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BBE,llEHHE 

KOHAYKTOMeTpH4eCKHH MeTOA RBnReTCR BeCbMa 3$$eKTHBH~M Me
TOAOM HccneAOBaHHR npo~ecca o6paaoeaHHR MHKponop npH Tpaene
HHH nneH04H~X MaTepHanoe, o6ny4eHH~X 3apRmeHH~MH 4aCTH~aMH. 
6 cny4ae, I<OrAa OTHOWeHHe CKOpOCTH TpaeneHHR BAOnb TpeKa V T 
K CKOPOCTH TpaeneHHR MaTepHana VB AOCTaT04HO BenHKO H o6paao
BaHHe BCeX CKB03H~X nop npOHCXOAHT OAHOBpeMeHHO, MeTOA AaeT 
B03MOmHOCTb O~eHHTb pa3Mep H36HpaTenbHO B~TpaBnHBaeMOrO paAHa
~HOHHOrO noepemAeHHR B OKpeCTHOCTH TpaeKTOpHH 4aCTH~~. noA06-
H~e 11CC11eAOBaHHR npoBeAeH~ AnR CniOA~ Ill, a TaKme AnR nonHKap6o
HaTa :12,31. B 3THX pa6oTax 6btnH HcnonbaoeaH~ AeTeKTOP~, o6ny4eH
Hble OCKOnKaMH AeneHHR, H n03TOMY nony4eHH~e peaynbTaTbl RBnR

~TCR ycpeAHeHH~MH AnR Hafiopa TpeKOB pa3H~X 4aCTH~ pa3H~X 3Hep
r11H. npeACTaBnReT HHTepec HCCneAOBaTb Ha4anbHY~ CTaAH~ Tpae
neHHR TpeKOB MOH03HepreTH4eCKHX 4aCTH~ OAHOro BHAa H COOTHe
CTH pa3Mep~ nony4aeM~X MHKponop C onpeAeneHH~MH 3aPRAOM RAPa 
11 3HeprHeH 6oM6apAHPY~~Hx 4aCTH~. B AaHHOH pa6oTe 6~n11 npoee
AeHbl 3KcnepHMeHT~ c nonH3THneHTepe$TanaTHOH /n3T$/ nneHKOH,. 1 

o6ny4eHHOH TRmen~MH HOHaMH. 

3KCnEPH~1EHT 

B Ka4eCTBe AeTeKTOPOB HCnOJ1b30BanHCb n3TCI> nneHKH 11 XOCTa$aH11 

/$HPM~ 11 Kalle11
, c>Pr/ co cpeAHHMH Ton~HHaMH 3,6 11 4,7 MKM. 06-

ny4eHHe npOH3BOAHnOCb nepneHAHKynRpH~MH K noeepXHOCTH ofipaa
~08 ny4KaMH HOHOB 136xe, 84KrH 4°Ar Ha ~HKnoTpoHe Y-300 OHHH. 
nnoTHOCTb TpeKOB B o6pa3~ax COCTaBnRna OT 1 . 10 6 AO 2. 10 7 CM -2 .• 

nocne o6ny4eHHR TRme11biMH HOHaMH AeTeKTOp~ xpaHHnHCb B Te-
4eHHe nonyroAa Ha B03AYXe npH KOMHaTHOH TeMnepaType. 3aTeM AnR 
YCHlleHHR CKp~T~X cneAOB 4aCTH~ BCe o6pa3~~ nOABeprallHCb B03AeH
CTBH~ ynbTpa$HOneTOBOrO CBeTa /MaKCHM~M HHTeHCHBHOCTH HCT04HH
Ka npH 320 HM/ B Te4eHHe 90 MHH. 

KOHCTPYK~HR KOHAYKTOMeTpH4eCKOH R4eHKH H H3MepHTenbHaR cxe
Ma OnHCaH~ B /4~,llononHHTenbHO B R4eHKY 6~n BMOHTHPOBaH TepMo
pe3HCTOp AnR KOHTpOnR TeMnepaTypbl paCTBOpa B KaMepe TpaeneHHR. 
K 3neKTPOAaM R4eHKH npHKllaA~BanoCb CHHYCOHAallbHOe HanpRmeHHe 
4aCTOTOH 1000 r~ c aMnllHTYAOH He 6onee lB. PerHCTpHpyeMoe o6-
~ee conpoTHBneHHe R4eHKH KaK $YHK~HR epeMeHH, R(t) , AaeTCR e~-

pameHHeM 
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R(t) =R o+ 4f/7rkNd~¢(t), /1/ 

rAe R - eonpOTIIIBneHIIIe A4e~KIII, 3anonHeHHO~ TpaBIIITeneM; f- Ton
U4111Ha o8pa31.4a; k - Ko3$$1111.4111eHT aneKTponpoBOAHOeTIII paeTaopa; N -
4111eno nop B o6pa31.4e; d (t)- 3$$eKTIIIBHbl~ AlllaMeTp nop, 

Cy114eeTBeHHbiM MOMeHToJ~wn aw6op yenoa111~, o6eene4111Ba~114111x aw
eoKy~ 11136111paTenbHOeTb TpaaneHHA V=VT/V8 • · PaHee 6wno noKa3a
Ho/51, 4TO nplll TpaaneHIIIIII TpeKOB TAmenbiX IIIOHOB B n3T$ 11136111pa
TenbHOeTb TpaaneHIIIA yaeniii4111BaeTeA e yMeHbWeHIIIeM KOH1.4eHTPal.4111111 
114en04111 Ill e nOBbiWeHIIIeM TeMnepaTypbl. npeABapiiiTenbHble OnbiTbl, npo
BeAeHHble np111 noArOTOBKe AaHHO~ pa6oTbl, noKa3anlll, 4TO xopowHe 
pe3ynbTaTbl AOeTIIIra~TeA nplll TpaaneHIIIIII B 0,1N paeTaope eAKOro 
HaTpa npH _80 "C. 

BpeMA nporpeaa A4eHKIII e o6pa31.40M AO TeMnepaTypw TpaaneHIIIA 
eoeTaBnAnO 40 MHH, AnA ny4We~ aoenpOIII3BOAIIIMOeTIII peaynbTaTOB 
apeMA nporpeaa BbiAepmlllaanoeb OAIIIHaKOBbiM so aeex onwTax, T.K. 
TeMnepaTypa 80° npiiiMepHO eOOTBeTeTByeT o6naeTIII eTeKnOBaHIIIA 
n3T$ Ill no3TOMY B np01.4eeee TepMOeTaTIIIPOBaHIIIA B nnaeTIIIKe MOryT 
npollleXOAIIITb penaKeai.4IIIOHHble 1113MeHeHIIIA/6~. TepMoeTaTIIIPOBaHIIIe A4eH
KIII npOIII3BOAIIInOeb e T04HOeTb~ +0,2~. 

nnoTHOeTb nop a 111eeneAyeMbiX o6pa31.4ax onpeAenRnaeb np111 noMo-
114111 onTIII4eeKoro Ill 3neKTpOHHOrO MIIIKpOeKonoa, 

PE3YllbTATbl 

Ha p111e. 1 npeAeTaaneHbl aaa111e111MoeT111 3$$eKTIIIBHoro AlllaMeTpa nop 
OT ape~TpaaneHIIIR AnR nneHOK, o6ny4eHHbiX IIIOHaMIII 136Xe11184Kr, 
KpiiiBble BbiXOART 1113 Ha4ana KOOPAIIIHaT, 4TO eBIIIAeTenbeTByeT 0 TOM, 
4TO nepable nopbl npoTpaBniiiBa~TeR HaeKB03b 3a 04eHb KOpOTKOe ape
MR /HeeKOnbKO eeKYHA/. 6bleTpbl~ poeT 3$$eKTIIIBHOrO AlllaMeTpa nop 
Ha Ha4anbHO~ eTaAIIIIII TpaaneHIIIR 06bi4HO IIIHTepnpeTIIIpyeTeR KaK paeT
BOpeHIIIe paapyweHHoro MaTep111ana. 6onee TRmenw~ IIIOH npOIII3BOAIIIT 
paapyweHIIIe 6onbwero pa3Mepa. 06pa114aeT Ha ee6R BHIIIMaHIIIe eyU4eeT
BeHHOe pa3nlll4111e MemAY KPIIIBbiMIII 2 Ill 3, KOTOpble OTHOeRTeR K o6pa3-
1.4aM, o6ny4eHHbiM IIIOHaMIII 84Kr e pa3niii4HbiMIII 3HepriiiRMIII. 

AnR 6onee AeTanbHoro paeeMoTpeHIIIR 3HepreTIII4eeKo~ 3aBIIIeiii
MoeTIII pa3Mepoa o6naeTIII paA111a1.41110HHoro noapemAeHIIIR, npolllsao
AIIIMoro IIIOHaMIII 136Xe,6wna o6ny4eHa eTOnKa 6onee TOHKIIIX AeTeKTo
POB Ill npoBeAeHbl 1113MepeHIIIR e KamAbiM enoeM 1113 eTOnKIII /pllle.2/. 
HsMeHeHIIIe 3Heprllllll IIIOHOB B KamAOM enoe.onpeAenRnOeb 1113-cooTHo
WeHIIIR npo6er-3HepriiiR, HaHAeHHOrO aBTOpOM pa60Tbi/7/,AnR nepBbiX 
Tpex enoea, B KOTOpbiX 3HepriiiR IIIOHOB MeHReTeR OT 1,13 M3B/HyKn. 
AO 0,32 MaB/HyKn., pa3Mepb1 o6pa3Y~U4111XeR MIIIKponop n04TIII OAIIIHa
KOBbl. AlllaMeTpbl d* AeeTpyKTIIIPOBaHHbiX KaHanoa eoeTaa111n111 150-160A. 
B TO me BpeMR d* B 4eTBepTOM enoe 3Ha4111TenbHO MeHbWe Ill eOeTaB
nReT OKono 125K. 

2 

I ' 

.. 

\ , 

I 
'~ 

-, 
I , it I 

• 
.:i, 

oC 

~ 
e 
1?50 
'I Jm 
·V I ' 

ll ::!) ~ 40 50 60 
BpeMII TpalllleHMft, MMH. 

Puc.l. 3~eKTHBHNH guaMeTp nop 
KaK ~HK~H BpeMeHH TpaBneHHH 
B O,lN NaOH npH 81,0 OC: I -
o6pase~, o6nyqenHNH uonaMH 
136Xe /1,13 M9B/nyKn./; 2-
o6pase~, o6nyqeuHbiH uouaMH 8 "Kr 
/0,89 M9B/nyKn./; 3 - o6pase~, 
o6nyqeuHbiH uonaMH 84Kr 
/0,49 M9B/nyKn./. Ton~ua o6-
pas~oB- 4,7 MKM, 

3Q(J 

~100 

00 20 IIJ ro 0 20 IIJ 60 

ElpeH• rpaeneH><A. ""'" 

Puc.2. 3~eKTHBHbiH guaMeTp 
nop KaK ~yHK~H BpeMeHH TpaB
neHHH B O,lN NaOH npu 81 , 0 °C. 
Ton~Ha o6pas~OB - 3,6 MKM, 
3ueprHH HOHOB 136 Xe ua BXOAe 
H BhlXOAe KaEAOro o6pas~a: 
a- 1,13 H 0,85 M3B/uyKn.; 
6- 0,85 H 0,59 M3B/uyKn.; 
B- 0,59 H 0,32 M9B/uyKn.; 
r- 0,32 H 0,12 M3B/uyKn. 

npiiiMeHeHIIIe KOHAYKTOMeTplll4eeKOrO MeTOAa AnR 1113MepeHIIIA pa3-
MepoB 11136111paTenbHO TpaBIIIMbiX noapemAeHIIIH, np01113BOAIIIMbiX IIIOHaMIIIr 
40Ar,3aTPYAHAnoeb OTHOeiiiTenbHO H1113KOH eKopoeTb~ TpaaneHIIIR BAOnb 
TpeKa. AnA Toro, 4To6w eoKpaTIIITb apeMR eKaosHoro npoTpaanlllaa
HIIIR, Mbl aoenonb30Banllleb eneAY~U4eH MeTOAIIIKOH. nneHKa TOnU4111HOH 
4,7 MKM, o6ny4eHHaR IIIOHaMIII aproHa, npeABapiiiTenbHO Tpaalllnaeb e 
OAHOH eTOpOHbl KOH1.4eHTPIIIPOBaHHbiM paeTBOpOM 114en04111 np111 20°C. 
TpaaneHIIIe oeTaHaan111aan111, KOrAa HenpoTpaaneHHbiMIII oeTaaanllleb Ko
poTKIIIe y4aeTKIII TpeKOB /pllle.3a/. Hx An111HY £1 onpeAenRnlll llleXOAA 
1113 TOnU4HHbl eTpa&neHHOrO enoR h Ill AlllaMeTpa 0 OeHOBaHIIIR KOHyea 
TpaaneHHA, Henonb3YR H3BeeTHble reoMeTplll4eeKIIIe eoOTHOWeHIIIR /8/, 

3aTeM nneHKa TpaBHnaeb B KOHAYKTOMeTplll4eeKOH A4e~Ke. npo
BOAIIIMOeTb g o6pa~1.4a MOmeT 6b1Tb OnllleaHa eneAY~II4111M BblpameHHeM: 

g = rrkN/4(fld!p+ fi'Dd 3¢). /2/ 

3Aeeb t
2

- AnHHa KOHyeoo6pa3HOH 4aCTH TpeKa /eM. pllle.3a/; d~ 
3~KTHBHWH AHaMeTp nopbl Ha y4aeTKe An111HO~ f 1. 
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BpeHI'I TpaBneHHII, MHH 

06CYmAEH~E PE3YflbTATOB 

PHc.3. a - reoMeTpHH TpeKa B o6-
pasQe, o6JiylleHHOM HOHaMii 40Ar, 
IIOCJie rrpe,o;BapHTeJibHOrO TpaBJie
HHH, 6 - 3q$eKTHBHbU1 ,IJ;HaMeTp IIOp 
KaK ~YHKQHH BpeMeHH TpaBJieHHH 
B O,lN NaOH npH 81,0 °C. 06paseQ 
o6nylleH HoHaMH 40Ar/ 2, SM3B/ HYKJI. I. 
Hoene rrpe,o;aapHTeJibHoro Tpasne
HHH ,o;JIHHa nerrpoTpaaneHHbJX yllacT
KOB TpeKOB paBHHJiaCb 1,4 MKM. 

Ha p~ttc.36 npeAcTaeneH pe3ynb
TaT on~Ta, npoeeAeHHoro c o6-
pa3~DM, B KOTOpOM CPeAHee 3Ha-
4eHHe f 1 paBHRJIOCb 1,4 MKM. 
A~ttaMeTp o6nacTH, e KOTopoH no
KanbHaR CKOpOCTb TpaBJieHHR npe
B~WaeT CKOPOCTb TpaBJieHHR He
noepemAeHHOrO ~OJIHMepa, COCTae
JIReT oKono 75 A. 

npoBeAeHH~e 3KCnepHMeHT~ Aa~T npeACTaBJieHHe 0 AHaMeTpax 
H36~ttpaTeJ1bHO B~TpaBJIHBdeM~X KaHaJIOB B n3T.-nneHKe, 06J1y4eHHOH 
HDHaMH 136 Xe, 84Kr H 40 Ar. 3Ta HH(j)opMa~HR MomeT 6~Tb none3Ha 
npH ~~6ope MeTOAHKH nony4eHHR 3KCTpeMaJ1bHO MaJ1~X nop B nOJIH
Mepax. ~OH~ KCeHDHa C 3HeprHeH OT 1,1 AD 0,3 M3B/HyKJ1. o6pa-
3Y~T pa3pyweHHble KaHan~ C n04TH He MeHRIO~HMCR no AJ1HHe AHa
MeTpOM, npH 3HeprHH HOHa HHme 0,3 M3B/HYKJ1, TpeK Ha4HHaeT cy
maTbCR. nonaraR, 4To e TpeTbeM cnoe /p~ttc.2e/ nopw HMe~T ~H
J1HHAPH4ecKy~ (j)OpMy, a B 4eTeepTOM /pHC.2r/ - KOHH4eCKy~, nerKO 
paCC4HTaTb, 4TO AHaMeTp TpaBHMOro noepemaeHHR npH 3HeprHH Kce
HOHa 0,12 M3B/HyKJ1, COCTaBJIReT OKOJ10 105A. noA06HaR 3HepreTH-
4eCKaR aaBHCHMOCTb d*(E} KoppenHpyeT c KPHBOH noTepb 3HeprHH 

~E), pacc4HTaHHOH no MeTOAHKe 111, H nnoxo cornacyeTCR c AaHH~
dx 

MH /9/, 

~oH~ KCeHoHa /~0,5 M3B/HyKn./ H Kp~ttnToHa /~1 M3B/HyKn./ Mo
ryT paccMaTpHeaTbCR KaK MOAenH cpeAHeTRmenoro H cpeAHenerKoro 
OCKOJ1KOB AeJieHHR TRmenoro RApa. no3TOMy, cpaBHHBaR pe3yJ1bTaT~, 

nony4eHHWe AJIR 136XeH 84Kr, MOmHO CYAHTb o6 D*HAaeMOM pa36poce 
AHaMeTpOB H (j)opMe MHKponop B nneHKe n3T$, eCJIH OHa 06J1y4a
nacb OCKOJIKaMH AeJ1eHHR. 
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HaAAeHH~e e AaHHoA pa6oTe 3Ha4eHHR AHaMeTpoe ~tt36HpaTeJibHO 
BbiTpaBJ111BaeM~X KaHaJIOB B n3T(j) AJIR II!OHOB 136Xe H 84{{r 6JIH3KIIt 
K nony4eHHbiM B pa6oTe /3/, rAe HCCJieAOBaJICR MaKpO(j)OJlb, o6ny4eH
HbiH OCKOJIKaMH AeJieHII!R 252Cf, 

KpHBaR d3 ~} Ha pHc.2r II!MeeT BOrHyT~A y4aCTOK. npoBOAR 
6onee AJ111Te.riXoe TpaeneHHe, Mbl o6Hapym~ttn~tt, 4TO AJIR acex o6-
paa~oa HMeeT MeCTO 3(j)(j)eKT yaeJIH4eHHR paA11aJ1bHOH CKOpOCTH Tpaa
JieHHR C yaeJIH4eHHeM AHaMeTpa nopbl. npHPOAa no~o6Horo RBJ1eHHR, 
Ha6n10AaawerocR a cn~Ae, o6cymAanacb e pa6oTel11. 06oRCHeHHe, 
npeAnomeHHOe aBTOpaMH /11, MomeT 6b1Tb cnpaBeAJIHBbiM Itt AJIR n3T<I>. 
OAHaKo 3AeCb He06XOAHM~ AaJ1bHeAwHe HCCJieAOBaHII!R. 

~HaMeTp~ KaHaJIOB, BHYTPH KOTOp~X CKOPOCTb TpaaneHHR npe~ 
BblwaeT cKopocTb TpaaneHHR HenoapemAeHHoro non~ttMepa /aT 75 A 
AJIR 40Ar AO 160 A AJIR 136Xe I, npeaocxOART pa3Mepbl, KOTOpble 
MOmHO OmHAaTb II!CXOAR H3 pac4eTOB pacnpeAeJieHHR norno~eHHOH A0-
3~ BOKpyr OCH TpeKa MHOro3apRAHOrO HOHa /10,11(a TaK)I(e 113 pe-
3YJlbTaTOB 3KCnepHMeHTOB C ra3006pa3H~MH MHWeHRMH/12/H H3 A03-
HOH 3aBHCHMOCTH CKOpOCTH TpaaneHHR n3T<I>, o6ny4eHHOrO 3J1eKTpo
HaMH /13/ 11 y-ny4aMH /14/. Bo-nepBbiX, 3TOT (j)aKT AaeT ocHoaaH~tte 
npeAnonaraTb, 4To nepaoHa4aJ1bHoe pacnpeAeneH~tte noapemAeHHA 
B TpeKe TRmeJIOH 3apRmeHHOH 4aCTH~bl HCKamaeTCR npH AJ1HTeJ1bHOM 
xpaHeHH11 o6ny4eHHoro non~ttMepHoro AeTeKTopa H B03AeHCTBHH ynbTpa
(j)HoneToaoro caeTa. Bo-BTOPbiX, nony4eHHble pa3Mepbl MoryT 6b1Tb He
CKDJibKO 3aB~WeH~ H3-3a HeOAHOBpeMeHHOCTH o6pa30BaHHR CKB03H~X 
nop. 

AaTop 6naroAapeH A.H.Ky3He~oay H O.fl.OpenoaH4Y 3a noMo~b 
B 3KCnepHMeHTe. ABTOP 6naroAaPHT TaKme r.npeT4a aa npeAOCTaa
neHHe pe3yJ1bTaTOB pac4eTOB COOTHOWeHHH npo6er-3HeprHR, B.n.ner 
peJiblrHHa 11 c. n. TpeTbRKOBY 3a none3Hble o6cymAeHHR. 
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