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l.BseneHrre 

nnH BhlHCH8HHH BOITpoca 0 H8COXp8H8HHH '18THOCTH B rrpouecce 

ITOrJIOW8HHH 11 -Me30H8 ITpOTOHOM H D.JIH orrpeneneHHH KOHCT8HT H B8pH8HT8 

cna6oro B38HMoneAcTBHH 
-Me30H8 C HYK.TIOHOM 6biJI rrpeD.JIO)K8H pHD. SKCrre-

pHM8HTOB no aaxsaTy 11- -MeaoHoB B sonopone H Hnpax. OnHHM H3 TaKHX 

8KCrrepHM 8HTOB HB.TIH8TCH !13M epeHHe 8CHMM eTpHH B yr.TIOBOM pacrrpen,eJI8HHH 

I 1 2 I H8ATpOHOB, HCITYCKaeM b!X IT pH 38XB8T8 ITOJIHpH30B8HHbiX 11- -Me30HOB HD.p8MR 
I 

T.e. B peaKUHH THIT8 

11- + ,\_ _. -\.' + n + v 
I 1 I 

13 I AHanorK'IHbrA sKcrrepKMeHT Ha sonopone rrpaKTH'IeCKH HeB03MO)KeH 

LlaCTb HeATpOHOB H3 peaKUHH 11 I ITOrJIOW88TCH B. TOM )Ke SID.pe C o6paao

B8HH8M COCT8BHOrO HD.pa. npyraH '18CTb H81i:Tp0HOB BbiJieTaeT H3 HD.pa H8'10Cpen-

CTB8HHO :lOCJie ITOrJIOW8HHH 11 -Me30Ha MHHYH CT8D.Hl0 COCT8BHOrO HD.pa. 3To 

TaK H83biBaeM bre HeATpOHbr rrpHMoro rrpouecca. B c.nyqae HecoxpaHeHHH 'Ie'i'HocTH 

yrnosoe pacrrpeneneHHe HeATpoHOB rrpHMoro rrpouecca MO)KHO npencTaBHTb a BH-
14/ 

ne 

~ ( En , ()) -1 + P (3 ( En ) a cos (} 
11 12 I 

rne N (En,()) -qHcno HetlTpoHoB c sHeprKeA En , HcrrycKaeM biX non yrnoM 
() () 

-yron M8)Kn_y H8!1p8B.TI8HH8M CIIHHa -Me30H8 H HarrpaB.TI8HH8M 

Bbi.TI8T8 H8HTpOHa; ITOJIHpH38UHH 11 -Meaoaa Ha K-o6onoq...-

Ke M8308TOMa; 

y'IHTbiBalOWHH B.TIHHHHe Hnpa Ha yrnosoe- pacrrpeneneaHe; 
K 08cpcpHUH8HT 

8CHMM8Tp!1H B yrJIOBOM pacrrpen,eJI8HHH H8HTpOHOB, HCITYCK88MbiX rrpH 38XBaTe 

ITO.TIHOCTblO ITOJIHpH30B8HHhlX 11 -M 830HOB HD.pOM, 38BHCHWHH TOJibKO OT KOHc-

T8HT B38HMOD.8HCTBHH 11 -Me30H8 C HYKJIOHOM /ecnH '18THOCTb C0Xp8HH8TCH 

a = o;. 

BenH'IHHa (3(E) 6 6 12,4,5,6,71 HaH .... n biJI8 Bbi'IHCJI8H8 B H8CKOJibKHX pa OT8X • 

14,91 
6onee D.8T8JibHbie paC'I8Tbi BbiiTOJIH8Hbi B ITO MOD.8JIH 060JIO'IeK, OTKYD.B MO)K-

HO ITOJiy'IHTb ycp8D.H8HHbie ITO CII8KTpy H8HTpOHOB 3H8'18HHH {J OT 0,5 D. 0 

/2/ 0, 75 n n H p a 3H b!X SJ n e p. J..1a pac<JeToB rro MonenH <PepMH-raaa rrony'IeHo 
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3 Ha qenHe 1J ~ 0,7. K os¢qnruHeHT a B 38BHCHMOCTH OT KOHCT8HT B38HMO-

ae>"cTBHH paCC'IHT8H BIBI 

B .ll8HHOH CT8Tbe onHCbiBaeTCH SKcnepH:vteHT no onpe.ueneHHIO BeJIH'IHHbl a 
nyTeM H3'.1 epeHHH KOScPcPHUHeHTa 8CHMMeTpHH B yrnOBOM pacnpe.ueneHHH Heii:Tpo-

HOB, HCnycKaeM b!X npH 38XBaTe nonHpH30B8HHbiX /1. -Me30HOB B K8JlbUHH. 

B bi5op KanbUHH a Ka'!ecTBe M HW eaH onpe.u enHncH cne.uyroruHMH coo5pa:>Ke

HHHMH • .[lng HHTepnpeTaUHH pe3yJibT8TOB H3MepeHHii: He05XO.llHMO 3H8HHe cneKTpa 

H cnapHTeJibHb!X Heii:TpOHOB, B03HHK810IUHX npH 38XB8Te IL -MeaoHa H.upoM. l.{ eM 

T!VKenee H.llpO, TeM C 50JibW HM OCHOB8HHeM MO:>KHO npHMeHHTb K HeMy CT8THCTH-

'I ecKyiO TeOpHIO llJIH OnHC8HHH pacna.ua COCT8BHOrO H.Upa, T.K. Henocpe.UCTBeHHbie 

SKcnepHMeHTaTibHbie CBeaeHHH 0 cneKTpe Heii:TpOHOB B peaKUHH 11 I OTCyTCTByiOT. 

C .upyroii: CTOpOHbi, MHOrHe OC05eHHOCTH 38XBaTa /1.- -·1e30Ha H.llp8MH onHCbi-

, . 14 5 I 
BaiOTCH TOJibKO Mo.uenbro o5ono'!eK ' /HanpHMep, npeHMyruecTBeHnoe nornorue-

HHe /1. -M e30H8 BHeWHHM H o50JIO'IK8M HI. Ll B8:>K.[lbi-MarH'IeCKOe H OTHOCHTeJibHO 

TH:>Kenoe H.upo Ca y.uoF TJeTBopHeT 3THM Tpe6oBaHHHM H, no-BH.llH'10My, nyqrue 

nonxo,aHT anH nocTaHoBKrl onHCbiBaeMoro SKcnepHMeHTa, '!eM 5onee nerKHe Hap~. 

K poMe Taro, anH KaJibUHH c nocTaTO'IHoA TO'IHOCTbiO H3BecTHo cpe.uHee '!Hcno 

Heii:TpOHOB mCa Ha O.[lHH 8KT 38XBaTa /1.--Meaoaa H.llpOM. 3HaHHe STOii: BeJIH'IHHbl 

TBK)!{ e He06XO.[lHMO .[lJIH FIHTepnpeTaUHH pe3yJibT8TOB. 

Bo BpeM H BbHIOJIHeHHH H8CTOHIUeii: pa60Tbi B rie'IBTH IIOHBHJIHCb C005rue-

18-}}l 
HHH 06 H3MepeHHHX 8CHMMeTpHH Heii:TpOHOB B SKCnepHMeHT8X no 38XB8Ty 

/1.- -M e30HOB B cepe H MarHHH. PeaynbT8Tbi STHX pa6oT 5y llYT o6cy:>K.[leHbl HH-

':>Ke. 

I f. nocTaHOBKa SKcnepHMeHTa 

~3 TeopeTH'IeCKHX npeacTaBneHHH 0 38XB8Te nOJIHpH30B8H~hlX Me30H0B 

HapaMH BhlTeKaeT pHa oco5eHHOcTeA nocTaHOBKH sKcnep~MeHTa. TaK KaK cyrue

CTByeT onpeaeneHH8H BepOHTHOCTb Toro, 'ITO peaKUHH 1}1 npHBe)leT K o6paao-

!38HHIO COCT8BHO_rO H.llpa, npouecc 38XBaTa IL -MeaoHa HnpoM MO:>KeT conpo-

BO:>K,08TbCH' HCnyCK8HHeM y -KBBHTOB H acnapHTeJibHbiX Heii:Tp0HOB
1 

B03HHKaiO-

IUHX IIpH pacnane COCT8BHOro Hapa. 3TH y -KB8HTbi H Heii:TpOHbl HCIIapeHHH B 

OTJIH'!He oT Heii:TpoaoB npHMoro npouecca HMeroT H30TponHoe yrnoBoe pacnpea&

neHHe. 

t 
~ ; 

i 
I 
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C y<reTOM B03MO)KHOH perHCTpaUHH 9THX y -KBaHTOB H HCrrapHTenbHb!X 

H eitTpOHOB Ha6mo.uaeMoe yrnoaoe pacnpe.ueneHHe HeiiTpoHOB rrpSIMoro rrpouecca 

H3 peaKUHH /1 I 6y.ueT HMeTb BH.n: 

N ( E0 , 0) -1 + PIL Pn Py "i ~ cos 0 
/3/ 

r.ue py -MHO)KHTenH, y<rHTbiBaJOurHe B03MO)KHYIO pe!"'HCTpBUHIO H30Tpon-

E -rropor perHcToa-o . HO pacrrpe.ueneHHYX HeATpOHOB HCITapeHHSI H y -KBaHTOBi 

UHH H9HTpOHOB IIpS!MOI"'O rrpouecca; r ycpe.uHeHHOe TIO 

crreKTpy HeATpOHOB rrpSIMOT'O rrpouecca C 9HeprHeA 6onbW e 

THBHOCTH HX perHCTpaUHH. 

/4 5/ 
J.1a Bbi<rHcneHHii, rrpoae.ueHHbiX B pa6oTax ' , cne.uyeT, <rTo crreKTp Heii:Tpo-

HOB npSIMOro npouecca npocTHpaeTCSI rrpHMepHo .no 9HeprHH 20 Mas. CrreKTP Heii

TpOHOB RCrrapeHHSI 3Ha<rHTenbHO MSIT'<Ie. noaTOMY 9HepreTHqecKHii rropor perHCTpa-

UHH HeiiTpOHOB E 
0 

MO)KeT 6biTb Bbi6paH TaK, 'IT06bi rrpBKTH<reCKH HCKnJOqHTh 

p erHCTpaUHIO HCrrapHTeJlhHbiX HeHTpOH08 rrpH .ll OCTaTO'IHO a<jl¢eKTHBHOH perHCTpa

UHH HeiiTpOHOB rrpSIMoro npouecca. KpoMe Toro, .ueTeKTop HeiiTpoHoB .uon.)KeH 

6YTb Mano<ryBCTBHTenhHhlM K y -KBaHTaM. npH 9THX ycnOBHSIX BenH<r~Hbl 

H p y 6nH3KH K e.UHHHUe, H o6ycnoaneHHaSI HX HeOrrpe.ueneHHOCTb!O OWH6Ka 

--aenH<rHHbl a Mana. 

p 
n 

B .uaHHOM aKcrrepHMeHTe HeitTpOHhl perHcTpHpoaanHch paapa6oTBHHhlM .anSI 

9TOH uenH rropOrOBbiM 9<jl<jleKTHBHbiM CnOHCTbiM CUHHTHnnSIUHOHHbiM .neTeKTOpOM, 

/12/ . 
no.uo6HbiM onHcaHHOMY HaMH paHee • AcHMMeTpHSI B yrnoBOM pacnpe.ueneHHH 

HeiiTpOHOB orrpe.nenSinaCb rryTeM H3MepeHHSI 'IHCna HeATpOHOB IIpH .UBYX IIpOTHBo-

IIOnO)KHbiX HarrpasneHHSIX Ma!"'HHTHO!"'O ITOnSI, HCITOnh3YSI npeueCCKJO CllHHa IL -Me-

30Ha B 9TOM none .nnB BY.[leJieHHSI HHTepaana yrnOB BYneTa HeH:TpOHa OTHOCHTenb

HO HarrpaaneHHSI CITHHa Me30Ha. C<reT HeHTpOHOB rrpH rrpOTHBOITOJIO)KHYX Harrpasne-

H HSIX Ma!"'HHTHOI"'O ITOJISI paBeH: 

/4/ 

b 

TepBaJI perHCTpaUHH HeATpOHOB OTHOCHTenbHO HarrpaaneHKSI CUHHa -Me30Ha H 

apeMSI *H3HH MeaoHa. Tor.na acHMMeTpHSI HcrrycKaHHSI HeiiTpoHOB orrpe.uenSieTcSI 

paaeHCTBOM: 
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a=~-- 1 
n "{+j N -+ 1 

DnH H3MepeHHH ocTaToqHo~ nonHpHsauHH MesoHa 

"-

p 
11 

/5/ 

O.llHOBpeMeHHO C 

BCH'v1MeTpHefi HCnyCKBHHH Heil:TpOHOB H3:vtepH.TICH K09cPcPHUHeHT BCHMMeTpHH B yr· 

noaoM pacnpeaeneHHH 9neKTpoHoB oT pacnaaa 11 -M e30HOB B KB.TlbQHH. 

HI. OnHcBHHe ycTaHoBKH 

Y CTBHOBK8 1 HCnO.Tib30B8HHBH .ll.TIH H3M epeHHH 8CHMM eTpHH, CXeMBTHqecKH 

H306pa:>I<eH8 HB PHC. 1. nyqoK TT 11 -M e30HOB H3 CHHXpOUHK110TpOHB 

O:VHIYI npoxo.nHn 
0 

qepea KO.TI.TIHMBTOp B CTeHe H OTK.TIOHH.TICH F8 30 TIOBOpOTHhlM 

cPOKYCHpyiOIUHM MarHHTOM. noc.Tie OT .lle.TieHHH no npo6eraM B cPH.TibTpe H3 Me.llH 

H rpaclJHTa· OT TT- -Me30HOB 11- -Me30Hbl OCTBHBB.TIHBB.Tll1Cb B MHWeHH H3 

2 2 
KBJlbUHH pasMepoM 12 x U2 CM TO.TIIUHHoil: 12 rlcM. !v\HweHb noMeruanacb B 

KaTywKy c 9cPcPeKTHBHOH TO.TIIUHHOH o6MoTKH ::: 0,17 r /cM
2 

Mea H. BenHqHHa H 

MarHHTHOrO TIO.TIH B KBTYWKe onpeae.TIHJlBCb pacqeTHhlM nyTeM H H3MepH.TIBCb C 

TOqHOCTbiO 2%. 

TenecKon H3 aayx cqeTqHKOB 1 H 2 c nnacTHqecKHMH cuHHTHJlJlHTopaMH Ton-

IUHHOJl 1 CM .llHBMeTpOM 10 CM CJlY)KHJI .ll.TIH perHCTpBUHH 11 -Me30HOB H .ll.TIH 

onpeaeneHHH MOMeHTB OCT8HOBKH Me30H8 B MHWeHH. TeneCKOn H3 Tpex cqeTqH

KOB 3,4,5 C nnaCTHqecKHMH CQHHTH.TIJlHTOpBMH .llHBMeTpOM 14,5 CM TOJliUHHOH 

} CM per(ICTpHpOB8.TI 9.TieKTpOHbl pacnaaa. n epe.ll 4 H 5 cqeTqHKBMH noMerua-

.TI HCb cPHJlbTpbl H3 nneKCHrnaca TOJliUHHOH 1 CM • Bo BCeX 9THX cqeTqHKBX HCnOJib-

30B8.TIHCb <P3Y-29. 

CnoHCTbiH Heil:TpOHHbiH aeTeKTop 6, perHcTpHpyroruHii HeiiTpOHbi no npoTo

H8M OT.llaqH, 6hl.TI H3rOTOB.TieH H3 24 TI.TIBCTHH n.TIBCTHqecKOrO CUHHTH.TI.TIHTOpa /Ha 

OCHOBe nOJlHCTHpona C no6aBKOH 2% p-TepclJeHH!ID H 0,~ 0b a ~pQ / DHBMeTpOM 

u u u /12t 
14,5 CM

7 
TO.TIIUI-IHOH 0,4 CM, pasaeneHHb!X qepHOH 6yMarOH, KBK 9TO OnHCBHO B 

06beM CUHHTH.TI.TIHTOpa qepe3 L1B8 CBeTOBOL18 DJlHHOH 15 CM OCMBTpHBBJlCH DBy

MH <P3Y-24. ¢OTOYMHO)KHTe.TIH noMeLUBJll1Cb B qeTb!peXCJlOHHyiO MBrHHTHYIO 38-

IUHTY H3 nepMannoH H MHrKoro :>:<ene3a. Bee cqeTqHKH nnH yMeHbweHHH BRew

Hero cPOHB 6bi.TIH OKpy)KeHbl CO BCeX CTOpOH o6rueil: 3BIUHTOH H3 CBHHU8 H napa

cPHHB TOJIIUHHOH no 20 CM. 

1 

...I. 
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IV. OrrHcaHMe aneKTpoHHOA arrrrapaTyphl 

BnoK-cxeMa aneKTpOHHOA arrrrapaTypbi rroKa3aHa Ha puc. 2. Y1 Mrrynbcbi OT 

C'leT'IHKOB 1 H 2 cpOpMHpOBB.TIHCb DO BMD.TIHTyne HBCbllUBIOIUHMHCH YCH.TIHTe.TIHMH 

IH.y.l H rrocTyrranH Ha cxeMy coarraneHHA lc.c.ll. VfMrrynbc coarraneHHH 11+21 

.Ll.TIHT8.TlbHOCTb!O 5·10-
8

ceK C BMD.TIHTy noii: z-3 BO.TlbT8 1 cpopMHpOB8HHb!H TpHrrepOM 

-6 
I eM .pHc. 3 I, HM eiOIUHM M epTBoe apeM H 0,25.1 0 ceK, rrocTyrran Ha cxeMy IL n 

coarraneHHA lc.c. 21. Ha aTy )!{e cxeMy rronasancs:r cpopMHpoBaHHbiA rrps:rMoyronb-

-6 -8 
HbiA HMrrynbc c nnHTenbHOCTbiO T = 0,67.10 ceK H cppoHTOM 5.10 ceK OT 

HeiiTpOHHoro neTeKTopa. 3an~p)!{Ka L 1 Bbi6paHa TaKoii, '1T06bx ·HMrrynbC coa

rraneHHA 11+21 H HMDy.TlbC H3 HeATpOHHOI'O neTeKTOpa MOI'.TIH C6BD8CTb .TIHWb B 

-6 
Te'leHHe HHTepaana T lnnHTenbHOCTb "aopoT" I crrycTH Bp~MH t

0 
= 0,1.IO::er< 

rrocne rros:raneHHH p. --Me3oHa. Bae.aeHHe norronHHTenbHOii 3anep)!{KH 

'1 8.110 B03MO)!{HOCTb pei'HCTp8UHH HeMTpOHOB OT 38XB8T8 B MHW8HH TT 

npowenwHx qepea cpHnbTp. 

t
0 

HCK.TIIO

-M830HOB. 

TaK KBK 'IHC.TIO HMDy.TlbCOB OT HeATpOHHOI'O neTeKTOpa 3H8'1HTe.TibHO MeHb-

ill e '1HC.T18 COBrraneHHH 11 +2 I, TO "BopoTa 11 OTKpb!B8.TIHCb HMDY.TlbC8MH OT He~;rpoa·

HOI'O ne'1'eKTopa. B aTOM cnyqae aanep)!{Ka t
0 

onpe~ens:rnacb apeMeHHbiM HHTep

aanoM Me)!{ny 38.LlHHM cppOHTOM "BopOTHOI'0 11 HMDY.TlbC8 H cpOpMHpOB8HHb!M HM

ny.TibCOM coananeHHA 11+21. noaToMy 6bino o6pameHo oco6oe BHHMaHHe Ha cTa-

6HnbHOe DO.TIO)!{eHHe 3BnHero cppOHT8 
11 

BOpOTHOI'O" HMDY.TlbCa OTHOCHTe.TibHO 3a-

rryCK8IOIUero HMDY.TlbC8 OT HeATpOHHOI'O neTeKTOpa. C 8TOA uenbiO .Ll.TIH cpOpMH

pOBKH 11 aopoTHoro" HMnynbca Hcnonb30Bancs:r TpHrrep c nayMH ycTOH'IHBbiMH 

COCTOHHHHMH /pHCo 4 I~ y KOTOpOI'O MOM eHT B03Bp8IU8HHH B HCXO.LlHOe COCTOHHHe 

o npen eneH nnHHoA Ka6ens:r a an ep)!{KH 

CxeMa aanHpaHHH oT6pacbxaaeT HMnynbCbi, B?3HHKwRe onHoapeMeHHO B 

060HX cpOTOYMHO)!{HTe.TIHX HeHTpOHHOI'O neTeKTOpa, H nponycKaeT 6e3 HCKa)!{eHHH 

aMnnHTY n HMnynbcbi, B03HHKwHe a onaoM H3 nsyx ct>3 Y. n ocne cxeMbi 3ariH-

p8HHH HMDY.TlbChl DOCTynaiOT H8 CXeMy I.Lll -coananeHHH H Ha nsa MHTerpanh-

HbiX nRcKpHMRHaTopa. Haps:rny c R3MepeHHeM acRMMeTpHR no 'IHcny" HeATpoHOB 

Ha 3anaHHOM nopore nHCKpHMRHaTopa 1, c noMOIUbiO nHCKpHMHHaTopa I I H3Me

ps:rncs:r cneKTp npoTOHOB oTna'IH. PerHcTpauRH HMnynbcoa, npowenwHx nHcKpH-
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M HH8TOpbi 1 H f 1 6bl118 B03MO)KH8 B TOM cnyqae, KOI"'.ll8 B CX9Mbl COBIT8.U9HHH 

lc.c.41 H /c.c.5/ nocTynan paapewaroruHA HMrrynhc na cxeMbi p.n -cosna.ueanA 

/c.c.2 I. TaKaR .uaycTyneH'IaTaR pePHCTpauHR coana.ueHnA aeATpOHOB c Me aoHaMH 

HCfiOnh30B8H8 .UnR TOI"'0 1 'IT06bi HMrrynhCbi H8 CXeMy p. n -coana.ueaHA He nocTy-

nanH cpaay nocne .uncKpHMHHaTopoa 1 H I I, P.Ue OHH Mol"'nH 6hr HM9Th paaayro 

aaaep)KKY B 38BHCHMOCTH OT 8MilnHTY.Uhl HMrrynhCOB • 

.UnR O.UHOBpeMeHHOH pei"'HCTp8UHH cny'I8HHhiX p.n -coana.ueHHA HMrrynhChl 

H3 HeftTpOHHOI"'O .UeTeKTOpa rrocne CXeM hi aanHpaHHSI aa.uep)KHBanHCh Ha BpeMSI 
-6 

2.8.10 ceK /aa.uep)KKa L 2 I, TaK 'ITO a cxeMe p.n -coana.ueHHH /c.c. 3/ 

COBila.U eHHSI C fl. -Me30H8MH B03HHKanH .UnSI HeATpOHOB, ITOITaBW HX B .[leTeK-
-6 

TOp Ha 21 8.10 ceK paHhWe rrpOXO)K.lleHHSI fl. -MeaoHoM TenecKona 1~. PepH
-6 

CTp8UHSI aa.uep)KaHHbiX /aa.uep)KKH L., H L 4 I aa 2 1 8.10 ceK HMnynhCOB OT 

.UHCKpHMHHaTOpOB } ~ I J paapewanaCh TOI"'.ll8 1 KOI"'.Ua B CX9Mbi COBIT8.U9HHi!: /c. 

c.6/ H /c.c.7 I nocTynan HMrrynhc oT cxeMhi /c.c.3/. 

TaKHM o6paaoM, c noM oruhro TaKoA aneKTpOHHOH anrrapaTyphr MO)KHO 6hrno 

B O.[lHOM KaHane pel"'HCTpHpOBaTh Hei!:TpOHbi OT ITOI"'nOIUeHHSI fl. -M930HOB B MH-

~eHH H cnyqaftHhl9 COBrra.ueHHSI HMrrynhCOB OT Me30HHOI"'O TeneCKOrra H HefiTpoH-
1 II 

HOI"'O .ueTeKTopa Ha .uayx nopopax I N a+c:P , :"1 a+c:P I H oaHoBpeMeHHo B .upy-

I"'OM KaHane 
I 

I"'8X I N c:P 

p9I"'HCTpHpOBaTh cpOH 
II 

Nc:P 1. 

3neKTpOHhl oT pacna.ua 

cnyqaAHbiX COBrra.ueHHA Ha TeX )Ke .UBYX nopo-

11 -M e30HOB pel"'HCTpHpoBanHCh 8HanOI"'H'IHbiM o6-

paaoM. MMnynhChi coana.ueHHA 3+4+5 /c.c.8/ nocne cpopMHpoBaHHR nocTynann Ha 

cxeMbi /c.c.9/ H /c.c.10/ p.e -cosrra.lleHHA. MaTepaan epeMean anR pePHCTpa-

UHH aneKTpOHOB ITOCne OCTaHOBKH fl. -Me30HOB H MHWeHH 6hrn TOT )Ke 1 'ITO H 

.unSI pePHCTpauHH Hei!:Tpoaoa. CqeTHoe ycTpoAcTBo 
e 

N a+c:P pePHCTpHpoaano KaK 

aneKTpOHhl pacna.ua, TaK H cPOH cny'laHHhlX COBila.lleHHH. B TO. me BpeMSI cqeTHOe 
e 

ycTpofiCTBO N c:P pePHCTpHpoaano ¢oa cny'laAHhlX cosna.ueaHA. 

TaK KaK HaMepeHHSI acHMMeTpHH HcnycKaHIHI HeATpOHOB Tpe6osanH LlnHTenh

HoA pa6oTbi annapaTyphi, 6b!no o6parueHo oco6oe BH'"HMaaHe 'fa ee cTa6HnhHOCTh. 

H anpP.:meaHe ceTH cT~6HnHaHposanoch cpeppopeaoaaacHbiMH cTa6HnHaaTopaMH, a 

BHOLlHbie IfBilp!DKeHHSI - aneKTpOHHbJMH CTa6RnHaaTopaMH. IlnSI ITRT8HHSI ¢ 3Y-29 

acnonh30Banach BhiiTPRMHTenH BC-16, a LlnR rrRTaHHSI <P3Y-24 - BhiiTpSIMHTenh 

BC-10. 

I 

l 

6 

0 

p 

l H 

c 

l 
H 

" 
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CTa6HnbHOCTb pa6oThl arrrrapaTypH, rrpeaHaaHa'ieHHoA anH perHcTpauHH snex·-

TpOHOB pacnaaa, npoBepHnaCb B Te'ieHHe HeCKOnbKHX aeCHTKOB qaCOB rryTeM H3-

MepeHHH c'ieTa cnyqaaHhlX coBnaaeHH~ oT aByx cqeT'iHKOB. B oaHoM c'ieT'iHKe 

HMnynbCbi OT a -qacTHU Po HMMHTHpOBanH HMnynbCbi OT sneKTpOHOB • .[lpy-

roA C'ieT'iHK, HMMHTHpOBaBIUHH HMnynbCbi OT /1. -TenecKona, o6nyqanCSI Y -
60 

KBaHTaMH oT Co • Ha6nroaaeMbie B H3MepeHHHX HaMeHeHHSI B cqeTe I......, 0,2%/ 

OITpeaens:rnHCb CTaTHCTH'ieCKHMH cpniOKTyaUHSIMH. 

CTa6HnbHOCTb snexTpoHHo~ anrrapaTypbr, oTHocHme~cs:r K perHcTpauHH HeA

TpoHoB, rrpoBeps:rnacb no C'ieTy HeATpoHoB oT Po_ Be HCTO'iHHKa. B TeqeHHe Hec

KO.TJbKHx qa.q~lil pa60Tbi HeCTa6HnbHOCTb B C'i8Te He npeBbiiUana - 0 ,5%. noc

KOnbKY npH H3MepeHHH aCHMMeTpHH HCnycKaHHSI He~TpOHOB HHTepBan BpeMeHH 

Me):!{ay H3l'v\eHeHHeM HarrpaBJ:!~HHH ;M~rHHTHOrO nong B MHIUeHH 6bm Bbi6paH ropaa

ao MeHblUHM, 6onbUl~~ TOIJ:HQCTH B• onpe.neneHHH CTaOHnbHOCTH He Tpe6<:>BanOCb. 

H eiiTpOHHbiH a eTexTop xanH6poBancH no sHeprHH c noMOlllbiO pa;:rHoaKTHBHbiX 

60 24 
HCTO'iHHKOB Co 1 Na Po- Be H HeiiTpOHOB H3 peaKUHH t +d .... lie+ n , 

112 I 
KBK STO OnHCaHO paHee B • Pa6oqH~ nopor perHCTpauHH HeifTpOHOB 6btn Bbl -

6paH paBHbiM 7 M sB. 

npH H3MepeHHSX rrpe):!{ae Bcero 6binO YCTaHOBneHO, 'iTO C'ieT 

""{ = ~ - ~ COOTBeTCTBVeT perHCTpauHH HefiTpOHHbiM neTeKTOpOM 'iaCTHU, 
n • a+cp · cp • 

o6pa3YlOlllHXCS! B MHIUel{H KanbUHSio L{ eifCTBHTenbHO, npH y6HpaHHH MHUJeHH 

-6 
~ a+cp 1 N cp = 1.05::!: 0.05, a npH ycTaHoBneHHH aa.rlep>KKH I \s.ro ceK, B qeTbr-

pe paaa 60nbiUeif BpeMeHH ):!{H3HH Me30Ha B KanbUHH, B KaHane "scpcpeKT + rjJOH" 

~a+cp!NcP = 1,00 ::!: 0,04. KpoMe Toro, :speMH )KH3HH 

HOe H8MH H3 KpHBOif aaaep)KaHHbiX COBnaaeHHif, B rrpeaenax OlllH60K COBITa.aaeT 

1131 ' 
c 6onee TOqHtrM 3Ha'ieHHeM , H3M epeHHbiM LlnH K a.TJbUHH lpHc. 5 I. 

N = ~ ~ - ~. OaHaKo, HMenacb HeKoTopaH Be-
n a+ 't' · 't' 

pOSITHOCTb TOro, 'iTO Hei1Tp0Hhl aciJcpeKTa COC'iHTal'OTCH OLlHOBpeMeHHO H B KaHane 

~n yMeHblUHTCH ITO 
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Cp8BH9HHIO C T9M cny'f89M 0 KOr.!l8 T8H'HX C08ITBD.9HHt\ HeT. Vfa R3MepeHHSI 'IHCnA 

COBII8D.9HHA Me.W..ay gTHMH KSHanaMH nony'feHO, 'ITO llOnSI T8KHX H9itTpOHOB coc

TaBnSieT MeHbWe 2% oT Nn• 

B cneuHanbHbiX H3MepeHHHX, nposen.eHHbix c norronHHTenbHbiM cqeT"!HKOM, 

6 btnO H8A.ll9HO, 'ITO B c~IeTe ~n BKna.a OT perHCTpliUHH Y -KB8HTOB H93H8'1H-

TeneHo nononHHTenbHbiA C'19T'IHK, JlH8MeTpOM 19 CM H TOniUHHOA } CM
1 

pacnona':'" 

rancH. nepen H9ATpOHHbiM .aeTeKTOpOM. n PH BbiKniO'IeHHOA cxeMe 38nHp8HH~ Me.>K

.ll y .llBYM Sl nonOBHHSMH .ll9T9KTOp8 C .llOnOnHHTenbHbiM C'19T'IHKOM, BKniO'I9HHbJM B 

8HTHCOBIT8.ll9HH9 a K8>K.llOA nonOBHHOA Jl9T9KTOpa, H9ATpOHHbiA neTeKTOp He pe-

rHCTpHpyeT 9neKTpOHN, HO perHCTpHpyeT Y -KB8HTbl ~y H HeATpOHbi Nn 

T.e. CYMMY ~y + Nn .• npH OTKniO'I9HHOM nononHHT'enbHOM CTieT'IHKe H c BKniO-

'19HHOA CX9MOft 38nHp8HHSI M9>K.llY nonOBHH8MH ,aeTeKTOpa perHCTpHpyeTCSI cyM-

M8 N K- 1 + \ K~1 
• 1 r.ae Ky H Kn -HHTerpanbHbie KOscpcpHuHeHTbi oT6pachT-

y y 112 I 
B8HHSI 

MOCTb 

y 

l(y 

-KB8HTOB H HeftTpOHOB Ha pa60'I9M nopore. Vf CITOnb3YSI 38BHCH-

112 I 
H Kn OT SHeprHH HeATpOHOB H3 , nonyqaeM: 

_, 
P. = Nn Kn 
y N x-1+ ~ K-1 

n n y y 

0.96. 161 

4epe3 K8>KD,bJ9 2 '18C8 pa60Tbl H8 CHHXpOUHKnOTpoHe npOBO.':tHn8Ch npoBepKB 

pa6oqero nopora HeATpOHHoro neTeKTopa no cneKTpy HMnynbcoa oT y -KBaH

TOB Na24 
• B npouecce H3MepeHHA qepea Ka>KD.bie. 40 MHHYT laHaK MarHHT

Horo nOnSI B K8TYWK9 H3M9HSinCSI qepe3 20 MHHyT/ npoaepSinOCh paBeHCTBO 8Mn

nHTY.ll OT K8>KJlOrO ¢oTOyMHO:>KHTenSI H:eATpOHHOrO ,!leTeKTOpa nyTeM cpaBH9HHSI 

C'leTa H8 pa60'I9M nopore H8 9.llHHHUY C'i9T8 MOHH.TOpa OT K8*.00rO cpOTOYMHO>KH

TenSI H. B cny'l89 H906XO.OHMOCTH 8MnnHTy .0 bl BhipaBHHB81IHCb, 

HecMoTpH aa '19TbipexcnoAHyiO MarHHTHYIO aawHTy ¢3Y-24, npH Ha11H'IHH 

p8CC9RHHOrO M8rHHTHOrO nOnSI YCKOpHTeng B HeCKOnhKO spcTe.a, nepeMeHa HanpaB

neHHSI nOnSI B K8TYWK9 npHBO.OHna K H9KOTOpOMY H3M9H9HHIO KOscpcpHUH9HT8 ycH

neHHSI cpOTOYMHO.:>KHTeJleA HeftTpOHHOrO .aeTeKTOpa, 'ITO ':l~BHBaneHTHO He6onbWOMY 

CM9IU9HHIO pa6oqero nopora perHCTP8UHH HeATpOHOB~ npH OTCyTCTBHH paCC9SIHHO~ 

ro nons:~ YCKOpHTenSI T8KOrO H3M9H9HHSI He Ha6niO.ll8110Cb. 

I 

_1___ 
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CMemeHHe pa6oqero nopora ~ U H3MepHnocb no pa3HOCTH cqeTa Ha 

HHTerpanbHhlX cneKTpaX pa3nH'l:HhlX panH08KTHBHhlX HCTO'IHHKOB npH H3MeHeHHH 

HanpaaneHHH nonH B KaTywKe. H eonHoKpaTHO noaTopeHHhle. H3MepeHHH Ha cneK

Tp.ax pa3HOA KpyTH3Hbi /pHC. 6/ nanH O.llHO H TO :>Ke OTHOCHTenbHOe CMellleHHe 

nopora ~UlU = 0,0295 + 0,0011, rne U -aHa'leHHe nopora npH OTCyTCTBHIS 

nOnH B KaTyWKe. 

LiT06bi y'leCTb BnHHHHe M8T'HHTHOT'O nonH H8 H3MepseMyiO SCHMMeTpHIO, C 

noMOlllbiO nacKpHMHHaTopa I I 6biJIH R3MepeHw HHTerpani:.Hbre cneKTpbr a KaHa

nax "acpcpeKT+cpOH" li "cpOH", npli HBnHqJiH Bnli5lHii5l MST'HHTHOT'O nOIIH Ha ¢3Y-

24, C'leT HeATpOHOB H3 MRWeHH npR llBYX npOTHBOnOnO:>KHbiX HanpaBneHHHX nonH 

B KaTywKe B KaHane "acpcpeKT+cpoH" paBeH: 

171 

rne an -Koacpcp!iUReHT 8CHMMeTplili HcnyCK8HH5l HeATpOHOB. 0TciOna 

rne 

Il=_Ba+cp (U+~U) 
Na+cp (U- ~ U) 

naneHRii 1 + 2 H 3 + 5 

a:=: 
n 

v= 

+ 
~+cp I Na+cp- II 

rt~¢ I Na++cp + II 

Na+cp(U+~U) = 

Ncp (U + .'dj) 

II 

Na+cp(U-~U) 

Ncb (U -~U) 

/8/ 

OnRCbiBaeT BnRHH!i9 M8T'HHTHOT'O nonH H8 CUeKTp B 

KaHane "atfJcpeKT+cpoH". 

UOKaaano, qTo OHO OTCyTCTByeT: 

V 1. YfaMepeHHe OCT8TO'IHO:li nonBpH3aUH! 

~--Me30HOB B KanbUHH 

/14/ 
CornacHO TeopHH . .aayxKoMnoHeHTHoro· He:A:TpHHO , yrnoaoe pacnpe.aene-

HHe .ans aneKTpOHOB C 3HeprHe:li 6oni:.We 

K -o6onoqKe onHCbrBaeTcH cpopMyno:A:: 

. ., 

E OT .pacna.aa 
0 

~--Meaoaa Ha 
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W 0:0 ,(J} = l + .\ PJ.L a ( E0 ) cos 0= l + ae ( E0 ) cos 0 /9/ 

r..:le ( l 
'L~ ,..,.2 2 

a E ) = + "-' o + c.. o + 3 EF,' 
0 --n l + f~ + F: 2 + ~3 ) 

0 0 0 
ae 1 1': 0)=.\ ~a(E 0) 

(} -yr01l Me)KLlY H8np8B1leHHeM BbineTa 91leKTpOH8 H CnHHO:vl J.L -MeaoHa; 

E -3HeprHSI 91leKTpOHa, OTHeceHHBSI K MaKCHM81lhHO B03MO)KHOH 9HeprHH; 
0 

,\ -Ko9cpq1HUHeHT, 38BHCSIWHH OT KOHCTaHT. CBH3H; 

p K -o6onO'IKe MeaoaToMa. - OCTaTO'IH8H ll01lS!pH38UHH J.L -Me30H8 H8 
J.L 

fl11SI E = 0 
0 

a (0) 
p =____e..~ 

11 ,\ a 
3a., (0) a (I))= li3 /10/ T.K • 

.\ 

CornacHo TeopHH 
. /15~ 1 

<PeitHMaHa-renn-J\1\aHa , .\, '= l 1 
HMeeT ME'CTO COOTHOWeHHe: 

P = 3 a (0) • 
J.L ~ 

/Ill 

flnH onpeneneHHH OCT8TO'IHOil: nOnHpH38UHH pJ.L Me30HOB B K81lhUFlH OLlHO

BpeMeHHO C 8CHM N!eTpHeH HeHTpOHOB H3MepH118Ch aCHM:MeTpHSI 91leKTpOHOB pac

nana C 9HeprHeH 601lbWe E
0
,. OnpenenSJeMOH TOJll.UHHOH MHWeHH H CUHHTH111lSJTO

poB TenecKona. 

Bw~~~eHHe HHTepBa1la yr1lOB Bhl!leTa 91leKTpOHOB OTHOCHTe!lhHO HanpaBne-

HHSI CUHH8 J.L- -:-..teaoHa aanaHHeM Ll1lHTe.rthHOCTH "BopoT" T, qacTOTbi npe-

ueccHH w H BpeM eHH aanep)KKH t 0 npHBOLlHT K TOMy, 'ITO cPBKTH'IeCKH pe-

ri1CTp11pyeTCSJ HHTerpa.rtbH8SJ 8CHMMeTpHSJ no 9T0:>.1y yr1lOBOMY HHTepBany, T.e. 

aCH:>.!MeTpHSJ onpe.:Je.TJSJeTCSJ H3 COOTHOWeHJ1SJ: 

• fj4 J t + T r -tiT r. / 12 / 
(l ± \,)=l( I f [1- a,.(.~" 0 )cos(O ± wt)]e · drdO =1± a.,(•~ 0)b, 

~o to 

rae K- K09Cl)(l•HuHeHT ROp:>.tHpOBKH, e -yron I non KOTOpblM pacnonO)!(eH 

91leKTpOHHbiH TeneCKOn, no OTHOWeHHIO K HanpaB1leHHIO LlBJ1)!<eHHSJ J.L -Me30H8i 

26 = 35° - yron, nOLl KOTOpb!M TeneCKOn BHLleH 113 ueHTpa MHWeHH; 

w= e 
---~- ---·-

"' c 'l IL 

- '18CTOT8 npeuecCHH CnHH8 J.L -Me30H8 B ME:rHHTHOM none, 

~· 
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-6 H = 40,2 apcTe.aa; T = 0,67 • 10 ceK, t 0 = 0,04 
-6 

• 10 ceK; 

~6 1131 
T = 10,333 ::!: 0,0071•10 ceK -apeMSI )KH3HH -M e30Ha B KaJibUHH. 

,Ung aneKTpOHOB h 0,64. BenH'IHHbi T, t 0 ,r, (L), 8 H3BeCTHbi C TO'IHOCTbiO B 

HeCKOJlbKO npoueHTOB, OTCIO.lla CY'v1MapHaSI OW H6Ka BeJIH'IHHbl b ""5%. 

C uenbro npoaepKH pa6oThl annapaTyphl 6hlna H3MepeHa KpHBaSI npeueccHH .anSI 

SJie~TpOHOB pacna.aa IIpH OCT8HOBKe -Me30HOB B yrnepo.ae, IIOCKOJlbKY Bbi-

XO.ll SJieKTpOHOB H3 yrnepo.aa 3H8'll{TeJibHO 60JibWe, '!eM H3 KaJlbUHSie 3Ta 

KpHBaSI noKa3aHa Ha pHc. 7. BenH'IHHa acHM'v1eTpHH aneKTpOHOB pacna.aa .ll11SI 

yrnepo.aa ac(O) = 10 043 !. 0,0041 xopowo cornacyeTCSI c pe3yJibTaTaMH, no-
e 

1lY1:J:eHHbiMH paHee B Ovt.Hvt
1161

• 

npH H3MepeHHH 8CHMMeTpHH SJieKTpOHOB pacna.aa /l -Me30HOB B KaJib-

UHH 3aperHCTpHpOBaHO OKOJIO 4,10
4 

HMITYJibCOB ep. -cOBIIa,lleHHA .llJlSI K8)K.llOI'O 

HanpaBJieHHSI IIOJISI B KaHane "acpcpeKT+cpOH "• C y'leTOM cpoHa, COCT8BJISIBWero 

30% OT STOI'O KOJIH'leCTBa, HaH,lleHa aCHMMeTpHSI, paBH8SI . fe'"(E 0 )=- 10,058 ,:!: 

0,0083 I Ha pa6o'leM nopore TenecKona. Y'IHTbiBaSI 38BHCHMOCTb a OT E o' 
ScpcpeKTHBHOCTb perHCTp8UHH SJieKTpOHOB pa3HhlX SHeprHH .llJlSI orrpe.aeneHHOA 

111 I 
TOJIWHHbi cfJHJlbTpa , H3MeHeHHe _TeJieCHbiX YI'JIOB H nopor perHCTp8UHH ,llJISI 

aneKTpOHOB, o6pa30BaHHbiX B pa3Hb!X CJIOSIX MHW eHH? IIOJiy'laeM: 

pCa_ 
p. - 0,135.! 0,019. 1131 

3HaK 
Ca 

a,. Bbi6paH OTpHuaTeJibHbiM, COI'Jl8CHO rrpe.lliiOJIO)K eHHIO 0 TOM, 'ITO He A-

TpHH0 1 HCIIYCKaeMOe IIpH /l -3aXB8Te, II011SipH30B8HO IIpOTHB HanpaBJieHHg 

CBOei'O .llBH)KeHHSI. 

OpH cpaBHeHHH acHMMeTpHH HcnycKaHHSI HeATpOHOB oT 3axaaTa p. -Me-

30HOB B pa3Hb!X Sl,llp8X BeCbM8 Ba)KHO 3H8Tb BeJIH'IHHY ae (0) .llJlSI 8THX Sl.llep. 

H a pH c. 8 npHBe.aeHbi pe3ynbTaTbi H3'v1 epeH.HA acHM M eTpHH aneK_TpoHOB pacna.a a 

6 
110,11.16,18,221 

.llJISI HeKOTOphlX Sl,llep CO CIIHHOM HYJib 0 IIOJiy'leHHhle B pa OT8X H 

B .llaHHOA pa6oTe. l-13 pHCYHKa BH.llHO, 'ITO HMeiOTCSI cymeCTBeHHbie paCXO)K.ae-

• 
HHSI B pe3yJibT8TaX pa3Hb!X rpyrrrr aBTOpOB, KOTOpbie BpSI.ll JIH MO}KHO 06bSICHHTb 

pa3HHueA B II011SipH38UHH rry'IKOB p. -Me30HOB H8 p83HbiX YCKOpHTe.TJSIX, BOBHHKa-

IOllleA BCJie,llCTBHe pa3HOA KHHeMaTH'leCKOA .lleiiOJISipH38UHH IIY'IKOB. 
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YW. PesY.TibTaTbi H3M epeHIHI acHM :v~eTpHH 

aeJtTpOHOB H HX o6cy>K.q8HH8 

npH H3~!epeHHH aCH',fM8TpHH H8ltTpOHOB, HC11YCK88Mb!X 11p11 38XBaTe f.l 

Me30HOB B KaJibUHH, .llJlSl Ka:tK.llOI"'O H811p8BJl8HHH Mai"'HHTHOI"'O ITO!TH 3aperHCTpHpo

BaHO B KaHaJie "ar 1 ciJeKT+cpoH" OKO.TJO 1.9.1& H:\lllYJibCOB; cfJOH CJiy'iaHHbiX COBrra

.ll8HHlt, cocTaansrn oxono 1.2.10
4 

HMITY.TibCOB, CornacHO qJOp\1yne 181 rronyqaeM: 

rae 

.. 
Ca 

a "' n 

a=PPP,8ab n f.l y n 

- + 
-.;a+ctJ ! N a+cp - fi _ 
---------- ------- --- J.I-
1\T- • + 
,a+ctJ i'la+¢+fl 

- I 0, 0 4 85 + 0 , 0 1 6 I, 

J 
- I + n ~1,087 + o.0027; ~ ~ = 11.052 ~ o.ot 1. 

- a+¢ a+¢ ' -

nocKOJlbKY bn 0, 73, KOa cpcpHUI18HT aCH\1 M 8Tp11H HCITyCK aHHH HeiiTpOHOB rrp W 

Moro npouecca rrpH saxsaTe f.l -M830HOB B KaJl~UHH paBeH: 

>\ = P P ~ ~a 
Cs !.1. y n 

= - 10,066 :!: 0,0221· /14 I 

• 
npH H811pH)K8HHOCTH M8I"'HI1THOI"'O ITOJlH B KaTyu.Ke, paBHO:H HaiTpH:IK9HHOCTH 

ITOJlSl rrpH H3M9p9HHHX C KaJlbUH8M 7 6hlJI rrpoae.qeH KOHTpOJlbHhllt aKCIT9pHM8HT ITO 

orrpe.ll 9Jl8HH 10 8CHM M 9Tpi1H C'ieTa H9HTpOHOB OT f.l -saxBaTa B anJOMHHI1H, rne 

8CHMM9TpHSl HefiTpOHOB OTCYTCTByeT, H3-sa ITOJlHOH LI9ITOJlHpH3aUHH f.l -Meso-

116 I 
HOB H BCSl H3M9pSl9M8H aCHMM8Tp11Sl C'ieTa Ll0Jl:IKH8 6biTb o6yCJIOBJleHa BJIHH-

HH8M MarHHTHOrO ITOJlSl H8 cPOTOYMHO)Kl1T8JlH H8iiTpOHHOrO .ll8T8KTOpa. LJ.nsr yBe

Jll1'i9HI1H CKOpOCTH C'i8Ta H3M8p8HHSl ITpOBO.lli1JlHCb .llJlH HefiTpOHOB C aHeprHefi 

_ 6onbwe 2 M a a. Ll.nsr Ka:tKaoro HarrpaaneHHH rronsr B KaHane "acbc}:JexT+ciJoa" Ha6-

4 4 
pa'HO OKOJIO 4•10 HMITYJlbCOB; c}:JOH CJiyqafiHbiX COBITa.ll9HI1fi COCT8BJlSlJl 216•10 HM-

nynhcoa. H aAaenHoe no c}:JopMyne 181 sHa'ieHHe acHMM eTpHH paBHO 

- 10,015 "t_ 0,015 I. AcHMMeTpHH c'ieTa aneKTpoaoa 6JIH3Ka K aymo 

/0,003 .! 0,006 I. 

AAp = 

a:lo) 

3Ha'i9HH9 f~j; .llJlSl K8JlbUHSl nOJIY'i9HO HaMH npH HCITOJlb30B8HHH 38BHCHMOc-

TH fJ OT 8n H cneKTpa H9fiTpOHOB npHMOI"'O rrpouecca w(E ) 
n , pacc'IH-

14 I 
T8HHOrO no MO.lleJlH OOOJlO'ieK C Y'i8TOM ar;c}:JeKTHBHOCTH .ll8T8KTOpa K Hefi-

TpoHaM pa3HbiX 9HeprHJt, Vf3Mep8HHaH H8MH 38BI1CHMOCTb acj:JclJeKTHBHOCTH .ll8TeK· 

Top a 

no a 
8 OT 9HeprHH HeiTpOHOB C .llOCTaTO'iHOA TO'iHOCTbiO OITHChlBaeTCH cpopMy

E 
8-8rrp( 1- T- ) , rne [) rrp -ar)rr)reKTHBHOe ceYeHHe yrrpyroro pac-

n 

.. 
I 
1 

'I ,, 

; 

I 
l 
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C9SIHIHI HeitTpOHOB Ha BO.llOpO.lle; E -sHepo 
/J OK838JI8Cb 

paBHOit 0,58. 

gw im waKe 
-----"' 

g w 'm w + r ( 1-w 1m w ) 
. SKC . 8KC 

I 151 

rae 
5 -1 

W = 3,7.10 CeK -sepOS!THOCTb npHMoro npouecca npH 3axaaTe 11. 
/4/ 5 

Me30HOB B K8JlbUHH ; WSIKC = 25,5,10 -1 
ceK -noJJH/lSI BepOS!THQCTb 3/lXB/lTa 

/1. -Me30H8 B K8JlbUHH /13/ 
0,7 _! 0,06 -cpeaHee "'HCJJO HeitTpOHOB m 

Ha OLIHH 8KT 38XBaTa 11. 
/19/ 

-Me30H8 B K8JJbUHH g = 0,42 - .llOJISI HeitTpO 

HOB c aHeprHe:li: Bbrwe 7 N\aa, onpeaenReMaR no cneKTpy HeitTpOHOB npS1~1oro 
/4 I 

npouecca C yqeTOM 38BHCH~OCTH OT aHeprHH a¢~eKTHBHOCTH He~TpOHHOPO ae-

TeKTOpa r = 0.006 -aong He:li:TpOHOB HCnapeHHSI C 9HeprHe:li: BbiWe 7 'N\aB 

no cneKTpy B BHLie 

/20/ 
E ·B I T d '\' .' d = En exp n J rae T = 1.1 Mas anR Kanb-

UHSI 

CornacHo aTHM 3Ha"':eHHRM 0.94. 

BenH"'IiHY pn MO)KHO nOJIY"'HTb H H3 pac"':eTOB CneKTpa HeA:TpOHOB npg-

MOPO nooue'cca H cneKTpa HCnapHTeJJbHbiX He:li:TpOHOB, BbiiT011HeHHbiX no BHLIOH3-

/7/ 
MeHeHHOit MOLiellH ¢ epMH-P838 LI·JlSI HLipa K8JlbURSI • 0TCIO.ll8 ITOJJY"flleTCSI, 'ITO 

E n 60JJbWe 7 j'v\ 9B P = 0.8. OaHaKo aTR pacqeTbi, no-BH.llHMOMY, Hen 

a ocTaTO'IHO TO"'Hhi, T,K. , HanpRM ep, LIJJR En> 3 N\ as Pn -0,1, 'ITO npOTHBo-

/9 I 
peqHT cj:JaKTY LIOBO.TJbHO 60.TJblllOit Ha6mo,aaeMOH llCHMMeTpHH HeA:TpOHOB H3 cepbl , 

B .ll8JlbHetiweM HCnOJlb3yeTCSI 3Ha'1eHH9 ~ =0,94. no.acTaB.TJSIH BeJIH'IHHbl 

p" 'py '11 ·~ B BbiP8*9HH9 .llJJS! A c .. ,nonyqaeM a = - /0,93 + 0,33/. 

B 6 6 /8,9.10,11/ 
H/lCTOS!Wee BpeMSI ony JJHKOB8Hbl pe3y.TJbTaTbl H9CKO.TJbKRX pa OT 

n 0 H3M epeHH 10 8CHM M eTpHH HcnyCK8HHSI HeA:TpOHO B, o6pa30B8H Hb!X npH nOr'JlO lU e-

/8/ 
HHH 11.--Me30HOB st.apaMH .• B pa6oTe aa uenoM pstae Haep acHMMeTpiHI 

He 6biJI8 06Hapy)Keaa, no-BH.llHMOMy, BCJle.llCTBHe Bbi6opa HH3KOPO nopora LlJISI 

perHCTpaUHH aeATpOHOB loKono 1,5 Mas/ H perHcTpaunH He:li:TpOHHbiM .aeTeRTo-
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poM y /10 I 
-KBaHToB. B pa6oTe KonyM6HficKoit rpyrriibi TBK)Ke He o6Hapy)KeHa 

8CHMMeTpHS1 HCIIYCK8HHSI HefiTpOHOB OT 38XB8T8 ,.,.-- Me30HOB B M8f'HHH, XOTSI 

SKCIIepHMeHT IIOCT8BJJeH C yqeTOM BCeX X8p8KTepHhlX UJJSI Hero OC06eHHOCTefi. 

OnHaKo peaynhTBTbi sTofi pa6oTbi H3JJO)KeHbi aecbMa KpaTKo H HerroHSITHO rroqe

MY He o6Hapy)KeHa acHMMeTpHSI. 

/9 I 
B pa6oTe JJHBeprrynhcKoit rpyrrrrbi HafineHa 6onhW8SI acHMMeTpHSI Hc-

rrycKaHHSI HefiTpOHOB c 9'-leprHeit 6onbwe 3 M9B H3 cepbi A
8 

= -/0,45.:!::0,015/ . 
• 

TaK KBK B 9TOH pa6oTe IIOpOI"' perHCTp8UHH HefiTpOHOB nOBOJlbHO HH3KHH, Heo6-

XOUHMO BBOUiiTb 60JJbWYIO IIOIIp8BKY H8 HCII8pFITe11bHb!e HefiTpOHbl: ~ = 0,7, KBK 

cnenyeT H3 pa6oTb/
91 

HJJH Pn = 0,3, KBK rronyqeHo H3 cpopMY-Jlbi /15/, rne ms 

B3SITO paBHb!M mea , no9TOMY HeorrpeneneHHOCTb OUeHKH p , B03HHK810lll8SI 
n 

Korna Pn. cywecTBeHHO OTJJHqaeTCSI OT enHHFIUbl H3-38 HeTO'qHOCTH, C KOTo-

poi\ H3BeCTHO cpenHee qHCJlO HefiTpOHOB H CIIeKTpbl IIpSIM b!X H HCII8pHTeJlbHb!X 

H efiTpOHOB, IIpHBO-=li1T K 3H8qHTeJJbHOH OWH6Ke B a , .[lefiCTBHTeJibHO, H3MeHe-

HHe ~penHero qHcna HefiTpOHOB m HJlH aepOSITHOCTH IIpSIMOf'O rrpouecca w 

IIpH 38XB8Te /l -M e30HOB B UB8 paaa IIpHBOUHT K H3MeHeHHIO BeJJHqHHbl p n 

B rronTopa paaa B cnyqae cepb! UJJSI Enop = 5 M sa H acero JJHWb Ha 5% UJJSI 

Enop= 7 M sa B cnyqae K811hUHst. 

lllt 
l{HK8f'CK8SI rpyrrrra o6Hapy)KHJ18 aCHMMeTpH!O UJJH HefiTpOHOB C 9HeprH-

efi 6onee 5 M 9B oT rrornomeHHSl fl.- -M e30HOB B cepe H M8f'HHH: 

1\ = s /0,019 : 0,07/; 

OCT8TOqH8H II011SlpH38UHSJ 

\\1g = /0,020 :t 0,05/ • .Llnst STHX Sinep H3MepeHa 

/l- -Me30HOB /eM. pHCo 8/. 3TH peayJJbT8Tbl ITO H3-

.-J 

MepeHHIO 8CHMMeTpHH HefiTpOHOB MO)KHO HCIIOJ1b30B8Tb UJJH orrpeneneHHH a 

H Cp8BHHTb C U8HHhlMH, IIOJJyqeHHhlMH H8MH UJJH K811bUHSI, IIOCKOJlbKY OCTaTOqHaH 

rronstpH38UHH H3BeCTHa, a rropor perHcTpauHH HefiTpoHoB nocT~ToqHo BhlCOK, Pac-

cqHT8HH8SJ H8MH ITO cpOpMyJJe /15/ Be1111qHH8 P pasHa 0,43 nnSI MarHHH I l1l 
n 

= 0,6 I, a nnH cepbi p 
n 

= 0,53 I m = 0, 7 I. 

~ 

~ 
~ 
~ 

~ 
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B pa6nHue 1 cee.ueHbi .uaHHbie aKcnepRMeHTanbHbiX aHa'leHHi!: acRC\1MeTpHR 

I 9 11 I 
no peayJibTaTaM ' H HaCTOSllll9H pa60Tbi. npR Bbi'IHCJ19HHH a H3 Ll8HHb!X 

9KCnepHM9HTa C MarHH9M H c;epoi!: 3Ha'!9HHe p y 
191 n 1221 

JI9HHH a H3 .uaHHbiX fjJ. B3SlTO lf3 a 

B3SlTO paBHbiM 1. npH Bbi'IRC

~ = 0, 7, KaK a To oueHeHo as-.., 
TOpaMH pa60Tbi. 0CT8JibHbl9 3H8'1eHRSl OU9H9Hbl no cpOpMyne 1!51. 3Ha'I9HHSl f3 

.[lJISl C9pbi H MarHHSl nony'leHbi TaKHM Me CnOC060M KaK H LlJISl K8JibUHSl, npH'19M 

15 I 
anSl MarHHSl HcnonbaosaHhi .uaHHbie LlJISl KpeMHHSl. DnB senH'IHH 

a , B Ta6nHU9 npHBe.lleHbJ CTBHLI.SpTHbie CT8THCTH'-IeCKH9 OWH6KH. 

-

p 
ll 

A 

Vfa Ta6JIHUbi BHLlHO, 'ITO 3Ha'I9HHSl a no .uaHHbiM paaHbiX pa6oT B npe-

aenax OWH60K IKOTOpbi9 npHC\19pHO OLlHHaiOBbi H paBHbi ::;::: 35%1 COrnacy!OTCSl 

.upyr C LlpyroM, XOTSl 
~ 
a LlJISl cephl H MarHHSl M9H99 LlOCTOB9pHO,TaK KaK 

p 3Ha'IHTeJibHO OTJIH'IaeTCSl OT 9LlHHHUbi. n 

nony'I9HH09 B Ll8HHOH pa6oTe 3Ha'!9HH9 't = -10,93 : 0,331 3H8'1HT9Jib-

HO 60JibW9 HaH60nee BepOSlTHOrO TeopeTH'I9CKOrO 3H8'1eHHSl aT= 0,41, paccqu-

15 I I I 
TaHHOrO B pa60T9 B npe.unOJIOM9HHH 7 'ITO g A g V = -1,25, gp' g A = 8, 

3,7, r.ue gp t gm - KOHCT.&HTbl B9KTOpHOro, nceB.uo-

BeKTOpHOro,nceBLlOCKanSlpHOrO BapHaHTOB B3aHMOLl9HCTBHSl H KOHCTaHTa cna6oro 

M arHeTH3M a, COOTB9TC TB9 HHO • 

,.J 

Eonbwoe oTpHuaTeJibHOe aHa'leHHe a , nOJIY'I9HH09 HaMH, so-nepBbiX, no.u-

TBep:m:.uaeT H9COXpaH9HH9 '19THOCTH f1PH 38XBaTe p. -Me30Ha npOTOHOM, Bo-

BTOpbiX yKa3biBaeT Ha 60JibWOH BKJiaLl nC9BLlOCK8!1SlpHOrO B8pHaHTa B38HMOLleA-

CTBHSl. 3HaK OTHOW9HHSl KOHCTaHT gpl gA nOJIOMHTSJibHhlH. npH aTOM JIY'IW ee 

N 15/ 
COrnacHe H3M9p9HHOH B9JIH'IHHhl a C ee T90p9TH'I9CKHM 3Ha'!9HH9M H3 pa60Thl 

nonyqaeTCSI, no-BHLlHMoMy, npH ycnoBHH, 'ITO o·THoweHHSt_ gP I g A H gAigv' g,/gv 

60JibW9 HX HaH60nee BSOO~THhlX TeopeTH'I9CKHX 3Ha'I9HHA. 

Bonee TO'!Hhle cse.ueHHSI o KOHCTaHTax -M9pSIS1 a C 60JibW eA TO'IHOCTb!O, a TaKMe npH Hay'leHHH npouecca pa.uHa-

- 121 I 
/l -Me30Ha npOTOHOM UHOHHOrO aaXBaTa 

B aaKn!O'l:eHHe aBTOpbi C"'HTaiOT cBOHM npHSITHhlM .uonroM no6naro.uapHTb 

H.C. WanHpo, 3.11 • .UonHHCKOrO H n . .a. EnoXHHiieBa aa TIOCTOSIHHbiH HHTepec 

K pa60T9 H o6cy MLl9HH9 nonyqeHHbiX peaynbT8TOB, 8 TaK>Ke 1.{ M8H )KyHb-Ba 38 

TIOMO!llb npH H3M9p9HHSIX• 

Oh.el!:KHeHHwll MIKHITY"' 1 

>!_;,;qomwx llc..UitJliJt<;n'''' 

61-if.Jll.1<::. ~TEKA 
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