
OB'bE,l01HEHHYf1 HHCTHTYT H~EPHYX l-1CCJIE~OBAHHf1 

BATYCOB 
IDpttH AAeKcaHnposttq 

1 - 12468 

JttCCJIE,llOBAHJttE CTPYKTYPhI H,llP A 
B TTPOUECCAX ,llBOHHOl-1 TTEPE3APH,llKJt1 1t -ME30HOB 

Jt1 3AXBATA 1t - v1 µ--ME30HOB H,llPAMJtt 

CneuttaAbHOCTb O 1 . 04 .16 - qJH3HKa 51npa 
H 1AeMeHTapHWX qacTHU 

ABTOpe¢epaT aHccepTaUHH Ha COHCK8HHe yqeHOH 

CTeneHH aO.KTOpa ¢H3HKO- M aTeMaTHl{8CKHX H8YK 

Lly6Ha 1979 



PaCloTa EllilOJiHSHa lJ JiaClopaTOPl'lll R,llepH!lX IlpOCliiSM 06'h8,IlllHSH

HOro l1HCTllTYT8 R.nepH!lX llCC 7!8,T(OB8Hllli • 

Of;MUll81lbHHe OililOHSHT!l: 

. n:OKTOP ip11::m1to-MaTeMaT111:JeCKllX HBYK 

upoq:eccop B.H. OcTpoyMoB, 

,n:OKTOp q\ll311KO-MaTeMaTJ,11:JSCK11X HayK 

upoq:eccop ID.A. mep6aKOE, 

,IlOKTOp <Pl13l'!KO-M8TSM8Tl'!l:J8CKllX HSYK 

H. C. AMarno6em1. 

lle,n:YJ!lee upe,n:up11RTl'!e: 

HHCTllTYT !pl'l3l'lKll BllCOKl'lX 3Heprl'!ii (r. CepriyxoE). 

AETopeipepaT ,1rnccepTBU11l'l pa3oc naH " " I979 r. 

381!1l'!T8 llllCCepTSIUHl COCTOl'lTC.fl t1 t1 I979 ro,n:a 

E l:JBCOE Ha sacen:aHl'!ll CneU118Jil'l3llpOB8HROro COBeTa n-047.0I.03 

rrp11 Jia6opaTOPl·':H R,n:epHHX npo611ellft 06'be,IlllHSHHOro J,1HCTIJTYT8 H,n:epm1x 

llCCnen:oEaHllli, r. ,l]yoaa MOCKOBCKCH o6naCTI'!. 

C .n:110cepTau1rnii !lnOlKijO 03H8KOMllT:bC.fl :e 01l611l10TSKe OillIB. 

3a YtJeHoro ceKpeTap.H 
Cueu;iamJ3l'lPOB8HHOro COBST8 
,n:OKTOP q\ll3llKO-MaTeMaTv.l:JeCKl'lX H8YK 
npoq:eccop . JI. M. Jiam,,nyc 

0 _I 
H 

C MOMSHTB rronyl:JeHll.fl M830HHUX nyl:JROE HS YCKOpllTS/J.HX 0ccnc.n:o

E8Hll.fl B38l·lYOlielicTEl:i1. 11- ll .fl -M830IIOB CO CJ:OlKHHMll R.llp8Ml'l .flBi".i!KlT

CJI' npe.n:MeT01t w11p0Roro n :ece 6011ee BospacTaI001ero llHTepeca. Ta1me 

IJOJlOlKSHl'!e OCl'hHCH.flCTC.fl TSM, l:JTO R,llepmrn CllJill B 3H81:JllT8/l!>HOH CTene

Hll orrpe,n:en.HKJTCSI Il-M830HHID/ IlOJISM, a npox;yKT pacrran:a IT- l'l.830H8 -

M!OOH - eCT!> TOT saran:o'lHlill "TSIJKelI!lH" 3l!SKTPOH, npOHllRHOBemie ,B 

TaHH!l KOTOporo co:epeMeHHB.fl HBYKB CBSI3!lE88T C :sa:me.0:m11M 3T8IlOM B 

IlOHl'!MBHllll CBOHCTB aneMeHTBPRllX 'l8CTIJU. Il03TOMY neTBl!!>HOe llC-

cne,n:OBBHl'le CBOHCTB Il- ll .fl -M830HOB ll llX B380MOllOiiCTBllli C HYKJIO

l!Bl✓H ll ClIOlKH!lMll R,llpm,•ll MO)KST BHSCTll 3H81:JllT8Jl1,HHil BKlla.n: B Il03H8-

mie rrpzpo,n:H BHYTPllR.llSPHllX CllJI, 

B PR.llY T8KllX llCCJien:oBaHllli OTKPHTlle HEHSHllSI ,n:BOHHOH rrepe3a

PSIUKll IlllOHOB Ha Rn:PBX npe,n:CTBBJJ.fleT co:sepmeHHO 'OBOS YHllKBJil>HOe 

HarrpaBnSHlle E ll3Y'l8Hllll CEOHCTB SI,n:epROH MBTSPllll I/_ B 3TllX npo

ueccax IJPll ,!lBOHHOli rrepe3apSI.n:Ke mmROB 8TOMHhle R.llPB MoryT llCIJHTll

EBT!> rrepexo.n:u B 11306apHHe COCTORHllR C ll3MSHSHl18M aapR,lla Ha J{Be 

8J{llHl1llbl. Pee ne,n:OE8Rlle JKe nepeXOJ{OB C A "Pi== ;t2 E SI,n:pax O'lSH!> 

l'8lKHO rrp11 ll3Y'l8Hlll1 CTpyI,TYPH SI,n:ep, llX a Ha noroBh!X COCTO.flHl'lli C 

60111>:IHH! ll3Cl!lTKOM HeiiTpOHOE llJill IJpOTOHOB IJ ,n:wi: ,n:eTanI>Horo ll3yl:Je

Hll.fl rrapRHX KoppeJJ.fIU11li HYKHOHOE B SI,n:pax. 

I1HTepeCHYJO E03MOlKHOCT!> OTKpHEaeT l'!CIJOh!>30E8H118 pe8KU11li .llEOH

HOli nepe3apSIJ{Kll IlllOHOE ,n:llR o6p830B8HHSI HOB!lX BTOMHllX MSP, Hell3-

BeCTHHX E HBCTO.ffil\88 BpeMII. OcoeleHHO llH~OPMBTllBHHMll MOryT OKa-

38T!>C.fl peayJII>T8Tll l-!CCJISI{OEBHl!.fl TBKllX peBKUllH ,n:JISI ll3Y'l8Hll.fl pasnll'l-

H11X CEOHCTE nerKllX .fln:SP, 3KcrrepllMSHT8JihHHe J{8HH11e, nony'leHH11e 

B 3Tl1X rrpoueccax, 03-38 OTHOCl1TeJII>HOli npocTOTH MSX8Hll3MOB co.n:ep

JKBT IlP.flMYKl llH~OpMBUllKl O CTpyKType .fln:8P ll l:Jpe3Elll:J8HHO KpllTll'lHH K 

llX MO,n:en!>HOMY OIJllC8Hll10. TaKllS llCC71e,n:OE8Hl1.fl IJ03E071.HKJT BCeCTopoH

He l-!3yqllT!> O'leHh llHTepecHy10 ocoeleHHOCTh nerKl'!X Mep - CYJ!ISCTBOBa

Hl'!e B HllX KOppenllpOEBHH!lX rpyrrrr HYK110HOE ll HJK110HHHX 8CCOUl18W!H. 

HapR,lly C rrpoueccaMu ,n:BOHHCH rrepe38P.fln:Kll IlllOHOE,E 3Tl1X 11ccnen0Ba

Hl1JIX MOJKeT ClHTL BSC!>MB 3q.'ipeKTllEHO llCilOH!>30B8H R,llepmm 38XB8T 

MSJ{/leHHhlX OTp11uaTen1>HHX Il-M830HOE. 

lJYJ?CTE0TSJI!>HOCT!> npoueccoB rrornomeHll.fl Il-Me30IIOB nerKllMll Rn:

PBMl1 K HEJI8HllSIM HYK/lORHOro aCCOUl1l'IPOB8Hl'!.fl 06'1,.flCH.flSTCR TeM, 'lTO 

Il-M830H MOJKeT rrornOTl'!T:bCR HJK110HOM B IJPllCYTCTBlll1 .n:pyrllX HJKJIOHOE. 

CornaCHO 38KOH8M coxpaHSHl'l.fl, OH .n:onJKeR rrepenaTI> ll36HTOK 3Heprllll 

I'! mmyni,ca O,!lHOMY lllm HeCKO/l!>KllM rrapTHepaN'. Bepo.flTHOCT!> nepe-

Ohc;sm;1;~. a HIH,'TlltyT I 
WP~ Btr~~nmmuft 

"26/f~KffEKA . 



pacnpe,Ite/IeHJMI ::mepr1rn 11 11Mnym,ca, BHOCV.MHX il-MC30H8Ml1 MellU(y HyK-
1IOH8NlV., np11HB.rtiieJKarr\l1M11 Tuii 11m1 11Hoii accouuarurn, :e nerm-ix R,npax 
6y.rteT cnpe,IteTJITI,C.ll oco6eHHOCT.llMJ/I CTPYRTYPH, ROT0p8.ll reopeTl1qecK11 
MOllteT 6HTI, orpalKeHa E MO.I(81II,HHX EO mIOEHX qjymm,mx COCTO.l!HllH .ll.I(ep. 
W/II,W8.ll ·::mepnm, BHOCl1M8.ll OCT8HOBl1EU!l1MC.ll II-Me30HOM B .ll.I(po-Ei:J: = 
= 139,6 MaB, II03E01I.lleT paCCM8TPl1B8Tb npoueccH nor1IOlll8Hl1.ll Ir-Meso
HOB 11erm;M11 H.IJ:paMH KaK np.l!Mlle. 

Xoporu.v.M .rtono11HeH11eM K 11ccneno:eam1w crpyKTYPH nerm1x .ll.I(ep 
B npoueccax C II-Me30H8Ml1 CIIYlKllT 3RCil8Pl1MeHT81lbHOa 11 Teoper11qe
CKOe 11syqeH11e .ll.I(epHoro 38XEBT8 M!OOHOE C BHlieTCM 3apm.:emn,IX qa-
CT11U. BHneT T8Kl1X qacr11u He CE.ll38H Henocpe.nCTBeHHO C 3lICM8HTap-
HHM BKTOW nor110111eH11.1I Jl,\--M830H8 l1 06yc1IOEJI6H H81Il1ql1eM E .ll.I(pe 
Koppe1I.l!Ul1H M8JIIIlY HJK110H8MH. . C 0.I(HOH CTOPOHH, KOppe1I.1Ir.urn npirno
.I(.IIT K 4JOPMl1pOB8H11!0 B .ll.I(pe pa~1111qH:Hx K01JJI8KTl1EHHX COCTO.l!Hl1H • 
~epe3 Kor.neKTHBHHe COCTO.IIHl1.ll Tl1II8 rnraHTCKOro pe30H8HCa 11.I(eT □pe-

11MY,Jl8CTEeHHO npouecc nornomemm M!OOHOE •. · Pacna.rt 3Tl1X COCTO.l!Hl1H 
E P.lllt8 CJJ.,YqaeE IIPHBOIU1T K l1CIIYCK8Hl1!0 38P.lllK8HHHX t.iaCTl1U. 9 .npy

. roii CTOpOHH, Koppe11.1IW1l1 KOpOTKOllrnBYl!lero T11Il8 npl1BO.I(.IIT K aqxtieKTBM 
8CCOUl1l1POB8Hl1.ll HJKT>OHOE E ;mpe. 

Tam1M o6pasoM, ommamrn npouecco:e pacmen11eHl1.ll H.IJ:ep nv.0Haw1 l1 
M!OOH8Mll rny6oRo aarparnnaer uuorne acne1m,1 R;iepHoil crpynyphl l1 Me
X8Hl13MOE peaKI.111.il B38BMO.I(ei:icTBHS! .8THX tJBCTHU, t.iTO II03EOJJJI8T :ece
CTOpOHHe np0Eep11Tb MHOr11e npe,ItITO/IOlKeHH.ll, ll0110lK8HHHe E OCHOEY no
CTpoeHllfl reop;i11 B38l1MO.I(8KOTBl1Sl II- H ..fJ -Me30HOB C 8TOMHHMH H.IJ:PBMM. 

KOMIJ/IeRCHOMY 11CC/I8.I(OE8Hl1!0 3THX :eonpocoB ll □OCBfll!leHH npe.n
CT8B_1;8HHHe B n;iccepranm1 peay 1lhT8TH 8KCIIep;iMeHT81IbHHX 11 TeopeT11-
t.iecm:x pa6oT, KOTopue 6u1rn BblIIOJIHeHH aBropoM B Jia6oparopvrn .ll.I(ep
HHX rrpo61JSM OIDIB H B UeHTpe .ll.I(epHHX HCC1181tOB8Hili:i CTpac6ypra
KpoHeH6ypra (~p8HUl1.ll) 38 nepHO.I( C 1967 IIO 1978 ro.I(H H ony6Jll1KO
B8HH E lKypHanax 11 npenpHHT8X OJfilM/I-24/. 0cHOBHHe pe3ylibT8TH 
HCC1I6.I(OE8Hl1ii ll0R118.I(HB8Jll1Cl, Ha M8lfmYH8POllHHX FOH{fepeHUH.llX no ¢H30-
Re, KOTOpHe COCTOHnl1Cb E Hhll'.J-nopKe (J969 r.), ToXyMe (1969 r.), 
I'petto6,1e (1970 r.), TopcenoH~ (1970 r.), Crpac6ypre (I97I r.), 
Jlv6He (I97I r.), Yncake (I973 r.), CaHTa ~e (I975 r.), ilHTc6yprc 
( !976 r.) H co.n:epl!t8Tc.fi P. MBTepr,anax arux KOHqjepeHUl1ii. 

.iuicceprarmR cocro11r l13 .rteB.HTH rnaB, o6~e.rtHHeHHHX :e TPH tia
CTH, H .ll:I'YX np1rnolKemill. 

IIep:eaR t.iacTn (rnaBH I, II H III) IIOCBRl!leHa :ececropoHHeMy 

2 

8H8llH3Y RE11eH11.ll J{BOHHOH nepeaap.ll.I(KH Il-M830HOE, OTKpHEamteMY HO
Foe HanpaEneHHe B HCC/i~JlOFBHHV. CTPYRTYPH 8TOMHllX ,¥- B rrponec
cax B88MMO,Il8RCTFH.ll qacTHU FHCOKHX 8Heprmt C MP8MH -IO/. . 

Bo BTOpOH qacTH (rna:eu IY, Y, YI) paCCMOTpeHH OCHOBHHe MeTo
.I(HqecRHe BonpocH IlOCTBHOBRH 8KCne~l1ieHTOE H o6pa6oTRH pe3yllbT8TOF 
H3MepeHHR E RnepBHX ~OT03MY1ILCHHX 2 .• Ilpe.ncT8BheHH pesyllbT8TH 
Ha116onee no,rnoro B HBCTORUlee BpeMll KOMIIH8RCHOro HCC/!8.I(OBBHHS! MHO
roqacr;iqBHx npoueccoB saXBaTa Ir-MesoHoD nerKHMH .ll.I(p8MH (C,N, q) 
B 4)0T08MY1ILCIIH C o6p830E8HHeM B KOHeqHQL' COCTO.IIHl1H .ll.I(pa B J...i H 

OllHC81!}! llO,CROElle 3KcnepzMeHTH no 06HapyzeHHTI H8HTpOHHllX 
.ll.I(ep/II-!7. . · 

B rpeTLeii qacTH .rtHccepTaUHH (rriaEH YII, YIII HIX) npzBe,ne
HH peSy/II,T8TH ,neTallbHOro H3yt.ieHHSl 06111Hx xapaKT8PHCTHR EHHeTa 38-
pmre~x qacTHU B npoueccax 38XB8T8 MIOOHOB .ll.I(p8MH B ~OT08MYllb-
CHH I9-2I/_ Ilo.npo6HO np08H8llH3HPOE8Hll Errep:eue rronyqemrue 3RC-
nepHM8HT8llbHHe ,Il8HHHe IIO HCC/I8.I(OB8HHD onpeneneHHHX peaRIUrll no
r110111eHH.ll OCT8HOEHBIDHXCH .f-(---Y830HOB MPBMH yrnepo.na, 880TB H 
KHCHOP0ll8 C o6pa80E8HY.eM 8He, 8 .li H 8B H .n:eyx E8l!tHllX, C roqRH 
speHH.ll npoBepKH pe3CH8HCHO:ii MO,ne1111 nornomemm IVIIOOHOB, R8H8nOB 
C HCIIY,CR8HHeV 38pRZ8HHHX qacT11n DPH 38XF8Te MlOOHOB .IJ,Ilp8MH 12c 
H 6.Li 7!8,22-24/ • 

BecL npe.ncTaEneHtrni:i B .lll1CCepT8UHH UHRll HCC1le.I(OB8HllR 6un Bll
IIOllHeH 8ETOpOM E COBM8CTHHX pa6orax, B KOTOPHX Ha pa3HHX 8Tonax 
npHHH~8Jill yqacTHe TeopeTHKH H 3RCIIepHM8HTBTOpH H8 OIDIH, WliBS, 
HlilfilI> MI'Y, Ep<Pli, Tamim, 'lTY, UeHTpa .ll.I(epHHx 11ccne,no:eamm CTpac-
6ypra~KpoHeH6ypra (~BHU11R), llillUIS 11 BXTI1 (Coqi11a, HPE), -HccRoro 
YHHFepc;iTeTa (CPP) H miM (YnaH-ToTop, MHP). 

HHllle KP8TKO ~3naraeTC.ll coneplWHHe·.n11ccepT8IUlH. 

I. 
Hccne.yo:eattne cTpyttrypu R.npa B npon;eccax ]!BOi!Hoil 

nepesapgnKH Il-Me30HOE 

B rrepBoi rna:ee paccMaTpHB81lTC.ll pe3y1lhTBTH pas1111qHHx aKcne
PHMeHTo:e ll Teoper11qecR11X pacqeroB, llOCERIIIBHHllX aHamrny CBOACTB 
ROHet.iHHX COCTOS!HHY. JJ,I(ep B npoueccax ,IlEOHHOH nepesap.ll.I(RH Ill10HOB. 

B pesynnT8Te pe8K!UlH-llBOHHOH nepe88p.ll.I(KH Ir-Me30HOB J{Ba 
npoTOH8 HaqallbHoro ;mpa nepexo.I(J'!T E .n:ea HeKTPOH8 HnH nEa HeKTpo
H8 - B .I(E8 IlpOTOH8 B pe8KUBH Ir" - Jr. lli°OT IIponecc IIO,Il06eH 
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·, 

,!lEyx,nupotJHOMY - .ltEyxtJaCTl1\'.JHOMY P.036yl!W,eHl1!0 MP8-MIHIJ8Hll. JI.1m on-

peneJieHHOH J\1111lll8Hl1 MOlKeT cymecTEOE8Tb MHoro pa3l!11'lHllX T11noB T8Kl1X 

P.036yl!W,eH11ii. CnenonaTe/lbHO, ,!l/JJI neTal!bHOro 8H8l!M3a KOHetJHUX 

COCTOHHV.li, o6p83YJO!ll11XCR P. peamumx If.!: ..- II+ , Heo6XO.Ill1MO 11M8Tb 

nocTaTOtJHO 6OliblllOe KOl!l1tJeCTBO co6llT11ll .IJ.l!R K8JmOro 11Hl{11Bl1,nyanbHOro 

KaH8l!8. Bnepmrn npoae,n;eHHUlt H8Ml1 Cl1CTeM8Tl1\'.JeCKl1H aHaJIB3 \'.Jl1Cl!8 · 

BTOplltJHllX 38pRJI(8HlllX 'l8CT11U, 11cnycK88MHX B npoueccax ,nBoirnoU 

nepesap.ff,I[Kn noJIOXllTeJibHllX 11 OTP11U8TeJ;bHUX IlllOHOB HB R,I[pax B qJOT0-

8MY11bCl111 (p110. 1/3 , 25/, nOK838/I, tJTO 113 P.cex B03MOlKHllX K8H8/lOB 

pe8KU11ll l(BOllHOH nepesap.ff,I[K11 rr+-Me30HOB na116011ee BepoRTHllMll RBl!R

IOTCR Te, KOTOpue COOTBeTCTBYIOT ncnycK8Hl1!0 o,nHoro 11lll1 .IlEYX npoTo

HOP. (11;rn HeiiTpOHOB npH .IlBOHHOii nepesapsmKe OTp11uaTe1JbHUX II-1V830-

HOE). A 8TO 03HatJoeT, tJTO npouecc .IlBOHHOll nepesapR,!lKl1 Il110HOB 

nponcxo,n11T rnaBHUM oelpasoM Ha nape HJFl!OHOB 11 tJTo aToii nape nepe

,naeTcR 38MeTHaR tJBCTb Kl1HeT11tJeCKOi 8Hepr11H nepBlltJHoro II-Me30Ha. 

JJ.eTa1Jbl!Ull aHal!l13 KBHa/IOB peaKQllli l(P.OHHOii nepesapR,I[Kil II-M830-

HOB, Kor.na P. KoHetJHOM COCTORH11ll .mveeTCR ,nP.a npoTOHa (111m ,nP.a Heil

TpoHa) H CPR38HHOe R,I[p0-0CT8TOK, 0\'.J8Hb MHTepeceH ,It/IR 11sytJeH11R 

npoueccoB ,nByx,nupotiHoro Bos6y2Imem-1R B smpax. 8 nor.aou11iro ¢0To-

8My r.1ic110HHoii MeTO,n11KM 6una npe,nnpllHRTa nonllTK8 H8liTll COOTHOWe

Hl1R BCeX P.03MOT.UU1X K8H8/lOB B036YJm8HFlR B npoueccax ,nP.OliHOH nepe

sapR,I(K11 ~.:!:..Me30HOP. Ha R,npax 12c E 11HTepE81!8 8Hepr11it (I00-
300) MaB 3/. C 8TOii uelibro 61m C03.Il8H KOMll118KC nporpam o6pa-
60TKl1 RnepH!lX B3al1MO,!l8HCTP.11H B qJOT08MYl!bCl10HHblX KaMepax Ha oc

HOP.e pe3yJlbTaTOP. 113MepeHFlH npoeleroE ll yr110B 38pRJKeHHblX tJaCTm/2/ • 
AH8JJM3 COOTHOlll8Hl1li P83)!11\'.JHUX K8H8JlOB peaKIJ;11it HB yrnepone, BXO.ItR

tlleM B COCTBB q:oT08MYIIbCllM' npOM3Benenmm C nOMOU\bR) 3BM (E3CM-6' 
CJJ,C-6400 11 IBM 360/65)' yKa3all Ha 6Ol!blllOe npel1MY1l\eCTBO KBHB/18 

II++ 
12c .._ rr- + 2cl- + 4p, tJTO XOpomo cornacyeTCR C ¥!je.IlllO/IOJKe

HMeM o 3ci-tiacT,itJHo:ii Monen11 ocHOBHoro cocTORHl1R smpa 2c. IIon

HHe nonepetJHlle cetJeHH~ IJ.BOliHO:it nepe38p.ff,I[Kl1 n+-Me30HOB HB yrJlepo

ne B llCClienyeMOM HHTepBaJie 8Hepr11ri 6un11 BnepB!le M3MepeRU B UeHT

pe smepHUx nccneno:eannil CTpac6ypra-KpoHeH6ypra MeTonoM nponaHo

Boii IIY,3H,PbKOBO:ii K8Mepu, noMemeHHO:ii B MarHl1THOC none ( Taelmi-

ua I)~31 • · 
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Ta6m11-1a l 

ITonmrn nonepetiHHe ce1:JeH11R peaKg11ii nnoi-iHoii 

nepesapRnKn n+-M830HOB H8 MllBX 
12c 

K11HeT111:JeCK8H 8Hepr11H nepBl1\'.J
Horo rr+ -Me3oHa {MaB) 

138 ;t2l 

204 ;t20 

228 ;t28 

IIojoe cetieH11e 
Mel/ 

l,24 ;t0,38 

l,85 ;t0,38 

4 0 +2,0 
' -1,5 

CnenyID1eii oelmeii ocoeleHHOCTbID paccMaTp0BaeMor0 npouecca, 

IJCXO,!lR!Jteil: 113 aHaJ!l138 KOHetJHllX COCTORHl1H, RBlIJJeTCR 01'.JCHb. VBJiaR 

BepoRTHOCTb ,nByXtJ8CTl1tJHll4 K8H81IOB pe8KU11l1 .I{BOHHOli nepe38p.ff,I[Kl1, 

B KOTOpUX OCYtlleCTB/IReTCR nepexo.n nepP.111'.JHOro R,I[pa B OCHOBHOe 11/Il1 

Hl13KOB036YJ!lneHHUe COCTORHllR R,I[pa-ocTaTKB. IIp11MepoM V.CCJIC,I{OB8-

Hl1R TaKl1X KaHaJIOB RB.l!RIOTCR 8KCnepnMeHTU, llOCBRmeHHHe nsytJeHl1ID 

peaKU11ll -u+ + 209ni. - Ir + 209-xnAt + x h. , E KOTopux np11 ,nBOH

HOH nepe3ap.ff,I(Ke II-MC30Ha 113 smpa-M11meHl1 He ncnycKaroTCR 38pRJKeH

HHe tJaCT11Ull,l1 3apsm 11CXO,!lHOro smpa y:seJI11tJl1P.8eTCR H8 ,nBe 0IJ.11Hl1-

uul4/. aiteHT11~l1KBU11R 11soTonoB acTaTa 11nn notiepHero nponyKTa -

noJIOHl1R- npol13BO.Ill1JI8Cb nyTeM per11cTpaU111J o(, -tJ8CTl1U l1 l13MepeHl1R 

nx aHepr1111. 
8Kcnep11MeHTU :sunOJIHRllFlCb Ha C11HXPOU11KJ!OTPOHC Jia6opaTopHl1 

smep!Ulx npo6neM OIDll'l. Ml1meHn us x11M11tiecK11 ti11cToro npenapaTa 

Bi203 o6nytiariacn B TetJeH11e nRTll tJBCOB E nytJKe n+-Me30HOB C 8Hep-

rne:ii 90 MaB. 06pa30P.8HHUe P. pesylibTBTe peBKUlH! BTOMU acTaTa 

IlOCJIC OK0HtJaHl1H o6nytJeHl1R B!l,nelIJJJIMCb cneU11alibHllM Xl1UMtJecm1M MeTo

.ItOM H HaHoc111I11cb Ha cepeelpn:mm n11cR m1oma.n1iro I cM
2• CneKTP ol -

tJaCT11U M3MepRiICR B TetJeHne 15 tJacoB HB nonynpoBO.ItH11KOBOM cneKTpo

MeTpe c Av. - Si -neTeKTopoM 11 aMI1n11Ty.ItHUM aHaJI113aTopoM Ha 512 Ka-

Ha1roB. Pe3yl!bTaT!l ll3MepeHl1R cneKTpa o(,. -tJacnu .ItJIR npenapaTOB 

acTaTa, BH.IleneHHllX ns Bl1CMyTa nocne oelnytiemm n+-ue30HaM11, noKa-

3aW HB p11c. 2. Ha TOM xe p0cy1IBe npencTaBrieH cneKTP cl -tJ8CT11U 

.Itl!R npenapaToB acTaTa, BuneneHHUX l13 M11llleH11 nocne 06ny1:JeH11R rr--
Me30HaM11. IlOTOKl1 Me30HOB, npome,!llllllX tJepe3 M11WeHI,, B 06011x ClIY-

tJBSIX 6ulll1 O,!UlHaKOBll. 06ny1:JeH11e Ir-Me30H8M11 RBJIReTCR qJOHOEUM 

OllHTOM, KOTOpuii Il03BOl!ReT B naHHOM CJiytJae Ha116ohee noJIHO l1CK}IR)\'.Jl1Tb 
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Puc. I. Pacnpe~oJieHne co6u
Tllil ~BOilHOU 11epe3apll~Kl1 

Il-M830110B B 3aB!1CllMOCTI! OT 

qncJia (N) J1yqeli B 3Bes~e: 

a) ~JIR peaKunn rr-..;, rr+, 

B) ~JI/I peaKIUm II+- II- j 

nyHKTIIPHall Jll!Hll/1 - CpaB

uemrn a) 11 B). 

N 

Bi+ ,r+] 
57 ~07Tr ~ ;,5 

-7 

Bi • rr - l 
'~ 

\ 

E0 'Mi5] 

E«(M,!) 

B03MOJKHHe 11Ml1Tl1PYIOO!l18 <$peKTH • Ilpl1 pacmv.q;pOBRe CllORTporpaMM 
881JerncTp11poBaHHHe 1Il1H11H CIIeRTpa OH7111 OTHeceHH l( 1180TOII8M 
210Pa (5,3 MaB), 207 At (5, 76 MaB), 2IIAt (5,87 MaB) 11 2IIPo 
(7,45 MaB). . 

apf)eRTOM peaRI:U1li ,nBOHHOli rrepe88p.li,!!Rll Ir"-Me30HOB Ha R,npax 
BHCMyTa B ,naHHOM 8RCIIepHM8HTe .flll/!.lleTCSJ oopasoBaHne acTaTa-207, 
RoToplill saperncTp11poBaH no d. -11snygeH1110, Eo<., = 5, 76 MaB. lfH
Terpam,HaSJ 11HT8HCl1BHOCTb ol -JIHHllll II03BO/!.II8T orrpe,neJIHTb cegeH11e 
peaKD;l111 <'.)"(Ir"+ 209Bi - Ir+ 207At + 211.) = (I2±3)•I0-29cM2• 
.llJISJ yrrpyroii rrepesapR.nRn rr+ + 209B i --+ rr + 209 At MoJKeT 61i1Th 
rrpol18Be,ne11a 1I11Wh oueHRa BepXHeli rpaHnUH Ben11g11111i1 no TpeM orcge
TaM, COOTBeTCTBYI<J!lllM al .:.gacTnuaM c :=mepr11eil 5,_65 MaB, OHa paB
Ha 6'crr+ + 209ni. - rr + 209At) ~ r • ro-2~ ci.-2. 

TairnM oopasoM: 11p11 .nBoil11oi1 rrepe3apR.nRe Ir"-Me3oHoB Ha R,npax 
Bl1CMYT8 B peaRUHSJX 6e3 11crrycRaHHSI 3apSJlKeHHHX gacTl!U rrpeo6na.na10-
lflYJO pom, 11MOJOT RBHa/JU C BlilJieTOM .llBYX H/111 HOCRO/ll,RHX HOHTPOHOB, 
3TOT pe3JJihTaT HaXO,lll1TCSJ B COrll8Cl111 C OrHR8Ml1, IJOJiygeHHHMl1 
qJOT09MY/JbCl10HHlH!. MeTo,noM (pnc. IP )15, 25 • 

Cpe,nHSJSJ aHepr1m, KoTopasr rrepe,naeTcSJ sr.npy :e rrpoI.tecce ,nBoilnoli 
rrepe~apSI,nRl1 IIO pe3ym,TaT8M pa6oT13•5•25/, cocTaB/1/IeT 60-80 MaB. 
Bocrrp11n11MaSJ STY aHepr1110, rrepB11gHoe R,npo cnnbHO Bo36Yl!maeTcSJ,H 
BepoSJTHOCTb rronygHTb B TBKOM rrpouecce CBSJ3aHHOe ROHegHoe COCTOSJ-
Hl1e ogeHh M8JI8. MMeHHO 8Tl1M MOlKHO 06M~Hl1Tb Ma1iy10 BOpOSITHOCTb 
.nnyxgacT11qHHx RBHBJIOB rrpn ,llBOHHOH rrepe3apSI,nKe IIl10HOB, 

Ha IIPHMepax, 11M6RlJll1XCSI B JI11TepaType,aKcnepl1MeHT8JibHlilX 11' Teo
peT11qecK11X 11ccne,nOBBHl1ll rrpoueccoB ,nBOHHOH rrope38pSJ,nKl1 IIHOHOB B 
.nnccepTaUHl1 OII11ClilB8eTCSJ o,nHO 113 11HTepecHHX CBOHCTB TaKHX npouec
COB - B08MOlKHOCTb B030Jl\Il6HHSJ B paMKax ,nBOHHOH rrepe3apR,nK11 II-Me-
30HOB 113008pHllX ananoroBHX COCTOSIH11H R,nep :! A T3 = ;t2. Oco6Hli 
11HTepec rrpe,ncTBBl!.IIJOT 9TH peaKUHl1 ,nil/I 0611apylKeHl1SI 11 l13ygeHl1SI 
CBOHCTB H6l13BOCTHlilX R,nepHHX COCTOSIHHH C OOJibillllM 11301i1TROM npoTO-
HOB l1 HOHTPOHOB. B gacTHOCTH, B8lKHOe

0

MOCTO B PSl.llY TaRHX l1CCJie-
.nonaH11ii 38H11M86T Bonpoc O CYlfleCTBOB8H1111 sr.nep mm pe30H8HCHHX 
COCTOSIH11li, B ROTOpHe BXO,lll1JI11 6H O,llHl1 1Il1llib HORTPOHH. H3yqe11ne 
R,nep 063 IIPOTOHOB oqeHb 11HTepeCHO BO MHorn.x 8CIIOKT8X, TaKHX, KBR 
aHaJil13 ( n-n.) .C11JI, T = 3/2 COCTOSIH11ll TpeXHJKiIOHHHX Cl1CTOM, T = 2 
COCTOSIHHH geTHpeXHJKlIOHHlilX CHCTOM l1 T,i. B ,nnccepTaU1111 np11Be,ne-
HO rro.npo6Hoe pacc~oTpeHne Toro, qT0·110Boro 6uno BHeceHo 
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nccne,nOE8HllSIMll npoueccoB JtEOHHoil nepesapMRll nnoHOE B STY o6-
/l8CTI,. WJiblIIOe RonnqecTBO aRcnepHMeHTOB 6HJIO BhlnonHeHO no no-

llCRY TOTP8HOHTpOHa. 0,nH8RO ;no CllX nap llM8KIJlll8CSJ :,mcnepllMOHTanb-

Hhle ,naHHHe COBep111e1rno H8.ItOC'T8TOl:!Hhl ;nim Toro, qT06hl c.nenaTb o,nHo-

8HaqHoe YTB0P:Bm8Hlle O Cyt!l8CTBOB8Hllll 411,. B H81I1llX 8RcnepllM8H

Tax17 / C nOMO!llbKJ peaRunil JtBOHHOil nepeaapSIJUtH Ir-M880HOB Ha (cl)- . 

RJJ8CTepax M0P CEllHn8 B pearuuin 208Pg (lln. ,f-)212P6 6HJI npoEe-

,neH e111e OJtllH IlOllCR HYJ{JIOHOCT861JJil,HhlX TeTpaHeilTpOHOB. JmeHTH¢n-

R8nlf.ll ROHOl:!HOro MP8 212P8 ll ero ,notiepHllX npo,nyRTOB IlPOll8EO.ltll

JI8Cb IlyTOM perncTpannn cl -l:!8CT.l'JU H ll3MepeHH.ll llX 8Heprnn. SRc

nepnMe.HThl 6h1Jlll BHiloJIHeHH Ha CHHXPOnlfKlIOTpoHe Jla6opaTOPllll MepHhlX 

npo6JieM 0Hffi1. l~meHH na. P6 (N o3) 2 0611y1:1a11nc1, B TeqeHlle 8 tiacoB 

B nyqRe Ir-M030HOE C aHeprlleil 90 MaB. Ilocne ROHU8 3KCil03llUllll 

Il¥01l3EO~lllIHCb XHMnqecRoe Bhl,neneHne ,noqepHHX npo,nyRTOB CBHHUa -
2 2B l n perncTpaun.11 E a111,cpa-cneRTpOMeTpe c noBepwocTHo-6apnep

HHM ;neTeRTOPOM oL -aRTllBHOCTH ll8 o6nytieHHhlX MHIIleHeil. 

Peay libT8Thl ll8MepeHll.ll cneRTpa. al -tJaCTHU .ltlI.ll npenapaTOB BHC

MyTa noKaaaHH Ha pnc. 3. BH,nHo, tJTo ol!tli!;naeMOMY aqxpeRTY cooTBeT-

CTEYKJT tJ0Thlpe l!MIJY1IbC8. IloCROJII,ltY cpOH OT ecTeCTBOHHOlt pa;nno-

aRTHBHOCTI! TOPl!.ll OtJOHh tJyBCTEl!TO/!OH K YC110Bl!SIM aRcnepl!M8HT8, npH 

l!MeKJmeilc.11 CTBTl!CTl!Re MOlKHO OU8HllTb lilllilb BepXHKJKJ rpaHnUY cetJOHll.ll 

o6paaoBaHl!.ll 4n.. 
Ilocne ytieTa Ecex BKCnepllMOHTBJibHhlX (p8RTOPOB, TBRHX, RaR BeJIH

qirna lIOTORa Il-Me80HOE,, BP8Mll 0611yqeHH.ll ll oxnall!;neHH.ll MHIIIOH.l, npo

;noJilU'IT81IbHOCTb I! reOMeTpH.ll.ll8MepeHH.ll, aq¢eRTllBHOCTI, ,neTeRTopa ll 

XllMHtJeCKOro BhlXo;na' Mhl rronyqaeM~ qTo. ecJill oeloaHaqnTb 6' I ll 6 2 
CetieHll.ll rnIIOTOTlltJOCRllX pearuura OSpg (Ir, W + 4n+ ••• ) ll 208pg 

c4n,j) 2I2pg' COOTBOTCTBOHHO, a 'C' - BpeMll ID18Hll TeTpaHeilTpo

H8 6ea ytJeTa ero .nncconnaunn B pea~nnTaTe BaanMo;neilcTBll.ll co cpe-

;nofi, TO ;nIJJI q;- B llHTepB81I8 (IO-! C -:-I0-9 C ) t>r· 0 2°'°C'~ 
6!0-63 CM4c ; n ,IW.ll q; ~ ro-9 C, (5 I· S" 2 -" ro-54 CM4• 

(fpaHnua 1:' > ro-18 c onpe;ne}l.lleTcSJ BpeMeHeM nponeTa pelI.llTll

BllCTCKoil tJBCTllUhl M8lK8TOMHOro paCCTOSJHHSJ, ~ ~ro-9 C - Bpe

Mll ero nponeTa aa npe,nelihl MHllleHn.) 

B HaCTO.IIJT\ee BpeMll H81l8E8CTHO HallMOHbmee tJllClIO HeilTpOHOB, 

ROTopue MOrYT o6pa80E8TI, YCTOHl:!l!EYKJ CllCTeMy. C BTOH TOl:!Rll ape

HllH llHTepeCHhl OIIhlThl, BhlIIOlIHerume HaMH B Jla6opaTopnn M0PHHX 

npo6neM q:oTOBMY JJI,CllOHlillM MeTO,noM; no aHa1IH8Y 30000 B8allMO,neiicTBHH 
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Tue. J. PeayJinTaThl ll3Mepemm 

cneKTPOB o<. -'IaCTlUi ~Jill npe

napaTOB BHCMyTa, B~eJleHHhlX: 

,,, 
8,78 H3B Po 

A) H3 HllTpaTa CBHHUa, He ocl-

11ytieHHoro n--Meaouru.rn, 

E) nocne ocl11ytiemr1JI umneuen 

n-~ueaouairn, B) Kanndpo

Boquue cneKTPU OT IICTO'IHHKa 

aKTHBIIOrO OCa.n;Ka p8.,l\HOTO

p1rn (
212 Pe). 
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Ilomrue cetieHH.ll oelpaaoBaHil.ll W-Me30HOll Ir-Me30H8?.1ll H8 

Mpax ii ~OTOBMYm,c:irn no peaRunn rr + A _.. n+ + A'+ ••• 
(nyHRTl!p) :n ceqeiin.11 ;nEOliHOR rrepesap~K, U--Me30HOE/9/_ 
Kp11Ba.11 - pactJeT no KacRa,nHoil Mo;nenn 27 ~ 
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. , 
nma rr + Sf - n+ + S/ + • • • B HHTepB81Je :meprnn nepBU'UlliX 
MeaottoB 200-300 MaB/9,ro/. Cpe.nn :ecex aaperncTpnpoBaHHHX co6H
Tlli1 TaKoro T»rra I20 a:eea.n.»~en» cpe.nn BTOp»qHllx nyqeil T-o6paaHlie 
cnenu, npnHa.n;neJKamne MPBM 8Li, 8B z 8He. AHaID1a nyqe:eoro pac
npe.neneHnR 8TllX a:ees.n DOK83H:eaeT, IJTO .n;Ba co6HTl!R MoryT 6HTL OT

HeceHli K pea:icn»» 
Ir+ 14N--+- Ir'+ 8B + 6n. 

Jfcci1e.n;OE8HHe T8Kl!X' pea:icn»il MOlteT OR838TLCR BeCLM8 nepcneRTHBHliM 
:e no»cKax cBR3aHHliX MHoroHeRTpOHHHX c»cTeM. B saper»cTp»poBaH
HliX H8MH C06HTHRX :een»IJHH8 He.nocTamien M8CCH HeCROnLKO 60111,we 
M8CCH wecTH HeRTpOHOB. STo c:e».neTenLCTByeT O TOM, IJTO He H861ID-
.naeTCR R.n;po 6n. B CBR88HHOM COCTORHl!ll. Ilonttoe CelJeH»e peaRUHH 
Ir+ 14N ~ n+ + 8B + 6n paBHo (I,3,±0,9)-ro-30 cM

2
• 

Y:eeID11J8HHe llHTeHCHBHOCTH MeSOHHliX nytJROB MOlleT nos:eonHTL B 
6y.nY111eM npoBO)lHTL Cl!CTeM8THIJeCKHe DOHCRH MHOroHeHTpOHHllX CHCTeM, 
ROTOpHe MOrYT 6HTL o6pa80B8Hli B pea:icn»RX ,Il;BOi1HOR nepesapR,IlKH 

Dl!OHOB. 
Kpyr :eonpocoB, HHTepeCHliX C TOIJKH speHHR HCIT01JI,80B8HHR npo-

ueccoB ,Il;BO!Hoi1 nepesapR,IlKI! Dl'IOHOB )lnR l'ICCne.n;oB8Hl!R CTpj'R~ypH.:::.. 
R,Ilpa' He HCIJepnHBaeTCR paccMOTpeHHliMH '.npHMepaMH ,·· B . IJBCTHOCTH' 
l'IHTepeceH caM MexaHHSM :eos6y~eHHRiBoi1Hoi1 nepesapR,IlKl'I, ROTopHH 
.n;aeT BOSMOJKHOCTL YB».neTL, K8K 3TOT npouecc MOXeT 6HTL l!CD01JI,80-
B8H )lnR 8H87IB88 CTPYKTYPH R.IlP8-Ml'!WeHH. 

PaCCMOTpeHHID 8Tl'IX BODpOCOB noCBRl!leHa rnaBa II. B 88BllCH
MOCTH OT 3Heprl'IH nepBHIJHoro Dl'IOHB - BHWe H .HHlte nopora Me80HO
o6pa3oBBHHR - B .n;aHHOM pas.nene BHBnHSHpymcn .n:ea Rnacca Mexa
HHSMOB ,Il;BORHOil nepesapR,IlKl'I Il-MeSOHOB. 

B 3HepreTHIJeCKOR o6naCTl'I BHWe nopora o6p880BBHl!R MeSOHOB 
MesoHaMl'I Heo6xo.n;»Mo npe:s,ne Boero ytJHTHB8TL BOSMOJKHHR BRna.n BHP
Tyam,Hilx HYKnOHHliX 1!806ap. JfHTepec K TBKOMY MeXBHHSMY npouec
ca .nB9RHOH nepesapR,llKH n»oHOB npH BHCOKOR aHepr»» BHs:eaH TeM, 
IJTO B 8TOM cnyqae IlO.llllnReTCH peam.HaR BOSMOlKHOCTL .nna HSYIJeHHH 
»so6ap-R,llepHoro B881!MO.n;ei1CTBHH TBK H88HB8eMliX MeSoR,IlepHliX peso-
H8HCOB I! .n;axe l!SOR,Ilep ( N°, B). .. 

SKcnepHMeHT81JI,H8H noDHTRa oueHl!TL BKna.n Bl!PTY8nLHliX HYKnOH
HHX »so6ap B nponecc .n:eoi1Hoi1 nepesapR,llKH DHOHOB 6Hna npe.nnpHMTa 
HBYJl np» HCC ne.n;oBBHEH peaKUHH Ir +· SI ~ It + .51' + ••• · B 
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HHTepBane aHepr»n 210-375 MaB/9/. · C 8Toi1 nem.D 6uno o6nytJeHO 
wecTL qioT08MynLCHOHHHX KaMep B nyqRBX Ir~M~SOHOB C ·8Hepr»eH 225, 
305 ll 390 MaB HB Cl'IHJCpOUHKnOTpoHe Jia6op8TOPl'IH R,IlepHHX npo6neM 
omm. B pesynuaTe npocMOTpa KaMep 6Hno saper~CTPHPOBBHO. 
4 289 cnyqaeB peaKUHll .n;BoiiiHoit rrepesapR,IlKH · Ir -MeS.OHOB . Ha R,llpax :e 
qioTOBMYnLCl!ll, IJTo nosBoID!no onpe.n;e1Il!Th ce1JeH11H &Toro nponecca 
rrp» aHepr11nx 2IO, 215, 235, 275 11 375 MaB. ..Pesym,TaTH »sMepe
HHH DORHHX'CelJeHHH npe.n;cTaBneHH Ha' PHO. 4 ITYHKTl'IPHHMI! mrnmum. 
Ha 8TOM xe PHCyttKe DOK888HH pesynLTBTH HSMepeHHH D011HHX catJeHHH 
.n;BOHHOH nepesapH,Il;KH' Jr -MeSOHOB HB R,Ilp8X B qJOT08~,CHll B HHTep
Bane 8Hepr»iii 50-I?6 MaB, nonylJeHHHe HBMJI paHee/2 • 0cHOBHB8-
RCL HBJBCIJeTax IT01ll!l:lX cetJeH»il ,Il;BOilHOH nepG38PR.IllW no K8CK8,Il;HOli 
MO,Il;ellH ?/ H HCITOnLSYH.pacnpe.n;eneHHH aaperHCTPHPOB8HHHX co6HT~ui 
no IJHClIY 11yqefi B 8Bes.ne (.n;8HHlie, xapaKTep11aynnHe RBCKB)lHHli Mexa
HHSM nepesapR,IlKH, rrpe.n;cTaBneHli HB PHO. 4 CIT1IOWHHMH 1IHHH.flMH), MH 
DOnylJH1IH, IJTO EK1I8)l H8068pHoro MeX8H1!8M8 B peBKUHID :n:eoiiHoit nepe-
88pR,llKH Ir-MeSOHOE He npeBHWaeT 4?% .nnn 8Hepr.1rn (195-225) MaD, 
?ff!, - B HHTepBBne 8HeprHH (200-300) Me~ H ~":J1_pH_ :afl_eprpH 
(360-390) MaD. 0.n;HBKO 6onee T!Q8Te11Lmrlt 8H81llJ8 licex HMellllHXCH 
B n»TepaType 8KCDOPHM8HTanLHHX H TeopeTHIJeCKHX nccne.n;oBaHd no
K88HBaeT, IJTO B H8CTOH111ee BpeMSI MOmtO T01JI,RO y-rBep~aTL, IJTO HH
xe 300 MaB BKna.n HSo6apHoro MexaHHSMB B nponecc-;nPoiHol riepesa
PR.IlRH IIHOHOB HeBeJll.m. 

B 0611aCTH 8Hepr»a HHXe nopora o6p880B8HHSi M880HOE Il-MeSoHa
MH paCCMOTpeHH ~:ea B08MOl!HHX MeX8HH8Ma nponeccoB lU!OIHoit' nepesa
PMKE ITHOHOB: I) a6cop6UHOHHHH M8X8HH3M H 2) ~BOIH8JI nepesa
pR,llK8 IJHOH.OB Ha nape Hj'KJIOHOB R,llp8-MHW8HH. JI;ur' HCC1Je;nOB8HHSi 
a6cop6UHOHHOro M8X8HH8M8 Ha CHHXPOUHK1I9TPOH_8 !aggp&To~HH ~epH!lX 
npo611er.i 6Hn» BllD01IH8HH 8KCnepHM0HTH no 1i'sy-ii"e°i1HD-'JUioiJiol nepesa
PR.IlKH OCTaHOBMBWHXCH Ir-MeSOHOB nra 88Xl!8Te BX SUijl8MH HMRen.a: ~o 
peaKUHH Ir + 58Ni - n+ + 58 Pe 81. Ha OCHOB8HHH BTHX SKcne
PHMeHTo:e nonyqeHO, IJTO C .nocToBepHOCTI,D 90% B~PX!UJS _rpaaana 8'rOi 
pe8KUHH paBHa· 

\xi= err + 
58 Ni - n+ + 

58re> < 3 • ro.:.E>. 
D011HOe IJHC110 saXBBTOB Ir-MeSOHOB B 58Ni 

A6cop6UHOHHlili MeX8HH8M He HBnH0TCH.e.n;HHCTB8HHO BOSMOmraM ~nH 
O~'bHCHeHHR 8Kcnep»MeHTa11LHO nonytJeHHoa oneHKH cetJeHHSi pea:icn»H 
Ir + 58 Ni ~ n+ + 58 fi'e- np» M81IHX aHepr1rnx Ir -MesoaoB, 
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nocROJII,RY TBROe 3HaqeHHe ceqeHHS! MOEeT OUT!, crie.ncTBHeM oqeHb 
HH8ROH BepoS!THOCTH .nByx nocne.noBaTenoHliX nepe8BPMOR nHOHOB B 
smpe B 8TOll 8HepreTH'rnCROll OOJIBCTU. 

B HBCTOSill\ee BpeMH ttazoonee oomenpHHSITo npe.nnonozeHHe o TOM, 
qTo nponecc ;QEoii:Hoii: nepe2apsmRH n110HoB nponcxo.n11T rnaBHUM oopa
soM nyTeM .I{BOHHoro pacceSIHllS! HB .nByx pasHUX HYRJIOHBX B .a,npe, HB 
RBll\nOM 118 ROTOpliX npo11cxo.nnT 0.I{HORPBTHBR nepe88pH,IJ;R0 Il-Me80HB. 
B .nnccepTBUHll no.npo~HO pacCMBTPllBBeTCS! TeopeTnqecRBS! qiopMJID!POB
R8 TBROro MeXBHH8M8 3/_ TioRB30HO, qTo B 80l!HCHMOCTH OT EU6paH
HOro npHOJillEeHllS! npu l!Hq11cneHllH CJMM no npoMeJitYTOqHw. smepHUM 
cocTOHHllSIM B BupaxeHne MBTpnqHoro aneMeHTB .nEoilHoro pacceHH11SI B 
paMRBX AMDYJII,CHoro npH6ID!EeHllS! BXOnHT .. O,llHOIIYKJIOIIHlie nJIOTHOCTll, 
Ror.na B030YJMBeTCS! TOTil,RO 0.I{HO npoMeXyToqHoe COCTOHH!le, nmi 
.nEyXHYRJIOHHUe nnoTHOCTH, ll noHBJIH8TCS! 30BllCllMOCTb OT ROppeJlllUHH 
HYRJIOHOE B smpe, Ror.na B TeopeTuqecRllX pacqeTax npHHllMBeTCS! l!O 
BHHM8Hl!e l!030YJMeHne Bcex npoMeEyTOqHux coc·TOS!Hllli. 0nHC8HHHH 
B nepl!OM cnyqae pacqeT MexaHll3MB .I{BOHHOll nepesap~Kl1 nnoHOl! Mli 

H83liB8eM RBCRB.I{HOli Mo.nem,ro. ::n-a Mo.nem, COOTB8TCTByeT .I{BYM 
He88BllCHM!lM O.I{HORPBTHHM nepe3BPMRBM Ill!OHOB Ha smpax, npuqeM B 
npoMeXyToqHQM COCTOS!Hlili B03HliRBIOT HOBHe .a,npa •. TaRoil .I{ByxCTY
neHqaTHH nponecc cxeMaTnqecRH Mo.ll!.Ho npe.ncTBBl1To RB1t 

9,±+(;)-:Jro+(~) 
~ :J,o + ( ;) ~ Jr~+ ( ~) 

Cnyqafi C .nBYXHYRJIOIIHOli nnOTHOCT!,IO dun H08BBH napHUM Mexa-
Hll8l'I.OM. <r>nsuqeCRll 3Tv COOTl!eTCTEyeT .I{BYM 0.I{HORpaTHUM nepe8a-
pH,ll;R8M na.namero Me8oHa Ha HYRllOHHHX napax nepEoHa~aJioH¥X~ep. 
IlpuqeM BpeMeHHOil llHTep:ean, npoxo.nSill\nH ~eJMY: J!EY!-111 nepesap~~~!'.!"• 
HBCTOJioRO Man, tiTO si,npa He HCnliTHBaJOT· _HllRBRllX .nepexo.noB Me]IIly 8TH-
Mll CTOJIKHOBeHllS!Mll. CxeMBTllqecRH TBROii nponecc 8BmWHBBeTCS! KBR 

·± (2.n..) ._ (2P ). 
:Ji" + 2..p -- ;J;+. -t- . 2. h. . 

nM oneHRll nop.a,nRa BenuqHHH ceqeHHH n nonytieHnH KaqecTBeH
Hoii llHqJOpMBUEli O nponeccax .I{l!OliHOll uepe8ap.lI,1.{Rll no RBCRB.I{HOli MO:
.neIDI MU icnoJio80Bann npocToii: RJIBC?ntiecKnii MeTo.n. Ilpe.nnonaraH, 
tiTO. R,ItepHBH IllIOTHOCTI, 9.nHopoJ{HB l!HYTPll MPB-MllllleHH n tiTO E Teqe
Hlle Bcero nponecca gnpo-~eeT noc~9RJ.IHYID,c<IiepuqecKyro qiopMy, lW 
BHBeJIH .. 8HBJillTHtiecK08 EHP?JEeH~e .nJIH BlitiHCJI8HllH. nonepeqHoro 
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ceqemm .nEoilHoii nepesapH_nmi n110Ho:Fl. HecMoTp.11 Ha 1.'HoxecTEO or
py6neH11ii, TBRBS! npocTB.ll MO.nem, npBBllJILHO npe.ncRB8HEBeT nopMRH 
Be m1qHH ceqem1ti peBRUl'M )U!OHHOH nepe8BPSinRH, 8 npH B:ee.neHl1H 
.nam,Heiiwnx npH61rnxeHllii, YtillTIIBBirn1ll,?( aqiqieRTH cnapnl!BHil.ll HYRJIOHOP, 
OHB RBtieCTl!eHHO OO'bS!CH.ll8T 80l!HCHMOCTI, nonepetiHoro cetieHH.ll OT 
qHc na HeiiTpoHOB HB noc ne.nHeil 060 notiRe gnpa. Yr 1101rne pacnpe.ne-
neHnH, BHl:!HC /IeHHHe no/8TllM roopMyJIBM, cor /JBCYIOTCH C 8RCnepHMeH
T8JII,HliMH pe8ylll>T8T8MH 3, 25/. 

B 3TOM Ee pa2.nene .neTB1!LHO paCCMOTpeHU CilllHOEHO nepexo.nu 
HJR110HHOi1 napu, Y'lBCTEYIO'Jleli E nponecce ,lll!OliHOH nepesapJI,llRll Ill10-
HOE, ll 88l!llCHMOCTb M8Tpl1qHHx aneMeHTOB nponecca OT OTHOCHTeJio
HOH BOJIHOEott ~YHRUHll aToH napu. 

Ha OCHOBe 8H81IH88 nMeRJnHXCH B Hl1TepaType 3RcnepnMeHT81!oHHX 
.naHHHX no nccne.noEBHlln pe8RUHR ,lll!OliHOii nepe8apR,ItRll n+-Me30H0l! 
Bnepe.n HB smpax 1IllTllH, 6ep11nnHR, RllCJIOpo.na, H8Tpl1H, l!BHB.I{HS! ll 
IU'IPROHllH BliCR83HE8eTCH npe~nonoxeHlle O TOM, tiTO l18MeHeHHe none
peqHHx ceqeHHi 3THX peaRUHH ~0/ll!UIO cne.noEBTb 88 ll3MeHeHl1eM 3Hep
rHl1 CEH31l HeHTpOHOB E .a,npax H8 p88JillqHl1x nocne.nHllX ooonotiRaX. 
A 88l!HCHMOCTI, nonepetiHoro cetieHnH ~l!OHHOH nepe3BpH,IJ;RH OT q11cna 
HYRJIOHOB B nocneiHeH OOOJIOtiKe 6y.neT H3MeH.IITI,CH npH sano11He~HH 

. R8'1\ItOil HOEOH OOOJIOt!Rll B En.ne ayotiaTooopa8HOli ID!HHll, RBll!,lllill. MaK
CllMYM ROTOpOH COOTBeTCTByeT qeTHOMY qucny HYRJIOHOE B nocne.nHeH 
000/IOtiKe. 

B TpeToeil rnaEe .nnccepTBUHll npnBe.neHH pesynoT8TH cpaBHeHMH 
peaRUHil ,llBOllHOH nepeaapR,ItRH no110:11U1TeJioHHX l1 OTPllUBTe/Il,HHX Dl10HOB 
H8 H.npax. IloK888HO, t!TO HaOmi.naeMBH B ~OT03M,YJII,CHOHHHX 8RCil8-
PHMeHT8X/5/ 60JII,ID8.ll p88HllU8 Melll_ll;y ceqeHll.fiMH ;QEOilHott nepeaapR,llKH 
rr+- H If"-Me30HOB MOllteT 6HTI, 00'bHCHSH8 BllllHHHeM RYROHOECKoro 6apb
epa, y:ee,rntieHHUM H80UTROM HeiiTpoHOE no cpaBHeHHn c qHcJioM npoTo
HOB B OOJI8CTl1 CT80Hlil>HOCTll BTOMHHX H.nep R, KpoMe Toro, MO.eT 6HTb 
o6ycnoEneHa pa8HllUea E pa.nnycax npoTOHHoro 11 HeilTpOHHoro pacijpe-
.neneHHH·E gnpax. TaRllM o6pa30M, HCCne.noBBHHR peBRUHH.~EOHHOH 
nepe8BP.ff.nRll rr+ u U--Me80HOB MoryT ~HTo CBH8BHH c pemea2eM npo6-
neM!l cymeCTBOl!8HRH "HeHTpOHHoro 00JIBR8" BORpyr neHTp8/ll,Horo KOpa 
R,Itpa. 

PeayJioTBTH pactieTOB, RaqecTB8HHO ~eMOHCTPllPYll'.XllHe OTHOCHTeJII,
HOe BlIBHHHe wopMH n pa.nnyca pacnpe~eneHHH HeaTpoHoB B smpe Ha 
BeID!tiirny nonepetiHoro ceqeHllH peaRUHll ,llBOHHOli nepe8BpH,ll;Rll nHOHOB 
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P11c. 5. KatieCTP.8HH08 IlJil1RH11e /f;OP'."H pacupe)lCiiCH11R HeiiTpOHOE 
EHYTPll Mep c N = Z Ha Ecnv.ti1rny nonepctiHoro cetiemm 

.nEotiHOll 11epe:iapR,1l1m E 38EHC11MOCTl-1 OT nepBHtJHOii :mepnm 

II-Me:JOHOB ltJI.fI cJiytJaR, Kor.na KY JiGHOP.CirnC Cl1Jil:l He n1rnm1-

N'8lOTCR BO P.HllM8Hl1P. • 
) ( 6 (.!) c,,(~) )/ (J.) a . ar.:t: - o :ir:t 2 8- ,r± - aqxreKT pa:iMepa 

(
c--c,) ~ca)) l(c--<z.) 0-<2 )) 

p). U,r+ - \J :n-- /I U"t+-+ u'Jl"- - aqxI;eKT ac11MYeTp1111. 
Ha 06011x p1:cyHI{ax cnnoruHHC ;mmm cooTEeTCTBYIOT R11. = Rp . 
IlyHKTllPHHe ri.1rnun cooTEeTCTPYRlT R_tt.. = I, I llp . 
+ (-) COOTP.eTCTByeT )lt'OHHO_li nepe:iapR,nKe rr+ - rr 

·cvir.11 rr....,... rr+>. · 
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Pnc. 6. · I{atJCCTECHHOC B/111RHllC pa,nnyca udiTpoHHoti IlJIOTHOCTl1 Ha 

EeJU1tJ11Hy nnnepetiHoro cetiemm .nBoi-iuoii nepc:iap.R)J,Kll B aaE11-
. CJ,;MOCTll QT 8Hepnrn IlAflPV.tJHOro rr..:Me:JOHa )J,T,R cnytia.R, 1wr

.na KY /iOHOECKllC Cl! Jill. He np1-rnmva10TCR BO BHlllVaH.v.e. 

a) (6°;:l - S';{';)/(o~"'-;_ + s-Jt) - aq'<'feKT paaMepa, 

. P) (ff(~) - f.\- C'.'.:))-/(6-(ol.) + f'-(ol)) - acp'f:eKT aCl!MMCTpnn •. 
.1t. 0 :7t ai-+ \) :It- . 

Ha 06011x pucyHKax ( ol ) xapaKTep11ayeT pa,n~iyc ~ ... = I, I Rp; 
· ( J3 ) - pa.n11yc ll.,_ = llp • + (-) cooTP.CTCTByeT .n:eoil:aoil 
nepe:iapR,nKe n+ - rr (nrv, rr - n+) • 
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Ha ,mpax C :e = N *' ll 30EllCHMOCTI, aq,¢eKTOE qJOpMH H pa,n11ycoB 
HYKHOHHOtt ll110THOCTY. OT nepBllqHoH 3Heprllll llllOHOB ,n.IDI cnyqan, KOr
){0 ll3 p~CCMOTpeHllR l'JCK1Il01:JeHll KYlIOHOECKlle ajxpeKTll, npe,ncTaBneHll 

H8 PHC. 5 H 6. 
AllanH3 peaym,TaTOE EllqllcneHl'lli, npHEe,neHHllX H0 3Tl'JX pl'ICYH-

K0X, ITOK03llEaeT, qTo HCCne,noB0Hl'IR npoueccoB ,nEOHHOli nepesapH,nKl'I 
Ill'JOHOB E nepEYJO oqepe,nr, '6y,nyT ,naBaTI, llHqJOpM0Ul'ln 06 OTHOCHTelU,HllX 
BenHqlJHaX cpe,nHeKBa.npaTHqHllX pa,nP.(ycoB HeliTPOHOB ll npOTOHOB H T01ll>
KO B peaynr,TaTe 6onee ,neT01ll>HllX OllllTOB - 06 OTHOCHTe1ll>HOll qiopMe 

pacnpe.neneHHH. HYKJJOHOB B H,np0X. 
B SaKmoqeHHR K nepBOH qacTR .n:0ccepT8Ul'lll nepeqncneH!l OCHOB-

Hlle peaym,TaT!l npoaHanllSHpOEaHHllX·P060T. 
CoBpeMeHHOe COCTORHHe 3KCnepHMeHT81ll>HllX HCCne,noBBHHH peaK

Ul'lli ,nBOHHOH nepesapH,nKH IlllOHOB ll npH6Hll31lTeHI,HOCTh TeopeT:0qec1rnx 
oueHOK ITOSEOMnT B H8CTOJ'III\ee BpeMH nonyq:0TI, T01ll>KO KaqecTBeHH!le 
xapaKTepHCTHKH nM aToro 6oraToro npouecca. .l{.IDI H3EnetieiiHR H3 
Hero KOJJHqecTBeHHOH HHqJOPMBUl'IH, Heo6XO,nHMOH .n1m 8H8JJH3a g,nepHo! 
CTPYKTYPll, Tpe6yeTCR SHaq:0TenhHO 6onr,ruee _qllCJJO npeunSHOHHllX 3KC
nepHMeHTOB. HecoMHeHHO, qTo BBO,n B ,neHCTBHe HOBllX BllCOKOHHTeH
Cl'JBHllX MeSOHHllX ¢a6pHK Il03BOnl'IT E He.naneKOM 6y,nyuieM illl'!POKO paa
BepHJTI, 11cc11e,noBaHHR cTpyKTYPll g,npa E npoueccax ,nBoilHoil nepeaa

PMKH Me30HOB. 

II. 
HccnenoBaH11e cTpYKTYPll n.npa B npoµeccax aaXEaTa 
Ir-MeaoHOB nerKHMR gnpaMH B woToaMynr,c1111 

,l{eTanr,Hmi 8H8m13 3KCnepllMeHTaHI,HllX H TeopeTHtieCKllX pa6oT, 
nocBJ'l!lleHH!lX 11ccnenoBaH11n nornomeH1m II-MeaoHOB nerKllM.lf g,npaY..11, no
Kasan, qTo .B 3TOM npouecce KOl!KYPl1PJTOT HeCKOHI,KO MexaHH3MOB no-
r nO!lleHHH IIHOHOB: ,nByxqEicTitJH!lii l1 MHOroqacTHqH!le. .U.IDI Toro 
qTo6!l 3KCnep11MeHT81J1,HO Bll){enHTI, pa3JJlltiHlle MeX8Hll3MH norno!lleHHR 
Ir-Me30HOE nerKHMll n,npaYH 0'nonyq.l{TI, HHqiopMaunn O cymeCTBOB8HllR 
H por.R paa,rnqHllx HYK/IOHHllX 0CCOl.Ul8UHii B H,npax, Heo6XO.ItllMO HMeTI> 
no,npo6Hlle ,naHHlle O EllneTeEDllX E pesynr,TaTe peaKUl'lll qacTHU8X. 

B TaRHx'llCCne,noBaHl'!RX MOXeT 6HTI, acp'f:eKTHBHO llCUOJll,SOBaH Me
TO,n H,nepHllX qlOT03MYHI,CHii, Il03B01J.f!Iallllli perHCTPllPOB8TI, ,Bee BllneTeB
illHe aap.lIJlteHHlle qacTHIJ;ll, BKIDJqan KOPOTKOilp06eJKirne. 3Hati11TenhHO. 

*' .l{1J.fl ycTpaHeHHR aq,¢eRT0 H36llTKa HeHTpOHOB. 
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0611erqaeJ R.zteHTHCpllKBUHn KaHanoB peaKUl'IJ.i 38XB0Ta Ir -Me30HOB H,npa
MH B qlOT03MYnI>Cllll perncTpaunn co6HTHR C T-o6pa3HllM cne.noM, ROTO-
pmi ocTaE]J.fleT B Hell MPO 8tte, B Li. H 8B. K TOMY lite Ilpll aaXBa-
Te Ir -M830HOB nerKHMH MP0MJil C o6pa30E8HHeM 8tte, B Li ll 

8n npo:0c
XO.ItllT IlOJIH!lii paSBan 3THX.H,nep, a TaR KBK Bll,ne.IDieMBR 3HeprHR Toq
HO H3EeCTH0 - 139,6 MaB;- TO MOJKHO npollSEO,nHTh nommil. Rl!HeMBTllqe
CKllii aHan11a HayqaeM!lX C06llTHii. 

MeTO,nHqecKl!M EOnpocaM, CER30HH!lM C HCITOHI,30E0HHeM H,nepH!lX 
¢oT03MJnI>CllH, IlOCT8HOBKe ll npoBe,neHlm. 3Kcnepl!MeHTOB Ha CllHXpo
UllRnoTpOHe Jia6opaTop1rn H,nepHllX npo6Ji8M OIDIB, IlOllCRaM ll ll3MepeHl1!0 
HaJ.i,neHH!lX B npoRE neHHOii q)OTO 3MJ7.i.I,ClHI co6llTllii llOCBJ'III\eHa r naBa 'IY. 

B 3KCnepHMeHTax llCilOJJL30BaJJJiJCI, q)OT03MY/U,Cl10HH!le RaMepH, co-
CTaBJJeHH!le ll3 CllOeB 31V'YJJLC}lll Hill{~lf-EP, T0Jllltl1HOii 400 ll 600 MRM. 
KaMepH o6nyqanl!Oh B nyqRe Ir-MeaoHoB c aneprirnii (80;t8) MaB. IC
Me3oHll TOPM03JilnJilCI, B !pOT08MY 11bCJill1 11 OCTaHaBnHBanHCI, B sane lliHPll
Hoii I CM, ROTOpan H npoCM8TpHBanacr, no.n Ml1KPOCKOilOM C uenr,n no
JilCRa 6".?r-3Be3,n. B BQCI,MVJ npOCMOTpeHHllX 8MJJJI,CHOHHUX RaMepax 
6ll}l0 aaper11CTPllPOB8HO I8 280 6"ar-3Be3,n c T-o6pa3HllM cne,noM. P.a
Mepemie cne,noB aapnllteHHllX qaCT11U npOH3BO,nHJJOCI, Ha M.HRJlOCKOITaX 
!AEH-9 IlPll YBenHqeHHl1 I350x. Peaym,TaTll ll3MepeHl!ll BBO,nlilnHCb )B 
8BM ll o6pa6aTHB8JJ11CI, c ITOMOU\nn KOMII/leRCa nporpml'.M "ASTRA" /,.,/. 

B ,nlilccepTaUHH ,!(8HO OITHCaHJile 3Toro ROMIIJJeRca, paapa6oTaHHOro 
HaMH ,n1J.fl Rl!HeMaTl!tieCRoro 8H8Hll3a illllPOKOro Rnacca n,nepHl,IX peaR
UHii B ¢oT03MYJJbCHl1 H HCil0}II,3yeMoro Ha. 8BM EXM--6 ll CDC- 6500. 

C IlOMO!JII>n Cl1CTeM!l nporpaMM npo118BO,nl1TCH reoMeTp11tieCK8R pe
KOHCTPYRUJiJR co6HT11ll, a ,l(TJJI llX Rl!HeMaTl!qecRoro 0H8/lll8a llCITOnh3y
eTCR MeTo,n Hal1M8Hbilll1X KBa,npaTOB. Illl,neneHl!e OilP,e~eneHHllX R8H8-
JIOB peaRUllH npOll3BO,n.11TCH C IlOMOUtblO RPHTepHH J 2 •. 

Bee aRcnepl!MeHTa,m,Hlle ,naHHlle, no1IytieHHHC B peaym,Tai'e o6cqe-
Ta C06HTl1li, aam1CHBamrnh Ha MarH11THYD 7i8HTy. ,Ua110Heiiru1111 aHaJil!3 
co6HTHi1 C IICITOnI>30EaH11eM paanllqHllx RPHTepl!eB Bll,neneHl!R RaHaJJOB 
peaKUllll IlJ:OHSBO,l(JilnCR np11 pa6oTe c MarHJilTHOii r.eHTOii. . 

TaR11M o6pasoM, paapadoTaHa npoue,nypa o6pa6oTRH aKcnepnMen
Ta111,nHx ,naHHHX, noiiyqaewx C IlOMQ!JII,n qJOT03MYJI1,C!10HHl,IX RaMep, · 
ROTOpan Il03BOJJReT acp'f:eitTHBHO llCJIQ]II,30BaTI, B03MOll!HOCTll COBpeMeH
HllX 8BM. 

8KcnepHMeHTanI,HllM 11ccne.noBaHJiJRM MHOrOti8CTl1qH!lx peaKUllii C 
o6p830BaHl18M 8 /...i. npl'! aanaTe OCT8HOBHBWl1XCR Ir-Me30HOB nerRUMll 
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R.npaMn ( 12c, 160 n 14N) E <f;oToaMym.c,rn rrocE.lill\eHa rnaEa IJRTBR. 

TeopeTntJeCKOH OCHOEOll .ItllJl, 8H8ID188 8KCIJepHMeHT81II,HHX .naHHllX 
no nsytieHmo aTux pearumtt rrocnyJKnID1 nccne,noBaHnR. rpyrrIIH B.r. He
y,natinHa, EHIJO11Hemme E paMRax IlPJiMhlX R,IJ;epH~x peaKuntt (B.r. Hey.na-
tinH, IO.qi. CMHpHoE. "HyKllOHHHe accorurnun.r B nerKnx R.npax", Moc-
Kea, Jis.n. "HaYKa" (1969)). PaccMaTpnBanac1, Mo,ne111, rror11omem1JI 
Ir-MesoHoE HYRnoHHoli accounannell X c rrpnMeHeHHeM MeTo,na HM
ny1JI,-cHoro rrpn611ttllteHllJI n reHeanorntiecKoro pas11O1teHnJI B01!HOBoii 
<f;yHKu»n c EHne1iemrnM acconnannn X . IIpn aHannse Hamnx aI<cnepn
MeHTB}]I,HllX .namrux ,It)IJI R8Jl,l{Oil: nsytJaeMoii peaKu»H p8CCMBTPHB8}]OCI, 
HeCKOllI,KO M8X8HH3MOB rrornomeHllJI, T.e. nornomeHHJI P831illlJHHMH HYK
JJOHHHMH accowrnunJIMH. . KoHetJHHe COCTOJlHHJI smep-ocTBTKOB, 06pa-
8YKI11HXCJI npn nornomeHnn Ha nu.neneHHHX accou;iannJix, EHC!npaID1c1, 
cooTEeTcT_BeHHo npaB1111aM oTC!opa no cxeMaM XlHra n SV (3). . 

.AH8f,J'J3i¥ea~H 38XP8T8 Jr-Me30HOB JU(pBMH yr11epo,na C OC!p830-
B8HlleM 8Lil -13 noKasan, tJTO ocHOEHHM KaHa11OM ,nllJl ,nByxnytieEHX 
co6l1Tllli JIEllJleTCJl peaRUHJl Ir + 12c _,_ B Li + 3tte + n. • YcT8HOE-

11eHO, ·tJTO ECH COBOKYIJHOCTI, nor,ytJeHHHX E OIJHTe pe3yllI,T8TOB y,noB-
11eTPOpllT81ILHO cornacyeTCJl C npe.nrronollteHneM, tJTO 8TOT K8H81! ocy
mecTP1IJl8TCJI P pesyia,TaTe npRMoro rrornomeHHJI Ir~MesoHa HB HJRllOH-
Hoii accounaunn 4 U E smpe 12c. . ·· · 

Han6011ee BepORTHliMll K8H81I8MH 38XP8T8 Ir-Me30HOE H8 yr11epo.ne 
cpe.nn TpexnytJeEHX C06!1Tllli C o6pa3OP8Hll8M 8 Li J!EllJlllTCJl pearu~1rn 

rr + 12c - 8 li + 2
H + p + n n If" + 12c - 8 

/..., + 2p_ + ·2 n . 
BeID1tJHHI1 llX OTHOCHTellI,HHX pepORTHOCTett COOTPeTCTEeHHO paEHH 
(2,3 ;t(),2) • 10-3 n (2,2 ;t(),4) • 10-3• B.nn ,neTa111,Ho npoaHa-. . 
ID13HPOE8HH yrnoEHe H 8HiBreTntJecKne XBRBKTSPHCTHRH BTOpHtJHllX 
tiacTHU or peaKunn If" + ~c -+- 8 li + "H + p + h • IIonytieHo, 
tJTO HMeeTCR 3BMeTHOe OTllHtJHe 8KCIJ8PHM8HT81ll,HUX pacnpe.ne11eHHli OT 
KPHBHX, COOTEeTCTEYJ(lllllX <f;830EHM o6~eM8M (pHC. 7). .AHallH3 8KCne
PHMeHT81lI,HllX .naHHHX no TeopHH rrp.lIMl:lX smepHHX peaKnnil: IJOK8381l, 
tJTO .ItOMHHHPYJ(lllllM MeX8HH3MOM 38XP8T8 If"-l'le30H8 no pearumH 

If" + 12c - 8 J.i + 2H + p + h. JIEllJl8TCJl tJeTHpeXHJKllOHHOe nor11O
mem1e nHoHa. 

TaKHM o6pa3OM, H8 OCHOBBHllH npoEe,neHHHX ncc1re,nOB8Hllii IlEYX
n TpexnitJeEHX coC!HTllH MOJKHO 38KlllOtJllTI,, tJTO ,It)IJI peaKunn C o6paso
E8HH8M Li Ha R,IJ;pax yr11epo.na HBH6onee cymecTBCHHYJO po1II, 11rpaeT 
saXEBT Ir-MesoHoE tJeT11peXHJR1IOHHoii accounaUHeii 4 Li . · 
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P.11c. 7. Pacnpe,ner.emrn 110 ajxt,eKTHEHUM 1."accaM 11 yrnaw pas11eTa 
pa3J:.lltJHHX KOMCil1H8UHH KOHClJHh!X tJaCTHU .It1IR pe0KUHl1 
Ir + 12c - B /.,,;_ + 2H +. p + n . IlyHI{TilP - eta 30Pl1H 
oC!~eM, CIIJlL'IIIHBR RPl1E8R - TeopeT11tJeCKtti1 pactieT. 
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PaCCMOTpeHH II npoaHalJ113llpOEaHH ECe E08MOl!tH1,18 KaHafill norno
I11eHl'JH If"-MeaoHOE smpawi KHcnopo.na c o6paaoBaHl!eM 8 Li /I4/. 3T11 
HCCJle.noPaHIIH oco6eHHO HHTepeCHll C TQtJKH apeHIIH .cpaEHeHl!H Mexa
HH3MOE nornoI11eHl!H n110HOE smpaMII IGo II I 2c, nMeKlltllX o.n11HaKOEYID 
cl-tJ8CTHtJH~ CTPYKTYPY• 0Ka3a110c1,, tJTO OCHOBHHM KaHanoM 38XBa-
Ta nnoHOE Ha IGO HE7JH8TCH peaRIUIH If" +!60 - 8 /.i. +4ife +

2
H +p +n, 

npol!CXO.nHil\aH C OTHOCHTe/IbHOll EepoHTHOCTbD (I,3±<),2)·I0-3• Ilo.n
po6Hllli aHaJ11!3 3Hepnrn OTHOCHTelibHOro .IlBlllKeHllH ll yrnoEoro pacnpe
J(eneHl!H .nrJI CllCT8Mli (2Hp,n.) E 3Tott peaKUHII (pHC. 8) II cpaEH8Hll8 
nonytieHHllX pesy }I!,TaTOE C aHanorr.tJHHMll xapaKTepr.cT11KaMH Cl!CTeMbl 
( 2Hp, n ) 11 s peaKUHll Ha yr nepo.ne If" + I 2c -~ 8 /.i + 2H + p + n 
(pr,c. ?) yKa3HEa8T Ha Ha/Illt:fll8 E 3TllX peaKUHHX O.IlHHaKOEOro Mexa
mrnwa nornorqem!H If"-Me30HOE tJ8T!lpeXHyKJIOHHO}l. 8CCOUHaUHeli 4 l..i. • 

I!cc1Ie,noEaH11e .n:Eyx11ytJeEHX co611T11il c 8 Li Ha R11c11opo.ne no 
pe~RU~m If" + I 6o -->- 8 i.i + 7Be + n noKa3aJIO, l'.¾TO. xapaRTep 3Hep
reTH'18CKHX H yrnoEHX pacnpe.neneHHH ETOPHtJHHX l'.¾aCTHU cornacyeTCH 
C HanlltJl!eM B 3TOM KaHane MOXaHH3Ma nor1IOil\8HIIH If"-M830HOB BOCI,MH

HYK/lOHHOH accoUHaUHeH 8B. 
B pesyJILTaTe aHa1IH8a Tpex- H '18Tllpexny'1eEHX C06llTllli CT

o6pa3H!lM cne.noM 6u1IH B11.ne11eH11 E08MO.lKHI,le;¥eaKn11ll saXEaTa If"-Meso
HOE c 06pasoEaH11eM 8 Li Ha H.nPaX asoTa 5/. Ifs 11syqeHHH E!l.Ile
neHHHX KaHanoB P paMKax Teop1rn npHMUx smepHHX peaRUHil nonytieHo, 
l¾To .nnH peaRU11ii If"+ I4N- 81..i + 4He + p +n,W=(2,I+0,3)·I0-3 

11 If"+ gN - 8 Li. + 3iI + p + p+ n, \xi= (2,2+0,5)·I0=3, 11MeIO-
. -

llll!X Ha.i6or.1,n111e OTHOCHT8]ll,Hll8 EepOHTHOCTII, cneKTp!l H yr110B!le xa-
paKTepllCTHKH ETOpl'll¾HllX tJaCTllU MOlKHO on11caTI, B npe.nno110lt8HHII 
nor110I118HHH IlHOHOE Ha pa3/Ill'1H!lX acCOUHaUIIHX HYK1IOHOB B smpe 
asoTa •.. TeopeT11tJeC.Kll8 pacqeTll C yl'.¾eTOM nor/IOII\OHIIH If"-Me30HOB 
Ha accoUHau11Hx 5Li, 6ne II Ha (pp) nape y.noP11eTEop11Te1IbHO corna
cymcH C 3HepreTll'18CKIIMII cneKTpaMH 4ile II HeilTpOH8 OT peaKUHII 
If"+ r4 N- 8 Li + 4tte + p + n.. (pnc. 9). B c11yqae peaKUHII• 
If" + r4N - 8 J..i. + 3tt + p + p .+ n·, xoTH oueHKa BepoHTHocTeit 
MeX8Hll3MOE He npOTIIPOpel¾IIT TOMY, tJTO E 3TOM KaHa11e OCHOBHyro p01II, 
11rparoT .IlEYX- II Tp8XHJK1IOHH!le M8XaHH3Mli, He y.naeTCH llO/IHOCTl,ID 
on11caTI, 8KCnepHM8HTaJILH!le .naHHlle B npe.nno/IOlt8HIIH BaXEaTa If"-Meao
HOB smpaMH asoTa Ha accoUHaUHHX (pp)-nap H 3 Li . 

TaKHM o6pasoM, coBOKYITHOCTb nonyl¾eHHHX sKcnep11MeHTa1II,H!lX 
.naHH!lX no 113yl'.¾eHIIID peaRUl!ii saXF.aTa If"-M830HOB H,Ilp8MH yrnepo.na, 
aaoTa H Kl'lC1IOpo.na C o6pasoBaHHeM B l..i YK83llEaeT Ha CYil\8CTBeHHYID 
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P11c. 8. 8Hepr1m OTHOCHTO)]hHOro .ll:EHlK8Hi1H H yrnoEoe pacnpe.ner.emie 

.Il7JH CHCT8Mli ( 
2
Hp' h ) p peamun1 If" + I 6o -- 8 li. + 4He + 

+ 
2
H + p + n . IlyHKTHP - pacnpe.nene1111H no ¢asopor,~y 

06'heMy, CilliOIIJHaH KPHEaH - TeopeTH'18C.Kllii pacl:JeT. 
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rr ·+ I4N - 8Li. ·+ ¾ie + p + n ~- KpnBHMtt no.Ka'saHu 
TeopeT.0'1ecm1e pacl¾eTu: "I - nornoI11eirne mi· accOUHBD;M11· 
6
ne; 2 - nor11orqeH11e Ha· accoUHaun.0 °L, ; 3 - Ha pp;_ 

nape; 4 - cyMMapHuit cne.KTP-, w- 1 : w 2 : w3 ::: I:I:2. 
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pom, MHOrOHYRllOHHOro (RJIBCTepHoro} MexaHH31'✓.8 nornorneHH.ll B aTHX 

npoueccax. 
IloHCROEhlM 8RCIJePHM8BT8M no HCCne,nOE8Hl1!0 oelpa30E8BH.ll .11,Ilep, 

COCTO.lllf.lHX TOJII,RO H3 HeiiTpOHOE, 11 peaRuwi pa,nHBUHOHHOro 38XE8T8 

E npoueccax nornorneHH.ll Me,nneHHhlX I!-Me3oHOB nerRHMH _.11,IlpaMH no

c:e.11tneHa rna:ea YI. 

B peaym,TaTe ,neTan1,Horo aHam1aa I500 ,n:eyxnyt.Je:ei.x coeli.T11ll c 

T-oelpa3Hh!M cne,noM Cli.no YCT8HOBJI8HO, t.JTO .11.IlPO SB o6paayeTC.ll B oc

HOEHOM npl'l srs:eaTe Ir-Me30HOll .11.IlPBMH 830Ta, BXO,Il.lltnHMH B COCT8B 

<pOT08MYlll,C!rn G/. 0THOCV.TeJJI,H8.ll :eepo.lITHOCTI, o6p830E8Hl'l.ll 8B· I! 
peaRUH.llX Ha .11,Ilpax 14 N- pa:eHa: · · 

'v<I = 

. (8 J B-+ p +on 
( m-_ +:t~-,..) 

8 5 + 2 H +_ 4h. ) 
laB +.aH + ◊n 

= cr,2 ± o,n. ro-3• 

!3Ti1 peamurn npe,ncTBBll.lllOT l'IHTepec C TOIJKPI g1:eHH.ll CB.ll38HHhlX co

CTO.IIHHM H8CKO JJI,RHX HeH.TpOHOE ( 3 fl , 4 h 1'I h } , 8 .IlBYXt.J8CTHt.JH8.ll 

peBRUH.ll rr + 14N - SB+ 6H - ,Iln.ll HeiiTpOHOH36h!TOt.JHOro_ H30TOil8 

Bo,nopo.na 6H. •. 
Hali,neHo, IJTO :eepXHHe rpaHHUll Eepo.llTHOCTeii o6p830E8HH.ll TaRHX 

CHCTeM PBBHhl COOTB8TCTBeHHO: 

w ( ;-+ '-4N - 8 B + p + s-11..) < r . ro-~ 
\x/ ( ai--+'-"N - 8 B +"

1H +
4
h) < r. ro-5 

\xi' ( a;-+ 14N -> gB + 3H + 3n) <. I • ro-5 

w ( ~- +£1tN -ep, + bH) < 5. ro-6• 
PacCMOTpeHHe :ecero Haelopa HM81C!l.lllXC.ll 3KcnepHM8HT8JJI,HllX .naH

HllX Il03EOn.ll8T c,nenaTI, Bhl~o.n O MBJIOii :eepO.llTHOCTll cyrnecTEOE8Hll.ll B 

CT86Hn1'HOM _COCTO.IIHHH nert.JBHllillX HeHTpOHHhlX .11,Ilep. Bonpoc lite O 

E03MOXHh1X .11,IlepHh!X COCTO.IIHII.IIX Tttna pe30H8HCOB .no CHX nop OCT88TCSI 

OTKphlThlM. 

Blnll npoBe,neHht IlOllCKll SI,nep, COCTO.llll.lllX ll3 Tpex ll t.JeT1;¥_e7 Heii

TPOHOE, oelp83YKll\HXC.ll npH 38XE8Te. Ir-Me30HOB MP8Mll JIHTll.ll G. 
nccne,n0Bannc1, peaKUH» Ir + 

7 /..i. - 4
ne + 

3
n..11 If" +

7 Li - 3He + 

+ 4.n.. · :e qioToaMyn1,ctt11, sarpyllteHHoii MPBMl1 
7 Li . Ilonyt.JeHo, t.JTO 

EepXH.ll.ll rpaHHU8 OTHOCHTellI,HOH :eepo.llTHOCTll o6pa30B8Hll.ll .11,Ilep 
3 n ll 

4 n E HBlllllX peal{UH.IIX Ha 90% ypoEHe ,IlOCTOBepHOCTl1 He npenumae± 
-3 

I,2 • IO • 
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B CE.11311 C TeopeTHt.JeCKl'IMl1 nccne,nOB8Hll.llMU pe30H8HCHOii MO,nem1 

nornorneHH.ll fl - -Y.e30HOE .11.IlPBMH, pa3EHE8eMh!Mll rpynnoii D.B. Eana

moEa-P .A. SpaulKl!Ha, .B nocne,nHee :epeM.ll 6htno o6parneHo oco6oe EHHMa

HHe Ha H3yt.JeHHe npoueccoE p8,IlH8UHOHHOro 38XE8T8 Ir-Me30HOE .11,Ilpa-

MH. B ,IlHCCepT6UHH OilllCh1E8eTC.ll IlOHCK pa,nirnunoHHOro 38XE8Ta rr-

Me30HOB .11.Il~BMH yr1lepo,na c o6paso:eaHtteM s /.,l. no peaKUHPI rr + 
12c~ 

- S LL + "He + h + t-. Tomeneno (42;!:I7) cny1Jae:e, .oueHeHa 0T

Hoc11Tem,H8.ll EepoJlTHOCTI, 'v</ = (2,3 ;!:I,O) • ro"'.'5 11 IlOJJYt.JeHhl OCHOE

Hhte 8HepreTHt.JeCKHe H irnoBhte xapaKTepHCTHKH BTOPH'-IHhlX t.JeCTHU ,IlJl.ll 

peaKUHH Ir + 
1_2c - li + 3He + n. + Y,. 

B 38K/IJOt.JeHHl1 KO BTopoii IJ8CTl1 .nnccepTaUHH npHEe,neHhl OCHOBHhle 

BhlBO.I{hl H8 pacCMOTpeHHhlX E HeH paelOT. . 

III. 
·HcnycKaH11e aap.11xeHHh!X t.JaCTHU npn a~:x::e_aTe 

· (1 - -M830HOE 8TOMHh!Mll MPBMH 
V 

. OmmaHne npoueccoB pacrnenneBHSI SI,npa MJOOHaM11 rny6oKo 3aTpa

r1rnaeT MHOr1rn acneKThl .11,IlepHOR CTPYKTYPhl 11 MeX8HH3MOE peaKUHH, t.JTO 

Il03BOJI.ll8T BCeCTOPOHHe npoBep.iTI, lVllrnrIJe npe,nno110:ateHHSI, Ha OCHOB8-

HHH I<OTOphlX CTpo.iTC.ll TeOpH.ll B88"1MO,IleliCTBH.ll .J< --Me30HOB C aTOMHhl

MH .11.IlPBMH. : Cpe,nn paan11tiHhlX RBHanoB pacrnemieH11.11 smpa npn norno

rneHHH MRlOHOE ocoeloe M8CTO 38Hl1MBIDT K8H8llhl C Bh!JJ8TOM aap.11llteHHhlX 

t.JaCTHU. IIocKOJJI,KY npo,nyKTOM aneMeHTapHoro BKTa nptt aax:eaTe.,,«- -

Me30HOB .IIBll.lleTCII HeilTpOH, TO EhllleT npoTOHa HJIH mo6ofi ,npyroii sap.11-

llteHHOH t.JaCTHUhl B TBKOM npouecce CBSI88H co BTOPHIJHhlMl'l npoueccaMH 

H KOppell.lIUH_eii ~YI<JJOHOB B .11,Ilpe. Koppen.1II1HH KOpOTKo,nei1cTBYIOOl8ro 

Tilna npHBO.l{SIT K a<ppeKT8M 8CCOUHHPOB8HH.ll HYKJIOHOB E SI,npe. B3a

HMO.I{ellCTBl1e y.. ,..._M830HOE C T8KHMH no,nCHCTe~BMH 6onee CJJOlltHOe 1'I 

MOllteT, np11BO,Il1'1Th, KBR IlOR83llB88T, HBilPHMep, OilhlT H3Yt.J8HH.ll npouec;_ 

coB rr-sax:eaTa, K npo.11EneHnro ocoelmi: KaHanoE- pacrnennem'l.ll ,c nuneToM 

H8CROJJI,K11X CKoppennpoF.BHHblX M8.ll\IlY co6oH t.J8CT11U. 

06aop pe3yJII,T8TOB 8KcnepHMeHT8JJI,HUX pa60T H TeopeT.it.JeCKl1X 

p~ct.JeToB, nocn.11tneHHhlX H8yt.JeHHID npoueccoB 38XB8T8.fl --Me30HOB C 

Bh1JJ8TOM aa·~.11:ateHHhlX t.J8CTHU, npHBe,neH BO BB8Jt8H~l1 K ~II t.JaCTH ,n11c-

cepT8UHH/I /. Ha :ecefi COBOI<YilHOCTH aKcnepHMeHTBJJI,HhlX ,naHHhlX' 

MOlKHO.Ehl.llBHT!, PM oelmv.x 38KOHO!VepHOCTeii, npncyrn11x llTOMY il~oueccy. 

VJITerpallLHWi BXO.It sapruKeHHRX t.JaCTHU H3 JUtep Ip-060110'-!I<ll -( 2c...:. 
160) COCT8BT£eT OI<OJIO ICJr.. B .11,Ilpax {2p -Id )-o6onot.JK1'1 c20Ne- . 
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40
c?) ERJla,lt SToro RaHana yBen_111rnBaeTC.H 11 JtOCTHraeT I5-2og_ flolJTH 

Ha TaKOM JKe YPOBHe coxpaHJieTC.ll EllXOJt sap.HJK8HP.!1X IJaCTllU 11 B cny

tJae HeCRO}Il,KO 6onee'TJ1lKenoro IJ8THO-IJ8THOro H.nPB 58Ni. 0.rtHaRo 

YJKO ,QJIH IIOIJOTH11X .H,l{ep B ,lt8Hlloii o6naCTI1 M8CCOB11X IJHC8JI A . 8T.H 

3HatJemm pe3KO YM8HI,IIJ8IOTC.H. B .H,ltJ!8X Br I1 A~ , BXO.rt.HUUIX B CO,-

CTaB ¢0TOSY,YJibCHl1, B11XO,lt 38p.l1JKOHH11X IJ8CTl1U COCTBBJI.HeT 2.~. B 

H.npax C MaCCOB11M IJHCJIOM A > IOO OH He IIP.OB11IIJ8eT I-2%~ MaKCI1-

MYM B11XO.rta IIPl1XO.rtHTC.H Ha H.nPa B 06JiaCTH 40ca. . 

CrreKTp 3ap.HJKeHH11X IJaCTHU IIP0.11MYU\eC'l'I!eHHO MlirRH~ • 8To ORO-

pee Boero CBH.rteTeJibCTBYOT O TOM, IJTO_MeX8HH3M B11JieTa 3ap.HJKeHH11X 

IJ8CT11U CB.H38H co BTOPl11JH11M11.IIpoueccaM11, rrpoTeKalOl!lllMJ1 B B036yJK.rteH
HOM rrpoMelKyTOIJHOM .H,l{pe. 

B11c0Ta KYJIOHOECRoro 6ap1,epa .rtJI.H .H,l{ep C M80COBl1M IJJ1CJIOM 

A :::: 60 .nocT11raeT 8 MaB, IJTO CJ1JJ1,HO rrpen.HTCT:eyeT .B11JieTy .Me.nneHH11X 

BTOplllJH!lX IJaCTHU, eCJIJ1 OHl1 3ap.HlKeH11. !IOSTOM,Y ecTeCTBOHHO, IJTO 

B11XO.rt 3ap.HlK8HH11X IJ8CTI1U B pesym,TaTe .)W ,.;3ax:eaTa B T.HlKeJI11X .H,l{pax 

Ma JI. B101a.n lKeCTROi ROMIIOHeHTH· B IIOJIH'irti crreRTp'" sapmKeHH!lX IJ0CTl1U 

He rrpeB11IIJ8eT 2-3%. Buxo.n BllCOR08HepreT111JeCRllX ·IJaCTl1U TaKJKe llMe

eT M8RCl1MYM B o6naCTll H.nep c ,c = 20. 

B nerKHX .11 cpe.nH11x H.npax BuneT sap.HlKeHHoil ·1JacT11r.iu .noBO/IbHO • 

IJBCTO corrpoBOJK.rtaeTC.H'l1CIIYCK0H.11eM o.nHoro 11JIM HeCKOJibKllX HeHTpOHOB • 

HcrrycKaHne JtBYX .111I.11 H0CKOJII,RJ1X HYRIIOHOB. xapaKTepHO .rtJI.H R1I8CTepHo;.. 

ro MeX8Hl13Ma 3aXBaTa,·np11 ·aToM XOT.ll 6H OJtHB Bll1IeTeBIIJ8.H IJ8CT11U8 

JtOJJ.JKHa 611Tb 611CTpoii. ·. · BTOPI1tiH11e rrpoueccu B rrpoMelltyTOIJHOM .H,l{pe 

TBKJKe MoryT IIP.11BO,ltl1Tb R 11cnycKaH11n HeCKOJJ1,K.11X IJ0CT.11U, HOB 8TOM 

cnytJae 0H11 Cimpee Boero 6y.nyT ManoaHepr111JH11MJ1. IIoaTOMJ .rtJI.H Ell:.. 

.HB/IeHJ1.l1 MeX0H.118Ma TBIWrO IIPOUecca He06XOJt.11MO .l1CC1Ie,ltOB8TJ,. 3Hepre-

Tl11JeCRl1e 11 ·yrnoBue xapaKTep11CTJ1Kl1 Bl11IeTamu1x IJ8CT11U, YIJl1TllB8.fl 

TO 06CTO.HTem,cTBO, IJTO rrp11 .JI< -8aXBaTe 'sap.HlKeHH11e IJ8C~.11Ull 11Me~T 

MallYJO 3Heprmo", MOlKHO Ha.neRTI,CJI, IJTO 3MYIThC110HH8.II MeTOJtl1Ka B Ta

ROM CnytJae 6y.neT HBH6onee IIO.rtXO.ItJilileii ,ltllJI l1CC1Ie.rtOB8Hl1.II T8K.11X. rrpo- .· 

ueccoB, O.nHaKo npn BTOM Heo6xo.n11Mo rrpoBecT.11 rrocne.noBaTe~Hml: 

Rl1HeMaT111JeCRl1H 8H8Jil18 peaRu;ii, IJTO MOllteT II08E01IJ1TJ, BUJtenttTJ, OCHOB

Hlie R8H8)JH Bll/IeTa 8apalKeHlll:lX IJ8CTl1U, 

C08Jt8H11e Ha Cl1HXPOUJ1R/IOTpoHe Jia6opaTopm1 H.nepHUX npo6neM . 
owrn .}( -Me80HHoro TPBKTa C IIYIJK8Ml1 MIOOHOB BllCOKOtt CTene~ 'ti110To.:. 

TU 11 HaJI111Jne ROMIIJieRca rrporpaMM o6pa60TR0 coct11'T11il B qiOTO;M_Vm,c"m1, . 

(CM, IJ8CTb- II rn, IY) II0.8EO/Il1Jl0 HBM Bl1IIOJIHJ1TJ, T8I<11e 11CC1IO,ltOB8Hl1.II, 
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B rJ1a:ee YI! paccMoTpeHiil HeR0Top11e MeTo.n111JeCKHe Enrrpoc11 no 

113Mepemm C0611Tllll 1!38J1MO.zteitCTEJ1R JI( --Me80HOB C R,ltpatvn B qiOT0-

3MJJJJ,CJ1ll 11 Odll\lle 88KOHOMCpHOCTl1 aTOMHOrO ll repHoro 3a:Xl!8Ta IVIOO

HOB Ha ee nernoil: 11 T.HlKeJlOH RO?IIIOHeHT/20-2 I • 

B 3KCIIepnMeHT8X C .f{ --M080Hav.n 611no J1CllOJil,80BaHO 9 ~OT0-

3MJJJ1,CJ10Hlll:lX KaMep. qeT11pe RaMepu 611/IH O06paH11 118 aneRTPOHO-

IJYECTBHTeJII,lll:lX CJIOeB 3Y,YJibCHl1 THlla IIHK~li-EP, IIJ1TI, OCTa)Il,HllX - 118 

cnoeB ILllOR0 _l<-5; aarroJIHeHHllX H.np8MH 
6Li . 

KaMepil od11y1Ja1IJ1c1, J-{ - -Me80HaM11 1l H1181m¢0H0Eoii na6opaTop1rn 

Ha ~ -Me80HHOM TpBKTe CHHXPOUl'lKJIOTPOHa Ollflli. IIpmJJeCb li -M880-

HOB, ll3MepeHHaR H8Ml'l B nylJRe J,( --Me80HOB, COOTaBJI.HJla 0,4%. Ilpu 

npocMoTpe 500 cM3 o6~e~a SMYJibCllH 6Hno npocneJKeHo !0000 TpeRoB 

JI{ - -M880HOB ,ltO TOIJRll B3aHMO.rteilcTBH.II ll 8aperncTpllpOBaHO 50 000 

6" -8Be8.rt. 

~eTaJibH1ltt 8H8JIH3 8aperHCTPllPOBaHH11X co611Tllli nornomeHHH_ft-

Me80HOB nerKOii ll TJIJKenoR ROMIIOHeHTOH B (pOTOSMym,cHH Il03EOJJH1I 

nocTpOHTI, Odll\YD cxeMY 3Toro B8aHMO.rteiicTD.11H (pHc. IO}. 

IIonytJeHO, IJTO (44±2)% ..f< --Me30HOB o6pa8yJOT M880aTOMl1 HB 

nerKoii 1-1 (56+2)% - Ha T.l1.lK81IOR ROMilOHeHTe B (pOTOSMYJibCHH, ],I3 

IJHCJia'MJ)OHOB~ OCTaHOBHI!IIJHXC.II Ha nerKOH ROMllOHeHTe,(88±9)% rrpe

TepneBanT ..}( -+- C pacna.n:, a (I2,tI)% - 88XBaTUB8DTCR .H,l{paM11; 

B TO BpeMR RaK Ha THlKO/IOR ROMIIOHSBTe TOJJ1,RO (5,0;t0,5)% ycrrenanT 

pacnacTbCH, a (95±9)% - 3ax:eaT11BanTc.H MPaMH, 

Ha OCHOBe :ll.3MepeHHl1X HaMH BIIepBhle BepOSI'IHOCTea odpa30BaH:l!SI 

HadimnaeMUX OlKe-aneKTpOHOB npll aTOMHOM 8aXBaTe Jtl -M830HOB on

pe.neneHll BepoSITHOCTH 11crrycRaHl'l.l1 1-1. pacnpe.nenemm no MHOE8CTBeHOCTl1 

sapRlKSHH11X IJaCT11U IIPll 8aXBaTe MRJOHOB JierKHMH (C,N, O) ll T.llJKe/lH~ 

Ml1 (A~ , Br ) MPaMH B ~OTOSMYJibClll-1, Hail:,neHO, IJTO IlO)JHlrii BhlXO,lt 

aap11lKeHH11X IJaCTllQ Ha 0Jt11H 8KT 8aXBaTa COCTaBJIReT (7,4±1,4)% .ztrJI 

H.nOP (C, N, O) n (2, 9j;O, 2)% - .rt/IR Mep (A9-, Br ) • IIpHIJeM, ecm~ 

8aXBaT Jt{ --Me80HOB T.1Il!teJI11Mn H.nPBMH conpOEOJK.rtaeTC.ll Bllll8TOM TOJil,

RO 0,ltHOH 8ap.HlKSHHOli IJBCTHUU (B 93% cnytJaeB), TO IIPll saXBaTe ner

R11Ml1 .H,l{paMll npe11MymecTBeHHO (B 80%) l!Ii1JIST8IOT ~Be JI 6onee 88pRlKeH

H11e IJBCTHUU (p1-1c. IO). 

TeopeTHIJecRaR oueHKa Il01IHOro BllXO.rta 8apRlK8HHl1X IJaCTHU llPll 

8a:x:eaTe .,I\\ - -Me8oHoE nerKl!YJ! ( C, N, O) H.npaM11 B ¢0TOSMY1IbC1rn, rrony

tJeHHaJI E paMRaX pe30HaHCHOro MeXOHH8Ma rrornomeH.11.ll, COCTaB/IReT < 2%, 
IJTO HaXOJtllTCR B npoTJfEOpe1J11ll C ::lKcnepm1.eHT8)II,HHM 3Ha1JeH11eM, 
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OCTAHOBKU ATOMHbtii - µ~e f/lJEPHbfH f> 
}-J--ME30HOB, 3AXBAT PACnAa 3AXBAT OCTAHOBKU (5 - 3BE3[lbl 

-!· 0.015±0.011 

0.12±0.01 0.037±0.003 

C.N,O 0.0,7±0.001 

0.44±0.02 
0.88 ± 0.07 l 0.926±0.,75 

0.005±0.0008 

n I 0418±0.008 I 0.562 0.0194 

0.027±0,002 ±Q,0011 
0.05=0.005 

Ag.Bi 0.0017 ±0.0002 

0.56±0.02 0,0002±0.00005 

~0,00001 

Puc. IO. CxeMa B38111V'OneiicTIH-IR .f{ - -we30HOE B smepHoii q!OT08MJ1!I,

CJ,rn. 
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Puc. II. Pacnpe,ncnemm co6UT11ii peam:.urn ,JA - 12c -+-
8 Ll 3i1c ft.;, 

no He,nocTarorneii uacce, no 1rno1irm1 R,nep 8 /..i. (a) u 3tte (6), 

no aHepr.rn < E) 11 llllflIY l!LCY < r ) CllCT!lMll < 11. + 1 >; 
(,n), (e) ll (lit) - yrJIOEHe 1mpp8JJRUlll1 ,Il/lJI pe8KUl11l .f(- I

2c-
-l- 8 Li. 3Hc n 1' . CD noJDHaR r11cTorpar\l!Ma - aKcDep11MCHT; 

DYHKTllP - pesym,T8T pactieTa DO cxeMe pe30H8HCIIOro 38XB8-

T8 _}( --M830IIOB; cnnoJDll8fl KPllB8.H - pacnpe.nerie11ue DO 

q!830BOMY Od'I,eMy. 
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H8H,neHHHM B H8CTO.fI!lleii padoTe. Cne,nOB8T8ID,HO, ,IlJIR smep cepe,n11HH 

l1 KOIIUB Ip-o6onotJKil TeopllR 38XE8T8 J,{ -M830HOE CJIOlKHHMll JI.nP8Mll 

DOR8 He MOlKeT ,naTL KOJiiltJ8CTB8HHOro od'l>RCJl8H.11.H 0,IlHOR Il3 C8Ml,IX od

mux xapaKTep;1cT11K _aToro nponecca - I31,1xo.ny sap.HlKeHHHX tiacT11u. 

.l{JIR Toro tJT06H DOJ1yti:11T1> Heodxo.nm~y10 1-rnipopMaruno o xapaKTepe 

T8KilX npoueccoB, Reo6xo,nllMO .neTal!I,HO npo8H8JUl3ilpCEl.;'.n nee OCHOB

HHe R8H8Jlli pe8KUllli 38XE8T8 J,( - -M830JIOB MP8Mil Ip-o6o;;u4Ril C 

)1CDYCK8Jlll8M 38p.Hlll8HIIHX tJBCTl'JU. 
-Pesym,TaT11 EnepBHe upoBe,neHHoro aKcnepl'JMe11TaJII,Horo 1rncJJe,no

EBHVJR Bcex B03MOlKHHX peaKUlffi .ftl--38XE8T8 C ncnycI<alllrnM 8tte, S /..i 
H 813 H8 smpax ;rerKoii ROMDOH811TH q!OT08MYl!LCllil (C,N, 0) npe,nCT8B-

7J0JIH B rnaBe YIII. · 
8Kcnep11MeHT8lILHHe .naHHHe nonytieJIH !ia ocn0Ba1111il auamrna 685 

<t. -3E83,Il C T-o6pa3JIHM cne,noM, saper11cTpllpOB8JIJIHX B 4 q!OT0-

8MYT,hCllOllHHX K8Mepax. BepORTHOCTL o6pa30E8Jll'J,H T8KOll 3E03,nll 

118 o.nHY OCT8HOBKY JI{ --MC30H8 p8BH8 (0,30±0,0I) • Io-4 • 

B pesym,TaTe 0118711138 EH,neneHHHX ~-8B83,Il YCT8JIOBJI8HO, tJTO 

OCHOBHHM K8H8l1CM_ RB71/I8TC.H odp830B8Hll8 smpa S J._i,, np11 88XE8Te ,M. - -
Meso110B B yrnepo.ne no peaKUilil J,<- + I 2c -+- 8 li + 3tte + n. +¥181. 

.UeT8JILHOe paCCMOTpem1e yr110BHX- H a11epreT11tieCKl'lX xapaKTepll

CTllK BTOpiltJJIHX tJ8CTl1U aToii pe8KI-Ull'l (pnc. II) DOK838lIO, tJTO 8KC

D8Pl1M8HT87iLHHe .naHHlle KatJeCTB8HIIO ODilCllB8IOTC.H DPII MO,n8Jlllp0B8Hilll 

peaKI-UlH no cxeMe pesoHaHcHoro Mcxa1111sMa, cornacno KOTopoMy. Ha 

nepEoii CT8,Ill11l 38XE8T8 npoucxo.nilT E036yli\I{eHile pe30H8HC8 B CI!CT8M8 

smpa I 2JjE, a Dp11 ,na11L11eiiu1eM pacDa.1te o6pasyeTcR Bos6yJK.neH11oe MPO 

4He*: .JI< - + I2c ~ "' + I2n* 

l,...8 li -+ 4He* ( I) 

l,..3iie + n.. -. 
Hannytirnee cor11acile c aHepreT11ticcI<uM11 n yrnoEHllll pacDpe.neneHllflMH 

(pile. II), no1;ytie1111HM11 B -omITe, .nocTl'lraeTc.H np11 l'.m,nen11poEaH11n 

TaI<oro Dpouecca C ypOI'IIRMH Bos6y~eHllR I 2B*-(44±3) Man ll 4iJe* 

(22,5,t2,0) Man. 
Brno YCT8HOBJI8HO, tJTO ,npyrm;, E03MOlll:JIHM MeX8JlllWOM 38XB8T8 

J".--Meso11a R,npoM I 2c no peaKUilll fo - +I2c -)o--
8 Li +3tte + 1-t. + ~ 

RB/JR8TCR 38XB8T ero tJ8CT1,RJ R_ztpa yrnepo.na - KJI8CTepoM 
4

/,,;__ • Pe-

3YJJI,T8TH Mo,ne1mp0Ba1111R aToro n11ouecca E Dpe,nnonoxemm, tiTo npn 

saXEaTe y --MesoHa Ha KnacTepe 4 Li. odpasyeTcR B036Yll\n8HHoe smpo 
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i"' 

Ta6Mn-1a II 

KaHa/ill 
y- +-,zc - 8Li + v + pej!:imnii 

.}l-38XE8T8 
+4tte +3tte+h +3tt+p +iH +

2
H+p+n +2p+?Jt · 

RllPOM yr-
ilepo,na 

tfnc110 :Ecex 
11.n e HT nq;m.01 - 50 308 po:EaHHUX 
COObITvlll 

35 I6 65 4 

WI < 2, 6· ro-4 
cr,6+ er, 9+ - C9+ < 3, s· ro-4 < 2, 2 ,ra-5 
0 2) ro-3 0 4) ro-4 +2) ro5 . 

tfuc JIO O.I(H0-
3H8tJHO 11l(8H
TWFl11U1POE8H
HbIX C00HT11M 

\V]: 

. . -

220 I8 2 

(I,I+ (I,0+ (I,I + 
U,2)I0-3 0,3)Io-4 0,8)IQ-5· 

Ta6mn-1a III 

Ka Ha llll pe amnin lfim no 
,.M-:.aax:EaTa Dcex 

MPOM 830T8 11.neHTl1-
(fmu;npo
B8HHhIX 

- H 81 _) C06bITl1li 
Jo< + N-1..i+v-t-

6 
-t- Li. I2 

+4
1-le +

2 H 52 
J 3 

+ He+ H 4I 

Wr. 

< I,4' ro4 

(7,4±<), 3) ro-4 

(5,8+0, I) ro-4 
4 

< 4,s· ro-4 + lie+ p + n 34 
.3 ,i!H +lie+ + h I6 < 2,3• ro-4 

+
3
He+p+2.h- 2 < ro-5 

+.JH +,i!l-f + p 2 < 3· ro-5 
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'ilWJIO 
O.D;H0-
3HB"IHO 
11,l(enrn
qmu:11po
B8HHUX 
co6UTllll 

7 

6 

W:ir_ 

(I,0:t0,4) rc-4 

(0,9:t0,4) ro-4 

4tte*, pacrrn.naKl!leec.fI Ha 3rrc 11 HeilTpoH, a .nMny m,cHoc pacnpe.neneHite 
4 Li COBna.naeT C 8KCnepnMeHT8Jll,HO onpe,ne/leHHbIM .mv.nyhbCHbIM pacnpc
.neneuneM R,npa 8li , npmie,neHu na pnc. II. Bn.nHo, tiTo pacctinTaH
HUe pacnpe.nenemi.fI TaIO!te xopowo cornacyioTc.fI c aKcrrcp111venTa1II>H11M11. 

Onpe,neJJeHU EO/IlltJHHbI OTHOCllTCJII,flhlX nepo.fITHOCTeii BC0X E03MOlK

HUX K8H8/JOE 38XE8T8 J,( - -MCSOHOB .fI.I(pBMll yrnepo,na C o6p880B8HllCM 
B Ji (TB6JIUU:8 II), . 

lls TB6JmUU cne.nyeT, tJTO OCHOBHOll RBHBJI-peBKI.-111.fI ,f< - 12c -
-+- 8 .Li 3He h v - mveeT BeJrntinHy 0Taoc11TenbHoil Bepo.HTHOCTH no 
KpaiiHeii Mepc HB nop.fI,noK EUllle, tJOM ,nri.fI Bcex ,npyn1x paCCMOTpeHHUX 
KBHBJIOE ·y. -saXEaTa. HeOlKll.I(BHHO MBJJB.fI EeJrntJnHa OTHOCnTO/IbHOH. 
Eepo.fITHOCTll nonytieHa ,nJI.fI_ peaKqnn JI{ - 12c -+- 8 f..;_ 3i1p V . 

ll8Mepe1m sHepreTntiec~.ie cneKTpu u irnorue· Kop~c!;fill,in ETop11tJ
HbIX tJBCTnu: ll peaKU:11.fIX •. H I 2c -- 8 Li viJp 11 .f{ L,c -- . 
-+ 8 .Li/h 2Hp V. IlpoaHa1rnsnpoBaHu EOSMOlKHUe Mexam,is1,u aT11x npo-
u:eccoll 24/. · 

Ila pesyn,TaToB nee ne.noEaHil.fI MexaansYoB peaKIU1.ii saxna·ra .)\< - -
Mesoaa .fI,npaMH yrnepo.na MOlKHO c,nenaTI, mrno.n, tJTo B pea_KU:11HX c 11c
nycKam1eM Rn:~a 8 li P. npoMelKyTOtJHOM COCTO.fIHllli oopa::iyeTCJl P.036ylK
.neHHOe ,mpo 4He* npe11MymecTP.eHHO E cocTo.fimrn (22, 5,±2, 0) MaB. 
KaticcTneHHo 3HepreTutiecmrn u yrnoEue pacnpe,neJleHuH BTop.itiimx tia
CTHU B paCCMOTpeHHUX peaKqnJIX OIIIICbIB8K>TC./l npu r,:o.nem1poP.amrn ";1c
cne.nyeMUx npoueccoE no MexaHH3MY np.fIMoro nor110U1emm .;i.t--MesoaoE 
M8llOHYKJIOHHUJ• KJiacTepoM 41i . 

B Ta6n11u:ax III H r.f npuEe,llCHU tJllCJJa co6UT11M, OTHCCeHHHe I< 

B03MO:lKHUM peaRIU1.fIM Ha 880T0 ll RllCJiopo.ne, ll ElltJllCJJeHHlle no STUM 
.naHHUM SHatJeHH.fI OTHOC!1TenI>HllX nepO.fITHOCTett K8H8EOB J-< --saxEaTa. 
Ha OCHOE8Hllll ll3MepeHHUX E OilUTe 'aHepreT11tJeCKHX 11 yrnoEUX pacnpe
,lleJtCH!1li ETop1mmx tiacT11U: oT peaKU:UH y- I6o -+- 8 /.i. 4He 4He v 
6mm paCCMOTpeHU ll031v",0Itl!He M0X8Hll8MU 38XE8Tay --MesoHa Kl-'lCJJOpo
.noM c o6pasoBaHueM Jri{pa 8 J.i • · IlonytieHo, tJTo iiaJ1;1ytimec ccr11ac.ie 
pactieTHUX pacnpe.nene1rnu c ~lKcne¥.iMeHTa11I>HUM11 .naHHl1Ml1 .nocTJi1raeTc.fI 
np11 uc.nen11ponamm peaKqn11 ,r,.- 60 --+- 8 Li 4He 4He V no cxeye 
3aXD8T8fo-Me3oHa KJlBCTepoM 8Be. 

B peaKu;>'ISIXjt - -88XE8T8 R.nP8Mll yrr,epo.na ll KllCJIOpo.na C o6pa3o
E8HlleM T-o6paaHoro c11e.na E <f.0ToaMymcJ1ll npone.neH rrciuc1t MHoroHeilT-
poHHUX J.!,ll;epHbIX C.llCTeM: 8ire, 4tt ll 4H. Haii,neHo, tJTO Eem1tJ1rn·a 
OTHOC.llT8Jlb!jOH llCPO.fITHOCTll o6pasoEaHH.fI R.nP8 8He no pearuum 
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I" &·'-· ..fl - "'C ~ --·► Je -He fJ V HD !)01. YPOEHe JJ,OCTOEeJJHocn: COCTffE11.lleT 
5 • rn-u. 

3H8tJCl!Jl.Fi :rep1.r:11x rpamm: 0'.l.'HOCl'!T8JiI,HOll F.epo.HTHOCT,l o6pa30FF.i

H; :f TC:T!)aHCliTpm-w J1 T8'1'PF.iIH>}lOpo_na paEHI1: 

JJ,i1.'l 
4 n. n~) _Df:Gm~Im Jl<--12c - 8n4hV' \V( 4 h..) < 5,4·rn-5 ; 

l(hfl 
4H no peaFU.IUI ..f<-I6o .J..,.. 8n4ir4n V, W ( 4in ..c. rn-5 • 

0THOCl1T8 J:LHL!e BePOJITHOCTl1 peam.u,111 J,'- - -aaxEaTa C YJcnycmlHJJ

, .,.1 ~parr:eHTur 
8

He, 8Li , 8B cocTaE1J.f.lIOT ,no1,,1 rrpoueHTa, tJTo .lIE,JJI

eTcJI MBJiCii '!8CTT,TG ITOhHOH BepoJITHOCT,l rrpoueccoB aa.xpa•ra MIOOHOE 

ilCI'I\HMl1 .ll,,'(J>m."ll C v.crrycrrn1meM 3apJillteHHI1X tJ8CT11U. H XOTJI B psme 

C l,Y'HleE yJJ,ar.oeL YCT8HOEllTI, MCXaHJrnM rrpouecca, TeM He M6Hee pac

rrpoc·rpaHv1T:;:, ero lia CJ!,ytJaii 11CTIYCR8HHJI 11I0611x 38pJillte!lHI1X 110CTMU He 

npe.JJ,CTaB MP.TOR E031V'OlltHI1M. Heo6xo.nMM8 IlOCT8HOEK8 cneIUl8lI1>HI1X 

8Rcnep11MeHTOE, ROTopue I108EOlillllM 611 ;J,UCHTH!fMUMPOB8TI, mJJ16011ee 

Bepo.RTHirn RaHa1ill peam~nii .ft --3aXEaTa. 8KcrreRnMe~Tal!LHOMY J13-

ytJcHmo .ItEYX TaJ{J,:X R8H87JOB ITOCER!JjeHa rllaEa rx/2:c., 231_ 

IfoHa ,,a peam~11ii 
J,t--30XP8Ta . 
ilUPOM mrc :r.upo.JJ,a 

- -,60 iii -' fl+ -+- i+Y+ 

+"rBe-i-n 

+ "He.+ "lie 
6! 2 + i + If 
11,_, + L + f 

-t- "lfe t- .3 He. +· h 
6 • 

-t-'fJ-+ p+n 

'U!CJlO 
Ecex 
J;J(8HT11-
q:llUl1PO
EaHHHX 
co611T,ri1. 

47 

6') ,, 

2I 

J5 

12 

T2 

~-.JH<?. t-
3 He + 211, I 

+ 4/./e + 3H + p 5 
4 2 2 + He + H + H 2 

W1 

< I,5·ro-4 

( G, T;tO, 3) ro-4 

co, 7;!:0,2) rn-4 

co,5;to, nio-4 

< 0,4• ro-4 

< o;4•ro-4 

< ro-6 

< 0,2· ro-4 

< o, 7• ro-5 
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. Ta6;;mw IY 

1I;icno 
OJ:lH0-
3H8tJl!O 
l1.JJ,eHTiHf,ll
lll1POEaHHL!X 
co6m11ii 

\x/li 

:m < o, 9;t0.~) ro~4 

2 (0,7;t0,5)I0-5 

3 ( I. O;tO, 6) ro~5 

B paMRax TeopeTl'itJecRoii rvio.ue1m peaoHaHcnoro nor1romeHYJJI WJOO

noE smpaMl1 12c 6Hll0 noKaaano, tJTO OCHOF!llll\' R8H87JOM C o6pa30E8H.l'l

eM aapJil!teHHllX tJaCTll~ .lIEl!RCTCJI 3aXI'aT J'-'- - -Me30!l8 no pe8KUIIM 

.J< - + I2c - 4He + 4ne + 31i + n. + -v . 
C uelJI,IO l1CCJie,llOE8Hl1Jl STOii peaRll)lll E 3MYlll>Cl1011HliX KDMCpax 611/10 

npoaH8llll3llpOE8HO I9 377 6'.f< -apes.u, 113 tJJ1ClJ8 KOTOPHX EH.JJ,eneHO 

ll ll3MepeHo 654 Tp0XllytJeEI1X co611TRJI. 
Ha OCHODe Kl'!HeMaTll'leC:KllX orprurn'leHlll1, HaJiaraeMI1X 3aKOHaMM 

coxpaueHIIJJI 8Heprllll-l1JVIlY11LCa, 61JJIO Haii.JJ,eno3 tJTO OTHOCllTel!LllaJI 

EepoJITHOCTI, pea.RI.Urn Jl( - 12c -+- 4rre 4He H n. ~ HO npeEHlllreT 

:ee1rntinHI1 (2,CJ±0,2)•ro-2: A.Hamm Pcex noaMOJKHllX Mexaii11aMoE pe-

aKUMl1 no3EOlIMll ycTaHOEMTI,, tJTO .1\Be o(, -tJaCTllUH MoryT o6pa30E0TI,

CJI E pesylil>TaT~ pa8Pa1ia B036yll!,IleHHOrO COCTOJIHl1.II 8Be*. 8Rcrrep11-

MeHTalil>HOe pacrrpe.n:e11eH11e BH.JJ,enennux co611T11ii rro 3<}:q:eRTHBHoii irac-

ce .JJ,EYX aapJilKCHHUX tJ8CTl1U ITO.JJ,TEepJK,JJ,aCT STOT BI1BO.U: OCHOEHaJI 

tiacTl> co611TYJii rpynrrMpyeTC.II E 1rnTepEane Mace (7454,3¾-7458,3) MaB. 

(3.n:ecI, 7454, 3 Man - Macca 8Be :r OCHOIJHOJVI COCTORHl111.) BocnOl!I,-

30E8BlUllCh 8TllM o6CTOJITelJ1CTEOM, Mhl nponanem1 OROHtJCTe]JI,Hllli OT-

Clop C0611Tllii peaRUMM .f(. - 12c -+- 4ne. 4nc 3H 1-t -i). 8Rcnep0wCHT81JI,-

H1.1e pacnpe.ue11emm, rronyi.eHHlle B peayJil>TaTe Tmwro oTClopa, Elv'.eCTe 

C pacnpe.JJ,e1JellllJIMll no ¢a30BOl'!.Y 06'.bCJMY l1 peaym,TaTaM TeopOTl1tJ8CKl1X 

pactieToB, nonytJeHHHX np11 rvio.uenYJpoEaH1111 npouecco · no paa1:J1tJHI1M cxe

MaM pe3o!laHCHOro MeX8lll13M8, rrpe,nCT8EJI8ll1! Ha pllc.I2. CorrocTaBne

HFIC aJ{Cll8PllMeHT8J.J,HllX peay JJI,T8TOB C TeopcT11tJeCKl1MW pactJeTBMII no

K831!BacT, tJTo ::mcpreTYJtiecK11e n yr:roB11e pacnpe.ne11em1JI BTop;1ti1rux 

tJaCTMU MOryT 6!1TJ, Y.UOPlJeTBOpYJTellh!lO OTillCBHll lJ npe.uno11o~eH1lll, tJTO 

peaKI~l1Jl rrpOllCXOJU1T no CXCMO 

- '12c 128 Ill \ .J-< + - + y 

U 1 B.., + n.. 
l_; '8e * + -3 H 

L..__ 4 lie. +~He . 

OneHRa BeIDitJYJ!ill OTHOCJ1TelihllOH EepoJITHOCTII p.eaRUMl1 . .I"_;; 12c --

4He4He3JI n ~ Ha aKT saXEaTa no aToii cxeMe cocTBEMeT (I, I;tO, I) IO-~ 

tJTO He rip9TllEOpetJl1T anatJeHllID OTHOCllTeJII,HOii BepO.IITHOCTl1, npe,ncRa-

38HHOii pe30H8HCH1U/ MeXaHJ13N'Oll' 3aXEElTa J<. - -Me30H8 JI.JJ,pOM yrnepo.ua. 

llilI paCCMOTpeH .JJ,pyroll: E<18MOlKHUli MCX8Hl13M nornou1eHl1SI .,c-Me3o

Ha JI.JJ,pOM yr1mpoJJ,a - 38Xll8T ero MDl,OHYRlJOllllm.• R7!8CTepoM 4iie. 
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Pacn~ie.ne.neHM co6i,1TJ11it peaRIU'IJII y - I 2c -- 4He 4He 3H 11,. ~ 
no cyMMapHoit RJIIHeTW!eClWH ::meprl'lji /l. }- C,0CTeMll (a)' no 
mrneTnti6.oKol.t amiprm1 H,Itpa 3He (:s) , no apfeKTJIIBHoH Mac
ce llEYX .d, ..;,tJaCTJIII((.n)' no acpq;eKTJIIBHOH Macce Tpex aapsi
lECHIWX tJ8CTJ1tt (h.}; (c), (d} .0 (e) -yrnOBHe KoppeJISI
iu,n .ItM peemnrn . ~ - · I 2c -to- 4He 4He 3H n Y. 
Cm1oirrH8Sl rHCTorpaMMa - 8Rcnep1iMeHT; cnnOlllH8Sl Kp.0B8Sl - . 
ttaaoEwi o6'LeM; nymtTnp - peay m,TaT pactieTa no cxeMe I 
pe30H8HCHoro 38Xll8T8 Jt( --Me30HOB, WTPHXIlYHRTJIIP - pe-
3Y7IbT8~ paotJe~e no cxe~e II. 
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IlOIW38l!O, tJTO eCill1 CCHOBHOH mrnaJJ; E peamurn.ft -r2c _,_ 4He4iir.3r:n"i> 
v. y-I2c -► 8/..,i 3He n v .naeT K1wcTepm1ii l\,examrnM, To aariaT 

.P - -r-'030H8 [ 4 /,,i.] Ilpl,IM8PHO B 50 paa Eepo.HTHee' tJeM Kil8CTepoM [ 4ire). 
CneKTP TpllTOHOB, no1,y1rnHHIDi B OlllJTC, cpa:smrnaeTC.H C .Il8HHHMll 

n.r. 3Jrno:sa ll .np. (np~np!iHT 0HHM PI5-II2I5 (1978), Jl..ydHa) 11 Teo-· 
peT11tJeCKllMJII pactJeTaMll,. OCHOB8HHHMH Ha-npe.nno11011temrn .o l].OMmrnpyro
meil PO/Ill E036y:amemm KOJll!CKTHBHHX COCTO.Hllllti npH Jo<·--38XB8Te 
(p11c. 13). Corrracue aKcrrepm11eHT8JII,HJ1X .naHHHX 11 TeopeT11tieciv,x 
pactieTOB no,nTBeplK,TiaeT EllP.Ol]. 0 TOM, tJTO OCHOBHHM K8HD7i0M J,( - -
aax:saTa E yrilepo.ne mrn.aeTc.H peamum J,<-12c - 4tte4i1e3iin )l. 

Cpem1 pea1<UI1il 38Xl'8T8 .J,' - -M830HOB .Hl1,p8MJII Ip-06011otJKl1 oco
deHHO 1rnctopMaTJ11EHl1M1II MoryT OK838TT,C.H av.cnepmAeHTaJibHL!B .Il8HHHe 
0 npoueccax Ha nepEOM CT8ClU)lbHOM .H.I!Pe, E l{OTOpOM 38110Jl!!.H8TC.H Ip
odonotJK8 - .H,Ilpe 6Li . n 1:Jac'l'HOCTH, nHTcpeceH Bonpoc o pacmen
nenmi n.npa 6 /.J. Ha .nEa ¢parNeHTa paEHOil i,accH no peam:urn 
J,<..;. 6 J,..i - 3H 3H v . TeopeTntiecK11e pactieT11 aToro rrpouecca 
ClHJIH npoBCl].CHll Ha OCHOBC T8K HD3!1E88MIIX Tpcyro1lbH11X .rrnarpar.:t,l 
ll B paMK8X pe3oHaHCHOro M8X8Hll3M8 38XE8T8 j,< - -MC80H8. Cparne
mrn pactJeTOB IlOK838JIO, tJTO peaym,T8Thl, IIOiIYtJ8HHHe HO OCHOB8 .IlBYX 
paan1111:JH11x Mo.neneii, OTJIBtJBIOTC.H KBR no c:itopocTn nepexo,ua npouecca 
(p 3-4 paaa), TBK n no El'l.IlY cneKTpa BTOfllltJHHX TpllTOHOE. 

Pesym,T8TJ1 EilCPEl18 Il§OBe,neHHoro 8KCil8Pl'lM8HTa)JLHOrO ~l8Yl:JCH111.ll 
peamurn J-4 - 6 J..i. -- 311 H )l E qlOT03Mym,mrn, 3arpylK8HHO.Ll .rr.npa
MJI 6 Li, np1rne,ueH11 B rnaEe IX. 

.Il:Jlfl nonytJeH111.H 8Kcnep1:MeHTaJII,HOro M8Tep11a1la B rrytJKC JU - -M830-
HOB OT CllHXPOIU1KIIOTpOH8 JiadopaTOp1rn .H.IlBPHllX npodJieM 0Vffll1 ClbIJIO o6-
JJytJ8HO 5 ttoT03MYJJI,CHOHHl1X K8M8P, H8nO/lliCHHhlX .fl.I!P8Wl1 G J..i B Ito7IlltJ8-
CTEe 32 Mr/mi, 111 2 ql0HOEH8 K8Mep11 ~13 CTaH.napT!!Oli 3MY uc;iu. B 
peaym,TaTe npOCMOTpa 3TllX KaMep 611~0 aaperuCTPHPOE8!!0 33 240 0.IlHO-

ll llEYXnytieBllX ~ -3E83l].. _ , . , , . . . . . . , 
C UC;JbTO El1,Il8)!8Hl'l.H peaitl.Ul_U j,( - 6 /_.i. -- 3ii 3H -J 4 498 nEyx-

llYtJCBllX ~ -aEea.n (3 042 E KaMepax c 6 M 111 I 456 - E cTan,napT
Ho:ii 3MYJlhCllll) 6m,n npocr.roTpeHH H8 N'111KpOCKOile npn 60111,rioM (I350X) 
yEerilltJCHl1l1, u ,n/l.H ~0611T111i1 6ea EllllV.Moro MPS 0T,nati111 l1 S]!eKTPOHa E 
ueHTpe 3EC3,IlU C'l!1JI111 1113MepeHl1 npoderH ETOp111tJHl1X aap.HlKeH~llX tJ8CTl1U 
.0 yron M8JIU{y HY.Mil. HayepeHHI,18 COClllTll.H 611JlJII npoaHamrni1poEaHhl Ha 
3I3M npll IIOMom11 nporpall™ IffHCMBT}ll:JCCKOrO 8H8Jil138 .H.Il8PHOll peaKU111JII 
B q:oToaMym,cl'ln n no Eer.11ti111He REa.npaTa He.nocTa!!li1eil r.~accu peam~m 
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Puc, I3. CrrnKTP BTOPWlHl:lX TPllTOHOB OT 38XP8Ta .JK - -lVB3OHOP R,D:pa-
!Jll yr11epo11a. '-fopmrn TOtJKll - pe3ylJI,T8T 11CC:ne,UOP8HY..fl 
pea.KQ11H .J,< - 12c · -+- 4ire 4He -3iI;,, Y; KpecTH - pe3y 11i:.TaT 
pactom B.r. 3HHOP8 H ,np. OIDIB PI5-II2I5 (I978); 
Kp11Pa.H - pactieT B paMKax vo_ne1111 npe,npaEHCBecHoro pac
na_n;a. 
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P11c. I4. Pacnpe,nenemrn codHTHil pea.KUU!1.f( -
6 /J. - 3n 3n ) no 

a11epr1rn HeiiTpirno: (a) ·cnnocman rncTorpaMMa - codhlTll.H 
~BBRUllli, 3aper11cTp11pOP8HHhlO E C]IO.HX, HBno1,HeHHhlX .H.IlPBNM 
.Li; nyHRTllP - codhlTH.H H3 ¢onorhlx Kawep; (6) cnekTp-

11eiiTp1rno; (r) a11epreT11qecKoe ·pacnpe,ne11en11e .Hn;ep TP11Tll.H 
oT peaK~irn ft-:- 6 Li - 3H 3H ~ ; (r) pacnpe.neneH11e no 
aHeprllH B036y:m,neHll.H ~pOMBXYTOlJHoro R.D:PB 6He*; (,n) pac-
npeneJJeHv.e yrJJoE Me:m,ny .UPYMH Tp11TOHarm; (e) yrnoPoe 
pacnpe,1lel!eHI'.B TP~lTnii-HeilTpV.HO. Cn11011JH8Jl KPl1P8Jl - pac-
tJeT Ha OCIIODe K118CTepnoro 1VeX8Hl18M8 38XE8T8 JK--Me30H8 

_ .fl.IlPOM G /J., lTITPllXIlYHKTllPH8.fl KPl1B8Jl - pactJeT no pe3oHa!IC-
HOl-i Mo.ne1rn nornomeHl!Jl, IlyHRTllPHB.fl KIJllDB.fl - pac'leT Ha 
OCHOEe TpeyroJ.J,HHX .nnarpaMM • 
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3

H 3tt v. B pesym,TaTe TaKoro auamrna 611JI0 Ell,JJ;eJieHo 

203 co6UTl1.II E KaMepax, sanomreHHllX 
6/.,i , l1 67 C06!lTl1ll - E <pOHOE!lX 

KaMepax. 

Bocnom,soBaEllil1CL 3HepreTl1tJ8CKl1W~ pacnpe.neJI8Hl1HMl'l H8HTPl1HO, 

IlOJiyq8HHllMl1 ,JJ;JIH Bll,JJ;8JI8HlillX C061lTl1ll E sarpyJKSHHOll 11 CTaH,JJ;apTHOll 

3MJJII,Cl1l1, Mil IlPOl13E8lll1 OU8HKY E8JI»tJl1Hll OTHOCl1T8JII,HOll Eepo.lITHOCTl1 

peaKUl1l1 .J,< -
6 Li -+ 3tt 3tt v. IIonytJeHo, tJTo oHa paEHa 

W( y-6L;_ --
3

H 
3
Hv) ==. (9,7±3,I) • ro-2 • Hati.neHHoe aHatJem1e 

OTHOCl1T8Jll,HOil: Eepo.lITHOCTl'l corJiacyeTC.II C pactJeTaMu no pesoHaHCHOH 

MO,JJ;8Jil'l norJI01118HU.II y--M830HOB R,Il;paMJ'l 61iu B H8CKOJII,KQ paa 6om,we 
TeopeTJ'ltJ8CKl1X OU0HOK, BllnomreHH!lX Ha PCHOB8 TpeyrOJII,HllX .n»arpaMM. 

IIonytJeHH!le E OITllTe :mepreT»tJeCKl'le II yrJioE!le pacnpe.neneH».II 

BTOPHtJH!lx tJacTnu OT peaKUl'll1 .J,<- 6ii -+ 3H 3H v npHEe,JJ;eH!l Ha 

PHO. 14. 3KcnepnM8HTaJILH!lH Cil8KTp TPHTOHOE (pHC. I4E) HS corna-

cyeTC.II Hl1 co CIT8KTPOM, pacctJHTaHHllM Ha OCHOB8 TpeyrOJinH!lX .n»a

rpaMM, Hl1 C BlltJl1CJI8Hl1HMH ITO P830H8HCHOll MO,JJ;8Jil1. 

IIpOTl1BOp8tJl18 8KCnepI1M8HTaJILHllX ,JJ;BHHllX pactJeTaM no p830H8HC

HOll MO,JJ;8JIH MOJKST 03H84aTL, tJTO BKJI8,JJ; npHM!lx n~oueccoB, KOTOPllMl'l 

0611tJHo npeHe6peraroT B TaKnx pactJeTax, He·MaJI. 

A!Ianzs np.lIM!lX npoueccoE IlOKa3aJI, 'JTO :rnepreTl1tJ8CKl'l8 II r,Jio

Ell8 pacnpe.neJI8Hl1.II BTOplitJHllX tJaCTl1U OT peaKU»» fa - 61.,_._ 3tt H Y 
(p»c. I4) KatJeCTB8HHO cornacyroTC.II C pactJeTaMJ'l6 BllITOJIH8HHllMl1 B 

npe.unoJioJKemrn, tJTO aaXEaT ,_}(. - -M830HOB R.Il:POM /.i B 3TOll peaKuirn 

ITPOHCXO,Ul1T Ha MaJIOHYKJIOHHOM KJiaCTepe [ 3He J • 
B 38KJIIDtJ8Hl1H npl1BO,U.IITC.II OCHOEH!le pesym,TaTu l1 BllEO,JJ;ll. 

IIpe.ucTaBJI8HH'd8 B .Ul'lCC8PT8Ulil'l pesyJinTBT!l 3Kcnepl1M8HTaJII,HllX l'l 

TeopeTJ'ltJ8CKl1X l1CCJI8,UOEaHl'lH, nonytJ8HHll8 BnepBue B·pa6oTax ITO l'l3ytJe

Hl'l!O HOBOro .IIBJI8HH.II - .UBOHHOll nepesapR,Il;Kl'l Ill'lOHOB Ha R,Il;pax - l'l E 

OIT!lTax no .ueTaJILHOMY l'lCCJie,UoBaH»IO nornomei:uii. ocTaHOBl'lBllil1XC.II Ir -

l1 .}l --M830HOB .II,UpaMJ'l C Bllll8TOM sap.lIJK8HH!lX tJaCTl1U, ITOKaaam1, tJTO 

paCCMOTP8HHll8 npoueccu HEJIJilOTC.II He TOJII,KQ MOlI\HllM cpe,JJ;CTBOM aHaJIH

aa MexaH»SMOB Baa»Mo.ne:ficTEl1.II tJaCTl'lU BllcoKl'lX aHeprl'lil c .<mpaMl'l, Ho 

11 npe,UcTaEJIHIDT X:OpOll!l1ll l'lHCTpJMSHT ,JJ;JIH BC8CTOpOHHero l'l3JtJ8Hl'l.lI 

CTPYKTYPll R,Il;ep. 0CHOBH!le pesym,TaTll npOB8,JJ;8HHllX l1CCJI8.UOB8Hnil: 

MoryT 6!lTL KpaTKO C<pOpMJJil'lpOEaiiu CJIS.ii:YKl!ll'lM o6pa3oM. 

I. Paspa6oTaHa l'l pean»SOEaHa .neTam,Ha.lI nporpaMMa l'lCCJI8,UOEa

Hl'll! npoueccoB ,lJ;BOHHOll nepesap.lIIlKH 3, ..:Me30HOB Ha R,Il;pax, HaM8tJ8Hl,i 

OCHOBH!le HanpaBJI8Hl'l.lI B 113YtJ8Hl'll'l CTPYKTYPll aTOMH!lX H,ll;ep C noMOIIILIO 
aToro HOBoro HEJISHl'l.lI: 
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I) YCT8HOBJI8~ 06m11e 3aKOHOM8pHOCTlil, nplilCYml-18 peaKUJilHM 

.nBoliuon nepesap.lI,nRr. mrnHoE E o6nacTlil aueprttfi .no 400 MaB: none-

petJHoe cetJeHtte aToro npouecca Ha .H.npax B <pOTOSMJJinClill'l l13M8HHeTcH 

OT H8CKOJII,Kl1X Ml1Kpo6apH npl1 trneprm1 40 MaB .no YPOBHH 8.Ul'lHlilU 

Ml1lIJil16apH B o6JiaCTll 300 MaB, B6Jil131il 260 MaB E 3HepreTJ'ltJ8CKOll 

aaB!ilCl1MOCTl1 cetJemm n_a6JIID.uaeTc.lI MaKCl1MYM, cetJeHlile ,JJ;BOHHoli nepe

sapR.nKlil r, --M830HOB EO BC8M lilCCJI0,lJ;OBaHHOM l1HT8pBaJie 3H8Prlilll M8HL

we C8tJ8Hi'l.lI ,JJ;BOllHOll nepeaapH,ll;Klil :T( + -M830HOE; 

2) BIT8pBhl8 npoB8,JJ;8H aHalll13 KOH8tJHllX COCTO.IIHI'ill PC8E03MOJK-

HllX KaHaJIOB rrpouecca ,JJ;EOllHOll rrepesapJUJ;Klil. IIoJiytJeHo, tJTO I:OH8tJ-

Hll8 COCTO.IIHl1.II, B KOTopux EllJI8T8IOT O,JJ;llH l1Jill ,JJ;Ba rrpoTOHa (B npo

ueccax :n-+· - :;, -) l1Jill o.n:;m l1lll1 ,JJ;Ba nei1TpoHa (E npoueccax 

:r,- - .1r+), .IIBJIH8TC.fI Hal160JI80 EepO.IITH!lM. Hall,JJ;8HO, tJTO B 

llCCJI8,JJ;Y8MOM rrpouecce E8PO.IITHOCTL o6paaoEaHJil.lI H,ll;pa E OCHOBHOM 

l'l/llil cna60B036y.xmeHHOM ROH8tJHOM COCTOHHHl'l COCT8BJI.II8T M8HLl!l8 5% 
or nonHoro Bhlxo.na. Orrpe.neJieHo, tJTo cetJemrn npouecca Jr-14N --
-)- :n-+ 8B 6n paBHO (I,3+0,9)•ro-

3° CM
2

• PesyJinTaTU 3Tl'lX 

lilCCJI8,JJ;OB8Hnil: OTKpUBaIOT HOEhl8 B03MOJKHOCT!il .UJIH lil3YtJeml.lI ,JJ;BYXtJaCTWl

HllX-,JJ;Byx.nupotJHllX B036yJK,n;eHJilli B .II,ll;pax C .1 t 3 ::: ;!:2, ll306apHhIX 

8HaJioroBUX COCTO.IIH!illl l13B8CTHllX CTa6!1JinHUX R,Il;ep l1 ,JJ;JIH npOE0,lJ;8HJ1.II 

IJOl1CKOB HOEhIX .II,ll;Op C 60/ILllil1M l136UTKOM npoTOHOB l1 H8llTPOHOE; 

3) IJPOE8,JJ;8H TeopeTHtJ8CKI'ill aHaJIJ'l3 rrpoueccoB ,UEOllHOll nepe

sap.lI,UKl'l IllilOHOB Ha .II,npax B par,max napnoro M8XaHJ'l3M8 l'l llOK838HO, 

IJTO ,U8T8JILH8.II 38Bl'lCl'lMOCTn ( cl6'"/cl.Q)0 oK8K qJJHKUl1.II tJJ'lCJI8 H8llTpOHOB 

rJOClI8,UH8li o60JIOtJKl'l .II,ll;pa Il03BOJI.II8T l'l3YtJ8TL .UBYXHJKJIOHHhl8 KoppeJIH

ril'lH; cetieHl'le rrpoueccoB 1,' .± -► or+ saBl'lCl'lT oT cpe.uHeKBa.upa

THtJHllX PB.UllYCOB pacnpe.neneHl'l.lI IJJIOTHOCTl'l H8liTpOHOE l'l rrpOTOHOB B 

R,Il;pe l1 E M8HLmett CT8ll8Hlil - OT OTHOCl'lT8JII,HOH qiopMU l'lX pacrrpe.ue

JI8Hl'lH; npouecc .UBOHHOli nepeaap.lI,ll;Kl'l npOl'lCXO,lJ;l'lT 683 CIJllHOEhIX ne

pexo.noB B nepe.uHeM HarrpaEneHHl'l l'l c rrepeEopoTOM cmma non: yrrroM 

90°. 

II. Mccrre.uoBaHU M8XaHJ'l3Mll MHOrotJaCTlltJHoro no_rnomeHJ'l.lI lll'lOHOE. 

Orrpe.nerreH!l OTHOCl'lT8JILHll8 B8p0.IITHOCTl1 EC8X E03MOJKHUX KBHaJIOE 

peaKUl'lli C 06paaoBaHJ18M 8 1,,i rrp11 38XEaTe Ir-M830HOB .1I,npaM11 yrne-

po.na, aaoTa H Kl'lCJIOpo.na, BXO,U.IIU\l'lX B COCTaE 3MJJinCJ'll1. OCHOEHhIMl'l 

KaH8JI8Ml'l .IIBJIHIOTCH: 

W-r<i:r+I2c - s J..i. + 2H + P + n) == (2,3,±0,2)• ro-3 
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w2 or+ 

\x/3 <rr + 

W4 <rr + 

I 4 N -· 8 1;_ + 4He + p +h) ::: (2,Ij:0,3)·ro-3 

I4N --- Bli + 3H + p + p +nJ "'(2,2j:0,5)•ro-3 

ISo - 8 1.,i, + 4Ho + p + h) :::(I,3j:0,2)·ro-3, 

AH8/1113 8HepreT!1'JeORl1X 11 yrnoEHX paonpe,nenemiii ETOPll'lHHX 

4aoT11u B paMRax Teop1111 npRMhlX R.nepHHx peaRUMii noRasan, 4TO npn 

nornrn:.teHHJ/1 ti -Me30HOE .ff,[(paM11 I 2c ll ISo c odpa3oBaHl10M BIL OCHOE,

HYJO pom, 11rpaeT nornomeH11e Ha 4eTHpeXHyRnoHHoii accouJ1Jaun11 [ 4 LL], 
·a npu 1r-::iaxBaTe Ha asoTe CYll\eCTEeHH!lli mrna.n: EHOCRT nornomeHnR 

Ha accounau11Rx [ pp] , [ 5 li] , [ 6Be] . 
IIpoEe,neHH noUCKH MiloroHeMTpOHI!HX CUCTeM 3n , 4h , 5h ll 6H 

ll ycTaHOBi10HO, 4TO OTHOCllT0}ll,Hble B0¥0RTHOCTll llX odpa3oEaHllR E 

peaKUllRX 3aXEaTa u-MesoHOB R.npaM11 4N 11 
7L~ He npeEHruaroT 

I,2. I0-3 Ha H,npax llllTllR ll I0-5 - lJ,il/I peaRUllM H8 830Te. 

III. BnepEHe npoBe,neHHoe F.cecTopoHHee nccne,noEaHlle npouecca 

38XE8Ta .ft--M030HOB H,np8Ml1 E qJOT08M,YfilClll1 C 11cnycRaH11eM ETOpll4-
• 

HHX sapRlKeHHUX 4aCTllU OTRPHE88T HOEOe HanpaBneH11e E ll3Y48Hl111 

CTPYRTYPH nerRnx RJJ.ep. 
YcTaHOElleHa odmaR CXeMa B3al1MO)l0MCTB!1R OCTaHOBl1Bllil1XCR .}\<- -_ 

MesoHoB c nerR11MJ1 (C,N, 0) 11 TRlKeJihIMl1 (A~, B~) aneMeHT8Ml1 E 

qJOT08MJ/lbCl111. HaiineHo, 4TO nonHUH EHXO)l 38pRlK0HHHX 4aCT11U.npll 

SaXEaTe MIDOHOE nerRllMll RnP8Mll COCTaBMeT (7,4j:I,4)%, 4TO E Ha

CTOR111ee BpeMR He MOlKeT dHTI, Od'bHCHeHo E od111enp11HRTHX paMRaX Teo

pim pesoHaHCHoro saxEaTa .fl --M830HOB. 

<l>OT08MY/lbCl10HHHM MBTO)lOM BnepEHe 8Rcnep11MBHTBJII,HO llCCJIB)lOEa

Hh! :ece E03MOJKHHe R8Hallh! peaRunii nornomeHllR.Af- - -Me30HOB H,npaMll 

yrnepona, asoTa 11 R11cnopona c odpasoEaHueM 8He, 81..i, 8B. Ilony-

4eHo, 4TO Handonee BepoRTHHM RaH8/10M RB/1R0TCR 38XEBT .}< -,..Me30HOB 

no peaKu1111 _}(. - + I 2c -► ~ J..i. + 3tte + ft + -V. Ben114llHa OTHOCll-

TeJII,Hoii :eepORTHOCTl1 8Toi:i peaRU11ll (I, Ij:0, 2). ro-3 ~ \x/J-c1t-..8J.;JHetz v~ 
~{I,6j:0,2)•ro-3 no RpaHHeii Mepe HB nopH,llOR Billie EepORTHOCTeii Ecex 

,npyr11x B03MOJKHHX K8HanoB JW. --3aXBaTa C odpa30E8Hl18M H,llep 8tte, 
8 .Li. ' 813. 8HepreT114eCRl18 cneRTPhl 11 yrnoEHe RoppB/lRUlll-l ETO~ll4HHX 
4aCTllU xoporuo onl1ChlEaIOTCR npu Mo)lenupoEaHllll npouecca ..}< - I C -+

:-- B l.i 3
He 1-t -V no cxeMe pe30HBHCHOro 3aXBaTa ll TB.K Jl(0

1 
KB.K ll B 

cnyqae ll-3aXBaTa,MoryT dHTI, onucaHH npn pac4eTe nornomeHUR .}l-
M830Ha 4aCTbIO .ff,[(pa yrnepona - R/laCTepoM [ 4J,i]. 

BnepBHe npoBelJ,eHHOe 8RCnepllM0HTa/lbH08 11CC/18,[(0BBHUe Haudonee 
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BepoRTHOM peBKUl!ll saxEaTa fl - -M830Ha E yrnepone .}< - 12c --
-+ 4

He 
4

He 
3

H h, V noRasano, 'lTO C BOPORTHOCTI,IO ( I, I+O, I)· ro-2 

Ha aKT saxEaTa OHa OCYll\OCTEil/IeTCR no cxeMe, npencRa3aHHOM peso

HaHCHHM MeXaHll3MOM 3BXEaTa MIDOHa .rrnpoM yrnepona. 

n qioToaMyn1,cll11, sarpylKeHHoi:i RnpaMH 6 Li , BnepEHe ,neTanbHo 

usy4eHa peaRU11R y - 6 U ~ 3H 3H V. Ilony4eHo, 4T9 Eenu411Ha 

OTHOCllTBllbHOM BepORTHOCTll peaRUJ1ll paEH8 (9,7:!:3,I) 0 IO-~; 8Hepre-

Tll48CRlle ll yrnoBHe pacnpe.n:eneHnR BTOPH4HHX 4aCTllU Ka4eCTEeHHO 

cornacyroTCR C oueHRaMn, EHnO/lHOHHHM!J' B npennonoJK8Hl1ll, 4TO 3aXBaT 

jl.t.--MesoHoB R.nPaMJ1 
6 Li. B aToii peaKUllU nponcxo,nr!T Ha MaJioHyKnoH-

HOM KnacTepe [ 3tte J . . 
113 aHailJ/J3a peaRUllil _saxEaTa MIOOH_OE R,npaM11 _Ip-odOll04Rll C J/JC

nycRaHJ/JeM sapRlKOHHHX 4aCTllU C nenyeT, 4TO E TaRne npoueccbl, HapR

ny C M8XH113MOM pe30HaHCHoro nornomeHllR .}<- --M830HOE, dO}II,liJOM BRJialJ, 

EHOCllT MeXaH113M nornomem1R IV'JOOHOE Ha MallOHYR/lOHHHX RJiaCTepax. 

'J.Y. PaspadoTaHa MeTOJrHRa RllHeMaTn4ecKoro aIIa;rnsa H,llepm,rx 

peaRUllM E qJOTOSM,YfilCllll 11 EHenpeHa CllCTeMa odpadoTRll 8RCnepm.mH

Ta/lbHh!X )J.aHHUX, ajx'peKTllEHO 11cnon1,syiauaR E03MOJKHOCTJ/J COEpeMeJIHUX 

3BM, 4TO noSEOil/IeT Ha HOEOM YPOEHe npo:eonnTb HCCJ1e,noEaH11R pa3llll4-

HUX RBHanoB peaKUl1M B3811MO)l8MCTEJ/JR npoTOHOB, IT- l1fo-M830l!OE C 
H,llpaMJ/1 (l)OT08M,Y}II,CJ/JOHHHM r.leTO)lOM. 
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