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Auem. n.JO., TpeTbSiltOBa c.n. 13 - 11611 

Harreaae npouecca rpaeneHHSI cneaoe TSIJKen&IX aapRlK&HHl>IX 
~8CTRD ltOH!IYltTOM8TpHqecttHM W.8TO!IOM 

npe!IDOlK8H8 ltOB!IyltTOM8TpH'I8Clt8SI M&T0!1Hlt8 HCC1!8!10B8HHB npouecca 
TJI8BII8HHll C1!8!10B TSilK81!blX 38pS1lK8HHbiX '18CTHD B DODHM&pHOM nneHO'IHOM 
A&TeltTOpe, OCROB8RH8SI H8 H3MepeHHH 31!8ttTpH'18CJtOrO CODpOTHBn8HHSI !18T8K
Topa DpR TPSM&R!IH. npHBO.!ISITCSI cllopMyD&I, ODHCbiB810WHe 38BHCHMOCTb 
&nettTpODpOBOQHOCTH aeTeKTOp8 OT BpeMeHH ero XKMH'I&CKOR o6pa60TKK !IDS! 
C~88B, ttoraa B .QeTettTOpe HM88TCSI O.QHH CKB03HOR Tpett BDH npOH3B01!bHO 
mx q&CDO, noxa38HO, qro DpH H3BeCTHOi! CKOpOCTH TpaaneHHSI M8Tepaana 
A&TeltTOpa MOlKHO DO pe3yDbT8T8M KOHliYKTOM&TpHqeCKRX H3MepeHRR OUeHHTb 
q!ICl!O Clt!103HbiX OTBepCT!Iil, pa36pOC BO BpeMeHH HX 06p830B8HHSI H npO!IOflb
JIYID CKOpOCTb Tp8B1!8HI!SI C1!8!10B 38pS!lKeHHbiX '18CTHU. llaHbl peaynbT8Tbl 
DpHMeHeHHSI Q8HHOi! M8TO!IHKH !I HCCne!IOB8HHR KI!HeTHKR XRMK'I8CKOrO TpaB-
1!8HRSI cneooe BbiCOK03HeprereqKbiX eo ROB 16 0 , 40 ·Ar , 132 Xe B nonH3THDeH
repe~ranaTHOA (nascaHOBoi!) nneHtte ronmeHoi! 6-12 MKM. 

PaiSora BhiDMReHa B na6oparopRH SlllepHbiX peaitUHil Ol-15111. 

Dpenpaar 06~eneaeaaoro RRCTRTyTa ~~nepHbiX accnenoaaHKil. lly6aa 1978 

Apel P.Yu., Tretyakova S.P. 13 - 11611 

Investigation of Track Etching Process 
by_ the Conductometric Method 

The conductometric method of the investigation of 
track etching process in plastic filmy detectors, based o~ 
measurement of electrical resistance of detector during 
etching is proposed. Equations are given which express 
the dependence of electric conductance of the detector on 
etching time for the cases when there is one penetrating 
track in the detector or any of them. It is shown that 
for the known bulk etching rate of detector material 
a number of penetrating holes, unsimultaneity of break
through of pores and the etching rate along the tracks of 
heavy charged particles can be estimated from the conduc
tometric measurement data.The results obtained by applying 
this method to the investigation of chemical etching 
kinetics of tracks of high energy16o , 4°Ar, 132Xe ions in 
6-12 mkm polyetileneterephtalate (lavsan) film are given. 

Preprint of the Joint lnsti tute for Nuclear Research. Dubno 1978 

C) 1978 06'beUB8HHblS BHC1'B'f71' IlP.BpHblJC BCCnellOBBHBit /Jy6Ha 

BBEJ(EHHE 

B HaCTOJU~ee BpeMJI 60JibWOH HHTepec Bbl3blBaiOT HCCJie

.IJ.OBaHHJI 3aKOHOMepHOCTeH npo~ecca TpaBJieHBJI TpeKOB TJI

*eJiblX 3ap.ll*eHHblX qaCTB~ B ,ZJ.BJJieKTpBqecKBX MaTepua

JiaX. C JTBM CBJI3aHbl npo6JieMLI B,ZJ.eHTHclJBKa~BB KOMfiOHeH

TOB KOCMuqecKBX nyqeii, nonyqeHB.II Maccoaoro H 3Hepre

TuqecKoro pacnpe,ZJ.eJieHBH OCKOJIKOB T.ll*eJILIX JI,ZJ.ep, C03,ZJ.a

HBJI MBKpoclJBJibTpOB npB fiOMOmB nyqKOB T.ll*eJiblX BOHOB. 

Tpa.IJ.B~BOHHblM MeTO.IJ.OM uccne,ZJ.oaaHB.II npu B3yqeHHB 

KBHeTBKH TpaBJieHHJI TpeKOB H fiO,ZJ.cqeTe BX qftCJia JIBJIJieT

CJI Ha6JIIO.IJ.eHue ,ZJ.eTeKTopa c noMomblo onTHqecKoro BJIH 

3JieKTpOHHOrO MBKpOCKOna. B /l/6blJI npe,ZJ.JIO*eH KOH.IJ.YKTO

MeTpBqeCKHH cnoco6 onpe,ZJ.eJieHH.II apeMeHB o6pa3oBaHH.II 

CKB03HblX nop B o6JiyqeHHOH OCKOJIKaMB ,ZJ.eJieHBJI KaJiuclJopHBJI 

nonuxap6oHaTHOii nneHKe no yMeHbWeHBIO ee JJieKTpuqecxo

ro conpoTBBJieHB.II npu TpaaneHHB. 

l.J.eJib HaCTO.IImero 3KCnepBMeHTa COCTOJIJia B pa3pa6oT

Ke B anpo6a~BH ,ZJ.aHHOH MeTO,ZJ.BKB ,ZJ.JIJI B3yqeHHJI npo~ecca 

TpaBJieHBJI JiaBCaHOBOH UJieHKH. 

1. METOJ(HKA 3KCIIEPHMEHTA 

TpaaneHue ,ZJ.eTeKTopoa npoao,ZJ.BJIOCb B KOH.IJ.YKTOMeTpu

qecKoii JlqeiiKe, KOHCTpyK~BJI KOTOpOH npe,ZJ.CTaBJieHa Ha 

puc. 1. Hccne,ZJ.yeMblii o6pa3e~ noJIBMepuoii nneHKB 1, o6ny

qeHHOH T .ll*eJibiMB BOHaMB, JIBJIJIJICJI B30JIBpyiOmeii nepero

po,ZJ.KOH Me*.IJ.Y JieBOH 2 B npaaoii 3 qaCT.IIMB KaMepbl Tpaa

JieHBJI, B KOTOpblX HaXO,ZJ.BJIHCb UJiaTBHOBble HJIB HHKeJieBble 

3JieKTpO,ZJ.bl 4 H 9. 
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Puc. 1. CxeMa KOHOYKIIIOMempu~ec•wu .~~~euKu. 1 - nAeHo~
Hblil oemeKIIIop; 2,3 - 11eaa.11 u npaaa.11 noAoauHt~l KaMept~l 
•paalleHu.ll; 4,9 - 3AeKmpoot~•; 5,8 - nopruHu; 6 - pacmaop 
(}JIJI flpa611eHUJI; 7 - KOHOIIbl 011.11 noc)a~U paCIII60pa 6 KaMepy 
lllpaBAeHu.R; 10- mepMoMemp. 

JlqeiKa flOMe~aJI&CL B TepMOCT&T, B paCTBOp 6 no ,JJ;O

CTIDKeHBB He06XO)J;BMOH TeMnepaTypLI nepeBO)J;BJICJI B K&Mepy 

TpasneHBJI c noMo~LIO nopwaei 5 a 8 11epe3 Kaaanw 7. 
06'LeM K&MepLI ,JJ;OCT&TO'IeH )J;JIJI TOrO, 'IT06LI p&CXO)J; ~eJIO'IB 
H& XBMB'IeCKYJO pe&K:UBIO C ,JJ;eTeKTOpOM npaKTB'IeCKB He 

MeHJIJI BCXO)J;HOi KOH:UeHTp&:UBB Tp&BBTeJIJI. 

Bee .JJ;eTana Jl'leiixa, 3& BCKJDO'IeHBeM :JJieKTpo.JJ;oB, sw

nonaeaw B3 Tecl)JloHa. DpaMeaeaae cnenaanLHLIX BKna,JJ;wweii 

fl03BOJIJIJIO MeHJITL flJIO~&)J;L Tp&BJieHBJI o6pa3:U& OT 0,3 CM2 
2 )J;O 4,8 CM • 

3neKTpB'IeCK&Jl CXeM& YCT&HOBKB )J;JIJI B3MepeHBJI co

npOTBBJieHBJI Jl'leiKB B nponecce Tp&BJieHBJI npe,JJ;CT&BJieHa 

Ha puc. 2a. H3MepBTeJILH&Jl nenL flBT&eTCJI OT BCTO'IHBK& 

nepeMeHHoro HanpJI>KeHBJI I 3BYKosoro rea epa Topa/. no na-
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J(-1211 

~H 6) 

R,., I "Rp 

Puc. 2a a/ CxeMa U3MepeHUJI conpomuaAeHUJI KOHOYK1110-
Mempu~ecKou .~~~euKu npu mpaaAeHuu. 

6/ 3AeKmpu~ecKa.11 3KauaaAeHmHa.11 cxeMa .11~euKu c 
MeM6paHOU. 

,JJ;eHBIO H&flpJI>KeHBJI H& Jl'leiKe B BeJIB'IBHe TOK& B nenB MO>K

HO perHCTpBpOB&TL MeHJIIO~eeCJI COflpOTBBJieHBe B BHTepsa

ne 10-107 OM. linoK 3anaca.npe.JJ;cTaBJIJleT co6oii caMonacen 

c cornacy10~BM ycTpoiicTBOM. 
3KBBB&JieHTH&Jl CXeM& y'I&CTK& 3JieKTpB'IeCKOH nenB 

3JieKTpO.JJ; - paCTBOP - o6pa3e:U - paCTBOp - 3JieKTpO)J; 

B306pa>KeHa Ha puc. 26. B H&'I&JILHLii MOMeHT Tp&BJieHBJI -

aKTBBHoe conpoTasneuae nascaaosoii nneHKB RM > 10
12 

OM, 
a conpoTasneuae pacTBopa R; +R ~ &MeeT seJIB'IBHY 3-10 OM, 
B BO MHOrBX CJiy'la.RX BM MO>KHO npeHe6pe'IL. 
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TpaaneHHe nneHKH c noaepxHocTH H o6pa3oBaHHe B Heii 

JIM OK TpaBJICHHJI B npHHIJ;Hne ,IJ;OJDKHO npHBO,IJ;HTb K YBCJIH'ICHHIO 

eMKOCTH yqacTKa pacTBop • o6pa3eu; - pacTaop. O,nHaKo 

H3MCpCHHC noCTOJIHHOH BpeMeHH u;enH B npou;ecce TpaBJICHHJI 

noKa3aJIO, 'ITO CMKOCTHaJI COCTaBJIJIJOIIJ;aJI conpOTHBJICHHJI 

OCTaCTCJI npaKTH'ICCKH HCH3MCHHOH, a Ha6JIJO,naewoe YMCHb· 

WCHHe conpOTHBJICHHJI npOHCXO,D;HT 3a C'ICT aKTHBHOH co· 

CTaBJIJIIOIIJ;CH RM, 'ITO MO:lKHO CBJI3aTb C 06pa30BaHHCM CKB03· 

HblX nop. 

Ha JI'ICHKY no,naaanocb HanpJI:lKeHHe 2 B, 'ITO He npuao

.D;HJIO K HarpeaaHHJO pacTaopa B nopax 12 1. 

2. PB3YJihTATJJ 3KCHEPHMBHTOB 
H O.ECY)J(~EHHB 

aj TpaeAeHue ooHozo 11peKa 

PaCCMOTpHM CKB03HOH TpeK B noJIHMepHOH nJieHKe, 

nepneH,D;HKYJIJipHblH K ee noBepXHOCTH. fiOCJie TpaBJICHHJI OH 

npe,ncTaBJIJICT co6oii 4Jurypy, COCTOJIIIJ;YJO H3 .D;BYX KOHYCOB, 

BXO,IJ;Hble ,D;HaMeTpbl KOTOpOH npH YCJIOBHH VT » VnJI K MO· 

MeHTy apeMeHH t onpe,neJIJIJOTCJI no 4Jopwyne /3/ 

D8 x -2VnJI • t, /1/ 

a .nuaweTp B HaH6onee y3Koii 'laCTH 

D -2V (t-t 1 ) , 
BH flJl /2/ 

r,ne V T • npO,D;OJibHaJI CKOpOCTb TpaBJICHHJI TpeKa, V • CKO • nJI 
pOCTb TpaBJICHHJI nOJIHMepa, t i · BpCMJI CKB03HOrO TpaBJie· 

HHJI TpeKa. 

3JieKTpH'ICCKOe conpOTHBJICHHe paCTBOpa, 3anOJIHJIJO• 

IIJ;ero o6'beM TpeKa, onpe.nenJieTcJI cne,nyJOIIJ;HM Bblpa:lKeHHeM: 

e 1 d 
R-J-·--!... 

o K S (x) 
/3/ 

3,neCb K • y,neJibHaJI 3JICKTponpOBO,IJ;HOCTb paCTBOpa, f • 
TOJIIIJ;HHa nJICHKH, S(x)- nJIOIIJ;a,D;b nonepe'IHOrO CC'ICHHJI 

TpeKa Ha paCCTOJIHHH X OT noaepXHOCTH nJICHKH. 
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I , 

I 

Bw'IHCJIJIJI HHTerpan /3/ c y'leToM /1/ H /2/, nony'laeM 

Bblpa:lKCHHC ,IJ;JIJI npOBO,D;HMOCTH paCTBOpa B TpeKe 

BpCMCHH t: 
2 

~
TTKV t(t-ti)lf 

g (t) - nJI 
i 0. 

• t :2: t i 

t < t i 

HJIH, 'ITO TO )I(C CaMOC, 

2 
g 

1
(t ) '"" TT K V t ( t- t . )0 ( t- t , )If nJI 1 1 • 

r.ne 

1 . 
o (t- t t ) - I o . 

t 2: t i 

t < t i 

B MOMCHT 

/5/ 

/6/ 

Cnpaae,nJIHBOCTb 4Jopwynw /5/ npoaepJinacb Henocpe,ncT· 

BCHHblMH H3MepeHHJIMH. B JiaBCaHOBOH nJICHKe, TOJIIIJ;HHOH 

6 MKM, o6rty'ICHHOH OCKOJIKaMH CnOHTaHHOrO ,IJ;CJICHHJI JI.D;ep 
244 Cm, ,nnJI TpaaneHHJI aw,neJIJIJICJI y'laCTOK c o,nHHM nep

neH,D;HKYJIJipHblM K noaepXHOCTH TpeKOM no MCTO,IJ;HKe, OnH· 

caHHoii a pa6oTe 141.nocne yJibTpa4JuoneToaoro o6ny'leHHJI 

,neTeKTOp noMeiiJ;aJICJI B JI'ICHKY, conpOTHBJICHHC KOTOpoii 

B npou;ecce TpaaneHHJI H3MepJIJIOCb npu6opoM B7 ·15. lionb· 

waJI BeJIH'IHHa conpoTHBJICHHJI o.u;Hoii nopw /106 -109 
OM/ 

n03BOJIHJia HCnOJib30BaTb B ,naHHOM OnblTC nOCTOJIHHblH TOK. 

Ha puc. 3 npe,ncTaaneHw KPHBble 3aBHCHMOCTH pacc'IH· 

TaHHoro H H3MepeHHoro B npou;ecce TpaaneHHJI JJieKTpo· 

conpOTHBJICHHJI paCTBOpa B TpeKe OT BpeMCHH TpaBJICHHJI. 

llepBaJI TO'IKa H3MepeHHJI conpOTHBJICHHJI MCM6paHbl CO· 

OTBeTCTByeT 0,2 MUH c Ha'lana na,neHHJI conpoTHBJICHHJI. 

3a t i npH pac'leTe npHHHMaeTCJI apeMJI, H3MepeHHoe c Ha· 

'lana TpaaneHHJI .no Ha'lana na,neHHJI conpoTHBJieHHJI. Hc

noJib30BaHHoe npu pac'leTe 3Ha'leHHe V nJI B 6 H pacTaope 

NaOHnpH 23° C HaXO,IJ;HJIOCb no YMCHbWCHHIO TOJIIIJ;HHbl nJieH· 

KH npH .D;JIHTeJibHOM TpaaneHHH. Y,noaneTBOpHTeJibHOe cos· 

na,neHHe 3KCnepHMCHTaJibHOH H paC'ICTHOH KpHBblX nO.D;TBCp>K· 

,naeT npe,nnOJIO>KCHHe, Ha KOTOpOM OCHOBblBaJICJI BblBO,IJ; 

4JopMyJibl /5/: ,D;HaMeTp TpeKa pacTeT BO BpCMCHH JIHHCHHO, 

Ha'IHHaJI npuwepHo oT 20A B ero HaH6onee y3Koii qacTH, 

H CKOpOCTb TpaBJICHHJI CTCHOK KaHaJia TpeKa paBHa CKOpo· 

CTH TpaBJieHHJI nJICHKH C noBepXHOCTH. lioJiee HH3KOe no 

cpaBHCHHIO C paC'ICTHbiM 3Ha'ICHHC conpOTHBJieHHJI B Ha· 
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R,Ofol 9 
10 

tr! 

If 

Qf 1 

23° 
6N NaOH 

• ,JKCf1ef)(./HtWtn 

o pac1.1em 

10 100 
8pel"ffl, MLIH 

Puc. 3. H3MeHeHue conpo•ueAeHUJI aeaeKaopa c oOHUM 
apeKOM OCKOIIKU Oe.lleHUJI JIOpa 244crn npu rrpae.lleHUU. 

'lanloHhli MOMeHT o6pa30BaHBJI CKB03HOrO KaHana, no· 

BBABMOMY, CBJI3aHO C 6onee 6WCTphiM paCTBOpeHBeM cepA· 

u,eBBHLI TpeKa, COCTOJlliJ,eB H3 CBJlbHO pa3pymeHHOrO Ma· 

yepaana. 

6/ TpaeAeHue Ha6opa apeKoe 

PaccMoTpBM cny'lai, xorAa B :wew6paae aweeTcJI N 
TpeKOB TJllKeJlhiX 3apJllKeHHhiX 'laCTBIJ, OAHOrO BBAa. fiposo· 

,IUIMOCTb MeM6paHLI npH TpaBJleHBB B MOMeHT t CKJlaAWBaeT· 

I 

CJI H3 npOBOAHMOCTeii D CKB03HWX nop, o6pa30BaBWBXCJI 

K AaHHOMY MOMeHTY BpeMeHB: 

i•n 
g(t)- I g 

1
(t). 

1•1 
/7/ 

lloAcTaBJlJIJI B /7 I swpaJKeHBe /5/ AJIJI g 1(t), nony11aeM 

1•n 2 
g(t)- Irn<V t(t-t 1 )O(t-t 1 )/f 1•1 IIJI /8/ 

~B«W!epeHU,BpyJI ABa>KAhl no BpeMeHB B y'IBTWBaJI, 'ITO 

i•n 
npB tn <t< t n+1 BMeeT MecTo cooTHomeHBe I 0 (t-t1)- n , 

1•1 

npBXOABM K cllopMyJle, n03BOJlJIIOliJ,eB 

B Jli060B MOMeHT TpaBJleHBJI: 

D a ( f /2 TTK V2JI ) d
2 

(l/R(t)) . 
II dt 

HaXOABTb 'IBCJIO nop 

/9/ 

Ha puc. 4 npeAcTasneHw pe3yJlbTaTLI B3MepeHBJI B npo· 

u,ecce TpasneHBJI conpoTBBJleHBJI nneHoK, o6ny'leHHWX pa3· 

JlB'IHWMB BOHaMB, B pe3YJlbTaTw o6pa6oTKB xpaswx R(t) c 

nOMOliJ,biO cllopMyJlhl /9/. fipB paCCMOTpeHBB 3aBBCBMOCTeii 

D ·(t) BBAeH pa36poc BO BpeMeHB CKB03HOrO TpaBJleHBJI 

TpeKOB 3apJI>KeHHLIX 'laCTBIJ, B nOJlBMepHOH MeM6paHe, KO· 

Topwii MO>KHO o6'bJICHBTb PJJ:AOM npB'IBH: HeMoH03Hepre

TB'IHOCTbiO ny'IKa 'laCTBIJ,, cllnyKTya1J,BJIMB noTepb 3HeprBB 

B nOJlBMepe, HeOAHOPOAHOCTbiO CBOHCTB B TOJlliJ,BHLI nJleHKB. 

e/ OnpeOe.lleHue ctwpocmu mpaeAeHUJI eao.111. mpeKa 

~JlJI HaXO>KAeHBJI V T BCnOJlb3yeTCJI cpeAHee 3Ha'leHBe 

BpeMeHB CKB03HOrO TpaBJleHBJitc, KOTOpoe onpeAeJlJieTCJI 

KaK BpeMJI, He06XOABMOe AJIJI OTKpWBaHBJI nOJlOBBHhl 0611J,ero 

'IRena nop: 

VT-f/2tc. /10/ 

V TnpeAcTaBnJJ:eT co6oii senB'IBHY, ycpeAHeHHYIO no N Tpe

KOB B no TOJlliJ,BHe nneHKB; V T TeM 6nBlKe K BCTBHHOH CKO • 

poCTB TpaBJleHBJI AJIJI AaHHOH 'laCTB1J,hl C onpeAeJleHHOI 
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~f t = ID{'f/(f'f a 7 \ 6N NaDI-I 
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~n 
10 20 30 

2 5 7 ---
6 
5 
4 
3 
2 

lOt a1lc t 3D 40 t 50 tct C3 2 a Clf 
dpel'"fR ~eHt.IR, HUH 

Puc. 4. a/ 3a6UC'1_~oclllu conpoiiiU6AeHu.Ji oellleKmopo6, o6Ay
tteHHbiX UOHaMU 2Xe , 40Ar U lfb, 0111 6peMeHU 111pa611e· 
HU.Ji. liiiOIIIHOCIIIb o'611Y'IeHUJi 106 -107 lllpeK06/ CM 2. 1 - 132Xe 
jE ::;: 1 M3B/HYKA./, 2 - 40 Ar I E ::;: 5,5 M3B/HYKII./, 
3- 40 Ar 1 E ::;: 2,0 M3B/HYKA./, 4- 160/E •3,0 M3B/HYKA./ 
5 - tso 1 E ::;: 1,0 M3B/HYKA.L. YcAo6UJi lllpa6AeHuA: ' 
oellleKmopr,a~ o6AytteHHble 132Xe u 40Ar,o6pa6alllbl6'fiiUCb 
6 6H pacm6ope NaOH npu 50 °C, a o6AytteHHble 60 - npu 
sse c. 6/ PacC'IUI/IaHHble KpU6ble Hapacl/laHUJi 'IUC/Ia CK603" 
HbiX 11peK06 npu lllpa6AeHUU. 

3HeprBeH, qeM TOHbWe BCITOllb3yeMbiH ,neTeKTOp, T.e. MeHb" 
we B3Meaeaae dE I dx a.nonb Ja<t>axcapoaaaaoro a ,neTeK
Tope yqacTKa Tpexa. CxopocTb TpaaneHBJI V T onpe.nenJieTcJI 
C TO'IHOCTbiO ±1 0'*'; norpeWHOCTb onpe,neneHBJI 'IBCna CKB03" 

awx nop He npeawwaeT 20'*'. 
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3AKJIJO f.JEHHE 

ITpe,ncTaaneaa KOH.D.YKTOMeTpaqecxaJI MeTo.naxa B3Mepe
HBJI llpO.D.OllbHOB CKOpOCTB TpaaneHBJI TpeKOB TJI)I(eilbiX 
3apJI)I(eHHLIX 'laCTBU B nneHO'IHLIX ,neTeKTOpax B npe,nenax 
OT 0 ,no 5 MKM/MUH C TO'IHOCTb!O 10~, B llllOTHOCTB TpeKOB 
aa e.naaaue nnoma.na ,neTeKTopa aenocpe.ncTBeHHO a npo
uecce TpaaneHBJI, 'ITO BWKHO a cnyqae, xor.na aeao3MO)I(eH 
llO.D,C'IeT TpeKOB C llOMOIUb!O OITTB'IeCKOrO MBKpOCKOITa /npB 
N> 106 cM-2 /. MeTo.n noJaomreT aaxo,nHTb pa36poc so 
apeMeHB o6pa30BaHBJI CKB03HLIX nop, 'ITO npe,ncTaBnJieT 
HHTepec B CBJI3H C npo6neMOH C03,naHBJI MBKpOcilBnbTpOB 
c .naaMeTpaMB nop aa ypoaae 100l. MeTo.n y.no6ea ,nnJI 
H3y'leHHJI BllHJIHBJI pa3nH'IHblX cilaKTOpOB Ha CKOpOCTb Tpaa· 
neHBJI TpeKOB 3apJI)I(eHHLIX qaCTBU B nneHO'IHLIX ,neTeKTO" 

pax. 

B JaKmo'leHae aaTopw BLipa)l(aJOT 6naro.napaocTb axa
.neMHKY r .H.~nepoay, B.A.III.eroneay 3a nocTaHOBKY 3a,na'IB 
B BHHMaHHe K pa6oTe, IO.C.3aMJITHBHY 3a ueHHLie COBeTW 
a none 3Hhle o6cy)l(,neHB.JI. 
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