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Ill 
HacToSJmaSJ pa6oTa SJBn SJeTCSJ rrpoaomKeHJmM pa6oTbi rrpH ynyqweaaoM paa-

reme HJm HeliTpoanoro cneKTpoMeTpa no epeMenH nponeTa. YlaMepSJnocb nporrycKanRe 

llOl!SlpH30B8HHblX nel!TpOHOB qepe3 IlOl!SlpH30B8HHYIO MHIIIGHb H3 MG TflllliH'IGCK OrO 

T'OllbMHSl llpH /lllHTGllbHOCTH nel!TpOHHOH BCilbllliKH CHCTGMbl RMilyl!bCHb!H 6 hiC Tphii! 

121 
peaKTOp C MHKpOTpOHOM OKOliO 2 MKCGK H8 IlponeTHOl! 6aae 120 M, TonmHH8 

22 2 
MHWei1H 6blll8 yBGliH'IGH8 JlO 1,02.10 SJ/lepl CM • llnH YMGHbiiiGHH!I epeMGHI!: )l{l!3flli 

HGllTpOHOB B )I{H/lKOCTHOM CUHHTHllli!IUHOHHOM /lGTGKTOpe 6wn HCITOllb30B8H CUHHTHll

l!SlTOp c 6opoM , o6orameHHb!M H30TOIIOM B 
10

. non!!pH30B8HHbiG nel!TpOHbl rronyqa

JlHCb nponycKaHI!eM qepea non!!pHaoeaanyiD npoToHHYIO MHWGHb, Dpli 3TOM non!!pH-

3BUHSJ HeliTpOHOB 6bill8 yBGl!H"'GH8 /lO 60-65%, 

MeTo.r:t o 6pa6oTKR aKcnepnMeHTBl!hHhiX aaanhiX 

Ill B pa6oTe noKaaaao, "'TO c aocTaTo'Iao l'l B aarneM cnyqae TO'lHOCThiO Bbi-

IlOJlHHGTCSl COOTHOIUGHI!e 

A A 
n 

!Np M aEnA /aEnn ao) (1) 

A
8 

- nnomann peaoaaaca nan KpHBOll nporrycKaHR!I lll!H napannenh-

HOll H 8HTHilapannenhHOfi Opi!eHTann l! IlOl!SlpH38UHll ael!TpOHOB H SJ.r:tep, II f N 

f!Oll5!p1138UHM aellTpOHOB H 5TllGp, cp - a<jl<jleKTl!BHOCTb nepeBOpOTB llOl!SlpH38UHH nel!-
2 

Tf)OHOB HB rrpOTHBOITOliO)I{HYIO B CITHHOBOM poTaTope, n -"'HCl!O SJ.r:tep Ha 1 CM 1 

a 0 -ceqenHe npH peaoHaacnol! aaeprHH E 0 A - nnoma.nh npH 

p -CTBTHCTH'IGCKHll BGCOBOII lP8KTOp, paBHhiJ!: I I I + 1 .r:trrll cnHaa pe3oaaaca 

1 
j=1+-2- H - 1 lll!Sl j = l--1-( 

2 

3 

- ciTRa uccneayeMoro HApa). 



npHMoe onpeneneaue nonaon nnomanu na axcnepHMeaTanbaon KpHaoll nponyc-

I<8HHH 'I8CTO H9B03MO)I{HO H3-38 'IBCTH'IHOI'O nepeKpbiTBH p930H8HCOB, KpoMe TOI'O, 

.ua )!{e a cnyqae uaomrpoaannoro peaonanca, npaMoA y'leT BKna.ua Kpbmbea p eao

nanca YB 91lH 'lHB8eT Oll1H6Ky B Ollpe.ue neHHH fl1l0 ll18.UH. DoaTOMy H3 :3KCll9pBM9H

T 81lbHbl X naHHhiX onpenenanac~o 't8CTH'lH8H nnomanb p eaonaaca A ( 1J 
1 1 

1J 
2 

) , 

r.ue 1J 1<1Jg -aneprHH o6pe38HHSI, llpH KOTOpb!X nponyCKBHHe p8BH O "' 0,9; no

ll p 8 BK8 HB KpblllbSI .UBHHOI'O pe30H8HC8 H H8 BK118.Ubl COC9.QHIIX pe30H8HCOB C yqe

T OM IIX ClliiHOBbiX C OCTOSIHHJl BBO.QII1l 11Cb p8C'I9THb!M nyTeM: 

A -Aa"'An(1Jt;'72)-A a ('7,;1J2)+ 

n u 1 2 

0 p ( ( N ( 1 + cp ) [ - E ] - ( 2) 
4 n '7 2-EO TJI- 0 

n u [' 
2 

I 1 J 
L 01 I p ( ( ( 1 + ¢ ) [ ' - F: • 
I 4 InN TJI-E' Ot TJ2- ' 0 1 

r.ue r H r I - fl011Hbl9 IliHpHHbl ll1IH HCCnenyeMOI'O II ; - ro cocenaero ypoa-

neil, E 01 -peaonaacnaH a aeprBH i -ro ypoanH. C y MMHpoaanue a ( 2) npoao-

nHTCH no cocenaM, BKnan KOTOpbiX B nnomanb HccnenyeMoro peaonaaca cymecT

a e nen. 11a ( 1) H ( 2) cnenyeT: k. x (I + cp ) f n f N "' 

a fn A 
pA afnnao 

A ( 1J 1 ITJ 2) 

n ao r 2 

p---(---
4 '7 2 - F: 0 

A a ( '7 1 ITJ a ) 
(3) 

I n ao r 2 
I I 

---l+~ ---(------lpl 
'11- E O I 4 '1t-EOI 1) 2 -EOI 

Bemf'li!Ha k B llp9Afl01l0)1{9BHH 1 'ITO cp H He 38BHCHT OT 9HeprHH Hellrpo-

nos, ne non)l{na MeHHTbCH oT peaoaaaca K peaonaacy. 

B bt6op CllHHOBb!X C OCTOSIHHil, COOTB9TC TBYIOli!HX H861IIOA89Mb!M p930H8HC8M
1 

llpOH3BOAH1lCSI cnenyiOli!HM 06pa30M. llnH H9CK01lbKHX p930H8HCOB C H3B9CTHhlMH 

>1nH H8A9)KHO onpen91lSI9MbiMH CflHH8MB H necymeCTB9HHb!M BK118AOM B fl1lOli!8AH OT 

cocenen no cfJopMyne ( 3) MeTonoM aauMenbliiHX KBanpaToB 6bi1lO orrpeneneHo 

k ± /j, k. • llnH pe30H8.1ICOB C H9H3B9CTHbiMH CflHH8MH B p831lH'tHbiX llp9Jlll01l0)1{9-

HHHX OTHOCHT91lb.IIO HX CIIHROB H CIIH.IIOB HX CoceneA IIO TOll )1{9 cfJopMyne 6bi1lll 

nony'leHbl 3.118'l9HHSI k. f ± /j, k. f HyMepyeT na6opbi cnnnoB nccnenye-
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Moro p eaoaaaca H coceaei!:). CoaMecTHMOCTh nony'!eHHhiX T aKnM o5paaoM BeliH'IHH 

C B9ltH'IHHOli k ± !'J. k lipOB9pSilt8Cb nyTeM Bhl'!HClt9HllSI B K 8 )!{.Q0M 

cnyq a e p 83l!RU bl M9)!(!1Y BHMR, !19II9HHO li Ha Cp9!1 1ieKB8!1p8TII'IH YIO OlllH6Ky 3TO li p83HI!-

z e {4) 

Beni!'IHHa B Up9llfl0li0)!(9HRR, 'ITO k ke H M eroT ao p ManhHbie pacnpeae-

n e HRR, pacnpeae neaa T8K)!(e aopManhH O c eanHH'IHOi!: ll!Icn epcaei!: a ayneBbiM cpea

:mM, ecn11 n p ennono)!(eHHe o c naae accnenyeMor o peaoaaac a n cnaaax ero coceaei!: 

B epHO, EcnH z p CHllbHO OTKIIOHSie 'r C SI OT H YliSBOrO c peatJero, TO STO y K B3hlB89T 

Ha aenpa B!IllhHOCTh aamero rrpearrono lKeRHSI, M b i 6paKoBana aapnaHThi c z f > 2 . 

1-!epaaperneHHhie peaoaaacbi o 6 pa6aTbiBa nnch aaanorn"!HbJM o6paaoM. MoJKHO 

noKa3aTh, 'ITO AnSI rpyrrrr hi nepaapernenahiX p eaonaacoB Bepna !jJopMyna: 

na01 I' 1~ 
4 

(8) 

rwe a y MepyeT p eaoaaachi B rpyrrrre. nony'!eHH hie 1!3 ( 5) ke ± !'J.k e npoaepSi roT-

CIT 118 COBM9CTI!MOCTb C k ± !'J. 1:: TS.K lKe, KaK AnSI Olli!HO'IHoro peaoaaaca. 

_Pe3yii h T8T bl 113M9p9HRJ1 R 06CJ)I</l.9HR9 

6b!1!H npOB9 !19H bl llBS cepnn II3Mepeani\, HSCKOIIhKO OTIIH'I810lliHeCH p83p9W 9HH9M 

l!eii T p OHHOrO Cli9 KTpOM9Tp a, ITOIISip!I3BUI!RM'H M!IlllSHei\ H aa6p8HHOi!: CT8THCTHKOil, 

J-!a PIIC, l IIP9!1CT8 Bll9H8 'l8CTb 8KCli9PHM9HT8llhHOrO C II9KTP8 H B9ltli'IHHll 
-I 

t - --~----~-
I" + I a 

nns onaon aa cepHi!:, 3necb In H 

H IITSHCHBIIOCTH !IIISI cnyqaeB II8p8liii91!hHOli H BHTHIIapannellbl!Ol! OpH9HT8UHi!: IIOltSI-

p H3 8U!Ii!: , 

DnSI rrony'!eHHSI aenn'!Hl!hl k ±!'J. k 6blnH I!CIIOllh30BaHhi peaol!aacbi c aaeprHSIMH 

2}; 35,3; 39,4; 47,3; 93 SB, llnH OCTBlibHhiX p930H8HCOB, KOT0pbl9 HM9IIO CMb!Clt 

o 6pa6aTb!B8Th, 5h!liH IIOliY'ISHbl BSliH'IHHhl 1:: f ± !'J. k f 
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B Ta6n. 1 npuaeaeHhi 3Ha'-leHIHI z f .nnH uaonnposaHHhiX peaoHaHcos. 06e 

cepHH aaroT c osnauaromae aaaqeHHH cnHaos ann peaoaaacos c aaeprHHMH s ( as ) 

21; 35 ,3; 37; 39,4; 47,3; 64,7; 93,6; 101,9; 117,7. 0HH OK83BliHCb pBBRbiMH 

COOT B9TCTB9RHO 4-; 3 i 4 r 4 i 3 j 4 i 4 j 4 j 4 j. LlnH STHX p930H8HCOB B T80liHU9 

ABHhi z p 

rHHMH 71,4 

Bhiq~rcneaahie no peaynbTBTaM o6eax cepal!. Linn peaoRaacos c saep

as; 106,3 ss so BTopol! cepHH zf < 2 AnSI o6oax npennonomeaal! oT-

HOCHT&nbRO CnRIIBo ITo&TOMy AnR STHX pe30H8HCOB CUKllbi onpeaenRnHCb TOllbKO no 

ycpeaReaabiM peaynbTaTaM o6enx cepHl!. CnHHbl AliH o6oax peaoaaacos paBBbl 4. 

LlnH peaoaa !Ica 51,2 sB so BTopo !l: cepnH ansr o6oHx npeanonomeRHi!: o cnHae z f > 2 , 

B03MO>KH0 1 H3-G8 CRCT&M8TH"l9CKOlt Oilll'IOKH1 UOSTOMy BbiOOp C!Il!Ra npoBOltliliCH 

TOllbKO no p&S)'llhTBTBM rrepsolt cepHR, K0TOpbl9 R npeLtCT8Bll&Hbl B Ta6n. 1. 

B Ta6n. 2 npHseLt&Hhi aaaqeHBsr z P Bhiq~rcneaabie no peaynbTaTaM nsyx 

cepnlt anSI aepaapemeHHhiX rpynrr peaoaaa:cos npH paanH"'HhiX rrpeLtnonoJKI!!ll.lniX o6 

HX CllHRBX. LlnH p&30ll8HCOB 83,9; 84,8; 85,7 SB 3H8"19HHSI CUHHOB HSltLt&Rbi COOT

B9TCTB9HHO paBHbiMH 4; 3; 3. 

Llm1 rpynnhl peaoRaacos c aaepriDIMH 124, 7; 126,8; 128,4 a:a aa1r6onee sepo

l!THhiMH OK83hiBaroTCSI TaK.H9 aa60pb1 Cnl!HOB COOTBeTCTBeJiHO: 4 j 3 i 3 H 3 j 4 i 3. 
/3/ 

Ho nnl! peaoaaaca 124, 7 sB :a pa6oTe onpenenea cnRa, pasnhrl! 4. CnenosaTenh-

Ho, CllHHbl p&30HBHCOB 124,7; 126,8 H 128,4 SB paBHbl COOTBSTCTB&HHO 4; 3; 3. 

LlnH peaoaaaeol!l 149,2 H 150,0 ss aax6onee seposrTBbiMB: aa6opaMH oxaaanHch 

COOTBeTCTB9llR04; 3 H 3; 3, T.e. onpenanH&TCSI CURB TO!IbKO p930HBRCa 150,9 SB 1 

paBHbiA 3. Bbm oneaea: :eoaMOJKHbill: BKnaA oT peaoaanea La 180 e sueprxell: 

71,4 SB 1 HM&romeroeH B IIpOTOHHOll MHmeHB, B cnyqae, 9C/Ill La liO!IS!pH30BBH. 8TOT 

BKnan Man H ae MOJK&T H3M&RHTb BbiBonos o CnRli& peaonanca Ho lSD c sneprRel! 
/1/ 

71,4 SB, P e 30HBHCY 37,0 SB B pa6oTe npHllHCb!BBliCH CUHH 3, HO OrOBBpHsB-

liOCb, 'iTO s epoHTHOCTb npHnHcBTb eMy cnHH 4 TO)f(e aenHKa. B .naHHOA pa6oTe 

CllHH STOI'O p930H8HC8 B 009HX cepHHX onpe.nensreTCSI p a BHbiM 4. 

P .. 6 /3/ . eaynbTBThi Hawen pa OThi cornacyroTCR c .naHHhiMR , nonyqeHHhiMR H3 

HaMepeHHI\ napuRB!IbHhiX ceqeHHll, xpoMe peaynbTBTOB .nnR peaoHaHca 47,3 as. B 
Ill 

HBCTOHIUei\ pa6oTe , KBK H B , CllHH STOrO pe30H8HC8 orrpe.nenseTCH pBBHbiM 3. 

B TB6n. 3 cse.ne Hbl 3H8'19HHR CllHHOB HeATpOHHbiX pe30H8HCOB S!.llpB llo lSO , 

/1 3-5/ 
llOIIY'leHHbiX B STOA pa6oTe H B pa60T8X ' • 0THOCHT9llbHO pe30H8HC8 21,0 9B 

4 /5/ 
CHOBB llO,llTB9p)f(,lleHO, "'TO 91'0 CliHH pBBeH , B He 3, KBK yKB3biB8liOCb • 

6 



TaltHM o6p830M, .nnR Ho IU H3BeCTHbl CUHHbl HeftTpOHHhlX p930H8HCOB. ,nnSl 

scex CHllbHbiX ypOBHeA .00 9HeprHA 150 9B, 10 ypOBHeA CO CUHHOM = 3 II 13 

ypOBHeA C = 4. 

Eblllll onpe,neneHbl OUeHKH CHnOBbiX cpyHKUIIA .OnSI K8}I(,OOi! CllHHOBOi! CKCTeMbl 

yposHeA s l _
8 

H OUeHK8 OTHOWeHHH nnOTHOCTH ypoBHeA CHCTeMbl C 

j = 3 K nnoTHOCTH ypoBHei! CHCTeMbl c 4 D l= 4 / D l- ·a -= a ( D 

paccTOSIHHe Me}l(,ny ypOBHHMH). 0ueHKOi! CHnOBOl! cpyHKUKH 5 , KB K UOK838HO 

171 
B pa6oTe , MO}I(eT 6b1Tb aenli'IHH8 

S' a..j-4 -
11 

r<ml 
1 r <m -rl 

n ro I. 
1•1 nl 

n-../f 
l-1 

ll~ 

0 
rae rn 

1 
-npKaeaeHH8SI HeATpOHH8H WKpHH8 -ro pe3oHaHca; D l - paccTon

. 
s l•8 

m 2 = 8). 

K j + 1 
-4 

2,9.10 

biM ypOl'IHSIMH; 

n 1 = 9; 6) H 

r -raMMa-cpyHKUKH • .Qng 

s;_4 = 2,72.10-4 ( n 2 
191 

npll HCll0llb30B8HHH MeTOtlHKH .OOBepHTe llbHbiX HHTepaanoB 

Ho 166 

~ 13; 

nony'leHO, 'ITO C aepOHTHOCTbiO, p8BH Ol! 0,68 , BblllOniiSIIOTCH T8Kll e Hep8BeHCCI'B8 

tlllSI 3H8'1eHIIH CllllOBOA cpyHKUHK 

1 , 9 10 -
4 < S j 

8 8 
< 6, 00 ' 10 -

4 

1 • 92 . 10-
4 < s j = 4 < 5. 2 . 10- • . 

17 8/ 
Mo}I(HO noKa38Tb MeTo.naMH, auanorK'IHblMH onucaHHbiM B ' , 'ITO .nn11 

Dl•4 
a •----

Dl-8 
o u e HKOi! MO}I(eT 6blTb senH'IIIH8 

' a • 

k -HyMepyeT paCCTOSIHIISl Me}l(,ny ypOl'IHSIMll C • 4, 

" - c = 3. 

nnoTHOCTb !'lepOHTHOCTK OUeHKH a aaeTCH cj:>opMynoA 
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I J 2m2 
j ( m ~ +-) l ( m 1 - 2) f ( m I + m 

2 
) 

w ( _._· ) ~ [ !......, J 2 --=----C.-
!( m I)!( m 2) l(m ) !(m ) 

I 2 

I (m 2 ++)l(m 1 --t ) 
0

, 2 -(m
1

.,1· m
2

) 
X (I+ (--) ] 

nml ) l(m~ ) a 

2m - J 
(-a- ) 2 X 

¢yHKUIIH w HOpMI!pOBaHa, napaMeTp a -HCTIIHHOe 3H8'!€HHe OTH OW € HHH llilOTHOC-

Telt ypOBHeJl, 

OueHKa a 

Holt 1,09, a .llilH 

, paCC'!H T 8HHaH Ha OCHOBaHI! II HaWI!X .naHHbiX, OKa3biBaeTCH paa

a C BepOHTHOCTb~ 0,68 Bhl llOilHHeTCH HepaaeHCTBO 

0, 74 < a < I , 43 

/6/ 
TeopeTI!'!ecKoe 3Ha'!eHI!e .nnH paBHO 0,91. 

B 3aKn~'!eHHe aBTOpbi nonb3y~TCSI cnyqaeM no6naro.napHTb O . H . 0B'!IIHHHKo-

aa 3a yqacTHe B SKcnepHMeHTax. 
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PyKonHcb nocTynHna B H3.QaTe rrbCK!!A OT.nen 
9 MapTa 1967 r, 

8 

E 0,. as 

2I 

35,5 

37 

39,4 

47,3 

5!,2 

64,7 

68,2 

71 ,4 

79,4 

93,6 

!0!,9 

! 06,3 

!!7, 7 

Ta6n11 u a 

BenH'!HHa •e np11 paanH'!HbiX .I pe.nnono:>KeHHl!X 

0 CllHHe pe3oHaHC8 

j~3 j ~ 4 

9,! !,22 

! ,72 5,25 

5,5 1,2! 

!0,9 0,63 

0,64 8,26 

0,46 !0,0 

6,5 0,67 

2,4 3,75 

5,! 0,85 

!,53 !,63 

!!,3 !,44 

4,25 !,43 

3,4 !,56 

5,3 !,28 

9 



T a 6 n H q a 2 

B e n ·H'IRH a z e npH pa3nR'IHbiX upeanonO}f( 9 HHliX 0 CUKHe p 9 30HBHCOB, 

BXOAlllllHX B He p a 3p9 W 9 HHb!9 T'pynubl 

rpynna P 930HaHcoa , 

Ha6op c nHH OB a nopl! A Ke B03pacTaHHll 
Eo 

3 H e pn!K 

83,9; 84,8; 85,7 4,3,3 4,4,3 
Ze I, 78 2,55 

!24,7; !26,8; !28,4 4,3,3 4,4,3 3,4,4 
Ze 0,52 2,8 2,2 

!49,2; !50,9; 3,4 4,3 4,4 
Ze 2,5 !,74 4,35 

10 
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I Ta6nuua 3 

I C nHHbl He ATpOHHhlX peaoHaH coa H o 
1 116 

I 

I NoN> Eo t 38 CCbiJIKB. NoN> Eo t 38 CCbl1IK8. 

nn 
nn 

I I. 3,9I 4 I,4 I?. 84,8 3 H8CT.pa6. 

2.. 8 ,I5 3 I I8. 85,7 3 HB.CT.pa6. 

3. I2, 6 4 I,4 I9. 93,6 4 H8CT.pB.6. 

4. I8 ,I 3 I,5 20. IOI,9 4 3, H8CT.pa6. 

5. 2I,O 4 I, H8CT.p86. 2.I. I06,3 4 H8.CT.p86. 

3• 5 22. II? I 7 4 H8CT.pa6. 

6. 35,3 3 I,3 H8CT . p86. 23. I20,6 

?. 37,0 (3) I 24. I24,? 4 3 

4 H8CT.p86 . 25. I26,8 3 .. H8CT.pa6. 

8. 39,4 4 I ,3 H8CT.p86, 26. I28,4 3 H8CT.p86. 

9. 47,3 3 I H8CT.p86. 27. I4I,I 
4 3 28. I49,2 

ro. 5I,2 3 I,3 H8.CT.pa6. 29. I50,9 3 H8CT.pa6. 

II. 54,0 (3) I (3) 3 

I2. 64,7 4 3 H8CT.paf5. 30. I69,4 (4) 3 

I3. 68,2 3I. I80,5 (4) 3 

I4. 71,4 4 3 H8.CT.pa6. 32. 20I,8 (4) 3 

I5. 79,4 33. 2.39,I (4) 3 

I6. 83,9 (4) 3 
4 H8CT.pa6. 

B cxo6xH sasrTbl Meaee .aoc ToaepHo onpe.aeneHHble aHaqeHHSI cnuuoa • 

• - cnua peaouaaca 126,8 p8B9H 3 npH yC1IOBKH 1 ~TO CDHH peao-

H8HC8 124,7 p889 H 4 3. 
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Pac. 1. 3KcnepaMeRTanbHhlA cneKTp a eenaqRHa aqxpeKTa npon~Kaaaa a aaea-
CHMOCTK OT N -aoMepa KaHana epeMeaaoro aaanaaaTopa. 
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