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CornacHo OU8HKaM llO CTaTHCTHqeCKOI T8OpHH, Bp8MSI )KH3HH Boa-

6y)KJl8HHbIX. COCTaBHbIX SI.llep, o6paayIOIUIIXCSI npH B38HMO.ll8ICTBIIII ycKopeH

HbIX aapmKeHHbIX qacTHll co cnO)KHbIMII H.llpaMH, O'i8Hb p83KO nanaeT B 

-16 
JlHanaaoae < 10 ceK C pOCTOM 9HeprHH BOa6y)KJl8HIISI SI.llep, 8KcnepH-

M8HTanbHO8 II3MepeHH8 BpeMeH :>KII3HII COCTaBHhJX Sl.ll8p, Boa6y)KJl8HHhJX 

.llO 9HeprHA, COOTB8TCTBYIOIUIIX cnnowHOMY cneKTPY Sl.ll0pHbIX ypoBHel, 

npencTaBnsieT npHHUHnHanbH&II HHTepec nnsi onpeneneHHH cpeHoMeHonorH

qecKHX napaMeTpOB CTaTHCTHqecKoA· MonenH Sl.llpa. 

]lo uenaauero BpeMeHH llO.ll06HbI8 HSMepeHHSI 6hJnH MeTOJlHqecKH 

'5. /1,2/ 
HeocymecTBIIMbI, O.llHaKO H8CKOnbKO neT Hasan aaTopaMH pa OT 

6&m npennomeH M8TO.ll onpeneneHHSI CTOnb KOpOTKHX OTp03KOB BpeMeHH 

(< 10-16
ceK) llyTeM Ha6n10neHHSI TeHel B yrnoBbIX pacnpeneneHHSIX npo

.llYKTOB Sl.ll8pHbIX peaKUHI npH IICllOnb3OBaHHH MOHOKpHcTann11qecKHX MHwe

HeA. Celqac 9TOT M8TO.ll Ha'ian nony<lllTb npHMeHeHHe nnH IISMepeHHSI 

/3-8/' /3 4/ 
BpeMeHH npoTeKaHHSI SI.llepHhIX pea KUHi • B pa6oTax • H3M8pSinOCb 

Bp8MSI peaKUHH Heynpyrpro pacceSIHHSI npOTOHOB Ha Sl.llpax Ge H Si. • B 
. /5-8/ 

JlpyrHX pa6oTax HayqanOCb neneHH8 SI.llep u npoTOHaMH 

(10-12 Maa), a - qacTHUaMH (25 Maa), H HelTpoHaMH (3Maa), nony-

-16 
'i8Ha OU8HKa Bp8M8HII )KIISHH KOMnayH.ll-Sl.ll8p B 9TIIX pea KUIISIX .. 10' ceK. 

UenbIO nauaoll: pa60ThI 6&mo CO3.ll8HH8 annapaTyp&I .llnH llOCT8HOBKH 

OllbITOB no aa6n10neHHIO TeHeA B yrnOBbIX pacnpeneneHHSIX OCKOnKOB 

neneHHSI B peaKuHHX C ycKopeHHbIMll TSI:>Ken&IMH IIOH8MH. KoMnaynn

H.llpa, o6paayeMhle npH cnHHHHH cno:>KH&IX sinep, 06nana10T anaq1ITenbHol 
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9 
CKOpOCTblO OT.z:tatffl (.oo 10 CMlceK), B peaynbTaTe 11ero .z:tHanaaoH BpeMeH, 

, -18 
H3MepHMbIX MeTO.llOM TeHeA, cMewaeTC.11 B paAoH 10 ceK. KpoMe 

Toro, Hcnonb3oBaHH8 T.H:>KenbIX HOHOB Il03BDn.H8T nerKO CHHTe3HpOBaTb 

paanH'IHbie .oen.111UH8CSI KOMnayH.0-.11.opa, WHpOKO eapbHpy.11 HX OCHOBHbI8 

napaMeTpbI, Ta.KH8-. KaK Zi t A • aHeprH.11 B036y:>K,ll8HH.H H CKOpOCTb OT.oa-

'DI. 8TO o6CTO.HT8nbCTBO Il03BOn.HeT Ha,Zl8SITbCSI Ha ycTaHoBn8HH8 CHCTe-

MaTH'l8CKHX aaKOHOM8pHOCT8A B 3Ha'l8HHSIX BpeMeH :>KH3HH KOMnayH.0-.11.oep 

B aae'HCHMOCTH OT HX aHeprHH Boa6y)K.Zl8H,H.H, yrnoeoro MOM8HTa H napa-

2 
M8Tpa .oenHMOCTH Z /A 

OnHcaHH8 ycTaHOBKH 

HaMH 6blna paapa6oTaHa cneIIHan1,Ha.11 KaMepa pacce.11HH.11, OTBe11a10-

wa.11 cneIIH<PH'leCKHM Tpe6oeaHH.HM .oaHHbIX aKcnepHMeHTOB. CxeMaTH'leCKHA 

qepTe:>K 9TOA ycTaHOBKH noKaaaH Ha pHc. 1. B II8HTpe KaMepbl Ha roHHO

M8TpH'18CKOM ycTpoACTB8, 0 KOTOpOM 6onee no.opo6Ho 6y.z:teT CKaaaHo 

HH:>Ke, yKpenn.11nac1, MHW8Hb ( 1) t KOTOpOIO cny:>KHn MOH0KpHcTann Bon1,

cppaMa nnowa.01,10 0,5 ·cM
2, OTilOnHpOBaHHbIA aneKTpOXHMH'l8CKHM cnoco6oM. 

npe:>K.z:t8 '18M nonacTb Ha MHW8Hb, ny'IOK qacTHII npoxo.oHn qepea TOpMo-

3.HlUH8 cponbrH (2) H CHCT8MY orpaHH'l8HHSI nHH8AHbIX H yrnoBbIX paaMe

pOB ny11Ka, COCTOSIBWYIO H3 .llBYX .z:tHacpparM (3,4) pa3M8pOM OT 0,5 .ZlO 

3 MM B aaBHCHMOCTH OT Tpe6osaHHA Toro HnH HHoro OilbITa • .llHacpparMbl 

H TOpM03.HlUH8 cpon1,rH MornH aaMeH.HTbCSI TOnbKO C HapyweHH8M BaKyyMa 

B KaMepe. TaK)K8 C HapyweHHeM BaKyyMa MO)KHO 6bmo H3M8HSITb pac

CTOSIHHe M8)KJ:lY AHa¢parMaMH H OT nocneAH8H AHa¢parMbl AO MH-

1118HH. D.n.11 o6ecne'l8HHSI HaHny'IIIIHX ycnOBHH npoXO)KJ:l8HHSI ny'IKa 

qepea KOnnHMaTop 6bma npeaycMOTpeHa B03MO)KHOCTb 6ea Hapy111eHHSI 

BaKyyMa nepeMeIIIaTb nocne,l:lHIOIO AHa¢parMy ( 4) B nnoCKOCTH, Hop

ManbHOH K ny'IKY B ABYX B3aHMHO nepneHAHKyn.11pHblX . HanpaeneHH-
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nv'loK 
~ 
I.IOHOI 

PHc. 1. CxeMa 0ilbITa 1 - M0H0KpHCTann, 2 - T0pM03SIWH9 cponbrH, 
3,4 - ,ZlHacpparMbI, 5,6 - .nep:>KaTenH CT9K0n, 7 - naTpy6oK, 
8 - nonynpOBO.llHHKOBbIA .neTeKT0p. 
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SIX He 6onee qeM Ha 5 MM OTHOCHTenbHO cpeaHero nono>KeHHsr. 

LleTeKTOpbI OCKonKOB aeneHHR, KOTOpbIMH SIBnsrnHCb nnaCTHHhI HS 

06b1qHoro CHnHKaTHoro CTeKna, yKpennsrnHCb Ha cnexrnanbHhIX aep>Ka

Tensrx ( 5). .llnsr yBenHqeHHSI paccTOSIHHSI OT MHWeHH no neTeKTOpa MO:>KHO 

6bmo HcnonbSOBaTb TaKme nepmaTenH cTeKon ( 6), pacnonomeHHi.xe B 

cneuHanbHOM naTpy6Ke (7). npenycMOTpeHa TaK}Ke BOSMO:>KHOCTb ycTa

HOBKH a KaMepy nonynpoBonHHKOBoro neTeKTopa (8) H nepeMeIUeHHSI ero 

6es HapyweHHSI BaKyyMa B nnoCKOCTH peaKUHH no nonsrpHOMY yrny 0 B 
0 0 

HHTepBane 112 -128 • B naHHbIX onhITax nonynpoBonHHKOBhIA neTeKTOp 

He HCnOnbSOBancsr, TeHH B yrnOBbIX pacnpeneneHHSIX OCKOnKOB neneHHSI 

o6Hapy:>KHBanHCb no saBHCHMOCTH nnoTHOCTH TpeKOB OCKOnKOB neneHHSI 

OT KOopnHHaT Ha noBepxHOCTH CTeKnsrHHbIX neTeKTOpoB. PacCTOHHHe OT 

MHWeHH no neTeKTOpa H pasMepbI nHacpparM BhI6HpanHCb TaKHM o6pasoM, 

qTo6bI o6ecneqHTb Heo6xonHMOe yrnoBoe paspeweHHe onbITa ( 0,5°), 

Tpe6oBaHHH K KOTOpOMy onpenenmoTCSI ManbIMH yrnoBhIMH pasMepaMH 
0 0 

TeHeA 1,5 -3 • KoopnHHaTbl TpeKOB Ha noBepxHOCTH neTeKTOpOB MornH 

HSMepHTbCH C oqeHb BhICOKOi!: TOqHOCTblO, noSTOMy yrnoBOe paspeweHHe 

OilhITa uenHKOM CBHSaHo C KOHeqHbIMH pasMepaMH Hsnyqa10mero IlHTHa 

Ha noBepxHOCTH MHWeHH. npH nocTaToqHo BbICOKOi!: CTeneHH KonnHMaUHH, 
I 

ecnH cqHTaTb, qTo n¥qOK HBnHeTCH CTporo napannenbHhIM nocne npoxo-

:>KneHHH' nocnenHei!: nHacpparMhI, nonHoe yrnoBoe paspeweHHe onbITa paBHO 

~®< > =vs paa 
r sin,S 

.R sin a 

rne r - panHyc i:ma¢12arMhI, R - paccTOHHHe OT MHWeHH no neTeK-

Topa, a - . yron Memny nnoCKOCTblO MHWeHH H OCblO nyqKa, tl ":" yron 

Memny HanpaBneHHeM Ha neTeKTOp H nnocKOCTblO MHWeHH. 

.llnsr IlOCTaHOBKH OnbITa Heo6xonHMO HMeTb BOSMO:>KHOCTb COBMemaTb 

n106y10 OCb MOHOKpHCTanna, BbIXonHIUYIO HS ero noBepxHOCTH, non npoHs

BOnbHbIM yrnoM, c HanpaBneHHeM Ha neTeKTop, pacnonaraeMhii!: non 
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paanH'IHbIMH yrnaMH 0 K ny'IKY a nnoCKOCTH peaKuHH. 8To MOJKHO 

6blnO ocymecTBHTb, HMe.11, KaK MHHHMyM, LlB9 apamaTenbHble CTeDeH.1! 

CB060Llbl MOHOKpHCTanna,' BbI6paHHbI9 cneuHanbHbIM o6paaoM. MexaHH3M 

nepeMeIUeHHSI MHWeHH (rOHHOMeTpH'l9CKaSI CHCTeMa) H306palKeH Ha pHc.2. 

MoHoKpHcTann (1) yKpennSieTcH Ha MeLlHOA noLtnOlKKe (2), KOTopaSI 

aneKTpH'leCKH H30nHpoaaHa OT Kopnyca KaMepbl LlnSI H3MepeHHSI TOKa nyq

Ka, nonaLtalOIUero Ha MHW9Hb. nnoCKOCTb MHW9HH nepneHLlHKynHpHa 

nnoCKOCTH peaKuHH, KOTOpaSI onpeLtenSieTCSI OCblO nyqKa H HanpaaneHHeM 

. ·OT ueHTpa MHW9HH K ueHTpy Ll9T9KTOpa. MexaHH3Mbl nepeMeIUeHHSI MOHo

KpHCTanna, co6paHHble Ha cpnaHue ( 3), ocymecTBnSIIOT cneLtylOIUHe LlBH)Ke

HHH: a) apaweHHe BOKpyr OCH 1-1, nepneHLlHKynHpHOA nnocKOCTH P,9aKUH~ 

nrTeM llOBOpOTa KOpnyca (6), 6) apaIU9HH9 BOKpyr OCH1 nepneHLlHKyngp

HOA nnOCKOCTH MHW9HH H, cneLlOBaTenbHo, OCH 1 - 1, DpH DOMOIUH DOBO

poTa MaxoBHKa (4) qepea KoHHqecKylO n~peLta'ly (5). OcH apameHHSI nepe

ceKalOTCH Ha noaepxHOCTH MOHOKpHCTanna B ero ueHTpe. HeTpyLlHO BHLl9Tb, 

'ITO LlaHHble BpameHHSI D03BOnHIOT COBM9CTHTb HanpaaneHHe nro6oa OCH 

MOHOKpHCTanna C nl06bIM aapaHee BbI6paHHbIM nyqoM, HCXOLlSllUHM H3 

ueHTpa MHweHH. .OnSI HHLlHKaUHH KalKLtoro H3 yrnoa noaopoTa npeLtyCMOT

peHbI COOTB9TCTBYIOIUHe wxanbI, o6ecne'IHBalOLUHe TO.'IHOCTb ycTaHoBKH 

yrna < 1 °. KpoMe apameHHA, roHHoMeTpH~ecKaH· cHcTeMa o6ecneqHaaeT 

napannenbHOe nepeMeIUeHHe MHWeHH B nnoCKOCTH, HOpManbHOA. nyqKy B 

LlBYX aaaHMHO nepneHLlHKynHpHbIX HanpaaneHHSIX He 6onee '19M Ha 5 MM 

OT cpeLtHero nonomeHHH. .OaHHbie nepeMeIUeHHSI 6bmH He06XOLlHMbI .LlnSI 

Toro, 'IT06bl HM9Tb B03MO)KHOCTb H3M9HSITb MeCTO nonaLtaHHSI nyqKa Ha 

MHWeHb B TOM cnyqae, ecnH DOLl Ll9ACTBHeM nyqKa npH LlnHTenbHOM 06-

nyqeHHH CB08CTBa MOHOKpHCTanna YXYLlWalOTCH. nepeM9lll9HHe BLlOnb ·ocH 

1 -1 npoH3BOLlHTCSI LlBH:lK9HHeM Kopnyca (6) npH noaopoTe LlBYDneqero. 

pbt'lara (7). BTopoe nepeMemeHHe ocymecTanHeTCSI LlBH:»CeHHeM Kaper 

KH (9) a Kopnyce (6) qepea BHHTOBYIO nepeLtaqy (8). 
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Pnc. 20 roHHOM9TpH'l:9CK8SI CHCT9Ma: 

1 - MOHOKpHCTannH'l9CK8SI MHW9Hh, 2 - M9,llHaSI no.nno:>KKa, 

3 - cpnaHeu, 4 - MBXOBHK, 5 - KOHH'l:9CK8R nepe.naqa, 6 - KOp

nyc, 7 - .llBynne'l:HA pb!'IBI', 8 - BHHTOBBSI nepe.naqa, 9 - KapeT

Ka. 
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MeTO,!lH"leCKHe OllhITbI 

npe)K,!le qeM npHCTynHTb K onbITaM no Ha6mo.oeHHIO TeHell: B yrno

BbIX pacnpe.oeneHHSIX .oCKOnKOB .oeneHHSI npH o6nyqeHHH MOHOKpHCTanna 

BOnbq)paMa ycKopeHHbIMH TSl)KenbIMH HOHaMH, Heo6xO.OHMO 6bmO nposepHTb 

Ka"leCTBO MOHOKpHCTanna H COOTBeTCTBY!OlllHM o6paaoM opHeHTHposaTb 

ero. 3Ta aa.oaqa 6bma peweHa B onbrTax no Ha6n10.oeHHIO TeHell: npH yn

pyroM pacceSIHHH ManoaHeprH"IHbIX npOTOHOB Ha .oaHHOM KpHcTanne. B Ka

qeCTBe HCTO"IHHKa npoTOHOB C aHeprHell: 150-200 K8B Hcnonb30BancH 

aneKTpOCTaTH"leCKHll: ycKopHTenb Ha 200 KB Hf'-200, o6bI"IHO npHMeHHe

Mbill: .onH nony"leHHSI Hefl:TpoHOB B peaKUHHX 3 H (d,n) 4 He H 2 H ( d ,n) 8 He. 

ny"IOK npoToHos npoxo.oHn qepea .oHacpparMbI H nona.oan Ha MHll!eHb. 

TOK nyqKa COCTasnsm 2-3 MKa. B Ka"leCTBe .oeTeKTOPOB pacceSIHHbIX npo

TOHOB Hcnonb3osanHcb nH6o cpoTonnacTHHKH .onH perHcTpauHH Hao6pa)Ke

HHH, nH6o nJOMHHecueHTHbill: aKpaH .onH BHayanbHOro Ha6n10.oeHHS1 nonHofl: 

KapTHHbI TeHell:. Ha pHC. 3 IlOKaaaHa cpoTorpacpHSI npOTOHorpaMMbI 

s6nH3H OCH <Ill> npH aHeprHH npoTOHOB 150 KSB H yrne pacceHHHH 

e = 120°. BecbMa "leTKaSI Ha6n10.oaeMaS1 KapTHHa, IIpOHBneHHe TeHell:, co

OTBeTCTByJOLUHX nnOCKOCTSIM H OCSIM BbICOKHX HH,!leKCOB, CBH,!leTenbCTByeT 

0 HennoxoM Ka"leCTBe nosepxHOCTH MOHOKpHCTanna. 
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PHc. 3. KapTHHa TeHell: npH ynpy
roM pacceSIHHH npoTOHOB C 
8H

0

eprHell: 150 K8B Ha MOHo-
KpHCTanne sonbCt>paMa 
B6nHaH KpHcTannorpacpH
qecKoll: OCH <111> 



OnbITbl no Ha6JIIO)l8HHIO T8HeA e yrnoeblX pacnpe)leJieHHSIX OCKOJIKOe 

Jl8JI8HHSI npOH3eO)lHJIHCb Ha eb1ee)leHHOM ny'IK8 UHKJIOTpoHa JIJIP Y-300. 

22 
MaKCHMaJibHaSI aHeprHSI nyqKa HOHOe Ne COCTaeJISl8T 174 Mae, IlOHH-

)K8HHe aHeprHH ocymecTeJISIJIOCb C IlOMOlllblO KaJIH6poeaHHbIX Al <pOJibI". 

IlpH )lHaMeTpe )lHacpparMbl 1 MM Ha MHW8Hb npOXO)lHJI ny'IOK HHT8HCHe

HOCTblO JJ.0 50 Ha. 

BpeMSI aKCil03HUHH eblOHpanocb TaKHM, 'ITOObl IlJIOTHOCTb TpeKoe Ha 

4 2 
noeepxHOCTH Jl8T8KTOpa COCTaeJIS1Jia (0,5-1,0). 10 1/MM • CTeKna-)leTeK-

TOpbl OCKOJIKOe )l8JI8HHSI npoTpaenHeaJIHCb e 3,5% pacTeope nnaeHKOeoA 

KHCJIOTbl e T8'18HH8 5-12 MHH. npH ebICOKOI IlJIOTHOCTH Tp8KOe KapTHHa 

TeHeA Ha noeepxHOCTH npoTpaeneHHOI"O Jl8T8KTOpa ObIJia eH)lHa eHayaJibHO, 

9TO )laeano eoaMO)KHOCTb JI8I"KO o6Hapy)KHTb T8HH, COOTeeTCTey10mue OCSIM 

H IlJIOCKOCTSIM pa3JIH'IHblX HH/l8KCOe. Ha puc. 4 naHa lpOTOrpa«pHSI «pparMeH

TorpaMMbl, IlOJiy'leHHOA npu OOJiy'leHHH eoJib«ppaMa HOHSMH 22 Ne C MaK

CHMaJibHOA 9HeprHeA, epeMSI 9KCil03HUHH 0,5 qaca, )l8T8KTOp pacnonaran

CSI Ha paccTOSIHHH 10 CM OT MHW8HH. Ha pHc. 5a npHee)leHa aaeHCHMOCTb 

IlJIOTHOCTH TpeKoe OT yrna 0 JlJISI )laHHOA cpparMeHTOrpaMMbl, JIHHHSI 

npocMoTpa npoxoJJ.HJia 'lepea ueHTp oceeoA TeHH < 111 > H He nepeceKana 

Ha ee nepH<pepHH IlJIOCKOCTHb18 T8HH. TO'IHbil eblOOp JIHHHH npoCMOTpa 

HM88T cymecTeeHHoe 3Ha'leHHe, ecJIH H800XOJJ.HMO onpe)leJIHTb KOJIH'le

CTeeHHbi8 xapaKT8pHCTHKH T8HH ( ee rnyoHHy H WHpHHy Ha IlOJIOeHHe rny-

0 
OHHbl). Ha pHc. 56 H 5e IlOKaaaHbl oceebl8 T8HH <111> npH 8 = 114 H 

PHc. 4. Ka pTHHa TeHeA JJ.JIH OCKOJIKoe 

)l8JI8HHSI ( cpparMeHTOI"paMMa) 

Ha peaKUHH W( 22 Ne, f) npH 

aHeprHH 22 Ne-174 Mae e6JIH3H 

KpHCTaJIJIOI"p8<pH'l8CKOI OCH < 111 > 
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Puc. 5. YrnoBbie pacnpe.aeneHHSI OCKOnKOB .aeneHHSI B peaKUHH 

W( 22 Ne,f): a) npH aHeprHH HOHOB - 174 MaB B oKpecTHoc
TH KpHcTannorpaqmqecKott ocH < 111 > , HanpaBneHHott no.a 
yrnoM 1140 K ny'IKY. 6) npH 8HeprHH HOHOB - 98 M:3B B6nH3H 
OCH < 111 > • HanpaBneHHOtt no.a yrnoM 114° K ny'IKY, B) npH 
aHeprHH HOHOB - 98 MaB OKono KpHCTannorpaqmqecKott OCH 

< 311 > , HanpaBneHHott no.a yrnoM 90° K nyqKy. 

11 



< 311 > IlpH 

o6ny-<ieHHH TOA 

0 0 = 90 'B yrnOBbIX pacnpe,lleneHH.IIX OCKOnKOB ,lleneHH.11 

: 22 
:me BOnbcppaMo,BoA MHWeHH HOHSMH Ne C aHeprHeA 

IlpH 

98 Maa. C yMeHbWeHHeM aHepI'HH 'ISCTHUbI ceqeHHe ,lleneHH.11 B 8TOA peaK

UHH ·oqeHb peaKO na,llaeT, Il08TOMY HSM He y.Z1anocb o6ecne'IHTb 3,lleCb 

:menaeMy!O CTSTHCTH'lecKy!O TO'IHOCTb peaynbTSTOB. O.llHSKO KS'leCTBeHHbIA 

cpaKT HanH'IH.11 .ll0CTSTO'IHO rny6oKHX TeHeA H npu aToA aHeprHH 60M6ap.Z1H

py10IUHX 'ISCTHU .11Bn.11eTC.11 6eaycnOBHbIM. 

KoppeKUH.11 aKcnepHMeHTSnbHbIX ,llSHHbIX 

H npe,llBSpHTenbHbIA cpH3H'leCKHA peaynbTST 

np~ onpe,lleneHHH KOnHqecTBeHHbIX xapaKTepHCTHK TeHeA Heb6XO,llHMO 

BecbMa TIUaTenbHO CTSBHTb aKcnepHMeHT, Y'IHTbIBa.11, 'ITO HeKOTOpbre Me

TO,llH'leCKHe norpeillHOCTH MOI'YT cymecTBeHHO BnH.IITb Ha rny6HHy H WH

pHHy TeHH. Henb3.ll 6hmo HCKn!O'IHTb, 'ITO MOHOKpHcTann, 6oM6ap,llHpyeMbIA 

ny'IKOM T.11:menbIX HOHOB, Mo:meT nocne HeKOTOporo BpeMeHH 8KCil03HUHH 

cymecTBeHHO yxy.llWHTb CBOH CBOACTBa Ha-aa pa,llHaUHOHHbIX noape:m,lleHHA. 

HaMH IlO.ll06Hbie acpcpe~TbI He 6bmH o6Hapy:meHbI, npu HHTerpanbHbIX 8Kcno-

3HUH.IIX BilnOTb ',llo 1017 
HOHoa/cM

2
'yMeHbWeHH.11 rny6HHbI TeHH He Ha6n10.Z1a

nocb • .UnHTenbH8.ll 8KCil03HUH.ll OTpa:manacb Ha peaynbTaTax nHWb TOI',lla, 

KOI',lla CTaHOBHnacb aaMeTHOA•yrnepo,llHa.11 nneHKa Ha noaepxHOCTH MOHo

KpHCTanna, B03HHKa10ma.11 IlO,ll ,lleACTBHeM nyqKa B peaynbTaTe paano:>Ke

HH.11 MoneKyn Macna, HMe!OIUHXC.11 B BaKyyMe, C03,llaBaeMOM napoMaCn.llHbIMH 

,llHcpcpyaHOHHbIMH HacocaMH. CBOACTBa MOHOKpHCTanna MOI'yT 6bITb HeO,llH

HaKOBbIMH B paaHbIX TO'IKax ero noaepX:HOCTH, Il08TOMy OilbITbI, peaynbTaTbI 

KOTOpbIX cpaBHHBa!OTC.11. KOnH'leCTBeHHO, :menaTenbHO CTaBHTb, He MeH.11.11 

MeCTa nona,llaHH.11 nyqKa Ha MOHOKpHCTann. cpopMa TeHH MO:lKeT 6bITb pas

HOA .lln.11 qacTHU, HcnycKaeMbIX Ha paanH'IHOA rny6HHe B MOHOKpHCTanne 
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1rn-aa BnHSIHHSI acpcpeKTOB pacceSJHHSI H K8HanHpOB8HlitSI. TT O8TOMy npH Hcnonb

aosaHHH TOncToa MHWeHH Heo6XO.llHMO o6ecne'lHTb O,llHHSKOBYIO TOnIUHHY 

pa60T8101Uero cnOSI B cpaBHHBaeMbIX OilbITax. 

KpoMe Toro, aHa'leHHSI nnoTHOCTH TpeKOB B 38BHCHMOCTH OT KOop.nH

H8TbI HS nosepxHOCTH .neTeKTOpa, nonyqaeMbie B peaynbTSTe npoCMOTpa, 

.non:>KHbI 6bITb nonpasneHbI HS HeKOTOpbie q:JSKTOpbl, CBSJaaHHbie c reoMeTpH

ea OilbITS, nepsag H3 TSKHX nonpaBOK Y'lHTblBSeT, 'ITO npH Hcnonb3OB8HHH 

nnoCKOI'O ,neTeKTopa paanH'lHbie ero 'll:ICTH HSXO.llSITCSI Ha paaHOM paccToSI

HHH R OT ueHTpa MHWeHH H IlO8TOMY O.llHH8KOBOA nnoma,nH Ha nosep.x.Hoc

TH .neTeKTopa cooTBeTCTsyeT paanH'lHbIA renecHhlA yron "' [2 . BTopag non

pasKa CBSl38H8 C TeM, 'ITO npH .llBH:>KeHHH. B.llOnb nHHHH npocMOTpa MeHgeT

CSI yron BbIXO,lla perHCTpHpyeMbIX 'l8CTHU H3 MOHOKpHCTanna H noaToMy 

MeHSJeTCSI TOnIUHHa pa60T8IOIUero cnog MHWeHH npH cpHKCHpOBSHHOM aHaqe

HHH npo6era qacTHU, PeaynbT8Tbl, IlOK838HHbJe Ha pHc. 5, nony'leHbl C BBe.,. 

,neHHeM ,naHHblX nonpaBOK, HanH'lHe .llOCTSTO'lHO rny60KHX TeHea B yrno

BblX pacnpe,neneHHSIX OCKOnKOB .neneHHSI CBH,lleTenbCTByeT, 'ITO speMg :>KHa

HH COCTSBHOI'O g,npa cpaBHHMO C speMeHeM nponeTa HM pacCTOSIHHSI aToM

HOI'O 8Kp8HHpOB8HHSI, 

./3/ 
Ka K noKaaaHO B pa6oTe t cpe,nH H3MepgeMblX napaMeTpOB TeHH 

rny6HH8 ee HaH6onee 'lYBCTBHTenbHS K H3MeHeHHIO speMeHH :>KH3HH COCTaB

Horo g,npa. 

Cne.nyeT y'lHTbIBSTb, 'ITO Ha-aa HecosepweHCTBa MOHOKpHCTanna, 

Ha-aa TennoBbIX Kone6aHHA 8TOMOB H Ha-aa HanH'lHSI paccegHHSI npo,nyKTOB 

peaKUHH rny6HH8 TeHH 6y.neT KOHe'lHOA aenH'lHHOA ,na:>Ke B TOM cnyqae, 

ecnH BpeMg :>KH3HH KOMnayH.n-g,nep qpeaBbI'laf!HO Mano H C,llBHI'. HX aa C'leT 

OT.lla'lH B g,nepHoa peaKuHH npeHe6pe:>KHMO Man no cpaaHeHHIO c napaMeT

poM 8TOMHOI'O 8KpaHHpoBaHHSI, no 8TOA npH'lHHe Ha6n10.naeM8S1 rny6nHa TeHH 

COCTOHT H3 .llByx KOMilOHeHT, nepsag H3 KOTOpblX CBSl38Ha C yKaaaHHbIMH 

annapaTypHbIMH aq:icpeKTSMH, a BTppag - co6CTBeHHO co C,llBHI'OM pacna,na-
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IOWHXCSI SI.Oep sa C'leT HMnynbCa OT,08'1H. BbI,OenHTb BTopyIO KOMllOHeHTy 

MO:>KHO, ''nH6o H 3MepSISI rny6HHy TeHH B 38BHCHMOCTH OT yrn:a Me:>K,oy Ha

npaBneHHeM nyqKa H COOTBeTCTByIOwea OCblO, nH6o B 38BHCHMOCTH OT 9Hep

I'HH B036y:>K,oeHHSI COCTa BHOI'O si.opa. T aK K8K H8WH ,oaHHbie .amt 9HeprHH 

22 Ne -98 MsB BeCbMS HeTO'IHbI, TO TaKoe cpaBHeHHe npOH3BeCTH 38Tpy.o

HHTenbHO, H H8MH 6bma oueHeHa nHWb BepxHSISI rpaHHUa BpeMeHH :>KH3HH 

22 
COCT8BHbIX si.oep, 06pasy101UHXCSI npH o6nyqeHHH w HOH8MH Ne • B Ta6-

nHue 1 npHBO.OHTCH sTH oueHKH. TTpH pac'l:eTax HcnonbsoBanacb cpopMyna 

/9/ 
flHH,oxap.oa .onsi rny6HHbI TeHH 

X=X +2CNrrd v 2 r 2 
1 l 

B npe.onono:>KeHHH, 'ITO X 1 = 0, T.e. 'ITO annapaTypHaSI TeHb 6ecKoHe'IHO 

rny6oKa, H Ha6n10.oaeMbIA BblXOLl OCKOnKOB B HanpaBneHHH OCH CBSl38H TOnb-

KO co CL1Blf,I'OM KOMnayH,o-si.oep H3 ueno'IKH 8TOMOB sa C'leT HMnynbca OT

,08'1H. nony9MllHpH'leCKHA napaMeTp C 6bm B3SIT paBHbIM 2,5, T8K :>Ke 

K8K B pa6oTe 
/6/ 

PeaKUHSI 

W + 
22 

Ne 

w + 22 Ne 

Ta6nHua 1. PesynbT8Tbl sKcnepHMeHTa. 

EB EB E* E 
cM/c·eK r npea. B rot X 

MsB MsB M~B N'i.3B vl ceK 

174 170,6 117 13,4 0,25 3,58.10 8 8,5.10-18 

98 97,5 51,7 2, 1 0,~5 2,71.10 8 1,1.10-11 

Eb H Eb - .MaKcHManbHasi H cpe,oHsisi sHeprHH 6OM6ap.0H-

py10wea '18CTHUbI. 

E * H E,
0

t - nonHasi H BpawaTem:.Hasi sHeprHH Bos6y:>K,oeHHSI 

KOMnayH,o-si.oep. 

X - BblXOLl OCKOnKOB B ueHTpe TeHH no OTHOWeHHIO K BbI

xo.oy OCKOnKOB BHe TeHH. 

V l -npoeKUHSI CKOpOCTH OTL18'1H KOMnayH.o-si.opa Ha HanpaB

neHHe, nepneH,OHKynsipHoe KpHCTannorpaqJH'leCKOA OCH. 

T -BepxHSISI rpaHHUa BpeMeHH :>KH3HH COCT8BHOI'O si.opa. 
npea. 
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Cne,llyeT OTM0THTb, 'ITO pactteT 110 CTaTHCTH'l0CKOA MO.llenH 110 cpopMy-

/ 10/ 
naM ,llan .llml apeMeHH :>KH3HH COCTaBHbIX H.ll0p B H3yttaeMoA peaKuHH 

aenH'IHHy .. ( 10-19 -10-20 > ceK. llpH pa3yMHbIX 3HatteHHHX 11apaMeTpOB 

llllOTHOCTH ypoaHeA. nonytteHHaH HaMH aepxHHH rpaHHUa apeMeHH :>KH3HH Ha 

.llBa IIOpH,llKa Bbiwe. EcnH BpeMH :>KH3HH KOMllayH.ll-H.ll0P .ll0ACTBHTenbHO 

-20 
Haxo.llHTCH Ha ypoaHe 10 ceK, TO ero H0B03MO:>KHO H3M0pHTb OIIHCaH-

HhlM 3.ll0Cb c11oco60M H cne,llyeT opHeHTHpoaaTbCH Ha H3Y'l0HH0 TOHKOA 

1111 -19 -20 
CTpyKTYPbl T0HeA .llnH onpe,lleneHHH apeMeH .. ( 10 - 10 ) ceK. 

0.llHaKO pactt0Tbl 110 CTaTHCTH'l0CKOH MOJl0llH o6na,lla!OT 3Ha'IHT0llbHOA Heon

pe,lleneHHOCTblO: Il08TOMY Ka:>K0TCH He6ecCMbICneHHbIM yTO'IHHTb aKcnepH

M0HTbI, H3M0PHH rny6HHbl TeHeA B 3aaHCHMOCTH OT aaeprHH B036y:>K.ll0HHH 

KOMnayH.ll-H.ll0P H yrna M0:>K.llY H8Ilp8aneHHeM nyttK8 H OCblO MOHOKpHCT8n-

n8. 

AaTopbI HCKpeaHe 6n8I'O.ll8pHbI r.H. ct>nepoay H A.ct>. Tynaaoay 3a 

IIOCTaHOBKY 38.ll8'1H H U0HHbI0 COB0Tbl, IO.U. Or8H0CHHY 3a IlOCTOHHHoe 

BHHM8HHe H cymecTB0HHbl0 38M0'18HHH, .Ll. l{ynTaMy, H. T. K8WYK00BY H 

IO.A. My3hI'IKe 38 none3Hhie o6cy:>K.lleHHH, 3 • .D.epMeH.ll:>KHeay H A.M. Ky

qepy 38 IlOMOlllb B Ilp0B0Jl~HHH 0Ilb!TOB 1 C.TT • TpeTbHKOBOft 38 KOHCynbT8-

UHIO IlpH Bb16ope pe:>KHM8 o6p860TKH CTeKmlHHhlX .ll0T0KTOpoa, T .I1. PbI68-

KOBOA 3a K8'10CTB0HHbIA, npoCMOTp CTeKon, E .A. 38repy H rpyrrne 8KCnny-

8T8UHH UHKnOTpOH8 Y-300 38 o6ecneqeHHe acpcpeKTHBHoA p860Thl ycKOpH-
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0TrOHcypeH o., ConOBbeBa r .M., 

Ha6mo.aeHIIe TeHel! B yrnoBblX pacnpe.aeneHl!lIX OCKOnKOB 

.aeneHl!ll npll o6nyqeHl!II MOHOKpllcTanna BOnbqJpaMa ycKopeHHhlMll 

llOH8Mll 22 Ne ll oueHK8 BpeMeHH )Kll3HII COCT8BHbIX ll.Uep 

OnHCbIB88TCll yCT8HOBKa, npe.UH83HaqeHH8ll .anll ll3MepeHllll BpeMeH11 . 

)Kll3Hll COCT8BHOI'O ll.Upa C ncnonb30B8Hll0M MOHOKpllCTanhnqecKIIX MHWeHel! 

ll Ha6mo.aeHHeM T8Hei! B yrnOBblX pacnpe.aeneHlllIX npo.ayKTOB pe8KUllll, no

K838HO, qTo npn o6nyqeHllll MOHOKpHCTanna BOm,qipaMa llOH8Mll HeoHa C aHep 

raen 174 n 98 MsB B yrnOBblX pacnpe.a.eneHlllIX OCKOnKOB .aeneHllll Ha6mo

.U8IOTCll T0Hll B HanpaaneHl!lIX KpllCTannorpaqinqecKHX ocen ll nnoCKOCTe8, 

06cy)K.!l8IOTCll B03MO)KHOCTll ll npenMymecTBtl ll3MepeHHll BpeMeHH )Kll3Hll 

COCT8BHblX ll.Uep B peaKUlllIX C Tll)K0nbIMll llOH8Mll, Tipnae.aeHa aepxHllll 

rpaHnua BpeMeHH )Kll3Hll COCT8BHOI'O ll.Upa .anll peaKUllll W + 22 Ne , paa-

H8ll ,_ 10-17 ceK, 

IlpenpHHT Ofu.e,QHHeHHOI'O HHCTKT)'T8 a,Q8pHb1X HCCJI8,ll0B8HHA . 

.ZU,6Ha, 1970 

Karamian · S.A,, Melikov Yu.V., Normuratov F., P7-5300 
Otgonsuren <_:),, Solovieva G,M, 

· Shadows in the Angular Distributions of the Fission 
Fragments in Bombarding the Tungsten Single Crystal 
by Accelerated 22 Ne Ions and Estimation of the Compound 
Nucleus Lifetime 

A design is described meant for the measurement of a compound nua:
leus lifetime using the single crystal targets and observing the shadows 
in the angular distributions of the reaction products, It is known that, 
when bombarding the tungsten single crystal by Ne ions with the energy 
174 and 98 MeV, in the angular distributions of the fission fragments the 
shades are observed in the directions of the crystallographic axes and 
planes, The possibilities and the advantaged of measuring the lifetimes 
of compound nuclei in the reactions with heavy ions are described, The 

. upper boundary of the comoound nucleus lifetime for the reaction W + 2 2 Ne, 
equal to about 10-1 7 s, is given, · 
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