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PaHee Hawa rpynrra coo6ll(ana I 1. 2/ o XHMH'IeCKOM BbiJJ.eneHHH 

H H,!J,eHTH$HKaiJ;HH H30TOIIOB Kyp'laTOBH.R H HHnbc6opH.R /3neMeHTbl 104 
H 105/ C CeKyH,!J,HbiMH BpeMeHaMH )f(H3HH MeTO,!J,OM c:lJpOHTanbHOH Tep· 

MoxpoMaTorpac:lJuu xnopucTbiX coe.nuHeHHH. 3neMeHTLI rronyqanu o6ny

'leHueM aKTHHOH,!J,HbiX MHWeHeH T.R)f(enbiMH HOHaMH Ha IJ;HKnOTpoHe. 

CaoicTBa 104 H 105 :meMeHTOB"oKa3anucb, cornacHo O)f(H,!J,aHHIO, 6nu3· 

KHMH K CBOii:CTBaM rrepeXO,!J,HbiX 3neMeHTOB COOTBeTCTBeHHO IY H Y 
rpyrrrr rrepuo.nu'lecKoii cucTeMbl. 3To rro3aonuno H3onupoaaTL Kyp'laTo

BHii H HHnloC60pHH IIpH TeX )f(e ycnoBH.RX 3KCIIepHMeHTa, KOTOpble 6blnH 

OTpa60TaHbl ,!J,n.R Bbi,!J,eneHH.R MO,!J,enbHbiX 3neMeHTOB • ra$HH.R H HHO • 

6H.R. 

HacTO.Rll.(a.R pa6oTa uarrpaaneua Ha H3y'leHue rroae.neHH.R HeKoTopbiX 

neTy'IHX HeopraHH'IeCKHX COeJI,HHeHHH BOnbc:lJpaMa H peHH.R IIPH TepMO· 

xpoMaTorpac:lJuu c .u;enbro BLI6opa ycnoauii .nn11 xuMu'lecKoii u.neuTuc:lJu

Ka.u;uu 3neMeHTOB 106 H 107, KOTOpble JI,On)f(Hbl o6na.na Tb CBOHCTBaMH 

COOTBeTCTBeHHO 3KaBOnbc:lJpaMa H 3KapeHH.R. 

3KcnepuMeHmaAbHaJI 'iacmb 

JKCIIepHMeHTbl IIpOBOJI,HnHCb Ha ycTaHOBKe, IIOJJ.p06HO OIIHCaHHOH 

pauee 111, pa6oTaJOll(eii Ha rry'IKe ycKopuTen.R Y- 300 Jla6opaTopHH 

.R.nepHbiX peaK.U:Hii OlUIH B )J;y6He. Ha puc. 1 rroKa3aHa rrpuu.u;urruanbHa.R 

cxeMa arrrrapaTypbl. lloToK ycKopeHHbiX T.R)f(enblx HOHOB rrorra.nan Ha ToH

KYIO MHWeHb. Jl.npa OTJI,a'IH, BblneTeBWHe H3 MHWeHH, TOpM03HnHCb B 

IIOTOKe ra3a, KOTOpbiH TpaHCIIOpTHpOBan HX B TepMOXpOMa TOrpac:lJH'IeC • 

KYIO KOnOHKy. Ha BXOJI,e B KOnOHKY B HeKOTOpbiX cny'la.RX BBOJI,HnHCb 

ra3oo6pa3Hbre peareHTbl. KonoHKa rrpe.ncTaan.Rna co6oii rrp.RMYIO CTeK

n.RHHYIO Tpy6Ky Jl,nHHOii OT 135 JI,O 195 CM H BHyTpeHHHM JI,HaMeTpOM 

4 MM, COCTO.Rll(YIO H3 Tpex y'laCTKOB /eM. pHC. 1 • pHMCKHe .U:H$pb1/. 

llepBbiH H3 HHX, Jl,nHHOH 30 CM, HMen 'laCTble BbiCTYIIbl Ha BHyTpeHHeii 
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llOBepXHOCTH Tpy6JCH, lCOTOphle cny)I(HnH ~nJI yBeJIH'IeHHJt 't}'p6yJteHTHO· 

CTH llOTOJCa H, TaJCHM o6pa30M, .ztnJI yCJCOpeHHJI OCa)I(,ZteHHJI HeneTy'IHX 

coe~HHeHHH. BTopoii H TpeTHI y'laCTJCH OTnB'IanHCL Ia pa!tnH'IHhiX Ollhl• 

Taxi TOnLJCO TeMnepaTypHWM pe)I(HMOM. flo Bcel HX .ztnHHe RMenHCL 

0Tpe3JCH .ztnHHOI 1 CM C BWCTynaMH Ha BHyTpeHael DOBepXHOCTH Tpyft• 

JCH, paCCTOJIHHe MeQy TaiCRMH OTpe3JCaMH paBHJIJIOCL 4 CM. 3Ta ICOii• 

CTpyJCTHBHaJI oco6eHHOCTL ICOJIOHICH o6ycnosneHa cneUHI!JH'IeCJCHMH TJ)~j 
6oBaHHJIMH npR H3MepeHRH CDOHTaHHOrO ~eneHRJI HOBhiX 3JteMeHTOB r£N. 

• flocne OIILITa .ztnRTenLHOCTLIO B HeCJCOnLJCO 'laCOB C DONOIIlLIO 

y • cneJCTpoMeTpa c 'Ge( Li) • .zteTeiCTopoM R3MepJinocL pacnpe.AeneHae 

pa3nH'IHhiX HRTepeCyrolllHX HaC R30TODOB B~OJIL ICOJIOHICR H, TAkflM o6· 

pa30M, HaXO,ZtHJIOCL nonO)I(eHRe a.ztcop6.QHOHHhiX 30H 3JteMeHTOB. 

BpeMJI ttpOXO)I(JleHH .. aTOMOB OT MHWeHH .ztO MeCTa a.ztcop6UHOHHOI 

30Hhl OUeHRBaJIOCL B CDeURanLHLIX OfihiTax, B lCOTOphiX aTOMW BBO,ZtH· 

nHCL B ra3 He HenpephiBHWM 06Jty'leHHeM MHWeHH, a ICOpOTJCRM HMDYJIL • 

COM H H3MepJIJtaCL lCOHUeHTpaURJI H30TOna B ra3e Ha BWXO,Zte lCOJIOHJCH. 

TeMnepaTypa no sce:H ~nHHe JConoHJCH s :JTOM cnyqae npeswmana TeM· 

nepaTypy 30Hhl a~cop6UHR. TaJCHM o6pa30M, OCYIIleCTBJIJIJIOCL no.zto6ae 

DpOJIJJHTeJILHOI XpOMa TOrpai!JHH. 0TMeTHM, O,ZtHaJCO, 'ITO B .ztaHHO:J: Me TO· 

~HJCe "speMJI y.ztep)I(HBaHH•" onpe.ztenJieTcJI, B npaauune, He O.ztHRM TonL· 

JCo xpoMaTorpa4JaqecJCHM :J4141eJCTOM. AsToMaTH'IecJCoe ycTpolcTso, JCo· 

Topoe 6y~eT onacaHo s .ztpyrow: coo6I.QeHHR, no3sonJino MHoroJCpaTHO 

DOBTOpHTL 3TOT onWT H CYMMRPOBaTL XpOMaTorpaMMW, 'IT06hl DOJIY'IHTL 

.QOCTaTO'IHYIO aJCTHBHOCTL, a, CJte~oBaTeJILHO, CTaTRCTH'IeCJCYIO TO'f• 

HOCTL. 

fipH H3y'leHHH llOBe~eHHJI COe~HHeHHH BOnL4JpaMa HCDOnL30Ba· 

nacL HloTonw 175 f 1 ·r ~ = 34 MHH./ a 176 f 1 ·r ~ = 2,2 qacal, 

o6pa3yiO~ReCJI npH o6ny'leHHH ecTeCTBeHHOI CMeCR R30TOllOB 3p6HJI 

HOHaMH 
12 C C :JHeprae:J: 70 M:JB, 'ITO COOTBeTCTByeT MaJCCHMYMY pe· 

aJC.QHH o6pa3osaHHJI JCOMnayH.zt· •.ztpa c nocne.ztYIOIURM acnapeHHeM 4 
HeiTpoHoB. Pacnp~~eneHHe coe.ztHHeHHI sonL4JpaMa B.ztOJIL TepMoxpo· 

MaTOrpa4JH'IeCJCOii JCOnOHlCH onpe.ztenJinOCL no aJCTRBHOCTH ,ZtO'IepHHX 
175 Ta I T ~ = 10,5 qaca; E.y = 80, 207, 270 JC:JB H .ztp.l H 176 Ta 

1 116 ·r = 8,0 qacos; Ey = 88 JC:JB H ~p.l. nose.zteaae peHHJI Hly'la· 

noeL c noMoi.QLIO 177Re , o6pa3yroi.QerocJI npH o6ny'leHRH ronLMHJI ao· 

HaMH 
16 0 C :JHeprHeii 86 M:JB, 'ITO COOTBeTCTByeT MaJCCHMyMy BhiXO·~a 

peaJCUHH 165 Ho ( 16 0; 4n) 117 Re . Pacnpe~eneHHe peHRJI onpe~enJI· 
noeL no aJCTHBHOCTH 6onee ~onro)I(HBYIIlero BHy'laToro 171Ta I ·r ~ = 
= 56,6 qaca; 'E Y = 113 JC:JB H ~p.l. 
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Pe3yAbmam&r u o6cyJtCoeHue 

lfeeJie,!J;OBaJIOeh noBe,!J;eHHe BOJIL4JpaMa B XJIOPHPYIOil\eH epe,!J;e. 

B KaqeeTBe XJIOPHPYIOil\ero areHTa npHMeHHJieH THOHHJIXJIOpH,!J;; nap· 

UHaJILHoe ,!J;aBJieHHe napoB SOCl 2 B KOJIOHKe ao aeex onLITax eoeTaB

JIHJIO npHMepHO 26 MM pT. eT. ra30M "HOeHTeJieM eJiy)l(HJI TeXHH'IeeKHH 

a30T. H3yqanaeL KapTHHa paenpe,!J;eJieHHH aonL4JpaMa B 3aBHeHMOeTH 

OT eO,!J;ep)l(aHHH KHeJiopO,!J;a B ra3e "UOeHTeJie H OT TeMnepa TypHoro pe

)l(HMa KOJIOHKH. bhiJIO HaH,!J;eHO /Ta6JI. 1/, 'ITO eoe,!J;HHeHHH BOJILlPPaMa 

o6pa3yiOT ,!J;Be pa3JIH'IHMLie 30HLI e ueHTpaMH B paiioHax TeMnepa TYPLI 

270·250° C H 150·140° C. /KaK 6LIJIO noKa:taHO HaMH paHee, TaHTaJI 

B 3THX yeJIOBHHX He ,!J;aeT JieTy'IHX eoe,!J;HHeHHH, 'ITO n03BOJIHeT ey,!J;HTb 

o noBe,!J;eHHH aonL4JpaMa no paenpeJ];eJieHHIO TaHTana/. Paenpe,!J;ene

HHe BOJIL4JpaMa Me)l(J];y 30HaMH 3aBHeHT OT Ha3BaHHhiX Bbiiiie yeJIOBHH, 

a HMeHHO /eM. pHe. 2/: 

a/ npoueHT aKTHBHOeTH B BLieoKoTeMnepa TypHoii 30He na,!J;aeT no 

Mepe B03paeTaHHH TeMnepaTypLI Ha'laJILHOH qaeTH KOJIOHKH; 

6/ O'IHeTKa ra3a·HOeHTeJIH OT KHeJI0p0,!1;a C nOMOil\biOaKTHBHOH 

Me,!J;H /oeTaTO'IHOe eO,!J;ep)l(aHHe KHenopo,!J;a Ha ypoBHe 0,01 - 0,001o/o/ 

enoeo6eTByeT o6pa30BaHHIO HH3KOTeMnepaTypHOrO eoe,!J;IIHeHHH. 

JapaHee HeJIL3H HCKJIIO'IHTL, 'ITO HH3KOTeMnepaTypHaH 30Ha 06pa-

3yeTeH 3a eqeT npeaparueHHH eoe,!J;HHeHHH, a,!J;eop6HPYIOil\eroeH npH 6o

nee BbieOKOH TeMnepaType, H e HeKOTOpoii 3a,!J;ep)l(KOH. Il03TOMY OnLITbl 

no H3MepeHHIO eKopoeTH npOXO)l(,!J;eHHH aTOMOB BOJihlPpaMa ,!1;0 MeCTa 

HaXO)l(,!J;eHHH a,!J;eop6UHOHHLIX 30H npOBO,!J;HJIHeb TaK, 'IT06LI BbiHeHHTh, 

He HMeeT JIH MeeTO TaKOH enyqaii. Ha pHe. 3 noKa3aHa BbiXO,!J;HaH KpH· 

BaH BOJiblPpaMa, eHHTaH CHa'laJia npH TeMrrepaTypHOM pe)l(HMe KOJIOHKH, 

o6eene'IHBaiOI.UeM BbiXO,!J; H3 KOJIOHKH Beex eoe,!J;HHeHHH BOJihlPpaMa, H 

rrpH yenoBHHX onLITa, 6naronpHHTHLIX ,!J;JIH o6pa3oBaHHH BhieoKoTeMrre

paTypHoii 30Hhl /eM. Ta6JI. 1, OIILIT.N'!!1/. BH,!J;HO, 'ITO OeHODHaH ,!J;OJIH aTo· 

MOB BOJIL4JpaMa IIpOXO,!J;HT KOJIOHKY 3a BpeMH,MeHbiiiee 0,8 eeK.B J];aJib" 

HeiiiiieM npOBO,!J;HJIOeb H3MepeHHe eKOpOeTH ,!J;BH)l(eHHH TOJibKO 6onee ner

KOJieTyqero eoeJ];HHeHHH. TeMnepaTypHLiii pe)l(HM 6Lm BLI6paH TaKHM 

o6pa30M, 'IT06LI BLieOKOTeMnepaTypHaH a,!J;eop6UHOHHaH 30Ha OeTaBa· 

JiaeL Ha KOJIOHKe /rpaJ];HeHT/, a yeJIOBHH OIIhiTa o6eerre'IIIBaJIH npeH· 

Myll\eeTBeHHOe 06pa30BaHHe 6onee JierKOJieTy'IHX eoe,!J;HHeHHH BOJihlPpa

Ma I eM. Ta6n. 1, on LIT .N'!!6/. 0Ka3anoeL, 'ITO apeMH ,!J;BH)l(eHHH HH3KO

TeMnepa TypHoii 30HLI He OT JIHqaeTeH 3aMeTHO oT apeMeHH rrpoXO)l(,!J;eHHH 

eyMMLI ,!J;BYX xpoMa Torpa4JHqeeKHX 30H. K TOMY )l(e ene,!J;yeT yqeeTL, 

'ITO BO BTOpOM enyqae epe,!J;HHH TeMrrepaTypa B,!J;OJib KOJIOHKH 6LIJia HH" 
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YCHODHB onHTOB M nacnpe8eneHne BOHLffipaua Me;l¥ xpOM,30HaMM 

Tewnep. Tewneparypa rp~HeHT no xoHoHxe Oqmctxa ra- % axrHB- TeMneparyp- Teunepatypa 
KaY, 30HH oqHCTKH 
xnop. 

,OT 30HH oqHCtKH lO 3a OT KHC- HOCTH B HaB 30Ha KaKC,nHKa 
KOHUa KOnOHKR) HOPOla nHKe nnxa 

Oq Oq OC % Oq OC 

350 350 :350-100 Oe3 Ol.!HCT. 86 340-170 270 
7,5 170-100 140 

-"- -"- -"- W-aKTHB. 57 340-170 '2.70 
40 170-100 .i40 

410 410 410-180 Oe3 oqucr, 60 .::so-1sc '2.50 
33 GOO (' 180) 

...,_ .. _ -"- -"- Cu -a.KtzB. I~ 280-220 250 
80 <:: 180 

450 480-450 450-80 Oe3 oqHct. 47 400-220 260 
50 220-00 150 

-11- Cu -axn:B. 
_ .. _ 

-"- 2.1 350-c20 260 
75 220-80 150 
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Puc. 2. 3aBHCHMOCTh TepMoxpoMaTorpaMM coe.nuHeHHH aon~>tlJpaMa 
oT TeMnepa TypHoro pe>KHMa H OT co.nep>KaHH.II xucnopo.na B ra3e -Ho
CHTene. 
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Puc. 3. BbiXO.IJ;HaH KPHBaH /npoHBHTeJibHaH xpoMaTorpaMMa/ aonbllJpa
Ma. 
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>Ke, qeM ITPH H3MepeHHH CKOPOCTH npOXO>K.D;eHHH CyMMbl COe.D;HHeHHH 

u, cne.D;oaaTenbHO, a.D;cop6uuoHHafl Ja.D;ep>KKa Morna 6hiTh TOnhKO 6onh

me. 

Jh pe3ynbTaTOB OnhiTOB cne.D;yeT, 'ITO B .D;aHHhiX ycnOBHHX BOnb4J· 

paM o6pa3yeT He MCHee .D;BYX coe.D;HHeHHH, OTnH'laiOIQHXCH no CBOHM 

a.D;COp6UHOHHhiM CBOHCTBaM. BnHHHHe KOHUCHTpaUHH KHCnopo.D;a B ra-

3e- HOCHTene Ha pacnpe.D;eneHHe aonh4JpaMa Me>K.D;Y xpoMa Torpa¢uqec

KHMH 30HaMH CKOpee BCero yKa3hiBaeT Ha TO, 'ITO, no KpaHHCH Mepe, 

O.D;HO H3 COC.D;HHeHHH BOnb4JpaMa HBnHeTCH KHCnopO.D;OCO.D;ep>KaiQHM. Hau-

6onee >Ke BCpOHTHbiM HaM npe.D;CTaBnHeTCH o6pa30BaHHe .D;BYX OKCHXnO

pH.D;OB W.O 
2 

Cl
2 

u WOCl
4 

• YMeHbliieHue KOHUeHTpauuu Kucnopo.D;a Bra

re-HocuTene CTIOC06CTBYCT o6pa30BaHHIO lf0Cl
4 

, a TIOBblliiCHHC TeM

nepaTypbl peaKUHOHHOH KaMephi u HaqanbHoro yqacTKa TepMoxpoMaTo

rpa4JuqecKoii KonoHKH CTHMynupyeT, no- BH.D;HMOMY, npouecc pa3no:>Ke

HHfl unu xnopupoBaHHH lfO 2 Cl 2 .11;0 lf'0Cl
4

• 0.D;HaKo H3- 3a cno:>KHo

CTH B3aHMHbiX npeapaiQeHHH XnopH.D;OB H OKCHXnOpH.D;OB BOnh4JpaMa 

TPYAHO cy.D;HTb o 4JopMynax coe.D;HHeHHH, o6pa3yromux xpoMaTorpa<bu

qecKue TIHKH Ha KOnOHKe. llO.D;p06HOe H3y'leHHe XHMH'leCKHX npouecCOB, 

-" npOTeKaiOII.{HX B ycnOBHHX 3KCITepHMeHTOB, H HX TepMO.D;HHaMH'leCKHX 

xapaKTepHCTHK npe.D;CTaBnHeT 6onhliiOH HHTepec, HO, K CO:>KaneHHIO, 

orpaHH'lCHO 6onhliiOH CTOHMOCTbiO UHKnOTpOHHOro apeMeHH. YcJIOBHH, 

onpe.D;enHIOII.{He XHMH'leCKHe npeapameHHfl o6pa3YIOIUHXCH aTOMOB H HX 

CTa6HnH3aUHIO B ra30BOM TIOTOKe, BKnJO'laiOT pa.D;HaUHOHHOe H TeTIJIO• 

BOe B03.D;eHCTBHe UHKnOTpOHHOrO TIY'lKa. ll03TOMY KaKoe-nu6o MO.D;eJiif

pOBaHHe 3THX npoueCCOB HeB03MO>KHO. 

I I. TepMoxpoMaTorpadJuqecKoe Bhi.D;eneHHe peHHH 

CaoH:craa neTy'lecTH xnopH.D;OB H OKcuxnopH.D;OB peHHH .D;aiOT Mano 

Ha.D;e>K.D; Ha B03MO>KHOCTh HX ceneKTHBHOrO OT.D;eneHHH MeTO.D;OM Tep

MOXpOMaTorpa4JHH OT aHanorH'lHbiX COe.D;HHeHHH BOnh4JpaMa, 'ITO HBJIH• 

eTCH He06XO.D;HMhiM ycnOBHCM .D;nH XHMH'leCKOro Bhi.D;eneHHH H H.D;eHTH-

4JuKaUHH 107 JneMeHTa. HoJTOMY Mhi o6paTHnHch K uccne.D;oBaHHIO no

ae.D;eHHfl KHCnOpO.D;HbiX COe.D;HHeHHH peHHH,B TOM 'lHCne Hero JaBHCHMO

CTH OT CO.D;ep>KaHHH napoB BO.D;hl B ra3e-HOCHTene.B Ka'leCTBe XHMH'IeC

KOrO peareHTa H ra3a·HOCHTenH HCITOnh30BancH B03.D;yX. HaChiiUeHHe 

napaMH BO.D;bl ITpOH3BO.D;HnOCh npH 6ap60THpoBaHHB ra3a·HOCHTenH 

qepe3 BO.D;y, uarpeTyro .11;0 pa3nB'lHhix TeMnepaTyp. 

lihmo uai.D;eHo, 'ITO peuuH: o6pa3yeT ua TepMoxpoMaTorpa4Juqec

KOii KOnOHKe a.D;Cop6UBOHHYIO 30HY B paHOHe TeMnepaTypbl ==300 ° C 

/eM. puc. 4/. H3Meueuue KOHUeHTpauuu napos BO.D;hl B ra3e-uocuTene 

10 

~~ ........ ~ ................................ ..... 



~-

.. ,. 

~r 
I 
i 

~ 
4o 

30 

20 

oc 

200 

{()() 

120 

PHc. 4. TepMoxpoMaTorpaMMa peHHH. 

II 

~ ---- -



B npe):(eJiaX OT 18 ,1:(0 96 MM pT. CT. He OKa3LIBaeT 3aMeTHOrO BJIHHHBH 

Ha noJIO)f(eHHe a):(COp61.(HOHHOH 30Hbl COe):(HHeHHH peHHH. 

B CBH3H C MaJILIM KOJIHqecTBOM /no cpaBHeHHIO C qHCJIOM MOJie

KYJI raJa·HOCBTeJIH/ aTOMOB peHHH, BbiJieTaiOII.\HX H3 MHIIIeHB B e):(BHB· 

UY BpeMeHB, Tpy):(HO 06'bHCHHTb noJiyqeHHOe pacnpe):(eJieHHe peHHH no 

KOJIOHKe noae):(eHHeM Re 
2 

0
7 

. Re 0 
3 

, no- BB):(BMOMY, HeJJ,ocTa ToqHo 

JieTyq, qTo6LI OH MOr o6yCJIOBHTb a):(COp61.(HOHHYIO 30HY npH TeMnepa

Type 300 ° C. lionee paJYMHbiM npe):(cTaBJIHeTcH o6paJoaaHHe B JJ,aH

HhiX ycnoBHHX MoneKyn H Re 0 4 H HX a,l:(cop61.(BH Ha KOJIOHKe. CKopocTh 

npoXO)f():(eHHH peHHH no xpoMaTorpa$HqecKoii KOJIOHKe He onpe):(eJIHnacb. 

06pa30BaHHe a):(COp6UHOHHOro nHKa XJIOpHCTbiX COe):(HHeHHH npH 

TeMnepaType "' 150 ° C HBJIHeTCH OTJIBqHTeJibHOH OC06eHHOCTblO BOJib$· 

paMa no cpaBHeHBIO C paHee HJyqeHHLIMH ra$HHeM, KypqaTOBHeM H 

HHJihc6opHeM I 1.2( llocne):(HHe 3JieMeHThi ):(aJOT cyiuecTBeHHo MeHee 

JteTyqHe XJIOpHCTble COe):(HHeHHH. 06pa30BaHHe JieTyqHX OKHCHbiX coe

):(HHeHHH OTJIHqaeT peHHH OT ra$HHH, HH06HH, TaHTaJia H BOJib$paMa, 

KOTOphle B 3THX yCJIOBHHX o6pa3yiOT TOJibKO HeJieTY"'He BeJ.UeCTBa. Ta

KHM o6pa30M, 6LIJIH HaH):(eHbl cnei.(H$HqecKHe YCJIOBHH /OTJIHqaiOLUHeCH 

OT YCJIOBHH Bhl):(eJieHHH KypqaTOBHH H HHJibC60pHH/ ):(JIH nonyqeHHH H He

npepLIBHOrO 3KcnpeccHoro OT):(eJieHHH HeopraHHqecKHX neTyqux coe

):(HHeHHii BOJib$paMa H peHHJI C nOMOII.\blO MeTO):(a $pOHTaJibHOH ra30BOH 

TepMOXpOMa TOrpa$HH. IIOCKOJibKY npe):(CKa3LIBaeMble CBOHCTBa COe):(H

HeHHH 106 H 107 3JieMeHTOB 6JIH3KH K CBOHCTBaM aHaJIOrHqHbiX COe):(H• 

HeHHH BOJib$paMa H peHHJI COOTBeTCTBeHHO /KaK H B cnyqae ra$HHH

KypqaTOBHJI B HH06HH·HHJibC60pHJI/, pa3pa6oTaHHhle YCJIOBHH 6hiCTporo 

BLI):(eJieHBJI BOJib$paMa H peHHJI ):(aiOT Ha,l:(e)f():(y Ha ycneiiiHOe Bbl):(eJieHHe 

B TeX )f(e YCJIOBHJIX 106 B 107 3JieMeHTOB. 

ABTOphl npBHOCJIT 6naro):(apHOCTb aKa):(eMHKY r .H.<I>nepoay Ja 

nocTOJIHHLIH BHTepec K pa6oTe, a TaK)f(e li.B.lllHJIOBY H II.M.E)f(KOBY 

3a nOMOII.\b B npoBe):(eHHB 3KCnepBMeHTOB. 
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