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3KCTiepnMeHT81IbHble ABHHble CBHAeTeiibCTBYIOT 0 TOM, 'ITO B peaKUllll 

fT + N -+ fT I+ fT 
2 
+ N ' B o6rraCTH SHeprnii AO 1 rsB 3HaqnTenbHbiH BKIIBil BHOCHT KSK 

("N) , TaK n ("") -BsanMonelicTBHB. B o6nacTn sneprnli, MeHhlllnx, qeM 700:..600 MsB, 
. ( ) /1-4/ • 

cymeCTBeHHy!O ponb nrpaeT ftft -B38ilMO):(eHCTBHe B COCTOS!Hllll T = 0 , a 1Ipil 

sneprnBX, rrpeB:,IIIIaromnx rropor o6pa30BBHHSI nso6apbl N !; ( 1238), gpKO rrpoSIB-
. ~2 

IISieTCSI (TTN) -B38HMOAeliCTBHe B COCTOSIHHH T = J = 3/2 • BcneACTBlle 6onbiiiOH 
.; * . 2 
IIIHpHHbl pe30H8HC8 N ~/2 ( r = 125 MsB/C ) ero BIIHSIHHe MOlKeT CK838TbCSI H rrpn 

sneprnSIX, neJKamnx HnlKe rropora ero o6pa30BaHnB • .llnB nnTeprrpeTa!lnn sKcrrepnMeH-

TaiihHblX llBHHbiX BalKHO 3H8Tb, KBKOH BKIIan BHOCllT TOT lllill IIHOH Bllll B381IMOileHCTBHSI 

B peaK!lHH · " + N -+ " 1 + " 2 + N' . 

B pe~epnpyeMoii llHCcepTa!lnn rrpencTaBrreHbl pesynhTBTbl nccnenoBaHnB npo!lec

coB "_,+ p ... "-+ TT++ n (I) 11 "- + p ... "-+ "o+ p ( II) rrp11 sneprHH naneTaroiunx 1t --Meso

HOB 338 MsB, B TBKlKe paCCMOTpeHa B03MOlKHOCTb Bb!lleiieHIISI BKna):(OB H306apHbiX 

KBHBIIOB B ceqeHHll peaKUllli fT + N -+ fT ·1 + fT 2 + N '. 

JlnccepTaunB pasAenena na 3 rnaBbi. B rrepBoii rnaBe AaeTCSI o63op HMeromHx7 

cg TeopeTn'IeCKHX n sKcrrepnMeHTBIIbHbiX .AaHHbiX no rrpoueccaM ·" + N ... " 1 + "
2 

+ N ' 

B o6nacTn sneprnli naneTaromnx " -Me3oHOB no 1 rsB. Bo BTopoii rnaBe nsnararoT-

cll' yCIIOBHSI OIIbiTa, UpHBOnSITCSI xapSKTepn;cTHKil SKCIIepnMeHTBIIbHOli BIIIIapaTypbl; 

a TaKJKe paCCMBTpllBSIOTCSI MeTO):(HqeCKlle OC06eHHOCTH nneHTll~llKBUllll pea~~llH (J) . . . 
n (II) • B TpeTbeli rrraBe rrpeACTaBneHbi pesyrrhTaTbi sKcrrepnMeHTa, H31IoJKena rrpo

ueAypa BblnerreHHSI BKna):(OB H306apHb!X KBH;liiOB B ceqelJllSI peaKUIIH 1t + N-+ 1t + 1t + N' I 2 

n na OCHOBaHHH. sToii· rrpouenypbi npoBenen ananns sKcrrepnMeHTaiibHhlX AaHHbiX, rrony-
. . /1 5-7/ 

'IeHHblX KBK B HaCTOHJlleli pa60Te, .TaK H B pSIAe ApyrHX pa6oT ' , Bb!IIOIIHeHHb!X 

npn sneprnBX naneTaromnx fT -Me30HOB no 1 rsB, 
. . /8-10/ 

B nnccepTaunro BOIIIIIH pe3yrrbTaTbl nccnenoBaHnii, nsnoJKeHHbie B CTSTbSIX 
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.J 

rnanal. 

PeaKIIHH 11N .. 11 
1

11 
2 

N' IIpH SHeprHBX AO 1 fan 

l13 nponeccon 11 + N-+ 11
1 

+ 11
2 

+ N' HBH6onee AOCTyiiHb!Mll lllili aKCnepHMeHTaiib-· 

HOrO II3y'leH.Hli liBliliiOTCH n3BIIMOA9llCTniili 38plilK9HHbiX 11 -M930HOn C IIpOTOHaMll: 

11-+P-+ 11-+11++·n 

11- + p .. 11-+ 11 0+ p 

11-+ p -+11 o+ 11-o+- n 

I1++P-+11++11°+ p 

11++ p ... 11++ 11++ n 

(I) 

(II) 

(In) 

(IV) 

(V) 

B rrepnbiX TpeX peaK!lHBX HS'ISIIbHaH (11N) -CHCT9Ma MOlK9T HaXOlliiTbCli n COCTOli

HHliX C IIO.IIHbiMll H30T01lll'19CKHMII CIIHHaMH T = J/2 H T = 3/2 , a n llBYX IIOC.II9A
. .. 

HIIX peaK!lliliX - TOIIbKO n COCTOliHHH C T = 3/2 

p aCCMaTpHnSH rroneaeHHli .IIOliHbiX C9'19HHli ( 11p) - B3aHMOAelicTniiil llpH anep

rnnx ):10 1 fan n COCTOliHIIliX T = 1/2 H T = 3/2 , MOlKHO OTM9T!iTb, 'ITO n TOil o5-

JiaCTH aneprail, rne HBPll.llY c yrrpyrHMH rrponeccaMII rrpoiicxonHT poJKneHae MeaoHon 

M930HSMII, n3aiiMO):IeilcTnJie n COCTOliHHII 'f = 1/2 cyweCTneiiHO CHIIbHee, '19M 

naaiiMoaeilcTnl!e n cocTOHHHH T = 3/2 , ce'leHIIe KOToporo HS'IHHaeT pacTII TOlibKO 

n pailo.IIe ~ 800 Man. TipiiMe'laTeiibHoil oco5eHHOCThiO aHepreTn'leCKIIX saniiCJIMOCTeil 

nnnSieTCli TaKJKe HS.IIH'Il!e IIeCKO.IIbKHX pe3oiiaiiCOB. ~na l!3 Hl!X llpH a.IIeprHBX 195 

H ~850 ManX) COOTBeTCTnyroT COCTOliHIIIO C T=3/2 , Ana J;qJyriiX llpH aiieprnBX 

610 II 900 Man - COCTOli.IIIIIO C T= 1/2 • 

HeyrrpyrHe llpO!l9CCbi MOryT BIIOCIITb BKliaJ:I B pe30HaHCbl1 paCIIO.IIOlKeHHbie 

Bbiwe rropora Meaonoo5paaonaHHH (-170 Man). Ha peaynbTaTon cpaaonoro anannaa 

A8HHbiX IIO (11 p) -paCC9liHIIIO/ll/ ClieJ:Iy9T1 'ITO B pailoHaX pe30HaHCOB 3aMeTHOil. 

neynpyrocTbiO o5nanaroT cnenyromne .IIa'laiibHbie cocTOliHIIH ( 11p) -ciiCTeM: S , P , 
) 

11 11 
XX 

D
13 

, F 
15 

, D
15

, S
31

, P
33

, 0
33 

II D
35 

• OrneT Ha norrpoc, KSKIIe II3 aTIIX ·co-

CTORH!Ili liBiiHIOTCli OTneTCTBeHHbiMII sa peaKniiii 11 + N -+ 11 + 11 + · N' MoJKeT 
I 2 

ASTb aHS.IIH3 CaMIIX HeynpyriiX rrponeccon. HeMfiOrO'IIiCli9HHbl9 pa50Tbi, n KOTOpb!X 

rrpononiincSI ·TaKoll: aHanna, yKa3b!BSIOT Ha TO, 'ITO Ha116onee nepoliTHbiMII Ha'lalibHbl..;, 

x) 3ToT peaoHaHc rrpOliBliSieTCli n Bl!Ae II3rn5a {'rrneqa') Ha Kpnnoil aHepreTII-

qecKoil 3aBIIC!!MOCTllo . 

XX) B aTHX o503H~'I9HIIliX 50IIbW8li liST!IHCKali 5yKna COOTB9TCTByeT op51IT8libHQ

MY MOM9HTY 11 -Me30H8 OTHOCHTeilbHO HYKliOIIS, rrepBblil Hlll19KC - Yl1B09l!HOMY II3o

TOIIII'I9CKOMy CIIIIHy, nTOpOil Hlll19KC - yAnOei!I!OMy IIOliiiOMY MOM9HTY KO.IIH'I9CTna 

AnHJK9111IH. 
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Mil. COCTOlii!llliMll 1 OTneTCTne 

· D 
13

, f>; 1 H D 33 npH _sHe]: 

/12/ 
850 Man , D15 :a .F

15 
-

Ecn:a paCCMOTpeTb auepr 

MOlK.IIO IIOllM9THTb Ci19AYIOWE 

B COCTOliHHH C T=1 J2 TaKlKe 

B KOTOpb!X B03MOlKHbi COCTO 

OT IIOpOra; B) n03HHKHOB9Hl 

MOCTH Ce'lei!Hll Heyrrpyrnx II 

B9TCTByiOwHX pe30HaHCaM B 

l1HijlOpMa!lllli O· M9XaHH: 

MOlK9T 5biTb IIO.Ily'lel!a H3 p1 

HbiX qacTH!l. CymecTnyromne 

yKa3biBaiOT Ha TO, 'ITO B. 06 

IIrpaeT CH.IIbHOe ( 1111) -n3aJ 

ronopiiT nbx5poc B pacnpeAe 

ljleKTHBHbiM MaCCaM ( 11 + 11 -: 

liBilli9TCH TO, 11TO IIO.IIOlK9.1IIl1 

mnx 11 -Me3oHon. Haa5oneE 

aHepriin 11 -MeaoHon "' 36 

I1p11 aHeprnH 780 Man oH 

TnHa ua5monaeTCli H n ;•pea 

Ma.IIH!I n(I1D11-)-crreKTpaX OT 

nna 11 -MeaoHa npn Manbx: 

PacrrpeneneHIIli co5biTI 

caM ( 11 N ) -nap yKa3biBaii>T 

neccax MeaoHoo5paaonaHHli, 

nao5apbi. 

TeopeTn'leCKHe nccnea 

He aanepweHbi. C noMOWbiO r 

'TOIIbKO OTA91IbHble CTOpOHbl 

nonaHIIfi, XOTli II qacTII'IHbie 

{ 1111) , TaK n {11 N) -nsm 



B a I. 

npn aneprnnx no 1 ran 

nocTyiiHbiMH nnn 9KCnepHM9HT8llb-· 

sapWKeHHbiX 17 -Me30HOB C npOToHaMH: 

+ +·n (I) 

(II) 

(In) 

0+ p 

-o+· n 

0 + ·p (IV) 

+ + n (V) 

-CHCT9M8 MO*eT HaxonnTbCli B COCTOli-

T = 1/2 n T = 3/2 , a B nayx nocnen-

(11p) - B3anMoneficTanfi npn aHep

T = 3/2 , MOlKHO OTM9THTb 0 'ITO B TOll 06-

npoueccaMn nponcxonnT polKnenne MesonoB 

T=l/2 cymeCTB9HHO CHnhHee, '19M 

KOTOporo Ha'lnHaeT pacTn TOJJbKO 

OC06eHHOCTbiD anepreTR'I9CKHX 3aBRCHMOCTefi 

UBa ns nnx npn aneprnnx 195 

T=3/2 , naaJ;qJyrnx npn aneprnnx 

pesonanchi, pacnonolKeHHbie 

~asoBoro anannsa 

B pafioHaX pe30HaHCOB 3aMeTHOfi. 

cocTonnnn (11p) -cncTeM: S
11

, Pll, 

• 0TBeT Ha BOIIpOC, KaKne R3 aTRX CO-

+ 11 + N' MolKeT 
I 2 

OB, HeM.Ii:OrO'IRCJJeHHble pa60Tbi, B KOTOpbiX 

TO; 'ITO Han6onee BepOliTHbiMH H8'18llbHbl.;, 
Bnne_nsrn6a ('nne'!a') Ha Kpnaofi aHepreTn-

.118TRHCKali 6yKBa COOTBeTCTByeT op6RT8.11bHD
HYK.110Ha, nepBbifi nnneKC - ynaoeHHOMy nso
qaoeHHOMV nOJJHOMy MOM9HTy K0.11R'I9CTBa 

J 

:I 
·J 
! 

I 

I i ';J 
~~ 

l 
I 

j 

·I 
'l i 

.. 

MR cocTOliiiHliMR, oTneTCTDOIIHbiMn sa npoueccbi 11-1' N .. 

DIS' PSI n 

850 Ma/12/ 

/17/ 
D 33 npn _aneprnnx no 700 Mas . , 

/13/ 
, D15 n F15 - B pafione 900 Mas • 

17 I+ 17 
2 
+Jl~ ~liiDTCli pll 

P 
33 

n D 
35 

- B pafione 

Ecnn paccMOTpeTb anepreTn'leCKne _3aBncnMOCTn ce'!ennfi neynpyrnx peaKunfi, TO 

MQlKHO nonMeTRTb Cnenyromne .OC06eHHOCTR: a) nnn HeynpyrnX npoueccoa" B3aRMOnefiCTBRe 

B COCTOllHHR C T=1/2 TaKlKe 3Ha'IRT9.11bHO CR.I1bH001 '!OM B COCTOllHRH C T=3/2 j 6) peaKUHn, 

B KOTOpb!X B03MO*Hbl COCTOliHHli C T = ~ , OTJJH'IlliDTCli 6hiCTpbiM pOCTOM Ce'!eHRfi 

OT nopora; B) B03HHKHOB9HRe MllKCRMyMOB RJIH H3.110MOB B anepreT~'IOCKOfi 3aBHCR

MOCTH ce'!ennfi neynpyrnx npoueccoa KaK npaanno nponcxonnT npn aHeprnnx, cooT

aeTCT~yromnx pe30HaHC8M B IIO.I1Hb!X (17 p) -CS'IOHHBX, 

Hn~o_pMaunsr o MexaHHsMax,. oTaeTCTaenHhiX sa npouecCbi 11 + N ... 11 
1 

+ 11 
2 

+ N ~ 

MOlKeT 6hiTh nony'lena ns paccMOTpennn anepreTn'!ecKnx pacnpenenennfi nap nTopnq

HhiX qacTnu. CymecTayromne aKcnepnMeHTa.l1bHbie naHHbie no aTnM pacnpeneneHHllM 

yKa3biB8IDT na TO, 'ITO B o6nacTn aneprnfi HnlKe 700-600 Mas cymecTaennyro ponb 
- /1-4/ 

nrpaeT CRJibHOe ( 1717) -B3aHMOneHCTBHO B COCTOllHHH T = 0 , 0 HaJJH'IHH ero 

roaopnT Bbi6poc a pacnpenenennllx co6b!Tnfi peaKURII 17-+p.-+ 11-+ 17 + +. n no a¢-

~eKTnBHhiM MaCCaM ( 17 + 17 -) -CHCTSM, 0T.I1H'IHTO.I1bHOfi OC060HHOCTbiD aT OrO Bh16pOC8 . 

SIBnsreTcll TO, .'ITO nonolKeHI!e ero ne coxpanSieTCll c nsMeneHneM aneprnn naneTaro-

mnx 11 -Mesonoa, Han6onee penbe~no nnK BhinenSieTCSI Han ~a30BhiM o6'heMOM npn 

aneprnl! 11 -Mesonoa 

ITpn aneprnn 780 Man 

Tnna Ha6nronaeTcll n B 

., 360 Mas, nocne qero ero BhiCOTa HB'II!HaeT yMeHblllaTbCll, 

OH nonHOCTbiD ncqesaeT, flo-al!nRMOMy 1 ananOrH'!Hall Kap-
- /4/ . 

peaKunn 11 + · p ... 11 ° + 11 ° + n • 0TcyTcTnne nono6noll ano-

MaJJRH B(17017-)-cneKTpaX OT peaKUHH 17-+p->170+17-+pCBHneTeJJbCTB:fOT 0 TOM, 'ITO 

naa 17 -Me30Ha npl! ManhiX aneprnBX B38HMOnellCTBYIDT B COCTOllHHR T = 0, 

P acnpenenea:nll co6biTnfi. peaKunll 11 + N ... 11 
1 

+ 11
2 

+ N ' no a~eKTHBHhiM Ma~-

'* caM ( 11 N ) -nap yKa3hiBa!OT na sna'lnTenbnyro ponb pesonaa:ca N
3
h ( 1238) a npo-

ueccax Mesoa:oo6pasoaaa:nn, oco6enno npn aneprnnx, npeahiillaromnx nopor polKnennll 

nao6apbi. 

TeopeTn'leCKHe nccnenoBannn peaKUHll "+ N ... 11 + 11 + N' B nacTOliillee BpeMn 
I 2 . 

ne saBepllleHhi, C noMOillhiD npennolKeRHhiX_ Monenell, KaK npaBnno, MOlKRO 6hi.I1o onncaTb 

·TollbKO oTnellbHbie cTopoHbi nsy'!aeMhiX -npouecco:B. Ycnexn TeopeTn'leCKI!X nccne

noBannll, XOTSI H 'IllCTH'IHbffi, B nepayro O'lepenb CBl138Hbl C Y'ISTOM B MonenBX KaK 

( 1717) 1 TaK H (17N) -B38HMOnefiCTBHfi B KORS'IHOM,COCTOliHHH, 
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TaM, rne ( "") -B38IIMOJlellcTBIIe- OTCYTCTByeT, Haii6onbmiie ycnexn 6bmii JlOCTIIr

IIYTbi c noMomb!d TaK Ha3biBaeMbiX n3o6apnbiX Moneneil. Cornacno sTnM MOJlellSIM' 

polKneane Me30HOB B peaKUIISIX rr+ N ... rr 
1 
+ rr 

2 
+ N ' nneT "lepe3 4JopMnpo~aane 

pe30HaHCHOrO COCTOSIHllSI C T = J = 3/2 , pacna)lBIOmerOCSI 38TeM Ha HyKllOH ll 17 

Me3oH. LlnarpaMMbi (a) n (6) pncyaKa COOTBeTCTBYJOT_ nBYM B03MOlKIIbiM U306ap-

HbiM KaHanaM nnn npouecca rr + N ... rr .ot- rr + N '. 
- /14} 2 

nnanea6ayM II lllTepaxanMep nepBbiMn: npn:MeHn:nn: n:3o6ap!Iyro Monenb nnsr 

omicaHn:n npoueccoa o6pa30Bann:n Me30HOB Me3oHaMn:. B n:x Monenn: npennonaranoc&, 

'ITO ll306apa o6pa3yeTCSI B S -COCTOSIHJ!:ll 1 pacnanaeTCSI R30TpOTIHO,_ a llHTep4JepeH-

UIISI MelKJlY pa3llll'l'Hb!Mll ll306apHbiMll K8H8ll8Mll OTCYTCTByeT. flpenCT8BllSISI TpeX"laC

Tll"'HyiO peaKunro KaK nnymyro "lepe3 JlBYX"laCTn:"'Hbrif nponecc 

1r + N ... "+ N :12 

"' 
-"+ N, 

nnH)leH6ayM ll liJTepHXaifMep npenJIOlKllllll C'lliT8Tb BepOSITHOCTb KOHe"'HOrO COCTOSIHllSI 

nponopunOH8llbHOii npOll3BeneHU!O BepOHTHOCTll nByX'l8CTII'l!IOii pe8Kllllll !Ia BepOSITHOCTb 

o6pa30BaHnn n:3o6apbi c Mace oft (U rrN • Ilocnenann C'lJITanac b nponopun:o!Iallb!IOii 

ce'le!Inro ynpyroro ( 1r+p) -paccenan:n. TaKnM o6pa3oM, B IIX Monenn pacnpenene!Ine 

no s4J4JeKTIIBHbiM M8CC8M ll306ap naeTCSI 4JopMynoft: 

da 

d(U 
1TN 

A·'F((U ,E )•:a((U ), 
frN 0 _ 1T N (1) 

rne F ( (U , E: ) - cTaTnCTJI"lecKnif Bee nnn nayx"laCTn"'HOif peaKunn: "+ N ... rr + N* I 1 frN · 0 _ 3 2 

B .KoTopoft o6pa3yeTcn n3o6apa c Mace oft (U rrN : E: 0 - non1ran saeprun B c.u.M. 

CT8l1KllB8!0WllXCSI "18CTUUj U ( (UfrN) - noll!IOe Ce'leHlle paCCeSI!IllSI B COCTOSI!Illll T: 3/2 
1 

' cooTaeTCTByromee JI3o6apaoii Macce . ClJrrN • Ha6nronaeMbiH !Ia onbiTe saepreTn:'le-

CKllif cneKTp' (TTN) -nap 6yneT onUCbiB8TbCSI nByMSI "llleHaMJI, onnH U3 KOTOpblX Bb!pa-

JKBeTCSI lPOPMYllOll ( 1) , a BTOpOll COOTBeTCTByeT ( 1T N) -KOM6JIH8UllSIM, BKll!O'l8!0WllM 

B ce6n rr -Me3oH !Ien3ouapaoro nponcxoJKneann. IlocKOllbKy'B Monenn npeae6pe-

raeTCSI UHTepljlepeHUJieii: MelKny ll306apHblMll K8H8ll8MU 1 TO JlBa BKnana HeKorepeHTHO 

CyMMJipyroTCSI. 

ITo3nHee HHTepe¢epeauun MelKny n:3o6apHbiMn KaHallaMn 6bllla Y'lTeHa B pa60Te 
/15/ 

EeplKnn n np. • 

6 

:::. 

.!lallbaellmee pa3BllTne n3o6apaan M 
/16,17/-

Honxa , B KOTOpbiX, nOMIIMO liHTep4J 

6apbi B p -cocTonann n TpefloBaansr, Ha 

llOlKeHne 06 II30TpOnHOM o6pa30B8Hllll II30 

II8"18llb!IbiMll COCTOSIHllSIMll CllCTeMbl MOrnn 

Onccoa n: Honx pacmn:piinn: .cBoro Monellb, 

30H8 ll fiYKllOH8 B TipOMelKyTO"'IIOM COCTOSI 

MllMO H8"181lbHblX COCTOSIHllil , 0
13 

ll .03 J~ 
H3 paccMOTpe!IHbiX n:3o6ap!IbiX MoneJ 

HbiMll Jl8H!Ib1Mll naiOT MOJlellll 'nn:aneH6ayM 

Monenn: YnOBlleTBOpn:TenbiiO Oiin:Cb!Ba!OT 9H 

on!Ia 11:3 HHX He OnHCbiBaeT CneKTpa M8CC 

Onao n:3 B03MOlKHb1X o61>ncaean:ii noaenem 
/18 19/ 

pa60T8X 1 
, 8BTOpbl KOTOpbiX CBSI3bll 

( "+"-) -cncTeM c s¢¢eKTaMn: nepepaccenm 

rr -Me30!I8X1 ponnBWllXCSI COBMeCTIIO C II 

B pe¢epn:pyeMOii nn:ccepTaun:n: nnn 8!Ian 

1r+ N -+1T 
1 

+ 11
2 

+ N' npn: saeprn:nx no 1 raE 

n lllTep!IxaiiMepa. 

r ll a B 

8Kcnepn:M' 

H3y"le!In:e- peaKun:ft "-+ p ... "- + rr+ + 

neRO C noMOWb!O 25-CaHTJIMeTpOBOif JKHnK 

noMemeaaoft B MaranTHoe none. KaMepa 

nonyqaeMbiX OT CllHXpOUllKllOTpO!Ia. na60I 

CxeMa onbrTa npHBeneHa !Ia pnc. 2. 

"lanncb B p~3YllbTaTe o6nyqean:n 6epHnnn! 

KOM yCKOpHTellSI U1 npoftnn 'lepe3 CllCTeM 

B KaMepy. 81reprnn ny"'Ka onpenennnacb 

Hbl BXOniDUHX TpeKOB ll nocne ycpenHeHU~ 

6bma Haiineaa paauoii 338 :t_12 Msa. B m 

• uocTb, B03HirKaroman B pe3ynbTaTe npoue 
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oTcyTcTByeT, aan6onbmne ycnexn 6hmn nocTnr

nao6apahiX Moneneii. Cornacao aTnM MonemrM1 
nneT. qepea ¢opMnpo~aane 

, pacnanaromerocg aaTeM aa HyKnoa n rr 

1 ·coOTBeTCTByiOT llBYM B03MO:lKHb!M Ii306ap-

-+rr}.+-rr 2 +N~. /14 .. 
nepBhiMn npnMeHnnn nao6apayro Monenb nng 

MeaoHaMH. B HX MonenH npennonar~Y'rocb 1 

.-,ocT05lHHH, pacnanaeTCR Ii30TponH01 . a IiHTep¢epea

KauanaMii.OTCYTCTByeT. npeACTBBnHR TpeX'lBC

AByXqaCTiiqHbili nponecc 

-rr+ N, 

cqnTaTb Bep051TliOCTb KOHe'lliOrO COCT05IHHH 

BepORTHOC.Tii ABYX'laCTll'lHOii peaK:Uiill Ha Bep05lTHOCTb 

ClJ 1TN • nocn.enHH5l cqnTanac b nponop:UiiOHBnbHOll 

5IHHH. TaKnM o6paaoM1 B nx Monerm pacnpeneneane 

n~eTC5l ¢opMynoii:: 

(rurrN ,E 0 )·:a.(rurrN), 
(1) 

6 

. * llBYX'laCTil'lHOii peaKIIHH rr + N-+ rr + N I 1 - 3 2 

ClJ1TN E 0 - nonaag aaeprnH B c.n.M. 

ceqeune pacceHHHH B COCTOHHHH T = 3/2 
1 

• Ha6nronaeMbrl! Ha onhiTe aaepreTn'le-

llBYMH 'lneHaMH, OAHH H3 KOTOpb!X Bblpa-

KauanaMn, To ABa 

BKniO'lalOillHM 

Monenn rrpeae6pe-

BKnana HeKorepeHTHO 

nao6apHhiMH KaaanaMn 6bma y'lTeHa B pa60Te 

,.. 

nanblieiimee pa3BHTHe n3o6apaag Monenb nonyqnna B.pa6oTaX Onccoua n 
/16 17/- . . 

l1onxa 1 
, B KOTOphrx, noMHMO HHTep¢epeunnn1 yqnTbiBanncb TBK:lKe pacnan nao-

6apbi B p -cocT051Hllll n Tpe60B8liHRI liaKnanhiBBeMhle CTaTHCTHKOli Eoae. npenrro

no:lKeane o6 naOTponaoM o6paaoBaann nao6aphr 6bmo ocTaBneao. 3To oauaqano1 qTo 

aaqallblihlMn cocT05lliH51Mn cncTeMhi Mornn 6biTb D 
13 

n D 
33 

• B nocnenyromeM 
/17/ 

Onccoa n l1onx pacmnpnnn .CBOIO MOAenb 1 BKniO'lHB s -BonaoBoe paccegune rr -Me-

30H8 Ii nyKnOliB B npo!,!:e:lKyTOqliOM COCT05lliHii C T = j = 1/2. TaKHM o6paaoM, no-

MHMO HaqanblihiX COCT05IHHH 0
13 

Ii 03J~ Ohinll BKniOqelibl COCTORliiiR p II ll P 
31

, 

l1a paCCMOTpeHHhlX nao6apHhiX Moneneii aannyqmee cornacne c aKcnepi!MeHTanb

HhiMii naHHh!Mii AalOT Monenli 'nnanea6ayMa-lllTepaxaiiMepa Ii Onccoaa-l1onxa. 06e 

MonenH ynoBneTBOpnTenbliO ortnChiBaiOT aaepreTH'leCKne cneKTphi (rrN}-nap 1 HO HI! 

onHa Ii3 HHX He onHCbiBaeT cneKTpa Mace (rr+n-)-cncTeM OT peaKrriin rr-+ p-+rr-+rr++n. 

Onuo Ii3 B03MO:lKHhiX OObHCHeliHii noBeneHii5l 3THX cneKTpOB ohmo npenno:lKeHo B 
/18 19/ 

paOOTB.X 1 
1 aBTOpb! KOTOpbiX CB513biBanH TIHK B 3HepreTH'leCKOM pacrrpeneneann 

( rr+rr-)-cncTeM c a¢¢eKTaMn nepepacceganH rr -MeaoaoB OT pacnana nao6aphl aa 

rr -Meaoaax1 ponnBmnxcH coBMeCTHO c aeii:. 

B pe¢epnpyeMoii: nnccepTa:unn nng aaannaa 3KCnep!lMeHTanbHhiX naHHhiX no peaK:UilHM 

rr+ N -+rr 
1 

+ rr
2 

+ N' npli aaeprnHx no 1 raB 6bma .llcnonb3oBaHa Monenb nnanea6ayMa 

n lllTepaxaii:Mepa. 

r n a B all 

3KcnepnMeHT 

l1ayqeane· peaK:Uilii rr-+ p -+ rr- + rr+ + n n rr -+ p-+ rr-+ rr o + p 6bmo npoue-
• u /20/ 

)leHO C TIOMOillblO 25-CaHTHMeTpOBOH :lKHAKOBOllOPOAHOH TIY3blpbKOBOH KaMepbl 

noMemeauofi B Mar HilT Hoe none. KaMepa aKcnounpoBanacb B ny'lKe rr- -Me30HOB1 

I' 
nony'laeMbiX OT CllHXPOIIIIKnoTpOHa na6opaTopnn MepHb~X npo6neM Ol1fll1-: 

CxeMa onhrTa npnBeneaa aa pnc. 2. KaK BHAHo na pncyaKa 1 rr--Me30Hhi nony

qanncb B peaynbTaTe o6nyqeHnH 6epnnnneBofi Mnmeun BHyTpeHHHM npoTOHHhiM ny<r.:. 

KOM ycKopHTeng n, rrpofing qepea cncTeMy KonnnMaTopoB n MarHHTOB 1 norranan11 

B KaMepy. 3neprnH TIY'lKa OIIpenengnaCb HB OCHOBBHHII H3MepeHHH pannyCOB KpllBII3-

• Hbl BXOll5lillHX TpeKOB H IIOCne ycpenHeHHH IIO BCeMy 3KCIIepnMeHTanbHOMy MaTepuany 

6brna Hafineua paBuoii: 338 :!:.12 MsB. B omn6Ky nng sueprun BHOC!IT BKnan rrorpem

HOCTb, B03HliKaiOmaH B peaynbTaTe nponenyphr ycpenueHIIH, ueonpeneneuuocTb B 
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MarnnTHOM none n pa6oqcM o6~cMe KaMephl, paa6poc qacTnn B nyqKe no aneprRRM, 

a TaK~e noTepn qacTnnaMH aneprnn B BOAOPOAe. 

KoMnneKc aKcnepnMeHTanhHOli annapaTypbi, BKmoqaromall: ~AKOBOAOPOAHyiO ny-

3bipbKOI'lyro KaMepy
1 

6bin paapa60TaS:, Il3rOTOBneH II CMOHTI!pOBaH ~ nyqKe 7T--M930HOB 

B nepnoA c 1956 r. no 1960 r. Haqaaag c 1960 r., Ha KaMepe peryngpno npOBOAII

nacb aKcnepaMeHTbi, B xoAe KOTOpbiX, nOMIIMO ljlaaaqecKoro MaTepaana, · 6hlna nony

qeHbi CBeAeHI!fl 0 HaAe~HOCTII OTAellbHbiX yanOB ·ycTaHOBKII II 06. ycTolJ:qaBOCTII ee 

xapaKTeiJ!iCTHK na npoT~eHaa AllnTe/lbHhlX ceancoB pa6oThi. OnbiT aKcnnyaTanaa 
.:.0 

KaMepbi B TeqeHne H9CKOnbKiiX /leT n03BO/IIi/l BHeCTII Pf!A yCOBepweHTBOBaHIIH B ee 

KOHCTpyKnaro, uenhro KOTOpbiX rumsrnocb Aa/lbnell:mee noBhiwenae aljlljleKTiiBHOCTII npa-

6opa. OcHOBHOe BHI!Manae 6hmo yAeneno coBepwenCTBoBanaro pac.wapaTe/lbnoll: cacTe

Mbi, TaK KaK o6ecneqeHae I13HOCOyCTOHqiiBOCTII OTAe/lbHbiX aneMeHTOB 9TOrO yana 

AaBa/10 B03MO~HOCTb npOBOAHTb AIII!Te/lbHhie ceaHChl pa6oTbl Ha yCKOPIITelle. 

OcHOBHbie xapa_KTepHCTIIKII ~IIAKOBOAOPOAHOli nyahipbKOBOil KaMephl npaBeAeHbi 

B Ta6nane 1. 

Ta6n~tna 

1. L!HaMeTp pa6oqero o6~eMa KaMepbi 

2. LlnaMeTp OCBewaeMOll 06/laCTII B MeAHaHHOll 

U/IOCKOCTII 

3. fny6aHa pa6oqero o6~eMa 

4. EMKOCTb pa6oqero o6~eMa 

5. CncTeMa pacwapeHasr 

6. BpeMll pacwnpeHHll 

7. BpeMll noA~aTHll 

8. 'IacToTa cpa6aTbiBaHHfl 

9. CncTeMa TepMOCTaTnpoBaHHll 

10. Pa6oqag TeMnepaTypa 

11. ToqHOCTb nOAAep~nBaHIISI TeMnepaTyphl 

12. Pa6oqee AaBnenae 

13. CncTeMa ljloTorpaljlapoBaHnfl 

14. Tennonaonl!Ullll 

15. M·arHHTHOe none 

8 

25 CM 

22 CM 

15 CM 

8 IIHTpOB 

CanhljJOHHaf!, c pacwapeHaeM 

BHI13 

8 MCeK 

10 MCeK 

1 paa a a 1 ,5 - 2 ceK. 

BoAOpOA, KHnSIWHH nOA AaB
neHHeM 5 aTm 

27,1°K 

:t.e;o5°K 

6 a'ra 

Ha TeMHOM none 

-6 
BbiCOKnii BaKyyM, 10 MM 

pT. CT. 
12120 apcTeA 

I 

\ ,. 

I 
.I 

TiponeAypa-o6pa60TKH CTepeocnn 

COB. TIOMIIMO peaKUHH 11- +p ... 1T -+. 

qeJme KOTOphlX f!Bnf!/IOCb lle/lbiO HaCTC 

ewe Tpii peaKna.a: 

."-+P-+11 

11- +·p ... 1T 

"-+P-+: 
·/. 
y 

no BHewHeMY BIIAY Ha CHIIMKaX Mano 

6hlTI!e Ha CTepeOKaApe, COOTBeTCTBYIO 

BIIli.KII C OAHIIM BXOASIWHM TpeKOM, np: 

ne, II ABYMfl BhiXOASIWIIMII, npnHaAIIelKl 

C nenbro o6napy~enafl TaKIIX BH. 

npOCMOTp CHIIMKOB Ha npa6ope "MaKp 

pa60TKB. HaHAeHHhlX C06biTIIll Ha penpc 

COB KpiiBII3Hbl II yriiOBbiX xapaKTepiiC~ 

OT6apanacb Ha OCHOBaHIIII pf!Aa BBOAII 

3TH Kpi!Tepi!II n03BO/Ifi/III. IICKniOqiiTI 

rncTpanna co6hlTnil na KOTOphiX 6bma 

cnyqan, Bh13B8HHble qaCTIIII8MII, KOTOJ: 

HI!~ ·B K0/1/IHMaTope, a TaK~e cnyqaa, 

I13MepeHHH AIII!Hb( TpeKOB. 

.Unsr BhiAeneHaf! _ynpy:rax co6biTH 

Ko~pensrnan yrnoB paccegiiasr A/Ill BTO 

l1nenTatpaKaunsr neynpyrax co6bi~ 

BTOpaqgoft nO/IOJKI!TenhHOH qaCTIIUhl. E 

co6biTnsr, a TaK~e ncnonhaysr cooTHO~ 

H3Mepsrsr KaKoli-Hn6yAh AOllO/IHHTellbHbl 

BTopaqnoii nono~nTellbHoli qacTHUbi. E 

H3MepeHHSI OTHOCHTenbHOH IIOHH3aUHH. 

ocyweCTBHTb no BHeWHeMy BRAY C06b 

OAH03Haqgo YK83b!B8/I Ha npHH8AIIelKH1 
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KaMepbr, paaopoc qacTnn B nyq:Ke no saepr:a:m.r, 

annapaTypbi, BKniO'IaiOillHli lKH.liKOBO.liOpO.liRYIO ny-

H CMORTHpOBBR ~ ny'IK9 7T- -MeSOHOB 

r., aa KaMepe perynllpRo npoao.nn

KOTOpbrX, nOMHMO ljJHSH'I9CKOI"'O M8Tepnana, Obi.rrll nony

OTnenbHhlX ysnOB 'ycTaHOBKH ll 00 yCTOli'IHBOCTH ee 

.nnnTe.rihRhlX ceaacoa paooTbr. OnbrT sKcnnyaTannn . ~ 

neT nosaonnn BReCTH Pll.ll ycoaepmeHTBoaaanli B ee 

liBnl!nOCb na.rihRelimee TIOBhlillBHHB sljlljleKTHBHOCTH TipH

Obi.riO y.neneRO CC>BepmeRCTBOBaHHIO pacmnpHTB.ribHOli CHCTe

HSHOCOyCTOli'IHBOCTH OT.liB.ribHhlX sneMBHTOB 9TOI"'O ysna 

.nnnTB.ribRhlB ·ceaRChl paoOTbi Ha yCKOpHTene. 

lKH.liKOBO.liOPO.liROii nySbipbKOBOH KaMephl ITpHB9.li9Rbi. 

Taonnna 

TeMnepaTypbr 

8 

25 CM 

22 CM 

15 CM 

8 nnTpOB 

CnnbljJOHHali, c pacmnpeaneM 

BHHS 

8 MC9K 

10 MCeK 

1 pas sa 1 ,5 - 2 ceK. 

Bo.nopo.n, Knnllillnii no.n .naa

neaneM 5 aTm 

27,1 °K 

;t_C,'05°K 

6 8TH 

Ha TeMHOM none 

-6 
BbiCOKl!H BaKyyM, 10 MM 

pT. CT. 

12120 9pCTen 

.. 

Tipone.nypa·o6paoOTKH CTepeOCHHMKOB CBO.llll.ri8Cb K H.li9HTH¢HKanHH llliTH npouec-

COB. ilOMHMO peaKUHii "-+p .. 7T-+7T++n (1) n 77 - + p .. 77 - + 77 o + p (II) , nsy-

'Ielme KOTOphlX liBnllnOCb !l9/IbiO H8CTOllillei1 paOOTbi, B KaMepe perHCTpnpoeanHCb 

eme Tpn peaKunn: 

"-+p .. "-+P, 

7T- +·p .. 7T-+y + p, 

7T-+p-+7TO+n, 

·/~~+ -y ·e e 

no BlteillH9MY BHLIY Ha CHHMKBX Mana OTnH'IBIOillH8Cli OT peaKUHii (I) H (II) Co-

OhlTHe Ra CTepeOKanpe, COOTBeTCTByromee K8lK.liOMy HS nliTH npoueCCOB, HMeno BH.ll 

BH.riKH C O.liHHM BXO.llllillliM TpeKOM, npnaa.nnelKaillHM OTpHUaTenbRO SaplllK9HHOii 'IaCTH

ne, H .liBYMli BbiXO.llllillHMH, npnRanneJKSillHMH 'IaCTHUBM C paSHbiMH Sapll.liSMH • 

C nenhiO ODHapyJKeHHli TBKHX BHnOK BHS'Iane TipOBO.liHnCli npe.neapnTenbHbili 
\ 

npOCMOTp CHHMKOB Ha npnoope 'MHKpoljloT" Tnna 5 TI0-1. 3aTeM BbiiTOnHllnaCb 00-

paooTKa aali.neHHbiX coobrTnii aa penpoeKTOp~, saKnio'IaamaliCli e nsMepeann pa.nny

coe KpHBH3Hbi H yrnOBbiX xapaKTepHCTHK TpeKOB. Tio.nnelKaillH8 HSMep9HHIO COObiTHli 

OTOHpanHCb Ra OCHOBaHHH pll.lla BBO.llliMhlX npn npOCMOTpe reOM8TpH'I8CKHX KpnTepneB. 

3TH KpHTepHH ITOSBOnllnn HCKniO'IHTb HS paCCMO:rpeHllli K8.llpbi, sljlljleKTHBHOCTb pe-

rncTpaunn coobiTnii Ha KOTOpbrx obrna HHSKa. TioMHMO sToro, M02KHO obmo oTopocnTb 

cnyqaa, BbiSBSHHbie 'I8CTHU8MH, KOTOpbie noTepllnn 9Heprnro· B pesynbTSTe paccell

RH!l ·a KonnnMaTope, a TaKlKe cny'Ian, nMeromne He.nocTaTO'IHbie .nnR nocne.nyromnx 

HSMepeHHii nnHHbl. TpeKOB. 

.Ilnll Bbl.lleneHHli ynpy:rnx COObiTllli HCITO.ribSOBanncr, KpnTepnll KOMII.riaHapHOCTH ll· 

KOppenliUHll yrnOB paCCeHHHli nnll BTOpll'IHbiX 'IBCTHU; .• 

HneRTnljlnKaUHli aeynpyrnx COObiTHii aenacb'B OCHOBHOM no xapaKT8pHCTHKaM 

BTOpH'IHOli ITOnOlKHT8.ribHOH 'IBCTHUbi, Bo MHOI"'HX. cny'IaliX, HCXO.llll US KllH9M8THKH 

COOb!Tllli, a TaKlKe HCITO.ribSYli COOTHOill8HHe M9lK.liY npooeraMH H HMnynbC8MH nnn 

nsMepllli KaKoii-an5ynb .nononanTenbHbrii napaMeTp, y.naeanocb nerKo onpe.nenHTb capT 

BTOpll'IHOii nonOlKHTenbHOH 'I8CT!!Ubl, B pll.lle cnyqaeB nnll 9TOil ne.rrn npOBO.liHnHCb 

nsMepeHnli oTaocnTenbHoii !!OHnsannn. Haor.na l!.lleHTl!ljlnKaU!Iro peaKunii MOlKHO 6br.rro 

ocymecTel!Tb no BHemaeMy eu.ny co6brTuii. TaK, aanpnMep, "+ .. ,..+ .. e+ pacna.n 

o.nHosHa'IHO yKaSbiBan Ha npnHa.nnelKHOCTb co6biTl!li K peaKunu "-+ p .. 77 -+ 77 + + n. 
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Ecnz OJ:IH03Ha'l!Io ycTanaanzaanocb, "'TO nonO:lKHTenbHaSI "laCTHna SIBnsmach 11+·_ 

Me3oHOM, a Bbi"lHCneanoe 3Ha"leHHe HeJ:IOCTaromeft Macchi Mn yJ:IoaneTaopsmo ycno

azro: 865 Maalc
2 :S M n !:: 1015 Maalc

2 
(rJ:Ie IIHTepaan :!:. 75 Maalc

2 
coOTaeTcTayeT 

TpeM OJIIH6KaM B onpe):leneHIIII MaCChi HeHTpOHa B HaCTOSIIUeM 3KCnepiiM9HT9), TO 

co6biTIIe C'IHTanoch npzna):lne:lK8miiM peaKniiii 11-+P ->11-+11++ n 

BTopaSI za IICCneJ:IyeMbiX peaKnnif 11- + p ., 11-·+ 11 ° + p CO.):Iep:lKHT. B Ka"le-' 

CTBe BTOpH"lHOH nonO:lKIIT9nhHOH "laCTHUhl npOTOH, ITpOTOH IICnycKaeTCSI TaK:lKe B peaK

UIISIX 11-:-.Jr p ... 11-+ p H 11 -+ p-> 11-+.y+ p • HJ:IeHTII,PIIKaniin cny"laea peaKIUiH 11.""'+p ... 11~+ ~6+ p 

ocymecTannnach a ):IBa aTana. Bna"lane no oTKnoneHHIO oT KHHeMaTIIKII ynpyroro 

aaaHMOJ:IeifcTBIISI OT):IenSinHCh nponecCbi 11-'+ p-> 11-+·11° +'p B: 11-+ p .... 11-+ y+·p OT npo-

necca 11 +·p -> 11-·+ p. • 3aTeM npoii3BOJ:IHnoch paa):lenenHe peaKUIIHI1-+ p ... ;,.-,:.nO+p 

H 11-+p->11-+.y+p no Bhl"lHCneHHbiM 3Ha"l9.HIISIM KBa):lpaTOB MaCChl HeifTpanbHOH 

"laCTHUbi, D.nSI aT oft nenH ace co6hlTHSI, npHHaJ:Ine:lKamHe J:I'BYM npon eccaM, 6hlnn 

aKnro"leHbi a riicTorpaMM1, npeJ:IcTaanSiromyro co6oft pacnpeJ:~eneuae IIX no KBa):lpaTy 

MaCChi neifTpanhHOH "laCTHUbi M: . Co6biTHn. crpynnapoaanHCh B J:IBYX o6nacTSIX 
2 2 2 2 2 4 

H3MeHeHilll nepeMennoft M 
0 

: a6nii31I M = 0 II M = 135 Maa I c • K peaKUilll 
0 0

2 . 2 4 
11-+ p ->11-+ 110 + p 6hlnH OTHeceHbi co6biTHSI c M > 6000 Maa lc , 

0 -· 

rnaaam 

PeaynbTaTbi aKcnepiiMeHTa II IIX ananHa 

B nacToSIIUeM SKcnepBMeHTe 6bmo nony"leHo 250000 cTepeoqioTorpaqmft, Ha KOTo

phlX o6Hapy:lKeHO B peaynbTaTe npe):laapBT9nbHOrO npOCMOTpa 12660 BBnOK C OJ:IHI'IM 

BXOJ:ISIIUI'IM ll J:IBYMSI BTOpii"lHbiMH TpeKaMB, ITocne BB9):19HHSI reo.MeTpB"leCKI'IX Kpi'!Te-

piieB OT6opa ):lnSI OKOH"laTenbHOH BJ:I9HTllljJIIKanBH 6binO OCTaBneHO 7405 C06biTHH, 

l13 HIIX 720 6hl110 OTHeceHO K peaKUI'IIl 11-+ p-> 11-+ 11+ + n , 101 co6biTIIe - K 

peaKUBB 11-+ p ... .T-+ 11. o+ p H 6500 C06biTIIH - K peaKUI'Ii'l 11-+ p-> 11-+ p, 

I1onnhle ce"leHBSI neynpyrllx nponeccoa onpeAennniiCb na ocnoaaHIIII conocTaB

neHBSI "lHCna cny"laea neynpyroro B3aBMOJ:IeifCTBBSI c "liiCnQM cny"laea ynpyroro(11,n 
_ 121 I 

paccel!HBSI, ce"leHIIe KOToporo 6bmo HaHJ:IeHo no J:laHHbiM pa60Tbi • ITo npllBeJ:IeH-

HbiM B 3TOH pa60Te ·KoaljlljJIIUI'I9HTaM A k paano:lKeHBll ABijlljlepeHUB8nbHbiX C9"l9HIIH 

ynpyroro pacceHHIISI no nonBHOMaM ne:lKaHApa B IIHTepaane 9HeprHH 230~427 MsB 

HHTepnonl!liBH no ~eTOAy HaHMeHbilliiX KB8ApaTOB onpeAenl!nBCb 3Ha"l9Hilll At npB 

anepriiH 338 Man. ITony"leHnoe AB.pljlepennHanhnoe ce"leHHe·IIHTerpnpoaanocb B o6-

t. 
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0 
nacTil yrnoa pacceSIHilll OT 30 no 151 

roro pacceSIHIISI· a Bbt6paHHOM llHTep:Bal 

a Ta6nane II 

T. a e 

N2N!! 
ITponecc "t{IIcno co 

nn 

11-+.P-> 11:"'"+ P 440~ 

2. 11-+ p -> 11-+ 11++ n 72( 

3. 11- + p ... 11- + 110 + p 101 

ITony"le.HHbiH aKcnepiiMeHTanbHbiH 

"leCKHe pacnpeneneHIISI nap BTOpii"lHhlX 

11-;. p-> 11·-+ 11 o+ p 

Ha pile. 3 II 4 npeACTaaneHbi ,pa< 

THBHbiM MaccaM (11N) -nap. Bnemuee 

B03MO:lKHOCTH .CAenaTb 3aKniO"leHB9 Q II 

B TaKOH peaKUBH,. KaK 11-'+ p-> 11-+.11++· 

H8XOAIITbCSI B COCTOSIHHH C T =312, 

6apbi, 

3na"lnTenbHee npoSIBnSI?TCll ):{pyre 

Aeif~TBIIe, o nann"lnn KoToporo roaopii 

"cneKTpe ( 11+1T-) -ciiCTeM• IIpli:cyTCTane 
11-31 

B HeCKOnbKI'IX pa6oTaX II CBll3hlB. 

B COCTOSIHllii T = 0 • Ha piiC, 56 np 

CIICTeM nnll peaKnHB 11-'+ p -> 11-'+ · 11 o 

H9HIIH 3KCnepHM9HT8nhHOH rHCTOrpaM~ 

CTByeT 06 OTCyTCTBI'IIl (1111) -B3ai'IMO):I 

D.anbHeifmllif ananna anepreTII"leC 

(1111) -B38HMOAeH CTBBSI, cymeCTBeHeH 
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'iTO nono:lK!ITenJ>HBSI 'lBCTI'IUB smnSinBCh 11+·_ 

M n ynoaneTBOpSinO ycno-
2 

~sB/c COOTBeTCTByeT 

BSHTpOHB B BBCTOffineM SKCnepiiMSHTe), TO 

11-+ p _, 11-·+ 11 ° + p CO~ep~T· B KB'l~ 

qacTIIUhl npOTOH, ITpoToH ncnycKaeTCB Ta~~ B peaK
' .. 

p , ·l1neaTn¢nKaUIIB cny'laeB peaKllii:a: 11..-+p ... ,;,. =+ 11°+ p 

no OTKnOHeHB:ID OT KIIH9MBTIIKH ynpyroro 

11-·+P-> 11-:..·11o+·P D: 11-+p ... 11-+y+p oT npo

npoiiaBoniinocJ> paaneneaiie peaKUIIH11-+ p->ir1'nll+p 

M 3HB'le·anBM KBanpaTOB MBCChl HeiiTpanJ>HOH 

npiiHanne)i{iunne nnyM npon eccaM, 6hrnn 

co6on pacnpeneneHne IIX no KBanpaTy 

• Co6biTIISI. crpynnnpoBaniiCh B nByx o6naCTSIX 

10 

2 ·. 2 2 2 4 
M =0 II M =135 ~sn /c • K peaKunn 

0 0 . 2 4 
M2 > 6000 ~sB /c • 

o-

III 

HX ananna 

250000 cTepeo¢oTorpa¢nn, na KOTo

npocM:OTpa 12660 BBnOK C onHIIM 

B'BeneHIIli I'eO.M9Tpii'l8CKHX KpHTe

HneHTH¢HKBUIIH 6binO OCTaBneHO 7405 C06biTIIH, 

11-+P->11_+11++ n 1 101 C06hlTH9 - K 

C06biT!Ifi - K peaKUHH 11-+ p-> 11-+. p. 

OCHOBaHHII COnOCTBB-

c qncnoM cnyqaeB ynpyroro( 11,n 
/21 I 

nanneno no nannhrM pa60Thi • ITo npnBenen-

A k paano)!{eHIISI nH¢¢epeaunanJ>HblX ce'!eHHfi 

ne)!{aHnpa B HHTepBane 3Heprnfi 230-427 ~SB 

KBanpaToB onpenemmHCh aaaqeanSI A k npn 

~HUHanbHOe Ce'lSHHe·naTei'pHpOBanOCh B 06-

i .•-

! 

~' 
V~ 
r 
I' 
l 

~·I 
,i ., 

_,ll 

.i 

f 

l 
l 

0 0 
n.aCTII yrnoa pacceliHns:t OT 30 no 150 B n.c. 3To naBano nonaoe ceqeaHe yn}ly-

roro pacceSIHHSI·B Bhl6paaaoM HHTep'Bane yrnoB. ~aHHhle no ceqeaHSIM npnBenenhl· 

B Ta6nnne II 

Ta6nnna II 

N9N1 
ITponecc lincno co6hlTHfi 

u nona. 
ITpHMe'laane 

nn oo-27 cM
2 > 

11-+.P->11-+P 4404 8,58 :!:. 0,16 ~nB . yrnoB pac0 
cerurHSI 30-l50 

B n.c • . 
2. 11-+P ... 11-+11++n 720 1,39 :!:. 0,06 

3. 11-+P-> 11-+11°+p 101 0,20:!:. 0,03 

ITony'leHHblfi SKCnepHMeHTanl>Hhlfi MaTepiian BKnroqan B Ce6SI TBKJKe SHepreTH~ 

'leCKile pacnpeneneHHSI nap BTOpH'lHblX 'laCTHit, OT peaKitHfi 11-+ p ... 11-+ 11 ++ n II 

11-+p ... l<-'+-110+p 

Ha piic. 3 lr 4 npencTaBneHbi :pacnpeneneanSI co6hrTnfi STHX peaKunii no s¢¢eK-

THBHblM MBCCaM (11N) -nap, Bnemaee 3HaKOMCTBO c pacnpenenea~BMn ae naeT 

BOSMomaocTII cnenaTJ> aaKnro'leHIIe o npncyTCT.ann anecJ> nao6apbi 3/2 3/2. ~a)i{e 

B TBKOfi peaKUIIH 1 . KBK 11-'+ p-> 11-+·11+f.·n 1 rna KOI'Ie'lHaSI ( 11N) -CllCTeMa MO)!{eT 

aaxonnTl>CSI B CQCTQSIHHII C T =3/2, KaK·6ynTo He aa6nronaeTcs:t nponBneHIIs:t IISO-

6aphr. 

3Ha'lRTenJ>Bee npOHBns:t~TCli npyroe B3aiiMonefiCTBll91 HM9HHO ( 1111) -B3BifMD-

neficTBIIe, o nann'lnn KOToporo roBopiiT Bhl6poc (pnc, 5a) B snepreTn'lec;KOM 

cneKTpe ( 11+11-) -CifCTeM. flpiiCyTCTBH9 TaKOI'O Bbi6pOCB 6~no 06Hapy)!{~HO paaee 
/1-3/ . . 

B BeCKOnl>KIIX pa60TaX II CBSI3biBanOCb C CIInbHblM ( 1111) -B3aHMOneliCTB!feM 

B COCTOSIHHII T = 0 • Ha pnc, 56 npencTaanea cneKTP s¢¢eKTHBHhlX Mace (11 °11-)-

c~~:cTeM nnn peaKniin 11-'+ p .. 11-'+ · 11 o + p 1 Ha KOTOpOM Be BHAHO SaMeTBbiX OTKnO-

BeHnfi SKCnepnMSHTanbBOfi I'HCTOrpaMMbl OT CTaTIICTH'leCKOfi KpiiBOfi, 3TO CBHneTenb-

CTByeT 06 OTCyTCTBHII ( 1111) -B3aiiMO):I9llCTBHli B COCTOSIHIISIX C T = 1 II T=2. 

~anbaefimiill: a<ranna saepreTn'leCKHX pacnpeneneanll: noKaaan, '!To, noMnMo 

(1111) -B3aHMOnefi CTBHSI, cymeCTBeHeH TaK2Ke BKna.n nao6apHhlX KaHanOB B Ce'leHIIli 

11 



. .J 

nayqaeMhiX peaKnnli. C nenhro BhineneP.:Ull BKIIaAOB nao6apahiX KaaanOB B ceqeanSI 

peaKnnli IT+ N .. 11 
1 
+IT 

2 
+ N' B pe¢epnpyeMoli pa60Te aaannanpoBam:tcb paaaocTh AntP- · 

cpepeannanhHbiX ceqeanli: 

du ·du 
!J.= --- -- ---- , 

dcu , d"' , 
IT IN IT 2 N 

rAe cu , n cu , - coOTBeTCTBeaao nonahle aaeprnn IT N' n IT N' B nx 
IT IN IT

2
N I 2 

cncTeMe neaTpa naepnnn. 3TOT aaanna MOJKeT 6hiTh npoBenea, ecrra BhinOIIHID<YI'Cll 

crrenyiOmne ycrroBnSI: a) BKIIaJ:l aenao6apHbiX Kl!IIt:IIIOB (paccMaTpnBaeMhiX KaK cpoao

Bhie) BXOAHT CliMMeTpH'IHO B o6a pacrrpenerreJIHllj 6) OTCyTCTByeT liHTepcpepe_HUHll 

MelKAY <iJOHOBbiMli 1i nao6apHb!MH KaaarraMH H B) OTC)'TCTByeT liHTepcpepeHUHll MeJKJ:lY 

CaMHMH li306apHb1Mli KaHima~n. Ilp!i BbinOIIHeHHH 9THX yciiOBHli pa3JIOCTHOe pacrrpe

nerreHRe AO!IlKHO OnHCb!BaTbCll cpOpMYIIOli: 

du 
4t=---

dcu , 
IT N 

I 

du =(u 2 dcu ! IT N '1 IT - "i IT N '! )( I f I -I f 1 
2

) 
IT 

2

N' I 2 2 ITI I 2 • (2) 

r):le U{ , 1i U( '! - COOTBeTCTBeHHO Ce'leH!ill o6pa30BaH!ill !i306ap, pac-
ITIN )IT2 IT2N ITI 2 2 . 

nanaiOmnxcSI a a IT 
1 
N' n IT 

2 
N' ; I f 

1
1 _ n I f 21 - aopMnpoaaHHbie a a eJ:~HH~ny 

cpyaKnnH, nepaaSI na KOTOpbiX onnchiBaeT pacnpeneneane no nonaoli aaeprnH B c.n.n. 

If 12 -If 12 
Bhi'lncrrsmacb n 

I .2.. . 
¢OpMyl!B. (2) !I03BOllliO'I 

.u- +- u '+· ' {IT-n)_ IT (IT n)IT"':. 1 

!IO 9KCrrepRMOHTa!IbHbiM ASHHbl 

IT-+ p-+ ,;-'+IT++ D t IT':":+p _, 

mne KaJKADMY na nao6apahlx ~ 
3/2 j 1/2 

aMrrnHTYAhi A 3/2 , A3h (rJ:~E 

C!IHH aaqanbHOli .C!iCTeMhl1 a· I 

C!iCTeM) H cpa30Bblll C):lBHr ME 

u {11-n)IT+·.= · 

8 
u + -=-

(11 n)11 13! 

16 
u111°pl1T= .135. 

1 
u, lf".p l 11 o=· 13! 

IT -Meaoaa_n ayKnoaa, BOSHHKWHX B peaynhTaTe pacnana nao6aphl, a BTopaSI- pac~ 

npeneneaHe no nonaoli aaeprnH B c.n.n. ayKnoaa H IT. -Meaoaa, o6paaoBaBmerocSI 

OAHOBpeMeHHO C 1i306apoli. ' ~ 
B nnccepTaunn OTMe'laeTcll, 'ITO B aeKoTophiX crry'lallX ycrroBnll (a, 6, B) npn

MeanMocTn A !Ill aaa.rinaa cpopMYIIhi ( 2) MoryT 6hiTh Bbmonaeahl, TaK, aanpHMep, 

CHMMeTpli'IHblli BKIISA B pacnpeneneHli ll no cD IT N, H CU IT N , MoryT AaTb C06hiTHH, 
I 2 

CBll3aHHbiO C ARarpaMMOli, onnCbiBaiOmeli pe30HaHCHOe ( ITIT) -B38HMOAOllCTBHe B KO-· 

!le'IHOM COCTOllHHH, B pSIAe cnyqaeB, IID-BHAliMOMy, paayMIIO npe!le6pe'lb li UHTep- :· 

cpepe!lnneli MelKAY nao6apabiMll KaaanaMn. TaK, npn 6orrbmnx aaeprl!SIX nno11, ponni!

mnlicH COBMeCTIIO C !!S06apoli, o6nanaeT 6o!Iblli0ll 9Hepr!!eli ll MOJKeT OTIIH'laTbCll OT 

Menneaaoro nnoaa, B03Hl!Kmero OT pacnana nao6apbi. Ilpn ManhiX aaepr'nHx KapTnaa 

6yAeT o6paTHaSI: nnoH, pOAllBllillllCll COBMeCTHO C !!306apoli OK83b!BaeTCll MeA!IeHHbiM, 

/14/ 
a pacnaAHblli nl!OH-6biCTpb!M • 

Cornacao cpopMyne (2) paaaoCTb ceqeanli nayx nao6apabiX KaaanoB AIISI peaK-

Ullli IT+ N ... IT
1 

+IT 
2 

+ N' onpenenSieTCll qaCTHhiM oT neneHllll !J. a·a·l f 11
2 
-I £2 1

2
• 

Benll'IHHa A · aaxonnnacb !13 aKcnepuMeaTanhHhiX J:~aHHhiX, a paaaocTh cpyaKunli 

1:.! 

.· 

ITo aalineaahiM paaaocTSIM n: 

Bbl'IHClliiTb MOAY!Ill H30TOnli'l 

B KOHe'IHOM peay!IhTSTO aali 

B pecpepn:pyeMoli pa6o1 

Tn:'leCKHX pacnpeAenean:li .( 

HbiX KaK B aacTollllieli pa60': 

nnrrcll AIISI naTepBa~oB aaep 

aaeprnli oT 480 no 780 Ma1 

1 ) B palioae' 550 _ MaB 

6oaaane oTcyTCTBHll naTepq 

2) llaJKe rrpR_OTCyTCT 



Bblll8l18P,HSI BKli8llOB H3o5apHb!X KaH8liOB B C8'i8HHSI 

pa50Te anannanpoBanac& paanocTb nn~ 

·du 

N' 
~: 

"aN 

•RHTCTBenno nonn~e aneprnn " N' n I " N' B nx 
2 

M0)!{8T 5b!Tb npOB8ll8H1 8CliH BbinOliHliiOTCSI 

(paccMaTpnBaeM~ KaK..tpono

pacnpenenennSI; 5) oTcyTcTByeT nnTep~epennnSI 

KananaMH H B) OTCYTCTByeT BHTep¢epeHUHSI M8)!{llY 

aTBX ycnoBnfi paanocTnoe pacnpe-

-u , )(If 1
2
-lf 1

2
), 

("aN ) 11
1 

I 2 (2) 

COOTB8TCTB8HHO Ce'ieHHSI o5pa30B8HHSI B305ap 1 pac-

1 f I a :11 I f 1
2 

- nopMBpoBannbie na ennnnuy 
I , 2 

pacnpenenenBe no nonnofi aneprBn B c.u.n. 

B peaynbTaTe pacnana nao5ap~, a BTopaSI - pac

" -Meaona, o5paaoBaBinerocSI 

B neKoTop~x cny'iaSix ycnoBnSI (a,5,B) npn

MoryT 5biTb BbmonneHbi, TaK, nanpBMep, 

110 .w 
11 

N, H W 
11 

N, MOryT ll8Tb C05bJTHSI1 
' I 2 

pe30HaHCHOe ( 1111) -B38HMOll8HCTBHe B KO-· 

no-BHllHMOMY 1 paayMHO rrpene5pe'ib H UHTep-

50libWHX aneprn:SIX nBOH 1 pOllllB

o5nanaeT 5onhwofi aneprnefi n: MO)!{eT oTnn'iaTbCSI oT 

oT· pacrrana nao5apb!, Tipn: ManbiX anepr'uSix KapTn:na 

SI COBMeCTHO C nao5apofi OK83bJBaeTCSI M8llli8HHblM 1 

C8'i8Hllll ABYX nao5apHb!X KaHaliOB AliSI peaK-
' 2 2 

Aenenng 6. naIf 11 -I £
2

1 • 

3KCnepnMeHT81IbHbiX AaHHbiX, a pa3HOCTb ¢YHKUIIH 

12 

'.•. 

If ,1
2 
-I f .2..1

2 
Bbl'illCliSili8Cb ItO H305apnofi MOAenn nnnAen5ayMa n lllTepnxafiMepa114~ 

¢OpMyna (2) It03BOliSI8T Ollpell8liHTb B8liH'iHHbl 

,(7 +- (7 . +" (7 0 - (7 0 (7 + . - (7 ( 17-n) IT (IT n) IT-· 1 I IT p) 11- I IT- p ) IT 1 I 11 p) 11 0 1 11 0 P ) IT+ 

no aKcnepBMeRTalibRblM ll8RH~M1 ItOliy'ieRR~M npn BCCli8llOB8HHH peaKUHH 

11- +p-+ 11-'+1r++ D 
1 

11-:"+p -+17-+11 °+pn 1r++ p-+11++-IT 0+p.Ca'i8RHH1 COOTB8TCTBYIO-

Wll8 Ka)!{AOMY na :~~ao5apn~x KananoB aTHX peaKnnfi, MoryT 5b!Tb B~pa)!{aHbi 'iepea 
~ ~ . 

aMnnHTyAbi A 
3
/a , A

3
/2 (rAe Bepxnne nnAe:KCbi o5oana'iaiOT nonnbi:il: B30TOTIB'ieCKBli 

Cl!HH na'ialibHOli CIICT8Mbl 1 a HH)!{HH8-JJOliH~H H30TOilH'i8CKBli CllHR BTOpB'I~ (ITN) -

CHCTeM) ll ¢a30Bb!:il: CllBHr M8)!{llY RHMH cp 

2 . 3/2 2 ' 2 ' 3/2 ' 1/2 1 . 1/2 2 
u111-n)1f+=ISIA 3f2l +2v'4SIA 3f2IIA 3/2IC~!,s¢+TIA 3/21 

8 I A 312 12 4 v' _2_ I A 
3/a II A 

112 
I c ..1-

1 
-1 A 

112 
I 

2 

ui1T+n)11-"'"i35' 3/a -9· 45. 3/a 3/2 ° 8'~'+'27 3/2 

u .=~IA 3/2 12 _j_v'.l_IA3/a IIA 1hlcos¢+2-IA1/a 1
2 (3 ) 

'"
0
Pl1f 135 3/a 9 45 3/a 3/a 27 312 

1 I 3/a 
1

2 2 v' 2 I 3/a II .1/a"l 2 I 1/a 12 
u(lf'"p)ITo= rn' A3/a -9 45 A3/a A3/a Cos¢+2f A3/2 

3 3/2 2 
'TIT+ p) 1T 0 = s-1 A 3/2 I 

(7 _..i__ I A 3/2' 12 

t1r 0 p l 1r+- 15 3/2 

Tio H8liA8RRblM pa3HOCT!IM nao5apHblX ce<iennli MO)!{HO, ll01Ib3YHCb ¢opMY1IaMII (3), 

B~'IHCliBTb MOllYliH H30TOnB'18CKHX aMilliHTYll ll ¢a30BbiH CllBHr M8)!{llY HHMH1 T.e, 
r· 

B KOH8'iHOM pe3ylibTaTe nafiTH C81{8H~SI OTA81IbHblX B305ap~b!X KaH8liOB, .· 
B pe¢epnpyeMofi pa5oTe npoBeAen coBMeCTHbili paanocTHbi:il: anann:s anepre-

TII'I8CKIIX pacnpeAenennli (11N) -nap OT peaKUBli IT + N-+ IT I + 1T 2 + N' , ll01IY'J:8R-
- /1,5-7/ 

HbiX K8K B HaCTOSIW81I pa50Te 1 TaK H B pSine ApyrBX pa50T ~ AnaliH3 •npOBQ-

llllliCSI AnSI HHTepBa·noB aneprBli 290-480 MaB 11 780-900 MaB. LlanB;bie B o5nacTB 

aneprn:fi oT 480 no 780 MaB ae ananHsnpoBanncb no· cnenyromli:M npH'innaM: 

1 ) B palione' 550. MaB ~ynKunn .l f 
1
12 

H I f 2 1 
2 

5nH3KH onn~ K npyrofi,. :11 Tpe-

5oBaHne oTcyTCTBHSI BHTep¢epenuHn M8)!{AY nao5apn~MH KananaMn Mano onpaBnano. 

I 
2 2 

2) Lla)!{e npn oTcyTcTBHH n:nTep¢epennBn ¢ynK!lnn f I 11 I f I non)!{Hbi 5biTb 
· I 2 
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Bhi•lHCReHbl C fiOnbWOH TO'lHOC 

'lllHy OT . CaMnX cjlyHKUnii:, llMe, 

3) Ananna ocno~nnncn 

Hll3KYIO TO'lHOC';l'b, 

Ha pnc. 3a npnaenenhr 

rnn 338 Msa nnn pe.aKunn ". 

Tanh! nnn Bcex sKcnepnM:enTil 

BhiX OTnowenne Bhi'lncnennorc 

Xopowee coananenne B npene 

HhiX n 3KcnepnMeHTaJ1bn!.rx P• 

npnMeHHMOCTll cjlopMyRhl (2), 

PeaynbTaThr anannaa TII 

a< " N 'l" - a (" N 'l "• • npni 
I 2 2 1 

nennn c nnMn yKaaanhi nonm 

PeaynbT8Thi nacTol!weii: 

1. C TIOMOWbiO 25-canT; 

Mewennoii: B MarnnTnoe none 

unn: "- + p :+ "-+ "+·+ n 

noro sKcnepnMenTanbnoro Ml 

snepreTn'lecKne n yrnoahle ~ 

2. Tipe.Qno~ena npoue.Qy 

da • 
n ---- nn11 peaKnnH " ~ 

dw" N' 
nao6apnha Kananoa a ceqenR 

3, C TIOMOWbiO 9TO!i: np 

MY B nannoii: pa6oTe, onpe.Qe 

"-+p :+"-+"++ n n " ~ 

4. Ecnn C'lnTaTb, 'ITO 1 

c T = 1/2 , TO BKRa.Q nao6a] 

npn sneprnn 338 Msa cocTa: 

BKnan B nonnoe ceqenne aTe 
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Bbi'IHCJ!eHbl C 60/lb.WOfi TO'IHOCTbiO! 'IT06b! HX p83HOCTb1 COCT8BJ!IDOID8R Manyro Benn:

'IHHY OT . C8MHX tPYHKilHH, HMena He6o/lbmyiO omn:6Ky • 

3) Aaann:3 OCJIOJKHRJICR II TeM, 'ITO C8MH 3KCnepliM8HTanbHhle pa3HOCTII HMeJIII 

HH3KYIO TO'IHOC~, 

Ha pn:c. 3a ripn:BeJlenhi paaaocTaan rRcTorpaMMa II Rao6apHaSI KpiiBBSI npll .saep-

rn:R 338 MsB JlJISI peaKIIIIH "- +·p-> "-+ "+ + n • AaanorH'IH!-Ie KPHBhie 6bJnn: pacc'ln:-

T8Hbl JlJIR BCeX 3KCnepn:MeHT8JibHbiX JlllHHbiX, nOJlBeprHyThiX 8H8nH3y, llnSI BCeX Kpli

BbiX OTHomeHRe Bhl'IHCneaaoro aaa'leHn:SI x 2 K ero cpeJlHeMy aHa'lean:ro 6nn:aKo K 1. 

Xopome~ coanaJleaue B npeJlenax RMeromerocSI CTBTIICTII'lecKoro MaTepuana Bhi'll!cnea

HhiX H SKCilepuMeHTa/lbHbiX pacnpeJleJieHHli yKa3hiBaeT Hll BhiHOJIHeHI!e YCJIOBHH (a, 6,B) 

npn:MeHIIMOCTH tjJOpMyJibi (2), 

PeaynbTaTbi aaanuaa npeJlcTaBneHbi B Ta6nn:ne III • B aeli, noMHMO ·paaaocTeii 

C1 , - u , ... 
(IT!N)1T2 (1T2N)1Tl 

, npnBeJleHhi cyMMhl ceqean:li nao6apHbiX KaaanoB n: JlJIR cpaa-

HeHHSI C H.liMH yKa3aHbl nOJIHbie C8'18HHR COOTBeTCTByiOWHX peaK!lHfi, 

Bb!BO.[tbl 

PeaynbT8Tbl HSCTOSIIDeli pa60Tbl MOlKHO ctjlopMynn:pOBaTb cne.nyiOIIlHM o6pa30M: 

1, C nOMOWbiO 25-caHTHMeTpOBOli lKHJlKOBOJlOpOJlHOli ny3bipbKOBOli KaMepb!
1 

no

MemeHHOll B MarHnTHoe none, npn saeprlln IT- -Meaoaoa 338 Msa nay'leHbl JlBe peaK-

nn:n:: "- +p-> 1T-+ "+ + n n: IT- + p -+ "-+ " 0 + p • llnn aax· aa ocaOBaHan aaa'ln:Tenb-

aoro SKcnepnMeHTBnbaoro MaTepn:ana n:aMepeHhi nonHhie ce'leHnn, a TSKJKe HaHJleHbi 

saepreTn'leCKn:e n: yrnoable pacnpe)lenean:n BTOpH'IHhlX 'lllCT.Iiii. 

2, npeJlJIOlKeHa npOileJlypa o6pa60TKII 

du 
sKcnepn:MeHTaJibHhiX pacnpeAenen:n:H ~ 

dru , 
, n03BOJIHIOIIlaH Bb!JleJIHTb BKJ!a)lbl IT!N n: ---- Ann peaKnn:ii " + N-> IT 1 + " + N' 

dru" N' 2 
1!3068pHbl~ KaHaJIOB B Ce'leHHR STHX peaK_IlH:fi, 

r .· 
3, C noMOIIlbiO STo:ii nponeAyphi no aKcnepn:MeHTanbHOMY MaTepn:any, nonyqeaao

MY B Jlaaaoii pa6oTe, onpeJleneHbi paaaocTn ceqeanii n:ao6apHbiX KaHanoa JlJIH peaKnn:ii 

"-+p ->1T-+IT++ n n: IT-+p-> 1T-+TT 0 +p 

4. Ecnn: C'IHTaTb, 'ITO H3068pHhle nepeXOJlhi npon:CXOJlRT TO/IbKO B COCTORHHH 

c T = 1/2 , TO aKna)l n:ao6apHhiX Kaaanoa B nonaoe ce'leHn:e peaKnnn ,;-+ p ... IT-+ "++n 

npn: SHeprn:n: 338 MsB COCTaBJIReT OKOJIO 30%. Cpenn: Jlpyrn:x M8X8HH3 MOB, BHOCHmllX 

BKJia)l B nonaoe Ce'leHne STOfi peaK!lllll 1 He06XOJlHMO OTMeTHTb MeXaHH3M1 CBH3aHHbi:fi 

15 



C ( 1171) - B3aUMOAeliCTBIIeM B KOHe"'HOM COCTO~Hliii, rrposmneHJie KOTOpOrO OT"'eTnliBO 

Ha6monaeTCli B cneKTpe a<jxpeKT.IIBHbiX Mace (71+71-).;.cncTeM. 

5, OcHOBbiBaliCb Ha npeAbinymeM npeAnonoJKeHIIII, HalineHo; "'TO nonaoe ceqea.He 

peaKuun 11-+ p ... 11-+ 11°.+ p B npenenax om.H60K akcnepnMeHTa paaao cyMMe ceqeanli 

II306apHbiX KaHaiiOB,_ :113 paCCMOTpeHIIli aKCIIepnMeHTaiibHOrO pacnpeASIIBIIIIli (71°71-) nap 

MO lKHO cnenaTb Bb!BOA 06 OTCyTCTB.IIII ( 1171) .:.B3a.IIMOAe:l!CTBIIli 'B aTo:l! peaKUIIII, 

6. :113 yrnoBbiX pacnpenenean:l! 11+ -Me30HOB OT peaKi:mn 11- + p ... 11 -+ 11+ + n 

* _..; cnenyeT, 'ITO .H306apa N 3/2 npn aaepr.Hn 338 MaB npeHMYIUeCTBeHHO poJKAaeTCli B 

s -COCTOHHIIII, 3TO 031la"'aeT, "'TO o6pa30BaHUe II306apbl COOTBe<I'CTByeT nepeXOAY 
• 

t3/2 --+sp-3/2. -
l * 7. C uenbro orrpeAeneHIIli ceqeHnli npoueccoa 11 +N ->11+. N 

3
j

2 
6b!nJI rrpoaaanH3.Hpo-

BaHbi IIMeJOIUIIeCli aKCIIepuMeHTaJlhHbie naHHbie B AHaiia30He aHeprnli 290-295 MaB Hill! 

IIHTII peaKUIIli: 

.. 
"-+p->71-+7T++n 

- - 0 71+p-+71+71+p 

11-+ p-+ 11° +11°+n 

71+ + p 71+ + 71° + p 

. + 
11 + p -+ 11+ + 11+ + n. 

8, Aaanii3 IIOKa3an, 'ITO BKnan II306apHbiX KaHaiiOB B Ce'!eHHli peaKUIIli 

11 + N-+ 11 
1 
+ 11

2 
+ N' 3Ha"'IITeneH B .IIHTepaane aHepr.Hli 290..:.905 Maa, 

9. B o6nacTn aaepr.Hli 290-360 Maa B c'eqeH.Hli peaKuiili 11 -·+ p -+ 11-+ 11 + + n 

II 11- + p -+ 11 0 + 11 0+ n , HapSIAy C II306apHbiMII KaHaiiaMII, 60nbiUOli BKIIaA BHOCHT Me

XaHII3Mbi, He CBSI3aHHbie c pe3oHaHCHbiM ( 11 N ) -B3aHMOAelicTBHeM, B aToM JKe aHepre-

TH'!eCKOM .IIHTepBane rronaoe ceqeane peaKUIIII 11- + p-+ 11-+ 11 °+ p coananaeT c cyMMoli 1' 

COOTBeTCTBYJOIUIIX .II306apHblX Ce'!eHHli, 

10, Tip.II aHeprUHX AO 430 MaB .II306apHbie rrepeXOAbl IIpOIICXOAHT B OCHOBHOM 

.II3 Ha"'anbHOrO COCTOHHIIH C 

BeTCTByeT aMrrnnTyAa A 111
2 

3 2 

XOAbl B COCTOliHIIII T = 3/2 

IIOIIHblM II30TOIIII'!eCKHM CIIIIHOM T = 1/2 , KOTOPOMY COOT-
3/2 

AMrrnnTyAa A 3/2 , orrHCbiBaromali H306apHbie rrepe-
1/2 

cymecTBeHHO MeHbiUe aMIIIIHTYAbl A I BIIIIOTb AO 
3/2 3 2 

aHepr.IIH' 500 MaB, BbiiUe KOTOpOli Ha'!.HIIaeTCli 6biCTpblli pOCT -A 
3
/2 , II BepOliTIIOCT.II 

rrepeXOHOB B COCTOHH.IIliX C T = 3/2 II T = 1/2 CTaHOBHTCli CpaBH.IIMbiM.II, 

16 

. 

11. IlpH aHepr.HSIX 800 MaE 
·+ + + 

11 +P-+11 +11 +D II B rrpeAenax 

II306apHbiX Ce"'eHH:l!, 

n 1 

1.J, Kirz, J,SchwartzJ and R,l 

2. T.ll. BnoxHHueaa, B.r. fpe6H 
r.H. CenJIBaHOB, lOaHb )Kyg-( 

3. IO.A. BaTycoB, ~.A. ByHHTOB 

Proc, of the Intern, Conf, 
p. 115. . 

4. B,C,Badsh, R,J,Kurz, V,Pe1 
.B 4161 1964, . 

5. E. PiCkup, D. K. Robinson, E. 0. Sal ant, 

6. B .M. CHAOPOB. ll.HccepTaUHSI 

7. R. Barloutaud, J. Heughebaert, A. I. eve 

8, T.ll. BnoxHHUeBa, B.r: fpe6H 
n.n. HeMeHOB, r.H •. CenHBaH( 
T .11. BnoxuHneBa, B.r, fpe6H 
n.n. HeMeHoB; T.l1. Ceii.HBaH· 
UIIli IIO cPH3HKe Bb!COKHX aHe 

9, T.ll. BnoXHHI!Ema, B.r. fpe6n: 
r.11. CennaaHoB, lOallb· )KyH-¢ 

10. B.A. )KyKOB,; n.n. HeMeHOB, 

11, P. Bareyre, C. Brickman, A. Y. Stirling, 
A. Donnach!e, A; T. Lea; and c. Love! 

12, H. L. Kraybill, D. 1. Stonehill, B. Dele 
Lett., ~863, 1966. 

13, . J.P.Medo, G. Valladas, Proc; Roy. S 

·' 14. R. M.Stemheimer <and S.J.Lin'denbaur 

15. S. Berg!a, F. Bonsignori, and A. Stan: 

16. M. Olsson and G. B. Yodh, Phys. Rev. 

17. M. Olsson and G. B. Yodh, Univ. of M 

18. B.B. A~IICOBH"', n.r. llaxHo. 

19. B.H. BanyeB. )K3T<P, .1Z, 64 

20. T.ll. BnoxiiHUeBa, A.T. Bacf 
n.n. HeMeHOB, r.H. Cammal 



COCTO~HHH, rrpoRSnenHe KOTOporo OT~eTnHBO 

M8CC (71+71-)..;.CHCTeM, 

rrpe~rrono~enHH, naaneno, ~To nonnoe ce~enne 

·omn6oK skcnepnMeHTa paBHO cyMMe ce~ennn 

· aKcnepnMenTanbnoro pacnpeJJ.eneHHn ( 11° "~) nap 

(7171) ~B38HMO~eHCTBHH B 3TOH peaKUHH, 

11+ -Me30HOB OT peaKilHH 71-+p-+ 11-+11++n 

aneprnn 338 MsB rrpenMYmeCTBenno poJKJ:taeTcs;,'B 

o6paaoBaHHe nao6apbi cooTBe<rCTByeT nepexo~y 
• 

* nponeccoB 11 +N-+ 11+· N 
3
i

2 
6btnn rrpoaaannaapo-

~aHHbie B nnanaaone saeprnn 290-295 MsB nnn 

+11++n 

KaaanoB B ce~eann peaKuan 

sneprnn 290-905 MsB, 

ce~eHHH peaKUHlf 71-·+ p-+ 11-+ 71+ + n 

Me-

( 11 N ) -BaanMoneficTBHeM, B aToM ~e saepre

peaKnnn 11- + p-+ 11-+ 11 °+ p coBrranaeT c cyMMOlf 

nao6apnbre nepexonbi nponcxonsrr B ocaoBHOM 

ll30TOlll!~ecKHM CllHHOM T = 1/2 1 KOTOPOMY COOT-
3/2 

A3/2 , onncbiBaroman nao6apabre nepe-
1/2 

Meahme aMnnHTYAbi A I BIInOTb AO 
3/2 3 2 

naeTcn 6biCTpbrll poeT A 
3
/2 , n BepmrTnocTn 

ll T = 1/2 CTaHOBSITCH cpaBHHMbiMH, 

{.4 

11. llpn aaeprnnx 800 MsB n 905 MsB ce<J:eHlill peaKnalf 11+ + ·p-+ 71 + + 71 o+ p 

H 11 + + p-+ 11 + + 11 + + ft B npenenax OIIIH60K C0Bll8A8!0T C CyMM8MH COOTBeTCTBYIOIIIHX 

nao6apHbiX ce~ennn. 

JI ll T e p a T y p a 

l.J. Kirz, J.Schwartz and R.D.Tripp, Phys, Rev,, 130 , 2481,.1963. 

2. T • .n. EnoxnaueBa, B.r. fpe6naanK:, B.A. )l(yKOB, r. Jln6Maa, n.n. HeMeHoB, 
r.l1. CennBaHOB, lOaHb )l(ya-cjlaa. )1<3T<P, 11.. 116 (1963). 
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Gl1rx' (Hs6tc1) 

Pac. 5, PacnpeneneHHSI co6hiTHil no s<jl<jleKTHBHhiM MaccaM (mr) -cacTeM: a) nng peaK
nHH (I) , 6) AUSI leaKnHH (II) , CnnoUIHSH KpHBSSI Bbi'IHCUeHa no <jlopMYne, npHBe
A8HHOi! B pa60Te/l /, nyHKTHpHbiMH UHHHHMH 0603H8'18H <jla30Bhlil 06'beM, 

22 

1.' . 


