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1. B B e IJ. e H 11 e 

3KcnepllMeHTbi no aaxsaTy "- ·-MeaoHoB nerKHMH m:tpaMH noasonmoT HccneJJ.o-
/1/ ' ' 

BSTb BOilpOC 0 cyweCTBOBSHHH HOBbiX nerqaJiWHX !!llep , MOI'yT IJ.8Tb HH4JOpM8I{HIO 

0 MeXSHH3Me 38XBaTa 1T--Me30HOB II 0 CTpyKType nerKHX m:tep, ·B.TaKHX HCCne-
, ' /1-8/ 

,[:{OBSHHSIX. BeCbMS a4J4JeKTHBHO HCIIOnb3yeTcg: MeTO.r::t !!llepHbiX 4JoToaMyni,CHli 1 noa-

BOnmowHli C Xopoweli TO'l:HOCTbiO H3MepSITb yrnbl H aHepi'HH BTOpH'l:HbiX KOpOTKOIIpo-

6elKHbiX 'l:aCTHil. B 4JoToaMynbCHH secbMa Bbii'OIJ.HO perHCTpHPOBaTb pacmerrneHH.SI c 
a e 

HcrrycKaHHeM !!llep Li H B , KOTOpbie .JJ.aiOT xapaKTepable T-o6paaable cneJJ.bi, 

KpoMe Toro rrpH aaxsaTe " -Me30HOB B STOM cnyqae ·npOHCXO.r::tHT IIOnHbii!: paa-

Ban. nel'KHX !!llep, a TaK KSK Bbi.r::tenSIIOWSSICSI aaepl'HSI H3BeCTH8 (139,6 Ma.s)., TO MOlK

HO IlpOBOIJ.HTb KHHeMSTH'l:eCKHJi· aaanH3 H3yqaeMblX C06biTHli, 

C I{enbiO H3y'ieHHH peaKilHi!: C o6pa30B8HH~M nHTHSI-8 H 6opa-8·npH aaxBaTe 

" -MeaoaoB nerKHMH !!llPSMH ( C , N 0 ) aaMH nposeJJ.eH .aHanHa 8233 . u -

aBea.r::t B 4JOToaMYnbCHH c T-o6paaHbiMH cne.r::taMi!:. B aacToSiweli pa6oTe c_oo6waiOTCH 

peaynbTSTbi aHanHaa .r::tByxnyqesbiX co6~ITHli. 

2. IlocTaHOBKa aKcrrepHMeHTa 

3 . 
3MynbCHOHHbie KSMepbl paaMepOM 10x5x2,5 CM , · COCTSBneHHble H3 cnoeB 

aMynbCHH TonwHaoi!: 600 MHKpoa THna HHKIPH-EP, o6ny'l:ai:r:Hcb rr- -MeaoaaMH c 

aaeprHe.li 80 MaB Ha CHHXpOilHKnOTpOHe na6opaTopHH SIJJ.epHbiX npo6neM OHSIH. IlnOT-
5 2 ' 

HOCT:q o6ny'l:eHHSI COCT8BnM8 2•10 Me30HICM , MeaOHbl TOpM03HnHCb 4JHnbTpOM H3 

nneKCHl'naca II OCTaHaBnHBanHCb B, KSMepe, 30H8 OCTSHOBQK 1T- -Me30HOB WHpHHOli 

3'' 



B 1 eM npocMaTpasanacb ·non MHKpocKonoM c ysenaqeaaeM .. 200 i R peracTpaposa

nHCb a -ase3Abi c T-of5pa3HbiMH cnenaMH. npocMoTpeao 120 cnoes a· aaperacTpa-

posaao 8233 TaKHX cnyqaes. 
/51 . -l13B9CTHO , 'ITO 36% IT -Me30HOB npH OCTaHOBK9 B ljJOTOaMynbCHH 3aXBaTbl-

BaiOTCSl nerKHMH sm,paMH ( C , · N , 0 ) , a 64% - TstlKenhiMH SIApaMH ( Ag , Br ) • On-
8 8 . 

naKO acnyCK8HH9 SIAep Li H B npOHCXOAHT B OCHOBHOM H3 nerKHX SIAep,.·TaK 

KaK BbiXOA ax aa ..:r,nJKenhiX SIAep nonasnea KynoaoscKHM f5apbepoM (- 15 Mas). Ta

KHM of5pa30M, MeTOA noacKa COOb!THll B 3H8'1HTenbHOll CTeneHll BbiAemieT aaxsi:lTbl 

IT- -Me30HOB nerKHMH SlApaM. 

.Llnst aaanaaa oTf5apanacb nsyxnyqesbre ase3Ahi •. Bbrneneno 631 coobiTae f5ea 

SIAep OTAa'IH, aMeromax KpOMe T-o6paaaoro cnena cnen npyrofi aapstlKenaofi qacTH

uhi>(rtepiia'in~rfi ir- ·.:..ME:3.0H B naHHDM cnyqae ae Y'JHTbiBancst). 94 COOb!THSl HMenH 

SIApo· oTAa'JH, T.e. nononaaTenbHhifi TpeTHfi cnen c nnanon. MeHbwe 5 MHKpoJi. HaMe

pst~c~. np ~oerH BTOpH'IHhlX 'JaCTH!l H yrnbl Memny HHMH, 3aeprHH 3apSIJKeHHb!X 'laC-
, .· . . .. 191 

THll onpenenstnacb no npof5eraM na ocaosaaaa Ta6nau nanaao ·~ 

··'-.l,. 

3. Bo3MOlKHbie peaKI!Rll na nerKHX SIApax AnSI nayxny'JeBblX . 

asean a ax ananna 

T-·o6~~aa~e cneAbi 
8 

8 8 8 
B ljJOToaMynbCRH naroT TOnbKO SIApa tl , B R He • BKnan 

-3 ~ Ill 
SIAep P.e COCTaBnSIBT 

;.. 10 . H OHR Oblnll BbiAeneHbl H3 aTHX COObiTHH , npa o6-

paa~!i;iann . Ll 8 nna B 8 
·upa aaxsaTe IT 

-Meaoaoa SIApaMn yrnepona,· a:aoTa n 

..:.· ·;:,.•~: . . ~·. . . . "-

KHC1i0pOA8. 'JHCJiO .. B03MOlKHbiX K8H8JiOB peaKUHH CRJibHO orpaHH'IeHO. 0Ka3b!BaeTCSl1 'ITO 

B aaweM ·cnyqae B03MOlKHbl TOnbKO cneuyromne llBYX'IaCTH'JHb!e peaKUHH AByxny'leBO-

ro THna: 

~r-·+ c 12 ... Ll 
8 

+He 
4 

IT-·+ N 14 ... l! 8 + Ll 8 

... 
- 18 8. 8 

IT + 0 ... B + He . 
:'• 

8 

' ~ LlsyX'J8CTH'IH8Sl peaKUHSl C of5pa30B8HHeM l! 

ll) 

(2) 

(3) 

aa Kacnopotte aeao3MOlKHa, .TaK 

8 
KaK B aToM cny'lae BTopoe SIAPO nonJKno 6biTb Be , · KOTopoe 6biC::TPO .pacnanaeTCSI 

H8 ABe a -'18CTHUbl, 

4 

1 
' 

I 
'I 

'l < 

.B03MOli<Hbl TaKl!<e TpexqaCTH'JHble peaKUH 

onaoro aefiTpona: 

"-+C
12 

... L! 8
+He

3 
+n 

16 8 7 
0 ->LI+Be.+n IT -+ 

Tpex'laCTH'!HaSI peaKunst aa aaoTe c o6pt 

TaK KaK B aTOM cny'Jae A~JilKHO Ob!Tb . o6pa30B 

weeCSI Ha a -·qaCTHUY H npOTOH, 

PeaKUHH ( 1 ) - ( 3) MoryT 6biTb nerKo Bbl 

na nonlKHbi 6hiTh KonnnaeapHbi n nnHHb1 nx· no 

Hn OAHO H3 631 COObiTHSl ne ynosneTBOpSieT s 

no peaKuan t3) MOlKHQ 6hmo aaperacTpnpOBE 
111 

ax pacnana· • 

Llnst BbiAenennst· peaKunfi ( 4) n ( 5) npoB 

'19CKOH nporpaMMe Ha aneKTpOHHO-C'I9THOH Ml 

W9Hbl 3Be3Abl 1 B KOTOpblX AnHHa cneAOB npeBI 

aTnx peaKunfi. TaKnx co6biTnfi, aasenoMo oTn 

paX, OKaaaJiOCb 32 •. no Kp~Tepnro MaKCHManJ 

npaaau neJKaTb peaiiuna (5). TaKHM o·6paaoM, i 

UHH (4) ll 303 H3 HHX MOI'nH np~HaAnemaTb 

cmmacb nenocTaromast Macca nnSI KaJKnoro' en 

npennonaranocb, 'ITO sTopofi cnen npaaanneJKJ 

naranRCb llB9 B03MOlKHOCTH: JiHOO BTOpOH en 

HSISI owHoKa B onpeneneana aenocTaromefi MaC 

Ha pnc. la npencTaaneno pacnpeuenenn 

nnst co6blTnfi, KOTOpbie aaannanpoaanncb no t 

B naT'epsiwe Mace ( 930- 945 Mas~ oKmio an, 

OT'IeTnnBbiH nHK. Bcero B aToM naTepsane a. 

npeneneilne cjJ6noahiX co6hiTnfi, T.e. coobiTHfi, 

H9 H3B9CTHO, 

npn OUeHKe ljloaa npennonaranOCb, 'JTO 

aenR'IHHe · aenocTarowefi MaCChi npencTaBmieT 

5 



noll MHKpOCKOnOM C yBeiiH'IeHHeM .. 200x .II perHCTpHpOBa

cneJlaMH, TipocMoTpeao 120 cnoes H aaperHCTpH-

-Me30HOB npH OCT8HQBKe B cpOTOSMYllbCHH 3aXBaTbl-

N 0 ), a 64% - TSIJKenbiMH S!JlpaMH ( Ag . 1 Br ) • Oll-. 

H B 8 npOHCXOJlHT B OCHOBHOM H3 nerKHX smep1 ·TaK 

Sl)lep no)lasnea KynoHOBCKHM 6apbepoM (- 15 f"ss), Ta

co6biTHii B aaa'IHTenbHoii cTeneHH BbiJlensreT
4

aaxsinbl 

nsyxnyqeBbie aseanbi, .Bbilleneao 631 co6biTHe 6ea 

T-o6paaaoro cnena cnen npyroii aapsrJKeaHofi.qacTH

cnyqae He y'IHTblsancsr). 94 co6biTnsr HMenH 

TpeTHii 'cnen c nnHHoii. MeHbwe 5 MHKpoH, l!IaMe

qacTHrr H yrllbl Me1KllY HHMH, 3HeprHH 3apSI1KeHHbiX 'laC-
. . .. 191 . 

Ha OCHOB8HHH Ta6IIHU TianHHO , 

S!Jlpax nnsr nsyxnyqesbiX 

H HX aHaiiH3 

8 B 8 
ljloTOSMYIIbCHH naiOT TOnbKO S!Jlpa li I B H He • Bxnan 

, Ill 
H OHH 6binH BbilleneHbl H3 STHX C06biTHfi , TipH 06-

aaxsaTe ri -Me30HOB S!JlpaMH yrnepona,· a:aoTa H 

KllHaiiOB. peaKrrHfi CHIIbHO orpaHH'IeHO, 0K83biBaeTCSl1 'ITO 

TOnbKO cnenyiOwHe ·nayxqacTH'IHbie peaKnnn: nsyxnyqeso-

12 8 4 
+ C ... li +He 

· 14 e e 
+N ... u +Li 

8 
C o6pa30BaHHeM li 

!3e 8 ' 

4 

l1) 

(2) 

(3) 

Ha KHCnopotte HeB03M01KHa, TaK 

KOTopoe 6biCTpo pacnanaeTcSI 

BoaMOlKHbi TaK:H{e TpexqacTH'IHbie peaKIIHH nsyxnyqesoro THIIa c n:cnycKaHn:eM 

o,llaoro ael!TpoHa: 

IT - + C 12 
... li 8 +He 

3 
+ n l4). 

IT·-+ 
16 B 7 

0 ... Li+Be+n. (5) 

TpexqacTn'IHaSI peaKrrnSI·ua aaoTe c o6paacmaaneM ueiiTpoHa uesoaMoJK!lal 
. .. . . 4 

TaK K8K B STOM cnyqae llOII1KHO 6biTb . o6pa30BaHO S!JlpO li: , 6biCTpO pacnanaiO-

weeCSI Ha a ~·qaCTllliY H npOTO!l, 

PeaKUHH ( 1) - (3) MoryT 6biTb nerKo Bblllene!lbi no nsyM: KpHTepHSIM: o6a · cne

na nonJKHbi 6biTb KonnaaeapHbi n: nnaHbi nx· non:H{Hbi HMeTb onpeneneHHbie ·aaa'le!lllSI, 

Hn OllHO H3 631 co6b!THSI He ynosneTBOpSieT STllM llBYM. KpnTepHS!M ', 3aMeTHM; 'ITO 

no peaKIIHll l3) MOJKHQ 6binO 3apernCTJlllpOBaTb S!Jlpa He 
8 

He3aBHCHMO OT MOllbl 
111 

nx pacnana· • 

LlnSI BbilleneHnSI' peaKun:ii (4) H (5) nposonnncSI a6c'leT co6b1Tn:l! no Kn:neMaTn.,

qecKoii nporpaMMe Ha sneKTpoHuo-c'leTHol! MawnHe. TipenaapnTenbHO 6bmn oT6po-

weHbl 3Be3llbl, B KOTOpbiX nnnHa cnenos npeBbiWana MaKCHManbHO B03M01KHYIO lli'IS! 

sTnx peaKnnl!. TaKnx co6biTnii, aaseaoMo aTH~cSIWnxcSI ~~'. peaKI:!ir'HM Ha isiJKenhiX Sill

pax, OKaaanOCb 32, Tio KpHTepll!O Ma~CHManbHOrO npo6e;:;a 296 cnyqaeB a'e Mornn 

npn:Han ne)KaTb. peainHn (5), TaKIIM o·6paaoiv.t, 599 co6biTnii MornH npnHanneli<:aib peaK-

nan (4)· H 303 H3 Hnx Mornn np~aailneJKaTb n peaKrrHH (5). B nanbHeiiweM Bbi'IH

cnruii!Cl;> HenocTaiOwasr Macca nnsr KaJKnoro· cnyqasr. CooTseTCTBeHHO a 296 cnyqasrx 
3 ' 

npennonaranocb, 'ITO sTopoii cuea npHHanneJKHT · He , a B 303 co6biTHSIX npenno-· 

narani!Cb nse B03MOJKHOCTn:: na6o BTopoii cnen npHaanneJKBT He 
3 

, nH6o Be 
7 

• · Cpen

HSISI own:6Ka B onpeneneHHII HenocTaiOweii Maccbi pasHa 5 Mss, 

Ha pnc. la npencTanneHo pacnpeneneHHe no senH'IHHe aenocTaiOweii MaCCbi 

nnsr co6biT~ii, KOTOpbie aaanH3Hponanncb no KI!HeMaTHKe peaKunn: ( 4). BnaHo, 'ITO 

s IIHT.epsane ~ace (930- 945 Mss~ oKono aHa'IeHHSI Maccbi HeiiTpoHa Ha6niOnaeTcsr 

OT'IeTlii!Bblfi niiK, Bcero B STOM llHTepsane HaXOlli!TCSl 242 C06b!THSI, 0aHaKO. pac

npeneneHne tjJOHOBbiX C06biTHfi, T.e, C06b!THfi, He COOTBeTCTDY!OWIIX peaKUIIH (4),. 

He H3DeCTHO, 

Tipa ~ueHKe cpoHa npennonaranocb, 'ITO sKcnepaMeHTanbaoe pacnpenenemie no 

senii'IHHe · !IeaocTaiOweii MaCCbi npenciasnsleT co6ol! cpyHKIII!IO 

5 



f(M)= a 

aj V 211 

'2 
(M-a). ----2-

e 2al e + 
a V 211 

2 

2 
(M-b) ---2--

2a 
2 +C 

I1onarall a 
1 

=I 5 M9B, T.e. paBHbiM oum6Ke B onpeneneHnn HenocTBiomefi Macchi .nnll 

peaKUHH ( 4) 1 ~eTOllOM HBHMeHbiDHX KBaJ:tpaTOB HB. 3BM HBXOllHIIHCb BCe napaMeTpbl 

H 3H8'leHne ~'* 2 
, 0Ka3aliOCb, 'ITO c nonyqaeTCli O'leHb 6nnaKnM K Hymo. Ilona·-.· 

2 
·rall ero paBHbiM eynro1 aaxoAnM, 'ITO 3Ha'leHne x npaKTH;'leCKH He MeHl!eTCSI, 

B pac'leTe ncnonb3oaanncb 20 TO'leK B HHTepaane Mace 890-990 M9B. TaKHM o6pa-

30M, 6bm o nony'leHo, 'ITO a= (175:t,.21) co6biTnfi, a a 
2 

= (19,5:t_1,0) M9B. ITo-

_ny'leHHaSI Kpnaal!· HaHeceHa Ha pnc. 1a cnnomHofi nnHnefi n xopomo onnchlaaeT 9K-
- 2 -2 

cnepnMeHTallbHbie naHHhle. HafiAeHHOe 3Ha'leHne _ x =20,6 npn x. =15. 3Ha'leHne 

KpnTepng cornacnll p ( x2 
l=0,20. 

YAoaneTBopnTenbHoro onncaHHSI 9KcnepaMeHTanbHoro pacnpeneneHHSI no Heno-

cTaromefi Macce c noMOIDbJ9 OAHoro pacnpeneneHHSI rayc;:ca 1 T,e, npn a =0 He no

u 2 
nyqaeTCSI, HanAeHHoe 3Ha'leHne x =41,5 npn 

-2 X = 16. CooTaeTCTByromee ·3Ha'leHne 

2 
KpnTepng cornacng p ( x. ) < 0,001. 

Ecnn npeAnono:lKHTb, 'ITO pacnpeAefleHne no HeAOCTaromefi Macce AnSI. !jloHOBbiX 

co6biTHfi B HHTepaane Mace (930-945 M9B) paaHOMepHoe n no aenn'lnHe TaKoe ·:lKe; 
\ 

KaK B coceAHHX HHTepaanax (nyHKTnpHaSI nnHHSI aa pnc. 1a), To nony'laeM, 'ITO 

'lHCIIO C06biTHfi, COOTBeTCTBYIOIDHX peaKUHH ( 4), B 9TOM nirrepaane paBHO 137, 

I1peAnonaraSI AnSI HHX rayccoacKoe pacnpeAem!Hne no HeAOCTaromefi Macce, 'iiaxonnM, 

'ITO 3a npeAenbi 1,5 omn6Kn nonaAaeT 13,4% co6biTHfi. TaKHM o6pa3oM, no 9TOfi 

oneHKe BO aceM pacnpeAeneHHn no HeAOCTaromefi Macce HaXOAHTCSI 158 co6biTnfi, 

cooiaeTCTByromnx peaKnnn ( 4). 'ITO xopowo cornacyeTcSI c nonyqeliHofi Bbiwe un!jl

pofi ( 175 :t,.21 ) co6biTnfi. 
I 

Llng·. BbiAeneHHli cnyqaea peaKunn Ha KncnopoAe_ npoBOAHIICli o6c'leT oTo6paH-

HbiX 303.co6biTnfi--no KHHeMaTnKe peaKnnn_ (5). CooTBeTcTByromee pacnpeAeneHne 

noaenn'lnHe_HeAOCTaromefi MaCChi B nHTepaane· l890:-990 M9B) ,npeACTaaneHo na 
- . 

pnc. 16. BnAHO, 'ITO HHKaKoro nnKa oKono MaCChi HefitpoHa B · HHTepaane 

. (930-945 M9B) He Ha6nronaeTCSI, Bcero B 9TOM HHTepJ3ane' HaXOAHTCSI 21 C06biTI!e1 

6 113 KOTOpblX 'yAOBneTBOpS!IOT KHHeMaTHKe peaKUHH (4.), Bee C06biTHSI pacnpeAeneHbl 

Ha ypoaHe !jloHa, 

6 

J ; 

il: 
I 

I 

· ne 

4. OnpeAeneHI!e OTJiocnTenbHbiX aepo~ 

0THOCI!TellbH8SI BepOliTHOCTb AaHHOfi pea~ 

w = n1 
I 

'TJ I N 
" 

rAe n I - 'lHCIIO C06biTHfi ABHHOfi peaKUIIH, TJ l 

11 -:_Me30HOB MPBMH' yrnepOAa, · a30Ta H KHCIIOJ 

Me30HOB nerKIIMH SIJ:tpaMn. 

3aKOH pacnpeneneH!ISI OCTaHOBOK ~ 

C I N I 0 TO'lHO He naaecTeH. EcTeCT 

aepoSITHOCTb 3axaaTa nponopunoHanbHa 

/10/ Ta ann :lKe nponopnnoHanbHa nZ 

KOHUe 

/11 I I 

CTBeHHO 9TH ABYM npeAnono:lKeHHllM,Ha Kncnc 

HIIH 38,5% 11 -· -Me30HOBJ OCTaHOBHBliiHXCSI B ne 

cna60 38BHCHT OT TOrO, KaKOH 3aKOH 38XBaTa 

_H!Ie AnSI Kncnopona paBHO 'TJ 0 = 36%. · AHano);': 

11 Allll aaoTa 'TJ N = 14,4%. 3aa'leH!Ie 71 0 xop< 
/8/ . 

Tbl , B KOTOpOfi 6bJnO nony'leH01 'ITO 35% 

nycKaHI!eM Lf 8 
COOTBeTCTBYIOT 38XBaTBM 

/5/ -
J13 pa60T . cneAyeT1 'ITO OAHO c06biTH 

XOAHT B cpe.naeM HS. 526 OCTBHOBOK 11- -Me< 

npHHa:J:tneJKaT· nerKnM MPBM. TaKHM- o6pa30M 

Hble 8233 pacmenne&HSI COOTBeTCTByiOT N11 =1 

KIIX SIJ:tpax !jJOTOSMYllbCI!ll, 

J1cnOllb3YS! 9TH J:ta.llHbie, HaXOJ:t!IM C ):10 

nnfi (1-5): 

12 8 
w 

1 
( 11-'C . -+ Li +He 

- 14 B · 
.w

2
(11 N ... u +Li 

w ( 11 -o ~e ... B 
8 + He 

3 . 
. 8 
w ( 11 -c 12 ... Li + l!e 

4 
- 18 

8 

w
5 

(11 0 ... u .+Be 

7 



+ f3 e 

a v 217 
2 

2 
(M-b) - --2-· 

2a 
2 +C 

OWH5Ke B onpeaeneHHH HellOCTaiOIJlefi t.4aCCbl A.llll 

KBaJlpaTOB Ha. 3BM HaXO)lH.IIHCb BCe napaMeTpbl 

C nonyqaeTCli O'leHb 5nH3KHM K Hy.n10, Ilona·~ 

2 
aHa'leHHe X npaKTJI'leCKH He MeHlleTCli, 

890-990 MaB. TaKHM o5pa

a= (175;!:.21) co5biTHfi, a a
2

=(19,5;!:.1,0) MaB. !lo

la cn.nowHofi miHHefi H xopowo onHCbiBaeT aK-
2 -2 

aHa'leHHe x =20,6 npH X =15. 3Ha'leHHe 

onHCaHHli aKcnepaMeHTa.nbHoro pacnpeaeneHHli no He)lo

oaHoro pacnpeaeneHHli fayc;:ca, T.e. npH a ==0 He no-
2 -2 x .. 41,5 npH X = 16. CooTBeTCTBYIOillee ·aHa'leHHe 

pacnpeaeneHHe no HeJlOCTa!Omell Macce ll.II'il. !jloHOBbiX 

(930-945 MaB) paBHOMepHoe H no BenH'lHHe TaKoe -JKe; 
\ 

(nyHKTHpHali .IIHHHli Ha pH C. 1 a) 1 TO nonyqaeM~ 'ITO 

peaKIIHH ( 4) 1 B. 9TOM Hi!'repBane paBHO 137 • 

pacnpe.nemiHHe no neaocTa!Omell. Macce, · il:axo.nHM, 

nonaaaeT 13,4% co5biTHll. TaKHM o5paaoM, no aToll 

no HeaocTa!Omell Macce HaXOAHTCli 158 co5biTHll, 

6 

cornacyeTC'il c nonyqeiiHoll BbiWe IIH¢-

npOBOllH.IIC'il 05C'leT OT05paH-

peaKIIHH. (5). CooTBeTcTBYIDillee pacnpe.neneHHe 

HHTepBane (890- 990 MaB) npeacTaB.neHo Ha 

OKono MaCChi Hell'i'poHa B. HHTepBa.ne 

Bcero B 9TOM HHTepaa.ne HBXOllHTCli 21. C05biTHe, 

KHHeMaTHKe peaKIIHH ( 4.). Bee co5biTHli pacnpe.neneHbi 

~l:: 
{ t. 

4. OnpeaeneHHe OTHOCHTe.llbHhlX BepO'i!THOCTefi peaKIIHH . . 

0THOCHTe.llbH8'il BepO'i!THOCTb .QaHHOH peaKIIHH W1 
oppe.nenlleTCli no-¢opMy-

ne 
w = nl 

I T/ N 
. I U 

rne n
1

- 'IHC.IIO C05hlTHH ABHHOH peaKUHH 1 T/
1

- OTHOCHTenhHB'il 'laCTOTa 38XB8T8 

17-;,..MeaoHoB 'i!llpaMH'yrnepona,-aaoTa H KHC.nopo.na, Na- nonHoe 'IHcno aaxBaTOBI7-·

MeaonoB .nerKHMH 'i!llpaMH. 

3aKOH pacnpe,neneHH'il OCTaHOBOK 17 -MeaOHOB no OTlle.llbllbiM KOMnO!Iei!T8M 

c N , 0 TO'li!O He HaBeCTeH. EcTeCTBeHHO npeanonolKHTb ABe BOaMOlKHOCTH: 

BepO'i!TIIOCTb aaXB8T8 nponOpUHOH8.1IbHa 

/10/ 
Ta HnH JKe nponopiiHOIIanhHa nZ 

KOHIIe!ITpaiiHH 'illlep n · .Qai!HOPO eneMeH-
/11/ . . . 

( Z -aap'illl 'i!llpa). Tor.na cooTBeT-

CTBeHHO 9TH ABYM npe,nnono>KeHHliM,Ha KHC.I!Opo.ne llO.IllKHO aaXB8TbiB8TbC'il 33% 

H.IIH 38,5% 17- -MeaoHoB, ocTaHOBHBWHXCli B nerKHX 'i!llpax. BHAHO, 'ITO peaynbTaT 

cna6o aaBHCHT oT Toro, KaKoll aaKOH aaxBaTa Mbi npe.nnoimraeM. Ci>ennee anaqe.::: 

HHe A.II'i! KHC.I!Opona paBHO '1/ 
0 
= 36%. · AnanorH'lHO nonyqaeM Jl.II'il yrnepoaa 71·c = 49,6% 

H .nnll aaoTa 71 N = 14,4%. 3naqenHe 71
0 

xopowo coBna.naeT c peaynbTaTaMH pa5o-
~/ . . 

Tbi , B KOTopoll 5bmo no.ny'leno, 'lTO 35% qeTbipex- :u Tpexny'leBbiX aBea)l c ac~· 

nyCK8HHeM Li 8 COOTBeTCTBYIOT aaXB8T8M 17 -· -MeaOHOB ··gnpaMH. KHC.I!Oporia. · 

/5/ . 
Ha pa50T · cnenyeT, 'ITO onno co5biTHe, _HMe!Oillee T-o5paaHbill cnen, npoac-

XOAHT B cpenneM HB 526 OCTaHOBOK 17- -MeaOHOB B !jJOT09MY.IlbCRII, a 36% .. a ..:.aBean 

npn:aa:nne>KaT· nerKHM 'i!llPBM. TaKHM. o5paaoM riony'laeM, 'ITO aaperacTpHpoBan-. 
. 6 -

Hble 8233 pacmenne!'lll'il COOTBeTCTBYIOT N U -=1 ,56 • 10 · aaXBaTaM 17 -MeaOHOB B .ner-· 

KHX nApaX !jJOTOSMy.llbCRH. 

Hcno.nhayg aTH naHHbxe, naxonHM c nocT(mepHocThiO 90% Bepo'i!THOCTH peaK-

UHll {1-5): 

-1 12 8 4 -e w 
1 

( 17 C .... Li +He ) < 3, 0. 10 

- 14 8 . 6 -5 
. w ( 17 N ... Ll + Ll ) < 1, 0. 10 

2 . . 

1e 8 8 · -e 
w ( 17 -o ... B + He )< 2, 3. 10 

3 . 

w ( 17 -c 12 -+ Li 
8
+ He 3+ n )=2,2.10-

4 

4 
. - 18 8 7 -5 

w 
5 

( 17 0 -+ U .+Be + n )~ 1, 8.10 

,7 

;-., 



BHJlHO, 'ITO JlBYX'I8CTH'IHbl9 p83B8Jibl ne'rKHX smep ( 1-3) CHnbHO II0l14Bn9H~I, a pe-

8KUH.II ( 4), no KpaliHel!: M:epe ·, B 10 paa 6onee aepO.IITHa, 'I eM peaKUH.II l5). 

5. AHana:a Tpex'laCTH'IHoli peaKnHH Ha yrnepolle 

• , IT - + C 12 -+ Ll 8 + He 3 + n 

TaK K8K p~aKUH.II (4) Hl19T C OTHOCHT9nbHO 6onbUIOli ~epO.IITHOCTbiO, TO MO)KHO 

nony'IHTb H9KOTOpbi9 CB9):19HH.II 0 ee M9X8HH3Me H3 X8p8KTepHCTHK BTOpH'IHbiX '18C

THU. Ha pnc. 2 npel1CT8BII9Hbl aHepreTH'IeCKHe pacnpelleiieHH.II BTOpH'IHbiX '18CTIIU 

OT. peaKUHH ( 4). nnaBHbie KpHBbie COOTBeTCTBYIOT <flaaoBOMy o6t.eMy, noC'IHT8HHo-

• . /12/ -
MY no CT8Hl18pTHOH nporp8MM9 ¢0PC Ha aneKTpOHHO-!!bi'IHCIIHT9IIbHOll M8UIHHe. 

!13 aTHX pacnpelleneHHli BllllHO,· 'ITO no'ITH BCIO aHeprHIO B 9TOli peaKUHH, Bbll19JI.IIIO-

UIYIOC.II npn 38XB8Te IT -Me30Ha, yHOCHT HeliTpOH, 3TO YK83biB89T Ha TO, 'ITO npeo6-" 

I18l189T T8KOli M9X8HH3M 38XB8T8, npH KOTOpOM Ba:m:HyiO pOII_b 11rpaeT B036y:m:l19HHOe CO

Il 
cTO.IIHHe smpa-ocTaTKa B , nony'laromeroc.II nocne aMHCCHH 6biCTporo Hel!:TpoHa. 

B cneKTpe HeliTpOHOB BHlleH MaKCHMyM: npn aHeprHI! 80 MaB, 'ITO coOTBeTCTByeT 

aHeprnn aoa6yJKl19HH.II · smpa B 11 
0 pailHoli 35 MaB. 

II 
XapaKTepaoli oco6eHHOCTbiO Kpnaoli Boa6yJKl19HH.II B SIBIISIIOTC.II JlB8 M8KCH-

/6/ 
MyMa , OllHH H3 KOTOpbiX nelKI!T npn aHeprHn E = 20 MaB, a BTopol!: - npH 

E=35 MaB. 3TH M8KCIIMYMbl Ha6IIIOl18IIUCb H B peaKUIISIX C
12

(p,2p)Bll[l3-IS] 
12 . - [r8] . 11 . 

H· C (y,pt) 2a • 3HeprnSI Boa6yJKJl9HUSI B , paaHaSI20 MaBJcooT-

BeTCTByeT .Bb!pb!B8HHIO HYKIIOH8 H3 S -o6onO'IKH II noaTOMY aTOT M8.KCHMYM- HHTep-

/1517/ 11 ! 8 
npeTHpOB8H ' K8K JlblpO'IHOe COCTOSIHHe B C KOH<jlnrypauneli S p • 

/18/ • - . 
B pa6oTe npoBelleH )leTanbHblll aHanna aKcnepnMeHTanhHbiX l18HHbiX no 

peaKUHH - 12 3 
IT +C -+2a+H +n, 

B3.1ITbiX H3 pa60T/
6 /: ne,P.:Bblli M8KCIIMYM B KpHBOH B036YlKl19HIISI OTOlKl19CTBII9H C 

Ol1H0'18CTH'IHbiM nornOUI9HH9M IT- -Me30H8 HYKJIOHOM H3 S -060JIO'IKH B .IIllpe 

12 . -
C • BTopol!: M8KCHMYM 6bin HHTepnpeTHpOB8H K8K npOllBJI9HHe KB83H8IIb<jJS:'18CTH'I-

Horo nornomeHn.II IT -MeaoHOB. 

B nccnellyeMoli HaMn peaKUHH (4) 
12 8 3 

IT-+C ... u +He + n npOS!BJISieTC.II TOJib-

KO BTOpoli M8KCHMYM B aHeprnn· B036yJKl19Hil.II B II npu 35 MaB, T8K K8K nopor 

ll 8- i 
pacnalla B Ha li n Ee cocTaBnSieT 27 MaB. 

8 

f: 

l 
l ,, ,, 

J 

I 
l 
i 
1· 

l ti( 
'';l 

S' \1 

1 \; 
1 
}I 
t' 
·I 
l 
,J 
! 

·,;1 

' f ·~-,, 

t 
l 
ll 

I 
) 
X 

) 
·I 

~ 
l 
I 
j 

BoaHHKileT Bonpoc, K KaKoMy Knaccy npf 

UUp.OB8HHb!X C06biTilli llByxny'leBOrO TUna, npe, 

8 
CII9llbl npHH8l1JI9lK8T ~paM li, . , MOlKHO TIC 

HenlleHTn<jlnunpoBaHHbiX co6~>ITHli (pnc. 3). Ec; 

· JKeJibiX .IIllpax, TO nony'leHHbili cneKTP na..,aa· 

oTJIH'I8ThCSI OT cneKTpa llJISI peaKUHH'(4). Ha 

'ITO 38M9THOrO p83IIIl'IHSI HeT. noaTOMy H9Hl19 

My, npHH8l1JI9lK8T l1BYXIIY'I9BbiM C06biTHSIM C 0 

, KHcnOp0Jl8 C Bbin9TOM H9CKOnbKHX HeliTpOHOB. 

eCIIH Ilp0B9CTH o6ny'leHne <jJOTOSMYIIbCilli B CHJ 

HHTHOM none, H6o npn · {3 -pacnalle B
8 

ncn 

HCIIYCK89TCSI aneKTpOH, 0l1H8KO IIOCTOSIHHbie B< 

B aaci'orunee BpeM.II nony'lnTh aecbMa TpyJliiO. 

HbiX noneli C l1IIIIT9IIbHOCTblO HeCKOnbKO MC9K 

K8K epeM.II lKH3HH .1Ill9p 11 
8 

H B 
8 

OKOIIO 1 C 

6. 06cyJKJleHne pe:= 

nony_'leHHb!e 9KCII9pHM9HT8IIbHbl9 Jl8HHbiE 

Ilpl!Mb!X smepHbiX pe8KUHH, corJiaCHO KOTOpOH 

- . /18 19/ 
ManoHyKnOHHOH _accounaunn B smpe ' • B 

-. 
IT -MeaoltOM aaeprnu pacnpeJlenSieTcSI MelKJlY 

Jl0IIlKH8 p83B8III!B8TbC.II, no KpaliHeli Mepe, H8 

llOIIlKHbl npeo6na)l8Tb peaKUHII C 'IHCIIOM '18CTf. 

Tpex. Hamn peaynhT8Tbi noKa3biBaroT, 'ITO JlB) 

CTBHTeiibHO M8IIOBepOS!THbl ( W < (2-10) •10-

/18/ . 
AHanoru'IHO pa6oTe MOlKHO npeJ:tnonc 

TpOHOB npn aHeprnH 80.MaB )lnll TpeX'18CTH'If 

o6yciiOBII9H 38XB8TOM IT-·-Me30HOB rpynnoli 

B aTOM cny'lae enpTyancaoli 'laCTHneli JlonJKHC 

xapaKTep nornomeHHSI IT -MeaoHa npueeJleT. 

SIM HeiiTpoHa c He 3 
(eM. pnc. 4). B OTIIH'II 

4 . 
smpa 1! , rwrlla yron paaneTa HeliTpoHa u 

9 



rulep {1-3) CH/IbHO IIOllE!BneHbl, a pe

pa3 6onee aepoRTHa, qeM peaKnns (5). 

a:a yrnepoae 

OTHOCHTe/IbHO 6onblll0ll Bepo£THOCThl0 0 TO MO)!{J3:0 

H3 xapaKTepHCTHK BTOpnqHbiX qac

pacnpeaeneHHS aTopnqa:hlx qacTnn 

COOTBeTCTBYIOT $1'!30BOMy 05beMy, nocqnTaHHo-

/12/ -C a:a sneKTPOHHO-i!:CiqncnnTenbHOH Mamna:e. 

STOll pe8KIII:IH 0 Bbl.[{ensno

YHOCHT HellTpOH, 3TO yKa3hlBaeT Ha TO, qTo npeo5-

KOTOpOM Ba)KHYIO pO/Ib nrpaeT B035y)K.[{eHHOe co

nocne SMnccnn 5:ciCTporo · HellTpoa:a. 

sa:eprHI:I 80 Msa, 'qTO COOTBeTCTByeT 

II 
aos5y)Kaea:Hs B sansroTcs aaa MaKCH-

E = 20 Msa, a aTopoll - npx 

H B peaKIIHHX Cl
2

( p, 2p )B IJ[ 13 -15] 

11 
B , paaa:as 20 NSaJcooT-

S -o5onoqKH H nOSTOMY STOT M8ltCHMyM. HHTep-
11 3 8 

B c KOHqJHrypaunell S p • 

SKCIIepnMeHTanhHblX ll8HHbiX no 

n • 

B035y)K.[{eHHH OTO)K.[{eCTBneH C 

HyKnOHOM H3 S -o5onoqKH B Mpe 

nposanea:ne KBasnanhqll:r'laCTnq-

- 12 8 3 . . 17 + C -+ lJ +He + n npoHBnseTcsr Tonb-

B 
11 

npn 35 Msa, TaK Il:aK nopor 

Msa. 

j 
1 

~ 
t 

pll 
,,:}. 

IJ, 

i 
l, 

{' 
•J 

i 
I'; 
,. 
), 

~· 
i' 
~·, 

~l 

t 
l 

\' 

Bosa:nKB.eT aonpoc, K KaKOMy 11:naccy npna:aan~)KHT 5onhwas_ nons. a:enaea:THcpn

unp.oaaa:a::ciX co5:ciTHll aayxnyqeaoro Tnna. Tipean~naras, qTo ace sTn· T.;;;o5pasahle· 
e . • .. . . 

cnea:c1 npna:aane)KaT ~paM lJ , MO)KHO nocTponTh sa:epreTn'leCKHll cne11:Tp ans 

a:enaea:TncpHnnpoaaa:a:hlx co5:ciTHii (pac. 3). Ecnn 5hl. STI:I co5hlTHH npon:sownn a:a TH-

. )Ken:ciX Mpax,. TO nony'leHHhlH Cfreli:TP H3-3a K.ynOHOBCKOI'O 5apbep_a llOn)K~H CHnbHO 

OTnaqaTbCH OT cneli:Tpa lliiH peali:IIHH ·(4), Hs cpa~HeHHH pn:cyHII:OB 2 H 3 BHJ:Uio; 

'ITO 3aMeTHOI'O pa3nl:lqH£ HeT, TiosTOMy Hen:aea:Tn:cpn:n:n:poBaHHhle cny'laH, n·o-BHllHMO-

My, npna:aane)KaT aayxny'leBbiM co5hlTHHM c o6pasoaaHJieM B 8 
a:a rulpax asoTa n: 

. 8 
. II:HC1Iopoaa c a:cmeTOM a:ecli:O/Ibli:HX a:eilTpoa:oa. Haea:Tncpn:unpoaaTb smpa B MO)!{Ho, 

ecnn.npoaecTH o5nyqea:ne cpOTOSMynbCHll B CH/IbHOM (100-150 Oe ) noCTOHHHOM Mar-

HHTHOM none, n5o npn. {3 -pacnane 
8 

B. 
. 8 

ncnyci~:aeTcsr nosnTpoa:, a B cnyqae Li 

n:cnycKaeTcH sneli:Tpoa:. OaHaii:o noc'roHHa::cie so apeMeHn cn:nhHhle Mara:n:TH:cie nons 

B a:ac'toruuee BpeMsr nonyqn:Th BeChMa Tpyano. Hcnonbsoaanne nMnynbCHbiX MarHnT

HhlX nonell c annTenhHOCThiO a:ecKO/IbKO MCeii: a:escpcpeKTHBHO a ·aana:oM cnyqae, iaE: 

·II:all: apeMH )Kn:3HH snep 11 
8 

n B 
8 

o11:ono 1 CeK. 

6. 05cy)Kaea:n:e pesynhTaTOB 

Tiony'leHHbie SII:CIIepn:MeHTaiibHb!e .[{aHHbie MO)KHO IIOUHTb C TO'l.II:H speHHll TeOpHH 
. . 

npHMbiX rulepHbiX • peaii:UHll, cornacno KOTopoll nornowenn:e 1T -· -Mesoa:a nponcxoanT a:a 
. /18 19/ -

ManoHyKnOHHOH accoun:ann:n: B Mpe . ' , B STOM cnyqae OCJIOBHaSI qaCTh BHOCHMOif 

1T -Me30HOM sa:eprnn: pacnpeaensreTCH Me)Kay Hyii:noa:aMn: STOll accounaunn:, II:OTopas 

.l:tOII)!{Ha pasaammaThCH, no Il:pali:Hell Mepe, a:a aae qaCTIIUbi, OTcroaa cneayeT, 'ITO 

aon)!{Hbl npeo5naaaTh peaKUllll C 'lHCnOM 'l8CTHU B KOHe'lHOM COCTOHHllH He MeHbWllM 

Tpex. Hawn pesynhT8Tbi noKa3:ciaaroT, qTo asyxqacTnqa::cie pasaan:ci ne~:"Kn:x· SI.Qep aeii-
. . ( ( -6) . 

CTBHTe/IbHO ManoaepOHTHbl W < 2-10) • 10 , 
/)8/ . -

AHaiiOI'H'lHO pa~pTe . MO)K!IO npeanonO)KHTb, qTo MBII:CIIMYM B cneKTpe Hen-

TpOHOB npn: saeprn:n: 80 .Msa ans TpexqacTnqJioll pea11:un:n: aa yrnepoae "-+C1 ~ Li
8
+He3+n 

-· . 12 
o5ycnoanea: saxaaToM· 1T -Mesoa:oa rpynnoli: ns qeT:cipex HyKnonoa B ·liJlpe C 

~ -
B sToM cnyqae anpTyanba:oii qacTn:n:eii aon)KHO 5:ciTh rulpo 11 • Kiiasn:'laCTH'lHbill . 

xapaKTep nornowea:ns " -Mesoa:a npnseaeT. K cneuncpn'leCKHM yrnoa:ciM KoppenHUn::

HM a:eiiTpo.Eia c He 
3 

(eM. pn:c. 4). B oTnH'll:le O'):' cnyqas pacwennea:n:s C1305oaa:oro 

liJlpa 1! 
4 

, Koraa yron pasne-ra· ·aellTpoa:a n: P.e
3 

. c'ocTaBnseT B cncTeMe ero 

9 



o ·o 
ueaTpa Mace 180 ,. B )laHHOM cnyqae yron pasneTa oKaSbiBaeTCH paBHbiM 150 , 'lTP 

. 'l18/ 
cornacyeTcH c pac'leTaMH no <jlopMYne as paooTbi • 

3 
CneKTp Slllep He OKaSb!BaeTCH MS!rKHM - MaKCHMYM JlaXOJlHTCH B HHTepaa-

ne. (5- 10) Maa.· 8To S!BnHeTCH cneJlCTBHeM asaaMOJleifcTBRH B 

pnn
1 

npOHBnHIOIIIei'OCH B BHJle BOSoyJKJleHHOI'O COCTOS!IIHH Slllpa 

35 Ma/
18 I 

KOHe'liiOM ': COCTOH-
. 11 . 
B npn a11eprna. 

"' 
Cne)lyeT OTMeTHTb, 'ITO OTHOIIIeHne aepOSITHOCTeH peaKUHH 

( 
- 12 3 

w IT+ C -+ 2a + H + n ) 
~= 

w (IT-+ c.12 
.. tl 8 + He 

3 + n ) 

no nopHJlKY aenn'lRHbi JlOnlKHO ob!Tb paaao oTaomelilliO aepoHTHOCTeii o6pasoaaang 
4 12 /20/ 

a -'laCTR'lHbiX n Ll -accounauni!: B Slllpe C • Cornacao paooTe , as 'leTbipex-

ayKnoaabiX ?ccounaunii aanoonee aepoSITHbiMH HBnSIIOTCH a -'laCTR'lHble. IToaTOMY 

. " " 11 " /6/ aepOHTHOCTb BTOpOH peaKUHH )lOnlKHa ub!Tb MeHbiiie. S HaiiiHX JlaHllbiX ll pauOTbl 
3 • 

n~myqaeTCH R: 10 • 

TaK JKe MOlKHO UOHS!Tb npll'lHHY Manoi!: aepOHTIIOCTH Tpex'laCTH'lHOii peaKUllll 

aa KncnopoJle IT-+ 0 H .. U 8 + Be 1 + n • B aToM cnyqae saxa'aT IT- -Mesoaa 

JlOnlKeH npOHCXOJlHTb Ha rpynne as BOCbMH llyKnOIIOB, a aepOSITHOCTH oopaSOBaHBH 
16 

TaKnx acconnauni!: B Slllpe 0 Manbi no cpaaBeHnro· c aepoHTHOCTHMH oopasoaaanH 
< < " /20/ < 

accouaaunn as 'leTbipex ayKnOIIOB • 

3aKniO'leHHe 

11sy'leHae JlByxny'leBblX saeSJl c oopasoaaaaeM Slllep Ll 
8 

!{ 

8 
B , BOSHHKSIOIIII!X 

npa saxaaTe IT -Mesoaoa SIJlpaMn yrnepo)la, asoTa n KacnopoJla, noKaSbiaaeT, 'ITO: 

.'leM 

a) OTHOCHTenbHbie aepOHTHOCTH JlBYX'laCTI!'lflbiX pasaanOB nerKHX H)lep MeHbiiie 

(2~ 10) ·10-6 ; ' 
. 12 8 3 

6) Tpex'laCTH'lHaH peaKUBH Ba yrnepoJle IT-+ C -+ tl + He + n 
" -4 . - 16 8 , 

aocaTenbHOH aepoHTHOCTbiO 2,2·10 , a peaKURH _IT + 0 -+ ll +Be + n. 

HJleT C OT-

noJlaaneBa 

no cpaaaeanro c geii,no Kpaiiaeii: Mepe1 B 10 pas; 

B) aaepreTn'leCKHe cneKTpbl II yrnOBble KOppenHUHII BTOpH'lHb!X 'lSCTllll · B peaK-
- 12 8 3 . -· 

nan :. IT + C -+ l.i +He + n yKaSb!BaiOT ga TO, 'ITO saxaaT IT -Meaoaa 
4 12 . 

nponcxoJlnT aa accounauaa as 'leTbipex ByKnOHOB (li ) a SIJlpe C • 

10 

! 

CoaoKynaoCTb nony'le!IHI 

o'r saxaaTa IT -MeSOIIOB nei 

Teopan npHMbiX SlllepHbiX pea1 

ITonbsyeMCH cnyqaeM t 

B npoaeJleann pac'le~oB n H.¢ 
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cnyqae yron paaneTa OKa3biBaeTCSI paBHblM 150°, 'ITO 
"/18/ 

cPOPMYJie H3 pa60Tbi 

MaKCHMYM HaXOAHTCSI B HHTepBa

cneACTBH6M B3aHMOA6HCTBHSI B KOH6'IHOM '· COCTOSI

B 
11 

npH· 9HepraH 

peaKunil: 

n ) 

2 
.. U 8 + He 3 + n ) 

paBHO OTHOill6HHIO aepOSITHOCTeil: o6pa30BaHHSI 
12· /20/ 

C , Cornacao pa6oTe , aa 'leTbipex-

aepoSITHbiMH SIBJISIIOTCSI a -'laCTH'lHble. ITo9TOMY 
/6/ 

l!OJllKHa 6biTb M6Hbill6, l1a HaillHX AaHHbiX H pa60Tbl , 

npH'IHHY Mancil: aepOS!THOCTH TpeX'laCTH'lHOil: peaKUHH 
8 7 -+ Be + n • B 9TOM cnyqae aaxaaT rr -Meaoaa 

HYKJIOHOB, a BepOSITHOCTH o6pa30B8HHSI 

110 CpaBHeHHIO C aepOS!THOCTSIMH o6pa30BSHHSI 

3aKJIIO'l6HH6 

aaean c o6paaoaaHHeM Slllep Li 
8 

H 
8 

B • B03HHK810illHX 

H KHCJIOpOA81 U0K83blBaeT, 'ITO: 

AByX'lSCTH'lHbl~ pa3B8JIOB JI6I"KHX Slll6p M6Hbill6 

12 8 3 
Ha yrnepone ,-+ C .. u + He + n Hl!eT c oT-
-4 1 

2,2•10 , a peaKUHSI rr-+ 0 8 .. 11 8 +Be' + n. nonaaneaa 

IHHeil: Mepe1 a 10 paa; 

ll YI"JIOBble K0ppenl1UHI! BTOpH'lHbiX 'laCTI!U · B peaK-

n YKa3blB8IOT Ha TO, 'ITO 38XB8T rr -· -.Me30Ha 
r 4 12 

Ha 'l6Tbipex llYKJIOHOB ( li ) B Slllpe C • 

~10 

•( 

CoaoKyiiaocTb nony'leHHbiX aKcnepaMeHTanbHbiX l!aHHbiX · o . aepoSITHOCTSIX peaKuail: 

OT aaxaaTa rr- -Meaoaoa nerKnMH _nnpaMH MO~KeT 6biTb noH~Ta c TO'IKH. apeHHSI 

TeOpHH llpS!MbiX Slll6pHbiX peaKUHil:, 

ITonbayeMCSI ·cnyqaeM Bbipa3HTb 6naronapHOCTb B.C. Kaceneay. aa .nOMOillb 

B npoael!eHHH pac'leToB a H~~. ronoaaaoaoil:, H.C. 3eneacKoil:, H;H. KocTaaamanna, 

B.L Heyna'lHHy, B.H. ITeTpyxaay, A.A. Tl1UKHHy aa none3Hbie o6cyJKneaan. 
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Pnc. 1. PacnpeAeneane AByxny'IeBbiX co6biTHii no HSAOCTaromell Macce: 
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Pac, 2 • .3aept"eTH'19CKH9 cn.eKTpbl BTOpH'IHbiX 'laCTHU OT peaKUHit (4), 
llnaBHaii KpltBaii - ljla30Bb!li 06'beM, 
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Pac. ·3, 8aepreTa'ieCKa1i cneKTp Mep Li 
8 

aa llByxnyqeBbiX· aseall, 
·ge YllOBneTBOpliiOmHX KHHeMSTHKe peaKUHH (4), 

100 /00 
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0 -t 
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23 
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Pac. 4. P.acnpe.r:~eneHHll no yrnaM MeJKllY BTopH'iHbiMH .'iacTauaMa OT peaKu·aa (4). 

IlnaBHbie KpHBbie · cooTBeTCTBYIO~ TpexqacTH'itJOMy· ~PaaoBoMY o6'beMy. 
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