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Pa6oTa Il!lllOJJHeHa B JJa6opaTOJlHH .imepHHX npo6JreM 

061,e,I(HHeHHoro lffiCTHTYT8 .imepHHX HCCJie,noBal!ml :e: B .11HcrnTyTe 

9)R3IOOI AH AsCCP •. 
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rJiarOJieB B.B~ 

KoH,Iij)aT!Olt,JI.tt • 

·Be.nymee H8YtJ:HO-HCCJie,ItOB8TeJIJ,CKOeytrpeJK,IteHHe: MocKOBCW 

KHJKeHepi{~3Rtrecm HHCTHTYT~ 
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Ha sace,naHRH CrretUiaJIHarrpOBaHHoro coBeTa Jl-01'1.OI.O3 np:ir 

JJa6opaToprur anepnux npo6JieM OIDil1, ·r.,Ily6Ha, Mocxoooimn o6JiacT:e:~ 

C ,zmccepTatUieil M.OlKHO osHaKOMHTl>CJI . B 6:ir6JIHoTexe .JJa6o~TOJlHH 

.imepHUX npo6JreM OIDIB. · 

ABTopeipepaT pasoCJiaH" " 1986 r. 
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OHIIAR XAPAKTE'Pl1CTIIKA PAmm 

AKTyaJII,HOCTI, npo6JieM1l, B llOCJie,IVtee BpeMH DC,l(eTCJI lll!Tencurn1oe 
lICCJie,ItoBaHHe B3aHMO.rteffcTBlfii 'I8CTIIU BJWOIUIX :meprmi C SIJJ:pru,rn:. IIonu

meHHbrl! RHTepec R T8RIDII npoueccaM O6yCJI011.1ieJ1 n nepnyio otrepe.I(L noaMolK

HOCTI>IO nOJiytremm O IDC llQMOlllI,IO ymma.J!LHO!l IIH<I>OpMrumu O CBOf!CT!lUX rnryT
pmmepHHX HyRJIOnon, 06 ruc: accounmumx n Tec1111e rpymm u 6 naruIMo.nell

CTBim nepBHtIHoro JLJm xacKa,IV1oro a.npomi c 1uracTeJIBMII mna d ·, d,,, ••• 
JIH60 C cymeOTBeHHO 60Jiee IIJIOTI!llMU O6'beI{T8UI! - IIBapltoil!D,m MCIIIJWMU D 

.impax. O6napyxeHIIe B OlliilI (1957 r.) J1eo6u'cn10 OOJILIIlOl'O Bl1XO)i8 )iCiiTpO

l!OB llpll B38HMO)ieflcTBWIX IlpOTOHOD C :mepruoll 660 MaB C SIJJ:Jl8MII, a TaIC

lKe l!86JIIQiteHHe l!yRJIOIIOB, DUJICT8KlttUX 3::t IC!UWM81'lI'IeCmre rpruruuu, onpe

,IteJIJieMUe D38l!MO.rtellCTBII8M C O,I(I!InA HYJLJIO!IOM (1:y1.1y.'IJITIIIJI1Hil ajll)CICT), :m
CT8BWIO nepecMOTpeTI> HMeKJl(IIeCJI panee npe,nc1·allJieIIIm o smpe mm cii:cTe

Me cJia6ocMaammx HyRJioIIon. M11oro'l11C.ncmme TcopeTutrecmto uaucmuum 
llpHDC.'IH K ueo6xo,nm.mcTII ytreTa "1tOJ'.Jl8K'I'JUJllllX11 CBOilCTD smpa' D lJ:8CT

IIOCTn, K npo.n.no;JIOJKOHIIIO O CYll18CTBOB::tHllll B H,lJJlclX CBOPXllJIOTHUX: COCTOHllllll 

.imepnotl M8Tepmr • .IJ.,rn: OO'IJICIIel!USI Ryl.'fYJIJITIIBIIOl'O ::~1xfe1,Ta 1mpnny C Mexa

IIH3M8Mll, YtJ:ItTHBamtMMH KDapitol3y!O CTPYI{TYJJY n.npa, npJtDJICJtaJIIrcr, Tamre. 

TJIB.ImUitomme MexrumsMu, xax, nanp11Mep, r.1exmurn1,1 u11oro1,paTIIoro nepepac

cemtHJI ltlIH llOl'JIOUjeirne DTOPJillllUX TT -MC3O11OD Cl(OppoJIHpoBrulIIOil napoii 

mtyTpaJUtepuux HyRJIOHOD. B ,naJILl!efaueu cTaJio oqernm.no, •rTo :m poi;memrn 

KYMYJISITIIBHUX lJ:8CTHU OTBeTCTD8l!Illl OJLI!OJJJ>CMClll!O IICCI{OJILito MexamrnMOD, 

It npe.ncT8D.'IJVi()CJ, 8KTY8JII,llllM pememw nonpoca O COOTIIOIUemm I31LJla)iOB 

:JTIIX Mexmm:or,lOll B pa3JIHtI!lUX ICIIl!CM8Tll'J:eCI(UX 00.nllCTJIX, 

HcCJie~ona1m0 h A-nsrunJo,nelicTnnii mrTepecHo TOK1.te c TOtJ:Jtu spe.:. 

mrn noncKa necTpamrux r,moroonp11om1ux peso11ru1con, npe,nc1msunueMux 

pa3Jlllt[l!1Il~U MO,!(8JIJIMII miapKOI3UX MCIIlIWD, Oonapy,KCIUIO TaiillX pe30IlllllCOB 

MOl'JIO 611 CJIYJKHTI, SlpKlIM CBltJ{8TCJILCTDOIA ITpOJIIJJICIUIJI ItB8pitoDl1X CTCITCI!CU. 

anepIIoil M8Teprur. 

lleJil, re6OTH. OCHOBHBJI UeJII, ,l(HCCCpTail;IfOHIIOi1 pa60Tl1 38ItlIRl'I8CTOJI 

B ll3ytrelllm KOppeJIJIUHOltHHX xapaI<TepIICTim DTOJJII1ll!HX 31lpmit8_Ill!UX tJ:8CTIIU, 

a TaIOlt8 D llOIICKO ll llCCJI8,l(OBaI!llll MHOrOI!YJ<JIOlll!UX (r.moro1mapKonwc) ClIC

Terii B n"C-B3ruIMO,neikTBIIJIX npn 5 r:iB/c,B C0II0CTllM8l!Ul1 II0JIY'!0IIIIUX pe-
3YJILT8TOB C npe)iCK838HltJIMII paaJIUtIII!lX TeopeTIItICCitHX MO;ll;eJiefl. 
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HaytIHM Honn:aHa. .!Jmmue, rrpe.n.craBJiemme B ~ccel)'l'~, xaprutTe

p!l3ymcJI BUCOKO:ii CT8THCTlfll:ec1wn 06ecrretrem10cTl>IO II OCIIOBaHU Ha pesyJI:E.-
TaTax aHaJilt38 !5000 C06HTit:ii TI-C -B38.lIMO.I{eliCTmt:ii H 7500 C06lilTHH . 

naam.m.neacTBWI 11--MeaoHoB c ,mpm.m rrpoIIaII-qipeoHoooil cMecu C , F , 
Br (A ~ 20) rrpH 5 raB/c • 

06pallleHO BIIHMruIHe, 'l'l'O B a.I{J)OlHJ.nepm!X pearu.ntJIX O;n;HIIM H3 B03-
MOliCllllX MeXaHII31110B o6pa30Il8IIIIJI llpOTOHOD, HCnyI!leHHHX B 38,ll)IIOR) IIOJIYcqie
PY, JIDJIJIOTCJI rrorJIOIJlCHHe Me.rr.,rcmiux BTOputilillX TI -M630HOB CKOppe.mtpo

BaHHOH rrapott BHyTprumepmnc 11yroI011on. OueHeH DKJIM woro MexaHJI3Ma B 
06pa3onmrne TaKIIX rrpOTOIIOB. 

Brrepnue rroJiytJ:eHu npm.111e ::mcnerJ1MeHTaJI1>Hue yI<asaHHJI na cymecTBo

BaHHe TpexrrpoT01rnoro pesonauca c 111accon 3270 MaB/c2, rrpe.ncKasHBaeMo
ro Mo.neJI:E.!O BUTRHYTllX Bpan1aJ<111MXCJI KBaJ)KOBUX MellIKOB. OueHeHO cetteHHe 
poll'J{eUIIJI Ha6JIJO.I{aeMoro COCTOJIHHfl. C IIOMOIJll,JO 11MOMeHTHOro" aHaJIHSa orrpe
.neJieHU ero B03MOlKHhle KBallTODUC tJ:JICJia (crnm, treTHOCT:E.). 

Il cneKTpe IDI:BapiiaHTirrlX Mace .I(IJYX IIpOTOHOB o6Ha~Y)lteHH Y3KHe 
CTPYKTYPll IIpH Maccax !966, I989 MaB/c2 H 2024 MaB/c - I!pHTIOM rrepBUe 
;:i;ne H3 HHX BnepBUe,- KOTOJ)lle uoryT Cllli.I{8T8JI1,CTBOB8.Tl, 0 cymeCTBOBaHIIH 
ceMeilcTBa .ItOJirOlKHBymIDC ( 'C ~ rn-21+rn-22 c ) ~6ap1IOHHIIX pe30HaH-
coii. (meHeHu. cetreHHJI IDC o6pasommm Ha pa8JIHtJ:HJDC H,ItpaX II onpe,neJieHu 
B03MOlltHUe KBaHTOBhle tJ:HCJia Ha6JII<maeMHX .Illillp0TOHOB. Ilos,n;Hee pesyJI:E,TaTlil 
no CTPYKTYP8111 npu I9fi6 H 2024 MaB/c2 6UJm no.I(TBel)li,IteHu B JIB3 OIDIB, 
.I.Mm AH CCCP H ~TH YsCCP. 

. IlpaKTRtteCKaJI µeHHOCTI, pa60TU. OIIHcaHHUll B ~ccel)'l'~ MeTO.It an
rrpoKCIIMaIUm 111armrTHoro ITOJISI KaMepu MOllteT 6UTl, npe.I(JIOllteH WISI .I(pyrmt: 

3RCIIeplIMeHTOB, npono~ C IlOMOlI!I>IO KaMeJlHOil MeTo~. IIOJIYTieHlille 
SKcnep1IMeHTBJI1,HUe .I(8Hlrue .nonOJIHJim' cymecTBeHHO HOBOil HHqx>p!ll8ll;l!efl IIMeIO
l!lHeCJI npe,ncTaBJieIDIJI 06 a.I(pOH-sr,neJ)HJDC pearoi;wr:x: l'I MOryT dHTl,. HCnOJI:E,SO
B8.Hll IIplit IIJiaHHpoB8.Hl'Il'I HOBUX 3KCnepm1eHTOB. 

ABTOp sammqaeT: 
I. PesyJI:E,TBTll MeTO.I(HtJ:eCRHX HCCJie,noBallllli BSaIIMO,neflcTmtfl OT~

TeJil,HJDC IlHOHOB c pa8JIHtrHUMll: JI,ItpaMH IIpiI 5 raB/c. 
2; HcCJie,noBaIDIJI HeKOTopux nos1110JKHJDC 111exrums1110B IcyMyJUITIIBHoro 06-

pasoBaIDIJI sapsmeHHJDC traCTim n oooH-JT,IJ;eJ)HIDC nsaIIMo.neflcTBWIX IIpH5faB/c. 
3. PesyJI:E,TaTu noHcKa, o6HapY)lteHHJI II zsy,1eHHJ1 MHorodapKomru:x: pe

soHaHCOB B a.I(pOH-JI,IteJ)HllX B38l!Mo,ne:iicTBWDC. 

AIIpOdamtfl pa60T l'I IIyd.mmamnt. 0CHOBHU8 pesyJI:E,TaTH, HSJIOlreHHll8 B 
Ha6TORIIleff ~ccepT~, 6u.nn npe,ncTaBJieHH Ha MeiozyHapo.nHofl RoHqiepeimJm 
no trac~ H JW:l8.M B re:li,neJI:E,6epre (I984 r.), Ha Bcecomnofl llIKOJie no 
npo6JieMaM qllISHKH BHCOIWX SHeprd B AJIMa-ATe (1982 r.), Ha III Bcecom
HOM padotteM COBentamm no rrpe,neJI:E,HOM qJparMeHT~ H,ll;ep B EpeBaHe 

2 

l -
I 

(1984 r.)' Ha III ClIMII03lfYMe no HYJi.)ICil-l!JK.'IOHHHM H a.n,poll-Jl,I\ep!IUM B38Jf
MO.U,e:iicTBR1lM np:11 npoMeJ!tYTOtJ:Irux :=mep:rum B f::ITtruiw (J~R6 T'.); J\OIU1fl.D,H-

na.mrc1, Ha ceinmapax .IDIII omm, HHc'!'myTa <I,Ir:.inKI1 AH AsCCP, orry6.nH-
RoBaHH B '1!yJ)HaJie "~epHaJI q:uamm", a T8Kl!W D llll,ltft rrpeilplIH'l'OB H coo6-
11!8HHM OIDIB n H<I>AH AsCCP. Ilo r.ioTepimJiaM ,nucce1,Tamm orry6.rr1IB0BaI10 
7 pa6oT, CIIHCOR ROTOp!DC IIpHBe.neH H 1ronne 8Il1'0peqiopaTa. 

CTpyRTYpa H 06'.!,e111 lIHCCeJJTamrn. ./llrnCcJJ'l'DlllHI COCTOl!T ll3 BBe.I(eHHJI, 
Tpe.x rJiaB n saKJDUtiemm. Olla CO.TT,f1p~Jt1• I3I cTpamnzy Mmmmom1cmoro 1•e1t
cTa, 38 PHCYHKOB, II Ta6.,nm. ClllicOY. 1 ;,,,iJv1<1nmoli JIHTcpaiypu mc.'IlOtraeT 
B ce6JI 156 nam.ieIIooomd!. 

CO,UEPlJAI!MH JU1CCEPTAIUIB 

Bo BBeneHHH OdOCIIOBaHa rutTYOJIUIOCTI, TCMU HCCJie,nonamm. ITpJIBe,ll;Cll 
RpaTRIIfl odsop 8KCIIel)HMeHTOJILHIIX n T!:OpCTlf4HClaiX pa6oT' ITOCIIRIIleHHux 
HSy,IeHHD o6pa3bl18HIIB RYMY.llJITIIBHIIY. tiac·1•yu n rconcey IIpOSIBJieHntl KBapKo
BWC cTenenea cnodo,nu JT,IJ;eJ)Ho:ii MaTepnn. O:I>011zyJIBpomHa ocH<>BHaJI neJII, 
,nHCcepTauKOHHOiJ pa60Tll u KJIBTKO H3J!Olr:'ll0 co,nepl!'.aime ,nJICCe!)Tamm. 

IlepBaJI rJiaBa ~ccel)'l'amm nocrumiena MeTo,IJ}me aF.cnep1IMeH'l'8. JlpKno

.Itl'ITCJI RpaTKOe Olll'Icarute 8KCneJ)HMeHTaJII,HO:ii ycTaJIOBKH - l.'.f'TpoBOfl nponau
(ppeOIIOBO:lt nysup:E.KOBO:ii KaMepu .mm mum. ITpe,Ii,IOlKeHa llpOCTaJI napaMeTpJI
san;HJI HanpRllteHHOCTU Mal'HHTHoro UOJIR MeRTJX)M8rHHT8 UK-3-4 B padotreM 
06'1>8Me RaMepu. HlcTpoe l'I 8KOHOMII08 (B CMHCJIC 3aHHM88MOfl naMHTH 3™) 
BHtJ:HCJieHHe MaI'HIITHoro IlOJUI B pa6otre111 06':beMe KaMOpH ,IlOCTHl'eeTCJI nyTeM 
ero annpoRcm.iamm noJieM .ItByx napa.,'I.11CJILHHX llpJJMOyrOJII,HUX TOROBHX BHT
ROB, paCilOJIOJr;emrux B rOpK30HT8Jll,HHX IlJIOCKOCTIDC R,ItOJII, nOJIIOCa aJieRTpo
MaI'HHTa. 

Omrcana MeTo~ o6pa60TKH 4lll:Jll,MOBOfl H!Iq(l:[M~' HCilOJI:E,SOBaHHaJI 
WISi HCCJI8.It0BaHHJI Heynpyl'HX IlHOH-smepnux B38Il1lO.I(effcTBmt I BKJIIJtiaJl rrpo
CMOTp H oT6op co6uT1Iff, II nporpru.1MHoe o6ecrretreune aRcnep1IMeHTa. 3Kcne
J)HMeBT8JI1,Huff M8TepJtaJI, HCilOJI1,30B8IIHJlii B .rowcepT81\IDI, co~epl!GIT !5000 
C06UTH:ff n•c -BSaHMO,neflCTBHff H 7500 C06UTHff B3aHMO,neflCTBllSI TI--MeSO
HOB o JI,ItpaWI nponaH-q,peononofl c111ec:11 C , F , Br (A ~ 20) IIPH Pn-= 
= 5 raB/c. 

Bo BTopofl rJiaBe HCCJie.nymCJI ROppeJIJill;lm MeJIOzy KHHe111arnecKHMH ne

peMeIDWMH npoTOHOB, BHJieTallllHX B Sa.rtHIOIO noJIYcqiepy B JI.c.R., u ocTaJI:E,
HWt saps11temrnx traCTl'Il{. llmCHeHO, tJTO accomraTHBHlle MHOllteCTBeHHOCTH 
sapmr;eHHJDC IIHOHOB l'I npOTOHOB Be.nyT CC6SI H838BHCHMO OT MIIOllteCTBeHHOCTH 
KYMYJIJITHBHUX npoTOHOB. AH8JiH3 8Kcnepm..ieHTaJII,HJDC pacnpe,neJieHHil npono
,Itl!JICJI B COilOCTaBJiemm C pactteTaMH no RaCKB,ll)IO-HcnapaTeJil,HOff 1110,neJIH 
(Kill,!) C y,IeTOM BRJia,na Tpe.x MexaHH3MOB: 
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a) rrorJiomemm Me,IJ,Jieimoro TT -1.1esona Koppe.impoBaHHOll rrapoil HYK-

JIOHOB smpa; 
6) nepepaccemnm na BHyTp1ur,nepHllX HYKJIOHax (BKJIIOtrruI npou,eccu~ne

ynpyroro nepepaccemnm, nepcsapH,m<H); 
B) pasBarra B030Ylll.n0Hl!Oro smf.8.-0CTaTita. 

Mo,neJII, .n;ocTaTO'lllO llpaBlLJihHO OTpallUleT nOJIYl!eHHHe B paOOTe 3KprrepJIMeH
Ta..'!I,Hhle saBl!Cl!MOCTlI. YcTaHOMOHO, 'ITO O,I(HllM lI3 BOSMOllllUDC MexaHHSMOB 
oOpa30BaillI.FI :eyMyJI.FITHBHllX IIpOTOIIOB B llHTepBaJie m.myJII,COB 0,2 < p < o, 6 
rsB/c smJIIreTc.FI norJion1emie Me,n;1Ie11uoro rr+--MesoHa c1toppeJilI!)OBaIIHoll 
napoll HyitJIOHOB BiiyTplr smpa. B STOil lite rJiaBe no:ita38.HO, '!ITO }laIIOOJiee 
JIHIJX)I"1aTHDJIHM ,IJ,JI.FI IlH){eJieirn.FI Mexamwi,m norJiomemm JDlJU!eTCJI ncCJie.rtom
HRe :JaBl!ClIMOCTlI Mel!(Jzy yrJJOM paMeTa rrapu npoTOHOB 't' H IDC cyMMap
HOil runremtJecKoil sHeprIIeii T 2 p • Ilpu norJiomeHHII rr+ --111esona Ha 'JJ:I',yx 
HyKJIOHax ( h. P ) smpa cyMM8JlHM mrneTR'leCKaSI SHepl'lI.FI napll BTOpH'llillX 
llpOTOHOB .n;OJilKHa OUT!, paBHO T2p = mrr + T TT. IIOCKOJII,KY ce'!emrn nbrJio
memm· n+--111esoua Ha CBOOO.T(IIOM .n;eilTpoue l!MeeT MaKCl!:MYtf B OOJiaCTlI 

0,09 < Tn+~ 0,15 ran, TO B 3aBMCl!MQCTH cpe.ii:H,ero yrJia paSJieTa nap 
npoTolio_n 'I' OT we rumeTH'!ecKoii mrnprHII T2p CJie.IJYeT o~TI> Mait
CIIMYM' B OOJiaCTlI 3H8prHil 0,23+0,29 ran. IIo.n;oOHaSI aaBl!Cl!MOCTI, ,IJ,JI.FI npo
TOHOB c m.myJII,caMH 0,2 < p < o, 6 rsB/c noxasrura _Ha plIC.I. B o6JiacTH 
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110 
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,.,.r••~.ri.,.:.:•,.r:•:.:••••l"\,I•:•:,,,, 

100 
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0 0,i 0,2 Tz, (fJB) 

Puc.I. ~Bl!CHMOCTI> cpe.n;uero yrJia paSJieTa 
't' ' (B rpa,uycax) IlpOTOHOB C l!M

IT'JJII>COM 0,2 < P < 0,6 rsB/c OT 
cyrJ/Mfl KHHeTH'leCKIDC sneprIIil nap 
npOTOHOB (rsB). TOtmlI - 3KCnepII
MOHT, CllJIOlllllaSI rHCTOrpaMMa - pac
'!eTH no KHM C y'!OTOM Me~SMa 
norJiomemm, IIylIKTlipHM I'HCTOrpaM
Ma .- pacqeTH no KHM oes ytieTa Me
xn1rnsMa norJIOllleJJRSI. 

:meprmi O,I9 <T2p<0,26 rsB HaOJIIO.n;aeT
c.FI xapaKTepirull ,IJ,JI.FI norJiomeIDISI MaKCl!MYM• ' 
Pac'!eTU no KHM, npoBe.n;eHHUe C y'!OTOM Me
Xalll!3M8 norJiomeHIISI, xopowo corJiacyIDTCJI c 
sKcnep:..rMeHTaJil>HHMl1 .n;ammwi:. 3aBl!Cl!MOCTI> 
cpe.n;ueil MlIOJKeCTBOHHOCTH TI+ -?.le30HOB ii n+ 
OT CyMMU 100!8TH'IOCKIDC 3Hef2Hil nap npoTo-

HOB IIpIIBe.I(eHa ua plic.2. Blmuo, t{TO i;m, . .n;JISI smpa C • TaK lI ,IJ,JI.FI 

(A z 20) n oOJiaCTlI SHe~IIll, r.n;e ec-r.h MaKClIMYM pacnpe,n;OJielllI.FI q> C T2p), 
naOJIIQitaeTCSI .MlllllIMYM no n TI+ , T. e, norJIOl!leHHe acpI>eRTHBHO ID,!eHHO B 
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l'Hc.2. 3a.Bl!Cl!MOCTI, cpe.n;uell MHOJKecT-
BeHHOCTll TT+-MeSOHOB OT 
CYMMH Kl!HeTH'lecKIDC sueprHll 
nap npoTOHOB. CBOTJIHe TO'l
KH - lllIOH-yrJiepo.n;1rue B3aH
MO.n;ettcTBHSI IIpH 5 rsB/o; 
TeMHHe TO'IKII - B3aHMO.n;ellcT
~ lllIOHOB co cpe.n;Hl!M smpOM 
A ~ 20 IIplI Tott lite SHeprHir. -
CIIJIOlllllaJI JilIHHSI - paC'lOT no 
IillM C y'!OTOM MOX8HH3Ma rror
JIOl!lOHWl, nyHKTHpHaJI - 003 
ytieTa MexaHH3Ma norJiomemm. 
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JilllfHilH 

h, .... 1 .. , .•......•...... -!-
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0 L-_ __,_ __ _.___~ 

0 0,1 0,2 7;Jr3B) 

STo:il o6JiacTH. Hs s1<cnepJIMeHTaJII>llllX .I(om1ux .IiJJ.FI 1(C -B3aHMO.rtel1oTmrll 
IIpH 5 rsB/c oneHeH BKJia,n: pealW,lm n+,. d •- pi p n o6pa30Ba1rne KY-
M,YJI.FITlIBHHX npoTOHOB 6 = (I,5,±-0,4) MO • r.ne "d " - KBa3H.n;ei1Tpou. 

n sToil lite rJiaBe npIIne.n;enu mmapmm; Hue .rt1tqqiepem.UIM1>11ue cetreHWI t~~. 3~-~S? llpOTOHOB, IIcnymemmx B 3a.n;l!Rl!O rro.nycqiepy D JI.C.K. ·. 
CpanneHHe SKcnepMMOHTaJil>lillX .I(!Ull!UX C pac'ICTaMII no mIM IIOSBOJillJIO llaM 

npo.n;eMOHCTpMpDBaTI> OOOTHOWeHHe BlLJla,Il;OB BLil!leyrrm,tJ-l!IYTllX MOXalUI3MOB D 
nponecc oOpa30BaHlI.FI ItYMYJI.FITHBH!lX npoTOl!OB D pa3JIIllll!llX lOOIOM8TH'lOCKlIX 
OOJiaCTSIX, Pe3yJII>Tam Taitoro al18.1Jll3a IIOY.a3rum:, 'ITO npli OOJil>lllllX yrJISX 
BWieTa npoTonon Cos 8 (-I ,0;-0,8) u m.mym,cax P > 0,36 rsB/c n:KJia.n; 

Me:xaH,HSMa ,norJIOIIlOHII.FI .n;ooTIIraeT 50%. C Y'leTOM BKJI.a,n;a Tp_ex MeXaI!lI3MOD 
npe,IJ,JIOllteHa _ napaMOTplI381.UIR Hl!Bapll8111'H oro .IllicixI,epeHD,IraJII>HOro CO'IOHHR_ 
IlpOTOHOB C m.myJII,CaMH 0,16 < P < 0, 75 raB/o M yrJJaMII BWieTa 9 ~ 900 
q1y1mu;Hefl Bll.I(a 

1 E . ..J2 <! -20,8·P 
--· o2· ..l,C.S,L.=(91,2 +26,0·Cos8)· e + (20,1 + 5,8·Cos8)· 
6tn P dP,dS1 -. · · . . 

CP-0 389)2 
. e-(10,2-4,2•Cos9)·P +o,o3g. 8- 2-0:1292 

(I) 

t 

r.ne nepBufl 1LJI8H npe.n;cTaBJIReT BMa,n; M0Xallli3M8 pa3BaJia B0::!0YiK.nOHHOro 
smpa-ocTaT:ita; BTopot! - MexamrsMa M11oro1tpaTHoro nepepaccemmJI; TpeTlrli 
- MOX8.HlI8Ma_ norJIOIIlOHlISI Me,IJ,Jiemmx BTOpM'lllHX IIHOHOB napon BHYTPII~epHllX 
nyKJIOHOB, 

KaK Bll.IUtO HS qiop,iy;ru (I), yrJJooosi saBirc11MocT1> napaMeTpa nrnuroua 
oO'I>RCHSieTCJI nponeccoM nepepaocemnm HyKJIOHOD DlJYTplI ~pa. Ha puc.3 
npe.n;oTaBJieHH 3KcnepIIMel!TaJII,ltllC Irl!ll8pllal!Tl!Ue .n;I!cJxl>epemmaJII,lUle c_e'!eI!lISl 
IlpoTOHOB. HCIIyllleHHllX B Sa.n;IUOJO no.nyccpepy •. Cpall!lenue pac'!eTOB no qJOpMY
Jie (I) C SKonepJIMeIITOM noKa8HBaeT, 'ITO IUIM ,ll;OCTOTO'll!O xopowo ormcuna-
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CosS,(0.,·1.0) 

~r \.~::---f 
:e \ '·,. 
~ \\ ' .. ,, 
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\: 
10} \, 

0,16 0,16 P, (f,8/cl 

B1U1X ripu 5 raB/c. 

Pnc.3. lfirnapuaHTHoe ;quqxllepeHl$3JII,Hoe 

cetreHHe IIpOTOHOB B HHTepBaJie yr
JIOB Cos a c o;-I, o). IlymtTUJlHan: ·· 
JIUHRfI - BRJia.It MexmmsMa a). IIITpwc

IIyHKTHPHaJI JIHHWI - BRJia.IC Mexrums

Ma 6). IIITpwcOBaJI JIHHRII - BKJI~ 

M8:xamI3Ma B). CrrJIOIIIHaJI JIHHWI -

Cj'?.!MapHHil BRJia,It Tpex M8X8HH3MOB. 

eT 3KCITepHMeHTaJII,H!le ,Wll!HUe. CJie,ey-eT OT

MCTHTb, qTo pesym,TaTll pacqeTa H 3KCrre

pl!M8HTa rrpuBe.IJ;eH!l B a6com.'.l'l'HUX e~. 

TpeTM rJiaBa lIOCBmlleHa HCCJI8.I(OBa

HHIO IIHBaJ)UaHTHUX Mace .I(BYJ{ H Tpex IIpOTO

HOB D n-c - H tr (A ~ 20)-B3aHMO.I(eiicT-

B I977 r. lIOJIBRJmCI, ::mcrrepIMeHTMI,HUe pa60TU, B KOTOpmc C006ll{a

JIOCI, 06 06Hapy,Kemm s@leKTOD, ,I(aJOOlIDC B03MOlXHOCTI, TpaKTOBaTI, HX C TOtI

RH speHHJi Cytll8CTBOBaHHSI HecTpammx .n;u6apHOHHUX pe30HaHCOB. 8To pa60TU 

rro ucCJie.I(OBaHHIO N N -pacceSIHHSI, ipoTopacll{eITJieHM .IJ;eitTpoHa H ITHOH-.I(eit

TpoHHHX B3aHMO.IJ;eflcTBIDI IIp!' 3HeprWIX .I(O I raB. B cepmI 3KCITepHMeHTOB, 

BillIOJIHeHHUX D AproHHe, SIN u Jioc-A.naMoce, 6wm lIO~eHU KOCBeHHUe 

yxasaHHSI Ha CYJll8CTBOBaHHe .n;u6apitoHHUX pesoHaHCOB 
1 D 2 , 3 F 3 H 

1 G 4 c 

M8CC8MH 2140, 2260 H 2430 MsB/c2 COOTBeTCTBeHHO H IIIHpmI&m: B rrpe.IJ;e

JiaX 50-200 MsB/c2 • IIpocTeillIIM p0Ta.IlllOHHaJI MO.I(8JII, MaK-rperopa, CHCTe

MaTH3HPYBlllaJI yrrow:qzyTUe pe30HaHCH, llpe.I(CKa3UBaeT TaRllte HH3KOJiellW.lltHe 

pesoHaHcu 
1 $0 n 3 P1 c Maccru.m: 2020 n 2060 MaB/c2 • Maccu amx• peso

HaHCOB HaxO.I(SITCSI B 3HepreTnqeCKOii o6JraCTH, r.I(e lIOJIHOe cetre1me pp-pac

ceSIHrur He nsMepeHo • 
C nem,10 lIOHCKa .n;u6apuoHHUX pe30HaHCOB Hru.m: HCCJie.I(OBaJlllC!, pacrrpe

.I(eJieHIDI HHBaJ)UaHTHUX: Mace .I(Byx llpoTOHOB C yrJIOM pasJieTa 't' > I5o
0 

B 

JI.C.K. (c BUJI8TOM O,lJ',HOrO HS HHX B sa,D;Hll:10 lIOJiycq>epy) B TI-C -B3aHMO

.I(eflCTBHJDC IIpl'[ 5 rsB/c. 

YKasaHHwl KpuTepuii OT60pa opueHTHpoBaH Ha IIOHCK ·CJzy"'laeB pacIIa..I(a 

B * ..... 2 p Bosdyllt.I(eHHoii cucTeMH Bi. , 06Jia.IJ;aB111eii MaJillM codcTBeHHllM 

HMlIYJII,COM B JI.C.K. 
Ha puc.4 rrpuBe.IJ;eHu pacrrpe.IJ;eJieHHSI WIBapuaHTHllX Mace .Ii:BYX rrpoTO

HOB. Pacnpe.IJ;eJieHIDI OTJIHtia!OTCSI orpaHHqeimm.m CHR8Y Ha B~ HMITYJII,
COB IIpOTOHOB pH. C YBC;rnqeJmeM PH (YMem,me:imeM BRJia,Ita ":e:crrapuTeJII,HHX" 

IIpOTOHOB) HSMeHSieTCSI B:IJ.I( pacrrpe.I(eJieHHii: llpoJIBJIJD)'l'CSI CTJlYKTYJ)ll IIpH Mac

cax OKOJIO I960 H 2030 MaB/c2 • Thm IIpH ~ 2030 MaB/c2 , npeBHIIIruanmt qio-
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.1, O,,O•Jl•OJSfll/C' 

50[ ' 
I n I 11,25,r,.,o,,sr,!fc 

• )I W><ll, 4 0JS r,1,c 

., "1rL • D,2UP,<0.75f3&/C 

0.20,Ppf0,75 f3t/c 
u 

~so 
::,; 

~ 
" ll 

1,9 2J) 2,1 

Pnc .4. CrreKT})U WIB8:pH8HTHIDC Mace ,JtDyx rrpoTOHOB c 'f > 150° 

B pa3JIH'lllllX HHTepBMax lIMITYJil>COB npOTOHOB. CTpe.m<aMH 

IlOKa3aHH IlOJJOlKemm: na6JI10,naeM!D( CTPYKTYP• Cn.lIOll!H8SI JIH

HWI - pesym,TaT annpORCIIMHllltH :~xcnepHMeHTaJII,HOro pac

rrpe.I(eJieirn:SI qiYHKIUiefl Bl1)1.8 ( 2) • 

HOl!y!O KJlUBYIO, rro.nyqeHHYJO c.nyqruiHHM rrepeMeIIumrurneM IIpOTOHOB HS pa3HUX: 

codumff c Y'!8TOM BBO.n;IIMllX B axcnepY.MeHTaJU,Hoe pacnJ>e.I(eJieuue orpaHIIqe

HHff Ha DeJJHlllfHll m,mym,coB IIpOTOHOB H yrJIOB pa3JieTa Meat.DY Hl!MH' Ha 4 
CTaH,I{apTHUX OTKJIOH8HWI (BepoSITHOCTI, c.nyqaflHoro DU6poca ~ I, 6• I0-4), 
lIO.I(TBeJm,naeT HMeB111HeCSI .I(aHHlle Bepe6pIOCOBa n.c. H .I(p. (IIperrpHHT Wf:)l>, 
Ji 273, MOCKB8, I964) H pe3yJil>TaTH o.. p -KOJIJia6opn~H JIB3 011Hl1 (IIpe

llpllHT owrn, EI-83-59, ,!Jy6Ha, I983). ~a YSKaR CTJ)YKTYJ)a, JielmlJl8}I DdJIU

SR rropora 2 m N + m tr ' He MOOC87 dHT!, 06'bSICHeHa rrorJIOl!l8HHCM Me~eH

HOro llHOUO Ha )l.DyxHyK.lIOHHOff accoll,HaUID{ H crumeTeJII,CTBj'8T O CYJll8CTBO

B8HHH BOSMOmIOrO .inmp0TOIIllOrO pe30HaHC8. HHTepec lir.I(CTaB11JleT BII8pBUe 

Ha6Jmz(eHHaSI HaMH ysKaSI CTPYKTYP8 n~ S:$ I960 MaB/c, paClIOJlOlKeHHaSI 

HRllte nopora, odyCJioBJieHHoro rrorJiomenneM mtoHa napoff BHYTpu.lJ.I(8JlHUX 

HYJ(JIOHOB. HadJm.naeMaJI CTJ)YKTypa, B ,I{8JII,HeflllleM Il0.I(TBe~8HHM B np
(Eell!JIHY K. H .Ii:P• IlpeIIpHHT OIDM, Jll-83-815, ,IJydua, I983) H pAr 40 -
(Ep,!aKOB K.H. H .I(p. IIpenpmtT JIIDI<l>, Ni I089, Jiemrnrpa.IJ;, I985) 3KCllepH

M8HTax, MOllteT CBH,IteTeJII,CTBOBaTI, 0 CYJlleCTBOBaHHH ceMeflcTBa ysKHX .D;H
lIJ>OTOHHHX ( ~KB8PKOBI1X) HH3KOJI8lltalllHX pesoHaHCOD. 

Omtcamrn p:!.Cllpe.I(eJieHHR HHB8.JlHaHTHUX: Mace .I(BYJ{ llpoTOHOB (puc.4.I() 

.I(BywI H8PeJISITHBHCTCKHMH q,yHKnWIMH BpeflTa-BKrllepa C Y'!8TOM 3KCllepHMeH
Ta.Jll,HOrO paspememm R lIOJJHHOMOM 3- fl CTelleHH B Ka'i8CTBe qx>Ha .IJ;aeT 

CJie~e sna'!eHHJI Mace n lllHJlHH nadJIBmaeMUX ysKHX ocodeHHocTeff (B 

MaB/c ): , 
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Mr = rnsr±2 , r1 = II;t4 
M2 = 20I6±3 , r 2 = 3Q±I4 

TaKaJI llte armpoKCl!MrunIB 6e3 y'!eTa mma npn ::: I960 MaB/c2 IIpHBO.nIIT JR 
H8CKO.'II,KO 60.ThllJeii BeJlll'tJ:lll{e M8CCU BTOporo: M = (2024+2) MaB/c2, r = 
(2I±I5) MaB/c2•· -

Jla,'!I,Heii1111re liCCJie,nOBal!IUI ,nByxIIpoTOHHllX CliCTeM I!pOBe,n;eHll C llCIIOJil,-

30roJ!IleM SKCIIepIDJieHT!lJII,HOro uaTepuarra C MPTpoBOii ily3llpl,KOBO:ll RBMepll 
RaK c rrponanoBHM, Trut n rrporran-q;peonoBHM ( 7rY/. C;j!8 + 30% CF3Br )mmon

HeHHeM. Ha puc. 5 rrpe,ncTaMe11u pacrrpe,neJiemm lll!BapnaHTHIDC Mace ,n:ayx 

Pnc.5. 

;;; 2000 
,!:! 

~ 
J 1000 

"' 

,oo \J ~ P,>o,31f3R/c 

600 
Y.\o_ 

~ol>l~l~,R/, 

Pp>0,Z6r3~/e 
200 

~ ' \) _;,' p P,>D,Z3f38/c ~ ', 
S 100 ', 

0,10f38/c ~ ', 
§ M) 

,i'(/ ~ 

ol ,~ P,>0,1SfaR/c ::s::::o 
1.m t.ti'S 2.01s N,. r3R/c1 u1s ,.m 2.01s M,, faBk1 

CyMr.mpm1e pacnpe,neJieH11R mrnapH.aH'l'HHX Mace ,n:ayx npoTOHOB 
-c12 - - > u B/ ~ TI - n TI (A ~ 20 -BsanMo,n;eHCTBUii rrpn 5 rs c. 

CnJIOll!HaJI JIID!WI Ha puc. 5n - pesyJI1>T8T armpoKCllManml SKC
nepmJieHTaJILHOro pacnpe,neJieHllJI qiyIOOJ,Keii Tmra (2). CnJI0111-
11ue Jillllmr na pnc.5(a-s) - it!OHOBlle pacnpe.n;eJieHWI, IIOJIY
ll:eHHHe "rrepeMeDJUBalHieM" I!pOTOHOB ll3 pa3HHX co6llTnii. 
TucTorpaMMa n) - TO llte, '!TO n .n), HO c maroM 5 MaB/c2• 

I!pOTOHOB 6e3 YlJ:eTa KpHTepHJI OT6or,a no yrJIY paMeTa, OCHOB8HHHe Ha 
06i>e,nIIIIeHHOH ~ n-c12- ll n-(A ::: 20)-B38ID,!O,D;eiicTBUii CTaTRCTmte. 
Pacrrpe,n;eJieHWI OTJllllffilOTCJI orpamrqeun.f!Mll CHll3Y Ha BeJilllilllIH m.myJIJ,COB 
npoTOHOB ( Bepx!IJIJI rpaHHUa PB < O, 75 rsB/ c ~ BCex pacrrpe,neJieHllii) • 
Kalt BU,l.{HO lI3 pnc.5II (mar rIICTOrpaMMU 5 MaB/c2), B o6JiacTH Mace 
I950 < M2p < 2000 MsB/c2 H86JIJ0,11;8IOTCJI .n;Be ysKIIe CTpJ'R'l'Yp!l, ROTOplle He 
OIIIICUBalOTCJI it!OHOBOii Rpnnon, IIOJIY'!0HlIOH MeTO,ll;OM "rrepeMeDIIIBaHIIJI". Ha 
pHC. 5n llOita3aH pesyJII,T8T aITIIpoRCIIM3101ll 3KCIIepRMeHTaJIDHOro pacrrpe,neJie
HIDI IIO M2p cpyHRIUJeii mr,n;a (CIIJIOll!Ha/l mrnrur): 

8 

I. 
I 
j 

I~ 

I, 

'I 
/;! 

F<M2p)(l)d..ct'(M2p) +~J3tBWdM2p) , <2> 
~ , 

r.n;e <l>(M)- it!OHoBoe pacrrpe,neJieHne ("nepeMellllmrullle'!), BW(M) - HepeJIJI
TIIBIICTCRaJI qiymru;m=r EpeiiTa-~epa' d.. ll J3 - nx OTHOClITeJIJ,HUe BRJia
,n;u. 

B Ta6.mru;e I IIpI!Be.n;em1 3Ha'!elmJI napaMeTpo:c, noJiy•remnrx: ns arrrrpoit
CRMaJJ;Im crreitTpa IIO M2p (pI!c.5n), BMecTe C ,naHHbJMU O .n;oBepnTeJinHOM 
YlJOBHe rnrroTe3 ll CT8TlICTII'tJ:eCROil 3Ha'll!MOCTU II.lIROD (n CT8ll,ll;3!)THIDC OT
KJJOH elll18X) • 

Ta6:!!!!Y!L!. !:ila'!eHHII rrapaMeTpoD, ITQJIY'tJ:emmx lI3 aITIIpORCllM!lll;IflI 
CIIeKTpa IIO M2p• 

TurrOTe3a M2p, (MaB/c2) ~2p (MaB/c2) ~/CT.CB, .noBepnT. CTaT. 
ypo~eu1, 3Hallll-

(;o) MOCTI, 

I. /,LioH - - 94/27 rcr5 -
2. /,LioH +2BW I966±I 7 4 

1989,±I 9 38/23 2,7 5 

3. <liOH +3BW I9I8,±I 3 I 
I966;tI 7 38/21 I,4 4 
I989,±I 9 5 

lfa Ta6.Jmml I BU,l.{HO, 'ITO HaH60Jiee 3Ha'lliMU IIUKll ITpI! Maccax OKOJIO 
1960 lI 1990 MaB/ c2• Bepo.liTHOCTl, OIIJICaHIDI mwnepm11el!Ta.Jll,HOro pacnpe,n;e
Jiel!HJI it!OHOM RpaHHe Hll3Ra. Pas,n;eJII,HaJI o6pa60TKa 3RcnepRMeHT3JIJ,HHJC 
cneRTpOB II03BOJIILJia onpe,neJIRTl> cell:elrnJI o6pa30BaIIUJI na6JII<UJ:aeMHX .nnrrpo
TOHOB Ha .a.npa.x c12 

JI A ~ 20 B JllioH-s=r,n;epmrx: nsauMo.n;eilcTBUmc rrpn 5 rsB/c. 
Pe3yJI1,'l'aTll 8Ha.IDI3a rrpe,ncTaBJieHil B Ta6.mru;e 2. 

Ta6~. !lmll:eHHII ce'!eHnii o6pa30BaHim ,iumpOTOHOB C M8CC8MII 
I966 n I989 MaB/c2 Ha smpax c12 u A~ 20 a rmoH-smep
nwc asaID,10,neilcTBWDC rrpH 5 raB/c. 

Rm>o 6 1966 (M6 ) 0I989 (M6 ) 

c12 0,69 .± O,I2 0, 70 .± 0,12 

X z 20 0, 72 .± O,I5 I,00 ± D,IB 

,IJ,aHHile Ta6JilII.UJ 2 no BUXO.ny ,nIIIIpoTOHOB ll3 smep He npOTUEOpell:aT B rrpe
,neJiax SlCCIIepIDJiel!TaJII,HUX rrorpeillHOCTett ,n;aHHHM no nuxo,n;y ,neilTpOHOB B 
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a,npoH-JJ.nepJIHX B3aJIMO,IJ;effcTmm:x. CymeCTBynilHe 8KCIIepHMeHTaJII,Hlle ~ue 
IIO BHXO.DY .nefiTpoHOB H3 smep B llHOH-SI,I(epJIHX B3am!O,IJ;eficTBHSlX y,I(OBIIeT

BOpmoT cTerreHHon 3aBHCHMOCTH 6 ""' A"'- c IIaWMe§fM d.., = 4/3~ ~ 
pe30HaHca c Maccon I989 MaB/c2 d..= (I,30 ~8:~o)• 
~ orrpe.ne;remm B03MOlKHHX KBaHTOBHX 'U!CeJI (cmm-'IeTHOCTH) Ha6.mo

:naeMHX pe30HaHCOB 6WI llpllMCHeH MeTO,II; "yrJIOBWC MOMeHTOB11
• Ha pHC.6 

rrpe,ncTaBJieHII HopurrpoIJamme cpe.n;ime MOMeHTII pacrrammx yrJIOBIIX pacrrpe

,neJieHHii B CHCTeMe .n;Byx IIp0TOHOB.K8R q,ymw:w1 Mace M2p· lIOJIJipHIID yroJI 

0.1 

0,! 

0 

0,1 

·M 
o.• 

·0.1 

0,1 

-o. 

<Pb 
I 11 4»i 

•.• t•.."♦114 t .... 
<P:> 

. 

<Pb 

<Ph 

1,11 ~ <Pb 

o.,b.-,...,,, '",""1 

o.i. ~ <Ph 

-o., 
O,li ~ <Ph 

~O.li 

O.,.~<Ph 

-0,li 

· 1.tn 1,111 1,07S 1J7S 1.171 
M1,<r,1Vc1

) 
'~" M1,1r1~/c.1) 

Tue. 6. PaCiipe.neJieHHJI HOpMl!poBaHHHX 

Cpe,Il;HHX MOMeHTOB K8.K qiymantil 
Mace M2p· To'IKH - 3KcrrepHMeH

TaJII,HIIe ,IJ;aHHlle, CIIJIOIIIHI1e Jill

HRH - qJOHOBIIe pacrrpe,neJieHIDI 

("rrepeMelllltBaHHe"). 

e B!IJieTa. O,IJ;HOro H3 IIpOTOHOB OIIpe

,neJIJL1.ICJI KaK yrOJI Me,ir,ny HaIIpaMeHHeM 

rry'IKOBOfi 'IaCTHUhl ( i ) H HarrpaMeHH

eM BWieTa rrpo,nyKTa pacrra.na (rrpoToua). 

To'IKH - 3KcrrepIDl!eHTaJII,HII~,Il;8HHlle ITO 

· cpe,Il;HIDll MOMeHTaM < Pe>=m:Pe(Cos8J)/Ni. 
( 3,nec1, Pt ( Cos 8 J) - IIOJIHHOM JleJJt8H,Iij)8. IIOps:!,Il;Ka e ' N t - KOJIR'IeCTBO 

C061.ITHfi D t - M IDITepBaJie Mace)' KpHBl.le - qJOHOBl.le pacrrpe.neJieHHSI, IIO

JJY'IeHHIIe "rrepeMennrnaHHeM" llpOTOHOB H3 pa3HIIX C06IITlti1. lf3 pHC. 6 BH,D;llO, 

'ITO 'IeTHIIfl MOMeHT < P2 > IIpOSIBIISI8T pe3oHaHcHo-rro.no6HIIe CTJJYKTYPH IIpH 

Maccax I966 H I989 MaB/c2, a CJie.ny:BJJtHe 'IeTHIIe MOMeHTII < P1i > +<Pa> 
OOIIOCTaBlIMII C eyJieM BO Been paccMaTpHB8eMon o6JiaCTH Maco, T.e. B cnc

TeMe 1IJJ'iX IIpOTOHOB IIpitCyTCTBYJJT BOJIHII C op6HTaJII,HllM MOMeHTOM e = I. - - .. lIOJIH!lfl MOMeHT J = e + S MOl!teT IIpIDIIDllaTI, 3H3'IeHHSI O, I, 2, II03TOMY 

~ ,OTOHa IIJ?ll YKa3aHHl1X BI.IIIle Maocax MOrYT H8XO,IJ;HTI,CJI•B COCTOSIHWIX 
"P

0
, Pr wm "P

2 
(0603Ha'IeHHe 2.S.+-1[..1 ). -· 

CorJiaCHO MO,IJ;eJIR KB8pKOBIIX MenntOB OJie,nyeT oim.naTI, CY!lleCTBOBaHHSI ., 
He TOJII,KO .nn6apHOHlillX, HO H Tpex- H 6oJiee 6apHOHHHX pe30HaHCOB. JT;m 

HeCTpaHHHX Tpex6apHOHHIIX pe30HaHCOB, cocTomnmc TOJII,KO H3 U "'.' H d -
KBapKOB, B paMK8.X ccpe~H'IeCKOro Mellll(8 MHHHMaJII,HaJI IIpe,Il;CK83l:lB8eM8SI Mac

ca paBlla ~ 3,5 raB/c • B TO lite BpeMSI MO,IJ;em, BI.ITSIHYTOro Bpa.IllannerocSI 

9 q. -Mennca .naeT Mtni.ll ~ 3,I raB/c
2• K MOMeHTY npcme,neHHSI HacTomnmc 

HCCJie.noBaHllfl llliqJOJ)MaUHJI, KaCanna,lCSI IIOHCKa . g q. -COCTOSIHHfi' rrpaKTH

'IeCKH OTCYTCTBOBaJia. 

ITOHCK CBSI38HHIIX OOCTOSIHllff Tpex IIpOTOHOB 6WI IIpoBe,neH H8MH B pe-

~= 
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n- + C -t2 - pp p + ... 

llpll mmym,ce TT--M830Ha, paBHOM 5 raB/c. 

~ Bl.l,neJieHHSI c.ny'IB.eB pacrra,na B036y,K,IJ;elilmi1 CHCTeMU (3If") 6wr 

llpID/leHeH OT6op co6urm! no yr.ny "' Melit,lzy' CYMMapHb!M BeKTOpoM IDl!IIyJI1,-

COB 1IJJ'iX npoTOHOB II BeKTOpoM IDl!IIyJII,Ca TpeT1,ero (XOJIOCTOro) npoTOHa. 

Ha pHC. 7 IIpHBe,neHo pacrrpe~eJieHHe mIBa~HaHTirnx Mace M3P B c.ny'Iae, Kor-

PHc.7. CrreKTp mIBaPifaHTHIIX 111acc Tpex 

IIpoTOHOB B roiytrae, Kor.na yrOJI 

'4/ > I20o. CllJIOIIlHM JOOIHSI -

pe3yJII,TaT aIIIIpoKCHMaIUilt 3KC-

rrepHMeHTaJII,HOro pacrrpe.neJieHrur 

(I'Y.CTOrpaMMa) qiylIIOJ;ll~H THIIa 

(2) c y'ieTOM BKC. ITymmrpHaR 

~HHHR - qJOHOBOe pacrrpe~eJie-
mre no KHM, He Y'IHTbmaUilee 

BKC. IIITpIDCOBM JIHHHR - qx>HO-

noe pacnpe,neJieH11e, IIOJJY'lell-

HOe MeTO,Il;OM "nepeMellllIB8IIBR11
• 

M yroJI 'f > 120°. B HHTepBaJie Mace 

3,I-3,4 raB/c2 B1f,l{Ha 'IeTKaSI CTPYK~'Y-

pa c npeBl:lllleHHeM Ha.I( !p()HOM 60Jiee 4 

400 .. 
~ 
Cl0 

~ ... 
0 
d -1 200 
X 

§ 
~ 

1797Kott5, 

6
P 

'f 
p 

p ,. 
~ir I 

2,r 3,12 3,44 
Ms, Cra8/c1

) 

CTaH,IJ;ap•.r1mx OTKJJOHellHH. lfcCJie,IJ;Oil8HilSI cneKTpOB I-n!BDp:lmllTlHlX Mace 3 

npOTOllOB, IIOJJY'IeHHHX Kalt MeTO,IJ;OM "rrepeMelIIHI-laFIHSI11 npoTOHOB H3 pa3HlIX 

COCll:lTHll, Trot II C IIOMOllll,IO KMM, IIOK83aJIR, 'ITO IIpHMeHJieMllll HaMH KpHTepnff 
(yroJI 'f > 120°) He IIpl-IBO,Il;HT K IIORBJ!elfmo CT!JYKTypu. B pe3yJII,TaTe arr-

1IpOKCHM8ll,1IH 3KCnepIDl!eHTam,Horo pacnpe.neJieIDJJI lIBB8PHaHTHl1X Mace 3 
npoTOHOB qiyHIOJ;liell nma ( 2) C Y'IeTOM B38HMO,IJ;eifoTBHSI npoTOHOB B KOHe'I

HOM OOCTOBHllH (BKC) IIOJJY'{eHI:1 C.'Ie.n;yJJillHe 3Ha'IeHHSI Maccu H IIIIIpHHll OBSI~aH
HOrO oocToSIHHSI: M3P = (3,27±0,02) raB/c2 H r 3P = (0,07,±D,04) raB/o c 

1...2 /CT.CB. ~ 0, 6. Be.Jllf'llrna ce'IeHHSI o6pa30B8IOO! 3Toro COCTOSIIDISI, OT-

11eceHH8SI K smpy yrJiepoM, OKa3aJiaCI, pamon (0,70±0,I5) M6. r.ne B 

IIOI·pe!IlHOCTI, BKJ]J)'leHa TOJ!l,KO CT8TIICTH'IeCK8SI onm6Ka. 

Ha JllIC.8 rrpe,ncTaBJieHo pacrrpe.neJieHHe mmapnaHTHHX Mace 2 npoTo-

HOB H3 o6JiacTH 3,08 < M3 < 3,48 raB/c2• 1{3 pHC.8 mr,IJ,HO, 'ITO B o6Jiac

Tll Mace 2,06 < M2p < 2,2ij raB/o2 Ha6JID,IJ;aeTCSI 'IeTKaSI CTJJYKTypa, IIpeBl.l

llJaBil!M qJOHOBYJ) Kpl-IBYJO Ha 9 CTaH,I{~HX OTKJIOHeHHfi,co CJie~n rrapa
MeTpaMH: M2p = (2,I9,±D,DI) raB/c n r 2P = (0,08,±0,02) raB/c • Maxmr

MYM B 06JI8CTH I,90-I,96 raB/c2 IIpmIHCIIB8JICSI HaMH B ,IJ;aHHOM CJlY'W.e BIIHSI

IDIK> me, XOTSI Ha6JIImaeMoe IIpeBl:llllel!He Ha.I( qJOHOM MOllteT 6UT:& o6yCJIOMeHO 
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PHc.8. CIICitTp mrnapmUITHHX Mace .I(Byx 

npoTOHOB U8 o6JracTn 3,08 < M3p< 
3, 48 rsB/ c2• CIIJiollll!rui: mrium -
pesyJIJ,Ta.T aimpoRc1IMan;im·8RCIIepn
MSHTa.JIDHOro pacrrpe.neJieHHSI (I'l!C
TOrpaMMa) ipymmueil Tnrra (2) c 
Y'l6TOM IBC. IUTpHXOBa.SI - q.'OHOBOe 
pacrrpe.neJiemrn no KllM 6es Y'!STa 
BKC. nymmrpHaSI JillHHSI - ipoHOBOe 
pacrrpe.neJie1me, IIOJIY'ISHHOe M0TO
,I(OM "nepeMelllHBa.HHJI". 

........ 

.,.,; 
s: 

::2. 
• ... 

1,86 2,06 Mpp(faB/c1
) 

HaJlll'1l10M Mllp0TOHl!Oro pesOHa.HCa B 8TOil 
06.nacT.lf Mace. 

l-IccJie,noBalll{Jl yI'JIOBUX pacrrpe,n:eJieHHM IIpoTOHOB B c .u • .lf. 2 u 3 
. V 2 llpOTOHOB IIOK83aJUI, 'ITO pe80H8l!C O Maccoil M2p = 2,19 rsB C MQ;KST na-

XO,n:HTMSI n cocTorommc 
3 F 2 , 

3 F 3 RJIH 
3 F 4 • B npe,IU.IoJiolKeHHH CY111SCTBo

BAHHsr yita.Sa.HHoro pesona11ca na6JIIQ!(aeMhii1 Ha.MR aj.qie1t~· B pacrrpe,neJiennroc 
mmapnaHTHIDC Mace Tpex llp<)TOHOB MOll':ST 6UTJ, Hl!TeprrpeT.lfpOBaH rum CBII-
38.llHOe cocTosrmrn ,nRciapnona c Ma.econ 2,19 rsB/c2 n npoTona n P-no.r.ue 
( L = l). ITo;rmdi MOMHHT J MOJKeT npmnn.1a.TL ~HatJemm OT l/2 .no II/2 
('teTHOCTJ, IlOJIOlmTCJII,l!flH). 

B 38RJl10'!0lllfli cxtoPMYJ!llp<)BaHU OCHOBHUe pesym,TaTU H BUBO,l\H ,I(RCCep
Tan;HOHHOff pa60TU: 

I. BmoJIHeHu pa60T!l no nporµlMMJIOlAY 06ecnetJeun10 3RCIIepIIMeHTOD 
,lV1JI ncc.ne,noBa.H.lfSi BSll!Mo,neilcTBHff oTpnn.aTeJII,mlX rmo110B c RMnyJILCOM 5 
rsB,I C C pa3JIK'lllllMH sr.npaMll rrpn IIOMOl!lll nysHpLROBOil Rro,1epu C nporraHOBllM · 
ll npona.H-qipeOHOBUM HUilOJIJ!elmJlMH. IIpe.lJ,}IOlll'.eHa npoc_TM II8pa.MeTpnsaunsr 
H8IIp!llll'.0HHOCTll Mal'HUTJ!oro IIOJISI B p:i6otJeM o6i>eMe RaMepu. . 

2. YcTaHOBJieHO, 'ITO O,I(lll!M H3 B08MOl!UillX MCX8HU3MOB.RYMYJIJITRBHOro 
pol!,IteHWI IIpoTOHOB B mITepBaJie RMnyJIJ,COB (0,2-0,6) raB/c SIBJISieTCJI nor
JIO!lleHne Me.lJ,}IeHHUX Tl+-Me30HOB ClKOppeJrnp0BaHJ!Oil napoil BHyTpnsr,nepHUX 
HyRJioHoB. Oue11e11 BRJia.n pearomn rt+. d •- p+ p B pol!t,l(eHHe RYMYJIJITmi:. 
HHX IIpoTOHOB: 6 = (l ,.5,±0,4)' M6. C IIOMOIIILD RaCRa,I(!IO-HCIIapnTeJIJ,HOil 
MO,IteJIR rrpo,neMOJICTpupo!laHO COOTHOl!leime BRJ'.B,I{OB Tpex MexrumsMOD B o6pa-
30B8Hll0 IIpoTOJ!OB, BUJieTannux B 88,!(1!1010 IlOJIYcipopy ( p+ ) : 

a) MBX8l!H3M8 pa3BaJI8 B086Y7-ne1moro R,I(J)(l-OCTaTRa; 
6) MexrumsMa MHoroRpaTHoro nepepaccemnrn n 
B) MexrumsMa norJiomemm IIHOHOB ROppeJIUpoBa.H11oil napofl smepmnc 

HyRJIOHOD. 
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C Y'!BTOM yitasrumux MeXaHH3MOB npe.lJ,}IOlKeHa napaMeTpirnaumr ID!Bapn8HTHO
l'O ,nRqxllepeHIJ.llaJII,Horo ce'!eHWI p+ qiy1muneil BUJia (I). 

3. BnepBH~ D a.npoH-sr,nepmnc peaR1JJ{SIX B pacrrpe,neJ1UHlISIX lilIBapnaJIT
HllX Mace ;rr;eyx npOTOHOB o6HapYJ!(eHU ,YSRIIe CTPYRTypII C . MaCC8Mll OR0.'JO 
1960 n 1990 MsB/c2 n mnpmmMH ~ IO MaD/c2• HaelJrJQnaei.rue ysKHe CTpyit
Typu MOrYT 6uTL pesoHaHCawr B cHcTeMe ,nByx rrpoToHOB c Hsocnmm1.1 I= I 
.n P-BoJIHe ('leTHOCTL oTp.iru.a,TeJIJ,HaSI). Oue11eJiu ce,re1msr me poJK,nemm n 

- 12 -TT C - II TY-CA ~ 20)-BsaUMo,neilc'l'BIHIX npu 5 r3H/c. 
4. B IDIOH-yrJiepo,ItHUX D8aHMO,IteilcTBltSIX Ilp!I 5 raD/c D crreRTpax Mace 

nap IIpOTOJ!OB, 0,I(ID{ ll8 ROTOpUX BllJieTaeT B 3a,ItHRJIO rro.nycctepy, ITOJIY'teHO 
yit83aHHe na CY111eCTBOBa.H1Ie ,I(RIIpOTOHHoro pesomUica c MaccoiJ M2p = 
= (2024±3) MaB/c2 n lllllpnl!Oil r2p = (21±15) M::iD/c2 • 

5. lilepBble IIOJIY'IBHU yitasamm Ha CYll18CTBOBaH1Ie 'l'pexnpoTOllHOro 
pesoHaHca c Maccoil M3P = (3270_±20) MsB/c2 11 Iill[PJmoii r3P = (70,±40) 
MsB/ c2• Cnml-tteTHOCTJ, aToro COCTOmmsr MOJKeT npmmMBTL 3HU't8111ISI 1;2+, 
3/2+, ••• , II/2+. BepomHUM RaJJaJIOM pacrra.zta Tpex6apnmmoro pesoHanca 
HBJlfleTCJI pacna.n Ha ,nR6apllOH ll npOTOH B P-BOJIJrn. YIIOMSU!YTUH ,nR68pltoH 
SIBJIJieTcsr peaoHaHCOM B C:f!CTeMe .nBYJC rrpoToHoB B F -no~ie c Maccoil 
M2p·= (2l90±IO) MaB/c2 ll lllllpIDIOii r2p = (80±20) l!lsD/c • 
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