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B nocneAHee apeMSI c;>6HapyJKeH PS!Il HBneHHA, KOTop&Ie He yKnaA&IBaiOT

cH B paMKH npelKHHX npeACTaaneHHA 0 6apbep:_ AeneHHSI, 

1. CywecTaoaaaue cnoaTaHHO AenH!QHXCH uaoMepoa, xapaKTepuayiO!QHX

CH 60nh!QHM yaenH'I9HH9M aepOSITHOCTH AeneHHSI (AO 1080) H CHnbHbiM aan

peTOM AnSI y -uany'leHHH (Ao 1010) /1 I. 

2, MOAynHUHSI noA6apbepHblX pe30H8HCOB /
2 / t a TBKlKS WHpOKHe MBK

CHMYMbl B peaKUHSIX ( D, f) /3/ H ( d , p f) /4/ B H9KOTOpbiX HApaX. 

8, 3aBHCHMOCTb 8HH30TpOnHH y~nOBO~O pacnpeAeneHHSI OCKOnKOB OT 

aHep~HH y -KBBHTOB npH <j!OTOAeneHHH HHJKe Gapbepa /5/, 3TH SIBneHH!I MOJK

HO Ka'leCTBeHHO o6'bHCHHTh, ecnH aocnonhaoaaTbCH ~unoTeaolt B.M. CTpy

THHCKo~o 0 ABY~Op60M 6apbepe AeneHHSI, KOTOpbllt nonyqaeTCSI npH A06aane-

/6/ 
HHH o6onO'I9'1HbiX nonpaBOK K KanenbHOMY 6apbepy • B TSKOA MOAenH CnOH-

T8HHO AenHWeeCSI 1!30MepH09 COCT051HH9 51Bn51eTC51 HHlKHHM ypOBH9M MHHHMY

M8 H8 6apbepe AeneHHSI, BHyTpeHHHA 6apbep, pa3A9n51IOWHA OCHOBHOe H H30-

Mepaoe COCTOSIHHSI, 51Bn51eTC51 npH'IHHOlt CHnbHO~O aanpeTa AnSI Y-uany'le-

HHSI, a cpaBHI!TenbHO Manag Bb!COTB H WHpHHB BHeWHe~O 6apbepa 06'b51CH51-

eT Man&Ie apeMeHa JKH3HH no OTHOW9HHIO K cnOHT8HHOMY AeneHHIO, 

B aacTOSIWee apeMH uaaecTHO 6onee 20 cnoHTaHHO Aen51WIIXC51 H30Me-

pOB B 511lp8X OT U AO Cm , KOTOp&Ie ~pynnupyiOTCSI aoKpy~ Z = 95 H 

N -148 , .SpeM,eila JKH3HH 6onhWHHCTBa aTHX H30Mepoa ne*aT a aaaoce

KYHAHOA o6naCTH /11/, 
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\13 pac'leTOB o6ono'le'IHhlX nonpaaoK, BhmonHeHHhiX B.M. CTpyTHHCKHM
171

, 

a TaKJKe C, HHnbCCOHOM / 8 /, cneAyeT, 'ITO MHHHMYM Ha 6apbepe AeneHHSI 

AOnlKeH Ha6moAaTbCSI He TOnhKO B H30TOnax aKTHHHAHhlX 3neMeHTOB 0 HO TaK

JKe H B 6onee nei'KHX Mpax, B 'laCTHOCTH, B pai!:oHe z ..86 H N all8 (Hell.-

TpOHOAe<jJHUHTHhie H30TOnhr Rn Po Ra ) • Ecna 3TOT MHHHMYM AOCTa-

TO'IHO rny6oK, TO B HeM 6yAeT HMeTb MeCTO CHCTeMa OAHO'IaC.TH'IHblX H BH6-

paUHOHHhlX ypOBHei!:, a CaMOe HHJKHee COCTOSIHH9 OKalKeTCSI H30MepHbiM H3-3a 

oTMe'leHHOI'O Bhrwe 3anpeTa AnSI y -a3ny'leHHSI, TaKHM o6pa3oM, o6ono'le'I

Hhle nonpaBKH npHBOASIT K CyWeCTBOBaHHIO H30MepOB <jJOpMbl, T.e. H30Mepoa, 

y KOTOpblX npH'IHHOi!: 3anpeTa AnSI 
y -nepeXOAOB SIBnSieTCSI 6onbWaSI pa3HH-

ua B Ae<jlopMaUHH OCHOBHOI'O H H30MepHOI'O COCTOSIHHi!:. noHCKH H30MepOB 

<jlopMbl npeACTaBnSIIOT 6onbWOi!: HHTepec, T,K. 3TH H30M9pbl SIBnSIIOTCSI HCTO'I

HHKOM CBeA9HHi!: 0 CTpyKType 6apbepa AeneHHSI H 0 CBOi!:CTBaX SIA9P npH 6onb

WHX Ae<jlopMaUHSIX. l13-3a BbiCOKOi!: 3Hepi'HH B036yJKAeHHSI H --cpaBHHTenbHO 

Manoi!: WHpHHhl BHeWHei'O 6apbepa MOJKHO OJKHAaTb 0 'ITO COCTOSIHHSI BO BTOpoi!: 

SIMe C 3aMeTHOi!: .sepOSITHOCTb!O 6yAyT HCllb!TbiBaTb CllOHTaHHOe AeneHHe. 

no3TOMY o6HapyJKeHH9 H30MepHblX COCTOSIHHH, HCllbiTb!BaiOWHX CllOHTaHHOe 

AeneHHe, 6yAeT cnyJKHTb yKa3aHHeM Ha cyweCTBOBaHHe H30MepOB <jlopMblo 

BcneACTBHe BbiCOKOi!: 3H9pi'HH B036yJKAeHHSI 3TH H30MepHbie COCTOSIHHSJ 6yAyT 

HM9Tb, llO-BHAHMOMy, Manbre BpeMeHa JKH3HHo 

Uenb!O HaCTOSiwei!: pa6oThl SIBnSinHCb noHCKH cnoHTaHHO AenSIUlHXCSI H30-

MepHbiX cc;>CTOSIHHi!: B HaHOCeKyHAHOM AH8Ua30He apeMeH JKH3HH B WHpOKOi!: 

o6naCTH SIAep KaK aKTHHHAHblX, TaK H 6onee nerKHX 3neMeHTOB, nnSI 3TO-

ro acnonb30aanHCb TSIJKenbre MHOI'03apSIAHble HOHbl, yCKOpeHHble Ha Tpex-

MeTpOBOM UHKnOTpOHe na6opaTOpHH SIAepHblX peaKUHi!: 011fll1, TSIJKenble HOHbl 

SIBnSIIOTCSI HaH6onee YA06Hb!MH 'laCTHUaMH npH npoBeAeHHH T8KHX 3KCnepH

MeHTOB 6naroAapSI MHOI'006pa3HIO Bbi3biBaeMbiX HMH peaKUHi!:, B OAHOM o6ny

'leHHH MOJKHO nony'IHTb AeCSITKH pa3nH'IHblX H30TOITOB C M8CCOBbiMH 'IHCnaMH 

OT MaCChi SIApa MHWeHH AO CYMMbl M8CC S!Ap8 MHWeHH H 6oM6apAHPYIOUlei! 

'laCTHUbi, 3To, ecTeCTBeHHO, 3Ha'IHTenbHO o6nei''IaeT llOHCKH HOBOI'O SIBneHHSI 

( B ABHHOM cny'lae H30MepHH <jlopMbl), KOI'Aa ewe He CTaBHTCSI BOnpOC 0 KOH

KpeTHOH HAeHTH<jJHKaUHH OTBeTCTB9HHOI'O 3a 3TO SIBneHHe H30TOll8, 
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Ebrna acnonh30BaHa MeTOAHKa H3MepeHHSI apeMeHH nponeTa Mep oT

Aa'IH, aHanorH'IHBSI npaMeHSieMoi!: a pa6oTe 191, CxeMa aKcnepHMeHTanbHOi!: 

yCTaHOBKH npeACTaaneHa Ha pHC, 1. KonnHMHpOB8HHbli!: ny'IOK TSIJKenbiX HOHOB 

f 
nyt.~OK o- ' ~'II 

3 ti 
Pac,1. CxeMa aKcnepHMeHTa, 1 - KonnHMaTop, 2 - KacceTa AnSI MHWeHH, 

3 - MHW9Hb, 4 - KOnbU9BOi!: AeTeKTOp (cn!OA8) OCKOnKOB 38ll83Abl

Ba!OUlei'O AeneHHSI, 5 - Cn!OASIHOi!: AeTeKTOp OCKOnKOB MI'HOBeHHo£10 

AeneHHSI, 6 - KonneKTOp HOHHOI'O TOKB. 

nonaA89T Ha MHW9Hb, Bhi6HTble SIApa OTAa'IH, nponeTeB HeKOTOpoe paCCTOSI

HHe, 38BHCS1Ul99 OT apeMeHH lKH3HH H30M9pHOI'O COCTOSIHHSio p8Cll8A810TCSI 

Ha AB8 OCKOnKa, OAHH H3 KOTOpbiX pei'HCTpHpyeTCSI AH3neKTpH'19CKHMH AeTeK

TopaMH, 0TcyTCTBOBana KaKaSI-nH60 KOnnHMaUHSI SIAep OTA8'1H, C TeM 'IT06hl 

He HCKalKaTb Bb!XOA npOAYKTOB npSIMbiX peaKUHH, y KOTOpbiX MaKCHMyM 

yrnOBOI'O pacnpeAeneHHSI MOlKeT cyweCTBeHHO OTKnOHSITbCSI OT HanpaaneHHSI 

ny'IK8 HOHOB. 

3<jl<jleKTHBHOCTb pei'HCTpaUHH OCKOnKOB llpH pacnaAe H30M9pHbiX COCTOSI

HHH 38BHCHT OT CKOpOCTH SIAep OTAa'IH H nepHOA8 nonypacnaAa CllOHTaHHO 

AenSIUl9I'OCSI H30Mepa, 3Ta 3aBHCHMOCTb, paCC'IHT8HH8SI AnSI CKOpOCTH SIAP8 

OTAB'IH 4·108 ..£.t::!_ ( TaKy!O CKOpOCTb HMeeT, HanpHMep, SIAPO OTAa'IH B peaK-
CeK 

UHH nonaoro cnHSIHHSI SIAPB Pt H HOH8 IO Q c aHeprHei!: 137 MaE), npeA-
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cTaaneaa aa pi!C, 2. MolKHO BI!JleTb, 'ITO acjlcjleKTHBHOCTb JlOCTaTO"'HO BhiCO

Ka ( 6onee 1%) AnSI uaoMepoa c nepHOJlSMH nonypacnaJla OT 0,2 JlO 100 aceK, 

8 KS"'eCTBe JlH&neKTpH"'eCKOJ:'O JleTeKTOpa OCKOnKOB JleneHHSI ucnonb3o

Banacb CniOJl8-MYCKOBIIT, npeJlBapHTenbHO o6pa60TSHHSSI , "'T06bi HCKniO"'HTb 

TpeKII OT OCKOnKOB CnOHTSHHOJ:'O JleneHHSI COJleplKSmHXCSI B Heft npHMeceft 

ypaua. Oocne o6ny"'eHHSI cniOJla npoTpaanuaanacb a KOHUeHTpupoaaaaoA nna

BIIKOBOH KHCnoTe B T9"19HHe 1 "18Ca npH TeMnepaType 180C. 0pH nOMOmH 

OltTH"'eCKOJ:'O MHKpOCKOna onpeJlenSinOCb "'HCnO TpeKOB HS BCeft nnomaJlH Jle

TeKTOpa ( !tpH yaenH"'9HHH 20 X 15) H H3M9pSinHCb yrnhi Il8Jl9HHSI OCKOnKOB 

Ha cniOJlY ( Itpll yaenH"'9HHH 60 X 15) o 0 0 aenH'IHH9 yrna H KOOpJlHHSTe TpeKa 

MOlKHO onpe~teni!Tb paCCTOSIHHe, KOTOpoe nponeTaeT SlllPO OTJlS"'H JlO pacna

JlS, 0oCKOnbKY CKOpOCTb S!Jlpa OTJlS"'H H3B9CTHa (oHa paCC'IHTSHa H3 KHHe

M8THKII peaKUIIII), TO &TO paCCTOSIHHe OitpeJlenSieT BpeMSI ~H3HH SIJlPS B H30-

MepHOM COCTOSIHHI!, 

Ehinll npoaeJleHbi o6ny'leHHSI MumeaeA ua aneMeHTOB c "'eTHhiM Z 

OT Te JlO Pt , a TSKlKe 
282

Th H 
238 U HOHaMH t8 0 C aaepi'H9H 

tt 282 238 
137 Maa 11 8 c aaeprueA 89 Mas. MumeHH ua Th H U o6ny-

"'anucb TaKJKe noHaMH 12 C c aaepr11eA 70 H 82 Mas, Bbi6op aneMeHTOB 

C "'eTHbiM Z onpeAenSinCSI TeM, 'ITO OHH MHOI'OH30TOilHbi 0 H aTO. yaenH"'H

BaeT qucno npoJlyKTOB peaKUHH, B TaKOM cny11ae JlalKe npu OJlHOA aHepruu 

6oM6apJlH{?YIOmHX HOHOB 6yJleT HM9Tb M9CTO BblXOJl uenOI'O pSIJla H30TOitOB 

TeX aneMeHTOB, KOTOpbi9 o6pa3yiOTCSI B peaKUHH, l1HTeHCHBHOCTb ny'IKa HO

HOB COCTaBnSina 2-3 p;A. 

Opu o6ny"'eHHH acex MHmeHeA oKaaanocb, 'ITO Ha noaepXHOCTH cniOJlSI

HhiX JleTeKTOpOB Ha6niOJla9TCSI 6onbmOe 'IHCno Tp9KOB, no JlHaMeTpy 6nH3KIIX 

K TeM, KOTopbie ocTaanSIIOT ocKonKH JleneHHSI ypaHa, HO HMeiOmax 3Ha'IHTenb

HO MeHblliHH npo6el' (He npeBbiWaiOmHA 1 MK), 

EbinH !tp0B9Jl9Hbl Kanu6pOBO"'Hbl9 Ollb!Tbl C OCKOnKSMH MI'HOB9HHQJ:'O 

JleneHHSI, nnSI nony"'9HHSI OCKOnKOB B mHpOKOM JlHana30H9 MaCC H aHepi'HH 

o6ny"'anuCb MHW9HH H3 aneMeHTOB Ba H Au HOHaMH 180 , neTeKTOpbl 

113 CniOJlbi pacnonaranHCb IlOJl pa3Hb!MH yrnaMH no OTHOmeHHIO K ny"'KY HOHOBo 

Ha p11c, 3 npeJlcTaaneHbi nony"'eHHbie pacnpeJleneHHSI npo6eroa ocKon

Koa MI'HOB9HHOI'O )leneHHSI ( 6, B H I') B 38BHCHMOCTH OT HX aHepi'HHo 113 

6 

•I' 

Y· 
1: 
11 
,I 
'I 

II 
·1,'• 

l 
~: 

l 
;(;' 

I~ 

,,,~ 

-1 
·. I 

\ 

\ 

'( 

j 
f 

:')t,' 
'-"-

30 a 

20 

~ 
tt.!) 

fO 
9 
8 
7 
& 
5 

4 

3 

2 

CJ''2 34 6 8fOIJ 2 34 6 Bf01 2 34 6 8f02 
"C HCIJI( 

Puc.2. 3aaHCHMOCTb acjlcjleKTHBHOCTH perucTpaUHH OT apeMeHH JKH3HH S!Jlpa 

OTJlS"'H: 

a) JlnSI TOHKOH MHW9HH, 

6) JlnSI TOnCTOH MHW9HHo 
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pHCYHKa BHaH01 'ITO aaJKe OCKOnKH C SHeprHeli 20 MaB ( TaKy!O SHeprHIO 

HM910T neTHW:H9 noa yrnOM 165° OCKOnKH AeneHHH
187Ba+ IB 0) OCTaBnHIOT 

npo6er B cnroae aaMeTHo 6onbWHll, '!eM Ha6nroaaeMhre anHHhi TpeKoB npn 

perucTpauuu aanaaahmarorn:ero aeneHHH, ManaH AnHHa TpeKOB (puc, 3a) yKa-

3biBaeT1 fiO-BHaHMOMy, Ha TO, 'ITO OHH Bbl3BaHbl H9 OCKOnKaMH aeneHHH, 

KoHTpOnbHhie onhiThr noaTBepAHnu aTo npeanonoJKeHHe, TpeKH c ManhrM npo-

6eroM OCTaBanHCh, ecnH MHWeHb 6hrna 3aKpbiTa TOHKOli an!OMHHH9BOli nneH-

Koll, KOTopaH nponycKana HOHhi H oc~onKH AeneHHH H nornorn:ana Hapa oT

aa'IH. ToT JKe sqxpeKT 6brn H npH aaMeHe MHWeHH anroMHHHeBoll ljlonbrol!, 

KOTOpaH 3aBeAOMO He Morna aaBaTb HH OCK'OnKOB AeneHHH, HH CfiOHTaHHO 

aenHW:HXCH H30MepoB, 8 TO JKe BpeMH TpeKH HC'I93anH, ecnH B 4-5 CM OT 

MHW9HH fiOMern:anCH SKpaH H3 nonHSTHn9HOBOli nneHKH TOnW:HHOl! 20 MK C 

yaKHM OTB9pCTH9M (auaMeTpOM 1 CM) anH npoXOJKneHHH ny'!Ka, Ha STHX 

N 

a 

0 2 4 8 

Puc,3, PacnpeaeneHHe TpeKoB no npo6eraM, 

a) TpeKH1 Ha6nroaaeMhi9 Ha Cn!OAHHhlX A9T9KTOpax OCKOnKOB 

aanaaahrBarorn:ero aeneHHH, 

TpeKH ocKonKoB aeneHuH B peaKUHHx: 
6) 137 B + 16 0 E = 20 MSB' a 1 OCK. ' 

) 187 160 
B Ba + . , E ocK, = 43 MaB; 

r) 
197Au + 16 0, E = 68 MaB, 

OCK• 
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OfibiTOB cneayeT, 'ITO npH'IHHOli fiOHBneHHH Tp9KOB C ManbiM npo6erOM HBnH

IOTCH1 nO-BHaHMOMy1 paCC9HHHhl9 Ha 3aaHel! CTeHKe KaMepbi HOHbl C Manol! 

SHepruel!, Hapa OTAa'IH HnH npoayKTbl npHMbiX peaKUHll, 

0TCyTCTBH9 Ha aeTeKTOpax TpeKOB, Bbi3hiBaeMbiX OCKOnKaMH aeneHHH, 

fi03BOnHeT caenaTb 3aKni0'19HH91 'ITO CfiOHTaHHO aenHW:H9CH H30M9pbi C ne-

pnoaaMH nonypacnaAa OT 0,2 ao 100 HCeK B Hapax oT Nd ao Rn nu6o 

He HM910T M9CTa, nu6o C9'19HH9 o6pa30BaHHH H30MepHbiX COCTOHHHJ! MeHee 

1o-33 cM2, 3ToT BhiBOA npoTHBope'IHT peaynbTaTaM pa6oThi .U.M. AneKcaa

aepa /10/, rae B TOM JKe Ananaaoae Z H A Ha6moAanocb 6 onbwoe 'IHC-

no CfiOHTaHHO aenHW:HXCH H30MepOB C HaHOCeKyHaHhiMH BpeMeH8MH JKH3HH 

H Ce'I9HHHMH o6pa30B8HHH AO HeCKOnbKHX MHKpo6apH, He .fiOATBeplKA89TCH 

H peaynbTaT pa6oTbi /11/, rae Ha6nroaancg cnoHTaHHO aengrn:ulicH uaoMep 

c nepuoaoM nonypacnaaa 3 HCeK B peaKUHH 
1511 

Tb + 
14 

N. 

Dpn o6nyqeHHH B TOll JKe MeToaHKe MuweHell ua 
232 

Th 8 
288 U 

HOHaMH It B 1 l2 C 1 
16 0 Mbl Ha6nroaanu BhiXOa OCKOnKOB 3afia3ahiB810-

W:ero aen$HHH, Ha puc. 4 npeacTaBneHo pacnpeaeneHHe 'IRena pacnaaoB B 

3aBHCHMOCTH OT BpeMeHH, nponeTaeMoro H!IPOM OTaa'IH B peaKUHII 
288

'U+ 
12

C, 

Ha pncyaKa BHaHo, 'ITO aa6nroaaroTCH uaoMephr c nepuoaaMH nonypacnaAa 

"' 20 HCeK H "'2 HCeK, H30M9pbl C BpeMeHaMH JKH3HH Toro iK9 nopH!IKa Ha6-

moaanHCb H B ocTanbHhiX peaKUHHX, Depuoahr nonypacnaAa 20 HCeK npu

HaaneJKaT, no-BHAHMoMy, H3BeCTHhiM H30MepaM P11 H Cm /12,13/, B To 

JKe BpeMH BpeMeHa JKH3HH " 2 HC9K OTHOCHTCH K He H3BeCTHbiM 'ern:e CITOH

TaHHO aenHW:HMCH H30MepaM, Ce'!eHHH o6pa30BaHHH STHX H30M9pOB COCTaB-

nHIOT .,10-3 1 C~ npH o6ny'leHHH MHW9HH H3 
288

U H " lQ-32 C~ npH 
232 

o6ny'leHHH Th , HaeHTHijJHKaUHH aTHX uaoMepoB B peaKUHHX c THJKenbr-

MH 1!0H8MH 3aTpyaHHT9nbHa H3-3a MHOroo6pa3HH npoayKTOB peaKUIIH H noa

TOMY 6yaeT npoBeaeHa B peaKUHHX C nerKHMH 'laCTHU8MH, 

Ce11eHue o6paaoBaHHH H30Mepa c nepuoaoM nonypacnaaa "' 20 HCeK 
288 12 /9/ 

B peaKUHH U + C 1 BIT9pBbl9 nony'leHHOrO B pa60T9 1 Mano M9HH9T-

CH C pOCTOM SHeprHH OT 70 ao 82 MSB, ecnH OTCYTCTByeT KonnHM8UHH 

Haep OTa8'11!, 3TO YK83biB8eT Ha TO, 'IT01 fiO-BHaHMOMy, H30M9p C T8KHM 

nepuoaoM nonypacnaaa o6paayeTCH B peaKUHH HenonHoro cnHHHHH Haep H 

noaToMy npHHaaneJKHT K uaoTonaM Pu 

Hee 6hrno OTMe'leHo B pa6oTe /14/, 
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B 3SKn!0'19HHe aBTOpbl Bblpa>KSIOT !SnarOASPHOCTb B.n. nepenbii'HHy 3a 

rrone3Hbie o6cyJKA9HHH, A.r. Eenoay 3a rrOMOillb a rrpoaeAeHHH aKcrrepHMeHToa, 

K,H, MepKHHOll: 3a IIOMOillb B IIpOCMOTpe cniOAS!HbiX A9T9KTOpOB, a TaKJKe rpyrr

rre aKcrrnyaTaUHH UHKnoTpoaa Y-300 ao rnaae c B.A. 3arepoM 3a o6ecne

qeaae 6ecrrepe6oll:aoll: pa6oTbi UHKnoTpoaa, 
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