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1. B B e 11. e ·H 11 e 

B !IOCileJJ.HH9 I'OJJ.bl B psme HCCileJJ.OBaTellbCKHX .UeHTpOB 6binH BB911.6Hhl 

B JJ.eliCTBHe MOIUHbie HCTO'IHHKH ·HeliTpoHoB. CpeJJ.H HaH6onee cosepmeHHbiX 113 

.HHX ClleJJ.yeT. Ha3BaTb p~aKTOpbl C !IOTOKOM H9HTpOHOB 11.0 io15 J 
· CM CeK 

(HimpHMep~ HFBR 11 HFIR B CWA, CM-2 ~ CCCP) 11 llHHeHHbie ycKOPH-

T6JIH SI16KTpOHOB C HMIIYilhCHbiM TOKOM 11.0 H9CKOilbKHX aMnep (Eellbi'~R 

( Gee] ), <!>PaHUHR (!Sacl<':l.y ), PRA M9pHbiX ueHTpOB CWA). nycK STHX 

ycTaHOBOK 3H8'I~T911bHO yKp9!IHI1 6a3y AIIR HeliTpOHHhiX pa60T1 OTKpblB 1 B 
I . . 

'IaCTHOCTH, 6onee IUHpOKHe B03MOJKHOCTH pa3BHTHR HOBbiX HanpaBI16HHH 1 CBR_: 

38HH,biX .C !IpH110lK9liH6M M9TOIJ.OB H9HTpOHHOH ljJH3!iKH K IJ.PYI'HM o6naCTRM Hay

KH H T9XHHKH, TeM He M91Iee1 II0Tpe6HOCTH B COOpyJKeHHH HOBbiX I'9HepaTO-:

pOB -MOIUJ!biX HeHTpOHHbiX !IOTOKOB He yMeHhlUH11HCb 1 ' H STO C_BR3aHO KaK C 

ecTeCTseHHbiM pOCTOM Tpe60B8HHH K. I!HTeHCHBHOCTH 1 TaK~ i C yBe_llH'IeHHeM 
. . . 

'IHCila HanpaBI19HHll, HC!IOI1b3YIOIUHX Heii'rpOHbi, . 

MHOi"OKpaTHbie. o6CyJKJJ.eHHR. MeTOIJ.OB HCIIOJib30BaHHR H. CIIOC060B C03JJ.a

HHR MOIUHbiX JieliTpOH.HbiX. HCTO'IHHKOB1 !IpOsedeHHbl9 Ha~ CII9UHallbHbiX HaUHO- • 

H811bHbiX H MelKJJ.YH~pCliJ.H~IX KOHijlepeHUHRX (eM,, Ha!IpHMep, 
11- 41 ) 1 IIOIJ.TBep-

,.' 11.111111 IUHpOKHe rrepcneKTHBbl !IpHMeHeHHR HHT_eHCHBHbiX HeiiTpOHHbiX IIOTOKOB 

H peallbHbie T6XHH'I6C~He B03MOJKHOC?TH HX !IOily'IeHHR, DpeJJ.IlOJK9HHR 0 HOBbiX 

I'eHepaTopax o6cyJKJJ.aiOTCR BO MHOI'HX RI1.9PH~IX UeHTpax, HeKOTOpble 113 HHX 

IJ.OB611.9~b( 11.0 CTaJJ.HH pa60'IHX /S/ H TeXHH'I6CKHX rrpoeKTO~ /6/, 

B TeXHHKe reHepHposaHHR HHTeHCHBHbiX · Heii'rpoHHbllt rroroKos B nocneJJ.

' ... ime ·.I'OIJ.bl COBepiUeHHO OT'I9TI1HBO !IpORBIIRIOTCR T9HIJ.9HUHH. K pa3B-HTn;IO HM-
... 

nyllbCHbiX. HCTO'IHHKOB Ha 6a3e p~3MHOJKaiOIUHX CUCTeM C IIepHOIJ.H'I9CKHM H3-

t-:!9H6HH9M peaKTHBHOCTH, Haqano'· HX Hcnonh30BaHHR B uennx ljJH3H'IeCKOI'O 

r-·,.,.,,.~., 
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9KcrreplfMeHTa 6hmo II01IO)!(eJio B 1960 r. coanal!lfeM B 06'beJ:IIIHeHHOM lfl!CTH

T;Te MepHbl~ 'IIC~1I~J:IOBaHifli: IIepB,OI'O B ~~p~ X) IIMIIY1IbCIIOI'O peaKTOpa Ha 

· · · · n1 · 
ObiCTpbiX Heli:Tpoaax (HEP) c rrepiiOJ:III'IecKifi-m IIMiiynbcaMII.. • OrrbiT pa6o-

·: "" 
•. 't' 

'T:bi aa HEP y6ennTe1IhHO rrponeMOHCTpnpoaan aocTOIIHCTBo ycTaHoBoK TaKoro 

TIIIIa. CoxpaHSISI B 3Ha'IIITe1IbHOli: CTeiieHII YHIIBepCa1IbHOCTb1 CBOli:CTB8HHYIO 

CTaillfOHapHbiM peaKTOpaM KaK IICTO'IHIIKaM Heli:TpOHOB1 IIMIIY1IbCHbili: peaKTOp 

II03B01ISI9T IIu!IY'I,IITb- 3Ha'IIIT91IbHYIO "~KOHOMIIIO" B MOUlHOCTII, T,e, IIpll M8Hb

meli: cpeaHeli: MOUlHOCTII o6ecrre'IIITb paBHOUeHHhie yC1IOBIIS! Jl1IS! 9KCIIepiiMeH

TOB,· Ebl110 IIOKa3aH01 HaiipiiMep, 'ITO J:I1IS!. 9KCIIepiiMeHTOB 1 CBSI3aHHbiX C 9Hep

I'eTII'I9CKIIM aaan11aoM peaoaaHCHbiX aeli:Tpoaoa, H EP rrp11 cpeaaeli: MOlllHOCTII 

'~-. > .l. ~· 

3 KBT 9KBIIBaneaTe~ peaKTopy. aerrpepbiBHoro aeli:cTBIISI Mo~aocTI.10 OKono 20 +: . 

-t 30 MaT 18'!, a IIMIIY1IbCHbili: peaKTop SORA , KaK O)!(IIJlaeTcSI no rrpoeKTy, 

IIpll cpeJ:IHeli: MOUlHOCTII } MBT A1ISI pa60T .C X01IOAHbiMII Heli:TpOHaMII IIpeB30li:AeT 
' . . . .· . /9/ 

COBpeMeHHbili: MOUlHbili: CTaUIIOHapHbili: peaKT.Op HFBR . MOUlHOCTb!O 40 MBT 

. .' Bbii'OJ;IHO.CTb IIMIIY1IbCHhiX ClfcTeM rrpoSIB1ISieTCSI eme 6onee OT'IeT1IIIBO 

C TO'IKII 3p8HIISI ~01IY'I9HIISI Heli:TpOHHbiX IIOTOKOB. 001IbWOli: rrnc)THOCTII, KaK y)!(e 

OTME;'Ia1IOCb 1 Half001!ee KpyiiHbie COBpeMeHHbie peaKTOpbi IIpll: MOUlHOCTII ~ Hec- . 

. K.c;>1IbKO A9CSITKOB ~ei'aBaT~ II03B01ISIIOT II01Iy'IaTb IIOTOKII IIOpS!}:I~a J015 .. Heli:Tp/ 

. C·~2CeK, fl~-BIIAIIMOMy,' 09Tif 3~aqe~IISI 0~113K~ K rrpaKTII'IeCK~- AOCTII~IIMOMY 
~peaeny. Bo acSIKoM cny'Iae, ·yaen~ileHife. noToKa no to16~to17 aeli:TplcM2ceK 

' . -·· . ' . 
noTpe6oaano Obi C03AaHIISI. CTaUIIOHapHbiX peaK Top em MOUlHOCTb!O B COTHII .11 

TbiCSI'III Meraaa~~~ Eon~wlie ·KaiiiiTanb~hie a~~paThi' Ha TaKIIe peaKTopi.I, cno)!(-

HOCTb COOpy)!(eHIIS! II 9KCII1IyaTaUifii·Ae1Ia!OT CTpOIITe1IbCTBO IIX HepeHTa6e1Ib

HbiM. HMIIY11bCHhie peaKTOphi Ha ObiCTpbiX Hell.TpOHaX II03B01IS!IOT IIM8Tb B 

·MaKCIIMYM~ IIMIIy1IbCa IIOTOKII .}019 Hell.Tp/cM2 CeK IIpll MOUlHOCTS!X }Qf20MBT 

11 yMepeHHhiX aaTpaTax, Bonpocbi 6eaonacHoCTII 11 .o6cny)!(IIBaHIISI TaKIIX peaK

Topos ·He Bbi3hiBaiOT ocoobiX ·ocno)!(HeHIIli:, 

B CBSI311 C _rrpOHIIKHOB8HIIeM M~TOJ:IIIKII. BpeMeHII npo1!eTa B CaMbie pa3-

{III'IHbie 061IaCTII IICC1IeAOBaJmll., 0011bWOil. IIHTepeC npeACTaB1!SieT IICII01Ib30Ba

HIIe IIMIIY1IbCHOI'O peaKTOpa Ha Oh!CTphiX Heli:TpOHaX B oyCTepHOM pe)!(IIMe, 
. ·,. ' 

KOI'Aa peaKTOp HEfXOAIIT.CSI B IIOAKpiiTII'IeCKOM COCTOS!HIIIf II aell.CTByeT KaK IIM-

ny1IbCHhili: pa3MJI0)!(1fTe1Ib Heli:TpOHOB OT BHeWHei'O IIMIIY1IbCHOI'O IICTO'IHIIKa,· 

X~HEP AO H8CTOS!Ulei'O BpeMeHII SIB1IS!eTCSI eAIIHCTBeHHhiM aeli:CTBY!OllllfM peaK-. . 
TOpOM C nepiiOAII'IeCKIIMII IIMIIY11bCaMII, 
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A810!U8I'O HeliTpOHHble BCllbiWKII B MOM8HT MaKCIIManbHOli peaKTIIBHo'CTII 'IIM

nynbCHOI'O peaKTOpa, YcnolKHeHIIe ycTaHOBKII, Bbi3B8HHO_e BBeAeHIIeM Aonon

HIITenbHO~O CnOlKHOI'O aneMeHTa - MOIUHOI'O. IIMnynbCHOI'O IICTO~H~Ka, Aeli

CTBYIOIU8I'O CIIHXpOHHO C peaKTOpOM, BnOnHe Ollp8BAbiB88TCSI C0Kp8IU8H118M 

AniiTenbHOCTII HeliTpOHHOI'O IIMnym,ca II cneayJOIUIIM OTCIOA8 B03p8CT8HIIeM 

napaMeTpa Q - BbiXOA HeliTpOHOB, 

~npeaenSiroruero CHny cnexTpoMeTpii'IecKoli ycTaHoBKII, EycTepHbili pelKnM 

IIMnynbCHOI'O peaKTOpa BllepBble OCyiUeCTBneH B 1964 I', B 06'b8AIIH8HHOM 

Tepb B IIHT8HCIIBHOCTU AniiTenb~OCTb IIMnym,ca 6bin8 yMeilbWeJia C 60 AO 

'4 MKCeK, T,e~ nony'IeH Bbii!I'pbiW B napaMeTpe npiiMepHo Ha 2 nopSIA-

Ka, 

Eonbwoli· HHTepec, npoSIBneHHbili CTpaHaMn-y~acTHIIUBMII 06'beAIIHeHHoro 

IIHCTIITyTa SIAepHbiX IICCneAOB8HIIH K pa3BIITIIIO ~eliTpOHHbiX IICCneAOB8HIIH 

B .OlUIH, CTIIMynllpOBan. pa3pa60TKY BOnpoca 0 C03A8HIIII HOBOI'O IICTO'IHIIK8 

HeliTpOHOB B .lly6He •. B 1966 r,, paCCMOTpeB npeanolKelmSI Jla6opaTOplln Heli-

. TpOHHoli tjlnanKII, Y'IeHbili CpBeT OHfiH n CoBeT 'nonHOMO~HbiX npeacTaBII

··Teneli CTpaH-y~aCTHIIU OHfiH npiiHSinll peweHne o paapa6oTKe. npoeKTa MOIU

Horo IIMnynhcHor'o peaKTopa c IIHlKeKTopolvl HEP-2, B cBeTe 11anolK~HHoro 
I . 

SICHa Hay~HaSI, 3KOHOMII~eCK8SI II T8XH11~8CK8SI Uenecoo6pa3HOCTb Bbi6paHHOI'O 

Tllll8 IICTO'IHIIKa, .llononH~TeJibHbl~11! AOBOA8MII B nonbay np11'H~TOI'O peweHIISI. ~B

nSieTCSI Han11~11e B OHfiH onhiTa pa60Tbi c IIMnynbCHbi.M peaKTopoM 11 B03MmKHOCTb 

nepeHeCeHIISI IIMeroruerocSI B CoBeTCKOM Coroae onbiTa pa60Tbi pocTaTo~HO 

MOIUHbiX CT8UIIOH8pHblX peaKTOpOB Ha 6biCTpbiX HeliTpOHaX, 8TII AB8 06CTO

SITenbCTB8 6yayT CllOC06CTBOB8Tb 6biCTpOMY COopylKeHIIIO II OCB08HIIIO HOBO-

I'O IIMnynbCHOI'O peaKTOpa, 

I 
B aaHHOM cdo6rueHIIII oniiCbiBaeTCSI IIMnynhCHbiA peaKTop c IIHlKeKTopoM 

HEP-2, npoeKT KOTOpOI'O • paapa6aTbiBaeTCSI COBMeCTHO 06'b8AIIHeHHbiM IIHCTII- . 

TY.TOM MepHbiX 11ccneaoBaH11li 11. npoeKTHbiMII nHCTIITyTaMII CoBeTcKoro Coro

aa; Pe~KTop HEP-2 npoeKTIIpyeTcSI KaK MHoroueneBaSI y'cTaHOBKa, Ha KOTo-
~ . . 

poli MoryT 6aa11poBaTbCSI MepHbie llccneaoBaHIISI, • llccneaoBaHIISI tjlii311KII" 

TBepaoro. Tena, a _TaKlKe npiiKliaAHhie pa6oTbi, CBSI3aHHbie,. HanpiiMep, c 

113y~eHIIeM IIMnynbCHbiX paD,II8UIIOHHbiX B03D,eli.CTB11ll, 
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2. <l>nanqecKHe nccneAOBaHHSI aa HEP-2 

DepcneKTHBbl pa3BHTHSI 9KCnepHMeHTOB, Ha MOIUHOM HMnynhCHOM peaK

TOpe o6cylKAanrrcb B AOKnaAax, CAenaHHbiX' Ha aaceAa.HHSIX Y'leHoro CoBeTa 

06t.eAHHeHHOI'O HHCTHTyTa SIAepHbiX HCCneAOBaF!Hll np~<jl, J1,M, <l>paHKOM1 • 

npo<jl, .U.H. EnoxnHueBbiM1 npo<jl, E, EypacoM H npo<jl. <l>.n. lllannpo. MaTe

pnan 9THX AOKnaAOB.SIBHnCSI Hay'!HhiM 060CHOBaHrreM pellleHUSI 0 npoeKTrrpo

BaHrrH HEP-2, Uenb HaCTOSII!lero. pa3Aena ., AaTh Ka'leCTBeHHOe npeACTaBne-
' ' 

HHe 0 HanpaBneHHSIX rrccneAOBaHUll 1 KOTOpble MOI'YT 6b!Tb pa3BUTbl Ha 6aae . 

HEP-2, 3arrHTepecoBaHHOCTb yqeHbiX cTpaH-y'laCTHHU OHHH B paaBrrTrrrr Tex 

nnrr rrHbiX HanpaBneHrrfi rrccneAOBaHnfi H nocJieAYIOIIlaSI pa6oTa no . oueHKe :Ae

Tanefi 9KCITeprrMeHTO~ noc'nylKaT OCHOBOll AnSI ~OC~aBneHHS! KOHKp'ElTHOI'O .nna

Ha nOAI'OTOBKH 9KCneprrMeHTOB nepBOll O'iepeAU, 

OnbiT sKcnnyaTaunn: HEP noKaaan, 'ITO HMnynhCHhifi peaKTop yAo6ea 
I l \ I 

AnSI nccneAOBaHilfi B paanrr'IHhiX o6nacT.SIX <jlnanKrr, Han6onee ycnemHo Ha HeM 

· paaBHBanrrcb cneAyiOmHe · HanpaBileHH SI: 

a). H efiTPO!IHaSI cneKTpocKonrrSI HeAenSIIUHXCSI SIAep aa ny'!Kax HenonSI

pnaoBaHHhiX U nonSipU30BaHH~IX pe30HaHCHbiX HeliTpOHOB npH U3MepeHUH non-

H napuil,anbHhiX 9<jl<jleKTUBHhiX Ce'!eHHll B3aHMOAefiCTBHS! (a , a , a ) . 
· · t n, y 

6)·. HccneAoBaHile. IiefiTpOHHhiX peaoHaHCOB AenSimrrxc~ SIAep nprr paaAe-

Hb!X 

neHrrH npouecca AeneHHSI, aaxBaTa H pacceSIHHSI, 

B), HccneAOBaHrr~ npouecca (n,a) B 'peaoHaHcax, 
"" 

r). AHanrr3 cneKTpoB raMMa-nyqefi, B03HrrKaiOIUHX npn paAHaurroHHOM 

3aXBaTe pe30HaHCHblX HefiTpOHOB, 

A). HccneAOBaHne s<jJ<jleKTa nonSiprrayeMOCTH aefiTpOHa, 

e). HccneAOBaHHe B3aHMOAellCTBHSI nonSipH30BaHHbiX. HefiTpOHOB c oprreH-
!· ". . 

TrrpoBaHHbiMH AefiToHaMH c uenbiO onpeAeneHHSI Ha6opa aMnnnTyA pacceSIHrrSI, 

,· lK), J1ccneAOBaHrre CBOHCTB lKUAKOCTefi H TBepAhlX, Ten MeTOAOM paCCeSI-, 

HITS!. X:onoAHbl:c HefiTp?HOB, 

3), J:lccneAOBaHHe CTpyKTypbl TBepAbiX Ten MeTOAOM Arr<jlpaKUUH HeliTpo-

HOB, 
. \ 

rr), J13y'ieHrre ABalKAbl Alt<jJ<jlepeHUHanbHbiX Ce'leHHll pacceSIHUSI MeAneH-

a 2 u 
lih!X HefiTpOHOB a E an 
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C M9TOil!I'I9CKOll TO'IKH 3p9HHS! rrepe'IHCneHHble pa60Tbl 06'b9AHHS!IqTCS! 

T9M1 'ITO BCe OHH CBS!38Hbl C 8H9pi'9TH'19CKHM aHanH30M H9llTpO!!HbiX rry'IKOB 1 

KOI'Aa l1EP HCIIOnb3Y9TCS! K8K HCTO'IHHK HeilTpOHOB AnSI CII9KTpOM9TpHH Me

TOAOM BpeMeHH rrpo'neTa, Ha XapaKTep pa3BHTHS! S!AepHbiX HCcneAOBaHHll !!a 

!1EP cyweCTBSHHO. IIOBnHSina AOBOnbHO 6onbwaSI AnHTSnbi!OCTb HeilTpOHHOI'O 

HMrrynbca (40 t- 60 MKCeK B peaKTOpHOM pelKHMe H OKono ·4 MKCeK B · 6ycTep

HOM pelKHMe), 0Ha CHnbHO orpaHH'IHna 8HepreTH'19CK09 paapeweHH9 ycTa-
. . . 

HOBKH H BcneACTBHe sToro - npoTSilKei!HOCTb sHepreTH'leCKoil o6nacTH, rAe 

rrpOBOAHnHCb HCCneA.OBaHHS!,. BMeCTe C TeM OHa II03BOnHpa CMS!I''lHTb Tpe6o-

' B8HHS! K 6biCTpOAellCTBHIO A9T9KTHpyiOweft annapaTypbl1 6narOAapsi '19MY yAa-

nOCb C03A8Tb. pa3H006pa3Hblll Ha6op A9T9KTOpOB AnSI aay'lei!HS! napuaanbHbiX 

sljlljleKTOB H ocyweCTBHTb KOMnneKCHblll IIOAXOA K H3Y'19HHIO, B3aHMOA9llCTBHS! 

1!9llTpOIIOB C S!Ap8MH, TaKOll IIOAXOA B CMbiCne USHHOCTI! rrony'ISHHbiX peaynb

TBTOB CKOMrreHCHpOBan' OTCT8B8HH9 HEP no paapeweHH.IO OT HeKOTOpbiX Apy

I'HX ycTaHOBOK, 8 STOll CBS!3H OTM9THM1 'ITO Ha ycTaHOBK8X C KOpOTKI!MH 

.HMrrynbC8MII (nopS!AK8 A9CS!TbiX AOneft MHKpOCeKyHAbl) H3Y'19HH9 rrapUHBnbHbiX 

rrpOUSCCOB B38HMOAefiCTBHS! He MOlKeT 6biTb rrpeACTBBneHO C T8KOll rronHo

TOfi1 KaK Ha HMrrynbCH~M peaKTope. Alianaa MaTepaana, nony'leHHoro na HEP·, 

II03BOnHn CAenaTb BblBOAbl 0 38KOHaX pacnpeAeneHHS! napaMeTpOB p930H8H

COB1 0 Cp9AIIHX XapaKTepHCTHKaX S!AepHbiX ypOBHefi rrpH BblCOKHX 8Hepi'HHX 

B036ylKA9HHH1 0 BnHSIHHH CIII!HOB Ha· xapaKTep!!CTHKH ypOBHefi H .T,rr, HeKOTO-

. pb!e H3 rrony'leHHbiX ABHHbiX (Harrp!!Mep, A8Hllhl9 0. ~a~H8UHOH~OM 38X.,I3_8T9 

AenSiwHXCSI SIAep,· o npouecce (n,a) · B peaoHaHcax, o B3aHMO.Aefic.TBHH no-

nSipaaoBaHHhiX HSfiTpOHOB C rronSip1!30B8HHblMH A9fiTpOH8MH) S!BnSiioTCS! YHII:.. 

Kanbl!biMH, 

KaK 6yAe;r rrOK838HO B cneAyiOw_IIX paa,[(enax, peaKTOp !1EP-2 A89T no 

CpaBHeHHIO C A9fiCTBYIOWHM peaKTOpOM l1EP Bb!HI'pb!~ B HHTSHC.HBHOCTH 118 

3 nop~AKa npa HeaHa'IHTenbHOM aaMeHeHHH AnHTen~aocTH HMrrynbca. TaKHM 

o6pa30M1 COXp8HHB .B03MOlKHOCTH sljlljleKTHBHOfi perUCTp8UHH BTOpH'lHOI'O H3-

ny'lei!H·S!. H 8HepreTH'19CKOI'O paapeme~HS!; CBOfiCTBSI!Hbie l1EP, l1E.P-2 noa

BOni!T nepeBeCTI! SIAepl!bie accneAOBBHI!SI Ha cosepmeHHO HOBhifi ypoBeHb 

.• !f9 TOnbKO no OTHOW9HHIO K l1EP 1 HO. T8KlK.e II no OTHOWSHHIO K n106ofi Aefi

CTByiOwefi ycTaHOBKe aHanOI'H'IHOI'O H83H8'19HHS!, 
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Ecmr 113-3a aeriocTaTKa IIHTeHCII~HOCTII BbiBeJ:teHHbiX ny'IKOB pe3oaaac...;. 

HbiX HeiiTpOHOB }:(0 HaCTOSII!Iei'O BpeMeHII UeHTp TIDKeC~II .SKCnepiiMeHTOB ne

~an aa 113y'leHRII oaaoMepHhlX saBIICIIMOCTefi- Tllna aaepreTII'IeCKoro xoaa 

ScpcpeKTIIBHblX c,e'leHIIll B3,aiiMO}:leHCTBIISI a= .F(E} 1 II. TOnbKO B Ha1160nee 

6naronpiiS!THbiX cny'laSIX npOBO}:(HniiCb }:(ByMepHbie. R3MepeHRSI ( npeiiMYIIIeCT

BeHHO cneKTpbi y - nyqefi oT 3aXBaTa aefiTpoaoB .B pe3oaaacax, T,e, 113-
. . . , I . • - . . 

MepSiniiCb cpyHKUIIII Tlllla F(E ,E ), TO IIHTeHCRBHOCTb llY'!Ka l1EP-2 6y-
n Y . 

J:teT _ }:(OCTaTO'IHa }:lnSI pa3BIITIISI MHOI'OMepHbiX 113MepeHIIll 1 B KOTOpblX HapS!-

AY CO ClleKTpaMII BTOPII'IHOI'O 113.ny'leHIISI B cpyHKUIIII SHepi'IIR nepBR'IHOI'O 

HElfiTpoaa, CMOI'YT 113y'laTbCH II J:tpyrae, 6onee _TOHKIIe CBOHCTBa BTOPR'IHOI'O 
• • '~ I ',' 

113ny'leHIISI1 B 'IBCTHOCTII, pa3nii'!Hbie KoppenSIUIIR; npiiMepaMII 113MepeHIIll Ta-

KOI'O poaa· MOI'YT 6b!Tb R3MepeHRSI ·cnei<'TpOB y -nyqefi OT paJ:tllaUIIOHHOI'O 
I 

3aXBaTa HefiTpOHOB lip II BbiCOKOM aaepreTR'IeCKOM pa3peweHRR no y - ny'laM 

II Ha 6onbWOM KOnll'leCTBe 1130TOllOB1 R,3MepeHIISI yi'nOBbiX pacnpeaeneHIIll 

npa pe3oaaacaoM pacceSIHRII aefiTpoaoB, a TaK~e 6one~ cno~Hbie 113MepeaaSI 

Cl!eKTpOB paJ:tllaUIIOHHOI'O · 38XBaTa. y -KB8HTOB Me~AY pe30H8HCaMII 1 113Me

peHIIe aaepi'eTII'IeCKI!X II yrnOBb!X KOppenSIUI!ll HpR IICllyCKaHIIII K8CK8}:(Hb!X 

y .:..KBaHTOB oT pe3oaaacaoro 3aXBaTa a~fiTpoHoB II T.n, TaKIIe 113MepeHI!SI 

ll03BOnSIT }:leTanhHO 113Y'IIITb CXeMbl pacnaaa II XapaKTepuCTI!KII MepHbiX 

ypoB~efi, y'laCTBYIOIIIIIX B peaKU111! 1 _ R C}:len,aTb onpeaeneHHbie BblBO}:lbl OTHO

CIITenhHO MeXaHR3Ma MepHbiX peaKURll, HeAOCTaTOK }:laHHblX TaKOI'O po}:la He 

ll03BOnS!eT B HaCTOSII!Iee BpeMSI npoBeCTII Hll YAOBneTBOpiiTenbHYIO CIICTeMa~ 

TR3aUIIIO napaMeTpOB Sl}:lepHb!X YPOBHefi, Hll }:(OCTaTO'IHO KOppeKTHO COl!OCTa-
- ( . 

BIITh · BhiBOJ:tbi TeopRII c aKcnepaMeHTO,M, CBe}:leHI!SI o MexaHII3Me HefiTpOHllbiX 

peaKU~ll IIHTepeCHhl B CBeTe HOBblX I'Rl!OTe3 0. npS!MbiX B3aiiMOJ:tellCTBIIS!X 

(npS!MOll 3aXBaT aefiTpOHOB) I! npoMeiKyTO'IHbiX COCTOSIHRS!X (doorway- states) 

_ B S!AepabiX peaKUIISIX, l13Mepealle KoppenS!UIIfi np11 aenea1111 TSI~enbiX Mep, 

npoBeaeaaoe BO MHOI'IIX pe3oaaacax, no3-BoniiT onpeaeniiTh BniiSIHRe cnaaa . ' ' . 
II qe_THOCTII COCTaBHOI'O COCTOSIHRSI Ha MeXaHII3M aeneHRS!o B . nnaae MIJOI'O-

. MepHb!X: 113MepeHRll IIHTepeCHbl }:(OllyCKaiOUlRe OJ:lH03Ha'IHyiO IIHTepnpeTaUIIIO 

113MepeHRSI pa3nR'!HbiX KOppenS!URll np_R 3aXBaTe nonS!pR30BaliHhlX HefiTpOHOB 

/ opaeHTIIPOBaHHbiM'II SIJ:tpaMII, 
i 

B pa3~RTIIe -·KnacCII'IeCKOfi aefiTpoaaofi cneKTpocKOllllll, CBSI3aaaoii c R3y-

'leaaeM aaept'RR, WllpiiH R Cl!RHOB B036y~~eHHbiX ypOBHefi, aa l1EP-2 MOI'yT 

'j 

8 
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ObiTb .nocTaalieHbi aKcnepaMeHTbi no aaMepeaaro .tmnonbHbiX ·Mai'HHTHbiX u 

KaanpynonbHbiX aneKTpH'19CKHX MOM.eHTOa aoaoy)KA9HHblX COCTOSIHHll:, MeTOA . 

. uaMepeaull: npenno)KeH ·a paooTe/11 I u npennonaraeT uc~ollbaoaaaue nonSipa

aoaaHHbi~ Hell:TpOHOa H opueHTHpoaaHHblX SIAep. PaoOTbl 9TOI'O Knacca OTHO

CSITCSI K coaepWeHHO HOaOll: oonaCTH HCCnenoaaHHllo OcaoeHHaSI M9TOAHKa no

ny'leHHSI nytiKoa nonHpuaoaaHHbiX · peaoaaHCHbiX Hell:Tpoaoa ·coanaeT. onpene

neHHble npennocblnKu.nnH· nepaooqepenaoll: nocTaHoaKH TaKHX paooT. 

Oobi'IHble OAHOMepHble H3MepeHHSI. npu yMepeHHOM paapeweHHH Ha l:IEP-2 

uenecoo6paa»o· paaauaaTb a cnenyromax · aanpaaneHHSIX: · 

a), Onpeneneaue nonaoro aa6opa napaMeTpoa nnH cnaobiX peaoaaacoa · 

a oonaCTH AO HeCKOnbKHX COTeH aneKTpOH-aonbT, 

6), J1ccnenoaaHHSI peaoHaHcoa SIAep, HM910WHXCSI a YnbTpaManbiX KOnH

'19CTaax ( TpaacypaHbi u· peAKHe · uaoTonbl). KpoMe oobi'IHbiX cnoco6.oa H3Me

.peaall:1!1EP-2, HMeSI aHyTpH 3aMeAnUTenell: noTOK TennoabiX H9HTpOHOa 

2.1014 1/c~ceK (cM ... HHlKe), nonycKaeT paaauTHe aoaoro MeTona,. ocaoaaH

aoro Ha nponyCKSHHH HOHOa HCCnenyeMOI'O aeuieCTaa 'lepea r H9ll:TpOHHblll 

raa'.:./ 121• 3ToT MeTon nparonea a nnH cTaoalibHbiX, a nnH HecTaoanbHbiX 

SIAep, 

a). Hccnenoaaaae penKux peaKuall: Tuna '(n, a), (n, p) H T,n, a 00-

nacTu peaoaaHCHbiX' aell:Tpoaoa. OueHKH noKaabmaroT, 'ITO npouecc· ( n ,a), 

aanpaMep, c iioMowbro HEP-2 MO)KH~ accnenoaaTb 6onee 'leM Ha 100 HApax, 

npu aTOM OAHOMepHbie aaMepeHHH xona ce'leHafi MOI'YT ·obiTb .qononaeHbt. ua-

MepeHU9M cneKTpOa a -'laCTHU, 

r). Hayqeaue nonnoporoaoro neneHHH SIAep TSI)Kenbtl( aneMeHToa ( 
238 

U ~ 
232 

Th u np.) ao MHOI'HX peaoaaacax; neTanbHOe accnenoaaaae npoueccoa 

neneHHH, unymax' c Manon aepoSITHOCTbiO (cHMMeTpH'IHoe neneaae, Tpofiaoe 

neneHHe u T,q,), 

KpoMe nepe'lucneHHbiX abtwe pa6oT no cTpyKType SIApa, Ha HEP-2 Mo

ryT paaaaaaTbCSI '3KCnepHM9HTbl 0 CaSI3aHHbie C npoaepKOH 4JyHA8MeHTanbHblX 

4JH3H'I9CKHX I'HnOT93, K paapHAY TaKHX 9KCnepHM9HTOa OTHOCHTCSI HCCneno

aaHHSI aaaUMOA9HCTaHSI HefiTpOHOB C aneM9HT8pHbiMH '18CTHU8MU H onpenene~ 

aae ocaoaHbiX xapaKTepHCTHK aefiTpoaa KaK aneMeHTapaofi 'laCTHUbi x). B 

X)K 9TOMY Knaccy. paoOT OTHOCHTCSI accnenoaaHHSI nonSipuayeMOCTH H9HTpOHa ·. 
H n+d aaauJi.ioneficTaHH, npoaonaawaecSI aa HEP. 
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Cllny CB?_eti ljlyHLI8MeHTanh.HOCTII UOLI06Hhie I!CCneLIOB8HIISI I!Me!OT HenpeXOLISI

!llee 3H8'ieHIIe • .[lnSI 06'beLIIIHeHHOI"O IIHCTIITyTa SILiepHbiX IICCneLtOB8HIIfi STO 

Hanpaane.HIIe npeLtcTaBnSieT 6onbmoii IIHTepec, T.K. TeCHo conpiiKacaeTcSI c 

I!CCneLIOB8HllSIMII sneMeHT8pHbiX 'i8CTIIU· II IIX _B3811MOLteiiCTBIIfi, BeLIY!lliiMIICSI 

Ha ycKOpiiTenSIXo CpeLtl! SKCUepiiMeHTOB no I!CcneLtOBSHIIIO HeiiTpOHOB II sne

MeHTapHb!X HefiTpOHHbiX B3811MOLtetiCTBIIfi B nepByiO oqepe,Lib cneLtyeT OTMe

TI!Tb cneLtyiO!llHe: 

b), HenocpeLtCTBeHHOe 113MepeHIIe sljlljleKTI!BHOI"O ceqeHIISI B3aiiMOLteiicT

BIISI npll ManhiX SHepi"IISIXo OTII SKCUepi!MeHTbl Upll LIOCT8TO'iHOii TO'iHOCTI! 

SIBSITCSI npoaepKoii rano.Te3hi 3apSILIOBoii He3aBI!CIIMOCTII SILtepHbiX can. Kocaeu-

Hbie onpeLteneHIISI Ltnl!H 

" 
n-n pacceSIHIISI 1!3· SKCnepaMeHTOB C 

II 11'+ d B381!MOLieiicTBIISIMII Ltanll npOTIIBOpe'iiiBb!e pe3ynhT8Tblo 

n +d ,.d + T 

6). l13MepeHIIe acaMMeTpl!ll B {3- pacnaLte nonSipll3oaa·IIHhiX . HeiiTpoHoB. 

OTO H8116onee 'ii!CTblii CUbiT no onpeLteneHII!O 8MUniiTYLI II ljla3 cna6hiX B3811MO-

LteiiCTBIIii II no YCT8HOBneHII!O B8pl!aHTa B381!MOLteiiCTBI!SI1 ToKo Ha ero pe-

3ynbT8Tbl He an11neT cTpyKTypa SILtpa. HMeiO!lllleCSI LtaHHhie no aci!MMeTpllll 

f3 -pacnaLta HeiiTpOHOB ( CM., Hanp11Mep, /13/) HYlKLI8!0TCSI , B YTO'iJ:IeHIII!o 

B). l13MepeHIIe sneKTPII'ieCKOI"O LIIIUOnbHOI"O. MOMeHTa HeiiTpOHa C UenhiO 

. npoBepKII BpeMeHHOii IIHB8p1!8HTHOCTII. 

r) •. l13MepeHIIe sneKTpll'ieCKoi"o 38pSILia neiiTpoHa, rpaBIITaUIIOIIHoii no

cTonnHoii apeMeHII, ape Me HI!. ero JKII3HII 11 T.n. 

Bee STII SKCUepiiMeHTbl Ltnn CBOeii UOCTal!OBKII II LIOCTIIlKeHIISI Heo6x0:. 

LIIIMOti TO'iHOCTI! Tpe6yiOT Bb!COKIIX !leiiTpOHHb!X UOTOKOB. 0Ub!Tbl UO Henoc

peLICTBeHHOMY 113MepeHII!O n + n _B3811MOLteiiCTBIISI npeLtnonai"aiOT IICUOnb30-

B8HIIe "Hell:TpOIIHOI"O I"83a" BHyTpll B8KYYMIIpOB8HHOfi_ nonO.CTII, II HIIKOI"LI8 

He npoBOLIIIniiCb BCneLtCTBI!e TOI"O, _'iTO LIOCTIII"HYTb!e nnOTHOCTI! HeiiTpOHOB 

·-6hinll HeLtOCTaTO'iHhi. Dp11 o6ecne'ieHIIII HeiiTpOHHhiX nnoTHOCTeti ( no-BIILIIIMD

My, UOpS!LIK8 1016 1 /cM
2

CeK) SKCnepiiMeHTb! MOI"YT 6hiTb UOCTaBneHbl Ha 

\ CT8UIIOH8pHbiX peaKTOpax. 0LtH8KO IICUOnb30B8HIIe I!MnynhCHOI"O I!CTO'iiii!K8, 

noLto6noro HEP-2, LtaeT cymecTaeHHbie npeaMymecTaa. HarnSILtHee acero sTo · 

MOJKHO UpOIInniOCTpllpOB8Tb Ha np11Mepe SKCnepi!MeHTOB C ·n-n B3811MOLteii

CTBIIeM. Haa6onee npOCT8SI CXeMa T8KOI"O 9KCUepi!MeHT8 /14/ OCHOB8H8 Ha 

pei"IICTpaUIIII 'iiiCna HeiiTpOHOB, BhineT8!0!lliiX 113 BHyTpeHHei"O UpOCTp8f!CTBa 
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nonOCTII C BhiCOKOH nnoTHOCTbiO H8HTpOHOB C llOMOmbiO .tl8T8KTOpa,. Ha KOTOphlH 

'11cxmo'!eHo nonaaaH11e· HeiiTp6HoB; Bhime.ctmiiX 113 cTeHKII nonocTII, l13MepSie

MhiH aljlljleKT 3,tt8Cb' onpe.ctenSieTCSI 'liiCnoM HeiiTpo~oB,· nonaB~IIIX H~ .cte.TeKTOp 

6naro.ctapSI ·pacceSIH!po Ha. H8HTpOHa~ )1{.8 BHYTPH nonoCTII, s· CT8UIIOH8pHOM 

cny'lae aljlljleKT MO)KHO 'rpy6o OUSHIITb no 'ljlOpMyne 

I' «<>2 a2 2 
em = u -· v n = u -- w v 0, 

v v2 

f',tte I em- 'liiCno HElHTpOHOB 1 non.aBWII.X. H8 . .tl8T8KTOp 38 1 C8K 1 u_ -aljlljleKTIIB

H08 C8'l8HII8 n-n -paccaSIHIISI, v -CKOpOCTb HeltTpOHOB BHYTPII non6CTII, V-o6t;eM 

nonOCTII, .npOCM8TpiiB88Mi;IH .tl8T8KTOpOM/ 0 - TeneCH.hilt yron H8 .tl8T8KTOp 1 

a -KOaljlljliiUIISHT nponopUIIOH8nbHOCTII 1 W - MOmHOCTb IICTO'lHIIK81 'nwraro

wero" nonOCTb H8HTpOH8MII, nnSI IIMnynbCHOro IICTO'lHIIK8 

I = u 
P. 

«<>2 

-VP 0 ® aljlljl,n = 
·v 

a2 
u-P-

v 

~ 2 . . 

u -JL. W 
2 

V 0 ® a"'"' In.= y p p p ·\ 'i''i'• 

2 
<W> 

® n 
_aljlip, 

f'.cte ct>.P II . W P - COOTBeTCTB8HHO llOTOK II MOmHOCTb B IIMnynbce, <W> - Cpe.ct-

HSISI MOWHOCTb IIMnynbCHOf'O IICTO'lll11K81 ® aljlljl,t- aljlljleKTIIBHSSI .ctriiiTsnbHOCTb 

H8HTpOHHOf'O IIMnynbC8 IICTO'll!HK81 n -'laCTOTa HeltTpOHHhiX . IIMnynbCOB IIC-

TO'lHIIK8, 

np11 T0)K,t(8CTB8HHOCTII ycnOBIIH ljlopMIIpOB8HII£1 HeltTpOHHOf'O f'838 B 060HX 

cny'laSix 11 np11 V =V 11 ·n =0 
p p 

I · <W-J _.£.., 
I W 2 

1 ---.. 
® ·n 
,aljlljl •. 

ecnu <W>,=W nnSI l1EP-2 ®aljlljl:' ""' 2•10:..4cex·5·1/cex=l0-
3,' TaKHM 

o6pa30M .!u._ = 10 3 
T,e, IIM88M. ThiC£1'leKpaTHhiH · BhiHI'ph!W B cpaBH8HIIH CO 

I I 

CT8UIIOH8pHhiM peaKTOpOM TOM )1{8 MOWHOCTII, 

CxopOCTb ljlOHOBhlX· OTC'l8TOB1 CBSI38HH8SI C paCC8SIH118M Ha OCT8TO'lHOM 

f'838 lB= ·uBdaWVO ( d -nnOTHOCTb Map OCT8TO'lHOf'O f'838 1 u
8 

..;aljlljleK-

TIIBHOe C8'l8HIIe paCC~.IIHIISI H8 f'838), O.tlHH8K!JB8 np11 CT8UIIOH8pHOM H HM-

nynbCHOM cny'lanx, .· 
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ITpaBeaeHHhre paccyJKaeHaSI HarnSiaHo anmocTpapyiOT BbrroaHoCTb acnonh

aoBaHHSI HMnynhCHbiX yCTpoilCTB anSI npoBeaeHHSI TOX Ollb!TOB, KOTOpbie, Ha 

nepBblil B3I'nSia, He . HyJKaaK>TCSI B HMnynbCHOCTH, B :noll JKe 'CBSI3H OTMOTHM 

eme oaHO 06CTOSITenbCTBO, 0THOmOHRe .a<!J<jJeKTa K <jJoHy onpet:ienSieTCSI Bblpa-

JKeHHeM: 

I P 

IB 

a 

aB 

aP 

0 .nd 
a<jJ<jJ. 

<W > • 

TaK KaK c pocToM cpeaHeil .MOII(HOCTH paaMepbr aoHhr a reoMeTpaS! aaMeana

Teneil H3MOHSIIOTCSI Mano, COOTHOWOHHe a<jJ<jJeKTa K <jJOHY paCTeT naHeilHO C 

MOII(HOC.Tb!O, T,e, anSI 9KCnepaMeHTOB T8KOI'O Knacca 6onee 6nar:onpHS!THbl yc

.nOBHSI npa 6onbWOil 'MOII(HOCTH peaKTOpa, 

11EP-2 OTKpb!B80T WHpOKHO B03MOlKHOCTH anSI accneaoBaHHil peaKRX KO

pOTKOlKHBYII(HX aKTHBHOCTeil a an11 aKTHBaUROHHoro aHanaaa, ITpaKnaaHoe 3Ha

·~eHae aTax pa6oT TpyaHo nepeoueHHTb, ITpeanoJKeHHSI o nocTaHOBKe B 011~11 

pa6oT no aKTaBauaoHHOMY aHanaay caenaHhi UeHTpanhHbiM uay'IHO-accneao

BaTenhcKaM RHCTHTYTOM <jla3HKR BeHI'OpCKOil aKaaeMHR HayK, flo MHeHRIO BOH

I'epCKHX Y'IOHbiX, C noMOII(biO 11EP-2 MOlKHO nOBb!CHTb TO'IHOCTb onpeaeneHRSI 

pSiaa aneMeHTOB 6onee '!eM Ha 2 nopllaKa, a, 6naroaap11 aToMy; yaoBneTBo

paTh Boapocwae aanpochr. npoMbrwneHHOCTa, Haa6onee nepcneKTHBHaH o6iracTb 

npaMeHeHRH 11EP-2 c aMnynhCHblM noTOKOM 6hiCTpbiX HeilTpOHOB BHYTPR. ao

Hbi 3•10
18

1 /c~2CeK- 8KTHB8UROHHblil 8Hana3 Ha coaepJKaHae aneMeHTOB, 8KTR

BHpyiOWRXCSI 6biCTpbrMw-HeilTpoHaMa ri aaromaMa npa aToM KopoTKOJKHBymae aK

TRBHOCTa, 803MOlKHbiM BapaaHTOM MeToaa 8KTHB8UROHHOI'O aHanaaa SIBnSieTCSI 

aHanaa aneMeHTOB no aaoTonaM, HMOIOWRM KopoTKRi): nepaoa pacnaaa. B Ta6na

uax 1 a 2, aaaMCTBOBaHHbiX HaMH aa npeanoJKeHail U11<1>11 BeHrepcKoil AH no 

aKcnepaMeHTaM Ha 11EP, upaBeaeHbi BaJKHeilwae aaHHbre o6 aaoTonax a aneMeH

Tax, naa6oneeyao6HhiX air11 aKTHBBUHOHHoro aHanaaa Ha 11EP-2. 

Jlnsi pa60T B o6naCTH KO!IaeHCHpOBaHHbiX cpea 11EP.:.2 TaKJKe OTKpbiBa-. . . . . \ . 

OT. HOBbie · B03MOlKHOCTH, KaK nOK83biBBIOT OUOHKR, B OnbiTaX"-no AH<jJpaKUHH 

R pacceSIHHIO MeaneHHb!X · HeilTpOHOB Ha 11EP-2 MOJKHO noriy'IHTb RHTOHCHBHOG

TH B 8 t-100 paa (B 38BHCHMOCTR OT Tana 9KCnepHMOHTOB) 6onhWHe, '10M Ha 

HOBOM peaKTOpe HFBR (CWA), HMOIOII(OM MOII(llOCTb 40 MBT R nOTOKH 
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Ta6naua 1 
(~ ~ ', 
) 3JieMeHThi, KOTopbie npa· noMOIUH peaKTOpa HEP-2 MO)KHO 
I 

onpeaeJIHTb c BhiCOKoli:, no cpanaeamo c apyrHMH MeToaa-

' MH, 'IYBCTBHTeJibHOCTbiO, H HX BB)KHefiWHe SIAepHble llBHHbie 

· ITpo~onxH- 98aprHH-
·SneMeHT · PeaxnHH KoHeqHHA TenbBOCTb rauKa, , 

·npo;ztyRT · nonypacna , MaB · . 
~a, cex 

.o 11,p ."N 7,35 '_.6;,1 
F n,o .!Of 

II I,63 
F n,f 190 

29 0,20 
··'.Na nd. . !i.DF 

II,O I,63 I 

s n}p 3Lfp 
I2,4 · .·· 2,I 

s~ .lf6rns n,<Y' . c 20:· 01I4 
Se n,n n~~ n/ln r:~mse 

I? O,I60 ·.I _:1'~1t1r y n,n I6,I. 0,9I5 .. 
T€ n,ctn t58mTg -. 

.,. II O~III 

w· n,~s~~~mw ' ' 
_n,n n,(f 5,3 b,I05 

199_/HPf '• , . .. 
. Pt. n,~ I4 0,39 

Au I . n,n 191J.tAu. 7,2 0,279 

.. 
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Ta6nHua 2 

3neMeHThi, onpeAeliSieMbie npH noMOIUH peaKTopa HEP-2, 

Ha OCHOBe KOTOpbiX B03HHKaiOT H30TOnbi C npOAOnJi<HT9nb

HOCTbiO nonypacnaAa MeHee 1 C9KYHAhi. 

~SllyqeBHe 
IlpO;ztOllD~6Jib-

_P6almHH: HOC!:& fiOllypac-
na;zta, COK 

II B { n ,rA)~J .. i. <5e!ra 0,9 . . /J. 
118 {h,Q') 'B <5e!ra 0,027 
'1C ( h;f)'.!B <5e!a 0,027 
98e(P11d)

6Ne <5a~a 0,8 
1/.i. ( 11,0'} ~i . <5e!ra 0,9 

t6/V' ( 11 ; d..)'~ <5e~a . 0,027 
;,oiA{n,l11)39~ . <5e~a 0·,9 

·~~6p.g ( h, r)~lmp~ . ra~~~~a. 0,8 

\ 
r--..__J/ 

c' 

14 

i 

9Bepl'Ha, 
Ma:B 

I3 

I3,4 

I3,4 

3,5 

13 

I3,4 

5,6 

I,4 



I 

nopSIAK8 to15 l/cM2 ceK. BhiCOK8SI I!HTenci!BHOCTb I!MnynbCHhiX · nyq-

KOB . HEP~2 no3BOJII!T 3H8'11!TeJibHO noBhiCI!Tb TO'IHOCTb 1!3Mepeal!il: B 
/) 

"CTpyKTypHbiX I!CCJI8AOB8HIISIX MSTOAOM A!!cpp8KU1!1! I! p8CC8SIHI!SI K8K 38 C'IST 

. \ . . 
COKp8W8HI!SI BpeMeHI! 1!3MepeHI!II,, T8K I! 38 C'IST yny'IWS~I!SI SHepreTI!'ISCKO-

ro .11 yrnoaoro. p83pewenl!il:, Bee sTo A8eT B03MOJKHOCTb neTaJibHoro !!3Y-. 

'leHI!SI cnoJKHhiX CTpyKTyp,. KOTOpbie nenocTyn!lhi B H8CToSiwee apeMSI {cnoJKHhie 

MHOrOKOMllOHeHTHbie_ TBepAhie I! JKI!IlKI!e C!!CT8Mbl 1 Opr8HI!'18CK1!8 MOJieKyJihi 1. 

caepxnpoaonSiwee coc'roSIHI!e aewecTaa; nonynpoBOAJII!KII 11 T.n.): B sToil: CBSI-

31! OTMeTI!M BhiCK83~nnoe, B p8.Hee ynoMI!H8BWI!XCSI npennoJKeHI!SIX UH<IlH 

B~!irepcKoil: AH noJKeJI8HI!e o noCT8HOBKe H8 HEP-2 p860T no l!ccnenoaanmo, 

AByxcpaSHhiX I! llBYXKOMllO!leH,THhiX cpen C llOMOWb!O Heynpyroro p8CC8SIHI!SI 

npennoJKeHI!SI HncTHTYT8 SIAepHhiX I!Ccnenoaaimii: B ~aepKe 11 
' ' 

BapW8BCKOro YHI!BepC!!TST8 0 I!OCT8HOBK8 neil:TpOHorp8¢1!'18CKI!X I!CCJieAOB8-

. HI!H •Kp!!CT8JIJI1!'18CKI!X I! M8rHI!THhiX CTp'yKTyp. M8TOAOM apeMeHI! npOJI8T8, 

HMnyni.cnocTb ny'IKOB , HEP-2 MOJKeT OhiTb I!CilOJib30B8H8 AJISI 1!3y'leHI!SI 

necT8UI!OH8pHhiX npoueccoa { cp830B~Ix nepexonoa), npoTeKaJOWIIX np11 C8MhiX · 

p83JII!'Il!b!X ycJIOBI!S!X { H81lpi!Mep1 llp!! neil:CTBIII! OOJibWI!X A8BJI8HI!il: 1 f CI!JibllbiX 

M8rH~THhiX noneil:, np11 l!~.myJibCHhiX H8rpy3~8X 11 T,n,), M oryT 1!3Y~8TbCSI 
1!3M8H81li!SI. cpollOilllbiX I! M8rHOilllbiX cneKTpOB. Kpi!C~8JIJIOB nOA llSHCTBI!eM, CI!Jlb"" 

llb!X BHSW!li!X noJieil:, 

llJIS! !!CCJI8AOB8HI!SI M8rHI!TilhiX CTpyKTyp I! AJISI I!CKJIIO'ISHI!H BJII!S!IlliSI 

scpcpeKTOB KOrepeHTHOrO p8CC8SIHI!SI H8 A81ll!hle'o '18CTOTHhiX p8CnperieneHHHX 

H8 ·MEP-2 MOryT Oh!Tb C031l81lhl I!HTSHCI!Bilhle" ny'IKI! noJIS!p1!30B81lHhiX M8AJI8H

HbiX !leil:TpOHOB. MeTOAIIK8 nonSip1!38UI!I! neil:Tponoa B Tennoaoil: 11 pe30H81lc

Hoil: o6JI8CTHX MeTOAOM nponycK81li!H qepea BoAoponoconepm8WI!il: Kpi!CT8JIJI; 

K8K HaaecTHo, oTp860T8H8 H8 HEP. B o6nacTI! M8JihiX sHepr!!il: npi!MeHI!M~I . 

I! Apyrl!e M8TO/lhl 1 B '18CTHOCTI! 1 nponyCK8HI!8 Heil:TpOHOB 'lepe3 H8M8rHI!'I81l

llb18 KPI!CT8JIJihi, 0Ail8. 1!3 MOAI!¢1!K8UI!il: sToro MeTOA8, noaaongrowasi, H8PMY 

C llOJIS!p1!38U1!8H llY'IK81 C0Kp8TI!Tb AJII!TSJibHOCTb !leil:TpOH!lOro I!MnyJibC8, 

npennar8eTCSI UH<llH BeHrepcKoil: AH AJIH .1!3y'leHI!H xonneKTIIBHhiX aoa6yJK-
• I 

neHI!fi B M8rHI!THhiX · Kpi!CT8nJI8X BOJI1!31! TO'IKI! · cp83oaoro nepeXOA8 11 B cny-. 

'188 np!!CYTCTBI!H npi!M8CHbiX 8TOMOB, 

• 
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H OBOli t:tnll 011~11 o6naCTbiO HCCne.r:tOBSIIHli,. HMeromeli 60nbWOe npaKTH

qecKoe 3lJaqefiHe, RBHTCll HCCne.r:tOBaliHe pa.r:tHSUHOII!IhlX noapemneliHli. ·no liSCTOll

mero BpeMeliH TSKHe. pa60Tbl CTSBHnHCb npeHMymecT.BeliiiO B CTSUHO!IapliblX 

nonllx. BI>ICOKall HliTe!Iclla!IocTb HliAHBHt:tyanbliDIX HMnynhcoa .11BF;'-2 noaao- . 

nHT HayqaTb .r:tHIIaMHKY paaaHTHll H oTmHra pa.r:tHaUHOHIII>IX noapem.r:teliHli. 11BP-2 

.r:taeT WHpOKHli cneKTp H3nyqeHHli .r:tnll I'eHepaUHH pa.r:tHSUHOHHhlX noapem.r:teliHli 

(oT cneKTpa .r:teneliHll BHYTPH SKTHBIIOli 30111>1. AO ·cneKTpa XOnOJ:tHl>IX H ynbTpa

XOnOJ:tliblX lieliTpOHOB B 3SMe.r:tnHTengx). 3TO MOm~T npe.r:tCTaBnliTb H~Tepec 

C TOqKH 3peliHll paa.r:teneliHll ·acfi«PeKTOB, Bbi3BSHHbiX o6pa30BSHHeM .r:tecj>eKTOB 

B peweTKe H ·acj>cj>eKTOB~· Bbi3BSIIHI>IX npeBpameliHeM aTOMOB B yanax peweTKH 

aa cqeT nornomeliHll HeliTpOHOB, 

npHBe.r:teliHOe BbiWe OUHCSHHe 
1 
HanpaBneHHli HCcne.r:tOBSHHli, B03MOmHbiX 

Ha 11BP-2, lie npeTeHnyeT !Ia non.HoTy, HO B .r:tocTaToqgolt cTeneliH .xapaKTe-

. pHayeT nepcneKTHBDI HcnonbaoaaH~ll 11BP-2 B pemHMe peaKTopa H a pem~Me 

6ycTepa. B npHIIUHne B03MOmlii>l H APYI'He pemHMb1 0 B KOTOpblX nHHeliHblli yc-
. ' . 

KOpHTenb pa6oTaeT !Iea·aBHCHMO OT. peaKTOpa: 

a) pa6oTa Ha Jiepa3MHomaroiuyro MHWeHb npH cj>OpMHpOBaHHH KOpOTltHX 

HMnynbCOB HeliTpOHOB ( OT. 0,01 ·MKCeK J:tO 0,1 MKC?eK) C UenbiO nonyqelJHll 

peKOp.r:tHI>IX aHepi'eTH'IeCKHX paapeWeHHli; 

• 6) pa6oTa C 'BbiBe.r:teHHDIM aneKTpOIIHbiM ny'IKOM; 

B) pa60TS C TOpM03HblM H3ny'IeHHeM nj:JH nonyqelJHH MOIIOXpOMSTH'IeC

KHX. nyqKoB. Y. -nyqelt, 

3TH pemHMbl npe.r:tCTaBnliiOT 3HStJHTenbHblli HliTepec, Ho; UOCKOnbKY HX 

ocymecTBneHne He nnaanpyeTCll npn nepaoli oqepe.r:tn coopymeHnli,IHCcne.r:toBa-. 
( . \ . 

1 HHll_,_cB,aaaHHI>Ie c 'HHMH, He paccMaTpnaa!()TCll, CnncoK;pa6o;r,BoaMomHMX Ha. 

11BP-2 B peaKTOpHOM H HMnynbCHOM pemHMax, npHaeneH B npnnomeHHH 1.· 

3, 06mee onncaHne ycTaHOBXH 11BP-2 
' 

11BP-2 npoeKTHpye~TCll KaK HHTeHCHBHI>Ili HCTO'IHHK · HeliTpOHOB .r:tnll npo-. ' " . ' 

', Be.r:teH~ll pa60T B WHpOKOli o6naCTH l!Ae.p'Holi cj>H3HKH 0 ilJH3HKH TBept:tOI'O Tena 

H B !IeKO~OpblX npHKnaLxHblX HanpaBneHHliX, 0CHOBHOe 'Tpe60BSHHe K HCToqim-

KY TSKOI'O Knacca - o6ecne~eHHe BDICOKHX HHTeHCHBHOCTeli HeliTpOHOB C SHep-
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)rilen oT· nonefi ·aB no coTeH KSB npa 'nnaTenbHOCTH HMnynbca oT 1 no 

100 MKCeK. 

KaK· y)l{e obmo oTM.e'leao BO imeneaaa, aaaoonee pauaoaanbHhiM peme

aaeM aTofi sai:J.atlir m3nneTcn~ cosnaaae ycTaHoBKH, oo'benaamomefi HMriynbCHbifi 

peil,KTop aa · ohiCTpbi~ ·~efiTp~aax H. canbHOTO'lHhifi aneKT~OHHhifi ycKopaTenb 

aaiKeKTop KopoTKHX HMnynbCOB aell:TpoaoB, pa3MHO)KBJOUIHXCR B peaKTope. 

AaanH3 TBXHH'lBCKHX B03MOlKHOCTefi H Tpe60BBHHfi K XapaKTepHCTHKaM Hefi-

, TpOHHb!X ny'lKOB no3BOnHn ycTaHOBHTb cnenyiOUIHB OCHOBHb!B napaMeTpbl ys

{IOB ·. ycTaHOBKH; 

A. PeaKTop 

HMnynhCHbifi, Ha Ob!CTpb!X fiefiTpOHaX, C nonBHlKHbiM OTpa-

fopiO'lee 

lKaTeneM. 

239 Pu 

Cpenagg TennOBBR MOUIHOCTb ·- 10 MBT. 

4acToTa cnenoBaHHn HMnynbcoB - nepeMeaaan oT 5 ceK-
1 

no 50 ceK-1, 

,Uni!TenbHOCTb HMnynbca - 70 t-80 MKCBKo) 

BpeMR lKH3HI! UBHHOCTH HefiTpOHOB neneHI!R ~ 3t-4•10-8 CeK, 

-. ni!HBfiHhifi HHnyKUHOHHbifi yCKOPHTenb aneKTpOHOB ( nl1Y) 

Saepran aneKTpoHOB - 30 MaB. 

ToK .B HMnynbce - .250 a. 

,UnHTenbHOCTb HMnynbca - 0,5 MKCeK. 

4acTOTa HMnynbCOB - 50 CBK-1• 

Co'leTaaae HMnynbcaoro peaKTopa aa obiCTphiX aell:Tpoaax 11 CHnbHo

TO'lHoro nHaell:aoro ycKopaTenn nosBonneT ocymecTBI!Tb paooTy KaK B oyc-

TepHOM pelKI!MB npH nnHTenbHOCTRX HMnynbca OT HBCKOnbKHX MKCBK no ne-

CRTKa MHKpOCeKyfln, TBK H B peaKTOpfiOM pelKI!Me npH nnHTBnbHOCTRX IIMnynb

Ca. no 100 MKCeK. nJlH paoOTe B OYCTepHOM pelKIIMB MOUIHOCTb peaKTOpa 38-

BIICIIT oT wapi!Hhi aefiTp~aaoro HMnynbca (npsi qmKcnpoBallllhiX · napaMeTpax 
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Pnc,1, 3aancnMoCTh cpenneii MOlllHOCTH peaKTopa 11EP-2 OT nonymnpnHhi 
HMnynhca JlUH 5yco:i-epnoro peJKnMa; nonymnpana HMnynhca 0

1 
';

2 
npnBeJleHa B MKCeK, MOUlHOCTb · W - B Mei'aBaTTaX, 

llHJKeKTOpa ll 5ycTepa), 3Ta 38BHCHMOCTb ,Jlllll J1EP-2 ll305palKeHa Ha _pnc,l, 

anSI nepBOii 38I'py3Kll 8KTHBHOii 30Hbl peaKTOpa B KaqeCTBe liJlepHOI'O 

roproqero 5yneT n6nonh3oaana nayoKnch nnyToHnSI Pu 0 
2 

, npomenmag 

nnnTenhnoe ncnhiTanne B peaKTope EP-5 n liBUliiOlllaSicsi B· ~acTollmee apeMSI 

CaMbiM HaJleJKHbiM TOUUHBOM Jlllll peaKTOpOB Ha 5hiCTpbiX HeiiTpOHaX, 0JlH8KO . ' 

C JlBY.OKHCbiO nnyTOHllll napaMeTpbl HMnynh.CHOI'O llCTOqH_HKa HeCKOllbKO HHJKe 

B03MOJKHhiX; cpennmi MOlllHOCTb He. npeabtliiaeT 4 MaT, a nnnTenhHOCTb nM

nynhca JlOCTnraeT 90 t-100 MKCeK, B npoeKTe npenycMoTpena B03MOJKHOCTh 

3a~eHbi Tonnaaa Ha 5onee Ko~uenTpnpoaannoe ( MeTal:mnqecKnii nnyTonnii, 

Kap5nn_ mtyToHnll), ecnn TaKoaoe 5yneT pa3pa5oTalw n ncnhiTaHo B na~hHeii

meM, qTo U03BOUHT JlOCTllqb 3Haqennfi OCHOBHbiX napaMeTpoa, KOTOpbie UpllBO

JlHTCll B Ta6nnue. 

B nepaoii oqepenn coopyJKenaii 11EP-2 npennonaraeTcll ocymecTBHTh 

5ycTepHhiii n peaKTOpHhiii pelKHMhi, Buocne.r:icTBHn MoryT 5htTh ocymecTane-

18 



/ I. 
Hhl pelKHM pa60Thl Ha Hepa3MHOlK8101UYIO MHWeHb, pa60T8 C BhiBeAeHHhiM 

sneKTpOHHbiM ny'lKOM H pa60Ta C ny'lKSMH TOpM03HOI'O nany'leHHSI. 

PeaKTOp YIEP-2 npeAnonaraeTCSI paaMeCTHTb B pafioHe cymecTByromero 

SKCnepnMeHTanbHOI'O naBHnhOHa Ha 100-MeTpOBOH nponeTHOH 6aae peaKTOpa 

YIEP; PaaMemeHne coopylKeHnfi noKaaaHo na pnc: 2. PeaKTop pacnonaraeT

CSI B UeaTpanb~OH 'l8CTH 6nonOI'H'l8CKOH 38IUHThi, BhinOnHeHHOH B BHJle ABYX 

' 
KOHUeHTpn'leCKHX Koneu ( pnc. 3). npocTpaHCTBO MelKAY KOnbUSMH 38IUHT.bi 

npeAH83Ha'leHO AnSI pa3M81U8HHSI SKCnepnMeHTanbHOI'O o6opyAOBaHHSI. 0HO 

cnylKHT TSKJKe MeCTOM MOHTalKa H AeMOH_TaJKa CTaUHOHapHblX OTpalKaTenefi, 

BOASIHbiX 3aMeAnHTenefi, nHeBMOnO'IT H T,n,, ycTaHaBnHBaeMhlX Ha OTKaTHhlX 

aawnTHhiX TeneJKKax, Bo BHyTpeHHefi nonocTn 6nonorli'lecKofi 38IUHThi paa

MemaeTCSI. WaXTa, B UeHTpe KOTOpOH ycTaHaBnHBaeTCSI KOpnyc peaKTOpa C 

aKTHBHOfi aoHofi (pnc. 4). CBepxy waxTa nepeKphiBaeTcSI paa6opHhiMH 'IYI'YH

HhiMH 6nOK8MH, aarionHSieMhiMH 6eTOHOM, lfepea BHyTpeHHIOIO CeKUHIO 381UHTbl 

IIpOXOASIT 14 I'OpH30HT8nbHhiX H 3 HaKnOHHhiX KaHana BhiBOAa 

. HefiTpoHHhiX rry'lKOB, Bee K·aHanhi rrepeKphmaroTcSI wn6epaMn c MexaHn'leCKH

MH IIpHBOAaMH, Bo BHyTpeHHefi CeKUHH 381UHTbl HMeeTCSI TpH HHWH: ABe AnSI . . 

ycTaHOBKH OT!<8THOH aaiUHTbl CO CTaUHOHapHblM OTpalKaTeneM H OAHa - AnSI 

ycTaHOBKH IIOABHlKHOI'O OTpalKaTeliSI, HHWH CTaUHOHapHOI'O OTpaJKaTenSI rrepe

KpbiB810TCSI. wn6epaMn, a HHWa IIOABHlKHOI'O OTpaJKaTenSI - OTKaTHOH 3aiUHTHOH 

ABepbiO, HHJKllHH KOHeU KOprryca peaKTOpa, rrpeACTaBnSIIOIUHH co6ofi pSIA· KOH

U8HTpn'leCKHX Tpy6 C MaKCHManbHhiM HapylKHblM AHaMeTpOM 185 MM, BhiXQ

AHT B IIOApeaKTOpHbiH 60KC, cnyJKaiUHH MeCTOM MOHTalKa KaHana MHWeHHo 

B.sTOM 6oKce paaMemaroTCSI KOHe'IHaSI 'laCTh sneKTPOHOBOAa nnHeHHOI'O yc-

KOpHTenSI H OTKnOHSIIOIUHe. Mai'HHThi, pa3BOpa'IHB8~IUHe ny'IOK sneKTpOHOB Ha 

90°. 3aMeAnnTenn ycTaHaBnnBaiOTCSI ~ aamnTHhiH mn6ep, 1WTOphiH c rro-

MOIUbiO MeXaHH3Ma .TpaHCIIOpTHpOBKH IIOll yi'nOM 40° K. I'OpH30HTann BBOAHT-

CSI BO BHyTpeHHIOIO rronOCTb ~aiUHTbl TaK, 'ITO aaMeAnHTenh pacrronaraeTCSI 

B HerrocpeACTBeHHOH 6nnaocTn oT oTpalKaTenefi peaKTopa. CxeMa ropnaoH

TanhHhiX KaHanoB AnSI BbiBOAa HeHTpOHHhlX ny'lKOB H306palKeHa Ha pnc, 4; 

Ha STOM JKe pncyHKe IIOKa3aHO pacnonoJKeHne aaMeAnnTenefi BOKpyr aKTHB

HOl!. 30Hbl· peaKTOpa. 3aMeAnHTenn 1 ,2,4 - BOASIHhie, KSlKAbll!. - H3 Tpex He

aaBHCHMhiX CeKUHli, 'ITO no3BOnSieT H3MeHSITb HX TOniunHy· (35,45,55 MM), Bbl-
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P11c,2. 'CxeMa paaMemeHIISI KOMIIneKca 11EP-2. t' - peaKTop; 2 - 3AaHne pe
aKTopa C SKCIIepi!MeHTanbHbiM, aanoM; 3 - KOpiiyC HHAYKUHOHHOI'O yc
KOpi!TenSI; 4 - 3AaHne naMepi!Tenb.Horo ueHTpa; 5 - 3AaHI!e AelicT
Byromero peaKTOpa 11EP i 6 - ranepeSI 100-MeTpOBOI'O HeliTpOHOBOA8 
11EP; 7 - 1000-MeTpOBbili HeliTpOliOBOA 11EP-2. 
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Pnc.3. CxeMa aal!li!Tbl 11 -I'Op1!30HTallbHbiX SKc.nepnMeHTallbllbiX KaHaliOB pe

aKT_opa l1EP-2. 1 - 38M9,[llli!T9llb peaoHaHCHblX nefiTpOHOBj 2 - aaMe.U-

, IIIIT9llb TeUIIOBblX HefiTpOHOBj 3 - I!CTO'!HIIK XOIIO,[lH~IX HefiTpOHOBj 

4 - 38M9,[llli!T9iu, T9UIIOBbiX nefiTpOHOBj 5 - CT8UIIOH8pHblfi OTpalKa

T9l!b j 6 · - BO,[lS!JIOfi 38M91llli!T91Ib j 7 - UH9BMOUO'!T8 Ha T9Ull0Bbl9 

HefiTpOIIblj . 8 - nHeBMOUO'!Ta Ha ObiCTpbl9 HefiTpOHhl - B OTpalKaTel!e j 

9 - nueBMono~Ta ua ohiCTphie uefiTpoHhi - B ueuTpe aKTIIBHofi aoHhi. 
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6rrpall ee TaK 1 'IT06b! o6ecne~HTb OUTHManbHbie ycnoBHl1 BhiXOAa HeiiTpOHOB 

B Tpe6yeMoM aaepreTrr'leCKOM nrrana3oHe, 3aMennrrTenh 1, pacnonaraeMhiii 

3a UOABIOKHbiM OTpa)l{aTeneM1 npeAnonaraeTCll HCnOnb30BaTb B OCHOBHOM 

KaK HCTO'IHHK pe30HaHCHb!X HeiiTpOHOB, STOT 3aMeAnHTenb npOCMaTpHBaeTCll 
~ . 

TpeMll ropH30HTanbHhiMH KaHanaMH nrraMeTpOM 200 MM, Kaaanhi 12 rr 13 

liBnlllOTCll Ha'IJanaMH 1000-MeTpOBOI'O H 500-Me_TpODOI'O HeiiTpOHOBOAOB, 3a:

MeAnHTenrr 2 H 4, pacnonaraeMbie 3a CTaUIIOHapHbl~Ii OTpa)l{aTenliMH1 npeA

nonaraeTCll IiCUOnb30BaTb B Ka'IJeCTBe IiCTO'IHHKOB T~nnOBbiX Ii HaATennOBhiX 

HeiiTpOHOB, 0HH npocMaTprrBaiOTCll weCTb!O ropn3~HTanbHhiM!i KaHanaM!i nrra.:. 

MeTpOM 200 MM 1i ABYMl1 HaKnOHHbiMii 1 AHaMeTpOM 150 MM Ka)I{Ablli, KaHa

nbi 1 H 9 npeACTaBnliiOT BM9CT9 CKB03HOii TaHI',eHUHanbHhlii KaHan, 0H M0-

)1{9T ncnonh30BaTbCll, HanprrMep,. nnll pa6oT Ha "HeiiTpOHHOM ra3e", Of5a 

KaHana MOHT!ipyiOTCll B 3aWHTHb!X 'OTKaTHbiX BCTaBKaX1 'ITO U03BOnlleT np!i 

Heo6XOA!iMOCTH OpH9HTHpOB8Tb HX Ha 3aMe.QnHTenrr 4 H 2,_ .Qnll I'eHepaUHH 

HeiiTpOHOB 1 o6orAweHHhiX xonOAHblMH HeiiTpOHaMH ( i\=4X ), 3a 3aMennrr-

TeneM 3 pa3MeWaeTCS1 )I{HAKOBOAOpO.QHhiii 3aMeAnHTenb, 06'beM )l{li):IKOI'O BO-

' AOpO.Qa B KaMepe 3aMeAnHTenll - }000 · CM3, .Qnll O~na)I{):I9Hiill )l{liAKOBO.QOpOA

HOI'O 3aMe.r~nrrTenll rrcnonh3yeTcll ra3oo6pa3Hhlii renrrii c BXO.QHoii TeMnepa

Typoii 11,5°K, 

fenrreBall :YCTi!HOBKa npOH3BOAHTenhHOCTb!O 450 KKan/qac o6ecne'IHBaeT 

OTBO.Q Tenna C KaMepbl 38Me.QnHT9nll C CyMMapHbiM TennOBbi,QeneHHeM OKO • 

no 400 KKan/qac, nprr' 9TOM M8KCHManbHall TeMnepaTypa BOAOPOA8 B KaMepe 

0 ' ' 
COCTaBnlleT 23-24 K, KrrneHrre BOAOpOAa ycTp8Hll9TCll 3a C'leT llOAJ:19p)l{!iB8-

Hiill B KaMepe 38MeAnHTenll . .QaBneHHll OKO,nO 4 i!TM, 0)1{H):IaeTCll, 'ITO Cp9AHllll' 

TeMnepaTypa HeiiTpOHOB 1 ll0KH):I810WHX 3aMe.QnHTenb 1 6y.QeT COCTaBnliTb 50°K, 

XonoAHhiii 3aMe.QnrrTenb np~cMaTpHBaeTCll ropH30HTanbHhiMH KaHanaMrr ( 4,5,6) 

AHaMeTpOM 150 MM 'K8)1{):1blli, .Qnll yBenH'I9Hlill Bh!XOA8 Ha.QTeUnOBbiX HeiiTpO

HOB paCCMaTpHBaeTCll B03MO)I{HOCTb ycTaHOBKH Ha peaKTOpe 'I'Opll'I9I'O 38~ 

Me.QmiTenll. B Ka'leCTBe· MaTeprrana. nnll ropll'lero 3aMe.QnrrTenll npennonara-

eTCll rrcnonb30BaTb Be0
2 

nprr TeMnepaType 1800-2000 °C. Pa3orpeB 3a-

MennrrTenll 6yneT ocyweCTBnliTbCll 3a C'leT Te_nnoBhiAeneHrrii oT nornoweHHll 

liAepHb!X H3ny1JeHHfi peaKTOpa, npeAyCM8Tp!iB89TCll yCT8HOBK8 TpeX nHeBMO

UO'IT: no3, 7 - .Qnll o6ny'leHrrll TennoBbiMH HeiiTpoHaMH, no3, 8 - Anll o6ny-
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Pac,4, BepTHKanbHhil!: paapea HEP-2, 1 - KaHan MI!WeHH ycKOpi!TenSij 2 - p~ 
Top. nOABHlKHOI'O oTpalKaTenSI; 3 - aKTI!ilnaSI- aona; ·4 - I'I!Aponpunon 

CTOplKHeli: 6b!CTpol!: aaap!!li:HOli: 3aWUTbl j 5 - 9KCHOpHMOI!Tanbll!>ll!: KaHan 

l:tnSI IIOli:TpOIIIIOI'O ny'!Ka j 6 - wu6ep 8KCI10piiMOIITilnbllOI'O KaHana; 

7 - TennonaSI n pamtauaonnaSiaawnTa; 8 - npunon wu6opa; 9 - Ka

Han Uellt'panbHOli: 11110BMOI10'1Tblj ·10 - BllyTpOHHHSI 6eTOIII!aSI 6nonOI'II- · 

'IOCKaH 3aWHTaj 11 - OTKaTHaSI 3aWI!Ta C OTPalKaTenSIMH H 3aMennn

TenSIMil j 12 - 811CKTpOIIOBO.Ai 13 - Mai'IIIIThl llOBOpOTa 811CKTpOHIIOI'O 

. JIY'IKa, 
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-qeHnii ObiCTpbiMI'I Hell:rpoaaMH, no3; 9 - nnH oony-qeHHH ObiCTpbiMH Hell:rpo

HaMH B ueHTpanbHOM KaHane peaKTopa. 

OxnalKnenne oopa3UOB a nHeBMono-qrax oyner ocymecranSITbCH ra3ooo-. 

pa:3HbiM ~enneM. npenycMaTilliBaeT~SI B03MOlKHOCTb B nHeBMOnO-qTaX 7 1'1 8 

npoBOllHTb oony-qeHae oopa3UOB npn HH3~nx TeMneparypax (50-100°K),_ ac

nonb3YH. B Ka-qecrae xnanoareHTa xonoJIHblll: ren.nii c axonHoii TeMnepaTYPC?ii 

OKc;;no 12°K. l1_3y-qaeTCSI B03MOlKHOCTb ycTaHOBKI'I B CK,B03HOM Tai!I'eHUHanb

HOM KaHane (KaHanbl 1·_·1'1 9) ObiCTpoii_ nHeaMono-qTbl, KOTopaSI no3aonnna Obi 

npOBOllHTb oony-qeHI'ISI 3a BpeMSI OllHOI'O HMnynbCa MOIUHOCTI'I peaKTOpa. B 

TaOliHUe 3 1'1 Ha pi'IC. 5 npaBelleHbl -HeKOTOpbie pac-qeTHble JiaHHble· 00 OlKHJiae

MbiX; HeiirpoHHbiX noroKaX Ha HEP-2. 

4. PeaKTop' .. 

. HEP-2 - peaKTop Ha ObiCTpbiX Heil:rpoHax c KOMnaKTHOii aKTHBHOii 30-

'Hoii 1'13 289 Pu ( B ljlopMe llBYOKI'ICI'I nnyTOHHH) Tnna HCnbiTaHHOH B aKcnny-

aTaUI'IH 30Hbl craunoHapHoro peaKropa EP-5 1151 •. l1MnynhcHoe neiicraae 

peaKTOpa ooecne-qnaaeTCSI TaK lKe, KaK 1'1 B neil:CTBYIOIUeM HMnynbCllOM peaK-. . 

TOpe !1EP 3a c-qeT nepaona-qeCKOI'O 1'13MeHeHI'ISI peaKTI'IBHOCTI'I CI'ICTeMbl1 HO 
' ' 

·.a ornn-qne or l1EP, rne peaKTI'IBHOCTb H3MeHSieTcH 3a c-qeT nepeMemeHHH 

·~acTH aKTHBHoii 30Hbl 1 B HEP-2 nynbcaunn peaKTHBHOCTI'I. co3i:laiOTCH nepe

MemeHaeM -qacrn orpalKaTenH no OTHOllleHHIO K aKTHBHOii 3oHe. TaKoe oTnn-

- -qne ooycnoaneHO .TeM, 'qTO Ha peaKTOpe OOliblliOH MOIUHOCTI'I 1 KaKI'IM HBnSieTCSI 

HEP-2, Henh3H 6bmo Obi ooecne-qarb ynoaneraopnrenbHble ycnoaaSI oxnalK

neHHH nOJIBI'IlKHOll: -qaCTI'I aKTI'IBHOH 30Hblo 

AKTHBHaH 30Ha peaKTOpa a nnaHe npencTaBnHeT coooll: HenpaannhHblii 

lllecrnrpaHHHK ( pac. 6); Haopan~blii H3 KacceT Tan a Kaccer peaKTopa EP-5 

C lll8!i'OM 27 MMo; KacCeTbl BCTaaneHbl• C HaTHI'OM B Hl'llKHIOIO onopHyiO CTanb

HYIO nnnzy. B KalKJIOii Kaccere no 7 raanoa nnaMerpoM 8,65 MM c noKpbi

THeM 0,4 MM; TBSnbl 3aKpenneHbl Ha llBYX KOHUaX 1'1 lli'ICTaHUI'IOHHpOB8Hbl 

npOBOnOKOH JIHaMeTpOM 0,5 MMo 8biCOT8 aKTI'IBHOH -qaCTI'I TBana COCTaBnSieT 

. 40 CMo B·aKTI'IBHOH 30He pacnonaraeTCSI 71 paoo-qag K8CCeTa.·neperpy3Ka 

KacceT ocyllleCTBnHeTcH oe3 HapyllleHHH repMeTH'qHOCTH Kopnyca peaKTopa; 
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PHc,5, 3HepreTH'IeCKaH 3SBHCHMOCTb HHTe!ICHBHOCTH yTe'IKH HeitTpOHOB, 

. 4> - yTe'IKa HeHTpOHOB C l CM2 B. 1 CeK B eJ]HHH'IHOM HHTepBane ne

Tapi'HH; E - SHepi'HH HeHTpOHa B ~a!!~; H3ny.'laiOIUaH llOBepXHOCTb!. 

X X aKTHBHaH 30Ha; 

-----:-- o ----- o --· -- CTS!lHOHa-pHbiA oTpa*aTenb; 

---~•---- • T----·- 2CM BOJ]bl v3a llOJlBH)I{HblM OTpa)l{aTeneM; 

---------:---:----OCHOBHOH 3aMeJ]nHTenb; 

-., ··- •• .-- 3aMeJ]nHTenb 3a CTa!lHOHapHbiM OTpa)l{aTeneM, 
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80 
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40 

80 

40 

Ta5naua 3 

XapaKTepHc.T.HKH aaMe.nnuT~neH H KaHanoB nHesMonoqT 

c' HEP:~·2 

Cpe~HHit noTOK rronyiiiHpHHa qHKOBhlit noToK Ac/>I'UIJ<jtl J.. ~Jlfl 
. H~Tpou . H,~nymca q> nHK(n =5 I/ceK), )= 3 · R, . 

TeM- C C6K1 !.IKCeK Hei1TpOH . H6ilTpOB . 
MaTe- nepa- Ton-' X ro-It:: ; ; cMZceK . cMZceK I 
pHan Typa IUHH8 ' . X ro-I5 -I4-
aaMell- aaMen- aaMell- X IO 
nuTe- nHTe- nHTe-

llSI 11,, °K. n5r;MM T.H. B HBTep-
=4000x BaJie 

0,46+I3B 

H29 300. . 20;. .2;2 0,2 

H20 300 50 3,5 0,23 

1!20 300. 50·@ 0,4 

H2 24 roo· ;5,6 -

H20+ 300 nuen- 'so -+Be· !.IOfiO'l--
!L 

-"- 300 _n_: IIO -

T.H. 0,46+!SB T.H. 0,46-t!SB · -T~B. 

9I 90 . 4,90 0,44. Ii6 

I04 ··go. 6,00 0,5! 2,0 

!04. 90 9,7 0,89 3,2 

. !50 - 5,6 -. 4,2* 

200 - 64 

200. - 86 \ 

80 6ea aa- - _n_: 6ucTpue aei\Tp. 
90 III. · 116;ztl1HT. 50. 

B -If.:... - _n.;.. 550 90 • !220 
·aoue 

'MO~HOCT:L peaxTopa -.4 MBT . ~T6JI:LBOCT:L HMnym,ca- 90 KKC6K 
SacToTa cJie~OBaBHil. z~~nymcon - 5 I/cex · * _ .1UII1 .A = 5 ~ 

11¢>~/c.-£. 
E =0,7 3B 
H6!1TpOB 

2 eM ceK.aB n 
x ro-14 M~::_ 

HHe 

8,0 

9,5 

!6,5 

- XOJIO~Bbli\ 
aaue~JIHTen:r, 

I014SB+0,4K3B 

- IOIL3B+0,4KSB 



( 

OTpaooTaBIIIHe KacceThl qepeA Bbli'py3KOll: pacxona>KHBa!OTCSI B cpeAe· HaTpHSI i 

B npoCTpaHCTBe HaA aKTHBHOll .30HOll:, ~HCTeMa neperpy3KH KOHCTpyKTHBH9 ; 

Mano o'rna'laeTc~ oT cacTeMbi :nepe:'\PY~KH EP..;.s /16/, 7- ueHTpanhHbiX Sl'lee!t. 
\ .... 

30Hbl 3aHHMaeT KaHan, HH>KHSISI 'laCTb KOTOpOI'O HCnon&ayeTCSI AnSI pa3MeiUe..; 

HHSI MHIIIeHH nHHeliHOI'O yCKOpHTenSI, B'epXHSISI - AnSI oony'leHHSI OOpa3UOB, 

MHrneHb pacnonaraeTCSI Ha nonoBHHe BbiCOThi aKTHBHoll 30Hhi, B Ka'leCTBe 

MaTepHana MHIIIeHH Ha nepBoM aTane BhiopaH Bon&!jlpaM, oxna>KAaeMbill:. Heaa-

BHCHMbiM HaTpHeBbiM KOHTypoM, 

AKTHBHaSI 30Ha pa3MemaeTCSI B ABYXCTeHHOM CTanhHOM KOpnyce; npOCT-
! ' --:-

paHCTBO Me>KAY CTeHaMH . SIBnSieTCSI KOHTp.OnhHbiM .Ha npoTeK~HUe HaTpHSI U 

cny>KHT AnSI noAa'lu ropSI'Iero B03Ayxa npH paaorpeBe annapaTa. EoKOBbie· 
~ . - ' 

CTOpOHbl IIIeCTUI'paH~HKa 3aplHIUeHbl BOnh!jJpaMOBbiMU 6noKaMU TOniUHHOll 80 MM0 

BhmonHSIIOIUHMH ponb opraHOB perynHpOBaHHSI, Bon&!jJpaMOBbie 6noKu oxna>K

AaiOTCSI B03AYXOM, K HaHOOnbiiiell: CTOpOHe rneCTHI'paHHUKa npHMbiKaeT OCHOB

HOll: llOABH>KHblli OTpa>KaTenb U AOllOnHHTenbHbill: llOABH>KHbil! OTpa>KaTenb, 'pac-. :., 

nono>KeHHhie COOCHO, PoTOpbi llOABH>Kllb!X 
1 
OTpa>KaTenel! HMe!OT TpU TpaneUeH..; 

. . 
ABnbHbiX BbiCTyna, omiH H3. KOTOpbiX - COOCTBeiiHO OTpa>KaTen&, a· ABa 1' APY-

I'HX cny>KaT AnSI 6anaHca. Pai:myc nOABH>KHoro oTpa>KaTenSI - 120 ciM, Ton

IIlHHa OCHOBHOI'O OTpa>KaTenSI - 6,5 CM,. AOllOnHHTezibHOr<;>' - 3,5 CM, CpeA-. \ . 

HsiSI IIIHPHHa OTpaJKaTenSI - 24 CM, PoTop llOABH>KHOI'O OTpa>KaTenSI npimoAUT-

CSI BO BpaiUeHHe CO CKOpOCTb!O 3000 OOIMHH, aneKTpOABHI'aTeneM nepeMeH

HOI'O TOKa. BpaiUeHHe AOnonHHTenbHOI'O OTpa>KaTenSI npouCXOAHT OT TOI'O >Ke 

ABHI'aTenSI 'lepe3 peAyKTOp C iiepeMeHHhiM nepeAaTO'IllbiM OTHOIIleHHeM 1:2, . 

1:5 H. 1:10, TaKHM o6pa30M 0 BMeCTe C TeM Cny'laeM, KOI'Aa AOnonHHTenb.;,. 

llbil! OTpa>KaTenb He BpamaeTCSI,· nony'laeTCSI 4 B03MO>KHhiX 'laCTOTbi cneAOBaHHSI 

HMnynbCOB peaKTOpa - 50,25,10,5 HMnynbCOB/CeK,· PoTOpbl llOABU>KHbiX OT

pa>KaTenel! BMeCTe C ABHraTeneM H .PeAyKTOpOM 3aKniO'IeHhl B TOHKOCTeHHhil! 

repMeTH'IHhill Ko>Kyx, aanonHeHHhill renueM. renHeBaSI CJleAa noaBonSieT yMellb.., 

WHTb MOIUHOCTb llpUBOAa Ha Bpamel!He OTpa>KaTeneli, KpoMe TOI'O, renHll: 

OTBOAHT .Tenno OT llOABH>KHbiX OTpa>KaTenell:·, KOTOpble HarpeBa!OTCSI B pe3yflb~ 

TaTe TpeHHSI U paAHaUHOUHOI'O oony'lel!HSI H3 aKTUBl!Oll 30Hbl, 

B npHHSITOll cxeMe pacnono>KeHUSI perynSITOpOB KOMneHCHPY!OIIlHe pery-
. . ( '289 

nSITOpbi KC-1 H KC.;,.2 npeAHa3Ha'leHhi AnSI KoMneHcauHH 5% Bhii'opaHHSI Pu 

U TeMnepaTypllOI'O ailx!JeK~a peaK.TUBHOCTH, npoMe>KyTO'IHbil! perynSITOp (a!jl-. 



P11c.6. CxeMa aKTIIBHOii aoHbi peaKTopa, 1 - naKeT TennoBbiAensnoumx ane
MeHToa; 2 - MHWeHb ycKOpi!Tensr; 3 ·- ·ocnoanoi( UOABIIlKHblii · OTpaJKaTenh;. 
4 - AOUOnHI!TenbHbiii UOABIIlKHblii OTpalKaTenh; 5,- ceKUIIOHI!pOBaHHbie 

. aonsiabi~ aaMenn11Te.n11; 6 ·- "xononabrii' aaMe.nni!Teni.; ·7 - oTpalKa.:. 
Tenb "xononaoro" aaMenni!Tensr; 8 ·- Kairan \naeaMono'!Thi' a oTpama
Tene; BAG ~ cTeplKHII 6biCTponeiicTByiOweii aaapl!iiHoii aaw11Tbi; 
MAC.- cTeplKHII Mennennoii. aaap11iiHoii aaWI!Tbi; KG :... KoMnencl!pyiO
iulle CTepiKHII :; nP '- npoMelKyTO'IHbiii perynsrTop; AP - aBTOMaTI!-

. 'IeCKI!ii perynsrrop. 
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¢ieKTI!BHOCTb 0,8 •10-2 ) npe!IHS3Ha'!aeTCSI !lnSI nnaBHOI'O 1!3MeHeHI!SI peaKTI!B

HOCTI! npu nycKe peaKTopa, ABTOMaTH:'lecKufi perynSITop nepeMemaeTCSI npu

BO!IOM OT IUSI'OBOI'O !IBI!I'STenSI1 o6na!IS.!Outei'O Manofi HHepUI!OHHOCTb!O, Ee3o

naCHOCTb peaKTopa o6ecnequaaeTcSI 'leTbipbMSI 6noKaMu aaapufiaofi :aamuThi1 

o6mefi aljlcpeKTI!BHOCTb!O 3,2%, 113 KOTOpbl?t !IBS _(EA3) npi!BO!ISITCSI B !leficT

BI!e runpaanuqecKoli Mamuaofi ~ocTynaTenbHOI'O neficTBHSI~ Cpa6aTbiBaHue 

.6biCTponelicTBYIOIIleli aaapuliaofi 3SIIli!Tbi ( alfl¢eKTI!BHOCTb EA3 0,4%) npouc

XO!II!T MelK!IY HMnynbCSMI! MOIUHOC!!!._ 38 BpeMSI 0,02 CeK, BbiBO!I Me!lneHHO-. 

nelicTBYIOIIlefi aaapultaoli 3SIIli!Tbi ( MA3) ocymecTanSieTCSI non.nelicTaueM 

'co6CTBeHHOfi TSIJKeCTI! npl! OTKniO'I-ElHI!I! aneKTpOMSI'HHTOB~ 

CucTeMa oxnaJK!IeHI!SI aKTI!BHofi 30Hbi 11EP-2 a npuauline cxonaa c cuc

TeMoli CTSUI!OHapHOI'O peaKTOpa EP-5, KOTOpaSI !10Ka3ana CBO!O H~~elKHOCTb 
• 6'r·J• tlfil'-l. . 

£ Te'leHue nnuTenbHOfi aKcnnyaTauuu.}CxeMa oxnaJK!IeHuSIY.: TpexKOHTypHaSI 

!IBYXITeTneBaSI, B nepBOM I! BTOpOM KOHTypaX TennOHOCHTeneM SIBnSieTCSI'lKI!li

KI!fi HaTpuli, B TpeTbeM - B03!1yX, llayxneTneaaSI cxeMa npuHSITa 1!3, .. coo6-

palKeHuli 6e30ITSCHOCTH, np01!3BO!II!TenbHOCTb O!IHOfi neTnH !IOCTSTO'IHS !lnSI 

o6ecne'leHI!SI pa60TOCITOC06HOCTH p~aKTOpa IIpl! ITOHI!lKeHHOfi MOIUHOCT!ii :UIIp

KynSIUI!.~, HaTpi!SI B nepBOM II BTOpOM KOHTypaX llO!I!IeplKI!BaeTCSI. aneKTpOMai'..,. 

HI!THbiMI! HacocaMH, TeMnepaTypa HaTpi!SI Ha axolie B 30HY 300°C, Ha Bhrxo

·ne .- 400°C, Pacxon TennoaocuTenSI npn cpenaefi MomaocTn 4 MaT. 120TI'!ac, 

MaKCI!ManbHbifi Tennoaofi noTOK Ha noaepxl!OCTH TennoabrAenli!OIIlHX aneMeHTOB 

106 KKan/M2'1ac, ·TeMnepa'rypa Taana npu aTHX ycnoauSIX"' 1860°C, 

B npoeKTe cucTeMbi oxnaJKAeHHSI ripeAyCMOTpeHbi ycnoauSI, o6ecne'IH

aaromue eCTeCTBeHHY!O. UI!PH;YnSI!li!!O HaTpi!SI B Cny'lae Bb!XOAS • peuupKynSIUI!OHJ 

Hb!X HSCOCOB 113 CTpOSI, 

XapaKTepHCTHKii peaKTopa npuaeAeHhi B Ta6nuue 4, 

.5. 11HJKeKTop ·AnSI HEP-2 

MllOI'oneTHI!li OITb!T pa60Tbl CI!CTeMbl ~11EP-Mi!KpOTpOH" noKa3an ee: 

BbiCOKY!O a¢cpeKTI!BHOCTb KSK HMnynbCHOI'O I!CT.O'IHI!KS HefiTpOHOB, 3l!a'leHHSI 

aau6onee ynoTpe6uTenbHbiX Tenepb AnSI aToli ~;ucTeMbi KoalflcpuuueHTOB yMHo

JKeHHSI HefiTpOHOB neJKaT B npeAenax OT 100 AO 200, 'ITO COOTBeTCTByeT on• 
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Ta6n11ua 4 

XapaKTepi!CTHKII peaKTopa 11EP-2 

Cpe)tBHH TeiiJlo:aaa llODtBOC!r:& .. 

' IIODtBOC!r:& . :a. HIIIIy.n:&ca 
a) npH qac!ro!ra s cax-I · 
6) npH qacToTa 50 cax-I 

Mo~qaoc!r:&, ·:aH.ita.naa•~ •aw Hliny.n:&crum 

MoDtBoc!r:&, :aH)te.naeKas.:a no6oqaHX Hllny.n:&cax 
npH qaC!rO!e 5 COK-I . 

Saeprus HIIIIY'JI:&ca npH qacTo!e 5 cex-1 

Y'!eqKa HOA!pOHO:B HS peSKTOpa :a !rOJIOCHHR 
. ·yro11 41r · 

ITo.nymHpHBa Kllny.n:&ca IIO~HOC!H 
npH qaCfO!rO S COK-I 
npa qac!o!e 50 cex-I 

3~0K!H:BB06 :BPOIIH ZHSBH HOA!rpOHO:B 

Cpe)tBHHIIOJitBOC!:&·peaxTopa :a 6ycTepaoK 
PB:UIIO npH flOJIYIIIHPHHe Hllfiy.n:&ea. 10 IIKCOK 

06~811 aK!H:BBOI SOBH 

Sarpyaxa 

KaiiiiaBBH peaKTOpa npH HOIIHBaJI:&HOA IIOJqBOC!H 
· Jto :atri-opasus S% 

30 

4 M:aT 

7700 M:aT 
700 M:aT 

0,22 M:aT 

0,026 M:aT 

2,s.ro1~ )te.nesHn 

I, 75 .ro17 s/cax . 

. 90 IIKC6K 
99 llKC6K 

4,2.ro-8caK 

I,S M:a! · 

I7,9 . .n 

88 xr 

IOOO Cy-TOK 



THManbHOfi JlnHTenbHOCTH sneKTpOHHOI'O HMllynbca - 1-2 MKCGK II JlnHTenb

HOCTH HGfiTpOHHOfi BCllblWKII - 2-4 MKCeK, MoWHOCTb sneKTpOHHOI'O ny'lKa OT 

HHlKeKTOpa l1EP-2 oyaeT Ha HGCKOnbKO nopSIJlKOB BbiWe, 'iGM OT MHKpOTpOHa, 

nosTOMY C uenbro yBenH'liiTb pa3peweHHe B 3KCnepHMGHTaX jlnHTenbHOCTb 

HMnynbCa sneKTpOHOB, ·HHlKGKTHpyeMbiX B• l1EP-2, COKpaweHa II oy.QeT coc

TaBnSITb 0,5 MKCGK npn JlOCT8TO'iHOfi HHTeHCHBHOCTH HefiTpOHHbiX BCnbiWGK, 
' 

B Ka'ieCTBe IIHlKeKTopa BbiopaH sneKTpOHHhifi ycKopnTenb, TaK KaK no 

cpaBHeHnro c ycKopnTenSIMH TSilKenbiX 'iaCTHU oa MOlKeT· ObiTb caenaH cywecT-· 

BGHHO npowe. II H8JlGlKHee B paooTe, 

llpHHUHn aefiCTBHSI nl1Y /17' l8;1S/ II ero KOHCTpyKTHBHaSI CXeMa MaK

CHManbHq npOCTbl, nl1Y npeJlCTaBnSieT cooofi pS!A IIMnynbCHbiX TpaHctiJopMaTo

pOB ( TOpOHJlanbHbiX, HHAYKTOpOB), JlnSI KOTOpbiX sneKTpOHHbifi ny'IOK, YCKOpSie

Mbifi BJlOnb OCR HHJlyKTOpOB, SIBnSieTCSI BTOpll'iHOfi OOMOTKOfi,, noKa3aHO / 18/, 

'iTO CTOIIMOCTb nl1Y cywecTBGHHO CHHlK8GTCSI, a Kn.U - yBenll'liiBaeTCSI npn 

CHIIlKGHIIII AHaMeTpa HHJlYKTOpOB, nosTOMY HapylKHbifi AHaMeTp HHJlYKTOpOB 

nl1Y -30 no nepMannoro .Bb!OpaH 260 MM, 0lKHJl8GTCSI, . 'iTO cpeJlHSISI 'MOWHOCTb 

ny'lKa nl1Y-3(J COCT8BHT npH 3TOM 15% OOIUefi MOIUHOCTH sneKTpOniiTaHIISI. 

YCKOpiiTenSI, napaMeTpbl nl1Y npiiBGAGHbl B Taon11ue 5, 

'Y3nhi, 113 KOTOpb!X COCTOIIT nMY-30, HMeroT cneayrowne XapaKTepiiCTH-

Kll! 

3neKTpOHHaSI nywKa paCC'lHTaHa Ha HMnynbCHOe HanpSilKGHIIe 30p-50QKB 

II TOK 3MHCCHH C KaTOJla 300 a, 

l1HJlYKTOpbi, B KalKAOM 113 KOTOpb!X npnpOCT 3HGpr'IIH sneKTpOHOB COC

TaBnSieT 23-25 KSB, oyayT H3I'OTOBneHbi 113 50% lKene3o-HnKeneBoro nepMannoSI 

C TOniUHHOfi neHTbl 20 MK, HapylKHbifi II BHyTpeHHHfi paJJHYCbl cepJlG'lHHKOB 

OYJlYT paBHbl COOTBGTCTBGHHO 130 II 50 MM, llJirpnHa nepMannoeBOfi neHTbl 

90 MM, 

.UnSI nepeMaf'HH'iHB8HHSI K8lKJlOI'O HHJlYKTOpa llOTpeoyeTCSI MaKCHManb~ 

Hbifi TOK B HMnynbce 400 a, l1HJlYKTOpbl oxnalKJl8IDTCSI JlHCTIInnllpOBaHHOfi 

BOJlOfi, nepeM8I'HH'lHB8IDWII·e HMnynbCbl nony'laroTCSI OT HMnynbCHbiX MOJlynSI

TOpOB C HOHHbiMH KOMMyTaTopaMII, B Ka'leCTBe HaKOnHTenefi 3Hep!'HH HCnonb-

3YIDTCSI IICKyCCTBGHHbie HGOJlHOpOJlHble JlnHHHble nHHHII C GMKOCTHOfi peaKUH

efi II C H3MGHSIIDIUHMCSI OT SI'lefiKII K Sl'lGfiKe no onpeaeneHHOMY aaKOHy BOn-
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Ta6m1na 5 

TiapaMeTpbi nHY-30 

32 



-... 
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HOBblM COnpOTHBne'HHeM, 11oHHblMH KOMMyTaTopaMH c::nylKaT MOlllHble THpa-

, TpOHbl, 0AHH, MOAynHTOp n~TaeT OAHOBpeMeHUO HeCKOnhKO HHAYKTOpOB. 3a-

PSIA HaKOnH,T,enbHOfi nHHH_H OCyllleCTBngeTCSI OT HCTO'!HHKa nOCTOSIHHOI'O TOKa 

qepea · aapRAHhifi Apoccenh, KOTOphifi o6ecne'!HBaeT TaK Ha3hiBaeMbifi peaoHaHc

Hhifi pelKHM aapnAa. B aToM cny'!ae HanpnlKeHne Ha nHHHH npeBbimaeT ~anpn

lKeHne HCTO'!HHKS nHTBHHSI, 

BBHAY 6onbmofi ilnHHhi ycKopHTenn aaoJ::mTcR apeMeHH~SI nporpaMMa no-
I • • 

AS'!H yCKOpS!!OlllH.X .HMnynhCOB Ha HHAYKT0pbl 1 COrnaCOBSHHaSI C npOXOlKAeHH-

eM aneKTpOHOB qepe3 HHX, 

¢>OKYCHpOBKa H KOppeKUHSI OTKnoHeHHfi OCH nY,'!KBOT OCH HHAYKTOpOB 

' ' BbinOnHS!eTCSI KOpOTKHMH ConeHOHA8MH 1 yCTBHBBnHBBeMblMH B pa3pb!B8X MelK-

AY HHAYKTOpHblMH ce~UHSIMH H CHCTeMofi TOKOBblX BHTKOB, 0TAenbHbie lfJoKy

CHpy!OlllHe It KOppeKTHpy!OlllHe aneMeHTbl -nHTBIOTCSI He38BHCHMO, 

BBHAY 6onbwofi AnHHhi ycKopHTenn Mai'HHTHOe none aeMnH B paapbiBax 

MelKAY HHAYKTOpHblMH CeKUHS!MH 6yAeT OTKnOHS!Tb TpaeKTOpHH. aneKTpOHOB 

OT OCH · Y,CKOpHTeng, 3TO BnHSIHHe KOMnellCHpyeTCSI ynOMSIHYTOfi Bb!We CHC-. 

TeMOfi TOKOBhiX BHT!<OB, ~ 

Kol!Tponh aa ny<iKoM ycKopeHHhiX aneKTpoHOB 6yAeT ocymeCTBnRTbCSI 

I ABT'!HKBMH, H3MepS!JOlllHMH nonHhifi TOK aneKTpoHoa, ero npocTpaHCTBeHHoe 

pacnpeAeneHHe 'H nonolKeHHe nyqKa OTHOCHTenhHO ·. OCH YCKOpHTenSI, 

HaA . C03ABHH~M npoeKTa 115!?-2 TpyAH~CSI 6onbW~~ · KonneKTH~ 
Hay'!HhiX H TeXHH'!eCKHX pa6oTHHKOB. KpoMe aaTopoB. HacTonme.fi cTaTbH, B 

'·. 
paapa6oTKe OTAenbllhiX yanoa peaKTopa H ycKopnTenn, aH:cnetii!¥eHTanhHhiX 

pa6oTax H opral!H3aUHH npoeKTllhiX pa6oT 6btnH ~aHRThi T.T. ·A.B. AllApocoa·, 

n.c~ AlluynoB, A.il. EoBHH, B;n. Eeni:m, B.B. EoHAapeHKo; E.H. ByllHll, 

EM •. Bopol!OB,. A.l1. Bop~naea, E.H: BonKOBj A;n. B~cenKHll, M.A. rafuea,. 

11.H. EMenhnlloB, · M.l1. Eropoa, .E.ct>." E¢nMoB, A.h. )KnpHoa, B.n. 3nHOBheB, 

o.n. K'oMapoB, B.l1. KoHCTaHTHHO~, H.¢> •. KoceHKOB, B.A. MaKCSKOB, 

11.¢>. ManhiWeB, C.M. MapKOBH'!, n.A. MepKynoB, 10.11; MHTS!eB, c.n. ne

peBe3eHueB, B.l1. CoKoiiOB, A;r. CopOKHH, n.n. TIOTIOHHHKOB, ¢>.11. YKpaHH

UeB, A.r. ct>nnnnnoa, T.M. ct>oMH'!eaa, P.n. ¢>nAenbcKan, P.B. Xapbroaoa 

H Ap, 
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,. 
ABTOpbi npoeKTa BbipalKaiOT CBOIO np1!3HaT~nbHOCTb T,T, H.H. ApllcTap

xoBy, r.E. BnOXI!Hy, H.C. ronOBHIIHy, B.r. 3onOTYXIIHy, T.C. MeHbWIIKOBoit 

aa ueHHbie KOHcynbTaUI!II, T,T, B.H.Ko'IKIIHy, B.B. KpaitHeMy, A.H. HeBIIHHII

ue, A.B. PaKIITCKo~y aa noMOWb B BbmonHeHIIII pac'!eTHbiX pa6oT,. 

KonneKTIIB aBTOpOB rny60KO 6naronapeH BCeM, KTO B TOll 11n11 IIHOll 

CTP.neHII cnoco6cTBOBan- ycnewHoMy xony npoeKTHbiX pa6oT. 

ITp11nolKeH11e 1 

ITepe'leHb sKcnepiiMeHTanbHbiX Hanp11;Bnen11it 

Ha HBP-2 

I, .Hnepna5! ~11311Ka 

1, HeitTponHaH cneKTpocKoniiH nenenHWIIXCH HAep np11 sHepreTIIqecKoM 

paapewen1111 no 1 HCeK/M np11 IICnonb30Ballllll HenonHpii30BaJIJibiX 11 n~mHpll

aoBaHHbiX HefiTpOHHbiX ny'l!<OB, 

2, HccnenoBaHIIH yrnoBhiX pacnpeneneHIIit pacceHJIJibiX neitTpOJIOB II 

pe30HaHCIIOli II 6onee BbiCOKOll o6naCT~Ii SHeprllit HefiTpOJIOB, 

3. HccnenoBaHIIe neneHIIH, BbiaBannoro neitTponaM.11, BKniO'laH 113Mene

HIIe snepreTIIqecKoro xona s~~eKTIIBIIhlX ceqen11it, nonnoporoBoe nenen11e1 

.113Mepe!IIIe cneKTpOB II KOppenHUIIji 113ny'leJIIIit, B03HIIK8IOWIIX np11 neneHIIII 

B WllpOKOll o6naCTII 'sneprllit JiefiTpOIIOB, 113y'leJII!e TpaJICypaHOB, 

4, HccnenoBaHIIe y -nyqeit panllaUIIOJIJioro aaxBaTa HeitTpoHoB, Ha-

Mepe!IIIe cneKTpOB II KOppenHUIIll B KaCKaAHbiX nepexoJiax.- l1ccneAOB81IIIe 

38XBaTa Me)KAY pe30H8HC8MII, l13MepeHIIe sneKTpOHOB BJiyTpeJIHeit KOHBep-

Clll!, 

5: HccnenoBaJIIIe,pe3oHaJICJIOro pacceHHIIH y -nyqeit npll ucnonb30Ba

HIIII y -ny'Ieit OT panllaUHOJIJIOro 38XBaTa JieitTpOIIOB, 

6, P·a3BIITIIe MeTonoB HeitTponHoit cneKTpocKOniiH c ynbTpaManhiMII 

KOnll'leCTB8MII BeWeCTBa, BKniO'l8H MeTOA nponycKaHHH ny'IK8 IIOIIOB qepe3 1, 

"HeitTpOIIIIbifi raa", 

7. Hay'leJIIIe MarHIITHhiX AllnonbJihiX 11 sneKTpii'IeCKIIX KBanpynoni.JihiX 

MOMeHTOB B030YlKAeJIHhiX MepHhiX ypOBHeit MeTOA8MII JiefiTpOIIHOll cneKTpo

CKOllllll JiefiTpOHOB, 
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·I ,, 

8; l1ay~eHIIe KOpOTKOlKIIBYlllii;K paA~OaKTRBHbiX, S!Aep( II 113?MepHbiX COC

TOS!HIIli; 

· 9. PaapaooTKa MeTOAOB aKTIIBaUIIOHHoro aaan11aa SIAep, 'TO'IHOCTh on.;. 

peAeneHIISI KOTOpblX Ha CT8UIIOHapHhlX nOTOKax·aeAOCTaTO'IHa, 

II CllyHAaMeHTanbHble IICCneAOB8HIISI CBOliCTB HeliTpoHa 

II ero B3811MOAeliCTBIIli C aneMeHTapHbiMII 'I8CTIIU8MII 

1. I1pSIMOe aayqea11e n-n 

2. l1ccneAOB8HIIe n- e B3811MO)leliCTBIISI, 

·a. l1aMepealle Aanonbaoro aneK.Tpa'IecKoro MOMeH'Ta aeliTpoaa. 
' ' ' \ 

4. l1ccneAcmaalle. f3 -pacnaAa nonSipll_3oBaHHbiX aeliT~oHOB, 

. 5, l1aMepeHIIe I'p8BIIT8UIIOHHOI'O ycKopeHIISI HeliTpOHa. 

6. l13Mepeaae nonSipllayeMOCTII aeli'I'poaa B aneKTpoMai'HIITHOM none 

7. l1aMepea11e aapSIAa aeliTpoaa, 
I 

'8. ·l1aMepeHII.SI p 

HeliTpO.HOB S!Ap8MII, 

-He'IeTHbiX 11 T-He'IeTHbiX KoppenSiullli np11 aaxBaTe 

III , Cll11311K8 KOHAeHCIIpOBaHHbiX cpeA,' 

~ l, l1ccneAOB8HI1e CTpyKTypbl II AIIH8MIIKII KOHAeHCI1pOB8HHbiX OAHO- II 

MHOI'OKOMnOHeHTHbiX1 a T8KlKe ~HOI'Ocjla3HhiX CIICTe,M MeTOA8MII. AllcjlpaKUIIII 

c '· /. 
11 aeynpyroro pacceSIHIISI aeliTpoaoB,· 

2. l1ccneAOB8HIISI M8I'HIITHbiX BellleCTB TeMII lK9 MeTOA8MII 1 BKnJO'IaSI 

pacceSIHIIe'nonHpii30B8HHbiX aeliTpOHOB, 

3, ·l1ccne)lOBSHIIe cjla30BbiX nepeXOAOB II ·aecTaUIIOHapHblX npoUeCCOB, 

4, l1ccneAOB8HIIe AeliCTBIISI CT8TII'I9CKIIX 11 T!epe,MeHHbiX aarpy~oK 

Ha CTpyKTypy, cjJOHOHHbie II M8I'HOHHble cneKTpbl KpiiCTannOB, BniiSIHII9 IIM

nynbCHbiX M8I'HIITHblX noneli II yAapHbiX BOnH, 

5. l1ccneAOB8HIIe· CBepxnpOBOAHRKOB II KB8HTOBbiX lKIIAKOCTeil: renllii-3 

11 renllii-4, 
I 

6. l1ccneAOBaHII~ CTPYKTYPbi ·nonynpoBOAHIIKOB, 

7. l1ayqeaae paAIIaUIIOHHbi~ noBpelKAeHIIii'. paanii'IH~Ix BemecTB np11 Aeii-, 

CTBRII IIMnynbcHoil:. paAIIaUIIII, 
) 
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8. I1ccnelioaaane LIHHaMHKH HaKOIIneHHS! If OT)!(HI'a · paLIHaUI!OHHbiX IIOB-

pe)!(LI9H!!H, 

9, I1ay'IeHI!e LIBOHHbiX Ll!l<jJ<jlepeHUI!anbHbiX · a<jJ<jleKTI!BHbiX ce<ieHI!H II crreKT

poB aell.Tpoaoa, rrporneLIIIII!X 'Iepea ToncTbie cnon aernecTBa, 
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