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Hsyqemre BSBDIO.Jldc:ftd SJr;POBOB 11 Jgtep BYCOKOI 9Bepi'JIJI 

c H.D;P8M11 IIpe,1IC'l'8BJIJre'l' COOol 0,1IIIll D 6BC'l'POP83~JI pl!9,le

JIOB (fllsJID ~- ~ ooyc.mueBO cos,mumeM ,uJI 11CCD,1l0Ba

md MOIIIBBX ycxopne.rel a.oteMe1tf8peax 'I8C'!'IDl • .erax JJ;l'Bp 

( OHHK, ~HAJI. IlEPH 11 .liP·) • nmDift'llllell poe l!OBYX 'l'eOpe'l'J['IeCDX 

JI.Ileft, IIOCBJBQei!DIIiiX pi!CCMO'fPeJUIII IJpOC'l"pp!!IC'fBe~BP8M8JUIIIX COM

Home:RJII B n~cce B:JUJIQetcna,npo.RBJiemm ~ ac'fr 
/fle'KTOB IIpJI CTOJOOIOBeJDD! 6JIC'!'PBX 1111C'l'IDl JI J!;Itep C SQUl8lllf ('KJIIYJIII

rJDilllil acfxfleKT, Y,liap&Be Bomm) 11 .u;p. II08'l'OIIIIY IJPOBe,ll8lllle 8'KCne

p11MeHTo:s B STOM mmpaBJie!DIJI JiBIVI8'!'CJI mt'l'Y8J[&BOI s8,1U!1fel. 

ll'llccepormxu n~ XBJifeJUIII naao.-elcn•• a.xpno 

(,i'~ p ) II JI8I'DX JIOIIOB (He4, CI2)- C .R;IIPID IIpJI BYCO'Kol 8Kepl'D. 

0CBOBHOI ~e,m,J) ,JD!CC8Pftii0Dl .IDS.IDie'l'CJI 11CCJI8,JtO:aaJrile npmxeeea 

BOSC!J'lK,lleBU JI pi!CJia,JUl JQP8 lllilreD lt 8ft% BIUJIO,leiCUU%,'11'1'0 

B oe!Jmc'l'JI mrco'KOI 8Beprn wet..U. ~ llaJrO nJ'fti(O. 

BIJarO~PJI PftSIM(Svdte 11 JtO.I!J&jMfllC't'llOBUIIII MeTo;aau&, ~ 

II()JO"'IeB pSf,1l BO.X pesyn'!'l!ft'Olt, B '1'.:. 'ifJIC.R liOtta e;uurel'»iW. 

K liD o'l'!!ocJI'!'CJI, wpaaep, 

IIOJ.!BOI'O pupl"JJIeJJD '!'DeJDIX IOII8P (!9, B,. ) • PI rn- C!'OD

HOB8BJIB C ~ npo!oOI!Olt C .-!1.U.CC. ?'0 I'tB/ C JI Jlei'DX JIOI!Olt 

He4 :w ci2 c JD~~JYJD>ca. 4,2 :nJB/e Jla :QDOII. II()JIJ1mlll '!'!IDe ~ 
BB8 ,mmmre IIO 8Bepr8'l'JAeCDII DpitK'tepBCi'JUC8il Ka'K poQeBllliX 

11ac~, 'l'att • 111!C~-npo.1tY'K'l'Oll paena,u ~eo • 
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06Hap~eH H HCC~enoBaH BNXO~ 6o~moro ~HC~a npOTOHOB C 

aHeprueA 26 MaB 6 E ~ 400 MaB ( fj- - ~aCTHinl) npH no~oM paa

pymeHKH T~e~X ~ep, 'ITO RBnR8TCR B8~NM ffiaxTOM ~ UOCTPOSHHR 

TSOPHH ~epHNX pe~~ npH BHCORHX aHeprHflX H MO~eT HM8TD npaR

T~8CROe npZMeHeHHe. 
nHccepTanHH COCTOHT HS BBeneHHH, Tpex r~aB H 3~8HHH. 

Bo BB8.l(eHKH onpeneMSTCR Il8~ pa60TH, Hay"q!'!M FIOBHSHa H 

npaKTKqSCKM U8HHOCTL nonyqeHHNX pesy~TaTOB, 

B nepBol r~aBe ~eTcH onmcaHHe MeTo~H Kcc~enoBaHIA. 

IIoKasaHo, 'ITO np~meHeHJQ.rA MeTon R.ItePHax SMY~CHA, MaronapH 

BYCOKOMY npocTpaHCTB8HHOMy paspemeRHD H perKCTPSill'IH 'IQCTHil B 

ruHpOKOM ~anasoHe HX 3HeprHH, MaCCY H sapR,Ita, RBnH8TCH nocTa~ 

TO'IHO 3~RTHBHNM M8TOnOM, C DOMO~D KOTOpol"O MO~O DO~HTL 

06m.HpHYD HH~~ 0 HeynpyrHX BSaRMOnelcTBHHX 8nPOHOB H R,Itep 

C HnPaMH D~ BYCORHX 9Hep!'HHX. 

B HamKX SRcnepHMeHTaX/I-3/ H8PRn1 CO CTaHnaPTHO! SMY~CHeft 
EP-2 HCDOJII.80BM8CL TeRM JKe SMyJmCH.R:, 060l"Silt8HHM ~Sl"RHMH 

~8MH C DOM~D Hano~Te~el: STHneKrnHKORR (CH20H)h KnH 

rnmK03Y (C6Hr20IG). 3TO DOSB~O YM8HDmHTL cone~aHHe ~ep 

A1, Br m N B e,nJ1HJ!Ile o6'DeMa npJJMepHO B 2,5 + 2, 7 pasa x 

~0 BOSM~OCTL npRMeKKTL OnH03H8'1HYI paSHOCTHal M8TOn ~ 

p88.l(e.lr81W! 83~U!KO,JtelcTBP!II C nerxoll ( C, 0) B TJ!ZeJrOI (A 1, B,. ) 

ROMOOR8RTOI SMY~CIH. HCDOXLSO~I M8'l'On CB06oneH OT Heon

ROBJII1~0C'l'el cnoco6oB, npRMeHSIBIIIJ{XCH npezne. Il!>SifM3IIIecTDo npH

MeHeHKR IMYJmCJK C pa~HHM COCTaBOM R,It8p DORaSaRO Ra npRMepe 

onpenaJreRHH ce-qeRJ!I Heynpyroro B38HKO,It81!CTBHR ~-'laCTHU·C 

BMDY~LCOM I? rsB/c c JIJij)8MH ~TOSMYJrDCJUI. EYmr nonyqeHY CJre.lt.VJ)

Dtle sRa-qeu:JI ceqeol: Gc = (4!0 ;t 50) M6apH, G;. = (500 ± 
;!: 60) M6apH, G" .. = (I455 ;t IIQ) M6apR, 6"_., = (I700 ;t I30)M6ap~!/ 
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HaftneHHYS sHa'leHHH G HaXO.IUlTCH B xopoweM cor~acHH c naHHNMJll 

nPYrHX 8BTOpoB, nnnyqeHHYMH nos~e C DOM~LD pas~HNX M8TOnoB, 

nPyrol oco6eHHOCTLD 9KcnepHM8HT8 HBn88TCJI npmMeHeHHe Jl!M

nyncKOrO Mai'HltTHOro DOM OpPI 06~eHHH <flo'l'OBMYJrDCHH, 'ITO 003-

BOXKXO KSM8pPITD HMTIYJrDCY 6NCTPHX '18CTHU H pasn~TL HX no sa

pHnY, 3cWJeRTJIBHOe RanpJilKeRHe MarHJl!THOl"O OOM (~@J.> B pa60'I8M 

06'D8Me 91ofYJrDCJIOHHYX CTO!lOK COCTaBJUIJIO npHMepHO 180 Krc, 8 Heon

HOponFfOCT:& MSI'IUITHOl"O DOJIR B TOM lite o6'f>eMe He npeBNWMa 4%. 

Cpe~ OTHOCJ!T8JrbHaR norpeWHOCTL np:e HSMepeHHRX HMOY~LCOB 

BTOplAHIIX 6YC'l'pYX qacTHU COCTaBJIRJia !5 + 20t', H no~eHHaR 
TOqHOCTL ~JIB 3KcnepMM8HTOB C ~OT03MYJILCMBKM !lOKa BBJIBeTCB O~HOA 

H3 Jiyqmmx. 

BTop!R rnaBa nocBJ~meHa :esyqeHHD HeynpYrHX BsaHMo~eftcTBHft 

npoTOHOB c Po= 70 rsB/c, rr--M830HOB c Po= 60 raB/c}! 

50 ThB/c c .a,u,paMH (C, 0), (A~ , Br ) :e co cpe.romM JinPOM aMY~ncHH 

<: E "'>. TaM ze naH o6sop coBpeMeHHoro cocToRHHR TeopHH H MO~e~eR 
BSaHMOneftCTBHI anpoHOB H Rnep C ~aMJll npH BHCORJl!X aHeprHRX. 

0T6op co!SYTHI HeynpyrHX B3al'lMO,Jte~eTBH~ HM8T810018R qacTHUY 

C ~ npoHSBOnftnCJI !10 o(1menpHHHTYM RPHTepHRM. llpK aH8JrB98 

B3aKKO~ei!CTBMB rr--Me30HOB c HNOYJILCOM 50 raB/c c B,JtpaMH 3MYJIL

CJIH, 06nY'l:8HHOl B MarHHTHOM n~e, HCC~enoB~Cn saBHCJIMOCTJll 

pa8Jm11HNX xapaKT8pPICTHK BTOpJ['l:HNX '18CTHil 0'1' 'IHC~a qaCTHU-DPO.IlVR

TOB pacnana MHW8HJI .H~t. : JV, = O,I - KB8SHHYKJ!OHHN8 B3aHMoneRcT

BHR;flL~6- B3aRMOneAcTBHJI c JUU>aMH C, J'l, 0 H ~ A~ , Bt" 

c MaJJYM Bos6YJUeHHeM; Al~t-BsaHMonelcTBHR c TID!teJIYMJll smpaMH 

SMYJrDCHH (A g , B r ) , conpoBollt,ItSl(lll}leCR 6o~WHM Bos6YJKneHHeM 

(6onmaJI "TonmHHa" flnepHoro BemecTBa Ha nYTH nepB~Hoft qacTHUH). 
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Bee BTOpB'IHYe '18CTHUH ~enatca, KaK npHHBT01 Ha AHBHe

Bii8 ( $ -'18CTIIQH, j3 > 0, 7) , CepYe ( 9 -ll8C'l'IIQH, p ~ 0, 7 H 

ocratoQHbiM npoOer R > 3000 MKM) a qepHYe ( 8 -'ISC'l'IIQH, 

R ~ 3000 MKM). Kx 'IHCJIO coo'l'BeTC'l'Beaao o6osHaqae'l'ca qepes n.5 , 
n8 , n., a JVl<HA..=Itct-n1 >. 

AHSAH3 8KCII8pRM8HTanbHYX naHHHX IIO MHO&eC'l'BeHHOC'l'H 

5 -'18CTHU B BH'l'8pB8Jl8 ayepraft 6 + 400 raB IIOR83HBa8'l', 'ITO 

< n.5 > pacTeT c y:seJIH'IeHBeu E0 , O,llH8KO pocor < I'Ls> npa 6oJiee 

BliCORHX SHeprBSX ( > 70 raB) M8,1t11E!HHee, 'l8M DpH 8HeprHH M8HJ.me 

70 raB. HopuHpOBSRRBR MHOZ8C'l'B8HROC'l'D 

R =<n.,>A 
A ..( n.clt. > 

rne < n.5>;. - Cpe.IIH88 'IHCJIO 5 -ll8CTIIIQ B 8,lij)OH-anepHSX CTOJIRHD-

BeHMX, 8 <. 1te4 ) - cpenaee 'IHCJIO 38pii:1:8HHHX '18CTIIIQ B 8JlPOII-aJX

pOHH9X B38HMO,It8ftC'l.'BMX, CJI860 38BHCJIT 0'1' 8'l'OMHOI'O HOMepa Hnpa 

MmlleHH H napSMe'l.'pasyeTca 38BHCHMOcnn RA =Atl.., rile 

J.. = 0, I8 .± 0, 04, '1'1'0 COI'118CJ8TCJJ c .ll8HHHMH lij)JI'HX 8BTOpOB B 

6o1ILWOA o6nac'l'B saeprHH aameor~el qacTKQN. 

..... Ha pac. I llORasaRS SSBHCHMOC'l'r. cpeltaero 'IBC118 <. .N'~t > O'l' 

'lli'ICJI8 pou;eHHHX '18CTIIIQ rt5 ltJlll paSJIIi'lllHHX SHepral H8Jl8'1'81>Dl8I'O 

llp0TOH8, H8RJIOH JipfiMO!t <.~) =f (fl.s,, fo) C poC'l'OM SHeprliDI 

JM8HLmaeTCJJ, 'l'l'O CM38KO C 6HC'l'pwl poeT OM yt£ B 38BICBMOCTH Of 

pocra ll8pBH'IHOft 3K8PI'HH, 38BHCRMOC'l'l> < 11.1 ;> 0'1' qJ:C118 cepYX CJI81tOB n, ll0K838Ha R8 pRe. 2. KoppeJUIIUUt <~>=f{n.,,e.) II 

~ fLc>:f(fla,E.) YK831iB81>'1' Ha JlHHeiHHI xapanep 8'l'HX 38.BHCHMOCT81. 

AHaJIHS 38Bl'ICHMOC'1'8A IIMilY1ILCHYX xapaKTep&C'l'HS BTOpK'IHHX 38pR

Jl8HHYX qacTIIIQ 0'1' "'l'OJilllHHH" JJitepHOI'O B81118CTB8 118 DYTIII '18CTIIQH (xa

panep1!sye¥OA BeJDI'IHROJt ..N4.) JJ aaepr1111 nepgqaost '18C'l'JIIlli nom

auaaer,'lTo cpe.11wre nonepeqHHe HMOJJII.CY Ir. • rr+-tweaoaoB B IrA.-
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coy~apeHKHX npH 50 raB/c BeCKOJILKO BYrne, qeu npH I? raB/~ H B 

pA-B38l'IMO,JteiCTBMX C .,+'4. ~ 7 IIPH 2! raB/c/4/. 

Ha pJIC. 3 IIOK83aH8 38BHCHMOCTE> < (1 > OT CTeneHH paspyrnemt.!I 

.fi.ltP8-MHilleHH n.9 ,IJ.1IJI n± MesoHoB B rr A -coyJl8peHHJJX. Kax Bl'I,ItHo 

lll'3 pPICYHKS 3, <.f1) POlll:,lteHHHX TJ± MeSOHOB He 38Blll'Clll'T OT n..a- . 
lloJJY'IeHH .IISHHHe no napi.U'IMLHI:IM xoa!filiml:l'IeHTaM HeynpyrocTl'I 

K+ lll' K0 B saBHCHMOCTH OT pasMepa ~-MHmeHH H ero cTeneHH Bos-

6Yl101:8HHR .K~~. B IrA-BSB.HMO.IleAcTBl'I.fiX npl'I Po = 50 raB/c (K:!: M Ko 

npe~cTaBARDT co6oil: ~ann nepBMqHoA 3HeprHH• YHOCHMOA BTOpl'!qHHMl'I 

llOAOZI%8AhHO M OtpHUatenLHO sapHKeHHHMH, a TaKEe HellTpaRLHb!YH 

qaCTJIIlalm COOTB8TCTB8HHof'?/), 3HMe!liiiB cpe~HHX aenH'IJ!H nap!ll'Ia.JihHHX 

R03<fx'{lHuHeHTOB HeynpyrOC'l'H llpHBe.lleHH B T86JDIU8 I. 

Ta6Jmna I 

IIa~aJILmdl 
RO~eHT !Ji.JV .J/~t. ~ 6 .!Vi,) 7 KeYilPYrOCTH 

K+ 0,20j;O,OI 0, 22;t0, OI 0, 27j:D,OI 

K_ 0,4I,:tO,OI 0,42;tO,OI 0,3I;tO,OI 

I{JE 0,22j:D,OI 0,25,:tO,OI 0,27j:O,OI 

K+ 0,6I;t0,02 0,64jp,OI 0,58±0,02 

~ 
0,42;t0,02 0,47;t0,0I 0,53;t0,02 

(0, 42;t0, 02) (0,46+0,0!) (0,5I+0,02)-
Oe3 penarHBHCTCKHX npOTOHOB Ot~aqH 

Ko 0,39;!:0,02 0,35tO,OI l 0,4I+0,02 

KK••s·•A· } (0,38,;t0,02) · (0,34+0,0I) (0,38+0,02)-
Oes dHcrpux.H ue~n~HHbl"i Hellrpoaoa 

* IIpJI JrCKJIIJ'J8IDIH "JDI.IlllPY'I!III81" lfaCT:mlH ( rr c p ~ 0., 3 p 0) • 

~ Ilplll' HCKJIIJ'JeHHH "JDI.IlllPY1!IIIeA" ~acT:mlH l'I 6YCTpaX llpOTOHOB • 
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Hs TaMHUhl I CJie.IJYeT, 'ITO IJOJIHM aHeprH.Il, YHOCHMa.ll BCeMH 

.nMBHeBhiMH 38PH~eHHhiMH M He~TpaJinHI:lMH ~aCTHUaMM 1 0~HH8KOB8 B npe

)leJiaX oum6oR aKcnepHMeHTa ,IJJI.Il Bcex rpyrm B3aHMo,ne~cTBM~. O,nHa

RO napUHaJibHHe Koa~eHThl HeynpyrocTH K+ H K_ (6e3 "JIM~PYID

nteti" "'acTHUH) no~~:asHBaPJT cJia6yn A-3aBHCHMOCT:&, EcJIM aTy 38BH

c>~MOCT:& npe,ncTABHT:b B BH,ne K + "'- A~ , TO Ilpl'l nepexo,ne OT Jier

KUX R,nep C,JV, 0 R TmteJWM Ag, Br TIOJIY"HM d..= 0,05 ± O,OI. 

Ha pHcynxax 4,5 noKa3aHH aHepreTH"'eCRHe cneRTphl Me,IJJieHHHX 

npOTOHOB I'! J. -"18CTHU IJpH B38HMO,D;e~CTB>!HX npOTOHOB C HMIJYJILCOM 

70 ran/c c H,n:paMH A g ' Bt' • B Hame~ pa6oTe/3/ 6HJIO IJOR83aHO, 

liTO paCCI!HTaHI!ble Ha OCHOBe HcnapHTeJILIIOil UO,D;eJIH KpHBble B UeJIOM 

*-I He OIJHCNBallT 3KCilepHMeHT8Jil>Hble pe3yJILT8Tbl. AOyn-Ma.r,D; H XarjJHep 

Ha OCHOBe HOBO!! npe,D;JIOI:eHHOJ:l HMH MO,D;eJIH IJOIJbiTaJIHCl> O<l'DHCHHTL 

Hallll' pe3yJibT8Thl, 0,D;H8K0 1 KaK BH,l!;HO H3 pHC, 41 51 HX pacqeTHble 

KPHBhle TaKJ[e He annpoKCHMHpYJlT 3KcnepHMeHTaJILHble pe3yJII>TaThl. 

B TpBT:&e~ rJiaBe HCCJie,nyeTC.Il .IIRneHHe IlOJIHOro paspyrueHH.Il 

TmteJIHX R,nep A~ , B f' ( < A> = 94) H .ll,Uep P& (A = 207) no.n 

,ne~cTBHeM IlPOTOHOB c Po = 70 raB/c I'! JierKI'IX HOHOB He4 H cl2 

c""i:,0 = 4,2 raB/c Ha HYKJIOH/8,9/ 

B aKcnepHMeHTax HCIJOJ!b30BaJIMc:& ~T03MYJI:&CHH EP-2 H aMYJ!bCH.Il 

EP-2, co.ne~a.ll COJIH CBHHUa,- EP-2PB. COJIH CBHHUa BBO.nRJIHCI> B 

~,nRYD 3MYJI:&CHPJ HellOCpe,llCTBeHHO nepe.n HSrOTOBJieHHeM ¢oT03MYJI:&

CHOHHhiX cJiaeB. K co6HT:H.IIM noJIHoro paspyrueHHR .ll)lep A~ , Br 

H PB OTHOCHJIHC:& SBeS,D,ll C ..(~~ H ./{~ 40 COOTBeTCTBeHHO. 

B Ta6JIKUe 2 npHne.neHa Bepo.IITHOCT:& nOJIHoro paspyrueHH.Il .llllP8 

npH B88i'IMO,lle~CTBHH npoTOHOB. HOHOB He 4 H c12 c .ll,!ij)aM:H A' , Brii PB. 

*-IA.Y.Abul-Magd, J.HUfner. Preprint of Max-Plank-Institut 
fur Kernphysik 1 Heidelberg, W.Germany, 1977. 
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Ta6JIHUa2 

HaJieT. ~JI:&C BepoHTHOCT:& IJOJIHOrO paspymeHH.Il B % 
CH8})Sm ( /c Ha 

HYI<JIOH) Ag , B,. P& 

p 70 3,0 ± 0,8 7±2 

He 4 4,2 6,4 ± 1,0 IO ± 2 

ci2 4,2 15 ± 1,5 

BeJmtnma BepoHTHOCT:H BH'IIICJISJJiaC:b KaR OTHOnieHHe "'IICJia B3anJ.!O

,lleitCTBJd C UOJIHHM paspymeHHeM .ll,Upa K 'IHCJIY BCeX HeynpyrHX CTOJnlliO

Bemrli C Sl,lUl8MII A 3 , Br B PB B IICCJie,DyeiiiO!.I 06'I>eue auyJI:&ellll. 

B Ta6JIHne 2 BH,lleH poeT BepoHTHOCTH noJIHoro paspymeHH.Il c yneJIH"'e

HHeM MaCCH HaJieT~eR '!aCT~. 

B Ta6JIHUe 3 npHBe.neHH .namme no cpe,ItlmM MHOJtecTBeHHocTml 

< Yl.5),.(n,),<n,):a IJOJIOBHHHOMY yr.rry QI/2 (yrOJI paCTBOpa KOeyca, 

B ROTopaft BUJieTaeT nOJIOBHHa "!acT:an), a rnKxe cpe,D;Hee qv.cno N~ 

B 3HaqeHHH OTHOmeHHil "'BCJia 9 - H &-'IaCTHU, HC~eHHHX B nepel

Hmm IJOJIYC~epy,K qHCJIY 3THX J:e 1!8CTHU 1 HCn~eHH~X B 3~HilD nony

c~epy, 

ilpel:lle ncero o6pamaeT ua ce6H Btnn~ue TOT ~T, 'ITO B 

COBOKYJIHOCTII k -"'aCTHU BeJIHKa llOJIJI 3 -"JaCTIIU. 3TO Ha6Jlll)la.eTCH 

B c.nyqae B3aHMO,ne~CTBBJI npOTOHOB C .ll,Upa!.m II B ellle 60JI:&rueii CTe

neHI! ,IJJIJI He
4 + (At, Br )-II c12 + (A~ , Br ) - CTOJIKHOBeHHH. Ms 

CpaBHeHBJI SHa'!eHd e,,it ll f)g, "fa. ,IJJIJI BSaiDAO,lle:!iCTBIIit 

P +(A a, BI'),He4 + (Aa, Br ) 11 c12 + (Ag, Br ), a Ta.IOKe 

"' 1 Bnepe,D; H n/ 1 Bllepe~ 
"' 1 Ha36,11, hf 1 H836,11, 
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Ta6.Jllillla 3 

XapaK'l'e-
P+Pt c·".,.Jy . .8 ... "'- +-.AJ.Br of.-t-Pl P+.Jia.Br pHeTIU<B 

<Yls> 9,4,±0,4 !2,5± I I9,0±I,O 20,7±I,O I8,6z0,7 

<ns> I9,8±I,4 34,7±2,4 I4,2±0,8 23,0j;I,O 22,3;±0,8 

< Yl.&> I0,9j:I,O I2,7±I,3 I5,8±0,4 I9,2z0,4 II,I±0,5 

<.iVh.> JO, 7±I,4 47,4±I,5 30 ±I 42,2±I,2 33,4±0,9 

8s. 1/~ 45° 53° 280 25° 300 

e9.r.~. 66° 680 69° 680 sao 

e,.~, 95°± 5° 95° ± 5° - 89°± 3° 78° 

n~, snepe,!l 
2,I5z0,3 - 2,I5j;0,3 3,22±0,2 2,5Iz0,4 

~ 9 , Ha3M 

h. I , snepe,!l 0 87+0 3 
' -' 0,88±0,2 - I,09z0,23 I,3I±0,3 

ff..l , Ha3a,!l 

AnR rex .11:e B3a~IMO,!IeilcTB!t!ll cne,!lyet, 'ITO c YJienHI!eHHeM waccH Hane

.:~mero CHBJlf.IM p&CTeT HBIIpaBJieHHOCT:& BOepe~ ~ - H g -qac!~. 
,IJ.1lR nocne.llHBX &TO, llD-BH,ItHMOMJ, CBIISSHO C poCTOM CKOpOCTH 

R,!lpa-MHW9HH nocne CTOnKHOB8HHR (R,!~pO-OCTaTOK nonyqaeT Odn&WHR 

HM!lynLc). 

B '1'86RHI48 4 llpHBe~eHH lt8HHHe 0 cpen~mx qHcnax < np>,< n.,> 
< Yl,/) (apO'l'OHOB, t:/., -qaCTHI4 H !Vp!I'ME!HTOB) B COBOKynHOCTH {j- qac

THU1 HX cpe,llHHe 3Heprv.H <. Ep >,(E.,_>,<Ef >H cp~AHHR CYJOiapHYR 

38pllll < l > 'IBCTBU OT p&CilaltB Mlliii8HH B CJiyqae IIORHOI'O paspyme-

HHJI anep A~ , B r 1t PC apR BSBHMo.neftcTBHit c HRIMH apoTOHOB • 

anep He
4• 3eepreTH~:~ecxlte pacupeneneHHB t -qacT~ opBBe~eHH 

HB p11e • 6 llJII! npoTOHOB a: HB pRe. 7 - llJII! J.. -qac'l'~. 
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f 
~ 
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Ta6.Jllillla 4 

Xapu'l'epBe-

cl- +-JIB,B" '!'IlK& J,+Pl PT.A3.s,. e..,.p, 
<.rtp > 6,2±Q,7 5,I±I,O IO,O;tQ,6 I4,6z0,7 

< l1..i. )' 4,2,±0,5 6,-ij;I,O 5,4j;4,5 5,6±I,O 

< Ylf> 0,6zO,I I,O;tQ,3 O,Sj;O,I I,Sz0,3 

<Ep> 8,65±!,0 8,2±!,0 II IO, 9;±:0,5 

<Eo~.> 30,8±3 33,4j;5,0 32 38,4±3,2 

< Ef7 49,6j;6 30,0+6,0 - 36,6j;3,7 

< l> 4! 63 4! 62 

Cor.ucHo '1'&6Jl11Qe 4 ,llJIH BCex aepBBIIHHX qaeT~ • snep-Milllle

Hel epe~HBe 8HeprKI BTOpHqBHX opD'l'OHOB B cL -qae'l'BU BMenT 

6.usx11e SH8qeHJIR. AHBJioreqHafJ RaJI'fBH8 xapaR'I'epHB • ,MIJ eHepre

u~:~eexn CII8R'l'pDB: B86.111l.lt88!Cft HX IIO~o6He (eM. pee. 6,7). 

CpaBHeHie aRepre!KqecRHX B yrxoBYx paeope~eneHBI, ooxyqeH

BHX IIPB IIOXHOII pasp,ymeiUD Jlltep, e BHBJIOI'HqRHMJI p!CIIpe~eneHBftMH, 

Ha6~eMYMB ,MIJ BC8X cxyqaeB H8YIIP,YI'HX B38KM0~8ICTBHI 6HCTpYX 

qac!~ co epe~IIIIM ft.lij)OII 8MYJU.cBH <Em>, aoxasHBBeT, qoro oHH 

B o6IIUIIX 't8p'l'8X COBIJ8.lt8l)'l' • 3TO JK83HB88T H8 BaaHHI ~T: 8H8-

norRn B M8xaHH3KaX B3aKKO,ll8ACTBHft 0HCTpHX qacTHU C R,!lpaMH B cpeA• 

HHX B38HMOA8RCTBHftX H BO B38HMO,ll8RCTBHRX C nOnHHU pa3pymeHH8M 

Jl~ep. 

Cy11M8pHHI 38pllt apo~KTOB pa3pymeHBft Rnep 6Hn p!CCqHTBH 

H8 OCHOB8 aamBX 8KCII8pHMeH'l'~HHX pesyn:&TSTOB C yqeTOM ope~ 

~ -qac'l'~ nou qac'l'BU; c saptltOM '1. = 2 (He
3 

111 He
4). BCeM 

9 



I 

') 
i 

•! 

~ 

~parMeHTSM npHfiHCHBanCR sapan 1 = 3, TaKHM o6paSOM, B ta6nz

ue 4 naetca RH&BSJi rpaHBIUl oyMMSpuoro sap11na. Cpe,JlHIII cyMMap

HHI sapRn < ~> . npo.nyxTOB paspymeHIIUi S,Jlep A 3 , Br OK&SMCR 

~ 4!, q'l'O fipaK'!'HqeOKH He O'!'nzqaeTCR OT openuero ~KTHBHO

ro sapRna anep A3 , B,. • CJienoBaTem.uo, B zsyqaeMHx oo6YTMX 

OCTSTOqHHe 11®8 0 SaMe'l'HYMH M8CC8MH O'l'CYTC'l'BYJ)'l', '1'0 eO'!':& Dpo

HCXOllHT IJOJIHoe paspyme!Uie snep. 

.ILns anep PB cpenHHl oyMMapHH! sa.Pfln < 1.> ~ 63. Tax.HM o6pa

soM, ua noJm ~pel'lfento:s c l ~ 3 npHxonzTca :s cpenneM saprn 

1. = !9. Cpenz s:sesn, o6pasoBaHHHX npa :ss&HMO.Il81o'l'BD IIJX)'l'OROB 

• J., -qacTHU c slijl8Mil PB , 6YJIB saperBoTpBpoBaHY co6YTM c 

.hi~ 60, a onua 11s HHX oeu Jfi = 66 (pac. 8). lloJIHYI aaaus 

SBeSnH fiOK8SM, qto cpenz 66 qaC'l'HU BMee'l'CH 57 OAH03apRAHHX, 

5 llBY:XS8plfli:HHX H 4 (flparueH'l'a ( l :if} 3). TaKIIM o6peSOM, CYMM&p

HYI S8Pfi.Il HCfiYJQeHHYX qaoTHU B 8'!'01 SBeSI(8 t_ ~ 57·! + 5•2 + 

+ 4·3 = 79 ( :z,., = 82). 

•• BYme o6paJQ8JiocJ. BHJMaue ua 6om.moe qzcJio 9 -qac'l'HU B 

cJiyqasx aonuoro pespymeBM snep. Ecu yqecn BYJieT uel'l'po&o:s, 

q)I[CJIO ltO'l'OpYX oqe:BHnRO 6om.me, qeM IIpD'l'OBOB,B O'!'Hom8BBB 

(A - 'J.}/'/. ,y I ,3, '1'0 IIO,QqaeM, q'l'O fiOJIOBilH8 HYK.JIOBOB BY6paCHB8-

etca HS Si,JU>8 H8 "6YC'l'pOI" C'l'BJUlH (Be CBfi38RBOI C "ICII8pBTeJI:&

HOI") ero :BSSBMonelctBilR c BMeT~I qac'l'Knel. 06~caeHBe &To

MY ~eKTY, oqeBBnHO,Hem.SR HCK8'l':& B paMKaX HSBeC'l'HOI lt8CK&n

HO-HCII8pHTem.aol MOI(eJIH. Hanpxuep, HeOOHRTHO, noqeuy o(-qac

THUH, B cpaaueHHB c npoto&aJIB Meuee suepriNHHe • noarouy reuepH-

p~ae sHaqHTeJI:&HO MeH:&mee qHcno ~-qacrm~ (B 2 pasa JleH:&me), 

BH0HBa»t HS ftAPa B 1,5 pasa ~-qacTH~ OoJI:&me, qey npO'l'ORH. 
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B nzccep'l'SUBB IIOK8S8HO, qTO B PaMJt8X cymec'l'BYDmHX MOI(eJiea 

Tpynuo o6'1>BCHH'l':& liOJIHOe pespyme!Uie TIIEeJIHX snep. AHMHS H&mHX 

8KCDepBM8R'l'&m.HYX pesym.'l'a'l'OB YKSSYBae'l' H8 BOSMOMHOCT:& KOJIJieK

'l'BBRDrO XapaKTepa II~eCCOB DPH B38BMOneiCTBHH a,JU>OHOB H anep 

C Jinp&MH. 0,ItH8KO B H8C'l'OHmee BpeMII He'l' COOTBe'l'CTBVIJmHX pacqe

TOB IIO JIO~eJIRJI KOJIJieKTBBHOrO THDa. 

~CT:& &KcnepBMeH'l'am.uoro Matep&ana, OTHocameroca K aaeprH

HM rr--uesoHOB 50 raB H RAep c12 - 50 rsB, nonyqeHa KOJIJieKTBBHO B 

JJa60pe'l'OpWix A.mca-ATY, Iiyxapec'l'a, BapmaBY, .Ily6HY, KomBQe, Jie

HHHrpe,Ita, MOCKBH, T811KeHTa. llom.ayHC:& C,QqaeM, SBTOp BYpaM&eT 

rnyOOKYD Onaro~apuocT:& KonneraM sa nJIOAOTBOpHoe coxpyAumqecrao. 

OCHOBHUE PF:3YJThTAT!l PAEOT!l 

I. lloK838BO, t{'l'O HCIIOJIIISOBaBHe 8M:yJDoCHI C nB:JMR COCT8B8MH 

HJlep H 11BHqHTaTeJI:&HOA 11 JleTOAHKH IIOSBOJIHT OAHOSHaquo pasAeJIHT:& 

B3811MO,llelo'l'BilR aa rpyoll8x srnep d, 0 • Ag , B,.. npm Mcnon:&soBa

a•• aroR Mero~HXH, onpe~eneao ceqeaHe Heynpyrzx asaHMOAeRcTsHA 

aanerao•el p{-qacT~H c arBMH ~paKx. 

2. llPo:senea aB8Jilla npOQecco:s :BS&HMo.D;eloTBM pasnzqHHX 

qac~ C HJlPBMI 811YJIIICHB. 

Hallleao, qoro: 

a) cpe.D;ue suaqeUR .#"' B 6o'm.moM BH'l'ep:sMe aaeprzl aesa

BHCBMO 0'1' MBCCH HM8'1'~1 qaoTBUH OCT8D'l'CH DPHM8pHO IIOC'l'ORHHH

... ; 1ij11 8'1'011 H8K.JIOH D.PfiMOI B SSBHCIIMOCU Jlf.. =1 (ns) (.H,. =J.ns -t-_ft) 

.D.:n8 B88BIIOnelct:BHI Dpo'l'OROB C anp8Ma 8yYJI:&CHI C poc'l'OM aaeprBH 

YM8HIIIII8e'l'CSI; 

6) BeJIBt{BH8 cpenaero nonepeqaoro BMIIYJIIICa poaneRHYX sapR-

11 
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&eHHHX qacTBQ He 38BHCHT OT CT81I8HH paspymeHBS S~, q'fO KaqecT

B8HRO co~nacyeTcs c MO~eXRMH ~eaep~ xnacTepao~o THna; 

s) Mueer uecro cna6aa saBHCBMOCT» napqaa~HHX xo~ea

TOB HeYIIPY~OCTB K + (6es "JDI.lUJpy!llll8111 qaCTBQH) OT 8TOMRO~O Ro-- ~ 
Mapa SJUl8-MB1118RH; ecnH STY SSBHCHMocn ape~cTaBHT» B sue K.±-A , 

TO ~= 0,05 .± O,OI; 

r) :mepreTHtleCKHe cneKrpu Me,n;neHHux nporo-

HOB H d., -qacTBQ (E ~ 26 MaB DO QpO'l'OHaM),, 8 0C008HROCTH MRrJCag 

tiaCTb cneKTp08 (DOA0apbepsas), He OIIHCY8a~TC$1 HMe~HMHC$1 T80peTH

qecKHMH MO~eJIRMH. 

3. Bllepme o6Hapyaeao H zsyqeao DOJIHoe paspymeame s~ep 

CBBHUS IIO~ ~eftCTBB8M 6YCTpYX QPOTOHOB B of. -qaCTBQ. fipB 8TOM 

JCT8HOM8HO, q'f0 Jl~ paC!18,1t81)'1'CS Dp8BM}III8C'l'B8HHO H8 0'1'~8~RYe 

HJKXOHY H IIOXOBHHa Sztepaoro B81118C'l'Ba BY6paCYB88'l'CS 13 Jl~ep B 

sue ~ -qac'l'~. 

4. Hccxe~OBaHO SMeHHe DOJIHO~O paspymeHBS 'l'S&eJIYX .a~ep 

SMJ~CHB (A~, Bl' ) H ~ep PB DO~ ~elcTBHeM DpoTOHOB B .a~ep 

He4 H ci2. 

YcTaH08JieHo, t!TO: 

a) 8epouaocrb noJIHoro paspyme!DIII Jl~ep !3 , Bl" npa nepe

xo~e oT Ha.neTammero npoTOHa x s~ c12 pac'l'e'l' npBMepao B 5 pas, 

B To speMR KBR B 60JI:&IIIOM BH'l'epBaJle aaepl'BI nepBJiqaoro npo'l'OHa 

(9 + 200 raB) B llpe~enax om&dox OC'l'88'l'CJI IIOCTORHROI; 

6) c yse.uqeRBeM lf8ccw H8Jl8'1'8Jllllel qac'l'IIIt& Ha6~e'l'CJI 6on

maa RSIJ.P8BII8BHOCT» Bllepe~ (B Jl86. CBC'l'eue) ~ - llaC.THil H IIORB-

JieHHe aarrpa8JI8HHOCTH 8-llaCTH!l. 

5. OdRSpyaeao no~o6Be &Hepre'fnecnx • yr.llO!HX pacllpe~e.e

RII B 6XBSOC'l'~ saaqeamR cpeztRHX aueprzt uenaesRYx opoTosoB • 

12 

J,; -qac'l'BQ IIPB B38lDIO,Il8ftC'l'BHB 6YC'l'pYX llpOTOHO:B, ~eRTpOHOB H 

J. -qac'l'~ c Sztpe.MB A a , B"" 8 cnj"'ae nonaoro paspymeHHR a~pa 

H npH cpe~HHX B3aHMOA8RCT8HHX. 3TO JR83YB88'l' H8 8HaXOrHD B 

M8XaHH3MaX B3aHKO~eRCT8Hll 0YCTpYX npOTOHOB H nerKHX RAep C ll~

paKH npH pa3JIHilHYX napawerpax yAapa (npH nonaoK paspymeHHH H B 

CJIYqae cpe~HHX B38HMO,Ilelc'l'BHI) • 

OcHOBRYe pesy~T8TY ~ccepraitBB OJIY6XBROB8RY B p86orax 

/I-II/ H 6YU ~OJlO&eRY 88 Kez,JtysapO~HYX KO~epeHitHIIX IIO ltHSHKe 

!HCOKBX aaeprzl (!oR,IloH, I9'74; T6HJIHCI, I976 r.), Mell,!lJHapo~

aol xoll}iepeHitBB no xocMJiqecxo JlYqaM (IIJio~B, I9'77), BcecoHJs

aou ceMJiaape !H CCCP "H,Ilpa c aeo6nRYMJI csolcTBSMB • npo6xeMa 

c:mrHa a~epsoro 8e!llecTBa" (3seHBropo~. I976), 8 'l'BR&e 118. 

uao~ouc.lleRRYX ceoHa.PaX .IIB3 OHBH, ~HAH CCCP, TI'Y (Jlymaa6e), 

(I9'73-77 rr.). 

<Nh> 

20 

15 

10 

5 

5 tO 

PHc. I. 3aBHCliMOCTD ~) 0'1' n.s ~ pas.nHqRYx saeprHI HMe

'faome~o npooroaa (o - 6,2 raB; • - 22,5 reB; 

• - 70 I'aB, R8llll! .lt8HHY8; x - 200 I'aB) • 

13 



• 

~>I 

l 
t5~ l . lj 
tO~ 

:t· ··.·PI 
lif 

• 1, f . 
s~ . l I 

( 
tO t5 "t 

PHc. 2. 3aBHCHMOCT:& < flc> OT na . OCI03H8'18HBe Te ae, 'ITO H8 

pHC. I. 
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PHe. 3. 3aBHCHMOCT:& < P.L> n! -ueaoROB OT n.1 B IrA-coyJtape

HMX npH P0 = 50 raB/c (o - Ir, • - W). 
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Pile. 4. 3HepreuqeeKBI C08KTp M8l(JI8HHHX OpOTOHOB •. 
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Pile. 5. 3Repreuqecnl cneK'l'P Mel(JieRm.tX .t -qac'l'l!ll •. 
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Pac. 6. 3Hepre!xqecRxl caeRTP MeAneHHHX apoTOROB B P + PB- x 

tL + PB - CTOJIRHOBeiUJIIX. 
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Pxc. 7. 3HepreTxqecKHI caeRTP MeAaeHBHX cl-qacTBU B P + PB
X rJ..+ PB - CTO.IKHOBeHKSX. 
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2. 

Pxc. 8. 3Bes~a c JVt = 66. 
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