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.Uenen11e TS!lKenoro !Ulpa na Tpll ocKonKa np11Mepno pannoli MaCChi gnnS!eTcS!, 

I!D-BIIlli!MOMy, OUHIIM 113 IIHTepeCHbiX II BalKHb!X acneKTOB lflii311KII neneHIIS! !Ulep, !13-38 

cnolKHOCTII npouecca sTo smnen11e no nacTomuero npeMenn Mano nay'l:eno. HeKoTo

Phie 38M8'1:8HIIS! 0 B03MOlKHOCTII T8KOI'O Tllna neneHIH! cnenaHbl B oa6oTe CaS!TeUKo-
/1/ 

ro , rne npencKa3ano, 'ITO ce'l:eJme Tpoiinoro neneHIIS! nonlKIIO cymecTnenno no3-
2 /~/ 

pacTaTb c ynenn'l:enneM Z I A , B Monenn lKII!IKOii Kann11 CTpyTRHCKI!ii llccne-

nonan pannonecHbie ¢opMbi gnpa, np11non!!mne K nenenmo, 11 noKa3an, 'ITO napgny c 

o6hi'I:HhiMII Kon¢arypaUIIHMII c onnoii meiiKoii, nMeroi;-cg 6onee cnolKHbie, c nnyMS! 

weiiKaMn, Ko-ropbie, n npnnn11ne, MoryT npnnonnTb K TpoiinoMy nenennro. OnnaKo 

¢aryphl 6e3ycnonnoro pannonecng nng cny'l:ag nnyx meeK nony'laJOTCS! npn 3Ha'l:nTenb

uo 6onee Bb!COKIIX S1!9pi'IIHX1 'ITO npiiB9!19T K 0'1:9Hb ManbiM C9'19HIIHM TpOHHOI'O 

neneHIIS!. 

3KcnepnMeHTanbllbie nonhiTKH o6napylKenng Tpoiinoro nenenng np11 o6nyqennn 
/3/ -

ypana TennoBhlMI! neiiTponaMH ne nan11 pe3ynbTaTa • 0'1:ennnno, 'ITO nnH noHCKon, 

TpOHHOI'O neneHI!S! cnenyeT npOllBIIHYTbCH B CTOpony cymeCTBeHHO 6onbllli!X 3H8'1:8HIIii 
2 • 

z I A • EnancTnennyro no3MOlKHOCTb nng sTofi nen11 npencTannHJOT B nacToS!II(ee npe-

MS! peaKUIIII C IICI!Onb30B8HI!9M ycKopeHHblX TS!lKenbiX I!OHOB, nepBbl9 OUb!Tbl no ne-

neHHIO 
u 288 11oHaM11 aprona c snepr11eii 10 Msn/HyKnon noKa3ann, '-ITO ce'l:enl!e 

/11/ 
neneHIISI na Tpll ocKonKa cocTannHJOT 6onee 3% OT ce'l:eHnH nnoiinoro nenennSI • 

OnnaKo npll o6ny'I:8Hllll TS!lK811biMII IIOH8MII B03MOlKHbl IlBa pa3nl!'l:l!hlX M9X8HI!3M81 

npHBO)lS!II(HX K TOMy, 'ITO nepBOHa'l:anbHOe CHnbHO B036YlKll9l!H09 COCT8BH09 S!!lpO 

pa3neniiTCSI na Tpn ocKonKa, Onnn 113 nnx ecTb 'ncTnnnoe' Tpoiinoe nenen11e, Korna 

np11 nelflopMaUIIII IICXOUHOI'O !Ulpa o6pa3yeTCS! KOH!flarypaUIIS! C llBYMS! lU9HK8MII II !Ul;.. 
-21 

po nennTCS! Ha Tpll OCKOnKa 38 BpeMS! noplUlK8 10 CeK, 8Topofi M8X8HI!3M COCTO-

I!T B cnenyrollleM, 8 pe3ynbT8Te 06b!'I:HOI'O UBOHHOI'O neneHHS! IICXO!IHOI'O lUlP8 MOI'YT 

o6paaonhiBaTbCSI TS!lKenhie ocKonKH c nocTaTO'I:HO 6onbmHMn ana-qenHSIMI! z 21 A • Ecnn 
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saeprusr aoa6y*neausr TaKoro ocKonxa 6yneT 6onbrue ero 6apbepa neneHHSI1 To ~e-

pea HeKOTopoe npeMsr. on B cnoro oqepeAb MO*eT. paanenuTbCSI na nna, B peaynbTa-

Te sTore nepnona~allbi!Oe cocTBBHOe srnpo oKameTcsr pa3nenuamuMcn na Tpn ocKonKa, 

ITpn sToM cnenyeT non'lepKIIYTb 1 'ITO npn neneHnn ncxonnoro nnpa n npn neneann 

TmKenoro ocK011Ka Mhi HMeeM neno c o6hi'IIlhiM .naoil.HhiM .nenenneM npn 6ollbmnx 

sneprnnx B036ym.nennn. TaKoil nponecc 6y.neM na3hiBElTb 'KaCKBAHhiM"' .nenenneM. 

CxeMaTn'leCKH on H3oopamen na puc. 1 • B aToll: pa50're nenaeTcn nonhiTKa Konn'le-

c-rnennoro onncannn KacKattnoro .nenemnr. nnsr srnpa c sneprneil B036y:ac.nennn 

nepoSITHOCTb KacKattnoro ttenennsr MomeT 6hlTb rrpe.ncTasnena B nn.ne: 

A max 
~ E P 31 = ..:.. PE (A) IV 1 (A)

1 
A=Amtn 

(I) 

rtte PJ:.(A)- OTHOCHT91lhllhlll Bh!XOA THlli91IOI'O OCK011Ka C_ Maccofi A IIPH JlBHHOll 
E 

SHeprHU B030Y*AO_HHSI COCTBBHOI'O Http a, W r (A) - nepOHTliOCTh A9119HHH TH*91IOI'O 

ocKonKa c Maccoll: A n sHeprneil noa6ym.nennsr E 

!13 9KCnepHM9llTEl1IbiihlX JlBHHhlX no )lene!IHJO UOlt Jl9llCTBH9M THlli91lhiX HOHOB 

U3B9CTII01 'ITO pacnpettenenne OCK01IKOB no MaCCaM HMOOT BUll CUMMeTpH'IllhlX KpH-

BhiX1 npn'IeM nx «iJopMa xopomo annpOKCHMHpyeTCSI rayCCOBCKHM 
A 2 

1 (A-T) 
P(A)=-- exp[- ] 

( tra
2

)
10 a 2 

pacnpenenennet~: 

(2) 

rne A t. - MBCCB COCTBBHOI'O Httpa1 A - MBCCB OCK01IKB 1 a 2 - O~pe.nenSieT lllHPH

Hy Mace on oro pacnpettenenun u nnnneTCH «iJynKunell: sneprun B036ymn.ennn n Z
2 I A. 

/4/ 2 
I13BOCTHO 1 'ITO a 1IHHellHO 3BBIICUT OT TeMnepaTypbi: 

!13 ananuaa 

Kcis<\1<\lHuueH-ra b 
2 

a 2
"' bT. 

/56/ 
sKcnepuMeHTBiibllbiX naHHbiX 1 obma 

oT Z
2 I A • 0Kaaanoch, ~To npn x > 0,7 

nonyqena 3BBI!CUMOCTh 

OH 1lllll9ll!IO B03PBCTB9T 

c pocToM z I A. 
1
Ha pnc. 2 CpaB!lHBaJOTCH paCC'IHTBIIllbl9 MBCCOBhiO pacnpe)lene

HHH C 9KCnepHM9HTB1IhllhlMII lt1IH peaKUilll Aul97(C12,f) H U288(Ne22 ,f) x)/6 17/, 

CunomHhiMH nnHHSIMH noKa3BHbi peaynhTBThi pac'!eTa 1 KpymKaMu - SKCnepnMeJITan&-: 

Hbie naH!Ihie, BtU:IIIO xopomee cornacne pac'!eTJibiX KPHBhiX c sKcnepnMenTanhl!hiMH, 

AHanorn~ao pacc'!UThiaanocb Maccoaoe pacnpeneneane nnn peaKuuu u 
238

( Ar 
40

1). 

BbrXOJlhi Mace B HH-repaane ( 170:;: A:; 220) KaK «iJynKnnn sneprnn aoa6ymnennn npn

BOAHTCS! liB pnc, 3, 

x) B pa6o-rax16~7~onh3onannch ToncThie Ml!meHH 1 nosTOMY HPII oc5paCS~nKe 
Y'IHTh!Bll110Ch 1 '<ITO llpltBOilOl!Hhie KpiiBhlO HBnmOTCll CJ MMOU M8CC0Bh!X pacnpenene
llllll nnn pasn!l'Il!h!X sneprnil .nenruuuxcn nnep. 
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Jlng .UaXOJK/l9HBS! C91J9.1JHSI KaCKS.IlHOrO ):t9JI9HBSI .11900XO/l11MO TaKJKe 3.1JaTh Depo- . 

SITHOCTh /l8JI9HIISI TS!lKeJINX OCKOnKOBo Ona 3aBRCIIT OT KOHKypeH~H .r:teJieHHS! (5)·c 

11cnapen11eM neftTponon. Denenne ocxonxa MoJKeT npo11cxonnTh n nocne ncnycxannSI 

onnoro-nnyx neftTponon, 11 Tax xax neposrrnoCTh nenen11sr nocne 11enapeH11SI neftTpoaa 

pe3KO YM8HbWaeTCS!, TQ B pae1JeT8X MOJKHO OrpaHH1JHThCSI y1JeTOM 'TpeX CTylleHell 

llenapnTeJihHOrO xaeKa/la Hel1TpOHOB R BepOSITHOeTh /leJieHRS! OCKOnKa DpRHS!Th paDHOH 

2 

w f - }; 
laO 

I 
n 

k .. o r nk + r lk 

/8/ 
HeiiTpOHHbie 11 nennTeJibHbie wnpHHbi onpenensrnneb as BbipaJKennA 

r .. 
n 

2ft 
A (E -Bnl exp[2a~ 

an 17koexp[ 2(anE)~ 

(3) 

(4) 

ne 2 h 
2 

ko .. ---:-
2mr0 

an n a 1 - napaMeTPN nnOTHOCTn yponneA. Pac'leTbi npononnnnch 

npn enenyromnx npennonoJKennsrx. Tennonasr snepr11s nexonnoro SIApa pacnpe.r:tenseTcs 

MeJKAY ocxonxaMH nponopJIIIonam.Ho ax MaccaM. 3apSI.r:tN ocKonxon TaKJKe npennona

raiOTcSI nponopunonanhHbiMR IIX MaceaM. 3To npennonoJKeHIIe onpannano B .r:tal!HOM 

cny'lae TeM, 'ITO B ce1Jenne xacKanlloro nenenns BHOCIIT nxnan wnpox11A IIHTepsan 

MaCC TS!JK9JINX OCKOnKOBo 

Macebi srnep, 6apbephi nenen11st 11 snepr1111 enst311 nel1Tponon 6pan11eb 113 Ta6nnii. 

/9/ . 
CBS!Tenxoro • napaMeTpbl nnOTHOeTH a n II a f DO/lollpSJIIIeh H3 yeJIOBIIS! eOB-

naneHIIS! pae1JeTHbiX KpiiBbiX 
/10/ 

nnsr srnep B 

r - 1- KaK tjJyHKlliiH snepr1111 B030YlK/l8HIIS! e SKenepiiM9H-
rn 

nnTepeeyromeft nae ol5naeTII Mace. Ha p11e. 4 ennomHbie TaDbHblMH 

KPIIBbie - pesynbTaTbi pae'leTa, TO'lKII - sxenep!IMeHTanbHble naliHble. B11/lliO nononh

no xopowee eornaene. HaAneHHbie TaKnM enoeol5oM an 11 a 1 oxasan11eb paBHhiMH 
A1 A1 -1 

eooTBeTeTnenno - n - Man • Henonhsysr sTn 3Ha'leHHSI an n a r 1 MOJKHO 
9.8 8 

paee'l!ITaTb neposrrHOCTII nenenllst pas~n'lHhiX TS!JKeJibiX oexonxon. Ha pne. 5 npnaonsrr-

eSI 3aBneiiMOeTII neneJIHSI oeKOJIKOB oT SHeprnn B030YJK.Il9HIISI /lJIS! HeeKOnhKIIX Mace. 

Tenepb, !leDOJib3YS! BblpalKeH!Ie ( 1) t HeTpy/lHO paCe'lnTaTb OTHOWeHne 
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Jll'l'lHbiX KOM6HH8UHll MHllleHb-'l8CTHU8 B 38BHCHMOCTH OT 3HeprnH B036yJKAeHHll H8'lanb

HOf'O l!Apa. PeaynbTaThi pac'leTa npnBeneHbi aa pnc. 6. B pa6oTe paccMaTpuBanucb 

Tpn peaxunn Bi 
209

(Ar
40

,3£l ·, U
238

(Ne
2
7anu U

238
(Ar

40 
,3£) npn paann'lHbiX aaeprn~tx 

HaneT8IOIIlUX UOHOB. 

nnll COCT8BHbiX l!Aep, o6paayromuXCll B 3TUX peaKUUllX, z 
2 I A COOTBeTCTBeHHO 

paBHbi 40, 41 n 43,5. Ha nony'leHHbiX peaynbTaTOB MOlKHO cnenaTb cnenyromue Bbi-

BOAbi: 

1) Ce'lenne xacxanaoro neneaug peaxo pacTeT c yBenu'leHneM cocTaBaoro l!Apa. 

2) Oao TaKJKe 6hiCTpo BOapacTaeT c yBennqeaneM aaeprnu Boa6yJKneansr. 
2 

llnll l!Apa c Z I A= 43,5 n aaeprueli Boa6yJKneanll .. 200 MaB, ce'lenne xac xan-

aoro rteneanH nocTnraeT 3% OT ceqeansr ABoliaoro neneanll. CnenoBaTenbao,neneane 

H8 TpH OCKOnKa AOnlKHO Ha6niOA8TbCll B peaKUUllX C TlllKenbiMU UOH8MU 1 npU'leM K8C

K8AHOe neneaue 6yneT COCT8BnllTb CyllleCTB9HHYIO (ecnu He OCHOBHyro) 'l8CTb ero 

ce'leHnll. 

npn nepexone K 6onee TSllKenbiM HOH8M1 T8KHM K8K Kr 1 Xe 1 U, Korna IWll 

6onbll!HHCTBa TSllKenbiX ocKonxoB BepOSlTH.OCTb nx nenemi~t 6yneT 6nnaKa K emmnue, 

Ce'leHne K8CK8AHOf'O neneHUll 6yneT COCTaBnllTb yJKe CyllleCTB9HHYIO 'l8CTb OT nonHOf'O 

Ce'leHI!Sl peaKUHH. 0A!18KO AnSl aHannaa Ce'le!ll!ll K8CK8AHOf'O AeneHHll, B 3THX C.IJY'l8llX 

He06XOJli!MO XOPOlliO 31l8Tb pacnpeAeneHIIe no MaCCaM OCKOnKOB 

( OC009HHO Bb!XOA TlllKenbiX OCKOnKOB ) 1 a T8KJKe 3aBUCHMOCTb 

B036ylKAeHIIll1 A H Z llAep, 6nJ!3KIIX K nenSlllliiMCSI OCKOnKaM, 

ABOliHOf'O neneHIIll 
r T oT aaeprnn 

n 

ABTOpbl 6naroAapllT !B.M. CTpyTUHCKOf'O H IO.A. nnx-nn'laKa 38 I!HTepec

Hbie AHCKYCCIIII. Mbl 6naronapHbl T8KlKe C.A. KapaMSlHy, H.B. KyaHeUOBY II 10.3. ne

!II!OHJKKeBII'lY aa 6onblllyiO noMOIIlb B pa60Te. 
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Puc. 1. CxeMaTn'<noe nao5pal!<eHne nayx B03MO~<HbiX Mexanua~IOB neneHIISI na Tpn ocKonKa. 
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P11c. 2. PacrrpenenenHe ocKonKOB no Mace aM a peaKUI!SIX Au 
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To'IKBMU .nanhi aKcrrepnMenTanbHbie naHHbie. CnnoruHbie nnHnn- pe3ynhTBTbl pacqeT£ 

' 
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E'f. ( H3B) 

7f ( N~B} 
?uc. 3. 8b!XOA OCKOni<OB B BHTGpBane MBCC 17~3~ A to22Q KBK ¢yHKilBR 3HGpi'HI! B036y>K.qe-

HHR {HIIJI: TeMnepaTypbl) .qng pGBKilBB U ( Ar f) . 

Puc. 4. 3aBHCHMOCTh 
rr 

[ oT TeMnepaTypb!. TO'IKBMH ABHhi aKcnepuMeHTanhHLie naHHbie. 

°CnnOIUHb!G /IJI:HHH-pe3ynhT8Tbl pBC'IeTa. 
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tOO -riT-r---r--r--,--
wf 

U23a + Rr t,o .. 

w-i I I I I V y V I I 

eo 100 120 

E; ( H3B) 

Pnc. 5. 3aBHCHMOCTh aepOHTHOCTH aeneHJ!SI OCKOnKOB C MBCCBMH 182 1 188, 194, 210 OT 
sneprnn B036y>KaeHn>I. (C y'leTo''' Tpex cTyrreHeil ncnapnTeiihHoro KBCKliAB neii

Tponoa). 
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Pnc. B. 3aancnMOCTh ~ oT sneprnn ao36Y>"aeHH>I an>I peaKnnii 
au 

Ili 209 ( Ar 40 , 3 I) ( z2/ A = 40) , U 238 ( Ne 
22

, 3 I) ( z2
/ A = 41 ) U 

238 
( Ar 

40 
, 3 I) ( Z J A= 43,5 ) · 
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