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0JlHHM H3 a<jxpeKTHBHb!X CfiOC060B fi0Bb!UI9HHSI HHT9HCHBHOCTH CHHXpo<jJa-

aoTpoHa OM.RM srsnsreTcsr cseaeHHe K MHHHMYMY noTepb "18CTHU B npouecce 

HH)K9KUHH H ycxopeHHH. M O)KHO Jl06HTbcsr cyruecTBeHHoro noBbiUieHHH HHTeH

CHBHOCTH ycKopeHHblX "18CTHU1 ecnH YM9HbUIHTb SHepreTH"'9CKHH paa6poc nyq-

/1 2/ 
K8 HH)K9KTopa H Bbi6paTb O£ITHM8nbHblA p9)KHM HH)K9KUHH B CHHXp0$830TpOH ! 

OpaKTH"'eCKH STO MO)KHO OCyiUeCTBHTb1 ecnH Ha BblXOJle nHH9AHoro YCKOpHTe

nH yCT8HOBHTb yCTpOACTBO (pe30H8TOp), fi03BOnHIDIUee H3M9HSITb SHeprHID 

HH)K9KTHpyeMoro B CHHXpo<J>asoTpOH ny"'K8 B COOTB9TCTBHH C pOCTOM MarHHT

Hqr.o nonsr. OpH npasHnhHO Bbi6paHHOM paccToHHHH oT nHHeAHoro ycxopHTensr 

STOT pe30H8TOp CMO)K9T CYIU9CTB9HHO YM9HbUIHTb SHepreTH"'9CKHH pa36poc 

HH)K9KTHpyeMOrO ny"'K8 1 BblfiOnHHSI <jlyHKUHH T8K H83biB89MOrO Jl968H"'epa1 

H MOJlynHpOB8Tb ero aHeprHIDo 

B aaHHoA pa6oTe npHBOJlHTcsr OCHOBHbie peaynhTaTbi pac"'~Ta a<P~eKTHB

HOCTH HH)KeKUHH B CHHXpo<J>aaoTpOH 0J1.RJ1 npH MOJlynHUHH aHeprHH H yM9Hb

IU9HHH SHepreTH"'eCKOrO paa6poca ny"'K8 HH)K9KTOpa1 Kp8TKOe OfiHC8HH9 ae6aH-

qepa H ocHoBHbie aKcnepHMeHTanbHbie peaynhTaTbi, nony"'eHHhie s npouecce 

ero HanaJlKH H OfibiTHOA SKCnnyaTaUHH H8 CHHXp0$830TpOHe •. 
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Eemr 9HeprHSI qaeTHU1 BBOgHMbiX B eHHXpO!j>B30TpOH1 MeHSieTeSI TBKHM 

o6p83DM1 'ITO HX MrHOBeHHBS! paBHOBeeHBS! Op6HT8 HMeeT lj>HKeHpOBBHHbiA 

pagHye H IIpOXOgHT B HeiioepegeTBeHHOH 6nH30eTH OT BHyTpeHHeH HHlj>neKTOp

HOH rrnaeTHHbi1 T01 O'leBHgHO, HH)KeKUUS! B eHHXpolj>a30TJJDH MOY.:eT rrpogon

)l<8TbeSI go TeX IIDp1 IIOKB pBBHOBeeHaSI op6HT8 'l8eTHU1 llH)KeKTHpOBBHHbiX 

BHB'lane, He goeTHrHeT BHyTpeaaeA: eTeHKH KBMepblo DpH 9TOM HH)KeKUHS! 

qaeTHU 6ygeT rrpoxogHTb Bee BpeMSJ e ManoA: BMIInHTygoA pagHanbHbiX 6e

TaTpOHHbiX KOne6aHHAo 

TaxnM o6pasoM, rrpH rrepeMeaaoA aaeprHH HH)KeKUHH MO)KHO IID'lTH BgBoe 

yBenH'lHTb Bp9MSI HH)KeKUHH H, KpOMe Toro, IIpOBQgHTb HH)KeKUHIO e MBnbiMH 

8MIInHTygaMH pagHanhHbiX 6eTaTpOHHbiX KOne6aHHA. 3TO II03BOnSieT1 Bo-rrep

BbiX1 BgBoe yBenH'lllTb KOnH'leeTBO HH)KeKTHpyeMbJX B K8Mepy eHHXpolj>aaoTpO

Ha 'l8eTHU1 BO-BTOpbiX1 eymeeTBeHHO yMeHbiiiHTb IIOTepH qaeTHU H3 eerrapa

TpHebJ !IpH HX lj>aaoBOM gBH)KeHHH B H8'lBnbHbiA rrepHog eHHXpOTpOHHOrO yeKo-

peHHSI1 IIOeKOnbKY 9TH IIOTepH HMeJOT MeeT01 Korga eyMMa BMIInHTyg pagHanb

HbiX 6eTaTpOHHbiX H eHHXpOTpOHHbiX Kone6aaHA rrpeBbiiiiBeT paeeTDS!HHe qaeTHU 

go eTeHOK B8KyyMHOH KaMepblo 

Pae'leT alj>lj>exTHBHoeTH HH)KeKUHH rrpH MogynSIUHH aaeprHH HH)KeKTopa 

H e~eHHH ero aaepreTH'leexoro paa6poea e rroMOlllbJO peaoaaTopa ne6aaqepa 

IIpOBQgHneSI MeTO.ctOM 'lHeneHHOrO HHTerpHpOBBHHSI H eBOgHneSI K MaKeHMH38-

UHH WHKUHH 
T alj> = a 13 a 4 ru 

rge T alj> - alj>lj>eKTHBHOeTb HH)KeKUHH1 

B 6eTaTpoHHbiH pe)KHM yexopeHHSI, a. 

eHHXpOTpOHHbiH pe>KHM yeKopeHHS!1 TH 

a 13 - KOalj>lj>HUHeHT 38XB8T8 'laeTHU 

- Koalj>lj>HUHeHT 38XB8T8 'l8eTHU B 

- gnHTenbHOeTb HMrrynbea. Pae'leT 

rrpoBogHneSI gnSI eymeeTBYJOIUero HH)KeKTopa rrpoToHOB e aaeprHeA: 9,4 M aB H 

TOKOM 1,2 Ma. Heo6xogHM8S! rny6HH8 MogynSIUHH 9HeprHH HH)KeKTopa 

m =3%, gnSI 'lero goeTaTO'lHO H3MeHS!Tb lj>aay HBllpS!)KeHHS! HB yeKOpS!JOIUeM 

aaaope peaoaaTopa e -45° go +45° rrpH aarrpSI)KeHHH aa aaaope 200 KB (aM-
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rrnHTygaoe aHa'leHHe). DpH paerrono)KeHHH pesoHaTopa ge6aaqe~ 

HHJI 6 MeTpOB OT BhiXOA8 nHHeAaoro yexopHTenSI OH 6yAeT !IpOE 

)KeHHe 9HepreTH'leeKOrO paa6poea HH)KeKTHpyeMhlX 'lBeTHU e 

11W 
____ m_ =016%. nnSI pae'!eTa alj>lj>eKTHBHOeTH HH)KeKUHH 6 

Wo 
no 

peanbHbie paerrpeAeneHHSI HH)KeKTHpyeMbiX qaeTHU rro yrnaM y 

eryeTKB g H 9HeprHSIM W 1 MBKeHMBnbHbie 3Ha'leHHS! KOTOpbiX -

-3 
BYJOIUero HH)KeKTOpa eoeTBBnSIIOT f1 y m =6.10 pag, f1 9m =3,5 

=0,6"-b. 0eHOBHbie peaynbTBTbl paeqeTa IIpHBeneHbl B Ta6nHUe. 

Pe)KHM f1Wm T H 

HH)KeKUHH -w;- (MKeeK) 
a 

W 0 =9,4 MaB 

6ea ne6aaqepa 2,3.10 
-2 

300 0,12 

W 0 =9,4 MaB 
6.10-3 

e ne6aaqepoM 300 0,21 

TaKHM o6paaoM, rrpH rrpHMeHeHHH ge6aaqepa e MogynSIUHeJ 

gyeT 0)KH.cl8Tb IIOBbiiiieHHS! HHTeHeHBHOeTH eHHXpO!j>830TpOH8 B 1, 

eqeT yBenH'leHHSI o6ruero Koalj>!j>HUHeHTa 38XB8T8 a e 0, ~2 go 

.. a13 a.). 

OeHOBHbiM yanoM Ae6aa'lepa SIBn!leTeSI peaoaaTop (pHe. 1 

eoanaeT BbieOKO'l8eTOTHOe aneKTpH'leexoe none, B03neA:eTBYJOIUe 

'laeTHU HH)KeKTOpa. 8bieOKO'l8eTOTH8SI MOIUHOeTb IIOeTyrraeT B p< 

6noxa Bl.f reaepaTopoB, BbmonaeHHbiX Ha 4 MOIUHbiX TpHogax rrc 

3eMneHHOA: eeTKOH. nm1 MogynSIUHH lj>a3bl rroeTyii8JOIUero B peso 

H8llpSI)KeHHSI OTHOeHTenbHO lj>a3bl H8IIpSI)KeHHSI B pe30H8TOpe nHH< 

pHTenSI rrpegyeMOTpeH aneKTpOHHbiA: MogynSITOp lj>a3b!1 paerronQ)Ki 

6noxa Bl.f reaepaTopa. MoAynRTop lj>aabi Bbmonaea B BHge geeS! 

HeKyeeTBeHHOA: nHHHH1 B KOTOpoA: B KB'leeTBe eMKOeTeH Herronb' 

rrpoBogHHKOBbJe nHogbi. EMxoeTb nHO.ctOB yrrpaBnSieTeSI aarrHpaJOII 
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nnHTYAHOe 3HaqeHHe). OpH pacnono~eHHH peaoHaTopa ae5aHqepa Ha paccToR-

HHII 6 MeTpoe OT Bh!XOAa nHHeli:Horo YCKOpHTenR OH 5yaeT npOH3eOAHTb cy

~W 
~eHHe aHepreTHqecKoro paa5poca HH~eKTHpyeMbiX qacTHU c -T- =2,3% 

ao ~ W m =0,6%. ilnR pacqeTa atfl¢eKTHeHOCTH HH~eKUHH 5bm~ e3RTbl 
Wo 

peanbHbie pacnpeaeneHHR HH~eKTHpyeMbiX qacTHU no yrnaM y , ceqeHHIO 

cryCTK8 9 H aHeprHRM W 1 M8KCHManbHble 3HaqeHHR KOTOpblX . AnR CyiUeCT-

-3 ~w 
BYJOIUero HH~eKTopa COCTaenRIOT ~ y =6.10 paa, ~ 9m =3,5 CM 1 _,.!!!-

m "O 
=0,6%. OcHoeHbie peaynbTaTbi pacqeTa npHeeaeHbi e Ta5nHue. 

Pe~HM ~Wm T H 

HH~eKUHH w;- ( MKCeK) 
a 

r alfl 

( MKCeK) 

W 0 =9,4 Mae 
-2 

5ea ae5aHqepa 2,3.10 300 0,12 36 

W 0 =9,4 Mae 
6.10-3 

c ae5aHqepoM 300 0,21 63 

TaKHM o5paaoM, npH npHMeHeHHH ae5aHqepa c MoaynRUHell: aHeprHH cne

ayeT O~HA8Tb noebiWeHHR HHTeHCHeHOCTH CHHXpolflaaoTpOHa e 1,75 paaa 38 

cqe:r yeenHqeHHR o5mero Koa4l4JHuHeHTa aaxeaTa a c 0,12 JlO 0,21 ( a 

=af3a.). 

0CHOeHbiM yanoM ae5aHqepa RenReTCR pe30H8TOp ( pHC. 1) 1 KOTOpbdi 

coaaaeT ebiCOKoqacTOTHoe aneKTpHqecKoe none, eoaaell:cTeyJOIUee Ha nyqoK 

qaCTHU HH~eKTOpa. BbiCOKOqacTOTH8R MOIUHOCTb nocTynaeT e pe30H8TOp H3 

5noKa 81.{ reHepaTopoe, ebmOnHeHHbiX Ha 4 MOIUHbiX TpHoaax no cxeMe c aa

aeMneHHoll: ceTKoll:. llmt MoaynRUHH .Paabi nocTynaJOmero e peaoHaTop Btf 

HanpR~eHHR OTHOCHTenbHO 4Ja3bl HarrpH~eHHR e pe30H8TOpe nHHeli:Horo yCKO

pHTenR npeJlycMoTpeH aneKTpoHHbill: MoaynRTop lfla3bi, pacnono~eHHbill: Ha exoae 

5noKa B'tf reHepaTopa. MoaynRTOp lflaabi ebmonHeH e eHae JleCRTHaeeHHoll: 

HCKyCCTeeHHOll: nHHHH1 e KOTOpoll: e KaqecTee eMKOCTell: HCnOnb3YIOTCR nony

npoeoaHHKOebie AHOAblo EMKOCTb JlHOJlOe ynpaenReTCR 38ITHp8101UHM rrHnoo5pa3-
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HbiM HaiipSDKeHHeM, UpH 9TOM <fJaaa HS BblXOae MoaynHTopa H3MeHHeTCH H8 

0 
90 IIO nHHeli:HoMy 38KOHy, l1MrrynbCHOe BHOaHoe HBIIpHJKeHHe anH 6nOKB 84 

reHepaTOpOB coaaaeT THpaTpOHHblll: HMIIynbCHbill: MoaynHTOp HB HCKyCCTBeH

HOll: nHHHH, CHHXpOHH38UHH BCell: yCTBHOBKH OCyWeCTBnHeTCH C IIOMOWbiD Tpex

KBHBnbHOrO 6nOK8 aaaepJKeK, 38IIYCKaeMoro HMIIynbCOM HB'IBna HHJKeKUHH. 

PeaoHaTop ae6aH'Iepa (pHc. 1) rrpeacTasnHeT co6oll: qeTsepTbBOnHOBhlll: 

0Tpe30K KOBKCHanbHOH nHHHH C KpyrnhiM Ce'IeHHeM, 3aecb 1 - TOpUOBb!H aHCK 0 

2 - aneKTpoa anH rroaasneHH.II MynbTHIIBKUHH, 3 -· H30nSITOpb! KperrneHHH aneKT

poaa, 4 - HapylKHb!ll: rrposoaHHK peaoHaTopa, 5 - H30n.IITOpbl KperrneHH.II aHc

KOBoro aneKTpoaa, 6 - wrrHnbKH MexaHHaMa rpy6oll: rroacTpoli:KH peaoHaTopa, 

7 - 9Kp8Hbl anSI rrpeaoTBpameHHSI Hany'IeHHSI 84 MOWHOCTH 'Iepea IIponeTHbie 

OTBepCTHSI, 8 - aHCKOBb!ll: aneKTpoa anSI rroaasneHHSI MynbTHIIBKUHH, 9 - <fJna

HeU BBOaa MOWHOCTH, 10 - BHyTpeHHHll: IIpOBOaHHK BBOaa, 11 - BaKyyMHb!ll: 

H30nSITOp BBOaa, 12 - aneKTpoa anSI rroaasneHH.II MynbTHIIBKUHH BHyTpH BBoaa, 

13 - HapylKHblii IIpOBOaHHK BBoaa, 14 - IIeTnSI CBSI3H 0 15 - BHyTpeHHHll: IIPO":" 

BOaHHK pe30H8TOp8, nnHH8 yCKOpSIIDWero 383opa pe30H8TOp8 5 CM 6bin8 Bbi-

6paHa H3 ycnosHll: nony'IeHHSI <fJaKTopa speMeHH nponeTa 0,9 npH HarrpSIJKeH

HOCTH rronSI 40 KBICM. no6pOTHOCTb peaoaaTopa 12800, wyHTOBoe corrpoTHB-

~eHHe 1,2 MOM, rroasoaHMBSI MOWHOCTb 50 KBT, C06CTBeHH8SI pe30H8HCH8SI 

'I8CTOT8 143,5 Mru (paBHa 'I8CTOTe peaoHaTopa nHHeli:Horo yCKOpHTenSI), nnSI 

ycTpaHeHHSI ae<fJoKyCHpOBKH HHJKeKTHpyeMOrO IIY'IK8 BblCOKO'IBCTOTHbiM aneKTpH-

qeCKHM rroneM B IIponeTHOM OTBepcTHH pe30H8TOpa HBXOaSITCH ase BOCbMH

aneMeHTHbie ceTKH, pacnonoJKeHHbie rro o6e cTopoHbi oT ycKopSIIDmero aaaopa. 

fpy6aSI rroacTpoli:Ka peaoaaTopa s npeaenax 2 Mru ocywecTBnSieTcSI ae<fJopMa

uHell: aHHW8 C IIOMOWbiD WIIHneK (6). UnaBH8SI rroacTpOli:Ka pe30H8TOpa B rrpe-

aenax 80 Kru OCyWeCTBnSieTCSI C IIOMOWbiD KOpOTK038MKHyToro KOBKCHanbHOrO 

wnell:<fJa, noacoeaHHeHHOrO KO BTOpOMY BBoay MOWHOCTH 0 OTCTOSIWeMy OT rrep

BOrO HB 90°. 
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B peaynbTaTe OIIbiTHoll: aKcrrnyaTaUHH ae6aH'Iepa - Moayn.111 

llHJKeKTopa- Ha CHHXpo<fJa30TpOHe 0l1Hl1 6bin rrony'IeH BbiHrpb!W B 

CTll yCKopeHHOrO IIY'IK8 B 1,3+1,4 pa3a IIpll yCKopeHHH IIpOTOHOB 

e aea pa3a rrpH ycKopeHHH aelirpoaoe, PaanH'IHe e a¢¢eKTHBHOC1 

ae6aaqepa 06bSICHSieTCSI TeM, 'ITO 9HeprHSI HHJKeKTHpyeMbiX aeiiTf 

B aea paaa HHJKe, qeM 9HeprHSI IIpOTOHOB 0 ll Bbi6paHH8SI IIO KOHCT 

IIpll'IllHBM 6838 apeli¢a 3 MeTpa COOTBeTCTByeT paC'I~THOMY 3H8'I 

KO anSI aeli:Tpoaoe, UpHMeaeaHe ae6aaqepa-MoaynSITopa aHeprHH 

II03BOnSieT yeenH'Il!Tb llnHTenbHOCTb HHlKeKUHH C 300 MKCeK ao 6: 

oaHaKO B H8CTOSIWee BpeMSI IIO TeXHH'IeCKHM IIpH'IHH8M anHTenbHI 

ocraeneHa rrpewaell:, 

AeTOpbl Bblp8lK8IDT 6naroaapHOCTb H.n. roneM6eecKoll:, M.A 

B.B. WycTpoey, B.A. KoaoHoey sa aKTHBHoe yqacTHe s coaaaHHI 

nHTepaTypa 

1. A.E. KyaHeuos. UperrpHHT Ol1Hl1, P-2266, ny6Ha, 1965. 

2, W. Myers and J, Abraham, IEEE Transactions on NuclE 

Science, June, p. 666-669, 1967, 

PyKOIIHCb IIOCTyiiHna B HaaaTenbCKHll: 0 

23 HIDnSI 1971 roaa. 

7 



B peaynbTaTe onbiTHofi sKcnnyaTaUMH ae6aHqepa - Moayn~Topa sHeprHH 

nmKeKTopa- Ha cnHxporjlaaoTpoHe OM.HM 6brn nonyqeH Bb!llrpbllll B MHTeHCMBHO

cTM ycKopeHHOrO nyqKa B 1,341,4 pa38 Dpll yCKOpeHHll DpOTOHOB ll npMMepHO 

8 aBa paaa npn ycKopeHHH aefirpoHoB. Paannqne B srjl¢eKTMBHOCTM pa6oTbi 

ae6aHqepa o6b~CH~eTc~ TeM, qTo sHeprH~ MH)KeKTMpyeMbiX aeftTpoHoB ( 4, 7 M sB) 

B AB8 pa3a Hll)Ke
0 

qeM SHeprH~ DpOTOHOB1 H Bb!6paHH8~ DO KOHCTpyKTHBHbiM 

npnqHH8M 6a38 apefirpa 3 MeTpa COOTBeTCTByeT pacq~THOMY 3HaqeHHIDTOnb-

KO an~ aefiTpoHoB. npnMeHeHHe ae6aHqepa-Moayn~Topa sHeprHH HH)KeKTopa 

D03BOn~eT yBenHqHTb anHTenbHOCTb HH)KeKUMH C 300 MKCeK AD 625 MKCeK1 

OAH8KO B H8CTO~lllee BpeM~ DO TeXHHqeCKHM DpHqHH8M AnHTenbHOCTb HH)KeKUHH 

ocTnBneHa rrpewHefi. 

ABTOpbl Bblp8)1(8IDT 6naroaapHOCTb M.n. roneM6eBCKOH, M.A. ronoBoti, 

B.B. WycTpoBy, B.A. KoHOHOBY aa aKTHBHoe yqacTHe B coaaaHHH ycTaHOBKH, 

liHTepaTypa 

1. A .E. KyaHeuoB. npenpHHT OM.HM, P-2266, ny6Ha, 1965. 

2. W. Myers and J. Abraham, IEEE Transactions on Nuclear 

Science, June, p. 666-669, 1967, 

PyKorrHcb rrocTyrrnna B naaaTenbCKHti oTaen 

23 nron~ 1971 roaa. 
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PesoHaTop ae6aH~epa - MoaynHTopa aHeprHH HH~eKTopa. 
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