
A
A

lie
P

A
Te

P
IH

I 
B

~l
<e

K
.II

X
 J

H
fP

fN
N

 

::s:
 

0:
:, 

""
:l 

.. 
::I

: 
0 

:s: 
~
 

w
 

U
) 

~
 

ii:
: 

:::=
-:: 

-..J
 

,, 
0 

i&
 
• 

0 
.. 

:::
I 

~
 

::I
: 

sz: 
,, 

0 
::..

 
0 

0 
(""

.) 
a,

 
ii:

: 
~
 

~
 

::s:
 

~
 ,, ::s:
 

::s:
 ,, ~
 

w
 

0 ::I
: >
 

,, 
::I

: 
(""

.) 
- I 

0 
Q

I
 

L
l 

Q
) 

0:
:, 

;:::
;-

Q
) 

Q
) 

w
 

_£
: -I
 

w
 

},
">

 
:.:-

:i 
J:

> 



P 1- 5666 

r J1 . K OilblJIOB 

B03 MO:IHOCTM 

MHTEP~EPOMETPMM PE30HAHCOB 

Hnrrp:111nr•110 11 Hct, 

Hay11eo-Texuu1tecKaH 
l>H6JJBOTeKa 

OHSIH 



§1. BBeaeHHe 

/1/ 
B pa6oTe 6hlna paCCMOTpeHa HHTep¢epeHUHH TOM/:l0CTB0HHhlX qac-

THU 1,2, H3 KOTOpbIX OAHa pOMAaeTCH COBM0CTHO C KaKHM-TO pe30HaHCOM 

R MaCCbl m R , a apyraH IIOHBnHeTCH B pe3ynhTaTe pacrraaa pe30HaH-

ca. 8 3TOM cnyqae OCHOBHbJe qepTbl rrpouecca orrpeAeJIH!OTCH cyMMOll 8MIInH

TyA ABYX Hepa3nHqHMhlX K8CKaAOB 

H 

EbinO IIOK838HO, qTo KOf'/:18 ll!Hp,!Ha 1 R pe30H8HCa Mana H a¢¢eKTHBHhle 

M8CCb! nap 23, 13, 12 YAOBneTBOpH!OT ycnoBHHM 

m13"'mR, m2a"'mR, m12"' 2 m1 ( 1,2) 

( rrp06nHM8HHb!M paBeHCTBOM Mb! cqaTaeM OTnHqHe He 6onee qeM Ha Benaqa-

Hy IIOpHAK8 IR ) , TO pa3HOCTb 
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1 ( 2 . 2 
'P = 2 m 13 - m 2 3 

pacrrpeAeneHa no saKoHy Epefira-BHrHepa 

dW 
dp 

-· 1 + 
1 

l+(p/mRrR)2 

C ll!HpHHOfi, BABOe 6onhJIIefi, qeM llIHPHHa pe30HaHca R 

(1.3) 

( 1.4) 

• 3ro o6CTOSITenbCT-

BO ITpliBOAHT K HOBOMY crroco6y H3MepeHHSI rrnpHHbl pe30HaHCOB, ITO-BHAHMOMY' 

oco6eHHO HHTepecHOMY, ecnH Wlip_HHa Mana. 

I10:K ( 1 .4) rronyqaercsr rrocne ycpeAHeHHSI no 

2 2 3 2 
X = (m -m -2m 2 + ~ m )/ 2m r . 

0 12 R 1 I R R ( 1.5) 

OHO MO)KeT 6b!Tb IIpOH3BeAeHO BapblipOBaHHeM nH6o HaqanhHOH MaCCbl m O ' 

n0:60 - m 12 · B HHTepBane 

2 
m12 - 4m 2 

I <KmRrR 

0:nH BapblipOBaHHeM m13•m23 BHyTpli KBaApara 

2 r < 2 2) 2 
mR -KmR R~ ml3'm23 $_mR+KmRrR 

rAe K - Ben0:quHa nopSIAKa 0AllHlillhl. 
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11HTepqiepeHUHOHHb!0 SIBJ10Hll.lI B qJH3HKe 9J10lv10HTapHb!X tJ:aCTHU H B OIITHKe 

/1 I 
BO MHOrOM CXOAHbI, 8To CXOACTBO, OTMetJ:eHHOe y,Ke B ' 6onee IIOAp06Ho 

rrpocne,KeHo B §2 HaCTOSIIIJeH pa60TbI, rge IIOKa3aHO, 'ITO H3MepeHHSI CIIeKTpa 

p II03B0JISIIOT IIOJIY'IHTb rrpocTpaHCTBeHHO-BpeMeHHbie xapaKTepHCTHKH 

pesoHaHca. l1MeIOTCSI ll pa3JIH'IHSI, ll § §3 ,4 IIOCBSIIIJ0Hbl BblSICH0HHIO 9THX HOBb!X 

110 cpaBH0HHIO C OIITHKOH tJ:epT HHTepqiepeHUHOHHb!X SIBJ18Hllll, K HX IIOSIBJ10HHIO 

IIpHBOAHT HaJIH'Il:10 y HHTepqiepn:py1om1:1x tJ:aCTHU MaCCbl IIOKOSI, a TaK)Ke peaJibHaSI 

B03MOJKHOCTb HaoJIIO)laTb Ka,KAblll OTA8J1bHblll aKT p_O✓K/l8HHSI TO✓KA0CTB0HHbIX 

tJ:aCTHU. B §3 IIOKa3aHo, 'ITO 3a)laHHe HMIIYJibCa 
➔ 

Po H HarrpaBJI8HHSI HaOJIIO-

/l8HHSI 
➔ 

n TO✓K/l0CTB8HHb!X 'IaCTHU orrpe)leJISieT HMIIYJibCbl BCeX tJ:aCTHU, 

yqacTBYIOIIJHX B peaKUHH; 9TO II03B0JISI0T ll/l0HTHqJHUHpOBaTb pe30HaHCb! B 

npouecce ( 1.1)' HaOJIIO)laSI JIHillb TO✓KA80TB0HHbie tJ:aCTHllbl ll He per1:1cTpH

pyS1 /lpyr1:1x tJ:aCTHU, ll )leJiaeT B03MO✓KHbIM B llpHHUHIIe C03):laHHe 11 HHTepqie

poMeTpa pe30HaHCOB", 

Co)lepmaHHe §4 CBSI3aHO C cymecTBOBaHH0M y tJ:aCTHU C Macco.iJ: IIOKOSI 

MaKCHMaJibHblX yrJIOB BbIJieTa. B TaKHX "npe)leJibHbIX KOHqiHrypaun:Six" Tpe6o

BaHHSI K TO'IHOCTH H3MepeHHSI 9Heprn:.iJ: TO✓K/l8CTB8HHb!X tJ:aCTHU MoryT Ob!Tb 

CHJibHO IIOHH ✓KeHbI, 9TO II03BOJIHT, Bep051THO, TO'IHee H3MepS!Tb IIIHPHHY pe-

30HaHCOB, K0Hqi1:1rypaun:n:, OJIH3Ktte K npe/leJibHbIM, HCIIOJ1b3yIOTCSI ):IJISI /lpyro.iJ: 

uen1:1, a HM0HHO, /lJISI perynn:pye1v1oro YCJIOBHSIMH OllbITa "paCTSl✓K0HHSl 11 HHTep

qiepeHUHOHHblX 111:!KOB. B HeKOTOpb!X YCJIOBHSIX BMeCTO crreKTpa pa3HOCTH Mace 

rrap 13 ll 23 MO✓KHO CHHMaTb CII8KTP pa3HOCTH 9Hepr1:1.iJ: TO)K)l8CTB8HHb!X tJ:ac

THU. ill1:1p1:1Ha IIHKa B 9TOM cneKTpe TO✓Ke rrporropun:oHaJibHa IIIHpHHe pe3oHaHca, 

HOC K09qJqJHUH8HTOM, BeJIH'IHHY KOTOporo MO✓KHO perynn:poBaTb no menaHHIO 

9KCIIepn:MeHTaTopa. 8To TaKme MO✓KeT IIOMO'Ib B H3MepeHHH IIIHPHH Y3KHX 

pe30HaHCOB, 

Coo6pan<eHHSI, pa3BHBaeMble 3/l8Cb, rrpegcTaBJISIIOT co6o.iJ: 

/1/ 
.QaJibHeHIIIYIO A8TaJIH3aUHIO HA8ll paoOTbl • 0HH HOCSIT rrpe.QBapHT0JibHblll xa-

paKTep B TOM CMb!CJie, 'ITO BOIIpoc O CTaTHCTHKe, HeOOXOAHMOH AJIS! qiaKTH-
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'leCKOI'O Ha6moAeHH 51 OITHChIBaeMb!X HHTepqiepeHUHOHHhlX 51BJieHHll, AOJI)KeH 

6bITb eme perneH C IlOMO!llbIO, HanpHMep, MOA8JIHPOB8HH51. 

§2. vi 3M e p e H He n p OCT pa H CT Be H HO - B p e Me H H bl X 

xi 
xapaKTepHCTHK pe30HaHca 

. /2/ 
vl3Mepe,me KOppeJI51UHli M8)KAY qJOTOH8MH B Oilb!Te EpayHa-TBHCCa 

Il03BOJI518T y3H8Tb pa3Mepbl 3B83Ahl. To'IHO TaK )Ke B cnyqae HHTepqiepeHUHH 

pe30HaHCHblX llMITJIHTYA H3MepeHH51 KOppeJI51UHH M8)KAY TO)KA8CTB8HHhlMH 'IaC

THlllll\lH A8IOT ouenKy pacnaAHOI'O npo6era H BpeMeHH )KH3HH pe30HaHCl1 ( HJIH 

paCCT051HH51 MelKAY '18CTHU8MH, CM. HH)Ke). 

1. TTepennrneM B1>1pa)Kel!He AJI51 p ( 1,3)' BB8A51 B Hero 4-HMilyJibCbl 

p 13 H P2a 
pe30IWIICOB B Cl!CTel\taX 13 II 23: 

, p = -½- ( p ~ 3 - p ; 3 ) = -½- ( p I 3 + P2 3) ( p 1 - p 2 ) " ( 2. 1 ) 

Ha ABYX B031\10)KlibIX npn Alll!Hb!X p 1 P2 p 3 Hl\!llyJibCOB 

pesoHaHca R - P 13 Ii p 23 - o6pasyeM cpen11eap11qiMeTH'IecK11A H o6os-

Ha'IHM ero PR • Tori.rn 

p~pR(pl-p2). ( 2.2) 

4eM 6JIH)Ke p 1 K p ~ , T0;,,.1 1\18Hbllle OTJIH'IaeTC51 p R OT 11!\lllYJibCll 

Kll)KAOI'O H3 ABYX pesoHaHCOB, p 13 IWH p 23 

onpeaen51eTc 51 ycnonnel\t ! v I :ac Ip I/ m r ~ l . 
• R R 

n JWfioparopuofi cncTeMe orcqera: 

ill11p11Ha Kpl!BOii (1,4) 

J\\ 1,1 nepen11me:s.1 ero 

x/ ::lTOT nnpar-pa•p nnrmcan COBMeCTHO C M. I!. r ! l•HI'O!'QUKII ~I. 
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B SJTY ipopMyny MO)KHO BBeCTH rrpocTpaHCTBeHHbie xapaKTepHCTHKH pesoaaH-

ca. Y•ueM, 'ITO r R = h / r 

I"OC.H pe3OHaHca, BeJI.lf'IllHa 

' I".Qe 

p R r/ m 

T - cpeaaee speMSI )KH3Hll IIOKOSIIUe-

eCTb cpe.t1HllH rrpo6er pesoHaH-

COBB CllCTeMaX 13 .If 23 B HarrpaBJieHHll - cpen-

Hee BpeM.H )K.lf3Hll SJTllX pesoHaHCOB B JI,C, CTaJIO 6bITb, .QJIH co6bITHH H3 

o6JiaCTH pe3OH8HCHOI"O IIllKa C HMeeM 

BeKTOpbI 

(2,3) 

➔ ➔ ➔ 

8 • P 1 • P2 6yneM sanaBaTb HX rrpoeKUllHMH s11 'P1 II 'P2 n 
➔ ➔ ➔ 

Ha HarrpaBJieHHe n CYMMbl HMIIYJlbCOB p I + p 2 .If Ha IIJIOCKOCTb, rrep-

➔ ➔ ➔ xi ( ) 
rreH.QllKYJIHPHYlO SJTOMY HarrpaBJieHHlO ·sJ.• p 1J. • p 2.J.. p0c. 1 a • Tol'na: 

(2,4) 

ByaeM OT6HpaTb JIH!llb TaKHe co6bITH.H, B KOTOpb!X KaKHe-HH6YAb 'l'pH 

HS 'IeTbipex 'IJieHOB JieBofi 'IaCTH (2,4) 06pa!lla10TC5! B HYJib, Torna crreKTp 

OCTasruefiC5! BeJIH'IHHbl IIO3BOJIHT oueHHTb cpenaee 3Ha'!eHHe ( HJIH 

all , HJIH ·s .U,. AJI!il OT06paHHb!X KOH!pHI"ypaUHii. TaK, co6bITIISI C 

H 
➔ ➔ ➔ 

p tJ. - p 2 .J. fl p R~ 

xi 
HarrpHMep, H T,A, 
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ocTaBHT H3 ( 2 .4) nnlllb s l Cl p tJ. I+ Ip 2 :.i.. I ,-:-Ji' ( pnc. 16). CneAoBa TeJib-

Ho, pacrrpe.neneHHe no Ip 1...1.\ + I p2 J_\ B TaKnx KompnrypaunHx gaeT oueHKY 

AJIH s J.. -cpeAHero rrpo6era pe3oHaHca rrorrepeK HarrpaBJieHHH BbIJieTa TO)KAeCT

BeHHbIX 'laCTIII.l, HJIH, -'ITO TO )Ke caMoe - Ol.l8HKY pacCTOHHHH M8)1(,QY TO)1(J:(8CT

B8HHblMH 'laCTHI.laMH, OTMepeHHOro rrorrepeK nx ABH)l(8HHH. Ecnn K TOMy )1(8 

Hlv!ITYJlbC p R B TaKHX,KOHcpnrypal.lHHX cpn~cnpoBaH, TO 3Ha'leHne 

s:i. = p & r / m R ITO3BOJIHT Bbl'lHCJIHTb BpeMH )Kll3:-IH T pe3oHaHca. 

3aMeTHM, 'ITO Tpe6oBaHne cpHKCHpOBaTb p R He rrpoTHBOpe'lHT Heo6-

XOAHMOCTH ycpeAHHTb ITO x B o6JiaCTH ( 1.2) AJIH rroJiy'leHHH cpopMyJib] 

( 1.4)' ITOCKOJibKY HMITYJibC y3Koro pe30HaHca MO)K8T OCT a Ba Tb CH rrpaKTH'leCKH 

H8H3MeHHbIM rrpn BapbnpoBaHHH rrepeMeHHb!X no 8TOH o6naCTH. 

CnegyeT HM8Tb B BHAY, 'ITO He BCHKYID TpOHKY 'IJ18HOB COOTHOlll8HHH 

(2.4) MO)KHO OAHOBpeMeHHO o6paTHTb B HYJib n He BCHKHH OCTaBlllHilCH 'lJieH 

12.4) MO)K8T o6ecrre'lHTb B CBOHX BapnaunHX rrpoMepbl BCell pe3OHaHCHOll 

JIHHIHI. YeTbipe KOMITOHeHTbl 4-BeKTopa p 1 -p2 

H3 O'leBHAHOro paBeHCTBa 

(p 1 +p2 )(pl -p2) 0 

. 
Ll.w=w,-w 2 CJieAyeT CBH3b M8)1(J:lY H 

LI.W=V12L'I.P[1 ' 

rge 

➔ ➔ ➔ 

He HBJIHeTCH He3aBHCHMbIMH, 

(2.6) 

L'I. r II = P tfl -p 2 [I 

(2.7) 

~12 =p 12lw12, p 12 =P1+P2• Cu 12= Cu I + Cu 2 • (2.8) 

8 



- ➔ ➔ 
BeKTOp ~PJ,.. = p 1.J. -paJ_ MO)KHO xapaKrepH3OBaTb ero HanpaBneHHeM 

N H yrnoM paanera ~ 'iaCTHU 1 H 2! 

BBeneM eme "cpenmo10" cKopoCTb peaoHaHca R 
W13+W23 

Torna neByJO 'iaCTb (2.4) MO,KHO npencraBHTb B BHile cyMMbl He3aBHCHMbIX 

'!neHOB 

➔ 

y = t (_v 12 - .; R;) ~ p II - (; J.. N ) p 12 ( 1/' / 2 ) . (2.9) 

/1/ 
3ra qiopMyna noxo)Ka Ha npnBeneHHYIO B qiopMyny 

(2. 10) 

HO B OTnlltIHe OT Hee ITO3BOnSieT HenocpenCTBeHHO ITPOJ:feMOHCTpnpoBaTh 

CBSI3b cneKrpa y C npocrpaHCTBelIHO-BpeMeHHbIMll CBOHCTBaMH peaonanca. 

PaCCMOTPHM, HanpnMep, KciaqicjmuneHT npn ~ P ll B (2,9), Ero CMLICn 

craHeT oco6eHHO npoapatieH, ecn0: oro6paTb Koaqinrypaumr c 

nnn (pnc. lB), Torna 

y = ( t V 12 -t; R; ) • (2, 11) 

9 



4aCTHUa 1 o6pa3yBTCH B TOqKe A OilHO~PBMBHHO C pe30HaHCOM R 

no3TOMY t v 12 - 3TO ee npo6er e eanpaerreHHH 
➔ 

n no MOMBHTa pac-

nana peaoeaeca R ; B 3T0T MOMBHT o6paayeTCH qacTHUB 2,H t;R n➔ 

sTo ee ynarreeue OT ToqKu A e eanpaerreeuu 

tv 12 -tvRn s I 11 - s 2 11 = t,,. s II 

➔ 

n ' a 

paCCT0HHHB MB*ilY TO*ilBCTBBHHbIMH qacTHUBMH B eanpaerreHHH HX 

xi 
ilBH*CHHH • CrrenoeaTerrbHO, OT6upaH cpenu KOH~HrypauuA, e KOTOphlX rru6o 
➔ ➔ 

8 .L N = 0 , rru6o rjJ = 0 ' co6b!THH C 0,[IHHMH H TBMH *B CKOpOCTHMH 

peaottattca n cTpoH nrrH HHX pacnpenerreHHH no t,,. p II , MbI norryqnM pac

CT0HHHe MB*~Y TO*ilBCTBBHHhlMH qacTHUBMH B 3THX KOH~urypaUHHX 

ltJ. 8 \\ \-1!/\i\pll \. (2. 12) 

2. Ecrru no ycrrOBHHM onhlTa o6paweH B Hynb OilHH H3 qneHOB ~OpMyn 

(2.9) unn (2.10), TO eapuauirn ocraewerocH qnetta MoryT o6ecnequTb npo

Mephl ecen pe30HaHCHOR nHHHH. 

ilnH ilOKa3aTenbCTBa yno6Ho npHl\teHHTb TO)KilBCTI30 

2 
(pl-p2) 

2 2 =-(m 12 -•lm 1 ). (2.13) 

Pacnucaeeoe no KOMnOHBHTaM, OHO C yqeTOM (2. 7) n03BOnHBT CBH38Tb 

i\ p .L ( HrrH rp ) C tJ.pLl 

x/ Oco6b1A HHTepec npencTaBnHIOT KOH~urypaunH' l3 K0TOpb!X t,,. s I' =O, 
HO tfr-1- 0 (puc. lr); OHH onucaHbl e §4. ,: 

10 



(2.14) 

Ha KBaapaTe (1.7) pa3HOCTb m~2 -4m~ MeHSieTCSI Ha aenH'l:HHY ITOPHAKa 

mR r R (cM, {1,6) ), TioaToMy qiopMyna {2,9) npe.acTaBnHeT aenu<ruHy 

y ' BapHaUHH KOTopoA B paAoHe l1HKa HMeIOT rropHAOK 1, B BH.Qe pa3HOCTH 

ABYX <rneHOB, H3M9HHIOII1HXCSI B ropa3,'lO 6onbWeM IIHTepaane rropH.QKa 

• CneaoBaTenbHO, B KOHqJHrypaUHSIX, B KOTOpbiX i/1 ';'0, crreKTP 

y MO)KeT 6hITb CHSIT C ITOMOII1b10 H3MepeHHA pa3HOCTH aHeprHH L'1 w 
J 

a B KOHqiHrypaUHSIX C OAHHaKOBblMH aHepI'HSIMH ( W I = ~ 2 ) crreKTP y 

MO,KHO nony<rHTb H3 yrnOBbtX H3MepeHHA. B o60HX cny<raSIX B9JJH'l:Hfla OCTaBwe-

I'OCSI B (2.9), (2.10) <rneHa (a 3Ha'l:HT, H aenH'l:HHa y HnH p 

onpeaensieTCSI aHa<reHHeM m 12 (cM. (2.14)); H31v!eHeHHe · m 2
12 B HHTepaa-

ne ( L6) npo<repTHT Ha KBaApaTe. (1 ~ 7) oni-1y nHHHIO {:Jue •. 2) y = y ( m ~ 2 ) ; 

'l:T06bt npOHHTerpHpOBaTb no BCeM X (aa~eCTH aToA nttHHeA BeCb KBat:1paT), 

Hat:1O BapbupoBaTb Macey m 0 BOKpyr 3Ha<reHHSI 

B HHTepaane 

m 0 (cM, HH)Ke (3.1)) 

(2.15) 

§3, Ha 6 n IO A ta! H He u HT e p qi e p e Hun H c ITOMOII1bl0 

I 

cneKTpOMeTpa He.QOCTaIOII1HX Mace 

/1/ 
1. KaK ITOKa3aHO B ' ycnoBHSI ( 1.2) OAHOBpeMeHHO BbIITOnHSI!OTCSI 

nHWb B H9KOTOpOM HHTepaane m 0 6nH3 

½ 
;;; = (2 m 2 + m 2 + m 2 - m 2 ) 

0 R I 2 3 

11 
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rrp1PieM !iMITYJlbC p O rrpou:seonea. DnB KaMJJ,oro JJ.SHHoro HMrrynbca 
➔ 

Po 

H aarrpaeneHHH aa6nmneHHH 
➔ 

n !iMITynbCbl TOMJJ.8CTBBHHbIX 'I8CTHII orrpe-

neneHbl TeM C8MblM O}lHOSH8'IHO. B caMOM JJ.ene, rrpu: m 12 = 2ml rrpouecc 

( 1.1) MOMHO nso6paSU:Tb pacrraJJ.OM O Ha JJ.BB 'I8CT!illbl C M8CC8MH. m 12 = 2m 1 

H m 3 • Torna u:Mrrynhc H 9HeprHH rrapbI 12 orrpenenHTCH yrnoM ee BbWeTa 

0 

2 2 2 0 
wo-Pocos (P12) 

W12 m 12 

(Po cos 0 
w )w* 

0 0 
+ ( w O ) ( *2 2. . 2 0) ½ 
- p 0 cos0 Po -posrn '(3.2) 

f'JJ.B 

W * _ ( 2 2 _ 2 ) / 2 * _ [ ( ·* ) 2 _ 2 ] ½ 
o - mo + m 12 m 3 m 12' Po - w.o mo ' 

(3.3) 

m o = m o' m 12= 2m 1 • 

TonbKO IIpH m O = m0 9T8 cpopMyna JJ,aeT SH8'IBHHH 
➔ 
p 12 , JJ.OCTHMHMbIB B 

rrpouecce (1.1). TonLKO rrpn m 12=2ml 
➔ 

HMITynbC p 12 orrpeJJ,enHeT 

ii\ H P➔2 O/lHOSH8'IHO: 

➔ 

P1 
➔ 1 ➔ 

=P2=-zP12 ,w 1 
=W =-W 

1 2 2 12 
01=02=0, (3.4) 

TTpeJJ.CT8BHM ce6e BCe BOSlv:IO)KHbIB rrpoueCCbl ru:rra ( 1.1) C paSHbIMH 

➔ ➔ 

smrqeHHHMH rrapaMeTpOB ml =IDz, ID 3 1 ID R I ID O I p O m 12 p I 

P2 • B rrpenene f' -) 0 
R 

K8)KJlOMY Ha6opy SH8'IBHHA m 1• m3, mR, Po• 8 1. 

OTBeqaeT nH!llb O/lHO 3!!a'IBHHe JI 1 , rrpn KOTOpOM Ha6nmnaeTCH HHTepcpe-

peHUHH (rropoID ,'lB8 HS-Sa JJ.BYSH8'IHOCTH (3.2) ). fl;o6oe HSMBHBHHB m 3' 
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p0 , 0 1 yBe)leT Hae OT aToii: TO'lKH. Cne/lOBaTenhHO, B npHHUHne, 'lT06h1 npo

BepHTb, H/leT nH Ha om,1Te peaKUHSI (1.1 ), /lOCTaTO'lHO /lOKa3aTb, 'ITO 

➔ 

l )saperHCTpHpOBaHHOMY 3Ha'leHH!O Po OTBe'laeT IlOSIBneHHe C06b!THH C paC'lCTHblMH 

3H8'10HHSIMH p 1 H p 2 ' H 2) IIpH 8TOM Ha6n10AaeTCSI HHTepipepeH-

UHSI, T.e. IIHK B crreKTpe 'P • HsMepsrTb HMiiym,c 'laCTHUbl 3 He rpe6yeT-

csr, TaK KaK p 3 = p O - p 12 H 

, 1(2 2) ( ) P=-2- m1a-m2a =Po P1-P2 · 
(3.5) 

2. 3ro CBOHCTBO, B rrpHHUHIIe, IIO3BOnHeT H/l0HTH!pHUHpOBaTb peaKUHIO 

( 1.1) no Ha61"!10/lCHHSIM TOJibKO TO:lK/lCCTBeHHblX 'laCTHU B yCTaHOBKe THIIa 

crreKTpOMeT pa H0/lOCTalOIUHX Mace ( PHC. 3a). IT ye Tb CHCTeMa O pO:lK/lfl~TCSI 

B peaKUHH THIIa 

+ + 
K-·+p ➔ p+O-

(3.6) 

(3.7) 

± + + 0 
77 + P. ➔ p + 0 - ➔ p + 77- + w 

L__. 77+ + 77 - + 77 0 
(3.8) 

ByAeM perHCTpHpOBaTb IIpOTOHbl B (3.6) O:neii:TpOHbl B (3.7)) c TBKIIM 

HMIIyJihCOM , 'lT06hl 6hlno o5ecne'leHo 
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2 
mo ;ea (p -p ) 

Hati:anbH, P 

2 - 2 
mo· (3,9) 

3a.QaHHe 
➔ 

Pp onpe.QenHT H p0 ; sa.Qa.QHMCSI HanpaBneHHeM Ha-· 

6mo,QeHHSI ;; H 6y.QeM pef'HCTpHpOB8Tb B 9TOM HanpaBneHHH nHlllb napbi 

TO>K.:leCTBeHHhIX ti:aCTHU ( K ± K ± B (3.6), TT+ TT+ B (3,7)), HanHti:He nHKa 

B cneKTpe p 6y.QeT CBH.QeTenbCTBOB8Tb O cyllleCTBOB8HHH peaKUHH {3,6) -

(3.7). 

Pacnan pesoHaHca R Ha TPH Me30Ha MO>KHO TaK>Ke npe.QCTBBHTb B 

s11.ue R ➔ I + 3 c nepeMeHHoi!: Maccofl m 3 • ITosToMy npH pacti:eTe no-

nonrnHHSI C'l:eT'lHKOB B peaKUHH ( 3.8) Ha.no sa.uaTbCSI 3Hati:eHHeM m 3 H 

Ha6mo.uaTb nHlllb CHCTeMbl O C aa.uaHHbIM m 3 • 3TO 311H'lHTenbHO yxy;JlllHT 

CTBTHCTHKY Ha6moncHHfi, HO B npHHUHne He BOCnperiSITCTByeT Ha6n:-0.ueHH10 

WO ( HnH _x 0 ) nHlllb no 0/lIIOMY 113 npo.uyKTOB HX pacna.ua. LlnSI nOBbI-

lll9HHSI CTaTHCTHKH MO>KHO npe/lyCMOTpeTb Ha6m-0.ueH11e qaCTHU OT/l8'lH H nap 

TOlK/leCTBeHHblX '11.1CTHU B lllHpOKOM HHTepnane yrnoB OH-naflH c 3BM, co

rnacy10mei'1 HMnynbCbl 9Tnx qacrnu no qiopr..1ynaM (3,2) (pHc, 36), 

f1p51r..1oe o6pa30H8H!Ie nap "pe30HaHc+ti:aCTHUa" B03MO>KH0 rrp11 aHHlif'li

nsm111i: aHTHllyKnOHOB B pe1.1KUHHX T'llna 

+ R -
p +p ➔ 77 + L-.. 77++77-+ 77 (3.10) 

OnnaKO B OTnHti:He OT peaKUHM nma (3.6)-(3.8) B HHX eCTb TOnbKO OilHO 

3Ha''l9HHe 

CTBa 

p 0 , npH KOTOpOM mo = Mo , OHO nonyti:aeTCSI H3 paBeH-
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(3.11) 

HauMeHhmee 3HaqeHHe neaon qacru ecrh '4 2 mp , noaroMy raKHM cnoco

6oM MOMHO Ha6n10aarh p0)KJJ0HH0 pe30H8HCOB 
2 

c Maccoll He HttMe 

1,34 r::rn/c • 

§4. flpeaenbHb!e KOHcpurypaUHH. PaCT51lK0Htte 

pe30HaHCHhlX ITHKOB 

ct>opMa mma MOMer 6hITh roqHee npoMepeHa B co6bITH51X, a KOropbIX 

OJJHa us roMJJecraeHHbIX qacrnu Bbmeraer trpn pacrraae pesoHaHca non MaKCH

ManhHO B03M0)KHbIM yrnoM 111 • B §4.1 Mb! noapo6Hell pa36epeM CBOHCTBa 

H CMhlCn raKHX "npeaenhHhlX KOHcpnrypauun·. Or6op KOHcpnrypaunfi, 6nH3KllX 

K npeaenbHbIM, HO He COBIT8JJ810lllllX C HHMH, IT03BOn51eT paCT51HYTh cneKrp 

f'1. W B HeCKOnbKO pa3 

KHe pe30H8HCHWe nttHllll 

( §4,2) H reM C8Mb!M pa3peurnrh llHOr'JJa JJBe 6ntt3-

( §4.3). 

1. Caoncraa rrpeaenhHbIX KOHcpnrypauun a pacrraaax O ➔ 12 + 3 n 

R ➔ 1 + 3 npome acero BbIBecrn us JJByx cpaKroa: 1) rrpn m 12 = 2m 

COBITaJJaIOr cncreMa ITOK051 qacrttUhl 1 ll CHCTeMa ITOK051 naphl 12 (o603Ha-

qnM ary CHCTeMy * ); ~, ecntt B cncreMe ITOK051 BropnqHOll qaCTHUhl 

rrepBnqHa51 OK83hlBaerc51 HarrpaBneHHOH rrorrepeK HarrpaBneHtt51 

HOH qacrttUbI B n.c., ro HarrpaBneHne 
➔ 

n 

➔ 

n 

3aKOHbl coxpaHeHH51 }Jn51 pacrraJJOB O ➔ 12 + 3 H R ➔ 1 + 3 

CHCTeMe * IT03BOn51IOT CB5138Th 4-nMrrynhCb! 

➔* 
p 3 p* 

R 
w* =W* 

3 0 
-2m 

1 

15 

p* 
R 

w* = w* 
3 R 

H P. * 0 

m 1 

a o6men 

(pnc. 4a): 

( 4. 1) 



OTC!O)la cne)lyeT, 'ITO yCJIOB!HI ;ii ➔ 

n =o H 
➔ ➔ 

Pii n = 0 

Hbl, T.e. KOr)la 'I8CT!Ul8 1 BbIJieTaeT IIO)l rrpeJleJihHbIM yrnoM 

COBMeCT

@ B pac-

rra)le R ➔ 1 + 3 , TO rrapa 12 c m 12 = 2 m 1 BbIJieTaeT IIOJl rrpeJleJib-

HbIM yrJIOM 0 B pacrraJle O ➔ 12 + 3 (pac. 46). Yrnbr ® , 0 

H8H)leM H3 ( 3,2) HJIH H3 CXO)lHOH tpopMyJibl JlJI.H p 
. 1 

H . Cu B pacrraJle 

R ➔ 1 + 3 

sin 0 = p~ /P O , sin® Piil PR· ( 4.2) 

OTC!O)la )Ke HaH)leM H 8HeprH!O IIO)l rrpe)lenbHblM yrnoM: 

eu 12 = m 12 eu o / eu 6 ' eu 1 = m 1 eu o / eu ii HJIH eu t = ml eu R / eu ; ( 4,3) 

euR = eu O eu: / euii f1peo6paay.H H, KaK cne)lCTBHe, BHeprH!O pe30H8HCB 

rrpeJlenhHY!O KOHtpHrypaUH!O (puc. 4) B 

rrpoeKUHll CKOpocTefi J1!06hlX 'IBCTHU Ha 

n.c., 
➔ 
n 

rrony'IHM BB)KHOe CBOHCTBO: 

)lJI.H Hee OJlHHaKOBbI: 

➔ ➔ ➔ ➔ ➔ ➔ 

V n=V n=V n 
0 3 R 

➔ ➔ ➔ ➔ 

V 12 n = V l n 
➔➔ 

v 2 n V _./1 ( eu* 12 - V - _Q___)2 
(u 0 

(4.4) 

B 111 y)Ke 6b!J10 OTMe'IeHo, 'ITO CBOHCTBO (4.4) Be)leT K TOMY, 'ITO B 

(2.9) .Hnll B (2.10) llC'Ie3aeT 38BllCHMOCTh OT ~ p II nnu OT ~(u 

(K08lptpllUHeHT rrpu HUX o6pamaeTC.H B Hynh) ll 'ITO rrpu Ha6n10)leHHH rrpeJleJih-

Hb!X KOH<pnrypauufi tpOpMy HHTepcjJepeHUHOHHoro rmKa MO)KHO rrpoMepHTh C rro

BblllleHHOH TO'IHOCTh!O: uanpaBneHH.H, KBK rrpanuno, H3Mep.H!OTC.H T0'IHee 

8Heprufi. !J{ HTepcpepoMeTpb! H8JlOCTaIOmux Mace no 8TOH rrpH'IHHe cJieJlyeT HBCTpan:

HBB Th HB npe)leJihHbie KOH<purypaUHH. Crroco6 pacqeTa rrapaMeTpOB H acjJcpeK

TllBHOCTll TaKoro ycTpOHCTBB rrpn:Be)leH B rrpHJIO)KeHHH, f1puMepHhlH xapaKTep 

38BHCHMOCTH rrapaMeTpOB rrpe)leJihHOH KOH<pnrypauuu OT MBCChl 'I8CTHUhl 3 
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HJlnIOCTpHpyeT PHC, 5, I'J:(e IIPHBe}:(eHbl paC"iE!Tbl rrpeaeJibHb!X YPJIOB H HMIIYJlh

COB IIOA 9THMH yPJiaMH AJISI peaKUHH ( 3.8). 

OTcyTCTBHe Ha rrpeaeJihHb!X KOH<jmrypaUHSIX 3aBHCHMOCTH y OT f'!w 

HMeeT IIpOCTOM cpH3H"ieCKHM CMb!CJI: KOI'J:(a rrpoeKUHSI CKOpOCTH pe30H8HCa Ha 

➔ 

HarrpaBJieHHe n rrapbl 12 COBIIaaaeT co CKOpocn,10 9TOM rrapbI, TO AH·-

CTaHUHSI Me)KAY "iaCTHU8MH 1 H 2, OTMepSieMaSI BA0J!h o6mepo HarrpaBJieHHSI 

HX ABH)KeHHSI, paBHa Hymo ( PHC, 1 I'); 9TH "iaCTHUbl OJ:(HOBpeMeHHO IIpOXOASIT 

-qepea mo6y10 IIJIOCKOCTh, rreprreHJ:(HKYJISipHyIO HirnpaBJieHHIO HX ABH)KeHHSI. Hy

JieBOM HHTepBaJI BpeMeHH IIPHBOAHT K HeSaBHCHMOCTH KOppeJISIUHM OT pa3H0-

CTH 9HepPHM HSJiy"iaeMbIX "i8CTHU H, B K0He"iHOM C"iE!Te, IT03BOJISieT H3MepHTh 

CIIeKTp BeJIH"iHHhl y C IIOBbillleHHOM TO"iHOCThlO, 

2. PacCMOTpHM CHTyaUHIO, KOI'Aa B OIIbITe OT6HpaIOTCSI JIHlllh T8KHe 

napb! 12, IIJIOCKOCTh KOTOpb!X rreprreHAHKYJISipHa "IIJIOCKOCTH peaKuirn" -

( ➔ ➔ ) (➔ ➔ 
IIJIOCKOCTH p O, p 8 HJ"IH, "!TO TO )Ke Ca Moe, IIJIOCKOCTH p O , p R 

aa B (2.13) HJIH (2.14) YPllOBOM "iJleH BbIIIa}:(eT, a OCTaHeTCSI 

y = wo O -
m r 

R R 

➔ ➔ 

von)/'!w. 

V 12 

TTycTb BbI6paHO TaKOe HarrpaBJieHHe Ha6JIJOJ:(eHHSI 
➔ 

n 

Tor-

( 4,5) 

eCTh MaJioe "iHCJI0 1 cpHKCHpOBaHHOe C TOM TO"iHOCThIO, KaKyr II03BOJISieT lllUpH

Ha pe30HaHca, 3To - HarrpaBJieHHe, 6JIH3KOe K rrpenenbHOMY ( KOI'lla a= 0 ) ' 

HO HeMHOf'O CJ:(BHHyToe B CTOpOHy, IIpHTOM KOHTpOJIHpyeMblM o6pa30M, <POpMy

Jia ( 4,5) YTBep)KnaeT, "!TO Ha TaKHX "rrorrepe'IHbIX IIO'ITH npeneJihHbIX"· KOH-

' cpHPypaUHSIX cneKTp l'!w eCTh cneKTp ·p 

pas~ 
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w(~w)= 

rne f' = m l / W O a 
R R 

dW 

d~w 

Ho CJll:IWKOM M8Jlhl8 a 

1 
~ 1 + 

l+Uiw/f) 2 
( 4.6) 

eCTb rronyw1:1p1:1Ha pacrrpeneneHHH. 

MOf'YT rrpnBeCTH K TOMY, 'ITO ynacTCH rrpo-

Mepl:!Tb Jll:lllib 'lSCTb pe30HaHCHOf'O rrnKa, HanMeHhwee a HaiineM HG ycno-

BHH \y\cel • TaK KaK ~ W max B ( 4,6) paBHO 

(1-1 2/ 2)12"'~ .1 r 
P12 m1m12 vm 

(CM, (2,14), (2.7) li (1.6)), 
m R R 

12 

TO 

a 
min 

m m 12 . l R 
_R_ ---- V ---

W a P12 mR 
( 4.7) 

Pac'leT rrp1:1 p =3 f9B/c rrponecca (3.8) c 11epenaqe11 HyKnoHy HMnynhca 
17 

0,3 f,m/c Jlll8T Jl-JlH a min B8J1H'lHlll,i nopHnKa 0,01-0,02. ByneM C'lHTaTb, 

'ITO Tpe60B11111l8 4l11Kc11ponaTb pa3HOCTb CKopocTeii 11 '18CTHUbi 11 12 H CHCTe

Mbl O Ha ypOBHe 0, 1 He cn11WKOM 06per-tel1HT8JlbHO nng 9KCnep11r,,1eHTa. 3ro 

npnBeneT y,Ke K 5-KpllTlibIM paCTH,Keill!HM TIHKll p 11 x"'lOm /w 0 "' ma R 

"' ;3 ;.. 6. - 11, CJ10J10BllT8JlbllO,· K 10-KpllTl!blM pacTmKeHHHM Til!Ka B Cll8KTpe 

m 13 

IlpHMOH8HHe 8TOf'O CBOHCTBa 0'18BHJ.UIO: Korna w11p11ua ;JG30ilf\l!Ca cpaB

Hl:IMa C norpeWHOCTb!O 1131\tepellll51 ll1'1TIYJ1bCOB, TUKOH p030ll811C yno6110 nepen 

H3r-1epo1me pacrm1yrh, ilnH ::>Toro Hano nacrpoUTh 11 HHTepcjlepoMeTp 11ono-

CTDIOIUIIX l\1£lCC 11 Ha "nonepe'1Hb!8 TIO'lTll npenenbHhle" K01!4l11rypam111 ( Ha pHC, 36 

C!ICTeMa C'I0T'll:IKOB C 1 npenHa3Ha'leHa nng npOTOHOB OT)la'lH, C 2 - nap 

12; rpe6ona1rne 6n1:1GocT1:1 yrna na6n10nen11H napb1 12 K 0 CT8BIIT B 

COOTBE)TCTBHe npn K8)K)l0M .3118'leHUl:I m 3 KBIK)lOMY C'leT'lllKY (; 1 n11pene

J10lllll,lii c•1t',r<111K C 2 • Ilpn ua6n10neH111:1 pacnana peG011a11ca na nne qacT1:1-· 

111,1 nocraro•1uo o;Uioii rwpb1 C 1 C 2 ) • 
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3. I1HTepecHa BO3MO)KHOCTb paspernaTb B CITeKTpe TeCHble H 

ys1me pesoHaHCHble ITHKH, KOTOpbie caMH ITO ce5e He ITepeKpbIBaIOTCH, HO 

He MoryT 5bITb pasperneHbl B CITeKTpax m 13 

roqHoCTH H3MepeHnfi. 

HJIH 'P 1:1s-sa orpaH1:1qeHHOfi 

IlycTb KpoMe pesoHaHca R ITO CXeMe (1.1) MO)KeT pO)KJlaTbCH Jlpyrofi 

pesoHaHc r m r H C lliHpHHOfi C 5JIH3KOfi Maccofi r 
r 

pacITa}laeTCH Ha Te )Ke qacTHllbI: 1 H 3 HJIH 2 H 3. IlycTb pe3OHaHCHbie ITHKH B 

cITeKrpax m 13 , m 23 c "Beprn1:1HaM1:1" B m R'm r B JleficTBHTeJibHOCTH pas-

perneHhr: m R-m r I » r R H r r HO 9KCTiepHMeHTaJibHa5! roqHOCTb 

11 pasperneHHH Mace He ITO3BOJIHeT 9TO YB Hile Tb: 11 ·> I m R- m r 

CITeKTp JlJ!H 9TOI'O cnyqa51 ITOKa3aH Ha puc. 6 (5~JIO B35!TO rR 

=r. =r, lmR-m.l=Nr,N=I0,4,2 ), OH paCTHHYT B/lBOe ITO cpaBHeHHIO co 

cITeKTpoM m 13 (cM. (1.4)). 

CITeKTP 11w TIOBTOpHeT qiopMy CITeKTpa 'P C Jl05aBoqHblM K09qJ~H-

UHeHTOM paCTH)KeHHH, ycTaHaBJIHBaeMblM ycJIOBHeM 8KCITep1:1MeHTa. 

l13 pucyHKa, O/lHaKO, BH/lHO, qro JlJ!H ITepeKpbIBaIOlUHXCH pesonaHCOB 

HHTepqiepeHUHH ITPHBO/lHT H K HCKa)KeHHIO qiopMbl ITHKOB, B qacTHOCTH K 

yMeIIbllieHHIO rny5HHbl MHHHMYMOB, TaK qro peaJibHO 9TOT CITOC05 ITpHMeHHM 

TipH /lOCT8TOqHO 50JiblliOM (B e/lHHHUBX r ) paCCTOHHHH Me)KJlY ITHK8MH, 

B cnyqae rR >>rr 50K0Bhle J!HHHH B HHTepqiepeHUHOHHOfi KapTHHe 5Y)lyT 

HMeTb umpHHY ""rR / 2 ,He ITO3BOJI5!SI TeM caMbIM H3MepHTb lliHpHHY 5onee 

y3Koro pe3oHaHca, 

B 3aKJIIOqeHHe 5I xoqy Bblp83HTb CBOIO rny5oKyIO ITpH3Ha TeJibHOCTb 

M.I1, fl O/lI'OpeUKOMY, KOTOpOMY ITPHHa}lJie)KHT pH/l H}lefi, nerrn1:1x B OCHOBY 

9TO.il pa50TbI; 5I 5naro}lapeH T8K)Ke B.r. fpHlliHHY 3a ITOJie3Hbie o5cy)KJ;teHHSI, 
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s.1.. a 
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~ 
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p; Pa.1 

. A~~~'" - - ,4 S.t11,S2.11 0-• P.:1, n. 

G-·7 "''" - --8 . • P2.,n.. 8 P2 
g 2 

Puc. 1. KapTHHa rrpouecca ( 1.1) B K00p.QH!laTH0M rrpocrpaHCTBe, Ha pHC. 
a) u 6) cneBa - B IIn0CK0CTH peaKUHH, crrpaBa - BH.QHMaH "c pe6pa". 
a) - o6n:mii cnyqaii, 6) - uaMepeHne rrorrepeqHoro rrpo6era peaoHaHca , 
B) - rrpo.Q0nbH0ro, r) - rrpocrpaHCTBeHH0 ... BpeMeHHble CBO~CTBa "rrpe.QenbHOll 
KoHqmrypauuu". 
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2. mi~ 

m;, 

~ 
"eSmfl ~ 

" 
n· I 
re30H<1HCl-lble 

nottoCbl 

"'~ ~~ 
-~~ 

. -----

~ 

tY 
/ 

zm"~ 
m' H 

PHc, 2, qacTb ct>Hryph1 }lanHua rrpouecca 0~1+ 2 +·3, D - KBaapaT, 
rae HJleT rrpouecc (1,1) H aom1rna .aa6moaaTbCH H.HTepct>epe.HUHH, PaccTOH.HHH 
TO'ieK ct>Hryph! OT CTOpO.H OIIHCa.HHOf'O TpeyronbHHKa paB.Hhl m~a-(ml +m3)2 1 

m!3-(m 2 +m 3) 2 , m;2 -·4m; (.Ha pHcyaxe rroxasa.aa f'HIIOTe.Hysa 
Tpeyronh.HHKa), 
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(J 

I ;..,,,---_/..__. 
' ... ' .... _ - ·• I ..,,.,..-

r 
L - J 

Ci _/~ 
__, 

Pnc, 3, a) - np1:1MepH8SI cxeMa ycTaHOBKl:I, l:IA9HTl:lcjJl:IIll:IPYIOII19H pe3OHaHCbl no 

napaM TO*A9CTB9HHhlX qacT1:1u; 6) - TO •e B cnyqae pacnaAOB R Ha 

Tpl:I '18CTl:IUbl, 
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A 

.,, ~_,o, ~o .., ,,., ·t"I 

~-"~t"...,. .......... (a) 

i!1 
-,::,\ 

"'* 

(o) 

., 
~ 

·-" 
;, - ' .,,, ' 

( 6) --J 

e ._... 
v~ 

\ -
. V._'11, 

P11c. 4. PeaKUUH ( 1.1) rrpu BbIJiere 'IaCTUUbl 1 l10,Q rrpe.QeJibHb!M Yf'JIOM, 

U3o6palKeHHaH a) - B Cl1CTeMe * , 6) - B 11MI1YJibCHOM rrpocrpaHCTBe, 
B) - B rrpocrpaHCTBe CKopocrefi. 
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.. f All-'l -----+- C:1 l· I . o( ,..., ,, ......_ __________ m 
06 ,-:.,e -~ 03 , 04 

J J < 

Pttc, 5. Pac'!eT peaKUHH (3.8) rrpu p = 3 fim/c H npu rrepe/::ta'!e HMrry111,ca 
rrpOTOHY 0,3 faB/c B HHTepBane Mace 1T m 3 OT 0,3 /lO 0,6 faB/c2 • TToKa3a-

Ha 3aBHCHMOCTb 0 1 0 p I Cu 12 , V 12 A max a min OT 
m 3 rrpu flhineTe nap 12 rroa rrpeae11bHbIMlf yrnaMH 0 max • 
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Wr(u.) 3 

1. 

~(l_pi) 
2. 4 I 2. I ( z i )/ ll"'" /tin- 2 111 ,z+-n1'1'. 

G "ll rz 1R 

i 

2. 4 t '({ 10 12 rn r·-·--101 
R ~ .J 

2 
Puc. 6, Baepxy - crreKrp m 18 rrpn Hann,rnn nayx pe3oHaHcoa B cncreMe 
13 (aropon ,ITUK rronyttaeTC.H 3epKanhHb!M orpmKeHneM OTHOCllTenbHO OCH 

w ) ' BHll3Y - KaK 5yner Bblf'n.Hnerh 8TOI' CITeKTp B llHI'epcpepeHUllOHHb!X 
· OITbITax, KpUBhle 1,2 ,3 COOTBel'Cl'BYIOT Im - m I= 10 r , 4 r , 2 r . 

R r 
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