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B npeACTasneHHO~ pa6oTe MccneAY~TCH peaoHaHc~ s paanM4H~x 

cMcTeMax c 6apMoHH~MM 4McnaMM 2,1 ,0. KaK 6yAeT noKa3aHo, 3TM 
pe30HaHCbl XapaKTepM3y~TCH Man~MM WMPMHaMM. ~X o6pa30BaHMe npOMC
XOAMT, no-BMAMMOMY, nocpeACTBOM MeXaHM3Ma 6apMOHHOrO 06MeHa. 
Bee M3y4aeM~e pe30HaHC~ MMe~T 3K30TM4eCKM~ Ha6op KBaHTOB~X 4M
cen M MOryT paccMaTpMBaTbCH KaK CMCTeMbl, COCTOH~Me M3 6onee 4eM 
Tpex KBapKOB. 

f~aTepMan nony4eH Ha 1-MeTpOBO~ BOAOPOAHO~ KaMepe na6opaTOPMM 
BbiCOKMX 3HeprM~ mUl~, o6ny4eHHO~ Ha CMHXpo¢a30TPOHe MOHOXpOMaT!I1-
4eCK111M111 He~TpoHaMI-1 pa3H~x 3HeprM~. Bo scex cny4aHx paa6poc IIIM
nynbcos nepB!114H~x He~TpoHoB He npes~wan +3% 111 • 

1 • ,aBYXE>AP~OHHbiE PE30HAHCbl 

~ccneAOBaHI-1~ pe30HaHCOB B CIIICTeMe ABYX HyKnOHOB nOCBH~eH PHA 
pa60T. 0AHM BblnOnHeHbl C 111Cnonb30BaH!11eM 3neKTpOHHO~ MeTOAIIIKI-1, 
np111 3TOM 1113Y4anii1Cb 3HepreT!I14eCK!I1e 3aB111CII1MOCTM Ce4eHII1~ pacceHHIIIH 
nonHpll13oBaHHbiX npoToHoB, peaK~MI-1 ¢oTOAe3!11HTerpa~MII1 Ae~TpoHa, 
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3KcnepMMeHTOB s~BOAe, nony4eHHOM Ha ocHose ¢aaosoro aHan111aa, 
COAep~MTCH yKa3aHII1e Ha cy~eCTBOBaHMe 4eT~pex pe30HaHCOB B CMC
TeMe ABYX npoTOHOB C MaCCaMM B pa~OHe 2,1472,50 f3B/c 2 111 C Wlllp!II
HaMI-1 OT 50 AO 200 tbB/c 2 • 06CTOHTenbHbl~ 0630P 3KCnep!11MeHTOB 3To
ro Tlllna AaH B pa6oTe M. tl. tlaKaposa /2/. 

_apyraH rpynna MCCneAOBaHI-1~ OTHOCMTCH K npHMOMY Ha6n~AeH!11~ 

3¢¢leKTMBHbiX Mace ABYX npOTOHOB, B03HMKa~~MX BO B3aii1MOAe~CTBII1111 

aAPOHOB C HApaMM. 3TM pa60Tbl BblnOnHeHbl Ha OCHOBe KaMepHO~ MeTo
AMKM C MCnOnb30BaHMeM KaMep C pa3nM4H~MM HanonHeHMHMM M pa3nM4-
H~X ny4KOB aAPOHOB. B pacnpeAeneHMHX 3¢¢leKTMBHbiX Mace ABYX npo
TOHOB BMAHbl oco6eHHOCTM, WMPMHbl KOTOpbiX 3aKn~4eHbl B npeAenax 
oT 5 AO 50 M3B/c 2 . ,anH o6bHCHeHMH 3¢l¢leKTOB npMsneKa~TCH pa3Hble 
MeXaHM3Mbl, TaK KaK BO B3aMMOAe~CTBMflX C HAPaMM TPYAHO AaTb OAH0-
3Ha4HY~ MHTepnpeTa~~~~~ nony4aeMbiX AaHHbiX . .anH 03HaKOMneHMH C CI-1-
Tya~Me~ MO~HO o6paTMTbCH K /3,41, B KOTOpbiX MMe~TCH noAp06Hble 
CCblnKM Ha BblnOnHeHHble B TaKO~ nOCTaHOBKe 3KCnepMMeHTbl. 

B AaHHo~ pa6oTe Mbl npeAcTaBnHeM neps~e pe3ynbTaTbl MccneAo
BaHMH 3¢¢leKTMBHbiX Mace ABYX npoTOHOB 1-13 peaK~M~ np -> pp"- np~-1 

Pn = 1,25 f3B/c /1448 co6b1THH/, Pn = 2,23 f3B/c /2678 co6b1TM~/ 
1-1 np _, pp77+17-11'""77° npM Pn = 5,10 f3B/c /3684 co6b1TMH/. 

Ha pMc.1a npeAcTasneHo pacnpeAeneHHe 3¢¢eKTMBHbiX Mace ABYX 
npoTOHOB 1-13 peaK~"'"' np ... PP"- npM~~~ = 1, 25_ f3B/c, nocTpoeHHoe 
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Puc. I . Pacrrpep;eneHHe 3¢¢eKTUBHbiX 
MaCC p;ByX rrpOTOHOB U3 peaK~UU 
np .... pprr- rrpu Pn = 1,25 f3B/c: 
a/ !1;_,11< -0,45 (f3B/c2)2; 
6/ ~n-+rr-> -0,45 (f3B/c2 )2 ; s/ x*_ = 

= p*rr_/p* > 0, I; r/ x*- <0, I. 
17 

T n rr 
O~KU - pe3yJibTaT arrrrpOKCUMa~HU, 

KpeCTUKU - <lJOH, 

c ycn0814eM, 4To6~ 4eT~pexMepHa~ 

ne:feAa4a OT HeHTPOHa K 17- -Me30HY 
!1 =-(E;-E;->2 +(P~-ii;->2 6~na 
MeHbWe -0,45 (r3Bic2)2, Bee 8eni4-
414H~ 8~414CneH~ 8 C.4.M. peaK41414. 
Ha pl4c.16 3TO me pacnpeAeneHI4e, 
nocTpoeHo An~ !1 2 > -0,45 (r3Bic2 )2. 
Ecnl4 Ha pl4c.1a 814AeH pe3KI4H ni4K 

npl4 Macce 1936 M38lc 2, TO Ha pi4C. 1p He 814AHO HI4KaKI4X OC06eHHO
CTeH. Ha P14C.18 pacnpeAeneHI4e M 3¢~. nocTpoeHo An~ cny4ae8, 8 Ko
TOPbiX 8eni4414Ha x;-= p * rr-1 p~ 6f>~bwe 0,1. P14c. 1 r noKa3~8aeT 
Te me pacnpeAeneHI4~ An~ x;_ < 0 '1. ni4K npl4 Macce 1936 M3Bic 2 
Ha6n~AaeTc~ ronbKO Ha pi4C.18. AHanl43 A8YMepHoro pacnpeAeneHI4~ 
!1 2 OTHOCI4Tenb HO X*- noKa3~8aeT COOT8eTCT814e 8b16paHHbiX rpaHI44 
nn~ !12 14 x!.- /i\f!T < -n 4r; rnnTRPTrTRVPT x* _> n 1 I 

• - 11 ~ • 

TaKI4M o6pa3oM, MOmHo aaKn~414Tb, 4TO 8 co6biT14~X c 6onbwol1 no 
MOAYn~ 4eTblpexMepHol1 nepeAa4el1 oT HaneTa~ero Hei1TpoHa K 17- -
Me30HY l14nl4, 4TO TO me CaMoe,- OT npOTOHa MI4WeHI4 K CI4CTeMe A8YX 
KOHe4HbiX npoTOH08I Ha6n~AaeTC~ y3KI4H pe30HaHc 8 C14CTeMe A8YX 
npOTOH08. 

AnnpoKCI4Ma414~ pacnpeAeneHI4~ 3$$eKTI48H~x Mace npo80AI4nacb pe-
3oHaHcHol1 Kpi480i1 6pei1Ta-814rHepa 14 ~OH080i1, COCTa8neHHOH 143 $a-
3080i1 KP148ol1 135%1 14 pacnpeAeneHI4~, nony4eHHoro no MOAenl4 OPER 
165%1 161 .Pe3ynbTaT annpOKC14Ma41414 14306pameH Ha pi4C.1 T04KaM14j 
KpeCT14KaMI4 npeACTa8neH $OH. 

,[In~ MaCCbl 14 3KCnepi4MeHTanbHOi1 W14P14Hbl pe30HaHCa MeTOAOM MaK
CI4MyMa npa8AonoA0614~ ~ony4eHbl cneAY~~I4e 3Ha4eHI4~: Mpe3 • 
= I 1936.:!:.21 M3Bic2 ' r p~~~· = 16. 0.:!:.1 ,41 M3BI c 2 . 3Kcnepi4MeHTanb
HOe pa3peweHI4e 8 3TOM cny4ae pa8HO rpaop. = 6 M3Bic2 npl4 an
npoKCI4Ma41414 $YHK41414 pa3peweHI4~ no MaCCaM KP1480~ 6~eHTa-814rHepa. 
TOrAa An~ 14CT14HHOH WHPHHW pe30HaHca nony4aeM r CT. = 
= 10,0+1,41 113Bic2. _ pe
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Ce4eHHe o6pa3oaaHH~ pe3oHaHca c Maccol1 1936 M3Bic2 cocTa814-
no 163.:!:.181 MK6 npH nonHOM ce4eHI414 peaK41414 np .... pprr- I Pn = 
= 1,25 r3Bicl, paBHOM 11,45+0,061 M6. 

Ha P14c.2a,6 npeACTa8neHbl-pacnpeAeneHH~ 3Q$eKTHBHWX Mace ABYX 
npoTOH08 143 peaK41414 np ... PP17- npl4 Pn= 2,23 r3B/c. PHc.2a cooT
aeTcT8yeT co6b1TH~M c -0, 15 < x * _ < 0, 15, pHc. 26 - co6wTH~M 
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Puc. 2. Pacrrpep;eneHHe 3¢<PeKTUBHbiX 
Mace p;JIH p;ByX rrpOTOHOB U3 peaK
~UU np-+ pprr- rrpH Pn = 2,23 f3B/c: 
a/ -0, I 5 < x ~- < 0, I 5; 
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6/ -0, 15 > x *17- > 0, 15. To~Ku -
pe3yJibTaT arrrrpoKCUMa~uu, Kpecru
Ku - ¢oH. 
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P11c. 3. P acrrpep;eneHue 3¢¢eKTUBHbiX 
MaCe ,1..\BYX rrpOTOHOB U3 peaK~U 
np-+ pp17+ 17-TT-17° npu _Pn = 
= 5,10 f3B/c: a/ !i~ ... Irr < 
< 2 (f3B/c2 )2 ; 6/ t1~ .... I 17 > 20t'-----"-----~--' ~~~~· > 2 (f3B/ c2 ) 2. TotiKU - pe3yJib
TaT anrrpoKCUMa~Uj KpeCTUKU -
¢oH. 

1,8'77 ?.,rm z.m e.rn 
Mpp ( r,B/c1

) 

c :o, 15 > x ':r-::. > 0,15. CpeAH14e 3Ha4eH14~ MoAynel1 1!121 -nepeAa4 or 
He14TPOHa K 17 -Me30HY 80 8TOpOM cny4ae pa8H~ 0,5 (r3B/c2)2, 
a a nep80M - Hyn~. PacnpeAeneHI4e Ha pl4c.2a xopowo oni4C~8aerc~ 
$OHOBOH Kpi480H, KOTOpa~ COOT8eTCT8yeT cyMMe p~cnpeAeneH14H, no
ny4aeMWX Ha ocHo8e OPER-MOAenl4 !85%1, a TaKme npo4ecca A14¢paK-
4140HHoro POmAeHI4~ 14 nocneAy~ero pacnaAa 143o6apbi c Maccoi"i 
1470 M3Bic2 14 W14P14HOH 200 M3Bic 2/15%/. B pacnpeAeneHI414 Ha 
PHC.26 OT4eTn1480 814AeH n14K np14 Macce 8 paHOHe 1960 M38/c2. 
AnnpoKCI4Ma414~ $oHo8ol1 KP1480H, on14CaHHOH e~we, 14 Kpl4eol1 6pei1Ta
B14rHepa /pe3ynbTaT annpoKCI4Ma4HI4 npeAcTa8neH T04KaMI4/ AaeT An~ 
Maccw 14 3Kcnepi4MeHranbHOH W14PI4Hbl pe3oHaHca 3Ha4eH14~ M pe3 = 
= /1965.:!:.21, r~~~· = /9,0.:!:.2,01 M3B/c2. 3Kcnepi4MeHTanbHOe paape
weHHe B 3TOM cny~Te r pa3p. = 8 M38lc 2 . An~ 14CT14HHOH Wl4pi4Hbl pe-
30HaHca 14MeeM rpe3.' = /1 ,0+2,01 ~\3Bic2 · Ce4eHI4e o6pa308aH14~ pe-
30HaHca ape3. = 148+141 MK6-npl4 nonHoM ce4eHI414 peaK41414 np .... pp17-
/Pn = 2,23 r38lc/,-pa8HOM 13,41.:!:.0,18/ M6. 
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Ha p~t~c. 3 npeAcTa8neHbl pacnpeAeneH~t~R 3<)l<)leKT~t~8HbiX Mace A8YX 
npoTOH08 1-13 peaKI..II-11-1 np -+ pprr+rr-rr-rr 0 np~t~ _ _l'_n_= 5 ,JQ [3f;l.i.f. Ha 
p~t~C. 3a - AilR Cily4ae8 cc:retbipexMepHO-a-·nepeAa4e~ 1'1 2 OT He~TpOHa 
K CI-'ICTeMe 8CeX 8TOPI-14H~X Me30H08, KOTOpaR MeHbWe 2 (r3B/c 2 ) 2 , 
Ha p~t~c.36- AilR 1'1 2 >2 (r3B/c2 ) 2 . PacnpeAeileH~t~e Ha p~t~c.3a A0-
80ilbHO xopowo on~t~Cbl8aeTcR <)loHo8o~ KPI-180~ /3a ~t~CKill04eH~t~eM He6onb
woro pa3Ill-14~t~R 8 o6nacTRX Mace 1936 1-1 1960 M3B/c 2/. Ha p~t~c.36 
np~t~ Macce 8 pa~oHe 1960 M3B/c 2 8~t~AeH pe3K~t~~ n~t~K. AnR Mace~ 1-1 w~t~
p~t~Hbl pe30HaHca MeTOA MaKCit!MyMa npa8AOnOA06~t~R AaeT 3Ha4eHI-1R 
M pe3. = /19592:_2/ tl3B/c2 , r ~~;~" = /6, 52:_2/ M3B/ c 2, 4T~c~P~-'~ rpa3p';" 
= 6,5 M3B/c2 npi-180AI-1T K I-'ICTI-'IHHO~ Wltlp~t~He pe30HaHca rpe3." = 
= /0+2/ M3B/c 2 . AnnpoKc~t~Mal..l~t~R pe3oHaHcHo~ KPI-180~ 6pe~Ta-
B~t~rHepa 1-1 <)loHo8o~ /npeACTa8JleHa KpecT~t~KaM~t~/AaeT AilR ce4eH~t~R o6-
pa3o8aH~t~R pe3oHaHca 3Ha4eH~t~e ape3 • = /3,92:_1, 1/ MK6 np~t~ nonHoM 
Ce4eHI-11-1 peaKI..II-11-1 np-+ pprr+IT-77-77° /Pn = 5 1 10 r38/c/ 1 pa8HOM 
/0,39+0,03/ M6. 

MoA"en~t~po8aHHbl~ <)loH 8Kil104aeT 8 ce6R PRA noAnPOI..Iecco8, 4epe3 
KOTOpble ~t~AeT peaKI..II-'IR np-+ pp1T+1T-1T-1To /8 OCH08HOM 3TO PO>KAeH~t~R 
L'1 33-1-1306ap 8 pa3Jli-14H~X 3aPRA08~X COCTORHI-'IRX/, 1-1 Y41-1T~8aeT nep~t~
<)lep~t~4HOCTb npOI..IeCca. oonee nOAP06Ho Ha <)lOH080~ KPI-180~ M~ OCTa
H081-1MCR 8 pa3Aene 2. 

B pe3yilbTaTe co8MeCTHO~ o6pa6oTK~t~ AaHHbiX AilR peaKI..II-1~ np -+ pprr 
npl-1 Pn = 2,23 r3B/c 1-1 np ... pprr+IT-17-17° npl-1 pn = 5,10 r3B/c no
Jly4aeM 3Ha4eH~t~R Maccbl 1-1 w~t~p~t~Hbl pe3oHaHca: M pe3. =I 19622:_3/ M3B/ c?
"' rHCT.= /0.S+1 .4/ M3B/c 2 OTMeT~t~M ewe VKa3aH~t~e /eM. DI-1C.j6/ 
Ha c}~eCTBOBaHHe oco6eHHOCTH B 3$¢eKTHBHO~ Macce ABYX npoTOHOB 
np~t~ 3Ha4eH~t~~t~ 21 71 ~13_8/ c 2. 

MeTOA 8~AeJleHI-1R pe30HaHC08 1 KOrAa 8 peaKI..II-'IRX OT6~t~paiOTCR co-
6~TI-1R C 60JlbWI-1MI-1 nepeAaHH~MI-1 I-'IMnyilbCaMI-1 OT npOTOHa Mlt!WeHI-1 K C~t~c-
TeMe A8YX npOTOH08 /~t~Jll-1 OT He~TpOHa K CI-'ICTeMe rr-Me30H08/, MO-
>KeT C81-1AeTeJlbCT808aTb 0 TOM, 4TO npol..leCC ~t~AeT AilR peaKI..II-11-1 np-. 
~ pprr-,Hanp~t~Mep, 8 COOT8eTCT81-11-1 C K8apK080~ A~t~arpaMMO~ /Ia/: 

/Ia/ 

P{~---~ 
d- 1-1 u-K8apKH He~TpOHa 06beAHHRIOTCR C UUd-K8apKaMH npOTOHa MH
WeHI-1. K H~t~M np~t~coeAHHReTcR u-K8apK H3 nap~ uu, s~psaHHO~ H3 
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8aKyyMa. B pe3yilbTaTe o6pa3yeTcR wecT~t~K8apKo8aR c~t~cTeMa uuuudd, 
AaiO~aR pe30HaHC 1 OAHI-'IM 1-13 KaHaJl08 pacnaAa KOTOporo R8JlReTCR 
pacnaA Ha A8a npoToHa. 0cTa8w~t~ecR u- 1-1 d-K8apK~t~ o6beA~t~HRIOTCR 

8 IT- -Me30H. 
Ha R3~Ke none8~x A~t~arpaMM M~ ~t~MeeM Aeno c A~t~arpaMMaM~t~ T~t~na 

6ap~t~OHHoro o6MeHa: 

/!6/ 

B cny4ae peaKI..II-1~ c 6onbW~t~M 4~t~cnoM rr -Me30H08 1-13 8aKyyMa Mo
>KeT 6b1Tb 8~p8aHO 60ilbWee 41-1CJ10 K8apK-aHTI-1K8apKOBbiX nap 1 HO B 
1..1enoM A~t~HaM~t~Ka o6pa3oBaH~t~R A~t~npoTOHHblx pe3oHaHcos ocTaeTCR Ta
Ko~ >Ke 1 KaK 1-1 B CJly4ae pmKAeH~t~R OAHOrO 1T -Me30Ha. 

Ecn~t~ s npo1..1ecce, ~t~3o6pa>KeHHOM Ha A~t~arpaMMe Ia, 3aMeH~t~Tb napy 
UU Ha SS, TO nOilY41-1M peaKI..II-110 np-+ ApK0

, B KOTOpO~ npl-1 AOCTa
T04HO 60JlbWI-1X nepeAa4aX MO>KeT B03HI-1KHYTb pe30HaHC B CI-'ICTeMe Ap. 
Mace~ TaK~t~x cTpaHH~x A~t~6ap~t~oHH~x pe3oHaHcos MoryT OTil~t~4aTbCR 

OT Ha~AeHH~X HaMI-1 Ha 8eJl~t~41-1HY pa3HOCTI-1 Mace Me>KAY CTpaHH~M 
1-1 HecTpaHH~M saneHTH~MI-1 K8apKaM~t~: 1'1 (M 'A3

- M ~~3 ) ~ 1'1 (M 8 - M u) 
= "(M ... - M \.,..,. 177 M~R/r2 . rnnnrT;:al:lnP~lAP:.P U::ldiiiAV nP">\InL.T:::loTt"'\D r 

~~t~M~t~CR Aa~~~MI-1 o Ap-pe3oHaHcax 16 •71 nposeAeH~ ~-T~6~~t~~; ;Mace~ 
pe3oHaHcos s eA~t~HHI..IaX M3B/c 2/. 

Ta6nHu;a 

MP63. 
pp 

/i];anua.R 
pa6oTa/ 

1936 

1962 

2171 

Mpe3 "+ 177 
pp 

2113 

2139 

2348 

Mpe3. 
Ap 

2098 
161 

2130 
16

'
71 

2353 
161 

nony4eHHoe cornac~t~e npeA
cKa3aHH~x 1-1 Ha~AeHH~x Mace 
B CI-'ICTeMe Ap MO>KeT CBI-1AeTeJlb
CTB08aTb KaK 0 WeCTI-'IKBapKOBO~ 

np~t~POAe Ap -pe3oHaHcos /oTMe
T~t~M, 4TO OHI-1 TaK>Ke ~t~MeiOT Wltlp~t~

H~ nopRAKa HeCKOilbK~t~X M3B/c2/, 
TaK 1-1 0 CXOAHbiX MexaHI-13MaX o6-
pa3oBaH~t~R pe30HaHCOB B CI-'ICTe
MaX PP 1-1 Ap. 

ManaR w~t~p~t~Ha o6Hapy>KeHH~x 

pe3oHaHcos no6y>KAaeT paccMoT
peTb ~t~HTepecH~~ 8onpoc, CBR3aH
H~~ C B3aHMOAe~CTBI-1RMI-1 aAPOH08 
C RAPaMI-1. 

AnR o6pa3osaHHR pe3oHaHca s c~t~cTeMe ABYX HYKiloHoB c Maceo~ 
8 pa~oHe 1936 M38/c2 AOCTaT04HO CTOJlKHYTb APYr C APYrOM ABa 
HYKilOHa, Ka>KA~~ 1-13 KOTOpbiX ~t~MeeT lt!MnyilbC 0,23 r3B/c. TaK~t~e HyK
JlOH~ eCTb 8 RApax, rAe HMnYilbC~ <llepMI-1 MOryT npOCT~t~paTbCR 1-1 3Ha-
41-1TeJlbHO AailbWe YKa3aHHoro 3Ha4eH~t~R. TorAa B RApax 803MO>KHO 
cy~eCTBOBaHHe AOBOJlbHO 3Ha4HTeJlbHO~ AOill-1 AOilrO>KI-1BY~I-1X /no cpas-
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H€HHIO C BpeMeHeM 01IlbHOrO B3aHMOAeHCTBHR/ WeCTHKBapKOBbiX A~1HyK
IlOHH~X COCTORHH~. 0HH MOryT 6~Tb B~6HT~ l-13 RAep H Ha6I110AaTbCR 
KaK nHKH B pacnpeAeileHHRX 3¢¢eKTHBH~X Mace ABYX He 04€Hb 6~cT
p~X HyKilOHOB. TaKHe o6pa30BaHHR MOmHO Ha6I110AaTb B KaMepax, Ha
nOilHeHHbiX TRmeil~MH mHAKOCTRMH. npH 3TOM He HrpaeT OC060H POilH 
3HeprHR H COpT HaileTaiO~ero aAPOHa. npHMepHO TaKaR KapTHHa H Ha-
6I110AailaCb e 3KcnepHMeHTax /eM. 13 •41 I. EcnH H3nomeHHaR MOAeilb 
cnpaB€AI1HBa, TO BbiXOA KOppen~;~poeaHH~X nap HYKilOHOB 6yAeT npH 
AOCTaT04HO 60ilbWHX aTOMH~X eecax RA€P MHWeHeH npH6IlH3HTeilbHO 
nponOpi..IHOHaileH A-aTOMHOMY HOMepy RAPa MHW€HH /ce4eHHe HOpM~;~
poeaHO Ha Aj 1-1 cna6o 3aeHceTb oT copTa H 3Hepr~;~~;~ HaneTaiO~ero 
aAPOHa. 

1-13 ecero BbiW€CKa3aHHOrO MOmHO CAeilaTb CileAY~He B~BOAbl: 
1 I B np-e3aHMOA€HCTBHRX npH 3HeprHRX I 175/ r3B o6HapymeHbl 

pe3oHaHCbl e c~;~c TeMe ABYX npoTOHOB c MaccaMH I 1936.:!:_2/ H 
2 1 1962+ 3/ M3B/ c 2, HMeiO~He WHPHH~ nOPRAKa HecKOilbKHX ~136/ c ; 

2/-pe3oHaHcbl o6pa3yiOTCR e npo1..1eccax THna 6apHOHHoro o6MeHa. 
AonR pe3oHaHcoe cocTaBilReT HeCKOilbKO npo1..1eHTOB OT nonHoro ce-
4eHHR COOTBeTCTBYIO~ei1 peaKI..IHH. 

2. PE30HAHCbl C H30TOm14ECKHM CnHHOM I = 5/2 

3K30TH4eCKHe 6apHoHH~e pe3oHaHc~ c H3oTonH4eCKHM cnHHOM I = 
c ,,., ....... u ....... ,,.. .... ,...,... ,.. 1 at:..L r-r-.n"':'l IS/ n~~ULIUIA ::u:::~Tnn::.t.AIA R nr~nR~f'\M 
., ' - •• -',J ...... _ • -.. - . - - • - ,., - ·- - • 

c nOMO~biO MeTOAHKH ny3~pbKOBbiX KaMep. HawH HCCileAOBaHHR npoeo
ARTCR B ny4KaX Hei1TpOHOB. nocneAHHe nOily4eHH~e HaMH pe3yilbTaT~ 

H3IlOmeHbl B/9/, rAe HCCileAOBaHa peaKI..IHR 

/1/ 

np~;~ HMnYilbCe nepBH4H~X Hei1Tp0HOB Pn = /5,10.:!:_0,17/ r3B/c. B c~;~c
TeMax ~~~rr+(~33 rr-)o6Hapy>KeHbl TPH pe3oHaHca c MaccaMH 1438, 1522 
H 1894 M36/ c2 H WHpHHaMH "'23, ,:S 20 H ,:S40 H36/ C 2 COOTBeTCTBeHHO · 
Ce4eHHR o6pa30BaHHR pe30HaHCOB COCTaBilRilH HeCKOilbKO MHKpo6apH, 
T04HOCTb H3MepeHHR +25%. He o6Hapy>KeHo ABOHHoro PO>KAeHHR pe3o
HaHcoe. CAeilaHa non~TKa onpeAeileHHR cnHHa H 4eTHOCTH Ha6I110AeH
H~x HOB~X 4aCTHLI· 

6 HaCTOR~ei1 pa6oTe Ha 60ilbWei1 CTaTHCTHKe M~ non~TailHCb HCCile
AOBaTb o6pasoeaHHe Tex >Ke pe3oHaHCOB c APYrHMH npoeKI..IHRMH H3o
TonH4ecKoro cnHHa, a HMeHHo: CHCTeM~ c I = 5/2, I 3 = .:!:_3/2. 
3AeCb >Ke 6yAeT o6cy>KAaTbCR MeXaHH3M o6pa30BaHHR pe30HaHCOB 
c I = 5/2 e Haw~x peaKL.~HRX. 

++ + Ha p~;~c.4 noKa3aHo pacnpeAeneHHe 3¢¢eKTHBH~x Mace ~ 33 rr 
c~-;srrl-KoM6HHa1..1Hi1 l-13 peaKI..IHI-1 np-+ prr+rr+IT-17-fi np~;~ Pn = • 
= /5, 10+0, 17/ r3B/c. KoM6HHai..IHR Nrr C4HTailaCb npHHaAnema~eH 
l'l. 33 -H3o6ape, ecn~;~ ee Macca 6~na 3aKI1104eHa e npeAenax MN 77 

/1214+40/ H3B/c. To4KaMH Ha p~;~c.4 H3o6pa>KeH pe3yilbTaT Ha~;~ny4-

1,32 1,46 ~.64 1,80 i,96 

M6 •• 1r."" Mil" :rr- f",B/ci 

PaccMOTPHM Tenepb peaKI..IHIO 

np _. PP" +"-" -" o 

PHc. 4. P acnpeAe.neHHe 3!M>eKTHBHbiX 
MaCC /). "';~ rr+(/).a:jT""r-KOM6HHau;HH H3 
peaKu;HH np-+ prr+rr+rr-rr-n npH Pn = 

= 5,10 f3B/c. To~KH- pegynbTaT 
annpOKCHMali;HH, KpeCTHKH - ¢oH, 

wei1 annpoKCHMai..IHH pacnpeAeneHHR 
¢OHOBOH KpHBOi1 H ABYMR pe3oHaHCH~

MH KPHB~MH opei1Ta-BHrHepa C Mo1 = 
= 1441' rol 7 H3B/c 2 H Mo2 = 
= 15151-1 r 02 = 7 M3B/c 2 . np~;~ no
ny4eHHH KpHeoi1 y4HT~BailHCb noA
npol..lecc~, 4epe3 KoTop~e HAeT peaK
LIHR /1/, H nepH¢epH4HOCTb HYKilo
HOB B C.I..I.M. peaKI..IHI-1 191 , 

Ce4eHHR o6pa3oBaHHR pe3oHaHcoe 
c MaccaMH M01 = 1441 H M02 
= 1515 H3B/c 2 , pacnaAaiO~HXCR no 

+++ ++ + cxeMe N --~ 33rr , oKa3ai111Cb pae-
HbiMH a 1 = /6,0.:!:_1 ,6/ H a 2 = 
= /2,0+1,3/ MK6 COOTBeTCTBeHHO. 

· B TO me epeMR pacnpeAeileHHe 
3¢<!leKTHBHbiX Mace /). ~S 77-(/).+ 3rr +)
KOM6HHa1..1HH H3 peaKI..IHH /tJ non-. . 
MOL. I biU VIIYI\..DIDOC I \,..11 qJUMUtsU..-, r\J.]VIt:I-UV1 • 

/2/ 

npH P n = 5,10 r3B/c. ~CCI1€AOBaHHe pa3Illo14HbiX KOM6HHa1..1HH BTOPH4-
H~X 4aCTio11..1 H3 3TOH peaKI..IHH nOKa3~BaeT, 4TO OHa HAeT B OCHOBHOM 
4epe3 TPH nOAnPOI..IeCCa C o6pa30BaHHeM ~S3 -H306ap B pa3Illo14H~X 
3apRAOBbiX COCTORHHRX: 

np ... ++ - - 0 
~33 pIT 77 IT ' 50%, /2a/ 

~o prr+rr-,o 
33 • 25%, /26/ 

-t ~+ + - -
33 prr 77 77 • 25%. /2e/ 

KpOMe TOro I np~-tMepHo B 6% CI1Y4aee B pea KLIHH PO>KAaiOTCR (t) 
0

- H ., 0 
-

Me30Hbl. 
KaK H peaKI..IHR /1/, peaKI..IHR /2/- nep~;~¢epH4Ha. nepH¢ePH4HOCTb 

HYKilOHOB B HeH Y4HTb1BaeTCR HaMH TaK me, KaK H AilR peaKI..Il-11-1 /1/, -
BBeAeHHeM B MaTpH4HbiH 3IleMeHT nOAnPOI..IeCCOB /2a/7/2e/ MHO>KHTeilR 
expi-BIYmu -Ytll-expi-Biy 2 -ymin 1}, rAe Ymax(ymin)- MaKcHMailbHO 
/MHHHMailbHO/ B03MOmHaR npOAOilbHaR 6biCTpoTa npOTOHa B peaKI..IHH/2/; 
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MA·1r- fJB /c 2 

PHc. 5. Pacnpep;eneHHe 3qxpeKTHBHbiX 
MaCe ~SSrr--KOM6HHa~HH H3 peaK
~HH np -> pprr+rr-rr-rr 0 npH P n 
= 5,10 f3B/c. ToqKH- pe3ynhTaT 
annpOKCHMa~H, KpeCTHKH - ~OH. 

Y 1 (y2) - Hai160!lbWafl /Hai1MeHbWafl/ 
npoAO!lbHafl 6biCTpoTa npoToHa a AaH
HOM CMOAe!111pOBaHHOM C06~TI111.K03$

$111.111eHT B = 1 , 41 • 
B Aa!lbHeHweM A!lfl 11~6~x pacnpe

Ae!leHI1H $OH KOHCTpy.l1pyeTCfl 113 
noAnPOI.IeCCOB /2a/7/2a/ C y4eTOM 
aecoa, yKa3aHH~x a~we; Y411T~aa

eTCfl nepl1$epl1fl HyK!lOHOB. 
Ha pl1c.5 npeACTaaneHo pacnpe

Ae!leHI1e 3$$eKT11BHbiX Mace ~~3 "- -
KOM611Ha1.111H 113 peaK41111 /2/. An
npoKC11Mal.ll1fl npOI13BOAI11laCb $OHO
BOH KPI1BOH 11 ABYMfl pe3oHaHcH~MI1 

KPI1B~MI1 6peHTa-BI1rHepa C MaccaMI1 
!'I WI1PI1HaMI1 M 01 = 1422' r 01 = 11 ' 

M02 = 1539, r02 = 10 M3B/c2. Ce4eHio1H o6pa30BaHio1fl COOTBeTCTBy~
IJli1X pe30HaHCOB OKa3a!llo1Cb paBHbiMI1 a 1 = /11.:!:_2,4/ 11 a 2 = 

/1'"\ ""'7.,.. "'I ,.... II r- ----· --------- .....__ 
- I "- t /I.&. t "-/ f"ln.V • Ita fJ"'II...o • J I"\.••"""''- I rl n.Cif''U"I II)J'-M'-' I c:u;o~~.ll'-na "fo'VI IVgan "I-'"' 

Bafl, T04KaMI1 - pe3y!lbTaT Hai111Y4WeH annpoKCI1Ma41111. B To me apeMfl 
pacnpeAe!leHI1e 3$$eKT11BHbiX Mace ~133"+ -KoM611Ha1.111H 113 peaK41111 /2/ 
no!lHOCTb~ oni1C~BaeTCfl $OHOBOH Kpi1BOH. 

TaKI1M o6pa30M, Mbl 3aK11104aeM, 4TO a paHoHe 3$$eKTI1BHbiX Mace 
1430+10 11 1525+10 M3B/c2 M~ Ha6!l~AaeM pe3oHaHCH~e n11KI1 a CI1CTe
Max X33 " -KaK c-TpeTbeH npoeK411eH 1130TOnl14ecKoro cn11Ha 11 3 1 = 5/2, 
TaK 11 c I3 = -3/2. PacnpeAe!leHI1e 3$$eKTI1BH~X Mace ~~;"o He 
npOTI1BOpe411T CyiJleCTBOBaHI1~ TaKI1X me OCo6eHHOCTeH, HO 3TO pac
npeAe!leHI1e MeHee 11H$opMaTI1BHO 113-3a Toro, 4TO pacnaA pe3oHaHca 
c I = 5/2 no 3TOMY KaHa!ly a 1 ,5 pa3a MeHee aepof!TeH, 4eM no Ka
Hany ~ o33"-. 

Ha OCHOBe COBOKynHOCTI1 $aKTOB, OTMe4eHH~X B~We, a TaKme ¢aKTa 
OTCYTCTBI1fl 3aMeTHOrO ABOHHOrO pOmAeHI1fl pe30HaHCOB, M~ Ae!laeM B~
BOA, 4TO pe3oHaHc~ c I = 5/2 pomAa~TCfl nocpeACTBOM MexaHI13Ma 
6api10HHoro o6MeHa. 

)ll1arpaMMt·l 6apio1•)HHoro o6MeHa, COOTBeTCTBY~Illl1e o6pa30BaHI110 pe-
30HaHCOB c I = 5/2, I 3 = +5/2 a peaK1.11111 /1/, MomHo 113o6pa311Tb 
C!leAY~I1M o6pa30M /paCCMaTpl1aaeTCfl KOM61o1Ha1.111fl p77+7T +j: 
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:J 

,J 

-1t 
\'\.. Jt 

p /IIa/ 

'lt~ 

J1:.+ Jt+ 

p n.. 

-Jt 
-Jt /II6/ 

n. 

y<p 
A x+ 

A ,+f+ 

f 
V fY I -x+ 

,Q!lfl KOM611Ha1.111H Lls3 rr-(~gr-f)s 3TOH peaK41111 He!lb3fl noCTp011Tb 
A11arpaMMbl noA06Horo Tl1na, rAe ABa OA11HaKoa~x MeaoHa 11cnycKa1111cb 
6bl 113 OAHOH aepwi1Hbl. HexaH113MaMI1 /IIa/ 11 /II6/ MomHo o61>f!CHI1Tb 
OTCYTCTBI1e KaK ABOHHOro po>~eHI1fl pe30HaHCOB C I = 5/2, TaK 
11 3$$eKTOB B KOM611Ha1.111fiX Ll~377-(Ll~:f+). 

B peaK1.11111 /2/ A!lfl_ KOM611Ha41111 h33"-nOAXOAflllleH A11arpaMMOH fiB-
!lfleTCfl C!leAY~Illafl: 

~ p 

JC p 
N - /II a/ 

?t 

Ao Jt-

'Jtt 

~ xo 
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Cy~ecTsyeT AHarpaMMa H An~ o6pa3osaHH~ pe3oHaHca c I 
Is = +3/2, pacnaAaiO~eroc~ no cxeMe N++ _. ~"'3~rr 0 : 

rc 
J( 
p 
1t+ 
Jto 

p p 

5/2, 

/IIr/ 

0AHaKO H30TOnH4eCKHe COOTHOW€HH~ He AaiOT onpeAeneHHOrO npeACKa-
33HH~ o6 OTHOCHTenbHOM BKnaAe AHarpaMM /liB/ H /llr/. 

B To >Ke speM~ Henb3~ HapHcosaTb nOA06HbiX AHarpaMM An~ o6pa-
3oBaHH~ N++. pacnaAaiO~eroc~ Ha ~:3" +. no3TOMY pacnpeAeneHH~ 3<!>
<f>eKTHBH~X MaCe ~+17+ 8 peaK~HH /2/ OnHC~BaiOTCR ~enHKOM <f>oHOM. 

Ha OCHOBe OnHCaHHOrO MeXaHH3Ma MOlKHO OlKHAaTb ycHneHH~ 3<!>
<f>eKTOB o6pa30BaHH~ pe30HaHCOB, ecnH B~Aen~Tb co6~TH~, 6nH3KHe 
no KHHeMaTHKe AHarpaMMaM /l!B,r/. 

B peaK~HH /1/ AHarpaMM~ /Ila/ H /116/ An~ KOM6HHa~HH ~;;"+ 
MOryT XapaKTepH30BaTbC~ B~neTOM o60HX rr -Me30HOB 8 nepeAHIOIO 
nonyc<f>epy B 06~eH C.~.M. /HnH An~ H30TOnH4eCKH-COnp~>KeHHOH KOM-
6&.1Hrlii1AlA" /\.~,. "- -AhtnPTnM nf1nlAv w+ -u~~nun-c a .,""::lnull'un ..,1'"\"",....,.....,,.."',/ 

M~ noc;pOHnH pacnpeAeneHH~ 3¢>¢>eK~HBH~X-M~~~ ~+;~·~+·~~~~~~~~ 
c ~as"- /-KoM6HHa(4HH npH ycnoBHH cosO~- > 0 cos{}*- > o 
I (} * 1 ' 

17
2 cos rr+ <0, cose;.t<O/. Pe3ynbTaT npeACTasneH Ha PHC.6. AnnpoK-

CHMa[4H~ pacnpeAene~H~ npOH3BOAHnacb <f>OHOBOH KPHBOH nocTpOeHHOH 
/9/ ' Ha ocHoee noAnpo~eccoe peaK~HH /1/ , c orpaHH4eHHRMH Ha cosO* 

Me30HOB H TpeMR pe30HaHCH~MH KPHB~MH C MaCCaMH H WHPHHaMH, pae
H~MH M01 = 1440, r 01 = 9; Mo~ 1517; r 02 = 9, Mos = 1583, r 03 = 

7 M3B/c 2 . Ce4eHH~ o6pa3oBaHHR pe30HaHcoe c yKa3aHH~MH MaccaMH 
B AaHH~X ycnOBH~X OKa3anHCb paBH~MH a 1 = /3,3+0,9/ MK6, a 2 = 

/1,8~0,8/ MK6, aS = /1 ,8+0,8/ MK6. -
Ha PHC. 7 npeAcTasneHo pacnpeAeneHHe 3<t><l>eKn1BH~x Mace prr+rr+ 

/cno>KeHO C nrr-rr-/-KOM6HHa~HH H3 C06~THH peaK~HH /1/ B KOTOP~X 
* ' cos017 ->0 H cos(J~>O/HnH An~ nrr-11-- cos(J~t< 0 H cos(}~ <0/. 

AnR Mdcc H HCTHHHWl WHPHH pe30HaHCOB MeTOAOM MaKCHMyMa npaiAo
nOAOOHR nony4eH~ 3Ha4eHHR M 01 = 144 3+ 3 rEMCT. = I 4 5+6 5/. 

/1509 4/ HCT - ' e3. ' , ~ ~o~ = ~ 
2

, rpe3 ; = /0+8,4/; Mos = /1 92~3/, r~g': = 
- /0+5/ M38/c • 0TMeTHM, 4TO no Mepe ysenH4eHHR MaCe~ CHCTeM~ 
3KcnepHMeHT2anbHOe pa3peweHHe no Mace aM YXYAWaeTC~: r a3p. = 
= 10 M3B/c B o6naCTH nepsoro pe30HaHca' r pa3p = 11 M3B/c 2 
B o6nacTH BTOporo H r pa3p. = 24 M38/c 2 B o6naCTH • TpeTbero. no3-
TOMy npHBeAeHH~e 3Ha4eHHR WHPHH pe30HaHCOB HaAO paCCMaTpHBaTb 
TOnbKO B npeAenax yKa3aHH~X OWH60K. 
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M"'xi~P1"'lr' , r.B/c' 
P11e. 6. P aerrpe~eneHHe 3qxpeKTHBHbiX 
Mace ~ ;S+ 17+ (&_3:f -) -KOM6!-IHal..\11H 113 
peaKl..\1111 np ... p rr+ rr +"- rr-n np11 

P11c. 7. P acnpegeJiemie 3$PeK
THBHbiX Mace p rr +-"+ (n rr-rr-)
-KoM611Hal..\11H 113 peaKl..\1111 

P n = 5, I 0 f3BI c H yeJIOBI-IflX 
cos e * _ > o , cos a~_> o I cos e :t < o , 

"1 2 1 
cosO\ < 01. To'!KI1 - pe3yJibTaT 

"2 
arrrrpoKei1Mal..\1111, KpeeT11KI1 - <iJoH. 

np _. prr+rr+rr-rr-n rrp11 Pn = 
= 5,10 f3Bic 11 yeJIOBI1HX 
cos 0~ - > 0 ' cos 0 * - > 0 

1 
17

2 
I coso* + < o, coso*+ < o I . 

"1 "2 
TnQKH - nPqvnbTaT annooKei1-
Mal..\11H, KpeCT11KI1 - <iJoH. 

+++ 
Ce4eHH~ o6pa3oBaHHH pe3oHaHcos, pacnaAaiO~HXCH no cxeMe N ... 

-> prr+rr+-, OKa3anHCb paBH~MH a 1 = /3,1~0,9/ MK6, a 2 =/1,5~0,9/MK6 
H a

3 
= /2,4+0,9/ MK6. CpaBHeHHe 3TMX Ce4eHHH C TeMH, KOTOp~e - +++ A++ + 

6~nH onpeAeneH~ AnH pacnaAOB no KaHany N .... u 33rr , noKa3~BaeT, 
4TO B OCHOBHOM pacnaA o6Hapy~eHH~X pe30HaHCOB C I = 5/2 HAeT 

++ 4epe3 ~ 33 -H3o6apy. 

B 3aKn~4eHMe MOlKHO CKa3aTb, 4TO Mbl Ha6n10AaeM pacnaA pe30HaH
COB c nonH~M H30TOnH4ecKHM cnHHOM I = 5/2 H npoeK~H~MH 13 
= ~5/2 H Is = -3/2, 4TO HBnHeTcH secKMM apryMeHTOM e nonb3Y 
Cy~eCTBOBaHH~ TaKHX CHCTeM. illHpHH~ pe30HaHCOB He npeB~WaiOT 
20 ti38/c2, 803MOlKH~M MeXaHH3MOM o6pa3oBaHHfl TaKHX CHCTeM HBnHeT
C~ MexaHM3M 6apHOHHoro o6MeHa c nocneAY~HM pacceHHMeM ~ 83 -
M3o6ap~ Ha ~yKnOHe. PacnaA pe30HaHCOB npOMCXOAHT, B OCHOBHOM, 

4epe3 ,;\as -H3o6apy. 

Pe3ynbTaT~, cornacy~MeCH c HaWHMH AaHH~MH, nony4e~~ He~asHo 
e HT3<1> /10/ a peaK~HH rr+p ... prr+rr+rr-rr0 /c BblneToM " -Me3oHa Ha3aA 
B na6.CHCTeMe/ npH p += 4,37 r38/c. 

" ll 



3. B03MO~H~~ MEXAHM3M 06PA30BAHM~ 
MHOrOKBAPKOBWX PE30HAHCOB 
M PE30HAHC B CMCTEME ABYX rr--ME30HOB 

PaCCMOTPI-1M KBapKOBble Al-'tarpaMMbl, KOTOPble MoryT oni-'!CbiBaTb o6-
pa3oBaHI-1e A~-'~HYKnoHH~x pe3oHaHcoa a cny4aHx pomAeHI-'!H OAHoro 
1-1 ABYX rr- -Me3oHoa. PeaK~I-'IHM Tl-'tna np-+ rr-(BB)++ (np .... pprr- , 
np .... drr+rr-, , np .... nprr+rr-/ MOmHo conocTaBI-'ITb A1-1arpaMMY 

d.. d. J -
'0-t d. 'i::t Jt. 

~:;l r 
/Ilia/ 

(B~t~ 

r{~ ~ !ltPP, \A. clx 
J. n. px+ 

AnH peaK~I-1.:1 T1-1na np .... rr-rr-(BB)+++ (np .... pprr+rr -11-, np. pprr+rr-rr-rr0 , 

np .... nprr · rr · rr rr 

<:A. f.{. -u.. 
V\.{~ d. -
~11~ 
\A. u. 

i"~- ~ 
PI '--.-d. 

\A. lA 
d. d. 

J(Jt 

+H 

(BB) 
N ... ~ 
ppn+ 

A++p 

/III6/ 

KaK BHAHO, A1-1arpaMM~ /lila/ 1-1 /i!I6/ 1-'!Me~T MHOro o6~ero: B o6e1-1x 
npOI-1CXOAI-1T OTP~B OAHOrO 1-1n1-1 ABYX KBapKOB OT Ha4anbHOro HyKnOHa 
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V. pomAeHI-'te OAHOi1 1-1n1-1 ABYX KBapK-aHTI-'IKBapKOB~X nap 1-13 BaKyyMa. 
B HI-'I~HeM y3ne A1-1arpaMM o6pa3yeTCH WeCTI-'IKBapKOBOe COCTOHHI-'te, 
KOTopoe 3aTeM pacnaAaeTcH pa3ni-14H~MI-1 cnoco6aM1-1. Ba~Ho, 4TO 
weCTI-'IKBapKOBOe COCTOHHI-'Ie o6pa30BanOCb B pe3ynbTaTe nOAXBaTa 
CB060AHbiX KBapKOB. 3TOT npo~ecc nOAXBaTa MO~eT 6b1Tb 11 MHrKI-1M 11 

B TOM CM~cne, 4TO OT OAHOi1 4aCTI-1 WeCTI-'IKBapKOBOrO COCTOHHI-'IH 
nepeAaeTcH He6onbwoe ao36Y~AeHI-'te K APYroi1. TorAa, ecn1-1 ao3Mo~
H~ pe3oHaHC~ Me~AY 3TI-1MI-1 ABYMH 4aCTHMI-1, OHM 6YAYT 1-'!MeTb He6onb
WI-1e Maccbl. Pe3oHaHCbl c He6onbWI-1M ao36y~eH1-1eM He noAaepra~TCH 
Aei1cTBI-1~ KaKI-'!X-nl-160 BHeWHI-'IX Cl-'ln, TaK KaK BCe KBapKOB~e nepe
CTpOeHI-'!H 80 B3ai-1MOAei1CTBI-1M 3aKOH41-1ni-1Cb. B TO ~e apeMH $a30B~i1 

o6beM AnH pacnaAa np1-1 He6onbWI-1X Maccax HeaenMK. Bo3MO~Ho, no3-
TOMY M~ Ha6n~AaeM Man~e WMpi-1H~ y 06CY~AaeM~X pe3oHaHCOB. C 3TOi1 
T04KI-1 3peHI-1H vtHTepeceH aepxHI-1.:1 y3en A1-1arpaMM~ /1116/, rAe ABa 
"--Me3oHa o6pa3oaanl-1cb 1-13 ABYX "cneKTaTopHbiX11 d-KaapKoa Hane-
Ta~~ero Hei1TpOHa. 0Tpb1B U -KaapKa OT Hei1TpOHa MO~eT npi-'!BeCTI-1 
K B036Y~AeHI-110 KOne6aHI-1i1 B CI-'ICTeMe ABYX 11 CneKTaTOpHbiX 11 d-Kaap
KOB, KOTOp~e MOryT HOCI-1Tb pe3oHaHCH~i1 XapaKTep. M3 coo6pa~eH1-1i1, 

vt3no~eHHbiX BbiWe, Macca TaKoro cocTOHHvtH /nocne 11 MHrKoi1" aApo
HM3a~l-11-1/ MO*eT 6~Tb Heaeni-1Ka 1-1 3TO COCTOHHvte MO*eT 6~Tb AOBOnb
HO AOnro~I-1BY~I-1M. Ecn1-1 noTeH~Man B3ai-1MOAei1CTBI-1H Me~AY KBapKaMvt 
vtMeeT OC~I-1nnHTOPH~i1 XapaKTep, TO MO*HO O*MAaTb ~enoi1 cepvtl-1 pe-
30HaHCOB B CI-'ICTeMe ABYX rr--Me30HOB, pacCTOHHI-'IH Me*AY KOTOpbiMV! 
6YAYT OAMHaKOB~Mvt. 

PHc.8. PacnpegeneHHe 3~eKTHB
HbiX MaCC rr-rr- H3 peaKJJ;HH 

+ - -np .... pp rr rr rr npH P n = 

= 5,10 f3B/c. ToqKH- pe3ynb
TaT annpoKCHMaJJ;HH, KpeCTHKH -
<PoH. 

N 

~ 
Ill 
!!! 

8 
cf 

----~ 
<.) 

~ 
u 

" :::T 

0,28 O,SZ 0,?6 1,00 1,Z4 

Mr,-,-- , r,e/c1 

Ha p1-1c.8 npeACTaaneHo pacnpeAeneHI-'te 3$$eKTMBH~x Mace ABYX 
rr--Me3oHOB 1-13 peaK~HM np-+ pprr+rr-rr- /5735 co6b1TI-1~1/ npl-1 Pn = 

= /5,10+0,17/ r3B/c. B pai1oHe Mace~ 390 M3B/c2 BI-'!AeH OT4eTnl-1a~i1 
ni-'IK. To4KaMI-1 Ha p1-1c.8 AaH pe3ynbTaT annpoKCI-1Ma~I-1H pacnpeAeneHMH 
B o6nacTH pe30HaHCa pe30HaHCHOi1 KPHBOi1 B $OpMe KpHBOi1 6pei1Ta
BHrHepa H $OHOBOi1 KpHBOi1, B Ka4eCTBe KOTOpOi1 B~6paH nOni-'IHOM 
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sTopo~ cTeneH~ no MaccaM ABYX rr- -MeaoHos. 3Kcnep~MeHTanbHOe 
paapeweH~e no Mace aM B 3TOM cny4ae paBHO r PC13p. = 7 M3B/ c 2 . 
3Kcnep~MeHTanbHa.R w~p~Ha r3~~~· = /18:!:5/ M3B/c2. 0TCIOAa An.R 
~CT~HHO~ w~p~Hbl peaoHaHca VIMeeM r~~;: = /11:!:5/ M3B/c2. Mpe3, = 
= /393:!:3/ M3B/c 2 . Ce4eHVIe o6paaosaHVI.R peaoHaHca ape3 , =/13:!:3/ MK6. 

TaKVIM o6pa3oM, M~ 3aKnt04aeM, 4TO s paanV14H~x peaK~VI.RX np -
B3aVIMOAe~CTBVI~ Mbl VIMeeM YKa3aHVI.R Ha cy~eCTBOBaHVIe 6-, 5- VI 4-
KBapKOB~X pe30HaHCOB. 0pVI o6pa30BaHVIVI TaKVIX COCTO.RHVI~ BepO.RTeH 
MexaHVI3M T~na 6apVIOHHoro o6MeHa. WVIpVIHbl scex o6paayiO~VIXC.R pe-
30HaHcos no Kpa~He~ Mepe Ha nop.RAOK MeHbWe TeX, C KOTOp~MVI M~ 
o6bi4HO VIMeeM Aeno e CVInbHbiX saaVIMOAe~cTBVI.RX. Bee Ha6ntOAaeM~e 
3$$eKTbl COCTaBn.RIOT He 6onee HeCKOnbKVIX npo~eHTOB OT nonHbiX ce-
4eHVI~ COOTBeTCTBYIO~VIX peaK~VI~. 

An.R VlccneAOBaHVI.R noAo6H~x cocTO.RHVI~, KOHe4HO, Tpe6yeTc.R 3Ha-
4~TenbHO 6onbWa.R cTaTVICTVIKa. OTMeTVIM, OAHaKo, 4To 3KcnepVIMeHTbl 
nOA06Horo POAa, KOTOPbiX MO>KHO npeAnO>KVITb AOBOnbHO MHOro, He 
Tpe6yiOT 04eHb BbiCOKVIX 3HeprVI~ VI MOryT 6b1Tb BblnOnHeH~ C nOMO~biO 
y>Ke VIMetO~e~c.R annapaTypbl. CaMoe cepbeaHoe Tpe6osaHVIe K TaKVIM 
VICCneAOBaH~.RM 3aKn104aeTC.R B nOBbiWeHVIVI T04HOCTVI V13MepeHVI~ 3$$eK
TVIBHbiX MaCC, o6ycnosneHHO~ ManoH WVIPVIHO~ pe30HaHCOB. KoHe4HO, 
B nOCTaHOBKe 3KCnepVIMeHTOB He06XOAVIMO co6niOCTVI ycnOBVI.R MVIHVIManb
HOCTVI $OHa, KOTOpbl~ MO>KeT 6b1Tb 3Ha4VITenbHO CHVI>KeH, ecn~ np~H.RTb 

aa ocHosy MexaH~3M o6paaosaH~.R peaoHaHcoe, ~ano>KeHH~~ s~we. 
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Eiewn1-1y K. 1-1 AP· 
MHoroKeapKoe~e peaoHaHc~ e 
np1-1 aHepr1-1~x /175/ raB 

A1-83-815 

B paani-14H~x peaK~i-inX np-eaal-iMOAe~cTBI-1~ np1-1 3Heprl-1nx He~TpoHoe 
/175/ raB 1-iCCJleAY~TC~ pe30HaHC~ B Ci-1CTeMaX 1-13 6,5 1-1 4 KBapKOB. 06Hapy*eH~ 
pe30HaHC~ B Ci-1CTeMe ABYX npOTOHOB C MaCCaMI-1 1936 1-1 1962 M3B/c 2, B CI-1CTeMaX 
prr+rr+(nrr_rr_) 1-1 prr-rr--c MaccaMI-1 e pa~oHe 1430, 1520 1-1 1580 MaB/c2, B Ci-1CTeMe 
ABYX "- -MeaoHoe-c Maccoi1 390 MaB/c2. Bee peaoHaHc~ I-1Me~T WI-1PI-1Hbl nop~AKa 
10 MaB/c2. Ce4eHI-1~ o6paaoeaHI-1~ peaoHaHcoe cocTaen~~T HeCKOJlbKO Mi-1Kpo6apH; 
OHI-1 onpeAeJleHbl C T04HOCTb~ /25740/%. 06Cy*AeH MeXaHI-13M 6api-10HHOrO 06MeHa, 
KOTOpbl~, C HaWe~ T04KI-1 apeHI-1~, o6o~CH~eT o6pa30BaH!-1e l-13y4aeM~X Ci-1CTeM. 

Pa6oTa B~nOJlHeHa B na6opaTOPI-11-1 Bb1COKI-1X 3Hepri-1~ OHRH. 

Bes 1 i u C. e t a 1 . 01-8_,-815 
Multiquark Resonance s in (1 .;. 5) GeV np-lnteractions 

Resonances in systems of 6,5 and 4 quarks have been studied in various 
reactions of np-interactions for the energies of incident neutrons 
(175) GeV. The resonances have been found in a system of 2 protons with 
masses of 1936 and 1962 MeV/c 2 , in prr+tr+(nrr_rr_) and prr_rr--systems with masses 
near 1430, 1520 and 1580 MeV/c2 and in a system of 2rr--mesons with a mass 
of 390 MeV/c 2. The widths of all these resonances are of the order of 
10 MeV/c2. The production cross sections of the resonances are equal to 
some microbarns and determined with an accuracy of (25740) %. The mechanism 
of baryon exchange, which, from our point of view, explains the production 
of the systems studied, is discussed. 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 
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