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Kpatkaa aHHOTauumAa npoekTa

[MpoekT HanpaBneH Ha MOAEPHWU3aLMI0 BbICOKOBOMbTHOM YacTW 3MEeKTPOCTaTUYECKOro ycKoputens
3apskeHHbIX Yactmy 3lM-5 M COOTBETCTBYHOLUMX CEPBUCHBIX CUCTEM, pasBUTUE IKCMEPUMEHTAbHbIX
METOAMK, UCMONb3YOLWNX BbICOKOSHEPreTU4Yeckne NoToKN YacTul, Ans onpeaeneHns 3neMeHTHOro cocTaBa
NPUMNOBEPXHOCTHbIX COEB TBEPAbIX TEn.

Lenbto npoekta sBNSETCA BbINOMHEHME HAYYHOW nporpaMmbl MO UCCNEAOBaHMIO MPOLECCOoB
B3aUMOOEWNCTBUS BbICOKO3HEPreTUYECKMX 4YacTul, C BelecTBOM B pamkax [opoxHon kaptel OVAN n
MpobnemHo Tematnyeckoro nnaHa (MTM) ONAN.

3apaum npoekta. [naBHOM TexHudeckonm 3apaden [lpoekta aBNAETCA BOCCTaHOBMEHUE
TEXHOMNOrMYecknx napameTpoB yckoputenst OI-5: OHeprusa yckopeHHbix yacTtuu; 4,1 MaB/agpo npu Toke
noHHoro ny4yka: 50-100MKA; nonydyeHume NOTOKa HEWTPOHOB, AOCTATOMHOIO NS MPOBEAEHUsA SiAepHO-
PU3NYECKMX IKCTIEPUMEHTOB C ObICTPLIMU HEWTPOHAMM U SHEPreTUHECKON CTabUNbHOCTU MOHHOMO Myyka,
AOCTaTOYHOW AN CO34aHMs MUKPOMYYKOBOroO CnekTpomeTpa / s4epHOro MMKpO3oHaa.

B 3agaum npoekrta, Tak Xe BXOAWUT CO3daHMe MPOWU3BOACTBEHHOM WHAPACTPYKTYpPbl, CMOCOBHOW
obecneunte B6ecnepeboriHyto paboty Yckoputena B TedeHve 20 neT, BKMKYasg, 3aknagky KagpoBoro
noTeHumana, MHTEeHCUMUKaLMI0 MEXAYHapOAHOro Hay4YHO — TEXHUYECKOrO COTPYAHMYECTBa, OpraHu3auumio
t03epcKkon nonutukM, obpasoBaHme Ha Oase JIHO OUAWN ueHTpa koMneTeHuum B 0OMNACTU TEXHUKM
3MNeKTPOCTaTUYECKNX YCKOPUTENENH U COMPSXKEHHOW C HEN MeToAonorn4eckorn 6assol.

AKTyanbHOCTb NpPOEKTa NPoAuKTOBaHa BOCTPEOOBAHHOCTLIO AAHHOW YCTAHOBKM B COCTaBe Hay4HO-
TexHunyeckon nHdpactpyktypbl JIHO® OUNAN, B yacTHOCTH, HEOOXOAMMOCTBLIO BO30OHOBNEHMS UCCNe0oBaHUNA
A0EPHbIX peakuMn C ObICTPbIMM HEWTpOHaMu, HeoOXOAUMOCTbI peanu3aumm Ha yckoputene 3I-5
YHUKanbHOW OMUMU — MUKPOMYYKOBOTO CMNEKTPOMETpa (S4EepHOr0 MWKPO30HAA), HeOoOXOAMMOCTbIO
NPOBEAEHNa NPOYMX AOEepHO-PUBNYECKUX IKCMEPUMEHTOB. BBOA B 3KCnnyatauuid Ha HOMMHANbHOW
MOLLIHOCTU YCKOPUTENS NO3BOMNUT yBENUUMTL 06bem npoBoanMbix B JIH® HayyHbIX nccnegoBaHui B paMkax
HopoxHon kapTel OUNAN 1 MTM OUAN, obecneynt BO3SMOXHOCTb OCYLLECTBMEHUS 03€PCKON MOMUTUKN Ha
ycTaHoBke 3I-5.

MyTu peweHus 3agay. [Inga pelleHns NocTaBneHHbIX 3a4a4y M JOCTUXeHMs Lenu MNpoekTa ¢ coctase
cektopa CUHAB OAP cosmaHa oTgenbHaa rpynna  «YctaHoBka Jl-5», Bknodawwas BegyLimx
crneunanucToB B 0b6nactv MOHHO-Ny4YeBbIX METOAOB uccrnegoBaHusa Teepabix Ten (Op. A.M. Ko6zes, Op. M.
Kynuk), pa3paboTku yckopuTenbHow TexHukn (npod. PomaHos B.A.), Monoabix COTPYAHMKOB — CTYOEHTOB U
BbICOKOKITACCHBIX WHXEHEPHO — TeXHU4Yecknx paboTHUKOB. B HacToAwmMiA MOMEHT npoBoauTcst 06yyeHue
MONoAbIX COTPYOHWMKOB HaBblikam paboTbl C ycKOpUTENEM W 3MEMEHTaMW €ro 3KCMeEpPUMEHTarbHOM
WHGPACTPYKTYPSI.

Mpu yyactum cneumanuctoB komnaHun High Voltage Engineering Europa B.V. nnaHupyeTcsa npoBectu
3aMeHy yTpaTtuBLLeln paboune xapakTepPUCTUKMA BbICOKOBOSTbTHOW YCKOPUTENbHOW TPYOKM, MCTOYHMKA MOHOB
W KBaZpynOnbHOW NUH3bI, YTO MO3BOMUT MOMy4YMTb Tpebyemble TEXHUYECcKne napameTpbl yckopuTens. B
npouecce peanusauum npoekta OyaeT npoBedeH KOCMETUYECKUN PEMOHT MOMELLEHWUA YCKOpUTEns U
BbINOSIHEH onpeaeneHHbIn obbem paboT No co3gaHnio HOBOM nabopaTopun ANs NPUroToBreHUs O6bEKTOB
nccrnegoBaHus.

Mpennonaraetcs opraHM3auus KpyrnocyTO4HOW paboTbl YCKOPUTENS W CO34aHue YCTONYMBOM
konabopaumm ¢ napTtHepamu B P®, GnmxHero u JanbHero 3apybexbsi, YBENWYeHMEe Bbixoga Hay4yHON
npoaykuun JIHO® ONAN.

OueHo4YHasa CTOMMOCTb MpoekTa MoAepHusaumn coctaenseT $471 Toic. Cpok BbinonHeHus MpoekTa
cocrtaensieT 1 rog.
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1. BBegeHue

O6oCcHOBaHMA 3HAYMMOCTU UccregoBaHUN

TemaTtnuyeckun nnaH wuccnegoBaHn B JIH®, cBsA3aHHbIX € yckoputenem 3I-5 (cektop
BocTpeboBaHHOCTU yckopuTens 3I-5). B HaAcTOALWMA MOMEHT KpaliHe akTyalibHbIMU ABMSIOTCS SOEPHO-
dusmyeckme UCCNefoBaHMA C  UCMONb30BaHMEM  JNEKTPOCTaTUYECKUX  yckoputenen. AxTyanbHas
WHopMaums 0 npoueccax TpaHCMyTauun saep C NOMOLLbID HEWTPOH-UHOYLMPOBAHHLIX peakuui KpanHe
BaXXHa Ansi acTpoU3MKN U sAepHON dHepreTuku [1]. [aHHble 0 peakumsix C BbINETOM 3apsKEeHHbIX YacTuu,
WHOYUMPOBAHHbIX ObICTPbIMW  HENTPOHaMK, NPeACTaBMAAT 3HAYUTENbHbIW WMHTEpec AN W3ydeHus
MEXaHU3MOB SepHbIX peakuuin, CTPYKTYpbl aTOMHbIX S4ep, pagvauMoOHHOro MaTepuanoBefeHus wu
npoBeAeHna pacvyeToB MpuM CO34aHMU HOBbIX YCTAHOBOK ANA SAEpHOM 3SHepreTukn. WMOoHHO-ny4veBble
CMEKTPOMETPbI, MOCTPOEHHbIE Ha Ga3e anekTpocTaTUYecKMx yckoputenen, obnagaroT acTPOHOMMYECKON
TOYHOCTBIO W KpaWHe BaXHbl W akTyalnbHbl B COBPEMEHHbIX WCCNeAOBaHUsAX, COMPSXKEHHbIX C
HaHoTexHonoramn. KpanHe nepCneKkTUBHbIM W JKM3HEHHO BaXHbIM HarpaBfiEHWEM Hayku SABNSAETCHA
pagvaumoHHas MeguuuHa. TpebyloTcs HOBble 3HaHWS O B3aMMOLENCTBUN BbICOKOIHEPreTUYECKMX Yactul, C
Buonornyeckumm obbekTamn. B TOxXe BpemMs, MUKPOMYYKOBbIE WMOHHO-MyYeBblE UHCTPYMEHTbI MO3BOMSAOT
NPOHUKHYTb BHYTPb OUOMNOrMYECKOM KNeTkn U U3yunTb pagvaumoHHble 3dMeKTbl Ha MUKPOCKOMUYECKOM
YypOBHE, MPOBOAMTbL CKaHMPYIOLME CMEKTPOCKOMMYECKne MCCrneaoBaHus TBEPAOTENbHbIX OOBLEKTOB (B TOM
yncne, OOBEKTbI  MMKpOCKOMMYeckoro  macwTaba, npegmetbl  MCTOPUYECKOro  Hacnegusl)  Ha
MMWKPOCKOMMYECKOM MacluTabHOM ypOBHe, MPOBOAMTL MOHHOE NErMpoBaHne MUKPOCKOMMYECKux obracTen B
NonynpoBOAHUKOBBIX KpUcTannax (HaHO3NMEKTPOHMKA Y MUKPOCUCTEMHAsA TEXHUKA).

Takum 06pa3oM, B HacTOSALLMIA MOMEHT MMEETCS LUMPOKUIA CMNEKTP akTyarnbHbIX NS psaa oTpacrnen
HapoOHOro XO3ANCTBa MpuKNagHblX W yHAAMEHTanbHbIX Hay4dHbIX 3aja4y, KoTopble COMNpsXeHbl C
A0epHbIMU peakunsMy Ha BbICTPbIX HEUTPOHAX U C B3aMMOAENCTBMEM BbICOKOSHEPreTUYECKNX 3apsPKEHHbIX
YacTuL, C XMBOW W HEXUBOMW Matepuen. I3TW 3agjadv TpebyloT Ans CBOEro pelleHWs WUCMNonb30BaHusA
anekTpocTaTuyeckmx yckoputenen (OCY).

1.1. HayuyHaa nporpamma rpynnbl 3I-5. B T[TIM OUWAN cdopmynmpoBaHO TpU OCHOBHbIX
HanpaBneHusi, KOTOPble Mbl MIIAHNPYEM Pa3BMBaTb C MCMONb30BaHMEM JMEKTPOCTATUYECKOrO YCKOPUTENS.

1. ApepHasa dwmauka. (MccnegoBaHue CBOWCTB BO3OYXOEHHbIX A4ep, pPeakuui ¢ BbIIETOM
3apsKeHHbIX YacTul, U3NKN OeneHus, NOMyYeHUsa akTyarnbHblX JaHHbIX ANA acTpodusnku, SaepHom
3HEPreTMkn n npobnembl TpaHCMyTauUU AOEPHbIX OTXOAOB C MOMOLLbD HEWTPOH — U ramma
WMHOYLMPOBAHHBIX peakuui).

2. ®n3nKka KOHAEHCUPOBAHHOIO COCTOSHUS.

3. MpuknagHble n metoamyeckme uccnegosanus (MNprmeHeHne MeToa0B HEMTPOHHOW (PU3NKKM B
OpYyrMx o6racTax Hayku N TEXHUKK).

ApepHaa dwmsmuka. HayyHaa nporpamma YCKOPWUTENbHOIMO KOMMMEKca O4YeHb HacbllweHa.
Mpegnonaraetcs nccrnegoBaHue uenoro cnekTtpa A0epHbIX peakuun c ObICTPbIMM
KBa3MMOHO3HEPreTU4ECKMMIN HENTPOHaMM, BKIKOYas:

- uccnegoBaHne geneHus ObICTPbIMU HENTPOHaMU: U3MEPEHWS CNEeKTPOB M2HOBEHHbIX HEeUMmpOHO8

OenerHusa (MHL) w nonHbix kuHeTnyeckux aHeprun (TKE) B peakumax 235U(n,f), 238U(n,f), 22’Np(n,f) B

obnacTtu aHepruin HenTpoHoB 1-5MaB/aapo;

- uccnegoBaHne MHoxecTBeHHOCTM MH[ B 3Tux peakumsix Ha ObICTPbIX HEWTPOHAax B reoMeTpuu C
BbICOKOWN abdeKTUBHOCTLIO permctpauun MHL;

N3MepeHne CrnekTpoB 3apshKeHHbIX YacTuy M3 peakumn (n,a) u (n,p) B 3aBUCMMOCTW OT SHEPruv

HenTpoHOB B 0b6nactn Ao 5 MaB un BbliLwue;

- U3MepeHune wuHTerpanbHoro v anddepeHumnansHoro ceyYeHu 3TUX peakuuin B 3aBUCMMOCTU OT
3Heprum HEMTPOHOB;

- MCCrefdoBaHWe CrekTpa M YrroBbiX pacnpefeneHvin 3apsXeHHbIX 4acTuy, Mpu 3HEprnn HErWTPOHOB
~20M3B c uenbto n3yvyeHnsa HectaTucTU4ecknx acppekTos;

- n3y4yeHmne peakumi (a, n) 1 (p, n) B COMETAHUKN, COOTBETCTBEHHO, C peakumsamm (n, a) u (n,p);

- nccnegoBaHne yNpyroro U Heynpyroro paccesHms 6bICTpbIX HENTPOHOB aTOMHbBIMY S4pPaMK;

- ncrnonb3oBaHne metoamkn TOF B MMNynbCHOM pexnume paboTbl yckoputens (f~ 1 MHz, dt~1-10 ns).

®du3nKka KOHAEHCUPOBaAHHbIX cpea. C MCNONb30BaHMEM  3MEKTPOCTATMYECKOrO  yCKOpUTens
3annaHnpoBaHbl UCCreJoBaHUs:
- TNYOUHHBLIX 3MEMEHTHbIX Npodunen MNPUNOBEPXHOCTHBLIX CINOEB TBEPAbIX Ten (MHOroCronHble
nonynpoBoaHuKoBble apxuTekTypbl TUNa TiO2 / SiO2/ Si, SiO2 / TiO2 / Si, GaAs n gp.);
- MPOLIECCOB CTPYKTYPHOW penakcauny MOBEPXHOCTHbIX CrOeB TBEpAblX Ter, COMpPOBOXAAKLLMXCS
oKkucneHvem unu rmgporeHnsaumen (metannmnyeckue (Fe, Cu ) u metann-okemaHble (ZrOz2, CuO, ZnO,
SnO2) TBepable pacTBOPbI - KEPAMUKU 1 Ap)


https://www.scopus.com/record/display.uri?eid=2-s2.0-84952815159&origin=resultslist&sort=plf-f&src=s&st1=kulik&st2=m.&nlo=1&nlr=20&nls=count-f&sid=B303A0D9C49C41AA6E7D5BCE1145A49D.mw4ft95QGjz1tIFG9A1uw%3a63&sot=anl&sdt=aut&sl=41&s=AU-ID%28%22Kulik%2c+Mirosz+Xl%3blaw%22+56265275800%29&relpos=1&citeCnt=0&searchTerm=

- nccnegoBaHuA KI/ICJ'IOpOJJ,HOVI noAacuUCTeMbl NOBEPXHOCTHbLIX CroeB MaTepuanoBs no Metoay AAepHbIX
peakuwii (E >3,1MaB, NRA).

Takke 3annaHupoBaHbl paboTel C OGuonorMvyeckumMm OO6bEeKTamMu, B YACTHOCTUM, MOHUTOPUHI
XPOMOCOMHbIX abeppauuin B NMoLUTax KpoBW YeroBeka.

MeToandeckMe wuccrnedoBaHWs rMpeanonaraloT pasBUTE MEeTOAMYECKOM W 3KCnepUMeHTasrlbHOW
MHPACTPYKTYpbl, HEOGXOAMMON ANA MPOBEAEHNS HayyHbIX paboT C MCrofib3oBaHMEM TexHukn JCY B
pamKax NepBbIX ABYX HanpaBreHW.

1.2. YHuKanbHble BO3MOXHOCTU yckopuTtensa. Co3faHHbI Ha OCHoBe reHepatopa BaH ge paada
anekTpoctatudecku yckoputens 9I-5 craunonapHo pencteyetr B OAD JIHO ¢ 1965 ropa. bnarogaps
OTHOCUTENbHOW MPOCTOTE M HAAEXHOCTM KOHCTPYKLUMM a TakK Xe, XapakTepHblM AN OAHOCTYNeH4aTbIX
3NEKTPOCTaTUYECKMX YCKOpUTENEN YHUKamnbHbIM MapaMeTpaM YCKOPEHHOr0 WOHHOro nyyka (BblCOKas
NPOCTPAHCTBEHHAA U JHEpreTuyeckas cTabunbHOCTb NpY OTHOCUTENBHO BonbLioM Toke), yckoputens Il -5
B HacTOSAWMN MOMEHT O6e3anbTepHaTMBHO OCTaeTca Haubonee 3(pdeKkTMBHbIM U YyOOOHBIM SOEPHO-
PU3NYECKUM UHCTPYMEHTOM AN PELUEHUsT LUMPOKOrO CNeKTpa akTyarbHbIX Hay4HbIX 3agady uaunku aapa,
PU3MKN KOHAEHCUPOBAHHBLIX Cped, Ouonoruu, 3neKkTpoHWkW, MeauuuHbl. OTHOCUMTENBHO BbICOKUIA TOK
MoHHOro nydka (go 100MkA) nos3BongeT nomnyy4aTb B pesynbTate ob6nydYeHus TPUTUEBOW MMULLEHU
AentpoHamu (peakuma D(d,n)3He) WmMpokuii cnekTp HENTPOHOB ANS SAEPHO-PU3NYECKMX MUCCreaoBaHU B
obnactn sHeprun go 20MaB. Kak BugHO M3 cnncka Hambonee akTyanbHbIX 3a4ad COBPEMEHHOW sioepHOW
dwmamkm (Nuclear Data High Priority Request List, Tabn. 1), 4aHHbIV Anana3oH 3Heprun asnsieTcs Hanbonee
BOCTpebOBaHHbLIM B COBPEMEHHbIX UCCneaoBaHuax hunsnkn sgpa.

Tabnuua 1.
Cnmncok Haubornee akTyanbHbIX 3agady coBpemeHHow sigepHon dusmkm «Nuclear Data High Priority
Request List» [2].

i} Vi?w Target Reaction Quantity Energy range Sec.E/Angle Accuracy Cov Field Date
2H 8-0-16 (n,a),(n,abs) 5IG 2 MeV-28 MeV See details ¥ Fission 12-SEP-88
3H 94-PU-239 (n,f) prompt g Thermal-Fast 7.5 ¥ Fission 12-MAY-86
44 92-1J-235 (n,f) prompt g Thermal-Fast 7.5 ¥ Fission 12-MAY-86
8H 1-H-2 (n,el) DA/DE 2.1 MeV-1 MeV 5 ¥ Fission 15-4PR-87
15H ’ 95-AM-241 (n,g},{n,tot) 5IG Thermal-Fast See details Fission 18-SEP-38
18H 92-1J-238 {n,inl} 51IG 65 keV-20 MeV Emiz spec. See details ¥ Fission 11-SEP-88
19H o (n,f) 51IG A See details ¥ Fission 11-SEP-88
21H o (n,f) s5IG See details ¥ Fission 11-SEP-88
22H G5~ (n,f) 5IG See details ¥ Fizsion 11-SEP-88
25H (n,f) 51IG See details ¥ Fission 12-SEP-88
27H (n,f) 51IG See details ¥ Fission 12-SEP-88
29H {n,inl} 51IG Emiz spec. See details ¥ Fission 12-SEP-88
32H ¢ (n,g) 5IG See details ¥ Fission 12-SEP-88
33H (n,g) 5IG See details ¥ Fission 12-SEP-28
344 {n,inl} 51IG Emiz spec. See details ¥ Fission 12-SEP-88
35H (n,f) 51IG See details ¥ Fission 12-SEP-88
37H (n,f) sIg See details ¥ Fission 15-SEP-88
38H {n,f) nubar See details ¥ Fission 15-SEP-88
39H (n,f) 51IG See details ¥ Fission 15-SEP-88
41H 82-PB-208 {n,inl} 51IG See details ¥ Fission 15-SEP-88
42H 82-PB-2a7 {n,inl) 5IG See details ¥ Fission 15-SEP-88
45H 19-K-39 {n,p),{n,np) 5IG 16 ¥ Fusion 11-JUL-17
a7H w 24-CR-50 (n,g) 516G 1 keV-188 keV 5-18 ¥ Fission 95-FEB-18
38H L= 24-CR-53 (n,g) 516G 1 keV-188 keV 5-18 ¥ Fission 95-FEB-18
S9H L= G4-PU-239 (n,f) nubar Thermal-5 eV 1 ¥ Fission 12-APR-18
182H e 64-GD-155 (n,g),(n,tot) 5IG Thermal-182 eV 4 ¥ Fission 89-MAY-18
1@3H - 64-GD-157 (n,g),{n,tot) 5IG Thermal-182 eV 4 ¥ Fission B9-MAY-18
1144 - §3-BI-289 (n,g)Bi-2l8g,m ER 50 eW-380@ keV 1 ¥ ADS,Fission 89-NOV-18
115H e o4-PU-239 {n,tot) 5IG Thermal-5 eV 1 ¥ Fission B8-4PR-19

CnepyeT OTMETWUTb, YTO 3TW 3a4ayy TPYAHO M [OpPOro pewaTb Ha APYrux TuUnax HEeUTPOHHbIX
YCTaHOBOK.

NccnepoBaHus MHOYUMPOBaHHbLIX HEUTPOHaMM peakuuMili C BbINETOM 3apsbKeHHbIX YacTul AatoT
LUEeHHY WHDOPMaUMD O MexaHu3Max MpOoTeKaHWUs SIAEPHbIX peakuui u CTPYKType aToOMHOro siapa,
npoueccax 3Be34HOr0 HyKneocuHTesa 1 T.4.

Hanbonee yHuKanbHOe CBOWCTBO OOHOCTYMEHYATOrO YCKOPUTENS — BbICOKAsi  SHepreTuyeckas
ctabunbHocTb (cBbiwe 0,01%) MOHHOrO nyyka MO3BOMSIET C OYEeHb BbICOKOW TOYHOCTbIO MPOBOAMTH
nccnefoBaHUs 3NEeMEHTHOIO COCTaBa NMOBEPXHOCTHLIX CMOEB MaTepuarnosB 1 obycnoennBaeT BO3MOXHOCTb
co3faHusi Ha ocHoBe AI-5 yHMKaNbHOIrO MUKPOMYYKOBOrO CMEKTPOMETPa C AUAMETPOM Myyka MeHee 1MKM.
Takue nyy4kn He MoryT OblTb NOMYyYEHbI, HANPUMEP, Ha MONYNSAPHbLIX cenvac nepesapsigHbIX YCKOpUTENsIX -
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TaH4eTpoHax.

EOWHCTBEHHBIN B HaCTOAWMUN MOMEHT B P® MUKpPOMY4YKOBbIN CMEKTPOMETP, MPOU3BEAEHHbIN B
UHctutyTe npuknagHon cdwusmkm HAHY (r. Cymbl, YkpauHa) Haxogutca B . CapoBe U, NO M3BECTHbIM
npuymMHaMm, <BnseTcs  TPYAHOOOCTYNHbIM  Ans  OonblUMHCTBA  nonb3oBaTenen. OHepreTuyeckas
CcTabunbHOCTb, OBYyCMNOBMEHHasa OTCYTCTBMEM Mepe3apsgHON MULLEHU, SIBNSETCA BaXHbIM (PaKTOpoOM AN
AOCTMKEHWS BbICOKOM paspeLuatoLLeit CoCoOHOCTU B MCCNEA0BaHUAX TOHKUX MOBEPXHOCTHBIX CIOEB.

C pasBuTMEM HAHOTEXHOMOIMUI 1 MPUITOXKEHWIN SOEPHON SHEPTETUKN eXXEOHEBHO pacLUMPSETCst CNEKTp
NpyKNagHbIX UCCrefoBaTeNbCKMX 3a4ay A9 3NEKTPOCTaTUYECKNX YCKOPUTENbHbIX KOMMnekcoB Tuna 3l -5.
MOHHO-Ny4YeBON «MUKPO3OHA» AnamMeTpom nopsigka 1MKM CyLLEeCTBEHHO pacLUMPSiET BO3MOXHOCTU SiOEePHO-
dusnyeckmx metogoB JIHO OUNAM B obnactn eCcTeCTBEHHbIX Hayk, He3aMeHMM MNpWU pelleHun 3apad
HaHOM3MKN © OnoHaHoTexHonormu. Takum obpasom, OIl-5, B HacToAWMN MOMEHT SABMSETCS
eamHcTBeHHbIM B OUVAW yckopuTenem, KOTOpPbIM MO CBOUM TEXHUYECKUM BO3MOXHOCTSIM NOTEHUMansHO
NoAXOAMT ANSA PeLUeHUs COBPEMEHHbIX Hay4HbIX 3a4ay 3KCNepuMMeEHTanbHOW SAepHOW (PU3UKKN, 9OepHOM
acTpodun3nku (3Be3aHbIN HykneocuHTes) [3] n buoHaHoTexHonorni (o6osHaveHHbIx B [T OUAN).

1.3. MpobnemaTtuka nNpoekTa MMeeT U OPraHM3auVoOHHO — TEXHWYECKMI XapakTep WU CBA3aHa C
PU3NYECKMM U3HOCOM OCHOBHbIX Y3MOB W CUCTEM YCTAHOBKW, MOpasbHbIM CTapeHWEM HayyHO-
aKcnepuvMeHTaneHo 6asbl, yTpaTon KOOMepauVOHHbIX CBSA3eN U OOWMM CHKEHMEM 3dEKTMBHOCTM
paboTbl rpynnbl, OCYLECTBNALWEN HAYYHOE COMPOBOXAEHNE yckopuTenbHon TemaTuku B JIHO OUAN.

TexHunyeckon NpobremMon B HACTOSLMIA MOMEHT SBMAETCH (PU3NYECKUA M3HOC OCHOBHBIX Y3N0B U
CUCTEM YCTAHOBKM M MoOparibHOE CTapeHue Hay4yHO-3KcneprMeHTanbHon ©0a3bl. [loTepss MoLHOCTM
yckopuTenem (Tok nydka cHuauncsa ¢ 50MkA go 100HA) npuBena K HEBO3MOXHOCTM €ro UCMOSb30BaHNS ANs
reHepaumMM HEMTPOHOB, U3y4EHMS SAEPHbIX peakuuMi M gns pa3paboTku Ha ero OCHOBE MUKPOMYyYKOBOrO
crneKkTpomeTpa — Onuuin, KOTopble ABMASITCH B HACTOSALLMIA MOMEHT yHMKanbHeiMuM B OUAN n B PO.

CnepyeT oTMeTUTb, YTO Npobnema ycTapeBaHus U OCTaHOBKM yckopuTenen 3a nocriegHue 30 net B
P® wvmena cuctemHbii xapaktep. Tonmbko 3a nepuog ¢ 1990 no 2014 r. KonMYecTBO YyckopuTenew
cokpatunocb ¢ 27 go 12 — 15 egnHuy. B P® npaktnyecku npekpatunucb pa3paboTkm v nNpousBoAcTBO
cobcTBeHHbIX yckopuTenen (kpome r. CapoBa), Toraa kak nuaupylowue nosvuum no npoussBoacTBY U
Konu4yecTBy yckopuTenewn 3akpenunucb 3a CLUA. [1na pelleHns yka3aHHOW TeXHU4Yeckon npobnemsl B JIHO
cornacHo KoHuenuuu CemuneTtHero nnaHa passutus OUNAWN na 2017 - 2023 rr., npegycmaTpusaroLLen
KOHLUEHTpauuto pecypcoB pfnsi OOHOBMEHMS YCKOPUTENbHOM W peakTopHon 6asbl WHctutyta  [4],
npegnonaraeTcd peanusauusl OaHHOrO Mpoekta no MogepHusauum yckoputens 3 — 5 u ero
3KCNepMeHTanbHOW MHPaCTPYKTYpbI.

1.4. 3apaym npoekTa U MeponpusaTUs, npeanoriaraemblie K NPoBeAeHUI0 ANA UX PeLUeHUs.

3apaya 1. [MaBHOW TexHUYEeCKOW 3adayven MpoekTa HABMASEeTCS [JOCTUMXKEHUE TeXHOMOrMyecKnx
napameTpoB yckoputenem 3I-5: HanpsbkeHns Ha koHaykTope 4,1 MB npu Toke nyyka go 100 mkA. (3agava
1).

B kauyectBe noagsagauun 1.1 cnegyet OTMETUTb PEMOHT MOMELLEHUN, B KOTOPbIX HAXOOATCS CUCTEMbI
YCKOPUTENBHOIo KOMMIekca (3an yCKopuTens, Npasbli U NEBbIN 3KCnepuMeHTanbHble 3anbl). ObecneveHne
[OCTATOYHO BbICOKOTO YPOBHS YUCTOTbI B MOMeELLeHUsX (xoTa ©Obl knacc 1SO-9) npu ycnosum
KOHOMUMOHMPOBAHNST BO3[4yXa B MOMELLEHMAX MO3BONUT MOBbLICUTL MpumepHo A0 20% HanpsikeHue Ha
KOHOYKTOPE YCKOPUTENS N SHEPTUIO YCKOPSEMbIX HYacTul,

Mopsapgaya 1.2. BknovaeT B cebA  KOMMIEKCHYHO MPOBEPKY, YUCTKY WM PEMOHT 3MEMEHTOB
BbICOKOBOJbTHOW CTPYKTYpbl M 060pyaoBaHus, obecrneynBaloLLEero BbICOKOE HanpsbkeHWE Ha KOHOyKTope
ycKopuTEens.

. Cnepyet oTMeTUTb, YTO obecneveHme Hagnexawero ypoBHs 6e3onacHOCTU paboTbl C yCKOpUTenem
W anieMeHTaMn ero MHAPaACTPYKTYpbl Tak Xe sIBnsieTca noasagadven (nogsagada 1.3.) nepeon 3agayn.

3apaya 2. He MeHee BaxHOW 3ajaderi 4BMASETCA pa3BUTUE IKCNEepPUMEHTanbHOW
MHPACTPYKTYPbl  YCKOPUTENBLHOrO KOMMJEKCA, YTO MNO3BOMUT MakCMMarbHO MCMONb30BaTb €ro
NPOVN3BOACTBEHHbIA MOTEHUMAr, 4YeM MOBbICUTb BbIXO4 HAY4YHOW MpOAyKUMM W paclmpuTb obnacTtb
NPMMEHUMOCTU MEILLIMXCH UCCrneaoBaTenbCckmx Metonos (3apava 2).

Mopsapava 2.1. — npoBepka paboTOCNOCOOHOCTN M MpUMBEAEHUE B Haanexailee yHKUMOHANbHOEe
COCTOsIHME BCEX Yy3MnoB U cucTem yckoputens. B kayectBe noasagaum 2.2. criegyeT OTMETUTb
aBTOMaTU3aLMI0 U MoAepHU3auMio  YHKUMOHANbHBIX Y3M0B W CEPBUCHBIX CWUCTEM  YCKOPUTENS.
HeobxoaumocTb BINOMHEHUS 3TOM 3aJayn OUKTyeTcs HeOOXOOUMOCTBIO MOBLILLEHMS CTEMEHU KOHTPOMS U
yaepXaHusi napameTpoB nydyka. B yacTtHocTW, And nnaHUMpyemMoro K YCTaHOBKE MWKPOMYKOBOrO
cnektpometpa Tpebyetrca obecneunTb BbICOKYID CTENEHb He TOMbKO 3HEpPreTMYeckon, HO MU
NPOCTPaHCTBEHHOW  CcTabunm3aumm nydka, AnAsa  4Yero  Heobxoguma  aBTOMaru3auusi  CUCTEMB
NMO3MLNOHMPOBAHNS Ny4vKa C NPEeLU3NOHHON TOYHOCTBIO.

RBS—kamepa. O6opynoBaHue, UCnornb3yemMoe B HacTOSALLUA MOMEHT ANA UccneaoBaHU 3NeMeHTHOro
cocTaBa marepuanoB, 6bio paspaboTtaHo n npomsBeneHo donee 50 net Haszag. OHO CUNBHO ycTapesno B
MoparnbHoM nnaHe. CoBpeMEeHHbIE MOHHO-yYeBbIE CNEKTPOMETPUYECKNE U3MEPUTENBHbIE CUCTEMbI UMEIOT
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CyLLeCTBEHHO Bonee BbICOKY0 Npou3BOAMTENbHOCTL. C LEnbio NOBLICUTL 3MEKTUBHOCTL UCCNEeaOoBaHUN
0ObEKTOB M BbIXO Hay4YHOW NpoAyKuuu, MpegnaraeTcs 3amMeHWUTb YCTapeBlUME CNeKTpOMEeTpbl (MeToabl
RBS, ERD, NRA u PIXE) HOBbIM COBpEMEHHBIM MHOTFO(YHKLUMOHANbHBIM aHanutTunyeckum moaynem RC43,
nponssoactea ¢upmel NEC (nogsagava 2.3.). B HacToswum MOMEHT Ha CTagum pPacCMOTPEeHUus
KOMMepyeckoe npegnoxexHme Ha nokynky moayns RC43, dompmel NEC. 3ToT mogynb no3BonuT yBennyintb
KONMMYEeCTBO CMEKTPOMETPOB B Kamepe, paclunmpuTb pabouunin gvanasoH 1 paspelleHne cnektpomeTtpa RBS,
MOMHOCTBLIO aBTOMaTU3NpPOBaThb NPOLECC ChbeMKM 00pa3LoB n 06paboTKM AaHHbIX, OCYLLECTBUTb NEpPexos Ha
COBpEeMEHHble CTaHAapThbl U (hopMaThbl JaHHbIX.

JlabopaTopusa gna narotoBrneHusa o6pasyoB. [lpegnonaraeTca MOHTaX HOBOW nabopartopuu ansd
POpPMMPOBaHUSA MOHOMUTHBLIX OOBLEKTOB M3 MOPOLLKOBLIX MaTepuanoB (nogsagada 2.4.). Jlabopatopus
npegHasHadeHa [AnNs BbINOMHEHWst paboT no noAroTOBKE 3KCMepuMeHTanbHbiX o06pas3uoB B BuAe
MOHOMUTHbBIX OOBEKTOB, TOHKUX M TOMCTbIX MAEHOK U U3 LUMPOKOrO CNeKTpa TBepAOTENbHbIX MaTtepuanos,
BKMOYas MOPOLUKOBbIE, Ans  MccnegoBaHuni spaepHo-gumsmyeckummn metogamm RBS, ERD wn PIXE.
lMnaHnpyeTca ocHacTUTb HOBYHO nabopaTtopuio MeToauKamu, KOMMIEMEHTapHbIMU SAEePHO-PU3NYECKUM
MeTogaM wuccnegoBaHusa (noasagadya 2.5.), B 4acTHOCTW, MeTO4aMW WCCMEeAOBaHUSA 3MeKTPUYECKUX,
ONTUYECKMX U BMNEKTPOHHbIX CBOMCTB MOBEPXHOCTU WM MPUNOBEPXHOCTHLIX CIOEB Mccnedyembix 06beKkToB
(MeToObl CMEKTPOCKONUWM  3MNEKTPOXMMWYECKOro MMMedaHca; BOMbTaMnepoMeTpun, InNIuncoMeTpun).
JlaGopatopusi MO3BONMMT NPOBOAWUTbL KOPPEKUMIO M MOAroTOoBKY 06pas3uoB Ha MecTe, MNpPOBOAWTb
He3aBWCKMbIE NCCIe0BaHMs!, COMPSKEHHbIE C nccnegoBaTensckumm metogamm 3M-5.

3apgaya 3 (nepcoHan) npeanonaraeT 3aknagky kagpoBOro noTeHuuana, KoTopbin obecneunt
aBTOHOMHYI0 paboTy yckopuTenss Ha HapaboTky HayyHou npogykuum B nepcnektue 20 — 30 ner.
Mpepnonaraetcs oOy4yeHWe COTPYAHMKOB WMOHHO-ITydeBbIM MeTodaM MWCCnedoBaHMs MaTepuarioB U
cepBUCHOMY obcnyxmBaHuiO yckoputensa (nogsagada 3.1.), npvBneyeHum B rpynny v oby4yeHnn monogbix
cneunanucToB U3 4ucna CTygeHToB MecTHbix BY3oB ¢ xopowen ycneBaemocCTbio, MNpuBReYeHune
BbICOKOKITACCHbIX CNELManmcToB MO YCKOPUTENbHOW TEXHUKE, OpraHnsauusa KOHepeHUni n CMMno3myMoB
MeXOyHapoAHOro ypoBHA Ha 6ase JIHO® OUAW, dopmuposaHne ueHTpa kBanudukaumm B obnactu
YCKOPUTENbHON TEXHUKN U CONPSKEHHBIX C HEN 3KCMEepPUMEHTanbHbIX MeToauk (nog3agaya 3.2).

2. Oxuaaemble pe3ynbTaThbl

B pesynbTate BbinonHeHus lMpoekta OyoyT BOCCTAHOBMEHbI TEXHWYECKME NapaMeTpbl YCKOPUTENS
(aHeprusi yckopsiembix vactuy 4,1MeB npu Toke 100MKA, Tabn. 2.), 4to no3sonut nposoauTb B OUNAN
nuccrnefoBaHus peakuuMn ¢ ObICTPbIMM HENTPOHaMK, ODOecneyvnmT TEXHUYECKUE YCINOBMS O YCTaHOBKU
MMWKPOMY4YKOBOrO CnekTpomeTpa. [lepeyeHb OCHOBHbIX BO3MOXHOCTEN YCKOPUTENbHOrO KOMMMeKkca nocne
BbIMONTHEHUS MPOeKTa ModepHU3aLmm NnpuBeaeHs B Tabn. 3.

Oxunpaemble TeXHUUYeckne napameTpbl yckoputensa d-5 nocne moaepHusaumun. TexHudeckne
napameTpbl YCKOPUTENS 40 M Nocre MOAEepHU3aL MM npuBeaeHsl B Tabn. 2.

Ta6nuua 2.
TexHudeckme napameTpbl yckopuTtens OIM-5 0o n nocne mogepHusauuu.

Before modernization After modernization

Terminal voltage - 2,1 MV Terminal voltage - 4,1 MV

Beam current — 100nA Beam current — 50-100mkA

lon Energy — 2,9 MeV lon Energy — 4,1 MeV

- Nuclear physics experiments conducting is not - Nuclear physics experiments conducting is
possible, possible,

- NRA (3,1 MeV) - not possible - NRA (3,1 MeV) - possible

Microbeam option installing — not possible Microbeam option installing — possible;

Work with biological objects - not possible Work with biological objects — possible

Ta6nuua 3.
B0O3MOXXHOCTM YCKOPUTENBHOrO KOMMMeKca A0 W Nocne BbIMOMHEHNS NPOeKTa MoAepHU3aLmm.

Before modernization After modernization
- Nuclear physics experiments - not possible Nuclear physics experiments - possible,
- NRA (3,1 MeV) - not possible - NRA (3,1 MeV) - possible.
Microbeam option installing — not possible Microbeam option installing — possible;




Work with biological objects - not possible Work with biological objects - possible

The performance of EG-5 spectrometers: The performance of EG-5 spectrometers:

- 3 samples / per day, - 32 samples / per day,

Methods: Methods:

1. Rutherford backscattering (RBS); 1-3. RBS, ERD, PIXE

2. Elastic Recoil Detection (ERD); 4. Nuclear Reaction Analysis (NRA);

3. Particle Induced X-Ray Emission (PIXE). 5. Proton Induced Gamma Emission (PIGE);

6. lon Beam Induced Luminescence (IBIL);
7. High-resolution (HR RBS).

Byoetr  ycTtaHoBneH HOBbIi ~ COBPEMEHHbIN BbICOKONPOW3BOANTENBHbIN WNOHHO-1Ty4€BOW
uccnegosatenbckun mMogynb RC43 dupmbl NEC ¢ paclumpeHHbIMM BO3MOXHOCTAMKM (RBS BbICOKOro
paspewenuns (High-resolution - HR RBS), Metog sigepHbix peakuun (Nuclear Reaction Analysis - NRA),
MeTOAbl aHanM3a CNeKkTPOB UHAYLMPOBAHHbIX MOHHBIM My4kKOM ramma uanyvenusa (Proton Induced Gamma
Emission - PIGE) un nomunHecueHumn (lon Beam Induced Luminescence -IBIL). bygeTt cosgaHa HoBas
cneunanusmpoBaHHas nabopaTopus ANS NOAroTOBKM OOBLEKTOB MCCNeaoBaHWs, YKOMMIEKTOBaHHas
KOMMNEMEHTapHbIMM MEeTo4aMN UCCNefoBaHNsl OMTMYECKUX M 3NEKTPOHHbIX CBOMCTB MOBEPXHOCTM, Kak
ANNUNCOMETPUSA, OMTUYECKAst U JMNEKTPOHHAs MUKPOCKONUSA, MEeTOAMKaMM WCCReAOBaHWUsl 3NEKTPUYECKNX
CBOWCTB Ha NOCTOSIHHOM M NEPEMEHHOM TOKe (BONbTaMnepoMeTpust uMnegaHcMeTpus).

Kpome wmogepHusaumm wu pacwmpeHns npubopHon 6asbl ycKopuTenbHOro komnnekca 6yget
npoBeAeHa 3aknagka kagpoBoro noteHumana Ha 6nmxkanwme 20-30 ner.

MogepHuzauma 3r-5 B ONAN, roe umeroTcst BbICOKOKBanNM@UUMPOBaHHbIE CMeLnanucTbl, Xxopollas
AEeTeKTMpyloLlaa annapaTypa M LeHHble HapaboTku MO MCCneaoBaHWMI0 aTOMHbLIX SiAep HEWTpoHamu, gact
BO3MOXHOCTb MPOBEAEHMSA B KPATKOCPOYHOW MEPCNEKTUBE psija HOBbIX, YHWUKAIbHbIX 3KCMEPUMEHTOB MO
N3MEPEHUI0 SHEPreTUYECKNX CNEKTPOB M YITOBbLIX pacnpefeneHnin 3apshkeHHbIX YacTul U3 peakumi (n, o) u
(n, p) / (a, n) u (p, n) 1 uHTerpanbHoro n anddepeHUNanbLHOrO CEYEHMIN MOCNEAHNX B UHTEPBAre 3Heprumn
HenTpoHoB A0 ~20 MaB, npoueccoB AeneHnss atoMHbIX sgep ObICTPbIMM HEWTPOHaMM, aKTUBALMOHHOIO
aHanwusa [5,6] v gp.

3. CocTosiHMe uccrnenoBaHum No 3asBfIEHHON Hay4YHOW nNpobneme

3.1. Umerowminca 3agen. C ncnonb3oBaHmem yckoputens OM-5 npoBefeHbl M3MepeHus BbIXOAa
HEWTPOHOB M3 TBEPAOTENbHOW U ra3oBON MULIEHEW, MOMydYeHHbIX B peakumm D(d,n)3He; BbinonHeHa
KanMbpoBKka HEWTPOHHOro MOHUTOpa, Heobxoaumasi ANA uamepeHuss abCoNTHOrO MOTOKa HEWTPOHOB B
N3MEepEeHUsiX; CO34aH CNEKTPOMETP 3apsiKeHHbIX YacTuy Ha 6ase MOHW3aLMOHHOW Kamepbl C CEeTKOM U
MOZYNS SNEeKTPOHWUKN ANS perncTpauuy, HakonneHus u nepBuyHon obpaboTku gaHHbIX Ha ocHose PIXIE-4 n
PIXIE-16. C ncnonb3oBaHmeM 3I-5 npoBeaeHO TeCTMpPOBaHWE CMEKTPOMETPA 3apsKeHHbIX YacTul Ha 6ase
WOHM3aLUMOHHOW Kamepbl C CETKOW M MOAOYMNS 3MEeKTPOHUKM ANs perncrpauuun, HakonmmneHus U nepBuYHON
o6paboTknm paHHbiX Ha ocHoBe PIXIE-4 pans wu3amepenun Ha yckoputene HV-2500 WHctutyta
3KCnepvMeHTanbHOW 1 NpuknagHon gusmnkm Yewwckoro TexHudeckoro yHusepcuteta (lNpara, Yexus).

C BO3MOXHOCTbIO NMOMNy4eHUst ¢ NoMoLLbio OIM-5 BbICTPbIX HENTPOHOB BO MHOIOM CBSI3aHO pa3BUTUE B
OUNAN akcnepumeHTanbHOW aaepHon usnkm (d,d — peakumn, peakumm HENTPOH - 3apsbkeHHas yacTuua,
N3yYEeHWE MPOXOXAEHUS SOEPHbIX W3MNYyYEeHUA Yepe3 pasfiMyHble cpefpbl, KanmbpoBka HENTPOHHbLIX
OETEKTOpoB, U Ap.), paguobuonormm (MOHUTOPUHI XPOMOCOMHBIX abeppauuin B numdoumTax KpoBu
yenoeseka, W Ap.), pagvauuoHHOro MartepuanoBefeHus (B3anMoOencTBme SAepHblX W3MNy4eHun C
BELLEeCTBOM, BCECTOPOHHUE UCCNeaoBaHMs pagnauuoHHOW CTOMKOCTU MaTepuanoB U U3LOenui pasnmMyHoro
HasHayeHusi, wuccnegoBaHWe MaTepuanoB Ans  S4EpHbIX PeakTopoB, pagunauvoHHOE FermpoBaHuve
NonynpoBOAHUKOBBIX MaTtepuanos), (OU3NKUM KOHOEHCUPOBAHHbIX cped (MccrnefoBaHWe 3MEMEHTHOro U
N30TOMHOIO COCTaBa, ANEMEHTHbIX FMyOMHHbBIX Npoduen NPUNOBEPXHOCTHOIO CMOS MaTtepuanos) 1 ap.

PeMOHT yckopuTtensi, npoBeaeHHas paboTa. [nsa peweHus 3agaun 1 pykoBogctsom JIH® Gbino
NpoBeAeHO psif MEPONpUATMIA (KOHCYNbTaLMOHHOIO XapakTepa), HanpaBlieHHbIX Ha BbISBIEHWE MPUYMH
notepu yckoputenem paboTocnocobHOCTUM M NyTelh YCTPaHEHMS BbISBIIEHHbLIX TEXHWYeckux npobnem. Mo
3akaszy JIH® rpynnon akcneptoB w3 WHctutyta npuknagHon usmkm HAHY (Cymbl, YkpawnHa),
crneynanuanpyoLLencs Ha pa3paboTke YCKOPUTENBHON TEXHMKM nog pykoBoacTBom npod. A.l. NoHomapeBa
Obina npoBefdeHa HayyHO-TeXHWYeckas paboTa «AHanM3 TEeXHUYECKOro COCTOSHUA W U3MepeHue
napameTpoB anekTpoctaTudeckoro yckoputena 3M-5 JIHO ONAW», no3sonmBLLaa yCTaHOBUTbL OCHOBHbIE
NPUYMHBI CHWKEHUS adhdeKTUBHOCTM paboTbl yckoputens. Hesasucumo, BedylmMm 3KCneptoM B obracTtu
OCY npod. PomaHoBbiM B.A. (B HacTosilLMA MOMEHT - COBETHUK aupektopa JIHP) no mecty 6bino
NpoBeAEeHO WCCreoBaHNE PEeXMMOB paboTbl M TEXHWYECKOTO COCTOSIHUS OCHOBHbIX Y3JI0OB YCKOPWUTENS.
MonyyeHHble pekoMeHZauun Obinn NONoXeHbl B OCHOBY MnnaHa paboT no peMoHTy yckopuTtens (3agauum 1,
2).


https://www.booksite.ru/fulltext/1/001/008/007/841.htm
https://www.booksite.ru/fulltext/1/001/008/007/841.htm

ApepHbin Mukpo3oHA. B 2015 rogy cotpyaHmkamm MHCTUTYyTa npuknagHon domsnkn HAH YkpanHbl
(r. Cymbl) BbInK BbINONHEHbBI pacyYeTHO-NPOEKTHbIE paboTbl HA KaHan MUKpo3oHAa (YCTOSBLUMWACS TEPMUH
Nuclear microprobe) Ha 6a3e yckoputena 3-5 JIH® OUAN. KoHcTpyKkTOpcKass OOKYMEHTauuss B MOSIHOM
ob6beme HaxoguTtes B JIHD.

Fpynna «YcrtaHoBka 3I-5». [ns pelleHus NoCTaBneHHbIX B MPOEKTE 3aJay B COCTaBe CekTopa
CUHAB OAD B ceHTsbpe 2019r cosgaHa oTAernbHas rpynna «YcraHoBka Ol -5», BKovatowas BeayLmx
y4yeHbIX — npodunbHbix crneumanuctoB (Op. A.l. Ko63es, Op. M. Kynuk), BbICOKOKIACCHbLIX WUHXEHEPHO-
TexHunyeckux pabotHukoB (A.H. JluxaueB, TkaueHko C.B., KygopsBue B.I1. 3anueB W.A.) u monogbix
COTPYOHWKOB — CTYOEHTOB W acnupaHToB yHuBepcuteTa [ybHa (9 yenosek). B HacToswmn MOMEHT
npoBoanTcs 00yyeHme Oyaywux cheunannctoB ocobeHHOCTAM paboTbl MPMOOPOB  YCKOPUTENBLHOIO
komnnekca. OpraHusoBaHbl exeHefdenbHble nekumn - cemuHapbl (M. Kynuk) 1 mHOuBMAyanbHble
npaktnyeckme 3aHsatua no wmetogy RBS (M. Kynuk, A.N. Kob6ses). [MpoBogutcs oO3HakommneHwe c
TEXHUYECKMMU NPpUHLUMNamMmn paboTbl yckoputens n ero cepsucHolx cuctem (A.H. Jinxayes). Pebara aktmeHo
NPUHUMAIOT y4acTue B Hay4HbIX KOH(EPEHLMAX PasfM4yHOro YPOBHS, 3aHMMaloT nuanpyowmue no3numm Ha
YHMBEPCUTETCKUX OnMMnMagax u koHdepeHumax. C Lenblo NOBbLILWEHUA YPOBHA KOMMETEHUMU rpynnbl B
TEXHUYECKNX BONpOCcax Ha JomkHOCTb CoBeTHUKa ampektopa JIH® npuHAaT Begywmn cneumanuct B obnactu
pa3paboTku YyCKOPUTENbHON TEXHWKN Npodd. PomaHoB. TexHu4eckas YyacTb rpynnbl yCuneHa npuxoaomM AByx
MONoAbIX COTPYOHUKOB Ha [OIDKHOCTM Bedylwlero WHXeHepa u nabopaHTa C COOTBETCTBYHOLUMM
pacnpefeneHnemM BakaHTHbIX TPYAOBbLIX PYHKLMIA.

MexayHapogHoe Hay4YHO-TeXHu4Yeckoe coTpyaHu4yecTBo. Ha momeHT 2020 r. B pamkax Tembl Ne
03-4-1128-2017/2022 BbiMrpaHO 9 NPOEKTOB Ha WCCREeAOBaHWS B pamKkax COBMECTHbIX pabor OUMAUN —
CTpaHbl y4aCTHULbI:

1. MpoekT «CuHTE3, CTPYKTYpa 1 MarHMTHbIE CBOMCTBA NNEHOK AMOKCMAa OfnoBa, cogepaliux Kknactepsbl
MarHuTHbIx metannos» BI'Y, 2020 r., (JINR - 2020; BSU) Order Ne246 / 2020 p.23.
2. MpoekT «The study by DLS and RBS methods of structures and elemental composition of surface

layer of nanoparticles ZrO2 under hydration conditions», Project, JINR — Romania - 2020, Order Ne268 /
20.05.2020, p.57, “UNIVERSITY "LUCIAN BLAGA" of SIBIU.

3. MpoekT «Development and characterization of magnetic nanosytructured systems for targeted cancer
therapy by means of Nuclear Physical Methods», National Centre for Nano and Micromaterials. Project JINR
— Romania - 2020, Order Ne 268 / 20.05.2020, p.63, University POLITEHNICA of Bucharest.

4, MpoekT «Investigation of the properties of deposited on different plastic substrates organic thin films
after high-energy ion and neutron irradiation», Project, JINR -Romania - 2020, Order Ne 268 / 20.05.2020,
p.59, "National Institute for Materials Physics (NIMP), Bucharest-Magurele.

5. MpoekT «dopMmnpoBaHNE NEPEXOAHbLIX CNoeB B kepamuke SiC NOCPeACTBOM MOHHOW UMMMaHTaLunM n
uccrnegoBaHue pacnpegeneHns MMNIaHTMPOBaHHbIX WMOHOB MO  rnybuHe. VccnegoBaHne  BRMSHUSA
UMMNaHTauMM MOHOB Ha 3MEMEHTHbIN COCTaB U ONTUYECKME CBOWCTBA MHOIOCIIOMHBLIX AWMANEKTPUYECKMX
CTPYKTYP Ha nonynpoBOAHMKOBbLIX nognoxkaxy», Project, JINR - Republic of Poland - 2020, Order Ne75 from
03.02.2020, p.31, Institute of Physics* of UMKS, Lublin.

6. MpoekT «The relationship among features of crystal and magnetic structures and physical properties of
nanosized ferrites», Project, JINR -Romania - 2020, Order Ne 268 / 20.05/2020, p.58, “National Institute of
Research and Development for Technical Physics (NIRDTP)” - IFT, lasi.

7. Protocol No. 4890 4-20/22 JINR-CTU, Prague “ Research and development to study the reactions
induced by fast and thermal neutrons with the yield of charged particles”.

8. Protocol Ne15.03.2005 JINR-PU, Beijing, China “Studies on the mechanism of interaction of neutrons
with nuclei and on the properties of high excited nuclear states”.

9. Agreement 11.11.2019 No. 313/1670-D "Experimental studies of the cross section of the reaction (n,
a) on a number of isotopes for the national library of nuclear physical data “BROND*.

3.2. OnucaHve COBpeMEeHHOro COCTOAHUA Hay4HO-TeXHONorn4eckom npobnemsl. K coxanexuio,
B HacTosWMUN MoOMeHT B P® u cTpaHax yyacTHuuax OUAWN umeeTcs Bcero oaMH MUKPOMYYKOBbIN
cnektpomeTp B r. CapoBe [7] n He Gonee NSATW OEVCTBYIOLLMX YCKOPUTENEN, NPUroaHbIX A4S Npou3BoAcTBa
ObICTPbIX HEWTPOHOB [8] , YTO CYLLECTBEHHO OrpaHMYMBaET UCCMEeLOBaTENbCKME BO3MOXHOCTU B 0OnacTtu
COBPEMEHHOW paguauMoHHON Buonorun, mMeauumHbl, U3MKN KOHAEHCUPOBAHHOIMO COCTOSHUS U OU3MKK
aTOMHOro sapa.

Peakummn ¢ O6bICTPbIMU HEUTPOHaMU. MN3-3a ncuepnaHusa TeXHUYECKOro pecypca yckoputens 9I-5 B
HacTosAwmin MoMeHT B OUMANM npakTuyeckn OCTaHOBIMEHbLI UMK BbIHECEHbI 3a rpaHuubl PO nccnegoBaHus
peakuui C KBa3MMOHO3JHepreTudeckumn ObiICTpbiIMM HenTpoHamu. [locnegHve Becomble pesynbTaThl,
yKasbiBaloWwne Ha HeobXxoAMMOCTb YTOYHEHUS WUMEKLUXCA npeacTaBreHnii o6 OCHOBHOM MCTOYHMKE
HEWTPOHOB B acTpodmamyeckux npoueccax - peakuum 22Ne(a,n)?®Mg, Obinu nonyyeHbl rpynmnon nopg
pykoBoacTBoM npodeccopa H0.M. MmegeHoBa Ha aHanorn4yHom yckoputene B lNeknHckom YHuBepcuteTte [9].
B TeyeHne nocrnegHux Tpex NeT Hallel rpynnor Ha ObICTPbIX HEMTPOHAxX OblnM n3mepeHbl cevyeHus (n,a) —
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peakuui gns anemeHToB 44Sm, 6Zn, 0B, 25Mg, 5456 Fe, 58 60. 6INi 1 B HacTOSALLMIA MOMEHT BMECTE C
O6HuHCckuMm «HL P® — ®BU» BegyTtca pabotbl Hag Poccuinckon 6ubnuoTtekon saepHbix gaHHbix BROND
no psiay saep (5Li, %N, 35Cl, °1Zr n 56Fe).

MoHHo-ny4yeBas cnektpomeTpusa. C ucnonb3oBaHWeEM ycTaHOBKM OI-5 Ha Myykax MOHOB renvs B
HaCTOSALLMIA MOMEHT MNPOBOAATCS Hepaspyllalowme 9SKCnepuMeHTanbHble UCCneaoBaHus rMyOGUHHbIX
npocunenn anemMeHToB C paspeweHveM no rnybuHe okono 10 HaHoMeTpoB. MmeeTcsi yHUKanbHas
BO3MOXHOCTb MCCNEeAOBaHWSA CROUCTbLIX CTPYKTYP. [Ns aHanusa ucnonb3ylTcsl HepaspyLlaLwme METOOUKM
RBS, ERD u PIXE, 6a3upytouimecs Ha nydkax MOHOB renus ¢ aHepruamu ot 1 go 3 MaB / agpo. lNpoeogaTtcs
nccrnegoBaHUs MHOTFOCMOMHBIX BbICOKOTEMMEpPATYPHBIX CBEPXMNPOBOAHMKOBBIX cucTtem [10]. Kpome Toro,
aKTMBHO BeayTcs paboTbl MO MCCNEAOBaHWIO NPOLLECCOB MOHHOW MMMNaHTauuMn NOBEPXHOCTU TBEpAbIX Ten
(GaAs, cnouctblx cuctem TiO2 / SiO2 / Si, SiOz2 / TiO2 / Si) noHamm N2+, Art, Xe*, Bit, N2*, Al*, In* u
MHOYLMPOBaHHbIX 06nyYyeHnem 1 nocnegyowmmMm TepMu4eckumMm omxurom (npyu Temnepartypax: 500°C, 700°C
n 900°C) npoLieccoB CTPYKTypHOW penakcaumu [11, 12], conpoBoxparollencs okucneHnem [13,14] wvnu
rmgporeHusaumen [15] noBepXHOCTHBIX CrOEB.

Buonornyeckne uccnepoBaHuA. B HacToswmiA MOMEHT BBMAY MNOTEPU MHTEHCMBHOCTM MOTOKa
YacTuL, OTCYTCTBYET BO3MOXHOCTb NPOBeAeHUs SO0ePHO-(PU3NYECKNX SKCMEPUMEHTOB, BO3MOXHOCTb paboTbl
¢ 6uonoruyeckumn obbvekTamu. B yacTHOCTM, NpobHbIE 3KCNEepUMMEHTbl Mo 0bnyyeHuto obpasuoB KPOBK
HenTpoHamu (d,d peakumsi) Ha yckoputene 3I-5 Ha paccTtosiHun 1cm OT Bbixoda, NPOBOAMBLUMECH B Mae
2018 r nokasanu, HeygoBMNeTBOPUTENbHYO AN paboTbl ¢ OMONOrnyeckMMm o6bekTaMm UHTEHCUBHOCTL. Mpun
Toke nydka 0.1MKA/M onnMTenbHOCTb 06nyyYeHnst ansa HakonneHus Tpebyemon gosbl 0.4 I'p 3aHsina 6onee 4uy,
YTO OKasanocb HenpuvemrnemMo W npuBeno Kk rmbenn OGuonormdeckux obpasuoB. [Ona npoBefeHus
AanbHenwmx paboT ¢ Guonorndeckumm obbekTamy npeanoriaraeMbiin TOK Myvka OOIMKEH COCTaBNATb He
MeHee i = 1MKA/Y, SHeprnsa HEMTPOHOB Eeiirporos ~ 5 MaB/saapo).

Ha rpaHu cpbiBa pabotbl Ha cnektpomeTtpax RBS, ERD, PIXE BBuay notepu cTtabunbHOCTM My4yka:
yckopuTenb paboTaeT B npegenbHbiX (MUHMMAanbHBIX), Aarnekux OT HOMUHanbHbIX peXumax, BBUAY 4ero
yCUMNMBaITCA NPOLECChl MPOCTPAHCTBEHHON HEYCTONYMBOCTM MOHHOTMO MyYKa.

3.3. MoTeHUNanNnbHO BO3MOXHbIN anbTepPHAaTUBHbIA NMYyTb AOCTMXEHUs1 3asiBIIeHHOM B NpoekTe
uenu. Llenb MNpoekta MOXeT ObITb 4OCTUrHYTa NyTEM NPUOBPETEHNST HOBOFO YCKOPUTENS.

CpaBHUTENbHbLIN aHanu3 TeXHU4YecKnx napameTpoB IAI-5 M HOBBLIX ycKopuTenem Toro xe
knacca. 3agaun nonydeHus OOMbLIOK MOLLHOCTM Myyka AMfs reHepauun ObICTpbIX HENTPOHOB U €ro
xopolwlen okycupoBknm (8o 1 Mkm), Heobxogumon gAna paboTbl MMKPOMYYKOBOrO CMEKTpOMeTpa C
PU3NYECKUX NO3ULMIA ABMAIOTCH CIOXHO COBMECTMMbLIMU MPU NPOEKTUPOBAHUMN C UCMONb30BAaHUEM OLHOTMO
YCKOPUTENBHOIO ycTponcTBa. TpebyeTcss MoOnyyYnTb OOHOBPEMEHHO M OOMbLIOW TOK My4ka W Marnbli
3HepreTu4eckuit pa3bpoc, YTO 0OLIYHO B3aMMOUCKIOYaoLWMe napameTpbl.

B yacTHOCTW, B COBPEMEHHbIX YCKOPUTENAX ONSA YBENMYEHUS 3HEPrum YCKOPSIeMbIX 4acTuy, npu
OLHOBPEMEHHOM, CHUXKEHUN MacCOorabapuUTHbIX XapakTEPUCTMK U yOELIEBNEHUM KOHCTPYKLUN yCKopuTenem
NPUMEHSAETCA NPUMHUMN Nnepe3apsakun, npeanoxeHHoin Y. X. beHHetTom (CLUA) B 1935. [16]. Vicnonb3oBaHne
nepesapsanku Mo3BonsdeT Npu TOM Xe HanpshKeHUW reHepaTtopa YBENWMYUTb SHEPrvMio NMPOTOHOB BABOE, a
3Heprmo Gornee TAXKenbIX 4acTuL, B HECKONMbKO pa3. Tak HasblBaemble TaHOEMHbIE CUCTEMbl CMOCOGHbI
«pPasroHATb» [0 BbICOKMX 3HEPTUIW LUMPOKUA CMEKTP XUMUYECKUX anemMeHToB, Bkno4vas Au, Cu, Ni n 1.4.,
OfHaAKO TakMe CUCTEMbl NPUHLMNNANBLHO He MOryT ccdOpMMpOBaTb Y3KOHaMNpPaBIiEHHbI My4YoK (MeHee
20MKM), Tpebyembli Ons CO34aHUST MUKPOMYYKOBOrO crekTpomeTpa. [ns Takon 3afjadv nydwle nogxogut
MOLLHbIA OLHOCTYMEH4YaTbl 3NeKTpocTaTUYeckun yckoputenbs, Hanpumep, OI-5 unu Singletron (HVE) c
OTHOCUTENBHO BbICOKMM (CBblle 4MB) HanpsikeHMem Ha KoHOYKTOpe. Takme YCKOPUTENU CMOCOOHbI
opMMpOBaTL Y3KOHAMPaBIIEHHbIE My4YKU MPU MakcMmarnbHoOM Toke nydka o 100 mkA. Takum obpasom,
OOCTUraeTcsl KOMMPOMUCC MexXay NoAsajayamu yCTaHOBKM MMKPOMYYKOBOrO CrEKTPOMETpa M reHepauum
HENTPOHOB. HoBblE ycKOpUTENM MOSTHOCTLIO aBTOMaTM3UPOBaHbl 1 Gonee (pyHKUMOHAmNbHbI, B YaCTHOCTH,
OOMYyCKalT MMMYIbCHBIA PEeXNUM, ObICTPO MNEpPecTpavMBaloTCA Ha pPasfUYHbIE PEXUMbI MO BOMBTAXY W
MoLWHOCTU. B Tabnuue 4 npepctaBneHbl NMpefenbHble 3MEeKTpUYeckne napameTpbl U OyHKUMOHAsbHbIE
BO3MOXHOCTU NpnbopoB knacca Al-5, pekomeHaoBaHHbIe K NpuobpeTterunto npeactasutensamu pmupm NEC un
HV Europe BV.

N3 tabnuupl 4, cnepyeTt, 4To Hambornee nogxogsdwMmMu Ons peweHus 3agadm 1 npubopamum (no
TexHu4Yeckum napametpam) aengaetca IA-5 n yckoputene Singletron npoussoactea komnaHum HV Europe
BV ¢ mMakcumanbHbIM HanpskeHueMm Ha koHayktope 3,5MV wunu 5MV. MoxHO BMAeTb, 4YTO Hapsay C
yckoputenem -5 MO CBOMM TEXHUYECKMM BO3MOXHOCTSIM MOAXOAAT CUHIMETPOHbI C MaKCMMarbHbIM
HanpsbkeHnem Ao 5-6MB. [loBbllleHne aHeprum cBbile npegenbHoro ana OI-5 (4,1MaB), nossonut
paclMpuUTb SOCTYMHbIA Anana3oH SHEPTUN BbICTPbIX HEMTPOHOB.

LleHoBass nonuTuka npousBoauTenien YCKOPUTENbHOW TEeXHUKU. LleHa YCKOpPUTENbHOW TEeXHUKU
HaxoguTtcsa B npegenax ot $1mnpg (1MeB, EBponeiickuin PacuenuTenesHblii McTounnk (European Spallation
Source — ESS) [17]) oo $1mnH (Pelletron 6SDH, NEC). B cBoeli HuWlIe KOMMNAaKTHbIX, OELIeBbiX B
CTPOUTENBLCTBE M B 3KCMyaTaumMm CUCTEM U YCTaHOBOK, MO3BOMSIOWNX FrEHEPUPOBATh MYYKM 3apsXKeHHbIX U1
BTOPUYHbIX HEMTPanbHbIX YacTuL, a TaK Xe, Bbi3blBaTb SAEPHbIE peakumn, ANeKTpocTaTuyeckne yckoputenm
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Tvna 3IM-5 nmeloT Haubonee HU3KYHD CTOMMOCTb. LleHa yckopuTenen ¢ aHepruen YCKOPEHHbIX YacTtuy 3 —
5MaB (nuHelHble anekTpocTaTnyeckue yckoputenu tuna BaH-ge-Ipaadpa, TaHoeTpoHbl 1 Ap.) B cpeaHem
Haxogutcs B npegenax 1- $10mnH. [Ona rpyboi OueHKU CTOMMOCTM HOBOro yckoputenss C npumeHuma
dopmyna:
C=$1000 000 x V, roe Q)
V — MakcumanbHas 3Heprus yckopsiemblx Yactul. CootBeTcTBeHHO (1), pacyeTHas CTOMMOCTb HOBOTO
yckopuTens knacca 3I-5 6yaeT nopsaka $4-5mnH.

Tabnuua 4.
MpepenbHble TEXHWYECKME MapameTpbl M (PyHKUMOHANbHbIE BO3MOXHOCTU MOLEPHU3MPOBAHHOIO

yckoputensa 3T — 5 n Hanbonee 6nu3knx aHanoros, npeanoxeHHbix pupmamm NEC n HVE.

EG-5 after
modernization

Singletron (HVE)

Tandetron 4130) (HVE)

Pelletron 6SDH (NEC)

Terminal voltage - 4,1
MV

Beam current — 50-100
mkA

lon beam energies:
1H* - 4.1 MeV
Terminal voltage
stability +400V;

Pulsed mode: missing;
The ability of

missing;

The ability of
accelerating negative
ions: missing.

accelerating heavy ions:

Terminal voltage - 5.0
MV

Beam ion current —
100mKkA (Short bottle RF
ion source):

1H*--5.0 MeV

Terminal voltage stability
+500V;

Pulsed mode: present;
The ability of accelerating
heavy ions: present;
The ability of accelerating
negative ions: missing.

Terminal voltage - 3,3 MV
Beam ion current -
50mkA

lon beam energies:

1H*- 6.6 MeV

Terminal voltage stability
+300V;

Pulsed mode: present;
The ability of accelerating
heavy ions: present;
The ability of accelerating
negative ions: present.

Terminal voltage - 2 MV
Beam ion current—
50mkA

lon beam energies:

1H* - - 4.0 MeV
Terminal voltage stability:
+ 200;V

Pulsed mode: present;
The ability of accelerating
heavy ions: present;
The ability of accelerating
negative ions: present.;

Nuclear physics
experiments - possible;
Microbeam — 1mkm;
NRA (3,1 MeV) -
possible.

Nuclear physics
experiments - possible;
Microbeam — 1mkm;
NRA - possible.

Nuclear physics
experiments - possible;
Microbeam — 20mkm;
NRA - possible.

Nuclear physics
experiments - possible;
Microbeam — 20mkm;
NRA - possible..

Work with biological
objects — possible.

Work with biological
objects — possible.

Work with biological
objects — possible.

Work with biological
objects — possible.

Cost: $ 0,6 min

Cost: $ 4- 5miIn*

Cost: 4,3 mIn

Cost: 1 min

*OueHoyHas CTOMMOCTb paccuutaHa no dopmyne 1. Kommepyeckoe npeanoxeHve dvpma He npegocTtasumna.

3.4. Kpatkun SWOT - aHanu3 BapuaHTa ¢ 3aKynkou HOBOro yckoputens

CunbHble CTOPOHbLI BapuaHTa C NOKYNKOW HOBOro yckoputens. HoOBbI yckopuTenb MMeeT psg
HOBbIX BO3MOXHOCTEW, B 4YaCTHOCTW, MMEET OMuM aBTOMaTU4eCKOW CcTabunusaumm reomeTpUuyHecKoro
NMONOXEHMs Myyka. ATa oNumUs KpanHe BaxkHa 4111 MUKPOMYyYKOBOrO CnekTpomeTpa.

YckopuTenb OMNUMOHANBbHO MOXET ObiTb YKOMMEKTOBAH WMOHHBIM MCTOYHUKOM, [OMYyCKalLmMM
WHXXEKLMIO TSXKenbIX MOHOB.

HoBkIln NpMbop UMEET CyLLLECTBEHHO MeHbLUKE, YeM AT — 5 rabapuTtbl, TpeOyeT MeHbLUEE KONTUYECTBO
obcnyxuMBatoLero nepcoHarna.

Mpu NOKynke HOBOrO YCKOPUTENS MCYE3alT PUCKM HECOBMECTUMOCTU HOBOW TPYOKM C CEPBUCHBLIMM
cuctemamm 3-5 n gp.

HoBbIn npubop COCTOMT U3 HOBbIX geTanenm n OGNOKOB, UMEHLMX HeBbipaboTaHHLIN pecypc WU,
cneposaternbHO, 6onee HU3KYH BEPOSITHOCTb OTKa30B, Yem B II-5.

KomnaHuss — npousBogutenb MnaHUpyeT OUCTaAHUMOHHO KOHCYMNbTUPOBaTb OOCMAYXMBaOLWUNA
nepcoHan yCKOpWUTENns MNpu YCTPaHEHWW HEUCTNPaBHOCTEN M KOHTPONMPOBATb COCTOSIHWE ycKopuTens B
TeYeHne BCero cpoka akcnnyaTauum.

YBenuyeHue aHeprum nyyka (oo 6 MaB) no cpaBHeHMo ¢ umetowmmes B 3M-5, no3BonNnuT pacumputb
AnanasoH a4epHO-bU3NYECKUX nccrnegoBaHUn

lMokynka HoOBOro yckopuTens OyaeT CoONpoBOXAATbCA  MOCTPOWKOM  Crneumanu3npoBaHHOro
nomeLLeHns, B KOTOPOM KOHCTPYKLMOHHO OyayT npeaycMOTpeHbl YCrOoBMS ANs NoAaBrneHust OTpaKeHHbIX
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HENTPOHHbIX MOTOKOB, YTO MO3BOMMT MOBbLICUTb TOYHOCTb UM 6Ee30MacHOCTb 3KCMEPUMEHTOB C ObICTPbIMU
HEeNTPOHaMMU.

CnabGble CTOpPOHbI BapuaHTa C MOKYNKOM HOBOro yckopwutensi. HoBbii npubop cCOCTOMUT U3
CNOXHbIX BbICOKOTEXHOMOMMYHbIX 3NIEMEHTOB, HE MOANEXALUMX PEMOHTY CUNaMmM TEXHUYECKOro nepcoHana
Or-5. Takum o6pasom, JIHO® nonagaeT B 3aBUCUMOCTb OT MPOU3BOAUTENS U €ro CEepPBUCHBbIX LIEHTPOB.
dupma NEC kak onuuto, npegnaraet ompMeHHoe obcnyxnsaHue npubopa He meHee 10-20 Tbic. gonnapos
B rod. MoxHo npegnonoxuTb, YTO NPUMEPHO Takas cymma OyaeT TpeboBaTbCsl eXerogHo B cpegHeM Ha
TexobCnyXMBaHue YCKOPUTENS C MNPUBIIEYEHMEM CMELMArIMCTOB W3 CEPBUCHbLIX LEHTPOB hupm
npou3BoauTENEN.

B P® oTcytcTByeT 0a3a KOMMMEKTYOLWUX M pacxofHbIX mMaTtepuanos, HeobxoauMmas Ans peMOoHTa
ycTpaHumbix gedpektoB. [etanu npuaeTtca 3akasbiBaTb Ha 3aBoge-npoussoauTene. Ha noctaBkum mMoxet
NOBMNMATb NONUTUYECKas CUTyauuMs B Mype. 3aBoa M3roTOBUTENb NPOU3BOAMT AeTanu Ha cTapble Moaenu He
Bornee 20 net, nocne 4yero getanu, Ha KOTOPblE HE yOACTCA HaWTU COBPEMEHHbIE aHanoru, HyXHo byaeT
AenaTb nof 3akas 3a 6onblume OeHbIN.

HoBbIi yckopuTenb WMeeT TrOpPU3OHTamnbHYIO KOHCTPYKUMIO, 4YTO MpuMBEAET K MepennaHupoBKe
nomewerHun 3 — 5 (B cny4vae, ero yctaHoBKu Ha MecTo 3I-5) 1 CyLLeCTBEHHOMY YAO0POXaHUI0 PEMOHTHBIX U
cTpouTenbHbIX paborT.

B otnnumne ot 3I-5 HOBLIN NpUBOpP CYLLLECTBEHHO KPUTUYEH K TemnepaType BNaXHOCTU M 4YucToTe
OKpy)Xalollero Bo3gyxa, 4YTO MOTpebyeT MOKYMKy MOLUHOrO KOHAMLMOHEpa M OpraHvM3auum «4uMcTorox»
NoMeLLEeHNS, U KaK CNeacTBUe, AONOMNHUTENbHBIX 3aTpar.

3.5. lMosicHeHMe, noyemMy [AOMKEH ObITb OTKPbIT AaHHbIM [IpoekT M onucaHue 3apgad,
OCTalLMUXCA HepeLLeHHbIMM B paMKaXx y)ke BeAyLUXCA uccriegoBaHUN. YCKOpUTENb MOHOB paboTaeT ¢
1965 roga u yxe Tpebyetca ero mogepHusaumsi. Kpome Toro, B acnekre passButusi aHanmnTUYeCKnx MeToamk
HeobX0AMMO CO3[aHWe METOAMKA MUKPOMYYKOBOW CMEKTPOMETPUM, YTO MO3BOMMUT UCCMEA0BaTb HE TONbKO
rnybvHHbIE NPOUNN 3NEMEHTOB B MOBEPXHOCTHOM CIoe TBEPAOTEMbHbIX OOBLEKTOB, HO U MNPOBOAUTb
CKaHWpOBaHWEe MO MOBEPXHOCTN C BbICOKUM paspelleHneM (COM3MEepuMbIM C pasMepoM Mydka MOHOB).
HoBylo aHanuMTuyeckylo MeToauKy criegyeT co3gaBaTb Ha 6ase yxe MoaepHU3NpoBaHHOro yckoputens. B
Poccuun noka HeT OencTByoLLen MeTOOUKN.

Kpome Toro, BbICOKO3HEPreTMHECKMIA MyHOK 3apsKEHHbIX YacTWL, Nocne MoAepHU3auun yctaHoBku 3l -
5 OyneT yooBneTBopsiTb YCNOBUSIM ONs1 MPOBEAEHUST 3KCMEPUMEHTarnNbHbIX paboT B o6nactn usmnkm sapa B
BKITIOYas:

- uccnegosanve MHO n TKE B peakuumsax 23°U(n,f), 238U(n,f), 22’Np(n,f) B 06nactn sHepruii HEUTPOHOB
1-5 MaB/agpo (3I-5) B reomeTpumn ¢ manon achdekTuBHoOCTbIO pernctpauun MHL,;

- uccnepoBaHne MHoxectBeHHocT MH[I B peakumax 238U(n,f), 28U(n,f), 2’Np(n,f) Ha ObicTpbix
HEeNTpOHax B reoMeTpun ¢ BbICOKON addeKkTMBHOCTLIO perncTtpauunv MHA,;

Cnepyetr oTMeTuTb, YTO UCCNedoBaHME SOepHblX peakumi ¢ [nyToHMEeM KpanHe BaHbl Ans
pa3paboTkn HOBOro peakTopa, KOTopbI NpenaeT Ha cmeHy BP-2.

- NccnepoBaHme cYETHbIX XapakTepucTUK Kamepbl OefneHus B TOKOBOM UK wwymoBoM (Kemmbenna)
pexvMax B MPUMEHEHNN K MU3MEPEHUIO BPEMEHM XU3HW HEWTPOHAa Ha nyykax NBP2, MPEH, 3r-5;

MeToauka akTMBaLMOHHOIO aHanu3a, Kak OauWH U3 BO3MOXHbIX HOBbIX METOO0B MOXET ObiTb pa3BuTa
nocrne MoAepHU3aLMKn yCKOpUTENS.

WccnepoBanve  Guonorvyeckon  3EKTUBHOCTM  U3MYYEHUA C  pas3HbiMM  (PU3NYHECKMMM
Xapaktepuctnkamu siBnsetcs rnaesHou 3agaden JIPB OUAN. XpomocomHble abeppaumy - pesynbtaT
HeOTPeNapupoOBaHHbIX U HEMPaBUITbHO penapupoBaHHbIX noBpexaeHun OHK — aBnaioTcs Hamnydwum
WHOVKATOPOM MOIMOLWEHHON A03bl M3nyYyeHuin. MoHUTOpuHr abeppaumii XpomMocoM B nMMdoLmTax KpoBu
yerioBeka SABMSETCSH MNPAKTUYECKN €AMHCTBEHHbIM HaAeXHbIM MeTOAOM OvMoAdo3umeTpuu YeroBeka U
yckoputenb 3 — 5 ¢ gnanasoHom aHeprun oo 20 MaB/agpo sBnseTcs HamnmyywmM UCTOYHUKOM YCKOPEHHbIX
3apsHKEHHbIX YacTuu,

Wcnonb3oBaHue nnaHMpyemMoro K ycTaHoBke Ha 3l-5 MMKpOMy4ykoBOro cCrnekTpomeTpa Mno3BOnuT
CYyLLIECTBEHHO MPOABMHYTLCS B pasdpaboTke HOBbIX YHKLMOHAMNbHbLIX MaTepuanos, MPMOGOpPOB 1 TEXHOMNOMMM
ans  psiga  obnactel  HapOAHOrO  XO3SWCTBA,  BKIOYAs  TEXHOMOrMU  BbICOKOTEXHOSOMMYHOrO
30paBOOXPAHEHUsI, TEXHOMOrMU MNPOU3BOACTBA (PYHKUMOHANbHbLIX MNPOAYKTOB MUTaHUS, BXOAsAWME B
nepeyveHb 3agay NPUOPUTETHOIO Hay4YHO-TEXHUYECKOro pa3sutusa PO [18].

Psin HOBbIX BO3MOXHOCTEN MO UCCNEAOBAHUIO BIMSAHMSA 00ydeHMs NOTOKaMy YCKOPEHHBIX YacTul, Ha
Ouonornyeckme 06bEKTLI, TBEpAbIE Tena U (PYHKUMOHANbHbIE CTPYKTYPbl HA X OCHOBE OTKPbIBAETCS MOCne
MOOEepHM3aLNN YCKOPUTENS.

lMepcnekTvBbl B3aMMOAENCTBUS C HOBbIMW Hay4YHbIMK rpynnamu u3 PO, ctpaH GrivkHero n ganbHero
3apybexbs OTKpbIBAOTCS MOCne MoAepHusauumn YckopuTensd. B yacTHOCTW, nonbCkux Konner w3
YHuBepcuteTa LlleumnHa MHTEPECYT NOTOKM HEMTPOHOB ¢ 3Heprusmn 0.1-15 MaB/sapo, obecneumnBaroLmx
Bpems Habopa makcumarnbHowm fo3sbl 0.1-2 'p He bonee 2 4. EcTb uHTEpec k pabote ¢ 3 — 5 y konner n3
YHuBepcuteta JlnccaboHa (i3N/CENIMAT, Department of Materials Science, Faculty of Science and
Technology, New University of Lisbon and CEMOP/UNINOVA, Portugal), PymbiHuu (National Institute for
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Research and Development of Isotopic and Molecular Technologies, Cluj-Napoca, Roméania) n ap. Konneru
n3 BoeTHama, AsepbanmgkaHa, YkpavHbl B HACTOSLLMN MOMEHT paboTaloT B rpynne «YctaHoBka 3l -5»,
(cooTBeTCTBEHHO, [OHEeukun uanko-TexHudecknin MHCTUTYT um. A. A. lankuHa HAHY, Knes, YkpauHa;
National Nuclear Research Center CISC, Baku, Azerbaijan; n gp.).

Ha yckoputene 3l — 5 nnaHupytotca pabotel ¢ YHuBepcuteTtom [lybHa no wuccnegoBaHuio
9MEMEHTHOrO COCTaBa TOHKOMSIEHOYHbIX KECTEPUTHbIX (POTOIMEKTPOHHBIX npeobpasoBartenen, ¢
Benopycckum NocygapcTBEHHBIM YHUBEPCUTETOM — paboTbl MO UCCNEAOBAHMIO HOBbIX MOJYNPOBOAHMKOBbBIX
CTPYKTYp, CMOCOOHbIX paboTaTb B YCMOBWUSIX CUMBHOIO pPafuauMOHHONO U3ny4yeHusi, ¢ Bonrapckumm
konneramun (VIHCTUTYT sigepHbIX uccnegoBaHuin n sigepHon aHepretukn ANAE BAH, UHCTUTYT dumaukm
TBepaoro tena BAH) no uccnegoBaHuio pagnaumoHHO-CTOMKNX MaTepuanos, [JoHelkum PecnyOnunkaHckum
YHuBepcutetom, Jlabopatopuen paguauuoHHon 6wuonormm u ap. Takmm obpasom, Kcnonb3oBaHue
BO3MOXHOCTEN mMmetoweroca yckoputenss 3M-5 B uHdpactpyktype JIHO® ONAUN nossonut cyLLecTBEHHO
MOBbLICUTb BbIXO4 HAY4YHOW MPOAYKLUMW U YBEMNUYUTb KOMUYECTBO MEXAYHapOAHbLIX KOOMepaunoHHbIX
Hay4HbIX CBSA3eu, 4eM ycunutb nosnumm ONAN B mexxgyHapoAHOM Hay4yHOM coobLiecTse.

4. OnucaHune npeanaraeMoro nccnenoBaHusA / OnucaHue xoaa pa60T
Mcxoasa 3 akcnepTHOM OLLEeHKM COCTOSIHUSA yckopuTtend npod. B.A, PomaHoBbIM 1 AaHHBIM U3 OTYyeTa
npocd. A.l'. lNMoHomapeBa (Cymbl, YKpauHa) MO Hay4yHO-TEXHMYECKOW paboTe «AHanmu3 TEexXHUYeCcKoro
COCTOSIHMSI M M3MEpPEHMe napaMeTpoB anekTpoctatuyeckoro yckoputena 3M-5 JIHO OUAWM» cnepyert
HeOOXOAMMOCTb BbINOJIHEHMS CNEAYIOLLMX MEPOMPUATUIA B NPOLIECCE peanun3aumm NpoekTa MoAepHU3aLnN.

4.1. dtanbl paboT (B XpPOHONOrMYecKkom nocrnepoBaTesibHOCTH)

1. lNpoBeneHve MeponpusATUAI Ans NoBbllLeHUst 6e30nacHoCTU paboT C yCKOpUTENeM.

1.1. Mokpacka noHONPoOBOAA B SPKYH KPacKy.
1.2 YcTaHoBKa 3aLnThl U CUrHanNM3auumn noTeHLMarnbHO OnacHbIX MecT B 3ane yckoputens.
1.3. YCcTaHOBKa OrpaxgeHun BOKPYr OTKPbITbIX TEXHOSOMMYECKUX OKOH Ha CbeMHOM

peMOHTHOI7I nrowaake yckopurtensa.

2. [lpoBegeHne MeponpuATUN MO MOBBLILEHUIO 3MEKTPUYECKON MPOYHOCTU ras3oBbIX Cpen YCKOpUTens,
BKMNtoYasd BO34yX B MOMELLEHUNAX.

2.1. PeMOHT 1 npuBedeHue cnyXeOHbIX MOMELLEHUIA YCKOPUTENS B COOTBETCTBUE
caHuTapHbIM HopMmam, obecneveHne pexuma «Hmucton 30oHbI» (1ISO-9).

2.2. YcTaHoBKa BXOAHbIX (PUMbTPOB OT Macna B CUCTEMY MOArOTOBKWM OUSMEKTPUYeCcKoro
rasa.

2.3. [obaBneHne B a30THYI ra3oByo cMech anerasa SFe.

2.4. YcTaHoBKa cuCTeMbl MnojavvM rasoB C aTOMHOM oOcylikon. [ocTmxkeHue npegena
ocyLeHus 60%.

2.5. YcTpaHeHue yteuek B 6annoHax / cucteme no u3onupyroLlemy rasy.

2.6. Na3rotoBneHme u ycTaHOBKa neped kamepon obpasua asoTHOW FOBYLWKW Ans
ynasnuBaHusa napoB Macna U3 CUCTEMBI.

2.7. Mepexon Ha TypbomonekynspHble HaHOCHI.

2.8. PemoHT komnpeccopa / 3amMeHa ra3okoMnpeccopHOro 06opyaoBaHUA AMS MOMyYeHUs u
ocyllieHns a3ota, 06HoBNeHne 6annoHoB.

2.9. YcTaHoBKa cuctembl 06paboTku 1 XxpaHeHus anerasa.

3. TlpoBepka paboTOCNOCOBHOCTM BCEX CUCTEM YCKOpPUTENS, YCTpaHeHue aKTopoB, yXyALlatoLmnx
Ka4yecTBO paboTbl YCTAHOBKM (CHWXaKOWUX NpeaenbHOe HamnpshkeHne W TOK Myyka, yBenuuMBaloLLMX
3HepreTu4eckMin pasdbpoc), npoBefeHne MNOoAroTOBUTENbHLIX MEPOMNPUATUA K 3aMeHE BbICOKOBOSbTHOM
ycKopsitoLen Tpyoku.

3.1 PeMOHT nomnos, yCcTpaHeHMe HakfoHa MarHutTa aHanuasaTtopa. KoMmneHcaums oTKIOHEHUS
ny4yKka OT ropm3oHTan NoCTOAHHbIMU MarHMTamMmu.

3.2. [MpoBepka COOCHOCTW Kamepbl MarHUTHOrO aHanu3aTopa ¢ MOHHOMPOBOAOM.

3.3. MpoBepka hopMbl MyyKa Ha BXOAE U Ha BbIXOAE YCKOPUTENbHON TPYOKN.

3.4. N3rotoBneHne n yctaHoBka (OOKYCUpYIOLLEN KBaApPYNOMNbHOW FWMH3bl OSS MOBbILLEHNUS
3 HEKTUBHOCTU NPOXOXKAEHUSA NyYKa NOCMe U3MEPUTENBHOIO MarHuTa.

3.5. Ounctka MNOBEPXHOCTUM BbICOKOBOSMLTHOMO TepMuHana (obnactu  KOPOHUPYOLLEro

Tproga), BbICOKOBOMbTHBIX U30NATOPOB KOMOHHbI (rPpafMeHTHbIX KOneL) pactBopuTenem
W NNaBMKOBOW KMCIMOTOM (AN NONyYeHUs HauMeHbLUero koadpduumeHTa pekoMmbrHaumm
MOHOB HY).

3.6. OuncTka 3apsagHON NEeHTHI.
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3.7. CrnaxuBaHue nepexoga C Manoro agunamMeTpa 3KpaHa KOJIOHHbl Ha oonbLwion ans
HUBENNpoBaHUA rpagneHTa nona n yctpaHeHua I'IpO60€B.

3.8. Ycunenne um3onauMvM NpyxuH, YyOoepxusalowmx Tpydky B KOMOHHe (mocpeacTBOM
TednoHOBbIX TPYOOK).

3.9. PerynupoBka (CTpoOro B 04HOW MMOCKOCTU) U YaCTUYHAs 3aMeHa UrN B KOPOHUPYIOLLEM
Tpuoae.

3.10. PerynupoBka 3a3opa Ha paspsaHbIX LeTKax.

3.11. W3mMeHeHue KoHUrypauuu nepesapsaiHbIxX LWETOK: pasgeneHne MOHONUTHBIX MNacTuH Ha
TPU CEKLMKN, YTO NO3BOMUT CHU3UTbL AaBreHWe Ha NEHTY U ee U3HOC.

3.12.  Omxur n nonMpoBka avadparmbl, GOPMUPYIOLLEN U BblIpaBHUBAOLLEN NOHHBIA MY4YOK.

3.13. PeBu3ua pe3ancTopoB Jenutens C WU3MEHMBLUMMUCA B nNpouecce 3Kcnnyartauuu
HOMUHanamu. 3ameHa pe3nCTOPOB Ha KOMMEHCUpylLlem ydactke (5 cekuwn nocne
yyacTka ¢ NpsiMbIMU MOMsMK).

3.14. TpeHupoBKa NCTOYHUKA BbICOKUM HaMNpsKeHUeM Ansi NONyYeHUss XopoLlero Toka.

3.15. YcTaHOBKa BHELUHEN CUCTEMbl KOHTPONSA pa3MepoB Lienen, AUMHATOpHOEe KOMbLOo Ans
noaaBrneHns BTOPUYHBLIX 3MEKTPOHOB W MNPUHYOMTENbHOE OXMaXAeHne B CUCTEME
ctabununsaumm aHeprum ny4dka.

3.16. OntMmMmM3aums reoMeTpum MHOYKLUMOHHOW KaTyLIKM UCTOYHUKA NOHOB.

3.17. CornacoBaHwe MOHHOW OMTUKM UCTOYHUKA WMOHOB Aflsl COrNacoBaHUs NapamMeTpoB Ny4ka
Ha BbIXxoae TpyOKw.

4. 3ameHa yckopstoLleln TpyOkm coBMeCTHO co cneumanunctammu dpupmbl (“High Voltage Engineering Europa
B.V.").
4.1. lMpoBeaeHune ucnbiTaHU, BBOA YCKOPUTENS B LUTATHbLIN PEXUM paboThbl.

5. PeMOHT B aKCnepumeHTanbHbIX 3anax.

51 KocmeTnyecknin peMoHT B TIEBOM 3KCNEPMMEHTaNbHOM 3arne.

5.2 YcTaHOBKa MacCMBHOW CUCTEMbl nodasreHus Bubpaumn (MAWTbl — OCHOBaHWS ANd
MUKPOMYYKOBOrO CMEeKTPOMEeTpa Ha MnecyaHow nogylike, pasBs3aHHOW MEXaHU4YecKn OT
rona B 3arne CrneKTpoMeTpoB).

5.3 3agenka rmncokapToHHOM TeXHOMOrMYecKoro Npoxoda MexAdy 3arnamu, 3anoSfIHEHHOro
©eToHHbIMK Onokamu (buonormyeckas 3awmTa).

6. MoHTax xenesobeToHHOro Kapkaca na6opaTop|/|V| ana npuroToBlieHUA 00BLEKTOB AN UccneaoBaHum
MOHHO-ITy4eBbIM METOO4aMMW.

7. Paspa60TKa, M3roToBlieHne N yCtaHOBKa HOBOM BblCOKOI‘IpOI/I3BO,EI,I/ITeJ'IbHOI7I KamMepbl Onda NOHHO-ITy4YeBbIX
uccrnegosaHun matepmanos (RBS, ERD, PIXE).

8. MogepHusaumsa cepsucHoro obopygoBaHusa. ABToMaTusaumns y3noB YCKOpPUTENs, KpalHe BadkHbIX AMs
peanusaumyM  OYHKUMA  MWKPOMYYKOBOrO CMEKTPOMeTpa W reHepaTtopa KBa3MIMOHO3HEpreTU4ecKux
HENTPOHOB.

8.1. ABTOMaTM3aLMA CUCTEMbI MPOCTPAHCTBEHHON CTabunNusaumm NoNoXeHUs nyyka.

8.2. 3ameHa mopanbHO ycTapeBLnx npnbopos Ha MNynbTe.

9. TllogroToBka nepcoHana Ans paboTbl Ha YCTaHOBKE M3 YKCna MOJSIOAbBIX COTPYAHUKOB, UHTEHCUMUKaLMS
MeXAyHapoaHOro COTPYAHNYECTBa, OpraHMu3aLums H3epcKol NporpaMmei.

10. YkomnektoBaHue 3KCNepuMeHTansHon WHPaCTPYKTYpbI KOMMNIeMeHTapHbIMU MeTodamu
nccrnegoBaHUSA MOBEPXHOCTHBbIX CMOEB  MartepuanoB  (3MeKTpU4eckue, IreKTPOHHbIE U ONTUYecKue
CBOWCTBA).

Mpouve meponpuaTusa
11. BoccraHoBneHune TexgokymeHtauum (KO) Ha yckopuTenbHyto Tpyoky.
12. MoaroToBKka 1 nognucaHve AOKYMEHTOB Afsi BKIOYEHUS yckopuTens B cnucok C3C.

[dononHuTenbHble MEPONPUATUA (BbINOSTHEHUE NPU HANIMYMK BO3MOXHOCTH)

13. VisrotoBneHne AOMOMHMTENBbHOrO BaKyyMHOIoO BBOAA B BEPXHEN YAaCTU cocyada C YCKOPSIOLLLEN TPYOKoM

(andpdepeHUnanbHOM OTKAYKM KONOHHBI).

14. MoHTax nabopartopuv Ans NpUroToBneHns o6beKToB ANnst MCCNeaoBaHUN NOHHO-MYyYEBbIMU METOAAMM
(oTaenoyHble paboTbl, MOHTaX KOMMYHUKaLMA 1 000pPYAOBaHUS).

15. 3akynka 1 yctaHoBKa MOHHO-Ny4eBoro mogyns RC43 npoussoactea pupmel NEC.
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16. YcTaHoBKa cucteMbl pa3BeieHus U romoreHmsarmm nyyka Ha 200mm B guameTtpe (3akynka B “High
Voltage Engineering Europa B.V.”).

17. YcTaHoOBKa CUCTEMbI KOHTPOMS KOOPAMHAT Ny4yka C AOKYMEHTanbHoON nkcaumnen.

18. 3akynka koMmnnekTa 3anacHbix neHT (B Apocnasne, PP).

19. OpraHn3aumst SKCNepMMEHTaNbHOro yyacTtka 4S9 U3roTOBIIEHUS U UCMbITaHUS BbICOKOBOJTbTHBLIX TPYOOK.
[oykomnneKkTaums ydacTka ans ckrenku Tpyoku HegocTatowmm obopyaoBaHMeM, NOAroToBKa Gokca ans
CKNnerku Tpybkn Ana npoBeeHnsa COOTBETCTBYIOLLNX paboT.

20. WNsrotoBneHne ceBepxctabuibHO MOHHOIO NCTOYHMKA C SHEpreTn4ecknm pasdpocom meHee 103B ¢
NCNOoNb30BaHNEM UMEKLLNXCH OTEYECTBEHHbIX pa3paboTok. PaccmoTpeHme BO3MOXHOCTU NMPUMEHEHUS
nctouvHuka lNMeHHnHra ans paboTebl B pexnme HEUTPOHHOMO reHepaTopa, KOTOPbI NO3BOMSET Nonyyatb Ny4YoK
noHoB He?*, 4yTo B crny4yae HeOOXOAMMOCTM NO3BOSIUT MOBLICUTL 3HEPTUIO MyYKa B 2 pasa.

21. 3ameHa NBA B kneeBblX COEOUHEHUAX TPYOKN MEHE «rassfwmmMy» Kreem.

22. 3ameHa MoparbHO YCTapeBLUMX NTaMMOBbLIX BaKyyMeTPOB MOMyNpOBOAHMKOBLIMUY aHanoramm.

23. YcTaHOBKa OMCTaHLMOHHO YNpaBisieMblX MOHUTOPOB KOHTPOIS hopMbl M Toka nyyka (LMnuHap
dapages), kBapLeBbIM 3KpaHOM C oUKCaLMen NOMNOXEHNS Nyyka, BUAEOKaMepPOW C BO3MOXHOCTbLIO
BM3yanbHOro HabnaeHUs 3a n3obpakeHNeM 1 NONoXEHNEM MyYKka Ha NyrbTe.

24. Tepexon Ha ANCTaAHLUMOHHO — yrpaBnsieMble BakyyMHbIE€ 3aTBOPbI C Liefbio obecnevyeHns aBapuinHoro
OTCEYEHNST YCKOPUTENbHOW TPYOKM (B aBTOMATUYECKOM PEXMME) B CIlyYae MNosIBIIEHUS TeYN B
MOHOMpPOBOAAX.

25. lNMoBepka cocyaa BbICOKOro AaBneHus n scex cuctem 3CY.

26. 3ameHa kabenen cMNOBOro 3NEKTPONMTaHMSA N CUCTEMbI YNpaBneHns yckopuTenem BBUAY OKOHYaHWS
pecypca akcnnyaTtauuu.

27. B UCTOYHMKE NUTAHWS aHANU3NPYIOLLErO MarHMTa peKOMeHayeTCs 3aMmeHa NPOTOYHOM CUCTEMBI
OXnaXkaeHusi CTauMOHapHON 3aMKHYTOrO LmKna.

28. PaspaboTka nnaHa MeponpusaTui (mnocnegoBaTenbHOCTN AENCTBUI) COTNacHO NPOEKTY SSAEPHOro
MUKpo3oHaa Ha 6ase yckoputens 3Ar-5 JIHO ONAW ot 2015, BbINONHEHHOrO COTpyAHUKaMu MHCTUTYyTa
npuknagHon pmsnkn HAH YkpaunHbl.

29. 3aka3s B macTepcknx JIHO oCHOBHbIX Y3510B YCTAaHOBKM COMfIaCHO KOHCTPYKTOPCKOWM AOKYMEHTauun Ha
n3roToBrieHMs kaHana B JIHO.

30. OpraHusaums koTnoBaHa, Heob6xoanMOro Ans NPoOBEAEHUS SKCNEPUMEHTOB C BbICTPLIMU HENTPOHaAMU B
npaBoOM 3KCMNEPMMEHTaNbHOM 3ane.

4.2. Nyt peweHusn 3agay. Bce meponpuaTtns npoekta 6yayT BeINONHATLCS NoaTtanHo. Meponpuatus
n1 ans nosbliweHus 6e3onacHocTy paboT ¢ yckopuTtenem ([okpacka MOHONPOBOAA B SIPKYHO Kpacky,
yCTaHOBKa 3aLUUTbI Y CUrHaNM3aLumn noTeHumanbsHO OnacHbIX MeCT B 3ane ycKopuTensi, yCcTaHOBKa
OrPaXXAEHUA BOKPYT OTKPLITLIX TEXHONOMMYECKNX OKOH HA CbEMHON PEMOHTHOWN NMoLwanke yckopuTtens)
6yayT NnpoBedeHbl B NepBoOYepeHOM NopsaKe.

4.2.1 3apaya 1. [Ina peweHunsa 3agaum 1 npeanonaraeTcs NpoBeAeHMe KOMMMeKca MeporpusaTun
BKITHOYaIOLLMX:

- 3aMeHYy BbICOKOBOIbTHOW YCKOPSOLLEen TPyoKu;

- PEMOHT CNy>KebHbIX NOMeLLEHNI;

- PEBU3NIO BLICOKOBOJSTLTHOWN CTPYKTYPbI, MOOEPHM3ALNIO CEPBUCHBIX CUCTEM YCKOPUTENS (BaKyyMHOrO
xo3dancTBa (nepexoq Ha 6e3macnsHylo 0TKauKy); ra30KOMpeCcCopHOro obopyaoBaHus, INEKTPOHHbIX CUCTEM
(3ameHa MoparnbHO ycTapeBLUMX NpMBopoB) v Ap.

Meponpuatua n.2. NO MNOBLIWEHUIO 3NEKTPUYECKOM MPOYHOCTU ra3oBbIX Ccpeq  ycKopuTens
HeobxoamMMbl Ans obecneveHus YCMoOBMI [ONroBpeMeHHoW paboTbl HOBOW YcKopslowen Tpybku npwu
HOMWHAaNbLHOM HanpsbkeHUW Ha KOHOYKTOpe M TOKe WMOHHOro nyyka. B yacTHocTW, uyuctoTa BO3dyxa B
NMOMELLEHNM YCKOPUTENS M YMCTOTa M3ONUPYIOLWLEro rasa gaeT yBenuyeHne 3d(eKTMBHOCTM N0 BenuynHe
HanpshkeHna g0 20%). lMoatomy meponpuaTna 2.1 — 2.8 [gomkHbl ObITb MPOBEAEHbl [0 MOCTaBKM
BbICOKOBONbTHOW Tpybkn dupmon «“High Voltage Engineering Europa B.V.”». B npoTuBHOM cny4ae
NMOBEPXHOCTM HOBOW BbLICOKOBOMbLTHON TPYOKM ByayT 3arpA3HeHbl C BHELUHEN CTOPOHbI COAEepXalUMMUCS B
aTMocdepe 4acTMuamu Mbinv U NapaMyM Macna u3 BaKyyMHOW Maructpanv C BHYTPEHHEN CTOPOHbI Mpu
NepBOM >Ke BKITOYEHUN. ITO HE MO3BONUT AOCTUYbL yCKOpuTenem TpebyeMbiX TEXHUYECKNX napamMeTpoB U
CYLLECTBEHHO YCKOPUT CTapeHve U paspylueHWe KOHCTPYKTMBHbIX 3NeMeHTOB HoBOWM Tpybku. C GonbLuon
BEPOATHOCTbIO, NpY HecobnoaeHnn TpeboBaHWIM MO YNCTOTE ra3oBbiX Cped, B KOTopbix OyaeT pabotaTe BB -
TpybKa, NOCTaBLUMKN COKPATAT CPOK ee rapaHTUNHOro o6CnyXMBaHus.

Mo n.2.1. npeanonaraeTca nNpoBedeHWE pPeMOHTa MOMELLUEHUI YCKOPUTENS OO0 WX COOTBETCTBUS
knaccy uuctoTbl 1SO-9. byayT nposBedeHbl MeEpOnpuUSATUS, HanpaBleHHbIE Ha ydaneHwe napos macna ot
ra3okoMMpPeccopHOro U BakyyMHOro 06opyAoBaHUSA MyTemM YCTaHOBKW MachsiHbIX (punbTpoB, OCylLIUTENEN
rasoB B NepBOM Clyvae, W a30THbIX NOBYLIEK W TypOOMOMEKynsapHbIX HACOCOB BMECTO MapoMacrisiHbIX,
(n.2.7.), coOTBETCTBEHHO — BO BTOPOM. Kpome Toro, amanekTpuyeckasl NpoHULAEeMOCTb ra3oBoOW cpedbl C
BHeLLHen cTopoHbl BB-TpyOku OGyaeT noBbiweHa 00 TpebyeMoro 3HadeHus (3agaeTcs Mpou3BOAUTENSMMU
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BB-Tpybkn) nytem pobaBneHus OOpPOrocTosLWero AuanekTpudeckoro «anerasa» SFe. Pabota ¢
AOPOrocTosAWMM 3nerasom notpebyet nposBefeHWs AOMNOMHMTENbHBIX PaboT Mo opraHmsauun MecT ero
XPaHeHWs1, YCTpaHEHUs yTeyeKk B Marucrpansx, no KOTOpPbIM OCYLUECTBRSETCS €ro TPaHCNopTUPOBKA.
Matuoknce doctopa P20s nnaHMpyeTcsa MCNONb30BaTb ANS OCYLUEeHUs AUanekTpuyeckoro rasa (nn.2.2 -
2.6). bymetr npoBegeHa 3anvBka MOBEPXHOCTU MONMIOB B MNOMELLEHUSX YCKOPUTENS chneumanbHON
MONMMMEPHON 3Manbld Ha OCHOBE 3MOKCUMAHOW CMOMbl, MpoBedeHa OKpacka CTEeH MAacnsHOW KpacKow,
yCTaHOBKa NoOKarbHOM cCUCTEMbl TepMocTabunusauum BO3gyxa B MOMELLEHUSIX YCKOpuTens, nposefdeHa
peBun3us cuctembl BeHTunauum (n.2.1).

Mepen yctaHoBkon HoBow BB-Tpybkm (nocne gemoHTaxa cTapon) OygeT npoBedeHa peBUM3US U
OYMCTKa MOBEPXHOCTW BbICOKOBONBTHOMO TepMuHana (06nacTtu KOpOHUPYHOLLEro TPUOAA), BbICOKOBOSbTHbIX
N30MNATOPOB KOSOHHbI (FPaAMEHTHbIX KOmeu) pacTBOpuTenemM M MIaBUKOBOW KWUCMOTOM ANA MNOMyyYeHus
HavMeHbLero koapdpunumneHTa pekombuHauum H* (n.3.5.).

CrnaxuBaHue nepexoga C Marnoro gvameTpa 9KpaHa KOMOHHbI Ha 60Mblwon Ans HUBENMPOBaHUS
rpagueHta nons w yctpaHeHus npoboeB (Meponpusitue n.3.7) OyneT npoBeAeHO nepen  YMCTKOW
nsonatopos. [oTpebyetca opopMnTb 3aka3 B MacTepckme. YCUneHme nsonsaumm npyxuH, yaepKuBaroLLmx
TpyOKy B KOMOHHE MOCpPeAcTBOoM TedroHoBbix Tpybok (Meponpusatus n.3.8) OGyaeT nposBegeHo nocne
MOHTa>ka HOBOW TPYOKN.

Mocne cbBOpKM KOMOHHbI C YCTaHOBMNEHHOW Tpybkom OyaeT npoBedeHa TPEHMPOBKA MCTOYHMKA
BbICOKMM HanpsbkeHueM Ans nonyyveHus xopolero toka (Meponpuatue 3.14). BO3MOXHOCTb NpUMeHeHUs
uctoyHuka [MeHHUHra, KoTopbIA MO3BONSET Mony4yaTb My4YoK MoHoB He?*, yto B crnyyae HeobxoaMMOCTU
Nno3BONWUT YABOUTb 3Hepruio nydvka (meponpustne 3.18) OymeT paccMOTpeH OTAenbHO, Mo  Mepe
uccrnegoBaHus paboTbl HOBOrO MCTOYHMKA, nocTaBreHHoro dupmon «High Voltage Engineering Europa
B.V.».

PemoHT Komnpeccopa / 3amMeHa ra3okoMnpecCOopHOro obopyaoBaHWs AMs NOMYYEHUS U OCYyLLEHUs
asoTa, obHoBneHne 6annoHoB, ycTaHOBKa CUCTEMbI 06paboTkm 1 XxpaHeHus anerasa (meponpusatus n. 2.8 n
n. 2.9.) 6yoyt npoBeAeHbl B pamMKax TEKyLLero CepBMCHOro OBCMyXMBaHMA TEXHUYECKOW MHAPACTPYKTYPbI
ycKkopuTensi.

3ameHa BbICOKOBONbTHOW TPYOKMW. B Lensax rapaHTMpoBaHHOrO NonyyYeHus pesyrbTaTa K KOHUY
BbIMONHEeHNs npoekta (1 roa) Obin nNpeanoxeH BapuaHT MOKYMKW  BbICOKOBOSIbTHOM Tpybku B
cneunanusmpoBaHHon dupme (“‘High Voltage Engineering Europa B.V.”) ¢ ycnosmem ycTaHOBKA W
npoBegeHns Mycko-HanagoyHbIX paboT dumpmor — NPoM3BOAUTENEM a, TaK e C YCIOBMEM rapaHTUNHOro
obcnyxnBaHusa TpybkM B TeyeHWe rapaHTMMHOIO CpoKa aJKcnnyatauuu. B uenax peanusaumm gaHHOro
MyHKTa MnaHa nocre npoBeAeHWs BCeX MNOArOTOBUTENbHbIX / PEMOHTHbIX paboT MO BbICOKOBOMbLTHOW
CTPYKTYpe yCKOpWUTENs B NPUCYTCTBME CrneunanictoB uUpMbl- npoussoantens Tpyoku «HV Europe B.V.»
Oyget nposefdeHa 3ameHa (MeponpusTue n.4), ucnblTaHWe, U anekTpuyeckas TpeHupoBka BB-Tpybku Ha
BbICOKOM  HanpsbkeHun (meponpuatve n.4.1). T[locne 4ero ©OyayT M3roToBMnEeHbl  AOKYMEHThI,
CBUOETENbLCTBYOLME O COCTOSBLUEMCH NPOOHOM nycke Yckoputens M nocrnegylowme paspelumntenbHble
pokymeHTbl gna COC (meponpusitve nn. 11 - 12). 3atem nocnegyeT NpoBEAEHME WUCMNbITAHWA, BBOL
YCKOPUTENS B LUTATHBIN pexuM paboTtbl (Meponpusatue 4.1).

PemoHT nomeweHun (meponpustie n.5.) 6yaoet MeTb KOCMETUYECKUA XapakTep u ByaeT BKYaTb
HXecneayoLme onepauum.

HemoHTax obopynoBaHus.
YpaneHvne cTapow Kpacku €O CTEH M NOTOSKa.
MoaroToBka NOBEPXHOCTU K LUNATNEBAHMIO (TPYHTOBKA).
LWnaTtneska.
3awkypumBaHue.
lMokpacka CTeH 1 NoTorKa.
MogroTtoBka nona K 3anvBke NONMypeTaHOBbLIM MOKPbITUEM.
YpaaneHue packonoTon NANTKKU, 3a4eNblBaHNE LEMEHTOM SBHbIX NPOBNEMHbIX MECT.
O6pamneHne kabernbHbIX KaHamNoB.
. 3anuBka norna nonMMepHbIM COCTaBOM.
. N3roToBneHne 1 MoHTaX AeKopaTUBHbIX NIOKOB AN KabenbHbIX KaHanoB.
. JleMOoHTax cTapblX CBETUIbHMKOB.
. MoHTax HoBbIX cBeTUNbHUKOB (10 Touek).
. 3agernka runcokapToHHOM TEXHOMOMMYeCKoro Npoxoaa Mexay 3anamu, 3anofiHeHHOro 6eTOHHbIMU
onokamu (buonoruyeckas 3awmTa) (n.5.3).

BOONOORWNE

el
AWNPRO

B neBom akcnepumeHTanbHOM 3arne Kpome KOCMeTU4eCKoro pemoHTa (Meponpusatne 5.1.) byger
yCTaHOBIEHA Ha NecyaHow nogyLlike MexaHW4Yeckn pasBsidaHHas C MoOIOM MacCvBHas NnuTa — OCHOBaHWe
AN MUMKPOMYYKOBOro crnektpoMeTpa (Mmeponpusatune 5.2.)

4.2.2. 3apava 2. CocTosiHMe BbICOKOBOSIbTHOW KOMOHHbI U CEPBUCHBLIX CUCTEM YCKOPUTENS ABMsieTCs
KpanHe BaXHbIM (DAaKTOPOM MNPWU pelleHun 3adadn BOCCTAHOBMEHMS MOBbiWeHUsA (MO CpaBHEHWIO C
napameTpamMm Mo COCTOsHMIO Ha 1965r) ero TexHuyeckux napameTpoB. YcTaHoBke HoBon BB-TpybGke
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AOMKHa NpeflwecTBoBaTh NPOBEpPKa BCEX CUCTEM YCKOPUTENS U YCTPaHEHWE BCEX BO3MOXHbIX HeMnoragok
(meponpuaTtue n.3). MNpoBeaeHne NOAroTOBUTENBHbLIX MEPOMPUSTUN K 3aMeEHE BbICOKOBOMbHOW YCKOPSIOLLIEN
Tpybkn siBnsetca noasapadven 2.1. (meponpuatne n.3). NpeanonaraeTca ycTpaHeHue psiga Cepbes3HbIX
HapyLleHWI, BbISBIIEHHbIX 3KCNepTamu B KOHCTPYKLUMUM YCKOPUTENS U 3AaHNS, B KOTOPOM OH PacmnOfOXeH.

Mpexge Bcero, O6ydeTr npoBedeH PEMOHT MOMOB — OCHOBaHWSA, Ha KOTOPOM pacnonaraetcs
aHanM3MpyLLMI MarHUT N OTKITOHSIOLLME MarHuTbl B MpaBOM M JIEBOM 3KCMEpPUMEHTanbHbIX 3anax (m. 3.1.).
B wactHocTu, ByoeT ycTpaHeHa npocagka nona B NpaBoOM 3KCMEPUMEHTaNbHOM 3arne, KoTopasi, M0 MHEHUIO
3KCMepTOB, MOXET NPUBOAUTL K MOTEPUM COOCHOCTUM MOHHONO Myyka U MOHONPOBOAA W, Kak crneacreue,-
HabngaeMoMy pe3KOMY CHWXKEHMIO TOKa MNydka W MOBbIWEHWO pagunaumoHHoro doHa npu paboTte
yCKOpUTENS B pPEeXume HEWTPOHHOro reHepartopa. [lon OygeTr ycuneH nyteM apMuMpoBaHusi (CTanbHas
cBapHasi KOHCTPyKUUS) C nocrniegylollen 3anuekon 6etoHoM (meponpusitue n. 3.1.). Ona ycrtaHoBneHus
TOYHOW NPWYUHBI CHKEHWS TOKa B PEeXMMe HEWTPOHHOrO reHepatopa, a Tak Xe nocne npoBeAeHun
pPEeMOHTHbIX paboT, 6yaeT npoBedeHa npoBepka COOCHOCTU Kamepbl MarHUTHOrO aHanusaTopa ¢
noHHonposoom (n.3.2.). BenuunHa 3a3opa mexagy ny4ykOM MOHOB M MOHOMPOBOAOM JOSkHA ObITh nopsaka
20 mm. BygeT npoBeaeHa nposepka OpMbl NMydka Ha BXOAE W Ha BbIXOAE YCKOpPUTErNbHOM Tpybku (n.3.3).
Mo dopme nyyka MOXHO BbISIBUTb HECOOCHOCTL (MPY €€ Hann4mm.

OpraHusaums KoTrnoBaHa, HeobxoaAMMOoro Ans NpoBedeHMs 3KCNEePUMEHTOB C ObICTPbIMM HENTPOHaMU
(meponpusatne n. 30.) TpebyeT pa3paboTku OTAENbHOrO MPOEKTa U CYLLECTBEHHbIX (DMHAHCOBLIX 3aTparT,
NMO3TOMy OTHOCWUTCA K [OOMOSTHUTENbHLIM MEPOMNPUATUSIM, KOTOPblE MOrYT ObiTb BbIMOMHEHBI B pamKax
AAHHOro NpoekTa Npu NosIBNEHNN AOMOMHUTENbHbBIX PECYPCOB.

Cneaylowum no 3Ha4YeHU0 HEOOCTAaTKOM MMEKLLEACS KOHCTPYKUMM YCKOPUTENS SIBNAETCA OTCYTCTBUE
KBaApynonbHOr0 MarHuta Ha BbIXOAe aHanuaupylowero marHuta. B HacToAwmin MOMEHT Mcrnonb3yeTcs
Tonbko 30% nyyka, NOTOMY Kak MNoOCne MarHuTa My4oK CXaT MO T[OpPU3OHTanM B BepTuKarbHbIN
NPSIMOYrONbHUK, U3 KOTOPOro B AarbHenwem avadparmon Bbipe3aeTcs OTpes3ok nopsgka Smm. Moatomy,
cnegylowum MNyHKTOM paboyero nnaHa 4BRSeTCS W3rOTOBMEHWE W ycTaHOBKa  hokycupyroen
KBagpynonbHOW MNWH3bl ANA NOBbIWeEHUS 3(PMEKTUBHOCTN MPOXOXKAEHUS MydyKka MOCMne WU3MEePUTENbHOro
marHuTa (n.3.4.).

Pa3BuTHne akcnepuMmeHTanbHon UH(PacTPYKTypbl YCKOpUTENnbHOro kKomnrnekca. Meponpusartus
no MOAroToBKE K YCTaHOBKe KaHana sgepHoro Mukpo3oHpa (Mopsapauwa 2.3.). Ockus
CMPOEKTUPOBAHHOIO KaHana s4epHoro MMKpo3oHAa npvBedeH Ha puc.l. Hwxecrnegywuime TexHUYeckue
meponpusTtus (M.3.6, nn. 3.9-3.13, 3.15-3.17) OyayT BbINOMHEHbI ANS NOBbIWEHUS CTa0UIbHOCTU TOKa, YTO
HeOOXOAMMO AN YCTaHOBKM MMKPOMYYKOBOro CrnekTpoMeTpa / kaHana s4epHOro MUMKpO3oHAa. YCcTaHOBKa
BHELUHEN CUCTEMbl KOHTPOMs pasMepoB Lienen, AMHATOPHOE KOoMbLO Afs MOoA4aBMNeHUs BTOPUYHBIX
SMEKTPOHOB U MPUHYOUTENBbHOE OXMaXAeHWe B cucTemMe ctabunus3aumm aHeprum nyydka Heobxoaumo Ans
OYMLLEHMST CMeKTpa MWOHHOro Mny4vyka OT OMeKTpOHHOW cocTasngwwen. Ontumusaums reoMmeTpum
WHOYKLUMOHHOMN KaTYLIKN UCTOYHMKA MOHOB, COrfacoBaHMe MOHHOW OMTUKM U UCTOYHMKA MOHOB HeobxoanMmbl
ANsi CHUXKEHWS dHepreTnyeckoro pa3bpoca MOHHOMO Myyka U CornacoBaHMs NapameTpoB UOHHOMO Ny4vka Ha
BbIxoge Tpybku. PerynupoBka CTpPOro B OAHOW MNIAIOCKOCTM W YacTU4YHAs 3amMeHa WM B KOPOHMPYHOLLEM
Tpuode Ha urmbl U3 Matepuana, ycTOMYMBOro K pa3psay (Mrfbl OT HEMELKMX LWBEWHbIX MaLLMH) Heobxoanmo
ANsi CHWKEHUs KonebaHui Toka Ha KopoHupyoweM Tpuoge. Kputeprvem yagayHon HaCTPOMKM SBNSIETCH TOK B
npegenax 20-30MKA, oTcyTcTBME BreHusa (konebaHuin) Toka.

PerynupoBka 3a3opa Ha pa3psagHbix weTtkax (n. 3.10). YcraHoBka 3a3opa 6mMM BMeCTO
umetowlerocqa 3asopa 10Mm Ha paspsHbIX LeTKax npuBedeT K MOBbLILLEHUIO YCTONYMBOCTM TOKA WOHHOrO
nyyka U HaleXXHOCTU YCKOPUTENS B LEeNIOM 3a CHET HEe3HaUUTENbHOrO0 CHWXKEHUSI HanpsbkeHne nepesapsaiku
(aHanor noBbIWEHMS BEMNWYUHLI OTpUUATENbHOM obOpaTHoOM cBA3M). M3MeHeHMe KoHdUrypaumm
nepesapsgHbiX LWETOK - pasgeneHne MOHOMUTHBLIX MAacTuH Ha Tpu cekuum (N. 3.11) No3BONWUT CHU3UTb
AaBleHVEe Ha NEHTY, YMEHbLUUT €€ N3HOC U YMEHbLUWUT HU3KOYACTOTHble kKonebaHus TOoKa MOHHOIo Mydka.
OuncTtka 3apsgHON NeHTbl pacTBopuTenem bygoeT npoBedeHa Ans CHWXKEHUS 3HepreTudeckoro pasbpoca
yckoputenst (n.3.6.), 4TO KpanHe BaXXHO ONSA nocrefywowen pa3paboTkM MMKPOMYYKOBOrO CreKTpoMeTpa.
Omkur 1 nonupoBka avadparmbl, OPMUPYIOLLEN W BblpaBHMBAKOLWEN WMOHHbIA ny4ok (n.3.12), 3ameHa
pe3ncTopoB AennuTens C M3MEHMBLLUMMUCSA B MpoLEecce 3KChnyaTtauun HOMUHanaMum Ha KOMMEeHCUpylowem
yyacTke (5 cekuumin nocne yvactka ¢ npambiMu nonamu (n.3.13), nocne peBM3nMn pesncTopoB Nnog Harpyskon
C MOMOLLBK BbICOKOBOSMLTHOrO 6noka nutanus (10kB)) Tak ke MOBLICUT 3HEPreTUYecKyd CTabuIibHOCTb
ny4ka.

Tak e K nogroToBke KaHana siAepHOro MMKpO30HAa B NPOEKTe OTHocUTCH Meponpuatune n.5.2. MNog
NaccuUBHOWM CUCTEMOW NoAaBreHust BUbpauuin nogpasyMmeBaeTcs Nnuta — OCHOBaHWE AN MUKPOMYYKOBOro
CrneKkTpomeTpa Ha MecyaHon NoayLlke, pa3BA3aHHOW MexaHW4ecku OT rmorna B 3ane cnektpomeTpos. byget
caenaHo yrnybneHvne B nony Bbicoton 0.7 M € nocnenyowen 3achinkoi ero Menko3epHUCTbIM MEeCKOM Ha
rnyouHy 0.2 M n 3anvBko 6€TOHOM NNNTbI, N30IMPOBAHHON OT nona. Takon yHOAMEHT HY)XXeH He Ha BeCb
KaHan, a TOMbKO Ha ero uHanbHyl 4acTb, F4e PacrofioXeHbl fMH3bl U kamepa MuweHen (puc. 1.).
YcuneHune nona (CoOKpaTUT pacxodbl Ha aKTMBHYHO CUCTEMY NoaaBrieHust Bubpauuin).
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Meponpusatus (.28 n 29), HanpaBneHHble Ha COOPKY MUKPOMYYKOBOro crektpometpa (PaspaboTka
nnaHa MeponpusTUi - NOCNegoBaTeNbHOCTU AEWCTBMI COMMAcHO NPOEKTY S94epHOro MMKpO3oHaa Ha 6ase
yckoputensa 3I-5 JIH® ONAU ot 2015, BbinonNHEHHOro coTpyaHukamu UHCTuTyTa npuknagHon gpmsmkun HAH
YkpauHbl (OTBeTcTBEHHbIN Amutpui MarunuH), n 3akaz B mMactepckmx JIH® OCHOBHbIX y3noB COrnacHo
KOHCTPYKTOPCKON [OOKYMEHTaUMM Ha W3roTOBMEHUs KaHana) a, Tak e, meponpuatms n.11 un n.12
(BocctaHoBneHune TexgokymeHTaumm (KO) Ha yckopuTenbHytw Tpybky u nogrotoBka / nognucaHue
AOKYMEHTOB A1 BKIOYEHust yckoputensa B cnvcok C3C) 6yayT npoBoautbCcs napanfiienibHo ¢ OCHOBHbIMU
MEepPONPUATUAMN OTAENbHbIMU COTPYAHWKAMWU, BPEMEHHO HEe3adeNCTBOBAHHbIMW B TEXHUYECKMX paboTax.
Mo npeaBapuTenbHbIM OLEeHKaM, noTpebyeTcsa pecypc KoHcTpykTopckoro 6iopo JIH® nopsinka 240 Hopmo-
yac n macrepckmx JIH® - He meHee 1000 Hopmo-4acoB. 3akynka COOTBETCTBYHOLLEN KBaAPYNOSIbHON FINH3bI
C WCTOYHMKaMW MUTaHWS, CUCTEMbl YNPaBIiEHWUs CKaHMPOBaHMEM CHOKYCUPOBAHHBIM MYYKOM Y (OUPMBI
«Oxford microbeami» (http://www.microbeams.co.uk/Products.html) 6yneT npoBegeHa nocre OKOH4YaHUs
npoeKkTa uUnu B Ka4eCcTBe AOMOMHUTENBHOrO MEPONPUSATUS NPU NOSBNEHNN COOTBETCTBYIOLLNX PECYPCOB.

JlabopaTtopusa no nsrotoBneHuto o6pasuoB (3agaya 2.4). Mo PyHKLMOHANBHOMY Ha3Ha4YeHuo Ha
nnowaake nabopatopun (puc. 2) nnaHMpyeTcst NoMelleHne Ans OUCTaHLMOHHOMO YrNpaBfeHns yCTaHOBKOW
«TAHI'PA» (IM1), nomewweHne xumudeckon nabopatopum (MN2), nomeweHne nameputensHon nabopatopum
(M3) »m yyacToK BbICOKOTEMMEPATYPHOrO CMEKAHUA WM MeXaHM4YecKom 0OpaboTKM KOHCONMMAMPOBAHHBLIX
maTepuanos ([4).
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Pwuc .2. NMnaHuposka nomeLleHni nabopatopun Ha BTopom ataxe CteHgosoro 3ana Ne3, rge:
M1. - NMomewenune rpynnsl TAHITPA.
M2 — Xumunyeckas nabopatopus.
M3 — NameputensHasa nabopartopus.
M4 — YyacTok BbICOKOTEMMNEPATYPHOrO CrekaHust U1 MexaHu4yeckon obpaboTkum maTepuanoB (rpsisHas
30Ha).

JlabGopatopwusi OyaeT pacnonaraTecs Ha BTopoM aTaxe B CTeHgoBom 3ane Ne3 (puc.3, puc.4) n byget
npeacTaBnsaTe COO0ON N30NMPOBaAHHOE NOMELLEHNE C OTAeNbHbIM BXOAOM M aBapuiAHbIM BbIXOAOM.

MoHTaxx nabopaTopuv And  NPUroTOBMEeHWs OOBLEeKTOB ANd  MCCrneoBaHWM  MOHHO-IydYeBbiMU
mMeTodamu (MeponpuaTus n.6, n.14) 6ygeT BbINOMHEH nocne yctaHoBku BB Tpybku cunamu opraHvsaumm —
nogpsgyvka. B pamkax BbIMONHeHWss npoekta OydeT npoBedeH MOHTaX MeTannoKOHCTPYKUMA 1
neperopoakn, oTaensiowen nabopaTtopuio OT MOMELLEHWs, TAe PachnorioKeH HEWTPOHHbLIN reHepaTop
«TAHIPA» (puc. 3). CooTBETCTBYIOLUNA TEXHUYECKUI MPOEKT Ha OaHHbI MOMEHT HaxoauTcs B CTaguu
paspaboTtku cmpmon « CPELLATOMCEPBWC» n k momeHTy yctaHoBku BB-Tpybkn 6yget rotoB. OcTanbHbie
paboTbl 6yayT NpoBOAWUTLCHA KaK AOMONHUTENbHbIE MeponpusaTtud. Jlabopatopust OyaeT pacnonaraTbCs B
HOBOOOpPa30BaHHbIX MOMELLEHNAX HAa BTOPOM aTaxe Hag 6okcamu B CteHgoBom 3ane Ne3.

[JoyKkoMneKkToBaHMe 3KCMEPUMEHTANIbHOU MHQPACTPYKTYPbl KOMMNIEMEHTApPHbLIMA MeToAaMu
uccnengoBaHus (moas3agaya 2.5.) NOBEPXHOCTHbIX CIOEB MaTepuarnoB (3MEKTPUYECKME, INEKTPOHHbIE U
onTuyeckme ceowcTea, meponpusatue 10) 6yaeT NnpoBoaAnTLCS B NpOLEcce BbINOMHEHNSA NPOeKTa.

Kamepa WOHHO-Ny4YeBbIX CNEeKTPOMeTpoB. Pa3paboTka, W3roToBMEHME U YCTaHOBKA HOBOW
BbICOKOMPOMN3BOAMTENBHOM KaMepbl 4711 MOHHO-NyYeBbIX uccnegosaHuin matepmanoB (RBS, ERD, PIXE,
MeponpusaTre n.7.) 6yaeT BbINOMHATLCA CUMIIaMy KOINeKTUBa U NPOU3BOACTBEHHOW MHApacTpykTypbl JIHO.
MeponpusaTnsi No 3aKyrnke M ycTaHOBKE MOHHO-Ny4yeBoro moaynsa RC43 npoussoactea dmpmbl NEC (n.15,
puc. 5) n cuctembl passegeHus nydka (n.16) npounssoactea “High Voltage Engineering Europa B.V.”(HVE)
OTHOCSITCA K AOMOSHUTENbHLIM MEpPonpusaTUAM 1 ByaoyT peannsoBaHbl 3a NpegenamMu CPOKOB BbIMOMHEHWS
npoekTa no Mepe NOCTYNIIeHNsi COOTBETCTBYIOLLNX (DMHAHCOBbLIX CPEACTB.
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MopepHu3auusa cepBUCHOro obopyaoBaHusa (Meponpusitue n.8.). ABTOMaTM3auus  y3roB
YCKOPUTENS, KpamHe BaXHbIX ANs peanusaunm yHKUMA MUKPOMYYKOBOrO CMEKTpoOMeTpa W reHeparopa
KBa3VMOHO3HEPreTUBYeCKNX HEWTPOHOB, B YacCTHOCTW, aBTOMaTM3auuMs CUCTEMbI MNPOCTPAHCTBEHHOM
crabvnusaumm nonoxeHus nydka (n.8.1), Gymet npoBoauTbCcsa nocne yctaHosBkn BB Tpybkn. 3ameHa
MOparnbHO ycTapeBLUMX npubopoB Ha [ynbTe (M.8.2) u B MH(PaACTPYKType YCKOPUTENBHOIO KOMMMeKca, B
YaCTHOCTU, 3aMeHa MapoMacrisiHbIX HACOCOB TypOOMONEKYNsipHbIMM OyAeT NpoBOAUTLCA Ha MPOTSKEHUM
NnpoeKTa B peXUMe CEpBUCHBIX paboT cunamMm KonnekTnea rpynnbl «YcraHoBka Il -5».

MoarotoBka kapgpoB (3apauya 3). [MogroToBka MepcoHana U3 4Yucra MonoAbIX COTPYAHWKOB Anis
paboTbl Ha YCTaHOBKE, WHTEHcudMKaums MexXOyHapO4HOro COTPYyOHWYECTBa, OpraHum3auus H3epcKon
nporpammbl (Meponpusitue n.9.) OygeT NPOBOAMTBCS Ha MPOTSXKEHWM BbINOSIHEHUS] MPOEKTa 4YreHamu
rpynnbl «YcTaHoBka 3M-5» npy nogaepke BbILLECTOSALLEro HavanbCcTea.

3apava 3.1. [na pewenns 3agaum 3.1. nnaHupyeTcs npuBreyeHve Kk pabote B rpynne, obyveHue,
oTbop n nocnepywowee TPyaAOyCTPOMCTBO Ha MOSHYK CTaBKy Hambonee MOTMBUPOBAHHLIX M CMOCOBHbLIX
pebAT-cTyaeHToB nocne okoH4daHus umn BY3a. [lMnaHupyetca 3aBeplinTb (GOpMUPOBaHME rpynnbl U
noaroToBky Moroabix kagpoB Kk koHuy 2023r. [lNMpepnonaraetcsa apganTupoBaTb COCTaB rpynnbl And
nocmMeHHon paboTbl (MepeBoa YacTu Hay4HOW NOArpynnbl BO BPeAHbIE YCNOBMSA TpyaAa, CerMeHTMpOBaHue Ha
noAarpynnel No BbINOMHAEMbIM TPYA0BbIM (OYHKLMAM).

3apava 3.2. [Ing peweHusa 3agaun 3.2. nog pykoBoacTBom npod. PomaHoBa nnaHupyeTtcs
NpOBEAEHNE EXEroAdHbIX MEXOYHApOoOHbIX KOH(EepeHUMn U CEeMUHaApOB MO 3NEKTPOCTaTUYECKOM
YCKOPUTENbHOM TEXHUKE C MPUBMEYEHMEM BEQYLLUX CNELMANUCTOB B 00nacTu TexHkn SCY 1 cConpsiKeHHbIX
C HEN MeTodOB UCCNEeLOBaHMUS, YTO MO3BOMUT CHOPMUPOBATL KPYr NMOTEHUMAnNbHbIX 3aKa3ymMkoB (M3 yucra
NPOM3BOACTBEHHBIX W  HaAy4YHbIX CYObLEKTOB, MpeanonoXUTENbHO MNPeACTaBUTENENn  SNeKTPOHHOMN
NPOMbILLMIEHHOCTMH, rpynn, cneunanmanpyoLmxcs B obnactu pagnaumoHHON Buonoruu,
HaHOMaTepuanoBeAeHus 1 Ap.), a Tak xe, yeunutb nosvuuun JIH® OUNAN u ¢ y4eTom 3Ha4MMocTn n obvema
NOTEHUManbHO BbINOMHUMbIX HaydHbIX 3adad, no3sonut paccmatpusate OUAN kak LeHTp komneTeHuun B
obnactn TexHukn ACY 1 CBA3aHHbIX C HEN KCNEePUMEHTaNbHbIX METOLOB UCCMEA0BaHUS.

lMnaHnpyeTca  yBenuuMBaTb  KOMMYECTBO  KOOMEPAUMOHHbIX  CBS3eW,  WMHTeHcuduuuposaTtb
B3aUMOOEWNCTBUE C HOBbIMW HayyHbiMM rpynnamu u3z P®, ctpaH 6nwkHero u ganbHero 3apybexbs. B
yacTHocT, B 2021r nnaHupyeTcd HadaTb B3auMOAEWCTBME C Kornnektmsamum u3e University of Lisbon
(iIBN/CENIMAT, Department of Materials Science, Faculty of Science and Technology, New University of
Lisbon and CEMOP/UNINOVA, Portugal); National Institute for Research and Development of Isotopic and
Molecular Technologies, Cluj-Napoca, Romania; National Nuclear Research Center CJSC, Baku,
Azerbaijan;YHusepcutet [yoHa, ybHa, P®. U gp.

Huxe cnepywouwume (gononHutenbHble) meponpuaTuA nn.13 — 27 OyayT BbINOMHEHbI NpuU
Hanuyum TpebyeMbIX pecypCcoB.

1. WN3rotoBneHme JOMNONMHUTENBHOrO BakyyMHOrO BBOAA B BEPXHEN HYacTu COCyAa C YCKopstoLLen Tpyokom
(anddepeHumanbHOM OTKaYkyM KOMOHHbI) ANS NOBbILWEHUS OQHOPOAHOCTM BakyyMa (pasHuua cocTtasnser 2
nopsiaka 10 n 10-4Topp) u npenoTBpaLleHUs 3arpsa3HeHUst BEPXHUX cekumin BB-Tpy6Gku (n. 13).

2. YcTaHOBKa CMCTEMbI KOHTPONSA KOOPAMHAT MyyKa ¢ AOKYMeHTanbHon dukcaumen (n.17).
3. 3akynka KoMmnnekTa 3anacHbix neHT (B Apocnasne, P®) (n 18).
4. OpraHusaums aKCnepMMEeHTanbHOro yvacTka AN W3roTOBMEHWS W WUCMbITaHWsi BbICOKOBOMbTHbLIX

Tpybok. [Joykomnnekrtaumsi ydacTka cknenkm BB-TpyGku HegocTatowmum obopynoBaHMeM, noarotoBka Gokca
ANsi CKNewnkn Tpyoku Ansd npoBeaeHnst CooTBeTCTBYOWMX padoT (n.19).

5. M3rotoBneHne cBepxcTaburiibHO MOHHOTO MCTOYHMKA C SHepreTudeckum pasdpocom MeHee 103B ¢
MCMNOMb30BaHNEM MMEILLMXCH OTeYECTBEHHbIX pa3paboTok. PaccMoTpeHne BO3MOXHOCTM MPUMEHEHMS
UCTOYHMKa lNeHHVHra ang paboTbl B pexnme HEMTPOHHOIO reHepaTopa, KOTOPbIV NO3BONAET NofnyyYaTb Ny4oK
noHoB He?*, 4yTo B cny4yae HeOOXOAMMOCTM NO3BOMMT MOBLICUTL 3HEPTUIO MyyKa B 2 pa3sa (n.20).

6. 3ameHa MNBA B KneeBbIx COeANHEHUAX TPYOKM MeHee «rasswumy kreem (n. 21).
7. 3ameHa MopanbHO ycTapeBLUMX NTaMNoBbIX BaKyyMeTpOB MONyNpoBOAHMKOBLIMU aHanoramu (n. 22).
8. YcTaHoBKa AWCTaHLMOHHO YMNpaBnsieMblX MOHWTOPOB KOHTpoNs ¢opmbl M Toka nydka (UMnuMHAp

dapages), KBapuUEBbIM 3KpPaHOM C UKCALMEN MOMOXEHUS My4yka, BUOEOKAMEPOW C BO3MOXHOCTBIO
BM3yanbHOro HabnogeHns 3a n3obpaxeHNeM 1 NONOXeHNEM Myyka Ha nynbTe (n. 23).

9. lMepexoa Ha OUCTaAHUMOHHO — yrpaBnsemMble BakyyMHbIE 3aTBOPbI C Liefbio obecrneveHms aBapunHoro
OTCEYEHUsT YCKOPUTENbHOW TPYOKM (B aBTOMATUYECKOM PEXMME) B CIlydae NosiBIEHMS TeYM B MOHOMPOBOAAX
(n. 24).

10. ToBepka cocyaa BbICOKOro AaBrieHus n Bcex cuctem ICY (n. 25).

11. 3ameHa kabenen CUMOBOroO ANEKTPONMUTAHUS U CUCTEMbI YNPAaBIEHNS YCKOPUTENEM BBUAY OKOHYaHWS
pecypca akcnnyaTauum (n. 26).

12. 3ameHa NpOTOYHOW CUCTEMbI OXNAXAEHUS CTALMOHAPHOW 3aMKHYTOrO LMKMa B UCTOYHMKE NMUTAHUS
aHanuaupyioLliero marHuta (n.27).
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.Pnc.3. 3ckns Ctengosoro 3ana Ne3 — ypoBeHb BTOpPOro ataxa.
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6. X-Ray Detector Filters

1

2. Fixed SSB at 170° 7. Zoom Camera

3. Moveable SSB and Filters at 180° to 30° 8. Microprobe Lens

4. X-Ray Detector 9. Light

5. Gamma Detector at 0° 10. Chamber Feedthroughs

Puc. 5. Paboyas kamepa noHHo-ny4yeBoro aHanusartopa RC43 npoussoactea upmbl NEC, nnaHupyemoro
K 3akynke. Lindppamm nokasaHbl OCHOBHbIE 3NIEMEHTbI.

5. OueHKa KagpoBbIX pecypcoB

KonnekTnB npoekTa BKM4YaeT crneunanuctoB MUPOBOIO YpOBHA B obnactu paspaboTtkm OCY —
TexHukn (npocp. PomaHoB B.A.), B obnactu siaepHOM (OU3UKKM, XUMUM N TEXHONOMMMK, 7 WHXEHEPHO-
TEXHUYECKNX PabOTHMKOB C MHOFOSIETHUM OMbITOM OGCMYXXMBaHWSA N PEMOHTa BCEX Y3M0OB ycTaHoOBKM Ol -5.
Hay4HbIn noTeHumnan rpynnbl COCTaBMSIOT U3BECTHble yyeHble: npod. Kob3es A.M., npod. PomaHos B.A.,
npocd. M Kynuk. pynna cogepxut B cBoeM coctaBe 6onee 50% MOMOAbIX COTPYOHUKOB, CMOCOBHbLIX
onepaTMBHO peLlaThb TeKyLme TEXHUYEeCKue 3agaqn.

Kaxgplin yyacTHUK rpynnel 6yaeT yaenate paboTte B pamkax [MpoekTa no OTHOLLIEHMWIO K CBOEN MOSHON
3aHATOCTU CrneaytoLee KONMYEeCTBO BPEMEHM.

Jlnxaues Anekcen Hukonaeswny - Beaywimi nixeHep — 100%
Ko63eB Anekcanap MNaBnoBuy — BeQyLLUA HAYYHbIN COTPYAHUK - 50%
Kyopsisues Bnagumup MeTpoBuy — ctapwunm nHxeHep - 100%
TkadeHko CTaHucnae Hukonaesny— ctapuninm nHxeHep - 100%
Bbobpakoe Brnagumup ®egopoBuy — nHxxeHep - 100%

3anues Uropb AnekceeBund — uHxeHep - 100%

Kynvk Mupocnas — cTapLumim HaydHblid COTPYAHUK - 50%
Mapapnsaga Adar Nca - ctapLlumii HayyHbld COTPYAHUK - 50%
3axapoBa AHHa CepreeBHa — nabopaHT - 25%

10. JoruHoB Anekcen AHgpeeBnd- nabopaHT - 50%

11. KOpeHkoB OaHumn NropeBuy — nabopaHT - 25%

12.  AnekcaHngpos Bacunuin AnekceeBny— nabopaHt - 25%

13. CrtygHeB KoHcTaHTuH EBreHbeBuy — nabopaHT - 100%

14. TarapuHoBa Anuca AnekcaHgpoBHa — nabopaHT - 25%

15. TpugnHa EnunsaeseTta AnekceeBHa — nabopaHT - 25%

16. 3eneHsk TaTbsiHa FOpbeBHa — MHXeHep - 100%

17. Dopowkesny AnekcaHap Cepreesuy — HayanbHUK rpynnsl - 100%
18. YaH BaH Pyk — mnagwmi HaydHbIN cOTpyAHUK - 100%

19. TwuxoHoBa Hatanus CepreeBHa — nabopaHTt - 50%

20.  ®aH JlyoHr TyaH Hay4HbI COTPYAHUK - 100%

21. PomaHoB BaneHTtnH AnekcaHapoBud — COBETHUK anpekTopa JIHO — 20%.
22.  YenypuyeHko UNnba AHgpeeBud — nHxeHep -100%

©CoNOOA~AWNE

Taknm o6pa30M, rpynna pacnonaraet Heob6xoauMbIM pecypCHbIM noTeHunanom AOnda nposeneHusa
mMogepHusaumn n nocne/:l,yrou.l,eﬁ aKcnnyaTtauynn ycKoputens.

24



6. OueHka 6rogxeTa lNpoekTa

OCHOBHbIM 3aTpaTHbIM MeEponpUATUEM SBMSIETCS MOKYMKa BbICOKOBOMbTHOW Tpybku. CmeTHas
CTOMMOCTb PacxOAOB Ha MOKYMKY, AOCTaBKy, YCTAHOBKY C MOMOLLbI CNeLnannucTtoB M NPOfOHIMPOBaHHbIN
rapaHTUMHbIA CPOK IKCMyaTaumy npuseaeHa Huxe (NornHbIn TekeT cMm. MNpunoxexue 5).

Total Equipment Price, EXW Seller’s site, Amersfoort, NL €337.000,

1. Transportation, including insurance coverage, € 10.100, -
see elsewhere for details

Total Equipment Price, DAP Buyer’s site, Dubna, Moscow region, €347.100,

Russian Federation

2. On-site Installation: € 19.600, -
Not included, Instead On-site assistance by Seller,
by 1 engineer during 5 days, arrival Sunday, departure Saturday,
incl. costs for travel, hotel and meals

3. Warranty: € 33.800, -
Instead of Warranty, Seller’s standard terms and Seller’s standard
period, Warranty, Seller’s standard terms and Seller’s standard period
extended by 24 months, see elsewhere for details

Grand Total Price €400.500,

O6uwasa cymma npoekta coctasnsaet 400.5 Toic eBp. = 471 Tbic gon. Bce paboTbl No MmogepHusaumm
OyayT NPoBOAMTBLCA KOMNMEKTUBOM rpynibl «YcTaHoBka J-5» B pamkax BbIMOMHEHUSI TPYAOBbIX PYHKLNIA C
MCMoNb30BaHMEM MMEIOLLENCA B HANM4mMmn pecypcHomn 6asbl.

7. Kpatknn CCBY - aHanus npoekTa

7.1. CunbHble CTOPOHbI NPOEKTa.

1. NMNopxopswan KOHCTpYKUMA yckoputensa 3M-5 ana pelweHusa nocraBreHHbIX 3aaayd (cos3gaHune
A0EepHOr0 MMKPO30OHAA M HEWTPOHHOro reHepatopa). B npoekte Gyoyt B nomHOW mepe peanv3oBaHbl
YHUKamnbHble BO3MOXHOCTU yckopuTens 3-5, B 4aCTHOCTU, BO3MOXHOCTb MOSydeHUs GONbLUOK BENNYUHBI
TOKa MOHHOTro ny4yka (4o 250MkA) n ero manoro pasbpoca (<100eB), 4To He MOXeT ObITb peanna3oBaHO Ha
yCTaHOBKax TaHAeMHOro Tuna.

2. Huskas akcnnyatauuMoHHas CTOMMOCTb YycTaHoBkuM JI-5. OTnmyHas pPemMOHTONPUIrogHOCTb
KOHCTpyKUmMn yckoputensa O — 5 1 Hanuume pecypcHow 6asbl NMO3BOMSOT MPOBECTU MOAEPHU3ALMIO C
MWUHUMarbHbIMK 3aTpataMy u obecneynTb aBTOHOMHYK paboTy YCKOPWUTENbHOIO KOMMIEeKca B TeyYeHue
anvtenbHoro BpemeHu. B OUAN umeeTtcs Bca Heobxogumasi NpoOV3BOACTBEHHas WMHAPACTPyKTypa W
mMaTepuanbHad 6asa (3an3avacTu, >XWOKAWA a30T, CEepBUCHbIE CUCTEMbl M T.4.), Heobxoaumble Ans
noagepXxaHns CBOMMU cunamm paboTocnocoBHOCTN YCTaHOBKW NPOAOIDKMUTENbHbBIA NEPUOA BPEMEHN nocne
3amMeHbl TpyOku. 3-5 He TpebyeT MCnonb3oBaHMA OOPOroCTOSALIMX MaTepuarnioB M obopyLoBaHWs, He
COOEpPXUT y3MoB C HEu3BeCTHbIMM MapameTpamu (NporpaMMupyemMble MUKPOMPOLIECCOPHbIE  MOZYMM
CUCTEMbI yMpaBfieHusi CepBUCHbIM obopydoBaHvem K T.4.), He TpebyeT Ans NpoBedeHUs PEMOHTOB U
CEpPBUCHbIX PaboT NpurnaLlleHns UHOCTPaHHbIX CNeunanmcToB.

3. TlMoBblweHue KBanuduKauum CcOOGCTBEHHbIX MWHXEHEpPHbIX KagpoB B Mnpouecce
MoAaepHu3sauum, (hopMmMpoBaHne KagpoBOro NoTeHuuana Ha AnvTernbHbIA CPOK 3KChnyaTaunum yckopuTens.
B npouecce peanusaummn npoekta 6yget npoBegeHo hopMyMpoBaHUE KaapoBbIX PECYPCOB U3 BbIMYCKHUKOB
BY3oB, nx obyyeHne pabote ¢ anemeHTamum MHAPACTPYKTYPbl YCKOPUTENS U O3HAKOMIEHUE CO crneundmrKkomn
Hay4HOM paboTbl B rpynne.

4. Pa3BuATME nNOSIHOLEHHOMW 3KCMEepPUMEHTanbHOW WHQPACTPYKTYPbl YCKOPUTENbLHOrO
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Komnriekca. DKOHOMMS PECYpPCOB 3a CHET HaNMYMs COGCTBEHHOW MHAPACTPYKTYPbI NO3BOSIUT CYLLECTBEHHO
pacwupuTb  3KCNEepPUMEHTarnbHYI MHAPACTPYKTYpy. YcTaHoBKa HOBOMO KOMMSIEKCA WOHHO-ITy4eBbIX
CMEKTPOMETPOB, MOHTaX nabopatopun Ans  opMUpoBaHMS OOGBEKTOB WCCreaoBaHWs  MO3BONUT
CYLLECTBEHHO pacLUIMPUTL CNEKTP UCCredyeMblX O6BbEKTOB, YEM - CYLLECTBEHHO MOBbLICUTb BbIXOZ Hay4HOM
npoayKUMn.

5. [laHHbIi BapnaHT pelleHns OCHOBHOW 3ajaun sBNsieTcs MeHee 3aTpaTHbIM B (DMHAHCOBOM NnaHe
MO CPaBHEHWIO C MOKYMKOW HOBOFO YCKOPUTEMS W CO3[4aHWMI0 Ha €ro OCHOBE 3KCMepUMEHTarbHOW

MHPPaCTPYKTYpbI.

7.2. Cnabble CTOPOHbI NpOEeKTa.

1. MopanbHOoe U TeXHUM4YecKoe ycTapeBaHMEe CEepPBMUCHbLIX CUCTEM U IKCNepumeHTanbHou 6asbl
yckoputens. oTpebyloTca 3HauuMTenbHblE BPEMEHHbIE Pecypcbl ANS PEeBU3NUM U MOAEepHU3aumMn BCEX
CUCTEM YCKOpUTENS.

2. OrpaHu4yeHHblin Habop ¢yHKUMA. [10 CpaBHEHMIO C COBPEMEHHBIMW MPOMbILLIIEHHBIMU
obpasuamm yckoputenen obHoBneHHblh O — 5 nmeeT orpaHnyeHHbli Habop dyHKuuRn, Npeobnagatowas
YacTb PErynMpoBOK OCYLLECTBNSETCH B PYYHOM peXnme.

3. MNpocTpaHcTBEHHas cTabunusauusa NonoXeHus Myyka, Heobxoammas ONns YCTaHOBKM S4EPHOro
MMWKPO30HAa OCYLLECTBIAETCHA B Py4YHOM peXmMMe u TpebyeT oTAenbHON JopaboTKu.

4. OTcyTCcTBYET WMMYMbCHbIA PEXUM, HEODXOAMMbIA AN MPOBEAEHWUs] MUCCredOoBaHWI paccesaHus
HENTPOHOB C UcNosib3oBaHnem BpemsnponeTHon (TOF) cnekTpomeTpun.

5. OTCcyTCTBYET BO3MOXHOCTb YCKOPEHUS LUMPOKOrO CNEKTPa MOHOB.

7.3. OCHOBHbIe PUCKM, KOTOPblE MOTYT MOBMEYb HEBbINOMHEHNE MOCTAaBMIEHHbIX 3a4ay B CPOK Unu
HeJoCTKeHne TpebyeMbiX TEXHNYECKMX NapaMeTpoB yCKopuTenem MoryT BbiTb CBA3aHbI C:

- owmbkamu Npu NpoekTmposaHum BB-Tpybkn Ha 3aBoge — M3rotosuTerne;

- owmbkamu npu yctaHoBKke HoBOW BB-Tpy6ku;

- HeCOOTBETCTBMEM TEXHUYECKUX YCMoBWUK, obBecrneynmBaemblXx CepBUCHbIMKU cuctemamu Ol -5,
TEXHUYECKNM YCITOBUSM, HEODXOAMMbBIM AN 3KChnyaTaumm HOBOW ycKopuTenbHon Tpybku (TpeboBaHms no
BaKyyMmy, napameTpam AM3MeKTPUYeckoro rasa v gp.);

- Hanuunem [JOMOMHUTENbHbLIX HEWCMpaBHOCTEW B YycKopuTerne MOMUMMO MOTepW napameTpoB
YCKOPUTENbHOM TPYOKON.

3aknroyeHue

MogepHusauusa anekTpocTaTudeckoro yckoputenst -5 n ero npubopHOM MHPacTPYKTypbl NO3BONUT
pewntb donbllyto YacTe 3agad u3 MNMpobnemHo-Tematmdeckoro nnaHa OUAN (tema 03-4-1128-2017/2022
«VccnepoBaHusa B3auMOLENCTBUSA HEUTPOHOB C 5ApaMKU 1 CBOWCTB HEMTPOHOBY). B yacTHocTu, obecneunt
nposegeHne uccrniegoaHun B ONAN peakumit ¢ BbICTPLIMW KBA3MMOHOSHEPreTUYECKUMU HENTpOHaMM,
BO3MOXHOCTb paboTbl C ©Ouonornyeckumm OObEKTaMM M BO3MOXHOCTb YCTaHOBKM OMNUMM  SIAEPHOro
MMWKpPO30Haa.

Kpome Toro, 6ygeT nosbileHa nponssoamTensHOCTb nMetowmxesa metoaoB (RBS, ERDA, NRA, PIXE).
OkcnepumMeHTanbHasa 6as3a 6yget JonosfiHeHa Heny4yeBbIMU KOMMIIEMEHTapHbIMU MeTo4aMu UCCrefoBaHUs
3NEKTPUYECKUX, OMTUYECKMX W OSMNEKTPOHHBIX CBOWCTB MOBEPXHOCTU (3INMIMNCOMETPUS, UMNeaaHCcHas
CMEeKTPOCKOMNus).

MoaepHM3MpoBaHHbIN yCKOpUTENb MO3BONUT nonyyatb aHeprum o 4,1 MaB npu Toke nyyka go 100
MKA / HYKINOH.

TeM He MeHee, NMPOEKT MOAEPHM3aLMM HYXKHO paccMaTpuBaTh Kak BaXKHbIA, HO MPOMEXYTOUHbIA 3Tan
B pa3uTumn OCY — komnnekca OUNAN. YTobbl B pamkax OUNAN ycnelwHo pa3BrnBaTb paCCMOTPEHHbIE BhilLe
HanpaBfieHUsI HEWTPOHHbIX WCCMEeAOBaHUSAX W B [JarnbHeWeM 3aHumatbh nvavpylwme nosvumi, B
nepcnektTmee TpebyeTcs NoKynka AOMNOMHUTENBHO HOBOrO COBPEMEHHOTMO 3MEKTPOCTaTUYECKOro ycKopuTens
Ansa paboTbl B Anana3oHe aHeprum oo 6MaB.
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Mpeanaraemblit NnaH-rpacdpuk U Heo6xoAUMbIE pecypchbl ANsi OCYLWECTBNEeHNA
npoekta MOOEPHU3ALIMA YCKOPUTEJIA 3I-5 1 EIFO SKCMNEPUMEHTAIIbHOWU
NHOPACTPYKTYPbI

HaMMeHOBaHMﬂ3anaT,pecprOB,MCTOHHMKOB

vHaHCMpOBaHUS

CroumocTtb
noTpebHocTH
B pecypcax
(Teic. gonn.)

MpeonoxeHne
nabopaTtopuun no
pacnpegenexuto
(PUHAHCUPOBaHNS

N pecypcos

1 rog

3aTtpartbl

OcCHOBHbI€ y3rbl
obopynoBaHus, paboTbl No ero
obHoBNEeHuto, Hanagke u T.n.

471

471

CTpontenscTBo/peMOHT
nomMeLLeHun

MaTepunansl

Heob6xoanmble
pecypcel

Hopmo-yac

Pecypcel
— KOHCTPYKTOpPCKOro 61opo
natopaTtopum,

— OMbITHOrO NPOU3BOACTBA
onAn,

— OMbITHOro NPoOM3BOACTBA
nabopaTopuu,

— ycKopUTEns,

— peakTtopa,

— OBM.

OkcnnyaTaunoHHbIe pacxoabl

240
HOpMO-4ac

1000
HOpMO-4ac

240
HOpMO-yac

1000
HOpMO-yac

NcToYHMKM
dbrHaHcMpoBaHus

BHebtogxeTHble

BrogxeTHble

cpencrtea

3aTtpatbl 13 6rogxeTa, B TOM
yncne UHBanTHbIE CpeacTBa

471

471

cpencrtea

Bknagpl konabopaHToB.
CpepacTBa no rpaHTam.
Bknagbl CNOHCOPOB.
CpepncrtBa no gorosopam.
[pyrne NcTouHnKM
dnHaHCUpOBaHWS 1 T.4.

PYKOBOONTESb

MPOEKTA

28

A.C. JopoLukeBu4
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Cwmerta 3aTpat no npoekty MOJEPHWU3ALUNA YCKOPUTENA Or-5 W EIOC
OKCNEPUMEHTAJIbHOW NMHOPACTPYKTYPhbI

M|  Omncamme crareit sarpar Homaast | 9051 | 2022 | 2023
CTOMMOCTh
Direct expenses
1 Design kS - - 0
2 Marepuasl k$ 0 0
3 O6opynoBanue - kS 0 471 0 471
4 Omnata HUP, BEIIOIHIEMEIX 110 kS 0 0 0 0
ZIOTOBOpaM
5 KoMaH1upoBoYHEIE pacxoIbl k$ 0 0 0 0
Bcero k$ 0 471 0 471

PYKOBOOWUTEJb NMPOEKTA Q&(/v A.C. [opoLukeBuny
7

OUPEKTOP NABOPATOPUM Lﬂ// B.H. LseLos

BEQYLLUNN UHXKXEHEP-3KOHOMUCT JTABOPATOPUU Q//cﬁ’/ J1.C. OBcAHHUKOBA
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MpunoxeHue 5.
Kommepueckoe npegnoxenne dmpmbl HIGH VOLTAGE ENGINEERING EUROPA B.V.

Amsterdamseweg 63, 3812 RR Amersfoort, P.O. Box 99, 3800 AB Amersfoort, The Netherlands
Phone: +31-33-4619741. Fax +31-33-4615291. Trade register Amersfoort nr. 31014544
E-mail: info@highvolteng.com — Web: www.highvolteng.com

lI HIGH VOLTAGE ENGINEERING EUROPA B.V.

Joint Inst. for Nuclear Research, Frank Laboratory of Neutron Physics 01768/A31864-02
141980 Dubna, Moscow region, Russian Federation October 16, 2020
Conditions

Prices

Prices are exclusive of any taxes, duties, fees, etc. without limitation due to enumeration
imposed by any governmental body other than The Netherlands.

Prices shall remain firm in the currency of the Contract throughout the duration of the
Contract.

Taxes, duties and fees

All taxes, duties and fees arising outside of the Russian Federation in connection with the
execution of the Contract shall, except where stated otherwise, be borne by Seller.

All taxes, duties and fees arising inside of the Russian Federation in connection with the
execution of the Contract shall, except where stated otherwise, be borne by Buyer.

Country of origin and manufacturer

The Netherlands, High Voltage Engineering Europa B.V.

Approval for export

Delivery is subject to approval for export by the Government of The Netherlands.
Application for export approval can be submitted by Seller only after order is in place.

Buyer is to provide Seller with a suitable End-Use Certificate and End-User Statement
(template available from Seller), together with the order.

Seller will complete all other documents necessary for Seller’s application for export approval
and will submit the application no later than one (1) week after receipt by Seller of Buyer’s
End-Use Certificate and End-User Statement.

Seller will notify Buyer about the outcome of the application for export approval that is
generally obtained within twelve (12) to sixteen (16) weeks from application submission date.

In the event a suitable End-use Certificate and End-user Statement is not received by Seller
within six (6) weeks after Contract, Seller has the right to extend the time of delivery based on
Seller’s order backlog at the moment of receipt by Seller of a suitable End-use Certificate and
End-user Statement.

A31864-02 Quotation 2020.10.16 HVE (1) Page 6 of 12
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S. Documentation package in the English language, including: Included

Within maximal ninety (90) days after notification of order, one set of:
. Overall system layout drawing
. Installation Requirements and Recommendations

With the delivery of the Equipment, one set of:

. Mechanical assembly drawings

. Electrical- and electronic schemes

. Parts list with Seller’s part name and part number
. Manuals for the operation and maintenance

Total Equipment Price, EXW Seller’s site, Amersfoort, NL € 337.000, -

6. Transportation, including insurance coverage, € 10.100, -
see elsewhere for details

Total Equipment Price, DAP Buyer’s site, Dubna, Moscow region, € 347.100, -
Russian Federation

7. On-site Installation: € 19.600, -
Not included, Instead On-site assistance by Seller,
by I engineer during 5 days, arrival Sunday, departure Saturday,
incl. costs for travel, hotel and meals

8. Warranty: € 33.800, -
Instead of Warranty, Seller’s standard terms and Seller’s standard
period, Warranty, Seller’s standard terms and Seller’s standard period
extended by 24 months, see elsewhere for details

Grand Total Price € 400.500, -
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- Flanges, Upper & Bottom: as per Buyer’s drawing
- Overall length: ~1150 mm
- Leak rate: 5x 10” mbar ltr / sec

Overall accelerator tube:

- Electrodes:
. Material Titanium
. Shape Dished
. Outer diameter ~235 mm
- Insulators:
. Material Borosilicate glass
. Outer diameter ~215 mm
. Thickness: To suit 25.0 mm pitch
(center to center distance of electrodes)
- Discharge point assy’s: 3 on each electrode at 120° interval

with voltage grading resistor mounting clip
- Sealing between sections: ~ Viton “O-rings” (included by Seller).
- Voltage grading: by resistors mounted on accelerator tube
160 pcs + 10 pcs as spare
See Notes for mounting arrangement

- Overall length: ~4150 mm

- Electron suppression: by spiraled permanent magnets
located inside the vacuum

- Radiation level ©: <2 uSv/hr

) measured at 100 cm from the tank wall, running a 1 pA He beam at nominal terminal
voltage.

3. Pre-conditioning of all three (3) accelerator tube sections: € 17.300, -
Pre-conditioning of all three (3) accelerator tube sections
@ Seller’s plant in Seller’s KN4000 Van de Graaff accelerator, incl.:
cost for temporarily providing one-off adapter flange

4. Assembly prior to transportation: Included in item 2
- Accelerator tube section shall be assembled complete with
discharge point assy’s, voltage grading resistor mounting clips
and voltage grading resistors prior to transportation.
Support flanges and double layer temperature insulated packing
will be provided to ensure safe transportation.
- RF 1on source shall be packed separately and be mounted on-site.
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We have the pleasure in offering you herewith, for use with your existing vertical Van de

Graaff accelerator, Model EG-5:

1. RF Ion Source Model SO-173 (short bottle), including:

- Source body

- Extraction electrode
- Alignment tool

- RF oscillator

- Jon beam current
.Hydrogen (‘H"):
. Deuterium (*D"):
. Helium (4He"):
- Energy spread:
- Beam emittance:

250 epA (typical)

170 epA (typical)

125 epA (typical)

100 eV (typical)

1.2 mm mrad MeV"?

2. Acceleration tube with magnetic suppression, including:

Accelerator tube section #1 of 3 (Upper section):

- Electrodes:

. Number:

. Beam apertures:
- Insulators:

. Number:

- Flanges, Upper & Bottom:

- Overall length:
- Leak rate:

73 pcs
40 mm throughout tube section

72 pcs

as per Buyer’s drawing
~1850 mm

5x 10” mbar ltr / sec

Accelerator tube section #2 of 3 (Middle section):

- Electrodes:

. Number:

. Beam apertures:
- Insulators:

. Number:

- Flanges, Upper & Bottom:

Overall length:
- Leak rate:

45 pcs
40 mm throughout tube section

44 pcs

as per Buyer’s drawing
~1150 mm

5x 10” mbar ltr / sec

Accelerator tube section #3 of 3 (Bottom section):

- Electrodes:

. Number:

. Beam apertures:
- Insulators:

. Number:

45 pcs
40 mm throughout tube section

44 pcs

€

€

20.100, -

299.600, -
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Phone: 007 496 216 2268/5989

Prof. Dr. Victor Anatolievich Matveev
Joint Inst. for Nuclear Research

Frank Laboratory of Neutron Physics
Joliot-Curie 6

141980 Dubna, Moscow region
Russian Federation

Our ref.: 01768/A31864-02

Dear Doroshkevich,

We have the pleasure in sending you herewith our updated budgetary quotation for
an RF ion source and an Accelerator tube with voltage grading resistors for use with
your existing vertical Van de Graaff accelerator, Model EG-5.

We trust this updated budgetary quotation to be of interest to you and we look forward to
hearing from you how to proceed from here.

Sincerely,

HIGH VOLTAGE ENGINEERING EUROPA B.V.

Henri van Oosterhout
Managing Director
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Entire understanding, modification and waiver

This Agreement is the entire understanding and agreement between Parties with respect to the
subject matter hereof, including extend of supply and specifications, and supersedes all prior
understandings and agreements relating hereto. No modification, alteration or amendment
shall be effective unless made in writing and signed by duly authorized representatives of
each Party. No waiver of any breach hereof shall be deemed or held to be a waiver of any
other or subsequent breach.

Applicable law and dispute resolution

The validity, construction and performance of this Agreement shall in all respects be
governed by and interpreted in accordance with the laws of The Netherlands. All disputes
which may arise during or from this Agreement shall be submitted for decision to a competent
court in The Netherlands, Seller reserves the right however, to bring any claim it may have
against Buyer before any other Court.

Validity

This quotation is valid for three (3) months after date.

Sincerely,

HIGH VOLTAGE ENGINEERING EUROPA B.V.

Henri van Oosterhout
Managing Director
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such goods, apparatus or machine has been specially designed for Buyer. Buyer shall not be
entitled to reverse engineer or build or have built any goods, apparatus or machine supplied
by Seller.

Seller shall not be liable to Buyer or to any person for infringement of any patent resulting
from use or disposal of any goods, apparatus or machine sold by Seller, except to the extent
that Seller may be liable as an infringe to persons claiming patent rights which Seller may
have infringed by this sale to Buyer.

Parts returned by Buyer:

Parts returned by Buyer for repair, refurbishing, for credit or for any other reason which are
contaminated by radiation producing or poisonous material exceeding The Netherlands
standard safety level will not be accepted by Seller and will be returned or, where mandatory
under The Netherlands safety standards, be removed and destroyed at Buyer' cost. Buyer will
be liable for any injury or damage to persons or property and for all costs of handling.

Seller’s liability at Buyer’s site:

Seller shall not be liable in any event for any loss or injury to persons or property (including
the Equipment being installed) during On-site assistance that results in whole or in part from:

a. negligence or fault of Buyer, its employees, agents and its other independent contractors;
b. Buyer's failure to observe Seller’s engineer's instruction;
or
c. the failure or malfunctioning of tools, equipment, facilities or devices not furnished by
Seller, caused by defects therein not observable by Seller’s engineer's visual inspection.

Non-assignment

This Agreement and any interest herein or therein, and any payment due or to become due
hereunder may not be assigned by Buyer without the prior written authorization and approval
by an authorized representative of Seller. Any attempted or purported assignment of
delegation without such required consent would be void.

Cancellation

This contract may be cancelled by Buyer only upon the payment of reasonable cancellation
charges to be determined by Seller which shall include but not be limited to expenses already
incurred for labor and material costs, overhead, commitments made by Seller and a reasonable
profit. Buyer will pay these charges within thirty days after invoice date. Cancellation will
only be effective after payment of the cancellation charges.
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normal wear and tear (e.g. ion source parts). Not covered by the warranty are expenses for
removal, re-installation and freight in connection with foregoing replacements.

All obligations of Seller under this warranty shall cease in the event of abuse, accident,
alteration, misuse or neglect of the Equipment. In warranty repaired or replaced parts are
themselves warranted for a period equal to the original warranty period applicable

to the repaired or replaced parts.

Reasonable care must be used to avoid hazards. Seller expressly disclaims responsibility for
loss or damage caused by use of its Products other than in accordance with proper operating
procedures and written or verbal instruction.

Seller's liability to Buyer whether in contract or in tort arising out of warranties,
representations, instructions or defects from any cause, shall be limited exclusively to
correcting the Equipment on the terms and under the conditions as aforesaid, and all such
liability shall terminate upon expiration of the applicable warranty period as aforesaid.

In no event shall Seller be liable neither for any indirect, special or consequential damages nor
for loss, damage or expenses directly or indirectly arising from the use of the Equipment
delivered hereunder.

Warranty, Seller’s standard, and Seller’s standard period extended by 24 months:

Same as above except: for a period of thirty-six (36) months after EXW delivery.

Transfer of Risk, Title and Insurance

Title and right of possession of the Equipment sold hereunder or any replacements shall
remain in Seller, regardless of mode of attachment to realty of other property, until the full
price (including deferred payment and any notes or renewals or extensions) has been paid in
cash. Buyer agrees to do all acts necessary to perfect and maintain said title and right in
Seller.

Upon delivery DAP (INCOTERMS 2020) Buyer’s site, Dubna, Moscow region, Russian
Federation (unless otherwise agreed to in writing) of any of the Equipment, all risk of loss or
damage shall pass to Buyer, and Buyer shall procure and maintain for the benefit of Seller and
Buyer, as their interests may appear, adequate insurance on the Equipment against damage by
fire and other casualty.

Intellectual Property Rights and Patents

As soon as the full price (including deferred payment and any notes or renewals or
extensions) has been paid in cash Buyer acquires the right to use any goods, apparatus or
machine sold by Seller and Buyer may transfer the right of use to subsequent owners. Seller
retains the intellectual property rights to any goods, apparatus or machine sold by Seller even
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Terms of Payment

Payment is to be effected in EURO (€) by an irrevocable Letter of Credit — in the amount of
100% of the contract value, conditions confirmatory to the order conditions and with validity
up to 30 days after the scheduled date for Delivery - to be issued no later than 14 days after
date of order, in accordance with following scheme:

- 30% as down payment after order, within 8 days against presentation of:
o Invoice in the amount equal to the amount of the payment
- 70% as final payment after delivery, within 8 days against after presentation
of:
o Invoice in the amount equal to the amount of the payment
o Document in proof of delivery

Due payments accrue interest at 1.5% per month when not paid on time.
In the event the delivery is delayed by reasons for which Seller cannot be held responsible,

Buyer will reimburse Seller for the costs for storage, insurance and other overhead costs
attributable to such delay.

Banking charges

Banking charges outside Russian Federation related to (1) opening of LC, (i1) payment out of
LC, (i11) extending validity period of LC as a result of delay in Delivery due to reasons for
which Seller can be held responsible and (iv) confirmation of LC by Dutch Bank, will be
borne by Seller.

Banking charges inside Russian Federation related to (i) opening of LC, (i1) payment out of
LC, (i11) extending period of LC as a result of delay in Delivery due to reasons for which
Buyer can be held responsible, will be borne by Buyer.

Warranty:

Warranty, Seller’s standard terms and Seller’s standard period:

The Equipment to be delivered hereunder is, provided that the full price (including deferred
payment and any notes or renewals or extensions) has been paid in cash, warranted to be free
of defects in design, workmanship and material for a period of twelve (12) months after EXW
delivery.

The warranty covers repair or replacement of defective parts with exception of parts that fail
due to use outside their specifications or due to negligence and those parts that are subject to
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Time of Delivery

6 - 9 Months after receipt by Seller of Buyer’s order and Letter of Credit with conditions
confirmatory to the conditions of the order, depending on final Equipment configuration and
workload at the time of order and subject to confirmation at the time of order and provided
that (1) suitable End-Use Certificate and End-User Statement and (i1) approval for export by
the Government of The Netherlands have been timely received by Seller and (i1) all payments
due at the time of delivery have been timely received by Seller..

In case of delay in Delivery for whatever reason, the L/C shall be extended without imposing
Seller liquidated damages and/or cost.

Buyer and Seller will keep each other updated on progress on both sides.

Force Majeure

Seller shall not be liable for delays in delivery or failure to manufacture or deliver, due to
causes beyond its reasonable control, such as acts of God, acts of Buyer, acts of civil or
military authority, priorities, fires, strikes, floods, epidemics, quarantine restrictions, war, riot,
delay in transportation, car shortages, and inability’s due to causes beyond Seller's reasonable
control to obtain necessary labor, materials or manufacturing facilities. In the event of any
such delay, the delivery date shall be extended for a period of time equal to the period of
delay and its consequences. Seller's liability for failure or delay in delivery, for any cause
whatsoever, whether beyond Seller's control or not, shall not include indirect, special or
consequential damages.

Custom clearance

Unless specifically ordered from Seller, custom clearance is not included and is to be
arranged and paid for by Buyer, including (pre) payment of any import duties and other local
taxes.

Opening of packing, report of damages and claims

Boxes are to be opened by Buyer only in presence of Seller’s installation engineer.

Claims for damages and/or missing parts will not be honored when boxes are opened without
Seller’s installation engineer being present.

Damages to boxes, if any, are (i) to be reported on the documents in proof of delivery at the
time of arrival and (i1) to be reported to Seller by e-mail/fax within five (5) days thereafter.
Boxes containing accelerator tubes are not to be opened within forty-eight (48) hours after
arrival, see elsewhere.
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In the event approval for export by the Government of The Netherlands is not received by
Seller within sixteen (16) weeks from Seller’s application, Seller has the right to extend the
time of delivery based on Seller’s order backlog at the moment of receipt by Seller of the
approval for export by the Government of The Netherlands.

Contract format and acceptance

In support of expeditious application for and decision about approval for export by the

Government of The Netherlands:

- The Contract, including all annexes, if any, referred to therein shall be in English or
in dual-language (Russian-English).

- The Contract shall clearly state the full name, street address, zip code, city,
province/state, country, web-site, phone number, fax number, if any and the name and job
title of the authorized representative of Buyer, intermediate Buyer(s), if any, Seller and
End-User as well as their obligations in the execution thereof.

Seller shall have accepted the Contract first when and after the Contract has been signed by

authorized representatives all parties referred to therein.

Packin

Packed in wooden boxes suitable for transportation by Air and air-suspended Truck and
indoor storage.

Accelerator tubes contain glass-to-metal bonding and are as such sensitive to temperature
changes and shocks. Accelerator tubes should be handled with extra care and kept at all times
in a temperature controlled ambient: Temperature to remain in between +10 and +35 °C and
not to vary more than 10 °C per hour. Let acclimatize 48 hours before opening the boxes.

Terms of Delivery

DAP (INCOTERMS 2020) Buyer’s site, Dubna, Moscow region, Russian Federation,
subject to the terms and conditions stated herein.

Mode of Transportation

Equipment will/is to be transported by Truck.

Freight forwarder

Seller is free to select the forwarder it deems best qualified.
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Entire understanding, modification and waiver

This Agreement is the entire understanding and agreement between Parties with respect to the
subject matter hereof, including extend of supply and specifications, and supersedes all prior
understandings and agreements relating hereto. No modification, alteration or amendment
shall be effective unless made in writing and signed by duly authorized representatives of
each Party. No waiver of any breach hereof shall be deemed or held to be a waiver of any
other or subsequent breach.

Applicable law and dispute resolution

The validity, construction and performance of this Agreement shall in all respects be
governed by and interpreted in accordance with the laws of The Netherlands. All disputes
which may arise during or from this Agreement shall be submitted for decision to a competent
court in The Netherlands, Seller reserves the right however, to bring any claim it may have
against Buyer before any other Court.

Validity

This quotation is valid for three (3) months after date.

Sincerely,

HIGH VOLTAGE ENGINEERING EUROPA B.V.

Henri van Oosterhout
Managing Director



lpunoxeHue 6

CmemHasi cmoumMocmb U ofucaHue OCHOBHbIX Meponpusmud, nnaHupyembiX K
8bIMO/IHEHUD 8 paMKax rpoekma MolOepHusauyuu yckopumens 3-5 u eeo
3KcriepuMeHmarnbHoU  UHpacmpykmypbl 8  pamkax memMbl  «MccriedogaHusi
g83aumodelicmeusi HelimpoHo8 ¢ sidpaMu U ceolicme HelimpoHa» C huHaHCUpPO8aHUEM 8
pamkax 6rooxema mekywezo 7-riemHe2o rnnaHa passumusi OUSN e 2021 - 202222 u 8
pamkax rpodrneHHoU mekyuwied unu Hoeol memebl o ¢husuke HelimpoHos 8 2023-202422.

B 0aHHOM npunoXxeHuu yKa3aHa OUEHOYHasi CcmoumMocmb OO0roHUMEbHbIX
Meporpusmul 8 paMkax rpoexkma mModepHuU3ayuu rnpu ycrosuu ezo rnpodrneHusi Ha 2023 —
202422. u Hanu4uu Heobxo0uMbIX pUHaHCO8bIX pecypcos (mabrn.5).

Tabnuua 5.

CmemHasi cmouMOCmMb OCHOBHbIX Mepornpusimull, niaHupyeMbiX K 6bINOJIHEHU 8

pamkax npoekma MolepHuslauuu yckopumens 3-5 u eeo asKkcriepumeHmarnsHou
UHGbpacmpykmypbl ¢ y4emom €20 rpoOsIeHUsI.

Atanbl / MeponpuAaTUN CtoumocCTb,
k$
1 PeMOHT nomeLleHnn yckoputens 100
2 3ameHa yckopuTenbHOM TpyOkM ¢ oennTenem u 471
NOHHBIM NCTOYHNKOM
3 ABTOMaTU3aLUNSA TEXHONOrMYECcKux cuctem 3Al-5 100
5 MopaepHusaumns Hay4Ho-UccnegoBaTeribCKON
NHpacTpykTypbl A-5:
5.1. MogepHu3aumns KoMmnsiekca MOHHO-ITy4EBbIX 29
CMNEeKTPOMETPOB.
5.2. YcTaHoBKa annmMncomMeTpuyeckoro Kommnsekca 35
6 MoHTaxx nabopaTtopum ons NoAroToOBKM 165
nccnegoBaTenbCckux 0bpasyos
Bcero 900

Obwasi cmoumocmb npoekma cocmasnsem 900 mbic. dornnapos u3 Komopbix 52%
cocmaerisiem cmouMocmb 3aMeHbl yckopumernbHol mpybku. OHa 6ydem ebinnadyeHa 8 2
amana. AsaHc 120 000 donnapos bydem ebirnadyeH 8 20212, ocmarbHasi Yacmb CyMMbl —
8 20222 8 pamkax 3aserneHHo20 rpoekma. 18% cymmbl nnaHupyemcsi nompamume Ha
co3daHue Hoeol nabopamopuu 0515 Mod20moeKU U uccriefo8aHusi KOMremMeHmapHbIMuU
memodamu rnopowkosbix obbekmos. Mo 100 000 donnapoes nnaHupyemcs rnompamums
Ha PemMOHmM pou3e0OCMBEHHbIX MoOMeweHUl u MolOepHu3ayur / asmomamu3auyuro
cepsucHoeo 0b6opydosaHusi yckopumernibHo20 komnnekca. [lpu smom $50 000 u3
$100 000 6ydem nompayeHo Ha npuobpemeHue mamepuarsnos, a ocmaswuecs $50 000 —
Ha ebinosiHeHue HWP o paspabomke 3MEeKMPOHHbIX CXeM U  [po2pamMMHO20
obecrieyeHusi. Ha pa3pabomKy HO8020 UOHHO-/Iy4e8020 CcrieKmpoMempa cunamu
Jlabopamopuu  nnaHupyemcsi nompamume 29 000 donnapos. Ha  3akynky
3/171UrNICOMEeMmPUYECKO20 KOMIJIEKca OmeYecmeeHHo20 rpou3goocmea [rraHupyemcs
ucriofib3o8amse cymmy, akgueasnieHmHyro 35 000 dornnapos.
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dopma Ne 26 (3 roga)

Mpeanaraembiii NnaH-rpacmk M Heo6xoanMbIE pecypcbl ANsi OCYLEeCTBEeHUS
npoekta MOJEPHW3ALIMA YCKOPUTENA 3r-5 N Er0 3KCMNEPMMEHTAJIBHOWU

NHOPACTPYKTYPbI
CtoumocT MpeanoxeHune
b nabopatopum no
H (TblC. pacnpegeneHuto
anMeHOBaHUs 3aTpaT, PeCypCcoB, UCTOYHMKOB nonn.). bUHAHCPOBAHMS
h1HaHCUMpoBaHMs MoTpe6Ho W pecypcoB
CTU B
pecypcax 1rog 2rog 3rog
_ OcHoBHbl€e y3nbl
= o6opynoBaHusi, paboTbl NO ero 556 471 50 35
g OBHOBIEHWIO, HAaNaaKe U1 T.M.
©
™
CTpOlflTeanTBo/peMOHT 265 100 165
NMOMELLEHWNI
MaTtepuansl 79 50 29
Pecypcbl
o — KOHCTPYKTOPCKOro 61opo 240
3 9 natopaTtopum, 240 HODMO-
2 T — OMbITHOrO NPON3BOACTBA HOpMO- qpac
S 3 2 |ouan, yac
Sg g — OMbITHOrO NpoM3BOACTBA
o5 2 1000
® ¢| T | nabopatopuw, 1000
I o HOpMO-
— yckopuTens, HOpMO- ac
— peakTopa, yac
- OBM.
QkcnnyaTauMoHHbIE pacxofbl
o
el 3aTtparbl 13 6rogxeTa, B TOM
<a b E P A ; 900 471 200 229
S5 %9 yucre MHBanTHbIE CPeacTBa
gog
3 ol o
5§
S99 ¢co Bknagb! konnabopaHToB.
o 35 CpefcTBa Mo rpaHTam.
38 3 Bknagbl CoHCOpoB.
& 8 CpepcTsa o oroBopam.
¢ [pyrne NcTouHnKM
T| (pMHaAHCUPOBAHUSA U T.A.

PYKOBOOWTESb NMPOEKTA
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Cmeta 3atpat no npoekty MOOEPHWN3ALUMNA YCKOPUTENA 3r-5 N ErO

SKCMEPUMEHTANBHOW NH®PACTPYKTYPbI

Ne | OnucaHue ctaTen pacxogos [MonHas 2021 2022 | 2023 2024
CTOMMOCTb
CtaTtbM pacxogoB
1 | MNpoekTupoBaHune k$
2 | CtpontenbcTBo / pEMOHT k$ 100 165
3 | MaTepuansl k$ 50 29
4 | ObopygoBaHue k$ 120 351 35
5 | Onnata HWP, BbinonHsiembix mno | k$ 50
Aorosopam
6 | KomaHanpoBoOYHbIE pacxoabl k$
Bcero k$ 120 351 200 229

PykoBoguTesnb npoekTa
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