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B nocneuHee apeMH unH HA6HTH~HK8UHH H H3Y'feHHH KOPOTKO~HBYWHX pauHo

a KTHBHbiX Huep pa3pa68TbiB810TCH H H8'fHH810T ITPHM6HHTbCH 6biCTPOAei!:CTBYIOWHe 

a neKTpOM8rHHTHbl6 C6ll808TOObl, CBH3 8HHbl6 R6llOCDP.IlC'I'BP.IIHO r. Vr.KOOHTP.n51M:H l{nl1 

Ill 
f'P.RKTOpBMH ( c e nRpRTOphT " on ltnP " ) ( CM. , HAnpHMen . ) . B TAKKX C P nRn A-ronAx 

BH8nH3Hpye Mbie H30TOllbl-llpOAYKTbl HAepHblX pe8KUHi!:, 06pa3y!OWH6C H npH o6ny'feHHH 

pa3 nH'fHblX BeweCTB 38pH~6HHblMH 'fSCTHUSMH HnH Hei!:TpOHSMH, 6blCTpO H He npe p b!B-

HO B blA6 1lHIOTCH H3 MHW6HH, TSK 'f'rO perHCTpSUHH H H3Me peHHe xapa KT e pH CTHK p ac-

nau a pa3uene HHbiX pauHoaKTHBHblX Siuep ocymecTBnSieTCH no npowecTBHH o'fe Hb Ko

poTKoro apeMeHH C MOMeHTa HX o6pa30BSHHS!, 

B HeKoTopbrx aapHaHTax TaKHX aneKTpoMarHHTHblX c e napaTopoa 6brCTpoe H3 Bne-

'f6HHe HCCneuyeMblX HAep H3 MHWeHH HnH H3 C60pHHK8 npOAYKTOB S!A e pHbiX p e aKUHi!: 

AOCTHraeTCS! B p e3ynbT8Te AH!jl<j>y3 HH H nocneuy10mero HCnapeHHS! npH Bb!COKHX T e M

n e p a Typax. BbrcoKHe TeMnepaTypbi npH aToM o6ecne'fHBaiOT B HeKOTOpbiX cnyqagx 

a !jJ!jJeKTHBHYIO TepMOHOHH38UHIO 3MHTTHpyeMblX BTOMOB H, TBKHM o6pa30M, HCKnlO'fB-

eTCH H e 06XOAHMOCTb B CneuHanbHOM IIOHHOM HCTO'fHHKe. TaKaH MeTOUHKa. HB ITDHMe O , 

/2 3/ 
HCITOnb30BBil8Cb B OITbTTSX ' ITOH MSCC-Cll6KTOOM6TOR'f6CKOM HCCn e .llOBB HHK H P.Ko-

TOpblX KOpOTKO~HBYWHX npouyKTOB HAepHblX peaKUHi!:, o6pa3y!OWHXCH ITOA u e ilcTBH e M 

nro-roHOR c 3HeprHei'i 150 M a a. B Ka'feCTB e 3 MHTTe pa H T e pMOHOHH3aTopa a on br

/ 2,3 / 
T BX HCITOnb3 0Ba nCH rpa<J>HT, llOKPblTb ! il: p e HH e M, HM610WHM 6onee B b !C OK YIO p a -

60Ty BblXOAa. 8 3 THX Ollb!TBX AOCTBTO'fHSS! a !jJ!jleKTHBHOCTb HOHH3 8UHH 6blna nony'fe Ha 

TOnbKO unH aneMeHTOB meno'fHOH rpy nnbi ( ti , Na , Rb , Cs), HMe!OwHx HaH6onee 

HH3KHe ITOT6HUH81lbl HOHH38UHH ( I =2,8-5,4 B) • .UnSI a <l><J>eKTHBHOi!: HOHH3 8UHH a ne

M e HTOB ApyrHX rpy nn Tp e 6oaanHCb ' H OliH38TOpbl C 6onee BblCOKOH p a60TOH B blXOAa , 

'f e M y rpa!jJHTa H MeTannoa. 

noBblW6HHOH pa60TOi! BblXOAa o6naaaiOT, HanpaMep, OKHCnbl HeKOTOpblX a neMe H-

TOB, HCl!Onb3Y6Mb l e B 06bl'fHOll: npaKTHKe M8CC-Cll6KTpOMe TpHH anSI HOHH3 8UHH c a-

MOrO WHpOKOrO Kpy ra aneMeHTOB ( UHHKa, C e p e 6pa, KBAMHS!, CBHHUa, p e AKHX 36 M e nb 
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/4/ 
11 npyrHx; CM, HanpHMep, ). nosTOMY npencTaansmacb HHTepecHol! nonbiTKa npa-

MeHeHHSl OKHCHbiX cnoea B xaqeCTBe SMHTTepa H HOHH38TOpa TBKlKe H B 6biCTpo

nelkTBYIOillHX snexTpoMarHHTHbiX cenapaTopax ' on line ' • Bo3MOJKHOCTb Taxoro 

npHMeHeHHSl He COBCeM oqeBHAH8, ITOCKOnhKY He H3BeCTHbl apeMeHHbie XapaKTepa-

CTHKH OKHCHbiX SMHTTepOB, He H3BeCTHO ITOBeUeHHe OKHCHbiX COeUHHeHHil B ycnOBHSlX 

CjlnbHblX p8AH8UIIOHHbiX ITOBpelKAeHIIil, KOTOpb!M ITOABepJKeH HOHHblil IICTOqHHK cena

paTopa ' on line '. Onaol! 113 3anaq aacTOSllllHX sxcnepHMeHTOB 6bmo a3yqeHHe 

SMHCCHOHHOil II IIOHII38UIIOHHOil CITOC06HOCTHOKHCnOB C TOqKH 3peHHS1 IIX B03MOlKHQ

ro HCnOflb30BBHIIH a cenepaTopax ' on line '. HapHny c sTHM a uacTOHIUIIX onbiTax 

6blnll npoaeneHbl IICCneAOB8HHH SMIICCIIOHHbiX CBOI!.CTB H HeKOTOPbiX MeTannoB C 

n enbl() COITOCTaaneHHSl HX XapaKTepHCTHK C A8HHblMH AnH OKHCnOB H K8K npononJKeHIIe 

/ 5/ 
pa6oThi 

2. B onHChiBaeMhiX sxcnepHMeHTax ucnonb30Banocb TO JKe o6opynoaaHae, qTo 

/5/ 
II B pa6oTe • HeKOTOpOe OTnllqHe COCTOHnO nHillb B TOM, qTO B OTUenbHbiX Ollbi-

T8X H8 Bp81ll8101lleMCH UHCKe 6bin AOITOnHHTenbHO yCT8HOBneH OTpHU8TenbHO 38pHlKeH

Hb!l! sneKTpOU nnH C06Hp8HIIH nponyKTOB HAepHbiX peaKUIIl! 1 SMIITTIIpyeMblX 113 118-

rpeToro c6opHIIKa a a11ne nonoJKHTenbHhiX HOHOB. ~eTonuxa uccnenoBaHIIA 3aKn10-

qanacb a cnenyiDmeM: nponyKTbl HAepHbiX peaxu11ll, o6pa3yl01ll119CH non nel!CTBHeM 

SHepraqHbiX IIOHOB yrnepona ( E~t2=75-8Q ~sa). Bbi611B8nHCb H3 TOHKOI!. MIIW9HH II, 

npOXOUH qepe3 OTBepCT!Ie BO BP81U8101U9MCH UIICKe, BHenpHnHCb B HarpeBaeMbii!: 

-4 
snexTpuqeCKHM TOKOM C60pHIIK H8 rny6HHY"' 10 CM. B6HTbl9 8TOMbl lllltPtPYHAIIpo-

B8flll K ITOBepXHOCTH, IICIT8pHni!Cb II ocenana H8 ITOBepHOCTII Bp81U8101U9r'OCH •UHCK8. 

no a -BKTII BHOCTH OC9Bll111X H 8 UIICKe 8TOMOB OnpenenHniiCb OCHOBHhie X8p8KT9pii

CTHKH SMHCCIIH npon'yKTOB HAepHbiX peaKUHil.. 

B n e paol1 cepHII onhi TOB IICCnenoaanc>< nonHhiH BhiXOn aTOMOB 11 HOHoa nllc

npo3HH II nonOHHH B p e3ynhT8Te S MIICCIIII 113 C60pHIIKOB, ITpHrOTOBneHHhlX 113 pa3-

nHqHblX M8T9pHanoa. 3xcnepHMeHTbl npOBOUHniiCb C IICITOnb30B8H119M panH08KTHB-

HblX H30Tonoa Dy 150 
( T ~ = 7 MIIH) 11 Po 201 

( T ,, = 18 MHH), pacnanaiOlliHXCH 

B HeKOTOpOH none cnyqaea C IICITYCK8HI!eM a -qaCTIIU. 3TH 1130T0llbl nonyqanHCb 

no p e axuHHM Nd
142 

(C 12
, 4n) Dy 150 

11 Pt 194 
( C 12 , S n) Po 201 • 

H exoTOpbie pe3ynhT8Thi 3 THX OIThiTOB noxa3aHbi Ha piiCyHxax. Ha p11c. 1 npu-

BOAI!TCH 38BHCHMOCTb ITOnHOi!: SMHCCIIII UIICITp0311H H ITOnOHHH OT TeMnepaTypb! 

c6opHHKOB, npHroToaneHHhiX 113 pa3nHqHbiX MaTepHanoa. TeMne paTypa c6opHHKa 

4 

t 

a STHX onhiTax onpenenHnac 

qeHHSl, npononJKHTenbHOCTb 

8TOMOB AHCITp03HS1 HnH non• 

apeMH o6nyqeHHS1, onpener 

cqeTa a -qaCTHU H8 KOHT 

co cTopoHhi, o6pameuHoll K 

np0311S1 11n11 nonoHRSl Haxon 

AHCKe 8TOMOB H8 CTOpOHe, 

SMHTTHpyeMblX 8TOMOB B p 

onpenenHnHCb no a -aKTE 

OT OTBepCTII H, II ITO H3Be< 

SMIITTIIpyeMblX 8TOMOB. 

Yl3 p!!CYHK8 BIIAH0 1 'I 

AnH c60pHHKOB H3 p83Hb!X 

~PMnP,nATVn~ ~AfinmnAP.TCq 

nocTaToqHo xooolllo coanan1 

nnH c6opHHK8 113 TBHTana 

KpHBBH, 3U9Cb He npeACT8 

3MHCCHH AHCITp03HH 113 OK! 

H8 MOnH6UeHOBOH H T8HT8 T 

c6opHHK8 113 T8HT8n8 C IT• 

38HHM89T npoMeJKyToqlloe 

3MHCCIIH 113 OKIICHb!X 

JKe TeMnepaTypax npo11cxo 

cnoH B 
2 

0 
3 

+ Y 
2 

0 3 Ha Mor 

6n113HT9nbHO T8KOi!: JKe, Kl 

c6opHHKOB IIHT9HCHBH8H 3~ 

Typax. 

0CT8BnHH 6onee UeTI 

TOnbKO OTM9THM 1 qTO OCHI 

nHeTCH Han11que una oTcy~ 

Ha MOnH6nene, aonh¢>paMe 

Bblllle 1500 °C pa3pyll1810TC 

noB 6opa, HTTpi!H II UHpKC 



BCb HHTepeCHOii llOllbiTKa npH

H38TOpa T SK>Ke H B 6biCTpo

ne • . Bo3MO>KHOCTb TaKoro 

!CTHbl BpeMeHHble X8P8KTepH-

ICHbiX COe!IHHeHHii B ycnOBHSIX 

J>KeH HOHHbiJi HCTO'IHHK cena-

:nepaMeHTOB 6bJnO H3Y'IeHHe 

TO'IKH 3peHHSI HX B03MO>KHo-

C STHM B HBCTOSIWHX OnbJTSX 

'B H HeKOTOPbiX MeTannOB C 

~ OKHCnOB H KBK nponon>KeHHe 

:b TO >Ke o6opy!IOB8HHe, 'ITO 

TOM, 'ITO B OT!IenbHblX Onbl-

>Bnea OTpauaTenbao aapSI>KeH

.KUIIA, SMaTTHpyeMblX H3 HB-

'O!lHKB HCCnenOBBHI!Ii 3BKnro-

pa3yJOin1!9CSI non neACTBHeM 

IBnHCb H3 TOHKOJi MHW9HH H, 

3aenpSJnHcb B aarpeBaeMbill 

B6HThie aToMbl nH~WHAHpo-

iiOCTH BpamaromerOCSI ·.!IHCKB, 

!SinHCb OCHOBHhle xapaKTepH-

3b!XO.Q 8TOMOB H HOHOB !IHc-

JB, ilpHI'OTOBneHHb!X H3 paa-

cnonb30B8HHeM pa.QHOBKTaB

= 18 MHH) , pacna.QBIOWHXCSI 

U, 3TH H30TOnhJ nonyqanHCb 

, Sn) Po 201 • 

a pacyaKax. Ha pac. 1 npa-

nonOHHSI OT TeMnepaTypb! 

oa. TeMnepaTypa c6opHHKa 

B STHX OilbiTSX onpenenSin8Cb OllTH'IeCKHM ilHpOMeTpOM !10 a nocne OKOH'IBHHSI o6ny

'IeHaSJ, nponon>KaTenbHOCTb KOTOpOI'O B KB>K!IOM OilbiTe COCTBBnSina 15 MHHyT, '4HCnO 

8TOMOB nacnp03aSJ ana nonOHaSJ, Bbi6aTb!X H3 MaWeHH H BaenpeHHbiX B c6opaaK 38 

BpeMSJ o6nyqeaaSJ, onpenenSJnOCb nocne OKOH'IBHaSI o6ny'IeHHSI no HHT9HCHBHOCTH 

C'IeTa a -qacTan aa KOKTponbaoA ~onbre, yKpenneaaoA aa apamaromeMCSJ liHCKe 

CO CTOpOHbl, o6pameKHOii K MaWeHH, '4acno 3MaTTHpOB8HHbiX STOMOB a aOHOB !laC-

np03HSI HnH nonOHHSI H8XO!IHnOCb nyTeM H3MepeHHSI a -aKTHBHOCTH OCeBWaX H8 

!laCKe BTOMOB HB CTOpOHe, o6pameHHOii K C60pHHKy, npH STOM Y'IHTbiBBnHCb llOTepH 

SMHTTHpyeMblX BTOMOB B pe3ynbT8Te BbJneTa qepe3 OTBepCTHe !1HCK8, 3TH ilOTepH 

onpenengnacb no a -aKTHBHOCTH Dy 1 
&o Hna Po •u 1 

, oceamero caepxy H CHH3Y 

OT OTBepCTHSI, H no H3BeCTHOMY H3 S TIIX >Ke OnbiTOB yrnOBOMy pacnpeneneHI!ffi 

S MHTTHpyeMbJX 8TOMOB, 

113 pHCYHK8 BH!IHO, 'ITO KpHBble SMHCCHH liHCnp03HSI cymeCTBeHHO pa3nH'IHbl 

nnSJ c6opHHKOB H3 pa3HblX MaTepHanoB. Haa6onhwull Bhlxon npa onaoA H ToA >Ke 

T RMnAnATVnP HRfinmnARTCq nnq MnnwfioAHA (1). KnwRAH RMHCCHH nnq Mona6nAHA 

!IOCTBTO'IHO XOPOWO COBll8!18eT C KPHBOii BblX0!18 liHCilP031!SI, nonyqenHOii B oa60Te/
5

/ 

nnSJ c6opaaKa 1!3 TaaTana c ae6onbmoA ( < 1 %) npi!Mecbro aao6HSJ. Aaanora'IHBSJ 

KpHBBSI, 3J:leCb He npe!ICTBBneHHBSI, l!MeeT MeCTO H ):lnSJ C60pHHK8 113 BOnb~p8M8, 

3 MHCCHSI lii!Cllp03HSI H3 OKHCHblX COe!II!HeHBA B 
2 
0 ~ + Y ~ 0 ! 

H8 MOnH6!1eHOBOH a TBHTanOBOH OCHOBBX 38Me THO Ha >Ke (3), 

c6opKHK8 H3 TBHTBnB C UOBbiin9HHblM conep>KaKHeM Hl!O(S:a:SI 

3BKHMaeT npoMe>KyTo'Iuoe nono>KeaHe. 

H B 0 + ZrO 
2 3 2 

\4), KpaBa SJ (:.!) 

( Ta- 95%, Nb- 5"b) 

3MacCHSI H3 OKHCHblX coe.Qaaeai!A 6onee neTy'lero sneMeH:Ta nonoauSI npu Tex 

>Ke TeMnepaTypax npOHCXO!IHT 6onee HHTeHCHBHO, X0.11 KpHBOl! SMHCCHH nonOHHS! 113 

enOS! B 
2 

0 3 + Y 
2 

0 3 HB MOnH6!1eHOBOii OCHOBe B 38BaCHMOCTH OT TeMnepaTypb! ilpH-

6na3aTenbHO TBKOii >Ke , KBK H AnSI .Qacnp03HSI H3 MOna6.QeHa, 113 MeTannu'!eCKHX 

c6opHaKOB aHTeHCaBHBSI SMaCCaSJ nonoHaSJ npOHCXOAHT npH 6onee HH3KHX TeMnepa-

T ypax. 

OcTaBnSJSJ 6onee neTanbaoe o6cy>K.Qeal!e sTax naHHbiX Ha Konen CTaTbH1 3!19Ch 

TOnbKO OTMeTaM , 'ITO OCHOBHblM ~8KTOpOM 1 OnpenenSJJOWaM Beni!'IHHY SMHCCaH , S!B

nSJeTCSI HanH'!He anu OTCyTCTBHe HB llOBepXHOCTII C60pHHK8 CBSI38HHO~O ~HCnopO.Qa, 

Ha Mona6neae , BOnb~paMe 11 'IHCTOM TBHTane OKI!CHbJe nneHKH npa TeMnepaTypax 

Bb!We 15QQ°C paapywaroTCSI, I!CnapSIS!Cb 11na paCTBOpSIS!Cb B MeTanne , CMeCI! OKIIC

noB 6opa, I!TTpHSI II UllpKOHI!SI yCTOii'IHBbl BllnOTb .!10 TeMnepaTypbl • 2QQQ°C, '4ep-

5 



Hble OKHCHble nneHKII, 06pa3yJOmHeCSI HB TBHTB1Ie C TIOBb!WeHHblM coneplKBHIIeM HIIQ-

611!1 ( -5%) B pe3y1IbT8Te B38HMO.Uel!cTBHSI C 8TOM8MH OCTBTO'IHOl'O KHC1IOpona B 

-5 -4 
061>eMe :VCTBHOBKH ( 0 ~5. 10 - 10 MM H.- ) 0830VW810TCSI. KBK HBM" 38Me'f~-

HO, 1IHWb npH TeMnepaType OK01IO 1800°C, l13MeHeHHe XO.Ua KpHBOli (2), no-BH.UH-

MOMy, CBSI38HO C 3Ti!M cbaKTOM, 

0TMeTHM T BKlKe, 'ITO XapaKTep .UH<jJ<jJy3HH BHenpeHHblX B C60pHHK npO.UYKTOB 

SinepHblX peaKUHH p831IH'IeH B C1IV'I8e MeT81I1IOB 6e3 OKHCHblX nneHOK II OKHCHb!X 

COe.UHHeHHli, 8 c6opHHK8X 113 M01I116.UeH8, TBHTB1IB J B01Ib<jJpaMa BTOMbl JU!Cnp03HSI, 

-4 
BHenpeHHble HB rny6HHY " 10 CM, B OCHOBHOM nepeMeiUBJOTCSI K 61IHlKBliwell: no-

BepXHOCTH II HCTIBpS!JOTCSI C Hee, B C60pHHK8X C OKHCHblM C1IOeM BHenpeHHble BTQ-

Mbl HHTeHCHBHO .UH<jJ<jJyH.UIIPYIOT B rny611HY II TaM 3anep>KIIB810TCSI, 3TO OC06eHHO 

npoSIBnSieTcSI nnSI oKcllnoa, HMeJOmux aMop<jJaoe CTpoeHue ( HanpiiMep, BO + SIO )1 2 3 • 

KOTOpb!e, B OT1III'IIIe OT KpiiCT81I1IH'IeCKHX, CH1IbHO pa3MSir'I810TCSI C nOBblWeHHeM 

TeMnepaTypbl, TeM C8MblM, no -BH.UHMOMy, o6yC1IOB1I8B1IHB85l yBe1IH'IeHHe nO.UBH>K

HOCTH BHenpeHHblX B HHX BTOMOB. TaKOe 38K1IJO'IeHIIe n;.UTBep>KnaeTCSI H3MepeHIISI

MII a -aKTHBHOCTH pan11oaKTH8HblX nponyxToB, ocTaJOIUHXCSI 8 c6opHIIKe , PeaynbTBTbi 

aTux H3MepeHuli npencTaaneHhi B Ta6n11ue 1, rne A - aenH'IHHa a -BKTIIBHOCTH 

c6opauxa, nonyqeaaag no naHHbiM pucyaxa 1 (a npoueaTax OT auenpeHHoli) a npen-

TI01IO)I(eHHH, 'ITO BCe OCTBBWHeCSI B C60pHHKe BTOMbl COCpe.UOTO'IeHbl B TOHKOM no

aepXHOCTHOM cnoe, He 3anep>KuaaJOmeM a -'IBCTHUbi , A - H3MepeHHa5l a -
<~Kr.rr 

BKTHBHOCTb C60pHIIK8, 

N9 

2 

3 

MaTe puan 

C 60pHHK8 

Monu 6 neu 

Ta(95%)+ Nb(S%) 

B203+Y203 

aa Monu6nene 

Ta6nuua 

t 
0 c A 

1700 32 

1900 20 

1600 97 

1700 90 

1900 37 

1800 100 

1900 86 

2000 80 

2100 70 

6 

A a xcn 

--
33 

18 

72 

24-40 

30 

70 

63-80 

60-80 

70 

t 

l 

_, 

4 

5 

2 

B 0 + ZrO 
2 3 

Ha M01III6neHe 

a2o3 +- z2o 2 

HB T8HTB.1Ie 

MeHbWHe 3Ha'IeHHSI A 
~Kf 

cny)l(aT yxaaaHHeM ua .UIHjx: 

o6yC1I8B1IH8810IUYIO yMeHbWeJ 

LlononHHTenbHhie nox a 

6bl1IH nonyqeabi 8 onbiTax c 

'IepHHX npO.UyKTOB Bi 212 

He T01IbKO a -'IBCTHU, HO 

CBHHeU H8HOCH1ICSI HB noBeJ 

8BKyyMe, no HHTeHCHBHOCT 

K01IH'IeCTBO panHOBKTHBHblX 

HX K01IH'IeCTBO 8 noaepXHO• 

1100-1800°C BTOMbl Pb 212 

38 15-20 MHHYT HB BCIO r 

B~O,+ SiO • , aaHeceHH biJ 

BpeMeaawe xapaKTepH 

HB pHC. 2, no OCSIM a6CUHC t 

waromerocg nacxa, caepxy -

TB 3MHCCHHj TIO OCH Op.UHHB 

np03HSI (38 100% npHHSITO T1 

OTHOCSITCSI COOTBeTCTBeHHO 

cnnaaa Ta (95%) + Nb (5%) 

t = 2000°C (3). npu 



IIIIeHHbiM COAaPJK8HH8M HHO-

ocTaToqHoro KKcnopona s 

Vlll810TCSI. K8K HBMI< 38Ma'JA-

xona KpHBOA {2), no-BHAK-

KHbiX B C60PHHK nponyKTOB 

:HCHblX nneHOK K OKKCHbiX 

1Ib!jlpaMa 8TOMbl mrcnp03KSI1 

emaJOTCSJ K 6naJKaAweA no-

o!M C1IOeM BHenpeHHbl8 aTo-

JlKHB810TCSI, 3TO OC06eHHO 

1e ( KanpHMep, BO + SIO ), 
2 s • 

MSirqaJOTCSI C nOBbllllaHHeM 

JATBepJKnaeTCSI H3MepeHHSI

:SI B c6opHHKe , Pe3ynbT8Tbi 

a -aKTHBHOCTH 

8X OT BHenpeHHOA} B npeA-

;peAOTOqeHbl B TOHKOM no

A <!Kr.n - H3MepeHHaSJ a -

A 3 KCn 

33 

18 

72 

24-40 

30 

70 

63-80 

60-80 

70 

I 

2 3 4 5 

4 B 0 + ZrO 2000 80 57 2 3 

H8 M01IH6AeHe 2050 76 47 

5 a2os+- z2o2 1500 100 70 

Ha TaaTane 1700 100 52 

1800 100 26 

1900 95 12-20 

2000 93 13-28 

MeHbWHe 3HaqeHKSJ A "lK<':fl no cpasHeHHJO c A , Ha6nJOnaeMbie nng OKHcnos, 

cnyJKaT YK838HHeM H8 AKQxPY3HIO BKenpeHHbiX 8TOMOB AHCnp03HSI B rny6KHY C1IOS1 1 

o6yC1I8B1IHB810lllYIO yMeHblllaHHe HHTa HCHBHOCTH C'!aTB a -qaCTKU, 

Llon01IHHTe1IbHble AOK838Te1IbCTB8 AK!jl!jly3KH B rny6HHY OKKCHb!X COSAHHeHHA 

6hmH nonyqeHbi s onbiTax c panKoaKTKBHbiM Pb 212 
, pacnan KOToporo H ero Ao-

qepHHX nponyKTOB Bl 212 
, l'o 212

, T! 208 , l'b208 
) conposoJKnaeTCSJ HcnycKaHKeM 

He T01IbKO a -'laCTHU, HO H MeHee nornomaeMbiX f3 -qacTHU, PanHoaKTHBHhiA 

CBHHeU H8HOCK1ICSI H8 nosepXHOCTb OKHC1I8 H nocne 3TOrO OKKCen HarpeB81ICSI B 

B8KyyMe, no HHTaHCHBHOCTH f3 -H31Iy'leHHSJ npH6nKJKenno onpenengnocb nonnoe 

K01IK'!aCTBO p8AH08KTHBHbiX 8TOMOB BO BCeM o6pa3Ue, no cqeTy JKe a -qacTIIu -

HX KOnHqecTso s nosepXHOCTHOM cnoe. OnhiTbi noKa3ana, qTo npH TeMnepaType 

1100-1800°C 8TOMbl Pb 212 
H ero npcinyKTbl pacnana nH!jl<!JyHAKPYIOT, HanpHM:ep, 

2 
38 15-20 MHHyT H8 BCIO rny6HHy o6pa3U8 (20-40 Mr/CM } B CMeCH OKHC1IOB 

B ~0 • + Sl 0 • , HBHeceHHhiX aa MOnH6neH, 

B peMeHHhie xapaKTepHCTKKH .MeTannaqeCKHX H OKHCHhiX a MHTTepos naJOTCH 

HB pHC. 2. no OCSIM a6CUHCC OT1IOJKaHbi: CHH3y - nopS!AKOBbiA HOMep CaKTOpa spa-

lllBJOllleroCSI AHCKB, CBepxy - BpeMSJ, npOllleAlllee C MOMS HTB BHeApaHHSI AO MOMeH-

Ta 3MHCCKH j RO OCK OpAHH8T - K01IK'I8CTBO 3MHTTHpOB8HHbiX 8TOMOB II HOHOB AHC

np03HSI (3a 100% npHHSJTO nonHoe 'll!cno aMHTTHposaHHbiX aToMoB}. KpHBbie 1, 2, 3 

OTHOCSITCSI COOTBaTCTBeHHO K c6opHliK8M ll3 M01IH6nena npH t ""1900°C ( 1), 113 

cnnasa Ta (95%} + Nb (5%) npl! t = 1900°C (2) H H3 B 0 + ZrO na MOJlH6nene 
2 , 2 

npH 

7 



KaK BHAHO H3 pHCYHK8 0 BpeMR o6paTHOi! 9MHCCHH BHeapeHHbiX 8TOMOB cyme

C TB e HHO pa31IH~HO Al!R c6opHHKOB H3 MeTal!l!OB H OKHCl!OB. llnR M01!R6AeH8 H cnna

aa Ta (95%) + Nb (5 %) Ha6moaaeTCR 6biCTPaR 9MHCCHR. nonpaBKH Ha PeUHKl!H~-
/5/ 

HOCTb B 9 THX cny~llf!X He3Ha~HTe1IbHbl (eM. ) 1 H XOA 9MHCCHH BO BpeMeHH AOCTa-

TO~HO xopowo aaeTCR aepxaei! wKanoi!. CHH*eHHe opaaaaTbi a aa~ane Kpaaoi! (ceK

Top C OTBepCTHeM) OTpa*aeT He 6onee MeaneHHYIO CKOpOCTb 9MHCCHH B H8~81!bHbii! 

MOMeHT, a nawb cjlaKT He38KOH~eaaoro HaK;PnneHHR aacnpo3HR a sTo fiPil.MR. KaK 

B HAHO H3 pHCYHK8, 50% BHeapeHHhiX aTOMOB AHCIIp03HR 9MHTTHpy!OT IlpH61IH3HTe1Ib

HO 3a 0,3 CeK. 

3 M HCCHR AHCIIp03HR H3 OKHCl!OB 3aMeTHO 6onee MeaneHH8fl H B npenenax 

BpeMeHH OAHOrO o6opOTa AHCK8 ( T c 1,1 CeK) cymecTBeHHO He MeHReTCR. l13-3a 

peUHKl!H~HOCTH XOA 9MHCCHH ao apeMeaa a sTOM cny~ae aepxHei! mKanoi! He aa-

e TC R. AaanOrH~Hbie KpHBhle 6e3 CII8A8 H861IIOA810TCR Al!R OKHCl!OB H npH 6onee MeA-

neHHOM apaiUeHHH AHCKa, !13 9THX KpHBblX Cl!enyeT, ~TO BpeMR 9MHCCHH IIOnOBHH

HOrO K01IH~eCTB8 AHCIIp03HR H3 OKHCHbiX Cl!OeB IIpH t ., 2QQQ°C 38MeTHO 60nbWe 

A eCRTH Ce KyHA. 

3. llnR H3MepeHHR scpcpeKTHBHOCTH HOHH3aUHH npa 9 MHCCHH H3 aarpeToro c6op-

HHKa npHMeHRnCR AHCK C KOnbUeBbiM 91IeKTpOAOMr H8 KOTOpbii! IIOA8B8nOCb H8-

npR*eHRe - 4 KB. Ha s ToT s neKTpon co6apanHCb ace nono)KHTenbHbie HOHhi, ac

nycKaeMbie c6opHHKOM, 8 T8K*e HeKOTOp8S! ~aCTb Hei!TpanbHblX aTOMOB, OIIpene-

1!ReM8R reoMeTpHei! paCIIOl!O*eHHH IIOTeHUHa l!bHOrO 91!eKTpoaa IIO OTHOWeHHIO K 9MHT-

THpy iOWeMy C60pHRKY. llong Hei!Tp81IbHblX 8TOMOB, IIOIIaA810IUHX Ha IIOTeHUHanbHblH 

sneKTpoa, onpe nenRnacb a orrhrTax 6ea aarrpfi)KeHHR aa co6upa10meM aneKTpone. 

H eKOTOpble p e3yl!bT8Tbl H3MepeHHS! CTeneHH HOHH38UHH AHCIIP03HR H IIOl!OHHS! IIPH 

N+ 
9MH CCHH H3 OKHCHblX Cl!OeB A8IOTCR B Ta6naue II , rae ~ - OTHOWeHHe "IHCna 

IIOl!O*HTel!bHblX HOHOB K ~Hcny HeHTpanbHbiX 8TOMOB, 9MHTTHpOB8HHblX 113 COOpHHK8. 

TepMOROHR38UHlO aacnpo3HR H nonoHHR, HOHH3aUHOHHhie noTeHUH81Ihi KOTOpbiX paBHhi 

COOT BeTCTBeHHO I = 6,8 H .. 8,5 a, npu sMRCCHH H3 Mona6neaa, TepMosneKTpoa-

HaR pa60Ta Bb!XOA8 Al!R KOTOpOrO </> = 4,4 9B, B ycnOBHRX IIpOBOAHMbiX 9KChepa-

MeHTOB 38M9T.IITb He npeACT8BnSI1!0Cb B03M0)!{HbiM. 
N+ 

Caxa-flearMJOpa, B s TOM cny~ae oTaowea.11e -

CornacHo oneHKe.M no aaKoey 

-3 
AOl! )KHO COCT8BnSITb .,1 Q H 

-8 N+ N° 
- 10 % ( - .. exp[(¢-d) ; J , rae l- 3apRA s n eKTpoaa, 

No kT 
k- KOHCT8HT8 

bOl!bUMaHa, a T- a6conroTHaH TeMnepaTypa). 

8 

("' 

3MHTTHpyeMOe BeiUeCTBO 

C6opHHK 

llacup03Hi! H3 

aa Mona6aeae 

nonOHHi! H3 

aa Mona6aeae 

B 20!+Y
2

0 

B2 0 3 + Si02 

P e3ynbTaTbi aacToRw: 

ycnOBHRX paAHaUHOHH biX IIC 

3HpyiOWHX HOHOB yrnepoaa 

9cpcpeK TH BHOCTb TepMOHOHH2 

B 9 THX ycnoBHRX A a*e Bbi: 

Hb!X ycnOBHRX. 3TOMy, IIO· 

AYK T b l RAepHbiX pe8KUHH B 

B6HT blX HOHOB 3aTpyaHeHa 

A H 9 1Ie KTpHK8X, 

4, nony~eHHb!e B HaC 

H TepMOHOHH3aUHR rrpoayKT• 

liH~eCKHX c 6opHHKaX 6e3 

OKHC HOrO Cl!OR IlpHBOAHT K 

HOH CTOpOHbl , IIOBb!WaeT Be 

HHK8, C apyroi! CTOpOHbi, 

30BaHae 3aaeplKHBa iOruero 

H3 ABYX B03MO*Hb!X Hanp. 

n eoeMeweaa e B rnv6aHv c 

Eonee aeTanbaoe p . 



H BHeApeHHbiX aTOMOB CyiUe-

noa. llnH MOnH6AeHa H cnna-

CHSI . nonpaBKH Ha OeUHKflH 'I-

3MHCCHH BO BpeMeHH AOCTa

faTbl a Ha'!ane KpHBOli (ceK-

OpOCTb 3MHCCHH B Ha'!anbHbili: 

acnpo3H H a s To l'lPJaMH. KaK 

a 3MHTTHpyiOT ITpH6flH3HTenb-

,e MenneHHaH H B rrpenenax 

;TBeHHO He MeHSieTCSI. !13-38 

Iyqae BepxHeli: mKanoli He aa-

1SI OKHCflOB H npH 6 onee MeA-

!TO BpeMSI 3MH CCHH ITOflOBHH

t - 2000°C 3aMeTHO 6onhme 

S MHCCHH H3 HarpeToro c6op-

a KOTOphili nonaaanocb aa-

e rronolKHTenbHhie HOHhi, HC-

•li:TpanbHbi X aTOMOB 1 orrpene-

tTpona ITO OTHOIUeHHIO K 3MHT

nanaiOIUHX Ha ITOTeHUHaflbHbiH 

Ha co6HpaiOIUeM aneKTpone. 

HH AHCIT0 0 3 H 5! H ITOflOHH5! ITOH 

N+ 
rna -;;a - OTHomeHHe '!HCna 

3MHTTHpOBaHHbiX H3 CbOpHH~a. 

ITOTeHUH a flbl KOTOpblX paBHbl 

1 M OnH6AeHa , TepMOSfleKTpOH-

ITOBH5!X ITpOBOAHMbiX 3KCITepH-

:ornacao oneHKaM no 3aKOHY 

-3 
lOfl lKHO COCTaBfl5!Tb ~10 H 

a n e KTpoHa , k - KOHCTBHT 8 

Ta6nHu a II 

3MHTTHpyeMOe BeiUeCTBO 
t 0 c 

N+ 
C6opHHK No 

llHC11p03Hli H3 B20s+Y20s 1800 0,43 

Ha MOnH6AeHe 1900 0,10 

2000 0,07 

nonOHHli H3 B20 3 + St02 1300 0,28 

H8 MOnH6AeHe 1400 0,32 

1500 0,67 

1600 0,28 

P e3yflhTaThl HaCTOSIIUHX 3 KCITepHMeHTOB ITOKa3biBaiOT 1 'ITO OKHCHbie CflOH H B 

ycnOBHSIX panHaUHOHHbiX ITOBpelKneHHli:, Bbl3biBaeMbiX HHTeHCHBHbiM ITOTOKOM HOHH-

( 11 ) 3HpyiOIUHX HOHOB yrnepona I e 12 ~ 10 '!aCTHUICeK I ' o6ecrre 'IHBaiOT BbiCOKyiO 

3~~eKTHBHOCTb TepMOHOHH3aUHH. CTerreHb T e OpMOHOHH3aUHH AHCITp03 HSI H ITOflOHHSI 

B 3 THX ycnOBHSIX A alKe BbiiUe, '!eM rrpH T epMOHOHH3aUHH 3 THX ·s neMeHTOB B 06bi'I

HbiX ycnOBHSIX , 3TOMY 1 ITO-BHAHMOMy , CITOC06CTByeT TO 06CTOSITenbCTBO, 'ITO rrpo

AyK T bl HAepHbiX peaKUHli: BHeApS!IOTCSI B c6opHHK B BHAe HOHOB 1 a Heli:TpanB3aUHSI 

B6HTbiX HOHOB 38TpyAHeHa H3-3a HH3KOH sne KTpOHHOli: rrpOBOAHM OCTH B OKHCfl8X-

AH3 fl eKTpHK8X, 

4. nony'!eHHbie B HaCTOffiUHX OITbiTaX pe3ynhTaTbl ITOKa3biBaiOT, 'ITO 3MHCCHSI 

H T e pMOHOHH3aUHSI rrponyKTOB HnepHbiX peaKUHli: npOHCXOAHT no-pa3HOMY Ha MeTan

flH'IeCKHX c6opHHKax 6e3 OKHCHoro c noH H aa OKHCHbiX coenBHeHBHX. HanH'IHe 

OKHCHOrO Cfl05! npHBOAHT K ITOBbiiUeHHIO sneKTpOHHOli: pa60Tbl BhiXOAa, 'ITO, C OA

HOH CTOpOHbl , ITOBbiiUaeT Bep05!THOCTb HOHH3aUHH aTOMa npH ero 3MHCCHH H3 C6op

HHKa, C npyroil C TOpOHbl 1 3aMennHeT TepM03 MHCCHIO HeATp8ITbHbiX aTOMOB, 0 6 pa-

3 0BaHHe 3aneplKHBaiOIUero 6apbepa Ha ITOBepXHOCTH OKHCITOB npHBOAHT K TOMY 1 'ITO 

H3 ABYX B03MOlKHbiX HarrpaBITeHHH nepeMeiUeHHH 8TOMOB HB'IHKaeT npeo6naA8Tb 

neoeMemeHHe B rnv6HHV c6ooHHKa . 

/ 6 / 
Bonee neT anhHOe paccMoTpeHHe MexaHB3Ma s Toro smneHHSI, cnenySI 
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MOlKHO CBeCTH K cne):{y!Oll!eMy, HccneAOBSHHble B 9KCrrepHMeHT8X OKHCHble CnOH 

nanHIOTCH nonynpoBOAHHKSMH c wnpO'IHOAw , npeHMymecTaeHHO AOHOPHOA, caH3biO 

a aaToM a Ha rroae pxHoCTH, YaaneHHe TaKoro aaaToMa c noaepXHOCTH a HeATpanb-

HOM COCTOHHHH CBH38HO C 38TpaTOH UOITOnHHTenbHO!! 9HeprHH, He06XOUHMOA ):{nH 

aa6poca Ha UOHOpHbiA ypoaeHb a neKTpOHa, BenH'IHHS 9TOH UOITOnHHTe nbHOII 9Hepi'HH 

p asHa cp-El' , rue </> - pa6oTa B b ixoaa aneKTpoHa unH nonynpoaoAHHKa, I' -rro

T e HuHan HOHH38UHH auaTOMS, 3Ta UOrrOnHHTeh bHSH 9He prHH B CyMMe CO wcna60Aw 

C BH3 b l0 q
0 

H onpeuengeT CKOpOCTb T e pM09MHCCHH STOMOB C rroaepXHOCTH nony

npOBOUHHKa, 

llnH y uaneHHH auaToMa c noae pxHOCTH nonynpoaouHHKa a BHUe nonolKHTenbHoro 

H OHa He 06XOU H M 8 3 He prH H qt(I-l')r , rue I - ITOTeHUHBn HOHH38UHH STOMa, 

noc KOnbKY AnSI OKHCHbiX COeUHHeHHH TepM09neKTpOHH8SI pa60Ta Bb!XOU8 cp 
6 onb We , 'l e M UnH MeTannOB, TO B e pOHTHOCTb H CKOpOCTb HCrrapeHHSI HeATpanbHbiX 

B TOM OB H3 OKHCnOB OK83 b iBBeTCH 6onee HH3KOA, '!eM H3 MeTannoa. C ApyroA CTO

pOH bi , yaenH'IeHH e pa60Tbl B b !XOUS Cyll!eCTBe HHO ITOBbiWSeT ):{On!O HOHOB B TIOnHOM 

TIOTOK e 9 MHTTHpyeMblX OKHCnOM HeATpanbHb!X H 38pHlKeHHbiX BTOMOB. 3TO pa3nH'!He 

B T e pMoa neKTpOHHbiX pa60TaX Bb!XOUS nnH OKHCnOB H MeTannOB H 06'bHCHHeT rrony-

'!e HHbie Bbiwe peaynbTS'•'hi, 

Cne ay e T OTMeTHTb, 'ITO yMeHbWeHHe CTeneHH HOHH3SUHH c yaenH·'IeHHeM TeMne-

paT y p bi B bi We orrpeueneHHOII aenH'IHHbi ( aonpeKH aaKOHY Caxa-JlenrMJOPa 
N.,. 

- ., exp((cp- tl)'/ 1), TIQ-BH):{HMOMy, CBH38HO C 'ISCTH'IHblM paapyweHHeM OKHCnOa 
No kT 

Ti pH B b! COKOH T e MrrepaType. 

H a rrH'IH e uononHHTe nbHOro 6apbepa Ha noae pxHOCTH, npe nHTCTByJOmero Hcnape-

IUI IO A T OM OB H3 OKHCna, rrpHBOUHT, KSK Ha 6nJOUBTIOCb B 9 KCrrepHMeHTSX, K H3MeHe

HHIO TIOTOK OB UH<jJ<jlyHUH py!Oll!HX STOMOB. Pacnpene n e HHe KOHUeHTpSUHH H TIOTOKOB 

U H CPQJYHUHP YIOll!HX 8TOMOB, a TSKlKe cpe nn e e Bpe MH npe 6b!BSHHH STOMa B C60pHHKe 

B 3 TOM c n y q ae Cyll!eCTBe HHO 3 8 BHCHT OT a e pOHTHOCTH HCrr a p e HHH STOMS C TIOBepX-

!IOCTH. llnH HnniOCTpSUHH 9 TOrO p e WH M y paaHe HHe UH<jJ¢y3HH C rpaHH'IHbiMH ycno

B lH I M H, y'IHTbi BBJOlllHMH oarrH'!He 6apbe pa Ha noae pxHOCTH. OrpaHH'IH M CH p accMCTpe 

HHeM y CTSHOBHBW e rOCH pacnpe neneHHH KOHUeHTpSUHII ~= 0 (a HSWHX 9KCrre-"• 
p H MeHTS X H3 M eHeHI!e TIOTOKS 9 MHTTHpyeMbiX H3 OKHCna STOMOB B rrpOMeJKyTKSX. 

MelK.ay MOMeHTSMH BHe ):{p e HHH He3H8'1HTe nbHO); 

a2 
D--C- - AC + v =0. ( 1 ) 

ax 2 

10 

3uecb D - Koa dldlHUH e HT UH dlc 

n nOTHOCTb HCTO'IHHKOB o6pa3 

O~x~R H v = 0 unH R • 

Hb! X peaKUH H , IT OCT y na!Oll!H X 

B OKHCen. 

fpaHH'IHOe ycnOBHe CB< 

- D 

rue W - aeDOHTHOCTb H CIT. 

apeMeHH H K eAHHHue nnom a u 

B a ToM cnyqae pacnpe~ 

c (x,t)= __&_I 2- exp [ Jf 
2AR v'i5 

OTH OW e HHe ITTIOTH OCT eA rrOT C 

J( 0, t) 

Jo 

a cpe nHee apeMH rrpe6biBa 

r= .!..Jn
>. J 

113 COOTHOWe HHH (3) BHUHO, 

3 MHTTHpyeMblX o6paTH O aTO 

B p eanbHOM cny qa e , K 

nos (oKH C Hoe coenHH e HH e 

6onee CTIOlKHO. npu 3 TOM, ~ 

OTHOW e HH eM 'IHCna I!C rr yll!eH 

K - / CJO-
J (O , t) _ _ 

1

1 t>x --l ~ = ..!_ ·-- K ' ,; o I PI ' .vr ( F 
0 2R 1 C J / A , rl 

1 



repHMeHTBX OKHCHbre cnOH 

:TBeHH O UOHOpHOlt, CBn3biO 

IlOBepXHOCTH B HeltTpanb

HeprHI!, He06XOUHMOlt ann 

>lt uorronHHTenhaolt aaepruu 

rn rronyrrpoBOUHHKa, I' -rro

>r'Hn B cyMMe co • cna6olt' 

OMOB C IlOBepXHOCTH nony-

aKa B BHUe nonomuTenbaoro 

an HOHH38UIIH STOMa, 

TpOHHan pa60Ta Bh!XOaa cp 
:b HCIJapeHH n HeltTpanbHblX 

MeTannoa. C apyrolt cTo-

aeT aon10 HOHOB B IJOnHOM 

Hb!X 8TOMOB, 3TO paanH'!He 

~Tannoa H o6~ncaneT nony-

3UHH C yBenH-'leHHeM TeMIJe-

Caxa-JleHrMrooa 

lb!M paapymeHHeM OKHCnOB 

, rrpensrTCTByromero ucnape-

3KCnepHMeHT8X, K H3MeHe-

~ KOHUeHTpaUHH H IJOTOKOB 

)biB8HHn 8TOM8 B C60pHHKe 

:cnapeausr aTOMa c noaepx-

py3HH C rpaHH'lHh!MH ycno-

1. OrpaHH'lHMCsr pacCMOTpe

.£i!.Jl_ = 0 ( B HaWHX 3KC!le-
~. 

~a aTOMOB B rrpOMe*yTK8X 

( 1 ) 

3uecb 0- KOad>d>HUHeHT UHdlciJV3HH, A - KOHCTBHTB OaUHOaKTHBHOrO oacrraaa, II 

HCTO'lHHKOB o6pa30BaHHn .lH<jl<jlyHUHpyiOillHX aTOMOB, IlpH'leM II~ l.o.. 
R 

unn rrnOTHOCTb 

II = 0 unn R < X < oo , rue } O - rrnOTHOCTh' IJOTOKB rrpoayKTOB Mep-

Hhrx peaKuult, rrocTyrraromux B c6opHHK, a R- MaKCHManbaan rny6uaa BHeapeaun 

B OKHCen, 

fpaHH'lHOe ycnOBHe CBOUHTCn K paBeHCTBY 

0 ac(O, t) (O ) 
ax =We ,t, 

rue W- aeoonTHOCTb HCIJaOeHHn BTOMB C IlOBeOXHOCTH. OTHeCeHHBn K eUHHHUe 

-3 
BpeMeHH H K 8UHHHUe nnomaaH, IlpH KOHUeHTpBUHH B6nH3H IJOBepXHOCTH 1 aTOM•CM 

B a TOM cny'lae pacnpeaeneaae KOHUeHTpBUHH B o6naCTH 0 ~X ~ R 

c (x,t)= __lQ_ I 2- exp [AD (x- R) 1 + [ 2 W -( ill+W) exp(...jJR)l exp(-•Jrx)l~ 
2AR yAD-W yAO-W 0 0 

OTHOllieHHe nnOTHOCTelt TTOTOKOB 3MHTTHOVeMb!X H3 C600HHKa 8TOMOB H rraU810illHX 

W[l-exp(-v'1R)) 
D 

AR(l- W ) 
yAO 

(3) 

a cpeaaee BpeMn rrpe6hrBaHHn B6HTOrO STOMa B C60pHHKe ao ero HC!lapeHHn 

r = l.. In --.:!L_ = l.. In 
A J(O,t) A 

W[ 1 - exp( -a R) I n 

(4) 

VIa COOTHOrneHHn (3) BHaHO, 'ITO C yMeHbllieHHeM W 38MeTHO CHHmaeTCn aonn 

a MHTTnpyeMbrX o6paTHO aTOMOB, oco6eaao KopoTKomuaymux. 

B peanbHOM cny'lae, Korua ucnonbayeTcsr c6opHHK ua paaaopoUHbrx MaTepua

noa (OKHCHOe COeaHHeHHe Ha IJOBepXHOCTH MeTanna), perneHHe ypaBHeHHn (1) 

6onee cnomHO, npH 3TOM, HallpHMep, ann a<jl<jleKTBBHOCTH 3MHCCHH , onpeuenneMOlt 

OTHOWeHHeM 'lHCna HCrrymeHHbiX c6opHHKOM aTOMOB K 'lHCny BHeapeHHblX, HMeeM: 

II 



rue L - TonwHHa OKHCHoro cnoSI, aaaeceaaoro a a MeTannH'IecKyiO ocaoay, 0
1 

; D 
2
-

Ko a<jJ<jJHuHeHTbl llHQJQJY3HH B OKHCne H B MeTannH'IeCKOfi OCHOBe, K- K03qxpHUHeHT, 

onpeuenSIIOWHfi CKB'IOK KOHUeHTpBUHfi Ha rpaHHUe OKHCna H MeTanna 

c(l, t) = K c(L, t) • 
x-+L:x:SL x-+L;x~L 

Pe3ynbTaTbl npoaeneHHbiX aKcnepnMeHTOB noKa3biBaiOT, 'ITO ncnonh30Baane 

OKHCHbiX COellHHeHBfi B KB'IeCTBe TepMOHOHH3aTOpOB B HOHHblX HCTO'IHHKaX aneKTpo-

MarHHTHbiX cenapaTopoa " on line C uenhiO llGBbiWeHHSI acjJ<jleKTHBHOCTB HOHH38-

UHH H paCWHpeHBSI, TaKHM o6pa30M 1 B03MOJKHOCTefi )lnSI H3y'IeHBSI pa3nH'IHbiX ane

Me HTOB BCTpeqaeT onpeueneHHbie TpynaocTH. 3TH TPYilHOCTH o6ycnasnHBaiOTCSI 

TeM , 'ITO C yaenH'IeHHeM TepMOaneKTpOHHOH pa60Tbl BbiXOJla HOHH3aTopa, Heo6xo

llHMblM )lnSI llOBbiWeHHSI a<!J<PeKTHBHOCTH HOHH3allHH 0 B03pacTaeT BpeMSI, HYJKHOe )lnSI 

3 MHC CHH H3 C60pHHKa BHellpe HHblX B aero nponyKTOB SI)lepHbiX peaKUHH. 

B 3aKniO'IeHBe Bb!paJKaeM 6narouapHOCTb npo<jleccopy r .H. <t>n-epoay H 

npocjleccopy P. Eepaacy 3a o6cyJKueaHe pe3ynhTaTos. 
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