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PaJpa6aTLIBaeMbiH B Jla6opaTopHH JI.a;epHbiX npo6neM 

011JII1 KOMDneKC, HMeHyeMbiH "cynep.llHKnOTpOH", npe.a;

Ha3HaqeH ,AnJI YCKOpeHHJI DpOTOHHbiX nyqKOB ,AO 3HeprHH 

800 M:JB c TOKOM B .a;uanaJoHe OT I .a;o 100 MA. 
llpOTOHHble nyqKH B TaKOM ,AHaDa30He HHTeHCHBHOCTH 

uaB:.a;yT npHMeHeuue .a;mi peweHHJI 6onLworo qucna oqeub 

Ba)f(HbiX Ja.a;aq npuKna.a;uoro H uayquoro JHaqeHHJI. 

K OCHOBHbiM DpHKna,AHbiM Ja.a;aqaM, aKTyanLHOCTb KO

TOpbiX JICHO BH,AHa y)f(e B HaCTOJil.llee BpeMJI, cne.a;yeT OT

HeCTH: 

a/ 3HepreTuqecKyJO npo6neMy, CBJI3aHHYIO c uapa6oT

Koii: JI.a;epuoro rop10qero; 

6/ Hapa60TKY 6onbWHX KOnHqeCTB pa,AHOaKTHBHbiX HJO

TODOB .a;nJI paJnHqHbiX OTpacneii: HapO,AHOrO X03JIHCTBa H 

Me,AHLJ;HHbi; 

Bj C03,AaHHe BblCOKOHHTeHCHBHbiX DOpTaTHBHblX HCToq

HHKOB ~OTOHeHTpOHOB; 

r/ H3rOTOBneHHe Ha OCHOBe pa,AHOaKTHBHbiX npenapa

TOB /nnyTOHHii:-238, KIOpHii:-241 H -234, HeDTYHHH-237/ 

DOpTaTHBHbiX HCTOqHHKOB 3neKTp03HeprHH C BbiCOKOH y.a;enb

Hoif aKTHBHOCTbiO; 

.a;/ nonyqeuue MaTepuanoa c ynyqweiiHbiMH xapaKTe

pHCTHKaMH HnH HOBbiMH ~H3HKO-XHMHqeCKHMH CBOHCTBaMH, 

HCDOnb30BaHHe KOTOpbiX 6y.a;eT CDOCOfiCTBOBaTb Ofil.lleMy 

uayquo-TexuuqecKoMy nporpeccy; 

ej HCDOnb30BaHHe DH-Me30HHbiX nyqKOB ,AnJI TepaDHH 

paKa H MJO-Me3,0HHbiX - B u;enJIX paHHeH ,AHarHOCTHKH paJ

nH';iHbiX 3a6oneBaHHH; 

)f(j DpHMeHeHHe HHTeHCHBHbiX MJO-Me30HHbiX nyqKoB 

.a;nH ue.a;ecTpyKTHBHoro auanHJa MaTepuanoa; 

3/ MeJOXHMuqecKHe uccne.a;oaaHHJI. 
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J .. Cynepf4UK/10111POH - MOUIHbiU HeUTIIpOHHbiU zeHepaTIIOp 

3HepreTH'IeCKOe HCDOJlblOBaHHe KOMDJieKCa OCHOBLIBa· 

eTCJI Ha peaKU,HJIX B036y)l(,l\eHHJI Jl~ep nepBB'IHLIM DJ>OTOHHLIM 

ny'IKOM H BTOJ>H'IHLIMH KaCKa,l\aMH 'laCTBU. IHeiiTpOHOB B DB· 

MC30HOBI, B pe3yJILTaTe KOTOpOrO H3JI,I\paBLIJleTaiOTHeiiT· 

pOHLI B lUHpOKOM 3HepreTH'IeCKOM HHTepBane. 

llocne~ylm:u,e e JaMe,l\neuae B JaxBa T ueiiTpouoB no peaK

U.BH ( n , y ) n03BOJIJieT DOJiy'laTL HOBble pa,I\BOaKTBBHble 

B30TOnLI HCXO~HOrO 3JleMeHTa, MaCCOBOe 'IHCJIO KOTOJ>LIX 

yBeJIH'Ieno ua eAHHHu,y. Cpe,I\H MHoroqacneunLix peaKU.Hi 

3TOro THDa~aH60JILWHH npaKTH'IeCKHB HHTepec B HaCTOJI· 

mee BpeM.II npe,l\cTaBJIBIOT peaKU..BH (n, y) ua JI,I\pax 238 U 
H 232 Th , KOTOpLie B pe3yJILTaTe ~B~X DOCJie,I\OBaTeJILHLIX 

f3- pacna,I\OB npeBpamaJOTCJI B JI,I\pa 
3 Pu a 233 U. 

llpH B3aHMOAeBCTBHH npOTOHHOrO ny'IKa C B,l\paMH TJI· 

)l(enwx MHweuei /Pb , Bi , U I B o6meM cnyqae B03Ha

KaJOT HeHTpOHbl Tpex CDeKTJ>OB: HCDapHTeJILHLie, 3MHCCHOH" 

Hble H ,1\eJIHTeJILHble. 

· B npocTeiiweM cnyqae ,1\JI.R neAensmaxc.R MaTepaanoB 

CDeKTp HeHTJ>OHOB AeJieHH.II OTCYTCTByeT, a COOTHOWeHHe 

Me )KAY CDCKTpaMH HCDapHTeJJLHLIX H 3MHCCHOHHLIX HeHT • 

pOHOB DpH6JIB3HTeJILHO HaXOAHTC.II B COOTHOWeHHH 5 K 1 /I/ . 

TaKHM o6pa3oM, 6onee 80~ ueiTpoHoB 6yAeT npanaAne

)l(aTL cneKTpy acnapaTeJILHLJX ueiTponoB, pacnpeAeneuae 

KOTOpbiX no 3HeprHB ODHCLIBaeTC.II, KaK H3BeCTHO, ci>YHK· 

u.aei 

n E -E/T 
u="j2e ' 111 

rAe T - Jcl>cl>eKTBBHa.ll TeMnepaTypa .IIApa AJI.II npou.ecca 

acnapeHHJI. TaK, uanpaMep, AJIJI BH~MyTa H CBHHUa T = 
= 3,2 M3B a npaJCTB'IeCKH Bee ueiTpOHLI oxaaTLJBaiOTC.II 

3HepreTB'IeCKBM BHTepBanoM 0710 M3B. 
3HeprOBbl,l\eJieHBe Ha 0,1\HH HeHTpOH B BemeCTBe MHWe • 

HB COCTaBJI.ReT 20·25 M3B, 'ITO B 87i0 pa3 MeHLWe COOT· 

BeTCTBYIOmero 3HeprOBLI,I\eJieHH.R B JIAepHO • peaKTOpHLIX CH

cTeMax 1200 M3B/ n I, KOTopoe JIBMBTHpyeT BeJI&'IBHY 

DOTOKa HeHTpOHOB B COBpeMeHHLIX 6pHAepHMX CHCTeMaX 

1172 MBTII/AI. 
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B aacTO.IIID.ee BpeM.II OTCYTCTBYIOT TO'IHLIC ,1\aHHLie o 

,nonuoM KOJIH'IeCTBe aeiTpoaoB (v ), BOJHHKaiOIIJ.HX B o6beMe 

BeiD.eCTBa Ha . OAHH naAaiOID.HH DpOTOH BLICOKOH 3HeprHH, 

'ITO CBJilaHO Q pa3JIH'IHOH reoMeTpHeH MHlUeHH H 3MHT· 

TaacaMH naAaJOID.ero ny'IKa npoToHoB B paJJIH'IHLix 3Kcne

pHMeHTax 12
•
3
/. 0.D.HaKo npa 3Hepraa npoTOHHoro ny'IKa 

800 .M.3B 3Ta BeJIH'IHHa 6JIH3Ka K 50 npH TO'IHOCTH H3Me

peaa.11 207 30~. OciioBLIBa.RcL Ha BLIWeHJJJO)I(eHHLIX 3Kcne

PHMeHTaJILHLIX H TeopeTH'IeCKHX peJyJILTaTaX, MO)I(HO yT

Bep)I(AaTL, 'ITO nOJIHOe 'IHCJJO HeHTpOHOB B yKa3aHHOM 

3HepreTH'IeCKOM HHTepBane 6yAeT COCTaBJI.IITL: 

. 6 15 . 
NV- -10 v 1, 121 

rAe 1 - TOK npoTOHHoro ny'IKa B MHJJJIHaMnepax. To ecTL 

Ha Ka)I(ALIH MHJIJIHa.Mnep npOTOHHoro TOKa MO)I(HO nony'lliTL 

t\N 

L\i 
. 17 ·; = 3 ·10 n c. 131 

TaK KaK npo6er B BeiD.eCTBe ycKopeHHLIX npoTOHOB lc 

3HeprHeH 800 M3BI He 6yAeT npeBLilUaTL 30-50 CM 
IHOHHlaUHOHHLIH npo6erl, a pa3Mepbl MHWeHH no pa.!J,Hy· 

cy - 5-10 CM, nJIOTHOCTH HeHTpOHHLIX nOTOKOB 6y.!J,yT co
CTaBJJ.IITb 

dNv 
-~~ 

1014 ~-
2 

CM •C 

Ha Ka)I(.!J,biH MHJlJJHaMnep npOTOHHOrO TOKa. 

141 

)l,aJJbHeHWaB CY.D.L6a TaKHX HeHTpOHHbiX nOTOKOB 6y.!J,eT 

CBJI3aHa C 06beMOM H MaTepHaJJOM JaMeAJIHTeJJJI IMPAepa

TOpl, B KOTOpOM HeHTpOHbl MO~.f? laMeAJIJITLCJI C nocne

AYIOIIJ.B.M JaxBa TOM .~38 U HJIB 
2· 2Th. B~coBoe KOJIH'IeCTBO 

Hapa6oTKH Pu ana 
233i.J :6y.D.eT paBHo: 

Q( z ) ~ lOi. 
CYTIIKU lSI 

rAe i - B MBnnaaMnepax. 

TaKHM o6pa30M, y)l(e DpH BHTeHCBBHOCTH DpOTOHHOrO 

ny'IKa B 10 MA B03MO)I(Ha Hapa6oTKa BAepaoro rop10qero 

AO 100 z/cyTIIKU. TaKas aapa6oTKa OTKPLIBaeT nepcneKTHBy 
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JJ,nJI "nOJJ,3apJIJJ,KH" nnyTOHHeM TBenOB TennoBLIX peaKTOpOB, 
a TaK)I(e JJ,nJI "BlrOTOBneHHJI" TOpHeBLIX TBenoB C Hapa6a-

233 
Tbi&aeMLIM U, TaK KaK oLiropaHBe B peaKTope cocTaBnJI-
eT 170 zjcymKu Ha 100 MBm MO~HOCTH npH pa6oTe Ha 
Pu 14/ a 50 z/cyiiKu npa pa6oTe ua 233U. 

TaKaJI TeXHOnOrHJI MO)I(eT BCKniO'IHTb TpyJJ;OeMKHH XHMH
'IeCKHH npou;ecc, C KOTOpLIM HeH36e)I(H0 C8JI3aHO nony'leHBe 
nnyTOHHJl B 6pB,IlepHbiX CHCTeMaX. 

He acKmo'laeTCJI TaK)I(e 3aMKHYTblii: 3HepreTH'IeCKHii 
KOMnneKC, 06be)lHHJIIOIIJ;HH yCKOpHTenb H peaKTOp, KaK 3TO 
npe.D.nO>KEllfO B pa6oTe IS/. 0.D.Haxo nepsoHa'lanLHble JaTpaTbl 
Ha coopy)l(eHae Taxoro KOMnnexca, no HaweMy MHeHaro, 
aa JJ,aHHOM 3Tane HeonpaB.AaHHO oenuxa, ecnu yqecT& He.D.o
cTaTO'IHyro TO'IHOCTb OCHOBHbiX )laHHbiX no pa3MHO)I(eHHW 
H cneKTpy Heii:TpOHOB B TaKHX CHCTeMaX. 

Coopy)l(eHHe ycxopaTenLHoro KOMnnexca c HHTeHcuo
HOCTLro npoToHHbiX ny'I.KOB .AO 10 MA /Ha nepBOM 3Tane/ 
n0380nHT nonHOCTbW peWHTb Hay'IHO- HCCne.D.OBa TenbC.Kyro 
'laCTb npo6neMbl, a Tax)l(e y)l(e Ha 3TOM 3Tane Ha'laTL 
pa6oTbl no no)l3ap.R,Il.Ke TBenos H3 nnyTOHHJI, ypaHa H HJ
roTooneHHro TBenOB H3 TOpHJI. 3TOT YC.KOpHTenb JIBHTCJI 
CaMhiM MOUUibiM B MHpe: MOI.QHOCTb ero npoTOHHOro nyq.Ka 
npeBbiCHT B 10-20 pa3 MOID;HOCTb TaKHX ny'IKOB OT He
)laBHO BBe.AeHHbiX B .AeiicTBHe 8 ClllA, lllseiiu;apua a Ka
Ha.Ae Me30HHbiX $a6pHK. 

2. Cynepl#UKAompoH - tfia6puKa U3omonoe 

0CHOBHble pa,llHOaKTHBHble H30TOnbl, npe,llCTaBnJIIOIQHe 
B uacTOJIIQee apeMJI 6on~owoii: HHTepec .AnJI Me.AHU:HHbl, 
Ta.KHe KaK 67 Ga 68 Ga 72 As 82 Rb 83 Kr 123 J , ' , ' ' ' ' 
172 Lu , 44 Se , 42 K H ,llpyrue, JIBnJiroTCJI ueii:TpoHo.Ae4Ju-
IJ;HTHbiMH/6/. 0HH npOHCXO,IlJIT OT pacna)la COOTBeTCTByro
IIJ;HX pa)lHOaKTH8HbiX Jl,llep /CM. 11106A. 1, JaHMCTBOBaHHYW 
H3 pa6oTbl 17 I I, o6pa3yroiiJ;HXCJI s peaxu;HJIX rny6oxoro 
paciQenneHHJI THna (P,mP, xn), r.Ae x =3710, m-2 , 
H.D.YIIJ;HX C 3aMeTHbiMH Ce'leHHiiMH TOnbKO npH B3aHMO
,lleHCTBHH C Jl,llpaMH 'laCTBIJ; BbiCOKHX 3HeprHH. 

6 
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', 

Ta6nHua 

Ocaosaofi npoayKT LloqepaHfi 
MHllleHb BbiXOA llQOSl::KT 

67
Gu (78 q) - As 68 K!I/CyT 

68
Ga (280 cyT ) 68 

Ga (68 MHH) As 320 KHIHeg 
72 Se (8,4 cyT ) 72 As (26 q) Nb 8, 7 KR/aea 
82 Sr (25 cyT.) 82 Rb (75 c) Nb 26 KH/Hea. 
83

Rb (83 cyT) 83Kr (l,9q)Nb 15 KR/aea 
123Xe (2 q) 123 J ( 13 q) La 27 KHiaea 
172Hf (5 neT) 172Lu (6,7 AH) Ta 3 KHIMec 
44 Ti ( 47 neT) 44se (4 q) v 25 MKH/Mec 
42 Ar (33 r) 42 K ( 12 q) v 6 MKHIMec 

JionbWaJI 'laCTb H3 nepe'IHCneHHbiX H30TOnOB He MO)I(eT 
6b1Tb nony'IeHa c nOMOIIJ;bro aTOMHbiX peaxTopoa, a ecnu 
lleKOTOpbie H nony'laiOTCJI, TO B HH'ITO)I(HO ManbiX KOnB'IeCT-
8aX. 

B ma6A. 1 8 xa'leCTBe annrocTpau;ua MOIIJ;HOCTH nporpec
caauoii: ycxopaTen~ouoii TeXHHKH npuae)leHbl TaK)I(e O)I(H,Ilae
Mble KOnH'IeCTBa Hapa60TKH YKa3aHHbiX B30TOnOB B cnyqae 
acnonL30BaHHJI npoTouuoro nyqxa c 3Hepraeii: 750 M3B 
B BHTeHCHBHOCTbro 0,5 MA Me30HHOH «Pa6pBKH B Jloc-Ana
MOCe npB TOniiJ;BHe MBWeHH 2,54 CM /.AnJI TOKOB BbiWe 
0,5 MA COOTBeTCTBYWIIJ;Be BbiXO)lbl )l0n)I(Hbl 6b1Tb nponop
IJ;BOHanbHO yBenB'IeHbl/. 

B npocTeii:we:M cnyqae, ecnB npeue6pe'IL npoMe)l(yToq
HbiMB pacna)laMB, Haxonneuue Tpe6yeMoro pa.AHOaKTHBHoro 
npO.JlYKTa B MHWeHH cne,llyeT $opMyne 

Q ziuN(1-e-At ), 
/6/ 
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r.IJ.e N - 'IHcno .H.IJ.ep a c.w3 MHWeHH, a - nonaoe ce'leHHe 

npouecca C y'leTOM npoMe>KyTO'IHblX COCTO.HHHH, 

A'"' ln 2 r.ne T - nepHO.IJ. nonypacna,IJ.a. 

T ' 
EcnH apeM.H o6ny'leHH.fl Mano no cpaaaeHHIO c nepHO.IJ.OM 

nonypacna.na, t 0< T, TO 

-~=iaNA. 171 
t 0 

TaK KaK nonable ce'leHH.fl yKaJaHHbiX npoueccoB o6bi'I-

ao aeaenHKH, o "' 17 100 .w6apH, TO ,IJ,n.fl nony'leHH.fl aeo6-
~ 

XO,!J,HMbiX KOflH'IeCTB H30TODOB Ja OTHOCHTeflbHO He60nbWOe 

apeM.fl o6ny'leHH.fl Tpe6yJOTC.fl 60flbWHe TOKH. 

He.IJ.aBHHe 3KcnepHMeHTbl aa ycKopHTene SIN llliBei

uapcKa.fl Me JOHHa.H 41a6pHKal noKaJblBaJOT, 'ITO npH Ton

JUHHe MHWeHH 5 CM H TOKe npOTOHHOrO ny'IKa 50 MKA 

BblXO,!J, H30TODa 123 J COCTaBn.HeT 300 MKU/'l /8/. 
)J.n.H Toro, 'IT06hl onpe,IJ,eneHHblM o6pa3oM opueaTnpo

BaTbC.fl B BOnpoce 0 rO,IJ,OBblX DOTpe6HOCT.fiX CTpaH B TeX 

HflH HHbiX H30TODaX, ,IJ,OCTaTO'IHO o6paTHTbC.fl K ma6A. 2 
ITaK>Ke JaHMCTBOBaHHOH H3 pa6oTbi 

17
/ I, r.IJ.e yKaJaHhl 

3TH DOTpe6HOCTH ,IJ.fl.fl HaH6onee pa3BHTOH KaDHTaflHCTH· 

qecKOH cTpaHbi - ClliA. CpaBHHBa.fl ,IJ,aHHble ma6A. 1 H 

peJynLTaTLI onhlTOB B SIN c unlllpaMH, npnse.IJ.eHHbiMH 

B ma6A. 2, MO>KHO BH,IJ,eTb, 'ITO npH TOKe npOTOHOB 1710 MA 

Ta6nuua 2 

OpennonaraeMaSI ronoaaSI norpe6uocTb CWA B HeKOTOpbiX 

panuoHyKnunax, 3annauupoaaHHhlX nnSI npou3BO~craa 
H8 LAMPF t Me30HH8SI 4Ja6puKa B noc .AnaMOCe) 

HyKnnn TY2 AKTUB- HyKnun TY2 
AKTiiBHOCTb 

HOCTb 

67Ga 78 'I 1200 KH 123 J 13,1 'I 4000 Ku 

32Si 500 neT 10 MKH 88y 107 llH 900 Ku 

-
8 

~ 

r 
\ 

1' 
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npo6neMa npOH3BO,IJ.CTBa He06XO,!J,HMOrO KOflH'IeCTBa pa,D.HO· 

aKTHBHblX H30TODOB ,!J,fl.fl HCDOflb30BaHH.fl B Me,IJ.HUHHe H 

,IJ.fl.fl ,IJ.pyrHX ueneH llOflHOCTLIO pewaeTC.fl C DOMOJULIO O,IJ.HOrO 

MOIUHoro ycKopHTen.fl THna "cynepUHKnoTpoa" ,IJ.n.fl uenoB: 

rpynnhl cTpaa. 

JICHO, 'ITO C DOMOJULIO CHflbHOTO'IHOrO YCKOpHTen.H Ha 

3HeprHJO 800 M3B MO>KHO 6y,IJ,eT nony'laTL o'leHb 6onLwoe 

KOflH'IeCTBO pa3flH'IHMX pa,IJ,HOaKTHBHblX H30TODOB. 3,IJ.eCL 

MM orpaHH'IHnHCL nHWL ae6onLwoH. ux rpynnoii. HeT ua

.IJ.06HocTH B 3TOM ,IJ,OKna,IJ,e ODHCMBa Tb TaK>Ke CBOHCTBa 

H B03MO>KHble npHMeHeHH.fl BCeX OTMe'leHHLIX HaMH H30TO

DOB. )J.n.fl HflfliOCTpaUHH C,IJ,enaeM 3TO flHWb ,IJ.fl.fl HeKOTOpblX 

H3 HHX. 
67 Ga lpacna.IJ. K -JaxBaToMI o6na,IJ,aeT CBOHCTBOM ce

neKTHBHO KOHUeHTpHpOBaTLC.fl B onyxon.fiX M.flrKHX TKaHeH. 

3TO ,IJ,enaeT ero BeCLMa 3414leKTHBHbiM areHTOM ,IJ.fl.fl ,IJ.Har

HOCTHKH, DOMOraJOJUHM C BLICOKOH TO'IHOCTbiO CKaHHpOBaTb 

rny6oKone>KaiUHe HOBoo6pa3oBaHH.H, onpe,D.en.fiTb HX lllopMy 

H npOBO,!J,HTb o6ny'leHHe 6onbHMX, He HaHOC.fl llOBpe>K,IJ,eHHH 

3.D.Of0BMM TKaH.fiM. 
23 J lpacna.IJ. K - JaxBaToMI - 3TO uau6onee Ba>KHbiH 

H3oTon Me.IJ.HUHHCKoro HaJHa'leHH.fl. HcnonLJOBaHHe ero 

BMeCTO 131 j ll03B0flHT He TOflbKO CyiUeCTBeHHO llOBbiCHTb 

TO'IHOCTb ,IJ,HarHOCTHKH Ja6oneBaHH.fl JUHTOBH,!J,HOH >Kenelbl, 

llO'IeK HnH De'leHH, HO CHH3HT B CTO pa3 pa,D.HaUHOHHYIO 

Harpy3KY Ha nauHeHTa DO cpaBHeHHIO C TaKOBOH OT 
131 J , 

'ITO O'leHL Ba>KHO B006IUe H oco6eHHO Ba>KHO ,IJ.fl.fl ,IJ,eteH H 

6epeMeHHblX >KeHJUHH. 

82 Rb, o6na,IJ.aJOIUHH ManblM nepHO.IJ.OM nonypacna,IJ.a 175 cl, 
.fi,Bn.fleTC.fl BeCbMa Y.IJ.06HblM npenapaToM ,IJ,n.fl Me.IJ.HUHHCKoro 

cKaHHposaHH.fl cep.IJ.ua. Pacna.IJ.a.flcL ucnycKaHHeM noJHTpo

HOB, nepexo.IJ.HT B cTa6unLHblH 
82 Kr. 

Ba>KHLIH ,IJ,n.fl npHKna,IJ.HbiX ueneu· Knacc pa,D.HOaKTHBHMX 

H30TODOB npe,IJ,CTaBfl.fiiOT TaKHe H3 HHX, KOTOpMe HCDyCKaiOT 

oTHOCHTenLHO >KecTKHe raMMa- KBaHTLI I c 3HeprueH. 1, 7 7 

7 2,5 M3BI. Oau MoryT ucnonLJOBaTLC.fi.IJ.n.fl npuroToBneHH.fl 

nopTaTHBHMX HCTO'IHHKOB liloTOHeHTpOHOB lpeaK

UH.fl (y, n) 1. Hau6onee nepcneKTHBHMM lcpe.IJ.H ,IJ.eC.fiTKa 

.IJ.pyruxl B 3TOM Knacce .fiBn.fleTC.fl 88 Y I T 11 ,. 107 OH I, 
u /2 

HCDYCKaiOJUHH npaKTH'Ie CKH MOHOXpOMa TH'Ie CKHe raMMa-

KBaHTbl C 3HeprHeH 1 ,836 M 3B /99 ,50/o/. llpH o6ny'leHHH 
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B Te'leHHe 100 ,nueii UHPKOHHeBOH MHWeHH TOniUHHOH 

2,5 CM npoToHaMH c 3Hepraeii 700 M:JB npH TOKe 0,5 MA 

MO>KHO nony'IHTL aKTHBHOCTL 88 y B 210 Ku. 3To noJoo

nJieT npHrOTOBHTb Y -Be DOpTaTHBHblH HCTO'IHHK MOHO

xpoMaTH'ieCKHX HeiiTpouoB / E = 151 K3B/ c noToKoM 

6·10
8 n /c, a npH TOKe 10 MA - 1,2 ·10

10 n /c. TaKHe 

DOTOKH y>Ke npeBJOH,nyT DOTOKH OT MOIUHblX HCTO'IHHKOB 

H3 
252 Cf /DOTOK""1QIO n/c/, HCDYCKaiOIUHX K TOMY >Ke 

ueiiTpOHbl cneKTpa .neneHHJI. IIopTaTHBHble HCTO'IHHKH «lloTo

ueiiTpoaoB 21aii,nyT wapoKoe npHMeHeHHe B ue<tJTepaJBe,nKe, 

aKTHBaUHOHHOM aHanHJe H ,npyrHX o6naCTJIX. 

)l;nJI arpo- H 6HOXHMH'IeCKHX HCCne,noBaHHH BeCLMa 

HHTepeceu 
42 K I T~ = 14,6 !lac/. TaK>Ke xopowo yc

TaHoBneuo ero Me,nHUHHCKOe HCDOnLJOBaHHe /,naarHOCTHKa 

MYCKynLHOH ,nHCTPO«iiHH, HCCne,noBaHHe MHOKap,na, KpOB006-

paxueHHJI H .np./. 

BecLMa HHTepeceH 
26Al IT~ = 7.10

5 Aem, 85o/o-HLIH 

D03HTpOHHblH pacna,n/ ,nnJI HCCne,nOBj:l.HHH B o6naCTH MeTan

nyprHH, reOXHMHH, XHMHH aniOMHHOCHnHKaTOB, 4IHJHKH TBep

,noro Tena, oKeauorpa«llaa H T .,n. Ou o'ieHL .nopor: 

43 TblC • .nonn. Ja 1 M KKu. Me J~~HaJI «lla6paKa Jloc- AnaMoca 

MO>KeT ,naTL B MeCJIU 26 MKKu Al. YcKopaTenL >Ke c TOKOM 

10 MA .nacT- 0,5 MKu. TaKoro 6onLworo Kona'leCTBa 6y,neT 

.nocTaTo'IHO .nmi Toro, 'IT06bl o6ecne'IHTL paJnH'IHLie Hy>K,nbl 

B 3TOM H30TODe. 

TaK KaK nocne peKOHCTPYKUHH CHHXpOUHKnOTpoHa Jla-

6opaTOpHH JI,nepHbiX npo6neM OIUIH B cHnLHOTO'IHblH «llaJo

TpoH TOK ycKopeHHblX .no 3HeprHH 700 M 3B npoTOHOB 

BOJpacTeT .no 30 7-50 MKA, TO ua 3TOM ycKopaTene y>Ke 

MO>KHO 6y,neT nony'laTb CYIUeCTBeHHble KOnH'IeCTBa HeKo

TOpbiX H3 YDOMJIHYTbiX BblWe pa,nHOaKTHBHblX H30TODOB /Ha

npaMep, 
123 J I. B CBJIJH c 3THM B uenJix oTpa6oTKH Me To

,nHK o6nyqeHHJI TOnCTblX MHWeHeH H pa,nHOXHMH'IeCKOrO Bbl

,neneHHJI /HnH OT6opa H3 HHX raJoo6pa3HblX npo,nyKTOB/ 

B Jla6opaTOpHH DpOBO,nJITCJI COOTBeTCTBYIOIUHe HCcne,noBa
HHJI / 9 /. 

3. CynepijUKAompoH - rfia6puKa Me30H06 u HerlmpuHo 

IIpoTOHHblH ny'loK HHTeHCHBHOCTLJO 17-10 MA npa 

B3aHMO,neHCTBHH C MHWeHLIO 6y,neT JIBnJITbCJI HCTO'IHHKOM 

10 
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MOIUHbiX DY'IKOB 17+-, 17--, 17°- H npH HX nocne,nyJOIUeM pac

na,ne - p.+ , Jl- - MeJOHOB, a TaK>Ke MOHOXpOMaTH'IeCKHX 

y -KBaHTOB H HeHTpHHO. 

lfHTeHCHBHOCTH 17- H Jl -Me 30HHblX DY'IKOB DpH TOKe 

DpOTOHHOrO Dy'IKa 10 MA 6y,nyT COCTaBnJITb COOTBeTCTBeH

HO /3-5/• lOll 11 /c H /3-5/• 109 p. /c. IlpH TaKHX HHTeH

CHBHOCTJIX OTKpbiBaeTCJI DpHHUHDHanLHaJI B03MO>KHOCTb co

J,naHHJI BCTpe'IHblX DY'IKOB MIOOHOB, 'ITO OC06eHHO Ba>KHO 

,nnJI HCCne,noBaHHH BJaHMO,neHCTBHJI Me)l(,ny 3THMH HeCTa-

6HnLHblMH 'laCTHUaMH. 

KaqecTBeHHO HOBbie BOJMO)I(HOCTH BOJHHKaiOT ,nnJI ac

cne,noBaHHH Ha ny'IKax HeHTpHHO OT pacna,na p. -MeJOHOB, 

KOnH'IeCTBO KOTOpbiX, BKnJO'IaJI 3neKTPOHHble, 6y,neT ,no

CTHraTb 5•1014 
V /c. 

YCKOpHTenb D03BOnHT paJBepHyTL HOBble HCcne,noBaHHJI 

C MOHOXpOMaTH'IeCKHMH Y -KBaHTaMH. B Ka'leCTBe "ac

TO'IHHKOB" MOHOXpOMaTH'IeCKHX y -KBaHTOB MO>KHO 6y,neT 

acnonLJOBaTL npouecc pacna.na HeiiTpanLHblX 11° -MeJOHOB, 

peaKUHH n -y H Me 30peHTreHOBCKOe HJny'leHHe. )l;nJI y -
KBaHTOB C 3HeprHJIMH B HeCKOnLKO Mera3neKTpoH-BOnLT 

3TO HOBblH no,nxo,n K HCCne,nOBaHHIO «iioTOJI,nepHbiX peaKUHH, 

BKnJO'IaJI npouecc «lloTo,neneHHJI. 

Ily'IKH cynepUHKnOTpOHHOrO KOMnneKCa D03BOnJIT no,n

HJITb Ha HOBYIO CTyneHb «llyH,naMeHTanbHble HCCne,noBaHHJI 

B o6nacTH cpe,nHHX 3Hepraii, TaKHe, KaK: 

a/ HCCne,noBaHHe HapyweHHJI DpHHUHDOB CHMMeTpHH: 

T-, C -, P -HHBapaaHTHOCTH B cHnLHLIX BJaHMo,neiicTBHJix; 

6/ BblJICHeHHe B03MO>KHOrO HapyweHHJI JaKOHa COXpa

HeHHJI neDTOHHOrO JapJI,na C llOMOIUbiO Hly'leHHJI pe,nKHX 

pacna,nOB DHOHOB H MIOOHOB; 

B/ npeUH3HOHHOe HJMepeHHe KOHCTaHT cna6oro BJaHMO

,neHCTBHJI; 

r I accne,noBaHae cTpyKTYPLl 3neMeHTapHbiX 'laCTHU, 

npeuHJHOHHoe onpe.neneuae «llopM«iiaKTopoB; 

.n/ HeiiTpoHHLie 3KcnepaMeHTbl B wapKoii o6nacTH 3Hep

raii; 

e/ HeHTpHHHble 3KCnepHMeHTbl DpH 3HeprHJIX B ,neCJIT

KH M3B. 
HapJI,ny c o6wapuoii nporpaMMOH no «iiYH.naMeHTanLHblM 

HCCne,noBaHHJIM B03MO)I(H0 O,nHOBpeMeHHOe BblDOnHeHHe 
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60nbWOro 06beMa npHKnaAH~X pa6oT Ha BTOpH'IH~X nyq
KaX. K qucny TaKHX pa6oT B nepay10 oqepeAb Heo6xoAHMO 
OTHeCTH YllOMHHaBWYIOCJI paHee fiH·Me30HHYIO TepanHIO 
paKOBbiX onyxoneii H MIO·Me30HHYIO AHarHOCTHKy 3a6one
BaHHH, MIO·Me30HH~H aHanH3 MaTepuanoB, Me30XHMH4eCKHe 
uccneAOBaHHJI cTpoeHHJI ae~ecTB H AP· 3TH o6nacTH npu
KnaAHbiX HCCneAOBaHHH npeACTaBnJIJOTCJI CeH'IaC O'leHb MHO
roo6emaiOO-'HMH. TaK, HanpuMep, Me30XHMH4eCKHe uccne
AOBaHHJI CTpOeHHJI Be~eCTB /HX XHMH'IeCKOH aKTHBHOCTH, 
XHMH'IeCKHX CBJI3eH H T .n./, B03MO)KHOCTb llpOBeAeHHJI 
KOTOpbiX O;fJKp~aaeTCJI npH HanH'IHH HHTeHCHBH~X /1 -Me-
30HHbiX ny'IKOB, CTaBJIT Ha HOBYIO CTyneHb BCIO COBpeMeH
HYIO XHMHIO. MIO·Me30HHaJI AHarHOCTHKa 3a6oneBaHHH H 
nuouuaJI TepanHJI npuaeAyT K nporpeccy a 6opL6e MeAHKOB 
3a 3AOPOBLe niOAeii. Ha 6onee B~COKHH ypoaeHb noAHH
MeTcJI npHKnaAHaJI paAHOXHMHJI B pe3ynbTaTe pa6oT, CBJI· 
3aHH~X c nonyqeHHeM npenapaTOB orpoMH~x yAenLH~x 

aKTHBHOCTeH H3 CHnbHO o6nyqeHH~X 6onbWHX MHWeHeH 
H T.A. 

4. YcKopumeAbHbiU KoMnAeKc - cynepijUKAompoH 

YCKOpHTenbH~H KOMnneKc-cynepUHKnoTpOH pa3pa6a-
T~BaeTCJI coaMeCTHO Ba6opaTopueii JJ:AepH~X npo6neM 
OHRH H HHCTHTYTOM cilH3HKH a~coKux 3Hepruii /Cepny
xoa/. KoMnneKC COCTOHT H3 nHHeHHOrO yCKOpHTenJI-HH
)KeKTOpa Ha 3HeprHIO 50 M3B H penJITHBHCTCKoro H3o
xpoHHoro UHKnOTpOHa C )KeCTKOH ciloKyCHpOBKOH Ha 3HeprHIO 
800 M3B. 

B Ka'leCTBe ycKopuTenJI-HH)KeKTopa paccMaTpuaaeTCJI 
nHHeHH~H YCKOfHTenb C KBaApynonbHOH B~COKO'IaCTOTHOH 
clloKycupoaKoii I Ol. B~6op 3Toro Tuna nuHeiiHoro ycKopu
TenJI onpeAenJJ:eTCJI Tpe6oaaHHeM cornacoaaHHJI AnHH aonu 
YCKOpJIIOO-'ero B~COKO'I!lCTOTHOrO HanpJI)KeHHJI nHHeHHOro 
u KonLueaoro ycKopuTeneii. 

llpH AnHHe BOnH~ 6 M, KOTOpaJI onpeAenJJ:eTCJI pa3Me
pOM YCKOpJIIOO-'HX pe30HaTOpOB KOnLueaoro MarHHTa UHK
noTpOHa, AHaMeTp 6aKa pe3oHaTopa nuHeiiHoro ycKopuTenJI 

12 

c sq clloKyCHPOBKOH He 6yAeT npeBhiWaTb I ,6 M. BTophlM 
AOCTOHHCTBOM TaKOrO nHHeHHOrO yCKOpHTemi .RBn.R~TCJI 

HH3KaJI 3HeprHJI HH)KeKUHH /75 K3B/ no cpaBHeHHIO ~ yc
KOpHTenbH~MH CTPYKTypaMH Tuna c1 pyKTYP Anhaapeua 

/750 K3B/. 
0CHOBH~e napaMeTpbl nuueiiHoro YCKOpHTen.R- UlliKCK

'11 I 
Topa npuaeAeH~ a ma6A. 3' · 

YcnewH~H 3anycK ceKUHH 15 M3BycKopuTenJI, pa3pa6o
TaHHoro AnJI HH)KeKUHH B 6ycTepHbiH YCKOpHTenh npOTOIIHOI"O 
CHHXpOTpOHa Ha 70 r3B Hcl>B3 rKHA3, ua KOTOpoii nony
qeH~ HMnynbCHbie TOKH npOTOHOB HHTeHCHBHOCThiO 80 MA, 
yKa3~BaeT Ha B03MO)KHOCTb HCllOnh30BaHHJI ero B KOMll" 

neKce "cynepuuKnoTpoH". 
B HaCTOJI~ee apeMJI paccMaTpHaaJOTCJI TexHH'IC~Kue 

BOllpOC~, CBJI3aHH~e C yaenH'IeHHeM MO~HOCTH BhiCOKO'IaC
TOTHOrO llHTaHHJI npH nepeBOAe yCKOpHTenJI B HenpephiBIIhiH 

pe)KHM pa60Tbl. 
AnLTepHaTHBHbiM peweHHeM npo6neMhi HH>KeKUHH B oc

HOBHOe KOnbUO cynepUHKnOTpOHa MO>KeT 6hiTh CHnhHOTO'IHhiH 
UHKnoTpoH THna MO~Horo ueiiTpoHuoro reuepaTopa 12 
ua 3HeprHIO npoTOHOB 60-70 M3B. B 3TOM cnyqae cy
~ecTaeuuo ynpmuaeTCJI HH)KeKUHOHHaJI nuueiiuaJI qacTh 
KOMnneKCa /3HeprHJI 3 M3B/ H B03HHKaeT B03MO>KHOCTh 
He3aBHCHMOrO HCUOnb30BaHHJI HH>KeKTHPYIOO-'ero UHKnoTpo
ua, pa6oTaiOmero a AeihpouuoM pe>KHMe a KaqecTae Mom
uoro ueihpouuoro reuepaTopa ua 3HeprHIO 14 M3B. OA
uaKo CTOHMOCTh KOMnneKCa B uenoM B TaKOM aapuaHTe 

6yAeT HeCKOnhKO BhiWe. 
Ha cTaAHH pa3pa6oTKH H npoeKTHpoaauHJI penJITHBHcT

cKoro H3oxpouuoro UHKnoTpoua a Ba6opaTOPHH JIAepHhiX 
npo6neM 6~nH peweHLI ocuoBHhie npo6neMbl, CTOJIO-'He ua 
nyTH C03AaHHJI KonLueaoro UHKnoTpoua ua 3HeprHIO AO 
1 r3B. K 'IHCny OCHOBH~X npo6neM OTHOCJITCJI: 

a/ ueo6XOAHMaJI >KeCTKOCTh MarHHTHoii: CTPYKTYPLI yc
KOpHTenJI, ll03BOnJIJOO-'aJI YCKOpJJ:Th ny'IKH npOTOHOB C HH· 

TeHCHBHOCThiO, npeBhiWaJOmeii: 100 MA; 

6/ CHH)Keuue noTepb nyqKa a npouecce ycKopeHHJI AO 

10"3 7 10"4 . , 
B/ H30XPOHHOe ycKopeHHe B Te'leHHe HeCKOnbKHX T~CJI'I 

o6opOTOB qaCTHU~; 
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Ta6nnua 3 
DapaMeTphr HH.>KeK ropa 

BenH'IHHa DapaMeTp 
1-H cryrreHb 2-H cryrreab 

3aeprHH HH.>KeKUHH ( MsB) 
Bhrxoaaa.H saeprHH ( MsB) 
nnnaa BOnHbi (M) 
DpoeKTHhl~ ycKopeHHhl~ 
TOK ( MA) 
WnpHHa crreKTpa HMrrynbcoa 
(no OCHOBaHHIO) 
H r--1 u 

OpManH30BaHHhiH SMHT'TaHC 
(B 9llHHHUaX Mpall.CM) 
~a3oBa.H llnHHa cryCTKa 
H opManusoaaHHhr~ 
aKCeiiTaHC ( Mpaa.cM) 
Kos<P<PHUHeHT saxaaTa 
CpeaHHH aanpH.>KeHaocTb rron.H 
B sasopax (KBicM) 
3<fl<fleKTHBHOCT'b yCKOpeHHH 
CHHXpOHHaH <Pasa 
nHaMeTp arrepTyphi ( MM) 
nHaMeTp sneKT'POllOB ( MM) 
a) MHHHManbHbiH 
6) MaKCHManbHhJH 
nnaMeTp para ( MM) 
3KBHBaneHTHaH annaa 
para (MM) 

CpeaHeKaaaparH'IHaH aenn'IHHa 
aonycKa Ha rrorrepe'!Hhre pasMepbr 
H IIOIIepe'IHYIO ycTaHOBKY 
sneKT'pOllOB (MKM) 
CpeaaeKaaaparH':IHaH aenH'iHHa 
aonycKa Ha rrpoaonbHhle 

0,075 
2,62 
6 

100 

±.2,8% 

0,5-1 
61° 

1,2 
70% 

85 
0,06-0,484 
74°-29° 
39 

9,4 
64 

40 

pa3Mepbl H ycTaHOBKy 9neKTPOll'OB 
B llOn.HX 0,06% 
nnaMeTp KOHT9HHepa (M) 1,63 
nnHHa KOHTeHHepa (M) 3,86 
YcTaaoaneaHaH MomaoCTb 
reaepaTopoa ( MBT) 0,5-1 
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2,62 
49,6 
6 

100 

±.0,3% 

0,5-1 
29° 

2,3 

145 
0,879-0,96 
30° 
45 

15,7 

39,2-132,7 

40 

0,06% 
1,3 
58 

7-9 

r/ npaKTH'IeCKH CTORpo~eHTHWH BWBOA ny'!Ka H3 Ka

Mepw ycKOpHTeJIJI /c TO'IHOCTbiO, 6JIH3KOH K 10"
3 + 10"

4 

no OTHOWeHBIO K ~HPKYJIHpyiOJ.QeMy IIY'IKY/. 

Tpe6yeMaJl >KeCTKOCTb MarHHTHOH CBCTeMW 6wna on

pe,neJieHa H3 YCJIOBHJl B3MepeHHJl nonepe'IHOH '!aCTOTW 

co6cTBeHHWX Kone6aHHi npu y'IeTe KYJIOHOBCKoro pacTan

KHBaHHJl 3apJl>KeHHWX '!aCTB~. fioc.lle,nyiOIQHe 3KCnepHMeH

Tbl Ha 3JieKTpOHHOM aHaJiore peJIJITBBHCTCKOrO llBKJIOTpoHa 

C )l(eCTKOH 4JoKyCBpOBKOH UOATBep,nHJIH npaBHJibHOCTb pac

'IeTOB /13/. 
lanycK HloxpoHuoro ~BKJIOTpoHa SIN 1141 

H uccne-

.noaaHHe npo~ecca ycKopeHBJl Ha HeM noKa3aJIB, 'ITO 

noTepu B npo~ecce ycKopeHHJI He npeabiWaiOT aenH'IBHbl 

to-3 . 
B 1959 ro.ny Ha nepaoM BloxpoHHOM ~BKJioTpoHe co 

cnapanbuoi cTpyKTypoi yarHHTHoro nonJl 6wno nony'IeHo 

H30XpOHHOe YCKOpeHHe B Te'IeHBe 2500 o6opOTOB. 3TOT 

peJyJibTaT OTKpWJI B03MO)I(HOCTb yCKOpeHHJl HOHOB B ~HK· 

noTpOHHOM pe)I(HMe Ha awcoKoi KpaTHOCTa
1151 . PeanH3a

~BJI Ha onwTe ynpaaneHHJI 4Ja3oi nponeTa ny'!Ka /l6 / no-

3BOJIHT OKOH'IaTeJibHO peWHTb npo6neMy MHOroo6opOTHOrO 

yCKOpeHHII B H30XpOHHOM pe)I(HMe. 

Hai,neHHaJl TeopeTH'IeCKH B03MO)I(HOCTb HCKyccTBeH

Horo paCWHpeHHJl 3aMKHYTWX op6HT B KOH~e YCKOpeHHJl 

a ceK~HOHBpoaaHHWX cTpyKTypax MarHBTHWX nonei 6wna 

IIOATBep>K,neHa 3KCnepHMeHTaJibHO /17 I Ha 3JieKTpOHHOM 

aHanore peJIJlTBBHCTCKOrO ~HKJIOTpOHa. 3T~T 3~eKT no-

3BOJIJleT o6ecne'IHTb 100~-Hblii BWBOA 'IaCTH~ H3 KOJib~e

BOrO ~HKJIOTpOHa. 

fiepe'IHCJieHHWe TeopeTH'IeCKBe H 3KCnepHMeHTaJibHWe 

pe3yJibTaTW OTKpWJIB nyTb K pa3pa60TKe npoeKTa peJIJl

THBHCTCKOrO KOJibUeBOrO npOTOHHOro UHKJIOTpOHa Ha 

3Hepruro 800 M3B c npeAen~>Hoii HHTeHCHBHOCTbiO ny'!Ka 

.no 100 ..wA. 
Hu*e npuae,neHw napaMeTpw TaKoro ycKopuTenJl, y Ko-

• Toporo .nonycKH Ha ocHOBHble napaMeTpw I cTpyKTYPY Mar

HBTHOrO UOnJI, aMUJIHTYAY BbiCOKO'IacTOTHOrO HanpJl>KeHBJl, 

'IaCTOTY Bq reHepaTopa B ,np./ He npeBWWaiOT y>Ke _n{)
CTHrHyTWX B HaCTOJlJ.Qee apeMJl KaK Ha UBKJIOTpOHaX JU(fi 
OHJIH, TaK H Ha Japy6e>KHbiX UBKJIOTPOHHWX ycTaHOBKax 

/ma6A. 4/. 
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Ta6nHua 4 
OeHOBHI>Ie napaMeTpbi cynepUHKnoTpoHa 

HaHMenoaaHHe napaMeTpa · Be.imqHHa 

3neprH51 yeKopeHHbiX npoTOHOB (MaB) 
ToK yeKbpenHI>IX npoTOHOB (MA) 
3ncpf'H51 lfH)I<eK.THpyeMhiX npoTOHOB (MaB) 
YaeToTa aKeHanhHI>IX Kone6aHHH (Q. ) 

~ ~ 
Yaerora panHanbHhiX Kone6aHHH (Q ) 

r 
PanHye HIIX<eKUHH (eM) 

Cpennee MarnHTHoe none na 

panHyee ""*eKUHH (T) 
Koneqllhii1 panHye yeKopeHH51 (eM) 
Cpennec MarnHTHOe none na 
KoneqnoM panHyee (T) 
H a6op aneprH If 3a o6opoT ( M aB) 
Yaei'ora o6paweHH51 Honoa (Mfu) 
YaeToTa yeKopmowero uanpHx<eHH51 ( Mfu) 
YHeno oenoBHI>IX yeKopmowHx 

IlpOMCX<YTKOB 
Hanp51X\eHHe ua oenoBHI>IX peaoHaropax ( KB) 
MowuocTb BY norepb B peaouaropax (MBr)' 
Mownocrh ycKopeuuoro nyqKa ( MBT) 
06wa51 BhieoKoqaeTOTHa51 T\10lllHOCTb ( MBT) 
YHcno eeKTopoB aneKrpoMarHHTa 
fny~HHa BapH8lllfii M8f'HIITHOf'O IIOn51 
Yron ennpanbuoeTH Ha KOHequoM pannyee 
BI>Ieora MarHHTa ( M) 
llHaMeTp M8f'HHT8 no 51pMy (M) 
Bee MaruH'ruoH eneTeMbi (T) 

MowuC>erh nHTaHHSI MarHHTHoti eueTeMbi 
(MBr) 

Koa<P<PHuHeHT Bbmona nyqKa H3 KaMepbl (%) 
TioTepH HHTeHCHBHOCTH nyqKa 
a npoueece yeKopeHHSI 

16 

800 
1~100 

50 
1,45~1,35 

1,12~1,95 

244 

0,402 
651 

0,723 
2,0 
6,13 
49,04 

4 
500 
1,0 
0,8~0 

0,9~1 
8. 

1,68~1.55 

41° 
7 
20 
5000 

2,0 
100 

10 -3_ lD -4 

3aK.IIIO'leHUe 

,nnJI COCTaBnCHHJI 3CI<H3HOFO npoei<Ta YCI<OpHTCJJbliOFO 

I<oMnnei<ca B Jla6opaTopuu Jl,nepublx npo6neM npouo,nJITCJI 

uccne.nooaHHJI no Mo,nenupooauuJO CTPYKTYPHbJX 'lJJCMClll ou 

MaFHHTHOB CHCTCMbl H BbiCOI<OqaCTOTHbiX pC30HaTOpOB C 

6onbWOB nepe,naqei cpe,nueii MOUUIOCTH ny'II<Y npOTOHOB. 

Tai< I<ai< o OI<OH'IaTeJJbHOM oapuauTe npu TOI<e, 6JJH3KOM 

I< 100 ..wA, MOJllHOCTb npoTouuoro ny'II<a 6y,neT 04CHb 

oenui<a u cocTaBHT oi<ono 80 MB•, uenecoo6pa3HO coopy

*eaue Tai<oro I<OMnnexca oecTu o .noa 3Tana. Ha nepooM 

3Tane, Y'IHTbiBaJI OTCYTCTBHe OnbiTa pa60Tbl C yCI<OpHTC

JJJIMH 6onbWHX MOUUIOCTeii, a Tai<*C TO, 'ITO CYJlleCTBYJO· 

1UHC reuepaTOpHbiC naMllbl CMOFYT o6ecne'IHTb MOlUHOCTH, 

ue npeBbiWaiOlUHe 10 MB111, cne,nyeT orpaHH4HTbCJI TOKOM 

10 ..wA. TaxaJI oenaquua TOka o6ecne'IHT Kai< BOJMO*HOCTb 

BblnOnHeHHJI yka3aHHOB BbiWC 06WHpHOB nporpaMMbl <I!YH

,naMeuTanbHbiX uccne.nooauuii, TalC H peweuae MHorux npa

I<na,nublx 3a,naq, BI<JJJO'IaJI uapa6oTI<Y a,nepuoro rop104ero 

B JaMe,nneHHOM TeMne. 

no peanHCTH'ICCKHM OUCHI<aM, ua pa3pa60TKY H coopy

*CHHC TaKOFO KOMnnei<Ca npH ,nOCTaTO'IHO BbiCOI<OM TCMDC 

pa6oT noTpe6yeTCJI ue Meuee 7 710 neT. npe,ncTaBJJJICTCJI 

pauuouaJJbHbiM npu 3TOM npoeKTHpooauue KOMnnei<ca ocy

mecTBHTb c TalCUM pac'leToM, 'IT06bl nocne,nyJ01UHii nepcoo.n 

ero B PC*HM pa60Tbl C TOKaMH B HCCKOJibKO ,neCJITKOB 

MHJJJJHaMnep noTpe6ooan .6bJ B OCHOBHOM TOJibKO YBCJJH'Ie

HHJI MOlUHOCTH BbiCOKO'IaCTOTHbiX reuepaTOpOB. 

no rpy6o npe,noapHTCJJbHbiM OUCHI<aM, CTOHMOCTb KOMD

JJCI<Ca npH HHTCHCHBHOCTH ny'II<a ,no 10 MA COCTaBHT 01<0110 

50 MAH.py6. j6e 3 3I<CnepHMCHTaJJbHbiX <I!HJH'ICCKHX yc

TauoooK/. HcnonbJooauue ero Kai< <l!a6pHI<H no uapa6oTI<e 

pa,nHOai<THBHbiX Jt30TODOB B 60JJbWOH Mepe o6ecne'IHT CaMO· 

OI<ynaeMOCTb 3KCnJJyaTaUHB KOMnneKca. 
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