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ABSTRAKT

TatobDNDOSVNHDERXYU\FKORY D mHY\ Viwep@iéciy MHMLFK I XQJR
THRUHWLANKURQXWH SRSLV ]iNODG Q$FHK GWREsGnotWe F Brojekv8p P X |
spojené FKYZumem VREODVWL $'6 3UDNWLKFNQYXMWWRSWERDOL]DFI
spektrav |D t]HQt %8B$QRX PDWHULIOX V 3D WmRp @IKARV W HHWGHHL F W
v programu MCNP

K/EYy29E 6/29$ADS; ADTT; BURAN; MCNP;, VSDOD p Q tWUHHIPN FIKKIORY D p +
t]HQé V\VWpP



ABSTRACT

The bachelor thesis deals wabcelegtor-driven systems and principles of their functioning.
The theoretical parhdcludeshedescriptionof system components andilso introduces projects
related to ADS research. The practical part of the thesis is devoted to neutron spectra optimizatior
for BURAN assembly by change of material of the spallation target in MCNP.

KEY WORDS: ADS; ADTT; BURAN; MCNP; spdhtion reation; target;
accelertor-driven system
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Kernfysisch Versneller Instituut

Los Alamos National Laboratory

Lawrence Berkeley National Laboratory

Low Enriched Uranium

LeadCooled Fast Reactor

Long-Lived Fission Products

Light Water Reactor

OLQRULWQt SNWLQLG\

ODTXHWWH 6XUJpQpUDWULFH &DUDGDFKH
Monte Carlo NParticle Code

Megawatt Pilot Experiment

Mixed Oxide Fuel

Materials Testing Accelerator

Multiplication avec Source Externe

Multipurpose Hybrid Research Reactor for Higlch Applications

Multipurpose Hybrid Research Reactor for Higith Applications
FastSpectrum Transmutation Experimental Facility

NeutronTime-of-Flight Facility

Nuclear Data for Transmutation

Options for Making Extra Gains from Actinides and Fission Products
Oak Ridge National Laboratory

Partitioning and Transmutation

Preliminary Design Studies of arxfgerimental AcceleratebDriven
System

Proton Synchrotron

Paul Scherrer Institute

Pressurized Water Reactor

Research and Developement
ReactorAccelerator Coupling Experiments
Scattered Nucleon Detection Assembly

6WXGLHFHQWUXP YRRU
I1XFOpDLUH

HUQHQHUJLHt&H
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SINQ
SNS
SPALADIN
SPIRE
SSSR
TAC
TARC
TECLA
TEF
TER-P
TERT
TIARA
TMIF
TPC
TRADE
TRASCO
TRIGA
TRIPS
TSL
ucL
USA

uT

uu

0-)
WP
XT-ADS

Swiss Spallation Neutron Source

Spallation Neutron Source

Spallation Based on a Large Acceptance Dipole Magnet
Spallation and Irradiation Effects

6YD] VRY WVNéFK VRFLDOLVWLFNéFK UHSX
Turkic Accelerator Complex

Transmutation by Adiabatic Resonance Crossing
Technologies, Materials and Theratdydraulics for Lead Alloys
Transmutation Experimental Facility

Transmuation Physics Experimental Facility

Target Test Facility

Test Infrastructure and Accelerator Research Area

Test Material Irradiation Facility

Time Projection Chamber

Triga Accelerator Driven Experiment

Transmutazione Scorie

Training, Research, Isotopes, General Atomics
Transmutazione Scorlatense Proton Source

The Svedberg Laboratory

8QLYHUVLWp FDWKROLTXH GH /RXYDLQ
United States of America

University of Texas

Uppsala University

OVWDY -DGHUQp )\]LN\

Working Packages

Experimental Facility Demonstrating the Technical Feasibility of
Transmutation in an Accelerator Driven System
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1. Qg2

6SRW HED HOHNWULFNDP HQHUI:)LFP—&WI—RX/YLWt DRIW \WH D +HB R
JGURMS$ ,ZiIGRYRIGX VQDK\ RPRI[ILGX SXKRIEDBMDMIAKRK VNOHQtNR"
MH VRXpDVQEéPHVHAIQGHPRE\XKEBQEEFK HOHNWUIUGmMMBK $OV
mohly EEW MDN REQRYLWHOQp JGURMH HI) NYJWN RMAIDXY MD G IR
vSURYR]X SUSP\WVORY Y\XétYDQéFK M DeGrHelY QVEFKE U B DWWER
MH QDSOIQRYIiQDS WDRPR]W B MMt F K YEINMKPQE&FK UHDNWRL

-DGHUQpP WHIRMWRIURMHP YHONpKR PQRA&VWYt MN¥E URD N
VVRXpDVQYDGIREGI SRGOH GYRX VFpQi $ 3UYQtP MH RWHY H
SDOLYR XORAHQR GR KOwiaht@\ph KPR 6 O @ AN &/ G QDRMRD @ X DWN
]J$SVWDQH QHXKERL.WB X]DY HQé §DKHPY RYKRBWMERNOPKR MDG
SDOLYD H[WUDKRYiQ\ XUDQ D SOXWRQLXP NWHUMixedH Qi
Oxide Fuel) $NWLQRLG\ D W SQp SUR GXNEWQ ® VR -BORIOKDW H &
SUREOHPDWLND Y\X4LWt SDOLYD D JiUR®H VH VQta&t REMHP

-DN X]DY HQé WINNORWPBDOH Q@& Hadt SUREOpP UDGLRWR]JLF
D GORXKRALMtFtFRKN ZWFS oo §. Kongliveddisson products) REVDAaHQEéFK
Y\KR HOpPZSDRHR XG$YRGX PQRKR JHPt SUDFXMH QD YéJNXP
SY\KREACGS DOWLWY HPAF L W D Nip¥HeQ@tpakaRykllv Q P MH SDOLYRYé F\NO
do dvouAYUVMIHWSUYQt GREXNRQLWDEQpP UKMBDNQODDBLSOXWRQLD
pak KRGG OHQt D WUDQVP X\Wddhid stfdtp3cyklu @ budoucnuPRKO\ KUIiW
G$SOHALWRBYW KERY.DpHP t]H Qzand\ XdteteRator HtiGen Systdm NWHU &P L \
EXGH |DE&YDWHGMW R H RiFBl t] XKQH§ APKOIORRAHIH ] piVWLF R YHON
RVW HOXMH VSDODp Qtotiktingut/ (RO & GRFIKUp KQLNDMt GR SRG
obklopujtFt WHONRYéWR MDGHUQé UHDNWRU MH JiURYH VFKF
LIRWRS\ S DRBREPNWLYQtFK RGSDGHFK DYRBAMY]iPHQV GpvV0S Qe
R]D RYiQtP GaF IS LWHEHRR S R GFXPHIDAYp KR NASAHE WXi]RUQ Q
naObr.1[4]. [3]

Urychlovacd - -
IEnergie pro Energie dodana

Protonovy pohon urychlovace |do sité
svazek

Parogenerator Vyrobena

= elektricka energie

Generator

E Kondenzator

Podkriticka
aktivni zona

Spalacni terc

Obr.1 ORAQé& NRQFHSW $'6

1'DWD ]tVNID2QIIN
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2.35,1&,%5'6

-DN E\OR ]PtQ QR Yé&&aH X{UBFKI®O RXNDHE DM WLE QHMpPDVW N
WHUpP XPDWW IQEQY ]yQ SRGNULWLFNpKR UHD NW B BBSIcHKY O H G
IXQJRYQBIKWURQRY pédR V]SRRIt X U\ RAKQUDHP QYOG EW D Y H
MHGQRWOLYé&FK NRREIRYHDWS RGN LWLFNpKR MDGHUQPpPKR L

216SDODpQt UHDNFH

,QIRUPDFH SUR QiVOHGXMtFt N D[5/L&SDM\DH\@\ MH UBWVQ Y jHU]
MDGHUQpP UHDNFH S L NWHUp INVQ/HWH FE R % 0HMH UJH K ) pNWRiQ
Q NROLN *age EMEMHBP W ANpKR SUYNX Q iWPLHVGNHHPONHKRA PG
KDGURQ$ [HMFp@HBR RWERGENS VSDODpQtFK WHMBINGENW QY §
PR&Qp GRWVIRBRKW Y\atitWRNIWRHXWURQS$ QHA& N\DDN/L AW F
reaktorech9\d4t KXVWRWD QHXWURQRYpKR WRNX BHS$EXKNQS B3OR
UHDNFH MH ]Quor]R6].Q8% B O0EDS URFHVQVWOHNXIIGiFIt FK 1i]t

Q
Vysokoenergetické 4
stépeni (
L3N lll
AN ) [
¥ & 4
- A y -
) “ :3 3 “jétépné produkty
Pt
5k 3
od "4
‘"ol - Qs) -
Vnitrojaderna kaskada - [*
n & N g S
@ ! oo o
- » l' 0 '.r\1
Tézke jadro I n
. - Y
b ) & vyparovani
N st
Dopadajici w Cy
¢astice ' ) / .
; \ @ Spalaéni produkt
»" "; {] 1 .
r ) 1 3
o O« @ —— @?
n / | \ :
TC ¥ ! \"1
bd
Q9 o 0

n

Obr.2 3U$E K VSDODSH.Qt UHDNFH

21.19QLWURMDGHUQI NDVNiIGD

9QLWURMDGHUQI N D ViNcea casraid.L AR\ QDWW WDWiHY B2¢.L

Proton sSY\WVRNRX HQHBEQ@Lt SHIOEC L VUi&AHHGQWWWORIYERH NiVW
WHUPHGRFKI M\WMB\HQt VORAHQpPKR MiGUD -HGQi VH R SUX:
VYRML NLQHWLFNRX HQHUJLL QXNOHRQS$P WQPDUNDGIH RoP ay | D\
NWHUp VUI&NRX JtVNDO\ GRVWDWHpPQRX HQHUJLL RSRX&W |

21DS tNODG QD MHGHQ *H9 SURWRQ RVW HOXMtFt RORY Q& WHUp
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piVWLFH =E\WHN HQHUJLH MH URYQRP Wi@ UDRWMHRIPHIQ PW HU
GR Y\VRFH H[FLWRYDQpKR VWDYX

2123 HGURYQRYsEAQi HPL

Kdykoliv SUSE KX UHDNF s IHSGUHRYRMRNMVAR p HPLVYH FR&E{QD P I
dojdekLQWHUDNFL SSYRGQt D @HHE R/ D&/ (GENSCHHHNRERNPW YW HP L
QHER RGaAW SNX (QHUJLH W FKWR pLWARLYD DEFRNE KHW AW ROY-
rozpadu.

2.1.3Deexcitace

V pDVH ¥y MH RVW HORYRPRWIi@ QfREgigeDNXY QRP UQ UR]O
vFHOpPR.EDBtQi Ii]H URYQRYi&4QpKR UR]SDGX

-iGUR VH ]JEDYXMH HQHUJLH Y\SD RYiQtP QHXWURQ$ QHE
~piVWLFH DWG R HQHUJLL S LEOLA&Q OHYIGRIVWHFK VR RS

'DO4t PRAGRNWIH MiG URPKRIEEMB G HU QIpHPWVHHWIANPpKR RG
UR]SDG QD YtFH OHKN&FK RGAW SN$ QHER QD MHGQRWOLY]|

VS tSDG &H HQHUJLH MiGUD QHQt GRVWDWH jd€exctadiONi S
HPLVt piVWLFH MiGBR/ g SERADYGGRDNWLYQt D U&KH&Ds@newsl GF
VWDELOQtKR VWDYX

2140H]LMDGHUQiI NDVNiGD

YyiVWLFH NWHUp RGRXYGEGMGCGMKX WISJRDFQtFK UHDNFt PRKR;
UHDNFH 7HQWR MHY VH QDJ]éYi PH]LMDGHUQiIi NDVNIiIGD
QHGRFKIi]t NH rpw D oivRIGERE WXGtd SURQLNDMt QHMKORXE M

2153URGXNW\ VSDODpPpQt UHDNFH

3URGXNW\ W VFKWR |GHOXWt Gde 0GYWRRG X NWK tY \WDA R &PQt Wi G |
D YHONE&P P QR AaVnbooProfuliRk AWR S$OQ B ¥t KPRWQRV Wt

GHWHNFL SURGXNWS$ VSDODpQtFK UHDNFt P$aH Eéw Y\
kinematiky.

ZKOHGLVND S tPp NLQHPDNELEURMBREWL D LY WULIER 6 & N a N
]IDVWBYYXRGXNW\ UHDNFH PRKRX EéW GHWHNRYIQ\ ]D SRP
spektroskopie. MHWRGD XPRa XMH PmdtaW WDV GQQAEFK VW\DXE$Y DWD
UDGLRDNWLYSRWWHEXIMH DP p Q pbDVX 1D GUXKRX VWUDQX
ZGORXKRALMtFtFK VWDELOQtFK D YHOPL NUIWFH aLMtFtFK

ZKOHGLVND LQYHU]Qt NLQHPDWLN\ UHODWLYLVWLENp W
RSRXaW Mt tWHRUPN Y USRXSLWt S LP HQEFK WHFKQRORJLt P|
S tPR |D OHWX 9\X&tW VH P$aH QDS tNODG PDJQHWLFNpKR
VHVWiYDMtFRGKRYHRYWFK PDJQHWS$ D. GHWHNpPQtKR Y\EDYHQt
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228U\FKORYDD

-DN XYiGt QDS [TNPDRE JBURM XYDAXMH MDN Y\XAaLWt F\N
XU\FKORYDpPp$ &\NORWURQ\ PRKRX EéEW PHQA&t MHMzRUK SUF
EEBIIOMA.VS tSDG OLQHIUQtFK XU\FKORYDpPpS$ piVWEER MW RPRE
P$ EEYDMt WHG\ Y\XatYiQ\ pDVW ML

3UR PD[LPiOQt QHXWURQRYé& Yé&W &HN MH SRW HED DE\
NRQFHSW\ $'6 XYDAaXKt NWQMILIIpH VP WEibinaci SRS Q¥P SURXG
XPR& XMH GRVIKQRXW SRADGRYDQpPKR YENRQX &R VH WépH
- 0: RGSRYtGDMtFt WHSHOQ®PXiYEMRQ® PXOWLSOLNDpPQ
reaktoru). 7DNRY pKR MBN®RXBnkigienRsviizkuv UR]PH]t *H9 NG\ E&YD
XYD&RYiQ\ MDN VSRMLWp WDN SXOVQt VYD]JN\ 3UR SUS$P\V
0 YENRQX GHVtWHN 0: NG\ JtVNDQ&GWHI3JOQé Y&ENRQ Pi EEW

236SDODPpQt WHUp

ONROHP WHUpH MH Y\X&tW SURWHRGGNRRED Q pl XMIVURKBR Y
VSDODpPQtFK UHDNFt 1D WHUp MWPRX tNEDDNG MORUEKEPAB® 4 D G
Y\P QLWIR@B®W GHXWURQWHUWNPMVREtERD [FRRE H M3hvyEset
SRMPRXW YHONRX KXVWRWX.JBENRQX S LEOL&Q 0: OLWU

7HUPH VH XY RAKMINEPY RNtFtP S HWKR GHPHDL X U hEdo®dzY D p H
RNpQND tSDAH WHUpPp RNpOHN R \RBADDKDQMRH QiURpPQEéP SRGPtQN
WODNS$p QPSHOQt R]D RYiQt Y\WRFH HQHUJHWLFNEéPL pivVWL
WHUp S HFKRG PH]L WHUpHP D XU\FKORONDPHBDWEY M H SR
NRQWURORYDW VWDY SRYUFKX D RGVWUMcHOVYPE W NDYp Oi

ZS HKOHGX MHGQRWAathi¥EMK [ODWHQ@D ¥ MERNDBIMMUS]Q Mat
podob(YiORM$\pt NRXOt QHE E éGREEMWWILDHFHNQ p F K O DOMmt\W tHPU R/ddBHLPHP
P$aH ©@8&W tivad,DBvo, tantal, wolframebo thorium.

V'S tSDeRuteWM WHNXWO §RMDN UROL QHXWURQRYpPKR ]G L
tepla.-DNR WHNXWé& WHUp E&Yi Q{PMpBWEDMIQ X V-BisShNURRIDERY RO R Y
IHY&KRIBBRXMH Y\WWRNi WHSORWD nMDQp X GeUeRihQadieky@aUWR p Q p
aQiNQPG 6P WBEPi WHSORWX WWRItG\ YEYR]Q QLA&A&t .QHA \
3 tWRPISRMWD OH YHGH NH ]QDpQp SURGXNFL*POGThRWRI[LF
SURGXNRYIQR L RORYHP DO.N$CH YWERDBIQ QOP KU RY R QtP W
PQRAVWYt X¥RAWREREN BE WDNBiLzpK FEX®H NRURJL NRYS$
rostte SURVWRXFt WESORWRBEHOpPpKR SO\QH A&H YékB.oMmoat M|
YéadH XYHGHQN UXNWHLHX®it MDNR.WHNXWé& WHUp UWX"

24 $NWLYQt ]JyQD
1iVOHGXMtFt LQIRUP DFH]. Enérife YMND G]HHU]GEFXKMWH DN W R U H FK
jaderneutronyav PHQat Pt H WDNp UDGLRDNW IYH@uPod fBoiSiDtesaeP '$ O

QHXWWRQY\VMH ~pLAQOE.pt GIQeé SWMIPB]XWMH PtUX SUDYG SF
bude neutron MiGUHP LQWHUDJRYDW 'UXK LQ&WH SEEFKBPN R]

33RXA&tYi VH L MHGQRWND®>8Q NWHUiI RGSRYtGi|
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absorpciéy (& L & E &), SUXB@E H S U %AQzptyl 3UR VOHGRYiQt YODVWQG
vmaNURVNRSLFNEéFK ~WY QDISFHVOETNEPL WHIREKMWR QR YEQD Y H
PDNURVNRSLFNé& ~pNWEHISWE BJQD VRXpWHP ~pL @étEeK S U $
objemu. ,QGH[\ SUR MH CGEERMOS R X MVQBMQD MDNRS X FRIPMERRYp L Q
SU$ H]X

3UR WHSHOQpP QHXWGERMDHIY PIQWUWALLQD EXQUPi GIUR W\Fk
QHXWURQ\ MGQWWRMHN NH9 D& GHVtWHN OH9

3UDYG SRGREQRVW aH DEVRUSFH QHXWURQX SRYHGH N

.4 2.1)
kde Uje
N
UL—a (2.2
.

Pro SRpHW QRIXXWRIOR GSRMO MG N X [iF K\ W R 6PHM MBUIRB@Xt 4 W
RL

<E Ua (2.3)

kdle AMH SRpHW QHXWURQ$ XYROQ Q&8FK QD MHGQX &W SQF

-DNR a4W SQp DQJO ILVVLOH QXNOLG\ QDJ]éYiPH W\ X
QHXWURQ\ -HGQi VELRKERSREWMR\®S 3BW, PWPafiPuQ

1DRSDN QXNOLG\ NWHUp O]H URQDYESLAMH MIMQSU W K O ORL I
-H SUR Q W\SLFNé VXGé SRpHW QHXWURQ$ 3 L [DFK\FHQt \
GRMtW NH Y]J]QLNX a4W SQpKR MiGUDRSNE®X LGHID 8 WRYIWV H G C
232Th a9y,

PokuduY DAXMHPH QHNIMR Qahk|SQ R APPXGOLVWL SO L NSIDpBIW INRHILFLHQ!

LKABAQPBRAOKEQOICAJAN=?E
LKA B A Q FIRC A J A NZR @R X

-LQDN HPHQR MHGHQ ]GH Y]QLNOG QHXWURQS$®i YUEKN Q
VH W HWt JHQ HF & ProG) @sMWMHQHXWURQRYE& YEW &HN

(2.9

Joouk SEG EG EREG E®L ° 4 (2.5)
sFG
3UR NRQHp Q@ DSSURWDDIRBULI Q& UHDNWR G HMHNW HEQt RIGUIR
NWHUi MH §HTR tMRIHJD SfakpeimQ &HR Q MéMtreiyzpS U RV W R UVeliXo& L N D M
GoliYLVt QD UR]P UHRAKGU WMIHINYWRRIGQ p X Y 4 RWDHW p - K R G\QXRQ\D
QHXWURQX NWHUé& HW JRYRX UHDNFL ]DSRpDO
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Podle d HN W L Y Q/t PRFOGMQLRSVD L N D p Q G JR) RN ROHL BLXRthbA Rk U L

a) IDGNULWLFNé& WDsYD SEpHWMH QHXWURQ$ G$SVOHGNHP H)
QHNRQHPQD 1HNRQWURORYDQpPKR QDGIBGHMVIQRNKKRE VE
VMDGHUQE&FK UHDNWRUHFK MGH MPD GHAQPRKBY iMHLY . RKG
QDGNULWLFNpK{RiVSVD W)S RKMAYWMXE MDGHUQpPKR UHDNWRUX

b) .ULWLFNé& V\WgRIYs \\eH MWDY YH NWHUpP MVRX SURYR]RYi
AW SQEéFK NMEDANFUINQHUDFL ]$VWiYi NRQVWDQWQt

) BRGNULWLFNZ@NDBRNBW QHXWUBRBOHGNREBEMHK YRGOH U
(25) NRQHPQE& D HW JRYi UGIRXNFMWQEHSRONUWYWQFNpKR UHD
QHXWURQS$

'DO&tP G$OHALWEP SRMPHP MH UHDNWLYLWD NWHURX P

G oF s,
%0 a (2.6)

9 NODVLFNpP UHDNW R UeaktMitd roVvniHEIR KB KW@ CORR S ttN O D C
SRXAaLWtP UHJXODpPpQtFK W\pt 5HDNWLYLWD SRGNULWLFNpP
k Y\SQXWt XU\FKORYDpH D HW ]JRYi UHDNFH VH ]DVWDY't

&tOHP $'6 MH NURP WUDQVPXWDFH OBWR/NBI LY KRGRE D/ HM
WRKR MDN HQHUJLH XYROQ Qi S L &W SHQt S HXNU\B KONRN DHX

3RPHW QHXWURSBGNQLWQERKPYUHDNWRUX MH
014 2.7
SFGo 27)

kdeO,MH SRpHW QHXWURQS$ Y]QLNIDWHALAK QO HRVWHDNHAt 8 WR
AW SQéP P DWHydtkiBaKtBrizov Q HIHNWXOWMPSOLNDpQt&NRHILFLH

3RpHW QHXWURQ$ GUXKp JHQHUDFH MH

GO
SFG ua (2.8)

NHXWURQ\ MVRX SURG XN @ HPNDE G R A@HXNONFQ$] 3SRpHW
UHDNFt GUXKp JHQHUDFH MH WHG\

0, L 29
© asF Gy

Pokul EXGHPH XYDARYDW N®HGpP aW SHIQt V H HKXOYNRROYQ DOYRC
teplo bude

éL

0oL

0g L

(2.9)

raGy 9, 4
asF Gy

(QHUJHWLFNé JJIMN \WRRMRYRXORPOtePms HQHUJLt 'SURWRQ %
]SSVRELO XYROQ Qt SUYQtKR QHXWURQX

r& 2G 94 L )4%03
AsFGy'a SFGy

3L (2.10)

) L

(2.12)
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([SHULPHQW ) (kapito8AH XYNi]DO &H S L Y\XALWt XUDQRYpk
paprskusH QH U J&t1QD GGyl rdje ziskrovenudt 9éSRpW\ SUR S UKRBpMIdEN W ($
31 XND]XMt aH S L Y\XAaL¥Wt RRURWDW@EEMRRt MHUpPpH D

96NRQ MDGHUQ pK]F HduAsd NMVRWMXRWRX OQHXWHRERY,pKR \
definovanoyodle[9] jako

0:"4& LR";J."4 &, (212
kdle RMH Y]GIiOHQRVW NWHURX QHXWUWRD SKpH\edmptdd\HLGQ

objemu.-LQDN HpPHQR KXVWRWIH CHOWBRQEY pKIR N RUMKICR X piV
objemu]D MHGQRWNRY& pDV

2.4.1Palivo

Jako paivoMH PR&Qp SRXabDWHWRR BDPLMR XUDQ SOXWRQL
Y QRYiQD T ghoiim SR JiFK\WX GHRWGRQXNaHPWQRNE F Ra
YEKRGQp SURWRAH VY WRYp ]iV,REHaAWRRANLD MVRX YEUD]Q

&R VH WépH SHYQéFK SDOLY JHMPpQD R[LG$ MHMLFK YEé
D SURJNRXPDQi 1D GUXKRX VWUDQX NYS$OLSHWLSYXEPQS
QHXWURQRYé WRN JFHOD RSWLPiOQt 7HNXWiagmi@dlizaD VLFI
QHXWURQRYpKR WRNX QLFPpQ RWIiJND MHMLFK[7ZYSROHKOL

OpHOHP $'6 Pi NURP Y é&U Rdhsmdtace MA la HLEPE Gb 44/ eMA, ve
Y\KR HOpP MDGHUQpPP SDOLYX MVRX ]DVWRXSHQ\ S HGHY4
0 SUYN\ UDGLRWRNMHKAD SRORPDVHP .URISWEG R @V P XIMIPFL GRF
JiFK\WHP & @ HEHRQ!IK Oviendi@u izotopy SNUiIWNEP SRORpPDVHP UR]SDC
VWDEUDQ@tVH XYD&XMHBVaere VR-MWDRRHD SUR~-NMHQQPBKSYH GIND
J[iIFK\W Q HK®Idh RMQUD QVP XWDFL MH YKRGQp Y\X&tWIQUMEROp QF
[11]
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3.96=.80$'69( 69 7

3RGNODGHP SUR QiVOHGXMWUPt QRiGW WD FPRXMH FGURMY N$ P
NG\ ( 5XWKHUIRWBPR\GXHORXYDOWLFHPL . [P5 Y RMVNKL R \\
E\OR SRX4LWR UDGE¥PDNWLYQt SRORQLXP

Roku 1928byl R :LGHURHP VHVWURMHQ SUYQt OLQHiIUQt X
E.O.LawrencRY éP\QIiOH]HP F\mikD RAZ2OUR /XL B RNIDyML D. Cockroftem
aE.T.S. Waltonem VHVWURMHQ |ROWXKORY DD SULQFLNA \QVHREYL R
SULQFLSX GRGHMPPRDRJIXRIMHNWRU\ piVWLFV BURLY WWEAF K
H[SHULPHQWS$ RVWWHWBHYRALY&BRIVWKE B¢ Aa0OR R SUYQt S tSD
transmutacepYy NX S L Y\XALWt XP RpkURI4UBWORMH i FiIIWMODIHFQD VRE /D
v USA aN. N. Semenovem $SSRQDYUAHQR N\YORMNWRE MDNR Jréalizedd Q H X
QiIYUKX ®WR&EBRGRMHWYNOH\ NGH * 7 6HDERUJ D MHKR WéP R
deuteronyoHQHUJLL OH9 JtVNDOL SUYQt J SOXWRQLD

5RNX E\O SRG YHGHQtP /DZUHQFH Y :RUOG :DU ,, 1DY
]QiPpP MDNR /DZUHQFH allLitordtBrR W B QLD WU AL VSXAW Q SUR
Testing Accelerator (MTA) NWHUé& P OZuzMR 6 KX M\ p KRkX 1982 XD QD G

% /HZLV QDYUKO Y \XiékoAIXUSFHURFRGYD K RN W K R iid. iRaktbByN R S
CANDU (CanadaDeuterium Uranium) 9H VWHMEpPOGRE@D ~]HPt 86% REMHY
Q D O H] L &M pdy, 8l kKxsed projektu MTA upustilo.

IDZUHQFH D MHKROWWPPFL Y VWROHWt SDWHQWRYDOL (C
VORXJELML AW Qt GRVWMPWATBQ&ARKHUpP VH QD =HPL QHY\VN\WX|
WpPDWHP VH 7D REth D.0 [GoldaNski a R. G. Vassylkove\e 65  NZAROHmali
QHXWURQRWR FHIEXT HQHIP XUDQX S L H[SHULPHEXJI3IFK QD XU\

963H XYH&@NRP\YQiVOHGRYDO\ SUIFH 9 6 %DMDARIGNRY D
SDN QiYUK\ SUYQtFK QRYRGREE&FK $'6 |D t]JHQt & 5XELL ($

1iIVOHGXMtF¢e WISEMNM B U WY Y H QD IS UXRINGEHHE W) N XPS.

313URMHNW\ Y (YURS

Energy Amplifier (EA) [15] WDNp Q BdceeiatQréDriven Energy Production
(ADEP), navrhnul Carlo RubbiaERNuv roce 1993 +ODYQtP FtOHP SURMHNWX [
]D SRPRFL XU\FKORWMIOMBGHYRPINDWVNiIG\ 'DO&tP F¥OMP E\C
jako palivakSURG XNFL a%8S WHROYQPKREtN\ U\FKOé&P QHXWURQS$P
URJ]JaWw SLW YWaAORNRNISRIGNULWLFKNE@EYPLVWHXWURQ\ tJHQ é
SURWRQS$ 8 UlWKGeNMd&dnByRchrotron (PS) -DNR SD @d- 8 R URORXtAW KR L
-DNR VSDODpQt WHUp PRGHUIWRU D VWtQ Qt E\OR Y\XaLWR

First Energy Amplifier Test (FEAT) [16] byl experimentna EAv &(51X XUpHQé 1!
] N R X Pzigktienergie VADS. Zisk je definovarEMDNR SRP U HQHUJLH Y\UREHC
ADS D HQHUJLH GRGDQ fro®e&2N)N F[FS B MW HR W\ S URE) K AH\QFHWR
svazku vintervalu 0,62,75 GeV.Bylo PLPR MGIRNoi]iQdRAH RSWLPiOQt SURGXN
QDVWIiYi S SURQERIENVNX Y Wat QHA OHO9

Transmutation by Adiabatic Resonance Crossing (TARC)17], G D O[S H U LiaBAQ W $
P O ]D FtO RY LW PRAQRVW Y\XaLWt DGLD Ebidudi ENGPKR U |



39&8]NXP $'6 YH VY W 26

°Tc a'®, D JiIURYH JNRXPDOSDODpPQtFK QHKNWHLR®@S$ QW ROWRI
SPRPHQW\ SURWRQ$GeV/¢:H9 F D

GAMMA -2[18] E\O RORY Q& WHUpP R SU$P UX FP D GpOFH
SDUDViz@Kr.3[19]) QD NWHUpP E\OD YH VSRMHQt VNudtX&UDY R
SURYHGHQD V p U LibinHisSitdte) foNd e ReYearch JINRIMX VN 'XEQ  (QH
SURWR Qistelf/ald @d 9,53 GeV do 4,15 GeV. GAMMA XPRAa RYDO W L ]S$VRI
YIRUN$ SUR WEKXQ\BPMHWRDGER VSDODpPpQtKR WHUpH PH]JL ROR?
aSDUDVMEQMRR G HAghtVIRAJ ]|D SDUDItQRYRX YUVWYX %\QBWiorROH!
kombinace?® a?*'Np, nebo**%La.

P

¥

Obr.3)RWRJUDILH W-RUHH *$00$

GAMMA -3[18] byl GDO &t WHUp JINRVIWBRORRORY &ERYSO$SP UX FI
D GpOFH FP mRENORISMQREY.aPUL\ FEKORR\WD R 19 Rvitlotron, WHQW RN U
s papr&kemdeuterorto energi 2,33 GeV

Accelerator Driven Optimized Nuclear Irradiation System (ADONIS) [20] byl SUMQ't
projeckem EHOJL BNp'KER1 6 WXGLHFHQWUXP YRRU . HUQHQHUJLHIZ.
IXFOpVEGBtFtKR Y HPB RENK®REh@9951997a E\O |DP StlQu@DSRMHQ't
XU\FKORWBPBHWP D SRGNULWLFNéP UHDNWRUHP &4aOR R PD
~pHOHP E\OD°®R R NJRHN X E\OR QDYUAHQR UR]J&t LW ~pt
SULQFLSS$ $'6 2G WRKR)DREYRNR<MB+SURMHNW

Multipurpose Hybrid Research Reactor for High-tech Applications (MYRRHA) [20] je
YtFH~pHORYp Yé]NoXRP R JDFH R Q €ppatFad DS R G N U L W L ANNpLPW MWFINIY |
UHALPX  9\pijektu JADONIS. VURFH VH ViNoHIGDPR PURWRHK
(5mA,3500H9 RVW HOXMtFtKR EHISR B RQENREMNER W HIHDKOWEEP X E \!
E\O SR]G M projekii XT-MDSY

Swiss Spallation Neutron Source (SINQ)[21] MH SURMHNWHP YEéEJNXPQpKR
Scherrera (PS)YH aYEEFDBYNRGQtP QiY UK XWHHIN X R/[EtRV IBBHIR GRE 3 E
YEVWDYE\ RYaAHP QHE\OD WHFKQRORUR HN RKRrQaHh@ Evolelv HU b $
SHYQé& WHUp WYR HQ& W\pHPL JLUNRQLD WBRFHE\O ERBSSY¥F
WHUp QDKUD]HQ RQRYN®R&A RWHWPp R P RédnelloqD ] & & DIQR NA E\
QD ]D t]JHQt SURYIG Q\UHBHUSPRIMNWXWBINEB,EPV WVBHUPHP
PoXNRQpPHQt H[SWHNXMEREBWH QIDHRJiFH @anSaonR@ E D t]HQt MH
vyobrazeno n®br. 4 [21].
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Obr.4 =D t]HQt[HA]14

Scattered Nucleon Detection Assembly (SCANDALUR2] E\OR ]D t]HQt SURQGHW
UR]SWEOHQéEFK QHXWURWHUR DHOHUJIDX& K ] 0H@e SveddargD O R
IDERUDWRU\ 76/ YH A&YpGVNp 8SSODWHKLDBo\B®\VWHHORYDLQNEE S
E\O VE U GDW SUR $'6 D OppEX R]D RYIiQtP

European Facilities for Nudear Data Measurements (EFNUDAT) [23] byla Vt"
HYURSVNéEFK |]D t]HQt SUR VE U MDGHUQéFK GDW .RRUG
University(UU) VH VYéP JGURMHP QHXWURQS$GYHY6WLNW HPHQE\TD K
do projektu.

Spallation Based on a Large Acceptance Dipole Magnet (SPALADIN24] je experiment
vQ PHFENpP *HVHOOVFKDIW IU 6FKZHULRQHQIRUVFKXQJ
NLQHPDWLN\ SUR VWXGLXP VSDODpQtFK UHDNFt -HKR VRX
$/$',1 YH VSHiwmeél @rojection &KDPEHU 73& ([SHULPHQW D¢
SNRQILIJXUDFt *H9 SURWRQ$SHBNW HOXMtFtFK

Trasmutazione Scorie (TRASCO)[25] je program itaVNp 1DWLRQDO $JHQF\
THFKQRORJLHV (QHUJ\ DQG 6XVWDLQDEOH (FRQRPLF '"HYF
INJLN\ D YEYRM WHFKQRORJLt SRW HEQéFK SU(U/BkéMBbWHAKS'6 6
TRASCO Intense Proton SourceTRIPS§ |DFKWoHM@br. 5 [26], XU\FKORYDD
aSRGNULWLFNpKWHUDPHPERELDN ]iNODG 75$6&2 E\O Y\SUL
VXSUDYRGLYpKR XU\FKORYDpH VFKRSQpKR GRGIDMEeV. P$ S

1 [ \ il
; T . o '.";:' W ; : 5 A

Obr.5=GURM SURV&QS$ 75,36
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Triga Accelerator Driven Experiment (TRADE) [27] navrhl Carlo Rubbi@ GRE NG\ E\(
HGLWHOHP (1($ ([SHULPHQW E\O SURYHGHQ QD ML& H[LVW
,VRWRSHV *HQHUDO $WRPLFV -GH R VSRMHQtS BY®R&PR Q
WD QW DWOHRUIPAPP X PtV WegkoRu TRIGA. Y

Energy plus Transmutation (E+T) [28] E\O PH]LQIURGQt SURMHNW SUR
UHDNFt ([SHULPHQWIiOQt ]D-118Q®2 RYRQ®HW WD HRQBRpWO FH
84FP UR]G OHQ éR,&xm mependMi, byMobklopen blanketel@HRERKDFHQpKR
Blanket P @Podolu maOéFK SURXWN$ REDOHQéFK KOLQtNHP -DNF
Nuclotron.

Energy and Transmutation of Radioactive Wastes (E&T RAW)[29], projekt vJINR,m O
]D FtO NRPSOH[Qt YEINXP LQWGKOWNRAY BSOS INKKtEBIERIR RIS
Da *H@zZVQHNRQHpPpQEéPL WHUDPL 3 SRR NNMNWIRER PidH GD
KODYQt H[SHULPHQW\ E\O QDY UQH.@ [3@)H kvEZ: Q @ N RVHHUEQ é=W
zXUDQX Y\EDYHQé P LFtPL NDQiO\ %\O\ QDYU&HQ\ GY YDL

x EZHIK-U

X EZHIK-Pb +tVH VWHMQRX JHRP-BWDOHMMHCRE (FQLW Qt,BYEMHP
XUKHHISHULPHQWS$P S HG SRXAaLWtP XUDQRYpKR WHUDpH

Obr.6 JRWRJUDILH VIBEJUpH (=+,.

SAD [31] E\O GDO4&t $'6 SURMHNW -,15 -HKR VRXpiVWt E\O
(6600H9 D Y&P QQé YHUWLNIiOQ RULHQWR YB) @} jAkS pavD p Qt V
E\O\ Y\)SILOM\YRY P2 OMPNYV R[LG$S XUDQX D SOXWROQROE [SURK|
v XU\FKORYDpL $ DGt 6$' GR S$OL FH\oén RedktoryUpkbD N W F
SU$SP\VORY.p Y\XALWt

Coordination Action on Nuclear Data for Industrial Development in Europe (CANDIDE)
[23] E\O SURMHRNN\® H RekER)@dErn&h GDW SUR Y @Y RGOS WMH BIRWRL $5 'Y
aUHDNWRU\ ,9 JHQHdibhi-F20073UREtKRRUGLQIWRUHP E\OD 88
PLPR MLQp QiYUK REODVWt SUR EXGRXFt YE]JNXP

%/%$4.$[32] MH VXENULWLFNp ]D tJHQt NWHURUBIBR =@DtYH
obsahovalo 232 kazet EKO, NaF (v obalu ZRO\HWK\OHQ X JUDILW D SRO\F
VKOLQtNRYpP RERO&PVRIWPMMWRYHHP YH VW HGX NWHUé E\O XUp
K MHKR Y@YRML E\O Y1204 @&tar\NDCGRAW QR Q) \LNHAD - X 3IRID K\
experimenty byla zvolena konfigurace 18H9 GHXWHURQS$ BERHUNORMBOXWEH Ft|
([SHULPHQW)\ 8¢ RB7KO\ Y
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Intense Resonance Neutron Source (IREN33] byl sestavenv+,15 6NOi QEDM™MeVH |
OLQHIUQtKR XU\WKIRRYWD pHD HORIGINULWLFNpKR UHDEKiISKRUX
PD[LPhORaW BNM]RQDQpQtFY PEKWAHOQ$3 L H[SHULPHQWHFK |
RVW HORYiIQ ZROIUDPRYé WHUp XPtVWsQaFKDO¥M HGDXX WRE K

(YURSWRWILMH ILQDQFXMH RG GHY D&MWKV A KR V S\ROR
pro atomovou energii (EURATOMM NU ]H 5 PiedafmFramework Programmes (FP)
Od3. UIPFRYpKR SUB JWUH ROR XP3DP&tttidning and Transmutatiqi®&T), tedy
OGG Mr@smutace. Od FPhi M EBRATOMUu R 3 7 |QDp Q34U RVWH

Advanced Options for Partitioning and Transmutation (ADOPT) [34] MDNR VR XpiVW
Y]QLNO ]DNRFHOHR D FHD S URMEANSV@ D b WeeKce:
X 3%$57,27,21 VH ]|DP HQtP QD FKHWRELIARNFRXNOHESBUDFL
x BASTRA SUR ]JiNODGQt VWitX GEH HWDASNVTRIXNIDDADS),
X
X

7(675% SUR VWXGLXP WUD Q YSPIRE/ DECRA AE®APIE, KOCHOIR)J L t
FUETRA pro studium palifCONFIRM, Thorium Cycle, BTURE).

&tOHP E\RWRIKQBRWXSUiIFH @déjkkty P3 SURJUDP\ MHGQRWO
S HINRXPDW Y&VOHGN\ )3 SURWMBEMWSX PQVELRKWS WR B Ul DHPBIF K |
VW DNV$G UKoRKDWH]LQiURGQtPL RUJDQL]DFHPL BUBF XMt RUPR
D $'6 Y&]NXPXQRW pioyrpmpADORTEXGRX S HGVWDYHQ\ QtaH

Multiplication avec Source Externe (MUSE)[25] MH H[SHULPHQW &RPPLVVD
Atomique (CEA) YH IUDQFRC4daradlpP VORAMQEFKORYDpPH *(1(3, *HC
de IHXWURQV 3XOWHUDOW HDYPHKR QD UHDNFtFK '' D ' 7 D
ODTXHWWH 6XUJpQpUDWULFH &DUDGDFKI$RGWNWVUHWR PNER &
6 SRMbBLQID tJHQt MH JQIQRURSRR INBRXAaLWt YAG\ VWHMQpKR
JYROHQ\ W L KODYQt H[SHULPHQWiIOQt NRQILJXUDFH SRGOH

X MUSEE FKOD]HQé VRGtNHP
X MUSEE 3E FKOD]HQé RORYHP
X MUSE-5 Gas, bez chladiva VLPXODFH FKOD]HQt SO\QHP

GENEPI

Stinéni

Olovo

Osa
otaceni

Palivo
Ter¢ zD nebo T

% J

MASURCA

Paprsek
deuteron(i

Obr.7 =D t]HQt [@5]6(
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High and Intermediate Energy Nuclear Data for AcceleratorDriven Systems (HINDAS)
[35] IDKUQXMH PERBDOWHRSE) EtOHP +,1'$6 MH SRFKRSHQt MI
vREODVWL HQHUJLt Da OH9 ]D ~pHOHP QiYUKX VSDOI
SRGtOt aHVW ODERUDWR t

X 8QLYHUVLWp FDWKB@), kd¢i¢>XAHFRARPDPIHP FA\ANORWURQ SL
R HQH U JOt\WeX,

UUs XU\FKORY D p HLBO KéV)

Kernfysisch Versneller Instituuk{/1) v Groningenu sXU\FK O R Y D p H P-196 R&V)

PSI ve Villigenu, syklotronem (4570 MeV),

ForschungszentrunrgZ) v -«OLFXX\NVKORY D p H R52MeV)

GSl vDarmstadtu SXU\FKORY D p HIR0O6 MV/A)

8YDaARYDQp PDWHUWHONMWHRBRIOPREROD XUDQ

Neutron Time-of-Flight Facility (n_TOF) [36] experimentS U R EnaKHS \CERNu mezi
OHW\ D D SR S HBSYBWG RVRAXWHUPH\O QDYUAHQ NH ]N
QHXWWRIQH®\V NG\ HQHUJLH Q HjdhdteR B 9 PSR Bé\WY PRIGNY
SPDIQHWLFNéP PRPHQWHP *H9 F RVW HG®R« DO\ WXQRY

Spallation and Irradiation Effects (SPIRE) [37] SURMHNWYR]OI XP FPQR QNS$ R]D
na 912% Cr martenzitickou korozivzdornou océ@labylazvolenaMDNR GRVWDWHpPQ RG
pro SRGRHRtWQI®M t]HQtF.K $'6

Technologies, Materials and Thermal-Hydraulics for Lead Alloys (TECLA)[38] MH GDO At
SURMHNW )3 ]DP HQé& QDAPD WHUINO pPVEHEPKQBVPRYLL WHNXV
NRYS$

Megawatt Pilot Experiment (MEGAPIE) [39] E\O SUYQt PHIJDZDWWRYé VSD
]JGURM QD VY W O [GBYURHQW ENRYR]RY6QLE\@tQBIP E\OR ]P
NRQFHSW VSDODpPpQtKR WHUpH RSURWL GRVDYDGQtP H[SHU!
RNQR PH]JL WHUpHP D XU\FKORYDpHP WDN DE\ RGRODOR
zhotoven zutektika Pb% L QDYtF REVDKRYDO ZROIUDP SUR RHAKWD Q X
je zachycen n@®br. 8 [40].

X X X X X

Obr.8 6SDODPQt WHUpPp H[SHULPHQW20]0(*$3,( S HG LQ
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Assessment of Computational Fluid Dynamics Codes for Heavy Liquid Metals
(ASCHLIM) [41] P O ]D FtO SRVRX]HQt \RE D DX WWH WK ONREFRILME HWN X W\
z angl.Heavy Liquid Metals +ODY QtPL VP U\ YE]NXPX E\OR PRGHORYiQt
~SUDYD SRYUFKX S L SRXaLWt EH]RNpQNRYpKR WHUpH D PF

Collaboration On Nitride Fuel Irradiation and Modelling (CONFIRM) [23] VH ]DEEéYDC
YEINXPHP QLWULGRYpKR SDOLYD EH] REVDKX XUDQX MDNR
SDOLYRYp W\pH 3X =U RE\@RQIiWOHBBRH® O\ EEW Rk RYIiQ
VGSVORGNXYWDYHQt WDPQtKR UHDNWRUX E\OR R]D RighQt QL
Flux Reactor (HFR).

Thorium Cycle [42] VH ]D E®¥ Q X 3\Iiwakopaliva pro reaktory PWR, FR i ADS.

Preliminary Design Studies of an Experimental AcceleratoiDriven System (PDSXADS)
[43] projekt spojuje Y € V O HpBolramu ADOPTO é]NXP E\O R UL H&WRY -G © &ML
QHXWURQ\ FKOD]HQEé& SO\Q - KOIHER EXB R XWEDP QWPYKMPD FH M I
YEURE\ HOGENNWHQ@RXALMWpP SDOLYR P OR .EEMMGIODNAWR ¥ D
ZQDYUAHQEéFK NRQFHSW$ MH 0<55+%$

European Research Programme for the Transmutation of High Level Nuclear Waste in
an Accelerator Driven System EUROTRANS) [44] SURMHNW E\O VRXpivVWt )3 L
demonstrovatP RAQRVW WUDQVPXWDBHL MMREEVENISR\RGRDGX P t)
SURMHNW E\OMUKSIGROVHOQ QD piVWL

DM1 #DesigntVH Y QRYDO QiYUHRB® (),7 D ;7

DM2 +ECATS +]DP HQé& QD ]S$VRE\ P HQt UHDNWLYLW\
DM3 +AFTRA tYEYRM EH]XUDQRYpKR SDOLYD

DM4 +DEMETRA +FKRYiQt PDWHULIO$ D WHFKQRORJLH +/0
DM5 +NUDATA *Y\KRGQRFHQt GDW

X X X X X

Experimental Facility Demonstrating the Technical Feasibility of Transmutation
in an Accelerator Driven System (XFADS) [45] je projekt, proM H KIRFAUBRH O JE & N'j& (1
QDEtGOR Y\Xatodel 98B RGNt -GH R ED]pQR?Z¢é IHOINVHRU NW
Y\XatYi MDNR FKODGLYR D ]JiUR YKkdmmRbBINAG BRWH P 19 0 RWHRUDSH |
3mA)je VXSUDYRGLYé XU\FKRIRRDPHVLWBKFDEFt |D t]HQt KODYQ
XT-ADS je zobrazen n®br.9 [46].

Obr.9 ORGHO ]D ADBSpS]; 7
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European Facility for Idnustrial Transmutation (EFIT) [45] Pi EéW D t]JHQ
k GORXKRGREpPPX Y\X&LWt KODYj@t®LNNHGHP H MidkeRRroie] QU R X
2pHNiIYDQé URN GRVWDYE\ MH -DNR WHUp L FKODGLYR
jakouXT-$'6 Pi EEW /LQDF &: RpHNiIiYDQi HQHUJLH SURWRQ$ M
MH XYDARYiQD EH]XUDQRYi VP V R¢in&i¢a EOIX-BWR YLRADY DM tFD
RORYR E\O QDU AM®H(EVY P OR EEW FKODGLYHP KHOLXP

Experimental Activities on the Coupling of an Accelerator, a Spallation Target and a
Sub-critical Blanket (ECATS) [44] VH MDNR VRXpiVW (85 H[SHISL PODHEEW D ON
P O\ ]D FtO UR]Jat LW GRVDYDGQt |QDORVWL RKOHGQ RYOIG
WéNDMtFtFK VH EH]SHpQ@RMNVILPHQWHGCDG/, Y8 ]5$&( SURI
aGUINEVERE.

YALINA [47]bylo SRGNULWLFNpOJUNMRp P 0L QV Npfovoridd tdku E\ O R
%\OR WYR HQR XU\FKORY D{DHE@GTHX V8 B OR Q8 FD ENV®I U p HRFE R
XUDQ YH IRUP SDO LbYIR XOFRKAE MQpt PNWHSIRO\VHWK\OHQRYE&PL
PRGHUIWRU .RQVValg XN JH Q\t H) SERG P H bglyLS U B GXNRK i Q\ W H
QHXWURQ\ OpHOHP Yé]NX®XY®DRMRIBERRIDX FR@®QLWRURYIiQ
reaktivity ADS. =MHG QR G Xa4HQé& QiNUHV J@riH43t MH JREUD]HQ QD

=
|

1 3

Obr.10=D t]HQt <$/,1$ NGH MH XU\FKORYDD VSDODpQt
gamma spektromef48].

Generator of Uninterrupted Intense Neutrons at the Lead Venus Reactor
(GUINEVERE) [49] MH Qt]NRHQHUJNQILFNE]O®QtW J]GURMHRIEQHXW L
NWHUé SRKiQt URNK OLEH S R G/NRUNMGyS H Q H AIMeV v GENEP3C
YIQLNDMt RVW HORYIiQtP WULWLRY@ kfergivV230J ke¥., \8aBtBddtV N H P
XU\FKORYDpPpH XPRa XMt U\FKNXp NPWGI\UE HPEHAHX ESEDNS EX QHS |
SXOVONVWLYRtVH QDFKi]t SDOLYRY&FK VRXERUS$ pWYHUFF
RERK D PHWaptoutky ZRORYD -GH R ]D t]HQt NH JNRXPiQt I\]LN\
UHDNWRUE&M Y]QLNODFY )3

Advanced Fuels for Transmutation Systems (AFTRA)Y44] P O ]D FtO |[NRXPDW
paliva sobsahem MA a plutonia bez uranu.
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Development and Assessment of Structural Materials and Heavy Liquid Metal
Technologies for Transmutation Systems (DEMETRA)[44] byl projekt, MHK-RNBROHP E\C
YEYRM WHFKQRORJLt +/0 FKDUDNWHUL]DFH PDWHULIOS$ D
VSDODpQtKR WHUpH D UHDNWRUX

Nuclear Data for Transmutation (NUDATRA) [44] VH ]|DEEYDO Y\OHSaHQtP
VLPXODFL DNWLYQt ]JyQ\ $'6 VWDQ]IQNOD G DG RY RNXKRE FKNOQ L
dat.

Red-impact [50] projekt )3 VH ]D®DL®OLY 3 7 D WHFKQRO®RJLt U
QDNOiGIDG Middda KODYQ QD MHKR NRQHpQp XOR&HQt =DS
RUJDQIDP&EYDMtFtFK VH YEYRMHP $'6

Generation IV and Transmutation Materials (GETMAT) [23] E\O SURMHNW )3 SR
Karlsruhe Intitute of TechnologyK(T) 9]QLNO NY $QD MtRW YHKKER 6§ QR XY \XRH @
v reaktorech IV. generace a@aktorech ADS.

Fabrication, Irradiation and Reprocessing ofFuels and Targets for Transmutation
(FAIRFUELS) [23] MH SURMHNW )3 ]DP XMtFt VH MAM Rg-Q\DL RO S@U
YENBtUDGLDpPpQt INRXEANG O YR BGHEFRORBMDIO L Y

SUPERFACT [23] je projekt FP7 NWHU@ Pi |D FtO QEYRRKARSVEFD t]HQ

Fast Reactor Experiments for Hybrid Applications (FREYA) [51] byl S W Lp@jdRtF7
VSXaW Qé URNJXHMQPIHULPHQW)\ E\@te]DRi2dHal BHVW ASUDFR)
E D Ot pW@&Ring Packages (WP):

WP1:Metodologe on OLQH PR QileskiRity RAOKA|D t]HQt 9FL86
WP2:KonfiguraceV X EN U L MMRRNAYRASTEF SUR QiYUK D JtVNiIiQt OLFHQ
:3 .RQILIJXUDFH NULWLFNpKR 0<55+% )$67() SUR QiYUK D
WP4: Konfigurace NULWLFNpKRUWHWDANKORPKR FKODJHQpKEWQGIRORY'L
LeadCooled Fast Reactpr

:3 a4aNROHQt D.Y]G 0OiYiQt

X WP6: Koordinace FREYA projektu.

-HGQRWOLYi |D t]H@ttaMVRX SRSViQD

Test Infrastructure and Accelerator Research Area (TIARA)[52] byl projekt FP7 MHKR &
]JiP UHP E\OD LQWHJUDFH QiURD ®Rebdéardd ard]aveElopeREpPjekti
GR MHGQR R pMERGE p Q

Test Material Irradiation Facility (TMIF) [53] byl sestaven €ERNu VUIPFL
FP7 +TIARA. %\OR W HED RY LW YOLYDOQRDOHI®XMIFtFK IDNWRUS$

R]i HQt QHXWURTH VWWDQNPGEKK UHDNFt
R]i HQt SURWRQ\ S tPR SDSUVNHP
QDPiKiQt WODNHP D NUXWHP

NRUR]JH YOLYHP WHNXWéFK NRYS$
Y\WRNi WHSORWD

SBU\FKOHQp SURMWIR@HQYQWHFK P O\ NEQHWHOF 8§ RXSHIRXIGXL P F
QHa $

X X X X

x

X X X X X
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European Isotope Separation OrLine (EURISOL) [54] je projekt PSVv UiPFL )BMHKRa
~pHOHP E\OQHUXWXKRQRYE&FK VAWENKMEIFKKIERBEMPSHPQE SUR
]D t]HQt S L YENRQX OE\® RENDEZHEHW QP KR PDWHULIOX
RpHNiYiQt E\ SR ]DVDAaHQt QHXWURQ\ SRFK]THNNIFWP I ]]iF /(8 DJ
SUR Y\OWE&HONS JH aW SQ@FX\ADHERWAQ EYHONé QSKWRIERI@R
LQWHQIJLYQtP VY,RDNBKXSNUHHFEWR QYH UN FBONY BNPOMNRYQ PP

Electro-Nuclear Neutron Generator (ENNG) [55] VH VNOOGOQHIUQtKR XU\FK
SURWR@$6,6AHHUILL OH9 %H WHUpH R WORXa"FH PP D
EODQNHWX 1DAKNRPWHLWXWH RI 7TKHRUHWLFDO DQG ([SHUL
VH MHBMPRt]HQt MH Y&]QDPQp SUR YEINXP FKRYiQt $'6

QUINTA [18] MH WHUH WYR HQé NJ S $ SR G@®iK RF R UDRAQ ¥ O
65cm,VMHKR& VW HGX MH FP RNpQOMR 15660 XAHBK ARHEQIEOB B H QY
RFKXJHQpKR XUDQX E\O BRedtdromy QRN EXBIRNDRQPRYDpS 1XF(
aPhasotron.

Obr.11 7HUp 48,17$ D IRWRJUDILHEWSHKPHGQEP 'S HGQtP SO
]JQiIJRUQ Qt UR]JORAH@BIXUDQRYEFK W\pt

Big Uranium Assembly BURAN) [18] je GDWAWHUpPpS$ -,15 Y\UWEMRER]Y pK
RFKX]JHQPKR XUDQX WOFRYMKPR W PDI XG YO N RXR F HO XYPa R VR E)
ExpHULPHQW)\ EXGRX SURXHUGH®RWH PSR BIKDY RW UR Q

Geel Electron Linear Accelerator Facility (GELINA) [57] MH ]D tJ]HQt Y EHI@JLF N|
IRU 5 HIHUHQFH ODWHULDOV DQG OHDVXUHPHQWYV ,500 Q
S HVQp P HQt ~pLQQéFK SwHIBLY KPHWERNGR G OWAHPEILQHIUQt
XU\FKORYDpH HOHNWURQ$ RVW GO/XOHE NPK |')RWIREANMSEH & @ &1
Kk SURGXNFL QHXWURQS$

Turkic Accelerator Complex (TAC) [58] MH NRPSOH[ XU\FKORYDp$ |]DK
XU\FKORYDp HQURINRIQO$ XUPpHE A XNP X. $]KOHGHP NH J]QDpQéP |
thoria vTureckuse ADSMHYt MDNR LGHiIiOQt |GURM HQHUJLH

Electron Irradiation Test Facility (EITF) [59], projekt X N U D M LKQarke\p Ikdtitute of
3K\WLFV DQG 7HFKQRORJ\ .,37 E\O GRVWDY Q pvdzww ND O
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JeWYR HQ OLQHiIUQtP XU\FKO®RHWDILHMHIH OHWNMUUIR @HP Mt RV W
ZzZROIUDPX QHER XUDQX 3DOLYHP MH Qt]JNR RERKDFHQé XL
European Spallation Source (ESS)0] MH DNWXiOE& YNWHYWDYP OD SR

GR URNX 3R GRRINRI@GHHIW RH]D t]HQt SUR Y é&]NXRs RIRF SRV
SRVWDYHQtPDYH H@eWYR HQR S HV P GORXKE&P OLQHiUQtF
(t § &tdve D RWRWEBBPNW Hde &yrEben z ZROIUDPRYéBude FLKH

FKOD]HQé=pOHQR MH ]QOMRIPGIRPR QD

Moderator a reflektor

Navadéni
protonového

Vstup pro
extrakci

neutronového

paprsku

Monitoring
terée

Obr.123U$ H] ]D t]HE}P (66

MYRRHA Fast-Spectrum Transmutation Experimental Facility (MYRRHA -FASTEF)
[20 MH SRVOHGQt Q YRRKAIJEBKIGIDYWXt &/ RXpiVWL PDNttEPW V\
MYRRHA a XT-ADS, pouzeve Y WatP tWBAIKXRWRQ\ RBPMtRBEWLQHIUQtP
XU\FKORGOD peM4 mA) ]DNR Q@IRINDPEQ BB LYHP UHDNWR UXHRJI pHEHE&V

D JiURYH FKODGLY HB. GbX 13564 NXIRRIEMBN EXGH Y\SDGDW
]D t]HQt D EXGRY\ YH NWIBYBBKHEXGR BUWXRYXQWRH $62iQRY i

Obr.130RGHO ]D t]H QEASIERMERa 3D simulaceudov YH NWHUG&FK EXGH
VLW X B#iQR



39&8]NXP $'6 YH VY W 36

Accelerator-Driven Thorium Reactor (ADTR) [63] vwWtMEULWVNiIi VSROHpPQRV!
V SR O X €bricFRubbiem &tOHP MH QDY UKIORMNNWWIDIODKHP PDMt EéW
MOX (15,5 % Pu a 84,5% Th) H @ phladivobudouz WHNXWpKR$SRRB YD E\OR XYD
eutektikum Pb% L QiYUK E\OGHXYRGIH QG UYRGXMIDODPpQtFK3IUHUMOQN Ft
IXQNpQt $'75 MH SOIQRYiQ QD URN

Troitsk ADS Project [65] MH QiYUKV]DXtYN@P ,QVWLWXWH IRU 1XFO
V7URLVNX reakits WERRQHBX 0: 6RXpiVWt QiYUKX MH WDPQt
SURWRQS OH9 P$ R]Dt XRIDRY HAUH U U MeDdIRRRIM Jako
palivo E\OD QDYB&H@RUQ RERKDEPWQEDNWLYQt ]JyQ VH Pi QDF
KHUPHWLFN ®BRoNDBEWOWDKXMtFt Y\WWRFH RERKDFHQp SDOLYR

3.2 Projekty v Americe

PHOENIX [66] E\O QiY UKz}&kut]9908UR WUDQVPXWDFL UD@WRRDNW
UHDNWRUS$ D J[iIURYH SUR YEUREX HQHKORK DO HOPESWR W RR $H
*H9 D SRGNULWLFN&PMARXERUHP P taHN ]

Accelerator-Driven Transmutation Technology (ADTT) [67] e SURMHNW WHQ X1
]S$VREX QDodMd€i M D/GH U Q é FKNJFEERJIDUWQD Y\XatYDQéFK MDGHL
3DOLYR UHDNWRUX MH YH IRUP WHNXWéFK VROt XSURVW
OLQHIUQtP XU\FKORYDWNMHP SURWRQS$ OH

Accelerator-Basal Conversion (ABC)[67] MH GtOptP SURMHNWHP SURJUDI
odpaduz OHKNRYRGQtFK MDGHUQEéFK HOHRWXWUHRQ ¥ \ aNDVE X wmaP
GYRMLFH XWWWK®ORYYMKEt PRAQRVWt NWHUiIi MH JiURYH S H
aw SHQtP PIWDIBHIUQ&FIK JEUDQt

Accelerator-Driven Energy Production (ADEP) [67] MH GD GaOMmhtFK SURMHNW
-DNR SDOLYR*MK WW&HUPRVH JiIFK\WHP &iB8X V96 RRERSAHW pXtR
SDOLYRYpKR F\NOX MH &H QHY]QLNi SUDAKRIGIN \ELO®QY YDA
PRAQRVW XAaL3N8 SR MOEKHRUQp ]JEUDQ

Accelerator Transmutation of Waste (ATW)[67] MH W BWWMPY §]QD P @ SWaR MK N/\X
$'77 -HKR FtOHP MAHa QERPEYM\BERFHOpKR MDGHUQpPKR SDOLYD
QHQt QXWQp S HSUDFRYiQt Y\KR HOpKR SDOLYD MHGLQE&P :

Spallation Neutron Source (SNSJ68] Y]QLNDO YH WHWYRVOXBBHUWLEBNEFK C
S\WVWpP VH MROBDH[X XP\BKNARXDPpPpQtP NIWNMIWEYKEBP SURWR
oenergii1 GeVRVW HO X MHR W& WHRER) D VOIR 84[09) 6 WDYED ]DpDOD UR
6RXpiVWt SOIQX E\OD L PRAQRVSWRDDAEKRXBYDREARt V\VW(

Obr.14 )RWRJUDILH WHU@H ]D t]JHQt 616
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Reactor-Accelerator Coupling Experiments (RACE)[70] je projektldaho State University
(ISU). Experimentybyly vedenyzde av University of Texas (UT) VOHWHFK . Da
K SURGXNFL QHXWURQS$ E\OUR\Q$ LDANVXEUM $ KIKBRINR M SHHQHL IR WQ W +
87 E\O Y\XAaLW UHDNWRU 75,*$

FUTURIX -FTA [71] byl experiment vDPHULFNpP 3KRHQL[XR X WHW & PR |
SDOLYRY&FK YJRUN$ SUR WUDQVPXWDFL Y\KR HOpKR SDOL)

Green Energy Multiplier Subcritical Technology for Alternative Reactors (GEM*STAR)
[72] MH NRQFHSW SRGNULWLFN p KR SHHIENSGARR Uako [livD FSEUM tFth
XYDAaRYiQ\ WHN)OWIPWKR OEHDNWRU EXGH XPR& RYDWWROQpP Y
EH] S HGFKR]tKR 8Rp3#BFR¥YaQWtP NRPELQDFH &dHVWL XU\
05*H9 D Wudddp Hi YUK ]D t]yolepazevi HOWr. 15([73].

Obr.151iYUK ]D t]JHQt *[78].67$5

Project-X [74] MH XU\FKORYDp SURMRQEWHRSE Pi EEW SRVWDY|
vSUSE2K ¥t 'tNVYEPODVWQRVWHP Pi VORX&LW MDNR H[SHUL
FKRYiQt $'6 7HRPLWXGROWIEDOLYHP Pi EEW Y\KR HOp MDGH!I

3.3 Projekty v Asii

Options for Making Extra Gains from Actinides and Fission Products (OMEGA)[75]
E\O SURJUDP -DSDQ $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXW
XU\FKORYDpHP tJHQp WWDOQNRWWPBHt VESRRRFtV U\FKOEFK U
S HSUDFRYIRRL Yé]NXPX $'6 E\O QDYUAHQ (QYRUWNHAY L QD WHNK
OLQHIUQt XU\FKORYDp SURWRQ$ *H9 P$ 3UR UHDNYV
3UYQt ] YDULDQW E\O UHDNWRU ]DORAHQé QD NRQFHSFL
VSDODpPpQtP 2ZROUWBIPR]YEFK GLVNRBUP SOOMAVH®OELP QiYUKHP
reaktor SsWHNXWéPL VROHPL ] 0$ NWHUp P O\ IXQJRYDW MDNR
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Hybrid Power Extraction Reactor (HYPER) [76] MH YéJNXPQé SURMHNW .|
Energy Research Institute. $ (5, SUREtKDMtFt RG URNX NWHUEé |
WUDQVPXWDFH WUDQVXUDQ$ D 4W SQEFK SURGXNWS$ NWH!
FKODGLYHP-MbH VIHVP3IEMH RVW HORYIiQ VYBIpNHR).SURWRQ$

Kumatori Accelerator-Driven Reactor Test Facility (KART) [77] E\O SURMHNW MI
ARWR 8QLYHUVLW\N 5HVHDUFK 5HDFW Ry st G R/'XDVGIX SBIHYR (
HQHUJLH QHXWURQX QD HIHNWLYQt PXOWLSOLNDpPQt IDN)
NRPSOH[HP XU\FKORYDpPS$ )L[HG )LHOG $0O W HKyQ®OWNiLesdy *UD G
&ULWLFDO $VVHPEO\ .8&% 3 HG IKUCAVEHQRP GRMIV ¥ H) D)) BH
spojeno Lockroft :DOWRQRYéEP XU\FKORYDpHP 3 L RERX W\SHFK

QDFKi]Jt YQ DNWLYQt ]yQ\ kobmbbDatsvyRrddeXob@BeeplKdria skhdtiem.
M R G HU i W polyéiiylen nebo grafit.

Venus1[78] Y\REUD]®bQ {6 [78), je SUYHIISHULPHQWIiOQtY$Y,QD t]F
VSXAW Qp UNRHIBRANLNQDH VN OiG iU KYDGEF K |, ReroU\WHLIBoQid y &
WHSHOQEFK QHXWURDSY & RRE@rsmQtEcKIv UR @S HO Q i \WESYW UR Q
(SLWHUPOWURY\ QD SRPH]t ]yQ U\FKOAFPKRE WHEBGI@IR®RF K Q
LLFP. -DNR ]GUR Mby@HHiX WAHR@® Q NQRVMOBRIKUDFEKORYDp GHX!
v kombinacisGHXWHURQRYé&P QHER WULWLRY&P WHUpHP

Obr.16Fotografie zSUS$SE KX LQVWDOD-EHS8].D tJHQt 9HQ XV

China Spallation Neutron Source (CSNS)[79] je ptQVINDpt]HQt X UWEHRXP X
VSDODpPpQtFK UHDNFOLONOUGQLKRH JUVMEK YRIPHBRWURQX XU\
paprsek nal,6 GeVa SHY Qp KR walftaip BB UR M H N WkBnY fiagrsku Yogl 100 kw
SPRAQRVWt S HVWIKYFA]REPX N6 E\ E\OR W HEDr@&aR®BOQLW S

Chinese Initiative Accelerator Driven System (CIADS)80] MH ptQVNp YEJNXPQp
QD MHKRA& ]JiINODGHFK Pi EEW SRVWDYH QHIUWEM®E WP® VUEHG C
W\S VSDODpPpQtKR WHUpH D WR VLFH WH] R &Y QR H@E. JUDQ
SDSUVHN SURWRQzOLOQHBUQtKR XU\FKORYDHQ K ®E R LU FEJIR
RG QiVISQtNX GR REODVWL VSDODpQt UHDNFH SRGXHEW UDBN

UHDNWRUX Y\SODYHQ\ 5\FKOé& UHDNWRU R WHSHOQBIP YéNI
&,$'6 Pi EEW SRVWDYHQERIPH]L OHW\
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o
t
o
n
a

Obr.17 3ULQFLS VS D O grarleiRvolirainu jpie GIADSB1] .

Accelerator-Driven Advanced Nuclear Energy Syssm (ADANES) [81] VH VNNO M3V p P X
VSDORYiQt D V\VWpPX UHF\NOD WM $DORKEBQ $SGER Y RMQ E F K/ \¥
ADS. -H XYDARY i QRXYKWWEWWUWIHQXORYDQEéMKVADW HNRIPPISQ XM H
SHYQéFK D WHNXWWeFK WHFUN®DFH RE®WOW YD Q DKRUKIXWH awWw S
Y\WWRNRWHSORWQt Q[Y O BR&E@Y DG RWKBLGHWDHE&D VH SOIiQXMH
2030,vGDoOat li]JL SDN Pi EEW Y]RUHP SUR VWDYEX $'6 HOHNW

Transmutation Experimental Facility (TEF) [82] se budeVN &Gl GYRX H[SHULPHQ
]D tIHQDFKi]JHMtFtFK YH Y -DSDQ 3URWR QJBAFEN:ADSUBOMRU 5F
Test Facility (TEFT) a TransmutatiofPhysics Experimental FacilifEFP). 5GRJORaHQt D t]
MH S DOWUIQ[B3].

TEF-P[82] Pi E édaktor SQXORY &P YEXROHPE NIM] LNV XGIDNWRU X |
MDGHUQE&FK GDW SUR WUDQ VP K¥RDED! QH VUL P\ X Y pFHKAOR Y p
0 energii 400 MeVU QL NDWIEM YR X DNWLYQt JyQRX XPRON XIR FRIA RO &
D JIURYH WtP &tjb\d® prodDko@UBEKOp QHXWURQ\

TEF-T [82] budH ]DHiQt MHKR &P VE B3MugwVttubka XY QLW  UéjtPNMW R U
~NRQWHP S LYpVW SURWRGIMYE SMIFUERQHF LODENQIRIVBUR SURW
S D S UV HRrawcYmezivakuem &Pb-Bi eutektckou slitinou

Zarizeni pro studium fyziky transmutace

Zarizeni pro testovani ADS terce:

Kritické zafFizeni

Zarizeni pro rozdéleni
protonového svazku

Stinéni Teré Pb-Bi

Obr.18 ,OXVWUDFH UR]JOR&3HQt 7() ]D t]HQt
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BeO Reflected and HDPe Moderated Multiplying Assembly (BRAMMA) [84] je
SR GNULW L FNBhapba #tbh@)ct Research Centre (BARC)ndii tITHOW\FKORYDpPF
GHXWHIOR 4. Palivem MH S tURGQtGHUDMRUPIR Y\VRNRKXVWRYV
areflektoremBO. 7THUp MH XPtVW Q YH VW Y-RG M QENWL ¥Dith)yn@bev L W D
TiD (titan-deuterium) =D t]JHQt MH Y\REUDBHBRIRIEDOAt |i]H Y&V RMH
VH SR paivemTh-Pu MOX.
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4,35%$.7,&.E yE67

3UDNWLFNi piVW WpWR SUIFH NH X IVR RIDRLY pRRdISHEN MO
maW H U LiO9 #SHRPMH E\O\ SURYHGHQ\ SUR ]D t]WQ@NRWSBSIN QD
'XEQ

4.1 BURAN

=D t]HQt %OBbr&D[88]) WYREOz RFKX]JHQpPKR XD Q X6 p Q0K
D SUSPOOUXVIiOHF MH RGN SRS Hspou ocelV o0se XUDQRYpKR YIOFH V
YIOFRY& BUW¥RWUck XUpHQé SRAMRWVWHARBY D Q é X Udivet OdeetoY pR PV N
VWtQ SQU$P UdLR. V XUDQRYpP EODQNHWX VH QDFKi]t P LF
SsRVRX YiOWSHEE Kgduchem 3U$P U NDNO@KEKcecm D MVRX XPtVW Q
Y]GiOHQRUWIBEK 22cm, 26cm, 30cm, 34cm, 38cm, 44cm a52cP RG RV\ YIiOF
V NDAaGpP NBQMNMX MHLFtFXUPRIQEFK SUR GHWHNWS®U\ D R]D |

BU\FKORYDpHP SURasR85$R QM H B F KDUNPMD Ehelepél Daboratory
of Nuclear Problems Protony vQ P PRKRX GRVIKQRXW HQHUJLH —$ OH9
7DNRYé SURYRP WA HISRIGQEPH QWi OQ$IAD/VORQp Y\XALWt $'6 E\
XU\FKORMBAtP W ENEBIQHP

Obr.20 ' PRGHO ]D t]H®8].%85%1

3UR VLPXODFH E\O Y\XAaLW YVWXSQt VRXERU SUR 0&13 |
JHRPHWULH MHOM2LIR YIOCQD VD R [MHGQRGX4dHQé& PRGHO RE
P LFtFK NDND®GpR NDQiOH MH XPtVW QR GhisvittWv DNWLYDpQ

9\ X & L W\ ID¥hDiptektor$z bismutuje velmi Y é KR ® QU R ] H@ Zariyskytuje
pouze izotop®Bi. 0i YHOPL GBRRKWO®V (VRS MTeB X GORXKR E\O SRYDA&
SRVOHGQt VWDp&ioGRENPUYRXVWBB]Y3 SUYRNSALWt pLVWPpKR EL
UHODWLYQ VWDELOQt NU\VWDOU RYHD HQEP MH SHH) 8P Q MWK
probtKi DGD, WHHDNAFtKA SURGXNW\ PDMt SRRRDPBWL YIRHQD ®X
1HYEIRRG MDN E\OR ]PYR GQR RAKL §jBr&hikd PO, iKMKH Up MH]V L PIQR P
[87]
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Obr.21 ORGHO ]D t]HQtH$85B 1L BRAIRNKG XY PHYR D JHS HGX YSL

YiOHF WPDWHAHGIP VPHUYHQi YH VYpP VW HGX ®HQRENOR |

NDQiO\ MVRX Y\SOQ Q\ Y]GXFKHP \nkhYe@kiorp &G VP XDV R DWIRID
PRGU]

4.2 Monte Carlo N-Particle Code

1iIVOHGXMtFt WHBO 9\FRpW\] E\OR S UR WCEM Mon® FCRRF t
N-Particle Code) -HG Qiu@HYRU]iOQt NyG SUR Y&SRpPHW WUDQVSRL
Monte Carlo.3RX4LWi RHIWBRGDPDORAHQEFK QD H&HQt WUDQVSRU
VLPXOXMH MHG QB VO®PHHQHYY WO BP B\RADERY BIBIMLFK FKR

-DNR YVWXS SUR VLPXODFH VORXat XaL Xeneowdad HNP. Y\W'Y
Soubor obsahuje informack Ha&HQpP SUREOpPX MDNR MH JHRPHWU
PDWHULIO$ XPtvVW Qt D FKDUDNWRURNWH NDV RKUBRIHG [OM @
FDUGYV .DUWD MH R]QDpHQt MHGQRKR iGNX YVWXSQtKR V
idpOND iGNX MHP]DFX®RRVOL] NG\ E\OD MDNR YVWXS Y\XA&tYi

SRXpiVWt GLVWULEXFH 0&13 MVRX L NQLKRYQ\ MDGHUQ
MHGQRWOLYPOIRRIWR S HEMHRFFEFW YWR SUIFH E\OD Y\XatYiQD N

9éVWXSHPeOg&H BWMRBOEOUTPYH NWHUpPP MVRX |]DSVEEBELYEVQHC
souborRUNTPE REVDKXMtFt GDWD SUR VSXaw Qt

.D&Gé ]H YVWXSQtFK VRXERU$ XYR]XMH NDUWD REVDKX
MHGQRWOLYp RGGtOD RBEVHB KX MH SRS RG:G HVGORR B0 INV@ K VD
SRX&LWpKR P DWMDW HIXLV & X¥DWR BRWR ER$RKUDQLpPHQt EX N\

'UXKRGGtO SRSLVXMH MHGQRWOLYp SRYUFK\ .D&Gi NDUYV
povrchuasQtP VIRXKHMtFt SDUDPHWU\ VRX DGQLFH SRORP U DW

7 HWt RGGtO VSHFLILNXMH FR D MDNé&P ]S$VREHP Pi 0&
SRYROHQt SRX&LWt I\]LNiO QMKGHOI HDARS G¥@ B RbW i O S
.DUWD 02'( XB]QDP piVWLF MHMLF K &UWPUFD QVBARKDW W\pH MVHIGHE
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o neautrony, protony, deuterony, fotony,iSRUQp PNQRDMG QPH XV URMQAt W aNp L
1iVOHGXMt NDUW\ ,03 X @GliW B VgeRji OMABLRNYWGI

aNODGQp NDRQ\
D NDUW\ 3+<6 XGiYDMtFt PD[LPiOQL HRFHWXNWI pRVWRIVMD G HW®
6'() VORXGHINQLFL ]G URMKHFIK \8 LS P RFHUMAHG Qi R JDXVVRYV

SURWRQSH WALt 1iVOHG X MtzvVtalIX 8ard3 \ N WHIJHF L tylp Nnfokiiace
SRADMBRED YEVWXSXpUIBIO OLAHH/G XMt KXVWRWXM QR X WIREYRC

VQIVOHGXMtFtFK. S RRGRDIVHMWPRIORFBKQRW\ MVRX QRUPRYiQ\ QD

4.2.1CMESH
CMESHvV UiPFL Yé8ARWSt NH JIREUBPNHOK KXVWRWERXR NV Q
PHYH NWHUp M ViRMron VGRIYN@MRFL Y

simulaceje QH]iIYIYVOF RY'|
YESRBWR NDaAGé WHUp E\OD VOHGRY iQ B HOgne\yeRMDspeXxtlX W U R
(0-700 MeV) a W Dvhhgervakech H Q HQJZIMeV, 715 MeV, 1525 MeV a 25700 MeV.

InterY DO\ E\O\ ]Y RIOKQP LOUSRMK B 1 BR aWIRHQHUJILH Y\dat QHA
a pro reakce (n, 3n) #&Th a?*®U (na intervalu 185 MeV), viz Obr.22[91].

— U-238(n.total fission) ENDF/B-VI.1
— U-238(n,3n) ENDF/B-VII.1 Th-232(n,.3n) ENDF/B-VII.1

1E0 .
H L oy

1[barn]

1E-1 :
: f

1E7

SEE E [eV]
Obr.22 OpLQQp SUS$ H]\BWAReakad (15 BhRrZ2Th a238u. [91]

4 3UR XUpHQt VNXWHpPQp KXVWRW\ QHXWURQRYpKR WRNX E\ E\OR W

HPLWRYDQéFK JGURMHP 1D V
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4.2.2Tally F4
Tally F4 E\OD S Bodlg towhide
(Lls. 0dR@ Q@S (4.)

kde8:...8; MH REMHP GD:Qp MM SIRORKRY& YHNWRIWHMHQWUBHH pi
P:e: MH p®M DS MH KXVWRWD QHXNYUWRRRY pkR \RRX SURWR
]liYLVOé YéVOHRBEE RYRGQRW CHBGHMX WKIRFGQRYW KB QRRRANXL YEFK R
E X N i&j&dnotkou jes ...8¢« [89]

SRPRFt NDWM R Y\)EALW RS B B [0H Gr{D@titcody t

0-0,002eV+FKODGQp

0,00205eV tWHSHOQp

0510%eV +tUH]RQDQpQt

1-500 keV VW HGQtFK HQHUJLt
0,510 MeV +U\FK O p

1050 MeV + Y\VRNEéFK HQHUJLt
50700 MeV +tYHOPL Y\WRNéFK HQHUJLt

96SRpPW\ E\O\ SURYHG & @\DoBbpFR B & WHOIMNRYS DX Mp Y]GXFK
SR REYRGX RFHORWPRBRpPpWM@ERK KR EQRNy BFAPBHULPHQWIO
NDQiOHFK Y]GIiOHQé&FK IVHV WD RGQR KL YWORFHJBRPG QEQE
VW HGQt KXVWRW)\ QHXW UR GRIMmyKRH W R NSKURRRSEVD H U QEH 0 J LKL
sesstURMHQ\ MVRX QWé23D]Q Q\ QD

X X X X X X X

Obr.236NXSLQ\ BMeIFM. 0 HQQLNX PRGkioryINBQIOHFK Y]GiOHC
14 FP pHUYHQI FP aOXWi D FP JHOHQiI RG
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SRVOHGQt VNXSLQRX NDUHW MVRX GHILQLFH SRXAaLWEéFK
=$,"' VSHFLILNXMtFt SRXALWéKIFRW QR \SWtGHDSRPPEUAIMBILDO X G
izotop zastouper90]

+XVWRW\ PHD\WH $LHOQDIRACe]92]. 9aHFKQ\ VLPXODFH E\O\ SU
sr piVWLF HPLWRYDQEé&FK ]GURM R E 8 RDE Riwa Sprauasotery btel
Pentium G4400T 2.90GHse pohybovalanezi 310 hodinami.

3UR YESRPOD SRX&ALWD YHU]JH SWRJIUDNX hENRrXsRhyze
VRXERUS$ 58URMW HGQLFWYtP 0&13 SORMEXinibgK 9 W\EXSWtQpR
aYeVWXSQt 2873 VRXERU\ SWR PG RRWOD Yo LYEBRPGPP &'

437 &Np WHUpH

3UR Y&@SRpPpW\ E\O\ DYWRHMAGWW MBRPP,Ta, Th, U, UQ a W. Hustoty
W FKWR PDWH U LiQ8b.MVRXI XFYNHG YSEURYM 8 G Q BigaBuieS pOWR K D p$H

Tab.1 +XVWRWD PDWHULIO$ W aNEFK WHUDPS$

ODWH Bi Pb Ta Th u° V[0 w

Hustota
[g/cn]

9,780 11,350 | 166%4 | 11,720 | 18950 | 10,960 | 19300

3L VUIAFH SIUAMBREFKGRIAKN NH VSDODDEOM GMIDMN MbtHPK R
velkiproduke Q HX WUIRQBIH YL G WOR.DA) tHy)OnBIG VDR Q R Wi HGBGIRIW/@ DY
WHUpP$ MVRX VBUYRGRWE@GWBQ WHURD ER YW HNNPVWIRMIOWRR)N
PD[LPiOMdfK-HMt KRGQRWIOOHORMWE RSRMHQt WHUBKERNO B
VOQHMY]GIiOHQ M@DtR W REMD]Y @\H¥ K DVEH S i@pRti SR A M UBO]

S tSDG | VH Y&UD]Q OL&t RG RVWDWQtF Ky Jabus/NEHFKKRWSH LBSC
R iG QL&At

8 WHUPFKWR PDWHUYLEOH |@RPKiMQLNX MG WA RBODriti

tomuERpQt D ]DGQt ~QLN MH PLQLPiOQt

ZSRURYQiQt KXVWRW WRNS$ QHXW URXQ ) heudmyBiepgenmi Q W H |
v intervalu0-7 MeV (naObr.25a) +g)) WY R t Y QHAMRRPQH X WERMQIMPL Y UR]JPH]
15-25MeV (naObr.27 a) q)).

3 L SRURYQi@brJ29MI@rBDMH SDWUQpP &H H[WUpPUura@d VWiY
aU0; SUR RVWDWQaVWHOGHKN \WMDRWRE U RN BQ pO R KDNWEEY i VY i
PD[LPXP KXVWRW\ QHXWHRB@R YpKKY WIBGK\d5tFK HQealel LtFK
ukazuje AGIHM Y\dat KXVWRW\ QHXW UR Q RY Y KR MWRAKMHRD DRI |G R V L
]JYROHQ MDNR Y KSRURQ G PDAVHE BiSH MG 4 tHF@H U DIDFXUDQRY pP V
GRFKiktQHMY WA&tPX ~Q (MiXObQ BX \Wdi R@$IUDBDW W@RPGtO\ PH]L
MHGQRWOLY&PL PDWHULIiO\ VH JPHQ&XMt VH Y]GIiOHQRVWt F

53 tURG Q0.XA B ¥006%73U.
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3UR Y&SRPWNEPL WHUpPL E\O\ Y\EC,iBe ® FMBE WL iOR PY%U X%
LiF aBeR 2:1) a Li. + X VW R W\ M HRDQYRHEQUILVEIEH Tab.2. 3 tO R Kdbrasje
MHGQRWOLYp JBDLLFAPRPIMUDEEN BGRFKODRN FK\E VRXYL)
SNQLKRYQRX ~pLQGSMOBOS XHBHKRA E\O Y&SRPHUR SetyiGpD V (
GR SRURYQiQt ]JDKUQXW

Tab.2 +XVWRWD PDWHULIO$ OHKNéFK WHUDP$

0ODWH B B4C Be C FLiBe Li

Hustota
[9/cn]

2,370 2,520 1,848 1,700 2,289 0,534

VS tSDWGUIAHN SUBWRNEFK MDGHU QHGRFKIi]taNieduk@®D OD |
QHXWURB®AMHBHESYG W ANBFK SRKOBSEI3HBH MH ] HMPp
nHXW UR QR Ysowss Ri S| WWU S RIUREQQ H X W U R Q R @ IR NE R o shije
maximav E O t] NYR/ WW H &R W HR KN D]ID $tR NI \RIEODVWL DNWWYLQt |
i G\

KYeUD]QpP 1+QIRXEKWEF G RFKUESIBIS Qt MBI tLp¥VIVH.Q t
oproti tRPX MH ~QLN SR VW U.DIQHMK &b QGNE DIW-HDLQNE ]H ]DGQt
SRIRURYDW S L lilaX(&dOMt33eN.UpH ]

Hustota tokuneWWURQ$ M IS WQRH M @ AL htepuvdlX OV WMRQ@Ebr] 34 a) te)),
QHMPHQA&t S L-23@&VYQhr36K) +¢)) VWHMQ MDNR X W ANé&FK WHL

DN MH YIIU® MPbD3B DAbr.40,nHMY\d4t KXVWRW\ QHXWURQRYpt
S L Y\X&LWyuWHHIPPL]EOtINp KRGQRW\ E\OB,YASEBEWDREGKiJtSU|
unichik QHMY W&tPX ~QuADbrah XWRERS QHMPHQAt KRGQRW\ E\
W H litiia] -DNR PDWHULIiO SUR NRPELQ@RYDQp WHUpH E\O Y\EUi

45.RPELQRYDQp WHUpH

-DNR PDWHULiIO\ SUR NRPEALIRXDOE HOHE EHEEMR GBS O \
AaEYUHGQRWOLYp NRPELQD P Wkl SIRGO HD HEH VREE VO N &/Q YK
WHUpH

4.5.1Kombinace B/U 1:1

3 L WRPWR JS$VREX VHVWD YSDQG HR K i\ ERNEEN OrseNOe F K
UR]P UHFKS HNGQt piVW WHUpHE WUSKRS RO WK i SEEHBYHGHQ\ SUR
MHGQRWOLY&FK YiOF$ FP .3 FOPRaF®eS AP MXABB.FNp. Y&V W

OD[LPiOQt KXVWRW\ QHXWUR QRYPIORHIBHRNE HEWR [BiWLE W
PD[LPigoKesv UiPFL DNWLY QiW Yy Q \VEGDr. R a) te)).

OQLB HGQt piVWL ]D t]HQ IENOVR SBIMEQHPINEH INUDFRYiQ
GpON\ &iFOFS$i ] YORENP X. ~QLN X

K SRURY Qdl@graii@Obr.47 Y\EUMHUp VR\GWOY RQEORXA"FH FP
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4.5.2Kombinace U/B 1:1

=S$VRE VHVWDYHQt Whapitpled. 510 SV WE QIQEI WMDNRVMUpPH E\O
zuranu 96 SRPW\RB\WRYHGHQ\ SUR GpON\ MHGQRWOLY@&FK YiC
alcm. 96VOHGN\ BERRWWESER WHUpPH tORIQDEKiIJHMt Y

BWHMQ MDNR X S HGFKR]tFK NRPELS BBQE |0 MR DK G
WYR HQEFK BRED QHP SR]RBGLY. BIW) PSS HGQRWOLYp NRPELQD]
WpP QHOLAt QH M pokbrdp@at$ &Q LR XO tQ K@ grafu naObr.599 NWH U é
NOHMOWVDMtFiaHO NR X

4.5.3Kombinace B/U5/1

Kombinace bylazvolenaQD J[iNODNGV X ] @QIDHQRVW QD NWHUp MH SUF
Y WAtEYQRAE BdR7HUp MY IWFRYBGpOFH FPuBnYROEPQFH FFPF
3 tORREVDKXMH Y & RirhGindti.SUR

DN MH ®B\0a)H),INRPELQDFH VH Y\]QDpXMH UR]JOR&HQtP ¥
SRGREQ&P MDNR X OHKNE&FK WHUSH Y GtNSRORYQRY &P H i VAV |
Y\84tFK KRG QRM@tRY HiPHKR ~QRFRYp pivVWL

4.5.4Diborid uranu

7HUWB2 byl [YROHQ ]D ~pHOHP VLPXODFH KkBRRtdtHdRDOW NBLVQ
je stdyr%o.s "podle[93]. 3 tVOXARILBNpP YéVWXIOREKIDRKRMAD QHXWU
toku S L Y\XERPRIHQWHKRH MH YHOPL SRW®RENEPY &WEH BIN$SED W
zObr.61a) ze).

1iVOHGXMtFt NDSLWROD VH Y QXMHKN &FKMWMPSFp K BIRURY Q

46 3RURYQiQt
3UR ]iY UHpQp SRURYQiQt E\O\ Y\EUiQ\ QiVOHGXMtFt WHU

X Uran S tS D GOWd.29 D&br.28).

X %ylS tS D GHD3Q DA&br.37).

X .RPELQDFH % 8 WP R/AM® &K OYHO%$8 S D GOLH.4Q D &br. 46).
X .RPELQDFH 8 %1 cvhQiRQEHF® i YiiP$ 8S% S D GOuH.5Q D @br.55).
X .RPELQDFH % 8 FORWAHQiI FP 8 GiD(haGhr.60)8

x Diborid uranu G i O H) ®&®br.61).

3 tOR Ed3ahujeS tV OgkadyQ p

V UIPFL FHOpPKR QHXWUB®RNRREL QSHNWERX PDWHULI
URYQRP UQ MatKR URJOR&HQt KXV WRIVM) FOHPH URKREEDBE R M
]Y&aHQt PD[NODAHQ]BGONRISVUNRW LEWHUDpL ]

&R VH WépH BDENMAURMBIVS LGiQ tsRefogNUIXHVOD PD[LPiOQt
QHXW UR QR YPRRO R/ FONMHOMKY & 4 RQIR @t VW HEXI QLA BEAK KRGQH
GRVD&HQR S L HQHBJRIQ HDHWUR QYR MNREARPIQEFK YDULDQW

ZJUDIPRE2-Obr.64 SO\QH NRFP ELQRY D QBHF KV BVMRJ fBH M RIpQY t Y K
kombinace B(5)/U(1)X RVWDW QtFE\RRPWEWK GDOFQt K XV W R WiBteRid1tec¢MW U R Q
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YHOPL EDYMIi XUDQRYDNXAVWHEPK S tSDGHFK G®RMIRAQEEMB, Y&V O
aUB Y\ND]XMt OHS&t YEVOHGN\ QHA pLVW XUDQRYé& WHUp

KQHMY W & tdegrafi@ria®bx.65 GRFKQR pLVW X U DEQYRAYHPK W B WHH.U Y
HQH U JIspektial6iR |G tO XMW RWR X QHXW U R QRSY pKIRGDRONRY BKIR V)
aS L Y\X\MHWi$ NRPE L QRN Q@NRE:t MRIBFIFL DNWLYQt JyQ\
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SBU\FKORYDpHP t]JHQp V\VWPRAEQEERE RN AKGIE Ot BIQNOI
SY\KR HO&GP MDGHUIQ@PNRAOMEHPR VOR&LWi ]D t]JHQt MH W H
SUS$SP\VORYp Y\XALWt UR]JViKO& Y &]NX¥| Q-aFRK RiG WBBHEIMEGRVEW KW 6l
H[SHULPHQWS$ MHMLFKA ]iP UHP MH Jt¥K0OW GB@HDDSDR NB YC
$'6 S L WRP QHQt PiOR

THUp PXVt EEW GRVW D WHIQLPREG R @ (PEX YBIPER WHOSQD Q P P.
GRFKIiJSWREXNFL GRVWRWHDOMYRDIKR PRV xgerinehtechREMH Y X M1
VOQHMUS$]Q M&tFK YDULDQWIFK 1HMpPDVW ML \PBbLMH®QQ RY R
VS tSDG EHOJLFNpKR SUFSMHNW R H %535 &5 8 H WaRUgoHrainu
(jakou JUD Q XR RWHBpH ptQVNpK Brady /% tOBIEROPHULFNpPKR *(0 6

3 L GLPHQ]RYiQt MK \\WKHERD PYROLW WDNRYRX NRQILJIJXUDF
FR QHMY Wat D ]iURG/RIG XDERF KHORMDILIH E\OD & B UWQYHM PH{ Q &tU L
(QDS tREBDGYEFDUVNpKBWBRBEIPDO\ 4H RSWLPiOQt QHXWURQ!
HQHUJLtFK SURWRQ®MeV. W &{BSKH UQHPHQWHFK P$&HPH QDUD]L
XU\FKORYDpH WD3RQ K G BNGFRHVURQ VWt WS RRVIRHY p XN RF KVOHR
]JYROLW WDNRYé& PDWHULIO DE\ RGRODO H[WUpPPQtP SRGPt(
YHONp PQRA&VWYt XU\FKOHQE&FK SURWRQS$ 3 L Y\XaLWt EF
v XU\FKORYDpL

3RXALWp SDOLYR JiYLVDQDHQH @ &] N EPVSLRE t KWWK B N LRUFE F
SDOLYHP WDN SUR UHDNWRU\ RERXt SDNSIFG HSFKO V¥R XD & Y
all)3 XUpHQp N WUDRONVPXWB FEUIQR Y \X & LéhtbiSadi s Q R 8 QPO |
FKOD]HQtP LQBEEYRH SROP WHNXWEFK VROt

3UDNWLFNi piVW SUiFH E\OD ]DP HQD QD RSWLPDOL]DI
PDWHULIi QDX tZWHUpPES5$1 QD FKINRW B XA p/ BEXERPRFt SURJUI
0&13 E\OD SURYHGH @D RDWGFRHHETIRPWY ¥ emalSOR WHUpPH NRPEL
Y\WYR HQp NRPELQDFt OHKNpKRP BLW KAMRKRVBDER ENRREXQR Y
WHUYPEUIQ\ XUEF@$SYRGX QHMY\dat KXVWRWRQ R X RAVORWYQPHR
PDWHULIO\ GDQp VNXSLQ\

98VOHARXODFt XND[XMBKEKRGRREYHXWURQRYpPKR WRNX E
S L Y\X&LWt pLVW M DDLPOY EKQ RWERYBAH QR HYWLQ WHUpH
V GDOAtFK piVWHEIKKS RN PH \GR B IFS SRW Li ®/4R P ¥u Xyld\hddtbppH |
QHXWURQRYpKR WRNX URUORRIH @ B OpR RIDENMBDIN. TRVDKR Y
0 iG PHIM KRGIVWSDG XUDQRYpKR WHUpH

P LY\ X &Y MR €@inacauranus Ey U IBR 3 O] MB@EtR]ORaAHQt KXVWRW\ Q
tokuv DNWLYQt ]y ® FHO p]H @tH X W U R.Q R XRP QHSNHNAKBR)G Q Migt NRP
SURYHGHQE&ERKHY&SREKWISWt KRPRJISQGD P VU RS & OFRQ ¥ MCHUD
VW tGDMItGEMHX D. XUP@XQ&ANFRKKPELQDFt GRAOR VSROX VH JU
Kk QHMPHQ@EKRBXKXVWRW\ QHXWURQRYpPKR WRNX -DNR QHMF
NRPELQDFH X NWHUp VH VW tGEPMY L F@éVLOYQ @ Frli OFUD B XU X

3UREOpPPHP YEBHREBSKWRYAXODFt E\O ~QLNRQWWWD® FK [}
k~QLNX WpP QHGRFKiJHOR GtN\ UR]JP U$P DNWLYQt ]yQ\
RFHORYpPX VWtQ QtnikuD HR NOMGHRNFMIHOR JHMPpQD S L SR
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PDWHUWLIOWHUEFK PHWU GORXz#EUWGE O QHOW QRQIN
UNRPELQRYD @arK RMIHURYiQ S LGiQ tP3WRENDHKRD ML WYMNB® X
QHXWWBRBG Qt]PIVWRNMWHUSRGD LOR pSWRXiE INRIPEQ Q3R YW Q p KR
MHKR& S HG QE ypUR/ND $\HIRA QLN KXW CHG RVW DHEMORP WpWR VL
PRKOD E&W ]P QDWIMRPKRGQ P VSRMHQHUDFKORYDpH
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Obr.41 6W HGQt KXVWRWD QHXWURQRYpKR WRNX QO HXEWeEE X
WHUDPS$
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3 tORK Dxk&ombinovanpWHUpPH % 8

25 cm

c)

5cm

1cm

Obr.42a) +H

b)
10 cm

d)
2cm

+XVWRWD QHXVHR@R YPHRWURMRYS R XA MN VWWURP E
BlUSU$S]QRX WY RXES$ NR X
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a) b)

25 cm 10 cm

c) d)

5cm 2cm
e)
1cm

Obr.43a) +tH +XVWRWD QHXWURQR-YMERS WRINXXE UW t HNQRHAEILLQID
SUS]IQRX WORXA"NRX YiOF$
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a) b)

25 cm 10 cm

c) d)

5cm 2cm
e)
1cm

Obr.44a) +tH +XVWRWD QHXWURQRYPMVSNR ISR )SAURVHQRBEILKD L
SUS]IQRX WORXA"NRX YiOF$
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a) b)

25 cm 10 cm

C) d)

5cm 2cm
e)
1cm

Obr.45a) +te) +XVWRWD QHXWUR QR YLH2RMaV & NXSKRXRA LM HNURIREL Q |
SUS]IQRX WORXA"NRX YiOF$
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a) b)

25 cm 10 cm

c) d)

5cm 2cm
e)
1cm

Obr.46a) +tE +XVWRWD QHXWURQR YK RMeWRNXSBXYRLWOQ MRPLEH Q
SUS]IQRX WORXA"NRX YiOF$



3 tORKIDRPELQRYDQp WHUpPH % 8 81

Obr.47 6W HGQt KXVWRWD QGIHWHINRWYRYHKER WHR NI@YD H [HROMW L
pro NRPELQRYDQp U8R RX WIHR Xa"NRX YiOF$

Obr.48 6W HGQt KXVWRWD QGHHKWHNRWRYHER WHORBXOYOHQRV WL
NRPELQRYDQpUSI® ROHWIHRXEA"NRX YiOF$
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Obr.49 6W HGQt KXVWRWD QGIEKWHINRWYRY HER WHON§SYD H [HRQAW L
SUR NRPELQRYDQ#]®RBXWHWRXAVNRX YiOF$

Obr.50 6W HGQt KXVWRWD QHXWURQRY pNRPWRQXKYDD R BY R &
sUS]QRX WORXA"NRX YiOF$
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3 tORKD+!RPELQRYDQp WHUpPH 8 %

a) b)
25 cm 10 cm
c) d)
5cm 2cm
1/cm’s

. 4.500E-01

9.695E-02

2.089E-02

e) 4.500E-03

9.695E-04

lcm 2.089E-04

4.500E-05

9.695E-06

2.089E-06

4.500E-07

Obr.51a) +tH +XVWRWD QHXWUHRQ R YPHRWURMRYS R XA MN VWURP E
UBSUS$S]QRX WORXA"NRX YiOF$
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25 cm 10 cm
5cm 2cm
1cm

Obr.52a) +tH +XVWRWD QHXWURQR-YMERS WRINXXE UW t HNQRHAEILLQID
SUS]IQRX WORXA"NRX YiOF$



3 tORKIDRPELQRYDQp WHUpPH 8 % 8¢

25 cm 10 cm
5cm 2cm
1cm

Obr.53a) +tH +XVWRWD QHXWURQRYPMeVSNR ISR )SAURVHQRBEILKD L
SUS]IQRX WORXA"NRX YiOF$
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a) b)

25 cm 10 cm

c) d)

5cm 2cm
e)
1cm

Obr.54a) +H +XVWRWD QHXWUR QR ¥235HRVE RNXRXE R WH QNHRIRJE HQ |
SUS]IQRX WORXA"NRX YiOF$
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a) b)
25 cm 10 cm
c) d)
5cm 2cm
1/cm’s

. 4.500E-01

9.695E-02

2.089E-02

e) 4.500E-03

9.695E-04

lcm 2.089E-04

4.500E-05

9.695E-06

2_.089E-06

4 _.500E-07

Obr.55a) +H +XVWRWD QHXWURQR ¥{OB ReWSRIN 6 SXIR.WQ NB PIEH. Q
SUS]IQRX WORXA"NRX YiOF$
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Obr.56 6W HGQt KXVWRWD QGIKWHINRWQRY HER WHON YD H [HRQAW L
SUR NRPELQRYDQ@]® BXWHWRXAVNRX YiOF$

Obr.57 6W HGQt KXVWRWD QGIKWHINRWYRY HER WHON YD H [HRQAW L
SUR NRPELQRYDQ#]® BXWHWRXAVNRX YiOF$



3 tORKIDRPELQRYDQp WHUpPH 8 % 8¢

Obr.58 6W HGQt KXVWRWD QGIEKWHINRWYRY HER WHRRNKGYD Hig-HRM W L
NRPELQRYDQp WB$ IR RX WIHRXA"NRX YiOF$

Obr.59 6WGI@t KXVWRWD QHXWURQRY p&BRRWVMRRPXE QQ RREDYQRGK %
sUS]QRX WORXA"NRX YiOF$



3 tORKIDRPELQRYDQé WHUpP % 8 9C

3 tO R K Dx{ombinovan é W H Up5/%

a) b)
&Hi 0-7
spektrum MeV
C) d)
7-15 1525
MeV MeV
e)
25-700
MeV

Obr.60a) +tH +XVWRWD QHXSWERR QKN PK ROMRINUXY DO\ HQHUJLt S L
WHUpPH % 8
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3 tORKD¥yRPRJIJHQQt WHUPD

a) b)
&Hi 0-7
spektrum MeV
c) d)
7-15 15-25
MeV MeV

1/cm?s

. 4 .500E-01

9.695E-02

e) 2 _.089E-02

4 500E-03

25-700 9.695E-04

2.089E-04

MeV 4.500E-05

9.695E-06

. 2.089E-06

4.500E-07

Obr.6la) tH +XVWRWD QHXSWRR Q&NK ROMRINUXY DO\ HQHUJLt S L
WHURH 8%
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3 tORKDtPOURYQiQt

Obr.626W HGQt KXVWRWD QGHKKWHNRWRY HER WHR N RGMO]JHDQtR N QVtL
pro Y\EUDQp WHUDpH

Obr.636W HGQt KXVWRWD QGIHKWHNRWRYHKR WHRREGY Y H IR VW Q
SUR Y\EUDQp WHUpH
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Obr.64 6W HGQt KXVWRWD QGHKWHNRWYRYHKR WHRREGYYH IR VW Q
SUR Y\EUDQp WHUpH

Obr.656W HGQt KXVWRWD QHXWURQRY pXK\E WDRNDXWEHU RHE Y |



