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3a nocne1:rn11e roab1 B na~opaTop1111 smepHbIX peaKu11li O6'be

a11aeaaoro 11HCT11TyTa siaepHbIX 11ccnea0Ba1mli r.H. cJ>nepOBbIM c 

COTPYAHIIKaMII 6bmll CIIHTe311pOBaHbl II IIAeHTllqJIIUllpOBaHbl siaepao-

'-. qJll311'IeCKIIMII MeT0AaM11 nepBbie 1130TOnbI aneMeHTOB C aTOMHblMII 

/1 / . 
HOMepa

0

MII 102-105 •. 

.flaepHbie peaKUIIB CIIHTe3a HOBbIX aneMeHTOB, KOTOpbie MOryT 

6hITb ocymeCTBITeHbl B HaCTOSIII(ee BpeMSI, n03BOnSIJOT nony'IIITb 

ITllll!b ea11a11'1Hb1e aTOMhI, 11Me10m11e K TOMY lKe Manoe BpeMSI lKll3-

HII, noaTOMY nocTaHOBKa 11ccneaoBaH11li no XIIMll'IeCKOli IIAeHTllqJII

KaUIIII 11 113y'IeHIIIO XIIMll'IeCKIIX CBOHCTB HOBblX aneMeHTOB BCTpe

'IaeT O'IeBIIAHble TPYAHOCTII, 

TeM He Meaee, B 1966 r. B O11.f!H 6b!llll ycnell!HO BbIITOITHeHbl 

nepBbie onb!Tbl no XIIMll'IeCKOli 11AeHTllqJIIKau1111 aneMeHTa 104 no 

/2/ 
12 3aper11cTp11poBaHHblM aTOMaM • EbmO 113Y'IeHO n0Beaea11e 

_MoneKyn 6e3Boaaoro xnop11aa Kyp'IaTOBIISI np11 TpaacnopT11poBKe 

ero ra30Bb!M noTOKOM BAOITb xpoMaTorpaqi11'IeCKOli KOITOHKII, II 

noKa3aHo, 'ITO HOBblli aneMeHT SIBITSieTCSI- aaanoroM raqiHIISI II pe3-

KO OTITll'IaeTCSI OT Kan11¢opHIISI II K!OpllSI, 

B HaCTOSIII(eli AIICCepTaUIIII 113ITOlKeHbl pe3yITbTaTbl pa6oT,KO

TOpbie SIBITSIIOTCSI npoaonlKeH11eM nepBbIX onbITOB no XIIMIIII 104 

aneMeHTa, a TaKlKe pe3ynbTaTbl 113y'IeHIISI XIIMll'IeCKIIX CBOHCTB 

102 11 103 aneMeHTOB. Eonbll!Oe BHnMaa11e yaensinocb aanbHelillleli 

pa3pa6oTKe II ycoBepll!eHCTBOBaH1110 ra30-aacop6u11oaaoro MeTOAa 

XIIMll'IeCKoro 113y'IeHIISI KOpOTKOlKIIBYII(IIX npoayKTOB S!AepHblX pe

aKUllli, C 3Toli uenbJO 6hm11 BbIITOITHeHbl aacop6UIIOHHO-xpoMaTO-

3 
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I 

rpaqlll'IeCKHe accneAOBBHHSI C xnopllABMII psiaa nepeXOAHhlX Me

TannoB I{ 113MepeHa aacop6Ill!SI H0KOTOpblX xnopHAOB HB MOAl!(jll!

/3,4/ 
Ullp0B8HHOl'l: noaepXHOCTH CTeKna M0TOAOM, OCHOBBHHblM HB 

acnonb30B8HIIH rp8All0HT8 T.eMnepaTyphl. 

I • 

EbICTpoaell:CTBYIOIIIBSI aacop6u1101tHO-XHMll'I0CK8H 

annaparypa anH HenpepbIBHoro accneaoaaHHH 

npoAyKTOB siaepHblX peaKUHll 

3aaaqa accneAOBBHHH XHMH'I0CKHX CBOHCTB HOBblX ::meMeH-

u /5/ 
TOB noTpe6oaana C03ABHHH XHMll'I0CKOH annapaTypbl ' pa60Ta10-

111ell: Ha ny'IK0 ycKopeHHbIX IIOHOB, EbinH paapa6oTaHbl ABB aap11aH

Ta ycTaHOBKH (npo6HHKII I ll 2) AnH SKCnepHM0HTOB Ha BHyTpeH

H0M H Bb1B0A0HHOM ny'IKBX MHOroaapHAHb!X HOHOB UIIKnOTpoHa 

Y-300. 

Ha pac. I 11ao6palKeHa cxeMa 3KcnepaMeHTanbHOll:. annapa

TyphI Ha Bb!B0A0HHOM ny'!Ke UIIKnOTpOHa (npo6HIIK 2). Ee OCHOB

Hh!MH yanaMH HBnHIOTCH: Mlllll0Hb, H0IlP0J?blBHO 6oM6apaapyeMaH 

ycKopeHHblMII '!aCTHUBMII; KonneKTOp AnH per11cTp8UHH 'IIICna '!aC

TllU, nporneawax qepea Mlllll0Hb; Kan11nnHpHaH xpoMaTorpacjm'!ec

KBH KOnOHKa AnH paaaeneHIIH xnopllAOB, COCTOSllllBH 1{3 ABYX qac

Tell:, OAHa ll3 KOTOpblX HBnHeTCSI CM0HHoll:; A0T0KTOpbl OCKOnKOB 

aeneHIIH AnH per11crpau1111 CilOHTBHHO aenHWerOCSI H30TOna 104 

sneMeHTa (AeTeKTOpbl aawmueHhl OT IlOTOKa Hell:TpOHOB, reHep11-

pyeMhlX Uy'IKOM THlK0nhIX IIOHOB), A038TOp XnOpHAOB-HOCIITenell: 

11 apyrae. 

OcHOBHblM KOMilOHeHTOM raaoaoro UOTOKa· .no 061>eMy 6bm 

a30T, B Ka'!eCTBe xnop11py1011111x areHTOB H HOCHTeneil acnonb30-

aanacb CM0CH THOHanxnopima I{ Bb!ClllHX xnopHAOB HII06HH I{ llllp

KOHHH. Tiapu11anbHOe aaaneHll0 napoB B CM0CII .xnop11AOB Nb CJ 5 

II Zr Cl 4 6binO paBHO np116n113HTenbHO 0, 15 I{ 0,05 MM PT, CT., 

a B cMeca So CJ 2 , Nb Cl 5 H Zr Cl 4 - 60, 0,03 H 0,005 MM pT,CT., 

COOTB0TCTB0HHO, 
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B npouecce C03AaHIHI ycTaHOBOK II nOAI'OTOBKII K onb1TaM 

6h!J1 pemeH pm:t 3aAa'I. Ha1I6onee aaJKHblMII II TPYAHblMII TeXHII'leC

KIIMII aonpocaMII srnnsm11cb: 06ecne'leH1Ie An1ITenbHoll: ( onhJThl npo

AOnJKan11cb AO 70 qacoa) repMeTII'IHOCTII annapaTypb~ nplI Bb!CO

KIIX TeMnepaType II AaBneHIIII C 11cnonb30BaH1IeM arpeCCllbHOll cpe

AhI; 06ecne'!eH1Ie IIHTeHCIIBHOI'O TennooTBOAa OT MIIilleHII; C03Aa

Hlle KOMn&XTHOI'O KonneKTopa IIOHHOI'O TOKa, pa60Ta101Uero np11 

BblCOKOll TeMnepaType; C03AaH1Ie P.aAeJKHblX ycTpOllCTB An!! noA

kepJKaHHH 3aAaHHO~ KOHUeHTpaUIIII xnoplIAOB-HOCIITenell: a pa6oqeft 

raaoaoll: CMeCII II KOHTpOnH 3a Heft, II PSIA Apyr11x. 

K BalKHblM npo6neMaM OTHOC11no.Cb HaXOJKAeH1Ie rryTell: pacqe

Ta OTAenbHhlX yanoa arrnapaTyphl no aaAaHHhIM napaMeTpaM. 3AeCb 

6binll Hall:AeHbl cnoco6hl pacqeTa (c IICITOnb30BaHIIeM ypaaHeHllll 

MaccrrepeAa'I11) AIIHaMIIKII cop6UIIII, B qacTHOCTII, AnSI oueHKII. no

Tepb aTOMOB OT!la'III II rrpOCKOKa MOneKyn '!epe3 KOnOHKY 6ea CTOnKHO

BeHIIll co CTeHKOll, 11 ( C IICIIOnb30BaH1IeM MOneKynSipHO-KIIHeTII'!eCKIIX 

ypaaHeH11ll:) CKOpOCTII xnop1IpOBaH1IH MIIKPOKOMnoHeHTa, B '!aCTHOCTII, 

AnH oueHKII apeMeHII xnop1IpoBaH1IH aT0MOB OTAa'!II ra<pHIISI II HeKOTO

pb!X aKTIIHIIAOB. 

[I ony'leHO Bb!palKeH1Ie AnH aen1I'l1IHbl MaKCIIMa·nbHO B03MOJK

H0ll 9<p<peKTIIBHOCTII C'!eTa AeTeKTOpOB nplI per1ICTpau1111 paAIIOaK

TIIBHblX aTOMOB, npomeAilllIX 'Iepea xpoMaTorpa<p1I'leCKYIO KOnOHKY. 

II IIOKa3aHO, 'ITO 9<p<peKTl!BHOCTb C'!eTa B OIILITaX C aneMeHTOM 

104 6bma 6n1I3Ka K onTIIManbHOll. 

Ha116onee YA06Holl: aen1I'!IIHOll nplI pa6oTe c KOpOTKOJKIIBYIUII

MII npOAYKTaMn, KOTopy!O MOJKHO rrony'IIITb C nOMOIUb!O xpoMaTo

r'pacjJ11qeCKOll KOnOHKII, SIBnSieTCH apeMH yAeplK1IBaH1IH. B onhITaX 

Ha npo6H1IKaX 6hlillI lf3MepeHhl apeMeHa yAeplK1IBaH1IH xnoplIAOB: 

cpepMIISJ, Kan1IcpOpHIIS1, K!OpnH, aMep1m1IH, nnyTOHIIH, racpHIIH, IIH

AIIH, CKaHAlfH II HaTplIH. 

/6/ 
HcXOAH II3 )'paBHeHIIH n1IHellHOll 1130TepMbl aACOp6UIIII 

Bb!palKeHHOI'O B BIIAe: 

RT 1/2 Qa/RT 

N. =Ng (~) r
0 

e 

6 

( 1) 

l 

t 
\ 

j 

( N • I! 
2 3 

Ng - 'IIICno MoneKyn Ha 1 CM noaepXHOCTII a a 1 CM 

raaa, COOTBeTCTBeH110, 
1 
ro 

- qacToTa Konc6a1mll: aAcop611poaaH-

Holl: MOneKynhI no HOpMann K noacpXHOCTH, Qa- TennoTa aAC0p6-

llHH),,ypaBHeHHe ape~eHH yAeplKl!BaHnH AnH nHHell:HOll H HAeanb

HOll raaoaoll: xpoMaTorpacjJ1111·MOlKHO aarrncaTb B Bl!Ae: 

S RT 1/2 q,/RT 
[1+ -(-} re 

v 0 2rrM o 
t = t 

R g (2) 

rAe s II VO - nnomaAb noaepXHOCTH II CB060!1Hblll 061,eM Ka-. 

rrannsTopa. 

II • 

HayqeHae aAcop6u1111 xnop1IAOB a cacTeMe 

raa - TBepAoe Teno 

ITp11 11ccneAOBaH1III CBOllCTB HOBblX aneMeHTOB C 11cnonb30Ba

H1IeM raao-aAcop6u110HHoll: xpoMaTorpacpm1 MoryT 6b1Tb 1!3MepeHhl 

n111llb aenl!'ll!Hbl YAeplK1!'3aHl!SI. OHi! aaBIICHT OT napaMeTpOB anna

paTyphI, cneAOBaTenbHO, HeyA06Hhl AnSI illl!pOKOI'O cpaBHeHIISI. Bo

nee cpyHAaMeHTanbHOll xapaKTep!!CTl!KOll MIIKpOKOMnOHeHTa SIBnSI

eTCH TennoTa aAcop6u1111. HMeH a pacnopsJKeH1111 aen11'Il!Hhl Q a 

AnSI 6onbillOI'O 'll!Cna xnopl!CTblX coeA11HeH11ll:, MOJKHO IIOilhITaTbCH 

oneHIITb 3Ha'!eHl!SI TennoT KOHAeHCaUl!II (11cnapeH11S1) xnopl!AOB HO-

' BblX aneMeHTOB no KOppenSIUIIII MeJKAY Qa 11 i\H • TaKo-
KOHA. 

ro poAa KoppenRn1110, cornacHo KoTopoll: AnH raaoa np11 aAcop6n1111 

Ha HeKOTOpb!X TBepAblX cop6eHTaX cnpaBeAnHBa 3aBl!Cl!MOCTb Q = 
-- ·- nl a 

Ky'i\H • Hamen, HanpttMep, o. IllMl!AT 
KOHA, 

C nenhJO nony'leHl!SI TennoT aAcop6n11a xnop11AOB Ha noaepxHOCTI! 

( MOAll<pl!UIIPOBaHHOll/
3 ,

41
) CTeKna AnSI 6onbinoro 'll!Cna 1!3BeCTHblX 

aneMeHTOB 6h!J11! CKOHCTpy11'poaaHbl ABa Bl!Aa annapaTypbl, paCC'III

TaHHhle Ha pa6oTy C Me'leHhlMII aTOMaMI!. OAna 113 HHX (c 1130-

TepMl!'!eCKIIM Kan11nnspoM) 11cnonoaoaanacb AnH 11aMepeH11H aen11-- ~/ 
'IIIH t R • ilpyrag ycTaHOBKa C Kan11nnspoM, IlOMelUeHHblM 

7 



B Ilff'lb C OTPIIUaTenbl!hlM rpanllel!TOM TeMrrepaTyphI, II03Bonsina 

rronyqllTb 3Jlaqel!IISI Kos¢¢1IU1Iel!Ta pacrrpenenel!IISI MIIKp0KOMIIOl!ell

TOB IIplI aanalll!bIX naanel!IIII II TeMnepaType (Ns/N, >P,'l'' 

OplI pacqeTe TennoT ancop6UIIII XIIOPIIA0B c IIOMOIUblO nony-

qeJll!blX aen1Iq1Ill f" R II N s IICITOIIb30BaIIIICb ypaal!el!HSi ( 1) II 

-13 (2). TTplI pacqeTe 6b!IIO IIPIIIISITO, qTo TO = 10 CeK. 

.!lm1 xnopmrn ra¢HIISI ( HfCJ4 ) , KpoMe Toro., 3JlaqeJlllSI Q a 

6hIIIII orrpenenel!hl no TepMOA1Il!aM11qecKl!M ¢opMynaM, He 3aBIICSI

IUIIM OT Hel!3BeCTl!hIX napaMeTpOB, T.K. o6e aen1Iql!llhl tR II NS 

B STOM cnyqae 6h!IIII 1!3BeCTl!hl np11 ABYX TeMnepaTypax. Tennp

Thl ancop6UIIII qeThipexxnoplICTOI'O ra¢H11S1, rronyqeHHhie BO BCeX 

cnyqasix, cornacyroTcSI Me)Kny co6oll, qTo yKa3hrnaeT !fa paayM

HOCTb BhI6paHHOI'O IIYTII pacqeTa. TerrnOThl ancop6UIIII IICCneno

BaHHh!X xnoplIA0B naHhl B 'ra6n11ue 1. TaM )Ke AIISI cpaBHeHIISI. IIplI

BeneHhl TeIIIIOThl KOHA811CaUIIII ( IICrrapel!l!S!) 1 B3S!Thie II3 cnpaBoq

HOfi IIIITepaTyph!, 

nonyqeJlHhie HaMll 3JlaqeHl!SI Q a Il0)KaTCSI Ha nps,Mhie Illll!III! 

(cM, pile. 2) B KO0PAIIl!aTax TennoTa ancop6UIIH - TennoTa K0H

nel!CaUIIll, K0T0phie OIIIIChIBaJOTCSI ypaa1Ie1111e"':: 

Q a = 0,25 '1.H
0 

_+ 0,25,1.H H + 0,5'1.HM (3) 

'1.H H II '1.H M ·- TerrnOThl KOHAe1Icau111I xnop11na-110C1ITeIIS1 11 xnop11na 

MIIKposneMel!Ta. Ben11q1Il!a '1.H c - IIOCTOSIHHaSI II OTpa)KaJOIUasi, 

BIIAIIMO, np1Ipony cop6el!Ta. 

HayqanOCb BIIIISIHIIe rrpnpOAhl xnop11noB-H0C1ITenell Ha :a.c1-

cop6u1IOIIHYJO crroco61IOCTb IIOBepXl!OCTII TBep.[lhlX cop6e11TOB. Y .c1a

II0Cb IIOKa3aTb, qTo IIPII ¢1I31IqecKoll a.c1cop6u111I MIIKPOK0MIIOl!eHTa 

TerrnoTa a.c1cop6U1III 3aBIICliT B OCHOBl!OM OT CTeneHII IlOKPhITII.II 

(0) a.c1cop6UIIOHHhlX Uel!TpOB IlOBepXl!OCTII MOIIeKynaMII HOCl!Tensi. 

Pa3n1Iq1Ie CBoficTB XIIOPIIA0B-HOCIITenell nplI 0AIIH8KOBOM 3HaqeHIIII 

BeII1Iqllllbl 0 cna6o BIIIIS!eT Ha IlOBe.[leHIIe MIIKpOK0MIIOHeHTa. 

CKa3al!HOe IIIIIIJOCTp1IpyeTC.II peaynbTaTaMI! OilblTOB, nonyqe111IbIM1i 

Ha ycTaHOBKe C rpa.c11IeiITOM TeMnepaTypbI, npeACTaBneHHblMli Ila 

plICYHKe 3, 
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40 50 60 

t.HR 

3MIIHPH"leCK8.11 38BHCHMOCTb Terrn0Tb1 aacop6UHH ( Q ,a ) 

xnopHAOB, rrepeXOAHblX MeTannoB Ha MOAli~lliUHPOB8HHOil 
. rroaepXHOCTH CTeKna OT HX TerrnOTbl KOHAeHcamm.(ti.f/ ). 

3na"lemrn TerrnoTbI ancop6uHu: 1 - nm1 ·xnop1;1noa c H~~HJ:l. 

BeCTHb!M _3Ha'l:eHIIeM ti.H KOHJ:l. (ncrrapemrn)' 0 - nn.11 
xnop~J:(OB, tJ.H KOHJ:(. HnH ,mcno 8TOMOB xnopa y KOTOpb!X 
orrpeneneHO H8MH 1 + -· nn.11 MOneKyn KuC]4 1 X - HH)KH.llli 
rpa1mua nn.11 xnopunoa 102 H '103 sneMeHToa,. 
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III 

OrrbITbl"IlO XllMllll aneMeHTa 104-Kyp'laTOnl!SI 

XnMl!'leCKaSI l!AeHTl!(j)l!KaitllSI KypqaTonl!SI 6bma nbmonHeHa 
/2/ 

n 1966 r. ii orr~ITax, rrpononnnWl!XCSI Ha Xl!Ml!'leCKOM rrpo6Hl!Ke 

1, pa60TmomeM neyTpll naKyyMHOH KaMepbl lll!KnO!POl,la. EbinO 

noKaaaHo,'· 'ITO ,0,3-ceK·YHAl!blll CilOHT0HHO nenSIWl!HCSI ll30TOil Kyp

'laTOBllSI neneT ce6si n npoueccax xnopnpoaaHHSI n ancop6unn aHa

norn'IHO H30T0ilaM I'8cpHllSI ll pe3KO 0Tllll'laeTCSI OT ll30T0ilOn Ka

nncpOpHl!S! ll K!OpllSI. 

ITo peaynhTaTaM aToro llllKna OilblT0n n · HaCTosimefi pa6oTe 
/5 9 10/ . . 

onpeneneHo ' ' npeMsi ynep)lmBaHl!SI xnopuna Kyp'laToausi 

ll nbI'lllCneHbl npn:6nm1rn1IHbie 3Ha'I0!lllSI TennoTbl ancop6unn Ha MO

nncpnunponaHHOll noaepxnocTn cTeKna. Ha puc. 4 noKaaano, 'ITO 

nelll!'llllibl t R n Q a , nony'leHHbie nnsi xnopnna Kyp'laTonnsi, 

6nn3Kll K B0llll'lllHBM, Il0(IY'I0Hl!bIM nm1 MoneKyn HfCl4 • 

BTopofi llllKll pa60T nponanonnncsi na nb!B0A0HH0M IlY'IKe 

yCK0pelll!bIX llOH0B C ncnonb30Blll!ll0M npo6nnKa 2. EbmO nbmon

neno 20 0ilbITon, KOT0pbie ycnoano M0)l(l!0 paa6nTh na 'leTb1pe 

cepnn ·( Ta6nn1ta 2). 

B nepnofi cepnu Ha l!OBC\ll ·ycTanonKe 6bmn aocnponanenenbI 

cpnanKo-xnMn'leCKne ycnonnsi, nono6HbIO ncrronhaonal!HbIM n nep

noM llnKne aKcnepnMeHTon. 

8 nocneA;Y'!Olli!!X cep!!S!X ycn0BIISI 0Tll1!'18llllCh TeM, 'ITO np11-

Mel!S1llaCh xnopnpyIOmasi CM0Ch, conep)l(amasi !!36b!TOK Tl!OllllllXno

p11na. PeaynhTaTbl nepnofi II nTopofi cep111Y yiloaneTnop11Tellhl!0 

coananaIOT. Bcero a nnyx cep11six onbIT0B npn aHepr1111 115 ~2 Maa 

(ce'IE\Hl!e ,[(0CTl!I'aeT MaKCIIMYMa np11 E 22Ne = 114 Man) 6binO 

aaper11cTp11ponaHo OKOno 60 aKT0B CIT0!IT8HHOI'0 neneHIISI Ha IIH

TerpanbHblll ITOT0K '18CTl!ll 3,2 -10
18

• OuenKa Il0Ka3bIBaeT, 'ITO 

npeMSI ynep)l(!!Il8HIISI ,[(llSI xnop11na Kyp'laT0nl!SI n aTl!X ycnoansix 

(300-350°) paano oKono 1 ceK. 

B TpeThlO cep!!IO BKlllO'leHbl 0ilb!Tbl npn ITOBbIIIIOHHOfi aueprnn 

( E = 129 Man) ycKopeHHbIX 'laCTl!l! l!eOHa-22. ITp!! aTOM Ha IIH-

12 

j'i 
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t ,,, 

~ t• 
! ,, 
II 
II\ 
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7 
-~oi-
.;.JC, 

t:) 
0 
..J 

5 

3 

1 

Nb. 

15 25 

1-250° 
2-300° 

35 45 

Ca 

1R 
P11c.4. 3aanc11MOCTh £g·T- Qa , paccq11Ta11Hasi no cpopMyne 

q 

( 1) ATIH MoneKyn M = 350 np11 nayx aHaqeHl!SIX T. 
(f1pll HaHeC<iHl!II aKcnepnM0l!Tanhl!bIX T0'leK £g~ llllSI 

npyr11x aneMel!T0n cna6on 38BllCIIMOCThlO f R q OT MaC
Cbi MoneKynb1 npeHe6peranoch). 
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17 
TerpallbHblll IIOTOK tJaCTIIU 6• l O 0binO 3apcr11CTp11ponaHO BCero 

JlBa aKTa CIIOHTalIHOro nenc!ll!lI. 3To AOKa3bIBacT Bb!COKYIO CTe-

lleHb OtJIICTKII OT CIIOHTaHHO-AelllIIUIIXClI lIAep c Z < 104 T.K.- HX 

CetJeH11e o6pa3oBalll!lI CllllbHO B03paCTaeT C IIOBbIWeH11eM ::rnepr1111 

60M6apn11py-10m11x tJaCTHU, B, TO BpeMlI KaK Bb!XOA KyptJaTOBlllI na

JlaeT. 

B OllhITe, B KOTOpOM qaCTb Kalllllllllipa 0billa 3aMeHeHa Ha 

KBlllllllllIP 113 xnop11cToro KalllllI, Ha BblXOACl 113 KOII0HKII (Ha Hll-

17 · 
TerpallbHblli IIOTOK: 3,4•10 tJaCTIIU) He 0blllO 3aper11CTpllpOBaHO 

1111 OAHoro .lIApa KyptJaTOBlllI, B TO BpeMlI KaK IIOBClAeH11e xnop11-

AOB III II V rpynn .npaKTl!tJeCKII He 1!3MeHl!IIOCb. 3TOT qiaKT II0A 

TBepMnaeT cymeCTBOBaH11e B ra3e MoneKyn 'Ku CI 4 , KOTOpbie, 

a11anor11tJHO TeTpaxnopnnaM, aneMeHTOB IV rpyllllhl, AOnMIIbl o6pa-

30BbIBaTb YCTOlitJIIBhle ABOli!Ibie C0eAIIIIC!llllI C xnop11naM11 mcnoq

llbIX MeTannoB. 

no ypaB11e111110 ( 1) pacctJ11Ta11a TennoTa ancop6u11n 

(24,4 KKan/Monb) MOllCKyn KuCI 4 Ha MOAll<pllUllpOBa!IHOll IIOBepx-

!IOCTi! CTeKna, II C IIOM0WbIO 3aBHCIIMOCTH Qa d(4HKOIIA)(cM.p11c.2) 

orrpeneneHa np116n11311TenhHalI TennoTa K0HAeHca1mn (ncnapeHnlI) 

TeTpaxnopnna KypqaTOBHlI (21 KKan/MOllb). 

Ollb!Tbl tJeTBepToll cepnll lIBlllillHCb KOIITpOllhHblMH. B IIIIX HC

IIOllb30Banncb TaKne KOM0HHaUIIII MHWeHh-tJaCTHUa, rrpn KOT0pb!X 

KyptJaTOBHli He MOMeT nonyqaTbClI. OTCYTCTBHe 3aperncTpHpOBa!l

llbIX aKTOB CII0!1Ta1111oro AeneHHlI Ha neTClKTOpax IIOATBepMAaeT 

KOppeKT!IOCTb BbIITOllHe!l!lbIX 11ccneAOBallnll. 

Ha pnc .• 5 11306paMeHa KpnBalI pacnana cnoHTanno AenRmero-

. '\ 
ClI H30TOlla Kyp'IaTOBHlI, IIOCTpOeHHalI 110 "'80 aKTaM nene!IHlI, 

3aperncTpnpoBaH!lb!M B XHMlltJeCKHX 0llbITax. ITepHOA nonypacnana 

nonyqaeTClI paBHhIM npn6nn3HTenh110 0,4 ceK. 
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CEK 

Puc.5. KpHBble pacna):la cnOHT8HHO Aensnueroc_H H30TOna KYP'l8TOBHH. 

1 - nocTpOeHa no BC8M 3aperHCTPHPOB8HHblM 8KT8M Ae

neHHH, 2 - nocTpoeHa no aKTSM AeneHHlI, 3aperacTpHpo

BSHHbIM no o60HM OCKOnKSM AensnueroCSI lIJ:lpa, 3 - nocT

poeHa C y'leTOM 8TOMOB, pacnaBWHXClI 38 AeTeKTOp8MH, 

4 - ( T ½ = 0,4 CeK). . 

16 

IV, 

AAcop6UHH xnopHAOB 102 n 103 aneMeHTOB 

H3 I"830BOI"O noTOK8,. 

3KcnepHM8HTbl no XHMHH aneMeHTOB 102 - JKOnHOTHH H 103. 

npeACTaBnSIJOT nepBbie HCCneAOB8HHH XHMH"18CKHX CBOHCTB aTHX 

aneMeHTOB x). Orrb\Tbl rrpOBOAHnHCb KSK HS rrpo6HHKe 1, TaK n HS 

/12 13/ 
npo6HHK8 2 • • 

B Ta6naue 3 IIOK838Hbl peaKUHH H rrpoueCCbI, npHBOAlIW!{e K 

o6pa30B8HHIO H3y'la8Mb!X H30TOIIOB. PerncTp8UHH Il0B8A8HHH KOpoT

KOlKHBYIIlHX H30TOIIOB 102 H 103 aneMeHTOB rrpOBOtmn:aCb no )!OnI"O

lKHBymeMy AO'lepHeMy 1130-TOIIy cjiepMHH. 

Ha pnc. 6 II 7 noKa38HO pacrrpeAeneane AOnI"OlKHBYIIlHX l!30-

TO_IIOB ra<jJHl!H l! TpaHcypaHOBbIX aneMeHTOB no OTMe"leHHblM y'l'.aCT

KaM I"830B_OI"O TpaKTa, H8HA8HHOe_ npHMepHO nocne 40-q_aCOBOI"O 

Henpepb!BHOI"O onbITa. rro A8HHblM BCeX. OilbITOB BHAHO, 'ITO noBe

AeHne 102 n 103 aneMeHTOB, cjiepMHH n KanucjiopHl!lI B npeAenax 

TO'IHOCTH orrpeAeneHl!lI He OTnl!'I88TClI OT IIOBeAeHHH KIOPHH, o6na

A810lll8I"O yCTOH'Il!BOH BaneHTHOCTblO, paBHOH TpeM, 

BpeMSI, B T8'18Hl!e KOTOpOI"O xnopHAbl 102 H 103 aneMeHTOB 

MOI"YT ABl!I"8TbCH BAOnb KOnOHKH, orrpeAenSieTClI BpeMeHeM lKH3HH 

256
102 H 

256 
103 • T.K. OHO HaMHOI"O MeHbWe IIpOAOnlKHTenbHOCTH 

8KCil8pHM8HTOB. Ebmo IIOK838HO, 'ITO pa3HHU8 B IIOB8A~-

HHH Morna 6b1Tb 3aMe"leHa, ecnn 6b1 TerrnoTa aAcop6uuu xnop11Aa 

102 aneMeHTa 6Lma < 30 KKan/Monb, a TerrnoTa aAcop6unu xno

puAa 103 aneM_eaia < 33 KKan/MOllb, OpeAenbI TerrnoT KOHAeHca

UHH xnopl!AOB 102 H 103 aneMeHTOB, orrpeAeneHHbie no 38BHCHMOC-

TH0 Q .. = f ( ilH ) CM. pnc. 2), cocTaBnlIJOT > 33 KKan/Monb 
KOHA, 

H > 39 KKan/MOnb, COOTB8TCTBeHHO. ITonyqeJiHble 3H8'18_HHH pe3KO 

OTnH'I8IO.T xnopHAbl 102 H 103 aneMeHTOB OT TeTpaxnopHAa KYP'I8T~ 

Billi H yKa3b1B8IOT Ha HX 6nn30CTb K TpeXBaneHTHb!M aneMeHT~M 

(Fm Cf , Cm Am H Tb ) B OTnH'IHe OT ane_M9HTOB tv 
n 6onee BblCOKl!X rpyrrrr, 

x) /11/ • 
Pa6oTa OKa3anacb own6o"l:HoH. 
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PHc.6. Onb!TbI no 102 aneMeHTY, CxeMa lx:IIMll'leCKOl!: ycTaH0BKH 

HS BHyTperr2eM ny'IKe UIIKn0TP0Ha f463QQ II 
1
~:cnpene~~&'~;\. 

1130T0n0B Fm ( aneMeHT 102). Cf • Tb • • Hf 
no y'laCTKaM raaoBoro TpaKTa, 
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nY4DK 1socL, 
MUWEHb n NbCls 
N~ 0ZrCL,, XPOMATOrPAq:JJ.14 KOIIOHKA I AETEKTOP u . 

C50PH/,1K 
/ u ih_ -

~ r' 

70 
%60 

50 
al 40 

30 
20 
10 

Fm q Cm Hf P Fm Cf Cm Hf Pu . Fm Cf Cm Hf Pu 

fOOll T,' I 
% 90 . rtrt7--,--, : 

so I ·I 
b, ;f :-· \ 

J 

%10 j 
. 60 

30 

BJ 40 ! 
30 

6 
4 
2 

I 
iFmCf Cm Am Hf 

h1n I 
TTTT . __ 
Fm Cf Cm Am Hf Fm Cf Cm Am Hf FmCf Cm Am Hf 

Pnc.7. Onb!Tbl no 102 11 103 sneMeHTaM, CxeMa XHMH'i8CKOl!: yc-
TaHOBKII Ha BbIB8118HHOM ny'iK8 UHKnOTpona Y-300 H pac
npe11eneane H30TOnOB 252 ( sneMeHTbl 102 H 103). 

246 
Cf ,, 

240,242,244 Cm , 241,243 Am , 238 Pu H110,111 Hf 

no yqacTKaM raaoaoro TpaKTa. 

YcnOBHSI OUblTOB: 

ITpo11omKHTenbHOCTb, CeK TeMnepaTypa KaMepbl naaliea11e napoB-HOCH-
xnopHp0B8Hl!SI H Konoii- ('I C Teneli 

KH, 0c ::ib b. N6Cls z,,.Cl., 

a) 1,S • 10
6 

MM pT.CT •. 

300 60 0,03 0,005 

6) 1,4 • 10
6 

310 60 0,03 0,005 

a) 7,9 • 10
4 

330 60 0,05 0,01 
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B COBOKynHOCTl1 peaynbTaThl OllhITOB C lKOn110Tl1eM, aneMeH

TOM 103 11 KypqaTOBl10M CBl1A0TenbCTBylOT O TOM, qTo 3Tl1 aneMeH

Thl no MeaaeneeBy srnnsr10Tcsr aKa-11TTep611eM, aKa-n10Teu11eM 11 

3Ka-ra¢H11eM, COOTB0TCTB0HHO. 

BbIBOAbl 

1. CoaaaHbl AB0 aacopOU110HHO-XpOMaTorpa¢11qeCKH0 ycTaHOBKH 

(npo6H11K11) AllSI X11M11qecKOll 11A0HT11¢11Kau1111 npoayKTOB sraepHb!X 

peaKU11ll Ha nyqKe 110HOB U11KnOTpOHa Y-300. 

2. npeanolKeH cnoco6 onpeaemrn11sr Bcn11•rnH aacopomm 11 Ten

noT aacopoUHH MeqeHblX MoneKyn B Cl1CT0MC raa - noBepXHOCTb 

(Moa11¢11u11poBaHHasr) TBepaoro Tena no aacop6u110HHOH aoHe, 06-

paay10mencsr np11 noCTOSIHHOM AaBn0Hl111 M11KPOKCMnOH0HTa B Kan11n

nsrpe c rpaa11eHTOM TeMnepaTyphr. 

3, nonyqeHhI aHaqeHnsr TennoT aacopomm ansr xnop11a0B 6onb

woro q11cna 113BeCTHhIX aneMeHTOB H HanJ:ieHa nonyaM1111p11qecKaSI 

3aBl1Cl1MOCTb TennOTbl aacop6u1111 OT TennoThl KOHACHCaun11. 

4. OnpeaeneHO np116n11lK0HII00 3HaqeHHC TellnOT"KOHA0HCaUHH 

xnop11AOB0 ¢cpMl1SI, KypqaTOB!{SI, a TaKlK0 Hl1lKHl10 rpaHl1Ubl TennoT 

KOHA0Hcau11n xnopl!AOB lKOill!OTl1SI 11 103 aneMeHTa nyTeM 11ayqeH11SI 

aacop6u110HHO-xpoMaTorpa¢11qecKoro IIOBCA0Hl1SI 3T11X aneMeHTOB. 

5. l1aMepeH11eM aacop6u1111 xnop11aa KypqaTOBHSI Ha xnop11cTOM 

Kan1111 IIOATBeplKA0HO qeTb!pexBaneHTHOe COCTOSIHl!0 aTOMOB'Kypqa

TOBIISI. 

6, nonyqeHHbl0 AaHHble npeacTaBnSIIOT 3KCnepl1M0HTanbH00 

AOKa3aTenbCTBO Toro, qTo lKOnHOT11H, 103 aneMeHT 11 KypqaTOB11ll 

SIBnSIIOTCSI 3Ka-11TTep611eM, 3Ka-n10Teu11eM, 3Ka-ra¢HHeM. TeM ca_MblM 

nOATB0PlKA0Hbl OCHOBHhle BbIBOAbl, caenaHHbl0 H3 nepBblX 3KCnepl!M0H

TOB no X11M11H KypqaTOBl1SI, a TaKlKe rnyooKaSI aHanor11sr VI 11 VII 

nepl10AOB Ta6n11Ubl- MeH11eneeBa. 

B TO lK0 BpeMSI MOlKHO YTBeplKAaTb, qTo B VII nep11oae: 

-cJKaT11e. nposrBnsreTcsr cnaoee, qeM B VI nep11oae (Tennota 
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KOH/10HCa!lHII Ku Cl 4 Ha~ 5 KKanlMOllb Bhlllle, 'ISM B cnyqae HfCl4 ), 

'ITO BalKHO Y'Il!ThIBaTb IIPH IIOl!CKaX HOBbIX, eme 6onee TS!lKSllbIX 

sneMeHTOB. 

OcHOBHhle MaT!i)pl!allhl /1HCCepTa1t1111 orry6n11KoBaHbl B pa6o-

/5 8-10 12 13/ 155 Tax ' 1 1 
1 a TaKlKe /10llOlK0Hbl Ha HaitHOHanbHOM 

co6paHl!II aMep11KaHCKoro XHMH'ISCKOro o6mecTBa B CaH-¢paH!lHC

KO (arrpenb 1968), Ha III Pa1111oaHan11TH'ISCKOii KOHcpepeHitHII B 

l{CCP ( 1968) H Ha pa60'I0M ConemaHl!II IIO 6bICTpb!M pa11HOXH

Ml!'ISCKl!M M0T0)1aM paa11eneHHSI, lly6Ha ( 1968). 
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