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I. 

3HaqnreJibHUit HHTepec K nayqeHHD npouecca RAepHoro 3aXBaTa 

MDOHa npOTOHOU 

1r + p - n, -t- ~M (I) 

C.BR3aH, rnaBH!lM oc5pa30M, C HeOc5XOAHMOCTbD npoBepKH OCHOBHUX IlOJIO

X8HHil COBpeueHHOit TeOpHH CJiac5oro B3amJ:OA8HCTBH_R • YcTaHOBJ18HHe 

3aKOHOMepHOCTeil p8aKUHH (I) Il03BOJIHT TaKllte HCil0Jlb30BaTb ee AJIR HC-

CJie~oBaHHR CBOilCTB RA8P B npoueccax rrorJIOlll8HHH MDOHa HAPOM. 

KaK ~3B8CTHO, _Bee HM8DlllH8CR 3KCrrepHM8HTaJibHlie ,ItaHHlie HaXOART 

CB08 Oc5'bHCH8HH8 B paMKaX T .H.TeOpHH YHHBepcaJibHOro _cJiac5oro B38:HMO-. . 

,ll;eltCTBHR. CorJiaCHO 3TOit T80pHH CJiac5ue rrpoueccu C yqacTHeM H8CTpaH

HUX qacTHU OITHCUBaDTCH OAHHaKOBUM oc5pa30M B BH,ll;e CM8CH B8KTOpHoro 

( V ) H aKCH~bHOro (A),.B3aHMOAeiicTBHlt c "aarpaBoqHuMH" KOHCTaHTa-
o O . ,. • 

MH CBR3H C)-v = - 'a-11 = '¾. (AJIR npouecCOB co CTpaHHUMH tlaCTHUaMH 

KOHCTaHTa B36HMOA8ilCTBHH M8Hbme rrpHMepHO B ABaAU6Tb paa). B tlHCTO 

Jl8ITTOHHOM npouecce pacrraAa MllOHa OTJIHtlHe KOHCTaHTU pac11a,11;a ( 'tf" ) 
OT ~3aTpaBOtlHOil"( <a- ) M0ll:8T c5UTb oc5yCJIOBJl8HO JIHWb MaJim.rn (~I%) pa

,ll;H6UHOHHUMH rronpaBKaMH. ~JIH peaKUHil C yt1aCTH8M CHJlbHOB36HMOA8ilCT-

BYDIIIHX ~aCTHU, TaKHX, KaK f' -3aXBaT HJIH /3 -pacrraA, TeOpHH 

rrpe,ll;CKa3UB68T rrepeHOpMHpyeMOCTb KOHCTaHT B3aHMO,ll;eltCTBHH H B03HHK

HOB8HHe "HH,ll;YUHPOBaHHUX" B3aHMO,ll;8itCTBHil. 

Peay JibTaTU HCCJ18,ll;OBaHHl-t paCrraAa MDOHa H /3 -pacnaAa HaXO,ll;HT

CR B yc5eAHT8JlbHOM corJiaCHH-C V -A~reopnel-t, yt1HTUBaD11l8H BJIHHHHe 

CHJlbHOB3aHMOA8ltCTBYDIIIHX tlaCTHU. B TO xe BpeMR npouecc f' -aaxBaTa 

AO HaCTOHlllero BpeMeHH ocraeTCH H3Yt18HHUMH cpaBHHT8JlbHO nJIOXO, t!TO 

Oc5'bHCHH8TCH c50JibWHMH TPYAHOCTHMH HCCJI8AOBaHHH peaKUHH (I) B BOA0-

3 



pOAe. 3TH TPYAHOCTH oOyCJIOB.lleHH crrernt~HKOH peaKUHH (ABe Heilrpan»

HHe qacTHUH B KOHeqHOM COCTORHHH), ee Manon BepoaTHOCTbJD, a T~KJJte 

OCJIOXHRJD~HM BJIH8HH8M pa3JmqHoro POAa MD-aTOMHllX 8BJl8HHH. Cne~er 

3fil!8THTb, qro HCITOJib30BaHH8 AaHHllX ITO f" -3aXBary CJIOXHIDrn 8Apa

MH AJIR orrpe)(e11eH11a xapaxrepHCTHK rrpouecca (I) Bcrpeqaerca c Heorr

peAeJieHHocraMH, CB83aHHHMH C HeroqHHM 3HaHH8M RA8PHHX BOJIHOBHX 

~YHKUHli. 

lls-3a OOJiblllHX 3KCrrepHM8HTaJibHHX TPYAHOCTeli rrepBHe OITHTH no 113-

MepeHHID CKOpOCTH peaKUHl1 (I) OHJIH BHnOJIHeHH C XHAKl1M BOAOPOAOM. 

0AHaKO B Xli~OM BOAOPOAe l13-3a l1HTeHCl1BHOro 00pasona1rna M830MOJie

KYJI Pr,< p 3axBar MDOHa npo11cxoA11T npaKr11qecKH num» 113 cocroaH11a srali 

M830MOJl8KYJIH. BBHAY HeroqHoro 3HaH11a rrapaMeTpOB CHCT8MH Pfl P, OT

HOCa~xca K rrepeKpHTlill BOJIHOBHX ~YHKUl1H npOTOHOB l1 MDOHa l1 K cn11-

HOBOMY COCT08Hl110 M830MOJieKyJIH, l1HTeprrperautrn AaHHblX yKa3aHHHX 

OITUTOB HeoiH03HaqHa. B CB83l1 C 3TID! OOJibmyll aKryanbHOCTb np1100pe

TaJDT OITHTH ITO l1CCJI8AOBaHl1JD rrpouecca (I) B cpeAe, r)(e BepoaTHOCTb 
·-'" 

oOpa30BaHJIR p fl p M8Jia, a l1M8HHO - B rasooOpa3HOM BOAOPOAe. 

B Al1Cceprau1111 oOoO~eHH pesyJibTaTH paOOTH /I+4/ no C03AaHl11D 

3KCrrepl1M8HTMbHOli! ycraHOBKl1 H H3Mepemrn CKOpOCTH }.. ';:.,_5 saxBara 

MJDOHa 113 COCTORHHR BOAOPOAHOro M830aTOMa. 3KcrrepHM8HT BHnOJIHBH Ha 

CHHXpOUHKJIOTpOHe OHHli. PesyJibTaTH paOor orryOJIHKOBaHH B xypHanax 

!3T~ H IIT3, rrperrpHHTax 11·cooO~eHH8X OIDlli 11 AOKJia;n;uBaJIHCb Ha C8CCHl1 

OrAeneHua aAepHoil ~H3HKH AH CCCP B I97J r. 

II. 

,!LHcceprauHa COCTOl1T H3 meCTH rJiaB. 

B rrepBoR rnaBe paccuorpeHH OCHOBHHe ITP8ACTaBJI8HHR reopHH CJia

OHx B3aHM0)(8RCTBHR,pe3yJibrarH ee 3KCIT8pllll8HTaJibHOR rrpoBepKH Hera-
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BH?Cll BOnpoc O HeOOXOAHMOC?H H3yqeHHSI f -saxBara·'B rasoo0pa3HOM 

BOAOPO)(e. B aroR xe rnaBe xparxo paccuorpeuu rrpoueccH, rrporexan~He 

B BO)(Opo)(e c yqacrHeM Pt' -a:roli:a, npeAmec:rByD~He 3axBa:ry MDoua 

H BJIHSID~He Ha BepOSI?HOC?b•3axBaTa. 

.BropM r11alia ITOCBR~eHa OITHCaHHID• 3KCnep:mrnHranbHOro M8TOAa. 

B rrpHHUHITe rrocraHOBKa orrarOB-CBOJ(HTCSI K-CJie,n:yn~eMY. MDOHH ocraHaB

JIHBaDrca B ra30BOli! BOAOPOAHOlil MHmeHH l1 oOpa3yJDT M830aTOJ.W. -Helirpo-. 

HH o:r 3aX_BaTa MJDOHOB A8T8KTHPYllTCSI CUHHTHJIJl8Ul10HHHMH· cqexqHKaMH, 

pacnonoxeHHmm BOKpyr. i.mmem1. Perncxpauua Hett.rpoHOB .ocy~ecrBJiaerca 

BO BpeMeHmie "Bopo:ra", 3~ycxaemte CHrua11011 oc:rau_oBKH noua. . 

0CHOBHH8 3KCnepHM8HTaJibHHe TPYAHOCTH 00yc110BJ18HH, rJiaBHHM 0~ 

pasoM, xpalilue Manolil BepoaxHocnn · uccne~euo.ro. rrpouecca, Manoli RH~ 

:reHCHBHOCUll oc:raHOBOK MJDOHOB · B ra3e, . H, CJieAOBaTeJibHO, O.THOCHT8Jlb

HO HH3KOR CKOpocnn cqera HeR:rpOHOB o:r. · t4 •-3rurnara ,ITPH <lOJibfilOM 

BJIHRHHH pas.1mqHoro po,11;a ~HOBHX rrpoi:teccoB. Bepoa:rHocn ,3axnaxa B ·. 

BOAOPOAe coc:raBnaer W(H) = >-r::axb/( Ao+ >.:~g) ~ -1/100, . 

B sxou BHpa:a:eHHH . ). = ·4,55•I05cex-1 - cxopocn OCHOBHoro KaHa-
o . ~ 

na rHOeJIH MIDOHa B Pf' -a:roue - pacrra;u;a MJDOHa, .A 3axl> ::: 650 cex-I. 

BBH~ cnerni~KH H3yqaeuolil peaKi:tHH "Bopo:ra" AJIH perHcrpamrn: Helilxpo,.,. 

HOB npHXOAHTCSI 3anycxan Ha Ka.J:,l(HR OCTaHOBHBmHR.ca MJDOH, r.e. BO 

MHOro pa3 q~e, qeu npOHCXO,J,;HT 3axBar • llJIHT8JibH!)CU "Bopo:r" )tOJIJtHa· 

<lHTb nopa,D;Ka BpeMeHH ltl13HH MllOHa 't"~ (H) ~ 1/~o = 2,2 MKCeK, r.e. 

OTHOCHT8JibHO OOJibmoR. B 3?HX yCJIOBHSIX craHOBHTCa B8CbMa 3HaqHT8Jib

HHM BJIHSIHHe ~Ha p11yqalilHHX COBITa;D;8HHlil. li3MepeHH8 ~OHOBOH 3arpy3KH 

B 3KCIT8Pllll8H?aJibHOM.naBHJlbOHe.CHHxpOUHKJIOTPOHa- noxasaJIH, qxo coo:r

B8TCTBYll~R 3TOli! 3arpy3K8-~H CJlj'qaRHHX·COBna,ne~Hn B xecaTKH pa~ 

rrpeBsmae:r 3/llqJeK:r OT f -saXBaTa B BO~Opo~e. 
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3xcnepHMeHTMbH!Ie TPYAHOCTH o6yCJIOBJieHII Taiae TeM, qTo nepOHT

HOCU 3aXBaTa 6HCTpO paCTeT C fiOpHAKOBW HOMepOM 2, Beil(eCTBa, H 

yze AJIH yrJiepoAa H KHcnopoAa W (C, 0) ~ O,I, a·AJIH xeJie3a\.v(Fe): 

= 0,9. H~o Taae AO~aBHTb~ qTO H3-3a MaJIOff 3qlpeKTHBHOff TOJillll!Hl,I 

BO~OPOAa (0,08 r/cu2) KOJIHqecTBO OCTaHOBOK 1,0)()HOB B ra3e HaMHoro 

MeHbme, qeM B CT8HKaX MHmeHH. B CBH3H C 3THM B03HHKaeT npo6JieMa no

AaBJieHHH lp()Ha HettTpOHOB OT 3aXBaTa MDOHOB B CT8HKaX emeHR, BHXOX 

KOTOpWC B AeCHTKH TUCHq pa3 npenumaeT BUXOA H3 peaK~H (I). 
K3-3a 60JIDW0ll BepOHTHOCTH 3axBaTa MJlOHa CJIOXHHMH HApaMH, a 

TaKXe BBHAY cymeCTBOBaHHH RHT8HCHBHoro M8xaHH3Ma nepexnaTa 10lOHa 

Ha HApa C z~r H806XOAHMO HCfi0Jlb30BaTb B OfiUTaX BOAOPOA, oqHmeH

HUtt OT npm.recelt AO·ypOBHH ro-7-I0-8• 

HaKOH8Il, CJI8M8T yKasau TaKJB:e Ha 3~aqy fiOAaMeHHH q>OHa 3JI8KT

POHOB OT ff -pacn~a, 3KcnepHM8HTMDHUit BUXOA KOTOpHX B HeCKOJlbKO 
t 

TUCHq pa3 npenumaJI BUXO~ HettTpDHOB OT HCCJieMeMoro npOJ:l8CCa. 

IlpH noArOTOBKe 3KCnepHMeHTa H C03AaHHH annapaTypu Jru CTpe:im

JIHCb o6ecneqHTD TaKHe YCJIOBHH onuTOB, npH KOTOpux BJIHHHHe lp()HOBl,IX 
'- ' 

rrpoueccon 6HJIO ~OCTaToqHo MaJIUM. OCHOBHUMH MeporrpHHTHHMH, fl03BOJIHB

mHLG'I B 3HaqHT8JlbHOR CTerreHH ~CKPHllHHHpOBaTb lp()H CJiyqaffHHX conrra- ' 

A8HHR, HBHJIHCb pa3MemeHHe 3KcnepHMeHTaJIDHOtt YCTaHOBKH B HH3KO!p()HO

BOtt na6opaTOpHH, OTAeJieHHOtt OT OCHOBHOro naBHJIDOHa ABYXM8TpOBOtt 

6eTOHHOtt CTeHott, H OKpyxeHHe :i.mmeHH H cqeTqHKOB AOflOJIHHT8JIDHOR BO

~HOit 3amHTOtt. 

Cxeua OCHOBHOR qacTH 3KCnepHMeHTaJIDHOit YCTaHOBKH flPHBOAHTCH 

Ha pHCYHKe I. B OflUTaX HCfi0Jlb30BaJiaCb rasoBM BO~OPOAHaH MHmeHb, 

KOprryc KOTOpott 6HJI H3rOTOMeH H3 Hepxa.BeDII1ett CTaJIH H- HM8JI AJIHHy 
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540 MM, )lRa!.leTp I40 MM H TO.lllllHHY CTeHOK J MM. Ml>OHU pernCTpHpOBa

JrnCb UOHHTOpHUMH cqeTqHitamt (I+J), TOpll03HJIHCb cpnm,TpOM (6) H
0

.0C

TaHaBnHBaJrnCb B MHmem1. C a;e.111,10 ;D;HCKpm.nrnaD;HH cpoHa OT f -3aXBa

Ta B CTeHKax wmeHH, a TaIOJte ;n;JJJJ no;n;aB.lleHH/1 JIOXHUX sanyCKOB, CBll-

3aHHUX C OCTa.HOBKaMH MJOOHOB B CTeHKax, perHCTpaD;HII OCTa.HOBOK MJOO

HOB ocymecTBn/1.llac:& C IlOMOll1:&D CD;HHTH.IIMTOPOB H3 Cs 'J ( Tl ) (cqeT'IH

KH 4 H 5), pacnonoxeHHUX BHYTPH MHmeHH.,IlpH 3TOU cpoH, 06yc.110M8Hllllll 

OCTaHOBKrum H saxaaTOM MJOOHOB B HO)lRCTOM a;es1rn, ;n;HCKpH!fflHHPOBa.JIC/1 

BBe;n;eHHeM 3a;n;epxKH (I,J MKCeK) B KaHM8 perHCTpaW,H HellTpOHOB. TaK 

KaK 't/4 ( Cs] ) = 0,09 uceK, TO yKa3amrun tpeH no;n;aBnuc11 npaKTHqec 

Kl& IlO.IIHOCT:&D. 

E.IIOK-CXeMa HCilOJl:&3yeuon 3.lleKTpOHHOll annapaTypu npHBO;D;HTCB Ha 

pHcyuKe 2. J3 xaqeCTBe CHrHana OCTaHOBKH J.IDOHa 11:cho.11:&30BMC/I HMny.11:&C 

coana;n;eHHll 2J45, KOTOpltt sanyCKM "BOpOTa" ;n;nHTe.11:&ROCT:&D 4 MKCeK. 

Coana;n;eHH/1 HMnY.11:&Ca BOpOT H MMny.111,ca ( 11,) OT HettTpOHHUX ;n;eTeKTO

poB cnyXHJrn B KaqeCTB8 ynpaB.11/IDDtHX HMnY.11:&COB B ycTpORCTBe 151 ;n;.1111 

MHOrouepHoro aMil.llHTY;D;HOro ruta.llH3a co6UTHll, saperncTpHpOBaHHUX Hett

TPOHHUMH ;n;eTeKTopru.m. ,U.1111 ;D;HCKpHMHHaD;HH qx:>Ha cnyqa£1HUX coana;n;eHHlt, 

CB/13a.HHO~O C nyqKQM MDOHOB, B onuTax HCilOJl:&30Banac:& 3.lleKTpOHHa/1 

CHCTeMa 6.IIOKRpOBKH 3anyCKOB, CB/13a.HHUX C o;n;aoapeueHHUM npoxox;n;eHHeM 

;n;ayx (H.IIH 60.11ee) MJOOHOB B HHTepaane. IO MKCeK. 

C a;e.11:&D 06ecneqeHH11 Heo6xo;n;HMOlt ~HCTOTU no;n;opo;n;a 6u.11a cos;n;aHa 

H HCilOJl:&30BMaC:& CHCTeMa annapaTypu, BKJIJOqaJlll1M "nM.lla)lR8BU£1 

¢HJl:&Tp" 161. KoHTp0.11:&HUe a.Ha.llH3U qHCTOTU ao;n;opo;n;a H3 MHmeHH, nuno~ 

HeHHUe no OKOHqaHHH H~MepeHHtt, CBHJteTe.11:&CTBYDT 06 OTHOCHTe.11:&HOtt ne

.llHqHHe npmrnceit c '2 > I He 60.11ee, qeu ro-8• Taitoe co.JJ;epxaHHe npH

uecett COOTBeTCTByeT qx:>Hy OT 3aXBaTa B HHX MDOHOB ,cocTaB.II/IDll1eMy 

ueHee 0,5~. 
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B rpeTLett rnane paccMaTpHna.nrca nonpocu, cnasaHHHe c perncr

pannen aenrpoaon B aanmx onurax. 3HaqnrenLHOe BHHMrurne y,JteneHo npo6 

neMau onpe,JteneHHH 3ifxpeKTHBHOCTH perncTpaUHH HettTpOHOB II 3ReKTpO

HOB /?/ H 3HepreTHqecKOH KanH6pOBKe HettTpOHHllX ,JteTeKTOpOB. B napa

rpaqie 2 omrnaHH MeTo~, HCnonLsyewe B Hall!HX OnHTaX .ltM pas,JteneHHH 

HettTpOHOB H sneKTpOHOB ( t -KBaHTOB) no ¢opue HMlIYRLCa B CTHRL6e

He. YKa3aHHOe pas,JteneHHe ocy~eCTBnHROCL nyTeM aHMH3a aMilJIHTY.lt HM

nynLCOB, nponopuHOHMLHHX "6ucrpott" KOMIIOHeHTe cneronoro HMnynLca 

(EK) II 3HeprnH (E). 3TH HMIIYRLCU ~PMHPOBaJIHCL c noMO~LD 6noKa BU

,JteneHHH KOMnoaeHT, cxeuy BMDqeHHH KOTOporo MOXHO BH)teTL 113 pncya

Ka 2. Ha pHcymte 3 npirne.1teHo ,JtByxuepaoe pacnpe.1teneane (EK, E), no

nyqeHHoe )tna 0,l{Horo H3 HettTpOHHHX ,JteTeKTOpOB B KanH6ponoqHHX H3-

uepeHHHX C HCTOtJIIHKOM Po-Be. Ocy~eCTMeHHe pas,JteneHHH aettTpOHOB H 

sneKTPOHOB n03BOJIHRO )tOnORHHTeRLHO )tHCKpHMHHHPOBaTL ~H cnyqattHHX 

COBn8,lleHHll H no,JtaBHTb ¢OH 3fieKTpOHOB OT f' -pacn8,lla II ¢0TOHOB HX 

TOpM03HOro HsnyqeHHH. 

KpOMe CHrHanon EK H E, aHMH3Hp0BMHCL Taia:e mmym,Cbl w:., T 

xapaKTepH3YD~e HOMep )teTeKTOpa II BpeMR Me:ar,ny OCTaHOBKOll MDOHa 

n perncxpauHett aenrpoHa. 

YeTBepTM rnana )tHCCepranHH nocna~eHa ycnOBHHM onhlTOB, H3Mepe

HHHM Ha nyqKe MIJOHOB H o6pa.60TKe 3KCnepHMeHTMbHOll HH¢QpimrniH. liH

TeHCHBHOCTL OCTaHOBOK MllOHOB B BO,ltOpO,lte cocrannana 30 ceK-1, a* 

¢eKTHBHOCTL pen1cTpaUHH HettrpOHOB En.= 0,007892.;t0,00033I, TaK qro 

cKopocrL cqexa nccne,Jtyel!llx co6urutt oKasanacL panaon npHuepao I co-

6HTHD/qac. 
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(KAHAflb/) 5K 

fHc.3.~nyxuepHoe pacnpe.1teneHHe (EK, E), nonyqeHaoe B KaJIH6po

noqHux H3M_epeHHHX C HCTOqHHKOM Po-Be )tnH O)tHOro H3 HettTpOHHHX ,Jte

TeKTOpOB. no OCH a6cuncc - aunnnTy,Jta HMnynLca EK, no OCH op,JtHHaT -

rumnHTy,Jta cnrHana E, nponopuHoHam,HM 3KBHBM8HTHOtt (no CBeTOBUXO

.ltY) 3HeprHH sneKTpOHa. filTpHXOBOll JIHHHett yKasaHO Hatt,JteHHOe Ha 3BM 

nonoxeHne RHHHH pas,JteneHHH HepenHTHBHCTCKOtt ( n,) H penHTHBHCTCKOtt 

( t ) o6nacren. 

II 



3HaqHTenLHOe BHHMaHne y,1teneRO onpeJteneHnD BMHqHHli <pOHa B Ra

mnx orrnTax. ARMH3 3KcnepHMeHTMLHllX ,1taHHllX IlOK8.3an! qTO cpe,!tH pa3-

,rnqffllX KOMllOHeHT qX)Ha, He CBH3aHHOro C OCTaHOBKaMH MDOHOB B BO,ltO

po~e, cymecTBeHHW oxa3uaaeTca npaKTHqecxn nnmL ¢oH 

cnyqallHux coana,1teHHn. BenHqHHa 3Toro <p0Ha 6una onpe,1teneHa B onuTax 

C BaeyyMRpOBaHHOll mrmeHLD H B OID,JTaX C KCeHOHOM n COCTaBnna OKOno 

40% OT o6mero cqeTa HellTpOHOB B 3KCfl03HUHHX C BO,!tOpO,!tOM. 

Cpe~n KOMflOHeHT <pOHa, CBH3aHHoro C OCTaHOBKaMH MDOHOB B BO,ltO-

po,1te, Ba.Jll:HUMH OKa3UBaDTCH <p()H OT' ,1tnqxpy3HH pff-aTOMOB n qX)H OT . 

<pOTOH,!tepHHX peaKnHn, BU3UBaeM!,IX B CTnnL6eHe ¢OTOHaMH TOpM03HOro H3-

nyqeHHfi 3neKTPOHOB. Bxna,lt <pOHa OT 3THX peaKnHn COCTaBHn :::_ I~ OT

llOCHTen:E,HO 3qxpeKTa. g?OH OT ~qxpy3HH P/4 -aTOMOB 6un onpe,1teneH B 

cnenHanLHllX .orrnTax, B KOTOpux c noLmmLn t -cneKtpoMeTpa c xpac-

TannoM Na J ( Te ) 6un 113MepeH BUXO)t '( -KBaHTOB (B OCHOBHOM, 

Me3opeaTreHOBCKoro n3nyqeaaa), B03HHK8.Dmnx flPH nepeXBaTe MDOHa OT 

aTOMa Pt' K a,1tpau BemecTBa cTeHOK wmean. 

Ilpe,1tBapnTenLHaa o6pa60TKa 3KcnepnueHTaJILHOll HHq)Opuanan 3axnnqa 

nacL B pa3~eneHnH HellTpOHOB H 3neKTPOHOB H nonyqeHHa _ru.t:nnHTY,!tHUX 

n BpeMeHHUX pacnpe~eneHHll ,1tna KaJB:,ltOrO copTa qacTnti. Ha 3TOll CT~H 

o6pa60TKa ocymecTBnanacL c nouomLD 3BM MHHcK-22, no,1tMnqaeuon "oH

nana" K n3uepaTenLHon,annapaType H_npoao,1tnnacL aenocpe,1tCTBeHHO_B 

XO,lte onHTOB. Ha pncyHKaX 4 n 5 IlPHBO,ltHTCH apeMeHHOe H aunnnTy,ltHOe 

pacnpe,1teneHHH HellTpOHOB, nonyqeHHUe B. OCHOBHUX 3KCTI03HUHHX C ,BO,ltO

pO,!tOM. 

B flHTOll rnane ,1tnccepTan1rn npOBO,ltHTCH aHa1IH3 3aperHCTpnpo.BaHHUX 

C06UT11ll, onpe,1tenaeTCH CKOpOCTL 3aXllaTa MDOHa B 

,1tanrca nonyqeaHue pe3ynLTatu •. 
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BpeMR {MKCeK} 

Pnc.4. BpeueaHoe pacnpe,1teneane, nonyqeHHoe ,1tJtll HellTpOHHUX co6uTnn 

B 3Kcno3Hnnax c B0,1topo,1tou. rro ocn a6cnncc - apeua perncTpannn Hen

TpOHa, no OCH op~HaT - qHcno C06UTHll Ha HHTepBM 0,433 MKCeK. 

CnnomHM nnHna (I) COOTBeTCTByeT 3aBHCl{l.{0CTH (2) C napaMeTpaun A, 
B n c, Hall,!teHHUMH Ha 3BM. filTpnxoaue 1IHHHH (J) n (2) COOTB8TCTBYDT 

ypoBHD cnyqallHux coana,1teann n 3KcnoaeHTe c noKa3areneu -)..0-l:,. 
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3Hepzufl npomoHo6 (M36) 

PHc.5. AMnnHTYAHHn cneKTp npOTOHOB OTAaqn, H3MepeHHHn AJIS! co6HTHll 

OT 3aXBaTa MDOHOB B BOAOPOAe. Hopi.mpoBaHHHtt q_ioi BuqTeH. Ilo OCH a6c

UHCC - 3HeprHa npOTOHOB (B uacmTa6e 3KBHBMeHTHOH 3Heprnn 3neKTpO

Ha), no OCH OPAHHaT - qHcno CO6HTHH Ha HHTepBM 0,2 M3B. 
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CJAf'3v 

PHc.6. 3aBHCHMOCTL ~P,~fl OT '3A/ ~v' COOTBeTCTBYDIItM 3KC

nepHMeHT8JlbHHM AaHHHM (6). Ha pncyHKe yKa3aHO Ta!Olte BHqHcneHHOe 

B /g/ 3HaqeHHe (5) A ~Ilg Ana ~A/<,lv= -1,23 u ~p/~fl =7,3 
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C nenLD oT.neneHHR ql()Ha BpeueHHOe pacnpexenemte (p111cyHoK 4) ¢H

THPOBa.JIOCL C nouomLD Bll!)aJteHHR 

d / J - ').ot 
IV ~t = A e + B 'f t''t'"'P {l) + C, (2) 

r.ne-f ti#( t ) - paCCttl/lTaHHaH Ha 3BM E3CM-6 BpeMeHHrut 3aBJ/ICHUOCTL 

.nna HettTpOHOB OT .n111qxpys111111;-A,B,C -:-· BapL111pyewe napaMeTpll. AHan111s 

BpeYeHHOro pacnpe.neneHHR 6un BllilOHH8H Ha 3BM E:3CM-6, IlpH 3TOM 111c

IlOHL30B8JIJ/ICL 3KCnep111MeHT8JILHlle )l;aHHlle )l;HR BMaxa ~OHa cnyttalHWC 

coBnaxeH111tt III qioHa OT )l;Hqxpys111111. B pesynLTaTe 6uno HattxeHo, ttTO q111c

no C06HT111tt, COOTBeTCTBY,D!llee nepBOMY tmeHy ~HKitlllH (2), COCTaBMeT 

323,!32. C ytteTou Hatt)l;eHHoro ql()Ha OT ql()Toa.nepHHX pe_axnHtt qucno co6u

T111l:t OT ff -saxBaTa B · BO)l;Opoxe 01tasanocL paBHW N n, =278=33. 

3HatteHJ/le CKOpOCTH saxBaTa onpe.1tenanocL C llOUOJllLD Bll!)a.J:8HJ/18 

\ P~ == \ p ( N ri / Ne ) (3) 
/\ 3a--.fi · /\o £n. E.e 

3.necL Ive ~;;;qaeT HOpYHpOBaHHOe qHcno sneKTpOHOB OT f' -pacn~ 

.na B BO)l;Opo.ne, uattjeHHOe HCXO)l;R 1113 )l;aHHllX H3M8peHllltt BllXO)l;a 3H8KTpO

HOB, Ee - ~eKTHBHOCTL pe_rncTpanHIII sneKTpOHOB, a ~auop p yqHTB

BaeT, ttTO ttaCTHqHo f ~3aXBaT npOHCXO)l;HT H3 COCTOHHHH M830MOnexy

nll P~P ( f =I,06.;t(),03). Hatt.neHHOe c IlOMODtLD BllpaJ:eHJ/18 (3) 3Ha-
p~ 

tteH111e cxopocT111 3aXBaTa MDOHa B Pf! -aToue cocTaBnaeT A 30x& = 

=(686,!88) Celt-I III cornacyeTCR c .naHHHMH TeOplllH 18,91. 

B nocnexaett, mecTott, rnaBe )l;HccepTan111111 xpaTKO paccuoTpeuu nep.. 

cneKTIIIBll )l;MLHel:tmero H3ytteHHR f -3axBaTa npocTettumUH R)l;paUH. 

m. 
Pe3ynLTaTll H BllBO)l;ll. 

rnaBHlle pe3yn~TaTll )l;HCCepTaUHH KpaTKO MOryT 6UTL cqiopuyJIHpOBa

Hll cne)l;yD~M 06pa3ou. 

'' 

I. Co3)l;aHa 3KCnepm.reHTMLHaR YCTaHOBKa, npe)l;Ha3HatteHHM )l;HR 

HCCH8)l;0Bamm R)l;epHori> -3aXBaTa MDOHOB B ra3006pa3HOM BO)l;OpO)l;e. ·.noc

THruyrue napaueTpll ycTaHOBIGI Il03BOHJ/IJIH sqxpeKTHBHO perHCTpHpOBaTL 

pe.1tK111e co6BTHR H3yttaeuoro nponecca (I) H Haxe:11rno OT)l;emtTL 111x OT 

ql()Ha. XapaKTepHCTHKJ/1 annapaTypu 06ec~eq111Jnt B03MOlltHOCTL npoBe)l;eHJ/18 

J/13MepeHHfi CKOpoCTl'I peaitUHH (I) C OTHOCHT8XLHOlt TO'IHOCTLD ,._, IO% 111 

Il03BOH8DT C ycnexou HCilOHL30BaTL 3Ty annapaTypy )l;HR HsyqeHHR neno

ro. pa.1ta Mll-aTOMHHX RBneHHl:t (o6pa30BaH111e Me30Monexyn ddf /IO/ 111 

pdt4 , pacceau111e axouoB p,-. Ha npoxoaax 111 .1tp •• ). 

IlplllHUHilHBJILHUMH oco6eHHOCT8MH 3KCnepm.1eHTMLHOtt MeTO)l;HKH 8B

H8DTC8: 

a) npHUeHeH111e )l;HR per111cxpaUH111 OCTaHOBOK MDOHOB B BO)l;OpO)l;e 

cn111a:rnnnRTOpOB lt3 HO)l;HCToro U83H8, pacnonOllt8HHllX BHYTPH MHm8HH; 

6) liCilOHL30BaHHe B OilllTax CBepxqHCTOro BO)l;OpO)l;a (c CO)l;8plll:aH111-

eu np111uecett c -z~ I He 6onee, qeu ro-8), nonyqaeuoro npH nOMOl!ll1 

ycTaHOBKli C na.Jinax111eBUM !p.tnLTpoM; 

B) 0CYJll8CTBneHHe )l;liCKPHl.llmann111 ql()Ha penRTJ/IBllCTCKHX qacnin no 

qiopue CBeTOBOro HMil~nLCa B CitlllHTHnnaxopax Hel:tTpOHHUX )l;eTeKTOPOB; 

r) J/ICilOHL30BaHJ/18 MHOrouepHoro aMilJntTY)l;HOro aHa.JIH3a perncTpH

pyeM!,IX C06UT111lt, OCy!lleCTBnReMoro Henocpe,JJ;CTB8HHO B XO)l;e 3KCil03HitHlt 

C IlOMO!llLD 3BM MHHCK-22 1 CB83aHHOl:t •oH-naltH" C 1113Mep111T8HLHOlt anna

paTypott. 

2. B 3KCil03HUJ/18X 3Kcnep111ueHT8JILHOl:t YCTaHOBKH Ha nyqxe MDOHOB 

CJ/IHXponHKnOTpOHa OIDill 3apernCTpHpOB8HO 278,!33 C06UTJ/18 OT 3aXBaTa 

MDOHOB B BO)l;OpO)l;e, Ha OCHOBaHJ/IH ItOTOpux onpe)l;eneHa CKOpoCTL 3aXBa

Ta MDOHa 1113 CHHrneTHOrO COCTORHM BO)l;OpO)l;Horo uesoaTOMa 

\ Pf,4 ( · ) -t 
J\ 3aJCti == 686 ! 88 ce.i<. (4) 
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3ro sHaqeHRe xopomo cornacyerca KaK c ,1taHHu:im 3KcnepmueHTa /II/, 

BllilOJIHeHHOro C llOMODtI,D ,JJ;pyroll UeTO,JJ;llKll' TaK ll C reopernqecKHM: pe

synuaTOM: 191 
\ Pf'I ( ) -~ 
/\ 3ai.& F=O == 651; w< (5) 

( F - nOJIHblll CURR aTOMa Pt! ) • 
KaK R3B8CTHO, B pacqerax B8JllltrnHll 

\ Pf'I ... 
/\ 2,ai.t ncnom,synrca sHaqe-

HHS KOHCTaHT 'av ll ~ A , Hall,lleHHlle B r ;.:pacna,1te. II03TOMY i::orna-

cne 3KcnepHMeHrrui1,Hux ,JJ;aHHHX (4) c reopiell nci,1trnepl[,ll;aeT rHnoresy 

yHRBepcaJII,HOrO cna6oro B38.llMO,JJ;eltc·TBllfi. 

3. H3 TeOpllH CJie,JJ;yer, 'ITO rtpll i; = 0 CKOpOCTb peaKUllll (I) 

COCTaBJISeT ~ 400 CeK-I, a npH ~" = + ~ f\ - OKOJIO 200 ceK-I. Cono

cranneHH8 3TllX ,JJ;aHHHX C 3KCneplW8HTaJII,HUM pe3yJII,TaTOM (4) ll03BOJISeT 

c,J(enan :faKJIJlttemrn: a) o HaJiHqm1 neKTopiwro nsamm,JJ;ellcTBRS B {"- -

saxnare a 6) o peanHsauaa B sroM· npouecce V ~A napaii.HTa nsa1Wo,1tell-

CTBllfi. 

4. EJIR30CTI, HalllllX ,JJ;aHHHX (4) ll pesyJII,TaTOB pa60Tbl /II/ Il03BOJIS 

er HX o6M,nHHH~ 3TO npano,JJ;RT K 3HaqeHHD 
\ Pf'I /" ) • 4. 
/\ 3a)(& = \.o6f !" 'i8 U.K • 

Rcnon1,sya nonyqeHHOe B / 9/ nupaxeHae ,JJ;JIS ~ ~;,g 
(6) 

MU BlillOJIHHJIH 

pacqeru 3TOlt B8JIH'tHHbl ,JJ;JIS pasmtqHUX 3HaqeHllll OTHOmeHHll KOHCTaHT 

q A / ~ V ll ~ p / i R ( ~-p ~. KOHC~aHTa HH,JJ;YUllPOBaHHOrO nceB,JJ;OCKaJISpHO-

ro B3allMO,JJ;eltCTBllR. PesyJII,TaTbl pacqeTOB npe,1l;CTaBJI8Hbl Ha pllCYHKe 6. 

C~JIO!IIHM mrnlla' C00TB8TCTBY8T cpe.l(Heuy 3HaqeHRil ( 6)' a lllTpllXOBHe JIH

HHH -:- KOpll.l(Opy O!llll60K ,l(Jllt 3TOlt B8JIH'tllHll. 

EcJIH nono:nm, ( ~ A / ~ v ·) = - · r, 23, TO as .1taHHUX ( 6) nonyttaM 

3, 9 f ~ p / ~ fl f ;. 9 ,o, qro co rn'acyerca .c · .l(aHHmm Teo pa a /I2/ 

~pf~R = 7!SJ,7. 

· II 

_, 

5. CpaBH8Hll8 pe3yJII,TaTOB ll3M8P8Hllll CKOpOCTll fl -saxnara Bra-

3006pa3HOM ll lltH,JJ;KOM BO,l(Op0,1(8 C ,l(aHHID!H TeOpHH ll03B0Jllt8T C,1(8JlaTI, 

OU8HKY ,l(Jllt CKOpOCTll 11epeXO,l(a aTOMa Pi"i ll3 TPHnJI8THOro B CHHrJieT-. 

· -Hoe cocroaHHe A \-. 0 > 2•I0 7ceK-I (,1tna nJIOTHOCTH im.1tKoro B0.1topo

,1ta), a raue 0~8HllTI, 3Hatt8HH8 CKOpOCTll ff -saxBaTa H3 TPHllJIBTHO-
- . . Pf'I P{'I 

ro • cocroaHlllt P/Y _ -aTOMa; . Az.at6 ( F =I)/}; 3at6 (F =O) ~ 0,07 • 

3TH OUBHKll cornacyDTClt c npe)lCKa3aHllfiMH TBOPHH. 
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