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1. BBE,UEHI1E 

Xopouio H3BeCTHO, tITO apoMATHtIeCKHe norraarpapsr (nonH3TIDIeH

reperpranar, nonaxapõoaar) /t~}nnOTCH O,IJ;HHMH H3, ny-nnax nonastep
HhIX rpexonsrx ,IJ;eTeKTopoB '. B HaCTOHI.l(ee BpeMH B CCCP OCBoeH 

asmycx pH,IJ;a npyrnx rronasrepoa aroro )Ke xnacca, B tIaCTHOCTH, norraa
panaros 73/. Ilonaapanarsr - 3<p HphI apOMaTHlJeCKHX ,IJ;HKap60HOBhIX 

KHcnOT H ,IJ;ByxaToMHhIX <peHonoB. 31'0 ranasnsre )KeCTKOueIllihle no

nHMephI, xapaKTepH3YIOI.l(HeCH BhICOKOH resmeparypoã nJIaBneHHH. 

B HaCTOHmeH paõore HCCJIe,IJ;OBanH CJIe,IJ;YlOmHe BH,IJ;hI nOJIHapIDIaTOB: 

,11-4 - npoAYKT nOJIHKOH,IJ;eHCaUHH ,IJ;H<peHIDIOJInpOnaHa H repedrrane
BOH H H30<pTaneBOH KHCJIOT: <1>-2 - npO,IJ;YKT nOJIHKOH,IJ;eHCaUHH <pe

HOJI<pTaneHHa H repedrraneaoá KHCJIOThI~' ,ll<1>-55 - npO,IJ;YKT nona
KOH,IJ;eHCarum ,IJ;H<peHIDIonnponana, rpeaondrraneaaa H reperpraneaoã 
KHCJIOThI /3 ~ 113YtIanaCh B03MoJKHOCTh BhIHBJIeHHH TpeKOB TH)Ke

nsrx 3apH)KeHHhIX tIaCTHU B nOJIHapHJIaTaX (nAP) C nOMOI.l(hlO XHMH

xecrcoro TpaBJIeHHH H BJIHHHHH pa3nHtIHhIX <paKTOpOB na 31'01' npouecc. 
06'beKTaMH HCCJIe,IJ;OBaHIDI CJIY)KHnH nJIeHKH TonI.l(HHoH 01' 15,IJ;o 60 MKM, 

nOJIYtIeHHhle MeTO,IJ;OM nOJIHBa. 
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2.2. Oõnvueuue Y/ibTpaifJu0l1eT08bl.M C8eTO.M. ,llnH 06JIYtIeHHH ynsr
pa<pHOJIeTOBhIM (Y<1» CBeTOM HCnOJIh30BaJIH navmsr JI3-30 c MaKCHMY

MOM H3JIYtIaeMOI~i' MOmnOCTH npa 320 HM. 06pa3UhI pacnonarana B 5 CM 

01' nOBepXHOCTH 6anJIOHa JIaMIIbI; npa 3THX ycnoaaax nJIOTHOCTh 

nOTOKa KBaHTOB Y<1>-H3JIYtIeHIDI, nmaIOI.l(HX na oõpaaeu, COCTaBnIDIa 

5' 10 19 CM-2 tI -1 . 

2.3. 0611Ylleuue y-tceaurauu. 06JIYQeHHe npOBO,IJ;IDIH na B03,IJ;yxe 

01' HCTOllHHKa 137Cs (YCTaHOBKa "CBeT") npa nOMOmH ,IJ;03hl 0,84 I'p/c 
(84 pan/c) . 

2. METO,llI1KA 3KCnEPl1MEHTA 

2.1. Oônyuenue uouassu. 06pa3UhI nJIeHOK 'nAP TOJII.l(HHOH 01' 15 

,IJ;O 60 MKM 06JIYtIaJIH YCKopeHHhIMH HOHaMH a30Ta, aproaa H KceHOHa 

na ycxoparene Y-300 JIHP OHHI1. 3HeprHH HOHOB MeHHJIaCh ,IJ;HCKpeTHO 

B ,D,Hana30He 01' 1 ,IJ;O 10 M3B/HYKJIOH; yrrrsr BXO,IJ;a HOHOB B nOJIHMep 

aapsapoaana 01' 10° ,IJ;O 90°. 



2.4. YCJ10eUR XUMUlleCl<:020 rpaeneuun. Tpaaneaae 06J1yqeHHbIX 

06P83UOB npoaorrana B BOnHbIX H BOnHO-CllHpTOBbIX pacraopax enxoro 
KaJlH. PaCTBOpbI TpaBJleHHH HaxonIDIHCb B TepMOcTaTHpyeMbIx õoxcax 
C npHTepTbIMH KpbIIIIKaMH, KaqeCTBO TepMOCTaTHpOBaHHH ±1° • 

2.5. Ha6Jl100eHUe U usuepenue tpetcoe. Haêrnoneaaa H H3MepeHHH 

napasrerpoa npOTpaBJleHHbIX TpeKOB B llAP npOBOnIDIH C nor-romsro 
OnTHqeCKorO MHKpOCKOna. 

,UHaMeTp CKB03HbIX nop B 06p83uaX llAP onpenerrana MeTOnOM 

nyasrpsxa, HCnOJlb3YH B xaxecrae CMaqHBaromeH )lG{nKOCTH H306YTaHOJl /4( 

TpaBHMaH AJlHHa TpeKOB HOHOB 40Ar B llAP ,U<t>-55 õsrna onpene
rrena nJlH pana 3HaqeHHH 3HeprHH õoraõapnapyromero HOHa. ,UJlHHa npo
6era R HOHa 40 Ar KaK cPYHKUHH 3HeprHH E õsrna TaK)I(e HaHneHa pacser
HbIM nYTeM na OCHOBaHHH naHHbIX H3 Ta6J1HU /5/. Ilpa pacsere nOJlb30

BaJlHCb npaBHJlOM Bparra H HCXO.n;HJlH H3 crrenyroutero arosraoro COCTaBa 

norrar-repa: C :·0 : H = 51 : 10 : 34. CpaBHeHHe pe3YJlbTaTOB pacxera 
C 3KcnepHMeHTaJlbHbIMH .n;aHHbIMH (pHC. 1) nOKa3bIBaeT HX xopouree 
COrJlaCHe. 

3 xcneparaearansao 6bIJI onpenerren nopor peracrpauaa HOHOB 

B llAP. ,UJlH aroro npOBo.n;IDIH .rpaaneaae 06Pa3UOB, 06JIyqeHHbIX HOHaMH 

14N pa3J1HqHOH 3HeprHH. Bo acex .rpex nanax llAP peracrpanaa 14N aa
6J1lOnaeTCH npa 3HeprHHX .~ 7 M3BjHYKJlOH, qTO COOTBeTcTByeT dE/dx~ 

.?3 M3B cM 2jMr. 

CKOpOCTb TpaBJleHHH anons TpeKOB V rp. onpenenana nBYMH cnoco

6aMH. ,llnHHY TpeKoB L B 06p83Qax, o6J1yqeHHbIX HOHaMH non MaJlbIMH 

yrrraraa K nonepxnocra, H3MepHJlH npa nOMOI.I.J;H OIlTHqeCKorO MHKpO

cxona H HaxO.n;IDIH VTp KaK npapocr BeJlHqHHbI L sa onpeneneaaoe 
BpeMH TpaBJleHHH ~t . ,UJlH oõpaauoa, 06J1yqeHHbIX nepneanaxynapasn-r 
K noaepxnocra rrysncowr, aaxonana 3aBHCHMOCTb: nHaMeTp nop "no ny

3bIPbKY" /4/ - BpeMH TpaBJleHHH; 3KCTpanOJlHpYH 3TY 3aBHCHMOCTb 

npHMOH JlHHHeH, Haxo.n;IDIH BpeMH CKB03Horo TpaBJleHHH t o H paCClIHTbI

BaJlH VTp.no QJopMYJle 

fV
T p 

(1)
2t o 

rne f - TOJlmHHa nJleHKH llAP. 

TOJlIIJ;HHY 06Pa3UOB onpenenana 

R,MKM c nOMOIIJ;blO orrrasrerpa I1KB-3 (TOqAt1J-55 
160 HOCTb ± 0,5 MKM). CI(OPOCTb TPaB

6I{2 

JleHHH nJleHKH Vnn HaXOnHJlH KaK 

~f /t«. 

PHC.l. )lmma npoõera HOHOB 40Ar B no
naapanare )l<I>-55 J<aK <l>YHK~HH 3HeprHH. 
Cnnoumaa nHHHH cOOTBeTCTByeT pacxer

8 E, M3B HhIM ,Il;aHHhIM, J<pY)J(J<aMH 0603HaqeHhI 3KC
IWKA neparaearansnsre pe3YJIhTaTbI. 
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3. I1CCnE,UOBAHI1E PE)I(I1MOB
 

XI1MI1QECKOrO TPABnEHI1.H
 

meJlOqHOH rHnpOJlH3 nOJlHapHJlaTOB, nO-BH.n;HMOMY, nporercaer no 

TaKOMY »ce MeXaHH3MY, KaK H meJlOqHOH rH.n;pOJlH3 nOJlH3THJleHTepe

QJTaJlaTa. CKOpOCTb TpaBJleHHH llAP pacrer c noasrureaaera KOHueHTpa

I~HH enxoro KaJlH B pacraope (pHC. 2). KOHueHTpaUHoHHaH 3aBHCHMOCTb 

~n (C
KO

H ) HeJlHHeHHa, qTO 06YCJlOBJleHO pOCTOM K03cPcPHUHeHTa aKTHB

HOCTH HOHOB rH.n;pOKCHJla B paCCMaTpHBaeMOM naanaaone xoauerrrpa-
UHH. llOJlHapHJIaT ,U-4, KaK cnenyer H3 3KcnepHMeHTaJIbHbIX .n;aHHbIX, 

06J1a,z::J;aeT aaafiorrsuieã CTOHKOCTblO no OTHOllleHHIO K pacraopawr merro
qeH. 

,UJlH YCKopeHHH npouecca XHMHqeCKorO TpaBJleHHH B pacraopsr 
.n;06aBJlHJlH 3THJlOBbIH CnHpT. Tpasrrenae B Bo.n;Ho-cnHpTOBbIX menosasrx 
pacraopax naer õonee rJla,z::J;KYIO nOBepXHOCTb llAP no cpaBHeHHIO c rpaa
rrenaexr B BO.n;HbIX pacraopax KOH (nOJlHpYlOmHH 3QJQJeKT). C YBenH

qeHHeM conepxcanaa sranona B pacrnope pacrer KaK Vnn (CM. ·pHC. 3), 

TaK H VTp' ozmarco H36HpaTenbHOCTb TpaBJleHHH VTP IV nn YMeHblllaeT

CH (CM. pHC. 4). O ônapyaceao , qTO npn conepzcaaaa 3TaHOJla asnne 50% 

BenHqHHbI Vrp H Vnn CTaHOBR:TCH COH3MepHMbIMH. Flpn 3THX YCJlOBHHX 

TpeKH TH)I(eJlbIX HOHOB B ,Il<I>-55 TpaBJleHHeM ne BbI.n;eJlHIOTCH. 

,IleHcTBHe 3TaI-lOJla, BepOHTHO, CBH3aI-10 c TeM, qTO llAP naõyxaror 
B cnaprax, Ilpa 3TOM 06J1erqaeTCH nocryn rHnpOKCHJI-HOHOB K CJIO)I(H0

3QJHPHbIM CBH3R:M. Ilpyravr B03MO)f(HbIM MeXaI-lH3MOM noasnneaaa CKO

pOCTH TpaBneHHR llAP B BO,D;HO-CnHpTOBbIX pacrnopax utenosn HBnR:

eTCH peaKUHH aJIKorOJlH3a. 

Ter-meparypxsre 3aBHCHMOCTH CKOpOCTH. TpaBJleHHH llAP rrpencraa
JIeHbI na pHC. 5. B cepna OnbITOB, npoaeztennstx npa pa3J1HqJ-JbIX resme
parypax B ztaarraaone OT 23° no 700, YCTaHOBneHO, qTO H36HpaTenbHocTb 

---I ~:~
v.:
18,-------------------'V'"I 

MKM I 

4.1.'jor 
I 12
 

20
 
1 

10 rJ>Y A-41 6 

Oh?C7....... ~
o' <~ I:~~ 
024 6 B o 

KOHUEUTPAUU~ lliEA04U, r-3KB/A 

PHc.2. 3aaHcHMocTb CJ<OPOCTH Tpaa PHc.3. CJ<OPOCTb TpaaJIeHHH fIApo 
neHHH fIAP-rrneHoJ< OT KOH~eHTpa nJIeHOJ< KaK <l>YHK~HH KOHu;eHT
IlHH erncoro K3JIH B BO,ll;HOM pacrao PSUHH 3TaHOJIa B ll\enO~OM paer
2,e. TeMnepaT~pa TBaBJIeHHH: aope. KOH~eHTpaLlHH emcoro xa
JJ.<I>-55 - 60oC, JJ.-4 - 67 C, <1>-2  JIH - 2 r/3KB/n ()l<1>-55)
50°C. H 1 r/3KB/n (<1>-~ H <1>-4). 

. 3
'. 

10 20 30 40 

KDHUEIIT~UllSl 3TAllDAA, OofMH. % 



PHcA. 3aBHCHMOCTb H36HpaTeJIbHOCrn TPaB
VTP 

~ rreaaa VTp / Vnn TpeKOB HOHOB 40Ar
VnA ~ (220 M3B) B 60 MKM n<I>-55 OT KOHueHTpa60 

;uHH 3TaHOJIa B 2H pacraope KüH. 'I'exmepa
rvpa 23°C. 

\Jn~, ~ I 
MKMro A41-55íjp;c 

20 ~ 
O' I II 

CP-2O 10 20 30 
CQAEPIM-II.lE 3TAIlOAA, Oó'EMI-l. v; 

10PHc.5. Tewmeparypaaa 3aBHCHMOCTb CKOpO
CTH rpaanenaa fIAP. YCJIOBHH axcrrepaxren
Ta WIH n<1>-55: 2H BO,lJ;HO-CUHpTOBbIH pacr A-4 
BOp KüH (20% 3TaHOJIa no 06'beMY), 23°; 
WIH <1>-2: 4H BOÀHblH pacraop KüH, 5(f; ~ O 20 40 60 80 T,oC 
WIH n -4: 4H BO,lJ;HbIH pacrnop KüH, 60°. 

TpaBJIeHIiH rpexoa B ,U<1>-55 CHFDKaeTCH c noasnuenaer-r rer-meparypsr. CJIe
,lJ;oBaTeJIbHO, 3cPcPeKTliBHaH aaepraa aKTliBaUIiI1 TpaBJIeHIDI rpexon E Tp 
MeHbllle 3cPcPeKTIiBHOI1: eaepraa arcrasanaa HenOBpe:>I():I;eHHOrO nOJIRMepa 

ARaJIli3RpYH rnrreparypm.re namn.re /6.1!MO:>KHO npaãra K BhIBO,lJ;YE nn.
 
O TOM, qTO TaKaH 3aKOHOMepHOCTb xapaxrepaa ,lJ;JIH TlinliqHhIX ,lJ;eCTpYKTR

PYIOIlJ,IiX nOJIIiMepOB, B TO BpeMH KaK B cnyxae O,lJ;HOBpeMeHHO nporercaro

IlJ,IiX B rperce npoueccon ,lJ;eCTpYKUIiIi R curasaaaa Ha6JIIO,lJ;aeTCH npOTIiBO

nOJIO:>KHhIH 3cPcPeKT: E Tp >E nn • Ilocrreznree IiMeeT MeCTO B cnysae nOJIIi

arnnearepedrrarrara /8,9/ .
 

4. BJII1HHI1E y -DEJIYQEHI1H 

Paaee 6hIJIO YCTaHOBJIeHO, qTO orrpezterrenaaa ,lJ;03a Y-1i3JIyqeHIiH MO
:>KeT yaenanasars 1i36lipaTeJIbHOCTb TpaBJIeHMH rpercon B nOJIliKap60HaTe 
li norraarnnearepedrrarrare /10,11/. ll03TOMY O:>KIi,lJ;aJIOCb, qTO npar-rene
nae 'y -06JIyqeHIiH ,lJ;aCT B03MO:>KHOCTb HanpaBJIeHHO 1i3MeHHTb napar-rerpsr 
npOCTpaHCTBeHHhIX TpeKOB (B qaCTHOCTIi, cPOPMY CKB03HhIX nop) B llAP. i 

C uerrsro YCTaHOBIiTb, KaKOH npouecc - ,lJ;eCTpYKUIDI IiJIIi curaaaaae 
npeoõnanaer B norraaparrarax, npOBO,lJ;MJlIi M3MepeHlie Y,lJ;eJIbHOH BH3KOCTM 
paCTBOpOB 06JIyqeHHhIX llAP, a TaK:>Ke onpenenana CKOpOCTb TpaBJIeHIiH 
Vnn KaK cPYHKUli10 nOrJIOIlJ,eHHOH ,lJ;03hIY -1i3JIyqeHIiH. MeTO,lJ;OM nyasrps
rca HaXO,lJ;IiJIM zmar-rerp CKB03HhIX nop B oõpàsnax, 06JIyqeHHhIX nOCJIe,lJ;o
BaTeJIbHO TH:>KeJIbIMIi 1i0HaMIi II Y -pazraauneã, a 3aTeM npOTpaBJIeHHhIX. 

EhIJIO O6HapY:>KeHO , qTO npa ,lJ;03e Y -1I3JIyqeHIiH asnue 60 Mpan 
yr-reasuraerca BH3KOCTb pacrnopoa acex accnenyerasrx nOJIliapMJIaToB. 
CKOpÔCTb TpaBJIeHIiH nneaorc Vnn He3HaqliTeJIbHO yaermsaaaerca c pOCTOM 
,lJ;03hI B zmanaaone OT O ,lJ;0 100 Mpan. 3TIi 3cPcPeI<:ThI CBH3aHbI, OqeBIi,U;HO, 
c necrpyxnaeã nOJIIiMepoB. B TO »ce BpeMH OKa3aJIOCb, qTO BJIIiHHlie npen
aaparensaoro 'Y-06JIyqeHIiH na npouecc TpaBJIeHMH rpexon paarrasno ,lJ;JIH 
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PHc.6. Ilapawrerpsr 'y ~06JIYlleHHbIX nOJIHa D.pHJIaTHbIX nerexropon: a) naawrerp CKB03 MY.M 
a 

HbIX nop B fIAP-UJIeHKaX, npOTpaBJIeHHblX 
B CTaH,lJ;apTHblX YCJIOBHHX, KaI< <PYHK;uHH 1.0 .A-ij 

r:. ; • <J>-Z,lJ;03bIy-06JIYlIeHWI, 6) CKOpOCTb TpaBJIe 0.5 ' •• D A4l-55pHWI noaepxnocra IlAP-flJIeHOK B 3aBHCH
MOCTH OT ,lJ;03bI 'y -06JIYlIeHHH. Y CJIOBHH 
TpaBJIeHHH: ,lJ;JIH cf>-2 H n<I>-55 yrcaaaasr 
B nO,lJ;IIHCH K pac.õ, np0,lJ;OJI)KHTeJIbHOCTb vn~'F~ó :A<t>-55,~-2orH.EI. ._
'!]>aBJIeHlUl 1 li H 5,5 li COOTBeTCTBeHHO. \.0 .. A-4 
)J,JIH n-4: TO )K~, srro ,lJ;JIH nc1>-55, BpeMH 
TpaBJIeHHH 12 li. 

O " ----'-----'--.- 
O 20 40 60 80 iDO 120 

acex rpex BIi,lJ;OB accnenyerasrx IlAP. AD3A l-IBAY'lHHHI, MpAA.
 

TaK, ,lJ;03a ~ 10 MPM 3HaQliTeJIbHO
 
YBeJIlfqMBaeT naasrerp CKB03HhIX nop
 
B ,U-4, B TO BpeMH KaK na <1>-2 y -06
nyxenae ae OKa3bIBaeT BJIIiHHMH npa ,lJ;03aX BnJIOTb,lJ;O ...112 Mpazt,
 
a B ,U<1>-55 c YBeJIMqeHlieM ,lJ;03hI OT O ,lJ;0 20 Mpan Ha6JIIO,lJ;aeTCH yxreasuie

HMe ,lJ;liaMeTpa CK~03HhIX nop (pac.G) , OqeBIi,lJ;HO, qTO asr-reaeaae ,lJ;liaMeTpa
 
nop, onpenenaer-roro c nOMOIlJ,blO MeTO,lJ;a nyasrpsrca, npa Heli3MeHHOH CKO

pOCTIi TpaBJIeHMH nOJIIIMepa Vnn B03MO:>KH0 JIMlllb aa cser 1i3MeHeHliH BêJIIi

trnHhI Vrp • CJIe,lJ;oBaTeJIbHO, 1i36MpaTeJIbHOCTb TpaBJIeHIiH rpexoa B ,U<1>-55
 
rron ,lJ;eHCTBlieM .y -1i3JIyqeHIiH nanaer ("PMliaUlioHHhIH OT:>KIir"), B <1>-2
 
nparcrasecxa ne 1i3MeHHeTCH, a B ,U-4 - aospacraer (ceHcw61iJI1i3aUMH Tpe

KOB).
 

5. BJII1HHI1E YJIbTPA<1>I10JIETOBOrO OEJIYQEHI1H 

I13BecTHO, qTO oõrryaenae nornoaepnsrx zierercropoa na aosnyxe YJIbT
pacPliOJIeTOBhIM CBeTOM paspymaer 06pa30I!aBlllMeCH B 06JIaCTHX pannana
onaoro B03,lJ;eHCTBMH TH:>KeJIhIX MOHOB 300 ~OD 500 À,HM


CTPYKTyphI li nerraer MaTepliaJI B 06

JIaCTM TpeKOB 60JIee peaxuaonaocno
 loof-- ~--=~,.......--_I al
 
C06HhIM 11/. B 3TOH CBH31i 6hIJIM CHH

o 80ThI cnexrpsr nponycrcaaaa TIAP B Y<1>
06JIaCTIi no li nOCJIe 06JIyqeHliH TH:>Ke ~ 60 

t..J 

JIhIMIi MOHaMM. Hccnezryer-n.re nJIeHKIi ~ 'iD 
,U<1>-55 , <1>-2 li ,U-4 OKa3aJIliCb npaxra- ~ 20 

!;2
êi O I ! W I I 

PHc.7. Y<I> - cnercrpsr nponycxanaa IlAP o...
 
llJIeHOK: a) n-4, TOJIIIJ;HHa 20.MKM, cnercrpsr c::
 

H3MepeHbI OTHOCHTeJIbHO nosnyxa : 1 - neoõ

JIYlIeH.lU>IH oôpasen, 2 - 06JIYlIeHH!?IH HOHa

MH 4UAr (200 M3B) ,UJIOTHOCTb TpeKOB
 
109cM-2, 3 - 06JIYlleHHblH: HOHaMH aproaa
 
HY-PMHa:uHeH (70 MpM) , 4 - 06JIY11eHHblH
 I:. {[I 

6 

IHOHaMH aproaa H' Y<1>-cBeToM (tY4>= 6 li); 3 . . 
401 •6) nc1>-55, TOJIIIJ;HHa 60 MKM: 1-1:Ie06JIYlIeH

HblH: oôpasen OTHOCliTeJIbHO aosnyxa, 2 - 06 20rJIYlleHHblH: HOHaMH 14N c E = 125 M3B,llJIOT ! I 

HOCTb rpexoa ~ 10 11 CM-2 OTHOCHTeJIbHO O I 20I 

aosnyxa, .3 - 06JIytJeHHblH of)pa3eIJ; OTHOCH 4.0 3.0 h~,;)6 .
TeJIbHO He06JIYlleHHoro. 

5 



,li

~
 

qeCKH nenpoapasnsnaa ,rUIH Y<1>-H3JIyqeHHH c )J,JIHHOH BOJIHhI MeHee 350 HM 

(pac."}. 06JIyqeHHe nOJIHMepOB TH)I(eJIhIMH HOHaMH npHBO)J,HT IC nOHBJIe

HHIO )J,onOJIHHTeJIhHOrO nOrJIOI..QeHHH c MaKCHMYMOM OKOJIO 350 HM. OHO 

MO:>KeT 6hITh 06YCJIOBneHO 06pa30B3.1meM O-O KCHKeTOHOB, HMelOI..QHX 

60JIbIllOH K03ePQmUHeHT 3KCTHHKUHH / 12/ , a TaK)I(e npyrnx npO)J,YKTOB 

pa,z:.(HOJIH3a. I-f3JIyqeHHe OT Y <1>-JIaMn, HCnOJIb3yeMhIx B )J,aBHOH paõore (À > 
> 300 HM), npHBo)J,HT ae TOJIbKO K aI<:THBa.uHH nOBpe)K)J,eHHhIx yqaCTKOB, 

HO H BhI3hIBaeT qaCTHqHYIO )J,eCTpYKUHIO caMHX nOJIHMepOB. O)J,HaKO cne

UHaJIbHO nponeneaasre 3KcnepHMeHThI nOKa3aJIH, qTO paapyureane nona

MepOB, peracrpapyesroe no YBeJIHqeHHIO CKOpOCTH TpaBJIeHHH c nOBepXHO

CTH, npOHCXO)J,HT mnns B TOHKOM npHnOBepXHOCTHOM cnoe 2-3 MKM, a 60

nee rJIy60KHe CJIOH ae nperepneaaior H3MeHeHHH. 3TO corrracyerca c )J,aB

HhIMH npyrnx pa60T no HCCJIe)J,OBaBHIO B03)J,eHcTBHH Y<1>-H3JIyqeHHH na 
llAP 1131 . 

BnHHHHe npe)J,BapHTeJIbHOH 06pa60TKH Y<1>-H3JIyqeHHeM na )J,HaMeTphI 

CKB03HhIX rpexon B llAP HnJIIOCTpHpyeTcH pac.S H pnc.B. COCTOHHHe, 

6JIH3KOe K HaChII..QeHHIO, aacrynaer nOCJIe 2-4-qaCOBOH 3Iccn03HUHH, qTO CO

OTBeTcTByeT HHTerpaJIhHhIM nOTOKaM (1-2).10 20 KBaHT/CM 2. 

D, • $-2I Áe D, ~3~AC~'" o 'u !l41MKM 
o À(j)-55 MKM MKMO.af I1.0 'F À-It 
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Plfc.8.3aBHCHMOCTH AHaMeTpa CKB03HbIX 
nop B nAP-WIeHKaX (xpaasre 1,2,3) 
H TOJlIJ.UiHbI CTpaBJlHBaeMOro CJlOH (4,5,6) 
OT BpeMeHH Y<I>-3Kcno3HUHH aa B03Ayxe. 
Y CJIOBHH TpaBJleHHH YKa3aHhI B nOAnHCH 
K pac.ê. 

~~ 5U!J41 

0,4 / ~~~-2 ~MlH2S"'KMo ,,' I I 

50 ioo 150 

~~ Z""~""~
,~5 20_~M ,~4'l-55
 60MKMo -', , 
01:,; t, 120 t, 240 360 

BPEMlI TPABAEIMI M\.IH.I 

Pac.ã. ,UHaMeTp CKB03HhIX nop B nAP-nJIeH
xax, onpenenaesrsrà c nowroutsro MeTOAa 
"rryssrpsrca", KaK $yHK~HH BpeMeHH 'rpaane
HHH. TOJlJ.l..l;HHa 06pa3~OB H BpeMH Y<I>-3Kcno
3H~H YKa3aHhI aa r-padnncax. 

• Ilo HMelOII.l:HMCH )J,aHHhIM HeJIb3H cnenars 0)J,H03HatIHOrO BhIBO)J,a•OTHOCHTeJIbHO npasnasr 3aMe)J,JIeHHH npouecca CeHCH6HJIH3aUHH npa 

t YtP > 2 q. B03MO:>KH0, qTO npa YKa3aHHhIX ypOBHHX 06JIyqeHHOCTH npo

I 

~
 
~J 

nOJIHOCTbIO. He HCKJIlOqeHO TaK)I(e, qTO npa )J,JIHTeJIbHOH 3Kcrr03HUHH 

MO)J,H<pHKaUIDI npHnOBepXHOCTHoro CJIOH nnemca npHBO)J,HT K TOMY, qTO 

OH aaxaaaer sanepacaaars H3JIyqeiIHe c À ~ 350-370 HM, rrpenHTCTBYH 

)J,aJIbHeHIlleH nporpeccaa rpexon (CM. KPHBYlO 4 aa pac.?a) .B pe3YJIbTaTe 

CeHCH6HJIH3a.uHH .rpescoa B llAP Y<1>-06JIyqeHHeM OKa3hIBaeTCH ae CTOJIb 

3ePePeKTHBHoH, KaK B rrOJIH3THJIeHTepeePTaJIaTe (ll3T<1» HJIH nOJIHKap60Ha

Te (llK). Ha6JIlO)J,aeMoe YBeJIHqeHHe H36HpaTenbHOCTH TpaBJIeHHH TpeKOB 

B llAP (B 1,5-2 pasa] cynrecraeaao MeHbIlle 3eP<peKTa Y<1>-ceHCH6HJIH3aUHH 

B ll3T<1> H me (YBeJIHqeHHe Vt p B s.io pa3 / 1,8 / ). . 

6. O,UHOPO,UHOCTb HCCJ1E,UYEMbIX MATEPHAJ10B 

MHKp0ePOTorpaePHH, HJIJIIOCTPHpYIOI..QHe BH)J, npOTpaBJIeHHbIX TpeKOB 

B .llAP H KaqeCTBO nOBepXHOCTH rrocne TpaBJIeHHH, npencraaneasr aa 

pHc.10. llJIeHKH ,U<1>-55 H <1>-2 HMelOT rrocne TpaBJIeHHH )J,OCTaTOtIHO rJIa)J,

KYlO noaepxaocri., axonasre oTBepcTHH nop I1MelOT ePOPMY npaBHJIbHhIX 

3JIHrrCOB HJIH OKPY:>KHOCTH B 3aBHCHMOCTH OT yrrra BXO)J,a HOHOB B oõpasen. 

Oc06eHHo xopouiee KaqeCTBO nOBepXHOCTH nonysaerca npa HCnOJIb30Ba

HHH I..QenOtIHhIX pacraopon c )J,06aBJIeHHeM aranona, Ilrrearca ,U-4 nOCJIe 

TpaBJIeHHH rrpaoõperaer CHJIbHYlO nrepoxoaarocrs , BCJIe,n,CTBHe xero cxer 
TpeKOB B HeH 3aTpY)J,HeH. llO-BH)J,HMOMY, )J,aHHhIH MaTepHaJI HMeeT BeCb-· 

Ma HeO)J,HopO)J,HYlO CTPYKTYPY, KOTopaH "rrpOHBnHeTCH" npa XI1MHqeCKOH 

06pa60TKe. 

7. 3AKJ1IOQEHHE 

Hsyseaae npouecca TpaBJIeHHH TpeKOB TH:>KeilhIX HOHOB B llAP norca

3aJIO, qTO OHH xapaKTepH3YlOTCH HH3KHM noporoxr perHCTpaUHH, HeCMOT

pa na BhICOKYlO pa,z:.(HaUHOHHYlO CTOHKOCTb )J,aHHhIX vrarepaanoa B nOJIHX 

y -H3nyqeHHH. llO-BH)J,HMOMY, 3TOT <t>aKT MO:>KeT CJIY:>KHTb KOCBeHHhIM 

)J,OKa3aTeJIbCTBOM "BhIKJIlOtleHHH" 3aI..QHTHOrO )J,eHCTBHH apOMaTHqeCKHX 

rpyrmapoaorc npa 06JIyqeHHH qaCTHIJ;aMH c BhICOKOH J1n3. HCCJIe)J,OBaHHhle 

llAP HMeIOT 6JIH3KHe rro rrapar-rerpar-r perncrpauaomrsre xapaKTepHCTI1KH. 

CeHCH6HJIH3aIJ;IDI TpeKOB Y:H3JIyqeHHeM 3ePePeKTHBHa mnns )J,JIH nOJIHMe

pa ,U-4. <1>OToOKHCJIeHHe rrpHBO)J,HT K nporpeccaa TpeKOB BO acex HCCJIe)J,O

BaHHhIX rnnax llAP, O)J,HaKO pOCT H36HpaTenbHOCTH TpaBJIeHIDI HeBeJIHK. 

ABTOphI 6JIarO)J,apHT r .H.<1>nepoBa H IO.U.OraHecHHa aa rrOCTaHOBKY 

sanaxa H nOCTOHIDIOe BHHMaHHe K paõore, J1.A.Pa,n,HBHJIOBY H C.A.Mopo
uecc eP0ToXHMHqeCKOrO OKHCJIeHHH B rpercax npoxornrr npaKTHqeCKH 30BY - sa npenocraaneansre 06pa3IJ;hI nOJIHapHJIaToB. 
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Pac.Lü, 3neKTpOHHhle H OllTHQeCKHe MHKpoepOTOrpaepHH rrporpaaneansrx Tpe

KOB B nonaapanare ,U<l>-55: a) 3neKTpOHHaH MHKpoepOTorpaepHJI BXOAHoro OT
 .J
 
BepCTHH nopsr, norryueaaoâ TpaBneHHeM TpeKa 40Ar B BOAHO-CIIH"'pTOBOM 2H 
pacrnope menosa, 6) MHKpoepoTorpaepHH TpeKOB HOHOB 4uAr B )..1,<1>-55, saep
rHH HOHOB ... 220 M3B, B) TO xce, QTO 6), HO TpeKH nporpaaneasr AO KOHua :r

npoõera HOHOB, r) MHKpoep~)TOrpaepHHrroBepXHOCTH IIneHKH ,U<l>-55 C nporpas

neHHhIMH TpeKaMH HOHOB 14N c 3HeprHeH 4,5 M3B/HYKnoH (oõnacrs B6.ITH3H
 :l
 
nopora per-aerpanaa) , A) 3neKTpOHHaH Mmq~oepOTorpaepHHnonepxaocra IIneH

KH <1>-2 C rrpo'rpaaneansrraa TpeKaMH HOHOB liOAr (yron nxona HOHOB B rrJIeHKY
 
30° K nOBepXHoCTH); e) anercrponaaa MHKpoepoTorpaepHl'I nonepxaocrn IIneH


l, 
KH ,U-4 c rrporpaaneaasn-ra TpeKaMH OCKonKOB AeneHHH nnep ypaHa-238. 
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TEMATHqECKHE KATErOPHH llYBnHKAUHA 

OB»E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHA 

HH~eKc TeMaTMKa 

1. 3KcnepHMeHTanbHaA $H3HKa BWCOKHX 3HeprH~ 

2. TeopeTH4eCKaA $H3HKa BWCOKHX 3HeprH~ 

3. 3KcnepHMeHTanbHaA He~TpOHHaA $H3HKa 

4. TeopeTH4ecKaA $H3HKa HH3KHX 3HeprH~ 

5. MaTeMaTHKa 

6. HAepHaA cneKTpocKonHA H paAHOXHMHA 

7. $H3HKa TA*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

'u. ABTOMaTH3a~HA OOpaOOTKH 3KCnepHMeHTanbH~X 

AaHHWX 

11. Bw4HCnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa $H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHA TBePAWX Ten H *HAKOcTe~ 
AAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaA $H3HKa AAePHWX peaK~H~ 
npH HH3KHX 3HeprHAX 

16. ~03HMeTpHA H $H3HKa 3a~HTW 

17. TeopHA KOHAeHCHPOBaHHOrO COCTOAHHA 

18. HcnonbaoeaHHe pe3ynbTaToe H MeTOAOB 
$YHAaMeHTanbHWX $H3H4eCKHX HCcneAOBaHHH 
B CMe*HWX o6naCTAX HayKH H TeXHHKH 

19. 6HO$H31AKa 

Anem. n.IO., THTOBa m.A., TpeThRKOBa c.n. 
lhy'leuue npouecca tpasneHHR tpeKoB 3apR)I(eHHLIX 
'laCTHU B ~onuapunate 

18-86-788 

HccneAOBaH npouecc tpaBneHHR tpeKOB TJl)l(eHLJX HOHOB B tpe:X THnax 
nonuapunatoB. XHMH'IeCKyw o6pa6otKy o6ny'leHHLIX nonuapunatoB nposo
AHnH BOAHLIMH H BOAHO-CDHpTOBLIMH paCTBOpaMH meno'IH. H3y'leHLJ 3MHCH· 
MOCTH napaMetpOB npouecca tpaBneHHR OT TeMnepaTfpLI H COCTaBa paCTBO
pa. HccneAOBaua B03MO)I(HOCTh ceucn6unH33UHH tpeKOB npu noMomu raMMa
H yn&tpa<tJuoneTosoro H3ny'leHHR. llopor pernctpaunn TR)I(enLIX 3apR)I(eH
HbiX 'laCTHU B nonuapunaTax paeeu - 3 M3B cM2/Mr. 

Pa6ota BLIDOnHeHa B na6opaTOpHH RAepHLIX peaKUHH OHHH. 

Coo6UleHHe Ofu.e.IUIHeHHoro HHCIHTYTa .IIAepHbiX HccneAOBIHHii • .Ilytiua 1986 

llepesoA O.C.BRHorpaAOBOH 

Apel P.Yu., Titova Sh.A., Tretyakova S.P. 
Investigation of Charged Particle Etching Process 
in Polyarylates 

18-86-788 

The etching of heavy ion tracks in three types of polyarylates was investi
gated. The chemical treatment of the irradiated polyarylates \'lfas performed 
in aqueous and alcohol-aqueous solutions of alkali. The parameters of the et
ching process was studied as functions of temperature and composition of the 
etchant. The possibility of sensibilization of the tracks by means of gamma-ir
radiation and ultraviolet exposure was examined. The threshold for the regist
ration of heavy· charged particles in polyarylates has been found to equal 
ca.3 MeV cm2jmg. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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