpaTmCiiaBCKOro TEXHMUYECKOTo yHHBepcuTera. B
centsiope 2000 r. B8 YHL] npuctynuia Kk 3aHSTHAM TPEThsl IPYIIa, COCTABICHHAS U3
CTYJEHTOB bpaTHuciaBcKoro TEXHHYECKOTO YHHBEPCHUTETa M YHHMBEPCUTETa HUMEHH
Komencxkoro.

VYHI] crapaercsi pacmpuTth 00JIacTh CBOEH 00pa3oBaTeIbHON JEATEIBHOCTH.
AKTHBHOE HCIOJI30BaHUE MEIULMHCKUX My4ykoB yckopurens B JISII cTamo ocHoBa-
HUEM Ui YYpeXIIeHUs HOBOW BbImyckaromed kadenper MUDOU — kadenpsr dhuzn-
YECKHX METOJIOB B MPUKJIAHBIX UCCenoBaHusIX U MenunuHe (Ne 45). Bosrnasmnser ee
mupekrop JIAII mpod. H.A. PycakoBuu.

OC00EHHOCTRIO0 YHUBEPCUTETCKOTO 00Pa30BAHIS SBIISICTCS €T0 PA3HOCTOPOHHOCTD.
CTyneHTBI MOTYT BBIOMPATH JIEKTOPOB U JIEKIUH; TSI HUX €CTh MHOTO JIOTIOJTHUTEIBHBIX
KypcoB, B TOM uncie (GaxyabTaTuBHBIX. Cpenn KypcoB, mpenogaBaembix B YHI[, —
(hm3uKa dIEMEHTApPHBIX YACTHIl, PEISITHBUCTCKAs siAepHas ¢u3uka, Teopws (yHma-
MEHTAJIBHBIX B3aMMOJCHCTBUH (KBaHTOBAsS XPOMOJMHAMHKA), TEOpWs (QyHIaMEH-
TabHBIX B3aUMOJICUCTBHM (TEOPHSI SIACPHBIX PEaKInii), CTPYKTypa aTOMHOTO Sfpa,
BBEJICHHE B TEOPHUIO YCKOPHUTENEH, 3KCIepUMEHTaNbHas saepHas (QHu3uKa, COBpe-
MEHHBIE METOJIbI PETHCTPALNH SACPHBIX PEAKIMHA U SIEPHOTO M3IYUYEHHs, IPOrpaM-
MHpYyEeMBbIE JJOTHYECKHE YCTPOICTBA, OCHOBBI PaIMOTEXHHUKH, IN(POBBIE YCTPONCTBA U
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UX MPUMEHEHHUE, JICKTPOHHBIE METOJbl PETHCTPALUU HOHH3UPYIOIIETO H3IY4YCHUS,
panualnroHHas 0€30MaCHOCTh U 3alUTa OKPYIKAIOIIEH cpeibl, MaTeMaTHIEeCKask CTATHC-
THKa, 00bEKTHO-OPUEHTHPOBAHHOE TIporpammupoBanue Ha C++, mporpaMMHUpOBaHUE B
UNIX, KOMITBIOTHHT B ()M3HUKE BBICOKUX JHEPTHi, WHTEPHET-TEXHOJIOTHH, KOMITBIO-
TepHasi TEXHUKA B s7IepHON (usnke (CeMHUHAp), TEICKOMMYHHUKAIUOHHBIC CHCTEMBI H
MUPOBbIE HH(POPMAIMOHHBIE PECYpPChl, KOMIBIOTHHT (BHU3yallu3alvs B HAy4YHBIX
WCCIIeIOBaHUAX), pabota ¢ cucremoir «Mathematica», aHTIMHACKWN SI3BIK  (JIJIst
CTYJICHTOB), aHTJIUHCKUH SI3BIK (111 aCTIPAHTOB).

B Tteuenue cemectpoB YHII npemiaraer cBOMM CTyZI€eHTaM U aClIMpaHTaM KOPOTKHE
KYpCBI JICKIHI [T0 COBPEMEHHBIM JTOCTIKEHHUSM B (PM3HKE M CMEXKHBIX 00JIACTAX. DTH
Kypchl 00pa3yIoT JIEKIMOHHBIN UK « COBpeMEHHBIE ITPOOJIEMbI €CTECTBO3HAHUS.

Jis cBoux cTyaeHToB u actiupanToB Y HL nzmaer yueOnbie mocobus. Hanpumep, B
2000 T. BBIMYHNIEHO PYKOBOJACTBO TO cucteme «Mathematica», aBTrop — mpod.
P Kparnep (Bricmias npodeccnonanpHast mkoia, PaBeHcOypr-BaitHrapren; YHuBep-
cUTeT NpukiIaaHbIXx HayK): R. Kragler «Mathematica Tutorial Course».

B 2000 r. npomoinkmia pabory acnupantypa OUMAM mo 10 cnenmanbHOCTSIM
(PM3MKM 1 MaTeMaTUKU.

Brimyck nepBoro Habopa aciupanToB coctosuics B 1998 r. K nacrosimemy BpeMeHH
BOCEMb M3 HUX 3alIUTHIIN KaHIUIATCKHE PAOOTHI.

JIBoe u3 HplHEeIHUX acnupaHToB Y HI[ — eruntsine.

B cBa3u ¢ mexayHapogHsIM xapaktepoM aedrensHoctn OMAM YHII aktuHO
pa3BUBAET CBOU CBS3U C 3apyOeKHBIMH By3amH. B pamkax mporpammsl I'epmanckoii
ciyx0bl akagemudeckux oomeHoB (DAAD) «Crunenmuum Jleonapna Diinepa» Ha
1999-2000 u 2000-2001 rr. mognep>xan coBmecTHbI npoekT YHI[ m WncturyTa
Teoperudeckoil ¢pusuku YHuBepcurera r.['uccen (I'epmanus). J[Ba aciupanTta u ouH
cryaent YHII, 3annmaromuecs TeOpeTHYECKUMHU UCCIICAOBAaHUAME B (PU3UKE TSHKEIBIX
HOHOB, IOJIy4aloT B 3TOM y4e€OHOM TOJly JOMOJHUTEIbHYIO CTHIICHINIO; Y HUX OyJeT
MecsYHas cTaxkupoBka B ['mccene.

B mronre 2000 r. YHI] mocetnna rpynma u3 18 cryaentos [Ipaxckoro TeXHIUECKOT0
yauBepcuteta. OHm moObBamm B jaboparopusix OUSAW u mo3HakOMHIUCH C
nesitenpHOCTRI0 Y HIIL

20-28 wmrons 2000 r. B [losnanu (Ilombmia) cocrosiicss pernoHalbHBIA (GOpyMm
EBpomneiickoii cetn ¢usnueckoro ooOpazoBanus (EUPEN), rme OWSAN Obun
npeacTaBieH YueOHo-Hay4YHBIM LEeHTpoM. Ha dopyme oOcyxaaniuch coTpyAHUIECTBO
no nuHuM EBponeiickoro ¢gusnyeckoro odmectsa, EUPEN n OUSIU, npoBeneHue B
2001 r. B OUSAM mexayHapoJHOM CTYIEHUYECKOH IIKOJBI «SlaepHo-pu3nyecKue
METOABI U YCKOPHUTEJIN B OMOJIOTHM U MEAULMHE», & TAKKE BOIPOCHI, CBSI3aHHBIC CO
CTYACHYECKUMH 0OMEHaMU.

YHII momyuwnn rpant EBpomeiickoro ¢hu3mdeckoro o0IecTBa, KOTOPBIA TTO3BOJIAT
ATy cryaenTam Y HL mpoBecTr MecsIl B 0JJHOM U3 UTAIBSIHCKAX YHHUBEPCHUTETOB.
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Bces ata pabora TpeOyeT MOJDKHOTO MaTepwalbHOTO obOecriedeHus. Ha pucynke
TIPEACTABIICH TIJIaH YUCOHBIX MIOMEIeHUH 1 o0opymoBanne Y HL:
* 4 KOMIIBIOTEPHBIX KJIACCa, OJIMH U3 KOTOPHIX CHETMATU3NPOBAH HA BU3yaTH3aI[II
JTAHHBIX;

* 3 ayaUTOpHH C JIEKTOPCKUMH MECTaMH, 000PYJOBaHHBIMH MYJIbTHMEIUHHBIMHI
CpEICTBaMH;

* cepBepHas komHata ¢ e-mail m WWW-cepBepom (Alpha Server mox DecUNIX) u
MYJIETUMETUHHBIM CEPBEPOM JIOKAITbHOM aynuTopHoi cetr (1o Windows NT);

* CTyIEeHUYECKasl TaOopaTOpHs, OCHAIIIEHHAS 3a cUeT rpanTa nupexnnn OUSN.

B yueOnbIe mporpammer YHI BBeieH MPaKTUKYM, COCTOSIINMN U3 ABYX J1a00paTop-
HBIX pa0boT. B 01HO W3 HUX CTYAEHTHI H3YYar0T OCHOBHBIE XapaKTEPUCTUKH CIIEKTPO-
MeTpa, N3MEPSIOT TaMMa-CIEeKTP KaTHOPOBAHHBIX HCTOYHMUKOB U OTIPEIETISIOT YHEPTUIO
W WHTECHCUBHOCTH XapakKTepHBIX NWHUU. Tema Ipyroi pabdOTBI — CIIEKTPOMETPHS
3apsKEHHBIX YaCTHI.

Perynspuo ob6noBistercs caiit YHL] (http://uc.jinr.ru).

Ocensto 1998 1. pykoBoactBoM ON S 1 MOCKOBCKOTO HHCTUTYTa PAIHOTCXHUKH,
a1eKTpoHUKH U apToMatuku (MUPDA) B OMSIN yupexxaeHa BelTycKaromas kadempa
0 CHEeNHMaTIbHOCTH «DNEKTPOHNKA M aBTOMATHKa (PM3NYECKUX YCTAaHOBOK». Temnepp B
YHII ¢ mepBoro kypca ydarcs cTyaeHTel MUPDA nHeBHOW dopmbl oOyueHus. B
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HacTosimiee Bpems B Y HL oOy4aercs B o0mieit ciiosxkaocTr 46 ctyneaToB MUPDA. Jlns
Hux B YHI] ecTb 1Be ayAUTOPUHN U KOMIIbIOTEPHBIN KJIacc.

C 1999 r. Ha 6a3e nmaboparopuii u moapazaeneuuit O YHII BeneT moarotoBky
U TIEPEeTIOATOTOBKY Tiepconana Mucruryra. YHI] Hamepen pacmmputh 0071acTh 00yde-
HUS TEXHUYECKOTO U HHXKEHEPHOTO TIEPCOHANA, IS Yer0 B HACTOSIIIEE BPEMsI UACT MO~
TOTOBKA K TIOJyUCHUIO JIMIICH3UH Ha BEICHUE 00Pa30BaTEIbHON IEATEILHOCTH B 00J1ac-
TH paUaIllMOHHON 0€30MaCHOCTH, OXPaHbl TPYJia U HH()OPMAIUOHHBIX TEXHOJIOTHIA.

CoTpyaHMUYECTBO C MOJbCKUMHU YHUBEPCUTETAMU

Cranu TpaauummoHHBIME Jpyxeckue cBsizu YHI[ ¢ yHHBepcurerckuMm co00-
mectBoM [loapIm.

Crynentsl u acrmmpanTsl YHI[ W mombckuX BYy30B OOMEHHMBAIOTCS O3HAKO-
MUTEJIbHBIMA BU3UTaMU M Y4YacTBYIOT B HIKOJIaX M KOH(EPEHIHSIX, MPOBOJUMBIX B
Hy6mne u [lonbme. [t monnep Ky HHULIMATUB MOJNbCKUX YHUBepcuTeToB 1 OMSU no
pa3paloTKe 1 BBITOJIHEHUIO 00pa30BaTeNbHBIX MPOEKTOB ObliIa YUpekieHa MporpaMmMa
«boromoboB—MHupenbay, koTopas GUHAHCHUpPYETCs CHeNUaNbHBIM rpaHToM [lonHo-
mounoro [Ipencrasutens [lonasmm B OVSIN.

B mae 1999 r. B YHII 6bu10 poBeIcHO COBELIAHKE 110 COTPYAHUYECTBY B 00J1aCTH
o0pazoBaHus B pamkax nporpammsl «boromo6os—Mudensay. [Ipodeccopa u3 ynusep-
cutetoB benocroka, Bporyiasa, ['nanbcka, Kpakosa, Jlonsu, Jlro6mmna u LlenuHCcKoro
MOJMTEXHUYECKOr0 MHCTHTYTa 0OCyXJaiu ¢ pykoBojacTtBoM YHI[ Bo3MokHOCTH M
HanpasieHuss OOpasoBatenbHoil mporpammbl OMSN. Ocoboe BHHMaHHE OBLIO
YAEJIEHO Pa3BUTHIO COTPYJIHUYECTBA C IMOJBCKUMH By3aMH. YUYAaCTHHKH COBEILAHUS
MO3HAKOMMJIMCh C HayYHBIMH IporpamMmamMu Bcex jlabopatopuit OUAU u nocernnu
OCHOBHBbIE ycTaHOBKH OMSN.

B pesonronnu coBemanus 0TMEUeHa 1enecoodpa3HocTb 00MEeHa CTYACHYECKUMHU
BU3UTAMHU C 3apaHee IOATOTOBJICHHON HAay4YHO-JIEKLIMOHHOW IPOrpaMMOM, a Takke
oOMeHa HH(pOpMaNUel O IIKoJaX, CEMHUHApax W KOHQEPEHIHSX sl CTYJCHTOB,
aCIMPAHTOB M CIIENHMAINCTOB M ydYacTHsl B HUX o0emx crtopoH. Ocoboe BHHMaHHE
Y/ICJICHO BBITIOJIHEHHUIO JUIUIOMHBIX paboT B saboparopusx OUAW u B YHI] nox
COBMECTHBIM PYKOBOJICTBOM CIIEI[HAIMCTOB U3 MOJIBCKUX yHUBepcuTeToB 1 OMSIN.

C KaXIpIM rOZ0M BCE OOJIBILIE MTOIBCKUX CTYJCHTOB M aCIUPaHToB rnocemarot Y HI{
1 Bce Ooublire cTyAeHTOB 1 acnupanoB Y HLI HaHocsaT oTBeTHBIC BU3UTHI B [lonbry.

[lepBsrit 0OMeH Bu3UTaMu coctosics B 1992 r., xorga rpymma CTyJIeHTOB U3 YHH-
Bepcuteta Jlog3u npoxoawna B YHI[ nByxHenenbHYyIO IMPaKkTUKY; 3aT€M COCTOSUIICS
otBeTHBIN BU3WT B [lompmry rpymmer crynentoB YHIL. B 1996 r. cocrosicst nyxHe-
nenbHblid BU3UT B YHI] rpynmer crynentoB YHuBepcutera mM. Mapuu CKII0A0B-
ckoii-Kropu (JIro0muH). B deBpane 1997 1. Tpu crynenrta u actiupadTt Y HI] yuacTtso-
BaJIM B IIKOJIE TTO0 TeopeTndeckor (pmsuke B r. Kapmau, KOTOPyIO €KeroaHo mpoBOAUT
WnctutyT Teopernyeckoit puzuku BporypraBekoro yauBepcutera. B mae 1997 r. rpymnma
ctyneatoB YHII mocernia yauBepcutetsl Bporyiasa, Jlomsu n JlroOnwaa n YHHUBEp-
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cuteT uM. Anama Munikesu4a (ITo3nans). B utone 1997 r. cocTosICs OTBETHBIM BU3UT B
Hyb6ny cryaentos-¢pusukoB u3 Iloznanu. B centsiOpe 1997 r. rpynma CTyAEeHTOB
Bpoitasckoro yauepcuteTa noceruia jgadoparopun OUAN u YHII,

B mmxecnemyromnieit Tabiuiie mpuBOAUTCS cTaTUCTHKA mocernennit OV monbe-
KHMH CTYJICHTAMH B ITOCIIEAHHUE TPH rojia (pactpeie]ICHHe [0 YHUBEPCUTETAM U FOJIaM).

Uuncro cTyaeHToB
YHuBepcUuteT
1998 1999 2000
r.Jlonss — — 9
r.Bpoiyias 15 — 24
uM. Anama Muikepuua, [To3Hanb — 12 —
Sremnonckuii u ['opHO-MeTaiuTyprudeckas akagemus, Kpakos 40 19 —
r.JIro01mH — 10 —

B 1998 r. crynenTka gusudeckoro gaxkyiapTeTa YHHUBEpcuTeTa M. Anama Muiike-
Buua A.Kyxapcka mpoxoiuiia TPeXMECSYHYIO MPEAIUIUIOMHYIO MPAaKTHKY B OT/AENIE
¢usuky spa Jlaboparopur HEHTPOHHON (DU3UKH; 3aTEM OHA OJIECTSIIIE 3alIUTHIIA CBOIO
MarucTepcKyo padoTy.

B utone 1998 r. na 6aze OPPU, YHI| u ny6nenckoro ¢umuana HUUAD MI'Y mns
IPYIIIBI CTYJCHTOB Y HUBEpcuTeTa uM. Anama MunkeBnya u Gu3n4eckoro GpaxynbreTa
MI'Y Oblta opraHu3oBaHa yueOHas MPaKTHKa 0 MEIUIIMHCKON (pHU3HKeE.

B despane 1998 1. BoceMb cTyneHTOB 1 acimpanToB Y HI| ygacTBoBamu B IKOJIE 11O
TeopeTnudeckoil pm3uke «OT KBAaHTOBOM MEXaHWKH K KBAHTOBOW TEXHOIJIOTHHY,
npoxoausiuel B r. Kapmay.

B 1999 r. nBa acriupanta YHII yuactBoBanmu B 35-if 3UMHEH LIKOJIE MO TEOPETH-
geckoi pusnuke «OT KOCMOJIOTHH K KBaHTOBOH TpaButanum»; B 2000 T. mecTs CTyIeH-
toB YHI] y4yacTBOBaIu B clieaytoen mKkose.

JlanbHeliee pa3BUTHE COTPYIHUYECTBA C MOJBCKUMH YHHUBEPCUTETaMHU OBUIO ObI
bonee a>dpdexkTuBHBIM, ecnu Obl B y4eOHbIE IUIAHBI CTYJISHTOB COOTBETCTBYOIIMX
(akynpreToB ObUTa BKIIOYEeHA MpakTuka B OMSIN, a acnupaHThl MOTIIN UMETH JBOWHOE
PyKOBOCTBO (01nH pyKoBoauTenb u3 O, npyroit — 13 MOIbCKOTO YHUBEPCHUTETA).

PyxoBoznctBo YHL| mpunmaer OGoibllioe 3HAUYEHUE PA3BUTHIO MEXKIyHAPOIHBIX
CTY/ICHYECKUX OOMEHOB. Ba)kKHOCTB 3TOH NEATETBHOCTH YK€ OTMEUeHa y4acTHUKAMH
MPONUIBIX 00MeHOB. Takue CBA3M MOMOTYT MOJIOJIBIM Y4€HBIM cTpaH-yyacTHul OVSIN
JIETKO CTaTh 4aCThIO MEXIYHapOIHOI'O HAYYHOI'O COOOIECTBA.

27 ntonst — 11 mrons 2001 1. B ParmMuHO (okpectHOCTH JlyOHBI) COCTOUTCS MEKIY-
HapoJHasl CTyJeHYecKas MLIKojia «SaepHo-pu3ndeckne MeTOoObl M YCKOPHTEIH B
OMOJIOTHH U MEAMIIMHEY». JTa IIKoJa Oy/IeT OYepeIHON B IUKJIC JIETHUX CTYJICHUECKUX
KoJ1, mpoBoauMbx OMSIU.
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[lupokoe MnpUMEHEHWE B MEAMLMHE HOHM3HPYIOLUIETO M HEHOHU3UPYIOLIETO
W3Iy4eHUs], paJAOHYKINAOB, YCTAHOBOK raMMa-TepaInuu, YCKOPUTEJIeH 3JIeKTPOHOB U
[IPOTOHOB, KOMITBIOTEPHBIX TOMOTPa)OB CHEJIAN0 MEIULHMHCKYI0 (PU3HMKY «CTpaTerH-
YECKUM OpYXXHEM» M OJHOW M3 OCHOB MEOULMHBI Hacrosmero u Oynymero. Cospe-
MEHHasl IPUKJIaHast METULMHCKAs (PU3UKa BKIIIOUAET B ce0s paJualliOHHYIO TEPAIIHIo,
SICPHYIO0 MEINIIHY, PaIHallHOHHYIO TUarHOCTHKY, HESMOHU3UPYIOILYIO TUarHOCTHKY U
TEPaIuio, KOMIbIOTEPHYIO TEXHUKY 1 MATEMaTHUECKOE MOJICITMPOBAHUE B TUATHOCTHKE
U TepaIuy, paJualuoOHHYI0 0€30IIaCHOCTb U PAAHOIKOJIOTHIO.

Lenp mKOMBI — MO3HAKOMHUTH CTYICHTOB U AacCHUPAHTOB C IIOCJICAHUMHU
JOCTHKEHUSMH U aKTyaJIbHBIMU ITPOOJIeMaMu MPUKJIAAHON MEIUIUHCKON (PU3HKH.

[lIkona Oyner coCTOATh M3 HECKOJbKMX TEMaTHUECKHMX CECCHM W OXBAaTUT
CJICAYIOIINE TEMBI:

* MeIUUMHCKas pr3nKa;

* paarodapmMaKoIorus;

* CpaBHEHHE BO3MOKHOCTEH JIEKTPOHHBIX U IPOTOHHBIX YCKOPHUTEJIEH U raMMa-Te-

panuu ¢ MeIUIMHCKON TOUYKH 3PEHHUS;

* IUKJIOTPOHHBIE U CHHXPOTPOHHBIE YCTAHOBKH: ITOCICTHUE PE3YJILTATHI;

* YCKOpPHUTEJbHAS TEXHUKA JJIs1 aJPOHHON Teparnuu.

B 2000 r. oTueTs! 0 xoze BeimonHeHHss OOpa3oBarenbHO# iporpammbl OV Obutn
MIPEICTaBIICHBIL:

* Ha pernoHanbHOM ¢opyme EBpomnelickoii cetu ¢usndyeckoro o0OpazoBaHMs

(EUPEN) B Ilo3nanwu, [Tonpmia;
* Ha MeXIyHapoaHoM KoHrpecce «Hayka u oOpaszoBanue Ha nopore XXI Beka» B
Mumncke, benopyccus.

184



SUPERHEAVY NUCLEIL: POLAND—-JINR COOPERATION

A.Sobiczewski

Soltan Institute for Nuclear Studies, Warszawa

Cooperation of Polish physicists with Dubna physicists started at the very beginning
of the appearance of the problem of superheavy nuclei. It began with a theoretical
prediction of closed spherical shells next to the last experimentally known shells at the
proton number Z = 82 and the neutron number N =126. The result was: Z=114 and
N =184[1]. Thus, according to this prediction, the doubly magic nucleus next to “**Pb
should be *®114. The prediction was based on a realistic, final-depth Woods—Saxon
single-particle potential elaborated [2—4] by Dubna physicists in cooperation with the
Polish physicist J.Grabowski.

These early predictions were followed by extensive calculations of the properties of
heavy and superheavy nuclei, performed by a large Swedish—Polish—American group
(e.g., [5-9]). A close contact of Polish physicists with JINR researchers resulted in a
fruitful interaction between theoretical studies of this group and experimental works
being done in the JINR Laboratory of Nuclear Reactions (LNR) headed by
Prof. G.N.Flerov. This concerns works both on synthesis of the heaviest elements
(e.g., [10]) and searches for superheavy elements in nature (cf., e.g., [11]).

Especially close cooperation on the heaviest nuclei, between Polish theoretical
physicists and Dubna experimental physicists, has started when studies on deformed
superheavy nuclei have been undertaken (e.g., [ 12-20]). In particular, it has been shown
by theoretical physicists [15,16] that the nucleus ’°Hs is expected to be a doubly magic
deformed nucleus. Thus, in addition to the long expected spherical doubly magic nucleus
%114 [1], a deformed doubly magic nucleus *"’Hs has appeared [15,16] in the
predictions, with a large region of nuclei with increased stability around it, as shown in
Figure taken from [18]. Extensive calculations of the properties of these nuclei have
shown that they have relatively long half-lives. Experiments done in Dubna showed that
this was really the case (e.g., [21-23]). Recent Dubna experiments on synthesis of
neutron-rich isotopes of the heaviest elements (e.g., [24-30]) gave an indication of
approaching to the spherical closed shell at N =184.

Besides experiments on superheavy nuclei (SHN) performed by JINR physicists in
Dubna, these physicists intensively work on SHN at other laboratories, in particular at
GSI-Darmstadt (e.g., [31-33]). Contacts of Polish theoretical physicists with them also
extend to these laboratories, within a large international cooperation.

Extensive works of Dubna physicists on synthesis of SHN with the use of stable
projectiles (in particular of **Ca) and intensive preparation to use radioactive projectiles
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Contour map of calculated shell correction energy, Ey,, showing two expected regions of superheavy nuclei:
deformed ones around the nucleus *’°Hs and spherical ones around the nucleus **114 [18]

(the DRIBs project) give very good perspectives for extension of the SHN research in
Dubna and also for the continuation of a very fruitful cooperation between Poland and
JINR in this field.

One should add that a very good and long-lasting cooperation of Polish theoretical
physicists with JINR physicists on superheavy nuclei has certainly profited from a
general Polish—JINR cooperation in the theory of nuclear structure. For example, the
studies [34,35] have importantly contributed to our understanding of the role of pairing
interactions in nuclei and to methods of description of them. The papers [2—4] were
helpful in describing the single-particle structure of a nucleus with the use of the
final-depth Woods—Saxon potential. The studies [36,37] have predicted new regions of
deformed nuclei within approaches including pairing interactions. The papers [38,39]
treated the pairing interaction in a nonconventional way, the works [40,41] considered
the influence of temperature of a nucleus on its properties and the papers [42,43] studied
the fission process. Due to the cooperation, many papers of Polish physicists in the
discussed field have been published in various Russian journals (e.g., [17,20,34,35]) and
of Russian physicists in the Polish journals (e.g., [2—4,39]). The latter tendency is
continued, with an important contribution to it by international conferences and schools
organized both in Dubna and in Poland, in which both JINR and Polish physicists
participate.
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PE3IOME KOOPTHUHAITMOHHON KOMUCCHH
110 COTPY THUYECTBY OBbEJMHEHHOTO HHCTUTYTA
SITEPHBIX UCCJETOBAHU C HAYYHBIMHU
IIEHTPAMH PECIYBJIHAKH IIOJBIIA

20 auBapa 2001 r.
OudAUn, Nyo6ua

I. B coBemiannu npuHUMaly y4acTHe:

* E.HeBoiHnuanckuid, riaBa ['ocy1apcTBEHHOTO areHTCTBa M0 aTOMHOM 3HEPruu
Pecmry6muku [lompia,

* A XpoiakeBny, [lonmHomounbiii [lpencraBurtens mnpaBuTeNnsCTBa PecryOnukn
ITonpma,

* B.I' Kagsimesckuit, tupexrop OUSAN,

* el KoopaunaimonHoro coBemanus ot PecrryOnuku [lonbia,

* uiensl aupekuun OUSAN, nupextopa nadopaTopuil, pyKOBOJUTEIN KPYTHEHIINX

HAYYHBIX TEM U MPOCKTOB, BeIylIHe cOTpYAHUKN OOBEINHEHHOTO HHCTUTYTA, B
TOM YHCJIe TIOJbCKUE coTpynHuKH B OMSN.

II. KoopanHalmoHHOE COBEIIAHUE YTBEPIUIIO TIOBECTKY JIHSI.

III. Ha coBemianuu Obutn 3acimymanbl gokianel [lomHomounoro IpencraBurens
npaButenscTBa PecryOnmku Ilonpma akan. A.XpoiHkeBuya, Bune-aupexropa OMAN
A.H.Cucaxksina, tupekuuii 1abopaTopuil, pyKOBOANUTENCH KPyTHEHIINX HAYYHBIX TEM U
MIPOEKTOB, BEAYIINX COTPYAHUKOB Jaboparopuit MHCTUTYTa, a Takke COOOIIEHHS diie-
HoB Koopnunanmonnoro cosemanus ot PecryOnuku [onpma.

VY4acTHUKH COBEIIaHMsI ObUIH IPOUH(GOPMHUPOBAHBIL:

1. O mpoireaieM HakaHyHe 3aC€AaHUU KPYTJIOro CToJa Mo COTpyIHUYeCTBY I1osib-
mwa—OWAN B pamkax 89-ii ceccun Yuenoro copera OMSAN, B pe3ontonuu KOToporo, B
4acTHOCTH, oTMeueHO: «Co Bpemenu yupexaeHuss OMAN Tlonpmia v moiabCKUe YWICHbI
Y4eHoro coBeTa Urpaji BaXHYIO poiib B opMUpoBaHUH Hay4dHOH monuTuku OVSU.
Wx npen, npenokeHns, KpUTHYECKUE 3aMedaHusl U TO3UTUBHBIN BKJIA{ OLIEHUBAIOTCS
OUYEHb BBICOKO».

VY4eHblil cOBET OOIaroJapuil MpeicTaBuTeIIeH OJbCKUX HAyYHBIX LIEHTPOB, YHU-
BEPCUTETOB M HHCTUTYTOB 33 UX y4acTHE B 3aCEJaHUH KPYTJIOTO CTOJA.

Y4eHbIi COBET TakKe TO3UTUBHO OTMETIUT ycrnust aupeknun OVSU mo pa3suTtHio
MEXIyHApOIHOTO COTPYAHIUECTBA. IHTEHCHBHOE U MJIOJJOTBOPHOE COTPYTHUYECTBO C
MOJILCKUMHU HAayYHBIMH IIEHTpaMH 00CYKIalloCh B IMCKYCCHH 3a KPYTIBIM CTOJIOM Ha
89-i1 ceccun Y4eHoro coBeTa 1 ObLIO OCBEIIEHO Ha TPUYPOUYCHHOM K HEll ()OTOBBICTaBKE.
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VY4eHbIil COBET BBIpA3WII MOXKEIaHUE, YTOOBI MOJAOOHBIE TUCKYCCHUU 32 KPYTIIBIM
CTOJIOM O Hay4YHOM W TeXHHUYeCKOM coTpynHudectBe OUSU ¢ HaydyHBIMU IIEHTpaMu
CTpaH-y4acTHUI] INTAHUPOBAIIMCH B TIOBECTKE OYAYIIMX CECCUl YUEHOTO COBETa.

2. 06 yuacmuu Ionvwu 6 cozoanuu OUAU; B noxiane AMPEKIIMN OTMEYEH OIPOM-
HbIi BKTaJ [lombim — kak oJTHOM U3 cTpaH-yupenuTebHUI] OObeMHEHHOTO HHCTUTY -
Ta — B coznanue OUSIN, B opranuzamnuio paboThl €ro PyKOBOJISIINX OPTaHOB.

3. O macuumabax HayuHo-mexHuyecKko20 compyoHuyecmad, 0TMEUYEHO, YTO Cero-
nus naptHepamu OUSU sBistrotest 6onee 20 Hay4HBIX LEHTPOB U opranu3anuii [Tomb-
mu, B ToM uncie 10 yHuBepCUTETOB.

4. O exnade noabCKUX YUEHbIX 8 Pe3yabmambl UCCAe008aH UL, 0OOTATUBIIINX MUPO-
BYIO HayKy; ObLJIO MOJYEPKHYTO, YTO PAOOTHI MOJBCKUX COTPYJIHUKOB OTMEUYCHBI MHO-
rumu npemMussMu OObeIMHECHHOTO HHCTUTYTA.

5. O noswix 6osmodicnocmsx 6azo6wvix ycmanosok OMAM 11711 BBITOJIHEHUS UCCIIe-
JIOBaHUI; OTMEYEHO, 4TO ITPoBoANMas B MIHCTUTYTE pedhopma yrke IprBesia K KOHKPET-
HBIM pe3yJbTaTaM 110 YBEIHMYEHHIO YHCa 4acoB pabOThl 0a30BBIX YCTaHOBOK. JTO
kacaercs UbP-2, kommuiekca yckopureneit JlabopaTopun sIepHBIX peaKiiii; BEIBEICH-
HOTO IIy4YKa Ha HyKJIOTpOHE. B pe3ynbraTe BOZHUKAIOT JIOTIOIHUTENbHBIE BO3SMOKHOCTH
JUTSI COBMECTHBIX HCCIICAOBAHMM ¢ MHCTUTYTaMu [lopim.

6. O noozomoske Hayunvix kaopos 05 Ilonvuu, 3a BpeMs cymecTBoBannus MHCTH-
TyTa TI0 pe3yJbTaTaM COBMECTHBIX HAyYHBIX HCCIIEIOBAHUN TTOIBCKIMH YUEHBIMH 3a-
mrumiero 6osee 100 kaHAUIATCKUX U OKOJI0 50 TOKTOPCKUX TUCCEPTAITHA.

7. O cO8MeCmHbIX YCUNUAX NO NPUBLEYEHUIO HAYYHOU MOJI00eMHCU K TIPOBEIEHUIO HC-
cnenoBanuil B OMAU, B ToM unciie 3a cHeT NpUIIAllCHUs CTYACHTOB ISl IOATOTOBKU
JTUTUIOMHBIX paboT. OTMeUeH ycHemHblid onbIT Y4eOHo-HayuHoro neHTpa OMAN mo
paboTe co cTyIeHTaMH U3 MOJIBCKUX YHUBEPCUTETOB B paMKax Mporpammsel «borosro-
6oB—H]enba.

O6mue nanubie o cotpyaandectse OUSM ¢ monbckuMu HayYHBIMU [IEHTPAMHU TTPH-
BelleHbI B noknagax A.XpeinkeBuya u A.H.Cucaxsina.

IV. B pe3ynbrare npoBeACHHBIX 00CYKJICHHI YYaCTHUKU COBELIAHMS MMPUIILIH K
CJIEIYIOLIUM BBIBOJIAM:

CoBenanue NOATBEPXKIACT, UTO COTpyaHUUIecTBO Mexay OWSN u monbckumu Ha-
YYHBIMH [IEHTpaMu, Oa3upyroiieecs Ha wieHCTBe [lonbim B OObeIUHEHHOM WUHCTH-
TyT€, SBJSCTCS BaXKHBIM JIJISl IPOBEJICHUSI HAYYHBIX UCCIIEIOBaHUMN, B OCOOCHHOCTH B
TeX HaIpaBJICHUSAX, KOTOPbIE HE MOIIIM OBITH peanu3oBaHbl B [lombiie 6e3 ywacTus
OousIn.

CymectBoBanre OObeIMHEHHOTO HHCTUTYTA SJIEPHBIX HCCIIeI0BaHUI Ha TEPPHUTO-
puu Poccun 1aeT moJILCKUM YUEHBIM JIOTIOJTHUTEIbHBIE BOZMOKHOCTH JIJISI UCTIOIH30Ba-
HUs Hay4HOro noteHuuana Poccuu.

Uepe3 OUSAN MoryT OBITh pealn30BaHBI BOKHBIC CBSI3U ¢ HAYYHBIMH IICHTPAMH
BCEX TOCYAapCTB — WIeHOB OOBETMHEHHOTO HHCTUTYTA.
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Cotpynandectsy OUSN n HammoHanbHBIX 1eHTpoB [lombmm HEOOX0mMUMO TpH-
JaTh JIOTIOJIHUTEIbHBIA UMITYJIbC C LIENbI0 YHacTHs JyOHEHCKUX CIICLHAINCTOB B pado-
Tax, IPOBOAMMBIX B Hay4HBIX HeHTpax [lonbin, mupe u 3¢ dexkruBHee NCHOIB30BATH
LIEJIEBBIE COBMECTHBIC HayUHBIE IPOIPAMMBI.

Y4acTHUKY COBENIaHUS CYUTAIOT, uTO TIpoBoauMbie B OUSN pedopmer obecniedar
OoJIbIIE BO3MOXKHOCTH VISl IPOBEJCHHUS HCCIIEJOBAHHIM.

VY4acTHUKN COBEIAHMs OTMEYAIOT HEOOXOIMMOCTh COBEPILICHCTBOBAHUS (OPM H
METOZOB COTPYAHUYECTBA, B TOM YUCIIC COBEPIICHCTBOBAHUS MOJXOI0B 10 (PUHAHCH-
POBaHHUIO COBMECTHBIX IIPOEKTOB.

Hayunslie unrepecs [onpmm B OUSN, B nepByto ouepeb, OCHOBBIBAIOTCS HA I1JI0-
JOTBOPHBIX BO3MOXHOCTSIX YHUKAJIBHBIX 0a30BbIX yCTaHOBOK MHcTUTYTA, HCONb3ye-
MBIX Ui (yHAAMEHTAJIbHBIX U IPUKJIaIHBIX UCCIEIOBAHUI.

ot PecrryOmnuku [lonpmra ot OMsIN
E.Hesoonuuanckuii B.I" Kaowvuuescruii ; /
WAV 2% -
A Xpuinkesuy A.H.Cucaxsn A A7 =
B.Xmenvosckuii !‘J‘ ) B.M Kabuykuii /%@ I —
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IDEHTPOB, YHUBEPCUTETOB N I'OCYJAPCTBEHHBIX
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KPYTJIOT'O CTOJIA «ITIOJIBIIA B OUAN »
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npocdeccop ['opHO-MeTamTyprudeckoit
akanemun (Kpaxos)

ITOCTOSIHHBIN OpeaACTaBUTCIIb ITonbckoi
dKaJICMUH HAyK B Poccun

npocgeccop JlabopaTopun TSKEIBIX HOHOB
Bapmasckoro yHusepcureTa

cTaplInid HayYHbIH COTPYIHUK HCTUTYTA 3J1eK-
TpoTexHukH (JIro0mH)

crapiuuid cnenuanuct MIHCTUTyTa aTOMHOM
sHeprun (CBepk)
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