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1. B B e n e H n: e 

239 
Benn:,urna a J:W51 Pu 0TH0CHTC51 K trncny Km0'leBb!X K0HCTaHT, 

onpenenmoumx TeXHH'leCKHe H 9K0H0MH'leCKHe 0CH0Bbl C0BpeMeHH0I'0 C0CT051-

HH51 SlllepHOH aHepr-eTHKH. OT BenH'IHHbl a B 3H8'IHTenbHOH Mepe 38BH-

CUT 3Ha'leHn:e KOa~~HUHeHTa B0Cilp0H3B0llCTBa 51ll8PH0I'0 Tonnn:Ba, noaT0My 

neTanbHaSI n:H~opMaUHSI no a n:MeeT npnHun:nn:anbHoe 3HatieHn:e npn: Bb160-

pe 0ilTHManbHbIX HanpaBneHHH C03ll8HH51 npoMbIIUneHHb!X peaKT0p0B Ha 6b!CT

pb!X HeihpoHax. 8Kcnepn:MeHTanbH851 T0'IH0CTb onpeneneHH51 Benn:'IHHbl a 
239 Pu 

nnH I Heo6XOllHM851 nng pac'leT0B M0lllHb!X peaKT0poB, aHann:aupoBa-

nacb PSlll0M aBTopoB. B Ta6n. 1 npuBonuTCSI peaynhTaT aaann:aa fpn:6ne-

/1/ 
pa u np. 

8 HepI'H51 Heii

Tp0H0B (KaB) 

Tpe6yeMaSI T0'l

H0CTb 

11 Me!Olll851C 51 

T0'IH0CTb 

0,1 

Ta6nn:ua 1 

1 1000 10000 

3% ..... 10% 

100-150% -----...... ---12-20% -
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i B Ta5n. 1 T8K)Ke /l88TCH oueHKa TO"IHOCTH COBOKYIIHOCTH SKCIIepn-

1 • 

M8HTanhHbIX llBHHhIX, KOTOpbie 5hmn OIIy5nnKOB8Hbl llO 1968 I'O/l8, 

I 
: 8 CBHSH C Hey/lOBneTBOpnTenhHbIM COCTOHHHeM 9KCIIepnMeHT8nhHbIX 
I . 

lBHHhIX o Benn"lnHe a ( E) , oco5eHHO JlnH o5nacTn aHeprnn HefiTpoHoB 

I 
), 1 t- 30 KSB, B HaCTOHllleii pa5oTe 5bmH IIpe/lIIPHHHTbl HSMepeHHH a ( E) 
I 

WH Pu -239 B YKB38HHOH aHepreTH"18CKOH. o5nacTn. 

2. 3KCII80ijM8HTanhHhIH MeTon . 

A. A II II a pa Ty pa 

I1sMepeHHH a (E) = a (E) / a f (E) ny . IIpOBO/llWUCh M8TO/l0M Bpe-

'18HH IIponeTa Ha IIponeTHOM paCCTOHHHH L == 250 M C paspemeHneM 

=-220 HCeKIM u "'15 HCeKIM. B Ka"leCTBe HCTO"IHHKB pesoHaHCHblX HeHTpO

IOB B IIepBOM cnyqae HCIIOnhSOBancsi UMIIynhCHbIH 5hICTpblll peaKTOp 011HI1, 

m BTOpOM - HMIIynhCHblH 5bICTpblll peaKTOp C aneKTpOHHblM lIH)K8KTOpOM -

/2/ 
'1:HKpOTpOHOM 

MeTO/lHKB 9KCIIepnMeHTa saKnroqanacb B cpaBH8HUH C"l8TOB UOHusauu-

)HHOii JlenuTenhHOH KaMephI, CO/l8P*Blll8ll "ToHKue" cnou· Pu-239 , u 5onb-

UOI'O )KlI/lKOCTHOI'O CUHHTnnnHUUOHHOI'O /l8T8KTOpa, perncTpupyromero B sa

llICUMOCTH OT Bp8M8HH IIponeTa Y -ny"IH US "TOnCTOI'O" o5pasua Pu -239 , 

lOSHHKBIDlllUe B pesynhTaTe pa/lHBUUOHHOI'O saxBaTa n JleneHHH. 

8 OIIbITe HCIIOnhSOBanaCh BbICOK09cpcpeKTHBH8H HOHHSBUHOHHaH KaMepa 

/3/ . 239 . 
1eneHn:e ' CO/l8p)K8lll~H 120 MI' Pu . 3cpcpeKTHBHOCTh pern:cTpaun:u 

:o5bITHH JleneHHJI B ·KaMepe COCTBBmma "'70%. 13hICOK8H acpcpeKTHBHOCTh 

)8I'UCTpauuu OCKOnKOB JleneHUH B rrpncyTCTBUU 5onhIIIOI'O cpoHa a -"laCTIIU 

. 8 ) 3,2•10 a -"IBCTIIUICeK 5hma /lOCTHI'HyTa 5naI'Oll8PH SHB"IIITenbHOMY yBe-

lH"leHnro 5bICTp0Jl8il:CTBUH UOHUSBUHOHHOil: K8M8pbl. ilnUTenhHOCTh IIMIIynhCOB 

)T KaMepbl Ha Bb!XO/l8 ycunnTenH, OIIpellensiromaH ypOB8Hh cpoHa MHOI'OKpaT-

4 

·I 

\ 
\ 

HhlX HanO)K8HHH a -"IBCTHU, COCTBBJlSina ;;; 20 HCeK. 3Ha"IHTenhH08 yBenn-

"leHne 5hICTpoJleil:cTBHH KaMepbI 5hmo IIony"leHo B pesynhTaTe HeIIocpe/lCT

BeHHoro IICIIOnb30B8HHlI HMIIynhCOB TOKB, BOSHIIKaromnx B KaMepe, U ux 

IIocneJlyromero ycnneHHlI n llHCKpHMHHamrn' C IIOMOlllhID IIIHpOKOIIOnocHbIX TO

KOBbIX ycTpoiiCTB. 

ileTeKTop, ncIIonhSOBBBmnficsi JlnH perncTpaunn Y -nyqefi saxBaTa n: 

Jlenemrn, IIpe/lCTaBnHeT cc:i5on 5onbIIIOH CUHHTunnHUHOHHblH 5aK o5'beMOM 

500 nn:TpOB. ilP.TeKTOp HMeeT ueHTpanbHblil: KaHan, B KOTOpOM pacIIonarancg 

o5paseu B reoMeTpnu, 5nHSKOii K 417 ' u qepes KOTOpb!H IlpOXO/lHT IIY"IOK 

Heil:TpOHOB. ilnlI YM8HhIII8HHlI cpoHa OT pa/lUOBKTHBHOCTH o5pasua ll KOCMU

qeCKHX nyqeil: ll8T8KTOP paSJleneH Ha· /lB8 rronoBUHbl, BKnroqeHHbie Ha COBIIa

/l8HHlI. ilnH yMeHbIIIeHust cpoHa, CBH3aHHOI'O C perncTpauueil: paccelIHHbIX o5-

pasuoM ueil:TpOHOB, B_ CUHHTn:nnHTOp BBe/leH 5op. CIIeuuanbHb!H OIIbIT IIOKa

san, "ITO acpcpeKTHBHOCTh pern:cTpaunu HeHTpOHOB, paccelIHHb!X o5pasuoM, He 

rrpeBhIIIIaeT 0,3%. 3cpcpeKTHBHhIH rropor perncTpaun:u Y -nyqeii JlnH o5eHx 

rronOBUH ll0T8KTOpa COCTaBnlin "' 0,8 M9B, flpn 8°TOM acpcpeKTHBHOCTh perHCT

paunu saxBaTa COCTaBnHna "' 20%. 11crronbSOBaHue COBIIaJleHn:ii UMIIynhCOB 

OT llBYX rronoBHH ll8T8KTOpa, KOTOpoe IIOSBonuno SH8"1HTenbHO yMeHbIIIHTb 

cpoH, npUBO/lUT K 38M8THOMY yMeHbIIIeHHID acpcpeKTIIBHOCTH pern:cTpauun: co-

5bITHil:, conpOBO)KJl8IDlllHXCH n:crrycKaHneM TOnhKO 0/lHOI'O y -KB8HTa. HO '.3TO 

He BnnsieT cymeCTBeHHO Ha SHepreTn:"lecKyro 38BUCHMOCTb acpcpeKTHBHOCTH 

IlplI HeSHa"IHTenhHbIX HSMeHeHHlIX crreKTpa y -ny,rnil: pa/llI8UUOHHOf'O saxBa-
/ 4/ • 

TB 

ArrnapaTypHbie cneKTpbI, nony"leHHbie C KaMepofi JleneHHlI ll• CUUHTnnng

·UHOHHblM-lleTeKTOpOM .nng llBYX pe)KHMOB HSMepeHHH, npeacTaBneHbl Ha pn:c. 

1-4. Ha pncyHKaX T8K)K8 IIOKaSaH ypoBeHh cpoHa, KOTOpb!il: orrpeJlenHnCH 9K

crrepnMeHTanbHO C IlOMOlllhID rrornomaromn:x pesoHaHCHbIX tpHnhTpOB ( Na-

2,85 KSB, Mn 0,337 KaB, Co - 0,132 KSB, Ag - 5;2 aB) ,KOTOpbie 

HCKnroqann us ny"IKa HeHTpOHbl C JlaHHOil: 9Heprueil:. K CO)KaneHnro, TBKYIO 
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.. 
B Ta5n. TaK1K0 naeTCH oueHKa TO'IHOCTll COBOKYilHOCTll 9KCilepn-

MeHTanbHbIX naHHbIX, KOTOpbre 5bmll ony5nnKoBaHhI no 1968 rona. 

B CBH3ll C HeynoaneTBOpnTenhHbIM COCTOHHlleM 9KCnepnMeHTanhHblX 

naHHhIX o aenn<InHe a ( E) , oco5eHHO nnH o5nacTn sHeprnii. Heii.TpoHoB 

0,1 t-30 K:ClB, B HaCTOHIUeii: pa5oTe 5binll npeAilPllHHTbI llSMepeHnH a(E) 

JWH Pu -239 B yKaSaHHOll 9HepreTn'IeCKOll, o5nacTn. 

2. 3KcnepnMeHTanbHbill MeTO)l 

A. AnnapaTypa 

11sMepeHnH a (E) = any (E) / a 1 (E) 

MeHll nponeTa Ha nponeTHOM paCCTOHHllll L 

. npOBOAnnncb MeTonoM Bpe-

250 M c paspemeHneM 

"'220 HCeKIM ll "'15 HCeKIM, B Ka'IeCTBe llCTO'IHHKa pe30HaHCHbIX Heii.Tpo

HOB a nepBOM cnyqae ncnonbSOBancH llMilynbCHbill 5hICTpbill peaKTOp 011.Hl1, 

BO BTOpOM - nMnynhCHbill 5bICTpbill peaKTOp c, sneKTJ)OHHbIM llH)KeKTOpOM -
/2/ 

MllKpOTpOHOM 

MeTOAHKa 9KCnepnMeHTa 3aKnIO'Ianacb B cpaBHeHllll C'IeTOB ll0Hll3aUn-

oHHOll nennTenbHOH KaMepbI, COAep)Kameu "TOHKl!e" cnon' Pu-239 , n 5onh-

moro 1KllnKOCTHOI"O CUllHTnnnHUllOHHOI"O neTeKTOpa, perucTpnpy10mero B sa

BllCllMOCTll OT BpeMeHll nponeTa y -ny'Ill U3 "ToncToro" o5pasua Pu-239 ' 

B03HHKa10mue B pesynhTaTe pannaunoHHoro saxBaTa n neneHHH. 

B OilbITe ncnonhSOBanaCb BhlCOK09cjicjieKTllBH8H ll0Hll38Ull0HH8H KaMepa 

/3/ . 239 p . 
neneHne , conep)KamaH 120 Mr u • 3cjicjieKTHBHOCTh perncTpaunu 

• 
co5bITHH neneHnJ B ·KaMepe COCTaBnHna = 70%. 8hICOK8H scjicjieKTllBHOCTb 

perncTpaunn OCKOnKOB neneHUH a npncyTCTBHll 5onbllIOI"O cjioHa a -'IaCTllll 

( 
8 . 

3,2·10 a -qacTnu/ceK) 5hrna nocTnrHyTa 5naronapH SHa'InTenbHOMY yae-

nn'IeHn10 5hICTponeii.cTBHH aomISaunoHHOii KaMepbr, .llnnTenhHOCTb nMnynbCOB 

OT KaMepbr Ha Bhrxone ycunnTenH, onpenenHIOIUaH ypoaeHh cjioHa MHoroKpaT-

4 

HbIX Hano1KeHllll a -qacTnu, coctaa1rnna ;;;; 20 HCeK. 3Ha'InTenbHoe yaenn-

<IeHne 5hICTponeii.cTBHH KaMephr 5hmo nony<IeHo B pesynhTaTe HenocpencT

aeHHoro ncnonbSOBaHllH llMnynhCOB TOKa, B03HHKaIOIUllX B KaMepe, ll nx 

nocneny10mero ycnneHn H ll nncKpllMllHaUllll C IlOMOIUbIO IllllpOKOilonoCHbIX TO

KOBbIX ycTpOii.CTB, 

neTeKTop, ncnonbsoaaamuii.cH nnH perucTpaunn Y -nyqeu saxaaTa n 

neneHllH, npencTaBnHeT cci5oii. 5onbllIOH CUIIHTnnnHUllOHHblll 5aK o5beMOM 

500 nnTpOB, nP.TeKTOp l!MeeT UeHTpanbHbIH KaHan, a KOTOpOM pacnonarancg 

o5paseu B reoMeTpnn, 5nnsKoii. K 4ir , u qepes KoTophrii. npoxonnT ny<IOK 

Heii.TpOHOB, nnH yMeHbllieHllH cjioHa OT pannoaKTllBHOCTll o5pasua n KOCMll

qeCKllX nyqeii. neTeKTOP pasneneH Ha· nae nonOBlllibI, BKnIO'IeHHhie Ha COBna

neHnH. nnH yMeHbllieHUH cjioHa, CBH3aHHOI"O C perncTpauueii. pacceHHHbIX o5-

pa3UOM !IeHTpOHOB, B_ cunHTnnnHTOp BBeneH 5op. CneuuanbHbill OilbIT IlOKa

san, 'ITO acjicjieKTllBHOCTb perncTpaunn Heii.TpOHOB, pacceHHHblX o5pa3UOM, He 

npeabrruaeT 0,3%. 3cjicjieKTHBHhrii. nopor perncTpaunn y -nyqeii. nnH o6enx 

nonoBUH neTeKTOpa COCTaBnHn = 0,8 M9B, flpn 9TOM acjicjieKTllBHOCTb perHCT

f)8llllH saxaaTa cocTaBnHna = 20%. 11cnonbsoaaHne coananeHnii. nMnynbCOB 

OT nayx nonoanH neTeKTopa, KOTopoe Il03BOnnno 3H8'IllTenbHO yMeHbllillTb 

cjioH, npnaonnT K SaMeTHOMY yMeHhllieHHIO acjicjieKTllBHOCTll perncTpaunn co-

5brTnii., conpOB0)Kll8lOIUllXCH ncnyCK8HlleM TOnbKO onHoro y -KBaHTa. HO 3TO 

He BnllHeT cymecTBeHHO Ha 9HepreTn'IecKyIO aaBHCllMOCTb acjicjieKTllBHOCTll 

npn He3Ha<InTenhHhIX nsMeHeHHHX cneKTpa y -ny,rnu pannaunoHHoro saxaa-
/ 4/ • 

Ta 

AnnapaTypHbie cneKTPbI, nony'IeHHbie C KaMepoii. nene!IHH ll• CUHHTnnnH-

·llllOHHblll,1-,neTeKTOPOM nnH nayx pe1KHMOB ll3MepeHHH, npencTaaneHhI Ha pnc. 

1-4~ Ha pncyHKaX TaK1Ke IlOKaSaH ypoBeHb cjioHa, KOTOpbIH onpenenHnCH 9K

cnepnMeHTanbHO C IlOMOIUblO nornoma10mnx pe30HaHCHbIX cjinnbTpOB ( Na-

2,85 KSB, Mn - 0,337 K9B, Co - 0,132 K9B, Ag - 5;2 aB),KOTOphre 

llCKn10qann ll3 IlY'IKa Heii.TpOHbl C naHHOii. 9Heprneu, K CO)KaneHHIO, TaKyIO 
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npouenypy H3MepeHHSI ¢oHa ynanocb H8/l9IBHO npoBeCTH TOnhKO /lO 9HeprHH 

HeiiTpOHOB "' 5 K9B, flpH 6onee Bh!COKHX 9HeprHSIX HeiiTpOHOB yno6Hhle nnn 

H3MepeHHSI ¢oHa ¢HnhTpb! OTCYTCTBYIOT, H 9KCTpanonSIUHSI ¢oHa npOBO/lHnaCh 

C y'leTOM npoBana B cneKTpax npH E O = 35 K9B, CBSI38HHOPO C ¢HnhTpa

UHeii HeiiTpOHOB B anJOMHHH9BhlX 3arnymKaX HeiiTpOHOBO/la: OnHaKO 9Hepre

TH'l9CKOe pa3perneHHe B H8CTom1rnx onh!T8X OKa3anocb, no-BH/lHMOMY I He

/lOCTaTO'IHhlM nnn H8/l9IBHOPO onpeneneHHSI ypOBHSI ¢oHa no pe3oHaHcy 

35 K9B B anJOMHHHH. 

2. 06pa6oTKa 9KCnepHM9HTanhHhlX /l8HHhlX 

1.JHcno OTC'l9TOB KaMephl neneHHSI H /l9T9KTOpa y -ny'leii" B OT/lenbHOM 

BpeMeHHOM KaHane aHanH3aTopa nocne HCKn10'leHHH ¢oHa MOIBHO npencTa

BHTh B BH/l9 

0 

N r "'n r ff 

NY"' ~ny f ny +nr £yr • 

0 

3nech n r , nf - 'lttcno neneHHii B iaMepe u 66pa3ue, n - 'lttcno co6hl-ny 

THH panHaUHOHHOro 38XBaTa HeiiTpOHOB B o6pa3ue, f ,£ ,£ 
f yr ny 

- a¢¢eK-

THBHOCTH perttCTp8UHH C06hlTHH neneHHSI B KaMep·e H C06b!THH aeneHHSI If 

panHauuoHHoro 3axBaTa B o6pa3ue. 

H3 9THX COOTHOlll9HHH MOIBHO rrony'IHTh BenH'IHHY a 

Ny 
a"'Aw;--B 

mo £ f 
rne A = -- --- , B = c yr / c m £ ny 

ny 
( m 0 

H m - KOnH'leCTBO 
239 

Pu 

B o6pa3Ue H KaMepe) - KOHCT8HThl, KOTOpb1e, 0'19BH/lHO, He 38BHCSIT OT 9Hep-

PHH HeiiTpoH.oB, ecnn rrpenrronaraTh, 'ITO f 
ny 

cna6o 'IYBCTBH_TenhHa K 

_6 

B03MOIBHhlM H3MeHeHHSIM cneKTpa }' -ny'leii panHaUHOHHoro 38XBaTa. 

ilnn onpeneneHHSI BenH'IHH A H B 6bmH HCnonb30B8Hhl 3H8'19HHSI. 

a O nnn xopomo pa3pemeHHhlX pe30H8HCOB. KanH6pOBK8 B cepHSIX C ny'l

lllHM pa3pemeHH9M npOH3BO/lHnacb no 12 XOpOlllO pa31:teneHHhlM pe30H8HC8M, 

a B cepHSIX C XY/llllHM pa3pemeHH9M - no 7 pe30H8HC8M, flpH KanH6pOBKe 

Y'IHThJBanach TOnJUHHa o6pa3Ua C noMOIUh!O H3B9CTHhlX napaMeTpOB pe::ioHaH-

/5,6/ 
COB 

KpoMe BenH'IHHhl a 

Ce'leHHSI neneHHSI 
239 Pu 

J B H8CTOSIIU9M 9KCnepHM9HTe 6hrnH nony'leHhl 

llO 9HeprHii HeiiTpOHOB 30 K9B, A6conJOTH8SI Hop-

M0p0BK8 Ce'leHHH neneHHSI np003BO/lHnaCb cornacHO_ BblpaIBeHHIO 

kNr(E)Eq 
ar (E)=-----

~E 
-q 

r.ue ~E - 9HepreTH'l9CK8SI lll11pHHa BpeMeHHOro KaHana, E - OTHOCH-

TenhHhlH XO/l HeiiTpOHHoro noTOKa, H3MepeHHhlli C noMOJUh!O nporropUHOHanh-

Horo C'leT'IHKa c BF3 k - KOHCTaHT~ HOpMHPOBKH C9'19HHSI, onpene-

TT 
nSieMaSI no H3B9CTHhlM 3H8'19HHSIM -- U Or 

2 f 
HeCKOnhKHX II30nttp0B8HHLIX 

pe30H8HCOB, 

B HaCTomueii pa6oTe 6brnH npOB91lCHh! 3 cepHH H3MepeHHH C o6pa3-

. UOM, 1 cepun C K8Mepoii neneHHSI B MHKpOTpOHHOM peIBHMe H no 0/lHOii 

ceptm C KaMepoii H o6pa3UOM B peaKTOpHOM peIBHMe, Beg o6pa6oTK8 9K

cnepHM9HTanbHhlX naHHhlX npott3BO/lHnach Ha 3BM CDC 1604 A . 

3. Pe3ynhT8Thl If o6cyIBgeHHe 

A. C e 'I e Hue ll en e Hu SI, 

HCI10nh30B8Hhl 3H8'19HHSI a
0 
r f 

ilnSI HOpMHpOBKH Ce'!eHHSI neneHHSI 6bmH 

/5,6,7 / T 
• npHB91l9HHhle B pa6oTaX • O'IHOCTh; 

C KOTOpoii H3BeCTeH 9TOT napaMeTp nng HH3KOneIB81UHX pe30H8HCOB, coc

TaBnSieT 2%, HO HeonpeneneHHOCTh B nony'leHHhlX B H8CTOSIIU9M 9KCI1epHMeH-
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E' KSB 

20 - 29,6 

IO,I - 20 

Ta6n11ua 2 

CpeAHHe ce'leHHSI < ar ( E) > Pu -239 , nony'leHHbie 

B cepHSIX H3MepeHHil: C paapemeHHeM _ 15 HCeKIM 

<a /E)> :15%, 

6apH 

2,05 

2,09 

/10/ 
(HaCTo.mnasr pa6oTa) <a (E)> 

f 

6apH 

9,I - IO,I 2,22 

I,57 

I,71 

2,06 

2,25 

2,I4 

2,19 

2,50· 

2,45 

2,95 

3,07 

3,85 

8 - 9,I 2,32 

7 - 8 2,55 

6 - 7 2,I3 

5 .:. 6 2,36 

4 - 5 2,65 

3 - 4 3,65 

2 - 3 3,61 

I - 2 5,56 

0,9 - I I0,93 

0,8 - 0,9 7,03 
0,7 - 0,8 6,57 
0,6 - 0,7 7,34 
0,5 - 0,6 I8,33 
0,4 - 0,5 12,30 
0,3 - 0,4 7,30 
0,2.- 0,3 I7,88 
O,I - 0,2 2I,63 

8 

I 

1'.l 
;~ 

tr 
n 

i 
:J 
I/ 

Te Ce'leHHSIX AeneHHSI o6ycnoBTieHa rnaBHbIM o6pa30M CT8THCTH'leCKOil: 011m6-

Koil:, KOTOpasr COCTaBnSina OT 5% AO 15% B npeAenax HHTepBana ycpeAHeHHSI. 

ITony'le~IHbJe Ce'leHHSI AeneHHSI npHBOASITCSI B Ta6n. 2. Ha6nIOAaeT.CSI corna-,. 
cue B npeAenax omu6oK co cpeAHHMH Ce'leHHSIMH AeneHHSI, peKOMeHAOBaH-

u /10/ 
HbIMH D*eHMCOM H flaTpHKOM , HO BO BCeM SHepreTH'leCKOM HHTepBa-

ne Ce'leHHSI, nony'leHHbie B HaCTOSillieil: pa6oTe, CHCTeMBTH'leCKH Ha 5+-20% 

Bbillie. 

B. Ben H 'I H Ha a ( E) • ITpH HOPMHpOBKe BenH'IHHbI a 6bmH 

HCnOJib30B8HbI 3H8'1eHHSI ao AnSI 12 xopomo paapemeHHbIX peaoHaHCOB, 

/5 6 8/ 
B3SITbJe 113 pa6oT ' ' • ITorpellIHOCTb B BenH'IHHe a o AnSI OTAenbHbIX 

peaoHaHCOB ne:ll{HT B npeAenax OT 10% AO 40%. IToSTOMY AnSI nony'lenHSI 

HOpMHpOBO'IHblX 3Ha'leHHil: A H B MeTOAOM HaHMeHbllIHX KBaApaTOB 6bmH 

ucnonb30B8Hbl BCe H3BeCTHbI.e ll8HHbJe no a O C y'leTOM HX Beca, BenH'IHHa 

KOTOporo npHHHManaCb B CO0TBeTCTBHH c YKaSaHHOil: aBTopaMH OllIH6Koil:. 

Dnsi AeCSITH peaoHaHCOB, ucnonb30B8HHhlX B Kan116poBKe, BenH'IHHa 

a O ne*HT B HHTepBane 0,22-1,66, 3Ta o6nacTb aHa'IeHHil: npeAcTaBnSieT 

Hatt6onblliHil: HHTepec, TaK KaK HMeHHO STOMy HHTepBany npHHaAne:ll{aT a(E) 

AnSI o6naCTH SHepruil: Heil:TpOHOB 1+-30 KSB. OAH8KO ABa peSOHaHCa c 6onb-

moil: BenH'IHHOil: a 0 o6naAaIOT Hau6onblliHM BeCOM B onpeAeJT,eHHH HaKnO-

Ha Kanu6pOBO'IHOil: npSIMOil:. 

K COl!rnneHHIO, HMeHHO An SI STHX pe30HaHCOB BenH'IHHa a O H3BeCT-

Ha HaHMeHee TO'IHO. BenH'IHHa norpewHOCTH B a ( E) , o6ycnoBneHHaSI Ka

n116poBKOil: Ii 11cnonb30B8HHeM ABHHblX Ta6n. 3 H MeTOAa HaHMeHblliHX KBaA

paTOB AnSI BbI'IHCneHHSI Koscti<1mu11eHTOB A H B • yKa3aHa B Ta6n. 4. 

3Ha'IeHHSI a , Hail:AeHHbie B HaCTOSillieil: pa6oTe, npHBeAeHbl B Ta6n •. 

239 21 · 
5. B sKcnep11MeHTax 11cnonbSOBancsr o6paaeu Pu TonnmHoil: 0,7,10 

2 
SIAep/cM • PeaynhTaTbl AnSI MHKpOTPOHHOI"O pe:ll{HMa nony'IeHbI nyTeM ycpeA-

HeHHSI no TpeM cepHSIM H3MepeH11il:, a yKaSaHHbJe OlliH6KH xapaKTep11ay10T 
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0,2 

0,5 
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Ta6muxa 4 

Owu6Ka, CBSI38HH8SI C 

Kanµ6poBKOH 

35% 

14,8% 

·1,4% 

4,9% 

cpe)lHeKB8/lp8Tll"IHbIH paa6poc Jl8HHbIX 9TllX cepuii. Heorrpe)leneHHOCTb B a • 

CBSI38HHaSI co CT8TllCTll"l~CKOH oum:6KOH H3MepeHUH OTHOWeHlrn N y/N! ll 

y"leTOM cpoHa /lllSI K8:1K/lOH cepuu;' COCTaBnSieT 20-50%. 0JCOff'l8TenbHbie /l8H

Hbie /lllSI MHKpOTpOHHoro pelliUMa rrony"!eHbl rryT,eM ycpe/lHeHHSI Ce"!eHHH )le

neHUSI H P8/lll8UllOHHOro aaxBaTa ITO llHTepBanaM 0,1; 1; 20 K9B. nnSI peaK

TOpHoro pe:1KUMa oueHKa TO"IHOCTH peaynbT8TOB __ ll3MepeHuii, OCHOBaHH8SI Ha 

y"leTe CT8TllCTU"leCKHX owu6oK B OTHOWeHUll N / N • CT8TllCTU"leCKllX y ! 

owu6oK orrpe)leneHHSI ypOBHSI cpoHa, owu6oK, CBSI38HHbIX C Kanu6pOBKOH,, 

IlpllBO/lllT K Bellll"IHHe HeOilp0JleneHHOCTll B a , paBHOH !15-20%. 

CpaBaeHue rrony"!eHHb!X peaynbTaTOB C llMe!OlllllMllCSI B Hacromuee Bpe

MSI 9KCrrepuMeHT8llbHb!Mll. /l8HHblMH ( puc. 5) IlOK83b!BaeT YilOBlleTBOpllTellb

/9/ 
Hoe cornacue C peaynbT8T8Mll pa60Tbl fBuHa ll /lp. ' a T8K:1Ke BblXO/lSI-

. / 11 / , 
urne 38 rrpe/lellbl owu6Kll paCX0:1K)leHHSI C peaynbT8T8Mll pa60Tbl B 06-

, /12/ . · 
nacTn aHepruii 2t-5 KaB u pa6orhl B o6nacTu aHepruii 2t- 30 KaB. Cne-

JlyeT orMeTHTb xopowee cornacue BO Bceii o6nacTu aHepruii c rrocne/lHHMll 

/14/ 
ll3MepeHUSIMll, Bb!IlOnHeHHb!Mll B Dy6He rrpu paapeweHllll 60 HCeKIM • 

BMeCTe C TeM MOlliHO OTMeTUTb, "ITO B TeX CllY;"18SIX, KOr)la aHepreTU"leC

KOe paapeweHue crreKTpoMerpoB OK83b!B8eTCSI /lOCTa TO"IHO Bb!COKHM .( 06-

naCTb aHepruii HU:1Ke 1 KaB). /l8HHbie paanu"IHbIX pa6oT O CTPYKType Benu

"lllHbl a ( E) . , orrpe/lellSieMOH !plllOKTyaUHSIMll )lellUTenbHbIX nm:pHH 1 XOpOIIIO 

cornacy10TCSI_. 

11 



Ta6mma 5 

YcpeAHeHaan aemPrnHa <a> Ann 239 Pu 

nony~eaaan a cepunx H3Mepeautt c pasperneaneM 15 aceKIM 

(1) H 220 HCeKIM (2) 

HaTepaan ycpeAHeHHSI, 

E, K9B 
<a> (1) <a> (2) 

ro,r - 2s:,s 0,48,±0,IU 0,36,±0,08 
9,I - IO,I 0,43,±0,06 0,46,±0,09 
8 - 9,I 0,49,±0,06 0,43,±0,08 
7 - 8 0,46,±0,07 0,L~4,±0,08 

6 - '7 0,97,±0,08 0,59,±0,IO ., 

5 - 6 0,90,±0,05 0,65,±0,09 
4 - 5 0,95,±0,08 O,?I,±0,08 
3 - 4 0,67,±0,08 O, 77,±0,II 
2 - 3 0,89±0,14 0,83.±0,14 
l - 2 0,65,±0,14 0,78,±0,B 

0,9 - I 0,48.±0,ll 0,65,±0,IS 
0,8 - 0,9 0,68±0,14 0,63,±0,i4 
0,7 -.0,9 I,03,±0,07 0,70,±0,I6 
0,6 - 0,7 0, 75,±0, I3 0,92.±0,21 
0,6 - 0,6 0,68,±0,IO o, 70.± 0,10 
-0,4 - 0,5 0, iJS,±0, 16 0,60,±0,12 
G,3 - 0,4 I,71,±0,28 0,82,±0,23 
o,~ - 0,3 I,3I,:t0,23 O, 72,±0,lG 
O,I - 0,2 0, ?I.±0,07 0,73,±0,05 

12 

3Ha'lHTem,Hoe pacxo:arnHHe pe3ynbT8TOB ll3MepeHIIll Bellll'lllHbl a ( E). . 
nony'leHHbIX B .pa3Hb!X na6opaTopnsix, B Jlll8Il83OHe 3Hep~nfi HefiTpOHOB 

1 f- 30 K9B, BllJlllMO, Hellb3SI . o6'bSICHHTb TOllbKO HeJlOCTa TO'lHOll TO'lHOCTb!O 

3Ha'leHnfi pe3OH8HCHbIX napaMaTpOB, KOTOpbie Bb16npa!OTCSI JlllSI Kanu6pOB.KH. 

BepOSITHOll Ilpll'lllHOll 9TllX paCXO>KJleHnfi, CKOpee scero, SIBnSieTCSI HeaJleK

BaTHOCTb npoueJlypbl H3MepeHHSI ypOBHSI <pOHa MeTOJlOM pe3OH8HCHbIX <pllllbT-

pOB, 3To oco6eHHO OTHOCHTCSI K 9KCilepHM0HT8M Ha nnHellHbIX ycKopnTe-

nsix, rJle ncnonb3yIOTCSI 11e6onhIIIne rrponeTHhie 6a3bI (25- 35 M), TaK KaK 

n~peMeHHaSI COCTasnsiIOIII8SI <pOHa, CBSI38HH8SI C HefiTpOHaMn, pacceSIHHbIMll. 

B ll3MepnTenbHOe IlOMeIIIeHne, npn BpeMeHaX nponeTa MeHbIIIe 200 MKCeK . 

MO)KeT OK838TbCSI 3H8'lllTenbHOll, TiosToMy JlllSI nonyqeHHSI 6onee H8Jle>KHblX 

Jl8HHhIX no BenH'lllHe a B Jlll8Il83OHe 9Heprnfi HefiTpOHOB 1-30 K9B K8)KeT-

csi 6onee uenecoo6pa3HhIM npnMeHeHne cneKTpoMeTpoB c 6onbIIIHMll nponeT

H.hIMll 6a38MH, TiepcneKTHB_HhIM T8K)Ke MO)KeT OK838TbCSI pacnpOCTpaHeHHe 

B o6naCTb 6onee HH3KHX 9Heprufi HefiTpOHOB 9KCnepHMeHTOB Ha HMnynbCHbIX 

ycKopnTensix BaH-Jle-fpaaqia nyTeM llCilOllb30B8HllSI B Ka'leCTBe HCTO'lHHKa 
7 

HefiTpOHOB peaKUllH Li ( p ' n ) 
7 

Be IlOJl 6onbIIIllMll yr-naMn nmI (p,n )-

peaKUllll ua TmKenhIX Mpax ( V, Se). 

B 38KllIO'leHne aBTOpbl Bbipa)KaIOT rny6oKyIO npH3HaTenbHOCTb A.11. flefi

nyHCKOMY I <P.n. lliannpo, n.H. Yca'!eBy 38 IlOCTOSIHHblll llHTepec K pa6oTe, 

Jl,E. TiuKenbHepy 38 npei:wcTasneHHYJO BO3MO)KHOCTb npoBeJleHll.lI H3MepeHHll 

Ha CUllHTnnnSIUHOHHOM (n, y) -JleTeKTope, Jl.H, Ce):\ll8KOBOll, u. TiaHTeneeBy 1 

IO, KonrnHy 3a noMOlllb npn o6pa6oTKe pe3ynbT8TOB Ha 3BM n H3MepeHH.IIX, 
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Puc, 5, PeayllbTaTbl H3MepeHHil: B81IH'IHHhl a B HHTepBalle 0,1-100 
220 HCeK/M, 

K9B. 
- •- - HaCTOSIIJlaSI pa6oTa, 

- •21 - HaCTOSIIJlaSI pa6oTa, 
0,7•10 SIJ:1ep/cM2 ), 

181 - pa6oTa 191, 
--A-- - pa6oTa / l l /. 

paapeweaHe 
paapeweHHe 15 aceKIM (o6paaeu 

--¢-·- pa6oTa 1121 (npHBOJ:IHTCSI cpeJ:IHHU: pe3YIIbTaT no HeCKOIIbKHM 
cepHS!M H3MepeHHU:), 

_ - - - - pa6oTa /13/., 
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