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OnHoA H3 ocHOBHhlX xapaKTepHCTHK npouecca neneHHH senseTCH pacnpe-

neneHHe ocKonKoB neneHHH no Macce H 3apsny. 
llaHHbie xapaKTepHCTHKH 3KCnepHMeHTSnbHO nocTaTO"'HO XOpOIIlO H3y"leHbl 

TonbKO nns neneHHH snep npu HH3KOA saeprHH eo36y~neHHH (cnoHTaHHoe nene

HHe, ,aeneHHe TennOBbiMH H 6biCTpbiMH HeATpOHaMH) • 0,aHaKO B 3TOM cny"lae 

TeopeTH"leCKSH TpaKTOBKa nony"leHHhlX 3KCnepHMeHTanbHblX ,QSHHblX "lpe3Bhl

"18AHO 3aTpy,aHeHa
1 

'ITO CBH38HO C CHnbHbiM BnHHHHeM Ha MSCCOBOe H 3apHllO

BOe pacnpe.aeneHHH o6ono"le"'HOA cTpyKTypbi o6pa3yiOIIlHXCH B npouecce 11ene-

aps slleo-ocKonKoB. 
B pa6oTe/1/ noKa3aHo, 'ITO npu BhlCOKOA sHeprHH eo36y~lleHHH 11ens-

. ft 

werocs snpa Maccoeoe H 3apHilOBoe pacnpeneneHHH MoryT 6biTb paccMoTpeHhl 

B paMKSX CTSTHCTH"leCKOrO onHCaHHH B036y~,aeHHOrO g,apa. 

B cBH3H c sTHM "lpe3Bbi"laAHo ea~Ho sKcnepuMeHTanbHOe H3MepeaHe Mac

COBbiX H 3ap.Hil0BbiX pacnpelleneHHA OCKOnKOB ,aeneHHSI Hllep TH~enbiMH HOHaMH 

llnH npoeepKH npaBHnbHOCTH CTaTHCTH"leCKOA TeopHH H onpeneneHHH ee napa-

MeTpOBo 
Bbt6op 6oM6apnupyiOmeA "laCTHUbi o61>HCHHeTCH TeM, 'ITO TOnbKO c noMOIIlbiO 

ycKopeHHbiX TH~enbiX HOHOB MO~HO nony"laTb KOMnayHil-Hilpa C BnonHe on

pelleneHHbiMH Z H A H C BbiCOKOA saeprueil: B036y~lleHHSI ( B'lnOTb .110 

200 Mse) B mupoKoM HHTepean~ saa"leHHA Z 
2

/ A· 
3KcnepHMeHTanbHhlX llSHHhlX no ,aeneHHIO s,aep TH~enbiMH HOHSMH HeMHO-

ro (2,3,4). 
HaH6onee cucTeMaTH"leCKH H3Y"leHo noeeneaHe Maccoeoro pacnpellene-

HHH OCKOnKOB 11eneHHH· B 3aBHCHMOCTH OT 3HeprHH B036y~lleHH.H ,anH cpaBHB

TenbHO nerKHX SJ,aep npu x .< 0, 7 ( 3). rlony"leHHble a pa6oTe ./3/ llBHHble 

aennOXO cornacyiOTCSI C TeopeTH"l&CKHMH ~C"ltr!TaMH HBKCa /5/, O,QHaKO STB 
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r. 
pacq~Tbi aenpHMeHHMbi B o6nacTH 

2 ll 
Z I A I ( Z I A) >0, 7, a sKcnepHMeHTan&Hbie kp 

LlaHHbie LlllSI STOrO cnyuaSI qpe3Bbi'IaliHO CKYLIHbi. 
I 

BBHLIY H3110JKeHHbiX npH'IHH B HaCTOSIIIIelt pa6oTe 6binH H3MepeHbl MaCCOBble 

288 :10 us 40 
pacnpe!leneHHSI OCKOilKOB LleneHHSI B peaKUHSIX U ( N e , f ) ; U ( Ar, f); 

:109 :10 
Bi ( Ne , f) npH pa3nH'IHbiX SHeprHSIX 6oM6apLIHPYIOIUHX qaCTHUo 

3KcnepHMeHTan&HaSI npoue!lypa H3MepeHHSI M8CCOBbiX pacnpe!leneHHA B 

STHX peaKUHSIX 6bma cneLiyiOIIIeft: 

1. Ha BbiBeLieHHOM nyqKe ycKopeHHbiX TSIJKenbiX HOHOB IIHKnoTpoHa M3H 

Y-300 npoH3BOLIHnoc& o6ny'leHHe TOHKoro (1 MrlcM2 ) cnoH LlenHmerocs 

BemeCTB81 HSHeceHHOro Ha TOilCTYIO 811IOMH'HHeByiO DOLIIlOlKKYe OXI18lKLI8eMyiO 

BOLIOA~ TOKOM HOHOB 2-3 MK8 B Te'leHHe HeCKOilbKHX '18COB; 0CK011KH LleneHHH
1 

0 1 0 0 0 BbineTaBIIIHe H3 MHIIIeHH B HHTepaane yrnOB OT 8 • 20 LIO 8 = 170 
1 

nonananH Ha 81110MHHHeBbllt c6opHHK TOiliiiHHOft 20 MK. 

2. ITocne OKOH'IaHHSI o6ny'leHHH c6opHHK C HBKonneHHOA 8KTHBHOCTbiO 

OCKOilKOB LleneHHH DOLIBeprancH XHMH'IeCKOft o6pa6oTKe LlllH BbiLieneHHH sne

MeHTOB rpyDDbl peLIKHX 3eMen& H HTTpHS!o XHMH'IeCKOe Bb!LieneHHe 38HHMano 

BpeMSI He 6onee OLIHoro '!aca. 

3. Y - paLIHOaKTHBHOCTb nonyqeHHOrO T8KHM o6pa30M HCTO'IHHKa H3Me~H
nac& c noMOIIIbiO nonynpoBOLIHHKOBoro cneKTpoMeTpa y -ny'left, co6paaaoro 

HB OCHOBe Ge(Li)- LlpeA¢QBoro K08KCHan&Horo LleTeKTOpa o6~eMOM 8 CM3
0 

3aepreTH'IeCKoe paapeweaHe cneKTpoMeTpa cocTaBnHno 5,5 Ksa H cna6o 

3a5Hceno OT SHeprHH y -KBaHTOB. y - cneKTp perHCTpHpOBallCSI C nOMOIIIbiO 

MHoroKaaan&Horo aMnnHTYLIHOro aaanHaaTopa AH-4096. 

4. ITony'leHHbiA y -cneKTp peLIK03eMen&HblX sneMeHTOB - npOLIYKTOB 

neneHHH B saepreTH'IeCKOM HHTepaane 100-2000 Ksa o6pa6aTbiBancH c 

uen&IO HLieHTH~HKaUHH DHKOB H onpe!leneHHSI HX HHTeHCHBHOCTHo ITo HHTeHCHBHO-

CTH y - llHHHH TOrO HllH HHoro H30TOD8 C BBeLieHHeM nonpaBOK Ha s~eK

THBHOCTb Ge ( Li ) - LleTeKTopa, Ha s4Jcl>eKTHBHOCTb apeMeHaoro pe:JKHMa 

o6ny'leHHe 06C'I~T, Ha BbiXOLI y - nyqeft LlllSI OLIHoro aKTa pacnaLia LIBH-

Horo H3oTona H aa reoMeTpH'IeCKYIO ~eKTHBHOCTb c6opa OCKOilKOB pa3-

HOA M8CCbl B npouecce o6ny'leHHH paCC'IHTbiBSnCH BbiXOLI STOrO H30Tona 

B peaKuHH LleneHHH H OTHOCHTen&HbiX eLIHHHI18X. 06pa68TbiB8eMbiA cneKTp 

Y -ny'leA, 6bin, K8K npaBHno, LIOCT8TO'IHO CllOlKHbiM H3-38 npHCyTCTBHH 

B HCTO'IHHK8X 6on&woro K011H'IeCTB8 p8LIHOH30TODOB0 D03TOMY pHLI cna6b1X 

4 

nHHHA sTHX H30TODOB He npOS!BilSIIlCSI B cneKTpax, a B HeKOTOpb!X cny'ISSIX 

npOHCXOLIHnO aanoJKeHHe 6nH3KHX no SHeprHH nHHHfto 

B Ta6nHue 1 npHBeLieHbl H30TOnbi, Bb!XOLI KOTOpblX onpenenSinCSI LlllSI nOCT-

poeHHSI Maccoaoro pacnpeneneHHR. Bhl6op STHX H30TonoB o6~RCHSieTCSI YLI06-

HbiM nnR H3MepeHHSI nepHOLIOM nonypaCDSLia, H811H'IHeM, KaK MHHHMYM~ OLIHOft 

HHTeHCHBHOli 
y -nHHHH C XOpOWO H3BeCTHbiM a6COI110THb!M Bb!XOLIOM H8 aKT 

pacnana H30TOna, LIOCTaTO'IHbiM LlllSI H3MepeHHSI Bb!XOLIOM H30Tona DO 38pS!

LIOBOMY pacnpeneneHHIO. 

J1anolKeHH8SI MeTOLIHK8 H3MepeHHSI Bb!XOtlOB Bb16p8HHbiX H8MH H30TO-

DOB 6bma nocTaTO'IHO aane:JKHOA H naaana TO'IHOCT& nony'laeMbiX peaynb

TaTOB He xyJKe 15%, B KOTOpyiO BXOt!HT CT8THCTH'IeCK8SI HeTO'IHOCTb onpe

neneHHSI HHTeHCHBHOCTH y -llHHHH H HeTO'IHOCTb Ta6nH'IHbiX tl8HHblX 0 nepHOtle 

nonypacnana H30Tona H o6 a6coniOTHOM 

/6/ 
pacnana 

Bbixone y -KBBHTOB H8 8KT 

DnSI DOCTpOeHHSI MaCCOBOrO pacnpeneneHHSI OCKOilKOB neneHHSI H8 OCHOBO 

H3MepeHHbiX Bb!XOtlOB H36p8HHbiX H30TODO' Tpe6oB811HCb CBeneHHSI 0 38pH-

tlOBOM pacnpeneneHHH OCKOilKOBo 

BBHtlY OTCYTCTBHSI SKcnepHMeHT811bHbiX 'naHHbiX 0 38pS!t!OBOM pacnpe-

neneHHH 6bmH npHHSITbi o6bi'IHbie B STOM cny'lae npennonoJKeHHH. 

1. Maccoaoe pacnpeneneaHe HBnHeTCSI rnanKoA ~YHKuHeA MaCChi ocKOnKa. 

2. DnH KaJKnoA MaCChi A 
I 

cymecTayeT aHa'leHHe z (A ) , LlnH 
p f 

KOToporo Bb!XOLI H3o6apa MaKCHManeH, Bb!XOLI JKe H306apOB C Z, OTil~'IHbiM OT 
( Z - Zp) 

OT Z ODHCbiBaeTCSI ~yHKUHeft faycca W ( Z - Z ) • __!_ e - C 
PJ p -yrrC 

rne KOHcTaHTa C yHHaepcanbaa nnH acex Mace. 

3. 3aBHCHMOCTb BenH'IHHbl Z OT A S!BilS!eTCSI rnatiKOft ~yHKIIHeft 
D f 

H paCC'IIITbiBaeTCSI no OLIHOli H3 Tpex M>neneft. 

) 
Z Z A f - Z Af 

a rHnoTeaa paaaoro cMemeHHSI aapHLIOB Z (A) .--9.- + -----. 
p 2 2 

rne aenH'IHHbi pacc'IHTbiBaiOTCSI c noMOIUbiO ¢opMynbi BaAuaeKKepa B sapHaHTe 

fpHHa / 7 / ~ 

6) rHDOT038 nponopUHOHal1bHOCTH 3apSI.aa M8CCej 

B) rHDOTe3a pacnpeneneHHSI 3apS!Lla H3 ycnoBHSI MHHHMyMa noTeHUHanbHOA 

/1/ 
SHOPrHH OOPMHPYIOWHXCSI OCKOI1KOB B MOMeHT paaneneHHSI SILIP8 '• 

4. 113 OCKOilKOB HCn8pSIIOTCSI aeftTpOHbl B KOilH'IeCTBe, nponopl1HOH811b,. 

HOM MaCCe OCK011Ka 

R 



II 
II =--A 

f Ac 

Ha OCHOBdHHH STHX rrpearrono*eHH~ llpOH3BOaHnOCb KOHCTpyHpOB8HHe MaC-

COBOrO pacrrpeaeneHHSI H3 H3M8p6HHb!X BbiXOaOB H30TOllOB, 

C llOMOillb!O sneKTpOHHO-C"'eTHO~ M81llHHbl M6TOaOM H8HM6HbiiiHX KBaa

paTOB rrpOH3BOaHnCSI rroa6op rrapaMeTpOB J1 H C B K8KO~-nH60 rHITOT836 

o <jlyHKUHH Z (A ) , aaJOWHX H8HM8Hbiii68 OTKJIOH8HH8 SKCll8pHM8HT8.1lbHbiX 
p f 

TO"'8K H8 M8CCOBOM pacrrpeaeneHHH OT H6KOTOpO~ ll.118BHO~ KpHB0~1 llpOXO-

ASIIll8H M8*AY STHMH TO"'K8MH, B rrpouecce pa60Tbl CT8.1l0 SICHO, "'TO A8RH8SI 

ll.1l8BH8SI KpHB8SI MO*eT 6b!Tb yaa"'RO OllHCaRa rayCCOBCKOH <jlyRKUHe~, 

xapaKT8pH3Y!Oill6~CSI oaRHM rrapaMeTpOM IIIHpHRbl 0
2
, "'TO cornacyeTCSI C 

SKCll8PHM8HT8.1lbHbiMH aaRRbiMH 0 BH):(8 M8CCOBbiX pacrrpe):(eJieRH~ OCKOJIKOB 

neneHHH B peaKUHSIX C TS!lK8nbiMH HOH8MH /2,3,4/ 
(A f -A ci'A)'J 

'fu2 
W(A =--e 

..jlpu 2-

B naHHOM rronxone aannyqwee caMocornacoBaHHe aKcrrepHMeHTanhHhiX 

ToqeK caHaeTenbCTByeT o TOM, "'TO rronyqeHRoe Maccoaoe pacrrpeaeneaHe 

6nH3KO K HCTHRROMY1 paayMeeTCS1 1 llpH YCJIOBHH 1 "'TO ll0):(6Hp88Mbl8 rrapaMeTpbl 

llpHHHM810T rrpH STOM paayMHbie 3R8"18RHS1, 

B ~6nHue 2 rrpHaeaeHbi peaynhTaThi, rronyqeRRbie rrpH o6pa6oTKe Macco

BbiX pacrrpeaeneHH~ orrHcaRRbiM crroco6oM. 0Kaaanocb, "'TO anaqeRHSI IIIHpH

Rbi ):(8HHOrO MaCCOBOro pacrrpeaeneRHSI llOJIY'" 'l!OTCSI 6JIH3KHMH B pa3Hb!X rH

llOT638X o aapstJ:IOBOM pacrrpeaeneHHH, CaMo,ornacoBaHHe ToqeK rronyqaeTcSI 

RaHxyaiiiHM B rHrroTeae o ToM, "'TO aapsta z rrporropuHoRaneR Macce, 
p 

a B cnyqae J:IBYX apyrHX rHITOT83 Cp8):(HH8 KBaapaTbl OTKJIOR8RHS1 TO"'8K OT 

ll.118BHOH KpHBO~ He CHJibHO pa3JIH"'810TCS1 Me*ay C060~ 1 H 3H8"1HT6.1lbHO M8Hbiii6 1 

qeM B nepBoM cnyqae, PaayMeeTcst, rrapaMeTphi 11 a C B rHnoTeae o rrponop-

UHOH8.1lbHOCTH 3apSIJ:I8 Macc.;e CHJibHO OTJIH"'8 IOTCSI OT II H C 

rHITOT83, 

H3 aByx apyrHx 

EcnH paCCMOTp6Tb BCe M8CCOBbl6 pacrrpeaeneHHSI, TO H8HJIY"'III6~ SIBJISI6T

CS1 rHITOTe3a pacrrpeaeneHHSI 38pst_Qa H3 yCJIOBHSI MHHHMyMa IIOT6RUH8.1lbHOA 

SHeprHH ( pHC, 1), nosToMy B aanbH8~III6M 6yayT o6cy*aaTbCSI IIIHpHHbl M8CCOBO

ro pacrrpeaeneHHSI (o 2 ) H rrapaMeTphi C H v , rronyqeHHhre rrpH o6pa6oTKe 
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1.1 

Maccoaoro pacrrpeaeneaH·SI B rrocneaHe~ rHrrdTeae o <jlyRKUHH Z (A ). 
P r 

Ha pHcyRKe ( 2) rrpencTaBneHhi MaccoBbre pacrrpeneneRHSI OCKOJIKOB aene-

HHSI B peaKUHH 
288 U ( 20 Ne , f ) npH Tpex 3H8"18HHSIX SHeprHH B036y*ae

RHSr ):(8JISIIll8rOCS1 SIJ:Ipa, Ra pHCYHK8 ( 3) ):(8Rbl M8CC0Bbl8 pacrrpeaeneRHSI B 

288 40 
peaKUHSIX U ( Ar , f ) rrpH aayx anaqeRHSIX sneprHH qacTHU. 

Ha pHCYHKOB BHJ:IHO, "'TO MaccoBoe pacrrpeaeneHHe CHJihHo yiiiHpsteTcSI 

C yBeJIH"'6HH8M SHeprHH B036Y*A8HHSI H Z 
21 A aeJISIW8rOCSI Siapa, 

PacqeT noKaaan, "'TO u 2 c yBenH"'eHHeM sHeprHH Boa6y*AeRHH yaenH-

"'HBaeTCSI 6onee pe3K0 1 "16M 0 • T, B OTJIH"'H8 OT M8CCOBOrO pacrrpeaeneHHSI 

OCKOJIKOB ):(8JI8HHS1 staep rrpH z 2 I A I ( z 21 A ) < 0. 7 • 
kp 

Ha pHc, 4 rrpeacTaBneaa aaBHCHMOCTh IIIHPHHhl MaccoBoro pacrrpeaene-

HHSI ( o 2 ) oT napaMeTpa Z 2 I A rrpH saeprHH Boa6y*aeHHSI E * = 110 M sa. 
2 

Ha6n10aaeTCSI peaKoe YIIIHpeRHe Maccoaoro pacrrpeaeneHHSI rrpH z /A >38. 

KoHcTaHTa C aapstaoaoro pacrrpeaeneHHSI TaK*e yaenH"'HB~eTcst c pocToM 

sneprHH Boa6y*aeaHst, rrpH"'eM 6onee cna6o , qeM C • T. B To )l{e apeMSI 
288 20 288 40 

KOHCTaHTbl C B peaKUHSIX U ( Ne , f ) H U ( Ar , f ) He 

CHJibHO OTJIH"'810TCS1 apyr OT apyra, HO 3H8"1HT6.1lbHO 1Ip8Bhllli810T 3H8"1eHHS1 

anst C , rronyqeHHhre rrpH aeneHHH staep c Z 
21 A < 38. 

nonyqeHHbl6 ):(8HHbi8 CBH):(6T6.1lbCTBYIOT 0 Heo6XO):(HMOCTH aanbH8AIIIero 

TeopeTH"16CKOrO H SKCII6pHM6HT8.1lbHOrO H3Y"'6HHSI MaCCOBhiX pacrrpeaeneRHA 

OCKOJIKOB CHJibHO B036Y*ll6HHhiX SI):(ep B pa~OHe 

z2/A/(Z 21Al >0,7 
kp ' 

ABTOpbr 6naroaapHhi A.M. Cyxoay H B.B.<t>e<jlunoay aa paapa6oTKY 

sneKTpOHHO~ "18CTH nonyrrpOBOJ:IHHKOBOrO CII6KTpOM6Tpa y -Jiy"'eA, a TaK

*e A.r. 'TinnhKOBY aa rroMowh a rrpoaeaeHHH sKcrrepHMeHToB1 H H.C.Manb-

ueao~ aa rrpoaeaeaHe XHMH"'eCKHX orrepauHA. 
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Ta6nHna 1. CnHcoK HaoTonoa, BbiXoa KoTopbiX HaMepsmcH B aaaaoA pa6oTe. 

Mao ton nepHo.u; 3ueprHR Bb!Xo,It Y -KBaHtOB 
noJiypacna,D;a RCDO.Illt3hellHX ,ItaHHO~- 3ReprHH 
B 'lac y -.IIHHH Ha aKt pacna)J;a 

B K3B H30f0 ria. B ~ 

y91 

0,83 55! 95 89 

yl2 

3,53 934 I4 ·38 

Yea 
I0,3 940 2,3 II 

118 

790 Ioo 
Pr 2,! u 

1040 
La

140 . 40,2 !597 96 n 

La 142 !,35 650 48 6T 

ua 
13 Ce 33 293 46 

Ut 

I,9 !8 
Nd !!4 eo 

150 

334 7! 
Pm 2,7 II 

Sm ua 
47 u !03 28 

SmiU 
0,4 I04 73 u 

.. Dy 
IU 

8,! 326 91 
Ill 

3,! 826 63 
Er 

u 

TmiU 7,7 780 32 
It 

Er 
ITI 7,52 305 63 

18 
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Ta6nHua 2. PeaynbTaT&I o6pa60TKH H3MepeHHbiX MaccoB&IX pacnpe.neneHHll, 

Peat.4u9 Ep. (M~) '!2./A E'~~ {M~) LC52> 'J L..c> 
>-------------· -----·--- 1----- -

B; 209 
( Ne20, f) 200 37.7 100 7fO 10.8 056 

U2l8 ( Ne4!i f) 200 40.5 12.0 2.2.80 /2.6 3.35 

180 t,o.s 95 1660 ff.S 2.92. 

(.30 40.5 65 ff30 8.9 2.12. 

U238( Ar "? t) 300 435 110 2790 13.3 3.0 
--· 1-------·· 

250 43.5 75 (980 (0.6 2.9 

3.------------------------------------------------
Q4/I- 'lp 

2 

A np 0 
0 0 0 0 

o o ------r---------------- (]) 

. _l.---. 
--

. ...:.s::=sr o0 o-=· o 
,..-=-~ (£ 

I 

0~----------.---~------.-----------r---------~~ 
f40 fSO 160 

1 3 '· 211 ao PRe, • aBHCHMOCTb Z P (A I .lUIS peaxnHH u ( N e , f 1. 
I.runoTeaa o nponopnuoHan&ROCTH aapsna Macce ocxonxa. 2,ru
noTeaa p8BHOro CMemeRHII 38p11!18, 8. runOT838 0 pacnpenene
HHR 38p11!18 COrnaCRO MHHRMYMY ITOT8HilH8IT&HOA 9HeprHH ~pMR

pyJOIIIRXCII npu paaneneHRR ocxonxoa, To'IKR - sxcnepuMeRTan&Rb!e 
!18RRbl8, 

f80 
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