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05bi'IHhie MeTOJlhl IIJl9HTIIqJHK8UHII peaKUHH !Ip!l BhlCOKIIX 9Hepi'II5iX He!IpH

I'OJlHhi. A5COJIIOTH8SI liOI'pelllHOCTb 113MepeHHSI IIMIIYJibCOB CTBHOBIITCSI Cp8BHII

MOH C MBCCOH rr
0 

-Me3oHa, He !I03BOJ1SISI OTJleJISITb Jlpyr OT Jlpyra peaKUIIII 

c pQ)KJleHHeM Hei!rpaJibHhiX 'laCTHU. TioKaaaHo tl I, 'ITO np11 40 faa xopolllo 

BhiJleJISIIOTCsr Jllllllb peaKUIIH 5ea pQ)KJleHHH Hei!rpanbHhiX 'IBCTHU. 3aro I'IIIIO-

reae o pQ)KJleHHH " 
0 

-MeaoHa YJlOBJieTsopsrJOT !IpH 9TIIX 9Hepi'HSIX CJiy'laH, 

B KOTOpb!X pQ)KJlBIOTCSI BM9CTO rr
0 

-Me30Ha HeHTpOH, JlBa rr O -Me3oHa IIJlll 

B KOTOpb!X B006llle HeT Heii:TpaJibHhiX 'IBCTHU. 

B ITOHCKaX nyrei! BhiJleJieHHH peaKUHH c Hei!rpaJibHhiMH 'IBCTHIIBMH Mhi 

o6p8TIIJIHCb K HJlee HC!IOJlb30B8Tb IIH~OpMBUIIIO 0 pO~Jl9HIIII pe30H8HCOB l2l 

TipeJlCTBBHM JlJIH O!IpeaeJieHHOCTH, 'ITO IIJleT peaKUIIH 

" - p -> p "-" 0 • 

Mhr He Mo~eM ee OTJlenHTb or peaKuHA 

rr p-+rr+rr-n 

"p->prr "o"o 

Ecn11 5br, OJlHaKo, peaKuHsr ( 1) lllJia nyreM 

- 0 "p->pp ->prr" 

3 

( 1 ) 

(2) 

(3) 

(4) 



H niHpHHa p- -Me3oHa 6hma 6bi Mana, TO ~o6aBO'IHOe Tpe6oBaHHe m 17 - 17 o =mp-, 

MOlKeT Ob!Th, n03B01IH110 6hl OT~enHTh cny'laH peaKUHH \4} OT \2} H \3}, 

B aToA pa6oTe Mbi npHBOJlHM peayllbTaT 'IHcneHHoro aKcnepHMeHTa no 

npoBepKe 9TOA HJleH, 

Ha ocHOBe paccylK~eHHA pa60Tbi /2/ BbinHcaHbi <lJyHKUHOHanhi H~eHTH!jJH-
KaUHH peaKUHH ( 4) H OITHCaHbl XO~ H OCHOBHbie BbiBOJlbl 9KCrrepHMeHTa, 0Ka-

3biBaeTCR, 6onhlllaR IIIHpHHa p- -Me30Ha He npenRTCTByeT pea1IH3aUHH H)leH: 

peaKUHR (4) He B npHMep nyqllle qeM (1) OT)le11ReTCR OT (2) H (3), 0JlHa

KO B03HHKaeT Jl06aBO'IHaR TpyJlHOCTh: HOBhlA !jlyHKUHOH811 IT1IOXO OT)lengeT 

npyr oT npyra peaKUH~ c polK~eHHeM peaoHaHCOB R- c 6nH3KHMH Macca-

MH, HanpHMep, 

11-p ... pR 
- 0 

->p17 7T (5) 

H nalKe 

7T -p ... 17 + /). ... 7T +17- ll (6) 

0KOH"iaTe1IhHbiil: BbiBOJl TaKOB: npennaraeMbiH MeTOJl OTJlengeT C06hiTH9, B 

KOTOpbiX aq,!jleKTHBHaR MaCCa CHCTeMbl 

TenbHO HeBe1IHKa, OT JlpyrHX C06biTHH, 

11- + HeHTpanhHbie qaCTHUbi) cpaBHH-

Paa~eneHHe no KaHanaM cHcTeMbi ( "- + Heii:TpanhHbie qacTHUbi) no-

npelKHeMy HeB03MOlKHO, 

1. "Pe30H8HCHbie lPYHKUHOH8nhi" 

B 121 6hmo noKa3aHo, "iTO Korna peaKUHR xapaKTepHayeTcg 6hiCTpo 

MeH9IOWeAcg aMIT1IHTyJlOA :ffl , TO B !jlyHKUHOHa11 ee HJleHTH!jJHK8UHH MO:lKHO 

~o6aBHTh qneH - In :m 2 ; 9TO paBH03Ha'IHO Hano:lKeHHIO no6aBO'IHOA He O"ieHh 

lKeCTKOA CBR3H Ha HMnynhCbl H MO:lKeT o6ner'IHTh H~eHTH!jJHKaUHIO. 

B cnyqae peaKUHH (1 } o6bi"iHhiA !jlyHKUHOHan ee HJleHTH¢lHK8UHH TaKOB 

6 

2 ( - 0 ) 
X .p7T " . = I 

a= I 

.-

- 2 
l Pa-Pa) 

/). p 2 
a 

4 

( 5) ) 
+Af lPo•Pa • (7) 

I I 

1
•.·1• 

; :\ 
: 
' 

·i~' 
·~.;o· 
:·fh> 
~~ 
~;; 
·1% 
··.~.~~ 

r~e Pa - H3MepeHHhie KOMnoHeHTbi HMnynhCOB qacTHU p H 

UHR f(O i CBO~HT 3HepreTH'IeCKHH oanaHC B npennono:lKeHHH, 

maR 'laCTHUa 770 -Me30H 

f ( 5)( ) . I ( -> -> -> j 2 2 
Po•P =Wo-w -w -v Po-P -p +m . a p 17- p 11 17 

W o H Po - HMnynhC H aHeprHR BCeil: CHCTeMbl ~0 B3aHMO~eH< 

npoBepRR f'HnOTe3y, cornaCHO KOTOpOH peaKUHR (1) Te'lel 

Mbi BBOJlHM B ( 7) norapH!jJM pacnpeneneHHR Epei!:Ta-BHrHepa 

mR- f R-

X 2 (pH-)= X 2 ( p 11- 11 o ) - In (;2_~2-=>2i;~_rR=) 2 
R 

rne m - H8JlOCTaiOlllaR MaCCa npOTOHa 

m2=m2 (p)=(w -w )2-(p-p )2 
ml"" 0 p 0 p 

Mo:lKHO aaMeHHTh pacnpeneneHHe EpeATa-BiH'Hepa fayccc 

(m2-mR_)2 

X 2 ( p R -) = X 2 ( p 11 - 11 o ) + C ------
(m _r _) 2 

R R 

Koa!jJ¢1HuHeHT C Mor 6hiTh paBeH 1 HnH 2; aTa Heonpenene 

na H9COBna)leHHe IIIHpHH o50HX pacnpeneneHHH; B KOHUe KOHl 

BH1IHCb Ha C = 2 . 
P acnpeneneHHe Epeii:Ta-BHrHepa Mbi aaMeH91IH TaK:lKE 

npeHe6peraR IIIHpHHOH pe30H8HCa 

- 0 X 2 ( p R ) =X 2 ( p 11 -11 ) +A' ( m 2-m ~ _) . 

0lKHJla8Mb18 cpe~HH8 3Ha'leHHR 
2 X min B !jlyHKUHOHanax (7)-( 

nana Th ( < X ~In > = l ) , a B ( 1 0) 6hiTh Ha eJlHHHUY 6o11hllle 

Mbi C'IHTanH, 'ITO rHnoTeaa npoXOJlHT, Korna X ! in < 6 . 

2, l..fJtClleHHbiH 3KCnepJtMeHT 5bl11 npoBe)leH C nOMOlllbiO 

'18HHbiX 3B93~ /3/, nporpaMMa c!J
1
QPC /4/ MO)le11HpOBa1Ia 7T 

CTBHR npH p = ( 40±0,4) faB, B pa3birpaHHbie coobiTHR 
7T-

5 



- -MeaoHa 6hma 6hi Mana, To ao6aaoqHoe Tpe6oBaHHe m 17 - 17 o =mp-, 

b, 1103BOnHnO 5bl OT,I:lenHTb cny'iaH peaKUHH (4} OT (2} H (3}, 

OH pa6oTe Mbl IIpHBOAHM peaynbT8T 'iHCneHHOI"O SKCIIepHMeHTa IIO 

TOH HAeH, 

HOBe paCCY)f(AeHHH pa60Tbl !2 / BbiiiHCaHbl «iJYHKUHOHanbi HAeHTH«fJH

UHH ( 4) H OIIHCaHbl XO,I:l H OCHOBHhJe Bb!BO,I:lbl SKCIIepHMeHTa, 0Ka-

6onbillaSI illHpHHa p- -Me30Ha He rrpeiiSITCTByeT peanH3aUHH HJleH: 

) He B IIpHMep nyqrue 'ieM (1) OTAenS!eTCSI OT (2) H (3), 0AHa

eT Jl06aBO'iHaSI TpyJlHOCTb: HOBbiH <f>yHKUHOHan nnoxo OTJlenS!eT 

peaKUHH c pO)f(JleHHeM peaoHaHCOB R- C 6nH3KHMH Macca-

ep, 

rr-p .... pR 0 
-+prr rr 

(5) 

TT -p -> TT + [\ -> TT +TT- n • 
(6) 

Hb!H BbiBOJl TaKOB! IIpeJlnar-aeMbiH MeTOJl OTJlenS!eT C06biTHSI, B 

eKTHBHaSI Macca CHCTeMhl 

nHKa, OT Jlpyi"HX C06biTHH. 

rr- + HeihpanbHbJe 'iaCTHUb!) CpaBHH-

neHHe IIO KaHanaM CHCTeMbl ( rr- + Heii:TpanbHbie 'iaCTHUb!) IIO-

HeB03MO)f(H0, 

1. "PeaoHaHCHbre <f>YHKUHOHanbr" 

6bmo rroxaaaHo, 'iTo KOI"Jla peaKUHSI xapaKTepHayeTCSI obiCTpo 

aMIInHTyAOH m , TO B «fJYHKUHOHan ee HJleHTH<f>HK8UHH MO)f(.lfO 

In :m 
2 

; a To paBH03Ha'iHO Hano)f(e.lfHIO aooaBO'iHoil: He O'ie.lfh 

HMIIynbCbi H MO)f(eT oonei"'iHTb HAeHTH«fJHKaUHIO, 

ae peaKUHH ( 1 ) 06bJ'i.lfbiH «fJYHKUHOHan ee HJleHTH«fJHKaUHH TaKOB 

(prr-rr 0 )= I 
a= I 

_. 

- 2 
(Pa-Pa) 

L\ p 2 
a 

4 

( 5 ) ) 
+Af (po•Pa • (7) 

~.,:.''.·'.· 
,, 

.·f~ ,:' 
. >~< 

.t~); 
·•fli, 

,·;~:~l 
•·.l'i·. ,; 

lj' ,•, 

l•;:f 

,It: 

1t,. 

I"Jle Pa - H3MepeHHhie KOMIIOHeHTbi HMIIynbcoa 'iaCTHU p H rr- , a «PYHK

UHSI f(fi! CBOJlHT SHepi"eTH'ieCKHH oanaHC B IIpearrono)f(e.lfHH, 'iTO HeJlOCTaiO-

lllaS! 'iaCTHUa rr 0 -Me30H 

(5)( ) ./(->-+ -+J2 2 f p,p =W -w -w_-v p
0
-p -p +m. 

Oa o P rr P TT 
17 

W 0 H Po - HMIIynbC H aHepi"!!SI BCeif CHCTeMbl AO B3aHMO,I:leHCTBHSI, 

DpoaepS!S! I"HIIOTeay, cor-naCHO KOTOpoil: peaKUHS! (1) Te'ieT IIO KaHany (5), 
Mbi BBOAHM B ( 7) nor-apH«fJM pacrrpeaeneHHSI Epeii:Ta-BHI"Hepa 

m R- r R-
X 2 ( p R -) = X 2 ( P rr - rr o ) - In 

(;2_-;;;2) 2 +( ;--r--) 2 
R- R- R-

(8) 

r-ae m - HeJlOCTaiOillaS! MaCCa IIpOTOHa 

m
2 

= m
2 

(p)= (w -w 
ml"" 0 p 

2 ........ )2 ) -(p -p . 
0 p 

MO)f(.lfO 3aMeHHTb pacnpeJleneiiHe Bpeii:Ta-BHriiepa raycCOBbiM: 

(m2-mR_)2 

) +C-------
(m _r _) 2 

R R 

)( 2 (pR -) = )( 2 (prr-rrO 
(9) 

Koa«<J!jJHUHeHT C MOI" 6b!Tb paBeH 1 HnH 2; STa HeorrpeaeneHHOCTb OTpa)f(a

na HeCOBIIalleHHe illHPHH 060HX pacrrpeneneiiHii; B KOHUe KOHUOB Mbl OCTaHO

BHnHCb Ha C = 2 . 

PacnpeneneiiHe Bpeii:Ta-BHI"Hepa Mhi aaMeHS!nH TaK)f(e o -QJYHKUHeii, 

npeiieopei"aSI illHpHHOH pe30Haiica 

- 0 
)( 

2 
( p R ) = )( 

2 
( p rr -rr ) +A' ( m 2-m ! _) . 

( 10) 

O)f(HnaeMbie cpeJliiHe 3Ha'ieHHS! )(~In B «iJYHKUHOHanax (7)-(9) llOn)f(.lfbl COB-

rranaTb (<x~In >=1), a B (10) 6btTb Ha eJlHHHuy 6onbrue (<x~ln >=2). 

Mbt C'iHTanH, 'iTO I"HIIoTesa rrpoxonHT, Korna )( !,n < 6 . 

2. t{gcneHHblH 8KcnepHMeHT 6bm IIpOBelleH C IIOMOillbiO MeTOJlHKH cny

'iaHHbiX 3Besn !3!. Dpor-paMMa ct>
1
0PC !41 MOJlenHpoBana rr- p -B3aHMoneii

CTBHSI IIpH p = (40±0,4) faB, B pa3bif'paHHbie C06biTHSI BHOCHnaCb O)f(Hrr-

5 
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naeMa5I aKcrrepHMeHTaJibHaH rrorpernHOCTb orrpeneneHHH yrnoe ( ~ tg a =0,0076, 

.\ f3 = 0,0042 pan) H HMITYJibCOB ( -~/- MeHHnoch or 5 no 0,5%). Pa3hir

pbieanoch no 100 cnyqaee peaKUHH ( 1-5) H, KpoMe roro, aeKOTOpbie npyrHe. 

Pa3hirpaHHbie cny'laHHbie co6hiTHH rrponycKaJIHCh qepea nporpaMMbi m:~eaTH

~HKaUHH C ~YHKUHOHaJiaMH (8)-(10). 

Ha pHc. npHeeaeHhl npHMepw pacnpeaeneaHii no 
2 ·x min am1 4JyaK-

UHOHaJIOB (8) 1i (9). 0HH OTJlli'IBIOTCH JlHllib npH 6oJiblliHX X 2 
: 4JyHKUHO

HaJI (8) HMeeT TaM BTOpOH MaKCHMYM (pHC. 26); OH B03HHKaeT OTToro, 'ITO 

C pOCTOM X In X cna60 MeHHeTCH, li Ha pe3yJibTaTaX HJ:teHTH~l!KaUHll He CKa3bi-

BaeTCH. 

Dpe)Kne 'leM BbiHCHHTh, HaCKOJlbKO ycnernHo ljlyHKUHOHaJI (8-10) BbiJ:teJISieT 

pe30HaHCHbie KaHaJibi, Mbl npOBepHJIH, HBCKOJlbKO OHH ynyqrna!OT BOCCTaHOBJle

HHe npaBHJlbHbiX HMnynbCOB CHCTeMbl P P- no cpaBHeHH!O C 4JyHKUHOH8JlOM 

(7). Mbi B3HJ1H OAHY H3 pa3hirpaHHbiX CJiy'laHHbiX 3Be3Jl THna 77-p ->pp-->p77-77 O 

C TO'IHO H3BeCTHbiMH HMnyJibCBMH li C<jJa6pHKOB8JlH H3 Hee COTH!O 3Be3A 0 B 

KOTOpb!X HMnyJibCbl p H 77 6b!JlH CMellieHbl OTHOCHTeJibHO nepBOHa'laJib-

Hb!X 3Ha'leHHH !10 HOpMBJlbHOMY 3aKOHy C JlHCnepCHeH ."\ p ~ • 3TH "3KCne

pHMeHTaJlbHbie peaJIH38Uiili" OAHOI"O li TOI"O )Ke C06biTHH Mbl nponyCTHJlH 'lepe3 

~yHKUHOHaJlbl ( 7} H (8). Mbl HCKaJIH CJle):(bl CHCTeMaTH'IeCKOI"O CMerueHRSI 

BOCCTaHOBJleHHbiX nporpaMMOH C06biTHH OTHOCHTeJlbf!O HX HCTHHHbiX napaMeT

poB. £lng 3TOrO MOMeHTbl OTKJIOHeHHH KOMHOHeHT HMnyJibCOB p a OT HX HC-

THHHOI"O 3Ha'leHHH 
0 

P a 
ycpeJlHHJIHCb no BCeM peaJIH3aUHSIM 

<(p -po)n>= 
a a 

l 

N 

100 0 

~ ( Pa-~E-) n n = l, 2 . 
~p 

a 

(11) 

0Ka3aJIOCb, 'ITO CMeilleHHe OUeHOK, K KOTOpOMY TeopeTH'IeCKH AOJl)KeH npH

BOAHTb ljlyHKUHOHaJI (8), npaKTH'IeCKll Ue3aMeTHO: OHa He OTJlli'l8eTCH, B rrpe

J:teJiaX CTBTHCTH'IeCKOI"O pa36poca, OT CMeweHHH, J:taBaeMoro <jJyHKUHOHBJlOM 

(7 ). KpoMe TOI"O, Mbl cpaBHHJlli KBBJ:tpaTbl OTKJIOHeHHH OT HCTHHHbiX C06biTHH, 

ycpeaueaawe no paaHwM co6wTHSIM a ue nopa3HhlM peanH3BUHHM 

OJlHOI"O C06biTHH) nng <jlyHKUHOHaJIOB (7) 1i (8). £lng 3TOI"O Mbl Bbi'IHCJlHJIH 

B Ka)KnOM C06biTHii 

6 

.te 

'
'{, 

" 

:: 
,i. 

N 
10 

60 

50 

LtO 
JO 

JO 

fO 

Pf-

N 
~0 

30 

JO 
IO 

p 1i-rro 

)0 ;5 

(a) 

0 ' 1 2 j ~ .f 6 A iJ 10 

PHC. 1. (a) PacnpeneneHHe no 

UHOHaJia (8) (crrJIOlliHall 

HHH; (6) PacnpenoneaHe 

JIJlll <jlyHKUHOHaJia {8). 

x 2 
cT'!'I co6biTHH 77-p -> p 

JIHHHH) H (9) llpH C=2 
rro X 2 era co6LITHfi 77 

7 
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MeHTaJlbHBS! norpell!HOCTb onpeaeneHH5l yrnoa ( ~ tg a =0,0076, 

aa) H HMnynbcoa ( -'~p.l.!.... MeHS!nocb or 5 JJ.o 0,5%). Paabir-

0 cnyqaeB peaKI.{Hll ( 1-5) H, KpOMe TOI"'O, H8KOTOpbie JlPYI"'He. 

JlY"'IBMHbi8 C06biTH51 nponyCKBJlHCb "'lepe3 IIporpaMMbl HJl8HTH

UHOH8JlaMH (8)-( 10). 

npHBet:leHhl npHMephl pacnpeaeneHHil no 2 ·x min JlJI5! tPYHK-

( 9). 0HH OTJlH"'IBJOTCSI JlHll!b npH 60J1bll!HX X 2 : if.JYHKUHO-

TBM BTOpoil MBKCHMYM (pHC. 26); OH B03HHK88T OTTOI"'O, "'ITO 

Cna6o M8H518TC51, H Ha peaynbTBTBX HJl8HTHQlHKBUHII He CK83bi-

!M BbiS!CHHTb, HBCKOJlbKO ycnell!HO tPYHKUHOHBJl (8-10) Bb!Jl8J15!eT 

BJlbi, Mb! npoBepHJlll, HBCKOJlbKO OHH yny"'llllBJOT BOCCTaHOBJle

HMnynbCOB CHCTeMbl P P- no CpaBH8HHJO C tPYHKUHOH8JlOM 

t:IHY 113 pa3birpaHHb!X cnyqailHb!X 3883.0 THIIa 17- p -> p p--> p 17-17 O 

b!MH HlvliTYJlbC8MH II ct}Ja6pHKOB8JIH 113 Hee COTHJO 3B83Jl, B 

bl p H 17- 6b!JlH CM8lll8Hbl OTHOCHT8JlbHO rrepBOHa'IaJlb-

HOpMaJlbHOMy 3aKOHy C t:IHCIIepcHeil ~ p ~ • 3TH "'9KCrre-

8JlH38UI!H" OJlHOro II TOI"'O )1{8 C06b!TH51 Mbl nponyCTHJlH 'Iepe3 

) II (8). Mbi HCK8JIH CJ18Jlbl CHCTeMaTH'I8CKOI'O CM8I.U8HIHI 

npoPpaMMOll C06biTHil OTHOCHT8JlbHO HX HCTI!HHbiX rrapaMeT

WMeHTbl OTKJlOH8HHil KOMIIOH8HT HM.liyJlbCOB p a OT HX HC-

p 
0 

ycpet:IHS!JlHCb no BC8M peaJlH38UIHIM a 

-po)", 
a / = 

l 

N 

100 0 

~ (~£E_) n 

~p 
a 

n =I, 2 . ( 11 ) 

M8lll8HHe OU8HOK, K KOTOpoMy TeopeTH'I8CKH t:IOJI)f{eH IIpH

npaKTH'feCK11 H838M8THO: OHa He OTJ1H'I88TCSI, B !Ipe

CKOI'O paa6poca, OT CM8lll8HH5!, .08B88MOI'O tPYHKUHOHaJIOM 

MhT CpaBHI!JlH KBB.OP8Tb! OTKJ10H8HHll OT HCTHHHb!X C06biTHii, 

fJ83HbiM C06biTIHIM ( a He IIOp83Hb!M peaJIH38UH5!M 

1'.lJll1 ¢YHKU11oHanoB ( 7) 11 (8). ,Ung 9TOI'o Mbr Bbi'IHCJlSIJIH 

11 

6 

..... 

',;·:'J~ 

''I· 

.. ,"".' :: { 
\! 

,':.~' . 
~ .;, 

.· •..... · 

i~ 

N~. 

10 ~ 

60~ 

50 

itO 
JO 

Jot 
fO 

0 

P11c. 1. 

N 

~of p1i7l0 ,...___, (/) 

Pf- 30 

Jo 

/0 

oL s~~ )o :;:, h·X.t 
h (a) 

I I I I I ; J 
1 :;. 3 * S' 6 1- 8 fj 10 11 /J, ,. x~ 

(a) Pacnpe.oeneHI1e no 

UIIOHaJia (8) (CIIJlOll!HBH 

H11H; (6) P acrrpe.oeneHI1e 

.OJ15l tPYHKUIIOHaJla (8). 

~ 

X
2 

CT8 C06biTHH 17-p-> 
Jli1HH5!) 11 (9) HpH C = 2 
no x 2 era co6LrTHit 

7 

p p .QJl H cjly HK-

(nyHKTHpHaS! JlH-

17-p -• p77 -17 o 



0) 2 6 
(pa-Pa 

~ - -------K = 
i= I 2 t. p a· ( 12) 

II 38 TeM B351l!ll cpenHee K IIO BCeM C06b!TII51M. 0K83al!OCb, 'ITO HOB bill <\JyHK

UHOH8l! (8) ABeT XOT51 II He60llbiiiOe ( Ha 6%), HO CHCTeMa TH'leCKOe yMeHb

IIIeHHe < K > ( H3 58 paccMorpeHHbiX crryqaeB yMeHbiiieHHe Ha6rr10narrocb y 

45). M bl IIpHXOAHM K Bb!BOAY, 'ITO 068 tPYHKUHOH8l!8 Aa!OT OAHHaKOBO Xopo

ll!He OUeHKH ):{ll51 C06b!TI!H THTI8 p p -

3. PeaynbTarbiHAeHTII<\lHKaUHII peaKUIIH c noMOllib!O <jlyHKUI!oHalloB (7)-(8) 

npHBeAeHbl B Ta6rr. l npH ABYX ypoBH51X norpeiiiHOCTeH: 1- -~p= 5%, t, p = 
!l p 1T 

= 0,4 fsB, II - ~- = 0,5%, !l p 17 = 0,2 fsB. B CK06Kax npi!BeneHbi naH-

Hbie, B351Thre 113 pa6oTbi 11 I. 113 ra6rrHUbi BIIAHO, '!To KaK sro orMe'leHo B I 1 I, 

06bi'lHbiH <\JyHKUIIOH8l! XOpOIIIO OTJlel!51eT peaKUIIIO p 1T- ( B006lUe peaKUHH, 

I'Jle HeT He38p51MeHHhlX 'laCTIIU) OT peaKUHH C HeHTpal!hHhlMH 'l8CTHU8MH; 

nocrreAHI!e peaKUIIH rHnore3e prr He yAOBl!eTBOp5110T. 0AHaKo KaHarrhl pe-

a KU 11!!: p TT -rr O , TT + 11 n , prr -rr 
0 

rr
0 

npyr or npyra He OTl!H'lHMhi. BBe-

JleHI!e HOB oro <jlyHKUHOHarra MeH51eT nerro: I'l!noTe3e pp- KaHallbi p rr -rr o , 

rr+ rr -n , prr -rr 0 rr 0 YllOBl!eTBOp5110T nrroxo. 3ro 3Ha'li!T, 'ITO pe30H8HCHbiH 

KaHan pp-

m 1717 =mp 

MOMHO (KOHe'lHO, BMecTe C <\JoHOBblMII C06biTI!51MI! TaKHMII, 'ITO 

C IIOMOlllbiO <\JyHKUIIOHal!a (8)-(9) OT):{el!I!Tb OT Hepe30HaHCHhiX 

pe8KUHH. 3TOT Bb!BOA He 38BHCIIT OT III!!pi!Hbl pe30HaHca. nponycKa51 qepe3 

nporpaMMY I!JleHTII<jlHKaUI! H C06biT1!51 TI!IIa ( 1 )- ( 4), Mbl MeH51l!ll B <jlyHKUIIO!Ia-

rrax (8), (9) IIIHpHHy HCKOMOI'O pe30H8HC8 ['p or 120 no 1 MsB. DpH 

STOM CaM!! 3Ha'l8HH51 X 2 
. IIO'lTI! He MeH51lli!Cb, 1109TOMY OCTaBal!C51 HeH3MeH-

mm 

HbiM a npoueHT co6hiT!!l!:, ynoBrreTBOp51BIIIIIX ranore3e o poMneHIIII p -Me-

3oHa. CnenoBaTel!bHO, C'li!T851 pe3oHaHCbi 6ecKoHe'lHO y3KiiMII, Mbi He 1!3Me

HiiM pe3yl!bTaTOB I!JleHTH<\JI!KaUiiH. l13MeH51TC51 liHIIIh Bblll8BaeMbie nporpaM-

MOH 3Ha'leHii51 m 1717 , IIX CIIeKTp np1106peTeT HOBYIO IIIIIPHHY [' p 1 HO ra-

IIOTe3e 0 pOM):{eHI!H pe30HaHCa 6ynyT YllOBl!8TBOp51Tb Te Me C06biTii51. l1Hb!MII 

Cl!OB8MII, eCl!H Mbl XOTHM TOl!bKO OT):{el!51Tb KaHal!bl peaKUIIIi, He 3a60T5!Cb 

0 TO'IJIOM BOCCTaHOBl!eHHII HMTiyl!bCOB, TO MOMHO IIOl!b30BaTbC51 CaMb!MII I!pO

CTbiMII <jlyHKUiiOHallaMII ( 10), B KOTOpb!X pe30HaHC C'lliT88TC51 CTa61iJJbHorr '!aC

l 
I 

'! 

) 

I ... 8 I 
I I 
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~ 

~ 

~ 
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:s::s: 
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~ 
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K ~ 
i= 1 

0) 2 
(pa-Pa 

2 
~pa' ( 12) 

m1 cpe.aHee K no aceM coObiTIIHM. 0Ka3anocb, 'ITO fiOBhiH tjlyHK-

t:WeT XOTH II HeOOJiblllOe ( HB 6%), HO CHCTeMBTH'leCKOe yMeHb

(11!3 58 paccMoTpeHHhlX cnyqaeB yMeHbWeHae Hat5nro.aanocb y 

HXO.QHM K BhlBO.Qy, 'ITO 008 tPYHKQHOH8JI8 .118IDT O.QHH8KOBO XOpO

.QJIH COObiTIIH THI18 p p 

nbTaTbl II.QeHTHtPHKBQHH peaKQIIH C ITOMOillbiD tPYHKUHOH8JIOB (7)-(8) 

Ta6n. l rrpa .aayx ypoBHHX rrorpe!IlHOCTeil: I- 1\p= 5%, ~ p = 
~ p " 

II - ...:1!- = 0,5%, ~ p" = 0,2 r::~a. B CK06KaX rrpHBe.aeHbl .aaH-

113 pa6oThi I 1 I. !13 Tat5m!Ubi B11.11HO, 'ITO KaK ::~To OTMe'leHo B I 11, 

HKQHOH8JI XOpO!IlO OT.QeJIHeT peaKUHID prr- ( BOOOlUe peaKUHH, 

apH~eHHhlX 'l8CTHU) OT peaKUHH C HeATp8JibHhlMII 'l8CTHU8MH; 

eaKUHH rarroTe3e prr He y.aoaneTBOp5!IDT. O.aHaKo KaHaJibi pe-

rrO, rr+rr- n, p rr -" 0 
"

0 
.apyr oT .apyra He OTJIH'-!IIMbi. Bae-

o tPYHK!IIIOHana MeHHeT .aeno: rarroTe3e pp- KaHaJibi p" -rr 0 , 

rr -rr 0 rr O Y.110BJieTBOpHIDT ITJIOXO. 3TO 3H8'1HT, 'ITO pe30H8HCHb!H 

MO~HO ( KOHe'lHO, BMecTe C <jlOHOBbiMH COObiTHHMH T8KIIMII 1 'ITO 

C ITOMOWbiD <jlyHKUHOHaJia (8)-(9) OT.QeJIHTb OT Hepe30H8HCHhlX 

OT BhlBO.Q He 38BIICHT OT WHpHHhl pe30H8HCa. nporryCK85! qepe3 

JleHTH!jliiK8llHII COOhiTHH THI18 (1)-(4), Mbl MeHHJIH B <jlyHKQIIOHa

) WIIPHHY IICKOMOI'O pe30H8HCa r p OT 120 .ao I M:3B. Ilpll 

HB'leHIIH 
2 

)( min IIO'ITII He MeH5!JIIICb, 1103TOMY OCTBBBJICH Heii3MeH-

HT cot5hlTHH, yaoaneraop5!BWIIX rarroTe3e o po~.aeHHH p -Me-

aTeJibHO, C'lHTaH pe30HaHChl 5ecKoHe'lHO y3KHMH, Mbi He H3Me

aroa HJI8HTHtPIIK8UH 11. I13MeH5!TC 51 JII!llib Bhi.118B8eMbie rrporpaM-

m rrrr , IIX CJJeKTp npi!OOpereT HOBYID WHpHHY r p 1 HO T'll-

·r~eHHH pe30HC\HCa 6y.ayr yaoaneTBOpHTb Te ~e co6hiTHH. i1HhiMH 

XOTHM TOJibKO OT.QeJI5!Tb K8HBJihl peaKUIIH, He 3860THCb 

CTBHOBJieHHII IIMITYJibCOB 1 TO MO~HO IIOJib30B8TbCH C8Mh!MII 11p0-

IIOHRJI8MII (10), B KOTOphlX pe30H8HC C'lHT8eTCH CTaOHJibHOA 'laC-

8 

.... 
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4. ~BReHRe "BTHPRB8HRH" 

XOT51 "pe30HaHCHbiH <jlyHKUHOHan" (8)-( 10) no3BOJI51eT OTAeJI51Tb pe3o

HaHCHbie KBHBJlbl OT npO'IHX, ,[(aJlbHeHIIIHe Onb!Tbl 11pHBeJIH K HeyTeiiiHTe/lbHOMY 

pe3yJibTaTy! OH He OTAen51eT OAHH pe3oHaHCHbiH KaHaJl OT Apyroro. 

Mbi pa3birpanH co5biTH51 THna "-p-. pR--. p TT- TT o AJ151 pa3HbiX 3Ha-

'leHHi1 m R- H npOBep51JIH, KaKa51 ,[(0J151 HX YAOBJ1eTBOp51eT I'HnOTe3e 0 TOM, 'ITO 

IIIna peaKUH51 

HaHCbi R- c 

TT -p ... p p- • PeaynbTaT npHBe,[(eH Ha pHc. 2: AB)Ke pe3o

m R-= 1, 7 faB npH 5% ypOBHe norpeiiiHOCTeH MOI'yT COH-

TH 38 p -Me30Hbl; npH yMeHbiiieHHH norpeiiiHOCTH B HMnynbce ,[(0 0,5% 

C05bJTH51 C m R-= 1,2 faB BCe eu;e B 50% CJiy'laeB Bbii'J151A51T, KaK pp-. 

Bonee TOI'O, C05birH51 THna 

77-p-.pA 
---> p .17 0 

1T-1TO 

(13) 

C MaCCOH m (A -) = 1,26 B 76% cny'laeB yAoBneTBOp51nH rrpH L'1 p a= 5% 

I'HnOTe3e pp- • l1 Aa)Ke co5&ITH51 coBCeM gpyroro THna 

rr P -> "+ L'1 33 
----)> 77 n ( 14) 

npOIIIJlH no aTOM I'HnoTe3e B 82% cny'l:aeB. 3TO 03Ha'l:aeT, 'ITO npaKTH'IeCKH 

BCe pe30HaHCHbie peaKUHH, B KOTOpblX a<jl<jleKTHBHa51 Macca m a<jl<jl CHCTeMbl 

( 77- + HeHTpaJibH851 'IBCTHUa) HeBeJlHKa ("' < ~ faB) , Hepa3JlH'IHMbi Apyr 

OT Apyra, XOT51 H OTAeJIHMbl OT peaKUHH C ma.p¢ »2 faB. 

Mhl HB3B8J1H aTO 51BJleHHe "BTSII'HBBHHeM" H He 6yJly'IH B COCT051HHH 

C HHM 5opOTbC51 , peiiiHJlH no KpafiHeH Mepe H3y'IHTb ero. HBJieHHe COCTOHT 

B TOM, 'ITO <jlyHKUHOHaJibl THna (8)-(10) BT511'HB8IOT MBCCbl nap TT 1T ,170 , 

B o5naCTb, rAe m a¢¢ "' m p l1HbiMH CJlOBaMH, " pe30HBHCHbie <jlyHKUHO-

HaJlbi" CaMH <jla5pHKY!OT Te pe30H8HCbi, KOTOpbiMH Mbl HHTepecyeMC51. Kor-

,[(a m 7T7T HJlH m 7T n CHJlbHO OTJ1H'IaeTC51 OT m R , TO a TO 11pHBOAHT JlHIIIb 

K nOBbiiiieHH!O X 2
• , HO He MeiiiaeT nOAI'OHKe 

m m m 7T7T , m 7Tn no,[( m R' 

illHpHHa o5naCTH 
~ 

m a<jl<jl , B KOTOpOH X min eiiie HeBeJIHKO , no3BO-

J15151 YAOBJleTBOpHTb npoBep51eMOH I'HnOTe3e, onpeAeJI51eTC51 He IIIHpHHOH HCKQ-

10 

_. 

N% 

"0 I 

1(0 t (!} 
\ 

mJ ,......., m;; 

0" ~i 1,0 1,1. 1,1t 1,6 ~~ JO ~~-
I 

PHC. 2. DpoueHT co5biTHi1 rr -p ·• p R - -• p 7T -7T 
0 , yAOBJleTBOp 

Te3e rr- p -> p p - .. p 17 - 17 o KaK ljlyHKUHH m R-

norpeiiiHOC TH HMIIYJlbCOB, 5) II pH 0,5%-HOH rrorpeiiiHOCTH 

11 
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4. RaneHne "BTHPHBaHng" 

"pe30H8HCHbiH ~YHKUUOHan" (8)-(10) IT03BOnHeT OT~enHTb peao-

aHanbi oT rrpoqux, JlBnhHeilume OIThiTbi npuBenu K HeyTeumTenbHOMy 

: OH He OTJlenHeT OJlUH pe30H8HCHb!H KBHan OT Jlpyroro. 

83hirpanu co6bi T!f H T!frra 77 - p --> p R ---> p 77 - 77 o ~nH pa3HbiX 3Ha

- !f rrpoBepHnU, K8K8H JlOnH UX y~oBneTBOpHeT f'!fiTOTe3e 0 TOM, 'fTO 

UH 77-p ... pp- • PeaynhTaT rrpuBeJleH Ha puc. 2: ~aMe peao-

c m R-= 1, 7 fsB rrpu 5% YPOBHe rrorpeUJHOCTeH MOf'yT COH-

-Me30Hhi; rrpu YMeHbiUeHUU ITorpeiUHOCTU B UMITynbce ~0 0,5% 

m R-= 1,2 fsB Bee eu;e B 50% cny'faeB BhirnH~HT, KaK pp-. 

C06biTUH T!fiTa 

77-p->pA 
- 0 __ _, p 77 

77-77° 
( 13) 

m ( \ -) = 1,26 B 76% cnyqaeB y~oBneTBOpHnu rrpu ~ p a= 5% 

pp-
• !1 .QaMe C06biT!fH COBCeM .Qpyroro TUITa 

77- P _, 77+ ~ 33 _ __, 77 n 

(14) 

TOH f'UITOTe3e B 82% cny'faeB. 3TO 03Ha'faeT, 'fTO rrpaKTU'feCKU 

Hb!e peaKI.!HU, B KOTOpb!X 3~~eKTUBH8H Macca m 3 ~~ CUCTeMbl 

anbH8H '18CTUU8) HeBeJIUKa ("' < ~ fsB) , Hepa3JIU'fUMbi ~pyr 
TH U OT.QeJIUMb! OT peaKUUH C 

rna~~ »2 fsB. 

Banu 3TO HBJieH!fe "BTHf'HB8HHeM" U He 6y~y'fH B COCTOHHHH 

H, peiUHnu ITO KpafiHeH Mepe H3Y'fHTh ero. HBneHHe COCTOHT 

'YHKUUOHanbJ TUITa (8)-(10) BTHI'HB810T M8CCbi rrap 
17 Tr ,170 ' 

m 3~~ "'m p 
l1Hb1MU CnOB8MH, " pe30H8HCHbie <jlyHKUUO-

a6pUKYIOT Te pe30H8HChi, KOTOpbiMH Mbl HHTepecyeMCH. Kor-

m 77 
n C!inhHO OTnU'faeTCH OT m R , TO 3TO ITpUBO~UT JIHIUb 

)( 
2

. , HO He MeiUaeT ITO~f'OHKe m1n 
m 77n ITO.[( m R. m 7777 ' 

TU 2 m 3~~ , B KOTOpOH 
)( min eiUe HeBenHKO 

1 IT03BO-

'PUTb ITpOBepHeMofi f'!fiTOTeae, OITpe.QenHeTCH He IUUp!iHOH UCKO-

10 

,.-

Ni;; 

._ m-~ 
' I r: ' t I t e e • ,,, 

qt~~ ~i 1,0 1,1. ~It 1.6 1.8 JO ~l 

Pi1C. 2. DpoueHT co6hrTuft 77 -p ·• p R - -• 
Teae 77- p _, p p - _, p 77 - 77 o 

ITOI'peWHOCTU liMITynhCOB, 6) HpU 

p 77 -77 ° , YllOBneTBOpHIOlliliX rRno-

KaK tPYHKUii H m R- a) rrpu 5%-Hofi 

0,5%-HOH HOrpeWHOCTU UMHYJihCOB. 

II 

' 



MOf'O pe30HaHca, a norpe!llHOCTb!O HMTiyJibCOe; IlpH ~ Pa"' 5% OHa THHeTCH 

iJ.O 2 rae, IToaTOMY f'H!IOTe3e PP YtJ.OeJieTeOpH!OT II C05biTHH TT + ~ ( m !1 < 

< 2 rae), H C05biTHH pA --.p-TTO ( m p-rr(F m A< 2 rae) H T,iJ., PeaK

UHH (1} He YtJ.OeJieTeopHeT aTOM f'HITOTe3e IlOTOMy, qTo CITeKTp m7T7T e 

HeH CHnbHO paCTHHYT (AO 7,B fae} II 60llb!ll8H qacTb C06biTHH HMeeT m7T7T > 

>2 rae, EcnH 5hl iJ.HHaMHKa peaKUHH (1) CMe!llana ITHK e CITeKTpe m TTTT 

e o5naCTb ManbJX 3HaqeHHH, TO H (1) rrpo!llna 5bJ no f'HTIOTe3e (4), 

B TO Me epeMH IlpH XOpO!llHX TOqHOCTHX H3MepeHHH HMnynbcOe H npH 

HII3KIIX aHepf'HHX ( KOr):~a ~ p a << m TT ) eTHf'HB8HHe 5bin0 5hi He3aMeTHO, Tor

ll8 pe30H8HCHbie ¢yHKllHOHanbi ebiiiOnHHnH 5hi ceoJO saaaqy. flpH eb!COKHX 

TOqHOCTHX XOpO!llH II 05biqHbie ¢YHKlliiOHanhi ( 7); OHH rrpetJ.rrOqTIITeJihHee, TBK 

KaK OnHpa!OTCH Ha M9Hblllee qiiCJIO npetJ.ITOnOM9HHH, 3aMeTHM, qTo eTHf'IIeBHIIe 

IlpHCyUie H 05biqHOMy !flyHKUHOHany ( 7): e HeM H9JlOCTa!Onl8SI Mace a p TT 

HaCHnbCTeeHHO IlOJlf'OHHeTCSI IlOJl Macey TT 
0 -MeSoHa. MoaenHpoeaHHe no-

K838J10, 'iTO peaKUHH TT - p-> p TT- TT 0 TT 0 ytJ.oeneTeopHeT f'IIITOTese TT -p->pTT-TTo , 

KOrtJ.a Macca m TT OTT 0 OTniiqaeTCH OT m TT 0 Ha 0,2-0,3 rae H 5onee, II 

nii!llb Ilpii 50Jib!lliiX dHa'ieHIIHX mTTOTTO nepeCTaeT npOXOJliiTb ITO aTOH f'IInO-

Te3e, Pa3HIIU8 nii!llb B TOM, qTo HaiiMeHb!llee m TT OTT 0 OTnii'l:aeTCSI OT m TTo 

Ha 0,14 rae, II aTOT IIHTepean IlpH XOpO!ll9H TOqHOCTH H3MepeHHH HMITynbCOe 

MOMeT OKa38TbCH JlOCTaTOqHO eenHK JlnH TOf'O, qTo5bi eTHf'He8HH9 HCqesno. 

TaK KaK rrycToro rrpoMeMyTKa Mace m7T7T MeMay peaKUHSIMH TT- p ... pH- H 

TT p->pTT-TT 0 
. HeT, TO "peSOHaHCHbiJ:i !flyHKUHOHaJI" (8)-{10) eTHf'Hea-

eT e o5nacTb pesoHaHca R- ¢oHOebi9 C05biTHH H3 OKpeCTHbiX HHTepeanoe 

H npH M8nbiX ITOrpe!llHOCTHX, 

B bl B 0 ,[( bl 

Pe30H8HCHbie ¢YHKUHOHanbJ noseonHJOT e npHHUHITe OTJlenHTb KaHanbi 

c poMaenHeM pesoHaHcoe oT tJ.pyrHX KaHanoe. Ho rrpH ehiCOKHX aHeprHSIX H 

6onb!llHX rrorpe!llHOCTSIX e II3MepeHHH HM!IYJibCOe OHH He IT03eOJIH!OT OTtJ.enHTb 

peSOHaHCHhle KBH8Jlhl tJ.pyr OT tJ.pyra, 8 IlpOCTO pa35Hea!OT C05hlTHH Ha aea 

Knacca - Ha Te, y KOTOpbiX a¢¢eKTHeHaH Macca CHCT9Mbl "TT- + HeJ:ITpanb

Hhie qaCTHUbi" He rrpeeOCXOiJ.IIT 2 rae, H Ha ece Ilp0'l:II9, Borrpoc 06 HJleHTH

¢1IKaUHII peaKUIIJ:i Ilpii ebiCOKIIX aHepf'IIHX OCTaeTCH OTKpbiTbiM, 

12 
~ 

Mbl 6narOA8PHbl B.DeHeBy, B. Mopoay, P. neaHHUKOMy, /1 

KOMY 38 UeHHbie COBeTbl, 

nHreparypa 

1. E.H. Kna/l.HHUKaH, B.E. KoMonosa H 11.p. Coo6IIIeHHH OHRH 

na, 1969. 

2. r.H. KonbiiiOB. Coo6IIIeHHH OHRH P1-4419, P.y6Ha, 196• 

3. r.H. KonblliOB. )[(3TC/J, 35, 426, 1958; 39, 1091, 1960. 

4. B.E. KoMOIIOBB, r.H. KonblliOB. npenpHHT OHRH P-2027, . 

P-3193, P.y6Ha, 1967. 

PyKonHCb nocTyn&na B H3naTenbCKHA oTnen 

20 Mall 1970 rona. 
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aHCa, a rrorpell!HOCTbiO HMIIYJibCOB; ITpH 11 Pa"" 5% OHa TS!HeTCS! 

OSTOMy rH:IIOTe3e pp YAOBJieTBOpS!IOT H C05b!TH:5! 77 + 11 ( m l1 < 

co5biTH5! pA --.p- 77 ° ( mp"""77o=mA< 2 faa) 11 T.JJ.. PeaK-

YAOBJieTaopS!eT STOll l'Hf!OTe3e f!OTOMY, 'ITO CITeKTp m 
7777 

B 

aCTS!HYT (AO 7,8 faa) ll 60Jiblli8.1I 'IaCTb C06b!TH:H HM~eT m 
7777 

> 

JIH: 5hi AHHaMH:Ka peaKUllH ( 1) CMell!aJia f!HK B CITeKTpe m 
7777 

aJihlX 3Ha'IeHH:H, TO H (1) rrpOll!Jia 5hl ITO l'Hf!OTe3e (4). 

e BpeM.II ITpH XOpOlliHX TO'IHOCTS!X ll3MepeHH:5! HMITyJibCOB H ITpH 

llHX ( Koraa 11 p a << m 77 ) BTS!rHBaHue 5hmo 5br He3aMeTHo. Tor

Hhre <fJyHKUHOHaJibi Bhlf!OJIHHJIH 6b! CBOIO 38/lB'Iy. fipH Bh!COKHX 

pOll!H 1i 05hi'IHhie ¢yHKUllOHaJibl ( 7); OHH rrpeJJ.f!O'ITHTeJibHee, T8K 

51 Ha M8Hblllee 'IllCJIO IIP8Af!OJIOMeHH:M, 3aM8THM, 'ITO BT5!rHB8HHe 

6hi'IHOMy <flyHKUHOHaJiy ( 7); B HeM HeJJ.OCT810rU85I Macca p 1T

o rroaroHS!eTCS! rroa Macey rr 0 -Me3oHa. MoJJ.eJIHpoaaHH:e no

eaKUll H 77 - p-> p 77- 77 ° 77 ° YA OBJie TBOp S!eT r llfiOTe3e 77 -p-> p 77-
77 

0 , 

m 77 0 17 o oTnuqaeTcS! OT m 17 o Ha 0,2-0,3 faa H 6onee, H 

:hll!llX .3Ha'IeHll5!X m 17 o77 o rrepecTaeT npoXOAHTb no STo.il: rHrro-

JIH:lllb B TOM, 'ITO H8HMeHblllee m 
77 

0 
77 

0 0TJIH'IaeTC5! OT 
rn

77
o 

aTOT llHTepaan ITpH: XOpOllleH TO'IHOCTH H3MepeHH:5! HMrrynbCOB 

bCS! AOCTaTO'IHO BeJIH:K llJIS! TOro, 'IT06b! BTS!rH:BaHHe HC'Ie3JIO. 

ro rrpoMeMyTKa Mace m 7777 Me MAy peaKUH S!MH 11- p -. p R- H 

11° HeT, TO "pe30HaHCHhlH <fJYHKUHOHan" (8)-(10) BTS!rllBa-

pesoHaHca R-
cPOHOBhie C06b!TH5! H3 OKpeCTHb!X HHTepaaJIOB 

f!Orpell!HOC 1' SIX, 

BblBOJ(bi 

Hhie cPYIIKUHOHaJibi f!03BOJI5!101' B ITpHHUHrre OTJJ.eJI.IITb K8H8Jlh! 

eaoHaHcoa OT apyrHx KaHanoa. Ho rrpH BhlCOKHX sHepruS!x 11 

ll3MepeHHH HMITyJibCOB OHH He IT03BOJI5!101' 0TAeJI5!1'b 

HaJibi i-1pyr OT Apyra, a ITpOCTO pa36HBal01' C06b!1'H5! Ha JJ.Ba 

, Y KOTOpbiX scfl<iJeKTHBHaS! Macca CHCTeMb! "77- + HeHTpaJib

e npeaocxoauT 2 faa, 11 Ha ace npo'IH:e, Borrpoc o6 HAeHTH

.il: IIpll Bh!COK!iX 9HeprH:5!X OC1'aeTC5! OTKph!Tb!M, 
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