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AaaoTauHs:r 

npH llOMOUlH_ M8I'HHTHOI'O Cll9KTpOM9Tpa H3M9p9Hbi 9H9pt'9TH"'9CKHe Cll9KTpbi 

aaps:r>«:eHHhrx :JT -Meaoaoa, -o6paaoaaaabrx a ~ol - H J2p - coyaapeaHs:rx • .D.ns:r 
0 . . -

yrna 90 B CHCT9M9 U9HTpa Mace L(Byx CT8liKHB8I0UlHXCSJ HYKliOHOB L(HcpcpepeauHam,-

Hbi9 ceqeaHs:r npoueccoa p + d ~;-+ , p +ql....:..:Jrn pt-p~'1T+aafiaeabr paa-

. -28 -28 Hbrr:.m cooTBeTcTaeaao /5,9 ±. 0,6 I· 10 ; /0,57 .± 0,08/ • 10 H 
-28 2 cr.+ 

/6,7 "t_0,7 I· 10 CM /cTepaa. OTaomeaHe acpcpeKTHBHOCTeii o6paaoaaaHH vi -Meao-

aoa aa npoToaax 8 aeiiTpoaax H aa cao6oaHhiX npoToaax paaao 0,79j:0,08, 



1. B Be a e H n e 

VI 3 3Kcnepn MeHTaJthHbiX aaHHbrx, nony'IeHHbiX a Ham eii na6opaTopnn npn 
11 21 . 131 

460 n 660 M3B ' , a TaKMe B BnpMnHraMe npn 970 M3B 
1 

cneayeT, 'ITO npo-

Toa-aeiiTpOHHbre coyaapeHnH 6ea o6paaoaaHnH .77-" -MeaoHoB npeacTaBJtHIOT co6oa, 

B OCHOBHOM, KBaanynpyroe pacceSIHlle HaJteTaiOI.I..UIX llpOTOHOB OTaeJtbHbiMll HYKJIOH8Mij 

B aeiiTpOH8X 1 COBll8Ll8IOLUee B I'Jt8BHbiX '!epT8X C pacceHHlleM npOTOHOB CB060LlHbiMll 

HyKnoHaMn. TonhKO B peaKnx cny'IaHx HaneTaromne npoTOHbi oaaoapeMeHHo aaanMo

aeiicTayroT c o6onMn HYKJtoHaMn BHyTpn ..o:eiiTpoHa. TaKne TpoiiHbie coyaapeHnH BKnW

'I8IOT B ce6SI Ii ynpyroe pel -paccestHne, ancpcpepeaurraJthHbie ce'!eHnst KoToporo 

npn 460 n 660 M sa B o6nacTn 6onhrunx yrnoa paccestHnst cocTaBJtHIOT 
-29 2 / 

~ 10 eM lcTepaa. B cHny npoToa-HyKJtOHHoro xapaKTepa BbiCOKOSHeprll'!Hbrxpd-
. G-:-

coyaapeHnii B03MOJKHbiMll peaKUllSIMll OLlllHO'IHOI'O o6pa30B8HllSI Y1 -Me30HOB B T8KllX 

COY aapeHIISIX SIBJISIIOTCSI: 

;:> +~ +('1'1)-+ 71++f' +h _,. (11) 

p +,c-+ (11)~ :qo+P-1-~ -1- (1-?) 

~ +n + (pJ _., .7/+-~on+n ~ f?) 

.P..,. J?-+ (f::J J~ :7r 0-1-,P .J. I? + f p.J 

Ill 

121 

131 

141 

151 

3a·ech 'Iepea I 11,. I n I ;o I o6oaHa'!eHbi HYKJtOHbr, He ncnbiTbrBaromne npH

MbiX coyaapeHIIH C H8JteT8IOLUllMll npoTOH8Mll, ll ll03TOMY OCB060JKLl8IOLUllecSI C Hll3-
131 

Koii sHeprneii .• CorrracHo BaTcoHy n ap. , aepoHTHaH saeprnSI, c KOTopoii nc-

nycKaiOTCH aeyaapHeMbre npoTOHbi B ;:'a' -coyaapeanHx npn 970 M3B, cocTaBJtHeT 

oKono 5 Maa, npn'!eM nx yrnoaoe pacnpeaeneHne cna6o KoppennpoBaHo c aanpaa

neaueM nepBU'IHoro yaapa. B ,Pt:/ - coya.apeHnHx· B03MOMHO TBKMe o6paaoaaane 

T -Me3oHoB B peaKunHx,. B KOTOpbrx aaa nnu ace TpH. H.yKnoaa a KOHe'!HOM co

CTOHHnn OK83biB8IoTCSI CBSI38HHbiMllo TaKIIMll peaKUllSIMll MOI'yT 6biTh CJteayromne: 

161 
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~ +h + (p) ..._... ~0+d ../- (?) 

? +d- ~ +-r f/3 

;::> "" o/ __..,.. 
o . /J a 

:JT + rTQ. 

171 

/8/ 

/9/ 

B onnchrBaeMbiX sKcnepnM:enTax nay'IanOCI;> o6paaoaaH:ne aapsDKeHHbiX 7r 

Meaonoa B fld-coy~apennnx nyTeM naMepenng snepreTnqecKnx ~neKTpoa nono-

:lKIITeJJbHbiX :J7' -Me30HOB OT peal{Ull:H /1/ 1 /3/ 1 /6/ H OTpiiUaTeJJbHbiX W -Me3o-

HOB OT peaKUIIH /5/. 
. ~ . 

npoii3BO~IIJJCSI ·TaK:lKe llOHCK UliK8 1 OTBeqaromero !JT -Me-

30HaM oT peaKunn /8/. Hapn~y c sTnM B ycno annx, cTporo n~eHTII'IHbiX ycnoBIISIM 

na6nro~ennii !71- -Me30HOB oT f>cl -coy~ape!mii, naMepnncsr ~HepreTnqecKnil: 
. -1-

cneKTp !Jr -Me30HOB OT CBo6o~HbiX rr -coy~apennii. TaKoe cpaBHIITenbHOe 

nayqenne BbiCOKosnepreTII'IHbiX,Pcl - f>,P -coy~apennil: MO:lKeT ~aTh c8ei:temnsr o 

BJJIISIHIIII g~epHOH CBSI3ll HYKJJOHOB B ~eiiTpoHe Ha npouecc o6pa30B8HHSI ar -Meao-

HOBo · 

2. MeTo~nKa sKcnepnMeHTa 

HacTosrmne 8KcnepnMeHTbi 6hrnn BbmonHeHhi Ha llleCTIIMeTpoBoM crrnxpourrKno

TpoHe 06oe~IIHeHHOro .IIHCTIITyTa SI~epHbiX IICCJJe~OB8HIIil:. J1cnOJJb30B8JlCSI BHelllHIIH 

CcpOKYCHpOB8HHbiH KBa~pyUOJlbHbiMH JJIIH38MII H npollle~llliiH qepe3 OTKJJOHSIIOLUIIii 

MarHHT nyqoK HenonnpH30BaHHbiX npoTonoa. B Mei:::Te pacnono:lKenrrsr MIIlllenrr, npe~

cTaannromeil: co6oil: nanonHeHHbrii nrr6o MH~KHM ~efiTeprreM, nrr6o MH~KIIM ao~opo

~OM TOHKOCTeHHbiH UliJJHH~pii'IeCKIIll COCY~ ~HaMeTpOM 4 CM II Bb!COTOH 12 CM, 

llJlOTHOCTb UOTOK8 npOTOHOB B ny'!Ke Ce'!eHIIeM 6 CM
2 ll0~6HpanaCb paBHOii 

-2·108 
·npoTonoa/cM

2
ceK. Cocy~ Haxo~Mncn B oxnaM~aeMoii MH~KIIM ao~opo~oM 

BaKyyMHOH KaMepe1 Hapy:>KH8SI py6all1K8 KOTOpoii, B CBOIO oqepe~b 1oxnaM~anacb 

:lKII~KHM 830TOMo npHHHMal!OCb1 'ITO B MIIllleHII :>Kli~KHll ~eii:Tepnil: H :>Kli~KIIH BO~o-

pO~ li8XO~HJJHCb npH TeMnepaType KHlleHl!SI BO~Opo~a; npH 8TOM IIX UJJOTHOCTH 
3 /4/ 

paBHbi 0,169 H 0 10708 r/cM t COOTBeTCTBeHHO • 3cpcpeKT OT nyCTOrO cocy~a 

COCT8BJJSIJJ MeHee 3% ~T BbiXO~a 'I8CTIIU B npiiCyTCTBIIII :>Kll~KOrO BO~opo~a HJJII 

:lKli~Koro ~eiiTepnn. 3neprHn npoTonoa a uenTpe MHllleHII paannnacb 654.::!:..5 Msa. 

3HepreTn'IeCKIIe cneKTpbi :JT -Me30HOB H3MepSIJJI!Cb npii UOMOLUH MarHHTHOrO 

J 
I , I 
! 

I 

L_ 



/5/ 
cneKTpoMeTpa, UO.ll_P06Ho onncaHHoro paHee .a paooTe A:>KrnpeH H .llp. Ha pnc.l 

UOKa3aHa CXeMa CU9KTpOM9Tpa H ero UOJ10:>K9HH9 OTHOCHT9JlbHO nyqKa UpOTOHOBo 
. /5/ . 

TaK :>Ke KaK H B t B HaCTOHlllHX ·aKcnepHM9HTaX .llBa TOHKHX CUHHTHJlJlHUHOHHbiX 

cqeTqHKa C
1 

K C
2 

Ha BXO.ll9 CU9KTpOM9Tpa Bbi.lleJlHJlH nyqoK qacTHU, liCllYlll9HHbiX 

0 
noll yrnoM 56 K HanpaaneHHID nepanqHoro nyqKa npoToHoa. 8T.oMy yrny ucnycKa-

.. + . 
HHH !7f" -Me30HOB OT peaKUHH r+ ;::>-'>' ';11"+ +of COOTB9TCTByeT yrorr 90° B CHc-

TeMe ueHTpa Mace /c.u.M.I .llBYX cTanKnaaromnxcH. npoToHoa. B ropuaoHTaJlhHOil: 
. 0 

UJlOCKOCTH yrJIOBaH paCXO.llHMOCTb nyqKa aHaJ1H3HpyeMbiX qacTIIU CD.CTaBliHJla ,_, .±2 • 
npowe.llWMe qepe3 KaHan IT cneKTpOMeTpa qacTHUbi perHcTpHpOBaJlHCb TenecKo-

UOM, COCTamneHHbiM H3 qeTbipex CUHHTHJlJlHUHOHHbiX cqeTqHKOB, 0THOCHTeJlbHaH 

WHpRHa ~~ IIMllYJlhCHOI'O HHTepaana, Bbi.ll9J1HeMOI'O CUHHTHJlJlHTOpaMII cneKTpo-

MeTpa1 COCTaBJIHna OKOJlO .± 3% .llJlH BCeX II3M9pHeMbiX HMUYJlhCOB; BbipeaaeMbiit 

TenecHhiH yron 6bin ~Kono 0,;>·1 o-4 
cTepa.ll. HH:>KHHH nopor pe~~cTpauHH ~ -Meao-· 

HOB HaXO.llHJlCH npH ~ 35 M3a. 3aBHCHMOCTh cpe.llHero HMnynhca npoXO.llH!llHX qe

pea cneKTpoMeTp qacTHU OT TOKa MarHHTa 6bma -onpe.lleneHa a Kann6poaoqHbiX Ha-

MepeHH!iiX1 BbillOJlHeHHbiX M9TO.ll0M TOKOHecymeil: HHTH, 

B. XO.lle 3KcnepnMeHTa O.llHOapeMeHHO perncTpHpoaanncb .KaK wecTHKpaTHbie 

COBll8.ll9HHH HMllYJlhCOB OT cqeTqHKOB Ha BXO.ll9 _li BbiXO.ll9 Cll9KTpOMeTpa 1 .T8K .H 

qeTbipexKp8THbie COBUa.lleHHH HMUYJlbCOB OT cqeTqHKQB O.llHOI'O JlHWb BbiXO.llHOI'O 
. . . 

TeneCKOU8, ¢OH cnyqaHHbiX COBll8.lleHHH H8XO.lliiJ1CH nyTeM BKlriDqeHHH JlHHHH 3a.llep-

JKeK1 C.llBHI'8BWHX HMUYJlhCbi OT OT.ll9JlbHbiX nap cqeTqHKOB C,~.C~~ c .. ·c.lt. \A CS c6. 
npH BbiOope aenHqHHbi 3a.llep:>KKH yqHTbiBanaCb TOHKaH BpeMeHH8H C"TpyKTypa 

nyqKa UpOTOHOB OT CHHXpOUHKJlOTpOHa, 8cpcpeKTHBHOCTb perHCTpaUHH CUHHTHJlJlHUHH 

6bma 6ri:H3Ka K 100% ao aceM nccne.llyeMOM .llManaaoHe aHeprHii qacTHU. He6onhwas 

npHM9Cb BTOpHqHbiX npOTOHOB OT.ll9J1HJ18Cb OT !1f -Me30HOB UpH. UOMOlllii cpHJlbTpa1 

HaXO.llHBill9I'OCH nepe.ll npe.z:inocne.llliHM CUHHTHJlJlHTOpOM ·abiXO.llHOI'O TeneCKOU8, 0T-

HOCHTeJlbHOe CO.llep:>K8HH9 _}'4 -Me30HOB H 8J19KTpOHOB B npollle.lllll9M qepe3 

Cll9KTpOM9Tp nyqKe qacTHU onpe.ll9J1HJ10Cb UOCp9.llCTBOM H3M9peHHH KpHBbiX Upo6e

I'OB a M9.llH. B peaynhTaTbi naMepeHHii BBO.llHJlHCh nonpaBKH 1 yqHTbiBaiDmHe pac-

nail -Me30HOB Ha neTy, a TaK:>K9 HX TOpMO:>KeHHe H UOI'J10lll9HH9 B MHW9HH 1 

CUHHTHJlJlHTOpaX H cpMJl~Tpe, OT.ll9J1HBW9M BTOpHqHbie npOTOHbi OT Me30HOB, 

A6conroTHbie aHaqeHHH .llHcpcpepeHuHaJlhHbiX ceqeHHii a cneKTpax ci&%.n. ciE 
Ob~JlH oueHeHbi c ToqHOCThiD ':" 7% nyTeM cpaaHeHHH BbiXO.llOB nono:>KHTenhHbiX H 

OTpiiU8T9JlbH~IX 7(' -Me30HOB C BbiXO.llOM UpOTOHOB OT.llaqn OT ynpyroro ff -pac-
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c~SIHHSI • .[lH!f!!}:l~eHnHanbHOe ce<ieHire ynpyroro pp-pacceSIHRSI .z:.~~ 65~ M SB H yrna 
56 B n. c./120 B C.1£.*f ~binOnpHHSITJ'6 paBHhiM /6,7-1{),26/"10 CM /cTepa.ll /a 

c.n.M. /3,41±.. 0,13/.10 eM /cTepaa/ • 

3. PeaynbTa·rbr H3MepeHHil: H Hx o5cy:m.aeHHe 

nonyqeHHbie SHepreTH'l:eCKHe cneKTpbi 38p51LKeHHbiX !Jr -Me30HOB OT f""
coyaapeHHit UpHBeJJ.,eHbi Ha pHC. 2 H 3 BMecTe CO CT8THCTH'l:eCKHMli Oll1H5K8MH H3-

MepeHHHo .[ln11 cpasHeHHSI Ha pHc. 2 cnnowHoil: KpHaoil:_ 5ea yxaaaHHSI axcnepHMeH-

TanbHhiX To'l:eK npeacTasneH cneKTp '!J1".,. -Me30HOB OT CBOflOJJ.,HbiX ~,P -coyaa

ur+ -Me30HOB peHHH, 3TO cneKTp H3MepeH C T8KOH LKe TO'l:HOCTbi01 K8K H cneKTp 

oT ?c/ -coyaapeHHi!:. Bee ocTanbHbie norpell!HOCTH, CB513aHHhre c onpeaeneHHeM 

a5coniOTHbiX 3Ha'l:e~H~ . d'2~SI. o/E. H OileHKOH BenH'l:HH BBOJJ..HMbiX nonpaBOK 1 

y'l:TeHbl npH Bbi'l:HCneHHH JJ..H!}J!flepeHilH8nbHbiX ceqeHHH c/G" /r;/Sl, . paCCMaTpHBae-

MhiX peaKuHii ·o6paaosaim11 !lr - Me30HOB. HH:m.e 70 Mas aocToaepHOCTb ax-

cnepHMeHTanbHbiX 'JJ..8HHbiX 0 !flopMe cneKTpOB HeBbiCOK8 H3-38 5onbll!HX TpyaHo-

CTeH 1 C KOTOpbiMH CB5138HO onpeaeneHHe npHMeCH jU -M930HOB B STOll 05nac-

TH SHeprHit. 05bi'l:H851 Tp8HC!}JOpM8IlHSI Ha5nroJJ.,eHHblX cneKTpOB B C,U,M. JJ..BYX CTan

KHB8IOlllHXCSI HyKnOHOB UOK83ana, 'iTO B STOll CHCTeMe yrnhi HCUyCK8HHSI UOJJ.,aBnH-

0 0 
IOI!leii 'l:8CTH !ff" -Me30HOB 3aKniO'l:eHbl B HHTepaane OT 90 JJ.,O 97 • 

Koraa napHoe o5paaoaaime :7r -MeaoHOB a OJJ..HOM axTe HyKnoH-HyKnOHHoro 

B38HMOJJ.,eitcTB~SI M8n'OBepOSITH0 1 JJ.,OCT8TO'l:HO C'l:HT8Tb, 'iTO o5pa30B8HHe !fr--M93Q

HOB UpOTOH8MH H8 JJ..9ifTpOH8X npOHCXOJJ.,HT TOnbKO B /'"'- -CTOnKHOB9HHSIXJ TOI"'JJ..8 
+ .. 

xax ::rr -Me30Hhi B03HHKaiOT KaK B pn -, TaK H B pp -cTonKHOBeHHHX. B 

CHny 38p~JJ..OBOH CHMMeTpHH JJ..H!fl!}JepeHUH8nbHbie ceqeHHSI peaKUHif p+h-. :J'f*+h+l"l. 

H ? +h.~ r~ ;;,+~ CBH3'BHbl COOTHOllleHHeM 

~~ I c/Q(. - , J 
- ( p+1-1_.:7r~-11.+1'L./..c =.- ~+n~:n +r-+P/ 

d.IJ. . '{} ~.51.. :{8'0·-a- 1 

J"'JJ.,e of) - yrorr HcnyCK8HHH irr -Me30H8 B ColloM~ npH & = 90° JJ..H!}J!flepeHUH

anbHbie ceqeHHSI paccMaTpHaaeMbiX peaxnHii aonLKHhi 5biTb paaHhi apyr apyry, a 

cneKTpbi '!IT+ H ::11'"--Me30HOB noao5Hbi no !}:lop Me. Yf MeSI a BHJJ..Y aTo npeacxaaa-

HHe 38pHJJ.,OBOif CHMMeTpHH 1MOLKHO OLKHJJ.,8Tb 1 'iTO peaynbT8T Bbl'l:HT8HHSI H3 

na5nroaeHHoro cyMMapnoro cneKTpa :IT".,. -Me30HOB oT peaKuH1i: Ill, 131 H /6/ 

cneKTpa ':71""- -MeaoHOB oT peaKilHH /5/ aon:m. eH npeacTaBnSITh. co5oii cneKTp 

~.,.-Me30HOB TOnbKO OT )0~ -coyaapeHHSI B JJ.,eil:TpOHaX. nonyqeHHbiH TaKHM 
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oopa30M C~~KTp~-+-Me30HOB 1 H30opa)KeHHhiil: Ha puc. 2· rryHKTHpHofi lUIHHefi, rrpo-

CTHpaeTCSl . B. CTOpoHy BhiCOI{IfX 9Heprirfi .ll anbllH~~ tJeM CIIeKTp iJf + -Me30~0B. OT 

caoooaHhrx ·?r ~coyaapeHnfi. · 3To 1 oqeBHaHo, BhrsBaHo aBn:m:eHneM yaaps:eMhrx rrpo

ToHoB B aeiJ:TpOHaX • .Toil: :>t<:e IIpH"'HHOfi, MO)KHO OO'bHCHHTb OTCyTCTBHe B CIIeKTpe 

~ . + ol ::J1" -Me30HOB OT p-p-coyaapeHHfi B ,lleiJ:TpOHaX IIHKa OT peaKUHH p -1-p ~37". + J 

OT"'eTnHBO HaonroaaeMOI'O rrpu 196 MaB B cnyqae. CBOOO.llHhiX rl' -coyaapeHHii. 

-I-
TeM He MeHee, ecnn HOpMnpoBaTh K oanHaKoBoil: rrnomaau crreKTphr :Jr -Me30HOB, 

Oopa30B8HHhiX H8 IIpOTOH8X B aeiJ:TpOH8X II H8 CBOOO,llHhiX IIpOTOH8X 1 II 38TeM Bhi"'eC'llh 

H3 CIIeKTpa :Jr+ -Me30HOB OT CBOOO.llHhiX jl'fl-coy aapeHHll BKD8.ll· peaKUHil 

p<~-p~:Jr++ cl 1 TO OKa:>t<eTCSl 1 '!TO B oonaCTH IIIIK8 1 OTBeqaromero peaKUHH 

p+p-. W'trcf 1 3Ha~eHlfSl o/2.%n.c/E (p+p -:Ti++, ;)· rrpeBhilll8IOT 3Ha"'eHHSl 

d:Z%.!J.o/E. {P"'P._.:Jit-t.)H. 3TOT cPBKT cny:m:HT HeKOTOphi:; yK838HHeM Ha TO, "'TO 

B pol ..:. . coyaapemrs:x peaKuHH /6/ Bee :m:e aaeT BKnaa B BhiXO.ll :17"' ?-_Me30HOB 1 

0TCyTCTBIIe B crreKTpe 'rJr ~ -Me30HOB OT rcl-coyaapeHHH IIHK8 1 OTBe"'aiOLUe

I'O peaKUHH /8/ 1 He SlBDHeTCH HeO)KH,l:{ 8HHOCTbi0 1 IIOCKODhKy y:m:e IIpH 840 l'v' 9B/?/ 

u l0-29
cM2 • Oo rrr-+ IIODHOe ceqeHHe 9TOII peaKUHH COCTaBDHeT OKODO BhlXO.llY ~~ ~Meso-

HOB ODH3 BepxHeil: rpaHHUhi crreKTpa /E:rr =310 MaB/ I rae .llOD:>t<eH. Ohm_ obi' Ha~izi<J
ll8TbCH IIHK '3r + -Me30HOB OT peaKUHl1: /8/ 1 MOMHO 38KDIO"'HTb 1 "'TO ecnH IIpH. 

660 Maa peaKun:s: /8/ rrpoucxoaHT) To .llHcPcfJepeHunanbHOe ceqeHIIe ee anH ucrrycKa-

.,..,.+ . 56° K HHH _,. -Me30HOB B HarrpaBneHHH IIy"'KY · IIpOTOHOB He rrpeBhill!aeT 

-30 2 
""'5'10 CM /cTepaa. 

CpaBHHB~H crreKTphl 
_.,. II ·wrr- . 
•·H o11 -Me30HOB, Oopa30B8HHhiX B ,PI'- H ;:;It -

CTODKHOBeHHHX B aefiTpOH8X 1 MO)KHO BH,lleTb, "'TO BIIpaBO OT M8KCHMY_Ma CIIeKTp 

sr-:.Me30HOB yohiBaeT OhiCTpee, "!eM crreKTp 
.,. . 

3r -Me30HOB. 3TO pa3DH"'He 1 BhiXo-

as:w:ee sa rrpep:enhr aKcrrepHMeHTanhHhiX Oll!HooK, Mo:m:eT ohiTh oo'bHCHeHo TeM, 

"'TO B peaKUHRX f:J+p.-.:q-++p+l-7 R p+n ~!JT~p+p B HeO,llHH8KOBO:it CTe-

rreHH CK83hiBaeTCH ac!JcpeKT B38IIMO,lleiJ:cTBHH HYKDOHa C HYKDOHOM B KOHe"'HOM COCTosr

HIIH • .UeiicTBHTenhHo, B rrepBoii peaKUHH rrpeoonaaarow:yro ponb · urpaeT rrepexoa 

ITO H30TOIIII"'eCKOMY CIIHHy H8"'8DhHOI'O If KOHe"'HOI'O COCTOH-

HHi!: .llBYHYKITOHHOll CHCTeMhi1 OCTaBDHIOW:eii 
3cv 

HeiJ:TpOH II IIpOTOH B ~ -cOCTOHHHH 1 

Bnaroaaps: H8DH"'HIO CHDbHOI'O B38HMO,lleil:CTBIISl Me:>t<ay· HYKDOHaMH B 9TOM COCTOH

HHH1 OHII ·ucrryC,J!:aiOTCSl rrpeHMYW:eCTBeHHO C MB.TihiMII 9HeprHSlMII OTHOCHTeDbHOI'O 

.llBH:m:eHHH 1 BCDe,llCTBHe "'ero B03pacTaeT .llODH 9HeprH.Ii 1 yHOCHMOll :fTr' -Me30HOM, 

B rrpoTnBorrono:m:HocTh aToMy, B peaKUIIII p+n ~ ::Jr+ ~+~ sHa"'IITenbHhill: 



I ,, 

8-

nxna.o. .o.aeT nepexo.o. T::::J. ~ T = i 1 OCTanmnoruidi npOTOHbi ,n 3p , -cocTosr-

HHH 1 KOI'.0.8 scpcpeKT B38HMO,.oeiicTniUI Me:>K.O.Y HHMH nbipa:m.eH 6onee cna6o. 

MaxcHMYMbi y ncex crieKTpon I ..o'!-sr cno6o..oHI>Ix pp -coy..oapeHHii Il:Mee-rcsr 

n BH.O.y TOnbKO HenpepbiBHbiH cneKTp OT peaKUHII p~p ._.,.::ff..,.+p+n_ /o6Hapy:m.i-

BaiOTCSI npaKTII'IeCKH npn O.O.HOii SHeprnn, KaK STO nn,.oHO H3 Ta6nHUbi1 B K01'0poii 

npHne.o.eHbi T8K:>Ke 3H8'IElHHSI cpe.o.Heii saeprHH 97" -Me30HOn n cneKTpaX, 
' , 

Kax H cne.o.onano o:m.n.o.aTb, nonyqeHH I>Ie onexTpbi .17 -Me30HOn no 'Pop Me 

OTnH'I8IOTCSI OT cneKTpa 1 
nbi'IHCneHHOI'O C yqeTOM O..OHOI'O nHWb CT8THCTH-

qecxoro neca xoae'IHbiX cocTosraHii, Cyru ecTneaao, 'ITO MaKCHMYMI>I a en exT pax, 

3aeprHsr B Max- 3aeprnsr B Cpe..oasrsr saeo- Cpe.o.asrsr 
Peaxunsr CHMyMe /n.c,/ M8KCHMyMe rnsr Me30HOn a aeprnsr 

Man Man ln.c.l Man Cjj Me30HOn 
/c.u.M.I /c,u.M./ 

Man 

p +-p ~<Ji' "*;,.p +h 143 ±.5 106 ±.5 

po~-rJ~,-++HYI(A. 145 !...8 109 :!:.8 151 116 

p +J_.»"i-HYirlt. 143 t_5 107 ±.5 144 108 

Tp·aaccpopMHponauHI>IX B c~u.M. , o6aapy:m.nnaroTcsr n o6nacTH saeprnii, 6nnsxo cooT

neTcTnyroruefi: nono:m.eauro M8KCHMyMa ceqeansr ::n-+ -t- p -paccesrunsr, 3ToT cpaKT 

yxa3binaeT aa To, 'ITO B npoueccax o6pasonaansr :lr -Mesoaon B ?d -cTonKHo

neausrx Ba::-KHYIO ponb HrpaeT HanH'Ine pe30H8HCHOI'O B38HM0.0.9HCTnHSI Me::-K.o.y fir

~e30HOM n ayxnoHoM B CC?CTOSIHHH c 1 = T = 3/2. 

VfaTerpnpoBaHHeM cneKTpon n c.u.M. no sueprun 61>mn nony'IeHbi cne.o.yro

ruHe 3H8'19HHSI ,.oHcpcpepeHUHanbHbiX Ce'IeHHii paccMaTpHnaeMbiX peaKUHii: 

-28 2 = /6,7 ±.01 7 /• 10 CM /cTepa.o. 

-28 2 
r =/5,9+_0,~/·10 CM /cTepa.o. 

elfS" - . . J - -2 8 2 ;[.iL(p+d-..7f'+HYif;tt1H6'/ -/0,57±.0,08/•10 CM /cTepa,.o. 

0 
Hafi:.o.eauoe 3.o.ecb .o.nsr yrna 90 n c.u.M • .o.Hcpcpepeuunanbaoe ceqeune o6pa-

sonaHHSI :n-+ -Me3ouon n f'P -coy.z:.·apeaHsrx npH 660 Man 6nnsxo K nenuquae 

.: l 
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/6,8+_1 ,5/•1 o-28
cM

2 
/cTepa.u, nonyqeHHOil: UeraHOBbiM H CaBqeHKo

181
• HO 3aMeTHO 

-28 2 < 191 
MeHbwe 3HaqeHHSI 19,3:!:_0,7 I .10 cM lcTepa.u, coo6meHHoro MewKOBCKIIM II .up. • 

Cyr..:;M:apH:o~,q BbiXO.UY w+ -Me30HOB OT peaKUIIii /1/ H 161 COOTBeT,cTByeT 

ceqeHIIe1£ (p+p-:7i.f+HYI<IIOH6~::: af[ (/:)-1-e/-:;-'t,.HYKAO~~-~J'(po~-d.-'JT 1-HYifiiOH~ 
= /5,30:!:_0,7 l•l0-

28
cM

2 
fcTepa.u, 0TCIO.Q8 OTHOWeH~e BepOSITHOCTei\: 06pa30B8HIIH 

:r,-+-MeaoHOB a coy.uapeHIISIX npoToHoB co cBo6o.uHbiMII. . II CBH38HHbiMII npoTOHaMH 

nonyqaeTcSI paBHbiM 

it (p+p_,$'"t,_HfMOH6/)'i) 

o/Q' ( p + P _,. ':Ji~H YI<IIOH61 J 
a'A . /H 

0,79.:!:_0,08. 

TaK KaK cneKTpbi :tr -Me30HOB oT ·pel- II/'? - coy.uapeHIIii II3MepHJIHCh B 

CTporo II.QeHTBqHhlX reoMeTpHqeCKHX YCJIOBHHX, TOqHOCTb onpe.ueneHHH BenHqHHhl 

9TOrO OTHOWeHHH o6yCJIOBJieH8 TOJlbKO CT8THCTuqecKHMH OWHOK8MH ll3MepeHHil: BbiXO

LlOB si -Me30HOB ii npuMeceii f"' -M930HO B. 

To, 'l:To npoTOHbi B .ueiiTpoHaX MeHee ·9cpcpeKTHBHbi a OTHOIUeHHH oopaaoaaHHSI 

Me30HOB 1 qeM cBo6o.uHbie npoTOHbi, MO:IKeT ObiTh ooycnoaneHo: a/ BHyTpiiH.uepHbiM 

.u BII:IKeHIIeM HYKJIOHOB II n:x aaaHMHbiM "'aaTeHeHae·M • B .ueiiTpOHaxx 
1 

6/ oonh-

weii pea6cop6uuei\ Me30HOB HYKJIOH8MII OT.Qaqu B CJiy'Iae r" -coy.uapeHIIii; 

Bf BJIHSIHHeM aanpeTa naynn .umi HYKJIOHOB OT.Qa'III B f' d-coy.uapeHIIHX, 0THOwe

HHe ~<;: {p +~+7i""_,_ HYKAoH6/1 : o/6"" (p + F ~:/1-I.J.fiYK/IoHM I vr,.. l) ol.sl- '.IH 
BOOOIUe MO:IKeT OTJlii'I~TbCSl OT e.QIIHIIUbi 1 ecnii TOJlbKO B npoueccaxrp-i-p+:JT"+HYKA~di2 

K (p+p.,.7i-I+HY/ICAOH6!)H no pa3HOMY npOHCXO.QIIT HHTepcpepeHUHH Me:lli..uy aMnJIHTy'll!. 

Ll8MK B03MO:IKHbiX Me30H-HyKJIOHHbiX COCTOHHHll. 

VIa nony'IeHHbiX .uaHHbiX cne.uyeT, 'ITO .unn yrlia 90°a c.u.M. OTHOWeHKe 'Inc

na :n-""-MeaoHOB K 'IHcny :tr"--Me30HOB oT .ueii.TepnSI paBHO 10,3:!:_1,3. Ecmr Obi 

B HYKJlOH-HyKJIOHHbiX COY .uapeHHHX o6pa30B8HHe g; -Me30HOB npOHCXO.QHJlO TOJlbKO 

'Iepe3 pe30H8HCHO~ COCTOHHHe f 1 =T =3/2/ 1 TO. OTHOWeHHe IIOJlHbiX Ce'IeHHll o6pa-

-l - ~~ 
aoBaHHSI :IT H :IT -Me30HOB B pd-coy.uapeHHSIX 6bmo Obi paaHo 11 • 

x/ 

PyKonHcb nocTynuna B na.uaTenbCKHI oTaen 
20 HIOHSI 1959 ro.ua. 

no oueHKe npoKOWKHHa I'IaCTHOe cooomeHHel npu 660 MaB B peayJibTaTe 

BHYTPHH.uepHoro .uBumeHHH ce'!eHHH npoueccoB oopaaoBaHHH MeaoHoB a HyK

noH-HYKJIOHHhlA. QOy.LlapeHIUIX .fi . .LlefiTpOHaX Ll.Oll:IKHhl QhlT.b. npHM9pHO 
H8 4% MeHbWe no cpaBHeHHIO C Ce'IeHHHMH Ha CBOOO.Q 'HbiX HYKJIOH8X, 
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Pnc. 1. CxeMa cneKTpoMeTpa: 1 - MOHHTop; 2 - nyqoK npoToHoB, 3- MHW eHb, 

4 - M8f'HHT 1 5 - cPllnbTp 1 C lCB - CUHHTHnnSITOpbi, 
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100 200 300 £,MeV 

Puc. 2. 3HepreTH'ISCKHe cneKTpbi nonO)KHTenbHbiX '!lr -MeaoHoB a na6opaTopHotl 

CHCT8M8! BS.pXHSISI KpHB8SI - OT CB060.UHbiX pp-coy.oapeHHil:; KpHB8SI, npo

BS.U8HH8SI no 9KCnepHM8HT8nbHbiM TO'IK8M - OT pJ -coy.oapemril:; 

nyHKTHp-H8SI KpHB8SI - OT pp-coy.oapeHHil: B .oeiiTpOH8X. 

I 
J 
L __ _ 
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~ ·------------------------4--l 

100 

PHc, 3, 3HepreTH'leC:KHA cneKTP oTpHuaTenbHhiX ·:If' -Me30HOB oT f'"' -coy~"B--. " 

.peHHA B .z:teATpOH8X, 

- - ------~---·'· -< .... __ ., 

\ H~ ·~~.il;~u.e~!~!h.l,,1 \Hil·-; ;.·, 

' ~ ;:,t.t:;Q;)i;;JX Ut:CJIC)l.H<•·~·· 

l. &M5JH··IOTEHl\ 


