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8 nocneAHMe rOAW AilH M3y4eHMH CTPYKTYPW TpeKo8 MHOro3aPHA­
HWX MOH08 8 nonMMepax npMMeHH~T MeTOA XMMM4eCKOro Tpa011eHMH, 
n03BOI1H~~MA HaATM pa3Mepw pa3pyweHHOA MMKpoo6nacTM 8 oKpetT­
HOCTM TpaeKTOPMM 4aCTM4bl. ~3MepeHMe 3JleKTPM4eCKOA npo80AMMOCTM 
TOHKOA nneHKM nOilMMepa 8 npo4ecce Tpa0neHMH AaeT 803MOmHOCTb 
M3MepMTb paAMYC M36MpaTeJ1bHO 8blTPa8I1M8aeMOro Ha MeCTe TPeKa 
KaHana, Ha4MHaH C pa3Mepo8 ~ AeCHTWe AOilM HaHoMeTpa/1-4/. 
KpMTepMeM, onpeAeilH~~MM 803MOmHOCTb MCnOI1b308aHMH KOHAYKTOMeT­
PM4eCKoro MeTOAa AI1H M3y4eHMH nonepe4HWX pa3Mepo8 paAMa4MOHHWX 
HapyweHMA, cnymMi 8eI1~4MHa ce. Vb)/(2Vt), rAe C - TOil~MHa MC­
cneAyeMoro 06pa34a, Vt - CKOPOCTb npOHMKH08eHMH Tpa8MTeI1H 
no CePA4e8MHe TpeKa, vb - CKOPOCTb TPa8IleHMH Heno0pe*AeHHoro 
MaTepMana. YKa3aHHaH 8eJ1M4MHa AOilmHa 6WTb MeHbWe paAMYCa 30HW 
HapyweHMA. AnH 6oI1bWMHCT8a MaTepMano0 3TO ycno0Me TPYAH00wnon­
HMM0, no3TOMY K HaCTOH~eMy 0peMeHM KOHAYKTOMeTpM4eCKMe MCCI1e­
A08aHMH CTPYKTYPW TpeK08 npo8eAeHw C 8eCbMa orpaHM4eHHWM Ha-
6opoM nonMMepo8 - nonM3TMneHTepe¢TanaToM /n3T<I>/ M nonMKap6oHa­
ToM /nK/ 11"91 . B HacToH~eA pa6oTe aHanM3MPY~TCH AaHHwe AilH 
6onee WMPOKoro Ha6opa · nonMMepo0, 8 TOM 4Mcne 0nep0b1e nony4eH;. 
Hwe pe3yI1bTaTW MCCI1eA08aHMH CTPYKTYPW Tpa8MMWX TPeK08 8 nonM­
apMilaTe /nAP/ M nonMnponMneHe /nn/. npMH4Mn MCnOI1b308aHHOrO 
8 pa6oTe KOHAYKTOMeTpM4eCKOro MeTOAa noApo6HO M3IlomeH 0 111 • 
MeT.OAMKa onMcaHa 0 12,5,61 • MeTOAMKa o6ny4eHMH nom1MepHblX rine­
HOK YCKOPeHHblMM MOHaMM nPeACTa011eHa 8 15• 71 

PE3YJlbTATbl 

n3TCI> ( - COC 6H 4COOCl-½CH20-)n.AnH MccneA00aHMA Mcnonb300a11M 
ABYXOCHOOpMeHTMP08aHHble nneHKM npoMblWJleHHOro nPOM380ACT8a TOJl­
~MHOA OT 2 '5 AO 10 MKM. TMnM4HWe pe3yJ1b TaTbl MI1Il~CTPMPY~TCH 
pMc.1, rAe npeACTa011eHa 3a8MCMMOCTb 3¢¢eKTM8Horo AMaMeTpa nap 
8 o6ny4eHHOA MOHaMM nneHKe OT 0peMeHM XMMM4eCKoro TpasneHMH. 
OcHOBHble 3aKOHOMepHOCTM' Ha6n~AaeMble nPM TpasneHMM TpeKOB TH­
meJlblX MOHOB 8 n3T<I>' MOmHO c¢oPMYI1MPOBaTb cneAY~~MM o6pa3oM: 

1. <l>opMa KPMBOA d aqi (t) npaKTM4eCKM OAMHaK08a npM MCnOI1b30-
8aHMM TpasMTene~ pa3I1M4Horo cocTaBa /npM YCI108MM Vt/Vb>10 3/. 

2. KpM0we d8<t>(~ AI1H 06pa34os c DAMH04HWMM TpeKaMM M 06pa3-
400 C MaCCMBOM TpeK08 pa3I1M4a~TCH IlMWb Ha4aI1bHWM y4aCTKOM 



40 t PHc. I. I - 3qxpeKTHBHhlll ,IJ;HaMeTp 
ITOPhl dacp, 06pa3ywmettCH ITPH TpaB-

,20~ 
neHHH O,!J;HHOqHoro TpeKa HOHa 129 xe 
B 28-npoQeHTHOM BO,ll;HOM pacTBOpe -=- 0 t . K2C0 3 npH 80 C, KaK ¢YHKQHH Bpe-

-c1 60 240 480 t (NIIH) 
MeHH TpaBneHHH t. 2 - 3¢¢eKTHB-
Hhlll ,IJ;HaMeTp nop ITPH TpaBneHHH 
MaCCHBa TpeKOB 132xe KaK ¢YHKQHH 

40 ~ / BpeMeHH TpaBneHHH B b,1 H NaOH 
npH 81°C. MaTepHan - IT3T¢ Ton)UH-

20 ~ __....,.r- HOH 5 MKM. 3HeprHH HOHOB Xe 
Ha Bxo,z:i;e B nneHKy 0,9 M3B/HyKnOH, 
Ha Bh!XOp;e - 0,5 M3B/HyKnOH, cpe,z:i;-

40 80 120 tc 160 
HHH JID3 cocTaBnHeT -1, I· IO 4 3B/HM. 

IIIIH) 

/dacp <5 HM/, rAe CKa3WBaeTcH Pa36poc speMeHH o6pa3oBaHHH CKB03-
HWX nap B CJly4ae MaCCHBa TpeKos 151 • 

3. 3KCn03H4HH YilbTpa¢HOJleToBWM H3ny4eHHeM, npHMeHHeMaH AJlH 
y~eJlH4eHHH H36HPaTeJlbHOCTH TpasneHHH TpeKOB Vt/Vb H, TeM caMWM, 
AilH CHH>KeHHH napaMeTpa (_e. Vb)/(2V t ), H3MeHHeT TOJlbKO CKOPOCTb 
npoHHKHOBeHHH TPaBHTeJlH no cepA4eBHHe TPeKa H He H3MeHHeT ¢op-
Mbl KPHBOi1 daci(t). no KPai1Hei1 Mepe AJlH dacp > 10 HM 151 • · 

4. Ha KOHAYKTOMeTpH4ecKHX KPHBblX MO>KHO BbJAeJlHTb Ha4aJlbHbli1 
Y4aCTOK 6bJCTporo pocTa AHaMeTpa, KOTOPbli1 Ha4HHaeTCH B MOMeHT 
o6pa30BaHHH CKB03HbJX nap H 3aKaH4HBaeTCH npH da(jl = /10-15/ HM. 
3AeCb PaAHaJlbHaH CKOPOCTb TpasneHHH nPOXOAHT 4epe3 MHHHMYM, 
nocne 4ero MeAJleHHO pacTeT, npH6JlH>KaHCb K nocToHHHOMY 3Ha4eHH~. 
Ha4aJ1bHWi1 Y4aCTOK HHTepnpeTHpyeTCH KaK 6wcTpoe PaCTBopeHHe 
CHJlbHO pa3pyweHHoro MaTepHana B cepA4eBHHe TPeKa. 3aMeAJleHHOe 
TPaBJleHHe nOJlHMepa B 0601104Ke TpeKa CBH3bJBaeTCH C npeHMy~ecT­
BeHHWM CWHBaHHeM MaKPOMOJleKyn; apryMeHTW, o6ocHoswsa~~He 3TO 
npeAnonomeHHe, H3IlomeHbJ s pa6oTax /6-8/ . 

5. B cny4ae TpeKOB HOHOB C 3aPHAOM HApa z > 36 H 3HeprHe11 
-1 M3B/HYKI10H POCT 3¢¢eKTHBHoro AHaMeTpa B 0611-aCTH dacp 2: 20 HM 

MD>KeT 6b1Tb xopowo onHcaH AH¢¢epeH4HaJ1bHblM YPaBHeHHeM 

dr/dt = V,exp(-a/r) 
/1/ 

nPH Ha4aJlbHOM YCJlOBHH r = r O • Ha4aJ1bHblA paAHYC r O MO>KHO ycnos­
Ho ,npHHHTb B Ka4eCTBe pa3Mepa pa3pyweHHOA /H36HpaTeJlbHO Tpa­
BHMoi1/ o6naCTH. B ypasHeHHH /1/ V - paAHaJlbHaH CKOPOCTb Tpas­
neHHH npH r ➔ ~; a - naPaMeTp, xapaKTepH3Y~~HA npOTH>KeHHOCTb 
o6naCTH nPeHMy~eCTBeHHoro CWHBaHHH, 3KcnoHeH4HaJlbHbll1 BHA ¢YHK-
4HoHaJlbHOl1 3aBHCHMOCTH Me>KAY dr/.dt H 1/r AaeT OCHOBaHHe npeAno­
na raTb, 4TO 3Ta 3aBHCHMOCTb o6ycnosneHa H3MeHeHHeM 3HeprHH aK­
THsa4HH npo4ecca ~eno4Horo rHAPOilH3a nonHMepa. YsenH4eHHe 3Hep-
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PHC. 2. · 3¢¢eKTHBHblll ,IJ;HaMeTp nop . 
B IlK-nneHKe npH TpaBneHHH MaCCHBa 
TpeKoB HOH OB 84 Kr ( 0, 9 M3B / HyKnoH) 
B O, I H NaOH npH 80 °C /KpHBaH I/ 
H HOHOB 12?xe (I M3B/HyKnOH) 
B I H NaOH npH 39°C /KpHBaH 2/ 
KaK ¢YHKQHH BpeMeHH TpaBneHHH. 
Ton)UHHa nneHKH - 8 MKM. 

rHH aKTHBa4HH, nponop4HOHaJ1bHOe 
1/r' MO>KeT 6WTb CBR3aHo, B CBO~ 
04epeAb, C ysenH4eHHeM >KeCTKOCTH 
MaTPH4W 3a C4eT CWHBOK, nnoTHOCTb 
KOTOPWX cnaAaeT C paAHYCOM. 

B OnblTaX c Xe /Z = 54/ H Kr 
/Z = 36/ napaMeTp r

0 
HaAAeH pas­

HWM 4-5 HM H 3-4 HM COOTBeTcT­
seHHO c TeHAeH4HeA K YMeHbWeHH~ 
nPH CHH>KeHHH 3HeprHH 4aCTH4w. 

0 ...... __ _._ ___ ..__ __ _.__ AHanorH4HblM o6pa30M H3MeHHeTCH 

0 40 80 t (MMH) napaMeTp a. KOTOpWA B CilY4ae Tpe-
KOB Xe COCTaBilReT 6-9 HM,a B c11y-
4ae TPeKOB Kr - 4-6 ,5 HM /5,7( 

no11HKap60HaT (-OC6H4C{Cfla)2 C6 H40CO- )n • 11Me~~HecR s IlHTepa­
Type CBeAeHHH O TpasneHHH cy6MHKPOCKOnH4eCKHX nap B 0611y4eH­
HOM HoHaMH nK npoTHsope4HBbl. B pa6oi-ax 11 •3•41 nony4eHbl pa3-
IlH4HWe no ¢opMe 3aBHCHMOCTH da(jl(tj. HaMH TaK>Ke no11y4eHW pe~ 
3YilbTaTbl, KOTOPbJe Heilb3R HHTepnpeTHPOBaTb OAH03Ha4HO. Ha PHC.2 
/KPHBaR 1/ nPeACTasneHW AaHHWe 3KCnepHMeHT~ C nneHKOA '¼aKpo­
¢oilb11, 0611y4eHH011 HoHaMH Kr. Ha4HHaR cud a¢,= 15 H~ cneAyeT 
¢a3a TpasneHHR C npaKTH4eCKH nocTORHHOH paAHailbHOH CKOPOCTb~. 
KpHBaH 2 nony4eHa s onwTax c 06pa34aMH H3 APYroi1 naPTHH nK­
nJleHKH 11MaKpo¢Dilb 11 , o6Ily4eHHoi1 YCKOPeHHblMH HOHaMH Xe. B OTJ1H-
4He OT KPHBoi1 1 3AeCb 4eTKO swpameHa 0611aCTb C noHH)f(eHHOA 
CKOPOCTb~ ·TpasneHHR. MHHHMYM CKOPOCTH COOTBeTCTsyeT paAHYCY 
r "' 7 HM. XapaKTepHO' 4TO B 06pa34ax 3TOA nneHKH nPH ¢n~eHcax 
HOHOB Xe 2:. 2. 10 lO CM - 2 / A03a 2:. 250 Krp/ Ha6Il~AailH 06pa3osaHHe 
reI1b-¢PaK4HH 181 , 4TO CBHAeTeJlbCTByeT o CWHBaHHH MaKPOMOileKyil 
nK B TpeKaX TR>KeilWX HOHOB. TaKHM o6pa30M, o6o6~aR secb MaCCHB 
AaHHbJX O TpasneHHH TPeKOB B nK, MO>KHO KOHCTaTHPOBaTb, 4TO AilR 
AaHHoro nonHMepa npo4ecc cwHsaHHR s o6ono4Ke TPeKa sepoHTeH, 
HO MeHee xapaKTepeH, 4eM AilR n3T¢. npoTHBOpe4HH Me>KAY pe3yJ1b­
TaTaMH pa3IlH4HbJX aBTOPOB /l,3,4, 81 06yc11os11eHw, B03_MO>KHO, HeOAH­
HaKOBblMH ycnoBHRMH 3KCnepHMeHTa, B 4aCTHOCTH BilHRHHeM nPHMe­
cei1 KHCilOPOAa H snarH B noilHMepe npH o6Ily4eHHH. 
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nom1ap1,maT (-OCsH4C (CH3) 2 Ce H40COCeH4CO-) n· 3TOT nom1Mep 
nPeACTaBIIReT co6oA nPOAYKT nOill1KOHAeHca41111 A11¢leH11IlOilnponaHa 
11 CMec11 Tepecj)TanesoA 11 1130cj)TaileBoA Kl1CIIOT. TaKl1M o6pa30M, OH 
COAepml1T 3BeHbR, BXOAR~11e B cocTaB n3T¢, 11 3BeHbR, BXOAR~l1e 
B COCTaB nK, OAHaKO B OTI111411e OT n3T¢ He COAePml1T MeTl1IleHOBblX 
rpynn11posoK. HcnOilb30Ban11 nneHK11 nAP Ton~11HoA 10 MKM, nony4eH­
Hb1e MeTOAOM non11sa. Ha p11c. 3 np11seAeHa T11n114HaR AIIR AaHHoro 
B11Aa nAP 3aBl1Cl1MOCTb 3cj)cj)eKT11BHOro Al1aMeTpa nop OT speMeHl1 x11-
M114eCKOA o6pa6oTKl1. ¢0ToCeHc11611n113a411R TpeKOB MRrKl1M Y¢-113ny4e­
Hl1eM 11 Bbl6op onTl1MailbHOrO pem11Ma TpasneHl1R no3BOI111Ill1 AOCT114b 
O4eHb BblCOKOA 113611paTeI1bHOCTl1 TpasneHl1R (Vt/Vb= 3.10 4)°, np11 
3TOM napaMeTp Cf· Vb) /(2Vt) cocTas11n < 0 ,2 HM. 6b1CTPaR cTaA11R 
TpasneHl1R 3asepwaeTCR K MOMeHTY da¢ = 15 HM. B nocileAYID~eM Ha-
6I1IDAaeTCR TPaBI1eH11e co CKopqCTbID, KOTopaR I111Wb He3Ha411TeI1bHO 
pacTeT C ysen114eH11eM PaAl1YCa. B 3TOM cny4ae O4eHKY BeI111411Hbl ro 
MomHo nony411Tb n11HeAHoA 3KCTpanonR411eA y~acTKa d 3¢ (t), cooT­
seTcTsyro~ero TpasneHl1ID C nO4T11 noCTORHHO11 CKOPOCTbID, AO nepece-
4eHl1R c OCbID OPAl1HaT. AnR TpeKoB 11OHos Xe s nAP sen11411Ha 
COCTaBIIReT /4,0 ±0,5/ HM. HccI1eA0BaH11e pacTBOPl1MOCTl1 06ny4eH­
HblX 06pa34os nAP s xnopo¢opMe noKa3ano, 4TO AO3a reneo6pa3osa­
Hl1R AOCTl1raeTCR np11 cj)nroeHce 11OHOB KCeHOHa 3. 1 0 lO CM - 2• 

non11npon11neH (-CH2CH(CH3 ) -)
0

• HccneA0BaH11e cTpyKTYPbl Tpas11-
MWX TpeKOB B nn nPeACTaBIIReT oco6wA 11HTepec, nOCKOilbKY no Xl1Ml1-
4ecKOMY COCTaBy 3TOT nOI111Mep cy~eCTBeHHO OTI1114aeTCR OT scex pa­
Hee 11ccneAOBaHHwx. OAHaKo AIIR nn He HaAAeHo Tpas11TeneA, 06ec­
ne411saro~11x BWCOKYID 113611paTeI1bHOCTb TpasneHl1R TP~KOB, a ¢OToceH­
c11611n113a411R TpeKOB B nn Y¢-113ny4eHl1eM He3¢cj)eKTl1BHa. B 3KCnep11-
MeHTax C O4eHb TOHK11Ml1 / < 2 MKM/ nn-n.neHKaMl1 HaM YAaIIOCb nony-
411Tb xopowo socnpo113BOA11Mble 
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KOHAYKTOMeTp114ecK11e KPl1Bble, Ha KOTO­
pwx npocMaTp~BaIDTCR HeKoTopwe 
CTPYKTYPHWe oco6eHHOCTl1 TpeKoB 
/p11c.4/. 3a C4eT YMeHbWeHl1R TOI1-
~11HW YAaIIOCb CHl1311Tb napaMeTp 
(f•Vb)/(2Vt) AO 0,025 MKM. Kp11BaR 

PHC. 3. 3qiqieKTHBHblH p;HaMeTp rrop 

0 500 1(0). 1500 
t(MMH) 

B rrorrHapH.JiaTHOH rrrreHKe /THIT ~B/' 

o6rrytJeHHOH HOHaMH 136 Xe, KaK 

qiyHKQHR BpeMeHH TpaBrreHHR B 28-
rrpoQeHTHOM paCTBOpe K2C03 ITPH 

80°C. TorrmHtta rrrreHKH - 10 MKM, 
3HeprHR HOHOB Ha Bxop;e H Bb!XO,ll;e 

H3 rrrreHKH - 0,9 H 0,3 M3B/HYKITOH 

COOTBeTCTBeHHO. 
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PHC. 4. 3qiqieKTHBHblH p;HaMeTp rrop 

B TIIT-rrrreHKe, o6rrytJeHHOH HOHaMH 
136xe, KaK qiyHKQHR BpeMeHH TpaB­

rreHHR B CMeCH cepHOH H xpoMOBOH 

KHCITOT rrpH 80°C. TorrmHHa rrrreHKH -

I ,8 MKM, 3HeprHR HOHOB Ha Bxop;e 

H BbIXop;e H3 rrJieHKH - 0 '5 H 
0,4 M3B/HyKITOH COOTBeTCTBeHHO. 

dacp(t) COCTOl1T 113 BblnYKIIOro 11 so-
5 t(11UH) rHyToro y4aCTKOB aHanoni4HO TOMY' 

4TO Ha6IlIDAaIIOCb B n3T¢, OAHaKO 
3Tl1 Y4aCTKl1 He CTOilb xopowo BW­

pameHbl 113-3a 11 nnox11x 11 ycnos11A 3Kcnep11MeHTa. 6b1no nposeAeHo 
MOAen11posaH11e Ha 3BM y4acTKa Kp11soA d 3¢(t) s o6nacT~ >20 HM. 
np11 3TOM Y411TWBaIIOCb, 4TO 113-3a OTHOCl1TeilbHO BWCOK6ro 3Ha4eH11R 
napaMeTpa (E.Vb)/(2Vt) iipoTpasn11saeMb1A KaHan TpeKa 11MeeT He411-
I111HAP114eCKYID cj)OPMY. Pac4eTw noKa3aI111, 4TO xapaKTep 113MeHeHl1R 
paA11ailbHOA CKOPOCTl1 TpasneHl1R B 060I104Ke TpeKa OTBe4aeT ypas­
HeH11ro B11Aa 

dr /dt = v. exp(-a1 /rm) /2/ 

nPl1 ro = /5,6 ±0,5/ HM, a1 = /85 ±12/ HM 2 , V = /14 ±1/ HM/Ml1H. 
Ben11411Ha V HaAAeHa nPRMWMl1 3I1eKTPOHHO-Ml1KPOCKOn114eCKl1Ml1 113Me­
peHl1RMl1 nocne TpasneH11R TpeKOB AO A11aMeTPOB -1 MKM. noKa3aTeilb 
CTeneHl1 m paseH 2; 3TO O3Ha4aeT, 4TO 113MeHeH11e C~OPOCTl1 Tpasne­
Hl1R nn s o6ono4Ke TPeKa Hoc11T 6onee pe3Kl1A xapaKTep, 4eM s cny-
4ae n3T¢. 

HepaCTBOPl1MaR B TeTpaI111He np11 120°C reI1b-pPaK411R 06pa3yeTCR 
np11 o6ny4eHl111 nn cj)nroeHCOM 11OHOB KCeHOHa ~10 ° CM-2

• 

·• 
O6CYlKAEHHE 

Pe3YilbTaTbl 3Kcnepl1MeHTOB noKa3blBaIDT, 4TO TpeK C11IlbHO11OHl1311-
pyro~eA 4aCT114W B nOI111Mepe HanOM11HaeT co6oA napy KOaKCl1ailbHWX 
411I111HAPOB /cepA4es11Ha 11 060I104Ka/, pa3Il114aID~l1XCR no xapaKTepy 
KOHe4HWX paAl1a411OHHO-Xl1Ml14eCKl1X 3¢cj)eKTOB. PaAl1YC cepA4es11Hw 
TpeKa, COCTOR~eA 113 pa3pyweHHoro MaTep11ana, npaKTl14eCKl1 OAl1-
HaKOB B noI111Mepax pa3HWX THnOB. BMecTe C TeM 113BeCTHO, 4T6 pa­
Al1a411OHHaR cToAKoCTb non11npon11neHa, O4eH11saeMaR sen11411HoA rpa­
H114HOA norno~eHHOA AO3bl 3IleKTPOHHOro 11Il11 raMMa-113IlY4eHl1R, np11-
MepHo Ha noPRAOK H11me paA11a4110HHoA cToAKOCT11 n3T¢. Ecn11 6w 
cepA4es11Ha TpeKa ¢OPMl1POBailaCb 3a c4eT MeXaH113Ma o6W4HOA pa-
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AHa4HOHHO-XHMH4eCKOH AeCTPYK4HH, TO pa3nH4He B paAHa4HOHHOH 
CTOHKOCTH AOnmHo 6wno 6w npHaecTH K 3aMeTHO pa3nH4a~~HMCR pa3-
MepaM AeCTPYKTHPOBaHHblX o6nacTeA a n3Tct> H nn, nOCKOnbKY pa­
AHanbHOe pacnpeAeneHHe C03AaaaeMOH BTOPH4HWMH 3neKTPOHaMH no­
rno~eHHOH A03bl aeCbMa cna6o 3aBHCHT OT aTOMHOro COCTaaa H nnoT­
HOCTH ae~ecTaa /lO/ • no3TOMY npeACTaBnReTCR 6onee aepoRTHblM, 
4TO onpeAenR~~y~ ponb B <l>OPMHPOBaHHH cePA4eBHHW HrpaeT ¢H3H-
4eCKHH MexaHH3M, onHCblBaeMblH MOAenb~ 11 HOHHOro B3PblBHoro KnH­
Ha11 HnH APYrHMH CXOAHblMH MOAenRMH /ll-l 3/. CornacHo /l 3/ paAHYC 
30HW pa3pyweHHR 3aBHCHT OT AH3neKTPH4eCKOH npoHH4aeMOCTH E, 

MOAYnR ynpyroCTH EH nnoTHOCTH MaTepHana p cneAY~~HM 06pa30M: 

1/3 
r0 = [(1/Ed (nna/p}] /3/ 

Aim paCCMOTpeHHblX nonHMepoa aenH4HHa, 3aKn~4eHHaR B KBaAPaTHblX 
CK06Kax, pa3nH4aeTCR He 6onee 4eM a 2-2,5 pa3a, H. no3TOMY pa­
AHYC 30Hbl HapyweHHR AOnmeH MeHRTbCR npH nepexoAe OT OAHoro no­
nHMepa K APYrOMY He 6onee 4eM Ha -30%, 4TO H Ha6n~AaeTCH 
Ha onblTe. 

B o6on04Ke TpeKa, nPOCTHpa~~eHCR AO paAHYCOB 30-50 HM, npe­
o6naAaeT CWHBaHHe nonHMepa H CBR3aHHoe C 3THM noHHmeHHe CKopo­
CTH TpaaneHHR. PaHee npeAnonaranocb, 4TO MOAH¢HKa4HR nonHMepa 
B o6ono~Ke o6ycnoaneHa B03AeHCTBHeM BTOPH4HWX 3neKTPO­

HOB / 4,8,14, 15/_ 0AHaKo C 3TOH T04KH 3peHHR TPYAHO o6bRCHHTb' 
no4eMy PaAHanbHaR CKOPOCTb TpaaneHHR B TpeKe npH r =/10-50/ HM 
H3MeHReTCH AOBOnbHO MeAneHHO /a 4aCTHOCTH, B n3T¢ H nAP/, B TO 
apeMR KaK noKanbHaR norno~eHHaR f,o3a cnaAaeT c paAHYCOM o4eHb 
6blCTPO /6blCTpee, 4eM 1/r 2 

/ /l 4· 17 • nony4eHHble B HaCTOR~eA pa-
6oTe pe3yJ1bTaTbl noKa3blBa~T, 4TO AOnmeH cy~eCTBOBaTb HeKHH 06-
~HH AnR anH¢aTH4eCKHX H apoMaTH4eCKHX nonHMepoa MeXaHH3M CWH­
BaHHR MaKPOMOneKYn a nepH¢epHHHWX o6naCTRX TpeKOB, AnR KOTopo­
ro He xapaKTepHa KOnH4eCTBeHHaR B3aHMOCBR3b Ha6n~AaeMWX 3¢¢eK­
TOB C C03AaaaeMOH AenbTa-3neKTPOHaMH norno~eHHOH A030H. 

PaCCMOTPHM npo4ecc ¢0PMHPOBaHHR TpeKa B paMKaX MOAenH HOH­
HOro B3pwaa. 3neKTPOCTaTH4eCKOe pacTanKHBaHHe nonomHTenbHWX 

-13 
HOHOB B Te4eHHe KOPOTKoro /10 c/ apeMeHH npHBOAHT K CMe~e-
HHRM HOHOB H aTOMOB no HanpaaneHH~ OT TpaeKTOPHH 4aCTH4bl. H3-
MepeHHR nnoTHOCTH ae~eCTBa TpeKOB, npoaeAeHHWe MeTOAOM Mano~ 
yrnoaoro pacceRHHR, Aa~T 04eHKY 4HCna CMe~eHHWX aTOMOB/181 • 
TaK, a TpeKax HOHOB Xe c 3HeprHeA -1 M3B/HyKnoH a n3Tct> Ha 1 HM 
AnHHbl TpeK'a CMe~aeTCR 500 ± 200 aTOMOB. ABTOP 1181 npH pac4eTe 
nPeAnonaran, 4TO KOnH4eCTBa CMe~eHHWX aTOMOB pa3nH4HOH Maccw 
HaXOARTCR B COOTBeTCTBHH co cTeXHOMeTPH4eCKHM COCTaBOM nonHMe­
pa.· TorAa Ha 1 HM AnHHW TpeKa AOnmHO nPHXOAHTbCR OKOno 200 CMe­
~eHHblX aTOMOB BOAOPOAa. 0AHaKO ecTeCTBeHHO npeAnonaraTb' 4TO 
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HOHbl H aTOMbl BOAOPOAa Bbl6Haa~TCR H3 MoneKyn nonHMepa C 6onbweA 
aepoRTHOCTb~, 4eM 6onee TRmenwe ¢parMeHTW. KaK noKa3waa~T Macc­
cneKTPOMeTpH4eCKHe H3MepeHl-1R /19/ , npoTOHbl AOMl-1Hl-1PY~T cpeAl-1 
aToMapHblX 1'10HOB, 3M1'1TTl-1PYeMblX 1-13 TpeKOB BblCOK03HepreTl-14HblX 
1-10Hoa a opraHH4eCKOM ae~ecTae. Bw61-1aaeMwe npoToHw xapaKTep1-1-
3y~TCR Wl-1POKl-1M 3HepreTl'14eCKl-1M pacnpeAeneHHeM, MaKCl-1MYM KOTopo­
ro CMe~aeTCR B o6naCTb 6onee BWCOKl-1X 3Hepr1-1A C POCTOM nn3 /npl-1 
nn3 = 3•10 3 3$/HM cpeAHRR 3Hepr1-1R npOTOHOB COCTaBJlReT 6 3B/. 
Ha1-16onee BWCOK03HepreTl-14HWe npoTOHW MOrYT y4acTBOBaTb B ynpy­
r1-1x COYAapeHHRX co CMe~eH1-1eM aTOMOB. np1-1 3TOM, noCKOnbKY Macca 
npoToHa cy~eCTBeHHO MeHbWe Mace aTOMOB yrnePOAa 1-1 Kl-1CnopoAa, 
npoTOH MomeT BW61'1Tb 1-13 MOneKynw TOnbKO aTOM H. noAC41'1TaeM ce-
4eH1-1e 3Toro npo4ecca. Bocnonb3yeMCR ¢opMynoA, KOTopaR nony4aeT­
CR 1-13 ¢opMym1 Pe3ep¢0PAa AnR 4acT1-14 paaHoA Maccb1 1-1 Z = 1 : 

u = rr e 4(1 /E O) 
2 (E O /E d - 1) , 

rAe e - 3aPRA 3n~KTPOHa, E O - 3Hepr1-1R npoToHa, Ed - 3Hepr1-1R, 
Heo6XOA1'1MaR ADR YAaneHl-1R aTOMa BOAOPOA~ 1-13 MOneKynbl. np1-1Hl-1MaR 
E O = 10 3 B 1-1 Ed = 5 3B, nony4aeM, 4TO ce4eH1-1e CTOnKHoaeHl-1H 
C Bb161-1aaH1-1eM aTOMOB H COCTaamieT OKono 8. 10 -lG. CM - 2, TO ecTb 
AOCTaT04HO aen1-1KO. TaKHM o6pa30M, Ha1-16onee BWCOK03HepreTl-14HWe 
npoTOHbl ,06pa3oaaaw1-1ecR a npo4ecce 1-10HHoro B3Pb1Ba, MoryT 3¢¢eK­
Tl-1BHo nopomAaTb PaAl-1Kanbl 3a c4eT Bb161-1aaHl-1R aTOMOB BOAOPOAa 
1-13 MaKPOMOneKyn. 3TOT npo4ecc MomeT npol-1CXOA1'1Tb 8 TOHKOM cnoe, 
Henocpe,qcTaeHHO np1-1nera~~eM K 06nacT1-1 111-10HHoro B3Pb1Ba 11

, no­
CKonbKY npo6er1-1 npoTOHOB C 3Hepr1-1eA 8 eAl-1Hl-14W-AeCHTKl-1 3B 
He npeawwa~T HeCKOnbKO HaHOMeTpoa. 

PaCCMOTPl-1M Aanee npo4eccw c y4aCTl-1eM HeATpanbHWX aTOMOB so­
AOPOAa, o6pa3oBaBWl-1XCR np1-1 aTOMH~X CMe~eHl-1RX, pacnaAe B036ym­
AeHHWX MOneKyn 1-1 HeATpan1-13a41-11-1 3aMeAn1-1BWl-1XCR npoTOHOB. KaK 1-13-
secTHO 120•25/ , aTOMapHblH BOAOPOA B nonHMepax o6naAaeT. 04eHb 
BblCOKOH peaK41'10HHOH cnoco6HOCTb~. B3al-1MOAeHCTBYR C MOJleKynaMl-1 
non1-1Mepa, aTOMaPHblH BOAOPOA nopomAaeT PaAHKanbl 11cepeA1'1HHOro11 

T1-1na 3a c4eT 0Tpb1sa BOAOPOAa OT CH2 1-1n1-1 CHR-rpynn: 

RH+ H ➔ H 2 + R /4/ 

B cny4ae TennOBblX aTOMOB BOAOPOAa KOHCTaHTa k CKOPOCTl-1 peaK41-11-1 
/4/ np1-1 06b14HoA TeMnepaType cocTaBnHeT 10 4 - 10 6 n/ MOnb·C , 
8 4aCTHOCTl-1 AnR nn k ""6. 10 4 n/ MOnb. C 121•22• 241• Ce4eH1-1e peaK-
41-11-1 /4/ oco6eHHO aenHKO AnR 11 ropR41'1X 11 aTOMOB BOAOPOAa, no3TOMY 
OHl-1 B3al-1MOAeHCTBY~T C OKpyma~~l'IMl-1 MaKPOMOneKynaMl-1 8 HenocpeACT­
aeHHOH 6n1-13ocT1-1 oT MecTa caoero o6pa3oaaH1-1R, Tennoswe aTOMW 
BOAOPOAa MeHee peaK41'10HHOcnoco6Hbl 1-1 MO?? AO B3al-1MOAeHCTBl-1R 
npoAT1-1 a non1-1Mepe paccTORH1-1e 10-100 HM 23 • 241. tlnR apoMaT1-14ec-
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KHX COeAHHeHHH xapaKTepHa peaK4HR o6pa3oBaHHR reKCaAHeHHnbHO­
ro PaAHKana 3a C4eT nPHCOeAHHeHHR H K 6eH30nbHOMY KOnb4Y / 20 •25; 
XOTR 11 ropR4He11 aTOMbl BOAOPOAa, nO-BHAHMOMY, MOryT BCTynaTb 

/261/ . 
H B peaK4H~ oTpWBa H . KoHCTaHTa CKOPOCTH o6pa3oBaHHR reKca-
AHeHHnbHoro paAHKana HHme KOHCTaHTW CKOPOCTH peaK4HH /4/ B anH­
$aTH4eCKHX coeAHHeHHRX 124• 251 , no3TOMY ecTeCTBeHHO omHAaTb, 
4TO B nonHMepax C 6onbWHM KOnH4eCTBOM apoMaTH4eCKHX 3BeHbeB 
pa3Mep o6ono4KH TpeKa 6yAeT 6onbwe, a KoH4eHTpa4HR PaAHKanos 
B HeH HHme. Pa3Mep o6ono4KH TpeKa, MOAH¢H4HPOBaHHOH B03AeHCT­
BHeM aTOMOB BOAOPOAa, AOnmeH onpeAenRTbCR COOTHoWeHHeM xapaK­
TepHoro speMeHH peaK4HH B3aHMOAeHCTBHR C MaKPOMoneKynaMH, 
(k.[M])- 1, H speMeHH AH¢¢Y3HH aTOMOB BOAOPOAa, b 2/4D. /3AeCb 
[M] - KOH4eHTpa4HR 3BeHbeB nonHMepa, BCTyna~~HX B peaK4H~ /4/' 
b - paAHYC TpeKa, D - K03$¢H4HeHT AH¢¢Y3HH aToMaPHoro BOAOPO-

Aa B nonHMepe/. 
AH¢¢Y3HR aTOMOB BOAOPOAa H3 TPeKa AOnmHa, 01.1eBHAHO, conpo­

somAaTbCR HX peKoM6HHa4HeA •. rpy6y~ 04eHKY 4HCna aTOMOB n, H36e­
maBWHX peKOM6HHa4HH H, cneAOBaTenbHO, Mory~HX BCTynHTb s peaK-
4H~. /4/, MOmHo nonyl.!HTb npH nOMO~H COOTHoweHHR /5/: 

n = no 

k •no 
ln(l + 4:DL) 

kpno 

411DL 

/5/ 

CornacHo1271 3AeCb no - Ha4anbHoe 4Hcno aTOMOB BOAOPOAa B 4H­
nHHAPH4eCKOM TpeKe AnHHOH L, kp - KOHCTaHTa CKOPOCTH peKoM6HHa-
4HH. AnR AH¢¢Y3HOHHo-KoHTponHpyeMoA peaK4HH kp/D = 4 11r H , rAe 
r H - napaMeTp COYAapeHHR' nPHHHMaeMblH o6bl4HO AnR aTOMOB BOAO­
POAa paBHbJM 0,05 HM. nonaraR n 0 /L .. 200, nony1.1aeM, 1.1To no KpaA­
HeA Mepe ~50 aToMOB H MOryT BCTynHTb B peaK4H~ /4/ B 06ono1.1Ke 
TpeKa Ha y1.1acTKe AnHHOH 1 HM. 

B cseTe Bb1WecKa3aHHoro cxeMy o6pa30BaHHR CWHTOH o6naCTH 
s 06ono1.1Ke TpeKa MOmHo npeACTaBHTb cneAY~~HM o6pa3oM: reHepa-
4HR B cepA4eBHHe 6onbworo KOJ1H4eCTBa npOTOHOB H aTOMOB BOAOPO­
Aa - HX AH¢¢Y3HR H B3aHMOAeHCTBHe C MaKPOMoneKynaMH C 06pa30Ba­
HHeM cepeAHHHWX paAHKanos - peKoM6HHa4HR paAHKanoB c o6pa3oBa­
HHeM CWHBOK. Pa3yMeeTCR, o6ono4Ka TPeKa HCnWTWsaeT TaKme B03-
AeHCTBHe AenbTa-3neKTPOHOB. nocneAHHe, B OTnHl.!He OT aTOMap­
Horo B6AOPOAa, MOryT BW3WBaTb pa3PWBW MaKpo4eneA. KoHe4HWe 
3¢¢eKTbl onPeAenR~TCR COOTHoWeHHeM BKnaAOB KamAoro H3 3THX npo-
4eccos. 

8 

AsTop rny6oKo 6naroAapeH B.H.Ky3He4osy 3a BHHMaHHe H noA­
AePmKY, ABTop 611aroAaPHT TaKme X.3oAaHa, A.H.MmenbCKoro 
H B.C~HayMoBa 3a npeAOCTasneHHwe 06pa34w noJ1HMepHwx nneHoK, 
A.ij.AHAwKa H o.n.OpenosH1.1a - 3a oKa3aHHY~ noMO~b. 

nHTEPATYPA 

1. DeSorbo W. - Nuclear Tracks., 1979, v.3, No.1/2, p.33. 
2. Apel P.Yu. - Nuclear'Tracks, 1982, v.6, No.2/3, p.1i5. 
3. Schnoor B. et al. - Nucl .Tracks., Suppl. No.3. Oxford: 

Pergamon Press, 1982, p.51. 
4. Guillot G., Rondelez F. - Journal of Applied Physics, 1981, 

v.52, No. 12, p.7155. 
5. Apel P.Yu., Pretzsch G. - Nuclear Tracks and Radiation 

Measurements, 1986, v.11, No.1/2, p.45. 
6. Anenb n.~. HAP. - npenpHHT OHRH 12-84-773, Ay6Ha, 1984. 
7. Anenb n.~., Kpase4 n.H. - B KH.: V Bceco~3Hoe cose~aHHe 

no MHKPOA03HMeTpHH. Te3HCW AOKnaAOB. M.: MH¢H, 1986, c.31. 
8. Anenb n.~. HAP. - npenpHHT OHRH 12-87-712, Ay6Ha, 1987. 
9. Heyna U. et al. - Nuclear Tracks and Radiation ~easurements, 

1986, v.12, No.1/6, p,33. 
10. Waligorski M.P.R., Hamm R.N., Katz R. - Nuclear Tracks 

and Radiation Measurements, 1986, v. 11, No.6, p.309. 
11. CTaP0Ay64es C.B., KHB A.E. - H3secTHR AH Y3CCP, cep.¢H3.­

MaT.HaYK, 1963, T.3, c.41. 
12. Fleischer R.L., Price P.B., Walker R.M. - Journal of Applied 

Physics, 1965, v.36, No.11, p.3645. 
13. Tombrello T.A. - Nucl .Instr.& Methods, 1984, v.B1, No.1, 

p.23. 
14. K6betich E.J., Katz R. - Phys.Rev., 1968, v.170, p.391. 
15. Fain J., Monnin M., Montret M. - Radiat. Res., 1974, v.57, 

No.2, p.379. 
16. MHTepes A.M., KannaH H.r., 6opHcos E.A. - XHMHR swcoKHX 

3HeprHA, 1974, T.8, c.537. . 
17. Varma M.N., Baum J.W., Kuehner A.V. - Radiat. Res., 1975, 

v.62, No.1, p.1. 
18. Albrecht D. - GSI Report 83-13, Darmstadt, 1983, p. 142. 
19. Dueck P. et al. - Surface Sci., 1980, v.95, No.2, p.603. 
20. Ay6HHcKaR A.M., AywKHHa n.H. - BwcoKoMoneK.coeA., 1972, 

T.14/A/, N° 2, c.1467. 
21. Ay6HHCKaR A.M., ~cy6os H.H. - H3B. AH CCCP, cep.xHM., 1974, 

N° 7, c . 1484 . 
22. Ay6HHcKaR A.M., ~cy6os H.H. - H3s.AH CCCP, cep.XHM., 1975, 

N° 9, c.2095. 

9 



23. lngal ls R.B., Wall L.A. - J. Chem. Phys., 1961, v.35, 
No.1, p,379. 

24. ay~MHCKaR A.M, - YcnexM XMMMM, 1978, T.47, W 8, C,1169. 
25. Wall L.A., Ingalls R.B. - J.Chem. Phys., 1964, No.4, 

p. 1112. 
26. ¢MnaToB E.C., ay6oso~ B.n., KYKMH n.n. - XMMMR BWCOKMX 

3HeprM~, 1968, T,2, W 6, c.501. 
27. 6RKOB B.M.' HM4MnOPOB ¢.r. - BHYTPMTpeKOBWe XMMM4eCKMe 

npo~eccw. M.: 3HeproaToMM3AaT, 1985, c.103. 

10 

PyKOnMCb nocTynMna B M3AaTenbCKM~ OTAen 
5 M~HR 1989 roAa. 

·-------~--~----- ·--~·· 


