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B.A. DpyHH 

3HEPrETV14ECKMI 3ABVICVIMOCTb 
256 

CE4EHVIH OEPA30BAHVIH Md101 
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Bse.ueHHe 

22 

110-150 M s s, c SI.apoM-MHw e HbiO 

nonHoe cnHSIHHe 6 oM6ap.UHPYIOWe A '18CTHUbl 
238 

u92 

Ne
10 

, ycKopeHHOA .uo s He prHit 

npHBO.UHT K o6pa30B8HHIO COCT8BHOro S!Llpil 

260 
102 c sHeprHeA B036y :>K .ueHHSI B HHTe p s ane 4 5 -80 M s B. noMHMO 6onbWOA 9 HeprHH 

B036y }l( .[le HHSI T8K8SI KOMn8yH.U-CHCTeM8 X8p8KTepH3yeTCSI H8nH'IHeM 6onbWOrO MOMeH

T8 KOnH'IeC TB8 .UBH:>KeHHSI. CHnbHO B036y:>K.UeHHOe Bp8W810WeeCSI SI.UpO MO:>KeT HCnbiT8Th 

.ae n eHHe HnH nepe ATH B OCHOBHOe C OCTOSIHHe nyTeM HcnycKBHHSI HeATpOHOB 1 npoTOHOB 

H y -KB8HTOB . Yf3BeCTH0 1 'ITO BepOSITHOCTb HCnapeHHSI HyKnOHOB 1'13 TSI :>Ken o ro COCTas-

HOro S!.Up8 3H 8'1HTenbHO MeHbill e BepOS!THOCTH .aene HHSI 1 npH'IeM C ys e nH'IeHHeM 9 Hep

rHH B 036y :>K.Ue HHSI .aeneHHe CT8HOBHTCSI BCe 6onee .UOMHHHPYIO WHM npoueCCOM pacna-

.ua. 

Ce'leHHe .u e neHHSI ypaHa SI.upaMH HeoHa c s HeprHe A 110-120 M s B .u o cTHrae T senH~ 

'IHHbl nopSI.UK8 1 6apH8 1 TOr.Ua KBK ce'leHHe HCnape HHSI 4 -x HeATpOHOB COCT8BnSieT1 no-

-31 2 I 1 I 
BH.UHMOMy 1 npH6nH3HTe nbHO 10 CM • Y .U06Hb!M MeTO.UOM .UeTeKTHpOB8HHSI CTOnb 

p e.UKHX C06biTHA OK83biB8eTCSI Ha6niO.[le HHe CnOHT8HHOrO .aeneHHSI SI.Upa npo.UyKT8 p e aK

UHH. 3 TOT MeTOLl OTnH'IaeTCSI HCKniO'IHTenbHO Bb!COKOA 'IYBCTBHTe nbHOCTbiO 6naro.uapSI 

OTCyTCTBHIO cPOH 8 OT pacna.ua npO.UYKTOB p e 8KUHA, B03HHK810 l.UHX H8 npHMeCSIX B MHwe-

HH. B HBCTOI'I WeA 
256 

pa6oTe HC C n e.[lOBBnBCb cPYHKUHSI B 036y:>K .UeHHSI .UnSI o6pa30B8HHSI 

121 
H.UpaMH HeoHa . B npe.usapHTenbHbiX s Kcn e pHMeHTax Md101 npH o6ny'leHHH ypaHa 

22 
6bWO noKa3aHo, 'ITO npH o6ny'le HHH Tonc T o A ypaHosoA ¢onbrH ( -171.1 ~5goHBMH Ne 

c sHeprHeA - 150 M s s c pe.uH npo.uy K TOB peaKuHA Ha6niO.uaeTcS! Md101 • K o6pa3osa-

256 238 22 256 
HH IO Md MO:>KeT npHBeCTH H.aepHaH p eaKUHH U ( Ne , 4n ) 102 c nocffl-

LlYIOWHM s n eKTpOH H bi M 38XB8TOM Si.Upa 102
256

• nH60 peaKUHSI u238( Ne 22 ' p3n) Md ~· 
nocKOnbKY .UeT eKTHpOB8HHe ocyweCTBnSieTCI'I nyTeM perHCTpBUHH CnOHT8HHOrO .aeneHHI'I 

.uoqepHero npo.uyKTa 

22 
oT p eaKuHA ( Ne , a), 

256 . 

. 256 
Fm , TO He06XO.UHMO paCCMOTpeTb T8K :>Ke B03MO:>KHbiA BKna.u 

·n . 
(Ne ,2p2n) 1 npi!BO.US!illi!X Henocpe.UCTBeHHO K o6p830B8HHIO 

Fm • 0TseT H8 9 TH B OnpOCbl MO:>KeT .U8Tb H3y'leHHe 9 Hepre TH'IeCKOA 3 8BHCHMOCTh 
256 

B bixo.ua Md 
. I 

MeTO.UHKa 9KCilepHMeHTa 11 pe3ynbT8Tbi 

06ny'leHI!e ypaHOB b iX MI!WeHeA I'I.Up8MI! Ne 22 
npoH3BO.UHnocb Ha BHyTpeHHeM 

' I 

ny'IKe UHKn OTpOHa n a6opaTOp1111 SI .UepHbiX p e aKUIIA OYf.HYf. CxeMa 9KCnepHMeHT8 noKa-
. . . . . ' fj,-
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38Ha Ha pac. 1. MwweHb rrpe.acTaan!>wa co6o~ CTOnKy H3 wecTH ypaHOBbiX cnoea, 

H eceHHbi X Ha amoMHHaeayro 1:onbry TOJlU l HHOl! 5 , 5 IL , T!pH'leM acnonb3oaanacb .aay• 

pOHHHe cnoa, nparoToaneHHbre 9JlGKTpocpopeTI!'leCKHM cnoco6oM . Ton w aH a K8)!(.QOro 

Mr 
CJ1051 COCT8BJ151J18 - 0, 75-::::-:-T • CTOT!Ka 8niOMHHif8Bb!X cponbr C H8H8C8HH biM H8 Hlf) 

CM 

ypaHOM ITOM8IU8J18Cb B Cl18l.\H8JlbHYIO KaCCeTy If MOHTHpOB8JlaCb Ha OXJla)!(.QaeMOM BC 

.aep»<aTene BHYTPH o6beMa ronoBKif npo6HHKa, HanonHeHHOro a o.aopo.aoM. 3To o6ec: 

'lHBano Ha.Q8»<H08 OXJ1a)f{.Q8HH8 MHW8HH 1 'ITO 0 '18Hb Ba)!(HO ripH 3Ha'lHT8JlbHb!X T8IIJ1C 

BbiX H8rpy3KaX Ha MHW8Hb1 CBH3aHHb!X C 60JlbW HMH yD 8JlbHbiMH riOT8 pHMH 8HeprHH 

HOHOB H80Ha. M aKCHMaJl bHbll! TOK HOHOB H8 0Ha .QOCTaran - J11- A. 3HeprH51 KOHOB 6bJ 

H3MepeHa ITO llOT"'JlOW8HHIO B 8JIJOMHHHil. Dn51 o npe.aeneHHH 9HeprHH llO B8Jllf 'IHHe r!po· 

131 
6era B AI acnonb3 o aanwcb pe3yJlbTaTbi pa6 0 T b i HopcKnKcj:Jcj:Je • 06ny'IeHH51 rrpo.aon • 
JlHCb 3-6 '18COB 1 38T8 M MHW8Hb H3BJ18KaJ18Cb1 K Ka:>«.Q851 113 cpOJlbr' llOM 8 W8JlaCb B C' 

'IHK OCKOJlKOB .Q8J18HH51. f1pa 9 T OM Mbl HCXOLllfJlK lf:J T Oro, 

ypaHe npH 8HeprHH HOHOB H80 Ha 130 M 9B COCTaBJ1518T 

LlYKTbl peaKUHl!, o6pa30BaBWH8CII B cnoe ypaHa C T b!ll bHOl! 

'ITO r!po6er H.Qep OT.Qa'IH 

Mr /4/ 
1,5 -:::::T 1 If 'ITO BCe ITJ 

CM 

CTOpOHbl. aJ1JOMHHH8BO~ cpo. 

ra, nona.aaJOT B enol!, HaHece HHbi~ Ha nHueay JO noaepxHoCTb cne.ay10wel! cj:Jonbra. Vl31 

p51J18Cb aKTHBHOCTb 1 HaBe.QeHHaSI B CJlOIIX CO CTOpOHhl ny'IKa. 

C'!eT'!HKH OCKOJlKOB .aeneHaSJ npe.acTaBnHna co6ol! rr onyrrpoBODHHKOBbie ( Si - Au 
2 

.aeTeKTOpbr c qyacTBHTenbHol! rrnowa.abJO - 4 CM ( .aaaMeTp 2 5 MM). E brno H3rOTOBnE 

HO 5 O.QHOTHITHbiX C'I8T'IHKOB, 'ITO II03BOJ1HJ10 O.QHOBp8M8HHO Ha6nJO.QaTb acpcj:JeKT Ha K8; 

DOl! H3 llllTH cj:JOJ1br' 1 COOTB8TCTB y lO W HX IIHTH pa3nH'IHbiM 3Ha'I8HHIIM 3HeprHH. ¢yHKUifll 

ao36y»<D8HHH Morna 6biTb 113MepeHa B o.aHOM OribiTe. EnoK-cxeMa peracTpapyJOwel! an 

rrapaTypbi noKa3aHa Ha pHc. 2. VIMrrynbCbi c .aeTeKTopa aenH'IHHOl! - 500 MKB nocTyne 

na Ha BXOD yCHJlHTenH Ha Tp8H3PlCTOpax C K 08cj:JcpHUH8HTOM yCHJ18HHH 2000. Danee Cne

DOBan DHCKP.PIMRHaTOp Ha Tp8H3HCTOp8X If M8X8HH'I8CKHl! perHCTpaTop. C llOMOWb!O 
235 

9 TaJlOH8 U K riOJlOHHl!- 6ep~~:nnPI8BOT"'O Hel!TpOHHOrO HCTO'IHHKa HCCn8.QOB8JlaCb C'IeT-

H851 xapaKTepaCTKKa ycTaHOBKH. naTaHae annapaTypbr o6ecrre'IHBanocb Manora6apaT

HbiMH cyxHMH aneMeHTaMH. CMeweHHe Ha .aeTeKTOp - 10aonbT no.aaaanocb OT oTnenb

Hol! 6aTapel!KH. 8eCb rrpa6op CMOHTHpOBaH B OllHOM KO»<yxe If 11p8llCT8BJ11!8T C060l! 

KOMT!8KTHOe ycTpOl!CTB0 1 yno6H08 llJlSI pa60Tbl If Tp8HCriOpTII:pOBKH . ¢oH B pa6 o<Jel! 

TO'IK8 OTCYTCTBOBan B T8'18HH8 MHOT"'HX CyTOK HerrpepbiBHOl! pa60Tbl. 0TcyTCTBH8 

cpOH8 If HCKnJO'lHT8nbHO CT86HJlbH851 pa6oTa arrnapaTypbi .n03B OnllnH Hall8»<HO perHCTpa

pOBaTb Manbre acj:Jcj:JeKTbi Ha ypoBHe onHoro aKTa .aeneHHH B cyTKH. BbiCOKaH 'lYBCTBa-



BhiX cnoea, Ha-

B8llHCb LlBJCTO-

18 K8}!{LlOf'O 

IHb!M H8 HHX 

>KLl8eMOM BOLl olt 

1. 3To o6ecrre-

1 bHhiX Terrno-

,fH 9Hepf'IHI 

fiS! HOHOB 6bi.ll8 

?llH'HI He rrpo-

eHHH npononx<a· 

lep OTLl8'ili B 

H qTo Bee npo

I!HHHeaolt <Ponb

<PonhrH, Vl3Me-

.Je (Si -Au) 

11 0 H3f'OTOBJie-

!:J¢e KT H8 K8 }!{ 

HH, ¢yHKUHH 

MKB flOCTyrra

.Uanee cne-

IOMOll.lbiO 

?T co6olt 

pa6oqelt 

'TCTBHe 

I qyBCTBH-

TellbHOCTb MeTOLl8 HBJIHeTCH B8}!{Hb!M ero rrpeHMJll.leCTBOM LlllH H3yqeHHH peLlKHX 

HnepHbiX npoueccoa, npoTeKaiOll.IIIX c MBllbiMI! ceqeHHHMH, 

VlccnenyeMbilt o6pa3eu noMemancH Ha paccTOHHI!H 0,5 MM oT noaepxHOCTI! neTeK

Topa, qTo o6ecneqHaano 90%-HyiO s¢¢eKTPIBHOCTb pearHcTpauHIL B HBCTOHI.l.IHX 9KCrrepP!MeH

T8X 9cpqleKTI!BHOCTb perHCTp8UllH HeCKOllbKO MeHbWe ( 70%) 38 cqeT B61!B8HHH HLlep-

llPOLlJKTOB pe8KUHH B 8niOMI!HHeByiO llOLlllO)!{Ky, 

DbinO npoaeneHo Tpl! o6nyqeHI!H, Pe3yllhT8Tbi H3MepeHI!lt npencTaaneHbi Ha 

pHC. 3, no OC!i 86CUI!CC OTllO)KeHa 9Hepri! H I!OHOB HeOHa-22, flO OCH OpLlHH8T - CJMMBp-

• 256 HOe qHCllO 38peri!CTpHpOB8HHhlX 8KTOB CROHT8HHOro LlelleHI!H Fm . 

KpHB8H BbiXOLl8 
256 

Fm B 38BI!CHMOCTI! oT sHeprHI! HaneTaiOWHx qacTHU HMeeT 

X8p8KTepHbill: HCH8pHTellbHbllt M8KCHMJM, XHMHqeCK8H HLleHTH¢HK8lli!H HpOLlJKTOB peaK

UI!H U 
238 

+ Ne 
22 

noKB3biBBeT, qTo npH B 38HMoneltCTBHH ypaHa c He o HoM-22 o6pa3y eT-

256 238 22 25~ 
cH Md • OH MO}!{eT B03 HHKHJTh KBK nponyKT nayx peaKuHlt U ( Ne , p3n) Ma 

238 22 256 
Hlll! U ( Ne , 4n) 102 • .UnH ycTaHoaneHHH THna peaKUHH, npHBOLlHll.lelt K o6pa3o-

256 
BBHHIO Md , uenecoo6pa3Ho cpaBHHTh ¢yHKUHIO B036y}!{LleHHH STolt peaKUHH c ¢yHK-

22 250 
uHelt B036Y }!{LleHHH peaKUHH Th 232 ( Ne , 4n) Fm , H3yqeHHolt B pa6oTe E . .U .• .Uow 

I l l 
ua H np. 

Ha pHc. 3 cTpenKolt yKa3aHo nono)!{eHHe MaKCHMyM a ceqeHHSI peaKUHH c Hcrrape-

256 
HHeM 4-x Hel!TpOHOB. BHLlHO, qTo M8KCHMJM KpHBOl! BbiXOLl8 Md CLlBHHJT OTHOCH-

Tell bHO M8KCI!MJM8 Kpi!BOlt (Ne 2~ 4n) HB 15-20 Msa B CTOpOHy 60llbWHX 9 Hep-

f'Hl!, 3To xopowo cornacyeTcH c npencTasneHHeM o6 HcnapeHI!H H3 HLlpa npoToHa, 

238 
HMeromero KynoHoBCKHlt 6apbep 14 Mss. OueHKa senHqi!Hbi ceqeHI!H peaKUHH U 

22 256 -33 2 
( Ne , p3n) Md a MBKCHMyMe naeT 3HaqeHI!e 2•10 eM • CTonb ManaH 

BeJII!qi!H8 ceqeHHH KaqecTBeHHO 06bHCHHeTCH 1 rrO-BI!LlHMOMy 
1 

TeM, qTO OTHOWeHHe rrpo-

260 
TOHHOl\ H Hel!TpOHiiOl! WHpHH rp I r n LlllH KOMU8JHLl-S!Llp8 102 ( ecTeCTBeHHO npen-

llOll0}!{HTb1 qTo UpOTOH HCU8pHeTCH H8 rrepBOl! CT8Lll! fl rrpouecca 
B - B ·V 

neB036y}!{LlffiHSI) 

T P r I r =Z! N. e P n - 0,01 

3necb T - HaqanbH8H TeMrrepaTypa HLlpa, rrpH6JIH3HTel!bHO paaHaH 2Tcp , ycpenHeH

H8H TeMnepaTypa srnpa T cp npHHI!Manacb paaHolt 1,5 Msa~ 9 HeprHH CBSJ31! npo T oHa 
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Bp=5,67 Mas, HeATpoHa B =6,66 Mas, a KynoHoscKHA 6apbep 13,7 Mas. 3KcTpano-
/5/. n --

nHposaHHoe 3Ha'leHHe ( f, / r,) 260"'0,4 1 a (1, / r,) 207 "'0,25H (f~/r,) .2e8e"'0,15. 
102 101 102 • 

BenH'IHHY ceqeHHg HenocpeacTseHHO onpeaengeT napaMeTp Gn Wn/rt) 

1 + (rn;rr) 
22 - -4 

,Ung peaKUHH (Ne ,4n) Ce'leHHe npOnOpUHOHanbHO (Gn ) 4 "'3,2 10 , S TO speMg 
22 102 5 

KaK ang peaxuHH (Ne , p3n) oHo 3asHcHT oT Cr / r).(r/r) 2eo(G / =-3,2 10-. 
p n n r 102 n 101 

22 
PoeT ce'leHHSI ( Ne , p3n) 3a C'leT 6onbweA senH'IHHbi ceqeHHg o6pa3osaHHg KOMna-

yHa-gapa ( MaKCHMYM peaKUHH ( p, 3n ) CMeweH S CTOpOHy 6onbWHX aHeprHA) 1 TIO 

scelt sepogTHOCTH, He MO)I{eT CKOMneHCHpOS8Tb naaeHHe, o6ycnosneHHOe HanH'IHeM 

KynOHOSCKOI'O 6apbepa ang npOTOH8, 

npH o6ny'leHHH TOnCTOlt ypaHOSOft cponbr'H ( 15 ll ) HOH8MH HeOH8 -20 C aHeprH-

eA 150 Mas HBMH 6.bma npeanpHHSlTa nonbiTKa onpeaenHTb cpeaHee ce'leHHe peaKUHH 

U 238 ( Ne 20 , pn) Md 
256 

• OaHaxo, HaM He y aanocb 3aperHCTpHposaTb HH oaHoro 
256 

aKTa cnoHTaHHoro aeneHHg Fm • VlcxoaSI H3 qyscTSHTenbHOC TH Hcnonb3osaHHoA 

MeToaHKH, MO)I{HO npeanono)I{HTb, 'ITO cyMMapHoe ce'leHHe npoueccos HcnapeHHg H 
-35 2 

npgMOI'O Sbi6HsaHHg H3 gapa HaneTaJOWeA qaCTHUeft asyx HyKnOHOS MeHbW e 10 CM 

HacTogwag pa6o:ra SbtnOnHeHa noa PYKOSOaCTSOM npocpeccopa r.H.<:Pne posa. 

AsTop secbMa npH3HaT.eneH C.M.nonHKaHosy H H.vf. TapaHTRHY 3a none3Hbte 

aHCKYCCHH H HHTepec K pa6oTe, a TaK)I{e Yf,EpaHaWTeTpy, H3I'OTOSHSWeMy ypaHOSbiO 

cnoH. 
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(in /r t) 
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.. 3,2 10-5• 

1 01 
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aHeprHA), no 

18 -20 c aHeprH-
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ITb HH O.llHOI'O 
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3HbW e 10 CM • 
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38 n o nesHhte 
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PHc . 1. CxeM8 aKcnepHMeHT8. 
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PRe. 2. EnoK-cxeMa perHcTpHpyiOwell annapaTypbi. 
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PHc . 3. 3aBHCHMOCTb Bbixo.aa &td 256 
oT a HeprHH HOHOB Ne

22 


