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6enbKOB A. A. ~ AP · 

HccneAOBaH~e pea K~~ ~ 
a6n~3~ nopora 

11- P _. 11° rr0 n 

PI - I25IO 

Ha ycTaHOBKe, COCTO~~e~ ~ 3 4-KaHanbHOrO rOAOCKOna 
4epeHKOBCK~X y-c neKTpOMeTpOB ~ C~~HT~nn~~~OHH~X C4eT-
4~KOB, ~3MepeHbl nonHble ce4eH~~ peaK~~~ rr- P _. rr 0 rr 0 n 
a6n~3~ nopora. nonHoe ce4eH~e peaK~~~ rr -p -• rr 0 rr 0 n 
np~ 3Hepr~~ T77 = 240 M3B - /0, 13+0,02/ M6H; a np~ 3Hepr~ ~ 
T77 = 200 M3B- /0,032+0,005/ M6H .-nposeAeH ~30Ton~4eCK~~ 
aHam13 peaK~~ ~ rrN _. -;rrN np~ 3Hepr~ ~ 240 M3B. 0THO-
WeH~e ~3oTon~4eCK~x aMnn~ TYA X= F 10 F 32 pasHo 
3,82:_0,6. 

Pa6oTa B~nonHeHa B na6opaTop~~ ~AepH~X npo6neM OH~H . 

npenpHHT 06'be.!lHHeHH OI"O HHCTK TYT8 ll.!lepHblX HCCne.aOB8 HHit. lly6Ha 1979 

Be l jkov A. A. et al. 

The Investigation of the 
nea r the Threshold 

- 0 0 rrP->rrrrn 

PI - I25IO 
Reaction 

The total cross sections of the rr-p .... rr0 rr 0 n reaction 
near the thresho l d have been measured by means of the 
experimental set-up consisting of a four-channel hodoscope 
Cherenkov y-spectrometers and scintillator counters. 
The total cross section of the rr-P...,rr0 rr0 n reaction at 
240 MeV has been obtained to be (o,13±0,02) mb, and at 
200 MeV- (0.032±0.05) mb. The isotopic analysis of the 
rrN->rrrrN reaction at 240 MeV is performed. The ratio 
of i so topic amp 1 i tades X= F 10/ F 

32 
equa 1 s 3. 8±0. 6. 

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

Preprint of the Joi nt In sti tute fo r Nuclear Research. Dubna 1979 

HacTOJtllla" pa6oTa JIBJJJteTCJI 3aBepweHHeM 3xcnepHMeHTaJJLHLIX 

HCCJJe.ZJ;OBaHHB peax:u;HH rr-p ~ rr0 rr0
ll B6JJH3H nopora C :u;eJJLIO 

npoBepKH KHpaJJLHOB TeOpHH CHJILHLIX B3aHMO.ZJ;eBCTBHB ' 1, 2· . 

Peax:u;HJI rr- P • rr" rr0 n H3y'lanacb HaMH B pa6oTax /3 •4 -' npH 

3HeprHH na.ZJ;aiOlllero rr -Me3oHa 270 M3B. B .IJ.aHHoii pa6oTe npuBo

.ZJ;JITCJI HOBhle pe3yJJLTaThl, noJJy'leHHhle npH 3HeprHHX 240 

H 200 M3B. 

1. 3KCIIEPHMEHTAJibHA.R YCTAHOBKA 
H MET0,4HKA H3MEPEHH1l 

Peax:u;HH rr ·· p .. rr 0 rr " n H3y'lanacL Ha 3xcnepaMeHTaJJLHoii ycTa-

HOBKe , CXeMaTH'IeCKHB BH.ZJ; KOTOpOB noKa3aH Ha puc . 1. YcTaHOBKa 
'5' " COCTOHJJa H3 .ZJ;BYX nap 'lepeHKOBCKHX y - cneKTpOMeTpOB ' 1 C l, 

C2 , C3 H C 4 • JJe)l(alllHX Ha O.ZJ;HOB npJIMOB no pa3HLie CTOpOHLI OT 

)I(H.IJ.KOBO.ZJ;OPO.II.HOB MHWeHH. H3MepeHHH npoBO.ZJ;HJJHCL B .ZJ;Byx reo

MeTpHJtX. 

8 reoMeTpHH I o6e naphl cnexTpoMeTpoo pacnonaranacL no.11. 

yrJJOM 90° K HanpaBJJeHHIO nyqxa; B reoMeTpHH II napa c1, c2-
no.ZJ; yrnoM 120" , a napa c

3
, C 

4 
- no.ZJ; yrnoM 60' x nyqxy. 

PeaKL{HJI Bhi.ZJ;eJJJIJJaCL no yy • COBna.ZJ;eHHHM B CJJe.ZJ;YIOlllHX KOM-

6~Ha~HHX ~epeHKOBCKHX cneKTpOMeTpOB: ( C1 'c3 ) , (C\ I C4) , 

(C2 ; C3) H t C24 c4 ).YrJJbl Me)I(.ZJ;Y HanpaBJJeHHJIMH y·xBaHTOB, perHCT

pupyeMLIX KOM6H~au~HMH (CI ~ C ::~) H (C2 c4 ). paBHbl 180°±14 '' , 

a KOM6HHaUHHMB (C 1 c 4) H ( C2 C3)- 156 ±14". reoMeTpHH ycTaHOBKH 

6LIJJH BLifipaHLI TaJ<HM o6pa30M , 'IT06hl npH yCTaHOBJJeHHbiX noporax 

p e rHCTpauuu y ·J<BaHTOB Ey = 30 M3B peax:u;HH 77· - p • 77 ° ll He 

perBcTpupooanacb, a oxna.ZJ; oT peai<UHB n- p rr ' yn He npeBLIWaJJ 

10~. 
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Puc. 1. CxeMaiiiU'IeCKUU euo 3KCnepuMeHIIIQ.IlbHOU YCIIIaH06KU . 

.L(JI.II I<aJIH6pOBI<H "'epeHI<OBCI<HX CIIe i<TPOMeTpOB HCIIOJib30Ba

JIHCb y -tcBaHTbi OT .II.BYX peai<II;HB : 

TT p -+ rr 0 ll, 

rr-p .... y n. 

/1/ 

/2/ 

0TpHu;aTeJibHhle IIHOHhl C 3HeprHeii: 80 M3B TOpM03HJIHCb B Me.D.HOM 

!IIHJibTpe H OCTaHaBJIHBaJIHCb B :lKH.IJ.I<OBO.IJ.OPO.D.HOB MHWeHH : HC

IIYCI<aeMble Y -J<BaHTbl perHC T pHpOBaJIHCb CIIei<TpOMeTpaMH, pac

IIOJIO:lKeHHhiMH IIO pa3Hhle CTOpOHhl OT MHWeHH IIO.IJ. yrJiaMH 90° IIO 

4 

OTHOW eHHJO I< IIY"'I<y. 3HeprH.II y -I<BaHTOB OT peai<II;HH /1/ COCTaB

JI.IIeT B cpe.nHeM /67 ,5±15/ M:JB. B rrpou;ecce /2/ o6pa3yiOTC.II 

MOH03Hepr e T H"'eCI<He y -I<BaHThl c 3HeprHeii: 129 M:JB. 

Ha puc . 2 IIOI<a3aHO aMIIJIHTY.IJ.HOe pacrrpe.neJieHHe HMIIYJibCOB 

OT y -I<BaHTOB .IJ.JI.II O.IJ.HOrO H3 CIIei<TpOMeTpOB. 0THOWeHHe IIJIOIII;a.IJ.H 

IIO.D. rrepBhiM IIHI<OM I< IIJIOIII;a.D.H IIO.D. BTOphiM .IJ.OJDKHO paBH.IITbC.II 

Y.II.BOeHHOMY 3Ha"'eHHJO OTHOWeHH.II llaHOBCI<OrO : 

P ~ a (rr-p ->rr 0 n),'a (rr- P ->yn) = 1. 53±0,02. 
tot tot 

,L(JI.II I<aJIH6poBO"'HOrO CIIei<Tpa OTHOWeHHe IIJIOIII;a.D.eii: IIO.D. IIHI<aMH 

paBHO 2,91±0,16. lloJiy"'eHHa.ll paHee·'5/ HeCI<OJibi<O 60JibWa.ll BeJIH

"'HHa 3TOrO OTHOWeHH.II o6~.11CH.IIeTC.II He.IJ.OCTaTO"'HOB 3I<paHHpOBI<OH 

!lloHOBblX y -J<BaHTOB OT MC.IJ.HOrO !IIHJibTpa. 

N 

100 

50 

50 100 
HoMep kaHana 

Puc. 2 . AMn.lluJryOHbre pacnpeOe.lleHUJI uMnyAbcoe , noAyt~eHHble 

0111 y - KeaHIIIoe c :JHepzu.RMU /67,5!:.15/ M:JB u 129 M:JB. 

,L(OJI.II IIHOHOB B IIY"'I<C orrpe.neJI.IIJiaCb IIO BpeMeHH npoJieTa /o / , 

H rrpH 3HeprHH 240 M3B cocTaBJI.IIJia /82±2/rfo, a rrpH 3HeprHH 

200 M:JB- /78±2/!fo . 
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Co6b1THJI, COOTBeTCTBYJOIUHe peai<UHJIM 

rr-p ..., rr0 rr0 o, /3/ 
rr- p ..., rr 0 y o , 

/4/ 

Bbi)J;enJinHCh no yy - COBlla)J;eHHJIM OT )J;BYX qepeHI<OBCI<HX Cllei<TpO

MeTpOB C MOHHTOpOMo YpoBeHh cny'laHHbiX COBITa)l;eHHH COCTaBnlln 

He 6onee 15~0 34JcPei<T Ha BO)J;opo)J;e onpe)J;enllnCJI nyTeM Bbi'IHTaHHJI 

OTC'IeTOB npH H3MepeHHJIX C nyCTOH MHWeHhlOo B cpe)J;HeM C'leT 

npH llYCTOH MHWeHH COCTaBnlln 45~ OT o6wero C'leTa npH 3HeprHH 

240 M3B H 75~ - npa 3HeprHH 200 M3Bo 
Tai< I<ai< 3I<cnepHMeHTanLHaJI ycTaHOBI<a peracTpHpoBana y -

I<BaHThl OT )J;BYX npouecCOB /3/ H /4/, TO )J;nJI Bbi)J;eneHHJI peai<UHH 

/3/ Heo6xo)J;HMO yqecTh BI<na)J; oT npouecca /4/ o )l.nR 3Toro no 

MO)J;enH n ; 6blnH pacC'IHTaHbl ce'leHHe peai<UHH /4/ npa nopore 

peracTpauHH y-I<BaHTOB Ey= 30 M3B H cnei<TPbl y -I<BaHTOB OT 

3TOH peai<UHHo Pe3ynhTaTbl paC'IeTOB Ce'leHHH peai<UHH 77-P • rr " y o 

npaBe)J;eHbl B ma611o lo 

Ta6m11.~a 1 

Ce4eHYie peaKI..IYIYI rr- p ... rr
0 yo Allfl pa3HbiX 3HeprYti1 HaneTaiOl!lero 

nYtoHa np~-1 nopore perYtcTpai..IYtYI cso60AHoro y-KsaHTa E = 10 M3B 
/T04HOCTb paC4eTOB -10%/o 

T_ 
h 

(MaB) roo !50 I90 230 270 400 

PJi (MaB/c) I95 255 300 343 390 520 

a < r.-p ..,. JiO t /II ) (J«SH) 0,03 0,!3 0,27 0,32 0,33 0,33 

Qenhro 3I<cnepaMeHTa RBnRnoch H3MepeHHe nonHoro ce'leHHJI 

peai<UHH /3/, a Tai<:lKe cnei<TpOB y-I<BaHTOB OT 3TOH peai<UHH ,nnJI 

yy -coBna,neHHH pa3nH'IHbiX I<OM6HHaUHH 'lepeHI<OBCI<HX cnei<Tpo

MeTpOB B ,nByx reoMeTpHliXo Cnei<Tpbl y -I<BaHTOB oT peai<UHH /3/ 

nonyqanHCh nyTeM Bhi'IHTaHHJI BI<na,nOB OT peai<UHH /4/ H3 CyMMap

HbiX cnei<TpOB, perHCTpHpyeMhiX ycTaHOBI<OHo Ilonaoe Ce'leHHe 

peai<UHH rr-p .. 77° 77 ° 0 Bbi'IHCnJinOCh no dJopMyne 

a= (Nyy -oyy )/INH c, 

6 

r)J;e N yy - H3MepeHHOe 'IHCnO yy - COBlla)J;eHHB, 0 yy - Bbi'IHCneH

Hoe qacno yy - coBna;~;eHHH OT peai<UHH I 4/ c y'leTOM 3tiMPei<THB

HOCTH ycTaHOBI<H, I - ITOTOI< ITHOHOB, na)J;aJOIUHX Ha MHWeHh, N H

'IHCnO JI)J;ep BO)J;OpO)J;a Ha 1 CM3a :lKH)J;I<OBO)J;OpO)J;HOH MHWeHH, £ -

34JcPei<THBHOCTh 3I<CnepHMeHTanhHOH YCTaHOBI<H I< perHCTpaUHH yy 

COBlla)J;eHHH OT peai<UHH /3/o 34JcPei<THBHOCTh perHCTpaUHH peai<UHH 

/3/ no yy -coBna)J;eHHJIM pacc'IHTbiBanach npa MO)J;enapoaaHHH 3To

ro npouecca C MaTpH'IHbiM 3neMeHTOM, I<OTOpbiH ll03BOnlleT HaH

ny'IWHM o6pa30M onaca Th 3I<cnepaMeHTanhHble cnei<Tphi y - I<BaHTOB 0 

20 H3MEPEHH.R llPH 3HEPTHH 240 M3B 

Ha puc 0 3 H 4 noi<a3aHbl cnei<Tpbl y - I<BaHTOB oT peai<UHH 

/3/ npa 3HeprHH HaneTaromero rr -Me3oHa /240±10/ M3B, I<OTOphie 

6blnH nony'leHbl Bbi'IHTaHHeM BI<na)J;OB OT peai<UHH /4/ H3 CyMMap

HbiX cnei<TpoB, peracTpapyeMbiX ycTaHOBI<OHo CpaBHeHHe nony'leH

HbiX cnei<TpOB c pe3ynhTaTaMH Mo,nenapoBaHHJI peai<UHH /3/ c no

CTOJIHHbiM MaTpH'IHbiM 3neMeHTOM llOI<a3biBaeT, 'ITO 3I<CnepHMeH

TanhHble cnei<Tpbl cyiUeCTBeHHO MJir'le pac'leTHbiXo KpoMe Toro, 

B o6eHX re OMeTpHJIX 'IHCnO yy - COBna)J;eHHH B I<OM6HHaUHJIX cnei<T

poMeTpOB, HaXO)J;JIIUHXCJI ITO)!; yrnoM 180~Ha 30~ 6onhWe, 'leM 

C'leT B I<OM6HHaUHJIX no,n yrnOM 156° oB TO BpeMJI I<ai< paCC'IHTaH

Hble npH llOCTOJIHHOM MaTpH'IHOM 3neMeHTe 34JcPei<THBHOCTH pe

rHCTpaUHH )J;BYX y-I<BaHTOB npai<TH'IeCI<H He pa3nH'IaiOTCJI )J;nJI 

pa3Hb1X I<OM6HHaUHHo 

)l.nR OllHCaHHJI 3I<CllepHMeHTanhHbiX cnei<TpOB y-I<BaHTOB OT 

peai<UHH /3/ 6bln HCllOnh 30BaH Ma TPH'IHhiH 3neMeHT, npe)J;nO:lKeH

HbiH HaMH B pa6oTe /4/: 

2 --1> -+ 2 -+-+-+ 2 
M = ll + A(P":.. oP * ) I + Bl<P*o -P ~ )oP * ! o 

11 n rr
1 

rr
2 

n 
/5/ 

Tai<OH MaTpH'IHbiH 3neMeHT COOTBeTCTByeT BBe,neHHIO yrnOBhiX 

I<oppenJIUHH cne~yromero sa.na: 

.. 
P * oP * = P*P * cose* _ , 
77- n rr n nrr 

.. .. .. 2 LIMrr orro 2 
l(P *0 - P 6 ) o P * I = F(E *)(cose o ) • 

771 rr
2 

n n rrn 
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Puc. 3. CneKmp y- K6aHm06 om peaKIIUU IT-P -• IT0
1T0 ll npu 3Hep

zuu TIT = 240 M3B. reoMempuJI I. CnAOUIHaJI zucmozpaMMa c Ha
HeceHHbrMu Ha Hee owu6KaMu - 3KcnepuMeHm; nyHKmup - pact~embr 
c nocmoJIHHbiM Mamput~HbiM 3AeMeHmoM M 1 ; moHKaJI cnAOUIHaJI 
AUHUJI - pact~embl c MalllpU'IHbiM 3AeMeHmOM M 2 npu A = o.am-;2u 
B = 3ni;,4 

• a/ 8y= 90 ° , yy- C06naoeHUJI 6 KOM6uHa!IUJIX (C
1 

+C
3

) u 

v . v . 2 _ ,2 2 _ ,2 (7C +C4~. M1 : X ! x = 3,5, C.L.< 1~; M2 : X l x =;_1,6, C.L.-1~. 
6 8 y = 90° , yy- C06naOeHUJI 6 KOM6UHaiiUJIX ( ~ 1 +C 4) U (C2+~3). 

M 1 : x2 1x 2 = 2, C.L.-3~; M 2 : x 2/x 2 = 1,1, C.L. -35~. 

3,neCb 3Be3,li;O'IKB 03Ha'lalOT, 'ITO yrnbl B BMUYJibCbl 6epyTCJI B o6-
u l.(M o o u 

uteB C.IJ;.B.; 8 0 1T IT - yron BblneTa HeBTpOHa B C.IJ;.B. ,li;BYX 
o ITn o ) 

IT "Me30HOB OTHOCBTenbHO BMUYllbCa O,li;HOrOB31T ·Me30HOB; F(E~ -
KBHeMaTB'IeCKBH 4JaKTOp. 
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Puc. 4. CneKmp y- K6aHm06 om peaKIIUU IT - P • 1T
0

1T
0
ll npu 

3Hepzuu TIT= 240 M3B. reoMempuJI I I. CnAowHaJI zucmozpaMMa 
C HaHeCeHHbiMU Ha Hee OUIU6KaMU - 3KCnepUMeHm; nyHKmUp - pac
t~embl c nocmoJIHHbiM Mamput~HbiM 3AeMeHmoM M 1: moHKaJI cnAOUIHaJI 
AUHUJI - pact~embl C MampU'IHbiM 3AeMeH1110M M2 npu ·A = 0,3m -;2 U 
B = 3m -;4 . a/ ey = 60°' cneKmpoMempbl cl u c2 npu yy - C06naoe-

'V " v v -2 
HUJIX 6 KOM6UHa!IUJIX (Cl ~ C3) u (C2 +C,i). Ml: X 2/ X = 13, C.L. <..1~; 
M2 : x 2 /x 2 = 3,2, C.L.- 2~. 6/8y = 120° , cneKmpoMempbr ~ 3 u 

c4 npu yy -co6naOeHUJIX 6 KOM6UHaiiUJIX (C!+Cs) u (C2+C4). Ml: 
2 I -2 - 2 2 3nt.· . 2; _ ,2 o 7 nt. X X - , , C.L. - 7'1• M 2 • X X = , , C.L. - 707'1. 

Haunyqwee onucauue 3KcnepuMeHTanbHbiX cneKTpoa ,nocTura

eTCJI npu A=0.3m; 2 B B= 3m;4. CnexTpbl y·xaaHTOB, pacc'IBTau

Hble C MaTpB'IHbiM 3lleMeHTOM /5/, TaK)Ke UOKa3aHbl Ha puc. 3 B 4. 

YrnOBble pacnpe.~~;eneHBJI HeHTPOHa, COOTBeTCTBYIOIIJ;Be BBe,neHHbiM 
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B MaTpH'IHbiB 3JieMeHT yrJIOBbiM KOppemm;H.IIM, noKa3aHhl Ha puc. 5. 
llpH 3HeprHH 240 M3B aHH30TponH.Il pacnpe.n.eneHH.Il no . yrnaM 

8 * - H 81.\~17°17° cymecTBeHHO MeHbwe Toil:, KOTOPYJO npHXOAHTC.Il 
n11 11 n 

BBO,li.HTb ,li.JI.Il OnHCaHH.Il 3KCnepHMeHTaJibHbiX cneKTpOB y·KBaHTOB 

npH 3HeprHH 270 M3B 141 I A = 0.5m-2, B = 4m- 4 1. 3To H .n.oiDK· 
17 17 

HO Ha6mo.n.a TbC.Il npH npH6JIIDKeHHH K nopory peaKUHH I T nop. 

= 160 M3BI. 

B 111a6A. 2 cpaBHHBaJOTC.Il pe3yJibTaThl Bhi'IHCJieHH.Il nonHoro ce

'leHH.Il peaKI.J;HH 131 npH nOCTO.IIHHOM MaTpH'IHOM 3JieMeHTe H C MaT· 

pH'IHbiM 3JieMeHTOM 151. llOJIHOe Ce'leHHe peaKI.J;HH 131, paCC'IH • 

TaHHOe C KBa,ll.paTOM MaTpH'IHOrO 3JieMeHTa 151 H ycpe.n.HeHHOe 

no .li.BYM ceaHCaM B pa3Hbi:X reoMeTpH.IIX, paBHO 10,13±0,021 M6H. 
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B 111a6A. 3 npuae~eHbl pe3ynbTaTbl B3oTonuqecxor o aHanu3a 

peaxuuu 11N __, 1111N npu 3Hepruu 240 M3B. B pe3ynbTaTe !}>BTB

poaaHB.II nony'leHbl cne~YJOll\Be 3Ha'leHB.II B30TOnB'IeCKBX aMnnBTY~ 

a e,llBHBuax I M6H/ u~ : IF 
10 

I = 0,91±0,07; IF 
32

1 = 0,24±0,03; 

IF31 1 = 0,16±0,06; IF11 1 = 0,25±1,08. 0THOWeHue aMnnBTy~ 

X ,.., IF
10 

I/I F
32

i nonyqaeTC.II paBHbiM 3,8±0,6. 

Ta6mn~a 3 

H3oTonH4eCKH~ aHanH3 peaK~H~ 11N __, 1111 N 

240 M3B 

KaHBJI 3Hepru.cr <htcnepm.leHT 

peaRIIHII T;r, (MeB) CY (M6H) 

J;-p ~.r, .. Ji ·n 252 0 I4+0 04 /S/ . -. 
s;-f ~ J; CJi On 240 0, IJ..t0,02 

J;- p .. .,. -.r,T 246 0 08+0 IS /S/ . -. 
Ji~ f ~ Ji~.j;Cf 246 O,OI9±0,0IO /IO/ 

Ji ""f...., J:• J, .,.. n 252 0 023+0 005 /II/ . -. 

3. H3MEPEHH.Jl HPH 3HEPFHH 200 M3B 

npH 3HeprHH 

Pe3y.1Il>TaT cpaTa 
(J (M6H) 

O,IG;t0,04 

O,I2;t0 ,02 

O,OJ..tO,I6 

O, OIS±O, OIO 

0, 02J..t0, 005 

Ha puc. 6 B 7 noKa3aHbl CneKTpbl y -KBaHTOB OT peaKUBH /3/ 

npu 3HeprBB HaneTaJOll\ero 11 ·Me3oHa /200±10/ M3B B pe3ynb

TaTLI MO,IlenBpOBaHB.II peaKUBB /3/ C nOCTO.IIHHbiM MaTpB'IHbiM 

3neMeHTOM. CpaaHeHBe 3KcnepBMeHTanbHLIX cneKTpoa c paccqu

TaHHLIMB noKa3LIB8.eT, 'ITO npB 3HeprBB 200 M 3B nOCTO.IIHHbiH 

Mii.Tp·BtfHLIB 3neMeHT n03BOn.lleT XOpOWO OnBCaTb cneKTpbl y -

KBaHTOB ~n.11 pa3HLIX yy -coana~eHHB a o6eux reoMeTpH.IIX. 

B 111a6A. 4 npuae~eHLI pe3ynbTaTLI BLI'IBcneHHii: nonHoro ceqe

HH.II peaxuau 11-P __, 17°17° n npu 3Hepruu 200 M3B. llonHoe ceqe

HBe 3TOB peaKUBH, ycpe~HeHHOe no ~BYM ceaHCaM B pa3HLIX reo· 

MeTpB.IIX, paBHO /0,032±0,005/ M6H. 

H3oTonuqecxuA aHanB3 peaxuuu 11N -+ 1111N npa 3Hepruu 

200 M3B He MO)KeT 6LITb npoae~eH H3·3a OTCYTCTBH.II ~aHHbiX 

no nonHLIM ceqeHB.IIM 3TOro npouecca a ~pyrux xaHanax . 

12 

.... 
w 
"0 ..._ 
'0 
"0 

-w 
"0 ..._ 
'0 

E. 

o;o 
T~ =200 H3B 

30 
0) 

3D 45 60 75 oo n5 120 135 m ~>s 1ao 
Et /M3B/ 

Et /M3B/ 

J 

Puc . 6. CneKIIIP y -KeaHmoe 0111 peaKijUU 11 - P -• 11°11 °n npu 3Hep
zuu T17 = 200 M3B. reoMempUJf I. CnAOIUHQJf ZUC1/IOZpaMMa c Ha
HeCeHHbiMU Ha Hee OIUU6KaMU • 3KCnepuMeH111; nyHKIIIUp - pac'lelllbl 
C nOCIIIOJfHHbiM MalllpU'IHbiM 3AeMeHIIIOM. a/ () y = 90° , yy • coena

OeHUJf e Kc;M6uHaijuJfx (C1 ~C3 ) u (C2+ C.j) ; ,_ x! l x 2 ~ 0~.,4. 
6/ 8y = 90 , YY - coenaOeHUJf e KOM6UHaijUJfX (Ci + C 4 ) u (C 2 +Cs); 
x 2 /x 2 = 0,7. 
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0) 

E, /M3B/ 

Puc. 7. CneKmp y- KBaHmoe om peaKIJUU "-p • 77° 77° 0 npu 3Hep
zuu T

77 
= 200 M3B. reoMempuJI I I. CnAoiUHaJI zucmozpaMMa c Ha

HeceHHbiMU Ha Hee OIUU6KaMU - 3KCnepUM€HIII; nyHKIIIUp - paC'I€111bl 
C nOCIIIOJIHHbiM MatllpU'IHbiM 3A€M€HIIIOM. a/ (j y = 60 °, cneKIIIpOM€111-
pbl C

1 
U C2 npu yy - coenabeHUJIX 8 KOM6UHQIJUJIX (~ 1 +C\) U 

cc2 +C4); X2/)( 2= 0,8. 6/ (jy = I20° , cneKIIIpOM€111pbl . C3 U C4 

npu yy- coenabeHUJIX e KoM6uHaiiUJIX (C 1 t<~~ u (C 2 +C 4); 
2'- 2 

X I X = 

= 0,4. 

14 

Ta6m14a 4 

nonHble ce4eH11FI peaKLII-111 77 -P :... 77°77°0 np~-1 3HeprHI1 
/2002:10/ M3B 

)ilf CeaHc ~I, I reou., CeaHc .li 2, II reoM. 
KOM6Hlla- r.1 = n 9 x ro9 M- 14 3 x 109 
UHll 

A/ .... ~~r.a n <5" (MdH) A/.;;•;r,~Jn C) (M6H) 

CrC3 I5I .:!: 59 0,03I:tO,OI2 20! .:!: 6I 0,038;t0,0!2 . . 
CrC4 roo.:!: 52 0,026;t0,0!4 !73 .:!: 53 0,039t0,0I2 
. " 
C2+C3 I03 .:!:. 56 0,027±CJ,OI5 I4I .:!: 62 0,032:!;0,0!4 

Cz+C4 I46 .:!: 43 0,03D.:t0,009 I55.:t45 0. 03D.:t0 • 008 

500 0,029t0,006 670 0. 034.:t0, 005 

() = 0,032 .:!: 0,005 M6H 

4. OECY)J(,4EHHE PE3YJI.bTATOB 

TaKHM o6pa30M, HaMH HJMepeHbi ceqeHHJI peaKUHH 77-P -> 77 ° 77 ° 0 

s6nH3H nopora npH Tpex 3Ha'leHHJIX 3HeprHH HaneTaJOIUero " -

Me30Ha: 200, 240 H 270 M3B. llpose.n;eH H30TOnH'IeCKHH aHanHJ 

nonHbiX Ce'leHHH peaKUHH 77-P -> 77° 77° 0 npH 270 H 240 M3B, KOTOpbiH 

noxaJan, 'ITO nonHbie ceqeHHJI scex xaHanos peaxuHH 77N -> 7777N 

COrnaC)'JOTCJI Me>K.n;y C060H B COOTBeTCTBHB C Tpe60BaHHJIMH HJO·· 

TOnH'IeCKOH HHBapHaHTHOCTH CHnbHbiX BJaHMO.D;eHCTBHH. B Jla6A. 5 
npHse.neHbi 3Ha'leHHJI nonHbiX ce'leHHii peaKUHH 77-P -> 77 ° 77 ° 0 npu 

pa3HbiX 3HeprHJIX T 17 H OTHOWeHHJI H30TOnH'IeCICHX aMnnHTY.D; 

X = I F
10

1/l ~2 1 .nonyqeHHbiX H3 H30TonH'Iecxoro aHanH3a. 

)l;o HaCTOJIIUero speMeHH He 6blno .naHHbiX o nonHbiX ceqeHHJIX 

peaKUHH 77- p -> 77 o 77° 0 s6nH3 H nopora IT 17 < Z70 M 3B/. llony'leH

Hble B HaCTOJIIUeii pa6oTe pe3ynJ.TaTbi no3BOn.IIJOT nposeCTH cpas

HeHHe 3KCnepHMeHTanbHbiX ,naHHbiX no DOnHbiM Ce'leHHJIM O.D;HOrO 

H3 OCHOBHbiX KaHanoB peaKUHH 77N -> 7777N C paC'IeTaMH B TeopHH 

HapyweHHOH KHpanbHOH CHMMeTpHH CHnbHbiX B3aHMO.D;eHCTBHH. B pa· 

60Te /12/ 6blnH npose.n;eHbi TaKHe pacqeTbi C yqeTOM TOnbKO nHOH

HyKnOHHbiX .n;HarpaMM .npesecHoro BH.n;a . 3TH pacqeTw noxa3biBa

JOT, 'ITO 3KcnepHMeHTanbHble .naHHble no nonHbiM ceqeHHJIM scex 
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Ta6111111.1a 5 

Pe3y!lbTaTbt IACC!leAOBaHIAR peaKI.IIAIA "-p -+ " 0
TT

0
ll e6111113111 nopora 

:; T" C)(J; f'-'~ J; 'T.'h) )( 
MaB MaB M6H 

200 30 0,032 :t 0,005 

240 62 0,!3 :t 0,02 3,8 :t 0,6 

270 83 0,26 :t 0,02 4,4 ± 0,4 

KaHanoB peaKUBB "N ... " "N He MoryT 6b1Tb onucaHbl c noMO~biO 

BBe,lleHHJI B J4J4>eKTHBHbiH narpaH)I(BaH TTTT - pacceJIHHJI ,llOllOnHH

TenbHbiX "'neHOB, COOTBeTCTBYIO~HX "'eTBepTOMY llOPJI.Ili<Y paJno

)l(eHBJI RMllnHTY.Ilbl TT TT -pacceJIHHJI no 4-HMnynhCRM llHOHOB. llo

BH,IlHMOMy, ,llnJI onucaHHJI peaKUHii " N -+ 1mN B paMKax KHpanhHOH 

Teopuu cne,llyeT y"'eCTb o6MeH BJo6apo:H A 33 H ,llHarpaMMbi c 

llHOHHbiMH neTnJIMH. B HaCTOJI~ee BpeMJI HRMH npOBO,IlJITCR COOT

BeTCTBYIO~He pac"'eTbl. 
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