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KpaTJ<Ue coo6U~eH.UR OHJIH !f-15-86 JJNR Rapid Communications No.J5-86 
Y,llK 539.12 

PE30HAHCH~E OC05EHHOCTH B ~BYXHYKflOHHOA CHCTEME, 
05PA3Y~mEAC~ B P-4He B3AHMO~E~CTBHH 

* M 0 r. Aoil~A3e ' r. H. flbiKaCOB 

AHaJII1311pyeTCH cneKTP 3qxpeKTI1BHbiX Mace l!lpp ~ayx npo
TOHOB, o5pa3yJO~XCH a npou;ecce p4!Ie--.. nppd. IloK a3aHo, 
~TO B paMKaX MO~eJII1 O~HOrr110HHOrO o5MeHa MO*H O 05bHC
HI1Tb Ha5JIJO~aeMbJH Ha OnbJTe pe30HaHCHO-rr0~05HbiM I111K B 

2 
cneKTpe np11 l!IPP "' 2, 02 f3B/ c JII1IIIb a npe~nono*eHMH, 
~To aMrrJIMTy~a norno~eHMH Bl1PTYaJibHoro rr-Me3oH a ~eH:Tpo
HOM MMeeT oco6eHHOCTb Ha nopore peaKu;MH rrd -+ NN. 05-
cy~aeTCH TaK*e MeXaHH3M 05pa30BaHHH DTOporo ITHKa D 
l!lpp-crreKTpe rrp!i mpp "' 2,14 f3B/c 2 

1i CDH3b paCCMOT
peHHbiX pe30HaHCHO-rr0~05HbiX OC06eHJIOCTCH C B03 MO*Hb!M 
rrpOHBJieHMeM ~115apHOHHWX COCTOHHHH. 

Pa6oTa BWrrOJIHeHa B fla6opaTOp!ili BW~HCJIHTeJibHOH Tex
Hl1KJ.I 11 anToMaTH3au;MH OHRH. 

Resonance Singularities in the Two-Nucleon 
System Produced in p-4He Interaction 

M.G.Dolidze, G.I.Lykasov 

The spectrum of effective masses mPP of two protons 
produced in the P4 He--..nppd process is analyse d . It is 
shown that the maximum at m PP ~ 2. 02 Gev /c2 can a p
pear in this spectrum due to the one pion <' Xc hange 
mechanism if to suppose that the amplitude of the vir
tual rr-me son absorption on deuteron has the s i ngula
rity ne a r the threshold of rrd -+NN reaction. The me
chanism of the second maximum formation at 
"' 2.14 Gev/c2 in the mpp-spectrum and the 
of the considered resonance maxima with the 
dibaryon resonance states are discussed. 

mPP ,~ 

connection 
possible 

The investigation has been performed at the Labo
ratory of Computing Techniques and Automation , JIHR. 

no~CK A~6ap~OHH~X pe30HaHCOB B nOCileAHee BpeMR CTaJl 
OAHO~ ~3 aKTyaJlbH~X npo6neM B ~~3~Ke npOMeMyT04H~X ~ B~CO

K~X 3Hepr~~. AHan~a N-N ~aa~MOAe~CTB~~ ~ cpasHeH~e c ~Me~
~~M~CR 3Kcnep~MeHTailbH~M~ AaHH~M~ noKa He AaeT non HWX oc-

* T5HJII1CCKHH rocy~apcTneHHwi1 YHMDepcMTeT 
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HOBaH~A yTsepmAaTb, 4TO cy~eCTBY~T A~6ap~OHH~e pe30HaH
c~11 1 B aAPOH-RAepH~X npo4eccax 06HapymeH~e TaK~X COCTO
RH~A, Ka3anocb 6~, 3aTPYAHeHo 6onee cnomH~M xapaKTepoM 
B3a~MOAeAcTB~R aAPOHa c RAPOM no cpasHeH~~ c N-N CTOnKHo
BeH~eM . TeM He MeHee, noRs~n~cb 3Kcnep~MeHTanbH~e AaH
Hble / 2-9/, yKa3biBa~~~e Ha TO, 4TO B cneKTpe MaCe ABYX Hy
KnbHOB mNN• 06pa3y~YIXCR B aAPOH-RAepHbiX peaK4YIRX, ~Me~T
CR pe30HaHCHO-nOA06H~e OC06eHHOCTYI, B 4aCTHOCT~ B d-p 
~ a-pcoyAapeH~RX - np~ mNN'"' 2,02 -i- 2,04 r3B/c 2 Y1 mNN"' 
"' 2,14 -i- 2, 16 . r3B/c 2 c w~p~HaM~ f\ = 30 -i- 50 M3B/c2 

~ 12 = 60 .;. 80 M3B/c 2 15•6 •
91 

. Oco6eHHOCTb np~ mNN = 2,14 • 
-i- 2,16 r3B/c 2 HaXOA~TCR s6n~3~ nopora o6pa30Ba~YIR 6-~306a
p~ B npOMemyT04HOM COCTORH~~, n03TOMy eCTb B03MOmHOCTb 
~HTepnpeT~posaTb 3TOT n~K 6e3 r~noTe3~ o AY16ap~OHH~x pe-
30HaHcax. 0AHaKo np~ 6onee rny6oKOM aHan~3e 3T~x oco6eH
HOCTeA B03HYIKaeT PRA 3aTPYAHeH~A AnR OAH03Ha4HOro ~X 
06bRCHeH~R. 

B HaCTOR~eA pa6oTe Ha np~Mepe peaK4YIYI pa--+ nppd, rAe 
Ha6n~AanYICb BbiWeyKa3aHH~e pe3'oHaHCHO-nOA06H~e n~K~ B r.lpp
CneKTp e , ~CCneAY~TCR B03MOmH~e np~4~Hbl ~X nfcRBneHYIR. 

KaK 6blno noKa3aHo AnR npo4ecca pd--+ npp 9·101 , a cny4ae 
KOrAa HeATpOH - CaMaR 6~CTpaR ~3 KOHe4H~X 4aCT~4, A~arpaM
Ma OAHOn~OHHOrO 06MeHa AaeT Ha~60nbW~A BKnaA B mNN!cneKTp 
npY! m NN"' 2, 12 -i- 2, 18 r3B/ c 2

, 4TO CBR3~BanOCb C o6pa30Ba
H~eM 6 -Y~3o6apbl a npoMemyT04HOM cocTORH~~ 110 - 12 / . .QnR o6-
cymAaeMoA peaK4Y1~ pa --+ nppd A~arpaMMa OAHOn~oHHoro o6MeHa 
np~BeAeHa Ha p~c. 1 o Ecn~ HeATpOH- caMaR 6~cTpaR 4acT~4a 
/TonbKO a 3TOM "cny4ae Ha6niOAanacb pe3oHaHcHo-nOA06HaR 
~opMa mPP-cneKTpa/, on~caH~e npo4ecca a OAHOn~oHHfM . npYI-
6n~meH ~ ~. ~3o6pameHHOM Ha p1-1c. 1, snonHe np~MeH~Mo 1~ 14~ 
OrpaH~ 4~Bw~cb aHan~30M cneKTpa np~ mPP ( 2,5 r3B/c 
06MeHOM BeKTOpH~MYI Me30HaM~ MOmHO npeHe6pe4b ~3-3a ~X Ma
noro BKn aAa 1 14 ~ 

Bbl4~ cneH~e AYiarpaMMbl p~c. 1 aHanor~4HO pac4eTy nOA06HoA 
A~arpaMM~ AnR peaK4~~ pd--+ 

· --> npp, KOTOpaR nOAp06HO aHa-
p n nYI3~posanaCb B pa6oTaX 19 • 10 ~ 

p 

no3TOMY, onycKaR npoMemy
T04H~e B~KnaAK~, np~BeAeM 

OKOH4aTenbHOe BblpameHY!e AnR 

BKnaAa a mPP-cneKTp, o6yc
nosneHHOe A~arpaMMoA p~c. 1: 

,_.~e 
p 

PHc . I. ~HarpaMMa OAHOnHoHHo
ro o6MeHa AJIH pe aKI..\HH p a--+ 
-+nppd. 
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d (1) 
Opa 

dmpp 

pd max 
2 

X I pd 

pd min 

2 2 tmax 
g mpp on 
---- q77 l(mpp• t) ¢(t)dt x 

rrM p2 
a 0 tmin 

l(m ,t) = pp 
1 

x l foff l 28(4)(p -p-p); 
rrd ~ N N 23 2 3 

111 

121 

q
11

-I-1MnyilbC npoMe>t<yT04HOro rr-Me30Ha 8 C,4 , M-, rr-d; frrd -o.NN -

aMni11-1TYAa npo4ecca rrd-oNN,3Ha4KI-1 on 1-1 off 3AeCb 1-1 8 AailbHe~

weM 03Ha4a~T, 4TO 7T-Me30H HaXOAI-1TCR Ha 3HepreT!-14eC 0~ 1-1 

8He3HepreT!-14eCKO~ n08epXHOCT.RX COOT8eTCTBeHHO: Wa- BOJ1H0-

8a.R ¢lYHK41-1R a -4aCTI-14bl, Ma- ee Macca, g 21 4rr = 14,7. 
Ec111-1 npeAnono>KI-1Tb, 4TO aMni11-1TYAbl npo4ecca rrd~N c peanb-

off f on 
HbiM 1-1 Bl-1pTyaJ1bHbiM7T-Me30HOM COBnaAa~T, T,e,frrd~Nrf "' rrd~NN' 
TO Bblpa>KeH!-1e 121 AJl.R l npe8paTHTC.R 8 (j>OpMyJly Ail.R Ce 4eHH.R 

arrd~ NN (ITNJ peaJlbHoro npo4ecca rrd-+ NN. 

0AHaKo B Ae~CT8HTeJlbHOCTH c::~ NN f. f:~~ NN • npo4eAypa ne-

peXOAa OT aMnilHTYAbl f off K aMnJlHTYAe f
0

n ra3pa6oTaHa IlHWb 

Ail.R ynpyr1-1x rr-N 1-1 rr-d pacce.RHH~ / 15,161. f~~ npeACT a8n.ReT-

CR B CJ1eAy~~eM (j>aKTOpH30BaHHOM 8HAe: 

f 
off ( on off on on off 

= G q ,q ) f G ( q , q ) 
rrd ~ rrd rr TT rrd ~ rrd • rAe rr 11 

- CJ1a6o MeH.R~~a.RC.R (j>yHKl.IH.R, He HMe~a.R HHKaKHX OC0 6eHHOC

Te~. Ec111-1 npeAnOilO>KHTb, 4TO Ail.R Heynpyroro npo4ecc a rrd

-+NNHMeeTC.R aHanorH4Ha.R CB.R3b Me>KAY aMnJlHTYAaMH, T . e. 

off on off on 
f G( q q ) f , TO 8MeCTo I 1 I nony4aeM 

7Td-+NN= ' rrd-+NN 

2 2 
g mPP 

q0
n a d ( E ( t . ; m )) I , 

11 11 rr min pp 131 
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rAe 

t 
max 

= f 
tmin 

2 on off Pdmax 2 2 dp 
¢(t)G (q ,q )dt f p I 'P (p )\ __ _1L 

rr rr d· a d E 
Pd min d 

H3 a~pa~eH~R 131 Tenepb · 8~AHO, 4TO no8eAeH~e BKnaAa 
duO) I d m P , 8 OCHOBHOM , onpeAenReTCR no8eAeH~eM ce4eH~R 
<717 d(mNN f, KOTOpoe ~MeeT pe30HaHCH~~ B~A, CBR3aHH~~ C o6-
pa308aH~eM Do-~306apbl B npoMe~yT04HOM COCTORH~~, np~ m NN "' 
"' 2,16 r 3Bic 2 I ll/~ np~q~n_,Q BeAeT ce6R KaK 1IV 17 = 
= E 77 lq~n / ll;rAe V

17 
•11- CKOpOCTb ~ Macca rr-Me30Ha, ID

Macca Hy KnoHa. TorAa ~3131 B~AHO, 4TO np~ mNN _ _. 2m+ 11 
da~~ I d mPP He ~MeeT Pf30HaHcHoro noBeAeHI-!R, 4TO Ha6n10Aa
eTcR 3K c nepi-!MeHTanbHO 6 1 TaKoe noaeAeHI-!e MO~Ho nony4~Tb, 
ecn~-1 npeAnono~~Tb, 4To aMnn~TYAa r:J~NN ~MeeT oco6eHHOCTb 

on O Ha nopo r e, T. e. np~-1 q -+ , ~n~-1, 4TO To ~e caMoe, np~-1 mNN-+ 
-+2m+u Hanpi-!Mep, ecn~17 f 0dff ~ron 6YAYT C8R3aHbl APYr 

r' rr -+ N N rrd-+ NN 
c Apyro 

q off y, 
(--"-l ' G(qon,qoff)f on 

on 17 17 TTd-+ NN 
q1T 

f 
nd-+NN 

141 

TO, nOACTaBnRR 141 8 111, nony41-!M BMeCTO 131 8~pa~eHI-!e 

d (1) 
apa 

2 2 
g mPP 

t max 
p 

off 2 d max 2 2 dpd 

--
dmpp 

--2 
rrMaPo 

~d f q" cp(t)G dt J \Pd \ \IJia(pd) \ --E-, 151 
pd mjn d 

oTn~4a10111eecR 

nocKon bKY 

q off= 
1T 

Md 

/Sf!! 
on d 

q =-~ 
1T v son 

rrd 

tmin 

OT ~31 TOnbKO ~aMeHO~ 
q~ff f q;n • T • K • 

on q off q 
17 

Ha 
17 

• 

4m 2+m 2 - t 
(( _____ N_~ --- ·-- ) 

4m 

2 2 'h 

- mNN I ; 

2 2 
m2 - 4m - 11 2 2 ·~ 

NN --) - 11 I [(------
4m 

I3AeCb S rrd - KBat\PaT CYMM~ 3Heprl-!~ 77 -Me30Ha 1-1 Ae.:::npoHa 
a I-IX C.I..I . M.; t = q;; q

17 
- 4en.lpeXI-!Mno'hnb'&na~pTyanbHOro rr-Me-

30Ha I, TO np~-1 mN ... 2m+J.L,KOrAa a17d-+E77 7q 77 , cneKTP 
da< 1> l dm , onpeA~nReM~~ a~ra~eHI-!eM 151, 6yAeT aecTI-1 ce6R 

pp 6 6 -pe30HaHC HO-nOAO H~M 0 pa30M, 4TO nOAT8ep~AaiOT 41-!CneHH~e 

pac4eT~. 

Ha pi-! c .2 npeACTaaneH~ pe3ynbTaT~ Bb14~cneHI-IR da<ll l dmPP 

t - 1 
no 131 1-1 no 151 c 4>0PM¢aKTopaMI-! F = ( 1 - ------) 

" a 112 
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/ 
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/ 

/ 
/ 

/ 

' 

(1) 
PHc,2, CneKTP d a / dm PP 
B 3aBHCHMOCTH OT ffi pp · 
CnrrowHaH KPHBaH - pesynb
TaThl pacqeTa no / 5 / c 

a=J3; WTPHXOBaH KpHB aR -
pacqeT rro /3/ c a=l3; 

WTpHXITYHKTHpHaR - pacqeT 

ITO /3/ C ~OpM~aKTOpOM 
Frrtt)= I; rHcTor paMMa -

3KCrrepHMeHTanbHbie ~aH
Hbie / 6 / rrpH P0 = 2,2 f3B/c2 • 

VIa 112-14/ V1 G(qon qoff) / 15,16 / 
11 ' " • 

Ha pV1c , 2 " BVIAHO , 4To,He 
BBOAR noporoso~ oco-
6eHHOCTV1 B noBeAeHV1V1 

aMnJlVITYAbl norJlOl!leHVIR 

2.04 2,08 2,12 2,16 2.20mpp,oo1,•· BV1pTyanbHoro " - MeaoHa 
Ae~TPOHOM, HeB03MO~Ho 

OnV!CaTb nVIK B ffipp-cneKTpe, 3KCnep~MeHTaJlbHO Ha6n~-

AaeMbl~ npV1 mpp "' 2 ,02 t38/c 2 1 6 1
, B paMKax OAHOnVI OHHOrO npV1-

6JlV1~eHV1R /pVIC. 1/ , 
qT06bl paCC4V1TaTb mPP-cneKTp V1 npV1 mpp < 2,02 13B/c 2 , 

y4TeM, KaK V1 s / 9,10 / , TaK~e V1 TpeyronbHbte AV~arpa MMbl pV1c.3. 

PHc. 3. TpeyronbHbie AHarpaMMbi c rrpoMeJKyToqHbiM TT-M e -

30HOM ,D,nR peaKf.\HH pa --+ nppd. 

KpOMe TOrO, B ffipp-cneKTp 6YAYT AaBaTb BKJlaA AVIarpaMMbl 
OAHOKpaTHOrO /pV1C.4<l/ V1 ABYKpaTHOrO /pV1c.46/N-N COYAape

HVI~. Apyro~ nonpaB04Hbl~ npo~ecc, po~AeHVIe rr-Me3 o Ha s nep
BOM N-N CTOI1KHOBeHV1V1 V1 AailbHe~wee ero B3aV1MOAe~CTBV1e C 
c [p n] -napo~, TV~na rrfp n] .. NN, AaeT, no HaWVIM o~eH KaM, npe

He6pe~V1Mbl~ BKJlaA B VICCJleAyeMbl~ mpp-cneKTp, 
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p~ " w p 

~ 

~\-\ e ~N 

liH e 
a 

PHc . 4. ,[(HarpaMMhi O,[IHOKpaTHoro I a/ H ,[IByKpaTHo

ro I 6/N -N CTOJIKHOBeHHH. 

Pac4eT AHarpaMM~ pHc.3 npoBoAHJICH aHanorH4H~M o6paaoM, 
KaK H l\JIH npouecca pd--. npp, KoTopbl~ noApo6Ho HccneAoBancH 
B / 6,10/, no3TOMY npHBeAeM 3AeCb JIHWb OKOH4aTeJibHble 4HCJieH
Hble peayn bTaT~ • 

.QHarpaMM~ PHC. 4 Bbi4HCJIHJIHCb \3 paMKaX rnay6epoBCKoro 
npH6nH>KeHHH, npoueAYpa HX pac4eTa, npaBAa, AJIH p- d peaKLIHH 
c paasanoM Ae~TpoHa noApo6Ho npHBeAeHa B pa6oTe117 1 • 

Ha pH c .5 npeACTasneHbl pe3yJibTaT~ pac4eTa mpp-cneKTpa 
npouecca pa--+nppd c y4eToM scex AHarpaMM pHc.l ,3,4 . npH 
3TOM BKJi aA da(l) /dmpp OT AHarpaMMbl pHC, 1 OAHonHoHHoro o6Me
Ha pacc4HT~sancH no ~opMyne /5/ B npeAnonomeHHH, 4To aMn-orr 

JIHTYAa f 17d .... NN npouecca 
L.01 fr-4, nornot!leHHH BHpTyanbHoro 

30 

20 

10 

10 

I 

I 
I 

I 

\I 12 
\ I 
\ I / ·~ 

\ I / '\.I 
\/ - ·---/ ,, 

/ " ...... ..... ............ __ 

1. 96 too 2:oL. 

rr-MeaoHa Ae~TpoHoM HMeeT 
oco6eHHoCTb npH mpp-+ 
-+2m+ !L, /cM.~-ny /4/ I . 

PHc. 5. CneKTp 3<P(1eKTHD;JbiX 

MaCe m pp ,[IBYX npoToHOB, 

CIIJIOWHaH KpHBaH - pe3yJib

TBTW pacqeTa C yqeTOM 

BCeX ,[IHaf'p&MM pHC, 1,3,4; 
,[IHarpaMMa pHc o I pacc'!HTbi

Ba.rracb rro /5/ c a=l8, 

ffiTpHXIIYHKTHpHBH - C yqe

TOM ,[IHarpaMM pHCo 1,4, HO 

,[IHarpaMMa pHc o I Bbi'lHCJIH

nacb rro /3/ c a=ISo 

KpHBwe: I- BKJIB,[I pHc. I; 
2 - BKJia,[l pHC,2o fHCTO

rpaMMa - 3K,r.~epHMeHTaJib

Hble ,[laHHbie 
6 

IIPH p O = 

= 2,2 f31:l/c2 . 



H3 pHc.S H 2 TaK>Ke BHAHO, 4T O OCHOBHOi1 BK1laA B cneKTp Aa
IOT AHarpaMMbl PYIC . 1 H PHC. 3 C npOMe>KyT04HbiM BH€3HepreTH-

4€CKHM "-Me30HOM, npH 3TOM $OpM$aKTOp F" = ( l - _t- ) - 1 
a 11 2 

Bbi6HpaJlCR OAHHM H Tet~ >Ke, KaK AJlR pHC . 1, TaK H AfiR plllc . 3, 
a= 18 ' 12,13/ . Pe3oHaHcHo-nOA06Hoe noaeAeHHe mPP-cneKTpa 

npH ffipp ++ 2,14 r3B/c 2 Ka4eCTB€HHO MO>KHO 06bRCHHTb o 6pa30- _ 
BaHHeM ~ -H306apbl B npOM€>KYT04HOM COCTORHHH npH nOrJlO~e

HHH "+-Me30Ha A€~TPOHOM ("+ct- pp )/9-ll(OAHaKo KOJlH ecT

BeHHOe YAOBJleTsopHTeJlbHoe cornacHe c 3KcnepHMeHTaJl bHbiMH 
AaHHbiMH AOCTHraeTCR, KaK BHAHO H3 pHc.5, TOJlbKO np ~~t BB~Ae

HHH oco6eHHOCTH a f ;~~ ... PP Ha nopore peaKLIHH ~d-+ pp. 
EcnH >Ke npeAnono>KHTb, 4TO cy~ecTayeT KBa3HCBR3a HHoe 

N-N COCTORHHe npH ffiNN" 2,02 r3B/c
2

, T.e. 4TO BOJlHOBaR 
$yHKL.1HR ABYX KOH€4Hb1X HYKilOHOB HM€€T pe30HaHCHbl~ 6pe~T

BHrHepOBCKH~ BHA, TO aMnJlHTYAa norno~eHHR npoMe>KyT 0 4HOrO 

r.rMe30Ha /cM . pHc. 1/ To>Ke AOJl>KHa HMeTb oco6eHHOCTb n pH AaH

HOM 3Ha4eHHH mNN•T.e . Ha nopore peaKLIHH "d--+ NN. 
TaKHM o6pa3oM,AByxnHKOByiO CTPYKTYPY mPP-cneKTpa npot.~ec

ca pa-+nppd, Ha6JliOAaeMyiO 3KCnepHM€HTaJlbHO, MO>KHO OnH c aT"b, 

IIICnOilb3YR MOA€Jlb OAHOnHOHHOro 06MeHa, TOJlbKO np111 Ha Jll-14111111 

noporoao~ oco6eHHOCTIII aMnnY~TYAbl r;:~ NN norno~eHHR " - Me3o
Ha A€~TpOHOM, 4TO, no-BHAHMOMy, CBR3aHO C Cy~eCTBO BaHHeM 

ABYXHYKJlOHHOrO KBa3111CBR3aHHOrO COCTORHIIIR. TaKO~ >Ke BbiBOA 
Cll€AY€T Ill 1113 aHaJllll3a p -d B3aiiiMOA€~CTBIIIR C pa3BaJlOM A€~T
poHa ' 9 1_ 

C APYrO~ CTOPOHbl, cpaBH€HIII€ pe3yJlbTaTOB pac4eTa C 3KC
nepiiiM€HTaJlbHbiMIII AaHHbiMIII o mNN-cneKTpe AaeT HaM AOnonHY~
TenbHyiO, HeTpiiiBIIIaJlbHYIO HH$OpMal.IIIIIO 0 BHeMaCCOBbiX 3$$ eKTaX 

npot.~ecca norno~eHIIIR BHpTyanbHoro "-Me3oHa Ae~TpoHaMH . 

B 3aKJll04eHIIIe CJleAyeT OTM€THTb, 4TO H€COMH€HHbl~ MHTepec 
npeACTaBJlReT 3KCnepHM€HTaJlbHOe HCCJleAOBaHIII€ nOJlRPH 3 al.IHOH
HbiX xapaKTepHCTIIIK ABYX HYKJlOHOB, o6pa3y10~HXCR B aAp OH

RAepHbiX B3aHMOA€~CTBIIIRX, B 06CY>KAa€MO~ BbiW€ o6naCTM 3$
$eKTIIIBHbiX Mace ffi NN• 4TO nOMO>KeT 6onee nOJlHO paCKpbi T b npoe:i

Jl e My AH6apHOHHbiX peaoHaHcos. 

ABTOPbl np1113HaTeJlbHbl n.H.nanHAYCY, r.3.06paHTy, M.X.XaH
xacaesy 3a none3Hble coaeTbl, a TaK>Ke B.B.rnaronesy, A.Yp6a

Hy M M. C.H111opaA3e 3a nnoAOTBOpHble o6cy>KAeHIIIR. 
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KpaTKUe coo6UJeHUJJ OHHH ~ 15-86 JINR Rapid Communications No.15-86 
Y.IlK 539.12.172 

ELASTIC e 3H SCATTERING AND THE TRITIUM 
QUARK STRUCTURE 

V.V.Burov, V.K.lukyanov, R.Martines*) 

It is shown that the elastic e
3H scattering f orm 

factor can be explained within the model allowing for 
a six- and nine-quark admixture to the tritium wave 
function with the parameters obtained from the analysis 
of the 3He form factor. In this case the interfe r ence 
of nucleon and multiquark channels is very impor t ant. 
The six- and nine-quark admixture probabilities were 
found to be about 15.4% and 0.54%, and the corre spon
ding contributions to the form factor are 2% and 0.01%. 

The investigation has been performed at the Labora-· 
tory of Theoretical Physics, JINR. 

3 
Ynpyroe e H-pacceRHHe H KBapKoBaR 
CTpyKTypa TPHTHR 

B.B.Eypoa, B.K.llyKhHHOB, P.MapTHHec 

IloKa3aHo, t!TO q,opM!PaKTop ynpyroro e 31l-pacceHHHH MOJK
Ho 06'bHCHHTb B paMKaX MOP,eJlH, Yt!HTbJBatol!leH meCTHKB apKo
BYIO H p,eBHTHKBapKoByto npHMeCH B BOJlHOBYto IPYHK~Hto Hp,pa 
TpHTHH C napaMeTpaMH, nonyqeHHbiMH H3 aHaJ1H3a !PopM!PaKTO
pa 3 He. IlpH 3TOM, TaKJKe KaK H a cnyqae 3 iie, onpel\eJ1Hto-
1IIYto pt'Jlh HrpaeT HHTepq,epeH~HH HyKJlOHHbJX H MHOf'OKB apKo
BbiX KaHaJlOB • flonyqeHO, t!TO 3$!JeKTHBHbiH BKJlaP, me CTHKBap
KOBOH npHMeCH COCTaBJlHeT ITPHMepHO 2%, p,eBHTHKBapKOBOH -
0,0)%, a BKJ!a,!l, COOTBeTCTBY!OliiHX KOMITOHeHT B q,opM!PaKTOp -
15,4% H 0,54%. 

Pa6oTa BbinOJlHeHa a lla6opaTopHH TeopeTH'!eCKOH !PH3HKH 
OlliUL 

Calculations of the 3 H factor at large transfer momen
ta q 2 > 0.5 (GeV/c) 2 should be made by taking account of 
quark degress of freedom, namely six- (6q) and nine-quark 
(9q) systems. This follows from the corresponding calcu
ldtions and comparison with experimental data for t he form 
factors of a nucleus 3He. 

* Moscow State University. 
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The wave function of 3H is taken like for 3He and com
posed of three components: the nucleon, six- and nine
quark one s with amplitudes C1 ,C 2 , and C 3 

IJ' 3H = Cl iJ'l + C2 IJ' 2 + C 3'1' 3 · (I) 

Such a r epresentation leads to a common expression for 
a form f actor in the form 

F (q2) = C12Fll + F6qT +F9qT' CH 
where 

F6qofq2) 

F
9
q,f q2) 

= ciF22 + 2C~,C 2 F12 , 

2 
=CaFaa + 2C1C3 F13 +2C2C3 F23 

(2) 

(3) 

(4) 

Here F11 is the nucleon channel form factor; it has alrea
dy been calculated for 3H in the framework of the exact 
solution of the three-body Fadeev equation using the rea
listic NN potentials with and without meson exchange cur
rents /4,5 / . It was shown 141 that the contribution of the 
exchange currents in the case of a 3H form factor turns 
out to b e negligibly small. 

The f orm factors F6qTand F9qT of the six- and nine-qu
ark systems have been calculated in the relativistic os
cillator model (ROM) 11-3,6,7 / making use of parametriza
tion from refs. 12·3/ for the functions of relative motion 
of 6q and 3~ clusters. The parameters were chosen the 
same a~ f or He. As in the case of 3He, the important ro
le here i s played by the interference form factors. Note 
that jus t because of the interference one gets the C2 am
plitude of 6q admixture to be chosen negative and of 9q 
admixture of Capositive. Only in this case both F6qT and 
F9qT become negative and give a proper contribution to the 
total fo r m factor of 3He. Fig. I shows the results of cal
culation 13/ and comparison with experiment18/ of the 3He 
form fac t or. In calculating 3H we preserve the signs and 
values of the channel amplitudes the same as for 3 He: 
C1 = 1.0092, ~=-0.3297, C3= 0.0736. As is seen from 
fig.2, t h is allows one to explain the behaviour of the 3H 
form factor in the whole refion of measurement / 4,9 / at 
momenta transferred up to q "' 0.9 (GeV/c)2. It is seen 
that the agreement with experiment is achieved in the most 
critical region of the second form factor maximum as well, 
what is hardly attainable if only nucleon degress of 
freedom are taken into account. The 3 H form fact0r IFcHI 
has a minimum at q 2 - 0.5 (GeV/c)} IF 11 1, at q2-0.6 (GeV/c)2; 
and the s econd maximum IF CH l,at q2 - 0.66 (GeV/c) 2. 
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1 

~6 ~ 
0~------,~------2~----~3 

q 2 [(GeV/c)2
] 

Fig.1. Form fac ~or of 3He: the solid line is 
the calculation taking account of 6q and 9q 
admixtures; the dashed,the impulse ~proxima
tion for the three-nucleon channel lol; the ex
perimental data are taken from ref. 181

. 

Fig.3 shows the contribution to the 3 H form f actor of 
individual terms [F11 1.[F6qTI.IF9qT1· At chosen values 
and signs of c 2 and C 3 , the form factor F6qT turns out 

~ ' ~ to be negative at q < 2.4 (GeV/c) ;and at large q2,posi-
tive;F9qT< 0 at all q2 < 3 (GeV/c) 2

. The dominating cont
ributio-r. at q2 < 0.5 (GeV/c) 2 comes from the nucleon chan
nel form factor F11 and at 0.5 < q 2 < 1.5 (GeV/c ) 2 the do
minating is "FeqT;whereas at q2 > I. 7 (GeV/c) 2 , the form 
factor FgqT· Note that the contribution of IFsqT I and 
IF9qTI at q2 = 0 is approximately 2% and 0.01% re spective
ly, though the values of c:"' 15,4% and Ci= 0.54%. This 
is due to the fact that the interference terms F12 and F23 
in (3) and (4) are of opposite sign (C{ O!) so t hat the 
different terms in F6qT and F9qTpartially compensate each 
other. 
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. Fi g . 2. Fonm factor of 3H. The notation is the 
same as in Fip . 1. The exper im,mt,:zl data are 
t aken f r om r efs . 14.9 1. 

From the above analysis we can make the following conc
lusions : 

I) I nclusion of mul tiquark admixtures in 3 H is necessa
ry. 

2) Amplitudes of C 2 and C 3 for 3 H are evidently simil ar 
to thos e obtained for the nucleus 3 He. 

3) I nterference of multiquark and nucleon channels 
plays an important role in analysing experiment. 

4) Ca lculations have shown that the contributions of 
nucleon , six- and nine-quark channels are divided along 
the momentum transferred. Therefore, to estimate the role 
of nine-quark admixtures, the form factor of the nucleus 
3 H shoul d be measured at q2 > I (GeV/c)2. 
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Fig . J . Form f actor of 3H: 1 - is the contribu- -. 
tion of 6q channel IF6 1. 2 - is t he contr i 
bu t ion of t he 9q channeCI{ IF 9qT I. t he dashed 
line i s t he 3 H f orm f ac tor impu l se approximat i on 
fo r t he t hree- nucleon prob lem 1 151 . 
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KpaTI<:ue coo6UieHUJI OlfJIH N-15-86 JINR Rapid Communications No.15-86 
Y.llK 530.145 

THE DYNAMICAL EFFECTS IN THE GROSS-NEVEU 
AND POLYACETYLENE MODELS 

V.K.Fedyanin, V.A.Osipov, I.S.Stoyanova 

The physical characteristics of the moving s olitons 
in the Gross-Neveu and polyacetylene models are calcu
lated. It is found that the contributions to the charge 
and mass of solitons due to motion take place. I n the 
case of the polaronic excitations the dynamic correc
tion to the mass has a remarkable value (-37%). In the 
Gross-Neveu model the complete dynamical mass of soli
tons is only due to the fermion dynamics. 

The invest igation has been performed at the Labo
ratory of Theore t ical Physics, JINR. 

,ll1-1HaMI-14eCK!-1e 3$$eKTbl 8 MO,QeilHX rpocca-Heabe 
1-1 nonvtaueTvtileHa 

B.K.~e.QHHHH, B.A.Ocwnoa, . H. C.CTOHHOBa 

06cy~aeTCH MO.QH~HKa~HH ~H3H~eCKHX xapaKTepHCTHK 
.QBH~Y~XCH COilHTOHOB B MO.QenHX f pocca-HeBbe H nonwa~e
THneHa, Bb!~HCileHbl nonpaBKH K gapH.QY H MaCCe COilHTOHOB, 
o6ycnoaneHHbie Hx .QBH~eHHeM . B cny~ae nonHPOHHoro Bog-
6y~geHHH .QHHaMw~ecKaH nonpaBKa K r-racce BeCbMa cy~ecT

BeHHa /-37%/. B Mogenw fpocca-HeBbe y~eT g~~eKTa .QBH
~eHHH npHBO.QHT K B03HHKROBeHHID .QHHaMH~eCKOH MaCCbl CO
IlHTOHOB, 

Pa6oTa BbmonHeHa B Tia6opaTOPHH TeopeTH~ecKoH ~H3HKH 
omm. 

I. It was shown in refs ~ 1 • 2 1 that in the mean fie l d ap
proximation the static equations of motion in both t he n=2 
Gross-Neveu (GN) model field theory and the continu m 
trans-polyacetylene (CH)x model are equivalent. Some im
portant corollaries of this connection have been investi-

d . f / l 31 f 141 h . 1 . (k. k gate 1n re s. ' • In r~ • t e stat1c so ut1ons 1n , 
polaron) to the semiclassical equations of the GN model 
were constructed. The analogous static localized excitati
ons are contained in (CH)x and play a remarkable ro l e in 
describing the physical properties of trans - (CH)x chains. 
The dynamical properties of the GN and (CH)x models are 
quite different . The discrepancy is because of the d istinct 
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phys i cal background of the scalar field a(x,t) in the GN 
mode l and of the opti~al phonon field Mx,t) in (CH)x • The 
a fi e ld is an auxiliary composite object that do~s not des
cribe the real bosons because the kinetic term a1 is ab
sent in the GN model. The whole dynamics of the a field 
is due to fermions (when the fermion quantum corrections 
are i ncluded) whereas in (CH)x the field ~(x,t) has a ki-

• A2 net1c term Llt • 

As ~ consequence, the dynamical equations of motion for 
both models have a sufficiently different form. So, the 
compl ete system of equations of the GN model are invariant 
under the Lorentz transformations whereas it is not the 
case for the (CH)x model. It was shown in ref ! 51 that in 
the l imit of slowly moving solitons the dynamical proper
ties of both models are formally equivalent, i.e., the 
system of equations of motion in (CH)x is reduced to that 
in t he GN model and has the form 

iut (x ,t) = -iVrux(x,t) + ~(x,t) v(x,t) 

ivt (x,t) = iVFvx(x,t) + ~(x,t)u(x,t) 

together with the self-consistent gap equation 

(I a) 

Mx,t ) = -(>.rrVF) l' (u*k(x,t) vk(x,t) + v~ (x,t) uk(x,t)). (lb) 
k,s 

Here , the electronic wave functions u(x,t) , v(x,t) are norma-

lized to unit:?" { dx( luk(x,t) 12+1V (x,t)~):l.The summation in 
....,., k 

(lb) i s over the two-spin states for every energy level up 
to the Fermi energy, that is chosen to be zero. In (I) V F 
and A are the Fermi velocity and the effective electron
phonon coupling constant, respectively. The transition to 
the GN model is obtained by making the transformations 

u .... 1 (•/Jt+il/12), v .... ~(t/11-il/12),~ .... gGNa, AtrVF .... g~N• Vr .. C • 
. v 2 v2 

S-+a , where 1/J=(t)is a two-component Dirac spinor, gGN 
2 

and C are the coupling constant and light velocity, res
pectively; a=ll, .. nl is the internal SU(n) symmetry index. 

As in the static case, there are three classes of solu
tions to eqs.(l). The first class corresponds to the homo
geneous ground state ~= ~0 =Wexp(-1 / 2A).In (CH)x W is the 
full band width, W=2kFVF,where kr is a Fermi momentum.In 
the GN modelW=2A, where Ais an unphysical cut-off in
troduced to make the theory finite. The electron wave fun
ctions in the valence band are the usual plane waves with 
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density p~= ;" • The second class of solutions in ( CH)J 

are the kinks. The explicit forms for the wave func t ions 
are given in ref .151 • The third class of solutions are"po
larons". The moving polaron can be obtained in an a alo
gous manner using the invariance of eqs.(l) under t he Lo
rentz transformation. The precise form of these sol tions 
woutd be published in a separate article. Note that the 
kink solution has a zero energy bound state (E=O) i the 
fermion energy spectrum whereas the polaron solutio has 
two synnnetrical discrete levels at E= ±w0 . 

In our article the physical characteristics of t e mov
ing kink and polaron (the energy of formation, mass , charge) 
are calculated. 

2. In the presence of an inhomogeneous deformation the 
change in the local electronic density can be written in 
the form 

r s 
~p(~) = l n

8 
p

8 
(t') + l [ p~(t) -p~ (~)] , (2) 

!=1 i i k, a . 

where the term p:
1 
(t) is due to the i. -th bound state with 

the occupation number nB 1 , and p~ (t) is the contrib tion 
of the negative energy scattering states. The electr ic 
charge of soliton is defined as Q =e ( ~p(t)d~. In the case 
of the moving kink, we obtain 

n Wyl-@.2 
Q = e ( n0 - - arctg ) , (3 ) 

" 2~o 

where f3=V
9

/VF, V
8 

is a soliton velocity, n 0 is an occu
pation number of the discrete level at E=O. In the l imit 

W-.oowe come to the result Qo=e(n0 -]'"').In (CH\ n ;; and 

Q0 =e(n 0 -1). When no =I ,the solitonic charge is Qo=O where

as the spins=J/2. Forn=l we haveQo=±} l e\ ,'i.e . , the 

effect of the fermion charge fractionalization in t he pre
sence of a soliton takes place. At finite value of using 

. . ., h " ~ 0 • f (3) the approx1mat1on u << l ,w ere u= vv-• we obta1n rom eq. 

2n~ 0 th..1 t Q=Q
0 

+8Q, where OO=e • Thus, even in t he 
"w~ 

case of a neutral soliton a small charge proportional to 8 
appears in agreement with the result of paper 121 • I n (CH)x 
we need to use the limit {3 2<<1. In this case the contribu
tion to the charge of kink due to the velocity parameter f3 
is additionally reduced by the small parameter 8 • Note 
that for (CH)x 8 -:!. 0.07. 
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The k i nk creation energy can be 
of the me thod developed in ref. 141 

We ob t ain 

E =~+~-~=-. 
s 1T TTA v' t-[32 

calculated on the basis 

(4) 

where the first term corresponds to the well-known crea
tion energy of the static kink 12A 1 . The second term de
termines the dynamical correction to the mass of the kink 

excitation. At small values of {3 we have 8M 8 = ~. 
This important result implies that in the ON ~~X!1, 
where the kinetic term is absent and as consequence M8 =0, 

the finite dynamical mass of a kink appears. In (CH)x 

M~~ 
lYJs = 

3
rrKAVi :::: 6 me, where M and K are the parameters of 

the (CH)x model and me is an electron mass. Thus, in 
(CH\ we have 8Ms-='0.09M8 ,i.e., the correction is consi
derable ( ~ IO%) contrary to the statement of the authors 
in ref. 161 . 

3. Let us propose that the polaronic level Ec-w0 (w0 ) 
has the occupation number n(n0 ) respectively. The change 
in the local density in the presence of a polaronic de
formation takes the form 

K, 2 2 2n --2 W 
~p(~ =·....l. (seoh Kp~+ + sech KpC)I(n0 +n)- -v'1-f3 arctg V + 

4 TT 2~ F 

(S) 

2 ---
+ 132 _gg_ _ Ko V t_ __ [ ~ arctg Wy 1-@ 2- v' 1-{32 uctg W ]1, 

rr [K~V:(l-{32) -~~] KoVF 2~o 2KaVF 

where e± = X-Vp t+Xo 
Ko 

, vp is a polaron velocity, KP = v'
1
_

13
2 

and K0 VF = v'~~-wg, f3=vp /VF. In the limit case W ... oo , we 

obtain from eq. (5) the charge of a static polaron Q~,.en 0 • 
In (CH) n 0 =I and Q= e, i.e., we have the excitation 
with th~ s tandard relation of charge (-e) and spin (1/2) 
corresponding to the usual pol~ron. In the case of the 
moving po l aron and in the limit {32« 1 an additional term 
proportional to {32 appears 

Q p = Q p + 8 ,QP • 
00 0 00 

(6) 
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P 2 en ~o-Ko VF 
where 8Q =f3 2 ------. When (JJo ... owe have thatK0vF ... ~o 

oo ~o+ KOVF 

and 8Q~ ... 0 in accordance with the result for the kink 
where no correction terms proportional to {32 appear in 
the limit W ... oo for the charge of the excitation state. 

~ 
In (CH)x the level (JJo is fixed (JJ 0 =K 0VF"' 0 so tha t 
8Q~:!0,17ef32. · y2 

Consider now the correction terms proportional to 8. 
From eq.(S ) we obtain 

(7) 

When (JJ 0 ... 0 we have 8 Q~t ... 28Q~t in accordance t-'ith the 
fact that in this limit the polaronic state "decays" into 
an infinitely far appart kink-antikink pair state. In 
(CH)x 8Q~t = 0.09e. 

We calculate the energy of the polaron excitation in 
the model and obtain the result 

2 2n K o V F (JJO (1- f3 ) (JJO 
E =- ----- {1 + -------- -- arctg --- I 

P rr vt::7f'E Ko V~[ 1+ {32 (_!{Jl..~)J Ko V F 
(JJO (8) 

2K V {3 2 

+ Q F _+(no-n )(JJo· 
rr/o.y1-f32 

Taking into account only correction terms proportional to 
f3 2 we get from (8) 

2n (JJO 
Ep =- [K 0 VF +(JJ 0 arctg--] + (n 0 -n)(JJ0 + 

rr K0VF 

2 n (JJ (JJO 2Ko VF 
+ f3 I - (K V ) [ 1 - 3 ( ~J.L) arctg ---] + ---- }. 

rr o F K0 v F K0 v F rr i\ 

(9) 

The last term in (9) determines the dynamical contributi
on to the polaron mass. In (CH)x we have 

E =_:j~+ y ' 2 ~Q.[ 1- !E_+.l]f32' 
p TT J TT 4 A (I 0) 
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where t he first term corresponds to the energy of creation 
of the static polaron whereas the second term gives the 

. . 2y2 f.. 37T 
dynam1 cal correct1on to the polaron mass 8Mp=-y-2(1 -r+ 

"VF 
+ ~ )=0,37MP , where MP is obtained from the kinetic term 

in the Hamiltonian and has a value M.P..,_1,3me • Thus, the 
effect of the polaron motion gives r1se to a considerable 
contribution to the polaron mass. 

In conclusion we note that the obtained results have 
a great importance in describing the electrical and trans
port properties of the trans-(CH)x chains as well as in 
relativistic quantum field theory where the dynamical mas
ses of solitons appear due to motion. 

We would like to thank Dr. S.A.Brazovskii for directing 
our attention to these problems and useful discussion of 
the results. 
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HCCllEI\OBAHHE HA YCTAHOBKE "AHOMAJlOH" 
BTOPH4H~X ~AEP C BHYTPEHHE~ MHWEHH 
CHHXPO<M30TPOHA 

H . A.ronyTB~H, C.H.AonR, B . E.m~nb~oe, A.B.3apy6~ , 
B . H.ll~cRKoe, B.B.nepen~r~H, 1\.noae, B.A.Ce~p~Ao e , 
A I1 . CeMeHIOWK~H, 1\ . A . CMon~H, B , B.T~xo~poe, A.r. ~eAyHoe, 
B. C. Xa6apoe, B. H.Uoe6yH, O . A . ~~yHeHKO 

llpeACTaBJieHbi pe3yJibTaTbl 3KCnepHMeHTOB no Bbl OAY 
C BHyTpeHHeH MHWeHH CHHXpO~a30TpOHa no TpaKTY Ka
Hana MeAJieHHOrO BbiBOAa ~parMeHTOB pOAJofTeJibCKOrO .RA-
pa ~Top a ( 19F) 12B, 14(:, 16 N H AP. , a TaKJKe AaHbi 
01.\eHKH BepxHeH rpaHHI.\bl BblXOAa ~parMeHTOB C AP06HblM 
3ap.RAOM (Z=7, 7) H ceqeHH.R nepe3aP.RAKH 19 F-... 19 o. 
H3MepeHbi xapaKTepJ1CTHKH pacnpeAeneHH.R ~parMeHTOB 
no HMnYJibCaM. HMnYJihC nepBH'IHbiX .RAep 19 F pa eH 
4 r3B/HyKJI,•C, 

Pa6oTa BbmonHeHa B 0TAene· HOBbiX .MeTOAOB yc~ope
HH.R mum. 

Study of Secondary Nuclei Produced 
on the Synchrophasotron Internal Target 

I.A.Golutvin et al, 

The results of experiments on a slow ext r action 
of 12s,14 C, 16 N a. o, fragments of parental nucleus 
of fluorine (19F) from the synchrophasotron inner 
target along the channel are presented. ~he upper 
limit of fragment yield with fractional char ge 
(z,.7.. 7) and f 9 F-o 19 o charge exchange cros s 
sections are estimated. The momentum distribu
tions of fragments are presented. 19 F primar y 
nucleus momentum is 4 GeV/nucl.•c, 

The investigation has been performed at t he 
Department of New Acceleration Methods, JINR. 

Baeoe Hu e 

n~~ pcnATHB~CTCK~X 3Hepr~RX npo~ecc $parMeHTa~~ ~ RAep 
~MeeT oco6eHHOCTb, noaeonR~Y~ $OpM~poeaTb ny4K~ BTOp~4-

H~x /B TOM 4~Cne paA~OaKT~BH~X, B eCTeCTBeHH~X ycnoB~RX 
He cy~eCTBY~~x/ RAep: $parMeHT~ RApa-cHaPRAa cocpeAOT0-
4eH~ B y3KOM yrnOBOM KOHyce B HanpaeneH~~ ~Mnynbca POA~

TenbCKOrO RAPa ~ ~Me~T CKOpOCTb, 6n~3KY~ K era CKOpOCT~ • 
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CIIWlPO~POW 

PHc,l, CxeMa 3KCnepHMeHTa, MB- KaHan MeAneHHoro 

BbiB OAa, S H C - C~HHTHnnH~HOHHbie H qepeHKOBCKHe 

C'leT'lHKH, XUV- 3-KOOPAHHaTHbie nponop~HOHaiTbHble 

KaMe pbi, H- MarHHT, 

" , . ' 

8TOpH4H~e ny4KH OTKp~ea~T YHHKanbHy~ B03MO~HOCTb HCCneAO
BaHH~ CBO~CTB HeCTa6HnbH~X /B TOM 4HCne 3K30TH4eCKHX/ 
HAep/Ce4e HH~ B3aHMOAe~CTBH~, 3neKTpH4eCKHe H MarHHTH~e 
MOMeHT~, cneKTp~ nepeXOAOB H Ap./ . nepe~e pe3ynbTaT~ no 
c)>opMHpoeaHH~ BTOpH4H~X ny4KOB H30Tonoe He, Li, Be H c c 
noMOU1b~ y cKopeHHbiX ~AeP 11 B H 20Ne, B3aHMOAe~CTBYfOOIHX c 
6epHnriHeBO~ MHWe~b~, H 3KCnepHMeHTOB C HHMH 6~nH C006U1e
H1!1 Ha KOHc)>epeH~HH B 8HC6~ / 1,21_ 

B AaH HO~ pa6oTe npeACTaeneH~ pe3ynbTaT~ 3KcnepHMeHTa 
no BbiBOAY C BHyTpeHHe~ MHWeHH CHHXpOc)>a30TpOHa no TpaKTY 
KaHana MeAneHHOrO B~BOAa c)>parMeHTOB POAHTenbCKOrO ~Apa 
c)>Topa ( 19 F) 12s, 14 c, 16 N H AP·, a Ta~e AaH~ o~eHKH eepx
He~ rpaH~ ~~ B~XOAa c)>parMeHTOB c AP06H~M 3aP~AOM /Z=7,7/ 
H Ce4eHH ~ nepe3ap~AKI-1 19 F-+ 19 0. I13MepeH~ xapaKTepHCTHKI-1 
pacnpe~eneHI-1~ c)>parMeHTOB no HMnynbcaM. 11Mnynbc nepBH4H~x 
~AeP 1 F - 4 r3B/c· HyKn. 

Cx e~a 3Kcnepu~eHma 

3Kcne p!-1MeHT e~nonHeH Ha CI-1HXpoc)>a30TPOHe nB3 011~11. Pe~H
Mbl pa60T~ YCKOp!-1Ten~, o6ecne4!-1BaiOIJ.I!-1e BbiBOA Ha 3KCnep!-1MeH
TanbHy~ y cTaHOBKy BTOpi-14HbiX ~Aep, paCC4!-1TaHbl H npi-1BeAeH~ 
B 131_ ' 

CxeMa 3Kcnepi-1MeHTa npeACTaeneHa Ha p1-1c. 1 . HHweHb 1-13 
TOHKoro /-10 MKM/ an~MI-1HI-13HpoeaHHoro naecaHa c pa3MepoM 
no paA~Y CY yCKOpHTen~ - 5 MM B KOH~e ~1-1Kna yCKOpeHI-1~ RAep 
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BBOAHnacb B pa604y~ 30Hy BaKyyMHO~ KaMep~ CHHXpO~a30TpOHa. 

PaAHanbHOe nono~eHHe MHWeHH B YCKOpHTene MOrno ycT a HaB
nHBaTbCH C T04HOCTb~ - 1 MM 1 HHTepsan H3MeHeHHH paAHanb
HO~ KOOPAHHaTbl - ~R = 300 MM. HaBeAeHHe · ny4Ka HAep Ha MH
WeHb OCy~eCTBnHnOCb C nOMO~b~ B~COK04aCTOTHO~ YCKOpH~~e~ 
CHCTeM~ CHHXpO~a30TpOHa npH nOCTOHHHOM MarHHTHOM none B 

~H -3 
ycKopHTene /T04HOCTb cTa6HnH3a~HH nonH ~ < 10 / . Bpe-
MH B3aHMOAe~CTBHH ny4Ka C MHWeHb~ - 400 MC. $parMeHT~ pe
nHTHBHCTCKHX HAep, o6pasosaswHecH npH ssaHMOAe~CTBHH nep
BH4Horo ny4Ka C MHWeHb~ 1 npOXOAHT B MarHHTHOM none ycKO
pHTenH OKOnO 18 M H B~BOAHTCH no KaHany MeAneHHOrO B~BOAa 
Ha ycTaHOBKy 11AHoManoH 11 141. TaKHM o6pasoM, MarHHTHo e rione 
CHHXpO~a30TpOHa B 3TOM 3KCnepHMeHTe OAHOBpeMeHHO HCnOnb
syeTCH KaK npe~H3HOHH~~ MarHHTH~~ cneKTPOMeTp AnH T04HOrO 
H3MepeHHH y npOAYKTOB ~parMeHTa~HH HApa-cHapHAa BenH4HH~ 

P·A/Z ( p - H.MnynbC l)lpart-teHTa B f3B/ c. HyKn.). nocKOn bKY 
npH ~parMeHTa~HH HApa-CHapHAa CKOpOCTH /HMnynbC~ Ha HyK
nOH/ ~parMeHTOB H HaneTa~~ero HApa 6nH3KH 1 MarHH THbl~ 
cneKTpoMeTp, no cy~ecTay, pa3AenHeT ~parMeHT~ no H30Ton
HOMY COCTaBy /no eenH4HHe A/Z/. 

AnnapaTypa ycTaHOBKH 11AHoManoH 11
1HcnonbsoaaewaHc a 3TOM 

On~Te 1 B OCHOBHOM 1 OCTanaCb 6e3 H3~eHeHHA /pHC . 1/: nponop-
4HOHanbH~e KaMep~ XUV nosaonHnH onpeAenHTb TpaeKTOPHH 
~pa.rMeHToa, c noMO~b~ c~HHTHnnH~HOHH~x C4eT4HKOB S H S4 
~OpMHpOBanCH TpHrrepH~~ CHrHan . t10AePHH3a~HH /AnH y aenH-
4eHHH CBeTHMOCTH on~Ta/ nOABeprCH TOnb~O 4epeHKOBC H~ 
cneKTpoMeTp. HsMepeHHe 3aPHAa ~parMeHTOB npoH3BOAH ocb 
C nOMO~b~ 18 4epeHKOBCKHX C4eT4HKOB 1 pacnono~eHH~X B 3 pH
Aa no 6 C4eT4HKOB a Ka~AOM PHAY TaK, 4TO nepeKp~aaeMaH 
C4eT4HKaMH nno~aAb COCTaBnHna 90x120 MM 2 

• CpeAHRH BenH4H
Ha paspeweHHH no 3aPRAY ~parMeHTOB B 4epeHKOBCKOM CneKTpO
MeTpe 6~na a - · 0, 15 e . 

nepBH4HaH o6pa6oTKa pesynbTaToa c noMo~b~ on-1 i e npo
rpaMM~ nosaonRna H3MepRTb npo~Hnb ny4Ka a npo~ecce o6ny-
4eHHH C nOMO~b~ ny4KOB~X nponop~HOHanbH~X KaMep, KOHTpo
nHpOBaTb aMnnHTYAH~~ cneKTp CHrHanoB C Ka~AOrO C4eT4HKa, 
CyMMHpOBaTb CHrHan~ C Tpex C4eT4HKOB . 

Q6pa60TKa 3KCnepHMeHTanbHO~ HH~OpMa~HH 1 3anHCaH HO~ Ha 
MarHHTHble neHT~ 1 BKn~4ana KanH6pOBKy 4epeHKOBCKHX C4eT4H
KOB H ~HTHpOBaHHe sapRAOBbiX cneKTpOB. tlnH KanH6pOB KH HC
nonb30Banacb 3KCnepHMeHTanbHaR HH~OpMa~HR C 11 nponeTHbiMH 11 

RApaMH 6es esaHMOAe~cTBH~ c ee~ecTBOM 4epeHKOBcKoro AeTeK
Topa . Pa6oTa no oT6opy TaKHX co6~TH~ npeAwecTaoaan a KanH6-
poeKe H saKn~4anacb a cneAy~eM: AnH Ka~Aoro Ha6op a AaH
H~x nony4eH~ 3Ha4eHHR aMnnHTYA BCeX 4epeHKOBCKHX C4eT4H
KOB1 COOTBeTCTBeTCTBy~~He HyneBOMY C~1rHany /nbeAeCTanbl/, H 
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PHC. 2 • 3apH,JJ;OBbiH -cneKTP CHr
HanoB qepeHKOBCKHX cqeTqH
KOB npii peJKH Me BbiBO,D;a ii30TO
ilOB: a/ .a 3oTa 16N, 6/ yrne
pop;a 14 C , s/ 6opa 12 B. 

or6poweH~ co6~T~R, COAep~a

~~e B3a~MOAe~CTB~R. 

AnR or6paKOBK~ co6~r~~ 
C B3a~MOAe~CTB~RM~ $parMeH-

Z' TOB C Be~eCTBOM C4eT4~KOB 
6bln~ nocrpoeHbl KoppenR~~OHHble 2-MepHble r~crorpaMMbl aMnn~

TYA AnR scex Ha6opos AaHH~x np~ ycnos~~. 4TO rp~ nocneAo
sarenbHO pacnono~eHH~x 4epeHKOBCK~x C4eT4~Ka aaper~crp~
posari~ c~rHan, ~pes~wa~~~~ Hyneso~ yposeHb /nbeAecran/. 
r~crorpaMM~posanacb aMnn~TYAa nocneAHero B rpo~Ke 4epeH
KOBCKoro c4eT4~Ka, KaK $YHK~~R sen~4~H~ c~rHana nepsoro 
4epeHKOBCKoro c4eT4~Ka. MeroAOM Ha~MeHbW~x KBaAparos /MHK/ 
4epe3 3T~ r~crorpaMM~ npoBOA~nacb npRMaR Y = A + kx, ~ on
peAenRnacb A~cnepc~R a . .Qanee np~H_!1Manocb, 4TO co6biT~R, 

ne~a~~e BbiWe ypOBHR Y1 =A- 3av' 1 + k~ + kX , KOTOp~~ OT
CTO~T Me Hee 4eM Ha Tp~ CTaHAapTHble OW~6K~ OT npoBeAeHHO~ 

MHK . npR Mo~, o6ycnasn~san~cb "nponeTHbiM~" $parMeHTaM~ . 

npo~eAypa Kan~6pOBK~ 3aKn~4anacb B nepeBOAe Ben~4~H~ 

cpeAHe~ aMnn~TYA~ c~rHanos 03Y, nponop~~oHanbHO~ ~HTeHc~s
HOCT~ lle peHKOBCKOrO CBera, B eA~H~~bl KBaApaTa 3apRAa • .QnR 
Ka~Aoro Ha6opa AaHH~x crpo~n~cb cneKrp~ aMnn~TYA 4epeH
KOBCK~x c4eT4~KoB. UeHrpaM TR~ecr~ ~AeHT~$~~~posaHH~x n~
KOB CTaB~n~Cb B COOTBeTCTB~e KBaApaT~ 3aPRAa $parMeH
TOB,~ npOBOA~nacb n~He~HaR Kan~6pOBKa no ABYM T04KaM . noc
ne npoBeAeH~R Kan~6pOBOK nony4eH~ cneKTP~ 4epeHKOBCK~X 
C4eT4~KOB B eA~H~~ax KBaApara aapRAa AnR Ka~AOrO Ha6opa 
AaHHbiX • .QnR onpeAeneH~R nonHoro noroKa Q

0 
$parMeHTOB r~na 

n cneKT p~ annpOKC~M~pOBaJl~Cb $YHK~~e~ 
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2 N 
F (Z ) = B + I ( Q

0
• e 

n= 1 

rAe napaMeTp~ B- eenH4HHa $oHa, Qn - cyMMa $parMeHTOB 
B nHKe, Un - AHCnepCH~ pacnpeAeneHH~ no Z2 $parMeHTOB TH

- 2 nan /Z
0 

$HKCHpoeanHCb/ . 

Pe3 Y/l t>mambz ;;Ke n epu.Me Hma 

$opMHpOBaHHe BTOpH4HbiX ny4KOB pa3nH4HbiX HYKnHAO B onpe
Aen~eTCR B~6opoM COOTBeTCTBYIOUlero pe>KHMa pa60Tbl yC KOPHTe-
nR . Ha pHc.2 npHBeAeH~ aapRAOB~e cneKTp~ cHrHano e 4e-
peHKOBCKHX C4eT411KOB npH pe>KHMaX pa60Tbl yCKOpHTenR , COOT
BeTCTBYIOUlHX B~BOAY H30TOnOB aaora 16N /pHc.2a/, yr epOAa 
14C/pHc.26/ H 6opa 12 B/pHc.2e/. npHMeCb B ny4Ke, aCC4W 

TaHHOM Ha onpeAeneHHbli1 HyKm1A, ero COCeAHHX H30TOnOB OKa-
3~BaeTCR He3Ha4HTenbHOi1. 3TO OC06eHHO XOpOWO BHAHO Ha npH
Mepe H30Tonoe aaora 16 N

1
,pHc.2a/ H 17 N /pe>KHM B~BOAa·17N 

6nH30K K pe>KHMY e~BOAa B, pHc . 2e/. B npoMe>KyT04HOM Me>K
AY HHMH pe>KHMe /pHC.26/, rAe MOryT BbiBOAHTbCR 11XBO CTbl 11 

a HMnynbCH~X pacnpeAeneHHRX o60HX H30TOnOB, B~XOA $ parMeH
TOB aaora Man /pHc ,. 3/ . 

.., 
e 
t 

l 
~ zo 
s 
"' () 

"' ~ 
~ f() 

" "II 

9~ 

PHc.3. rlwxoA H30Tono e 6epHn
nHH H a30Ta npH pa3nHqHWX 
pe•HMaX pa60TW YCKOpHTenH 
/e npo~eHTaX no OTHOWeHHW 
K CYMMe BCeX $parMeHTOB C 
z ~ 3/. 

XapaKTepHoi1 oco6eH HOCTb~ 

BCeX ny4KOB RBnReTCR 3aMeT
~~~~~~~~~~--~·~B~~'W~~ HaR /AO 25%/ npHMeCb nerKHX 

U.S 2·~5 2· ~ 2.'6 A~ RAep nHTH-R H 6epHnnH R , CBR-
3aHHaR, KaK 6yAeT BHAHO HH

>Ke, C OTHOCHTenbHO 60nbWHM pa36pOCOM HMnynbCOB, npHo6pera
eMbiX HMH B npOL~ecce $parMeHTaLIHH . no3TOMy H30TOn~ 6epHn
nHR pa3AenR~TCR MarHHTHOi1 OnTHKOi1 Xy>Ke H30TOnOB a3 0~a 

/pHC. 3/, HeCMOTpR Ha TO, 4TO pe>KHM~ B~BOAa H30TOnOB Be H 
10 Be no eenH4HHe A/Z paaHeceHbl e 1, 75 paaa 6onbwe, 4eM 
AnR H30Tonoe aaora 16 N H 17N. 6onbwoi1 BKnaA H30Tona 14 C 
06bRCHReTCR OTHOCHTenbHO 6onbWHM Ce4eHHeM ero o6pa 30BaHHR . 

Cocrae ny4KOB e rpex paanH4H~x pe>KHMax pa6or~ y cKopHre
nR npHBeAeH e ra6nHt.~e . 
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Ta6mu-1a 
HyKJIHAHblH COCTaB /B llPO!-IeHTax/ BTOpHli~biX 
llYliKOB B peJKHMe BbiBOAa Hjlep 16N,14c,12B 

PeJKHM BbiBOAa 7 Li !9Be+ 10se 
12

B 14 c 16 N 17N 180 

16N(A/Z =2,286) 16,2 9,8 6,6 35,6 29,6 - 2,2 

14C (AIZ = 2, 333) 18,4 3,4 6,8 69,5 I, 9 - 0,1 

12 8 (A/Z = 2, 400) 23,2 5,8 33,3 8,2 - 29,5 

Ha BHeWHIOIO CTOpOHY CI1HXpO<jla30TpOHa MOryT 6btTb BbtBeAeHbl 
ron b KO Het:irpoHOI136btT04Hble <jlpa rMeHTbl. B AaHHOM 3KcnepHMeH
re Ml1weHb 6bl.na pacnono>KeHa Ha ocH OKHa tr 20, B03MO>KHO raK 

>Ke pa3Me~eHI1e MI1WeH1>1 B OKHaX W 18 H W 22 . npH 3TOM AHana-
30H Bei1H411H Alz AI1R <jlparMeHTOB, BbtBOAHMbtX B KaHan, MO>KeT 
113MeHRT bCR OT 2,09 ( 23Na)AO 3 ( 3H, 6He, 9Li, 12Se, 15B, 
18 C H np.). 

Xapa KTepHaR senH4HHa 3axsara <jlparMeHTa s KaHan MeAIJeH
-2 

Horo Bbt BOAa - nopRAKa 10 • nap~HailbHOe ce4eHHe o6pa3osa-
14c 5 10-3 -HHR HY KilHAa ~ • OT nOilHOrO O>KHAaeMbl11 B KaHane 

MeAIJeHHOrO BbiBOAa nOTOK <jlparMeHTOB f4C COCTa8I1ReT 5 · 10-5 
19 ) 

OT HHTe HCI18HOCTH BHyTpeHHero ny4Ka ycKOPHTeiJR (RAPa F , 
4TO OKa 3ai10Cb 6IJH3KO K 3KCnepHMeHTy. 

0 19 F' 1 ~ O • 
~eH Ka ce4eHHR nepe3aPRAK11 -+ 1>1 8epxHeH rpaHH~bt 

AI1R 8biXOAa RAep C AP06Hb!M 3aPRAOM Z = 7,7 CAeiJaHa Ha OCHO
BaHHI>1 Aa HHbtX, npeACTaBIJeHHbiX Ha pl>1c . 4a lpe3yi1bTaTbl 3KCno-

31>1~111>1 MHWeHI>1 8 pe>K!>1Me 8bi80Aa 
19 

0, rAe AIZ = 2, 3751 H Ha 
p!>1c , 46 l pe3yi1bTaTbl 3KCn031>1~1>111 B pe>KI1Me, COOTSeTCTBYIO~eM 

seni>1411He AIZ = 2,3781 . O~eHKa ce4eHI1t:i MO>KeT 6b1Tb CAenaHa 
ABYMR c noco6aM1>1: 1>13 cpaBHeH!>1R BbiXOAa HCKOMbiX RAep C noro
KaM!>1 H30 TOnOB 12 B 1>1I111 14 C lce4eH!>1R o6pa30BaH!>1R nOCI1eAH1>1X 
1>138eCTHbt15•61 I 1>1I1H npRMbtM pac4eroM, nocKOilbKY 11HTeHCH8HOCTb 
npoweAWHX 4epe3 MI1WeHb RAep 19 F 11 CBeTOCHila ycraH08K1>1 113-

8eCTHbl. B npeAnono>KeHI1H, 4TO HMnyiJbCHble 1>1 yrnosble x apaK
repHCTI>1 KI>1 1>1CKOMbiX RAep 1>1 RAeP 12 B 1>1 14 c 6IJH3KI>1, nony4eHbt 

3Ha4eHI>1R ce4eHHR nepe3apRAK1>1 

a ( 19F --+ 190)"' 3 • 10-29 CM 2 

1>1 8epxHe R rpaHI>1~bl ce4eHI>1R o6pa3osaHI>1R RAeP c 3aPRAOM Z 

7,7 1>1 A- 13,3: a < 3 · 10-31 cM 2 • 

ltiMnyiJ bCHoe pacnpeAeneH!>1e <jlparMeHT08 RAeP 12c 1>1 16 0, 

y c Ko peH HbiX AO 3He prl>11>1 2,1 laBIHyKil., 113y4ai10Cb 8 pa6o-
Te 1 7 I 3 Kcnep!>1MeHT an bHbte p e 3yn bT aTbt AaHHot:i pa6 orbt I p1>1 c . 51 
ao 



N 

1000 

100 

10 

'L• ,,C 
J. '28 N '·c 
~ l + l 

r~~~n 
"N 
l 

"N 

\ J J. n '90 v \,_, v v 1 \ J. 

. \'"f f\ 
4 9 16 25 J6 49 4 9 16 25 36 49 

PHC, 4, 3 apHAOBbiH cneKTp CHrHaJJOB qepeHKOBCKH 
ClleT'IHKOB TIPH pe~HMe BhlBOAa: a/ H30TOna 190, 

6/ HAep c A/Z = 18•3/7,7 = 2,378. 

no3aon~~T nony~~Tb ~H$opMa~~~ o napaMeTpax ~Mnyn b CHoro 

pacnpeAeneH~~ HyKn~AOB 14c ~ 190, o6pa3o~aHHbiX np~ .B3a~
MOAei1cTB~~ C M~WeHb~ ~Aep 19 F C 1-IMnynbCOM - 4 r3 B/c• HYKJ1. 
B o6o~x onbJTax ~3y4a~Tc~ $parMeHTbl, BblneTaiOUI~e a y3KOM 
KOHyce yrnoa B HanpaaneH~~ naAa~~ero ~Apa /a Hawe M cny~ae 
pacTaop 3Toro KOHyca - 1 MPaA, BKnaA annapaTypHor o pa3pe
weH~~ B ~MnynbCHoe pacnpeAeneH~e $parMeHTOB- 3· 10-3, To4-

~n -3 
HOCTb ~3MepeH~~ cpeAHero ~Mnynbca $parMeHTOB -•- = 10 I. 

p 

PHC, 5. P acnpeAeJieHHe HYKJIHAOB 19 0 H 14 C 
no nepeAaHHOMY Ha HYKJIOH HMTIYJibCy, 

KaK ~ np~ MeHbW~IX 3Hepr~~x 1 71 • · w~p~Ha ~Mnynbc Horo pac
npeAeneH~~ a c~cTeMe KOOPA~HaT naAa1001ero ~APa Hy Kn~Aa, o6-
pa3oBaHHoro a peaK~~~ nepe3aP~AK~, ap ( 19 0) = (49±9) M3B/c, 
MeHbWe, 4eM COOTBeTCTBY~~a~ w~p~Ha npOAYKTa $parMeHTa~~~ 
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t 

14c.- u(14c)=(l85±20) M3B-/c.C ,qpyro.::i cTopOHb1 1 c,qs~-tr. cpe,qHero 
3Ha4eH~-t ~ ~-tMnynbcHoro pacnpe,qeneH~-t~ OTHOC~-tTenbHO Hynesoro 
~-tMnynb ca B CI1CTeMe,cB~3aHHo.::i c na,qaiOU\1-tM ~,qpoM, ,qn~ 19 0 
6onbwe , 4eM ,qn~ $parMeHTOB 14c,(-127±l5) M3B/c 11 
(-32±14) M3B/c . WHp~-tHa ~-tMnynbcHoro pacnpe,qeneH~-t~ $parMeH

TOB yrne po,qa u = 185 M3B/c npesocxo,q~-tT Ha.::i,qeHHy~ a 1 7~ O,q-, . 
HaKo cne,qyeT y4eCTb, 4TO B ,qaHHOM OnbiTe yrnepo,q nony4aeT-
c~ H3 R,qpa-cHap~,qa $Topa /a pa6oTe l 7/ - ~-t3 016/,"' yaen~-t-
4eH~-te 4Hcna B3a~-tMo,qe.::icTBYIOU\~-tX HYKnOHOB ~,qpa-cHap~,qa, no
B~-tAHMOMy , np~-tBO,t:IHT K B03paCTaH~~ HMnynbCHOrO pa36poca 
$parMeHTOB . ' 

A . M. 6 an,q~-tH 18 1 noKa3an, 4TO npOL~ecc <!lparMeHTa~"'"' ~,qep 
,qocTaT04HO xopowo on~-tCbiBaeTc~ non~cHbiM np~-t6n~-tmeHHeM 

d u 

b , 1 

F 
( bu + a11 ) 2 ' 

r,qe b11 - KBa,qpaT pa3HOCTI-t 4e TblpeXMe pHbiX CKOpOCTe~ R,qpa 
H <!lparMe HTa, a senH4~-tHa, onpe,qenR~~aR w~-tp ~-t HY ~-tMnynbcHoro 

pacnpe,qeneH~-tR ct>parMeHTOB ,a11 ~ 2 , 11 ( m 1 - m1) I m1 m1 (t 11 -
3HeprHR CB~3H $parMeHTa ,1 B ~,q pe I , m1 H m l- MaCCbl 3TI1X 
R~ep). ~1 3 4~-tcTo non~cHoro . np116n11meH~-t~ cne,qyeT, 4TO MaKc~-t

MyM pac npe,qeneHHfl $parMeHTOB HaXO,t:IHTCR B TQ4Ke b 11 "' 0, 
L . 

pl llt -
~-tn~-t !l = - - -- = 0, 

rn1 m I 
L ~ "' r,qe ~ - npo,qonbHbl~-t ~-tMnynbc ~par-

MeHTa . · 0TKnoHeHHe cpe,qHero 3Ha4eH~-t~ A oT HynR B paMKax 
pafiOTbi / S/ MOmeT 6b1Tb 06bf!CHeHO I-IHTep$epeH~&-te~ non~CHO~ 
aMnnHTy,qbl c ,qpyr~-tM~-t . 

HMe~T CR "' ,qpyrHe Mo,qen~-t, <!leHoMeHonor~-t4ecK~-t on~-tcbiBaiOU\~-te 
npo~ecc <!lparMeHTa~"'"' R,qep np~-t BbiCOK~-tx 3Hepr~-tRx 1 9 • 10 ~ 

:.la1C.Il O'l./. e Hu e 

H3y4e HHe BTOPI14HbiX R,qep, o6pa3oBaHHbiX Ha BHyTpeHHe~ 
MHWeHH CI-IHXPO$a30TpOHa 1-1 BbiBOAI-IMbiX no KaHany Me,qneHHOrO 
BbiBO,qa, n03BOfll-tnO onpe,qenHTb 3ap~,qOBbl~ COCTaB 1-1 ~IHTeHC&-tB

HOCTb ny 4KOB BTOp~-t4HbiX R,qep: B pemHMe BbiBO,qa $parMeHTa 
014 ero nap~~-taflbHa.R 1-!HTeHCHBHOCTb COCTaBnfleT 70%, BbiXOA 
B KaHan ~,qep c14 Ha OAHO nepBH4HOe RAPO 19 F COCTaBnfleT 
3· 10- 5. C,qenaHa o~eHKa ce4e~~-tfl nepe3aPRAK~-t R,qpa $Topa 
B KHCnopo,q: u( 19 F-+ 19 0) = 3 · 10- 29 CM 2 • Jl,qep C ,qpo6HbiM 
3apR,qOM He Ha~,qeHo Ha ypoBHe 3·10- 31 cM ·2. XapaKTep~-tCT~-tK~-t 
~-tMnynbCHbiX pacnpe,qeneH~-t~ <!lparMeHTOB np~-t ~-tMnynbce 

4 r3B/C • HyKn, 6nH3KI-t K 1-t3MepeHHbiM B 6epKnH np~-t 3Hepr~-tl1 

2 r3B/.Hy Kn • 
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AeTop~ e~pama~T HCKpeHH~~ npH3HaTenbHOCTb A.M.GanAHHY 
3a o6cymAeHHe pe3ynbTaToe pa6oT~, B.H.BonKoey , B.n . 3a6ono
THHy, A.C.Hcaeey, B. A.MOH4HHCKOMy, C.A.HoBHKoey, B. H. nep
$eeey, C.B.$eAYKoey, A.H.WepcT~Hoey H eceMy nepcoHany oT
Aena CHHXPO$a30TpOHa nB3 3a o6ecne4eHHe CTa6HnbH~ pa6oT~ 
YCKOpHTen~ . 
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KpaT~<Ue coo6lJ,#eHUR OHHH N! 15-86 J/NR Rqpid Communications No.JS-86 
Y,llK 539.172.5 

HA6n~AEHHE Y3KHX AHTIPOTOHH~X PE30HAHCOB 
C MACCAMH 1966 ~ 1989 M3B/c 2 

0.6.A6A~Hoa! A.A.6a~paMoa! ~.A.6yAaroa, A.M.AaopH~K: . I 
~.$.noMaK~H, A.A.Ma~noa, B.6.$n~r~H, ~.H.Xapmeea 

B crreKTpax 3<l>4>eKTHBHbiX Mace p;ayx rrpoTOHOB Ha6mo
p;eHbi Y3KHe /MeHbme I 0 M3B/ c2 I CTPYKTYPbi /Ha ypoaHe 
4-5 CTaHp;apTHb!X OTKnOHeHHH/, KOTOPbie MOI'YT paCCMaT
pHB aTbC.R KaK ,D;HIIpOTOHHbie pe30HaHCbl. ,!J;aHHbie rrony'leHbl 
IIPH o6pa60TKe C}>HnbMOBOH HHilJopMa~HH C MeTpOBOH IIY3blpb
KO BOH KaMepb! mm OIUIH c rrporraHOBbiM H rrponaH-¢peOHO
BbiM 3aiiOnHeHHeM, 06ny'leHHOH rr--Me30HaMH C HMIIynbCOM 
5 f 3B/ C Ha CHHXpollJagOTpOHe 0115!11, TipHBep;eHbl p;aHHbie T!O 
ce'l eHH.RM poJK,IJ;eHH.R pegoHaHcoa Ha .R,D;pax H yrnoBbie pac
rrpep;eneHH.R .IIPOTOHOB B C.~.H. pe30HaHCOB, 

Pa6oTa BbiiiOnHeHa B Jla6opaTopHH .Rp;epHbiX rrpo6neM 
Ollil l.f. 

Observation of Nar.row Difroton Resonances 
with 1966 and 1989 MeV/c Masses 

O.B.Abdinov et al. 

. Narrow (~ess than 10 MeV/c 2 ) structures (4-5 stan
dard deviations) have been observed in two proton 
effective mass spectra. These could be considered 
as d iproton resonances. The data have been obtained 
by processing film information from one~meter bubble 
chamber of LNP, JINR, with propane and propane-freon 
fil l ing which has been irradiated by 5 GeV/c "-4me
sons on the JINR synchrophasotron. The data on the 
cro s s sections of resonance production on nuclei 
·and proton angular distributions in s.c.i. of reso
nances are presented. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 

HHCTHTYT ¢H3HKH AH A3CCP, Ea Ky 

l foMenb CKHH rocyp;apCTBeH Hb!H YHHB2 pCHT eT 
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B nocneAHHe HecKonbKO neT noHaHnHCb pa6oT~ 1 1- 111 , a~
nonHeHH~e KaMepHOH MeTOAHKO~, B KOTOp~X C006~anOCb 0 Ha6n~
AeHHH B cneKTpax 3$$eKTHBH~X Mace ABYX npOTOHOB Y3KHX 
;r< 10 M3B/c 2/ oco6eHHocTeH. 3TH oco6eHHOCTH npoHBnH~TCH 
npH Maccax /1926, 1936, 1965, 2020 M3B/c 2/, MeHbWHX Mace 
AH6apHOHOB, npeACKa3~BaeM~X pa3nH4H~MH MOAenHMH KBa pKOB~X 

MeWKOB 1121 BcneACTBHe ManOH WHPHH~ nOA06H~e CTPYKTYP~ He 
MornH 6~Tb Ha6n~AeH~ npH H3MepeHHHX ynpyrHX HnH nOnH~X Ce-
4eHHH npoToH-npoTOHHoro pacceHHHH. PaHee H3 aHanHaa HMnynbc
H~x cneKTpOB npOTOHOB 11 Ha3aA11 B pa3nH4HbiX HHTepBana X yrnoB 
B~neTa npOTOHOB HaMH 6~no ycTaHOBneHO 1131 , 4TO Xapa KTep 
OTKnOHeHHH 3KCnepHMeHTanbH~X BenH4HH HHBapHaHTH~X $YHK~HH 
AnH npOTOHOB OT COOTBeTCTBY~~HX rnaAKHX 3aBHCHMOCTeH, nony-
4eHH~X nyTeM o6o6~eHHH npeACKa3aHHH $aHep6onbHOH MOAenH 
ropeHWTeHHa - 3HHOBbeBa, HanOMHHaeT OC~HnnHpy~ee noBeAeHHe 
Ce4eHHH B 3aBHCHMOCTH OT 3HeprHH H yrna B~neTa BTOPH4H~X 
4aCTH~ B aApOH-HAePH~X CTOnKHOBeHHHX npH HH3KHX 3HeprHHX, 
T.H, 11 3PHKCOHOBCKHe11 $nyKTya~HH. loicnonb3YR 3TO CXOACTBO C 
3pHKCOHOBCKHMH $nyKTya~HRMH, MOmHO 6~no o~eHHTb cpe AHHe 3Ha-
4eHHR pe30HaHCH~X WHPHH YPOBHeH B036YmAeHHR HYKnOHH~X CHC
TeM, OTBeTCTBeHH~X 3a $nyKTYHPY~Y~ 4aCTb iiiMnnHTYA~ peaK~HH, 

<r> = 10 M3B/c2• 4TO cy~ecTBeHHO MeHbwe 3Ha4eHHH, nony4a
eM~x H3 $aaoaoro aHanHaa 3KCnepHMeHTanbH~x AaHH~x. TaKHM 
o6paaoM, KoceeHHO 6~no o6HapymeHo cy~ecTeoeaHHe ~enoro 
cneKTpa Y3KHX B036YmAeHH~X COCTORHHH, npeACKa3~BaeM~X Teo
peTH4eCKH B PRAe pa6oT 1141. Y3KHe COCTOHHHR paCCMaTPHBa
nHCb $eHOMeHonorH4eCKH B paMKaX TaK Ha3~BaeM~X poTa~HOH-
HbiX MOAeneH 1151 . AnA B~RCHeHHR HX nPHPOA~ H ycTaHo eneHHR 
$eHOMeHonorH4eCKOH CHCTeMaTHKH He06XOAHM~ HOB~e 3Kc nepHMeH
TanbH~e AaHH~e. 

B HacTOR~eH pa6oTe HccneAY~TCR cneKTP~ 3$$eKTHB H~x Mace 
nap npOTOHOB, o6pa30BaHH~X B HeynpyrHX B3aHMOAeHCT BHRX OT
PH~aTenbH~·X nHOHOj! C HMnynbCOM 5 r3B/c C RAPaMH yrn epoAa H 
CO cpeAHHM HAPOMA=15(29±3% $peoHa 1381 no eecy)'B MeTpOBOH 
nya~pbKOBOH KaMepe n~n Ql-1~1-1 C nponaHOB~M H nponaH-$peOHOB~M 
HanonHeHHeM(~ 15000 H 7500 C06~THH COOTBeTCTBeHHO). AnH aHa
nH3a OT6HpanHCb npOTOH~ C HMnynbCaMH 0, 15<Pp< 0, 75 r 38/c, 
T04HOCTb onpeAeneHHR KOTOp~X COCTaBnRna: a/ ~P/P<3% npH 
H3MepeHHRX HMnynbCOB npOTOHOB no npo6ery B nponaHe H 
<5% - B nponaH-$peoHOBOH CMecH: 6/ ~P/P<10-15% np~ H3Mepe
HHH HMnynbCOB npOTOHOB no KPHBH3He HX TpaeKTOPHH B MarHHT
HOM none c Hz= 1,7 Tn. PaapeweHHe no 3$$eKTHBHOH Ma cce ABYX 
npoToHoe e o6nacTH Mace 1960 < M2f2000 M3B/c 2 oKa3anocb pae
H~M ~M2p = 5-7 M3B/c2. 

Ha pHC. 1 H 2 npHBeAeH~ pacnpeAeneHHR no 3$$eKTHBH~M 

MaCCaM nap npOTOHOB npH pa3nH4H~X orpaHH4eHHHX Ha HHmH~~ 

rpaHH~Y PH HMnynbCOB npOTOHOB, 4TO n03BOnReT yMeHb WHTb 
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Pwc. I. PacnpegeneHHH no 3¢¢eKTHBHbW MaccaM ABYX npoTo
HOB B TT-Cl 2 -B3BHMoge!'iCTBHHX npH 5 f3B/c. fHCTorpaMMbl -
3KCne pHMeHTanbHhle pacnpegeneHHH . CnnowHhle nHHHH, HaHe
ceHHhle Ha rHCTorpaMMhl a + 3 , - ¢oHOBhle pacnpegeneHHH, 
nony<r eHHb!e 11 nepeMeWHBHHHeM11 npOTOHOB H3 PB 3Hb!X C05b!THH, 
CnnowHaH nHHHH Ha rwcTorpaMMe H - pe3ynbTBT annpoKcw
Ma~HH 3KCnepHMeHTBnbHOrO pacnpegeneHHH ¢YHK~He!'i BHAB /1/. 
fHCT o rpBMMB H /war 5 M3B/c 2 / COOTBeTCTByeT rHCTOrpaM
Me g /war 10 M3B/c 2/. 
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BKJlaA B r!-tCTorpaMMbl TaK Ha3biBaeMbiX 11 HCnapHTeJlbHbiX11 nDOTO ·-
-l2(' -(A- 15) ~ • HOB, AJlR 1T • HTT = -B3at.1MOAeHCTBt.1t.1 COOTBeTCTBeH-

HO. AJlR CpaBHeHHR Ha 3Tt.1X me PHCYHKaX HaHeceHbl ~OHOBble 
pacnpeAeJleHHR /cnJlOWHble JlHHHH/, nOJly4eHHble MeTOAOM nepeMe
WHBaHHR npOTOHOB t-13 pa3HbiX C06btTHi1 np~-1 TeX me orpa HH4eHH
RX Ha HMnyJlbCbl npOTOHOB, KaK t.1 B 3KCnepHMeHTaJlbHbiX AaHHbiX, 

C HOPMHPOBKOi1 Ha nOJlHY~ nJlo~aAb. KaK BHAHO Ha PHC . 1 ,2, B 
cneKTpax 3~eKTHBHbiX Mace ABYX npoToHoB np~-1 orpaHH4eHHRX 
Ha eeJlt.14HHY HMnYJlbCa npOTOHOB pp > 0,28 r3B/c B o6JlaCTH 

Mace 1950 < M2p<2000 M38/c2 Ha6Jl~Aa~TCR Y3KHe CTpyK TYPbt, 
npH4eM AJlR rr-( A=15) -B3aHMOAei1cTBHi1 3TH oco6eHHOCTH 6o11ee 
3Ha4HMbl, 4eM AJlR rr- 12c-e3aHMOAei1cTBHi1 /eM. pHC.l H H 2H/. 

nocKOJlbKY HeonpeAeJleHHOCTt-1 B t.13MepeHHt.1 3~~eK T t.1BHbiX 

Mace ABYX npoTOHOB AJlR rr-C- 1-1 rr-·( A ~ l5)-e3aHMOAei1cT B Hi1 OAHH;)

KOBbl c T04HOCTb~ AO 1-2 M3B/c2 1-1 ~OPMbl cneKTpoB n o A06Hbl , 
TO MOmHo o6oeAHHHTb AaHHble ABYX 3KcnepHMeHTOB. Ha pHc.3 

npHBeAeHbl pacnpeAeJleHHR, OCHOBaHHble Ha 06oeAHHeHHOi1 CTa
THCTHKe. 3AeCb rHCTOrpaMMOi:\ 0603Ha4eHO 3KcnepHMeHTaJlbHOe 
pacnpeAeJleHHe, CnJlOWHOi:\ JlHHttei1 - ~OHOBOe, noJly4eH HOe "ne
peMeWHBaHHeM" t.1 npeACTaBJlR~~ee C060i1 CyMMy ~OHOBbiX (1acnpe
AeJleHHi1 AJlR rr- 12 C- H rr-( A ~ 15) -e3aHMOAei1cTBHi1. Ha pHC. 1 H, 

21-1 H j~-1 /war rHcTorpaMMbl 5 M3B/c 2/ HaHeceHbl pe3y11 TaTbl 
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P, > 0,1H3& /c 
1.07S M11 r3~/c' 
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Pwc. 3. CyMMapHbte pacnpeAeJieHHH no 3<P$eKTHBHb!M Mac caM 
ABYX npOTOHOB AJIH rr-12C- H rr-(A=15) -B3aHMOAeHCTBHH npH 

npH 5 f3B/c, 1j -c~' ~· lft-* . tg • ? 
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annpOKCMMa~MM 3KCnepHMeHTaJibH~X pacnpeAeneHMH noM2p~YHK
~MeH BMAa /cnJIOWHaR JIHHHR/: 

F(M 2p) .. a lll(M2p) + ~ {31 BWI (M2P ), 
I 

/1/ 

rAe lll(M2p)- ~oHoeoe pacnpeAeneHHe /"nepeMeWHBaHHe11
/, 

BW1 (M2p)- ~YHK~HM lipeHTa-BHrHepa, a H {3- K03~$.1~HeHTbl. 
3Ha4eHHR napaMeTpoe, nony4eHH~X H3 annpoKCHMa~HH cneKTpa 
3¢~eKTHBH~x Mace ABYX npoToHoe /PHC.3H/, eMecTe c AaHHbiMH 
0 AOBepHTeJibHOM ypOBHe paCCMaTpHBaeMbiX rHnOTe3 H HX CTa
THCTH4eCKOH 3Ha4HMOCTH npHBeAeHbl B Ta6.n, 1 , CTaTHCTH4eCKaR 
3Ha4HMOCTb /CT, 3H./ Ha6JI~AaeMbiX OC06eHHOCTeH npH Maccax 
1966 H 1989 M3B/c 2 , onpeAenReMaR OTHOWeHHeM Nacl>ci>/VN~+Nctx>H' 
OKa3b1BaeTCR AOBOJibHO BbiCOKOH, 

!l 
·~:aonm.~;a ) .J ;ot< ·· 

et,Q'IIV' 

rHUOTe3a 2 2 2 lloBeP. 
M2P'M3B/c r2P ,M3B/c x1 ypoBE!Hh CT.3H. CT,CB. 

I. «l>oH 

2. «l>oH+ 2BW 1966±1 7 
1989±1 9 

3, «l>oH+ 3BW 1918±1 3 
1966±1 7 
1989±1 9 

94/97 

38/23 

38/21 

Io-s 

2,7 

I, 4 

4 
5 

I 
4 
5 

Ha Ta6n.1 BHAHO, 4TO eepoRTHOCTb onHcaHHR 3KcnepHMeH
TanbHoro pacnpeAeneHHR C nOMO~b~ TOJibKO rHnOTe3bl 1 KpaHHe 
HH3Ka. rHnOTe3~ 2 H 3 npHMepHO paBHOBepORTHbl, HO CTaTHCTH-
4eCKaR AOCTOBepHOCTb B~6poca npH Macce 1918 M3B/c2 Mana 
/OAHO CTaHAaPTHOe OTKJIOHeHHe/, n03TOMY !_BaJibHeHWeM 6yAeM 
nonbaoeaTb0!-Aa.HHbiMH o6pa6£_TKH no rHnOTea

1
e 2. PaagC_!lbHaR 

o6pa6oTKa 3KCnepHMeHTanbHbiX cneKTpOB B rr" l?c- H rr- (A=15)
rpynnax noaeonHna onpeAenMTb ce4eHHR oGpa3oBaHHH AM6apH
OHHb1X pe 30HaHCOB C MaccaMH 1966 H 1989 M3B/c 2 Ha RApax 
12C H A=1 5 B nHOH-RAePHbiX B3aHMOAeHCTBHRX nPH 5 r3B/c 
/pHc.1H M 2H/. PeaynbTaTbl aHanHaa nPMBeAeHbl e Ta6n.2. 

Ba~HbiM KpHTepMeM AnR Bb16opa TOH HnH HHOH TeopeTH4eCKoA 
MOAeJIH AnR aApOH-RAePHbiX B3aHMOAeHCTBHH Mo~eT cny~HTb 
A-aaBHCHMOCTb BbiXOAa 4aCTM~ H peaoHaHcoe. Cy~ecTey~~He 
3KCnepMMe HTanbHble AaHHble no BbiXOAY AeHTpOHOB M RAep 118·191 

38 



12 C 0,69±0,12 

A=15 0, 72±0, IS 

'.i.'a6nHI~a 2 8 ni10H-R,qepHbiX 83ai1MOAeH-

0,70±0,12 

I ,00±0, 18 

CT811RX y,q08JleT80PR~T CTe
neHHOH 3a811CI1MOCTI1 a - A a 
c napaMeTpoM a =4/3. ,llaHHble 
Ta6n.2 no 8b1XOAY A11n pOTOH08 
113 R,qep He npOTI180pe 4aT 8 
npe,qenax 3Kcnepi1MeHTanbHNX 
norpewHocTeH ,qaHHbiM no 8bl
xo,qy ,qeHTPOH08 /,qnR pe30-
HaHCa c MaccoH 1989 M3B/c 2 

+0 65 
a=1,30_0:7o/,~~ •7 

8epHOCTb HaCTORlli11X ,qaHHbiX He8biCOKa /"'20% norpewHOCTI1 8 8e
ni1411HaX ce4eHI111 8blxo,qo8 Al1npoTOH08 ~ 6ni13KI1e 3Ha4eHI1R aTOM
HbiX Mace RAep/. 
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PHc.4.Pacrrpe~eneHHR 

HOpMHpo.BaHHbiX MOM~H
TOB KaK ~YHK~H " 

Mace M2p. Crrnom bie 
llHHHH - ~OHOBbie paC
rrpe~eneHHR /"rrepeMe
WHBaHHe"/. 

Ha p11c.4 npe,qcTa8neHbl HOPMI1p08aHHble cpeAHI1e MOMeHTbl 
pacna,qHbiX yrno8b1X p?c9pe,qeneHI1H 8 CI1CTeMe A8YX npoTOH08 
KaK cllYHK~11H Mace M 2~6 • nonRPHbiH yron (j 8blneTa OAHOro 
113 npoToHos onpe,qenRnCR KaK yron Mem,qy Hanpa8neH11eM ny4-
KOBOH 4aCTI1~b+ (z) 11 Hanpa8neHI1eM BbtneTa npo,qyKTa pa cna,qa 
/npoToHa/. To4KI1 - 3Kcnepi1MeHTallbHble ,qaHHble no cpe,qHI1M 

Ni 
MOMeHTaM <P, > = . l P.(cosO. )/N. /3,qecb P. (cos eJ. ) - noni1-

L J= 1 t J I L 

HOM nemaH,qpa nopR,qKa f, Ni- KOll114eCTBO co6biT11H a i -M 
11Hrep8ane Mace/, KP11Bble - clloHOBble pacnpe,qeneHI1R, nony4eH
Hble 11 nepeMeWI18aHI1eM11 npoToHo8 113 pa3HbiX co6biT11H. 11 3 Pl1 c. 4 
BI1AHO, 4TO 4eTHbiH MOMeHT <P2> npOABJlA e T pe30HaHCHO- no,qo6-
Hy~ CTPYKTYPY np11 Maccax 1966 11 1989 M3B/c 2 , a cne ,qy~11111e 
4eTHbte MOMeHTbt <p 4 > + <p 8> conocTa BI1 Mbt c HyneM eo eceH pa c-
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CMaTp~8aeMO~ o6nacT~ Mace, T.e. 8 C~CTeMe A8YX OPOTOH08 
np~CYTCT.8YIOT 80nHbl C op6~TanbHbiM MOMeHTOM l=1, nonHbl~ MO

Mef:IT J =f+s MO>KeT np~H~MaTb 3Ha4eH~fl 0,1 ,2, no3TOMY ,Q8a 
npoToHa np~ yKa3aHHbiX 8blwe Maccax 6YAYT Haxo,Q~TbCfl 8 co
CTOAH~AX 3 P0 , Spl ~n~ 3 P2 /o603Ha4eH~e

2 s+lLJ /. Ecn~ Ha
HeCT~ nony4eHHble HaM~ ,QaHHble Ha rpa$~K 3a8~C~MOCT~ MaCe 
HecTpaHHbiX A~6ap~oHHbiX peaoHaHC08, npe,QcKa3bl8aeMbiX poTa
I..I~OHHoi1 MO,QenbiO 17•171 , OT 8en~4HHbl J(J+l) (M=M0 +M 1·J(J +1)), 
TO Ha~,QeM, 4TO peaoHaHCbl np~ 1966 ~ 1989 M3B/c2 8 3P2-
cocTOAHH~ ,QOCTaT04HO XOpOWO nO>KaTCfl Ha npAMble n~HH~ C 
npH6nH 3~TenbHO OAHHaK08biM napaMeTpoM M1 = 14,5 M3B/c 2 /pHC. 5/. 
PaccMaT pH8aeMbl~ PHCYHOK 83AT ~3 pa6oTbl 171. 

2,3 

M=M+M:/1 ' ' • ,·J(J •11 

,•',' /! 
;;:; / 11,=11,7H3&/c' 

~ .L. 
~ 2,1 /"' 

i 4M•=1l,;l'ba Jc' 

2.0 / A{ 

,,'' ~,' ,, / 

. ,... " ,.....- H_ 
1,9 f , ,/ ,- II,S Mo&lc' 

/ s J(J +1) 1l 

0 J 

15 

Hbl Y3KHe CTpyKTYPbl np~ Maccax 1966 
COCTOfiHH fl MOryT 6b1Tb pe30HaHcaMH 8 
P-8onHe c nonHbiM cnHHOM, pa8Hb1M 2. 

Jlume pamypa 

Pac.S. 3aBHCHMOCTb Mace 

HeCTpaHHbJX ,IJ;H6apHOHHbJX 

pe30HaHCOB OT BeiTH'lJHHbl 

J (J +1, , JlHHHH - pegynb

TaThl annpOKCHMaQHH 3KC

n e paMeHTaiTbHbJX ,IJ;anHbJX 

poTauaoHHo-nop;o6HOH 

MaCCOBOH ~OPMYITOH 
M=M

0 
+ M

1 
.J(J+l): 

•-17/ ,e-/1 / , ll- 14 1, 

0- / 8 / ,0- / 9 / , &- / 2/ 

H HaCTOH~aR pa6oTa, 
U-/ 10/ ,0- ' 11 / , ·-/ 5 /. 

TaKHM o6paaoM, 8 
cneKTpax 3$$eKTH8HbiX 
Mace .Q8YX npoToHo8 8 
peaKt~HH rr -A ... pp + X 

npH 5 r3B/c o6Hapy>Ke-
H 1989 M3B/c2. YKaaaHHwe 
CHCTeMe A8YX npOTOHOB B 

t m 1. 6ewnHy K. ~ AP. O~H~, A1-83-815, AY6Ha, 1983; O~R~, 
A1- 85-433, ny6Ha, 1985; 8 cG: KpaTKHe coo6~eHHA O~H~, 
~ 13-85, Ay6Ha, 1986, c.12. 

2. 6a~ paMo8 A.A. ~ AP· O~R~, P1-83-207, Ay6Ha, 1983. ~ I() 

3. Ara K~WHe8 r.H. HAP· O~H~. 1-84-103, Ay6Ha, 1984. 
0 4. Glagolev \t.V. et. al. JINR,E1-83-59, Dubna, 1983. 

~ 

0 5. A3~M08 C.A. npenpHHT $T~ AH YaCCP, 27-84-~83, TawKeHT, 
1984 . 

6. EpMa K08 K.H. H AP· npenpHHT n~R~.~ 1089, neHHHrpa,Q, 
1985 . 
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H3MEPEHHE HCTHHHOfO OSbEMHOfO nAPOCOAEPWAHH~ 
nOTOKA ABYX~A3HOfO fEnH~ 
B KAHAnE KOnbUEBOfO CE4EHH~ 

B.B.AaH~noa, n.A.MaHcypaA3e, H.C.MaMeAOB, 
~.H.n4enbH~Koa, ~.n.~~n~nnoa 

42 

. 
IlpHBep;eHbl OCHOBHble ,D;aHHble 0 C03,D;aHHH BbiCOKoqac-

TOTHOrO ,D;aTqHKa*H MeTO,D;HKH H3MepeHHH HCTHHHoro 06beM
HOr O rrapocop;epJKaHHH cP ,D;BYXcPa3HblX IIOTOKOB renHH B Ka
Hanax Konb~eaoro ceqeHHH. AnH ycoaepmeHCTBoBaHHoro 
,o;aTqHKa rronyqeHo xopomee cornacHe H3MepeHHwx 3Haqe
HHH rrapaMeTpOB p;aTqHKa C HaAp;eHHblMH B pa6oTe Teope
THqe CKHMH o~eHKaMH 3THX 3HaqeHHH. C IIOMO~biD ,D;aTqHKa 
H3MepeHa 3aBHCHMOCTb c/J oT Maccoaoro pacxo,o;Horo rrapo
co,o;epJKaHHH X IIPH pa3nHqHbiX 3HaqeHHHX MaCCOBOH CKO
pOCTH m. IlpOBe,D;eHO cpaBHeHHe 3KCrrepHMeHTanbHblX pe-
3YnbTaTOB C H3BeCTHblMH TeopeTHqeCKHMH O~eHKaMH. 

Pa6oTa BbiiTOnHeHa a OT,o;ene HOBbiX MeTo,o;oB ycKope
HHH OH.HH. 

IlepBaH KOHCTpyK~HH ,D;aTqHKa 6bma pagpa6oTaHa ITO 
HHH~HaTHBe HA3 B MH3M H arrocnep;CTBHH ycoaepmeHCTBo
BaHa a OH.HH. 

M~a surement .of Vapour Void Fraction 
of Two Phase Helium Flow 
in Annular Channel 

V.V . Danilov et al. 

Principle data about the creation of radio-fre
quency sensor * and measurement method of void frac
tion for the two phase helium flow in annular chan
nel s are presented. The measured parameters of the 
sensor are in good agreement with the obtained theo
ret i cal estimations. The dependence of void fraction 
c/J on mass flo~ vapour content x at various values 
of mass velocity m has been measured with the help 
of t he sensor. The comparison of experimental data 
with the known theoretical estimations is made. 

The investigation has been performed at the De
par t ment of New Acceleration Methods, JINR. 

*The primary design of the sensor has been deve
loped on the IAE initiative in the MIEM and then 
impr oved in the JINR. 



KPHOCTaTHPOBaHHe csepxnpoBOAR~HX MarHHTOB, Han pHMep 
B npoeKTax KpynHe~wHx ycKopHTene~ 1 1-3(npeAnonaraeTcR 
ocy~ecTBnRTb c npHMeHeHHeM noTOKOB ABYX¢a3Horo r e nHR 
/a¢r/, B CBR3H C 4eM AnR HaAemHO~ pa3pa60TKH H 3 KCnnya
Ta~HH nOA06H~X YCTaHOBOK He06XOAHM~ COOTBeTCTBy~~He 
on~TH~e HCXOAH~e AaHH~e. 

0AHO~ H3 OCHOBH~X xapaKTepHCTHK ABYX¢a3HOro nOTOKa 
cnymHT HCTHHHOe 06DeMHOe napOCOAepmaHHe /HOn/ ~ . n pH yc
noBHH TepMOAHHaMH4eCKOrO paBHOBeCHR ¢a3 H aAHa6a TH4e
CKOM Te4eHHH CMeCH mHAKOCTH H napa C nnOTHOCTRMH p' ,p" 
H MaccoB~MH pacxoAaMH G', G'', cooTseTcTBeHHo,senH4HHa ¢ 
onpeAenReTCR COOTHOWeHHeM/4/ 

F" G' "u" -1 1-'x p" -1 ¢ = = [ 1 + __ .JL ___ ] = [ 1 + -- - s] • 
F'+F" G"p'u' x p' 

/1/ 

rAe F' H F"- nno~aAH nonepe4Horo ce4eHHR KaHana , 3aHR
T~e mHAKOCTb~ H napoM, u' H u''- cpeAHHe CKOpOCTH mHA
KOCTH H napa, x = G" / (G' + G") - Maccosoe pacXOAHOe 
napocoAepmaHHe. 0THoweHHe cKopocTe~ s = u " I u ', Ha 3~BaeMoe 

¢aKTOpOM CKOnbmeHHR, nOA06HO BenH4HHe ¢,· RBnReTCR 3aBH
CHMO~ nepeMeHHO~, Ha KOTOpy~ BnHR~T MaCCOB~~ paCXOA, 
CBO~CTBa ¢a3 H reoMeTpHR KaHana/4/. . 

0THOCHTenbHO Manoe pa3nH4He ¢H3H4eCKHX CBO~CT B ~HA

KO~ H naposo~ ¢a3 renHR/5/ AenaeT 3KcnepHMeHTanb Hoe on
peAeneHHe senH4HH~ ¢ AOBQnbHO cnomHo~ 3aAa4e~ . HH¢opMa
~HR no H3MepeHH~ HOn renHR s nHTepaType npaKTH4e CKH OT
cyTcTsyeT. TaK, He6onbwoe 4Hcno AaHH~x. onpeAeneHH~x 

KOCBeHH~MH MeTOAaMH a 161, OTHOCHTCR nHWb K 4aCTH~M cny-
4aRM ny3~PbKOBoro H AHCnepCHOrO pemHMOB Te4eHHR a ¢r 
B BepTHKanbHOM KaHane. 

npeABapHTenbH~~ aHanH3 noKa3an, 4TO AnR H3Mepe HHR 
HOn HaH6onee nepcneKTHBH~M MomeT 6~Tb Hcnonb30Ba HHe oT
nH4H~ B AH3neKTpH4eCKHX npOHH~aeMOCTRX mHAKO~ r ' H napo

. so~ r" ¢a3 renHR, 

f,"" 1,049 ; f, = 1,006 ; /2/ 

npH pa604HX napaMeTpax 

/3/ 
OTHOCHTenbHaR AH3neKTPH4ecKaR npoHH~aeMOCTb r AByx

¢a3HO~ CMeCH npH 3TOM 3aBHCHT OT ¢ H B cny4ae pa BHOMep
HOrO pacnpeAeneHHR mHAKO~ H naposo~ ¢a3 noToKa on peAe
nReTcR KaK 

f = ( , (1- ¢) + f , ¢ = l , - ¢ 6. ( • /4/ 
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L_ 

npH 3TOM BapbHPOBaHHe Han 6yAeT npHBOAHTb K H3MeHeHH~ 
eMKOCTH C¢ 4YBCTBHTenbHoro 3neMeHTa c 3neKTPOAaMH, oK
pyma~HMH ABYX$a3H~H noToK HnH norpymeHH~MH B Hero. Ha
MepRTb e MKOCTb C¢(¢) YA06Hee ecero xopowo paapa6oTaHH~M 
B~COK04 aCTOTH~M MeTOAOM/7/ no CMe~eHH~ pe30HaHCHOH \.laC
TOT~ Kon e6aTenbHOro KOHTypa, B KOTOp~H BKn~4eHa 3Ta eM
KOCTb. n pH 3TOM 3neKTpH4eCKOe none B H3MepReMOM o6beMe 
AOnmHO 6~Tb 6nH3KO K OAHOPOAHOMyl?/, AnR TOrO 4T06~ nOKa-
3aHHR Aa T4HKa He 3aBHCenH OT pacnpeAeneHHR $a3 B nOTOKe. 

8 peanbH~X KOHCTPYK~HRX xapaKTepH~MH reoMeTPHRMH AnR 
noTOKOB A$r cnymaT KaHan~ Kpyroeoro H KOnb~eeoro ce4e
HHR 11- 31. aAHo Ha ycTpOHCTB AnR HaMepeHHR Han ¢ ABYx<t>aa
Horo nOTOKa AH3neKTpH4eCKHX mHAKOCTeH B KaHane KpyroBOrO 
Ce4eHHR OnHCaHO B/7,S / _CHrHanbHaR 4aCTb 3Toro ycTpOHCTBa 
npeACTa BnReT peaoHaTop c pacnpeAeneHH~MH napaMeTpaMH, 
o6paaoeaHH~H oTpeaKaMH napannenbHO coeAHHeHH~x npoeono-
4eK, 3a Kn~4eHH~X B Kpyrn~H MeTannH4eCKHH KOpnyc. Hcn~Ta
HHe OAH OrO H3 yCTpOHCTB, C03AaHH~X aBTOpaMH pa60T~/8/, 

Ha HaweM KpHoreHHOM CTeHAe 19 •101 noKaaano, 4TO AnR noTo
Ka ABYX$ a3HOrO renHR 3TOT AaT4HK np~roAeH 6onee AnR Ka-
4eCTBeH HOro, 4eM KOnH4eCTBeHHOro aHanH3a napaMeTpOB no
TOKa. 3 TO CBR3aHO KaK C HeOAHOPOAHOCTb~ 3neKTpH4eCKOrO 
nOnR B 4YBCTBHTenbHOM 3neMeHTe, TaK H C B03My~eHHeM no
TOKa BH y TpeHHHMH 3neKTPOAaMH. 

8 cny1.1ae KOnbueeoH reoMeTPHH KaHana HaH6onee npocT~M 
H HMe~~HM npaKTH4eCKY~ ueHHOCTb npeACTaBnReTCR pe30HaHC
HbiH AaT4 HK c cocpeAoTo4eHHoA eMKOCTb~ C¢· CHrHanbHaR eM
KOCTb·C¢ o6paayeTCR KOaKCHanbH~MH 3neKTPOAaMH C BHyT
peHHHM paAHYCOM r H aaaopoM d. AnHHa fc 3Toro 4YBCTBH
TenbHoro 3neMeHTa AonmHa CbiTb cpaBHHTenbHO Mana AnA noKa
nHaauHH H3MepeHHH, HO AOCTaT04Ha (fc >>r) AnA yMeHbWeHHR 
BnHRHHR HenHHeHHbiX KpaeBbiX 3$$eKTOB. 8 cny4ae THnH4HOrO 
AnA npa KTHKH yaKoro (d,, r) KaHana 3neKTPH4ecKoe none B HeM 
6nH3Ko K OAHOPOAHOMY, a eMKOCTb C¢ e~pa~aeTCR $opMy-
noH / 11 / . 

c ¢ ,; !:.!:._·:._r/ r c fn [ r+d ____ :: 
-;--l 

r 
2rrc 0 E fed"' d <<-r << fc· /51 

8 8 -12 rAe Eo = , 5•10 ~/M - AH3neKTpH4eCKaR nOCTORHHaR. 
CHrHanbH~e napaMeTp~ AaT4HKa onpeAenR~TCR aaBHCHMOCTb~ 

AH3neKT PH4eCKOH npoHHuaeMOCTH ( /4/ ABYx$aaHoro noToKa 
B eMKOCTHOM aaaope d /a cneAoBaTenbHO, H pe3oHaHCHOH \.laC
TOT~ f I oT HCTHHHoro o6beMHoro napocoAeP~aHHR ¢. acHoe
H~MH na paMeTpaMH cny~aT Ko3$$HUHeHT npeo6paaoeaHHR H 
H CHrHan bH~H AHana30H ~f AaT4HKa 
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H = df(¢) 
d¢ 

tll c g -3/2 . 
M=f(¢=1) -f(¢=0).., C0 - 2-(1+ --) ... H . 

C.p 

161 

171 

CooTHOWeHHR 161 H 171 nony4eH~ AnR cny4aR Manoro oTnH4HR 
(tll« min{1,CgiC.pi) CBOHCTB >KHAKOH H napoeoi1 $a3 H noKas~
ea~T, 4TO AnR OnTHMH3a~HH CHrHanbH~X napaMeTpOB He06XOAH
MO yMeHbwaTb napasHTHY~ eMKOCTb Cg. B cooTHOWeHH x 161, 
171fo eCTb 3Ha4eHHe pesoHaHCHoi1 4aCTOT~ AaT4HKa npH 
Cg = 0. 

CHrHanbHaR xapaKTepHCTHKd AaT4HKa c T04HOCTb~ AO 4ne
HOB nOPRAKa 11€ << 1 nHHei1Ha, TaK 4TO ee HaKnOH 161 Onpe
AenReT YPQBeHb CHrHana tlf 171. noMHMO ypOBHR CHr ana, 
K03$<l>H~HeHT npeo6pasoeaHHR H onpeAenReT norpewHOCTb H3-
MepeHHR HOn (tl¢ )n 1115 ,o6ycnoeneHHY~ wyMaMH ycTpoi1cTB, pe-

P v 

rHCTpHpy~~HX H3MeHeHHe pe3oHaHCHOH 4aCTOT~ KOHTY a 

181 

rAe (/:lf)npHI5 - paspeweHHe 3THX yCTPOHCTB no 4aCTOTe. 4TO 
KacaeTCR C06CTBeHH~X TennOB~X WYMOB AaT4HKa IT.e . ero 
A06pOTHOCTH Q I, TO HX BnHRHHe Ha norpeWHOCTb H3Mepe
HHH (ll¢) onpeAenReTCR MeTOAHKOi1 onpeAeneHHR 4acToT~ f. 
no nopRAKY BenH4HH~ Tpe6oBaHHe Ha A06pOTHOCTb MO>K HO o~e
HHTb H3 ycnOBHR npeB~WeHHR CHrHanbH~M AHana30HOM /:lf 171 
C06CTBeHHOH nonoc~ KOHTypa -f /Q, 

Q >( 2 I tl d < 1 + Cg I C.p) . 191 

noMHMO 3TOrO Ha pesynbTaT~ H3MepeHHH BnHReT xa paKTep 
sanOilHeHHR · ABYX$a3H~M noTOKOM 3a3opa CHrHanbHOH e MKOCTH 
C¢ • 06ycnoeneHHaR ?THM norpewHOCTb CBR3aHa c Heo AHOPOA
HOCTb~ 31leKTPH4eCKOrO nonA ·B 4YBCTBHTenbHOM 3neMe HTe 
AaT4HKa H onpeAenReTcR ero reoMeTpHei1. noMe~aR e o6nacTb 
MaKCHMailbHOrO nOilR n004epeAHO OAHY H3 KOMnOHeHT nOTOKa, 
MO>KHO onpeAeilHTb pa3HOCTb pesoHaHCH~x 4aCTOT BC A11R ABYX 
npeAenbH~X IHO He 06R3aTenbHO peanHsyeM~X Ha npaKTHKel 
pacnono>KeHHi1 no ce4eHH~ KaHana paccnoeHHoro ABYXct>asHoro 
noToKa npH ¢= const. OTHoweHHe nonypasHoCTH 3THX 4aCTOT 
(±8C /2) K CHrHailbHOMY AHana30HY (tlf) B COOTBeTCTBHH 
c l ?l Has~eaeTCR npeAenbHoi1 norpewHo£Tb~ AaT4HKa (8¢)npeA 

(8¢) npeA 
1 8C 

-+- --- -2 M • 1101 
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Y4HT~BaR peanbHOe /no norapH$MH4eCKOMY aaKOHy/ pac
npeAeneHHe noTeH~Hana e CHrHanbHOM KOnb~eeoM aaaope 
H npeHe6peraR KpaeB~MH H napa3HTH~MH 3~~eKTaMH, MOmHO 
onpeAenHTb 3Ha4eHHe (8~)npeA , KOTOpOe HMeeT MaKCHMYM 
npH ~ = 0 ,5, 

(8~)max = ±.l{ln[l+(E-)2(1+E-f(1+.1_)~H ln(l+-rd-)]-
1
• /11/ 

npeA 4 r 2r r 

npH 6onbwHx aaaopax (d > r) 3Ta norpewHocTb cTpeMHTCR 
K 3Ha4eHH~ +50%. B cny4ae Man~x aaaopoe(d << r) ~opMyna 
/11/ CBOAHTCR K npocToMy BHAY 

max 
(8~ )npeA = ± 0,25(d l r), d « r /12/ 

noACTa BnRR B nony4eHH~e ~OpMyn~ 3Ha4eHHR /),. ( /2/ AnR 
renHR npH pa604HX ycnOBHRX /3/, nony4HM /npH Cg «C~/ 

(~) "'- & _: 2%; Hm!'x(~=l)-Hmtn(¢=0) =a %; Q > 50 . ; 13 / 
f 0 max 2 H max + H min 

BenH4HHa (8~)npeA /12/ npH paaMepax AaT4HKa r = 7,35 MM 
H d = 0, 65 MM paBHa 

(8~ )max - 2,2 %. /14/ 
npeA -

3TH o~eH KH noKa3~Ba~T, 4TO npH B~nOnHeHHH OTHOCHTenbHO 
HemeCT~HX Tpe6oBaHHH paCCMOTpeHH~H AaT4HK enonHe npHMe
HHM AnR H3MepeHHR HCTHHHOro 06beMHOrO napOCOAepmaHHR 
B ABYX~a 3HOM renHH. npH Hcnonb30BaHHH AaT4HKa AnR APY
rHX KPHOa reHTOB, y KOTOP~X /),.f o6~4HO 60nbWe, 4eM y re
nHR , ypoBeHb CHrHana pacTeT, HO xapaKTepHCTHKa OTKnOHReT
CR OT nH HeHHOH. 

B 3KcnepHMeHTax H3MepeHHe HCTHHHoro o6beMHoro napoco
AepmaHHR npOH3BOAHnocb no cneAy~eH MeTOAHKe. Ha BXOA 
AaT4HKa napoCOAepmaHHR /An/ nOAaBanCR CHrHan MO~HOCTb~ 
3 MBT · oT reHepaTopa Ka4a~~eHCR 4aCTOT~ /rK4/ npH6opa AnR 
HCcneAoBa HHR A4X MapKH Xl-43. C e~xoAa An cHrHan noAaean
CR Ha BXOA YCHnHTenR 6noKa HHAHKa~HH /oH/ npH6opa XJ-43, 
Ha 3KpaHe KOToporo oTo6pamanacb peaoHaHCHaR KpHBaR. AnR 
H3Mepe HH R pe30HaHCHOH 4aCTOT~ CHrHan OT r e HepaTopa B~

COKOH 4aC TOTbl ;rB4/ r4-1 07 noCTynan Ha BXOA BM /"BHew
HRR Me TKa 11

/ 5H npH6opa XJ-43. nonome HH e Me TKH Ha 3Kpa He 
5H OTHOCHTenb HO nHKa pe 30Ha HCHOH Kp HBOH H3Me HRnOCb pe r y
nR TOpOM rB4 , 4aCTOTa KOTOpor o H3Me pRna Cb 4a CTOTOMe poM 
43-54 . 4a cToTa nH Ka on peAenRnacb KaK cpe AH ee MemAy noKa
aa HHRMH 4aCTOTOMe pa , nony4eHH~MH npH COBMe~e HHH MeTKH 
c peaoHa HCHOH KpHBOH cnpa ea H cne ea oT nHKa Ha ypoeHe 
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Urn/$, rAe U m- MaKC11Ma11bHaR aMn1111TYAa peaoHaHCHOV KPI-I
soa:i An. 

npeAsapi1Te11bHaR Ka11116pOSKa S KP~iOCTaTe C npoapa4H~MI1 
110KHaMI111 noKa3a11a, 4TO MaKCI1Ma11bHOe OTKllOHeHI'Ie C~i r Ha11b
HOH xapaKTep~iCTI'IK~i f(¢) oT 1111Hea:1Hoa:1 aasi'ICI-IMOCT~i np11 aHa-
4eH11RX ¢, 611~i3K11X K 0 11 1, He npes~waeT 5%. 3To cor 11acyeT
cR C O~eHKOH /13/ 11 HaXOA~iTCR S npeAe11aX norpeWHOCTeH 
113MepeHI1H YPOSHR re1111R 11 no11omeH11R A~T411Ka napOCOAepma
HI-IR s Kp~iocTaTe/op~ieHTa~~'~R An - sepTI1Ka11bHaR/. 

noc11e npeAsapi1Te11bHOH Ka11116posK11 An 6~n noMe~eH s KPI-IO
cTaT C a30TH~M 3KpaH6M 11 YCTaHOS11eH S 3KCnepi1MeHTa11bH~H 
CTeHA, KOTOp~H noAp06HO On~iCaH S pa6oTe191. 0p~ieHTa ~I1R 
An 6~11a rop~i30HTa11bHOH. B xoAe 3Kcnepi1MeHTOs 113Me PR11HCb 
seni1411Ha ¢, nponop~~iOHa11bHaR 4acToTe f, TeMnepaTypa /rep
MaHI'Ies~M TepMonpeo6paaosaTe11eM/12/ /, Aas11eHI'Ie /o6paa~o
s~M MaHoMeTPOM/, pacxoA 11 Maccosoe pacxOAHOe napo coAep
maHI'Ie x nepeA An. AaT411K napocoAepmaHI-IR 6~11 ycTaHos11e~ 

noc11e Y4aCTKa c npoapa4H~M 311eMeHTOM/1o< n03S011R~~~-~M Sl1-
aya11bHO KOHTP01111pOSaTb CTpyKTYPY ASYX¢a3HOrO nOTOKa re-
1111R, nocTyna~~ero s An. 

3Kcnepi1MeHTa11bHaR nposepKa pa6oTocnoco6HoCTI1 AaT411Ka 
~iCTI-IHHoro o6"beMHoro napocoAepmaHI-IR ¢ re11~R noKa3a 11a·, 4TO 
np11 noAa4e mi'IAKOCT~i 11 napa c TeMnepaTypaMI-I T, 61111 3KI1MI1 
K TeMnepaType Hac~~eHI-IR Ts , 3Ha4eHI1R pe30HaHCH~x 4aCTOT 
AaT411Ka C S~COKOH CTeneHb~ nOSTOpReMOCTI-I 6~1111 paSH~ 

r(¢=0) = 221,80.::t0,03 Mr~. f(¢=1)= 225,00,:!:0,03 Mru, 

(M) 3Kcn = 3,2 Mru np11 P = 1,3·10 5 na, IT-Tsl.:s; 
/15/ 

, 1 K. 

3Kcnepi1MeHTa11bHOe 3Ha4eHI1e A06poTHOCT~i AaT411Ka Q3Kcn=150 
Sn011He COOTSeTCTSyeT yC110S~i~ /9/ Manoro S1111RHI1R e ro wy
MOS Ha norpeWHOCTb 113MepeHI1H. np~i60pHaR norpeWHO CTb on
peAe11eHI1R I-ICT~iHHoro o6"beMHOro napocoAepmaHI'IR (6¢ ) npH 6 
/8/ np11 xapaKTepHoM A11R AaT411Ka pa3peweHI111 no 4a CTOTe 
(6f)npH6 pasHa 

(fl-'-) 
6 

'5.2% np11 (M)n. pH
6 

<5.0,06 Mru. 
'+' npH /16/ 

B Ka4eCTse np11Mepa nposeAeHH~x HaMI-l liccneAosaHI'IH Ha P~'~

cyHKe npeACTas11eHbl pe3Y11bTaT~ 113MepeHI1R 3aS~iC11MOCTI1 ~iC

TI'IHHOrO 06"beMHOro napOCOAepmaHI'IR ¢ OT paCXOAHOro Maceo
sora napocoAepmaHI-IR x, OTKYAa npemAe scero S~iAHO , 4TO 
pac4eT~ Ha OCHOse roMoreHHOH MOAei111/4/ MOryT Cy~eCTSeH
HO 3aS~WaTb 3Ha4eHI1R ¢. npaKT114eCKI1H ~iHTepec npeACTaSI1R
eT cpasHeHI'Ie nony4eHH~X AaHH~X C 113SeCTH~MI1 COOTHOWeHI'IR
Mii, ycTaHOSileHH~Mii A11R napoSOARH~X 11 SOAOS03AYWHbiX nOTO
KOS. Ha PI-ICYHKe np11seAeH~ TaKI-Ie aasi'ICI-IMOCTI-I, nepe C411TaH-
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0, 61 II'M-rlti'IIC '''"' t I • - 1 
6-2 
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0 0.2 0,~ a6 0.8 X 
CpanBeHHe 33BiiCHMOCTet1 HCTiiHHoro o6'beMHoro 

napocoAep~aHHH ¢ oT Macconoro pacxOAHoro napoco

Aep~allliH X ABYX¢a3HOrO nOTOKa reJJiiH; Op!ieHTat{liH 

KaHa na - rop!i30HTaJJbH3H' AaBJJeHHe p:: I '3 ° I() 5 na 0 

3~cn epHMeHTanhHbte TOt.JKH - I , 2, 3, 4, 5 - c:ooTBeTCTBYtoT 

3Hat.J eHiiHM M3CCOBOH CKOpOCTii ffi = 35,5; 47,1; 64,2; 
84, 6 : 109,6 Kr/M 2oc; 6- 3aBiiC:IiMOCTb Ha OCIIOBe 

rOMOreHHOA MOAenH; 7 - pact.JeT Ha OCHOHe 33BiiCiiMO

CTii npeMOJlli li AP / 15', BepXHHH 1i Hli~HHH KpliBWe COOT

BeT CTBYIOT 3Hat.Jei!HHM rn = I 09,6 11 3 5, 5 Kr /M 20 c; 

8 - paCt.JeT C nOMOI!IbiO COOTIIOIIJellliH JleHii / 13 '; 9 - paC

t.JeT no COOTHOWellliiO 31iBI1 / 14/o 

H~e no CBOHCTBaM ren~R Ha Jl~H~~ HaC~I!IeH~R np~ p = 
= 1 ,Jo1Q5 na, 3AeCb npeACTaBneH~ Kp~B~e Ha OCHOBe COOT

HOWeH~H , KaK He Y4~T~Bai01!1~X 3aBI1C~MOCTb een~4~H~ ¢ OT 

MaCCOBOH CKOPOCT~ rn, TaK ~ Y4~TbtBaiOIIl~X 3TY 3aB~C~MOCTb 

¢(rn).K 4~Cny nepB~X OTHOCRTCR paCC4~TaHH~e no MOAeJJRM 

flee~113 1 ~ 3~B~ /14 / Kp~e~e 8 ~ 9, KOTOp~e YAOBJJeTBOp~Tenb
HO on~c~ea10T nony4eHH~e 3Kcnep~MeHTanbH~e AaHH~e eo eceM 

A~ana30He X, H3 H~X 6onee npOCT~M COOTHOWeH~eM CJJY~~T 
<!>OPMYna 3~B~ I 14/ 
0

¢,.,[ 1 +~.-:~<LF 3l- 1. ;171 
X p' 
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KpHB~MH 7 npeACTaeneH~ 3aBHCHMOCTH, nony4eHH~e Ha oc
Hoee COOTHOWeHHR npeMOnH /15~KOTOpOe Y4HT~BaeT BnHRHHe 
MaccoBOH cKopocTH m Ha eenH4HHY ¢. TaK, AnR m= 
= 110 Kr/M 2·c coenaAeHHe 3KcnepHMeHTanbH~x AaHH~x H pac-
4eTa xopowee eo seeM AHana3oHe eenH4HH x, OAHaKo AnR 
m = 35 Kr/M 2.c H x :S 0,6 pacxO>KAeHHe AOCTHraeT 15%. Co

OTHoweHHR APYrHx aeTopoe /eM., HanpHMep; 16- 191 I Ha PHCYH-
Ke He npHBeAeH~, nocKonbKY cpaeHeHHe 3KcnepHMeHTanb H~x 

AaHH~x c 3THMH cooTHOWeHHRMH, nepeC4HTaHH~MH AnR r enHR, 
nPHBOAHT K paCXOmAeHHRM, npee~wa~~HM 25%. 

TaKHM o6pa30M, pa3pa6oTaHH~e HaMH AaT4HK H MeTOAHKa 
H3MepeHHH n03BOnHnH C OTHOCHTenbHO B~COKOH T04HOCT ~ 
onpeAenHTb 80 BCeM AHana30He OT HynR AO eAHHH~~ HCTHHHOe 
o6beMHoe napocoAepmaHHe ¢ ABYX$a3H~x noToKoe renHR , ABH
mY~HXCR e ropH30HTanbHOM KaHane KOnb~eeoro ce4eHHR . KoH
CTpyK~HR AaT4HKa cpaBHHTenbHO npOCTa, a B Ka4eCTBe pe
rHCTPHPY~~HX npH60POB MOmeT HCnOnb30BaTbCR cepHHHO B~

nycKaeMoe 060PYAOBaHHe. 8 CBR3H C OTHOCHTenbHO B~COKOH 

CTeneHb~ nHHeHHOCTH 3aBHCHMOCTH CHrHana f AaT4HKa OT ee
nH4HH~ ¢ AnR KanH6pOBKH AOCTaT04HO nHWb ABYX T04eK - npH 
¢ = 0 H ¢ = 1 . XapaKTepHCTHKH AaT4HKa 6nH:lKH K onT HMc!nb
H~M AnR AaHHOH reoMeTpHH H XOpOWO OnHC~Da~TCR HaHAeHH~
MH aHanHTH4eCKHMH B~pameHHRMH. AnR KOnb~eB~X KaHanOB ro
PH30HTanbHOH OpHeHTa~HH, B cny4ae KOrAa MaCCOB~e CKOpOCTH 
H AaBneHHR HaXOARTCR COOTBeTCTBeHHO B npeAenaX 
/30 7120/ Kr/M2.c H /1 , 271 ,4/·10 5 na, o~eHKH eenH4H H~ ¢(x) 
B nepBOM npH6nHmeHHH MOryT npOH3BOAHTbCR C nOMO~b ~ npo
CTOrO COOTHOWeHHR /17/. C03AaHHaR CHCTeMa MomeT 6~Tb npH
HRTa 3a OCHOBy npH KOHTpone H AHarHOCTHKe napaMeTpOB 
KPHOreHH~X YCTPOHCTB, KPHOCTaTHpyeM~X C npHMeHeHHeM ABYX
$a3H~X nOTOKOB renHR. 

B 3aKn~4eHHe aeTop~ e~pama~T 6naroAaPHOCTb C.E.CanH
MOBY 3a none3H~e o6cymAeHHR nony4eHH~X pe3ynbTaToa . 
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