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0611lA~ XAPAKTEPHCTHKA PA60T~ 

B CfJH3HKe BLICOKHX 3HeprH8 H peJISlTHBHCTK08 SI.nepHo8 CfJH3HKe 

eCTb pSI.ll 3KCnepHMeHTaJibHLIX 3a,naq, KOTOpLte Tpe6y10T npHMeHeHHSI 

O'leHb TOHKHX MHWeHe8. 3TO 3KcnepHMeHTLI, r.ne perHCTPHPYIOTCSI Me.n

JieHHLte qacTHULI, HJIH Heo6xo.nHMLI npeUH3HOHHLte H3MepeHHSI napaMeTpOB 

pacceSIHHSI, K HHM OTHOCSITCSI, HanpHMep, 3KCnepHMeHTLI no ynpyroMy 

npoTOH - SI.nepHOMY pacceSIHHIO Ha MaJiue yrJILI, r.ne perHCTpHpyIOTCSI 

SI.Upa OT.Ua'lH, Ha'lHHaSI C 3HeprHH 300 K3B/HYKJIOH, 3KcnepHMeHTLI no 

.nncppaKUHOHHOH .UHCCOUHaUHH npH MaJILtX nepe,naqax HMnyJibCa H 3KCne

pHMeHTLI no H3y'leHHIO cpparMeHTaUHH SI.Uep MHWeHH, B KOTOPLIX perHCT

pHpyIOTCSI SI.Upa C 3Heprne8 HHme 1 M3B/HYKJIOH. 

06ecne'lHTb .UJISI TaKHX 3KcnepHMeHTOB BLICOKYIO CKOpOCTb ua6opa 

CTaTHCTHKH MOmHO TOJibKO 3a C'leT yBeJIH'leHHSI HHTeHCHBHOCTH na.na10-

mero Ha lfHWeHb nyqKa. ECJIH MHWeHb HaXO.UHTCSI BHYTPH KaMepLt YCKO

pHTeJISI Ha op6HTe ny'lKa, TO yBeJIH'leHHSI cBeTHMOCTH Ha i-leCKOJibKO 

nopSI.UKOB MOmHO .UOCTH'lb 3a C'ieT MHOr'OKpaTHOr'O npoxom.neHHSI qepe3 

Hee UHPKYJIHPYIOIUHX qacTHU, IlpH 3TOM MHWeHb .UOJI~Ha 6LtTb HaCTOJibKO 

TOHKo8, 'lTo6u npowe.nwaSI 'lepe3 Hee 6e3 SI.nepuoro B3aHMo.ne8cTBHSI 

'laCTHUa He BL16L1BaJia H3 UHPKYJIHpy10mero nyqKa. 

HaCTOSIClaSI .nnccepTaUHSI SIBJISieTCSI o6o6meHHeM .naa.nuaTHJieTHero 

onuTa aBTOpa no npoBe.neHHIO 3KCnepHMeHTOB Ha ycKOpHTeJISIX C noMO

(UblO MeTo.na TOHKOR BHyrpeHHe! MHmeHH, 

B .nnccepTaUHIO BOWJIH onncaHHH 3KCnepHMeHTOB no HCCJie.noBaHHIO 

.nncppaKUHOHH08 .UHCCOUHaUHH npoTOHOB npH BLICOKHX 3HeprHSIX, 3KCne

pHMeHTOB no H3y'leHHD cpparMeHTaUHH H.nep, no noHCKY aHOManoHOB H 

cpparMeHTOB C .npo6HLIM 3apH.UOM, no noHCKY Y3KHX .UHnpOTOHHLIX COCTO

SIHHH H 3KcnepHMeHTOB no H3y'leHHIO noJISipH3aUHOHHLIX 3cpcpeKTOB B Ky

MYJIHTHBHLIX npoueccax npH npoMe•yTO'lHLIX 3HeprHSIX. 3TH 3KcnepHMeH

TLI BLlnOJIHeHLt Ha CHHXpocpa30TpoHe na6opaTOpHH BLICOKHX 3HeprHH OHHH 

H Ha ycKOpHTeJie na6opaTOpHH HM.~epMH B 1975 - 1990 rr. OHH c.ne

JiaHLI C nOMOIUblO e.nHHOA MeTO.UHKH TOHKOR BHyTpeHHeR MHmeHH, 3CflefleK

THBHO HCnOJib3YDT ee npeHMymecTBa, '{TOH HBJIHeTCSI OCHOBaHHeM .UJISI 

HX o6~e.UHHeHHH B .naHHOH pa6oTe. 

AKTfaJihHOCTL pa6oTw. MeTO.UHKa TOHKHX BHyTpeHHHX MHWeHeH 

OKa3aJiaCb O'leHb nJIO.UOTBOpHOH H npO'lHO BOWJia B apceHaJI 3KCnepH-
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MeHTanbHUX cpenCTB ¢H3HKH. HHTepec K HeH npononmaeT ycHnHBaTbCH. 
3TO CBH3aHo B qacTHOCTH C TeM, 'ITO 3KcnepHMeHTll Ha BHyTpeHHHX 
MHWeHHX MO~HO nenaTb Ha ycKOpHTenHX - HaKOnHTenHX onHoBpeMeHHO C 
3KCnepHMeHTaMH Ha BCTpetIHUX nyt1Kax. HCKYCCTBO CO3naHHH pa3H006-
pa3HUX BHyTpeHHHX MHWeHeH HenpepUBHO COBepweHCTByeTCH. Mer.cnyHa
ponHue pa6ot1He COBemaHHH.no MeTonHKe npHMeHeHHH TOHKHX BHyTpeH
HHX MHWeHeH co6HpaDTCH e~eronHo. 

.llH¢paKUHOHHaH nHCCOUHaUHH npOTOHOB HBnHeTCH onHHM H3 HaH60-
nee BamHUX KaHanoB pp pacceHHHH npH BUCOKHX 3HeprHHX, BKnan KO
Toporo B nonHoe cetieHHe not1TH paBeH BKnany ynpyroro pacceHHHH. 

H3MepeHHH npH Manux ltl H 6onbWHX s npoaepHDT HanHtIHe MHHHMyMa 

nH¢¢epeHuHanbHUX cet1eHHH nH¢paKUHOHHOH nHccouHaUHH npH It I ➔O, 
npencKa3UBaBwerocH MonenHMH, B KOTopux nonnue cet1eHHH B acHMnTo
THKe nocTOHHHU. H3yqe11He TOHKOH CTPYKTypu B o6nacTH Manux Mace 
Bamno nnH noHHMaHHH npHponu nonDca IlOMepa11t1yKa. MHWeHb C nyneBUM 
H3OTOnH'leCKHM cnHHOM nO3BOnHeT nyqwe aunenHTb nH¢paKUHOHHUH Ka
nan. CpaBHHBaH 3KCnepHMeHTanbHUe naHHUe nnH pacceHHHH Ha Hnpe C 
pactieTaMH no MonenH rnay6epa, Momno onpenenHTb npo¢HnHpyDmyD 

¢YHKUHD HyKnOH-HyKnOHHOH nH¢paKUHOHHOH nHCCOUHaUHH. 
KoHetIHaH uenb HccnenoaaHHH no ¢parMeHTaUHH anep - nonyt1HTb 

ypaaHenHe cocTOHHHH anepnoH MaTepHH. .name car,me THmenue Hnpa 
npencTaBnHDT ot1eHb ManeHbKHH crycToK anepnoro aemecTBa. HymHo 
HCKaTb KonneKTHBHue a¢¢eKTU, aunenHTb cHrHanu cmaTHH H Tennoaoro 

B036ylK;leHHH Hnepnoro BemecTBa. Heo6xonHMO HaytIHTbCH OTnenHTb ?¢
¢eKTU KOHetIHoro pa3Mepa anpa OT 3qi¢eKTOB, KOTOpue MOmHO 3KCTpa

nonHpOBaTb K 6eCKOHe'IHOMY anepHOMY BemecTBy. 
npouecc HcnycKaHHH nerKHX ¢parMeHTOB HBnHeTCH noMHHHPYDlllHM 

B o6naCTH 3HeprHH CTanKHBaDmHXCH anep OT necHTKOB M3B no ynbTpa
penHTHBHCTKHX 3HeprHH. IlO3TOMY O'leHb BamHO H3Y'IHTb ero KaK MOmHO 
6onee nonno. 

B nocnennHe ronu B anepHOM BemecTBe HHTeHCHBHO HlllYTCH KpH
TH'leCKHe HBnenHH THna ¢a3oaoro nepexona "ra3 - mHnKoCTb". MnorHe 
MonenH npencKa3uBaDT npH nanH'IHH ¢a3oBoro nepexona H3MeHeHHe 
pacnpenenenHH auxona ¢parMeHTOB npoMemyTot111ux Mace. 

IlOHCK HOBUX H3OTOnOB - onna H3 OCHOBHUX 3anaq anepHOH ¢H3H
KH. H3OTon 10He, ecnH 6u 6un o6Hapymen, HBnHnCH 6u caMUM HeHTpO
HOH36UTO'IHUM H3OTOnOM H3 H3BeCTHUX Ha ceronHHWHHH neHb. 

IlOHCK HnepHUX ¢parMeHTOB C aHOManbHO 6onbWHM cetieHHeM B3a-
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HMoneHCTBHH B BemecTBe HHTepeceH HX Heo6U'IHOCTbD. B HaH6onee 
cMenux MonenHx nonycKaeTcH, 'ITO aHoManoH MOReT conepmaTb cao6on
HUH KBapK. IlO3TOMY BamHO TO'IHOe H3MepeHHe 3apHna KaHnHnaTOB B 
aHOManOHU. 

HHTeHCHBHO BeneTCH noHCK Y3KHX nH6apHOHHUX COCTOHHHH, KOTO
pue MornH 6u OKa3aTbCH npHHUHnHanbHO HOBUMH o6oeKTaMH, OTnH'IHUMH 
OT o6U'IHUX HyKnOHRUX H nHOH-HyKnOHHUX pe3OHaHCOB. 

HccnenoBaHHe nonHpH3aUHOHHUX 3qi¢eKTOB npH o6pa3oBaHHH KYMY
nHTHBHUX npoTOHO~ npH npoMemyTO'IHUX 3HeprHHX naeT MaTepHan nnH 
auneneHHH BKnana pa3nH'IHUX MexaHH3MOB HX o6pa30BaHHH, BUHCHeHHe 
ponH pacceHHHH HyKnOHOB Ha KOppenHpOBaHHUX KnacTepax H ponH 
KpaTHUX CTOnKHOBeHHH. 

Uenb pa60TY: Co3naTb 3KCnepHMeHTanbHUe ycTaHOBKH nnH npoae

neHHH HccnenoBaHHH Hnpo-HnepHUX B3aHMoneHCTBHH MeTonoM TOHKOH 
BHyTpeHHeH MHWeHH; OTpa6oTaTb MeTonHKY H npOBeCTH Ha6op CTaTHC
THKH nnH BUWe nepetIHCneHHUX 3KCnepHMeHTOB; o6pa6oTaTb 3KCnepH
MeHTanbHUH MaTepHan H npoBeCTH ero ¢H3H'leCKYD HHTepnpeTaUHD. 

Hayt1Han HOBH3Ha pa60TY. nepetIHCnHM HOBUe pe3ynbTaTU, nony
'leHHUe B 3KCnepHMeHTax, BowenwHx B 3TY pa6oTy. 

3KcnepHMeHTY no nH¢paKUHOHHOH nHCCOUHaUHH npOTOHOB Ha 
npoToHax H nnpax renHn npH 3HeprHHX 50 - 400 raB . .UH¢<PepeHuHanb
HUe cet1eHHH d2u/dtdM2 c yMeHbWeHHeM ltl He nanavT, a coxpaHHDT 

X 

3KcnoneHUHanbHoe noaeneHHe annoTb no 3HatieHHH ltl~ 0,001 

(f3B/c) 2 BO aceM nHana3011e aHeprHH Cno 400 raB), 'ITO cornacyeTcH 
C MonenHMH, npencKa3UBaDlllHMH pocT nonHUX cetieHHH C 3HeprHeH. 

H3 nono6HH cneKTpOB MX npH nHCCOUHaUHH npOTOHOB Ha npoToHax 
H Hnpax renHH cnenyeT, tITo npH Manux ltl nna acex Tpex pe3oHaHc

Hux ycHneHHH B o6naCTH Manux Mace MX peaKUHH PP➔PX HneT c o6Me
HOM HyneBUM H3OTOllH'leCKHM CllHHOM. 

rnay6epoBCKHH ananH3 cet1eHHH peaKUHH p4He➔X4He noKa3an, 'ITO 

C reoMeTpH'leCKOH TO'IKH 3peHHH nH¢paKUHOHHaH nHCCOUHaUHH HMeeT 
nepH¢epHt1ecKHH xapaKTep, TO ecTb Heynpyraa nH¢paKUHH HaneTavmero 
npoToHa npoHcxonHT, B OTnHt1He OT ynpyroro pacceHHHH, na KonLue, 
a He Ha t1epHoM nHcKe. 

3KcnepHMeHTY no H3y'leHHD ¢parMeHTaUHH nnep. B 3KCnepHMeHTax 
Ha nyt1Kax CHHXpo¢a3OTpona H3yt1anacb 3MHCCHH nerKHX ¢parMeHTOB H3 
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Hnep. BURO ITOKa3aHo, qTo B paMKax TepMonHHaMHq~CKOH MOneRH, 

cpparMeHTU C 3apHnaMH 2-3 HcrrycKaDTCH HCTQqHHKaMH, HMeDmHMH CKO

pOCTb, KOTopaH HBRHeTCH YHHBepcaRbHOH 'PYHKUHeH ::rneprHH/HYKROH 

perHCTpHpyeMoro cpparMeHTa H He 3aBHCHT HH OT THrra cpparMeHTa, HH 

OT aTOMHoro HOMepa Hnpa MHWeHH. 

BURH H3MepeHU ITORHUe ceqeHHH BUXona H3 30ROTOH MHWeHH cppar

MeHTOB C 3apHnaMH 5-10 H o6Hapyl!CeHo, qTo C pocTOM 3HeprHH HaRe

Tavme8 a-qacTHUU OTHOWeHHe BUxona RerKHX cpparMeHTOB ITO OTHOWeHHD 

K 60Ree THlKBRUM cHaqaRa rranaeT, a, HaqHHaH c 6,f3B, pacTeT. Ka

qecTBeHHoe H3MeHeHHe rrpH 3HeprHH HeCKORbKO r3B ITOBeneHHH TaKoro 

MHrKoro rrpouecca KaK cppan!eHTaUHH Hnpa, - ynHBHTeRbHO. 3TOT 3!p

cpeKT MOl!CeT OKa3aTbCH rrpOHBReHHeM cpa30Boro rrepexona B HnepHOM Be

mecTBe. Ha rryqKe rrpoTOHOB TaKoro 3cp¢eKTa He Ha8neHo. 

IlOHCKOBWe 3KcrrepHM8HTW. B 3THX 3KCrrepHMeHTax 6URH ycTaHOB

ReHU BepxHHe rpaHHUU (HaHMeHbWHe Ha BpeMH rrpoBeneHHH 3KCrrepHMeH

TOB) nRH o6pa30BaHHH Hnpa 
10

He rrpH cpparMeHTaUHH Hnpa 232Th, o6-

pa30BaHHH aHOMaROHOB H cpparMeHTOB C npo6HUM 3apHnoM rrpH cpparMeH

TaUHH Hnep 
16

0 C 3HeprHeH 4, 5 r3B/HYKROH, H o6pa30BaHHH Y3KHX 

nHrrpOTOHHUX pe30HaHCOB B yrrpyroM pp pacceHHHH B nHarra30He 3cpcpeK

THBHUX Mace CTaRKHBaDmHXCH rrpOTOHOB 1930-1980 M3B, 

H3MepeHHe A D peaKUHH dj C➔ p X, IlpH 3HeprHHX ITORHpH30-
y 

BaHHoro ne8TpOHa 0,6-2,1 r3B/HyKROH nRH yrROB BUReTa KYMYRHTHB-

HUX rrpOTOHOB 75°-90° aHaRH3HpyDmag crroco6HOCTb A HMeeT ITOROl!CH-
y 

TeRbHU8 3HaK H pacTeT C yBeRHqeHHeM 3HeprHH rrpoTOHOB, nocTHraH 

MaKCHMaRbHUX 3HaqeHH8 OKORO 30 % y KHHeMaTHqecKoro rrpeneRa pac

ceHHHH HYKROHa Ha Hnpe KaK ueRoM. IlOBeneHHe Ay B 3aBHCHMOCTH OT 

KYMYRHTHBHoro qffcRa Q onHHaKOBO nRH 3THX 3HeprH8. ( BeRHqHHa 

QxmP orrpeneRHeTcH KaK Macca MHWeHH, Ha KOTopo8 no11l!CeH yrrpyro 

pacceHTbCH HaReTaDmH8 rrpoTOH, qTo6u rron naHHUM yrROM HMeTb TY llCe 

3HeprHD, qTo H perHCTpHpyeMUH HaMH. ) TaKoe ITOBeneHHe A rrpOTH-
y ' 

BOpeqHT MeXaHH3MY onHoKpaTHoro pacceHHHH Ha 6UCTpOM HYKROHe Hn-

pa, H 6RHllCe K MeXaHH3MY pacceHHHH Ha HYKROHHUX KRaCTepax. 

lleTOJU{Ka. Pa3pa6oTaH MeTon MOHHTOpHpoBaHHH rrpH rrepeMeHHOH 

3HeprHH rryqKa nRH pa60TU C BHyTpeHHe8 MHWeHbD, conepl1Came8 Bono

pan HRH ne8TepH8. TeRecKorr rroRyrrpoBonHHKoBux neTeKTopoB Herrpe

puBHO H3MeHHeT yrROBYD IT03HUHD CHHXpOHHO C 3HeprHe8 YCKOpHeMUX 

Hnep TaK, qTo6u 3HeprHH perHcTpHpyeMux qacTHU oTnaqH yrrpyroro 

pacceHHHH Ha Bonopone, HCITORb3yexux nRH MOHHTOpHpOBaHHH, OCTaBa-
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RaCb ITOCTOHHHOH BO BCBM nHarra30He H3MepeHHH. 

Ha rryqKe 3He B nHarra3oHe 3HeprH8 70-430 M3B cneRaHu H3Mepe

HHH nRH yqeTa HnepHux B3aHMone8cTBH8 B neTeKTopax rroRHOro rrorRo

meHHH. Co3naHU ITORHpHMeTpU B8KTOpHOH H TeH30pH08 ITORHpH3aUHH 

ne8TpOHOB c 3HeprHe8 10 M3B Ha BHxone HHl!CeKTopa nY-20 H ITORHpH

MeTp BeKTOpHOH ITORHpH3aUHH ne8TpOHOB Ha BHyTpeHHeM rryqKe CHHXpo

cpa30TpOHa. 

Co3naHa rH6KaH CHCTeMa c6opa naHHUX, HCITORb3YDmag HHT8RReK

TyaRbHUe KOHTpORRepu Kpe8TOB CAMAC. HaITHCaHu rrporpaMMU 6ucTp08 

o6pa6oTKH naHHUX Ha MaR08 3BM C 3cp¢8KTHBHUM HCITORb30BaHHeM BHew

He8 rraMHTH. 

Hayquo-rrpaKTHqecKaH 3HaqHMOCTb. Pe3yRbTaTU 3KCrrepHMeHTOB, 

H3ROl!C8HHUX B nHccepTaUHH, naRH o6wHpHU8 MaTepHaR nRH !pH3HKH an

pOHOB BUCOKHX 3HeprH8 H peRHTHBHCTKOH HnepH08 !pH3HKH. 

B COBMeCTHOH pa6oTe HHTepHaUHOHaRbHUX KORReKTHBOB rrpHo6peRH 

OITUT !pH3HKH, KOTOpue 3aTeM CTaRH rrpoBonHHKaMH MeTonHKH TOHKOH 

BHyTpeHHe8 MHW8HH B npyrHX !pH3HqecKH~ ueHTpax. 

MeTonHqecKHe pa3pa6oTKH HaWRH rrpHKRanHoe rrpHMeHeHHe rrpH nH

arHoCTHKe COCTaBa H,llepHoro rryqKa H ITORHPHMeTpHH ne8TpOHOB HH3KHX 

H BUCOKHX 3HeprH8 Ha CHHXpocpa30TOpOHe OHHH. 

IlpHo6peTeHHU8 OITUT HCITORb30BaH rrpH rrpoeKTHpOBaHHH ycTaHOBOK 

c BHyTpeHHe8 MHW8HbD nRH CTpoHmHXCH ycKOpHTeRe8 - YHK (CeprryxoB) 

H HyKROTOpOHa (RB3 OHHH). 

Pemeua opo6neua HccRenoBaHHH wHpoKoro KRacca MHrKHX anpoH

HUX opoueccoB c npHMeHeHHeM BOnoponHo8 H HnepHOH BHyTpeHHe8 MH

weHH Ha UHKnHqecKHX YCKOpHTeRHX. 

Anpo6auHs pa6oTw a oy6naKaUHB. Pa6oTu, BowenwHe B nHccepTa

UHD, noxnanuBaRHCb Ha ceMHHapax RB3, PanHeBoro HHCTHTyTa, ~HAR, 

Ha ceCCHSX AxaneMHH HayK CCCP, Ha 3acenaHHHX AMepHKaHCKOro !pH3H-

qecKoro o6mecTBa, Ha xes,nyHaponHux KOHcpepeHUHHX 

KHX 3HeprHft B Ey.narrewTe ( 1977), TOKHO ( 1978), 

ne8nuHre (1984), EepxRH (1986), xe-.nyHapo.nHo8 

ITO !pH3HKe BUCO

lB'.eHeBe (1979), 

KOHcpepeHUHH ITO 

HnepHOH !pH3HKe BO ~RopeHUHH (1983), Ha MeQyHaponHHX KOHcpepeHUH

sx no CITHHOBUM HBReHHHM B !pH3HKe BUCOKHX 3HeprH8 B IlpOTBHHO 

(1986), MHHHecoTe (1988) H Ha HeCKORbKHX BC8COD3HUX ceMHHapax H 
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coaemaHHHX. 

OCHOBHUe pe3yRbTaTU nHccepTaUHH H3ROlK8HU B 18-TH ny6RHKaUH

HX, CflHCOK KOTopux npHBOnHTCH B KOHUS pe¢epaTa. 

06'beM nHccepTaUHH. J{HCCepTauirn COCTOHT H3 BBeneHHH, wecTH 

r RaB H 3aKRKl'18HHH. Pa6oTa coneplKHT 214 CTpaHHU MaWHHOflHCHoro 

TeKCTa, BKRKltJaH 103 pHCYHKa H CflHCOK UHTHpyeMOH RHTepaTypu H3 

212 HaHMeHOBaHHH. 

YHHKaRhHUMH 

HBRHKlTCH: 

COAEP*AHHE PA60T~· 

Baene1me. 

TOHKHe BHyTpeHHHe MHWeHH. 

oco6eHHOCTHMH TOHKOH BHJTpeHHeH IIHIIJeHH 

1) BUCOKaH CBeTHMOCTh, npH ¢H3HtJeCKH Ma~OH TORmHHe MHWeHH; 

OTCYTCTBHe BTOpHtJHUX B3aHMoneHCTBHH B MHWSHH; 

2) OTCYTCTBHe HCKaJKeHHH B cneKTpax BUxonHmHx H3 MHWSHH HH3-

K03~epreTH'18CKHX tJaCTHU; 

3) B03MOlKHOCTb npoaonHTh H3MepeHHH B WHpOKOM nHana30He He

npepUDHO MeHHKlmeficH 3HeprHH nytJKa ycKOpHT8RH; 

4) B03MOlKHOCTb HM8Tb pa3Mepu MHWeHH HSCKORbKO MKM, TO ecTh 

TOtJHO 3HaTb KoopnHHaTU BepwHHU B3aHMonefl:CTBHH; 

5) B03MOlKHOCTh HM8Tb MHOro BpeMeHH Ha nytJKe. 

TORmHHU BHYTPSHHHX MHWeHeH aapbHpyKlTCH OT 10
11

no 10
17 

aTO

MOB/CM2. Ha HaKOflHTeRHX HCflORh3YKlTCH MHW8HH C flROTHOCTHMH 10
11

-

1015 aTOMOB/CM 3. 

IlOMHMO ra30BUX CTPYHHUX MHWeHeH flORYtJHRH pacnpocTpaHeHHe 
' KRaCTepHUe MHWeHH, MHW8HH H3 3aMep3WHX KpynHHOK CKOHneHCHpoBaH-

HUX aemecTB, MHWeHH H3 TBepnux MHKpoqaCTHU, ycKopeHHUX B CTpye 

ra3a. 

B ra30BUX caepX3BYKOBUX CTPYHHUX MHWeHHX CTPYH HMeeT pacxo

nHMOCTh HeCKORbKO necHTKOB rpanycoB, Il03TOMY COilRO pacnoRaraKlT 

Ha pacCTOHHHH 1-4 CM OT nytJKa. BRH30CTb COilRa K nytJKY tJaCTO He

JKeRaTeRhHa, TaK KaK OHO MOJKeT CRYlKHTb nonORHHTSRbHUM HCTOtJHHKOM 

¢oHa. 

KRacTepHUe MHW8HH HM8KlT MeHbWYKl pacxonHMOCTb, tJeM ra30BUe H 

Il03TOMY fl03B0RHKlT OTonaHHYTh COilRO Ha paCCTOHHHe H8CKORbKO ne-
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CRTKOB CM. KRacTepHUH nytJoK ¢QpMHpyeTCR npoxoQeHHeM ra3a qepe3 

oxRaQaeMoe conRo npH ycROBHRX, B KoTopux ra3 6RH30K K ¢a3oBoMy 

nepexony B lKHnKOCTb. IlpH 3TOM ueHTpaRbHaR qaCTb CTPYH COCTOHT H3 

accouHaUH8 MOReKyR - KRacTepoB, C KORH'18CTBOM aTOMOB B KRacTepe 

OKORO 105-10 6
• CTpyR npoxonHT H8CKORbKO nHa¢parM, B npoMeJKyTKax 

MeQy KOTOpUMH OTKatJHBaeTCR ra3, He nonaeprwH8CR KRaCTepH3aUHH. 

ToRmHHa KRacTepHo8 MHWeHH 1013 -1015 aTowos/cw2 • rpaHHUU xopowo 

C¢0pMHpOBaHU. Ha YCKOpHTeRRX, rne K BaKyyMy npen'hRBRRKlTCR JKeCT

KHe Tpe6oBaHHH, npennotJTeHHe OTnaeTCR KRaCTepHUM MHWeHRM. 

MaKCHMaRbHUe CBeTHMOCTH nocTHraKlTCR npH HCflORb30BaHHH TBep

nux nReHOtJHUX MHWeHe8 H MHWeHe8 H3 apama10mHXCR HHTe8 TORmHHOH 

OKORO 1 MKM. 0CHOBH08 npo6ReMo8 3necb RBRReTCR panHaUHOHHOe pa3-

pyweHHe MHW8HH. 

J{RR IlORytJeHHR 60RbWHX CBeTHMOCTe8 H T0'18'1HOH reoMeTpHH Ha

t{HHaJOT npHMeHRTh MHW8HH H3 KpynHHOK 3aMep3wero ra3a pa3MepaMH 

HeCKORbKO MKM. 

J{RR 3ReMeHTOB, KOTopue TpynHo noRytJHTh B BHne ra3a, pa3pa-

60TaHu MHWeHH H3 MHKPOtJaCTHU pa3MepaMH MeHbWe onHoro MHKpoHa' 

KOTopue npenaapHTeRbHO ycKOPHKlTCR CTpye8 ra3a B KailHRRHpe. 

BHyTpeHHHe MHWeHH HatJaRH npHM8HHThCH H Ha ycKOpHT8RHX HH3-

KHX 3HeprH8 6RaronapR npHMeHeHHIO 3ReKTPOHHoro OXRaQeHHIO nyqKa, 

KOMneHCHpyKlmero ero uarpeBaHHe OT B3aHMone8CTBHH C MHWeHblO. 

HatJaRH pa3BHBaTbCH llORHpH30BaHHUe CTPJHHUe MHIIJeHH, fl03BORH

JOmHe npoaonHTb H3MepeHHH Ha IlORHpH30BaHHUX npOTOHaX ('1HCTU8 BO

nopon) 6e3 npHM8CH HnepHo8 KOMflOH8HTU, acerna npHCYTCTBy10me8 B 

TpanHUHOHHUX IlORHpH30BaHHUX MHW8HHX. IlROTHOCTb llORHpH30BaHHUX 

crpyHHUX MHIIJeHeH, yJKe pa6oTaKlmHX Ha ycKOpHTeRHX, COCTaBRHeT OKO

RO 2x1011 aTOMOB/CM3 • Pa3pa6aTUBaDTCff CTpy8Hue IlORHpH30BaHHUe 

MHWeHH HOBoro THila, HCilORb3YJOmHe TSXHHKy caepxHH3KHX TeMnepaTyp 

H CHRhHUe warHHTHUe noRH nRH HaKonReHHH aTowapHoro sonopona. 

B 3KCnepHM8HTax, npencTaBReHHUX B HaCTOHmeA pa6oTe, npHMe

HHRHCh TBepnue nReHOtJHUe MHW8HH H ra30BUe CTPYHHUe MHWeHH 

MeTOnHXa perHCTpaUHH tJaCTHUW OTnatJH. 

HaH60RhWYD H3BeCTHOCTb HCilORh30BaHHe TOHKOH BHYTP8HHe8 MH

WSHH noRytJHRO B 3KcnepHMeHTax no H3ytJeHHD ynpyroro pp pacceHHHH 

MeTonow perHCTpaUHH qacTHUU OTnatJH. 

IlpH BUCOKHX 3HeprHHX KHHeMaTHKa tJaCTHUU OTnatJH B peaKUHHX 

7 



' I. 

ynpyroro pacce.RHH.11 O'leHb CJia6o 3aBHCHT OT ,HMilYJibCa HaJieTaIOmeA 

'laCTHULI, H ycTaHOBKa B o.nHo8 H T08 JKe KOH¢HrypauHH MOlKeT 6LITb 

HCnOJib30BaHa OT HeCKOJlbKHX r3B .no .nec.RTKOB T3B. PerHCTpaUH.11 

6LICTpo8 pacce.RHH08 Bnepe.n 'laCTHULI Tpe6yeT C pOCTOM 3HeprHH JIH

He8Horo yBeJIH'leHH.R pa3Mepoa annapaTypu. 

BTopoe, He MeHee BalKHOe, npeHMymecTBO MeTo.na 3aKJIIO'laeTC.R B 

TOM, 'ITO JierKO H3Mep.RTb qpe3BLI'la8Ho MaJieHbKHe nepe.na'IH HMnyn&ca. 

Kaa.npaT nepe.naHHoro 4-HMnyn&ca KaK .nJI.11 ynpyroro pacce.RHH.R, TaK H 

,nJI.R HHKJII03HBH08 peaKUHH p A ➔ X A npOCTO onpe.neJI.ReTC.11 KaK t=-

2HT, r.ne H HT- wacca H KHHeTH'leCKa.R 3HeprH.R 'laCTHULI OT,na'IH. nJI.11 

HHKJII03HBH08 peaKUHH p A ➔ X A npH perHCTpaUHH 'laCTHULI OT,na'IH 

pa3peweHHe no Macce B036ylK.lleHH08 CHCTeMLI B S/M! JIY'IWe, tfeM npH 

perHCTpaUHH t{aCTHULI Bnepe.n (npH paBHLIX OTHOCHTeJibHLIX TO'IHOCT.RX B 

H3MepeHHH HMnyJibCOB H yrJIOB). 

nJI.11 H3MepeHH.R Me.nJieHH08 tfaCTHULI OT,na'IH JIY'IWHMH .neTeKTopaMH 

.RBJI.RIOTC.11 KpeMHHeBLie noJiynpoao.nHHKOBLie .neTeKTOpLI, KOTOpLie xopowo 

pa6oTaIOT B BaKyyMe H MoryT perHCTpHpOBaTb npOTOHLI C 3HeprH.RMH OT 

COTeH K3B .no .nec.RTKOB M3B (HJIH no BeJIH'IHHe KBa,npaTa nepe.naHHOro 

4-HMilYJibCa OT 0,0002 .no 0,05 (f3B/c) 2
). 
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pp-pp 
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001 0.1)2 003 004 
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PHc.1. nHcpcpepeHUHaJibHOe CetfeHHe 

ynpyroro pp pacce.11HH.R npH 3Hep
rHH 398 r3B. 

p~-p~ 
p, =300 r3B/c 

... 

'j \ 7!JSe,p(= t) 

\ ·\··- . 
,041,-

i t 

lr 
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PHC.2. nHcpcpepeHuHaJibHOe ceqe

HHe ynpyroro p4He pacce.RHH.R 
npH 3HeprHH 393 f3B. 

TeJieCKOilLI H3 .nayx noJiynpono.nHHKOBLIX .neTeKTOpOB IlO3BOJI.R!!T 
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H.neHTH¢HUHPOBaTb .11.npa OT,naqn ~E-E MeTo.noM H onpe.neJIHTb, t{TO .11.npo 

oT.na'IH He pa3pyweHo, H pacce.RHHe npoH3owno KorepeHTHO. 

PHC.1 H pHC.2 HJIJIIOCTpHpyIOT npHMeHeHHe MeTo.nHKH ,nJI.R H3Mepe

HH.R MaJILIX ltl - H3MepeHHLie Ha ra30BLIX cTpyliHLIX MHweH.RX c noMOlllhIO 

noJiynpono,nHHKOBLIX .neTeKTopoB .nmtxpepeHuHaJibHLie ceqeHH.R ynpyroro 

pp H p 4 He pacce.RHH.11 npH 3HeprHH 400 f3B. 

nH¢paKUUOHHa.R .nHCCOUHaUUSI npoTOHOB Ha npoTOHax 

n n.npax reJIHi npH 3HeprHSIX 50 - 400 f3B. (fJiaBa 1) 

MHWeHblO .RBJI.RJiaCb CBepX3BYKOBaSI CTPYSI ra3a, ;opMHpyeMa.R con

JIOM RaaaJI.R c .nnaMeTpOM ropJIOBHHLI 150 MKM. conno pacnoJiaraJIOCb Ha 

paCCTO.RHHH 2-3 CM OT ny'IKa. fa3 HeCKOJlbKO pa3 3a UHKJI ycKopeHH.11 

HHlK9KTHpoBaJIC.R B KaMepy YCKOpHT9JI.R HMnyJibCaMH no 100-200 MC. 

nn.11 ynaBJIHBaHH.11 HHlK9KTHpyeMoro ao.nopo.na npHM9H.RJiaCb KpHO

reHHa.R JIOBYWKa, OXJiaJK,naeMa.R lKH.nKHM reJIHeM. ITpH pa6oTe C reJIH9BOH 

CTpyeA BaKyyM B o6JiaCTH MHW9HH no.n.neplKHBaJIC.R C noMOlllblO 6y¢epHoro 

o6~eMa H MOlllHoro .nH¢¢Y3HOHHoro Hacoca. KpoMe Toro, no o6e cTopo

HLI OT MHWeHH Ha yqacTKe ±5 MeTpOB 6LIJIH pacnoJioJKeH!I Boce'Mb .nH¢

¢Y3HOHHLIX Hacocoa, KOTOpLie CHHlKaJIH napuHaJibHOe .naBJI9HHe reJIH.11 .no 

10- 9 Topp. TenJiu8 aapHaHT yJiaBJIHBaHH.R ra3a .neweane H npome a 

3KCnnyaTaUHH, o.nHaKO OTHOW9HHe nJIOTHOCTH ra3a B ueHTpe CTpyH K 

no.nnoJKKe pacce.RHHoro ra3a oKa3anocb Ha nop.11.noK 6on&we npH pa6oTe 

c ao.nopo.noM, tfeM c reJIHeM (300 H 30, COOTBeTCTBeHHO). 9TO CB.R3a

HO C 6onee 3¢¢eKTHBHIIM 3axaaTOM ao.nopo.na KpHoreHH08 JIOBYWKOH, 

tfeM OTKatfKa .nH¢¢Y3HOHHIIMH HacocaMH Tennoro reJIH.11. ITJIOTHOCTb ra3a 
-8 3 . -7 

B ueHTpe CTpyH COCTaBJI.RJia 5x10 r/cM .nn.11 ao.nopo.na H 4X10 

r/cM3 .nn.11 r"emrn. Pacnpe.neneHHe nJIOTHOCTH B CTpye 6JIH3KO K rayc

COBCKOMY C IlOJIH08 WHPHHOH Ha nonynLICOTe B o6JiaCTH B3aHMO.ne8CTDH.R 

c ny'IKOM 12 MM .n~ ao.nopo.na H 6 MM .nn.11 reJIH.11. Pa3HHUa B IlJIOTHOC

TH H WHPHHe pacnpe.neneHH.11 o6~.RCH.R9TC.R, B OCHODHOi, pa3HOH TeMne

paTypo8 conna H ra30B (6onee Tenna.11 cTpy.11 HMeeT MeHbWYIO pacxo.nH

MOCTb). 

neTeKTOpLI pa3MemaJIHCb Ha paCCTO.RHHH 7,5 M OT MHW9HH B 

6oKce, KOT0p!I8 nocpe.nCTBOM HOHonpoao.na H CHJlb¢0HOB coe,nHH.RJIC.11 c 

KaMepo8 ycKOPHTeJI.R. qacTHUII OT,na'IH perHcTpHpoaaJIHCb TeJieCKonaMH 

nonynpoao,nHHKOBLIX .neTeKTOpOB. THilH'IHLI8 pa3Mep .neTeKTopa 4 x 30 

MM 2
• TOJllllHHLI OT 15 .no .no 1500 MKM Il03BOJI.RIOT H.neHTH¢HUHpoaaTb 

~E-E MeTO,nOM npOTOHLI C 3HeprHe8 OT 0,9 M3B .no 18 M3B H .11.npa 4 He 
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I: 

C 3HeprHefi OT 3,5 M3B ao 70 M3B. 
nH¢paKUHOHHaH, aHCCOUHaUHH HBRHeTCH HeynpyrHM npoueccoM, 

oqeHb noxomHM npH BUCOKHX 3HeprHHX Ha ynpyroe pacceHHHe: HHTe

rpanbHUe ceqeHHH cna6o 3aBHCHT OT 3HeprHH, aH$1JepeHUHaRbH~e ce

qeHHH HMeDT OCTpufi nHK Bnepea, Me~y B3aHMOaecTByDmHMH qacTHUaMH 
HeT o6MeHa KBaHTOBUMH qHcnaMH (KpoMe cnHHa H qeTHOCTH). BKnaau 

ynpyrofi H Heynpyrofi aH¢paKUHH B nonHoe ceqeHHe 6RH3KH no 
BeRHqHHe. 

nnH onHcaHHH aH¢paKUHOHHOfi aHCCOUHaUHH npHMeHHDTCH reoMeT

pHqecKHe MoaenH, MeToa co6CTBeHHUX COCTOHHHfi aH¢paKUHH, Moaenb 

neKa ( BHpTyanhHaH aHCCOUHaUHH HaneTaDmero npoToHa Ha HYKROH H 

nHoH H HX nocneayDmee pacceHHHe Ha MHmeHH ), TpexpenmeoHHUfi ¢op

MaRH3M, MonenH COCTaBHUX anpoHOB. MHOrHe CBOHCTBa nH¢paKUHOHHOfi 

nHccouHaUHH onpenenHDTCH pa3MepaMH anpOHOB, onHaKO HeKOTOpue xa
paKTepHCTHKH MoryT 6UTb CBH3aHU C 6onee rny6oKOH CTPYKTypofi. 

H3MepeHHe 3HeprHH Hnpa oTaaqH BHe ynpyroro nHKa naeT B03-

MomHoCTh onpenenHTh Macey B036ymneHHofi cHcTeMu, o6pa3oBaBweficH 

H3 nyqKoBoro npoToHa. 

M~ = m
2
+ 2 p 1~[ sin e - [1 +f-]~] 

1 2M ' 
rne 

p
1 

- HMnynhc HaneTaDmero npoToHa, m - Macca npoToHa, M - Macca 
Hnpa OTnaqH, e - yron qacTHUU OTnaqH (OT HOpManH K nyqKy), t 

KBanpaT nepenaHHOro 4-HMnynbca 

H3 3aperHCTpHpoBaHHliX non pa3nHqHUMH yrnaMH 3HepreTHqecKHX 

cneKTPOB qacTHU OTnaqH onpenenHeTCH nBofiHOe nH¢¢epeHQHaRbHOe 
ceqeHHe 

d2cr n AN(t) 1 
= X X , rne 

dtdM! p1J(t/2M)2+ ltl A t L Ml 

n - TenecHufi yron neTeKTopa, L - BenHqHHa nponopuHoHanbHaH cBe

THMOCTH o6naCTH B3aHMoneficTBHH L = N / (dcr/dn ) An ' onpene-
el el el 

RHeMaH no ynpyroMy pacceHHHD, perHcTpHpyeMOMY caMHM TeneCKOnOM 
HRH HenonBHmHliMH MOHHTOpaMH. 

npencTaBneHHe 06 3KcnepHMeHTaRbHOM MaTepHane peaKQHH pp ➔ 
Xp MomHo nonyqHTh H3 pHc.3, rne npHBeneH 3HepreTHqecKHfi cneKTP 

qacTHU non yrnoM 78 Mpan, 3aperHcTpHpOBaHHUH npH B3aHMonefiCTBHH 

npoTOHOB C 3HeprHefi 50, 150 H 400 r3B co CTpyfiHOfi BonoponHofi MH 
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WeHbD. CneKTp npH 150 r3B nonyqeH B OTCYTCTCTBHH HHmeKQHH CTPYH 
H HRRDCTpHpyeT ypoBeHb ocTaToqHoro ra3a qepe3 1 c nocne nepBofi 
HHmeKUHH npH 50 r3B. 

AHaRH3 ¢oHa yno6Ho npoBeCTH nnH 3HeprHH nyqKa 50 r3B, rne 
BKnan npoToHoB OT HeynpyrHx npoueccoB KHHeMaTHqecKH 3anpemeH. 

HHme 2 M3B ¢OH BeRHK, H B naHHOM TenecKone 3TOT nHana30H 
3HeprHfi He npHroneH nnH aHaRH3a. IlpOTOHU, HMeDmHe 3HeprHD MeHbllie 

5, 5 M3B, OCTaHaBnHBaDTCH B nepBOM neTeKTope H He MoryT 6UTb 

HneHTH¢HUHpoaaHu AE-E MeTonoM. nnH npOTOHOB, OCTaHaBRHBaDmHXCH 

BO BTOpOM neTeKTope, pa6oT~eT HneHTH¢HKaQHH, H ¢OH pe3KO yMeHb

waeTCH. B o6naCTH 8,3-13,5 M3B HaxonHTCH IlHK ynpyroro pacceHHHH 
OT ueHTpaRbHOH CTpyH, pacnonomeHHUfi Ha IlROCKO~ nbenecTane npOTO

HOB OT ynpyroro pacceHHHH Ha pa3pemeHHoM ra3e. B 3KcnepHMeHTe 

PP➔PX OKa3aROCb B03MOmHUM cneKTpU nnH 50 r3B BUqHTaTb KaK ¢OH H3 

cneKTpOB nnH 6onee BUCOKHX 3HeprHfi H y6paTb Bee 3¢¢eKTU, CBH3aH
HUe C npHcyTCTBHeM HHTeHCHBHOro ynpyroro pacceHHHH. 
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PHC.3. CneKTpU qaCTHU OTnaqH OT 

BonoponHoH MHWeHH npH 400 r3B H 

50 r3B. 3aWTpHXOBaH CileKTp OT 
ocTaToqHoro ra3a npH 150 r3B. 
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PHC.4. AE-E cneKTp qacTHU 

OTnaqH OT renHeBofi CTpyfiHOH 

MHllieHH npH 3HeprHH 400 r3B. 

Ha pHc.4 noKa3aHo pacnpeneneHHe AE-E cHrHanoa B nonynpoaon
HHKOBUX neTeKTopax, nonyqeHHOe IlpH pa6oTe c renHeBofi CTpyefi. Hn

po renHH He HMeeT B036ymneHHUX COCTOHHHli, KOTopue npH CHHTHH 

B036ymneHHH OCTaBRHDT Hnpo Hepa3pyweHHUM. Il03TOMy, Bee co6UTHH, 
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c 3HeprHeii MeHbWeii 3HeprHH ynpyroro paccesrnHH, 
"BeTBH. 4 He", OTHOCSITCSI K peaKUHH KOrepeHTHOH 

HaXO.llllmHeCSI Ha 
,llH,paKUHOHHOH 

,llHCCOUHaUHH. 

nHqxpepeHuHanbHHe ceqeHHll napaHeTpH30BanHcb ,opMynoii 

d
2 cr 

dtdM2 =(1+ : )xA(M2)eb(M2)t 
X l X X , 

r.ne p
1
-HMnynbc HaneTanmero npoToHa. 

Ha pHc.5 H pHc.6 noKa3aHo noae,lleHHe napaMeTpoa AH b B 3a

BHCHMOCTH OT MaCCH B036yllC.lleHHOH CHCTeMH. 
KaK ,nnll peaKUHH pp-+Xp, TaK H ,nnll p4 He ➔X4 He B ceqeHHSIX 

HaH.lleHH MaKCHMYMH npH MX s: 1, 4 f3B, 1, 68 f3B H 2, 1 f3B. 3Ty 

CTPYKTYPY CBSl3HBaDT C pOllt.lleHHeM HCTHHHHX pe3oHaHCOB ( 1, 68 f3B, 
2,1 f3B) H Hepe30HaHCHHH noporOBHM ycHneHHeM (1,4 f3B). 

j 
s 

pp-Xp 
P1u :300 G'eV/c 

/ff: 0,01 (!;eV/c)
2 

-t s 6-M,,2 G'ev• 

:::·:;,_.~:e:;: ~:~:o~~:=~r:B~:;:-
cnnowHue nHHHH - cnaraeMHe an
npoKCHMHpyDmea tpopMynu. 

I_ 2 J fS&78!! T"'----

. t ' ' ''o' 60 + p 7/le -X 'lie 
~ . 
~ f ao'fOt-1,aoa 
~ ♦ 
'-- 50 + ♦ttt t pp -Xp 
--0 ♦• o. oo:u /th. 01& 

+o ++ 
♦ ♦ 

♦ ♦ 
Jot- ♦ ++ + • • • • + ♦ 

Ht+ <l'r &~t zo 1- t+~ ,;u,.,'l )o e 

101- t t' IIT[~~-~-------
2 3 ~ s MA• i; .. v• 

PHC.6. CpaBHeH~e napaMeTpOB 
HaKnoHa b(M2) ,nnll ieaKUHH 

pp-+Xp H p4 He➔X4He. 

napaMeTp HaKnoHa b(M2) ,nng pp-+Xp yweHbWaeTCSI C pocTOM MOT 
X X 

-2 -2 2 23 (f3B/c) , y nopora peaKUHH, .no 6 (f3B/c) npH Mx 2:: 2, 7 
f3B2• nnll p 4 He ➔ X4 He OH MeHSleTCli ananorHqHo, HO C,ltBHHYT Ha ae-

2 2 2 nHqHHY 25 (f3B/c), CBSl3aHHYD C cpopM<t>aKTOpOM Sl,llpa. nnll MX >5 f3B 
3aBHCHMOCTb ceqeHHH OT M2 cornacyeTCSI C "TpexnowepoHHHM" 
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d2cr/dt dM2 (t=O) = G (O)/ M2 . 
X PPP X 

nnll -t < 0,08 (f3B/c) 2 npH6nHzeHHO BHDOnHlleTCSI ,aKTOpH3aUHSI 
ynpyrHx H HeynpyrHx ceqeHH8 Ha ao.nopo.ne H renHH 

d
2

cr / d
2
cr dcr ( / dcr 

---(pp-+px) ---(pHe➔X4He)=__!..! pp) --
8
-

1 
(p

4
He) 

dt dM2 dt dM2 dt dt • 
X X 

4 nnll KOrepeHTHOH peaKUHH Ha Sl,ltpe He, HMeDmeM H30TOnHqecKHH 
' CDHH Hynb, B03MOXeH o6MeH TOnbKO HyneBHM H30TOnnqecKHM CDHHOM. 

~aKTOpH3aUHll 03HaqaeT, qTo H peaKUHll pp-+Xp npn Manux ltl TaKme 

H.lleT C o6MeHOM HyneBHM H30TOnHqeCKHM CDHHOM, B TOM qHcne H ,llnll 

acex Tpex ~e3oHaHCHHX ycHneHHH. 

nnli 6onbWHX 3HaqeHH8 ltl 6unH c.nenaHH pacqeTH .nHqxpepeHuH
anbHHX ceqeHHH no Mo.nenH r nay6epa ,llnll .llBYX THDOB 3neMeHTapHHX 

HyKnOH-HyKnOHHHX aMnnHTY.11 JlH,paKUHOHHOH ,llHCCOUHaUHH, ueHTpanbHOH 
H nepH,epHqecK08. CpaBHeHHe C 3KCnepHMeHTOM (pHc.7) SIBHO OT,llaeT 

npe.nnoqTeHHe nepH,epHqecKO~ HyKnOH-~yKnOHHOH aMnnHTy,lle. 
s. 
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PHC.7. nHqxpepeHuHanbHHe ceqeHHSI 

.nnll p4He➔X4He. cnnowHall nHHHll -

npe.llCKa3aHHe rnay6epoacKo8 Mo.nenH 
,llnll nepHtpepHqeCKOH NH awnnHTY.llH, 
nyHKTHpHali - .nng ueHTpanbHOH. 
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ZO l,O 60 ao 100 120 11.0 lGO 180 T(M.v) 

PHC.8. HHBapHaHTHHe ceqeHHSI 

3KHCCHH 3He H 4 He npH CTOnKHO

BeHHH 4 He C 197Au H 9 Be. 

3HeprHll HaneTa~mHx ll.llep renHH 7 
3,33 f3B/HyxnoH. 

9KcnepxKeeTw no fparKeBTa~BB SAep. (rnaaa 2.H3) 
Ha CHHXPO<l>a30TpOHe OHHH HaMH 6unH BHDOnHeHH ,llBe rpynnu 3KC-
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nepHMeHTOB, B KOTOpux perHCTpHpOBanHCb nponyKTY ¢parMeHTaUHH 

Hnep MHWeHH. B onHOH cepHH H3yqanacb 3MHCCHH nerKHX ¢parMeHTOB 
3H, 3He, 4 He, 6

' 
7

' 
8 Li npH B3aHMoneHCTBHH Hnep renHH C 3Heprirnn 

3,33 f3B/ HYKROH C HnpaMH 9 Be, 12c, 27Al, 24Cu, 108Ag, 197Au non 

yrnaMH 45°, 90° H 135°. 

BYRH H3yqeHY HaH6onee o6mHe CBOHCTBa fparMeHTaUHH H npoBe

neHa HHTepnpeTaUHH 3KCnepHMeHTanhHUX naHHYX B paMKax TepMonHHa

MHqecKOH MOnenH. 

HnnKJCTpaUHH H3MepeHHYX ceqeHHH BYxona fparMeHTOB npHBeneHa 

Ha pHc. 8. cl)OpMa cneKTpOB He 3KCnoHeHuHanbHa H He onHCYBaeTCH 

pacnpeneneHHHMH BaHCKOnfa HRH MaKCBenna-BORbUMaHa C onHOH TeMne

paTypon. AHH30TpOnHH cneKTpOB yBenHqHBaeTCH C poCTOM 3HeprHH 

fparMeHTOB, nnH THllCenux Hnep ceqeHHe 3MHCCHH Hnep 4 He C 3HeprHeH 

MeHhWe 100 M3B npeBuwaeT ceqeHHe 3MHCCHH 3He. 

EcnH nonycTHTb. qTo npH B3aHMoneHCTBHH B Hnpe o6pa3yeTCH 

pa3orpeTYH HCTOqHHK, HcnycKaKJmHH fparMeHTY, TO MOllCHO onpenenHTb 

ero TepMonHHaMHqecKHe xapaKTepHeTHKH H npononhHYKJ cocTaBnmomyKJ 

CKOpOCTH, 

HaxonHTeH 3HaqeHHH 3HeprHH fparMeHTOB, npH KOTOpux BenHqHHY 

nopeHU HHBapHaHTHYX eeqeHHH paBHY non pa3nHqHYMH yrnaMH. nonyc

KaH, qTo 3TH 3HeprHH, pa3nHqHue B na6opaTOpHOH CHCTeMe, COOTBeT

CTBYKJT onHOH 3HeprHH B eHeTeMe ueHTpa Mace HCTOqHHKa, MY MOllCeM 

onpenenHTb ero CKOpOCTb. 

TeMnepaTypa H CKOpOCTb HCToqHHKa pacTyT e yBenHqeHHeM 3Hep

rHH fparMeHTOB. HcnapeHHe naeT 3HaqHTenbHYH BKnan nnH fparMeHTOB 

e 3HeprHeH HHllCe 50 M3B. 3aMeqaTeRbHYM oKa3anocb TO, qTO HafineH

HYe TaKHM cnoco6oM eKopoeTH HCTOqHHKOB He 3aBHCHT OT MaCCY Hnpa 

MHWeHH H THna HcnyeKaeMoro fparMeHTa (pHe. 9). Be~ fparMeHTY, 

HMeKJmHe onHHaKOBYKl 3HeprHKJ Ha HYKROH, HcnyeKaKJTCH HCToqHHKaMH e 

onHHaKOBYMH xapaKTepHCTHKaMH. 3TO HBneHHe HaxonHT HaH6onee ec

TeCTBeHHOe 06DHCHeHHe B MonenH KoanecueHUHH (cnHnaHHH). 

Bo BTOpOH rpynne 3KcnepHMeHTOB H3yqanacb 3MHCeHH H3 30ROTa 

fparMeHTOB npoMellCyToqHux Mace e 3apHnaMH Z =5-12 Ha nyqKax npo

TOHOB C 3HeprHeH 2,6-7,5 f3B H Hnep 4 He e 3~eprHeH 1,3-13,5 f3B. 

H3MepeHHK 6unH cnenaHu nnH yrnoe 35-135°. 

Hcnonb30BaHHe TOHKOH MHWeHH H TOHKHX neTeKTOpOB B 3THX 3KC

nepHMeHTax oco6eHHO BallCHO, TaK KaK MHWeHb TonmHHOH ecero 

HeeKORbKO MHKpOH ylKe HCKalKaeT 3HepreTHqecKHe cneKTpY fparMeHTOB 
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npoMelltyTOt{HYX Mace, OCHOBHaH qacTb KOTopux nelKHT npH 3HeprHHX 

HeeKORbKO M3B/HYKROH. Ha pHc.10 npHeeneH 3apHnoBYH eneKTP fpar

MeHTOB, nonyqeHHYH TenecKonoM, eocToHmHM H3 neTeKTOpOB TonmHHOH 

6 H 45 MKM. 

OCHOBHYe 3aKOHOMepHoeTH noeeneHHH nHq><PepeHUHanbHYX ceqeHHH 

B 3aBHeHMOCTH OT 3HeprHH fparMeHTa Ef BHnHY Ha pHC, 11. Bee 

cneKTpY HMelCJT MaKCHMYM, o6ycnoeneHHYH KyROHOBCKHM 6apbepoM. no

nollteHHe MaKeHMyMa ena6o 3aBHCHT • OT 3apHna fparMeHTa, 3HeprHH 

nyqKa H yrna Ha6nKJneHHH. 

AHanH3 naHHYX 6un npoBeneH B npennonol!CeHHH eymecTBOBaHHH 

neyx HCTOt{HHKOB, onpenenHKJmHx fopMy 3HepreTHqecKoro cneKTpa 

fparMeHTOB. B o6naeTH Manon KHHeTHqecKOH 3HeprHH noMHHHpyeT 

BKnan HeToqHHKa C npononbHOH CKOpOCTblCJ ~1~ 0,008, B o6nacTH BY

COKOH 3HeprHH - HCTOqHHKa C npononhHOH CKOpOCTblCJ ~2~ 0,02. 

lit' f' Ag 
003 

O.Ql 

, 
f' 

a) 

b) 

0.06 

004 

O.Q2 

C) 

f' 

0.05 

003 

001 
I 

10 50 90. 

PHC.9. CKOpOCTH HCTOt{HHKOB He

nycKaKJmHX fparMeHTY 
3

H,
3

He H 
4

He 

H3 pa3RHt{HYX MHWeHe8. OwH6KH no

Ka3YBaKJT pa3HHUY nnH 45° H 135~ 

,~~-,--,----,--r-r----r-T""'---,--,----, 

·~1o2 

i'l 

M O f III No. l'1l;i Al 

... ... .. 

PHC.10. Buxon fparMeHTOB c 

3apHnaMH Zr= 6+14: peaKUHH 

p + Au nnH ®r= 90. 3HeprHH 

HaneTaKJmero npoToHa 4,2 f3B. 
·~ 

nHqxpepeHUHanhHYe eeqeHHH 06pa3oeaHHH fparMeHTOB non onpene

neHHYM yrnoM 6unH napaMeTpH30BaHY B BHne 

(d2 u/dErdO)(Zr,Er)=u
1
(Zr)f

1
(~1 ,T1 )+u2 (Zr)f 2 (~2 ,T2 ) , 

rne nepeoe cnaraeMoe onHcYBaeT neyxTenhHYH cTaTHCTHt{eCKHH pacnan 

no ¢QpMynaM aeHMMeTpHt{HOrO neneHHH BYCOKOB036ylKneHHOH HnepHOH 
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CHCTeMU, a BTopoe - BKnan 6onee 6ucTporo HCTOqHHKa, KOTOpUH 6un 
napaMeTpH30BaH MaKCBenn-EORbUMaHOBCKHM pacnpeneneHHeM, HMeDmHM 

KYROHOBCKHH 6apbep 6RH3KHH K Hynv. 

EcnH onttcuaaTb Z-pacnpeneneHHe nonHoro auxona qipar?.!.eHTOB 

CTeneHHOH <PYHKUHeH u{Zf) « zf-T, TO IlOHBReHHe MHHHMyMa B 3aBH

CHMOCTH napaMeTpa TOT 3HeprHH nepaHqHoro nyqKa, MomeT cnymHTb 

cHrHanoM qia3oaoro nepexona THna EHnKoCTb-ra3 B HnepHOM aemecTae. 

3TOT napaMeTp, KaK H B cnyqae KnaccHqecKoro ra3a, non~eH HMeTb 

MHHHMaRbHYD aenHqHHY npH HeKOTOpOM 3HaqeHHH TeMnepaTypu HnepHOH 

B036yllUleHHOH CHCTeMU B6RH3H KpHTHqecKOH TOqKH Ha (Jla30BOH nHa

rpaMMe IlROTHOCTb-TeMnepaTypa. 

3HaqeHHH T{ E), nonyqeHHUe npH pa3HUX 3HeprHHX npOTOHOB H 

a-qaCTHU, npHBeneHU Ha pHC.12 H pHC.13. .llnH peaKUHH 4 He + Au 

eCTb yKa3aHHe Ha MHHHMYM npH 3HeprHH OKORO 6 f3B KaK nnH IlORHoro 

auxona, TaK H, 6onee BUpa3HTenbHO, nnH KOMilOHeHTU u2 {OT 6ucTpo

ro HCTOqHHKa). 
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4 5 6 7 Ep.r3B 

PHC.11 . .llHq>qiepeHuHaRbHUe ceqeHHH PHC.12. 3aBHCHMOCTb napaMeTpa T 

3MHCCHH qiparMeHTOB B HF non pa3- OT 3HeprHH HaneTaDmHx npoTOHOB 

RHqHUMH yrnaMH B n.c. B peaKUHH nnH peaKUHH p +Au. 

p + Au. 3HeprHH npoTOHOB 2,5 f3B. 

3TOT pe3yRbTaT MOEeT cnyEHTb yKa3aHHeM Ha npOHBReHHe qia30-

Boro nepexona a HnepHoM aemecTBe. 
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IlOHCKOBWe 3KcnepHMeHTW. {rnaaa 4) 
a) IlOHCK 10He. BcKaR~H H30TOil . 10 He B peaKUHH qiparMeHTaUHH 

Hnpa 232Th Ha nyqKe ne8TpOHOB C HMilYRbCOM 4,8 f3B/c. H30TOilU re

RHH H RHTHH perHcTpHpoaanHCb B HHTepaane 3HeprHH 14-38 M3B Tene
CKOilOM H3 qeTHpex nonynpoaonHHKOBUX neTeKTOpOB. IlpHMeHeHHe nayx 

AE neTeKTOpOB B onHOM TenecKone ynyqwaeT HneHTH(JlHKaUHD Hnep. Pe-

3YRbTaTH 3KCnepHMeHTa IlOKa3aHU Ha pHC.14. 

Euna 3aperHCTPHPOBaHO 2000 Hnep 8 He. OCHOBHOH <JlOH co6HTHH 

B6RH3H pacqeTHOH Il03HUHH 10He B03HHKaeT OT onHoapeMeHHOH perHCT

paUHH nayx Hnep {B OCHOBHOM He6 +p H He6 +d). 

BepXHHH rpaHHUa ceqeHHH o6pa30BaHHH CTa6HRbHOro H30Tona 
10He 6una oueHeHa B 2 MK6H, qTo 3HaqHTeRbHO HHme 3HaqeHHH cneny
vmero H3 nony3MilHpHqecKOH CHCTeMaTHKH ceqeHHH o6pa30BaHHH nerKHX 

qiparMeHTOB U « c{Z )•exp{Q /T ), rne Q - pa3HOCTb Mace OCHOB-
f'" • qq O qq 

HUX COCTOHHHH HaqanbHHX H KOHeqHUX nponyKTOB peaKUHH, To- napa-

MeTp, paBHHH, npHMepHO, 2-3 M3B. 

4tte+Au-Z +X ~ j 
~~ 

e'1 ! ! 1 

V l ~ H ' ' 
_.____._ 
5 7 9 ·1 

£4He J1B , 13 

PHC.13. 3aBHCHMOCTb TOT 3Hep

rHH HaneTavmHx a - qacTHU nnH 
peaKUHH 4 He+Au. qepHHe TOqKH-

T onpenenHncH no nonHHM ceqe

HHHM, KBanpaTH - no BKnany 6HCT

poro HCTOqHHKa, CBeTnHe - no 

BKnany MenneHHOro HCTOqHHKa. 

r ... "' "" 
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80 100 120 1'4 
1fiO -:.-:.a,.!! 21.0 

PHC.14. 3KcnepHMeHT no IlOHCKy 
10He. CneKTp H30TOnOB renHH H 

RHTHH nnH peaKUHH d + 232 Th. 

BMnyRbC HaneTaDmHx neATpOHOB 

4,8 f3B/c. 

6) IlOHCK aHoManoHOB. BcKaRHCb Hnpa c aHOManbHO 6onbWHM ce-

17 
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qeHHeM B3aHMoneHCTBHH B BewecTBe H BpeMeHeM ~H3HH 6onhwe 5X10- 8c 
cpenH nponyKTOB cpparMeHTaUHH HaneTaKJwero Hnpa KHcnopona c HM
nynhcOM 4,5 r3B/HyKnOH. 

B 3TOM 3KcnepHMeHTe perHCTpHpOBanHCh nyqKOBUe cpparMeHTU H, 
no3TOMY, reoMeTpHH CHnhHO OTnHqaeTCH OT onHCaHHOH paHee. MHWeHh 
pacnonaranacb Ha paCCTOHHHH 18 MeTpOB OT ne~eKTOpOB, TaKme Haxo
nHWHXCH B KaMepe ycKOpHTenH. B MarHHTHOM none ycKOpHTeng Hane
TeKTopax q>oKycHpOBanHCh HeHTPOHOH36UTQqHue cpparMeHTU Hnep, pa3-
pyweHHUX Ha MHWeHH. CTOnKa KpeMHHeBUX neTeKTOpOB HCnonh30Banacb 
KaK ~HBaH BTOpHqHaH MHWeHb. B HeH onpenenHnacb nnHHa CB06onHoro 
npo6era cpparMeHTOB. 

BepXHHe rpaHHUU npHMeCH aHOManoHOB cpenH perHCTpHpyeMUX 
Hnep OT renHH no a3oTa nonyqHnHch HHme 0,5 %. 

B 3THX me 3KcnepHMeHTax 6unH nonyqeHu oueHKH npHMecH cppar
MeHTOB c npo6HUM 3apHnoM. 3HeprerHqecKHe noTepH AE penHTHBHCTKHX 
Hnep B TOHKHX neTeKTOpax nponopUHOHanhHU KBanpaTy HX 3apHna z. 
~parMeHTU perHCTpHpoBanHCh TeneCKOITOM H3 qeTupex neTeKTOpOB. 

Pa3peweHHe onHoro neTeKTOpa TOnWHHOH 1,8 MM COCTaBnHno uz~ 0,17 
enHHHU 3apgna. 0T6HpanHCh co6UTHH, B KOTOpux pa3HOCTh aMnnHTyn B 

nKJ6oH nape neTeKTopoB He npeBuwana 3anaHHOH BenHqHHU IZ
1
-ZJ l<AZ. 

TaKHM OT6opOM HCKmoqanHCh co6UTHH c 6onhWHMH cpnyKTyaUHHMH 
HOHH3aUHOHHUX noTepb H HnepHUMH B3aHMoneHCTBHHMH B neTeKTOpax. 
3cpcpeKTHBHOCTh TaKoro MeTona OT6opa HnnlOCTpHpyeTCH Ha pHc.15. 
BepXHffff rpaHHUa npHMeCH cpparMeHTOB C npo6HUM 3apHnoM, nonyqeHHaH 
B 3TOM 3KCnepHMeHTe paBHa 2x10- 4 C nocToBepHOCThlO 95 %. HMHTaUHH 

cHrHana OT npo6Horo 3apHna Mo•eT B03HHKaTh npH npoxoEneHHH qepe3 
neTeKTOpU nByx cpparMeHTOB onHOBpeMeHHO. 

B) IlOHCK Y3KHX pe30HaHCOB B ynpyrou pp pacceHHHH . 
.lIH6apHOHU HWYTCH B nocnenHee BpeMH oqeHb HH;eHCHBHO. 3Ta 

3anaqa HBnHeTCH onHOH H3 OCHOBHUX nnH q>H3HKH npoMeEyToqHUX 3Hep
rHll:. .lIOKa3aTenhCTBO HX cywecTBOBaHHH nponHno 6u HOBUll: CBeT Ha 
KBapKOBUe CTeneHH CB06onu B HyKnOHax H Hnpax. 

EcnH nH6apHOHU C H30TOnHqecKHM cnHHOH T=1 cywecTBYIOT H pac
nana1>TCH Ha napy npoTOHOB, To B ceqeHHH ynpyroro pp pacceHHHH 
KaK <PYHKUHH 3HeprHH nyqKa cnenyeT o•HnaTh oco6eHHOCTH. H3 ycno
BHH yHHTapHOCTH MaTpHUU pacceHHHH ceqeHHe B o6naCTH pe3oHaHCa 
MomeT nocTHraTb BennqHHU 2rr~2

• qTo npH 3HeprHHX COTHH M3B npeBU
waeT H3BeCTHoe ceqeHHe, npHuepHo, B nBa pa3a. 
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B OCHOBe 3TOro 3KCnepHMeHTa ne•HT B03MOmHOCTh pa6oTaTb c 
BHyTpeHHeH MHW8Hhl0 npH nepeMeHHOM none CHHXpoq>a3oTpOHa. H3Mepe
HHH npoBonHnHCh npH Heo6uqHo HH3KHX nnH CHHXpoq>a30TpOHa 3HeprHHX 
116-199 M3B. MarHHTHOe none CHHXpoq>a30TpOHa H3MepHnOCh c Toq-, 
HOCThl) 1 re, qTo COOTBeTCTByeT pa3peweHHIO no HHBapHaHTHOH Macce 
CTanKHBalOWHXCH npOTOHOB 0,25 M3B. B KaqecTBe MOHHTOPHPYIOWeH pe
aKUHH Hcnonh30Banoch ynpyroe pd pacceHHHe. 
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3APRA cPPArMEHTA 

Pnc.15. PacnpeneneHHe q>parMeHTOB 
no 3apHny npH pa3pyweHHH Hnep 
16

0 C 3HeprHell: 3,66 r3B/HyKnOH 
Ha MaHnapoBOll: MHWeHH. 0To6paHU 
co6UTHH, B KOTOpux pa3HOCTh aMn

RHTyn MeEnY. n1060H napoll: H3 4-x 
neTeKTopoB He npeBuwaeT 0,15 
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PHc.16. PacnpeneneHHe AE-E, 3a
perHcTpHpoBaHHoe OT MHWeHH H3 

cnnaBa (CH 2 )nH (CD
2

)n npn 3Hep
rHH HaneTalOWHX npOTOHOB 150 M3B. 

MnweHhlO HBnHnach nneHKa H3 cnnaBa o6uqHoro H nell:TepHpoBaH
Horo nonH3THneHa. Ha pHc.16 npnBeneH nByMepHUH cneKTp AE-E pac
npeneneHHH, n6nyqeHHull: B KopoTKOM nnana3oHe 3Heprnll: HaneTaKJwero 
npoToHa. Xopowo BHnHu nHKH ynpyroro pp H pd pacceHHHH. 

0THOW8HHe ceqeHHH ynpyroro pp H pd pacceHHHH, HOpMHpoBaHHOe 

Ha rnanKyKJ <PYHKUHD, npHBeneHo Ha pnc.17. PacnpeneneHHe He noKa-
3ano OTKnoHeHHll:, 3HaqHTenhHO npeBUWal>WHX CTaTHCTHqecKHe. CTaTHC
THqecKaH TOqHOCTh H3NepeHHH - 0,9% Ha onHH M3B HHBapHaHTOll: Maccu 
PP CHCTewu. B 3TOM 3KCnepHM8HTe 6uno 3aperHcTpHpoBaHO 4 MRH co-
6UTHll: ynpyroro pp H 2 MnH co6UTHll: ynpyroro pd pacceHHHH. 
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9KcnepHMeHTY ea nyqKe nonspH3osauuwx AeATpoeos. (rnaua 5) 

C MOMeHTa C03,ItaHHH Ha CHHXpOqla30Tpoue ycKopeHHOro nyqKa no

nHpH30BaHHUX ,neATpOHOB cneKTpOMeTp Ha BHyTpeHHeA MHWBHH HBnHncH 
y,no6HUM nonHpHMeTpOM. OnUT pa60TU C TOHKOA MHWeHblO H MBTO.ItHKa 

perHCTpaUHH s.nep HH3KHX 3HeprHA nonynposo.nHHKOBUMH .neTeKTOpaMH 

oKa3anHCb oqeHb none3HUMH H ,nnH nonHpHMeTpHH .neATpOHOB C 3Hep

rHeA 10 M3B nocne nHHeAHoro YCKOPHTens. B3MepeHHe nonHpH3aUHH 
npH 3HeprHHX CHHXpOqla30TpoHa nposo,nHnocb C n0Momb10 H3MepeHHH 
acHMMeTpHH B ynpyrow .neATpOH-npOTOHHOM pacceHHHH. 

H3yqeHHe peaKUHH dj C ➔ p X npH 3HeprHHX 

AeATpoua 0,6 - 2,1 r3B/HYKXOH. 

Ha nyqKe nonspH30BaHHUX .neATpOHOB H3Mepsnacb acHMMeTpHH 
3MHCCHH 6ucTpux npOTOHOB H3 12c BHe KHHeMaTHKH O,nHOKpaTHoro HyK
noH-HYKXOHHOro pacceHHHH. 

HecKonbKO Mo.neneA BocnpoH3BO,ItHT o6mHe CBOACTBa HHKnl03HBHUX 
ceqeHHA, HO He woryT o6~HCHHTb ,naHHue no aHanH3Hpy10meA cnoco6-

HocTH, KOTOpue HBnHIOTCH .nononHHTenbHUM TeCTOM wexaHH3Ma peaKUHH. 
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PHC.17. 0THOW8HHe ceqeHHA ynpy

roro pp H pd pacceHHHH (HOpMH

posaHHOe Ha rna,nKyD ~YHKUHD) B 
3aBHCHKOCTH OT xarHHTHoro nons 
cHexpoq,a3oTpoua. 
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PHC.18. 3aBHCHKOCTb A OT 3Hep-
y 0 

rHH npoToHa no.n yrnox 75 B pe-

aKUHH djC ➔ pX npH 3HeprHHX 

HaneTaD!llero .neATpoua 0,6, 0,8, 
1,0 H 2,1 r3B/HyKXOH. 

BHCTpwe npoTOHH perHCTpHpouanHCb no.n yrnaMH 75: 90: 102°H 
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120° TenecKonaMH, KaX,nLIH H3 KOTOpux COCTOHn H3 .nsyx nnaCTMacco

BllX CUHHTHnnHTOpOB c TonmHHaMH 8 MM H .nsyx KpHCTannoB NaI(Tl) c 
TonmHHaMH 80 H 150 MM. 

Me~y nnacTHKaMH noMemancs nornoTHTenb, qTo no3sonHno pac

WHpHTb .nHana30H 3HeprHH perHCTpHpyeMUX npoTOHOB .no 600 M3B. 

Pe3ynbTaTLI H3MepeHHH Ay npH 3HeprHHX 0,6, 0,8, 1,0 H 2,1 

f3B/HyKnOH npHBe,neHLI Ha pHC.18. ~aHHLle npH 0,8 f3B/HyKnOH xopowo 
cornac.y10TCH C ,naHHLIMH .nns peaKUHH pjC ➔ pX npH TOH xe 3HeprHH. 

no.n yrnoM 75° 3HaqeHHe A npH Manux 3HeprHHX OTPHUaTenbHO H 
y 

couna,naeT no 3HaKy c A .nns ynpyroro pp pacceHHHH. B 3TOA o6nac-
Y 

TH OCHOBHOH BKna.n .naeT KBa3Hynpyroe pacceHHHe Ha HyKnOHaX H,npa,· 

c nocne.ny10mHM cHnbHLIM nepepacceHHHeM. c yuem1qeHHeM 3HeprHH pe
rucTpHpyeMoro npOTOHa A MBHHeT 3HaK H npH npH6nHXeHHH K KHHeMa-

y 

THqecKOA rpaHHUe pacceHH~H Ha n.npe KaK uenoM ,nOCTHraeT MaKCH-

ManbHoro 3HaqeHHH 30 - 40 % • nonyqeHHLle npH pa3HLIX 3HeprHHX 

3HaqeHHH A noxaTCH Ha o.nHy KpHBylO, ecnH B KaqecTBe apryMeHTa 
y 

B3HTb Macey MHWBHH Mt, nocne ynpyroro pacceHHHH Ha KOTOpoA, Ha-

neTa10mHA npOTOH CTaHOBHTCH perHCTpHpyeMHM npoTOHOM. 

B o6pa30BaHHe KyMynHTHBHHX npoTOHOB BHOCHT BKna.n HeCKOnbKO 

npoueccou. IlpH 3HeprHH HaneTa10mero HyKnOHa HHZe 300 M3B OCHOBHOH 

BKna,n, noBH,nHMOMY, .naeT O,ItHOKpaTHOe pacceHHHe Ha 6UCTpOM HyKnO
He. IlpH 6onee BHCOKHX 3HeprHHX pacTeT BKna.n pacceHHHH Ha 6onee 
Tszenux KnacTepax. ~ns su.neneHHH BKna.nou pa3HHX MexaHH3MOB He

o6xo,nHMH KOppenHUHOHHLle 3KcnepHMeHTH Ha nyqKaX nonHpH30BaHHHX 

npoTOHOB H .neATpOHOB. 

. MeTo,nHqecKHe oco6eHHOCTH 3KcnepHMeHTOB 

Ha BHyTpeHHHX MHmeHHX. (rnaua 6) 

IlpH pa6oTe C ra30BOA CTpyAHoA MHWeHblO OCHOBHHM HCTOqHHKOM 
~Ha HBnHeTCH OCTaToqHUA ra3, KOTOpuA He nonHOCTblO OTKaqHsaeTCH 

Melt,lly UHKnaMH ycKopeHHH, qTo 6uno npoHnn10cTpHpoBaHO Ha pHC.3. 

Ha cHexpo~a3oTpoHe, r.ne nneHoqHaH MHweHb H .neTeKTopu pacno

nara10Tcs B Kawepe ycKopHTens, HaH6onLwy10 onaceocTb npe.ncTasnHeT 
~H qacTHU OT B3aHMo,ne8cTBHH pa3pywa10merocg nyqKa C - KOHCTpyK

UHHIIH B6nH3H OT ,neTeKTOpOB. EcnH MarHHTHOe none ycKOpHTenH noc

TOHHHO (peZHM "cTona"), BL16L1Ba10mHe H3 ycKopeHHH qacTHULI pa3Ma3bl
BalOTCH no KaMepe ycKopHTenH paBHOMepHO H ,~OH HeBenHK . 

npH HapacTa10meM HnH cna.na10meM none nyqoK pa3pywaeTcH cHnb-
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Hee, oco6eHHO npH HH3KHX 3HeprHHX. Bu6uBaDmHe H3 ycKopeHHH qac

THUU CBOpa'IHBaDT BHYTPb KOJibUa npH HapacTaDmeM none H Hapymy npH 

cnaaaDmeM none. B 3aBHCHMOCTH OT Toro, C KaKOH CTOpOHU pacnOJIO

~eHU KOHCTPYKUHH MHWeHH, ¢0HOBUe ycnOBHH MoryT B aecHTKH pa3 OT

nH'laTbCH anH pa6oTu Ha pacTymeM H cnaaaDmeM none. 

BnH Toro, 'IT06U BU6UBaDmHe H3 ycKopeHHH qacTHUU B3aHMoaefi

CTBOBaJIH C BemecTBOM KaK MOEHO aanbwe OT aeTeKTOpOB, MU BBOaHnH 

B KaMepy O'leHb MaCCHBHYD (30 r/cM
2

) MHWeHb - nepexBaT'IHK Ha pac

CTOHHHH 20 M no xoay nyqKa OT nneHO'IHOH MHWeHH. IlpHMeHeHHe nepe

XBaT'IHKa npH pa6oTe Ha pacTymeM none CHHEano ¢OH MHrKHX npoTOHOB 

B 3KcnepHMeHTaX no ¢parMeHTaUHH B HeCKOnbKO aecHTKOB pa3. 

IlpH H3MepeHHH pacceHHHH Ha Hapax anH MOHHTOpHpOBaHHH npHMe

HHeTCH rH6pHaHaH MHWeHb, coaepmamaH Boaopoa HJIH aefiTepHfi. 

B 3KCnepHMeHTax no noHCKY Y3KHX aH6apHOHHUX pe30HaHCOB npo-

6neMa MOHHTOpHpOBaHHH 6una oco6eHHO BaEHOH. H3MepeHHH npoBoaH

JIHCb npH O'leHb HH3KOH 3HeprHH 80-200 M3B Ha cnaaaDmeM none. 

Ily'IOK CHJ!bHO pa3 pywaeTCH H, noCKOnbKY , Hcnonb30BanHCb aeTeKTopu 

He BuaenHDmHe HanpaBneHHH Ha MHWeHb, ¢JIYKTyaUHH ¢oHa, 3aBHCHmHe 

OT BenH'IHHU nonH, MornH nonHOCTbD HCKa3HTb pe3ynbTaTU H3MepeHHH. 

Euna H3rOTOBJieHa nneHO'IHaH MHWeHb C oaHHaKOBUM coaepmaHHeM 

o6U'IHOro H aefiTepHpOBaHHOro nonH3THneHa. Ynpyroe pd pacceHHHe 

cnyEHJIO 6ec¢OHOBUM MOHHTOpOM aJIH ynpyroro pp pacceHHHH (pHc.16). 

cneKTpoMeTp Haep oTaaqH. 

B onHCaHHUX BUWe 3KCnepHMeHTax aeTeKTOpU MeaneHHUX qacTHU 

pacnonaranHcb nH6o B KaMepe ycKopHTenH, nH6o B HOHonpoaoaax coe

aHHeHHUX C HeH. IlpH perHCTpaUHH 6ucTpux qacTHU HCnonb30BaJIHCb 

TaKme OKHa B KaMepe ycKOpHTenH, 3aKpUTUe ¢0JibrOH. 

MexaHH'leCKaH CHCTeMa, HecymaH aeTeKTopu, HMeeT KOHCTPYKUHD 

THna "30HTHKa", KOTOpUH BBOaHTCH qepe3 BaKyyMHUH wnD3 B KaMepy 

CHHXpo¢a30TpOHa H "pacKpUBaeTCH" noa ee noTOnKOM. BnH yMeHbWeHHH 

WYMOB nonynpoBoaHHKOBUe aeTeKTOpU oxnamaaDTCH C noMombD TeUROBUX 

Tpy6, KOTOpue npH He60JibWOM co6CTBeHHOM Bece o6naaaDT 3Ha'IH

TenbHO 6onbWeH TenJionpoaoaHOCTbD, qeM cnnOWHUe MeTaJinH'leCKHe 

KOHCTPYKUHH. TennoBaH Tpy6a npeacTaBnHeT co6o8 repMeTH'IHYD Tpy6-

KY, qacTH'IHO 3anonHeHH~D mHaKHM TenJIOHOCHTeneM, KOTOpUH HcnapH

eTCH B 30He HarpeBa H KOHaeHCHpyeTCH B 30He oxnaEaeHHH. 

BJIH perHcTpaUHH MeaJieHHUX npoTOHOB H siaep npHMeHHnHCb Te-
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necKonu KpeMHHeBUX aeTeKTOpOB c TOJimHHaMH OT 6 MKM ao 4000 MKM. 

B 3KCnepHMeHTaX no H3y'leHHD ~parMeHTaUHH siaep KOJIH'leCTBO aeTeK

TOpOB B TenecKone aoxoaHno ao wecTH, oattaKo HaH6onbwee npHMeHe

HHe HKenH TenecKonu H3 Tpex HnH qeTupex aeTeKTOpOB. nocJieaHHH 

aeTeKTOp o6U'IHO pa6oTaeT KaK aHTHCOBnaaaTenbHUH. 

BerallllUIA cqeTqHK. 

MOHHTOpHpOBaHHe ocymecTBJIHeTCff perHCTpauHe8 ynpyro pacceHH

HUX npOTOHOB HJIH ae8TpOHOB OTaaqH H3 MHWeHH, coaepEamea aoaopoa 

HJIH ae8TepH8. IlpH HenpepUBHO MeHHDme8CH 3HeprHH nyqKa anH H3Me

peHHH HHEe 3 f3B/HYKJIOH MOHHTOpHpOBaHHe oaHHM HenoaBHEHUM aeTeK

TOpOM CTaHOBHTCH Kpa8He Heyao6HUM. 9HeprHH qacTHU OTaaqH noa 

¢HKCHpOBaHHUM yrJIOM pacTeT, a aHqxflepeHUHaJibHOe ceqeHHe pe3KO na

aaeT C yaenH'leHHeU 3HeprHH nyqKa. HanpHMep, B ynpyroM ad B3aHMO

ae8CTBHH npH H3MeHeHHH uarHHTHOro nonH CHHXpo¢a30TpOHa OT 1,2 ao 

10 KfC 3HeprHH ae8TpOHOB OTaaqH noa yrnoM 84° pacTeT OT 5 ao 40 

M3B, a ceqeHHe du/dQ yMeHbwaeTCH B 100 pa3. 

BJIH Toro, 'IT06U 0608TH 3TO .Heyao6CTBO 6un pa3pa6oTaH 

6era~IllJ{R MOHHTOp. BeTeKTOpU pacnonaranHCb Ha KapeTKe, aBHEeHHe 

KOTOpoa CHHXpOHH3HpoaanOCb C H3HeHeHHeM 3HeprHH ycKOpHeMUX qac

THU TaKHM o6pa30M, 'IT06U 3HeprHH qacTHU OTaa'IH ynpyroro pacceH

HHH OCTaBaJiaCb CTporo nocTOHHHOH BO BCeM aHana3oHe H3MepeHHH. 

HMnynbCU, OTMe'laDmHe H3MeHeHHe uarHHTHOro nonH ycKOpHTenH Ha 

1 re, nocTynaJIH Ha aapecHUH C'leT'IHK naMHTH, B KOTopyD 3aHOCHnacb 

~YHKUHH aBHEeHHH KapeTKH, OTpazaDmaH KHHeMaTHKY ynpyroro pacceH

HHH. ECJIH B aaHHOH gqefiKe naMHTH, conpHEeHHOH C aenH'IHHOH Mar

HHTHOro nonH CHHXpo~a30TpOHa, 61:rna eaHHHUa, warOBUH aBHraTenb 

aenaJI war, ecJIH HYJib, TO He aenaJI. Eun pa3pa60TaH cneuHanbHU8 

6JioK nHTaHHH, o6ecne'IHBaDmH8 pa6oTy waroaoro aBHraTenH c 6oJibWH

MH nepeueHHUMH ycKopeHHHMH. 06U'IHO aJIH MOHHTOpHpoBaHHH perHCTpH

poBaJIHCb ynpyro pacceHHHUe ae8TpOHU, HMeDmHe 3HeprHD OKOJIO 8 M3B. 

nonpaBKH ea a~epeoe B3aawoaeAcTBHe. 

B HeKOTOpUX 3KCnepHMeHTax KY HCnonb30BanH TOJICTUe xpHCTanJIU 

NaI(Tl). IlpH pa6oTe c aeTeKTOpaMH noJIHoro nornomeHHH Heo6xoaHMO 

Y'IHTYBaTb HaepHYe B3aHuoae8CTBHH B HHX. BJIH npOTOHOB 3HepreTH

qecxaH 3aBHCHMOCTL OTHOWeHHH "nHK/XBOCT" H3BeCTHY H3 nHTepaTypu. 

23 



nnst st.nep TaKux .naHHllX He 6uno. Mu npoaenu cneuuanbHoe MeTo.nuqec

Koe H3MepeHHe Ha BUBe.neHHOM nyqKe st.nep 
3

He H H3MepHRH OTHOWeHHe 

"nHK/XBOCT" (puc.19) .nnst KpHCTanna NaI(Tl) B .nuana3oHe 3HeprHH 

70+430 M3B. 

PerHCTpaUHH peJISITHBIICTKHX a.nep . 

ECRH st.npo pa3pywaeTCSI B CTOnKe .neTeKTOpOB, TO o-3ReKTpOHll, 

KOTOplle conpoBOllt,!lanu 3TO st.npo H KonuqeCTBO KOTOpllX nponopuuo

HaRbHO KBa.npaTy 3apst.na a.npa, nponeTaJOT HeCKORbKO MM, H TORbKO 

nocne 3Toro ycTaHaBRHBaeTCSI HOBaR aMilJIHTY.!la CHrHaJia. BKJia,!l 

o-3JieKTpOHOB H3MepsteTCSI pa3HOCTblO CHrHaJIOB .!lJISI cnyqea, Kor.na ne

pe.n .neTeKTOpOM HeT aemecTBa, H Kor.na OHO eCTb. nna a.nep KHCJIOpO

.na Mll nonyqHJIH pa3HHUY OKOJIO 6 %. 

ECJIH TOHKHe .neTeKTOpll CTOSIT pst,!lOM, TO 6ucTpue o-3ReKTp0Hll 

npoXO.!lSIT qepe3 HeCKOJibKO .neTeKTOpoB, H ¢JIYKTyaUHH HOHH3aUHOHHllX 

noTepb He SIBJISIIOTCH He3aBHCHMllMH. Ycpe.nHeHHe CHrHaJIOB .!lBYX PH.!lOM 

CTOHWHX .neTeKTOpOB .naeT yMeHbWeHHe CTaH.napTHOrO~OTKJIOHeHHSI B 1,2 

pa3a, Tor.na KaK .nnst y.naneHHllX .neTeKTOpOB OHO COCTaBJisteT vf2' 

3JieKTpOHHKa H CIICTeMa c6opa HH~OpMaUHH cneKTpoMeTpa a.nep 

oT.naqu Ha CHHXpO!pa3OTpOHe OHRH. 
B HaCTostmee BpeMH cneKTpoMeTp OCHameH 3JieKTpOHHKOH Ha CTO 

KaHaROB nonynpOBO.!lHHKOBllX .neTeKTOpOB H CTOJibKO lite CUHHTHJIJISIUHOH

HllX cqeTqHKOB. 3TO, - YCHJIHTeJIH, MO.!lYJIH 6ucTpOH JIOrHKH, 

aHanoro-uu¢poaue npeo6pa3oBaTeJIH. Best 3JieKTpoHHKa aunoJIHeHa 'a 

CTaH.napTe CAMAC H H3rOTOBJieHa B OHRH. 

npe.nycHJIHTenH YHHBepcaJibHll H pacquTaHU Ha pa6oTy c .neTeKTO

paMH 6oJibWOH eMKOCTH. He.naBHO HaMH pa3 pa6oTaHa 3JieKTpOHHKa C 

60JibWeH CTeneHblO HHTerpa'UHH: wecTHa.nuaTHKaHaJihHlle npe.nycHJIHTeJIH 

H qeTllpexKaHaJibHlle cneKTpOMeTpuqecKHe ycHJIHTeJIH, C ycHJieHHeM, 

3a.naaaeMUM qepe3 MarucTpaJib CAMAC. 3Ta 3JieKTpOHHKa c.nenaHa H.a 

coapeMeHHllX KOMilOHeHTaX - ru6pH.!1HllX MaJIOWYMHWHX ycHJIHTeJIHX, 

6ucTpllX onepaUHOHHllX ycHJIHTeJistX u MaJiora6apHTHllX 6HCTa6HJibHllX 

pene B TpaKTax nepeKJIJOqeHHH ycuneHHst. 

CHCTeMa c6opa HH¢0pMaUHH noKa3aHa Ha puc.20. PaCCTOSIHHe 

Mellt.!lY .neTeKTOpaMH H noMemeHHeK, r.ne HaXO.!lSITCSI OCHOBHast qacTb an

napaTypu H 3BM, - OKORO 100 K. Kpe8Tll CAMAC c aHaJioro-uu¢pOBllMH 

npeo6pa30BaTeJIHMH pacnoJiollteHU KaK pst.!lOK C .neTeKTOpaMH, TaK H pst

,!lOM C 3BM. OHH ynpaBJISIIOTCSI aBTOHOMHllMH KOHTpOJIJiepaMH P131 npOH3-
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BO.!lCTBa POLON, KOTOplle npe.ncTaBRSIIOT co6o8 npoueccopu C pa3BHTOH 

CHCTeMOH KOMaH.n H annapaTHllM BllilOJIHeHHeM ¢YHKUHH CAMAC. 

npH pa6oTe c 6oJibWHM KOJIHqeCTBOM O,!lHOTHilHllX 6JIOKOB npHMeHst

JIHCb, TaKllte, cneuuaJIH3HpOBaHHlle KOHTpOJIJiepu, ynpaBJisteMlle npor

paMMOH, Haxo.nstmeHCR B nepenporpaMMHpyeMOH IlOCTOSIHHOH naMSITH. 

0.2 

0.1 

DD 100 200 JOO 400 SOD 
3HEPTHR JHt (HJB} 

Puc.19. BepostTHOCTh Heynpyroro 

st.nepHoro 

st.nep 
3

He 

B3aHMO,!leHCTBHSI .nnst 

B KpHCTaJIJie NaI(Tl). 

PHC.20. CxeMa c6opa .naHHllX 

cneKTpoMeTpa a.nep oT.naqu. 

nocne OUH¢pOBKH .naHHlle no ,!lJIHHHOMY Ka6eJIJO nepe.naJOTCSI a 6y

¢epHyJO naMHTb 1K, HaXO,!lHWYJOCSI B Kpe8Te OKOJIO 3BM, KOTOpllH TaKllte 

ynpaBJIHeTCR KOHTpOJIJiepoM P131. B 3TOM Kpe8Te CTpOHTCSI co6UTHe H3 

.naHHllX, OUH¢poaaHHllX 6JIOKaMH, HaXO,!lHWHMHCR B HeM lite, H .naHHllX H3 

MaJio8 6y¢epHOH naMHTH, nepe.naHllX y.naneHHllMH KpeRTaMH. Co6UTHSI, 

npHHRTHe B 0.!lHOM UHKJie ycKopeHHSI, HaKanJIHBaJOTCSI B 6y¢epHOH naMSI

TH 64 K, Haxo.nstmeRcst B 3TOM Me Kpe8Te. 

Kall,!lu8 UHKJI co.nepMaHHe 6y¢epa 64 K nepenucuaaeTcst Ha Mar

HHTHYJO JieHTy, H, 3aTeM, H3 3Toro Me 6y¢epa 6epyTCSI co6UTHSI .!lJISI 

on-line aHaJIH3a. 

3BM CM-3 CBR3aHa c Kpe8TOM, B KOTOpOM pacnonaraJOTCSI TOJibKO 

cny•e6Hue MO.!lYJIH: KOHTpOJIJiepu rpa¢uqeCKHX ycTpOHCTB, ,!lOilOJIHH

TeJibHlle 6JIOKH naMRTH, BXO.!lHlle H BllXO.!lHlle perHCTpll ,!lJIR CBSl3H C 

Kpe8TOM, Haxo.nstWHMCR no.n ynpaaJieHHeM KOHTpOJIJiepa P131. 

nocTOHHCTBOM pa60Tll C aBTOHOMHllMH KOHTpOJIJiepaMH SIBJIHeTCSI 

rH6KHH anropHTM OT6opa co6UTHH. 
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B KaqecTse on-line nporpaMMll Hcnonb3yeTcH nonynspHaH npor

paMMa MULTI, HMeJOmaH yno6HyJO CTPYKTYPY nocTyna K naHHllM, BCTpO
eHHllH HHTepnpeTaTop HHCTPYKUHA H pa3BHTllA rpa¢HqecKHA naKeT. 

o6pa6oTKa naHHYX. 

OrpaHHqeHHeM CKOpOCTH pa60Tll Ha CM-3 HBRHeTCH OTCYTCTBHe 
npoueccopa nns pa6oTu c nnasaJOmeR 3ansToR. Eme 6onee cHnbHllM or
paHHqeHHeM HBnHeTCH Manas (32 K) naMHTb 9BM. 

.llnH Toro, qTo6u 0608TH orpaHHqeHHe no naMHTH, nsyMepHue 

pacnpeneneHHH rHCTOrpaMMHpOBanHCb BO BHeWHHX 6noKaX naMHTH 64 K, 
pacnonollCeHHllX B KpeATe CAMAC. 

OCHOBHOe ysenHqeHHe CKOpOCTH 6uno nocTHrHyTo 3a cqeT Toro, 
qTo BMeCTO BllqHcneHHH ¢YHKUHHA, HCnORb3OBaRHCb HX Ta6nHqHue 3Ha
qeHHH, BUqHcneHHlle 3apaHee. 

nporpaMMll o6pa60TKH nns OT6opa co6UTHA H HaKonneHHH nsyMep
HllX pacnpeneneHHH B 6noKaX BHeWHeH naMHTH nnH nocTHllCeHHH MaKCH
ManbHOH CKOpOCTH nHcanHCb Ha acceM6nepe. 

3aKnJOqeHHe. 

B 3aKnJOqeHHH c¢opMynHpoBaHU OCHOBHlle pe3ynbTaTU 

nHccepTaUHH. 
9KcnepHMeHTY no .JtHq,paKUHOHHOA .JtHCCOUHaUHH npOTOHOB Ha 

npOTOHaX H H.Jtpax renHa npH 3HeprHHX 50 - 400 f3B. H3MepeHU ce-
2 ' 2 2 , 2 

qeHHH d u/dtdMX OT nopora peaKUHH no MXS1O f3B npH 
O,OO1sltlsO,4 (f3B/c) 2

• c pocToM 3HeprHH OHH npH ltt ➔o He nana
JOT, KaK npencKa3UBaJOT MOnenH C acHMnTOTHqecKH nocTOHHHllMH nonHu

MH ceqeHHHMH, a coxpaHHJOT' 3KCnOHeHUHaRbHYJO 3aBHCHMOCTb OT t no 

ltts 0,001 (f3B/c) 2 H npH 400 f3B. H3 nono6HH cneKTpos M npH 
X 

nHccouHaUHH npoToHOB Ha npoToHax H snpax renHH nns Manux It I 
cnenyeT, qTo nnH Bcex Tpex pe3OHaHCHllX ycHneHHA peaKUHH PP ➔ pX 
HneT C o6MeHOM HyneBUM H3OTOnHqecKHM cnHHOM, qTo nonTBepmnaeT HX 
nH¢paKUHOHHOe npoHCXOQeHHe. 

rnay6epOBCKHH aHanH3 ceqeHHH peaKUHH p4He➔X4He noKa3an, qTo 

nH¢paKUHOHHaH nHCCOUHaUHH HMeeT nepH¢epHqeCKHH xapaKTep, TO eCTb 
HeynpyraH nH¢paKUHH npOTOHa npoHcxonHT, B OTnHqHe OT ynpyroro 
pacceHHHH, Ha KOnbUe, a He Ha qepHOM nHcKe. 

9KcnepHMeHTY no H3yqeHHD q,parKeHTaUHH anep. H3yqeHa 3MHCCHH 
¢parMeHTOB C Z=2+1O npH B3aHMoneHCTBHH C pa3nHqHllMH 1rnweHHMH 
npOTOHOB H a-qaCTHU npH 3HeprHHX 0,5+7,5 f3B/HyKnOH. 
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IlOKa3auo, qTO ¢parMeHTll C 3apsnauH 2+3 HcnycKaJOTCH HCTQqHH
KaMH, HMeJOmHMH CKOpOCTb, KOTOpaH HBnHeTCH YHHBepcanbHOH ¢YHKUHeH 
3HeprHH/HyKnOH perHCTpHpyeMoro q,parMeHTa H He 3aBHCHT HH OT THna 
¢parMeHTa, HH OT aTOMHoro HOMepa snpa MHWeHH. 

H3MepeHU ceqeHHH suxona H3 3OnOTOH MHWeHH ¢parMeHTOB C 3a
pHnaMH 5+10. C pOCTOM 3HeprHH HaneTaDmeA a-qacTHUll OTHOWeHHe Bll
xona nerKHX ¢parueHTOB no OTHoweHHJO K 6onee THzenuM cHaqana na
naeT, a, HaqHHaH C 6 f3B, pacTeT: 9TOT 3q>cl)eKT MOllCeT OKa3aTbCH 
npoaaneHHeM q>a3osoro nepexona B HnepHoM semecTae. 

IlOHCKOBYe 3KCoepHUeHTY. YcTaHOBneHU aepXHHe rpaHHUll o6pa30-
BaHHH anpa 

10
He npH ¢parMeHTaUHH snpa 232Th Ha nyqKe penHTHBHCT

KHX neRTpOHOB, o6pa30BaHHH aHoManoHOB H ¢parMeHTOB C npo6HUM 3a
panou npH ¢parueHTaUHH snep 160 c 3HeprHeR 4,5 f3B/HyKnoH H o6-
pa3oBaHHH Y3KHX nHnpOTOHHllX pe3OHaHCOB B ynpyroM pp pacceHHHH B 
nHana3OHe 3¢¢eKTHBHllX Mace CTanKHBaJOmHXCH npOTOHOB 1930+1980 M3B. 

H3MepeHHe A B peaKUHH dt C➔ p X. 9KcnepHMeHTll BllnOnHeHU y 

Ha nyqKe BeKTOpHO nonapH3OBaHHllX neATpOHOB B HHTepsane 3HeprHH 
0,6-2,1 f3B/HyKnOH. ,llna yrnoB 60°+90~ npH yjenHqeHHH 3HeprHH pe
rHCTpHpyeuux npoTOHOB A MeHHeT 3HaK H pacTeT no BenHqHHe, no-

y 

cTHras 30-40% y KHHeMaTHqecKoro npenena pacceHHHH HyKnoHa Ha an-
pe KaK uenoM. Ha6nJOnaeMoe noseneHHe A npoTHBopeqHT MonenH onHo

Y 
KpaTHOro pacceaHHH Ha 6UCTpOM HyKnoHe snpa. 

UeTO.JtHKa. 0Tpa6oTaHU pellCHMY pa60Tll C BHyTpeHHeA MHWeHbJO Ha 
pacTymeM H cnanaDmeM none ycKopHTena c npHMeHeHHeM MHWeHH nepe
XBaTqHKa nna CHHllCeHHH ¢0Ha B ycnOBHHX CHnbHoro pa3pyweHHH nyqKa. 

Pa3pa6oTaHa MeTOnHKa perHCTpaUHH nponyKTOB ¢parMeHTaUHH 
nyqKa, B3aHMoneACTBymero C BHyTpeHHeH MHWeHbJO. MarHHTHOe none 

YCKOpHTena HCnonb3yeTCH npH 3TOM nna ¢0KYCHpOBKH Ha neTeKTOpll 
onpeneneHHux ¢parMeHTOB. 

Pa3pa60TaH MeTon MOHHTOpHpOBaHHH npH nepeMeHHOA 3HeprHH 
nyqKa C Hcnonb3OBaHHeM sonoponoconepllCameA MHWeHH H nonBHllCHOro 
TenecKona, yrnosaH nO3HUHH KOTOporo HenpepYBHO H3MeHHeTCH TaK, 
qTo6y 3HeprHH perHCTpHpyeMUX 'laCTHU OTnaqH ynpyroro pacceHHHH 
OCTasanacb noCTOHHHOH BO BCeM nHana3OHe H3MepeHHH. 

Ha MOHOXpoNaTHqecKOM nyqKe 3He nposeneHu H3MepeHHH snepHllX 
B3aHMoneACTBHH B KpHCTanne NaI(Tl) H cnenaHO HX cpaBHeHHe C Teo
peTHqeCKHMH pacqeTaMH. 

Co3naHu nonapHMeTpY BeKTOpHOH H TeH3OpHoA nonapH3aUHH neAT-
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pOHOB C 3HeprHeA 10 M3B Ha BUXO,lle HH•eKTOpa nY-20 H nonHpHMeTp 
BHyTpeHHero nyqKa CHHXp04Ja30TpOHa. 

C03,llaH cneKTpOMeTp, OCHameHHUA OpHrHHanbHOA cneKTpOMeTpH
qecKOA 3neKTpOHHKOA H rH6KoA CHCTeMoA c6opa ,llaHHUX, HCnonb3yDmea 
HHTenneKTyanbHUe KOHTponnepu.C03,llaHa CHCTeMa 6ucTpoA o6pa6oTKH 
,llaHHUX Ha wanoA 3BM C 3tpqleKTHBHUK Hcnonb30BaHHeM BHemHeA naMHTH. 

C,llenaHU MeTO,!IHqecKHe pa3pa60TKH .llnH ,llanbHeAwero pa3BHTHH 
cneKTpoweTpOB Ha BHyTpeHHHX KHWeHHX. 
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