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Bnet:teune 

B HaCTORruee BpeMR OCHOBHbiM HCTQqHHKOM CBet:teHHfi 0 CBOfiCTB8X 

CUOHT8HHO t:teliRWHXCSI H30MepOB SIBliSIIOTCR M8pHbi8 peaKUHH, npHBOt:IRWHe 

K o6pa30B8HHIO 9TIIX COCTOSIHHfi, I1cclle]:IOB8HHSI MepUbiX peaKUHfi, Bbl3biB8e

MblX p83liHqHbiMH qacTHU8MH ( OT HefiTpOHOB MBllbiX 9Heprnfi ]:10 TR)I{ellb!X 

HOHOB), UOK838liH, qTo OTUOWeHne ceqeHHfi o6pa30B8HHSI Mpa B H30MepHOM 

H OCHOBHOM COCTOSIHHSIX (H30MepHOe OTHOWeHHe) He 38BHCHT OT BHOCHMOI"O 
Ill . . -

B srt:tpo MoMeHTa , B cnyqae yponuefi o6hiquofi npupot:thi TaKoe nonet:teHHe 

H30MepHOI"O .OTHOWeHHR 06'bSICHRli0Cb 6hi. M8li0H pa3HHUefi Me)l{t:~Y CUHH8MH 

OCHOBHOI"O H H30MepHOI"O COCTORHHfi, 

0t:~H8KO B cnyqae CUOHT8HHO t:teliSIWHXCR H30MepOB, KOT0pbi8 0 ITO-Bflt:lli-
. 121 . 

MOMY, xapaKTepH3YIOTCSI He06biqHQ BbiCOKOfi t:te<flopMBUHefi , UOCTORHHOe 

3HaqeHHe H30MepHOI"O OTHOWeHHR MO)I{eT HMeTb APYI"YIO npHqHHY, .UefiCTBII

T8llbHO, eCliH CUOHTBHHO t:teliSIWHHCSI H30Mep SJBllsteTCSI HH)I{HIIM ypOBHeM BO 
' -

BTOp.ofi ITOTeHUH8llbHOfi SIMe, paCITOliO)I{eHHOii npH Ae<iJopMBUHII. B 2-2,5 paaa 

131 . 141 
60llbllle paDIIOBeCIIOll , TO, KBK ITOK838HO B pa6oTe , H30MepHOe OT-

HOIIIC•Jute lie 38BJICIIT OT MOMeUT8 o6pa3yiOlllel"OCSI B peaKUIIH COCT8BUOI"O M

pa, .8To oubSJCHSJeTCSJ TeM, qTo pat:tuauuoHHbie nepexot:thi Me)l{t:~Y ypoBHRMH 

p83JlJ,JX llOT-OIIUIIBnl>IJLIX SIM 3anpemeHbl II 3aCeli£>HHe B peAKUHH lii060l"O ypoB

HSI, He38BIICJIMO OT ero CITI·llla, BO BTOpoii noTeHUIJ8llbHOii SJMe npliBOAHT 
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H3 JlBYX nonoCOK CniOJlbi II1HpHHOli 7 MM1 ycTaHoBneHHbiX· rionyKpyi'OM Ha pac

CTOHHHH 28 MM OT OC!H. H)"l:Ka. CneuHanbHbili 9KpaH HCKnrottan fiOfi8Jl8HHe Ha 

9TOT JleTeKTOp OCKOnKOB 1 neTHmHX H838Jlo 

OcKonKH aeneHHH nonaaaroT Ha aeTeKTOp E 1 ecnH HllPO OTJla'IH HCnbr

TbiBaeT pacnai:t Ha paCCTOHHHH He 6onee 115 CM OT MHIIIeHHo B cnyqae Jle

TeKTOpa A BepOHTHOCTb fi0fi8Jl8HHH OCKOnKOB HS'JHHaeT 6biCTpO yMeHbiii8TbCH1 

KOI'JlS HJlpO OTJlS'IH nponeTaeT JlO pacnaaa 6onee 2 CMe nocKonbKY 9TH pac

CTORHHH paanHtJHbi anH aeTeKTopoa A H B1 To OTHonreHHe acfll}leKTHBHOCTeli 

pei'HCTpSUHH OCKOnKOB 9THMH )leTeKTOpSMH 6yaeT 38BHCeTb OT nepHOJlS no

nypacnaaa o6paayromerocH a peaKuH~ cnoHTaHHo aenHmerocH H3oMepa H CKo

pocTH HJlpa OTJlS'IHo 

3Ta 38BHCHMOCTb 1 paCC'JHTSHHSH H3 H3BeCTHOli I'eOMeTpHH OfibiTS JlnH 

5rJ:lep OTJl8'IH 1 BbrneTaiOmHX H3 TOnCTOli MHIIIeHH 1 npeJlCTaBneHa Ha. pH Co 2. 

npH H30TpODHOM pacnpeaeneHHH OCKOnKOB OTHOuieHHe. 06HapymeHHbiX Ha • Jle

TeKTOpaX A H E TpeKoB aonmHo coanaaaTb c paCC'lHTaHHbiM oTHonreHHeM 

acflcfleKTHBHOCTei!: anH 9THX aeTeKTopoa. PaanH'IHe H3MepeHHbrX H pai::c'JHTaH

.HbiX OTHOiiieHHfi 6y)leT CBHJleTenbCTBOBSTb 06 8HH30TpODHH yrnoBOI'O pacnpe

)leneHHH OCKOnKOB CDOHTSHHO )lenHmHXCH H3.0MepOBe 

M3MepHnOCb yrnoBoe pacnpeaeneHHe OCKOnKOB CDOHTSHHO aenHIIIHXCSI 
236 ' ' 23'1 ' 243 

H30MepoB Pu { T '12. = 30 HCeK) 1 Pu (80 HCeK) H Cm { 60 HceK), 

6 235 ·u 0 pa3yiOIIIHXCH B peaKUHHX 
242 

Pu { a 1 3n ). ·MHnreHH H3 

( a , 3n ) 1 
'235 u { a , 2n ) H 

235 ·u 11 242 Pu 2 
TonnrHHOli 012 MI'fCM 

o6nyqanHcb ny'IKOM a -'IaCTHU HHTeHCHBHOCTbiO 110-1;5 MKA. 3.HeprHH a -
' ' 236 ' 243 

'ISCTHU cocTaBnHna 33 MaB npH nony'JeHHH H30MepoB Pu H Cm 

8 23'lp "' ' ' H 2 M9B npH nony'JeHHH H30Mepa U • vTH 9Hepi'HH COOTBeTCTBYIOT 

17 10/ 
MaKCHMYMSM WHKUHfi Boa6ymaeHHH peaKUHfi { a , 3 n ) H { a , 2 n ) ' • 

nocne o6ny'JeHHH JlH9neKTpH'IeCKHe JleTeKTOpbi ripoTpaBnHaanHCb B KOH

UeHTpHpOBSHHOfi nnaBHKOBOfi KHCnOTe B TetJeHHe 3 'JSCOB H npoCMSTpHBSnHCb 

DpH DOMOIIIH OfiTH'JeCKOI'O MHKpOCKODa. M3MepeHHOe TSKHM CDOC060M OTHOIIIe-. 
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aue TpeKOB aa neTeKTopax A u B npencTaaneao Ha puc. 2 u a Ta6nuue. 
243 

I1a puc. 2 aunao, 'iTO Jl11Sl uaoMepa Cm U3MepeHHOe OTHOWeHue B,npe-
237 

nenax owu6oic .coananaeT c paccquTaHHbiM, a nns:~ uaoMepa Pu u B oco-
236 . 

6eaaocTu nns:~ uaoMepa Pu pa31IU'iUe BbiXOAUT 3a npenellbl OWU60K aK-

cnepuMeHTa. B . Ta6nuue npuaeneHbi TaK:lKe Koa4J4muueHTbi aauaoTponuu, no

nyqeHHbie ua U3MepeHHOI'O OTHoweHUSl TpeKOB aa neTeKTopax A u B u ua 

paCC'iUTB.HHbiX a4J4JeKTUBHOCTeit pei'UCTpaUUU OCK01IKOB STUMU neTeKTOpaMUe 

06cy:lKneaue peaynbTaToa 

PaccMoTpuM, KaKUM aHa'ieHUSlM cnuaoa u ux npoeKuuit aa ocb CHM

MeTpuu SlllPB. MOI'YT COOTBeTCTBOBB.Tb U3MepeHHbie YI'110Bble pacnpeneneHUSI 

OCK01IKOB neneHUSlo Ecnu U30Mepaoe COCTOSlHUe XapaKTepuayeTCSI CllUHOM J 

U npoeKUUeil: Ha OCb CUMMeTpUU SlJlpa K 1 TO YI'liOBOe pacnpeneneHUe OC-

·K01IKOB oripenenSieTCSI 4JopMY1IOit 

w (8) = I f (M) j'.D I (8J-l 
2

, 
M MK 

(1) 

I'Jle D~ K (8) - o6o6meaHaH c4JepuqecKaSI 4JyHKUUH Bui'Hepa, f (M) - 4JyHK-

uus:~ pacnpeneneaus:~,. onucbiBaiOIIIaH opueaTaUUIO SlJlpa a npocTpaacTae, M -

npoeKUUSl cnuaa Ha abiJleneHHYIO ocb, coananaiOIIIYIO c aanpaaneaueM ny'iKa 

(puc. 3). Ecnu cnuHbi acex Slllep ne:lKaT B nnocKocTu, nepneanuKynHpHoil: ocu 

Z , Toe• f ( M) = 1 npu M = 0 u f ( M) = 0 npu M = 0, To TaKoil: 

Cny'iail: COOTBeTCTByeT MB.KCUMB.llbHOit aHU30TpOllUU B YI'110BOM pacnpenene

HUU. (npuMepbi TaKHX pacnpeneneauil: npu I~ K ='<2 u J = K = 10 npnao

JlSlTCSl aa puc. 5). Ecnu cnuHbi Slllep xaoTu'i~o pacnpeneneHbi a npocTpaH-

CTBe, T.e. f (M) = 1 npu acex aaaqeauHX M , TO yi'noaoe pacnpenene-

HUe 6yneT H30TpOllHhlM. 

~ng npoaeneaus:~ KOHKpeTHhlX pacqeToB ~opMyny (1) yno6ao npeo6pa-

30BB.Tb B BUlle 
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Ta6JUma 

:Hso:u:ep TI/2 · £A A/.4 ~~I80°6 - W(9o) (He ex) ~6 M· .'G 

236A. 
.U 

30 4 4 +U,35 
' -0,80 I,55,!-0,2U 0,35,!-0,08 

CXl 

23~" 80 5,2 !8~± 3, 40;t0, 75 0,65~,I5 

24}m 60 ,. +8,2g 5,0 - ,3 . 5,6;ti,O I,I+0,2 
-

-
-- L-_ __ --- -~ 



w (0) 
21 
I A P 

. v==O v v 
(cos ()) , (2) 

Av.. I I (M) C(HO, M-M)C(llv, K-1()(-l)K-": 
M 

(3) 

rae pv (cos()) - nonHHOM ne*aHapa, c - KoaljlljJHUHeHT K~e6ma-ropaoHa. 
Pac'ieT ljlyHKUHH pacnpeaeneHH.H. I (M) MO*HO ljlopManbHO paanenHTb 

Ha TpH 9Tana: o6pa30BaHHe COCTaBHOI'O .Hnpa, HCnapeHHe HeHTpOHOB H HC

nycKaHHe KaCKalla Y -KBaHTOB, CnHH COCTaBHOI'O Mpa paseH cyMMe opoH

TanhHOI'O MOMeHTa HaneTaiOIUeit a -'iaCTHUbl (ero HanpasneHHe opHeHTHpo

BaHO) H CnHHa Mpa MHllleHH, XaOTH'ieCKH OpHeHTHpOBaHHOI'O B npOCTpaHCT-

se. 

3aBHCHMOCTb Ce'ieHH.H B3aHMOlleitCTBH.H a -'iaCTHU C MPOM OT HX 

opoHTallbHOI'O MOMenTa pacC'iHTbiBanacb Ha OCHOBaHHH onTJi'ieCKOit MOllenH 
. /11/ . 

c noTeHUHanoM napa6onH'ieCKoA ljlopMbi , ITpH pac'ieTe cneKTpa neftTpo-
·: J ' ~ 

nos npennonaranocb, 'ITO sepo.HTHOCTb BbineTa H3 Mpa neftTpona c naHHbiM 

MOMeHTOM onpenen.HeTC.H nnoTHOCTblO KOH9'1HbiX COCTO.HHHH H. C9'19HHeM oo-

paTnoA peaKUHH. Hcnonbaosanacb aasHCHMOCTb ce'ieHH.H saa~MoneitCTBH.H 

neitTpOHOB C MPOM ( 9Hepi'H.H neitTpOHOB BbiOHpanacb paBHOH YllBOeHHOH TeM
/12/ 

nepaType Mpa) oT HX opoHTanbnoro MoMenTa, npHsenenna.H s pa6oTe 
/13/ 

.a TaK*e nnoTHOCTb yposneit s MonenH ljlepMH-raaa • 

. B pac'ieTe KacKana y -KsaHTOB paccMaTpHsanHCb TonbKO nHnonbHbre 

y -nepeXOllbi,. a MeTOll pac'ieTa obin aHanOI'H'i9H HCnOnbayeMOMY npH Bbl
/14/ 

'iHCneHHH H30MepHbiX OTHOllleHHit , 0Ka3anocb, 'ITO pacnpeneneHHe no 

npoeKUH.HM cnHHa Ha OCb Z (ljlyHKUH.H I(M) ) cnaoo 3aBHCHT OT 'iHCna 

y -nepexonos, 

B Ka'leCTse npnMepa Ha pHC, 4 npHBOll.HTC.H peaynbTaTbi pac'leTa pe-

aKUHH 235 U : ( -~ · , 3 n <) 236 
Pu npH anepi'HH a -'iaCTHU 33 Mas, IToKa-

aano pacnpeaelieHHe Mep ·no senH'IHHe cnHHa - I (I) H npoeKUHll na ocb 

Z :_ I (M) aa scex Tpex yKaaaH~biX sbrme aTanax peaKUHH. CnHH Mpa MH-
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weHR 7/2, a B ~a'IeCTB9 cnn:Ha KOH9'IHOI'O .H,llpa 6btnH Bbi6paHbl 3HatieHHSl 

2,6 n: 10, Bn:aHo, 'ITO opn:eHTartn:H coxpaHSieTCSl TeM nyqwe, 'IeM 6ollliwe 

cnn:H KOH9'IHOI'O_Sltlp8, 

Ha pn:c. 5 npet:tcTaBneHbl yi'nOBble. pacnpeaeneHHSl OCKOnKOB, nony'IeH

Hbl9 c noMorubro_ ¢op~nbi (3) npn: n:cnonbaoBaan:n: pacc'In:TaHHofi ·no onn:caa-

HOMY M9TOtlY ¢YHKI(HH I (M) • Ha pn:c, 5 BHt:tHo, 'ITO Benn:'In:Ha aan:aoTpo-

nn:n: CHnbHO 38BHCHT OT 3H8'19HHSl CllHH81 a 3H8K 8HH30Tponn:n: onpet:tenSieTCSl 

COOTHOW9HH9M M9*t:IY BenH'IHHOH cnn:Ha H 9I'O npoeKI(HH Ha OCb CHMM9TpHH 

.H.llpa. 

Oaaaxo npn: xonn:'IeCTBeHHbiX oneaxax ·Benn:'IHHbi cnn:aa aeo6xot:tn:Mo npn:-_ 

HHM8Tb BO BHHM8HH9 BnHSIHHe BH9.H.ll9pHblX B03MYW9HHfi H8 yrnoBOe pacnpe

t:teneHn:e OCKO.nKOB, flt:tpO 0Ttl8'IH BbtneTaeT H3 MHW9HH 'I8CTH'IHO HOHH3HpO

B8HHbiM1 H B8K8HCHH B aneKTpOHHOfi o6onO'IK9 SlBnSIIOTCSI: HCTO'IHHKOM tlOCTa

TO'IHO cn:nbHOI'O H X80TH'I9CKH aanpaBneaaoro M8I'HHTHOI'O nonSI1 KOTOpOe B38-

HMOt:tefiCTByeT C M8I'HHTHbiM MOM9HTOM H30M9pHOI'O COCTOSlHHSlo B npet:tenb

HOM cnyqae, xoraa napMopoBcxaH qacToTa npeueccn:n: B peayllbTaTe Taxoro 

B38HMOtl9fiCTBHSl 3H8'IHTenbHO 60llbW9 nOCTOSlHHOfi pacnat:ta H30M9pHOI'O ypoB-

/15/ 
HSl1 3H8'19HHSl K091jlljJHUH9HTOB AI/ B ljJOpMYne (3) npHHHM810T BHtl · 

, A v 
A = • , (4) 

v 2v+1 

B aToM cnyqae yrnoBbie pacnpeaenean:s ( pn:c, 5) xapaKTepn:ayroTCSl 3Ha'IH

TenbHO MeHbwefi aan:aoTponn:efi. 

llOCKOnbKY H9T tlOCTOBepHbiX CBet:teHHfi 0 BenH'IHHe M8I'HHTHOI'O nonSI 

B 'I8CTH'IHO HOHH3HpOB8HHOM 8TOMe, TO H3M9p9HHbl9 B HaWHX Ollb!T8X : yi'nOBbl9 

pacnpet:teneHHSl OCKOnKOB He ll03BOnSIIOT Ct:tenaTb Ot:IH03H8'IHOI'O BbiBOt:\8 0 3H8-

'IeHHSIX cnn:aoa cnoHTaHao aenHIUHXCSI n:aoMepos, Mo*HO nHWb oTMeTHTb, 'ITO 

cnoHTaHHO aenSl!Un:ecSI n:aoMepbi 
237 Pu H 

236 Pu HMeroT 6onbWHfi cnn:H, 

'IeM 
243 

Cm , H HanpaBneHH9 CDHHS COBD8Jl89T C OCbiO CHMM9TpHH .H,llpa, 

ll3MepeHHe yi'nOBOI'O pacnpet:teneHHSl OCKonKOB B T8KHX ycnoBHSlX1 KOI't:\8 
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.. 

BHeSIJlepHOe M8I'HHTHOe none M8nO HnH H3BeCTHO ( H8npHMep, npu B6HB8HHH 
' ' ' 

.SIJlep. OTJl8"1H B onpeJleneHHbie M8Tepu8nbi), no3aonuT nony'IHTb 6onee onpe-

. JleneHHbie CBeJleHHSI o aenn'IHHe cnnH8 cnoHT8HHO JlenSIIIlHXCSI H30Mepoa. 

B 3SKniO'IeHne 8BTOpbl Bblp8}1{8IOT 6n8I'OJl8PHOCTb r.H.cl>nepoay 38 no

_CTOSIHHhlA HHTepec K p860Te, B.C.An$eeay 38 o6ecneqea:ue 6ecnepe6oAuoA 

p860Thl UHKnoTpOH8. Y-200, K.H.MepKHHOH u A.H.CepreeaoA 38 npocMoTp 

JlH9neKTpH'IeCKHX JleTeKTOpOB. 
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.PyKonRCb noCTYnRna B R3~aTenbCKRa OT~en 
22 . MS.II 1972 I"O~a. 

~,r \ 

3 5 

Puc. 1. CxeMa aKcnepRMeHTanbHOfi ycTaHOBKH. 1 - KonnHMaTop, 2 - Kacce
Ta, 3 - MRllieHb 1 4 - ~RaneKTpR"ieCKHe ~eTeKTOpbl 1 5 - UHnHH~p !l>apa~e.ll. 
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i 
r 2 236mpu. 

I I 

(f) 
0,9 
~~5~6~7~6~9~~~----~~----~~-~~~~~~-~~~-~~~--~~ 

Tifz. , Heel:. 

! . Pac, 2, 3aBHCHMOCTb OTHOilleHHSI atiJtiJeKTHBHOCTeH pel'HCTpaUHH OCKOnKOB Jle-

neHHSI JleTeKTopaMH A H B (£A I £B) oT nepHOJla nonypacnaJla cnoHTaHHo 

]lenSIIUel'OCSI H30Mepa (T ~ ) - cnnOIIIHSSI KpHBSSI, . 0THOilleHHSI 'IHCna TpeKOB, 

saperacTpapoaaHHhiX Ha ·JleTeKTopax A H B (N AI N:s) npn Jleneann H30MepoB 
236pu , 237 Pu n 243 Cm • 

c:-, ' 
\ 
\ 

1 

Pnc. 3, CxeMa yrnoBhiX MOMeHTOB cocTaBHoro SIJlpa, 
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f{I) /(M} 

a) 11.o 

r ·to -s 10 H 

0} 

2fJ I -10 -S 10 5 10 N 

f.O 

0,5 
8)~1.0.· f:~ 

I•IO 

I . I I 
1 I I I I 1 

o 10 eo I H 

235 ( 3 ) 236 p Puc, 4, Pacc'IuTaHHbie .nnst peaKUHH U a , n u pacnpe.ne-
neHHSI n.nep no Benu'!uHe emma - f (I) u npoeKulm emma aa ocb Z - I (Ill) • 
AnSI COCTaBHOPO SIApa (a), nocne HCllyCKaHHSI TpeX HefiTpOHOB (6) H AnSI 
KOH9'IHOPO SIApa (B), 
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Puc. 5. PaccttuTaHHhie yrnoabJe pacnpeneneHUSI ocKonKoa npu paamPIHhiX 
aaa'le.imSIX 'I .11 K nn~ opueHTupoaaHHoro Sinpa ( cnnoJIIHhie KpllBbie), nocne 
liCllyCK6HHSI HefiTpOHOB ll Y -KB6HTOB (nyHKTHp) ll npn y'leTe CHnbHOI'O BHe
SinepHOI'O M6I'HHTHOI'O nonSI (ruTpHX-nyHKTHp). 
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