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Ot:tHHM us · aauoonee aepoSITHbiX xaaanoa Mepaoii peaxtiuu, Ht:tymeii npu . .. 
B38HMOt:teiiCTBHH TSI:lKellbiX HOHOB C MPSMH MHWeHH npH aHepl"HSIX BbiWe Ky-

liOHOBCKOI"O oapbepa, SIBliSieTCSI Oopa30B8HHe COCTSBHOit CHCTeMblo llonyqaro

meeCSI npn aToM cocTaaaoe ~po HMeeT 6onbwoe saaqeaue aaeprHH aosoy:lK

t:teHHSI H Yl"liOBOI"O MOMeHTa H pacnat:taeTCSI nyTeM HCnapeHHSI HeiiTpOHOB1 sa-
. . 2 

pSI:lKeHHbiX 'lSCTHU H l"SMMS-KBSHTOB, nnSI TSI:lKellbiX COCTSBHbiX Slt:tep (Z /A >30) 

c 6onl.wott aepoSITHOCTbiO npoucxot:tHT HX t:teneaue. HeliTpOHbi H sapSI:lKeHHbie 

'lSCTHUbl HCnapSIIOTCSI C p831IH'lHOii BepOSITHOCTbiO B 38BHCHMOCTH OT BeliH'lH-

Hbl 8Hepl"HH B030Y:lKt:teHHSI1 YI"liOBOI"O MOMeHTa H MSCCOBOI"O 'lHClla COCTSBHO- ·~ 

rc; Slilpa /1 I. 3aaHCHMOCTb aenH'lHHbi ce'leHHSI o6pasoaaHHSI cocTaaaoro Mpa 

OT aaepl"HH XOpOWO ODHCbiBaeTCSI MOt:tellbi0 1 B KOTOpOii DOTeHUHSll B36HMOt:telicT-

BHSI oepeTCSI B BHt:te npSIMOYI"OllbHOtl SIMbl /2/ • 0t:tHSKO npH aaepl"HH B036y:lK

t:teHHSI cocTaBHhiX Mep oollbwe aecxonhKHX necstTKOB · Maa aa6nroaaeTCSI pas

HHua Me:lKt:tY. pe3yJp>TSTSMH 1 nony'leHHbiMH B paC'leTaX no 8THM MO,!le1ISIM1 

H 8KCnepHMeHT81IbHO onpeaeneHHbiMH 3HS'leHHSIMli Ce'leHHii o6pa30B8HHSI COC

TSBHOI"O MP8 1 'lT01 DO-BHt:tHMOMY 1 CBSI38HO C HSliH'lHeM KpHTH'leCKOI"O 3Ha'le-

HHSI Yl"liOBOI'O MOMeHT8 1 BbiWe KOTOpOI"O Oopa30B8HHe COCT8BHOti CHCTeMbl 

M81IOBepOSITHO /3,4/ • 3Ta pa3HHU8 Me:lKt:tY paC'leTHbiMH H aKcnepHMeHTSllb

HblMH 3Ha'leHHSIMH cymeCTBeHHO yaeliH'lHBaeTCSI C pOCTOM aHepl"HH HOHOBo 

C y'leTOM KpHTH'leCKOI"O Yl"liOBOI"O MOMeHTa Ce'leHHSI Oopa30BSHHSI COCT8BH~ 

1"0 Sit:tpa ~O:lKHO OUeHHTb no npHOliH:lKeHHOii ~OpMyne /2/ 

u (E)= 
c 

TT h 2 ( fKpHT,+J/2)
2 

2p E 

3 

(1) 



KOT0p8SI YAOBJl9TBOpHT9JlhHO OIIHCb!B89T 9KCITepHM9HT8JlhHb!e pe3yJlhT8Tb! /5/, 

Bee HMeiOlUHeCSI B H8CTOSIIll99 BpeMSI 9KCITepHM9HT8JlhHbl9 A8HHbl9 no H3y'le

HHIO o6pa30B8HHSI H pacna.na COCT8BHbiX SIAep 6binH nony'leHbl npH 9Hepi"HSIX 

6oM6ap.nnpyiOillHX nouoa .no 10 Maa/HyKnou. O.nHaKo B CBSI3H c TeM, 'ITO 

llpH 60JlhlliHX 9Hepi"HSIX 6oM68pAHpyiOillHX HOIIOB a4J4JeKT BJlHSIHHSI KpHTH'IeCKOI"O 

yrnoBOI"O MOM911TB 0 no BCefi BepoSITIIOCTH, yBeJIH'IHB89TCSI H B9pOSITHOCTb HC

napeHHSI H3 Bb!COKOB036y)K.rl911110I"O COCT8BHOI"O SIAP8 38pSI)K9HIIb!X '18CTHU T8K

)!{9 B03p8CTaeT, 3118'1HT9nhHblfi HHTepec npeACT8BJlSI9T H3y'leHHe 38KOHOMep

HOCTefi o6paSOB811HSI H pacna.na COCT8BHbiX SIAep B peaKUHSIX C TSI)K9Jlh!MH 

IIOHaMH c aHeprnefi 6onhrue 10 Maa/HyKnoH. Eonhrune nepcneKTHBbi B aTOM 

OTHOilleUHH OTKpbinHCh C BBOAOM B 9KCITJiyaTaUHIO UHKJ10TpOH8 na6opaTOpHH 

SIAepllb!X peaKUHfi Y -200, n03B0JlSI!OIIl9I"O YCKOpSITh 60JlhlliOfi aCCOpTHM9HT TSI

)K9Jlb!X HOIIOB C 9Hepi"HSIMH AO 18 Maa/UyKJIOII, naHH8SI pa60T8 SIBJ1SI9TCSI Olll!Ofi 

H3 nepBb!X pa6oT, Bb!ITOJ1119HIIb!X Ha ny'IKe TmKeJlbiX liOIIOB UHKJ10Tp0ll8 Y -200 

C HCnOJlh30B811HeM HX M8KCHM8JlhHOfi 9Hepi"HH, 

B pa6oTe nay'lannch ¢YHKUHU aoa6yx{.neuuSI B cne.nyiOillHX peaKUHSIX non-
730 12 142-x 730 73 143-t 730 12 

uoro CJIHSIHHSI: Te( C 1 xn) Ce; Te( C 1 xn) e ; Te( C1 

) 138-x 730 ( 73 )739-x 
a xn . Ba ; Te C 1 a xn Ba 1 npn auepi"HSIX nouoa yrnepo.na .no 

150 Maa. 

D OCT8HOBK8 9KCnepHM9HT8 

nnSI nony'leHHSI 4JyHKUHfi B036y)K.rl911HSI peaKUHfi C o6pa30B811H9M COCT8B

Hb!X SI.nep HCnOJlh30B8JlCSI I"8MM8•-cneKTpOM9Tpll'19CKHfi M9TOA H3Mepe1IHSI Bbi

XOAOB npOAYKTOB peaKUIIH B CTOnKe M!IIli9Hefi, KOTOpaSI COCTOSIJ18 H3 AB8AU8TH 

MHilleHefi, 'lepe.nyiOillHXCSI CO C60pHHK8MII smep OTA8'1H, 

· 730 
B Ka'leCTBe MHrueHefi 6bm ncnonhaonaH naoTon Te , o6oramenHbifi 

AO 98,0%, 8bi60p 9TOI"O 1!30TOII8 6bin o6yCJlOBJ191l CJ19AYIOillHMII npH'IHH8MH, 

Bo-nepBbiX, yi:to6CTBOM SIAepllbiX xapaKTepnCTIIK nony'laeMbiX npo.nyKTOB pe

aKunii AJlli UX nneHTH¢liK8UIIH 11 onpeneneHUSI Ce'leHUSI o6pa30B8HUSI H30TOII0Bj 

BO-DTOpbiX, D03MO)KHOCTh!O nbi'II!CJ19HllSI 4JyHKUUll D036y)Kn9l111SI AJISI peaKUlfii, 

11Ayllli!X C ncnapeHlleM OT 3 AO 12 HefiTpOHOB BKJ110'111T9Jlhll0 ll 1 B-TpeTbHX1 

742 
npunanneiKHOCThiO cocTaBHoro Sinpa 

58 
Ce K cpe.nuefi o6nacTn Mace 

4 



SIAep, rAe MO;>I<HO npeue6pe'l:b KOHKypeuun:ell: Aenemrsr, Mmueun: n:sroTasnn:sa

nn:cb nyTeM uanhmeun:sr semecTBa B BaKyyMe ua amoMn:un:esyro nognmKKy, 

Konn:qecT-Bo semecTsa Mn:Illeun: onpegensrnocb B3BelllHBaun:eM n: pasasmocb 

"' 200 MKI'/CM2, TO'IHOCTb onpegeneun:sr TOnlllHHbl MlillleHn: COCTaBnsrna 5%, 

C6opHHKH SIAep OTA8'1H H3I'OTasnn:sann:cb n:s anro~IHHHesoll: ¢onbrn: Ton

mn:uoll: 7-10 MHKpoH, CTonKa MHillenell: 1:1 c6opHHKOB sa:lKHManacb B oxna:lKAae-" 

MOM K8CCeTe 0 KOTOpasr noMemanaCb BHyTpH K8M9pbi llll:KnOTpOHa Y -200 H o6-

l2C 13 C 
nyqanaCb ny'IKOM HOHOB Hnl:l , BenH'IHHa TOKa HOHOB 6bina"' 1 MKa, 

BpeMsr o6ny'leHn:sr cocTaansrno .. 1 'lac, nocne o6nyqeun:sr npon:ssogn:nocb n:s

MepeHn:e I'8MMa-aKTliBHOCTH KS:IKAOH MHilleHH CO c6opHHKOM Ha y -cneKTpo

~eTpe, COCTOSillleM li3 Ge(Li) -AeTeKTOpa B CO'IeTSHHH C 4096-KaHanbHbiM 

aMnnn:TyAHbiM aHann:saropoM "IHTERTECHNIQE , 3HepreTH'IeCKoe pas

peweHn:e COeKTpOMeTpa paBHSinOCb 2,5 K9B 0 'ITO AaBano B03MO:lKHOCTb HaAe:lK

H? pasgenn:Tb y -nn:Hn:n: B aHepreTn:'leCKOM cneKTpe, npn:HaAne:~Kamn:e y' -ne

pexoAaM H3Y'I89MbiX H30TOnOB 0 6es npHMeHeHHSI MeTOAOB paAHOXHMli'I9CKOI'O 

pasgeneHHSI, 

0THOCHTenbHbiH Bb!XOA H30TOna onpeAensrncsr no HHTeHCHBHOCTH ero y -

nepeXOAa C y'leTOM BbiXOAa y -KBaHTOB Ha OAHH aKT {3-pacnaga, ilpn: 3TOM 

HCOOnb30BanHCb A8HHbie pa60T /6,7/, ilorpelllH~CTb B onpegeneHHli OTHOCJI

TenbHbiX BbiXOAOB He npeBbiWana 15%,A6coniOTHoe onpegeneHn:e ce'l:eHn:il: npo

n:ssogn:nocb' ABYMSI cnoco6aMH: nyTeM H3MepeHHSI TOKa HOHOB npn: noBTopeHHH 

, · OOb!Ta Ha BbiB9AeHHOM ny'I:Ke HOHOB UHKnOTPOHa Y -300 H C OOMOlllbiO HCOOnb-

30B8HHSI MOHn:Topuofi peaKUHH 
27 

A/( 12 C,- 2p -n) 24Na n: aaHHbiX pa60Tbl /8/. 

ilorpeWHOCTb B BenH'IHHe nony'leHHblX a6coniOTflbiX 3H8'19HHH Ce'leHHH o6pa

.30B8HH5t H30TOOOB 6nma He Xy:lKe 30%, 

BBHAY OTCyTCTBH5t B03MO;>I<HOCTH TO'IHOI'O onpegeneHHSI 3Hepi'HH 6oM6ap

.' AHpyiOlllHX HOHOB ansr BHyTpeHilero ny'IKa llHKnOTpOHa Y -200 Kann:6pOBKa no 

SHepi'HH npOH3BOAHnacb Ha BbiB9A9HHOM ny'I:Ke llHKnOTpOHa Y-300, C OOMOlllblO 

KOTOpOI'O CHHManHCb ¢YHKUHH B036y:lKJ:teHHSI 3THX :IKe peaKUHH JlO 3Hepi'HH 

HOHOB 6 MaB/HyKnOH, 3HepreTH'IeCKHH HHTepsan Me>KJ:tY nocneaosaTenbHO 

pacnono:lKeHHbiMH B CTOnKe c6opHn:KaMn onpeaensrncsr c n:cnonbsosaHn:eM sa

BHCHMOCTeil: npo6er-auepi'H5t 1:13 A8HHbiX pa60Tbl / 9 /, il~rpeWHOCTb B onpeAe

nellHH aaeprn:n: cocTasnstna :!: 5 Mas B o6naCTH aaeprnfi HOHOB 6onbwe 

10 Mas/HyKnoH, 'ITO 6hmo o6ycnosneHo OlllH6Koil: aKcrpanonHUHH .sani:ICHMoc-

5 



Te~ npo6er-aaeprnH B o6nacTh 6onhwnx aaeprn~ n aaepreTn'leCKHM pas6po

coM npn npoXOlKJleHHH HOH8MH CTOnKH MHWeHe~. 

8KcnepHMeHTa1IbHhie pesynbTaThl 

B Ta6n. 1 H 2 npeJlCTaaneHbi ce'leHHH. o6pasoaaHHH nsoTonoa, nony'leH-

JJO 12 ) 142-x 130 e( 13 )143-x 130 . 12 138-~~, 
HbiX B peaKUHHX Te( C1 xn Ce 1 T C1xn Cel Te( C1axn) Ba1 

130Te( 13(
1 

axn) 139-xBa 
1

KOT0pb19 6binH HCC119Jl0B8Hbl B H8CTOHIUel!: pa6oTe.Ce;... 

qeHHe o6pasoBaHHH 137
m Ce npHHHTO sa nonaoe ce'leHHe peaKUHH c ncnapeHHeM 

5,6aefl:TpOHOB
1 

T,K. ceqeaHe o6pa30B8HHH OCHOBHOro COCTOHHHH B 9TOM cnyqae 

CP8BHHT91IhHO Mano/10/ 1 'ITO CBH38H0 1 O'leBHJlH0 1 C yBenH'I9HH9M BepOS!THOCTH sace-· 

neHHH H30M9pHbiX ypoBHe~ C Bb!COKHM CnHHOM B peaKUHHX C THJK91IbiOMH HbHaMH. 
0 '133m 135m 

B aTOM JKe npe)lnonoJKeHUU ce'leHHH o6pasoaaHUH usoTonoa Ba u Ba 

MOJKHO UPHHHTh 61IH3KUMH K n01IHOMY ce'leHH!O peaKUHH C HCnapeHHeM HS 
1'29 

cocTaaaoro SIJlpa a -'laCTHUbi H 4,6 aefl:TpOHOB. Ceqeaue o6pasoaaHUs;t Ba 
129 

onpeJle1IH1IOCh no JlO'IepHeMy II30Tony Cs , IIMeJOIUeMy nepnoJl nonypacna-

Jla 32 qaca H xopowo II3BeCTHbie y -nepeXOJlhi. TaK KaK nepnoJl nonypacnaJla 

129 . 
Ba paaeH 2,6 qaca, To qepes 50-60 qacoa nocne o6ny'leHIIH npaKTII'IeCKII 

129 ° 129 Bee HJlpa Ba nepeXOJlHT B Cs • H enocpeJlCTBeHHbiM o6pasoaaaueM 

129 Cs B JlpyriiX MepHbiX peaKUHHX, aanpnMep B peaKUIIII MHoroHyKnoHHbiX 

nepeJla'l Tuna 130Te( H1
1
+3p -4n) , MOJKHO npeae6pe'lh liS-sa !:IX Manoro ce

'leHHH /ll 1• KpoMe Toro, BUll <lJyHKUIIII Bos6yJKJleHHH Jl1IH 
129 

Cs JlOB01IhHO 

CH1IhHO OT1IH'I8eTCH OT BHJl8 <lJyHKUHH B036yJKJleHIIH peaKUHII MHOrOHyK1IOHHO~ 
130 132 

nepeJla'III THna Te(H1 1 +3p-n) Cs. Ha piiC. 3 npHBeJleHbl o6e <lJyHKUHII 
. 131 

aos6yJKJleHHH, nony'leHHbie B OJlHOM onbiTe. BbiXOJl nsoTona Ce c nepHo-

AOM nonypacnaJla 10 MHH onpeJle1IH1ICH TSKJKe no JlO'IeplleMy npoJlyKTY 
131 

La 

C nepiiOJlOM nonypacna)la 56 MIIH, 803MOJKH01 3)leCh HMeeTCH BK118Jl npOJlYK~ 
13 J 

TOB peaKUU~ THna ( H1 1 p x n) 1 npHBOilHIUHX K o6pasoBaHHro La npH 

HCnapeHHH US COCTaBHOro napa npoTOHa H 10,11 He~TpOHOBo 0)lHaKO HaM 

He yJla1IOCh HaJle)!{HO Ull~HTU<lJHUHpOBaTb JlpyrHe npOJlYKTbi 1 o6pasyroiUHeCH 

B DOJl06HbiX peaKUHHX1 'ITO, B03MOJKH01 CBIIJleTe1IhCTByeT 0 He6onhWIIX Ce'le-
142 ° 

HHHX peaKUH~ HcnapeHUH npoTOHOB liS cocTaBHoro napa Ce 1121. Ha 

puc.' 1,2 II 5 npiiBOJlHTCs:i <lJyHKUHH aos6ylKJleHIIH peaKunfl: (H1 1 xn) ll (H1 1axn). 

6 
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Ta6nHua 

, c12 

~~a. 
~139 ee.137m ee-135 F¢~ ee-132 ee.13~ Ba133m 

EAOd' lc;~:!a, G~J 7n 10n 11P,~::J.~n .t.5n 
(Hab) GcMdi Gl~ GtMA'I Gc.,d) 

<11 3<1 13 
51 44 55 5 
60 52 8 124 7 
68 59 434 3 26 
75 66 532 11 32 
82 72 308 39 35 
89 78 130 68 62 
9.; 83 49 75 0,9 100 
99 87 27 171 7 65 

104 92. 29 210 11 23 
110 98 17 198 13 4 18 
115 102 15 139 24 10 16 
120 107 42 55 17 
126 112 35 86 26 0.9 
132 118 32 87 38 2,0 
137 122 15 00 60 5 
1<12 127 9 92 68 8 
1<18 132 11 60 69 1<1 
153 137 5 47 60 20 

Ta6nHua 2 

37 2,7 38 

48 

56 
6( 

<16 <11 1,0 

53 237 9 1,7 

5 60 128 22 
71 67 « 90 13 
78 73 17 226 2,3 26 

85 79 3 2<19 20 18 
91 85 150 <13 9 
97 90 73 72 8 

103 96 52 122 3 1,1 
109 101 25 1<10 6 
11<1 106 1<1 133 7 1,1 
119 110 6 109 16 2~ 

. 125 116 5 65 27 3 

130 120 5 59 .;5 6 
135 125 3<1 68 8 2,3 
i.;O 129 2<1 66 16 5 

1<15 134 21 70 32 10 

7 

Ba131 Ba129 

~(~}, .t.9n 
G(Md'J 

3 
4 

10 

2<1 
48 

106 

105 

70 
112 
92 

131 

115 

129 

4 

15 

26 

19 

27 

<10 

50 
46 

7<1 

107 

11<1 

34 6 
52 9 
<13 13 

<12 27 

19 38 
7 39 1,5 

67 2.3 
7<1 5 
66 8 
90 15 



06cym~eane pesynbTaTOB 

142 143 
BBH~Y roro, 'ITO cocTaBHbie smpa Ce n Ce , o6pasyiOnmecg 

B H8IIll!X SKCnepUM9HT8X 0 SIBnSIIOTCSI llO'ITU TOm~eCTB9HHb!MU 0 MOmHO 06'be~U

HUTb ~aHHbie no QJYHKIIHSIM B036ym~eHHSI, nony'leHHbie H8MH ~ng 9THX ~BYX 

g~ep. 

Ha puc. 4 npeACTaBneHhi COBMeiiieHHbie pesynhT8Tbi nccne~oBaHHSI xn -
130 72 

peaKuu:it npn o6ny'leHUH Te uouaMH C H 
73 c . fl 0 OCR a6CUHCC 

ornomeHa 9Hepi'HSI B036y)KA9HUSI COCT8BHOI'O smpa, paCC'IUT8HH8SI C UCnOnb30-

B8HU9M-Ta6nuu 113 1. 
KaK BUJlHO U3 pucyHKa, IIIHPUH8 QJYHKUHll B036ymneHUSI pacTeT C yBenu

'leHUeM X , 'ITO SIBn5IeTCSI XapaKT9pHbiM )lnSI peaKUHll C HCnapeHU9M He:i1Tp0-

HOB US COCTaBHbiX g~ep, o6pasyiOIIIHXCSI B peaKUHSIX C TSimenbiMH HOH8MH. 

"XBOCTbi" B o6naCTH 6onb!IIHX 9Heprn:i1, BepOSITH0 0 CBSI38Hbl C npouecCOM 

npSIMOI'O Bb!6UBBHHSI He:i1TpOHOB. H a OCHOBBHHU nony'leHHb!X QJYHKUHH B036ym

~9HUSI MOmHO paCC'IUTaTb Cpe)lH!OIO 9H9pi'UIO, yHOCUMYIO Kam)lb!M HCnapUBIIIHM

CSI B KacKa~e ue:itrpoaoM. 3ra Benn'lnHa cornacuo pa6ore /20/ paBaa: 

X 

c/x =<E >- ~- B 
1 

= (6-6,5) MsB, 
x 1::-l n 

r~e <E> - cpe~HSISI sHepi'HSI B036ym~eHUSI1 COOTB9TCTBYIOIII8SI M8KCRMYMY 
X 

!j:JyHKUHU B036ym~eHHSI. 3aa'leHUSI c I x , npHBe~eHHbie B Ta6n. 3, ynoBneT-

BopnrenbHO cornacyiOTCSI c ouea~aMu pa6oT /14,15/. 

Ta6nnua 3 

X 3 4 5 6 7 8 9 10 

c/x 7 7 5 6 5 5 5 5 

Ha puc. 5 noKasaHhi !j:JyHKUHU Bos6ym~eang peaKun:it ncnapeang a -'lacrnu 

142 143 
us cocTaBHhiX smep Ce H Ce • <PyHKUUU Bos6ymAeHUl1, coorBeTCTBYIO-

IIIHe HCnapeHHIO a -'18CTUUhl U 4,6.8,10 He:i1Tp0HOB H3 COCT8BHOI'O 5IJlpa 1 no-

730 73 
ny'leHhi npn o6ny'leHHU Te noaaMH C , a !j:JyHKUUH Bos6y)K~eHH5I1 co-

cooTBeTCTBYIOIIIHe HCnapeHUIO a -'18CTHUhl H 5,7 ,9 He:i1TpOHOB H3 COCT8BHOI'O 

730 72 
SIApa, - B peaKUHH Te( C, axn). 

8 



BHllHOI 'ITO 4Jy"HKUHH Boa6y)KJleHHSI peaKunii c ucnycKaimeM a -'laCTHU 

npu B3aUMOJleiiCTBHH HOHOB 
12 C C SIJlpaMH 

130Te CyllleCTBeHHO OTnU'IalOTCSI 

no Benu'luHe ce'leHUSI1 a TaKme no «iJopMe oT Tex1 KOTOpbie nony'leHhi c no

ll 
HaMu C • H a Haw B3I'nSIJl1 aTy paanuuy MOmHo o6'bSICHHTb cneayiDWHM o6-

pa3oM, l1aBeCTH01 'ITO C yBenH'IeHHeM 9Hepi'HH 6oM6apaupy10IUHX '18CTHU 

CUnbHO yBenU'IHBaeTC SI BepOSITHOCTb BbineTa npHMb!X a -'laCTUU H3 HaneTalO

mei'O nona /1 I, B aToM cny'lae c SillPOM 
13 0 Te cnuBaeTCSI MPO 6epunnuSI. 

06paayiOllleeCH llpU 9TOM COCTaBHOe SlllPO 6apHSI UMeeT JlOCTaTO'IHYIO 9Hep

I'HIO B036ymJleHUSI JlnH HCnapeHHSI JlO 10 HeiiTpOHOB B 3aBUCUMOCTll OT aHep

I'HU nona yrnepoaa. TaKUM o6paaOM1 BbiXOJl naoTonoB 6apHSI B peaKUHH 

lJOTe(l2 C, axn)138-x Ba npeacTaBnSieT co6oii cyMMapHbiii BbiXOJl npo-

llYKTOB1 o6paayiDlllUXCH llBYMH cnoco6aMH! UCnapeHHeM a -'laCTHUbl H3 COC

TaBHOI'O SIJlpa U Bbin9TOM npHMOH a -'laCTUUbl ll3 HaneTaiDlllei'O '!IOHa. Qqe-
12 

BHJlH01 aTO SIBneHUe HMeeT M9CTO npll o6ny'leHHH HOHaMH K8K C 1 T8K 

U 
13 c 12 c • OaHaKo B CBSI3H c TeM1 'ITO S!Jlpo HMeeT 6onee cunhHO 

BbipameHHYIO a -'laCTH'IHYIO CTpyKTypy1 BKnaJl peaKUHii C BbineTOM npHMblX 

a -'laCTUU B aTOM cnyqae M0)1{9T 6b!Tb 6onbWe 1 '!eM npu o6ny'leHHH UOHaMU 

IJ ( , 3TO M0)1{9T Bb!pamaTbCSI KaK B yBenu'leHHll Ce'leHllSI a xn - peaKUHH1 

TaK U B XapaKTepHOii «iJopMe KpUBb!X «iJyHKUUii B036ymJleHllSI1 KOTOpb!e Ha6n10-

Jla!OTCSI B onbiTe, 

KpuBaSI 1 na puc, 4 npeacTaBnSieT co6oii aaBUCHMOCTb nonnoro ce'le

HUH o6pa30BaHUH COCTaBHOI'O Mpa OT 9I'O aHepi'HU B036ymJleHHSI1 paCC'IUTaH

HYIO C llOMOWblO COOTHOWeHUii1 Bb!B9JleHHb!X B pa6oTe / 2/, KBaJlp8THb!Mll TO'I

KaMH Ha aTOM pncyHKe o6oana'leHbi peaynbTaTbi, nony'leHHbie cno)l{eHHeM 

ceqel!Hii xn - H a xn -peaKUHii npu aaHHoii aneprun Boa6y)KJlellllSI cocTaBHO

ro Mpa. BHllli01 'ITO c yBenu'leHueM anepruu Boa6y)KJleHHSI paanuua Me)KJlY 

paC'IeTHOii 3aBUCHMOCTb10 C9'19HHSI o6pa30BaHUH COCTaBHOI'O Mpa U 9KCnepu

MeHTanhHbiM 3Ha'I9HllHMU yBenU'lHBaeTCH, 3TO paCXO)I{Jl9HU9 1 no BCeii BepOHT

HOCTU1 CBH38110 C cyllleCTBOBaHUeM HeKOTOpOI'O KpUTH'leCKOI'O 3Ha'leHllH yi'

nOBOI'O MOMel!Ta1 Bb!We KOTOpOI'O peaKUHU nonHOI'O CnHSIHHSI npoTeK810T C 

Manoii BepoSITIIOCTblO, B aToM cny'lae1 Ha'IUllaSI oT 31!a'leHUSI aHepi'Hll1 npu 

KOTOpoii o6pa30B8BWeeCH COCT8BHOe S!JlpO npuo6peTaeT KpHTH'IeCKHii yi'nOBOii 

MOM9HT ( f KpUT.> 1 Ce'leHHe ei'O o6pa30BaHUSI JlOnmHO yMeHbWaTbCSI o6paTHO 

nponopunoHanbHO al!epruu cornaCIIO ¢opMyne (1). KaK BHJlHO H3 puc. 41 
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l 
u., aKcn. "' E . Kp11aas 2 Ha aToM :lKe p11CYHKe sanseTcst pacc•mTaHHoA 

00 tiJopMyne ( 1) C 11CUOJlbSOBaH119M SHa'ieH11SI f Kp1IT, = 30 SaB11C11MOCTblO 

C9'i9H11SI nonHOI'O Cn11stH11SI OT SHepi'11H B036y:lKneH11SI COCTaBHOI'O stnpa, HeKo

TOpoe HeCOOTBeTCTB119 paC'i9THOA KpHBOti 2 SKCUep11M9HTanbHhlM SHa'ieH11SIM 

B o6nacT11 aHepr11ii aos6y:lKneH11st E * > 120 Maa MO:lKHO o6'bstCH11Tb BKnanoM 

B Ce'ieH11e o6pa30BaH11SI COCTaBHOI'O gnpa p.eaKU11ii HenonHOI'O Cn11SIH11SI C Bhi

neTOM npstMbiX a -'iaCT11U, Ce'ieH11e KOTOpb!X yaen11'iHBaeTCSI C pOCTOM SHep-

1:'1111 60M6apn11pyiOIIIHX 110HOB, 

KaK y:lKe OTMe'ianocb, HaM He ynanocb HanemHo 11neHT11¢HU11poaaTb npo

nyKThi peaKU11H, COOTBeTCTBYIOIII119 11CUapeH1110 npOTOHOB 113 COCTaBHOI'O stnpa. 

lloSTOMy BOSMO:lKHO, 'iTO netiCTB11T9JlbHOe SHa'ieH11e f K~1IT, C y'ieTOM STOI'O 

6yneT HeCKOnhKO 6onbwe. Kp11aast 3 Ha p11c. 4 npoaeneHa 'iepea TO'iKH, nony

'ieHHhre cno:lKeH119M Ce'ieH11A xn -peaKU11A np11 .naHHOA SHepi'11H B036ymneH11H. 

0'ieB11nHo, 'iTO nnomanb, 3aKniO'i9HHaSI Memny Kp11BhiMH 2 11 3, COOTBeTCTByeT 

none peaKUHA, 11nyiiiHX C 11CIIyCKaH119M a -'iaCT11U. llom,sys:ICb STHM, MO:lKHO 
CT 

OUeH11Tb aen11'iHHy OTHOWeH11H -lL- B SaBHC11MOCT11 OT SHepi'HH BOS6ymne
CTn 

H11H. 8Ta aaanc11MOCTb npencTaaneHa Ha p11c. 6. B npennonomeH1111, 'iTO HC-

napeH11e a -'iaCT11U B ocHOBHOM npo11cxon11T Ha nepaoA cTyneH11. 11cnap11Tenb
u 

HOI'O KaCKana, BenH'i11Ha ~ 

ra n 
npu6numeHHO MO:lKeT Bb!pa:lKaTb OTHOW9H119 

nonHbiX WHp11H r 
n 

, KOTOpoe, KaK STO BHnHO 11S p11c, 6, nOBOJlbHO 6b!CT-

po pacTeT C yaen11'i9H11eM SH9pi'1111 B036y:lKneH11H COCTaBHOI'O stnpa, 

B SaKniO'i9HH9 aBTOpbi C'iHTaiOT CBOHM npHSITHbiM nonrOM no6narona

pHTb aKaneMHKa f.H. <l>nepoaa Sa UOCTOSIHHOe BHHMaH119 K pa60T9 11 UeHHbl9 

coaeThi a npouecce ee BhmonHeHHH. Mhr np~~:saaTeJlbHhi C.A. KapaMstHy, 

B.l1. nycTbinbHHKy u ·s.A. Kapaayxoay sa noneaabre saMe'iaHHst. npu o6cym

.t:teHHH pa6oThr, rpynne aKcnnyaTanu11 U11KnoTpoaa Y-200 non pyKoaoncTBOM 

B.C. An¢eeaa sa 6onbwyro pa6oTy no nony'ieHHIO BhiCOKOaHeprH'iHhiX uoaoa, 

a TaK:lKe 3,.0., lloKpOBCKOti sa UOMOIIIh B o6pa60TKe peayJlbTaTOB, 
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G 
(M6) 

e 3n 
a Sn 
A 7n 
• gn 
o ton 

so 100 l!iO f 11(MOI} 

Pac, 1, <llyHKUHH BoaoyJKAeHH.II peaKUHH 130 Te( 12 C,xn) 142-xce. 

130 13 143 -x 
PHc, 2, <llyHKUHH B03oylKAeHH.II peaKUHH Te( C, xn) Ce. 

12 



.\ 

o- IJOTe(c 12d.9n)8a12.9-Cs 129 

A= '30 Te(c'Jot. tOn) 8a'2.Lcs 125 ·--+ ......... ---! 
•- t30-re(ct2.,Jp-n) c5 tJz 

4 .;.. 130 Te(C 13:tJp-n) Cs132. 

80 

Puc. 3. <!JyHKUllll B030Y)KAeHll51 peaKUllH MHOI'OHYK.IIOIIHhiX nepeJlaq ll ncnape

IIIISI a -qacTRUhi na cocTaB!IhiX AAep 142 Ce n l43 Ce. 
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PRe. 4. $yHKUHH B036Y*~eHHH peaKUHft HCnaoeHHH 3-12 HeftTPOHOB H3 coe-
llO JZ 73 

TaBHoro ~pa, nony'l:eanoro npH o6ny'l:eUHH Te HOUaMH C H C. 
KpHBaH 1- saBHCHMOCTb.Ce'ieHHH cocTaBHoro ~pa oT aneprHH Bos6y*~e~ 
HHH cornacao pa6oTe 121. KpHBaH II - saBHCHMOCTb ce'ieHHH o6pasoBa
HHH COCTaBHOI'O ~pa OT 9Hepi'HH B036Y*~eHHH, nony'ieHHaH B HaCTOHmeft 
pa6oTe. KBa~paTHble TO'l:KH COOTBeTCTByiOT 9KCnepHMeHTanbHbiM SHa'l:eHHHM, 
'iepHbie KPY*KH - pac'l:eTHbie 3Ha'l:eHHH, Bbl'iHCneHHbie c y'ieTOM e KpHT. 
no ·.popMYne { 1). KpHBaH Ill - cyMMa ce'l:eHHft Bcex xn -peaKuHft, HllY- . 
lllHX npH ~aHHOft aHepi'HH B036Y*IleiiHH COCTaBHOI'O H~pa. {cBeTnbie KPY*KH). 
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50 EO 70 IJO 

PHc. 5. ¢yHKUHH aos6ylKAeHHll peaKUHll HcnapeHHll a -"'aCTHUhl H 4-10 aelt

TfOHOB H3 COCTaBHOI'O Mpa; nony"'eHHOI'O npH o6ny"'eHHH lJOTe HOHSMH 

I C H l3 C 

Puc. 6. 3aaHCHMOCTb ~ 
(T 

n 

080 160 t• 

15 


