
1<-63( 

OB'bE,nHHEHHYR HHCTHTYT H.nEPHYX HCCJIE,nOBAHHR 

13 - 10188 

M.M.KoMoqKoB, B.8.MaHbKO, M.H.CaJiaQKaH, B .C.Cbiqea 

3KCllEPHMEHTARbHOE OllPE~EREHHE 

llROTHOCTH PA3Pbl808 8 TPEKAX, 

OBPA308AHHbiX 8 H~EPHOJ1 3MYRbCJ1H THnA "K" 

llPOTOHAMH C 3HEPr.HEt1 ~0 200 M38 

.lly6aa 1976 



13 - 10188 

M.M.KoMoqKoB, B.8.MaHhKO, M.11.CaJia~Ka.H, B.C.Ch1qea 

3KCllEP11MEHTARbHOE OllPE~EREH11E 

llROTHOCT11 PA3PM808 8 TPEKAX, 

OBPA308AHHMX 8 H~EPHOft 3MYRbC1111 T11llA "K" 

llPOTOHAM11 C 3HEPr11Eft ~0 200 M38 



KoMo'lKOB M.M. f! 11p. 13 . 10188 

3KCllBpf!MBHTBllbHOB OllpBilBllBHHB UllOTHOCTf! pa3phlBOB 

B TpBKBX 1 o6pa30B8HHhlX B HI1BpHOA 3MYllbCHf! Tf!lla ''K '' 
nporoHaMH c 3HepraeA 110 200 MsB 

npHBBI1BHhl pB3YllbT8Thl HCCllBI10BBHHH llllOTHOCTH p83phlBOB B TpeKaX
1 

o6paaoBaHHLIX npoToHaMf! c 3HepraeA 110 200 MsB B HnepHoii sMynbCI!f! 

THna~KN.npe11nomeHo aHanf!Tf!'lecKoe onHcaHHe no.1y'leHHbiX 118HHbiX, C11enau 

llp8KTII'lBCKHA BbiBOil 0 B03MOJKHOCTH BH3YBllbHOro p8311CliBHIHI TpBKOB 

llpOTOHOB Ha 2 rpyllllbl ( C 3HeprHeA HHJKe 50 1\\38 f! Bbilile 3TOii rpaHH Ubi), 

'ITO MOlKBT 6biTb HCllOllb30B8HO llpl! f!HTepnpeTaUf!H I18HHLIX IIHI1f!Bili1YB11b

HOro KOHTpOllH l103bl HeHTpOHOB, llOJIY'lBBMbiX C llOMOillbiO rpOT03MYllbCHOHI!Oro 

T\teTona. 

Pa6ora BLJIIOJIHeHa B Ornene pal1f!BUHOHHOI! 6eaonacHOCTI! OllfHl. 

Coo6meHHe 06beAHHeHHoro HHCTHTyTa .HAepHbiX HCCJieAOBaHH" 

,ay6Ha 1976 

C) 1976 06-.eOuHeHHWU UHC•u•y• JIOepHI>IX UCCAe006aHuu)ly6Ha 

·~ 

B npainaqecKoii ,no3HMeTpaa wapoKo npaMeHJieTcJI Me
TO,!J;HKa HH,!J;HBH,nyanLHOrO 4JoTorpa4JaqeCKOrO KOHTpOnJI,!J;03LI 
HeHTpOHOB /H.<I»KH/, OCHOBaHHaJI Ha HCDOnL30BaHHH JI,nepHbiX 
3MynLcaii Tana "K. "1Y Pa3pa6oTaHHaJI nepBoHaqanLHO npa
MeHHTenLHO K nonJIM HeHTpOHOB Ha JI,nepHbiX peaKTOpax / 2 / , 

3Ta MeTo,naKa 6wna 3aTeM'acnonL30BaHa a ,nnJI KOHTponJI 
,no3LI HeiiTpOHOB Ha ycKopaTenJix /l,3 •4 •5/. B nonJix pac
ceJIHHLIX H3nyqeHHH OT YCKOpHTene:ii, r,ne 3HepreTaqecKHH 
HeHTpOHHbiH cneKTp npe,ncTaBneH B OCHOBHOM rpynno:ii 
HeiiTpoHoB c 3Hepraeii HH)I(e 20 M3BI6-~I acnonL3oBaHae 
MeTo,na H.<I»KH anonHe o6ocHoBaHo /3/ /npe.nnonaraeTCJI, 
qTo KanH6pOBKa ,!J;03HMeTpOB npOH3BO,!J;HTCJI Ha HCTOqHHKaX 
6blcTpblx HeiiTpoHoB/. B TO )l(e apeMJI, ecna paccMoTpeTL 
none H3nyqeHHH 3a cnnoWHOH 3a~TOH YCKOpHTene:ii npo
TOHOB Ha 3HeprHH BLIWe 100 M3B, TO CTaHeT oqeBH,!J;HbiM, 
qTo OCHOBHOH BKna,n B CyMMapHLIH 3KBHBaneHT ,!J;03LI ,naJOT 
HeiiTpOHLI c 3Hepraeii Bblwe 20 M3BI9-1 V, qTo oco6eHHO 
cymecTBeHHO B TaKOM none H3nyqeHHH npacyTCTBYIOT 
npoTOHbl / 9,li/, KOTOpble MOryT perHCTpHpOBaTLCJI ,!J;03H
MeTpOM H.<I»KH c BLICOKoii 3!WleKTHBHocTLJO. IIocKonLKY 
B nHTepaType OTCYTCTBYIOT 3KCnepHMeHTanLHble ,naHHble 
0 CeHCHTOMeTpHqecKHX CBOHCTBaX 3MynLCHH THna ... 1( " no 
OTHOWeHHIO K npoTOHaM C 3Heprae:ii B ,neCJITKH H COTHH 
M3B, B03HHKna aeo6XO,!J;HMOCTL BOCnonHHTL COOTBeTCTByro
mHH npo6en. 

06nyqeaae 3MynLCHH 6blnO BbiDOnHeHO Ha Me,IJ;HUHHCKOM 
npoTOHHOM nyqKe Jia6opaTopaa JI,nepHLIX npo6neM OH.JIH./ 13~ 
3aeprHJI npoTOHOB cocTaBnJina /191±10/ M3B. ~nJI npo
ae,neHHJI 3KCnepaMeHTa 6blnH Bb16paHbl 3MynLCHH THna ""K., 
TOnmBHOH 400 MKM. 83 cnoeB 3MynLCHH pa3MepOM 25x 
X 100 MM Ha6apanaCL CTOnKa BbiCOTOH 25 MM. TaKHM 
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o6pa30M nonyqancH 3KcnepHMeHTanbHbiH 6noK 3MynbCHH 

,D,nHHOH 100 MM no ny'IKY npOTOHOB H nonepe'IHbiM ceqe

HHeM 25x25 MM. llpOCMOTp o6pa60TaHHblX 3MynbCHH npo

H3BO,D,HnCH Ha MHKpocKone MEI1-3. Onpe.n.enHnH nnoTHOCTb 

pa3pblBOB B TpeKaX KaK <iJYHKI.J,HIO 3HeprHH npOTOHOB, KOTO

paH HaXO,D,HnaCb C nOMOll.J,biO Ta6nH'IHble ,D,aHHblX 0 COOTHO

IlleHHH npo6er- 3HeprHH ,D,nH H,D,epHbiX 3MynbCHH/l4, 

PeJynbTaThl H3MepeHHH npe.n.cTaaneHw Ha puc. 1. llo

nyqeHHbie ,D,aHHble MO:lKHO npOKOMMeHTHpOBaTb cne,D,yiOll.J,HM 

o6pa30M. llpH OTHOCHTenbHO BbiCOKHX 3HeprHHX npOTOHOB 

/l00-'-200/ M:JB cpe.n.Hee paccTOHHHe Me:lK.D.Y coce.n.HHMH 

npoHaneHHbiMH 3epHaMH MHoro 6onhme ux reoMeTpH'IecKoro 

pa3Mepa, H B 3TOM cnyqae 'IHCnO pa3pbiBOB O'leHb 6nH3KO 

K 'IHCny 3epeH, TaK KaK BepOHTHOCTb npOHBneHHH .D.BYX CO

Ce,D,HHX 3epeH HeBenHKa. Hao6opOT, npH OTHOCHTenbHO 

Ma.ri:biX 3HeprHHX /HH:lKe 30 M:JB/ acne.n.cTaue 6onbmo:H 

nnOTHOCTH HOHH3al.J,HH 6onee BepOHTHO o6pa30BaHHe crycT

KOB H 'IHCnO pa3phlBOB CTaHOBHTCH Cyll.J,eCTBeHHO MeHbille 

qucna JepeH. B npoMe:lKyTo'IHOH o6nacTH 3Hepru:H /40-'-

760/ M:JB Ha6niO.n.aeTCH Hau6onbmaH nnoTHOCTb pa3pbiBOB 

H ,D,OnH ,D,nHHbl TpeKa, 3aHHMaeMbie pa3pbiBaMH H npOHB

neHHblMH 3epHaMH, npu6nH3HTenbHO O,D,HHaKOBbl. llpH MeHb-
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JlWWUHQJi n/IOmHOCJilb pa3pb!606 6 mpeT<QX, o6pa306QHHbZX 
6 :JMY/IbCURX K-400 npomoHaMu pa3/IU'lHoii :JHepzuu E : 
motJT<U - pe3y/lbmambz :JT<cnepuMeHma; T<pU6bZe - pac'lem 
cozAacHo 6blpaJKeHURM /4/ u /6/ /6epxHRR- D =0,45 MT<M, 
HUJfCHJIJi - 0 = 0, 50 M T<M/. 
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IllHX 3HeprHHX 6onbillaH ,D,OnH ,D,nHHbl npHXO,D,HTCH Ha npo

HBneHHble 3epHa /B OCHOBHOM B BH,D,e cryCTKOB/, a npH 

6onbillHX - Ha pa3pb1Bhl Me:>K,D,y npOHBneHHblMH 3epHaMH. 

B CBH3H C H3nO:>KeHHblM MO:>KHO C,D,enaTb none3HbiH 

npaKTH'IeCKHH BhlBO,D, 0 B03MO:lKHOCTH BH3yanbHOrO onpe

.n.eneHHH 3HepreTH'IeCKOH rpynnhl cneKTpa npOTOHOB, K KO

TOpOH npHHa.n.ne:lKHT .n.aHHbiH TpeK. YcnoBHO cneKTP MO:lKHO 

pa36HTb Ha .n.ae rpynnbi: HH:lKe H Bbiille 50 M:JB j"qepHbie" 

H "cepbie" TpeKH/. 

llony'leHHble 3KCnepHMeHTanbHbie ,D,aHHble no nnOTHOCTH 

pa3phlBOB B TpeKaX nO,D,,D,aiOTCH npH6nH:lKeHHOMy aHanHTH

'IeCKOMY OnHCaHHIO. llpe.n.nonO:lKHM, 'ITO TpeK npe,D,CTaBnHeT 

co6o:H o6pa3oBaHHe H3 npoHBneHHbiX JepeH, HMeiOLI.J,Hx .n.ua

MeTp D, npH'IeM MaKCHManbHoe qucno npoHaneHHbiX 3epeH 

Ha e,D,HHHUY .n.nHHbi ecTb 1/0 . llyCTb ( dN I dR) - cpe.n.Hee 

qucno npoHaneHHbiX JepeH Ha e,D,HHHUY .n.nHHbi TpeKa. Tor.n.a 

cpe,D,Hee 'IHCnO pa3pblBOB Ha e,D,HHHI.J,Y ,D,nHHbl 6y,D,eT HH:>Ke 

( dN I dR) acne.n.cTBHe Toro, 'ITO B03MO:lKHO npoHaneHHe 

HeCKOnbKHX 3epeH no,D,pH,D,, 6e3 o6pa30BaHHH pa3pbiBa /He

npOHBneHHOrO 3epHa HnH HeCKOnbKHX 3epeH/. 0603Ha'IHM 

(u= D(dNidR) .n.on10 .n.nHHbi TpeKa, 3aHHMaeMyiO JepHaMH. 

Tor.n.a (1-w) - .n.onH .n.nHHbi TpeKa, JaHHMaeMaH pa3pbiBaMH. 

)l.nH TOrO, 'IT06bl Bbl'IHCnHTb 'IHCnO pa3pbiBOB Ha e,D,HHHI.J,y 

,D,nHHbl TpeKa, He06XO,D,HMO y'leCTb 3<iJ<iJeKT npOHBneHHH 

rpynnhi JepeH /o6pa3oBaHHe crycTKa/. llocKonbKY ul o6oJ

Ha'laeT <iJaKTH'IeCKH aepOHTHOCTb ,D,aHHOMY MOHOKpHCTanny 

npoHBHTbCH c o6pa3oaaHHeM 3epHa .n.uaMeTpOM D, TO ae

poHTHOCTb nocne.n.oaarenbHoro npoHaneHHH n 3epeH ecTb 

w~OTCIO,D,a nonyqaeM cpe.n.Hee 'IHcno pa3phlBOB /crycTKoa/ 

Ha e,D,HHHI.J,y ,D,nHHhl TpeKa: 

d~ = dN ( ~ w n 1 £ nw ") = ~!-w) = dN (1-D dN ). /2/ 
dR dR n"'I n=l D dR dR 

B pa6ore /15/ .n.nH cpe.n.He:H nnoTHOCTH o6pa3oBaHHH 3epeH 

B H,D,epHbiX 3MynbCHHX nonyqeHo cne.n.yiOll.J,ee Bbipa:lKeHHe: 

dN = b [1-exp(-f( dE))] 
dR dR ' 

/3/ 

r,D,e b - MaKCHManbHOe 'IHCnO npOHBneHHhlX 3epeH, KOTOpoe 
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ei.Qe MO>KeT 6LITb OllTH'IeCKH pa3peweHO Ha e,l.I,HHHUe ,l.I,JIHHLI; 

dE/dR - JIHHeHHble noTepH :meprHH 3apJI>KeHHOH 'laCTHUbi. 

B uawux o6o3Ha'leHHJIX b =liD, no3TOMY .U.JIJI nnoTHOCTH 

pa3pbiBOB nonyqaeM: 

dNp 1 dE dE -- =-[1-exp(-f(-)))exp(-f(--)). 
dR D dR dR /4/ 

B pa6oTe 
1151 

cornacuo nony'leHHbiM 3KcnepHMeHTanb

HbiM ,l.l,aHHbiM 6biJIO HaH,l.l,eHO, 'ITO $yHKUHJI f(dE/dR)y,l.I,OBJieT

BOpHTeJibHO OUHCbiBaeTCJI CJie,l.l,yiOI.QHM Bblpa>KeHHeM: 

f( dE) .,.!Lfn(_l dE) 
dR b a ifR' 

/5/ 

r.u.e napaMeTpbl k , b H a no.u.6upaJOTCJJ ucxo.u.JI H3 pe-

3YJibTaTo:B 3KCnepHMeHTa. 

Auanu3 3KcnepHMeHTaJibHbiX .u.aHHbiX, npe,l.l,cTaaneHHLIX 

ua puc. 1, noKaJan, 'ITO .U.JIJI ax onucaHHJI cornacuo Bbl

pa>KeHHJO /4/ npe,l.I,UO'ITHTeJibHee HCllOJib30BaHHe $yHKUHH 

f(dE/dR) B BH,l.l,e 

f (dE) =A( dE -of /6/ 
dR dR 

Ha OCHOBaHHH pe3yJibTaTOB npOCMOTpa 6b1JIO YCTa

HOBJieHO, 'ITO ,l.I,JIJI HCCJie,l.I,OBaHHOH 3MYJibCHH K- 400 napaMeT

pbl B $opMynax /4/ H /6/ HMeJOT cne.u.yroii(He 3Ha'leHHJI: 

D = /0,45-:-0,50/ MKM; A = 0,41; f3 = 0,69; 0 = 
=0,91 K3B/MKM, npH 3TOM npe.u.nonaraeTCJI, 'ITO (dNp/ dR ) 

HMeeT pa3MepHOCTb pa3pb16/MKM, a dE/ dR - K3B/MKM. 
PeJyJILTaTbl pac'leTa npe.u.cTaaneHbl ua puc. 1. 3aMeTHM, 

'ITO ecJIH annpOKCHMHpOBaTb $yHKUHIO f( dE/ dR) Bblpa>Ke

HHeM /5/, To nonyqaJOTCJI cne.u.yJOI.QHe 3Ha'leHHJI napaMeT-

pOB: b = 2 3€pHa/MKM; k = 0,76 3€pHa/MKM; a 

0,78 K3B/MKM. Hccne.u.oaaHHaJI 3MYJibCHJI K-400 no 

CBOHM CeHCHTOMeTpH'IeCKHM xapaKTepHCTHKaM HaXO,l.I,HTCJI 

Me>K.IJ.y 3MYJibCHJIMH II -P1- H II -9.,, .U.JIJI KOTOpblx B pa6o

Te /15/ UOJiy'leHbl COOTBeTCTBeHHO 3Ha'leHHJI napaMeTpOB: 

b = 3,2 H 2,5; k = 0,70 H 0,95; a = 0,2 H 2,0. 
B pa6on~/IS/aao.u.HTCJI onpe.u.eneHue 'IYBCTBHTeJibHOCTH 

3MYJibCHH KaK $yHKUHH MHHHMaJibHbiX JIHHeHHLIX UOTepb 

3HeprHH u~E I LlR )OJ in ' npH KOTOPbiX C03,l.l,aeTCJI cne.u., pa3-

JIH'IHMbiH Ha $oHe BYaJIH, T .e. UJIOTHOCTb 3epeH B CJie,l.l,e 
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llO,l.l,l.J:HHJJ:eTCJJ: CJie,l.l,yiOI.QeMy HepaaeHCTBy: flN/ flR ~ 0,08yN cp , 

LlN 
--- - llJIOTHOCTb 3epeH B TpeKe B e,l.I,HHHUaX 'IUCAO 
LlR 

r.u.e 

3epeH/MuKpoH, N¢ - 'IHcno Jepeu I!JoHa a 1000 MKM
3 

3MYJibCHH. Cornacuo .u.aHHbiM 116/ co.u.ep>Kauue JepeH I!Joua 

a 3MYJibCHH Tuna "K " cocTaBnJJ:eT N ¢ = 3. Ilo3TOMY 

'IYBCTBHTeJihHOCTh H~CJie,l.I,OBaHHOH 3MYJibCHH COCTaBJIJJ:eT, 

no-BH,l.I,HMOMy, -1 K3B/MKM, 'ITO COOTBeTCTByeT 3HeprHH 

npoToHoB 250 M3B. 

ABTOphi Bhipa)l(aiOT rny6oKyiO 6naro.u.apHOCTh O.B.Caa

l.J:eHKO H r .Il.PeweTHHKOBY 3a npe,l.I,OCTaBJieHHe B03MO)I(HO

CTH npoBeCTH 06Jiyl.J:eHHe 3MYJihCHH Ha ny'IKe npOTOHOB, 

B.M.Cu.u.opoay - Ja PJJ:.U. none3HhiX JaMel.J:auuB:. 
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