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f1peLlCK838HIHI XI1MIP·!eCKI1X CBOHCTB J04 aneMeHTa , H8XOLl51!UeT'OCSI B ceab

MOM nep110Lle CI1CTeMbl MeHaeneeBa, He1136eli<HO OCHOBblB810TCSI Ha OITpeaeneH

HOM npeLlCT8BneHI111 0 p83MeweHI1H sneMeHTOB C 5 f - aneKTpOH8MH B 3 TO H 

CI1CTeMe , f103TOMY 3KCITep11MeHT8nbHOe H3y'feHHe CBOHCT B HOBOT'O sneMeHT8 

LlOn)l(HO CITOC06CTBOB8Tb peureHHIO 3TOH MHOT'OKp8THO 06Cy)l(ll8BUJetl:CSI npo6ne-

Mble 

PaHHHe ITOIThlTKI1 p8CC'fi1T8Tb ITOPSillKOBhlH HOMep, C KO TOpOT'O H8'1HeTCSI 

B 8TOM8X 38ITOITHeHHe sneKTpOHHOH ITOQ06onO'IKH 5 f • npHBOLlHITH K CHITbHO 

oTni1'18JOWI1MCH pesynbTaTaM: yKa3wBani1Cb 

6oT aan fawcci1HCKI1M /2/ 11 Cl16oproM/3/, 

z OT 90 no 95, 06sop STHX pa-

llpyroif nonxon 3aKnJO'fancH B OThlCKBHI111 rrpaBHn, onpenenHJOwHx rropSJ-

LlOK 38ITO nHeHI1SI ITOll06onoqeK B 38 BHCI1MOCTI1 OT T'n8BHOT'O H 83HMyTanbHOT'O 

KBaHTOBhlX qwcen B rrepBwx meCTH nep11onax. TaK, HanpHMep, BHnnap/4 / rrpi1-

BOLli1T Cp8BHI1TenbHO npOCThle 8pH¢MeTI1'feCKHe Bhlp8)l(eHHSI n nH paC'IATa BTOM 

HOT'O HOMepa sneMeHTa 3anaHHoro nep11ona 11 nonrpyrrnw. Kn e'IKOBCKI1rr/5/ Ha

wen, 'ITO o6waH TenneHuHH cocTOHT B nocnenoaaTenbHOM sarronHeHHH rpyrrrr 

KBBHTOBblX ypoBHeH C OLIHHBKOBOH BeiTH'f11HOH cyMMbl ( n + f) H BHyTpH Ta-

KOH rpyiTITbl CHB'fana 38ITOnHSIIOTCSI ypOBHI1 C 6onbWI1M n OH yKasan, 'ITO 

Hai\neHHbie npaBI1na CnenyJOT 113 CT8TI1CTH'feCKOH TeOp11H 8TOM8, Y 060HX BB-

TOpOB nony qaeTCSI ITOnHBSI 8H8ITOT'HSI sneKTpOHHOT'O CTpOeHI1SI sneMeHTOB WeC

TOT'O 11 CellbMOT'O nep i10LlOB, 

B H8CTOSIWe G BpeMR 8TOMHhle CTpyKTyphl p8CC'IHThlB810T ITO H8H6o~ee 

CTpOT'OMy Me Tony - XapTpl1-<f>OKa/6, 7 /,C 11CITOI1b30B8HI1eM COBpeMeHHbiX sneKT 

pOHHhlX Bhl'fi1CITHTenbHhlX M8WI1H, OLIHBKO CTpOeHHe BHeWHHX o6onO'IBK TR)l(e

IThlX 8TOMOB BCe ewe He ynaeTCR npenCK838Tb BITOITHe HBlle)l(H0/8/, B cyw

HOCTI10 KBK HeOLlHOKp8THO OTMeqanOCb a/9,10/, BOITpOC 06 sneKTpOHHOH CTpyK-
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Type CB060.UHbiX 8TOMOB rrpe.UCT8BnHeT TOnbKO O.UHY CTOpOHy rrpo6neMbi 1 T8K 

K8K B cnyqae TSI)KenbiX a neMeHTOB XHMH'IeCKHe CBOJ1CTB8 Tpy.UHO BbiBeCTH H3 

aTHX cTpyKTYP• IToaToMy pa3MeweaHe aneMeHTOB c aarronHHJOWel1cH rro.uo6o-

no'IKO fl 5 f B rrepHO.UH'IeCKOJ;i CHCTeMe .UOn)KHO OCHOBbiB8TbCSI rrpe)K,Qe BCero 

H8 XHMH'IeCKHX .U8HHb!Xo 

flo OTKpbiTHSI TpaacypaHOBblX a neMeHTOB ITO'ITH He B03HHK8nO COMHeHHJ1 

B TOM, 'ITO Th , Pa H V SIBnSIIOTCSI ITOnHbiMH aHanoraMH COOTBeTC TBeHHO 

Hf, Ta H W • YlcKnJO'IeHHeM HBHnHCb pa6oTbi BHnnapal 11 I, rrpHBO.UHBillero 

HeKOTOpbie 4JH3HKO-XHMH'IeCKHe .U8HHbie B ITOnb3y rrpe,urronO)KeHHSI 06 8KTHHHH 

K8K pO.UOH8'!8nbHHKe HOBoro ceMeJ;icTBa, H ronb,QillMH,QT8 I 121, yK83b!B8BWero 

H8 OCHOB8HHH KpHCTannO-XHMH'IeCKHX H reOXHMH'IeCKHX ,Q8HHhlX H8 B03MO)K

HOCTb CyWeC TBOB8HHSI CeMeJ1CTB8 ' TOpH.UOB, 

0.UH8KO rrocne H8KOITneHHSI CBe.QeHHJ;i 0 CBOJ1CTB8X rrepBb!X Tp8HCyp8HOB 

H oco6eaao rrocne OITbiTOB c aMepHuHeM H K!OpHeM CH6opr13, 14-161 rrpHwen 

K Bb!BO.Uy, 'ITO "o)KH,QaeMOe CeMeJ1CTB0 1 ITO.U06HOe pe.UK03eMenbHOMy, H8'IHH8-

eTCSI C 8KTHHHSI B TOM )Ke CMbiCne, K8K pe.UK03eMenbHOe HnH naHT8HH,QHOe 

ceMel1cTBO H8'IHHaeTCSI c naHTaH;~ 161. ITpH aTOM cBoeo6pa3Hbil1 xo.u XHMH

qeCKHX CBOJ1CTB aneMeHTOB OT 8KTHHHSI .00 8MepHUHSI o6~SICHSieTCSI 6nH30CTb!O 

aaepreTH'!eCKHx ypoBael1 6d H 5£ aneKTpoaoB. ITonqepKHBaeTCSI, 'ITO Ba)K-

HOJ1 OIIOpHOJ1 TO'IKOJ;i /lnSI nOK8nH38UHH CeMeJ1CTB8 B nepHO,QH'IeCKOJ1 CHCTeMe 

SIBnSieTCSI YCTOJ;i'IHBOCTb TpexBaneHTHOrO COCTOSIHHSI K!OpHS1 1 HOH KOTOpOrO HMe-

eT ceMb 5£ aneKTpoHoB. CH6opr rroMewaeT aneMeHTbi, H8'IHH8SI c TOpHSI 

no aneMeHT 103, oT.uenbHbiM pH,uoM no.u Ta6nHuel1, coBepllleHHO aaanorH'IHO 

CeMeJ1CTBy naHT8HH/lOB. faJ1CCHHCKHJ;i110,171 ocnapHB8eT HHTepnpeTaUHIO HeKO

TOpblX XHMH'!eCKHX /l8HHbiX, KOTOpbie , no MHeHHIO CH6opra, CBH/leTenbCTBYIOT 

06 onpenenSIJOilJej;j ponH nono6onO'IKH 5£ aneKTpOHOB B p83BHTHH CBOJ1CTB ITO 

BCeMy pHilY Tp8HC8KTHHHeBbiX aneMeHTOB, faJ1CCHHCKHJ1 C'IHT8eT, 'ITO CyllJeCTBeH

Hbie pa3nH'IHSI B HeKOTOpbiX CBOl!cTB8X TOpHS1 1 npOT8KTHHHSI H ypaHa H H3BeCT-

Hb!X aneMeHTOB COOTBeTCTBeHHO IV, V H VI rpyrrn, o6ycnoBneHbi cKo-

pee 06bi'IHbiM pa3BHTHeM CBOJ1CTB aneMeHTOB B rpynnax. f1o :3TOMy OH noMe

waeT TOpHJ;i, npOT8KTHHHJ11 ypaH non ra4JHHJ1, T8HT8n H BOnb4JpaM H Bbi/lenHeT 

H3 Ta6nHUbi nBa ceMel1cTBa - ypaHH/lbi ( U- Am) H K!OpHilbi ( Cm - 103 ane

MeHT) • 
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EcnH
1 

no OllHHM npeacTaaneHHstM, 104 MeMeHT llOII)I(eH Ol1H03Ha'IHO 6bJTb 

3KaracfJHHeM1 T0 1 no llpyrHM1 M0)1(H01 no-BHllHMOMy, O)I(HllaTb H HeKOTopoA aHa-

norHH c TOpHeM. HoBbie aKcnepHMeHTallbHbie aaHHbJe o CBMbiX Tst)l(ellb!X 

H3 H3BeCTHb!X MeMeHTOB no O'leBHllHbiM npH'IHHaM nOHBIISIIOTCH pellKO, J1CCIIe

llOBaHHSlJ C BeCOBb!MH KOIIH'IeCTBaMH npOBOllSITCSI B HaCTOstWee BpeMst C 31Ie

MeHTaMH BniiOTb llO KaiiH~OpHHH ( Z =98)/18,19/, no peayllbTaTaM Ka'leCTBeH-

HbiX MarHHTHbiX H3MepeHHA a HoHe + 8 Cf HMeeTCst lleBstTb 31IeKTpOHOB Sf • 

XHMH'IecKoe noaeaeHHe ewe 6onee Tst)l(ellbiX aneMeHTOB ao MeH aeneaHst 

Z = 101)X/ BKIIIO'IHTellbHO B CllellOBbiX KOIIH'IeCTBax H3y'laiiOCb B npouec

cax COOCa)l(lleHHst1 XpOMaTorpa~H'IeCKOrO paaaeneHHst H8 SKCTp8KUHOHHbiX 

H HOH006MeHHbiX KOIIO,HK8X B npHCYTCTBHH KOMnneKC006p830B8Tenelt, 0CHOB

HOA peaynbT8 T COCTOHT B TOM1 'ITO HMeeTCst o6mee CXOllCTBO XHMH'IeCKOrO 

noBelleHHH 3THX SlleMeHTOB C noseaeHHeM TpeXB81IeHTHbiX II8HT8HHllOB, 3TH 

CBOitCTB8 C B03p8CT8HHeM 8TOM HOro HOMepa nnaBHO H3MeHHIOTCSI 1 'ITO, no

BHL1HMOMY1 o6yCIIOBIIeH0 0 K8K H B CIIY'18e II8HT8HHL10B1 nOCTeneHHbJM yMeHb

weHHeM paaHyca HOHa. 102 H 103 sneMeHTbi He H3y'leHbi, 

Mbl MOriiH npOBOllHTb HCCIIellOB8HHH C 0,3-ceKyHllHbiM cnOHT8HHO aenH

WHMCH H30TOnOM 104 sneMeHT8 0 BnepBbJe nony'leHHbiM B 1964 r, B na6opa

TOpHH stllepHblX peaKUHA 06'bellHHeHHOrO HHCTHTyTa stllepHbiX HCC1IellOB8HHA: 

nyTeM o6nyqeHHst 
242 

Pu ycKopeHHbiMH HOHBMH :12 Ne I 28/, 11aeHTH~HK8UHst 

nopHllKOBOrO HOMepa HOBOro HYKIIHL18 B UHTHpyeMolt pa6oTe BbinOIIHeHa stllep

HO~H3H'IeCKHMH MeTOL18MH: 6bJIIO nOK838H0 0 'ITO cfJYHKUHSI B036y)l(lleHHSI stllep

HOl! peaKUHH HMeeT BH.[\ 1 X apaKTepHbllt AllH pe8KUHA1 HAYWHX qepea KOMnayHA

HllpO C nocneAy!OWHM HCnapeHHeM HeltTpOHOB, llo6aBO'IHbiM nOATBep)I(AeHHeM 

npaBHIIbHOCTH HAeHTHcfJHK8UHH CIIY)I(HIIO OTCYTCTBHe 0,3-ceKyHAHOA 8KTHBHOCTH 

B nponyKT8X o6ny'leHHSI npH T8KHX KOM6HH8UHSIX MH.WeHb -6oM68pAHPYIOW8SI 

'18CTHU8 0 B KOTOpbiX MOriiH o6p830BbiBBTbCSI TOIIbKO Hllp8 C z < 104 

.242 Pu + 18 0 ; 288 U + 22 Ne ) • 

J1ayqeHHe H HAeHTH~HK8UHSI npOAYKTOB stllepHbiX pe8KUHA1 o6paay!OWHXCH 

C npenenbHO HH3KHMH B b iXOl18MH (perHCTpHpOB811CH OllHH aKT pacnana 0,3-ce

KyHllHOrO H30TOna 38 6 qaCOB pa60Tbl yCKOpHTeiiSI) BCTpeqaeT O'leBHllHbJe 

TpyllHOCTH, noaTOMY HCClleAOB8HHe XHMH'IeCKHX CBOitCTB H30TOna npel1CT8B~ 

x / P86oTa / 2J/ C C006lJleHHeM 06 OTKpbiTHH H H3y'leHHH XHMH'leCKHX 

CBORCTB sneMeHT8 102 - H06enHH OK838fl8C& OWH60'lHOR/22-27~ 
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nRnO nepBOCTeiTeHHbl~ HHTepeC H KaK B03MO~HOCTb He3aBHCHMOrO ITOUTBep~

neHHR ero aTOMHoro HOMepa nyTeM onpeneneHHR ero MecTa B nepnonnqecKo~ 

CHCTeMe aneMeHTOB, J:13--3a Kpa~He HH3KOrO Bb!XOUa nayqaeMOrO H30TOITa H 

Manoro apeMeHn ero ~H3HH Tpe6oaancR npocTe~wn~ cnoco6 cpaaHeHHH cao~CTB 

KaKoro-nn6o coennHeHHR 104 aneMeHTa CO CBO~CTBaMH OUHOTHITHb!X CoenHHe-

HH~ COITOCT8BnHeMb!X C HHM aneMeHTOB, 

1:1cxonH na nano~eHHoro BbJWe, Ba~Ho 6bJno cpaBHHTb 104 aneMeHT c 

ra<jJHHeM, TH~enb!MH Tp8HCnnyTOHHeBb!MH aneMeHTaMH, a TaK~e C TOpHeM, 

Han6onee rronxonHwnM nnH aToro HaM rrpencTaBnHnocb HayqeHne neTy'leCTH 

xnopnna 104 aneMeHTa. 3neMeHTbJ, Bb!6paHHbJe nnR cpaaHeHHR, o6paayJOT 

yCTO~'IHBhle 6eaBOUHhle xnopHUhl, npH'IAM BecbMa xapaKTepHoe paanH'IHe 

Me~ny aneMeHTaMH III H IV rpyrrrr COCTOHT B pe3KO OTnH'IaJOwe~CR neTy-

qeCTH HX Bb!CWHX XnOpHUOB H COeUHHeHH~ HeKOTOpb!X npyrHX THITOB, Tpnxno-

pHUbl naHTaHHUHb!X aneMeHTOB 1 8MepHUHH 1 KJOpHH H Up, H3BeCTHbl KaK Hene-
0 

Ty'lne aemecTBa ( T,Knn. BbiWe 1500 ) , B To ~e apeMH TeTpaxnopHUbi aneMeH-

TOB IV rpyiTITbl cpaBHHTenbHO nerKO HCnapHMbl (Ti CJ, KHITHT rrpn 136°, 

Zr CJ 4 H HfCJ, B03rOHRJOTCH COOTBeTCTBeHHO npH 330° H 315°), 

CornacHo ITonnary, aTo paannqne o6bRCHReTCR He paaHbiM xapaKTepoM 

xnMH'leCKO~ CBR3H B MoneKynax xnopnnoa aneMeHTOB aTHX cocenHnx rpynrr, 

a pa3nH'IHb!M ITpOCTpaHCTBeHHbiM CTpoeHHeM HX MOneKyn, OTpa~aJOwHM Ba

neHTHOCTb aneMeHTOB. CBR3b nMeeT cnnbHO nonHpHbJ~ xapaKTep B o6onx cny

'laRx, T8K KaK aneKTpOOTpHUaTenbHOCTb rrepeXOUHb!X MeTannoB III H IV 
. /30/ 

rpynn pasHa 1,1-1,5, B TO BpeMR KaK y Xnopa, H8ITpHMep, OHa paBHa 3,1 , 

Ho rrpn KoHnecaunH napa, cocToRwero Ha rrnocKHX MoneKyn TpHxnopnnoB 

penKo3eMenbHblX aneMeHTOB, HH'ITO He npenRTCTByeT c6nn~eHHIO UeHTpanbHO

ro MeTannnqecKoro aToMa onao~ MoneKynhi c aToMaMH xnopa cocenHnx MO

neKyn, 3TO npHBOUHT K o6pa30BaHHJO peweTKH HOHHOro THIT8 H1 Cl!eUOBaTenbHO, 

K BhlCOKO~ TeiTnOTe HCnapeHHR, C npyro~ CTOpOHhl 1 B TeTp83UpH'leCKHX Mone

Kynax qeTb!pexxnopHCTblX UHpKOHHH H ra<jJHHR UeHTpanbHbl~ aTOM npaKTH'IeCKH 

aKpaHHpoaaH o6ono'IKO~ na aTOMOB xnopa. TaKne MoneKynhi, conpHKacaRcb, 

CBR3b!B8JOTCR TOnbKO UHCnepCHOHHbiMH CHnaMH, 06pa3yJOTCR KpHCTAl!nbi C 

MOneKynHpHO~ CTpyKTypo~, rne Ka~naR MOl!eKyna COXpaHReT CBOJO HHUHBH

nyanbHOCTb, MoneKynhi napoo6pa3Horo 'leTbipexxnopncToro TopHR TaK~e HMe

JOT TeTp83UpH'leCKOe CTpoeHHe, HO nnHHa CBR3H Th- Cl ( 2,61 5i_ ) cyweCT-
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I .. 

I 

BeHHO 6onbwe, qeM LlnHHa CBSI3H Zr - C I ( 2,33 5t ) , 0TCIOL18 1 BHL1HM0 1 MeHee 

nonHaSl aKpaHHpOBKa 8TOM8 B MOneKyne, o6~SICHSIIOW8H TOT $aKT, 'iTO B KpHCTan-

nH'ieCKOM Th CI, H8 6nH3KOe paCCTOHHHe K HOHY TOpHH nOLlXOLlSIT 'ieTbipe 8TOM8 

xnopa OT COCeLlHHX MoneKyn, 3THM 1 BepOSITH0 1 H onpeuenSieTCSl Cp8BHHTenbHO 

BbiCOKaSI TeMnepaTypa KHneHHSl Th Cl 4 ( 920°). 

TaKHM o6pa3oM, neTy'ieCTb xnopHCTbiX coeLlHHeHHA ( senH'iHHa TeMnepa

TYPbi KHneHHH H TennOTbl HCnapeHHSl) MO)I{eT 6biTb 'iYBCTBHTenbHbiM HHL1HK8-

TOpOM He TOnbKO BaneHTHOCTH aneMeHT8 1 HO H LleTaneA npoCTp8HCTBeHHOrO 

CTpOeHHSl MOneKyn, CBSl38HHbiX C aneKTpOHHOi% CTpyKTypoi% ueHTpanbHOrO 8TO-

Ma. 

B 1 qacTH HaCTOHwero cco6weHHSl I 1 I 6bm paccMoTpeH aKcnpeccHbiA 

HenpepbiBHbii% MeTOLl p83LleneHHH aneMeHTOB - npOLlYKTOB HLlepHblX peaKUHA

C TSl)l{enbiMH HOH8MH, OCHOB8HHbii% H8 xnopHpOB8HHH 8TOMOB OTL18'iH B r830-

BOl! $a3e H nocneLiyiOweM aucop6uHoHHOM pa3ueneHHH ra3oo6pa3HbiX xnopHLloB, 

Bbmo noKa3aHo, 'iTO B ycnoBHSIX, nouo6paHHbiX LlnR H3y'ieHHSI 104 aneMeHTa, 

8LlCOp6UHOHHOe noBe!leHHe XnOpHCTbiX COe.UHHeHHl! H3BeCTHbiX aneMeHTOB H8XO-

LlHTCSl B OL1H03H8'iHOM COOTBeTCTBHH C TennoTaMH HCnapeHHSl 3THX COeLlHHe

HHl!, TaKHM o6pa3oM, aToT MeTOLl no3BOnSieT pelllHTb nocTaBneHHYIO 3auaqy, 

T8K K8K no TennOT8M HCnapeHHSl COeLlHHeHHA MO)I{HO CyLlHTb, 8HanorOM K8KOI% 

rpynnbl aneMeHTOB SlBnReTCSl HOBbiA aneMeHT, 

Ha pHc, 1 noKa3aHa cxeMa aKcnepHMeHTanbHoA annapaTyphl, DpHHuHn 

OnbiT8 CBOLlHTCSl K cne!lyiOweMy, ATOMbl - npOLlYKTbl o6nyqeHHSl MHWeHH, Bbl

neTaiOwHe H3 Hee 38 C'i~T OTL18'iH 1 TOpM03SlTCSl B nOTOKe 830T8 0 HenpepbiBHO 

nponycKaeMOrO 38 MHWeHbiO, 0HH XnOpHpyiOTCSl LlO BbiCWHX XnOpHLlOB BBOLlH

MblMH B ra3 napaMH nHTHXnOpHCTOrO HH06HSI H 'ieTbipexxnopHCTOrO UHpKOHHSl, 

KOTOpbie OLlHOBpeMeHHO Cny)I{ST HOCHTenSIMH cne!lOBbiX KOnH'ieCTB LlpyrHX ne-
0 

TY'iHX xnopHLlOBI311. PaHee 6bmo noKa3aHo, 'iTO npu 250-300 aTOMbi 

aneMeHTOB 0 o6pa3yiOwHX xnopHLlbl C TeMnepaTypol! KHneHHSl ( B03rOHKH) HH)I{e 

300° H C TennOTOl! HCnapeHHSl fl. H HCn, ;$ 16 KKaniMOnb ( B 'i8CTHOCTH, ra$

HHfi) 0 npOXOLlHT no ra30BOMY TpaKTy ( Tpy6Ka 1 HHepTHbll! $HnbTp) OT MHWeHH 

K LleTeKTOp8M CnOHT8HHOro ueneHHSl 38 BpeMSl t t ~ 0,5 ceK, Bonee Bbi-

COKOKHnSlwHe X nopHLlbl HM9IOT 3H8'iHT9nbHO 6onbll199 Bp9MSl nepeHOC8 t t 

H, HanpHMep, L18)1{9 LlOnrO)I{HBywHe H30TOnbi naHT8HHL1HblX aneMeHTOB B onbiTe 

npOLlOn)I{UTenbHOCTbiO LlO H9CKOnbKHX CYTOK He nona!l8IOT H8 Ll9T9KTOpbl ( KO-
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3~HUHeHT oqHCTKH ( It } paBeH ~ 100). Ha OCHOB8HHH pe3ynhT8TOB H3yqe-

HHSI MOLienhHOti CHCTeMbl ll8HT8HHLibl - ra<jJHHi:t 6binH Bb!6p8Hbl ycnOBHSI OIIb!TOB 

C 0,3-ceKyHLIHbiM CIIOHT8HHO aens'lll!HMCSI H30TOIIOM. 

EcnH 104 sne!'.leHT - sKara<jJHHA: , H o6pa3yeT neTyqHti xnopHa, To rrpH TeM-

o 
rrepaType 200 HllH HeCKOilhKO Bbiille ero MOneKynbi r.tOmKHbl AOCT8TOqHo 6biCT-

po rrpOXOLIHTh ITO ra30BOMY Tp8KTY (Tpy6Ka - HHepTHbiti <jJHnhTp), H ero pac

IIBLI (CIIOHT8HHOe aeneHHe) 6yaeT 3aperHCTpHpOB8H ClliDLISIHbiMH aeTeKTOp8MH 

OCKOilKOB aeneHHSI 0 13LI01lh KOTOpbiX HarrpaBnHeTCSI ra30Bbi'i:t IIOTOK. EcnH )!(e 

104 sneMeHT He SIBilSieTCSI 3Kara<jJHHeM H o6pa3yeT HeneTyqHi:t XnOpHLI, OH 6y

aeT Tp8HCIIOpTHpOB8ThCSI H LleTeKTHpOB8ThCSI IIpH 3HaqHTenhHO 6onee BbiCOKOi:t 

TeMrre paType. 

KaK rroKa3aHo HH)I(e, B pe3ynhTaTe orrbiTOB 6bino ycTaHosne Ho, qTo 0,3-

ceKYHLIHbiA: H30Torr o6pa3yeT cpaBHHTenhHO neTyqee (cna6o aacop6HpyiDilleecSI) 

XuOPMCTOe C08AHHeHHe, 6nH3KOe ITO CBOHCTB8 M K XnOpHL18M sneMeHTOB qeTBep

TOH no6oqHoi:t rpyrrrrbi. KpaTKoe coo6meHHe o BbiiiOnHeHHH STHX sKc rrepHMeH

ToB 6 biil0 ony6nHKOB8HO ·paHee/32/, B H8CTOSilllei:t pa6oTe aaeTCSI IIOilHOe OIIH

CBHHe rrposeaeHHbiX HccneaosaHHti H npHBeaeHbi aaHH b ie H pe3ynhT8Tbi SK e ne-

pHMeHTOB, BbiiiOnHeHHbiX Il03)1(e. 

3KcnepHMeHTBnbH8H ~8CTb 

Annaparypa 

CxeMa sKcnepHMeHTanhHOA ycTaHOBKH Ha pHc. 1 BKniDqaeT nHillh Te qa

CTif, KOTOpbie 6binH He06XOLIHMbl B 3KCIIepHMeHT8X C 0,3-CeKyHLIHbiM CIIOHT8H

HO aenHlllHMCSI H30TorroM. OTaenhHbie y3Jibi arrrrapaTypbi 6yayT rroapo6Ho orrn-

C8Hbl B cneayiOlllei:t qaCTH H8CTOS1lllei:t cepHH. 

MHIIIeHh pa3MepoM 10 x 20 MM2 rrpeacTaBnHna co6oi:t enol% LlBYOKHCH 

rrnyTOHHSI ( 800 MKr/cM2) t HSHeCeHHbii:t H8 8iiiDMHHHeBOi:t <jlonhre TOJilllHHOi:t 

9 MK . l130TOIIHbii:t COCT8B rrnyTOHHSI: U
2 

Pu - 97%, 
240 

Pu - 1,5 %, 
288 

Pu-

1,5%. ATOMbl OTLISqH, cpeaH KOTOpblX 6binH CIIOHT8HHO aenSilllHeCSI H30TOilbl 

C z , paBHbiM 104 H MeHbllle , TOpM03HilHCh B 06'beMe 38 MHilleHhiD. 1.Jepe3 

Hero HerrpepbiBHO rrporrycKancSI rroToK HarpeToro ao 300° a3oTa rrpH aasne

HHH B 06'beMe 1,5-1,8 8T8. 06'beMHbli:t paCXOLl 830T8 COCT8BilSIIl 18-20n/MHH. 
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(3necb H HH*e o6beMH bie p acxoD.bi npHBen eHbi K HopManbHhi M y c noBHSIM). Dpo-

6er 8TOMOB OTJJ,aqH B 830Te H THnHqHblX ycnOBHSIX 3KCnepHMeHT8 no OUeHKe 

paBeH • 6MM, cpenHeKBBApBTHqHbiA: pa36poc ., 2,5 MM. fny6HHa o6beMa coc

TaBnSina 11 MM. 3aTOpMO)I{eHHbie 8TOM bl yBneKanHCb ra30Bb!M nOTOKOM B OT

BOD.SIIUYIO Tpy6Ky, B KOTOpyiO H8 p8CCTOSIHHH 3 CM OT MHIIIeHH BBOAHnCSI no

TOK 830T8 (0,5 - 1 n/MHH) 0 COD,Gp)I{81IIHA: napbl nSITHXnOpHCTOrO HH06HSI H qe

Tb!pexxnOpHCTOrO UHpKOHHSI. 0TK83 OT BBeAeHHSI HOCHTeneA: B 06beM 38 MH

IlleHbiO II03BOnSieT H36e)I{8Tb HX p8AHOnH38 non JJ,eA:CTBHeM nyqKa yCKOpeHHblX 

HOHOB. B npOTHBHOM cnyqae p8AHOnH3 HOCHTeneA: npHBOJJ,HT K 00p830B8HHIO 

HeneTyqRx npOAYKTOB, KOTOp b! e OC8)KJJ,810TCSI H8 MHIIIeHH H npenSITCTByiOT Bbl

neTy 8TOMOB OTJJ,8qR. KonHqeCTBeHHbie A 8 HHbie 0 pe3ynbTHpyiOI.UeM COCT8Be 

ra30BOA: CMeCH npRBeAeHbl B T80nHUe 1. 

0TBOASI!U8SI Tpy6K8 D.nHHOA: 4 M COCTOSina H 3 OOOnoqKH, H3rOTOBneHHOA: 

H 3 Hep)l{aBeiO!UeA: C T B nH 1X18H9T, B KOTOpyiO 38Kn8.'l b iB8nHCb TpyoKH-BKnBAbl

IIIH ~HyTpeHHHM JJ,H8MeTpOM "" 3,5 MM H3 pa3nHqHblX M8TepHanoB. Do Tpyo

Ke ra3 nonaBa ncSI K qmnbTpy, K O TopbrA: BMecTe c nocnenyiO!UH MH qacTSIMH an

rrapaTyphr aaxonRnCSI Y*e BHe KaMepbi UHKnoTpoaa. <PHnbTp rrpencTaBnSin co6oA: 

repMeTHqecKyiO OOOnoqKy H3 Hep)I{8BeiOIUeA: CTBnH, BHyTpb KOTOpoA:, B cny

qae He06XOAHMOCTH 0 BCT8Bns:InHCb COCYAbl H3 ApyrHX M8TepHanOB 0 qTQObl IIO

BepXHOCTb Bcero Tp8KT8 6bin8 OAHH8KOBOA: IIpRpOAhl. 3a30pbl Me*AY BHyTpeH

HHMH COCYABMH H OOOnoqKoA: yrrnOTHSinHCb, ¢HnbTp 38nOnHSinCSI 0 K8K 1Ip8BHnO, 

p83D.po6neHHblM MaTepHanoM CTeHOK Tp8KTa. DepexOAHb!e 0Tpe3KH KOMMYHHK8-

UHA: T8K)I{e BbiKn8AblB8nHCb COOTBeTCTBYIO!UHM M8TepH8nOM ( CM.TaonHUY 1) • 

CniOASIH ble D.eTeKTOpbl AnSI OOHapy)l{eHHSI cnoHT8HHO AenSI!UHXCSI H30TOnOB 0 

nepeHOCHMbiX r830Bb!M IIOTOKOM, p83Mell!8nHCb B ABYX IIOCneD.OB8TenbHO COeJJ,H

HeHHblX IInOCKHX KaMepax H3 Hep)l{aBeiOIUeA: CTanH. BayTpeHHHe p83Mepbl Ka

Mepbl - 10 X 60 X 600 MM HnH 6 X 60 X 600 MM. ilHO H Kpb!IIIK8 KaMep 6binH 

IIOKpb!Tbl rrnacTHHK8MH Cr.IOAbl TOniUHHOA: 30 MK. TaKHM 00p830M 0 OO!U8SI paoo

qaSI ITnO!UBD.b JJ,eTeKTOpOB COCT8Bns:Ina 1400 CM2 npR OObeMe 720 HnH 430 CM3 

B 38BHCHMOCTH OT Bb!COTbl. LlaBneHHe B KaMepe C D.eTeKTOp8MH 6binO 1,2-1,3 aTa. 

nocne rrpoxO)KJJ.eHHSI Me*AY neTeKTopaMH ra3 aarrpaBnSinCSI B oxna*nae

MyiO B03AYXOM UHnHHApHqecKyiO noBylliKy, B KOTOpoA: npoHCXOAHna KOHAeHC8-

UHSI rrapOB xnopHAHbiX HOCHTeneA:. C uenbiO oonee a<jl<jleKTHBHOrO ynaBnHB8HHSI 

rrbrneBHAHoro KoaneacaTa B cocyne obrn cnenaH na6HpHHT H3 aenonHhiX rrepe-
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ropo.a.oK .a.m1 ~;~aepuHoHaoro oca)i{.a.eHHSI aapoaonett. faa, BbiXO.ll.SIIUHtl: H3 no

ByiUKH, Bbi6paCbiB8nCSI B aTMOCQJepy qepe3 )!{MJ].KOCTHbiM QJHnbTp. 

OT.a.enhHbie qaCTH arrrrapaTypbi aarpeBanHCh c ITOMO!Uh!O aneKTporreqetl: 

HITH aarpeBaTenhHbiX CIIHpanet!:, HaBHTbiX IIpS!MO Ha KOMMyHHKaUHS!X. 0TKITOHe -

HHS! TeMrrepaTypbl OT cpeaaero 3HaqeHHS! BAOITh TpaKTa OT MHWeHH .ll.O .a.eTeK

TOpOB He rrpeBbiWanH 15°C. 

T830B8H CMeCb 

0CHOBHbiM KOMITOHeHTOM raGOBOI'O ITOTOKa 6bin aGOT. DpHMeHSinCSI TeX

HHqeCKHM raa, co.a.ep)!{aiUHtl: MeHhwe 1% KHcnopo.a.a. Depe.a. rro.a.aqetl: B ycTa

HOBKY aaoT rrporrycKancSI qepea cnotl: MeTannHqecKoro KanhUHSI, aarpeToro .a.o 

200°, BaTHbiM QJHITbTp H ITOByWKy, OXIT8)!{):laeMy!O )!{HJ].KHM a30TOM qepe3 Xna-
0 

.a.orrpoBoa .a.o - 150 • YTo6bi rronyqMTh orrpe.a.eneaay10 yrrpyrocTh napa aocH-

Tenett, qacTh aaoTa rrporrycKanach qepea cocy.a. o6beMoM 600 cM3, aarronHeH-

HbiM Nb Cl o HnH CMeCb!O Na Nb Cl 6 c ZrCI 4 DocTyrrneHHe HOCHTenetl: B 

arrrrapaTypy perynHpoBanoch MGMeaeaMeM pacxoaa raaa qepea cocy.a. H TeM

rrepaTypw, KOTOpaSI ITOJ].JJ.ep)!{HBanacb Ha aaaaHHOM ypOBHe TepMoperynSITOpOMo 

TipH rrpHMeHeHHH B KaqeCTBe HOCHTenetl: CMeCH rrapoB NbC1 0 H ZrC1 4 

BMecTo rrpocToro McrrapeHHSI TBep.a.oro Nb Cl 0 HCITOnh30BaiTOCb TepMHqeCKOe 

pa3ITO)!{eHHe COe.ll.HHeHHS! NaNbCle. 3TO IT03BOITS!ITO aarpy)!{8Tb B COCY.ll. BMec

Te KpHCTannbi Zr Cl
4 

H NaNbC1
6 

rrpHqeM B BblXO.ll.S!IUeM raae OTHO!UeHHe 

rrapuHanhHbiX .a.asneHHM rrapOB Nb Cl 0 H ZrC1 4 HMeno Hy)!{HOe 3HaqeHHe, 

paBHOe "" 3. 

ilnSI KOHTpOITS! Ga COAep)!{aHHeM HOCHTenetl: B pa6oqetj: CMeCH B TQqKe 

Me)!{AY aeTeKTopaMH OCKOITKOB .a.eneHHS! H noByWKOM KOHAeHCaTa HenpepbiB

HO oT6Hpanach qacTh ropSiqero raaa (0,5 niMHH) H aHanHGHpoBanacb aa 

CyMMapHoe COAep)!{aHHe XITOpHJJ.OB OAHH pa3 B 10 MHHyT. KpoMe TOI'O, ITO 

06IUetl: y6wnH Beca COCYAOB C KpHCTannHqecKHMH XITOpHAaMH H ITO Becy KOH-

aeacaTa B noBywKe ocymecTBnSinacb aorronHHTenhHaSI rrpoBepKa aaHHbiX aaa-

nHaa. 

B KaqecTBe HOCHTenetl: HCITOnh30BanHCh ITSITHXITOpHCTbiM HH06HM CITeUH-

anhHOM QqHCTKH 1 coaep)!{a!UHM 0,035% Ta H < 0,01% Fe, Ti, Si, AI. ilBotl:-
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Hoe coenHHeHHe roTOBHnocb cnnaBneHHeM nopornKa neHTaxnopHna HH06HH c 

XHMH'IeCKH 'IHCTbiM XnOpHCTbiM HaTpHeM B ITHpeKCOBbiX sanaHHHbiX aMnynax 

npH 250°, AMnynbi nepen saKpbiTHeM aBaKyHpoBanHCb. TeTpaxnopHn uHpKo

HHSJ MapKH .,'IHCTbii%., ITOABepranCSI no6aBO'IHOA O'IHCTKe AByKpaTaoi% BOSrOH

KOA HnH cnnaBneHHeM C XnOpHAOM HaTpHSI H nocnenyiOlliHM TepMH'IeCKHM pas-

no*eHHeM nonyqenHoro nBoAHoro coenHHeHHSJ, KpHCTannbi NaNbCI 6 

B cyxoM 6oKce npo6HnHCb AO pasMepa 3-5 MM H sarpy*anHCb B cocyA AnH 

HOCHTenei%, 

CnroQHHhle aeTeKTOphl ocxonKOB aeneHHH 

llnSJ AeTeKTHpoBaHHSI penKHX aKTOB AeneHHSI HY*Ha BbiCOKaSJ a<f>4JeKTHB

HOCTb perHCTpaUHH npH npOKTH'IeCKH nonHOM OTCYTCTBHH 4JoHa, CniOAa OKa

sanaCb H8H6onee ITOAXOASilliHM MaTepHanOM AnSI neTeKTOpOB B ycnOBHSIX XHMH

qeCKHX aKcnepHMeHToa/33/. B cneuHanbHhiX OllbiTax 6binO noKasaHo, 'ITO 
0 

rrpH TeMrrepaType 300 a aTMoc4Jepe rrapoa rrpHMeHSJeMbiX HOCHTeneA rrepBH'I-

Hbie TpeKH SaMeTHO He OT*HraiOTCH B Te'leHHe HeCKOnbKHX CyTOK 0 B TO Bpe

MS10KaK0 HarrpHMep, Ha CTeKne OHH perpeccHpyiOT rronHOCTbiO qepes 6-8 qa

coa npH 200°. 

CyrneCTByiOT cnenyiOrnHe BOSMO*Hbie HCTO'IHHKH no*HbiX C06biTHi% Ha Ae

TeKTOpax, He CBSJSaHHbiX CO CITOHTaHHbiM AeneHHeM llpOAYKTOB HAepHbiX pe

aKUHi%: 

TpeKH OCKOnKOB CITOHTaHHOrO AeneHHH llpHMecei% ypaHa B CniOAe sa 

reonorHqecKHe rrpoMe*YTKH apeMeHH; 

- CITOHTaHHOe neneHHe rrpHMeCeH H ITOBepXHOCTHbiX sarpSISHeHHA ypaHOM 

sa apeMSJ aKcrrepHMeHTa; 

- BbiHY*AeHHOe AeneHHe npHMeceA H sarpHSHeHHH ypaHOM B pesynb

TaTe o6nyqeHHSI AeTeKTOpOB Het%TpOHaMH 1 HsnyqaeMblMH pa6oTaiOlliHM YCKO-

PHTeneM, 

- CITOHT8HHOe AeneHHe aemeCTBa MHllieHH - rrnyTOHHH 1 KOTOpblH MO*eT 

B orrpeneneHHOi% CTeiTeHH rrepeHOCHTbCH rasOBbiM ITOTOKOM K neTeKTOpaM, 

B ecTeCTBeHHOH CniOAe HMeeTCSI OT 10 AO 105 cneAOB OCKOnKOB CITOH

T8HHOrO AeneHHH Ha CM2, IT03TOMY OHa He MO*eT llpHMO npHMeHHTbCH AnH 

AeTeKTHpoaaHHH peAKHX co6biTHlt, B Harnett na6opaTopHH 6bin paapa6oTaH 
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HaJJe)I(HbiH MeTOJl npeJJBSpHTenbHOH o 6pa6oTKH CniOJlbi 1 TI03BOnHBlliHH nonHOCTbiO 

H368BHTbCSI OT TIOMeX, Bbl3biB8eMbiX :3THMH "JJpeBHHMH" cneJJaMH/33/ • 3TO 

6 
JlOCTHranOCb OT)I(H J' OM nnaCTHHOK CniOJJbl B Te'!eHHe 6 '18COB npH 600 C no-

cneJJyiOIUHM TpaBneHHeM KOHUeHTpHpOBSHHOH nnaBHKOBOH KHCnOTOH B Te'!eHHe 

72 '18COB npH KOMHSTHOH TeMnepaType, ~HCnO cne)JOB OCKOnKOB yMeHblliSeT

CSI Ha 30-40%, a OCTSBlliHeCSI npH06p eTaiOT ~OpMy poM6H'!eCKHX TIHpaMHJJSnb

HbiX yrny6neHH H rny6HHOH 3-4 MK H pa3MepOM 100 MK, 

06pa60T8HH8SI C niOJl8 1 TipHMeHSIBlliSSICSI B K S '!eCTBe JJeTeKTOpa, JlnSI npo-

SIBneHHSI "CBe)I(HX"' TpeKOB TpaBHnacb B Te'!eHHe Tpex 'IS COB, DpH :3TOM CBe

)I(He cneJJbi HMenH poM6H'!eCKoe ceqeaHe c nonepe'!HbiM pa3MepoM 15 MK H 

rny6HHOH "'10 MK, 3TO o6ecne'!HBano HX HS)le)I(HYIO HJJeHTH~HKSUHIO B npH-

cyTCTBHH 6onbllloro '!Hcna cneaos "apesaero" npoHCXO)I(JJeHHSI - B KOHTponh

HOM OTi b iTe OT)I(HranaCb nnOlllBD,b CniOD.bl 1 H 8 K OTOpOH HMeno cb 1,107 npeBHHX 

TpeKOB H He 6binO 06Hapy)l(eHO HH OD.HOrO C06b! THSI 0 KOTOpoe MO)I(HO 6binO 6bi 

n p HHSITb 3 8 CBe)I(HH cneD., 

finS! D.eTeKTOpOB, npHMeHHeMbiX B XHMH'!eCKHX OTib!T8X1 OT6HpanHCb nap

THH MyCKOBHT8 C COJlep)I(8 HHeM ypaHa 0,01 - 0,02 MKr/cM3, HMeiOlllero He 6o

nee 100 JJpeBHHX cneJJOB Ha 1 C M 2 TIO BepxHOCTH, C TI OMOlllbiO o6ny'leHHSI 

Bbi60p0'1HbiX o6 p83UOB Cn iOD. bl HHTeHCHBHbiM TIOTOKOM He fiT pOHOB npO B e pSinOCb 1 

'ITO npHMecH y pana p a cu p eneneHb i B cnrone roMorenHo. KoM6HHHpoBaHHaSI 

o6pa60TKa D.nSI CHSITHSI "apeBHHX" cne)JOB npoBOD,HnSCb HenocpeJJCTBeHHO ne-

pen HCTIOnb30BB HHeM CniOJlbl B :3KCTiepHMeHT8X 0 TpaBneHH e H npOCMOTp H 8 

cse)I(He cnenhl - cpa3y nocne OKOH'ISHHSI on hlTa, DpH yKa3aHHOM c oaep)l(a-

HHH ypaHa Ha nnomaD.H 1400 CM2 JJOn)l(eH B03HHK3Tb OD,HH c neJJ CTIOHT8HHOrO 

neneHHSI npHMepHO 38 1000 neT, TIOSTOMY T8KOH HCTO'L!HHK ~OHa Heona ceH, 

EonblliYIO onacnocTh npeJJcTaBnHeT B b iHY)I(JJe HHoe aene HHe ypaaa. Do s 

TOMY COCYD. C . D.eTeKTOp8MH 3811IHIU8nCSI cnoeM 20 C M napa~HH8 H 0,5 MM 

K8JlMHeBOH )l(eCTH, 'ITO CHH)I(8nO :3~~eKT BbiHy)I(D.eHHOrO neneHHSI B 5 pa3, 

C TIOMO!Ub!O ypaHOBbiX npenapaTOB B KOHTSKTe CO CniOJJOH, pa3MellleHHblX B 

pa3nH'IHbiX TO'IKSX B6nH3H JJ e TeKTOpOB, npOBOJJH n HCb npS!Mbie H3MepeHHSI HefiT

pOHHOrO TIOTOKa OT pa60T8IOlllero yCKOpHTenSI, DpH yKa3aHHOH Bbillle KOHUeHT

TpSUHH ypaHa B CniOJJe HefiTpOHbl JJOn)I(Hbl Bbi3biB8Tb OJlHO JJeneHHe Ha BCefi 

nnOIU8JlH JJeTeKTOpOB 38 300 CYTOK, 3TO BpeMSI B HeCKOnbKO pa3 60nbllle 

cyMMapHofi npoaon)I(HTenbHOCTH scex aKcnepHMeHTOB. DpHHHManHCb cneuHanb-
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Hble Mepb! 0 'IT06bl HCKniO'lliTb B03MO)I{HOCTb cny'l8lfHOI'O 38I'pH3HeHHH 110Bepx-

HOCTH aeTeKTOpOB yp8HOM (3 MKI' yp8H8 AOn)l{eH A8Tb OAHH 8KT aeneHHH 38 

3 cyToK p860Tbi H8 ycKopliTene). DnR KOHTponH rrol'ICKH TpeKoB aenHcb He 

TOnbKO H8 110BepxHOCTH CniOAbl 0 o6p8WeHHOli: K I'830BOMY rrpoMe)l{yTKy 0 HO Jil 

H8 o6p8T~Olf CTOpOHe 11n8CTHHOK. 38rpH3HeHHH aeTeKTOpOB He H86niOA8nOCb. 

ITp!i YK838HHOM Bb!llie COCT8Be CMeCH li30TOI10B 11nyTOHHH B MHllieHH rrpo

HCXOAHT OKonO 7,10~ a -p8CI1 8AOB H 70 8KTOB CI10HT8HHOI'O aeneHHH B MH

HyTy ( o6mee KonH'leCTBo 11nyTOHHH H8 MlimeHH p8BHO 1,5 Mr), ITosToMy 11pH 

110118A8HHH H8 aeTeKTOpbt 0,005 MKr 11nyToHHH 0 T.e. 3.10-
6 aonli ero o6mero 

KOnH'leCTB8 H8 MHWeHH 6yaeT 38pei'HCTpHpOB8H OAHH 8KT aeneHHH 38 Tpoe 

cyToK, Anbcp8-8KTHBHOCTb T8Koro KonH'leCTB8 11nyToHHH p8BH8 2000 p8ci1.1MHH. 

ITocne 011b!T8 CniOA8 110MelU8n8Cb B HOHH38Ul'IOHHYIO K8Mepy C ceTKOli: ( reoMeT

p!iH 2 rr ) anH H3MepeHHH a - 8KTHBHOCTH. B sTHX ycnoBHHX nerKo Morno 

6btTb o6H8py)l{eHo 38I'pH3HeHHe cniOAbi rrnyTOHHeM B KOnHqecTB8X, rop83AO 

MeHblliHX OI18CHoro. 

Hcnonb3yeMhle HQepHhle pe8KUHH H H3MepeHHH 

ITo HMeiOWHMCH A8HHblM/28/I scjlcpeKTHBHOe ceqeHHe HAepHoti peaKUHH 

CliHTe38 0,3-ceKyHAHOI'O Jil30TOI18 HMeeT BRA KOnOKOnoo6p83HOlf cpyHKURR C 

M8KCRMYMOM rrpR 8HeprRH HOHOB 
22 

Ne B 114 MsB ( n.c. ) rronywRpHH8 

KPHBoli oKono 8 Msa. OaHoBpeMeHHo c R30TorroM 104 sneMeHT8 rrpR o6-

ny'leHHH 11nyTOHHeBoli: MRllieHH ROH8MR HeOH8 o6p83YIOTCH AB8 APYI'RX CllOH-

T8HHO aenHlUHXCH HyKnliA8 0 11pHH8.Qne)l{8lUHX K Tp8HCrrnyTOHHeBb!M sneMeHT8M. 

242 ) n 
3T0 0 B0-11epBbiX

1 
Am ( T t/

2 
= 0,014 CeK 0 KOTOpblli: rrpR 8Hepi'liH Ne, 

p8BHoli 114 Msa, HMeeT BbiXOA ( 110 crroHT8HHOMy aeneHHIO) 11pH6nH3HTenbHO 

B 150 p83 60nbrne, '!eM Bb!XOA R30TOI18 104 sneMeHT8. C llOBbillieHHeM 8Hep

I'HR ero ceqeHHe o6p830B8HRH p8CTeT, R rrpR 125 Msa CT8HOBHTCH a-5 p83 

6onbrne , 

Bhixoa ( 110 crroHT8HHOMY aeneHRIO) aovroro HYKnRA8 noR 114 M sa rrpH-

6nH3HTenbHO p8BeH BbiXOAY 0,3-ceKyHaHoro H30TOrr8. IT pH 125 M sa ero ce-

'leHHe aocTHr8eT 8.1o-32cM2 1281 • B p86oTe/28/ sToT scjJcjleKT aeneHRH 6bm 

11p!i11HC8H 11.30TOI1Y :IGft 102 · 0AH8KO B H8CTOHWee BpeMH MQ)I{HQ nRWb YTBep)l{-
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A8Tb, 'ITO OH npHH8Ane)KHT OAHOMY H3 TSI)KenbiX 

Toa/29/ • 

TpaHCypaHOBbiX sneMeH-

0AHH s KcnepHMeHT npo non)KancH, KaK npaBHno, B Te'!eHHe 2-3 cyToK, 

l·fHTeHCHBHOCTb ny'!K8 HO.HOB 
22 

Ne 4+ AOCTHrana 1,2 MK8, T,e, 1,8,1012 '18CTHU 

B ceKyHAYo J.1CXOASI H3 S<jlcpeKTHBHOrO nonepe'!HOrO Ce'!eHHSI pe8KUHH 1,2,1Q-34cM2, 

TOnWHHbl MHWeHH 1,8 •1Q 18 8TOMOB 
242 

Po H8 CM21 MO)KHO 0)KH}:l8Tb o6p830-

B8HHSI OAHOrO 8TOM8 H30TOll8 104 s neMeHT8 H8 HHTerpanbHbllt llOTOK '18CTHU 

5.1015, 

B nponyKTax o6ny'leHHSI MHWeHH 6bm HAeHTHcpHUHpoBaH pSIA HyKnHAOB 

ll4li,2H 
Cm, 

246 
Cf , 

24 
Na, 44

' 
44 m Sc H APo), B HeKOTOpbiX Oilb!T8X OAHOBpe-

MeHHO C nnyTOHHeBOlt MHWeHbiD o6ny'!an8Cb He6onbW8SI MHWeHb H3 CMeCH 

H30TOllOB CaMapHS! AnSI nony'leHHSI H30TOllOB ITO' ITI Hf, 

0oBeAeHHe HeKOTOpblX H3 3THX HyKnHAOB B XHMH'!eCKOM npouecce KOH-

TpOnHpOBanOCb, ilnS! 3TOrO ilOCne OKOH'I8HHSI AnHTenbHOrO 3KCnepHMeHT8 BCSI 

aKTHBHOCTb H3 OTAenbHbiX '18CTelt annapaTypbl CMbiBanaCb 1 paCTBOpbl paAHO

XHMH'!eCKH 8HanH3HpOB8nHCb Ha COAep)K8HHe COOTBeTCTBYIDWHX sneMeHTOB H 

npOBOAHnHCb paAHOMeTpH'!eCKHe H3MepeHHSI, :J.130TOilbl KIDpHS! H KanHcpOpHHSI 

OKOH'I8TenbHO HAeHTHcpHUHpOB8nHCb C TIOMOWbiD 3KCTp8KUHOHHOlt XpOM8Torpa

cpHH C ilof<t>K H no cneKTpaM a - '18CTHU 1 KOTOpbie H3MepSinHCb Ha cneKTpo

MeTpax C KpeMHHeBbiMH AeTeKTOp8MH ( paapeweHHe 30-50 K9B), 1130TOilbl 

H Sc ll4 
H Na HAeHTHcpHUHpoBanHCb no CUHHTHnnSIUHOHHbiM cneKTpaM 6e3 

XHMH'!eCKoro BbiAeneHHSI, Oony'leHHe H HAeHTHcpHK8UHSI ITO,ITI Hf 6hinH OllH-

caHbi paHee/3/, 

Pe3ynbTBTbi H o6cy>KaeHHH 

Bcero 6binO npoBeAeHO '!eTbipe cepHH Oilb!TOB, B KOTOpbiX MeHSinHCb 

TeMnepaTypa, MaTepHan cTeHoK raaoaoro TpaKTa H cjJHnbTpa,a T8K)Ke npHpo

na HOCHTenelt, 0pH Bcex HCTIOnb30B8HHhiX ycnOBHSIX 9KCnepHMeHTOB noone 

OllhlT8 H8 AeTeKTOp8X H B nOBYWKe KOHAeHC8Ta HOCHTenSI 06Hapy)KHBanOCb 

He 6onee 2% o6wero KOnH'!eCTBa H Sc 
24 

Na Hll,liH Cm H 
246 Cf, T,e, KO

acpcpHUHeHT O'IHCTKH OT 9THX aneMeHTOB npeBbiWan 5Q, B TO )Ke BpeMSI liMen 

MeCTO TIOnHbllt nepeHOC H30TOTIOB racpHHSI B KOHAeHC8T HOCHTenSI, 
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LlaHHbie o aa6moaaeMoM s<j:JcjleKTe npHBeaeHbi B Ta6nHue 1. 0T'I~TnHBO 

npOSIBTIS!9TCS! 3aBHCHMOCTb 'IMCna 3aperHCTpHpOBaHHb!X 8KTOB aeneHHS! OT T9M

nepaTypb!: B OnbiTaX npH TeMnepaType 300° ( 9HeprHSI HOHOB :.1
2 Ne 114 Msa) 

6binO 3aperHCTpHpOBaHO 10 C06b!THH 0 B TO Bp9MS! KaK B Tpex cepHS!X Onb!TOB 

npH 250°, Koraa HHTerpanhHbili noTOK 6bm B 5 pa3 6onhwe, aa6nroaanHch 

TOnbKO 4 aKTa AeneHHS!, 

Ha pHC, 2 noKa3aHO pacnpeaeneHHe BC9X aKTOB aeneHHS! BAOnh AeTeKTO

pOB ITO HHTepaanaM BpeMeHH, BpeMeHH8S! WKana onpeaenSieTCS! nHHeiiHOH CKO

poCTbiO raGa B 3a3ope Me)f{AY AeTeKTOpaMH, PHMCKMMH UMcjlpaMH OTMe'!eHo, 

B KaKoii cepHH sKcnepHMeHTOB nony'leH TpeK. KpecTHKaMH o6o3Ha'!eHbi cny'!a H, 

Korua 6biTIH 3aperHcTpHpoBaHbi o6a ocKonKa aenSiwerocH HApa. HanpaaneHHe 

OCH TpeKa onpeuenSinOCh C TO'IHOCTh !O, n03BOnSIIOilleH YK838Tb H8 npOTHBono-

BTOporo OCKOTIK8 0 

C TO'IHOCTbiO LlO 3 MM. 3TO npaKTH'!eCKH HCKniO'Iano B03MO )f{H0CTb cny'!ail:Hb!X 

COBnaaeHHH, l..JaCTOT8 Ha6niOAeHHS! TaKHX C06b!THH cornacyeTCSI B npeaena x 

CTaTHCTH'!eCKHX OTKTIOHeHMH C OU9HK O H BepOS!THOCTH perHCTpaUHH 060HX Tpe

KOB npH pacnaae S!Llp8 B ra30BOM npOMe)f{yTKe, KOTOp8S! AOn)f{H8 COCT8BnS!Tb 

npHMepHO 40% OT 'IHCna 3aperMCTpHpOB8HHbiX 8KTOB aeneHHS!, 

CneuyeT oTMeTHTh cnenyrowHe naHHbie: 

a). PacnpeueneHHe OTC'I~TOB BO BpeMeHH (pHC. 2) COBMeCTHMO C nepH

OLlOM nonypacnana 0,3 CeK,, HaiineHHb!M paHee no 150 38perHCTpHpOB8HHb!M 

co6biTHSIM/28/, Oao caMo no ce6e aaeT yBepeHHOCTh B TOM, 'ITO s<!J<PeKT 

He o6ycnOBTieH B 38M9THOH CTeneHH pacnaLlOM CnOHT8HHO uenSiillMXCS! HyKnH-

!lOB C neoHOL18MH 0,014 CeK M 3,7 CeK 
2

"
2 

Am If 
206 

102 COOTB9TCTB9HHO ); 

KaK BHIJ,HO H3 pHC, 1, neTeKTOpbl, COOTB9TCTBY!OillHe Ha '!any If KOHUY 

HHTepBana C'!~Ta, HaXOLllfTIHCb nO'!TH B OLlHOM If TOM )f{e M9CT9 0 a A9T9KTOpb! 

B cepeLlHHe HHTepBana HaXOLllfTIHCb B HeCKOTihKO LlpyroM reoMeTpH'!eCKOM nono

lKeHHH , nosTOMY cny'lai1Hbl9 scjJcjleKTb! ( HanpHMep, noBepXHOCTHOe 3arpH3He

HHe cn!OIJ,bl ypaHOM ) LlOn)f{Hbl 6binlf npHB9CTH K pacnpeaeneHHIO OTC'I~TOB, 

CHMMeTpH'IHOMy OTHOCHT9nhHO cepeAHHbl HHTepBana; 

6), TpeKH He MoryT npOHCXOAMTb M OT npyrHX B03M0)f{Hb!X HCTO'IHHKOB 

cjloaa, He CBSI3aHHb!X C nponyKT8MH o6ny'I9HHS! MHW9HH ( CM, p83Llen "Cn!OAS!

Hb!e LleTeKTOpbl" B 9KCnepHMeHTanbHOO '!aCTH) • 
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B) • CyMMapHoe KOIIH'ieCTBO nnyTOHHSI 1 H8 A:lleHHOe H8 CIIIOilSIHbiX lleTeKTO

pax H ll81lbWe ITO Tp8KTY nyTeM H3MepeHHSI a -8KTHBHOCTH1 BO BCeX 3KCne

pHMeHT8X1 BMeCTe B3S!Tb!X1 OblllO MeHbWe BellH'iHHbi1 ITpH KOTOpOA: MO>KHO 0>KH

Il8Tb BCero OllHH 8KT CITOHT8HHOPO neneHHR ITIIYTOHHR -242 ITpH 3KCIT03HUHH 

2-3 CyTOK. 

r). no npRMbiM H3MepeHHRM TpaHCITIIYTOHHeBbie 31leMeHTbl (Am, c m • Cf. 

102) 6onee qeM Ha 98% copoRpyiOTCR Ha cTeHKax ra3oaoro TpaKTa, He no

xonR no neTeKTopoB. B cnyqae KopoTKO>KHBywRx H3oTonoB Ha ~$eKTHBHOCTH 

pePHCTp8UHH T8K>Ke OyJleT CK83biB8TbCSI BpeMR nep eHOC8 OT MHWeHH JlO Jle-

242 3 
TeKTOPOB • Am paCIT8Jl8eTCR B 10 pa3a y>Ke 38 BpeMR 1 HeooXOilHMOe 

ra3oBoMy ndTOKY JlllH npoxo>KneHHR 3Toro paccToHHHR (0,15 ceK). HcxollR 

H3 ll8HHbiX 0 K0 3~¢HUHeHTe O'iHCTKH H 3$¢eKTHBHOCTH perHCTp8UHH lleTeKTO

paMR ( CM. HH>Ke) 1 MO:>KHO O:>KHJl8Tb1 'iTO BO BCeX 'ieTbipex c e pHRX Oflb!TOB 

C OOlliHM HHTerpallhHbiM ITOTOKOM 5 ,2.1018 'i8CTHU 'iHCIIO TpeKOB 38 C'ieT 

p a cnaJla 
256 

102 H 
242 

Am MeHbWe e nRHHUbl . 

B qeTaepTo~ c epHH Oblll npoBeJleH OfibiT npH 3HeprHH HOHOB "'"' Ne 

128 M 3B 1 npH KOTOpOit ceqeHRe oopa30B8HHR 0,3 CeK, H30TOIT8 B HeCKOilbKO 

pa3 MeHbWe, a ceqeHHe oopa30B8HHR llBYX JlpyPHX JlellSilliRXCR H30TOITOB B 

HeCKOilbKO pa3 6onhwe, qeM npR 3HeprRH 114 M3B. B 3TOM onbiTe He HaoniO

Jl81IOCb HH OllHOPO 8KT8 JlelleHRH. 0TC!Oil8 npRMO CnenyeT, 'iTO C yqeTOM Bbi

XOil8 BepOS!THOCTb 3aperHCTpHpOB8Tb neTeKTOp8MH CITOHT8HHOe llelleHHe Me

W810WHX H30TOITOB COCT8BIIReT BellH'iHHY MeHbWe 5.}0-4 H 5. 10-6, COOTBeT-

CTBeHHO. 

Bee BbiwecKa3aHHoe rronTBep>KJlaeT, 'iTO 3aperHCT!JH p oBa HHbie aK T bl nene

HHH ooyCIIOBileHbl paCIT8JlOM 0,3-ceKyHilHOrO H30TOIT8. 

B 3KCnepRMeHT81lbHOit 'i8CTH ITOK838HO, 'iTO MO:>KHO O>KHJl8Tb o6pa30Ba

HHSI OllHOPO T8KOPO 8TOM8 Ha HHTerpallbHbiA: ITOTOK 5.1015 'i8CTHU. HMeiOTCR 

cnellyiOwHe OCHOBHbie HeH30e>KHbie $aKTOpbl1 CHH>K810wHe BepOS!THOCTb perHCT

paUHH ITOily'ieHHblX 8TOMOB lleTeKTOp8MH: 

- 81lCOpOUHSI 8TOMOB H8 CTeHK8X Oo~eMa 38 MHWeHbiO H H8 Y'i8CTKe OTBO

IlRIDeA: TpyoKH Me>KJJ.y MHWeHbiO H TO'iKOit BBOil8 HOCHTellSI. 

HeB03MO>KHOCTb perHCTpaUHH OCKOIIKOB1 llBH>KYlliHXCSI fiOJl M 8 1lbiMH yr

ll8MH K ITOBepXHOCTH lleTeKTOpOB H3-38 HX TOpMO>KeHHR B P830BOA: npOCIIOilKe; 
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- Koaeqaoe speMH npoxo*neHHR ra3a MHMO neTeKTopos, qTo npHaonHT 

K pacnany qacTH aTOMOB Y*e B o6~eMe nocne neTeKTopos; 

panHoaKTHBHbii! pacnan 3a speMR nepeHoca aToMoB qepe3 Tpy6Ky H 

~HnbTp K neT9KTOp8Mo 

YKa3aHHbie noTepH 6bmH onpeneneHbi 9KcnepHMeHTanbHO HnH oueHeHbi 

C pa3nHqHoi! ToqHOCTb!Oo 0HH Cn860 38BHCHT OT HMeBUlHX MeCTO H3M9H9HHi! 

ycnOBHi! 9KC!IepHMeHTa OT cepHH K cepHH 38 HCKnJOqeHHeM llOTepb 38 cq~T 

p8nHo8KTHBHoro pacn8na. ITocnenHHe 38BHCRT oT speMeHH nepeaoc8 8TOMOB 

OT MHllleHH K aeTeKTOp8M H, cneUOB8TenbHO, OT XHMHqecKHX CBOi!CTB aneMeH

TS H ycnOBHfi Ollb!T8o 3~~eKTHBHOCTb Cq~Ta, onpeuem!eMaR llOTepHMH, o6ycnoBneH

HbiMH nepBbiMH TpeMS! !IpHqHHaMH, paBHa 55-60%. 3HaH BbiXOn H30TOIIa B 

HUepHOi! pe8KUHH, 3Haqe;me 9TOi! 9~eKTHBHOCTH . cq~Ta H qH c no 38perHCTpHpO

BaHHbiX C06biTHi!, H CqHT8R 0 qTo no68BOqHaR IIOTepR 9~~eKTHBHOCTH cq~T8 llOn

HOCTbiO o6ycnosneHa pacnanoM aTOMOB 3a speMSI nepenoc8, MO*Ho BbiqHc-

nHTb OTHOUleHHe BpeMeHH nepeHOCa K nepHony nonypacn8n8 H30Tona. ITpH 

TaKoi! oueHKe Hcrronb30BancH sepxHHA rrpenen nepHon8 rronypacrraua unH H3yq8-

eMoro H30TOIIa (0,4 ceK) H, COOTBeTCTB9HHO, nonyqeH BepXHHi! rrpeuen nnR 

BpeMeHH rrepeHOCa, paBHbiJ;i IIpH 250° H 300° COOTB9TCTBeHHO "' 1 H ""3 CeK. 

B rrpHcyTCTBHH rrapoa Nb Cl 5 r8!jJHHA rrepeuocHncR oT MHllleHH K neTeK-
o 

TopaM 3a 1 ceK. rrpH 250 • B rrpHCYTCTBHH rrapos ZrCI 4 speMSI rrepeHoca 

3HaqHTenbHO MeHbllleo 0HO He rrpeBbilllaeT 0,5 C9Ko !IpH 250° H 0,2 CeK. !IpH 

300°. ITosToMy rrocne Toro, KaK B rrepaoA cepHH 6bino 38perHcTpHpoBaHo nHlllb 

oqeHb Manoe qHcno neneHHA, nanbHei!lllHe O!lbiTbi rrposonHnHCb c rrpHMeHeHHeM 

rrapoB B KaqeCTBe HOCHTenRo Hcnonb30B8HHe ZrC1 4 a nnHTenb-

HbiX SKCnepHMeHTaX Bbl3biBaeT 3aTpynHeHHR, T8K K8K B 8Il!I8p8Type o6p83y

eTCH 3aMeTHOe KOnHqeCTBO HeneTyqHx rrponyKTOB p83n0*9HHSI HOCHTenH. EbinO 

HaAneHo, qTo no68aneHHe rrapos N b CI0 K !I8paM ZrCI4 B OTHOlll9HHH 

3:1 yMeHblll8eT o6pa3oBaHHe aeneTyqHx nponyKTOB no 6e3onacaoro ypoBHR. 

ITo aToMy BMeCTo qHcToro Zr Cl 4 npHMeHH n8Cb yK838HHaSI CMeCb K8K 

TexHonorHqecKH 6onee yno6HaR. BpeMeHa nepeHoca ra~HHR 6nH3KH npH p86oTe 

c qHCTbiM ZrCI 4 co CMeCbiO Nb Cl 5 + Zr Cl 4 • 

H3 naHHbiX o speMeHH nepeaoc8 MO*Ho nonyqHTb oueHKy neTyqecTH 

x nooHua H3yq8eMoro aneMeHTa. 

B nepsoA qacTH 6bmo CK838HO, qTo anSI speMeHH rrepeaoca ( t t ) 
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MO*HO ITOflb30B8TbCH ypaBH9HH9M anH Bp9M9HH yaep*HB8HHH (tR) 

t 
R 

V S N• 
--0+- -) 

W N • V II 

rae 

s 
V -o6'beM ra3oBoro TpaKTa, 

noaepxaocTb TpaKTa, N
8 

W - HCTHHH8H 06'b9MH8H CKOpOCTb ra38 0 

aacop6UHH MHKpOKOMITOHeHT8 (MoneKyna/ 

CM2, N 
11 

- KOHUeHTp8UHH MHKpOKOMITOH9HTa B ra3e ( MOneKyna / CM3) • 

Ho 

N - nr, .. 
rae n - 'lHCno MoneKyn , yaapHIOlUHXCH o6 1 cM2 noaepxaocTH B ceKyHay, 

r ( ceK) - cpeaaee apeMH npe6bJBaHHH MoneKynhJ aa noaepxaocTH. Bocnonb-

aoaaawHcb ypaBHeHHeM ~peHKeng/35/ anR r H ypaBHeHHH~H KHHeTH'leCKOA 

TeopHH raaoa anH 

1 

n, nonyqaeM Bblpa*eHHe 

__ tR __ -

t II 

1 + s 
v 

RT 

211M 

~ 
1/'J 

) r f 
0 

RT 

rae - '!8CTOT8 Kone6aHHA aacop6HpOB8HHOA MOfleKyflbl no HOpMaM 
'o 

K noaepXHOCTH H Q• - TennoTa aacop6uHH. Baeaeao o6oaHa'!eHHe ...r.._t 
" II 

anH BpeMeHH npOXO*aeHHH ra30BbiM nOTOKOM A8HHOrO paCCTOHHHH no Tp8KTy • 

....!.L. 
t 

Ha pHc. 3 Hao6pa*eHa aaBHCHMOCTb oT aaeprHH ancop6uHH, 
a: 

pacC'lHTBHHaH no aTOMY ypaBHeHHJO. Cna6oA aaBHCHMOCTbJO tR OT MOneKy-

nHpHoro aeca Mo*Ho npeae6pe'lb. BenH'lHHa r 0 Tpynao nonnaeTcH pac'!~Ty, 

noaTOMy 6b!n0 npHHHTO ee THnH'!HOe 3H8'leHHe r 0 - 10-
13 

CeK/35/. 3TH 

KpHBbJe MO*HO HCITOflb30B8Tb anH npH6nH3HT9flbHOrO Cp8BHeHHH TennOT aa

cop6UHH paanH'lHbiX MoneKyn. C aToA uenbJO aKcnepHMeHTanbHble 3Ha'leHHH 

H npenenbl tR , H3MepeHHbJe nnH paanH'lHhlX xnopHaoa, HaaeceHbl Ha pac'!~THble 

KpHBbie. nonyqeHHble C nOMOWbiO KpHBbiX (pH C. 3) 3H8'leHHH anH TennOTbl 8ACOp6-

UHH A8Hbl B Ta6n. 2. npHBeneHHble A8HHble nOK83b!B810T 0 'ITO HOBbiA H30TOn no Be-

0 0 
flH'lHH8M tR H Qa 0 nony'leHHbiM AflH ero XnOpHA8 npH 250 H 300 0 CTOHT 6nH3KO K 
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r8cjJHHIO H pe3KO OT/IH'I8eTCS1 OT Apyr.HX HCC/Ie,[lOB8HHbiX aneMeHTOB. 

Vf3 Bcej.j COBOKYTIHOCTI'! RAepHbiX .H XHMH'IeCKHX C BOHCTB cne.nyeT, 'ITO 

HOBbiH CriOHT8HHO .nenRlliHHCSl H30TOTI He MO)I{eT TipHH8A/Ie)I{8Tb HH K OAHOMY 

H3 H3BeCTHbiX aneMeHTOB H RB/IReTCSl H30TOTIOM 104 aneMeHT8 - Kyp'I8TO

BHR . EnH30CTb TerrnoT 8.ncop6uHH xnopHAOB xyp'I8TOBHR H r8¢HHR rosop.HT 

B riO/Ib3y 8H8/IOrHH HX CTpoeHHSl H B8/IeHTHOrO COCTOS1HHS1 8TOM8 M9T8/III8. 

ilnR T9TpaxnopHA8 racjJHHSl (UHpKOHHR) B 8THX yC/IOBHRX riOny'IeHHOe 3H8 -

'I9HHe TeTI/IOTbl 8ACOp6UHH H8 4 KK8/I/MO/Ib 60/Ibllie ero T9TI/IOTbl HCTI8peHHR. 

CneLlOB8TenbHO, sepxHSlR rpaHHua Ll/IR TennoTbi 8ACop6uHH TeTp8xnopHA8 Kyp

qaTOBHR, paBH8S1 23 KKan/MQIIb , T9M 6onee MO)I{eT 6b!Tb ripHHS1T8 K8K B9pXHS1S1 

rp8HHU8 .nnR ero TennoThi HCTI8 peHHR . T8K K8K tt 38MeTHO 6onbrn e .nnR 

104 a neMeHT8, tieM Ll/IR ra<jJHHR, TO XIIOpHLl Kyp'I8TOBHR, TIO-BHLlHMOMy, M eHee 

neTy'I, 'I9M XIIOpHLl r8<jJHHS1 ( UHpKOHHSl) • no a TOMY B K8'IeCTBe HH)I{Hero n pe

Llena Ll/IR T9TI/IOTbl HCTI8p9HHS1 TeTp8XIIOpHA8 Kyp'I8TOBHS1 M O)I{HO B3S1Tb 8 KCTie

pHMeHT8/IbH O Hai1.neHHYIO T9TI/IOTy HCriapeHHSl TeTp8XIIOpHA8 UH p KOHHR, p8BHYIO 

16 KK8/IIMO/Ib. 3H8'Ie HH9 TeTinOTbl HCTI8peHHS1 ( 16 < L < 23 KK8n/Monb) 

Ll/IR XIIOpHA8 Kyp'I8 TOBHR O'IeHb pe3KO OT/IH'I8eTCS1 OT Be/IH'IHH TeTinOTbl 8A

cop6UHH X/IOpHLlOB Tpe XB8/I9HTHbiX T Sl )l{ e /IbiX Tp8HCTIIIYTOHHeBbiX aneMeHTOB B TI/IOTb 

LlO 8/IeM9HT8 102 ( CM. T86/IHI;.y 2) • 3KCriepHMeHT8JlbHbiX A8HHbiX TIO XHMH :!i 103 

8/IeMeHT8 TIOK8 HeT. 

B 38K/IJO'Iemre C'IHTaeM CBOHM rrpHRTHbiM .nonroM Bbip83HTb rny6oKyJO 

6naro.napHOCTh qneay-Koppecnoa.neHTY AH CCCP f.H. <I>neposy 38 nocT8HOBKy 

38Ll8'IH , TIOCTORHHbiH HHTepec K pa6oTe H riOALlep)I{KY ripH ee BblriO/IHeHHH, T . C.3B8-

p0BOH 38 rroMOllib B p83p860TKe M9TOA8 , E .B. illHnoBy 38 Y'I8CTHe B co3A8-

HHH ycT8HOBKH H T . il.3811uesol1 , E.<I>. EyTeHKO 38 rroMOllib B npose.neHHH aK

crrepHMeHTOB . T8K)I{e 6n8ro.n8pHM rpynny aKcnny8T8UHH UHKnoTpOH8 Y-300 

BO rn8Be C A . H . ¢1HIIHTICOHOM 38 o6e c rretieHHe CTO/Ib Ll/IHTe/IbHOH p860Tbl yc 

KOpHTenR. 
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Tac5M1Ua I, 

H01.1ep q~lCJlO ; :.larep~aJJ J-lOCMTeJJb TeMnAparypa :3Hepr ~ll : V.HrerpaJJb-;PaccrollHMe : qHCJIO 

ccpMM OilllTO!l : CTeHOK (ynpyrocTb napoa, Tpyc5K~ M :MOHOB : Hhl~ IlOTOK ;MeJr,I\Y ,1\eTeKTO- : 3aperMC 

: ra3osoro J,IM pi , CT) rl•WibTpa, :22 Ne , ; <tac::r1 · :Qallll : Tp1!pOB, 

; TpaKTa °C : 11 3B : xiO 
'B • artTOB 
: peMil ~3MepeHHil,, ,1\eJJe!lMil 
: ceK • 

I 6 :Hepx.c TaJJh NbC1 5 
(O , I5) Il4 c0 ,9 !Q_ 2 

I,2 

II 3 -"- NbC1
5 

(O ,I6) 250 II4 4,5 !Q_ I 
I 2 

lli 4 ;r eq,noH ZrCl4- (0,05) II4 I7 ,7 §_ I 
0 ,72 

"' "' 
I HbClS (O,I6) II4 2,9 -!- 3 

IY I :creKJIO 300 II4 '1,5 -"- 5 

I 
ZrC14-

(0 ,05) I28 3 ,2 -"- 0 

I II4 2,5 -"- 2 

Ta6n Hl.la II • 

. 
XJIOPHA : N&Cfo Hf4('trl4j 104CE!i. "JVLCl.J No.Ct 7hcl.t M.J F'l'rlliJ. !lce3 naj 

!M30T&pWH<te~~ TennoTa 
:a,~;copO~HM ) B I8 20 20""' fh-"- 23 ~ 3! 34-36 34,4-35 34-38 > 38 > 38 > 38 
'(KaJ17'IIIO.Ul! 
; 250-300 ) 

!Tennora HcnapeHHR B !2 (!6) !6 L:.[L 23 30 40,8 36,5 46 59 
:na.u/KOJIJ. 
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KAMEPA YCKOP/ItTEit~ 

PHc. l. CxeMaTH lfHbifi paapea XHMJ.f1·18CKOA annapaTypbi ua BHyTpeuueM 
ny~Ke UHKnOTpOH8 . 
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TIME 

Puc . 2. PacnpeneneHHe TpeKOB ocKonKOB neneHH SI auonb neTeKTopoa 

BO apeMeHH. 
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4-5 

PHc. 3. 3aBHCHMOCTb speMeHH ynep>KHBdHH!I , OTHeceHHoro KO speMeHH 

npOXO>KaeHH!I ra30BbiM flOTOKOM XpOM8TOrpacjJH'!eCKOil KOnOHKH 0 

OT TennOTbl anC0!)6UHH, 

3KcnepliMeHTanbHbte naHHbte 

o6o3Ha'!eHbt 3H8'1K8MH:eNb C!
6 

, 0 ~ H!Cl 
4 

, • -104CI
4 

, 

0 -lnCI 3 , + - NaCI, 0 -Th CI .f-ScC:J 3 , 0 xnopllnbt Tb, Cl, Fm . 
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