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A.TI. racnap.HH 

J1CCJIE,ZJ;OBAHME PEAKUJ1J1 np - pp rr­
TIPJ1 J1MTIYRbCE HEJ1TPOHOB 

OT 2 ,n;o 10 r3B/C 

CnelV1aJibH0CTb 040 - 3KcnepHMeHTaJibHa.H q>l13J1Ka 

A Brope<pepar /ll1CcepTal\llll Ha COIICKaHMe y•ieHoll crnneHK 

KaH)lK)lara <jll13MKO-M areMUTMlleCKJIX HayK 

( LlnccepTa1111si 11am1ca11a ua pyccKoM ua1,1Ke) 
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B HaCTOSUUee apeMH f!MeeTCH 6om,rnoe KOnf!'leCTBO 3KCIIep11-

/l / 
MeuranbllhlX pa6oT . !IO peaKUIIHM 

II 

+ 
pp ➔ pnrr 

pp ➔ pp TTO 

3Kcrrepf!Mel!Tanbl!BH f!H¢opMaUIIH !IO peaKUIIII 

( 1 ) 

(2) 

(3) 

rrp11 I:,;:=: 2 raa/c K MoMeHTy 11aqana ¢11a11qecKoi:'r o6pa6oTKII :Uarne­

ro MaTep11ana llpBKTll'leCKII OTCyTCTBOBana. O6aop .QBlll!blX !IO peaK­

llllHM ( 1,2) If paCCMOTpe!rne paanH'lllblX TeopeTll'leCKIIX no;~XO.QOB 

!Ipll lll!TeprrpeTB!lllll 3KC!IepnMel!TanbllblX peaynbTBTOB !I03BOnHeT 

cnenaTb cneayJOnrne BbIBO.QL1: 

} , n p O U e C C bl T II II a 

PP ➔ pN*(J470) 

pp ➔ pN*(J690), 

(4) 

(5) 

C e 'l e H II e K O T O p bl X II p II B LI C O K O 11 3 H e p I' fl II C n a 6 O 3 a -

BIICIIT OT ee aen11'lllHb1 (a¢¢eKT KBaa11yrrpyroro pac­

ceHH11H), He ua6nJO.QBIOTCH B peaKUIIHX pp ➔ pnrr+ 

II pp ➔ p prr:'3aMeTIIM, 'ITO B 3KC!Iep11Me11Tax, BbllIOnHeHl!blX MeTo­

/2/ 
.QHKOA MIICCIIHl'-MBCC crreKTpOMeTpOB , KBB311yrrpyr11e rrpoueCChl 
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/3/ 
'leTKO npO.IIBmllOTC.11, B KaMepilbIX pa6oTaX 1!3o6apbi N* ( 1470) 

II N* (1690) Ha6moaa10Tc.11, B OCHOBHOM, B cneKTpe Mace KOM611Ha­

Ul!H N 1111. PacnpeaeneHHe a¢cpeKTl!BHb!X Mace HyKnOHa C 11 -Me30HOM 

He aaeT noa'beMa np11 1,47 faB, 

2, 0 PE Moaenb .11Bn.11erc . .11 Hau6onee aaaKBaT-

H oil: M oaenb 10 an .11 on u.c a HI! .11 <jioHa, ecnH a ¢¢e KT OM 

C q II T a T b ll II ¢ p a K u _11 0 H H O e p O }K ll e H I! e II 3 0 6 a p N* (14 70) 

II N* (1690), Deil:CTBl!TenbHO, o6pa30BaHHe H3o6ap nocpe/lCTBOM 

0/lHOill!OHHOf'O o6MeHa He MO)KeT aaTb IlOCTO.IIHHOf'O Ce'leHl!.11, 3Kcne­

pl!MeHTanbHhie aaHHbie no peaKUII.IIM ( 1,2) xoporno OilHCbIBaIOTC.11 

OPE-M01Jenb10, Bo3MO)KHO, 'ITO <jiOHOBbie ycnoBH.11 an.11 Ha6nioaeHH.II 

am,,paKUl!OHHOf'O o6pa30B8HH.II 1!306ap N* ( 1470) H N* ( 1690) B peaK­

Ul!I! n p ➔ pp 11 - 6yayT 6onee xopollll!MH, 

il11ccepTaUH.11 cocTOl!T 113 Tpex rnaB, 

· B n e p BO ll f' n a Be paccMaTpl!BaIOTC.11 aonpOCbI, CB.1138HHhie 

C MeTO/lOM nonyqeHl!.11 9KCnep11MeHTanbHOf'O MaTepHana, H HeKOTOpbie 

npo6neMhI, B03Hl!KaIOIUHe np11 BOCCTaHOBneHl!H l!MITynbCHOf'O cneKTpa 

• /4/ "" • 6 nepBl!'IHbIX HettTpOHOB • vKcnepHMeHTanbHblll MaTepHan bin nony-

'leH np11 o6nyqeHl!I! 55-CaHTl!MeTpoaoil: ny3blpbKOBOH nponaHOBOil:(CH) 
• 3 B 

KaMephI flB3 0115111 Heil:TpoHaM11 cnnornHoro 11MnynbcHoro cneKTpa 

CO Cpe/lHl!M 3Ha'leHHeM [' - 6,9 raa/c, 
n 

BO BT Op O ll f' n a Be 1!3nar,.IOTC.II OCHOBHbJe 9KCnepl!MeHTanb-
/5-8/ 

Hhie peaynbT8Tbl • 6hinO npoCMOTpeHO 25,5 Tb!C, K81lpOB, Ha KO-

TOpblX Hail:aeHo 16,5 Tb!C, 3-nyqeBbIX 3B03/l, yaoaneTBOp.llIOIUl!X npo­

CMOTpOBbIM. Kpl!Tepl!.IIM np -B3al!MOlleil:cTBl!H, Cpea~ OTHOCl!Tenb-
. l\p 

Ha.11 HeTO'IHOCTb B 1!3MepeHl!I! l!Mnynbcoa· 'laCTHU ·-- - 15%, a yr-
0 p 2 

noa - 0,5 • Bb11JeneHHe peaKUl!H ocHOBhIBanocb Ha X -MeToae 

C TpeM.11 CTeneH.IIMI! CBOOO/lbl (HanpaaneHHe HetiTpOHHOf'O ny'IKa 113-

BeCTHO) C nocneaymmeti B1!3yanbHOH 11/leHTll<jil!Kau 11eti. Bb16paHHa.11 

Cl!CTeMa o6pa60TKH
I6I 

o6ecne'll!Bana OblCTpblH Ha6op CTaTHCTIIKII, 

4 '\ 

n /5/ . 
oapo6Hblll aHan113 B03M0)KHblX npnMeceil: B 11ayqaeMOII 

peaKUHH noKa3an, 'ITO npHMeCb, KOTopa.11 MO)KeT BHeCTH HeKOTOpbie 

HCKa)KeH11.11 a ¢11a11qecKne pacnpeaeneHH.11, cocTaan.11eT - (10➔ 12)%, 

ITpl!MeCb OT n C -COOblTHH He npeBbilllaeT 15%, II :3HaH1Ie ee aenH­

'll!Hbl Ba)KHO nHlllb an.11 onpeaeneHH.11 Ce'leHHH, 

OKOH'laTenbHa.11 CTaTHCTHKa, HCnonbayeMa.11 an.11 ¢113H'leCKOf'O 

aHanHaa, COCTaa11na 756 COOblTHH peaKUl!H n p ➔ pp 11 :-

Ha pHC, l npeacTaaneHo yrnoaoe pacnpeaeneH11e npoTOHOB 

B c.u.M; peaKUHH no aceil: CTaTl!CTl!Ke, BllllHO, 'ITO npOTOHbl Bbine­

TaIOT B. HanpaaneHH.IIX, 6nH3Kl!X K OO I! 180°, 'ITO yKa3blB80T Ha 

Cl!nbHYIO nep11¢ep11'lHOCTb B3al!MO/leil:CTBl!.II, 0603Ha'll!M Ob!CTpblH 

npoTOH a na6opaTopaoti c11cTeMe P n , a MeaneHHhIH - P fJ , 'leThI-

pexMepHbIH nepeaaHHblll l!Mnynbc OT pn K HeHTpOHy t n ' a OT 

Pp K npoTOHY MHllleHH - t fJ 
t~ 

h.. Q "" 
,c-

p 
-lt' 

\\, 

Ha pHc, 2,3 npeacTaaneHbI pacnpeaeneHH.11 a¢¢eKTHBHh1x Mace 

M - H M - (P11c. 2 - B pacnpeaeneHHe BXOllHT BC.II CTaTHCTH-
Pn 17 fJp11 

Ka • Puc, 3 - COOblTH.11 pa36HTbl Ha TPH rpynnhI no BenH'IHHe HM-

nynbca naaammero HeiiTpoHa). CpeaH.11.11 ornH6Ka a H3MepeHHH MaCCbI 

M - P,aBHa 45 Maa. 3arnTpHXOBaHhl pacnpeaeneHH.11 an.11 COOblTHH 
(J 11 • 

. 2 
c t n < 0,5 raa • 3aecb H a aanbHetillleM llITpHx-nyHKTHpHa.11 nHHH.11 

. . /9/ 
OTBe'laeT pea)Ke3oaaHHOH oaHon110HHOtt MoaenH OP ER • Cnnorn-

Ha.11 ti11H11.11 cooTaeTcTayeT peaynhTHpymmeii Kp11aoii OPER + 11ao6a­

pb1 N* (1470) II N* (1690). 113 p11c, 2,3 B11/lHO cymeCTBeHHOe pa3-
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mPrne MelKAY pacnpeneneHHSIMH Mp 17 - If Mp 17 -. OT'IeTmrno BlfAHhl 
n p 

IlOA'heMhl B o6naCTlf Mace 1,24 11 1,47 rim (Mp 17-J • 11MeeTCSI nne-
n 

'IO B pacnpeneneHnn M !n 17 - B paifoHe Mace n3o6aphi- N * (1690). 

Ha p11c, 4 npencTaBneHhI nonHoe ce'IeHHe peaKunn n p ➔ pp 17 

n ce'IeHnsi o6pa3oBamrn n3o6ap N*.(1236), N* (1470) n N* (1690) 

B 3aBncnMOCTlf OT Bem1'IlfHhI nMnynbca nana10mero Hef!TpoHa. 

TTyHKTHpHaSI nnmrn npOBeAeHa no MH0r'O'IlfCneHHhlM 3KCnepl!l\teHTanb-
/10/ /11-15/ 

llblM TO'IKaM npn p < 1,5 f3B/c, TTpnBeAeHhl TaKlKe ABHHhle I 

n 

nony'IeHHhie npn o6ny'IeHlfU npOTOHaMlf KaMep, HanO.l!HeHHhlX neI1-

TepneM. !fa p11cyHKa BUAHO, 'ITO Ce'IeHHe pOlKAeHUSI U3o6apbl .\" * ( 1236) 
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pe3KO naAaeT c yBen0qeHI1eM HMnynhca HeftTpoHa, qTo ecTeCT­

BeHHO o6bHCHHeTCH o6MeHOM TT -Me30HOM, CeqeHIIH o6pa30B8HIIH 

ll306ap N* (1470) ll N* (1690) OCTaIOTCH npI!MepHO nOCT05\HHbIMII, 

qTO, B03MO)l{HO, YK83bIBaeT Ha 3Haq11TenbHYIO ponb B8KYYMHOPO no­

moca B llX o6pa30B8Hllll, 

B T p e Tb e H I"' n a Be npnBOAllTCSI aHanll3 peaKUllH np ➔ pp TT -

, /17 / 
c TO'IKll 3peHllH peA)l{e3oBaHHOH OPE- MOAen11 • OPER MOAenb, 

38BHCHlll8H OT OAHOI"'O napaMeTpa, xopomo 06bSICHHeT cymecTny10-

+ 
mue 3KCnepllMffiTanb~bJe A8HHhie no peaKUllll pp ➔ p n TT B o6naCTll 

c111epr11i\ OT 2 AO 30 rsa, B paM1rnx OP ER MOAen11 peaKUllSI np ➔ PPTT -

onllCbIBaeTCH All8PpaMM8MII !JC-
n. P11. t\. ~ pit 

a) x-: 
I 

6) 
?C• I 

I 
I 

~ ~ {>f 
.1e-

r Pr 

ll ABYMH AllaPpaMM8Mll ( He npllBeAeHbI) 1 OTn1Jq810lllHMIICH TOnbKO 

nepeCT8HOBKOH npoTOHOB B KOHeqHOM COCTOHHl!ll, B pacqeTaX AH­

arpaMM ( a,6) llCnonh3yIOTC~ 3KCnepllMeHTanbHhie AaHHhie TT -p -ynpy-

1"'0['0 pacceHHllSI II nepe3apHAKII TT - p ➔ TT
0 n. CyTb peA)l{H3aUllH 38.-

KnlO'IaeTCH BO BBeAeHllll noHHTllH o6Metta TT -Me30HHOH TpaeKTOpllei\ 

aTT(t) 1 qTO no3BOnHeT, oTqacTH, nonyqI!Tb Teoper11qeCKllll BllA 

cpopMcjlaKTOpa. 

B _AHCCepTaUllll noKa3aHo, qTO cymecTBYIOllllle AaHHbie no peaK­

Ullll n p ➔ pp TT -MOPyT 6hITb on11caHhl OP ER MOAenblO nlllllb B cny-

qae yqeTa ellJe ll APYl"'OI"'O 

1 t 
ll3o6ap N* (1470) 2 ( 2 

MexaHll3Ma - AllcppaKUllOHHOI"'O pO)l{AeHIISI 

1 5+ 
) II N* (1690) 2 (2 ). BKnaA ll306ap 

paccquThIBancs cornacHo cneAYIOIUllM AllarpaMMaM: 
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-- P, w t\ \? 

? Py . ? pp 

PacqeT TeopeT11qeCKIIX 38BllCllMOCTeH npo1!3BOAUnCSI MeTOAOM 

M OHTe-Kapno C yqeTOM 3KCnep!IM8HTanbHOPO pa3AeneHHSI npOTOHOB 

Ha 6bICTpbie p n u MeAneHHbie pt> • 

J.13 puc, 2,3 BllAHO, qTo, HaqllHaSI C l!Mnynbca Hei\TpOHa 

pn ;;:: 4 f3B, OAHonuoHHbIH 06MeH He MO)l{eT onucaTb pacnpeAene­

HllSI M t>n TT-:BKnaAbI ll306ap N* (1470) n N* ( I 690) BapbupoBanucb 

TaK, qT06bI HallnyqlllllM o6pa30M on11caTb pacnpeAel!eHllSI M t>n TT-, 

Ha p11c, 5,6 npeACTaBneHhI pacnpeAeneHllH no Benllq11He qeTbipexMep­

Hoft nepeAaqu t n u no yrny BbineTa cos 0* (p TT-) B CllCTeMe no-
t>n n 

KOH (pn TT-). BllAHO, qTo 3Tll pacnpeAeneHHSI TaK)l{8 He npOTllBOpeqaT 

BKn10qeHHIO ll306ap. 

P=(2+ro)r,&,'c 
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Ha pnc. 7 rr0Kaaa110 pacrrpeAenemie rro yrny TpeiiMa11a-H11ra 

¢ B cncTeMe rroKOS! (Pp TT-). BnAHO, "!TO MOAenb OPER AOCTaTO"IHO 
Pp 

YAOBIIeTBOPIITeIIbHO Olll!ChIBaeT 9KCrrepl!MeHT8IlbHYIO aCHMMeTpmo 

B pacrrpeAeneHHH • .UHarpaMMa ( 6)' COAeplK8lll8Sl aMIIIIl!TYAY rrepeaa­

pS!AKH, }laeT BKII8Jl B rron11oe Ce'. ,11He peaKUHII np ➔ l'?TT-IIPII 

Pn>6 f9n/c, MeHblllHll 20% H pe3KO Cll8Jl8!0llllll1 C yBeIIl!"leHHeM pn • 

ITo9TOMY OCHOBHOll BKIIa}l rrpH pn > 4 f9B }laeT }ll!arpaMMa (a). 

TorAa, ecnu OTo6paTb 9KCIIepHMeHTaIIbHbie co6hITHS! C Mallh!Mll t n • 

TO OHH }lOillKHbl ny"!Ille OIIHC8TbCS! 0/lHOIIHOHHOll MO}le!Ib!O. 113 pHC, 

2,3 BH}lHO, "!TO IIO}l'beM B o6naCTH Mace 1,47 H 1,69 faB }leiiCTBI!-

10 

'\ 

TenbHO yMeHhllJaeTCSI, COBIIa}leHHe 3KCIIepHM9HT8IlbHbIX pacrrpe}le­

neHl!fi C reopeTH"!SCKIIMH rrpeACKa3aHIIS!MI! MO}le!IH OPER IIpl! .MalIOi"! 

a11epr1111 H xopolllee cornacHe pacrrpeAene11nii rro nem1q1111e MP TT -
p 

rrp11 6onblllHX aHepr1151x ronopnT B rronhay Toro, "!TO MOAenb OPER 

OIIIIChlBaeT B 3Ha"!HT9IlbHOi"! crerre1111 3KCIIep11MeHTallbHhle pacrrpe-

neneHHS!. 

ITpoBe}lel!Hbli"! a11an113 IIMSIOllll!XCS! B HaCTOS!lllee Bp9MS! 3KCIIepn­

M9HTaIIbHbIX }lal!Hb!X !IO peaKUIII! n p ➔ p p TT,-rrony"leHHb!X rrp11 o6ny-

. /12/ 
"!SHIii! IIpOTOHaMu 11eiiTep11eBh!X KaMep ( ~ = 1,825 faB/C , 

/12/ /16/ /14/ /15/ 
2,11 faB/C ' 5,9 faBIC ' 7 f9B/c II 28,5 f9B/c ) ' 

COBMSCTHO C HaIIIIIMII }lal!HblMII Il03BOIIS!eT cnenaTb Bb!BO}l O TO~!, 

"!TO OAHOIIIIOH!lbll! o6MeH }laeT cywecTBSHHblll BKIIa}l BIIIIOTb AO 

a11eprH11 - 30 faB, 

HapS!AY C TT-M930HHblM o6MeHOM, H8"111H8Sl C 3Heprn11 - 4 fan, 

IIpOHBIIS!eTCS! cyweCTBSHHO HHOii M9X8H113M o6pa30B8HIISI TT --1\1930-

Ha, BKIIa}l KOToporo cna6o 38BHCIIT OT auepr1111 11 COCT8BIIS!9T 

(30 ➔ 40)% OT nen11"!11Hhl rronuoro ceqeu11SI peaKu1111. 

IT O}lBOAS! IITOr' o6cylK}l9HHIO 3KCIIep11MeHT8IlbHOr'O Ma repnana' 

}lenaeM ClISAYIOlllllll OCHOBHO.ii Bb!BO}l: KB a 3 II y II p yr II e II p OU e CC hi 

ABIOT BKIIaA B peaKu1111 T11rra NN ➔NNTT,B pea1rn1111np ➔ pp;;-­

BKIIaA rrpoueccOB C o6pa30B8H119M 1!306ap N* ( 1470) II :Y* ( 1680) 

rrpll ~ :: 4 .ran/c COCTaBIIS!ST - 0,5 M6. yj3 cpaBHSHIIS! 1111arpa!\I!\! 

c polKAeu11eM N* (1470) 11 N* ( 1690) B peaKUIIS!X n p ➔ pp ,7 -

+ + 
11 pp ➔ p n TT cneAyer, "!To B peaKu1111 Pp ➔ p n TT ce"leHne o6paaona-

HIIS! 1!306ap JlOillKHO COCTaBl!Tb - 1 M6. OAHaKO IIOIIHOe ceqe1111e 

a + >> at ...( a + - 10 M6 rrp11 P - 4 fan/c II a + - 4 !\16 PnTT • PTT PnTT P pnll 

rrpl! ~-10 faB), Hc110, "!TO Ha TaKOM 6onblllOM qioue OT 0/lllOIIl!-

OHHOro o6MeHa TpyAHO 3aMeTl!Tb /ll!tppaKUIIOHHOe o6paaonauue U30-

6ap. Ce"!eHl!Sl polK}leHl!Sl N* ( 1470) 11 N* ( 1690) n peaKurrnx 
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np ➔ pprr II pp ➔ pp rr0 nomKHbl 6hITb OAIIH8K0Bb!Mll, XoTH 

nonHoe ce-'!eH0e a PP 
17

0 He HaMHoro 6onbllle a pp 17 - (a pp17<> -2,8 M6 

IIpll pp~ 6 f,rn) 
1 

HO 03-38 CIIMMeTpllll H8'l8IlbHOf'O II KOHe'lHOf'O COCTO­

HHIIH 3<p<peKT npOHBneHIIH ll306ap MOlKeT 6bITb CIIIlbHO 38M8CKllpOB8H 

IlOlKHbIMII OTpalKeHIISlMII, 

B 38KillO'-!eHllll AIICCepT8Ullll nepett1ICilSllOTCSl Kp8TK!Ie IITOf'll 

pa6oThI: 

1. M onepH1I3llpOB8H8 CIICTeMa o6pa6oTKII, 

2. Pa3BIIT MeTOA MOi:ten0pOB8HIISl C ytteTOM 3KCilep0MeHT8Ilb­

HWX 38BIICIIMOCTeii, 

3, BnepBbie nonytteHbI nonHhie ceqeHIISl peaKUllll np ➔ PP rr 

B lllllPOKOM /Ul8Il830He IIMIIynbCOB II8/:l8l0lllllX HeiiTpOHOB, 

4. TTpoBei:teH 8H8Illl3 acex HMelOllllIXCSl B H8CTOSllllee apeMSl 

3KcnepHMeHT8IlbHhIX naHHhIX no peaKUHII n p ➔ pp rr - B paMKax OPER 

Monen0. Ha6moneHhI KB83Hynpyr0e rrpoueCCbl II o6~SlCHeH8 IIplI'lll-

Ha cna6oro IIpOSlBileHHSl H306ap N* (1470) II N* (1690) B peaKU!rnX· 

+ 0 p p ➔ p n rr II p p ➔ pp 77 

· 5. TTony'leHhI ce'!eHIISl o6pa3ciaaHIIB 1-13o6ap N* (1236),N* (1470) 

II N* ( 1690) • 

OcHOBHble pe3ynbT8Tbl AIICCepTaUHH ony6n1IKOB8Hbl B pa6o­
/5-7, 8,17/ 

T8X • 
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