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1. BBe,!leHHe 

Hccne,!lOBaTenbCKHe li,!lepHUe peaKTOpU KaK HCTOqHHKH HeRTpOHOB 

nonyqHnH WHpOKOe pacnpocTpaHeHHe c KOHUa 50-x ro,!lOB. B . 
3HaqHTenbH08 CTeneHH 3TOMY cnoco6cTBOBana ,!leliTenbHOCTb 

Me~.llyHapo,!lHOro areHTCTBa no aTOMH08 3HeprHH, o6pa30BaHHOro 

OpraHH3aUHe8 06oe.llHHeHHUX HauHR a 1957 ro,!ly. MArAT3 nposeno 

6onhwyro pa6oTy no nponara1me Hcnonh30BaHHli npHpO.llHoro ypaHa ,!lnli 

npoH3B0,!lCTBa li,nepHoro TonnHBa, C03.llaH!{li' li,!lepHUX peaKTOpOB, 

opraHH3aUHH HX 6e3onacH08 pa6oTu, a TaK~e Hcnonh30BaHHli ,nnli 

npoH3B0,!lCTBa H30TOnoB ,nnli Me.llHUHHU, ce~bCKOro X03li8CTBa, 

npoMuwneHHOCTH H ,npyrHx ueneR. B pe3ynhTaTe a 60-x ro,!lax KallC.llali 

HH,nycTpHanbHO pa3BHTali CTpaHa HMena HnH CTpeMHnach HMeTb li.llepHUe 

peaKTOpU. 

noMHMO pa,!lHaUHOHHUX Hccne.noaaHHlt H npOH3B0.llCTBa H30TOnOB, 

R,nepHue peaKTopu c cauoro Haqana Hcnonb30BanHch ,nnli tH3HqecKHX 

Hccne.noaaHH8 Ha BUBe,neHHUX , nyqKaX HeRTpOHOB. 3TH HCcne,!lOBaHHli 

OKa3anHcb HaCTOnbKO HH'°pMaTHBHUMH H cyu;eCTBeHHUMH ,nnli 3a,naq 

li,nepH08 '.tH3HKH H tH3HKH KOH,!lettcHpOBaHHUX cpe,n'; qTo C cepe,nHHU 

60-X ro,!lOB HaqanH C03~aBaTb HCTOqH~KH HeltTp6HOB yxe cneuHanbHO 

0IlTHMH3HpOBaHHUe ,!lnli nyqKOBUX HCCne,!lOBaHHR. oco6eHHO 6onbwoe 

pacnpocTpaHeHHe nonyqHnH HeRTpOHHue Hccne,noaaHHli B o6nacTH 

¢H3HKH xou.neHCHpOBaHHUX cpe,n. B HaCTOlill;ee BpeMli ,nHana30ll 

.llOCTYilHUX ,nnli Hccne.noaaHH8 nepe,naHHUX,3HeprHlt COCTaBnlieT OT 100 

H3B .no ,neCliTKO,B 3B, a nepe,naHHUX- HOJ,!eHTOB inmy.nhCOB OT 10-4 ,a_-t 
2 o-1 ' 

.no 10 A • B03MOXHOCTb H3MeHeHHli ,!laHHUX napaMeTpOB B HHTepsane 

wecTH nopR,nKOB no3BOnHeT npoao,nHTb HCCne,!lOBaHHli tYHiaMeHTanbHUX 

B3aHMO,ne8CTBH8, CBORCTB TBep.nux Ten H XH~KOCTeR, 6HonorHqec1rnx 

o6oeKTOB, xH1rnqecKHX peaKUHR. 3a nocneii1iue ,naa, .necliTKa neT 6un 

nonyqea uenuR pli,n aosux uayquux pe3 y nbTa TOB, He,nocTynuux ,nnli 

nonyqeHHli .llpyrHMH 3KcnepHMeHTanbHLIMH MeTO,!laMH. 

BMeCTe c TeM c Haqana 90-x rO.llOB qHcno HCTOqHHKOB HeRTpOHOB 

B MHpe aaqano ueyxnoHHO yweHbWaTbCli, 11 B Haqane cne,nyJOu;ero 

CTOneTHH OHO MOllCeT ,!lOCTHrHyTh YPOBHli 60-X rO.llOB. 3TOT npouecc 

ol5ycnosneH uenuM pli.llOM npHqHH. Bo-nepsux, suso,nliTCli H3 

3KCnnyaTaUHH peaKTOpu, IlOCTpOeHHUe B KOHUe 50-x - Haqane 60-X 

ro.nos, a npoTHB CTpOHTenbCTBa HOBLIX HaCTpoeHa ol5mecTBellHOCTb 
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MHOrHx CTpaH. BO-BTopux, 6unH C03'AaHu HCTOqHHKH HeHTpOHOB 

HCnapHTenbHoro THna Ha 6a3e npOTOHHUX ycKOpHTeneH. 3TH 

HCTOqHHKH, XOTSI C03'AaHHe HX Tpe6yeT 6onbWHX cpencTB H speMeHH, 

SIBnSIDTCSI BeCbMa 3qxJleKTHBHUMH. B-TpeTbHX, WHpOKOe pacnpocTpaHeHHe 

nonyqHnH HccnenosaHHSI Ha HCTOqHHKax CHIIXpOTpOHHoro CBeTa. 3TH 

HCCnenosaHHSI SIBnSIDTCSI cyll{eCTBeHHUM nononHeHHeM K HeHTpOHHUM H 

HeCKOnbKO yMeHbWaDT noTpe6HOCTb B nocnenHHX. 

TaKHM o6pa30M, ceronHSIWHee nonoJKeHHe C HCTOqHHKaMH 

HeHTpOHOB B0061l{e H peaKTOPHUMH HCTOqHHKaMH B qacTHOCTH Tpe6yeT 

o6cyQeHHSI H KoopnHHaUHH Ha MeQyHaponHOM YPOBHe, noCKOnbKY 

yKa3aHHUe BUWe npHqHHU yMeHbWeHHSI qHcna HeHTpOHHUX HCTOqHHKOB 

CBSl3aHU C o61l{HMH HayqHUMH H o61l{"ecTBeHHUMH npoueccaMH. Mu He 

o6cyQaeM 3necb npHqHHU, KOTopue MOlKHO TOnbKO KOHCTaTHpoBaTb, 

HanpHMep, 3aMeTHUH cnan 3a nocnenHHe ronu B pa3BHTHH peaKTopos e 

POCCHH, KOTOpa_SI HMeeT orpOMHUH HayqHUH noTeHuHan H onuT B naHHOH 

o6nacTH. 

B noKnane cnenaHa nonUTKa aHanH3a CHTyauHH C peaKTOpHUMH 

HCTOqHHKaMH HeHTpOHOB B MHpe, OH He conepllCHT neTanbHOH 

HHIJlOpMaUHH O .peaKTopax, nocKonbKY B OTBeneHHOe nnS1 noKnana BpeMSI 

6onee eaJKHo, Ha MOH B3rnHn, o6cynHTb o61l{He sonpocu. .neTanbHO 

COCTOSIHHe H nepcneKTHBU pa3BHTHSI HCTOqHHKOB HeHTpOHOB 

o6cyQanHCb Ha CoBell{aHHH 3KCnepTOB no HCTOqHHKaM CHHXpOTpOHHoro 

H3nyqeHHSI H HeHTpOHHUM nyqKaM Cl>opyMa MeranayK, nposeneHHOM 29 

HOS16pS1 - 1 neKa6pS1 1993 r. B PHce c.naHHSI) OpraHH3aUHeH 

3KOHOMHqecKoro coTpyaHHqeCTBa H pa3BHTHSl[i] .(The OECD 

Megascience Forum Expert Meeting on Synchrotron Radiation 

Sources and Neutron Beams, 29 November - 1 December 1993, Riso, 

Denmark). ITpH nonroTOBKe CTaTbH MU opHeHTHposanHCb Ha HCToqHHKH, 

}fC_nonb3yeMUe npeHMyll{eCTBeHHO nnS1 qHCTO <PH3HqecKHX HccnenosaHHH, 

qTo HeH36eJKHO seaeT K onpeneneHHOH none cy6oeKTHBHOCTH. IT03TONY 

aBTOp 3apaHee npHHOCHT H3BHHeHHSI 3a B03MOllCHUe HeToqHOCTH H 6yneT 

6~aronapeH 3a nD6yD KoppeKTHpyDII{YD HHq>opMaUHD. 
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2. ITpHMeHeHHe HeATpOHOB 

B coepeMeHHOH q>H3HKe HeHTpOHU HCnonb3YDTCSI nnS1 H3yqeHHSI 

q>yHnaMeHTanbHUX B3aHMoneHCTBHH (BpeMSI lKH3HH HeH~poHa, HapyweHHe 

npocTpaHCTBeHHOH qeTHOCTH· H CHMMeTpHH o6pall{eHHSI BpeMeHH) H 

CTPYKTypu Hnpa, HO 6onee WHpOKO B o6nacTH q>H3HKH 

KoHneHCHpoeaHHUX cpen, 6HonorHH, XHMHH,Hepa3pywaDII{ero KOHTpOnSI 

MaTepHanoB H npOMUWJleHHUX H3nenHH: 

MOlKHO sunenHTb cnenyDII{He KpynHUe pa3nenu B 3THX o6naCTSIX: 

KpHcTannorpaq>HSI, •MarHeTH3M, · lKH'AKOCTH, BKnDqaSI CBepxTeKyqHe, H 

aMopq>HUe Tena, noeepXHOCTH H cnoHCTUe CHCTeMU, 6HonorHqecKHe 

MeM6paHU, 

Ma Te pHano B. 

Heo6xonHMo 

6enKH, XHMlfqecKHe 

3neMeHTHUH aHanH3, 

nonqepKHYTb, qTo 

peaKUHH, nonHMepu, 

BHyTpeHHHe HanpS!llCeHHSI, 

CTapeHHe 

TeKCTypa. 

6onbWHHCTBO 3THX HCCnenosaHHH 

HanpasneHO Ha H3yqeH11e He npoCTO CBOHCTB· HOBUX MaTepHanos, XOTSI 

H 3TO llallCHO, a HOBUX q>H3HqecKHX l!BneHHH, KOTOpUMH nocTOSIHHO 

CHa6JKaeT ecTeCTB03HaHHe q>H3HKa KOHneHCHpOBaHHUX cpen. OnHHM H3 

nocnenHHX npHMepoB pewaDII{eH ponH HeATpOHOB B H3 yqeHHH HOB Oro 

q>H3HqecKoro SIBneHHSI MOJKeT cnylKHTb pacwHq>pOBKa CTpyKTypu 

BUCOKOTeMnepaTypHUX csepxnpoBO'AHHKOB. 

B nocnenHee BpeMSI B yKa3aHHUX o6naCTSIX HCCnenoBaHHA see 

6onbwee pacnpocTpaHeHHe nonyqaDT HCToqHHKH CHHXpoTpOHHOro CBeTa, 

rnaBHUMH nocTOHHCTBaMH KOTOpux SIBnSIDTCSI BUCOKaSI cBeTOCHna H 

nepecTpaHeaeMoCTb no 311eprHH. onuaKo 3TO He 03HaqaeT, qTo 

HCTOqHHKH CHHXpOTpOHHoro .H3nyqeHHSI BUTeCHSIDT HeHTpOHU - 3TH nea 

MeToaa SIBnSIDTCSI B3aHMoaononHSIDII{HMH. HeATpOHU HMeDT PSl'A CBOHCTB, 

HeCOMHeHHO euaenSIDII{HX HX cpenH apyrHX qacTHU, Hcnonb3yeMUX B 

q>H3HKe KOHaeHcHpoeaHHUX cpea, cpenH KOTOpux q>OTOHU, 9neKTpOHU, 

MDOHU, npoTOHU . 

-HeHTpOHU B eemecTBe HCnUT~BaDT B3aHMoneAcTBHSI KaK C HnpaMH, 

TaK H fO cnHHaMH 3neKTpoHOB aTOMOB. QqeHb BalKHOe o6CTOSITenbCTBO 

COCTOHT B TOM, qTo 3TH _ B3aHMonel!cTBHSI SIBnSIDTCSI OTHOCHTenbHO 

cna6u1,1H: HeHTpOHU He HapywaDT CTPYKTYPY H XHMHqecKHe CBOl!CTBa 

Bell{eCTBa, KaK _3TO npoHCXO'AHT, HanpHMep, B q>oT03MHCCHH, no3TOMY 

npH euqHcneHHH ceqeHHSI pacceS1HHS1 nocTaToquo orpaHHqHTbCSI nepeuw 

nopSl'AKOM TeOpHH B03MymeHHA. Cna6oe B3aHMoneHCTBHe o6ycnaenHeaeT 

H 6onbWYD rny6HHf npOHHKHOBeHHSI Hel!TpOHOB B o6pa3eU, B OTnHqHe 

OT q>OTOHOB, qTo no3eonS1eT HCCneaoeaTb o6oeMHUe CTPYKTypHue H 
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-aHHaMHqecKHe CB08CTBa B 3KcnepHM8HTax.no ynpyroMy H HeynpyroMy 

pacceRHHD. B TO xe epeMR He8TpOHl,I Il03BOJIRDT HccneaoeaTb II 

CB08CTBa noaepXHOCTe8, qTo RBJIReTCR cymeCTBeHHUM aononHeHHeM K 

HCCJieaoaaHHRM c noMombD peHTreHOBCKHX nyqe8, oco6eHHO MarHHTHUX 

CHCTeM. AMilJIHTyaa RaepHoro pacceRHHR onpeaenaeTCR CB08CTBaMH 

aaepHUX CHJI H HMeeT H30TOilHYD 3aBHCHMOCTb. MoxeT 6UTb TaK, qTo 

H30TOill,I oaHoro 3JieMeHTa 6yayT HM8Tb aMnJIHTyau pa3Horo 3HaKa, qTo 

aaeT YHHKaJibHYD B03MOXHOCTb H30TOnHoro KOHTpaCTHpoeaHHR B 

Hccneayewow 06pa3ue. KpoMe Toro, aMnJIHTyaa pacceRHHR He 3aBHCHT 

OT aTOMHOro HOMepa perynRpHUM o6pa30M, KaK anR ¢0TOHOB. RerKHe 

3JieMeHTU, HanpHMep aoaopoa, HMeDT 3HaqHT8JlbHO 60JibWYD 

aMilJIHTyay, qTO Il03BOJIReT He8TpOHaM 3¢;eKTHBHO, B OTJIHqHe OT 

¢0TOHOB, "eucaeqHBaTb" HX B CTPYKType. 

nepeqHcJieHHUe CB.08CTBa aonOJIHRDTCR Tew 3aweqaTeJibHUM 

o6CTORTeJibCTBOM, qTo an11Ha BOJIHU Tennoaux He8TpOHOB ~ - 1-10 l H 

HX 3HeprHR E = 
n 

1-100 M3B B TOqHOCTH COOTBeTCTBYDT THnHqHl,IM 

MexaTOMHUM paCCTORHHRM B TBepaux Tenax II xHaKOCTRX H xapaKTepHUM 

3HeprHRM B036yxaeHH8. TaKHM o6pa30M, HCTOqHHK Tennoaux HeATpOHOB 

aaeT B03MOEHOCTb HCCJieaoaaTb H CTpyKTYPY, H aHHaMHKY aemecTaa. 

B03MOXHOCTH HCCJieaoaaHHA C HeATpOHaMH pacwHpRDTCR Ha 6onee 
HHTeHCHBHUX HCTOqHHKax. npoHcxoaHT 3TO 3a cqeT He 

TOJibKO yeenHqeHHR CKOpOCTH npoeeaeHHR 3KCnepHMeHTOB, HO H 

OTKpUBaDmHXCR HOBUX B03MOEHOCTe8, K KOTOpUM MOXHO OTHeCTH 

yaeJIHqeHHe TOqHOCTH H3MepeHHA, B03MOXHOCTb H3yqeHHR o6oeKTOB 

wanux pa3wepoa, B03MOXHOCTb H3yqeHHR CJIO~HUX o6oeKTOB H o6oeKTOB 

C MaJIUHH ceqeHHRMH pacceRHHR, npoaeaeHHe 3KCnepHMeHTOB C 

aHaJill30M IlOJIRpH3aUHH HeATpOHa ao H nocne pacceRHHR. Il03TOMY 

ecTeCTBeHHO CTpeMJieHHe HeATpOHHOro coo6mecTBa HMeTb 6onee 
HHTeHCHBHUe HCTQqHHKH ueATpOHOB. 

B Ta6n.1 noKa3auu HaH6onee wHpoKo npHMeHaewue cnoco6u 

nonyqeHHR HeATpOHOB. HCTOpHqecKH nepBUMH IIHTeHCHBHUMH 

HCTQqHHKaMH HeATpOHOB 6UJIH aaepuue peaKTopu, e KOTOpux 

IlOCTORHHUA IlOTOK HeATpOHOB reuepHpOBaJICR B npouecce 

cawonpOH3B0JlbHOro aeneHHR ypaHa. Haepuue peaKTopu C IlOCTORHHUM 

IlOTOKOM HMeDT orpaHHqeHHR no B03MOXHO aonycTHMOMY IlOTOKY 

HeATpOHOB, o6ycnoaneHHUe TeXHOJIOrHqecKHMH npHqHHaMH, CBR3aHHUMH 

rnaBHUM o6pa30M C OTBoaoM Tenna. B 3TOM CMUCJie onpeaeneHHYD 

nepcneKTHBY OTKpUBaDT HMilYJibCHUe peaKTopu nepHoaHqecKoro 
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Ta6m1ua 1. Ha1160Jiee IIIllpOKO IICII0Jlb3yeMbie crroco6b! IIOJiyqeHIIll Heih:pOHOB .!l)UI 

. !plI31IqecKHX IICCJieAOBaHIIll 

Reactio~ Number of Examples Target Neutron flux, 
neutrons power,MW n·cm-2-s-1 

Fission -2/ fission HFR, Grenoble 57 2-1015 

Modulation of X 100-200 lBR-2, Dubna 2 1016 
reactivity, reflector (pulsed) 

(e,y), (y,n) in a heavy -5· 10-2 /100 M::iB ORELA, 0.05 l.3-1014 

metal target Oak Ridge 

Multiplicating target; x20 IBR-30, Dubna 0.01 5.1014 
Pu IREN,Dubna 0.01 1015 

(project) 

Proton spallation -30/800M::iB ISIS, London 0.2 l.3· 1015 

Multiplicating target x20 IN-0.6, 2 2-1016 
233u Moscow 

(project) . 
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ae8CTBHH, B KOTopux MoaynHUHH peaKTHBHOCTH nosuwaeT suxoa 

none3HUX .anH nyqKOBUX HccneaosaHH8 He8TpOHOB B 100-200 pa3 npH 

T08 JKe cpeaHe8 MomHOCTH. 

B_cneayDmeM THne HCTOqHHKa HCnORb3yeTCH ~OTOHaepHaH peaKUHH 

H RHHe8HUe 3ReKTpOHHHe YCKOpHTenH. IlOCKORbKY B ~OTOHaepH08 

peaKUHH suxoa He8TpOHOB Man: 1 He8Tp0H Ha 20 3ReKTpOHOB c 

3HeprHe8 100 M3B, TO anH nosuweHHH suxoaa He8Tp0HOB 3~eKTHBHHMH 

OKa3aRHCb pa3MHOJKaDmaH _MHWeHb (6ycTep) H pa3MHOJKaDmaH MHWeHb C 

MoaynHUHe8 peaKTHBHOCTH (cynep6ycTep), ~RH co3aaHHH KOTOpux 6un 
HCnORb30BaH onHT pa60TU HMnynbCHoro peaKTOpa nepHoaHqecKoro 
ae8CTBHH. 

HaH6onee npoayKTHBH08 C ToqKH 

HBRHeTCH pea KUHR HCnapeHHH C 

CHHXpoTpoHa: ~30 He8Tp0HOB Ha 1 

3peHHH npOH3BOaCTBa He8TpOHOB 

HCnORb30BaHHeM npOTOHHoro 

npoToH c 3HeprHe8 ~soo M3B. 
Hcnonb30BaHHe pa3MHOJKaDmHx MHWeHe8 MOJKeT ysenHqHTb suxoa 
He8TpOHOB eme npHMepHO B 20 pa3. 

·cospeMeHHaH TeHaeHUHH B C03aaHHH BHCOKOnoToqHux HCToqHHKOB 

He8TpOHOB opHeHTHpOBaHa Ha HCToqHHKH HcnapHTeRbHoro THna. B TO 

JKe . speMH pa3BHTHe peaKTOpHUX HCTOqHHKO.B coxpaHHeT CBOD 

aKTyanbHOCTb no pHay npHqHH. Bo-nepsux, npOTOHHHe CHHXpOTpOHU C 

Heo6xoaHMUMH napaMeTpaMH RBRHDTCH aocTaTOqHo CROJKHUMH H aoporHMH 

MaWHHaMH. BO-BTopux, npaKTHqecKaH peanH3aUHH MHWeHHUX ycTp08CTB 
BUCOK08 MomHOCTH CTaRKHBaeTCH C THnHqHUMH peaKTOpHUMH 
npo6neMaMH, TaKHMH KaK OTBOa Tenna H paaHaUHOHHaH CT08KOCTb 

KOHCTpyKUHH, onpeaenHeMaH nROTHOCTbD nOTOKa 6ucTpUX,He8TpOHOB s 

cneKTpe aKTHBH08 30HU HRH MHWeHH. H, HaKOHeu, B HaCTOHmee speMH 

HMeeTcH eme aocTaToqHo MHoro pa6oTaDmHx peaKTopos, HMeDmHx 
nepcneKTHBU pa3BHTHH. nanee MU paCCMOTpHM cospeMeHHOe COCTOHHHe 

peaKTOpHUX HCTOqHHKOB He8Tp0HOB anH ~H3HqecKHX HCcneaoBaHH8. 
/ 

3. PeaKTOpW c nOCTOHHHWM nOTOKOM 

0 peaKTOpax c nOCTOHHHUM noTOKOM HMeeTCH MHOro 063opHUX 

MaTepHanos.EypHan "Neutron News" HaqHHaH c 1990 roaa perynHpHo 

ny6nHKyeT noapo6Hue o63opu O He8Tp0HHUX HCTOqHHKax. Ha 

MeQyHapoaHo8 KOH~epeHUHH no pacceHHHD He8TpOHOB B BoM6ee B 1991 

roay 6unH npeacTasneHu 063opu o peaKTopax A3HH[ 2 li Esponu[ 3 J , a 
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II TIJJOTHOCTH IlOTOKa HeiiTpOHOB peaKTOpOB B MHpe 

Ta6nnua 2. PeaKTOpbl ,Qnll paccellHl!ll HeflTpOHOB 

Country Reactor Location Criticality . Po·wer Thermal Flux 'Cold Instrti 

(year) (MW) 14 2 . 
( 10 n/cm /s) source ~ment 

Australia HIFAR Lucas Heights 1958 10 I 8 

Austria ASTRA Vienna 1960 10 1.4 5 

Banghadesh TRIGA-11 Dhaka 1986 3 0.5 I 

Belgium BR2 Mol 1962/63 85 12 4 

Canada NRU Chalk River 1957 125 3 ·6 

MNR McMaster 1959. I 0.2 7 

Czech Rep. .WWR Rez 1974 10 I 4 

China HWRR Beijing 1958/80 15 2.8 I 5 

Denmark DR-3 Riso 1960 10 1.5 I 7 

Egypt WWR Cairo 1961 2 0.1 3 

Finland FIR-3 Espoo 1962 0.25 ·0.I I 3 

France SILOE Grenoble 1962/87 35 4 6 

HFR-ILL Grenoble 1971/94 58 15 2 32 

ORPHEE Saclay 1980 14 2.5 3 22 

Germany FRM Garching 1957 4 0.2 I 10 

FRJ-2 JUlich 1962n2 23 2 I 18 
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"ra6murn 2. PeaKTOpbl Mll paccel!Hllll HeihpOHOB (npO.l\OJIJKeHHe) 

FRO Geesthacht 1963 5 0.5 I 7 

FRMB Braunschweig 1967 I 0.14 5 

BER-II Berlin 1973/91 10 I I 14 

Greece ORR-I Athens 1959 5 0.5 I 

Hungary WWR Budapest 1992 IO I 10 

India CIRUS Bombey 1960 40 0.6 4 

DHRUVA Bombey 1985_ 100 2 I 13 

Italy TRIGA Rome 1967 I 0.3 3 
RC-I 

Japan JRR-3M lbaraki 1990 20 2 I 20 

Korea KMRR Seoul· 1992 30 5 

Netherlands HFR Petten 1961no 45 I 7 

HOR Delft 1963/68 2 0.2 8 

Norway JEEP2 Kjeller 1966 2 0.25 I 7 

Poland· MARIA Swierk 1974/94 30 3.3 

Portugal RP-I LNETI 1961 I 0.12 2 

Roumania WWR Bucharest 1958 8 0.8 3· 

Russia WWR-M Gatchina 1959 16 I 12 

WWR-C Obninsk 1964 13 I 4 

IWW-2M Ekaterinburg 1966/83 15 6 

' 
!RT Moscow 1967n5 2.5 0.3 4 

IR-8 Moscow 1981 8 I IO 

IBR-2 Dubna 1984 2/1500 0.1/IO0 I 14 
(pulsed) 

Sweden R-2 Studsvik 1960 50 4 8 

Switzerland . SAPHIR Villingen 1957/84 IO I 4 

us MITR-11 Cambridge 1958 5 I 6 

RINSC R.lsland 1964 2 0.14 2 

HFBR Brookhaven 1965 60 9 I 15 

HFIR Oak Ridge 1966 100 30 IO 

MURR Missouri 1966 10 1.2 14 

NBSR Gaithersburg 1969 20 4 I 9 
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TaKl!Ce RnoHHH[ 4 ], 

aeTaRRMH K 3THM 

POCCHH[S, 6 ] H Cll1A[ 7 ,s]. 

ny6RHKaUHRM, 3'AeCb MW 

OTcwRaR 

o6cyaHM 

'IHTaTeRR 3a 

Ka'leCTBeHHYll 

KapTHHY H TeHaeHUHH. 

Ha pHC.1 noKa3aHO 'IHCRO H TenROBaR MOmHOCTb peaKTOpOB, 

BBO'AHMWX B 3KCnRyaTaUHD KallC,ll;we URTb ReT, Ha'IHHaR C 1955 roaa 'AO 

1994 roaa. BH.l\HO, '{TO HaH60Rbwee 'IHCRO peaKTOpOB 6WRO C03'AaHO B 

nepHoa c 1955 no 1960 rr. STo 6wRH peaKTopw nepeoro noKOReHHR, 

KOTopwe co3aaeaRHCb anR o6Ry'leHiR H paaHaUHOHHWX HCCReaoeaHHR. 

IlOCRe 1960 r. Ha'laROCb C03'AaHHe peaKTOpOB BTOporo noKOReHHR, 

KoTopwe yll<e npe,llHa3Ha'laRHCb KaK anR paaHaUHOHHWX HccReaoea1rnR, 

TaK H 'ARR HCCReaoeaHHH Ha_ HeHTpOHHWX nyqKax. IIepBWH peaKTOp 

TpeTbero noKOReHHR, T.e. peaKTOP, npeaHa3Ha'leHHUH 'ARR ny'IKOBWX 

HCCReaoBaHHH, 6wR C03'AaH B 1965 r. D BpyKXeHBeHe - peaKTOp HFBR 

MOmHOCTbD 60 MBT. 
SBORDUHD pa3BHTHR HCCRe,!\OBaTeRbCKHX peaKTOpOB MOlKHO 

npocn'eaHTb Ha pHc.z. IlpHMepHo ao 1960 r. yeeRH'leHHe noToKa 

HeRTpOHOB npoHCXO,!\HRO B TOH l!Ce CTeneHH, 'ITO H. yeeRH'leHHe 

MOmHOCTH peaKTOpOB, 3aTeM aaRbHeliwee yeeRH'leHHe noTOKa He8Tp0HOB 

CTaRO onepelKaTb yeeRH'leHHe 1rnmHOCTH peaKTOPOB. STO onepelKeHHe 

tta'laRo npoRBRRTbCR oco6eHHO c Ha'laRa 70-:-x roaon, Koraa cTaRH 

3!MJeKTHBHO HCUORb30BaTbCR peaKTOpW TpeTber_o IIOKOReHHR, TaKHe JtaK 

HFR B ILL (rpeH06Rb, ~paHUHR), ORPHEE B LLB (CaKRe, ~paHUHR), 

HP-8 B POCCHHCKOM Hay'IHOM ueHTpe "KypqaTOBCKHH HHCTHTYT" 

(MOCKBa, POCCHR), HBP-2 RH~ OHRH (ny6Ha, POCCHR) H 'AP, 

B HacToamee BpeMR B MHpe pa6oTaeT OKORO IIRTH'AeCRTH 

HCCReaoBaTenbCKHX peaKTOpOB, Ha KOTopwx rrpOBO'ARTCR IIY'IKOBHe 

HCCReaoeaHHR. OCHOBHWe H3 3THX peaKTOpOB IlpHBe,l\eHW B Ta6R.2. IlpH 

3TOM, KaK BH'AHO H3 pHC. 3, 60RbWHHCTBO H3 HUX :- 3TO peaKTOpW, 

rrpopa6oTaBWHe 6oRee 30 ReT, '{TO 6RH3KO K ecTeCTBeHHOMY apeMeHH 

~H3HH peaKTopa, T.e. 6onbWHHCTBO peaKTOpOB HyllC,ll;allTCR B 

MoaepHH3aUHH HRH 3aMeHe Ha HOBwe. 

IlOTOK He8TpOHOB, rroRyqaeMWX OT paaKTOpa, cymecTBeHHWM 

06pa30M 3aBHCHT OT 3aMe,!\RHTeRR He8TpOHOB. 06W'IHO. B peaKTOpax B 

Ka'leCTBe 3aweanHTeRe8 HCIIORb3yeTCR aoaa, 'ITO aaeT MaKCHMYM 

awxoaa He8TpOHOB c TerrRoeoa 3HeprHe8 (ex. pHc.4). nRR pacwHpeHHR 

aHarra3oHa 3HeprH8 He8TpOHOB, a cReaoaaTeRbHO, aHana3oHa 

H3yqaeMWX RBReHHH, HCIIORb3YDT crreuHaRbHWe ycTpORCTBa, 

pacrroRaraexwe a6nH3H aKTHBHOH 30HW peaKTOpa H Ha3WBaexwe 

9 



16.,-r-~========::;--------, 
□Number 

14 □ Power/25, MW 

12-H-----------..=;,r-l 

10.u--------------l 

8-H HI I 

6.U-----:---------1 

4 

2 

0 j,I If' l'lf' b"'lf' l''f' r1,;,, !"I.pl 1,1;,, I' 1,-' 

5 10 15 20 25 30 35 40 

Years in operation 

Pnc.3. BmpacT cymecTByiornnx B Mnpe peaKTopoB (cornacHo rn6nm-1e 2) 

10 

:g 

8 

✓ 

µeV meV 

0,1 

j 
300 K 0 

C 

2000 K 
'\ 

I 

eV 

'•n,nm 

0,01 

En 
Kev 

Pnc.4. CrreKTpaJibHOe pacrrpe,!leJieHHe IlOTOKa HeihpOHOB OT CTaUHOHapHblX peaKTopoB 

10 

XOJIO,llHUMH H ropll'iHMH 3aMe,llJIHTeJI.RMH, KOTOpue yseJIH'IHBaDT ,llOJID 

XOJIO,llHUX HJIH Ha,llTeITJIOBUX HeHTpOHOB eOOTBeTeTBeHHO - B noeJle,llHee 

BpeM.R oeo6oe paenpoeTpaHeHHe IlOJIY'IHJIH XOJIO,llHUe 3aMe,llJIHTeJIH B 

eB.R3ll e B03pOeWHM HHTepeeoM K ,llJIHHHOnepHO,llHUM eTpyKTypaM H 

Me,llJleHHUM npoueeeaM B KOH,lleHeHpOBaHHUX epe.11ax. npaKTH'leeKH see 

se.11ywHe HeHTpOHHUe ueHTpU eero,llH.R HMeDT XOJIO,llHUe 3aMe,llJIHTeJIH Ha 

peaKTOpax, B oeHOBHOM, lKH,llKOBO,llOpO,llHUe. B JlnOHHH C UyKy6a) H s 

PoeeHH (~y6Ha) HMeeTe.R onUT pa6oTU e 3aMe,llJIHTeJI.RMH H3 TBep.11oro 

MeTaHa. 

Ha HeeKOJlbKHX peaKTOpax HeilOJlb3YDTe.R YJlbTpaXOJIO,llHUe 

HeHTpOHU, snepBue 3KenepHMeHTaJlbHO Ha6JID,llaBWHee.R B 1968 r. B 

ny6He H HenOJlb3yeMue B nepsyD oqepe,llb ,llJI.R ~YH.llaMeHTaJlbHUX 

HeeJle,llOBaHHH. 3aTeM 3TH HeeJle,llOBaHH.R yeneWHO pa3BHBaJIHeb B null~ 

PAH (faT'IHHa), PHU KH {MoeKBa) H ILL crpeH06Jlb). 

B KOHe'IHOM e'leTe 3~eKTHBHOeTb pa60Tl,I peaKTOpa onpe,lleJI.ReTe.R 

pa60TOH 3KenepHMeHTaJlbHUX yeTaHOBOK. B Ta6Jl.3 npHBe,lleHU npHMepu 

peaKTOpOB TpeTbero IlOKOJleHH~ H qaeTH'IHO BTOporo, opHeHTHpOBaHHUX 

B oeHOBHOM Ha ny'IKOBUe HeeJle,llOBaHH.R (e y'leTOM e.11eJ1aHHUX BO 

BBe,lleHHH orosopOK). H3MepHTeJlbHUe npH6opu ,lleJI.RTe.R eorJ1aeHO 

o6wenpHH.RTOH KJlaeeH~HKaUHH Ha Il.RTb THilOB: ,llH~paKTOMeTpU• ,llJI.R 

ynpyroro H .11H~Y3Horo ynpyroro paeee.RHH.R, yeTaHOBKH .llJI.R 

MaJ1oyrJ1osoro paeee.RHH.R, pe~JleKTOMeTpu, eneKTpoMeTpu .llJI.R 

Heynpyroro H o6paTHOro paeee.RHH.R H eneuHaJlbHUe npH6opu. 

noeJle,llHHe BKJID'laDT B ee6.R see, 'ITO He BXO.llHT B npe.11u.11ywHe 'leTupe 

KaTeropHH, YeTaHOBKH ,llJI.R 06J1y'leHHH H aKTHBaUHOHHOro aHaJIH3a 

3,lleeb He paeeMaTpHBaDTe.R. 

KaK BH,llHO H3 3TOH Ta6irnuu, HaH60J1ee 3~eKTHBHUMH no seeM 

noKa3aTeJI.RM .RBJI.RDTe.R peaKTOpU HFR epe,llH peaKTOpOB BUeOKOH 

MOWHOeTH H peaKTOp ORPHEE - epe,llH peaKTOpOB epe.11He8 MOWHOeTH. 

PeaKTOp HFR HMeeT HaH60JlbWHH a6eOJIDTHUH H y.11eJ1bHl,IH (npHBe,lleHHl,IH 

K MOWHOeTH) IlOTOK HeHTpOHOB H HaH60J1ee pa3BHTYD HH~paeTpyKTYPY 

,llJI.R npose.11eHH.R 3KenepHMeHTOB. OpraHH3aUH.R pa60TU ILL MOllCeT 

eJlylKHTb xopOWHM npHMepoM MelK,llyHapO,llHOro eoTpy ,llHH'leeTBa. KeTaTH 

rosop.R, O,llHa H3 OeHOBHl,IX npH'IHH yenexa ILL eoeTOHT B TOM, 'ITO B 

3TOM HHeTHTy,Te KalK,llUe 10-; 12 JleT o6HOBJI.RDTe.R H3MepHTeJlbHUe 

npH6opu, 'ITO, XOT.R H Tpe6yeT 60J1bWHX 3aTpaT, o6eene'IHBaeT 

BUeOKHH yposeHb HeeJle,lloBaHHH - PeaKTOp (?RPHEE, TaK llCe' Kalt H 

peaKTOp HP-8, .RBJI.ReTe.R; no-BH,llHMOMY, OilTHMaJlbHUM ,llJI.R peaJtTOpOB 
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cpe.nHell: MOIUHOCTH H MOJKeT cnylKHTb xopoWHM npHMepoM opraHH3aUIIH 

pa60TU HaUHOHanbHOro ueHTpa. 

KpoMe . TeXHHtfeCKHX xapaKTep'HcTHK BeCbMa cymecTBeHHllM 

llOKa3aTeneM SIBnSleTCSI CTOHMOCTb ycTaHOBOK. CTOHMOCTb peaKTOpa B 

3HatfHTenbHOll: Mepe onpe.nenReTCSI era cpe.nHell: MOIUHOCTLD, ll03TOMY 

ycnoBHOll: xapaKTepHCTHKOll:, onpe.nenS1101Uell: CTOHMOCTb npOH3B0.IIHMOro 

Hell:TpOHa, MOlKHO CtfHTaTb OTHOWeHHe nnOTHOCTH llOTOKa K . cpe.nHell: 

MOIUHOCTH, YcnOBHOll: xapaKTepHCTHKOll: ::1qxpeKTHBHOCTH HCllOnb30BaHHSI 

HCTO'IHHKa MOlKeT cnylKHTb 3TO OTHOWeHHe, YMHOlKeHHOe Ha tfHCno 

3KcnepHMeHTanbHUX ycTaHOBOK. Ha pHc.5 noKa3aHU 3TH 

xapaKTepHCTHKH 

BpeKeHH H .nnR 

.nnR "ycpe.nHeHHoro" peaKTOpa B 

peaKTOpOB ·HFR, ORPHEE H HBP-2. 

llOKa3UBaeT npeHMylUeCTBa peaKTOpOB HFR H 

pa3HUe nepHO.IIU 

PHC. 5 HarnSI.IIHO 

ORPHEE cpe.nH 

CTaUHOHapHUX peaKTOpos. no o6cyQaeMUM llOKa3aTenSIM 3aMeTHO 

eu.nenReTCSI peaKTOP HBP-2, ll03TOMY MU o6cy,nHM era OT.nenbHO B 

cne.nyI01UeM pa3.nene. 

HTaK, ecnH MU llOCMOTpHK Ha Ta6n.2, TO llOKaJKeTCSI, 'ITO tfHCno 

peaKTOpOB B MHpe .nocTaTO'IHO eenHKO. O,nHaKO He Bee H3 HHX enonHe 

y.noeneTBOpSIIOT Tpe6oBaHHSIM COBpeKeHHUX ycTaHOBOK .nnR ~H3HtfeCKHX 

Hccne.noeaHHll:. nocne co3,naHHS1 nepeoro cneu~anH3HpoBaHHoro 

peaKTOpa TpeTbero llOKoneHHSI HFBR (BNL, BpyKxell:BeH) B 1965 ro.ny 

6uno npHHSITO e 

peaKTopoB Taxoro 

3KcnnyaTaUHD 

JKe THna. 

nHWb OKono 
B uenox, 

.neCSITKa 

HeCMOTpSI 

coBpexeHHHX 

Ha B8CbMa 

pa3BHBWHeCSI B nocne.nHHe ro.nu cpe.ncTBa llOBUWeHHSI 3cpq>e1CTHBHOCTH 

Hcnonb30BaHHSI peaKTOpOB - 3axe.nnHTenH, Hell:TpOHOBO.IIHUe CHCTeKU, 

COBpeMeHHUe cneKTpOMeTpU, tfHcno coepeMeHHUX p~aKTOpOB .nnR 
~H3HtfeCKHX Hccne.noBaHHll: B MHpe SIBHO He.nocTaTO'IHO .nnR 
y.noeneTBOpeHHSI Bee B03pacTaDIUHX llOTpe6HOCTell: ~H3HKOB, 6HonoroB, 

XHMHKOB H MaTepHanoee,noB. 

4. HJmynhCHWe peaKTOp~ 

HCTOpHSI HMnynbCHUX peaKTOpOB 6epeT CBOe Hatfano c 1945 ro.na, 

co BpexeH MaHX3TTeHCKoro npoeKTa. Bu.nenSIDT TpH THna HMnynbCHHX 

peaKTOpOB[ 9 1: HMnynbCHUe peaKTOpU caxoraCS11Uero ~ell:CTBHSI (HPC~). 

HMnynbCHUe peaKTopu nepHO.IIHtfeCKOrO .nell:CTBHSI (HPil~) H 6ycTepw. 
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I* IlJIOTH0CTb IIOTOKal p ycpeJmeHH0fO peaKTopa B pa3Hble nepll0J(bl speMeHII B 

cpas11eH11H c peaKTopaMH HFR, ORPHEE H HEP-2 

IBR-2 
FLNP, JINR 
Oubna, M.R., Russia 

~ 
oO~ / 

/~~ 

<IM> =2 MW 16 2 
pulse: 1500 MW, 10 nlcm/sec 
Rep. rate: 5 Hz 

Pnc.6. IlpHHUIIIIHaJibHa51 cxeMa HMIIYJibCH0fO peaKTopa rrep110.nnqecKoro .neHCTBllll 

HEP-2 

14 

HaH6onee pacnpocTpaHeHu peaKTopu rrepeoro THna, rnaBHUK 

o6pa30M nnH panHaUHOHHl,IX HCCJienoBaHH8 no npHqHHe B03KO~Horo 

orpoMHoro IIHKOBOro noTOKa. B CHCTeMaTH'leCKHX ny'lKOBl,IX 

HCCJienoBaHHHX TaKHe peaKTOpU H3-3a anepHonH'lHOCTH HKnyJibCOB H, 

COOTBeTCTBeHHO, HH3Koro cpenHero noTOKa, HCnOJib3YDTCH penKo. 8 

Ka'leCTBe npHMepa HCIIOJib30BaHHH ceepXMOmHoro HPC~ KO~HO npHBeCTH 

3KcnepHMeHT no H3MepeHHD BpeMeHH ~H3HH Ha ycTaHOBKe nJIH 

YJibTpaxononHUX He8TpOHOB c pexopnHo8 nJIOTHOCTbD no 10 5 

H/CM3 ,roTOBHmHHCH B BHHH3~ (Ap3aMac-16, POCCHH) Ha peaKTOpe BHrP 

rpynrro8 H3 RH~ HM.~paHKa. cnnH cpaBHeHHH, Ha HCTO'lHHKe ILL OHa 

COCTaBJIHJia 102 H/CM3). HCKJID'leHHe COCTaBJIHDT peaKTOpU THna TRIGA, 
KOTOpue HMeDT 6oJibW08, npaKTH'leCKH MrHOBeHHU8 OTpHuaTeJibHU8 

TeMnepaTypHUH K03!pq>IIUHeHT, qTo 

6e3onaCHOCTH. no3TOMY 3TH 

pacrrpocTpaHeHHe. nepeu8 peaKTop 

o6ecne'lHBaeT Bl,ICOKYD CTeneHh 

peaKTopu nony'lHJIH WHpoxoe 

TRIGA I Ha'laJI pa6oTaTb B 1958 r. 

B CIIIA, B HaCTOHmee BpeMH TaKHX peaKTOpOB B MHpe 65 H 

HcnoJib3YDTCH OHH rJiaBHl,IM o6pa30M B pel!CHMe HenpepUBHoro ne8CTBHH, 

a TaK~e a yqe6HUX UeJIHX. 

HneH HMnynbcHoro peaKTopa rrepHonHqecKoro ne8cTBHH 6una 
npenno~eHa B 1955 r. B 06HHHCKe (POCCHH)[lO]_ PeaKTOP Ha'laJI 

coopy~aThcH B ny6He B 1957 rony non pyxoeoncTBOM n.H.BnoxHHUeBa, 

OH 6un BBeneH B 3KCIIJiyaTaUHD 23 HDHH 1960 r. Ha cpenHe8 MOmHOCTH 

1 KBT H c qacTOT08 noBTOpeHHH He8TpOHHl,IX HMnyJibCOB OT 5 no 50 

ru. C 1964 rona peaKTOP HBP Ha'laJI HCnOJib3,0BaTbCH KaK q>oToHnepHU8 

cyrrep6ycTep, T.e. peaKTOp Hrpan pOJib pa3MHO~aDme8 MHWeHH C 

MonyJIHUHe8 peaKTHBHOCTH .B KOMnJieKce c ycxopHTeJieM 3JieKTpOHOB. B 

1969 r. MomHocTb peaKTopa 6una noeeneHa no 25 KBT~ H ycxopHTeJib 

3aMeHeH Ha JIHHeHHU8 ycxopHTeJib 3JieKTpOHOB C 3HeprHe8 40 M3B. 

YcTaHOBKa nony'lHJia Ha3BaHHe HBP-30. C 1986 r. HBP-30 pa6oTaeT 

6e3 MonyJIHUHH peaKTHBHOCTH, T.e. KaK q>oToHnepHU8 HCTO'lHHK c 

pa3MHO~aDme8 MIIWeHbD ( 6ycTep) co cpenHe8 xomHOCTbD 10 KBT H 

nJIOTHOCTbD noToKa TenJIOBl,IX He8TpOHOB B HHIIYJlbCe 5·1014H/CM~C npH 

WHpHHe HMIIYJibCa 3-4 MKC. 

B · 1984 r. B ny6He 6uJI npHHHT B 3KCIIJiyaTaUHD HOB!,18 

HMIIYJibCHU8 peaKTOp HBP-2, OTJIH'laDmHHCH no KOHCTPYKUHH OT nepeoro 

HBP H naDmH8 npH cpenHe8 MomHOCTH 2 MBT peKopnHu8 IIOTOK TenJIOBUX 

He8Tp0HOB _; B , HMnyJibCe, C noeepxHOCTH . 3aMennHTeJIH: 1016 H/CK~C. 
I 

npHHUHnHaJibHaH cxeMa peaKTopa HBP-2 noKa3aHa Ha PHC. 6 AKTHBHaH 
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• 
30Ha peaKTOpa 061>eMOM 22 JI co.neplKHT 82 Kr .llBYOKHCH IIJIYTOHH.11. 

Mo.nyJI.IIUH.11 peaKTHBHOCTH ocymecTBJI.lleTC.11 cTaJibHIIM TTO.llBHlKHUM 

oTpalKaTeJieM, COCTO.ll!llHM H3 .llBYX BpamavmHXC.11 C pa3HIIMH CKOPOCT.IIMH 

(1500 H 300 06/MHH) qacTeH. Kor.na o6e qacTH oTpalKaTeJI.11 npoxo.n.11T 

3DHY, reHepHpyeTC.11 HMTTYJibC MO!llHOCTH (1500 MBT). DpH p~ryJI.llpHOM 

pelKHMe pa6oTu peaKTopa - 2500 qacoB B ro.n Ha 3KcnepHMeHT - cpoK 

pa6oTU 30Hll 6e3 3aMeHU TOTTJIHBa COCTaBJI.lleT He MeHee 15 JieT, 5-7 

JieT - cpoK 3KCTTJiyaTaUHH TTO)lBHlKHOro OTpalKaTeJI.11. TaKHM o6pa30M, 

peaKTOp H6P-2 .IIBJI.lleTC.11 oqeHb .neweBOH H 3KOHOMHqHQH, qTQ 

onpe.neJI.lleTC.11 cpe.nHeH MO!llHOCTbD, H, KaK noKa3aJI OTTUT 10-JieTHeit 

pa60TU, npoCTOH H 6e3onacHOH B 3KCTTJiyaTaUHH MaWHHOH. 

TenJIO¢H3HqecKHe xapaKTepHCTHKH H KHHeTHKa peaKTOpa THna H6P 

oqeHb 6JIH3KH K TaKOBIIM y peaKTOpOB cTaUHOHapHoro )leHCTBH.11. 

003TOMY HPn.n CTO.IIT K HHM ropa3)l0 6JIHlKe, qeM HPC,n, H B 3TOM 

CMIICJie 6oJiee npaBHJlbHO 6UJIO 6u Ha3UBaTb HX nyJibCHPYD!llHMH 

peaKTOpaMH. 

HMe.11 caMUH BUCOKHH B MHpe TTOTOK TeTTJIOBUX HeHTpOHOB B 

HMTTY Jib Ce, peaKTOp H6P-2 ycTynaeT HcnapHTeJibHIIM HCTQqHHKaM 

HeHTpOHOB no WHpHHe HMTTYJlbCa ( -300 MKC), qTQ qaCTO OTMeqaDT B 

KaqecTBe He)lOCTaTKa HMTTYJibCHoro peaKTopa, TTOCKOJlbKY 3Ta 

xapaKTepHCTHKa HCTQqHHKa BJIH.lleT Ha pa3pewavmyv cnoco6HOCTb 

H3MepHTeJibHIIX npH6opoB. 0)lHaKO pa3BHTHe TeXHHKH 3KCnepHMeHTa Ha 

peaKTOpe HBP-2 noKa3UBaeT, qTQ C03)laHHe COBpeMeHHIIX npH6opoB 

TT03BOJI.lleT .noJiyqHTb pa3peweHHe Ha ypoBHe JiyqwHX HMTTYJibCHUX 

HCToqHHKOB KaK )lJI.11 ynpyroro, TaK H )lJI.11 Heynpyroro pacce.11HH.11. B 

TTO)lTBepxc.nemie MOlKHO npHBeCTH pe3yJibTaTU H3MepeHHH ynpyroro[ 
11 1 

(pHc.7) H Heynpyroro[ 12 l (pHc.B) pacce.11HH.II, npoBe.neHHUe Ha O.llHHX 

H TeX xce 06pa3uax Ha H6P-2 H ISIS - O,:XHOM H3 'JiyqwHX cpe.nH 

HCnapHTeJibHIIX HCTQqHHKOB (na6opaTOpH.11 HM.Pe3ep¢op.na-AnnJieTOHa, 

BeJIHK06pHTaHH.11) . .nJI.11 MaJioyrJIOBoro pacce.llHH.11 H pe¢JieKTOMeTpHH 

WHpHHa HeHTpOHHoro HMTTYJibCa He .IIBJI.lleTC.11 onpe,lleJI.IID!lleH. 

Oco6e~HO BaJKHIIM 6UJIO C03)laHHe ¢ypbe-.llH¢paKTOMeTpa BllCOKOro 

pa3peweHH.ll[ll] (~,nBP), TTOCKOJibKY .llH¢paKTOMeTpH.11 .IIBJI.lleTC.11 

HaH6oJiee npo.nyKTHBHIIM HanpaBJieHHeM HCTTOJlb30BaHH.II HMTTYJibCHIIX 

HCTQqHHKOB. B HaCTO.ll!llee BpeM.11 B MHpe HMeeTC.11 TpH npH6opa TaKoro 

KJiacca - 3TO HRPD Ha ISIS, DN-2 Ha HFR H ~,nap Ha H6P-2. 

B03MOlKHOCTH nyJibCHpyD!llHX peaKTOpOB )laJieKO He HcqepnuBaDTC.11 
' ' ' napaMeTpaMH peaKTOpa H6P-2. OnHT C03)laHH.II H 3KCTTJiyaTaUHH TaKHX 
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PHc.8. CneKTpbl Bb!COKOI'O pa3pemeHlill npH paccel!HHH Ha cyJibCpaTe nmpo3HHa, 

H3MepeHHbie Ha cneKTpOMeTpax TFXA (ISIS) H NERA-PR (HEP-2) 
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peaKTOpOB B ~y6He noKa3UBaeT, qTO nono6HaH ycTaHOBKa MOX8T 6UTb 

cnpoeKTHpOBaHa C nyqwHMH, qeM y HBP-2 xapaKT8pHCTHKaMH, KaK 

H8HTPOHHO-~H3HqecKHMH, TaK H 3KcnnyaTaUHOHHUMH[iJ]_ HanpHMep, B 

HaCTOHmee BpeMH roTOB K peanH3aUHH npoeKT HOBoro nonBHXHOro 

oTpaxaTenH H3 HHKeneBoro cnnaBa, 

6ynyT BpamaTbCH HaBcTpeqy npyr 

y KOTOporo nonBHXHUe qaCTH 

npyry H KOTOpUH n03BOnHT 

yBenHqHTb noTOK B nBa pa3a npH yMeHbW8HHH B nonTopa pa3a WHpHHU 

HMnynbca. 
TaKHM o6pa30M, onuT 3KCnnyaTaUHH peaKTOpOB TRIGA H HBP-2 

noKa3uBaeT, qTo B pacnopHX8HHH ~H3HKOB HM8IOTCH neweBue, 

6e3onacHUe H 3~9KTHBHUe HMnynbCHUe HCTOqHHKH H8HTpOHOB. 

Oco6eHHO 3TO OTHOCHTCH K BUCOKOilOTOqHOMY peaKTOPY HBP-2, KOTOpUH 

no CBOHM B03MOXHOCTHM BeCbMa 6nH30K K HcnapHT8nbHUM HCTOqHHKaM 

H8HTpOHOB H MOXeT cnyxHTb xopOWHM K HHM nononHeHHeM. Bonee Toro, 

onuT pa60TU peaKTOpa HBP-2 noKa311BaeT, qTO WHpHHa HeHTpOHHOro 

HMnynbca He HBnHeTCH CTOnb KpHTHqHUM napaMeTpOM B nocTHXeHHH 

KaqecTBa HCTOqHHKa H eIO BnonHe MOXHO noxepTBOBaTb nnH nocTHX8HHH 

6onee BUCOKoro nOTOKa. Haw onuT noKa3UBaeT, qTo BunonHHeTCH 

npennonoxeHHe[i 4 ] o TOM, qTo nnH HneanbHO CKOHCTPYHPOBaHHllX 

npH6opoB, Tpe6yIOmHx HeHTpOHHOH MOHOXPOMaTH3aUHH, ycpenHeHHllH no 

BpeMeHH HeHTpOHHUH noTOK ;tnH HMnynbCHUX MaWHH paBeH HX nHKOBOMY 

noTOKy. o6mHH BUBOn COCTOHT B TOM, qTo HMnynbCHlle HCToqHHKH 

He8TpOHOB C 6onbWOH' WHPHHOH HMnynbca MoryT oKa3aTbCH HaH6onee 

nepcneKTHBHUMH BBHny HX BUCOKOnOTOqHOCTH H OTHOCHTenbHOH 

neweBH3Hll. K TaKHM HCTOqHHKaM Mll OTHOCHM nynbCHpyIOmHe peaKTOpU 

THna HBP H HcnapHTenbHlle HCToqHHKH Ha ,6a3e nHHeHHllX npoTOHHUX 

ycKOpHTeneH: 

5. o6o3pHMUe nepcneKTHBU 

KaK BHnHo H3 naHHllX pHC. 1, o6mee qHcno peaKTOpOB B MHpe 

yMeHbWaeTCH, H 3Ta TeHneHUHH coxpaHHTCH, nocKOnbKY 6onbWHHCTBO 

pa6oTaIOmHx peaKTOpOB yxe npH6nHxaIOTCH K 8CT8CTB8HHOMY OKOHqaHHIO 

cpoKa 3KCnnyaTaUHH (pHC.3). MOXHO oxHnaTb, qTO H3 cymecTByIOmHx 

peaKTOpOB nocne 2005 rona coxpaHHTCH peaKTOpll ORPHEE (~paHUHH), 

DHRUVA (l1HnHH), BER-2 ( repMaHHH), JRR-3M U!IlOHHH), BRR 
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(BeHrpHH), HFR (~paHUHH), MARIA cnonbWa), HBP-2 (POCCHH).H3 HHX 

wecTb pacnonoieHu B EBpone H nBa B A3HH. 

B EBpone B KOHUe 3Toro rona cHoBa nonxeH HaqaTb 

~YHKUHOHHpOBaTb nocne peMOHTa peaKTOp HFR (ILL). OH coxpaHHT 

CBOH nHnHpyIOmHe n03HUHH KaK MexnyHaponHllH U8HTp eme neT 10-20. B 

cnenyIOmeM rony, no-BHnHMOMY, HaqHyT pa6oTaTb HeHTpOHHlle 

HCTOqHHKH HcnapHTenbHoro THna C •nOCTOHHHllM noTOKOM SINO B PSI 

(BHnnHreH, WBe8u~pHH[J]) H HMnynbCHUH HCTOqHHK Ha nHH8HHOM 

npoTOHHOM ycKOPH:ene MOCKOBCKOH M830HHOH ~a6pHKH (HHCTHTYT 

HnepHllX HccnenoBaHHH PoCCHHCKOH aKaneMHH HayK, TpoHUK, 

POCCHH[iS]). YnyqweHHH napaMeTpOB (noBllW8HH8 noTOKa H yMeHbWeHHe 

WHpHHU HMnynbca) MOXHO OXHnaTb OT 3annaHHpoBaHHOH MonepHH3aUHH 

peaKTOpa'HBP-2 B 1997-1998 rr. B 6onee naneKOH nepcneKTHB8 MOXHO 

paccqHTllBaTb Ha pa3pa6aT11BaeM11e B HaCTOHmee BpeMH EBponeHCKHe 

npoeKTU HMnynbCHllX HCToqHHKOB HcnapHTenbHOro THna AUSTRON HESS. 

K coxan~HHIO, OCTaeTCH He peanH30BaHHUM npoeKT peaKTOpa nHK 

B raTqHHe (POCCHH)[S]_ 3TO npoeKT COBpeMeHHOro peaKTOpa TP8Tbero 

IlOKoneHHH, paccqHTaHHoro Ha 'MomHOCTb 100 MBT, nOTOK HeHTpOHOB 

4,5 x10 15H/CM~c. C nBYMH xononHllMH H nBYMH ropHqHMH HCToqHHKaMH, 

3KcnepHM8HTanbHllM ( OKono peaKTOpa) H H8HTp01{QBOnHllM 3anaMH C 

o6mHM B03MOXH11M qffcnoM ycTaHOBOK no so. B HaCTOHmee BpeMR 

BllnonHeHO npHM8pHo' BOX Bcex pa6oT c yqeTOM HOBllX Tpe6oBaHHH no 

6e3oilaCHOCTH, BBeneHHllX B POCCHH nocne 1986 r. EcnH 611 npoeKT 

6un 3aBepweH ( nnH 3Toro Heo6xonHMo oKono 30 MnH. nonn. CWA), 

peaKTOp TTHK MOr 611 HrpaTb ponb eBponeHCKoro HeHTPOHHoro U8HTpa, 

yqHTUBaH ero yno6Hoe pacnonoxeHHe (40 KM OT CaHKT-TTeTep6ypra co 

cTopoHu MexnyHaponHoro a3ponopTa) H HanHqHe 

BllCOKOKBanH~HUHpoBaHHoro H oqeHb onllTHOro KonneKTHBa TTHH~ PAH. 

qTO KacaeTCH peaKTOpOB cpenHeH MOmHOCTH, TO MOXHO OXHnaTb 

nanbHe8wero pacwHpeHHH MexnyHaponHoro coTpynHHqecTBa Ha 

OTMeqeHHllX BllWe peaKTopax C uenbIO COBepweHCTBOBaHHR HX 

HH~pacTpyKTypu H 6onee 3~8KTHBHoro HCilOnb30BaHHH. H3 HOBUX 

npoeKTOB BeCbMa npHBneKaTenbHllM RBnReTCH npoeKT C03naHHH 

peaKTOpa Ha 20 MBT B rapXHHre (MIOHXeH, repMaHHH), pa3pa6oTaHHllH 

C yqeTOM onuTa peaKTopa ORPHEE. B03MOXHO, qTo Bonpoc O ero 

C03naHHH peWHTCH B 3TOM rony. 

HeonpeneneHHaH. CHTyauHH coxpaHHeTcH c wonepHH3auHe8 

peaKTopa HP-8 B PHU KH (MOCKBa). 3TOT peaKTOp TaKxe paccqHTaH Ha 
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MOWHOeTb 20 MBT e nJIOTHOeTblO nOTOKa Tennoeux HeATpOHOB .!lO 

7x10 14H/eM~e. BueoKa.11 OTHOeHTeJl&Ha.11 nJIOTHOeTb nOTOKa ,!lOeTHraeTe.11 

3a eqeT KOKnaKTHOA aKTHBHOA 30HU, eoeTo.11weA H3 TenJIOBU,!leJI.IIIOWHX 

eHeTeK e BUeOKHM K03IJXPHUHeHTOK pa3MHOEeHH.II H Kanoa ,!lJIHHOA 

MHrpaUHH HeATpOHOB. 06eeneqHea10weA BUeOKHA BUXO.!l HeATpOHOB B 

6epHJIJIHeBUA OTpaEaTeJlb, 

8 ClllA nepeneKTHBa pa3BHTH.II HeeJle,!lOBaHHA Ha peaKTOpax 

eB.113aHa e eoeepweHeTBOBaHHeM eyweeTBYIOWHX ·peaKTOpOB He npoeKTOK 

Advanced Neutron Source (ANS)[B] B OK-PH,!lEe, npe,!leTaen.1110wew 

, eo6oA T.REeJIOBO,!lHUA peaKTOp e MOWHOeTblO 350 MBT H noTOKOM 

TenJIOBWX HeA:TpOHOB ,!lO 1016H/eM~e. HOBUA peaKTOP 6y,!leT HMeTb 

noTOK B 10 pa3 BWWe, qew HMeeT eyweeTBYIOWHA B OK-PH,!lEe peaKTOp 

HFIR, H B 5+6 pa3 BWWe, qeM HMeeT peaKTOp HFR B rpeHo6ne. no 

eeoewy. Ha3HaqeHHIO peaKTOp ANS .IIBJl.lleTe.11 lolHOroueneBUli, HO 

6naro,!lap.11 BWeOKOA MOWHOeTH H nJIOTHOeTH noTOKa OH 6y.!leT B 

eoeTO.IIHHH o6eeneqHTb Heene,!lOBaHH.11 6onee qeM 1000 noJlb30BaTeJleA B 

ro,!l. CTOHMOeTb npoeKTa oueHHBaeTe.11 B ueHaX 1992 ro,!la B ~500 KJIH. 

,!lOJIJI. CWA. HMeeTe.11 ewe HeeKOJlbKO npe,!lJIOEeHHA no e03,!laHHIO 

peaKTOpa THna HFR ILL H HMnyn&eHoro HeToqHHKa HenapHTem,Horo 

THna MOWHOeTblO 1 H 5 MBT, XOT.11 see 3TH npe,!lJIOEeHH.11 HaXO,!l.llTe.11 B 

eTa,!lHH pa3 pa60TOK. .Re HO' qTo B CWA B 6JIHEaAwHe rO,!ll,I ,!lOJIEHa 

HaqaTbe.11 peaJIH3aUH.II HOBI,IX npoeKTOB HeATpOHHUX HeToqHHKOB, T.K. 

eyweeTBYIOWHe peaKTOpW 6WJIH npHH.IITI,I B 3KennyaTaUHIO B eepe,!lHHe 

60-X ro,!lOB. 

B KaHa,!le npeo6Jla,!laeT KOHUenUH.11· HenoJlb30BaHH.II MelCJlyHapO,!lHWX 

werayeTaHOBOK npH HaJIHqHH eo6eTBeHHWX O,!lHOrO-.!lBYX peaKTOpOB 

epe,!lHero Knaeea. PaeeMaTpHea10Te.11 .!lBa npoeKTa: MO.!lepHH3aUH.11 

peaKTOpa MNR e yeeJIHqeHHeM MOWHOeTH .!lO 12 MBT, qTQ 6y,!leT eTOHTb 

OT 70 KJIH. ,!lO 120 MJIH. ,!lOJIJI.CWA, H 3aMeHa peaKTopa NRU B 

qoK~PHBepe Ha HODWA peaKTOp e MOWHOeTblO 20 MBT, qTQ 6y,!leT eTOHTb 

150 - 200 KJIH. ,!lOJIJI. CWA. 

B A3HH HeATpOHHUe HeeJle,!lOBaHH.11 B 6JIHEaAwHe ro,!lu 6y.!lyT B 

3HaqHTeJlbHOA Mepe KOHUeHTpHpoeaTbe.11 Ha peaKTOpax JRR-3K 
(ToKaHMypH) H DHRUVA (Box6eA). qTo KaeaeTe.11 HOBWX npoeKTOB, TO e 

.llnOHHH 06eyQa10Te.11 noKa npoeKTW HeTO'iHHKOB Ha OeHOBe 

yeKOpHTeneA. 

B ABeTpaJIHH o6eylC,ZlalOTe.ll nnaHW peKOHeTpyKUHH eyweeTBy10wero 

peaKTopa H e03,!laHH.11 HOBoro HeTO'iHHKa. 
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B ErHnTe Ha'iaTW pa60TU no eo3,!laHHIO HOBoro 

HeeJ1e,!lOBaTeJ1beKoro peaKTOpa MOWHOeTblO 22 MBT B OpraHH3aUHH 

ATOMHOA 3HeprHH B KaHpe. 

HTaK. ·HaH60J1ee no,!lrOTOBJleHa K nepeXO.!lY Ha ene,!lyDlllHA 3Tan 

pa3BHTH.II (noene 2000 ro,!la) peaKTOpHUX HeTO'iHHKOB HeATpOHOD 

Espana, r.!le B 70-80-e ro.!lu npOH30WJlo eyweeTBeHHoe pa3BHTHe KaK 

peaKTOpHoA TeXHOJIOrHH, TaK H MeTO,!lHKH 3KenepHMeHTa. XOT.11 H 3,!leeb . . . 

Tpe6y10Te.11 3Ha'iHTeJl&Hue ye1rnH.11 .!lJl.11 eoxpaHeHH.11 noeTynaTeJl&Horo 

.!lBHE7HH.II. 9TO eB.113aHo He TOJlbKO e TeXHH'ieeKHMH H !pHHaHeOBWMH 

TPY.!lHOeT.IIMH. BOJlbWa.11 npo6nexa eoeTOHT B B03poewea B noeJle,!lHHe 

ro,!lu 6o.113HH .11,!lepHux aeapHA H pHeKa paenpoeTpaHeHH.11 .11,!lepHoro 

opyEH.11. Cepbe3HYIO POJlb MOEeT ewrpaTb BBe,!leHHOe B CWA orpaHH'ieHHe 

Ha o6oraweHHe 
235

U .!lO 207.. .noeKOJlbKY CWA .IIBJl.lleTe.11 O.!lHHM H3 

OeHOBHWX noeTaBWHKOB _.11,!lepHoro TOnJIHBa, TO 3TO orpaHH'ieHHe 

aBTOMaTH'ieeKH Be,!leT K eHHEeHHIO MOWHOeTH H, eJie,!lOBaTeJlbHO, 

nJIOTHOeTH nOTOKa HeATpOHOB KaK Ha eyweeTBYIOWHX peaKTOpax, TaK H 

Ha 6y.!lyWHX. Il03TOMY eenH 3aHHTepeeoBaHHUe eoo6weeTBa He 

npe,!lnpHMYT aKTHBHUX ,!leAeTBHA, TO nepeneKTHBW y peaKTOpOB 6y,!lyT 

eee&Ma eKpOMHWMH, 

6. 3aKJIIO'ieHHe 

HenOJlb30Ba1rne HeA:TpOHOB ,!lJl.11 !pH3H'ieeKHX HeeJle,!lOBaHHA HKeeT 

HaeTOJlbKO Ba~Hoe 3HaqeHHe, 'iTO, HeewoTp.11 Ha Bee TPY.!lHOeTH: 

B03paeTa10wa.11 eTOHMOeTb 3KennyaTaUHH eyweeTBYIOWHX, npoeKTHPOBaHH.11 

H eTpOHTeJlbeTBa HOBWX peaKTOpOB, orpaHH'ieHH.11 Ha TOnJIHBO, 

eonpOTHBJleHHe "3eJleHoro .!lBH~eHH.11", OHO HaXO,!lHT Bee 60JlbWe 

eTOpOHHHKOB. qHeJIO nOJlb30BaTeJleR HeATpOHHWX ny'iKOB, B TOM 'iHeJle 

H peaKTOpHWX, paeTeT. 

coeewaHHH 3KenepTOB B 

CornaeHo 

PHee, 

,!laHHUM, 

o6wee 

npe,!leTaBJieHHWM Ha 

'iHeJIO nOJib30BaTeJieA 

oueHHBaeTe.11 TOJibKO B eTpaHaX OpraHH3aUHH 3KOHOKH'ieeKoA 

KOOnepaUHH H pa3BHTH.II -4000 B 1993 r. H, KaK O~H,!laewoe, -7000 B 

2000 ro,!ly. B noeJie,!lHHe ro.!lu 6uJIH eo3,!laHu o6weeTBa no paeee.11HHIO 

HeATpOHOB B p.11,!le eTpaH: B ABCTpaJIHH, KaHa,!le, .llnoHHH, meeAuapHH, 

CWA, HTaJIHH. B repMaHHH HeATpOHHOe eoo6weeTBO opraHH30BaHO 

KOMHTeTOM no HeeJie,!lOBaHH.IIM e HeATpoHaJIH npH BKFT, B PoeeHH -

HayqHuM eoBeTOM HaUHOHaJlbH08 nporpaMHU "He8TpOHHUe HCeJle,!lOBaHH.11 
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aemecTBa", o6pa30BaHHOH B 3TOM ro.ny MHHHCTepCTBOM HayKH H 

TeXHHqecK08 IlOJJHTHKH POCCH8CK08 ~eaepaUHH. 06cyllC,!laeTCH aonpoc 0 

co3,llaHHH Eapone8cKo8 ~eaepaUHH coo6mecTB no pacceHHHJO He8TpoHoa. 

TaKHM o6pa30M, He06XO'AHMOCTb He8TpOHOB 'AJIH HayKH o6ycnaBJJHBaeT 

He06XO'AHMOCTb HMeTb COOTBeTCTBYJ01:tee qHCJJO HCTOqHHKOB HeltTpOHOB. 

H~epHLle peaKTOPLI a HaCTOHI:tee apeMH HBJJHIOTCH ·naH6onee 

pacnpocTpaHeHHUMH HCTOqHHKaMH He8TpOHOB ,llJJH tH3HqeciHx 

HccneaoaaHHlt 11 Heo6xoaHMOCTb a HHx coxpaHHTCH eme aonro. 

CTpeMJJeHHe y8TH OT B03MOlKHLIX HaepHLIX aaapH8 o6ycnaBJJHBaeT 061:tyJO 

TeH,lleHUHIO K pa3BHTHIO HcnapHTeJJbHLIX HCTOqHHKOB. C 3T08 TOqKH 

3peHHH HaH6onee OilTHMaJJbHLIM, IlO-BH,llHMOMY, HBJJHeTCH 6onee aeweau8 

npOTOHHLl8 6ycTep, T. e. MOI:tHL18 JJHileltHL18 npoTOHHU8 ycKopnTeJJb c 

pa3MHOllCaJOme8 MHWeHblO. B 3TOM CMUCJJe 60JJbWOe 3HaqeHHe HMeeT OilUT 

HCilOJJb30BaHHH nyJJbCHPYDI:tHX peaKTOpOB THna HEP KaK B nnaHe pa60TLI 

C pa3MHOllCaJOI:tHMH 

3KCnepHMeHTa Ha 

MHWeHHMH, TaK 

HMilYJJbCHOM 

He8TpOHHoro HMilYJJbCa. 

H B nJJaHe 

HCTOqHHKe C 

pa3BHTHH 

60JJbW08 

MeTO,llHKH 

WHpHHOlt 

nyqKOBLle HCCJJe,llOBaHHH c He8TpOHaf,!H HBJJHIOTCH npHMepoM 

"MaJJo8" (small-scale) HayKH Ha Kpyn110MacwTa6Hux ycTaHOBKax, 

KOr,lla THilHqHaH rpynna IlOJJb30DaTeJJelt COCTOHT H3 HeCKOJJbKHX 

aeayiaHx COTPY'AHHKOB, acnHpaHTOB H CTyaeHTOB. THnHqHu8 

3KCilepHMeHT npoXO'AHT B TeqeHHe HeCKOJJbKHX 'AHeJ:i. nocKOJJbKY 

MeraycTaHOBKax apeMH 'AJIH 3KcnepHMeHTa ,MOlKHO noJJyqHTb He 

Ha 

TaK 

qacTo, HanpHMep, BILL 3aHBKH npHHHMalOTCH ,llBa pa3a B roa, TO ,llJIH 

ueJJeJ:i o6pa30BaHHH H noaroTOBKH 3KCnepHMeHTOB (IlOMHMO 

caMOCTOHTeJJbHOro 311aqem1H) oco6oe 3HaqeHHe HMelOT . peaKTOpU 

cpeanero KJJacca (10-20 MBT) ,llJIH JJOKaJJbHOrO IlOJJb30BaHHH. B IlJJaHe 

o6meJ:i CTpaTerHH HaH6oJJee OilTHMaJJbHLIM 6UJJO 6u HaJJHqHe 2-3 

MellC,!lyHapoaHLIX ueHTpOB Ha 6a3e MOI:tHLIX cneuHaJJH3HpOBaHHUX 

peaKTOPOB THna HFR ILL H ceTH peaKTOpOB THna ORPHEE.· B H,lleaJJbHOM 

cJJyqae 6uno 6u 3KOHm,rnqnee 3aKpUTb cTapue peaKTopu nepaoro H 

BTOporo IlOKOJJeHHH H cocpeaoToqnTbCH Ha 6oJJee 3"eKTHBHOM 

HCilOJJb30BaHHH peaKTOpOB TpeTbero IlOKOJJeHHH ·H CTpOHTeJJbCTBe 

HOBLIX. 0,llHaKo peaJJbHaH lKH3Hb He Il03B0JJHeT 3Toro caeJJaTb, Il03TOMY 

npe.ncTaBJJHeTcH ueJJecoo6pa3HUM no.naepJKaTb cymecTBYDI:tHe npoeKTLI H 

aaTb CTapLIM peaKTOpaM .nopa6oTaTb OCTanweecH HM apeMH. 

60JJbWOH 11ayqHo-Tex11HqecKHH IlOTeHuHaJJ H OilUT pa60TLI B 

peaKTopocTpoeHHH H HCilOJlb30BaHHH HeltTpOHOB B tH3HqecKHX 
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HCCJJeaoBaHHHX HMeeTCH B 6u~weM COBeTCKOM COI03e H CTpaHax 

BocToqHo8 Eaponu. no-BH'AHMOMY, B HHTepecax MHpoaoro coo6mecTaa 

OKa3aTb noaaeplKKY HaH6oJJee HHTepeCHUM npoeKTaM B 3THX CTpaHax C 

yqacTHeM tH3HKOB 3anaa11ux CTpaH. 

COBpeMeHHUe KpynHUe ycTaHOBKH CTOHT oqeHb .noporo. 

TaK, CTpOHTeJJbCTBO coapeMeHHoro peaKTopa IlOCTOHHHOro .ne8CTBHH 

CTOHT HeCKOJlbKO COTeH MHJIJIHOHOB',llOJJJJ. ClllA npH eJKero.nHo8 onJJaTe 

3KcnnyaTaUHH nopH,llKa HCCKOJlbKHX .necHTKOB MHJJJJHOHOB ,llOJJJJapoa. 

TT03TOMy pewHTb ace aonpocu co3,llaHHH peaKTopa, ero 

HHtpacTpyKTypu, o6ecneqeHHH npH6opHo8 6a3u, opraHH3aUHH pa6oTu 

IlOJJb30BaTeJJeJ:i HT.a. MOlKHO TOJJbKO B pe3yJJbTaTe KOOp,llHHHPOBaHH08 

aeHTeJJbHOCTH H B MelK,llyHapoaHo8 KOonepauHH. 

ABTOp aecbMa npH3HaTeJJeH A.B.BenyWKHHy, 

E.n.ma6aJJHHY 3a none3HUe o6cyJK.neHHH. 
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AKceHOB B.JI. .r:(3-94-364 
PeaKTOpHble HCTO'!HHKH HeihpOHOB 

PaCCMOTpeilhl COCT051HHe H nepcneKTHBhl peaKTOpHbIX HCTO'!HHKOB HeHTpo
HOB B MHpe ~]151 HCCJie~oBaHHH B 3KCnepHMeHTax no pacceYHHIO. O6cy~aIOTC51 
o6JiaCTH npHMeHeHH51 pacce51HH51 HeHTPOHOB B cpaBHeHHH C CHHXpOTpOHHbIM 
H3JIY'!eHHeM, 3Tanbl C03~aHH51 peaKTOpOB (c IlOCT051HHbIM DOTOKOM H HMDYJihC
HbIX), HX IlOJIO)KeHne B HaCT051ID;eM H o6o3pHMOM 6y~ym;eM B cpaBHeHHH C 
HCTO'!HHKaMH HettTpOHOB Ha OCHOBe YCKOpHTeJieH. 

Pa6orn BhIDOJIHeHa B Jia6opaTopnn HeiiTpOHHOii cptt3HKH HM. 11.M.<l>paHKa 
OUSII1. 

TTpenpHHT Q6,,e1111Hem10ro 11HCTl1TYTa ll)1epHbIX i1CCJie11osam1H. ,[(y6Ha, 1994 

Ilepeso~ aBTopa 

Aksenov V.L. D3-94-364 
Reactor Neutron Sources 

The present status and the prospects for development of reactor neutron 
sources for neutron scattering research in the world are considered. The fields 
of application of neutron scattering relative to synchrotron radiation, the 
creation stages of reactors (steady state and pulsed) and their position in 
comparison with spallation neutron sources at present and in the foreseeable 
future are discussed. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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