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BBEAEHME 

8 H8CTOSmJ,ee speMSI B pacnopSJ)KeHI.11.1 3KCnep1.1MeHT8TOpOB 1.1MeeTCSI 

W1.1pOKI.1Vs Ha6op A1.131leKTpW·IeCKI.1X. AeTeKTOpOB C pa3J11.1YHOH noporosoill 

4YBCTBI.1Te11bHOCTbiO K 38PSJ)KeHHblM 48CTI.1L1,8M: OT nOJ11.1MepHblX AeTeKTOpOB 

AO HeopraHI.14eCKI.1X (creKila, KPI.1CTa1111bl) [1 ,2]. lllccneAOBaHo 6onbwoe 

KOJ11.14eCTBO o6pa3U,OB CTeKila [3,4]. 0K83a110Cb, 4TO BCe -OHI.1 3H841.1Te11bHO 

pa3111.14810TCSI no CKOpOCTI.1 . Tp8BJ1eHI.1SI, 3¢¢eKTI.1BHOCTI.1 peri.1CTp8L1,1.11.1, 

TepM1.14eCKOVs CT861.111bHOCTI.1, 1.1, OC06eHHO 3H841.1TeJ1bHO, no KOHU,eHTp8U,I.11.1 

np1.1MeCeill ypaHa. npeACT8BJ1SIJ10 1.1HTepec 1.13roTOB11eHI.1e M8Tep1.1a110B 1.13 

¢oc¢aros, rAe np1.1MeCHblill ¢oH Mor 6b1Tb 3HaYI.1TeJ1bHO CHI.1)KeH, YTo 

l-1Meer 6onbwoe 3HaYeHI.1e · np1.1 lilcnonb3osaHI.11.1 AeTeKTopos s SJAepHo

¢1.131.1YeCKI.1X 3KCnepii\MeHTax, rAe <f>OH HeiiiTpOHOB AOCT8T04HO BeJllilK [2 J. 
Ll,e11bl0 · H8CTOSIUJ,eils pa60Tbl SIBJlSieTCSI nOAP06HOe 1.1CC11eAOB8HI.1e 

peri.1CTp8U,I.10HHbiX CBOVsCTB AeTeKTOpOB 1113 <t>oc¢aTHOrO CTeKJla 1.1 

paCCMOTpeHI.1e B03M0)KHOCTeill 1.1CnOJ1b3088H1.1SI 1.1X B S!AepH0-¢1.131.1YeCKI.1X 

3KCnep1.1MeHTax AflSI peri.1CTp8U,I.11.1 1.1 1.1AeHTI.1¢1.1K8LI,I.11.1 . TSI)KeJlbiX 48CTI.1U,. 8 

A8HHOIII pa6oTE~ 1.1CC11eAOBa110Cb ¢oc¢aTHOe CTeKJlO, pa3pa60T8HHOS Ill 

· l!l3rOTOBJ1eHHOe .· B rocyA8PCTBeHHOM OnTI.14eCKOM 1.1HCTI.1TYTe (CaHKT

nerep6ypr), COCTSB KOTOpOro CJ1eAYIOUJ,I.1Vs: 

P20s - 68%(M011),' Na20 - 2,5%, 

AI203 - 4,5%, ZnO - 25%. 

nnOTHOCTb CTeKJla COCT8BJ1SieT 2,g r/ CM
3
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3KCnepMMeHTanbH8R "'acT b 

06pa3U,bl AeTeKTOpOB 1.13 ¢oc¢aTHOro CT9KJ18 (cbC) npeACT8BJ1SIJ11.1 C060ill. 

n0111.1pOB8HHble n118CTI.1Hbl TOJ1UJ,I.1H0Vs ~ . 2 MM. 0611yYeHI.19 npOBOAI.1110Cb 

MHOro38PSIAHbiMI.1 1.10H8MI.1 C Z=8+56 B 1.1HTepsane 3Hepr1.1ill OT 0,1 AO 

8 Ms8/a.e.M. Ha sHeWH1.1X nyYKax ycKop1.1reneill Jls:lP Dllls:llll. CTeKila 

0611yYa111.1Cb nOA yrnaMI.1 10, 30,' 45 1.1 goO K nosepXHOCTI-1. np1.1 1.13MepeHI.11il 

s¢¢eKTI.1BHOCTI.1 peri.1CTp8U,I.11.1 yr011 BXO)KA9HI.1SI 6oM6apA1.1PYIOW.l-1X 48CTIIILI, B 

A9T9KTOp n118BHO M9HSIJ1C~ OT goO AO HYJlSI. AflS!.· Tp8BJ19HI.1SI ,, 

1.1CnOJ1b30Ba111.1Cb · paCTBOpbl HF 1.1 l\laOH np1.1 KOMHSTH0£1 T9Mneparype. 

nocne Tp8BJ1eHI.1SI lii3MepS1111-1Cb nJlOTHOCTb TP9KOB 1.1 1.1X OCHOBHble 

napaMeTpbl (A1.18M9Tp, Afll-1H8, yro11 BXOA8) C 1.1CnOJ1b30B8HI.19M OnTI.149~KOrO 
M1.1KpocKona, · nonyasroMaTI.1YecKoro OnTI.1YecKoro aHanl.13aropa · MOP 

(ABCTp1.1S1) 1.1 TeJ1eBI.131.10HHOrO 8BTOM8TI.14eCKOro · CK8H1.1py10UJ,9ro 

yCTpOiiiCTB8.· IIICC119A0Ba118Cb B03M0)KH0CTb. repM1.14eCKOH perpeCCI.11.1 

CileAOB 1.10HOB 1.1 OCKOJlKOB A9JleH1.1SI np1.1 T9Mneparypax 100, 150, 200, 250 

1.1 3Q0°C s reYeHI.1e 1, 5 1.1 15 4. III3M9PSI110Cb 1.13M9H9HI.1e Afli.1Hbl rpeKos 1.1 

1.1X KOJ11.149CTBO B 38BI.1CI.1MOCTI.1 OT T9Mneparypbl,l.1 npOA0J1)1(1.1T911bHOCTI.1. 
,....,.. .. !SI£¥illi4. ~'IIIII: ..... e: 
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Pe3ynbTBTbl 

l-136MpaTenbHOCTb TpaaneHMA, 'IYBCTBMTenbHOCTb AeTeKTOpa M 

3~~eKTMBHOCTb perMCTP31.\MM 

lt13BeCTHO, 4TO TpeK np~ TpaeneH~~ npOXOA~T Tp~ CT8A~~. np~ KOTOpbiX 
~MeeT pa3n~YHYIO ¢opMy [ 5 ]. Ha nepeo£1 CTaA~~ TpaeneH~Sl nonHOCTbiO 
BbiSlBnSieTCSl naTeHTHbl£1 TpeK (30Ha Ae¢eKTOB); BTOpaSl CT8A~Sl OXB8TbiB8eT 
npouecc TpaeneH~Sl KOHyca, o6pa30BaHHoro ~OHOfl._'l, AO era .nonHoro 
ebrTpaen~BaH~H; TpeTbSl - CBH3aHa c pacTpaen~BaH~eM c¢ep~YecKo£1 
noeepXHOCT~ np~ Bblp8BH~B8H~~ CKOpOCTe£1 TpaeneH~Sl B 30He TpeKa. 
Ecn~ Ha nepBbiX AByx CTaA~SlX Cyll!eCTeyeT 38BIIIC~MOCTb A~aMeTpa TpeKa 
~OHa OT dE/dX, TO Ha TpeTbe£1 - A~aMeTp TpeKa 38B~C~T OT All~Hbl 

naTeHTHoro TpeKa ~oi-la, T.e. OT era 3Hepr~~ [ 5 ]. <t>aKT~YecK~ een~Y~Ho£1, 
xapaKTep~3YIOll!e£1 YyBCTB~TenbHOCTb, SlBnHeTCSl CKOpOCTb TpaeneH~Sl 

BAOnb TpeKa Vt ~n~ ~36~paTenbHOCTb TpaeneH~Sl V, T.e. OTHOWeH~e VtfVM, 
rAe VM - CKOpOCTb TpaeneH~Sl MaTep~ana. Ha prirc. 1 npeACTaeneHbl 
38B~C~MOCT~ CKOpOCT~ TpaeneH~H ¢oc¢aTHoro CTei<na B 40% paCTBOpe 
HF ~ 10N NaOH OT TeMnepaTYPbl. 8 pacTeopax ll!enoY~ TpaeneH~e 

MaTep~ana npO~CXOA~T 6onee ~HTeHC~BHO, 4TO 3Ha4~TenbHO CH~}I(aeT 
~36~paTenbHOCTb ; TpaeneH~Sl. STo HarnHAHO ~nnrocTp~pyroT 

M~Kpo¢oTorpa¢~~ (p~c. 2). . Ha p~c. 3 npeACTaeneHbl pe3ynbTaTbl 
pa3n~YH0£1 Afl~TenbHOCT~ TpaeneH~Sl ( 40% HF np~ 20°C ) TpeKOB ~OHOB 
Ar, nepneHA~KYnSlpHO BXOASlll!~X B A9T9KTOp, C pa3n~4H0£1 3Hepr~e£1. C 
yeen~YeH~eM BpeMeH~ TpaeneH~Sl A~aMeTpbl TpeKOB ~OHOB C pa3n~4H0£1 
3Hepr~e£1 c~nbHee pa3n~YaiOTCS1. 

AflH . ~AeHT~¢~KaU~~ 3apS1}1(9HHbiX · YaCT~Lt C nOMOll!biO <J>C He06XOA~MO 
~MeTb He TOnbKO AOCTaTOYHYIO YYBCTB~TenbHOCTb, HO ~ KPYTYIO 
3ae~c~MOCTb V OT dE/dx. Ha p~c. 4 npeAcTaeneHa 3ae~c~MOCTb 
~36~paTenbHOCT~ TpaeneH~Sl TSl}l(enbiX yCKOpeHHbiX lr10HOB OT YAenbHbiX 
noTepb 3Heprlr11r1 AflSl AaHHoro CTeKna. YAenbHble noTeplr1 3Heprlr11r1 lr10HOB 
paCC41r1TaHbl CamaCHO nporpaMMe pa60Tbl ( 6 ] B COOTBeTCTBir11r1 C lr1X 
3Heprlr1e£1. MO}I(HO Blr1AeTb, YTO nopor YyBCTBir1TenbHOCTir1 <l>C np1r1 V-1 
HIDcOAir1TCS1 B pa£1oHe g-1 0 Ma8·Mr"1·cM2• 8 lr1CCneAyeMOM CTeKne Ae¢eKTbl 
CTPYKTYPbl, C03AaeaeMble lr10HaMir1 Klr1CnopoAa, He nplr1BOAHT K BbiHBneHir110 
TpeKOB B o6naCTir1 MaKCir1MMbHbiX noTepb 3Heprlr11r1 3Tir1X lr10HOB B B8ll!8CrB8 
(7]. KaK Blr1AHO lr13 p1r1c. 4, npeACTaeneHHaH 3aBir1Cir1MOCTb e6nlr131r1 nopora 
lr1M99T aCir1MnTOTir148CKir1£1 xapaKTep. 8 3TOM pa£10H8 3¢¢eKTir1BHOCTb 
perlr1CTpaUir11r1 M0}1(8T 6b1Tb M8HbW8, 49M AflSl 6onee BbiCOKir1X 3Ha48Hir1£1 V. 
TaK, lr10Hbl HSOHa; BXOAS1ll!lr18 nepneHAir1KYnS1pHO B A8T8KTOp C 3Heprlr1e£1 0,1 
- 0,5 M38 Ha HYKnOH, Ha6ni0Aa10TCS1 B Blr1A8 MenKir1X yrny6neHir1£1, HO C 25-
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P1r1c.1." CKopocTb TpaeneHir1Sl <l>C a 40% HF (Kplr1BaH 1) 1r1 10N NaOH 

(Kp~eas:J 2) B 3aB~Cir1MOCTir1 OT T8Mrl8p8TYPbl pacTBOpa 

P1r1c.2. M1r1Kpo¢omrpa¢1r11r1 TpeKOB lr10HOB 40Ar c aHepr1r1e£1 104 Ma8, 
BXOAHll!lr1X a ASTeKTop noA yrnoM 30° 1r1 npoTpaeneHHbiX a 40% HF 
(a) 1r1 .10N NaOH (6) 

50% a¢¢eKTir1BHOCTbiO perlr1CTpaU~Ir1. AflSl OCKOnKqB A8n9Hir1Sl B <l>C np~ 
TpaBn8Hir11r1 3 4 B KOHU8HTplr1pOBaHH0£1 nnaBir1KOB0£1 Klr1CnOTe 
a¢¢eKTir1BHOCTb perlr1CTpaUir11r1 COCTaBnSleT ( g2±4 )%, np1r1 3TOM A~8M8Tp 
cneAa AOCTir1raeT OKano 1 ,5. MKM. Ecn1r1 TpaeneH~e npoBOAir1Tb B 20% 
paCTBOpe NaQH AO ·Taro }1(8• Alr1aMeTpa TPSKOB, a¢¢eKT~BHOCTb OCKOnKOB · 
CHJr1}1(a9TCS1 AO (75±5)%. lt10Hbl, BXOAS1ll!~8 8 A9T9KTOP nOA yrnoM goo lr1 
lr1M910li!lr18 lr10Hir13aU~OHHbl8 nOTep~ Bb1W8 rioporOBbiX 3Ha48Hir1£1, 
perlr1C~Pir1PYIOTCS1 CO 100% a¢¢eKTir1BHOCTbrO. 11'13B8CTHO, 4TO . np1r1 

: .yM8HbW8Hir11r1 yrna BXOAa lr10Ha B A9TeKTop yMeHbWaeTCSl 1r1361r1paTenbHOCTb 
TpaeneHir1Rir1, cneAOBaTenbHC, AflSl Hlr1X yeenlr1Yir1BaeTCS1 nopor perlr1CTpaUir11r1 .. 
AnH 1r1nnrocrpau1r11r1 Ha Mlr1KPO¢oTorpa¢1r11r1 (p1r1c. 5a) npeACTaeneHbl Tpei<~ 
lr10HOB aproHa, BXOJ\Si~lr1e nOA yrnaMir1 15 lr1 goo B A9TeKTOp C OAir1HaKOBb1Mir1 
nOTepHMir1 3Heprlr11r1 1r1 npoTpaeneHHbre B 10N pacTeope NaOH. TpeKI.11r10HOB 
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Pl.1c.3. 3aBI.1CI.1MOCTb Al.1aMeTpa D npoTpasneHHbiX pa3111.1"lHoe speMSJ s 
40% HF np1.1 20°C TpeKOB 1.10HOB Ar, nepneH.iJ.I.1KY11SJPHO BXOASJW.1.1X s 
AeTeKTOp c 3Hepr1.1eVI 100, 140 1.1 203 M38 
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P1.1c.4. 3as1.1CI.1MOCTb 1.1361.1paTe11bHOCTI.1 TpasneH1.1SJ TpeKOB ycKopeHHbiX 
1.10HOB OT 1.1x YAe11bHbiX noTepb dE/dX B cPC. YAe11bHble noTep1.1 
1.10HOB AilS! AaHHOTO COCTaBa cPC nOC"lJ..1TaHbl no nporpaMMe [6] · 
comacHo 1.1x 3Hepm1.1 
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Pl.1c.5. M1.1Kpo¢loTorpa¢l1.11.1 TpeKOB Ar, BXOAfiW.1.1X s cPC noA ymoM go0 

("lepHble KPY'KKI.1 Ha p1.1c. 5a) 1.1 noA ymoM 15° (cseTilble TpeKI.1 Ha 
p1.1c. 5a 1.1 56). TpasneHI.1e npoBOAI.1riocb np1.1 TeMneparype 20° s 
10N NaOH (p1.1c. 5a) 1.1 B 40% HF (p1.1c. 56) 

C yr110M BXOAa goo 6bi111.1 npoTpaBJ18Hbl npSJMO C nosepXHOCTJ..1 cPC 1.1 1.1Me111.1 
BI.1A. TeMHbiX KPY'i<KOB, B TO speMSJ KaK TpeKI.1 1.10HOB noA ymoM 15° 
TpaBJ..111viCb TOJlbKO Ha TaKOVl r11y61.1He CJlOSI (OCTpOKOHe"lHble .CBeTJlble 
TpeK1.1), rAe nepneHAI.1KY11SIPHO HanpasneHHble 1.10Hbl nepeceKaJ11.1 nonorl.1e 1.1 
1.1X 1.10H1.13aU.I.10HHble ncnep1.1 AOCTI.1ra11l'inoporOBOVJ Be111.1"li.1Hbl. Heo6XOAI.1MO 
3aMeTI.1Tb, "lTO np1.1 TpasneHI.11.1 AeTeKTopa B KOHU.eHTp1.1posaHHOVI HF TpeKI.1 
nOA YrilOM. 15° TpaBI.1111.1Cb HenocpeACTBeHHO C nosepXHOCTJ..1 CTeKJla 
(pvic. q6). 3TO CBI.1AeTe11bCTByeT 0 3aBJ..1CJ..1MOCTJ..1 nopora BbiSIB11eHI.1~:TpeKa 
He TOJlbKO OT yma BXOAa 1.10Ha B AeTeKTOp, HO 1.1: OT Bbl6paHHOTO pacisopa 
AJlSI TpaBJ1eHI.1SI. 3HepreTJ..1"leCKJ..1Vl nopor peri.1CTpaLJ.1.11.1 OCKOJlKOB Ae11eHJ..1SI B 
cPC onpeAe11SJ11CSI no nomouJ,eHI.110 ·1.1x B Al-¢l011bre, T011W.1.1Ha KOTOpoVI 
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P1.1c.6. 3as1.1CI.1MOCTb npo6er:-3Hepr1.1SJ AJlSI 1.1~HOB 40Ar; 66zn, 132Xe s ctJC. 
· To"lKvi. ;, 3Kcnep1.1MeHTaJ1bHble · AaHHble, 111.1HI-i1.1 - pac"leTHble 

3Ha"leHI.1SI 
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MeH~nacb. 0CKOnKI!I OT .IJ,eneHIII~ ~.11,ep 244Cm BXO.IJ,IIInlil B .IJ,eTeKTop nO.IJ, 
yrnoM ~90°. 06nyYeHI!Ie npo80AI!Inocb 6 88KYYMe. 1113 3KcnepiiiMeHTanbHoro 
COOTHOWeHIII~ npo6er-3Heprlil~ An~ OCKOnKOB B AI ( 8 ] noporoBble 
3H8YeHIII~ 3Heprl!llil periiiCTP8ltlillil OCKOnKOB HaxO.IJ,Iilni!ICb B pali10He 7-
10 M3B. B AanbHeli1weM 3TO 3HaYeHI!Ie 6bmo nOAT8ep)f(.IJ.eHo o6nyYeHI!IeM 
ct>C ycKopeHHbiMIII IIIOHaMIII Ge 111 Xe. 8038pauta~cb K p111c. 4, MO)f(HO 8111AeTb, 
YTO np111 yseni!IYeHIIIIII y.IJ,enbHOii1 IIIOHIII38ltlillil 111361!1paTenbHOCTb Tpa8neHI!I~ 
B03pacTaeT Ill An~· IIIOH08 C y.11,enbHOii1 IIIOHIII38Ltllleli1 -35 MaB·Mr'1·cM2 

seniiiYIIIHa VtfVm AOCTIIIraeT 3HaYeHIII~ -17-18. 
•• 1 

BBIIIAY TOro, 'lTO nopor YYBCT8111TenbHOCTIII cDC .IJ,OCTaTO'lHO BbiCOK, B 
nocne.IJ,HiiiX MliiKPOHax npo6era He C03.11,810TC~ TpaBiiiMble 
.IJ,e¢eKTbi,OTHOC~Ilt111eC~ K ~.11,epHOii1 . COCTaBn~IOuteli1 y.IJ,enbHbiX nOTepb 
aHeprlill.-1, 111 TpeK nocne TpasneHiil~ nonyYaeTc~ HeCKOnbKO KopoYe, YeM 
liiCTIIIHHblli1 npo6er liiOHa B 3TiiiX AeTeKTopax [1]. Arm yYeTa 3Toro 3¢¢eKTa 
6blnlil npoBe.IJ,eHbl Kanlil6pOBO'lHble lii3MepeHiil~ Ha nyYKax liiOHOB C pa3HbiM 
Z. An~ nerKiiiX 1110H08 Ae¢111L.t111T npo6era COCTaBn~eT 2-3 MKM, a An~ IIIOHOB 
Z~40 - nop~AKa 1 MKM. 3TOT 3¢¢eKT Heo6xoA~Mo yYII1TbiBaTb np111 
onpe.11,eneH1111i1 3Heprll1lil liiOH08 nyreM 1113MepeHiil~ liiX npo6era B cDC. Ha 
p111c. 6 An~ np111Mepa npe.IJ,CTasneHbl 3KcnepliiMeHTanbHO nonyYeHHble 

3aBiiiCiiiMOC~Iil npo6er-3Heprlll~ ~~ liiOHOB 40Ar, 66Zn 111 132Xe, a Ha p111c. 7 
noKa3aHbl pacnpe.11,eneH111~ AnliiH'II10HOB Xe 111 Tic 3Heprlileli1124 111 190 M38. 
nonyYeHHble An111Hbl 1110HOB xopowo cornacyiOTC~ c pacYeTHbiMiil AaHHbiMIII. 
TOYHOCTb 1113MepeHiil~ 3Heprlillil no ,IJ,nliiHe 3aBiiiCiiiT OT npo6era liiOHa B cDC Iii 

COCTaBn~eT nop~.IJ,Ka 5% B 06naCTiil E-1 M38/a.e.M. An~ npo6eros IIIOHOB 
~100 MKM TO'lHOCTb 1113MepeH1!1~ .IJ,OCTiilraeT -1-2%. 
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P111c.1. Pacnpe.IJ,eneHiile AnliiH TpeKo8 liiOHOB Xe 111 Ti, sxo~utliiX B AeTeKTop 
nC).IJ, yrnOM 45° C 3Heprlileli1124l1 190 M38, COOTBeTCTBeHHO 
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3aBI!ICIIIMOCTb AlllaMeTp08 TpeKoB, npoTpa8neHHbiX s4f3% HF 111 10N NaOH, 
OT ~Heprlillil IIIOH08 npe.IJ,CT88neHa Ha p111c.8. nonyYeHHble B .11,8HHOii1 pa6oTe 
pe3ynbTaTbl HaxOA~Tc~ 8 xopoweM cornaCIIIIII c pe3ynbTaTaMI!I pa60Tbl [ 9 ], 
BblnOJiHeHHOii1 Ha ct>C .11,pyroro COCT888 Ill C IIICnOnb30B8HI!IeM NaOH 8 
KaYeCT8e Tpa8111Ten~. MO)f(HO BIIIAeTb; YTO np111 6onbwl!lx 3Heprlii~X 

HacrynaeT HaCbluteHIIIe, n03TOMY ~..tenecoo6pa3HO np111 111AeHTIII¢1!1Ka~..tl!llll 
IIIOH08 C ilOMOI!tbiO .11,1118MeTpOB pa6qTaTb B 06naCTI!I nponop~..tiiiOHanbHOCTIII, 
r.11,e 3HepreTiiiYecKoe pa3peweHiile ·cocTasn~eT 2-3%. HaYiiiHa~ c ai-teprlillll 
6onee 60 M38 nplil .11,1118MeTpax nop~.IJ,Ka 80 MKM, 3aBiiiCiiiMOCTb .IJ,I!IaMeTpa OT . 
3Heprlill!l cTaHOBIIITC~ 6onee cna6oli1 Iii 3HepreTiiiYecKoe pa3peweHiile 
yxy.11,waeTc~. 
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P111c.8. 3a81i1CiiiMOCTb AlilaMeTpos npoTpasneHHbiX s 48% HF 111 10N NaOH 
TpeKOB pa3n~YHbiX liiOHOB, 8XO.IJ,~Ilti!IX HOpManbHO K nosepXHOCH1 
cDC, lil3yY8eMOrO 8 .11,8HHOii1 pa60Te Iii a ( 9 ], OT liiX 3Hepn1lil. nep80e 
Tpa.slilnOcb s 48% HF nplil 20 °C s TeYeHiile 8 cyroK, a 8Topoe - 17 
lJaCOB 81 ON NaOH nplil 55 °C 
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TeJ)MM'tecKaR ycTOH'tMBOCTb naTeHTHbiX TpeKoa a CDC . 

Brot<HbiM csol1cTBOM A111311eKTplll4ecKIIlX AeTeKTopos SlB11SleTCfl TepMIIl'lecKafl 

ycTOl1411lBOCTb PaAIIlattlllOHHbiX HapyweHIIll1 CTPYKTYPbl 3apSJ)I(eHHbiMIII 

<JaCTIIlttaMIIl. TepMIIl'leCKafl CTOl1KOCTb 11aTeHTHbiX TpeKOB OCK011KOB Ae11eHLIISl 

SJJiep 244Cm a cDC npeACTaB11eHa Ha p111c.9 (a,6,s). Mo)I(HO BLIIAeTb, 4TO 

HarpesaHLIIe np_111 TeMneparype 100 °C a Te'leHIIle 6o11ee 5 Y Bbl3bmaeT 

yKOpO'leHLIIe TpeKOB OCK011KOB Ae11eHIIISl Ill yMeHbWeHLIIe LIIX K0111114eCTBa. 

0 

PL11C.9. 

/_ 

a .J on ~ 
e (20i;il 6 rv~o't'J 

10 "' .a"" .J ro 
OJ"C 

I 

I 
'-- I\ "' I lfO"c 

0.5 115 

10 20 tiiOC 0 4oo --rc 

er 
10. 

ll!lairohl -t 

' 

osf 

J 
<O /JO f!/.o !liJ/1 r:c 

3aBIIICLIIMOCTb OT TeMneparypbl OT)I(LIIfa (n0c11e 0611y4eHLIISl): 

a) AJlLIITe11bH0f;TIIl HarpeBaHIIISl OTHOCIIlTe11bHOiil cpeAHel1 AJllllHbl 

l(t)/120°C) OCK011KOB Ae11eHLIISl 
244Cm ( KplllBble 1, 2 ) Ill LIIOHOB

40
Ar 

( KPLIIBble 3, 4 ); 
6) OTHOCII!Te11bHOl1 cpeAHel1 AJlLIIHbl l(t)/1(20°C) TpeKOB OCK011KOB 
244Cm Ill LIIX K0111114eCTBa N(t)/N(20°C) AJlSl 1 Y ( KPLIIBble 1, 3) Ill 15 4 

( KPLIIBble 2, 4 ) HarpesaHLIIfl; 

B) 3cpcpeKTIIIBHOCTIIl perlllCTpattllllll & OCK011KOB Ae11eHLIISl 
244Cm 

no11LIIKap6oHaTa Makrofol E ( Kplllsafl 1 ), 
n0111113TIIl11eHr11LIIK011bTepe¢TaJJaTa Melinex-E ( KPLIIBafl 2 ) 111 

¢occpaTHOfO CTeKlla ( KplllBafl 3 ) 
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TpeKLII aproHa · (220 M3B) yKopa'lLIIBaJOTCfl 6biCTpee OCK011KOB Ae11eHLIIfl 

(p111c. 9a). Ha11!6011bWafl pa3HIIltta Me)I(Ay HIIIMIIl Ha611ioAaeTcfl noc11e 100° 111 

,lJJILIITe11bHOfO TpaB11eHLIISl C npaKTVI'leCKLII n011HbiM COXpaHeHLIIeM 

3¢¢eKTIIIBHOCTLII perLIICTpattLIILII ocK011KOB Ae11eHLIIfl. Heo6xoALIIMO 

OTMeTLIITb,'lTO B nepBble 'laCbl OT)I(LIIfa np~ 150 °C AJllllHa KaK OCK011KOB 

Ae11eHLIISl, TaK Ill IIIOHOB yMeHbWaiOTCSl 6biCTpee, 'leM B nocneAyJO~LIIe. 
(p111c. 9a). 3To o6cTOSJTe11bCTBO CBLIIAeTe11bCTByeT o secbMa C110)1(HOM 

xapaKTepe BOCCTaHOB11eHLIISl 30Hbl Ae¢eKTOB, o6pa3yeMbiX Tfl)l(enbiMLII 

LIIOHaMLII B cDC, npLIIBOASJ~eM · K nOCTeneHHOMY yMeHbWeHIIIIO CKOpOCTLII 

TpaB11eHIIISl BA011b C11eAa. Pe3y11bTaTbl plllC. 96 CBIIIAeTe11bCTBYJOT, 4TO. nplll 

200 °C OCTaeTCSl BCefO 11111Wb - 70% TpeKOB OCK011KOB Ae11eHIIISl -OT 

nepBOHa'lallbHOfO K0111114eCTBa, npLII'leM lllX AJlLIIHa yMeHbWaeTCSl 6011ee, 'leM 

Ha 50%. 3TO He06XOALIIMO Y<JIIlTbiBaTb nplll LIIQn011b30BaHLIIIII cDC B KaYeCTBe 

AeTeKTopa a ¢11131114ecKoM 3KcneplllMeHTe. ,[J.nfl cpasHeHLIIfl Ha p111c. 9s 

nOKa3aHO 1113MeHeHLIIe 3cpcpeKTLIIBHOCTIII perLIICTpattllllll OCK011KOB Ae11eHLIISl B 

Tpex Ha1116onee IIICnonb3yeMbiX AeTeKTopax np111 111x HarpesaHLIILII noc11e 

0611Y<JeHIIISl AO 300°C. 

Co6cTaeHHbiH ct>oH AeTeKTopa c~>occt>aTHoro CTeKna 

nplll npoBeAeHLIIIIl 3KCnepLIIMeHTOB no nOLIICKY 1.1 perlllCTpattllllll peAKLIIX 

C06biTLIIl1 Ae11eHIIISl f!Aep BeCbMa cy~eCTBeHHbiM SlB11fleTCSl Halllll'lllle 

cpoHOBbiX 3¢¢eKTos a AeTeKTope. B cDC LIIMIIlTIIlposaTb 1.1CKOMbll1 3¢¢eKT 

MOryT TpeKIII OCK011KOB CnOHT8HHOfO Ae11eHLIISl f!Aep Tfl)l(e11biX 311eMeHTOB, 

COAep)l(a~LIIXCSl B MaTeplllane AeTeKTopa; TpeKI.-1 . OCK011KOB OT 

LIIHAYLtLIIPOBaHHoro APYfLIIM lll311Y<JeHIIleM Ae11eHIIlfl SJAep 11111111 Tfl)l(e11biX 

cpparMeHTOB, reHeplllpyeMbiX B AeTeKTope cpOHOBbiMIIl <JaCTIIlttaMLII; cplllrypbl 

Tpas11eHIIlfl Ae¢eKTOB CTPYKTYPbl: Tpe~lllH, ttapanlllH, nyablpbKOB. B cDC 
TpeKIIl OT CnOHTaHHOfO Ae11eHI.1Sl npLIIMeCHbiX f!Aep ycTpaHSliOTCst C nOMO~biO 

OT)I(IIlra np1.1 TeMneparype 6o11ee 350 °C (eM. p1.1c. 9). B 1.1CC11eAyeMOM cDC 
KOHtteHTpattlllfl Ae11fi~I.1XCSl 311eMeHTOB B nY<JKax Hel1TpOHOB He npeBbiWalla 

10-8, YTOAOilyCTIIlMO AJ1Sl lllCn_011b30BaHI.1Sl B cp11131114eCKOM 3KCneplllMeHTe Ha 

lllHTeHCIIlBHbiX nY<JKax Tfl)l(eJlbiX LIIOHOB. ¢LIIrypbl TpaB11eHIIlfl pa3Jli.14HbiX 

Ae¢eKTOB cDC noc11e npeAB8p1.1Te11bHOfO TpaB11eHI.1Sl HaAe)I(HQ OTnlll'laiOTCSl 

OT LIICKOMbiX TpeKOB lllOHOB. 

lf1AeHTMci>MK3'-'MR 33PRlKeHH_biX 't3CTM'-' M ct>parMeHTOB 

KaK 6bi110 noKaaaHo paHee, Allfl 1.1AeHTIIl¢1.1Kattllllll aapSJ)I(eHHbiX 'laCTIIlU 111 

Li13MepeH1.1Sl IIIX 3Hepr1111.1. MO)I(HO 1.1Cn011b3088Tb 1.1X npo6er B cDC. 8 3TOM 

C11Y<Jae 1.1Cn011b3YIOT 3KCnep1.1MeHTallbHO n011Y<JeHHble Ka11Li16pOB04Hble 

Kp1.1Bble ( CM. pLIIC. 6, 7 ) 1111160 paC'leTHble AaHHble, eC1111l COCT8B MaTeplllana 

1.13BeCTeH [6]. 

)J,nfl .cneKTpOCKOnllllll OCK011KOB AelleHIIlfl 6bl1111l anp061.1pOB8Hbl ABa MeTOAa 
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IIIAeHTIIIcf>IIIKaU.IIIIII. 8 nep80M 6bl11a IIICn011b30BaHa TOHKa51 Mlllu.ieHb· 235U Ill 

5-MKM 81110MIIIHIIIeBbl~ nOrllOTIIITellb AJ151 n011Y'JeHIII51 CyW,eCT8eHHOro 

pa311111'-111151 .f.J YAellbHO~ IIIOHIII3aU.IIIIII A8yY. rpynn OCK011K08 [10] .. · np111 

KpaTKOBpeMeHHOM Tpa8neHIIIIII 8 48% HF TpeK08 ocK011K08 AeneHIIISl ( AO 

AlllaMeTpa npiiiiY!epHO 20 MKM), nepneHAIIIKY1151pHO BXOA51W,IIIX 8 ct>C, no 

pacnpeAeneHIIIIO A!llaMaTpo8 TpeK08 6b1Jllll onpeAeneHbl cpeAHIIIe 3Hepr111111 

nerKo~ 111 nDKeno~ rpynn ocK011K08 c TOYHOCT.biO 5-8% [ 11 ]. 8 APYroM 

GllY'Jae 8 OCH08Y MeTOAa 6bl11a nOilO:lKeHa 3aBIIICIIIMOCTb AlllaMeTpa ClllllbHO 

pacTpaBileHHbiX TpeKOB OCK011KOB Ae11eHIII51 0, nepneHAIIIKY1151pHO 8XOAS1W,IIiX 

B AeTeKTOp, OT IIIX 3Heprllllll E: 02=CE112,·""rAe C -. KOHCTaHTa, 3a8111C51W,a51 OT 

D,MKM 
eo A 

120 • x. 

80 

• Zr 
•ff . ~ ... 

-·~ . -
.,·7 
/ 

40 

I ______ ._ .... --. ...-..---. 
..,. . ..-: 
.----- X -.1----x 

120 
o 40 

80 E.MaB 

P111c;10. A. Kan1116po80'!Ha51 KPIII8a51 D(E),nocTpoeHHa51 no 1113MepeHIII51M 

AlllaMeTp08 Cenaplllp08aHHbiX OCK011KOB 8biHY:lKAeHHOro AelleHIIISl 
235U ( o6o3Ha'leHbl KaK "ff" >. Ha Mace- cenapaTOpe .lll>lct> Y3AH 111 

·/ 

ycKopeHHbix IIIOH08 Xe . 111 Zr pa311111'-IHO~ 3Heprllllll. Tpa8neHIIIe 

npoBOAIIIIlOCb 48% HF 8 Te'leHIIIe 3 'I ( Kplll8a51 1 ), 24 'I ( KPIIIBa51 2) 

Ill. 6 CYTOK ( Kplll8a51 3 - AJ151 T51:lKEl11biX cf>parMeHT08 Ill 4 - AJ151 nerKO~ 
rpynnbl cf>parMeHT08 ). 

6. PacnpeAelleHIIIe AlllaMeTpOB TpeK08 . OCK011K08 8biHY:lKAeHHOro 

AeneHIII51 235U (a) 111 cnoHTaHHoro AeneHIII51 256Fm (6), 

nepneHAIIIKy1151pHO 8XOA51W,IIIX 8 .. ct>C ( TO'-IKIII ), . Ill pacnpeAelleHIIIe 

OCK011K08 Ae11&HIIIS1 TeX :lKe CaMLIX 51Aep, nOilY'JeHHOe C nOMOW,biO 

nonynpOBOAHIIIK08biX AeTeKTOp08 (11111H11151). 3Ha'leHIII51 3Heprllllll Ha 

OCIII a6CU.IIICC COOTBeTCT8YIOT AlllaMeTpaM TpeK08 1113 

K8111116pOBO'-IHbiX 3KCnepiiiMeHTOB piiiC. 11A. COOTHOWeHIII51 

K011111'-IeCT8a TpeK08 B pa3HbiX TO'-IK8X cneKTpa ClleAyiOW,IIIe: 

A1151 235U NLfNH = 1,3; NLfNv = 3,9; NH/Nv = 2,9 
256Fm NLfNH = 1,33; NLfNv = 2,0; NH/Nv = 1,5 
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·•' 

12 14 16 18 20 22 

Rr (MKM} 

P1.-1c.11. A. 38BL-1CL-1MOCTb L-136L-1p8T81lbHOCTL-1 TP8BlleHL-151 V=VtjVM . oT 

OCT8TOYHOro npo6er8 Afl51 L-10HOB 24Mg, 
28

Mg, 
27 

AI, 
28Si s ct>C. 

CnnowHble J1L-1HL-1L-1 - pe3yllbT8Tbl Kan1.-16poBKL-1 ycKopeHHbiML-1 

TH>KSJlbiML-1 L-10H8ML-1. TOYKL-1 - 3KCnepL-1M8HT811bHbl8 ,[\8HHbl8, 

nonyYeHHble a p86oTe [17] no L-13yYelm10 t'l18CTepHoro p8cna,n8 
236Pu C Bbll18Tt'M 28Mg. . 

6. 1 ). ML-1KPOcPOTOrp8¢L-1L-1 TpeKOB OCKOJlKOB ,[\8J18HL-151 51,[\Sp 

nllYTOHL-151 ( 2 60JlbWL-18 Kpy)KK8 ) 1.-1 L-10H8 28Mg ( M8118HbKL-1i:1 Kpyr ), 

BbllleT810~L-1X np1.-1 p8cna.ne 3TL-1X 51,nep. 

2). ML-1Kpo¢OTorp8¢L-1L-1 TpeKos 1.-1oHoB 66Zn ( AflL-1HHble ) 1.-1 
33S 

( KOpOTKL-18 ), BX0,[\51~1.-18 B ct>C no,n yrnOM 30° K nosepXHOCTL-1 C 

3HeprL-1ei:1 5,0 Ma8/8.e.M. 

12 

M8T8PL-18118 A8T8KTOp8 1.-1 BpSMSHL-1 Tp8B1181H·UI. 3TOT MSTO,[\ 6blll npeAJ10)1(8H 

L-1 8np061.-1pOB8H B p860T8X [ 12, 13] AflSI L-13MepeHL-151 3Hepri.-1L-1 OCKOllKOB 

CnOHT8HHOrO ,neneHL-151 252Cf, L-1HAYL.lL-1POB8HHOrO ,neneHL-151 51,nep 232Th L-1 
239

Pu c P83peweHI.-18M nop51,l\K8 1 -.2 M38. 8 A8HHOi:1 p86oie 

L-1CCJ18,[\0B8110Cb 3HepreTL-1Y8CK08 p8Cnpe,ne118HL-18 .OCKOJlKOB ,[\8118HL-151 

TSnllOBbiML-1 Hei:1TpOH8ML-1 51,[\Sp 235U 1.-1 CnOHT8HHOrD ,[\8118HL-151 51,[\Sp 256Fm, 
nOJlyYSHHOrD B pe8KUL-1L-1 2498k+22Ne, r,ne OH 51BJ1518TC51 np8KTWi8CKL-1 

8,[\L-1HCTB8HHOi:1 ,[\OJlrD)I(L-1By~ei:1 8KrL-1BHOCTbiO (2,63 Y), o6p83YIO~ei:1c5J npl.-1 

p8Cna,ne 
256

Md. 8 3TOM CJlyY88 51,[\p8 OT,l\8'-ll.-1 Bbi118T811L-1 1.-13 ML-1W8HL-1 

6epKJ11.-151 ( 0.3 Mr/CM2
) 1.-1 TOpM03L-111L-1Cb B CTOnKe 1.-13 .10 81110ML-1HL-18BbiX 

cPOllbr TOJl~L-1HOi:1 0.22 Mr/CM2• 061lyY8HL-18 ct>C OCKOJ1K8ML-1 ,[\8118HL-151 51,nep 

YP8H8 (L-1CnOJlb30B8118Cb TOHK851 ML-1W8Hb - 50 MKr/CM2 H8 2.5-MKM 

J18BC8HOBOi:1 nOAJ10)1(K8) 1.-1 ¢epML-151 npOBOAL-1110Cb B B8KYYM8 Yepe3 

KOJ111L-1M8TOp, o6ecneYL-1B810~1.-1i:1 nona,n8HL-18 OCKOJlKOB B ,[\8T8KTOp . no,n 

yrnoM -90°. H8 p1.-1c. 10 np1.-1se,neHbl nonyYeHHble 3KcnepL-1MSHT811bHble 

pe3yJlbT8Tbl 1.-1 AJ151 Cp8BH8HL-151 ,[\8HHbl8, nOJlyY8HHbl8 C nOMO~biO 

nonynposo,nHL-1KOBbiX ,neTeKTopos [ 14 ]. KanL-16poBOYH851 KPL-18851 D(E) 
(p1.-1C. 10A) 6bl118 nocTpOSH8 no L-13MepeHL-151M AL-18MeTpOB TPSKOB 

cen8p1.-1pOB8HHbiX OCKOllKOB .neneHI.-151 yp8H8 TennOBbiML-1 Hei:1TpOH8ML-1 H8 

ycT8HOBKe ltls:Jct> Y36eKCKoi:1 AH (r.T8wKeHT). lt13 nonyYeHHbiX A8HHbiX 

BL-1,[\HO, YTO L-13yY88MOe· CT8KJ10 L-1M88T paapeWSHL-18 He Xy)KS, YSM 

L-1Cn01lb3Y8M08 B p860T8 [ 12 ] cPOCcP8THOe CTeKJlO, no COCT8BY 

OTJ1L-1Y810~eeC51 OT L-13yY88MOrO B ,[\8HHOi:1 p860T8. no,no6Hbl8 pe3yllbT8Tbl C 

L-1CTOYHL-1KOM K811L-1cPOPHL-151 1.-1 L-1Cn011b30B8HL-18M L-13yY88MOrD 3,[\SCb CT8KJ18 

6bi11L-1 nonyYeHbl rpynnoi:1 8.A.HL-1K01188B8 [ 15 ]. 

CneKTpocKonl.-110 K118CTepos, · 3ML-1CCL-151 KOTOpbiX 51BJ1518TC~ Ype3BbiY8i:1Ho 

pe,nKL-1M npOUSCCOM 1.-1 H86J110,[\88TC51, K8K np8BL-1110, B YC110BL-151X BbiCOKOrO 

cPOH8 a.-Y8CTL-1ll (~ 10
14

cM2), npOBOA51T C nOMOW,biO ct>C, L-1Cn01lb3Y51 MSTOA 

penni.-1K [16 ]. H8 p1.-1c.11 nOK838Hbl KPL-1Bble AflSI lil,neHTL-1cPL-1K8l.lL-1L-1 KJ18CTepos 
28

Mg, BbllleT8E~L-1x ~~3 236
Pu [ 17 ]. P83peweHL-1e ,neTeKTop8 no 38P51AY 

COCT8BJ1518T ~Z=±0,2 L-1 8TOMHOMY Becy- M=±2. 

npMMeHeHMe 

H8 OCHOBe BbiW8CK838HHO,ro ASTSKTOpbl 1.-13 ct>C MOryT 6b1Tb 1.-1Cn01lb30B8Hbl 

AJ151 onpe,nellSHL-151 3Hepr1.-1L-1 L-10HOB, CneKTpOCKOnl.-11.-1 OCKOJlKOB ASllSHL-151, 

L-1,[\8HTL-1cPL-1K8l.lL-1L-1 T51)1(8Jlb1X 38p51)1(8HHbiX Y8CTL-1l.l, B TOM YL-1CJ18 1.-1 

OCT8HOBL-1BWL-1XC51 B 06beMe CT8K118, L-1Cn01lb3Y51 reOMeTpl.-110 "TpeK B TpeKe", 

npL-1 6oM68PAL-1POBKe A8T8KTOp8 nepneHAL-1KY1151pHO H8np8BJ18HHbiML-1 K 

nosepXHOCTL-1 YCKOpeHHbiML-1 TSI)I(8Jlb1ML-1 L-10H8ML-1 (CM.pi.-1C. 5); ct>C n03BOJ1518T 

sso,nL-1Tb TepML-1YSCKL-1M cnoco6oM s nosepxHocTHbli:1 cnoi:1 1.-1 o6heM 

A8T8KTOp8 3H8YL-1T81lbHb18 KOJ1L-1Y8CTBa L-1CC118AY8Mb1X 3118M8HTOB . ( ,[\0 

H8CKOJlbKL-1X % ·nO·· Becy (18]) 6e3 CYW.SCTBSHHOrO L-13M8H8HL-151 
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perii1CTp111py10W.111X CBOL'ICTB, '"ITO SlBJISleTCSl cyw,eCTBeHHbiM npeii1MyUJ,eCTBOM 
nepeA APYr111M111 A1113IleKTpii1LJeCKII1MII1 AeTeKiopaMII1. 3'ro 111Cnonb3yeTCSl np111 
1113MepeH111SlX xapaKTepii1CTII1K MHOrOIIYLJeBbiX C06biTII1L'I B 06beMe CTeKJia 
[ 19 ], B03HII1Ka10W.111X np111 pacnaAe SlAep. 
c:PC, xapaKTepii1CTII1KII1 KOTOpOrO npeACTaBileHbl 3AeCb, 6blflll1 111CnOJib:30BaHbl 
s 3Kcnep111MeHTax no onpeAeneHII110 nep111oAa nonypacnaAa cnoHTaHHoro 
AefleHII1Sl TSl)l(eflbiX SlAep, KJiaCTepHoro pacnaAa, no 111CCileAOBaHII110 
yrnosoro pacceSlHII1Sl ~oHoB [3]. 

ABTOPbl BbJpa)l(aiOT 6narOAaPHOCTb npo¢eccopy IO.L.J,.OraHeCSlHY 3a 
BHII1MaHII1e K pa6oTe, none3Hble o6cV)I(AeHII1Sl · 111 noAAeP)I(KY, 
8.n.nepeilblrii1HY 3a nOMOW.b np111 npOBeAeHII1111 06Il~eHII1L'I 1110HaMII1, 
K.lr1.MepKII1HOL'I, T,lr1.Pb16aKOBOL7! 3a nOMOUJ,b· B nOIIYLJeHII1111 AOCTOBepHbiX 

. pe3YilbTaTOB 1113MepeHII1Sl, A.,lJ,.6enSlesy 3a ocyw.ecTsneHII1e o6nYLJeHII1Sl 
AeTeKTopos cenap111posaHHbiMII1 OCKOJIKaMII1 AeneHII1Sl, O.B.TII1Mo¢eeso~ 3a 
nOMOW.b np111 o¢opMileHII1111 pa60Tbl. 
Pa6oTa Bbln~nHel-la np111 ¢111HaHcosoL71 noAAeP)I(Ke Pc:P<l>lr1 N96-02.17975. 
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