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HeiiTpO!tOJlecpHUHTilbie pallHOaKTHBitble llyKnHJlbl. HeKOTOpbie 

BO!lpOCbl nony'lCIHIS! H nepcneKTHBHf I!p1!M91t91lllSl 

BbiCOKHe 31teprHH H l!ltTeltCHBitOCTH ny'lKOB npoTOitOB CJWbltOTO'lllblX 

ycKOpi!Teneil - M9301tltbiX cpa6p1!K OTKpbiBa!OT !i!HTepeCHbl8 B03MOlKHOCTH 

I!pO!i!3BOJlCTBa MltOr!i!X pallHOaKT!i!BHblX lteiiTpO!tOJleljmUHTitblX ltyKnHll0B
1 

llYlKilblX 

)lnSI peUleH!i!Sl pMa Hay'lltO-TeXItH'l9CKI!X 3a)la'l, \1CT0'{1ti!KOM TaKHX eyKn!i!JlOB 

SIBnSIIOTCSI peaKUHI! rny6oKoro pacmennelt!i!SI SIAep qacTwuaM!i! BbiCOK!i!X altep

rHil. BbillOnlteHitbie pac'leTbi noKa3anw, 'ITO, Hcnonb3YSI aToT MeTOll, Ita 

Me30itltbiX cpa6p!i!KaX MOlKI!O nonyqaTb 60nbUl!i!e KOnH'IeCTBa pa3H006pa3-

ltb!X SI)lep
1 

B TOM 'lliCne II TaKHX
1 

KOTOpbl9 lte o6pa3yiOTCS! npl! o6ny'leltHS!X 

MHUlelteii Ita o6hi'l.lthiX uaKnoTpo!taX lt!i!3KHX a1teprwii !i! B Sillep!tbiX peaKTopax, 

8 CT8Tbe )laeTCS! KpaTKHll o630p COCTOS!HHS! H nepcneKT!i!B pa3B!i!THS! 3TOrO 

BalKitOrO Han,, 1Bnelt!i!Sl HC!lOnb30BaltHS! Me30llltb!X <j-.a6pHK . 

Pa6oTa Bb!IlOnHeHa B na6opaTOPI!II, MepltblX npo6neM Ol15lH. 

flpen[ lHT 06beAKHeHHOro KHCTKTyTa JIAepHblX HCCJieAOBaHKit 

,Uy6Ha 1975 

I. 

" B HaCTOJI~ee BpeMJI B HayKe H TeXHHKe HCUOnh3YIOTCJI, 

B OCHOBHOM, pa~HOaKTHBHble HeiiTpOHOH36biTO'IHhle HyKnH~hl, 

o6pa3yiO~HeCJI B aTOMHbiX peaKTOpax B (n, y)- peaKIUIJIX 

H npH ~eneHHH .11~ep 235 U TennoBhiMH ueiiTpoHaMH. TaKoe 

UOnO)KeHHe, HeCOMHeHHO, COXpaHHTCJI H B 6y~y~eM, npH'IeM 

C pa3BHTHeM Jl~epHOH 3HepreTHKH BCe BpeMJI 6y~eT Ha-

pacTaTb e)Kero~HOe KOnH'IeCTBO peaKTOpHbiX IIInaKOB, aK

THBHOCTb KOTOpbiX COCTaBHT COTHH MeraKIOpH, a MaCChi -

~eCJITKH TOHH /ma6A. 1/. K KOH~Y 3TOrO ~eCJITHneTHJI, 
cornacuo nporHo3aM, MO~HOCTh A3C ~OCTHrHeT 

150 000 MBm. 3To 03Ha'laeT, 'ITO npo~eccbl nepepa6oTKH 

Jl~epuoro roproqero MOryT CTaTb HCTO'IHHKaMH He TOnhKO 

~onrO)KHBY~X pa~HOaKTHBHhiX, HO H CTa6HnhHhiX HYKnH~OB. 

Pa~HOXHMH'IeCKHe -upe~npH.liTH.ll uap.li~Y c ypauoM, nnyTo

HHeM H aKTHHH~aMH 6y~yT npOH3BO~HTh po~HH, nanna~HH, 

H KCeHOH B KOnH'IeCTBaX, 60nhWHX, 'leM HX ~06biBaeTCJI 

B HaCTOJI~ee BpeMJI H3 npHpO~HhiX HCTO'IHHKOB. 

II. 

llpOH3BO~CTBO pa~HOaKTHBHhiX HeHTpOHO~e~H~HTHbiX 
HYKnH~OB B HaCTOJI~ee BpeMJI 6a3HpyeTCJI, B OCHOBHOM, Ha 

ue6onLwHe ycKopHTenH 3ap.li)KeHHhiX qacTH~. ITo cpaaHeHHIO 

C TeMH KOnH'IeCTBaMH HeHTpOHOH36biTO'IHbiX HyKnH~OB, 

KOTOpble UOCTaBn.liiOTCJI aTOMHhiMH peaKTOpaMH, HX peanhHO 

~ocTynuhle aKTHBHOCTH 'lpe3Bhl'laB:uo Manhl. MacwTa6bl 

npOH3BO~CTBa 'laCTO H3MepJIIOTCJI B MHnnH· H ~a)Ke MHKpO • 

KIOpH, npH O'leHh BhiCOKOH CTOHMOCTH npo~yK~HH, KOTOpa.ll 

o6ycnoaneua, rnaBHhiM o6pa3oM, 3aTpaTaMH ua 3KcnnyaTa

~HIO ycKopHTen.ll. HanpHMep, 1 MKK10pu 26 Al 1 T ~ = 
= 7,4.105 Aem/ CTOHT oKono 40 000 ~onnapoa. 
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~nB .npOH3BO~CTBa 3TOro KOllHqeCTBa no peaKUHH 
26 Mg ( p, n ) 26 AI, MHWeHh ~OIDKHa 3KcnoHupoBa ThCB B nyqKe 

npoToHOB c 3Heprueii 22 M3B oKono 6.105 MKA- 'lac 121 . 
HeCMOTpB Ha BhiCOKYIO CTOHMOCTh, Cnpoc Ha TaK Ha3h1Bae

Mble UHKllOTpOHHhle H30TOnhl nOCTOBHHO pacTeT. ~llB CTpaH 

couuanucTHqecKoro co~py)KeCTBa KOMMepqecKoe npoH3-

BO~CTBO HeiiTpOHO~eliJHUHTHhiX pa~HOHYKnH~OB opraHH30-

BaHO B CCCP 
161 

Ha 6a3e cneuuanLHO nocTpoeHHoro ~nB 
3TOH UenH UHKllOTPOHa C 3HeprHeii no ~eHTOHaM, anhliJa

qaCTHUaM H npOTOHaM 21; 42 H 22 M3B COOTBeTCTBeHHO. 

JioMeHKna Typa UHKllOTpOHHhiX H30TOnOB BKnroqaeT He CKOllh

KO ~eCBTKOB HaHMeHOBaHHH, HO MHOrHe H3 HHX npOH3BO

~BTCB B He60llhWHX KOllHqeCTBaX, He y~OBlleTBOpB}()IUHX 
HMeiOIUHeCB B HaCTOBIUee BpeMB nOTpe6HOCTH. 

llpOH3BO~CTBO HeHTpOHO~eliJHUHTHhiX pa~HOHYKllH~OB B 

cTpaHax 3ana~Hoii Eaponhl, aepoBTHO, Toro )Ke nopB~Ka 
BenHqHHhl, qTo H B CCCP. HcnonL3YIOTCB KaK o6hlqHhle 

HH3K03HepreTuqecKHe UHKnoTpOHhl I E P ::;; 24 M3B, 
J - 0,5 MA/, TaK H H30XpOHHble UHKllOTPOHhl IEp-::;.80 M3B, 
Ed::;; 90 M3B, J = 6-9 MKA/, He~aBHo nocTpoeHHhle a 

IOnuxe I'~» p r I H JlyaeHe IE enbrHBI. CYIUe CTBeHHO IIIHpe 

npHMeHBIOTCB pa~uoaKTHBHLie npenapaTLI UHKnoTpoHHoro 

npoucxo~eHHB B CiliA, r~e Ha ux HlroToBneHHe 3aHBTo 

HecKOllhKO ~eCBTKOB ycKopHTeneii HH3KHX 3Hepruii. O,lU!aKo 

nepBhiH KaqeCTBeHHhiH CKaqOK B paCWHpeHHH npOH3BO~CTBa 
H CHH>KeHHH CTOHMOCTH npO~YKUHH 6bln OCYIUeCTBneH B CiliA 

6naro~apB coopy)KeHHIO B 197 2 ro~y 1ipyKX3BeHcKoro 

HlrOTOBHTenB H30TonoB -BLIP( Brookhaven Linac Isotope Produ
/3/ cer) . 

III. 

BLIP cny>KHT racuTeneM H36hiToqHoro npoTOHHoro nyqKa 

c 3Heprueii 200 M3B nHHeiiHoro ycKopHTenB - HH)KeKTopa 

CHHXpoTpOHa Ha 33 F3B. ~nB npOH3BO~CTBa H30TOnOB HC

nOllh3yeTCB nepHO~HqecKH OTKllOHBeMhiH OT HH>KeKTHPYIOIUe

ro TpaKTa nyqoK npOTOHOB OT llHHaKa CO cpe~Heii HHTeH

CHBHOCThlO 180 MKA. llOCKOllhKY o6nyqeHHe MHWeHeii npo

H3BO~HTCB napannenhHO C pa60TOH CHHXPOTpOHa, 3aTpaThl 

Ha 3KcnnyaTaUHIO nHHeiiHoro ycKopuTenB ~nB 3THX ueneii 

cyiUeCTBeHHo CHH)KaiOTCB. BLIP no3BOnBeT o6nyqaTh o~-
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HOBpeMeHHO ~0 ~eCBTH He 3aBHCHMblX ~pyr OT ~pyra MH

llieHeH, pacrroJIO)KeHHblX B~OJib ocu rrpoTOHHoro rryqi<a. Bee 

yCTpOHCTBO rrorpy)KeHO B 6ai<, 3aJIHTblH BQ~OH Ha rny6HHY 

10 M. Ceqeuue rryqi<a rrepe~ axo~oM B rrepayro MHllieHb -
2 

OI<OJIO 3 CM . BbiCOI<He TeiiJIOBbJe Harpy3I<H MaTepHaJIOB 

MHllieHeH - ~0 1,5 KB111. CM-
3 

- Tpe6yiOT J!WJei<THBHOrO Terr

JIOOTBO~a, I<OTOpbiH OCy~eCTBJIBeTCB BO~OH, OMbiBaiO~eH 
rrepe~HIOIO H 3a~HIOIO CTeHI<H MHllieHH. PaCXO~ OXJia)K~aiO~eH 
BO~bl - ~0 20 A/MUH Ha MHllieHb.BBO~BOp;bi Herrocpe~CTBeH

HO B 30HY 06Jiy'leHHB IIpHBO~HT I< ee ai<THBaUHHH3-3a o6-

ya30BaHHB 
14 0 I T112 = 71 c/; 15 0 I T112 = 124 c/, 

3 N 1 T112 = 9,9 MUH/, 
11 C I T 1 ; 2 = 20,5 MUH/; 7 Be 

/TI/2 = 53 OHJI/; 3 HI Tu2 = 12,3 zooa/. B ao~e Tai<)Ke 

rrpucyTCTBYIOT pa~uoaKTHBHble HYKJIH~bi, I<OTOpble o6pa-

3YIOTCB IIpH o6Jiy'leHHH Hep)KaBeJO~eH CTaJIH - MaTepuana 

I<OHTeHHepOB ~JIB MHllieHeH IIpOTOHaMH Ha JHeprHIO 100 -

200 M3B. IJOJTOMY OTBO~B~He BO~y Tpy6bl HMeiOT 6Ho

JIOrH'Ie cKyro 3a~HTY, a ao~a UHPI<YJIHpyeT B 3aMI<HYTOM 

KOHType, B KOTOpbiH BKJIIO'IeHbl CHCTeMa O'IHCTKH OT pa~uo

aKTHBHblX HYI<JIH~OB H peai<Top ~JIB peKoM6HuauaH H2 H 0 2 , 

o6pa3yiO~HXCB IIpH pa~HOJIHTH'IeCI<OM pa3JIO)KeHHH BO~bl. 

YcTauoai<aBLIP cua6)KeHa CHCTeMaMH ~HCTauuuouuoro 

BbiiiOJIHeHHB OIIepaUHH C MHllieHBMH H aBTOMaTH'IeCI<HMH 

ycTpOHCTBaMH I<OHTpOJIB H 3alliHTbl. 

C~enauuoe Bblrne I<paTI<Oe rrepe'IHcneuHe ocHOBHblX y3-

noa H KOHCTPYI<THBHblX oco6euuocTeB: BLIP ~ocTaTO'IHO 

qeTKO llOI<a3blBaeT, 'ITO ~JIB YTHJIH3aUHH HHTeHCHBHbiX 

rry'II<OB rrpoTOHOB c JHeprHeB: Bbirne 100 M3B Tpe6yeTCB 

BeCbMa CJIO)KHOe B I<OHCTpyi<THBHOM OTHOllieHHH COOpy)KeHHe. 

0~Hai<O C~eJiaHHbie 3a Tpa Tbl ~OJI)I{Hbl OI<yrra TbCB OTHOCH

TeJibHO 6blCTpO, 6naro~apB 60JiblliHM CI<OpOCT JIM Hai<OllJieHHB 

B MHllieHBX HeHTpOHO~e~HUHTHblX pa~HOHYI<JIH~OB, IIpH on

THMaJibHO Bb16paHHbiX JHeprHBX IIpOTOHOB, MaTepHaJiaX 

MHllieHeH H HX TOJI~HHaX. HarrpHMep, IIpH 'laCOBOM o6nyqe

HHH ua BLIP BblXO~ 123 I - I T u 2 = 13,1 'lac/ ~ocTHraeT 
2,5 K10pu, a 8 2 Sr I T u; = 25 cym/ - 20 MKropu. 3TH 

~sa HYKJIH~a. a Tai<)Ke 
27

Xe I T l/2 = 36,6 oHJJ/; 20 1 
Tl 

/T112 = 73 'lac/; 52 Fe/T112 = 8,5 'lac/; 97Ru/ T112 

2,9 OHJI/ COCTaBJIBIOT OCHOBHYIO HOMeHKJiaTypy pa~HOaK

THBHblX rrperrapaTOB, H3roTaBJIHBaeMblX ua BLIP, KOTOpbiB: 

6 

opHeHTHP.OBaH B rrepayro oqepe~b ua HYI<JIH~bl, HY)I{Hble ~JIB 

Me~HI<o-6HonorH'IeCI<Hx uccne~oaauuB:. 

IV. 

Cy~ecTaeuuo 6onee 6naronpHBTHble, '!eM ua BLIP 

ycnoBHB ~JIB rronyqeauB 6onhrnoro I<OJIH'IecTaa BblCOI<oai<

THBHbiX rrperrapaTOB pa3H006pa3HblX HYI<JIH~OB, 6y~yT Ha 

Jioc-AnaMOCCKOH Me30HHOH l}la6pHI<e - LAMPF (Los Alamos 

. . . /4,5/ 
Meson Phystcs Facthty) . 

Yci<opuTeJib LAMPF- caMblH I<PYIIHblH H3 rrocTpoeHHblx 

B HaCTOB~ee BpeMB CHJibHOTO'IHblX IIpOTOHHblX YCKOpHTe

JieH: JHeprHB npoTouoa 800 M3B, HHTeucuauocTb ~o 
1000 MKA /ma6A. 2/. 3TH ycTaHOBI<H rrpe~Ha3Ha'leHbl, 
rrpe)K~e BCero, ~JIB IIOJiy'leHHB HHTeHCHBHblX IIOTOKOB HyK

JIOHOB, Me30HOB H HeHTpHHO, HY)KHblX ~JIB HCCJie~oBaHHB 

CTPYI<TYPbi aTOMHbiX .11~ep H perneHHH ~pyrHx 3a~aq .~~~ep

uoB: ~H3HKH. IIepBH'IHbiH rrpoTOHHblH rryqoK rrpoxo~HT 1.fepe3 

pH~ pa3JIH'IHbiX MHllieHeH, Ha KOTOpbiX pO)K~aiOTC.II BTOpHl.f

Hbie l.faCTHUbl, B pe 3YJibTaTe qero CHH)KaeTC.II HHTeHCHBHOCTb 

H JHeprH.R rrpoTOHOB H rrpoHcxo~HT 3aMeTHa.R ~e~oi<ycHpoa

Ka IIYl.fKa. 3TH IIpOTOHbl, BbiiiOJIHHBlliHe CBOIO OCHOBHYIO 

3a~a1.fy B ~H3H1.feCI<OM JI<crrepHMeHTe, rrepe~ rrornoweuHeM 

B JIOBYllii<e MoryT HCIIOJib30BaTbC.II ~JI.II H3rOTOBJieHH.II pa~HO

aKTHBHblX HYI<JIH~OB. Tal< KaK CTOHMOCTb rrepBHl.fHOrO rrpo

TOHHOrO IIY'IKa, CBH3aHHa.ll C JKCIIJiyaTaUHeH YCI<OpHTeJIB, 

. HCKJIIOl.faeTC.II H3 paCXO~OB Ha IIpOH3BO~CTBO pa~HOai<THBHblX 

TaO••~a 2 

C•••aoroqawe yc&op•re•• nporoaoa - Meaoaswe ~Op.xx, 
crpo•r•••crao xoropwx 3a&osqeao & cepe~xae 1975 r. 

------------------------------------------------------------------Co&p~8HB08 3Reprxa nporosoa llpoexrawt ro& Mecrono•o•ea•e aa3aaa•e MaB KKA XJ 
------------------------------------------------------------------· LAMPF 
SJN 

TRJUMF 

600- 800 

590 

180 - 520 

100 - 1000 Jloc-.UaMoc,CIA 

100 B••••rea,-.el~ap•a 

100 - 200 Bauyaep, Kalla..& 

-~----------------------------------------------------------------· X; B 1975 r. TOE jwn 2~,10 1 0,1 KKA,cooraercraeaao. 
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HyKnHAOB, nocneAHHe nonyqaroTC~ C OTHOCHTenLHO HH3KOB 

ce6eCTOHMOCTbiD. 
IlpeABapHTenLHO BLmonHeHHble An~ LA~PF ou;eHKH no

KaJanH, qTo nocne npoxo)I(.AeHH~ qepe3 HcnonLJyeMble 
B <i>HJH'leCKOM 3KCnepHMeHTe MHWeHH 3HeprH~ npOTOHOB 
CHH3HTC~ C 800 AO 700 M3B, HHTeHCHBHOCTb - AO 
400±100 MKA H nnmuaAL nonepeqHoro 2ceqeHH~ Ae<l>oKy
cHpoBaHHoro nyqKa 6yAeT OKOnO 180 CM, ,lJ;n~ YTHnH3au;HH 
JToro nyqKa nepeA noaywKoi npoTOHOB pacnonaraeTc~ 

ycTpOBCTBO An~ npOH3BOACTBa H30TonoB IPF (Isotope Pro-
duction Facility ) , noJaon~romee o6nyqaTL OAHOBpeMeHHO 
WeCTb MHWeHeB TOnliJ;HHOB no 25 MM. Ka)I(Aa~ MH-
weHL, He3aBHCHMO OT ApyrHX, MO)I(eT 6blTb BBeAeHa B 30HY 
o6nyqeHH~ H BblBeAeHa H3 Hee. TaKa~ HeJaBHCHMOCTb one
paUHB no C'beMy H nocTaHOBKe n03BOnHT BblnOnH~Tb HX 
6e3 nepepbiBa B o6nyqeHHH APYrHx MHWeHei H Bbl6HpaTL 
OnTHManLHYIO 3KCn03HUHID An~ 3aAaHHOB napbl MHWeHL -
npOAYKT. IlpeAYCMOTpeHO, qTo, no KpaiHeB Mepe, OAHO 
MeCTO ycTaHOBKH MHWeHH 6yAeT HMeTL ycTpOBCTBO An~ 
c6opa ra3oo6pa3HbiX npOAYKTOB ~AepHbiX peaKUHB B npo

u;ecce o6nyqeHH~. 
BbinonHeHHble pacqeTbl noKa3LIBaroT, qTo ecnH nepaa~ 

MHWeHL 6oM6apAHpyeTc~ npoToHaMH c 3HeprHei 700 M3B, 
TO 3a weCTOB HX 3HeprH~ CHH)I(aeTC~ AO 500 M3B. 3a 
cqeT MHOrOKpaTHOrO pacceHBaHH~ npOTOHOB pe3KO ocna6-
n~eTC~ HHTeHCHBHOCTb nyqKa OT MHWeHH K MHWeHH, H no
cneAH~~ o6nyqaeTc~ B n~TL pa3 cna6ee, 'leM nepaa~. lina
roAap~ Ae<l>oKycHpoaKe nepBH'IHOro ny'IKa Tennoaa~ Ha
rpy3Ka Ha MHWeHH IPF cymecTBeHHO MeHLWe, qeM Ha 
BUP - 40 Bm. cM-~0AHaKo o6mee JHeproBblAeneHHe oqeHL 
aenHKO - AO 15-20 KBm. Oxna*AeHHe MHWeHei ocymecT
Bn~eTc~ BOAOB, pacxoA KoTopoi cocTaBn~eT 4-8 A/MUH 

Ha OAHY MHWeHL. Ilpo6neMbl TennOOTBOAa H paAHaUHOHHOB 
CTOBKOCTH MaTepHanOB MHWeHH CyliJ;eCTBeHHO ynpomaroTC~, 
e cnH An~ o6nyqeHH~ HHTeHCHBHblMH nyqKaMH npOTOHOB 
HCnOnb30BaTb MeTannbl. BepO~THO, MeTannHqeCKHe MHWeHH 
6YAYT eAHHCTBeHHbiMH, no KpaBHeB Mepe, B nepBbiB nepHOA 
pa6oTbl IPF. 0AHO H3 Ba)I(HblX Tpe6oaaHHB K MeTannaM 
An~ MHWeHeB - BblCOKa~ HX qHCTOTa no OTHOWeHHID K Jne
MeHTaM, An~ npOH3BOACTBa paAHOaKTHBHblX H30TOnOB KO
TOpbiX cny)l(aT 3TH MeTannbl. B npoTHBHOM cnyqae CHH)I(a-

8 

eTc~ YAenLHa~ aKTHBHOCTL npenapaToB H MoryT B03HHKHYTL 
TPYAHOCT9: npH paAHOXHMHqecKoi cenapau;HH. 

B uenoM npo6neMbl, cB~3aHHble c npoHJBOACTBOM pa
AHOaKTHBHblX HyKnHAOB Ha IPF, aHanorHqHbl TeM, KOTOpble 
paccMaTpHBanHcb BbiWe An~ BLIP. HecKonLKO cno)I(HeB 
TOnbKO 3aAaqH paAHOXHMHqeCKOB nepepa60TKH o6nyqeHHblX 
MHWeHeB, TaK KaK cneKTp paAHOaKTHBHbiX HYKnHAOB, o6-
pa3YIDIUHXC~ npH B3aHMOAeBCTBHH npOTOHOB C 3HeprHeB 
500-700 M3B c aTOMHbiMH ~ApaMH, cymecTBeHHO 6ora'le, 
qeM An~ npoTOHOB 100-200 M3B. 

v. 
OcHOBHbiMH peaKUH~MH Ha ~Apax cpeAHero aToMHoro 

aeca noA AeicTBHeM npoTOHOB c JHeprHei MeHLwe 1 F3B 
~Bn~roTcJI peaKUHH rny6oKoro pacmenneHH~. CornacHo Mo
AenLHblM npeAcTaBneHHJIM, OHH HAYT B ABe cTaAHH 
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Ha nepBOB, KaCKaAHOB, Bbl6HBaiDTCJI OAHH HnH HeCKOnbKO 
HyKnOHOB H nerKHX qacTHU H npH 3HeprHH npOTOHOB BblWe 
400 M3B HHTeHCHBHO PO*AaiOTC~ MeJOHbl. KacKaA npo
TeKaeT Ja apeMJI oKono 10 - 22 c. Ilocne KacKaAHoro npo

uecca OCTaiOTC~ JIApa, 3HeprH~ B036Y*AeHH~ KOTOpbiX MO
)I(eT ne)l(aTL OT eAHHHU AO HecKonLKHX coTeH M3B. BoJ-
6y)I(.AeHHe paBHOMepHO pacnpeAeneHO no BCeMy ~AepHOMy 
aemecTBy. BpeMJI AOCTH)I(eHHJI paaHoBeCHbiX ycnoBHB oue
HHBaeTCJI npHMepHo a 10-21 - 1o-20 c. CqHTaeTc~. qTo AO 
AOCTH)I(eHH~ paBHOBeCH~, Aa)l(e npH 3HeprH~X B036Y*AeHHJI, 
paBHblX nonHOB 3HeprHH CB~3H HyKnOHOB B ~Ape, MO)I(eT 
HCnapHTbC~ He 6onee 5'1o HyKnOHOB OT HCnap.IIIDJUHXC~ 

BnocneACTBHH. 
IlocneKaCKaAHble B036Y*AeHHble JIApa, B 3aBHCHMOCTH 

E * -17 OT 3HeprHH B036Y*AeHH~ , MOryT )I(HTb OT 10 AO 
10-22 c cooTBeTCTBeHHO An~ E * B HecKonLKO AeC~TKOB 
H HecKonLKO coTeH M3B. Bo36y)I(.AeHHe CHHMaeTc~ nocne
AOBaTenLHbiM HCnapeHHeM HyKnOHOB HnH nerKHX ~Aep CO 
cpeAHei KHHeTHqecKoi JHeprHei B HecKonbKO M3B. B oc
HOBHOM H3 ~Aep cpeAHero aTOMHOrO Beca HCnap~IDTC~ 
HeBTPOHbl. IloApa3yMeBaeTCJI, qTo Ka)I(AbiB aKT HcnapeHH~ 
npOHCXOAHT HeJaBHCHMO OT npeAbiAYIUero, TaK KaK 3TO 
paccMaTpHBaeTc~ An~ KOMnayHA- ~Aep. HcnapeHHble qac
THUbl AOn)I(Hbl pacnpeAen~TbC~ B ABH)I(YliJ;eBCJI CHCTeMe 
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H30TponHo. Ilocne npouecca ucnapeHHJI ocTaiOTCJI JI,IJ;pa, 

KOTOpble Ha3biBaiOTCJI nepBH'IHbiMH npo,IJ;yKTaMH pacmen

JieHHJI. bOJibWHHCTBO Ha6JIIO,IJ;aeMbiX B 3KCnepHMeHTaX JI,IJ;ep 

JIBJIJie TCJI npo,IJ;yKTaMH ueno'leK pacna,IJ;a o,IJ;Horo HJIH He

CKOJibKHX nepBH'IHbiX JI,IJ;ep. 

B 3aBHCHMOCTH OT aTOMHOrO HOMepa Z H MaCCOBOrO 

'IHCJia A 3HeprHJI ao36y~,IJ;eHHJI E* nocneKacKa,IJ;HbiX JI,IJ;ep 

MO~eT CHHMaTbCJI He TOJibKO HCITapeHHeM, HO H ,IJ;eJieHHeM, 

KOTOpoe 6y,IJ;eT KOHKypHpOBaTb C HCITyCKaHHeM 'laCTHUbl Ha 

Ka~oii: cTyneHH ucnapHTeJILHoro npouecca. ,ll;eneHHe Hau-

6onee BepOJITHO ,IJ;JIJI TpaHCCBHHUOBbiX JI,IJ;ep, HO npH 3Hep

rHJIX, ,IJ;OCTaTO'IHbiX ,IJ;JIJI ,IJ;e$OpMaUHH JI,IJ;ep, B03MO~O H ,IJ;JIJI 

6onee nerKux 3JieMeHTOB. OcKOJIKH ,IJ;eJieHHJI B036y~,IJ;eH

Horo JI,IJ;pa 6y,IJ;yT CHH~aTb 3HeprHIO HCITapeHHeM Heii:TpOHOB, 

o6pa3yJI nepBH'IHble npo,IJ;yKTbl ,IJ;eneHHJI. 

KpoMe npo,IJ;yKTOB peaKuuB: rny6oKoro pacmenneHHJI H 

,IJ;eJieHHJI npH B3aHMO,IJ;eHCTBHH npOTOHOB BbiCOKOH 3HeprHH 

C TJI~eJibiMH JI,IJ;paMH-MHWeHJIMH (A 1 ..200),3KCITepHMeHTaJib

HO 6biJIH o6Hapy~eHbl nerKHe JI,IJ;pa c A < 30, KOTOpble Ha-

3BaJIH npo,IJ;yKTaMH npouecca tilparMeHTauuu. Ce'leHHJI ux 

o6pa3oBaHHJI npu EP = 500-700 M3B oKono ,IJ;eCJITKa 

MHKpo6apH. <I>H3H'IeCKaJI CYIUHOCTb npouecca ITOKa eme He 

ITOJIHOCTbiO ITOHJITHa. 3TO MO~eT 6biTb JIH60 pe3KO aCHM

MeTpH'IHOe ,IJ;eJieHue, nu6o Tpoii:Hoe ,IJ;eJieHHe, nu6o O'leHL 

6LICTpblii: npouecc oTpbiBa nerKHX JI,IJ;ep, npoTeKaiOIUHH 

BO BpeMJI YCTaHOBJieHHJI 3HepreTH'IeCKOrO paBHOBeCHJI Ha 

KacKa,IJ;Hoii: cTa,IJ;HH peaKUHH rny6oKoro pacmenneHHJI. 

BepoJITHOCTL o6pa3oBaHHJI npo,IJ;yKTOB JI,IJ;epHbiX peaK

uno TJI~eJibiX 3JieMeHTOB C 6biCTpbiMH npOTOHaMH XOpOWO 

HJIJIIOCTpupyeT 3aBHCHMOCTL a=¢ (A) I puc.l/, nony'leHHaJI 

npu o6ny'leHHH BHCMyTa npoToHaMH c 3Heprueii: 800 M3B1 4~ 
KpuaaJI noKa3biBaeT, 'ITO ,11;a~e npu o6ny'leHHH TJI~eJILIX 

UHCTOpHeBbiX 3JieMeHTOB, B OCHOBHOM,H,IJ;YT peaKUHH rny-

60KOrO pacmenJieHHJI C npeHMYIUeCTBeHHbiM o6pa30BaHHeM 

HYKJIH,IJ;OB, 6JIH3KHX (L'1 A:;;20) K JI,IJ;py- MHWeHH. 3neMeHTbl, 

o6pa3oaaawuecJI B peaKUHJIX pacmenneHH.II , o6orameHbl 

HeHTpOHO,IJ;e$HUHTHbiMH H30TOITaMH, a B peaKUHJIX ,IJ;eJieHHJI -

HeiiTpOHOH36biTO'IHbiMH I puc. 21. 
IIony'leHHble 3KcnepHMeHTeJILHO OTHOCHTeJILHO npocTble 

3aBHCHMOCTH Ce'leHHH o6pa30BaHHJI npo,IJ;yKTOB pacmenne

HHJI OT aTOMHOrO BeCa ITOCJie,IJ;HHX HHHUHHpOBaJIH ITOHCKH 
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101o I 4o I 8o I 12o • .' 1sol 2bo1 24o 
MACCOBbiL-1 HOMEP 

·Puc. 1. Bblxoobl npooyKmoe 6oM6apoupoeKu eucMyma npo
moHaMu 6biCOKUX 3Hep2UU 14! 

3MITHpH'IeCKOH $opMyJILI ,IJ;JIJI paC'IeTa BbiXO,IJ;OB OT,IJ;eJibHbiX 

HYKJIH,IJ;OB npH 3a,IJ;aHHOM 3JieMeHTe MHWeHH H 3HeprHH 

ITpOTOHOB. IlepBble ITOITbiTKH B 3TOM HanpaBJieHHH 6biJIH 

npe,IJ;npHHJITbl Py,IJ;cTaMoM, KOTOpblu npe,IJ;JIO~HJI <t>opMyny 

,IJ;JIJI npe,IJ;CKa3aHHJI Ce'leHHH B HHTepBaJie OT COTeH MHJIJIH-

6apH ,11;0 HeCKOJlbKHX MHKpo6apH, ITpH o6ny'leHHH JI,IJ;ep-MH

meHeH C MaCCOBbiMH 'IHCJiaMH -25 /~t< 210 npOTOHaMH 

c 3Heprueu 100 M3B:::.Ep:::.3o F3B 
9
.3Ta <l>opMyna 6blna 

HeCKOJlbKO MO,IJ;HtilHUHPOBaHa/IO/ 'ITO YJIY'IWHJIO COOTBeTCTBHe 

paC'IeTHbiX ,IJ;aHHbiX 3KCITepHMeHTaJibHbiM, H B OKOH'IaTeJib

HOB tbopMe npHHJIJia cne,IJ;yroiUHH BH,IJ;: 

a P (d , At-f', )2/3 

a (Z ,A)= 
PA 

1,79[e 1 (1-2e '/3PA
1
)-1+2e'/3+2e/3PA

1
] 

x exp [ PA-R(Z-(Sc -UcAt /Z
1 

+ Vc A
1
)A + TA2

)
312

], /1/ 
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r~e z- aTOMH~H HoMep Ja~aHHoro HyKn~a. A- ero Mac

coBoe qBcno, P=a'E -b' /E <2400 M31J/, R=d 'A-e', 
A p P-

a =" (1,26 A1/ 3 • w- 13 )2 exp ( -g '+ h 'At). (EP ~ 240 M3B ) 

s = 0,616 

u =0,06 

v = 0,00005 

T =0,00038. 

a' =20±7 g'= 0,25 ±0,12 

b, = 0,77 ± 0,06 h '= 0,0074 ± 0,0016 

d, = 11,8 ±3,0 

e' = 0,45± 0,07 

100,-------T------. 

- 10 
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o I \ 
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I \ 

• 
\ 

' I 

116 120 124 128 132 
MACCOBbl~ HOMEP 

Puc. 2. He3a8UCUMbJe (JbJXOObl U3omonoe uooa 8 JIOepHbJX 
peaKijUJIX pacr~~enAeHUJI AOH'!faHa u OeAeHUJI ypaHa npomoHa
MU c 3Hepzueu 600 M3B /a;. 
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f, 
J 

I 

PaccquTaHH~e no 3TOH ~opMyne B~XOrohl pa~BoaKTHB
H~x HyKnB~OB, o6pa3yiD~XCH npB o6nyqeHBB npOTOHaMB 

c 3HepraeH 600 M3B pa3nBqH~X 3neMeHTOB"MBWeHeH, 

xopowo, B npe~enax ~KTopa 2, cornacyroTcx c 3Kcnepa

MeHTanbH~MB ~aHH~MB, ecnB At< 100(V ,Co, As, Nb) 
/puc. 3/. Ho ~nx 6onee TH)I(en~x MBWeHeH (Ta, Bi) 3K

cnepBMeHTanbHO B3MepeHH~e B~XO~bl ~nH HyKnB~OB C 

6onbWBM ~e~BUBTOM HeHTPOHOB OKaJanBCb MHOrO B~e 

pacqeTH~X, TOr~a KaK HeHTpOH006orameHH~e HYKnB~ 
o6pa3yiDTCH C B~XO~aMB, Ha HeCKOnbKO nopH~OB MeHbWe, 

qeM cne~yeT &3 npe~cKaJaHBH I puc. 4 B 5/. Ho, HecMoT

px Ha HeKOTOpyiO HeToqHOCTb, ~OpMyna /1/, HeCOMHeHHO, 

noneJHa ~x oueHKB onTBManbH~x ycnoBBH nonyqeHBH Ja· 

JJ,aHH~X pa~BOHyKnB~OB B peaKUBHX pacmenneHBH. 

VI. 
PaccqBTaHH~e no ypaBHeHBID Py~cTaMa ceqeHBH OTHo

CHTCH K TOHKBM MBWeHHM - nopJI~Ka ~oneH rpaMMa Ha 

KBa~paTH~H caHTBMeTp. IlpoBJBO~CTBeHH~e MBWeHB IPF 
npoeKTBpyiDTCH TOnCTbiMB, ~0 30 z/cM2 .IlpB npOXO)I(~eHBB 
nyqKa npOTOHOB BbiCOKOH 3HeprBB qepe3 O~Hy BnB He· 

CKOnbKO TaKBX MBWeHeH, B pe3ynLTaTe CHB)I(eHBH ero 

HHTeHCBBHOCTB B 3HeprBB qaCTHU ~O~H~ 3KCnOHeHUBanb· 

HO cna~aTb llO rny6BHe MBWeHB 3~~eKTBBH~e ceqeHBJI 

peaKUBH pacmenneHBH, paccqHTaHH~e Ha OCHOBaHBB BC· 

XO~HOH HHTeHCHBHOCTB nyqKa. )l.eHCTBBTenLHO, 3TO TaK 

:i 3 
~ 

~ g. 2 
lj B 
o.x a. ... 
b b 

0.5 

-
• • • 

• ••• • • • ••• • 
• • • • 

1.0 so 60 
MACCOBbiYt HOMEP 

Puc. 3. CpaeHeHue pact.temHbJX u 3KcnepuMeHmaAbHbJX ce
t.teHuu peaKijUU pacr~~enAeHUJI OA~ ~6aAbma, o6Ayt.teHHozo 
npomoHaMu c 3Hepzueu 600 M3B 1 II . 
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~ 
~100 
::J 

1-Q. 

"el ~ 10 

b 

01 

0 

• • • • 

• 
f 

O.Qll 150 160 170 
MACCOBbl~ HOMEP 

0 

0 

Puc. 4. CpaeHeHue pac'lemHbiX u 3KcnepuMeHIIlaAbHbiX ce
'leHuu peaKflUU pacut_en/leHUJI O?JI ,maHmaAa, o6y'leHHozo 
npomoHaMu c 3Hepzueu 600 M3B II;. 

1000r--------..., 
0 

0 

0 0 

0 

0 

10 
0 

0 00 0 00 

0 

0 

0.1 

0 

0.01L--~--~...,....-----I 
180 190 , 200 
MACCOBbl~ HOMEP 

Puc. 5. CpaeHeHue pac'lemHbiX u 3KcnepuMetlma/lbHbiX ce
'leHuu peaKflUU paCUien/leHUJI 0/l.,ll~UCMYIIla, 06/ly'leHHOZO 
npolloHaMu c 3Hepzueu 600 M3B '. 
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H npOHCXOJ;!;HT ,lJ,nJI OT,D,aneHHLIX OT 3neMeHTa-MHWeHH npo

.D.YKTOB. Ho ,D,llJI HYKllH,lJ,OB C OTHOCHTenbHO 6nH3KHMH Mac

COBLIMH qacnaMH Ha6mo,D,aeTCJI pOCT 3c1>4JeKTHBHLIX ceqeHHii 

,D,O HeKOTOpOii rny6HHLI MHWeHH, KOTOpaJI TeM 6onbWe, qey 

BLiwe 3HepraJI npoToHoB. HanpaMep, npa o6nyqeaHH >Kene-

3a npoTOHaMH c 3Hepraeii 1 T3B 3Ta rny6aaa oKono 

7 CM, a npa 600 M3B - oKono 4 cM. H3Meaeaae 3ci>4JeK

THBHLIX ceqeHHii B TOllCTLIX MHWeHJIX npa6na>KeHHO ona

CLIBaeTCJI cne,D,yro~eii 3MnapaqecKoii l}lopMynoii: 

a 10 21 /12/ 
fg~=(-~+(7 +AAHx+'iO))x. (EP:::; 1T3B), /2/ 

r,D,e a - 31}l!}leKTHBHoe ceqeaae o6pa3oaaaax HyKnH,D,a aa 

rny6aae x z/cM 2, a0 - ceqeaae B TOHKOii Maweaa. 

IJpH pacqeTe BLIXO,D,OB pa,D,HOHyKnH,D,OB 83 TOllCTOH MH

WeHH He06XO,D,HMO, CTpOrO rOBOpJI,yqHTLIBaTb H3MeHeHHJI 

31}l!}leKTHBHLIX ceqeaaii no ee rny6aae. B 3TOM cnyqae 

l}lopMyna ,D,nx pacqeTa HaKonaaweiicJI B Teqeaae qaca 

B MHWeHH TOll~HHOH Xo aKTHBHOCTH 3a,D,aHHOrO OTHOCH

TenbHO ,D,onro>KHBy~ero I T112» 1 'lac/ HyKnH,D,a, 6y,D,eT 

HMeTb BH,D,: 

xo 
r a (x) dx • 1 

6 -II 0 y -l=-1, ~ • 10 
MKK>pU. 'lQC - T A 

1/2 t 

/3/ 

r,D,e a B M6, X B z/cM2 , 1 - HHTeHCHBHOCTb ny~a npo

TOHOB B ceKYH.D.Y, TY;; - nepao,D, nonypacna,D,a nonyqaeMoro 
ayKnH,D,a B qacax, A 1 - MaccoaLiii HOMep 3neMeHTa-ya

weaa. 
Ho nOCKOllbKY Toqaoe onpe,D,eneHHe 3aBHCHMOCTH ce

qeHHX oT rny6HHLI - .D.OBOnbHO TPY.D.OeMKax npo:u;e,D,ypa, 

6e 3 6onbWHX norpeWHOCTeii MO>KHO ,lJ,llX MHWeHeii TOlllD;IIHOH 

30-40 z/cM2 a MeHbWe a 3Hepraa npoToHOB 500-700 M3B 
cqaTaTb ceqeHHX nOCTOXHHbiMH H paBHLIMH a0 , TaK KaK 

3l}li}JeKTHBHLie ceqeHHX BCeX o6pa3yiO~HXCJI C 6onbWHMH Bbi

XO,D,aMH HYKllH,lJ,OB OTnaqaJOTCJI OT 3TOH BenaqHHLI He 6onee 

qeM Ha 50% jma6/l. 3/. IlpH TaKOM npa6nH>KeHHH aKTHB

HOCTb HyKna,D,a, o6pa3yro~erocx c ceqeaaeM a I M6/ npa 

o6nyqeHHH TOllCTOH MHWeHH npOTOHaMH BLICOKHX 3HeprHii, 

MO>KHO paccqaTaTb no l}lopMyne /4/: 
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TaGJBUa 3 

Bwxo~ aeKoropwx npo~Kroa pac•enaea•• (a MBJJBGapsax) 
B3 !OBKBX ~··r-MDtHel,oGJyqe&BYX npOtOBaMB C aaeprBtl 
600 liB IBJtpB roacrol •eaesaol cGopKB(30X30X50 cM)/11/ 

----------------------------------------------------------------· llartpBU MDtBB 
To•••aa ------------------------------------------------------· -------------!!!!!2 ____________ !!22!! _____________ !!~!1!--------· 
r/ctl 5411n 48y 44msc 68zr 62sr 72st 2~ 195.Au 175af 

3,7 30 17 6,6 39 31 3,6 62 30 9,1 

26,4 39 15 5,3 46 29 2,6 66 26 5,2 

62,4 34 14 4,5 3,7 21 1,5 76 27 1,7 

14P. t 0 

Y =1,63.1(f" -1 -x ]o 0[1-exp(-0,693i-)], /4/ 
K10pu At 1/2 

r.ne p 
1 

- nnoTHOCTL MHlliCHB I z/cM3 I, J - HHTCHCBBHOCTL 

DY'IKa DpOTOHOB B CCKYH.IJ.Y, X - TOni.QBHa MBlliCHH B CaHTB

MCTpax, t i - BpCMJI o6ny'ICHHJI. 

VII. 
Pa6oTa ycKopuTenJI - Me 30HHOii clla6pBKB B Jloc- AnaMo

CC - Ha npe,D.yCMOTpCHHLIX DpOCKTOM ODTHManLHLIX pC)I(HMaX 

ll03BOnBT BCDOnL30BaTL ,IJ.nJI H3rOTOBnCHHJI pa,nuoaKTBBHLIX 

HyKnu.noa npoToHLI c 3Heprueii 700 M3B, B KonuqecTBe 

OKOnO 2500 MA- ~ac B ro,n • .lionLlliBC aKTBBHOCTB H MHO

roo6pa3BC npo,nyKTOB peaK.QHii pacK.QenneHBJI, KOTopLie npe.n

nonaraeTCJI nony'laTL, noTpe6oaanu oT 3aHJITOii peanu3a

.QBeii 3Toii nporpaMMLI rpynnLI LAMPF B3Y'ICHBJI aepoJIT

HLIX o6nacTeii npBMCHCHBJI HOBOH npo,nyK.QBB B COCTaBnCHBJI 

6onee unu Meuee .nocToaepHLIX nnauoa npoB3BO.IJ.CTBa. OT

BCTLI Ha BODpOCLI Ka'ICCTBCHHOrO, HOMCHKnaTypHOrO xa

paKTepa 6LinB BO MHOrBX cny'laJIX nony'ICHLI npB KOHCynL-

Ta.QBiX C DOTCHIJ;BanLHLIMB DOTpe6BTCnJIMB. IJpB 3TOM 

acxo,IJ.Bnu a/ B3 y)l(e BMCIDK.QerocJI qpe3BLI'Iaiiuo 6oraToro 

ODLITa BCDOnL30BaHBJI ,D.pyrBX B30TODOB TCX )I(C CaMLIX 

3neMCHTOB BnB BX XBMB'ICCKBX aHanorOB /l 4 ,15/; 6/ B3 

coo6pa)I(CHBii o 6onee y,no6HLIX ,nnJI noTpe6uTeneii JI,nepHLIX 
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xapaKTepHCTHKaX H H30TODHOH 'IHCTOTLI pa,D.HOHYKnB,IJ.OBi 

a/ B3 Toro cllaKTa, 'ITO pJI,n pa,nuouyKnH,IJ.oB, a uacTOJII.Qee 

BpCMJI nony'laiOI.QBXCJI B O'ICHL ManLIX KOnH'ICCTBaX, CTaHCT 

,IJ.OCTYDCH ,IJ.nJI lliBpOKOro DpBMCHCHHJI B HayKe H TCXHHKC. 

B nocne.nueM cnyqae B Ka'ICCTBe npaMepa MO:>KHO npuaecTu 

ynoMHHaBlliBiicJI BLillle 
26 

Al.IIpe,nnonaraeTcJI, 'ITO ua LAMPF 

MO)I(HO 6y,neT B3rOTaBnBBaTL 26 MKKK>pU B MCCJIU 3TOrO 

,IJ.OnrO)I(BByi.Qero B30TODa aniDMHHHJI/l 6 /, 'ITO B 50-100 pa3 

6onLllle, 'ICM Ha 06LI'IHLIX UBKnOTpOHaX. 0THOCHTCnLHO ,IJ.O

CTOBCPHLIC OUCHKH 0 nepCDCKTHBaX c6LITa B CiliA pa,IJ.HO

aKTHBHLIX npenapaToB, nonyqaeMLIX ua LAMPF, noKa oKa-

3anocL B03MO)I(HLIM C,IJ.enaTL TOnLKO ,IJ.nJI 'ICTLipex HyKnH

,IJ.OB, KOTOpLie H 6LinB nonO)I(CHLI B OCHOBY nepBOHaqanL

uoii npoa3BO.IJ.CTBeuuoii nporpaMMLI I ma611. 4/. 
67 Ga. CaMLiii ,nonrO)I(HBYI:u;Hii H3oTon rannuJI, pacna,naiD

I.QBHCJI, rnaBHLIM o6pa30M, nyTeM K - 3axaaTa H, KpoMe 

peHTrCHOBCKHX, HCfiYCKaiDI:u;HH y -KBaHTLI C 3HCprHeH, y,no6-

HOH ,IJ.nJI CKaHHpOBaHBJI ero nonO)I(CHHJI B opraHB3MC. 3TO 

'1pC3BLI'IaHHO none3HLIH, C TO'IKH 3pCHHJI OHKOnorHH, pa,nuo

HyKnH,IJ.. JIHMOHHO-KucnwB: 67 Ga ceneKTBBHO KOHUCHTpupy

eTcJI a onyxonJix MJirKHX TKaueii. IloKa3aHo , 'ITO 3TO uau-

6onee 34lcllCKTHBHLIH areHT, fiOMOraiDI.QHH C BLICOKOH TO 'I

HOCTLIO CKaHHpOBa TL rny60KOnC)I(ai.QHC HOB006pa30BaHHJI. 

.lie3 Toquoro 3HaHHJI noKanH3a:u;uu onyxonu a opraHH3Me 

6onLHoro 6eccMLicneHHo u ape.nuo o6nyqeuue na:u;ueHTOB 

OTpu:u;aTenLHLIMH nHoHaMH. A TaK KaK LAMPF.no~eH cTaTL 

UCHTPOM MC30HHOH Tepanuu, TO BOnpocaM HCnonL30BaHHJI 

pa,nuoHyKnu,noa, B TOM 'IHcne u 67 Ga, ,nnJI npe,IJ.llleCTByiD

meii o6ny'ICHHIO ,IJ.BarHOCTHKB, y,nenJICTCJI 6onLlliOC BHHMa

HHC rpynnoii 6BOMC,IJ.HUHHCKOrO HCfiOnL30BaHBJI yCKOpHTCnJI • 
32 Si. E,nuHCTBeHHLiii B30Ton KpeMHHJI, npuro,nHLiii ,nnJI 

HCDOnL30BaHHJI B Ka'ICCTBC MC'ICHOrO aTOMa. HecMOTpJI Ha 

Mano y,no6HLIC JI,D.CpHLIC xapaKTCpHCTHKB, npe,nnonaraeTCJI 

npHMCHCHHC 3TOrO pa,D.HOHyKnH,IJ.a B 6BOXBMH'ICCKBX, cllH3H

qecKHX, MCTannyprB'IC9KBX H XBMH'ICCKHX HCCnC,IJ.OBaHBJIX. 

0H MO)I(CT TaK)I(C HCfiOnL30BaTLCJI ,IJ.nJI reuepa:u;BH He6onL

WHX KOnH'ICCTB 32 p BLICOKOH y,nenLHOH aKTHBHOCTH. 

l23 J. Ha cero,nHJilliHHii ,neHL 3To uau6onee Ba)I(HLIHB3o

Ton MC.IJ.BUBHCKoro Ha3Ha'ICHHJI 1131. HcnonL30BaHHe ero 

BMCCTO lSI J fi03BOnBT CYI.QCCTBCHHO fiOBLICBTL TO'IHOCTL 

,IJ.BarHOCTBKH H 34l«lleKTBBHOCTL pa,IJ.BOTCpallBB, 6e3 fiOBLI-
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TaOnua 4 

Dpe~o.arae•aa ro,~;oaaa norpeOaocrb a CiA a sexoropwx 
pa,J;BOBfK41,J;ax, 3AD4ARipOB8BBWX ~· Dp013BO,J;CTBa 

aa LAMPF /16/ 

HyUI,J; Tl/2 BTBBBOCTJo HYUI,J; TI/2 UTKBBOCTit 

-------------------------------------------------------------------
67Ga 78 qac 1200 Kllpll 123J 13,1 qac 4000 KllpH 

32si 500ur 10 Mltllpl 88y 107 ,~;aelt 900 KrJpl 

TaO.IIJ.tA 5 

lloresu•aa•so ooae3&we paABOHJK41AW, opo13BOACTBO Koropwx 
Moaor Own opraHI30aaao Ha LAMPF 

Hylt.II,J; Tl/2 Bo3Moaaaa oOaacr• np••eaeRJia 

26Al 5 7,4.10 JI8T Met~eHbli.f aro.11 B pa3&oo0pa3swx xcc.lluosaaux 

42 A.r 33 ro,~;a reaepauxa 42K(14,6 qac)-arpo- 11 OMOXM.IIBqec-
Kl8 ICCJI8,J;OBAHIJI 

44Ti 47 JI8T f&RepaUIA 44sc .3,9 qac)- .118,J;IUIBCK08 CKa -
HlpOBaRU KOC!e 

68Ge 280 ABel ftBtpAUift 68Ga (68 .IIIH)- Kuyqareu D031tpo-
HOB 

82Sr 25 ,J;B81 feHepauu 82Rb(75 C8Jt)- 1118~1UJIRC:l08 CKaHHpo-
aane cep,~;ua 

83Rb 83 ,J;&a f&Repau-a 83nnKr- ,J;IarHOCTIJtA .IIYCKYJI•Rol 
,J;IC!p04JIH 

12118 36 ,J;R81 M8AIUIHCK08 CKaHHpOBaHHe JlerKIX, ICC48,J;OBa-
818 ra30BWX DOTOKOB 

172Hf ~2 ro,~;a reaepau•a 172Lu (6,7 ,J;Ra)~131KO-XIIIIKQeCJtle 
I .118Tal.llyprlq8Citl8 ICCJI8,J;OBaHJI8 

194ag 30 .118! resepa~U 194Au (39 qac)-Mel!eHbli1 ATO.II B 
pa3ROO pa3BWX ICCJI8,J;OBaRI8X 

--------------------------------------------------------------------
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meHHJI o6Uleil )J,03bi o6nyqeHHJI nau.HeHTa. Ilpe)J,nonaraeTcJI, 

qTQ BBe)J,eHHe 
123 j B Me)J,Hli,HHCKYIO npaKTHKY )J,aCT nOJIO • 

:>KHTeJibHblH J«PccJeKT He TOJibKO npH H3)'qeHHH liiYHKI.(HH 

ll(HTOBH)J,HOH :lKeJie3bl, HO H npH 3aMeHe HM 
99 m Tc, KOTOpbiH 

npHMeHJieTC.II B KaqecTBe pa)J,HOaKTHBHOH MeTKH B HeKOTOpbiX 

npenapaTax. 
88 Y. IbroTooneHHe 3Toro pa)J,HOHYKJIH)J,a Ha LAMPF no-

3BOJIJieT HCnOJib30BaTb ero )J,JI.II !liOTOHeHTpOHHblX HCTQqHH· 

KOB 88 Y - Be. 0CHOBHOH COCTaBJI.IIIOlll,eH raMMa- H3JiyqeHH.II 

HBJIHIOTCH KBaHTbi c JHeprHeH: 1,836 M3B /99,50/o/. Jinaro

LJ,apH JTOMY BblXO)J, HeH:TpoHoB 2,9.10
6 

n c- 1 KJOpu- 1 He

cKoJibKo BbiWe, qeM H3 )J,pyrHX !liOTOHeHTpOHHblX HCTOqHH· 

KOB. CneKTp HeHTPOHOB npaKTHqeCKH MOH03HepreTHqecKHH 

/En= 151 K3B/. Ilpe)J,nonaraeTCH BblnycK 60 HCTOqHHKOB 

B ro)J,, no 15 K10pu say B Ka:lK)J,OM. 

KpoMe nepeqHcneHHblX BblWe HYKJIH)J,OB, )J,JIJI npoH3-

BO)J,CTBa Ha LAMPF 6blJIH HaMeqeHbi pa)J,HOaKTHBHble HJo

TOnbi npHMepHo )J,eCJITH JJieMeHTOB I ma6A. 5/. IlpHBe)J,eHHblH 

B Ta6JIHU.e cnHCOK, 6e3yCJIOBHO, He HBJIHeTCH HCqepnbiBaiO· 

ll(HM, HO H OH )J,OCTaToqHO XOpOWO HJIJIIOCTpHpyeT 06JiaCTH 

npHMeHeHHH pa)J,HOHYKJIH)J,OB, KOTOpble MO:lKHO nonyqaTb 

Ha YCKOpHTeJIHX - Me30HHblX !lla6pHKaX. 

IlepooHaqaJibHO npe)J,nonaranocb, qTo B nonHOM o6'beMe 

nporpaMMa npOH3BO)J,CTBa pa)J,HOaKTHBHblX npenapaTOB Ha 

LAMPF 6y)J.eT peaJIHJOBaHa B 1973 ro)J,y. 0)J.HaKo H3BecT

Hbie TPYAHOCTH C BblBO)J,OM YCKOpHTeJIJI Ha npoeKTHYIO HH· 

TeHCHBHOCTb 1-0,5 MA HeCKOJibKO OTO)J,BHHyJIH ocylll,eCTBJie

HHe 3THX nJiaHOB. 0 nJiaHaX yTHJIH3al(HH nyqKOB npOTOHOB 

BbiCOKHx JHeprHH: Ha ycKopHTeJIJIX SIN H TRIUMF noKa 

He coo6lll,anocb. 

VIII. 

TaKHM o6pa3oM, KpoMe BLIP, Ha cerO)J,H.IIWHHH )J,eHb 

HeT )J.pyrHX npHMepoB YTHJIH3ali,HH nyqKOB CHJlbHOTOqHbJX 

ycKopHTeneH: npoTOHOll AO 3HeprHH: 200 M3B H 6onee 

)J,JIH H3rOTOBJieHH.II pa,D;HOaKTHBHblX, npeHMyll(eCTBeHHO HeHT

pOHO)J,e!liHU.HTHblX HYKJIH)J,OB. 0)J.HaKO )J,a:lKe KOHCneK· 

THBHO H3JIO:lKeHHble BblWe nnaHbl LAMPF noKa3biBaiOT u.ene

coo6pa3HOCTb pa60T B 3TOM HanpaoJieHHH. 
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llo~roTaBnHBaeMaH ceaqac peKOHCTPYKUHH CHHXpO~HK

JIOTpOHa lla6opaTOpHH H~epHbiX npo6neM B CHllhh.OTQqHbiH 

Wa30TpOH /YcTaHOBKa "<f>"/ npe~yCMaTpHBa.eT yaenuqeHHe 

HHTeHCHBHOCTH BhiBe~eHHoro nyqKa npoTOHOB /Ep-700 M3B/ 
~o 30 MKA. OqeaH~Ho, qTo npH TaKOH HHTeHCHBHOCTH y)l(e 

MO)I(HO nonyqa Th BbiCOKOaKTHBHble npenapa Thl HeKOTOpbiX 

OTHOCHTellhHO KOpOTKO)I(HBymHX HYKll~OB. HanpHMep, 00 

oqeHh OCTOpO)I(HbiM O~eHKaM, 123 J MO)I(HO 6y~eT Bhl~ell.IITh 
H3 o6nyqaeMOH MHWeHH B HenpepbiBHOM pe)I(HMe jqepe3 
123Xe /a KonuqecTaax 10-15 MKK>pU.MKA- •we -

1
. llo3TOMY 

nnaHHpyeTC.II nepe~ llOBYWKOH HCUOllh30BaHHOrO B «i>H3H

qecKHX 3KCnepHMeHTaX nyqKa npOTOHOB YCTaHOBKH "cl>" 
C03~aTh ycTpOHCTBO ~llJI o6nyqeHH.II TOllCTbiX MHWeHeH, 

U03BOll.IIIOmee UpOBO~HTh HX ~HCTaH~HOHHYIO CMeHy HllH 

OT60p ra3006pa3HbiX npo~yKTOB .ll~epHhlX peaK~HH. l)y~yT 
npe~npHHJITbi UOllhlTKH nonyqHTh npenapaThl H HeKOTOpbiX 

~pyrHX HeHTpOHO~e«i>H~HTHhlX HYKllH~OB ~ml HCUOllh30BaHHJI 

B Me~H~HHe H 6HOllOrHH. 

HaKonneHHhiH onhiT pa6oThi 6y~eT qpe3Bblqa8Ho none-

3eH ~n.11 nepeHoca ero Ha cTpoxmuecx H npoeKTHpyeMhle 

cunhHOToqHble ycKopuTenu, HanpuMep, Ha cynep~KnoTpoH

ycKopuTenh C HHTeHCHBHOCThlO npOTOHHOrO nyqKa B ~eCJIT

KH MHllllHaMnep, npH 3HeprHH UpOTOHOB OKOllO 800 M3B, 
npHH~nHallbHa.ll B03MO)I(HOCTh C03~aHHH KOTOpOrO ~OKa3aHa 

a nocne~HHe ro~hl B lla6opaTopHH JI~epHhiX npo6neM 

OlUIH 1171 . 
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