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A H H o T a u H n 

¢JOT09MyllbCHOHHOit MeTO.llHKOit Hait.UeHa BepXHHSI rpaHHUa ce'!eHHH ynpYJ:'Ol:'O 

paccenHHst npoToHa Ha HeiiTp~He c nepeaapst.uxoit npn aHeprnn 8,5 BaB 6'~X ~-
0 ,46 ±. 0,15 .M-d . 

CornacHO TO 'IKe apeHHH CTaTHCTH'Iecxoit TeopHH Ce'IeHne paccenHHH I p- n I 
c nepeaapn.uxoit npn BhiCOKHX 9Heprnnx non}!{Ho 6biTb Mano lxax H ceq eHne mo6oro 

B03MO:lKHCJ:'O HeynpYJ:'Ol:'O KaHana - npH B3aHMO.UeiiCTBHH HyKliOHOB/: De,r-2.10-~ lin 
npn aHeprnn 10 BaB [ 1]1 6'in -ce'!eHne Bcex- Heynpyrnx npoueccoB. OnHaxo He 

ncxniO'IeHo, 'ITO nepeaapn.uxa 'IeM-nn6o Bhi.UeneHa na Bcex .upyrnx KaHanoB • 

.[lpyl:'HM 06CTOHTellbCTBOMI Bhl3h!BaiOII:(lfM HHTepec K paccenHHIO C nepeaapn;.o:

KOH1 HBnneTcn To, 'ITO OTHOllleHne -f::e I ~ -ce'IeHne ynpYJ:'Ol:'O paccenHnstl 

B paMKaX li30TOllli'IeCKOH HHBapHaHTHoc;n aaBHCHT OT-BKna;.o:a O.llHOMe30HHOH CXeMbl 

BaaHMo;.o:eiicTBHSI B npouecc ynpyroro paccenHHH HyKJJOHOB. Tax, ecnn ynpyroe pac

cenHne I N- N I n.ueT TOnbKO 6naro.uapn o6MeHy O.UHHM nHoHoM, To yxaaaHHoe 

OTHOllleHHe paBHO 4. 

B HacTonmeit pa6oTe c.uenaHa nonhiTKa oueHHTb BepxHtoto rpaHHUy ce'IeHHH 

nepeaapH.llKH npH pacceSIHHH npOTOHa Ha CBH3aHHhiX B H.Upax cPOTOaMyllbCHH Heii

TPOHaX npn aHeprnn npoToHa 8,5 BaB. 



nocTaHOBKa SKCIIepn:Me.HTa H pesylfbT8T 

3 
3MyJtbCHOHH8SI CTOIIKa pasMepOM 10x10X2CM o5ny'laJtaCb IIy'IKOM IIpOTOHOB C 

aHeprn:eii 8.5Eaa • n Y'IOK 5-bllf HarrpaBlfeH rreprreH.Z::PiKYJISipHO K. 9MYlfbCHOHHbiM cno-

SIMo npeiiMyrueCTBO TaKOI'O MeTO.z::ra .LiliSI Ha5nro.z::reHHSI 

If' - p I pacceSIHIIH II rr epesapSI.LIKH p + n. - 11- r p 
co5brTn:ii TII>ra yrrpyroro 

n:sno>KeHo B pa5o:re[2]. 

npOCMOTp BeliCH IIO IIJIOW8.l:IH. ,UJISI 05pa50TKII OT5HpaliHCb Bee .LIBYXJty'leBbie II 

O.LIHOJty'leBbie 3Be3.Libi 1 HMeiOwHe qepHbiH H cepbiH nyiz. /3TO COOTBeTCTByeT SHep

I'HII rrpoToHa .z::ro ,-v ·300 Mas/. B 'IIICne .z::rayxny'leBbiX saes.z::r 5bmn: yrrpyriie pac

ceHHHSI rrpoTOHOB Ha ao.z::ropo.z::re n: KBasuyrrpyriie I f - p I - pacceHHn:sr, T.e. 

pacceHHHSI rrpoTOHOB Ha rrpoToHax, cansaHHbiX a n.z::rpax sMynbcn:u. B 'IIIcne · o.z::rHony-

qeBbiX 3Be3.z::r .z::IOJt>KHbi 5biTb peaKUIIH rrepesapSI.z::IKII f + J1 - 11 +? 
x/ 

KaH peaKUHSI H.LieT/ • 

I ecnii Ta-

Ecnii 'lucno KBaaucao5o.z::rHbiX IIpOTOHOB II HeiiTpOHOB O.z::IHH8KOBOe, TO ceqe-

HIIe rrepeaapSI.z::rKH 

~. K, 
/1/ 

N 'IHCJtO cooTBeTcTayrorun:x Bbr.z::reneHHbiX rrocne o5pa5oTKII cny'laea, 

K -oTHOCHTe.rrbHaSI scpcpeKTIIBHOCTb periiCTpauuu .z::rayx- n: o.z::rHony'leBbiX saes.z::r. 

3Ta OUeHKa 5y.z::reT 38BbiWeHa HJtH 38HH>KeHa B 38BHCHMOCTH OT >KeCTKOCT~ KpHTe

pHeB, IIO KOTOpbiM OT51IpaJtHCb CJly'laH rrepesapH.z::rKH H KBa3HyrrpyrHe pacceSIHHSio 

Kpn:Tepun: oT5opa .5bmii cne.z::ryroruue. 

1. Bbr.z::reneHue cnyqaea rrepeaapSI.z::rKH 

a/ OT5HpaliHCb 3Be3.l:Ibi 5es SI.z::rpa OT.z::Ia'III. 

5/ nyq B O.z::IHOJty'leBOif 3B~3.z::re Mbi C'IIITaeM IIpOTOHOM OT.l:I8'1H 1 IIOJty'IHBWHM" 

en rrocne rrepesapn.z::rKn: HeiiTpoHa. B TaKoM cnyqae yron BbmeTa rrpoTOHa oT.z::raqu u 

epo IIMIIYJtbC 5y.z::ryT CBH38Hbi. 3HaH 9Hepi'HIO CBH3H HeiiTpOHOB B SI.z::rpe H. IIX pacrrpe-

X.;"" oTy peaKUIIIO MO>KHO paCCMaTpn:BaTb TaK>Ke KaK yrrpyPoe pacceSIHHe rrpoToHa Ha 
HeiiTpoHe Haaa.z::r a c.u.M. 
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.nerreHHe no HMnyllbCSM, MO)KHO Ha n1IOCKOCTH YI'OJI - HMnyllbC nocTpOHTb o6rraCTb 0 

B KO'I'Opy!O 6y.llyT non~.naTb TO'IKH, COOTBeTCTBY!OIU!ie peaKUHHM nepesapH.llKH0 

nnoTHOC'I'b TO'leK BHe 9TOH o6rraCTH XapaKTepHsyeT !}:JOH 0 

2. B~>I.neneHHe KBa::'HynpyrHX I p -· p I pacceHHHfi. 

3TO Bbi.llerreHHe CBO.llHTCH K Bbl'lHC1IeHH!O l.nnH .llByxny'leBb!X SBeS.ll 6es H.npa 

oT.lla'IH H aneKTpoHa J>- pacna.ual HMnynbca npoToHa-MHIUeHJr, ·r.e. npoTOHa, 

cBHSSHHOI'O B H.npe. 3TOT HMnyrrbC Bbi'lHCJIHeTCH KSK paSHOCTb Ha61I!O.ll8eMOI'O 

HMnyrrbca npoToHa oT .na'IH H nepe.naHHoro HM:nynbca. BenH'IHHa nepBoro HsMepHeTcn 

no npo6ery IH1IH HOHHS8UHHI B 9MY1IbCHH 1 BeliH'IHHa BTOporo-no yrny pacceHHHH 

0 
nepBH'IHOI'O npOTOHa. 3TOT yi'OJI HSMepSieTCH C TO'll;ltlCTblO 0,2 • 

pacnpeneneHHe 'IRena cny'laeB no HMnynhcy npoTona -· MHweHH, 

p. - Bbl'IHC1IeiiHbiH HMnyJibC npOTOH8 - MHWeHH1 t/V -
.ll81IHbiM f' f> 

3aTeM CTpOHTCH 

cLN(J dp pj , rne 

'!Herro cnyqaeB.c 

YKaSaHIISH !}:Jy!IKUHH HMeeT O~'leTJIHBbiH MSKCHMYM OKOJIO TO'IKH p = 01 COOT

BeTCTBY!OIIlHH KBasHynpyi'HM I p - p I pacce_HIIHHM lpRc.l r. WHpHHa MaKCHMyMa 

CKll8.llbiBaeTCH HS BeJIH'IHHbl Cpe.n:Hei'O HMnynbC8 npoTOHa-· MHWeHH BIIyTpH H.llpa 

· dN · · 
Jr. HeTO'IHOCTH HSMepeHHH, 3Ha'leHHe ~YHKUHH ¥ npH 60llb~HX p XapaKTepHsye'I 

¢oH, B_ Haw eM cnyqae oH oKasancH ,..., 10% • .[{nH oueHKH !}:>oHa Mbi nonbiTaJIHCb 

TaK)Ke Bbi.lleliHTb "KBSS~ynpyrHe cny'laH" HS Tpexrry'leBbiX SBeS.ll , HI'HOpHpyH O.llHH 

HS nyqefi. 0K8S81IOCb1 'ITO BepOHTHOCTb Bbi.lleneHHH "KBSSHynpyi'OI'O Clly'laH" HS . ~ . , 

Tpexny'leBOH SBeS.llbl npH61IH3HTeJ1bHO B 10 pas ~eHbW e, 'I eM HS .llByXrry'leBOH 

SBeS.llblo 3TO noKaSb!BaeT, 'ITO OnHCSHHbiM cnoco60M . KBSSHyi:JpyrHe C1IY'l8H Bbi.lle-, 
1IH!OTCH .llOCTaTO'IHO Ha.lle)KHO, 

Vfs HS1IO)KeHHOI'O BH.llH0 1 'ITO .llByxny'leBbie SB93.llbl no.n:Bepra!OTCH 6onee 

)KeCTKHM KpHTepHHM OT6opa, qeM O.llHOlly'leBbie. noaTOMY Bbipa)KeHHe 11 I .naeT 

L:\- ~ xJ 
BepXH!OID rpaHHUY .nnH ce'leHHH nepesapH.llKHo M1>1 nony'IHliH O~x-10.46 ;1;. 0,151 6 M. 

3Ta UH!}:Jpa nonyqeHa Ha C1Ie.lly!OIUeM CTaTHCTH'leCKOM MaTepHane, npoCMOT-

2 . 
peHo 8,lcM aMyrrbC~H. 3aperHcTpHpoBaHo 1859 .n:ByxnyqeBbiX sBesn. VIs HHX Bbr.ne-

xl . . 
Own6Ka yKasaHa cTaTHCTH'leCKaH. Cne.nyeT oTMeTHTb cywecTBeHHOe npe.nnonome-

HHe, KOTopoe Mbi c.nenann: nepe.naBaeMbiH HMnynbc npH nepesapH.n:Ke He Ha MHo

ro MeHbwe nepe.naBaeMoro HMnyrrbCa npH ynpyroM pacceHHHH, EcnH aTo He TSK', 

TO Ha CBHSSHHOM HefiTpOHe nepesapH.n:Ka MO)KeT COBCeM He Ha61I!O.ll8TbCHo 
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n eHo 488 KBa3rryrrpyrnx p - p -paccesmrrii. OnHonyqeahiX 3Be3n Hau·neHo 55~ 

nocne o6pa5oTKH cicTanoc& 20. 3cl:>cl:>eKTHBHOCTb rrpocMoTpa nn.H nayxnyqeBhiX 

-3B93.ll ...., 92% H .[lll.II O.llHOllyqeBbiX 3Be3.ll ,..., 75% HafineHa 'ITO pe3y1IbTaTaM 

BToprrqHoro rrpocMoTpa a ceil rrnoruanu I .n..y5nrrpoBaHrre rrpocMoTpa I. CeqeHrre 

Oe£ = 8,7 ~ B3.1ITO H3 pa5oThi [ 2.] 

BhiBO.llhi 

a I OTHoweHne ~ 0,07. 3TO 03HaqaeT, q'J'o BK118.ll O.llHOMe30HHOI'O 

xl 
pacceSIHH.II B ceqeHHe yrrpyroro B38UMO.llefiCTBH.II HYK1IOHOB He rrpeBbilllaeT 2% • 

' 51 nprr HeKOTOphiX rrpe.lllrO:>K9HH.IIX y naeTC.II OU8HHTh MaKCHM81IhHyiO pa3HHUY 

B rroliHhiX ceq eH~.IIX ( p- p) rr { p- n.} B38HMoneiicTBHii At.t = D;,- ~It • 

LJ.eficTBHTe1IbHO, H8 OCHOB8Hllll H30TOrriiqecKOll IIHBapiiaHTHOCTII IIMeeTCSI CB.II3b Me:>K

.llY aMil1IIITy.naMII COOTBeTCTBYIOIUHX yrrp'yrHX rrpoueccoB 

fl(J),fo)_ .f/.fJJ,(o) =- :f}f3J,(o) 

fTrp r" ~x . 

VfH.neKChi "3'", "CJ" 03HaqaJOT 0 qTO 9Ta CBSI3b HMeeT MeCTO .llll.II TpiirrlleTHOI'O II 

CHHI'119THOI'O COCTOSIHIIit HyKnOHOB lrro o5brqHOMy CilHHyl OT.llSllbHO. YJCil01Ih3Y.II co-

OTHOWeHH.II. 

3nech - niicPci:>epeHuiianbHhre ceqeHH.II rrepe.· 

3apSI.llKR non B Tpliil119THOM II CIIHI'119THOM COCTO.IIHIISIX HYK1IOHOB. 3TII ceqe-

HIIR CBR38Hhl C ceqeHHeM Oex(O}, H3MePSI9MhiM C IlOMOIUhiO H9IlOJISipii30B8HHOll 

M IIWeHH H HerrOl1Sipii30BaHHOI'O rryqKa COOTHOW eHIIeM 

x) 
Mbr He yqrrThiBaeM B03MO:>KHOfi IIHTepcPepeHUHII O.llHOMe30HHOI'O H MHOI'OMe30HHO ... 

I'O B38HMO.llefiCTBHfi. 
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nosTOMy Bb!pa:>KeHil:e, CTOHlUee B KBanpaTHOH CK06Ke cpopMyllbl /2/ IlpiiHIIMaeT 

.~ /\fJJ (oJ 
M8KCifM8nbHOe 3H8'19HIIe yo~/tJ) t KO~Lia /)q(())= 6;~/()), If MlfHIIManb-

/ ;. =w £\.IS) . 
Hoe aHa'l eH!fe 2 ~{P} , Korna 0~ {o} =- 0 . TaKIIM o6paaoM, lf3MepeH!fe 

A 0 . 
U -bft; If LIIIcpcpepeHUIIanhHOI'O Ce'I9HIIH rrepe3apHLIKif IlOLl Q naeT HeKOTOpb!9 

CB9LI9HifH 0 ClllfHOBOM B381fMOLieil:CTBFIIfo M bl He lfMeeM Ll8HHbiX 0 Benlf'llfHe ~ 
IlOSTOMy BbiHy)i(neHbl .BOCilOnh30B8ThCH 6onee IlpOCTOil: cpopMynoil: 

.d -t~t: 
~.v~ ~(()), 

K .ex l'a • 
/3/ 

( /'"e,e (o} anech nllcpcpepeHuimnbHoe ce'leHIIe yrrpyroro ( f'- p} pacceHHifH 

IlOLl 0°), KOTOpaH rronyqaeTCH B rrpe.z::irrono:>KeH!fHX:~HeT 38BifCifMOCTII 6e'l eH!fH OT 

ClllfHOBoro cocTOHHBH HyKnoHOB, 2/ LIIIcpcpepeHuH:anhHbie ce'leH!fH yrrpyroro(p-p) 
pa?C9HHIISI If ( p- J?) -pacceHHifH C rrepeaapHLIKOH Il!OLI06Hbl 0 no LI8HHblM pa60Tbl 

[2] 0'-etiO) ~ 160 M6/cTep. nosToMy Ll~-t~ 11 M6, Ecnn rrpenrrono -

:>KilTh 0 'ITO 8MllnlfTYLI8 yrrpyi'OI'O ( p -p) pacceHHifH qlfCTO MHIIM8H 0 TO /3/ IlpiiH!f-

M89T BHLl 

A-Q,;t: ~ 

/4/ 

J.13 /4/ cnenyeT .4-bd~9 M6, 'ITO He IlpOTIIBOpe'llfT HMeiOlUIIMCSI SKCil9p11MeH 

TanhHb!M LI8HHbiM[3J 

B/ nony'I9HH8SI I'p8Hifll8 nnH Ce'leHIHI IlepeaapHLIKH CnlllUKOM Bb!COKa, 'IT06b! 

rrpoaepiiTh npencKaaaHne cTaTHCTH'IecKoii Teopnn. 

r/ QqeBHLIHO, OU9HKa. anSI Ce'leHHH rrepeaapHLIKH 9CTh OLIHOBpeMeHHO 0U9HKa 

anSI yrrpyi'OI'O ( p- J1) -pacceHHHSI H838Ll B C,U,Mo 

AaTophi 6naronapsrT M .M.n onropeuKoro , B.r .rpnmlfHa ·n B.H ,CTpenhuoaa . 

38 COBeTbl H o6cy:>KneHHSI, 

PyKorrncb rrocTyrr11na B nanaTeJibcKnii oTnen 

27 OKTH6psr 1960r. 
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