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1. BBe,n:emre 

l1cToqHHKH pa,D;HOaKTHBHb!X HOHOB ,D;OJDKHbl OTaeqaTb 06I1IHM Tpe6oaaHH.HM npoHJ-

80,D;CTBa HOHOB, O,D;HaKo OHM .HBJI.HIOTC.H crren:mfmqecKHMH C TOqKll JpeHH.H MaTepHana, 

rro,n;aaaeMoro B pa3p.H,n;HyIO KaMepy, KOTopbifi rrpe,n;cTaBJI.HeT co6ott rrpo,n;yKT .H,n;epHb!X pe

aKn:Hfi rrepaHqHoro nyqKa C MaTepHaJIOM MHIIIeHH. Ba:lKHb!Mll MOMeHTaMH .HBJI.HIOTC.H: 

• rronyqeHHe ,D;OCTaToqHO 3<pcpeKTHBHOfi ll 6blcTpofi TpaHClIOpTHpOBKll ,n;aHHOro llJO

TOrra OT MeCTa BOJHHKHOBeHH.H ,n;o Jap.H,D;HOfi KaMepb! OTHOCHTeJibHO rrepHo,n;a rrony

pacrra,n;a, lIOCKOJ!bKY 3TOT llJOTOlI rrpOHJBO,D;HTC.H B He6oJibIIIOM KOJIHqecTBe ll HH

TeHCHBHOCTH rryqKoB a 6oJibIIIHHCTBe CBOeM He rrpeBb!IllaIOT e,n;HHHU: HA; 

• cerrapan:H.H llJOTOrra OT OCTaJibHb!X rrpo,n;yKTOB peaKU:HH. l1 rrepaoe, ll BTOpoe ,n;o

CTHraeTC.H c lIOMOIIIbIO rrpaBHJ!bHOro BbI6opa MaTepHaJIOB H KOHCTpyKU:Hfi CHCTeMbI 

"MHIIIeHb - llOHHbifi HCTOqHHK" (pHC. 1 ); 

• apeM.H Bb!XO,D;a llJOTOlia HJ MHIIIeHH MO)KeT ,D;OCTHraTb 6oJibIIIHX JHaqeHHtt, qTo CHJ!b

HO lIOHH:lKaeT 3cpcpeKTHBHOCTb CllCTeMbl. C 3TOfi ToqKH JpeHH.H KpHTHqecKHM .HBJie

HlleM 6y ,n;eT ,D;llcp<pyJH.H BHYTPH TBep,n;ofi HJ!ll )Kll,D;KOfi MHIIIeHH. 

Mb! lib!TaeMC.H on:eHHTb xapaKTepHCTHKll 3THX npon:eccoa C lIOMOIIIbIO q>HJHKO- MaTe

MaTHqecKoro Mo,n;enHpoaaHH.H. 

p!l,IIHOOicrUBHblA ny'IOK 

nepBU'IHblH nyqoK 

PHc. 1. Yrrpom:eHHa.H cxeMa CHCTeMbl ,D;JI.H npoHJBO,D;CTBa rryqKoB pa,n;HOaKTHBHbIX HOHOB 

B pa6oTe OlIHCaHbl OCHOBHble rrpHHU:Hlibl MO,D;eJIHpoaaHH.H apeMeHH, a Teqemre KOTO

poro qacTHU:bl Haxo,n;.HTC.H a o6'beMe MHIIIeHH, a TaK)Ke npHBe,n;eHbl peJyJibTaTbl pacqeTOB 

Ha rrpOCTOfi MO,D;eJIH MHIIIeHH B BH,D;e ,n;ayx KOaKCllaJibHb!X ,D;HCKOB. B ,D;aJibHefiIIIeM rrpe,n;

lIOJiaraeTC.H pa3BllTHe Mo,n;eJIH c n:eJibIO ee rrpH6JIH)KeHH.H K peaJibHb!M ycJIOBll.HM, HJ qero 

MO:lKeT 6b!Tb rronyqeHa 6onee peaJIHCTllqHa.H on:eHKa .HBJieHHfi, KpHTHqecKH ,n;efiCTBYIOIIIHX 

Ha rrpOHJBO,D;CTBO pa,D;HOaKTHBHb!X rryqKoB, a TaK:lKe yrrpom:eHHe rrpoeKTHpOBaHH.H HOBb!X 

ll MO,D;epHHJaU:Hll CTapb!X HCTOqHHKOB pa,n;HoaKTHBHb!X rryqKoB. 
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,z1:i,1cKa. Koppe.ruuu1n o6ttapy)!(eHo He 6bIJio. qaCTIIUhI BbIJieTa.r111, paBHOMeptto pacnpe.n:e

JieHHhle no TIJIOIUa.n:11 6oKOBoro cetieHIIJI M~~eHII. 

PaccMaTpllBaJiaCb 3aBIICIIMOCTb BpeMeHII npoJieTa t OT JJ:llaMeTpOB .D:IICK_OB d,, d2 II 

paCCTOJIHIIJI Me)!(.n:y HIIMII l (cM. p11c. 3). 

r.n:e 

H 

0.002 
0.0018 
0.0016 
0.0014 
0.0012 

l(s)o.001 

0.0000 
0.0006 
0.0004 

P11c. 3.3aBIICIIMOCTb BpeMeHn Bb!XO,n:a II3 MIIIIIeHII aToMa 6He OT .n:naMeTpOB .D:IICKOB 

d1 ,d2 .D:JIJI l = 0, 001M II np11 30%-n noTepe 'IIICJia qacTnu; o - pe3yJihTaTbI MO,n:eJin

ponaH11JI, CTIJIOIIIHaJI JIIIHIIJI - annpoKCIIMaUIIJI <pyHKUIIJIMH (6) 

IloJiy'leHHble 3HatieHHJI annpoKCHMHpOBaJIHCb CJie.n:y10iuen <pyHKUHeil:: 

/M d1 -I 
tN,o,,(d1,d2,l) = aN,o,,vr[ln(bN,o.,T)l] X f(d1,d2), (6) 

d3 
f(d1, d2) = d: , rrpn d2 < d1 , 

f(d1,d2) = df, rrpn d2 ~ d1. 

3tta'leHHJI K03<pq>HUHeHTOB llN1o .. H bN,o., rrpn pa3Hb!X rroTepJIX tiaCTHU rrpnne,n:eHhl B Ta-

6Jinue 1. 
Oco6eHHOCTb paccMaTpHBaeMoro .D:BH)!(eHHJI 3aKJIIO'laeTCJI B HeCHMMeTpH'IHOCTH IIOJiy

'leHHOro Bb!pa)!(eHHJI OTHOCHTeJibHO JJ:HaMeTpOB .D:HCKOB di, d2, 'ITO o6'bJICHJieTCJl q>HKCH

poBaHHbIM Bb160p0M Toro JJ:HCKa (HH)!(Hero), C KOToporo rrpoHCXOJJ:HT "ncrrapeHne" JI,n:ep. 

Eiue pa3 OTMeTHM, 'ITO 3TOT pe3yJibTaT He 3aBHCHT OT Toro, q>HKCHpOBaJIIICb Jill KO

op.n:nHaTbl o6pa3oBaHHJI qaCTHU n MHIIIeHH HJIH HeT. 
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1 

N1a,1, % 30 40 50 

a 0.3978 0.2873 0.1989 

b 11.0546 7.9396 5.0870 

Ta6JI11ua 1. 3HatieHIIJI napaMeTpOB llN1o,r bN,o,t B 3aBIICIIMOCTII OT BpeMeHII BhlXO,n:a II3 

M11IIIeH11 tN,o., (6) npn pa3Jill'IHbIX 3HatieHIIJIX TIOTepb qacTIIU N1ost 

100 

10 d1:d2:0.05m 

'!I' 

-~ 0,1 

0,01 

--- 1=0.001 m 
1E-3 --1=0.003m 

-T-1=0.008m ;---
1E-4 

~ ....... '"""' ''""" '"""' '"""' ........ '"' 
1E-6 1E·5 1E-4 1E-3 0,01 0,1 

'tdelay 

Pnc. 4. 3aBHCHMOCTb BpeMeHH BhlXO,n:a H3 MHIIIeHH JI,n:ep 6He OT npeMeHH 3a,n:ep)!(KH 

Tdelay( c) 

PaccMaTpHBaJiaCb 3aBHCHMOCTb npeMeHH BhlXO,n:a H3 MHIIIeHH tN,o,, OT BpeMeHH )!(H3HH 

Ha rronepXHOCTH JJ:HCKOB Tdelay (cM. pnc. 4). 

,Il;aHHbie q>HTHpOBaJIHCb JIHHeil:HOil: <pyHKUHeil: y = ao + a1X. 3Ha'leHHJI K03<pq>HUH

eHTOB ao H a1 .D:JIJI d1 = d2 = 0, 05M H rrpn pa3Jill'IHhIX l rrpnne.n;eHhl B Ta6Jinue 2. 

Bn.n;Ho, 'ITO Ha'IHHaJI c HeKoToporo noporonoro 3HatieHHJI Tdelay, 3aBHCJIIIJero OT pa3-

MepoB MHIIIeHH, BpeMJI rrpOJieTa t 3aJ.leTHO B03pacTaeT, rrpHBO,ll;JI K IIOTepJIM B MHIIIeHH OT 

pacrra.n;on tiaCTHU. 

4. 3aKJIIO~emie 

BbIJia CMo,n;eJIHpOBaHa 3aBHCHMOCTb BpeMeHH .n;n<p<py3HOHHOro Bb!Xo,n;a tiaCTHU H3 UH

mrn.n;pH'IeCKOil: MHIIIeHH B 3aBHCHMOCTH OT reOMeTpH'IeCKHX pa3MepoB MHIIIeHH H BpeMeHH 

3a,n;ep)!(KH Ha noBepXHOCTH o6pa3yJOIIJHX ee ,ll;HCKOB. OTMe'leHa HeCHMMeTpH'IHOCTb Bpe-
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