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06pa3yiOUlHeCSI B peaKUHSIX C TSI)I{enhlMH HOHaMH COCTaBHble SIJlpa o6na.;.. 

JlaroT 6onhWHMH ana'leHHSIMH aneprHH B036Y*JleHHSI H yrnoBoro MoMenTa. B .. 
npouecce CHSITHSI B036y)KJleHHSI TaKHe SIJlpa ucnycKaiOT HeiiTpOHhlo aapSI)I{eHHble 

x/ . 
'laCTHUhl If y -KBaHTbl • npH 9TOM ·uanH'l~e 6onbWOrO yrnoBoro MOMeHTa 

anHSieT Ha paanH'IHble xapaKTepHCTHKH qaCTHU, . B 'laCTHOCTH 1 H~ UX yrn,OBble 

pacnpeneneHHSI. 3TOT s!IJ!~JeKT 6bln HCCnellOBaH B pSIAe 9KCnepHMeHTanhHhlX 
. /1-3/ ' . ' 

pa60T 
1 

aBTOpbl KOTOpblX na6niOJlanH_ 'leTKO Bblpa)l{eHHYIO aHH30TpOllHIO 

yrnoBhiX pacnpeAenenHii neiiTpOHOB B CHCTeMe uenTpa Mace. KonH'leCTBennoe 
. /4,5/ 

OllHCaHHe SIBneHHSI 6hln0 npeJlnO)I{eHO B pa6oTaX • 0AHaKO 9TH pac'leTbl He 

Y'IHThiBanH KaCKaAHOro XapaKTepa HCnycKaHHSI 'laCTHU· B036y)KJleHHbiM SIApOM 
·. ·: . 

H cone'p*anH pSIJl npH6nH*eHHii, 'ITO aaTpyAnnno cpaBnenHe. c ~KcnepHMeHToM. 
' .. ·. /6/ . ' 
_ABTOpbl pa60Thl AnSI OllHCaHHSI npouecca CHSITHSI B036y)KJleHHSI SIApa 

c 6onbWHM yrnoBhiM MOMeHTOM npHMeHHnH MeTOJl MonTe-Kapno, 'ITO nos-
\, . .. • I - ~ ' 

BOIIHno 6e3 rpy6b!X npHOnH)I{eHHii. BblllOnHHTb pac'leTbl H npoBeCTH HX CpaBHe

HHe C Ollb!TOM JlnSI. 6onbworo 'IHCna xapaKTepHCTHK peaKUIIH: yrnOBhlXo 9Hep

reTH'leCKHX. pacnpe!l~neHHH H cpeJlHeii MHO)I{eCTBeHHOCTH HCllYCKaeMblX ''laCTHU, 

. 4JynKUHii B036Y*JleHHSI H T.Jl. Ehmo noKaaano, . 'ITO cTaTHCTH'IeCKaSI TeopHSI 

if' ' ·. 
·nnn TSI)I{enblX SIAep cymecTBeHHYIO pOnh B CHSITHH B036Y*AeHHSI HrpaeT 
I 

TaK*e npouecc JleneHHSI nnep. 

3 



I 
·ru:tepHblX peaKUIIii C y'J~TOM BniiHIIIISI yrnoBoro MOMeHTa np8BIInbHO OlliiCbi-

. . . .· ··. . . . I 

6aeT noBet:t_eHne BbiCOKOB036y>Kt:te~moro stnpa. 
. ,. ·.. • i 

B To >Ke_ BpeMSI sxcnepnMeHTanhHbie t:taHIIbie, HMeiOmHeCH B HaCTOHUlee 
. I 

· .BpeMH B nnTepaType no yrnOBbiM pacnpeneneHHHM 
. . I • 

IICnapHTenbHblX 119 i1:TpOHOB0 

HBIIO 'H9t:IOCT8TO'IHbl K8K B OTIIOU19HHH 'IIICna 113yttellllb!X peaKUIIH, T8K II TO'I-
I 

• I 
· nocTH uaMepeHHH. xa>Knoro oTnenbaoro yrnoBoro pacnpel!eneHIIH. Deil:CTBIITenh-

6
. /2/ . . : 

HO, B pa OTe . BbiXOt:l Heil:TpOHOB onpet:tenHnCSI TOnbKO WIH Tpex-tteTb!peX •; 

.3118'1SHHH na6opaTOpHOrO yrna, 'l
1
To ll03BOnllnO cnenaTb nJUllb Ka'leCTB9HHbiH 

• ' ' • • I 

BbiBon o HanH'IHll a111f30TponHH pacnpeneneuHsr, cornacyromeil:cH c pactt~TOM 

B. npet:tenax necbMa. 3Ua'liiTenbHOA sxcnepHMeHTanbHOil uorpewHOCTH. B pa6o:.. · ·- · 
/1 3/ . . . .. : . ' . 

Tax ~ ·· yPnOBbie pacnpeneneHH~ H3MepeHbi Gonee nonpo6Ho, HO nnH He6onb- · 

woro 'lllcna peaKIIHii; 

· B t:ti:uiHoil pa6oTe · Hccneny1ClTcH yrnoBbie pacnpenenenHH HeiiTpoHoB, 
, , . I 

HcnycKae·MbiX 'cocTaBllbiMH smpaMH, . o6pa3yl0111HMHCSI npu o6ny'leJIIIII MHWeHeil 

73·. 96 lOB ·141 : 12 160 22H 40A 
113 , Ge , Mo , Ag , Pr . HOHaMH C , , e , r •. Pe-

3ynbTaTbi H3Mepe!IIIH cpaBIIHBalOTCH C Bbi'IHCneHHHMII, KOTOpb!9 6binll Bbmon-
' /6/ 

HeHbi c noMOIIlblO MeTona, npenno>KeHHoro B pa6oTe · • 

ToncTbie MeTannHttecxHe MHIIleliH H3 Ge , Mo Ag p, ecTecT-

. 12 
BeHHOrO H30TOIIHOrO COCT8Ba o6ny'lanHCb IIY'lKaMH ycxopeHHbiX HOHOB C 

16. 0 , 22He , 40A~ UHxnoTpoaa Y-300 JifiP. 11cnycxaeMbie 113 MHWeliH neiiT-· 

pOlJbl perHCTpllpOB8nJJCb t:18CSITb~ t:teTeKTOpaMH 0 pacnono:»teJIHbiMH B HlJTepaa

ne yrnoB 0-160° no PTHOII19liHlO 'x ny'lKYo B K8'19CTB9 .. lleTeKTOpOB HCIIOnb-
.. . 237 

30Banncb cnon t:tensrmerocsr aemecTBa Hp , naxonuamuecSI B xonTaKTe 

· c cnnnKtlTHbiMH cl-exnaMn. nocnenane perncTpnpoBanH cny'lall neneHIIH srnep 
237 

Np 6bJCTpbiMII HeiiTpOH8MH. Bonee nonpo6noe onHcaaue ycTanoBKH 11 na-
17/ 

paMeTpOB AeTeKTOpOB conep>KIITCH B pa6oTe • 3a AB8-TpH 'laCa 9KCII03HUHII 

MIIW91111 TOKOM ny'IK8 1~3 MKa. A9T9KTOpbl H8Kann11Ba~JI 300-700 TpeKOB OC-

. ·KOnKOB neneHHSI, KOTOpble nocne TpaBneHHH CTeKon B UfiaBHKOBOH KIICnOTe 

IIOAC'IIITbiB8niiCb C IIOMOIIlbiD OIITH'l9CK()rO MIIKpOCKOII&o flocne BB9A9HHH no-

/ 

4 

npasoK lia reoMeTpHttecK!il 

nytteHbi yrnoBhie pacnpene 

HaT. 

3KcnepHM9HT8nbHbie 

CHCTeMe noKa3BHbl H8 pHCo 
. . . ' ' ' 

B89TCH C pOCTOM MaCChi .J 

nepei!OCHOH CKOpOCTH COC~ 

DnH nccnenoaai!HbiX 

npet:t'eneHHU nei1TpOHOB B.; 

H8' OCIIOBe M9TOA8 0 OIIHC81 

MeTpOB ~tOAenH . Ha HCClte~ 

napaMeTpOB (c~. pa6oT/ 

ca HApa r 0 =(1.,2-t1,4)~10. 

=(0,1-t0,14) A 11 nnH MOM 

HO BnHHeT H8 Bllll yrnOBbl 

noHOB B Hllpe, J · . . 
. TBoTo · 

Ha j:mcyuxax noxaaauhi Tl 

aoB a na6opaTopaoi1: cu~r 

MaCe ( nyHKTHpH8H rHCTOr 

1 2 ·1o-13 . c r = , • . CM," a.';' 
0 ' 

38M9H9 cneKTpa aHeprlfii 

3H8'l6HH9M aaeprHH. B pt 

perHCTp8UHII A9T9KTOp8 0 

a~36y>Kt:I6HHSI peaKUIIH · A9J 

KaK BHilH<? HS. pHCYI 

axcnepnMeHTanbHbJX · H'pa 

CHCTeMe. J1MeeTCSI He6on 
. . - ' 

axcnepiiMeHTa npaKTHtteci 

acHMMeTpiiSI yrnoaoro ._pa 



eHTB npaDH1IbHO OnHCbl-

HMCIODlHCCn D H8CTOS!UlCC 

ucnapHTC1IbHbiX JICHTpOHOD1 

IHbiX peaKUHH 1 T8K H TO'I

lCnpeJle1leHHn. neHCTDHTCllb- . 

1IbKO Win TpeX-'ICTb!peX '• 

18Th ruflllb K8'1CCTDCHHblit 

nacyromeiicn c pacq~TOM 

:~oii norpewuocTn. B pa6o

nonpo6Ho,· HO ll1IH He6onb-. 

pell9liCJIHSI neitTpOHOD1 

I npH o6nyqeHHH MHlllCHeit 
' 22 40 . 

0 
1 

He , · Ar •. Pe-

.tn; KOTOpb!C 6binH Dbln011~ 
/6/ e·. 

Ag Pr ecTeCT-

y'cKopeHHblX HOHOD J 
2 C 

'cKaeMbie H3 MHWeHH HeiiT-· 

cnonolKeHHbiMH D HHTepaa-

TDe.neTeKTOpoa ncnonb

x:o.ciuawn:ecn a KOHTSKTe 

~ana cnyqau lleneHun nllep 

on~caHHe ycTaHODKH. n na

a llBa-TpH qaca 8KCn03HUHH 

1Da1!11 300-700 TpeKOD OC-

1 D UnBBHKODOit KHC1IOTe 

~ona. llocne BDelleHnn no-

l 
1 
I 
j 

\' 

npaBOK Ha re.oMeTpnqeCKH9 <!JaKTOpbl H a<!Jl:JeKTHDHOCTb lleTeKTOpOD 6binH'.no

nyqeHbl yrnoabJe pacnpelleneHun HeiiTpouos a na6opaTopHoii cncTeMe . KOOpllH-

HaT. 

3KcnepHM9HTa1IbHbie yr1IOBbl9 pacnpelle1IeHHn ·HeiiTpOHOD D · na6opaTOpHOii 

cncTeMe noKaailHbiHa puc. 1-3. AcnMMeTpHH yrnoBbiX pacnpell~neHnit ysennqn

aaeTcn c potTOM ivlaccbi HaneTaiOmero noua, 'ITO o6'bncHneTcn yaen·uqeuneM 

nepeHOCHOii 'cKOpOCTH COCT8DHOI'O. nllpa. 

nnS! nccnenoDaHHblX peaKUHii 6binH Dbln01IH9Hbl pacq~Tbl Y.I'110Bb!X pac

npell'eneHHii nefiTpOHOB B na6opaTOpHOH CHCTeMe H D CHCTeMe U9HTpa MaCC 
'/6/ 

H8- OCHODe M9TOila, onncaHHOI'O D pa6oTe • Eb1110 H3y'ieHO B11HnHH9 napa-, 

MeTpoa MOAemi Ha nc'cneAyeMble xapaKTepncTHKH peaKunn •. Baphnpoaaune 
. /6/ 

napaMeTpoa (eM. pa6oTy · ) i3 cnenyiOWHX npeAenax: Ann napaMeTpa pallHY-

ca Hllpa r 
0 

=( l,2-t1,4) ·10-13 
eM, Ann' napaMeTpa nnoTIIOCTH ypoa11eii a·.= 

;,.(011-t0,14) AU Jinn MOMeHTa HHepUHH napa ·J =(0,7-t1) J - He CH1Ib-. TD.T. 

uo snnneT Ha BHil yrnoahix pacnpellenei!Hii 'iaCTHU. (3Aech A - 'incno. HyK-

1!0HOB B nApe, J · . . - TD9pllOT91IbHOe 3Ha'leHHe MOMeHTa HHepUHH . nApa) • 
TD,T, 

Ha pucyHKaX noKaaaHhi TaK)Ke TeopeTH'iecKne yrnoahie pacnpelleneunn HeiiTpo-

IIOD B_ na6optlTOpHOH CHCTeMe ( cnnowHan I'IICTOrpaMMa) H D CHCTeMe U9HTpa 

Mace (nyHKTnpuan rncTorpaMMa), pacc'iHTaHHbie npn Ha6ope napaMeTpos 

r =1,2•10~ 13 eM, a =0, 1 A n J = • J 8hi'iHC1IeHnn BbmonueHhl npH 
0 . , TB,T. . 

saMe He cneKTpa aHeprnit 6oM6apllnpyiOmnx 'iaCTHU a ToncToii Mnweun cpellHHM 

aua'ieHneM aueprnH. B pac'ieTe y~nThiBanacb saancnMoCTh a<!J¢eKTHDHOCTH. 

perncTpaunn lleTeKTopa oT aueprnn HeiiTpouoa, onpeaenneMan <ilYHKUnefi 
237 . 

s~36y)Kil9HHH peaKUHH ·JleneHHH Hllep Hp HeiiTpoHaMH. 

KaK BHJlHO us pncyuKoB, ua61!IDilaeTCSI YllOBneTaopHTenhuoe cornacne 

aKcnepnMeHTanhHhiX · n · pac'i~THbiX yrnoahiX pacnpelleneHHfi · a na6opaTopuoi'I . 

CHCTeMe. J1MeeTCSI He601!bW09 CHCTeMaTH'ICCKOe· paCX0)Kil9HHe ·TeOpHH . H 

aKcnepHME!HTa npaKTH'i9CKH Ann 6cex peaKUHH{;S ;IfMCHHO: · 8KCnepHM9HTa1IhHan 

acnMMeTpnn yrnoaoro pacnpeAeneHHH (oTHoweu~e. B,biXOilC!D';I!efiTpouoa,, ucny-



.. ~ 

''i/ 

~ ~· 
··. 

' 

J 

0 
melUibiX n ua~panneHHSIX 0 n 180 I) B na6opa~opuoil CHCTeMe peryngpuo 

npeBblllillOT .TeOpOTlt'IOCKOO .SHll'IOliHOo. llaHHOO paCXo;>KgeHHO MO>KOT 6hiTb· 
. . . . I . • . . 

CBS13llHO C UOTO'IIIOCTblO Bhi6opa napaMeTpOB pacqeTaj AOHCTBHTenbU01 Bbl-
. I , . . . ' . ' ' -13 

qucnenHn, .cgenai!Hbie. c .ua6~poM j"apaMeTpon r 0 =1 ,2•10 eM, a =0, 1 A 

H J =0, 7 J ·. aanH pesynbTaThi, nyqme cornacyromHecn c aKcnepHMenTa-
. rn~. . I . . . 

MH. OanaKo aTOT na6op Meuee npeano'ITHTeneu ann on11canan anepreTH'Ie-

~KIIX pacn~ea~neuuii ncnapneMbiX I qacT11U n 4JyuKUHii nos6y)Kae1mn peaKUHfi 

(HI~ xn . ) ( cM/61 ). HenbSSI HCKniO'IHTb, 'ITO ca.enaunaSI B pac'leTe saMeua 
I . 

CIIOKTP.ll 3HOpi'Ull 6oM6apaupyiOIIlllX 'lllCTUU cpeauHM 3Hll'IOHHOM ueceT OTBOT-
1 ' . 

cTneUHOCTb sa. oocy)KaaeMoe ue6onbmoe pacxo>Kaemte• 
. I 

YaonneTnopuTenbnoe cornacne Teopnu 11 aKcnep11~teuTa B, na6opaTopuoi1 
! . 

cHcTeMe nosnonSieT caenaTb BhiBfa, 'ITO 11 B. cncTeMe ueuTpa Mace pacc•m-

TaUIIbie yrnoBbie pacnpeaeneHHSI npannnbuo onncbiBlliOT nccneayeMhie xapaKTe-
. 'B I ' . 

pliCTliKit pellKUllllo Ta6nnue nplt~eaeUbl Sllll'IOHHSI llHIISOTpOIIliH yrnOBbiX pac-

npeaeiieUHi1 ( OTliOWOUHSI' Bblxoaonl nefiTpOIIOB, ucnycKaeM.biX B nanpa~neuanx 
0 i - . •' .. '. 

0 If 90 ·) D .CUCTOMO UOIITpll MllC
1

C AnSI usy<ieUUbiX peaKUI!fio BHano, 'ITO ann 
I , 

oanoro H Tor~ )KO. SIApa Mumenu lanusoTponun ynenH'IIIBaeTcn c p?cToM Mac-

Chi UaneTlliOWOI'O HOIIllo 3TO 06'bSICHSIOTCH yneni!'!OHIIOM yrnOBOI'O MOMOHTll 
I . • 

o6pasyiOWOI'OCH COCTllDHOI'O HApa1

• 0AHllKO a<fJ«lJeiCT yrnoBOI'O MOMOHTll IIpOSIB-: 
' , I 

~ I . 
nSIOTCSI HO D nonnofi MOpe, TllK KllK C pOCTOM MllCCbl HOIIll BOSpaCTllOT MaC-

! 
ca, u, COOTDOTCTDOHH01 IfliOpUlilf COCTllBJIOI'O Hapa. Cornac-MOMOHT 

1~-61 I uo , c ynemt'lenueM MOMeHTll uuepUHH aHitSoTponHn acnapneMhiX •IaCTHU 

·~. ' 

'• 
Ql - :a ' w 
f-o w . 0 ~ 

0:. ~ ltl 
·, ~ ~ 

. • ·C. 

;;-- .0 

II ' -·~ ::ii IJ ...... :t: 

~lc:' ~ "'U Ql 
. :.: 

' ::::: . >.. 
0 • ' ,, a ,...... 
..... tl: 

~Ira ~ 
w 

Ill :r' 
0 ~ 
ltl f-o 
0 0 c. ~ 

1; ~ • 
Ql w f-o ; 
::t ltl 0 CU:· 

E -= o s 
\0 ~ f-o :S:::, 
Ql ltl ',. 0. ~ 

.. :.,.. (-< ~ ~ Jt 
\1 w c. 

tt Ql tt w ... tl: c. w ll . t:: :r' Ql 
0 0. a:: 

I <tl . Ql 0 
c. c.·;: 
~ Ql 

::il ~ 0 
1!1 \0 f.. 
0 ~ 0 
t: 8 Ill 
~ 0 g 

- u tl: 0 Ql 
i ' 

YMOIIbllillOTCSlo 3Tll 3l1KOHOMepHOCTb llO.UTBep)KtlllOTCH AllJIHbiMII Ta6n. 1: C poe-
~ • I . / • 

1>1- 0 :a 
t:: Ql 

0 :a tl: c. :s: 
TOM MllCCbl MIIWOIIll .unn OAHOI'O :If TOI'O )1{0 HOHll l1HH30TpOmlfl YMOHbllillOTCRo 

. I . . . 

I 
TaKHM o6pasoM, cornacHe jMe)Kay aKcnepHM~UTOM II pac•JeToM, Bhmon-

neHHhiM Hll. OCHOBO CTl;ITHCTH'IOC~Oii: MOaenH SIAOpHbiX peaKUHi1, ll03BOnHeT " 

caenaTb DbiBOa 0 TOM, 'ITO OCHOBHOii: BKnaa B yrnOBbie pacnpeaeneHHH .UlllOT, 
I • •• 

, I 
nefiTpoHhi, ucnapHIOmHecn npH c~HTHH nos6y)KaenHn~cocTaBIIbiX H.uep. Onpe.ue-

neuiie aonu ueiiTpouon, ncnycKaeMhiX B npHMhiX II uepanuonecHbiX npoue_?.-

6 

f-o Ql ltl 
0 C. CD. 
(I) f-o :r' 
~ ltl Ql 
ltl CD-ltl < ::1 (I) 

I • 



i CHCTeMe perynnpuo 

))KJ:leHHe M<l)KeT 6h1Tb 
' ' ~. 

ra; AeiiCT13HTenbHO, 13bl- .:- .. 
. ,2·10-13 

(" ~ 

a =0,1 A ',,.·' <II C> tbl I. 
CM, ::E .. 

Q) lQ 
foo Q) 

yiOillHCC.II c SKCnepHMeUTa- ·V· 0 :s: • • 
:s: = H 

.. 0 1:( 

onnca1mn suepreTH'Ie- < ........ Q) 

~ 
c. 

D036y)KAei~HSI peaKUHfi. 
0 0 H H 
-~ 

H c.o 
:a Gl H H H 0 

pacqe.Te 
...... = :z: • .. • • 

HU8SI 13 3aMeua cl <II ... 0 0 0 0 "l:Jo (I) ... 
uepeT 

"1:J <tl +I +I 
t 3Ha,euueM OT13eT- I'-.. ·>: ttl +I 

..... ~ H c:--
I .• 0 lQ ~ N 

me. e. . • • • ....... • 

4ilra 
tJ: .H H H H 

!epn¥euTa 13,na6opaTopuoit <II 
Ill: 
0 0 lQ 

!Me ueuTpa Mace pacc•m-
Q) 

Ill :.- H H 
0 :s; • • = aroT nccnenyeMhle xapaKTe- 0 foo 0 0 

0 c. :s: 0 
foo foo "' 

+I +I 
Hli30Tpomm yrno13biX pac- o:s; is! <II Q) <tl 0 ~ 

~ = foo = ~ ~ 

~KaeMbiX 13 uanpa13n~unnx :s; 0 (J); • • 
r:;: o:s; 0 9 H H 

peaKunii• BHAHO, 
10 :s: foo :.: 

'ITO Ann <tl = o. ~ 

\1 
E-< a> :s: ' m'IIIBaeTcn c Mac-

r:;: :.- <tt 
pOCTOM Q) c. 1:( <tl 1:( 

Q) 

!lieM yrno13oro MOMeUTa /1 c. foo tJ: en m H c:--
t:: 

Q) H 0 H 0 :.- <tl 
·., 

yr'no13oro 
0 0 . r:;: • • • • 

MOMeUTa npoSIB- "" <II <tl .o 0 0 0 0 c. c. :s: u 

Chi :ROlla 1303pacTaeT ~ :.- "' +I +I +I +I 
Mac- <II :a Ill: 0 

Cornac-
Ill 10 f... en 0 N N 

a13uoro nnpa. 0 :s; 0 c.o en N H r:;: 3 Ill 0 • f:. 0 0 • • 
pomm ncnapneMbiX •xacrnu 0 

H H H H . 0 
tJ: 0 cu 

CSI l{aUHbiMII Ta6n. 1: q p,oc-. :s: - 0 ::E t: <II 
0 ::E tJ: 

l~IH30Tpomm yMeHh!llaeTcn. ~ :s; 
<tl = 0 c. Q). 

'HT~M H pactteTOM, Bhmon-
(I) foo :.-:s; = <II = Q) = 

'>IX: peaKUHii, . ll03BOnsteT < -~ (I) :X: en ., n .. 
0 ,..q «.:) ::e ~ E- .;' 

013ble pacnpellEmeuust AaiOT, '· . ~ I :X: 
.., 110 .. C> l> 

o ru· .... - - -
~- COCTaBilblX SIACP• Onpene-

P•gj 
tit :a 

'Hepa13HOBCCHblX npoue_c::-
'. 



cax, 38TPYilH9HO B03MOiKHbiMH norpelUHOC 3KCnepHMeHT8 H HeTQqHOCTbiD 

- npeJlnonoiKeHHii, Hcnonb3yeMhiX 

_ AaTopbi _ 6naroJ:J:npHbi t1Kttl-lt:M 

uHe K pa6oT.e H none3Hbie 

38 ueHHbie o6cyiKJleHHSI. 
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