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3aAa4a nOnY4eHHfl Ha ~HKnOTpOI1aX HHTeHC~BH~X ~OH H~X nY4 KOB 
C 3aAaHH blMH napaMeT paMH BO MHOrOM 3a8~C ~T OT Ha4anbHOH ~OHHO~ 

OnT~K~ YCKO p HTenfl. B pafiO Te / 11 n OKa3aHO, 4TO npH HanO*e HH~ onpe
AeneHH~X Tpe6oBaH~~. He06xOAHM~X An~ YCTO~4~SOrO yCKOpeHH~ , Ha 
pa3fi poc 3H e prH~ H Ae~eHTpoBKY nY4Ka B ~eHT panbHO~ 06nacTH ~~KnO
TpOHa, C~eCTBeHH~M ¢a KTOpOM, on peAenfl~~HM HHTeHCHBHOCTb nY4Ka , 
Ran~eTCR ero ropH30HTanbH~~ pa36poc, onpeAenReM~A cBoAcTBaM ~ 
~OHHo-onT ~4eCKOH CHCTeM~. 

HaH60nee pacnpOCTpaHeH HaR ~OHHo-on T ~4eCKaR C~CTeMa BH YTpeH 
He rO ~HKnOTpOHHoro HCT04H~Ka BKn~4a eT B cefiR 3a3eMneHHY~ 3MHC
CHOHHy~ ~enb HCT04 HHKa ~ n ynne p Aya HTa nOA B~COK04aCTOT HbIM Ha
n p~*e HHeM. He AOCTaTOK TaKoA CHCTeM~ - OTcyTc TBHe B03MO*HOC T~ 

/2/ H 3MeHeH~R e e napaMeTpoB B AocTaTo4 Ho W~pOKHX npeAenax . 
B Aa HHoA pa60Te on ~ca H~ 3Kcn ep~MeHTw no H3Y4eHH~ CB o HcTs 

TpeX3neKTpOAHO~ ~OHHo-onT~4 eCKo~ CHCTeM~ IHOCI Afl R BHYTpeHHero 
~ ~KnoT poHHoro ~CT04 H~Ka MHor03apRAH~x ~OHOB. 

METOAHKA 3 KCnE P~MEHTA 

HccneAoBaH~R npoBoAHn~cb Ha 3xcnep~Me HTanbHoM cTeHAe HOHH~X 

HCT04H~KOB nRP OHR H/3.4/. B pa60Te Hcnonb308anCR HCT04HHK MHor o
3 a pRAH~x ~OHOB C KOCBeHH~M nOAor peBoM KaTOAa H OC~HnnR4HeH 
3neKTpOHoB B Ma r HHTHOM n o ne / &/ . 

HeToA~Ka ~3MepeHHR yrnoBo H pacxoAHMOCTH HOHHoro nY4Ka 8 r o 
pH30HTa nbHOH nnOCKOC TH 8H8norH4H8 on~C8HHOH B paGoTe / 6/ ; OHa 
npeACTaBneHa Ha pHc. l . HOH~ H3BneKa~TCR H3 HCT04HHKa TpeX3neKT
pOAHOA ~OHHo-onTH4ecKoA CHCTeMoH. nocne nOBopoTa B OAHOPOAHOM 
MarHHTHOM non e Ha 18~ HOHH~H nY40K C B~paHH~M OTHoweHHeM A/Z 
IA - aTOMH~A HOMep 3neMeHTa, Z - 3apRA HOHal nonaAaeT Ha Kon
neKTOp. He*AY Kon neKTopOM H HCT04HHKOM HOHOS B nY40K 8BOAHTCR 
nn8CTHHa c ~enb~, B~AenR~~e~ 4aCTb ero . WHPHH8 ~enH B nnaCTHHe 
COCTaBnReT 3 MM, WHpHHa exoAHoH ~enH KonnCKTopa - 1 MM. n p H 
Ka *AOM nono*eHHH nnaCTHH~ npOBOAHTCR CK8HHpoaaHHe B~AeneHHO~ 
4a CTH nY4Ka KonneKTopOM. CHrHan C KonnCKTopa nOAaeTCR Ha y
axoA 2-KOOPAHHaT Horo caMon~c~a. CHrHan C AaT4HKa non o*e HHR 
nnaCTHH~ nOAaeTCR H8 X-aXOA caMonHc~a. Ha pHc.2 nOKa3a H npo
¢Hnb nY4Ka, nonY4eHH~A c nOM~b~ c8MonHc4a. 

YrnO BaR paCXOAHMOCTb n Y4Ka 04eH~BaeTCR no OTHoweHH~ WHPHH~ 


npO~Hn~ nY4Ka Ha nony8~coTe K AnHHe TpaeKTOp~~ OT YCKop~~ero 


3ne KT poA8 AO nnaCT ~H~. 
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Pli C. I. 1 - HOHHbUi H C T O'IJ[HK, 

2 - B bJTflT' lffi aJOnnrn :JJ1cwrpoA, 

) - YCKopHJO~fi 3 J1 CKTPOA, 4 -
AyaH'!', 5 - n yqoK HOROB, 

nJIaCTHlI a C lIleJIbJO, 7 - Kon
n eK TOp HOlloa. I 
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PAC. ). reOMeTpl1R 3JIeK T pOAoB 

HOIll-IO- 0nTHQeCKOH CHCTeMbl : 

I - 3MHC CHOHH aR lIleJIb HCTOQllll

Ka, 2 - BbIT R T'HBaIOlIlHH 3 JIeKTpOA, 

) - YCKopmOlIl!1l1 :JJIeKTpOA. 
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PMC .4. 06ll\HH B lig HC 1'0'1 II HK a 

HOH OB: 1 -- BLIT H rJ1Baloll\llH :Jne KT-

POA, 2 - Y CTp o i1cTBO n e p eMeUle 

tHIR B blTRT'lffialOlUer o 3n e KTpoAa, " 
) - YCKOp Rlolllml :JJ1eK T pOJl. 

Ha p~c.3 nOKa3aHa reOMeTpMR 3neKTpoAoB HOC B MeAMaHHo~ nnoc
KOCTM. men~ B 3neKTpOAax MMe~T cneAY~IU~e pa3Mep~ : 3MMCCMOHHaH 
lUenb - 1x1 5 MM2 , B M3BneKa~lUeM 3 neKT pOAe - 5x40 M~ , B YCKOPR~
lUeM 3ne KTpOAe - 8x40 MM2. PaccToHHMe OT 3MMCCMOHHO~ lUen~ AO 
yCKopR~lUero 3ne KTpoAa - 02 = 15 MM onpeAenHe TCR KOHCTPYKTHBH~M 
pacnono~eHMeM ~CT04H~Ka B KaMe pe CTeHAa. PaCCTOR H ~e Me~AY OCHM M 
3M~CC~OHHO~ lUenM M lUe n M yCKopH~lUero 3ne KT poAa B~6Mpanoc b C Y4e
TOM op6MT~ n Y4Ka ~OHOB A~+ ; OHO COCT a BnReT t2 = 3 MM. nono~eH~e 
M3Bne Ka~lUero 3neKTpOAa / 01 ~ tl / MO~HO M3MeHRT b AMC Ta H4MoHHO 
B npouecce 3 Kcn e pMMeHTa 6e3 Hapy weH MH BaKYYMa M 6e3 CHRTMR Bbl
COKoro Han pRmeH~R C 3 n e KTpOAOB. 

06ll\~~ BMA ~CT04 HMKa MOHOB C yC T PO~CTBOM AnR nepeMelUeH~R ~3 

Bne Ka~lUero 3 n e KT pOAa nOKa3aH Ha p~c . 4. 

3 Kc nE PHH EHTAI1b HbIE PE3ynbTATbl 

HOB 
B pa6 0Te npoBeAeH~ M3MepeHMH yrnoBo

Ar"+ npM pa 3nM4HbiX HanpR}!(eH MHX Ha 
~ pacxOAHMO
3neKT pOAa x 

CTM 
HOC 

nY4Ka ~o

H pa3n~4 -
HWX pe~MMax pa3pHAa 8 MOHHOM MCT04HM Ke. A~ana 30H ~3Me HeH ~R na
paMe TpoB 6bln cneAY~IUI1M : HanpR>t<eH~e Ha ~3BneKalOU4eM 3neK Tpo Ae 
(u ) - 5-:- 25 KB, HanpH~eHMe Ha yCKopR~lUeM 3neKTpOAe (u3 ) 13-:-2 0 KB,2 
TOK pa3pHAa MOHHoro ~CT04H ~Ka - 5 -:- 15 A. HCT04 H ~K pa60Tan B ~M
nynbcHoM pe>t<MMe C ~acToTo~ 100 r~, An~Tenb HOCTb ~Mnynbca COCT aB
nRna OT 1 AD 2 MC, HanpR>t<eHMe Ha pa 3pRAe nOAAep~~BanOCb - 5 0 0 B. 
HanpH>t<eHHocTb MarHMTHoro nonR COCTaBnRna 0,33 T, pafi04ee AaB ne
HMe B BaKYYMHo~ KaMepe CTeHAa - 2. 10- 5 Top . 

Ha p~c.5 npeACTaaneHa 3aBMCI1MOCTb yrnoBo~ paCXOAMMOCT M nY4
Ka ~OHOB Ar4+ M BenM4MH TOKoa 8bl T Rr ~B arolUero 3 1le KTpOAa (.Tl? ) 
~ Aya HTa ( .T ) OT HanpR>t<e HI1R (u ) Ha 8b1T R r ~BalOlUeM 3ncK TpoAC np~3 2 
HanpR>t<eH~M Ha Ay aHTe u = 15 KB ~ TOKe pa3pRAa 9 f\. 113MepeH~R 

npoBeAeHbl npM 0) = 5 M~ M tl = O. Bi'lAHO, 4TO MOH Hbl~ nY40 K 
~MeeT Many~ yrnOBY~ paC XOA~MOCTb B Y3KMX AMana30ltax lIa n pR>t<e
H~~ Ha 3ne KT pOAax HOC B pe~MMax YC Knp~H~C - YCKOpCH~e ~ YC KO
peH~e - 3a MeAneHi'le. 

Ha p~c. 6 npeACTaaneHW 3aB~C ~MOCT~ y r noBo~ paCXOAi'lMOCT ~ MOH
Horo n Y4 Ka OT TOKa pa3pRAa. H3MepeH~R n pOBeAeH~ npM HanpR~eHM~ 
Ha AyaH Te 17 KB M Han pH~e H MRX Ha BbITR rI-18aroll\CM :lnCK TpOAe 15, 17 
~ 19 KB . C YB ell~~eH~eM TOKa P03pRna npO~CXOAMT POCT yrnoBo~ 
pa CXOAMMOC TI-1. HaH60nbwy~ pacxOAI-1M OCTb nY40K I-1MeeT np M 1I2 = U . 

3
nO A06Hw e 3aB~C ~MOCTM nonY4arolcR TaK~e n p~ APyr~x HanpR>t<eH~Rx 

Ha Aya HTe ~ TOKax pa3pRAa. 

HOHHw~ ~CT04H~K HaxOA~TCH nOA HyneB wM nOTe H4~anoM , 3neKT po
AW HO C - nOA OTpM~aTenbH~M~ no OT HoweH H~ K ~C T04H~KY n OTeH
~ManaM~, YCKOPH~IU M~ 3 n eKTpoA MMeeT nOTeH 4~a n AyaH Ta. Hanp Hme
H~e Ha 3neKTpoA~ HOC nOAaeTCH OT AByX H e 3aB ~C~M~X BWCOKOBon bT
HW X B~npRM~Tene~. 

Ik nonb 3YR B Ka4eCTBC xapaKTep~C T~KI1 ~OHHoro nY4Ka nepBeaHc 
BWT R r~aaH~R , onpeAeneHH~~ KaK P J~ A~/2 .rAe J~ - cYMMa TO-

BbIT. k ~ k 
KOB BblT R r~BarolUero 3neKTpoAa '" AyaHTa, A; - HanpR~eH~e Hau2 
H3Bne Ka~lUeM 3neK TpoAe, B, MO>t<H O no 3 Kcnep~MeHT anbH~M AaHHblM 
nOCTpO I1 Tb 3a B MC"'MOCT ~ yrnoBo~ paCXOAI1MOCT~ nY4Ka ~OHOB Ar~ 
OT napaMe TpOB pa3pRAa M ~OHHo-onTM4eCKO~ CMCTeM~. ?e3ynbTaTw, 
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PHc.5. 3aBHCHMOCTb yrnoBoH pac
XOP;HMOC TH IIy<JKa HOHOB Ar4+ • 
TDKOB BblTHrHBalOlI\ero 3neKTpop;a 
( J ) If Aya HTa ( J ) OT Ha IIpH 2 3
lKeHHH Ha BblTRr HB alOll\eM 3neKT

pop;e. 
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PHc . 6 . 3a BHCHMOCTb yrnoBoH pa c

XO;l:\HMOCTH IIY'-[1<a HOllOB Ar4+ 

OT TOKa pas pHp;a. 


PHc .7. 3aBHCHMOCTb yrnoB oH pa c

XOP;HMOC TH IIy<JKa HOHOB Ar4+ 

OT ne pBeaHca BbITHT' HBaHHH. 
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non Y4eHHbie np~ HanpRmeH~~ Ha AyaHTe u
3 

= 17 KB, npeACTaBneH~ 

Ha p~c .7. BHAHO, 4TO npH Bcex 3Ha4eHHR X To~a pa3pRAa cy~ecTByeT 
onTHManb H~H nepBeaHC, np ~ KOTOPOM paC XOA~MOCTb HOHHoro nY4Ka 
MHH HManb Ha. npH TOKe pa 3pRAa 15 A on THManb H~H ne pBeaHC He 6~n 
YCTaHOBneH, TaK KaK B 3TOM cnY4ae ~3 B~TRr~B aDTC R ~CT04HHKa 

3Ha4~Tenb H~e TOKH, a BenH4 HHa Han pRMeHHR Ha B ~TR r ~ BaD~eM 3ne KT
pOAe or paH ~4eHa 3ne KT pH4eCKOH np04 HOC TbD npOMemYT Ka 3MHCCHOHHaR 
~enb ~CT04HHKa - B ~TR r HBaD~~~ 3ne KTpOA, W B Ha weM c nY4ae He npe
B~waeT 21 KB. 

npH w3Me He HHH pa CCTORHHR MemAY BbITRrHBaD~HM 3neK TpOAoM 
~ 3MH CCWOHHOH ~enb ~ HCT0 4HHKa (D

1
) B Awana 30He 2~8 MM He Ha6nD

AanOCb 3Ha4HTen bHbiX H3Me HeHHH yrnoBoH paCXOAWMOCTH ~OHHoro nY4
Ka. npH 3TOM n pOHcXOA~T nepepacn peAeneH ~e ~OHHoro TOKa MeMAY 
3neKTpOAaMW ~OC. C YBen W4e HweM Dl YMe Hb waeTC R TOK AyaHTa ~ B03
paCTaeT TOK B~TA r HBaD~e ro 3neKTpOAa. ~3MepeHHR 6~n~ npOBeAeH~ 
npH Ha npR*e HHH Ha B~TRrWBaD~eM 3ne KT pOAe 15 KB, Ha AyaHTe 
17 KB, TOKe paspRAa - 10 A. 

6~no YCTaHoBneHo, 4TO cy~ec TB yeT onT HManb Hoe nono~e H we ~enH 
B~TRrHBaD~ero 3neKT poAa B none pe4HOM no OTHoweHHD K HOHHOMY 
nY4KY HanpaBneHHH, COOTBeTCTBYD~ee MaKCWManb HOMY TOKY, npoxoAA
~eMY B AyaHT. 3TO nOno*eHHe MeHRe TCR npH H3MeHeH ~~ APyrwx 
napaMeT pOB HOC . 

3AKJ1104EH HE 

B pesynbTa Te HccneAOBaHHR Tpex3neKTPoAHOH ~oHHo-onTH4ec Ko~ 
CHCTeM~ ~WKnOTpOHHoro ~C T04HHKa MHor o s apRAHblX HOHOB nOKa 3aHO , 
4TO npH H3MeHeH ~H peMWMa pa6oT~ HCT04HWKa MHHHManbHaR yrnoBaA 
paCXOAHMOCTb HOHHoro nY4Ka MOMe T 6~Tb AO CTwr HYTa peryn~poBKoH 
napaMeTpOB HOC. 3TO Mo*eT 6~T b OCYll\e CTBne HO perynwpoBKo~ HanpR~ 
Me HWR Ha B~TRrHBa~eM 3neKTpOAe. 

MaKcwManbHoe npOXOMAe Hwe WOHHoro nY4Ka 4epe 3 HOC Mo*eT 5~Tb 
nonY4eHO perynHpoBKo~ nonOMe HHR B~TR rHBa~ero 3ne KTpOAa. 

B 3aKn~4eHHe aBTOp~ B~paMa~T 6naroAapHocTb B.~.Pa~Ko sa no
ne3H~e OfiCYMAeHWA, P.KHpxfiaxy W A.A.EponKwHY sa pa3pa60TKY 
~ H3rOTOBneHHe HOHHo-onT~4ecKoH c~CTeM~. 

mlTEPATYPA 

1. rynb6eKAH r.r ., MOPAyeB A.M. O~R~, P9-80-768, nyfiHa, 1980. 
2. nHTpHX ~., K03noBcKH 3.A. O~R~. 9-82-757, ny6Ha, 1982. 
3. naC~K A.C. H AP. O~R~. 1523, nyOHa, 1964. 
4. naC~K A.C. HAP . A3, 1968, T.24, B~n . 1 , c . 21 . 
5. naC~K A.C . , KYTHep B.6. OHRH, P7-4289, ny6Ha, 1969. 
6. Toman H. , Reiser H. IEEE Tra ns. on Nucl.Scl., 1972, 

vol.NS-19. 	No.2, p.80. 

PYKonHcb nocTynwna B H3AaTenbcKHH OTAen 


5 


