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YfaBeCTHO, 'ITO npH B3BHMOJl9l!CTBHH 'IBCTHU BbiCOKHX 3H9prHl! C paanH'IHbiMH sneMeH

TBMH o6paayeTCSI pSIJl cpparMeHTOB c sneprHSIMH B necKonhKO JlecSITKOB Mss. 3TH <j:lparMen

Tbi MoryT B38HM0Jl9l!CTBOB8Tb C S1Jlp8MH MHW9HH H o6p830BbiBBTb UpO.llyKTbl C 38pSI.llBMH 

na necKonbKO e.llHHHU 6onbWHMH, '19M y HCXOJlHOro. AKTbl aaxaaTa paanH'll!biX ¢parMeHTOB 

Mbl naabiBaeM BTOpH'IHbiMH peaKUHSIMH. Ceqei!HSI BTopH'll!biX peaKuHA MBnbl ( 10-2~ 10-32
cM

2 ), 

U03TOMy, UO>Kanyll, 9JlHHCTB91!HbiM M9TOJlOM H3Y'l91!HSI TBKHX npOU9CCOB SIBnSieTCSI p8JlHOXHMH

'19CKHll. :fK83BI!I!blll M9T0Jl U03BOnSI9T cpHKCHpOBBTb 3BpSIJl H MBCCy o6paayiOWerOCSI ,npo.llyK

TB H, cne.lloBaTenbHO, JlenaTb aaKniO'leHHSI o THne npoTeKaiOWHX peaKuHll. Yfayqag noae.lleHHe 

BTOpH'IHbiX peBKUHll, Mbl T9M CBMbiM nony'IB9M HHtPOPMBUHIO 0 M9X8HH3M9 06pa30BBHHSI HBJl-

6apbepHbiX <!JparMeHTOB. 

K H8CTOSIW9MY BpeMeHH BbiUOnHeifo'·aHB'IHT9nbHOe KOnH'19CTBO HCCne.llOBBHHA no BTOpH'I~ 

HbiM peaKUHSIM/ 
1- 121 

VI ecnH MO>KHO roeopHTb o6 onpe.lleneHHOM ycnexe B uay'leHHH STHX 

npoueccoa na TSI>KenhiX sneMeHTBX ( Au , Bi Pb ) , TO sTo noKa Tpy JlHO yTeep>KJlaTb 

B cnyqae 6onee nerKHX MHweneA, nanpHMep, M9JlH. 

YIMeiOWHecSI ny6nnKauu./
1- 3 •131 

He noaeonSIIOT CJlenaTb BbiBO.llOB o6 oco6eHHOCTSIX 

BTOpH'IHbiX peaKUHll Ha nerKHX aneMeHT8X 0 TBK KBK CB9Jl9HHSI, CO.ll9p>K8WH9CSI B HHX, OTpbi

BO'IHbl H B pSIJl9 cnyqaeB HM910T nHWb OU9HO'IHblll xap8KTep. 

B CBS13H c sTHM Mbl HaMep!!nH ce'leHHSI o6paaoaaHHSI HaoTonoe Ga , Ge 

npu 6oM6ap.llHpOBKe_npupo.llHOll Me.llH npoTOHBMH c sneprHeA !40-660 Mse. 

MeTOJlHKa sKcnepHMenTa 

x) 
B onbiTax ucnonb3oeanacb 'IHCTa!l npupo.llHBSI Me.llb B BH.lle nnacTHHOK paaMepoM 

a 12 MMX 15 MM H TOnWHHOA •1 MM. 06ny'leHHe MHWeHeA npOBOJlHnOCb Ha BHyTp9HH9M 

ny'li<e npOTOHOB CHHXpOUHKnOTpona na6opaTopHH SIJl9pHbiX npo6neM OYIHYI H JlnHnOCb 

06bi'IHO OT 1,8 JlO 3,6 KC9K. nnaCTHHKH M9JlH0 OKpy>KeHHbl9 TpeMSI CnOSIMH aniOMHHHSI TOn-

WHHOA 25 MKM, ceoeA nsiocKOCTbiO pacnonaranHch nepneHJlHKynSipHo ny'II<y npoTOHOB. Yfa-

x) CneKTpanhHbiA aHanHa MHWeHeA noKaaan HanH'IHe cne!lYIOWHx aarpSiaHeHHA _ 4 
e npoueHTax : Bi <2lllo-•, Fe< 5lllo-•, Si. < 3z to-•, Mg <10" 4 , Mn< 10- , As <4xllf , Ni - 7ll10 , -· -· -· -· So -3ll10 , Pb -3d0 , Sb-3ll10 , ~-3ll10 ·• 
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M9H9HH9 SHeprKH npOTOHOB .llOCTHranOCb nOCTo!!IHOBKOll MHW8HK Ho!!l po!!13l1H'!Hbl9 po!!l.llK)'Cbl 

opt5HTbl )'CKOpH9MbiX '18CTHU, JlnH MOHKTOpKpOB8HRH ny'IK8 HCnOllb30B8llH pe8KUHIO 

AI
2
' (p, 3pn) Na 

24 
, ce'!eHKH xoTopoll '.aocTaTO'IHo xopowo K3BeCTHbl e wapoxoM .aaana-

/14/ 85 84 
3089 saeprKK npOTOHOB r K pe8KUKIO Cu (p,pn )Cu I T,e, BH)'Tp9HHKll MOHKTOp, 

nocne,llHRJI np!!M9HHllCH Tor.oa, KOr.Oa anJOMKHK9Bblll MOHKTOp 6blnO H8B03MOlKHO KCU0llb30-

88Th 83-38 BbiCOKOll IIHTeHCIIBHOCTII U)''IK8 UpOTOHOB (oco6eHHO UpK EP ~140 Mas). 

85 84 JlnH aarnH.OHOCTH ace ony6nKKOBaHHbl9 .08HHb19 0 C9'19HHHX peaKUKH Cu (p, pn )Cu .. . 
a TaxlKe ceqeaae o6pa3oaaaaH Cu a peaxuaHx rny6oxoro pacwenneHKH Me.aa npoToaa-

/1 3 15-211 
"'" cooTaeTCTB)'JOweJI aaeprna ' ' npe.ocTaaneHhi Ha pac. 1. Mbl npKHHnK cne.ayJO-

wne aenii'IHHbl C9'19HKii MOHKTOpHOii p98KUKH .llllH Bb16paHHbiX HaMK aHeprHii npOTOHOB: 

140 Mas - 23 X 10-27 
CM

2', 

340 Mas -
-27 2 17 X JO CM 1 

480 Mas- -27 2 16,8 X 10 CM , 

660 Mas -
-27 2 16,5 X 10 CM , 

MeTO.OKKII XKMH'Iecxax BbJ.Oeneauii ppaxuall 

XaM!I'IecxaH o6pa6oTxa o6ny'!eHHbiX Mllweaeii npoao.oanacb na6o cpa3y nocne o6nyqe-

HHH, nH5o nocne 'ocTbJBaHHSI' a Teqeaae 86,4 xcex. MaweHb pacTaopsmacb a 5 Mn xoau. 

HN08 npa aarpeaaaaa, nocne '!ero a pacTaop .ao6aansmacb HOCHTena: 9 Mr Ga, 10-15 Mr G41 , 

As, 10 Mr Se a y .oeplKaaaJOwHe aocaTena ( " no I Mr aneMeHToa nerqe Me.oa). MeTo-

.oaxa xHMK'!ecxax Bbi.Ileneaaii Ga a Ge 

6oTe
111

, Me.ob Bhi.IlenHnacb no cnoco6y, 

6binK B OCHOBHOM aaanorH'IHbl OnHCo!!IHHbiM B pa

OnHC8HHOM)' a 
1221

• M&TOJlHKH BbiJleneHHll As a 

Se 
1231 

HBMH 6blnH H3M9H9Hbl B CTOpOH)' COKpaweHHSI BpeMeHH Bbi.OeneHHll H nOBbiW9HHSI 

XHM11'19CKOrO BbiXOJl8, 

nocne .oo6aaneHHll 10 Mll KOHU. HCI ¢paKUHH repMaHHll OTrOH£nacb B npHeMHHK c 

xono.oaoa BO.Iloii. Ianna A OTJl9llllnCH aKCTpaxuaea B JlHH30nponanoBblii a¢ap 83 7, 7 N HCI ' 
. I 

¢paxua11 MbiWbl!Ka Bbl.llengnacb oTroaxoii a ¢opMe AsC1
8 nocne BOCCT8HOBn&HHH 83 UHTH-

aaneaTaoro cocTol!HHll, <Ppaxua11 ceneaa OTJl9nllnacb nocne yaaneHHll cneaoa a30THOii xac

noTbi BOCCTaHOBn9HH9M JlO M9Tanna C UOMOlUbiO 502 , Jlanee KpaTKO H3naraJOTCH M9TO.OH

KK .oanbHellwell O'IHCTKH pa3nR'!HblX ¢paKUHll, 

!annal!, nocne pe3KCTp8KUHH 83 3¢KpHOrO_ CllOH npOH3BOJlHllHCb MHOrOKpBTHO UOBTO

Pli9Mble onepauaa yaaneHHll raapooxaca lKene3a c noMOlUbJO NaOH a axcTpaxnaa ranna11 

llHH30nponnnoabiM a<jJRpOM, 0KOH'18TenbHbiM aTanOM t5blnO OC8lKJl9HH9 rannHH OKCHXHHOnRHOM, 

XHMH'I9CKHll BbiXOJl COCT8Bllllll 30-40%, Bp9Mll Bbl.ll9l19HHSI 7,2-9.0 KCeK, 

l9pMaHHii, J:$ npReMHHKe OCBlK.IlallCH cynb¢H.Il, KOTOpblll nocne OT¢RllbTpOBbiB8HHSI 

'!epe3 CT9KnBHHbll! ¢anbTp N/ 3 paCTBOplinCSI B MRHRManbHOM KOllR'19CTB8 NH
4 

OH( 1: 1) 

4 

• 
• 

_, .. A••'' 

' ·'··· 

c .aoCSaaxo·a H10·1 , 

ocaJK.aeHH't -GeS1 

npoeOAHll&Cb ,IITOp~ll OTI"OHKa GeCI 4 o 0KOHII&T8llbllb1M •'l'aUOM 

, XIIMH'18CKRii lilbl;>tOll COCT&lllllln 40•60%,. BpeMA III>IA&naJJ.HII '" 8 

Mb!Wbl!JI• B npaeMHIIK&. pca>K.aancl! cynb¢R.Il Mb!.Wbl!Ka, Oca.ac>,& 'pacTsc>pllll 

, ao6aansmoch 10 Mr Ge , 11 3aTeM nocneJIRBit .yaa~l!nCl! oTrol 

6bll10 nonyqeaae M8TMl18'19CKOrO M&IWbllKa'
241

, XHMR'I 

HCI +: HNO a 

3aKniO'IHT9llbllbiM aTafiOM 

abiXOll - 60- 80%. BpeMs abi.IleneHRll - 5,4 xcex. 

Cenea, MeTannnqecxalt cenea pacTBOpllnCH a MHH.RManbBOM xonnqecTae xoa 
I 

PacTaop nepeao.aanc11 a conl!HOKRCnbiii, a cenea coptSapoeancll aa aaaoRKTe Ilaye 

!locne npOMblllaHRH KOnORKH c·o CMOnolt KOHU, HCl ' 3aTeMi6N HQ ceneH Jill 

3N HCI • Koae'!HbiM eTanoM 6blllO nony'leHae Mtn;annaqecxoro c~neaa nocne npot , ' . 
qepe3 paCTiiiOp S0

1 
, XHMB'19CKRll BbiXOJl - 40-60%, apeMSI BbilleneHRSI ,.. 1.0

1

,8 ~ 

~ npa npHr'OTOBnBHBH MBW9HH Jln!l H3MepeHHll 

onepanHH
1 

KpOM9 OCo!!I>KJl9HHSI CuS 1 nosTOpllnBCb JlB8lK,!l&l. 

6bll10 npHrOTOBn9HB9 CnCNS • 

Cu" ( 200-800 

3aY.lD'IHTen~,: ___ T···' :ll .. 
. '';t_1'fti' .. 

• .V J'· 

:_\): 
"'' -l . MeTO.Il&I B3MepeHH!I n pe3ynbTaTbl 
''.:' 

nos 

Jlnll H3MepeHHll paJlR08KTRBHOCTH HCOOnb30llanHCb .QHCKB .QBaM&TpOM (* i 

RllB HX coe.IJ.IIHeHHl!, 3asepH)'Tbl9 B K8nbK)' H yltpenneHilbiB H8 l!niOMR!/ICG~~~ . ' ' ' . . ~ 

UBBTpe, J..13M9p9HHH npoaOJlHllHCb H8 CTaH,aapTHOM • wPilOliO 
xax C OTB9pCTH9M Iii 

'IH'Ke Tada MCT-17 • 

K8>KJIOrO H3M9p8HHl! 

,-

BpeMSI H3MepeHHll Bb16Hpanoch TaKHM, 'IT06bl, cTSTBCTII>iecx: 
., I( 

6blna 'He 6onee 3%, 06pa3!lbl MOHHTOpOB (Na , Cal. ) 'II' I 

OllHH8KOllbiX reoMeTpH'19CKBX ycnOiiiBSIXo 3aldBTIIM,. ~ 

~ -a3nyqeHHH npe 
MbiX ¢paKUBll H3M9pl!JIHCb Iii 

WHHCTBa H86nDJl89MblX pa.llBOaKTRiiiHblX R30T000lil aHepriiSI 

I Maa a nosTOMY nonpasKH 11a caMonornoweaae He aao.IJ.HlllfCb • IlnR onpe.aem 
84 

KH aa caMonornoweaae y Cu ' 6blnB npoJienaHbl cnenaanbHbie onb1Tbl1 xoTopbl 

'ITO B HaWHX ycnOBHSIX R3M9p9HH!I xa>K.Ilblll MHnnarpaMM CuCNS (npH aece ~ 

nee 3 Ml') ocna6nReT 
perHC1'pHp)'9M09 H3n)''I9HH9 Ha 1,5%, nonpaBKR H8. paCC9l 

rnOW9HH9 {3 -qaCTHu- B xanbK9 6bll1H H93H8'1HT9nbHbl. 

Vf3)''149Mbl9 npOllYKTbl BTOpH'IHbiX peaKUHll SIBnliiOTCSI HeiiTpOBOJl9<jJBilBTR'bll 

naMa, qacTb H3 xoTopbiX HapSiilY. c acnycxaaaeM nosaTpOHOB pacnaaaeTCll nyTe 

nenHKOM npeTepneaaiOT K -3axeaT. Jlnll onpe.aenet 

BbiXOJla COOTB9TCTli)'IOWRX ll.ll9P HeOISXOJlHMO 3H8Tb napuHMbH)'IO aepOSITHc>CTb 

6HTanbHOrO aneKTpOR8 TOM HnB' HHbiM H30TOROM H s¢¢eKTHBHOCTb C'l9Ta paHTr 

nyqeii aawHM aeTexTopoM. Y 6onbWHHCTsa Hat5nJO.aaeMbiX npoll)'KTOB aonR K 

H3aecTaa1261, q,aaaxo Jinll Ge 88 
, As n TaKHe cae,aeHHll -oTcyTcTaoaanH a ne• 

Ge aaeTCSI nawb oueaxa • B caR3B c aTHM Mbl onpe.aen an~ sxcnepaMeHT 

saTal a H9KOT0pb19 

119 /27/ 

5 



.llOCTHI'BJlOCb llOCTI!IHOBKOll MHWeHH Hl!l p1!13JlH'IHble pl!l.llHyCbl 

JlnH MOHHTOpHpOBI!IHHH llY'IKI!I HCil0Jtb30BI!IJtH pea KURIO 

.llOCTBTO'IHO XOpOWO H3BBCTHbl B WHpOKOM .llHI!IIla-
66 64 

Cu (p,pn )Cu H peaKUIIIO 
1 T.e. aHyTpeHHHll MOHHTop. 

KOI'J:ll!l BJliOMIIHHeBblll MOHHTOp Oh!JlO HeB03MO>KHO HCI10Jtb30• 

IIBHOCTII llY'IKB llpOTOHOB (OCOOBHHO llpH EP ~I40 Mae). 

OllJOiliiKOBBHHh!B J:lBHHhle 0 CB'IeHHSIX peBKUIIH Cu66
(p, pn )Cu 84 

84 ' 
Cu a peaKUHHX rnyooKoro pacwenneHHSI MetlH npoToHa-

11/ 
1

•
3

•
15

-
211 

npeacTaaneH&I Ha pH c. I. M&I npHHHJtH cneayiO

TOpHoll pe8KUIIII J:lJtH Bh!Op8HHbiX HBMH SHeprHll llpOTOHOB: 

23 X 10-
27 

CM
2
', 

-27 2 
17 X 10 CM , 

-27 2 
16,8 X 10 CM , 

-27 2 
16,5x!0 CM, 

OOJty'leHHh!X MHWeHell 11pOBOJ:lHJl8Cb JlHOO Cpaay llOCJte oonyqe-

8 Te'leHHe 86,4 KCeK, MHWeHb p8CTBOpS!Jt8Cb B 5 MJl KOHU, 

'lel'o a pacTeop aooaBJtSIJtHCb HOCHTenH: 9 Mr Ga, 10-15 Mr G41, 

e HOCHTenH ( " no I MI' aneMeHTOB nepqe MBJ:lH). MeTo-

H Ge Obinll B OCHOBHOM BHBJlOI'H'IHbl OllHCI!IHHb!M B pa• 

OllHCBHHOMy B 
1221• M&TOJ:lHKH 

BhiJ:lenaHHSI As H 

COKpaweHHSI BpBMBIIH Bb!J:lBJteHHH H llOBb!WeHHS! 

KOHU. HCI cjlpaKUHSI repMBHHH OTI'OH>:nacb B npHBMHHK c 

SKCTpaKuHell B J:lHHaonponHnoB&lll acj:>Hp Ha 7, 7 N HCI 

OTI'OHKOII B cj:>OpMe AsC1 8 llOCJte BOCCTBHOBJlBHHS! H3 llSITH-

IlOCJte yaaneHHSI cneaoe aaoTHoll Kl!c

S02 • Jlanee KpBTKO H3Jt8I'ai0Tcg MBTOJ:llf· 

CJlOSI 11pOII3BO):lHJlHCb MHOI'OKp8THO llOBTO• 

c llOMOLUbiO NaOH H 3KCTp8KIIHH I'I!IJlJlRSI 

M 3T8110M OblllO OCB>K):lQHHe I'BilJlHSI OKCHXHHOJlHHOM, 

BpeMg Bbl):l8Jl8HHS1 7,2- 9.0 KCBK, 

OCB>KJ:lBJlCSI CYilb<flHJ:l, KOTOpb!ll IIOCJtQ OTcjlHJtbTpOBb!BI!IHHSI 

pacTeopRncg B MHHHMSJtbHOM KOJtR'IecTee NH
4 

OH(l: 1) 

4 

.,. ·• 

c .aoCSauol a,o-•• npoBO.OHJt41Cb JITOpi!IR OTI'OHKa GeCI •• 0KOH'II!IT81lbHbiM 8'!'8llOM· CSb!llei' 

oea>K.aaHII't <ieSii , XHMH'IecKHil a&~xo~ eocTaanRn 40•60%. · Bper.cR e~o~.aena11.111 • S,6•&,4xcex, 

, . 

. . 
Mb!WbRr B npHeMHHKB, pca)l(.aanca cym4lH.Il Mbi.WbiiKa, Oca.aoJt • pacTBopRIICII e cr.cecil, 

HCl +: HNO 
8 

, ao6aenRnocb 10 Mr Ge ·, H aareM nocne.aHBll .yaanMCII oTroHKoll GeC14• 
/24/ ' 

3aKJtiO'IHTeJtbHbiM aTanoM obiJlO nony'leHHe MeTaJtJtll'IBCKoro MblWbstKa • XHMH'I&CKBil 

BbiXO.Il • 60 • 80%. 8p8MSI BhlJ:lBileHHSI - 5,4 KCBK, 

CeneH, MeTanJtH'IBCKHlt ceneH pacTeopS!JtCSI B MHHBMI!IIlbHOM KOilB'IeCTBe KoHu. HN08 • 
I '/251 

PacTBOP nepeBOJ:lHJtCSI e conRHOKHCJtblll, H ceneH cop6Hpoeancg aa ,aHHOHHTe Jlayaxc !x8 • 

nocn e npoMbiBBHHSI KOJlOHKH co CMOJtOil KOHu. HCI ' 3BTBM 6N HCI CQJlQH BbiMbiBBJlCll 

3N HCl , KoHe'IHbiM aTanoM oblno nony'leHHe Mln;annHqecxoro ceneHa nocne nponyoKSHHll 

qepea paCTBOp S02 , XHMH'IeCKHII BbiXO.Il - 40-60%, Bp8MSI BbiJ:lBJlBHHR - 1 0',8 KCBK, 

~· npH 11pHI'OTOBllBHHH MHWBHH .llllll H3M8p8HHA Cu Of (200-300 MI' Co ) Bee 

onepauHH, KpOMB OC8>K.Il8HHSI CuS 

o&mo npHroToeneHHe CUCNS. 

, 110BTOpstJtHCb .llBI!IlK.Ilblo 3a£'110'1HTeJtbH&IM 9T8110M 
J 

MeTO.Ilbl HaMepeHHR H peaynbTI!ITbl 

Jlnll H3MepeHRII paJlBOI!IKTHBHOCTH HCI10Jtb30B8JtHCb .llHCKR .llR8M8TpOM 1 CM H3 MBTan

JtOB HJlR HX COB.IliiHBHHA, aaeepHyTbiB B KI!IJtbKY H yJtpenneHHbiB Ha BJliOMBHRBIIbiX llOJ:lJlO>,:•· 

KBX C OTBepCTHeM B ueHTpe, J.1aM8p8Hl!SI 11pOBO.IlHJlHCb HB CTBH.IlBpTHOM 'I'OpUOBOM C'!eT

'IHKB Tuna MCT-17. BpeMSJ HaMepeHHSI BbloHpanocl;> TaKHM, 'IT06b1._ CTI!ITHCTH'IBCKaSJ owHoKa 
It U 

KB>K.IlOI'O H3M8pSHHSI 6&ma 'He fiionee 3%, 06p83Ubl MOHHTOpOB (Na , Cu ) H Bbl.llBJlste-

MbiX cppaKUHll R3M8pi!JIHCb B OJ:lHH8KOB&IX reOMBTpH'IeCKHX ycJtOBHSIXo 3&MBTHM, 'ITO y OOJtb• 

WHHCTBB HI!IOJtiO):li!IBMbiX pBJ:lHOBKTHBHbiX H30TOI10B aHepi'HSI ~ •HaJty'I&HHSI 11p8BOCXO)lHJl8 

1 Mae H nosTOMY nonpaBKH sa caMonornoweHHe He eeo.aanltcb • Jlng onpeaeneHHst nonpae• 

84 ~ 
KH Ha caMonornoweaue y Cu 6blnH npo.aenaHbl cneuuanbH&Ie on•Tbl, KOTOpble 'noKaaanH, 

'ITO B HSWHX ycnoBHSIX HaMepeHHSI Kl!l)l(.llbiA MHJtJtHrpaMM CUCNS (npR eece o6paaua co

nee 3 Ml') OCJli!IOJtSieT perHC'I'pHpyeMOe H3JtY'IBHHe Ha !,5%, nonpaBKR Hl!l paCCBSIHHB H no-

I'JtOWBHHe {3 ·'laCTHu· B KBJtbKB ObiJlH HB3HI!I'IHTeJtbHbl, 

VlayqaeMble llpO.IlYKTbl BTOpK'IHbiX peaKuHll SIBIISIIOTCR HeliTpOHOJlBijlBuHTHblMH K30T0~ 

naMa, 'IBCTb Ha KOTopblx HapR.IlY. c HcnycxaHHeM noaHTpOHOB pacna.aaeTCSI nyTeM K -sax-

BI!IT8J a HeKOTOpble uenHKOM npeTepneeaiOT K -aaxaaT. JlnR onpeaeneHRSI nonaoro 

BbiXOJ:lB COOTBeTCTBYIOWRX Sl.llep He06XO.IlHMO 3H8Tb napuHSJtbHYIO eepOS!THOCTb 3aXBI!ITI!I op

OHTBJtbHOI'O 3JteKTpOH8 TeM HJtH' HHbiM H30TOI10M H scjlcjleKTHBHOCTb C'!eTa peHTI'eHOBCKRX 

ny'lell HI!IWHM .aeTeKTopoM. Y 6onhWHHCTBa HaoniO.aaeM&IX npo.ayxToe aonR K -aaxeaTa 

" /26/ 88 T2 • 
KasecTHa , oaHaKo .anA Ge , As TI!IKHe ceeaeHHSI oTcyTcTsoeanu e ne'!&TH, a ,nnR 

Ge 1111 
.aaeTCSI nHWb ou.,Ka1271• B ceRaH c aTHM Mbl onpeaenunH sKcnepuMeHT&IIbHO no 

L 
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~eToJil2B/ OTHOCIIT&n&able BepORTHO(;TH '4KTOB 31\XI!IaTa ~,'I:.Wror!l IN!.8x'l'poaa y Ge :· 
•• Tl ' - ' ,''' . . . . ' • 

Ge K. As 1 ,KOTOpble COCT88JISIIOT 48·.:t_20, 55;!:,10 ·B 20%• . ~OD'nEITCTB&HijO;. npos&plta LIDnK 

K -aaxaaTa y R30Tonoa C R3B8CTK&IM COOTRQUJ8aR8M no~ana'yaoan~TBOpcTertQHoe cornaca• 
' . . I , ' . • ' 88 18 

aawax onpeaeneaail a ony6nRKOB8HHb1X 3H8'i&HRII,:· .n.ona · K,_ -aaxlllaTa y RaoTonoa Gl!l c, Ga , · 
. 71 . " . . ' - ' ' .. ·, . ' . ' . 

As K As t5blna DPIIHIITB PIUIHOII. Sjl,· .1$, 70 H. aS% 1 .COOT88!l'C_T8BilHO, BepoJITHOC'tb _K -a..x'!' 
8.7 '11! . - ' • ' 

ai;ITa y Ge · • As HaM He Ra»eCTHa, _R Mbl ee Be Y'«ll~l>laan-;. Aona . K -3axa~Ta _..ana 
Ta . . . • ' ·' 

Se np&H.IIM&nacb paaiol 40%.'31jlcpexTaaaoeTb per&eTpaaall C'i&T'i'KKOM MCT-17 peaTt'eaoa-
'' - / 

exax ny'lell , Gs , paenaaaJOmeroca- .uenaxoM nyTeM. aaxaaTa Op6l1Tan&aoro sne~~:Tpoaa; aaa-
1 • • • ' ' • • 

..aeRa paalioA o.CoiJo 15%, H:a-:aa c.nat5&Ix IIHTeaeaaaocTeA x.iteHTK¢Rxattaa~aaoTonoa ·a B31!C•-

PlleMI>IX ¢pauaax _npoaaaoaanaeb B oeHOIIIHOM no nepKoli&M nonypacna,aa,- B oTaen&a&Ix eny-.. ~ ' ' ' ' -
'i&ax, T~ rae &To aoaMo>Kao, RaMepanReb .:aHeprRa :ane~~:Tpoaoa R noaRTpoaoa no nornome-

HBJO 8 Bnio~RHRll Rna y -en&KTphl Ha euRHT&nnali.HoH.HOM y . -en&KTpOM&Tpe, TKDH'lllb18 Kpa• 

BbiQ enaaa 8ltTBBHOeTB ¢p&KUKII K HX paano>KeBKe Ha eoeTaBnRIOlliBe KOMDOR9HThl D0KaG8H~ 
I ' 

~~~ pac. 2-5. Beml'IHHI>I ·nonepe'lahlx ee'leaRll o6paaoEiaHRa K8>K.doro RaoTona paee'IRThlB'AAKC~o 1 ·, • ' /29/ ' I 
•DO eT&R,aapTHoll'cpopMyne, DpBB9Li9RHOII, H8DpRMep, B , 3aM&TKM

1 
'ITO Dp& R3M8p8HRH 

¢p8KilBK . . . ., 
M9LIB: !lA Y •eD&KTpOM&Tpe, DOMHMO_ DHKa 8HBBrBnliUBR D~3KTP0HOB Cu 

o6aapy"'&Hbl '):' -naHKH e aaeprHRMii 90 a 180 K:aa (eM, pRe. 6) 11 nepaoaaMH nonypaena-, . •,. " 
..aa 21~ KeeK (pac. 7), npliaaane)f(al!lae Cu 

, 6&In& 

As 
3KCD,9pRM~8nbHhl9 B&nH'IHH&I e&'I9HHII o6p830B8HBS1 H86nJOLI8eMblX K30TODOB Ga 

1 

Ge 
' . " 

, Se R npe.llaapHTenbHhle peaynbTan.r no CU npeaeTaaneHbl a Ta6naae 1 " ana. 

llarnl!LIHOeTB n,PifB9,Q9Hbl 118 pRe, 8 1 Q R 10, 0orp&UJHOCTH
1 

YK838HHbl8 B T86DHU9
1 

liBDliiOTCR 

Cp8.1lH8K88.1lp8TR'IHbiMH OlllH6Ka MR epEiJIH98pR¢M&TR'I9eJCRX 3H8'i9HHII, 6 011JR6KH He BXOJlliT 

B03MO)f(H&I8' 1Iorp&WHOCTH1 eaaa8HHb18 e HeTO'lHOC.TbiO llpBHliTblX ex eM paenaaa, 0Dp8Li9J:t8HHR 

'apeueHR 06nyqeaq aa yexopRTene, eyll.\eeTeeaaoro ana KOpOTKO)f(HByiURx H30Tonoa, a TSK)f(e 

Ol!lHISKII B Dp&Rl!Tb!X 3HaqeHRliX e&'I&HRA MOHRTOpHh!X p88KURA, ' 

Ce'lekaa o6pa:aoaAHna .. 88 
Ga , Ga 87 89 

a Tax»<,e 
Ge H Ge onpeaeneHhi anonae 

Ha.z:te>Kao, no 1tawe11 oueaxe,a6eonJOTHaa norpewaoeTb on~aeneaaa eeqeaaa &Tax aaep 
88 , 

!.SO%. B eny'llil& Ge I T K •21,6 Meex (25Q.:raeA)/ aeneaetaRe M~n&Ix ypoaaell 8KTRa-

RoCTif npenapaToa HaM ae eeer.q.a yaaaanoeb npoeneaR~b enaa &KTHeaoeTa aa npoTa>Ke

HHR a-x D9pROLIOB Donypaenaaa, 0QSTOMy B K8'18eTae. &KTRBHOeTR Ge 88 npRHRManaeb KOM-

DOH8HT8 c nepao..aoM nonypaenaaa t5onee 7,8 Meex (3 Meeana), 8brxoa Ge 18 onpeae-

ee · IJBDell B OeHOBHOM no 8KTRBHOCTR JlOqepaero DPOJlYKTa Ga , 'iaeno ODhlTOB
1 

B KOTOp&IX '10 

aa6nJOaanea As ! aeaenRxo, aeneaeTaRe &Taro aaeTea DHWb· oueaxa aenR'IHH&I eeqeaaa 

YK838Hijoro R30TOna, Tax KaK 8KTRBHOeTb KOMDOH&HT&I e T K • 1,47 MeeK ( • 17 LIH&lt) 

' • 74 B H8JI:OTOpblX 0Dh!T8X Mana, HeT yaepeHHcieTR B H8Li8;)1(HOCTB ODpeaen&HHll eeqeHHg nS , 

' u Ha-3a ManoA 8KTHBHOCTH ¢paxuRH eeneaa npaaeaeaaoe a Ta6naue eeqeaae o6pasoB8HHR Se 

MO>KHo paeeMaTpaaaTb new<> KaK aepxaRA npeaen, A6eonJOTHaa norpemHOeTb onpeaeneaaa 
IT 

eeqeHRII D8p9'1HeneHH&IX K30T0DOB R Ga 1 DO-BHLIHMQMy, He npeaoexO.IlHT K091jlcpHUH8HT 2. 
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06cym.aeHHe pesynbTSTOB 

KaK auaao H3 Ta6nHilbl I, a TaKlKG pucyHKOB 8-10,, B&IXOilbl 8cex H3J'I89MbiX cPpaKilHit 

pacTyT c yaenH'IGHHeM aaepruu npoTOHoa, Ce'IGHHH o6pasoaaHHH usoTonoa rannus cpaBHHMhl 

M9>KilY co6olt H yaenH'IHBaiOTCH llpHMepHo B 3 pasa B yKasaHHOM HHTepaane aaeprHH npoTo

HOB. 0THOCHT9R~Hbl9 BbiXOil&l H30TOUOB ~~nnHH He 38BHCHT OT SHepT'KH na.aaiOWHX npOTOHOB H 

8T Ga 88 
paBH&I .ana .pa.. •0, 2 ;!:_0,03, a --=-- • 0,45 :!;.0,06. Bhlxo.a&I usoTonoB' cPpaKUHB repMa .. 

-~ ~·· ' 
HHH aa .aaa llOpHAK8 M9HbW9

1 
'19M ramiiH, C yaenH'IGHH9M aHe,prHH aa6niO.aaeTCH poeT C9) 

· · ·n 89 8 12 0 . 'IGHHit o6pasoaaHIIH usoTonoB Ge a Ge B - pas. THOCHTenbH&IIt B&Ixo.a oT.aenb-

HbiX HSOTOilOB repMaHHH B paCCMaTpHBa9MOM -,HHT9pBane 9HeprHit MO>KGT 6&1Tb 60RbWe llnfl 

M9Hbwe np~~aeneHHbllt aenlil'IHH npaMepao B 2 pasa. BbiXOilhl 4>paxua1t As 

aa nops.aox · aume, '!eM y repMaHHH. Ce'leHae o6pasoaaHHH usoTonoa As T 
1 

11 Se 'ewe 

' T2 
11 As yaenH-

'IHBaiOTCH • B .5 pas, 0THOCHT9nbHblll BbiXOil HSOTOilOB MbiWbHKS B OT.aenbHbiX OllblT8X ae-

llOCTOHHGH H MO>KGT 
6b!Tb 6onbwe ana MeHbWe yxasaHHhiX saaqeauA npaMepao B 2 pasa, 

6T -30 2 
CeqeHHH o6pasoaaHHH 

Cu COCTaBnHIOT BenH'IHHY • 10 CM H yaeRH'IHBaiOTCH B 4 pa13a 
/ 

oT E• •140 Mss . .ao E• •660 Mae. 
8T 

Ha6niO.aaeMhle B!!RH'IHHhl' ce'leHHll o6paaoaaaus usoTonoa Ga , Ge a Cu He MoryT 

6b1Tb 06'bHCH9Hbl pacwenneHHGM B03MO>KHblX npHMeCelt B o6nyqaeMOJI MHWGHH, noaTOMJ 

Momao yTaep>K.aaTb, 'ITO usoTonhl Ga a Ge BBnHIOTcs npo.ayxTaMH BTopH'IH&IX peaKuHA 
8T 

c yqacTHeM a -qacTHil H H.aep naTHH. MexaHRSM o6pasoaaHRH Cu noxa ae gees a 

6y.aeT npe.aMeToM .aanbHeAwero usy'leHHH. CeAqac nawb MOlKHO 'npeanonaraTb, 'ITO aos

MO>KHbiMH xaaanaMR ero o6pa30BaHHH MOT'YT 6b!Tb cne.ayiOWH9 BTOpH'IHbl9 peaKUHH Ha Cu
85 

: 

• 
I) (a , 2p) , 

2) (H a' P ) ' 

3) saxBaT llBYX HeltTpOHOB, 

Ha6niO.aaeMble ce'leHHH o6pasoaaHHH usoTonoB MhiWbHKa ~xaa&IBaiOTCH B • 10 pas MGHbWH t 

'!eM acPcPexThl pacweiiJieHHll aosMO>KHOA npaMeCH M&IWbHKa B Cu , ecnu npHHHTb coaepma-

-4 · Tl T2 
HHG As B MRWGHH • 4 X (0 %, a CG'IGHHH o6pa30BIIHHH As H As HS MbiWbHKa cor-

/31/ ' nacHo pa6oTe • Oaaaxo aa caMOM .aene co.aep>Kaaue As B Me.au ( a TaK>Ke 6nHaxux 

K HeMy aneMEIHTOBl MGHbwe npuaeaeaaoA aenH'IHH&I, . Tax xax cyMMapHbiit BhiXOil As
71

+As
72 

B HaWHX OIIbiTaX pacTeT, a o6pasoaaHH9 STHX H30TOIIOB B peaKUHHX pacmenneHHII As Tl 

/31/ /30/ 
npaKTH'Iecxu nocTOHHHO ( OT 103 Mas .ao 590 Mas ), Mhl nonaraeM, 'ITO nony'lea-

Hble llHci>pbl MO>KHO paCCMaTpHBaTb B Ka'IGCTBG aepxHelt rpaHHilbl Bxna.aa BTOpH'IHhlX peaKUHit 

saxsaTa 11.aep Be • Ha6niO.aaeM&Ie aenH'IHHhl aeposTaocTeA o6pasoaaHHit 4>paKUHH ceneaa 

MqryT 6biTb nonaocT&IO oo'bHCHeHbl peaxuHHMH pacwenneHHH npHMeceA, H noaTOMY BKna.a 

BTOpH'IHblX peaKUHA SaxBaTa '11.aep 6opa ycTaHOBHTb HG npe.acTaBRHGTCH BOSMOlKHbiM, XOTH 

B STHX cny'laHX HCnORb30BanHCb 6onee 'IHCTbiG npepapaTbl M91lHo 

8 

nony'leHH&Ie B. H8~11X onNT8X ce'IQHHSI o6pasoBaHHII K30TOnOB rannHII H r 
( r . 

yaosneTBOpHTGilbHO COBRSilaiOT C BGnH'IHHaMH BbiXOilOB 3THX 3IIQMQHTOB npH- Sf 

Ill ~ 
npuae.aeHHblMH B pa6oTe • npH aaeprHH npOTOHOB 140 MaB BbiXOil Ga . . . /32/ 
c aenH'IRHOA ce'IGHHII o6pasoaaHHII_ STOT'O H30Tona, aaltllGHHOA 8 pa6oTe , 0 

6onee BbiCOKHX SHGpT'HHX npoTOHOB Ha6niO.aaiOTCH 60ilbWH9 . paCXO>KilGHRH MG>Kt 

/32/ 
MH, nony'leHHhiMH aaMH H .aaHHhiMR • CywecTBGHHO oTnR'!aeTcH Ta~tme Han 

88 

ce'leHHH o6pasoaaHKH Ga 
OT onpe.aeneRHoro B pa6 npu E •480 Mas 

· ~ eaP , 
THM, 'ITO ce'leHHe o6pasoaaans Ga B nRTKpyeMolt pa6oTe cywecTaenao 1 

u· Ga 88 a u Ga eT •. 3To coMHKTenbHO. Ga 
88 MO.lKQT 6b1Tb o6pasoBaH •llHWb B 

' 85 
(a, n) aa Cll (ecnn npeae6pe 

ocywecTaneHHH o.aaolt BTOPK'IHOA peaKUKH 

H 
a· ) aa·ee " . . 

HbiM saxaaTOM e 
0 

B TO apeMH KaK OupasyeTCH IIO llBYM KaHanaM: 

K Cu81 (a • ft ) , noaTOMY 0 ee .aon>KHO 6h1Tb 6onbWe 0 88 Oa Oa 

ConocTaaneaue cyMM·apHhiX aa6niO.aaeMhiX ce'leHHA BTOpH'IHhiX (a , u) 

HRRIOCTpHpyeM09 aa pHCo 11, IIOKaS!»BaeT, 'ITO Ha M9llK, onobe H BKCMJ'rlflat8 

npKMGpHO OllRHaKOBaH 3HepreTH'I9CKaK sa&HCKMOCTbo nocTOHHCTBO aal)n~~ 
TGRbHbiX BbiXOilOB KSOTOnOB rannRH no.aTsep>K.aaeT BhlCKaSaHHYIO paaee/'l' 

HHH 0 HGKSMGHHOCTK SHepreTH'IGCKOT'O cneKTpa H8.!l6apbepHbiX a -'!aCTK... ' 
'1-

CpaBH9HK9 aa6n10.oaeMhiX cyMMapHbiX ce'leHKA BTOpK'IHhiX peaxnnA_ i;ul~ 
aa M9.0Ko OROBG H CBKHUG (eM, pHCo 12) noKaSb1BaeT1 'ITO Ha BCGX MKWGHIIX 

no'ITK OJlKHaKOBbiA pOCT BbiXO.!la peaKUKA OT aaeprHH npOTOHOBt no a6conl01 

CyMM8pHb18 C9'19HKH Ha paSHbiX MHL119HKX pasnK'ISIOTCK, HO &TO p8CXO:lK.!l9HI 

HHTbo npKHKMaH BO BHHMaHRG 
'IKCRO KaHMOB peaKUKA, ,!lOCTynHbiX ,!litH 11a6n 

nOCTOIIHCTBO (a npeaenax 1\v-i!tPKUHGHT 
uno HHOM cny'lae. CpaaHHT9nbaoe 

nOSBOIIKGT c.oenaTb yTB9plKl19HH9 
TenbHhiX BbiXO.!lOB HSOTonoB Ge K As 

SHepreTR'IGCKOT'O cneKTpa aaXB8TbiBaGMbiX RKTK9Bb1X K 6epHRitHGBbiX 4>parMe 

Cpa&aea~e saBKOHMOCTeA peaxnuA_ saxaaTa a -qacTKil, a.oep nRTKH 

KHTepaane &HeprKH OT 14\ MaB. ,!lO aecKOilbKKX r&a noxashiBaeT (eM. puc. 

xa>K·,!lOT'O 4>parMeHTa yaellH'IGHKG Bb!XO.!la C pOCTOM SHeprHK npoTOHVB R,!l&1 

11 pasnK'ISBTCK MGlK.!lY co6olt no a6coniOTHOA aenK'IHHe. Hawu .oaHiit.Je' nom 

CTBYIOT pesynbTaTaM .opyrnx aBTOpOB no aaepreTH'IGCKOA saBKCHMOCTHo ME 

Hbl BbiXO.!la At 211 ( cnnOUJHSll KpKBaS,) KS BHCMyTa K CBWHUI! nO cpaBHGHHIO 

At aa6ni0.089TCH· nKWb O.OKH H3 
MGAH 06'bKCHHIOTCH TGM,, 'ITO B cny'l89 

aoA peaxnnu. PoeT ce'leHHA (a, xn )' peaxnKH MeHee cHnbH&IA, qeM ce'lel 

saxaaTS K,!l9p U K Be o 3aepreTK'19CKK9 SSBHCHMOCTK BTOpK'IHblX peaK 

K {Be, xn) npaMepao o.onaaKOBbl. KaK K o>KK.oanocb, cyMMapable BbiXOl 

peaKUKA saxaaTa cPparMeHTOB yMeHbWSIOTCH C yaenK'I9HK9M sapH.!l8 J:Pparr. 

9 

• 

----------~~-



015cy>K.ll9HH9 pesynbTaTOB 

RUbi I, a TaK>Ke pacyllKOB 8-10, BbiXO.llbl ecex asyqaeMbiX cppaKURI 

eprRH npoTOHoB. Ce'leHRR oGpasoeaHHR R30TOIIOB rannas cpasHRMhl 

aiDTCR npaMepHo s 3 pasa s yKasaHHOM RHTepeane aHepraH npoTo

O.llbl H30TOIIOS rannHR H9 saSHCHT OT aHeprHR Ua,llaiDI!lHX IlpOTOHOB R 

G 88 
2 ;!:_0,03, a ~ • 0,45 ;!:_0,06. BbtXO.llbl R30Tonos cppaKURR repMa .. 

Ga 
qeM ramHs. C yeenR'IeHReM aHe,prHR Hal5niD.oaeTcs poeT ce:-

Ge 87 a Ge 89 
a 8-12 pas, 0THOCRTellbHbll SbiXO.ll oT.oenb-

8 paccMaTpRBa9MOM RHTepaane aHeprHll MO>K9T f5b!Tb 150llbl!le llllfl 

enH'IHH npaMepHo s 2 pasa. BbiXO.llbl cppaKnHll As R Se , e!.Ue 

y repMaHHH. CeqeHHe o6pasosaHRst R30TOIIOS Asu R As u yaena-

THOCHTenbHbtll Bb!XO.ll R30TOIIOS Mhll!lbSKB S OT.ll9IIbHhlX OllbiTax He-

b!Tb 6onbl!le 
81 

HnR M9Hbl!l9 yKa3aHHhlX 3Ha'I8HHI 11pRM9pHO B 2 pasa, 

-30 2 
COCTaBnHIDT aenR'IRHY • 10 CM R ysenR'IRSaiDTCR S 4 pa3a Cu 

E
0 

•660 Mas. 

8f 
R'IHHbi ceqeHRll o6pasosaHRs H30Tonos Ga , Ge R Cu H9 MOryT 

nneHH9M B03MO>KHbiX 11pHM9CeJI S of5nyqaeMOJI MHI!l9HR, noaTOMy 

o aaoTOIIbi Ga R Ge ssnsiDTCs npo.oyKTaMR sTopH'IHbiX peaKnRll 
81 

nRTHR. MexaHR3M o6pasosaHRll Cu noKa He l!CeH R 

bHellmero aayqeHRH. Cellqac nHI!lb MO>KHO "npe~nonaraTb, 'ITO sos

o o6pasoeaHRll MOryT 6b!Tb CII9.llYIDI!lH9 STOpH'IHb19 peaKUHR Jla Cu
88

: 

1} (a , 2p) 
0 

2} (Hs,p), 

3} aaxeaT .llBYX HeJITpOHOS, 

of5pa30B8HRll H30TOIIOS Mbll!lbliK8 OK83biS8IDTCll S • 10 pas M9Hb,R t 

, ecnR npHHl!Tb co.oep>Ka

H As u Ha Mbll!lbsKa cor-

eHRi! soaMO>KHOll npaMeca Mbii!lbsKa s Cu 
-4 . 11 

4x 10 %, a ce'leHHs o6paaosaHHs As 

aKo Ha caMOM .oene co.oep>KaHae As s M9.llH ( a TaK>Ke 6nH3KRX 
11 72 

Hbl!le npaae.oeHHoll :eenR'IHHbi, Tax xax cyMMapHbill SbiXO.ll As +As 

T, a o6paaosaHae aTHX aaoTonoe s peaxuasx pacwenneHRll As 
Tl 

(oT 103 Maa1311 
.oo 590 Maa

1301
}, Mbi nonaraeM, 'ITO nony'leH

cMaTpaaaTb B Ka'leCTSB sepxHell rpaHHUbl SKna,lla STOpH'IHbiX peaKURJI 

a6niD,ll88Mbi9 eenR'IIiHbl sepOliTHOCTell of5pa30S8HHJI ¢paK!lHR ceneHa 

06DSCH9Hbl peaKURRMH pacmenneHRS IlpHMeceA, R II09TOMY SKIIa.ll 

BaTa R.ll9p f5opa yCT8HOBHTb He I1p9.llCT8BnseTCH S03MO>KHbiM 0 XOTH 

osanHCb 6onee 'IHCTble npepapaTbl Me.llH. 

8 

.,.. 

nonyqeHHbl8 B
1 
HII~.IIX Qllr,;T8X C9'19HHR o!SpasosaKHR K3QTOIIOS raniiHSl H repMaHHR 

y.ooaneTaopRTenloHo c·oalia.oaiOT c senH'IHHaMH BbiXO.llOB aTHX aneMeHTOB npu aHeprHH. 340 M91&, 

Ill ae 
npaee.oeKHbiMH B pa6oTe • npa aHeprHH npOTOHOS 140 Mas SbiXO.ll Ga cosna.oaeT 

. ' . /32/ 
c aenH'IIiKOll ce'leHHll d6pasosaHHs_ aToro asoTona, aall.oeaKoll s pa6oTe • O.oaaKo npK 

6onee BbiCOKHX' aHeprHRX IlpOTOHOB Haf5niD.llaiDTCll 60llbl!lR9 paCXO>K.ll9HHll M9>K.llY 3Ha'leHH.H-
/32/ . 

MH, nonyqeHHbiMH HaMH H .oaKHbiMH • CywecTseHKO oTnsqaeTcs TBK>Ke Kame aHa'leHHe· 
ae /Y 

ce'leHHll o6pasosaKRR Ga npH E P •480 Mas OT onpe.oeneHaoro s pa6oTe • 3B.Me-

THM, 'ITO ce'leHH9 o6pa30S8HHll . Ga e8 S UHTHpyeMOll paf5oTe C~Ul8CTS9HHO npeBOCXO.llHT. 

u· Ga 88 H u Ga" •. :3To coMHHTenbilo, Ga 
88 

Mo>KeT 6biTb ol5pasosall nHWb s pesynbTaTe , es , , ' 
ocywecTsneHHR o.oaoll sTopH'IHOll peaKUHH (a, n) "a C.· ( ecnH · npeHe6pe'lb .pa.oaauaqH.:c. 

a· u ea 
HbiM saxsaTOM He }, s TO speMH xaK Ga o6pasyeTCll no .osyM KaHanaM: Cu (a ,.3n) 

R Cu81 (a L ft ) , noaTOMY tr· 88 ,llOII>KHO f5b1Tb f50llbW9 U 88 Oa Oa 

ConocTaaneHRe cyMMa'pHbiX Ha6mo.oaeMbiX ce'leHRll sTopR'IHbiX (a , xtt) peaKUHll, 

HnniDCTpRpyeM08 Ha piiC, 11, IIOKa3bJBaeT, 'ITO Ha M9.0H 0 onOB9 R SHCMyTe Haf.'imo.aaeTCS 

npRM9pHO O.lli!HaKOBaH aHepreTK'19CKas saBHCKMOCTb. nocTOHHCTSO aa6nJO.OafiMhlX OTKOCH
/9 12/ 

TenloHbiX SbiXO.llOS H30TOIIOS rannHH IIO,llTS9p>K.llaeT SbiCKa3aHKYID paaee 
0 

TO'IKY ape-

HilS 0 H9H3M9HI!OCTR aHepreTH'I9CKOrO ClleKTpa Ha.of.'iapbepHbiX a -qacTHU• 

CpasseHRe Ha6nJO.oaeM&Ix cyMMapHhlX 
C9'19KHJI STOpH'IHbiX peaKUHft. aaxBaTa nHTHll 

\ 

Ha MBJlH, OIIOS8 H CSHK!l8 ('eM. pKCo 12} IIOKa3b1Sa8T 0 'ITO Ka SC9X MKW9HliX Ha6mo.oaeTCll 

IIO'ITK O.llHKaKOSblft pOCT !lb!XO.lla peaKUHll OT aHeprRR IlpOTOHOS, no af5coniDTHbiM senH'IHHaM 

cyMMapKbiB C8'19HRll Ha pa3HbiX MHWBKHX paanH'IaiDTCR, HO &TO paCXO>K,ll9HH9 nerKO no

KSTb, 11pHHHMall SO SHHMaHR9 >\qacno KaHaiiOS peaKURJI, .llOCTYIIKbiX .onll Haf.'iniD,ll9HHll S TOM 

Rnll HHOM cny'!ae, Cpa:eHRT8nbH09 IIOCTO!IHCTBO (a npe.oenax to.v-1JcPH~H9HTa 2} OTHOCH-

TenbHbiX Bhtxo.ooa aaoTonoa Ge H As 
II0380II!I9T C.ll9IIaTb YT88p>K.ll8HH8 0 IIOCTOliKCT89 

auepreTR'19CKOrO CII9KTpa saxaaTbiBaeMbiX nRTH9BblX H f.'iepHnnH98biX cpparM9HTOS, 

Cpaa.HeHRe saaaoHMOCTell peaKuRA saxaaTa a -qacTHU, s.oep nRTHll H 6epannHs s 

HHTepaane aHeprHH OT 140 Mas. ,llO H9CKOnbKHX ras IIOKa<tsaeT (eM. pHC, 13}, 'ITO y 

Ka>K·,llOrO cpparMeKTa ysenH'I9KH9 SbiXO.lla C pOCTOM aHeprHH IlpOTOHvS R.llBT csoeo6pa3ll0 

II pasnH'IaeTCll M8>K.llY co6oll no a6conJOTHOll senH'IHHe. HawK .oaHHI>!9 nQnHOCTbiD COOTS9T

CTSYIDT peaynbTaTaM .llpyrRX asTopos no sHepreTH'I8CKOll aasHCHMOCTR, MeKbWH9 senH'IH

Hbl SbiXO,lla At Ul (CIIIIOl.UHa!l KpRsas,~ R3 SHCMyTa H CSHH!la IIO cpaSH9HRID C ,llaHHbiMH ·.Ha 

M9AH o6DHCHllroTcll TeM,. 'ITO s cnyqae At 
aaf5niD.lla9TCR nHWb O.llRH R3 KaRanOs BTOpH'I-_ 

Hoi peaKUHH, PoeT ce'leHHll (a, xtt )' 
peaKURH MeHee cRnbHhiii, qeM ceqeHHll peaKuHll 

aaxsaTa H.oep U H Be :3HepreTH'19CKH9 sasHCHMOCTII STOpH'IKbiX peaKUHR (Li 1 Xtl) 

H (Be, xn) 
npaMepHo o.oaHaKOSbt. KaK H O>KH.oanocb, cyMMapsble SbiXO.llbl sTopH'IHbiX 

peaKuHA aaxsaTa cpparMeHTOB yMeHbwaiDTCll c ysena'leHHeM aapll.oa cpparMeHTa, 
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A-(a,lll), + -(Li,xn), * -(Be,xn). 
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2. Q:>yHKUHii B036y>KileHHSI cyMM8pHbiX H86n!OLl8eMbiX C9'1eH,g BTOpH'IHbiX 
peaKulfll (Li, xn) Ha M9Lllf (HacTOSILUaSI pa6oTal, OJIOBe I 11 cBHHue/9/, 
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PHc. 13, $aepreTH'IeCKI!e aasHcHMOCTH ceqeaall paanH'IHbiX BTOpH'IHbiX peaKuall 
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