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B BeaeHHe 

11 2/ 
PaHee COo6manOCb ' 0 XHMHqecKOH H.[leHTH¢HK8UHH 3TieMeHTa 

C TIOp51.ClKOBbiM HOMepOM 104 - KypqaTOBH51 rryTeM cpaBHeHH51 neTyqecTH 

ero xnopH.Cla c neTyqecTbJO xnopH.ClOB aneMeHTOB Ill - eH H IV - oH rpyrrrr. 

/ 3 / /4/ 
EbillH OTIHC8Hbl MeTO.Cl H arrrrapaTypa , rrpHMeH51JOWHeC51 B 3THX HCCne-

.ClOB8HH51X, OrrbiTbi 6binH BblfiOnHeHbi c eaHHHqHbiMH aToMaMH 104 - ro aneMeH

Ta , KOTOpbie CHHTe3HpOB8llHCb TipH o6nyqeHHH flllYTOHHR - 242 HOH8MH He0-

/5/ 
Ha - 22 , Bcero 6hlll0 3aperHCTpHpOB8HO 14 8TOMOB ITO OCKOllK8M CTIOH -

TaHHoro aeneHHH HX H.Clep. 

finH oueHKH neTyqeCTH XllOpH.Cla KypqaTOBH51 H3Mep51ll8Cb aacop6U H51 

ero MOlleKyll Ha fiOBepXHOCTH TBep.[lbiX Ten C HCTIOllb30B8HHeM Clle.ClyJOWeH 

CXeMbl 3KCrrepHMeHTa ( CM , T8K:>Ke pHC , 1) , A TOMb! OT.[laqH, BbllleTaJOWHe 

H3 MHllleHH 38 cq~T HMTIYllbCa OT 6oM6ap.ClHPYJOlllHX qaCTHU , TOpM03HllHCb 

B TIOTOKe HHepTHOrO ra3a H 38TeM XllOpHpOB8llHCb , MoneKyllbl XllOpH.ClOB 

rrocTyrran H B ra3oaacop6uHoHHYJO xpoMaTorpa¢HqecKyJO KonoHKy, Ha Bhl

xoae KOTOpOH ycTaHaBnHB8llHCb .[leTeKTOpbi CfiOHT8HHOrO .[leneHH51 , 

Do BpeMeHH yaep:>KHBBHHH oueHHBanHCh TerrnoThi aacop6uHH xnopH 

aoB, EblllO ITOK838HO , qTo HOBbiH 3lleMeHT ITO neTyqeCTH XllOpH.Cla 51Bll51eTC51 

aHanoroM aneMeHTOB IV - oH rpyrrrrhi ( ra¢HH51 H uHpKOHHH) H pe3KO oT

nHqaeTcH oT aneMeHTOB Ill - eH rpyrrrrhi ( KanH¢opHHH , ¢epMH51). HeaaB-
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/ 6, 7/ 
HO npQMhlMM OIThlT8MM 6wno YCT8 HOBneH0 1 qTo 102-oA a ne MeHT - * OnM -

OTM A M 103-MA BneMe HT BeayT c e6Q B DOA06 HhlX y c nOBM RX K8 K BneMeHThl 

Tpe TbeA r pyDDhl H0 cneaoBa Te n bH0 0 QBn RIDTCR 8K8HTTep6HeM H 8K8n iDTe QHeM
1 

COO TBeTCTBeHHO , 

B HacToRmeA pa6 oTe 6wno npoaon*e Ho HayqeHHe coeaHHeHHR Kypq a -

TOBHR c xnopo M c ue nbiD yTo qHeHH Q peaynbTa ToB nepBoro MccneaoBa HHR 

H nonyq e HHR a onon HHTe nbH hlX aoKaaaTe nbCTB qeTwpex Ban e HTHOC TH 104 - ro 

aneMe HTa , llnR BTor o Hayq a n ac b aacop6UHR xnopHaa Kypqa TOBH R np~ 300-

3500 H3 r a a oo6pa3HOA CMeCM XnOpHCTb! X coeanHe HMA Ha CTeKne ~ Ha KpH

CTa nnax K Cl . llnH cpaBHe HHR oaHoBpe MeHHO npocne*MBanocb noBe ae HMe 

xn opHAOB <jJe p MHR 0 K8nH<p0 pHMR 0 KIDpHQ 0 aMe pMUHR 1 nn yTOHHH 1 CK8 HAHR 1 H8 T

pHH , B onbiTax c Meqe HbiMH aTo MaMH Ha BKcne pHMeHTa nbH hiX y c Ta HoBK a x , 

He CBR38HH hiX c ycKopHTe neM , onpe a e nRnacb aacop6 uHR xnopHa oB pRaa 

apyrHX BneM e HTOB B 8HanorMqHhlX <jJM3 HKO - XH MMq eCKHX yc nOBHR X, 

8KCTIEP~MEHTAnbHA~ Y ACT b 

AnnapaTypa 

Ha pMc, 1 npMBeaeHa c xeMa BKcnepHMeHTa nhHOA raaoa acop6UMOHHoA 

XpOM8 TOr pa<jJMqeCKOA yCT8HO BKH anH ODb!TOB Ha Bb!BeaeHHOM nyqKe UMKnO 

TpoHa Y-300 06beAMHeHHOro HHCTMTyTa RAepHhlX HCCneaoBa HMA, (Tipeaway

IIJMe BKCnepMMeHTbl 6 binH Bb!TIOnHeHbl H8 BHyTpeHHeM nyqKe y CKOpM TenR 
2 

c Mcnonba oBa HMeM l~pyro A a nnapa Typhi) . MmueHb nnomaabm 1, 8 eM npea-
2 

CTaBnRna co6oA cnoA OKHCH nn y TOHHR MnM aMepMUHR (800 MKr/ cM ), HaHe -

CBHHb!A H8 a niDMMHHBByiD <jJonbry TOniiJMHOA 9 MK , 3 a MM!IleHb iD n po a yBa nCR 

830T C paCXOAOM "' 5 n /MMH ( HOp Ma nbH bi e ycnOBM R) DpM 

A8 BneHMH 1,1 5 8 T8 H TeM ne pa Type 300- 3 50 ° , Tipo6er 8 TOMOB Kyp qa TOBH R 

B BTHX ycnO BHRX 1 DO OUe HKe , paBeH lQ MM , r ny6MH8 06beMa 38 MM!Ile Hb iD 

cocTaBnRna 20 MM , 0 6b eM c y*an CQ no HanpaBneHMID r a aoBoro no ToKa 

M aaKaHqM BancR conn oM, q e pea KoTopoe a TOM hi oTaa qM BMec Te c raaoM 

nocTy na nH B KaMepy xnopHpoBaHMH , 8 Ta KaMe pa npeacTaBnQna co6o A Tp y6 -

Ky H3 MOnM6AeHOBOrO CTeKna AH8 MBTpOM 8 MM H AnHHOA 60 MM , T py6Ka 

ne pexoaMna B KanMnnHp aMaM e TpOM 2 MM M anHH oA 

4 
650 MM 1 repMB THq ecK H 
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qTo 102-ow 9 n e M e HT - * OnM -

X ycnOBMRX K B K 9 n eMe HThl 

1K 8 MT T e p 6 MeM M 9 K8niOTeUMeM I 

OB rrepBOrO MCCneA OBB HMR 

~T bipexBaneHTHOCTM 104 - ro 

JpMAB Kyp q a TOBMR rrp~ 300-

H e HM W HB CTe Kn e K HB KpM -

IR 1 rrnyTOHMR 1 CKBHAMR 1 HB T -

'pMMeHTB nbHb!X Y C T B HOBKB X 1 

~cop6UMR Xn OpMAOB pRAB 

:qecKMX y c nOBMR X, 

'-I ACTb 

anb HOW ra3oa ncop6UMOHHOW 

BhlBeAeHHOM rry q Ke UMKnO

I X MCCneAOBBHMH, ( n peAbiAY-

!HHeM rryq Ke Y CK OpM T enR 

2 
ih rrnomaJlhKJ 1,8 eM rrpen -

2 
JMUMll ( 8 00 MKr/cM ) 1 HBHe -

IK , 3a MHmeHb KJ rr ponyBan cR 

:e ycnoBHR) rrpH 

[ p o 6e r B T OMO B K ypq a T OB I!R 

fny6 MHa o6'beMa 3a MHmeHbKJ 

~e HM KJ ra30BOrO ITOT OK B 

1a rrpencTaBnRn a co6oA Tpy6 -

M 11 nnHHoA 60 MM , T p y6Ka 

1H0ll 650 MM 1 r epMe T I! q ecK M 5 
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Bl18SIHHbiH B ll111pOKYJO BHelllHIOI::J Tpy6Ky 1 ITO KOTOpOH B K8Mepy XllOpHpO-

" /3/ 
B8HHSI !10CTyl181l 830T ( ~ 0 1 3 n/MHH) C !18p8MH NXllOpHAOB HOCHTeneH" -

THOHH1IX1IOpH.rt8 1 ITSITHXllOpHCTOrO HH06HSI H ~eTbipeXXllOpHCTOrO UHpKOHHSI , 

n8pllH81lbHhle A8BlleHHSI !18pOB YK838HHhl X xnopHAOB ITOClle CMelllHB8HH SI 

ITOTOKOB 6binH p8BHbl 60; 0,03; 0,005 MM pT, CT, 1 COOTBeTCTBeHHO , LlnSI 

ITO.rt.rtep~8HHSI !10CTOSIHCTB8 KOHUeHTp8UHH XllOpH.rtOB cny~HllO A03HpyJOillee 

yCTpOHCTB0 1 C ITOMOillb!O KOTOporo B 8!1!18p8Typy Herrpepb!BHO BBOAHllCSI 

( c rrocneayJOillHM HCrr8peHHeM) THTpoB8HHbiH p8CTBop coneH: Nb Cl
5 

H 

Zr Cl 
4 

B THOHHnxnopHae. KoHcTpyKUHSI ycT8HOBKH rro3BOnHn8 T8K~e 

rrpH. He06XOAHMOCTH H8Cbllll8Tb r83 1 !10.((8B8eMbiH B K8Mepy X1IOpHpOB8HHSI 1 

rr8p8MH Nb Cl H Zr Cl , rryTeM rrporrycK8HHSI ero ~epe3 cnoH: KpHCT8.JI-
s 4 /2/ 

llH~eCKHX BellleCTB (H8 pHC , 1 He H306p8~eHo) , npoaon~eHHeM r830 -

8.((Cop6UHOHHOrO Tp8KT8 cny~Hll K8!1Hll1IS!p AH8MeTpOM 2 MM H AllHHOH 

550 MM 1 KOTOpbiH HMell p8ClllHpeHHbiH y~8CTOK AllHHOH 100 MM C yBellH~eH-

HOH BHyTpeHHeH ITOBepXHOCTbJO, 

T8KHM o6p830M 1 BHAHMBSI ITOBepxHOCTb BCeH: KOllOHKH 6hlll8 p8BHB 

2 3 
120 CM 1 CB060.rtHbiH 06beM 10,3 CM H BpeMSI rrpOXO~.rteHHSI ra38-HOCHTe-

1lSI ~epe3 KOllOHKY 0,065 CeK , 

noBOpOT BTOpOH !101IOBHHhl K8!1Hll1IS1p8 !10.(( yrllOM 90° K rrepBOHB~81lb-

HOMY H8!1p8BlleHHIO l103B01IH1l pB3MeCTHTb 381llHTY ClliOAS!HbiX .rteTeKTOpOB 

OCKOllKOB .rteneHHSI OT HeHTpOHHOrO I10TOK8, reHepHpyeMoro rrpH !10!18.((8-

HHH rry~K8 HOHOB H8 MHilleHb , LleTeKTOpbl H8XOAH1IHCb B CT81lbHOH K8Mepe , 

KOTOp8S1 p8CI101IBr81l8Cb H8 Bb!XO.((e r8308ACOp6UHOHHOH KOllOHKH , BHyTpeH 

HHe p83Mepbl K8Mepbl 6bi1IH 600 X 60 MM I1pH 3830pe Me~ay ClliO.((SIHbiMH 

!11l8CTHH8MH 6 MM, Ll8BlleHHe B 06beMe C .rteTeKTOp8MH 6hl1IO 61IH3KO 

0 
K aTMoc~epHoMy , TeMrrep8Typa 280 • P86o~8H rrnomaab aeTeKTopoB coc-

2 
T8B1IS!ll8 720 CM • B peMSI rrpoxo~aeHHSI r830Boro rroTOK8 ~epe3 KaMe -

py p8BHS11l0Cb 1,5 CeK, 

6 

<f>oH - .rteTeKTOpOB 

P e 81lbHhlMH HCTO~HHK8MH "~OHOBhlX" cne.rtOB OCKOllKOB .rteneH 

CBSI38HHhlX C rrpoayKT8MH SI.rtepHhlX pe8KUHH 1 MOrllH 6hlTb BhlHY~AE 

aeneHHe yp8H8 1 coaep~8merocSI B CllJO!le , Hei1TpOH8MH H rrorr8.rt8m! 

.rteTeKTOpbl BellleCTB8 MHilleHH - CI10HT8HHO gellS!IlleroCSI l11IYTOHHSI-

381llHThl OT HeH:TpOHOB HCI101lb30B81IHCb ~ene3HhlH 9KpBH TOlllllHHOA 

BOASIH8SI "py68lllK8"' TOlllllHHOH 300-400 MM H ~exon H3 MeT81l1IH~! 

K8AMHSI TOllUlHHOH 0,5 MM ( H8 pHC, 1 He l10KB38H) , J.1HTerp81IbHbii1 

HeH:TpOHOB B K8Mepe .((liS! .rteTeKTOpOB H3MepS!llCSI B K8~AOM 9KC!1e 

C ITOMOUlbiO yp8HOBOrO 9T81IOH8 B KOHT8KTe CO Cll!OAOH , OrrpeaenE 

KOllH~eCTBO yp8H8 1 HMeJOilleeCSI B ClliOASIHbiX I11l8CTHHK8X 1 !10.(( aeii 

!10TOK8 HeHTpOHOB MO~eT .((8Tb BKT .rteneHHSI 38 40 .rtHeH, 

OrrpeaeneHHe K01IH~ecTB8 rrnyTOHHH-242 H8 cnJO.rtHHbiX aeTeKT 

H 38 HHMH ITO rB30BOMY Tp8KTy I1pOH3BOAH1IOCb ITO rrnyTOHHJ0-23 8 , 

I1pHCyTCTBOB81l B BemeCTBe MHllleHH (eM, HH~e) H o6yC1IOB1IHB81l E 

7 
OTHOCHTellbHO BbiCOKyJO yaenbHYIO a - 8KTHBHOCTb ( ~ 10 p8C!1/ 

LlnH 9Toro rrocne K8~aoro orrhiT8 rrpoH3BOAH1ICH o6Mep Bcex cnJO.rt! 

I11l8CTHH HB HOHH38UHOHHOH KaMe pe C CeTKOH ( re oMeTpH S! 2 TT ) , t. 

2 42 p -4 
TellbHOCTb 06Hapy~eHHSI U COCT8B1IS!ll8 10 .((01110 OT "0!18CHOi 

Hbl, T 8 KOH KOHTpOllb l10K8381l 1 ~TO BO BCeX rrpoBe.rteHHbiX OITbiTBX 

9TOrO HCTO~HHKB ~OH8 He MOrllO 6hlTb 38perHCTpHpOB8HO 60llbllle 

8KT8 aeneHHSI , 

CHHTe3 H H.rteHTHpHK8qHSI H30TorroB 

3HeprHSI BhlBe.rteHHhlX yCKOpeHHhlX HOHOB H3MepS!ll8C b ITO ITOrJ 

B 81IJOMHHHeBbiX ~01lbr8X C TO~HOCTbiO 1,5% , J.13MeHeHHe 9HeprHH 

OCyllleCTBllSillOCb H3MeHeHHeM TOlllllHHbl 81IIOMHHHeBOH ~01lbrH 1 CTOSI 

MHllleHbJO, J.1HTerp81lbHbiH ITOTOK HOHOB, rrpollle.rtlllHH ~epe3 MHilleHb 

7 



~poA B KaMepy xnopwpo 
/3/ 

H gxnopunoB HOCHTeneA" -

dpexxnopHCTOrO UHpKOHMR , 

'!nOB nocne CMellJHBBHHR 

:T, 1 COOTBeTCTBeHHQ , llnR 

noB cny~wno no3upyrowee 

lY Henpepb!BHO BBOnHnCR 

lCTBOp coneA Nb Cl
5 

11 

)BKH n03BOnRna TBK~e 

A B KBMepy xnopHpOBBHHR 1 

R era '!epe3 cnoA KpwcTan 
/2/ 

, nponon~eHHeM rB30 -

JeTpOM 2 MM M nnHHOH 

nnHHOA 100 MM C yBenH'IeH-

:eA KOnOHKH 6bina paBHB 

npoxo~neHMR ra3a - HocuTe -

0 
l yrnOM 90 K nepBOH8'18nb -

Ty cnronRHhlX neTeKTOpOB 

1epnpyeMoro npu nenana -

lHnHeb B CTBnbHOA K8Mepe 1 

uuoHHoA KonoHKH , B HyTpeH -

383ope Me~ny cnronRHbiMH 

KTOp8MH 6hlnO 6nH3KO 

nnowanb neTeKTopoB coc-

:'0 nOTOKB '!epe3 KBMe -

¢OH · neTeKTOpOB 

Peanb Hb!MH HCTO'IHHKBMH "cjJOHOBb!X" cneAOB OCKOnKOB nenei!IHI 1 He 

CBR3BHHhlX C nponyKTBMH RAepHhl X peBKUHA 1 MornH 6hlTb BhlHy~neHHOe 

neneHHe ypaHa , conep~allJerocR B cnrone , HeATpoHBMH u nonanaHue Ha 

neTeKTOphl BeWeCTBB MHilleHH - CnOHTBHHO ~enRweroCR nnyTOHHR - 242, llnR 

3BWHThl OT HeATpOHOB HCnOnb30BBnHCb ~ene3HhlA BKpBH TOnWHHOA 300 MM 1 

BOARHBR "py6allJKB " TOnllJMHOA 300-400 MM H '!eXOn H3 MeTannH'!eCKOrO 

KBAMHR TOnllJHHOA 0,5 MM ( HB puc , 1 He nOKB3BH ), ViHTerpanbHb!A noTOK 

HeATpOHOB B KBMepe nnR neTeKTOpOB H3MepRnCR B KB~AOM BKCnepHMeHTe 

C noMOillb iD ypBHOBOrO BTBnOHB B KOHTBKTe CO cnronoA, 0npeneneH0 1 'ITO 

KOnH'!eCTBO ypBHB 1 HMeromeeCR B CniDARHbiX nnBCTMHKB X1 non neACTBHeM 

nOTOKB HeATpOHOB MO~eT naTb BK T neneHHR 38 4 0 AHeA, 

OnpeneneHue Konw'leCT Ba nnyTOHHR - 24 2 na cnronRHbiX neTeKTopax 

H 38 HHMH no rB30BOMY TpBKTy np0113BOAHnOCb no nnyTOHHro- 238, KOTOphlA 

npwcyTCTBoBan B aewecTBe MHilleHM (eM , HH~e ) w o6ycnoanwaan ero 

7 
OTHOCHTenbHO BbiCOKyiD yAenb HYID a - BKTHBHOCTb ( "' 10 pacn/ CeK , Mr) , 

llnR ~Taro nocne Ka~noro onhlTB npoH3BonuncR o6Mep acex cnronRHhlX 

nnaCTHH HB HOHH3BUHOHHOA KaMepe C CeTKOH (reoMeTpHR 2 TT ), l.J yBCTBH -

TenbHOCTb o6H8py~eHHR 2 4 2 Pu cocT8BnRn8 10 -
4 

nonro oT "on8cHoA" aenw'!u 

Hhl , T 8 KOA KOHTpOnb nOK838n 1 'ITO BO BCeX npoBeneHHhlX OnhlTBX 38 C'IAT 

BTOrO HC TO'IHHKB cjJOHB He MOrna 6hlTb 38perHCTpHpOB8HO 6onbllle onHoro 

BKTB neneHHR , 

CuHTe3 w uneHTHpHK8q HR H30TonoB 

3HeprHR BhlBe):leHHhlX YCKOpeHHhlX MOI!OB H3MepRn8Cb no nornoweHHID 

B anroMHHHeBblX cjlonbrBX C TO'IHOCTbiD 1, 5% , Vi3MeHeHHe BHeprHH MOHOB 

OCyWeCTBnRnOCb H3MeHeHHeM TOnllJHHbl 8niDMMHMeBof'J cjlonhrll 1 CTORBilJeti nepen 

MHWeHbiD, ViHTerp8nbHbiH nOTOK HOHOB 1 npOillenlllHH '!epe3 MHWeHb 38 BpeMR 

7 



8KCIIepHMeHTa 0 H3Mep5InCSI BaKyyMHblM KOnneKTOpOM HOHOB 0 npeacTaBnSIIO

lllHM co6oii UHnHHAP cPapaaeSI, 

151 
ABTOphl p a 6oThl no SiaepHo~H3 HqecKoii HaeHTH~HKaUHH KypqaToBHSI 

npHnHcanH r.onyqeHHOMY HMH cnoHTaHHO aenSiureMycSI H30ToiTy ( T F 0,3 ceK) 
. 11 2 

MaccoBoe qHcno 260. OHM ITonaranH, qTo ~opMa H ITono*eHHe MaKCHMyMa 

8KCITepHMeHTanbHOH KpHBOH B036Y*AeHHSI COOTBeTCTBy!OT ITapaMeTpaM, KOTO

pble MO*HO O*HAaTb anSI peaKUHH 
2 4 2

Pu e
2 Ne, 4n)

26 0
104. no3*e, OAHa

KO , Bb!SICHHnOCb 0 qTo MaKCHMYMbl KpHBb!X B036Y*AeHHSI peaKUHfi C HCITape

HHeM 3,4 H 5 HeiiTpOHOB 113 COCTaBHOro S!Apa AOn*Hbl ne*aTb B Y3KOM 

u 18,91 . 
HHTepBane 8HeprHH B036Y*AeHHSI 0 qTo aon*HO ITpHBeCTH K OAHOBpeMeH-

HOMY ITpHCYTCTBHIO B ITpOAYKTaX o6nyqeHHSI 6onee qeM OAHOrO H30TOITa 

aneMeHTa 104 H He HCKn!OqaeT HeToqHocTH ITepBoHaqanbHoro oiTpeaeneHHSI 

MaCCOBOrO qHcna yiTOMS!iciYTOrO Bb!llle H30TOITa, 3~~eKTHBHOe ce q eHHe o6pa

-34 2 
30BaHHSI 0,-3-ceKyHAHOrO H30TOIIa AOCTHraeT MaKCHMyMa ( ~ 1,10 CM ) 

ITPH aHeprHH HOHOB 
2 2 Ne, paBHofi 114 M 8B , ITonyurHpHHa -KpHBofi B03-

151 
6y*AeHHSI COCTaBnSieT ~ 10 MaB , 0TCIOAa B MaKCHMyMe Bb!XOAa OAHH 

aTOM AOn*eH .o6pa30BaTbCSI 

18 
ureHb ( ~ 1, 7,10 a TO MOB 

15 22 
Ha 5,10 qacTHU Ne ITpoureaurHx qepe3 MH -

2 ' 2 4 2
Pu I eM ) , 

Yf30TOITHb!H COCTaB ITnyTOHHSI ( % ) 0 HCITOnh3yeMOrO B . KaqeCTBe MH-

ureH)i : 244 Pu -0,1, 242 Pu -92,6, 
2 4 1

Pu -1,5, 
2 40

PU_3,2, 

23 0 Pu'- 1,2, 
2 39

Pu -1,4; COCTaB aMepHUHeBoii MHureHH _ (%): 

243Am - 94, 2 4 1Am- 4,9, 
24 2 

• 
2 44 

Cm - 1,1, CpeaH ITpoayKTOB 6oM-

151 
6apaHpOBKH ITnyTOHHSI HMe!OTCSI ABa apyrHX CITOHTaHHO aenSI!llHXCSI S!Apa 

OAHO H3 KOTOpb!X H):leHTH~HUHpOBaHO KaK 2 4 2m lAm ( T t1
2
= 14 MeeK), 

a ITOpSIAKOBbifi HoMep apyroro HAp a ( T !I f 8 ceK ) He ycTaHoBneH, 0Ho SIBnSI

e TcSI, ITO-BHAHMOMy, H30TOITOM OtlHOrO HX TpaHcypaHOBbiX aneMeHTOB, npH 

B3aHMOtlefiCTBHH HOHOB C S!ApaMH MH!lleHH o6pa3yeTC_SI pS!A aonro)t<HBy!llHX 

a - aKTHBHbiX H30TOITOB TpacypaHOBbiX aneMeHTOB 3a cq{!T peaKUHH ITepe

aaqH HyKnOHOB (HeiTonHoro CnHSIHHS!), B ra30Bhl fi ITOTOK ITOITaaanH T aK*e 

8 

H3 0TOIThl 0 BXOAS! !llHe B COCTaB MH!ll eHH H3 - 3a He3Ha qHTenbHOrO 

B e ureCTBa MH!ll e Heii ITy qKOM HOHOB, B OII biTax IT p ocne * HBanOCb 

H30TOITOB 
25 2fm , 246(£ 240 , 242 . 244 c 24 1, 243 A m , m H 

a TaK * e 4 4 Sc H 0 KOTOpb!e ITonyqa!OTCSI B S!Ae pHbiX 2 4 Na 
I 101 

llAY lllHX B an!OMHHHH ilnSI aToro ITocne oKoHqaHHSI Ka * aorc 

ycTaHOBKa pa36Hpanacb
1
H onpeaenSinocb paciTpeaeneHHe aonro~ 

H30TOITOB BAOnb BCero ra30BOro TpaKTa, MeTOAbl XHMHqeCKOrO 

H30TOITOB H HX HAeHTH~HKaUHSI ITO 8HeprHH a- H y - H3nyqe 

110 111 
pHoaaM rr o nypaciTa aa oiTHCaHbi IToapo6Hee B pa6oT ax ' , 

MaTepHanhi 

B aKciTepHMe HTax HCITOnh30BancSI 99, 9%-HbiH TexHHqecKH 

pb!H AOITOnHI-!TenbHO oqHuranCSI OT KHCnopoaa C ITOMO!llb!O aKTHBf 

ITapoB BOtlbl - Ha MoneKynSipHblX CHTaX MapKH 5A, no AaHH biM ra3 

~HqecKoro aHanH3a, coaep*aHne KHcnopoaa nocne oqHcTKH 6bin 

npHMeHSinHCb THOHHnXnOpHA MapKH "TeXHHqeCKHii:" 0 IIS!THXnopHC1 

ciTeunanbHOfi oqHcTKH, co.uep*aurHii 0,035% Ta , qeThlpe xxnopH 

HHH MapKH "qJl:CTbiH .. 0 AOITOnHHTenbHO ITe perHaHHbiH B TOKe BOAC 

KyyMe, 

PE3YnbTAT~ M OBCY~ilEHME 

B cero 6 bmo ITpoBetleHo 20 oTaenbHbi X OITbiTOB ITpoaon*HTe 

ITO 40-50 qaCOB, 0HH cBeaeHbi B qeTbipe c e pHH, H pe3ynhTa· 

neHhl B Ta6n. 1, B ee qeThlpex ITocneaHHX cTon6uax yKa 3aHhl: 

IIOTOK j q acTHu, ITpoureaurHx qepe3 MHureHb, paccqHTaHHoe 'l 

3Y!OlllHXCSI aToMoB 0,3-ceKyHtlHoro H3oToiTa N 0 , qHcno 3aperH• 

aKTOB aeneHHSI N (B CKo6Ka x yKa3aHo qHcno cnyqaeB perHCTf 

OCKOnKOB aemiure rOCSI srapa Ha !IpOTHBOITOnO*HbiX tleTeKTOpax ) H I 

N / N0 

9 



lOM HOHOB 0 npellCTBBmiiO-

/5/ 
rHQ>HKBUHH KypqaTOBHH 

ycH H3oTorry ( T F 0,3 ceK) 
1/ 2 

H liOllOmeHHe MBKCHMyMa 

:CTBy!OT !IapaMeTpBM 0 KOTO-

n) 26 ol04. 

llleHHH peBKUHA C HCITape-

nmHhl nemaTb B yaKoM 

HO ITpHBe CTH K OllHOBpeMeH-

! qeM OllHoro HaoTorra 

>Haqan&Horo orrpe11eneHHR 

cjlcjleKTHBHOe ceqeHHe OOpa

-34 2 
::HMyMa ( ~ 1,10 CM ) 

ywHpHHa KpHBOI B03-

!BKCHMyMe BbiXOilB OllHH 

le rrpowenwHx qepea MH

' 
reMOrO B KaqeCTBe MH-

u - 1,5, 2 4o Pu- 3 2 
•• 

BOA MHWeHH (%): 

l. CpenH rrponyKToB ooM

/5/ 
:aHHO nenHWHXCH Hllpa 

Am ( T .; 2 == 14 MeeK), 

1 He YCTBHOBlleH , 0HO HBllH

·paHOBbiX sneMeHTOB, npH 

·eTc,s~ pRn nonromHBynmx 

B aa cqeT peaKUHA rrepe-

rroToK rrorrananH TaKme 

H30TOlihl 0 BXOilBWHe B COCTBB MHWeHH H3-38 He3H8qHTellbHOrO pBClihllleHHR 

BeWeCTBB MHWeHel rryqKQM HOHOB, 8 OlihlTBX npocnemHBBllOCb ITOBelleHHe 

2 s w 246 C 2 4 0 ,2 42 , 24 4Cm 
0

24 1, 243 Am" 23a Pu 
H30TOITOB rill 0 f n 

a TaKme 
44 Sc H 

24 Na , KOTOpbie rronyqaiOTCB B RllepHbiX pe a KUHBX, 

I 101 
HllyWHX B Bll!OMHHHH , ilnR 8TOrO ITOCne OKQHqBHHR KBmlloro OlihlTB 

ycTaHOBKa paa5Hpanac&
1
H orrpenenBnoch pacrrpeneneHHe nonromHBYWHX 

H30TOITOB BllOllb BCero ra30BOrO TpBKTa, MeTOilbl XHMHqecKoro B biileneHHB 

H30TOITOB H HX HlleHTHQ>HKBUHR ITO 8HeprHH a- H y - H3nyqeHHB H ne

/10 11/ 
pHOilBM rr o nypacrrana orrHCBHbi rronpo5Hee B paooTax ' , 

MaTepHallbi 

B 8KCITepHMeHT8X HCITOllb30BBllCH 99, 9 % -Hbii TeXH!fqeCKHI 8 30T 0 KOTO

pbii llOITOllHHTellbHO oqHWBllCB OT KHCllOpona C llOMOWblO B KTHBHOA MellH H OT 

rrapoa BOilbi- Ha MoneKynHpHbiX CHTax MapKH 5A. no naHHbiM r a aoxpoMa Torpa

Q>HqecKoro aHanHaa, conepmaHHe KHcnopona rrocne oqHCTKH Ob lllO <· 0,005% . 

npHMeH HllHCb THOHHllXllOpHil MapKH "TeXH!fqeCKHI", liHTHXllOpHCThll HHOOHI 

crreuHan&Hol oqHCTKH, conepmawHA 0,035% Ta , qeThlpexxnopHCThll UHpKo-

HHA MapKH "qHCThll", llOITOllHHTellbHO rreperHBHHhlA B TOKe BOilOpona H B Ba-

PE3YflbTAT~ M OBCY~ilEHME 

B cero ohlno rrpoaeneHo 20 oTnen&HhlX orrhlTOB rrpononmHTen&HOCThiO 

no 40-50 qacoa. 0HH CBelleHhl B qeThlpe C e pHH 0 H pe3yllbTBThl . ITpellCTB B-

neHbi B Ta5n. 1. B ee qeTbipex rrocnenHHX cTon5uax yKaaaHbi: HHTerpa n&HbiA 

liOTOK j qacTHU, rrpowenwHx qepea MHWeH&, paccqHTaHHoe qHcno o5pa -

ayiOWHXCH aTOMOB 0,3-ceKyHnHoro H3oTorra N 0 , qHcno aaperHCTpHpoBaHHbiX 

BKTOB JleneHHR N (a cKo5Kax yKaaaHo qHcno cnyqaea perHcTpaUHH oooHx 

OCKOllKOB nenHmerOCH Hllpa HB !IpOTHBOITOllOmHbiX lleTeKTOpax) H OTHOWeHHe 
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B nepBhlX Tpe x cepHSIX sKcrrepHMBHTOB acrron&3oBanac& MHU 

rrnyTOHHSI - 242. 3He prHSI HOHOB 
22 Ne HBXOillinac& B oTnen&Hhl X o~ 

B rrpenenaX 11 3 - 11 8 M 9B 0 'ITO COOTBBTCTByeT 06JiaCTH MaKCHMyrv. 

Bo36y)!(JlBHHSI peaKUHH 
2 4 

:Pu ( 
2 

?Ne, 4 n ) . B cepH SI X I H II 
N 

Hlie B CpBilHBM 6JIH3KO K 10% . 

No 

q T06hl y6BJlHThCSI B TOM 0 'ITO 38perHCTpiipOB8H Hhl B BKThl llE 

CBSI3aHhl c KYP'IBTOBHeM , a He c KaKHMH - na6o npyrHMH crroHTBHH 

lllliMHCSI llpOilYKTaMH ( CM . BbllllB) , 6b1JIH DpOBBilBHbl HBKOTOpb!B KC 

o6ny'leHHSI . B HHX H3MeHsmac& sH e priiSI HOHOB 
2 2 Nc a acnon&30 

r11e MlilllBHH (cepHSI IV ) c uen&~ yBeJIH'IBHHSI BhlXOila npyrHX c 

llBJISIWHXCSI HYKJIHilOB rr p 11 OllHOBpeMeHHOM rronaBJIBHHH o6pa3oBaHM 

9JIBMBHTa. 

T aK , B llBYX ODbiTBX llJIYTOHHfi - 24 2 o6ny'laJICSI HOHBMH HGOH£ 

c sHeprHefi • 129 MaB. TaK oe yBeJIH'IBHHe aHeprHH (no cpaBHe! 

1 14 MsB) npHBOilHT K npHMepHo llGCSITHKpaTHoMy B03pacTaHH~ Bbl. 

aKTHBHocTefi c T .; 2 = 0,01 4 ceK H 8 ceK rrp11 O)!(HJlaeMoM C HH 

/5/ 
BhlXOilB 0 ,3-ceKyHJlHOrO H30T0!18 B 10 pa3 • Ha HHTerpBJibHhlH 

17 
6 .1 0 'IBCTHU 6b!JIO 38pG I'HCTpiipOB8HO BCero llB8 BKTB /lBJIBHHSI , 

B • 8 pa3 MBHhlllB 1 'IBM HB TBKOB 'IHCJIO HOHOB C SHepriieH 11 4 f 

cornacyeTcSI c o u eHKofi N
0 

• 1 ~ 3ToT pe3yJI&TaT yKa3hl Bae T Ha 

CTBllBHh O'IHCTKH OT KOpOTKO)!{HBYWHX CllOHTaHHO llBJISilllHXC SI H30TI 

pa3y~lllliX HBJIBTY'IHB XJIOpHJlhl . 0JlH8K0 0 TaK KBK BpeMSI ynep)!{HBB 

pH/lOB naH'l'aHOHilHhiX 11 TpaHcrrnyTOHHBBbi X sneMeHTOB coH3MepHMo 

TBJlhHOCTh~ OIThlT8 1 TO HBKOTOpaSI llOJISI llOJirO)!{HBYlllH X H30TOITOB : 

MBHTOB rrpOXOilHT '!epe3 XpOMaTorpa~H 'IBCKYID KOJIOHKY li o6Hapy~· 

nan& we no TpaKTY . CpenHee 3HB'IBHHB ( 113 Be ex OllbiTOB II - ofi 

a Tofi llOJIH cocTaBHJIO llJISI 2 5 2 Fm HJIH 
2 55 Fm 6 , 6+ 1,0% llJISI 

2 1 
( - ) 

2 1 2 , 2 14 c 12 
3 , 4 :!:_0, 3 % li llJISI ll1 3 , 9 :!:_0 ,1 % . LlaHHbiB rrpe~<HHX pa60T 

yK83biBaJIH Ha llOBbllllBHHblH nepeHOC XJIOpHJl 8 ~epMHSI 'IB 

1 1 

" 
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B rrepBbiX Tpex cepHHX aKcrrepHMeHTOB 11Crronb30Banacb MI1W8Hb 113 

rrnyTOH11H - 242, 3Hepr11H 110HOB 
22 Ne HBXOA11nacb B oTnenbHbiX OfTbiTax 

S rrpenenaX 11 3 - 11 8 Mas, l.!TO COOTS8TCTByeT o6naCTI1 MaKC11MyMa Kp11BOH 

so36y)K.QeHHH peaxu1111 
2 4 

:Pu ( 
2 2Ne, 4 n ) B cep11HX 11 II OTHowe 

N 
6n113KO K 10%, 

No 
Y To6w y6eni1TbCH B TOM , l.!TO 3aperi1CTp11posaHHwe axTw neneHI1H 

CSH38Hhl C Kypl.i8TOBI18M 0 a He C KBKI1M11 - n1160 npyri1Ml1 CI10HT8HHO nenH 

W11MI1CH rrpOAYKT8MI1 ( CM , BbiW8) t 6binl1 rTpOBB .Q8Hbl H8KOTOpbi8 KOHTpOnbH b l8 

o6nyt.IeHI1H , 8 HI1X 113M8HHnaCb aHepr11H 110HOB 
22 Nc 11 11CfTOnb30BBni1Cb apy

rl1e M11W8HI1 (cepi1H IV ) c uenbiD ysenl1l.i8HI1H swxona npyr11x c rr oH TBHHO 

.Q8nHW11XCH HyKni1.QOB 11 p 11 O.QHOSp8M8HHOM 110.QSBn8 HI111 06pa30BSHI151 104-ro 

aneMeHTa , 

TaK , B nsyx onwTax nnyToHHi1- 242 o6nyqancH HOHaMH Heo Ha - 22 

c aHeprHei1 "' 129 Mas, Tax oe ysenHt.IeHHe a H eprHH (no cpaBH8HHID co 

114 Mas) npHBOAHT K rrpHMepHo A BCHTHKpaTHOMY soapacTaHHID BbiXOAa 

aKTHSHOCTei1 c T .; 
2 

= 0, 0 14 ceK 11 8 ceK npH O)KH.QaeMoM CHI1)K8HI111 

/5/ 
BhlXO.Qa 0 , 3 - cexyHAHOrO 1130 TOI18 B 10 pa3 , Ha 11HTerpanbHhlA TIOTOK 

17 
6 , 10 qacTHU 6bino aa p e rHcTp11posaHo scero nsa axTa JleneHHH, T , e , 

S "' 8 p83 M8Hb!lle , '18M Ha Taxoe l.ii1Cno HOHOS C a He pruei! 11 4 M as , l.!TO 

cornacyeTCH c o u eHKOi1 N
0 

"' 12. 3ToT peaynbTaT yKa3hlBaeT Ha swcoxym 

CT8118Hb Ol.ii1CTKI1 OT KOpOTKO)KHSyWHX CI10HT8HHO .QenHWHXC H 1130TOI10B 0 06 -

pa3yiDW11X HeneTyl.!H8 XnOp11.Qbl , 0.QHSK0 0 TBK KSK Bp8MH ynep)KHSBHI1H Tpi1XnO -

pH.QOB naH'I'8HOI1.QHb!X 11 Tp8 HCTinyTOHI18Sb!X aneMeHTOB COI13M8p11MO C .Qnl1 -

TenbHOCTbiD 011hlT8 , TO H8KOTOpaH .QOnH .QOnrO)KI1BYW11X 1130TOfTOB a TI1 X ane -

M8HTOB 11pOXO.QI1T qepe3 XpOMSTOrpaQJHl.i8CKyiD KOnOHKY 11 06Hapy)KHB88TCH 

nanbwe no TpaKTy , Cpe/lHee 3Hat.IeHHe ( 113 scex Ol1biTOB II - oi1 cepHH) 

aToii non11 cocTaBimo nnH 
2 52 Fm 11n11 

255 Fm 6 , 6+ 1,0% nnH 
24

G Cf 
- J /2 , 7/ 

3 , 4 :!:_0,3% H nnH 
2 4 2

' 
24 4 Cm 3, 9 :!:_0 ,1% , ilaHHbie npe}!<HI1X pa6oT He 

yKB3biS8lU! HB 110SbiW8HHbiH nepeHOC XnOpHA B Q:iepMHH qepe3 

1 1 



KOnOHKY ITO Cp8BHeHHID C xn o pHA8MH KIDpHH H KanH~OpHHH , noaTOMY wH3 -

6 hlTOqHhle" 8TOMhl ~epMHH MOryT 6hlTb reHeTHqeCKH CBH38Hhl C H30TO 

IT8MH 104 - ro aneMeHTa c MaccoBbiMH qHcnaMH 260 H 259, HeorrpeAeneH-

HOCTb Bbl3B8H8 TeM, qTo aHeprHH anb~a -qacTHU H rrepHOAbl rronypaCIT8A8 

H3oTorroB 
2 5 2 Fm H 

2 5 5 Fm rrpaKTHqecKH coBrraAaiDT. TaK KaK B HacTo-

Hwee BpeMH crroco6hl H uerroqKH pacrraAa H30TorroB 260 104 H 2 5910 4 

HeAOCT8TOqHo H3yqeHhl, TO yK838HHOe Ha6niDAeHHe HY*A8eTCH B A8nbHel -

WeM H3yqeHHH, 

Llanee 6binH rrpoBeAeHbl o6nyqeHHH MHWeHeif H3 rrnyTOHHH - 242 H aMe 

pHUHH - 243 6onee nerKOif qaCTHUel - HOH8.MH I S 0 , npH 8TOM HApa 

C z = 104 o6p830B8Tb CH He MOryT, B TO BpeMH KI;IK Bb!XOA HAep C 

• u 17 
C Z < 104 B03p8CTaeT, B CYMMe H8 HHTerpanb Hb!H ITOTOK 8 , 6 ,10 qaCTHU 

6b!ITH 3aperHCTpHpOB8Hbl BCero AB8 8KT8 AeneHHH, 3TH OITb!Tbi , 8 T8K*e 

p8CCMOTpeHHe HCTO q HHKOB ~OHa (eM, 8KcrrepHMeHT8ITbHYID qaCTb ) ITOA -

TBep*A8IDT, qTO 8KTbl AeneHHH , 38perHCTpHpOB8HHb!e B - oii H II - oii 

cepHHX o6ycnoBneHhl rrpaKTHqecKH ITOnHOCTbiD CITOHT 8HHO AeiTHWHMHCH 

HApaMH KypqaTOBHH , 

nepHOA rronypaCIT8A8 

PacrrpeAeneHHe BAOn b AeTeKTopoB aKTO B A eneHHH H3 II - oii cepHH 

OIThlTOB, B KO T OpOif 38perHCTpHpOB8HO H8H60nb mee qHCITO C06hlTHI , ITOK8 -

38HO B HH*Heii q acTH pHc , 2 . B BepxHeii qacTH aToro pHcyHKa rrpeAcTaBne 

Ha wKpHB8H p8CIT8Aa• , 0Ha Bhlq epqeHa B rrpeAITOITO*eHHH, qTo MoneKynhl 

xnopHA8 rrepeMeW8IDTCH BAOITb K8Mepbl CO CKOpOCTb iD r830BOrO ITOTOK8 H 

qTo 6narOA8pH 8TOMy H3MeHeHHe qaCTOTbl TpeKO B H8 eAH,HHUY AnHHbl OT p8 -

*8eT p8CIT8A H30TOIT8 BO BpeMeHH 6e3 38MeT HbiX HCK8*eHHif, f1o OCH OpAH 

H8T OTITO*eHO ITOnHOe qHCno 8KTOB AeneHHH (A), 38perHCTpHpOB8HHblX IT03 -

*e HeKOTOpOif OT M eTKH BpeMeHH, 3TH A8HHbie COO T BeTC T ByiDT rrepHOAY rron y -

/1 2/ 
paCIT8A8 , KOTOpblif HeCKOnbKO MeHb llle OAHOif CeK yHAbl , B rrepBOif pa6oT e ' 

1 2 
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HOMEP UETEKTOPA 

PHc, 2. P acnpeneneHHe aKTOB neneHHSI , aaperHcTpHpo BaHHhiX B onb!Tax 
II - oA cepHH Bllonb neTeKTopoB (HHa) H *KpHBaSI pacnana* 
H30TOna KypqaTOBHSI (Bepx) , 
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eCKH CBR38Hhl C H30TO-

260 H 259. H eonpeneneH-

H nepHOll bi nonypacnana 

1naroT. TaK KaK B HacTo-

lOB 
260 104 H 

2 59 104 

,if H3 nnyTOHHR-242 H 8 Me 
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H BO BCeX OITHCaHHbiX 3/leCb OITbiTaX npH o6ny'leHHH nnyTOHIIH HOHaMH 

HeOHa B CYMMe 6binO 3apen!CTpHpOBaHO 79 aKTOB JleneHIIH . Yb HX pac-

npe!leneHHH, nonyqeHHoro npH ynoMHHYTOM swwe npe!lnono*eHHH , nepHOil 

nonypacna!la nonyqaeTcH paBHWM npn6nH3HTenbHO 0 ,5 ceK. 3Ta nocnell

HHH BenH'lHHa 6nH3Ka K 3Ha'leHH~ 0 ,3 ceK, HaRJ]eHHOMy J]nH H30TOITa 

KypqaTOBHH B HJlepHO~H3H'leCKHX OITbiTax. 0JlHaKO cnpaBeJlnHBOCTb npelliTO 

nO*eHHH , KoTopoe ne*HT B ocHoae cnoco6a H3MepeHHH nepHolla nonypac-

na!la , Henb3H C'lHTaTb nonHOCTb~ llOKa3aHHoA. BpeMH yllep*HBBHHH xnopn-

Jla KypqaTOBHH B KaMepe C Jle TeKTOpa MH MO*eT npeBWWaTb BpeMH npOXO*-

J]eHHH ra3a - HOCHTenH qepe3 STOT 06beM , 'ITO ITpHBeJleT K 3aHH)I<eHH~ 

aKcnepHMeHT~nbHO rronyLieHHoro apeMeHH *H3HH no cpaaHeHH~ c !leAcT-

BHTenbHbiMo 

B peMH yaep*HBaHHH H TennoTa aacop6unH 

B nHTH OITbiTax II - oi1 cepHH ( 23 aK Ta JleneHHH ) H3MepHnocb TaK )!<e 

pacnpeaeneHHe ITO JleTeKTOpaM TOM llOnH H30TOITOB CKSHJlHH ( ~ 3% ) H nny 
/7/ 

TOHHH ( "' 15%) 1 KOTOpas:I nonaaaeT Tylla 3a BpeMH OITbiTa . 3TH ane -

MeHThl o6pa3y~T cnnbHO aacop6npy~wnecH (HeneTyqne) xnopnaw . npo-

ueHTHoe pacnpeaeneHHe ocKonKOB aeneHHH , Sc 
pnc . 3 ( aHanorH'lHO pHc . 2 ). B naHo , LITO HeCMOTPH 

H Pu npeacTaaneHo Ha 

HS KOpOTKOe BpeMH 

*H3HH Kyp'laTOBHH, pacnpeJleneHHe TpeKOB OCKOnKOB JleneHHH cymeCTBeHHO 

6onee nonoroe . 3To CBHJleTenb~TByeT 0 TOM , 'ITO XnOpHil Kyp'laTOBHH 

allCOp6HpyeTCH HaMHOrO c na6ee xnopHJlOB CKaHJlHH H nnyTOHHH I! ewe pa3 

aoKa3wBaeT , 'ITO Ha6n~JlaeMwe ocKonKH aeneHHH He MoryT 6wTb o6ycnoB

neHw 'laCTH'l HWM npOCKOKOM qepe3 KOnOHKY aneMeHTOB, o6pa3y~WHX 

HeneTy LIHe xnopnaw . 

B peMH yllep*HBaHHH t R KOpOTKO*HBymero H30TOITa B KOnOHKe MO*HO 

OUeHHTb H3 O'leBHilHOro COOTHOWeHHH 

14 
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1 H r n 2 

~ ~ o e 
T ~2 

~ 11 

r ne 71 - KO a<jlqJMUHeHT 0 Y'liiTbiB810lUHH ITOTepH, C B5138 HHbie C H e rronHbiM 

BbineTOM 8TOMOB OT/18'lH H3 MHWeH~< ( 10%) 0 ITOTepH 38 C'leT Heo6paTHMOH 

ancop6uHH aTOMOB B o6beM e 3 a MHw e HbiO (nnH Cm , Cf , Fm , Hf) orrpenene

Hbi B 10% H a<jl<jle KTHBHOC Tb neTeKTHpyiOIUero yC TpOHCTB8 "" 80% , ilnH 

pac '! e Ta rrpHHHManocb T 11 2 = 0 , 5 ceK , 0TciOn a B rrepBoii c e pHH orrbiTOB 

= 1, 7 ceK,, BO BTopoii - t = 1,4 ceK . 
R R 

Heo6xonHMo oTMeTHTb, 'ITO OTHoweHne N I N , a c nenoBaTenbHO, 

H Bbl'lHCneHHOe ITO HeMy t R He MeH51e TC51 3H8'lHTenbHO ITpH ITOBbiWeHHH 

0 
TeMrrepaTypbl KOnOHKH C 300 110 350 B OTnH'lHe OT paHee Ha6niOI18B-

O / 1 2/ 
werocH pe3Koro Bo3pacTaHI151 N I N 0 rrpn rrepexone oT 250 K 300 ' • 

CKopee Bcero , rroBbiWeHne TeMrrepaTypbi BbiWe HeKoToporo rrpene na rrpnBOI1HT 

K ocna6neHHIO MOllH~HUHpyiOIUero neACTBH51 HDCHTeneA BCnencTBHe yMeHbWeHH51 

cTerreHH rroKpbiTH51 rroBepxHOCTH , P e3ynhTnpyiOmee BD3pa cTaHn e a~~eKTHBHDii 

TerrnDThl ancop6UHH MHKpDKDMITDHeHT8 Torna MD*eT KDMITeHCHpO B8Tb 

coKpameHne BpeMeHn ancDp6unn, D6ycnoBneHHDe yBenn'leHHeM TeMrrepaTypw. 

ilpyrDe BD3MD*HDe D6b51CHeHHe CDCTDHT B TOM 1 'ITO rrpHH51TDe H8MH 3H8-

'leHHe 11 N 
0 

cymecTBeHHD 38BbiWeHD, 

EcnH BDCITDnb3DBaTbC51 rrpnBe neHHhlMH Bwwe 3Ha 'leHH51MH BpeMeHn 

ynep*HB8HH51 n pacc'lHT8Tb TerrnDTY ancDp6unn xnopnna Kypq a TDBH51 rro 

/4/ 
D6Cy*ll8 BWeMyC51 paHee MoneKyn51pHD - KHHeTH'leCKDMy ypaBHeHniO , rrony -

q ae TC51 Bemi'lHHa Q a = 24 KKan l MDnb ( rrpn 300D), 

112 13/ 
H a npyrHx aKcrrepHMeHTanbHbiX ycTaHDBKax ' c ITOMO!Ub!O Me'leHblX 

BTOMOB H3y'lanaCb 811CDp6UH51 XnDpHllOB Th Pa U Nb , Ta 

Hf In H 6wnn pacc'lHTaHw nx T e rrnoT w ancop6uHn , B ee aTH naHHwe 

DTHOC51TC51 K 811CDp6UHH 1-18 ITOBe pXHOCTH CTeKna , MDllH¢HUHpDB8HHDH rrapa 

MH THDHHnXnOpHI18 1 l151THXnOpHC TDrD HHD6H51 H qeTwpexxnopHCTDrD UH pKDUH51 , 

1 6 

Me*llY 3 Ha'leHH51MH T errnoTw ancDp6uHH n TerrnoTw HcrrapeHH51 (KDHAeH-

cauHn) L c y wecTByeT nHHeiiHa51 38BHCHMOCTb/ 13 / , rrDKa3aHHaH HB pnc. 4, 

KD TDp851 MO*eT 6biTb HCITDnb30B8H8 Un51 Drrpenene HH51 neTyqeCTH xnopHUOB 

HDBbiX a n e MeHTDB. ilnH rrocTpDem!H a Toii rrpHMoii B351Tbi T e rrnDT bi ancop6-
- ,- I • 

UHH xnopHllO B aneMeHTOB Na, Sc , Nb , In , Hf , Ta , Th, Am, 

nng KDTOpb!X HMeeTC51 yBepeHHOCTb DTHDCHTenbHD ~DpMbl HX H8-

X'D*neHH51 B ra3DBOA ~a3e H H3Be CTHa BenH'lHHa L nnH coDTBeTC TBYIO!UHX 

xnMH'leCKHX cDenHHeHHii . ilnH Pa U , Pu TBKDii yBe pe HHDCTH HeT, 

n aKcrrepHMeHTanb Hwe naHHhle ITD T e rrnoTaM ancDp6UHH HX xnopHCTw x 

coenHHeHH H HaHeC e Hhl Ha !1p51MYI0 1 'lTD6hl ITDK838 Tb ITOnD*eHHe 3 THX ane -

MeHTDB B "ancDp6UHDHHDM pHny", 

I V 
Mo*HO TBK*e OTMeTHTb 1 'lTD B pa6DTe B HlleHTH'lHhlX ycnDBH51X 

ynanoCb a KcrrepnMeHTa nbHO ycTaHoBHTb HeKDTDpwe HH*HHe rrpenenw nnH 

3H8 'leHHH TeiTnOTbl 811CDp6L\HH xnDpHADB a neMeHT8 102 H aneMeHTB 103, 

0HH OK83 8nHCb paBHbiMH CDOTBeTCTBeHHO 30 H 33 KKan /M Dnb, 'lT D 

B8eT H8 ManyiO neTy'leCTb 3 THX CDeUHHeHHH , 

YKB3bl-

0TKn8llbiB851 yK838HHOe BbiWe 3 KCITepHMeHT8nbHOe 3H8'leHHe Q An51 
a 

XnDpH/18 K yp 'l 8 TDBH51 HB I1p51MYIO Ha pHC , 4 , ITDny'laeM BenH'lHHy llh51 Terr 

nDThl HcrrapeHH51 L , 21 KKan iMD nb . 

B3aHMDp,eikTBHe c xnopHCTbiM KanHeM 

K aK ITOK838HO Bb!We , CODTHOWeHHe T e rrnDT 811CDp6UHH ( BpeMeHH ynep

*HB8HH51 ) OTpa*aeT CODTHOWeHHe TerrnoT HCITapeHH51 XnDpHAOB, YfM eiOTC.II 

I ll/ 
ll8HHbie 0 'lTD , ITDUD6 HD 3 TOMY, pa3nH'lHe B ITOBeneHHH MDneKyn XnOpH-

llOB rrpH rrpoxD*AeHHH 'lepe3 ~HnbTp bi H3 xnDpHCTDro KanHH cDrnacyeTcH 

c CDDTHow eHHeM 3HllDTepMn 'leCKHX ~~eKTDB pa3nO)KeHH51 !:!. H llBDHHbiX 
p 

CDenHHeHnii H3y'laeMbiX xnopHllDB c K CI Ha KpHcTannH'leCKHii K Cl 

11 rrapoo6pa3HbiH xnopHn [ K mMe Cl n+m] ... m( K CIJ + (Me Cl n ) + !:!. H 
p 
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Me )KAY 3H8'!8HIH!MI1 TeiinOTbl 8ACOp6U1111 11 TeiinOTbl 11Cll8p8HI1SI ( KOHA8H 

C8U1111) L cywecTByeT ni1Hei1HaSI 38BI1CI1MOCTh/ 13/ , rroKa3aHHaSI HB p11c . 4 , 

KOTOp8S! MO)K8T 6b!Th 11CIIOnh30B8H8 AnSI OIIpeAeneHI1SI neTy'l8CTI1 XnOp11AOB 

HOBbiX 9n8M8HTOB, llnSI IIOCTp08HI1S!,. 9TOH . -rrpSIMO~ B3S!T bl TeiinOTbl 8ACO_p6-

Ul111 XnOp11AOB 9neM8HTOB Na, Sc , Nb , In , Hf , Ta , T h, Am, 

KOTOphlX 11M88TCSI yBepeHHOCTh OT HOCI1 T 8nh HO ~OpMhl 11X H8 -

X'O)KA 8 HI1SI B ra3oBoi\ ~a3e 11 113B8C THa seni1'!11Ha L AnSI cooTBeTCTBYJOU111 X 

X11MI1'!8CKI1X coeA11HeHI1i1 . llnH Pa U , Pu Taxoi\ yBepe HHOCTI1 HeT, 

11 9KC !18p11M 8 HT8nhHbi8 A8HHb!8 ITO T e iinOT8M 8ACOp6 U 1111 11X XnOp11CTbl X 

C08A11 H8HI1H H8H8C8Hbl H a IIpSIMyJO, 'IT06bl llOK838Th IIOnO)K8HI18 9TI1X sne 

M8HTOB B "aAcop6U110HHOM pSIAy". 

171 
Mo)KHO T8K)K8 OTM8TI1Th 0 'ITO B pa6oTe B 11/:t8HTI1'IHblX ycnOBI1SI X 

yaanOCb 9 KC!18p11M8HT8 nhHO yCT8HOBI1Th H8KOTOphle HI1)KHI18 rrpeAenhl anSI 

3H8 'l8HI1i1 T e rrnoT bi aaco p6tml1 xnop11AOB sneMeHTa 102 11 sneMeH T a 103 . 

0HI1 O.K838ni1Ch p8BHbiMI1 COOTB8TCTB8HHO 30 11 33 KKan /M Onh , 'ITO YK83bl -

B88T H8 ManyJO neTy'leCTh 9 TI1X C081:ti1H8HI1H , 

0TKn8AbiB8SI yxa3aHHoe BbiWe sxcnep11M8HTanh Hoe 3H8'!8HI1e Q a AnSI 

xnop11A8 Kyp'I8TOBI1SI H8 IIpS!MYIO H8 p11C , 4 , rronyqaeM B 8 n11'li1Hy l:thS! Ten 

nOThl 11cnapeH11SI L • 2 1 KKa n /Monh. 

B3811MOA8HCTBI1e c xnopi1CTbiM xan11eM 

KaK IIOK838HO Bb!U18 0 COOTHOU18HI18 Te iinOT 81:tCOp6 U 1111 ( Bp8M8HI1 YA8p

)KI1B8HI1S!) 0Tp8)K88T COOTHOU18HI1e TerrnoT 11CII8p8HI1SI xnop11AOB, HMe JOTC~ 
Il l / 

l:t8HHhl8 t 'ITO , IIOI:t06HO 9TOMy , pa3nl1'll18 B IIOB81:{8HI111 MOneKyn XnOp11 -

l:tOB rrp11 rrpoXO)KA8 HI111 qepe3 ~11nhTpbi 113 xnop11cToro xani1H corn acyeTcSI 

c cooT ifoweHI1eM 9HAo T epM11'leCKI1X ~~eKTOB pa3nO)K8HI1SI D. H l:tBOHHbiX 
p 

coeai1H8HI1H 113y'!aeMbiX xnop11AOB c K Ci Ha Kp11cTann l1'!ecKI1H K Cl 

11 rrapoo6pa3HbiH xnop11a [K mMe Cl n+m]-+ m [ K Cl ] + (Me Cl n 

17 
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f1 o3TO MY MO)KHO Q)KJ.!llaTb 1 'iTO !IpH 3aMeHe CTeKn51HHOH KOnOHKH Ha KaiTHnm 

c rrosepxHOCTbro , rroKpbrToil K Cl H3MeHeHHe BpeMeHH ynep)KHBa HH51 6y -

neT oTpa)KaTb pa3HOCTb t'i H L . n o TepMOXHMH'ieCKHM naHHblM , B351 -
I 14-1 7/ P 

T~M H3 pa6oT nn51 coenHHeHHH K Ln Cl 
4 ' K2HfCI 6 H K Nb Cl 6 

3T a pa3HHUa COCTaBn51eT OKOnO 10;30 H 10 KKanfMOn b
1

COOTBeTCTBeHHO , 

CnenoBaT enbHO , BpeMR ynep)KHBaHH51 xnopHnos 3neMeHTOB '!eTBepToil rpyiT -

IT~ llOn)KHO pe3KO B03paCTH , 

H neilCTBHTenbH0 1 B OIT~Te Tpe Tbe i\ cepHH 1 B KOTOpOM OllHa TpeTb 

nnaH~ c TeKnRHHoro K~ITannHpa 6~na 3aMe HeHa Ha KaiTHnnHp Toro )Ke naa -

MeTpa H3 XnOpHCTOrO KanH51 1 Ha HH TerpanbHblH ITOTOK '! aC TH U1 paBHblH 

17 
3,4 ,10 1 He 6wno 3aperHCTpHpOBaHO HH OllHOrO a KTa CITOHTaHHOrO neneHH~ 

f1pH 3TOM llOnR MoneKyn XnOpHllOB aMepH UH51 1 KIDpH51 H Ka nH¢O p HH 51 1 ITpO 

wenWH X K neTeKTopaM , yMeHbWHnacb He cywecTBeHHO ( cTana pasHoil ITpH -

6nH3HTen b HO - 1%) 1 a IT51TH XnOpHCTblH HH06Hil 1 HCITOnb3yeMb!H B Ka '!eC TB e 

HOCH Teng , CB060llHO ITpOXOUHn qepe3 KOnOHKy, 8TO ITOKa3biBaeT, 'iT O Xn OpHJ 

/Ill 
Kyp'iaTOBH51 1 a HanorH'iHO BhlCWeMy XnopHay ra¢HH51 H B OTnH'!He OT 

Tpex- H IT51THBaneHTHb!X 3neMeHTOB 1 o6naaa e T ITOBb!WeHHOH cop6 UHOHHOH C IT O 

C06HOCTbiD ITO OTHOWeHHID K IT OBep XHOCTH XnOpHCTO r O Kan H51 H yKa3b!BaeT 

Ha cyurecTBOBaHHe Kyp 'iaToBH51 B BHne MoneKyn Ku Cl 4 • 

3aKnro'! e HHe 

T aKHM o6pa30M 1 B HaCT051U!eil pa6oTe ITOUTBep)Kn e H0 1 'iT O Ky p'i8 TOBHH 

o6pa3yeT xnopHn Ku Cl 4 , ITO csoilcTBaM 6nH3KHil K x nopany Hf Cl 4 , 

H, cnenosaTen b HO , 51Bn51eTC51 aHanoroM r a¢ HH51 H uH p KOHH51 , T , e . 'ineHOM 

IV 6 ITonrpyiTIThl ITepHOUH'!ecKoil CHC Te Mw il . H . MeHneneesa . 8To 3aKnro'ie 

HHe CornacyeTC51 C B~BOllOM H3 IT epBOrO UHKna pa60T ITO XHMH '!eCKOA HUe H 

~ / ~2/ 
TH~HKaUHH Kyp'ia TOBH51 , 
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c rroBepxHOCTbl0 1 rroKpbrToti K Cl 

neT oTpa)!(aTb pa3HOCTb 1'1 H 
114- 17/ p 

L . no TepMOXHM"I'IeCKI1M Ll8HHb!M I B351 -

T~M 113 pa60T L!n51 COeL!I1HeH11H K Ln C! 
4 I K 2 H f Cl G H K N b Cl G 

3 T8 p83HHU8 COCTaBn51eT OKOnO 10;30 11 10 KKan/Monb
1

COOTBeTCTBeHHO. 

CneaoBaTenbH0 1 BpeM51 yaep)!(HB8HH51 xnop11L!OB 3neMeHTOB qeTBepToti rpyn -

!1bl L!On)!(HO pe3KO B03p8CTI1 . 

M aeJ1CTBHTenbH0 1 B Ol1~Te TpeTbeH cepHH 1 B KOTOpOM OL!H8 TpeTb 

anHH~ cTeKnHHHoro K~rrwnnHpa 6~na 3aMeHeHa Ha KaTII1nnHp Taro )j(e nwa -

MeTpa 113 xnop11CTOrO K8nl151 1 H8 MHTerpanbH~H TIOTOK '1 8C TI1U 1 paBH~H 

17 
314 .10 1 He 6~n0 38perHCTpHpOB8HO Hl1 OL!HOrO 8KT8 CTIOH T 8HH OrO aeneHI151 . 

np11 3TOM L!On51 MoneKyn xnop11L!OB 8MepHUH51 1 K!Op1151 H K8nH~OpH1151 1 TipO 

WeL!WHX K aeTeKTOp8M 1 yMeHbWHn8Cb HeCyWeCTBBHHO (cTana p8BHOH TipH -

6ni1311TenbHO - 1%) 1 8 l151TI1XnOpHCTbiH HI106HH 1 HCl10nb3yeMb!H B KaqecTBB 

HOCHTBn51 1 CB060L! HO 11pOXOL!Hn qepe3 KOnOHKy. 3TO nOK83b!B8eT 1 'ITO XnOpHL! 

I 11 / 
Kyp'18TOBH51 1 8H8nOrH'IHO B~CWeMy XnOpHL!y ra~HI151 M B OTnM'!I1e OT 

Tpex- H l151TMBaneHTHbiX 3nBMBHTOB 1 o6n8Ll8BT l10Bb!WBHHOH COp6U110HHOH Cl10 -

C06HOCTbiO no OTHOWBHI110 K nOBBpXHOCTI1 XnOp11CTOrO K8nl151 H YK83~B8BT 

Ha cywecTBOBaHwe KypqaToBM51 B BI1Lle MoneKyn Ku Cl 4 • 

TaKI1M o6pa3oM 1 B H8CT051Wel1 pa6oTe noaTBep)!(L!BH0 1 'ITO KypqaTOBI111 

o6pa3yeT xnopwn Ku Cl 4 , no CBOHC TBaM 6ni13KHH K xnopway Hf C! 4 , 

H1 cneL!OB8 TenbH0 1 51Bn51BTC51 8HanorOM ra~HI151 H UMpKOHH51 1 T . e . qneHOM 

IV 6 noarpynnbr nepHOL!H'IBCKol1 CHC TeMbi Il .M . MeHaeneeBa . 3To 3aKniO'Ie -

HHe COrnacyeTC51 C B~BOL!OM H3 rrepBOrO UHKna pa6oT no XI1MI1'!eCKOH HL!eH 

/ 11.2/ 
TH¢HK8UI1H Kyp'18TOBI151 • 
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CoBoKyiiHOCTb naHHhiX HacTo.suueii n rrpenhmymnx pa6oT .smn.11eTC.II 

9KCIIepHMeHTa.TJbHbiM JlOKa3aTenbCTBOM ¢aKTa1 'ITO CeMeifCTBO 5{ aneMeHTOB 

3aKaH'IIIBaeTCSI Ha 103-eM aneMeHTe, TaK :1Ke KaK CeMeifCTBO 4{ 3aK8H'IHBa

eTC.II Ha moTeunn, n 'ITO cenhMOii rrepnon cncTeMbi MeHnen eeBa HMeeT 

' cTpoeHnu, aHanorn'IHoe cTpoemno mecToro rrepnona. 

ITo-BnnnMoMy, xnopnn KypqaToBHSI HecKonhKO MeHee neTy'I, 'IeM 

xnopnn ra¢Hn.ll, B TO BpeMsr KaK Zr Cl 
4 

II Hf Cl
4 

oTnn'IaiOTcsr O'IeHb 

Mano. Ecnn 9TO TaK, m aTo yKa3biBaeT Ha 6onee cna6oe f- ·C:1KaTne 

B CellhMOM !19 pHOJl91 'ITO Ba:1KHO y'IHTbiBaTb II pH XHMH'IeCKOll HJl9HTHqliiK8UllH 

rrocnenyiOIIliiX aneMeHToB. 

8 3aKniO'IeHHe aBTOpbi C'IHT8IOT CBOIIM IIpH.IITHbiM JlOnroM Bbip83IITb 

rny6oKyiO 6naronapHocTb aKaneMIIKY f,H.~nepoBy 38 IIOCTaHOBKy rrpo6ne-

Mbi il nocTo.IIHHbiii IIHTepec K pa6oTe, E.B.lliiinOBY 3a noMOIIlb npii KOHCTpyii

poBaHIIH II HananKe annapaTypbl1 IO,C,KopOTKIIHY 38 II3rOTOBneHIIe MHIIleHeii, 

a TaK:1Ke A,H.KnnMOBCKOH II B.IT.lloMaHoBy 3a noMOIIlh B npoBeneHHII aK

crrepnMeHTOB1 rpynne unKnoTpoHa Y-300 BO rnaBe E.A.3arepoM 3a o6ec

ne'IeHne pa6oTbi ycKopiiTensr II ¢oToaMynhCIIOHHOii rpynne B.IT.ITepenbirHHa 

3a o6pa6oTKY neTeKTopoB, 
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