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I. OBUAfl XAPAKTEPMCT:v!KA PAEOTbl 
bKTY?Jll>HOCTp pa60TH. YlHTepec R B3a.HMO,ll;9ACTBRHM peJI..!I­

THBHCTCRHX H,D;ep BH3BaH, B nepBYJO O'!epe,I1;:0; T0M, 'ITO B HHX 
MOryT C03,ll;aBaT:OCH npe,ll;IIOCWIKli .I(JI.!I B03IIHRHOB9HHSI Rat!9CTB9HHO 
HOBHX .fIBJI9mfit, o6yCJIOBJI9HHHX KOJIJIGKTHBHHM xapaxTepoM B3a.K­
MO,ll;9HCTBHff BoBJietteHH!:iIX B .!I,lJ;pO-.ff'A9PH09 CTOJIKHOBeHHe 60.m:.moro 
KOJIJ4tI9CTBa HYKJIOHOB. BecKmVI YRaarurneM Ha cymecTBOBaHHe Ta.KH} 
.ffl3JI9HH~ MOrJIO 6H rrocJJ:yJKKT:O SKCnepHMeHTa.Jil>H09 ga6JUO.n;eHHe scIJ­
cpeKTOB, He CBO.n;ronKXC.!I R rrpocTOH cyneprroaHIJ;l'!llI HYKJIOH-HYKJIOH­
HHX (HYKJIOH-H,D;epHHX} CTOJIRHOB0HHi1:. Jf,,"UI STOrO H906XO,Il;HMH ne­
TaJll>HH0 :HCCJI0,ll;OBaHl'l:H MHOllt9CTBeHHHX, lIBKJII()3KBHHX, ROppeJIH­
UKOHHHX xaprutTepHCTHK BTopxcnmx rrpO.lJYRTOB B38HMO,ll;eiCTBH.fl 
(B OCHOBHOM IIPIOHOB llI rrpOTOHOB) B umpoxoi o6JiaCTJII JII3M9H9HHSI 

aHepl'HllI H aToMHHX BecoB cTaJIRJIIB~XC.!I JI,IJ;ep. 
BalltHHM HCTOt!HHKOM HH<P0PM8IJ.Hlii o CTPYKTYPHLIX oco6eHHOCT.!IX 

H,D;ep Ha Ma.Jll:lX paCCTO.!IHHRX llI 0 MexaHHaMax H,D;epHH~ pea.KIJ;ll!H npllI 
BHCOIO'IX aHepr:wix MOllt9T ~JIYlltHT:O xayqeHHe rrponeccoB ltYMYJI..!ITHB­
HOrO pOJKJJ:9Hltfl qacT~. Pf:BJ.re:me IcyMYJI.f!TJIIBHOrO o6paSOBaHJII.!I npo­

•roHOB npe.n;CTaBJI..!IST co6oii. IIO-Bli'AJIIMOMY. CJIOJKHIDi: rrponecc. B 

KOTOpI:lli MOryT .n;aT:O BKJ!a,Jl; paSJIH'tnllie MeXB.llllISMli. ,Um! RX Hsyqe­
lil'UI oco6YJO BaJ!tHOCT:O npxo6peTa.IOT xoppeJIHUKOHHHe axcnepHMeHTH, 
B KOTOpliX Hap.HJJY c KYMYJI.!ITKBHHM npOTOHOM perllICTPJIIPYIOTCS\ TaK­
xte corrpoBoJR,JJ;aromze ero qacTHIJJ:l· HoBHe saxoHoMepHOCTK polK,!l;e­
HHH :eyMYJI.!iTJIIBHHX qacT~ MOryT npo.!IBJI.!IT:OC.!I T8.Kllt9 II.PH HCII0Jr&-

30Ba.HHJII B KatteCTBe cHapH,D;a aTOMHHX H,D;ep. 
~ HaCTO.!Iln9i ,Il;HCCepTaUKOHHO! pa60TH .!IBJ!.!I0TC& TIOJIYtI0-

HllI9 HOBl:lX aKcnepllIMeHTa.Jll>HHX ,I1;8.HHHX 0 MHO:at9CTB0HHHX, HHKJll()SllIB­
HHX H KOppe.ru!ll;lIOHHHX xapaxTepHCTHK0X peaKUKi o6pasoBaHH.!I 
npoTOHOB (B TOM -:m:CJie IcyMYJIJ!THBHHX) B H,D;pO-H,D;epHHX B3aHMO­
,ll;SHCTBH.!IX II.PH mJIJIY.1r&C0 4.2 raB/c Ha HYKJIOH, IlOSBOJimOlllllIX ocy­
mecTBHTb aKcnepHMeHTaJr&HY"~ npoBepxy npe.n;cxasamilt pH,D;a Teope­
T~ecKHX MO,ll;eJiett llI n~Tb HH<PoPManmo 0 poJIPI paSJm'l!HHX M0-
xa.HH3MOB B npouecca.x MHOxt9CTB9HHOrO p0llt,Il;0HJII.r1_B .ff'A9PHHX CTO~-

KHOBeHWU. 
HoBllISHa H Ha.Y'tp!M geHHOCTp pa60TH. IlpH BHIIOJIH9HllillI pa6o­

TH IlOJiyq9HH CJie.n;yromHe HOB~e peay.m:.TaTH: 
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1. IIo.nyqeHbI HOBHe 3RCTiepM:MeH•r8JJ.JJ.tibl:e ,ll;amrn:e TIO HHRJII03HB­
Hlill\ll Ce1IeHIDIM oe5pa30Ba.HIDI IcyMyJIBTHBHh!X IlpOTOHOB BO B3aliMO,ll;e~­

CTBH.f!X !IpOTOHOB, .ff,I(ep .n;eliTeprui:, re.JJ:WJ: H yrAepo.n;a c .ff,I(paMH 
yrJiepo,ll;a H TaHTaJia !!pH liMI!YJD>Ce 4. 2 raB/c Ha HY!tJ!OH. lIO.D;TBep­
~,!(eHa npe,ll;CKa.Sh!BaeMrur MO,ll;9Jll>IO MaJIOHYRJIOHHHX ROppe~ !IpH­
OJm.llteHHB.ff waxTopHsyeMOCTb HP.RJII03HBHHX C91IeHP.Ltt oe5pa30Ba.HWI 
IcyMyJI.fITHBHHX !IpOTOHOB B 38.BHCHMOCTH OT aTOMHHX BeCOB CTa.7.IKR­
BaIOl!lHXCR .ff,I(ep. 

2. IIoJry"'!eHH HOBHe 3RCTiepIDJieHTaJibHH9 ,ll;amrn:e I!O HHBUpHaHT­
HllM .u;m®epeHIJ;Ha.Jll>IillM ce1IeHID!M RYMYJIRTHBHHX npoTOHOB BO B3a.H­
MO,ll;eitcTBHRX !IpOTOHOB' .ff,I(ep ,ll;9il:Teprui:' r9Jm.fl: P! yrJiepo,ll;a c .!1.ll:­

poM yrJiepo,ll;a npH m,rrryJD>ce 4.2 raB/c Ha HYRJIOH. BnepBHe Ha6JIIO­
.n;eHo CMemeHHe yrJIOBbIX pacnpe.n;eJieHHli IcyMyJIRTHBHHX !IpOTOHOB B 

CTOpo:ay MeHblliliX yrJIOB npH YBe;rm1IeHml: aTOMIIoro B9Ca .ff,I(pa-cHa­
p.ff,I(a. IloKa38HO, 'ITO npe.n;cKasbIBaeMM MO,Il;9J!hl0 MaJIOHYRJIOHHHX 
Roppe~ YHHBepCaJIDHOCTb CTieKTpOB ICY"MYJIBTHBHHX !IpOTOHOB 
:iiIMee·r MeCTO B 06.JiacTK Cp8.BHHT9J!bHO HeOOJ!hillHX yrJIOB HX BHJieTa 
( ep<- 130°). B OOAaCTH 9p )' I300 Ha0JIIO,IJ;9HH OTRJIOH9HHR OT YHH­
BepCaJibHOCTH ,!(JIJl CJIY'la.P.: yrJiepo,ll;-yrJiepo.n;HHX B3aHMO,n;eliCTBHH. 

3. Ilo.nyqeHhI HOBH9 SRCTiepHMOHTaJ!hHHe .n;amrn:e TIO RoppeJIR­
IJ;l[OHHHM xapaxTepHCTIUta.M pea.itnd p0l!Ut9HIDI ltYM.VJI.fITEBHh!X !IpOTO­
HOB BO B38lIMO,ll;9HCTB:w:tX lipOTOHOB P! .ff,I(9p c R,Il;paMP! !IpP! nepBR'l­
HOM li!MIIYJ!hCe 4.2 raB/c Ha HYXJIOH. BnepBbie Ha6JJIO.D;9Hb! IWppeJIR­
IJ;lll! M9l!UtY BHXO~OM :icyMyJIJiTHBHRX !IpOTOHOB H OTHOCKT9J!hHHM BH­
XO,ll;OM 1r+ I ff- -MesoHo~. 06HapYJKeHb! roi:HeMa.TH'lecKHe Roppe.JUllJ;lm 
M9l1UtY napoi !IpOTOHOB (O,ll;IDI HS KOTOpb!X :eyMyJIJ1Tl1!Bmd). o6yc.7IOB­
JI9~9 M9Xa.HHSMOM TIOrJiomeHKf.l BTOPH'IIHHX gr+_M930HOB Ha KE!aSH­
.n;eliTpOHHOH nape B .ff,I(pe, H BTiepBh!e no.nyqeHa SRCTiepmvieHTaJI:&HM 
oueHKa BKJia,n;a aToro MexaHHaMa B o6pasoBB.HHe KYMYJIRTHBHHX 
!IpOTOHOB B HYRJIOH-.ff,I(9pHOM B3aHMO}J;9HCTBHH !IpK HM!IYJil>Cax 
4 + IO raB/c. IlOJIY1IeHH HOBH9 sxcnepHMeHTaJI:&H.He }J;aHIW'.9 no KOp­
peJIRIJ;JILfllvl M9l1UtY ltHH9MaTH1I9CKHMPI nepeMeHH!ilMH !IliOHOB P! KYJfiYJIR­
THBHhlX IIpOTOHOB; noxasi:i.Ho, 'ITO Ha0.7!Xm9HHH0 KOppe.JIJIIl;illr He 
od~HCHJIIOTeH KaCKa.n;HOi MO,Il;eJIDD, HO MOryT OHTb HHTepnpeT~OBa­
HhI 1!I P&ma.; MO,Il;eJ.IH 111&110BYXJIOHVT .. : KOppeJiml;d. 

4. I!OJiy'IeHH HOllH9 8KCII 10HTaJil.HHe .ItaHHH9 no MH<>a9CT-
B9HHHM H KOPP~HHBll ;xapw PECTHRBM Il'DOU0CCOB odpasoBa-
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HHR HepeJIRTHBl'ICTCKHX npoTOHOB B .gn;po-,gn;epHl:lX CTOJIKHOBe:HHHX. 
IloRa3aHO, 'ITO .n;JIJi TmKeJIOtt MKIIIeHH (Ta) 11MeeT MeCTO npllOJIIDB:eH~ 

HM JIJiIHe:lllia.a: CBR3b Mellt,llY cpe.n;HHM 11HCJIOM TipOTOHOB H3 OOJiaCTH 
cpparMeHTaIJ;Kli MmIIeHH ll pacqeTHHM 3Ha'!eHHeM !IpOB3a.HMO,ll;9HCTBO­
BaBlllHX HYRJIOHOB MmIIemir. Brrepmre .n;JIR .gn;po-.ff,I(epHhlX BaaHMo.n;ett­
CTBl'IH l'ICCJI9)J;OBa.Hbl ROppe.n:.mum MelK,llY MHOl!teCTBSHHOCT.f.IMH ~-:..Me-
30HOB H HepeJIHTHBHCTCKHX npoTOHOB; TIOK8.3aHO, 1ITO 9RCTI6pHMeH­
TaJIDHO HaOJJIO,D;eHHHe KOppeJIHUHH OIIHCHBaroTCR B pa.MKax MO,ll;eJiett, 
OCHOBaHHHX Ha npe,n;TIOA0l!t9ID'IH He3aBHCIDJllilX HYRJIOHHHX B38HMO,IJ;ett­

CTB~. 

IlpaRTif!9CR8JI ueHHOCTb paOOTH aa.R.JJIOqaeTCR B CJie.n;yromeM: 
Ilo.nyqemrn:e B ,n;HccepTan;im: pesyJibTaTH rrosBOJI.ffiOT ocymecT­

BHTb SRCTiepHMeHTaJibHYID rrpoBePKY rrpe.n;cxasrum:tt pff,D;a T90p9TH­
...:ecKRX MO]J;eJiett, MCryT 6HT:& HCJIOJib30BaHH !!pH IJ.'IaHHpOBamm 
HOBHX 3RCTiepMMeHTOB. 

A:rrpooar.nw: pae5oTH. Bome.n;nme B ocHoBy ,B;HccepTau;m:r pae5oT:u 
/1-7/ d'wm ,n;oJiol!teHH Ha IT, ill, IY H Y Bcecoros:m,rx pae5o'!Hx coBe-
1!18.HlifIX TIO rrpe,ll;eJIDHott cppa.rMeHTau;miI .ff,I(ep (11'1'~. MoCirna, I982, 
I986 rr.; Hop-AM6ep.n;, EpeBaH, 1984,· I9~8 rr.); Ha CoBema.mm: 
no HCCJI9.1J;OBaID1:J'IM ROppeJillll;ROHHHX sqqieKTOB B RYMJf JIRTHBROM pOl!t­
,n;eHHH 11acT:rm (Oliilli, )Ty6Ha, I987 r.); Ha y P! YI ROH!PepeHUHRX 
MO.'Io.n;:ux Y'IJ9H!:ll ~H (Hop-.AM6ep,ll;, EpeBaH, 198I, I986 rr.); 
Ha CoBemaHHRX Me~apO)U!Oro COTpy,n;Hl'.["t!eCTBa TIO RCCJI0.D;OB8.HH.flM 
Ha .n;ByXMeTpoBoli rrpoTia.HoBott RaMepe JIB3 O:IDili; Ha ceMRHapax 

Ep~M H JIB3 O"llilli. 
Ilye5JIHRa.p:rm. OcnoBHOe co,n;ep,JKrum:e pae5oTH onye5moBa.HO B 

'1\YI)Ha..'Ie "H):(epHM @!sHKa", B nperrpHHTax H coo6meHHHX ~H. H 

0!1.fill. 
06~eM .I[l!ICCepTarnrn: • .nv.tccepTaD,HOiniaR pa6oTa cocTOHT HS 

BBe]J;eHH..q, 11eTapex rJia.B H saKJIIO'!eHHE, co.n;ep.lltHT I05 CTpa.HHIJ; 
M8.llIHHOIIHcHoro TeKcTa, BKlll<Jtta.a: 41 pHcYHOK H I3 Tao.mm;. CIIH­
coit JIHTeparypH co.n;ep,JKHT 60 Ha.HMeHoBaliHH. 

ABTOI? sammuaeT: 
I, Peay.lll>TaTH o6pa6oTKR H a.Ha.JJY.sa Baa.HMo.n;ettcTBHtt npoTo­

HOB, .ff,I(ep ]J;eliTeprui:, reJrn:R H yrJiepo.n;a c .gn;paMH yrJiepo,ll;a n TaH­
TaJia !!pH TiepBR'IHOM HMIJYJ!hCe 4.2 raB/c Ha H,YEJIOH. 

2. 3KcnepHMeHTa.Jll>Hhle .n;rum:He, no.nyqemrn:e npP! HCCJie.n;o~~-
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:mm: MHO.lK6CTB6HHHX K HHKJIIOSHBHHX xapa.RTSpHCTRK KyMYJIJITHBHHX 
npOTOHOB BO B3a.HMO,Il;6MCTBK.ffX npOTOHOB K .nerKHX peJIJITHBRCTCKHX 

H,ll;Sp o( ' He H c c H,ll;pa.MK yr.nepo.n;a K TaHTaJia. 
3. 3RcrrepRMeHTa.JI:bHHe .n;amrne, rro.ny-qemme rrpn a.HaJrnse 1wp­

peJI.IDJ;KoHHI:lX xapa.RTepHCTHK pea.R.IJ;lti1: poJK,Il;emm Kj"'MYJif!TKBHJ:lX rrpo­
TOHOB B CTOJIRHOBSlilUIX npOTOHOB H JierKHX peJif!THBHCTCKHX .ff,ll;ep 

c $Vll)a.Ml'I yr.nepo.n;a. 
4. 3RcnepRMeHTa.JI:bHHe .n;aHHHe, no.ny-qeHHbie rrpH HSY1leHKH 

MHOlltSCTBSHHHX R xoppe.rum:noHHHX xapaxTepHCTHR B npoueccax 06-
pasoBa.HKH HepeJIJITHBRCTCKHX npOTOHOB B H,ll;pO-H,ll;epHHX B3al!MO­

.n;elc TBK.f.[X npH rrepBH'IHOM HMIIYJibCe 4.2 raB/c' Ha HYRJIOH. 

II. CO,ILEPJKAH!llE PAEOTH 
Bo BBene:mm: o60CHOBH!iaeTCH a.ItTYa.J.ll>HOCTb npoBe,JJ;eHHHX 

HCC.Jie,JJ;OBa.Iilti!:, CWOPMYJ!HPOBaHa UBJ.ffi ,JJ;HCCepTa.IJ,HOHHO~ pa60TH, 
HaY1!Hrul: HOBHSHa R ueHHOCTb no..uycremmx pesyJibTaTOB, ~;::pHBe.n;eHO 

Iq>aTKOe co.n;eJ»!taHKe ,JJ;RccepTauRR· 
B rrepBOH rJiaBe ,JJ;RCcepT8.I.l;ID! OIIHCaHH MeTO,JJ;R'!eCIGie BOnpOCH 

IIQJIY"<I6HRH H o6pa60TIGI axcnep:i'llV!SHTEurbHblX ,JJ;a.H..iillx. 
3KcrrepIDJI9HTaJI:bHHH MaTepna.n 6HJI rro.ny-qeH c IIOMOmbro ,JJ;BYX­

MeTpOBOH rrponaHOBOH rrys~rpbROBOH KaMepH c BHYTpeHHeli MRII1eHbID 
R3 Tpex TaHTaJ!OBHX nJiaCTHH, IIOMemeHHOH B MaI'HRTHOe IIOJie 

Ha.IIp.IDK.eHHocTbro H == I5 xrc. . 
KaMepa axcnoHRPOBa.nacn B rry'll'..ax npoTOHOB n .nerIGix peJIJI-

THBRCTCKHX sr,n;ep J , 4ne .H 12C Ha CRHXI>o@a.SOTpOHS JIB:? OIDilf 
npn rrepBR"<IHOM HMIIYJibCe 4.2 raB/c Ha HYRJIOH. B ,JJ;RccepTa.IJ,HR 
rrpHBo.n;HTCH o611lHe xaprutTepHCTRIGI KaMepH H cncTeMl:l woTorpB.qm:-

• 
.pOBaHH.li. 

IlpOCMOTP CTepeOCHRMKOB npoBO,JJ;HJICH Ha npOCMOTpOBHX CTO-

Jiax EIIC-I n EIIC-2. 0To6pa.HHHe co6HTR!i RSMepHJmCb saTeM Ha 
no.nya.BTOMS.Tax THIIa.IIYOC n CAMET. MaTeMB.TH"<IecitaR o6pa6oTKa 
RSMepemra:x co6HTHH rrpOR3BO,JJ;HJIS.Cb c IIOMonµ,ro nporpaMMH reoMeTpH­

-qecKOH peKcHcTp~ I'E~JIT Ha 3BM CDC-6500 n BSCM-6. IlocJIE 
npOB9PKR Ka~eCTBa H3MepeHrui: H BOCCTaHoBJieHIDI Tp9KOB COOHTM 

3a.IIHCb1B8JIKCb Ha JISHTY cywaapHHX pesyJibTaTOB. 
Bo BTouoa rge ,I\liCCep'IauRR HCCJIS.ItYJDTCH MHO.lK9CTB0lIHHe 

R mra.7II03HBHH9 xapa.KTOpRCTHKli KYMYMTHBimX TIPOTOHOB C HMIIY.'ll:i-
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ca.wi: (250 + 750) MsB/c, o6pa3YJOlllHXCH BO B38.HMO,Il;0HCTBHRX npo­

TOHOB, smep .n;eliTepHH, reJIHH H yrJiepo.n;a rrpH IIMIIYJinCe 4.2raB/c 

Ha HYKJIOH. ic. 

Ilo.ny-qeHH RHKJIIOSHBHhie ce-qemur GAPAT (rrpoHHTerpHpoBaH-
HHe B yrJIOBOM IDITSpBaJIS 90 -;- 180°) odpaSOBa.Jf'AS! KYMYJLfITUBHb!X 
!IpOTOHOB H IIOit8.3aHO. 'ITO l1X MOJ:tHO rrpu6JIIDK8HHO OimCb!BaTb (Ja.K­
TOPR30B8.HHHM Bb!paJKeHHeM E;4"-~.,. S, ~ft! (r.ne Ar, - aTOMHhlfi 
Bee ;mpa-cHapB:JJ;a, AT - Mm!lek) c rra.par.1eTpru.rn ~ = (I. 86 ± 
0.16) MO; . .L = 0.66 ± 0.02, f.> = I.24 ±. 0.02 (CM. pRC. I). 

IIoRaSaHO' 'ITO rrpe.n;cKa31!B8.9M09 MO.IJ;eJinID MaJIOHYitJIOHHhlX 
KOPPeJIRURH ymmepcaJ.lhHOe rrpaBIUro .rvm: HHRJJIOSHBHHX cneRTpoB 
~'IfI pas.Jm'3:H1IX 06JiaCT0H TIO RHH9M8.TH'l:9CIGIM nepeMeHHh!M K°'JMYJI.H.­

THBHHX npoTOHOB (T.e. H93aBllC11MOCTn OT 8.TOMHoro Beca .FJ;IJ:pa­
CHapa.n;a Ap npn HOpM!rpOBKe na rro.nuoe Heynp~oe ce-qeHRe BSaR­

Mo.n;eii:cTBIDI HYRJIOHa. c H,ll;p0M-CH8.p.FJ;IJ:OM 6::- ) !iM98T MSCTO B 
06.nacTH cpa.BHI'!TeJibHO He6oJibumx yrJioB MX ~b!J!eTa ( GpL.. 130°). 
B o6JiaCTII 9p > 130° na6.nro.n;em,r OTIOIOHSHHH o•r YHHBepCaJThHOCTJ~ 
.rvm: CJIY'l:M yr.nepo.n;-yr."Iepo.n;HHX BSaJIMO,I(Sii:CTBRH (CM. p::1G. 2). 
}Le.naeTCH Bb!BO.JJ; 0 TOM, 'ITO H8. xaprutTep 38.BHCRMOCTH RHB8.p1IaHT­
HblX cneKTpOB OT Ap sa.MeTHoe B.7.lliHHRS oita.shIBaJOT s@leKThl pas­

pymeHR!i HYKJIOHHHX KOppe~t.t B ;mpe-MHlliSHR R nepepa.cceaHHe 
IcyMy.1I.F.l:TlfBHHX npOTOHOB B H,ll;p9-CH8.p.FJ;IJ:e. IlocJie.n;Hee 06CTOHTSJib­
CTBO Ilp0.ffBJLF.[9TCR Taro:te B TOM, tITO IIPH ynemr'l:8HRR 8.TOMHOro Be­
ca HaJieTaromero H,Jl;pa rrponcxo.IJJrT cr11ememrn yrJioBHX pa.crrpe.n;eJi:e­
HH:tl: B CTopoHY MeHnurn:x yr.noB (cM. pnc. 3). 

3RcnepHM8HTB.JIJ:,HlJ:O ,JJ;aHHHe no MHO:IKSCTBSHHOCT.fIM II I<IMIJY.7Ib­

CHHM CTISKTpa.M KYMYJif!THBHHX rrpOTOHOB Cp8.BHHB8JOTCR c npe,ncKasa­
HH.f!Ml'I ,Ify6HeHCKOH KaCR~~HOM MO.IJ;SJIH (.JlKM). IToKaSaHO, 'ITO MO­
.n;e.nn B neJioM HenJioxo oriHc11BaeT yxasamrne pacnpe.n;eJieHHR, xo­
TH RMeeTCR HSKOTOpoe npeBblill9HH9 paC'l:9THHX cpe,n;HHX MHO:IK9CTBSH­

HOCT9H HSJJ: 3KCIIepVIMeHT8.1.!l>HIDJID, a HMJIY.7IbCHH9 CIISKTPH B MO,JJ;eJIH 
npe,ncRa3HB8JOTCS! H9CKOJibKO 60.nee ~eCTKHMI!:, '!9M Ha 3KCnepHMeHT9. 

B TpeTbea rJia.Be HCCJie.I(YSTCH pH,I!; KOppeJL<'J:UROHHHX xaprutTe­
pHCTH..~ B pea.KIJ;ID!X o6pasoBrurn:a Icy"MyJif!THBHHX IlpOTOHOB. 

,lJ;JrR HCCJIS,ItOBa.HHH Me:xa.I:msMa norJIO!qSHRH cpa.BIDITSJibHO MaJIO­
SHeprK'l:HblX IIHOHOB ROppSJIHpOBaHHOi1: ( ItBaSH.n;SHTpomrn:M:) rrapofi c 
BWI9TOM npoTOHa B 38,ll;HIOIO IIOJIYCciiepy aHaJIH3H])OB8.lrn'.Cn B38.HMO.n;eti-

... 
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CTBEE npOTOHOB, ;n:eliTPOHOB, reJll!I.ff H yrJiepo;n:a c .F.l,llJ)a.MH YJ.'Jiepo­
.n;a IIPH nepBX!'IHOM liMIIYJ!LC8 4.2 rsB/c Ha HYKJIOH. CoOHT:w:J: pas­
;n:eJI.ffJili!C:b Ha ;ruie rpyrn:rn: c Ha.7IWIH8M H OTCYTC'l'BH8M xyhlJYJIHTKB­
HOro npOTOHa. JT,n:il Kai.!U\O~ rpyllIIH BH1Ill:CJ.UfJIOC:b OTHOllleHPJ:e JrlM!TYJI:b­
CHHX CII8KTpOB .n+ I ar- -M830HOB' rrpe.n;cTa.BJieHHoe Ha pHC. 4. 
KaK BH,u;HO H3 pHCYHKa. POlK,ll;SHHe IcyMy.iU!THBHoro rrpoToHa corrpo­
BOJK,ll;aeTC.H: YM8H:b!Il8HH8M OTHOCHTeJJ:LHoro BHXO;n:a m-+ -Me30HOB B . 
oOJiaCTH ID1IIIYJI:r:.coB, npRMepHo cooTBeTCTBYIOJllHX Ma.ECIDJIY1l'IY ceqe­
HIDI perucr:J;IDI 1r cJ. ., P p . Ta.KM KOppe.1.!Jill;R.H: yxa3HBa8T Ha 381Vl8T­
HYI0 poJJ:L M8:xa.Hll3Ma norJiomeHR.H: BTOpH~X gr+_M830HOB B npo­
necce oo~asoBaHH.H: RYMYJIHTHBHHX rrpoToHoB. 

JT,n:il KOJil!'ll8CTB8HHOtt oneliitY. BKJia.n;a BHll18YKa3aHHOrO MexaHH3-
Ma HCCJI8,IJy!OTCH KHHeMaTHqecKl'!e KOppe.'1J.f.11l:llli M8'10J.Y rrapoli rrpOTO­
HOB, O.D;HH H3 KOTOpHX IcyMyJI.fITHBHlitt. Mcrro,m,syeTC.H: HHBapHaHTHa.H 
rrepeMemran: CJie.n;yromero BH.n;a: 

'2. ( \'1. .., ~ 2.. ft ":l:. T'i +T.2-; ~ (Pi+Pa..J 
~ ~ 

r.n;e Ti , T,_ , Pi , Pll.. - KHHSTRqSCKHe sHeprRH H HMITYJJ:LCH 
IIpOTOHOB • EcJIH M8Xa.HH3M ~cl '!..i p p ;n:aeT 38.MSTHJrti BKJia,IJ, B ~6-­
pa30BaHHe IcyMyJI.H:THBHHX rrpoTOHOB, TO B pacnpe.n;eJieHHH TIO ,)A.1 

2.. 2.. 
;n:oJIJKeH HaOJIIO.n;aT:bCH IlHK B oO.'IaCTH Ii. "' ~ c H800J!lllllHM CMe-
11\eHHSM (rrpHMepHO Ha Ari"- 0. 05 (rsB/c2) ) B CTopoey M8H:bIIIHX 

u IA.*J.. 3HaqeHHH J-~ H3-3a 3HeprHH CB.H:3H rrapH ~RJIOHOB B .F.l,llJ)e H 
pacIIIHpeimeM IIHK8. (rrpHMepHO Ha 0.I (rsB/c ) 2) H3-3a wepMH­
.n;BJ'IL'K8HMH KBa3H.n;eliTpoHa. Ha: pHc. 5 rrpIIBe.n;eHo mwrrepHMeHTaJI:b-

'-HOS pacrrpe.n;eJieHHe TIO B8JIH'!Il'[H8 }i B HYKJIOH-yrJiepo.n;mrx B3EWMO-
.n;elicTBID!X n:PH IDllIIY.rr.bCax 4 + IO rsB/c. Ha6JIIO;n:aeM8.H: RRHeMaTH­
qecKaH KOppeJI.ff.!J,RH M8JK,!(y rrapoli IIpOTOHOB HHT8pnpeTHpY8TC.H: Y.a.K 

npoHBJie:mre Mexa.HHSMa rrorJiomeID'LfI Ha KBasH.n;eliTpoHHO! nape. IlpH­
Be.n;eHHHe 3KCnepMMeHTaJThHHe ;n:a.HHHe H8TIJIOXO corJiaCyroTCH c pac­
qeTaMH B pa.MKa.X .II;KM {rHCTOrpaMMa Ha pHC. 5), B KOTOPOH yqTeH 
BKJia.n; YK8.3aHHoro M8XaHH3M8.. 

fl'r"\o II 
3KCTISPKM8HTam:.Haa on;eHKa. BKJia.n;a npou;ecca JI .J.""' pp B 

oopasoBa.Im:e RYMYJIHTHBHHX rrpOTOH?B npOBO;n:H.7Iac:r:, nyTeM BRT!HTa­
HH.H: axcnepliMeHTaJinHoro M woHoBoro pacnpe:a:eJieHl'rl! (WOHOBM xpH­
BaH, M300p8llteHHa.a: rryRKTHpOM Ha pHc. 5, noJiyqeHa nyTeM nepeMe­
IIIHBaHHH npoToHOB Hs pasHHX coomu). BRJia.rt 3Toro npouecca B 

8 

.A 

"' 

HHKJII03HBH08 ce'l!eHHe o6p8.30Ba.HHH IcyMyJ.IBTHBHHX IIpOTOHOB c HM­
ny,m,cru..m (250 + 750) MsB/c OR8.3aJICH pa:aHHM (22 ± 3)%. c yqe­
·roM ;n:pyroro Ka.Ha.JIB. IIOrJIOII(8HHH 1r·. ,c-11 ~K STOT BKJia,JJ; M0'1t9T 
BospacTH ;n:o (33 ± 6)%. 

McCJie;n:OBaJ]][CJ:, Ta.Kllt9 KOppeJIJnJ;ru'I M8J!i,I1Y KHH8M8.T~8CKHMH ne­
peMeHHHMK IlHOHOB H IcyMy.IDITHBHHX rrpoTOHOB BO B38.Hl\llO;n:elicTBEEX 
smep .n;ettTepW!, reJIE:R H yr~epo;a:a c .R;Iij)aMH yrJiepo;a:a. 

Ha6mo;u;eHa. 3a.Bll'.Cl'Jll/IOCT:b cpe;n:Heii 6HCTPOTI:l IIHOHOB' BHJieTaro-
1!\HX Brrepe;n: B JI. c. K. , OT rronepe'lll!oro HMIIYJI:bCa P1 H IeyMyJI.f!Tli!B-
Horo "Il!CJia. J: = ( E' - P:C ) I llotp rrpoToHa (CM. piric. 6). . 
Taxa..a: 3a.BHCHMOCT:b He OITHCHB8.8TCH B pa.MKaX ,I{KM (rHCTOrpaMMa. Ha 
PHC. 6), O,nHa.KO OHa xa.qeCTB8HHO OO~HCH.fleTC.H: B MO;n:eJm Ma-
JIOHYKJIOHHl:lX KoppeJ.LlllJ,Wl: (nyHKTHpHa.f! RPHBM Ha pirIC. 6). 

B ,eTBSpTott rJia.:Be JrICCJI8.!Q'8TCH MH0'1t8CTB9HH08 oopasoBa.Hll'.8 
HepeJI.H:THBHCTCKIIX npOTOHOB { ~ -'l!aCTHI~) H RoppeJIHpOBaHHOe c HH­
MH poueHHe !JI'--M830HOB BO B38.HMO,IJ;8HCTBMX P, d , He H C 
c .F.l,llJ)B.MM TaHTaJia JrI yrJiepo;n:a. 

Ha pHc. 7 npe;n:cTa.BJieHa 3aBHCHMOCTb cpe.n;Heli MHOE:ecTBeHHOC­
TH « -'l!aCTHD; ~ "-11. '> OT cpe.n;Hero "t!HC~a npOB38.HMO;n:ettCTBOBaBlllJtIX 

ll II " tr.. I .:i.. HYRJIOHOB .F.l,llJ)a MHIIleHH <. v,.) = AT· S NAp S lfAT • BlmHo, qTo 
;n:JIH T.fD!te~oli Mm118HH 'raHTaJia. HM88'l' M8CTO rrpHOJmllteHHa.a: JmHeitHa.a: 

CBJ'l3:b M8JK.DY Lk.lj'> JrI l ·h ';> • . 
Ha pHC. 8 rrpHBe;n:eHa 3aBHC:HMOCTb cpe;u;Heli MH0'1t8CTB8HHOqTH 

~- -MesoHoB OT 'l!HCJia 1- -'l!aCTHU Bo Bsa.HMo;u;eicTBMX p, ,A. , He, 
c c .F.l,llJ)aMK TaHTana H yrJiepo.u;a. ~a 1I8TKO BiiIP8.llteHHa.a: IIOJIOlRR­
TeJI:bHaH Koppe.JI.aUru! M8JK.DY MHOE:eCTBeHHOCTHMH ~ -qacTHU H !r--Me-
30HOB, ycHJmBaromaaca c YBeJIHqem•rnM pasMepoB .F.l,llJ)a-cHapsr;n:a. KpH­
BHe Ha pHc. 8 - pesyJI:bTaT pacqeTOB B OTITHl!8CROM npH0Jmllt8HHH 
no MO;n:eJm H83a.BHCHMHX BSa.HMo.n;e:itcTBHH HYitJIOHOB CTaJIIIBBB.!01!\HXCH 
sr;n:ep, I'KCTorpaMMH - paci:i:eT no JIKM. BH;n:HO, 't!TO MO,TI;SJIH, OCHOBaH­
IIHe Ha npe.n;IIOJI0'1t8HIDI H03a.BHCm.lHX HYKJIOHHHX B3aHMO.n;ettcTBHi!:, 
OIIHCHBa.IOT SKCilSPl'JMSHTaJll>HO ua6JIIO;a:emme KoppMJ:lt(mr MeJKJJY MHO­
lK0CTBeHHOCT.m.m gr--M930HOB H. 'a'"-'l!aCTHD;. .I[ruJte llpH MSJruX rrpM­
USJI:bHHX CTOJIKHOBeHHJIX H,D;ep, Kor:a:a KOJml!8CTBO BOBJieqeHHHX BO 
B3am/Io;n:ettcTBHe HYRJIOHOB .D;OCTH!'aeT H0CKOJ!liRO ;n:eCHTKOB (Ka.R B 
CJIYt!ae CTa-BsaHMo;n:ettcTBH.I), He Ha6JIIO,ll;aroTc.H: aqxpeKTR, cBH.D;eT9JI:b-· 
CTBY10IltH0 0 SaMeTHOM BXJIB,Ite ){pyrIIIX MSXB.HHSMOB reHepan;H!it IIHOHOB • 
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B aa.RJIIQ"l!eP.HPI c@opMYJlliPOBa.HH peay.Jr:&TaTH, rro.nyqeHHHe B 
,IJ,HccepTa.I.:UiJJ'I. 

PHc. I. 

Pile. 2. 

PHc. 3. 

PHc. 4. 

Pkrc. 5. 

PHc. 6. 

PHC. 7. 
P:HC. 8. 

Tio.n;rmclir It pHCYHKBM 

3a.BHCl'1MOCT1' HHitJJIOSHBHblX C9'I9HHH p0'11,Il;8ID'.I.f! Icyll'IYJIJITHB­
Hb!X rrpOTOHOB OT aTOMH'!-1X BeCOB C'ra.JIIDmaJOlllUXC.f.l .f.[.IJ;ep. 
I1H:BapH8.HTHHe ce-qemm :eyMyJIJITHBHhlX npoToHOB, uoprvmpo-

q.. 
BaHHHe na <SpAp , B sa.BHCHMOCTM OT A p : 
a) WJ..fi Tp = 25 + 75 MaB; d) .n;JIJI Tp = 75 + 275 MaB 
• - .n;.ru:r ep = 90 + roo0

; • - .n;..'I.ll f>p = mo + no0
; 

o - .n;..'I.ll er =IIO + I3o0; o - .n;.ru:r ep = r3o + rno? 
YrJIOBble pacrrpe.n;eJieHH.fI KYMYJIJITHBHHX rrpoToHOB B pC-, 
ol C-, HeC- n CC-BaruIMO,I(e:WcTBHSIX. Totffill! - aKcnepHMeHT, 

rHcTorpa.MMa - pac"tJ:eT no JJ.KM. 
0THO!lleHH9 HMizyJlbCHhIX CTieRTpOB ~+ ;m-- -M930HOB B 
.UBYX CJJY'IMX: 

o - 6es Ha.Jrn"Il!U!: rrpoToua-uaaa,n:; 
• - c HaJil'I~eM npoToHa-uaaa,n:. 

Pacnpe,neJreHHe TIO BeJIH"Ilrne Ji . To'!IBH - aKpTiepmv1eHT; 
nyHRTHJ? - qxrn; rHCTorpa.MMa - pac'tieT no .llKM. 
3a.BHCHMOCTJ:, cpe.nueli OHCTpOTbl !.lr--MeSOHOB OT RYl\/IYJrE.-
T.HBHOro 'tiHCJia ,~ -rrpO':'OHOB. fJYHKTHPHM !<pHBM -
npe.n;cKasaHHe Mo;n:e.mir MaJIOHYRJIOHHHX ROppeJI.f.[UHtl:. 
3a.BHCl'1MOCT:O cpe.nuero 't!HCJia ~ --qapTIIl'( OT < ,JT > . 
3a.BHCHMOCTJ:, cpe.nueli MHOl!t9CTB9HHOCTH J"--M630HOB OT 
-crn:cJia ~ -"tJ:aCTHIJ:. To'!Rl'I - aRcnepHMeHT; RPHBble -
pac"tJ:eT (CM. Ta.RCT); rHCTOrp8MMb! - pactJeT TIO .UKM. 
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