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Bseneaae 

B peaxuaKX pacmenneaas, xoTopwe soaaaxaroT non nellcTBHaM qacTHU c 3 HeprHBMH 

~ 100 M3B H Bhime, cpena BTopaq&hiX qacTBU paanaqaroT peaxo aaaaOTponayro xoMnoaeaTy, 

o6nanaromyro Cp8BBHT9nbHO BMCOKHMB KHHeT&qeCKHMH 3HeprRHMH, H noqTH H30Tponayro KOM

DOH9HTy MenneHHh!X qaCTHUo 0HH Bb16p8Chi88IDTCH H8 paanaq&MX CT8.!1RKX B38HMOneiiCTBH.II 

nanaromell qacTHUhl C .ll.!lPOM. 'iaCTHUhl 8HJI30TpOnHOII KOMnOHeHThl HCnyCK8IDTC.II H8 nepaoll, 

T8K H83h!B89MOII K8CK8nHOII, CTanHH B38HMOnal!CTBHHo nnB Rae X8p8KTapHhl M8nhle BpeMeHa 
-22 -20 . 

p83BHTHB K8CKana (10 -10 CaK) H nepenaqa &yKnOH.8M nopuRII 3H9prHII, COnOCT8BH-

Mh!X C M8CCOII UOKOB nHOH8o MenneRHh!e qaCTHUhl HCnyCJtaroTCB BO BTOpOII CT8.[lHH, oco6eH

HOCTbiD KOTOpOil HBJ!BIDTCH 3!18qHT9nbHO 60nbWHe BpeMeBa Me>KAy 8KT8MH Bhl6paChiB811Hll 

OTnenbHh!X qaCTHU ( 10-
16

-10-
14 

CeK) H nepenaqa nopUHli 3Bepral!, conocT8BBMhiX C sena

qaaol! 3HeprHR CBB3H nyxnoaa B H.!lpe. HeKoTOph!e oco6eaaocTH acnycxaHHB MenneHHhlx qac

THU ynosneTsopHTenbHO o6~HCHHIDTCH Teopaeli HcnapeHH.II. TeopHH HcnapeHHB xopomo aano

JKeaa B pH.!le o6aopos
11

-
31 

H Mhl ee onHChiB8Tb He 6yneM. Onaaxo CHCTeMaTaqecxoe pac 

CMOTpeHHe OnhiTHOrO M8Tepaana no naaHOMy BOnpocy OTCyTCTayeT. HaCTOHW8B 38MeTK8 

npecnenyeT uenb aocnonHHTb 3TOT npo6en. PaccMaTpasaroTCB onhiThl, BhlnonaeRHhle aa cos

peMeHHhiX ycxopaTennx qacTH!l BhiCOKHX 3HepraA. B aaqane onHChiBaroTCB naaawe, xapaxTe

paayrom•e o6myro xapTHny nsneHHH, aaTeM HanararoTCB cseneHHB no o6paaosaaaro paanaq

Hh!X <jlparMeHTOB. 06CylKneHBe OnhiTOB no Ha6nroneHHID3Be3n B <jlOT03MYnbCHH 6yneT npen

M9TOM oTnenbaoro coo6meaan, ConocTasneaae Me>KAy co6oli peaynhTSTOB paanaqawx 3K-

cnepHM9HTOB noason&eT He TOnhKO nposepBTb Bh!BOnhl OTHOCHT9nhHO M9X8HJI3M8 HcnyCK8-

HBB MenneHHhiX qacTHU, o6nerqHTb nOHHM8HR9 npouecca pacmenneHBB, HO H Bh!HBHTb PHil 

neTaneA B CTpoeHHB H.!lpa. 

Haa6onee nonHhie H nonpo6Hhie naH&h!e no 3MHCCBH BTopaqawx aap&lKeHHh!X qacTBU 

H3 paanaqHhiX MeTannaqecJtHX <jlonbr nonyqeahl B pa6oTax
14

•
51

• B pa6oTe
141 

H3Mep&nBCb 

OTHOCHTenbHhle BhiXOnhl H 3HepreTHqeCKH9 cneKTphl qSCTH!l, HCnyCK89Mh!X DpH 60M6apnH-

posxe pH.!la aneMeHTOB ( OT Be no U a -qac THU8MH, nel!TpOH8MH H npOTOH8MH C 

3HeprHKMH 375, 187 H 332 M3B, coOTBeTcTseaao. B 3TOA lKe pa6oTe aayqanacb oTaoca-

3 



T91lbHbl9 B biXOUbl 38pS1lK9HHbiX '18CTHU B HHTepaanax yrJIOB 0 :!:.10°; 45:!:.10°; 135:!:.10° DpB 

o5ny'leHHH neKOTOpbtX MHweaeil ( Be - Ag) a- 'I&CTHU&MB c saeprHell 240 Mss. B pa60Te/S/ 

H3M9pS11lHCb OTHOCHT9nbHbl9 BhlXOUbl B 9HepreTB'I9CKH9 CDQJ<Tpbl 38pSilK9HHblX '18CTBU, BCDyc-

K89Mb!X aa Be H c nou neiiCTBBeM npOTOHOB c SHeprHeil 330 Mss. nnB onpeneneHBH 

aHeprHH B btneT8 lOWHX '18CTHU H p83U9Jl9HBSI BX DO M8CC8M DpHM9H>Vl8Cb cenapaUH!I TpaeJ<To

pHil B M&rHHTHOM DOJ19 yCKOpKT9Jl!11 8 B K8'19CT119 U9TQJ<TOpOB Cnyll<llnB <jJOTorpaojJK'I9CKll9 

SMYnbCHH, PerHCTpBUHSI '18CTHU DpOBOUHJlBC~ B 059BX pa50TBX B DpBM9pHO OUHHBKOBblX HH-

TepBBJlBX panRyCOB KpHBH3Hbl TpaeJ<TOpHil, KOTOpblM OTB9'18!0T 9H9prKB DpOTOHOB H a -'IBC· 

THU ~ 5, 10 H 20 Mss, cooTaeTCTB9HHO, Cnei<Tpbl H3Mep<Uillcb JlJIH yrnos swneTa Q:!:.10°, 

0THOCHKenbHb19 BepOSITHOCTH (s %) KCDYCll8HllH pa3JlK'IHblX TBIIOB 38p!llK9HHblX '18CTKII DOlt 

neiiCTBH9 M DpOTOHOB nnH CyMMbl HHT9pB8JIOB panHyCOB l<pHBH3Rbl D9p9'IHCJI9Hbl B T86JIHU9 1, 

0THOCHT9ITbHbl9 BepOSITHOC TH HCDyCKBHH H p83JlB'IHblX 'IBCTKD K KX CII9l<Tpbl DpH 5oM68pl(H

pOBK9 uei!TpOHBMK H a -'18CTHUBMH BblCOKKX SHeprHJI OK838JlKCb B 50JibWHHCTB9 CJly'J89B 

TBKHM JKe , KBK H HB DpOTOHBX, Ha TB5JlHJlbl 1 BHAHO, 'ITO y BC9X MHWeHeil C H&H5~mell 

BepO!ITHOCTblO Bbl5paCb!BB!OTCSI BTOpH'IHble DpOTOHbl H a -'lllCTHUbl, C M9HhW9il BepO!ITHo

CTb!O Hcny cKB!OTCSI SIUPB ueiiTe pHH, TpHTHH, He 
3 

H eme pell<e swneTaJOT Tpex- H 'IBTblpex

a a p SIA Hble Mpa. Ha nerKHX MHmeHSIX ( Be , C 11 AI ) aepoSITHOCTb acnycKaHHSI npoToHOB 

H a -'18C TH1l OKB3 b!B89TCSI DpHMepHO onHH8KOBOil, Y 5onee THli<9JlblX 9Jl9M9HTOB OTHOW9-

HH 9 a I p a 0,2- 0 , 3. naHHbl9 no B9pO!ITHOCTSIM BblJ19Tll pa3JlH'IHblX '18CTHU H3 5epHmlBH 

B p a50TBX/
4

•
5 1 

ynOBJ19TBOpHT9nbHO COrJiaCyJOTCSI npyr C npyroM, nnH ypBHB DpHBeneHHbl9 

3HQ'I9H H !I CnenyeT C'IHT8Tb OpHeHTHpOBO'IHblMH 1 DOCKonbKy OKOJIO OnHOil TpeTH Tp9KOB 

OCTBJIHCb He oToll<llecTaneHHbiMH, Ha5niOneHK!I 'I&CTHU non pa3HbiMH yrnaMK K aanpasne

HH IO 5oM5apnHpy!OW9rO ny'IKB DOK838JIH, 'ITO B CJly'lae JierKHX MHW9Heil HM99T M9CTO 3HB-

'IHT9JlbH8S yrnosa11 aaaa oTponHR swneTa 'I&CTHJl, HanpHMep, y Be BhlXOn npOTOHOB 

YM9HbW89T C!I C 13,7 (0°) n o 3% (135 °) K ewe CK1lbHeil OCJia5esaeT HCnyCK8HH9 a -'IBC

TKU : OT 2 4,4 no 2,5% (BblXOJl BC9X '18CTHU non yrnaMB 0, 45·a 135° DpHHKM89TCSI 38 100%), 

8 CJiyqae 8Jl!OMHHIUI p83JlH'IH9 B yrnOBOil BHB30TpODHB COCTBBnS19T ~ OT 20,6% no 9,2% 

R OT 15,8% no 5,0% , COOTB9TCTB9HHO, Y HHK9Jl!l H cepe5pa H85Jl!OU89TC!I HH8!1 KBpTHHB 

yrnos hiX pacnpeueneHHil: y Ni swxouw DpOToaos yMeHbWB!OTCB OT 36,3 no 23,6%, Torua 

Klil< B b ! XOn bl a -'18CTHU YB9JlH'IHBBIOTC!I OT 1,9 no 4,2% npH nepexoue OT yrna 0 K 135°, 

Y Cepe5pa BHUHO B03pBCTBHH9 BblXOnOB npOTOHOB OT 27,0% no 35,1 % K a -'IBCTKil OT 

0,3 no 3,9%, COOTB9TCTB9HHO, nJIR TeX >K9 yrJIOB, n aHHble UJlSI 45° 38HHMlllOT npOM9>KyTO'I

H 0 9 nonoJKeHK e Mell<lly naHHhlMH nnR 0 K 135°, AaanorH'IHble yrnoswe aaBHCHMOCTH naJOT-

C H A Jill ueiiTpoHoB, Slllep TpBTKR, He 
3 

11 T,u. CneKTpbl npoTOHOB 11 a -qac THO, HcnycKae

M blX H3 p83JlH'IHblX MHW9H9il DOll neiiCTBH9M a -'18CTHD BblCOKHX SHeprHJI, DpHB91l9Hhl Hll 

pHC, 1, Kax DOK83blB89T pHC, 1, CD9KTpbl BTOpB'IHblX 'IBCTHU He DOXO)!(H npyr HB upyra, 

HexoTopbte Ka HHX KMeiOT MaKCHMyM, npyrKe - nanaJOwllll xapaKTep H T,n. PaaJIK'IIIe 

COnep>KHTC!I H B a5COJllOTHblX B9JlK'IHH8X H B SHeprKSIX, DpH KOTOpblX Jlell<aT MBKCBMyMbl, 

4 

Bb11lQT810DlB9 Be 
'18CTHUbl 

p 30,5 

d II,5 

6,0 

He
3 8 ,9 

a 37,4 

Li 6, Be 7 2,7 

Li
7 

0,30 
8 

Li 0,5 

He paauen. 2,2 

K-so TpeKoa bll2 

HanpHMep, y 5epxnJIKR cneK 

B TO BpeMSJ XBK JlRSI a -'I:J8 

TSOKeRbiX aneMeHTOB CIJeKTp 

CHMyMaMH, ne>KamHMK npK 1 

DpOTOHOB J19 )!(HT DpH S HeprH 

r~RX, K8KHe H86RIDJl8IDTCR 

CHMYMbl cneKTpoa npoToHoa 

pacnpe u e n e HHSI a -tiSCTHU 

THU 1 BbineTeBIIIHX C 3-.H e pr 

0THOCHT9nbHb!e BepOsr" 

raaoo5pa3Hb!X MHWeHell aay 

TpoHaMH c 3 HeprKeil 80 Ms 

H a -'l8CTHll,bl no 'IHCny 

T bl npeucTasneHhl B Ta5nan• 



_10°; 45;t_10°; 135:!:_10° npa 

epraeA 240 M3B, B pa!SOT/
51 

~ 3apglKeHHhlX 'IRCTB.ll, acnyc-

330 M3s. Jlng oupeneneRB" 

·MeHAnaCb cenapauHR TpaeKTo-

B DpRMepHO OnHHa~OB~X HH-

3HeprHH DpOTOHOB H a -'laC• 

nn" yrnos s~neTa 0:!:_10°. 

ttOB 3apalKeHH~X '18CTRit DOlt 

~~~ nepe'lacne~ B Ta6JIHue 1. 

ax cneKTpbi npa 6oM!Sapna

rc& s 6o11blliRHCTBe cnyqaes 

::ex MRllleHeA c HaH6011JomeA 

·Hub!, C MeRbmeA sepoRTHo-

Bhl119TaiOT Tpex- H 'leTblpex-

HOCTb HCnyCKaHHH npOTOHOB 

)KenbiX aneMeHTOB OTHOWe-

ab!X 'laCTHit H3 6epH1111Hg 

·oM. Jlna ypaHa npuseneHHhle 

~110 onaol! TpeTH Tp9KOB 

3HbiMH yrnaMH K Hanpasne

MHllleHeA HMeeT M9CTO 3Ha-

Be Bhlxon npOToaos 

a6esaeT acnycKaHHe a -'tac-

H 135° npHHHMaeTCR 3a 100%), 

!ReT ~ OT 20,6% no 9,2% 

61110naeTCH HHaH KapTHHa 

.11 OT 38,3 no 23,6%, Torna 

epexone oT yrna 0 ~ 135°. 

0 35,1% H a -'laCTHil OT 

45° 3aHHMaiOT DpOM9JKyTO'I-

T110Bhl9 3a!OHCHMOCTH naiO'I'-

HOB R a -'laC THil, HCrlyCKae

U<X 3HepraA, npHsene~ aa 

:e noxolKH upyr Ha upyra. 

e.x:Tep H T.A. PaalllPIHe 

TOphlX 119lKaT UaKCRMYMhl, 

T a () n a It a 

Bbiii&TaiOIIIRe Be AI Ni Ag Au u Be c 
'laCTHit~ 

p 30,5 52,3 76,9 77,4 73,3 46,0 27,6 28,6 

d II,5 5,6 3,0 4,0 1,9 3,4 ll,7 8,~ 

6,0 1,1 0,1 1,3 0,2 1,0 11,8 5,1 

He
3 8,9 2,2 2,1 1,0 0,4 1,6 IU,7 9,1 

a 37,4 34,1 16,9 15,6 23,2 15,0 33,6 40,2 

Li 6, Be 7 2,7 0,5 0,2 2,2 1,9 
Li 7 0,30 0,1 l,O 1,7 

8 
Li 0,5 0,1 

He pa3nen. 2,2 4,0 0,4 0,5 1,u 32,6 2,0 4,4 

K-BO TP9~0B bU2 820 777 754 5b9 733 1050 bll 

HanpuMep, y 6epunnHR cne~Tp npencTasnaeT co6oA npRMyiO, napanneJlbH)'IO ocR a6CUHCC, 

B TO BpeMH K8K nnR a -'laCTHil IIM9eTCSI H960Jlblll09 naneHH9 C pOCTOM 3HeprHH. Y 6on ee 

TIDKenhiX 3R9M9HTOB Cll9KTpbi npOTOHOB H a -'laCTHil rrpenCTaBIIRIO'f C060l! KpHBbi e C MaK-

CHMyMaMH, nelKalUHMH npH pa3mt'!HbiX 3Hepraax. HanpHMep, y cepe6pa MaKCHMYM B c neKTpe 

rrpOTOHOB nelKHT np11 3HeprHH 9, a nnR a -'laCTHit 16 M3s, T,e. rrO'ITH rrpa Tex JKe 3Hep-

r"ax, KaKH9 Ha6niOnaiOTCR B <j>OT03MY11bCHH/1,
2
/. JlnR 30110Ta H ypaHa BHnHhl TOJlbKO MaK-

CHMYMbl cneKTpOB npOTOHOB II Ha'!allbHble y'laCTKH Cll9KTpOB a -'!aCTHit, 3HepreTH'I9CKHe 

pacnpeueneHHR a -'laCTHil 1!3 TRlK911bi X MHlli9H911 (Ni - U) coneplKaT 3aMeTHyiO UOIIIO 'laC-

THil 1 BbineTeBlUHX C 3-JleprHSIMHt 3HaqHT enbHO M9HblliHMH Ky·nOHOBCKOrO 6apb epa. 

0THOCHT911bHbl9 B9pORTHOCTH HCUYCKaHH R npOTOHOB H 

ra3oo6pa3HhiX MHllleHeA H3y'lanac& c noMOIUbiO KaMepbi Ban&coHa npa 6oM6apuaposKB ael!

TpoHaM'\1 c 3Heprael! 90 M3s
181

. 3apRlKeHHbie '!aCTHilbi Knacca<j>HUHpoeanacb Ha npoTOHhi 

H a -'laCTHUbl ITO 'IHCny 8 -ny'tel!, Ha611IOUaeMbiX B COOTB9TCTBYIOIIIHX TpeKaX, Pe3yJlbTa

Tbi npeUCTaB119Hbl B Ta611Hil9 2, 

5 



Ta6nana 2 

MuweHh 
l.{acno a I p B aseanax Cpenaee I I "" 

'IHCIIO 

2-ny'leBble 3-ny'leBhl& 4-ny'leBble , 

CD ...... 
:0 Ill I ;. 

2,6ti 1,57 2,82 2,1 , I ~ ~ 
0 0 

2,14 1,35 1,30 I, 7 ~ ;1; 

0 

Ne 

Ar O,bti 0,9U O,U4 0,9 

Kr O, II O, 29 O, 21 O, 21 · 

Ha aTHX K3Mepeaull BHJlHO, 'ITO nerKse ra3bl Jl8K>T 6onee BbiCOJtoe 'IBcno a/p , '19M THlKe-

1Ibl9. 0THOW9HB9 a/p nna THlKenoro aneMeHTa ( Kr ) OJt83b!BaeTC!I no'ITB paBBbiM Ben&-

'IHH9, nony'leHHOll B <!>OTOaMyllbCHH npH pacmenneHH!IX THlK91IbiX JtOMnOH9HTOB, rae ORO 

~ 0,3
11

•
21

• ABTOpbl H8CTOHWell pa6oTbi o6'bHCHIIIOT npeo6naaaase a -'laCTBll y nerKHX 

30B np9HMYW9CTB9HHblM 0CYlll9CTB1IeHHeM pe8KllHH ( D, a) • 

HeliTpOHbl 

ra-

HcnycKaHue BTOpH'IHbiX ael!TpoHOB pa31IH'IBbiMH sneMeBTBMB npa o6ny'leHBH 'IBCTHita-

17 -9 / 
MII BbiCOKHX aaeprall aayqanoch psmoM asTopos • Hcnom.aosanBCb HeliTpOHbi c sHepraa-

MH 90, 120 H 380 Mas, npoTOHbl c sueprHHMH 340 Mss, ael!TpOHbl c aueprHHMH 190, 230 
3 

H 320 MsB H HllPB He c aaeprael! 490 Mas. ne TeKTOPBMH BTOpH'IHblX 'IBCTBll cnylKHIIH 

/8/ 
nu6o HHilB9B bie ana Maprauneshie HHilHitBTOpbl, 1!H6o nponopuxouanbHbiH C'leT'IHK BF 3 • 

HccneayeMbie o 6 pa3Ubl noMemanHCh ua K01111HMHposauHbiX HeliTpOHHbtX rry'!Kax aa aamaTaMB 

ycKopuTenell. 

l.{ucna BTOpH'IHblX uel!TpOHOB (v) 0 HCnyCK89MblX HB Oll!IY naaBK>lllYK> 'IBCTHUy, HX 

CpellHHSI 3HeprHst \ < n) H H9KOTOpbl 9 pa3M9pbl o6pa3UOB d YKB38Hbl B TB61IHUe 3, 

Bee 3KCnepaMeRTbi noKB3biBa!OT, 'ITO npu mo6oll aaeprua naaa10mux 'IBCTH!l cpeaaee 'IHcno 

ael!Tpoaos cunhHO so apacTaeT no Mepe ysenH'IeHH>I Z MHW9RH 0 OC069BH 0 111111 3119M9H-

TOB TstlKenel! onosa, KBilMHSI. Y TlllK91IbiX MHweueli qacno ocsoooJKaaeMbiX ael!Tpouos, 

Jt8>K9TCS! 0 3BBHCHT OT p83M9p0B 00p83UB/? •
91 

• 

npa OllHHBK OBOll 3HeprHH H8119TB!OlllHX 'IBCTHU H p83MepaX o6p83U8 3H8'19HHSI V 

B pa3HbiX p800TBX COBnBilBIOT Jlpyr C apyrOM B np9Jl9118X norpeWHOCTel! Onb!T8, npHB91l9H

Hb!9 B TP9Tbel! K01IOHK9 ll8HHbl9 OTHOCKT91lbHbiX K3M9p9RHll llOilTB9p>KJl810T pe3y1IbT8Tbl 

a6con!OTHbiX uaMepeaall B paooTax
17 

•
91

• Tan 6oM6apaupy!OlllBX 'IBCTHll Mano B11HSieT ua 
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Taon n ua 3 

H ellTpOHhi oHellmpoHbi HellTpOHhi H el\Tp OHbi llel\TpOHbl flpOTOHbl 

M HIII9Hb 120 M s rf
7 I 380 M s e 17 1 18 1 19 1 

190 Mse 
19 1 

340 M se 
19 1 

380 Mse 90 M se 

v 'n Mse v t n ,. v / vP b v d v d v d 

Be - - 1,6,!0, 8 J - - - - 2, 2.±0, I I0,2 

c I, 8,!I, 0 4 I, 0,!0, 6 2 O, 2I,!O, I - o, 92,!0, I2 I7 ,J o, 70,!0, 09 ""4 

AI I,5,!0, 8 J I , 6,!I , I 3 U, 23,!U, 06 - 0, 92.;tO, II I 0,8 I,J.;tO, 2 7 I, 48.;t0, 22 IO, 6 

Fe I,5,!0, 8 J 2, 3,!I , 2 5 o, 25,!0, U6 -

Cu I, 8,!0, 9 4 2,8,!I , 0 6 O, 34,!U, 04 - 2, 2,!0, 3 6,7 2, 4.;tO, 3 2,54 3,5,!0,3 6,7 
--1 Sn 4,5,!2, 0 ~ 4, 4,!I , 8 10 u, 62,!0, U7 - 2,6,!0,3x) 3,5xx) 0 3x) 4x) 4, I.:t , I, 6, 85.;t0,68 3,6 

Pb 9, 0,!3 20 7 ' 1,!2, 4 

Pb 9, 9,!3,Jx) - x) 7,4,!2, 5 - 1, 0 - - 6, I.;t0,6 I, I 

u - - - - l, 4.;t0, I - I2,4.;ti,6 8 ,6 8,9,!I ,O I,59 I6,0.;tl,3 6 , 7 

x ) I13 MepeHH>I c Mapra Hu eM 

xx) 11 • " 3 MepeHH51 C K8JlMHeBb!M Oup83UOM 



OTHOCHTe1lbHbll!: Bb!XOU Hei!:TpOHOB B CKOpee V 'I}'BCTBBTe1lbHO K B81IB'IBHe nanaiOIUel!: 

9HeprBB, 8aeprBSI Bei!:TpOBOB0 OCB060JKn88MbiX R3 91leMeHTOB Bn1IOTb UO Men&, H8Be1IHK8 B 

cocTaBnReT 2-6 Msa. Y onoaa B oco6eaao y cauaua (, n} nony'leHa a naa ana TpB 

paaa Bbrme. 

.llon01IHHTB1lbHb!e H3MepeBBSI C yrnepOUHb!MH neTeKTOpaMH nOK8381lB yBe1IH'IBHHe Bb!XC>

na saeprH'IBbrX BTOPH'IHbrx aei!:Tpoaoa ( ' 0 > 20 Msa) npa aaMeae ny'IKa c saeprael!: 120 

Ha 380 Msa
17/. 

11aMepR1IOCb T&KJKe yrnoaoe pacnpeneneaa:e BTOPH'IHblX uei!:Tpoaoa, acnycxaeMbrx pa

/8/ 
aoM sueMeHTOB (oT C no U ) non neliCTBHBM aeliTPOHOB c sueprael!: 380 Msa • • Me-

/7,9/ 
TOUHK8 H3MBpBHHSI OT1IH'181l8Cb OT OnHC8HHblX TeM, 'ITO C'leT'IHK HeliTpOHOB MOr noaopa-

'IHB8TbCSI BOKpyc o6p83118 B HHTBpBa1le yrnoB OT 20:t_l0° UO 150 t,_10° OTHOCHTe1lbHO HanpaB

neHBSI n e pBH'IHOrO ny'IK8, 06pa3Jlbl 6b!1IH Bbl6p8Hbl B BHUe llH1IHHUp0B C p8UHYCOM 0 MeHbiUHM 

nonOBHHbl n1IHHbl CB06onaoro npo6era BTOpH'IHb!X Hei!:TpOHOB, 8xcnepHMeHT nOK83b!BaeT, 

'ITO nnH nerKHX 91leMeHTOB HMeeT MeCTO 3H8'1HTe1lbH8SI 8HH30TpOnHSI B HCnyCK8HHH Hei!:Tpo-

HOB, HanpaMep, nna AI H C xonH'IeCTBo aei!:TpOHOB, Bbl1leTaiOIUHX non yrnoM 20°, B 

8-9 pa3 npeBb!IUaeT 'IHC1IO aei!:TpOBOB, Bb16paCbiBaeMbiX non 601lbWHMH yrnaMH (150°). Y 

cpenaax sneMeHTOB ( Cu, Sn } aaaaoTponaR B acnycxaHHH aTopH'IHbrX aei!:Tpoaoa aeaenaxa. 

.llnSI CBHHU8 K ypaHa Ha6niOnaeTCSI nO'ITH n01IH8SI H30TpOnBSI, 3H8'1HTe1lhHYIO 8HH30TpOnHIO 

/8/ 
HCnyCK8HKSI '18CTHU H3 nerKHX MHIUeHeli 8BTOp 06'bSICHSieT B1IHSIHHeM 601lbiUOl! nepeHOC-

HOI!: CKOpOCTH nBHlKaHKSI SIUP8 OTna'IH, a T8KJKe H81IH 'IHeM 3H8'1HTa1lbHOrO K01IH'IBCTB8 npB

MBCH xacxanHhiX aeliTpoaoa c 9Heprael! < 30 Msa. B cnyqae Cu H Sn ae6o1lbwasr aHH30Tpo

nasr MOlKeT 6biTb Bbi3BaHa npacyTCTBHeM Bbi6HTbiX ael!Tpoaoa. CnenyeT aaMeTHTh, 'ITO ac

no1lbayeMbill ueTexTop o6na"'an OTHOCHTe1lbHO Manol! s<jx!JeKTHBHOCTbiO peracTpauaa aeliTpo

aos c aueprM~$\ 0':' 10 JlO 30 Mas. TaKHe HeHTpOHhi MorliH yCKOJib38Th oT Ha6niDneHHs:t 
/ 8 / 

K ll03TOMY nonyY:eHHbi9 .D.8HHb19 H911b3SI C't!HT8Tb OK0H1.{8T9ltbHblMH. 

Bbrxonbr panaoaKTHBHbiX <jlparMeHTOB 

3necb 6yneT Hn TH pe'lb 0 aepOSITHOCTSIX o6p830B8HIHI nponyKTOB pe8KUHH C TO'tl!O 

H3BBCTHblMH 38pSinOM H M8CCOI!:, HO HBOnpeneneHHOll Be1IH'IHHOII KHHeTH'IBCKOii 9HeprHH H He

H3BBCTHblM yrnoab!M pacnpeneneaaeM OTHOCHTe1lbHO nana10mero ny'IKa. PaccMaTpaaaeMbi e 

H30TOllbl MOryT C03U8B8TbCSI nayMSI nyTSIMH: 1IH60 ORB npenCT8B1ISIIOT co6oli '18CTHUbl HC

nyCK8HHSI, 8 HMBHHO: Bbi6p8Cb!B810TCSI B pe3y1lbT8T8 B38HMOneliCTBHSI, 111160 SIB1ISIIOTCSI 

OCT8TO'lHblMH nponyKT8MH, n01ty'l8101UHMBCSI ROCJie Bbi1IBT8 H3 o6nyqaeMoro SIUP8 !leKOTOporo 

xonaqecTaa onaaO'IHbiX H caR3aHHbiX ayxnoaoa. Qqeaanao, ocTaTO'IHbiMH nponyxTaMH OHH 

MOryT 6biTb npH 061ly'le HHH nerKHX 91leMeHTOB '18CTHI!8MH C nOCT8TO'IHO Bb!COKHMH 9Hep

rHSIMH, Cpe na nerxax Slllep nparonao nnR aa6niOneHHSI cpaBHHTe1lbHo He6o1lbmoe 'lHcno 

panH08KTHBHb!X H80TOROB. K HHM OTHOCSITCSI: 

8 

H 3 ({J -} T • 12 neT; 

Be 
7 

(K} T- 53,6 nn; 

o 15 ({J~ T= 2 MKH; 

Na
24 

({ll T= 15 'lac; 

Yno6CTBO na6niOneBHSI Toro 

HOM Bp9M9H8MH >KB3HK 1 BHJll! 

CTb!O H TpynoeMKOCTb!O one1 

npH Ha61IIOneHHII '18CTHI! HCn 

1ty'leHHSIX CpenHHX H TSIJKe1lbl 

HhlX H30TOITOB HCll011b3yeTCR 

CTp8UBSI He:rtOTOpb!X PHnR08K' 

THBHoro npeapameHHSI. Hanp 
8* 

aoe SIUPO Be , MrHoBeHH< 

H30TOna llpHBOnY.T K ROSIB1lel 

naMbiX a <jloTosMy1lhCHH. Aa1 
8* + 

B Be nocne fl -pacm 

H30TOITOB B p83IDPIHbiX peaK 

KBK t C O.D.HO:A. CTOpOHhi, 3TO 

K8HHR HyK1IOHOB HllJl <jlparMe 

H9H3B9CTHh1M 1 B K8KOM B R.UE 

B BH.U8 nH CBH38HHbiX 't{8CTH 

Ubi Bbi6KB8HKSI HnH HCnapeHI 

U6paaoaaaae TPHTHSI H3 1 

OCO!SeBHO npOTOHOB, H3y'leHO I 

T50Kenbte aneMeHTbi. 11HTepE 

OT 100 MsB JlO 6 ,2 ra/ 12 

HHe o6p830B8HHSI TpHTHH H3 

70- 390 Msa z 140-750 MsE 

npHMeHSI118Cb npHMepHO OUR' 

B HBCK01lbKO rp8MMOB }lnSI 

JKamero HOCHTeneM. Bon opo 

o6pa3HbiX npOJlYKTOB peaKUI 

rPllrepoacxoro C'leT'lHKa nn 



lbHO 1t senH'IHHe naaa10melt 

BfiliOTb ao M9~B1 HeB911HK8 B 

nony'leHa B llB8 Hl!H TpH 

• noKaaana yse na'leHHe BbiXo-

IeHe ny'IKa c aueprwelt 120 

HeltTpOHOB, HCHyCK89MblX pa

: aaepraelt 380 Ma/
81

• Me-

'leT'lHK H9liTpOHOe MOr HOeOpa-

50t_100 OTHOCHTeJlbHO Hanpae-

BHilpOe C P81lHYCOM, M9HbUlHM 

~KCnepaMeHT UOK83ble 8eT, 

rponaH e acnycKaHHH u e liTpo

raiOmux noa yrnoM 20°, e 

•JibillHMB yrl!SMH (150°). Y 

B'lHb!X Hel!TpOHOe HeeeJIHK8. 

Hll'lHTeJlbHY!O 8BH30TpOilH!O 

enaHHaeM ool!bmoll nepeuoc-

BT9l!b HOrO KOJIH'l9CTB8 npa-

U H Sn ueooJlbmaH auaaoTpo

Cne.uyeT 38MeTHTb, qTo He-

lOCTblO perHCTp8UHH H9HTpo

:KOJib38Tb OT H80JllOileHHH 

>llYKT OB peaKUHH C TO'l i!O 

I KHR9TH't{9CKOH aHeprHB H He

~ ny'lKa. PaccMaTpaeaeMbt e 

tBJllllOT COoOil 'l8CTHJlbl HC-

~~CTBHR, nH60 RBnstlOTCSJ 

>ony'laeMoro Mpa neKoToporo 

3TO'lHbiMH nponyKT8MII ORB 

)CT8T0't{H0 BbiCOKHMH 3 Hep-

9 l!bHO HeOOllbUlOe 'lHCnO 

6 8 -H 3 (tJ -) T- 12 neT; He (tJ) T • 0,82 ceK; Li (tJ ) T- 0,84 celt 
8• 

~ Be (2a) ; 

Be 7 (K) 
11 + 13 

T~ 53,6 as; c (tJ ) T- 20,4 MBB; N (tJ "') T- 10 MBHi 

015(,9"'1 T= 2 MKH; 
F. 18(,9 +) T- 112 MMHj Na 22(,9+) T- 2,6 roaa; 

Na
24 

(,91 T• 15 'lac; Mg 27 ({3 -) T- 9,5 MHBj 
28 -

Mg ({3 ) T- 21,2 'lllC • 

YaooCTBO H80lll01l9HHH Toro HnH BHoro PllllB08KTHBHOro B30Tona ooycnasnasaeT CH B OCHOB-

HOM Bp9M9HilMH lKH3HK, BHil8MK K 9HeprKHMH HCUYCK89MOrO B3ny'leHBH0 8 T8KlK9 UOTpeiSHo

CTblO H TPYil09MKOCTblO onepaualt XHMK'le CKOit O'lBCTKB OT OCT8l!bHblX npoayKTOB pe8K!UlB. 

llpB H80lll01l9HKH 'l8CTBU HCHYCIC8HHH X.HMR 'l9CICOe OTilel!eHBe 119B309lKHO, oco6eHHO npB o6-

ny'leHBHX Cp91lHBX H T HlKel!blX aneMeHTOB. nnH 0Til9l!9HH H HCKOMblX npOilYKTOB OT OCT8l!b

Hb!X H30TOHOB HCHOllb3yeTCH M9T01l HOCRT9l!eli . B OTilel!bHblX Cny'laHX B03MOlKH8 pera

CTp8UBH HeJtoTopbiX paaaoaKTHBJfblX aa
8
oTonos, o 6 naaa10max cneua<jla'leCKOii <jlopMoll paaaoax

TBsaoro npespameHHH. HanpaMe p, Li nocne tJ- -pacnaaa npespamaeTCH B neycToli'lH-
8* 

eoe smpo Be , MrHoeeuuo pacnaaaiOmeeCH aa 2 a -'laCTHUbt. HcnycKauae JIHTHeeoro 

H30TOna npHBO~l!T K fi0SJB119HR10 TBK HB3biBB9MbiX ..,.MOJIOTX:006p83HbiX• TpeKOB, XOpOmO BH-

IlHMblX e <jloTOaMyJlbCBH. AuanorH'lHSH CHTyauaH aMeeT MeCTO y B 
8 

, npespatuaiOmerocH 
8* 

e Be 
+ 

noc ne tl - paCnSAa. EcTeCTeeuuo, ceeneHHH o6 oopaaoeaHHH nepe'IHCJieHHblX 

H30TOUOB e pa3ffii'!Hb!X p98KUHHX HBT!H!OTCH l!HUlb '18CTHOII X8p8KT9pHCTHK011 nponecca , T8K 

K8K, C OllHOl! CT OpOHbt, aTO B CYUIHOCTH HliOJllOilCHHe H93Hll'lBTel!bHOll 'lllCTH pC8KUHft BCHyC

K8HHll HyKT!OHOB HllH <jlparMeHTOe. C Apyroil CTOpOHbl, B T81CIIX 9KCilepHM9HT8X OCT8CTCH 

H9H3BeCTHhiM 1 B KBKOM BHJ]e H C K8KHMH gneprKRMH Bbi6patbiBa lOTCH H 3 51Jlp8 HYKliOHbi: 

e eaae l!H CBH38HHblX 'l8CTHU lll!H OllBHO'lHblX ftY!Cl!OHOB, npellCTilBT!IIlOT nH OHI COOOfi '!8CTK

Ub! BblOHe8HI!H Hl!R acnapeHHH H T.A. 

TpaTa li 

0opa30B8HHe TpHTHH H3 p83l!H'lHblX SJieMeHTOe !lOll lleliCTeHeM 'l8CTH!l BbiCOJtliX aueprHl!, 

oco!SeiiHO npoToaoa, aay'leHo aau!Sonee nonH6
10

-
18

( OISny'leHHIO noasepranHCb 11.8K nerKHe, Tax K 

THlK9Jlble aJieMeHThl. 11HTepB8it ll8U810UIBX SHepral! Hll HBKOTOpb!X MHUleHSIX llpOCTRpaeTCH 

OT IOQ. Mae AO 6 , 2 rse
113

•
171

• llpa OOM6apnHpoeKe ael!TpOH8MII H a -'l8CTHI(BMH ce•te-

HBe Oop830e8HBH •rpHTHH H3MepRT!OCb y 8l!!OMHHHH II CBHHU8 B HHTepsane aueprl!fl 

70- 390 Mae H 140-750 Mae, coOTaeTCTBeHno
1181

• B 6ol!bmHHCTae nepe'lacneUHhiX paooT 

npHMeHHnaCb npHMepiiO OllHll8KOe8H MeTOAII1<8 aKCnepKMeHT8. 06ny•teHilhie 00p83llb! eeCOM 

e HBCKOJibKO rpaMMOe nng ebtAeJieHHH TpBTRH Harpeeal!HCb e 8TMOC<jlepe eoaopoaa, cny

>Kamero uocuTeneM. Boaopoauo-TpKTHeeaH cMecb noaaepranacb O'lHCTJte oT npyrBx raao

oopa3HbiX npOilYKTOe pe8KUHII C UOMOmbiO nanJillllBeBOrO ljJHT!bTpa , H eeOAHJ18Cb DHyTpb 

rPiirepoecKoro C'leT 'lHKa anH B3MepeHHSI 'IRena aKTOB pacnana H3 • TaKHM cnoco6oM 

9 



perHCTpRpy!OTCSI Slllpa Tp1ITHSI1 nony'IB!OIIlH9 B peBKD.RH CpBBHHT&JlbHO He60JlbWH8 aHeprHR 1 

T.e. npo6eru KOTOpbiX He npeabiWB!OT paaMepoa o6ny'leHHbiX o6paanoa. CnenueJlbHhie 113Me

/191 
peHHH liOK83811H, 'ITO BbiXOObl Tpi!THSI H3 npenapaTOS . CSHHII.B He 3BaHCSIT OT TDnlllllHbl I 

1111 
Korna oHa 6om,we 0,6 MM H peaKo yM&HbWB!OTCSI 1!11>1 M&HbWHX TOniitHH. B cny'lae TopHSI , 

118l.JHH8SI C TOnlUHHbi MHllleHeA 6onee 2 MM B bi XO.[l TpHTBSl He 38BHCHT OT TOnl.llBHbi, T.e. KBK 

noKB3biSB!OT oneHKH perucTpupyeMhiM SlllPBM TpHTHSI cooTaeTCTBY!OT aueprux Meuee 35 Mas. 

B aTOM >Ke Ollbi T e 
111 1 

6binO HBlllleHo, 'ITO llOJISI TPHTHSI1 HM&IOIItero 6onbwue npo6erB, 

COCTBSJISie T OKOJIO 10% H3MepeHHOrO KOJIH'IeCTae. 

BbiXOAhi TpnTHH ""' ueKoTopbiX nerKHX aneMeHTos n puael!eHbi a Ta6nune 4. B Ka'le

c T s e MHW<mel! S aTHX Cny'IBSIX 6panBCb pa311H'IHble opraHH'IeCKHe MBT8p1Ulllbl C np&BMy

WeCTBe iHiblM COnep>KBHHeM 3neM8HTOB , YK838H H biX B CK06KaX. 3tteCb B HH:>K8 BC8 C8'q8HBH 

Jl 8Hhl B MH1InHt5apH8X, 3 8 HCKRJO't8HH8M CU8UH8llbHO OrOB8pHB88MbiX cnyttaea. 

Ta6nBna 4 

MlllUOHh 3ue prHSI npOTOHOS 

225 fvlan 450 Mas 730 Mas 2 ,05 faa 2,2 f aa 5,7-6,2 fss 

--
nc.Jl.f '>T HJI&H (C) 7 , Ll..:tl, I 7 , 3.:!;LJ,5 7,6..:!;1,2 l4,0..:ti,2 - 19 

f\4
. "' IU\ V.H.IJ \ l~ ) 26..:!;4 - 25..:!;4 28..:!;4 35 

n !O CH r (o) o , 7..:tl, 0 3C>..:t5 - 30..:!;4 33..:!;4 38 

Ce,-te n iHt o6pnaoaanHSI TPHTHH D M e TannR'lSCKHX MH WS HHX npB 6 oM 6 Bp/l 11pOBKe npo-

T OJIBMH, rt eitTpOH8MB H a - 'IBCTHUBM R Bb!COKHX 9 HeprHli CB8 1l C' Hbl B T 8611HU8 5. 

Ta6 n 11ua 5 

D p OT OHbi BLI C OK HX a u e pru l! 

J\\ H tll8Hb 

120 fv\ a s 300 1\,\aa 450 M a n 550 fvl a B 660 fv\aa 2 ,05 f aa 6,2 f a a 

Mg - l9..:t6 30..:t9 26..:tC> 43..:tl3 30..:!;2 

AI l 6..:t5 25..:t7 24..:!;7 33..:tl0 46..:!;14 37..:!;4 50x) 

F e 6, 4..:tl , 2xx) - 2Ci..:t5 - - 53..:tb 57 

Sn - 3b..:tli - 69..:t2l I22..:t37 - 440 

Pb l7..:t5 73..:t22 9I..:t27 87..:t26 l06..:t56 51U..:t72 400 

Bi - 73+22 - 75+22 I67+5U --
X) JlBHI!bie OJIH npOTOHOB 5,7 f a a 

xx) JlamrLi e u nsr a He prHI1 upoTOHOB 135 Man 
1101 

10 

I 
1 

l 

MHW&Hb 
Jl eiiTpOHbl 1 

AI 

Sn 

Pb 

70 

12,5+ 
..:tJ,r 

401-.ti+ 
..:tlc,'5 

29 
.:!;4 

79 
+I 

Ta6nHD.bi 4 H 5 noKa3h 

B8HB SI TpHTBSJ CHCT8M8TH1:! 8 t 

TBK S OC06&HHOCTB HB TSI>Ke; 

He TOJlbKO Tipll 0611y'I&HHH ll~ 

npOT OH8X Ce'lelflle o6pa3 0 SBl 

CK OJlbKHX M6 110 COT& H M6. 

8T 0/lHOll 'leTBe pTOll 'IBCT!f C 

6oM6BpllHPYIOliliiX 'IBCTBII HM• 

S e C8 MH WeHH. 3 Ta 3 8SBCHMC 

paaHoll 660 Msa H HeCKOJibK 

'ITO npn nepexo11e OT AI K 

THSI yaenH'!HBae TCH npuMe pH· 

60M6BpOHpOaK8 llpOaOI!HJIB Cb 

a KOTOpb!X 0611y'IBJIHCb 0/li!H 

TBOpHTBilbHO COrJIB Cy!OTC 51 11: 

400 fv\a/
181 

ce'!e HHe o6paa 

np&/1 8118X OWH60K Oll b iTB C B 

JlnSI sHeprHH 450 Mae Bbi X O, 

117 I 
71;t_8 M6 H COBIIBI!B!OT ( 

30B8HHR A6HHOrO H30T OTI8 B~ 

Torna KBK nnH aneprul! I 5 t 

B8TCT B8HI!O. 

CpaaHHSBH M e >Kny co6 c 

UBX B COIIOCT8BHMOM HHTepn 



ITbHO He6onbruue auepruu, 

Jaanoa. CnenuanbHbie H3Me-

(8 He 38BHCBT OT TOJllllHHbl I 

TonmHH. B cny'lae Topu~t1 1 ~ 1 

~HCHT OT TOnlUBHbi , T.e. K8K 

yJOT aHepruu Meuee 35 M as. 

11ero 6onhmHe npo6eru, 

>hi a Taonune 4. B Ka'le-

ue MaTepu~ c npeBMy-

leCb H HH~e ace Ce'leHHH 

lhiX cnyqaea. 

·faa 2,2 raa 5,7-6,2 rea 

O.;t1, 2 19 

;t4 28.;t4 35 

;t4 33.;t4 38 

npu 6oM6apnuposKe npo-

Hbi s Ta6nuue 5. 

II 

2,05 ran 6,2 ran 

JO.;t2 

J7.;t4 sox) 

53.;tb 57 

440 

51U.;t72 400 

/ 

' 

fiei1TpOHb1 1 Mea a - 'ISCTJllll>I, Mea 

70 150 270 390 140 300 540 750 

12,5+ 29,2+ 29, 7+ 38,1+ 44,7+ 52,5+ 52,4+ 4ti,8+ 
.;t3,r .;t4,'1 .;t4,b" .:t6,u .:t9,r .;t9,2- .;t9,b" .;t8,b" 

AI 

8~4+ 
.± '~ 

Sn 

40~ti+ 79~2+ ti3,6+ 87~3+ 9ti+ 94+ ;~6.± 195,0+ 
.;t1 ''5 .;tl ,E .:ti4,o .;t l ''9 .;t2T, 2 .;t25, 4 .;t35,4-

Pb 

Ta6nunbl 4 H 5 noKa3hiB8JOT, 'ITO c yaenH'IeHHeM HSABJOmell sueprHB ce'leHBB o6paao

B8HHSI TpBTH SI CIICTeMSTII'IecKH aoapacTalOT. PoeT ce'leHBSI ua6n!OnaeTCSJ Kal< Ha nerKHX, 

TaK a oco6eHHOCTH Ha TSJ~eHhiX aneMe&Tax. Yaenl!'leHHe BbiXOnoa TJlHTilSI npol!cxonBT 

He TOnhKO npu o6ny'leHHH rrpoToaaMK, HO B non nellcTBReM neiiTpOHOB H a -qacTun. Ha 

HpOTOH8X Ce'leHH9 o6p830BBIIH!I TpHTHH B3 pa31fii'IHbiX aneMeHTOB ne~BT B rrpenenaX OT H9-

CKOnhKHX Ml'J no COT9H M6, A B o6naCTH HeCKOnhKHX raa BbiXOn TpiiTHSI H3 CBHHilB nOCTRra

eT onHoll 'leTaepToll qacTI! oT reoMeTpH'IeCKoro ce'loHBH HApa. rlpz onuHaKoaol\ auepruR 

6oM6apnHPYJOllllfX '18CTHil HMeeT M9CTO mmei!Hoe YB91IB'I9HBe BbiXOna TpHTHSI OT 11TOMHOrO 

aeca MHIIIeHH. 3Ta aaaHCHMOCTb xopomo rrpocne~eua , 1<orna aHeprHSJ npOTOHOB l'lbina aawra 

paauoll 660 Mas H l!eCKOnhKO xy~e nnst 450 Mas (eM. puc. 2) H 2,05 ran. 11a puc.2 BltnHo, 

'ITO npu rrepexone oT AI It Pb (uaMeneuue A MHUJe!fell no'ITH B 8 paa) abiXon TpH-

THB yBeHH'IHB8eTCSI HpHMepHO B 4 fJ838 , flon06H8SI ~" 38BHCHMOCTb H86HJOnaHaCb 1 KOrna 

6oMl'lapnuposita npoaonunacb a -'liiCTBUaMH c aHepruell 750 Mas. llaHHbie pa31!JI'IHbix pa6oT, 

B KOTOpbiX 06Hy'IBHHCb OnHH H Te ~e a n eMeHTbl npH 6JIJI3KHX aHeprHSJX npOTOHOB, YnOBH9-

TBOpBTeJibHO cornacyJOTCn r1pyr c npyroM. HanpuMep, B crzy'lae nonueTsne!fa npu aheprRB 

400 Mas
1181 

ce'lenue o6paaosaHIIn TPHTBH nallneHo paBHhiM 8,6;!:) M6. 0Ho coananaeT B 

npenenax OUJB60K onbiTa c Belll!'II!Holl, yKaaal!Holl B Ta6nHlle 4 nnn aHepruu 450 Maa
1141

• 

llnu saepruu 450 Msa BbiXOnbi TpHTHH na A1 B 
/14/ 

Pb nny'leHbi paBHbiMH 23±.3 M6 H 

/17 I 
71±.8 M6 11 cosnanaJOT c nemi'IIIIISMH, rrpuneneliHbiMII B Ta6nuue 5. Bepo!!THOCTb o6pa-

aoaaHH!I nalll!Oro uaoTorra sa JKeneaa rrpH aneprBH 160 Man nalineua paauoll ~ 7,2 M6
1131

, 

TOrna K8K nHH aneprull 150 H 177 Mas n8JOTCH/
10 / B9HII'IBHbl 6 ,1:!:_1,1 B 6 ,6:!:_1,2 >.161 COOT-

eeTCTBeHHO. 

CpaaHHnau Me>Kny co6oil BbiXOilbi HAep TPBTHB l!a rrpOTOIIax, nellTpoHax H a -'laCTJo·· 

U8X B COITOCT!lBBMOM HHTepnane aneprHii1 Mbl BRAHM, 'ITO Hau6onee s<l><!>eKTHBHb!MB B CMbiCHe 

11 



M81CCHM81IbHOrO 00 pa30n8HH!I n pOAYKTB !IBn!llOTCH a -'<aCTHilhl. Ha antoMHHHH ce'IeHHe o!S-

pa3onaHH!I TpKTH !I a -'<BCTIIIlBMH ManbiX sueprKA ( 150 Man) npxMepllo n 2-3 pa3a nhiwe, 

'19M n cnyqae nel!TpOHOn KnH npOTOHOn. lia CnHHll9 ORO 001IbW9 n 4-6 pa.3. nocne 300 Msn 

pOCT nhiXOAB nponyKTB K8K KB AI , TBK H Hft Pb 38M91lJl!I9TC!I H cpanHHS89TC!I HB scex 

OOMoapnxpyiOWHX 'I8CTHUAX. MolKHO y TS9PlKil8Tb, 'ITO ynenK'I9HHOO oopa30S8HH€ TpBTK!I n pK 

ooMI5apnaponKe a -'IaCTHilSMK He nLI3LmaeTc!l peaJCnael! cpLisa npoToHa y a - qacTHil. B a TOM 

cnyqae oopa30B8JlC!I Obi nponyxT c alleprH!IMII, n e CbMB eln113KHMH X 9HeprHRM a -'18CTHil, 

a TaK I<ai< HX H8BM9HbW8!1 aHeprll!l COCT8SITR9T 140 Mas, TO !lllP8 TpHTB!I C TBKHMH 9H9p

rHRMH ycK01Ib3anB 6u OT ua6niOneHHR. 

4 3 3 
0TI!OCKT9JlbHbl9 SbiXOUbl He : He : H B3 oopa3ua CTaJlH H3M9p!IJlHCb npH aueprHK npo-

TOHOB 340 M as
120 1

• KonK'!ecTso TpHTBR onpenengnocb TaK >Ke, KaK a B pauee npaseneunhiX 

3 4 
paooTax; conep>Ka uue He u He uaxonunocb MaccneKTpocKonH'IecKu. 0TuocuT errbHhiit SLI-

xon yKa3aHHbiX !lll9p Hall)leH p a nllb!M 1,0 : 0,048 : 0,078, COOTS9TCTn9HHO. 3To OTHOW9HH9 

H9CK011bK O OT nH1.18eTCH OT BbiXO!lOB Y~838I:lHbiX t.I8CTHU H3 HRKenSI ll.nSI aneprBH npOTOHOB 

4 3 3 
!'132 Mas (eM. T80 JlHUy 1), rue OTHOW9HHe He :He : H s1,0 : 0,12 : 0,006. npH'IHHb l 

pacxolK!leHH !I, B03MO>KHo, KpOIOTCSI B pa31UI'IHLIX pa3Mepax oonyqaeMbiX o6pa3uos n paoo-

/ 4,20 / / 3 / 
Tax • 6nH3KHe oTuocaTellhHbie BhiXOUbi aTH X lKe npouyKTon nonyqeHbi PyucTaMoM 

n pac'IeTax KacKauHoacnapaTenbHbiX coobiTHll npn ooMoapuuponKe MbiWb!IKa npoTouaMH c 

anepruell 170 Man. B nocneuneM cnyqae OTHoweaae He 
4 : He 3: H 

3 
D 1 ,0 : 0,0025: 0,083 . 

HecKom.Ko M9HbWHll OTHOCH T enhHhiH nhiXOil He 3 
PyllCTaM o6bRCIIReT ManoA nenH•IHROII 

9neprHM rtpOTOHOB. 

6 

6 
He 

8 biXOU H30Tona lle H3MepRnCH U3 C , AI , Cu , Ag H Pb nou ueiicTnKeM 

/211 
npoTOHOn c 9HeprHSIMH 1,0; 1,9; H 2,85 r an • OnbiT 3aKJliO'IaJlCSI n coope H TOpMO>Ke-

HHH !lll9p He 6 , Bbin9TaiOWHX H3 H9KOTOpOrO CilOH MHW9HH B Cpeuy P9JlUH 1 cny>Kamero HO-

CUT 9Jl9M . nocne O'IHCTKH CMeCH He 6 
H He 

4 
c llOMOWbiO JlOBYliiKH c lKIIUKHM a30TOM, 

oua nocTynana o C'IeTHhlii o6'beM. B aTHX H3MepenB!IX aneprHR IjlparMeHTa ocTaeTCR He-

H3B9&:THOA, UO flO BHanorMK C OUblT8MH ITO perHCTpBUHH TpHTHSI MO>KHO nonar8Tb 1 qTQ OHB 

6 
neBenHKa H o6napy>KnnaeMbie !lllpa He HM910T acnapaTenhnoe npoecxo>KuenHe. CeqenKR 

OOp8300aHI1Sl lle 
6 

113 pa3Jlll'IHblX aneMeHTOB YK83alibl B Ta6naue 6, OTKylla nHUH01 qTo 

BhiXOUbl IjlparMeHTa pacTyT no Mepe yBeJlli'IeHKR aueprnu npoTOHOB . Oco6eHHO 3£1MC!TC!H 

pOCT C9'I9llllSI He 
6 

H3 CnHHUa, rue OH llOCTifraeT npi!MepHO 10 M6 Ha Ka>KUblli ran 

a n eprllH npOTOHOB. 

12 

l 

MKmeHL 

c 

AI 

Cu 

A a; 

Pb 

4 

nn11 0/lHHBI<OSOl! 9HeprHB I 

p8CT9T C ysenH'I9HB9M aT< 

XOil aToro H30Tona yse nxq 

JI9CK01IbKO I<pyqe, '19M pac 

Oopa3onauue uel!TpoE 

nocb npa ooMoapu u ponKe r 

RBMH H )leilTpOR8MH C aae: 

Li 8 
H aaepraH a -'<aCT 

ne)l9Hbl n T 8 0JlHil9 7. H31 

e TC H IT O Mepe YB9JIH'I9HHSI 

MaweHb 

c 

N 

Ne 

Ar 

Kr 

Xe 



1, Ha amoMRBRil c e '!eKHe o!S-

tpBMepao B 2-3 paaa Bbime, 

B 4-6 paa , fl ocne 300 MsB 

TCH H cpaBHHBaeTC H Ha BC9X 

I oe o 6 paaoBaKu e TPBTKR npu 

npoTOKa y a - 'laCTIU\, B a TOM 

~· It 9 H9 prHRM a -'laCTHll, 

l pa T pHTil>l C TaKHMH 9 Hep-

B3MepRnHCh npu aue p r xu npo-

ltaK H B pauee llpHB9Jl9HHbiX 

lllH'!9CKH. 0THOCHTenh Khlfi. Bbi-

•T CT B91IHO, 3TO OT HOW9HH9 

1>1 .o.n>1 aneprna npoTOHOB 

: 0, 12 : 0,006 , flpli'IHHbl 

'189Mb!X o 6pa3UOB B pa6o

)B nony'I&Hbl PyL!CT aMoM
131 

t:e MbiWbSIK8 npOTOHBMH C 

;: ll 
3 

- 1,0 : 0,0025: 0,083 . 

SICIISI9T Mano li B9liK'IHHOli 

: H Ph llOJl .uei1CTBH9M 

:al!CSI B C6ope H TOpMO)K9-

Je.ay renHH, cny}f{amero HO-

YWKH c >Kit.ll.KHM 830TOM , 

<jlpBrMeHTll OCT89TCSI He-

MO*HO nonaraTb. 'liTO OIIB 

oe npoacxo)K.tJ.eHHe, Ce'leHHSI 

e 6, OTKYJl.B BHn,Ho, lJTO 

IOB. Oco6euno 3llMeTe n 

.0 M6 HB KB)K.O.bli\ f3B 

T a 6nxn a 6 

MxmeHb 
3xeprxst llpOTOBOB fsB 

1,0 1,9 2,85 

c 0,5 0,6 

AI 1,1 1,3 

Cu 2, 4 4. 

Ae: 4 7 12 

Pb 10 21 29 

nn>l OLIHH81tOBOII 9 HeprBB llpOTOHOB C 9 '19HH9 o6p830 B 8 HHB BayqaeMOr 0 npo .o.yKT8 MOHOT OHHO 

pacTe T c yBe nH'Ie HBe M aToMuor o HOMepa MaweHH, H anpa M ep, npu a Heprua 1,0 fsB B bl-

XO.O. 9TOrO H3 0TOlla yBel!H'IHBaeTC>I OT aniOMBHB>I K CBRHilY npR M9pHO B 9 paa, T,e, .o. aJKe 
3 

u e c KOnhK O !tp y'le, '!eM pacTeT c e qeuxe o 6paao B a HBR H 

8 
Li 

0 6pa30BaHHe HeiiTpOHOH36b!TO'IIIOro R30T 0llll Ll
. 8 

H3 r a 3006pa 3Hb! X MH WeHeli B3 M 9p>l-

liOCb llpH 6oM68pL!KpOBK9 npono pnJWHa llbKblX C 'I9T'IHK OB C COOTB9TCT BYIOWRM K r a 38MH npOTo

K8MH H .o.ellTpouaMH c a u e prHnMH 340 B 190 Mas
1221

• O n p eaennnncb nepuo.o. nonypacnaaa 

r s 
a - 'IACTHU .o. o'!e p u e ro Slllpa Be , C e'!eHI!H o6paaonai!HH >111ep Li n aue pru H npn-

B9 .0.9Hbl B T86l1Hil9 7, I1 3 M9p9HH>I !IOKa3b1BaiOT , 'ITO Bb!XO.O. <jJparMe iiTa MOHOTOHHO YM9HhWa-

e T C H no Mepe ysenu tJeHHSI aTOMHoro HOMepa MllWeHR. TaKaH 3 B BilCHMOCTh IHt.a,Ha, K B h. Ha 

T a 6 n 11 u a 7 

Muwellb 
fl pOTOHbl nel!TpOHbl 

340 M aB !90 MaB 

c o, 7.:t0, 2 I , 35 ,:tll, 4 

N o, 55 .:tO, 16 o, 61J,:t0, 2 

Ne 0, 2:!;.0, 06 0, 25.:t0,07 

Ar o, 22.:t0, IJ7 o, 22:!;.0, 07 

Kr 0 , 055,:0,008 O, 04l.:tU, 013 

Xe U, 026.:tU, 000 o, 036.:t0 , 01 
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.... 

8 
npOTOH8X1 T8K H H8 neiiTpOH8X. naneHBQ BbiXOna Li oco6enno aaM&THO B o6naCTB ner-

KHX 9n9M9HTOB ( C Ne)(B cnyqae )1911TpOHOB ORO yM9HbW8eTCSI B 8 paa), XOTB Z 

MHmenell MeHBlOTC!I Mem.we, '19M snsoe. Or Ne K Xe TavKe HweeT M&CTo yMeHbmeaae 

C&'leHHB o6pa30B8HB!I HRT9p9CyiOW9rO H8C Mpa, RO OHO H)l9T Me)lnQHRell: HPH ~10911ll'I9HHB 

MHWeHH 6onee, 'leM B 5 pea C&'I&HHe yM&HbmaeTC!I a 7-8 paa. HaMepnnacb aaBHCB

MOCTb B03p8CT8HHB B9p0!1TROCTH o6p830B8HHH ~parMeRTA OT 3R&prRB neiiTpOROB. 06pa30B8-
8 

nne aaoTona Li CT8HOBHTCH aaM&THbiM npH aneprHBX 40-80 Mss H ysenH'IHB89TCB no'lTH 

nunellno s 8-20 paa snnoTb no npenenbuoll aneprns. 

8 0 
3 aepreTK'lecxae cneKTpbi smep Li , BbineTaiOmHX non yrnoM 55 H 125 Ha ~ , A1 

Cu ' Ag ' Au ' u npB o6ny'IBHHB npOTOH8MB c 9Hepreell 2,2 ras, H3Y'I81lllCb B pa6o-

Te 1231. M HmeaH •a ~onbr yi<aa aHHbiX sneMeHTOB noMemaJUICb sayTpB ycKopaTensr. PerecTpa-

UKH ~parMeHTOB npOH3B0)1Bnacb C HOMOUlbiO ~OaMynbCHII, pacnonaraeMblX non HQJCOTOpblMB 

yrnaMH oKono ~on..r. 3nepreTn'leCI<Be pacnpeneneHHH no csoeMy BHny oxaabiBBIOTCH noxo

lKHMH n pyr aa n py ra. OaR u a'IHBAIOTC!I c uei<OTopoll n nn I<alK)loll MHmena onpenenessoll 

auep rBB H 6blCTpO paCTYT 1 nOCTHra!l MBKCHMYM8 1 nocne MBI<CHMYMB Ha6niOnBeTCH MOBOTOH

HOQ cpa BHHTenbno Mennennoe yMeBb menae '!Rena Tpe i< on c p ocTo M ax s nepraa. OnsaKo no'!TH 
8 

y scex MHmenell BHnHbi enBHK'IHbi e c nyqan ucnycKaHH51 Li c a neprH51MB oT 60 no 100 Mas, 

T . e . C KHHeT H"qeC KH M H 3HeprH HM H B H9CK01IhKO pa3 npeBbllllB lOlUH M H llOnHy'JO a HeprHlO CB H3H 

HYKIIOHOS S )1 8 HHOM ~parMeHTe . no Mepe ysenH'I9HB51 MHWeHK nono~eHHe M8KCHMYMB 

H naqano crreKTpa CMema eT C51 s o6nacTb 6onb mHx a n eprn ll . MaKCHMY Mbl cneKTpOB y Cu 

H Ag ne>KOT 8B HHTepsane 9Hepr Hfi 20 -30 M as , y Au - 25-30 M3s, a n n 51 ypana - 30-40 M 3s. 

CneKTpbi Li non pa3HbiMH yrna MH aa6niOne HH!I n o csoell ~opMe O'!eHb CXOJKH n pyr c n py -

roM. 0 TM9'180TC51 3 H8'1HTenbH851 8H·H30Tp0HH !I S HCnyCKBHHH ~parMeHT8 H3 nerKHX MHWeHell 

( C - Cu ) , KoTopa 51 yMeHbmaeTC51 nocTeneHHO y T 51lKenbiX an eMeHTos. 

7 
Be 

06pa3onanae ne ATpono-nenocTaTO'IHoro H30Tona Be 7 
n3y'!eHo nocTaTO'IHO non-

po6n o118•24-3 1 
1• Ha yrnepone , nan p nMep, Bbi Xon 3Toro aaoTona H3 Mep51ncn B HHTepsane 

9HeprHfi npOTOHOB OT nopora no H9CKOnb KHX )1QC51TKOB f3s
131 1

• nocT8TO'IBO WHpOKO S8pbH

pOB811C51 Ha6op o6n y qaeMbi X 3n9M9HTOB. n oMHMO n epe'iHCII9HHbiX ny611HK8UHII Csen eHH 51 0 Ce q e

HH!IX o6ptl30B8Hll 51 HHTepeCy iOIIlBrO H30TOna npHBeneHbl S PBAHOXHMH'IQCKHX HCCII9n OS8HH!IX 

peaKUI!ll pacmennenull MQAH npOTOH8MH c 3 Heprue ll 2,2 ; 5,7; 24 H 30 r a s
132

-
35 1

• B 3THX 

orrhiTax MH WeHH o6ny'!anH}b BHYTPH ycKopHTen51, a ~paKUH H 6epannan Bbi)lennnacb XHMH'! eCKH. 

Orrpenenenae BbiXoa a Be oc nos a no na H3Mepe HHH KPHBbiX crrana aKTHSHOCTH, a nn51 anen-

TH~HK8UHH 8KTHSHOCTH nOROIIHHTQnbHO H8611IOnaiiCH CflQKTp y -ny'lell c noMOD!biO ·y -crreKTpo-

MeTpa . H e KOTOpbi e c eq e nun o6pa3osaHHSI 
7 

7 
De npnseneHhi s Ta6naue 8. 113 T8611HUbl SHn-

HO , '-ITO ceti e Hu e o6pa30BBHH H Be H3 nerKl!X MHW9Hefl ( Be, C ) npHMepHO nOCTOHHHO H p8SHO 

14 

npyr npyry BO BCQM H3y'leHE 

nponyKTa 113 6epBniiH!I nonyqe 

aaepr1111 • B3 6epBnnHB a yrn 

Be 

c 

AI 

Cu 

Ag 

Au 

MBmeHb 

Be 

c 

AI 

Cu 

Ag 

Au 

100 

9,5.;ti,O 

12,0 

a,c: 
II, 

2,2 fa1 

lU, I 

IO, ~ 

II,7; 

II, 

5, ' 

a) 
6) 
s) 

/ 32 / ; 
naHHble pa60Tbl 
naHHblQ pa60Tbi / 3S/; 

3aeprBH npOTOHOS 28 fss 



ieHHO SaM&THO a OOJiaCTB Jier-

aeTCII B 6 pas), XOTll Z 

• HweeT wecTo yMeHbmeHHe 

wenneHaeA: npH ~senxqeHHB 

pas. J1SM9pliJI8Cb S8BIICB-

3B9pi'HH neATPOHOB. 06paSOB8-

0 ~9B H yaeJ1HqHBa9TCII noqTH 

yrnoM 55 H 125° HS C , AI 

2,2 fsB, HSyqanHCb a pa6o

aHyTpH ycKopBTenll. PerHCTpa-

cnonaraeMbiX non H9l<OTOpbiMH 

MY a•ny o~~:aablaa~TC!I noxo

'>K.UoA MHW9HH onpeneneHHOJ! 

CHMyMa H80JI~n89TCll MOBOTOH-

:ToM HX s neprHH. OnHaKo no'ITH 

:: s HeprHHMH OT 60 no 100 Msa, 

UHMH UOJIHy~ BHeprH~ Ca!ISH 

TieHK nono~eHHe M8KCHMYM8 

~aKCHMYMbi cneKTpoa y Cu 

30 ~sa , a nn11 ypaHa - 30-40 ~sa. 

l0pM9 0 '19Hb CXOlKH npyr C npy-

8I'M9HT8 HS Jl9I'KHX MHWeseJ! 

18HT OB. 

IISY'19HO nOCTIITO'IHO non-

cra HSMep!IJICll a HHTepaane 
I 

• llocTaTO'IHO WIIPOKO aapbH-

X ny6JIHK8UHA CaeaeHHll 0 ceqe-

XHMHqeCKBX HCCnea OB8HHHX 

4 II 30 f aa
132

- 351• B 9THX 

)HnnHH Bhrnensma c b XHMHl.JeCKH. 

ana 8KTHBHOCTH 1 B anSI Hll9H-

·Jiy'leJ! C HOMOWb~ ·y -cneKTpo-

raoJIHUe 8. J1s TBOIII!Ubl aHa-

:; ) UpHMepHO HOCTO!IHHO H paaHO 

npyr apyry BO aceM HSy'leHHOM BHTepBan~ sHepraA. TonbKO B pa60Te
1281 

abiXon aToro 

npouyKTa HS oepHIIJIHll nony'teH DO'ITB a TPB pasa M9HbW9, '19M BS yrnepou a npH TOJ! lt<e 

9H9pi'HH B BS 6epB11nH11 R yrnepOA8 npB 3HeprBB 352 ~9B. 

8 

3H9pi'BII npOTOHOB ~9B 

100 156 202 335 352 1,0 feB 

Be 9,5.;ti,O 8,8.;tl, 0 3, 7.;ti, 2 12, O.;tO, 5 

c 12,0 II, O.;ti,J 9,2 I2.;t2, 7 8, 3.;tO, 35 10,6 

AI I, 4.;tO, 6 7,6 

Cu o, 6.;t0, 2 4,4 

Ag O, I .;tO, OJ 2,6 

Au O, UI.;tO, 006 1,4 

3seprHll npOToaoa, f aa 
~BW9Hb 

2,2 faa 3,0 5,7 20 30 

Be 15 

c 10,8 II,I ll.;tl, 5 Q B) 7' 67 .;t '27 

AI 10,9 II, 7 Cl , 3.;tO, 9 0 :a) 7,89.± ,2~ 

Cu II, 7; 10a) II 9•7 4°) ' , ' I7r) 7 o+o sA) ' - ' 10,1 
10,6 

Ag II,J 12,1 

Au 5,9 Cl ,4 

a) 
/ 32 / ; 

r) llaaHble pa6oThi 
/33/ 

llaHHble paOOTbi/ 3S/ 
6) llaHHbl9 paoOTbl ; 

A) 3HeprHll npOTOHOa 24 faa 
/34/ 

/31/ . 
a) 3Hepi'Bll npOTOHOa 28 feB ; 
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Y ISonee TIVK91lb1X 8118M8BTOB B O«SSIACTB BeiSOilJoliiJ(X eaeprBII: DpOTOBOB ( < 1,0 Baa) 
7 

BbiXOil Be MOBOTOBBO yMem.maeTCa c yBellB'IeBBeM z MBmeo. HanpBMep, np• 

nepexone OT AI x Au BbiXOil nponyxTa Allll aaepr•• 335 Mea pa31lB'I&eTCR B 140 pu. 

B03pacTaaae eaepr•• npoToaoa npBBOABT x yaellB'IeBBJO Bblxonos BIITep&eyJOmero llllPA 

R3 TSI)f{91lblX t.UW9Hell: R ylKe llllR 3,0 feB OBJI CPABBBBAIOTCR Apyr C llPYT'OM y BC9X 31l9M8B-

TOB. Ko•cl•lnlllR9HT pA31lli'IBSI BblXOilOB eToro !Ulpa R3 AI • Au npH eaeprHR 1,0 rea AOCTE 

T'A8T 6, 
BepoBTROCTh o6paaoaaHRR 

7 
Be R3 nerxax eneMeBTOB ( N , 0 , 'F H Na ) llllll 

9ReprHA 5,7 feB COCTAB11118T 14;t_2; 10;t_5; 
/30/ 

9,2;t,1,6 H 13;t,2 MIS COOTB9TCTB9BBO • Bb!XOA 
/18/ 

eToro H30Tona H3 "'ene3a npR eaepr•• npOTOROB 730 Msa onpenenea paBBblM 2,9 M6 • 
/41/ 10 7 • 

B paiSOTe coo6maiOTCR senH'IIIRhl OTBoweRBR ce'leRBII o1Spa3oaaaast B /Be B ll<en93e 

R yrnepone llllll npoTOHOB c eaeprHell 730 Mea, xoTOpble paBHbl 0,4;t,0,1 R 0,21;t,0,06 

18 
F 

01Spa3oaauue Taxoro c paBHRTenbRO Tst)f(enoro ¢parMeBTa H3y'lanocb npa 6oM6apnapoa-

x e WBpOKOT'O Ra6opa MHW9Hell: (OT F llO U ) B llOCTATO'IRO 60nbWOM RBTepBAne SBep-
/25 28 30 31 36 37 / 18 

r uA npoTOHOB ' ' ' ' ' • CseneaHR o BbiXOilAX F cpeAH nponyKTOB rny6oxoro 
/32-34, 38-40/ 

pacmenne auR c onep"'aTC R Tax"'e B pa6oTax • HcKOMbiA nponyxT B BTRX onbi-

Tax TAK)f(e Bblll911MCR XHMR'I9CKR C ROMOmbiO HOCIIT911R.· HeKOTOpble ll8HHbl9 0 C9'19HBRX 06-
18 

p830B8HHSI F npRB91l9Hbl B TA611B.II9 9. J13 T86nHllbl BRAHO, "'TO B o6pa30BaBHB BHTepe-
. 8 

cy10mero R30TOna R861ll01l89TCSI TaKaR )f(9 T9Hil8BllHR, Kat!. B B o6pa30BARBB H30TOllOB Lt 
7 < u 

H Be • A HMeuuo, xorna eueprBH uaneTaiOmRX 'IACTRll aeaenau ( _ 420 Mea), a biXOil F 

MOHOTOHRO YM911hWA9TCSI C yaenB'I8HH9M 

aocTRX oiSpaaoaaHRR nponyxTa a AI H Au 

z MHWeBB. KoecjHimnaeuT pa3nH'IHR a _ aeposrr

paaeu ~ 2000. llpa euepraRX npOTouoa 

3,0-5,9 faa C9'19HR9 oiSpaaoaaBJIR 9TOT'O H30TOllA H3 aceX MHWeReA CT8ROBHTCSI llpRMepHO 
18 

onaaaKOHbiM • cocTaanReT uecxoru,xo wiS. BepoRTROCTJ. oiSpaaoaaBHR F R3 Na nng 
/30 / 

9BeprHH 5,7 feB KAAil8BA paBROA 10;t,1 M6 • Jli060llblTBO OTM9THTb, "'TO H3MepeBHbiA 

a pa60Te
1361 

abiXOil F 
18 

H3 0
18 

(peaxnRR (p,n) ) oxaaancR paBHhl 41;t,10 M6, 'ITO 

npHMepHO B llBA paaa 601lbWe, '19M BblXOil 9TOT'O H30TOllA npR TeX li<Q BReprBSIX no pe8KIUIR 
/1,3/ 

(p, pn) • Kax BRJlHO H3 llRTepATypbl , BA llPYT'RX MHW9HSIX RA61liOJlA8TCSI o6pATR8R 3ABJl-

CHMOCTb0 A RMQBBO ISonee BepOSITROA !IBJISI8TCSI ( p, pn) peaxnRR, 

11 
Asanors'luoe csru,uoe yMem.meHHe BhiXOAOB aeATpoaone~RllHTKbiX ~parMeRTOB C H 

13 /36/ 
N H3 6onee TR"'enblx MRweaeA annJOcTpapyeTCR a nng saepraa npoTouos 420 Mas. 

/30/ 
npa 3BepT'RH 5;7 faa BbiXOJlbl 3THX ~parMeRTOB ll81l810T 3RA'IRTenbBO cna6eA. HanpHMep, 

ce'leHHR o6paaosauaa C 
11

aa C , N , 0 F H AI llOily'leRbl pABHblMH: 29;t_3; 

13;t_4; 12;t_3; 5,4;t_0,7 R 6,0;t_0,9 M6, a BepOSITROCTb o1Spa30BABHR 
13 

N H3 N , 0 , F 

AlcocTasnReT 7,3±_0,7; 6,0::!:_2; 1,5;t,0,5 a 1,7;t,0,3 MIS, COOTBeTCTBeaao. Ce'leRRR o6pa-

16 

R 

M•mem. 

F 14,2.:!;1,6 22.:!;5 

AI 6 8+0 7a) 
' - ' 8,4.:!; 

Cl - 2, 2.:!; 

Cu o, 07 .:tO, uJA) o, oo. 

Ag - U, OI· 

Ta 

Au o,uo 
.:tO, U 

Pb 

u 

a) LlaHHbie nnR 342 Mas' 

6 ) LlaHHbl9 llllSI 5,7 feB
1 

a) Pacmenneuae MellR np 

r) peaKnHR pacmenneHHH 

n ) P acmenneaae Ko6anbT. 

e) 3HepT'HSI npOTOHOB 21 

13 
30B8H.HSI N Ha Zn , 

HAit)leHbl pABHbiMH 0,13; 

9TOT'O ~pAT'M8HTA H3 TeX 
i421 

cooTBeTCTBeHHO • B n 

nee TH)f(81lblX <jJpaT'M8HT OB 

XOllHTb B 8KT8X aeneHHSI 

KaK asnao H3 npen< 

HHR B BH.ll9 Me.nne HHblX q 



I DpOTOBOS ( < 1,0 Bas) 

MBmen. Hanpawep, np• 

Iss pa3nB'IaeTCg s 140 pu. 

>Jl os aBTepecyJOmero JIJlPA 

pyr c ApyroM y scex sneMea-

npa saepraa 1,0 res JlOCTP 

N ' 0 • F H Na ) AJlll 

~ COOTS9TCTS9HHO 
/30/ 

• BbiXOJl 

>eJlenea pasHbiM 2,9 M6
1181• 

30B8HHSI B 
10 

/Be 7 s ll<en93e 

bl 0,4:!:_0,1 H 0,21;!:.0,06 

aayqanoc& npa 6oM6apABpos

:o 6on&moM HHTepsane saep

cpena npoAyxTos rny6oxoro 

XOMbl!i llpOAYXT S 9THX OUbl-

·opb19 A8HHble 0 C9'19HBIIX o6-

D0 'ITO S o6p830S8HHB BHTepe

o6p830S8HBB aaOTonos Li 
8 

!<11 ( ~ 420 Mas), ShiXOA F
18 

~H11B9HT p83nB'IBH s_sepOSIT-

npB SHeprBHX npOTOROS 

Jeaeli CT4ROSHTCH UpHMepRO 

aosaBBSI F 
18 

H3 Na AnSI 

OTM9TBTb 0 'ITO B3M9p9RRbiA 

:CSI p8SRbl 41;!:.10 M6, 'ITO 

Tex ll<e sueprBHX no peaxa-a 

ra6monawrcg o6paTuaa aas•-

Sl. 

11 
llBTHbiX <jlparMORTOS C B 

r saepraa npOToaos 420 Mae. 

a'IHTen&Ho cna~ea. HanpBMep, 

nony'leHbl pasawMa:29+3; 
13 -

BBSI N B3 N I 0 • F H 

SeTCTseaao. Ce'leHliSI o6pa-

Ta6nBna9 

MBmeBL 

F 14,2.±1,6 22.±5,5 19.±2°) 

AI 6 8+0 7a) 8,4.±1,3 0 0 e) 
' - ' 7 '7.±0,6 6,03.± ,II 

Cl 2,2.±0,55 
Cu o, 07.±0, l)~) o, 08.±0, 04 

Ag u, 015.±0, 008 
Ta 

Au 0,0044+ 
.±D, U02'8 

Pb 

u 

a) .llaHHbie AnH 342 Mae
125 1 

6) JlaHHble AnSI 5,7 fa/
301 

0,5~) 
1,8 

1,4r) 
1,0 

0,2 0,55 

0,2 0,85 
0,07 0,25 

o, 05 0,49 
0,13 0,55 

e) PacmenneHae Menlll npoToH&MH npa 980 M ae
1401 

1,7 2,5 

1,7 1,9 

2,3 
o, 73 1,7 

0,83 1,1 
1,4 2,0 

r ) pe&KilHH pacruenneHHH M9AH npOTOH8MB C 3HeprHeli 2 1 2 f ae
132 1

• 

A ) PacmennenBe xo6an&Ta npoTOHBMB 370 Mae
1381

• 

e) 3HeprH!I npOTOHOB 28 fae
131 1

• 

13 

3,4 1,5.±0,1 

1,5 

8,7 
2,5 

1,4 
3,2 

aoeanHH N H3 Zn , Cd , Ph H U llOA u eliCTeHe M npOTOHOe C 3 HeprHe li 1 1 0 f SB 

HBliAeHbl paeHblMH 0,13; 0,056; 0 1011 H 0 1025 M6, TOrn a KBK )ln H 3HeprHH 2,9 f s B ebJXOJlbl 

3TOrO <jlparMeHTB H3 TeX JKe MHllleHeli yeenH'lHeanHCb JlO 0,51 j 0,27 j 0,16 H 0,125 M6 , 

cooTeeTCTBeHno
142 1

• B nnTepaType HMe~TC !I TBKJKe ceeuenHH o c e 'leHHHX o6paa oeaHHH 5o

nee THlKen bJX ¢parMeHTOB N a 22 
1 N a 

24 
a npo'l.). 0 6paa oeanae TBKHX S!JlBP MoJKeT npoac

xouHTh e BKTBX n en 9HHSI ana <jlparMeHT8llHH H ll03TOMY Mbl ax paCCM8TpHe8Tb He 6yu eM. 

06cyJKueaae peayn&TaToe 

Kax eHuao H3 npeucTaenennoro sxcnepHMOHTan&aoro MaTepaana, e peaxuaHX pac lllenne 

aaH e eRne MeuneHHbiX 'lBCTHll C Haa6onblll9li eepOHTHOCTb!O acnyCK8~TCSI OnaHO'lHbl9 HyKnOHbl 

17 



( ael!TpOHhi • npOTOHhl), Cpena CBst38HHhiX H)'Knoaoa 6onee aepoliTHO Bbl6pacblaaRH:e cTa6BIIh

Hol! Koaljllll'ypan•a aa '19Tblpex • nayx H)'Knoaoa, T.e, a -'laCTBIX • nell-rpoaoa, BepoliTHOCTH 

HCnyCK8HHH neiiTpOHOB B a -'18CTBIX OK83blBAIOTCH B 5-10 pa3 M9HhWBMB, '19M '18CTOT8 

Bbt6paChtBBHHH OJ:tHHO'IHblX H)'Knoaoa. Ewe pe>Ke BcnycKaiOTCB Tpex- • '19Tblpexaaplll!Hhie 

HJ:tpa H panBoaKTBBHble B30TOnhl Tana H 3 , He 6 , Be 
7 

H T,J:t, Hal5niOJ:t88Mble p83HbiMH 

MeTonaMH pacnpeneneHHH MenneHHblX 'ISCTHIX cornacyiOTCB npyr c npyrou B c naHHhlMB, 

nony'laHHbiMB a ljloToaMynhCHB o TaK aaablaaeMblX ''lepHhiX TpeKax', B nepay10 O'lepenh 

cnenyeT CK838Tb 0 cornaCBH J:t8HHblX no 3HepreTB'I9CKHM CHQKTp8M DpOTOHOB0 a -"18CTBil1 

OTHOlll8HHHM a/p 8 T8KlK8 yrnOBblM pacnp9):19U8RH:HM, nepe'IIICU9HHbl9 X8p8KT9pBC-r_HKH 

M9):lU8HHblX '18CTHIX, K8lK9TCH, HQ 38BHCliT (so BCHXOM Cny'l88 p&3KO) 0T THna HUH 3H9prBH 

nanaiOlllHX 'IBCTHIX, HecKonbKO 6onbwxe aHa'leHHH aaeprall MBKCHMYMOB cneKTpoa, nony'leH

H htX nnK Ag 
141 

no cpaaaeHJIIO c aenH'<HHaMH, yKaaaaHbiMH a <jloT03MYUbCHHX/l,
2

/ MOryT 

06'bKCHHTbCH, B Cnyqae 3MYUbCHII, 38 C'IQT npHMQCH p8Clll9HU9HHll 6pOMa, KynOHOBCKHll 68pb

ep y KOToporo HH>Ke, '<eM y Ag • Bonee neTaUbHoe o6cylKJ:leHBe peaynbTSTOB aa6niOJ:t9HB.II 

'aaean ' conep>KBTCH a o6aopax/l-3/• 

H HT epecawe caeneHHH naeT aay"<~eaae oco6eHHOCTell o 6paaoaaHHH panaoaKTHBHhiX 

H30TOHOB. 0HO HOU83HO HQ TOUbKO llU.II HOCTp08HHB HOUHOII KapTHHbl pe8KIXHfl pacmenneHBII, 

HO H H03BOUK8T npOUHT'b CB8T H8 CTp08HH9 HJ:tpa, B '18CTHOCTH 0 CTp09HH8 ero nOB8pXHOCTRblX 

c noea, OTKYAB acnycKaiOTCK KOMn neKCht H)'KUOHOB, Mbi BHJ:tXM paanH'IHOe H3M9He HHe Bhixo

noa <jlparM8HTOB 0 B 38BHCIIMOCTH OT TOrO, K8KHMH H)'KUOH8MH OHX neperpylKBHbl, nnSI Heii

TpOHOB H H811TpOHOH3GbtTO'IHblX ljlparMeHTOB X8p8KT8pH8 CU9llYIOlll8SI 38BHCHMOCTb: npB npo

'IHX paBHblX ycnOBHSIX H8B60nee B 8 p0HTHO HCHyCK8HB9 OllHHO'IRblX H911TpOROB 0 3 8T8 M !lll9p 

3 6 3 
H H He • OTaocaTel!hHBH aepOSITHOCTb HCnycKaHBH H npBMepao a 20-30 p a a Bblwe, 

'IBM He 
6 

• B biXOllhl aTHX nponyKTOB paCTYT no'ITH nxaellao c yaenx'leHBeM nopHJ:tKoaoro 

HOMepa MBweHB, a TBK>Ke c aoapacTaBKeM nana10mell aaeprBH, TaKHM o 6 paaoM, no Mepe 

YB8nB'I8HB H COA9plK8HHSI Hel!TpOHOB B MBlll <!HH C03):1810TCH BCQ 6onee 6naronpHSITHbl8 ycno

BHH I8K ):IU.II Bbt6p8Cbl88HH SI OJ:tBHO'IHblX H811TpOHOB 0 TAK B ner'I'AIIlllHX H9 11TpOHOH36blTO'IHblX 

su:~ep. B a TOM >Ke aanpaaneHHB nellcTayeT aoapaCTaHBe BHOCHMOii a llllPO aHepraa aoa6ylKJ:le

HHH, npoTOH8M B npOTOHOH36biTO'IHblM ljlparM9HT8M CBOIICTB9HH8 HHBH 3 8BKClfMOCTb, npa 

H960nblllBX n8):l8IOlllHX aHeprBHX B8pOHTHOCTH 06p830B8HHH T8KHX HJ:tep H8):1 810T llO'ITH UBHell-

uo c ysenHqeuBeM z MHWQHH ( CM, TB6n. 1, 8, 9), C yaenB'IBHHQM H8U8T810lll9ll 3 HeprHH 

yKaaaaaoe paanH'IBe BhiXOnoa ljlparMeHTOB aa nerKHX B THlKBnhiX aneMeHTOB yMeHbmaeTCH 

H nO'ITH HC'19389T , KOr):la 3HeprHH B036y lKJ:t 8HBH OK83blBAIOTCH COnOCTABHMblMB C nonaoll 

aHeprael! ca&aa acex H)'Knoaoa a MHweaa. Bo acex cnyqaHX aaa6onee aepoHTHo Bbl6pacw

aaHHe O):lHHO'IKbl X npOTOBOB, 0THOCHT8nbHbl8 aepOliTHOCTB o6pa30B8HBH npOTOHOB36biTO'IHhiX 

ljlparMB HTOB npH npO'IHX p8BHblX ycnoBHHX HMQIOT Ke60nbWH9 HHJ:lHBHliY8UbHbl8 OTKUOH9KBH, 

HO B 06lll8M OHH YM9HblllAIOTCH no Mepe YB8 UH'I8HHSI pa3M8pOB ljlparM8HT8 0 OC068HHO npB 

ae6oUbwHx nanaiOmHx aHe prHKX. Hnpo Li 
8 

HBnHeTcH ael!Tpoaoaa6biTO'IHbtM, ao aaaHCBMOCTL 

18 

• 

o6paaoaaHHH ero oT Bhl6opa 

HOJ:tBijJHIXHTHblX H30TOnOB, l¥i8> 

ace ro HYlKHhl yTO'IHeHHH, 

Ha6niOnaeMhie paana'IHl 

TOHOH36hlTO'IHbiX ljlpar M B KTOB 

HOCTH !lll8p, OC068HHO y THlK 

HBIO Mbl HpBlllUB, paCCM8TpHE 

B biCOKHX aaepr&l!
1431 

Aaa 

KOTOpOl! llblT8UHCb p8CC'IHT8~ 

HbiX sneMeHToa. Ecn B a T o Tl 

HHH H811Tp0HOB H ljlparM8HTO~ 

H9l!TpOHOJ:t81jJHUBTHbl.B ljlparr 

rny6oKo pacnono>KeHHbtX npo1 

B cny'<ae pacwenneHHll 

CTB8 llpOTOHOB H H8llTpOHOB o 

ueoaHHaKoaoro qacna uyKnou• 

a 20 paa 6onbwee ce'leHHe
12 

npH 3HeprBB npOTOHOB 1,0 fs 

TO y p88KIXBII TKna N 
1~ p, 2p 

06'bBCH8HH8 3Toro ljlaKTa, B< 

n erKHX HJ:l8p p8388nBB8TbCH 

OTM8'18nOCb, H8KOTOpbl8 OC06 

neHBSI Yll88TCH 06'bHCHHTb HB 

paMeTpOB T80pHH B COCTOHH: 

TBU, B8UB'IlfKbl a/p H T , J:l , 

HOCHTGnbllbte BbiXOObl TpHTHH 

cornacae c onbiTOM, AHanora 

6 8 7 13. 
He , Li , Be , N } H3 a; 

rHl!MB 1-2 faa/
46 / ll8UH BBUJ 

IXH8HT8 2-5. AeTopw
1461 

BHil: 

K8'18CTB8HHblli X8p8KT8p . 4>yH> 

HO y'IHTbtBaeMhiX ljlaKTopoa, T 

M8):lU8HHblX '18CTBll YJ:l88TCS! 0 

peTH'I8CK08 06'bS!CH8HH8 BC8l! 

BOnpocy ewe lKJ:lBT CBOUX HCC 

nonb3YSICb B03MOlKKOCTb 

CCCP M .f.MewepRKoay aa P> 



poRTKO B~6paC~B8KB9 CT86Bnb

TBIX • Jl&I!Tpouoa. BepoRTKOCTB 

13 M9KbWBMB, '19M '18CTOT8 

rpex- • 'I&T~pexaapsmKbie 

,Jl. Ha6niOJ189M~e paa~MK 

·r c JlpyroM 11 c nauu~MII, 

pa~tax•. B nepay10 o'!epen& 

:Tp8M DpOTOKOB, a -'18CTH111 

:BcneKUbl9 X8p81tTepBCTIIItB 

p&31tO) OT Tuna un11 aueprKH 

:KMyMOB cneltTpOB, nony'leK

/1 2/ 
lj>OT09MYHbCIIIlX ' MOryT 

!1111 6pOM8, ltYHOKOBCKIIII 6apb

B9 p93YHbT8TOB H86HIOJ19KBK 

830B8KHK P8AH08ltTIIBII~X 

•THKbi peaKnHII pacmenneuull, 

, CTpoeuue ero noaepxuocTH~X 

p83HII'IKOe 113M9K9HII9 B~X~ 

DKII neperpyJKeu~. )lnu uell-

IOI!l8H 38BRCIIMOCTb: npR np~ 

dX K911TpOKOB 0 38T9M >lll9P 

p11M9pKO B 20-30 p83 B~ID9 0 

yaenH'IeiiH&M nopHJIKoaoro 

TaKKM o6paaoM, no Mepe 

:onee 6naronpuKTHbie ycno

tllm.llx K911TpOHOII36~TO'IHbiX 

o l! B >lllPO 3Hepr1U! B036ylKJle

a HH8K 38BIICIIMOCTb. np11 

~ H.!lep nanaiOT no<tTII nuuell

qeuueM uaneTaiOmell 3Hepruu 

X 3H8M8KTOB YM9HbW89TCSI 

COnOCT8BUMbiMB C nOJUioll 

1116onee aepoHTuo Bhi6pac~

•oaauuu npOTOHOII36~TO'IB~X 

!.UHBIIJIY 8nbll~9 OTitnOK9KIIK0 

lj>parMeuTa, oco6euuo np• 

)H36biTO'IIHblM 1 RO 38BHCBNOCT& 

/22/ 
o6pa30B8HHK ero OT B~6opa MHWeHH, CornaCHO , OK83biB89TCK T8KOII lKe , K8lt Y uei!Tpo-

/23/ 
HOJ191j>HJXHTH~X H30TOnOB, M9lKJIY T9M K8K B YTBeplK)laeTCSI o6p8TH09. 3)leCb npelK)lA 

ecero uyJKu~ yTo'!ueuuu. 

Ha6HIOJI89Mble pa3nR'IHK B BbiXOnal uel!Tpouoa 11 npOTOBOB, a TaK JKe uel!Tpou~ H npo

TOHOH36biTO'IB~X lj>parMeHTOB lt8'19CTB9HHO MOlKHO nOHHTb, ecnu npe.!lnOHOlKBTb, 'ITO noeepx

HOCTH >l.!lep, oco6euuo y TKlKeHhiX 3HeMeuToe, o6orameHbl uei!TpouaMH. K T&KoMy aaKniO<te

HBIO Mbl npHWHH, p8CCM8Tp11B8K OC069HHOCTH nepe38pl!AKH H8 >lllp8X npOTOHOB H HeiiTpOHOB 

/43/ /44/ 
BbiCOKHX 3Heprul! f\uanorH'IHOe npe)lnOHOlK9KH9 Bb1CK838KO B pa60T9 , 8BT0pb1 

KOTOpOl! nbiT8nHCb p8CC'IHT8Tb HCnyCK8HII9 A911TpOHOB C BhlCOKHMH 3HeprHKMII H3 p83HH'I

HbiX 9H9M9HTOB. Ecnu 3TO T8K, TOrna noBKTHbl 6onee 6naronpHKTHbl9 ycnOBHK AHK HCnyCK8-

HHK uei!TpOHOB K lj>parM9KTOB, neperpylK9HHbiX uel!Tp0R8MH no Cp8BH9HHIO C npOTOH8MK II 

uei!TpOHO)lelj>HJXKTKbiJIIH lj>parM9BT8MH, nOCKOHbltY JIHK nOCH9)lHKX Beo6XOJIKMO Bblpb1B8HH9 

rny60KO paCnOHOlKQHHbiX npOTOHOB. 

B cny<rae pacwenneuull nerKux 3HeMeHTOB peaKJXHH ucnycKauuu ouuHaKoeoro Konuqe

CTBa npOTOHOB K u el!TpOHOB OK83biBBIOTCK 6onee B 8 pOKTHblMK 0 '19M p88KUKH C ucny CK8HK8M 

12 7 
ueOJIKH&Koeoro 'IRena uyKnouoa. HanpuMep, peaKUK!I C (p, 3p 3n )Be &MeaT npuMepuo 

/29/ 12 3 6 
e 20 paa 6on&wee ce<reuKe no cpaaueHKIO c peaKnuel! C ( p, p 2He ) He K8K 

npu 3HeprHH npOTOHOB 1,0 raa, T8K H 3,0 raa
121

•
231

• AuanorB'IHO\'> n ·onolK9HH9 HM99T M9C-

14 11 16 11. 16 13 /25,30,45 / 
TOy peaKUBII TUna N (p, 2p 2n)C ; 0 (p, 3p 3n )C , 0 (p, 2p 2n)N H T.U. • 

06b!ICH9HK9 9TOrO lj>aKT8, B03MOlKHO, 38KHIO'I89TCK B OTHOCHT8HbHO 6on&weli CDOC06HOCTH 

nerKHX unep p83B8nRB8TbCK H8 COCT8BHst101ll118 HX uei!TpOHbl, a -qaCTHilhi H npO'-I. KaK 

OTM9'18HOCb, H9KOTOpb19 OC069HHOCTB 06p830B8HHK M8UH8HHbiX '18CTKU El p e aKUH!IX p8Cill8n

neHH!I yuaeTC!I o6o!ICHHTb ua ocuoee Teopuu ucnapeuuu. npn cooTeeTcTeyiOWeM nou6ope na

paMeTpoe T80pK!I El COCTO!IHKK OnHC8Tb 9HepreTH'I8CKH9 pacnp9U8H8HK!I npOTOHOB H a -'18C· 

THU, eenR'IHHbl a/p u T.u. EbiHH cnenaHbl nonbiTKu
1121 

pacc'!uTaTb no aToll T eopnu OT-

HOCHT91Ibllbie BbtXO/lbl TpHTHR H3 aniOMHHHSI H CBllHUB., KOTOpbte .[l81IB YllOBneTBOpHTe1lbHOe 

cornacue c onbiTOM. Auanoru'IHbl9 pac'!eTbl ceqeuull o6paaoeaHH!I T!llKSHbiX lj>parMeHTOB 

He 6 , Li 8 , Be~ N
13

) ua aneMeuToe c BbiCOKHMH non ueiicTBHeM npoTouoe c 3Hep-

ru!IMH 1-2 r3El / 4B/ U8llH B8llH'IHHbl, 6nH3KH8 K 9KCnepHM8HT8HbHbiM El npeuenax K091j>¢JH

UK9RT8 2-5. AeTOpb/
461 

BHU!IT auecb ycnex TeopHH HCnapeKB!I. OuuaKo 9TH pac'!eTbl HOC!IT 

K8'19CTEl9HHblll X8p8KTep. <l>yHKUIHi B036ylKU9HII!I OK83b1El810TCK 38BHC!IUlHMil OT MHOriiX Tpyu

HO y'IHTbiB89Mbi X ¢laKTopoe. TaKBM o6paaoM, XOT!I oTuenbHble xapaKTepucTHKH HCnycKaHHK 

M9)lH9HHbiX '18CTKU Yll89TC!I OnHC8Tb B CornaCHH C T80p!lell HCnapeHH!I, HC'Iepnb1El810Wee T80-

peTH'18CK08 06b!ICHeHH8 BCel\ COBOKynHOCTH H3BeCTHbiX 9KCH9pBM9HT8nbHbiX U8HHbiX 110 3 TOMy 

eonpocy ewe ~eT CBOHX HccneuoeaTenel!, 

non&ay!ICb B03MOJKHOCTbiO npuueCTH CBOIO 6narO)l8pHOCTb qneu,.-Koppecnouu e uTy AH 

CCCP M.r.MemepHKoey aa pun ueHHbiX aaMe'laHHli. 
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Puc. 2. 3asHciiMOCTb sepoHTHOCTB o6pa30BBHHR TpKTBR B3 

p831lB'IHbiX 31l9M8HTOB npB o6ny'I&HBB npOTOH8MB 1121 
c aHeprHRMK 660 H 450 Mas, 38BMCTBOB8HH8R H3 • 


