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8 nocne.itHlle I'O!lbl BO3pOC llHTepec K nponeccaM aax B8T/3 OCTaHOBllBIIIHXCSI OT-

/1 2/ 
pnnaTe/lJ,HbJX rr -Me3OHOB actpaMH , • 3TOT llHTepec CBSI38H He TOnbKO C T8M, 'ITO 

npn nccneuonaHnn nponeccon aaxBaTa Me3OHOB MoryT 5bITb nony'leHbI BaJKHbie cne

ueann O M8X/3Hll3M8 nornomeHHSI M83OHOB actpaMn, HO ll C T8Mll BO3MOJKHOCTS!Mll, 

KOTOpb!8 npeucTaBmnoT rr -M83OHbl ung nccneAOBaHllS! CBOHCTB actpa (yTO'IHeHne 

BOnHOBbIX q>yHKnna actep, HX paAHYCOB ll T,A.) • 

.llaaaag pa5oTa nocngmeaa sKcnepnMeHTanbHOMY nayqeanro nponeccoa aaxnaTa 

OCTaHOBllBIIlllXCSI rr -M83OHOB renneM-3. HHTepec K ll3y'l8HHIO aaxBaTa rr -M830-

HOB mlP8Mll rennl!-3 o5yt:nonnea cneAyIOinHMll o5CTOS!TenbCTBaMH. Bo-nepBbIX, SlllpO 

He 3 
SIBnSieTCS! onaoa 113 npOCT8lllllllX JIYKnOHHbIX CHCTeM, B CHny '18I'O aa ee npn

Mepe aa OCHOB8HHll H3MepeHHS! nepOS!THOCTeli: pa3nH'IHb!X KaHanoB ll ll3Y'l8HHS! cneKT

pOB aapIDKeHHblX '18CTllll cpaBHllTenbHO neI'KO MOI'yT 5b!Tb .npocneJKeHbl OCHOBHbie 

qepTbl MexaHH3Ma nornomeann rr -M83OHOB nnpaMn. Bo-BTOpbIX, cymeCTBOBaHHe 

5nH3KOI'O no 3HepI'llll CBSI3H K He3 aepKanbHOI'O S!llpa lJ 
3 

npHBOlllIT K penKoli: 

BO3MOlKHOCTH II3Y'l8Hllll nponeccoB nepeaapactKII ll pannannoHHOI'O 3aXBaTa rr -Me-

3OHOB. BcnenCTBlle 313XBaTa OCTaHOBllBIIIHXCS! rr -Me3OHOB actpaMll rennSI-3 MOI'YT 

nponcxonnTb cnenyromne npoueccb1: 

rr - + He 
3 

-> H 
3 + y 

rr - + · ~e 3 
.. d + n 

11- +·He 3 
.. p + n + n 

3 

(1) 

(2) 

(3) 

(4) 



.--+·He 3 ➔·d+·n+y 

IT-+·He-
3 ➔ p + n+.n +y. 

B peqiepnpyeMoil nnccepTaIUin n~e!I1,I cBenemu1 o peaKn1rnx (1-5). 

(5) 

(6) 

nnccepTannn Hallllcruui. na. ocHoBe nccnenol'lllRllil, BblnonHeRRblX Ha cnaxpounKno

-rpone naoopaTopnn nnepahlx npo6neM 06wmrneaaoro HHCTHTyTa n.nepahlx nccneno

BaHllil B Te'leane 1861-1864 ronax. 3KcnepnMeHTbl Oblnll npoBeneHbl llBTOpOM COB

MeCTHO c M.M. KymoKllltbIM, P.M. CymreBblM1 H.B. <l>anoMKnHhIM, A.H. <1>11nnnno

Bh1M, B.M. llynKO n IO.A. IUep6a1toBh1M. Pe3yllJoTSTbl pa6oT onyonnKOBaHbl B ne'la-
/3-7 / · 

TH- n n0Knanhrnannc1o aa MeJKnyHapon,rnl! KOaq>epeannn no q>ll3UK0 BhICOKBX aaep--

rnl! _ B nyoae, a TSKJKe aa aayqabix ceccm1x o,neneann nnepHoil .pn3llKB AH CCCP, 

nnccepTannn cocTonT 113 'leTbipex rnaB. 

B nepBofI rnaBe paccMaTpnBaeTCR nocTaHOBKa onhITOB B OllllCbIBaeTCR aKcnepn

MeHTSllloHSR ycTaHOBKa, Bo BTOpoil rllaBe 113/lOlKeHbI pe3yn1oTSTbl B3y'leHBR rrponec

COB rrepeaapnnK:ir n pan11ann0Haoro aaXBaTa. TpeTJoR rnaBa conepJKnT 2KcrrepnMea

TanJoHhle naaHbie o Hepan11annoH1IblX nµonecoax. H3Mepeamo BpeMeH11 KacKanHoro 

rrepexona IT -MeaonoB B raaoo!5paaHOM rennn-3 nocamueaa qeTBepTan rnal'la. HnJKe 

KpaTKO n3naraeTcn conepJKaHne nnccepTan11n. 

B rnaBe 1 OilHCbIBaeTC51 MeTOlll!Kll 11ccnenoBa1IHil n IlOCTSIIOBKll OilblTOB. 

nnn nayqeann 3aXBaTa OCTSHOBllBlllllXl=R IT - -Me3oHoa renneM -3 11cnom,30Banac1o 

nnqiqiyanoaHaR KaMepa BblCOKOro naaneanR B MSrHllTHOM no11e. 

Bb16op MeTOllllKll orrpenenMC51 ABYMR coo6paJKean,11Mn. Bo-rrepBbIX, nnq>q>y3BOII

HaR KaMepa B MarHHTHOM no11e no3BQnMa nonyqan, pa3aoo6pa3ayro BHq>OpMallBIO o 

KSlKllOM llKTe B3llllMOllelicTBBR nnn pacnana Me30Ha, 'lTO IlpllKTn'leCKH TPYllHO no-

ny'lBTlo rrp11 noMOillll aneKTpOHHb!X MeTOllOB, BcnellCTBlle aToro nneHTllqJBKSIU!R co6bl

Tllil 3SXBaTa IT -Me30HOB MOlKeT Obin. cnenaHa BeCJoMa HalleJKHO' ,. Bo-BTOpbIX,. nnq>

q>y3BOIIH8R KSMepa Il03BOnReT npoB3B0llBTh perncTpannro 3apsm:eHHblX 'lllCTllll llOCTa

TO'llIO IIH3KllX a1Iepr11l!. 

B onbITaX n.cnom.30BSnaCJo nnq>q>y3HOHIIE151 KaMepa, Bb!IlonHenaa-n B Blllle llBYX 

repMeTn'lHhIX cocynoB n rrpenHa3Ha'leHHan nnR paooThI c pennnM ll30TOnoM rennn

renneM-3. BnyTpeHJmil o6'heM KaMepbI HanonHnncn renneM-3 no naaneHnn 6-20 STM. 

BHem1I11l! cocyn Hee cnnoByro Harpy3KY 11 11anonHnncR Bonopo.noM. KaMepa rroMema

nacb B MarHnTaoe none MarHnTa-coneaonna MC-4, caaoJKeaHoro aneKTponaoil cncTe-

4 
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MOil: cTa6n.nn3annn TQE.a. Maran:THQe none B o6nacTH. qyBCTBnTenJ>noro cnon KaMephI 

6bln O no=aTO'illO 0.1:UlOPOllS:hlM ltaK no BblCOTe, . TSK II no pa.nnycy KSMepbI. MaKCH

Mam.s:oe OTKIIOS:elllle no BhlCOTe qyBCTBnTem.Horo cnon OT cpenaero 3Ha'lennn ae 

npeahlmano- 4%, a no pannycy,ra-'M'epbl 1,5%. Menn,ea1I1,1e yxonh1 3aaqeann nonn B 

Te'leHne onhlTOB ne npea=ana 1 %. KaMepa aanonannacb renneM-3, o'Ulme_nHhIM OT 
-15 . 

TpB'I:'HSI, npn11eM KOHnell'l'pannn TpnT11n ae npeablmana 10 · • nm, O'JBC'J'KB rennn-3 

OT TpnTnn 6blll npnMeHea MeTOA KOH.lleHcannn renng-3 ·c nocnenyromnM ncnapeHHeM 

ero npn TeMnepaType # 1,2 °K. TTpn aanonaeanH KaMepbl renaeM-3 ncnonwoaa:nacJ> 

cnennallh_l!O paapaoOTanaan ycTaHOBJta. 

n114>qiy311oaaaa KaMepa aKcnoanpoaanaCb B ny'iKax OTpnnaTellhHblX n rronoJKn

TellhHhIX IT -M030HOB Ha CHIIXpOUHKnoTpOH8' 06wnn11eagoro HH.CTKTyTa nnepHblX 

nccnenoB8.anil. Cpenaal!: BMrryllhc rry'llta M830HOB cOCTl\BnlUl 217 Manic, 3Kcnoan

nnnM KaM0pbl B rry'lK0 npenmecTB0)3allll nonCKH OilTKMam,HbIX xapaKTepHCTHK. rryqKa 

ll aaany11meil reoMeTpllll BBOllS 'laCTllll B ItaMepy. llellb aTHX nOHCKOB COCTonna B 

rrony'i01Illll MaltCHMSllbHOil nnOTIIO=ll OCTaHOBOlt M030HOB npn: MBllBMYM8' npoXOJ(~IIX 

qepe3 KaMepy 11ae-rnn. CxeMa pacnonoJKel!HH ye-raaonu Ha rryqite Me3oHOB noKa3ana. 

aa pHC, ·1. 0nTBM8m,H.llll B01Ul'lllllll Mar!In:THO:i:'0 nom1 npa naaneH.BH rennn-3 B KSMe

pe 17 STM OXS3AMCb paa1101!: 6000 apcTen. KpoMe Ollb!TOB npa STOil nenn11a11e Mar

llllTHOl'l) nOll:SI 6blnB rrponeneHhl onh!Tbl npH aenn:'lnHe nonn 12000 spc-ren, a TaKJKe npa 

JlB3KOM naaneH.Ka (6
1
5· aTM) renasi:-3 B KaMepe. OocnenHHe -6hina BhI3BaabI aeo6xo-

AHMOCT!,IO 6onee Tlll8T8.lll,IIOrO ll3Y'l01IHR nponeccon I tl -K.OTOpbIX ncnycKaIOTCH HH3KO

aHepreTB'l:S:bl0- nponyKTbI peaKnal!:. TTpaMecJ> OCTaHOBOll'. MIOom;>B COCTSBnstna 25% OT 

non11oro qacna OCTSIIOBOK Me30HOB. 

Bee CQOblTHS! 3aXBaT.a rr -M030HOB nnpaMB rennn-3 B Allffl3HOHHOl! KaMepe 

llBllllIOTCll onHony'leBblMB.3B03J(8MB. Oan nerKO nne11Tnq>11tinpyIOTCll no xapaKTepHOMY 

ll3M8HellBIO KPKBB3H.bl H noanaannn OCTallSB/ln:BSIOillerocsi: M0301Ill ll BTOPll'lHOI!: 'ISCTB

llhl. TI pa Bhmenennn nponeccoa rrepe3apn,n1tn ( 1) n pannannoH11oro 3aXBaTa (2) ecTe

CTBeHHO 6blno aocnom,30B8.TbCll onpeneneaHhlM npo6eroM TpBTll!I. 3HeprBSI 51ll0P Tpn

TBSI B' nponeccax ( l) n (2) COCTSBnSieT 0, 18 a 3,28 MaB COOTBeTCTB0HHO. TaK KaK 

IlpOTOllbl n neilTpOHbl OT peaKnnli 38XB8.TB IT -M030HOB renneM-3 c nMnynhCOM 6om,

we 120 Msn/c B ra3e He o=anaannaannc1o, TO nponeCCbI ( 3) ; (4), (5) BhI.nenn

n11cb aa ocaoB8.HBH H3Mepennn KpHBB3Hbl cnena qa=nnhl. Bcero obmo 3apernc'l:'Pn

poBaHo OKOno 20000· aKTOB B3aHMO,neilCTBHR ann pacnana M030HOB. EbmO rrp0Bene110 

5 



'I8Tblpe OCHOBHbIX 9KCil0311Illlll KaMepbl .B ny'IKHX Me30HOB. 05pa6Q'fKS CTepeoqioTO

rpaqin:tt rrpon:3B0)t11Il8Cb perrpoeKUIIOHHbIM MeTO)tOM. 

Bo BTopott rnaae OIIIICbIBB.IQ'J'Cn peayru.TaThI 11ay'IeH11n rrponeccoa rrepe3apSlll

KH 11 -MeaoaoB ( 1), pann:m:monaoro 3liXBaTa (2) 11 nponecca (5), a TSK)Ke TSK Ha-

3bIBaeMoro oTHomeun:n IlaHo«pcKoro B rennn-3 - OTHomeHHn BepoBTHOCTett rrponec

coa rrepeaapnnKn n: pan11an110Haoro saxBaTa. MeTon BbIJteneHIIH rrponeccoB ( 1) 11 (2) 

6bm OCHOBaH Ha H3MepeHIIII orrpeneneHHOro rrpo6era nnpa TpllTllH. Oco6yro Tpy)tHOCTb 

rrpencTaBnHeT pern:cTpannn co6hITIIH rrepesapnnKII. B pnne cny'Iaea na-aa Manocrn 

rrpo6era nnpa Tpl!Tllll 9TII co6bITllll He Mornn 6b!Tb saperncTpnpOBSHbl KSK 0)tHO

IlY'I9Bbie 3Be3JtbI. BcnencTBne aToro OT6op cny'Iaea rrepesapnnKII no npo6ery nnpa 

TPllTllll 6bm norronaeH aHann30M BCeX 6e3ny'IeBblX OCTallOBOK ( KY):ta, eCT9CTJ39llllO,, 

MOI'Illl IIOIIaCTb ll OCTaHOBKII MIOOHOB) no MaCcaM OCTaHOBHBIDHXCH Me30HOB. l13Me

peHn:e aeponTHOCTett peaKnn:tt nepesapnnKn: n pannann:oHHoro aaxaaTa, a TBK)Ke oTHO-

llleHnlI IlaHO«pCKOro B renn:n-3 6bmo cnenaao B Tpex aKcnosnnnHX KaMephl, B KO-

TOpbIX aapbnpoaanach Benn'In:Ha MarJIHTHOro IIOillI n naaneH11e rennH-3 B KBMepe. 

Ilpn naaneHnn He 
3 

17 ,5 aTM 6hmO npoaeneHo nae aKcnoannnn: KaMepbI 1 Korna 

Jia!IpH)KeHHOCTb MarHnTHOro rronlI 6hma 12 000 apCTe)t ( 1) n 6000 9pCT8)t ( II ) • 

Ilpn IlOJIH)Ke HHOM )tBBileHIIH renmr-3 (6,5 aTM) 6hma IIpOBe)t0HB lII 9KC!I03HllHH. 

PesynbTBT H3MepeHnn Cil9KTpa rrpo6erOB B rrepBbIX IlBYX 9KCil03Hllll!IX npencTaBneH 
2 

Ha pnc. 2. B .aKcrroannnn 1 crreKTp rrpo6eroa B nHTepBane rrpo6eroB 0-0,5 Mr'lcM 

6hm norronHeH cny'IanMn, Bh1neneHHhlMH ns 6eany'IeBhIX ocTaHOBOK. B aKcrrosnnnn Ill 

peaKnnn rrepesapnnKII 6bma BbI)teneJia HerrocpenCTBeJIHblMII H3MepeHHllMII rrpo6eroB 

nnpa TpnTn:n ( pn:c. 3). Cpe)rnne rrpo6ern: MOHOXpOMBTn'IeCKIIX rpyrrrr 'IaCTllll coana:

)tBIOT C O)Kll)taeMbIMH npo6eraMH nnep TPIITH51 B pe.SKllllHX ( 1) II (2). 0KOH'IaTenb

Hbl9 pesynbTaTbI BbI)teneHnH peaKnntt rrepeaapnnKn n pannannoHaoro aaxaaTa B orrb1-

Tax rrpn BhICOKOM naaneann renn:n-3 npnBetteHbI B Ta6nnne 1, n B orrbITax npn non11-

)KeJIHOM naBneann renna-3 B KaMepe B Ta6nnne II 

Ta6nnna 

PeaKUH!I HoMep HHTepaan 3aperncTpn-
«l>oH 

3¢qieKTHB- IlonJioe 
9KCilO- npo6eroB poBa:il:o cny- HOCTb 'IIICilO 
annnn Mr/c~ 'I.aeB C06bITllli 

11-+· Jle 3 ➔ H 3 + 110 1 0 - 0,5 778±.33 61±.4 1,0 717±.33 

1 4,8-6,3 320±.18 104:!_9 0,71±.0,02 304,5±.29 
11-+·He 3 ➔ H 3+y 

II 4,8-6,3 402±.20 127±=10 0,73±.0,02 376±.32 

6 

T a 6 n n. n a II. 

Peaxmut · 11.IITepBM 3aperacTpn- 3«p«peKTIIB- IT Qruloe 1111cn:o 

npo6er~ po»aao. co- <l>on HOCTb C06bITHII: 

. Mf/ljlM . 5!j!DII: 

rr-+He1 .. H1 i rr 8 0,1-0,4 308:t,18 46:t,4,7 0,84t.,0,02 278~0 
3 3 

rr-+:He ➔H +·r 5-6 33+.J>,7 ¾:_1,4 0,24;!:.0,02 120±.26 

.llnsr nWty'leHHH OTlIQC11Teru.1thIX Beposrraocrea nponeccoB ( 1) n ; (2) .a sKCnos11nnnx 

np11 Bb!COXOM naaneHIIII 6blll0 onpeneneHO nonnoe 'IHCnO OCTall~OK " -M8':IOHOJ3. 

Ilpa S'tOM B 683ny"leBbIX 
0

0CT8..B'.OBKllX Me30HOB IlpllM8Cb QCT8HOBOK MIOOHOB 6hlna 

onpenenena ·MyMll'. cnoco6aM11: Ha ocaoa,agn11 asMepea:as Mace Me30IIOB 11: c acno=

sonaHHeM CB8.!t8Hllfl: 0 saperHCTPHPOIIB.llHblX cny"la!IX rrµe -pacnana. 0THOCllT8Ilbl{bl8 

aepOSl"l'HOCTH OblnH ll0Ily"l8Hbl PaBIIbIMII: 
3 0 ,3 

W(H rr) •(15,8±,;0,8)%, W(H y)..(6,9±.0,5)% • 
3 

OTnomene IlaHO«peKoro n He 6hlno nOny"leHo KaK B Oilb!TaX npn BbICOKOM 

ZiaBneHHH rena:s-8, 'taK II IlpJl llOHll)KellllOM ZI8Bnellllll na OCIIOBaHIIII )tB.HHbIX Ta6nan 1 

11 I1 ll llOIIHOro "IIICJla OCTaHOJ30K ft -Me30IIOB. 3a OKOH~aTe1U>Hy!O aena'IHHy OTHO-

menus IlaHO¢cxoro 6hlno npHHSITO cpe.ttH8B3BemeHHOe 3HB.'j:eH!le 9TIIX IlBYX He3SBII

CIIMbIX 113Mep8ll!IH: 

I> Hes• 2,28 ±. 0,18 • 

HsMepeRHan BeilR"IIIHB OTIIOmeHHR IlaHO«pCKOro B rennu-3 Il03BonneT nony'lllTb 

HH«p0pM81IHIO O nnaplIOM MaTp,H"IHOM aneMellTe nponecca paZIHBUHOHaoro 38.XBaTa. STa 

~03MO)KJIOCTb OCIIOBana Ha TOM, 'ITO 113. OTHomeHHll MaTpll"IHb!X aneMeHTOB nponeccoB 

(1) II (:'.!) MO)Kl{O IICKll!O'lllTh "laCTb, o6B3aHHYIO TPYZIHO paCC"IHTblBB8MO~ CHIIbHOMY 

B3SHMO.ttell:c:rBHIO,. nyTeM ncnOilb30BB.Hll51 8KCnep11MeHTailb1IOr.o 3Ha'IeHHB OTHOlll8HIIB Ila-: 
/8/ 

HO~Koro B BO.ttopone, KOTopoe H3B8CTll0 C xopolllell: TO'IHOCTb!O • BcneZICTBll8 Manoll: Be-

Illl'IIIHbl nepenaaaeMor.o aMIIynbCa B nponecce nepesapnnKa ero MB.TpH"IHbIH aneMeHT 
' 3 

MO )KHO npHH!!Tb paalib!M e)t!IH!llle. IlosTOMY OTnomeH118 naaoqicKoro B He 3BBHCHT 

TOIIbKO OT nnepHOr'O MaTpn'IHOro aneMeHTa nponecca (2). Pac'IeTbl, yCTBHBBilHBBI0-
/9/ 

mn:e aTy CBll3b, 6b!nH BbIIlOilH8Hbl B pa(>oTe • TaK KaK MBTpH"IHblli aneMeHT npo-
/10/ 

necca (2) COBnanaeT C qiopMq>BKTOpOM F(q) ' BBeneHHb!M B pa60Te nnn om1-

7 



3 3 /11 / 
camrn pacceSIHHSI sneKTpOHOB Sl.llpaMn He ll H , TO SKCnepnMeHTallbHaSI 

B01Ill'lllHa OTHOlll0HllSI naaocpcKoro B He 3 
n:ae\ B03MOlKHOCTb H038BllCHMO onpen:e-

llllTb S!JlepHblll cpopMq>a.KTOp F( q) n:nll nepen:ai¼aeMoro nMIIynhca q 2 
s 0,47 fm- 2 , 

T.e. n:nSI Toil o6naCTll nepen:aBa0Mb!X nMnynbCOB, KOTopall npaKTll'l0CKn Hen;OCTynHa 

3 3 
B onhITaX no paccel!Hll!O sneKTPOHOB ll.tlpaMn He ll H • Ilpn STOM OK83bIBaeTCSI, 

'ITO 

F 
2 

( 0,47) =0,75 :t. 0,06 

Ha OCHOB8Hllll STOrO pe3YllbT8Ta 6bm onpen:eneH cpen:HeKBSJlpaTl!'lHbiil attepHblil 

paanyc 

2 y, ( -13 < r > = 1,4 ,±_ 0,2) • 10 CM • 

Ilp11 3TOM 6hma Y'lTeHa HeonpeaeneHHOCTb, CBSI38HH8SI C 11cnOnb30BaHll0M pa31llI'lHbIX 

BOnHOBbIX cpyHK1111il S!Jlpa. nony'l0HH00 3H8'10Hll0 paa11yca SI.llPa He 3 
HSXOJlllTCSI a 

He 3 11 H3I11I 
n cornacnn C llBHHblMI! onhITOB no pacceSIHl!IO aneKTpOHOB ll.tlpaMn 

3 /12/ 
cpoTopacmenneH1110 He • 

CB0ll0HIISI O cpopMcpSKTOpe ll paanyce He 
3 

6hmll ncn(Wb30B8HbI COBMecTHQ C 

aaHHblMII onhITOB no pacceS!HllIO sneKTPOHOB S!JlpaMII He 3 ll H 
3 

llnSI YTO'lHeHllSI 

- 3 3 
ll.tlepHOro MaTpn•rnoro aneMeHTa B nponecce µ + He .. H +11 , OTHOCHTellbHO KOTOporo 

/13 14 15/ 
nony'l0Hbl llOBOnbHO TO'lHbie 8KCIIep11MeHTanhHbl0 aaHHbie ' '' • 

nap1111allbHaSI BepOSITHO=b aTOro 11po11ecca 6bma paCC'lllTaBa C norpe!llHOCTb!O 

4%. 3TOT pe3ynhTaT 1103Bonnn onpeaenl!Tb nnoxo paCC'lHTbIBaeMyIO KOHCTaBTy scpcpeK-

TllBHOro IlC0BllOCKangpBoro B3al!MQll0ilCTBllll ~y =( 8 ± 3)°gµA 
p 

B aToil JKe rnaae npeacTaBn0Bbl pe3yllbTaTbI BbilleneHIISI peaKIIllll (5). MeTOJl 

perncTpannn aToil peaKIIllll 6bm OCHoaaH Ba ll3Mepeann MaCCbl BTOpH'lHOil qaCTllllbI 

C nenbIO pa3aeneHIISI npOTOHOB ll Jl0iiTpOH0!3 OT nponeccoB 38XBaTa rr -M030ll0!3 

renneM-3 cpeJln TaKIIX cnyqaeB, KOraa BTOPll'lHSll 'laCTlllla OCTaHaBnnBa0TCll B.ra3e 

l!;aMepbI. B pe3ynbTaTe 6hin nonyqaH CII0KTP n:eliTpOHOB (pnc. 4) B nponecce (5) Il 

OTHOCilT01IbHall· B0pollTHOCTb aTOii peaKnn11: w ( dn y) = (3,6 ±.l ,2)% • IlpoBOn:RTCll cpaa

H0Hne 8KC11epnMeHTanbHoro cneKTpa Jl0HTpOHOB C paCC'lllTaHHbIM .• 

B rnaBe Ill 113naraIOTCSI pe3ynbTaTl>I, IIOny'leHHbl0 npn n3y'leHnn Hepan:aa-

llllOHHbIX nponeccoB 3aXBaTa 17 -M030HOB renl!eM-3, B0JlYillllX K, KOH0'1HOMY COCTOll-

HIIIO d+n II p+n+n Perl!CTpaIIIISI co6h!Tllll peaKIIllll (3) 6bma QCHOBaHa Ha 

ll3Mepemrn l!MnynbCa 'laCTllllbl, noCKOnhKY 3TOT nponacc SIBJilleTCll llByx'laCTll'lHOil 

peaKnaeil co CTporo anpeaeneHHbIM nMrrynbCOM aeilTpoHa. Pe3ynbTaT n3MepeHHll 
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np11 Bh16paHHbIX KPl!Tep11ruc npeJlCTaBnaH Ha pac. 5. Ilp11 cpen:HeM 3Ha'l8Hllll 11MIIyllb

ca 411 MaB/C Ha6n1011aeTCll MOHOXpOMaTn'leCKall rpy11na, COOTB0TCTJ3YIOillall llMIIYIIb

cy n:eilTpOHa OT nponecca (3). 0THOCl!TenbHall BepOl!THOCTb STOil peaK1111n 6bina 

nony'leHa no pe3yllbTaTaM, npencTaBneHHbIM Ha p11c. 56. B aToM cny'lae Konnqe

CTBO JleilTpQHHbIX co6hITllll npaKTll'l0CKll He 3aBIICl!T OT pa3nll'lHbIX npennonoJKeHHil 

0 noB8Jl0Hllll cpoHa ll CBll3aHHall C 3TllM HeonpeaenaHHOCTb HaXOJlHTCll B npenenax 

CTaTHCTll'l8CKOll Ollln6trn.· B Ta6n1111e 3 ·npnBeaeir1>1 11aHHbia, KacaromnecSI BbI]leneHHSI 

npouecca (3). 

Ta"6n1111a 3 

11HT0pBruI Ha6nronaeMoe 
3cpq,eKTllB-

nonHoa qacno 

/!MnynbCOB 'll!CIIO ¢OH C06bITllli 

Mimic co6hITllll 
HOCTb 

360-460 74 6 0,090±.0,006 755:!J05 

BepollTHOCTb nponecca (3) nony'leHa paBHOll W(dn)= (15,9 :t.2,3)%, 

Ilpa IICCII0ll0B8Hllll peaKIIllll ( 4) 6hm 113MepeH IIMnynbCHbiil cneKTp npOTOHOB 

ll OTHOCl!TenbHaSI BepQllTHOCTb 3TOro nponecca, BocCTaHOBneH11e IIMnynbCHoro cneKT

pa npoTOHOB 6bmo cnenaHO Ha O<;HOB8Hllll II3MepeHHSI npo6erOB Hill! KPllBll3H!,I Tp0KOB 

l)TOpll'lHbIX 'l8CTIIII OT 3aXBaTa 17 -Me30HOB renl!eM-3, 113 cneKTpa npo6eroB 6hillll 

IICKII~'leHbl MOH03HepreTll'l0CKl!0 rpynilbI 'laCTIIII, COOTB0TCTBYIOillll0 nponeccaM nepe-

3apl!JlKII II panaaunoHHOro 3axBaTa. KpoMe Toro, Ha OCHOBaHllll 113MepeHllll MaCCbI 

BTOpll'l!Il>IX qaCTllII, OCTaHaBn11BaIOI11llXCSI B ra3e KaMepbI, 6binO ycTaHOBII0HO, 'ITO 

B nonaBnll!OmeM 'll!Cne cny'laeB aTOpl!'lHbIMII 'l8CTl!II8Mll SIBIISIIOTCll npOTOHbI. !13 

cneKTpa npo6erOB He llCKIIIO'l81IllCb nellTpOHHbie co6b!Tllll QT peaKIIIIII (5), BCIIell

CTBll0 M&~Oll B0pOl!THOCTll STOil peaKIIl!ll, CneKTp npOTOHOB, BOCCTaHQBneHHbill Ha 

OCHOBaHllll ll3MepeHaSI npo6erOB B 3KCil031!1lllllX KaMepbl npn Bb!COKOM aaBneHnII re

lllll!-3, npeacTaBneH Ha pnc. 6. To'lHOCTb B ll3MepeHIIII npo6eroa COCTaBnS!lla OKO

no 1 %. CBM8HllSI O BbICOKOl!MnynhCHOll qaCTll cneKTpa ( 60llblll8 120 Ma Bl c) npo

TOBOB 6hinl! nony'leHbl npa ll3MepeHHII KpllB1!3Hbl cnellOB qaCTllll no BbI6paHHblM 

KpllT0.PllllM OT6opa. Pe3yllhTaT ll3MepeHllll npellCTaBIISH Ha pac. 5a. B aTy 'laCTh 

cneKTpa aaIOT BKnan TOIIbKO aellTpOHbl OT peaKIIIIII (3). MaKCIIMYM npa cpeJweM 

IIMnyllbCe 411 Ma Bl c o6ycnoBneH co6hITIIS!Mll OT STOil peaKIIll.ll, fnc-rorpaMM8 co-

6b!Tllll B llHT8pBane llMnyllbCOB 360-480 MaBIC annpoKCllMllPOBaHa KPllBOll faycca 

c llllCnepcnell 23 MaBlc. Ilpn nonyqeHllll cneKTpa IIPOTOHOB B HETepBane llMnyllbCOB 
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360-480 Maa/c 6bll!ll Bbl'iT8Hbl co6bITHg peaKUH.11. (3). OKOH'IaTe/lbHblll cneKTP npo

T0H0B a nponecce (4) npaaeneH Ha pnc. 7. 

Tipa onpeneneHnn OTHocaTenbaol! aepogTHOCTH nponecca (4) 6bma TaKJKe nc,tmo

'18HbI co6bITHg OT peaKUHH (5). 

HaTepnpeTaung aTax naHHbIX 6bma cnenaHa Ha ocaoae TeopeTa'lecxax npeJlCTaB-
/17 / 

neHafi o MexaHa3Me JlBYXHYKn0HHoro nornomeHHg " -Me30H0B • CorJU!CHo aTaM 

pac'leTaM, aKcnepaMeHTallbaoe onpeneneaae 0Taomeaag aepogTHOCTefi nponeccoa (3) 

a (4) K BeponTH0CTII pannann0HHoro 38XBaTa (2) M0JKeT ClzyJKHTb npoaepK0fi npen

CKa3aHall nayxHyKn0HH0ll M0nena aaxaaTa. BepoaTHOCTb nponeccoB (3) n (4) 6blna 

pacc'laTaHa a npennonoJKeH11n nayxHyKnoHHoro MexaHaaMa nornomeHaa c ncnonbao

aaHHeM caeneHHll o MaTpH'IH0M aneMeHTe o6paTaoro nponecca - nponecca po1Kneg11g 

1T -M830H0B B N N -CT0nKH0BeHHH a6nnaa nopora, B TO apeMg K8K BepogTH0CTb 

npouecca (2) paccq11TaHa qepea aMnn11Tyny ¢OTopoJK)leHnn "-Me30HOB Ha onaH0'I

H0M HyKnoHe. B Ta6nane 4 np11aeneHbl a1tcnep.11.MeHTa/lbHbie peaynbTaTbl II TeopeT11-
/ l 7 / 

'18CKlle oueHKH, Il0lzy'leHHbie B pa60Te • 

BepogTHOCTb peaKUHH 
II 0TH0IIIeHae aepogTHOCTell 

W(pnn) 

. W( dn) 

W(pnn) 
W(dn) 

W(dn) 

W(H3 y) 

W(pnn)+ W(dn) 

W(H 3 y) 

Ta6nana 4 

Ha0Togmag pa6oTa 

(67 ,8-±. 5,4) _% 

(15,9 ±,2,3) % 

3,6 ±. 0,6 

2,3 ±. 0,4 

10,7±,1,2 

/17/ 

4,6 :!:. 4,1 

1,44±,0,68 

8, 1±,3,8 

TipnaeneHHbie aKcnepaMeHTanbHbie naHHbie 06 OTH0IIIeHHII aepogTH0CTell corna

CYIOTCg C TeopeTH'l8CKHMH oneHKaMH, onHaK0 noCT0BepH0CTb cornacag HeBennKa 

aa-aa 6onbmax oma6oK B TeopeTa'leCKHX aenH'IHHax, o6ycnoaneHHb!X norpemHocTgMa 

10 

... 

B ¢e1toMeHonoraqec1tax aMnn11Tynax aaxaaTa 1T -Me30H0B HellTpOH-npoTOHHOfi go 

H np0TOH-npOTOHH0ll napoll g I , nony'leHHblX H3 agan11aa naHHblX 0 ceqeHHH Meao
/ 18/ 

HOo6pa3oBaHHSI B NN CTQnKH0B8HHH • 

Ha 0CH0BBHHH pa3BHTblX TeopeTa'leCKHX npencTaaneaall 0 aaxaaTe 1T -Me30-

H0B gnpaMa He 
3 

II a1tcnep11MeHTanbHblX naHHblX 06 0TH0IIIeHHa aepoaTH0CTell npo-

neccoa (3) a (2) 6bmo nonyqego·oTHomeHae ¢eHOMeaonoraqec1t11x aMnnnTyn g0 11 g 1 

II 0TH0CHTenbHblll 3HaK aTax aMnnaTyn. OTHorueaae aMnnaTyn nonyqego paBHbIM 
gl 

-=l,3+0,2 
~ - npn OTHOCIIT8/lbHOfi ¢aae paBHOl! Hyn10. OrcyTCTBlle np0THBopeqag 

MeJKny 8TIIM peaynbTaT0M II peaynbTBT0M aaannaa 
/18/ 

o6paTHbIX npoueccoa SIBnge-r-

cg KaqeCTBeaHbIM nonTaep*neHaeM rnnoTe3bI nayxayKnoHHoro nornomeHHg " -Ma-

30H0B. 

.llallbHefimee cpaBHeH11e c Teopaeft 6b1no cnenaHo aa ocHoae nony'leHaoro 

cneKTpa npoT0H0B B npouecce (4). Ha pac. 7 cnnomHofi Kpaaoft npnaenea npen

CKa3bIBaeMbill cneKTp npOT0H0B C yqeTQM aKcnepaMeHTanbHOll nacnepcan B H3Me

peHaa llMnynbC0B. O6pamaeT Ha ce6g BHHMaHae TOT ¢aKT, 'IT0 nnK, C00TBeTCTBYIO

mall aaxaa,y 1T -Me30H0B HellTp0H-npo,OHHOll napoll, CJlBllHYT B CT0p0Hy MeHblllllX 

llMny/lbC0B no cpaBH8HlllO C pacqeTH0l! KpHB0l!. 8TOT cnaar ( .. 20 Maa/c), Be

p0SITH0, M0)KeT 6bITb ·o6ycnoaneH KaK cag3bl0 HyKn0H0B B nnpe, TaK ll ananHneM 

B38HMOnellCTBllg HyK.riOHOB B K0H8'1H0M C0CT0HHHH. liTO KacaeTCSI npencKS3bIBaeMoro 

naKa, C00TBeTCTBy10mero aaxaaTy 1T -Me30H0B npoT0H-npOTOHHOfi napol!, TO nony

'18HHb!l! cneKTP np0T0H0B caaneTenbCTByeT 06 0TCyTCTBHH gpK0 Bblpa,KeHH0I'0 naKa 

a o6naCTH 350 Maalo. 8TOT peaynbTaT He np0T.11.B0pe'IHT TeopeTH'leCK0MY cneKTPY, 

ecna npaHgTb ao BHHMaHae HeonpeneneHH0CTb B K0HCTaHTe I g 12· , acnonhaoaaHHYIO 
I 

B pac'leTe. 

rnaaa IV nocagmeHa aay'leHaIO apeMeHa KacKanHoro nepexona " -MeaoH0B 

a raaoo6paaHoM renaa--3. 11HTepaan apeMeHH Me*nY aaxaaT0M oTpauaTenbHhix 

" -MeaoHoB aT0MaMn n ax nornome HneM nnpoM (apeMg 1tac1tanHoro nepexona) 

• TeCH0 CBSI3aH C MeXaHH3M0M KaCKanHoro nepexona 1T -Me30H0B. BpeMg KaCKanHoro 
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nepexolla onpellenHeTClI KaK cpellaee apeMH, KoTopoe aaTpa'UlaaeT Meaoa, IIM.eromnll: 

CK Op OCT!> f3 ,_ , cpaBHllMYiu co CKOpOCTblO op6nTanbElbIX aneKTpOHOB (0,02-0,03), 

npe61,rnaH aa aTOMHbIX op6nTax llO Slllepaoro nornomeE!IISI. 

MeTOll II3Mepeanll apeMean KaCKa1rnoro nepexolla 61,m ocaoaaa aa perncTpannn 

qncna paCllSllOB Ir -Me30HOB, IIM8IOmnx CKOpOCTb, 6mt3KYIO K CKOpOCTll op6aTanb

HblX aneKTpOHOB, 

B OllbITax np11 Bb!COKOM 1laBnean11 ren11H-3 B KaMepe np11 9KCll03RnlllIX B llY'!:K8 

OTpnuaTenbe:hlx ,r -Meaoiioa 61,mo aaper11cTp11poaae:o 1072 cnyqall pacnalla ,r -Me

aoe:oa, 0To6pae:m,1x no np113HaKaM, npnHlI'X'bIM npn npocMoTpe, B1,ma TaKJKe npoae

lleHa 9KCl!0311lllllI KaMepbI B ny'l:K8 ,r+-Me30HOB, 

llnll llOIICKa cnyqaeB pacnalla 1T -M830HOB, IIM8IOmRX CKOpOCTb B MOM8HT 

pacnalla < {3 A 1 61,m11 OT06paHbl TaK11e COOb!TlllI, Kor1:rn MIOOH 11cnycKanClI B 3allHIOIO 

nonyctjiepy. TaKoli OT6op ll03Bonnn· ycTpaH!IT.b KRHeMaTaqecKyIO H801lH03Ha'l:HOCTb B 

onpe1leneH1111 cKopocT11 1T -Me30Ha, a TaKJKe IICKn10q11Tb BKnall OT pacceSIHlllI, CKo-

pocTb " -Me30HOB B MOMeHT pacnalla onpellenHnacb no aen11'!:11He 11aMepeHaoro IIM

nynbca nnn npo6era ll yrna BbineTa MIOOHa. Peaym,TaTIJI 113MepeHlllI IIMnynbCOB MlOO

HOB B 3aBIICIIMOCTll OT yrna BbmeTa np11ae1leHbl Ha pnc. 8. llncnepClllI B onpe1leneH1111 

IIMnym,coB MIOOHOB 61,ma e:alilleHa np11 113MepeHIIII IIMnyni,coB µ+ -Me30HOB, , ncny

meHHblX OCTalJOBIIBmRMIIClI "+ -Me30HSMII, Olla OKaaanach paaaoli 1,3 Maa/c. B 06-

nacT11 CKOpocTell: f3 < 0,03 6bln ouee:ea BKnall oT pacnalla "-Meaoe:oa e:a neTy, 

o6ycnoaneHHhlli norpeUIHOCTHMII 113MepeH!lli, OlK!lllaeMa!I 3aBHCIIMOCTb '1:IICna pacna

llOB 1T -M830HOB aa neTy OT CKOpOCTII C yqeTOM TOpM03HblX llOTepb ll om1160K 113-

MepeHall: BMeCTe C 9KCllep!IM8HTanbHblM peaym,TaTOM npe/lCTaai:ieaa Ha p11c, 9. Ha 

ocaoaae:1111 3TIIX llBHHbIX, nonHoro q11cna OCTaHOBOK 1T -Me30HOB II apeMee:n lKll3HII 

61,mo onpelleneao apeM11 KacKallHoro nepexolla B ren1111-3: 

-10 
T 

77
= \l,4:!:.0,7) • 10 ceK, 

TionyqeaHoe apeM11 KacKallHoro nepexolla " -Me3oHoB B raaoo6pa3HOM rena11-3 

B npellenax ow1160K coanallaeT c peaynbTaToM aaanoraqHoro II3Mepea11H a JKHllKOM 
/19/ 

ren1111-4 I B TO BpeMll KaK nnOTHOCTII cpell OTn11qaIOTCll np11MepHO B 40 pa3, TaK 

KaK aeT oce:oaae:nli npellnonaraTb, qTo npoueccbI KacKallaoro nepexolla "-Meaoaoa 

B 1130TOllaX renng 3aMeTHO paan11qa10TC!!, TO 9TOT peaynbTaT CBH.QeTe1Il,CTByeT O TOM, 

'!:TO BpeM!I KaCKallaOro nepeXOlla B ren1111 ae 38BIICIIT OT nnOTHOCTll cpe/lbl, H3Mepe-

12 

·1: 
j' 

f 

I 
I 

J 

Hoe apeMH nepexolla aa llBa nopllllKa 6onbIIIe apeMee:n,npellCKaaaHHoro TeopeTnqecK11-
/20 21/ 

MIi paC'IeTaMII I • 

PeaynbTaT1>1, nonyqeHe:hle a e:acrogmeli pa60Te, MOJKHO c¢opMym1poaaTb cne

JlYIOntnM o6P,aaoM: 

1. Bnepa1,1e e:a6mollanncb 11 KOl!llqeCTB8HHO nccnellOBannCb npo1tecc1,1 aaxaa-

Ta OCTaHOBRBmRXCll. 1T -Me30HOB renneM-3, HaMepeHbl QTHOC1ITem,e:1,1e aepO!!THOCTll 

lllITll B03MOlKHblX Kae:anoa: 

W(1r-+He 3➔ H 3+1r0
} = (15,8 :!:. 0,8}% 

W(1r-+He 
3 ➔ H 3 

+y} ,. (6,U :!:. 0,5 )% 

W(1r-+He 3➔ d+n) = (15,9.:!:. 2,3)% 

W(1r-~He 3 ➔ p+n+n)=(57,8 :!:.5,4)% 

W(1r-+He 3 ➔ d+n+y)• (3,6:!:.l,2}%, 

2, Ha ocaoaae:llll naMepee:nH OTliomee:nR Tiae:otjlcKoro a He 3 
• KOTOpoe OKa-

aanOCb paBHbIM 2,28 :!:.0,18, nonyqeghl CB8/l8Hllll O Slll8PHOM tjlopMtjlaKTope npn nepe

)l8B88MOM· llMIIy111,C8 q 
2 

=0,47 fm - 2 F 
2 = 0, 75 + 0,06. Cpe)le:eKBa)lpaTR'l:Hblli paanyc 

. -13 
rennH-3 onpe/lenee: paBHbIM ( 1,4 t.. 0,2) • 10 CM, 

3, Tipn ncnonbaoaae:nn nonyt:1ee:aoro tjlopMljiaKTopa n pa/lnyca Slllpa npoaelleHo 

yTO'IHee:11e Slllepe:oro MaTpR'lHoro aneMeHTa B nponecce aaxaaTa MIOOHOB renneM-3 

ll Bhl'IIICll8Ha aepollTHOCTI> aroro nponecca, ll03B0lllIBma11 Oll8HllTb KOHCTaHTY atjltjieK

TIIBHOro llCeBllOCKalI!!pHOrO B3SllMOll8ll:CTBllll g: e ( 8 ± 3) r/, 
A 

4. Ha OCHOBaHllll aKCllep11MeHTa1Ibe:oll: BelIR'IllHbI OTe:omee:nll BepollTHOCTeli 

W(dn) 

W(H 3 y} 
nonyqee:o OTe:omee:ne tjlee:oMee:onornqecKRx KOHCTae:T aaxaaTa 1T -Me30HOB 

g . 
npoToe:-npo:roe:Hb!Mll ll aell:TpOH -rrpoTOHHbIMll napaMR ..:.J!J!.. '"1 ,3 :!:_0,2, a TaKJKe 

g DR. 
oitee:eHa ax OTHOciITelibHalI ¢aaa, Koropall OKaaanacb paae:oa e:ynro, 

5, HaMepee: cneKTp npoToe:oa B npoitecce 1r-+·He 3 ➔ p+n+n. Ha ero cpaae:ee:ng 
/17/ 

c Teopnell: ycTae:oaneao, 'ITO nnK, cooTaeTcTayromnli aaxaaTy 1T -Me30HOB e:eli-

Tpoe:-npoTOHHOli napoli, CMemee: B 06nacT1> MallbIX RMllYllbCOB npOTOHOB, a lllIK, COOT

BeTCTByIOmnli aaxaaTy 1T -M830HOB npOTOH-npOToe:e:oll napoli, OKa3bIBaeTCll MeHbUie 

npe1lCKaa1,rnaeMoro, 

6, H3Mepee:o Bp8Mll KaCKH/lHOro nepeXO)la 1T -M830HOB B raaoo6pa3HOM re
-10 

nan-3, KoTopoe nonyqee:o paBllbIM T ,r'" ( 1,4:!:.0,7) 10 ceK, 3ToT peaym,TaT 
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/19/ 
aapnny c naMepeaneM BpeMean KaCKauaoro nepexoua B lKllUKOM rennn oaaa-

qaeT, '!TO BpeMH KaCKa.Q.Eloro nepexona B rennn He 3SBIICHT OT nnOTHOCTll cpeUbI, 
/20 21/ 

a TSKJKe 3H8'11lTenbHO npeBblWSeT BpeMH nepexoua, paCC'lllTSHH0e B pat5oTaX ' , 

B K0TOpbIX rrpennonaranacb n0Mna11py10mag ponh illTapK-sqi<jieKTa B npoueccax Kac

Kanaoro rrepexona "-MeaoaoB B ren11n. 
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Pac. 5. a) 11Mnym,CHblil cneKTp, nony'leHHblil B 9KCn03aIUfH 1 npa a3Mepeaaa 
KpaBa3Hbl cnena npa KpaTepaa OT6opa 10 CM. racTorpaMM8 co6b1Tail 
annpOKCaMapoaaaa Kpaaoil raycca c llHcnepcaeil 23 Maa/c. 6) ToT JKe 
Cil8I<Tp - npa KpaTepaH OT60p8 13 CM. racTOr'pBMM8 C06b1Tail 8IlnpOKCa
MapOB8H8 1<paaon raycca c nacnepcaeil 20 Maa/c. 
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Pac. 6. a) 11MnynbCHbill cneKTp npOTOHOB a3 9KCil03HIIHa 1, nony'l8HHblil no H3Me-
peHHIO npo6eroa. 6) AeanorH'IHbiil cneKTP aa aKcno31111aa II B o6oux 
cnyqaax nyHKTl!pHoil Kpaeoil naaa a~<j,eKTl!BBOCTb peracTpanaa. 
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