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M.C. XsacTyHoB 

OB O~HOM CllOCOBE OllPE~EREHHH MACCM 
.. PE30HAHCA 



B · naHHOil pa6oTe o6cy)KnaeTCSI BOCcTaHoBnemre Macchi peaoHaHca B cny-

qae, Korna 

a) peaoHaHc X po)KnaeTCSI B ABYX'IaCTll'IHOH peaKUllll, HanpuMep 

(1) 

II aHepi'IISI E 17 - qmKCHpoaaHa; 

B) peaoHaHc X pacnanaeTcSI Ha nBa ~oToHa u mupuHa peaoHaHca Mana*'; 

c) uaBeCTHhi onHa us aHeprufr ( 6~nbma.H) u yrnhr BhrneTa pacnanHhiX 

~OTOHOB, 

,0anbHeilllill9 paccy)KJ:teHIISI 6yneM npOBOAHTb B OCHOBHOM nnSI CIICT9Mhi U9HTpa 

Mace peaKUHII ( 1). B a Toil. cucTeMe 9Hepi'HSI E * pe3oHaHca X nocTOSIHHa. 

I1cnoP.b3Y.H aaKoH coxpaHeHIISI 9Hepi'IIII - llMnynbca B pacnane X ... yy , 

MO)KHO nony'lllTb. ~3B9CTHYIO ~OpMyny AnSI MaCChi pe3oHaHCa 

K) 

~ = v E * E * 2 sin ( e * I 2 ) 1 2 (2) 

C M81Ib!MH H3MeHeHHSIMH npHB9A9HHbl9 HH)Ke paccy)KA9HHSI MOI'YT 6biTb 
npi!MeHeHbi K pacnanaM peaoHaHca Ha ABe ynbTpapenSITHBHCTCKHe'· qac
THIQ>I C OT1IH'IHOi! OT Hynsr Maccoi!, 



i ~ 

. /1/ 
H OTHOllleHHe E j/ E*2 aueprliit pacna.llHbiX ¢oTouoe : 

2 . ' 2 
E;/E*2 = 0- y1-1/ g )/(1+y1-I/g ),(E~ ::;,;E~ ), (3) 

I'.lle g = sin(0*/2) I sin (O*m 12) H 8*, 8 * j 
m 

- yron H MHHHManb-

Hbiii: yron paaneTa pacna.llHhiX !jJOTOHOB, MHHHManbHhiH yron CBSI38H C Maccofi., 

H aueprHeii: peaouauca cne.llyiOlllHM o5paaoM: 

sin ( 8 ~I 2) = m I E ·* . 
H H8lliHX ycnoBHSIX yron e *m qmKCHpOBaH. PelliaSI COBMeCTHO ypaBHeHHSI (2} 

H (3), MO)KHO nony'IHTb .llBe <jlopMynbi .llnSI MaCCbi peaouauca: 

m = E * • 2 sin ( 8 * I 2) f ( ~) = E * • F ( g , 8 * ) , 
11 m 1 1 1 m 

.. 
m = E * • 2 sin ( 8 * I 2) f 

2
• ( ~ ) = E * • F ( ~ , 8 * ) , 

2 2 m 2 2 m 

I',lle liJYHKUHH f I (g) 11 f 
2 

( ~) paBHbl 

f I (g) = ll 0- v 1-1 I g 2 ) ' 

f2(g),.,;II(l+ y1-1jg2). 

(4) 

(5) 

Ha pHc. 1 npHBe.lleHbi rpa¢HKH <jlyHKUHii f 1 (g) H f 2 (g) npHMepHO JJ.nSI 

nonOBHHbi pacnaJJ.OB ( g >,. 1,15) peaoaaaca c 5onblliHM aaa'l:eHHeM nope au-

-<jlaKTOpa ( y * ~ 4) liJyHKUHSI f 2 (g) M9HSI9TCSI MeJJ.neHHO, B TO BpeMSI KBK 

¢YHKUHSI f 1( g) 5hiCTpO M9HSI9TCSI BO BCefi o5naCTH 113M9H9HHSI napaMeTpa g , 
n 09TOMY 3H8'19HHe MaCChi m 2 , Bhi'l:Hcneaao e no ¢opMyne ( 5), Meuee 

nOJJ.B9p)K9HO BnHSIHHIO ·OIIIH50K H3MepeHHSI yrna j paaneTa (I * 1 '19M 3H8'19HHe 

Macchi, onpeJJ.eneaaoe no ¢opMyne ( 4). 

D.anee 5yJJ.eM ,ll;H8nH3HpOB8Tb qJOpMyny .(5), D.nSI npaKTH'I9CKOI'O HCfiOJ!b30-

eaHHSI 9Tofi !jlop.~ynhi aeo5xoJJ.HMO auaTb eenH'IHHhi E; .8* H 8* • Ma-
m ·• 

HHManbHhiii yron MO*eT 5hiTb onpeJJ.eneu H3 pacnpeJJ.eneHHSI co5biTHfi no yrny 

i 
.• *:"' 

4 .,. 



paaneTa pacnaAHbiX 4JoTOHOB, nocMOTpHM, He yXyAmaeTCSI nH TO'lHOCTb H3-

MepeHHSI yrnoB H SHeprHfi npH nepeXOA9 H3 na6opaTOpHOfi·CHCT9Mbl B CHCTeMy 

ueHTpa Mace peaKUHH ·(1). Ha puc. 2 npuBeAeH rpa¢uK aaaucuMOCTH 

fl{)* flE a (a!·+a
2
+a

2
-a

2 
+2aP) 

f (E )=(---m--)/(--") P P n . 

Om 1T • 2tg(~) · .. Err (a2+a2+2a )(a2+a2+a2-aa +2a) 
Z 1Tp P 1T P n P 

AnSI peaoHaHca c Manon t m << m ) Macco'n tKpHI3aSI a ) H c Mace of!, 6nua-
P , I 

) • Ha aToM )1{9 pHCYHKe npHBeAeHbl rpa-

~HKH 3aBHCHMOCTefi 

AnSI KOHCTaH'P-- {3 
0 

H y 
0 

nepeXOAB OT na6opaTOpHOfl CHCT9Mbl K CHCT9M9 

.U9HTpa MaCC ( 77-p) { f3 0 H Y ;;"CKOpOCTb H nopeHU-~aKTOp CHCT9Mbl U9HTpa MaCC 

.OTHOCHTenbHO na6opaTopHoii cucTeMb~). B Bbipa)KeHHSIX AnSI (em(Err) 

ffj (E )H f (E ) npllHSITbl o6oaHa'leHHSI a =m /E , a =m /E, a=m/E , 
1T Y 1T 1T · 1T 1T ·o o 1T • TT 

a = m /E 77 H. 
· n n 

E 
17 

- aHeprHSI rr- -MeaoHa B na6opaTopHoii CHCTeMe. Ha 

pucyHKa BHAHO, 'ITO npH paa6poce, HanpHM9P;.2% B E 
17 

paa6poc B {3 c H y 
0

. 

COCTaBifT npllM9pHO 0,4% H 0, 7% COOTB9TCTB9HHO H pa36pOC B {)* 
. m 6yAeT 

paBeH ., 1,1% A11SI nerKllX M930HOB_ (m«m
0

) H"' 0,9% AnSI TSI)K9nh!X (m !:mn ) , 
. . A 

Yrnbl BbineTa . e * "' ( p*. 4p * ) H SHeprHH E * ( i =1 ,2) ~OTOHOB B 
I I 1T · I 

CHCT9M9 USHTpa MaCC {IT- p ) . Bbl'lHCnSIJOTCSI no H3B9CTHbiM I!JopMyllaM: · 

l sin() 1 
tg () * =-. 

I y c cos () I - {3 c 
I 

E * =:= y E (l - {3 cos e ) , ( i .. l , 2 ) , 
i o I c 1 

1\ 

, rAe yrllbl () I = (pI ,p ~ H SHeprmt E1 Oll_P9A9119Hbl B na6opaTOpHOH CHCTeMe, 

Ha puc. 3 npuBeAeHbl rp~¢HKH aaBHCHMOCTeii 

5 



. df dO 1 

A. · ( o l = < - l I < ( o -1 2) 
'I' t I f 2 lg 1 

) = 
4{3 0 sin

2 
(0 1 12) --. 

i . 
1- f3 

0
cos o 1 

. 2 
, fl.j) * A 01 ( 2 sin ( 0 

1 
I 2 )) 

cp (0) ,( . I )/( . ) = ----

0 
1 

2tg(9* /2) 2tg(9 1 /2) · 2y 2 0+,8 '0-,8 cosO )(l-cos0
1

) 
I . 0 d c I 

( npH~paC'IEiTe OlliH50K HCITOnb30BanHCb 3Ha'I9HHSI ,8 c. =0,8096 H Y 
0 

=1,704). 

IPyHKUHSI f -yrnoBoil MHOiKHTenb B BhrpaiKeHHH anSI E~. =. f"' 1- ,B c cos 0
1 

• 11a 

pHCYHKa BH!lH0 1 ·'ITO OTHOCHTenbHaSI ToqHOCTb onpeaeneHHSI yrnOB BhineTa ( H 

yrnoB paaneTa) npu nepexoae B CHCTeMy ueaTpa .Mace (rr-p) HeCKOnbKO no-

BbllliaeTCSI: .. 
ll.O* dO dO*: 

( )/(---),(---'--)/( 
2 tg( 0* /2) 2 tg(0/2) 2 tg( Ot I 2) 

dO, 
2 tg < ol I 2 )~ ) = ¢ o<ol )?,L (6) 

H ecKonbKO cnoiKHee Bonpoc c saepreTH'IeCKHMH orun5KaMH. B <P opMyne 

!lnSI SHepi'l!H E * eCTb yrnoBOil MHOiKHTenb f • npH 5onblUHX yrnax Bbine.Ta I 

0 1 yrnoBaSI ornH5Ka MoJKeT cymeCTBeHHo yBenH'IHTb ornH6Ky saepi'HH E i 
·oaaaKo, ecnu y'IeCTb, 'ITO 6onbruHHCTBO peaoaaacoB X poiKaaeTcSI noa Ma-

A 

nhiMH yrnaMH 0 x = (px, p->17 ) H y'IeCTb TOT QaKT1 'ITO 5onee 8H9pi'H'IHblll <jJOTOH 

OpHeHTHpOBaH 5nHJK9 K B9KTOpy 
... 
Px H yron 

A 

0 = (p , p ) cpaBHHTenbHO 
2x 2 x 

.A 
Man, TO npH!l9M K Bb!BO!lY 1 'ITO 1:! YI'On Bbine'fa 0 2 "' ( p2 'p 11 ) HeBenHK. B 

STOM cnyqae BnHSIHHe yrnoBoil ornH5KH Ha ·Bhi'IHcneHHoe aaa'IeHHe SHepi'HH E~ 

CyllleCTB9HHO YM9HblliaeTCSI, EcnH OTHOCHTenbHbie OlliH5KH yrnOBbie H SHepre-

TH'IeCKHe· CpaBHHMbi 1 TO STHM BnHSIHH9M MO>KHO npeiJ:e6pe'Ib H C'IHTaTb 

d E*2 ::. dE 2 

E* E 
2 2 

(7) 

6, 



BoccTaaosneaHe Macchi peaoaaaca no <jlopMyne .(5.) MO)I{eT oxaaaTbCSI 

none3Hh!M He TOnbKO B cnyqae OI'paHH'I9HHh!X H3MepeHHH ( yrnhi BhineTa II 
7 .. 

6onbiiiaH aaeprnSI), .Ho H B cnyqae, xorna H3MepSIIOTCSI ooa yrna· H ooe aaep-

I'HH, 0IIIHOK8 MaCChi m 2 Bhi'IHCnSieTCSI no <jlopMyne 

·. l- {3* 2 

+ (7*) 
/).(}* 2 
----), 

2 tg((J */2) 
'(8) 

rne f3 * = y l-l I g 2 
, g sin ( e * I 2 > / sin ( e ~I 2 > ,. B cooTBeTCTBHH 

C Bhlpa)I{9HHSIMH (6) H ( 7) B <jJOpMyne (8) 3aM9HIIM Ben-n'IHHhl B CHCTeMe 

UeHTpa Mace (77-p) COOTB9TCTBYIOIUIIMH BenH'IHHaMH B naoopaTOpHofi CHCTeMe: 

( !!. m 2 ) 2 ..., ( !!. E 2 2 + .( 1 _ f3_) 2 ( .. !!. (} . 2 - - --) ----) . 
'"2 .E 2 f3 2 tg((J/2) 

(8") 

2 
rne f3 = y I -11 g H napaMeTp g onpenenSieTc.II yrnaMH 8 H em B n.c. Ec-

nH 9H9pl"HH cPOTOHOB H3MepSIIOTC.II nHBH9BhiMH qepeHKOBCKHMH cneKTpOMerpaMH
1 

TO OIIIHOKH 9Hepl"HH onpenenSIIOTCSI c!JopMynaMH ~E 1 =c 1yE 1
,H ~E 2 =c2yE 2 . • 

ByneM C'IHTaTb KOHCTaHThi cneKTpoMeTpo'B paBHhiMH c .t =c 
2
,c. • Torna ¢op

Myna (8') npHM9T Bllll 

(!!.m2t~c~---1->2+(l-f3)2( !!.e >2. 
m 2 · yE/2 yl + f3 f3 2 tg( (J/2) (8") 

rne E:.E 1 +E 2 .B :n.Hx oooaaa'leHH.IIX ¢op.Mynhi AnSI OIIIHOKH Macchi m=V'E1 E~sin(812) 
• . /1/ 

H nnSI OIIIHOKH nopeau-¢aKTopa' y"' Elm nMeiOT BHll 

2 
( !!.m ) 

m 
c 1 2 

-· -:====:-> 
y E/2 y2(l- f3 2 ) 

7 

!!. (} 2 
+.(----). 

2tg( (J/2 ) 
(9) 



' l'ly 2 
(-· _;_) '"' 

y 

c f3 2 t:.e 2 ( ' • --=- _) + ( ) ; 
.vE/2 v2<1-f32 > 2 t~<e 12 > 

·oo> 

Ha pn:c. 4 npn:aeJleHbi I'paqmKH Gaan:cn:MOCTefi oT napaMeTpa (3 ( ~) · aecoBbiX 

¥HO)KJ1Tenefi nepell saepi'eTn:'leCKHMH li yi'nOBbiMH oum6KaMH Mace m 2 , m 

n: nopeau-!jlaKTopa y 

a .((3,E),1/Vl+f3 
m2 

a ({3,8)"'(1:._{3)/'{3, 
m2 . 

am ({3, E)"' 1/V20- fJ
2

), 

a (fJ,E), (3/ V20-(3
2
). 

' y 

' 2 
l13 pn:cy HKa BHJlH01 'ITO no KpafiHeil: Mepe B JlOne p "'1- y 1-1/ ~ I ": 1/2 

(~I ,1,15)pacnaJlOB !jlopMyna (5) .oaeT 6onee BbH?OKYIO TO'lHOCTb 1 'l9M !jlopMyna.(2)., 

n: a "'27% <.~I ~1,47)(1'lm/m 2 )< ( !:J.y/y ). 

KpaTKHe BbiBOJlbi 
{ 

l13Mepean:e ypnoa BbtneTa II OllHOH aaepi'IIH ( 6oribllleii.) pacnaJlHbiX !jlo-

TOHOB U03BOnHeT BOCCTaHOBHTb Macey pacnaJla!Olll9I'OCH pe30H8HCa, nnn Haii-

601'199 aCIIMM9TpH'1HbiX p~cnaJlOB Jl8HHb!H cnoco6 .ll89T. 6onee Bb!COKY~ TO'lHOCTb 1 

'!eM llPYI'IIe cnoco6bi
1 

npn:MeHHIOlliHecn a cnyqae nonHbiX aaepreTn:'leCKHX II ypno-. 

BbiX IIGMepean:ii.. 

fl ~Tepa T y'p a 

1. M .C ,XBacTyHoB. Cooomean:e OI1.HI1, 1-4475, .llyoaa, 1969. 

PyKonHCb nocTynHna B H3AaTen&CKHA·oTAen .. 
10 aos6ps 1969 roAa. 
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