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YcnexH rpynnOBb!X MeTOAOB OIIHCaHHH CBoncTB qaCTHl H pe3oHaHCOB IIpH

BenH, KaK H3BeCTH0 0 K B03HHKHOBeHHJO MOAenH KBapKOB 0 C1'aBWefi o6wenpH3HaH

Hon OCHOBOn KnaCcH<jlHKaUHH qac·J'HU/ 1/. CneKTp Mace pe30HaHCOB H HX KBaHTO

Bbie qHcna o6'bHCHHJOTCH B paMKax aTofi MonenH TOnbKO c yqilTOM LS -CBH3H1 

AaJOwen TaK Ha3b!BaeMoe TOHKOe pacmerrneHHe ypoBHen B C HCTeMe KBapK-aHTH

KBapK. nm:r 06'bHCHeHHH aHanorHqHoro TOHKOrO pacmenneHI'SI BBOAHT IIOIIpaBKH 0 

yqHTbiBaJOlUHe CIIHH-CIIHHoBoe B3aHMoAeficTBHe H TeH30pHbH· cHnbi. B 9THX ycno

BHHX n1060e ynyqweHHe MeTOAOB aHanH3a 9KCIIepHMeHTanbHb!X AaHHblX 6e3 IIpHB-

neqeHHH arrpHOpHbiX rHIIOTe3 0 KOHKpeTHb!X MonenbHb!X rrpeUCTaBneHHHX HBnHeT

CH Heo6XOAHMb!M aneMeHTOM ynyqweHHH qHCTOTbl 9KcnepH~ eHTa H yToqHeHHH 

caMHX MoAenen. 

nocKOnhKy CTpyKTypa 9KCIIepHMeHTanhHOrO MaTepHanl !IpH06peTaeT BCe 

6onhWe CIIeKTpOCKOIIHqeCKHH xapaKTep, TO BIIOnHe OIIpaBAa!O rrepeHeCeHHe Ha 

9Ty o6naCTb MeTOAOB 1 pa3BHBaeMbiX B IIOCne.n:Hee BpeMH B ~ .n:epHOi! cPH3HKe .n:nH 

uenefi o6pa6oTKH crreKTpanhHon HH<J!opMauHH. B HacToHwen pa6oTe rrpHBeAeHbi 

pe3ynhTaTbl o6pa60TKH HeCKOnhKHX 'wHpOKHX' pe3oHaHCOB C IIOMOllibJO anro

pHTMa ¢ypbe1 II03BOnHJOWero pa3):{enHTb KOMIIOHeHTbl lly6m Ta !IpH HX HeKore-

§ 1. 

nepBbie 9KCIIepHMeHTbl IIO p8CWH<jlpoBKe BH3yanhHO H!·pa3peweHHb!X Ay6-

neTOB B orrTHqecKHX crreKTpax ocymecTBHn A. MafiKenhcoH a 1910 r.f2/. Pa3-

BHBaH MeTOA HHTep<jlepoMeTpa A. MafiKenbCOHa, n. ¢enJKeT B 1951 r/31 o6oc-

HOBan C!IeKTpOCKOIIHJO ¢ypbe 0 KOTOp8H B AnHHHOBOnHOBOM )qacTKe OIITHqecKOrO 
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CliBKTpa MMBBT peU18K>lllM€ rrpeHMyUJeCTBa Han 06bP1HbiMM CliBKTpOM€Tp8MH, C 

liOMOlllbiD MH¢paKp8CHbX CliBKTpOM2TpOB ¢ypbe B liOCITB!IH€€ BpBMH YABITOCb 

peanM30B8Tb B€CbM8 J,b!COKO€ p83p€U1CHI!B !Ipl! Ha6nwrreHI!I! 8CTpOHOM1!4€CKIIX 

o6~eKTOB/4/, B HrrepHoA cneKTpocKonnn nperrcTaBneHne ¢yphe Haqann ncrronh-

30BaTb B 1964 r/
51• JlnH 3KCrrepi!M€HT8TOp8 Ba:>KHb!M !IOCTOI!HCTBOM 3!I€Cb 

HBITHBTCH T0 1 '!TO C fllMOlllbiD anropi!TMa ¢ypbe ynaeTCH 4ATKO YCT8HOBHTb 

peanhHYID pa3p€1ll8ID1ll:W CliOC06HOCTb liDITY4BHHOrO H8 CliBKTpOMBTpe M8CCIIBB 

rraHHbrx. 3Ta rrocnenHHH orrpenerrHeTCH He Ton&Ko rronymnpnHoA KpnBoA paclpe-

W€HHH Cfl€KTpOMeTpa 1 HO T8K:>K€ I! 6onee BWCOKHMII KOMliOH€HT8MH "9HepreTnqe-

CKHX" qaCTOT. 

norrpo6HOB H3J10.KBHHe anropHTMa ¢ypbe AJ1R 38!I84 HrrepHoA CliBKTpOCKO

lii!H aaao B
161 , Harro~IHHM, '!TO ecnH Ha BXDA crreKTpoMeTpa, xapaKTepH3yiOwe-

rocH Kpi!BoA pa3pewe.mH g (E) , rrocTynaeT H3nyqeHne co cneKTpoM f 0 ( E l 

TO perHCTpllpyBMb!A c lfrHan r (E) paBeH IIHTerpanbHOA orrepaUHH CBBpTKH nep-

Bb!X llBYX ¢yHKUHfi 1 a HMBHHD: 

(I) 

nonBeprHyB COOTHOW€HI!B (1) rrpeo6p830B8HMW ¢ypbe, liOITY4MM 

rne F (u.,) , F
0 

(w) H ( ( w ) - ¢yp&e-o6pa3bi cooTPeTcTBywmHx ¢YHKUHA 

F(u.,)= jf(E).. -rwEdE (3) 

·!WE 
Fo ( (u ) = I r 0( E ) e dE ( 4) 

·!WE 
G(<u)= Jg(E)e dE, (5) 

a VJ - "3HepreTHl..:[ ~CK8SI" qaCTOTa. 

¢ypbe-anropHT~ CBOAHTCH K CIT€1lYWlllHM Ofl€p8UM51M: 1) H3MepeHHe KpH

BDfi paapemeHMH crreK TpoMeTpa, g( E) , rryTeM ua6rrwneHHH cnurneTHoro nany-
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'leHHH OT rroaxoagmero o6pa3ua; 2) H3MepeHHH H3nyqaeMOJ'O crreKTpa f( E) 

3) Bhi'lHcneaHe cjlyphe-o6pa30B G ( w) H F(w) ; 4) Bhi'lHCn ?HHe c!JyHKUHH F 0 (w ) 

IIyT~M aeneHHH KOMIIneKCH03H8'lHOfi cjlyHKUHH F ( W ) Ha KOIV rrneKCH03Ha'lHYIO 

cjlyHKUHJO G (w) ; 5) rrpoaeaeaHe o6paTaoro rrpeo6pa3oBaHI!H 4>ypbe H aaxoJKae

HHe HCKOMOI'O CIIeKTpa f 0 (E) 

Ee3 cTallHH aeTanhaoro H3MepeHHH KpHBofi pa3pewe~HH crreKTpoMeTpa 3a-

llB'lY H8XOJKileHHH HCKOMOI'O C!IeKTpa, CTpOI'O I'OBOpH 1 peuHTb aenb3H H3-3a 

oTcyTcTBHH cywecTaeaaofi HHcjlopMaUHH. Ha rrpaKTHKe 3TY 1acjlopMaUHJO '!acTo 

38MeHHIOT I'H!IOTeTH'leCKHMH llBHHhlMH H aiiiipOKCHMHpyK T H3MepeHHYIO KpH-

BYIO pa3peweHHH cjlyHKUHefi raycca. TaKofi war HBnHeTCH 10IIbKO !IpH6nHJKeHHeM, 

IIpH'l~M 1 KBK 6yaeT BHilHO H3 llB!IbHefiwero, IIpHHHTHe ero IIpHBOilHT K orpy6ne

HRIO peanhnofi pa3pewa10mefi crroco6aocTH. 

4>yphe-anropHTM B caoefi rronaofi rrporpaMMe oTnH'la?TCH OT apyrHx MeTo-

llOB o6pa60TKH TeM, 'ITO OH II03BOnHeT Bb!IIOnHHTb aaanH3 CIIeKTpa 6e3 KaKHX

nH6o orpy6neaHfi H 6e3 K8KOfi-nH6o IIOTepH HHcjlopMaUHH, f[pH npeo6pa30B8HHHX 

4>ypbe 1 KOTOpb!M IIOilBepraJOTCH HCXOilHbie H !IpoMeJKyTO'lHl!e ll8HHbie 1 BCe HH

cjlopMBUHOHHble MOMeHThl HCXOilHblX llBHHblX IIOnHOCTblO COX J8HHIOTCH 6e3 K8KOH-

nn6o nerpanaunH. 

§2. 

npH aaanH3e ll8HHhiX 0 Me30HHblX pe30H8HC8X Mbl Y' HTb!B8IIH TO!IbKO He

KorepeHTHb!l1 xapaKTep nanoJKeHHH KoMnoaeHT MynhTHJineTd, TaK, aanpHMep, 

ay6neTHhifi CIIeKTp Mace OIIHCb!BaeTCH Bb!paJKeHHeM 

( 6) 

a 
rae 1\ = E 1 -E 2 - aaeprnH pacmenneHHH ay6neTa, E 0 = ~-(E 1 +E.), a ¢YHK-

UHH B(E) aaeT 3HepreTH'leCKHfi !Ipocj!Hnh pe30HBHCHOI'O CHHrneTa 1 HB!IpHMep, 

ganHeTCH ¢yaKuHefi EpafiTa-BHrHepa. Bo3MOJKeH TaKJKe H KorepeHTHhifi Mexa-

HH3M HanoJKeHHH KOMIIOHeHT MynhTHIIneTa 1 aHanH3 KOTOpOI 0 ewe He BbiiiOnHeH, 

B cnyqae aeKorepeHTHoro xapaKTepa HanoJKeHHH Ko~noHeHT MynhTHnneTa 

anropHTM 4>ypbe MOlKHO IIpHMeHHTb He!IOCpellCTBeHHO B TJM BHile, B KBKOM 

011 pa3pa6oTaH anH uenefi gaepHofi cneKTpocKOIIHH. B cny•ae nnHefi'laToro ay6-

neTa cjlypbe-o6pa3a f 0(w) nepBOI'O MHOlKHTeng CBilpTKH B Bb!paJKeHHH ( 6) HMeeT 

BHil 
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(7) 

rne 

[F (w)[=A (.o) 
0 0 

a 
+ V I + 2 a cos Ll w + a 2 (8) 

a 
<l>o ( w ) = arc tg ( a -I tg w 1'1 ) -co E

0 
a+ I 2 

(9) 

\ 
( 10) (l =--. 

I 

HME eT 3KCTpeMyMbl IT pH 3H8pl'8Tl!'I8CKHX qaCTOT8X, Yll0Bil8T-

BOpHIOIUHX YCilOBHIO 

( 11) 

B wKane M8K•:HMYMht paCITOilO)[{eHbl rrpH q~THbiX n , 8 MHHHMyMbl -
TT 

, TaKHM o6pa3oM qacTOTht, rrpH KOTOphtX pacnono)[{eHhi 

'.1HIHIMYMh! 0 p8BI!ht (piC, 1) 

(<) 

min 

0THOW8HH8 

:\max 

TT 

= -:7r ( 2k·-l). 
.~ 

0 
~-= 

I+ a 

1-a A 
0 

k = 1,2 •... ( 12) 

( 13) 
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J.lY5flET 

Pac, 1, Ban !flyHKUHH A o ( w) nnH naaelf'laToro ny6neTa r pH onaaaKoBbiX HHTea

cHBHOCTHX KOMIIOHBHT, MHHHMYMbl tPYHKUHH A0 (w) II9lK8T iS CeMelfCTBe TO'I9K 

(() 

min 
-;(2k-l), k =1,2,3, ... 
~ 

a KOHTpacTHOCTb KpHBolf A 
0 

( w) 

max min 
A ·o -Ao 

y = =a. 
A max+ A min 

0 0 

paBHa 

npoH3BOilH8ll OT tP830BOH tPYHKUHH IIO '18CTOTe, 
dw 

, p8BH8 

dw 

1 a a -1 
-E+-~(--)· 

0 2 a+ 1 
,a 2_ 2 , .• _.a 

[ 2 w Ll ( a-1 ) ~ '-' 
cos -- + -- sin --

2 a+ 1 2 

7 
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H B MHHHMyMaX <J>yHKUilH A
0 

( w) rrpHHHMaeT 3HaqeHHe 

a 
1 =-11 0 +~<~>. min 2 a- l 

TaKHM o6paaoM, <J>yHKUHH 

d<ll0 (w) 

dw 
COJl6plKHT HH<J>opMaUHIO 0 BenHqHHe a 

( 16) 

TaK lKe KaK H A O ( W) 1 a KpoMe TOrO, IT03BOnHeT YCTaHOBHTb ITO pHil OK cne-

JlOBaHHSI CHnbHO~ H cn160~ KOMITOH6HTbl, 

DoCKOnbKY HCXOJllbl6 3KCITepHMeHTanbHbie JlaHHbl6 rrpeJlCTaBn6Hbl B BHJle 

rHCTOrpaMMbi 1 a Bbiqf!('neHHSI B6JlYTCSI JlHCKpeTHO, TO BMeCTO Herrpepb!BHOli 

d<llo 
ITpOH3BOJlHOil: 

dw 
cneJlyeT aaanHaHpoaaTb rroBeJleHHe Koaeqnoro rrpHpameaHH 

MelKny JlB fMH coceJlHHMH aneMeHTaMH, EcnH N rronnoe q11cno 

ToqeK oTcqeTa, B3HTbJ:: BJlonb ocH aaepr1111 E 

mar BJlOnb ocH aaepreraqecKHX qacToT 

a 

w " • tl.w. 
min 1 

TorJla 

i'l. <ll o (n) = <ll o (n + ) - <ll o (n) = 

=arc tg [ 

(~)sin 
a+l 

w 

" 
2v 

I 

c maroM i'l. x ' a 

1 TO 

" r +l " n a- l 2 
cos "'iT" --- • cos -- + (- ) " sin 2 

n +l " n 
;.: ''t 2 v 1 a+ l 

sin -
2 v t l't 

8 
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( 18) 

( 19) 
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86nH3H MHHHMyMa n ~ 1/ I 

~<ll ( 1/ ) ~arc tg [ _!!_ _ __!!..±_!._ ] , 
0 I 2F

1 
a-) 

( 20) 

rae 

" 
( 21) 

Ha pH c. 2 npHBeAeHo ceMellcTBo KpHBhiX ~ <ll 0 (n) 

HHil: a • 0THOCHTenhH8!1 111HpHH8 KpHBOl! ~<1! 0 (n) , T.e. BenHqHH8 
r 

r 
H--

1/ 

npHaeaeHo Ha pHc. 3. EcnH a > l , TO KpHB8SI Ha pHC 2, OT06p8lK810lll8SI 

BenHqHHy ~ <ll O (n) t H3MeHHT 3H8K H8 o6paTHbiii, H H8 pi Co 3 ITO OCH a6CUHCC 

cneayeT oTKnaAhiBBTb He a , B a 
a 

nocKOnbKY tPYHKUHH F ( w) • F 0 (w) H G ( w) !!Bn!IJOTC I KOMnneKCH03H8qHhi-

MH, TO AnSI nonHoro npeACT8BneHHSI A8HHblX 3TH lj>yHKUHH v!OlKHO OT06palK8Tb 

B BHae roaorpacpoa.llnll CHHrneTa roaorpalj> lj>yHKUHH F 
0 

( w) HMeeT BHA MOHO-

TOHHO CBopaqHB8JOIUel!CSI CITHpanH. n106b1e HeOAHOpOAHOCTH Ha Hell YK83blB810T 

H8 MynbTHnneTHYIO CTpyKTypy H3yqaeMoro cneKTpa. BoaM llKHbl HeOAHOpOAHOCTH 

ABYX BHAOB: HeMOHOTOHHOe H3MeHeHHe AnHHbl paAHYC8-Be! TOpa roaorpalj>a H 

HepaBHoMepHOCTb apameHHII paaHyca-aeKTopa. XapaKTep nocneaHell orrpeaenSieT

CSI rropSIAKOM cneaoaaHHII cHnbHOII H cna6ol! KoMrroHeHThi J.y6neTa. EcnH cHnbHaSI 

KoMnoHeHTa HMeeT MeHblllYJO 3HeprHJO, qeM cna6aSI, To Ha roaorpalj>e Ha6nJO

aaeTcSI crymeHHe ToqeK ( pHc. 4a), Bhi3B8HHoe 3aMeaneHH ~M apa111eHHS1 paAHy

ca-BeKTopa. EcnH, Hao6opoT, cHnbHaSI KOMITOHeHTa HMeeT 5onblllYJO 3HeprHJO, 

qeM cna68SI KOMITOHeHT8, TO H86nJOtt8eTCSI ycKopeHHe Bp8lleHHSI p8AHyca-BeKTO

pa ( pHc. 46). 06mee BbipalKeHHe ( 20) orrHCbiBaeT 3TH o61, cnyqag. 

PaanHqHe Me )KAy Ay6neTOM H TpHrrneTOM Bblp8lK8eTC I B TOM0 qTo MHHH

MYMhl lj>yHKUHH A0 ( w) pacrronolKeHbl llnSI TpHrrneTa H8 HHC M CeMeiiCTBe ToqeK, 

qeM J:lnSI ny6neTa. 
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... 

PH c. 2. CeMeilcTBO !:pHBbiX !\ <1> 0 (n) = <1> 0 (n+O -<I> 0 ( n) 
OTHOWeHHH HHTeHCHBB OCTeil KOM!IOHeHT ny6JieTa a = 

a 2 =0,5; a 3 =0,3; a
4

=0,l. 

10 

0,5 

A
2

DJIH qeThlpAx 3Ha4eHHil 

x;- :a 1 =0,9; 



1f, 
~1 

1,0 

0.5 

\ 

' 

0,5 
PHc. 3. 3aBHCHMOCTb M8)l(Jly OTHOCRTenbHOfi lllRpHHOH: KpHBO~ tl, ~O tn) 1 T.e. 

Beni.PHIHOH _[__ , H OTHOCHTenbHOfi HHT8HCHBHOCTblO KOMJ tOH9HT ny6neT8 a: v, 
a 

1 
= 0, 9; a 

2 
~ 0, 5; a 

3 
= 0,:1 ; a 

4 
= 0,1. 

a ____ Re 

6 
Re 

P!ic, 4, ITp!iMepHaH cTpyKTypa rouorpa<!>oa <I>YHKUlili F 0 ( w) , HepaBHOMepuocTb 
apameHliSI pauliyca-BeKTopa Bht3BaHa uy6rreTHOfi CTpyKTypoll c neKTpa f0 (E) 
Crymem-t:e TOl.feK (a) Ha6nronaeTCfl B cnyqae, ecnu cHnbHBfl J :oMnoaeHTa HMeeT 

MeHhlliYIO 3HeprHI01 l.feM cna6asr; ycKopeHHe apameHHSI pa.orryc a-BeKTopa ( 6) aa-

6nro.aaeTCSI Torna, Korna cHnbHaSI KOMIToHeHTa HMeeT 6onhwy:) 3Hepr~uo, qeM 

cna6aSI. 
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CneKTp anSI TpHIIneTa HMeeT BHil 

f ( E ) = [ A o ( E - E - !'! ) + A o ( E - E ) +A o ( E - E + !'! ) ] * 8 ( E ) , ( 22) 
0 I C 2 0 3 0 

rne 

( 23) 

EcnH orpaHH'IHTbCSI CJiy'!aeM nHHeit'!aToro CHMMeTpH'IHOrO aeeMaHOBCKOrO TpH-

nneTa, Korna A 1 = A , = A 3 , To 

A 
0 

( w ) = + y' a + 2 co• 2 w !'! + 4 cos w !'! (24) 

MHHHMyMhl 9Toit ljlyHK lHH neJI(aT npH 9HepreTH'!eCKHX qacToTax, yaoBneTBo

pSI!OUlHX ycnoBHSIM ( pF c. 5) 

3 
B mKane ;r 

7T 
MHHHMYMbl neJI(8T B TO'!KaX J; 2; 4; 5; 7; 8; .,, 

TaM Jl(e pacnonoJI(eHhl oco6eHHOCTH ljlyHKUHH 
d<ll0 (w) 

dw 

§3, 

( 25) 

B paMKax HeKor3peHTHoro MexaHH3Ma HanoJI(eHHSI KoMnoHeHT ny6neTa 

HMeeT MeCTO cneay10nee npaBHno, <llypbe-o6pa3 G(w) KpHBoit pa3peweHHSI 

cneKTpoMeTpa HenocTaJOmeit MaCChi SIBn>Ie,·cg orH6a10meit KpHBoil F( w )- ljlypbe

o6pa3a 9KcnepHM!HTal hHO Ha6nJOnaeMoil KpHBoil cneKTpa Mace f(E) , norHKY 

Hawero aHanH3a npHXI)/lHTCSI HapywaTb H3-3a Toro, 'ITO eml! HHKTO HenocpencT

BeHHO He H3MepSin KpliBYIO paapeweHHSI cneKTpOMeTpa HellOCTaJOI!lHX Mace g{E) 

B HayqaeMoM yqacTKe 3Ha'!eHHil Mace, OTcyTCTBHe TaKHX naHHhlX BhiHynHno 

HaC BbinOnHHTb aHanH:l nHlllb B p8MKaX HeKOTOpbiX rHllOTea, 
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nnH nnHefiqaToro CHMMeTpnqHoro aeeMaHoBcKoro 

TpnrrneTa, MnHHMYMbi tjJyHKUHrr A0 ( '") 

Be ToqeK: 1; 2; 4; 5; 7; 8; ... 

B wKane L~-
2 17 

B KaqecTBe KpHBofi paapeweHrrH crreKTpoMeTpa ! (E) Mbi B3Hnn sKcrre

pnMeHTanbHo H3MepeHHyiD B pa6oTe/12/ PHCTOrpaMMY :HHrneTHOPO 6apHOHHOPO 

peaoHaHca Y * (pnc. 6), KoTopaH rrocrre HeKoToporo crnaMHBaHrrH HOpMrrpo-

Banach rro stjJtjJeKTHBHofi rronywrrprr11e nnH Bcex ocTarrbH:,Ix cnyqaeB, Ha prrc. 7 

rrprrooneHa rronyqeHHaH TaKHM o6paaoM tjJyHKUHH G(w) • TaM Me nnH cpaiJHe

HHH Ual! tjJypbe-o6pa3 rayCCOBOll tjJopMbl KpHBOll paapeu eHHH IlpH DUHHaKOBOll 

rrorrywnpnHe. BnnHo, qTo sKcrrepnMeHTarrbHO naMepeHHaH KpHBaH paapeweHHH 

o6oraweHa Bb!COKHMH 9HepreTnqecKHMH qacTOTaMH B 6 JilbWefi CTerreHH, qeM 

pacrrpenene11rre faycca. Hanrrqne TaKrrx BbiCOKoqacToTH ,Jx KoMrroHeHT pacwrrpHeT 

HHtjJopMaunoHHYID o6nacTb KpHBofi F(w) , qTO 9KBHBa.JeHTHO 6onee Bb!COKOll 

peanhHOfi paapewarowefi crroco6HoCTH, qeM B crryqae, Korna 9TH BbiCOKHe qac

TOTbi OTCyTCTBYIDTo llefiCTBHTenbHO, Te qacTH KpHBOfi ]" ( W ) , KOTOpbie neMaT 
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N 
30 

20 

10 

I 

I 

5 

I 
I 

I \ 
I \ 

1 

I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

' ' 10 15 

y* 

20 

Puc, 6, 3KcnepHMeHTanbHbie ll8HHbie no CHHrneTHOMY 6apHOHHoMy peaonancy 

Y * 1 HCITOnb30B8HH!Ie B ll8HHOH pa60T6 llnS! ITOnY'i6HHSI KpHBOit pa3pellleHHSI 

cneKTpoMeTpa g( E)( nyHKTHpHaSI KPHBa!l), 
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IFf , IGI 

1000 

100 

IF(W)f 

10 

1 
0 100 

PHca 7. PeaynbTaTbi MoAenHpoBaHHH nHHeii'laToro Ay6neTa : pacmerrneHHeM B 
,~ =4 sneMeHTa rHcTorpaMMbi. KpHBaH G(w) - if>ypbe··o6paa KpHBoii g(E) , 

Hao6pameHHDH rryHKTHVHD Ha pHc. 6. KpHBaH g(E) - if>y~be-o6paa 'Monenb
Horo• ny6neTa c pacmerrneaHeM l'l.a =4. Gauss - if>ypbe-otipaa KpHBDH paape
ll!eHHH rayccOBOII if>opMbl C TOH me rronyll!HpHHO~ 'ITO H HC::OilH8SI KpHB8SI pa3-
pelll9HHSI g(E) ; N=256; v 1 =64; v 1 1'l. =256= :'li • 
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Bbrllle Kpnaotl G ( w) 1 I10I12AaiDT B 6e3HH~OpMaUHOHHYID o6naCTb 3HepreTH-

qecKHX qaCTOT1 KOTOpnH aarronHeHa rrpeHMy!lleCTBeHHO IllyMaMH, 3TH IllYMbl Bbl3-

B8Hbl OIIHOfi HnH HeCKC nhKHMH rrpHqHHaMH: 1) CTaTHCTHqeCKHMH ~nyKTyaUHSIMH 

qHcna Ha6niDnaeMb!X C )6b!THfij 2) 3~~eKTOM IIHCKpeTHOCTH1 T,e, KOHeqnofi IllH

pHHOfi KalKUOro sneMeJITa rHCTOrpaMMhlj 3) BbiCOKHM ypoBHeM KBa3H-I10CTOSIH

HOfi cocTaBnHID.ruetl OTJIOCHTenbHO BbiCOThi caMHX peaoHaHCHhiX ITHKOB, Bee sTH, 

H 1 B03MOlKH0 1 npyrHe paKTOpbl Bb!CTyrraiDT OIIHOBpeMeHHO, H HHAHBHAyanbH Oe 

OTOlKAeCTBneHHe HX1 C rporo rOBOpH, HeB03MOlKHO 6ea AOITOITHHTenbHb!X I1pSIMb!X 

HITH MOnenHpyiDIUHX 3~CrrepHMeHTOB, 

Ha pHc, 7 rrpHBe ~eHa TaKlKe ~YHKUHSI F ( w) -¢ypbe-o6paaa, MonenHpyiD

ruero nHHefiqaToro-nyfneTnyiD cTpyKiypy B BHne 

t~a t~a 
f(E)=g(E+ -- +g(E- -) 

2 2 ' 
( 26) 

rne g(E) , KaK H Bcony anech, KpHBaH paapellleHHSI crreKTpoMeTpa, Ha 

pHc, 6 sTa ~YHKUHH n lencTaBneHa rryHKTHpnotl KpHBotl, BenHqHHa t~a sHep-

reTHqecKoe pacruerrnec ne ny6neTa - B naHHOM MonenHpyiD!lleM sKcrrepHMeHTe 

6brna B3HTa paBHbiM "!.a =4 sneMeHTaM rHCTorpaMMbl ( pHC, 6). MnnHMYMbi 

KpHBOfi F(w) Ha pn:. 7 pacrronaraiDTCSI a ToqKax: V 1 =64; 

=3.64, rronqHHHSICb o6t teMy rrpaBHny ( 12), 

8 KaqecTBe BTOf oro rrpHMepa ny6neTHOfi CTpyKTypbl Mbl B3SinH UaHHb!e 

ITO 6apHOHHOMy pe30HEHCY Y* , rrpHBeneHHbte Ha pHc, 6 B BHne crrnowaotl 

rHCTOrpaMMb!, Ha pHC, 8, BHH3y, naHa ~YHKUHSI t\ ¢ ( w) , El\ rroaeneHHe SICHO 

a 
YK83b!BaeT Ha HanHqHE ny6neTHOH CTpyKTypb! C pacruerrneHHeM, paBHb!M t\ 

= 18 sneMeHTaM rHCT•>rpaMMhr, PacruerrneHHe HacTonhKO BenHKo, qTo Ha6niDna

IDTCH MHHHMYMbl BllnO"b AO K = 19, PacrronolKeHHe MHHHMYMOB ~YHKUHH t\<IJ (n) 

xapaKTepHayeT aepxHSI;I qacTb pHc, 8, Ycnoane ( 12) nmr MHHHMYMOB, He cqH-

TaH HeKoToporo rrocTOrtHHoro cnaraeMoro, co6niDnaeTCSI nocTa~oqHo ToqHo 

( CMo TaKlKe pHC, 1) • :!HaK tPYHKUHH t\ <fJ (n) B6ITH3H CBOHX 3KCTpeMyMDB, a 

T8KlKe HX ~~eKTHBHaS rronylllHpHHa ( CM, pHC, 8) yKa3biBaiDT TaKlKe na TO, qTo 

KOMIIOI!eHTb! ny6neTa !MeiDT pa3HYID HHTeHCHBHOCTb H o6paTHblfi I10pSIIIOK cne

ADB8HHH (A 1 > A2 ) , T,e, CHITbHaH KDMrroHeHTa HMeeT MeHbWYID Macey, qeM 

cna6aH KOMITOI!ei!Ta, 
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K y* 
~ 17 

13 

9 

5 

1 (J 

!Jl'/>n 
100 200 256 

0 
100 200 256 G) 

Puc. 8. 

PHc. 8. BTopoA rrpHMep MonenbHhiX pac'I~Toa. Hcrronb30BaHbi rronHhie naHHbie 
o y * -pe3oHaHce ( pHc. 6 - crrnoiiiHaSI rHcTorpaMMa). BHH3) -~«<l (n) • Baep

xy k ~2m -I, m = 1,2,3, ... , 9, 10. 

17 



§4. 

llnH TOI'0 1 'IT06!! Bb!HBIITb peanbHbie B03MOlKHOCTII MeTana, Mbl 11pRMeHHillf 

ero cHa'!ana K A 2 -r e3oHaHcy, HCI1Dilb3YH B Ka'!eCTBe RcxonHbiX naHHbiX rpa-

17' 
tPR'!eCKIIH M8Tep!lall 1 COCTaBneHHbiH 110 pe3yllbT8T8M 11penbiny!URX aKc11epR-

MeHTOB Ha cl1eKTpoMeTpe HenocTaJO!URX Mace UEPH'a 11p11 RMI1ynbcax 7,6 faBle 

II 7 faBIC 1 a TaKlKe l 0 pe3yllbTaTaM 1 110ily'!eHHb!M Ha HOBOM 6o30HHOM Cl1eKT

poMeTpe 11pH !IMI1YilbCe 2,6 faBle. llaHHbie nocTaTO'IHO y6enRTellbHO neMOHCT

pRpy!OT ny6rreTHOCTb ~Toro pe3oHaHca. CoBOKY11HOCTb RX 11pHBonRT K crreny10-

!URM 3Ha'!eHRHM 11apar1eTpoB pacme11neHRH A2 -pe3oHaHca 11p11 pa3nlf'IHWX 

I'lfi10Te3aX1 KOTOpb!e J:OMe!UeHbl B Ta6n. 1. llanbHelimee R3y'!eHHe KaHallOB pac-

11anoB pe3oHaaca Ha IlK- 11 cpaBHeHRe c pac11anoM Ha prr 

110-BRnRMOMY, BTopyK rRI10Te3yl 1 I. 

11onKpe11ITHJOT1 

KpoMe aToro, 11 ~11Dilh30BaHbi aaHHbre 110 A 2 -pe3oHaHcy, KOTOpbie 6biilR 

11onyqeHbi HeaaBHo191 , YcTaHoBrreHHbie B aToli pa6oTe 11apaMeTpbi pe30HaHca 

II CI111H-'IeTHOCTb 0Tilii'I810TCH OT 06!Ue11p!IHHTbiXo 

AHanR3 aaHHblX 110 A 
2

-pe3oHaHcy, 11poBeaeHHbiil HaMil 110 anropRTMY 

4>ypbe 1 AeMOHCTpHpye r KpRTepRfi HaXOlKneHRH rpaHIIUbl p83Aena MelKny IIHtPOp

MaUROHHOH If 6e3biHtPC pMBUHOHHOH o6naCTHMII B !UKane aHepreTR'!eCKHX 'IBCTOTo 

KpRTepRli aTOT Bbrpa~:aeTCH 11paBRnoM: KPRBaH 

meli nrrH KpRBoli F ( <') 

napaMeTpl 1: 

fRI10Te3bi 

1. HeKorepeHTHbili ny 5neT 

EpaliTa-BRrHepa 

2. KorepeHTHwli ny6neT 

EpaliTa-BHrHepa 

3. HecRMMeTpii'IHOe r e

meHRe 

4. llBOHHOli 110il!OC 

(cRHrrreT) 

( CMo pH Co 7) • 

Ta6n11ua I 

Mr 

['! 

1278 

1289 
22 

1298 
90 

18 

1298 
28 

1318 

1309 
22 

1297 
12 

llDCTOBepHOCTb 

p 

0,2% 

40% 

40% 

40% 



EcnH KpHBaSI F(w) Ha•maaeT npeBbilii8Tb KpHBYIO G(w) , TO aTo MOlKeT 6biTb 

Bbl3B8HO TOIIbKO liiYM8MH, 

KpHB81! G (w) Bcerna IIB/IIIeTCSI MOHOTOHHO H llOCT8TO'IIO 6biCTpO CIT81l810-

l1Je~ KpHBO~o E~ I'OilOI'pa$ HMeeT BHil ITOCTeiTeHHO 38Kpy'IHBaromeficg CITHp81IH, 

EcnH seTBH ro.norpa¢a F (w) y .nanSIIOTCSI OT Ha'!ana Koop.naHa,· .nanbwe, qeM 

G ( w ) , TO aTo T8K)!{e cne.nyeT HHTepiTpeTHpoBBTb KBK a¢¢e1:T wyMOB, 

Ha pac, 9 npencTaBneHbJ ll8HHbie1 KOTOpbie 6biiiH ITOilBep'HYThJ o6pa6oTKe 

ITO anropHTMY <l>ypbe, Ha pHc, 10 ITPHBeneHbi: KpHBag G ( w) - $ypbe-o6paa 

ITpHHSITofi HaMH KpHBofi paapell!eHHSI CIIeKTpoMeTpa g ( E ) ( c M, pHC, 6) ITYHK

THpHofi KpHBo~); KpHBaSI F ( w ) - $ypbe-o6paa aKciTepHMe!ITallbHhiX naHHhiX 

0 A 2 -peaoaaace ( CM, pH Co 9) 0 nyaKTHpOM npHBelleHbl yqaC"KH KpHBO~ F (w ), 

KOTOpbie OTBe'I810T lly6neTHO~ CTpyKType A 2 -pe3oHaHCa, 

!13 pHCo 10 BHilH0 1 'IT0 1 Ha'!HHag C HeKOTOpO~ SHepreTH'leCKOfi '!aCTOTbl0 

KpHBaSI F ( w) paciTonaraeTCSI Bbill!e KpHBoli G ( w) • 06nac rb qacTOT w > 70 

cnenyeT C'IHTaTb 6e3biH$opMauaoHHo~ HIIH lllyMoBoft, B HH$or MaUHoHHO~ o6nacTH 

'laC TOT W < 70 paCITO/IOlKeH SIBHO Bb!palKeHHblll MHHHMYM KpHI >0~ F ( w) C ITa-

paMeTpoM VI =32, KOTOpb!H COOTBeTCTByeT SHepreTH'!eCKO v,y pacmeiTneHHIO 

a 
ny6neTa d. =8 aneMeHTaM I'HCTorpaMMhi aa pac, 9. TaKaS! nenH'!HHa pacmenne-

HHSI XOpOli!O COBITanaeT C paCliJeiT/IeHHeM 1 H8HileHHblM B pa60T4!/7/, ToT $aKT0 'ITO 

MHHHMYM KpHBOH F ( W) paCITO/IOlKeH B HH<iJopMaUHOHHOI! 0611 1CTH aHepreTH'Ie

CKHX '18CTOT 1 no3BO/IIIeT HaM yTBeplKil8Tb 1 'ITO lly6neTH811 CT[YKTypa pe30HaHCa 

cymecTByeT llOCTOBepHo, XOTII H8lll MeTOil eme He paapa60T8~ llO T8KOH CTe

ITeHH0 'IT06bl OUeHHTb ee llOCTOBepHOCTb 'IHC/IeHHO, 

Ha pac, 11 npHBelleHbi 3Ha'!eHHSI d. <l>(n) , aa~neHHbie ITo naHHhiM pac,9, 

B HH$OpM8UHOHHOH o6naCTH '18CTOT paCITO/IOlKeH SIBHO BblpalKef!Hbl~ MHHHMYM ITpH 

"t =32, fny6HH8 H li!HpHHa MHHHMyMa KpHBOH f ( W) H $) HKUHH d. <I> (n) IT03-

BO/IIIIOT YTBeplKil8Tb 1 'ITO KOMITOHeHTbl lly6neTa HMeiOT ITpH6/IH3HTe/IbHO p8BHble 

HHTeHCHBHOCTH 1 CH/IbHaSI KOMITOHeHT8 HMeeT 60/IbliiYIO Macey, '!eM C/18681!, 

lliyMhl CT8HOBIITCSI ITpeo6/I81l810liJHMH 0 Ha'!HHaSI C 9HeprE TH'IeCKO~ '18CTOTbl 

w "' 70 o 8Ta I'p8HHU8 p831le/Ia Ha HH$opMaUHOHHYIO H 6e3biH$opM8UHOHHyiO 

o6nacTH aanaeT npenenbHYIO peanbHYIO paapewa!OlUYIO cnocof HOCTb acxo.nHoro 

M8CCHB8 .naHHblX 1 p8BHyiO OK0/10 ,..a "' 3, 7 9/IeMeHT8M I'HCTC rpaMMbl, 
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200 

100 

1220 1310 MISSING MASS 
(MeV 2J 

Pnc. 9. 3Kc11epHM91!TanbHbie aaHHbie 110 A 2 -peaoaaacy, B3l!Tbie H3 pa5o-
Tb/7 I aa Bbi'IeTOM abeaecTana H 110ABeprHyThie o5pa5oTKe 110 anropnTMY 

Cl>ypbe. 
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100 

10 

1 

I 
I 
I 
I 
I I 
I I 
I' 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

N(cu) 

100 

IF(w)l 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

jG{t4tJI 

200 256 UJ 

PH c. 10. PeaynbTaThi aHanHaa A 2 -peaoHaHca. KpHBaSI G ( < ,) - $ypbe-o6paa 

Kpnsoli g( E) , B3HTOli H3 pRe. 6, 11 HopMHposaHHOli rro rro;IywHprme. Kp!!BaSI 
F ( w ) - <jlypbe-o6paa aKcrrepHMeHTanbHhiX naHHbiX. A 2 - peaoHaHc, p!!c.9. 

rpaHI!qH8SI 3HepreTHqeCK8SI qaCTOTa u> "' 70 1 Ha6monae~IOe pacmerrneHI!e 
1\_ 

6 
~8, rrpenenbHOe paapeweHHe Ltyb~~~ ~a "' 3, 7 snell- eHT8 f'IICTOrpaMMblo 

Ha n. rrpen. 
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N{W) 

0 0 200 256 
w 

PH c. 11. cflyHKUHSI ~ ¢1 (n) .rmSI A 2 -peaoaaaca, pHc. 9 nonoJt<eHHe MHHHMyMa 

v 
1 

=32, pacmenneHHe !1. aa6n. =8 aneMeHTOB rHcTorpaMMbi. 

Bee cTpyKTyp!lble oco6eaaoCTH KpHBol! F(w) B 6e3biHtPOpM8UHOHHOi! 

o6nacTH aaepreTH'I•lCKHX 'IBCToT, KOTOpbie MOJKHO aaMeHHTb aa KpHBbie IF (w) I 
HH t'J.cfl(n) , cneay€ T C'IHTBTb aecymecTBeHHbiMH, o6ycnosneHHbiMH rnaBHbiM 

o6pa30M rnyMaMHo (; llOBbi!lleHHeM "CT8THCTHKH
6 

ypoBeHb lUYMOB 6yaeT llOHH

JK8TbCSI, a 3TO npH:le}:{eT K p8ClUHpeHHIO HHtPOpMBUHOHHOi! o6naCTH 0 l.feM nonOJKe 

KpHB8SI G(w) B 06.!8CTH BbiCOKHX 3HepreTH'!eCKHX 'I8CTOT 0 TeM CHnbHee pac

T(!T peanbHBSI paap•lrnBJO!llaSI cnoco6aocTb cneKTpoMeTpa. Hao6opoT, ecnH KpH

BaSI G ( W ) Cll8}:{8eT O'IeHb KpyTO B o6naCTH Bb!COKHX '!8CTOT0 'ITO HMeeT MeCTO 
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II cnyqae rayccoaotl c!>opMbi Kpi!BOH pa3peweHI!SI cneKTpo:-.wTpa g ( E ) , To 

YCIIITIIA Ha ITOBhl~eHI!e "cTaTI!CTIIKII" CTaHOBATCA cpaBHHTeiTbiO o6ecueHeHHhl-

Pe3yiT&TaThl o6pa6oTKII UBHHWX pa6oThl/B/ He Ua~T YKt3aHIIH Ha c!>aKT 

pacmerrneHIIA A 2 -pe'3oHaHca, TaK KaK myMbi Ha'!HHaJOTCA III 'II O'!eH& HII3Kotl 

3HepreTI!'!eCKOH '!aCTOTe, 

no liCK II uy6neTHOCTII 6binll rrpoBeueHbl TaK)Ke II ll11A pe:iOHaHca K *(1420) • 

113 TeH30pHoro HoHeTa 2 + , Ebrnll ncnon&30BaHbi uaHHbie 113 pa6oTb/ 
101

, aBTQl-

pL! KOTOpOH IICC/IeQOlWITII B03MOlKHOCTb uy6neTHOH CTpyKTypE I pe30HaHCa K*(l420), 

o6pa3yJOwerocA B KaHane peaKUIIII 

K + p -. K * (1420 )
0 

rr + p 

L K+rr-

( 27) 

3Kcrrepl!MeHT rrpoBOUI!IICA Ha K + -Me30HHOM ny'!Ke rrp11 13 f"B/ c Ha SLAC 'e 

npn onpeueneHIII! 3<Pc!>eKTI!BHOH MaCCbl K17 6bl/IO UOCTI!f'Hy"o pa3pemeHI!e 

KaHana, ( llll!pi!Ha 3ITeMeHTa rl!CTorpaMMb!), paBuoe 7 M 3B ( JIIC, 12). B ::now 

pa6oTe 6biiiO o6HapylKeHo, '!TO cnnrneTHbiH peaonaHc Epal!Ta -BIIrHepa c lllllpll

noii 100;!:_10 M 3B 0/IIICb!BBeT 3KCnepl!MeHTaiTbHbie UaHHbie C C 0/lbliiOH UOCTOBep

HOCTbJO, fi!ITOTe3a o UBOHHOM rron10ce !!MeeT BepoATHOCTh M"Hee 1%. B 3TOM 

lKe OITb!Te 6b!ITI! 1!3MepeHbl TaKlKe rrapaMeTpbl K*(890) , npo 3eQeHHhlll aHa/1113 

ITOKa3b!BaeT, '!TO UBOHHOH /10/IJOC !!MeeT BepoATHOCTb 1%, 

Ha p11c, 13 noKa3aHhi rpacPIIKII F (w) 11 G(w) UITA pe3ol a He a K*(l420) , Ha 

p11c, 14 npl!Beuena pa3HOCTh ~<!> (n) , Bl!nHo, '!To B cnyqa ~ K*(l420) -pe3o-

HaHCB lllyMhl OTHOCI!TeiTbHO MeHee l!HTeHCI!BHb! 0 '!eM B CITy'!a ~ 

(pi!C, 10), 3TOT cPBKT 0 ITO-BIIUIIMOMy, Bhl3BaH TeM, '!TO /ll!Kl! 

A2 -pe3oHaHca 

A 
2 

-pe3oHaHca 

pacnonolKeHhi Ha O'!eHh BhiCOKOM n&euecTane, Bo3HI!KaJOT 6o 1ee nnTencl!BHhie 

wyMhi, '!eM ecn11 6bi 3Toro nheuecTana He 6Lmo. 

PaccMaTpl!BaA Kpl!BLre F ( w) 11 G( w) na p11c, 13, Mbi MOlKeM cuenaTh 

Bh!BOU 0 TOM 0 '!TO B l!HcPOpMaUIIOHHOH 06/IBCTH 3HepreTI!'!eCKIX '!aCTOT He 

Ha6/IJOUBeTCA MHHI!MyMOB, KOTOpbie MOlKHO 6biiTO 6b! paccMaTj '!!BaTh KaK yKa3a-

HHe Ha MYIIbTI!IT/IeTHYJO, B '!aCTHOCTII, uy6neTHYJO CTpyKTypy 3TOI'O pe30HaHCa, 

a 
npeUe/lbHaA p83pemaJOIQ8A CIIOC06HOCTb paBHa ~ "' 1,8 3ITeMeHT8 f'l!CTOI'paM-

Tp, npea. 

Mhi um1 uy6neTa 11 L'i ~ 1,2 - unA Tpl!nneTa (cM/
231 

n/251), 
npeu. 
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N 
40 

30 

20 

10 

10 20 30 40 

PHc. 12. 3KcrrepH1VeHTanhHbie ABHHbJe o K*(l42C) - pe3oHaHce, 3a Bbi'!eToM 
rrhenecTana, B35!Tbi ~ H3 pa6oTb/ 10/. 
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)IFI' IGI 
1000 

KZ(1420) 

100 

IG(w}l 

10 

1o-------------~----~~~~~~%~~----~--
0 100 200 256 (.J 

P11c, 13, Pe3yrrbT8Tbi aHam!3a K '( 1·120) -pe3oHaaca, KpiiBBH (; ( '" ) - c!Jypbe-o6-

pa3 HDpMIIpoBaHHDA KpHBoA pa3peweHHH ~(E) 1 B3HToA 113 li!C, 6, KpHBaH V(ru)
- c!Jypbe-o6pa3 3KcrrepHMeHTarrbHhiX aaHHbiX o K *(1120 )-pe3~>HaHce ( p11c, 12), 
fpaHII'!HaH 3HepreTI!'lecKaH qacToTa wwyM;' 140, pacwerrrreHmr He Ha6nronaeTC51; 
rrpenerrbHoe pa3pewerme ay6rreTa ;\Jrrp,~ 1,8 3rreMeHTa rHcTo~paMMI>l, 
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N(W) 

o~-----------w~o----~~~~~~~J0-~ _____ 2~5_6 __ ~_· __ 

PHc, 14, <llyHJ:UHll ~<l>(n) JJ.nll K*(l420) -pesoHaHca; <.J w = 140. yM, 

AHanorH'IHbie posy nhTBTbi 6hinH rrony'leHbi Jtnll K *(890) -pesoHaHca, rae 
a TP• 

rrpeJlenbHall paspelllaiJIUall crroco6HoCTb pasHa ~ "'12,8, a ~ "' 8,5 sneMeH-
rrp. rrp. 

Ta rHCTorpaMMb/ 101 , 

Ha pHc, 15 rrpHBe)leHbi Jl8HHhie o p0 -pesoHaHce, B3liTbie H3 pa6oTb/! 11 
a 

lly6neTHOH CTpyKTypll He o6Hapy)l{eHO BIInOTb JlO ~ "' 4,1 sneMeHT8 rHCTO-
IIpe!Jl, 

rpaMMblo 
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IF/,IGI 

1000 

/G(CJ)/ 

100 

10 

PHc. 15. PeaynbTSTbl aaanHaa p -peaoaaaca. 06oa.!a'leHHH Te JKe, 'ITo H 
H8 pHC. 10 H 13. rpaHH'IH8SI '18CTOT~ wlllYM~62, pacwen.IeHHSI He Ha6monaeTCS!l 
npenenbaoe paapeweHHe pasao t:.a "' 4, 1 aneMeHTa rH•:TorpaMMhi. 

npen. 
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