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B Teqeaae rrocneAHHX 25 neT 6hlUO CHHTe3HpOBaHO 12 TpaacypaHOBhiX aneMeH

TOB OT HeUTYHHSI ( Z =93) AO Kyp'laTOBHSI ( Z =104), a o6mee 'IHCUO H3BeCTHbiX 

HhiHe H30TOITOB B aaypaHOBOA 06RaCTH 6RH3KO K 100. 

C KalKUbiM HOBbiM aneMeHTOM B03paCTana TpyAHOCTH ero HCKyCCTBeHHOI'O nony

qeHHSI H H3y'leHHSI CBOACTB. Ha CMeHy CTapb!M UOSIBRSUlHCb HOBble MeTOUbl CHHTeaa, 

H3MeHSIUHCb KpHTepHH H yCROlKHSUIHCh CUOC06bl HAeHTHtjJBKaUHH HOBOI'O aneMeHTa. H 

CBSI3aHO 3TO, B rrepayJO O'lepeUb, CO. CBOACTBaMH CaMHX aneMeHTOB, C HX CHUhHOA 

H ace yaenuqaaaJOmeAcH aecTa6HRhHOCThJO no Mepe rrepexoua a o6nacTb 6onee THlKe

UhiX HUep. 

Oco6eaao peaKue H3Meaeaua rrpeTepnen nouxou K pemeHHJO aaua'IH uueaTH-

$HKBUHH B 1956-1957 r.r., KOI'Aa 3KCrrepHMeHTaTOpbl ITpHCTyiTHRH K rronyqeHBIO ane

MeHTa 102. HMeHHO B 3TOT nepHOA OCHOBHbiM CITOC060M CHHTe3a CTaRH HuepHble 

peaKrrHH, Bbi3biBaeMble YCKOpeHHbiMH MHOI'03apHAHb!MH HOHaMH, a OCHOBHbiM MeTo

AOM HAeHTHtjJHKBilHH - 3KCrrpeCCHbiA tjJB3H'IeCKHH MeTOA, COCTOHlliBH B 6biCTPOM ynas

ilHBaHHH HUep-rrpOAYKTOB peaKrrHH, H3y'leHHH HX CBOHCTB paAHOBKTHBHOI'O pacrraua 

B 3BKOHOMepHOCTeii o6pa30BaHHH B HUepHb!X peaKUHHX. 

CHHTe3 6onhlllHHC'IBa H3BeCTHbiX H30TOITOB TpaHcypaHOBbiX aneMeHTOB UO tjlep

MHH BKUIO'IHTeUbHO ocymeCTBRHUCH UyTeM OOny'leHBH ypaHB RRH rrnyTOHRH HeiiTpOHB

MH B SIAepHhiX peaKTOpax RRR UpH B3pb!BBX SIAepHb!X ycTpOHCTB. Bee ITOIThiTKII nony

'IHTb 3THMH M6TOAaMH aneMeHTbl C Z > 100 He ITpHBeRH K lKenaeMOMy peaynbTaTy. 

Heyuaqa CBHTe3a B HUepHbiX peaKTOpaX o6ycnosneHhl MBRbiM BpeMeHeM lKR3HR rrpoMe

lKYTO'IHbiX H30TOITOB R H6AOCTBTO'IHOH ITROTHOCTlo!O HeHTPOHHbiX ITOTOKOB. 3TH 06CTOH

Ten&CTBB HecymeCTB6HHbl npR HCITOnh30BaHRH RMrrynhCHbiX HeiiTpOHHbiX ITOTOKOB 
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(s3pbiBOB). 0AH81t0 B 3TOM cny'!ae HMeiOTCH CBOH TPYAHOCTH, CBHGBHHbie c MBnbiM 

speMeHeM :>Ka3Ha a30TOIIOB HOBbiX aneMeHTOB H oOnbWOit IIPOAOn:>KHTenhHOCTbiO TeXHo

nora'!eCKOPO rrpouecca ax BhiAeneaaH. 

CneAyeT, OAHBKO, OTMeTIITh, 'ITO K 1966 POAY B peaB:Topax obrnH HSKOIIneHbl 

B BCCOBOM KOnH'!eCTBe BCe Tp8HCypaHOBble aneMeHTbl }:!0 aitS:WTeitS:HH ( Z =99) BKniO

'IHTenhHO. nogsanaCh B03MO:>KHOCTh H3rOTaBnHB8Tb MHWeHH }:!B:>Ke H3 TBKHX TH:>K€nbiX 

aneMeHTOB KBK KanHijJOpHHil ( Z =98) H ai!BWTeitHHit AnSI o6ny'!eHHSl HX aapSI:>KeHHbiMH 

qaCTHUaMB Ha ycKopaTenHx. B Ha'!ane 1955 roAa a BepxnH (CliJA) aTHM cnoco6oM 

Obin BnepBbie CHHTe3llpOB8H MeH}:leneaHil ( aneMeHT 101) B HJ:tepsol! peSKilHH 

2ss I 11 
Es 253 (a, n) Md • 0nH8KO KOna'!eCTBO HCIIOnh30B8HHOrO B KB'IeCTBe Maweaa 

• . ( 9 253 -7 
aaHwTeaHaSI 6Lrno HaCTOllbKO Mano 10 aTOMOB Es ana 5·10 MKr), '!TO 

-27 2 
HeCMOTpH H8 3H8'!HTenhHYIO sena'!HHY Ce'!eHaSI ( .. 10 CM ) H):tepHOil peaKUHH 

(a, n) Bb!XOA MeHneneBHSl COCTBBHn 1 8TOM B '18C. 3KCIIepHMeHT8Tiilpb! BIIepBbie 

~cTpeTanach c orpoMHOil TpynHOCThiO, KOTopaSI 3aTeM cTana xapaKTepHol! nnH TpaHc-

ljlepMHesoil OonaCTH, - HJ:teHTHijlaKBUHell aneMeHTa no C'!aTSHHOMY '!acny 8TOMOB. 

B uenoM B nepBLIX onLITax 6Lrno aaperHcTpHpoBaHo TOIIhKO 17 aTOMOB MeHAeneBHSI. 

.[lng ero aAeHTHrpaKaUaa aCIIOllb30B8IIHCh TpaAaUHOHHhle XHMH'IeCKae MeTO}:lhi, pa3pa-· 

OOTBHHbie B Te'leHHe MHOPHX npe}:!IIIeCTBYIOWHX neT, - 3TO npe:>K}:le BCero aOHHQ

o6MeHH8Sl xpoMaTorparpaSI. 0HH AOBOllbHO MeAneHI!Lre, HO, K C'!BCThiO, H30TOII MeHAe-

256 
neBHSl 101 OK838IICH }:!OCT8TO'!HO J:tOIIrO:>KaBYWHM, H IIpHMeHeHHe 3TOPO MeTO}:l8 

ObinO ycneiiiHbiM. npaBAB, MBliOCTb 3rpljleKT8 SIBanaCh npa'!aHOil HeTO'!HOPO OIIpeAene

HHSl nepaoAa nonypacrraAa aoaoro aneMeHTa a nepaLrx OIILITBX 1955 rona, Korna 6Lrno 

nony'!eHo 3Ha'!eaae nnSI T !Ia = 30 MHH. B nanhHel!IIIeM B 1958 roAy 6Lrno ycTaHOB-

neHo, 'ITO B AeilcTBHTeiihHOCTH nepaon nonypacnana B 3 pa3a 6ollb11Ie H paaea 

90 MHH/
2

/ 

nony 'IHTb 102-11 aneMeHT aHanorH'!HhiM crroco6oM se rrpeACTaBnHnoch B03Mo:>K

HhiM, IIOCKOnhKY AnSI 3TOrO He ObinO H !leT COOTBeTCTBYIOWHX MHIIIeHeil: }:lonro:>KHBY-

U7 
wail aaoTorr rpepMHH Fm ( T

1
;

2 
=80 ns) na:>Ke a HaCTOHWee apeMH HMeeTCH ·a o'!eHh 

MBnOM KOnH'!eCTBe, He}:!OCTBTO'IHOM }:lnH nparOTOBII911HH MHWeHH, B Y Mel!}:leneBHH lie 

o6aapy:>KeHO cpaBHHTenhHO nonrO:>KHBYWHX H30TOIIOB. 

EAHHCTBeHHBH B03MO:>KH0CTh, KOTOpaH 3}:leCh OCTBBBnBCh, - 3TO HCnonh30BBHHe 

6onee TH:>KenbiX, '!9M renal!, yCKOpeHHblX 'IBCTBU (yrnepOA, KHCnopOA, HeOH H Ap.:)', 

'ITO II03BOnHno npHMeHHTh B KB'IeCTBe MHIIIeBeit 6onee nerKHe aneMeBTbi, HMeiOwHecg 

4 

B neCOBOM KOnH'!CCTBe, H yBeiiH'!HBBTh 38pSIA HCXOJl!IOPO S1Ap8 (ypaHa HnH ero 6nH

:>KaiiiiiHX COCeAeil) cpa3y H8 HeCKOIIhKO e):tHHHU. 

0}:!H8KO IIpBKTH'!eCKOe OCyLUeCTBIIeHHe IIpH!IUanaanhHOJi B03MO:>Kij0CTH CaHTe3a 

10:l H oonee TSJlKenbiX aneMeHTOB B Sl}:lepHbiX peaKUHSIX C MHOr038pSIAHhiMH HOHBMH 

npenCTaBnHIIO COOOll '!pe3Bhl'l8llHO TpynHYIO 3KCIIepHMeHTBIIhHYIO 38):18'1y. npH cywe

CTBODBBLUIIX B TO BpeMH H!ITeHCHBHOCTHX IIY'IKOB TSI:>KeiibiX HOHOB MO:>KHO OblnO O:>KH-

):18Th, 'ITO BbiXOA TpaHCypaHOB COCTBBHT HeCKOnhKO BTOMOB B CyTKH, IIOCKOnhKY Ce-

-30 -3:l 2 
'!eHaH peaKUHfl O'!eHh MSnbi (10 - 10 CM AIIH a30TOIIOB 102-ro aneMeHTa). 

Maorne aonpocLr, KOTOpLre Teneph npencTaanmoTCH oqeaKAHbiMil, 6LIIIH ewe He peiiie

Hbi 3KCIIepHMeHT8TOp8MH, KOrJla HS'!aHanaCh IIepBble OIIb!Tbl no CaHTe3y 1 02-ro ane

MeHTa. B qacTaocTa, aoaHaKana TpynaoCTb, cnH3aaaaH c ManbrMa apeMeaaMa :>KH3Ha 

o6paayrowaxcH a3oTonoa. BLICTpbiH pacnaA nony'!eaar.,rx aTOMOB 3aTpyAHHeT, a aaor

na AenaeT a coaceM HeB03MOlKHbiM a3y'!eHae HODoro aneMeHTB o6ui'!HbiMa XHMH'!e

CKHMH MeTOABMa. Heo6XOAHMO ObinO C03ABTh HOBble 3KCIIpeCCHbie MeTO}:lbi H}:lei!TH

<jlrmaUHH. if, HBKOI!eu, TpeThSl aeChM8 cyweCTBeHHBH TPYAHOCTb o6ycnoaneaa onac

BOCThJO Cl -paAH08KTHBHOrO rpOHB C 6na3KIIMH K TpaacypaBOBblM aneMeHTBM CBOl!

CTBBMa. Cno:>Kabre HJ:tepabre peaKuau nepeAa'!a 6onhmoro '!HCna ayKnoaoa, o6Hapyll<ea-

/3 4/ 
Hbie BIIepBbie B 011Sli1 ' , a TBK:>K·e HJ:tepHbie peaKUHH, Bbi3biB8eMbJe TH:>KeiiLIMH 

noaaMH aa MHKponpnMecgx Bi , Pb H 6onee nerKux aneMeHTOB B aewecTae MHIIIe

an, IIpUBOJlSIT J( 00p830B8HUIO Cl -aKTHBHbiX HJ:tep-IIpOAYKTOB B OOII8CTH IIOnOBHSI-TQ

pHSI c ceqeHHSIMH n TbiCH'IH H MIWnJIOHbi pa3 6onLLUHMH, '!eM ceqeaae o6pa3oaaHHSI 

102 aneMeBTa. PaBhiiie Ka3anoch, '!TO 3Ba'!aTeiihBbre rrpenMywecTna nepeA a -

pacrranoM Morno 6Lr ABTh H3yqeane crroaTaaaoro AeneHHSI naoTonoa 102. OnaaKo 

a 1961 rony n fla6opaTopHH HAepHbiX peaKunil OH5ll1 6Lrno o6aapy:>Keao ycrwpermoe 

cnonTaaaoe Aeneaae HJ:tep c Z < 100 B !130MCpHOM COCTOSIHHH. TaKHe HApa-H30Mepbl 

TBKli<e 06pa3yiOTCSI B peai<UHHX C MHOP038pHAHbiMH HOH8MH H C03}:!810T, B CBOIO O'!e

peAh, 38MeTHblll rpOH B 3KCnepnMeHT8X no HCCIIeJlOBBHHIO CIIOHTBHHOrO neneHHH KBK 

102, TBK H oonee TSI:>KeiibiX 3IIeMeHTOB. 

.[lng ycneniHOPO peiiieHI!Sl npo6neMbl CIIHTC38 102 BeOoXOAHMO ObinO C03}:!8Th 

~IOWHLJe yCKOpHTeiiH AIISI nony'!eBIISI ny'IKOB TSI:>KeiihiX HOHOB 6onhiiiOll HHTCHCHBHOCTH 

( MI!KpOaMnepbl H )leCHTKH MHKpOBMnep HOHOB yrnepOJla, KHCIIOpOAB, aeoaa), XOpOIIIel! 

MOBOXpOMaTa'IHOCTa a AOCT8TO'IH0 BbiCOKOli 3Beprna (8-10 M3B 88 HyKnoa). Hy:>KBO 

6Ltno pa3pa60TaTh npeuaaHOHBbie 6ecljloaoaLre neTeKTOpbi a •'IBCTHU a ocKonKOB 
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cnOHT8HHOI'O AeneHHSI, A06HTbCSI BblCOKOH 'IHCTOTbl HCnonb3 yeMblX MaTepaanOB (MH-

weHb, AeTanH yCT8HOBOK H np.) OT llpHMec,~ii Bi , Pb , Hg H Ap. 

qTo *e npoH3owno aa caMOM Aene? 

flepBble pa60Tbl no CHHTe3y sneMeHTa 10:.! 6blnH H8'18Tbl B 9KCnepHMeHT8nbHblX 

ycnOBHSIX, He YAOBneTBOpHBWHX 60nbWHHCTBY H3 9THX Tpe6oBaHHH. 3To o6CTOSITenb

CTBO npaaeno K TOMy, 'ITO B HeKOTOpblX p8HHHX pa6oTaX 6binH CAenaHbl HeAOCT8TO'l

HO 060CHOB8HHble BblBOAbl, a HHOI'Aa H nonpOCTY AonymeHbl OWH6KH. 

0KOH'laTenbHoe peweHHe npo6neMbl HAeHTH~HK8UHH H30TOnos 102-ro sneMeHTa 

3aTHHynocb ua Maoro neT, H TonbKO B Hl66 roAy SKcnepaMeHThi, BhmonaeHHbie B 

,ily6He, n03BOnHnH nony'IHTb H8Ae*HYIO HH~pM8UHIO 06 HCTHHHblX CBOikTB8X MHOI'HX 

H30Tonoa sToro sneMeaTa. B cno*HYIO H 3anyTaHHYIO 10-neTHIOIO acTopaiO 6bwa, 

aaKoaeu, aaeceaa HCHOCTb. 

B 9TOH CTaTbe HaM XOTenocb 6bl COllOCTaBHTb pe3ynbT8Tbl pa3HH'IHblX pa60T 

no H30T0ll8M 3UeMeHT8 10:.:!, H3BeCTHblX B HaCTOSIWee BpeMH, XOTSI 3TO H HenerKSSI 

38):{8'18, nOCKOnbKY 8H8UH3 pe3ynbT8TOB nepBblX pa6oT no CHHTe3y 3UBMBHT8 102 

seCbMa 3aTpyAHHTenea 83-3a OTCYTCTBHSI B ny6nHK8U8SIX AeTanbHOI'O Oll8C8H8SI 

K8K 3KCnepHMBHT8nbHblX yCTaHOBOK, T8K 8 nony'leHHbiX pe3ynbT8TOB. 

flpe*Ae BCero OCTaHOBHMCSI Ha ABYX pa6oTaX, KOTOpbie npoBOAHn8Cb aaanOI'8'1HbiM 06-

pa30M, HO B KOTOpblX 6blnH nony'laHbl COBepweHHO pa3n8'1Hble pe3ynbT8Tbi. 3TO - COBMeCT

H8SI aMepaKaHo-aarno-waeACKaH pa60Ta, Bhmonaeaaag a Ho6eneacKoM 8HCT8TyTe 

!51 
ljJH3HK8 B CTOKI'OnbMe B 1957 I'OAY I 8 8MBpHK8HCK8SI pa6oTa, BblllOnHeHHaSI B 

16! 
PaA88UHOHHOl! na6opaTopHH HM. 3. noyp~aca B BepKnH B 1958 I'OAY • 11 B TOil 

H B Apyroit pa60TaX 6bina npeAnp8HSITa llOllblTKa HAeHTH~8UHpOB8Tb 102-ii :aneMBHT, 

HCUOnb3YH MBTOA pa3AeneHHSI, OCHOB8HHbiH Ha HOHHG-06MeHHOli XpOM8TOrpa~HB, T.e. 

XHMH'IBCKHli MBTOA, npHMBHSIBWBilCSI npa BAeHTH~HK8UHH npeAbiAYWBX TpaHCypaHOBbiX 

sneMeHTOB. M8weaa H3 CMeca H30Tonoa xropag ( Cm 244 - 95%, Cm245 _ 1% 
248 IS 

Cm - 4%) o6nyqanHCb llY'IKOM HOHOB C flony'ISBWHBCSI B SJAepHbiX peaK-

UHHX npOAYKTbl Bbi6!fBanHCb H3 MHWBHH 38 C'leT 60nbWOI'O HMnymoca, BlleCeHHOI'O 

6oM6apAHPYIOWHMH HOH8MH, B co6apanacb Ha c6opHBKaX, KOTOpble nocne nonyqacoso

ro o6ny'leHBSI noAsepranacb XHMB'leCKoii o6pa6oTKe. BbiAeneHHhie npoAyKTbi aaana-

38poaanacb B HOHH38UHOHHOii KaMepe C UenbiO o6Hapy*HTb anb~-aKTHBHOCTb, CBH-

38HHYIO c pacnaAoM 102-ro sneMeHTa. 
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B CTOKI'OnbMCKBX OnbiTaX BO ljlp8KUHH, COOTBeTCTBYIOWBH Ha XpOM8TOrpaMMe 

102-My :aneMeHTy, 6bwa o6aapy*eHa anbljla-aKTHBHOCTb c :aaepraelt 8,5 :!:.0,1 Mas 

a nepHOAOM nonypacna.na oKono 10 MHH. Bcero 6bmo 3aperacTpaposaHo OKono 

20 C06biTHli. 11MeHHO TOT ~8KT, 'ITO XHMH'laCK8e CBOitCTBa nony'IBHHblX aTOMOB COB

nallanB C 0*8llaeMblMB CBOHCTBaM8 102-ro :aneMeHTa, nocny*Bn AnSI aBTOpOB OCHo

B8HBeM UpBUBC8Tb Ha6niOA8BWHeCg paA808KT8BHbie CBOliCTBa OllHOMy 83 B30TOnOB 

253 
102-ro :aneMeHTa • .Uenanocb npennono*eHae, 'ITO aTo na6o H30TOn 102 , na6o 

251 255 
102 , na6o 102 , KOTOpbie MOrna nony'ISTbCSI B pe8KUHSIX Cm 244 (CIS, 4 D) l0225S 

244 12 251 248 II 255 
Cm ( C , 6 a )102 B Cm ( C , 4a) 102 • TaKoli BbiBOll 6bm c.nenaa, 

'IT06bi 06'bSICH8Tb OTHOC8TenbayiO '.noni'O*HBy'leCTb' nony'leHHOit anb~- 8KTBBHOCTB, 

T8K K8K TOnbKO .1130TOnbi C He'leTHbiMB MaCCOBblMB 'IBCnaMB MOI'YT HMeTb 3aitep*KY 

npB 8nb~-pacna.ne no Cp8BHeHHIO CO CBOHMH 'leTHo-'leTHbiMB COCellSIMB. flo OUeHKaM 

aBTopoB 'ae3anpemeHHblii' pacna.n .nnH H30Tona 102-ro aneMeHTa c E a =8,5 MSB 

cooTaeTCTBYeT nepaony nonypacna.na OKono 10 ceK, a,cnenosaTenbHO, ~KTop 3anpe

Ta nng Ylt83aRHblX B30TOnOB paBeH 60. ABTOpbl TaK*e He BCKniO'l8nB, 'ITO Ha6niOnae

M8SI BMB anb~-altTBBHOCTb npBHanne*ftT KOpOTKOlKBBYWeMy B30TOny MeHneneBBSI 

( Z =1 01 ) , nony'laromeMycg H3 1 02-ro aneMeHTa B pe3ynbTaTe aneltTpOHHoro 3aXBa

Ta c T112 -10 MBH. 

nocne nycxa naaeiiaoro yCKOPHTeng TSilKenblX HOHOB B BepKnB A. raopco H 

161 
np. llOllblTanBCb llOBTOpHTb CTOKI'OnbMCKBe pe3ynbT8Tbl C uenblO BX nOATBeplK.ne-

HBH, UOnb3YSICb aHanorB'IBOii MeTonBKOii. 0AHaltO llOBCKB anb~-altTBBBOCTH, 0 KOTo

poit coo6manOCb B nepsol pa60Te, olta3anBCb 6e3ycnewHhlMB. 

Cne.nyeT Clta3aTb, 'ITO ycnosas, B KOTOpblx nposo.nanacb aMepaKaHCKaH pa60Ta, 

6blnB ropa3AO ny'lme no cpaBBeBBIO C ycnOBBSIMB CTOKI'OnbMCKHX OllblTOB. EcnB HB

TeHC.BBHOCTb ny'llta B 225-cM n.BKnOTpoae ae npesblwana 0,1 MKa, TO aa naaeiiaoM 

ycKopRTene oaa 6blna ae Meaee 0,2 MKa. Ecna aaepreTa'leCKHA cneKTP ycKopeaHbiX 

HOBOB Ha WBellCltOM ll.BltnOTpOHe 6bln O'leBb 'pa3Ma3aHHb1M' (OT 70 no 100 MSB C 

neHTpOM TSilKeCTB OKOOO 90 MSB), TO Ha n.BHeilHOM yCKOp.BTene B BepKnH BMe.iiCSI 

u 
MOHOXpOMaT.B'leCK.Bli ny'IOK. 06ny'leH.BH 6b1UB npoBe_lleHbl K8K HOH8MB C t TaK 

B HOHaMB C12 B ABalla30He SHeprBit OT 60 no 100 MSB. AaanB3 ~paKUBH 8KTBBHn

HbiX aneMeHTOB Ha'IBHanCH 'lepe3 8 MHBYT nocne KOHUa lt8lKll01'0 o6ny'leHBSI. Ho HB 

B OllHOM 83 OllblTOB, KOTOpble BenBCb B Te'leHBe HBCKonbKBX MeCSilleB, anb~-8KTBB

HOCTB c Ea =8,5 Mas B T 112 =10 c MBH ae 6blno o6aapylKeno. OTpanaTenbHble pe-

3YnbTaTbl onhlTOB, nposeneHHblX 5 BepKnB, nocTasana no.n coMaeaae TOT ~aKT, 'ITO 

B CToJtrOnbMe 6bin nony'len 102-ii aneMeHT. 

7 



171 
B MOCB;Be B· 1957 f'OJJ.Y 6bUlO ITOK838HO, HSCKOnbKO orraCHbl npaMeCH CBHHUS, 

BHCM)TB H npyrHX 91leMeHTOB B MSTepaane MHWeHa. KaK BHAHO H3 OITHCSHHB CTOK

rollbMCKHX OITbiTOB, O~HCTKa OT TSKHX RpHMeCell 8BT0p8MH He npoBOAHilSCb. flpH pac• 

CMOTpeHHH pe3yllbT8TOB CTOKf'OilbMCKOII pSOOTbl 06pawaeT He Ce6B BHHMSHHe TOT 

ljlaKT, ~TO 9qxpeKT H80niOA811CSl TonbKO He TpeX MHW9HSIX B3 WeCTH, KOTOpb!e HMellHCb 

B pacnopalKeHHH 9KCnepHMeHT8TOpOB. 3TO MOr'llO CllYlKBTb YK838HBeM HS TO, 'ITO 

peaKUBSl, npHBOASIWSH K UOHBneHBID HOBOrO B31ly~aTellg C 9Hepraell a -~aCTHU 

8,5 M9B , B03HBK8eT He He KIDpHH. K COlKalleHHID, SBTOpbl He rrpHBOllllT Sllb<jla-cneKTp 

npOllYKTOB, nony~SBWBXCH B OllbiTSX, B KOTOpb!X He HCITOJlb30B8110Cb XHMH~eCKOe paa

neneHHe H llSlKe He YITOMHHBIDT, llellSilHCb IlK 9TH OUbiTbl BOo6me. Q-rcyTCTBHe TSKHX 

ABHHbiX He ABeT B03MOlKHOCTB npeACTBBHTb, HBCKOilbKO ~BCTO ObJnB cnenaHbl 9TH 

Ollb!Tbl, 

Heyna~Hble UOUbiTKH CHHTe38 H HAeHTHcjlHKSUHH i02-ro 91leMeHT8 TpSAHUHOHHbi

MH XHMH~eCKHMH MeTOASMH H3-38 MSilOrO BpeMeHa lKH3HB ero B30TOITOB HarrpSBBilH 

BHHMSHHe HCCileAOBaTeneA HS C03A8HHe ~H3H~eCKHX MeTOAOB HlleHTH~HKSUBH, 

0AHH H3 HHX ObJn snepBbJe paapa60TaH H HCITOilb30B8H B OITbiTBX ITO nony~eHHID 

10~-ro aneMeHTB B l1HCTHTyTe STOMHOA 9HeprHH B MOCKBe B 1957-1958 r.r/
7

•
81

• 

CyTb aToro MeTOAa COCTOHT B Ob!CTpOM MeXSHH~eCKOM nepeHOCe Sl)lep-nponyKTOB 

peaKUHH, BbllleTeBIIIHX H3 MHIIIeHH, K lleTeKTOpaM H31ly'leHHH0 perHCTpapyiOWHM a -

'ISCTHUbl HllH OCKOilKH CUOHTBHHOrO neneHHH HCCnenyeMOro H30TOU8. 

B MOCKOBCKHX OUbiTaX Mpa B6HB81lHCb B BlliOMHHHe~bJI! COOpHHK, KOTOpblA 38 

l ,5-2 CeK nepeMeiiiBilCSI H3 30Hbl OOily'leHHH Ha paCCTOHHHe 2 MeTpa, rne paCUOila

rallHCb Sl)lepHbie ~OT09MYilbCHH, CllYlKHBWHe neTeKTOpSMH Cl -'IBCTHU.· 

3HeprHH Sl)lep OTAB'IH TBKOBB, 'ITO OHH CUOCOOHbl rrpOHHKBTb srny6b COOpHHKB 

Ha 1-1,5 MHKpOHB, H 9TO npHBOAHT K UOTepe TO'IHOCTH npH onpeneneHHH 9HepraH 

a -'IBCTHU, BbineTBJQII:&BZ: H3 COOpHBKa B peaynbTBTe paCIT8ll8 BCCnenyeMhiX H30TO

ITOB. Jlpyroe HenpHHTHOe OOCTOHTBilbCTBO CBH38HO C UpOXOlKAeHHeM ITY'IKS TSVKBilbiX 

HOHOB 'lepe3 SlliOMHHHeBhiA c60pHHK. ilpH aTOM yCKOpeHRble HOHbl, so-nepBbiX, BKTH

BHpyJOT MSTepaan COOpHHKB, C03ABB8H 3HB'IHTenbHb!ll {3 -, y -, H AalKe a -~OH 

(aa TSilKellbiX npnMeCrut B SnJOMHHHH), H, BQ-BTOpb!X, HarpeBBJOT COOpHHK 38 C'leT 

60ilbiiiHX YllBnbRbiX llOTepb sa HOHH38UHJO, 06a 9TH acjlcjleKTB CyWeCTBeHHbiM 06pa30M 

BllHSIJOT aa Ka'leCTBO pa6oThl lleTeKTOpoB Cl -'laCTHU, YXYlliiiBH HX paapernaJOWYJO 

crroco6aocTb. 

8 

,f.· :v 

B MOCKOBCKBX Ollb!TSX MHWeHB H3 HGOTOITOB UllyTOHBH Pu 141 
B Puu' 

o6ny~allHCb yCKOpeHBbiMB llO 9HeprHH 100 M9B MOHOaRepreTB'IeCKHMB BOKBMB KHCilo-

18 
pona 0 . 

0CKOBK8!J TpyllROCTb, C KOTopoA npHIIIIlOCb CTOilKHyTbC!J 9KCnepBMeRT8TopaM ., 

38Kill0'181l8Cb B B03RHKROBeKHH a -paAHOSKTHBHOrO ~OKS HB llpBMeC!JX CBHHUS B 

6onee nerKBX 91leMeRTOB B M8TepH8118X MBIIIeRH H C60pHHK8, flpa B38HMOllellcTBHH 

KHC110p01l8 CO CBHBUOM o6paayeTCg OOilbWOe 'IHCilO a -aKTHBRbiX B30TOITOB B o6nac

TB nonORHH H BbiWe 38 C'leT paanH~BbiX peaKUHA nepella'IH. TaK, B MQC1tBe BnepBbie 

61>111H o6sapylKeBbl rpyrrnbl Cl -~aCTHU C 9BeprHell: 11,65 H 8,87 M9B, KOTOpb!e 

o6ycnosneHbl, KaK BbiHCRBnOCb s:ecxonbKO no3lKe, pacnanoM H30Mepos nonosHs 

211m . 2Um Po B Po • To~socTb H3MepeRBSI 9HepraH a - 'leCTBU c nOMOmbJO SIJlep-

RhiX cjlOToaMym.cBll: ae noasonsna pa3pewHTb PSIJl ApyrHx a -rpyun, o cywecTso

saHaa KOTOpbiX Tenepb xopo!UO H3BeCTSO, BonpocaM cjlOR8 B MOCKOBCKHX OnbiTBX 61>1-

110 ynenesO O'leHb 6om.woe BRBM8SHe. C 9TOll: nellbiO 61>111 pa3pe60TeK BbiCOKO~YB

CTBHTellbHbill: 8KTHB8UHOKHblll MeTOll aHallH38 MHWeHell H C60pRHKOB HB COAeplKSHHe 

CBHH!la, 6bJnB pa3pa60TaHbl MeT.OAbl O'IHCTKH MSTepaana MBmeaa OT p:OCTOpOBBHX 

npaMeceA. Pe3yllbTBTbl aToll pa6oThi HBHilHCb 6a3oll AllSl Maorax nocneAyiOWHX 9K

cnepaMea'l'os, npaseAeHHhiX noanaee KBK B .lly6He, TaB; B B CWA. 

B pa60Te 19b8 rona B MDCKBe HCUOnb30B81lHCb ABe nllYTOHB9Bble MHmeaH: 

2 241 2 141 
nepaas coneplK8na 180 MB;r/cM· Pu , sTopaSI 100 MK'J"/cM Pu • C nepsoll 

MHWeSbiO 01>1118 nponenaHB CepHH Onb!TOB ( 40 06ny'lf;eKHA nO 8 ~aca KSlKAOe), B KD

TOpOA speM!J 9KCn03HilHH nOll ITY'IKOM H OKOilO cjloTOnllBCTHHKB COCTBBil!JnO 8 CeK, 

a speMH llBHlKeRHH c6opRaKa - S ceK. B pe3ym.TaTe aTHX OllbiTOB Ra6niOllBilHCb 

a -~acTHllbl c 9HepraeA B BRTepsane 8,2-9,0 M9B, Bcero 61>1110 3aperHcTpHpoaaRo 

90 TSKHX cz -~acTan. TwaTellbRbiA aKTHBBUHOHRI>lll asanll3 noKa3an, 'IT'O npHMBCH 

CBHRilB MOryT o6ycnOBHTb He 6onee 40% 0T BCero 'IHCilB Ha6nJOll8BIUHXC!J a -~aC

THil B 9TOM HHTBpBalle 9Reprell. 8TOp8SI MHIIIeSb 6blll8 H3rOTOBilBH8 nOCilB AOnOil

HBTem.Roll O'IHCTKH ITilYTOHH!J II COABplKB118 3B8~HTBilbHO MBHblUB CBHHUB, ~eM nep

BBH. 8 pe3yllbT8Te 10 TpBX~BCOBblX OOilY'IBHHII B TOM lKB CBMOM pelKHMB pa60Tbl 

peracTpBpyiOWBrO ycTpOIICTBS sa6nJOA8110Cb 20 a ..qaCTHil B HHTepsane aaeprHII 

8,2- 9,0, AKTHBBilHOHBbli!: 8H811H3 nOK8381l, 'ITO TOnbKO 4 H3 BHX MOlKBO OTSecTH 

38 C~BT 3arpH3BBBHA MHWeHH CBHH!lOM. 

KaK ylKe O'l'M9'18110Cb, MBTOA OITPBABilBRHH aaeprHII Cl -'IBCTH!l C nOMO!UbiO 

~oToaMyllbCHII ae o6nanaeT BbiCOKOI!: TO'IHOCTbJO. Ha pac. 1a npaselleR cneKTp 
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111 -"'aCTHil, nony"'ess&ll c IIOMOOU.JO ljloroaMym.caA np.a o6nyqeaa.a Pb aoaaM.B 
18 /8/ 

0 • Ha PH<?• 16 IIOKa3aH TOT lKe Cll&!tTp, B3MapaHBhll C IIOMOIUbiO rronynpOBOil-

HBKOBbiX .QeTexTopoa B Lly6ae ( 1967 r.). 06pamaeT sa ce6a aaaMaaae TOT cjlaKT, 'ITO, 

ao-nepBbiX, MHOI"Ba Ill -rpylllibi, aC"TaCTBeBHO, Be 6blllB paapemeBbl B ljlOTOSMylib

CBSIX, B, eQ-BTOpbiX, SBapi"BSI OCSOBBbiX rpynn a -"'SCTBil HeCKOnbKO 38Bb!IU988. 

8 1958 I"OilY C"'HT81l0Cb, 'ITO SBepi"BSI a -qacTBil OllBOI B3 saa6onae BBTeHCBB-

HOI rpynnhl COCT8BnS19T 7,5 MSB, B .QaiCTBBTenbBOCTB JKa aTa aaepi"BSI pasHa 

7,27 MSB, T.e. B <jlOTOSMYnbCBB asepi"BSI 6blll8 3aBbllU&Sa sa 230 KSBo 8 o6naCTB 

6onea BbiCOKHX aaepral OTM&'Ianacb rpynna a -"'aCTBil c aaapraal 12 Mae, TOI"Ila 

xax aa caMOM Qene ax asepraa paaaa 11,65 Mae, T.e. aaeblmesaa aaepraa cocTa -

BBilO 350 K9B, 

Ecna o6paTBTbCSI K cne!tTpy " -qacTau, aao6palKeasoMy aa pac. 2 a rronyq:ea-
241 18 /8/ 

HOMY IIpB o6nyqeSBB Pu BOSSMB 0 (pac. 5 83 pa60Thl ) , TO BBllSO, 

'ITO C Y'i&TOM TOnbKO 'iTO yxa38SSbiX nonpSBOK B SSapi"BSIX Ill -'iSCTBil BbiCOK09S&p

I"H'iS8B rpynna, oTsacesaaa x pacnaAy 102-ro aneMeSTa, .BMeeT asepr.aJO,npaMepso, 

sa 300 xaa salK~, T.e. 8,6;!:.0,4 Mae, a se 8,9;!:.0,4 MSB. OueBK.a napao.Qa nonypacna

llS STOI"O B30TOII8 ll8B81lB 3S8'i&S.Be B BSTepaane 2 C&K ~. T
112 

!: 40 C&K, ABTOpaM 

se Yll81l0Cb .Q&TSnbSO .B3Y'iBTb <jlySKllBIO B036ylK.QeSBSI peaKUBB, npBBOllSIIU&I K o6pa-

30B8SBIO aoeoro aanyq:aTena. 0.Qsaxo npa Tax aaa'ieSBSIX asepraa aosoa 0 18 

. KOTOpble BCIIOnb308allBCb B Onb!TSX no o6nyqesBIO Pu 
241 

,, MOI"IlB BM&Tb M&CTO 

TOnbKO llBa COpTS BCnapBT&nbSbiX peSKUHI C Bblll&TOM llH60 4, na6o 5 S&ITpOBOB, 

T.e. o6aapylKeSSbll B30TOil C E Ill "'8,6;!:.0,4 MSB B BpaMeHeM lKB3SB B BSTepaane 

OT 2 llO 40 CeK MOl" BM9Tb MaCCOBOe 'iBCilO 252 BllB 253. Ce'iesae Slll&psol peaK

UBB, IIPBBO.QSIIUel K o6p8308aSBIO HCCila.QOBSBSOI"O B30TOila, OK8381l0Cb paBBbiM 

2 • lJ-32 
CM

2 • 

B sacTOSIIUee apeMs Mhl asaeM (o6 aTOM 6y.neT cxaaaao saJKe), 'iTO aao-

TOll 
252 

102 o6na.QaeT CBOICTBaMB, 6nH31tBMB K TOMy., 'ITO sa6mo.Qall0Cb B MOCitOB-

CKOI 
/8/ 

pa60Te : ero nepHO.Q nonypacna.na paaea 4,5 celt, a aseprsa a -'iaCTBil 

8,41 MSB. 0'i&BH.QBO, 'iTO HM9SBO STOT B30TOil aa6nJO.Q81lCSI B OIIbiTaX 1957-1958 I".I". 

a Slllepaol peaK!lBB Pu 141 
( 0

18
, Sn j 102 251 

Llpyrol axcnpeccabii ljlaaaq:ecltal MeTo.Q, e KOTopoM a.neaTBijlaxauaa accneQye

Moro aaOTona 102-ro aneMeaTa nposo.nanac& no ero .QO'iepaeMy upo.nyltTy, 6bln paa
/9/ 

pa6oTaB A. faopco a .np. a a .QallbselmeM MO.Qacjuwapoaaa a: acnonbaoaas a 
/10/ 

pa60Te E.Ll. Lloaua a .Qp. • 
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/9/ 
8 Ollb!TaX A. fsopco a .Qp. Slllpa, Bhi6BTbl& B3 MBW&SB, TOpM03allHCb B aT-

MOCijlepe I"ellBSI B 3aTeM nOIIOlKBTellbSO aapS!lKeSSble STOMbl C06apallaCb SlleKTpaq:e

CKHM nolleM Sa ll9STy, BSXO.QaBWYIOCSI IIO.Q OTpHil8TellbSbiM noTeSUBallOM. neBTa-KOS

Belep napeMemanac& c onpa.nenessol CKOpOCTbJO B aoay, r.ne npoacxo.nsno co6spa

ase .QO'iepBHX npo.QyKTOB Sa BTOpH'ISble C60pHHKH Slll9p OT.Qa'iH. 

Llo'iepsae npo.nyxThl c xopowy saaecTSbiMH xapaxTepsCTBKaMB pacna.na, oxa

aaawaecSI sa BTOpH'iBOM c6opsalte, H.QeSTBijlHUBpOBSilaCb 3aTeM XHMH'ieCKHMH MeTo-

.QSMB. 

HeoCnOpBMbiM .QOCTOBSCTBOM STOI"O MeTOAa, SIBilBJOIUei"OCB pa3BBTB9M Kllacca

qaCKOI"O CnOC06a BpeMeB OTKpbiT aS! H H3Y'i9BHSI pa.QBOaltTaBSOCTH, 6b!lla B03MOlKSOCTb 

O.QS03H8'iSOI a.QeHTacjlaKaUBB nepBa'iSOI"O npo.QyKTS. llpae.Qa, llpa 9TOM MOlKSO 6blll0 

saMepBTb nawh nepao.n nonypacna.na asTepecyromero aaoTona, a aaepras anbljla-aa

nyq:eBBSI- B8lKHaiiU8SI xapaKTepaCTBKa Slll&pBbiX CBOHCTB.B30TOna- se onpe.nena-

nac&. 
I 9/ 

J1CIIOnb3YSI STOT M&TO.Q, faopCO B .Qp. IIpOB&IlB Ollb!Tbl DO CIIBTeay B30TOila 

102254 e peaxaa Cm 248 (C 12
, 4n) 102 

254 
• H.nesTaljlaxauaa· BhlnonsSIIlaCb no 

.QO'iepseMy a30TODy Fm UO ( 102254 ~ Fm 250 } , SIQ&pllbl& CBOICTBS KOToporo 6bllla 

xopowo aay'iashl ( E
111

=7,43 Mae, T 1f 2 .. 30 Mas). LlelcrnaTenbHO, e nepebiX JKe 

axcnepaMesTax aaTOphl o6sapylKBilll B .QO'i&pHBX llpO.QYitTSX Fm250 
• 3aeacaMOCTb 

BhiXO.Qa Fm 
250 

B .QO'i&pHBX llpO.QYitTaX OT aHepi"HH 6oM6ap.QBpyiDIUIIX HOHOB cu 

BM&Ila BHil OCTpOI ltpBBOl! C MaltCBMYMOM llpB asepraH aOHOB 70;!:.5 MSB, 'iTO .QOKa-
254 

3b!Bano, 'iTO DepBB"'Sbll DpO.QyltT 102 CHHT&3BpyeTCSI HM&HHO B pealtUaB C BCna-

peaaeM 'i&Thlpex H&ITpoHOB. B peayllbTaTe O.QHOI"O onhiTa, npoee.neHaoro 

BbiX ycnoeaSIX, peracTpapoaanoc& 40 pacna.noe Fm 150 
• Pacnpe.nenesae 

254 
BTOpB'iSOM c6opsaxe cooTeeTCTBOeano nepao.ny nonypacnalla llllSI 102 , 

3 cex. llpa aaMesesaa cxopOCTB .nealKaHBSI neHThl pacnpe.QeneHae Slll&p 

B OllTBMSilb

Fm 250 
sa 

paBBOMy 

Fm2so 

Sa c6opSBite .QO'i&pSBX npO.QyKTOB B3M9SS!Il0Cb B COOTB&TCTBHB C Tl/l •3 Celt. 3To 

llOKaableano, 'iTO e .QaBHOM cnyq:ae Fm
110 

noaanaeTCSI sa c6opHHite 5 peaynbTaTe 
254 

BM&HBO Sllbljla-pacna.Qa 102 , npaCyTCTBYIOIU9I"O Sa ll&STe, 8 He KaKBM-IlB6o .Qpyi"BM 

o6paaoM. 3To JKa uo~taableanoch a T&M, 'iTO aa c6opaaxax He 6&1na o6aapylKaBbl HB 

Cf 148 , sa Cf 145 , aweewaaca B 601lbWOM xonaq:ecrne Ha caMol neHTe. Bonae 

TOI"O, npaHa.QilalKBOCTb allbljla-a!tTBBHOCTB C E Cl •7,43 M9B a Tl/t --30 MIIH B30TOIIY 

Fm 250 6blna npoeepeaa XBMH'i&CitBM cnoco6oM~ Ha· pac. 3 noxa3asa xpoMaTOrpaMMa, 
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nonyqeHHBII B 3THX onh!Tax, BHilHO, 'ITO cjJpaKilHII cjJepMH!I O'leHb qeTKO oTJleneaa OT 

cjJpaKUHH Cf H 5onee ner~~:ax sneMeHTOB. 

/11/ • 
B pa5oTe ' BblllOIIHeHHOH B 1959 l'Oily, A. rHopco H Jlp, HenocpellCTBeHHO 

254 
H8611IDil811H anbcjJ8-H311Y'I9HHe H30TOna 102 1 HCUOnb3YII llil!l ero CHHTe3a TY me 

248 12 254 
peaKUHID Cm ( C , 4 · D ) 102 , B STHX 01lblT8X neaT a, Ha KOTOpOA co5apa-

IIHCb npOJlyKThl !IIlepHb!X pe8KUHJl, npOT!IrHB8il8Cb qepe3 HOHH38!1HQHHYID KaMepy C 

ceTKoil, rile peracTpapoeanocb ax anbcjla-aanyqeaae. ·3KcnepaMeHTaTopbr aa6nrollana 
254 

anb<jla-HanyqaTenb c T1;
2 

.. 3 ceK H E
0 

=8,3 Mae a OTOmlleCTBHilH ero co 102 , 

OCHOBbiB8SICb H8 COBITalleHHH rrepHOil8 nonypaCIT81l8 STOrO H3ily'laTeil!l CO 3Ha'leHHeM, 

rrony'leHHhiM a npellhiilYllleil pa5oTe, KpoMe Toro B sTHX me onhrTax 5brno aaperHcTpH

poeaHo cnoa-raHHOe }leneHHe H30TOrra, pacrrallaBwerocll c T 1/2 a 3 CeK. EbinO BblCKa-

254 
38HO npellUOIIOmeHHe, 'ITO H30TOIT 102 HCITb!ThlBBeT CUOHTBHHOe JlerreHHe B 30% 

cnyqaee. 

B Teqeaae llilHTellbHOro BpeMeHH STB pa5oTa pBCCM8TpHBail8Cb KBK HBH50nee 

y6emiTenbHOe llOKaaaTeilbCTBO CHHTeaa 102
254

, ceoilcTea sToro H30Tona (T I =3 ceK, 
I 2 

E a =8,3 M3B) C'IHTanach 5eaycnoeao onpeJleneHHhiMH npasanbHO, nocKorrbKY Fm ·250 

MO}KeT llOSIBHTbCSI Ha BTOpH'lHOM C60pHHKe TOilbKO 
254 

KBK rrpollyKT a -pacrralla 102 • 
250 

Dpa aTOM HAeHTHcjJHKaUHII Fm B llO'IepHHX npOJlyKT8X ocyweCTBilllilaCb MeTOilOM 

HOHH0-06MeHHOH XpOM8TOrpacjJHH, 'ITO C'IHTaeTCSI HBH6onee H8}lemHblM CITOC060M orrpe

neneHHSI nopSIIlKOBoro HOMepa aneMeHTa (eM. xpoMaTorpaMMY Ha pac. 3). 

OnaaKo Korna a 1962-1963 r.r. a OHfiH 5hrna coallaHa aHanorH'IHall, ilHWb 

/12/ 
HeCKOilbKO BHilOH3MeHeHH8SI MeTOilHKa llil!l CHHTe3a H H3y'leHHSI a -pacnall8 

1!30TOITOB 102-ro aneMeHTa H 6hrno peweao BOC!lpOH3BGCTH peaynbT8Tbl A. raopco 

254 
H llp. llil!l 102 , TO B03HHKailH rrepBble COMHeHH!I B npaBHilbHOCTH ll8HHbiX 5epKnH-

C'BCKOH pa60Tbi. 

CxeMa annapaTypbl, HCUOilb30BaBW9HCSI Ha BHyTpeHHeM ny'IKe UHKilOTpOHa 

Y-300, npaBe}leHa Ha pHC, 4, DpHHUHIT JleilCTBH!I ycTpOilCTB8 COCTOHT B TOM, 'ITO npH 

6oM68pllHpOBKe TSimenbiMH HOH8MH T0HKOll: MHWeHH o5pa3yiDI!lHeC!I aTOMbl 102 3ile

MeHT8 Bbi6HB810TCSI B HBllOilHeHHbiH l'830M 38MKHyThiH 06beM H 38 C'leT llH<!Jcjly3HH 

OCellBIDT Ha CTeHKBX 3T0l'O 06b9M8, Tpa CTeHKH 06beM8 ripellCTBBIIIIIDT co6oil KOilb

UeBble yrny6neHHSI B MellHOM BpBI!lBIDI!leMC!I llHCKe ( 1) 1 KOTOpb!H BHOCHT BllCOp6H

pOB8HHble S!Jlpa 10:.l-'t'o 3ileMeHT8 H3 30Hbl o6ny'leHHSI B 30Hy c6opa llO'IepHHX rrpo

llYKTOB. Docne a -pacnalla lO:.l sneMeHTa 50% SIIlep q>epMHII Bbi6HsaroTCSI B raaosyro 

1:.! 

j 

cpeny a aneKTpOCTaTB'IeCKH co6aparoTC!I Ha szopH'lHOM c6opaaKe ( 4). B onbrTax npo

sonanocb XHMH'I9CK09 Bhlll9il9HHe <jlepMHII CO C6opHHKa llO'IepHHX !lll9p H llilll JlOUOn

HBTeilbHOl'O IlOilTBepmlleHH!I cjJaKTa CHHTe3a 102 aneMeHTa H3Y'l811HCb ¢yHKUHH B03-

6ymneHHH, KOT0pbl9 B Cily'lae HCnapeHHH H9CKOnbKHX HeliTpOHOB HMeroT XapBKTepHbiH 

KOIIOKOil006pa3Hbi:ll BHJl, 3THM CUOC060M H 

HhiX peaKUHHX U 2
!1 ( Ne 22 

, 6 n) 102 254 

254 
6blil CHHTe3HpOBaH H30TOU 102 B llllep-

H Am us ( N IS '4n) 102254 /12/ 

0Ka3ail0Cb 1 'ITO pacrrpeJleileHHe Fm 250 
Ha BTOpH'IHOM C60pHHKe pe3KO OTilHqaeT-

254 
c11 oT omaJlaeMoro llilH cny'la!l 3-ceKyHilHoro rrepHOila rronypacrralla 102 • Ha 

254 
3THX O!lb!TOB CilellOBailO, 'ITO nepHOil nonypacnalla 102 3HB'IHTeilbHO llilHHHee H 

COCTaBil!leT 50 CeK, 3TO 6b!il BeCbM8 HeOmHilBHHblll pe3yilbTBT, Il03TOMy OITbiTbl Bbi

ITOilH!IilHCb oco6eHHO Tl!l8TeilbHO, B ll8ilbH9HWeM llilll llOUOilHHTeilbHOro KOHTpOII!I 6bi

na HCUOnb30B8H8 Jlpyral! MeT.OilHKB, l'lle pel'HCTpHpOBBilHCb HenocpellCTBeHHO a -'laC-

254 /13/ 
THUhi OT pacnalla 102 ( o6 aTOM 6onee nollpo6ao 6ylleT CKa3aHa aame). Pe-

254 
3YilbT8Tbl nepBOH ny6HeHCKOH pa60Tbl no 102 nOilHOCTbiD nOilTBepJlHilHCb, .Lln11 

T t/2 nonyqeao 3Ha'leHae 50-75 ceK, a llilll E a - 3Ha'!eHHe 8,11 Mas. 

/9 11/ 
K CO:lKalleHHID, OTCyTCTBHe B ny6nHKaUHl!X A. raopco H Jlp, ' KOHKpeTHOI'O 

MBTepH8118, nonyqaeMOI'O B OnhiTBX (cneKTpbl SHeprHil a -'18CTHU rrpOilYKTOB, cjJyHK-

UHH B036ymll9HH!I, KpHBhle pacnalla), 38TPYilH!InO COnOCTaBneHHe OnhiTOB, nposeneH

HhlX B EepKilH H B .Lly6He, H no nOBOilY 3TOI'O pe3KOI'O paCXOm}leHH!I B JlaHHblX HH

qero Hellb3H BhiCKa3aTb, KpOMe HellOyMeHH!I, 3Ta H9HCHOCTb ycyry6nlleTCH el!le II 

TeM, 'ITO rrpH HCnhiTaHHH MeTOilHKH aBTOpaMH aMepHKaHCKOll pa60Tbl 6hinH COBep-

W9HHO rrpaBHilbHO onpeneneHhl CBOHCTBa Fm 
248 

, CHHTe3HpOBaHHOI'O B peaKUHH 

P 240 ( 12 248 a 244 u C , 4 n) Fm .. Cf ; TeM caMbiM 6brno noKa3aHo, 'ITO M9TOilHKa pa,.. 

60TaeT llOCTaTO'lHO HallemHO, 

QqeBHilHO, 'ITO CaMH aBTOpbl .QQnmHbl npoaHailH3HpOBaTb B03MOmHhle HCTO'IHHKH 

OWH60K, nOCKOilbKy HaM, He HM9IDI!lHM B CB09M pacnopsmeHHH cjlaKTH'19CKOI'O MaTepa

ana, Tpy.IIHO HaHTH npH'IHHy, KOTOpaH npasena K OWH60'IHOMY 3aKiliD'I9HHID 0 CBO:li-

254 
CTBBX H30TOna 102 , 

B 1961 ro.11y, rrpoBO.IIII aKcnepaMeHThi no o6ny'leaaro Kanacjlopaaeeol!: Maweaa 

yCKOpeHHblMH HOHaMH 6opa, rpynna HCCile.IIOBaTelleil H3 EepKIIH o6Hapymeaa B npo-

.IIYKTaX !lllepHblX peaKUHH 0 -aKTHBHbiH H30TOn, HCITYCKaBWHH a -qaCTHUbl C 

/14/ 
aaepraeil 8,2 MaB H o6na.Qaswail uepao.QOM nonypacna.Qa 15 ceKyH.II • AsTopaMH 

6hlil0 BblCKa3aHO rrpe.Qnonomeaae, 'ITO STO H30TOn 1Q2-ro SileMeHTB C MBCCOBbiM 
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250,151,25a, 10, II 155 
'IBCnOM 255, CBHTe3 ltOTOporo ocymeCTBn5UICH B p881tiUIB Cf \8 ,p:rn)102 • 

npaaaAne~HOCTb uonyqeaaoro aany'laTenB 102-My aneMeHTy AOJtaahlaanacb TeM, 'ITO 

ero BhlXOA pe3Jt0 B03p8CT8n (B 20 pea) UpB 38M8H8 6oM68pABpy~meA 'ISCTBUhl 

( C l2 BM9CTO 8 IO,II ) , llOCKOnbKY B aTOM Cny'lae K ero o6p830B8Ha~ UpBBo-

.l:UIT peaKUBa THUS (8, CZ It D) , Ce'I8HBH KOTOp&IX 3H8'1BT8nbHO 60nbW9 C9'19HBH HAep

HhlX peaKUHA ( B, px D) • 
255 /18/ 

0AH81t0 B ASnbHeAweM B30TOU 102 6&1n CBHT83BpOB8H B .Qy6He • BbinO 

H8AA9HO, 'ITO ero CB01i:CTB8 BeCbM8 cymeCTBeHHO OTnB'IB~H OT YK838HHhlX SMepa-

255 
KSHCKaMB accneAOBBTenHMa. B AeACTBHTellbiiOCTB aaOTon 102 HMeeT nepHOA nony-

pacnaAa 3 MBHYTbl, 8 allepraH a -'ISCTBU COCT8BnH8T 8,09 MSB. TeKHM o6pa3QM, 

255 
A8HIIhl9 1961 f'OAB, nony'laHHbl8 B CllJA 0 CBOACTBBX 102 , TBJt~e Olt838nHCb OWB-

60'IHhlMH. 

CaiiTea a accneAoBaHae csoAcTB aaOTonoB 102-ro aneMeBTa B OIHIH 

HccneAOBBIIHH csoACTB aaoTonos 102-ro aneMeHTa B OH.SIH upOBOABnacb B 

3-x aanpasneaaHX: 

1) H3y'leHHe CZ -pBCUBAB B30TOllOB C MBCCOBhlMH 'IHCn8MH 256-251 ; 

256 254 252 
2) B3y'leHH8 CllOHTBHIIOI"O AeneHHH '19TIIQ-'19THhlX B30TOllOB 102 ' ' ; 

3) B3y'leHHe XHMH'I9CKHX CBOii:CTB 102-ro aneM9HT8 C HCll00b30BBHH9M SKC.

npeCCHblX MeTOAOB XHMBB B f'830BOA cjJaae. 

1) B nepBhlX OUbiTSX, BhlllOnaeJIHhlX B 1963-1965 r.r., HApS 102-ro aneMeBTB 

252, 2&0 /10 12/ 
A8TeKTHpOBBnHCb no AO'IepHHM HAPSM cjlepMBH Fm ' • 3Te MeTo-

AHKB Aasana cBeAeiiBH nawb o nepaoAe nonypacnaAa aaoTonos 102-ro aneMeBTa. C 

254 
ee llOMOmb~ 6hlnO YCT8H0Bn8HO, 'ITO nepBOA nonypaCll8A8 H30TOll8 102 COCTSB-

256 
nseT 50 ceK, a AnH 102 6~>mo nony'leHo aaa'leHBe 8 ±. 3 celt. B AenblleAweM, aa'IB-

HeH c 1965 roAa, paapa6eThlBenacb MeTOAHKS, noasonSIBwaH 'IBTKO peracTpapOBSTb 

/15/ 
CZ -pacnaA aenocpeACTBSHHO HA9P 102-ro aneM811T8 • B OCHOBe 9TOA M8TOABKH, 

/16/ 
Bnepshle npHM8H8JIIIOA AnH H3y'leHBH CZ -p8CllSA8 pe~K038M8nbllhlX aneMeHTOB , 

ne~HT MeTOA 8ACOp6uaH BTOMOB OTAS'IB .113 f'830BOA CTpyH, BhlXOAHmeA H3 ae6onbWo-

f'O (ABSMeTpOM 0,5 MM) OTBepCTHH B CT8Hit8 lt8M8phl, f'Ae B 1:'838 T0PM03HTCH 

eTOMhl OTAS'IH. PeracTpanaH cz -'laCTHll nposoABnecb nonynpoBOAHHKOBbiMH AeTeJtTOp

peMH C XOpOWHM 9HepreTH'18CKHM p83peWe!IB9M. B pe3ynbTeTe AnBTenbHhlX MSTOAH-

14 
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'18CKHX accneAOBSHHA 6bina C03A8Hbl ycTBHOBKa C llHPKYnl!PJieii pa60'Ief'O raaa, noa

BOnHBWae llOny'ISTb BbiCOKHA a CT86HnbHbll! KOa$<jlHUHeHT c6opa BTOMOB OTAB'IH B 

T8'18HHe MHOI"HX cyTOK Henpepb!BHOA pa60Thl. 

Bl>Ino aarOTOBneao 2 BapaaHTa annapaTypbi: 

1) AnH BbiBeAeHHOI"O llY'IKB HOHOB (pac. 5), 

2) AnH BHyTpeaaero llY'IKB HOHOB (pac. 6), KOTOpbiii: 6onee OAHOPOAHO pacnpe-

AeneH H8 MBWeHHX 6onbWOA nnontSAB, 'ITO B9CbM8 cymecTBeHHO npa HCnonb30B8HHH 

/17 18/ 
BhlCOKHX (AO A9CHTKOB MKS) HHTeHCHBHOCTeA uy'IKOB UaKnOTpOH8 Y-300 ' • 

B onhlTex c aToll anuapaTYpoA·peracTpaposanacb aHepraa cz -'leCTHll aaoTonos 

102 aneMeHTe, ax nepHOAbl nonypacnaAS, 38BHCBMOCTB BbiXOAB OT 9Hepi"HH TH~enbiX 

BOHOB. B pHAe cny'leeB AnH AOnOnHaTenbHOA HAeHTa<jlaKaU~H <jlaKTB CHHTeaa H30To

llOB 102-ro aneMeHTB npaMeHHnSCb peracTpanas AO'Iepa~:~x HAep cjlepMHH. B Ka'le-

CTB9 c6opHBK8 AO'IepHBX HA8p cny~HnB '!yBCTBBT8nbH8H UOBepXHOCTb CBMOI"O nony

npOBOAHHKOBOI"O AeTeKTOpa, KYAB A0'19piiH8 HAPS B6HBBnHCb 38 C'18T OTAS'IH npa 

cz -pacnaAe HAep 102-ro aneMeHTa B cnyqaHX, KorAa cz -'laCTHna BhlneTana 

B llpOTHBOnOnO~HY~ OT AeTeKTOpa CTOpoay. 
254 

0AHH H3 CITeKTpOB, H3MepeHHb!l! npa CHHTe3e H30TOIT8 102 B )JeBKUHH 

Pu 242 (0 18, 4D) 102 254 B Ollb!TSX HB BbiBeAeHHOM ny'IKe • UHKDOTpOHB Y-300, 

/19/ 
llpHB8A8H HB pHC. 7 • THITH'IHbl8 tPYIIKllHH B036y~eHHH, nonyqeHHbie B ODbiTBX HB 

Bb1B9A8HHOM ny'IK8 llHKnOTpOH8 y -300 MH pe81tllBA Pu
242 

( 0
18 

'4 n) 102 
254 

.11 Pu 242 ( 0 18 , Sa ) 102 253 , npaseAeHbi aa pac. 8. 

B nenoM HCcneAOpBHHbie HAepHbl8 peaKllHH H onpeAeneHHble CBOACTBB H30To

llOB 10:..!-ro aneMeaTa npeACTaBneHbr B Ta6nane 1. 

BcH COBOKyiTHOCTb ABHHblX llO B30TOD8M 102-ro aneMeHTa, nony'leHHhlX B 

p83HOe BpeMH B pa3HbiX na60p8TOpaHX, npeACTSBneaa B Ta6nane 2. nopHAOK Dpii

BeAeHHH ABHHblX COOTBeTCTByeT xpoaonoraqeCKOA nocneAOB8T8nbHOCTa HX ITOHBne-

BaH. 

Ha 9TOA Ta6nBUbl BBAHO, 'ITO peaynbTBTbl AY6HeHCitaX 9KCnepHM9HTOB ITO aaOTo-

102 
/13,18,19,20/ 

ITBM -ro aneMeHT8 cymeCTBeHHO OTnaqa~TCSI OT nony'leHHbiX pa-

Rae AaHHhlX. Haa6onee nonaoe a AOCTOBepaoe ycTaaosneHBe cBoACTB uenoro PRAB 

a30TOITOB 102-ro aneM8HT8 HBanOCb peaynbTBTOM 38B8pWeHHhlX B Jly6ae B 1966 r. 

OllhlTOB, BhlllOOH811HbiX Ha 310-cM a 150-cM naKnOTpoaax n.SIP OH.SIH. PeaynbTBThl 

9TaX Olll>ITOB 6bina AOno~eHbl BB Me~AyHBpOAHOA KOHcjlepeHllaB DO <jlaaaKe T~enhlX 
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HOHOB B ily6He B.OKTH6pe 1966 ro)la H BCKOpe nony'IHIIH nOIIHOe nOATBep~(Jl9HBe 
/26/ 

B OIIbJTaX, BbliTOJll!eHHblX B EepKnH. UenHKOM IIOATBepnHB MHOroneTHHe ny6HeHCKHe 

peaynhT8Tbl ITO BC9M H3Y'l9HHb!M H30TOII8M, 6epKnHeBCKaH rpyrrna TeM C8Mb!M OT

KG3anaCh OT CBOHX paHHHX, npeJlCT8BllliBll!HXCH B T9'I9HH9 MHOrHX neT H8H6onee 

y6errHT9llhHblMH, peaynhT8TOB no CHHTeay H H3Y'I9HHID CBOHCTB H30TOII8 102-ro 

3ll9M9HT8 C M8CCOBblM 'IHCIIOM 254, TaK lK9 K8K H OT H9CKOIIbKO 5onee n03AHHX no 

255 102 , BKniO'I9HHblX BO BCe Ta5nH!lbl H30TOnOB, H3Jl8HHb!e B nOCIT9JlHH9 rO)lbl, 

252 254 256 
Y!ayqeHH9 CnOHT8HHOrO neneHHll 'I9THD-'I9THhlX H30TOnOB 102 ' ' 

flocne Toro KaK n 1959 rony CTana aaaecTHbi peaynbTaThl aKcnepHMeHTOB no 

254 /8,11/ 
aayqeHHID a -pacnana H cnoHTaHHoro neneHHH H30Tona 102 , B EepKnR 

6Llll8 BL!liOllH9H8 T90p9TH'I9CK8ll pa60T8 no Oll9HK9 CT86HllbHOCTH no OTHOll!eHHID 

K cnOHT8HHOMY neneHH!O H9KOTOpb!X H30TOnOB 102-ro H JlpyrHX 5onee TlllK9llblX 

/21/ 
c>neMeHTOB • flocKonhKY aa ocHOBY pacqeTOB 5hinH npaHHTbl 3H8'I9HHH napuaanb-

llb!X ncpHOAOB a -pacnana H cnoHTaHHoro neneHHH nnH 102
254 

(3 H 6 CeK, COOT-

256 
fi9TCTB0HHO), TO Allll 1!30TOna 102. , B 'I8CTHOCTH, 6hma nonyqeaa Benaqaaa 

nep!!OAa CI!OHT8HHOrO neneHHH, p8BH8ll 0,02 CeK. 

256 
0AH8KO y}K9 B nepBhlX OnhiTaX no H3Y'I9HHID 102 5hinO nOK838HO, 'ITO ero 

/10/ 
C9KYHil • 3TO 3H8'I9HH9 B COTHH pa3 npeBbl-Bp9Mll lK1!3HH COCT8BITH9T H9CKOITbKO 

lllano TeopeTH'IecKyto oueaKy. TeM 6onee 5hmo RHTepecHo ycTaHOBHTh BHil pacnana 

256 
H30TOna 102 H nOllb!TUTbCH onpenenl!Tb napUH8nbHhill nepHOil CnOHT8HHOrO Aene-

HI!H 3Toro H3oTona. PeaynbTaThl aKcnepHMeHTOB noaaonHnH 5hl aaeCTH cooTaeTCTByro-

mae rronpaBKI! a pac'IeThi H 5onee peanbHO oueHHTb apeMeaa lKH3HH 5onee THJKenhtX, 

'IeM 102, aneMeHTOB. 

K coJKaneHHID, aa rryTH TaK!IX aKcnepHMeHTOB B03HHKnH aenpeABHil9HIIhie TPYA

HOCTR. B 1861 rony B na5opaTOp!!H HJlepHh!X peaKUHfi 0115111 5hin0 OTKphiTO HOBOe 

/22,23/ 
HBII9HI!e - CnOHT81IHOe neneHH9 HAep B H30MepHOM COCTOHHI!H • 3TO O'I9Hb 

HHTepecHoe caMo no ce6e RaneHHe coanaaano !jloa, a AeCHTKH paa npeBhtll!aiDIUHfi 

a!jJ!jleKT npl! HCCne)lOB8HHI! CnOHTaHHOrO neneHHH 1!3 OCHOBHOrO COCTOHH!Ill KOpOTKQ

lKI!BYIUHX H3aTonoa 102-ro aneMeHTa. B aacToHIUee apeMH HaaecTHO oKono 10 Rllep-

. -8 
H30MepoB, HCnb!TblB8IDIUHX neneHHe C apeMeHBMH OT 10 CeK AO HeCKOIIbKHX MRHyT. 

3TI! HAp8-H30Mephl o5paayiDTCll B HAepHbiX peaKU!IHX C THlKeiihlMR HOH8MH 38 C'IeT 

CITOlKHb!X peaKURfi nepena'IH. 
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TeM He MeHee B 0115111 6btnH IIOCTaBneHhl Ollh!Tbl ITO HCCIIeAOBaHRIO 
CIIOHTaa-

Horo AeneaaH 'IeTHhiX aaOTonos 102-ro aneMeHTa, KOTOphle noaa·onHna oueaHTb 

HH}I{HHe rpaHH'IHhle aHa'ieHHH nepHOAOB nonypacrraAa. B rrepBhiX aKcnepaMeHTax uc

nonhaoaanacb BhiCOKO'iYBCTBHTenbHaH MeTOAHKa (pac, 9) C HaKnOHHOll MHWeHbiO H 

/24/ rronynpOBOAHRKOBhlMH AeTeKTOpaMH AnSI perHCTpaJIRH OCKOnKOB , EhtnO IIOKa3altO; 

256 
'iTO Ha AOnro CllOHTaHHoro AeneHHSI H30TOlla 102 IIPHXOAHTCH He50nbWaSI ~8CTb 

1 256 /10/ ( < ~ BCex cny'iaes pacnaAa HAep, T.e. 'iTO speMSI }I{Haaa aaOTona 102 - 200 

onpeAenSieTCSI a -pacnaAOM, rpaHH'iHOe 3Ha'Jeaae AnSI nepHOAa CnOHTaHHOro ~ene-
256 

HHSI 102 COCTaBnSieT ~ 1000 C6K, 

B nocneAHee BpeMSI IIPOAOmKanHCb Ollb!Thl no R3y'IeHRIO CIIOHTaHHOI'O AeneHHSI 

256 254 /25/ 
102 I! 102 C HCIIOllb30BaHHeM MOAH!jJHUHpOBaHHO.II: MeTOAHKH , B HOBOM 

BapHaHTe M6TO.IlHKH BMeCTO nosepxHOCTH0-58pbepHb!X Kp6MHHeBbiX Jl .. '1'tlKTOpOB 

1IpHMSHSinHCb CT6XnSIHHble HnH CniD.IlSIHb!e JlE!TSKTOpbl, CHHT93 Hao:,ronos ocy

lU6CTBnSinCSI B Sl.llepHbiX peaxuHSIX U238 ( Ne 2~ cfn) 102206 H U 288 ( Ne U , 4n) 102204 

B peaynbTaTP. YCTaHOBneHo, 'iTO rpaHH'iHble 3HB'ieHHSI nepHOJlOB CnOHT8HHOrO 

JleneHHSI JlnJI 9THX H30TOIIOB COCTBBnliJOT 25 'i8COB (102254 ) H 20 MHHyT•( 10225 6}, 
254 

T,e, B Jleli:CTBHTenbHOCTH H30TOn 102 JlenHTCSI He B 30% cny-qaea, K8K ~TO 
Ill! 

YK83b1Banocb B pa5oTe raopco H Jlp, , a BCero nHlUb He 6onee 'ieM B 0,6%, ~ 

252 HeAaBBO a CllJA 5hmo accneAoaaao crroHTaHaoe Aenei!He aaoTona 102 a 

1261 
nony'ieHo aaa-qeaae AnSI T ef =6 ceK · • B Hawell: na5opaTopaa 5hinH npoaeAeHhi 

aaanarH'II!ble Onh!Thl C UenbJO llpoaepKH I! nOATBep}I{AeHHSI aMepHKaHCKHX AaHHh!X, 
252 

HaoTon 102 B aaweM cny'iae CHHTeaapoaancSI a SIAepaoA peaKUHH 

Pu 
239 

( 0 l8, Sn ) 102 
252 

• 11ay-qanHCb OAHOBpeMeHHO a -'iaCTH!lhl H OCKonKH 

cnoHTaHHOro AeneHRSI 9TOro H30TOna C nOMOIUbiD annapaTyphl C nonynp?BO.llHHKOBhiMH 

AeTeKTOpaMH Ba YCTaHOBKe AnSI CHBTeaa 1!30TOIIOB TpaacypaHOBbiX aneMeHTOB Ha 

/18/ 
BHyTpeaaeM rry'ixe lli!KnoTpoaa Y-300 • Ehtno aaperacTpaposaao cnoaTaaaoe 

aeneaae npaMepao B 40% cny'iaes OTHOCHTenbao 'IHCRa co6hiTH.II: 

( 102:12 
a -pacnaAa 

'ieHRH 

T I • 3 cex, 
1 2 

U 2SS HOHifMH 

Ea • 8,41 MSB), 0AHaKO B KOHTpOnbHOM OnhiTe rrpa o5ny-

0 l8 HaMH 6bln aaperHCTpHpOBaH CllOHTaHHo- AenSIIUH.II:CSI 

Ut 18 1!30TOn C TaKHM }l{e Bb!XOAOM, KaK I! B cny'iae o5nyqeHHSI Pu HOHaMH 0 , 

npa'ieM nepaoA nonypacnaAa aToro aany'IaTens TaK}I{e oKaaancSI paBHhiM 3 ceK, a 

nopHAKOBh!ll: HOMep eta He npeBh!WaeT 100, B CBSI3R C ~THM H!\M npeACTaBnSieTCSI, 

252 
'iTO AOnSI CIIOHT8BHOrO AeneHHSI 102 CyiUeCTBeHHO MeHbWe 40%, a a!jJ!jleKT Cnoa-

239 18 282 
TaHHOro AeneHHH, Ha5nJOAa6Mblll: B peaKUHII Pu ( 0 , 5 n ) 102 ~ B 3H8'i!ITenbii,Oll: 
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cTeneHH onpeAenSieTCSI HBHABHTH~HUHpOBaHHhlM nOKa H30M9pOM C nepHOAOM rronypac

naAa OKOnO 3 CeK, KOTOpbiR MOlKBT o6pa30BaTbCSI C 3aMeTHbiM C9'19HH9M B peaK

UHH nepeAa'IH aaanorH'IHO ero B03HHKHOB9HHID npa o6nyqeHHH U
233 

HOHaMH 0
18 

06paaosaaae aToro aaoMepa aa6nroAanocb a paaee B psne Apyrax snepahlX peaK-

,,127,28/ 
URn • 

TaKHM o6pa3oM, AnSI BCeX Tpex H30TOnOB 10:.!-ro 3R9M9HTa C MaCCOBblMB 'IHC-

naMH 252, 254 I! 256 YAanoCb rrony'IHTb TOnhKO Bl!lKBHe rpaHH'IHble 3Ba'I9HI!SI nepa-

OAOB CnOHTaHHOrO A9R9HHSI0 I! 3TH peaynbTaThl OKa3aRHCb B pe3KOM rrpOTHBOp9'1HH 
• 254 252/11 26/ 

c AaHHbiMI! A. ff!OpCO KaK no 10:.! , TaK H llO 102 ' • 

OttblTbi no XHMHH aneMeBTa 102 

CornaCHO aKTHHHAHOH rarrOTe3e 102-A aneMeHT npi!HaAR9lKHT C9MBHCTBY aKTH-

HOHAOB, 3aHHMaiDJili!X MBCTO B m rpynne rrepHOAH'IBCKHH CHCT9Mbl 9R9M9HTOB 

ll.H. MeHAeneesa. IJo CBOHM XHMH'I9CKHM CBOiiCTBaM aKTHHOJIJlbl SIBRmoTCH aHanoraMH 

Apyroro 6onbmoro ceMeACTsa peAK03eMenbBbiX aneMeHTos-naHTaaoaAOB, pacnonolKea-

HbiX B TOH lKB ID rpynne, K KOTopoA OTHOCHTCH TaKJKe a 6onee nerKae aneMea-

Tbl - CKaBJlHH H HTTpHA. XaMH'IeCKI!B C09AHH9BHH aneMeHTOB Tp9TbeA rpynrrhl C He

KOTOpbiMH ApyraMa aneMeaTaMH, aanpaMep, TparanoreaHAbl, o6naAaiDT csoil:cTsaMa, 

p93KO OTRH'I8IDIIlHMHCH OT CBOHCTB aaanorH'IBblX COBAI!BBBHA (TeTparanoreHHAbi) ane

MBHTOB COCeABeit, IV rpyiiiibl, K KOTOpOH OTHOCHTCH IlHPKOHHA, ra~BHil H 104-A 

9neM9HT - Kyp'laTOBHA. HanpHMep, TeMIIepaTypa KHrreHHH xnopHCTbiX C09AI!HBBHll 

3RBM9HTOB m rpyllllbl COCT8BnHaT 1500-17Q0°C, B TO Bp9MH KaK xnopHAbl ane-

MBHTOB IV rpyllllbl o6naAaiDT 6onbmell naTy'laCTblO H B03rOBHIDTCH IIpH 300°C. 

/29/ 
0nbiTbl no XHMHI! aneMaHTa 102 llpOBOAHRHCb sa annapaType ARB 3KCrrpecc-

HOrO Henpepb!BBOro p83A9R9HI!H npOAYKTOB S~AepBbiX peaKIIHA, CXeMaTH'IaCKH H306pa

lK9HHOll Ha pac. 10 H paaee HCnOnb30B8HBOH B 3KCnapHM9HT8X no XHMI!H Kyp'la-
/3031/ 

TOBHH ( Z = 1 04) ' • llenh 3THX OllblTOB 38KniD'I8RaCb B Cp8BH9HHH IIOBBABHBH 

xnopBAOB 102-ro aneMeHTa C noBeAeBHeM xnOpHAOB Tep6HH, Itana~opBBH B ~pMBH, 

HBnHIDJilBXCH TBnB'IBblMH llp9ACT8BBT9RHMB CeMeHCTB naHTaBOBAOB B aKTBHOHAOB. 8 

cnyqae npaHaJtneJKBOCTB 102-ro aneMeaTa K TpexsaneHTBblM aKTBHOBABM ero xnopHAbl 

AORlKHhl BBCTB ce6s aaanorH'IHO xnOpBA8M Tb , Cf B Fm EcnH JKe CBOHCTBa 

102 -ro aneMeHTa 6n&3KB K csollcTsaM aneMeHTos, cKaJKeM, IV rpyrriihJ, TO nose-

A9HB9 ero xnOpBAOB 6blno 6bl nOA06HblM IIOBeAeBHID xnopBAOB IlBpltOHBH, ra~BBH B 

KYp'laTOBHSI. 
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256 8 K8'1eCTB9 BCCRBAyeMOPO H30TOna 102-ro aneMeHTa 6bin Bbi6paH 102 , K0-
2U 22 251 

TOpbill nonyqancH B snepaoll peaKuaa U ( Ne , 4n) 102 • 0AaospeMeano 

s npouecce onhiTa npa o6nyqeaaa ypaaosoil MHllleHa aoaaMH Ne 22 a 0 11 
ocy-

lllaCTBRMCH CHHTe3 HeKOTOpbiX H30TOnOB ~epMHSI ( Fm 
252 

Fm 
250 

) , a TaKR<e 

Kana~opaag ( Cf 
241 

) B peaynbTaTe cneAyromax peaKuail: 

U 238 ( Ne 22 • a 4 n ) Fm 252 
( T1/2 = 22 qaca 

2U 11 250 
U ( 0 , 4 n ) Fm .. Cf 2 41 ( T I = 36 qacos ) 

1 2 

U 238 ( 0 18 , a 40 ) Cf 248 

llnS! CBHTa3a Tep6HH B ypaHOBYID MBlli9Hb 6binO A06asneHO H960nbllJOe KORH'IBCT• 

BO C8MapBSI. 3a C'IBT CROlKHOH peaKUBB nepeAa'IH Ha CaMapaa-144 B03HBKan AOnro-

lKBBYIUBll B30TOll Tep6HSI Tb l4t 

TaKBM o6paaoM, B nponecce AnaTenhaoro o6nyqeaag MHIUeaa aa U 238 
( sm144

) 

HOHaMH Ne22 H 0 II B yCT8HOBK9 HaKannasanHCb AORPOlKBBYIUBB H30TOllbl 

252 248 14t 
~PMHSI (Fe ), Kana~opHHSI ( Cf ) a Tep6aH ( Tb ) • HaoTon 102-ro ane-

256 
MeHTa 102 , pacrraAaS!Cb c nepHOAOM nonypacnaAa 4 ceK, rrpespamancg B nao-

Ton ~pMBSI Fm 252 
• Ha naHBbiX o6 a~~KTBBHblX ce'leHBSIX peaKnail: 

U 238 (Ne 22
, 4n) 102 258 ~ Fm 252 a U 

238 
(Ne 22

, a 4n) Fm 252 /10/ 
cneAo-

sano, 'ITO npa aaepraa aoaos Ne 22 
, pasaoll 110 Mas, npaMepao 40% o6mero KOna

qecTsa ~pMBSI-252, H8KOM9HHOPO 38 BpeMSI OnbiTa B ycTaHOBKe, o6paayeTCSI B 

256 
peaynhTaTe a -pacnaAa 102 • 

Ha AanhaeAlllero cTaaeT gcao, 'ITO aTo o'leHb samuaH xnpaKTepncTaKa, rro

CKOnhKY Ra OCHOBaHHH pacnpeJ:{enaBBSI ~epMBSI-252 B pa3RB'IHblX '18CTSIX ycTaHOBKH 

OTHOCHTBnhRO pacnpeAeneBBH Cf 248 
H Tb !4l B TeX JKe '18CTSIX A9R8RCH BblBOA 

0 DOBeAeRBB xnOpBAOB 102-ro aneMeHT8. 

OrrbiT nposoAnncH cneAyiDIUBM o6paaoM (eM. pac. 10). 
256 252 248 149 

ATOMbl OTAa'IH 102 , Fm • Cf h Tb BblRBT&nH B3 MBllleHH B TOp-

M03BRBCb B nOTOKe 830Ta, nOA8B89MOro B KaMepy MBWBHH, a 3aTeM BbiHOCHRBCb 

aaoToM B o6nacTb, aanonuennyro napaMa Nb Cl 5 a Zr Cl 4 
• 3J:{eCb OCyWeCTBRSI-

nocb xnopaposaane scex npoAyKTOB HAepHbiX peaKnaA. llanee xnopnAbi TpancnopTn

posanncb ra30BbiM npTOKOM no 'leTbip9XMeTpOBOH Tpy6Ke (4) K HRepTHOMy (5) H 
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xnMnqecKoMy (6) ~nnhTpaM, a aaTeM ~aa nonanan a noaywxy (7), rne Konnencn

poaancst xnopnpyJOwnil arenT, Becb raaoaLtA TpaKT ( Tpy5Ka H o5a ~HnhTpa) na

xonnncst npn TeMnepaType oKono 300°C. npn STOM xnopanLt nponyKTOB stnepHbiX 

peaKUHH B 38BHCHMOCTH OT CBOeA neTyqeCTH TeM HnH HHhlM CnOC050M pacnpenenst~ 

nHCb M8)KllY paanaqHblMH qaCT!IMH annapaTypbl, no OKOHqaHHH o5nyqeHH!I MO)I{HO 
252 248 141 

5Ltno onpenennTh KonuqecTaa Fm , Cf H Tb , HaKonneHHhie a pa3HbiX 

~tecTax ycTaHOBKH. C sToil uenhJO annapaTypa paa5npanacb H pannoaKTHBHhte npo

nyKThi CMt,manHCb C K8)1(ll0A qaCTH OTnenhHO, 3aTeM CMbiBbl nonaepranHCb XHMH

qeCKOii o5pa6oTKe c nocnenyJOmHM xpoMaTorpa~H'IeCKHM paaneneHHeM sneMeHToa. 

YlneHTH<jJHK8UHSI H3Y'I88Mb!X H30Tonoa BbiUOnHstn8Cb no SHeprHH a -"'BCTHU H llepHo-

naM nonypacnana. 

npenaapnTenbHblMH OnblTBMH, BKni0'!8H OnbiTbl no XHMHH KYP'IBTOBH!I, 5hlno no-

KaaaHo, 'ITO cpaaHnTenbHo nerKo neTy'IHe xnopnnht sneMeHToa IV 
u 5onee BhiCo-

Knx rpynn npoxonstT no aceMy raaoaoMy TpaxTy 5ea cymeCTBeHHoA aanep)I{JtH H 

/32,33/ H8K8IInHB810TC!I B OCHOBHOM Ha XHMH'IeCKH BKTHBHOM ~HnbTpe H B noaywxe , 

8 TO )!(8 apeMSI MeHee neTy'IHe lCnOpH.Ubl naHTBHHllOB, KanH~OpHHSI H ljlepMH!I COp-
. /31/ 6npytOTC51 rnaBHb!M o5pa30M B Tpy5Ke H B HHepTHOM ljlHnbTpe , 

B sKcnepnMeHTax no XHMHH 102 sneMeaTa 5Lrno ycTaHoaneRo, qTo pacnpene-

nenne Fm 
252 

B Tpy5Ke, H8 HHepTHOM H XHMH'!eCKOM ~HnhTpe COBepweHHO nono5-

HO pacnpeneneHHJO Cf 
248 

H Tb 
149 

no TeM )l{e qaCTHM ycTaHoaxn. Ecnn 5bt 

xnopnn I 02-ro sneMeHTa 5Ltn 5onee neTy'l, '!eM xnopnnLI xanHijlopHHH H Tep5HH, 

To pacnpeneneHne Fm 
252 

non)I{HO 5Ltno 5Lr CMemaTbCH B cTopoay nBH)I{eHBH 

raaa aa C'!eT HarwnneHn!l ero npu a -pacnane 102-ro sneMeHTa. 

TaKHM o5paaoM 5Lrno noxaaaao, 'ITO sneMeHT 102 o5paayeT CHnhHO cop5upyJO

mnilcst u, cnenosaTenbHo, Mano neTy"'HH xnopun, no CBOBM csoilCTBaM 5nnaxuA K xno-

PHllBM Tep5HH, KannljlopHH!I B !flepMH!I B B TO )l{e BpeMg pe3KO 
OTnuqaLril no neTy-

'IeeTH oT sneMeHToa IV 
rpynnhr - ra~HH!I u xypqaTOBH!I, 

OcaoaHhre HToru 10-neTHHX uccnenoaaauil sneMeHTa 102 caonstTCH x cneayJO
WeMy: 

1. B 5onbWHHCTBe. rrepahrx pa5oT 1957-1961 r.r. no CBHTeay sneMeHTa 102 

5binH .UonyweHbl OWH5KH. Hn O.UHH H3 H.U8HTB~HUHpOBBHHbiX B TO BpeMH H30TOnoa C 

M8CCOBblMH 'IHCnBMH 25!, 253, 254, 255 He o6naaaeT TeMH CBOHCTBBMH, KOTOpbre 
HM npnnHCbiBanncb, 

20 

2. 8 MOCKOBCKHX OnhiTaX 1957-!858 r.r. IIO nony'leHHiO 102-ro sneMeHTa ljlaKT 

CHHTe3a HOBOrO sneMeHTa 5hln ycTaHOBneH HB OCHOBe TW8TenhHO paapa50T8HHOro 

aKTHBBUHOHHOrO BHBnH3B MHWeHeA Ha IIpHMeCH Pb .llaHHhre no sHepruu a -

pacna.ua (8,6 :!:. 0,4 MSB) cornacyJOTCSI c peaynbTaTaMH, nony'leHHhiMB a ,lly5ae 
252 

nnst 102 ; nonyqeao xopowee cornacne no ce'leHHJO o5paaoaaHHSI sToro uao-

~2 2 -~ ) TOna (2·10 CM B MoCKBe H 1,6•10 CM B ,lly5He ; HeT npOTHBOp8'1HH B .UaH-

HblX no nepuoay nonypacna.ua ( T l/2 =2- 40 ceK a MocKae H T a/2 =4,5 ceK a ,lly5-

ae). Cne.uoaaTenhHO, a peaynhTaTe ay6Heacxux onhiTOB YTO'!HeHo 
252 

CHHT83HpOB8HHOrO B MOCKBe B 1957 roay H30TOna ( 102 ). 

Maccoaoe 'lucno 

3. B 011.5111 nony'leHa anepaLie flan5onhwaH HHcpopMBUH!I o caoilcTaax a -pac-

na.ua wecTH uaoTonoa 102-ro sneMeHTa. 

4. B Lly6He anepBbie uayqego XHMH'!eCKoe noseaeHne aToMa 102-ro sneMeHTB 

H nOK838HO, 'ITO no CBOHM CBOHCTBBM OH no,uo5eH 8KTHHOH.U8M H OTnH'I88TC!I OT 

Kyp'laTOBHH u apyrux sneMeHTOB IV rpynnhi. 

Ta5nuua 

YI30TOn 

102256 

102255 

102254 

102253 

102252 

102251 

PeattUHH 

U
238 

(Ne 22 ,4n) 

tPu 242 ( 0
18

, 4n) 

U238( Ne 22, 5n) 

Pu
242

( 0 18
, 5n) 

Am24S ( N IS, 4 n ) 

Pu
242

( 0 18
; 4n) 

U 238 ( Ne22 , 6 n) 

Pu 242( 0 ae , 5 n ) 

Pu 239 (0 11
, 4n) 

Pu 239 ( 0 18 , 5 n ) 

Pu 
231 

( 0 
18 

, 4 n) 
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Ea MSB 

8,42±_0,03 

8,09±_0,03 

8,11±_0,03 

8,01±_0,03 

8,41±_0,03 

8,6 

T1/2 CeK 

3,7±_0,5 

180±_20 

65±_15 

95±_10 

4,5±_1:5 

0,5-1,0 
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Pac. 4. CxeMa annapa,-ypbl nnll neTeKTRpoaaHRll 102 sneMeHTa no noqepHHM 
STOMSM QJSpMHSI, 1 - M9/lHbii!: apamaromHi!:CSI 6apa6as:, 2 - M9X8HH'19CK8ll 
rrp06Ka, 3 - MRID9S:b 113 U Ul j 4 - BTOpH'IS:bii!: C60pS:RK, 5 - aneKTpR

'!9CK8ll rrpo6Ka. 
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Pac. 5. YCTa11osu Mlil CliiBTe3a TJlallcypalloBhiX ane.MeBTos 11a Bllemlle.M uyue IUIIUio

TPOaa. 1 - IJy'I:Oit1 2 - MBwellb, 8 - c6opJIBll:, 4 - S1tp811, 5 - Ae'l'e1tTOp, 
6 - I'83 remrA, 7 - um:a,qp ~apa,qelil, 8 - OT1taua 1taMephl. 
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YCTaiiOB1ta ,qnH·caBTeaa TpallcypaiiOBhiX aneMeBToB 118 BilyTpelllleM nyq1te 

IlBIUIOTpOII8. 1 - ,qeljlne1tTOp, 2 ~ nyqo1t1 8 - BXOQII8lil cjlonhra, 4 - MHWellb, 
5 - Bily'rpeiiJIBil oft&e.M 1t8Mephl, 6 - BbiXOQJioe OTBepCTHe, 7 - c60piiH1t, 
8 - QeTe1tTOphl, 9 - 'Man&TBilCKBA 1tpecT', 10 - BhiXOQII8lil ¢onbra, 

11 - KonneKTOp BOIIOB. 
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Puc. 10. CxeMa ODb!Ta DO XHMII'IeCKOMy IICC.rrel(OBBHIIIO 102-ro a.rreMeHTa. 

1 - MHWeHb, 2 - Dy'IOK, 8 - K8Mepa MIIWeHH, 4 - Tpy5z:a, 

5 - HHepTHbiA lfJBm.Tp, 6 - XHMII'IecKIIA lfJHllbTp, 7 - KOHl(eHCIIpyiOIJl8!1 

.1IOBYWK8, 8 - OTK8'1K8. 
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