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Bae.neaste 

YiHTeHCHBHOe HBKOnneHHe aKcnepHMeHTBllbHblX .ClBHHb!X 0 B38HMO.OeiiCTBHstX aneMeH

T8pHblX 't8CTHU , o6ycnoaneHHOe C03.ClBHHeM rHrBHTCKHX yCKOpHTeneil H 6onbWHX nyablpbKO-

Bb!X K8 Mep, npHBeno K OTKpb!TR!O HOBO A rpynnbi 't8CTHU - pe30H8HCOB, 

XapaKTepaoA oco6euuocTblO peaouaucoa HBnHeTCH HX Manoe apeMH >KH3HH 

(r- 10-
22

-10-23 
ceK), C TO'tKH apeHR!I aKCnepHMeHTBllbHb!X B03MO>KHOCTeil COBpeMeHHb!X 

MeTO.ClOB RCCne .OOBBHH!IJreHepaUH!I H pacna.n HOBblX 't8CTHU npOHCXO.ClstT npaKTH'teCKH B o.n

HOil TO'tKe. B CBH3H c aTHM o6CTOHTenbCTBOM ax cywecTaoaauue 6blno o6uapy>KeHo TOnbKO 

C llOMOWblO KOCBeHHblX MeTO.ClOB npH H3y'teHHH pe30H8HCHb!X CBOi!CTB llpo.ClyKTOB HX pacna

.08, 0TC!O.Cl8 H npOHCXO.ClHT H83B8HHe aTHX 't8CTHU - pe30H8HCbl, 

B uacToHwee apeM!I 'tHCno OTKpbiTb!X peaouaucoa y>Ke aHB'tHTenbHO npeBbiWaeT 'tHcno 

a neMeHTapHbiX qacTHU. B castaH c aTHM aoaHHKaeT nenbiA pst.n npuuuunuanbHb!X aonpocoa 

o npstpo.ne acex qacTHU, HanpstMep, CTBHOBHTCst nO'!TH o'teBR.ClHb!M, 'tTO C'tHTaTb ace 'taCTH

Ubi aneMeHTapHb!MH He 6onee paayMHO, '!eM C'tHT8Tb aneMeHT8pHbiMH 8TOMHble st.Clpa, 

B nocne.nuste ro.Obl Hayqeaste peaouaucuoa CTano o.nnoA H3 OCHOBHb!X aa.naq QJH3HKR 

Bb!COKHX aaeprHft. 3TOMY BOllpOCy flOCB!IWeHO 60llbWOe KOllH'!eCTBO aKcnepHMeHT8flbHb!X 

H TeopeTH'!ecKHx pa6oT. Ceilqac aaKBH'!HaaeTc!l nepsto.n H8KOOn8HHSI OCHOBHbiX JlBHHbiX 

0 HOBblX 'i8CTHU8 X H H8'iHH8eTC!I nepHO.Cl flOCTpOeHH!I C HC TeMBTHK H HOBblX QlH3H'ieCKHX Teo

pHil, CB!I38HHblX C pe30H8HC8MH H aneMeHTBpHblMH 'i8CTRU8MH, 

B uacTO!IWeM o6aope 6y .nyT no.npo6uo o6cy>K.neabi KBBHTOBbie qacna H caoilcTaa 

x) 
6030HH b !X pe30H8HCOB H8 OCHOB 8HHH HMe!OWHXC!I .ClBHHblX HB Q1eapanb 1964 r o .na 

Bonpoc o cHnbHhiX H peaouancHbiX aaanMo.neilcTBH!IX 6oaouoa aaqan HHTeHCHBHO o6-

CY>K.Cl8TbC!I nocn e OTKpb!TH!I M 8 KC HMYM 8 B K pHBOil 71 p -ceqeHH!I npH KHHeTH'!eCKOl\ aHep

rHH 11 -Meaouoa T ~ 900 Maa
1 14

-
161

• B 1956 ro.ny 6hinO BbiCKaaauo npe.nnono>KeHHe o 

T OM, 'iTO aTOT M 8 KCHMYM 06 y cnoaneH p e30H8HCOM B TTTT -cHCT8M8t 8 H8 B rrN -cHCTeM e , 

TB K K B K B noc ne.nneM cnyqae cnHH peaouauca 6bin 6bi O'ieH b 6onbWHM ( J ~ ....!.}__) , 'iTO 

M an oae po!ITH O/ 
151.1 161

• B npe.nno>KeHHOA Mo.nenu 1111 -peaon a Hc HMen Ma;cy M- 430 Mas 

H WH pHHy r - 100 Mas, KaK noKaaanH .nanbHel\wue Hccne.noaaHH!I 71N -aaaHM O.Oel!CTBHH, 

3 T 8 MO.Qenb B .ll8ACTBHT8nbHOCTH He HM88T M8CT8. 0.0.H8KO 3TH npe.anon o.>K8HHSI CTHMynHpo-

BBnH p83BHTH8 3 KC ne pHM 8 HTOB no H3 Yl.I8HKlO TTTT -s38HMO.ll8AC TBHH 1 K OTOp bl8 11pHB8nH K 

OT K p biTR lO ueno ro p51 .0 8 p e30H 8 H CHhlX C H C T8M 11 - Me3 0HOB. 

x) no aTOMY BOnpocy CM, TBK>Ke pa60Tbl o 6 aopH OrO xa p a K Te p a'
1-! 3

/ 

5 



B 1960 ro.ny 6binH coo6meHhi nepsbie aKcnepHMeHTanbHbie peaynbTaTbi no Hccne.nosa-

HHIO K" - saaRMo.ne l!cTSH!I, s KOTOpbiX 6bino o6Hapy>KeHo cymecTsosaHHe K0 
-MeaoHa, 

B 1962-·63 ro.nax Ha <t anocb H3y<teHHe csol!cTs K K -nap 11 MHoro nHOHHhiX CHCTeM. Ha116onee 

.nocTosepHbie peaoHaHCbi 11 Hx ocHOSHbie csol!cTsa np11se.neHbi s Ta6n11ue I. H ecoMHe HHO, <tTO 

B H8CTOHLU99 epeMH ee Henb3H Ct{HT8Tb nonHOCTb~ 38KOH'I9HHOA. 

{.p-Me 30 H 
';\. 

I. Macca H lllKPHHa 

3KCnepHM9HT8nbHb i 9 .ll8HHbi9 0 CYW9CTBOB8HHH H CBOACTBBX p -Me30H8 nonyt~9Hbl, 

rnaSHbiM o6pa30M , npK K3y<teHKK O.O.KHO'tHOrO p O>K .O.eHK!I 1T -Me30HOS S peaKUK!IX: 

+ + + 
" +p~"+"+n, 

(I) 

- - + 
" + p -+rr+"+n, (2) 

"+ + p .... 11~17° + p, (3) 

" + 
-+ "0 + p p ... " (4) 

" npH Hccne.nosaHKH npoueccos aHHHrKn!IUHII aHTKnpoToHos. CymecTsosaHRe p -Me30Ha 

6bin O TaK>Ke 06Hapy>K eHO S npoueccax cj:>OTOpO>K.O.eHK!I nKOHOS II S npOTOH-npOTO.HHbiX CTOnKH0-

1 17 I 
8 9HHHX 

Oco6eHHO MHoro pa6oT nocS!IllleHo H3y<teHKIO peaKuHl! (I J-( 4) npK E - I 63s , Y>Ke 
. I 18-201 " 

B n e pBbiX p860T8X 1 B b lfiOnHeHHbiX C llOMOLUblO BQ.n,OpO.ll.HbiX ny3blpbKOBbiX K 8Mep , OTMe -

qanoc b , qTo HMeeTcH yKB38HHe a a cyw.ecTB OBBHHe peaoaaacaoro mT - B38HMO.ll9ACTBHH 

c .II - 600 Mas. O.o.HaKo cTaTHCTHKa s aTHx pa6oTax 6bma HesenHKa (o Kono 100 co6biTKl! 

THil 8 (4)), noaTOMY Henb3!1 6binO c.nen 8 T b onpe.neneHHbiX 3aKniO 'teHH l! 0 p e30HaHCe S 7T7T-CH

CTeMe, j]a nbHe l!lll ee ysenH'teHHe CTaTHCTHKH .0.0 HeCKOn bKKX TbiC!I't C06biTHl! THila ( [-4) Il03-

s onHno onpe.nenHT b Macey 11 lllHpHHY p - MeaOHa , 

H anpHMep , s p a6oTe
12 11 

Hccne.nosanocb po>K.neHKe Me30HOS s 
+ 

" p - coy .napeHK !IX 

npH 1 ~910, 1090 11 1260 M as . Ha p11c. I npHse.neHbi nony<teHHbie pacnpe.neneHH!I n o acj:>cj:>eK

THBHbiM MaccaM CHC TeM (17+ 17°) H ( 77+ 17+) -M e30HOS , 3.D.eCb >Ke npHse.neHbl H O>KH.O.aeM bie 

p ac npe .nene HHst, BbP·IHCneHHbie H3 CTBTHCTI.PtecKH X coo6 p a>KeHHA. B 3TOM MecTe Mbi c.nenaeM 

He6onbw oe oTcTynneHHe , qT06bi noHCHHTh, l..J:TO npe.ncTaenstlO T co6 o A: 3 TH pacnpe.a.oneHIHI no 

ac!:>cjJe KTHBH biM Ma CCaM TOll HnH HHOl! rpynnbl qacTHU, a TaK>Ke S KaKKX npe.nnono>KeH,lSIX 

W:lnyye Hbl Teo pen<'teCKHe Kp>!Sbie, TaK K8K aHanOI'H 'tHbie rpacj:>KKK WHpOKO HCnOnb3yiOTC!I npH 

H3y ~e HHH p e30H 8 HCOB . 

6 

06oa- CTpBH-
HB1.1e- HOCTb /(}PO )'U) cpxuJ 
HHe 

0 I (0--) ( - ) 

K 
+I y, (D-) 

0 0 (O-+ ) (-) 

~ 

p 0 I ( 1-+) (+) 

0 0 ( ~-- ) (+) 
"' 

</> 
0 0 (I ) ( + ) 

-
"'K• +I '{,(I - ) 

0 0(l:.2++) (+) 

x) B aToA Ta6naue .anSI cpaaueua 

XX) f (] Po) - H30TOfiHlfeCKH A: COHH
1 

xxx) CP- KOM6 HHKpoaaHHBH lfeTuoc · 



,Hbie pe3 y1lhTBThi no Hccn e.aoaa

ywecTBOBSHHe K
0 

- Me3oua. 

AHoronHO HHhiX CHCTeM . H aH6on ee 

,1 B Ta6nHue I. H ecoM ue u uo, '<TO 

HO i!. 

TB8X p -M e30H8 nonyt.teHbl , 

- Me30HOB B pe8KUH!IX: 

( I ) 

(2) 

(3) 

(4) 

CywecTsosauae 

B H B npOTOH-n pOTOHHblX CTOflKHO-

(1) - (4) npH E - 1 6 3B . Y >Ke 

" 
:>JJ.HbiX llY3blpbK OBbiX K8M e p, OTMe-

HOrO 7T7T - B38HMOllei!CTBIHI 

u esenuKa (oKono 100 co6biTHl! 

'KniO'ieHI<i! 0 pe30H8HCe B 7T7T-ci< 

TbiC!I'i co6hiT I<A THn a ( 1-4) no3-

+ 
:!30HOB 8 , p - coyuapeHH!IX 

·qeHH bie p acnpeueneHH!I no 3cpcpe K-

: b *e npHse.aeH bi H o>K HJJ.B e M bi e 

HHA . B aTOM MecTe Mhi cJJ.en aeM 

) T co6 o R 3 TH pacn peuoneH H!l n o 

Ke B K8KHX npe.ano n o>KeH HS':I X 

cpHKI< W I<pOKO HCnOnb3yiOTC!l npH 

06oa-
HB'Ie-

HKe 

, 

K 

p 

"' 

"' 
"K• 

x) 

xx) 

xxx) 

Ta6nu~a I 

EoaoHH&Ie 
x) 

p e30H8HCbl 

CTpau-
I( I PO )u:) (M,.a) Wnpuua (M3a) KnK 0CH08Hb19 0THOCHT9nbH 8 H 

CPx:a) Mace a 
HOCTb r (ceK) cxeMbi BepORTHOCTb 

p acna.na pacna.n a B ( %) 

0 1(0 -- (- ) rr"-1 35 
-1 6 

rr•-+ yy tt0 -l•(Q C9K 100 
+ ,--140 

+ - 8 rr - 2,5 "1 0 ceK 
+ 

"- ... ll± v 100 

+I Y.(O - ) K"-498 K"- -1 0 
10 ceK Kt-+"+ "_ 66 

+ l 
-8 

' K - 494 K" - 6• 10 CeK K+ ... ,_,.+ v 64 
2 

lt - 8 
-!r22•f0 CeK 

0 0 (O-+ ) (-) 548:!:_1 ~ 7 , + "-"0 30:t_8 : , 0 ,• ,o 22:t_9 

, + 8:t_2 , y 

y ·Y 40+ 17 

0 I ( 1-+) (+) 750+5 100+ 10 
+ 

" 
, 100 

0 0 ( I ( + ) 784:t_l 9,5:!:_2,1 "+ "- "0 85 

17. y I O:t_3 

" 
+ ,- 4 ,5+1, 6 

0 0 (I (+) 101 8,8:!:_0,5 3,1:!:_1,0 K K 90 
l 

p , < 10 

-
+I 'h ( I ) 890:!:_1 5 1:!:_2 Krr 100 

0 O(l:-2++) (+) 1250:t_25 150:t_50) 
"" 100 

B 9 TOA Ta6nnue .anH cpaeaeHH SI npnee.aeHbl CBO QCTB 8 , K K -M eao Hoe . 

/(/PO) 
- K30T0flH'I9CKHA C flH H, cn nH, '19THOCTb H G -t.JeTHOC Tb p eaonaHca. 

CP - KOM6HHHpOB8 HH8H 'i9TH OCT b. 

7 



3cP<PeKTHBH8SI MBCC B V -qaCTHU o npe.uenSieTCSI Bblp8)1{eHHeM 

r.ue E H p 
I I 

M 
v 

v 
= [( ~ 

f = 1 

2 

El ) 
v 
~ 

I = 1 

p 
I 

)2 ]\\, 

X) 
fl0RH8st 3HeprHSI H KMnynbC COOTB9TCTBY10lll9A tt8CTHU bi, C = 1 • 

(5) 

EcnH 

3 TH '1 8C THU bl SIBnSI!QTCSI npO.UYKTBMH pacna.ua .UpyroJl HeCT86HnbHOll '! 8C THUbi-pe30H8HC8, TO 

H3 06WHX n o nO)I{eHHJl KBBHTOBOJl M eXBHHKH MO)I{HO nOK838T b 0 'ITO pacnpe.ueneHHe no :;~<1JcpeK-

TH BHb!M MBCCBM V -qaC THU 6y.UeT HMeTb BH.U /
22

•
23 1

; 

W(Mv) - • , (8) 
(Mv -Mo) 2 + (r/ 2) 2 

r.ue M
0

- MBCCB HeCT86HnbHOl! '! 8C THUbl H r -cBSI38HO C e e BpeMeHeM )I{H3HH r COOTHOwe-

HHeM HeOnpe.ueneHHOCTH 3HeprHSI-apeMSI 

r .r Q 1. (7) 

0TMe THM T8K)I{e
0 

'ITO <1JopMynbl ( 8) H ( 7) nonyqeHbl B Hepe11SITHBHCTCKOJl KBBHTOBOil 

M9X8HHK 8 .llnH KB83HCT8UHOH8pHbiX COCTOHHHA: H npHM8H9HH9 HX K p8Cfl8.08M H9CT86HnbHbiX 

'IBCTHU SIBITSieTCSI He COBCeM 38KOHH OJl onepBUHeJl , 0.UH8KO BBH.UY OTCyTCTBHSI TeOpHH 311eMeH~ 

T 8 pHb!X 'IBC THU HC nOI1b30B8HHe H B H6 o rree 06WHX Bb!BO.UOB KBBHTOBOJl MeXBHHKH .lli1SI HHTep

npeTBUHH H 8611lO.U8eMb!X pe30H8HCOB K8)1{eTCSI uerreC006p83HblM, 

VITBK, H3 Y'IBSI pacnpe.uerreHHSI W (MV) 0 MO)I{HO HBl!TH MBKCHMYM THI18 (6), WHpHH8 

H n OI10)1{eHI!e KOTOporo xap8KTepH3YlOT M8CCY H BpeMSI )I{H3HH I!CKOMOrO pe30H8HC8, 

BepHeMCSI K paccMaTpHaaeM biM npoueccaM ( 1) H (3). B 3TOM c nyqae, ecnH , HanpKMep, 

npo u ecc (3) H.UeT TOI1bKO no cxeMe 

+ 
1f + p 

+ 
" + "0 + p , ( 8) + 

p + p 

T, e . qepe3 o6 pa3 oBBHHe p -Me30Ha, T O p acn pe.uerreHKe W(M(1r+ 1r
0
)) 6y.ueT HMeTb BK.ll (6), 

0.UH8KO 06bl"'HO HBpSI.UY C peBKUKeJl (8) H.UeT H peBKUHSI (3) 6e3 o6p830B8HHSI pe30H8HC 8 , 

Tor.ua pe30 H B HCHbte nHKH 6y.uyT Ha6rrlO.UBTbC SI Ha HeKoTopoM <PoHe OT npouecca (3). 0'1eHb 

q ac T o .uerraeTCSI npe.unorro)l{eHHe, "'TO p acnpe.uerreHHe W( M ( =)) .lli1SI peBKUHH THna (1) 

H (3) onpe.uenReTCSI TOI1bKO 06beMOM cP830BOrO npOCTp8HCTB8 COCTOSIHHJl , .uonyCTHMb!X npH 

xx) 
.uaHHOM 3HB'!eHHH :;~<1J<1JeKTHB HOJl MBCCbi M

0 
( 1r1rN ) CHCTeMbi • Tor.ua 

diY(Mo ,M (=)) d
3 Pll., 

3 .. 3 .. 

= r d p d p X 

dM (1r1r) 2E 2E 2E 
(9) 

1f 1f N 
1 2 

3 .. 2 2 2 2 
] 

11
- M ("" ) ) X 0 ( ~ p - p ) 0 ( [( ~ El ) - ( ~ 

.. 
) p 

I I 
1 = 1 I = I 1= 1 

x) Bbtpa)l{eHHe (5) RBrrSieTCSI p e rrSITHBHCTC KHM CKBrrS!pOM H no3TOMY MO)I{HO !.1 
Bbr'IHCrrHTb no HMelOWHMCSI 3HB'IeHHSIM E; H P; a rr106oll CHCTeMe Koop.uHHBT, B .uan~eJl-
weM ao acex q,opMyrrax norraraeTC SI h = c = 1 ~ 

xx) B He K OTOpbtX cny'IBSIX aonpocbt HHTepq,epeHIIHH <PoHa H pe30H BHCHoro KaHana pe a K-

UHH MoryT 6btTb cywecTaeHHbr (eM ., HanpHMep, I § 3), 

8 

3.uecb npe .unonaraeTCSI, "'TO ~ 

ri!Jl H HMI1Y11bCOB o6pa3y!OWHX 

rreHI!e ( 9) 6y .ueM HB3biBBTb c · 

npHae.ueHbl KpHBbte , xapaKTepH 

HMelOWHe cPOpMy TpaneuHl!, -

r.ue N* - 1!306apa c 
33 

t.f = 1 

KaK BK.UH O H3 pllcyHKa, 

np11 T Q 1260 M:;~a, c M~750 

MBCCBM ( 7r+7r0 ) -ci!C TeM ( p+ - rv 

Max, HMeiOLUKX I • 2, noasonHE 

MO>K9T npHHHM8Tb T ORbK O i:I.aa 

AaanorH"'Hbie BhiBO.Obi o I 

"N -a3aHMo.uellcTBHSI a HHTep1 

pO)I{.lleHHSI p -M e30HOB COCTBBP 

npH E = 2 r:;~a H ynarro .uo H eCJ 
"+ 

VfHT9p9CHO OTM9THTb, qTO B Hl 

H.aeT no cxeMe 

+ 
1f + 

c ce'!eHHSIMH OKorro I M6 
1 40 •41 

CaoJlcTaa H xapaKTepHCTH 

rrpoueccax
144

-
481

, np11 IICCrre.U· 

p + p .. 

C 110MCK1Ibl0 72-.ulOJlM OB OJl BO.UOJ 

YKB3BH r.·e o .uaollHoJl cTpyKType 

llHK M <XK HO p83..0.9RHTb H8 .!lB8 ~ 

O.uHat " 3TO pa3 .ueneHHe CTBTfiC 

3KCfl E. .JHM8HT8nbHbJX .ll8HHbiX C f 

Crre.u~ · eT OTMeTHTb, 'ITO a .upyrt 

110.U.U 6HOJl CTpyKTypb! pe30H8HCH C 

8 38Kn lO'!eHKe OCTBHOBHMCl 

CSI 07 Bb!BO.UOB 60I1bWIIHCTB8 .Up 



(5) 

x) 
eA qacTHUhl, c :~:~: 1 • EcnH 

HflbH O A: 1.{8CTHUbi-pe30H8HC8, TO 

, '<TO pacnpenene HHe no s¢¢eK-

(6} 

COOTHOWe-

(7) 

1 HepellQTHBHCTCKOl! KBaHTOBOl! 

HX K pacnanaM HeCTa6HilbHbJX 

BHny OTCyTCTBHQ TeopHH sneMeH~ 

8HTOBOA M9X8HHKH DnH HHTep-

JIM . 

MaKCHMYM THna ( 6) 0 WHpHHa 

3HH KCKOMOrO pe30H8HCll. 

~ 3TOM cnyqae, ecnH , HanpHMep, 

( 8) 

I) 6ea o6paaosaHHQ peaoHaHca, 

M ¢oHe oT npouecca (3). QqeHb 

( 17TT)) nnQ peaKUHH THJla ( J) 

sa COCTOQHHA , nonycTHMbiX llpH 

<xl . Torna 

3 .. 
p X (g) 

2E 
N 

poM H no3TOMY MO>KHO Mv 
c TeMe KoopnHHaT, B nanbHeA-

·Ha H pe30HaHCHOrO KaHana pe aK-

3necb npenrronaraeTcQ, 'ITo MaTpH·'IHbil sneMeHT 11 N -saaHMoneAcTBHQ He aaBHCHT oT s Hep

rHA H HMilYilbCOB o6pa3yJOLUHXCQ 'laCTHU H QBJlQeTCQ KOHCTaHTOl!, .B nanbHeAweM pacrrpene

neHI!e ( 9) 6y neM HaabtBaTb cTaTRCTH'IeCKHM <Po HoM peaoHaHCHbiX cocTOQHRA 1241 , H a pRe.! 

rrpRseneHbt KpHBbte, xapaKTepRayJOLURe cTaTHCTH'IecKHA ¢oH oT peaKuHA (I) H ( 3), H KpHBbte, 

HMeJOLUHe <lJopMy TpaneuRA, - OT peaKUHl! 

" + N _., N3~ + " -+" + 1r + N , 

( 10) 

rne N• - Hao6apa c 
33 

M = 1230 Mss 11 H30TOnH'IeCKHM cnHHOM I ~ 3/2, 

KaK BRnHo H3 pRcyHKa, HMeeTCQ 'leTKHA nRK Han c TaTHCTH'<ecKRM ¢oHoM, oco6eHHO 

rrpR T a 1260 Mss, c MQ-750 Mss H r ~ IOO Mss B pacrrpeneneHHH no s¢¢eKTHBHbJM 

Mace aM ( 11+11°) - cHCTeM ( p+ -Me30H), 0TCyTCTBHe COOTBeTCTBYJOLUero llHKa B ( 17 + 17+) -cHCTe

Max, HM9JOLUHX I ~2, ll03BOJlQ8T cnenaTb BbJBOn 0 TOM, 'ITO l(p) ~I, TaK KaK 1(11+ 11°) 

MO>KeT npHHHMaTb TOnbKO ilaa aHa'leHRQ - I H 2, 

AHanorR'IHbte BbiBonbt o p -MeaoHe 6bmH rronyqeHbt H B npyrHx pa6oTax npH RayqeHHH 

11 N -aaBHMoneAcTBHQ B HHTepaane 3Hepr11A 11 - Me30HOB OT I no I7 r3a125-431 • Ce'leHHe 

po>KneHHQ p -Me30HOB COCTaBHilO B81lH'IHHy- 3,5 M6 B peaKUHQX ( 3) II 

(I I) 

llpH E = 2 rsa H yrrano no HeCKOilbKHX neCQTbJX MHilllR6apHa npK 'E - 10 rsa139•40 •411 • 
11+ 11 

VIHTepecHo OTMeTKTb, 'ITO B RHTepaane 3HeprKA EfT "' ~2~4) rss pe8KUHQ (II). B OCHOBHOM, 

H.aeT no cxeMe 

c ceqeHHQMH OKano I M6 140•4 I1• 
( I2) 

Caol!cTaa H xapaKTepRCTHKH p -MeaoHa TaK>Ke HayqanRCb H B BHHHrRrrllQUHOHH biX 

rrpoueccax
144

-
481 

npH HCCrrenoaaHHH peaKuKl! 

- + -
p + p-+ 2" + 211 +n11° (n =1,2 .. ,, ; (I3) 

C llOMO:UbJO 72-nJOl!MOBOl! BOnoponHOl! llY3blpbKOBQj! KaMepbi 6blll0 OTMe'leHO, 'ITO KMeeTCQ 

yKaaaHr.:e o naol!Hol! CTpyKType llKKa p0 
-MeaoHa ( 11 + 11- -cHcTeMa/441 , A KMeHHo, 3TOT 

lli!K M CXKHO paaneni!Tb H8 nsa- c M =720 Msa, r •20 M sa " M -180 Msa, r-60Mss, 
1 1 • 

OnHaJ ::> 3TO paaneneHKe cTaTRCTH'IeCKR He o6ecrreqeHo H aaTOpbt C'IHTaJOT, 'ITO o6bQcHeHHe 

:9KCITE. _.)HM9HTBnbHbiX ,aBHHbiX C llOMOlUbiO OAHOT'O p930H8HC8HOT'O llHK8 T8K}K9 B03MO>KHO, 

Cnen~·eT OTMeTHTb, 'ITO B npyrHx pa6oTax, rae Ha6nJOaancQ p 0 -MeaoH, He 6bmo aaMe'leHo 

llO.O.U6HOl! CTpyKTypbl pe30H8HCHOro llHK8, 

B 38KilJO'IeHHe OCT8HOBHMCQ H8 pa6oTe 
1381

0 peayrrbT8Tbl KOTOpOJ! HeCKOilbKO OTilH'I8JOT

C51 0 7 BbiBOt:lOB 60ilbWHHCTBa llpyrHX 3KCnepHMeHTOB, llOCBQLUeHHbJX H3y'!eHI!JO p -Me30Ha, 

g 



B STOll pa6oTe c noMOlllbiO HCKpOSblX xaMep nccneaosanHCb "rl -s3aHMOllellcTSHSI 

npH HMnynbCaX naaaJOlllHX TT--Me30HOS 12 H 17 ras/c, 0TOHpanHCb TBKHe cnyqaH po>Kae

HKSI (rr+ rr-J.-nap, xoraa KX yron SbineTa 6bm Man, T.e. cTonxHoseHKSI nepKcj:lepH'!ecxoro 

THna. 6blnO nonyqeHO, 'ITO ['(p" ~ 40 Mas. 3HeprHR p
0

-Me30HOS COCTasnRna - ( 10-15) ras, 
-II 

H OHH nponeTanH ao panaaa paccTOSIHHe - 10 CM (eM . (8) ), T,e, pacnaaanucb sHe o6-

nacTH rrN -s3aHMOaeliCTSHR ( I0-
13 

CM ), TaxHM o6pa30M, ManyJO WHpKHY pe3oHaHca s aTOM 

3KCllepHMeHTe MO>KHO 6bin0 6bl 06bSICHHTb OTCyTCTSHeM S3aHMOtleliCTSHR qaCTHU S KOHe'IHOM 

COCTOSIHHH, S TO speMSI KaK S tlpyrHX pa6oTaX, SblllOnHeHHblX npH 6onee HH3KHX 3HeprHRX 0 

Taxoro yTsep>KlleHHR aenaTb Henb3SI (pacnaaHoe paccTORHHe - I0-
13

cM), 

0tlH8KO SSHllY Manol\ CTaTHCTHKH (219 cnyqaes), 3TH pe3ynbTaTb/
381 

cneayeT pac

CMaTpHsaTb TOnbKO KaK yxa3aHHe Ha S03MO>KHOCTb 'yWHpeHHSI' pe30HaHC a 3a C'leT acj:lcj:lex-

TOB , CBR38HHbiX C B38HMOD.eA:CTBHeM lf8CTHU B KOHelfHOM COCTOSIHHH. 

§ 2. PacnaaHbie csollcTsa 

B HacToRmee speMH, xpoMe pacnaaos p -+ 2", He Ha6n10aanoch HHKaKHX apyrHx so3-

MO>KH hiX ;>acnaaos p -Me3oHa, V1MeJOTCR nHw b rpy6ble oueHxH sepoRTHOcTell STHX pacna-

llOB, 

Tax, HanpHMep, anSI npouecca 

.f>bmo nony'leHo/45,46,49/ 

R = 
1 

R = 2 

R = 
3 

p-+ .4" 

W ( p 0 -+ rr+rr -17<+-rr-) 

W ( p-+-+TT +1T -) 

It(/-+ rr ±,o 17+17-) 

IV ( p--+ ,± 17° ) 

W ( p- -+ "-+J17o ) 

W ( p--+ ,-,o ) 

( 14 ; 

< 2% ( 14 ' ) 

< 5% 
( 14") 

~ ,4,-o (' .4"' ) 

T,e, llOnSI pacnaaa ( 14) 
0 

S03MO>KHO, COCTasnSieT HeCKOnbKO npoueHTOS OT OCH OSHOrO paC<Ia-

a a p -Me3oHa, 

6hinO TaK>Ke yCTaHosneHO, 'ITO pacnall 
( 15 ) 

p ... 11 + ", 

!0 

~ 

I 
I 

.. , ecnH H npOHCXOllHT, TO C s epo 

pacnaa/ 
45

•
501

• PeaxuHH ( 15 l 

'7 -Me30Ha ( CM, '7 - Me30H), 

V1MeiOTCSI 3KCnepHMeHTan : 

ll po-+ Hel\Tj 

B nocneaHeM cnyqae151 •521 

·w ( P .. 
R4 

w ( p -+ 1T 

TaxHM o6pa3oM, MO>KHO 

SbiX cxeM pacnaaa p -Me3oHa 

Me>Kay TeM HMeeTcH p!!t 

sepo!!THOCTH HeKOTOpbiX cxeM 1 
/54- 57 I 

HO : 

Rs 

R6 

R7 

ll T.ll. V13y'leHHe npoueccos ( 

npH onpeaeneHHH KSaHTOSbiX 'IH 

B nepsoM napa rpacj:le aTor 

Ha6nJOaaswHl\CR pacnaa p-+ 2 17 

TenbCTsyeT 6onbwaH wHpHHa p< 

p -Me3oHa aon>KeH 6b1Tb paseH 

X) nonHa!I SOnHOSa!I cpyHt 
OTHOCI!TenbHO OllHOSpeMeHHOl\ 11• 

HbiX B CHny TO>K.aeC TB eHHOCTH l. 

asyx "-Me30HOB c I ~I aHTHCK 

nepeMeHHblX. noaTOMy II npOCT> 
OTHOCHTenbHO nepecTaHOBOK llpO 

uaTen&Ha: p = (·1>' =- J, 



lnHCb TT "?i -s38HMOJle liCTBHSI 

ip811HCb T8KHe Clly'!8H pO>KJle

IKHOBeHifSI nepKcpepH'!eCKOrO 

10s cocTasnsrna - ( 10-1 5) ras, 

) ) , T,e. pacnaJlallHCb sHe o6-

nyl0 WKpKHY pe30H8HC 8 8 3 TOM 

•OJleliCTBif!l '!8CTHU 8 KOHe'!HOM 

npK 6onee HH3KHX 3HeprK!IX, 

- I0- 13
cM) , 

/38/ 
JeaynbT8Tbl cneJlyeT p ac-

~~· pe30H8HC8 38 C'!e T 3cpcpeK-

:TOSIHHH, 

~10Jl8110Cb HHK8KHX JlpyrHX 803-

.KH sepO!!THOCTeli 9 TifX pacna-

( 14') 

( 14' 

(4"') 

npOU9 HTOB OT OCHOBHOrO pac. rra-

( 15) 

eCJIH H npOHCXOJlHT, TO C sepOSITHOCTbiOJ MeHbWell, '!eM 8•10-3 OT BepOSITHOCTH OCHOBHOrO 

pacna)la/
45

•
501

, Pe8KUHSI (15) O'!eHb HHTepecHa C TO'!KH 3 peHHSI HCCJleJlOB8HHSI CBOliCTB 

TJ -Me30 H 8 ( CM, '7 -Me3oH), 

YIMeiOTC!I sKcnepHMeHTanbHbr e JlBHHbre H o p acnaJlax 

+ -
p-+ TT TT y 

H HeliTp81lbHb!e '18CTRUbl, 

( 18) 

( 17) 

B nocneJlHeM cnyqae
151 •521 

·w ( p -+ Hel!Tp, '18CTHUbl 

W(p-+rr+rr) 
s (6 :t .<ti)%. ( 17') 

TaKRM o6p830M, MO>KHO KOHCT8THpOB8Tb, 'ITO 9KCnepHMeHT8JlbHOe RCCJleJlOBeHHe Ho-

Bb!X CXeM p8C08Jl8 p -Me30H8 TOilbKO H8'1HHaeTCSI, 

Me>KJlY TeM RMeeTCSI p!!Jl TeopeTR'IeCKHX MOJlenell, KOTOpb!e fi03BOIISIIOT OUeHRTb 

sepo!ITHocTH HeKOTOphrx ex eM pacnaJlos p -MeaoHos
153- 581• HanpHMep, 6hlno nonyqe-

/54-57/ 
HO 

R5 
'It (Po -+ 17o y ) -1 % 

+ w (Po 17 TT -) 
( 18) 

R lY (P o rr+rr-y 
1% ~ . 6 

w ( p 0 .. 
+ 

TT TT -) 
( 19) 

'It ( p 
+ 
e-) .. R7 

.. , e 
0,8 % 

w ( p .. " y ) 
(20) 

H T,Jl, Y!ay'!eHHe npoueccos ( 14), (18), (17),(18)" Jlp. M O>Ke ·r cywecTseHHO n o MO'Ib 

npH onpeJleJleHHH KS8HTOSbi X 'IHCen H C SOJICTS 

§ 3 . KsaHTOBbre 'IHcna 

B nepsoM naparpacpe sToro paaJlena 6hlno noKaaaao, 'ITO 1 ( p) a I. 0TCIOJla, ecnK ~I 
H 86Jl10Jl8Blll HJICII p 8Cfi8Jl p-+ 2 TT o6ycn o sneH CHilbHb!M saaHMOJlellc TSHeM ( o qeM CBHJle- f ) 

T eJlbCTByeT 60ilblll8SI WRp11H8 pe30Hl\HCa ), TO S CHily H30TOfiH'!eC K Oll HHB8pH8HTHOCTH Cfii!H 

x) p - Me30H8 JlOJl>K e H 6b!Tb paseH UP.IlOM y He'!eTHOMy 'IHCny, T,e, e r o '!eTHOCTb OTpHUB'T'ellbH l\, 

x) n onHaH SOJIHOSaH cpyHKUKII C HCTeMbl JlBYX Me30HOS Jl01l>KH8 6b!Tb CHMMeTpii'IHOll 

OTHOCHTellbH O OJlHOBpeMeHHOll nepeCT8HOBKH 11 30TOfiH'!eCKHX H npOCTp8HCTBeHHblX nepeMeH

Hb!X s cRny T O>KJlecTseHHOCTH qacTHU ( 6oaoabr) . Y!aoTonR<tecKall •<acTb sonaosoll cpyHKUHK 

JlByx rr -MeaoHos c 1 ~I BHTHCHMMeTpH'IHa OTHOCIITenbHO nepecTaHOBKK K30TOBH'!eCKHX 

nepeMeHHb!X, n osTOMy H npOCTp8H CTBeHH8H '18CTb Jl0Jl>KH8 6h1Tb T8 K >K e 8HTKCHMMeTpH•ma 

OTHOCRTen b H O nepeCT8HOBOK llpOCTp8HCTB8HHbiX n e peMeH H hiX , T . e. "19TH OCTb CH.CT9M bl 0TpH-

U8TeJlbHa: p = (·lJ' =- J, II 

' 



G - qeTHOCTh p -Meaoua nono>KHTenbHa, T8K K8K OH pacnanae TCH no CHnhHOMY saaHMo-

lle ll c T B IUO H a llB8 "-Mea oHa ( e M, Ta6nHuy I) x) . 0.llH8KO Heo6xo.llHM O noMHHTb, 'I TO 

3 8 Kni0 '19HH9 06 H30TOI1H'!eCKOM CllHHe p -Me30H8 0 H8 0CHOB8HHH K OTOpOI'O H 6b!l1H onpe,lle

neHbl llO'ITH ace e ro KB8HT0Bble '!Hcna, HOCHT K8'!9CTB9HHbrll xap8KTep (eM. § I). no3TOMY 

OC 06eHH O B 8 >KHbl H llpyrHe HM9!01UK9CSI ll8HHbl9 0 KB8HTOB biX 'IHCI18X p -MeaoHa. B 3TOM 

naparpa cpe 6y.lleT paccM o TpeH BH8nK3 yrnoBblX pacnpe.llene HKll npo.llyKTOB pac n a .lla p -Me-

30H8 1 B Cne.Q.yJOWeM - .0.8Hllbie 0 C9'i9HHH 1T 1T -a38HMOn e J\C TBHR, KOTO p bi e 1 B OC HOBHOM 1 

n o nTB"ep>KnBJOT cnen a HHbJe B biw e Bblao n ht . 

H a pHc. 2 npKBelleHo yrnoeoe pacnpe.llene HKe rr -MeaoHoe, o6paaoaaHHbiX npK p ac

n a lla x p - -MeaoHOB, Pacnpe.lleneHKe .ll8HO a CKCTe Me noKOSI p -MeaoHoa OTHOCKTenbH O 

H 8 11p8 Bl19 HHSI l1 8 1l8!01U9 1'0 ny'!K8, 3TH .ll8HHbie 6bll1H nony'!eHbl npK KCCI19.llOB8HKK peaKUHK (4) 

C l10MO!Ubl0 5() CM BOilOpOilHOll ny3blpbKOBOl! K8M9pbl 0 06ny'!9HHOll B ny'!Ke rr--Me30HOB C 

. /49/ 
K M nynbCO M 1,6 raa/ c , 6bll1H OT06p8Hbl T 0 11bKO Te cny'!BK pO>K.lleHHSI p -Me30HOB, B 

K OT O p b lX OHH Bbll19T8!0T B H 8 np8Bl19HHH 0 6nH3KOM K H811p8Bl19HK!O TI8,ll8!01U91'0 ny'IKB rr--M930-

HOB, K a K BH.llHO K3 pKc,2, a pacnpe.llel\eHHK pacna.llHbiX p -MeaoHOB .llOMHHKpy!OlllHM SIBnSI

eTC SI '1119H - cas
2 
¢, 3TOT cp8KT CBH,lleTenbCTByeT 0 TOM, 'ITO j ( p) ~ 1 , 6onee llO.llp06Hbll! 

8 H 8 11Kf nOK83blB89T, 'ITO B 3TOM pacnpe,lleneHHH KMe9TCSI TBK:>!!e H S -aonH8 (K30Tp011H8SI 

'!8C Tb p a cnpelle neHHSI), KOTopaSI CBH.lleTenbcTayeT o HanH'IHH "" -eaaHMO.llellcTBHSI c I =2 

H 1 =0,2. 3TO 06CTOSIT911bCTBO CHI1bHO ycnO>KHSI9T H3Y'I9HH9 pe30H8HCHOI'O 1T 1T -B38HMOilell

C TBHSI0 T 8 K K8K B0311HK8 1<lT BOI1p0Cb! 0 CBSI38HHbl 9 C HHTepcpepeHUHell B38KMOilel!CTBKll 1T -Meao

HOB a cocTO!IHKSix c I -I K I =2, B br.lleneHKeM B38KMOilel!cTaKSI c 1 = 1 a 'IKCTOM BH.lle 

H T, fl . 

/6 1/ 
no.llp06Hoe p8CCMOTp9HK9 3TOI'O BOI1pOC8 B pa60T9 l10K838110, 'ITO HM9!0lUKeCSI 

3KCn e pKM9 HT811bHbie ll8HHbl9 no npoueCC8M ( 1-4) ,llOnyCK8lOT B H9KOTOpb!X npellnOI10>K9HKSIX 

6onbw o ll BKn B.ll( rrrr )-ea aKMO.llellcTBHSI c I •2 B o6nacTH p -Me30HOB. Eme 6onee cno>KH8SI CKTya

UKSI KM 9 9T M9CTO B cnyqae p0 -Me30HOB, 

npK KCC119.llOB8HHK nepKcpepK'19CKHX B38KMO.ll9liCTBHll rr- -Me30HOB C HMnynbCOM 

3 r :;m/c C npOTOH8MK B pe8KUHSIX (2) 6binO 06Hapy>KeH0 0 'ITO B pacnpell9119HHH 0 TKI18 noKa-

38HHOI'O Ha pKc. 2, HMeeTCSI 3H8'1KTenbH8SI 8CHMMeTpK11 'anepe.ll-H838.ll•
1 32

•
621 

xx) . VIH-

• 
TepnpeT8UHSI 3TOI'O pacnpe,lleneHHSI B TepMKH8X 1717 -p8CC9SIHHSI j llOK838118 0 'ITO KM9eTCSI 

cKnbHoe HnK llB>Ke p e aoHaHcHoe eaaKMo.llel!cTaae " -MeaoHoa c I =0 H 1 ~o. TaKHM o6pa

aoM, a o6nacTK p0 
-MeaoHa MO>KHO O>KH.ll8Tb eme HBnH'IHSI .llPY~3oHaHca c I =0. 

B CBSI3H C 3TKM npellCT8Bl1SieTCSI KHTepeCHb!M HayqeHHe npoueCCOB, B KOTOpb!X rr -Me30Hbl 

pO>K.ll8 lOTCSI B CKHI'l19THOM K30TOnK"'!9CKOM COCTOSIHKH, B K8'19CTB9 npHMepa MO>KHO npKB9CTH 

p eaKUK!O 

x ) G G - q e THOCTb 11 -Meaoua oTpHuaTenhHa, -qeTHOCTb CHCT9Mbl rr -~e&o}'oa paaua 

npOK3B91l9HH!O G -qeTHOCTell BCeX 1T -Me30HOB, BXO.llii!UKX B 3Ty CKCTeMy/
5 ' O , .. 

/ 

12 

J 

TaKHM o6paaoM , Hcx on 

T8Tb 0KOH1..J8TenbHbiM 1 XOTH OHO 

§ 4, Ce'!eHH e 

CywecTeoaaHHe peaoHaHc E 

>KHO . n p HBeCTH: K fiORBneHHIO M 8 t 

C T BHR . Vfccn e.aoaauH e aToro Ma 

1..J e HH H 0 KB8H T OBbiX "'H Cnax p -r.. 

H OB, fl03 T OMy B03MO>K H bi nHW b 

6 o n bW8R 1..J8C T b lf3BeCTHbJX 

o n brToe n o Oll KH O '!HoMy pO>Kile 

1\0>KeHHOI'O '-ly H n oy 1631 , 0HH 

( pH C , 3 H 4) npK KB8/l p 8Te HMI 

B 3 T OM c nyqae ce '!e H He 
"" -1 

a (w ) =- ,4 rr 
TT1T 

I'lle f - K OHCT8HT8 rrN - aaBH1Y 

3 0H 8 B n.c. K00p.UHH 8 T
1 

CU - non 

1..J9HH e eenHqHHbi 

F( w
2, t. 

B3SITO npK 6. 
2 

= - m 2 • BKnall 
TT 

cny"'!ae MO>KH O He p8CCM8TpKB 8 T 

3TK yTeep>Kile HKSI cnpaeellnKB br 

My ce'!eHKe a (w) MO>KHo n o ny 

Hb!X 3H8"'!eHHJl
17

T7 ' d i- ( TT .'/ ~ TT TT 

d ,'), d "' 
1101\SIUHR 0K8>K9TCSI H8H60nee H 8 L 

t; 
2 

< m 
2

, T.e. H8R6onee 6nK3K' 
- " 

118 CTH !!J.2< m 
2 

COOTB9TC TBY91 - " 
ll9CRTKOB MKKp068pH H8 tPOHe C ) 

BpeMSI RBI1R9TCR Cl10>KHOl! 3KCI19( 

CT8THCTH1..J9CK8SI T01..JHOCTb BHBnH~ 

6HeHHR ero no llBYM napaM e Tpa• 

KH 8KCnepHM9HT8nbHbiX .UBHHblX • 

) 2 2 ( I -4 n pH 1\ < ( n :n ) , r lle 
TT 



t 8e T C SI flO CHnbH OMY B38HMO-

H 806XODHM O flOMHHTb t lfTO 

:HH K OT Oporo H 6 b inH o npe.oe

:ap a KTe p (CM. § }). no:'ITOMY 

q Hcnax p -Me3o H a . B aTo M 

; npo.oyKTOB p acna.oa p -Me -

\ HS1
1 

KO TOpbJ e 1 B OC HOBHOM 1 

.OHOB, o6p830B8HHbiX 11pH p ac-

p -M830HOB OTHOCHTenbH O 

n pH Hccne.oosaHHH peaKUHH(4) 

HH Ol! B nyqKe rr--Me30HOB C 

[ p O>K.OeHHil p -Me30HOB 0 B 

H tO na.oa tOmero ny<~Ka rr --Me3o-

e30HOB JlOMHHHpytOlUHM RBnll

/ ( p) ~ 1 • Eonee no.opo6Hbtll 

:>~:~:e H S -sonH a (HaoTponHaR 

rrrr -B38HMO.Oel!CTBKil C 1 =2 

e30H8HCHOrO rr rr -s38HMO.Oeli

HUHel! B 3 8HMO.Oel!CTBHll TT -Meao

SHil c r =I B 'IHCTOM BH.Oe 

flOK83&nO, qTQ HM810UlH8CH 

B HeKOTOpbtX npe.onono>KeHHRX 

HOB. Eme 6onee c no>KH 8 R CHTya-

- -Me3 0HOB C HMnynbCOM 

0 s pacnpeaeneHHH, THna noKa

• I 32,62/ Xll) VIH
t e pe.o-H838Jl . 
IHHSI ; flOK838n8 1 \ITO HM8eTCSI 

a c 1 •0 H J =0, TaKHM o6pa

.opy~30H8Hca C [ •0. 

1e cCOB
1 

B KOTOpblX TT -Me30Hbl 

eCTBe npHMepa MO>KHO 11pKBeCTH 

: b CH C T e Mbl TT i5~~&8!0B p8BH8 

B STY CHCTeMy • 

4 + 
d +d4 H e

2
+11 +11 

TaKKM o6pa3oM, Hcxo.ost H 3 S T HX .oaH H btX 3aKntO'leHH e o ] ( p) = 1 

T 8 Tb 0 KOHlf8Ten b H bfM, XOTH OH O H HBnHe TCSI H 8 H6onee aepOstTH biM . 

CymecTBOB8HH e p e3oH a Hc8 , pacn8Jl8tOIUero H a .osa 

(2 1 ) 

>KHO . npHBeCTH K flOHBneH H IO M 8KCHMyM8 B 3HepreTH 'i eCKOM XO.lle ceqeHHH TTTT -B38HMO.O.eA 

CTBHH. Vlccn e.nosaH H e aToro M 8KC HMyMa noaaonHno 6bi c.a.enaTb 6onee onpe.aeneHHbte aaKniO 

q e HH. H o KBBH T OB bi X lfHc n a x p -M eaoHa . B HBCTostwee apeM H HeT scTpelfH btX nyY.KOB " - Meao-

H OB , fi03 T OMY B03M O>K H bl nH Wb K OCB8H.H b18 38KnJO Y. 8 H HH 0 1111 -a38H M ODe A CTBHH . 

E o n hWB SI '18C T b H3 B eC TH bi X .a. a HH bi X o 1111 - aaaHMo.ae AcTB HH 6bJn a nonyqeH a H3 

Ofl bi T OB n o O.O HH O Y.H OMY p o>K.aeHH IO n HOH OB a 11N - coy.aa p e HH HX c n o M OWbJO M eTo.aa , npe.a-

no>KeHHoro 4y H n oy
1631

. 0 H H o6p 8 T Hnll BH HM8HHe H8 TO , 'lTO O.llHOM e30HH bt e JlH8rp8MM bl 

(pHc. 3 H 4 ) npK K Ba.o p a T e HMnyn bCa , ne p e.oaHH o r o H y KnoHy 6.2 
=- m 2 

1 HMetOT non10c. 
17 

" " -pac c e HHHH onpe.aenSJ e T cst B brpa >K e HH e M 

a (22) 

r.oe I - K OHCT8HTarrrr 11N -s3 8HM O.Oellc TBHR ( t2"~ 0,08 ), 
17 

p- HMnyn bc n 8.ll8tOIUer o 

30H8 B n.c. K0 0 p.ll.HH 8 T 1 W- fi OnHBH 3 HeprHH BTOpH'IHbiX M 830HOB B HX C .U. HH 8 pUHH K 3 H 8 -

\f 8 HHe senHl.JHHbi 

2 
d a ( rr N 4 0'17 N) ( 

d6. 2 
dw 2 ( 23 ) 

F ( 
2 2 2 2 

6. + m ) 
17 

W I 

B3RTO npH 6. 
2 

= - m 2 • BKn8.o O T npo uecc os, onHC btsa e M btX 
17 

JlpyrHMH JlH 8 rp8MM8MH 0 B 3TOM 

cny'lae MO>KHO He p8CCM8TpHB8Tb 0 T8K K8K 3TH JlH8rp8MMbl He HMetOT nontOCOBo 0.0H 8 K O 8 Ce 

3TH yTsep>K.oeHHst cnpase.onHBbt .onR Hetj:>H3H'leCKOll o6n8CTH nepe.oaHHbtX t<MnynbCoB, n o aTo -

MY ce'leHne a (w) MO>KHO nony'lHTb 

Hbtx 3Ha'leHnll
7171 

• d -b ( 11 .'1 4 1711 N ) 

d~ 2 
dw 2 

TOnbKO C llOMOlllblO 3KCTp8nOnSJUHH 3KCll9pHMeHT8nb-

B o6naCTH 6. 2 > 0 K TO'lKe :\
2 

= - m 2 
o 3T8 3KCTpa-

17 

nonRUHil OK8>KeTCil H8H6onee H8.0e>KHOl! 0 ecnH 6y.oyT HCI10nb30B8Hbl Jl8HHbte B 06naCTH 

l't. 2 < m 
2

, T.e. HaH6onee 6nH3KHe K non10cy. O.oHaKo oT6op 17 N -s38HMo.oellcTBHll B o6-
- 11 

n a cTK 6. 2;:: m 
2 

COOTBeTCTByeT H3MepeHKIO npoueCC OB C ceqeHHeM 110pll.OK8 ~eCKOnbKHX 
11 

.OeCRTKOB MHKp068pH H8 tj:>oHe CyiUeCTBeHHO 6onee BepORTHbtX npOUeCCOB 0 'lTO 8 H8CTOillUCe 

BpeMR RBnReTCil CnO>KHOl! 3KCnepHMeHT8nbHOl!. 38.08'-lell. noaTOMY B Tex cnyq8RX 0 KOr.oa 

CT8THCTH'leCK81l TO'lHOCTb 8 H8nH3HpyeMOrO M8TepK8n8 OK83bt88eTCil He.llOCT8TO'lHOll Jlnst p 83-

61!eHHil ero 110 JlBYM 118p8MeTp8M W 2H 6. 
2 

0 npHMeHReTCil HeCKOnbKO HHOll MeTO.ll o6p86 0 'r" 

KH 3KcnepHMeHT8nhHbiX .n.aHHbiX. B 3TOM MeTo.a.e npe.a.nonaraeTcst, Y.TO ace cnyqaH peaKuKA 

2 2 
(!-4) npH 1\ < (n:n ) , r.oe n ~1, 2, 3 •••o 0 11HC btB 8tO T CR 0JlH OM e30HH bt M H JlH 8 rp8MMa-

17 

13 



MH (pH C. 3 H 4) H C9'19HK9 B38KMO.ll9JICTBKSI BKpTyl!.nbHOrO 11 -Me30H8 C nepBK'tHbiM nHo-

( · 2 2 )x) 
H OM 38BHCHT T OnbKO OT W B 061U9M cnyqae 0 = f( W 1 !'J. ) • Tor.na Mbl KM99M: 

d
2 

o ( 11 N ~ 11 11 N 2 2 2 
(D. + m ) 

11 (24) 
d!'J.

2
dw 2 

2 2 
f [). ,j w2 ( w 2 - ,4 m 2 ) o ( w ) • 

.4 11 p2m2 11 1111 
11 

2 
nocne HHTerpKpOBBHHSI B blpB>K9HKSI (24) no !'J. MO>KHO Cp8BHKB8Tb C OnbiTOM T90p9TK'{9-

do 
CKH p8CC'IRT8HH09 ceqeHH9 ~ , 3TO 06CTORTenbCTBO fl03BOnH9T HCllOnb30B8Tb MeHee 

dw 
TO'tHbre .naHHbre o npoueccax ( 1-4), '19M e cnyqae 3KCTpanonRUKOHHOi! npo ue.nypbr. 3TOT 

MeTo.n nony'IHn HaaeaHKe • MeTo.n . cpaeHeHKSI e cPK3K'tecKoll o6nacTK" (Physical-region-plot

method ). 

PaccMOTpeHHble ebrllle .nea MeTo.na .naiOT no cyllleCTey O.llKH K TOT >Ke peaynhTBT, 

ecnH B cPK3K't9CKOl! o6n a CTK nepe.llBHHbiX KMnynbCOB peBKUHH ( 1-4) OnKCbiBBIOTCSI, B OCHOe

HOM, O.llHOMe30HHbiMK .nKarpaMMBMK. B npoTHBHOM cnyqae Tpy.nHo CK838Tb, KBKOll MeTO.ll 

.ll89T pe3ynbTBT, 6onee 6nK3KKl! K .ll9JICTBHT9nbHOCTH • .Llnll 3TOrO 3BKniO't9HHSI H906XO.llKMbl 

n.ononHHTenbHbie Hccne.aosauus:~. 

xx) 
nepeA.neM K BH8nK3Y HM9IOIUKXCSI 3KCnepKM9HT8nbHbiX .llBHHbiX B HaK6onee Kay-

't9HHOA o6nacTK 3HeprKA nepeH'IHbiX 11 -Meaouos ( E - 1 I3B) KMeiOTCSI .llBHHbre, KOTOpbre 

llOK83biBBIOT, 'ITO BKnB.ll I1pOU9CCOB ( 1-4), OnKCbiB89MbiX .llHBrpBMMBMH 3 H 4, He SIBnii9TCSI 

.llOMHHKpyiO IUHMo 

TaK, uanpHMep, cpa.sHeHKe 3KcnepHM9HTBnbHbiX K TeopeTH't9CKHX pacnpe.neneHHll eTo

PK'tHbiX 11 -Meaouos no yrny M9>K.llY HHMH e 111'1 -cHcTeMe npH ·E - 1 l:;~e noKaaano, 'ITO 
11 

BKna.n B C9't9HH9 peBKUHK ( 2) OT npouecca, OnHCbiB89MOrO .llHBrpBMMOl! 4, He np9Bbllll89T 

30%. TeopeTH't9CKH9 p8C't9Tbl 6binH npOB9.ll9Hbl no <flopMyne (24), a TBK>K9 no CTBTHCTH'te

C K Ol! TeopHH c yqeToM po>K.neHKSI N• -Hao6apb/
651 • 

33 

B 1962 ro.ny Tp3l!MaH H :HHr npe.nnO>KHnH o61UHB KpHTepHH, KOTOpbiM .non>KHbi · y.noe

neTeopRTb npoueccbl, onHCbreaeMble .nHarpaMMBMH pH c. 3 H 4
1661

• CyTb HX npe.nno>KBHKH 

31lKniO't89TCSI B cne.nyiOlll9M: CTpyKTypa O.llHOMB30HHblX .£lHBrp8MM 3 H 4 npHBO.llHT K OTCyT- . 

CTBHIO KOppenRUHll ( KpOMe KHHBMBTH'IBCKHX) MB>K.llY 't8CTHU8MH B HyKnOHHbiX H nHOHHblX 

yanax. 3TO C~SI38HO C TBM 06CTOSIT9nbCTBOM, 'ITO BHpTyanbHBSI 'IBCTKU8 ( 11 -M930H) HM99T 

x) B pa6oTe762[7 npe.nno>KeH cnoco6 Bbi'tKcneHHll ce'leHHSI npoueccos, onncbreaeMbiX 

O.llHOMB30HHbiMK .llK8rp8MM8MH ( pHC. 3 H 4) B cPK3H'tBCKOll o6naCTH nepe.£l8HHbiX HMnynbCOB 

6e3 npe.anonO>K9HHSI 0 TOM, 'ITO ceqeuHe B38HMO.OeAC TBHSI BHpTya nbHOf'O TT -Me30H8 C na

.0810lUHM OHOHOM 38BHCHT TORbKO OT W • 8 3TOM COOC06e HCOORb3YlOTCH ,Q8HHbJ9 0 llHOHHbiX 

<fJOpM<fJBKTOp8X HyKnOHB, liOny'tBHHbiB H 3 8H8nH38 O.llHHO'IHOrO p O>K .ll9HHSI M930HOB B HyKnou

HyKn OHHbiX CTORKHOB9HHHX, 

XX) ~wp06HBSI CB Oir.Ka .llBHHbiX 0 CB'IBHKK ynpyroro 1111 -e38HMO.ll9l!CTBKSI KM99TCSI . 

e pa6oTe • 

14 

Cn HH, paeHbii! Hyn iO . 8 3TOM e n; 

He .QOn}f{ H bl 388 HC9Tb O T 8 38 1-

K
1 

H g
2

- HMnynhcbr s T o pH 'IHbrx 

KpoMe Torn, B cuny H30Tt 

H ( 4), OriHCb!BBBMbiX O.llH OMB3 0H 

no.npo6H B SI !lpOBBpKa !!pHM 

6hrn a npoee.neH a e pa6oTe
1681 

n a .nee rpy nn bc n o yrny a ( a 

Ko3<fJcPHUHBHTbi acHMMeTpHK "an 

OQKOSI BTOpH'IHWX M930HOB OK83 l 

oxx) 
.nnH -a > 90 • T a KKM o6pa~ 

pKK OT yrna a , T.e. OT06pa HH b! 

pKIO Tpei!M a Ha -HHra. 

K aHanorK'tHOMy Bhreo.ny r 

npu HMnynbCe na.aaJOLUHX 11 -M• 

3 TKx npouecco e anSI t/ < 9 
~ 

m ~ 

TT 

0 ( 7T+p .. " 

a (11-p .. , 

KaK OTMeqanocb Bbiwe, a cny1.1 c 

Me30HHbiMH .0.H8rp8MM8MH, OTHO I 

VfTBK, 8 HanH3 3KCnepHMeHTC: 

Mea oHos OK a no I I 3B peaKU KH ( 

MK K Heo6xoaKMO Y'tKTbiBBTb BK 

UHH npHBB.llBM aBHHbiB 0 CB'tBHH 

17++ r. 

TT-+ 

nony'teHHhie e pa6 o T e
1691 

"MeTo 

BH.O.HO H3 pH C YHK8, HMeeTCH WH 

725.±_25 M:;~e, KOTOphri! M O>K H O o 

eoll 17 + TT
0 

- ceqeHHH H e T HH KBKV. X 

---x) Cne.n y e T no.nqepKHY Tb, 

XOaKMbiM ycnOBK B M anSI B03MO>I< 

HO He stansteTC st .QOCT8TO'IHbiM.. 

xx) 
Ko3<fJcPKUHBHTbi acKMM e 

n e TSIIUKX B nepeaHIOIO H aaaHJOCO 



" -MeaoHa c nepsKqHhiM nHo-

2) ) x) . Torlla Mbi HMeeM: 

2 
( 24) 

( w ) • 

"" 
8BHHB8Tb C OnbiTOM TeOp9TH'Ie-

e o nHeT Hcnonb30B8Tb MeHee 

nHUHOHHOA npo uellyphl. 3TOT 

1 o 6nacTH' ( Physical·r~ion-plot· 

OllHH H TOT >K e peaynbT8T, 

1 ( 1-4) 011HCbJa8IOTCR, a OCHOa-

py llHO cKaaaTb, KaKoA Me TOll 

3Toro aaKniO'IeHHSI Heo6xo.aHMbi 

ll8HHhlXxx) B HBH6onee Hay-

a) HMeiOTCH llBHHbte, KOTOpbte 

arpaMM8MH 3 K 4, He HanHeTCH 

eTH'leCKHX pacnpelleneHHA aTo-

11pH .E - I raa noKaaano, 'ITO 
1T 

llH8rpaMMOA 4 , He npeabiW8eT 

( 24) 
0 

a T8K>Ke 110 CT8 THCTH'IB-

r e pHH, KOTOpbiM llOn:>KH bl · ylloa-

41 661. CyTb HX npellnO>KBl!HH 

· p a MM 3 H 4 npHaOllHT K OTCyT-

9.MH B HyKnOHHbiX H llHOllHblX 

~8H '!8CTHU8 ( 1T -Me aoH) HMBBT 

HHSI npoueccoe, onnc htBBeMbtX 
o 6naCTH nepell8HHbiX HMnynbCOa 

HpTy a nbHOro " -MeaoHa c na

c n o nb3yiOTCH ll8HHbJ9 0 flHOHHblX 

·o p O>KllBHHH MBaOHOa a HyKnoH-

'" - saaHMO.D.eACTBHSJ HM9eTCSJ 

cn HK, paaHbiA Hy n iO , B aTOM c n y q ae , H an pHM e p, llHcpcj:lepeHu HanbHbi B ce'le HHH p e aKuHfl ( 1-4) 

H9 .O.On >KH bl 388 H C9Tb o T aaa HM Ho l! o pH BHTS UHH a eKTOp os [ K 
1 

x K 
2

1 .. .. 
K 

1 
" !( 

2 
- HMnyn bCbi BTOpH 'IH bi X MeaoHoa , P

1 
H P

2
- HMII y n bCbl Hy Kn OHOB B 

K p oMe Toro , a c Hny HaoTon Hqec Ko l! HHaa pH SHTH OC TH ace xapa KTe pH C T HKH peaKuHJ:! (3) 

H (4 ), OITHCbJ B8 eM biX OllHOM eaOHH biMH llHarp a M M8MH, llOn>K H bl 6bJT b OLJ.H HAKOab/
671 

n o llp06Ha g npose pK a npHM e llHM OC TH Oll HOMBaOHH Or o n pH6n H>Ke HHH npH T = I , 2 5 raa 

6btn a n p o s e lle Ha B p a6oT e
1681 

H a ii lleHH bt e co6biTH H THn a ( 2 ) c /1,2 < 16 m 2 
6htnH paa6HT bi 

= 1T 

Ha llBe rpy nn bt n o y rny a ( a - y r o n M e >Klly Ha npaaneHHHMH [ K 
1

x K} H [p 
1 

x ii
2

J. ) • 

Koacj:lcpHUH e HTbi acHMMe TpHH •ane p e ll-Haaall' a p acnpellene HHH 1T -M e30H OB B C HC T 9 M 9 

ITOKOH aTOpH'IHbJX M eaOHOa OKaaarrHCb paBH bl 0,40 :!_0,09 llnR c n y q aea C a < 90° H 0,08:!_0,09 

llnH - a > 90o xx). T a KHM o 6paao M, HMee TC SI CHnbH a SI aasHC HMOCT b KOacj:lcj:lHuHe HTa acH M Me T

pHH OT yrna a 0 T,e, OT06p8HHbiA . 3 KCHepHM e HT8nbHbiA M 8 Te pH 8 11 He yllOBn e T BOpSi e T KpHTe 

pHIO TpeAM a Ha -f!Hra. 

K a Ha norH'IHOMY BbiBOlly npHaOllAT H p eaynbTBTbi Hc cne llOB 8HHH p eaKuHI! ( 3) H ( 4) 

HpH HMITynbCe IT8ll 8 10WHX 1T •-M e aOHOB 1,25 r a s /c
1 69

: 0KaaanOCb, 'ITO OTHOW e HH e Ce '! e HHl! 

3 TH X npouec c o s lliTH /'!,_2< 9 m 2 paBHO 
1T 

0 ( rri-p .. TT + p tr
0

) = o4,6 :!_ 0,3 • ( 25 ) 

KaK oTMeq a nocb BhiWe, a cnyqa e .n.oMHHHPYIOll..lero BKna.a a npoueccos, onHCbiBBeM bi X O.ll H o 

MeaoHHbiMH llHBrp8MM8MH, OTHOWeHHe (25) llOn>KHO 6bJTb 6nHaKO K ellHHHUe, 

VITaK, auanH3 3KcnepHMeHTBnbHhtX .aaHHhiX noKa3biB8eT, t.t.To npH 3 H e prHH n a .aaiO lUHX 

M eaOH OB OKOITO I ras peaKUHH ( 1-4) He nb3SI OITHC8Tb TOnbKO OllHOMeaoHH bJMH llH8 rpa MM a 

MH H Heo6xollHMO yqHTbiBSTb aKnall llpyrHx aoaMO>KHbiX llH a rpa MM. B KB'lecTse Hnn iOcTpa 

UHH 11pHBelleM ll8HHbJe 0 CB 'leHHH peaKUHl! 

- 0 
1T + 1T 

(26) 

(27 ) 

n o nyqeHHbiB B pa6oTe
1691 

' M e T OllOM cpasHeHHSI a cpH 3 H'IBCK OI! o6nacTH' (pHc . 5 ). K a K 

BHllHO Ha pHCyHK 8 0 HM BeTCSI WHpOKHl! M8KCHMYM a KpHa OA Ce '!e HHSI p e 8KUHH ( 26) C M p ea , = 

725 :!_25 M a s, KOT Op bi A M O>K HO OTO>KlleCTBHTb C p + -MeaOHOM, C llpyroA CTOpOHbi 0 B KpH

BOA rr+ rro - cette HHSI HeT HHKB KI'!X y Kaa aHHA ua cymecTeo a a HHSI p 0 -M eaou a . 3 KCTpan onSJUHoH-

---x) Cnellye T noll q e pKHYTb, 'ITO B biiTonHe HH e KpHTe pH SI Tpa AM a Ha -fiHra HBnHeTCH Heo6-

X O.llHMbiM ycnOBH 9 M .anSI B 03MQ}I{H0CTH OflHC8HHSI npoueCCOB O.O. H OM 930HHbiMH .O. HBrpB MM ilMH, 

H O He 51BnSi e TCSI .O. OCT8 T O'tJH btM. 

xx) 
Koacj:lcj:lHuHeHTbi acHMM e TpHH pasH bi o Tnow e HHIO p aaHHUbi_ s '!H cne " - -M eaoHos , 

n e TSIWHX B nepellHIOIO H a8llHIOIO n o n yccpe pb1 0 K 11 0 nH OMy 'IHCny TT -M eaOHOB, 

15 



HaS! npo ueLiypa , npHMeHeHHaSI K aTHM >Ke aKCnepHMe HTMbHblM LlaHHblM, LiaeT OLlHHaKo

Bble peayn bTa Tbl LinK c eqeHHlt p e aKUHlt (26) H (27 ) B o6naCTH aHepralt, COOTBeTCTBYIOlllHX 

p - Me30Hy, If pa3Hbl e - BHe aTOll o6naCTK. 

A BTOpbl C'IHTaiOT, 'ITO HMeeTCSI LlOMHHHpy!OlllHit BKnaLl OT npouecca, ODHCb!BaeMoro 

OLlHOMe aoHHOlt LIHarpaMMolt, TOnbKO s peaKUKH (3). B cnyqae >Ke peaKUHH ( 4 ) cymecTseH

HYIO ponb arpa!OT npoueCCbi, onHCbiBaeMbl8 LipyrHMH LIHarpaMMaMH; HanpKMep, LIHarpaMMolt, 

B KOTOpo lt Y'IHTb!B88TC!I B3aHMOL18ltCTBHe 8 KOHe'IHOM COCTO!IHHH (pHC. 6). 003TOMY 

peaynbTBTbl, nony'leHH b!8 8 aTOll pa6oTe H3 aHanHaa C06b!THit THna ( 3) MOryT paCCMaTpH

BaTbC!I KaK DOLlTBe p >K LleHHe cymeCTBOBaHH!I p + -Me30Ha. C ysenH'leHH8M aHeprHH nepBH'l

HblX 11 -Me.30HOB CHTyaUHSI H8CKOflbKO npO!ICHSieTC!I. HanpHM8p, C DOMOlllb!O MeTOLlHKH CUHH

THnn!IUH OHHblX c'le T'IHKOB Ha yqanHCb peaKUHH (I) K (2) c t:/ .< 5m2 npH p c•l, 75 Fas
1701

• 

- " B aTOM cnyqae npHM8H8HH e 'MeToLia cpasHeHHH s ¢uauqecKoA o6nacTK' noasonuno o6Hapy-

>KHTb p0 - Me30H c M ~ 750 Mas H r ~ 190 Mas. 

/49 71/ 
C Llpyrolt CTOpOHbl, 8 pa6oTaX ' , 8 KOTOpblX H3y'ISflHCb peaKUHH (2) H (4) npH 

p C • 1,59 rae, 6 blflH nony'l8Hbl peaynbTaTbl, CBHLl8TenbCTBY!OlllH8 0 LlOMHHHpy!Olll8M BKnaLl8 
2 

npoue ccoa, onHcutsaeM biX LIHarpaMMaMH 3 H 4, LlflH t. ~ 8 m~ B aTHX pa6oTax HMeeTCst 

+ " 
'18 TKoe yKaaaHHe Ha c y m ecTaosauue p0 

- H p -MeaoHos, nony'leHHoe c noMOlllbiO 1 llleTOLla 

cpasHeHHH s ¢ua HqecKoA o6nacTH' c y'leTOM HyKnoHHoro ¢opM¢aKTopa
1641 

(ci.<. psc.1 ). 

MaKCHManbHast senK'IHHa ce'leHH!I 

u · ("+ 
maz " .. 

+ -
" 11 -pacceHHHH s aTOM cnyqae pasHa 

fl+fll~(l08:!;J6) M6. (29) 

KaK HasecTHO, MaKcHManbHoe ce'leHHe peaoHaHcHoro paccestHHst rr -MeaoHOB onpeLie-

nseTCSI Bb!pa>KeHH8M 

2 
umaz~ '411(2]+1)l (30) 

" Lin!! cny'laH I ( p) = 1 

u < 12 11>..2 =120 M6 
ma.z: - (31) 

(aLieCb >.. -Lie6pollnescKaH LinHHa sonHbl rr -MeaoHa). TaKKM o6paaoM, xopo~ee cornacKe 
·. x) 

Me>KLIY aKa'leHKHMK ce'leHHst (29) H (31) CBKLleTenbCTByeT s nonb3y I ( p) •1 • Ecnu 

He y'IHTbiBaTb ¢opM¢aKTop ·HyKnoHa, TO nony'IKM 

u ( ,+ 11-.. 11+,;-) • (56!.8) M6 (32) 
maz 

(eM. puc. 7), 'ITO He cornacyeTC!I C O>KHLlaBMOit senH'IKHOlt (31 ). 

x) 3LieCb Cfl8Lly8T OTM8TKTb, 'ITO U • 120 M6 Llfl!l rr+fl--paccestHR!I B o6naCTH aHep-
maz 

I"'Hlt
1 

COOTBeTCTBYIOlllKX -p -Me30Hy. 3TO CBst3aHO C T8M 06CTOST8nbCTBOM, 'ITO HeynpyrRe 

KaH anbt p acnaLia p -Me30Ha ( p -+ .411 , p -+1j 11 H T.Ll.) COCTaBnHIOT MMYIO AOniO OT pacna

Lla p .. 211 (eM. § 2 aToro paaLiena), a noaTOMy ¢aaa "" -pacceHHKH, s ocHOBHOM, 
Ll8 ltCTBitTen bHS K H8p8B8HCTBO (31) MO>KKO npH6nH>K8HHO C'IHTSTb p8B8HCTBOM. 

16 

/ 

~ It 

Vf ccn e LIOBliHHe OLlKH O'IH 
2 

n o Kaaano , '<TO c o6biTHH c t. 

P eaynbTBTbi aHan Haa aTHX cc 

DOLlTBe p>K LlSIOT c y lll8 CTBOBSH 

YfT8K 1 .QBHH bi e 0 Ce tte HJ 

HBnHIU T CH H € K OTO p biM .non o nH 

c I = I = 1 

noLlBOLl!l HTOrH 06Cy>KJ 

q epKHYTb1 'ITO LlnH O K OH\f. B T e l 

H3y '< eHHIO pO>KL18HH!I K pacna. 

na.a a Tun a 

CBHLleTenbCTB os ano 6bi o I (. 

P eaoHaHc a " " - saauM 

0LlHOBp8M8HHO LlBYM!I paanH'I> 

HOB c npoTOHaMH ( I - Meao 

neHHhl€ flOH C KH Bbi3 88H hl T€M 

HanpasneHHe B T80pHH ODHCaH 

( T. H. peLl>KHCTHKa) np8LlCK831 

B HHTe pa ane 1,0- J,4 r aa175/ 

XSp aKT8 pKCTHKSM 6nH30 K K o 

>K L188TC!I B pa6oTe
1761 

• 

Vfcc n eLIOBSHHe npOL!eCCO 

20-Ll!O ltMOBOl! BOLlOPOLlH Ol! ny ' 

Ll8n8 HHH no a¢¢eKTH BHbi M Md· 
1731 

( pHC . 8) • 0 TCyTCT8 1!8 IHH 

HH e nonar a Tb, ttTO I ( f)=O 

no KS3biBS8T , no M(~ = ( 1250: 

Me30H8 8 peliKUHH ( 2) COCTSB 

Hh!X pacn SLlOB 

Ll a nH OTp1lU8T8flbH bl8 peaynbTI 

r o p acnaLia 



IbHhiM .0.8HHbi M 1 .o.aeT O.O. HH 8 K O-

lCTH 3HeprHil 1 e o o TBBTeTBY JOI.UHX 

1 oT n poue eea, onHebiBaeM o r o 

·qae >K B pe aKUHH ( 4) e yJ.UBeTBBH

>aMMaMHj a a npHM8p 1 l!Ha rpaMMOi!, 

TOHHHH (pae , 6 ) , n o3ToMy 

'Hi! THna ( 3 ) MOryT pae eMaTp a-

C ysenH'IBHHOM 3 HeprHR n epsaq

HMep, e nOMOI.UbiO M OTOllHKH euaa-

2 /70/ 
/j. .< 5m2 npH pc• 1,75 F3s • 

.. fT 

:KoA o6naeTa ' noasonano o6aapy-

ayqanHe b p e aKURR (2) H (4) npH 

(IOI.UHB 0 l!OMHHHpyiOI.UBM BK/1al!8 

m~ B STRX pa6oTax HMeeTeH 
fT 

nonyqe HHOB e nOMOI.UbiO ~JIBTOl!a 

/64/ 1). )OPMlPaKTOpa (eM, pae, 

s STOM enyqae pasaa 

16. (29) 

paee es!HHH rr -Meaoao·s onpel!e-

(30) 

(31) 

:aM o6paaoM, xopomee eornaeae 

x) 
r a nonb3y ](p) •1 • Ee.!lH 

(32) 

•A (31), 

1 , + ,--paeeeHHHH s o6naeTH saep

ieTOHTBnbCTBOM, 'ITO Heynpyr&e 

eTa B/1RIOT ManyJO A0/110 OT paena-

7 11 -pacceSIHHSI, 8 OCHOBHOM 1 

:qHT8 Tb p8B9HCTBOM. 

J..1ee/18l!OBBHH8 Ol!H HO'!H Or O p O>K l!BHHII TT - MB30HOB B TT-p -eoyl!Bp811Hl!X 11pH p c- 3 r 3 s 

noKaaano, 'ITO eol5b1THH e tJ.
2 ~ 10 m : yl! osn e TaopHJOT KpRTepHJO Tpsl!Maaa-HHra162• 721 

PeaynbTBTbl aaanaaa STHX eoobiTHl! npHBBl!BHbi B § 3 3 To r o paal!ena. Oaa , B oeHOBHOM , 

00l!TB8p>Kl!BIOT eyweeTBOBBHHB p -Me30HB , 

VITaK, l!BHHblB 0 ee'!BHHH "" -paee e s!HHll , nony'IB HH blB e OOMOWbiO MBTOl!B Yy H noy, 

l!B/1l!luTel! HBKOTOpblM l!000/1HHT8/1bHblM apryMBHTOM B 00/1 b3y eywee TB OBBHH!I p -M 830H8 

e 1=]= 1 

nol!BOll!l HTOrH Ooey>Kl!BHHIO BOnpoea 0 KBBHTOBbiX '!Henax p - MB30HB, enel!y eT OOll-

l.f9pKHYTb 1 'ITO .O.nSI OKOH'l8T9nbHOrO ero peweH HSI He06XO.O.KMbl HOBbie 3KCfl9pHM9HTbl no 

aay'!eHHJO po>Kl!BHHR K p aenal!os p - MeaoHos (eM. IV ), B '!BeTHOeTH , ol5aapy>KeHae pae-

na.o.a T Hn a 

( 18') 

eBHll8TB/1 beTBOBB/10 Obi 0 J ( p) ,.; 0 . 

II . f - M830H 

Peao HaHe B rr rr - saauMOl!elleTBHH e M = 1250 Msa H f = O 

Ol!HOBpBMBHHO l!BYMR p83/1H'!HbiMH rpynnBMH OpH Hee /18l!OBBHHH B38HM0l!BJleTBH!I fT -M eso

HOB e npoTOHBMH ( I - Me3oH)
173

•
741

• 6on&wol! HHTepee K STOMY p eaoHa Hey a ero yea-

neHHbie llOHCKH Bbi3B8Hbl T9M 06CTOHTenbCTBOM 1 'IT O p83BHTOe B nocne.o.Hee Bp9MH H OB09 

H8np8B/18HH8 B TBOpHH OnHeBHH !I npoueeeoB B38HM0l!BJ!CTBH!I 'IBeTHU npH BbieOKHX 9HeprHRX 

(T,H, p8ll>KHeTHK8) npel!eKB3biBB8T eyweeTBOBBHHB '!BeTHUbl e / =2 

B HHTepsane 1,0- 1,4 r ss
1751

• KaK OYllBT BHl!HO H3 l!a/1bHel!wero, 

I = 0 H M a eeol! 

f -Me3 0H no eBOHM 

X8p8KT8pHe THKBM 0/1H30K K STOll rRnOTBTif'!BeKOl! 'IBeTHUB, nol!pOOHBB 9TOT BOnpoe o6ey

>K ll80Te!l s pal5oTe
1761

• 

J..1ee/18l!OBBHH8 npoueeeos (2) H (4 ) npH pc =3 rss, npOBBl!BHHOB e OOMOWbiO 

20-l!JOi!M OBOl! BOl!OpOllHOl! ny3blpbKOBOi! KBM8pbl 1 nOK838/10 HB/1H'IH8 llBYX OI<KOB B paenpe

l!B/18IIHH no scj:lft>eKTHBHbl M MBCeBM TT +TT - - eHeTBMj eOOTBB Te TB YJOWHX p 0 H f -M830H8M 

/73/ -
( pae . 8) • 0TeyTeTsl! e IIHKB s M( rr rr0

) -paenpel!en e HKH npK M ~ 1250 Mss l!£181' oe Hosa-

HH B nonaraTb, 'ITO / ( f) = O (eM . TaK>Ke pa6oTy
1771

). Aaanaa p aen p el!eneHHR no M(rr+rr-) 

n oK83b!B88T, 'ITO M(f) = ( 1250 .:!:,25) Msa K ref) = 100 .!,50 M s s; CB'IBHHB PO>Kl!BHKR f -

M 830H8 B p88KUHH (2) COCT8B/1!18T B8/1H'IHHY OK0/10 1 MO npH p c • 3 r ss . noHC KH B03MO>K-

HbiX pacnal!oB 

(33) 

l!B/1H O'rpHU81'8/1bHb18 pB3Y/1bT8 Tbl liTIS! BBpO!ITHOCTeJl, CpBBHHMblX C sepORTHOCTbiO OC HOBHQ-

ro pacnal!a 1 .. 2rr. 
(34) 

I 7 



.[lallbHel!wae H3y'leHHe pe8KUHl! ( 2) H (4) HB 3TOl! >Ke 3KenepHMeHT8llbHOl! yeTBHOB-

Ke fi03BOliHliO fiOK838Tb, 'ITO ](f) .fO 
0 

TBK KBK yrnoBOe paenpeneneHHe TT - Me30HOB B npo-

ueeee ( 34) HMeeT stpKO Bbipa>KeHHbil! aHH30TponHbil! xapaKTep (eM, I § 3 )
1621

• 0TeiOLIB 

MO>KHO eneliBTb BbiBOLl 0 TOM, 'ITO j(f) ~ 2 , .[lel!eTBifTenbHO, TBK KBK H30enHH f -Me3o

HO pOBeH HYfiiD, TO B eHliY H30TOnH'!eeKOI! HHBBpHOHTHOeTH j( f) MO>KBT 6biTb paaeH TOllb-

KO '!eTHOMY '!Heny ( e M. I, 3). 

Pe3y n bTBTLI pa6oTbi no H3y'leHHIO f -Me30HB, BblflOliHeHHOl! e I10M0WbiO 300- nlfTpOBOl! 

ny3bipbKOBOll xaMepbi, HanonnenHol! eMeebiO cjlpeoHa ( C F
3 

[Jr ) H nponana ( C H ) , eosna-
174 / ' ,3 8 ' 

LIBIOT e npHseneHHbiMH BbiWe KaMepa 6bina noMeweHa s MarmiTHOM none 17,1 Kre 

H o6ny'lanaeb TT- -M e30HBMH e HMI1YllbeOM 6,1 r aa/e, 0T6HpanHe b eo6biTHSI THnB ( 2) . Pa3-

pa60T8HH8SI MeTOLIHKB H3MepeHHSI H o6e'!eT8 eny'!aea fi03BOllstll8 3TO enenBTb e xopowel! 

TO'lHOeTbiO, B oTo6paHHOM 3KenepHMeHTallbHOM Mao·eplfane npHMeeb npyrHx eo6hiTHII He 

npeBbiJJJaeT 15% H He eyweeTseHHB np11 H3YJ!eHHR eaolieTB I -Me3olla , 6hmo nony'!eHo, 

'ITO M(f)= 1260 ±_35 M3B H r(t) ~ 200 M3B. AHanH3 yrnOBbiX paenpeneneHHl! TT - Me30HOB 

noKa3an, 'ITO e aepo<ITHOeTbiO 500 npoTHB I, enHH f - Me3oHa He p aaeH Hyn10, 

Vl3y'leHHe nepHcjlepHqeeKHX B3aHMOLiel!eTB HI! TT --Me30HOB e npOTOHaMH ( /j, 
2 
< 15 m 

2
) 

- /~2 32 78/ 

npH pc =4 r3B TaK>Ke .'lOLITBepLIHfiO eyweeTBOB8HRe f -M e3oHa (eM, TBK>Ke pa60Tbl 
0 

' -}. 

Ce'leHHe peaKUHR 

" + p -+ n + f -+ n + rr ++ " 
(35) 

OKa3anoeb paBHbiM 0,42 ±_0,06 M6, a OTHOWeHHe sepOSITHOeTel! paenaLIOB 

W (I ~ "+"-"+" -) 

W (f~ rr+rr- ) 
2. 0,08 ~ 0,06 (36) 

Yrnoaoe pacnepeneneHHe rr- -M e3oHos, o6pa3osaHHhiX a peaKuRH ( 35), a cReTeMe noKo<I 

-Me3oHa npHseneHo HB pHc, 9. 3necb >Ke HaHeceHbi TeopeTH'!eCKHe KpHBbie nnst cnyqast 

J =2 H 4, CpasHeHHe c 3KenepHMeHT8flbHhiMH LIBHHbiMii nOKI\3biBaeT , 'ITO 3Ha'!eHHe 1 =2 

stsnsteTc st 6onee npenno'ITHTellbHbiM, '!eM 1 =4 . 

AH ami 3 nonyqeHHbiX naHHbiX c noMO!l.lbiO -MeTona <!y-noy e y'leToM HyKnoHHoro cjlopM 

cjlaKTopa (eM . I § 4) no3sonHn onpenenHTb ce<JeHHe rr + "--paecestHHst a o6nacTH I H p

Me30HOB (eM, pHc . 10). Ha 3TOM >Ke pHeyHKe HaHeceHbi TeopeTH'!eCKHe KPHBbie nnst 

J =0,2 u 4 c yqeTOM npyroro ao3MO>KHoro KaHana pacnan a 

I ~ 2 rr 0
• 

(37) 

KaK BHLIHO H3 pHc . 10, c 3Kenepi<MeHTOM nyqwe cornacyeTcst 3Ha<JeHHe ](I ) =2. !1Tax, 

COBOKYilHOCTb HM910UlHXC51 OHbiTHbiX .U8HHbiX nOK83biB89T, ttTO 
](f) ~ 2 H HaH6onee npen-

no'ITHTellbHbiM stansteTcst 3HB'IeHKe J (I) = 2 , OnHaKO Heo6xoLIHMO nanbHel!wee yaenH-

qeHHe CTaTHeTHKH elly'!aea e pO>KLleHHeM - MeaoHa, 4T06bi CLlenaTb 6onee onpe.ueneH-

Hbie aaKnJO'IeHHH o er·o cnHHe. 

18 

G -qeTHOCTb f - Me3oHa non 

CHllbHOMY B3aHMOLielleTBHIO, npoC 

llsteTest TeM cjlaKTOM, 'ITO [ (f) = 

B aaKnJO "'eHHe OTM9THM, l.JT 

+ + 
rr+p~rr+p+J 

npH p c = 3;5 r3a LlBfiH OTpHuaT 

OKa38fiOeb MeHbWe 0,1 M6, B TO 

HOM npouecee (II) npH Toll >Ke 

pa3HHUB B eeqeHHSIX pO>KLleHHSI 

TOM cnyqae, ecnH npoueeebi (II) 

Me30HHbiMH LlllarpaMMBMH H r( ~ 

HeKoTopbie HHTepeCHbie son 

HOB 11 HYKliOHHhiX 113o6ap, o6cy>K; 

Ill . VlccnenosaHIIe 

Vl3y'leHHe o6pa30BBHHSI TT 

p 

noKaaan9, q:To HMeeTcR y3KaA: nH 

CHa'! ana aTa aHoManHst HHTepnpe · 

pe3oHaHca c M •310 M3s 11 r 
'!Hll' Ha3aaHIIe A.B.C. - pe3oHaHc 

BHHHrHnauHn, a "N -cTonKHoaeH! 

Bonpoc o cywecTsosaHHH H 

peTH'!eCKHX pa6oTax, oco6eHHO 

t:ITO 3KCll9pHM9HT8RbHbi9 .Q8HHbl9 

HHIO o cywecTaosaHHH A.B.C. -

AHaliH3 Ha6liiOLiaswellcst aHOMI 

fiO Ka38ll , 'ITO OHa He HMSeT pe30 

,aeACTBH9M 11 - Me30HOB B KOH9G 

MeHTBllbHOe HCClleLIOBBHHe 3TOl! 

/92-99/ 
Tax , r.ne Hccne.aoaanoc: 

Me30H He 6bill o6Hapy>KeH, .[lnst 



3KenepHM eHT8nbHO ~ yeTBHoa-

neneuHe " -M eaouos a npo

(eM , I § 3/
621

• 0Tei0Ll8 

• 1 T 8K K8K H30CnHH f -M eao-

(f) MO)I{eT 6b!Tb p aaeH TOnb-

<HOl\ e llOMOU!biO 300-nHTpOBOl\ 

" nponaHa ( C ,3 u
8

) , ooana-; 

3 MBrHHTHOM none 17,1 Kre 

9nHe b eo6btTH!I Tuna ( 2), Paa-

na 3TO eaen aTb e xopoU!el! 

HMeeb LlpyrHX e06b!THll He 

paenpeaeneHHil " -Me30HOB 

a He paaeH HyniO , 

)B e npOTOH8M H ( fl
2 

<;_15 m 2 ) 

( 
/~2,32,78./ 

!30H 8 CM. TBK>Ke pa60 T bl -}. 

(35) 

ell paenaaoa 

06 • (36) 

<Uiflf ( 35), B eHeTeMe llOKO!I 

oTH'!eeKHe Kpi!Bble Lll1!1 eny'IB!I 

l3biB89T, 1.!TO 3 H 8 1..J:9HH9 } =-2 

f e y'!eTOM HyKnOHHoro ¢opM

·paeee!!Hif!l a o6naeTH f 11 p -

>peTH'!eeKHe KpHBhle Llll!l 

(37) 

: !I 3H8'!eHHe }( f )=2, VfTaK, 

ro ](f)~ 2 " Ha116onee npea-

6xOLliiMO aanbHe ~U!ee yaenll

"' eaen a Tb 6on ee onpeaeneH-

G -qeTHOC Tb I - Meaoua nono>KHTenbHB, TBK KaK OH pacna.aaeTCH ua .asa Meaoua no 

elll1bHOMy B38HMOLlelleTBHIO, npoeTp8HeTBe HH8!1 '!eTHOeTb T8K)I{e 110!10)1{HTel1bH8 11 onpeae-

ll!leTe!l TeM ¢8KTOM, 'ITO 1 (f) = 0 (eM. I § 3), 

8 aaKniO'IeHIIe OTMeTHM, 'ITO no11eKH I -MeaoHa a peaKUHII 

+ + + + 
1T +p->TT+p+f->TT+p+TT+TT 

(38) 

npu p c R 3:5 l3B aanu OTPIIUBTenbHhll! peaynbTBT
1411 

Ce<Je HHe p O)I{LleHH!I 

OKaaanoeb MeHbU!e 0, I M6, a TO apeM!I KBK ee<JeHHe pO)I(LleHII!I p0 -MeaoH a a aHan o ruq-

HOM npoueeee (II) npu TOll )l(e 3HeprHH naaBIOU!HX 1T -Me30HOB p 8BHO 1,5 M6 . T8K8!1 

p83HHU8 B ee'!eHH!IX pO)I(LleHII!I H p -Me30HOB MO)I(eT 6b!Tb 06'b!leHeH8 , H811p11Mep, B 

TOM enyqae, eenu npoueeebt (II) H (38) MoryT 6biTb on11 eBHhl eooTaeTeTBYIOU!HMH oaHo

MeaoHHbiMII LlH8rpaMM8MH H f'( p0 
) = 'J.,Sf'(f/ 191 , 

HeKoTopbte HHTepeeHbte aonpoebt, eaHaaHHbte e eoaMeeTHhiM po)l(aeHHeM l -Meao

HOB H HYKl10HHbiX H306ap, 06ey)I(Ll810Te!l B pa6oTe / 80 / 

III , VleeneaoaaHIIe "" -aaauMoael!eTaHH npu MBnhiX 3HeprH!IX 

Vf3y'!eHIIe o6p830B8HH!I 1T 

(A,8,C, - 8HOM811H !I) 

-Me30HOB B npOTOH-aei!TpOHHb!X 

,3 + 

C T OnKHOB9HHHX: 

p +d->Re/TT+TT (39) 

noKaaano, 'ITo HMeeTe!l yaKHR nuK a IIMnynbeHoM eneKTpe Haep OTLlB'IH (eM , pue , II / 811 , 

CHa'!ana 3T8 BHOMBnH !I HHTe pnpe TIIpoa anaeb KBK LlOK838TenbCTBO eyU!eeTBOBBHH!I Hoaoro 11 
pe30H8Hea e M •310 M3B II r •( 10:!:._6) M 3B, n o HMeHH 8BTOpoa pa60Thl

1811 
OH nony-

'11111 H8 3B8HHe A,8,C, - pe30H8Hea,noaaHee eoo6U{8110eb 0 TOM, 'ITO OH H861110Ll8!1e !l B npoueeeax 
- /44 ,8 2 83/ 

BHHHrHnSIUHII, a "N - eTonKHoa eHH!IX. 11 a peBKUH!IX ¢oTopO)I(LleHIIH Me3oHoa ' , 

Bonpoe o eyU!eeTaoaaHHH 11 eaol!eTaax A.6 .C. - MeaoHa o6ey)l(aane!l TBK)I(e H a Teo 

pe TH'!eeKHX pa6oTax, oeo6eHHO a eaR3H e non 10eBMH P ea>Ke/
84-

891
, 6btno OTMe<JeHo, 

'ITO 3KenepuMeHT8nbHbie LlBHHbte no paenaaaM K-Me30HOB npoTHBope'!BT npeanono)l(e-

HHIO o eyU!eeTaoaaHHH A.B.C, - peaoHaHea 
/86, 88/ 

AHB11113 Ha6niOLl8BU!el!eSI BHOMMHH a pd -e oyaapeHHSIX, npoaeaeHH bil! a pa6oTax1 90 • 91 ~ 
l10K83811, 'ITO OHB He HMeeT pe30H8HeHoro X8p8KTepa H MO)I(eT 6hiTb 06'b'!eHeH8 B38HMO

Llel!eTBHeM 11 -Me30HOB B KOHe'!HOM eoeTOSIHHH e 1( TTTI )=0 , 6onee LleT811bHOe 3Kenepu-

MeHT8llbHOe HeeneaoaaHHe SToll npo6neMbi noaTaep)I(LlBeT 3TOT BhiBOLl. TaK, a p a6o-
/92-99/ 

T8X rae ueeneaoaanoeb "" -aaaiiMOLlelleTaue npu MBnbiX sHepr1111x, A.B.C. -

Me30H He 6b!l1 06Hapy>KeH, Jlnll Hl11110CTp8UHII npHaeaeM peayl1bT8Tbl HeeneLlOBBHH!I peaK-

19 

II 



UKK (2), BbinOnHeHHOJ'O e n OMOWbiO 72-llJOliMOBOll BOllOpOllHOll ny3blpbKOBOll K8Mepbl, 11pH 

KKH e TK'Iee KKX 3Hepf'K!IX n8ll810WKX 11- -Me30HOB J60, 430, 460, 480, 550, 605, 673 H 

/ 99/ + -
780 M 3B • n ony'leHHbie paenpe a e neHK!I llfl!l M ( 11 11 ) npKee aeHbl H8 pHe. 12. 1-1 3 

3TOJ'O pHeyHK8 BHllHO, 'ITO XOT!I H HM eeTe!l HeKOTOpoe npeBbiWeHHe H8ll cjJ830BOll KpKB Ol! 

an!! Bbie OKHx 3HB'IeHHl! 3cjJcjJeKTHBHol! Maeebr ( 11 + 11-) -eHeTeMbi npH ·r = ( 360-605) M3e, 

HO OCHOBAHHA ,ang 38Kn~4eHHH 0 CyWeCTBOB8HHH pe30H8HCOB C M8CC8MH B HHTepsane OT 

280 ao 680 M3e HeT. 

Eonee .aeTanbHOe Hccne.noeaHHe aaaHMo.neAcTBHR npoTOHOB c .aeATpOHBMH, BbinonHeH-

HOe rpynnoll, OTKpbiBWell o6ey>Kll8eMyJO 8HOM8flHI0 0 noK838fl0 0 'ITO Hepe30H8HeHOe B38KMO

llelleTBKe 11 -Me30HOB B KOHe'IHOM eoeTOSIHHK e 1 = 0 H llflHHOll paeee!IHK!I ( 2 ~ 1) _1_ 
/100-103/ m 

y.a o aneTBOpHTenbHO 06bstCHsteT 3KCnepHMeHT8nhHble .a.BHHhie 11 

AHan of'H'IHOe o6b!leHeHHe A. B.C. - BHOMBnKH 6bmo npeano>KeHo e pa6oTe
1 1041 

B 3TOM enyqae 6brno 38Me'leHo, 'ITO eenH peBKUK!I ( 39) npoTeKaeT no exeMe: 

3* 
p + d .. He

2 + "1 ' (40) 

,.,. ,3 
He -+ 112 + He

2 
, 

2 
(41) 

"1 + 112 
.. 11 + 11 2' 1 

(42) 

KOTOp8!1 OnHebiB89Te!l TpeyJ'OflbHOll llK8I'p8MMOll (eM. pHe. 13), TO B paenpeaeneHHH no 

M(" 11) 6yaeT no!IBfl!ITbC!I nHK e M .. 310 M3B npH KHHeTH'IeeKoll 3HeprHH npoToBoe 
1 2 .3* 

740 M3B (3aeeb He - na po renH!I, e KOTo poM OllHH H3 HyKnOHOB 38MeHeH H3o6apoll), 
2. 

no!leneHHe nHK8 B paenpeaeneHHH no M (11 1 11} eB!I38H O e H8flH'IHeM norapHcjJMH'IeeKoll 

o e o6eHHOeTH e aHarpaMM e 13. Bbi'IHeneHH!I noKB3biBBJOT, 'ITO npH anHHe 11rr -paeee!IHH!I 

- ____1_ A.B.C. - BHOMBnH!I xopowo onHe breaeTe!l TpeyronbHOll llHBrpBMMOll (eM, TBK>Ke 
m 

rn, VIII• § 3.). 

TBKHM o6pa30M, eellqae HeT y5eaHTenbHbiX llOK83aTenbeTB e nonb3y eyweeTeoBBHH!! 

A.B.C. - pe3oHa Hea, 

IV. noHeKH HOBbiX p e30H8HeHbiX 1111 -eHeTeM 

B HBeTO!!Wee BpeM!I HMeeTe!l ewe OKOflO llB8llU8TH H86flJOll8BWHXe!l nHKOB B paenpe-

llene HH!IX no 3cjJcjJeKTHBHbiM MBeeBM llBYX 11 -Me30HOB (eM, Ta5nHuy II ) . OaHaKo 3 TH 

flHKH HMe~TCH, KBK np8BHn0 1 TOnbKO B O.OHOA HnH .OBYX pa60T8X H CT8THCTHqecKH nnOXO 

o5eeneqe Hbl, no3TOMY llB>Ke eBM cjJBKT eyweeTBOB8HH!I 8HOM8flHH He !1Bfl!I9Te!l llOeTOBe p

HbiM (H e J'OB Op!! y>Ke 0 ee pe30H 8HeHOM X8p8KTepe ). 6onee TOJ'O, B 8H8flOJ'H'IHblX pa5o-

20 

T8X llPYI'HX rpynn, BbWOnHeHHI 

npHMepa
1 991 

). B eB!I3H e 3TH' 

Hbie C B 0 3MO>KHbiM Cylll.eCTBOBl 

nepeoe e oo6WeHHe 0 H86 

2 no!IBHflOeb B pa6oTe
11051

, J-1 

MH e nOMOWbiO 35 eM BOllOpO.!l 

H a6n10aane!! nHK e paenpeaene 

He BbiXO.OHT 38 .O.Be CT8THCTHtH 

H 8 pa6 0TBX/17,27,82, 10~, 10i 

eTB8MH ,; -Me30H8 0 o5ey>Kll8IC 

2. Oeo6brll HHTepee Bbl 

30H8 (eM. T86nHuy n ) . P e3yJ 

p830B8HHbiX npH paenaae p0 

eM~ Al(p) H 1=0 (eM. I § 

HHe TT11 -e38HMOllelleTBH!I B 0 

MH H30TOllH4eCKOrO CflHHB; Han _ 

p+p .. 

CoeMeeTHoe H3y'leHHe noao5Hbr: 

p -Me30HB H 0 llPYI'HX pe30H8F. 

TT -Me30HOB, 

B uenoM. 0 TB5nHue n 
30HBHeoa nO'ITH HenpepbrBeH. H 

pe30H8He8MH He HM9JOT, 8 o6ye 

HBHeHbiM B38HMOllelleTBHeM 11 

- 8HOMMH!I), 

B 1957 roay B • eB!13 n e ar 



lH Ol! ny3blpbKOBOA K8Mepbl, npH 

460, 480, 550, 605, 673 H 

-) np>!Be.lle Hbl H8 pHe. 12. J-1 3 

BbJWeHHe H8.ll cP830BOA KpHB OA 

"' b' npH 1 = (360-605) Mas, 

OB C MBCC8MH B HHTepeane OT 

>TOH OB C .neATpOH8MH, BbinOnHeH-

tnO, 1.fTO H9p830H8HCH09 B38HMO

.anHHOl! paeeeRHHR (2 : 1) __ 1 __ 
~/ 100-103/ mrr 

pe .ano>KeHo a pa6oTe
1 104 1 

poTeKaeT no cxeMe: 

(40) 

(41) 

(42) 

13), T O a paenpe.aeneHHK no 

• e THqeeKOA aHeprHH npOTOBOB 

Hy Kn OHOB 38MeHeH H306apoA), 

: H8nKqHeM n orapHcPMKqeeKOl! 

'-I T O npH ,llnHH8 1TTT -pacceHHHSI 

HOI! .llH8rpaMMOl! (eM, T8K>Ke 

m b CTB 8 flOnb3y CYLU8CTBOBBHHH 

H86nJO.ll8BW HXeR nHKOB B paenpe

: M. Ta6nHuy II ) . O.aHaKo a TH 

16 0T8X H CT8THCTH1.f8CKH nnOXO 

IOM BnHH He SIBnHSTCH .llOCT OB S p-

!8 T a ro, a aHanoriPIHbiX pa6o-

Tax .apyrHx rpynn, BbmonHeHHbiX e xopowea ToqHoeTbJO, aTH nHKH oTe yTeTBYJOT (eM, .anR 

npHMepa
1991 

). 8 eBR3K e 3THM, OTMeTHM TOnbKO HeKOTOpbie KHTepeeHbJe SOnpOebl 0 eS!I38H-

Hbi8 C B03MO)KHbiM CyWeCTBOB8HH8M HOBhiX pe30H8HCOB B .mr -cHCT8M8X. 

I. 

nepsoe eoo6meuHe o Ha6nJO.aeHHH ( -Me3oHa e M ~(575!_20) M asH 1=1 HnH 

2 noRsHnoeb s pa6oTe
11051

• J.1eene.aosanHeb npo ueeebJ pO>« .aeHK!I rr -Me3 0HOS rr + -Me3oH a

MH e noMOlllbJO 35 eM so.aopo.aHol! ny3blpbKosoa KBM ep bl npH 1
17 

=820, 900 H 1050 M a s, 

Ha6n10.aaneR nHK s paenpe.aeneHHH no M(rr + rr0
). O.aHaKo OTKJJOHeHHe OT ¢a3osoa Kp Hsoa 

He SbiXO.llHT 38 .aae eTBTHeTHqeeKHe omH6KH. A HanorH'lHB!I eHTYBUHR HMeeT Mee T o 

H a pa6oTax
117

• 
27

• 82 • 10~· 1071
• TeopeTH'leeKHe sonpoebi, es!I38HH oJe e S03M O>KHbiM H eaoA

eTsaMH ( -Me30H8 0 o6ey>K.ll810Te!l S eT8Tb!IX/ 
108- 1111 • 

2. Oeo6bil! HHTepee Sbi3biB8JOT noHeKH pe3oHaHeos e I =0 H 2 s o6nae TH p
0 

-M e-

30H8 (eM. Ta6nHuy II ) • Pe3ynbT8Tbi H3yqeHH!I yrnos oro paenpe.aeneHHR rr - Me30HOB , o6-

pa3osaHHbiX npH paena.ae p0 -Me3oHa, TBK>Ke yKB3 biB8JOT Ha eymeeTsosaHHe pe3 oHa Hea 

e Ma Af(p) H 1 =0 (eM. I § 3 ). noaTOMY npe.aeTasnReTe!l O'leHb HHTepeeHbiM Heene .a os a-

rrrr -s38HMO.llel!eTSH!I S o6naeTH p -nHKB S eoeTOHHH!IX e onpe.aeneHHbiMH 3H8qe HHR-

MH H30TOnHqeeKoro enHHa; HanpHMep1 s peaKUHRX (I), ( 21) H 

(43) 

CosMeeTHoe H3yqeHHe no.ao6HhiX npoueeeoa no3sonHT OTseTHTb Ha sonpoebJ o e solle Taa x 

p -M930H8 H 0 .apyrHX pe30H8He8X S 'aTOll o6naeTH 3H8'leHHl! actJctJe KTHSHbiX Maee .llSYX 

B uenoM, o Ta6nHue II MO>KHq 38MeTHTb, qTo e neKTP Maee npHse.aeHHbiX 3 .aee b pe-

30H8Heos noqTH HenpepbiSeH. HeeoMHeHHO, qTo 6onbll1B!I qaeTb H3 HHX HHqero o6lllero e 

pe30H8He8MH He HMeJOT, 8 o6yenosneHbl HRH eT8THeTHqeeKHMH ctJnyKTYBUH!IMH HRH He pe3o

H8HeHbiM S38HMo.aelleTsHeM rr -Me3oHos s KoHe'lHOM eocTO!IHHH (eM., HanpHMep, III , A.B.C. 

- 8HOMMH!I), 

V • W , - Me30H 

§ I. Maeea H lllHPHHa 

B 1957 r o.ay s ' eBH31i e aHanH30M aKenepHMeHTBnbHbiX .aaHHbiX no paeeeRHHJO aneKTpo-
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Ta6nHua n 

No !of (M 3B) x) r (M3s) I nHTepaTypa 

3!0-320 10 0 81, 83, 44 

2 330 0 82 

3 339 I 82 

4 330 2 82 

5 400 50 36, 112 

6 520 70 0 HnH I 36 

7 570 I 105 

8 580 , 0 82 

9 580 2 82, 106 

10 600 I 112,113 

11 600 75 2 114, 112 

12 650 I HnH 2 109 

13 760 0 82, 106 

14 760 2 82, 106 

15 880 - 38 

16 920 !50 - 115 

17 990 0 82 

18 990 I 82 

19 990 2 82, 106 

20 1200 I 106 

21 1200 2 106 

22 1400 27 

x ) B Ta6naue npas eaeabl npa6na>KeHHbie 3Ha'JeHHR Mace pe3oaaacos. 

HOB H8 npOTOHBX 6binO 8biCK838HO npeanono>KeHHe 0 Cy!lleCTBOB8HHH TR>Kenoro HeliTp8nb-

HOr O Me30H8 C f = Q H jP = J"( W -Me30H)JII 6/, 

3 xc nepHMeHTanbH O w -!l.ie30H anepBbie 6btn o6aapy>KeH a 1961 roay npH ac cneaoaa-

HHH n po u eCCO B 8 HHHrHnHUHH 

p + p-+ IT ++ IT++ IT-+ IT-+ IT0 (44) 

C nOMO!ll blO 72-alO AM OBOl! BOllOpOllHOl! ny3 btpbKOBOl! KBMepbt npH pc ~I ,61 r3B/ll
7 

•
1181

. 

S btn a allaen Y3KHll nHx B pacnpeaene HHH no 3<j:l<j:le xTHBH btM Mace aM (IT+ IT- 1T0 ) -cac TeMbt 

22 

' 

c M(w J ~181 M 3a 11 r < r 
- re: 

pa ), 0 TC YTCTBf!e COOTBeTCTB: 
+ + -M( IT - IT - IT + ) .ll89T OCHOI 

K HBCTOR!lleMy MOMeHT. 
Me /119-133, 40, 4 1, 71/ 

I 

p + 

+ IT + 

± 
IT + 

[( -

p + 

p + 

H T • .O. 

Ha pac . 14 no x838H xar 

a peaxuHR (46), 3llecb >K e a 

WHpRHa w -Me3oa a 61 

3btpbKOBOl! KBM epbt npH HCCne 
/ 134/ 

UH f! 

p + p 

B 3 TOM on btTe ya an oc b nony~ 

3KcnepHMeHTax, Taxoe 3HB'JH1 

6btno llOC THrHyTo c n euH an bHbt 

THR, B KOTOpbtx o6a K - Me3c 

no H3MepHTb 3Heprf!H H HMOyJ 

Hee , t~eM n o KpHB H3He Hx cne 

pHMeHTBX, 

P eax uHR (5 1) oxa3anact 

W Ol! BepOIITHOC TblO H):leT no K 

06p 830B8HH biX 'JBCTHU COCT8 81 

OCTBH BBnHBBIOTCI! B KBMepe, ( 

O fl biTe .anst npO T OH O B H flKOHOE 

Yf3Me pRR y r on Me>Kay K 



nKTepaTypa 

81, 83, 44 

82 

82 

82 

36, 112 

Ill I 36 

105 

82 

82, 106 

112,113 

114, 112 ' 
nH 2 109 

82, 106 

82 , 106 

38 

115 

82 

82 

82, 106 

106 

106 

27 

BCC pe30H8HCOS . 

:eH s 196 1 ro.oy np11 Kccne.oosa-

(44) 

pb! np11 pc r /117,118/ 
~ 1,61 as . 

c M(61)=787 Mas K r < rres ~24 M as ( rres - a KcnepKM 9 HT8nbHOe paapeweHKe npK6o-

pa). 0TCYTCTSKe COOTS9TCTSYIO!Uero nKK8 S pacnpe.oeneHK!IX no Af( 11± 11± 11° II 

Ll89T OCHOSBHH!I C'IHTBTb , 'ITO f( 0 )=0 

K H8CTO!I!U9MY MOM9HTy 6) 

Meplll9-133, 40, 4 1, 711 
-Me30H HB6niOllBnCSJ 80 MHOrHX pe8KUHQX, H811pH-

I 

p + p ->J111++]11-+ 0 11 (45) 

+ + d 11 ... p + p + 6) 
' (46) 

± + 11 + p ... p + 11-+ 6) 

' (47) 

[( + p->A+0 (48) 

p + p ... p + p + 
6) ' (49) 

p + p ... k + k + 6) (50) 

H a pHCo 14 nOK838H xap8KT9pHbiA nHK, COOTBeTCTBYIO!UHA 61 -Me30HY , nony'!eHHbiA 

a peaKUIIH (46) , a.oec b >Ke BK.lleH He6on bWOA OI!K c AI - 5 50 M as ( 'I -M e30H) . 

6J -Me30H8 6b!n8 onpe.oeneHa C OOMO!UbiO 30-.o iOAMOSOA SOLlOpOLlHOA ny-

3bl pbKOSOA K8Mepb! npK IICCne.QOS8HHH 8HHKrHn!IUKII OCT8HOSKSWHXC!I 8HTHnpOTOHOS S peaK
/ 134/ 

UIIK 

p + p 
(5 t ) 

B a TOM onb!Te y.o anocb nony'IHTb Ires "' 2 M as 'ITO Ha nop!l.llOK nyqwe, '!eM a .opyrKx 

aKcnepi!M eHTax. TaKoe 3HB'IHTenbHOe ynyqweHHe p aapewaiOweA cnoco6HoCTK ycTBHOSK H 

6b!UO LlOCTHrHyTO cneUH8nbHb!M OT60p 0M C06b!TIIA THna (5 1). VfayqanKCb TOnbKO Te C06b!

TH!I, B KOTOpb!X 068 K -Me30H8 OCT8H8BnllS8nKCb S KBMepe. 3TO 06CTO!ITenbCTSO noasonK

no llaMepHTb aHeprllll 11 KMnynhCbi K -M eaoHos no npo6ery s so.oopo.oe 3H8'1K TenbH O Toq-

Hee, qeM flO KpHBH3He HX CJie.UB B MBrHHTHOM n one, K8K 3TO .oen anocb s .opyrKx aKcne-

p11MeHT8X. 

P e8KUH!I (51) OK838n 8Cb 0'19Hb y.oo6HoA C aToA TO'IKII 3peHH!I, TBK K8K OH8 C 6onb

WOA SepO!!THOCTbiO HLleT no K8Hany (50), 8 S aTOM cnyqae nonHB!I KIIH9Til'l eCK8!1 aHeprH!I 

o6paaosaHHbiX qacTIIU coc Ta Bn!leT scero nHWb OKano 100 M as 11 K -MeaoHhl, s ocHosHoM, 

OCT8H8Sni!B810TC!I S K8Mepe. COOTHOW9Hil9 npo6er-aHepr11!1 6binO nposepeHo S aTOM >Ke 

OllbJ Te ..O.IISI npOTOHOB H llHOHOB H389CTHbiX SHeprHA, 

VfaMep!l!! yron Me>K.oy K -1\!eaoHaM H, MO>KHO onpe.oeni!Tb M (11 + 11 -11°) no ¢opMyne: 

23 



' 

rne M 

npH E 11 

M(11+11-11°) =[(!.1 °-E -E )
2 -(p + p )2]'h, 

- + + -

M(p)+M(p) 

{( -Me30H08 ( CM, cj:>OpMylly (5) )X), 

U KH.ll9KCbl 

p 0603H8'18!0T 3H8KH 38pstn08 

(52) 

Bcero 6bi1lO HaRneHo 119 co6brTHfl (51), Korna o6a l( -M e3oH a ocTBH881IH881lHCb 8 Ka

+ -
Mepe. Be1IH'IHH8 owH6K.H e onpeneneHHH M ( 11 " 11° ) no cj:>opMyne (52) nm• 3TH X co6biTH!l 

ne>KKT 8 HHTep8ane oT 0,6 no 1,2 M38, 

Ha pHc. 5 npH8eneHo pacnpeneneHKe HaRneHHbiX cnyqae8 no M ( "+ 11- 71°). CnnowHast 

KpH88SI
0 

nB!OW8SI H8H1IY'!Wee COl'1!8CHe C 3KCnepHMeHTOM, 8bi'IHC1ISI1!8Cb no cj:>OpMylle THn8 

(6) c yqeToM 3cj:>cjJeKTH8HOCTK perHcTpauHH K -Me30H08 8 KaMepe; nyHKTHpHaSJ KpK88SJ 

naeT COOT8eTCT8Y!OWK i! CT8TKCTK'!eCKHi! cj:>OH 8 pe8KUKH (51), 

Ha pHc. 16 naHa KneorpaMM B 3Toro pacnpeneneHKSJ, Vl3 aHanK38 3THx naHHbiX 6brno 

nony'leHO: M(w) ~784,0!_0 , 9 M38 H r =9,5!,.2,1 M38, 'ITO COOT8eTCT8yeT r(w) 

-22 (0,69!,.0,15) ·10 ceK, ViHTepecHbie npenno>KeHKSJ o6 H3MepeHHK f'(w) npyrHMH cnoco6a-

/ 135-140/ 
MH p8CCMOTpeHhl 8 pa60T8X • 

Ce'!eHHe po>KneHHSJ 

'IHHY (I -'- 2) M6 npH 

w -M e3oHa 8 rrN- H [{ N -838HMOneflcTBHSIX coCTBB1!SJeT 8enK

E # (2- 4) r38 H He npe8b!W8eT HeCK01lbKHX necSJTb!X MH1!1IH-

6apHa 8 npoueccax aHHKrH1lSIUHH npK E(p) ~(t-3) r3e. 

§ 2, .llnarpaMMbl .llanHTua 

npe>!<ne '!eM nepei!TH K 06Cy>KneHH!O KB8HT08b!X 'IKCelJ 
(L) -Me30H8 1 Mbl OCT8HO-

8HMCSI H8 onHOM 06WeM cnOC06e 8H81JH38 TpeX'I8CTH'IHbiX COCTOSIHHl!, 3TO cnoco6 6bl1l npen· 

no>KeH .llanHTUeM 8 1953 rony npHMeHKTellbHO K pacnany 

± ± + 
K -+ " + rr -+ rr =F (53) 

H WHpOKO ynoTpe61JSJeTCSI 8 H8CTOS!Wee apeMSI/ \
4
\-!

441 

CyTb ero 38K1llO'IBeTcSJ 8 cneny10weM. 06wee 8bipa>KeHKe nn11 8epoSJTHOC TK pacnana 

I 145/ 
K8KoA-nH60 '!8CTHUbl C M8CCOA M HB TpH npyrHe '18CTKUbl HMeeT 8Kn 

. 0 

W(M • 
.. m 1 + m

2
+ m,J 

X 8 ( M - I '1!.;> 

- 1 - r 1u1
2 

(211 J 5 · 2U 8 (I 
0 

3-. d3~~ d.3 ;.:1 
2E

1 
2E 2 2E,3 

P.) X 
I 

(54) 

X) 3Q:><PeKTHBH8SI M8CC8 rpynnbl '18CTHU, 8bi'IKC1!eHH8SI no X8p8KTepHCTKK8M npyrHX 

'IBCTHU, yqacTBY!OWHX 8 peaKUKK (e Haw eM cnyqae p , p , K +" K '::.qaCTHUbd, o6bi'IHO 

H83biB8eTCSI •ue.n.OCT8lOW9A M8CCO.A:"' • 
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2 
3necb I Ml - K8anpaT Mon: 

He KMeeT cnHHB HnH HenonS~pl 

ne peM e H H biX , .ll e Ac TB H Ten bH o, 

38KOH COXp8H8HHSI 3Hep!'KK -

'18CTHU8 lf
0 

HenonS1pH30B8H8, 

npOCTp8HCTB e , TO 88p0S!THOCT 

TaKKM o6pa3oM, H3 nSJTH uep 

Hbll! 31!8MeHT, 

EcnH 38 :3TH nepeMedHb: 

U9HTp8 HH9pUHH Tpex '18CTHU, 

K BHny 

W (/.to .. m 1+ m l 

Vi3 3TO!'O Bb1p8>KeHHSI B 

pacnany U -.m+m+m 
• 1 2 ,3 

E 
1 

H E , To nnoTHOCTb TO'IeK 
2 

1111 MBTpH'IHoro 31!eMeHTa, Ta 

HBriiH.D.HOe npe.llCT8BII9HHe 0 J 

onpene1!8HH8 K88HT08b!X 'IHC8. 

0'!e8HnHo, 'ITO 3TO c8ol!c 

nepeMeHHbiX E 
1 

11 E 
2 

B3SIT 

Mbl .llam!TU8 CTpOSIT T8K>Ke 8 

neyx '18CTHU) , noK8>K8M, 'lTC 

KBBnpaTy M8TpH'IHOl'O 31!8Melo 

2 
M c ( E + 

1,2 1 

3BKOHbl C0Xp8H8HHSI naiOT ClJE 

0TCIOna 

E 

I j 

M 
1 

x)B TOM cnyqae, Korn a 

Heo6xonHMo 3BMeHHTb I M ( E 
1

, 
'!BeT ycpenHeHHe no HB'IB1lbHO 

xx) .llei!cTBHT81lbHo, E = 1 



(52) 

:tJo pMyny (5))xl. 

-Me30H8 OCT8H8BilHB811HCb B Ka-

opMyne (52) ,llnll 3TH X C06biTHll 

3es no M ( 11 + 11 - 11° ~ CnnowHal! 

I'<HCnllnBcb no ¢opMyne THna 

;aMepe; nyHKTHpH8ll KpHB8ll 

), 

yf3 8H8nH38 3THX ,ll8HHbiX 6binO 

'0 COOTBeTCTByeT r( <u) 

:>eHHH r(<u) .npyrHMH cnoco6a-

HMO,lleJlCTBHllX COCT8Bnl!eT BenH-

T H8CKOJlbKKX .Q9CS1TbiX MHJlllH-

! n W -M930H8 1 Mbl OCT8Ho-

oc T O>IHHll. 3To cnoco6 6bm npe.n· 

(53) 

eH H e .nnll sepO!!TH OC T H p a cna.na 

I 145/ 
I HMeeT BH.ll 

>, ) X 
l 

(54) 

I no xap8KTepHCTHK8M .npyrHX 

[( + H K -=- .. acTHU bi), o6bi'IHO 

2 
3.necb I M I - Ksa.npaT Mo.nynll MaTpH'IHOro 3n e MeHTa , EcnK p a cna.naiOWBl!Cll 'IBC TKu a 

He HM99T CllKH8 HllH H9fl011SipH30B8H8 1 TO M8TpH'1HbiA 3 119M9HT 38BHCHT TOilbK O O T .OByX 

nepeMeH H biX, JleJlCTBHTenbH0 0 H3 ,lleB51T,H B03M0)f{H b1X n e peMeHHbiX: pJi , p2i , p3z{i - 1,2,3), 

aaKoH coxpaHeHHH 3HeprHH - HMny~bca .a.enaeT Hea aeHCHMhiMH T OilbKO nHTb. Dan ee , ecnH 

lf8CTHU8 !.1 H 9 fl 0 11HpH30B8H8, T.e. 8 ee CHCT9M 9 fl0KOS1 H 9 T B b l.ll9 119HH biX H 8 npa en e HHA B 

o x) 
npOCTp8HCTB e , TO BepO!!THOCTb pacna.na He 38BiiCHT OT Op!ieHT 8 UiiH nn OC KOC TK p 8C II 8 ,ll8 

TaKHM o6p83 0M, 113 nRTH HepeMeHHbiX OCT810TCR TOnbKO ,llBe , O T K OTOpblX 3 8BHCH T M 8 TpHq

HbiJl 3neMeHT, 

EcnH 38 3TH n e peMeoiHbie Bbi6paTb nonHbi e 3 H e prHH .nsyx 'I B C THU ·E 
1 

H E
2 

a CHCTe Me 

UeHTpa HHepUHK Tpex '18CTKU, TO COOTBeTCTBYIOWHe npeo6p8 3 0 B 8 HHll n pHBO.llllT 4Jo pMyny (54) 

K BH.lly 

2 2 
1T 

(( dE
1 

aE
2

1M(E
1
,E

2
J I . (

55
) 

2 M
0 

( 2 rr ) 5 

Yf3 3TOrO Bblp8)f{eHii51 BH.llHO, 'ITO ecnH HMeiOWKt:ICll 3KCnep!iMeHT8nbHbiJl M 8 TepK a n n o 

pacna.ny !.f .. m + m + m H8HeCTH H8 .llH8rp8MMy, B KOTOpOJl 3 8 nepeMeHHble B b16p8 H b l 
• I 2 ~ 

E H E , To nnoTHOCTb TO<JeK HB 3Toll .nHarpBMMe 6y.neT nponopuHoHanbHa Ksa.npa Ty Mo.ny-
1 2 

nl! MBTpH'IHoro 3 neMeHTa, T B KHM o6pa3oM, c noM OLUbiO TBKOll .nHarpBMM bi M b l c p a3y HM e eM 

H8f'llS1.LlHOe npe.acTa-BJ19HH9 0 flOB9.09HHH M8TpHYHOrO 3119MeHT8, ttTO 3H 8 '1HT911bHO ynp OW.89T 

onpe.neneHHe KBBHTOBbiX '!Hcen pacna.naiOme llcll 'IBCTHUbi, 

QqeBH.D.HO, t.fTO 3TO CBOACTBO i:J.Harp8MMbJ lla11KTU8 OC T8 9 T C H H9H3M9HH biM
1 

9CJ1H BM €:C T O 

xx) 
nepeMeHHblX E 1 H E 2 B 3 l!Tb nepeMeHHbie 1

1 
H r

2 
HnH 1

1
, 1

2 
• T ~ , Y!H o r.n a .nKarpaM-

Mbi JlanHTua cTpO>IT TBK)f{e a nepeMeHHbiX !.f 2 
H u2 ( KB B .npB T bi 3¢¢eKTH B H biX M ac e 

1,2 2,~ 
.llBYX '18CTHU ), noK8)f{eM, 'ITO H B 3TOM Cnyqae nnOTH OC Tb T O 'Ie K 6y.neT npo r. o pUH OH8nbH 8 

KB8.llp8Ty M8TpH'IHOrO 3neMeHT8, no o npe.nen e HI! IO HMeeM 

2 2 .. 2 
M ~ ( E + E 2) - ( PI + P 2 ) • 

1,2 

38KOHbl COXp8HeHHR .ll810T cne.nyiOll.IHe p8B e HC TB8 B CHCTeMe noKOII '18CTHUbl M
0 

0TCIO.ll8 

E I+ E 2 = .110 - E ,3 

P + i I = 
I 2 p~. 

M 2 2 2 
1,2 ~ ( Alo - E 3 ) P~ 

x)B TOM cnyqae, KOr.ll8 HMeeTCII H8'18nbH851 nonR.,H38UKR 

He06XO.llHMO 3BMeHHTb IM(E
1
,E

2
)1 2 

HB IM(E
1

, ·E
2

)1 , r.ne 

'! B eT ycpe.nHeHHe no H 8 '1 8 nbHOJl nonRpH38UHH, 

xx) JlellcTBHTenbHO, E = 1 + m 

25 

(56 ) 

(57) 

(58) 

'18CTHU, B Bblp8)f{ e HHH (55) 

ropH30HT8 n bHBSi '-l e pTa 03H a -



H 

d!.t
2
-- 2(AI -E )dE -2E dE 

1,2 ° .3 3 .3 .3 
- 2 M0 dE .3' 

T.e. d AI 2 nHKeliKO aasHCKT oT dE • 
t2 .3 

no3TOMy 

2 
d Al1,2 

d M
2 

- dE dE 
2;3 J , 

(59) 

(60) 

YnoTpe6neHHe nepeMeKKbiX 
2 

Mile HM99T K9KOTOpb!9 npeHMYUI9CTB8 1 T8K K8K OKH 

p e ns!THBHCTCKH HHB8pH8HTHbl H n03TOMy .ClH8rp8MM8 JlanHTU8 HB 38BHCHT OT CHCT9Mbl KOOp

.ClHK8T0 B KOTOpoll B3S!Tb! 3KCnepHM9HTiJnbHbl9 .Cl8KKb!9, npaKTH'I9CK09 npHM9K9HH9 3THX 

llH8rp8MM 6ylleT nOK838HO KH>K9 npH 06Cy>K.Cl9HHH KB8KTOBblX 'IHCen lU - H '1 -M930HOB, 

§ 3. KaaHTOBbie '<Hcna lU -Me30H8 

KaaKTOBbie '<Hcna "' -MeaoHa 6blnH onpe.oeneHbi npa aay'<eKHH pacna.ooa 

+ - 0 
w -+ rr + rr + rr (61) 

npennonO:>KHM, 'ITO 3TO npouecc Bbi3B8H CHnbHb!M B38HMO.Cl9liCTBHeM, TOr.Cl8 G(lU)o•lx) 
159 •6~/ 

EcnH orpaKH'<HTbCH aaaqeaaeM cnaaa J ~1 TO HM910TCH '19Tblp9 B03MO:>KHbiX KOM6HH8-

UHII .OnSI CnHK8 H npOCTp8KCTB9KKOII 'IBTHOCTH 
+ - + -

"' -MeaoHa: 0 , 0 , 1 H 1 • KaaHTOBbie 

'lH Cn8 0+ 38npeU19Hbl 38KOHOM COXp8K9HHSI '19THOCTH. 

3TOT 38npeT nerKO yBH.Cl9Tb0 ecnH p8CCM8TpHB8Tb npo.oyKTbl pacna.oa lU-+ .J1r 

B T9pMHK8X OllHKO'IKOrO 17 -Me30 H8 H llHnHOHB ( aanpHMep, 17° -Me30H8 H (1r+ ..-) -.oHnHOH8), .. 
06o3H8'<HM qepea L - o p6HTanbKhrll MOM9KT " -Meaoaa .oHnHoKa a HX c.u.HHepuHH, a qepea .. 
f -M OM9HT Tp9Tbero 17 -Me30K8 OTHOC HT9nbHO .OHnHOK8 B C,U.HK9pUHH lU -Me30H8, 

C:cnH cnHH lU -Me30H8 p8B9H Kynro ( p e q b Hll9T 0 B03MO:>KHOII KOM6HK8UHH 0 +), He06XO.ClH

M0 0 'IT06br f ~ L , T.e. npocTp8KCTB9HH8H '<9THOCTb ( .Jrr) -cHCT9Mbl 

P ~ (·1) f+L+J = (. 1) 2 L + 3 XX) 

6y.oe T OTpHU 8TenbH 8 ( p = -1) • 

TaKHM o6paaoM, K OM6HH8UHH 0+ Ll.nSI W -Me30H 8 H9B03MO>KH8. 

(64) 

x) B cnyqae 6oaoHHbiX CHCTeM co cTpaHKOCTbro, paaaoll Kynro, oqeHb yno6Ko nonb3o

B8TbCH KB8HTOBbiM '<HcnoM G , T8K K8K G -qeTH~Tb CHCT9Mbl paaaa npoHaae.oeHHIO 'G

qeTKOCTell qacTHU ee cocTaBnHIOWHx. OnepauHH G on pe.oenSieTCH K8K npoHaae.oeHHe .oayx 

H3B9CTHb!X onep8UHII: agpH.ClOBOrO ConpSI>KBHHH H 

BOKpyr OCH 12 H8 180 , T,e. , " 
,, " 171[ 
(; = c· e 2 

nOBOpOTB B H30TOnH'l9CKOM npocTp8KCTB9 

(62) 
0TCIO.Cl8 SICH O, 'ITO G -qeTHOCTb C HCT9Mbl OCT89TCSI K9H3lii9HH OII B cny'l89 CHnbHblX B38HMO

nel!CTBHII H MO:>KBT M9HSITbCH B cnyqae 3n9KTpOMBrHHTKb!X, JlnH KBIITpBnbHbiX CHCT9M HM99T 

M9CTO p 8 B9HCTBO [ 

G = C (- 1) • ( 63) 
3ll9Cb C - 38pS!llOB8!1 'l9THOCTb CHCT9Mbl, 

xx) T p ol! K a a noKaaaTene cTeneHH nOHBn!leTcH K a -aa y'leTa sHyTpeHHell 'leTH OC TH" -Me· 

30HOB 0 KOTOpB!! 0TpHU8T9nbK8 , 

26 

Jln!l OC T BBWHXC!I Tpex KOM6HK8 

Tbi pacnana ( 61) .on11 MHHHMar. 

3 n9M 9K T bl) • 0KH npKB9ll9Hbl B ' 

npOCT9llWH9 M8Tp 

Jp 

0 1 H 3 1 H 

1+ 0 H 2 

H a pHc. 17 npHseneHa aar 

BORbHbi X e.O HHHUBX OT nepeMeHI: 

T - T + X = 

. VJ' Q 
H a pHc . 18 H a nHarpaMME 

na.oy "'-> .3 rr , nonyt.J eHHbt e a 

npeneneHHll H 3KCnepHM9HT8nbH< 

p9'18T pnbiTy, T 8 K K8K OHH llBIO' 

H B03 p8CTB!Ollly!O - K ee rp8HHC 

HOCTb T O 'I9K B U9HTpe llHBrp8Mi 

CS1 C 3KCnepHM8HT8RbHhiMH ,U8HH 

Ha pHc. 19 npHaeneHbi Te 

TO'l9 K B 38BHCHMOCTH OT pBCCTC 

I 11 8/ 
3TOT Bb! BO.Cl 

VIHTepecHo OTMeTHTb, 'ITO 

MBTpH 'lHbre aneMeHTbi nn11 Kaaw 

B U9 HTpe llH8rp8M M b! , 

x) 
3necb HH.Cl9KCbl npH 



'' 

(59) 

(60) 

1eHMYW8CTB8 1 T8K K8K OHH 

1 He 3aBHCHT OT CHCT8Mbl KOOp-

·H'I8CK08 npHM8H8HH8 3THX 

, '<Keen 

ly'<eHHH pacna.uos 

(61) 

\CTBH8M, TOr.tta G(cu)o•l) 
159 • 6~/ 

!eTblpe B03MO>KHblX KOM6HHa

)+, 0-, I+ H I • KsaHTOBble 

.yKTbl pacna.ua cu-+ .Jrr 

rr0 -Me30Ha H (rr+ 11") -.uHUHOHa), 

i OH8 B HX C.U,HHepUHH 1 8 qepe3 

.U.HHepUHH (.tJ -Me30H8, 

)lt KOM6HHaUHH 0 +), He06XO.UH-

iCTeMbl 

:x) (64) 

~03MO>KH8 . 

~ HyniO, oqeHb y.uo6H o nonb3o

M bl pasHa npOH3Be.tteHHI<l 'G -
OH8TCR KaK npOH3Be.tteHHe .UByX 

H30TOUH'IeCKOM UpOCTpaHCTB8 

(62) 
HOlt B cnyqae CHnbHhlX B3aHMO

JnH Hei!TpanbHblX CHCT8M HM8eT 

(63) 

eTa BHyTpeHHel\ '!eTHOCTH 7r -Me· 

.[lnR OCTaBWHXCH Tpex KOM6HHaUHII KBaHTOBblX 'IHCen MO>KHO HaUHCaTb MaTpH'IHb!e 3neMeH

Tbl pacna.tta ( 61) .ttnR MHHHMBnbHblX 3HB'IeHHII L H f ( T.e, npOCTeiiWHe MBTpH'IHble 

3neMeHThi). 0HH npHBe.ueHbi B Ta6nHue III 11 181 

Ta6nHua III 

npocTellwHe MBTpH'IHble 3neMeHTbl pacna.ua w -+ 3rr , 

L 

I H 3 H 3 

0 H 2 

npoCTellwHe M~)PH'IHble MaTpH'IHblll gne-
3neMeHTbl MeHT pasen Hymo 

E (p -p+)+E (p -P )+ 
- 0 0 + -.. 

-p 

HB rpBHHUe .UHBrpi>M

Mbl .[lanHTUB 

H8 npSIMbiX RHHHHX, 

Kor.ua E = Eo• E = E , 
- 0 + 

E = E 
, 0 

Kor.ua 

p = ~· 

.. 
p , 

+ .. .. 
p = p • 

0 

Ha pHc. 17 npHse.uena 3BBHCHMOCTb npocTellwHx MBTPH'IHhiX gneMeHTOB B npOH3-

aonbHhiX e.ttHHHUBX OT nepeMeHHblX .[lanHTUB; 

T 
( Q = T+ + T _ + T • ) • y = 

..;-:.3' Q Q 
Ha pHc . ·18 Ha .ttHarpaMMe .[lanHTua HBHeceHbi 3KcnepHMeHTanbHbie .ttBHHbie no pac-

na.uy cu .. .J rr , nony'leHHbie a pa6oTe
1 13 11

• BH3yanbHoe cpaaHeHHe Te o peTH'!eCKHX pac-

npe.ueneHHII H 3KcnepHMeHTBnbHoro ( pHc. 18) noKB3biBBeT, 'ITO Ha6opbl I+ H 0 npoTHBo-

pe'IBT OUblTY , TBK KBK OHH .UBIOT nnOTHOCTb TO'IeK, pBBHyiO HyniO B ueHTpe .ttHarpaMMbl 

H B03pBCTBI<lll.lYI<l - K ee rpBHHUe, B TO speMR, KBK HB6op I .ttBeT MBKCHMBnbHYI<l nnoT-

HOCTb TO'IeK B UeHTpe .UHBrpBMMbl, KOTOpBH CUB.ttBe T K HyniO HB rpBHHUe, 'ITO COrnacyeT-

CH C 3KCnepHMeHTBnbHblMH .UBHHblMH. 

Ha pHc, 19 npHae .tteHbi TeopeTH'IeCKHe H 3KcnepHMeHTanbHBR 3BBHCHMOCTH nnoTHOCTH 

TO'IeK B 38BHCHMOCTH OT pBCCTOHHHH .UO ueHTpB .ttHarpBMMbl, KOTOpb!8 UO.UTBep>K.ttBIOT 

I 118/ 
9TOT Bbi BO.ll 

YiHTepeCHO OTMeTHTb, 'ITO XOTH 8HBnH3 .ttnR j > J He UpOBO.ttHnCR, HO npocTellwHe 

+ 
MBTpH'IHb!e 3 neMeHTbl .ttnH KBBHTOBblX •mcen 2 H 2 .UBIOT nnOTHOCTb TO'IeK, pBBHYI<l HyniO 

a ueHTpe .ttHarpaMMbi, 

x) 
3.uecb HH.tteKCbi npH E H p 0603H8'18!0T 3H8Kil 38pR.tt0B 



VITaK, aHanKa 3KcnepKMeHTBnbHbiX JlBHHblx, nposeaeHHbll! c noMOLUbiO npocTel!LUHx 

MaTpKqHbiX 3 n eMeH TOB s npeanono>KeHHH, qTo G( w) =-I H J, ':_1 , noKB3biBaeT, qTo 

w -Me30H SIBfiSieTCSI BeKTOpHOl! qaCTHUel! C OTpHUBTenbHOl! qeTHOCTbiO ( JPG = 1 - - ) • 

0JlH8KO B 3 TOM Cfiyqae HeT ysepeHHOCTH 0 qTO B MBTpHqHOM 3neMeHTe 06LU.ef'O BHJl8 co

Xp8HII JO TCSI Te CBOl!CTB B npOCTel!wero MBTpHqHOf'O 3fieMeHT8 0 KOTOpble 6blnH HCnOfib30B8Hbl 

JlnSI o npe.aeneHlHI Cn HH B H tt e THOCTH' p e30H8HCHOrO COCTOSIHHS1, 

P llCCMOTpeHHe CBMbiX 06LUKX 0 He 38BHCSILUKX OT JlHHBMHKK npouecca CBOl!CTB M8TpKq

HbiX :;,neM e nTo s o 5me ro BKJlB noKaaano, qTo o6pameHHe HX s Hynb npH onpeaenenHblx 

3 H 8'leHKSIX HMnynbCOB COBnBJlBeT B cnyqae TpexnKOHIIbiX CHCTeM C 38npeT8MK 1 CfieJlyiOLUHMH 

/146/ x) 
H3 BKJlB npocTel!w Kx M B TpK'<HbiX :;,neMeHTOB (eM, Ta6n. III ) • TaKHM o6paaoM, OT-

c yTCTBHe 3 KCnepHMeHT8fibHbiX ToqeK H 8 rpBHHUilX JlKBrpBMMbl .[lanHTU8 H HBfiHqHe HX 8 

OCTBfibHOA qBCTK JlHBrpBMI..tbl Jlfill pacn8Jl8 W-+ .371 SIBfiSieTCSI CHfibHbiM a pryMeHTOM 8 nonb-

p -
ay j ( O> ) - 1 6e3 O f'p8HK qeHKSI 3 T Of'O yTBep>KJleHKSI qaCTH biM BKJlOM MBTpHqHOf'O 3fieMeH-

T 8, noKCKK 3Bn peLU e HHbiX KOH<j)HrypBUKA HMilYfibCOB q BC ".'HU HMeiOT eme K TO npeKMyLUe

CTB00 'iTO B 3TOM C n y qae BOnpOC 06 HHTep<j)epeHUHH pe30H8HCHbiX npoue CCOB C <j)OHOM pe

waeTCSI oqellb npOC TO, .[lel!CTBKTefibHO, TBK KBK 8 3 THX o6n8CTSIX M 8 TpHqHbll! 3fieMeHT pe-

30HilHCII Of'O ll38HM OJlellCTBHII p aseH Hyn10, TO HHKBKOl! HHTep<j)epeHUKK He 6yJleT, 

npuseneuHbll! B hlwe a u a mw pacnaaa (61) 6hln caenau a npeanono>KeHKK o TOM, qTo 

3TOT pacnan HJleT no CHfibHOMy B38KMOJlellcTBKIO ( G (w) =-1 ). B CBSI3H c ue6onbWOA 

WKpKHOl! p e aouauca r· - 9 M3B 6blfl0 BbiCK838HO npeanono>KeHKe 0 TOM, qTo pacnaa 

/148/ 
w -+ .371 ABnAeTcs. 3 n e KTpo M aruu TH biM npoueccoM, T.e. G(w) = +I . OaHBKO nocneayJO-

LUK e Kccn eaoaanKA KCKniO 'IKnK 3TOT s a pKaH T, TaK, K3y'leHRe pacnaaa
1451 

w-+ ,471' (65) 
KO T O p bl A JlOn>KeH K JlTK B cnyqae G(w ) =+I no CKnbHOMY aaa KMOJlel!CTBK IO 11 c 6~nbwel! 

sepOIITIIOCTbJO , '!eM pacnBJl ( 61) 0 nOK838nO, '!TO 

ll ( w -+ ,,+ 71 - 71° 71° ) 
:S. 12% ' 

" 
lt ( w -+ 71 + 71-; 71° 

< 5'7< . 
lt( w -+ ,.+71-71+71 -) 

w ( w -+ "+ 71 - 71° ) 

C n pyro ll cTopoH bl, a c nyqae G(w)=-1 OTHOWeHH e 

Jt ( W -+ H e l!Tp, 'l llC TKU LI) 

!·f ( w -+ "+ "-71° 

a=---· , IIOC TOIIKHBSI TOHK Ol! CTpyKTypb,), 
l.J7 

tlel!CTBI!Ten bHO, p ac'naa 

w ... "0 + 110 + 110 

a 

, 

X) PAJl 06WKX CBOl!CTB MHOf'OnHOHHbiX C li C T e M p a CC M OTpe u B pa60T8X/ 
14 7- 1521 

:u. 

(66) 

(67) 

(68) 

(69) 

I I 

\ 

aanpeweH no CKfibHOMy 11 3ne KT~ 

HOCTb W -Me30H8 OTpBU8TenbH8! 

npouecc (69) MO>KeT HJlTK TOnbl 

pacnaaa aHaqRTenbHO MeHbWe 3 

w ~ 

w ~ 

KOTOpble K OnpeaenAIOT llOpSIJlOK 

Jln11 BCeX KOM6KH8UKA KBBI 

( 71) aon>KHa 6b1Tb 6onbwe HnK 

npouecc SIBnSieTCSI 3neKTpOM8f'HI 

KayqeHKe COOTHOWeHHSI (68) no! 

W( w 

W( w 

OueHKH senK'tKHbl 3Toro OTHowe 

(72)/131, 125, 130/• TBKHM o6pl 

30H8 TBK>Ke ll0JlTBep>KJl8eT npa 

H aKoHeu, Ha6nJOJleHKe pac 

G(w)= C(w}= -1 K CllKH ero He pB 

B 3BKfiiO'teuue 3TOro napa1 

apryMeHTbl 1 HCKfliO'IIliOLUHe p 83nl 

§ 4, 3 neK T p 

KaK 6bm o yKaaaH o B n p e,c 

H8 Hel!TpBnbHble 'IBCTHUbl SIBilSie 

Haqanoeb uayqeHHe 3THX pacna,c 

llbiMK >K HJlKOCTIIMH ( KCeHoH, cp ~ 

x) Ecn11 6oaOHbl KM eT 

77°-MeaoHa nono>KHTenbHa, 

xxl 
C - 'teTHOCTb y -Ks. 



HHbiJI C fiOMOWbiO npOCTeJIWHX 

H J. <_ 1 1 flOK83biB8eT, 'iTO 

'!eTHOCTbiO ( JPG = 1 ) • 

oM 3neMeHTe o6w_ero 8HJla co

Ta, KOTOpbie 6binH HCfiOfib308aHbl 

RHHSI, 

aMHKH npouecca C80JICT8 MaTpHq-

IX 8 aynb npH onpeaeneHHbiX 

OHC TeM C aanpeTaMK 0 CneayiOWHMK 

/ 146/x) 
II ) , TaKKM o6paaoM, o-r-

aMMbl .LlanHTUa H HanK'!Ke KX 8 

HCSI CKfibHbiM apryMeHTOM B fiOnb-

rH biM 8KJlOM MaTpK'IHOf'O 3fieMeK-

HU KMeiOT ewe H TO npeHMywe

H a HCHblX npouecco8 c cpoHOM pe-

>finaC TSIX MaTpK'IHblll 3fieMeHT pe-

!pcpepeHUKH He 6y JleT, 

naH 8 npeanono>KeHKK o TOM, 'ITO 

) =-I) , B C8!13H C He60nbWOJI 

mo>KeHKe o TOM 1 'ITO pacnaa 

1148/ 
w) = + I • OaaaKo nocneayi0-

/45/ 
HKe pacnaa a 

(65) 
83a KMOJlel!CT8KIO H C 6bnbWel! 

(66) 

(67) 

(68) 

(69) 

B p860T8X/ I
47- 1521 , 

I\ 

38npeweH no CHfibHOMy K 3neKTpOM8f'HHTHOMy 836KM OJle l!CTBIISIM 0 TaK KaK 3ap!!Jl088SI 'leT-
. x) 

HOCTb W -Me30Ha OTpBUBTefibHaSI, 8 y Tpex 11 -M e30H08 - fiOfiO>KKTenbHa , noa TOMy 

npouecc ( 69) MO>KeT HJlTH TOnbKO a a c 'leT cna6oro 838KMOJlellcT8HSI, · Bepo!!THOCTb 3 TOro 

pacnaaa 3Ha'!HTenbHo MeHbwe 3neKTpoMarHHTHblx npouecco8 nep8oro nop!!tl"a: 

(70) 

(71) 

KOTOpb!e K onpeaen!IIOT nopS!JlOK 8efiH'IHHbl OTHOWeHHSI (68/ 130• 131 • 125/ 

.L1n11 8Cex KOM6HHauHJI K8aHT08blx '!Keen c G(w)"'+ I aepo!!THOCTb pacnaao8 (70) H 

( 71) JlOfl>KHa 6biTb 60flbWe Hf!H cpa8HHMa C 8epOSITHOCTbiO pacnSJla ( 61), TaK KB K 3 TOT 

npouecc H8n!leTc!l aneKTpoMarHHTHblM npoueccoM BToporo nop!!aKa. 3KcnepHMeHTBnbaoe 

H3y'leHHe COOTHOWeHHSI ' (68) flOKaaano, 'ITO 

lY ( w -+ Hel!Tp, qacTHUbl) 
0,10 + 0,03, (72) 

OueHKR aenR'IHHbl 3Toro OTHoweHHSI, caenaHHbie apyrnMH rpynnaMn, cornacyiOTC SI c 

/131 125 130/ 
(72) ' ' • TaKHM o6paaoM, Mana!! aepo!!THOCTb paanaunoHHblX pacnaaoa w -M e -

aoHa TaK>Ke flOJlT8ep>KJlaeT npaBHflbHOCTb npeanono>KeHHSI-G(w ) a-J. 

HaKoaeu, ua6niOJleane pacnaaa ( 70) cny>KHT np!IMbiM aoKaaaTenbCTBOM Toro, 'ITO 

xx) / 153/ 
G( w)=C(w)= -I H cnHH ero ue pa8eH ayn10 

B aaKniO'IeHHe 3 TOro n a p a rpacpa n pHaeaeM Ta6nnuy I Y, a KOT o poll cyMMHpyiOTCSI 

PG 
apryMeHTbl, HC KfliO'! aiOWHe p a3f!H'!Hble Hafiopb! KBaHTOBblX 'IHCen, KpOMe j ( W) = 1 

§ 4, 3 ne K T p OM8f'HHTHbie p8Cfl8Jlbl W -qacTKU 

KaK 6bmo yK aaauo B npeJlbiJlywe M naparpacpe, pacnaa w -Meaoua 

ua HeliTpBnbHbie qacTKUbl SJBnSieTcSI 3neKTpoMarHKTHbiM npoueccoM. B u acTO!Iwee 8peMSI 

H8'18f!O€b H3y'!eHKe 3 T K X paCf!BJlOB C flOMOWbiO flY3blpbKOBbiX K8NHlp 1 Haf!Of!HeHH biX TSI>Ke

flblMH >KHJlKOCTSIMH ( KCeHOH 1 cp peOH 1 UpOU8H 1 CMeCb npOflSHa C cppeOHOM H T,Jl,), 

x) EcnK 6o30Hbl HMeT [ aO, T O 'G=C(·1l=c ' T, e . C(w)= -1 • c- '!eTHOCTb 

rr 0 -MeaoHa nono)f{HTenbHa. 

xx) 
C - qeTHOCTb y -KBB HTB OTpHU BTef!bH B , 

29 



T a 6 n H u a IV 

nanHbJe 0 B03MO>KIIbiX KBaHTOBbiX 'IHCnax (<) - Me3oHa (I(«>)= 0 ) 

Bo3MO>KHbie 3Ha'leHHH 
PG 

J (J < l) 

0--

+ -
0 

I+-

-+ 
0 · 

0+ + 

- + 

++ 

J.1CKniO'I9Hbl cne.nyiOlllHMH apryMeHTaMH 

.[lHarpaMMa .[lanHTua, pacna.n «> .. rr0 y 

CoxpaHeHHe 'leTHOCTH , pacna.n «> .. rr0 y 

.[lHarpaMMa .[lanHTUa 

.[lHarpaMMa .[lanHTUa, ManaS! aenH'IHHa OTHOlll9HHSI 

«> -+ ueliTp. qacTHUbi / «>-+rr-rr+rr0 H pacna.n «> -+rr0 y 

Coxp~HeHHe '<9THOCTH , pacna.n «> .. rr0 y 

ManaH senJPtH:Ha OTHoweHHH (U -+14 TT 

H pacna.n «>-+ rr0 y 
OJ .. ,3rr 

.[lHarpaMMa .[lanHTUa, ManaS! B9nH'IHHa OTHOW911Hll 

W -+ 4rr H w -+ HeATp. 1.J8CTHUbl 

W-+ Jrr Cd....,. TT+TT-rr0 

pacnaJJ. w .... rr0 y 

x) 6 on ee no .npo6uoe o6ocHoaaHKe 3Toll Ta6nHUbi MO>KHO ualiTH a pa6oTax
145

• 
1481

• 

C nOMOWbiO J7 nKTpOBOll ny3bipbKOBOll KaMepbi , HanonHeHHOll CM9Cbl0 nponaua ( C ,3H $) 

H KC 9 HOH a , Hc cne.noaancH pacna.n ( 70) ·B peaKuHv./ 
1531 

TT + p -+ n + W -+ n + rr0 + y 

On biTbi npoao.aHnHc b npH HMnyn bCax "--Me30HOB 1,25, 

(72) 

J,55 H 2,8 raa/c. 0TbJCKHBanHCb 

+ -
cny'laK, KOr.a a TpK H 6on ee e e -na p, o6pa30BaHHbiX y -KaaHTaMH B KaMepe, 6binH ua-

npaaneH bl B TO'IKY OCTaHOBKH 1T --M930Ha, npH ycnOBKH 0 'ITO OCTaHOBKB M930Ha He COnpo

BO >K .lla9TCSI Ka KKM u-nH60 c ne.naMK H.ll9pHOrO B3aHMO.ll9liCTBHSI ( 6e3ny'I9Bbl9 3B93llbl) • ¢011, 

B OCHOBHOM, nonyqaeTCH H 3 - 3 8 MHO>KeCTBeHH OrO pO>KJleHIHl rr0 -Me30HOB . llnH Bbi.Q.elleHHR 

cnyqaea p acn a.na «> -+ 11°y .. ,3 y HCfl011b308811CH KHHeM8TH1.JeCKHA M9T0Jl 1 T8K K8K SHep-

rKH KOHB9pCIIOHHblX nap 119 K3M9pHnaCb II n03TOMy Henb3H 6binO ualiTH pacnpe.neneHHe 

no M ( y y y) • C yTb 3 Ta r o MeTo.na •3aKniO'IaeTCH a cne.nyiOWeM. B cnyqae pacna.na «> .. 3 y 

'19 p93 Hanpa ane HHSI Tpex y -KaaHTOB MO>KHO npOB9CTK Kpyroa all KOHyc , npH'I9M paCTBOp 3TO

r o KOHy Ca HM 99 T MHIIHM BIIbH biR yron ((3min ), 3aBHCSilllHl! OT MaCChi OJ - Me3oHa H OT nep

BH4.H O fi ::m e prH:n TT -M e30HOB: 

JO 

Ha pHc. 20 npe.ncTaaneHbi ~ 

peaKUHII 

nocne Bbi'<HTaHHH <j:Joua. CTp 

pacna.aa .nnH co -MeaoHa c 

HaXO.QIITCSI B HHTepaane yrn< 

He6onbwoe KonH'!ecTao cny• 

<j:JnyKTyaUHSIMH, <j:JOHOM OT pe 

HnH Hey'!T9HIIb!MH CHCT9MaTR 

C06b!THl! (74) H H3Y'!9HHe p1 

uoro aaKniO'!eHHH o ero c y 

CpaaueHHe aepoHTHOCT< 

noKa3b!BaeT, 'ITO pacna.n ( 7( 

B aToll }1{9 pa6oTe 6 bl1 

A 

3TOT pe3yn bTa T HaXO.llHTCSI 

a npe.nnono}l{eHHH, 'ITO p a.n• 

w ... PC 

Vl ay'!eHHe pacnpe.n ene 

aauHbiX a " N -a3aHMo.n ellc 

M a 760 Maa, KOTOpblll MO}I{ • 

B pa6oTa/124, !55/ 6 

~ 
Jll, 

KOTOpaH CornacyeTCSI C COOT 

VI T8K, Kccne;:tosaHHe a. 

VIMeeTCH pH.a mopeTH'!eCKK> 

na.noa /154, 156- 160/. Con o 

803MO>KHOCTb onpe.aenHTb "C 

qacTHUaMH ( CM., HanpHMep/ 



·Meaona ( I (w)= 0 ) 

'IlYIOlllHMH apryMeHTBMK 

, pacna.a w .. ,o y 

., pacna.a (LI .... n° y 

, MBnBR B8nHtfKH8 OTHOW8HHH 

:,y I w-+ "-"+"° K pacna.a ru-+ rr0 y 

., pacn a.a w .... ,o y 

omeHHR 

, MBnBH B8nH1.J:HH8 OTHOWeHHA 

Hel!Tp. '18C THUbl 

Tr+TT _TTo 

<HO H8l!TH B p860T8X/
4 5

• 
1481 

lHe HHOl! CMeCbJO nponaHa ( C .:JH B) 

(72) 
1,55 H 2,8 rae/c . 0TbiCKHB8fiHCb 

"KB8HT8MH B K8Mepe, 6binH na-

·o OCT8HOBK8 Me30H8 He COnpo

·HR ( 6eany'leBbie 3Be3Ilbd . <l>oH, 

11°-Me30HOB, JlnR BbiileneHHR 

.THtfeC KHA: M8TO.D.t T8K KBK aHep-

6bmo nal!TH pacnpeilenenKe 

eM, 8 cnyqae pacnaila w ~ 3 y 

'OBOll KOHyC , npH'IeM p8CTBOp ~lTo-

' MaCCbi (J) - M e30H8 H OT nep-

sin 
{3min 
-2-

!.I (w) 
- .E- (78) 

Ha pKc. 20 npeilC TaaneH&I pacnpeilen eHHR no yrny {3 IlfiR C06b!TKll, COOTBe TCTBYIOlllHX 

pe8KUKH 

rr + p -+ n + .:Jy 
(74) 

nocne Bbi'IKTaHKR ¢on a. CTpenKaMn yKaaaHbi ana'leHKR yrnoa pacTBopa ( {3min) Konyca 

pacnaila IlnH w -Meaona c M ~ 782 Mas. KaK BHilHO H3 pnc, 20, 6onhWKHCTBO co6&ITHll 

HBXOilHTCH B KHTepaane yrnOB, 6onbWHX {3 min 0 KBK H IlOfi>KHO 6bi1'b IlfiH paCn8Il8 ( 70) , 

He6onbWOe KOfiH'IeCTBO Cfiyqaea - C {3 < f3min MO>KeT 6b!Tb 061>HCHeli O CT8THCTK'IeCKHMK 

¢nyKTYBUHRMH, ¢0HOM OT pe8KUHK 

(75) 

HfiH Hey'ITeHHbiMR CHCTeMBTK'IeCKHMK OWK6K8MK, HeCOMHeHHO, 'ITO yaenR'IeHRe CT8THCTHKR 

C06biTKl! (74) H H3y'leHHe pacnBilOB (70) IlpyrHMH MeTOil8MH He06XOilHMO IlllH OKOH'I8Tenb-

noro aaKnJO'IeHHR 0 ero cymeCTBOB8HKK, 

Cpaaneune aepoHTHOCTell pacnailOB (70) H 

w -+ HeliTpMbHbie '18CTHUbl (76) 

nOK83biB8eT, 'ITO pacn8Il ( 70) !!BfiReTCR OCHOBHbiM cpeilH ueltTp8nbHbiM MOil paCn8Il8, 

8 aTOlt >Ke pa6oTe 6bin8 oueuena BefiH'IHH8 OTHOWeHHH 

< 0,1 • 
"'!' 

(77) 

3TOT peaynbT8T H8XOilHTCR B corn8CHH C TeopeTK'IeCKOlt OUeHKOl!, KOTOp8R 6bin8 n onyqeu a 

B npeilnono>K enn K, 'ITO p 8IlH8UHOH)i&Ie pacnSilbi w -Meaon,a ( 71) HilYT no cxeMe 

( 7 8) 

Vfay'leHHe pacnpeileneHHH no a.p¢eKTHBHbiM Mace aM ( ,+ "-y) -cncTeM
151 1 , o6paao

B8HHbiX B rr N -aaaHMOileliCTBHRX npH E - 7 raa, DOK838no, 'ITO HMe eTCll DKK npK 

M a 760 Mas, KOTOpbiA MO>KeT 6b!Tb CBR38H c p aonBilOM 

+ -CU-+71+1T+y. _ 

8 pa60T8X/
124

• 
1551 

6bin8 nony'leHB OUeHK8 aenH'IKHbl OTHOWeHHR 

~ Cl01' 

(79) 

(80) lt(w-+rr rr ,o ) 
Bbl "HCfieHH!IMR/156,157,158/, KOTOp8R COrnacyeTCR C COOTBeTCTBYJOlllHMH T eopeTif'leCKHMH ~ 

VfTBK , HCCfieilOB8HHe aneKTpOM8rHHTHblX paCn8IlOB W -Me30 H8 TOfibKO H8'18fi0Cb, 

VfMeeTCR pAil Te!Op eTH'IeCKKX MOileneJt , KOTOpbie npeilCK83biB8JOT BepoRTHOCTH aTHX pac

ll8IlOB 
1 1 54

• 
156

-
1601

, ConocTaaneune HX c aKcnepnMeHT8fibHbiMH peaynbT8T8MH IlSeT 

B03MO>KHOCTb onpeilefiHTb "cnny• B38HMOilel!CTBHR {U -Me30H8 C p -Me30HOM H IlpyrHMH 

/ 154/ 
'18C T HU8MH (eM,, uanpHMep, ) , 

31 



5. e- w nepexOLlbl 

KeaHTOBbl9 'lHCna e - H OJ -Me30HOB OLlHHaKOBbl 3a HCKniO'l9HH9M H30TOflH'l9CKOr'O 

CllHHa , fl03TOMy 3a C'l9T 3n9KTpOMar'HHTHblX B3aHMOLl9llCTBHll l'l KB>KLlOM H3 HHX 6yL(9T npu

M9Cb cocTO!IHH!I c apyrHM H30TOfiH'l eCKHM c nHHOM. BonHOBble <j:JyHKUHH 3THX c MewaHHblX 

COCTO!IHHll MO>KHO HanucaTb B 8HLl9l 
161 I 

H 

eomeo + _8_ OJ 

/j. m 

w = "' - _8_ eo 
/j. m 

(81) 

(82) 

3aecb 8 - MaTpH'!Hbl ll 3n9M9HT 3neKTpOMarHHTHOr'O nepexoaa 0.1 = e 0 'Re(tJ.m) a 35M 3 B 

(pa3HHUa Mace e - H OJ -M930H08 ) 1 fm(tJ.m )a r(e) -r(w) 100 M38, eo. "'- 8 0nH08b!e 

<j:JyHKUHH COCTO!IHHll C onpeaen e HH b!M H30TOfiH'l9CKHM CflHHOM ( f(e) = 1 H f(w) = 0) • 

KaK 8HLlHO H3 <j:JopMyn ( 81) H ( 8~) 0 npHM9C b COCTO!IHH!I C LlpyrHM H30TOfiH'l9CKHM 

cnHHOM, o6ycno8neHHa!l 3neKTpOMarHHTHblM B3aHMOLl9liCT8HeM ( lla 5 M38), 6yaeT 3Ha'ln-

T9nbHa, ecnH pa3HHUa Mace M930HOB Mana. 

KoHKpeTHble Bbl'lHCneHH!I noKa3bl88lOT, 'ITO 8 cnyqae "' - H e -M e30HOB p acnaa 

"' .. eo .. "+ + " - ( 83) 
/160 162-1641 

6yaeT COCTa8n!ITb HeCKOnbKO npOU9HT08 OT OCH08HOr'O pacnaaa ( 61) 0 
, 

npo uecc 

Po -+ {I) -+ ~TT 
(84) 

6y Ll9T H93Ha'!HTeneH H3-3a Man oro 8p9M9HH >KH3HH e0 -Me30Ha . 

Pacnaa .., .. 2.tr 6bm o6Hapy>KeH npH nccneao8aHHH ". p H [( p -83anMoaeA-

CT8nll1 
124

• 
165

• 
166 1 • B pa6oTe 

1 1241 
6bma onpeaeneHa eenn'!HHa OTHoweHH!I 

W(w .. 2rr) 

w ("' -+i3") 

•0,045:!:_0,016=(4,5:!:_1,6)%. (85) 

8 pa6oT/ 
1651 

H3 y'lanacb peaKUH!I (2) npH HMnynbCe 1, 7 r3elc B BOLlOpOLlHOll ny3 blpbKO
+ -

BOll KaMepe. BblnO 3aperHCTpHp08aHO OKano 2137 COOb!THll c M( 1T 1T ) 8 o6naCTH e - nHKa. 

Ha p11c . 21 (a) noKa3aHo pacnpeaeneHIIe 3<j:J<j:JeKTII8H biX Mace. P acnp eaeneHIIe IIMeeT wnpo

KIIll fliiK 8 o6naCTII 6 50-850 M38 0 KOTOpblll aCIIMM9Tpll<i9H OTHOCIITenbHO 3 Ha'l9HH!I 

M(tr+tr-)~ M(p0
) =750 M38 (393 COOb!TII!I Me>KLly 75011 800 M38 H 298 COOblTHll M9>KLlY 

750 II 700 Mee). Ecnll npeanono>KHTb, 'ITO eo - Me30H HM99T Ty >Ke Macey II CHMM9Tp11'l-.._ 
HY!O <j:Jo pMy nnKa, 'ITO H e--Me30Hbl , TO aCIIMM9TpH!! MO>K9T Ob!T b 8bl38aHa KOHU9HTpaun-

ell co6b!TII ll 8 p alloHe w - niiKa - 780 M3e 3a C'leT pacnaao8 cu-+ 2" • .[ln!l 6onee 
2 

OT'le TniiBOr'O 8b!LleneHII!I w - niiKa 6 bino noc TpoeHo pacnpeaeneH11e an!l co6b!TIIll /j. 0 IIMelO-

32 

2 
WIIX 3Ha'l9HII9 /'J. 8 IIHT9p8a, 

.0.88TC SI p 83KHA OKK 1 COOTBeTC 

OOC TO!IT9nbCTBOM, 'ITO 8 COOb 

OflHCbiB8eMbl8 O.QHOM830HHbiM lo 

HO no G -tteTHOCTH, H KHTeHc : 

nepeaaqax IIMnynbCa (0,25-0 

naa w .. 2" Ha6niOaaeTc!l 6o 

H ecoMHeHHO Heo6xoa111. 

8epo!ITHOCTII pacnaaa w-+ 2rr 

Hccneao8aHne pe3oHaHc 

TH!O 1J -Me30HOB 1 KOTOpb18 

HblM 1.f8CTHU8 M 1 8 He K pe30H 

CKOnbKO nop!!LlK08 OOnbWe, 'l 

po>KaaiOTC!I OHII e npouecc ax 

HOMY B3aHMOLl9liCTBHl0 0 KaK H 

8 rpynne p930HaHCOB 113-3a C 

06pa3o8aHHe 'I -Me30H• 

124, 125, 131, 168-174/. 

c nocneayiOWIIM pacnaaoM 

x) C8ol!CT8a '7 -M e30H 



8 KB>KllOM K3 HKX 6yLJ.eT npe

<j:JyHKUKH 3TKX CMewaHHbiX 

(81) 

(82) 

a w = p , 'Re(6m) ~ 35Mss 

100 Mss, p0
, w - BOnHOBbie 

( l(p) = 1 " I ( GJ) = 0 ) • 

H C npyrKM K30TOnKqecKKM 

( s~ 5 Mss), 6yneT 3HaqK-

- K p -Me30HOB pacnan 

(83) 

~a ( 6 !)/160,162-164/. 

(84) 

IOH8 . 

rr- p H l( p -s3BKMOlleA-

lfq!fHB OTHOWeHKH 

6 )% • (85) 

ale B sonoponHoA ny3hipbKo
+ 

M( rr rr ) B o6nacTif p -nKKa, 

:. PacnpeneneHHe KMeeT wnpo-

HOCHTenbHO 3H8~eHHH 

Mss H 298 co6hiTHJI Me>Kny 

T Ty >Ke MaCey K CHMM e TpKq-

6biTb Bbi3BBHB KOHUeHTpauH-

0 8 w -+ 2 rr • .lln>~ 6onee 
2 

~eHHe AnSI C06biTKJI 6 , KMeiO-

6
2 

a KHTepsane 0,25-0,70 (~ )
2 

(pee. 21 (6) ). 8 STOM cny'l ae Ha6niO-

naeTCSI pe3KHJI nKK, COOTBeTCTBYIOWKJI w -M e3oHy . As Tophi o6bSICHSIIOT STOT cpaKT TeM 

o6cTOSITenbCTBOM, 'ITO a co6hiTKSIX c ManoA nepena'I <J JI KMnynbCa npeo6nan aiOT npoueccbi, 

OnHCbiB8eMble O.QHOMe30HHbiMH .C.HarpaMM8MH, B KOTOpbiX o6p830B8HHe W -Me30H8 aanpewe

HO no G - .. eTHOCTK, " KHTeHCKBHO PO>KllBIOTCSI p -Me30Hbl (eM. I § 4). npK 6 onbWHX 

nepenaqax KMnynbCB (0,25- 0, 70 ( r~s )
2

) 3TK npoueCCbl HecyweCTBeHHbl K nOSTOMy pac

nan w-+ 2 rr Ha6niOnaeTcSI 6onee OTqeTnHBO, . BennqKHa OTHoweHKSI ( 85) cocTasnSieT - 0,05, 

HecoMHeHHO Heo6xonKMbi HOBbie SKcnepKMeHThi nnSI 6onee TO'IHoro onpeneneHKSI 

sepoSITHOCTH pacnana w-+ 2rr 
11661 

VI • 71 - Me30H 

J.1ccnenoBBHHe pe30HBHCHbiX B3BKMOllel!CTBKl! SneMeHTBpHbiX qaCTKU npKBeno K OTKpbl-

THIO 71 -Me30HOB, KOTOpbie no CBOHM CBOI!CTBBM llOn>KHbl 6b!Tb OTHeCeHbl K SneMeHTap-
x) 

Hb!M qaCTKUBM 0 8 He K pe30HBHCBM Jlel!CTBKTenbH0 0 BpeMSI >KH3HH 71 -Me30HOB HB He-

CKOnbKO nopSillKOB 6onbWe, qeM BpeMSI >KH3HK pe30HBHCOB ( r(71)- JO-J 7 -JO-J 8 
CeK); 

pO>KllBIOTCSI OHH B npOU9CCBX CHnbHOrO B3BHMOneliCTBKSI 0 B pacnanaiOTCSI no sn eKTpOMBrHKT" 

HOMY B3BHMonel!CTBKIO, KBK " "
0 

-Me30Kbi, OnHaKo o6blqHo 11 -Me3oHhi paccM aTpKBBIOT 

B rpynne pe30HBHCOB K3-3B 06UlHOCTH MeTOllOB HX 06Hapy>KeHKSI, 

§ I. KsaHTOBbie '!Hcna 

06pB30BBHHe 71 -Me30HOB HB6niOllBnOCb BO MHOrHX peBKUHSIX 0 H8flpKMep/
40

•
41

•
121

•
12

;t• 

124,125,131,168-174/. 

c nocnenyiOlllHM pacnanoM 

+ 
rr+d-+p+p+ 11 , 

K" + p-+ A+ 71 , 

+ 
TJ .... 1T + 1T + . 110 

x) Csoi!CTBB 11671 
71 -Me30HB nonpo6HO paCCMOTpeHbl B 063ope , 

(86) 

(87) 

(88) 

(89) 

(90) 

(91) 

I 

\ 



H a.nc.>KIIO ycTaHosneHo T BK>Ke oTcyTcTsHe aapsoKeHHhtx aHanoros 71° -MeaoHa, T.e. 

+ -11 If TJ , pocnanaJOLU HXCH no c x e M e 

+ + - - + 11 ... 11 + 1T + 11 
(92) 

0TCIOLla cnea yeT, "<TO H30TOI1H"<eCKHA cnHH l('f/) = 0 • Macca 71 -M e3oHa pasHa 

548:!:_1 M as , tu l!pH Ha cooTseTcTsyiOIUero pe3oHaHca He npeaocxOLlHT 7 M a s H MO>KeT 6blTb 

uenHKOM OTI~eCeH £1 3a C4eT OWH60K H3 M epeHHl!, 

Ce"<eHH e pO>KlleHHSI 71 -Me30Ha s rrN - cTonKHoseHHiiX oKono I M6 npH E =(l-3)63s 
TT 

H naaae T LlO HeCKOnbKHX aeCSITKOS MHnnH6apH llpH 6onee BblCOKHX 3HeprHSIX, 

B npotteccax THn a ( 86~90) s cneKTp e 3cPcPeKTHSHblX Mace neATpanbHblX "<aC THU 

( c neKTp "HellOCTBIOWHX Mace•) HMeeTCSI pe3KHl! llHK npH Macce T/ -M e30Ha (eM., Han pH

/ 175/ 
Mep , pH C. 2 2) . 0TC lOLla 6bln0 n ony4eHO , '<TO 

It (., ~ Hel!Tp . 4aCTHUbl) 
(93) = 2, 7 :!:. 0,6 • 

IY('f/~TT++ ,-+rr0 +'f/-+TT+,-y) 

noCKOnbKY 'f/ - Me30Hbl p O>K llaiOTCSI S CHn bHbiX S3aHMOLlel!CTBHI1X, eCTeCTSeHHO 

CH0 4 a n a npelliiOnO>KHTb, 4TO p acnall ( 9 1) T a K>Ke 11pOHCXOLlHT 3a C4eT CH n bHOI'O B3aHM O-

LlellCTSHI1 . Toraa G - 11 C -.,eTHOCTb 71 -M e3oHa oTpHuaTen bHbi (eM . w -Me3oH) H 

p acn a abi Ha "<eTH oe "< Hcno rr -M e3oHos 3anperue u bi, P acnaa H& llllTb Me3 0Hos Heso3Mo-

>KeH 3 He pre TI!"<eCKH ( 5m > m 
TT 'f/ 

II ellHHCTSeHHO S03MO>KHbiM OCTaeTCil p acnaa 'f/-+ ,377 • 

nocnellHHA BhiBOLl OTH OC HTCil II K Hel!Tpa nbHbiM pacn aaaM II 3 TO ry6HT SCIO CXeMy , no-

cKonbKy p acnaa 

.,., ... 3 11° (94) 

HeS03MO>KeH no CHn bHOMY H 3neKTpOM B I'HHTHOMy S381!M OLlellcTSHIO H3 - 38 3aKOH8 coxpaHe

HHil C - ·IeTHOCTH (eM. v . 53 ). <hcnepKMe HT n oKB3bisaeT o6 p aTHOe , Heo6xoaKMO, c neaoaa-

T e nbH 0 1 38KnlO'H1:Tb, ttTO 38 p8CI18,Qbl THI18 

'f/ ~ Hel!TpBnbHbie 4 8CTHUbl (95) 

O TB9TCTBe HHbl He C HnbHbl9 1 8 aneKTpOM8rHH TH bi 9 838HM O.a e ACTBHH. 

.[l anbHellwKA cyruec TseHHbiA war s p e wGIHH sonp oca o KSBHTOS biX "<Kcnax 71 -Me3o-

Ha CSH38H C a HanK30M COO TSeTCTByiOIUeA LlHB!'pa MMbl .[lanHTUa. 

EcnH C"<KTaTb, 'ITO p acnaa ( 9i) Sbi3SaH c Kn b HbiMH S3 BHMOLlellcTBH11MH ( G('f/ )= C('f/) = -1), 

+ -
TO Llnll ]('f/) -::_2 M OI'yT 6b!T b cneayiOIUHe S 03MO>KH bie Ha6opbl KBaHTOSbiX 4HCen: 0 1 0 , 

+ - + - + I , I :, 2 · 11 2 • H a6op 0 3BnperueH 113 -3a 3a Ko Ha eoxpa HeHHSI "<eTHOC TH (eM . Y, § 3) . 

.[lnR KB>KllOI'O H3 OCTBnbHbiX eyU.lP.eTSYIOT TBKHe o6nBCTH Ha LlHarpaMMe .[lanHTUB, S KOT 0 -

/ .146/ 
p bi X nnoTHoe Tb ci>a30Sbi X TO"<eK, pasHa Hyn iO • H a p11e . 23 noKa3aH o 3 KcnepHM eHTanb-

l13 1/ 
Hoe p aenpeaeneHHe • BHLlHO, '<TO cl>a30Sbie TO"<KH p acnpeae neHbi sn o nHe p a sHoMepH o , 

34 

T.e. npeanono>KeHHe ·G( 71) =-1 

G('f/) •+1. 3To 03Ha'<aeT, "<TO see 

B '<aCTHOeTH, p acnaa ( 91) 

B K OT OpOM HM99T M9CTO BHpTyaJ 

enyqae G -"< eTHOCTb M eH ileT 3 Ha 

l(,3rr) = 1 • .[loKa>KeM 3TO yTse ! 

n1160 He H3MeH51e Tel1, nH60 H3 MeH 

no3TOMY S pe3ynbT8Te 3 n eKTpOM 

ny"<eHKeM H nornorueHHeM sHpTya 

1'0 enHHB Ha 0,1 H 2. C LlPYI'Oll 

e BSI3biB8eT Me>KllY co6oA H3MeHe 

LlOSall 4eTHOeTb S 3 neKTpOMa!'HH' 

( 91) H ( 94) G -qeTHOCTb H3 M e i 

'leM TOnbKO Ha eaHHKuy. Ha.,anb 

Bonee noapo6Ho aToT sonpoc pa 

BepHeMell Tenepb K aKarpa 

apyro A SK!l, npK'IeM an11 Ha6opo 

nnOTHOeTblO T04eK, a !lnSI Ha6op ! 

/146 / 
eM J('f/] 6 1 ) 

B KTore Ka>KeTCSI p a3yMHbr: 

HeKOTOpall OCTOpO>KHOCTb, nOCKO 

H90!lHOSHa'IHOCTb B Bbit{HT'ilHHI 

HbiX s3aHMO!le!ICTSH!I aHanH3 He 

np11 ] •2. 

noaTsep>KaeHHeM npasHnbi 

nKeb pe3ynbTaTbl 3KCnepKMeHTOS 

nepSbie Onb!Tbl no 06Hapy>1 

., .. ·y~ 

11_. TTO'i 

SbWOnH9HHbi9 C n OMOlU biO ny3bl p 

ll03HTpOHHbiM napaM KOHBepCH H , 

KO H8 OeHOB8HHH nony'leHHbiX pe. 

( 95) 11 ( 96/
1781

• AHanorK'<Hbi e 

1177-182 
pO>KlleHHil T/ -Me30HOS 



(92) 

.acca ., -M eaoHa p a sHa 

lsocxoaHT 7 M as " M O>KeT 6hiTb 

x oKon o I M6 np11 E. = ( l-3)6aa 
TT 

3biCOK HX 3 H9pf'HSJX. 

~<ace Hel!Tpa nbHb!X '!aCTHU 

<acce ., -MeaoH a (eM., Hanp11-

+ 0,6 • (93) 

fO,aeJ1CTBHHX, 9CT9CTB9HHO 

HT 38 cqeT CHnbH010 B38HMQ

TenbHbl (eM. cu -MeaoH) 11 

a H6 llSITb M930HOB H9B03MO-

blM OCTaeTCSI pacnaa "f/-+ .Jrr • 

H 3 TO l"'Y611T SCIO cxeMy, no-

(94) 

~CTSHIO 11 3 - 3a 3aK OH a COXpaHe

JaTHOe, Heo6xoaHMo, cneaoaa-

rHUbi (95) 

i C TBRSI, 

l 0 KB8HTOBbiX t.tHCn B X T7 -Meao-

Tua. 

aRMoaellcTSHSIMH ( G(.,}=C(.,) =-1), 

60pbl KSaHTOSblX 'IHCen: 0+, 0-, 

I e HKSI 'le TH OC TH (eM. Y, § 3). 

3 aKa!"'paMMe .[laniiTUa, S KOT0-

23 noKaaaHO 3KCnepHMeHTanb-

;>e.n.eneubr enonue pasHoMepuo, 

I 

T.e. npeanono>KeHHe ·c(.,)=-1 ue cornacyeTCst c OfihJTOM H ero cnen.yeT aaMeHHTb ua 

G( .,) ~+I. 3To oaHa'!aeT, 'ITO ace pacnaabi ., -MeaoHos SIBnSIIOTCSI aneKTpoMa!"'HIITH hiMH. 

B qacTHOCTII, pacnaa ( 91) CSSiaaH c aneKTpoMa!"'HIITHbiM npoueccoM STOpOI"'O n o pSiaKa, 

I 1481 
s KOTopoM HMeeT MeCTO aHpTyanbHOe HcnycKaHHe H no!"'nomeHHe y -KaaHTa • B 3TOM 

cnyttae G -qeTHOCTh MSHSJeT aaaK, a H30TOnHqecKHA cnHH H3M9HHeTcst ua e.aH.HHUY, T.e. 

• .[loKa>KeM 3TO yTBep>KaeHIIe. npH 113ny'leHHH y -KBaHTa 1130TOnl!'leCK11ll Cn i!H 

nH60 He H3M9HSI9TCSI 1 nH60 H3M9HS19TCH H8 9.ll.HHHUY 1 TO >Ke OTHOCHTCSI K nornOll.l9HHJO. 

noaTOMy B peaynbTBTe aneKTpOMa!"'HIITHOl"'O npouecca BTOpOI"'O n o pHaKa, CBH3aHHO!"'O C 113-

nyqeHH9M H nornOI..IJ,9HK9M BHpTyBnbHOf'O y -KB8HT8 1 803MO>KHO H3M9H9HH9 H30TOflH tt9CKO

l"'O CnHHa Ha 0,1 II 2. C apyl"'Oll CT0p0Hbl 1 COOTHOWeHIIe 

l 
G=(-1) C (63) 

CSSI3biBaeT Me>Kay co6oll H3MeHeHHSI G -qeTHOCTH H H30TOnH'!eCKOr.o CnHH a , nOCKOnbKY aapSI

aoaag '!eTHOCTb a aneKTpoMa!"'HIITHhiX npoueccax coxpaHSieTCH. TaK KaK noc ne pacnaaoa 

(91) II ( 94) 'G -qeTHOCTb 113MeHHeTCSI, TO H30TOnll'!eCKHll CnHH TaKlKe 113MeHHe TCSI, npH-

'!eM TOnbKO Ha eaHHHuy. HaqanbHb!ll 1130CnHH r(.,)=O ' noaTOMY KOH e '!H blll l(.Jrr)= 1-

Bonee noapo611o 3TOT aonpoc paccMoTpeH a pa6oTe
11761

• 

BepHeMCSI Tenepb K aK a rpaMMaM .[laniiTua • .[lnSI cnyqag l ( .3rr) = 1 OHH y>Ke HMeiOT 

apyroll sHa, npH'IeM anSI Ha6opoa 1 + H 1- no-npe>KHeMy HMeiOTCSI o6naCTH c Hyneaoll 

nnOTHOCTblO TO'IeK, a anSI Ha6opa 0- TaKIIX o6nacTell HeT (aaeCb Mbl O!"'paHH'IHnHCb cnyqa

eM 
/J46/ 

B HTore Ka>KeTCSI paayMHbiM C'IHTaTb, 'ITO ]PG = 0 -+ • 3aec b eme yMeCTHa 

HeKOTOpag OCT0pO>KHOCTb1 nOCKOnbKy CTaTHCTHKa nOKa 'ITO He O'!eHb aenHKa II B03M O>KHa 

HeOaHOSHa'IHOCTb a Bhi'IHT''BHHH cj:loHa. CneayeT TaK>Ke noaqepKHYTb, 'ITO a cny 'lae cHnb-

Hb!X B3aHMOaeliCTBHll aHanH3 He n poaeaeH anSI j ~.J 1 a anH 3neKTpOMa!"'HHTHblX - aa>Ke 

npH ] •2. 

noaTBep>KaeHHeM npaaHnbHOCTH Sb!60pa KSaHTOBblX 'IHCen "f/ 
-+ 

(0 ) SIBil-

nHcb peaynbTaThi 3KcnepHMeHTOB no Ha6niOaeHHIO p aa11 a uHOHHhiX pacnaaoa. 

nepBbie Onb!Tbl no 06Hapy>KeHHIO S03MO>KHh!X pacnaaOB 

"f/-+y+y (].f1, C=+1), (95) 

., ... 77° + y ( J " 0' c =- 1) , (96) 

BbinOnHeHHbie C nOMOlllblO nyablpbKOBOll KaMepb! 0 pe!"'HCTpHpyiOlllell Y -KSaHTbl no aneKTpOH-

/177/ 
noaHTpOHHhiM napaM KOHaepcHH, o6Hapy>KHnH paaHllUIIOHHhill pacnaa ., -MeaoHa • OaHa-

KO Ha OCHOBaHHH nony'leHHb!X peaynbTaTOB Henb3H 6binO c a e naTb Sb!60p Me>Kay peaKUHSIMH 

( 95) H ( 96/
1781

• AHanol"'H'IHbie peaynbTaTbi 6binH nony'leHbi H npH u cc neaoaaHHH cj:loTo-

/177- 182/ 
po>KaeHHSI "f/ - Me30HOB 
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y+ p ~ p +'I • 
(97) 

B p a 6 o Te
1 1831 

Hccnelloaanacb p eaK UHH 

Tr+p ... n+ry (98) 

npH p c = 1,15 r s a c liOM OLU biO ny3blpbKOBOJ! KaMepbi, HanonHeHHOJ! CMeCbiO c 3 Rs" CF,3 Br 

(pallH a UH OHHaH lliTHHa 22 eM). KaMepa HaxollHnacb a MarHHTHOM none ll =11'>00 raycc, 

li03 BO/HI IOLUeM H3 M e pHTb 3 HeprHIO e + e- -nap no MarHHTHOMY OTKITOHeHHIO HeCMOTpH Ha 60rrb

WYIO ponb MHoroKpaTHoro KynoHoacKoro pacceHHHH. To'!HOCTb H3MepeHHJ! 3HeprKH 6bma 
+ -

H e B e iTHK a H COC T a BrrHn a 30%, ABTOpbl OT6HparrH CHHMKH C llBYMH ( e e ) -napaMH H, npell-

nonaraH, 'ITO o6a Y -Kaa HTa o6pa30BaiTHCb npH pacnalle OllHOJ! '!aCTHUbl 0 Bbl'IHCITHITH ee 

M acey. H a pH c . 24 npHBe lleHo pacnpellerreHf!e scpcpeKTHBHbiX Mace M (yy). nepabiJ! liHK 

COO TBeTCTay e T TT0 -Me30HY (cpellHee 3Ha'!eHHe MaCChi 138 ,5:!:_3,7 Msa), BTOpOR - ry-M e -

30HY ( c p ellHee 3 Ha'leHHe MaCC hi 573:t_26 Msa). nocne Bbi'IHTaHHH cpoHa, CB5.3aHHOro c 

p ea KuH e J! 

" + P -+ "o + "o + n ' 
(99) 

B 0 6rraC TI! BTOp OrO MaKCHMyM a OCTaeTCII 21 :!:_6 cnyqaea (cpOH COCTaBrrHeT 7 Cnyqaea) . 

P ac n a ll ( 95) TBK>K e H B6rr JOllBITCH B pa6oTBX/ 
175

• !S4/ 

V1TB K, coao KynHOC Tb llBHHbiX yKB3biBBeT, no-al!llHMOMy, Ha cywecTaoaaHHe pacnalla 

(95) . 0 T CIOllB npe>K ll e a cer o CIT e llyeT, 'ITO CnHH '1 -Me30HB He MO>KeT 6biTb paaeH ellH-

HHUe ( CHTyB UHSI, n o nHO C T b 8 H Bn O f'K\.fH8SI cny'iBIO pacna.a.a TT
0 

-to 2y ) • 06bi'IHO C'IHTBIOT, 

'ITO ] (ry) = 0 , x o T H , KB K OTM e '! a n o cb Bhiwe, lliTH TBKoro Bhi6opa ceRqac HeT ewe llOCTa-

x) /185/ 
TO'IHO y 6elli!Terr bHbJX OCHOBBH KR • B 3 T 0 ll CBII3 H npellCTBBrrHeT HHTepeC pa60TB 0 B 

KOTOp OR npe lliTO>KeHO HCCIT e llOB B Tb peBKUH IO ( 86 ) B6ITH 3 H e e 3HepreTH'!eCKOrO nopora, 

Mo>K H O n o Ka3BTb, 'ITO a 3 T OM cnyq ae o H a 3Bnpe weHa lliTH nceallOCKBrrHpHoro 'I - Me3oHa 

H p B3p eweHB npH IT I060M 3 H B 'Ie HHII ero CnHHB 0 OTITH'IHOM OT HyrrH, 3KcnepHMeHTBnbHO 3TOT 

BOllpOC e w e He HCCITell OBBH, D,pyrall B03 MO>KHOCTb onp e lleneHKII J(ry) 3 BKITIO'IB9TCll B npH-

M e HeHH H CT8H .O. p 8 TH biX MeT0.0.0B 1 C BH38HH biX C yrn o B b iMH pacnpe.a.eneHHSIMH 7] -Me30HOB 

H p a CI1 8,UHbiX TT -M e 3 0H OB. 

Cywe cTaoaaHI!e p ac n a lla ( 95) n oKB3bJBBeT, 'ITO G(ry) = C (ry) = + 1 

HM ee T OTpHUBTe rr bHYIO C -qeTHOC Tb. 

Pac n a ll 
., .... 71+ + 11 

• TBK KB K y -KB8HT 

( 100) 

p a3p e w e H no c mmy, G -qe TH OCTH H 3BpllllOBOR qeTHOCTH. B 3TH X ycnoBHliX ero OTCYTCTBKe 

M O)Ke T 03H8'"18T b T OnbKO TO, tJTO npOCTp8HCTBeHH8H qeTHOCTb 1) -M e30H8 OTpHU8TenbH8 

(P(2rr)=+l, e cn11 l(2TT) = 0). 

x) B pa6o T e 7TT27 noKB3 BH O, 'ITO yrnoaoe pacnpellerreHHe ,o -M e3oHoa a CHCTeMe 

'I - M e30HB H30TpOnH 0 0 'ITO COrn acyeTCH C npellnOnO>KeHHeM j(ry) = 0 • 
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HeKO T Op bi e llpy rH e B03M 

6 
1186, 187/ 

OTBX . 

VfT BK , COBOKynH OCTb HMel 

6 op KB BHTOBbiX 1.urcen TJ - Meac 

a KOT Op oll cyMM K PYJO TCH apr) 

D,B HH bi e 0 80 

Bo3M~Hbie 3 HB 'Ie HK ll 

I (U.l J 

0--

+-
0 

I 
+ -

- + 
0 

0+ + 

+ 

I + + 

§ 2. 

n ceBllOCKBrrHpHbll! '1 -M 

M8f'HHTHW X HnH Cn 8 6 biX B38HMC 

pacna lla n e pao r o H aToporo n< 

+ 
7}_. TT + 

.+ 
7J-+, +. 

+ 
, ... 11 +, 

1J-+ ,o+ 1 

+ 
7]-+" + 

x) V1HTepeCHO OTM e THTb 0 

C T8KHMH >Ke KB 8 HTOB biMH ~-IH C 

npe.nno>KeH Hc n o nb30B8HH bi A Bl 
n e HHH B e llH1.UilihJ T8K H 83blB8eP.. 



(97) 

(98) 

nHeHHoll cMecbJO C 
3 

H8H CF,
3 

Br 

HHTHOM none II - 17'500 raycc, 

Y OTKnOHeHHIO HeCMOTpR H8 60nb

C Tb H3MepeHHl! 3HeprHH 6bln8 

+ -
:lByMR ( e e) -napaMH H, npe.o-

J.UHOA. li.8CTHUbl 1 BbJliH ~nHnH ee 

IX M8CC M(yy), nepBblll nHK 

3,5:!:_3,7 M3s), BTopoll - '1-Me

qHTBHHR cpOH8 0 CBf.38HHOrO C 

(99) 

lOH COCT8BnReT 7 cnyqaes), 

<y, Ha cymec TsosaHHe pacna.oa 

)H8 He MO>KeT 6biTb paseH e.ou-

,o ..... 2y ). 06bJqHQ CqHT810T
0 

Bbi6opa ceAqac HeT eme .oocTa

nReT HHTepec pa6oTa
1 1851

, a 

e 3HepreTHqecKoro nopora. 

R nces.oocKanRpHoro '1 -Me3oHa 

HynR, OKCnepHMeHTBnbHO 3TOT 

3neHHR ](17) 38KnJOqaeTCR B npH-

lCnpe.a.eneHHHMH 7] -M e30HO B 

1 TBK KBK y -KB8HT 

(100) 

B 3 THX ycnoBHRX era OTCYTCTBHe 

rb 1) -Me30H8 OTpHU8Ten bH8 

HHe rr
0 

-Me30HOB 8 CKCT9Me 

·M j(ry) = 0 , 

HeKoTopbie .npyrHe ao3MO>KHOCTH onpe.a.eneH HH KBBHTOBbiX 1.fHcen o6cy>Kll8JOTCH a pa-

6oTa/ 186,187 I. 

VfTBK, COBOKYllHOCTb HM910l.UHXC51 ll8HHblX llOK83biB89T 1 1.!TO HBH6onee eepOSITHbiA: HB-

-+ x) 
6op KBBHTOBbiX queen '1 -Me3oHa 0 H l (17) = 0 • B 3BKnJOqeHHe npHee.oeM T a6nHuy Y, 

B KOTOpOl! CYMM HpyiOTCR apryMeHTbl 0 B03MO>KHblX H860p8X KB8HTOBbiX qHcen 'I -Me30H8 , 

0 
+-

+ -
I 

- + 
0 

0+ + 

+ 

I + + 

Ta6nHua v 

ilaHHbie 0 B 03MO>KHbiX KB8HTOBbiX qHcnax '1 -Me30H8 (f(lj) =I) ) • 

V1CKnJOqeHbl cne.oyJOLUHMH apryMeHT8MH 

ilHarp8MM8 ilanHTU8 0 pacnB.llbi '1 .. yy ' 
1'/ .... J 110 

CoxpaHeHHe \.f9THOCTH, pacnB.llbi '1 .. YY • '1 .. .:J TTO 

iluarpaMMa ilanHTU8 0 pacna.obi 7]-+ yy, TJ ... ~rro • 

iluarp8MM8 ilanHTUB, pacna.obi '1 .. yy '7-+ o3TT • ' 

CoxpaHeHHe qeTHOCTH, OTCYTCTBHe pacna.oa + -
11--+TT 1T • 

iluarp8MM8 ilanHTU8, pacna.o '7 -+ yy 

iluarp8MM8 ilanHTU8 0 pacna.Q '7-+ yy 

§ 2. Pacna.oHbie ceol!cTea '1 -Me3oH a 

nceB.llOCKBnRpHbiA '7 -Me30H C [ ~0 MO>KeT pacn8.ll8TbCR TOnbKO 38 C'leT 3nP.KTpo

M8rHHTHbi X unH cna6biX B38f!MO.llellcTBHA (VI , § I). 8 qaCTHOCTH, B03MO>KHbiMH cxeMaMH 

pacna.oa nepsoro H BTOpOrO nopR.llK8 no 3neKTpOM8rHHTHOMY B38HMO.llel!CTBHIO RBnRIOTCR: 

+ 
'1-+TT + 1T + y o 

. + - 0 
TJ_.TT+JT+TT +y, 

+ - 0 
TJ-+ 11 + 7T + 11 ' 

+ -
'7-+TT+TT+y+.y o 

( 101) 

( 102) 

(91) 

(94) 

( 103) 

x) V1HTepeCHO OTMeTHTb 0 qTQ 38.Qonro .llO OTJ!lflbiTHR '7 -Me30H8 CBO.ACTB8 q aCTHUbl 

C T8KHMH >Ke KB8HT0BbiMH qHCnBMH 6blnH p8CCMOTpeHbl B pa60T8X/ 188-189/. 3.lleCb >Ke 6bln 

npe.a.no>KeH HCflOnb30B8HHh1A enocne.a.cTBHH M9TO.U ee o6uapy>K9HRSI 1 OCHOB8HHbiA H8 onpe.o.e-
119HHH B911Hl.f.Hlihl T8K H83bl889MOA ~~"H~.UOCTBJOLU.eJ:t MBCCbl"'. 
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.,., ...... 17.+ y + y ' ( 104) 

Tf -+ TTO + 110 + y + y I ( 105) 

.,., ...... 110 + 110 + 110 + y + y 
( 106) 

(95) 
K '1 .. y+ y 

3KcnepKMeHTanbHOe KCCneAOBaHHe 3TKX npotteCCOB HaTanKHBaeTCR Ha cyweCTBeHHbie 

MeTOAK'!eCKKe TPYAHOCTK 113-3a Heo6xoAKMOCTK perHcTpauHK Hel!TpanbHbiX qacTHU 11n11 O'!eHb 

TO'!HOrO 113MepeHKR 3HeprHH 3apR>KeHHblX qacTHU, 0AHaKO B HaCTORlUee BpeMR y>Ke HMeiOT-

CR nepBbie pe3 ynbTaTbl OTHOCKTenbHO paAHaUHOHHbiX pacnaAOB '7 -Me30Ha, 

Oco6eHHbil! HHTepec Bbi3b1BaiOT AaHHbie o6 OTHOCHTenbHbiX napuuanbHbiX wHpKHax npo

uecc oa 1-ro nopRAKa no aneKTpOMarHHTHOMy B3aKMOAel!CTBHIO ( 101) II ( 102), 

B pa6oTe
1 1901

, BbmonHeHHOl! c noMOlllbiO 72-AIOl!Moaol! BOAOpOAHOl! ny3bipbKOBOl! 

KaMepbi npu p c ~ 1170 Mas, O'!eHb noAp06Ho H3y'!anacb peaKuHR 

11++ p .... rr++ p +rr-+rr++ X 0 , ( 107) 

rAe CHMBOnOM X0 
0603Ha'!eHbl ni06bie Hel!TpanbHbie '!aCTIIUbl ( OAHH HnH HeCKOnbKO " 0 -Me3o

HOB, y - KBaHTbl II T.A, ), 6blnO OT06paHO 76 TaKHX cnyqaea, npH'!eM BCe OHH OKa3am!Cb 

CB!I3aHHbiMH c reHepauuel! 'I -Me3oHa, Bbi'!HCI!eHHR acpcpeKTHBHOl! MaCChi Hel!TpanbHbiX qac-

THU (X0
) noKa3anH, 'ITO ace C06biTHR YAOBneTBOpRIOT n1160 npeAnono>KeHKIO X0

,. "
0 

, nH60 

xo , y HuKaKHX ApyrHX THnOB pac naAa '7 -Me30Ha He 6binO Hal!AeHO (a TOM '!Ilene II 

pacna.na 11 ... 11 + rr-11° y ) , 0THOWeHHe BepORTHOCTel! pacnaAOB 

W('l .. "+1f""y) 

W('l .. ".._"_"o 
~0,26 !_0,08. ( 108 ) 

B AaHHOM cnyqae O'!eHb TO'!Hbi e H3MepeHH!I aHe prH H 3apH>KeHHbiX qacTHU ( - IIJ.) a pe aK-

UHH ( 107) no3 BOnKnH onpeAenKTb COOTHoweHHe ( 108) 6e3 p e rucTpauuK y -KaSHTOB. Ma

na" BenH'IHHa nonyqeHHOrO COOTHOWeHHR RBnReTCR HeO>KIIaaHHOl!, .[lel!CTBIITenbHO, paCnSA 

( 101) Ka K aneKTpoMarHKTHbil! npo uec c nepao r o nopRAKa n o a AOn>KeH HMeTb 6on bWY IO 

)
x) 

aepoRTHOCTb, '!eM pacnaA ( 91 • 06c y>KAeHKe aToro aonpoca 6yAeT npoa e AeH o HH>K e . 

OueHKK aepORTHOCTel! An!l Apyr11x KaHanoa 

Ha TOll >Ke 3KCnepHMeHTanbHOl! yCTaHOBKe, 'ITO II 

B8nHCb pe8KUHH 

pacnaAa 'I - Me3oHa 6binH nony<teHb/ 
1751 

/190 / 
a pa6oTe • B 3TOM cnyqae uccneAo-

x) 
AHanorK'!HaR CKTyauRR HMeeT MeCTO 11 A n!l OTHoweHHR aepo!ITHOCTel! p acn aAOB 

'I .. .:J"y 11 71 .. .3" , KOTopoe ewe MeHbwe, '!eM ( 108)/190/, 0AHaKo a aTOM c nyqa e pac
na Ay 11 .. .:J"y COOTBeTCTByeT MeHbWHl! cpaaOB bll! 06"beM, 3Kcne pHMeHTanbHOe K Te opeTH'!e

CKOe HCCneAOBaHRe 3TOrO BOnpoca npeACTaBnReT 60nblllOl! HHTepec, 

38 

+ + 
1T + p ...... 77 ... 

+ + 
7T + p ...... 11 -

B peaKunn ( 110) o T6 npan ucb TC 

+ -( e e ) -napy B BOA Op OAHOli KaME 

y+ 

(aepORTHOC Tb KOHBe pCHH ~ 2,5S 

B bi'!H c n e HHR acpcpeKTHBHOl! 

'l .. 2 r< M < x') = 0 ) II '1 .. 3 "0
{r, 

npeAen ax), np11 3TOM OKB3anoc 

Ke TOnbK O pacna.ohr Ha 2 rr0 -M e. 

BOA 0 M Snol! BenH'IHHe cpoHa OT 

" 
B o 6naC TH 7) -nHK a, 

B pe3ynbTaTe 6bmK nony 

!I 

.[ln H COO THOW e HHR ( 11 3) cywec· 

OTM e '!a n oc b Bbiwe ( Yl , § I ) , 1 

= I. B a TOM c nyqae , HCXOA!I 

/IE 
11 -Me30H OB , M O}KHQ OO K838 T b 

lt ( 

IV( 

KOTo poe c ornacy eTCR c ( 113). 

n pu KCCne)JOB8HHH cpDTO 

/181/ 
O TH OWe HHSI 

JJOB 

w, 
W(!J .. 

B 3THX pe3yn bTaTax o6pau 

7) .. 2y II 7) .. 3" O.O H C 



( 104) 

( 105) 

( 106 ) 

(95) 

~aeTCSI H8 CyllleCTBeHHble 

HeATp8nbHbiX '18CTHU KflH Ol.feHb 

HBCTOIHUee BpeMH y>Ke HMe!OT-

B 'I -MeaoHa, 

::oiX napuHanhHhiX wHpHHax npo-

10 ( 101) H (102), 

•ll BO.llOpO.llHOJI nyab!pbKOBOll 

lKUIHI 

( 107) 

BHOJI M8CCbl HeliTpBnbHb!X 'IBC

pe.anonO>KeHHJO X0 e: 11° , nK6o 

n o HBJI.lleHO (a TOM 'IHCne H 

l OB 

( 108 ) 

iH biX 'IBCTHU ( - I~) a p e aK-

l'HC TpauHH y -KBBHTOB. Ma

o ll. )leJICTBHTenbH0 0 p 8 CI18Ll 

a LlOn>KeH HMeTb 6on b WYIO 

•ca 6yLleT npo BeLleH o HH>K e , 

-MeaoHa 6binH nony'!e Hb/ 
1751 

301
• B 9 TOM cnyqae nccneLlo-

aH BepOHTHOCTeJI p8CI1 8 Ll OB 

0 LlH 8 KO B 9TOM c nyqa e p a c-

1e pHMeHT8 nbHOe H TeopeTHYe
T e p ec , 

8 pe8 KUHH ( 110) OT611panH C b T On b K O Te C 0 6bJTIISI, B K OT Opbi X 

( e +e-) -napy B BOLlOpOLlHOH KBM e p e 

y + H 

( B e pO S!TH OC Tb KOHBepC HH ~ 2, 5% ), 

+ -
e+e+ll 

( 109) 

( 110 ) 

y -KBBH T K OHBe pTHpOa a n 

(Ill) 

X0 
noasonHnH Bhi.aenHTb c nyqaH pacn an.a 

'7 ~ 2 y( M (X" =0 ) ne»OiT D COOTBe TCTByiOWHX KHH e M 8 TJP.teCKHX 

npeLlenax). npn 9TOM OKaaanocb, 'ITO B o6nacTH no M(X"). J:'Lle paapeweHbl no KHH e M B TH

Ke TOnbKO paCITB.Qbl HB 2rr0 
-Me30HB, HeT HH 0 ll.HOrO cnyqaH. 0TC J0.0 8 8BT0 p b1 .aenB IOT BbT-

BOLl 0 ManoJI BenH'IHHe cPOH8 OT peaKUHH 

( 112) 

a o6nacTH '1 -nHKB . 

B peaynbTBTe 6btnH nony'leHbl cneLly!Dwne oueHKH: 

( 113) 

H 

1,24 ± 0,56 ) • 
( ! H) 

.llnH c ooTHow e HHSI ( 113) cy LuecTBYIDT onpe LleneHHbie T eop e TH'I eC KHe npeLlCKaaaHHSI, K a K 

OTMe'!anocb BbiWe ( VT , § I), np11 p a cnaLle '1 ~3" H 3 0T011 HLi eC KHJ\ CITHH Tpe x TT -Me30H O B 

=I. B 9TOM cnyq a e, HC X OLlSI H3 H30TOilH'!eC KOl! CTPYKTypbi aonHoaoll cPYHKUKK Tpex 

/ 191 / 
11 -Me30HOB, M O>KHO ITOK838 T b 4.TO 

:. 3/2 • ( 11 5 ) 

KOTOpoe C OJ:'nacyeTCH C ( 113 ), 

npH HCCneLl OBBHHH cP OTOpOpO>K.lleHHH 

/ 181/ 
TJ -Me30HOB 6btn a onpe.aeneHa e enH'-lHH a 

O TH OWe HHSJ 

_ ___.::.IV...!.(--.:.!.'1_~_2--'Yc__):..._ _ _ = 0,80 t.0,25 • 
w ( '1 ~ 3 71° + '1 ~ 71° yy ( 116) 

B 9THX peaynbTBTax o6pau1aeT Ha ce6>1 BHHMaHHe TOT <Pa KT, 'ITO aepOSITHOC TH p a cna-

LlOB >) ~ 2 y H TJ .... 3 1T • O.O.Hor o nopSJ.UKa. no TeopeTHI.Je CKHM o ueHKB M, Yl.JHTbJB8 iO WHM, 
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a ocHOBHOM, TOnbKO paanH'·me a ¢aaoBbiX o6oeMax 3TH X npoueccos, pacna.a TJ .... 2 y HMeeT 

BO MHOrO p83 60f!bWYJO oepO!!TilOCTb (oenHqKHB OTHOWeHH!l ( 114) OKOf!O 100), 

O.aHo H3 aoaMO>KHbiX o6'b!!CHeHHll aHoMarrbHO ManoA oerr HqHHbi OTHoweHHjl ( 108) H 

( 114) 3Bl<niO'!Be TC!l B npe.anOf!O>i<eHHH cyweCTBOBBHH!l CHf!bHOro Tr Tr -o38HMO.llel!CTBH!l 

( Hf!H pe30H1lHC8 ) C f = 0 KOTopoe H yoenKqKoaeT oepo!!THOCTb pacna.aa 71-+ 3rr • 

.[lel!CTBKTerrbHO, npH pacna.ae 71-+ 3rr T8KOe COCTO!!HKe MO>KeT pea f!H30B8TbC!I ( / (3rr) =1 

H f ( Tr + Tr J = 0 llf!H 2) B TO BpeM!l , K8K llpK pacna.ae 1/ -+ rr+rr-y K30TOI1HqecKKl! 

cnHH .aoyx rr -MeaoHon He Mo>KeT 6biTb paeeH HynJO ( l ( rr+ ,-) = 1 )x). BbiqKcrreHH!l, 

npoee.aeHHbie B npe.anono>KeHHH cywecTBOBBHH!! peaoHaHca c M ~370 Mao H r=50 Mae, 

/192/ 
nOKB3BnH 'iTO 

W('l-+2y) 

W (71-+ 3rr) 

+ -
C .apyrol! CTOpOHbi , ecnH pacna.a 71-+ rr rr y 

= .3,.3. 

I 19 3/ 
H.lleT no c x eMe 

'11-+p0 +y-+TT++11-+y, 

TO 

lt (71-+ n+rr-y 
~ 0,4 . 

W('l-+3rr) 

( 1 17) 

( 11 8) 

( 1 19) 

K a K BKD.HO, 3TH oueHKH coa nanaiDT c 3KcnepHMeHTanbHbiMH .llBHHhiM H. J.1ccne.aosaHHe 

aHepreT•{ttecKoro c neKTpa rr0 -MeaoHos, o6paaosaHHhiX npH pacna.ae TJ .... n.+ 11- "
0 

• TBK>Ke 

yK B3bi BBeT Ha eoaMo>KHoe cywecTeosaHHe CKf!bHoro "" -saaHMo.ael!CTBH!l ( pHc . 25) 
1 1941

• 

T eopeTH ... ec Ka!l KpHsa!l ( Brown m? Singer ) , .llBJOWB!l HBHnyqwee cornacHe c aKcnepHMeH-

TBilbHbiMH .ll8HHbiMH 0 6bin8 SblqHCneHa B npe.anonO>KeHHH CyWeCTBOB8HH !! ( rrrr) - pe30H8HC8 
• /192/xx) 

c M ~(381::_5) M as H r =(48::_8) Mas • .llarrbHel!wee HCCrre.aosaHHe :O!Toro 

oonpoca upe.acTaBn51eT 6onbwol! HHTepec . 

H eKOTOpbie coe.aeHH!! o xapaKTepe pacna.aos 71-+ 3 rr 
I 195-204 ,206 / 

c npoueccaMH 

/(!-+TT±+n-+TT+, 

[(" -+rr++rr-+rro 
2 

MO>KHO H.3Bnettb H3 HX 8H8nOrHH 

( 120) 

( 12 1 ) 

0KB3biBBe Tcsr, ttTO TPH " - MeaoHa, o6pll30BBHHbte e pacna.aax [(2-+JTT H TJ -+3 17 , MoryT 

HM eTb O.llHH BKOSbie KBBHTOBbi e qHcna • .[lel!CTBHTellbH0 0 B Cf!y'<ae pacna.aa 71 -+,Jrr jp(3rr)=0J (,Jrr)= 1 

( V!, § 1). npH pacna.'le K';-+3rr, TBK K8K J(K)=O , TO L(rr+rr-;) =e (rr0 ) 

x) npH pacna.ae '1 .. ,+, y c- ... eTHOCTb coxpBH!!eTC!l, T. e . C( ,+,-y )=+l . 
+- ) + C .apyrol! CT OpOHbi, eC ( Tr Tr y = C ( Tr rr) C(y) H C ( y ) =~l ,T,e . C ( rr rr ) =-l • 0TCIO.ll8, 

TBK KBK C (rr+rrJ =(-1) ={-1)/, TO f(rr+rr) = ) , 

xx) YKaaaHHe o HarrR'<RH CRf!bHor o "" -aaa i!M o .aellcTBR!l c !(rrrr)=O" M=3m 
199/ " nony'<eHo TBK>Ke npR HayqeHHH peaKUHH rr N-+ rr rr N 

40 

( B TBpMHH8X .llllllROHB II O.llHHO• 

P(,Jrr)= 

TaK KBK a npoueccax cna6oro 1 

(CP), TO 

TBK KBK C p ( !(0 ) =- l • 
2 

c p ( ,3: 

Cne.aoaaTerrbHO, K30TonHqecKHl! 

MO>KeT 6biTb paaeH I, 2 " 3. E 

O.llHB B03MO>KHOCTb [ ( ,Jrr) = l 

TaKKM o6paaoM, qeTHOCTb 

Ko2_. 3 Tr H 71-+ 3 rr cosnc 

rHM KB8HTOBbiM ttHCn8M e. L 

.aaeT OCHOB8HIHI non8r8Tb1 'iTO 

ttHR. B CBH3H c 3THM, ecnH npe 

H '1 .. 3 " 38BHCHT T On bKO 

CllBKTpbl Me30HOB B aTHX pacna.aa 

He npOTHBOpe '< aT aTOMy npe.anoJ 

noaaonHT nony1.f.HTb HOBbie cse.n 

B aaKrrJOqeHKe a Toro napa 

llOC pe.aCTB OM arreKTpOMarHHTHbll 

HbiX B38HMO.D.eACTBHHX H30TOlli.P.J 

2 -4 
a ~ 10 • CaMo co6ol! paayMe 

yTaep>K.aeHHR 0 CKOilbKO 0 Harrpa 

§ 3. BpeM!l >KH3Hn 

3ne~TpOMarHHTH bil! xapaKT 

60f!bWOe apeM!l >KK3HII, no pa3 

O>KK.QaeMS!l WKpiiHB 1/ -nKKa -

TOB 0 KOr.aa p aapewaJOWB!! CllOC• 

.aeneHKB r('l) llp!!MbiMK MBTO.Qa 

MH pO>K.lleHK!l 11 pacna.aa 71 -Me 

CTpBHCTBBHHbiX paa peweHKl!, TB: 

UHR , au anorHttHBH onpe.aeneHHID 



•oueccos, pacna.u '1-+ 2 y 

Sl ( 114) OKOnO 100). 

leni<'-!HHbl OTHOWeHH!i ( 108 ) H 

10r0 17 11 -eaB HMO.O.e ACTBHSJ 

!THOCTb pacna.ua '1 .. 3" • 

•o>«eT peanHaosaTbCS! ( [(3 17 ) ~ 1 

TJ _.., 17+11-Y H30TOfll{tl9CKHA 

"+ "-) = 1 )x), 8bi qHcneHHS!, 

c M ~370 M as u r~50 M as , 

I 19 3 1 
:!:Me 

( 117) 

( 11 8) 

(119) 

.aaHHhiMH . Y1ccnenoaaaHe 

pac na.ae 11 .... "+ 17- 17° • TBK>Ke 

saauMo.uellcTSHS! ( pHc.25) 
1 1941

• 

nyqwee cornac He c aKcnepHMeH-

ueCTBOSBHHS! ( 1T 1T) - pe30H8HC8 

A:wee HCcne.aoaaHKe aToro 

MO>KHO H3BJI91jb H 3 HX 8H8JIOrHH 

( 120) 

( 121) 

.0.8X f(2....,~TT H TJ ..... 377 , MOryT 

rqae pacna.aa '1 .. .J" ]P(31T) ~ O~l(&) = 1 

L r "+" -.> ~ e < "
0

) 

• e TcS!, T. e , C( "+"-Y )=+1. 
L,T. e . C( 17 17 ) ~-1 • 0TCIO.Ua, 

IC f( TTTT ) ~O H 

I 
I 

(B Te pMHH8X .UHllHOH8 H O.UHHOqHO!"'O 1T
0 -M e30H8 .!lnS! pe8KUHH ( 121)). 0TCIO.U8 

P(.31T) =( - 1)f+ L + 3 ~(-1)2f+ 3 =-1. ( 122) 

TaK KSK a npoueccax cna6oro aaanMo.aellcTBHS! coxpaHS!eTcS! KOM6HHnposaHH 8Sl qeTHOCTb 

(CP), TO 

TBK KBK C p ( [{0 
) ~- 1 • 

2 

f(TT +TT-) 
c p ( .31T ) = (- 1) ( -1 ) = - 1 , ( 123 ) 

Cne.uosaTenbH O, H30TOllHqecKHll CllHH l ( 1T + 1T) = 0 HnH 2. nonHbill C!IHH Tpex 1T -M e30HOS 

Mo>«eT 6hiTb paseH I, 2 H 3. EcnH aocnonb3osaTbCS! npaaHnoM D. l = 'h 1 T O OCT8 eTCSI 

0.UH8 B03MO>KHOCTb l ( .3TT) = 1 ( l ( K ) = '{, ) • 

TaKHM o6paaoM, qeTHOCTb H30C!IHH H cnuH ,3" -cHCTeM, o6 paaosa HHbiX B npoueccax 

rHM KB8HT0BbiM ttH C JI8M 

COSli8.U810T. npas,a a , 3TH CHCTeMbl MO!"'YT p 83nHq 8TbCS! llO .Upy

f, L H l ( "+ "-) ) • O.uHaKo 6nH30CTb Mace K H '1 - MeaoHos 

.uaeT OCHOS8HHS! non8l"'B Tb 1 qTO H !10 3THM KSBHTOSbiM qucnaM He 6y.UeT 6onbW£l"'O pa3nH-

qHS!. 8 CBS!3H c aTHM , ecnH npe.unono>KHTb, qTo M8TpHqHbiA aneMeHT npoueccos [('2: .. 3 17 

H TJ...., 3 11 38BHCHT T OJibKO OT B38HM O.Qe ACTBHSI 17 - Me30HOB B KOH 9 tfHOM COCTOSIHHH 1 TO 

C!IeKTpbl Me30HOS S a THX p 8C!I8.U8X .UOn>KHbl 6b!Tb liO.U06Hb/ 
1961

• 3KC118pHMeHT8nbHbie .U8HHhl8 

He npoTHBope q a T aToMy ape.unono>«eHHIO 
1 196

-
1981

• CoBMeCTHoe HayqeHHe 3TH X npoueccos 

ll03BOJIHT nonyt.tHTb H OBbl9 CB9.0.9HHSl 0 M 9X8HH3M9 p8Cll8ll 8 TJ -M 930H8 • 

8 38Knl0q8HH8 3 TO!"'O naparpaq>a OTM8THM , qTO p8Cli8.U '7-+ 3 1T ocy!lleCTBnS!eTcS! 

!10Cp8.UCTSOM aneKTpOM8l"'HHTHbiX npOU8CCOB BTOpOl"'O !IOpS!.UK8. 3TO 03HSqaeT , qTO B CHnb

HbiX S38HMO.!l8l!CTBHS!X H30TOllHqecKHll C!IHH COXp8HS!8TCS! C TOqHOCTbiO .UO qneHOB !IOpS!.UKB 

a 
2

- 10-
4

• CaMo co6oll paayMeeTCS!, qTo peqb a.uech H.UeT He CTOnbKO o6 OKOHqaTenbHOM 

yTaep>«.ueHHH, CKOnbKO o Hanpaane HHH .uan bHellwHx uccne.aoaaHull
120 51

• 

§ 3. 8peMS! >K H3Hif '7 -Me30H8. noHCKH HOBbiX pe30H8HCHbiX (3TT) - cHCT8M 

3neKTpoMarHHTH bill xapaKTep pacna.uoa '1 -M eaoHa onpe.uenS!eT ero cpaBHHTenbHO 
-17 -1 8 

6onbW08 BpeMS! >KH3HH . no p a3nHqHbiM TeopeTHqeCKHM OUeHK8M r{7)) ~ JQ -JQCGI<.' T.e, 

O>KH.U88M8Sl WHpHH 8 '1 -nHK8 - I0-
4 -Io-3 

M as. npH coape MeHHOll ToqHOCTH '>Kcn e pHMeH

TOB, Kor.ua p aapewaiO!llBSI cnoco6HOCTb npH6 o p o a He nyqwe , qeM HeCKOnbKO M as, onpe

.ueneHHe r(7)) !IpSIMblMH MeTO.UBMH H8B03MO>KHO. Ha6niO.UeHHe >Ke p83pb!BOB Me>K.uy TOqKa -

MH po>«ileHHS! H p acn a .ua '1 -MeaoHos ( onpe.ueneHHe r( 71) ) Tpe6yaT oqeHb BbiCOKHX !I p O-

CTp811CTB8HHbiX paa pew e HHll, T8K KBK BanHqHH 8 3THX p83 pbiBOS Q,QJ-Q,QQJ MK (CHTya-

. 0 ) 1205,209,210/ 
UHH, 8 H 8JIOriPIH8Sl onpell.9119HHIO Bp9M9HH >KH 3H H TT -M e30H 8 • 
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noaTOMY npHo6peTBJOT 6 OnbWOe :3HB'IeHHe KOCBeHHble MeTOAbl onpe.neneHKSl 1.( '1) , 

HanpKMep, Kccne.nySI <PoToreHepauHJO '7 -MeaoHOB a KynoHOBCKOM none TsnKenoro SIApa, 

T.e. Kcnonb3ySI npouecc o6paTHbill pacna.ny ,., .. 2y , MO>KHO OUeHHTb BenK'IKHY I. ('7) 

npK :3TOM BenK'IKHB a<iJ<iJeKTKBHOrO Ce'leHKSl nponopUKOHBnbHB WHpHHe '7 -M0:30HB H npK 

' Z -100 K E-4 l.aa .nocTHraeT 3•10-
28

cM
2

/cTepa.n., ecnH 1.(,.,--yy) -150 aa
1211

• 2121 • LlnSI 
y 

OTAeneHHSl YKB38HHOrO npouecca OT SI,£tepHOll reHepBUHH '7 -Me30HOB MO>KHO HCnOnb30BBTb 

o'leHb yaKoe yrnoaoe pacnpe.neneHHe (HaH6onee BepOSITHblll yron 0,5°) K 6biCTpblll poeT 

c e'leHHSI c Z ( u ·w z 2
). 

noHCKH HOBblX pe30HBHCHblX (3rr)-cKCTeM 

npH K3y'leHHH npoueCCOB 

p + p p+n+,.++ rr++IT ( 124) 

p + p p+p+IT++IT-+ITo (125) 
+ - + 

6wn o6napy>KeH nHK B pacnpe.neneHKK no a<iJ<iJeKTHBHblM MBCCBM ( IT IT IT• ) K ( 17 17+77-) -

/170 / 
CKCTeM c .If -625 MaB ( a -MeaoH, 1(a)•1 HnK 2) • O.nHBKO B .npyrKx aKcnepKMeH-

TBX :3TOT pea OHBHC He 6bin 06Hapy>KeH, 

YKB38Kl!Sl H B cyweCTBOBBKKe BHOMBnKA B pacnpe.neneHKSIX no M(..m) c M m0,45, 0,63, 

0,87, K 1,05 raa ( 1 m2) 6binK nony'leHbl B pa60TBX/
28

•
2131 

8 KBCTOSIWee BpeMSI HeT y6e.nKTenbHblX AOK838TenbCTB cyiUeCTBOBBHKSl HOBblX peao

HBHCOB B ,Jrr -:cKCTeMBX, 

VII • MHoronKOHHbie peaoHBHCHbie cKcTeMbi 

B C BSl3 l{ c OTKpblTKeM nByx - K TpexnKOHHblX peaoHBHCHblX CKCTeM ( p • I ' w l{ '1 -

Me30Hbl) ecTeCTBeHHO B03HKKBeT BOnpoC 0 CyiUeCTBOBBHKH TBKKX pe30HBHCOB, KOTOpbie 

pacnananKC b, B OCHOBHOM, HB 'leT blpe, nSITb K 6 o nbwee 'IHCnO IT -Me30HOB. 8 cny'lae OT

KpblTHSl 3HB'IHTenbHOrO 'IHCnB TBKKX pe30H BHCOB CHTYBUKSl C HKMH B03MO>KHO 6yneT HB-

n OMHH BTb B HeKOTOpOll CTeneHK nono>KeHHe, KOTOpOe .KMeeT MeCTO npK o6p830BBHHH Sinep 

H:J HyKnOHOB, K MO>KHO 6blnO 6bl HaneSITbCSl HBliTK 06IUKe 38KOHOMepHOCTK B KX CBOliCTBax. 

8 npOTKBBOM cny'lae 6ynyT CyiUe CTBOBBTb HeCKOnbKO pe30H8HCOB, CBOliCTBB KOTOpblX MOryT 

6biTb coae pweHHO paanK'IHbi. PeweHKe aToro aonpoca npencTasnSieT 6onbwoll KHTepec. 

8 HBCTOSIIUee BpeMSI HB'IBnKCb nOKCKK peaoHBHCOB, pacnBABJOIUHXCSl HB 'leTblpe 

/123,214,215/ 
rr -MeaoHa • 

Vfay'leHKe npoueccoB THna 

42 

-
" + p .... 

noKaaano, 'ITO B pacnpeneneHHI 

nHK c M •1,340 raB H r~ 14C 

4rr - CHCTe Me C ~~ •1,04 r ae 6 1 

nanbHellwHe KCcnenoaaHR!I nm 

VfccnenoeaHHe peaKuRA
14 

± 
11 + 

npoaeneHHoe c noMOWbJO s o n o 

3,24 no 4 raa/c, n o Kaaano, 'IC 

aoH, pRe. 26). Macca B- Me~ 

EbinO TaK>Ke ycTBHOBneHo, 'ITO 

W(B 

W ( B -

QqeaKnHO, 'I TO 1 ( 8) = l 

peaoHaHCOM, KOTOpblll pacnan a• 

C y'laCTKeM y>Ke K3BeCTH Or O 

BoaMO>KHhre KB BHTOBbre ttH cn a 

OnHaKo yeenK'Ie HKe cTaTKCTK K: 

Heo 6xo nKMbi nnSI B biBon a o C) 

VIII 

B HacTOSIIUee epeMSI n oc· 

:"oaaHKJO H pacnanaM nap K K 

COB. 8 CBSI3H C :3TKM Mbl CHBG 

CHCTeM K°K• , KOTOpOe OKaa a r 

a aaTeM nepeilneM K HMeJOIUI 

x) PeaoHaHcm, pacnana> 

non>KH!ll KMeTb 6onbWKe 3HB'I• 

cny'lae, 6onee eepoSITHbi Kx P' 
nanbi qepea RaaecTHbie peaoH ' 



'KOM none T!!>Kenoro 11.0pa, 

WHpHHe 'I -M030Ha H npH 

.rryy) • 150 ,./211,212/. Jlng 

Me30HOB MO>KHO HCTIOnb3088Tb 

ron 0,5°) H 6breTpbil! poeT 

lM 

:aM ( ,/" -". ) 

(124) 

(125) 

H ( fT +fT+fT-) -

).QHaKO B .OpyrHX 3KenepHMeH-

!IX no M(.J,r) e M a0,45, 0,63, 
II 

eyweeTBOBaHH!I HOBbiX peao-

cTeMhi 

eHhlX eHeTeM (p, f, W H 'I-

TaKHX pe30HaHeOB 0 KOTOpbie 

no " -Meaonoa. B enyqae oT-

HHMH B03MO>KHO 6y.OeT ua

~ ee TO npH o6paaoaaHHH 11.0ep 

IKOHOMepuoeTH B HX eaol!eTBax, 

llieOB, eaol!eTBa KOTOpb!X MoryT 

Taan!leT 6onhwol! HHTepee. 

•ena.oaiOwaxe!l ua 'leTbrpe 

"+p-+A+ K +n" ( n = 1,2..3,.4 .. ,. ( 126) 

noKaaano, 'ITO B paenpe.oeneHRH no 3cpcpeKTHBHb!M MaeeaM (fT+fT- fT + fT-) -eReTeMbl HMeeTe!l 

nHK e M ~ 1,340 l3B H r~ 140 Maa
1 1231

• YKaaaHHe Ha eyweeTBOBaHRe peaonaue a B 

4" - eHeTeMe e M •1,04 raa 6hinO nonyqeuo a pa6oTax
1214 • 2151 • O.oHaKo ueo6xo.oHM hi 

B - Mea on ( " w -peaouaue) 

Vleene.ooaanHe peaKuHl!
14 1

• 
1371 

± ± 
u+ p-+77+p+ UJ (127) 

npoBe.QeHHOe e nOMOWbiO BO.OOpO.OHbiX ny3blpbKOBbiX KaMep B RHTepaane RMnynbeOB OT 

3,24 .00 4 raa/e, noKaaano, 'ITO HMeeTe!l nHK B paenpe.oeneHHH no M( " "'" +"- "0) ( B -Me-

308. pRe, 26). Maeea B- Meaoua paaua 1,22 l3B " r =0,100:!:_0,020 raa. 

Ehlno TBK.>K e ycTaHoaneH0 1 qTo 

s.. 0,5 • ( 128) 

QqeBH.OHO, q TO 1 ( B) = l , VfHTepeeuo OTMeTHTb, 'ITO 8 -Me30H !IBn!leTe!l nepBbiM 

pe30HaHeOM, KOTOpb!l! paena.o aeTe!l no exeMe 

B+ -+ w + " :r: 
x) 

e yqaeTHeM y>Ke H3BeeTHOI'O pe30HaHea 

( 129) 

, 

BoaMO>KHbie KBaHTOBbie '!Rena " eaolleTaa n oaoro peaonauea o6ey>K.o a iOTe!l a pa6oTal
216

•
2171

. 

OL!HaKo yaenR'!eHHe eTaTHeTHKH R .oanbHel!wee HayqeHRe npHpO.Obi o6ey>K.oaeMol! aHoManHR 

Heo6xo.oHMbi .on11 BhiBo.oa o eyweeTaoaaHHH B -M eaoua, 

VIII • PeaouaneHbie eHeTeMbi K -Meaonoa 

8 HBCTOSIUlee BpeMSI TIOCTeneHHO H8K8TI1IHB 810TCSI 3Kc n e pHMeHT81IbHbte a.aHHbie no o6pa-

~oaaHHIO H paena.oaM nap f{ K -Meaonoa H uaqRnaeTe!l Hay'!eHRe eooTBeTeTBYIOlllKX peaonau

eoa. B eB!I3H e 3THM Mbl euaqana OeTaHOBRMe!l Ha O.OHOM O'!eHb HHTepeeHOM eaolleTBe 

eHeTeM K"K• , KOTOpoe OKaaanoeb none3HbiM npH on pe.oeneHHR KBaHTOBbiX '!Keen peaouaueo a, 

a aaTeM nepeii.QeM K HM eiOlllHMe !l 3KenepRMeHTanbHbiM peaynbTa TaM, 

x) Peaona~~em, paena.oaiOwHee!l ua '!eTbipe, n!!Tb RnH 6onbwe '!Keno nR onoa, a e po!!THo, 
.OOn>KHflf HMeTb 6onbWHe 3HB'!eHH!I H30TOnH'!eeKHX enHHOB ( 1 =4, 5, 6 ,., ), B npOTKBHOM 
enyqae, 6onee aepo!!THbi HX paena.obi ua .oaa HnK ua TpR " -Meaoua KnH KaeKa.OHbre pae
na.Obi qepea KaaeeTHbie peaouanehi, 
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§ 1. CxeMbl pacnaaa /(0
/{

0 -;eTeKTop qeTHOC Til cHcTeMbJ 

o7o • /2 18-2207. 
PaccMoTpHM HeKOTOpble pacnaJlHbJe caollcTaa nap !(I. -Me30HOB • 

CHcTeMa [(>J{ 0 
, KaK 11 mo6a11 cHcTeMa 6o3oH-aHTH6o3oH1 o6naaae;tl oailol! aa:>KHOll oco-

6eHHOCTbJO: ee KOM61!HHpOBaHHaiJ 'leTHOCTb BCeraa nono}KHTenbHa· ( t;:fos;! ), ;[lel!CTBHTenbHO, 

np11 n1060M op6HTanbHOM MOMeHTe CHCTeMbl f 3ap11JlOBQe COOpll)l(eHHe ' aaeT cj:>B30Bblll MHO)!( I!" 
e 

Tenb (-!) 0 B TO'IHOCTH TaKOll )l(e MHO)I(HTenb aaeT H npOCTpaHC;i:l'>~HHOe OTpa)l(eHHe p , 

TaK 'ITO nocne CP -npeo6pa3osaHHII o6wHll cj:>a30Bblll MHO)I(HTenb paseH (-1 );;£ =+1. 

C Jlpyroll CTOpOHbl , 3KCnepHMeHTanbHO Ha6nJOJlaJ<>TC!I pacnaJlbl THna; 

Ko Ko -> Ko !{o 
1 1' 

( 130) 

Ko Ko -> [(~ .rc; ' ( 131' ) 

[(o Ko .. K~ l(o2 , (132) 

rae!{~- KOpOTKO)I(HSYWHe Me30HbJ, o6naaaJOWHe CPs+! H K;- aonrO)I(HSYWHe Me30HbJ 

c CP --1. napbl KJ!< 0
1H K2~2. s CHny TO)I(JleCTSeHHOCTH SXOJliiWHX B HHX qacTHU, 

sceraa HaXOJliiTCSI S COCTO!IHHSIX C 'leTHbJMH MOMeHTaMH H o6naJlaiOT KOM6HHHposaHHOl! 

'leTHOCTbiO CP- +I. 

KoM6HHHposaHHaSI qeTHOCTb nap [{'}l<0
23asHCHT OT op6HTanbi!Oro MOMeHTa CHcTeMbJ 11 

~ -pasHa ( -1 ) • no3TOMy, ecnH 3Ta napa o6pa3osanacb H3 napbl K0 
!(

0
, o6naaa10well, KaK 

6brno nOK838HO BbiWe, CPa+ 1, TO .anSI nee B03MO>KHbl TOnbKO H9tt9THbl9 MOM9HTbi. TaKH:M 

o6pa3oM, npH qeTHbiX op6HTanbHbJX MOMeHTax napa K°K0 MO)I(eT pacnaaaTbCII TOnbKO no 

( ) ( ) " o o x) cxeMaM 130 H 131 , a npH HeqeTHOM -.no cxeMe l<1K 2 

l-1TaK, CXeMa pacnaaa IISn!leTC!I S JlaHHOM cnyqae JleTeKTOpOM qe THOCTH op6HTanbHO

ro MOMeHTa CHC TeM bl , TaK KaK 'leTHOCTb CHCTeMbl onpeaenlleTC!I MHO)I(HTeneM ( -! )f , TO 

CX9M8 pacna.aa SlBnSieTCSI K .09T9KTOpOM ll9THOCTH CKCT9Mbl. 

EcnH HMeeTCII pe3oHaHcHoe s3aHMoaello TsHe Me)l(:ny !?. [( -Me3oHaMH s cocTO!IHHH c 

onpeaeneHHbJM Op6HTanbHblM MOMeHTOM, TO COOTSeTCTSyJOWa!l Hel!TpanbHaSI CHCTeMa ([(0 K_b) 

6yJleT pacnaaaTbC!I TOnbKO no CXeMaM (!30) H (131) n1160 no (!32) S 3aSHCHMOCTH OT 

/218-220/ 
qeTHOCTH pe30HaHCa, npH'IeM eacnaJlbl no cxeMaM ( 130) H ( 131 ) p asHOsepO!ITHbl 

3TO Sa)I(HOe CBOl!CTSO nap J('K'LMe30HOS 6bJnO HCnonb30BaHO npH onpeaeneHHH KSaHTOSbiX 

'lHCen <P -Me3oHa, 

x) 
AHanorH'IHOe pacCMOTpeHKe MO)I(eT 6bJTb nposeaeHO H S OTHOllleHHH CHC TeM bi pp , 

KOM6RHHposaHHa!l qeTHOCTb KOTOpOII TaK>Ke He 3aSHCHT OT op6HTanbHOrO MOMeHTa H p asHa 

( •1) StJ , S -cnHH CHCTeMbJ, l-1HTepeCHbJe S03M0)1(H0CTH HCnOnb30SaHH!I KOppen!IUHII S THO aX 
pacnaaa Kif> -Me30HOB npH aHHHrKnRUHH npeano)l(eHbi s pa6oTe/221 I, 

44 

/ 

l-1ccneaosaHHII s3aKMoae 

C npOTOH8MH 1 abrnon~HHbi9 C 

THJO pe3oHauca, pacn a.a:aJOwer 

B 3THX pa6oTax H3yqanH 

Bcero 6bJnO HallaeHo 46 co6bJ 

3cj:>cj:>eKTHSHbJM Mace aM (K K) -cJ 

' H r$ (3-5) M3s (eM . pHC. 

peaKUH!IX· pasHO (50±_6) MHK J 

UJHpHHa pe3oHaHCHOrO nl 

OCT8HOBHBWHXCfl 8H'l'HllpOTOHOE 

I) 12251
, l-1ccneaosanacb pE 

p~ 

0T6HpanHCb TOnbKO Te C06bJT> 
+ 

0wH6Ka s onpeaeneHHH M(K l 

pacnpeaeneHH!I HallaeHHbJX co 
/ 225, 

H llBHnyttwero cornacHSI 

r •3,1 ±_:t,O M3a, 

CywecTseHHYIO ponb s c 

TpanbHbJe MOAbl pacnaaa: 

A HM9HHO, 6btno ycTanoaneuo, 

¢-+ 

T.e. era tteTHOCTb oTpHuaTeT 

(eM. Vlll , § I ) . 

3TOT cj:>aKT 6bin ycTaHOS 

K + P 

~j 

8 KaMepe perHcTpKposanKCb 

TH'leCKa!l nporpaMMa n03SOfliJ. 

x) HeKOTOpble sonpochJ, 

neHHll s SKJle KaeorpaMM pac 



~THOC TH CHCTeM bl 

' / 218-2207 
-Me3QHOB • 

>H1 o6naaae,11 oa.ioll aa)KHOll oco

?nbHa· ( cf.~~1 ), .[leliCTBRTenbHO 
' 

n p51)K9HRe •aaeT <j:lll30Bbl ll MHO)KW 

TpaHCJ:B·~HH09 0Tpa)K9H R9 p 
0 

renb paaeH (-1).:£ =+1. 

acna.a.ht .THna : 

( 130) 

( 13 t') 

( 132 ) 

0 

2 - llOnrO)KRBYLURe M930Hbl 

BXO.O.HUUIX B HHX tf8CTHU, 

>6naa aJO T KOM 6 RHRpOBaHHOll 

TBnbHOrO MOM9HT8 CHCT9 M bl H 

apbt K0 
!{

0 
, o6na.a.a10uiea. KBK 

<0 He'!e TH bie MOMeHTbi . TaKRM 

<e T pacnaaaTbCR TOnbKO no 
:) 

~KTOpOM q eTHOCTH Op6HT8nbHQ-

f 
?TCR MHO)!{ RTeneM ( -1 ) 

0 
TO 

[( -Me30H8MH B COCTOHHHH C 

151 Hel!TpanbHag CHCT9M8 ([(0 i('>) 

10 ( 132) B 3aBRCRMOCTR OT 

131 ) paBHOBepORTHb/2 18-220/, 

npH Onpeae n eHRR KBaHTOBhiX 

R B OTHOW9HHR CRCT9Mbl pp 
0 

J6RT8nbHOrO MOM9HTa R pasHa 

>30BaHHR KOppenRURll B THnax 
,1221 I. 

§ 2. ¢ -M e30H 

VlccneaoaaHRR B3a RMOll9 liCTBHll K -M 930HOB B HHTepaane RMnynbCOB I , 8 - 2 , 2 r 3a/c 

C npOTOHaMR, BbtnOn1¥!HHbl9 C nOMOLUbJO BOllOpOllHb!X ny3blpbKOBblX KaMep, npRB9nR K OTKpbl 

THJO pe3oHaHca, p acnaaaJOwe r oc H Ha napbi K [( , KOTOpbill 6htn Ha3B8H ¢ -Me3oHoM
1222

-
2241 

B 3THX pa6oTax H3y'lanHCb p eaKUHH 

(!33) 

( 134) 

B cer o 6btno HallaeHo 46 co6btTRll THn a ( 133 ) R 52 co6biTH51 ( 134). B pacnpeaeneHKK no 

3<j:l<j:leKTKBHbiM Macc&M (K K) - e KCTeM KMeeTCH '19 TKKll pe3oHaHe Hhi ll nR :: c M ( K .'<. ) • I 019 M 3B 

R r $ (3- 5) M3B (eM. pH C. 27 K3 pa60Tb/
223 1

) . Ce'19HR9 p0)K ll9HHR ¢ -Me30Ha B 3TH X 

peaKUHHX· p aBHO (50 :!:.6) MHKpo6apHaM, 

illHpHHa pe3 0HaHCHOrO nHKa ¢ -Me30H8 6htn8 onpeaeneHa npH H3y'leHKH aHHHrHnHUHH 

OCTaHOBHBWHXCR 8H:rHnpOTOHOB B 30-aJOl!MOBOll BOllOPOllHOll ny3h!pbKOBOi! K8Mepe ( eM, V 

§ 1 /
2251

• Vlccneaoaanacb peaKUHR 

( 135) 

0T6HpanHCb TOnbKO Te C06biTH51 0 B KOTOpb!X o6a [( -M e30Ha OCTaHBBnKBanHCb B KaMepe, 
+ -

0wR6Ka a onpeaeneHRR M( K [( ) 6htna p asHa :!:.0,6 
+ 

pacnpeaeneHRR HallaeHHhiX co6htTRll n o M ( K [( ) H 

M3B. H a pRe . 28 npKaeaeHa KaeorpaMMa 

COOTBe TCTByJOLUHe KpHBb! 9 pa3p9!UeHRR 
/ 225 / x ) 

H l:IBHnyqwero corn acHSI ~ 1018,6 :!:.0, 5 M3B H 

Cy weC TBeHHY JO ponb B on peaeneHKR KBBHTOBhlX 'IKCen cp -Me30Ha ebirpanR ero Hell-

TpanbHbte MOllhi pacnaaa: 

A RMeHHO, 6htno ycTaHoaneHo, 'ITO ¢ -Me30H p acnaaaeTCH no cxeMe 

¢~ ~ + Ko~ K~+ l~2' 
T,e, ero '!e THOCTb OTpRU BTenbH a , a 3H8'19HKe Cn HH a paBHO uenOMy H9 '19TH OMY 'IROny 

( eM . Vlll, § !). 

3TOT <j:laKT 6btn ycTaHOBneH npH H3y'!eHRH peaKUHH 

K-+ p ~A+¢~A +l(0 +K" , 

( 136) 

( 137) 

( 138) 

( 132) 

B KaMepe perueTpRpoaanueb TOnbKO pacn aabi II R K~ -qacTHU. CooTBeTCTByJOwaH KRHeMa

TR'!eeKaR nporpaMMa no3BOfJRna BbillenHTb eo6biTH51 THn a ( 138) . B pa6oTe 
12231 

6btno 

x) H eKOTOp bte a o npoChi, CBR3aHH bte e npeae'/W8~'!f2'8'J 3KcnepRM eHTanhHhiX pacnpeae-
neHHi! B BHll9 Hll90rpaMM p aeC MOTpe Hbl B pa60TaX , 

II 



HBl\)leHO 23 TBKHX C06biTHSI 0 B TO BpeM SI .KBK HH O)lHOf'O cny'IBR THfiB ( 138) C pBCfiBJlBMH 

f(o K• .. l~1 ~1 , ( 130) 

He Ha6moaanocb, HecMoTpR Ha Bb!COKYIO acj:Jcj:JeKTHBHOCTb perHcTpBUHH K~ -pacnaaos, CooT

seTC TBYIOWI!e pBC 'Ie Tbl fiOK83b!B810T 0 'ITO f'HfiOTe3a 0 p8Cfl8)l8X ¢ ·-Me30H8 flO CXeMBM 

( 130) H ( 131) )lBeT pea ynbT8Tbl 0 OTnH'IBIOWI!eCSI H8 12 CT8HJl8pTHb!X OWH60K OT 3KcnepH

f223/ 
MeHTBnbHbiX 

HeKOTOpbie aaKniO'IeHHR o senii'IHHe cnHHa <j> - Me30H8 MO)I(HO T8K)I(e nony'IHTb H H3 

senHI.JHHbJ COO THOW 9 HHSI 

W ( ¢ .. Ki l~2) 
a(]) 

W( ¢ .. K0

1
R 0

2
+K+f<j (139) 

CywecTBeHHBR aasHCHMOCTb a(]) OT CfiHH8 pe30HBHCB fiO!!BnSieTCR B CB!I3H C MBnblM 

3HeprOBbi)leneHHeM npll pacnaae q, .. KK ( Q a 20-30 Mas) . B 3TOM cnyqae pB3HIIUB MBCC 
+ 

K - 11 [(0 -Me30HOB H KynoHOBCKoe B3BIIMOJlel\cTBHe CllnhHO Bnii!IIOT Ha senii'IHHy a ( 1) npH 

HanH'IHII u e HTpo6e)I(HbiX 6apbepos ( 1r/O)x). CooTseTCTBYIOWHe pacqeTbi noKB3hiBBIOT, 'ITO 

/ 223 229 230/ /223/ 
a(1 =1 ) ~ 0,39 H a(1 =3)•0,26 ' ' • B pa6oTe 6bino nony'leHo -a"'(),45±_0,10, 

T,e, HMeeTCR npeano'ITeHHe B nonb3y 1( ¢) =I. 

YrnOBbJe pacnpeaeneHH!I p acnaaHhJX K -MeaoHOB ( q, .. K K ) TBK)I( e nyqwe cornacyiOT

/222/. 
C R c 1 ( ¢ ) ~I • OaHaKo CTBTHCTHKa coobJTHI\ He RsnReTcR aocTaTo'IHOII, 'IT06bJ aenaTb 

OKOHt.I8TenbHbi9 BbiBO,llbi. 

noiiCKII pBCITBJlOB /
2231 

+ 
¢ .. TT + TT ( 140) 

IIOK838RH, l.fTO 

W ( q, .. 2rr) 
< 0,2 

lt( ¢ .. KIC (141) 

TeopeTJtt.J:eCKH:e OUeHKH aen~PiHHbi 3TOrO COO THOLl!eHIHl, nonyqeHHbie, B OCHOBHOM 1 H3 Cpa s

He Hit !! cj:JB30BblX 06beMOB COOTBeTCTBYIOWHX p8Cfi8JlOB ¢ - Me30 H8 0 )l810T 3H8'1eHI!e 

- 100
12291

, TaKoe C HnhHOe noaasn e 1111 e pacnaaa ( 140) MO)I(HO o6'b!ICHIITb paa nii'IHOI\ G-

'l e TH OCTbJO ¢ -MeaoHa 11 CIIC T eMbJ asyx rr -MeaoHOB (HanoMHIIM, 'ITO 'G(rrrr) -+I). Cneao-

BBTen bHO, G (¢) =- I. 

0 T CJOJla, TBK KBK G -qeTHOC Tb CHCTeMbi KK onpeaenReTc!l BblpB)I(eHHeM 

f+/ 
G(KK) =(-1) 

xx) 
( 142) 

x) 
EcnH npeHe6pe'<h 3THMH acj:Jcj:JeKTBMH, TO a Ha'leHHe ~1) He aasHCHT OT cnHHa 

pe30H8HC 8 H p 8BHO 0,5, B CHny H3 0TOfiH'IeCKOI\ HH BBpHBHTHOCTH, 

xx) llei\CTBHTe nbH0 0 TBK KBK C([(!() = (-1) £ 0 TO 'G(KK) =C(-1/ =(-1) £+1 

(eM. Vlll, § J), 

46 

K cnHH ¢ -Me3oHa paseH He1..1e Tt: 

wHe KBBHTOBbie 'IHcna I(] PG)= 0( 

C :3 THM B03MO>KHO •nepeMeWKB8H 

(eM, T8K)I{ e V o § 5/231,232/• 

HeomH.naHHbJMH oKaaanHCb 

co y aapeHIIRX 11 no11cKOB p acnaao1 

6hino nony'leHo/233, 223, 4 1 

npH pc =3,7 r 3 B H 

o( rr-p 

0 ( TT p .. 

:Y( ¢ .. p 1 

w ( q, .. ~ 

TeopeTHtteC KHe oueHKH aenHY.HH bi 

C cj:JB30Bb!MH 06beM8MII H o6nBCTJ 

6onhWHe, qeM ( 145) . C apyro ll 

HHSI c/> -Me30H8 B TT p -cTOnKHOBE 

KOT O pbiA HMeeT T9 >K.e KB 8 HTOB bH 

06a 3 TIIX 3KCrTepHMeHT8nbH 

G 

G< 

(aaecb G- cooTse T c Tsy iOwll e KC 

CB!I3 11 ¢ -Me30H8 C p - II TT -, 

C!iMM eTp1111 ( HeCOxp a ti eHHe yHHTa: 

§ 3. f( [( - saalll 

VJ a y'leHII e B3811MO)lel\CTBIISI 

HanHYH:e WHpOKoro M8KCH"MyM a p• 

B a TOM c nyqae 113y q anHCb peaKu 

rr-+ p 

c nocne.nyiOWHMH pacnana MH 



------=-------------------------------~---·--

nyqag THna (138) c pacnanaMH 

( 130) 

~r'HCTpauHH K~ -pacnanoe. CooT

~nax ¢ ·-MeaoHa no cxeMaM 

'SHnapTHblX OWH60K OT 3KCnepH-

8 MO}I{HO T8K}I{e nonyqHTb H H3 

( 139) 

:l nOSIBnHeTCH B CBSI3H C MBnbiM 

B :.ToM cnyqae paaHHua Mace 

BflHHIOT H8 BenHqHHy a ( j) npH 

.He pactteTbl nOK83biB810T
1 

t.{TO 

23/ 
6binO nonyqeHo -aaQ,45±.0,10, 

r<. K ) TSK}I{ e nyqwe cornacyiOT

TCH nocTSTOqHol!, qTo6bl nenaTb 

(140) 

( 141) 

l9HHb19 1 B OCHOBHOM 1 H3 Cpa e

·e30H8 , ..OBIOT 3H8t.{9HH9 

>KHO 06bHCHHTb p83 flH'IH Ol! G

lMHHM, 'ITO 'G(mr) a+ I). Cneno-

(142) 

~)) He 38BHCHT OT CflHH8 

CTH , 

(K!() = C(-1/ a(-l) f+! 

H CnHH </> -Me30H8 paeeH H e 'leTHOMY 'lHCny, TO /( </>)=() , VfTllK, </J -Me30H HM eeT C n eny iO-

WHe KB8HTOBbl6 'IHCn a /()PG) =O(J --) , T.e. T e >Ke C8Mbl e , 'iT O K w -M e30H . 8 CBH3 H 

C :3 THM B03MO>KHO ,..nep9M9WH'B8HHe• </J - H W -M930HOB 3d C '-1 9 T C HnhH biX B38HMO.ll9ACTBKA: 

(eM, T8K>Ke V' § 5/231,232/• 

Heo>KHnaHHbiMH OKaaam<Cb peaynbTSTbl HccnenoeaHHi! po>KneHHH 9 -MeaoHa a rrp -

coynapeHHHx H noHcKoe pacnanoe 

( 143) 

6hino nony'leHo
1233

• 223 • 
4 11 

~ 0,012 (144) 

npH pc =3,7 r:.a H 

lY(¢-+prr) 
0,35 ::t 0,2. ( 145) IV(¢-+ !([( 

TeopeTHqecKHe oueHKH eenH'lHHbi OTHow eHHH ( 145), nony'leHHb<e H3 coo6pa}l{eHHll, CBH38HHbiX 

C ¢830BbiMH o6oeM8MH H o6n8CTbiO B38HMO..aeACT-BHSl r= __ J_ , .QBIOT 3H8\f9HHH H 8 nopS1tlOK 

2m" 
60nbwHe, '!eM ( 145). C npyr'oll CTOpOHbl, KS>K e TCH oqeHb CTp8HHblM Manoe Ce'leHHe pO}I{ne-

HHSI cf> -M930H8 B 1T p - cTOnKHOB9HlHIX no Cp8BH9HHIO C C9tt9HH9M pO>K.fi9HHSl W -ME!30H8, 

KOTOpbtH HM99T T9 >K9 KB8HTOBbi 9 l{H:Cna. 

06a 3THX 9KCnepHM9HT8nbHbiX peaynbT8T8 MQ}i(}IQ 06'bHCHH:Tb, eCnH npe.nno nO>KHTb, '-ITO 

2 
G p¢ 11 

;;i (J-5)% 
G:!p w 11 ( 146) 

( anec b G- cooTeeTcTeyiOWHe K OHCTSHTbi CBSI3H >
1233

• 
2301

. HeKOTopoe o6bHCHeHHe cna6oll 

CBH3H </> - Me30H8 C p - H 11 -M e30H8M H MO>KHO nonyqHTb B p8MK8X MOnenH yHHT8pHOl! 

CH MMeTpHH (HeCOXp8HeHHe YHHTapHOi! 'leTHOCTH B pacnanax (143)) 12341 . 

§ 3 . {( {( -ea3HMonel!CTBHe npH M8flb!X 3 H epi"'HS! X,.( [( [( 11 )-pe30H8HC • 

J..1ayqeHwe B38HMo.aettcTBRR I<. -MeaoHoa, po>KaeHHbiX e 11 N -coy napeHlHJX 1 noKaaano 

H8nHqHe wHpOK OI"'O M8KCHMyMa pe30H8HCHOI"'O THna c M(l(!(r 1,02 r :.a H 1- = I 00 M3£235- 23?' 
B :.TOM cnyqae HayqanHcb peaKUHH 

17-+ p-+ K0 + 7"
0 + n+m11 (m=0,~2, .•. 

c nocnenyiOWH MH pacnanaMH 

( 147) 



,..,.o ,;o .... K• r~o 
"" z ·• z· ( 130) 

T a KHM o6paaoM , C HCTeMa !~0 [(
0 o6naaae T qeTHbiM op6 KT811bHbiM MOMeHTOM H n o n o>K HTe n b 

Hoil 'leTHOCTbiO ( Vlll, § I). YrnoBoe pacnpeneneHHe !{~ -MeaoHoB If MeeT aHH30Tp011HblA 
- /235/ 

x apaKTep, T.e. j ( [{ 0 !(0
);::: 2 • OnHaKo cTaTHCTHKa Ha lineHHbiX co6biTHA ( 14 7) He-

nocTaTO'!Ha LlnH OKOH'!aTenbHOrO BbiBOLla (37 C06b!TKA). JlpyrHe B03MO>KHble KBaHTOB bie 

'l li Cn a ((i(o -pe30HaHCOB 06Cy>KLlaiOTCH B pa6oTax
1240

-
2431 

AHoMan HH B pacnpeneneHHii ~. 1 ( [( 0 !( 0 MO>K8T 6biTb T8K>K8 06bSICH8H8 B38HM O-

neitcTBHeM .'<. -M eaoHOB a KOHel!HOM cocTOHHHH. B 3TOM cnyqae .a.nKHB [ {./(• -pacceSIHHSJ 

MO>KeT 6b!Tb HeBenlfK a _ __ 1_/ I04 /. 
m 11 

JlanbHeAwee KCcnenoBaHiie 3Toro HBneHKH npencTaBnHe T 6on bwol! HHTepec . 

JlaHHbi e 0 B03MO>KHOM pe30HaHCe B ( ?([( 11) -cliCTeMe 6binH nony'leHbl npli H3y'leHiili 

/244/ 
peaKUKK 

- 0 "' ± + 
p+p~K+K +11+11+11 

( 148) 

0Kaa anocb, 'iTO M ( [(° K±""') ~ 1410 M 3B H r ~ 60 MsB. B pa6oTa/
244

• 
2451 

0 ± 
nony'leHo yKa3aHHe 0 cymecTBOBaHKH pe30HaHca B ( KIK ) - cHC TeMax c M ~ 1,02 rsB. 

HoBbi e sKcne pHM e HTbi Heo6xonliMbi nnH BbiSICHeHKSI npHponb• 3THX aHoManlfl!
12461

• 

IX. K •-MeaoH 

BnepBbre cywecTBOBaHKe [(* -Me3oHa 6b1n o o6Hapy>KeHo npli H3y'leHKH [( -P - Baa HM o-

neliCTBHSI B peaKU HH 
/247/ 

!{ + p ~ ICC + 11 -+ p ( 149) 

+ 
K HBCTOSIWeMy MOMeHTY !<.* -MeaoH Ha6n 10nancR B n poueccax aaaliMonellcTBKSI K- -M earr -

HOB / 
126

• 
2 4 7

-
2571 

If 71- -Me30HOB/
258

-
2671 

C HyKnOHaMH, a TaK>Ke B npoueccax aHHHrHnSI

/268/ 
Ulili 

XapaKTepHoe pacnpeneneHHe scj:>cj:>eKTHBHbi X Mace _!f-JL- -cHcTeMbi B peaKUHH ( 149) 

npHBeneHo Ha pHC. 29. (M(K*)-890,4 M 3B H r =4 7 M s a). Ce <;eHHe pO>KLleHHSI !(* -Me30Ha 

B 3TO ll pea KUHH npH p c = I, 15 r sa paBHO ( 1,3 ~0 , 3) M6. 

VlaoTonH<;eC KHll c nHH K* -:MeaoH a 6brn onpeneneH npH coaM eC THOM H3 y'leHHH npouec

COB ( 149) H 

Dbln o n ony<;eH/247-248/ 

!<. + p -+ K * - + p ~ !( -+ 11° + p • 

'ITO 

~Y(::•--. / ( -"o) 

IY(l(* -.j(" , ) 
0,75:. 0,35 

4 8 

(!50) 

( 15 1) 

Vf a H30 T 0 11Htl8CKOA HHD8pHOHTl 

pasHa 0,5 H nn11 l(!(*) =312 1 

1(!( *) = 1/z 3 T OT Bb! B O.O. llO .O.TBE 

peaoHaHC HHIX coc T oSlHH A (I' " 

!( + 

6hi110 110K838H01 liTO pe30 H 8HC 

aye T CSl C C8 li8HH8M 1 60llbWHM 

BHY.HbJX [{ - M830HOB C81.18HH8 

AHan orli'IHbil! peaynbTaT 6brn n 
/258/ 

pe HH SIX 

nepBbie BbiBOLlbl 0 B03M 

Te
12471

• B 3TOM cnyqae H3Y '~ ' 

[( + p ~ 

3KcnepHMeHTbl npOBOLlHnliCb n1 

1080 M sB/c ). YrnoBoe pacnpe 

xapaKTep. B CB SI31i c 3THM MO 

HHH H aHanHa no Ansl!py MO>K. 

EcnH ]([{. •) > 1 , TO yrno Boe 

Me30Ha LlOn>KHO 6b!Tb a HH3 HTp 

npe.neneHHH. 6hi110 noKaaaHo , t 

.LJ.8HHbiM . 

Vlay'leHii e peaKUHii 
+ K + 

no3aonHn o nonyqHTb nononHHT€ 

( 154) H3y<;an aCb C fiOMOWbiO I 

K*-Me30HOB c pc = 1,96 r sa. 

H a pHc. 30 npli aeneHbi pacnpe 

JlnR aHannaa no Me Tony 

yrn a BbineTa !{ * -Me3oHe a c 

1,0 

Ha pHc . 31 npHBeneHbi non yqe 

Tpon HH 3 Toro pacnpeneneHHR c 

peaynbTaT c nony'leHHbiM BbiW 

C Llpyrol! CTOpOHbl, aaKn : 

qlfTb H3 aHBnH3B yrnOBMX paCT 



( 130) 

flbHbiM MOMeHTOM H nonO>KHTenb-

M830HOB HM88T 8 HH 30Tp011Hbi A 

Hai!LleHHblX C06bi THl! ( 147) He -

lpyrHe B03MO>KHbJe KBaHTOBbJ e 

I 

JTb TBK>Ke 06'bHCH8H8 B38HMo

nyqae anHHB R•K• -pacceHHHH 

JReT 60n bW Ol! HHTepec. 

Je 6binH nony'leHbJ npH H3y'le HHII 

( 148) 

~3a. B pa6o Tax
1244 • 2451 

- c iiCTeMax c M ~ I ,02 r3a. 

HIPOLlbl 3TIIX aHOManlll!/
246/. 

( 149) 

+ 
cax aaaiiMOLlellcTBHSI K- -M eao -

TBK>Ke a npoueccax BHHHrHng-

-ciiCTeMbl B peaKUHII ( 149) 

Ce q e HIIe pO>KLleHHSI :(• -Meaoaa 

COBM eC THOM H3y'!eHHII npouec-

( 150) 

(!51) 

VIa H30 T OIHPleCKOA HH.DapH D HTHOCT H c n e.ayeT, 1.fT O a ell HY H H U 3 Toro o TH OuJe uu n .n n~1 l('(*J =- 1,'2 

p a sH a 0,5 II LlnSI /(!(*) =3/2 p a sHa 2. (.lTC JOLla MO>KHO CLleJWTb 3a KntO'I e HII e 0 T'>M , ' I TO 

/(!( *) = '/, 3TO T Bb!BO.D. no.aTB8p>Kll88TCSI T 8K)Ke Cll8UH 81lbH b!M H CCilellOB8 HH 8M B u :H.i OjK II LJX 

peaoHBHCHl:llx coc ToHHHH (I' "} - c HcTeMbl c = 3/2 np11 pc = 1,51 r3B B p eaKI!H/
2501 

p • ( !52) 

6bJnO noKa3aH0 0 'ITO pe30 HaHC B(f( -77 J -ciiCTeMe B IIHTepaane Mace 0,6- !,0 r 3B He o6pa-

3ye TC5! c ce'!eHIIeM, 6onbWIIM '!eM 0,01 M6. B TO >t<e apeMSJ, np11 Tex >Ke HMnynbC a x n e p

BH'IHbJX [( -Me30HOB Ce'!eHIIe pO>KLleHHR [( * -Me30Ha B peaKUIIH ( 149) paBHO !,6 M6
1251: 

AHanorH'!Hbil! peaynhTBT 6bin nony'leH 11 np11 113y'leHIIII (!{0 11 -)-aaaHMOLlel!c TBHR a 11/V -coyLla

/258/ 
peHIISIX 

nepBbJe B bi BOLlbl 0 B 03MO>KHOl! Benii'IIIHe Cni!Ha ,'(* -Me30Ha 6btnll nony'leHbl B pa6o

Te12471. B 3TOM cnyqae 11 a yqanocb o6paaoaa1111e HOBbiX Meaoaoa a6n11a11 nopora a peaKUIIII 

K + p .. K* + P• (!53) 

3KcnepiiMeHTbl npOBOLlllniiCb np11 IIMnynbCe f( -M e30HOB !!50 ~38/C (nopOrOBbll! IIMnynbC 

1080 ~ 38/c). Yrnoaoe pacnpeLlene HIIe K* -Me30HOB a !( P -ciiCTeMe IIMeeT 1130TponHbiA 

xa p a KTep. B CBH3H c STHM MO>KHO Cl!HTBTb1 'ITO K* -MeaoHbi po>K.O.BIOTCH a S -cocTost-

HIIII 11 aHanHa no ALl3Apy MO>KH O npoBOLl iiTb LlnSI npo113BOnhHbJX yrnoa BbtneTa MeaoHo,
269

-
2701 

Ecn11 /([(. *) > l , TO yrnoaoe p acnpeLleneHHe p acnaLlHbJX Me30HOB B CHCTe Me noKOR f(*

MeaoHa LlOn>KHO 6btTb a HII 3 11TponHbiM. JlnR ]( K*) =0 Hl'll I B03 MO>KHbJ 11 1130Tp o nHbJ e pac-

npeLleneHHSI. 6 btno noKaaaHo, 'ITO a Ha '!eHHR ] ( K* )> 1 npOTHBOpe 'I B T 3KCnep11M e HTan bHbJM 

D.BHHbiM . 

V!ay'leHIIe p eaKUIIII 
+ ++ + + 

K + p .... ]{ *
0 + N* ... !{ + 11 + p + 11 

.33 

noaaon11no n o ny'IHT b LlOnonHHTe nbH bte caeLleHIIR o cn 11He f(*-Meao H a
1255

-
2571

. PeaK uHR 

(!54) 11 3 Y'I8n BCb C nOMOWbJO ny3b!pbKOBOl! BOLl OPOLlH Ol! KBMep bl, o6ny'!eHHOi! ny'IKOM 

f(*-Me30HOB c pc = 1,96 r3a. Ce'leHHe 3 T oro npouecca OKB3BnOCb paBHbJM 1,1 :!:_0,2 M~257: 
Ha p11c. 30 npHBeLleHbi p acnpeLleneHHR no 3¢¢eKTHBH biM MaccaM(lc"'" 11") t<(p 11) -cHcTeM, 

JlnR BHBnJ<38 no M9TOLly ALl3 i!pa 6b!n0 OT06paHO 69 cny4aea 0 B KOTOpblX KOCIIHyC 
+ 

y rn a BbJneTa ;'( * -Me30HB 8 C. U,II.(K P) H8XOLlHnCR B HHTepaane 

1,0 ~ (!55) 
+ 

Ha p11c. 31 npHBeLleHbi nony'le HHbi e y rn o B bie pacnpe:aeneHHSI K -MeaoH oB . Pea KBSI a HHao-

Tpont<R 3 T o r o p acnpeLlen e HHR cpaay I< CKnJO '!Be T 3 HB'Ie HII e ! ('(* ) =0 • Coll oc TaanSJR 3TOT 

peaynhTBT C n o ny'I 9H HbiM BbiWe ( f(!( *) ~ 1) , npt<XOLli<M K BbJBOLlY 0 TOM , 4TO /(:(*) = 1. 

C .O.pyroA: CTOp OHbJ, 38KnJOLfeH H51 0 nenH'-IHH e cn HH a J{ * -M e30Ha M O:>K H O TCIK>K e nony-

411Tb 113 a Hanaaa yrnoBh!X p acnpeLleneHHA K+ - MeaoHoe . B T a6ntl!re VI npllneLle H hJ c o oT-

49 



eeTCTByK>wne yrnoBbie pacnpeneneHHSI pacnanoe !(• ( 1., 0 (o) ) H N•++ (I +t ( {3)) 
·' 3.3 N* 

Llnll paapeweHHSI npoeKUHll CllHHOB 3TH X '18CTHU 118 llanpaeneiiHe nepBH'IIIOro33 11Y'IK8 [(+_Me-
x) 

30HOD 

m l (!{*) m l ( JVJ*..t J 

+I -'h 

0 + ~2 

-1 + 3/2 

Ta6nHuavr 

15.* (a) 

. 2 !!, sm a 

2 
cos a 

'h ·!in 2 a 

IN~+t ({3) 

1 +.J oos 2 {3 

1 + 3 o/S 2 
{3 

3 !in 2·{3 

nony'lellllbie pacnpenenelllfll xopowo cornacyK>TCII c I( a}= oos 2 a nn11 pacnanoe 
2 

!(* -M eaoHoe " He npoTI!Bope'laT-1(/3) = l + 3oos {3nn11 pacnanoe JV•+t-lfao6apbl, 3To o6cToll
.l3 

TenbCTBO IIBnlleTCSI LlOI!Oniii!TenbllblM apryMeiiTOM B nonb3y j(K*) m 1. 

~ccnenoeaHne peaKUHH/
2671 

" + p .. ~0+ [(•· ( 157) 

npH I!MnynbC8X 118Ll810WHX "--Me30HOB 2,17 r3e/c H 2,25 r3e/c T8K)!{e llOK83ano IIBnH'IIIe 

cyweCTBeiiiiO~ 8HH30Tp011HH B pacnpeneneHHH p8Cil8LlllblX [( -Me30IIOB OTHOCHTenbHO IIOpMa-

nH" K fiJlOCKOCTH. pO>K.QeHH51 ~ -rHnepoHa 11 K* -MeaoHa, 3TOT cpaKT HCKnK>'IaeT alla'!eiiHe 

J(K*) =0 

/271' 
O'!ellb HIITepeCIIbill cnoco6 onpenene111111 cnHIIa K* -MeaoHa 6bin npenno)!{ell e pa6oTe , 

011 OCHoa all 11a ceollcTeax nap K 'i'0 -Meaolloe, o6paaoeallllbiX a peaKUHH 

P + P .. [( o + Ko + "o , ( 158) 

3KcnepHMeHT8JlbHble naHHbiB 06 BHHHrRRSJUHH OCTBHOBHBWHXCH BHTHllpOTOHOB B BO.llOpo.ae 

llOK83biB810T, 'ITO OH8 llpOHCXOLlHT B S -coCTOSIIIHH/
2721

, 

B 3TOM c ny'lae npoueccw 

p+p .. ~+K~ • ( 159) 

p +, p .. l(o + [( ~ (!60) 

c nocnenyK>WHMH pacnanaMH K -Me30IIOB no KaHany 

K°K*0 
HnH l(o f(OO .. K 1o [(o2 "o ( 161) 

X) 3aKOII COxpa11e1111~ npoeKUHH llOniiOrO MOMeiiT8 CT8nKHB810WHXCSI '18CTHU B 3TOM 
cny~ae HMeeT BH.ll 

m (!(*) +m (N* +t )=+ 'h , 
J J ,33 -

TBK KBK npoeKUHSJ op6HT8JlbHOrO MOMeHT8 H8 HBnpasneHHe nepnHqHoro 

11yn10. 

50 

+ 
[{ 

( 156) 

-Meaolla pasHa 

aanpewellbi, ecn11 ] ( [( •) = 0 

CHCTeMbl SIBJlSJeTCSJ ,UeTeKTOpOM E 

3Kcne pHMeHTanbHOe Hccnen 

81-cM BOLlOpOLlH0£1: ny3blpbKOBO£l 

~Mnynbclloe pacnpenene1111e 

p+ 

Ko 
1 

B pacnpeneneiii!H npll pc s610 N 

C06biTHll, CBSI3aHHbiX C pacnanaM 

TO.KIIX cnyqaee paBHO 36,5 !_1 5 /
2

{ 

LlYM8Tb, 'ITO j ( [(0) = 1 , 

VI TBK, cosoKynHOCTh .a.aHH 

J(t(*J •o 11 11a116onee eepc 

LlHTCSI B p -coCTOSIIIHH II [( 0 -M 

30Ha, no3TOMY 'leTHOCTb K* -M€ 

y K -Meaolla, T.e. oTplluaTenbHO 

0TMeTHM T8K)!{e Llpyrlle BC 

Hanpi!Mep, ecn11 j([{*}=O , TO 

K+ R• 

[(. .. 
K* 

aanpeweHbi, OnHaKo B cny'lae B 

eepoSITHOCT~ T e opeTH'I eCKHe ou• 

II 

....!U.K 
W(K 

W(K' 

1Y ( [( 

B pa6oTa/
279

-
2851 

paccMaTpHI 

npoueccax eaaHMOLle£\cTBHII 3ne1 

X • . I 

6onbll10l! 3KcnepHMeiiTanb" 



o))HN°++(/ +t ({3 )) 
3.3 N3J + 

!HHe nepBH'IHOrO lly'!Ka [( -Me-

({3) 

1 + 3 o/S 2 {3 

3 sin 2. f3 

· a}: ros 2 a .On!! pacna.oos 

:a.oos N•++-H3o6apbl. 3To o6cTo!l-
33 

' ([(*) = 1. 

( 157) 

.... 3alc TBK>Ke noxa a ana HanHt:IHe 

-M930HOB OTHOCHTenbHO HOpMa

T ¢aKT HCKn~'!BeT 3H8'!eHHe 

B peaKUHH 

( 158 ) 

• 8H TH11p0TOHOB B BO.Qopo.oe 

( 159) 

( 160) 

( 16 1 ) 

.HB8f0l..UHXCSI "'BCTHU B 3TOM 

pBH'IH OrO 
+ 

[( 

( 156) 
-Me3oHa pasHa 

I' 

3anpeweHbJ , ecnH }(/(*) = 0 , T.e . .. onstTb, KBK H e cnyt.Jae 

CHCTeMbl SIBnH9TCSI .aeTeKTOpOM ee CfiKH8 H 1.f9 TH OC TK. 

' ' ' 

¢ - Me3o a , THn pacna.oa 

3KcnepHMeHTanbHOe Hccne.oosaHHe 3Toro npouecca OhJno npose.oeHo c noMOWb~ 
..; / 269/ 

8 1-cM BO.OOpO.QHOl! lly3blpbKOBOl! KaMepbl • Vfa yqanacb peaKUHll 

P + p -+ Ko + 

K 0 -Me30H;B 
1 

HeATp8nbHbi9 Y. 8C THUbi • ( 162) 

VfMnynbcHoe pacnpe.oeneHRe npose.QeHO Ha pHC. 32. VfM e~W Hl!C ll MaKCHMyM 

s pacnpe.oeneHHH npH pc ~610 M3s COOTBeCTByeT pea KUHliM ( 159) H ( 160) • OueHKa 

coobJTHl! , CBli3BHHbiX c pacna.oaMH (l(['* J- cHcTeMbi no KaHany ( 16 1 ) , noKaaana , 'ITO 'IHcno 
/269/ 

TaKHX cnyqaes paBH O 36,5 .!_ 15 • TaKHM Oopa30M 0 H B 3TOM cnyqae HMeeTCll OC HOBaHHe 

.OYMBTb, 'ITO j ( [(0) = 1 • 

Y1TaK, cosoKynaocTb .a a HHbiX o cnHHe K* -MeaoHa naeT ocHoaaHHH C1.fHT8Th, "'TO 

j (K* J •o H HaH6onee sepol!THO - J (r(*) = 1, 3 To oaHaqaeT, '!To (T( ,.)-cHCTeMa Haxo-

.QHTCll B p - coCTO!IHHH H {( 0 - Me30H HMeeT nonO)I(HTenbHY~ '!eTHOCTb OTHOCRTenbHO [( -M e-

30Ha, no3TOMy 'leTHOCTb K * - Me30Ha OTHOCRTenbHO A - qacTHUbl 6y.oeT TaKOA >Ke KaK H 

y K - MeaoHa, T. e. oTp~<uaTenbHOl! (eM . TaonHuy I ). 

/273-278/ 0TMeTHM TaK)I(e .opy.rHe B03MO)I(HbJe 3KcnepHMeHTbi no onpe.oeneHH~ j ([( •) 

HanpHMep, ecnH j(K*}=O , TO peaKUHH 

,4 ,4 
K +He He + K* , 

';!· 2 
( 163) 

[(. [{ +y, ( 164 ) 

K* [( + 11+ 7T 
( 165) 

aanpeweHbi, O.oHaKo B cnyqae seKTOpHoro Me3oHa peaKUHH ( 164) " ( 165) HMe~T Many~ 

sepoliTHOCTb. T e opeTH'IeCKHe oueHKH noKa3LJBa ~T 1277- 2781 , 'ITO 

W ( K* -+ l( Y) : ( 0,8 t. (j 15) '-
W ( l(O -+ [( 11) ( 166 ) 

" 
W(K*-+Kmr) 
___ ___::_ = ( (I>J + ..1 J " • 

( 167) JV(f(O-+ [( 17) 

B pa6oTax
1279

-
2851 paccMaTpHsa~TCll .OHHaMH'IeCKHe Mo.oenH {(* - MeaoHa H ero ponb s 

npoueccax B38HM0.09ACTBHSI 3 n9M9HT8pHbiX lf8CTHU. 

X. .K- Me30H ( [(0 ( 725 ) ) 

6 0nbWOl! 3KC11epHMeHTallbHbll! MaTepHan n o B3aHMO.Oel!CTBH~ 3neMeHT8pHblX '!aCTI!U , 

51 



n o ny'!e HH bll! B H8CTOS!Wee Bpe Mst, IT03BOnsteT npHCTynHTb K H3y'leHHIO T8KHX pe30H8HCOB, 

Ce'l e HH e o6p 830B 8 HHSI KOTOpbiX C OCTBBnsteT HeCKOnbKO MHKp068pH, YfMeHHO K TBKHM pe30-

H8 HC8M OTHOCH TCR H K -Me30H (K* (725 ) ) , 

/258 258 266/ 
n e pBb i e p e3ynbT8 T b l 0 K -Me30He 6binH nony'leHbl npH HCCneJlOBBHHH pe8KUHl! ' ' ; 

17 
+ 

+ p -+ ~-+ 11° + K , 

11-+ p -+ ~ -+ 11 ++ K0 

( 168) 

( 168) 

e KHTe p ean e KMnynbCoe O T 1,51 JlO 2,36 l3e/c, 8 pacnpeaeneHHH no M(K+""" M( 17 +l( 0 ) 

H M eiO T C st p e30H 8 HCH bre nHKH c M~ 885 M3e ( l(•-Me3 oH) 1< M• 725 M3B ( K -Me30H, 

CM, p Hc; 33), WHpHH B K -nKKai,$ 20 M 3 B, AeT Opbr oue HI<BBIOT eepostTHOCTb nosteneHHst 

n K Ka npH Mb 725 M 3 e e pe3ynbT8 T e C T B THCTH'IeCKHx cjlnyKTyauHl! - 0,2%. Ce'!eHHe po>Kae-

H H SI K -M e30H 8 COC T 8BJISI 9 T "" 4 MHKp0 68pHa, T.e. noqTH H8 nopSI.OOK M9HbWe C9'i9HHSI 

p o >KJle HHst K• -Me3oH a e 3 T o l! >K e p e .aKuKR ( u b 30 MHKpo6apH). 

HeKOT Opbr e K Ocae HH bi e JlBHH bre o6 1<30TOITH'IecKOM cnHHe K -Me3oHa 6brnH nony'leHbi 

/266/ 
n p H H 3 y'le H I< I< npouecca 

11 + p -+ ~ ++ " -+ l (
0 

• ( I 70 ) 

8 3 T OM c nyqae H e H86niOJl8e TCSI HHKB KHX pe30H 8 HCH b!X ITHKOB B o6n8CTI< K -Me30H8 

- /250/ 
( l ( 11 K 0 )- ,J,/2 ) • AH a n o f'H'IHbil! Bbi BOJl nony'leH 1< a pa6oTe • 0Tcroaa MO>KHO 

JlyM8T b , 'I TO [ ( K ) c 1j, , 

Y K838HHe o B 03M O>KHOM cywecTB OB B HHH K -Me3 oHa nonyqe H o TBK>Ke npH H3y'leHHH 

pe8KUI<I< 

K-+ P [(o +17-,. p 
( 171) 

a HHTe pe a n e KMnynbC o a K -M e30HOB OT 1,0 a o I, 7 1 3 a / c
124 91

. Ce'le HI!e p O>KJleHHst 

K -M e30H 8 B 3To ll pe a KUI<H " 40 M11Kpo6apH, e T O ape M st KBK ce'!eHI<e pO>KJl e HHst K.._M e 3o

H 8 ::; 1000 M 11Kpo 6 a pH, 6 brn o H B l!JleHo , 'ITO M(K) ~7 23 !_3 M 3 B 11 1,$ 12 M3B. ¥13-38 M a noA 

C T 8 THC T HKH ( ::: 30 K -Me30HOB) H e n b3st C .Uen8 Tb K 8 KI< x -nll60 onpeaeneHHb!X B blBOJlOB 0 

Llpy rHX K B B HTOBbi X l.J: H CJ18X 8 T OA l{8C T HUbi . 

C neay eT o TM e TKTb, 'ITO H ecM o Tpst H a o npe a e neHH brl! B biBOJl o cyw e cTa o a a HHH K -Me-

3oH a , CJle n 8 HH bll! 8 BTOp8MI< p a6o T
1266

• 
2481

, He0 6XOJli<Mbl Jl8nbHel!wKe 3KCnepi<MeHTbl KBK 

ITO .0.0K8 38Te JibCTBy H 8 11H'H{H K -nHK 8 , T 8K H ITO BbiHCHeHH IO e ra npHpO.Ubi 1 T8K K8K CTa

THCTHK8 H B ALI.e HHbiX c nyqa ea Qq e Hb M 8 11 8 . 

B o3MO>KH br e KB B HTO B bre '!Kcna 1< ca o l!cTea K -Me3 0H8 o 6cy>KJl8IOTCst a pa6 o Ta.f
286- 289; 

H a npKM e p, 6 hrno noKa3a H o , 'ITO HeKOTOp bre npoM e >KyTO'IHbre BeKTOpH bie 6o30Hbi Mof'y T 

/287/ 
po>KJlBTbC st c ce 'l e HK e M n o pS!JlK B HecKo nbKHX MKKpo6apH • Ecn1< K -M e 3oH SIBnsteTcst 

D -
TB KI<M 603 0H OM, T O e f"O KB B HTOBbie 'II<Cn8 j ' = 1 • 

52 

C Jlpyf'OII CTOpOH bi, B p a6oTe 

HO'IHOf'O CTp8HHOf'O 6030H 8 B p 8 M K 

aeAC TBy e T C IJ.PYf'HMH '!8CTKU8 MH I 

8 C BSI31< C 3 THM O'le H b HH Tep 

K OTOpbll! 3 8npeWe H IJ.nll } ( K ) 

0TKpb!TKe 6onbwol! r'pynn br H 

see tt8C THUbl 9 Jle M9HT8 pH biMH 1 n o -

Hb!MI< 8TOMHbie st1J.p8, 8 H8CTOst We 

MepHOC TH ( CHMMeTpHH) B CBOI!CTB • 

p83H b!X 'IB CTHU B He60 nbWOe 'II<Cn• 

Oc o 6eHH O n o nynS!pHbi M o a e nH 

a Moae nK 1 e nn-M a HH 8 H H e l!MBH 

a MYJihTHnneTbi no 8 tt 8 CTHU 1 T. e . 

HnH w) " · -r.a. B ee 'IB CTHUbi e 

qHHhl CITHH OB H 3 H8ti e HH H l.J: 9THOCT ~ 

aenK xopowo onKcbre aeT 3 Kcnepr 

r OBO pHT b 0 TOM 1 qTQ 9T8 MOD 9 1l b 

n n e T bl flOJI H OC TbiO 38ITOJ1 HeHbi H pH.ll I 

e we He n p oee p eHbi . 

UTMeTHM T B K >Ke B8>K HY IO p o. 

0 606IUe HH Ol! K 8 n K6 p OBO'IH Oli I<HB8p 

C T OpOH bi, 0!"H e B e UKI<M I< n o n y6ap! 

o 6n 8 Jl 8IOT cn i<H OM p 8 BHbiM eJlHHHU 

LUeCTB O B 8 HHSI B bi Te KBIO T H30 T Om-t. q c 

H blX 38pSI.U OB a C H..Il bH bi X D3aK MO.U 

H M eTb OTpHU8TenhHYIO q eTH OC T b . 

c T BHTe ll bHO HM e JOT P=--1 . 

0 630 p OC HOllHblX 51BneHKH , C 

TB K HX cpy HJJ.8MeH T 8 n bHbl X n p o6n e r

B38HM OJJ.e i!C T BH II K T, n, no3 T OM Y 

H3 y'l e HH e CB OliCTB H3BeCTHWX p e3 



, K KaytteHHJO TBK HX peaonancoa; 

KKpo68pH, VIM e HHO K T8KKM peao-

,I 

npK KCCneAOB8HKK pe 8KUK'258,259,26~/ 

( 168) 

(169) 

:npeaeneHKK no M(K+ 17'} H M ( 17 +Ko) 

>H) " M· 725 Mas ( K - MeaoH, 

~HHB8~T BepO~THOCTb flOHBneHH~ 

>nyKTyauKA - 0,2%. Ce"'eHKe po>Kae-

rH na nop~noK M9Hbwe cetteHH~ 

Kpo68pH ). 

( 170) 

<IIKOB B 06naCTK K -Me30H8 

)86oTe/
2 SQ/ , 0TCIOLl8 MO>KHO 

( 171) 

~alc12491 • Ce'!eHKe p O>K LleHHSJ 

< K8K ce'!eHH e pO>KLleHHSJ K*-Meao

Maa " [' 5 12 M a s. Vla-a8 Manoa 

n116o on peaeneHHbrx B br a oaoa o 

B blBOLl 0 CyLUeCTBOB8HKK K -Me

of Ll8fibHel!r.uKe a KCnepKMeHTbl K8K 

lKJO e ro npKpOLlbl, T8K K8K CT8-

·11 8 o6cy>KA8JOTC!I B p86oTaj286-289: 

ble BeKTOpllbie 603011bl MOry T 

2871
• EcnK 

6 
/286/ 

C Llpyroll CTOpOIIbl, B p8 OTe p8CCMOTpeH8 B03MO>KHOCTb c yr.ueCTBOllll llH >I OLlH -

HO'IHOrO CTp811HOrO 6030118 B p8MK 8 X MOAenH yHHT8 pHOll C HMM eTpHH, KOTOpbl~ cna6o B38HMo

p + 
Ael!CTByeT C LlpyrHMK "i8CTKU8 MK H HMeeT j • 0 , 

B CB!13H c a THM O'!eHb HHTepecHo HccneaoaaTb p acnaa 

K .. K + y , (172) 

KOTOpblll aanper.ueH Llfi!l } ( K ) ~ 0 • 

0TKpblTHe 6onbLUOl! rpynnbi HOBbiX "i8CTKU - pe30II 8 11COB fiOK83biB8eT, 'ITO C'IH T 8 T b 

BCe tt8CTHUbl aneMeHT8pHbiMH, no-sH.nHMOMY, He 6onee p 83yM H 0 1 tteM C ttHT8Tb aneM eH T a p

HbJMH 8TOMHhre ~.o.pa. B aacTo~wee apeM~ HMeeTcq a ecKonbKO n o nbiTO K y c T BHOJJ UTb aaKono

MepHOCTK (CKMMeTpHH) B CBOl!CTB8X "i8CTHU , fi03BO!IIOLUHe 06beA HHHT b 60fibWOl! KOfiH"'eCTBO 

paaHbiX "'B CTHU a He6onbwoe "'Hcno r p ynn (MynbTKnneToa ) . 

Oco6eHHO nonynSJpHbi MoaenH CaKBTbi , lenn-M a HH 8 H H e AMaH a
1290

-
2 931

• HanpHMep, 

a MoaenH lenn-M aHHa H H e l!M8H8
1292 

'
2911 

6oaoHbi H runepoHbi ( N, fl.~. S) o6be AH H!! JOTCSJ 

8 8 
P- 8 P . 

a MynbTHnneTbi no "'BCTHU, T,e, Meao11oa c ] ~ 0( " • K, TJ), MeaoHoa c J ~ 1 ( p, K* q, 

HnH w) H . ;.a. Bee "'8CTHUbi a p8MK8X OAHoro MYfibTHnneTa HM eroT OLlH118K OBbie nenu-

ttHHbl CllHHOB H 3 H8tteHH51 tteTHOCTH . <l>opMyna .O.nst M8CC tt8CTHU, IIO.nytteHH851 ·.a.nst 9TOA MO

aenH XOpOLUO OIIHCb!B8eT aKcnepHMeiiT8fibllbie Ll8HIIble/
2931

, 0AII8KO cell"'8C er.ue p8HO 

rOBOpHTb 0 T OM 1 ttTO 9T8 MO.Oenb HMeeT MeCTO B n,eACTBHTenbHOCTH, T8K KBK He BC€ MynbTH

rrn eTbl IIOnHOCTb~ 38flOnHeHbi H pst.O B8)KHbJX BbiBO.UOB 1 BbiT€K8~LUHe H3 9TOrO npe.O.CTaBn9HHH1 
er.ue He npoaepellbr. 

UTMeTHM T8K>Ke B8>KH Y JO ponb BeKTOpHbiX Me30H OB , J.-1x cyr.ueCTBOB8H H e 118 OCHOB e 

/294/ 
o6o6r.ueHIIOJ! K8nH6poBO"'HOl! KIIB8pH811THOCTH o 6cy >Kaan ocb CaKypau H ap. C Llpyrol! 

C T OpOHbl , OrHeaeuKHM H nony6apHHOBblM 6brno riO K838HO, 'ITO ecnH aeKTOpHbie Me30Hbl 

o6n8A8JOT CTIHHOM p8BHbiM eAHHKUe BO B38HMOAell CTBHH 0 TO B 3TOM cnyqae H3 cjJ8KT8 HX cy-

weCTBO B 8 HH51 BbJT9K810T H30T OIIHtteCK8H HHB8pH 8HTHOCTb1 COXp8H9H H e 6apHOHHblX H rHnepoH

IIbiX aapS!LlOB B CHfibllbl~ ll38KMOAel!CTBHSIX/
2951

, npH 3TOM BeKTOpllbie Me30IIbl LlOfi:>KHbl 

KMeTb oTp HUBTenbHyro q eTIIOCTb. K8K BHAHO u a T 86mrubr I, ace aeKTOpll bre Meaollbi ae~

CTBHTenbHO HMeJOT P=-1 .. 

06ao p OCHOBHbiX SlBneHRi-t, CBH38HHbiX C pe30H8HC8MH 1 flOK83biB8€T 1 ttTO OHH K8C810TCH 

T8KHX cpyHLl 8MeHT8 fibll biX npo6neM, K8K npo6neM8 3fieMeHT8p11 0C TK '!8CTHU 0 BOTipOCbl TeOpHH 

li38HM OLlellCTBHll H T,fl, noaTOMy npeACT8Bfi!leT 6onbLUOll HHTepec Ll8fiblle ll r.u e e AeT8fibiiOe 

H3 y t..teHH9 CBOAC T B H3BeCTHbiX p e30H8HCOB H IIOHCKH HOBbiX. 
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