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DYH~TOB C.A. ~ AP· PI · 12315 

06pa3oBaH~e r~nep$parMeHTOB e npoToH-~AepHwx 
B3a~MOAeHCTB~~x np~ 3Hepr~~X 70 ~ 2S0 r3B 

lkcneAOBaHo o6pa3oBaH~e r~nep$parMeHTOB B npoToH- AAepHblx eaa~Mo
AeHcTB~~x B $OT03MYilbC~~ np~ 3Hepr~AX 70 ~ 250 r3B. 3aper~CTP~POBaHo 
18 Me30HHWX pacnaAOB r~nep$parMeHTOB np~ 3Hepr~~ 70 r3B ~ 18 - np~ 
3Hepr~~ 250 r3B. 4acTOTa Ha6n~AeH~A Me30HHWX pacnaAOB r~nep$parMeH
TOB C npo6eraM~ R_:;500 MKM paBHa (2,25+0,681· 10-4 Ha OAHO B33~Mo
AeHCTBHe npH 3Hepr~H npOTOHOB 70 r3B ~ (1 ,83+0,481 10- 1 np~ 3Hepr~~ 
npOTOHOB 250 r3B. B peaynbTaTe KHHeMaT~~ecKoro aHaflM3a enepewe 
~AeHT~¢H4~PoBaHbl pacnaAbl 12\c - "- 12 N ~ 1113 • "- 11c • ( E · =4, 31 "nM 
4,79 MaB) ' \ 

Pa6oTa ewnonHeHa B na~opaTop~~ AAepHWX npo~neM OHRH. 

npenpHHT 06beLlHHE'HHoro l.fHCTHTyTa 5LJepHbiX HCC/H?DDP..RHHil. ily6Ha 1879 

Bunyatov S.A. et al. 

Hyperfraqment Production in Proton-Nucleus 
Interactions at 70 and 250 GeV 

PI· 1231.5 

The hyperfragment production in proton-nucleus interactions in 
photoemulsions at 70 and 250 GeV is researched. 18 mesic decays of 
hyperfragment at 70 GeV and 18 - at 250 GeV are registered. The fre
quency of observation of mesic decays of the hyperfragmcnts with the 
ranges R'5c 500 I'm are equal to (2.25 ± 0.68) ·10- 1 per one interacti
on at 70 GeV and (1.83 +0.48) • 10-4 at 250 GeV. As a result of the 
kinematical analysis the decays 12c , 77 -12N and 11[3 • "-ttc:' 

A A 
(F.* =4.31 or 4.79 MeV) are identified for the first time. 

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

Preprint of the Joint Institute for Nuclear Research. Dubno 1979 

1. BBE,4EHHE 

06pa30BaHHe rHrrep~parMeHTOB BO B3aHMO~eHCTBHHX HeCTpaH

HbiX a~pOHOB - ITpOTOHOB, aHTHITpOTOHOB H 77 -Me30HOB C H~paMH 
/1,12/ 

B ~OT03MYllLCHH HJyqanocL B pH~e pa6oT · B 3THX pa6oTax 

6Lma accne~oBaHa o6naCTh 3HeprHH rrepBH'IHbiX qacTHU 3-25 T3B; 

o6naCTh 60nhllHX 3HeprHH 3KCITepHMeHTanbHO He H3y'leHa. 

Mo)I(HO O)I(H~aTL, 'ITO rrpouecc o6paJoBaHHH cyrre~parMeHTOB /13/ 

so MHOroM aHanorH'IeH rrpoueccy o6pa3oBaHHH rHrrep~parMeHTOB. 

Ilo3TOMy HHTepeCHO rrony'IHTh HH~OpMaUHIO 06 o6pa30BaHHH rHrrep

~parMeHTOB rrpH 3HeprHRX rropR~Ka coTeH T3B ~nH BhiRCHeHHH, 

B 'JaCTHOCTH, BOrrpoca 0 JaBHCHMOCTH BepORTHOCTH HX o6pa30BaHHH 

OT 3HeprHH. KpoMe TOrO, rHrrepH~pa HBllHIOTCH HCTO'IHHKOM YHHKanL

HOH HH~opMaUHH o AN -sJaHMo~escTBHH; rro3TOMY HX Hccne~oBaHHe 

H B03MO)I(HOCTh 06Hapy)l(eHHH HOBhJX rHITepH,llep rrpe,llCTaBnRJOT 

CaMOCTOHTellhHhiH HHTepec. 

B ,llaHHOH pa6oTe Hccne,llyeTCR o6pa3oBaHHe rHrrep~parMeHTOB 

B rrpoToH- H,llepHhiX BJaHMO.lleHCTBHHX rrpH 3HeprHHX 70 H 250 T3B. 

2. IJOCTAHOBKA 3KCIJEPHMEHTA 

HacTOHIUaH pa6oTa RBnHeTCH rro6o'IHLIM peJynLTaTOM 3Kcrre

PHMeHTa 114• KOTophiH'" 6Lm rrocTasneH c uenLIO rroHcKa cyrrep~parMeH
TOB. )l.nH 3Toro .llBe KaMepw I A H B/, cocTasneHHLie H3 cnoeB 

~OT03MynLCHH HliKct>li- I> P- 2, 6h!nH o6ny'leHLI rrpoToHaMH c 3Hep

rHeH 70 T3B Ha ycKopHTene lict>B3 /Ceprryxos/ H O.llHa KaMepa /C/ -

rrpoToHaMH c 3HeprHeH 250 T3B Ha ycKopHTene ct>HAJl /l>aTaBHR/. 

YcnOBHH o6ny'leHHH H MeTO,llHKa ITpOCMOTpa ITO,llpo6HO OITHCaHhl 

B pa6oTe / 14 ; 
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Cpe,n;H 3aperHCTpHpOBaHHbiX npH IIOHCKe cynep<IJparMeHTOB ,!J;BOH

HbiX 3Be3,n; 6hlJIH OT06paHbl KaH));H,IJ;aTbl Ha Me30HHbie pacna,IJ;bl 

rHnep<IJparMeHTOB, TO eCTb pacna,IJ;bl C HCnycKaHHeM 3apJDKeHHOrO 

nHOHa. lihlJIH HCnOJib30BaHbl CJie,n;yiOil.IHe KpHTepHH OT6opa: 

a/ - CBB3b ,lJ;BOHHbiX 3Be3)); qepHbiM CJie,IJ;oM; 

6/ - HaJIH'lHe BO BTOpH'lHOH 3Be3,n;e CJie,n;a nHOHa; 

B/ - BeJIH'lHHa BH,lJ;HMOrO 3HeprOBbi,IJ;eJieHHB Q 60 M3B. 
B ,n;aJibHeil:weM 6y.n;eM HCnOJib30BaTb CJie,IJ;yiOil.IHe o603Ha'leHHB: 

HF" runep<IJparMeHT.MHFH NMHF- runepB,n;pa, pacna.n;aiOwHecBcucny

cKaHHeM 3apB)f(eHHOrO nHOHa H 6e3 Hero, COOTBeTCTBeHHO. 

B ,n;aHHOH pa6oTe Mbl orpaHH'lHJIHCb HCCJie,IJ;OBaHHeM TOJlbKO 

MHF,TaK KaK OHH, B OTJIH'lHe OT NMHF'. MoryT 6hiTb Ha,n;e)f(HO H.n;eH

TH<iJHIIHpOBaHbl, H H3y'laB MHF. MO)f(HO nOJIY'lHTb HH<iJopMaiiHIO 06 

3HeprHH CBJI3H A -rHnepoHa - B,\.,l].JIB NJI1HF B ocofieHHOCTH npu 

MaJibiX npo6erax, OT,IJ;eJieHHe OT <iJoHOBbiX npOIIeCCOB npaKTH'leCKH 

HeB03M0)f(H0, H He06XO,lJ;HMO npH6eraTb K CTaTHCTH'leCKHM MeTO,IJ;aM 

OIIeHKH 'lHCJia NMHF i4 lG · B cny'lae MHF HaJIH'lHe cne.n;a nuoHa 

H XapaKTepHaB BeJIH'lHHa 3HeprOBbi,IJ;eJieHHB B HeCKOJibKO ,n;eCBTKOB 

M3B no3BOJIBIOT Ha,n;e)f(HO oT.n;eJIHTb MHF or <boHOBbiX npoiieccos. 

3. KHHEMATHqECKHHAHAHH3PACllA~OB 
FHllEP<PPAFMEHTOB 

Bcero 6bmo 3aperHcTpHpoBaHo 18 MHF rrpH 3HeprHH nporoHoB 

70 F3B H 18 MHF npH 3HeprHH 250 F3B. KHHeMaTHKa pacrra.n;oB 

rHnepB,n;ep npoaHaJIH3HpOBaHa C DOMOil.lbiO MOAH<iJHIIHPOBaHHOH rrpor

paMMbi "ASTRA" 16 · Ha 3BM CDC- 6500. KHHeTH'lecKaJI 3HeprHB 

npo,n;yKTOB pacna.n;a onpe,n;eJIJIJiaCb c y'leToM norrpaBKH Ha TOPM03HYIO 

cnoco6HOCTb 3MYJibCHH, onpe,n;eneHHYIO no npo6eraM MIOOHOB OT 

pacna.n;a IT· ·11' ''v TopM03HaB cnoco6HOCTb HawHx 3MYJibCHH 

no OTHOWeHHIO K TOpM03HOH CDOC06HOCTH CTaH,n;apTHOH 3MYJibCHH 

OKa3aJiaCb paBHOH .0,9814±0,0092, 1,0135±0,0086 H 1,0121± 

±0,0077 ));JIB KaMep A.B H C COOTBeTCTBeHHO. 

KHHeMaTH'leCKHH aHaJIH3 npoBOAHJICB B TPH 3Tana. BHaqane 

BCe C06biTHB 6biJ1H npoaHaJIH3HpOBaHbl B npe,n;noJIO)f(eHHH, 'ITO 

OTCYTCTBYIOT ,n;pyrHe npo,n;yKTbl pacna,n;a, KpOMe BH,lJ;HMbiX B 3MYJib-

CHH. 0T6HpaJIHCb TOJibKO Te 

KOTOpbiX cyMMapHbiH HMnyJibC 

C ,!J;OCTOBepHOCTbiO 6oJiee 1~ 

4 

runoTe3bl o KaHane pacna.n;a, npu 

npo,n;yKTOB pacna.n;a paBHBJICB HYJIIO 

lx ~ < 11,3/. 3aTeM co6biTHB, AJIB 

KOTOpbiX He 6hlJIO noJiy'leHO HH O));HOrO npHeMJieMoro peweHHB, 

6hlJIH npoaHaJIH3HpOBaHbl B npe,IJ;DOJIO)f(eHHH, 'ITO pacna,n; DpOHCXO,lJ;HT 

Ha JieTy. IlpH 3TOM Tpe60BaJIOCb, 'IT06bl CYMMapHbiH nonepe'lHbiH 

HMnyJibC npo,n;yKTOB pacna,n;a /OTHOCHTeJibHO HanpaBJieHHB ));BH)f(e

HHB HF /paBHBJICB HYJIIO c ,!J;OCTOBepHOCTbiO 6onee 1 ~ I x'4 9,2/. 
2 

B C06biTHBX, ));JIB KOTOpbiX H B 3TOM CJiyqae He 6biJ10 noJiy'leHO 

HH O,!J;HOrO DpHeMJieMOrO peWeHHB, paCCMOTpeHa B03MO)f(HOCTb 

pacna,n;a C HCIIYCKaHHeM HeHTpOHa HJIH KOpOTKOnpo6e)f(HOro 

/R::::1,5 MKM/. HeBHAHMOrO B 3MYJibCHH B,IJ;pa OT,IJ;a'IH, KOTOpbiM 

npHnHCbiBaJICB He,IJ;OCTaiOil.IHH HMnyJibC. 

)J.onOJIHHTeJibHbiM KpHTepHeM OT6opa CJIY)f(HJIO COBna,n;eHHe no

Jiy'leHHOrO 3Ha'leHHB 3HeprHH CBB3H A- runepoHa B A c H3BeCTHbiM 

));JIB ,n;aHHOrO rHnepB,n;pa:'l?·l
91 

HJIH 0)f(H,IJ;aeMbiM H3 JIHHeHHOH 3aBHCH-
T 

MOCTH BA oT MaccoBoro 'lHcna runepB,n;pa 3Ha'leHHeM B A c .n;ocTo-

BepHOCTbiO 6oJiee 1~ /x ~ · 6,6/. KaHaJibi pacna.n;a, .n;o cHx nop 

Ha,IJ;e)f(HO He H,IJ;eHTH<iJHIIHPOBaHHbie, paCCMaTpHBaJIHCb TOJlbKO B CJiy

qae, ecJIH HH o.n;Ha H3 rHnoTe3 o6 H3BeCTHhlX KaHanax pacrra.n;a He 

Y.UOBJieTBOpBJia O,!J;HOBpeMeHHO 3aKOHaM COXpaHeHHB 3HeprHH H HM

rryJihca c .n;ocToBepHOCTbiO 6oJiee 1 ~-

KpoMe Toro, TaM, r.n;e 3TO 6bmo B03MO)f(HO, ,n;nB orrpe.n;eneHHB 

rrpHpO,!J;bl HF HCIIOJ1b30BaJiaCb HH<iJOpMaiiHB 0 ero 3apll,n;e, IIOJiyqeHHaJI 

B pe3yJibTaTe H3MepeHHJI 3aBHCHMOCTH WHpHHbl cne,n;a HF' OT OCTa

TO'lHOrO rrpo6era /KaK 3TO 6biJIO C,IJ;eJiaHO B pa6oTe 20/j, HJIH 

B pe3yJibTaTe H3MepeHHB pacceBHHJI CJie,n;aHF,a TaK)f(e HH<iJOpMaiiHJI 

0 IIpHpo,n;e IIpo,n;yKTOB pacrra,n;a - HaJIH'lHe CJie,IJ;OB 3JieKTpOHOB OT 

{1 -pacrra.n;a, T-o6pa3HbiX cne,n;oB H T.,n;. 

XapaKrepHCTHKH o,n;H03Ha'IHO H.n;eHTH<bHIIHPOBaHHhlX rHrrepB,n;ep 

rrpe.n;cTaBneHhi B ma6A. 1. 
Ha rrepBoM 3Tarre aHaJIH3a peweHHB 6biJIH nony'leHbi B 25 cny

qaBx; B 16 OHH 6biJ1H e,IJ;HHCTBeHHbiMH /B ));BYX H3 HHX - C y'leTOM 

HH<iJopMaiiHH o 3apJI,n;e HF I. 11.3 ,n;eBBTH HeOAH03Ha'lHO u.n;eHTH<bHIIHPO

BaHHhlX HF 5 BBJIBIOTCB rHrrepB,n;paMH renHB AHe. ocTaJibHbie He HMeiOT 

o,n;H03Ha'IHOH HAeHT]1<bHKaiiHH 3apB.n;a /AH-A He, A He-ALi, ,\He- ALi- ABe. 

.\ Li · \ l3e- \B/. 

0,IJ;HO C06biTHe 6biJ10 O,!J;H03Ha'IHO H,IJ;eHTH<iJHIIHPOBaHO KaK pacrra,n; 

\He • IT- p 3He Ha neTy. 

TpH runepB.n;pa o.n;ilo3Ha'IHO u,n;eHTH<bHIIHPOBaHbl HaMH 

B IIpe,n;IIOJIO)f(eHHH, 'ITO He,IJ;OCTaiOil.IBH HMDYJibC YHOCHTCJI HeBH));HMbiM 

B 3MYJibCHH JI,IJ;pOM OT,IJ;a'IH. 0,n;Ho H3 HHX - lx C- 6hlJIO no,n;po6HO ODH-
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CaHO B Hameii: pa60Te:20: B HaCTOJIUJ;ee BpeMJI HMeiOTCJI CBe,IJ.eHHJI 19. 

0 Ha6JIIO,IJ.eHHH O,IJ.HOrO CJiy'laJI 'leTblpeX'IaCTH'IHOro H 'leTblpex

TpexqacTH'IHoro pacrra,11.a rarrepJI,II.pa 1\C llpaBe,IJ.eHHoe u pa6oTe 19 

JHa'leHHe 3Hepraa CBJI3H Bt\.,paBHOe 10,76±0,19 M:JB, courra,11.aeT 

B rrpe,ll.eJiax oma6oK HJMepeHaii: co JHa'leHHeM B\= 11,14±0,57 M:JB, 

orrpe)l.eJieHHbiM HaMH B pafiOTe ~O ~Ba ,ll.pyrHX C06biTHJI JIBJIJIIOTCJI 

Ta6Au14a I 

0,1J.H03Ha'IHO H,IJ.eHTH4!HUHPOBaHHble rarrepJI,II.pa 

Nc KaHan 
pacrraaa 

BA' 

M3B 

3aKOUW COXpaHeHHH: 
ur-mynbca 3HepruH flpH~te'UlHlle 

~ 

(; 
ry 4-... -4p 
v )j.o.l--+ J( HG 

4 
;:; 

6 ~1-Jr-P~ 

.... ?S:t_.£ • .::2 
0.28±~.35 

2.83±.::.35 
.::.I2±I.53 
2.23iL54 

1.83±0. 75 

v2 x2 
A 3 ·- 1_ 

4.S5 
2.26 
8.CG 
I.C3 
7.73 

S.42 

G.03 
::.G7 
G.35 
C.3C 
C.C2 

3arnu HF onpe!t.c
c.a:; neu no paccemw 

7 ·lr· ~ " 8 A''e- JCp"llc l.:J6±C. 74 ~ro cne!W 
0.98:!::;:.25 ---

U.67 
8.07 

1.26 
l.27 Pacna.J( I:r! .~c-:· 

s 
iO 
·- 51' - ·1-, ... 1. A .~.c---. rr ,i-:- ... J.c 
~2 
·~ 

'"" 
.::.1 
'57.. -C.,. 

l 11"c- rr ~· w~ 
iG 

i7 ~Li-n--4:ic4Hc 

IS Sse- 11'-P 7Be 
II 

IS' IIn.- --lirdE _, n v 

3.24±0 •. 50 
2.7a±0.64 
2.67±0.51 
2.37±0.62 
5.2G±I.33 

4.54±C.6S 
5.·15+0.76 
2.I4±C.S5 

5.64±C.77 

6.~.63 

..:o.60+0.8C 
;rnoo 

( CJ:, TC!(CT) 

IO.I2±0.80 

20 ~;~w=±;k~ilL l.i.2I±O.G8 

ZI L~c-,r=~N .LI.I4;tC.5'i' 

4.43 
C.S8 

•l.C3 
3.~3 

.::.38 
8.40 

7: 

0.62 

2.00 

* 

6.0S 

" 

0.06 
C.27 
0.77 
I.45 
2.GO 

0.80 
G. 1:·1 
.L.7S 

2.25 

0.'78 

npHCyTCTByer 
ClleA f3-'WCTIIUI.1 

3aiJM HF onpe.ne
Jieu no ll:ltiepeHJIIIJ 
llll!Jllllm ero CJie,na 

0. 20 3aPM HF onpc;:-,
JICE ITO JCl:IepCHl:U 
mrprnru cro c..'!c;:;c.; 
nrn;cy:-coznycT 
c.'!e,J; _,8 -qacTJ:r'.l' 

G.G6 

o.:G e::. !i! ::::9 

,. Pacrra~ c HeBH,IJ.BMhiM JI,D.poM OT,II.a'IH. 3Ha'leHHJI I3,~ ,IJ.JIJI rarrep

JI,D.ep ~He H 1~ B3JITbl paBHbiMH 3Ha'leHHJIM B \ B JepKaJibHbiX rarrep
JI,II.pa~ 7Be 8 ' 12B, COOTBeTCTBeHHO. 

:\ \: 
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pacna,IJ.aMB XHe • rr~p6He. B O,II.HOM cny'lae rarrep.11,11.poXHe Haxo,II.HT

C.II B OCHOBHOM COCTO.IIHHB /B 3TOM C06biTHH JaperHCTpHpOBaH 

cne,11. 3JieKTpoHa oT f3 -pacrra,IJ.a .11,11.pa OT,IJ.a'IH 
6
He /. B ,11.pyroM - 7He

B H30MepHOM COCTOJIHHH 17 • 19 ·· C B036y)K)I.eHHblM .ll,ll.pOM-OCTOBOM 

6
HejE*=1,71 M:JB/. 

KpoMe Toro , B ma6A. I BKJIIO'IeHo ew;e O,II.HO co6hiTHe - pacna,11. 

MHoroJap.II,II.Horo rarrep.ll,ll.pa Ha rr- -Me30H c rrpo6eroM ~ 1,6 CM 

B HeBH,II.HMOe B 3MYJibCHB {:3 -aKTHBHOe Jl,ll.pO OT,IJ.a'IH. 14 aHaJIOrH'IHblX 

co6hiTHH 6biJIH o6Hapy)KeHhl B pa6oTe 17~ HHTeprrpeTHpOBaHhl KaK 

pacrra,IJ.hi ranep.11,11.ep 14 • 1 ~ N ~ rr-
14

•
15 0 . lionee TO'IHoe orrpe

,IJ.eJieHHe MaCCOBOrO 'IHCJia rHnep.11,11.ep B TaKHX C06biTH.IIX HeB03MO)I(

HO ,IJ.a)Ke C y'leTOM HaJIH'IHJI CJie,IJ.a IT03HTpOHa OT ~-pacrra,IJ.a .11,11.ep 

14· 15 0. TaK KaK MaKCHMaJibHaJI 3HeprH.II IT03HTpOHOB npaKTH'IeCKH 

O,II.HHaKoBa /~3 M:JB/. Bbi6op Me)K,IJ.y 3THMH rarroTe3aMH B03MO)I(eH 

TOJibKO Ha OCHOBaHHH aHaJIH3a pO,II.HTeJibCKHX 3Be3)l,, 'ITO H y,IJ.aJIOCb 

C,ll.eJiaTb aBTOpaM pa60Tbl.17n Tpex CJiy'la.IIX, B KOTOpblX o6pa30Ba

HHe 1fi,N OKa3aJIOCb KHHeMaTH'IeCKH HeB03MO)I(HbiM, B CHJI)' qero 

Bee 14 co6biTHii: 6hiJIH rrpHrrHcaHbl pacnaJJ.Y rHrrep.11,11.pa 1~N. 0JJ.HaKo, 

KaK yKa3biBaJIOCb B pa60TaX '17 ,18 , B03MO)I(Ha aJibTepHa THBHa.ll 

HHTepnpeTaUHJI TaKHXC06biTHH KaK pacna,II.OB 
1

\I3 ·• rr-
11

C"·, BKO

TOpbiX .11,11.p0 OT)I.a'IH 11C OKa3biBaeTC.II B B036y)l(,ll.eHHOM COCTO.IIHHH 

c 3HeprHeii: Bo36Y)I(JJ.eHH.II 4,31 HJIH 4,79 M:JB,c rrocne,ll.yiOw;HM y·ne

pexo,IJ.OM B OCHOBHOe COCTO.IIHHe H {1- pacrra,IJ.OM llc • e' r• 
11

I3. 0,1J.HaKO 

TaKall HHTeprrpeTaUH.II B03MO)I(Ha JIHlllb B TOM CJiyqae, eCJIH 3HeprH.II 

noJHTpoHa npH pacna,IJ.e HeBH,II.HMOro .IIJJ.pa OT,II.a'IH He rrpeBbllllaeT 

0,96 M:JB - MaKcHMaJibHOii: 3HeprHH rroJHTpoHa rrpH pacrraJJ.e 
11 

C. 

Bepo.IITHOCTb pacrra,II.OB rHrrep.IIJJ.pa 1 \l3 B O,II.HO H3 B036y)l(,ll.eHHbiX 

COCTOJIHHH JI,IJ.pa OT,II.a'IH 
11

C/E*=4,31 HJIH 4,79 M:JB/ O)KH,IJ.aeTC.II 

He6onblliOH - He 6onee 5* oT o6w;ero 'IHCJia pacrraJJ.OB 
1

AI3,o,II.HaKo 

OHa He HCKJIIO'IeHa ITOJIHOCTbiO. 

3apll,ll. o6Hapy)KeHHoro HaMH HF,orrpe,ll.eJieHHblii: no H3MepeHHIO 

lliHPHHbi ero cneJJ.~, paBeH Z 5-6. llocKOJibKY ,ll.aHHOe co6biTHe He 

MO)I(eT 6h1Tb HHTeprrpeTHpOBaHO KaK pacrra,IJ. KaKoro-JIH60 HF C 3apJI

,II.OM Z =5-6 B OCHOBHOe COCTO.IIHHe .ll,ll.pa OT,IJ.a'IH, TO Mbl paccMaTpH

BaeM 3TO co6b1THe KaK B03M.O)f(Hblii: npHMep pacrra,11.a ranep.11,11.pa 

11\B B O,II.HO H3 B036y)K,IJ.eHHblX COCTO.IIHBH .11,11.pa OT,IJ.a'IH 
11

C/E* = 
. 11 

=4,31 HJIH 4,79 M:JB/. BenH'IHHa Bi\B rarrep.11,11.pe i\B oKaJanach 

paaHoii: 10,60±0,80 M:JB, ecnH pacrra,11. H,ll.eT B cocTOJIHHe 4,31 M:JB, 

ana 10,12±0,80 M:JB, ecJIB - 4,79 M:JB /H3BeCTHoe JHa'leHHe 
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JHeprHH CBJIJH A- rHnepoHa B JTOM rHnepJI~pe B,\ paBHo 10,24± 
±0,05 M3B / 17 /. 

OcTaJibHbie 6 rHnepJI~ep JIH6o He HMelOT HH o~Horo peweHHJI 

/HanpHMep, HJ- Ja pacna~a c HcnycxaHHeM 6onee 'IeM o~Horo 
HeBH~HMOrO npo~yKTa pacna~a/, JIH60 HMelOT HeO~HOJHa'IHYIO HHTep

npeTaQHIO. HJ 3THX C06~THH MO~HO OTMeTHTb pacna~ rHnepJI~pa 
no O~HOMY H3 KaHaJIOB: 

1s,14N _ 11,12c 
J\ -> 7T pp ' 

JIH6o 

14,1~\0 _, ,-pp 12, 13N. 

ToJibKO B cnyqae rHnepJI~pa 11~N JI~po OT~a'IH He JIBJIJieTcJI p-aKTHB

HbiM /B 3MYJibCHH OTCYTCTByeT CJie~ f-J- 'IaCTHUbi/. Ilony'IeHHOe lip H. 

JTOM JHa'IeHHe B A ( 1~N) =12,98±0,51 M:JB cornacyercJI c o~H
~aeMhiM JHa'IeHHeM Bj\ --12,2 M:JB, paBHbiM senH'IHHe JHeprHH 

CBJIJH A- rHnepoHa B JepxanbHOM rHnepJI~pe 1\C.B JIHTyparype 

HMelOTCJI CBe~eHHJI 06 O~HOM C06biTHH, HHTepnpeTHpOBaHHOM KaK 

pacna~ rHnepJI~pa 1~N /BA=ll,7±0,7 M:JB/ 2,1 l<poMe roro, qacTb 

C06biTHH, HHTepnpeTHPOBaHHbiX B pa6oTe 17 KaK pacna~bl 1 ~N .Mo~eT 
6biTb pacna~aMH rHnepJI~ep 1;\N. BoJMO~HOCTb anbTepHaTHBHbiX 

HHTepnpeTaUHH ~aHHOrO C06~THJI 6onee npo6neMaTH'IHa, IIOCKOJibKY 

He HMeeTCJI KaKHX-nH60 3KCnepHMeHTaJibHbiX ~aHHbiX 0 BeJIH'IHHe 

BAs rHnepJI~pax l,~N H 
14 • 1 ~0. xpoMe oQeHKH HJ JIHHeii:Hoii: JaBHCHMoc

TH BA or Maccosoro 'IRena HFO~Haxo nonHoCTblO HCKJIIO'IHTb BOJMo~
HOCTb aJibTepHaTHBH~X HHTepnpeTaQHH ~aHHOro C06hiTHJI HeJib3JI. 

Eme o~Ho pe~xoe co6biTHe - pacna~ rHnepJI~pa c JapJI~OM Z 2-3 
Ha ,+- MeJOH, H30TOn BO~Opo~a HJIH reJIHJI H, IIO- BH~HMOMY, ~Ba 
HJIH 6onee HenrpoHa. HaJIH'IHe 6onee 'IeM o~Horo HeBH~HMoro 
npo~yKTa pacna~a He nOJBOJIHJIO H~eHTH¢HUHPOBaTb ~aHHOe rHnep

JI~po. 

4. llACTOTA HAEJIIO,l(EHHH MHF 

IlpH onpe~eneHHH qacTOTbi Ha6nJO~eHHJI MHF 6hiJIO Y'ITeHo TO 

06CTOJITeJibCTBO, 'ITO 'IaCTb JaperHCTpHpOBaHHbiX npH npOCMOTpe 

3Be3~ o6yCJIOBJieHa BJaHMO~eHCTBHJIMH BTOPH'IH~X 'IaCTHU. IlOJTOMy 

M~ OQeHHJIH 'IHCJIO BJaHMO~eHCTBHH nepBH'IHbiX npOTOHOB C JI~paMH 

8 

·~ 

ij 
) 

B IIpOCMOTpeHHOM 06beMe. )J;JIJI 3TOrO B Ka~~OH KaMepe 6biJIO 

OIIpe~eneHO pacnpe~eneHHe HHTeHCHBHOCTH ny'IKOB nepBH'IHhiX npo

TOHOB. IlpH OQeHKe 'IHCJia nepBH'IHbiX BJaHMO~eHCTBHH ~JIHHa CB0-

60~HOrO npo6era ~0 Heynpyroro BJaHMO~eHCTBHJI ~JIJI IIpOTOHOB 

C 3HeprHeH 70 H 250 F:JB C'IHTanacb paBHOH _, 35 CM 2~/rHnep

¢parMeHTbl, o6pa30BaBWHeCJI BO BTOpH'IHhiX BJaHMO~eHCTBHJIX, He 

Y'IHTbiBaJIHCb npH onpe~eneHHH qacTOTbi Ha6nJO~eHHJI MHF. BTopHq

Hoii: C'IHTanacb JBeJ~a. o6paJoBaHHaJI qacTHQeii:, BbiJieresweu HJ 

~pyroro pacmenneHHJI. HJIH qacTHUeii:, cne~ KOTopou OTJIH'IaJicJI no 

yrny norpy~eHHJI I) HJIH no yrny B IIJIOCKOCTH 3MYJibCHH ¢ 6on~e 
'IeM _Ha TpH CTaH~apTHbiX OTKJIOHeHHJI OT <;:pe~Hero JHa'IeHHJI Op 

HJIH <.) • onpe~eJieHHbiX ~JIJI CJie~OB nepBH'IHbiX npOTOHOB. 
]l 

Pe JYJihTa Tbl npOCMOTpa H OT6opa C06~THH npe~CTaBJieHhl B 

111a6A. 2. B ~aJihHeii:weM see peJyJibTaTbi OTHOCJITCJI K MHF. o6pa

JOBaBWHMCJI B nepBH'IHbiX BJaHMO~eHCTBHJIX. 

MeTO~HKa IIOHCKa ~BOHHhiX JBeJ~ B npe~enax nOJIJI JpeHHJI 

~HaMeTpOM --750 MKM, HCnOJib30BaHHaJI B pa6oTe d4;He IIOJBOJIHJia 

J¢4leKTHBHO perHCTpHposarh MHF c npo6eroM 6onee 500 MKM. Kax 

BH~Ho HJ pacnpe~eJieHHJI MHF no npo6eraM I puc. 1/, ocHOBHaJI ~OJIJI 

MHFHMeeT npo6erH MeHee 100 MKM, H C pOCTOM npo6eroB 'IHCJIO 

MHF' 6biCTpo y6biBaeT. Y'IeT BOJMO~HbiX noTe ph, CBJIJaHHhiX c npo

nycxoM ~JIHHHOnpo6e~HbiX jR>500 MKM/MHF, BeCbMa JaTpy~HHTeneH, 

IIOCKOJibKY HMelOLQHeCJI B JIHTepaType ~aHHhle He COrJiaCylOTCJI ~pyr 

c ~pyroM. Tax, ~OJIJI MHFc npo6eroM 6onee 500 MKM, o6paJosas

WHXCJI B ,- A -sJaHMO~eHCTBHJIX npH 3HeprHJIX 4,2 H 17 F:JB, 
COCTaBJIJieT ~ 10o/o .B H ·4o/o'9; COOTBeTCTBeHHo', B TO BpeMJI KaK 

~OJIJI ~JIHHHonpo6e~HbiX HF, xax H o6bi'IHhiX ¢parMeHTOB, c poe ToM 

3HeprHH HaJieTalOLQHX 'IaCTHU ~OJI~Ha HeCKOJihKO B03pacTaTb -·24·26·. 

IloJTOMY Mbi onpe~eJIHJIH qacTOTY Ha6n10~eHHJI MHF c npo6eraMH 

R :-~ 500 MKM, KOTOpaJI, C y'IeTOM reoMeTpH'IeCKHX nonpaBOK H J4J

¢eKTHBHOCTH perHcTpaUHH MHF, B npoToH- JI~epHbiX BJaHMo~eii:cTBHJIX 

npH JHeprHH 70 F:JB pasHa /2,25 ±0,68/-10-4 Ha o~Ho BJaHMO~eB:

CTBHe, a npH 3Hep~HH 250 F:JB - /1,83±0,48/·10-4
.KaK BH~HO 

HJ JTHX peJyJihTaToB, qacTOTbi Ha6JIJO~eHHJI MHFc npo6eraMH ~o 

"'Ilo ~aHHhlM pa60Tbl .231'B KOTOPOH perHCTpHpOBaJIHCb TaK~e 
MHF.sbiXO~JILQHe HJ cnoJI, B xoTopoM OHH o6paJoBaJIHcb, ~onJI MHF 

C npo6eraMH R 500 MKM COCTaBJIJieT B rr- A-BJaHMO~eHCTBHJIX 
npH 4,5 F:JB 20o/o. lloJTOMY MO~Ho o~H~aTb, 'ITO npH HawHx 

ycnoBHJIX npocMoTpa TepJieTCJI He 6onee 20- 30o/o HF. 
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500 MKM B pA-o3aHMOJleBCTBHJIX npu 3HeprHJIX 70 H 250 F:JB 

B npe}lenax owu6oK H3Mepeuuii ue pa3JIH'IaiOTCJI. 

N 

c=J 70r3B 

~ 2sor3B 

I V//"4 (! [l . 
I I I I 1.2 1.3R,MM 

Puc .1. Pacnpeoe/leHue MHF no npo6ezaM. 

8 "'a6/l. 3 npe}lCTaBJieHbl MBpOBble }laHHble ;1 l2; no o6pa30BaHBIO 

HF oo B3aHMOJleiicTBHJIX uecTpaHHbiX a}lpouoo c JIJlpaMH o 4Jon).-

3MYJILCBH. Heo6XOJlHMO OTMeTHTb, 'ITO He BO BCeX 3THX pa6oTaX 

aoTopbl cTaBHJIH nepeJl co6oii 3a}la'ly onpeJleJIHTb oepoliTHOCTb 

o6pa3oBaHBJI HF oo B3aHMOJleiicTBBJIX 'laCTHU onpe}leJieuuoro Tuna 

c JIJlpaMB npu onpe}leneuuoii 3Hepruu, u no3TOMY B pl!Jle pa6oT 

npHBOJlJITCll }laHHble TOJibKO no 06IUeMy 'IHCJiy 3aperHCTpHpOBaHHbiX 

3Be3Jl u o6uapy>KeHHbiX HF. BKJiaJl >Ke BTOPB'IHbiX B3aHMOJleiicTBHii 

CHJILHO 3aBBCHT OT pa3MepOB 30Hbl npOCMOTpa B uanpaoJieHHH 

JlBH>KeHBJI nepBB'IH.biX 'laCTHU /eM., uanp., ma6A. 2/. KpoMe Toro, 

npu onpe}leneuuu qacTOTbl ua6JIIOJleHHJI HFo pl!Jle pa6oT ue y'IHTLIBa

JIHCb }lpyrue He06XOJlHMble nonpaBKH. 06yCJIOBJieHHOe 3THM pa3JIH

'1He JlaHHbiX no o6pa3oBaHHIO HF B pA -o3aHMOJleiicTBHliX npu 3Hep

ruu ~· 20 F:JB 9•10ue no3BOJIJieT CJleJiaTL onpe}leneuuoro BLIBOJla 

o6 H3Meueuuu oepoJITHOCTH o6pa30BaHHll HF npu yoeJIH'IeHHH 3Hepruu 

OT 20 JlO 70-250 F:JB. 
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Ta611U1.1a 3 

qaeTOTa Ha6JUO)J;CHHJI HF f HF H MHF f MHF BO B3aHMO)J;eHeTBHJIX He

eTpaHHbiX a)J;pOHOB e JI)J;paMH B 4JoT03MynbeHH* 

THn 3HepruH, 
'IBCTHUhl faB 

3 

G 
D.G 
~ 1

' 22 

p 

fl-

•)r. 
"',) 

I'L! 
2SO 

4. ~~ 

3 
3.1 
4.2-

•1. 5 

1.C 
17.1 

-3 -4 
fHF' 10 fMHF'10 

OS1:t0.22 ----
0. ~;'I :tO• 2G ----
O.'i ± 0.3 ----
O.IO:t0.02 O.Il:tC.OG 
0.1G_t0.03 ----
l.O ± O.I c.5 ± o"" 
:LO ± G.S 1.3 ± u.c: 

2.:~.)+ U.GC, 

LG3:t0.13 

cu; ± u.J 3.~' ± :::.o 
2.35:tU.4S 3. l ± 1.4 

C.,. ± U.1 LJ.4 ± 0.2 
1.0 :': 0.1 0.1 ±0.14 

1.5 + u.::: 
I .ll :': li.3 3.0 :': 0.5 
I.9 ± 0.2 I.<: + li.5 

l.5 ± 0.2 1.8 ± 0.5 
3.C ± 0.:3 1.5 ± u.~ 
I.O + U.l U.\1 ± 0.2 

NMHF Pa6ora 

-- 2 

i ~ 

-- 2 
G [3 

2 7 
2[:, IO 
22 9 
~3 JlBHHBH 

iG pa6ora 

1 11 

G c2 

3 2 
\; 10 

40 G 
37 1 

G 5 

11 3 
23 s 
35 10 

" HeKoTOphle H3 JHa"'eHHH r
11

FH 6onbWHHeTBO JHa"'eHHH fMIIF' 

npHBC)J;CHHbiX B Ta6nHQe, onpe)J;eneHbl HaMH no )J;aHHbiM eOOTBCT

eTBYJOIQHX pa6oT 'l· 3J>-1 2 . no KOnH"'eeTBY JaperHeTpHpOBaHHblX 

3BC3)J;,HF. H MHF 

llo-BH)J;HMOMY, HeKpHTH"'HOe epaBHCHHC peJynbTaTOB pa3HbiX 

pa6or 6e3 yqera paJnH"'HJI B enoeo6e onpe)J;eneHHJI "'aeroTbi Ha6nJO

)J;eHHJI HF H paJnH"'HJI B KpHrepHBX oT6opa NMHF BBnBereB npH"'HHoii: 

npOTHBOpe"'HBOeTH BbiBO)J;OB OTHOeHTCTibHO JaBHeHMOeTH qaeTOTbl 

HenyeKaHHB HF or JHeprHH /eM. pa6orbi ,7,9,10.'/. 

5. XAPAKTEPHCTHKH MHF H POJ{HTEJII:.CKHX 3BE3J{ 

Cpe)J;Hee JHa"'eHHe eyMMapHoro "'Hena qepHbiX H eepbiX ene)J;OB 

B pO)J;HTenbeKHX JBeJ)J;ax Nh paBHO 17,6 ± 1,2 npH JHeprHH nporoHoB 

70 F3B H 23,1±1,2 npH JHeprHH 250 F:JB. )l.onB MHF,o6pa3oBaBwHx-

12 

eB BO B3aHMO)J;CHeTBHJIX nepBH"'HblX npOTOHOB e TJI)KCTiblMH JI)J;paMH 

Ag, Bl' B 3MynbeHH, onpe)J;eneHHaJI H3 yenOBHJI Nh :> 7, eoeraBnJieT 

85± 11 ~ npH 70 F:JB H 94±6~ npH 250 F:JB. 3TH pe JynbTa Tbi 

eorrraeyJOTeJI e yTBep)K)J;CHHCM t5;"1TO no)J;aBnJIJOIQaJI )J;OJIJI HF /" 90~/ 

BO B3aHMO)J;eHeTBHJIX BbleOKOJHepreTH"'HbiX a)J;pOHOB e JI)J;paMH 

B 3MYJibeHH o6pa3yeTeJI Ha TJI)KCTibiX JI)J;pax, B TO BpCMJI KaK BO 

BJaHMO)J;eii:eTBHJIX Me)J.neHHbiX K- -MeJoHoB 6orrbruaB qaeTb HF 

o6paJyeTell Ha rrerKHX B)J;pax C. N. 0. 
DOJlblliHHeTBO H3 O)J;HOJHa"'HO H)J;CHTHclJHQHpOBaHHblX no BCJIH"'HHe 

JapH)J;a MHFBBJIJIJOTeB rHnepB)J;paMH Bo)J;opo)J;a /5/ H reJIHJI /11/. 
KpoMe Toro, H)J;eHTHcPHQHpoBaHo )J;Ba rHnepB)J;pa 6opa H no OJJ.HOMY -

JIHTHJI, 6epHJIJIHJI H yrnepoJJ.a. YMeHbWeHHe "'HenaMHF e yaenH"'eHHeM 

HX JapBJJ.a no epaBHCHHIO e rHnepliJ],paMH BOJ],OpOJ],a H reJIHll 

o6blleHl!eTell no)J,aBJICHHCM BepOliTHOeTH MC30HHblX paena)J.OB e poe

roM Maeeoaoro "'Hena HF. 

Yrrroaoe paenpeJ].eJieHHe MHF /puc. 2/ yKaJbiBaeT Ha cymecrao-
15' 

aaHHe acHMMeTpHH B HanpaaneHHH Bbinera HF · ·. BenH"'HHbi F B. 

r .IJ.e F H B - "'HCJia MHF. BblJleTaJOIQHX B nepeJJ.HJOJO H JaJJ.HJOJO nonycclJe

pbl no OTHOWCHHIO K HanpaBJICHHIO )J,BH)KCHHll nepBH"'HblX "'aCTHQ, 

paBHbi 2,25±1,02 npH JHeprHH 70 F:JB H 2,00t0,82 npH JHeprHH 

250 F:JB. 

N 

6 

4 

2 

-1.0 -0.5 

0 70r3B 

~ 250r3B 

0.0 0.5 1.0 case 
Puc.2. Yz11oeoe pacnpeoeAeHue MHF. 
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Ta6Aufla 4 

Pacnpe~eneHHe MHF no KHHeTH'IeCKOB JHeprHH, npHXO~JIIlleBCJI Ha 

e~HHHllY JapJI~a (A) H Ha O~HH 6apHOH (B) 

-~-------------------- - -------------
T/Z, 
M3B 0-3 :Y-6 6-9 9-12 12-15 15-18 18-21 >21 

A 
N 6 -~ 5 4 2 1 5 2 

-~------------------------~ 

-~--------------------------

T/A, 
D-2 2-4 4-6 6-8 8-10 >10 M3B 

B 

N 9 5 5 2 3 

Pacnpe~eneHHe MHF no KHHeTH'Iecxoil JHeprHH, npHxo~JIIlleBc.ll 

Ha e~HHHllY 3apJI~a H Ha O~HH 6apHOH, npHBe~eHO B ma6A. 4. 

Bbipa)l{eHHe JHeprHH B e~HHH{lax T Z o6ycnoBJJeHO TeM o6cTOJITenb

CTBOM, 'ITO yrJIOBbie, JHepreTH'IeCKHe H pJI~ ~pyrHX pacnpe~eJieHHB 

H xapaxTepHCTHK IIF aHanorH'IHbi cooTBeTCTBYIOiliHM pacnpe~eneHHJIM 

06bi'IHbiX liJparMeHTOB /15,24 '. )J.JIJI 06bi'IHbiX liJparMeHTOB JHa'leHHe 

HaH6onee BepOJITHOB HX JHeprHH, npHXO~JIIlleBCJI Ha e~HHHllY JapJI~a, 

cna6o JaBHCHT oT npHpo~bl !lJparMeHTa /no xpaiiHeil Mepe, npH 

Z·.:.5·6/ H COCTaBJIJieT ~5-7 M:JB ~JIJI liJparMeHTOB, o6paJYIOiliHXCJI 

BO B3aHMO~eBCTBHJIX IIpOTOHOB C JHeprHJIMH 1 H 5,5 F:JB C JI~paMH 

cepe6pa•251. To )l{e MO)I{HO CKa3aTb H 0 BeJIH'IHHe cpe~HeB KHHel'H'IeC

xoil JHeprHH, npHxo~JIIlleHcJI Ha e~HHHllY JapJI~a !lJparMeHTa. )J.nJI 

!lJparMeHTOB, o6paJOBaBlliHXCJI BO B3aHMO~eifcTBHJIX npOTOHOB C 

JHeprueil 28 F:JB c JI~paMH B liJoToJMYJibCHH, cpe~HJIJI seJIH'IHHa 

T/Z cocTaBnJieT ~ 8-11 M:JB .24 ·. 

TipucyTCTBHe cpe~H JaperHcTpHposaHHbiX MHFBbiCOKOJHepreTH'I

HbiX /T!Z ·, 15 M:JB/ HHJKOJHepreTH'IHbiX jT Z<3 M:JB/ c TOR )l{e 

qacTOTOH, 'ITO H MHF c HaH6onee sepoJITHbiMH JHa'leHHJIMH T z 
/~6-12 M:JB/, He npoTHBope'IHT yTBep)l{~eHHIO 4 ·\l ~'ITO nponecc 

o6pa3oBaHHJI HFnpH BbiCOKHX JHeprHJIX cTOJIKHOBeHHJI, KaK H nponecc 

o6pa30BaHHJI 06bi'IHbiX !lJparMeHTOB 24,2S< He OnHCbiBaeTCJI TOJibKO 

HCIIapHTeJibHOH MO~eJibiO, H BKJia~ HHbiX MeXaHH3MOB o6pa30BaHHJI 

HF Mo)l{eT 6biTb JHa'IHTeJibHbiM. 
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6. 3AKHIOIJEHHE 

8 ~aHHOH pa6oTe snepBbie Hccne~oBaH sonpoc o6 o6paJoBaHHH 

rHnep!lJparMeHTOB B npOTOH- Jl~epHbiX B3aHMO~eHCTBHJIX B liJoTO

JMYJibCHH rrpH JHeprHJIX 70 H 250 F:JB. liacTOTbi Ha6niO~eHHJI 

MeJOHHbiX pacna~OB rHnep!lJparMeHTOB C npo6eraMH MeHee 500 MKM 

paBHbi npH JHeprHH nporoHOB 70 F:JB /2,25±0,68/-10-4 Ha o~Ho 
BJaHMo~eilcTBHe, a rrpH :meprHH npoTOHOB 250 F:JB - /1,83± 
+0,48/·10-4 ' 

llpoBe~eH KHHeMaTH'IeCKHH aHaJIH3 36 06Hapy)l{eHHbiX MeJOHHbiX 

pacrra~os rHnep!lJparMeHTOB. Brrepsble o6Hapy)l{eHbl rHrrepJI~polXC 

H pacrra~ rHnep.ll~pa ~.~B B O~HO H3 B036y)l{~eHHbiX COCTOJIHHH JI~pa 
tlc' c JHeprueil soJ6y)l{~eHHJI E'=4,31 HJIH 4, 79 M:JB. 
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