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1. BBE,l(EHHE 

232 16 15 22 197 
llpH o6ny'leHHH Th HOHaMH 0 , · N , N e H Au 

HOHaMH 16Q B pa6oTaX /1-3/ ~RJI nerKHX npo~yKTOB npJIMbiX 

peaKI(HB 6blna ycTaHOBneHa 3aBHCHMOCTL BbiXO~a H30TOfiOB 

~aHHOro 3ReMeHTa OT pa3HOCTH Mace Ha'lanLHbiX H KOHelf· 

HbiX ~ep Q gg , 

,lJ;nJI H30TOfiOB onpe~eneHHOrO 3ReMeHTa, o6pa3yiOII(HXCJI 

npH CpbiBe ~BYX H 6onee npOTOHOB C 6oM6ap~HpyiOII(eii ~ac
THI(LI, 3Ta 3aBHCHMOCTL HMeeT BH~ 

In (da/ dO)= const 1 • Qgg + const 2• /1/ 

B paMKax Tpa~HUHOHHLIX MexaHH3MOB npJIMbiX peaKUHii 

3aBHCHMOCTL /1/ o6'LJICHHTL He y~aeTcJI: PJI~ TeopeTH

qecKHX fiO~XO~OB K aHaRH3f laBHCHMOCTH /1/ OllHpaeTCJI 

Ha npe~cTaBneHHe 0 TOM, 'ITO B peaiCI(HJIX MHOrOHYKROHHbiX 

nepe~aq npOJIBRJIIOTCJI OC06eHHOCTH KaK KnaCCH'IeCKHX npJI· 

MbiX peaiCI(HB, TalC H COCTaBHOrO JI~pa. B pa6oTe / 4/ Bnep

Bble 6blna npe~no>KeHa rHfiOTe3a 0 B03MO>KHOCTH 'laCTH'IHO· 

ro CTaTHCTH'IeCKOrO paBHOBeCHJI B llpJIMbiX Jl~epHLIX peaK· 

I(HJIX. 3Ta rHfiOTe3a fi03BORHna fiORY'IHTL 3aBHCHMOCTL /1/ 
H3 TeOpHH. 

fipH aHaRH3e 3aBHCHMOCTH /1/ B paMKaX CTaTHCTH'Iec

KOB TeopHH B pa6oTe/5/ peaKUHH MHoroHyKnOHHLIX nepe~aq 
paccMaTpHBanHcL KaK npoueccLI, npoxo~JIII(He qepe3 cTa

~Hro,auanorH'IHYIO CTa~HH o6pa30BaHHJI COCTaBHOrO JI~pa. 
B pa6oTax/6, 7/ ocuoBaHHeM ~nJI npHMeHeHHJI cTaTHCTH-· 

'leCKOB TeOpHH K 06MeHy HYKROHaMH Me>K~y JI~paMH nocny

>KHna rHfiOTe3a 06 o6pa30BaHHH B npJIMbiX peaiCI(HJIX C TJI• 

>KeRLIMH HOHaMH OTHOCHTeRLHO ~onrO>KHByll(eB ~BOBHOB Jl~ep-
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HOB CHCTeM~. 3Ta rHnOTe3a n03BOnxeT HaH6onee nocne· 

,IJ;OBaTellbHO H HenpOTHBOpeqHBO 06'bXCHHTh 3KcnepHMeHTallb-

H~e cPaKTbJi8/. . 

H3 ,IJ;pyrHX TeopeTHqecKHX nO,IJ;XO,II;OB, HHTepnpeTHpyro· 

~X 3aBHCHMOCTh /1/, cne,IJ;yeT OTMeTHTh pa6oTy/9/, B KO" 

TOpOR HCnOllh30BanaCb ,IJ;BYXUeHTpOBaX noTeHUHallhHax MO· 

,IJ;ellb B KOM6HHaUHH C MeTO,II;OM MOneKynxpH~X BOllHOB~X 

cPYHKUHH. B pa6oTe /l O/ npH aHanHJe 3KcnepHMeHTanLH~x 
pe 3YllhTaToB/l-3/6~nH nonyqeH~ yKa3aHHX Ha CyiUeCTBeHHYffi 

ponL HepaBHOBecH~x npoueccoB. ABTopaM pa6oT~/lO/ y,IJ;a

noch 06'hXCHHTh 3aBHCHMOCTh /1/ 6e3 npHBneqeHHX KOHUen

UHH COCTaBHOrO X,IJ;pa. 

B uenoM :>Ke o6nacTh npHMeHHMOCTH H cPHJHqecKHe 

o6ocHoBaHHx JaBHCHMOCTH /1/ HY:>K,IJ;aroTcx B ,IJ;anLHeumeM 

3KCnepHMeHTallbHOM HJyqeHHH H TeopeTHqecKOM aHallH3e. 

CHCTeMaTHKa ceqeHHH peaKUHH MHOrOHYKllOHHhiX nepe· 

,IJ;aq yKa3~BaeT Ha CHllbHOe BllHXHHe KYllOHOBCKHX 3cPcPeK· 

TOB npH nepe,IJ;aqe HYKllOHOB. 0HH npOXBllXIDTCX B npHMepHO 

napannenLHOM C,IJ;BHre npxM~x ,IJ;nx pa3HbiX 3neMeHTOB, no

CTpoeHH~X B nonynorapHcPMHqeCKOM MaCWTa6e B COOTBeT· 

CTBHH c JaBHCHMOCThiD I 1/. 

B HacTOxiUeH pa6oTe 6~nH HJMepeH~ ceqeHHx o6paJo

BaHHx paJnHqH~X H30TOnOB npH o6nyqeHHH 94zr HOHaMH 
22

Ne. IJ;HpKOHHH OTnHqaeTCX no aTOMHOMY HOMepy Z OT 

TOpHX 6onee qeM B,IJ;BOe. 0THOCHTellbHaX pOllh KYllOHOBCKHX 

3cPcPeKTOB Ha Zr CYIUCCTBCHHO MCHhille, qeM Ha Th. 3TO 

n03BOllXCT qeTqe B~JIBHTh cPaKTOp~, OTllHqHble OT KYllOHOB" 

CKHX, BllHXIDIUHC Ha CHCTeMaTHKy ceqeHHH peaKUHH MHOro· 

HyKnOHH~x nepe,IJ;aq. 

2. MET0,4HKA 3KCIIEPHMEHTA 

On~T~ npoBO,IJ;HllHCh Ha 310-caHTHMeTpOBOM UHKnOTpo

He Tx:>Ken~x HOHOB OHJIH. MumeHL H3 MeTannHqecKoro 
94 Zr /H30TOnHOe CO,IJ;ep:>KaHHe>94o/o/ TOll~HOH 2,3 MZ/CM2 

o6nyqanach HOHaMH 22N e c 3HeprHeu 174 M3B. ,D;nx 

perHCTpaUHH nerKHX npo,IJ;yKTOB X,IJ;epH~X peaKUHH HCnOnh· 

30BanaCb KOM6HHaUHJI MeTO,IJ;OB MarHHTHOrO aHallH3a H 
L'lE E/ll/ 

' 

4 
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fipO,IJ;yKT~ peaKUHH, B~neTeBWHe H3 MHWeHH no,IJ; yr· 

llOM 12° K nyqKy, npOXO,II;HnH qepe3 MarHHTHbiH cneKTpO· 

MeTp H perHCTpHpOBanHCh B B~XO,IJ;HOM cPOKyCe TeneCKOnOM 

H3 KpeMHHCB~X noBepXHOCTHO- 6apbepH~X ,IJ;CTCKTOpOB. ,l);e

TCKTOp i'lE HMen TO~HY 60 MKM H ,IJ;HaMeTp qyBCTBHTellh

HOB o6nacTH 16 MM. ,l];ByMepH~e L'lE, E 0 - L'lE cneKTpbl pe

rHCTpHpOBanHCh aMnllHTY,IJ;HbiM aHanH3aTOpOM B pe:>KHMC 

64x64 KaHana. 

3HepreTuqecKHe cneKTpbl npo,IJ;yKTOB peaKUHH nonyqeHbl 

nyTeM H3MepeHHJl BbiXO,II;OB npH paJnHqH~X MarHHTHbiX 

nonxx B cneKTpoMeTpe. Bwxo,IJ;bl npo,IJ;yKTOB B paJnHqablx 

JapJI,IJ;OB~X COCTOJIHHJIX CYMMHpOBanHCh. HopMHPOBKa Bbl" 

XO,II;OB npOBO,IJ;HnaCh no HOHHOMY TOKY, H3MCPJI.BWCMYCJI 

UHnHH,II;pOM «<>apa,IJ;eJI, H nOTOKY ynpyro pacceXHHbiX HOHOB, 

3aperHCTpHpOBaHHbiX MOHHTOpH~M ,IJ;eTeKTOpOM. 

3. PE3YJihTATM3KCIIEPHMEHTA 
H OECY)J(j{EHHE 

3HepreTHqecKHe cneKTpbl 24 H30TonoB Be, B, C, N, 

0, nonyqeHHble npH o6JiylfeHHB 94 Zr HOHaMH 22Ne,npe,IJ;CTaB· 

neHbl Ha puc. 1. 0THOCBTellhHaJI TOqHOCTh onpe,IJ;eJieHHJI 

ceqeHHH COCTaBnJieT 10·30~ B 3aBHCHMOCTH OT senuqHHbl 

s~xo,IJ;a. CneKTpbl 12Be, 15
B, 

18 C, 21
• 

22 0 He npHBe,IJ;eHbl, 

nOCKOllhKY HX HH3KHH OTHOCBTellhHhiH BhiXO,II; n03BOllHll 

OUeHHTL llHWL BenHqHHhl ceqeHHH o6pa30BaHHX. 

CneKTphl Ha puc. 1 no «PopMe cxo,IJ;Hhl c aHanoruqHhJMH 

cneKTpaMH, Ha6nro,IJ;aBmHMHCJI npH o6nyqeHHH 
232 Th I 3/ • 

lliHpHHa Ha nonOBHHe BldCOThl COCTaBnJieT 30·50 M3B. 
C pocTOM Maccosoro qHcna A H30Tona MaKCHMYMhl cneKT

poB CMeJ.UaiDTCX B CTOpOHY BbiCOKHX 3HeprHH. 0CHOBHide 

qaCTH cneKTpOB pacnonO:>KeH~ CyiUeCTBCHHO BbiWe Kyno

HOBCKHX 6apbepOB, OTMeqeHHhiX CTpenKaMH. To~Ha CTpe· 

llOK COOTBCTCTByeT ,IJ;Hana30HY H3MCHCHHX KYllOHOBCKHX 

6aphepoB ,IJ;nx pa3HhiX H30TonoB ,IJ;aHHoro 3neMeHTa. Kyno

HOBCKHe 6aphep~ BhlqHcnxnHCh ,IJ;nx conpHKacaro~xcx c«Pe

pHqecKHX x,IJ;ep. BenuqHHa napaMeTpa pa,IJ;Hyca npaHJITa r 0 = 
= 1,46 tl> H B 3TOM, H BO Bcex nocne,IJ;yro~x pacqeTax. 
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Puc. 1. 3Hepze•u~ecKue cnenrp&l u3o111ono8 Be, B~ C , 
N, 0, noAy~eHH&Ie npu o6Ay~eHuu 94 Zr uoHa.Mu 2 Ne c 
3Hepzuerl 174 M3B. Bee ce~eHUJI y.MHoJKeHbl Ha K03t/H/Ju
liU€HIIIbl, yKa3aHH&Ie e npaeorl ~acmu pucyHKa. CmpeAKa.Mu 
o6o3HO~€Hbl 3Hepzuu, COOIJ6€111C1116Y10UIU€ BbiXOOHbiM KYAO
H08CKUM 6ap&epa.M, 3awJJpuxo8aHHbiMU noAocaMu - cyM.Mbl 
KYAOHOBCKOZO U li€Hmpo6eJKHOZO 6ap&ep08. 

llyTeM HHTerpHpoBaHH.B no 3HeprHH cneKTPOB d 2u I dE· dO 
6blnH nony'leHbl senH'IHHbl cb/dO, npHBe.D.eHHble B ma6A. 1. 
Ha puc. 2 3TH senH'IHHbl npe.D.CTasneHbl B 3aBHCHMOCTH 

OT Ogg' 
llonmtceHHe np.a:MblX ,D.n.a: H3oTonoB Be , B, C, N onpe-

,D.eneHo no MeTO.D.Y HaHMeHbWHX KBa,D.paTOB. JIHHH.B ,D.ll.B H30-
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Ta6nuua I 
0 

llu~~epeauuanhHwe ceqeHHH o6paaoaaHHH daoTorroa(l2 n.c.) 
rrpu o6nyqeauu 94 Zr uoaaMH 22Ne( 174 MaB) 

I130TOII d%n_, M6H/cp 1130TOII do/{l.a, M6a/cp 

9Be 8,2 17c 0,05 
10Be 5,5 18c o,o1 
II Be 0,24 14 N II 18 
I2Be 0,04 15N 64,5 
lOB 4,0 16 N 13,5 
liB 18,5 17 N 7,3 
12B 3,5 !8 N I,4 
1Ja 0,93 160 51 
14a 0,05 110 46,7 
I5B 0,007 180 81 
I2c 30 190 44 
De 34 20o I7 ,5 
14c 30 210 1,1 
15c 3,5 220 0,14 
I6c 1,2 

--------

TOIIOB KHCJIOPOAa IIpOBeAeHa IlpOCTO AJIB CBeAeHHB TO'IeK 

B OAHY CHCTeMy. H3 puc. 2 BHAHO, qTo BbiXOA H30TOIIOB 

Be , B , C, N AOCTaTO'IHO xopowo cornacyeTCB c Jaaaca

MOCTLIO 111. Ha H30TOIIaX KHCJIOpOAa 3Ta JaBHCHMOCTb 
uapywaeTcs. 

,D;ns cpaaueuas ua puc. 3 rrpaaeAeHbl AaHHble no Jaaa

CHMOCTH Ce'leHHH MHOrOHYKJIOHHbiX rrepeAa'l OT Qg , ITOJiy

'leHHble ITOA yr noM 12° rrpa o6nyqeuaa 23 2111 aouaM a g 22 N e I 121 

BHAHO, 'ITO paccTosuae Me)J(AY npBMbiMH AJIB HJOTorroa 

N , C , B , Be B cnyqae 9·1zr JHa'IHTeJILHO MeHLWe, 'leM 

a cnyqae 232 Th. OqepeAHOCTL pacnoJIO)J(eHHB rrpBMbiX AJIB 

8 

N, C a B, Be B cnyqae 94 zr o6paTHa To:B:, 'ITO ua6moAaeT

cs AJIB 232 11 •. Haxnou )J(e npBMbiX AOBOJILHO 6JIH30K. ITapa

MeTpbl 3TOrO HaKJIOHa, T. e. BeJIH'IHHbl const1 83 COOTHOWeHHB 

111, rrpaBeAeHbl B 111a6A. 2. 

Ta6naua 2 

Ko JcW!auaeHTbl rrporropuaouaJILHOCTH Me )KAY In [da I dO M6u/c~i'] 
a Q gg I M3BI AJIB HJOTorroa 3JieMeHTOB, o6pa3)'10IUHX·cs 

rrpa o6Jiy'leHHH 
232 Th H 

94 Zr aouaMH 22 Ne 1174 M3BI 

3JieMeHT 

CacTeMa Be B 

232 Th + 22Ne 0,46 0,55 

94 z 22 N r + e 0,39 0,38 

3.1. Bo3MOJICHa.R c1fla1fluc1flu'lecKa.R 
UH1flepnpe1flaijUJI 

c 

0,41 

0,31 

N 

0,51 

0,29 

Mo)J(HO rrpeAITOJIO)KHTL, 'ITO peaxuaa MHorouyKJIOHHLIX 

rrepeAa'l rrpoxoABT qepe3 cTaAHIO o6pa3oaauas cneualbaqec

xo:B: ABo:B:uo:B: BAepuo:B: cacTeMbl lfr-BI. B Taxo:B: cacTeMe 

CKOpOCTb OTHOCHTeJILHOrO ABH)J(eHHB BAep MaJia, H ITOBepx

HOCTH HX B 3Ha'IHTeJibHOH CTeiieHH rrepeKpbiBaiOTCB. HeCMOT

pB Ha HHTeHCHBHOe B3aHMOAeHCTBHe, BApa B OCHOBHOM co

xpaHBIOT CBOIO HHAHBHAyaJILHOCTb Ja C'leT IlpO'IHO CBB3aH

HbiX uyxnouoa aHyTpeuuax o6ono'leK. HJ- Ja JHa'IHTeJILHoro 

HCXOAHOro yrJIOBOrO op6aTaJibHOrO MOMeHTa ABOHHaB BAep

HaB cacTeMa AO pacrraAa rroaopaqaaaeTCB xax uenoe ua 

yroJI, COCTaBJIBIOIUHH JaMeTHYIO 'laCTb OT o6opoTa. BpeMB 
-21 

cyiUeCTBOBaHHB cacTeMbl I -10 cl AOCTaTO'IHO AJIB ycTa-

uoaneuas 'laCTH'IHOrO CTaTHCTH'IeCKOrO paBHOBeCHB B OT

HOWeHHH 06MeHa 3HeprHeH H HYKJIOHaMH. 3TO IT03BOJIBeT 
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np8MeH8Tb K aHall83Y pacna~a ~BOBHOB H~epHOB C8CTeM~ 

CTaT8CT84eCKHB no~XO~, nonarag, "'TO BepOHTHOCTb o6pa-

30BaH8g npo~yKTOB peaKD;8B 6y~eT onpe~ellHTbCg nllOT

HOCTbiO COCTOgH8B KOHe"'H~X g~ep. ECll8 ~llH nllOTHOCT8 

ypOBHeB 8CnOllb30BaTb B~pa>KeH8e C nOCTOgHHOB TeMnepa

TypoB, TO ~llg ~8cWlepeHD;8allbH~X ceqeH8B da/ dfl MO>KHO 

nony48Tb I r>-!l/ cne~yroiD;ee awpa>KeH8e: 

da/dfl=const•expl ~[Qgg+L'iEc+L'iErot -on -op]l. /2/ 

AI<:,. 8 /\E rot - pa380CT8 COOTBeTCTBeHHO KYllOHOBCK8X 8 

BpaiD;aTellbH~X 3Hepr8B BO BXO~HOM 8 B~XO~HOM KaHanax, 

!) 8 il - nonpaBK8, y48TLIBaiOID;8e cnap8BaH8e HeBTpOHOB 
II p 

8 npOTOHOB. 

B CJiyqae ~·12 Th /eM. puc. 3/ OCHOBHOB 3cWleKT B C8CTe

MaT8Ke ceqeH8B Hapg~y C Q g!l;' no-B8~8MOMy, ~aeT "'JieH 

i\IO:c·. OH np8B0~8T K c~B8ry npgMwx ~ng pa3HLIX 3lleMeHTOB. 

0THOC8TeJIL8oe c6n8>KeHae np.aMwx ~ng N , C a R , Bt , 
B8~8MO, CBg3aHO C 3cWleKTaMB Cnap8BaH8g npOTOHOB. 

B cnyqae 
94 Zr /eM. puc. 2/ AF~ c cyiD;eCTBeHHO MeHLwe, 

qe M ~Jig 23 2 'Ib • 3TO npBB0~8T K c6nH>KeHBIO npgMbiX 

~g pa3H~X 3lleMeHTOB. B8~8MO, op np8 o6pa3oBaHB8 c 8 

Re npea~waeT L'!Ec np8 nepexo~e OT N K C 8 OT E3 K He. 
3TO 8 npBBO.IUIT IC R3MeBeHBIO DOClle~oBaTellLHOCTB npgM~X 

~g 3THx 3JieMeHTOB aa puc. 2 no cpaaaeaaro c puc. 3. 

3.2. Y'le• cnapueaHUJI 

HyKllOHbl B BCCJie~yeMLIX HaMB peaKu;8gX B OCHOBHOM 

nepe~aJOTcg aa CBllbHO B036y>K~eHHLie ypoaHa/1 3 /. B o6ID;eM 

cnyqae OHB, no- BB~BMOMy, OKa3LIBaJOTCg HecnapeHH~MH. 

CooTBeTCTBeHHo, npa yqeTe TOJILKO Q gg ou;eHKa Tennoaoi 

3HeprBB B036y>K~eH&g Ha KOHe"'HOB CTa~HH B3aHMO~eB

CTBBg OKa3~BaeTcg 3aB~WeHHOB Ha BeJIH48HY 3Hepraa, 

a~~engJOID;eicg npa o6':be~aHeHaa HYKllOHOB a nap~. TaKHM 

o6pa30M, OTHOCBTeJILHLie napH~e nonpaBKB On B o MoryT 

6 
~ p 

LITb npBHgT~ paBHLIMB CYMMe 3HeprBB cnapBBaH8g 06-

ID;ero qacna nap HYKllOHOB, nepe~aHHLIX B g~pa- aKu;enTopw. 

MexaHB3M g~epH~X peaKD;ai npa 3TOM npe~nonaraeTcg 

~BYXTellbH~M. 
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Y4tn cnapaaaHag B HaweM cnyqae, Kor~a oKa3~BaJOTcg 
pa30pBaHH~M8 MHOrO nap HYKllOHOB, HBJigeTCH CllO>KHOB 

3a~aqei. B KaqecTae nepaoro np86nH>KeH8H M~ 6pan8 

aeJI848H~ 3Hepr8i cnap8BaH8H 83/I4/, n86o >Ke 8cnoJIL3o

BaJI8 ~ng 8X B~48CJieH8H 3Ha4eH8g Mace 83 /I 5, I6 /, Ilp8 

nepe~aqe ml nap npoTOHOB 8 m2 nap HeBTpOHOB 6~no 
npaHgTO: 

mi-I 

o P = k ~ 
0 
o P (Z = Z 0 - 2k, N = N 0) 

m2-I 
o = I o (Z = Z 0 , N = N0 - 2k), 

n k=O n 

/3/ 

Z0 8 N0 - aTOMH~B HOMep 8 48CJIO HeBTpOHOB KOHe"'HOro 

g~pa-aKu;enTopa. Ilp8 Bbi48CJieH8B 8 B cnyqae He"'eTHoro 

Zo 8 0 n B cnyqae He"'eTHoro No PCOOTBeTCTBeHHO Zo 8 

No yMeHLwan8Cb Ha e~8H8u;y. 
Pe3ynLTaTLI TaKoro BBe,IJ;eH8g nonpaaoK Ha cnap8aa

Hae a cnyqae 94 Zr npe~cTaaneH~ Ha puc. 4. 3~ecL ~Jig 
o6ID;HOCT8 Hapg~y co cnapaaaH8eM aae~eHa nonpaaKa 8 Ha 

OCTaTO"'HOe HeBTpoH-npOTOHHOe B3a8MO~eBCTB8e B cnyqae 

o6pa30BaHHg He"'eTHO- He"'eTH~X 830TOnOB/I 4/, 

Bena"'&Ha 3Toi nonpaBKB MeHee 1 M3B 8 cyiD;ecTBeHHo

ro BJI8gH8g Ha C8CTeMaT8KY Ce4eH8B He OKa3LIBaeT. 

Ilocne~oaa TeJILHOCTb npgMLIX ~Jig N , C , 8 , Be Ha 

puc. 4 CTaJia TaKOB, KaKOU ,llOll>KHa 6L1Tb np8 onpe~eJigJOID;eM 

Bll8gHH8 AE c Ha c~B8r ax OTHOCHTenLHO ~pyr ~pyra. B o6-

ID;YIO CHCTeMaT8KY ceqeH8B CTall8 YI<llMLIBaTbCg H B30TO

n~ K8CJiopo~a. HaKnoH npgMwx cTaJI npaKT84eCK8 o~8HaKo

B~M. EcJIB C48TaTb, "'TO 3TOT HaKJIOH B COOTBeTCTB8B C /2/ 
onpe~engeTcg g~epnoi TeMnepaTypoi, TO nonyqaeM ~ng Hee 

3Ha4eHae T = 2,3 M3B. 0TMeT8M, "'TO ~ng on8cau8g 3Kcne

p8MeHTaJILH~x $yHKD;8B B036y>K~eH8g peaKD;8B DOllHOrO Cll8g

H8g C HCDapeH8eM H,eCKOJibK8X HeB;;~~HOB B CJiyqae Tg>KeJI~X 
80HOB 8CDOJib3YJOT T = 1-2 M3B I • Ilony"'eHHOe ~Jig peaK

Il8B MHOrOHYKJIOHH~X nepe~aq HeCKOJibKO 60llblUee 3Ha4eH8e 

T npe~cTaangeTcg pa3yMH~M, nocKonLKY np8 qacTB"'HOM 

CTaT8CT84eCKOM paBHOBeC88 3Hepr8g B036y~eHBg He yc

neBaeT pacnpe~ell8Tbcg DO BCeM B03MO>KH~M CTeDeHgM 

cao6o~LI. 
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Puc. 4. ,4u¢¢epeHijUaAbHble cetteHU.R o6pa3otJaHU.R U3omo
noe Be, B, C, N, 0. e 3aeu~~·~·WC~~ om Q gg c nonpaeKaMu 
Ha cnapueaHue OA.R cucmeM bl Zr + N e. 

PaccTO.IIHHe MelK.IJ;Y np.IIMbiMH .IJ;JI.II 3JieMeHTOB c o.nuuaKo

BOH qeTHOCTbiO cy~ecTBeuuo yBeJIHqHnocb. 3To .IIBJI.IIeTc.ll 

BalKHLIM o6cTO.IITeJibCTBOM. EcnH cqHTaTb paccTo.IIHHe MelK

.ny np.IIMbiMH o6ycJIOBJieHHbiM TOJibKO BeJIHqHHOH /'lEe , TO 

Tenepb OHO COOTBeTCTByeT 34KiJeKTHBHOMY 3HaqeHHIO r 0 -

-1,6 €P. C.nBHr np.IIMbiX ua puc. 2 B 3TOM lKe npe.nnonolKe

HHH COOTBeTCTBOBaJI r 0 - 3-4 t/>, qTo npe,IJ;CTaBJI.IIeTC.II CJIHW

KOM 60JibWOH BeJIHqHHOH. 

KaK BH.IJ;HO H3 puc. 4, qeTHO- HeqeTHble OTHOCHTeJibHO 

Z 34>4JeKTbl B CHCTeMa THKe ceqeHHH OCTaJIHCb H nocne 

BBe.IJ;eHH.II nonpaBoK ua cnapHBaHHe. C.IJ;BHr np.IIMbiX .IJ;JI.II 

N , C H B, Be cy~ecTBeuuo MeHLwe, qeM .IJ;JI.II C , B. 
H.MeHHO TaKa.ll HepaBHOMepHOCTb pacnOJIOlKeHH.II np.IIMbiX 

ua6JIJO.IJ;aeTC.II BO BCeX nonyqeHHbiX HaMH CHCTeMaTHKaX 

ceqeHHH He3aBHCHMO OT qeTHOCTH no Z MHWeHH 1 232 1b, 

12 
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Au, 9

·
4 Zr I H 6oM6ap.nHpyJO~eB: qacTHUbii 22 Ne, 16 0, 

15 N I. Ilo- BH.IJ;HMOMY, 3TOT 34Kl!eKT B ocHOBHOM CB.II3aH 

C H3MeHeHHeM 3HeprHH CB.II3H qeTHbiX H ueqeTHbiX npOTOHOB 

B JierKHX .II.IJ;pax, npHBO.IJ;.II~M K qeTHO-ueqeTHbiM 34KiJeKTaM 

B Ogg. HeKoTopbiB: BKna.n B uepaBuo:w:epuocTb pacnonolKeHH.II 

np.IIMbiX ua puc. 4 MoryT .naTb H qe'J'uo-ueqeTHble 34KlJeKTbl 

B KynouoBCKHX 3HeprH.IIX /18/. 

3.3. Yttem epaiJieHu.R 

BXO.IJ;Hble op6HTaJibHble yrJIOBble MOMeHTbl, COOTBeT

CTB)'lOI.QHe peaKUH.IIM MHOrOHYKJIOHHbiX nepe.naq, .IJ;OBOJibHO 

BeJIHKH. B cnyqae cHcTeMbl 
94Zr+ 22 Ne 1174 M3BI 

yrJIOBOH MOMeHT, COOTBeTCTBYIO~HH KaCaTeJibHOMY CTOJIK

HOBeHHIO, e ~" 911i. KpHTHqecKHH yrJIOBOH MOMeHT e r ' 
s c 

HHlKe KOTOporo OCHOBHbiM npoueCCOM B3aHMO.IJ;eHCTBH.II .II,IJ;ep 

.IIBJI.IIeTC.II HX CJIH.IIHHe, B COOTBeTCTBHH C pacqeTOM no/19~ 
paBeH 60fi. PeaKUH.IIM MHOrOHYKJIOHHbiX nepe.naq COOTBeT

CTByeT 06JiaCTb yrJIOBbiX MOMeHTOB r.ne-TO B npOMelKyTKe 

MelK.IJ;Y 3THMH KpaHHHMH 3HaqeHH.IIMH. )l,JI.II OUeHKH BJIH.IIHH.II 

qJieHa ~E rot B BblpalKeHHH 121 Ha CHCTeMaTHKY ceqeHHH 

peaKUHH MHOrOHYKJIOHHbiX nepe~aq npHMeM BXO.IJ;HOH op6H

TaJibHbiH MOMeHT paBHbiM cpe,IJ;HeMy MelK.IJ;Y f 5 H f cr , 

a HMeuuo E0 = 77fi. 
B COOTBeTCTBHH C / 6 -B/, B .IJ;BOHHOH .II.IJ;epHOH CHCTeMe 

CKOpOCTb OTHOCHTeJibHOrO .IJ;BHlKeHH.II .II.IJ;ep 3aTyxaeT ylKe 

Ha HaqaJibHbiX CTa.IJ;H.IIX B3aHMO.IJ;eHCTBH.II B pe3yJibTaTe 

.IJ;HCCHnaUHH HCXO.IJ;HOH KHHeTHqecKOH 3HeprHH CTOJIKHOBeHH.II 

no BHyTpeHHHM CTeneH.IIM CB060.IJ;bl. B HaWeM CJiyqae 

3HeprH.II B036YlK,IJ;eHH.II CHCTeMbl .II.IJ;ep COCTaBJI.IIeT ,IJ;eC.IITKH 

M3B, a yrnoBble MOMeHTbl .nocTHraJOT .nec.IITKOB e.IJ;HHHU 

-f1 • B 3THX YCJIOBH.IIX MOMeHT HHepUHH CHCTeMbl .II.IJ;ep 

MOlKHO cqHTaTb TBep.IJ;OTeJibHbiMICM., HanpHMep, o63op/ 20 ,J'. 
PeaJibHYIO 4JopMy .IJ;BOHHOH .II,IJ;epHOH CHCTeMbl 6y.IJ;eM annpoK

CHMHpOBaTb .IJ;BYM.II llteCTKO COe.IJ;HHeHHbiMH KaCaiO~MHC.II 

.npyr .npyra c4JepaMH c pa.nHycaMH R1 2 = r 0 • Aj/~ . BenH

qHuy !lJ<i.ot 6y.IJ;eM cqHTaTb o6yCJIOBJieHHOH JIHWb iuMeHeHHeM 

MOMeHTa HHepUHH .IJ;BOHHOH .II.IJ;epHOH CHCTeMbl 3a cqeT 

nepexo.na HYKJIOHOB OT .II,IJ;pa K .II.IJ;py npH nOCTO.IIHHOM yrno

BOM MOMeuTe, paBHOM E0 • 
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Puc. 5. ,l(ufPfPepeHfiUUAbHble ce'leHu.R o6pa3oeaHu.R U3omonoe 
Be, B , C , N , 0 e 3aeucu.Mocmu 0111 Q g c nonpa eKaMu 
Ha U3M€H€HUe 3Hepzuu 8paii#€HUJI 080UHOU .R~epHOU CUCIIJ€Mbl 
npu o6Ay'I€HUU 94 Zr UOHUMU 22 Ne, 

Pe3ynLTaTbl y'leTa qneHa AErot B CHCTeMaTHKe ce'leHHB 

peaK~HB MHOrOHyKnOHHblX nepe~aq B COOTBeTCTBHH C 3aBH

CHMOCTLIO /2/ npe~CTaBneHbl Ha puc. 5. Ka'leCTBeHHO 

34J4JeKTbl Bpa~eHHJI B CHCTeMaTHKe Ce'leHHB DOXO)I(H Ha 

34!4leKTbl y'leTa cnapHBaHHJI /eM. puc. 4/. 
llpose~eHHblB pac'leT, KoHe'IHO, o'leHL rpy6. OH He 

Y'IHTblBaeT, HanpHMep, ~e4JopMa~HH ~BOHHOB Jl)].epHOB CHCTe

Mbl. Ho TeM He MeHee 3TH O~eHKH yKa3blBaiOT Ha B03MO)I(

HOCTL Cy~eCTBeHHOrO BnHJIHHJI 34l4JeKTOB Bpa~eHHJI Ha CH

CTeMaTHKY Ce'leHHH pea~HB MHOrOHyKnOHHblX nepe~a'l. 

Y'leT spa~eHHJI Ba)l(eH H npH aHanH3e 3HepreTH'IeCKHX 

cneKTpos. Ha puc. 1 3awTpHxosaHHblMH nonocaMH yKa3au 

~aana30H H3MeHeHHJI cyMMbl BblXO~HblX xynoHoBcxoro E c H 

~eHTpo6e)I(HOrO E e 6apLepoB ~nJI 3aperHCTPHPOBaHHblX 

14 1 

a3oTonos. Ilpa Bbl'IHcneHHH Ee Bblxo~oB: op6aTanLHblH 

MOMeHT e B COOTBeTCTBHH cl 21 I onpe)].enJinCJI no c OOTHO

weHHJO 

fl(RI+ R2)2 
/4/ e = e 0 2 2 . 2 

1dR1 +R 2) +0,4·M 1 ·R 1 +0,4-M 2 • R 2 

r~e 11 - npase~eHHaJI Macca KoHe'IHblX JI.IJ.ep c MaccaMH 

M1 H M 2• MoMeHT HHep~HH, xax o6bl'IHO, 6bln npHHJIT paBHblM 

f1·(Rl+~)2. 
)J,nJI H30Tonos Be H H MaKCHMYMbl 3HepreTH'IeCKHX 

cnexTpos cooTBeTCTBYJOT cyMMe E c + F~e• 'ITo H cne.IJ.yeT 

O)I(H~aTL, HCXO~JI H3 KOH~en~HH o6pa30BaHHJI 3THX H30TODOB 

'lepe 3 CTa)].HIO ~BOBHOB Jl~epHOB CHCTeMLI. 

)J,nJI H30Tonos C, N, 0 Ha6nJO~aeTCJI B03pacTaJO~ee 

c pocToM A npeBLiweuae MaKCHMYMOB 3HepreTH'IeCKHX 

cneKTpos na.IJ. Ec+ Ee.OTMeTHM, 'ITO s HaweM cnyqae yse

nH'IeHHe A H3oTonoB o3uaqaeT yMeHLWeHHe 'IHcna Hyxno

HOB, nepe)].aHHblX H3 HCXO)].HOrO JI~pa 22 Ne B JI)].pO-MHWeHL. 

3TH IIJaKTbl MO)I(HO paCCMaTpHBaTL KaK yKa3aHHe Ha TO, 

'ITO B30TODbl C, N , 0 o6pa3yiOTCJI B npo~eccax, DpB KOTO

pbiX CKOpOCTL OTHOCHTenLHOrO ~BH)I(eHBJI Jl)].ep CoxpaHJieT 

3aMeTHyJO BenB'IBHy, COOTBeTCTBYJO~YIO 3HeprBH 

1-2 M3B/HYKAOH. B~BMO, H3- 3a 3Toro o6cTOJITenLcTBa 

~JI B30TonoB xacnopo.IJ.a, o6pa3yJO~XCJI B npo~eccax B3aa

Mo~eiicTBHJI, HaB6onee 6nH3KHX K KBa3BynpyrHM, 3aBHCH

MOCTL /1/ Ha'IHHaeT HapyWaTLCJI. )J,nJI H30TODOB N, C , 
o6pa3yJO~HXCJI B HecxonLKO 6onee HeynpyrHx npo~eccax, 

Ce'leHHJI o6pa30BaHHJI cne~yiOT 3aBHCHMOCTB /1/. 3TO MO)I(eT 

yKa3blBaTL Ha OTHOCHTenLHO KOpOTKOe /< 10-21
c/ speMJI 

ycTaHOBneHHJI 'laCTH'IHpro CTaTHCTH'IeCKOrO paBHOBeCHJI 

B peaK~HJIX MHOrOHyKnOHHblX nepe~aq C T Jl)l(enblMH HOHaMH. 

TaKOe 3aKnJO'IeHHe Haxo~BTCJI B COOTBeTCTBHH C TeopeTH

'IeCKHMH O~eHKaMH BpeMeHH ycTaHOBneHHJI CTaTHCTH'IeC

KOrO pasHosecHJI B pa6oTe I 22/ )J,nJI JI~ep c A -100 H Hawero 

~Hana3oua 3Hepra8 B036y)l(~eHHJI -10-50 M3B 3TH o~eHKH 

~aJOT speMJI /4-2/.10- 22
c. 
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4. BMBO,lfbl 

1. 3aBHCHMOCTb Ce'leHHH peaK:UHH MHOrOHYKHOHHbiX ne

pe,D;a'l OT Q gg npo.IIBHJleTCJI He TOHbKO ,IJ;HJI TJI)I(eHbiX MHWe

HeH /TOpHH, 30HOTO/, HO H ,IJ;HJI CyiUeCTBeHHO 6onee nerKHX 

/UHPKOHHH/. 

2. Y'leT cnapHBaHH.Il B paMKax rHnoTe3hl o qacTH'IHOM 

CTaTHCTH'IeCKOM paBHOBeCHH D03BOHJleT 6onee qeTKO CHCTe

MaTH3HpOBaTb 3KCnepHMeHTanbHble ,D;aHHble DO Ce'leHHJIM 

peaKUHH MHOrOHYKHOHHbiX nepe,D;a'l. 

3. Ha C,D;BHr nHHHH ,D;n.ll pa3HhiX 3neMeHTOB, nocTpoeH

HbiX B COOTBeTCTBHH C 3aBHCHMOCTbiO /1/, CYIUeCTBeHHO 

BHHJIIOT He TOHbKO KYHOHOBCKHe 3«lxbeKTbl, HO H cnapHBaHHe 

HYKHOHOB, a TaK*e H3MeHeHHe 3HeprHH Bpat:ueHHJI ,D;BOHHOii 

Jl,D;epHOH CHCTeMbl. 

B 3aKnro'leHHe aBTOpbl BhlpWKaiOT rny6oKyronpH3HaTenL

HOCTL aKa,D;eMHKY r .H.CI»nepOBY 3a :QeHHble 06Cy)I(,D;eHHJI H 

KonneKTHBY :UHKnoTpoHa Y-300 3a o6ecne'leHHe HHTeH

CHBHbiX ny'IKOB 2 2 N e. 
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