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/1 2 3/ 
B pa6oTax ' ' 6binH H3MepeHbi MaccoBhie H aap.HAOBbie pacrrpe-

2 
t~eneHH.SI ocKonKos t~eneHH.SI soaoy>KAeHHbiX .HAep s o6nacTH Z I A OT 

37,5 AO 43,5, oopaayiOillHXC.SI B peaKUH.SIX c T.SI>KenbiMH HOH8MH. BbinO llOKa-

38HO, 'ITO C ysenH'IeHHeM rrapaMeTpa t:~enHMOCTH B036y>KAeHHbiX .SIAep Ha6-

niOt:~aeTC.SI CyllleCTBeHHOe yse~H'IeHHe MaCCOBO~ H 3ap.HAOBO~ AHCllepCHH OC

KOnKOB, PaanH'IHbie rrpH'IHHbi, rrpHBOA.IIIllHe K aTOMY a!jJ!jleKTy, o6cy>KAaiOTC.SI 

/2/ 
s pa6oTe • BMecTe c TeM rrpeacTasn.HeTC.SI sa>KHbiM cpasHeHHe Mace 

Bb!X H 3ap.HAOBblX pacrrpet:~eneHHii OCKOnKOB aeneHHSI OTHOCHT9nbHO nei'KHX 
2 

soa6y>KaeHHbiX Siaep ( Z I A .., 33-35), anSI KOTopbiX, cornacHo cospeMeH-

HbiM rrpeacTasneHHSIM, OllbiTHbie aaHHbie aocTaTO'IHO XOpOlliO OllHCbiB8IOTCSI 

B paMK8X CT8THCTH'I9CKHX MOaenei! t:~eneHHSI, 0llb!Tbl B 9TOii o6naCTH SIAep 

/4/ 
C Bb!COKO~ 3Hepi'He~ B030y>KaeHHSI llpOBOAHnHCb B pa60Te , I'Ae H3Me-

pSinHCb Maccosbie pacrrpeaeneHHSI ocKonKos t~eneHHSI rrpH o6ny'leHHH Pb 

H W YCKOpeHHbiMH HOH8MH 16 Q • 
/5/ 197 12 

B pa6oTe rrpH o6ny'leHHH Au HOHaMH C c MaKCHManbHoii 

<~HeprHeii 124 Mas (Z 2 /A "' 34,5) rrony'leHo Maccosoe H aapSiaosoe pacrrpe

t~eneHHe OCKOnKOB, naHHbie 3TOii paOOTbl ITO MaCCOBOMy pacnpeaeneHHIO 

141 
OCKOnKOB XOpOlliO COI'nacyiOTCSI C peaynbT8T8MH pa60Tbl , BMeCTe C TeM 

lliHpHHa 3apSIAOBOI'O pacrrpeaeneHHSI OKa3b!B89TCSI llpHMepHO BABOe MeHbllieii, 

237 239 
'IeM aTo Ha6niOaaeTCSI anSI coceaHHX .HAep, rrpH o6ny'IeHHH Np H Pu 

/6/ 2 ) a -'IaCTHUaMH c aHepi'Heii "' 40 Mas ( Z /A .. 37-38 , CTonb peaKoe 
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2 
H3MeHeHHe AHCnepCHH 38pHA8 OCKOnKa npH H3MeHeHHH Z /A OT 34,5 .110 

37 npeacTaBnHeTCH YAHBHTellbHbiM1 B CBH3H C '19M H nocTaBn9Hbl OnbiTLI 

no H3MepeHHIO Maccoeoro 11 aapgaoeoro pacnpeaeneHHH Bbicoxoeoa6y>K.nea

HblX Haep e o6nacTH Z 2 I A • M • 
181 20 

.UnH aTHX uenel 6bJnH Bbi6paHhl peaxuuu Ta( Nc , f ) H 

18 I 22 2 
Ta( Ne, f ) , rae napaMeTp Z /A = 34,3 H 34,0. a cpeAHHH 

aHeprHsr eoa6y>KA9HHSI E* == 105 Mae. 06paayiOIU99CSI cocTaBH09 srapo 
~ nt 

BHCMyTa e 6on9e '19M 70% cny'laee aenHTCH Ha aea ocxonxa 

3xcnepHM9HTan&Haa 'laCTb 

06ny~9HH9 T8HTana·npOH3BO.llHnOCb Ha BHyTp9HH9M ny'IKe UHKnOTpOHa 

MHoroaapHaHblX uoaoe 011.fll1. MuweHb npeacTaensrna co6ol oxna>KaaeMyiO 

BOAOI aniOMHHH9BYIO nnaCTHHy 1 Ha KOTOpyiO HaHOCHnCSI enol TOnlUHHOI 
2 

15-20 Mr/CM nsrTHOKHCH TaHTana C COA9p>KaHH9M (He OOllbWe 0,2%) npH-

MeCel TSI>KenbiX an9MeaTOB ( MapxH 'Xt{'). B H9KOTOpbiX cny'laSIX o6ny'lan

CH TaRTan M9TannH'IeCKHI. 3HeprHSI HOHOB H90Ha 6bma "' 175 Mae, TOK 

+4 
HOHOB Ne COCTaensrn 10-20 MKa, BpeM8 o6ny'I9HHSI B pa3Hb!X Onb!TaX 

H3MeH.HnOCb OT 5 AO 12 'laCOB. 

D ocne o6ny'laHHSI aniOMHHHaBOI nnaCTHHbl MaXaHH'ieCKH CHHManCSI 

enol OKHCH T8HTana H paCTBOpHnCSI B CMeCH ~TOpHCTOBOAOpOAHOI H a30T

HOI KHCnOT B COOTHOWeHHH 1 :5. Y MeTannH'IeCKOI TaHTanoeol nnaCTHHbl 

TaKOI >Ke CMeCbiO KHCnOT paCTBOpSinCH noeepXHOCTHbli!: enol TOnlUHHOI 

"' 20 MK. Depea paCTBOpeHH9M MHWeHel K aTol CMaCH A06aensrnHCb T8K>Ke 

HOCHTenH Bbi.nensreMb!X aneMeHToe: Ga , Ge , As ,Se , Te Ba , • 
Ag La • Paa.nerieHue aneMeHTOB npoHaeoaHnoc& .no cxeMe, noxaaaa-

HOI Ha puc. 1. 

Docne paCTBOpeHHSI MHW9HH B paCTBOp ao6aensrnocb He6on&woe ~OnH

'ieCTBO conaaol H cepaol xHcno~ H H3 paa6aeneHHoro .no 5-6 M pacTeopa 
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npoHaeoaHnoc& BbiAeneHHe ocaaxa AgO La Fa ,BaS04 •· XnopHCTOe 

cepe 6 p o pac'reopgnoc& B 10%-HoM pacTeope aMMHaxa. PacTeop o6pa-

6aTbieancsr rHapooKHCbiO >Keneaa, nocne 'lero cepe6po oca>K.nanoc& cepoeo-

aopoaoM. OxoH'IaTen&ao OHO Bb!Aensrnocb B BHAe AgCJ. 

Peaxo aeMen&Hbie an e Me H T bl H H T T pH I, OCa>KAeHHble COB-

MeCTHO C ~TOPHAOM naHTaHa, paCTBOpSinHCb B CMeCH a30THOI H 6opaoi!: 

KHCnOT, OTAenHnHCb OT 6apHH1 nepeoCa>KaanHCb B BHAe I'H.llpOOKHCH)H H3 

~TOpHA naHTaHa. 5M a30THOI KHCnOTbl BHOBb OCa>KaanCH 

Cyn&~aT 6 a pH sr nepeeoaHncsr B xap6oaaT, nocne 'lero xap6oaaT 

6apHH pacTeopHncsr B consraol KHcnoTe H oca>Kaancg B BHAe xnopHaa H3 

KOHUeHTpHpOBaHHOI consmoi!: KHCnOTbi 1 HaCbi!UeHHOi!: a~HpOM. BapHi!: nocne 

nepeoca>KaeHHH xnopH.na OKOH'IaTenbHO BhiaenHncH. e BHAe BaS0
4 

• 

PacTeop, ocTaewHICH nocne oTaeneHHH oca.nxa, ynapHeancsr c .no6ae-

neHHeM consmol KHCnOTbi .nnH y.naneHHH HOHOB NO 3 • 3aTeM npOH3BOAH-

nOCb BblAeneHHe C en e H a H Tenny p a, BOCCTaHOBneHHSI HX AO aneMeH

TapHOI'O COCTOHHHSI AByXnOpHCTbiM OnOBOM. OcaAOK paCTBOpSinCSI B KOH

ueHTpHpOBaHHOi!: conHHoi!: KHCnoTe rrpH rrporrycxaHHH xnopa. CeneH H Tennyp 

COp6HpOBanHCb H3 KOHUeHTpHpOB8HHOi!: COnSIHOH KHCnOTbl Ha HOHOOOMeHHOI 
/8/ 

xonoaxe c aHHOHHTOM .Uayaxc 1 x 8 • Cenea aniOHpoeancSI 6M 1 a Tennyp 

3M COnSIHOi!: KHCnOTOft. 3aTeM ceneH H Tennyp BOCCTaHaBnHeanHCb AO ane

MeHTapHOI'O COCTOSIHHSI cepHHCTblM I'830M. 

BH.lle 

113 OCTaBWei'OCSI paCTBOpa IlpOH3BOAHnacb OTI'OHKa I' e p M a H H Sl B 
0 

GeQ 4 rrpH t = 85 C, KOTOpblll: oca>K.nancsr cepoeo.nopo.noM. Cynb-

~HA I'epMaHHH paCTBOpSinCSI B MHHHMSnbHOM OO'beMe aMMHaKa H H3 KOHUeR
~ 

TpHpOB8HHOi!: COnSIHOi!: KHCnOTbi BHOBb OTI'OHSinCSI XnOpHA I'epMaHHSI. 0KOH-

'18TenbHO PepMaHHA oca>K.nancsr a BHAe GeS 2 

TpexeaneHTHbi'A M bl Ill b SIx OTI'OHSinCSI H3 consrHoKHcnoPo pacTeopa 

B BH.lle AsQ 3 rrpH t = 105°C H 3aTeM OCa>K.nanCSI cepOBO.llOPOAOM. 
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Cynb~Ha MhiWbHKa paCTBOpHnCH B CM9CH XnOpH0~ 1 COnHHO~ H a30THO~ KHC

noT, nononHHTenbHaH O~HCTKa OT cneaoB repMaHHH npOH3BOaHnaCb ynapH-. 

BaHH9M paCTBOpa C ao6asneHH9M KOHU9HTpHpOBaHHO~ COnHHO~ KHCnOThi. 

3aTeM MhiWbHK BOCCTaHaBnHBanCH ao MeTanna rHnO~OC~HTOM HaTpHH, 

ran n H ~ aKcTparuposancSI ua 7 ,5M H Cl auuaonponunoBhiM a~upoM, 

PeaKcTpaKUHSI nposoaunacb 0,1M pacTsopoM conSIHO~ KncnoThi, PacTaop 

H9CKOnbKO paa nepeO~HwanCSI C nOMOWbiD ruapOOKHCH *eneaa, H OKOH~a

TenbHO rannuA oca*aancSI B suae OKCHXHHOnSITa. 

l13 OCTaBWerOCSI paCTBOpa aMMHaKOM OTaenSinOCb onOB01 a Me ab 

oca*aanacb ceposoaopoaoM. Cynb~Ha Mean pacTsopHnCSI B CMecu conSIHOA 

H a30THOA KHCnOT, 3aTeM Meab BOCCTaHaBnHBanaCb ao oaHOBaneHTHOrO 

COCTOSIHHSI cepHHCThiM ra30M H OCa*aanacb B BHae CuCNS • OcaaoK 

paCTBOpSinCSI B aMMHaKe, npOBOaHnaCb aononHHTenbHaSI O~HCTKa C nOMOWbiD 

Fe( OH) 
3 

, H BHOBb Meab oca*aanacb s suae Cu CN S. 

XHMH~eCKHft BhiXOa aneMeHTOB nocne HX OTaeneHHSI H O~HCTKH onpe

aenSinCSI BeCOBhiM M9TOaOM, 0H COCTaBnSin 50-80%, 3aTeM H3MepeHH9M 

y -cneKTpOB Ha nonynposoaHHKOBOM Ge ( L i ) y - cneKTpOMeTpe onpeae-

nSinCSI BhiXOa H30TOnOB, OonynpOBOaHHKOBhiA Y -cneKTpOMeTp C ~YBCTBH-
3 

TenbKhiM o6'beMOM Ge(Li) 
/9/ 

paapeweRHe 5 KaB 

- aeTeKTOpa 8,5 CM HMen aHepreTH~eCKOe 

l1aeHTH~HKaUHSI uaoTonos npouasoaunacb no nepuoay nonypacnaaa, 

aHeprHH H COOTHOWeHHID y-KBaHTOB, BhiXoa uaoTonoa K KOHUY o6ny~eHHSI 

onpeaenSinCSI no nnowaan ~oTonHKOB c y~eToM XHMH'ieCKoro Bhixoaa aneMeH-

Ta, nepuoaa nonypacnaaa uaoTona H ero pacnaaa so speMSI o6ny~eHHSI, 

aHepreTH~eCKOA a~eKTHBHOCTH 
/10/ 

xoaa y -KBaHTOB 

Y -cneKTpOMeTpa H OTHOCI!TenbHOrO Bhi-
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PeaynhTaThi H o6cy*aeHHSI 

0THOCHTenbHhiA BhiXOa H30TO!IOB1 o6pa30BaBWHXCSI B peaKUHSIX 
18 J.n 2 o 18 I 2 2 

ta( Ne , f) H Ta( Ne, f) npuseaeH B Ta6nuue. 3a eaHHHUY npHHSIT . , 
1s1 T BhiXoa H30Tona Ba c nepHoaoM nonypacnaaa YJ • 12 aHeA. (Ta-

KOA Bhi6op CBSI3aH C TeM, ~TO anSI HCCneayeMhiX peaKUHA Ha6nro.ttaeMhiA 

KOMMynSITHBHhlft BhiXOa aTOrO H30TOna 6nH30K K BhiXOay MaCChi 131 ), 

Pac~eT Maccosoro pacnpeaeneHHSI ocKonKoB .tteneHHSI no BhiXoaaM 
/2 3/ 

OTaenbHhiX H30TOnOB npOH3BOaHnCSI TaK *e, KaK H B pa6oTaX 1 
, 0pea-

nonaranoCb1 'iTO pacnpeaeneHne ocKonKoB aeneHHSI no MaccaM B peaKUHSIX 
/2/ 

C TSI*enhiMH HOHaMH MO*eT 6h1Tb onucaHO ~yHKUHeA faycca : P( A) = 
1 -CAr- A c~ 

= ---· e c • 3.tteCb P( A) - sepoSITHOCTb o6paaosaHHSI npo.ttyKTOB ..;-;;r; 
aeneHHSI aaHHoA Macchi; C - napaMeTp, xapaKTepuayrownA WHPHHy Maceo-

aoro pacnpeaeneHHSI; A - cpeaHHSI Macca npu CHMMeTpH~HOM .tteneHHH 
cp 

KOMnayH.tt-S~apa. B uccneayeMhiX peaKUHSIX senH~HHbl A paanu-
cp 

~aroTCSI Ra oaay Maccosyro eaHHHUy, ~To He aomKHo aaMeTHhiM o6paaoM 

CKa3hiBaTbCSI Ha XapaKTepe MaCCOBOrO pacnpeaeneHHSI, OpeanonaranOCb 

TaK*e, ~TO He3aBHCHMhle BhiXOahi H306apOB C 3apSiaOM CHMMeTpH'iHO pac

nonararoTCSI OTHOCHTenbHO HaH6onee BepOSITHOro 3apSiaa OCKOnKa aaHHOft 

·MaCChi ZP H TaK*e COOTBeTCTByroT pacnpeaeneHHID faycca CO CBOHM 

napaMeTpOM WHpHHhl Cz 1 He 3aBHCSIIUHM OT MaCChi, 8Knaa KOMMynSITH 

Horo npoayKTa aeneHHSI B Bhlxoa Mace npeacTasnSieT HHTerpan rayccoacKo 

~HKUHH no sceA annHe uenoqKH ~ -pacnaaa. 

OnpeaeneHne Han6onee sepOSITHoro aapgaa Z P anSI aaHHoil. MaCChi 

npOH3BOaHnOCb Ha OCHOBaHHH runoTe3hi paBHOrO CMeiUeHHSI 3apSiaOB Z P (A)" 

r n 
Z0 Z., - Z., z T z n = -
2
- :!:_ 

2 
, rae Z c - aapHa KOMnayRa-Hapa, a ., H ;,. -

aapSiahl, cooTseTcTsyromue Han6onee ~ -cTa6unhHhiM uao6apaM c MaccoA 
T n 

A H A TSI*enoro H nerKoro ocKonKOB, 3Ra~eHHSI Z., 6panHCb no 
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/11/ 
pac~eTaM KopHanna , UpearronaPanocb, ~To ~Hcno aettTpoaos, Hcrra-

pSIJOlllHXCSI ~~:a xa>KaoPo ocxonxa, rrporropuHoHanbHO ePo Macce, 

H a OCHOSaHHH scex SblllleyKa3aHHbiX rrpearrono>KeHHA ITO SbiXOaaM 

oTaenbHblX H30TOITOS ( CM, Ta6nHUY) 6binH paCC~HTaHbl Sb!XOabi rrpoayKTOS 

aeneHHSI rr.J MaccaM. Taxae pac~eTbi 6binH rrposeaeHhl anSI paana~Hb!X aHa-

~eHHft ~acna HeATpoHos aeneHHH H napaMeTpa Cz • HaaMeHbmee oTxno-

H9HH9 9KCrrepHM9HTanbHblX TO"':eK SbiXOaOS Mace rrpoayKTOS aeneHHSI OT 

xpasott HOpManbHOPO pacnpeaeneHHH nony~anocb rrpa rrapaMeTpe C z 

= 1,7 + 0,15 H cpeaHeM ~acne HettTpoHos aeneHHR . 13. Ha pac. 2 npase-

aeHbi pacc~HTaHHhie rrpa yxaaaHHbiX rrapaMeTpax aHa'leHHR shxxoaos Mace 

!SIT (20 181 (22 anSI peaxuaA a Ne, f) H Ta Ne,f) , Sbipa>KeHHbie s rrpo-

ueHTax oT o6mePo SbiXoaa (200%) • CrrnowHaR xpasaH- HOpManbHOe pacrrpe

aeneaae faycca c napaMeTpOM C = 520. llJapaHa aToPo pacnpeaeneHHH 

Ha rronOSHHe SbiCOTbl COCTasnReT .. 37 MaCCOSbiX eAHHHU, 

Ha pHc, 9, rae aaHhi na4$epeHuHanbHaH H HHTerpanbHaH icpHSbie 

faycca C rrapaMeTpOM C z = 117, HaHeCeHbl TO~KH pacrrpeaeneHHR rrponyKTOS 

aeneHHSI no 3apHnaM, Kax SHnHO H3 pHCYHKa, HaWH peaynbTaTbl XOpOWO COOTSeT

CTSYJOT Sb!6paHHOMy napaMeTpy C nnH aapHnOSOI'O pacrrpeneneHHSI, 

naijHbie ITO He3aSHCHMbiM BbiXOnaM H30TOITOS nei'KHX OCKOnO'IHblX ane-

MeHTOs Cu 1 Ge Ga ,As ,Se rrpeacTasneHbi Ha pHC,- 4 · s sane 

aasHCHMOCTH sbxxona H30Tonos oT A-AP 1 rne A P - Haa6onee sepoHTHaH 

Mace a ocxonxa c naHHhiM Z ( H30Tonaoe pacrrpeaeneHHe). Taxoe pacrrpe

neneHHe Tax >Ke, xa~ H aapS~Aosoe, rron'IHHHeTCH pacrrpeaeneHHJO faycca, 

H s HameM cny~ae rrapaMeTp WHpHHhi pacrrpeneneHHR C A "" 12 + 1,5, 

Terrepb HHTepecHo cpasHBTb rrony~eHHbie peaynbTaThl c naHHhiMH 
/5/ 

pa60Thl , UapaMeTp WHpHHbl MaCCOSOI'O pacrrpeneneHHSI HaXOAHTCR S 
/4 5/ 

xopoweM cornaCHH c peaynbT~TaMB ' a csHneTenbCTsyeT o cna6oA aa-

SHCHMOCTH senH~HHbl 
2 

C oT Z 1 A s o6nacTH oT. 32 ao 37, C apyroA 

CTOpOHhl 1 WHpHHa aapRaOSOI'O H H30TOITHOI'O pacnpeaeneHHSI OKa3hiSaeTCSI 

rrpHMepao snsoe 6onbweA, 'leM aa6n10nanocb nnH aeneHHH aonoTa aoHaMH 

8 

12
C (Ha pHCfHKe noxaaaHo nyHKTHpoM). BsHay ToPo, ~To aHeprHH soa-

2 
6y>KneHHH H rrapaMeTp Z I A HMeJOT 6nH3KHe 3Ha~eHHH s cpasHHsaeMhiX 

/5/ 
peaXUHSIX1 HaM npeacTaSnHeTCSI, 'ITO S pa6oTe naeTCSI 38HH>K9HHOe 

3Ha'leHHe napaMeTpa C nnR aapHnOSOI'O H H30TOITHOI'O pacrrpeaeneHH.s!, 

K CO>KaneHHl01 S 9TOA pa6oTe He naeTCSI neTanbHOI'O OITHCaHHSI XHMH'IeCKOA 

MeTOnHXH H TeXHHXH H3MepeHHR, H3 KOTOpblX MO>KHO 6binO 6hi onpenenHTb 

rrpH'IHHy CTOnh HH3KOI'O 3Ha'leHHSI WHpHHbl 3apHAOSOA H H30TODHOA KpHsoA. 

BMeCTe C TeM, peaynbTaThl HaWHX OITbiTOS HaXOnHTCR S ynosneTsOpHTenb-
2 /6/ 

HOM cornaCHH C 9KCnepHMeHTanbHhiMH aaHHhiMH nnH o6naCTH Z '/A 37 

H xopowo cornacyroTCH c pac~eTHhiMH aHa~eHHHMH s paMxax cTaTHCTH'Iec

xoA MOnenH aeneHHR C y~eTOM KOHe~HbiX paaMepos weAKH nenH!llei'OCSI 
/12/ 

HAp a 

B aaxnJO'IeHHe asTophi lilbipa>KaJOT rny6oxyro 6naronapaocTb r.H. CZ>ne

posy aa nocTaaosxy aaaa'IH, a TaK>Ke H. 3sape aa rroneaHbie o6cy>KneHBR. 
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PyKOITHCb nocTYnHna B H3JlaTenbCKHA OTJlen 

10 HIDHSI 1969 I'0Jl8o 

10 

TaOuua 

Buxo~ n~o~TOB ~exeHHR B peax~HRX 
181Ta ( 0Ne, J) H 

181Ta (22 Ne 
1 
f) 

--~--·-·~ ----·----·-- -----. :z : A : OTHOCHTen:&Hhllt BhiXO~ : 0THOCHTeJ1JoHUl BhiXO.lt 
&. • • H30Tona · )(accu 

~ ~(20/Ve ,t}i Ta(:z;M,.¢:74(~/ .f) i 74(2-:zM-il!.-,-:1-~-
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NuweH6 7Q~.Os UJIU Ta . . . 
Ga. Ge, Rs 'Se • Te, Cu • I On,.rnP.nlliOJ-11 ~~I~- ·:..:.:J ... -

8a, Rg . .La 

Hce 

PHc,1, CxeMa paaneneHHSI sneMeHTOB • 
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erg 
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~· 
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0.~ 

Q2 

60 80 100 12.0 1'KJ .R 

PHc,2, Pacnpe.QeneHHe nponyKTOB neneHHSI no MaccaM a peaK"Hsrx: 
0-

18
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22 
Ne' f ) ; 0- 181Ta("0Ne,f) • ((I H lA - SKp8HHpo

B8HHble SIJlpa) , 
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2-'lp 
PHc.4. MaoTonHoe P.acnpe~eneHHe nerKHX anep a peaKUHHX: 

()- tstTa( llllNe,f) • 0- tsTh( 20Ne,f ). 

PHc.3. Pacnpe.oeneHHe npo.oyKToa .oeneHHsr no aapsr.oaM a peaKUHsrx: 

0 -181
Tae2

Ne,f ) ; 0- 181 Tae0Ne,f)( (j H ~ - aKpaHHpo-
aaHHbie sr.opa). 
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