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";JI 

I 

AKT)'llJlbHOCTb npo6neMi.1 

Ji!JOTOilbl WHpOKO npHMCHll!OTCll B cospeMCHHOU MC,ll,HUHHC. Cero.a:ttll 6onee 70% 

npoH3BO.UHMblX B MHpe CTa6HnbHblX H30TOilOB II 6onee 50% PR.llHOaKTHBHDIX 

HCilOJll>3YCTCll B MC.UHl:{HHC. Ji!IITepec MC,ll,HKOB K H30TOil8M o6'bJ!CHllCTCJI Bb!COKOU 

31fllfleKTHBHOC1'b!O HX npHMCHCHllJI II B ,ll,HafHOCTllKC II B TepanHll. Ji!MCHHO .llJIJ! 

.UHafHOCTll'ICCKHX neneu HCilOJlb3YCTCll cerO.UHll OKOl10 98% H30TOilOB, IlOCTYilaIOII{HX B 

MC,ll,Hl\HHCKHU CCKTOp. Pa.ullOffYKJIH.llbl npHMCHJIIOTCll B ,1lHafHOCTHKC H ne'ICHHH 

pa3JJH'IHblX 3a6oJJeBaHHU 'ICJIOBeKa, my'ICHHH TCXHOJIOfH'ICCKllX, $H3HKO-XHMll'ICCKHX, 

6HOl10fl!'leCKHX npo11eccoB II Il03BOl1ll!OT my'laTb nepeMell{eHHe BCII{CCTBa B 

npocTpaHCTBe 11 so speMeH11 Ha 1110600 CTR.llHH 11ccne.uyeMoro nponecca. 

I1p0113BO.UCTBO Me;\Hl\llHCKHX pa,U,HOH30TOilOB JIBl1lleTCll aKryaJJbHOU 38.lla'leU TaIOKe 

.llJ!ll pecny6n11K11 ApMeHHll. HecMOTpll Ha HaJJll'IHe 3.uec1> ATOMHou 3J1eKTpocTaH111111 

npomso;icTBO pa.unomownos Ha ee 6aJe BPll.ll Jiii B 6JJlllKaliwee BpeMJ! B03MOlKHO, B 

'lacTHocm H3-3a TpY.UHOCTeU TeXHll'ICCKoro xapaKTepa: peaKTOp AA3C llBJJlleTcll 

KopnycHMM peaKTopoM mna BB3P, r,1le peanmau,llll pa.uHal:{HOHHblX TCXHOJIOfHU, KaK 

61.rno OTMeqeHO BblWC, orpaHH'ICHa yCJIOBllJIMll 3KCnnyaTallHll peaKTopa. c ;ipyrou 

cTopoHM B ApMeHllH ylKe .uecl!TKH neT cyll{eCTByCT H pa3B11saeTcJ1 ycKopHTenI>HM 

$H3HKa II TCXHllKa. B YCJIOBllllX npo6JJeM 3KcnnyaTRl\Hll ycKop11TeJ1eU BDICOKHX 3Heprnu 

H c MaJJMM TOKOM (mna EpeaaHcKoro Kon1>neaoro c11HXpotpoHa APYC) np1106peTaIOT 

aKryan1>HOCT1> pmpa6oTKa, CTpOHTeJ11>cTBo H 3KcnnyaTal\Hll ycKopHTeneu MaJJLIX 3Heprnu 

.llJ!ll np11KJ1a.UHDIX neneu. I1MeHHO TaKOU nen1>10 llBllllCTCJI 38.lla'la npoITTBOACTBa 

pa.u1101130Tonos Ha l:{HKJIOTpoHe C 18. 

B HaCTOJIII{ee BpeMll Ha IlllOII{a.UKe no COCC.UCTBY c Ep<l>I1 C03AaH U:eIITp no 

npoH3BO;\CTBY H30TOilOB, B KOTOpOM KJIIOqeBbIM JIBlll!CTCll HaJJll'!He l.lllKJIOTpoHa Cl8 

npo113BO.UCTBa 6en1>rnlicKoil lfl11pM1>1 IBA (Ion Beam Application) Ha 3Heprn10 18 M3B. 

3anJiaH11pOBaHO IlOJJy'leHHC Ha ny'IKC npOTOHOB 3Toro UllKJIOTpOHa O.UHOfO 113 caMLIX 

soCTpe6osaHHLIX 113oTonos 
18F .llJlll II3T (ITo3HTpOHHM 3M11cc110HHM ToMorpalflllll). 

I1p11 3TOM .llJ!ll COTpY.UHHKOB Ep<l>Jil HMCCTCll B03MOlKHOCTb HCilOJlb30BaHllll BblBC.UeHHOro 

Il}"!Ka npOTOHOB B cnel:{HaJJLHO .llJlll 3TO:I! 11en11 IlOCTpOCHHDiit 3KCnep11MelITaJJLHblU 3aJJ 

KaK .llJ!ll lflYH.UaMCHTaJJbHDIX npllKJIR.llHblX llCCJICAOBaHllil, TaK II .llJ!ll llCCJJe.UOBaHllll 

B03MOlKHOCTll IlOny'ICHHJI ilPYfHX H30TOilOB, B 'laCTHOCTH 
99

MTc, .llJ!ll KOTOpDIX He llMeeTCJI 

pa3pa60TllHHOU II BHe;ipeHHOU 3aBO.UCKOU TeXHOllOfHH. 

IJ;eni. H 3R.lla'lll HCCJJel.(OBSHllH 

):(nll ocyll{eCTBJICHllJI BbllllCYKaJaHHOU Bblllle 3a,a:a'lll nony'leHllJI .upyrHX 1130TOilOB 

IlOMllMO TCXHOJIOfH'ICCKH 3annaH11pOB8HHOro npOH3801.(CTBa H30TOila 
18F, a TaIOKe 

HCCJIC;\OBaHllJI cnoco60B OilTllMll38l\llll npOH3B0,1lCTBa H30TOila 
99

MTc H ;ipyrHx H30TOilOB 

6111111 onpe.a:eneHLI cne,1ly1011{11e 11en11: 

• pa3pa6oTKa II BHe.upeHllC TeXHOl10fllll 113fOTOBJICHHll MllWeHeU, np11cnoco6neHHLIX 

.llJ!ll 06ny11eHllJI no.u BblCOKOHHTCHCllBHDIM ny'IKOM npOTOHOB; 
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• pemeH11e BonpocoB o6ecne'leHHll MexaHll'!ecKoli npo'IHocm nopomKoBLIX MHllleHeli, 

o6ecne'!eHHll 3<jJ<jJeKT11BHoro OTBon;a Tenna, BLILJ;eJJllJOmerocll B TeJJe MHllleHH npH 

o6nyqeHHH; 

• pac'!eT H MOJleJJHpOBaHHe npoueccoB BLI,neJJeHHll TenJJa B MlfllleHH H OTBOJla Tenna 

npH pa3JJH'IHLIX pe)l(HMax o6JJyqeHHll H pa3JJH'IHLIX npo<jJHJlllX npoTOHHoro nyqKa; 

• cm,naH11e c11cTeMLI npeUHJllOHHoro 113MepeHHll nonepe•moro npo<jJ11nll npoTOHHoro 

nyqKa; 
• propa6oTKa II C03JlaHHe CllCTeMLI KOHTpOJJll pan;llOXllMll'leCKOH q11cTOTLI 

nonyqeHHoro nepTexHeTarn; 

• propa6oTKa H cm,naHHe CHCTeMLI BOCCTaHOBJJeHHll ,noporOCTOlll!lero o6orameHHOfO 
100Mo LIJ!ll MHOroKpaTHOro HCilOJIL30BaHHll B KaqecTBe MHllleHH. 

Pe3yJILTaTLI npose,neHHLIX HCCJJe,nosaHllli II propa6oTOK 6yn;yT llCilOJ!h3088Hhl Jl,1111 

C03JlaHllll IlOJJHOfO KOMnJJeKca TeXHOJ!OfllqecKoro 06opy,nosa111111 II TCXHOJIOrHU. 

Il03BOJ1lllOl.llllX npOBOLlllTL 3<jujleKTllBHOe 06nyqen11c MHlllCHCf.I Ha nyqKc npOTOllOR Jilin 

noJJytlCHllll KOllC'lllOfO npo.nyKTa B BllJlC nepTCXllCTaTa 99MTc. 

llny<lllRR HOBHJllR II npRKTH'leCKRR UCllllOCTb pnllOTLI 

Hayq110-TeXH11qecKall HOBH3Ha pa60Tbl 33KJIJOqaeTCll B C03,naHllll HOBhlX TCXllUJIOl'llll, 

HC06XOJlllMLIX LIJ!ll npoBe,neHHll pa6oT no noJJyqCHlllO 99MTc Ha npoTOllllOM 11y•1Kc 

UHKJIOTpOHa. HeKOTOpLie H3 3TllX TeXHOJJOfllH - HanpHMCp mncpllWI nllp11lltn1cn 

nosepXHOCTll nopOlllKOBOH MHlllCHll LIJ!ll IlOBhllllCHllll MexaH11qecKof.I 11pn1111ucrn 11 
TennonpOBOJlHOCTH, pacqeT TCilJJOBOH Harpy3Kll Ha MllllleHb MCTO/lllM KllllC'llllolX 

3J1eMCHTOB H T.Jl. - llBJllllOTCll a6COJ1IOTHOH HOBll3HOli B TeXHOJJOfllll ycKopllTCJllolllolX 

MeTO,nOB nonyqeHllll 1130TOilOB. TaK)l(e KOMilJJeKCHaJI TeXHOJJOfllll RllCCTlllfllftllCllllll 

Mllll!eHHOro MOJIH6,neHa HX pacTBopeHHOro COCTOllHHll .no nopOlllKOllOl'll MClllJIJlll 

llBJJlleTCll HOBOH B ,naHHOH o6JJaCTH. flpHMeHeHllC MeTo,na a116p11pyK1111ctt cTpym.1 llJIM 

113MepeHllll nonepeqHoro npo<jJ11JIJ1 npoTOHHoro H oco6e11Ho 11cf.!Tpm111oro 11yim11 

llBJ!JleTCll HOBLIM HepropymaJOl.llHM MeTOJlOM TaKoro MOHllTOpllHra. 
IlpaKTll'leCKaJI UCHHOCTb pa60TLI 3aKJIJO'laCTCll II C01Jl0llllll llCllllllll'O 

TexHonorn'lecKoro umma LIJ!ll 11011y11c11H11 '1''MTc 110 np0To1111blx 11y11K11x. Bee 
onHCblBaCMble B .nmmoll pa6oTC TCXllOJIOfllll II CO'l/lOllllblC 1111 HX OCllllllC ycTpof.ICTRll It 

np116ophl onpotlonnm.1 II fl0Ka111Jlll llOJlllOC COClllTRCTCTRllC nnpRMCTpnn TCXllH'ICCKllM 
Tpctlona111111M. 

• 

• 
• 
• 

• 

Oc11on11t.1e 1n11111111neMb1c 110Jmmeirnn: 
TcxuoJ1orn11 11·11·0ToH1rc1111R 11 ;ia·icpnof.I o6pa6oTKH MHmeHH HJ nopomKa 

MllJlllO/lCllU; 
TCXllOllOl'llll KpHoreHHOfO OXJ18)1(JleHHJI MllllleH11; 
Pac•1cT II MO)leJJ11poeaH11e TenJJOBOH Harpy3Kll Ha MHllleH11; 
Tex11onornR Hepropywa101.11ero KOHTpoJIJI npo<jJ11JIJ1 npoTOHHoro nyqKa c 
noMOJ.UIO ,naT'lllKa Ha s116pHpYJ01.11eii cTpyHe; 
Mo.nm)>11Kauu11 .nan11Ka Ha 6roe a116p11pYJOmeli cTpyH1>1; 
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• KoMnJieKC JJ.J]JI BOCCTaHOBJJeHHll MeTaJJJIH'l'leCKOro Mo TIOCJJe o6nyqeHHll 113 

pacTBopeHHOH B 1.11eJJO'IHOM pacTBopa MllllleHH nocne 3KCTpaKUHH 
Hapa6oTaHHoro H30TOna 99mrc; 

• C11CTeML1 KOHTpOJJll pa.1111ox11M11'1ecKoii 'IHCTOTLI noJJyqeHHoro nepTexHeTaTa. 

Anpo6auua pa6oTbI u ny6JJ11Kauuu. OcHOBHLie pe3yJJLTaTLI L1HCcepTau1mHHoii 
pa6oTLI ,noKJiallLIBaJJllCL Ha Hay'IHLIX ceM11Hapax HaUHOHaJILHoii HayqHoli Jla6opamp11u 
HM. A.AJJllXaHllHa (Ep<l>li), a T3K)l(e 6LIJIH ilOJJO)l(eHLI Ha Me)l()lyHapOilHLIX KOH<jJepeHUIDIX 
11 ceM11Hapax: 

"Fifteenth International Symposium on Capture Gamma-Ray Spectroscopy 
and Related Topics (CGS15)", Dresden, August 25-29, 2014 
Me)l(.nyHapo.nHall HayqHo-npaKT11qecK8ll KOH<jJepeHUllll «AKTY AJibHb!E 
ITPOEJIEMbI PA3PAEOTKii, ITPOli3BO,[{CTBA YI ITPYIMEHEHIDI 
P A,[{liO<l>APMAU;EBTilqECKHX ITPEITAPATOB» PA,!J;HO!l>APMA-2015, 
17 -19 HIOHH 2015 ro.lla, MocKBa 
Final Research Co-ordination Meeting under the CRP on "Accelerator-based 
Alternatives to Non-HEU Production ofMo-99/Tc-99m" held under 
International Atomic Energy Agency (IAEA), June 22-26, 2015 
Russian Particle Accelerator Conferences (2008; Zvenigorod, Russia) 

flo TeMe .nuccepTauHH ony6JJHKoeaHo 8 pa6oT B )l(ypHanax Review of Scientific 
Instruments, Nuclear Instruments and Methods in Physics Research A., European 
Physical Journal, International Journal of Engineering Science and Innovative 
Technology, Physical Review Special Topics - Accelerators and Beams, 11 lf3secrnJ1 
HAH ApMemm, <l>H3HKa. 

061.eM H CTPYKTYPa llHCCepTauuu: 
,[{11ccepTaUHJ1 cocTOHT H3 eueaeHllll, qen1pex mas 11 3aKJJJO'leHHll, con;ep)l(HT 122 

CTpaHllU neqarnoro TeKCTa, BKJJJOqall 54 PHCYffKOB, 13 Ta6JJllU II CilllCOK JJHTeparypLl H3 
79 HaHMeHOBaHllH. 

KpaTKoe co.nepmaHne .nuccepTaUHH 
Bee,neH11e co.neplKHT 06ocH0BaH11e aKTYaJILHOCTll no11y'!eHHJ1 113omna 99mrc 

ycKop11reJILHyM11 Mem,naM11. flp11sen;eHLI CTPYKTYPa 11 ocHOBHLie noJJo)l(eH11J1 
.n11ccepTaUHll. ITpnsen;eHLI uen11 pa60Tbl JlJ!ll C03ilaHHJI IlOJJHOro KOMnJJeKca 
TeXHOJJornqecKoro o6opyn;oBaHHll II TeXHOJJOfllH, Il03BOJ1JllOIUllX npOBOJlHTL 
::i<jJ<jJeKTHBHOe 06nyqe1111e MllWeHeli Ha nyqKe npoTOHOB ilJIJI nony'leHl!ll KOHe'IHOro 
npo.nyKTa B BHlle nepHTeXHeTaTa 99mTc. 

B nepBolt rnaee np11ee,neH o63op npHMeHeHlll! pan;HOH30TOilOB B COBpeMeHHOH 

MeJlHUHeH II OTMe'!eHa aKTYaJILHOCTL npOH380ilCTBa pa,D,HOll30TOTIOB B ApMeHHll. 

ITp11uen;eH o63op Mem.noe 11 TexHonornii npoll3eo,ncTBa HJOTonoB c noMOl.llLIO 

ll,nepHLIX peaKTopos, JJieKTpOHHLIX 11 npoTOHHLIX ycKop11Te11eii, nposeaeHo !IX 

cpasHeH11e. OTMe'!e110, '!TO B ycJJOBllJIX ApMeHllH Ha116onee np11B11eKaTeJJLHLIM JIBJIJIJOTCll 

YCKOpHTeJILHLie MeTOJlhl npOH3BO)(CTBa 1130TOTIOB, np11qeM O'leHL nepcneKTllBHLIM MOlKeT 

CTaTb npOH3BOJlCTBO TexHeUl!ll, KaK caMoro BOCTpe60BaHHOro Ha cero,nHllWHHli ,neHL 
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pa;J.11011J0Tona. I1o.11po6110 on11ca11a HJBeCTHIDI Ha cero,1:1HJ1 Tex11onorm1 npo113so.ncTBa 

Tex11eum1 c noMoIUblO ycKopl!Teneit 
OrMe'leHo, 'ITO o.n1111M 113 BOJMOlKHMX nyTeit nony'leHllJI 

99
mrc JIBJJJieTcJI 

clioroJI.11epHID1 peaKUllJI .llnJI nony'leHllJI MaTep11HcKoro morona 99Mo, np11 KOTopoit 
100

Mo 

o6nyqaeTCJI llHTCHCllBHLIM ciiOTOHHLIM nyqKOM no cne.11yromeit cxeMe: 

y+ 100Mo~99Mo+n Tiopor =9.1 MeV 

-1-
Tl/2 - 67 qacos ~99mTc (Tl/2 -6 qacoB) 

Tiopor .11a1111oit peaKu1111 - 9 .1 M:iB. CxeMa pacna,1:1a 99Mo mo6paJKeHa Ha Pnc. I. 

1.357 _...;.4:..:2:...:Mc::.o.:::....:;9.=.9...,(;:;.;:65;...;;9;.;..76;;..;tt"""J--.,,..----

0921--r---......... -
I' 1.214 MoV• 

y740keV 
12.3% 

! 82.2%-. 

ly 778 keV 
·4.30% 

0.181--'""....,... .. ,, 
0141--i..... 

y 181 keV ly 141 keV 
6.14% 89% 

o.o 43 Tc 99 12.110'1> 

Pnc. I CxeMa pacna11u 'J'JMn. 

00 

PaccMoTPeHLI 3Kcnep11McHTa.rrLHL1e palinTM wrn H1Y'IClllOI HO'IMOlKHOCTM 

npomso.ncTBa 11J0Tona 99mrc .llBllllLJM MCTll.llOM 1111 111111cn110M 111111<cKrnpc LUESO 
ycKop11Tem1 APYC. <l>oTOHHL1n ny'lcK noJJY'IDJicH 11 pc·1yJ1t.TUTC TOJ1M0'11mrn mnyqe1111JI 

:meKTpOHOB 8 TDllTWlOBOM KOllRCJ1TOJ1C. 1KCllCJ11fMCIJ'IUJllollllfl ycTllJlllllKll II.Jill llOJJY'leHHJI 
99Mo 11306pro1cc11n 11a P11c. 2. 

OTMc•1c1m, •1Tn ll'lllTOJJ ''''mTc TnK>J<c MmJccT Cii.r11. 11c11ocpcJlCTnc11110 11pomec.ne11 Ha 

ll11KJlllTJ1011C MllTllllllM CinMCinp1u1pnnKn 1""Mn llflllTllllllJ.IM llY11KllM 8 peaKUHH 
11111Mn(p,2n)'1'1111Tc. <lJUlllM H'I J'JlllllllhlX llJlCllMYlllCCTll llJlflMOro nony'ICllHH Wmrc np11 

llCllOJll .. IOlllUlllll lllllCJlll l'JlllllllR, llllJIHlllTCll (ic·rnpcn1111cTh JVIR OKpylKalOIUef:! cpe.nLI II 6onee 

11pncn111 y1111111·111111111 nTxo;1011 1111 cpnn11c11mo c peaKTOpHLIM MeTO.llOM nonyqeHMJI. 

I lccMnTpH cp1111111ncm.110 11clinJ1J.111oro nepMO.lla nonypacna.11a 6.02 '!aca, npJIMoe 

llflllll'IHO/lCTnll c llllJlhlllllM ycncxoM MOl!CeT 6b1Tb HCllOJlL30BaHO .llnJI MCCTHOro 

11p11Mcnc1111H n npcncnax ApMe1111n 11 6n11lKaitwero perno11a. 
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P11e. 2 3Kcnep11MeHTaJJLHaJI ycTaHOBKa ,[IJUI noJI)"leHl!JI 99Mo Ha 

mIHeiffioM HH)l(eKTope LUESO ycKopwreni.H APYC: 1 - llIDIBHJlP <Papa,!lex 

.llJ1JI 113MepeHH51 HHTeHCllBHOCTH IIy"IKa, 2 - MHIIICHHLm MO,LlyJIL, 3 -
.'IlOMHHHciiop!Ihltt '.lKpaH .rtJHI TB KOHTpOJIJI npoqmnH Dy'!Ka, 4 -

ycTpol!:CTBO )l;HCTaH!lHOHHOro nepeMemeHIDI MHITieHHoro MOT.l)'IDI. 

Ce"!eHl!e pealalHl'I 100~fo(p,2n)99mTc H3o6pallCeHo ua P11c. 3. 

1000,.--~~~~~~~~~~~~--.~~ 
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' . . 
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'· ........ - - ...... _ 

10 15 20 25 30 35 
Proton Energy (MeV) 

P11c. 3 Ce'!eHHe peaK!lHll 100Mo(p,2n)99mTc. 

40 

HcxoAJI H3 npHse,1:1eHHoro a11anH3a c.neJIUH Bhmo,1:1, '!To Ha116onee omHMUJihlf.bIM 

j!]!JlJICTCJI l'ICIIOJ11,3osa11He rrpoTOHHLIX IIy"IKOB c 3Hepraeli 12-22 M3B. .ll:a!!Hhle 
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rrapaMe'rpb! BIIOJIHe OOOTBecTB}"lOT napnMerpaM nmrJIOTpOHa c 18, KOTOpb!ll: m1annpyercH 

BBCCTH B crpoll: B 6JJ:nlll:amnee BpeMJI roUI IIpOH3BO,I{CTBa H30TOIIa 
18F ,!IJijJ I13T. OrMe<JeHo, 

'ITO ,I{OIIOJIHIITeJil.Hoe IIpOH3BO,I{CTBO TeXHeI(Hll cym;ecTBeHHO pacnmpwr B03MOllCHOCTH 

HCIIOJib30Bamrn COBpe.MeHHI.JX MeTO,I{OB H,!lCpHOli: MC.QllWfllbI. 

Bo BTopoii r.11aBe .QHccepranim orrncana pB.'lpa6orxa TeXHonornn H3roTOBJieHHH n 

o6J!)"iemlll MHIIleHeli mra nonyqerurn 99mTc na l\HXJiorpone C18. Pa3pa6oraHa H 

BHe):lpeHa TeXH0110fllil H3roTOB11eHID! TBep):IOTeJil>HOll: MHlllCHH H3 nopoIIIKa MOJIH6,I{eHa -

c ,[(aJibHelhrleli 11a3epHoll: o6pa6oTKOit llOBepXHOCTH MHIJICHH, 'ITO IIpHBeJio K 

3Ha<JHTeJibHOMY ysenif'leHHIO MCXUHH<Jecmlt IIpO<JHOCTH H TeIIJlollpOBO,I{HOCTH MHIIlCHH. 

~ H3roTOB11CHHH TBep):(bIX ,I{HCKOB H3 rropomKa MOJIH6,!leHa )l!HI o6nyqeH.IUI 61.IJI 

rrpHMeHeH CTa~apTHbrll: MeTO):I npecCOBKH rropoII1K3 npeccoM c ClfJIO!i npnMepHO 40000 

N, pa3pa60Talibl H H3fOTOB11CHbI COOTBeTCTByrom;ne MaTpHL\bI H nyacoHbl. 

~ yne1!H'1eHIDI MeXaHH<JecKoii npo<JHOCTH 6bI11 pa3pa6oTaH MeTO,!I 11a1epHoii 

o6pa6oTKH IIOBepXHOCTH ra6neTKH. EbI11 HCII011b30BUH 111l3ep co CJicJzyKllllHMH 

napaMe'fpllMH: ,!UIHHa BOJIHbI- 1.6 MKM, 3HeprIDI HMnyJIJ>Ca - 250 M,ll;lll'., <JRCTOTa 

IlOBTOpeHHll inmym>coB- 40 ru;, ,!1.11JITem .. HOCTb HMIIY11bCB - 200 MKCeK. 

EIJ.llo H3fOTOB11CHO CIICL\HaJibHOe ycrpol:l:cTBO ,!l1111 IIOBepXHOCTHOlt o6pa6oTKH 

ra611eTOK (cM. PHc. 4). Jla3epHi:.Itl: nyq npoxo,!IH11 qepe3 ny'iKOBl>Ilt pacu111pwren1> H t1anee 

cp0Kycnp0Ba11c11 JIHH3oli c cpOJCYCHblM paccrommeM F = 150 MM. }lHnMc'l'p ceeroeoro 

rnrrna BapLHpOBaJICll B ,[llla!lB.'lOHe 150-300 MICM. 

·at9~ ~'.f.~~~M - 4-t" , .. 

P11c. 4 YcTpottcTBo aBToMaTH'iecrcoli o6pa6oTKH MOJIH6AeHoBLIX 

MHlllc:Helt na3epoM: cnesa - TBep):(oTeJlbHblil 11a1ep: 1 - na3ep, 2 -

pacump1ITe11h TIY'l:Ka; cnpaBa - 2-x Koop.uHHaTHl>Ilt cron c y.ItaJieHHLIM 

KO).ffiblOTepHLIM ynpaBJ!eHHeM. 

TipH ,11a1rnoM MC:TO,!le o6pa60TICH MOJIH6)leHOBL!li. nopomoK Il118BlITCll B CJIC,!le 11asepa, 

C03,[(8B8.ll IIOJIOCY TBep,11oro MOJIHD)leHa mnpHHOll: HCCICOJlbKHX COTCH MHICpOMCTpOB. 

lho6palKeHHll ra6JICTICH nocne o6pa6oTKe IIOKB.'laHl>I Ha PHc. 5. 
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(a) (b) (c) 
PHc. 5 MonH6,11eHosasr ra611errca, o6pa6oTaHHasr 11a3epHLIM nyqrcoM 

npH pa3HLIX yBe1111'l:eHIDJX: (a) 06m11l!: rum, (b) yBenlf'!eHHe B 20 pa3, (c) 

yeeJilf'!eHHe B 42 pa3a. 

bLIJIH mroTOB11CHbI ,[(HCICH-IlO,!l110lKKH H3 1'HTaHa H B ero MHIIleHHOM ymy611eHHH 

6bI11 3aI!peccoBaH MeJIKO,!lHCnepcHLitt nopomorc npnpO,[(HOfO MOJIH6):1eHa. I1oBepXHOCTH 

61>1JIH no,11seprnyra Jia3epHoli: o6pa6orn::e no BbllllenpID!e,[(eHHOH TeXHoJiorHH. 

Pnc. 6 MmneHHl>Ilt ,[(HCIC c 3anpeccoBllHHLIM MOJIH6)leHoM rrocne 

Jia1epHoll: o6pa6oTKH (cireBa), c 40-KpaTHLIM yBeJIH<JeHHeM (cnpasa). 

TipHBe,!leHO TeopeTH'ICCKOe o6oCHOBarm:e B03MOlll:HOCTH KpHoreHHOro OXJialIC,!leHHll 

TBep):IOTeJlhHOH MHIIIC:Hlil IIplil o6Jiyqemrn ny'iKOM IIpOTOHOB l\IOOIOTpoHa C18. TipoBe)leH 

pacqer MC1'0,!IOM KOHC:'iHbIX 3JIC:MCHTOB TeilJIOBOii Harpy3KH Ha MHIIIC:HH npH pa..~JIH'iHLIX 

npocpmrnx nyqrca Ha IIOBC:pXHOCTH MH!IleHH, BLI6paHLI OllTll.MaJILHhie napaMeTpb! npo<jlmrn 

nyqrca. 

I1poH3Be,[(eH pac'l:eT WI.SI pa3HLIX BeJIR'iHH cpe,IlHeICBa,11paTH<JeCKOro OTKJIOHeHHsr 

rayccoscICoro pacnpe,11eneHH11 ~·qKa IJHKJIOTpoHa, MaTepHana MHIIIeHHoro W!CKa H 

pe)J(HMa OXJialK',l\eHHll MHIIIeHH. ~ KBlIC,!\OfO CJIY'iM Hail):leH TOK ny'l:Ka, IJPH KOTopoM 

MaKCHManLHasr reMneparypa MHIIIeHH He npee1>1maer 600°C (TeMneparypa npH Koropott 

MeTaJIJIH'iecKHif MOJIH6,neH Ha'iHHaeT OKHC1111TLC»). I1pHMepb! pelliemra llOC1'aB11eHoif 

3~a'l1il ,!11111 MHIJieHHoro ,!lliICICa lil3 TlITaHa B cnyqae TLIJIOBoro OXJialK,[(CHHll lICH,[(ICHM 

a3oToM npH pa31111."Ull>IX pacnpe,11eneHHl!: ny'l:Ka np1:1sei:1eHLI Ha PHc. 7. 
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a) b) c) 

~ 
TeMneparypa, K 

"'°'······--· ... 
17 •• 254.07 uo.139 607 .409 78•.o78 

165.735 342.(04 519.074 695.743 !72.413 

PHc. 7 Pacnpe,ne11eHHll. TeMllepaTyp B MHmennoM ,!:IHCKe H3 nrrana B ci1yqae 

Tlill!OBOro OXJialK,!{eHIDI. llCH,llICHM a30TOM: a) npH cpe,nHeKBa.npaTH'leCKOM OTK1IOHemrn 

rayccoBcKoro pacnpe,nen:enIDI nyqKa cr- 3 MM H TOKe nyqxa- 16.4 µA, b) npH 

cpeJ'.IHeKBa,npaTlf'!ecKOM OTK1IOHCIIHH rayccoBCKOro pacnpe,neJieHH.9. II}"iKa (l' - 4 MM H 

TOKe ny•ua - 25.2 µA c) rrpH cpe,nHeKna,npaT1111ecKoM OTK1IoHeHHH rayccoBcKoro 

pacnpe,neJieHIDI nyq:Ka O'- 5 MM H TOKe ny11Ka - 36.2 µA. 

Pe3y.r1LTaThl pac11eroB MaKCHMWILHo ,nonyCTHMLIX H 3tPlj>eKTHBHMX TOKOB rrpH 

KOTopLIX Te:i.meparypa IIOBepXHOCTH He rrpeBLI!IlaeT 600 °C B 38BHCHMOCTH OT 

pacrrpe.neJieHHH ny11Ka, MaTepHana MHllieHHoro AHCKll H MeTO,!{a OKJialll',!leHIDI. IIpHBe,!{CHLI 

B Ta6n. 1. 

Ta6n. 1 Pe'3}'JILTaTLI pac'leToB B 3aBHCHMOCTH oT pacrrpe.neneHH.11 ny11Ka, 

MaTepHana MHIIIeHHoro ,nHcKa H Mero.na oXJiallCJleIIIDI.. 

Bxo.nnLie napaMeTDLI I1onv11eHHL1e naoaMeTDLI 

G, MaTepHWI Mero11 MaKC. 31jiclJcKTHB- 31jiljieKTHB· MllKc. 
mm MHlll.l\HCKa OXJla)l(A. TOK noon ny•nca. HLiitTOK, µA TcMncpa-

nyqKa, % rypu 
µA MlllIJeHlt, 

"K 
3 Ti Bo.na 11.6 90.5 10.5 873 
4 Ti Bo.na 18 73.8 13.3 875 
5 Ti Bo.na 26 59.5 15.5 875 
3 Ni Bon;a 27 90.5 24.4 876 
4 Ni Bona 44.l 73.8 32.5 874 
5 Ni Bon; a 66 59.5 39.3 874 
3 Ti A3oT 16.4 90.5 14.8 873 
4 Ti A30T 25.2 73.8 18.6 873 
5 Ti A30T 36.2 59.5 21.S 872 
3 Ni A30T 32.8 90.5 29.7 872 
4 Ni A30T 53.3 73.8 39.3 874 
5 Ni A30T 79.l 59.5 47.l 873 

Pa3pa6orana TexnonorIDI 1qmoreHHoro oxnal!C,!l;eHH.11 M.HmenH, 1110 II03BOJ!HT 

3H8'1H'feJIJ,HO YBeJlll'IH'fL HlffCHCHBHOCTL ny11Ka rrpH 06ny11eHJm H, COOTBCTCTBeHlIO, 

3tjltjleKrHBHOCTH rrapu6oTKH 1norona. Bi,ma pa3pa6oTaHa H H3IUTOBJieHa 
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COOTBeTCTB}IJOIIVlH 3R:CIIepHMeHTaJILHaH }'CTaHOBKa. B ICa'leCTBe HMHTaTOpa HarpeBa OT 

ny'IKa CJIYllCHJI TBep,llOTeJIJ,Hhll!: na1ep c JJ;JIHHol!: BOJIHLI 1.06 MHll."POH Pl MaKCHMaJILHOl!: 

MOlltHOCTLIO Il)"'!Ka 50 BT. ITy110K 3Toro ml3epa 6LIJI HarrpaaneH Ha JIHI{eBy10 rroaepxHoCTL 

MBmeaa H3 3arrpeccoBanaoro Merannli'IecKoro MOJIH6n;ena (cM. Puc. 8). Te~mepaTypa 
IIOBepXHOCTH Ml111ICHH Fl3Mep&JiaCL rorcTaHJ:{HOHHJ,IM HH$paxpacHLIM TepMOMeTpOM -

IIHpOMCTpOM. 

ITpoBe](eHillJ.l!: ICa'leCTBCHHbrli 3KcrrepHMeHT IIOKa3aJI npHHD;HIIHaJihH}'IO 

B03MOllCHOCTL :qmoreHHoro oxnallC,!{eHHH MHlliCHH rrpH o6ny'leHHH ny'IKOM IlpOTOHOB OT 

QHK!IOTpoHa c 18 . 
I1poBe.n:eHHLie HCJICIJ;OB8HHH IIOKa3aJIH TaR:l!Ce air.ryanLHOCTJ, 38,!{8'1H cornaCOBaHIDI. 

naptt:MeTpoB MHllleHH c pacrrpeneneHHeM rrpoTO!llloro rry'lKa. TaICoe cornacoBaHne Mol!CeT 

II03BOJIHT npHMeIDITJ, 60JILIIIHe 3Ha'leHHH TOKI\ IIY'IKU, 'ITO IJ;UCT Gonee 3cptiieICTHBHLil!: 

BLIXOJJ; H30TOIIOB. 

Pnc. 8 CncTeMa na3epuoro narpeBa MHmeHH H rcp11orenaoro 

oxnallC,!{eHHH B ,1:1eltcTBHH. 

TpeTL'.II rmma AHCcep1aQHH noCBfililena H3Meperrmo rrorrepe'IHLIX rrpoqmnelt 

3JieIITpOHHEJX, IIpOTOHHLIX H HeiITpoHHhl.'( ll)''llCOB. 3a.ua11a, KaK IIOIQ\3aHO B npe,!lbl,!IJ!Ilelt 

mane, 8Kl'}'lll!LHa .IWH IlOBLilHeHHH 3tPtPCICTHBHOCTll IIp0113BO.JlCTB3 pll):(llOH301'0IIOB Ha 

06.Jiy'IaeMLlX c IIOMQI!l},IO TaKHX ny'IKOB MHmeaetl:. B Ka'leCTBe MCTO,!{OB CKaHHpOBaHIDI 

ny'IKOB rrpe,1l;limKeHo npHMemrri, TexaonorHIO pa3pa6oTaHHLix B HHJIA ,llaT'IHKOB 

BK6p1Ip}10II(elt CTpyHLI, o6nan;aromm: 6ecnpeqe,lleHTHOit TO'IHOCTLIO H 60JIJ,UIHM 

Allll:!IMJl'leCKKM ,[11ilal1a30HOM. IlpHHI{HII ,'(eii:CTBHH ,11aHHLIX ,!{aT'IHKOB 3aK1IIO'laeTC.9. B 

HCIIOJIJ,30BaIDlll npll CKaHHpOBaHHH ll}'"'IICa BH6pHpyromell: CTpym1, 'laCTOTa Kone6aHHl!: 

KOTOpoii: orrpen;eIDieTCH HlffeHCHBHOCTJ,IO nyqKa. l13MeHeHHe "18CTOTLI o6ycnaamrnaeTCH 

1'1'3MeHCHHeM TCMIIepaTypi,1 CTPYHLI H COOTBCTl,"rBYIOillHM H3Mt:HeHHeM HUTHl!Ct:HHH 

CTPYHM. 

Pa3HLie MO,!l;KcpHKW(HH IJ:UHHoro .!lUT'IHKll no1aonmoT npoBOJ.JJITL H3Mept:IIIDI Ha 

3JleKTpoHHOM, IIpOTOHHOM HJIH nel!:rpOHHOM rry'IKax. OIIHCaH MHorocrpyHHLilt TlilII 

.n:aT'IHIQI, II03BOJIJffOII(H.tt OJ:lCHHBaTJ, rrpotiiHJIL ny'l:Ka IIO HeCKOJlLKHM TO'IKaM 6e3 
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npHMeHeHHJI CilOlli'.HhlX CKllHHpYIOIIUIX MexaHH3MOB. 0TMe'JeH. 'ITO .llBYXCTpyHHYil 

BapHaHT .z:car<mICa, oco6eHHo c Y'leTOM ero Gon1>1J.10it lJYBCTBHTeJihHOCTH MO'l!CeT CJIY'l!CHTL 

MOHIITOpoM IlOilOl!ceHIDI nyqrca B Bi!ICYYMHOit KaMepe ycICOpirre.rreit. OnHcaHO npHMeHeHHe 

ID!'l'HCTpyHHOli MO.z:tHcpHICaIUrn ,lJ;aT'lHICa .1VIll H3MepeHHll npocp:mrn c1rnxporpOHHoro 

IDny'lemui: aa :meICrpoHHOM ycICOpmene APS ANL (USA). 0TJ'IH'lHTerr1>Hoii 

oco6eHHOCTh!O ,!:laHHoro 31CCI1epHMeHTa JIBJ'llljJQCh TO, 'ITO H3MepeHIBI IIpOB0,1lltllHCh B 

803,!:lyXC H H3Mepemno IlO,!:(BepraJiaCh TOJ'lh!CO 'l!CCC.'TICfill 'laCTh CHHKpOTpoHHoro H3JIY'ICHH, 

rrpoXO.!IJIIllall qepe3 TepMHHaTopHhlli cjiJiaHett H3 Me.nu TOJllllHHOi! 8 MM. HaMll 6b!JI 

HCCJie,!:(OBllH 3cpcpeICr B311HMHoro TCIDIOBOro BJJIDIHIDI crpyH ,!:lpyr Ha ,!:lpyra H 6h!Jia 
IIpOH3Be,!:leHa cooTBeTCTByrorqWI ICoppeICilID! 3ICCIIepHMe!fraJILHL!X J:laHHLIX. Ha PHc. 9 
npe.z:tCTaBJICHLI pe3yJlhTUThl 3ICCIIepHMeHTa (cJieBa) . 
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Puc. 9 a) Hcxo~h!e 3ICcrrepHMeHTllJlhHble npocjiHJIH npH 

CBHIIHpOBaIIHH 3JICICrpOHHOro ny'lIC3 c IIOMO:rqbIO M3rHlf!HldX JIHH3 

<JioJCYCHpy1orneli CHCTCMLI ycKopHTCJ!ll. 6) BocCT3HOBJICHHhle npocpll.iIH 

IIy'lKa CHHXporpoHHoro M3JIY'lCHIDI c Y'leTOM B3aHMHoro TClliIOBoro 

BJIHJ'IIIHll. 

CKaHHpOBairne IJY'llCB 3JieICTpOHOB B HaICOIIHTCJle IIpOH3BO,!:IHJIOCh c IIOMOIJlh!O 

ICOppeICrHpYIO!JlHX JIHH3 CHCTCMLI <tioJCYCHpOBICH H31COI!lfleJill. Hecoerra,nea11.e npoljJHJie:li: 

Ha JieBoM pHc. o6ycJIOBJieHo TeIIJIOBLIM B3am.mBmmHHeM cTpyH LIPYr Ha ,!:lpyra. 

BoccTaHoBJieHHh!e c Y'leTOM TeIIJionepe.na'lH MClK.!lY c-rpynaMH e paMKax JIHHei!Ho:li 

MaTpHqLI 1<03cpcpmu1.eHToB nepe.na11H Terma npoqiHJIH CHHxpOTpoHrroro n3ny11eHHlI 

npe.!lt."TaBJieHhI Ha Pnc. 9 cnpaea. 

ilo,!:1po6Ho oIIHcaHa pa3pa6oTaHHalI MO.z:tH<l>mcawrn ,!:laT'l:HKa c pa3,neJJI.HhlMH 

crpyHa~rn, B KOTopon OLIHa crpyHa J'IBJlllJieTcH BH6pHpy10rnel!: (H3Mepmem,noii), a LIPYTUll 

CJIY'l!CHT MHIIIeHhIO AJilI IIY'l!Ca. l13MCHCHHe HaTHllreHIDI MHme1rnoli: c-rpyHhl m:pe.llUBaeTClI 

Ha BH6pHpylOillYIO c IIOMOillhIO CIICUHaJILHOro ICOpOMhlCCJII.Horo MCxaHH3M8. ~aHHaH 

MO,!:lllf!JHICallID! II03BOJIJ'ICT llOBLICHTh 3$f!JeKTHBffYIO aneprypy LIUT'llOOl .II .llCllOJihlOB3Th 

,!:(H3JICIC'fPH'lCCICHe MaTepHa!IY c BLICOKO:li: TCIUIOCTOlil<OCThIO ,!lIDi B38HMO,!:lei!creyrom;eli c 

rry'lKOM CTpyH.LI, '110 MOll<eT cyrnecTBeHHO IIOBh!CIITh LIHHllMH'lCCICHli ,!:(HUil830H LIUT'!IDCa. 

HaMH 6h!Jia rrpoBe,!:leHO IIO.!lp06Hoe HCCJICLIOBllHHe xapa1<epHCTll.K .!lUT'lHICOB B 

3aBHCHMOCTH OT pa6oqdl: an.mccpeph! .z:taT'lHICa, ypoBHH IIOTOICa MOIJlHOCTH H 

BhICalKHBaeMo:li: Ha cTpy11:y. Tel!iionepe.z:ta'la Ha cTPYHY MO,!:ICJIHpoBanaci, c IIOMO!llhIO 

nocroi:iHHoro ToKa. Bh!Jla pa3pa6oTaHa cne~llJlhHWI cxeMa pa3BJ'l3KH QeIIH rrocmmmoro 

TOICa OT TOICa aBToreHepattHH, Tai< '110 MO'l!CHO 6YJIO HCCJIC,!lOB3Th amlJIOI'H'iHLIM o6pa30M 
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,!18T'lHICH, B ICOTOpYX BH6pHpyIOlllall crpyaa O,!IHOBpeMeHHO J'IBJJJICTCJI H3MepHTeJibHott 

Bhliio IIOICa3aHo, '!To npe,!:leJILI no TOJCY onpe.nemnoTcH crroco6HocTh!o crpyHLI IC 

aoccraHoBJJemno caoHx rrapaMerpoB LIO ee nporpesa. Ha PHc. IOPHc. 9 npHBe.z:teH 

IIIHporcoarrepuLiii ,!:laT'!HK B BaJCYyMe, H3MepmeJihHall cTpyHa KoToporo pacKaJ'leHa 

IIOCTOJ'IHHLIM TOKOM 1.3 A. 

PHc. 10 BHlt .!IBT'lHICa c pa3,!:leJlhHLIMll. cTpyHaMH. Ha H3MepHTem,nyro 

CTPYHY no,qaeTcll rroc-roHHH1>rn TOK 1.3 A, 11.MHTHpyrornHit BI.1callCHBaHHe 

Ha CTPYHY TCIUIOBOit MO!JlHOCTH OKOJIO 6000 MET . 

Ha PHc. 11 n:pHBe.z:teHhI pe3yJIJ>TaTh! npoBe,!:leHHoro HaMH HccJie.z:toBairn.11 no 

onpe,neJICHllKl npe,neJihHhIX BeJIH'lHH HCIIOJJh30BBHIDI ,!laT'lHKa. 
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•t.ffl(I' Hilt~• n''" •'.l'B<t 11.-:.at l"i1i~ 1'1,J~ -
PHc. 11 3aBHCHMOCTb 'l3CT01'bl BH6pHpyrom;e!!: crpyHhI: Cll.HHMH TO'l!CaMH OTMC'iCHLI 

"lHa'leHIDI 'lUCTOTLI, Kpacm1M11. - MOIJlHOCTH, Bh!callCHBaeMol!: Ha CTPYHY .IlpH MOIJlHOt-'TH 

0. 76 BT 'l8CTOTU CTPYHhI na.z:cana c 6000 f'tt .!IO 1000 f'tt H CTUHOBIL1UCh Hec-ra6HJII.Holi. 

IloCJie CHHTHll MO!llHOCTH nporpeaa crpyna BOCCTaHaBJIHBaJiach ,[\O UCXO.z:tHOro COCTOlIHIDI 

,!lIDi 3Ha'leHHi! BYC8l.ICHBa:IO!Jle:li:cH Ha CTpyHy MOIJlHOCTH MCHLme 6 BT. Ilpn: 6oJlhlliHX 

3H3'leHID!X B MaTepHaJJe CTpyHhI IIpOHCXO):IHJIH Heo6paTHMhle H3MeHeHHH, H 

IIpC,!tBap!ITeJII.HalI 'laCTOTa He BOCCTaHaBJIHBaJiacb. 

0QeHeHhl XapaICTcpHb!e BpeMeHa OTKJlll.ICa B BaJCYyMe H 31l.z:t3HHOH 31'Moccpepe. mm 
llIHpOK03IIeprypHoro ,!:(UT'lHICa ,!IUHHOC Bpe~H 6LIJIO onpe.z:teJICHO 3KCIIepHMeHT8JibHO 

B 2014 r. 6w11a IIpC,[\J!Ol!CeHa HOBM MOJ:lH<Pll.KattlBI pa3pa60TaHHoro CICaHepa, B 

ICOTopo:I!: B Ka'leCTBe MHmeHH npeMOlKCHO HCIIOJih30BaTb BH6pHpY!O!llY!O crpyHy H 
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IIOMHMO H3MepeHID1 'l'.acTOTLI KOJie6a1rnit CTPYHLI CHHXpOHHO c HHMH H3Mep.IIT!. 

reHepupyeMLie II)rqKOM Ha CTpyHe OTpalKeHIDI, BTOpH'iHLie 'laCTHI(l.l/ciioTOHhl. IIpHHI.UIII 

,!{CitCTB!iHI I!pC,!{JlOlKCHHoro MCTO,!{a npe)lCTaBJICH Ha PHc. 12. 

.. , /11 ·b: 

I ri! 

EfJ 11 v 
Ill.. 

1.3 

Puc. 12 ITpHHllHIIa )lel!:cTBHJI ,!{aT'IHKOB BH6pHpyromelt cTpyHhI c 

pe1onancnolt MH!IleHIJO. Ha puc. (a) eepTHKaJII.HI.IMH JIHHHMH 

rrpe,[11,,'TaBJICH IlY'fOK c HCO.[(I!OpO,!{HOlt IIJIOTIIOCTI.IO IlpoH3BO,[IHTCH 

BLI'IHTaHHC H3MepeHHit B TO'!Kax 1, 3 H 2 (pHc. (b )), Il03BOJifilOIItCC 

H36aBHTI.CH OT HelKeJiaTeJII.Horo ciiona. Ha pHc. (c) IIpe,!{CTarurena 

.[(IlHll\YII(aHCH BH6pnpy!O!llaH CTpyHa. 

l1crroJJI.30BaHHCM ,!{aHHoro MCTO,!{a MOllCHO cymecTBCHHO yc1.:opHT!. rrponecc 

CICaHHpOBaHHH. 3TO )J;aeT B03MOlKHOCTI., IIOMHMO H3MepeHHH O,!{l!OMepHblX npocliHJieit 

Il)''l'.ICOB, BOCCTaHOBJIHBaTI. TaKllCC CJIOlKlll.IC .!{ByMcpHI.Ie CC'l'.CHID! ny'l'.Ka 110 Ha6opy 

rrpoqmnett, COOTBCTCTBYlOillHX pa3JIH'l'.Hl.IM yrnaM CK3HHpOBaHIUl (xapaKTepHaH 3!1Aa'la 

TOMorpaqnrn:). TecTOBhle 3KcepHMeHThl TaICoi!: ycTaHOBKH 6I.urn npoBe,!{eHhl Ha clioTOHHI.IX 

11yqICax. 

Cmrre3 TeXHoreHHI.rX H3oTonoe MO)lreT ocy11tecTBIDIThCH TaKlKe nyTeM o6nyqeHHH 

MHillCHH 110TOKOM HeitTpOHOB (KllK 6hlcTpl.IX, TaK H TCl1JIOBI.IX). IloTOKH HeitTpOHOB MOryT 

6mI. 110J!Y'!CHhl B CilCilHBJ!l.Hl.IX HeitTpoHHhlX HCTO'l'.HHKax, JIH6o Hll ycrropmeJIHX. TaK!iIM 

o6pa30M, H3MepeHHe 11pocTpaHCTBCHHOfO pacnpe,!{eJieHHH HeltrpOHHI.IX ny'IKOB TaKJKe 

11pe.11cTaBJIHeT co6olt aKTyaJI1.H)"IO H mrrepeceyro 3a,1:1a'l'.)·. 

BwrH pa3pa60TaHhl crre1tHaJI1.HI.Ie ,1:1aT'iHKH .!{JIH H3MepeHIDI neitTpoHHMX ny'l'.KOB. 

IlpHHllHTI ,!{eitCTBHH TaKHX ,!{aT'IHK.OB 3UKJIIO'laCTCSI B TOM, '!TO BH6pHpylOIItaH cTpyHa 

IIOKpI.maeTCH fa,!{OIIHHHCBI.IM IIOKp!.ITHCM. Ce'!eHHe 3UXBaTa TCIIJIOBI.IX HeitTpoHOB 

HaH6om.mee AIISI HeKOTOp!.lX H30TOl10B f!l,[IOJIHHH.Sl cpe,!{H ecex )JJCMCHTOB 

m:pHO.!l;H'l'.CCKOll: Ta61IH!lhl H 1,,-rpyHI.I c TaKJiIM 110ICphlTHCM MOfYT CJIYlKHTI. lil)leaJII.HbIMH 

IlOfJIOTRTeJIJIMlll H3Mep.SieMI.IX HeitTpoHHI.IX ny'l'.KOB. 

Ilpe,[1.JIOJKeHI.I .!(Ba THl1a Hell:TpoHHI.IX ,[laT'iHKOB BH6pHpy10meif CTPYHhI: 

MHHHaTIOpHI.IH JJ;aT'iRK Ma..'Il.IX pa3Mepoe c ,!{HaMCTpoM CTPYHLI rrpH6JIH3HTeJII.Ho 10 MKM 

co CJIOeM fa,[IOJIHHHeBoro IIOKp:&ITliHI OKOIIO 2 MKM TOIIIIlliHOit, a TaJOKe ,[laT'IHK cpe,[(lillX 

pa3MepOB c ,!{HaMeTpOM CTpyHI.I OICOJIO 100 MICM H CJIOeM noKpLITHSI OKOJIO 10 MKM 

TOIIIl!HHOlt B 11epBOM CJiy'l'.ae B Ka'!eCTBe ra,!{OIIHHHenoro l10Kpl.ITHH c lleJibIO yBeJIH'lemrn: 

'l'.YBCTBHTCII!.HOCTH ,[laT'!HKa CJIC,!{)'CT HCIIOJ!:b30BaTI. fa,[IOJIHHHlt, o6orameHHLitt H30TOIIOM 
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157Gd, '!To 1103BoJIHT 3aXBaThlBaTI. Bee IIa,[laIOlllHe Ha CTPYHY TCIIJIOBLie ncJ!:TPom1. Bo 

BTopoM CJIY'lae H3•3a 6oJII.illeit TOJJIIlHHbI CIIO.Sl MOlKHO .HCl101Il.30BaT:& HaTypaJILHLiit 

ra,[IOJIHH!ilt. IlpoH3Be,[ICHHI.Ie HaMH oneHKH l101Ca3aJIH, 'ITO ,[IJISI MHHHaTlOpHoro ,!{aT'l'.HKa 

pa6o'!Rll: ,!IRana3oH mMepeHHll: paneH 3 x 108 
- 3 x 1013 

HeitTp./(cM
2
·c) ,[IJill eo3eyxa H 8 x 

107 
- 8 x 1012 Heltrp./(c~·c) ,!{JIH BaKYYMa. ,[{rur ,[13T'IHKa co cpe,[IHHMH pa3MCpaMH 

COOTBCTCTBeHHO: 2 x 1010 
- 2 x 1015 HeitTp./(c~·c) ,!{JIH Bmeyxa H 109 

- 1014 

Heltrp./(c~·c) ~JI BaicyyMa. 

Bee YKa3amn.1e THIIM )laT'!lilCOB MOI'}'T c ycnexoM Hcl10JII.30BaTI.CH .wm H3MepeHHH 

CIIOllCHhlX rrpocliHJiel!: ny'IKOB B MCTO)lax Hapa60TKH MC.O:lillHHCKHX H30TOIIOB, 

HCIIOJII..1)'10IllHX ycKopHTeJIH 3apSllKeHH1.IX '!acTHll. B '!aCTHOCTH TaKRe H3MepeHHsr 6bIIIH 

rrpoee,!{em.i B HHJIA B 3ICCnepHMeHTalILHoil yCTaHoBKC ,[IJIH 11orry'leHHH reHepaTOpHoro 

H30TOl1a ~o .!{JIH 99mTc Ha JIHHell:HoM HHJKeKTope LUE50 3JICKTpoHHoro HaKOIIHTeJill 

APYC. 

naT'IHK C pa'.!.1l;eJII.HI.IMH CTPYHUMII 61.IJI HCIIOII1.30BaH )llI.Sl H3MepeHHH 11pociiHJIJ1 

npoTOHHOfO ny'!Ka c :meprneit 2.5 M3B H cpe,[IHHM TOICOM OT 0.01 ,!{O 2.8 MA ycTaHOBKH 

Fermilab High Intensity Neutrino Source (HINS). IlJJaHHpyeTc.sr HCIIOllI.30BaHHe ,!IUT'IHKa 

.!{JIH H3MepeHliHI raJIO rrpoTOHHoro ny'!Ka ycTaHOBKH Project-X Injector Experiment 

(PXIE), KOTOpaH HBJISICTCH rrpoo6pa30M MYIII.TH-MBT CBepxrrpoBO,!{SIII(liX 11pOTOHH1.IX 

ycKopHTenell: IIpHI<.118,!{Horo Ha3Ha'!eHliSI c ny'!KaMH 6oJII.lllHX pa·mepoe. 

IIlHpoKoannepzypHI.Iil: ,1:1aT'l'.HK BH6pHpyroIItei!: cTpyHM o6I.I'l'.Horo rn11a c 1-llIHHoit 

CTpyHI.l 80 MM 6bIJI ycnemHO orrpo6oBaH .wm H3MepeHHSI llpOTOHHOro Ify"'!Ka c 

xapaKTepHhIMH nonepe'!HLIMH pa3MepaMH 30-50 MM ycrcopHTeJII.HOro KoMIIJieca 

KOMAC. /taHHLill: ycICopHTeJII.HI.Iit KOMIIJieKc npe,[1Ha3Ha'leH .!{JIH IIpHMeHemm 

rrpoTOHHI.lX ny'IKOB c 3Heprneit 20 M3B R 100 M3B c noMO!Ill.IO ,!leCHTH IIY'!KOBLIX 

BLIBO,[IOB B pa3JIH'IHI.IX IIpHICIIa,!.l;Hl.IX HCCJie,!{OBaHIDIX, B TOM '!RCJIC AJill 11pOH3BO,[ICTBa 

pa.!{HOH30TOl10B. Ilpe,[llIOJiaraeTCSI, '!TO HCCJie,[IOBaHHSI no H3Mepemno rrpocliHJieit 

IIpOTOHHI.IX flY'IKOB c IIOMO!Ill.IO ,!{ST'IHKOB BH6pupyroIItel!: CTpyHI.I 6yeyT npO)J;OJilKCHI.l H 

IIOCJie OKOH'laTeJII.Horo BB0,!{8 KO!lfiIJieKca B 3KCIIJJYaTa!lH H 3TH ,!{llT'iHKH 6y,!{YT 

IIpHMeHSITI.CSI KaK IIOJ!e3HOC ,!lllafHOCTH'ieCKOe cpe,[ICTBO, B TOM 'IHCJie H .wm OIITHMH331lHH 

rrpoueccoB IIpOH3BO,!{CTBa pa,!:1HOH30TOIIOB. 

qemeprau rmma .IlHCCCpTallHH IIOCBHII(CHa BOCCTaHOBJICHHlO MHIIleHH 110CJie 

o6Jlj''lCHHll H KOHTpolllO PllAHOXHMH'lecrroJl: 'l'.HCTOTI.I. Bi.ma C03,[laHa CHCTeMa ):IJIH 

BOC'-'T!lHOBJieHH.SI Mo H3 meno'!Horo pacTBopa nocne 3KCTpaICllHH 99mTc. BocCTaHoBJieHHe 

rrpoli3BO)lHIIOCI. TPCMJI 3TaIIaMH: XHMH'!ecrcoe BOCCTaHOBJieHHe 06JlY'!elI!IOit MmneHH ,!{O 

MoS3, BI.ICOKOTeMnep:rrypnoe eoccTaHoBJieHHe MoS3 .!IO Mo03 H 1aTeM Mo03 ,!lo Mo. 

,[{rur XHMlf'IeCKOfO BOCCTaHOBJieHHH o6Jiy'leHHoil MRIIIeHH ,[10 MoS3 6bIJI 
CKOHCTpyHpoBaH Cl1CllHa'll.HbID BLITSllKHOH IIIICacJ.i, B KOTOpOM B Il{eJIO'IHOi! pacTBop 

no.!{anancH cepoeo,1:1opo,1l c 3-5 rcpaTHI.IM H36I.IIKOM. ,lV!JI 11ony'l'.eHliSI cepoeo,1:1opo,[1a B 

mKacli 6bIJia IIOMCII(CHB KOJI6a c cy11I.clilil)loM lKCJIC38 FeS, B ICOTopy10 UBTOMllTH'!eCKH 

II0,1l8BaJiaCI. COJIHHWI ICE!CJ!OTll. Kon6a c cyJJI.cliH.ItoM :iKCJie3a HaXO,!llilIBCI. B BO,[IHHOit 6aHe c 

HarpeBaTeJieM, r.o;e 110,[l)leplKHBaJiac:& CTa61iJibHaH TeM11epaTypa 70°C. IlplI ,1:1aHHoli 

Te~mepaType IlOCJie IIO,[{il'l'.H 20-30% COJI.SIHOi!: KHCJI01'1.I Ha cy IThcjJHA lKe.Jie3a !IpOHCXO):IHT 
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peaKJ.lIDI FeS + 2HCI = FeCl2 + H2St. ,[J;an:ee cepoBoaopon npoxonrur 'Iepe3 'ICTLipe 

6ap6oTepa c COJOOioii KHCJIOTOil: ):(JUI O'UICTKH OT ooe,ruruem'lli Mhllllb.sr.Ka. 

ELlll pa3pa6oTaH H mroTOBJien 6110K ynpaBJieHH.!l .rvui aBToMaTil:'lecKoli no.rwm 

comrnoil: KHCJIOThl B KOJI6y c FeS H TepMoperyJIHpOBSHH.!l BO)lmmi! 6ami:. 

Iloc11e npoxol!C,!leHIDI cepoBoaopo)la <repC3 6ap6oTep c I:QeJIO'IHhlM pacTBopoM 
npoHCXO)lHJia CJienyJOJJllUI peaKnHH: 

K2Mo04 + 4H2S = MoS3 +K2S + 4Hi0. 

B IItCJio<ruoil: cpe)le ocanoK cym,ipH)la MOJIH6,lleHa ue Bhilla)laJI. TaK KaK o6pa30BaJICH 
paCTBopmmli THOMOJIHO)laT Kamm: 

MoS3 + K2S = K2MoS4 

IlepBoHa'Iam.110, npH no)la<re H 2S, Ille.IIO'll!Oli pacuop crauoBHJICH ro11y60BaT1>IM, 

3UTeM IlpHllHMWI l!Cemo-opUHlKCBY!O OKpUCJCY. Ilponecc BCJIC.!l AO o5pa30BaHIDI my6oKoro 

MOpKoBHoro nBeta H npeICpameuIDI o6pa30BaHHH H 2S. Ilpouecc cym.qm.nHpoBaHHH 

rrpOBO)lHJICH rrpH HenpepbIBHOM nepeMelllHBaHHH H HCIIOJ1b30BUHHCM 6ap6otepa. 

Iloc11e npeKparneHIDI nponecca cym,cjiH.t{HpOBaHHH m;eJIO'IHOH pactBop 

Hei!tpaJIH30BaJICH COJIHHOil: KHCJJOTO!i ,1JIH Bl.llla)lCHID! OCU)lKa MoS3. )J,JIH 3Toro B pacuop 

noCTeneHHo rroKaneJII>Ho no,gaBaJICH HCI H nepeMellIHBaJICH cteICJrnuuo:li IIaJIO'IKolt 
ITponecc npoteKaJI no cJieAYKJI:QHM peaKUIDIM: 

K2MoS4 + 2HCI = Mos3i + 2KCI + H2S 

K2C03 + 2HCI = 2KCI + H20 +CO:? 

CoJIHHBH KHCJIOTa rro.uasa1rac1. ):10 IIOJIHO!i uei!tp81IH3UQHH paCTBopa, T.e. .[10 

npeKparneuHH fa30Bbl,QeJieHIDI npH noAa<re HCI. l1pH '.lTOM, nocreneHuo 06pa3oai,1aaJicH 

phlXilbili KOpll'IHCBO-'IepuLili OCa.D;OK Mo03. IlocJie OCC,[(aHHlI OCll,!IKa pacTBop IIOJillOCTb!O 
OCBeTJllIJICH. 

OcaAOK OTMh!B!IJIClI ,[(HCTHJIJIHpOBaHHOil: BOAOii OT HOllOB XJiopa. IlpOMhlBKa OCa)lKa 
rrpoeo,llHJiaci. .n;eKouuempauHeil: pacraopa. 

)J,JilI eoccTaHoa11euIDI MoS3 JJ.O Mo03 H Mo03 AO rroponIK006pa3uoro 

MCTaJIJIH'IeCKOro Mo 6hlJia CKOHCTpyHpOBaHa repMCTH'!HaH BI.ICOKOTeMneparypuaH 

Jia6oparopuaH rre'!t. co cJieAYKJI:QHMH rrapaMetpa~m: MaKCHMaJil.HaH TeMIIepatypa - 1200 

°C, MOIIIllO(.,'TI. - 1.5 KBT, BH)l TeilJIOH30JIJlllHH - BOJIOKHO 113 OKCH)la aJI!OMHHHH, pa3Mephl 

pa6o'!ero IIpocrpancTBa; JlJIHHa - 400 MM, J:IHaMetep - 20 MM, BHJl repMonap1.1 -

xpoMeJii.-aJIIOMeni. (K-Type). Ile'!b 61,ma ocuarneua reMm::parypmdM KompoJinepoM. 

)J,Jiir upose.neuH.!l BOCCTaHOBJICllHlI B Bh!COKOTeMnepaTypuoil: IIC'IH 5I.IJia pa3pa6oraua 

cneill!!lllhHair 3KCIIepHMemam.mm ycTauoBKa, H3o6pal!CeHHM ua PHc. 13. 
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PHc. 13 3KcnepHMeHTa11i,11aJI yctaHOBKa ,ll.'UI aoccrauoaJieuIDI MoS3 

.no Mo03 u Mo03 JJ.O Mo: 1-cMecmeni. c HllTOKOMerpaMH ra3a, 2-

11oay111Ka, OXJiall()laeMaH lKH.D;KHM B30TOM .D;JIH uel!TpaJIH38IlJIH BJialKHOCTH 

ra3a, BXO,[ll!I!leI'O B ne<ri.. 3-BI.ICOKOTeMIIepatypHllll Ile%, 4-6JIOK 

ynpaBJieHIDI BbICOKOTeMIIeparypuott IlC'IH, 5-6ap5otep ,[(JIH 

JJ.OilOJIHHTeJil.Horo KOHTpoJIH IlOTOKa BbJXO)lHI:Qero ra3a I!.3 rre'l:H. 

Bo BTOpOM :nane rrpoMh!Thltt OCa.D;OK IlpOKallHBaJIC.!l B IJe'IH c II0,[\8'Iett B03)lyX8 IlpH 

ABYX pelKHMax: 

MoS3= MoSi + S IIpH t = 250-300°C 

2MoS2 + 702 = 2Mo03 + 4S02 npH t = 500-600 °C 

B pe3yJII>TaTe 6'LIJI IIOJiy<reH IICK 6erro-ceporo JlBeTB KOTopldtt BITOCJIC.D;CTBHH 

H3MCJih'IaJIClI .no rrop011IK006pa3HOf'O COCTOHHHH (CM. PHc. 14). 

PHc. 14 Pe3yJJhTaT BOC(.,'TaHoBJieHHH cyJJ1>cjmna MOJIH5.rieua MoS3 JJ.O 

OKCH.D;a MOJIH6.n;eua Mo03. 

)],JI» aoccra11os11euHH Mo03 AO Mo napo1110K Mo03 npoKaJIHB8JIC.ll B rre"!H npH 

IIOJ:l3'IH IIOTOKa BOJJ.OPOJJ.8 B .D;Byx IIOClleJI.YIOID;HX pelKHMax: 

Mo03 + H2 = Mo02 + H20 

Mo02 + 2H2 =Mo + 2H20 
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B ,gaHHoM 3Kcrrep11MeHTe rrpH rrpo!CaJJHBamm 1.52 r rropo11ma Mo03 rron:y11eH 

rropolllOK MeTaJIJIH'l:ecKOro Mo secoM 1. I r. Pe3yJ11>TaT aoccTaHoBJieID!ll oKcH,ga 

Momt5)leua JJ.O MeTaJIJIH'l:ecKoro Mo BOJJ.OpOJJ.OM mo6pa>KeH ua PHc. 15 . .... 

P11c. 15 Pe3ym,TaT aoccTrumaJieHIDI OKCH,ga MOJIH6JJ.eHa Mo03 ,1:10 

MeTaJIJIFl'l:ecKoro Mo BOJJ.OpOJJ.OM. 

tVm KOHTpOllil pa,LIHOXHMFl'l:eCICOli: 'l:HCTOTOH lIOJJY'ieHHb!X MeJJ.Hl.lHHCKHX H30TOIIOB 

MaTepm1.r1a 6blJI H3fOTOBJICH CIIel.lHaJibHL!li: raMMa-CKaHep, o6Il{HH BH,g KOToporo 

mo6pallCeH Ha PHc. 16. 

PHC. 16 061I(Hli: BHJJ. raMMa-CICaJIHepa: 1 - HCTO'l:HlllC lIUTaHHH, 2 -

6JIOK yrrpaBJTeum1, 3 - HCTO'l:lll!K BbICOKOBOJlbTHOro lIHTUHIDI, 4 -
JJ.llCICpl!MllHaTOp, 5 - yclfllHTCllb, 6 - CltHHTHJIJlj{l.lHOHHhlit C'l:eT'IHIC, 7 -
Illaroablit /:IBimrrem, c lIOJJ.JIOlKKoli: JJ.JIK xpoMaTOrpacpll'l:ec1Coit 6yMarn. 

,LVrn ocymeCTBJieHIDI CKaHHpOBaHIDI 113MepKeTC$l aKTHBHOCTb llJJ.OJTh 

xpoMaTOrpacpU'ieCKoli: 6yMarn H CTpOllTCK rpacpHK pacrrpe,a:eJieHIDI aI<TUBHOCTFI 

COOTBeTCTByromell: crrercrpaJI:bHOfi: JIHHHU 113MepKeMoro H30Tona. 

OcymecTBneHo uccJieJJ.oBaHHe pa,1:1uoX1:1MH'iecKoii 'l:HCTOTbI nepTeXHeTaTa HaTpm1 co 

CJieayIOll.lHMH rrapaMeTpal\m CKaHHpOBaHIDJ: mar CK3Hl!poBaHIDI 3MM, Bper.ra 

CK3HHpOB3HllK Kll)l(JJ.OI'O mara 300 c. ICOJJHqecTBO Illlll'OB 13. Pe3YllbTaTbl CKUHHpOBaHIDI 

rrpllse,a:eHLJ Ha P11c. 17. 
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P11c. 17 Pe3y JThTaTbl c1CaH11poaaHH$l nepTcXHeraTa HaTp!Ul. 

flo npo1m1e.n;eHHOl\!}' CKaHllpoBal!HIO BH,a:HO, 'iTO llOHHilSI 'l:aCTb ncpTeXHeTaTU 

CKOilllJlaCL B 5-oli: lI03111.lHH xpoMaTOrpacpU'ieCKOli: 6yMarn. AToMapH3$l COCTaBlli!IOlJlM 

OTHOCHTem.110 MaJia lIO cpasHeHmo c llOHHO!t 'l:aCTbIO H Ha6JIIO,[(aeTC$l B Il03llJ:IHJIX 10 H 11 
xpoMaTOrpaiiJFl'l:ecKOll: 6yMarn TOJihKO rrpu norapmpMFl'l:ecKoM Mac11rra6e. 

B ]aK./llOIJeHmt nepe'l:llCJieHbl CJIC,a:yIO!LlHe OCHOBHble pe3yJILTaTLI, IIOJly<ICHHble B 

JJ.HCCepTailHOHHOi!. pa6oTe. 

l. Pa3pa6oTaHa HOBM TeXHOJIOrM H3rGTOBJieHH$l H Jia3epHofi o6pa6oTKll MHIIIeHH 

H3 rropoIIIICa MOJI116,a:e11a LtJllI yaelIH'l:eHIDI MeXaHll'ieCKOH llpO'l:HOCTll }I 

TerumrrpOBO/:IROCTH. 

2. Pa3pa6oTa11a HOB3$l TeXHOJIOIIDI rqmore1moro OXJia)l(JJ.eHM MllIJICHll. 'l:TO 

no3BOJillT 3Ha'l:HTeJILHo yaeJIH'il!TL 11HTeHc11BHOCTL ny'l:Ka npH o6JIY'l:eHHH H. 

COOTBCTCTBCHHO, 34J!fieICT.llBHOCTI, Hapa5oTKH H30TOlla; 

3. Mero,1:10M KOHe'IHb!X 3JICMCHTOB rrporpaMMoli: ANSYS anepsb!e rrpose,a:eHbl 

pac'ieT H Mo,D;ellllpOBa!IHe TelIJIOBOit Harpy3Kll Ha MHlIIeHL lipll pa3JIH'l:HblX 

npo!fillJIJIX ny'IKa, pelKHMaX OXJ18)1(JJ.CHIDI }I MaTepHaJIIL'i: MHilleHHOro JJ.llCKa. 

,l(aIIHble pac'l:eTbl rro3BOJ!fil BbI6paTb omHMaJILHb.te rrapaMeTphl ny'i!Ca 11 

MaTepHaJI MHlIIt:HHOI'O t(HC!Cll. 

4. Pa3pa6oTaHa TCXHOJI(Jrlij{ Hepa1pyma10IQero KOHTpollll: npoqmmI IlpOTOHHOro 

IlY'IKa c IlOMOlJlIO ,[lllT'il!Ka Ha BH6pHpy!OIJ:ICH CTpym:, 'iTO lI03BOJIHT 

HO.a:JJ.eplKIIBaTE, OIITHMaJlbHLie rrapaMe!pLI rrprnjnurn nyqira B rrpo11ecce 

06JIY'l:CIDUI. 

5. Pa3pa6oTaHbl pa3m.1e MoJ:tH$11KaI1HH .naTqllKa Ha 6a3e BH6pnpy10lJlelt CTpYHLI, 

KOTOphle MoryT 6b!Tb HClIOiIL30BllHbl WI.SI ICOHTpomr npo!fillJDl ny'l:Ka npn 

npom:so,a:cTae MC,a:llD;llHCKllX moTonoa. B 'l:lll-'THOCTH, pi13pa6oTaHhl AllT'l:HKH 

.1.IJIJI II3Mepellll$l ny'l:KOB c 6oJILlIIOll: arrepTypoll: u rreitrpOHIILIX lIY'iICOB. 
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Onpe;:teJieHLI OCHOBHLie xaprcrepHCTHKH TaICHX )laT'IHKOB, B TOM 'IHCJie HX 
311BHCHMOCTL OT rrapaMeTpOB BHemeHett cpe[.{LI. 

6. Pa3pa6oTaH H HCIILITaH KOMIDieKC JlIDl BOCCTaHOBJICHHJI pacTBopeHHott MHlliCHH 
Mo IIOCJle o6ny'leHHH H3 lllCJlO'IHOfO pacTBopa IIOCJie 3KCTpa~HH 

Hapa6oTaHHoro H30TOIIa 99mTc. KoMIIJICKC BOCCTaHOBJ!eHH.ll BKJIIO'laeT B ce6H 
CHCTeMy c aBTOMaTH3HpoBaHHLIM ynpaBJieHHeM )lJ1H BOC(,''J'8HOBJiemrn MoS3 H3 
llleJio'IHOro paL."TBopa H CHCTCMY ilJlH HCCKOJILKHX 3TaIIOB BOCCTaHOBJieHIDJ lJ.O 
ll!C'l'aJVIH'lecKoro Mo. 

7. Pa3pa6oTaHa H co3;:taHa CHCTeMa KOHTpOJIH p8JlHOXHMH'lecKott 'IHCTOTLI 
IIOJIY'ICHHOro rrepn:XHeTaTa. 

L~eHHOCTL rrpoBelJ,eHLIX pa6oT o6yclIOBJieHa TeM, '11'0 pa3pa6oTaHIILie CHCTCMLI 
TeopeTl'!'leCKH o6ocHOBaHbl, 3KCIIepHMCHTaJILHO onpo6oBaHLI H Moryr 6LITL ycrremHo 
IIpHMeHeHLI mm rrpoH3BOJlCTBa Me,[IHQHHCKoro H30Torra 99mTc Ha IlHKlIOTjJOHe Cl8. 
,ll;aT'IHKH BH6pnpyro!llCi!: cTpyHLI ycrremHo rrpoIIIJIH HcrrmaHIDI Ha pa3HLIX ycKOpJITeJI.llX c 
3JletcrpOHHLIMH H llpOTOHHLIMH ny'IKaMH. 

Pe3yllhTaTbl lJ,HccepTanHoHHoi!: pa6oTLI lJ,oKJia,~BalIHCh Ha MelKJlyHapo,!lHhIX 
KomjiepeHnHl!X, ony6JIHKOBaHbl B 'lKj'pmmax PRST-AB, NIM, IJEST H 1-faaecTHH HAH 
ApMeIIHH. 
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Accelerator based methods of Technetium99m production - target preparation 
and processing and beam monitoring technologies 

SUMMARY 

Within the last decade accelerator-based methods of medical isotopes production are 

under active discussion. These have a number of advantages over currently used reactor­

based production methods. The most convenient way of production is by exploiting the 

proton cyclotron, which was installed near ANSL and can be exploited for 99mTc isotope 

production, commonly used in medicine. A few technical challenges were solved for the 

application of this method: target preparation and surface processing using laser beam, 

investigation of the possibility of a new cryogenic method for cooling the target during 

irradiation, investigation of proton beam profile measurement technique using vibrating 

wire scanner, the opportunity of recovery of expensive enriched bi-product of the 

irradiation - Mo 100, and Tc extraction after irradiation, and a number of other technical 

and technological problems. 

In the present work R&D of technology of disc target preparatiom from metallic Mo 

powder has been performed. To improve its mechanical strength and thermo conductivity 

a laser-beam processing of its surface has been applied. A quality assessment of the 

produced target has been done. 

For target cooling during irradiation a special optimized system using liquid nitrogen 

has been calculated, projected, assembled and tested. The qualitative results of the test­

experiment showed the applicability of this method. It will allow to double the proton 

beam intensity for the irradiation, which will increase the 99'"Tc production efficiency. 

For beam profile monitoring a new device has been assembled, based on the 

measurement of vibrating wire oscillation frequency. 

To calculate the thermophysical processes inside the target during irradiation the finite 

ekment method has been apllyed using the ANSYS software. Results were obtained for 

different beam prnfile widths, which will allow choosing optimal beam intensity and 

transversal distribution on the target surface from the thermal point of view. 

For recycled use of very expensive enriched 100Mo target material complex equipment 

has been designed and assembled, allowing to recover Mo from solution using chemical 

technologies. In the first step the MoS 3 is being recovered from base solution. Then in two 

steps MoS3 is transformed to Mo03 and then to metallic Mo. The recovering efficiency is 
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-95% and quality of recovered Mo is quite high. For last two steps a high temperature 

oven has been installed providing up to 1200 °C. 

To check the radiochemical purity of produced 99mTc a computer-driven gamma 

scanner has been projected, assembled and tested. For testing a 99mTc from reactor-based 

Mo/Tc generator has been used, to prove the usability of the gamma scanner. 

All of the above-mentioned devices and systems were tested and have shown full 

operability and high efficiency, and are ready to be exploited in the full technological 

chain with target irradiation under proton beam of the cyclotron. 

Ji-
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