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B pa6oTax psma aeTopoa 6blno noxaaaao, '!To ocHOBHbte '!epTbt aeynpyrax aaaaMoaeli

CTBHII '!BCTHU C BTOMHb!MH smpaMH B o6naCTH SHeprHII nopHAKB HOCKOIIbKHX COT9H Mae 

XOpOWO OllHCbiBBIOTeg M9XBHII3MOM BHyTpHHJ19pHb!X KBCKBAOB (eM,, HanpHMOp, paoOTb/ 1 •2 •31 , 

rae MO>KHO aal!TH aanbuellwae eebUIKH). OaaaKo ao aeex 3TH X paooTax peaynbT8Tbt pae'l:e

Toa epaBHHBBIIHeb liHWb e HBOOIIbliiHM '!HeliOM SKenepHM9HT811bHbiX ll8HHbiX, TO'IHOCTb KOTo

pbiX BO MHOrHX Clly'!B!JX 6blnB epaBHHT911bHO HH3KOII, OcooeHHO STO OTHOeHTeg !{ KOHB'!HOII 

eTai!HH aaaaMoaelleTBH!I ObteTpoll '!aCTHUbt e !IIlPOM - TaK aaabraaeMoMy npoueecy acnape-

HH!J- H KOHKypapy!Oll!9MY e HHM npoueeey A911BHHll smpa, 

l1M910ll!Heeg B HaeTO!Jll!ee Bp9Mll 001199 ll01lpOOHbl9 aKenepHM9HTBIIbHbl9 llBHHbte H B03-

MOlKHOeTb aenonbaoeaTb npa Bbi'!HcneHH!IX OhteTpol!elleTay!Oll!He Mall!HHbt e oonbll!HM o61>eMOM 

naMl!TH noaeonl!JOT npoaeeTa 6onee ueTanbaoe a paaaoeTopoauee cpaaaeuae aKcnepa~teHTa 

H TeOpHII, 3TOMy H llOCB!JllleHa H8lll8 paoOTa, rue M9XBHH3M ueynpyrHX npOTOH-HA9pHbiX 
x) 

aaaHMouel!eTaal! a o6naeTH aaeprall T :: 100-700 Maa aayqaeTeg aa xouxpeT!IOM npa-
238 

Mepe smpa U 

238 
Bhroop smpa u ooyenOBII9H TaM, 'ITO llii!J 9TOro !!llpa B liHTepaType HMB9Teg 

ocooeuao noupooaag axenepaMeHTanbuag aa<PopMBUH!I, 

Bee Bbt'!Heneaag Bhmonaonhr MBTOI!OM MoHTe-Kapno aa ane~tTpoaaoll MBWBHe Ol1Hl1, 

Pauayc smpa npa Bht'!Heneaagx nonaraaeg paBHhtM 1,3 A
11

•
3
10-13 

eM, napaMeTp nnoTHOCTH 

-1 -1 
ypoaaeil a Bbtoapane11 paBHbiM A/10 Maa ana A/20 Mas ( A - 'IHcno ayxno-

HOB B smpe); Bee OCTBIIbHblO ll9TBIIH paC'!BTOB Te >Ke, 'ITO B paooTaX 11 •4 • B / 

Ha pae, 1 npaaeuenbl TeopeTa'!eeKae H axenepHMeHTanbHhre aaaqeaag nonaoro ceqeaag 

aeynpyroro aaaHMOI!elleTBH!I u 
In , Kax BHilHO, 9TH aua'!eHHll xopoll!o eornaeyJOTCSI, 

Oopall!BeT HB eeog BHHMBHHe npHOIIH3HTBIIbHOe noeTO!JHeTBO ee'!eHH!J Uln B OonaeTH 

nonaoll aaepraa T "' 150-400 Maa, 3To ooycnoaneuo KOMneueapyJOIUHM aellcTBHeM ueyx 

a<P<PexToa: yMeHblll9HHeM ee'!eHH!I ayxnou-nyKnouaoro B3BHMOUel!cTBH!I u( N, N) H ocnaone-

HHBM ponH npauuana naynH npH B03p8CTBHHH aaeprlll! T 

yaenii'IBHHJO cao6ouaoro npooera uyxnoua a smpe, aTopoll 

nepBb!H a<P$eKT IIpHBOI!HT K 

K ero yMeHbll!eHHro, 

MeaneHHoe ao3pacTaHHe cetteHHH o1n B 009 eTOpOHb! OT Hero ooycnoaneHO YBBIIH-

'ICHII9M C9'19HIIH a ( N. N) npll nepexoue B oonaCTb MBIIbiX II OOIIbliiHX 9Heprall. 

x) 3AeCb 11 aeaue uanee T- KHHeTH'!eeKaH aHepriiH uaneTaJOll!ero npoToua a na15opa
TOPHO.ti: CHCTeMe KOOp.[(HHBT. 
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Ha puc. I c OIIbiTOM cpaenueaiOTCH TAKJKe ce'!eHBH aeneuuu o
1 

, ebi'IHCIIeHHbie /liiH 

neyx yK838HHbiX ebiWe ,3Ha'leHBil rrapaMeTpa a , C 3KCIIepuMeHT81IbHOi! eenH'IBHOil /lBIIH-
238 0 171 

MOCTH H!lpa U rrpu T "' I 00- 340 Mae, --7}-- • 0, 756 :!:,0,045 , ny'lwe cornacyroT-
In -1 I 

CH peaynbTATbi pac'leTa, cooTeeTcTeyrowero 3Ha'leHBIO a= Al20 Mae ; pac'!eT c a=A/10 Mae-

naeT aaebiiUeHHYIO eeiiB'IHHy llBIIHMOCTH, 

YrnOebiB pacnpeaeneHHH ebiOHTbiX H3 HllPA HYKIIOHOe ecnencTeHe AHB30Tp01IHH OTilBIIb

HbiX HyKIIOH-HyKIIOHHbiX e38HMOJleiiCTeHil HMBIOT gpKO ebipAlKBHHYIO Hanpae!IBHHOCTb e CTQ

pOHY naaaromeil 'laCTHUbi, Ha puc. 2 yrnoebie pacnpeuenenau, nony'!eHHbie npu pac'!eTe 

eayTpuuuepuoro KacKaua, cpaeuuearoTcu c aKcnepuMeHTanbHbiM yrnoebiM pacnpeueneHHeM 

3apHlKeHHbiX 'IBCTHU ebiOHeBHHH ( HX 3H9p!'BH > 

TOHB 460 H 660 Mae, 

20 Mae) nnu anepruil aaneTarom:ero npo-

KaK euuno, pac'!eTHhie H onhiTHbie Kpllebie enonne xopowo cornacyiOTCH, 

B Taonuue I np11eeueHbi TeopeTII'IBCKIIe H aKcnepiiMeHTanbHbie aHa'leHBH anepruu 
238 

ObiCTpb!X rrpoTOHOe, oopaayiOIUIIXCH npH e38HMOueilcTeHHX c HllPOM u npoTOHOe c aaep-

rueii 460 Mae, 

/11/ 
B paooTe IllaMoea 113MepeHhi cneKTphi aapHJKeHHhlX 'IACTIIU, conpoeOlK/lAIOWIIX 

neneHIIe, 3TH CIIe!tTpbl eMecTe C COOTeeTCTeyiOIUIIMII TeopeTH'!eCKIIMII KpllebiMII 1Iplle8JlBHhl 

ua puc. 3, B oomeM aaonrouaeTCH yuoeneTeopiiTBnbHoe cornacue TeOpiiH 11 aKcnepHMBHTa, 

XOTH pac'!eTHhie CIIBKTpbl HenHIOTC<I HBCKOIIbKO oonee lKBCTKHMH, HaonronaeMOB Ha OllhlTB 

oonbwoe qucno npoTonoe c aaeprueil 20 Mae H ehiWe oogaaao ceOIIM npoucxoJKueaueM, 

O'leeHilHO, MeX8HH3MY eHyTpHHJl9pHO!'O KACKB/lBo 

BaJKHOil xapaKTepiiCTIIKOil eaauMoueilcTell<l gen!leTCH '!Reno ucnymeHHhiX '!BCTHU, 
/12/ 

CooTeeTcTeyromue aKcnepiiMeHTanbHhie uaHHhle OhiiiH nony'!eHhi e paooTe • KaK euaao 

H3 T80III!Uhl 2 H p11C, 4, 9TH JlBHHbie OIIH3KH K TeopeTII'!BCKI!M 3H8'!9HH<!M, OUHBKO e OOIIACTM 

T "' 150 Mae pac'!eT uaeT uecKOIIbKO aaehlweaaoe '!Hcno ohiCTphiX rrpoTouoe, aaooopoT, npu 

ehlCOKHx aneprugx T :::: 660 Mae TeopeTH'!eCKoe '!HCno npoTouoe aaMeTHO HHll<e aKcnepa

MeHTAnbuoro, Depeoe eiiUHO B3 OTHOWeHB<I N(OO) IN(180"),eTopoe - H3 pacnpeneneHHH 'IIICna 

38p<!lKeHHbiX 'IBCTHU, CO!IpOeOJKUB!Oll\HX npOUBCC ueneHB<!, 

/13/ 
illaMOBbiM B pa5oTe IIOIIy'leHO OTHOWeHHB a fp , KOTopoe e p8CCM8Tplle89MOM 

HHTepaane aueprnu ( 460-660 Mae) ocTaeTCH IIOCTO<IHHhiM n paeuo 0,36 :!:,0,06, Pac'!eT OT-
. -1 

nowennu a I p c napaMeTpoM rrnoTHOCTH a = Al20 Maa uaeT 3HB'lBHIIe 0,22.:!:,0,07 ung 

T = 460 Mae n 0,28 :!:,0.07 nnu 
-1 

Bbi'!BCnennH c a= Al10 Maa 

HOT' D. 

T = 660 Maa, '!TO uecKonbKO HBJKe H3MepeHHhiX ana'!eHHil, 

/l8IOT 3H8'!eHHe alp Ha IIOpHJlOK HHlKB aKcnepHMBHTBIIb-

Ecn11 cpeunee 'II!Cno HcnymeHHbiX rrpoTOHOB rroaaonueT cynuTb o cnpaaeunneocTB 

pacqeToa BHYTPHHilBPHOro KacKaua 11 rrocneuyromero ncrrapenug, TO cpeuuee qucno uei!Tponoe 
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aaeT ceeueHHs TBKlKe 11 o npaeHnbHOCTB pacqeTa npouecca aenenuu. Ha p11c, 5 cpaaauearoT

CH paC'IBTHOe B OIIhiTHOB 'IBCIIB HBi!TpOHOe, 
- 1141 

B38BMOJl9iiCTeHg D (c aHeprBeil MBHbiUe 
-1 

ypoaaeil a= Al20 Mae , 

POlK/lAIOIUHxcu e 0/lHOM BKTe llpOTOH-HJl9pHO!'O 

25-30 Mae), PAC'!BT C rrapBMBTPOM IIIIOTHOCTB 

no-eHUBMOMy, nyqwe COOTeeTCTeyeT aKCIIBpBMBHTAIIhHbiM 3HA'Ie-

BBSIM. 

Pac'!eTuoe rronaoe 

14,7:!:,1,5 ecnu a=AI10 

'IBCIIO HCIIyiUBHHhlX Hei!TpOHOe 1IpH 
-1 

Mae H 12,5.:!:,1,2, ecnu a = Al20 

T • 340 Mae cocTaenueT 
-1 

Maa , 'ITo onuaKo K aKcnepu-

MBHTBIIbHOMy 3HB'IBHBIO 16-17
1181

• 

/17/ 
B paooTe 113Mepeao 'IHcno aei!Tpoaoa 

Pac'!eTHhie aenH'IIIHhl paeahl 12,3 :!:. 1,2 B 
aeneHHH rrpu T= 147 Mae i·. •13, 1:!:,1,8. 

10,9 .:!:. 1,1 COOTBeTCTeBHHO JliiH 

a =AI10 Mae-
1 

a a=AI20Mae-1• 

Bonae nonHhiil aaan11a npouecca ueneHHH ehlnonueu e uaweil paooTe151• 

Bonbwoil BHTepec rrpeacTaenHeT uayqeaue ehlxoua upouyKTOB pacmenneHHH H/lep. K co-

lKAIIeHHIO, 'IBCIIO 3KCnepBM9HTB!IbHhlX /lAHHhlX 3Jl9Cb HeBenHKO, nng H/lpB 

/15/ rronuo uccneuoeaa ehiXou npouyKToe pacwenneauu npu T • 340 Mae , 

238 
u aauoonee 

nuH/lHBp B TypKeell'l pacC'IHTanu ehixou npouyKTOe pacmenneuu11 npu paanu'!HhiX 
1161 

IIPBUIIOIIOJKBHHHX MeJKuy JlBIIBTBIIbHOi! B HCIIBpBTB!IbHOil WHpHH8MH r, B 
/15/ 

CO!'IIBCIIB C 3KCIIepHMeHT81IbHhiMB JlBHHhlMH paoOThl nonyqaeTC'H 

r . Haunyqwee 

a npeunonoJKeuuu o 

aeaaeHCHMOCTII OTHOWeHIIH r, I r. OT aaepruu eoaoyJKueBHH HJipa, npu 9TOM /liiH r, I r. 
ucnonbaoaanucb aua'!eHHH, nony'!BHHhie e onh!Tax npu aaepruux T < 15 Mae. nuaaae

poM u TypKeeu'!eM ohma npeunpHHHTa TaKJKe nonhiTKa y'!eCTb auepreTH'!ecKyro aaeucu

MOCTb OTHOWBHHH r, I r . OuuaKO BCIIBUCTBHe OOIIbWOil CIIOJKHOCTH ebi'lHCJteBHil e aTOM 
n 232 228 

cnyqae ohm uccnenoeau Bhixou nHWb ueyx HJIBp U H U , ceqeuuu oopaaoeauuu aTHX 

HJlBp OKB38IIHCb !IpHMepao H8 IIOpH/lOK Bh!We 9KCII9pHMBHT81IbHbiX, 

Bee npnaeneHHbie BaMH ei>Iwe TeopeTH'lecKne peaynbTAThi nony'!eHhl c y'!eToM anepre-

/4/ 
TH'IeCKOli 38BHCHMOCTH OTHOWBHHH r; I r. ' cneuyiOIUeil H3 CTBTBCTI!'leCKOil TeopBH • TaK 

KBK 3TH pe3yllbTBTbl UOCTBTO'!HO XOpOWO CornacyiOTCH C aKCIIepBMBHTOM, TO IIpeucTaenHeT 

BHTepeC npu T8KOM >Ke ei>IOOpe 3HepreTH'leCKOl\ 38BHCHMOCTH IIOIII>IT8TbCH p8CC'!HT8Tb H 

Ce'!eHHH oopa30B8HHH pa3!IH'!HhiX rrponyKTOB pacmerrneHHH H)lpa, 

Pac'leTbl IIOKB381IH, '!TO /liiH ceqeHHH 00p830B8HHH H30TOIIOe HBIITYHHH IIPH aTOM nony-

Y89TCH IIp8BHnbH8H 38BHCHMOCTb OT 8TOMHOT'O HOMepa A , HO a6coniDTH8R aenHquaa 

C9lf9HHH OK83biB89TCH IIpH6nH3HTenbHO B!lBOe Bbllli9 9KCII9pHM9HTanbHOii. 

Bhrxo.n H3oTorroa ypaaa THK)f{e Hf\..JeeT npaaHJlhHyiO 3BBHCHMOCTb oT A , HO a6con10T-

Hhie 3H8l.:I9HHH ceqeHHti OK83biB810TCH rroqTH HB IIOpH.UOK BbiUie H3MepeHHhiX HB OIIbiTe. 11cKniO-

Y8HH9 COCT8BJHI9T nHlllb o6naCTb,6J1H3KOH K HCXO.O.HOMY aTOMHOMy 'tJHCJiy A ~238, rue 
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.I 
ceqeHHe 6biCTpO na.naeT II OK83biB89TCSI naJKe HH>Ke, <~eM ero SKCUBpHMBHTanbHOB 

3Haqeane. 

CnenyeT,onHaKo,HMBTb a suny, 'ITO sKcnepHMBHTanbHhie ce<~eHHSI, nony'IBHHbie a pa-

6oTe 
/15/ 

SIBnSIIOTCll cynecTBeHHO aaHnJKeHHbiMH, TaK,nonHoe ce'leHue pacwenneHBll paaHo 
' 

0,28 6ap11a, 'ITO HBMHOI'O HlllKB, KaK BllllHO 113 pi!C, 1, 3H8'1BHBll 0,4- 45 ,,nony'IBHHOI'O B 

t 
Ill 
(1) (;' 

::E: 0 

npyrnx pa6oTax. KpoMe Toro, Ha BbiXOilB B30TOUOB ypaHa CHnbHO CK83hlB88TCSI BKnan 
00 

( 
...... 

0 z "' 
Kaaanynpyroro paccel!HBll 6hiCTporo npOToHa, 'ITO He y<~HTbraaeTCSI KacKanHo-BcnapBTenb-

:!;·. 
"' 0 0 0 0 .___ 
v 6"' +I +I +I +I "'.. r.c_ ""· ""· 

Hoil Monenbro, XoTl! nong KaaaHynpyroro pacces!HIIll no cpaaHeHBIO c nonHbiM ce<~eHBeM 
til 0 (!) 

gil, z ''' ~ ~ ~ 

Heynpyroro B38HMOil8l!CTBBll MOJKeT 6b!Tb II liB O'IBHb aenBKa, 110 BKnan B BblXOJl B30TQ- ·~~~ 
N u C'J 

~ :;; 
nOB ypaHa MOJKBT 6hiTb 3H8'1BTeneH, OOCKOilbKY MPO nocne KB83HynpyrorO pBCCBSIHBll OCTB- ::! ::. "' 

i 0 !-< 

8TCll C M81lOJ! SHeprHeJ! B036yJKil8HIIll 11, CII8JlOB8TBilbHO, BBpOSITHOCTb ero 'lBilBHIIll npH 0. u 
't 6! "' "' 

IICUOnb30B8HHOM npSAUOnOJKBHIIII 0 f 1 / fn Mana, 
I 

' ~ : u '" :;; 
"' = 

Ha p11c. 6 npHBeneHbi ce<~eHBll an11 npoayKTOB pacwenneHHSI Pa Th II Ac • Corna- = = C" "' I.C 0> 
0 '" 0 0 0 0 
!-< IE! IZ 'il 'il 'il c11e C 9KCnepHM9HTOM Jlllll STIIX 1130TOUOB ny'IWB, 'IBM STO 6binO B paC'IBTBX JlBHJlHepa II 
0 "' '1'1 co "' 00 "" 0. 0. "' co. r-. q 

/16/ 
t:: "' I.C <D co I.C 0 

TypKeBII'ia , 3aHIIlKBHHbl8 C8'18HIISI llilll H30TOUOB Pa B o6naCTII BTOMHb!X 'IHCen, 6JJB3- ""' "' I.C 00 o. 0 0 

= 0 0 0 
"' Ill 

KHX K IICXOnHOMY, B03MOJKHO, TBKlKB CBSI38Hbl C npoueCCOM KB83Bynpyroro paCCBliHI!SI, !-< 
u 
»: 

TaKIIM o6pa30M, KacKanHo-ncnapBTenbHaSJ Monenb 11 cTaTBCTB'ieCKaSJ Teop1111 neneHHSJ '" <o> 
I 

1:( 

·I 0 ::! ::! !-< 
TSJJKenbiX SlllBP a o6nacTB sHeprBl! 100-660 Msa xopowo cornacyeTCSJ c sKcnepuMeHTOM. I ~ 0 ::! = = t:: 

"' ~ = '" !-< 

3Ha'IHTBilbHb!B paCXOlKABHIISI Ha6nronaiOTCSI llHWb AilS! BbiXOna HBKOTOpb!X nponyKTOB pac- "' (1) » !-< 
::! '" Ill u :;; 

"' "' 1:( 

"' ::! ~ "' 
wenneHI!SI, nng ycTpaHeHHSI 9THX paCXOJKneHHJ! He06XOilHMbl Y'IBT KB83Hynpyroro paCCBSIHBSI "' "' 0 = 0 0. () 

0. 0 
t:: 

t:: "' !-< 00 '" "' ::! >< u u ...... t:: I.C I.C "" 0.. 
6biCTpb!X HyKnOHOB 118 SI,Upax, y<~eT llOHIIlKBHHSI KYilOHOBC!Wf'O 6apbepa B B036ylKilBHHOM "' >< "' z 0 0 0 

.! 
= = = "' () 

u s .___ 

'" s '" "' +I +I +I 
MPB II 6onee neTanbHOB paCCMOTpBHIIB KOHKypeHUIIH nponeCCOB neneHBSI II HCnapeHI!SI, 

t:: "' Q Q :;; (;' (1) ~ co "' "' \0 s "' "' "' e 0 "' - t- "' "' o-;' 
!-< 

r· 
Q 

'" 
1:( 

"' z ..; o-;' "' "' » t:: "' '" <') :;; 0 

"' !-< "' Ill 0. "' Ta6n11ua 1 c. c. \0 0 
'•I 0 .; t:: "' 

p + u238 
np11 

(1) 

npoTOHh>, POlKil.S!OWI!BC>I B peaKUBH T = 460 Msa = u 
!-< "' :;; 
-~ "' '" /10/ 

::! u 
TeopHSJ On hiT "' "' Ill I.C "" !-< '" 0 "'· "" () 0 '" 0 0 

"' t:: = 0 

3Heprii>I Bb!611Tb!X· L!Hcno 3nepreTH'I. nopor L!11cno npOTOIIOB "' u 1:( +I +I +I = '" ·~ 
co ~ co "'.. 

'" c. 
npOTOIIOB ( Msa) npOTOHOB (%) perHCTpHpyeMhlX (%) :;; "' u ~ I.C co 0 - - "' 

(Msa) "' --l co q 
llpOTOHOB = I 0 ....: "' '" s 

"' Z IZ 
> 30 36 25 40:!:.6 "' > c. 

"' 
> 90 49 > (80 - 90) 60:!:.10 ""' 

I I 
0 
~ 

'" s 
: Q "'-;;; 
a~ a (1) 

'"'" ~- ::E: I ~ 0 0 0 0 0 =~o- 0 0 
(1) ~ g.!-< I.C co co "" I.C co co - "' "" co - "' "" co 
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PyKOUHCb nocTynnna a nauaTenbCKHli oTuen 
23 5!HBllp5! 1965 r, 
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2,0 -
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f,O 

0 

Pnc. I. 

-------

0 tfLn. 

t::. a; [7] 

.. tff L8J 

' I 

100 200 300 ~00 500 600 TMeV 

3HepreTI.Pl9CK851 38BHCiiMOCTb C9t.t9HIH1 .oeneHJHI H nonHOf'O C9"19HHH 

acex HeynpyrHX B38!1MOnelicTBHfl 6hiCTporo npoTOI18 c MPOM u2
38 
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npouecc ueneHH!I !lllpa U 38 nou uelicTBHeM npoToHa c aaep- _
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5. l.{ucno seATposoa c aseprueA E <(25-30) Maa, o6paayJOlllHXC9. 

np:a: o6n~es:a:H npoToHaMB s.apa. u
238 

, T -aseprus npOTo-

soa. CnnomB8.Sl B nyHKTHp88Sl KpBBb19 OTHOCSITCSI COOTB9T

CTB8BBO It cny'l&AM a- A/20 Maa-1 H a- A/10 raa-1. 
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