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G,I. Kopylov 

Ay -PAIRS AND /\71- RESONANCE 

Abstract 

The unlquencess 

The uniqueness of the treating of the peak in the Ay -mass spectrum (in 
the interval 1.3-1.4 Ge~ as the reflection of the A71 resonance is discussed, 
For this purpose the Ay -mass ;,pectra of · other possible resonances or other 
decay modes were calculated, The maln results are contained in the following 

formulae and figures. 

Decay 

X .. Ao 71 o .. Aoyy 
X -+ y y -+ yA o y 
X -+Ay 
X .. Ao 71 o .. Aoymr 
X .. Ao 11 o .. Ao yyrr 
X .. l:o ,.o .. Aoyyy 
X .. l:o 71 o .. Ao yyy 

X .. Ao "'o .. Ao yyy 
x .. Ao 71 o .. Ao "oY'r .. A o YYYY 
X .. Ao 71 o .. Ao "o"" .. Ao YY"" 
X ... Ao ,o 11 o ... AoJ'Y"o 
X -l: 0 rr0 rr 0 -+ A yyyrr 0 

1 
1 
1 
2 
2 
3 
3 
4 
4 
4 
5 
6 

Formula 

(1.3) 
(1.11) 

(2.19) 

(3.13) 

(4,3),( 4,12) 
(4.17) 

(5. 9),(5.15) 
(6.3),(6.14) 

Figure 
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3 
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9 
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We come to the following conclusions, The existence of the A71 -resonance 
with the mass slightly above m 'I + m A is the most reliably explanation of the 

Ay -peak. The decays X -+ l: 0 71° -+ AOyyy ( m x ~ m l: + m 'I ) 

X -+A0 y (m x a 1.425GeV) or Yr (1660)-+ Yt(l385) + y .. A
0 

rr 0 y 

g ive the Ay -mass spectrum not too far from experimentally observed one. 
The other possibilities are ruled out, especially all the resonances decaying 

into Arr 0 



Peaoaaac a cncTeMe 
/2 3/ 

/1 / 
A., 6bin npeAcKaaaa Ho<jlljle n o6aapy)!{eH a 

ny6He 1 • C Tex nop OH 
/4-8/ 

6 bm nonTaep)!{nea TpeMst rpynnaMn nccnenoaaTenen • 

6 
/2,5/ 

Oco6eaaocTbiD pa oT HBITS!eTCS! T0 1 'ITO pe30HaHC ATf B anx 6bin o6aapy-

)!{eH KOCBeHHblM MeTonoM - He ITO cneKTpy a<)l<jle~THBHbiX Mace nap A., , ao no 

cneKTpy a<jJ<jleKTHBHbiX Mace nap Ay . B 3TOM cneKTpe Hapstny C ITHKOM B 

2 
HaMeTHITCS! nnK B o6naCTH 1, 7-2,0 faB 1 'ITO 6binO HCTOnKOBaHO KaK OTpa)!{eHH9 

A., -peaoaaaca Ha cneKTp Ay. no noiTO)!{eHHID KpaeB ITHKa 6bina O!leHeHa Mac-

ca pe30HaHCa ATf H Macca 'laCTHUbl - HCTO'IHHKa <jloTOHOB; o6a 'IHCna OKa3aiTHCb 

a paayMHOM cornacnH: nepaoe - c npencKaaaanstMH Ho<jl<jle, BTopoe - c Ta6nH'IHhiM 

3H8'1eHHeM m Tf · 

KocaeHHbltt nyTh, KaKJIM 6bin OTKpb!T pe30Haac, CTaBJIT Hapstny C 06bi'IHOtt npo6-

neMOtt CTaTJICTJI'IeCKOtt o6ecne'leHHOCTH nnKa HOBYID npo6neMy - Hane)!{}{OCTJI HCTOIT-

KOBaHHS! MaKCJIMYMB B 
2 

mAy KaK OTpa)!{eHHS! pe30Haaca B CHCTeMe 

2 
na)!{e ecnn noaepHTb B TO, 'ITO nHK B mAy ae cnyqail:Hbitt Bhr6poc, TO KaKo-

aa rapaaTHH Toro, 'ITO 6onhwast qacTb nap Ay B o6naCTH nHKa nOHBJIITaCb OT 

pacnana A., ? 
/2 4/ 

B pa6oTax ' 6bm npnaenea paccqnTaHHbitt npn noMomn MeTana 
171 

MoaTe-Kapno npnMepabrtt ann cneKTpoB OT npyrHX Mb!CITJ!Mb!X THITOB 

pacnana, npnaonstmnx K pO)!{JleHHID qacTHil y ; H3 3THX pac'leTOB 6b!ITO 

2 
J'ICH0 1 'ITO HHKaKHe npyrne TJ!llbl pacnana He npHBeJlyT K nHKy B cneKTpe mAy 

a Hy)!{aon o6nacTH Mace. OnaaKo 6bmH paccMoTpeHbi ae ace Tllrrhr pacnana. KpoMe 

Toro, MeTon MoaTe-Kapno naaan cna6oe npencTaaneane o <)lopMe cneKTpa • 

B HaCTOHweA pa6oTe npOBOJlHTCS aaanHTH'IeCKHtt pacqeT cneKTpOB 

PacCMOTpeao 6onhwee 'IHCITO "KOHKypHpyiDmnx" MOll pacnana. nnst 3TOro npnw

ITOCb pa3Bl!Th 6onee nnu Meaee o6mnn MeTon pacqeTa cneKTpoa a<jl<)leKTHBHbiX Mace 

a KacKanax pacnaJloB. 3nech, anpoqeM, aa aenocTaTKOM MecTa caM MeTOJl nana

raTbCH ae 6yJleT, BMecTo aToro 6ynyT nponenaabr nnn Ka)!{JlOro Tnna pacnana noll-

3 



po611bl9 BbiKllBAKI-1 1 KOTOpb19 riOCllYlKBT B Apyrol! pa6oTe 060CIIOB8111110 06!Uero M9TO-

AB, 'IHCll9HHbl9 p8C'I9Tb! 6yAyT npOBOAIITbCSI AllSI pacnaAOB 1 KOII'I810!UIIXCSI pOlKA911H

eM Ay . Te, KOMY BbiKnaAKH ae IIIITepeCIIbi 1 MoryT a nocnen11eM naparpacpe 03118· · 

KOMIITbCSI C pe3yllbTaT8MII - rpacpiiKaMII CfleKTpOB m
2Ay . PaccMoTpealle IIX npiiBO-

AliT K BbiBOAy, 'ITO p930HaHC 

2 
mAy 

A 71 -caMoe ecTecTBeiiHoe o6"bHCHe1111e scnnecKa 

2 
B o6naCTH I,7 - 2,0 faB 1 ecnl! C 'IIIT8Tb,KOH9'IHO, 'IaCTOTbl 3H8'I9HIIli MaCChi 

9 TOT BCllll9CK C T8TIICTII'I9CKII nocTOB9pHb!M, 

§ I. PacnaA 
0 0 0 

X -. A 71 -.A yy 11 o6o3aaqeiiiiSI 

/8/ 
3A9Cb llOBTOpSIIOTCSI p93YllbTaTbl pa60Tbl 1 TaK K8K 01111 SIBllSIIOTCSI 0Trlp8BHbiMII 

AllSI Aallbll9t\lUIIX1 6onee CllOlKHbiX pacqeTOB, 

nycTb npOIICXOAIIT pacnaA 

IIMllyllhCOB qaCTIIA I,2,3 6yAeT 

5 -< 14 . <f>a30Bb!t\ 06"beM COCTOSIIII!t\ B npOCTpaiiCTBe 
....... 23 

sa 
s• 2 2 .a 2 f nd p

1
/'l{p -m

1 
ll'l (Ip 1 -p~}/'l((p 2 +Pal 

I I I 

2 
m 4 } • 

( I. I) 

YMIIOlKIIB lla 
2 2 2 

I = f dm 12 /) ( ( P I + P 2} - m 12} 

II npOIIIITerpHpOBaB riO p2 P 10 • P 80 , nony'IHM 

Sa 

3 ..... 8 -+ 
2 d PI d Ps 2 J dm f-- -- /) (( p - p } 

12 2 CUI 2 CU 8 6 I 
m ~ } X 

( I.2) 
2 2 2 2 

X /) ( ( P 6 - P a } - m 12 } /) ( ( P G - P 1 - P a } - m 2 } • 

llanh119ti!UIIt\ pacqeT rlpOBOAIITCSI B CIICTeMe, rAe PG = 0 1 BHyTp9111111t\ IIHTer-

2 2 ± 
pan ABeT (~r/2mG l a npenenbl y ll12 o6o311a'IaiOTCSI F 

F+ 
IT 2 2 

S = ( --} f dmi2 
a 2m 6 F 

( 1.3) 

4 



m2 ~(pi 
2 

(pI 
2 2 

TipenerrbHbie 3Haq9HI!SI 12 + p2) np11 ITOCTOSIHHblX +p2+Pa) =me• 

2 2 
(p2+Psl -m HaAneM TBK: 

2 2 2 + m2 m 12 -= (pI + p 2 +p 8- p 3) rn 
0 8 - 2 "' o "'a + 2 PoPs'lao· 

B CIICT9M9 ITOKOSI qaCTI!Ilbl 4 

+ 
3HaqHT, npenerrbi F - aenHqHHbi 

2 
m 12 CyTb 

:!: 2 
,m 2 

2 
,ma 

2 
• m 4 

2 
m 6 = F (1,2,3,4,5) 

rne 

2 2 2 2 2 
m6 + m 4 -m, m 4 + ms -~2 

=vw~ 2 
"'o "'a • pI -ml 

2m 
4 

2m 4 

2 + 
YITaK, cneKTp m12 cocpenoTo'IeH B HHT8;.JBane ( F ,F ) . Ecnn 

( 1.4) 

( 1.5) 

pacnan 4 -+2+3 
2 

TI-o6pa3Hhtif. EcnH HaoTponeH, TO cneKTp m 12 B 3TOM HHTepaane pacnpenene-

Hlf8 ITO KOCI!Hycy yrna MelKJly 2 If 4 B CIICTeMe ITO KOSI 4 If MeeT Blf)l n (cos () 24 ) , 

TO cneKTp m ~ 2 ITOBTOpS19T tPYHKUIIIO n (cos () H ) pacTSirHBBSI ee no lfHTepaana 

(F- , F + ) . 

HaM BCTpeTnTCSI n o6paTHaR aana'Ia: yKaaaTb, npn KBKIIX MOlK9T ITOSIBITSITb-

CSI H8KOTOpoe onpeneneHH09 tPIIKCIIpOBBHHOe m~ 2 · llrrR STOf'O HBJJ.O pewHTb ypaBHe-

2 2 
Hlf9 ( 1,4) OTHOCHT9rrbHO m O · Ho npome HBATII 3KCTpeMyM ( P 1 + P 2 + P a ) 

2 2 2 2 
np11 tPHKCHpOBBHHbiX ( p 1 + P 2 ) = m 12 • (p 2 +p a) = m 4 HannweM 

5 



3aeprHIO w ~ aaaneM ua 

2 2 
Pl= (pl +p2-p2) 

2 2 
ml2 + m2 -2m2 (tll2. 

3aepruiO w 3 aai!.neM ua 

m~ 8 = m~ + m~ + 2m 2 cu 
3 

( Bbl'IHCneao B CHCTeMe llOKOH 'IBCTHJlbl 2), i1TBK, 2 
m 8 M9HH9TCH OT JlO 

rne 

f± ± 2 2 2 2 2 + 
f ( m 1 , m 2 m 

3 
• m _. , m 

12 ~ 1-(1,2,3,4, I2) ( 1.6) 

rne 

npu m2 

= m 12 + m ~ + 2 W 12 W 3 ± 2 P 12 P 3 • 

m 12 + m; 
«>12 

2m
2 

2 
- ml 

• «>a 

0 p9W8Tb npHXOJlHTCH B 1106 : 

2 2 2 2 
( ml ,0, ma ,m4 ,ml2 

2 2 2 2 
= ( m 12 m• - m I m 3 

m~ I 

m 4 

+ 

-rna 

2m 2 

2 
m3 

(I, y ,3, 4, I y) 

---r---:r ) . 
m 4 -m

3 

P1 =vw 2 

I 

( 1.7) 

06paTaMcH Tenepb K pacnany 

3necb 

5 -> II. 0 4 -> II. 0 yy . 

± 
F (fl.,y ,y,4 ,5) m c (w II.± p II.), w II.= 

2 2 

m~ +mil. -m 4 • ( 1, 9) 
2m 

-m 

f + 

EcnH B3HTb m~= 1,68,mll.= 1,115; m.,= 0,550 r sa, TO F = 1, 71 rsa, 
+ + 2 

F = 2,06 rsa, T,e, 1, 71, F = 2,06 rsa, T, e , 1, 71 s.. m II. s.. 2,06. DnH pac-

X ( I385)-> /1." 0 -.1\.yy 

y ( 1385) -> II." 
0 

-> II. yy 

2 y nan a 
HMeeM 1,25 :::; m 1\.y S.. 2, 78. DnH p acnana 

2 
1,28 S.. mAy S.. 1,86, 

6 



lJTo6bt He nepe6upaTb ace pacnanbl THna 
/2/ 

o6paTayiO aana11y B npennono)!(eBHH I, 7 -;;. 

Peweaue HMeeT BHn 

m D - mAy min mAy max / m A = 1,66 , 

ny11we peWHTh 

m 6 H m 
4

, 

m 
2 

= [(mA I ) y m n 

2 li 2 2 li -1 
- m A] [ ( m A ) · - m A] m A = 0,53. ymax 

nocKonhKY 2,0 H I, 7 - 'IHcna cyry6o opHeHTHpoBo'IHbte, peaynhTaT cnenyeT TpaK-

TOB8Tb TBK: M8CC8 '18CTHUbl 4 6nH3K8 K M8CCe 'T/ - Me30H8, M8CC8 A., - pe-

30HB..HC8 'IYTb Bbiille cyMMbi m A + m 'I 

liMeeT CMbiCn paCCMOTpeTb H npyroA B8pH8HT pacnana: 

/8/ /I3-I5/ 
Torna HMeeM (eM. , <jlopMynbi ) 

q ~ 0,277 , m = 0,560 , m x = 1,686 . 

TaKHM o6paaoM, ecnH 6bt cymecTBoBan pacnan 'I 0 .. rr 0 y unH ecnH 6bt cymecT-

BOBana B9KTOpBaH 'laCTHUa, no Macce 6nH3K8H K Macce 'T/ -Me30Ha, TO MO)!(HO 

6btnO 6bi cqHTBTh, qTo aa6n10nanHCh napbi H3 pacnana X ... A 
0 

., .. A 
0 

yrr 0 

Bo BCHKOM cnyqae, npoaeneHHbiil pacqeT HCKn!OqaeT aapHaHT 

He Ha6niOnaeM. 

P an Han H oRR bi e p a c nan bi. 

HaKoaen, B STOM naparpa<jle yMecTao paccMoTpeTb B03MO)!(HOCTh Toro, 'ITO 

Ha6n!OU8nHCb panHaUHOHHbie pacnaUbl KaKHX-TO pe30HaHCOB. npencTaBHM, qTo He-

KOTOpblfi pe30HaHC X pacnanancH Ha npyroA peaoHaHc y H y -KBaHT, a Y 
0 

B cBoiO oqepenh pacnanancH Ha A -rHnepoH H rr -Me30H HnH y -KBaHT. 

Bane I,7-2,0 

2 
cneKTP m A B STHX cny'laHx OKaaaTbCSI aaKniO'IeHHbiM B HRTep-

2 y 
fsB? PaccMoTpHM cnepBa KacKan 

He MO>I(eT nH 

7 



X -+ y Y -+ yA
0 

y . 

ITpn KaKnx Maccax X H Y cneKTP 

/8/ 
pa60Tbi 

2 
mAy OK8)!(9TCH Me)!(JJ.y JJ = I, 7 H IT= 2,0 r sa? 

Ma <j>opMyn ( 132 - 162 cneayeT 

m X =. v!i y n - m A 
JJ - m~ 

m 
y 

mAy ll- m'IA 
JJ- m 2 

A 

(I . I I ) 

TO 9CTb 1 mx = I ,678 rsa, m y = 1,435 raa. Pacna)l810WH9CH p8):1H81lHOHHO peao-

H8HCbl C M8CC8MH TaKOrO nopHJ:IK8 H9H3B9CTHbi. 

BoabMeM Tenepb aapnaHT X -+ y Y 0 
/8/ '--A TT 

3aecb <j>opMynbi ( 13-16) na aaJOT 

mx I, 708 faa, mY 1,460 rsa. 

3TH 'IHCna nOJ:ICK83biB810T cneayJOWYIO rnnoTeay : "'TO cymeCTByeT pa):IH81lHOHHb!ll 

pacnaa Y ~ ( 1660) 

y ~ ( 1660) .. y y * (1385) .. y +A 
0 

TT 

J\. 
( 1.12) 

A0 
TT 

Tora a pacqeT no (1.4) aaeT 

1,8 ::; 
2 2 

mAy~ 2,06fsB 1 

"'TO no Cp8BH9HHIO C SKcnepHM9HT8nbHbiMH Jl8HHbiMH nHWb H9MHOrO CJ:IBHHyTO BnpaBo, 

ITpH STOM cneKTp SHeprHll y - KB8HTOB JlOn)!(eH B na6opaTOpHOll CHCT9M9 HM9Tb 

M8KCHMYM npH w y ~ 0 , 25 rsa. B oaMO)!(HOCTb KacKaaa ( 1. 12) ae cneayeT ynycKaTb 

H3 BHJ:IY npl! )lanbHel!WliX onbiTBX. 
/2/ 

HaKoaeu, B pa6oTe paccMaTpHBanacb H npocTellwaH B03MO)!(HOCTb - Hann-

qne npgMoro · Ay - peaoHaaca. Ecnn qacTnna X pacnaaaeTcH aa A H y , TO 

B cneKTpe aaeprHll Y JlOn)!(eH Ha6nJO)l8TbCH nl!K npl! 

8 



2 2 
M X M A 

fU Y 2M 
X 

B nellcTBHTerrbHocT:a Maxc:aMyM (eM, p:ac. 

(0,3 -0,4) faB, 'ITO COOTB9TCTByeT Macce 

/5/ 
6 H3 ) llpHXOllHTCH Ha HHTepBarr 

MX H3 HHTepBarra (1,45-1,59) faB, 

XOTH B STOll o6rraCTH Mace (eM, pHC, 3) H Ha5mo)la9TCH H9KOTOpb!ll llO)l'beM, HO OH 

CTaTHCTH'I9CKH He o6ecneqea, 

Ho aTo paccy)l(nea:ae Hy)l()laeTcH B aeKoTopoM yTo'laea:a:a, MaKCHMyM B aaep-

r eTH'I9CKOM cneKTpe y -KBSHTos, CTporo rosopH, npoTI!Bopeq:aT :a aarrH'IHIO A., -

peaoaa:aca: MaKC.HMyM B crreKTpe a:aepr:all y -KBaHTOB oT pacnana A Tf -

pe30HaHC8 ll0ll)I(9H llpHXOllHTbCH Ha mTf/2 = 0,275 faa; qero Ha CaMOM .nerre HeT, 

MaKCIIMYM CAai!HyT Ha y'laCTOK (0,3 -0,4) faa, npHXO)lHTCH C'II!TaTb0 'ITO a npene

rrax aKcrrep:aMeHTarrbHOll ToqaocT:a 0,275 = 0,3, Torna c Toll · )l(e TO'IHOCTbiO MO)I(HO 

pa3)lBHHyTb o6rraCTb Ha6rriO)laaweroCH llHKa a Cll9KTpe llO (0,275 -0,4) faa, 

np:a Hallii'IHH llpHMOro pacrrana X ... Ay STOT HHTepaarr Tpe6yeT, 'IT06b! Mac-

ca X aaKrriO'Iarracb rne-To a 6onee w:apoKoM HHTepaane ( 1,425 -1,59) faa. 3To 

y)l(e COBC8M 6rrH3KO K Ha6rriO)laaweMyCH llHKy a Maccax 

aap:aaHT (peaoaaac Ay c Maccoll m 1,425 faa, 

He Xy)l(e BapHSHTa ( 1,12), 

§ 2. Pacnanhi 

PaCCMOTpHM np0113aOllbHhlll paC!la)l CXOllHOrO TH!la 

Ay 
2 

m 

CTano 5biTb , STOT 
2 = 2,03 faa ) HH'IYTb 

(2.1) 

2 
I! llOCTaaHM 3a)laqy Hai!:T:a Cll9KTp m 12 ct>aaoabill o6'heM nponyKToa pacnana 1,2,3,4 

ecTb 

9 



YMHO)KHM aTo Ha 

4 4 
2 2 2 I- fd p 84 8 _(p 8 +p 4 -p

34
)dm

84
S (p

84 
-m

84
) 

H 38ITHill9M peaynbTST B BHae 

J 2 J 4 ~ 2 2 4 ~ a 2 ~4 5 4 = dm 34 d p 3 o(p
8 

-m
8

)d p
4
o(p

4
-m

4
lo (p

8
+p

4
-p

34
) 

4 ~2 24~2 24~2 2 f d p 1o (p 1 -m 1 )d p 2 u ( p 2 -m 2 )d p
34

o(p
84

-m
84

) x 

4 2 
X (i (pl+p2 + p34-pG )(i((p2 +pH) -m ) . 

6 

BTopol! HHTerpan ecT& <Paaoa&tl! o61>eM rra p&t 'ISCTHll 

rae 

2 
52 (mat 

2 2 
m 3' m 4 

"Pa 

ma• 

. I 2 2 . / 2 2 yru
3 4 

-(m
3

+m
4

) ym
34

-(m
8 

-m
4

) 

p 3 

2 m
84 

(2.3) 

( 2.4) 

(2.5) 

(2.6) 

T peTH i! HHTerpan coarraaaeT c cpaaoB&IM HHTerpanoM ( 2. 2) pacrraaa ( 2. 1) , Koraa 

Macca rrap&I 34 cpHKCHpoaaHa H paBHa m 84 . noaToMy ero MO)KHO rrpeacTaBHTb a 

BHae 

2 
<··-"> 

2m6 

10 

~, + 

2 
J dm 12 
p-

(2.7) 



rae 

HTaK, 

.;t ± 
F • F (1,2,34 , 5,6) . 

2 
' m 4 

( 2.8) 

(2.9) 

TaKHM o6paaoM, cneKTp 

B8HH9M D-o6pa3Hb!X CU&KTpOB 

B pacnaae 6 --. 15 nony'!HTCH cyMMHpo-
L- 234 

OpH !f>RKCHpOB8HHb!X m 8
2
4 rrpH'I&M K8)!{.[lb!l!: 

D-o6pa3Hbii!: cneKTp nony'!aeTCH B CBOHX oco6biX npeaenax n cyMMRpyeTcH co cao-

I'IM C06CTB&HHb!M B&COM 5~ · 
i 

TOpb!M 6epeTCH COeKTp .m I;:! 

Dpe.nocTepeJKeM OT ecTeCTB&HHOl! OIUH6KH : Bee, C KO-

OpH !f>BKCHpOB8HHOM He &CTb BepOHTHOCTb HM&Tb 

9TO 3H8'1&HHe B pacrraae 5 - 2+3+4. nocneaagg 6brna 6 br paBHa 

5 2 (m~ 4 , m!, m 2
4 ) X 5 2 (m 2

6
, m~, m:

4
) 

'!ero aeT B npaann&aol!: lf>opMyne (2.9). 
y6brBaH ao Hyng rrpH mu = m 6 - m 2 , 

JlerKo BH.neTb, '!To a 6onee cnO)!{HbiX pacna.nax 

6 -+ 15 

L 
~ 

n '18CTBU 

lf>aaoBbrl!: HHTerpan BbrrnHABT He cnO)!{Hee 

11 

F+ 

m 
2

4 , ••• ) J d m ~ 2 
F-

( 2.10) 

( 2.11) 



r a e S n _ 1 -¢aaoBblll o6'heM 'laCTHil 3,4, , • , rrpH ljlHKCHpoaaaaoM m :. H a 

( 2,9) nerKO IlOIJy'lae TCH aHaiJHTH'IeCKOe BbipalK6HHe anH cneKTpa F ± . n nH STOrO 

) ± ~ 
Haao B ( 2,9 nepeMeHHTb IIOpHaOK HHTerpHpOBaHHH , F .KSK ljlyHKilHH m 8( 

ecTh runep6 ona (unu, B c ny'lae m ~ = 0 , napa npHMbiX ) (puc. 1). B o6oux c ny-
2 

'!aHX 
2 

m I2 M 6HH6TCH OT ( m I + m 2 ) ao HaH60IJbUiero 3Ha'I6HHH 1 p aBHOro 

F + (m ; 2 2 
m~,(m 8 + m 4 ) 

~ 
01~ m! ) . 

M aKCHMyM B p ac n penen eHHH Bceraa n p HXOaHTCH n pHMe pHO Ha TO'IK Y B, T,e , A OC-

T HraeTCH npH 

~ 
m i 2 

- 2 2 2 
F ( m I , m 

2 
, ( m

8 
+ m 

4 
) , m ~ 

2 
'm 6 ) . ( 2.12) 

Tip H ljlHKCHpOBa HHOM 
2 

mi2 nepeMeHHaH 
2 

m84 MeHHeTCH OT <P AO <P+ 

LiT06bi HalfTH aHaiJHTH'l6CKO e B bi palK6HH6 anH STHX npeneiJOB1 aaao OT b!CKaTb SKCTpe-

2 
MyM p 34 npH 

2 2 
( P 1 ... P 2 ) = m 12 

2 
• ( p 2 +p 84) 

2 2 
me • (pi+ P2 +pa.) 

2 
m6 

3anHUie M 
2 

p34 

3aepr HJO cu 5 

OT Kyaa 

p 0 = 

B BHae 
2 

(p2+p34 - p2l • H Bbt'IHCIIHM B cHcTeM e , rae p1 =0, 

P2 = m2 + m2 -2w "' 2 + 2po P 2'12o . 
84 0 2 ~ 

aallneM H3 
2 2 

( P I + P 2 + P 84) ~m6 B TOll lKe CHCTe M e OTC'!eTa 

2 2 2 
m 1 + m 5 + 2 m 1 cuts = m6 

2 2 2 

(<) = 
m 6 - m 1 -m5 

2m 1 

( 2.13) 

V m! 
2 

V m: 2 
- ( ml + m 5 ) -(ml-mO) 

2m 1 

12 



3HeprHIO w HBl!JleM TBKHM 
2 

}1{9 cnoco6oM H3 (pI + P2) 

2 2 2 
m 12 -m I - m2 

w2 = p 2 = 
2m 1 2m 

1 

HTaK, 

r/> $. m 34 'S.. ¢ 
+ 

rne 

+ 2 2 2 2 
= r/> - ( m I • m 2 • .m 12 • m 5 

fJU!llH HB pi!C, 1, BI!Jli!M 1 'ITO cneKTp IIMeeT BIIJl: 

Ha yqacTKe AB 

2 
( m 1 + m 2 ) <;;_ m ~2 ~ F 

2 ¢+ 

( -"- ) J dm 2 S 2 ( m ~4 
2m 6 cp- 34 

Ha y'IBCTKe BC 

2 
m8 m 

2 

+ 
F (1,2,3 + 4,5,6) $. m~2 'S_ F (1,2,3 +4,5,6), 

2 
¢+ 

w (m ~ 2 ) (-"-> f dm~4 52 (m ~4 
2 2 ) . • m 3 • m 4 2m 

6 
(m3 +m4)2 

BaeJ:teM cjJyHKUIIIO 

13 

m ~2 

1-m2) (2.14) 

( 2.15) 

( 2.16) 

(2.17) 



<l>(x) = J dx y(x-a) (x - b) 
X 3 

a+b yx - b+yx-a 
--In -yabln 

2 -- -- --x-a-
yx-b -yx-a v~- v---

D X - b 

y..!. + -'-;-:-;; ( 2.1 8) 
b v --

X - b :y(x-al(x-b) + 

l.Jepea aee BhipalKaeTcH HHTerpan B ( 2. 16), ( 2.17) 

J dm ~ 4 52 ( m :. , m ~ m
2
4 ) = 

2 2 2 2 
" 2 vma. -< ma + m,l vm a,-<m a - m,l 
2 J dm3 4 2 

m3 4 

T B K 'ITO 

{ 
8 + --!-r [ <!>( ¢ ) - <1><¢ ) l aa y'!aCTKe AB, 

2 
Bm 6 

w (m 12) = ( 2.19) 
8 

~<l>(cp+) Ha y'IaCTKe BC 
8m

6 

Tenepb o6paTHMCH K aenocpencTaeaao HHTepecymmHM aac pacnanaM. B pac-

nanax 

X ... Ao .,o X A o o 
H -+ ., 

LYY"o 

( 2.20) L +-
Y" " 

± 2 
¢ KBK cpyHKUHH mAy npencTaBnHeT co6om napy npHMbiX 

± 
=m~ +mA (w "' +p"') "'., :;: p., 

2 
( 2.21) ¢ - m Ay mA 

14 



-- ·-

' ....... - -1 f-... 
I ~ - '--- . ~- - -I' 

11 f': f.- i'.F 
er-r- !'--

f,.t 
,- ........ "'' t--" t-.. i 

11 - --If - - - - - - - - - - - -

-
' , 

0,2 
f t • 

0 /fl... (2,.) q1 

Puc. 1, OonaCTb HHTerpuposaauu B HHTerpane (2.9) B cnyqae pacnana 

AfJ 
0 

orpaauqeaa npHMbiMH F ± ( 2. 21) u oTpeaKoM BC. '--- yaf3 ., 
I/ 

6 v 
/ 1/ 

/ 
l7 

/ v [7 
/ / 3 

I/ [7 

v v 
/ 1 

[7 v 
/ 

o7 'l<l+ (q011 0,12 tJ,fG q~ q;a. cJ,281W' 

PH c. 2. OepsooopaaHbie <t>( 2.22) ( cnesa) H ( 2.24) B ycnoBHbllt jH:!JIHHua;;. . 

IS 



(rne w 11 • v., Bbl'IHCmi!OTC.H liO ( 2.12)) • 0HI!-TO H H306pa)l{eHbl ll:a pHC, }. 

2 
m34 B rrepaoM cnyqae MeH.HeTc.H oT mrt fl O 

2 
m'l' 

0Tnii'IH9 n HUib B TOM, 'ITO 

2 
a BO BTOpOM - OT (2m rr ) no 

2 
m 11 CooTBeTCTBeHHO n rronO)I{9HHe TO'IeK B 

II C pa3nH'IHO, 

¢yHK!I.I!.H <J>( x) o6pamae·r cg B rrepBOM cnyqae a 

2 
¢(myrr) =m -m - m

2
1n yrr TT TT 

TaK 'ITO Ha y qacTKe AB 

2 
w(m ) 

ll.y 

a Ha yqacTKe B C 

</> + -</> -m 

2 
w(m fl.y) 

Bo BTopoM cnyqae 

TT 

</>+ 
ln

r 

</>+ 

2 
m yrr 
--2-

m" 

p 
2 __ 'l_(m 2 2 

m fl. fl.y -m fl.) 

</> + 
m -m ln--

rr rr 2 
m 

TT 

<IJ(m~ m ..;-:- 2-- - 4m 2 

"" mr 11 

2 
- 4m In 

TT 

m + y m 2 

TTTT TTTT 4m TT 

2mrr 

2 
- m 

TT 

(2. 22) 

(2. 23) 
+ -In(</> !</> ) , 

(2.24) 

fpaQllfKH rpyHKUHH ¢ IIpHB9A9Hbl Ha pHC, 2 , a Ha pHC , 3 - I!OpMHpOBaHHbl9 Ha 1 
2 . 

crreKTpbl m ll.y . Hx IIHKn, KaK n e r Ko llOH.HTb .1!3 pnc . 1, rrpH XOA.HTC.H Ha TO'IKY B, 

2 T , e , B rrepBOM cnyqae Ha 1, 65, B O BT OpOM - Ha 1,56 f aB • 

16 



Pile. 3, 

f.\ 1- x-. 

~; 
~ 2. x-

1/ IY \ \ 

I I \ \ 
I v 

1// i\ \ 
;V \ \ 

f 1\ 
1,2 4,6 

2 
Cl1eKTpbi m Ay oT pacl1atloB 

§ 3, Pacl1atlbl THna 7-+5+6 
I\ 1\ 
I 2 3 4 

npHMepoM MOJKeT cnyJKHTb racl1atl X -+L
0

77° 

l.f 
~,..,.. 

·,· 
I 

. J611. 

~ 

HI1H Ho Mbi 

paCCMOTpHM o6mHA Cl1y'!aa 11pOH3BOI1bHb! X MaCC, YIHTerpan COCTOSIHHA HHTepecyiOme-

ro aac ceA'!ac xacKatla 

(3.1) 

2 2 
llenbiO HallieA 6ytleT 11p9tlCTa BHTb 3TO Bb!palK9HHe B Blitl9 HHTerpana 110 dm 53 dm 28 • 

HMeSI B BHtlY, 'ITO 
2 

m 03 OtlH03Ha'!HO CBSI3aHO C 3HeprHeA '!aCTHilbi 4 B 

CHCT9M9 110KOSI 7, a '!aCTHilbi I B cncTeMe noKoSI qac-

TH!l 1+2+3=5+3, 6ytleM HHTerpHpOBaTb 110 P 4 B CHCTeMe, r)le 

no 
-+ -+ 

P I • P 2 • P 3 B CHCTeMe, r)le HarrHllieM p 123 "' pI + p 2 + ;3 = O ' 

17 



"' da-+ da ..... a~ a .... 
5 4 = ... f ---l-!-- J ~ ~ ~S((w 

P ~ o 2w 4 . ., 2 w 8 2w 2 2 w 1 

2 -+ .... 2 2 
+w 8 ) -(p

4
+p

3
) -m

6
) x 

r "12l'o 

~ 

X lJ((w 1 +W 2 ) 

.. 
-+ 

-+ ... 2 
(pI + p 2) 

~HKCHpyeM B9KTOp p 4 B CHCT9Me, rae 

Macca m 53 CHCT9Mbl J +2+3 

(3,2) 

2 4 
- m c ) ll ( P 123 + P 4 - p 1 ) ' 

P1 = 0, Toraa HaBeCTHa s~~eKTHBHaH 

m 53 
2 

m 1 + 
2 

m4 2m 
7 

CU (3.3) 

-+ 
H HaBecTeH ee HMnynbc p 53 B CHCT9M9 p 1 =0 

p 03 = - p 4 

nosToMy HMITynbC H 9HeprHH 'IBCTHUbl 4 oaH03H8'1HO ~npeaeneHbl H B CHCT9M9 OT -

C'l€tT8 p 53 = p 123 = 0 DellcTBHTenbHO, HarrpHMep, Ha p 128 + p 4 = p 1 B CHCTeMe, 

rae p 123 = 0, cneayeT 

6) 4 

2 2 2 
m7 -m63 - m4 

2m 53 
6)1 

2 2 2 
m7 +m~8 -m4 

2m 53 
npH'19M p 

4 
= P 

1
• 

(3 .4) 

18 



Bbu:tenl!B a(3.2) HHTerHpoaaaHe no p4 no o6nacTH d.,, paaperneaaolt KHHeMaTmtol! 

(ljlopMy aToll o6nacTH Mbi onpeaenHM noaJKe) 1 nepenurneM (3,2) TaK: 

s. D 

3aech B nepaol! 0 -<jlyHKUHH ljlHKCHpOBaHbl ( CM, ( 3,4) ) 1 TJ 48 -KOCH-.. .. 
aye yrna MeJKLly p 4 If Pa 1 a BO BTopol! o -ljlyHKUHH yqTeHbi aaKOHbi coxpaae-

HHB B CIICT9Me p128 ° 0 · 

11 noa w 2 

ilpouaTerpHpyeM Tenepb no 

6yaeM noapaayMeBaTh ( p ~ + .. 
'1T06b! npOIIHTerpHpOBaTb no P 8 H no aanpasneHHliM 

rae 1';
113 

m 0 OCh no p 
4 nnocKOCTh yz no 

.. 
p 2 • T. e. aaqep!taeM 
2 2 ~ 

P a + 2 P1 P s 'l~ a +m2) 

p 1 npoBen e M B CHCT9Me, .. 
p 8 P 4 • T,e. P 8 6yaeM 

OTC'IHTbiBaTb OT OCII a p 1 - OT TaK KaK 

TO HHTerpan no w3 BB9):(9T 

m~8 +m m~ (3.6) 
2m 33 

a HHTerpan no 

c ycnoBHeM I TJ 84 I <;_ 1 . 3To ycnoaHe H a acT Ty o6nacTh d 4 , B KoTopol! MoJKeT 

HaXOLlHTbCll W 4 OaaaKo liBHhil! BHLl ee Mbi noKa ae BblllHCbiBaeM, 

19 



d 3 ~ 
8 HTore nocne HHTerpHpOBaHHR ITO -----

1 
°8 

8 wa 
B ( 3,5) HC'!e3HYT BCe 8 -

!j>yHKUHH 1 KpOMe ITOCrrerrHefi, a BMeCTO d Pa 

~ 
ITORBIITCR MIIOlKHTerrb TT/ 4p 4 m 68 · 

"' 
s 4 

d 3 P4 " I I f ~w f _4 ___ ~2 -2 P 1 dw 1 d"'l18 d ¢ x 
• P 4 mGa w 2 

2 2 2 
x 8 ( w 1 + w 3 + V P 1 + P 8 + 2 P 1 Pa "'113 + m 2 - m G3 l · 

3necb MOlKHO npoH!i. :)rpnpoBaTb no 71 Ia , ¢ , 'ITO nacT 
2TTW2 

a 113 8 
pIp 3 

!jlyHKUHH1 KpOMe Toro, B03HHKHeT ypaBHeHHe UITR 7l 18 • Ecnu noTpe5oBaTb 1 'IT05bi 

6bino I 71 18 I ~ I , TO rrony'!HM rpaHHUbi d 1 B KOTOpb!X 05R3aHO MeHHTbCH w 1 • 

Mbi onRTb-TaKH nx noKa ae BbiTIHCbiBaeM 

s. 
d 3 ~.- " 

f --...--- f 4p m G8 d• 2w• dl 4 2pa 
dw 1 

" 

HaKoaeu, MOJKHO npoHHTerpHpoBaTb no aanpaBneHHRM p. 

p7 ~ 0, aTo nacT 217 1 H OKOH'!aTeiTbHO HMeeM 

s. 
"8 -
4 f P 4 d~ 4 f dw 1 / P 4 P a m 68 · 

d 4 dt 

MeJKny 3Ha'!eHHRMH HMrrynbca p. 
~ 

B cHcTeMax, rne p 7 

eCTb npocTaR CBR3b 1 nerKO Bb!BOUHMaR H3 p123 + p 4 ~ p 7 

m 7 P 4 ~ m~8 P4 CoKpameaHe npHBorrHT K 

s. 
"a ~ f dw f dw, 

7 d 4 -
• dl P a 

20 

B CHCTeMe nOKOH 

0 H rne p 128 0, 

a HMeHH0 1 

(3.7) 



Tenep& aepHeMcH x BHBapHaHTHhiM nepeMeHHi>IM 
(c~ I , (3, 3)) II 2 

m~a 

(3.8 ) 

(3 .9) 

rae 

OcTaeTcH paccTaBBTb npeaenhi HHTerpHpoBaHHH, Mbi He 6 yae M anH aToro nonbao-

BBTbCH ycnoBHHMH I 'Ia• I :::; I , I '7 18 I <_;_ I , npeaocTaBnHeMbiMH HaM 8 -¢yHK-

llHSIMH, a BocnonbayeMcSI cl>opMynBMH § I. npeaenbl m~3 nonyqaTCSI Ha ( 1.4), 

nocxon&Ky 6ea pacnaaa 5 - •I + 2 Haw TenepewHHl! KacKaa coanaaaeT c KacKaaoM § 1 

F' ( 5 ,3,4,6, 7) ~ 2 
m ~8 F' + 

(5,3,4,6,7,) 

npll cjJHKCHpOflBHHOM 
Mbl OflSITb 0KB3biBBeMcH B ycnoBHHX 

F' ~ + 
m 23 <_;_ F' (3 , 2, I , 5, 53) . 

(3,2,1,5,53):::; 

J1TaK, HCKOMaH cjlopMyna HMeeT Bll/l 

21 
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2 
3 dm 53 

" I --s = :--:---:T) p 
8 

m 58 4 (4m T 

2 

I dm 28 

C npenena MH HHTerpHpOBSHHH (3.10) H (3.11). 

( 3 . 12) 

+ 2 
KaK H3BBCTHO, F - KaK ljlyHKUHH m M 9CTb rHnep6ona ( HDH napa Dpg-

' -' , , 
MbiX) . n pHMepHbiM BHD o6naCTH HHTerpHpOBSHHll naa H8 pHc . 4 - 3TO A' lj B A 

m' t"f--'! - --- - · -IB" 

F' 

'~-::~~~----tr---------. m:3 

-' ')~ .... mf I ' 

PHc . 4. 06naCTb HHTerpHpOBSHHll a ( 3.12)-sTo A B B' A •. 
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0 

1,6 2,0 2,'< 

P:nc, 5, HopMHpoaaHHbie aa 1 cneKTpbi 

1fTo5bi H3 (3,12) H8fiTH CIT9KTp 

2 
pOB8HHSI H OnpenenHTb m G3 

aano nepeMeHHTb n opSI AOK HHTerp:n-

KBK <PYHKUHIO m ~8 n ocnenaee 5 bmo nponenaao 

f ± (3,2,1,5,23), 05oaHa 'mM e me B § 1 - 9TO !jlyHKUHSI (1,6) 

2 m.53 

ll (m ~3 ) = J 
(m5+m3)2 Pa m.53 

In 

2 2 2 

_v-=m=G;.=a=-=(=m==G-=m=a=l=;;:=-+_v_m-:G=a:::-=(=m=G=+==~l=; , ( 3. 13) 

ym!a -(m 6 -m 3) -ym:3-(m6 +mal 

a npH Jl ( m ~~ ) = In ( m ~3 - m ~ ) . 

Torna npn pacnono)!(eHHH TBKOM, KBK aa puc, 4, cneKTp m;
8 

npocTHpaeTcSI oT 

m~8 (a ' ) AO m~3 (b " ) 1 ITpH'IeM 8H8ITHTH'I9CKHfi BHA H8 p83HbiX Y'I8CTK8X p83Hbifi : 

w ( m ; 8 ) a Jl [ 
+ 2 ) l f (m28 - Jl(a) 

= Jl (b) - Jl(a) 

= Jl(b)- Jl[f- (m~3 l] 

C ITOMOillbiO 9THX !jlopMyn HafineM CITeKTp 

3necb runep5ona (3,10) HMeeT aun 

23 

Ha pacnaua 

HB (a 'b ' ) ' 

HB (b' , a " ) , 

(3.14) 
HB (a " • b"). 



~ ± 
(m~y) -mx(cu~±P~l,w~-

a ranep5ona (3.11) pacnaAaeTcH sa napy npHM~X: 

~ ~ 2 2 
mAy - m Iy - m ~ + m A 

~ ~ ~ I ~ 
m Ay - m ~Y m A m I . 

2 2 
mx + mi 

2milj: 

2 
m 

fT (3.15) 

(3.16) 

HaXOAH OTCIOA8 
2 

miy K8K !)>yHKilHIO 2 
mAy H llOACT8BnHH B !)>yRKilHIO 

2 2 2 
p. ( m Iy) ~ In (m ~Y- m I l 

2 2 2 
4M 2 m A - m A 
__ w(m ) =In 2 

(217)8 Ay m (cui - pi)- mi 

2 I 2 = ln(mi m A) -Cons! 

In 

2 
m x (w I + P I ) - m I 

2 2 
mAy- m A 

H8 

2 
HMeeM cnexTp mAy 

2 
mi 
--2-

m A 

H8 

R8 ( 1,260 ; 1,262) • 

( 1,262 ; 2,450) • 

(2,45; 2,615). 

3ToT cneKTp (pnc. 5) npaKTnqecxn ae oTnnqaeTcH OT Tpanennn n Aanex oT axc 

nepnMeHTanbHO aa5niOABBmerocH. 

llpyroe Aeno - cnexTp 
2 

mAy H3 pacnaAa X .. I o '7o .Ecnn aa5nroAan-

CH p930H8HC Io 
11

o c MBnblM 9HeproBbiAeneaneM1 To no TeM )1{9 ljlopMynaM nMe-

eM npn aaeproBb!Aeneana 11 M9B cneKTp 
2 

mAy a BRAe Tpa nennn c ropnaoa-

TanbHb!M yqaCTKOM ( 1176 - 1, 97) II HaKnOHHbiMH yqacTK8MH ( 1, 70-1 1 76) H 

( 1,97-2,07) . 3aBHCHMOCTb rpBHHU 3THX y qaCTKOB OT 9HeprOBb!,[leneHHH BHAH8 

113 pHC. 6. KaK BRAHM, OHH TOnbKO qyTb CM9W9Hbl Bllp8 BO no Cp8 BH9HHIO C 9Kcnepn-

M9HT8nbHbiMH ABHHbiMH. 
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§ 4. Pacnanbl X _. A o cuo 

Lrr 0 y 
Lrr 

PaccMoTpHM cnepBa pacnan no cxeMe 

EPo HHTePpan COCTOHHHA 

(4.1) 

CBOAHTCH K HHTePpany no BbiKII8AK8MH 1 0'!9Hb 6nH.3KHMH K npo-

nenaHHhiM B rrpenhinymeM napaPpa!jle. OnHTb HHTePpHpoBanne no npOBOAHTCH 

B CHCTeMe, Pne p-7 = 0, 8 OCT8/IbHb19 HHT9PpHpOB8HHH - B CHCT9Me 1 Pile 

--p = 
3 

0 (<)4 H OCT8BIIHJOTCH 

aanocnenoK, '!To6bi aaTeM BbtpaaHTh Hx qepea 
2 

m ~~ J.1a Bb!KIIBAOK npHBe-
2 

H m 12 

neM TO/IbKO TO MeCT01 B KOTOpOM eCTb OTIIH'!He OT Bb!K/18AOK § 3. nocne Y'IBTB 

38KOHOB COXp8HeHHH apPyMBHTbl 

TBK 'ITO 

s 
4 

8 -<jJyHKUHA B (4.2) 11pHHHM8JOT BHA 

25 
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~ 3 ~ 2 3 
xo(m 15 + m 1 + m• -m 6 -2m 15 (w 1 -w,l-2w 1 w, +2p 1 p,'l,,l x 

X l) ( m ~S + ID ~ m 35 - 2 m 15 (I) I ) X 

X l)(; I + P 3 + P 8 ) l) ((I) I + (1) 3 + (I) 8 - m 15 ) ' 

llanbW6 BC6 H.06T1 KBK B § 3, npHBO.QS! B KOH.!l8 KOHnOB K 

r.oe 

s' -

2 
8 dml5 

rr f~---
~ P.lm15 

3 J dm 13 

3 2 3 
2p,ml6 -yml5-(ml+m6) yml6-(ml-m6) 

H r.oe npe.oenbl H3M6H611HS! nep8M6HHb iX CyTb ( CM. ( 1.4)) 

• + 
F (1 ,5, 4,6 ,7)~ m

15
:;_ F (1,5,4,6,7), 

+ 
F ( 1, 2, 3, 5 , 15) $. m 

12 
$. F ( 1, 2, 3 , 5 , 15) . 

(4.3) 

(4.4) 

(4.5) 

llanbWe .OnSI nep6M6Hbl flOpS!.QKB HHTerpHpOBBHHS! MO)I{HO nonb30B8TbCS! pHC. 4 C 38-

M6HOH HH.06KCOB 53 HB 15 H 23 H8 12. CneKTp 
2 

m 12 6y.oeT onpe.oenSITbcst no ¢op-

MynaM THfl8 ( 3.14); M6CT8 1 B KOTOpb!X 8HBnHTH'I8CKHH BH.!l Cfl6KTp8 M6HS!6TCSI
1 

CT8-

HOBS!TCS! SICHbl nocne Toro, KBK KpHBbi6 
F± 

H8'16p'!6Hbl. 

npHM6pOM npHM6H6HHSI Bb!B6.06HHblX ¢opMyn MOlK6T cnylKHTb npoBepKB rHflOTe-

3bl, qTo Ay -napbt a naKe npoHcxo.ostT oT pacna.oa ranoTeTH'!eCKoro Aw 0 

peaouaHca c ManbtM (HanpHMep, 15 Mae) aaeprOBbt.OeneaHeM: 
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X 

yy 

Toraa mAlT M9HH9TCH B HHTepaarre 2-2,38 1aa
2, <fJyHKnHH p. 1 ~ (STo <fJyHK-

nHH P.oa § 3) Ha aTOM yqaCTKe rrpaKTHqecKH ITOCTOHHHa, B HTOre 

2,88 

f 
2,00 

2 
TBK qTo crreKTp '"fly 

9CTb rrpHMOyi'OITbHBH TpanenHH C B8pTHKBITbHblM pe6pOM 

ITpH m~y • 1,26 H HBKITOHHblM pe6pOM Ha 0Tp83K8 (2,56 - 2,96), 3To oqeHb IIIH

pOKHll cneKTp, CTOITb >Ke IIIHpOKHM 6 biiT 6bi crreKTp m H y Ap --.. -peaoaaa

ca. Ay 

06paTHM CH K ewe 6onee CITO>KHblM KSCKBJlSM - KBCKBJlBM THUS 

7 ... I+ 6 

L (4.6) 

HaTerparr COCTOHHHll aaecb rrerKO CBOAHTCH K crryqaro (~1) 

s 6 = f 

2 2 2 
X 

0 ( ( P2 + P a } - m o } 0 ( ( P2 ·'· Pa + P a + P 9 } - m 6 } · 
(4.7} 

YMHO>KHM STO Ha 

norryquM 

S 6 = J dm! J p9 d 
4 

p 1 0 ( p ~ - m ~ } 0 ( p 
8 

+ p 
9 

- p 
4 

) X 
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4
4 2 2 4

4 
2 2 

x fnd p 1 8(p 1 -m 1 l8 <I p 1 -p 7 l8((p 2 +p
8

l -m
0

l x 
I I 

(4 .8) 

2 2 
x8((p2+Ps+p4) -m6} . 

BTopoA HHTerpan ecTb 
2 

52 (m 4 
2 

m 8 m~ } • a TpeTHA coananaeT c (4.2). YITaK, 

2 
rr3<ms-m6) 2 

5 = ~ J dmj 5 2 (m
4 6 

(4m 7 )(m +m J2 
8 9 

2 
'm 8' 

2 
m 9 

dm ~0 2 

) J --- Jdml2 
P 1 miD 

(4.9) 

rne npenenhi Te ll<e, 'ITO H B (4.3). CTano 6btTb , pacqeT cneKTpa B pacnane (4.6) 

CBOIIHTCH K p8C'!eTaM ClleKTpOB 2 
m12 B pacnane (4.1) H CYMMHpOBBHHID nony'leH-

HhiX cneKTpoa c aecaMH 52 . TaKoB npocTeAwHA H aarnHitHhiA penenT nony'!eHHH 

cneKTpa m~2 · Ho MO)l(HO naTb H aaanHTH'IecKyiD !f>opMyny. 

nepeMeHrlM B (4.9) llOpHIIOK HHTerpHpOBBHHH 2 
m 16 

2 
H m4 TaK KBK npa 3TOM 

pacnan 

HeHHH 
-

F = 

5 -· 2 + 3 aeaal!<ea, 
2 + 

m 16 CYTb F -
2 

max ( ( m 1 + m 
2 

} F 

38ll8'18 COBnanaeT C peWeHHOH B § 2. npenenbi H3Me

F + ( 1,5,8+9,6,7) (6onbWHtt) H 

( 1,5,8+9,6,7)) (MeHbWHA). 

npH !f>HKCHpOBBHHOM 

(eM. (2.15) ), rne 

2 
n~ US BenH'IHHB m

2
4 . MeHHeTCH OT ¢- ItO </> + 

5 ~ = 

¢ 
2 

max [( m 
8 

+ m 
9 

) ¢ (I , 5, 15, 6, 7} ) 

a 

¢ + = 
+ 

¢ (I ,5 ,15 ,6, 7}. 

3 •, + dm 2 ¢ + 
TT I 0 2 2 2 2 2 ---r J --m-- J-dm4 52 (m4 ' m 8 m 9 ) J dm

12 
• 

( 4 m 7 } F- pi 16 
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npeAenbi B nocneABeM HBTerpane no-npeJI<HeMy 38BHC!IT OT 

pan no dm~ MOlKBO B3!!Tb, oa paaeu (eM. (2.18)) 

T8K '!"J'O 

2 
m 16 noaToMy BHTer-

(4.10) 

(4.10) 

Tenepb Mbl OK83biBaeMcH B ycnoBB!IX § 1: Maces qacTan 1 H 5 pacnpeAeneaa no 

38KOHy v/2p1 m 16 t 'I'BCTHna 5 pacnaAaeTC.!I Ha 2 H 3. HaltTI! cneKTp 2 
m 12 

( pac. 7). OnllTb MeHReM nopRAOK IIHTerpupoBaHaH 

(4.12) 

rne c + eM. sa pac. 7, a f + - aTo m;oo F ± c pac. 7, naoo ¢YHKUH!I 
± 

f ( 1,2,3,5,12) ( CM. ( 1.6)) • 38Ll8'!8 peweHa. Mbi BHLlHM, 'ITO, HeCMOTpll H8 cno]l{-

HOCTb HHTepecyromax HaC KBCK8L{OB 1 pacqeT cneKTpOB m 2 
nap '!8CTHU CBOLlHTCll K 

OAHOMy - AByM nocneL{OB8TenbHbiM BHTerpHpOB8HBSIM, B yMeHHe p8CC"!HTbiB8Tb 

npocTbie KBCKBLlbi noMoraeT cnpaBnSITbCSI co cnO)i{HbiMH. 

PaccMoTpBM ABa npaMepa. 

PacnaA ~ .. A0 ~ o 

L 5 89 
"0 yy 

Lyy 
23 

Tenepb npeAenbi B (4.9) cyTb 
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~ 

I \ I ~ I I I I I I I I I I& ..,.c 
I \I 1\ I I I /1 I V I lc. 

I ~ I \1 I 1/ I I / I I 1<. 

I I \ I I \.: I / I I :/1 I I 12 

I ' I '\I >,I trC 1 :>-z ' ' 1.,...:::;'" I >I I I I I I l m, 
2,1 r.c• J 

flpu .. tp no(mpoPifii.Q t nP•m(>n 

m ~.!' U_3 X-+£'?' "P" 41, · l. M>C 

Pnc. 6. KaK 38BRC!IT oc;e Tbtpe xapaKTepHbte TO'iKH cneKTpa rnA H3 

X' _, r 0 
'I 0 OT SHeprOBbi!{eneHH!I Q = m X, - m r - m~ . 

m,:. 
c• 

F F+ "'·~ 

Pnc. 7. K HHTerpany ( 4. II), 
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-m ) 2 
rr 

( 4.13} 

2 2 2 
m Arr ~ m X + m yy - 2 cu X w YY ± 2 p X p YY , 

(4.14) 

()) 
X 

2 
m Arr < cu A - P A l ~mAy~ m Arr (cu A+ P A l ' 

2 2 2 
m Arr + m A- m rr 

( 4.15) 

2 m Arr 

rr 
Tax xax 52 a z , TO HHTerpan no ecTb npocTo paaaocTb npeneno s , 

T.e. !f>yHKilHll v(m\rrl 

3TO KpHBSll 2, 

eCTb lllHpHHS KpHBOl! 1 pHC, 8 KSK !f>yHKilHll OpnHHSTb!, 

PHc. 8. 

r,t' 
2,:1 

2,0 

1,9 

1,8 

m:. 
~ ~ 

--~ ...... ~ ..... 

F--r-

'-"X' 1\'t ... it 

t--... -
"'-.... --~ 

v --""'-: 
3.--

[> r-. -.!._ ~ 
~ b-- ..-::-::- 1'-- - - -- -- --- -- - -- -.--

1,6 

1,5 
0 0.8 

Pacnan X -+ A., -+ 
2 2 

no m yy , 
2 

mATT 

3-cneKTp m ATT 

A rr 
0 

yy -+ A yyyy 1-o6n acTb HRTerpHpoBaHHll 
B (4,9}; 2-<f>yHKiliHI V B (4.11); 
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31 2 m 1 J 
3 

" 

~4 1,G t.8 2,0 

X-t1 "( , - • 
:J7f]i 

'-u 
X-11·f~ 71 ·u 

L.. 

x- I:'JI·:n , 

411! '-u 
x-. 11 ' Jr -:n 

'-u 

2,2 m 2 (r'> t') 
1!6 

Puc. 9. HopMHpOBB!JH&Ie Ha 1 cneKTpbi 
Ha 1/2. 

2 
mAy• CnexTp 2 HOpMupoBaH 

2 
v(rn A77) 

PAm A11 

p., 
rnA 

p., 
-- + 
2m A 

npu 
2 

1,5625 ~ m A
77 

~ 1,77 0 ,142 

2 2 w., 2 2 2 
m +ru ---(mA -m.-m) 

11 77 m A 17 1\ 77 

(4.16) 

2 • 2 ~ 
2ymA77-(mA+m17) ymA77 -(m A- m77) 

2 
npu 1,77 $. mA77~2.1 

3Ta ~YHKUHH (puc. 8, KpHBaH 3) aaeT pacnpeaeneaue 2 
mArr unu Beca, c KoTo-

pb!MH Haao CyMMHpOBBTb fJ -o5p83Hb!e cneKTpbi 

'ITo5&I nony'IHTb OKOH'IaTenbH&Il! cneKTp, Ecnu o5oaHa'IHTb nepBoo5paaayiO ~YHK -
2 UHIOOT v / pAmA 77 'Iepea V(mA

77
) TO 

2 
mAy B npeaenax (4.15), 

w(m
2 

) 
Ay 

CneKTp 
2 

mAy 

m
2

(m
2

-m
2

+m
2

) 2 

Y( 2 ll-V( Ay Ay A 77 ). (1,271$mAy$.2,053). (4.17) 
' m2 - m2 

Ay A 

uao5pa)!(eH aa puc. 9 
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Pacnaabi 

3aBHCHMOCTb npeaenOB H3MOH8HHH 

ae: ( 4,14) 1 T,e, H306p8>K89TCH KpHBOll 

OT TB >Ke, 'ITO U rrpe>K-

H8 puc, 8, HO TOllbKO Terrepb OT KpUBOll 

OTC8K88TCH Y'<IBCTOK 
2 

m 
4 

2 > 4m 
" 2 

- STO U OCTb o6naCTb UHTerpupOB8HHH IIO 

2 
m 

"" 
3na'<!HT, 

m A" 
2 

H3M9HSI9TCH B rrpeaenax 1,5625 ">.. m A" 'S_ 1,88, 

3aBUCUMOCTb npeaenOB 
2 

mAy OT TO >KG npe>KHHH: (4.15). no nau6onh-

1,936 

2 
m ~" COOTBOTCTBYIOT Kpal!:ue npeaellbl U3M8H8HUH 

raa • CTano 6b!Tb, CIIOKTp mAy Bb!p8lK89TCH Toll 

I119My 
2 

mAy : 1,28 U 

KOTOpOl! apryMOHT 2,1 38M9HH9TCH H8 1,88 1 8 

>Ke !jlopMynol! ( 4.17), B 

(1,28; 1,935). 

0aHBKO nepB006p83H8H !j>yHKUUH 6yaeT UJIOll, TBK KBK Terrepb 1 H3-38 KOH9•IHOll 

M8CCbl " - Me30H8 1 5 2 38BUCUT OT u utiTerpan v 

Bb!p8lK89TCH He p83HOCTbJO npeaenoB , HO 6onee CIIOlKHOl\ cpyHKUUel\ ( 4,10) 1 rae <I> 

OCTb !jlyHKUUSI 1 Bbl'tUCIISI8M8H IIO !jlopMylle ( 2,24) 

" [ + 2 2 T <I> ( ¢ ( m A" )) - ct' <¢ ( m A 
11 

) ) ] 
(4.18) 

P8C't9T no STHM !j>opMyllBM neaeTCSI TBK : ami pHaa 3H8'18HUl\ B UH-

T8pB8ll8 ( 1,56- 1,88) CHUM8IOTCH C KpUBOl\ 1, puc, 8, OT KOTOpof! OTC8'18H8 o6-

2 2 A.+ A.-
naCTb HHT8rpapOB8HHH m"" > 4m" , 3H8'19HHH my y - STO H 8CTb 'I' U 'I'· 

ilnH KB>KaOrO </> + H </J- Bbl'IHCIIH9TCH no (2,24) <I> H COCT8BIIH8TCH 

v( m~") no !jlopMyne ( 4,18), 3aTOM Bbl'IHCIIH9TCH nepB006p83H8H V !j>yHKO:HH 

v/p 1 m 10 H aanee B COOTBOTCTBHH C !jlopMynol! (4,17) CTpOHTCH CIIOKTp 

npuBeaen Ha puc, 9, 

2 
mAy'OH 

Mbi BHaHM, '<ITO B o6oux cny>taRx MaKcuMyM B cneKTpe npuxo.QHTCH Ha TO'IKY 

2 2 
mAy = 1,39 rsB, 3To He cnyqal!Ho. MoJKHO aoKa3aTb cneayJOl!lYIO Teo p eM y: 
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EcnH ~¢eKTHBHaR Macca rrapbi Ar. B HeKoTopoM CKOnb yroaHo cno mHo M Kac-

Kaae MomeT AOCTHraTb CBoero MHHHManbHOrO 3H8'191IHS! m A+ m 
77

- ( T,e, ecnH B 

aToM KBCKaae qacTHUhi A H 77 MoryT Apyr OTHOCHTerrbHO Apyra ITOKOHTbCS!)
1 

2 
TO c rr e KTp mAy rae y rronyqaeTcH OT pacrra aa " 0 

, o6naaa HMeTb 
2 

MaKCHMYM B TO'IKe mAy= 
. 2 

m A + m" ) m A = 1,39 faB • noKa3aTenbCTBO 

cneayeT H3 CBOHCTB ¢YHKUHH 

2 
rrpH ¢HKCHpoBaHHOM mAr. 

(4,15), orpaHH'IHBaJOmell: rrpeaenhi H3MeHeHHH m~y 
EcnH 

H rrpeaenbi H3MeHeHHS! m2A 
2 y 

HanH'IHH B crreKTpe mAr. llpyrHX 3Ha'leHHll: 

cmHMaJOTCS! B OAHY TO'IKY ( m A + m 
77 

l m A 
2 2 

m
1177

> (mA+m
77

) 

mAr. = m A+ m 77 , TO B aToll: ¢opMyne p A= o, 

IT pH 

paanBHra iO':'CH, rrpH'IeM c pocToM 

BepXHHll: TOrrbKO pacTeT (no 

2 
mAr. HIOKHHll rrpenen TOrrbKO 

2 
rrpenenhi mAy 

y6htBaeT ( ao m~l , 

). Bee aaaqeaHn m 
2
Ay OTB9'1aiOIUHe nJO-

6oMy JlaHHOMy 
2 

mAr. 

TaK KaK TO'IKa m 2 

2 
mAy 

Ay 
rrpH n106oM 

BBHilY H30TpOIIHH pacrrana 77 O -+ yy , paBHOBepORTHbi, 

(m A+ 
2 

mAr. 

m 77 ) rnA HaXOAHTCR BHyTpH rrpeaenoB H3MeHeHHS! 

TO B 3TOll: TO'IKe 6yJleT MaKCHMyM, 

Korna me aHa'leHHe mAr. m A+ m
77 KHH9MaTHKOll: KaCKana aarrpeiUeHo 

(TaK 6 w no B KaCKane X ... 2o,.o 
) , TO B TO 'IKe ( m A + m

77 
) m A 6yneT rrnaTo, 

l!HOrJla HaCTOrrbKO WHpOKoe, 'ITO BeCb crreKTp 

rreuHH (Ka K H 6hmo B cnyqae X ... 2 ° r. 0 ) • 

2 
mAy rrpHo6peTaeT ¢opMy Tpa~ 

IToaToMy , e cnH Hac ae HHTepecyeT aeTanbHBH ¢opMa crreKTpa m2 
Ay • a 

TOrrbKO rronomeHHe MaKCHMyMa, TO MOMHO orpaHH'IHTbCS! TOrrbKO rrpOB9pKOll: TOrO, 

'ITO CHCTe Ma A +r. B KaCKaAe MOmeT HMeTb Macey 

rroiiOmeaHe MaKCHMyMa yKa3biBaeTcH OJlH03Ha'IHO. 

§ 5, Pacrran X ... Ao,.o,.o 
I\ 
yy 

m A + m 77 • rrocne qero 

7 
EcnH Hac HHTepecyeT crreKTp 

BeTCTByiOIUHA ¢ a30BW A HHTerpan 

mf2 H3 KaCKaJla 6-+ 'i'"':;5 +4 TO Haao COOT-

L.2 +3 

54 Jn d 4p 0 ( p2 
- m 2 ) 0 

1 I I I 
4 2 2 
2 p 1 -p 6 lo((p 2 +p 8 l -m~ 

yMHOmUTb Ha 

f 2 <- 2 2 4 c-4 ) 
dm7a(p7-m7)d p1u (p,+p2+p3-p7. 
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OH o6paTHTCH B 

BTopoi! HHTerpan eCTb cpaaOBbiii 06'beM 118 pbl qaCTHII 7 H 4, T,e, 

2 
1 ffi 7 1 m~ ) " B TpeTHi! B rn, 1 6bin npeo6p830B8H K BHLlY 

rae 

HTaK, 

HIIH 

F 

± ± 
F F (1,2,3,5,7) 

(ms-m• )2 

S 4 = J dm~ S 2 ( m! 
(ml+m~)2 

F+ 
2 2 1T 2 2 

'm 7' m 4) (~) J dml2 
7 F 

2 2 2 2 F+ 
y(m 6 +m 4 ) -m 7 y(m

6
-m

4
) - m 7 J 2 

2 dml2 
m 7 F-
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:l m,z 

.,~ ;1'' F ------- 13 
~· . I 

F+ I 

(m,,nj 
I 

'a 'b I I , m, 
m,' ms :l rm, -m4;" 

Pnc, 10. 0 6nacTb HHTerpnpoBaHnSI B ( 5,3) np11 m 2 -1 0, 

m;, ~ 
)~7 0(. i 

·.o j3 ~ n ~~ - m11
1 

/j 
v / I/ o< • m.: 

•n' 
_)~~~~ / v f!> ' O. L 

AI / v 
1/ ; / v 

,5 1/ \ v 
f/ I! -1-

f\ t---.. \ 
~ 

!""-, 
.,,q, .,;, 

1,6 1e 2.0 2,2 z.~ 

Pnc. II. l-o6nacTh HHTerpnpoBaHnSI B ( 5 ,3) npn m 2 = 0 AnSI pacnaAa 
oo o 2 oo o x .. A 11 .. A yy ; -To )f(e Anl! pacnane X .. ~ 11 .. ~ yy. 

OcTanhHhre nBe KpHBbre - aTo (6.12) aaanorn KpHBhi X aa pnc. 6 
AnSI pacnaAa X ... ~ 011° .. ~ 0 yy . 

06naCTh HHTerpnpoBaHHSI noKa3aHa aa pnc. 10 npn m 2 'I' 0, Ha pnc. II -

npn m 2 = 0. l1epeMeanM nopSIAOK HHTerpnpoBaHHSI, Torna B cnyqae pnc. 10 6yneT· 

s, 
3 F + + 

11 max t - ' ( 2 ---:--T J d m 2 J 2 V m 6 + m 4 } - m2 Y (m - f 2 
4 m 6 - 12 dm 7 7 6 m 4 - m7 

Fmin ,- 2 m7 

(5.4) 
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rae 

+ + 
F 

max = F {1,2,3,5,6- 4), 

F min = F {1,2 ,3 ,5 ,6-4) npH 

1 
1+ ( 1,2 , 3,52,12) 

f+= 

(m
6 

-m
4

) 

npH 

0,2,3,5,12). 

npH 2 2 ( ' ) 
m 12 < m 12 8 

npH 

BsoaSI !j>yHKUHJO ( cp. c ( 2.18)) 

<fl ( x) J dx 
VB -X - X 

..;•-x +vi- •+h v•-x+yh-x =v--:b In ~h~-::_:x~--- - - 2- In - v a - x 
..;a- X - y.!!._ ya-x-yb-x 

b - X b 

M bl 11p9ACTBBHM CI19KTp 

• npH 
h 

( 5.5) 

(5.6) 

(5.7) 

(5.8) 

yh-x , 

(5.9) 

.flcuo, '!To Ta lKe !j>opMyna sepua H anH 6onee cnolKuoro KacKaaa 
6 .. 1544 ' .. . • 

1.23 TOnb Ko Terrepb sua rrepsoo6pa3Holl 6yaeT HH biM, ee rrpnaeTcH rrony'laTb '!Hc n e uubiM 
HHTerpHpOBBHHeM. 
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3necb 

rne 

Tenepb o6paTHMCH K HaweMy KacKany 
0 0 0 

X .. A " " L. y y 

s. = 

2 2 2. 2 2 F+ 
8 (mx-m 71 l y(m + m ) -mArry(mx-m

71
) -mA

71 2 
11 J dm 2 X 11 J d m • 

4"' 2 Arr 2 F- Ay mxcmA+m"l mArr 

± 
F mArr(wA±pA), WA 

2 2 2 
m A77 + m A - m" 

2m Arr 

( 5.10) 

( 5.11) 

06nacTb HHTerpHpoBaHHH OTCeKaeTCH Ha pHc. I I OT KpHBOH I npHMOJ:\ 

2 2 -
m Arr = ( m X - m 11 ) <l>yHKUHH I HMeeT BHn 

2 2 2 2/2 2 
'"A/'"Ay-'"A +m") (mAy-rnA) • 

a HHTerpan 5 4 

rne 

s. 
"a 
4m~ 

± 
F 

max 
min 

+ 2 
Fmax (m -m ) 

2 X 1T 2 
J_ dm A J dm Arr 

Fmln Y ,-

m Arr (w A ± P A) 

0KoHq 8 T61lbHO C06KTp 
2 

mAy 

y (m X + m 11 ) 
2 

- m ~ y(m X - m71 r- m Arr 
2 

'"Arr 

npH m Arr = '"x -m 
11 

npHHHM86T BHn 

38 
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o6paTHMCH K HBWeMy KBCKB.Qy 
0 0 0 

X -.A " rr 
L. y y 

2 2 2' 2 2 F+ a (mx-m 11 ) y(m + m ) -mArry(mx-m
11

) -mArr 
2 

1T J dm2 X 1T J dm A ' 
4m

2 
(mA+m )2 Arr m2 F- Y 

X 1T Arr 

± 
F mArr(wA±pi\), WA ~ 

2 2 2 
m Arr + m A - m" 

2m Arr 

(5.10) 

(5.11) 

~rpHpOB8HHH OTCeK89TCH HB p!!C, 11 OT KpHBOil 1 npHMOII 
2 

. mrr ) 

s. 

<l>yHKUHH I!MeeT BH.Q 

2 2 2 2/2 2 
mA/mAy-mA +m 11 ) (mAy-mAl, ( 5.12) 

+ 2 -·~)2 ·'< -m r-m:_ Fmax (mX-m11 ) 2 y(mx t m 11 -mArr V mx 1T '"', (5,:3) 
f 2 f dm 2 r _ dm Ay _ Arr m Arr 

Fmin r 

m Arr (w A ± p A) 

2 
·enbHO cneKTp mAy 

38 

npl! mArr=mx -m 
1T 

npHHIIM89T BH.Q 

2 2 2 2 8 "' [ m A~( m A~ - m A + mrr . w (mAy ) 1T {<I> 
1-4.,7' 2 2 

X mAy- m A 
(5.14 ) 

-:P[(mx -m
11

) 
2 

a ll npa = mx ± m 
b " 

Oa R306p8)!(9H H8 pHC, 9; M8KCHMyM, B COOTB9TCTBRH CO CK838HHblM B KOmte § 4, 
2 

npRXO.QRTCH aa mAy ~ ( m A+ m")mA ~ 1,39 raa • 

§ 6, Pacnaa X .. Io"o"o 

lyA l..yy 7 

PaCCMOTpHM 06IUHI\ cnyqal\ KBCKB.QB 9 .. "5+1+8 
( 2 3\ 

H CBe.QeM ero K H3Y'i9HHOMy B § 3 KBCKB.Qy 7 .. 5 +6 .. ~ ,, 
1 2 3 4 

<l>aaoBhiii IIHTerpan 

s 
5 

4,8 2 4 4 2 
flld

4
p8(p 2 -m )8 (Ip +p

8
-p

7
l8((p

1
+p

2
l -m 2 lx 

I I I 1 I 5 

x8((p +p 4 l
2 

a 

2 
- m 6 

UOCne yMH0)!(9HIIH H8 

2 2 2 4 ~4 ) 
1 = J dm 7 8 ( p 7 - m 7 l d p 7 o ( P 1 + P 2 + P 8 + P 4 - P 7 

nepeni!WeTCH B BH.Qe 

s 6 
2 

4 
4 2 2 4

4 

f dm 7 f ¥ d p I 8 ( p I - m I ) 8 ( f p I - p 7 ) X 

39 

( 6,1) 

( 6,2) 



2 
xo((pl +p2) 2 8 

2 
2 !4 8 2 114~2 2 m 6 ) X (( p 8 + p 4 ) - m 6 ) d p 7 ( p 7 - m 7 ) d p 8 d p 8 ~ m 8 ) X 

4 
xo(p7+p8-p9). 

(6.2) 

TpeTHll HHTerpan ecTb ¢aaoBhill o6'beM cHcTeMbi 7 -• 58 --. 1234 H rreperrncbmaeTcn 

B BHAe ( 3,12) j BTOpOH >Ke ABeT ljlaaOBblH 06'beM 1I8pb! '18CTHU 7 H 8 , 

s 6 ~ 
2 2 2 2 f dm 7 S 2 ( m 9 , m 8 , m 7 

(m
9

-m )2 

"3 

--u;-;;;-:r f 
7 

dm~ 3 dm~a 
P 3m 63 (8.3) 

112 2 8 
(~) fdm 2 y(m9 

9 (m6+m6~2 

~ 2 2 2 dm;
8 

2 
+m 8 l-m7 y(mg -mal -m7 f--- fdm28 · 

2 2 p 8 m 68 
m 7 

01IHTb rrepeA H8MH ecTeCTBeHHbll! pene!IT Bbl'!liC/IeHHS! C!IeKTpa m :a Bbi'iJIC/II!Tb 

cneKTp 
2 

m28 ITO !jlopMyiiBM THITa (3,]4) A/lSI pHA8 3H8'!eHHl! 
2 

m 7 H C/IO>Kl!Tb HX 

C BeCaMH S 2 = "P 7 /m 9 llanbHel!nJHe Bb!K/18AKH npOBSASM AIIH I!HTepecyJO-

mero Hac KBCKBAB X -+ ~ 0 
11° " 0 HanoMHHM, 'ITO cneKTp m ~y Allll 

l.rAL.. yy 

ABHHOll M8CCbl m L" npaKTici'ISCKH He OT/11!'188TCH OT TpanenHH. EcnH Bb1H8CTH 

3 2 2 
aaBHCHIUHll OT m L" MHO>KHTe/lb ( 2") / 4 m ~ TO rrpH pa3HbiX m ~" Bee 

TpaiieUHH I!MeJOT OAHy I! Ty lKS BbiCOTy In~ (eM, (3,17)), HO p83H08 B38-
mA 

HMHOS p8CIIO/IOlK8HH8 BepxHero H HH>KHero OCHOB8HHfi, 0pH AOCT8TO'IHO 60/lbliii!X 

2 

mL" 0 6 /IBCTb I!H~erpHpOB8HI!ll !!MeeT BHA1 KaK HB pi!C, ]2a C/18B8 1 T8K 'ITO 

cneKTp OK83biB8eTCH IIOXOlKI!M H8 1!306palK8HHblH H8 p!!C, ]2a crrpaBa. C yMeJib-

UieHI!SM 

2 

Dl~" = 

2 

m ~" 
2 ) ' (m~" 

rrpeASIIbl Cy>KHB810TCH 1! 1 H8KOHSU, H8'1HH8SI C HSKOTOporo 

TO'!Ka B OK83biBaeTCH HH>Ke A', 3To aacTyrraeT npH 

2 2 2 

(m~ 11 )'= (m~ + m 11 )
2 

+ 
2m 11 (m~-mA) 

( 6.4) 
y2m~C ml [rnA+ m~y2mA-m~l 

2 
1,324 + 0,00306 
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( ) 2 < m2 < (m~")' TBK 'ITO ea yaKOM y'!8CTK9 m 2 + m rr _ 2rr _ .., TpaneuHH nMeeT 
2 

BRA, K8K H8 pHC. 126 Cl!paBa. npa npa6nH)I{9HHH m
22rr K ( m 2 + m rr ) 3 Ta 

TpaU9UHSI H9 CnHBaeTCSI B TO'!Ky, WHpHHa ee OCTaeTCSI KOHe'!HoA : 
•J.. 2 

( m I + m" ) m A/ m I ~ m Ay <;. m" m I + m A , a nnoTHOCTh c neKTpa CTp9MHTCH K 

eymo. 3ToT yqacToK mAy 0'!9Hh Man: AaJKe e c:m qacTHUhl 2° H rr 0 
Apyr 

2 
OTHOCHTenbHO Apyra llOKOHTCH : m 2rr = m 2 + m " TO mAy M9HSieTCSI B 

2 2 
yaKOM HRTepBane ( 1,386; 1,403). Mb! npeee6peJKeM aea '!eHHHMH m2 " < (m 2rr ) ' , 

a 6yA&M C'!HT8Th 1 'ITO BCIOAY 6yATO 6b! CUeKTp HMeeT BHA 1 KBK Ha pH C. 12 a CUpaBa, 

npH'!9M 

06oaeaqaH cneKTp 

nepennweM ( 6.3) 

s~ = 

TaK: 

2 
mA 

-p2)-2-

mi 

npH AaHHOM 

A " = m (ru._. -p )-m 2 + m 2 
, 

Irr .., 2 I A ( 6.5) 

m 
Irr 

qepea 
2rr 3 2 
--'l'cm. 

2 1\y 
m2rr 

X ( 6.6) 

Pacc'!HTaeM cneKTp m ~ y, npH6nHJKaH tPYHKUHIO IJI npHMoyronhHHKOM, aaKniO'!eH-

Hb!M Me )KAY TO'!KaMH A a B c OAHHM anH ABYMH wTpnxaMH ( cKonbKO ax, noKa ee 

oroBapHBaeTCH) . EyA9M pac cyJKAaTb TaK. npeACTaBHM B BRAe 

B 

J dmAy 
A 

(6.7) 

rAe 

4 1 



A= a, miiT(wi -pi)-{31 '8- a2 mi"(wi+pi)-{32 ( 6.8) 

a a II f3 B 3aBIICI!MOCTH OT KOnHqecTBa illTpHXOB rrpl! A H 8 paBHbl na6o 

a -
2 I 2 

m A m I f3 = 0 ' 1rn6o a ·1 , f3 2 2 ConocTaBHM cneKTpbi 
2 

=mi-mA mAy 

113 pacna,lloB X ... /\0 0 0 

" " II X I o o o 
-+ IT IT B nepBOM pacna,lle (eM.§ 5) 

<jlaaoBbill HHTerpan liMen Bll.ll ( 5,10) 

(mx-m" )2 2 2 2 2 m/\7T(Ctl 1\+ 0 A' 
(6.9) s f dm 

2 

(m 1\ +m1T )2 /\77 

V (m X+ m 77 ) - rn AIT V ( m X - m 77 ) - m 1\77 J dm 2 

2 Ay 
ml\77 mtJ<UA-pA) 

a Mbi Tenepb XOTIIM npencTaBI!Tb <jlaaoBbill HHTerpan BToporo pacnana 6nii3KHM o6-

paaoM: 

(m X- m77 ) ~ 

s f 
(mi+ m1T)2 

dm 2 

I77 

2 2 2 
y(m X + m 17 ) - m I" y ( m X - m 

17 
) 

2 
ml:77 

2 
- m l:7T 

a2 ml:7T(WI+pi)-{32 

f. dm\y (6.10) 
a I"'',. cw I- r> I) - {31 

06naCTH IIHTerpllpOBaHHH B 050I!X cny'laHX OOK83aHbl Ha pi!C, 11. 

Korna Mbi B 
2 

+ 
( 6.9) MeHHnH nopH.llOK HHTerpllpoBaHIIH, To rrpenenbi F m:x 

min 
·HaMeHeHIIH mAy Mbi nony'!HnH, noncTaBHB B m 1\77 (w A± p A) HaH5onbmee no-

nyCTI!MOe 3Ha'!eHIIe m = m - m AIT X 1T 
Cel!qac y Hac npenenbHbie aHa '!eHHH 

2 
mAy T8K)!{e nocTnraiOTCH np11 m A7Tmax= m X - m 

17 
HO TOnbKO OO.llCT8BnHTb 

3To aHa'!eHHe Hano B <jlopMyny ( 6.8): 
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-m 
tr 

Llanee, npH <jJHKCHpOB8HHOM 
2 

mAy 

<jlopMynofi (5.12) - KOpHeM ypaBHeHHSI 

( 6.11) 

2 
HH>KHII fi npenen H3MeHeHHSI m A rr naaancH 

2 
Tenepb aMecTo aToro HK>Knnl\ npenen m ~" nony'IIITCSI 113 ypaB HeHI!SI 

2 

m 1\y 
(6.12) 

Ecnn nepennweM ero B anne 

2 

TO SICHO, 'ITO ero pewenKe 6yneT A8138 TbCSI tjlopMynofi ( 5.12) , Kyna BMeCTO m 1\y 
2 

noncTaaneno (mAy+ {3 l/ a : 

m Xr + {3 
2 a 
m~ ~ 

2 
Bepxa11fi npenen m ~" 

Llanee , tjlyHKllHSI <11 

2 
m 1\y + {3 2 

- m~ + m 
a 

~ 2 

a - m~ 

6yneT no-npe>KaeMy 

2 

tr 

2 
(m -m ) 

X rr 

6yneT TOfi >Ke, 'ITO H B § 5, T8K K8K B aee BXOI1SIT TOnbKO 

M8CCbl H 
2 

m " . JiiTaK, cneKTp . m Ay npn6nn>Keaao pa aea m 
X 

( t3.14) 
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rne 
2 

"'Ay MeHReTcR a npenenax {6,11), a a H {3 6e pyTCH pll3HhlMH HB pa3-

HbtX yqacTKax B 38BHCHMOCTH OT Toro, KSKHMH BeTBRMH KpHBbtX A 11 B Ha p11c, 11 

Mht pelllHM orpaHH'fl!Tb cneKTp m~y ua pile, 12, Ha p11c, 13 npl!BeileH cneKTp 
2 0 0 0 

mAy oT pacnana X -+ ~ rr rr , pacc'!HTBHHbtl! a nayx Kpt>llrrHx npennono)!{e-

HHHX : Korna npsMoyronbHbtll cneKTp • 
2 

mAy "onncau" BOKpyr TpaneaHH pnc , 12a 

n Korna oH "anncaH* B Hee, HcTHHHbtl! cneKTp naxonHTCH rae-To Me)!{ny aTHMH 

ABYMR KpHBbtMH; on noaonbuo TecHo aalKaT HMH, Eonee lllHpoKHll na aTn:..: cneKTpoa 

nepeneceH Ha pnc. 9, 

§ 7, 3aKnroqenne 

HToroM acex upoaeneHHbtX pacqeToB cnylKaT rpafjJHKH Ha puc, 3,5,9. Ha HHX 

cnenyeT, 'ITO QQHHCTBeHHOll KOHKypeHTOCITOC06Holl anbTepHaTHBOll o6~HCH9HHIO ITI!Ka 
2 

B m A c noMO!llb!O A., -peaonaHca HBnReTcH o6'bHCHeane ero HanH'fHeM 0 y 

~ 'I -peaonaHca, 'ITO He Meuee nro6onbtTHO, Bee npyrHe HCTOnKoBaHHH npnaonHT 

0 0 0 0 0 -nn6o K 6onee lllHpoKHM MaKCHMyMaM (KaK, HanpnMep, ~ rr ~, A w - A p _ 

pe30HaHCbl) n1160 K ITHKaM B 06naCTH MeHbllli!X acfxl>eKTHBHblX Mace ( CITeKTpht 

nns paanH'fHbtX KOM6Huaanl! A 11 

2 
mAy 

y B KaCKaQaX 

x .. ~o1To7To, X .. A 
0

rr 0 rr 0
, X .. A., 0 -.Arr 0 yy X -.A., 0 

.. Arr 0 rr 0 rr 0 ), 

BcTaeT aonpoc, HaCKOnbKO nonoH aToT auanna , "aaHBKH" acex nH KorrKypeuToa 

Mbl paCCMOTpenH, fapaHTHpOBaTb ITOilHOTy paCCMOTpeHHH HeB03MOlKHO, OUHaKO aenbte 

KnaCCbl "KOHKypeHTOB 0 OT6paCbtBaJOTCH: 

0 a) B § 1, rue OTblCKHBSIOTCH B C e paCITllAbt THna X -+ Ao y 
4YY 

II X -.A Y o. 
L.yrr 

ilpHBOAHll!He K ITHKy B Ha6nronab!lleHCH 06naCTH 2 
mAy 11 HHqero nyqllJero, 'feM 

A., -peaoHaHc, He o6Hapy)!{HBaeTcH; 

6) pHCyHKOM 6, KOTOpbtH il03BOnHT nocne 6onee TO'JHOrO npoMepa fjlopMbl MSK-
2 0 0 

CHMyMa B m A yuocToaepHTbCH, He Ha6nronancsr nH anecb ~ 'I -peaoHanc; 
y 2 0 

a) TeopeMol! § 4 o nHKe a 

npnaeTcR na 1,39, npn 0 y =., Ha 

m , OT pacnana A Y 
2 

3TOT ITHK npl! Y = rr 
"Y 2 a.- y 

1,86 faa 6e30THOCI!TenbHO K CITeKTpy Mace~ 

TOITbKO npn OTcyTCTBHH B cneKTpe Mace yqacTKa 6nna m A+ m v ITHK npeBpamaeTcR 

B nnaTo, TeM 6onee lllHpoKoe, 'feM lllHpe aToT yqacToK . C 3THX noaHuHil Kaueno 
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paa-

11 

e-

a 

)05 

X 

<a 

lSIT 

y 

TOB 

lbte 

( 0. 
L.o}'IT 

IK -

0 
=Tr 

:51 

0 2 
3aKpblB8e TC;H TT -Me~OH KaK HCTO'IHHK y -KBaHTOB, ITpi!BeAIUHX K fiHKy B m J\y 8 

J6naCTH 1,7 - 2,0 raa 0 OTKyaa 6bt :3TOT rr 0 -Me30H HH fiOHBl!Hl!CH, H Ha rrepBOe 

vteCTO B Ka'!eCTBe IICTO'IHHKa y -KBBHTOB BbiABHPaeTCH '1 O -Me30H, 6e30THOCH -

renhHO K TOMy, cymecTByeT nu A., -pe3oHaHc nnu He cyruecTayeT, 

HaxoHen, ue cneayeT c6pacbiBBTh co c'!eToB H B03MO)futOCTh Toro, 'ITo Ha6mo-

aancH paaHaUHOHHbiW KBCKaO 

Y*1 ( 1660) -+ Y j ( 1385) + y 

LA 0
rr 

( CM. KOHen § 1) 0 KOTOpbtti ITpHBOAHT K Cfi9KTpAM HeaaneKO OT :3KCIT9pHMeHT8/lh HO 

H86li!OAaBIUe JrCH o6naCTH, 

AaTop aon)f{eH rro6naroaapnTh 10, Eyaaroaa, A, BononhKo, A. Ky3Heuoaa 3 A 

fiOCTBHOBKy 38lla'lll H U9HHbl9 06Cy)f{n9HRH, 
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a 

h 

• mA( 

m'u>tm;,.)' 

m' 
"1 

~"iin«fm~,.,)/ 

/A/ 
Lc:: 

2 
fl)l J 

m~( 

B• 
,q" 
8' 
A' 

t.j(m!6) 

~
m~K 

Clfm;
1

) 

PHC, 12, 06JWCTb II HTerpHpOB8lll!5l BO BHyTpeHHHX IIHTerpiJJTBX ( 6,3) llpH 
2 2 

Pnc. 13. 

pD.3HbiX m~ = rn_ 
- 11 ' 

1,~ 1,6 1,8 2,v 
m:

6 
( r-,6 ') 

2 ° 0 0 
KpllBaSI 1-cneKTp mAy OT pacnana X-+~ 11 11 npn 3aMeHe 

Tpaneuntl aa pnc. 12a cnpaBa npHMoyrOJThHHKaMH umpHHbi A'B "; 
KpHBaSI 2 - npHMoyrOJThHHKaMH WHpHHbi A "B'. 
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