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ArcryaJihHOCTh pa60Tbl 

IlepBbie TeopeTH'leCKHe pa60ThI no TeOpHH )].eTeKTHp0BaHH5I Ha1JaJIHCh 

no4TH cpa3y ,Ke nocJie rrepsori qiornrpaqiII11ecKori perncTpa1-1m1 

pa.nnoaKTHBH0CTH s 1896 ro)],y. 3a npoIIIe]lrnee speM5I )].eTeKT0pbl CTaJIH 

3q>q>eKTHBHhIM HHCTpyMeHTOM JlJl5I HJy11emrn aTOMH0ro MHpa H qJH3HKH 

3JieMeHTapHhIX 11acTHQ. Ilo Mepe pa3BHTH5I MeT0Jl0B perncTpaQHH 

yseJIH'IHBaJI0Ch K0JIH'leCTBO TBep)].0TeJibHhIX MaTepUaJI0B, HCII0Jih3YeMhIX )].JI5I 

perncTpaQUH pa3HOo6pa3HhIX U0HH3npy10mnx U3JIY'IeHUH, H co BpeMeHeM OHU 

6bIJIH ycJI0BH0 o6ne)].HH~Hhl B KJiacc 51)].epHbIX rnep)].oTeJibHhIX TpeK0BhIX 

)].eTeKrnpos (51TT,D.). HecMoTp5I Ha pa3JIH11H5I, see MaTepHaJihI KJiacca 51TT,[( 

o6Jia,1],aIOT p5I,1!,0M H,1],eHTH'IHhIX perucTpaQH0HHhIX CBOHCTB, BbITeKaIOI[IIIX II3 

cymecTB0BaHII5I o6IQIIX 3aKOHOMepHOCTeH B3aIIMO)],eHCTBII5I 11acTIIQ C 

semecTBOM pa3JIU1JHhIX cpe)]., II II3 cymecTB0BaHU5I CTaTIICTII1JeCK0ro II0)].06mr 

nocJie)].0BaTeJihHOCTII co6hITIIH, rrpIIB0)].5II[IIIX K perncTpIIpyeM0MY 3q>q>eKTy. B 

3aIQIIIQaeMOM IIO)].X0)].e npe)].II0JiaraeTC5I, 'ITO pe3yJihTaT B03JleHCTBII5I JII06oro 

HOHII3IIpy10mero H3Jiy11eHII5I Ha MaTepIIaJihI 51TT,[( TaKOB, KaK 6y.nrn Bee OHII 

C0CT05IT H3 )].HCKpeTH0ro MH0)Kecrna 11YBCTBHTeJibHhIX MIIKpoo6neMOB (qM), 

crroco6HbIX uaXOJlIIThC5I B JlBYX C0CT05IHH5IX «HeT» II «,[(a». JloKaJihHhIH 0TKJIIIK 

Ha H0HII3IIpy10mee II3Jiy11eHIIe B HeKOTOpOH T01JKe )].eTeKT0pa 3aKJII01JaeTC5I B 

nepexo)],e qM B 3TOH T01JKe II3 C0CT05IHII5I «HeT» B C0CT05IHHe «,[(a». O6neKTOM 

HCCJieJl0BaHII5I HaCT05IIQeH pa60ThI 5IBJI5IIOTC5I TpeKII 3ap51)KeHHhIX 11acTHQ II 

H0H0B, o6pa3YJOIQHeC5I a BIIJle TpexMepHhIX npocTpaucrneHHhIX 

pacnpe)].eJieHHH JI0KaJihHhIX 0TKJIHK0B (IlPJIO). B 51TT,[( TaKOH TpeK ocrneTC5I 

JiaTeHTHhIM )].O rrpose)].eHII5I crreQHaJihHoro npo1-1ecc3 ero BH3yaJIH33QIIH. 

TeopII5I )].eTeKTHp0B3HII5I II0CT05IHH0 C0BeprneHCTBOBaJI3Ch H pa3BIIBaJI3Ch 

no Mepe pa3BHTH5I MeT0).1.0B )].eTeKTHpoBaHII5I II p3CIIIIIpeHII5I Kpyra q>II3H1JeCKIIX 

33).1.311 C IICII0Jih30B3HHeM 51TT,[(. B II5ITH)].eC5IThIX f0)].3X rrpoIIIJI0ro CTOJieTII5I B 

uenTpe BHHMaHH5I 6bIJIII CJI360IIOHH3IIPYIOIIIIIe 93CJ;H[lhI, ueo6xo.n.IIMO 6brno 

06'I,e)],HHeHH1IH HHCTHTYT\ 
} vi 
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C03.L(aTh MaTep11aJJbI 11 MeT0.L(bI perl1CTpaQ1111, 06Jia,L1arom11e BbICOKOH 

4YBCTBl1TeJibH0CTbIO K 0.L(H03ap5I,L1HbIM '1aCTl1QaM. K. C. EoroMOJIOBbIM 6bma 

C03.L(aHa <l>nyKTyaQ110HHa5I Teop115I ~0Torpa~11qecKoro .L(ettCTBl15I 

cna60110Hl1311pyrom11x qaCTl1Q /JJ.3/. B K0HQe wecTl1.L(eC5ITbIX JieT pacTeT 11HTepec 

K perncTpaQHH MH0f03ap5I,L1HhIX 5I,Llep Ha ycKopttTeJI5IX lI K H3y4eHHIO cneKTp0B 

K0CMtt'1ecKoro H3Jiy4eHH5I. AMepttKaHCKHH ~H3HK P. KaTQ pa1pa6aTbrnaeT 

E.L1ttHyro Teop1110 TpeKoB /JI4/. B Hett npe,L1nonaraeTcH, 4T0, Bo-nepBbIX, nro6oe 

113JIY4eHHe B03.L(eiicrnyeT Ha .L(eTeKT0p qepe3 BhI6HBaeMbie HM noT0KH 

o - 3JieKTp0H0B H, B0-BT0pbIX, '1T0 npocTpaHCTBeHHbie pacnpe,LleJieHH5I 

BhI.L(eJieHHOH 3THMH n0T0KaMH 3Heprntt 0.L(H03Ha'1H0 0nHCbIBaIOT 

npocTpaHCTBeHHbie pacnpe.L(eJieHH5I JI0KaJJbHhIX 0TKJIHK0B, T.e. HCn0Jih3yeTC5I 

.L(0nymeHHe 06 a.L(eKBaTH0CTH CB5I3H .L(03a-3~~eKT. B HaqaJJe ceMH.L(eC5IThIX JieT 

B03HHKaeT oco6brtt HHTepec K nottcKy cBepxrn)KeJihIX 3JieMeHTOB (CT3) 

0CTp0Ba CTa6ttJibHOCTH, no5IBJI5IeTC5I Heo6xo,L(HMOCTb 6onee T04H0ro yqeTa 

BKJia,L(a 0-3JieKTpOHOB B o6pa30BaHtte JiaTeHTH0ro TpeKa. IIo3TOMY B 1972 fO.LIY 

crnBttTc5I 3a.L(aqa no pa1pa60TKe MeTo.L(a pacqern napaMeTp0B TpeKoB B 

~OT03MYJibCHl1 .L(JI5I 5I,Llep C 6oJibllIHMH aT0MHbIMH H0MepaMH, .L(JI5I K0TOpbIX 

KaJJ116poB0'1Ha5I HH~OpMaQH5I B Te BpeMeHa 0TCYTCTB0BaJJa. B npoQecce 

npoBe.L(eHH5I HaCT05ILQeii pa60TbI BbI5ICHHJIHCb H0Bhie acneKTbl aKTYaJJbH0CTH 

3T0ro lICCJie.L(0BaHH5I, nocTaH0BKa 3a.L(a'1H 6hma o6o6meHa Ha Beeb KJiacc .51TT,[( . 

UeJih u ocnoBHhie 3ap;a~rn p;11ccepTaq1111 

.l1:JI5I pacqeTa napaMeTp0B TpeK0B He06XO.L(HMO, KaK MHHHMYM, 3IfaTb 

npocTpaHcrneHH0e pacnpe,LleJieHtte JI0KaJJhHhIX 0TKJIHK0B (IIPJIO) no o6'beMy 

JiaTeHTHbIX TpeK0B. IIo3TOMy QeJibIO HaCT05ILQeii pa60Tbl 5IBJI5IeTC5I n0CTpoeHtte 

TeOpHH ,L(eTeKTHp0BaHl15I, npttrO.L(HOH .L(JI5I onttCaHH5I 3THX pacnpe.L(eJieHHH, lI 

pa3pa60TKa Ha 0CH0Be 3TOH TeopttH MeT0.L(0B, npe.L(Ha3Ha'1eHHbIX .L(JI5I pacqeTa 

pa3Hoo6pa3HbIX lI3Mep5IeMbIX napaMeTp0B TpeK0B B MaTepttaJJax .51TT.lJ:. 
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.lJ:ocTH)KeHtte nocTaBJieHHOH QeJIH BKJII0'1aeT: 

O6ocHOBaHtte B03M0)I(H0CTH C03.L(aHH5I e,L(HH0f0 TeopeTtt4eCK0ro no.L(X0.L(a 

KO BCeMy KJiaccy .51TT.D: lI ycrnH0BJieHtte o6mttx MaTeMaTH4eCKHX 

Bbipa)KeHHH .L(JI5I onttcaHH5I IIP JIO no o6'heMy H,LlepHbIX rnep,LloTeJihHhIX 

.L(eTeKT0p0B np11 np0X0)K,L(eHHH qepe3 HHX noT0K0B MH0f0KpaTH0 

pacceHBaeMbIX 3JieKTp0H0B; 

Y CTaH0BJieH11e o6LQHX MaTeMaTtt'1eCKHX Bbipa)KeHHH .L(JI5I Bepo5ITHOCTeH 

no5IBJieHl15I JI0KaJJbH0ro 0TKJIHKa nptt npoX0)K.L(eHHH qepe3 .51TT.D: 

CMernaHH0ro noT0Ka qacTH_Q pa3H0ro Tttna; 

OnttcaHtte 3aBHCHM0CTH perncTpaQH0HHblX napaMeTp0B .L(eTeKT0p0B OT 

pa3Jil1'1HblX ~lI311'1eCKHX ~aKTOpoB; 

PerneHHe 3a,L(aq Teop11H MH0f0KpaTH0ro pacce5IHH5I 3JieKTp0H0B C QeJibIO 

pa1pa60TK11 MeTO.L(0B H aJJropttTM0B pacqern TpexMepHhIX IIP JIO B0Kpyr 

T0'1e4H0r0 HCT0'1HHKa 3JieKTp0H0B .L(JI5I .L(aJlbHeiirnero MX HCn0Jib30BaHl15I np11 

pac'1eTe BKJia.L(a (}-3JieKTpOHOB B ~OpMHpOBaHtte JiaTeHTHhIX TpeK0B 6hlCTpbIX 

110H0B HJIH 3ap5I)KeHHbIX '1aCTHQ; 

opraHH3aQHIO 6aHKa ,L(aHHblX no pa3JIH4HhIM rnep,LI0TeJibHhIM .L(eTeKT0paM 

11 C03.L(aHl1e nporpaMM no o6cJiy)KttBaHHIO 6aHKa .L(aHHbIX nptt noHCKe HJIH 

3anHCH lIH~OpMaQttH; 

Pa3pa60TKY MeT0.L(0B lI C03.L(aH11e QHKJia K0MnhIOTepHbIX nporpaMM .L(JI5I 

pac'1eTa IIP JIO no o6'heMy JiaTeHTHoro TpeKa perncTpttpyeMoro 5I.L(pa B 

nro6oM MaTepttaJJe .51TT.D:; 

Pa1pa60TKY MeT0.LI0B pacqern Kl1HeTHKH ~pOHTa TpaBJieHH5I nptt 

lI3BeCTHbIX n0JI5IX CKOpOCTett TpaBJieHtt5I; 

OnttcaHHe 3aBHCHM0CTH Bep05ITHOCTeH no5IBJieHH5I JIO OT npoMe)KyTKa 

BpeMeHtt Me)K.LIY M0MeHTaMH o6nyqeHtt5I .51TT.D: H npoQecca Btt3yaJJ113aQtttt; 

3 



11cnonh30Bam1e pa3pa6oTaHHOH Teopm1 51TT,[( H MeTo~oB ~m1 c03~aHm1 

QHKJia nporpaMM no pacqeTy pa3H006pa3HhIX napaMeTpOB TpeKOB B 

pa3nnqHhIX MaTepnanax 51TT,[(; 

Pa3pa60TKY MeTO~OB nOHCKa perHCTpaQHOHHhIX napaMeTpOB ~eTeKTOpOB 

H3 3KCnepHMeHTOB npH BH3yanH3aQHH TpeKOB npoQeCCOM TpaBneHHH. 

Hay,rnasi uoeu3ua 

I. ITpe~naraeMaH TeopHH 51TT,[(, HBnHeTCH ~anhHettIIIHM nornqecKHM 3BeHOM 

3BOnIOQHH TeopHH ~eTeKTHpoBaHHH, HCTOKH KOTOpOH BOCXO~HT ew.e K 

pa6ornM H. Eopa /JII/, 6n0<pH3HKOB M. Enay H K. AnhTeH6yprepa /JI2/, 

BnepBbie npttMeHHBllllIX MO~enh MHOrHX y,uapoB ,unH 6HOTKaHett, no3~Hee 

ttcnonh30BaHHOH B TeopnHx K.C. EoroMonona /JI3/ H P. KaTQa /JI4/. B 

3aw.nw.aeMoii TeOpHH 51TT,[( yqHTbIBaeTCH 3HepreTnqecKHH cneKTp nOTOKa 

MHOroKpaTHO paccennaeMhIX 8-3neKTpOHOB, npOXO,UHI..I.J.HX qepe3 

qyBCTBHTenhHhIH MHKpoo6'beM ,UeTeKTopa B 3~aHHOH ToqKe r . 

3aw.nw.aeMaH TeopHH 51TT,[(, n03BOn5151 paccqHTaTh napaMeTpbI naTeHTHhIX 

TpeKOB B n1060M TBep,uoTenhHOM ~eTeKTOpe H HX 3aBHCHMOCTH OT 

pa3nHqHhIX cpaKTOpOB, OXBaThrnaeT ropa3,UO 6onee IIIHpOKHH Kpyr 

<plI3HqecKHX HBneHHH, qeM npe,UhI.UYW.He Teoptttt, TaKHe KaK TeopHH 

K.C.EoroMonona HnH P. KaTQa. 

2. BnepBbie TeopHH 51TT,[( no OTHOIIIeHHIO K 51,UepHbIM cpoTOrpacpnqecKHM 

3MynhCH51M HMeeT 3anepIIIeHHhIH BH,U H no3BOn51eT paccqttTaTb n106oii 

napaMeTp npOHBneHHOro TpeKa 51,Upa HnH qaCTHQhI, KaK B pe)KHMe cqeTa 

3epeH, TaK H B pe)KHMe H3MepeHH51 onTnqecKHX nnOTHOCTeii. 

3. BnepBbie TeopHH 51TT,[( no OTHOIIIeHHIO K ,ueTeKTopaM, o6pa6aThIBaeMbIX 

H36ttpaTenhHhIM TpaBneHtteM TpeKOB, n03BOnHeT CTpOHTh pH~ npn6nH)KeHHH 

,UnH onncaHHH H3MepHeMbIX napaMeTpOB BhITpannnnaeMbIX nop, H36eraH 

peIIIeHHH cnO)KHhIX XHMHKO-,UH<p<py3HOHHhIX 3a_uaq, KaK ,unH cnyqa51, Kor.ua 
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pa,uttyChI BhITpaBnHBaeMhIX nop 6onbllle npo6eroB ,5 - 3neKTp0HOB, TaK H 

~nH cnyqaH, Kor,ua OHH HaMHoro MeHhIIIe npo6era o - 3neKTpoHa 

MaKCHManbHOH 3HeprHH. 

ABTOP 1arn;mu,aeT; 
- TeopHIO 51,UepHbIX TBep,uoTenhHhIX ,ueTeKTOpOB, KOT0paH yqHTbIBaeT 

cpnyKTyaQHH B3aHMO,UeHCTBH51 3ap51)KeHHhIX qacTHQ HnH 51,Uep-cHapH,UOB C 

aTOMaMH new.ecrna BHYTPH qyBCTBHTenhHhIX MHKpoo6'heMOB ,ueTeKTOpOB tt 

no3BOnHeT: 

a) nocTpOHTh C nOMOI..I.J.hIO MO~enH MHOrHX y,uapoB lI .UH<pcpepeHQHanbHOH 

cpyHKQHH noTOKa f(Q,r,s) TeopttH MHOroKpaTHOro pacceHHHH 3neKTpOHOB 

MaTeMaTttqecKHe Bbipa)KeHH51 ,UnH BepoHTHOCTeH noHBneHHH OTKnHKa 

qyBCTBHTenhHOro MHKpoo6neMa B 3a,UaHHOH TOqKe 51TT,[( nocne B03,UeHCTBHH 

Ha Hero nOTOKa 3JieKTpOHOB; 

6) pa3JIHqaTb CJiyqan ~eKBaTHOCTH lI He~eKBaTHOCTH CB513H ,U03a-3cpcpeKT; 

B) o6o6I..I.J.HTh noJiyqeHHbie Bblpa)KeHHH ,UJIH BepOHTHOCTeii OTKJIHKa Ha cJiyqaii 

CMeIIIaHHOro noToKa qaCTHQ pa3JIHqHoro THna; 

r) Bhl,UeJIHTh qacTHhiii cJiyqaii pacqern HHTerpanbHhie xapaKTepttCTHKH ITPJIO 

He 3aBHC51T OT MHOroKpaTHOro pacce51HH51 qaCTHQ H pacqeT nepoHTHOCTeH 

noHBJieHHH OTKJIHKa 3HaqnTeJibHO ynpow.aeTCH, T.K. CBO,UHTCH K mnerpanaM 

B,UOJih TpaeKTOpHH pacceHBaeMbIX qacTHQ; 

.u) noJiyqaTb H3 o6w.ttx Bbipa)KeHHH ,UJIH BepOHTHOCTeii JIOKanhH0ro OTKJIHKa B 

O,UHOM qaCTHOM CJiyqae COOTBeTCTBYIOI..I.J.He BepoHTHOCTH <I>nyKTyaQHOHHOH 

TeopHH EoroMOJIOBa, B .upyroM - nepoHTHOCTH OTKJIHKa E,uttHoii Teopnn KaTQa, 

a B TpeTheM qacTHOM CJiyqae n03BOJIHeT noJiyqaTh JIHHeHHhIH OTKJIHK Ha 

BhI,UeJieHHYIO B qyBCTBHTeJibHOM MHKpoo6neMe ,UeTeKTOpa 3Heprn10; 

e) 0606I..I.J.HTb Bbipa)KeHH51 ,UJIH BepOHTHOCTeii OTKJIHKa Ha cJiyqaii, Kor.ua 

npncyTcrnyeT co6cTBeHHhiii HJIH BHeIIIHHii pa,unaQHOHHhIH cpoH 5£TT,[(; 

e) npoBeCTH o6o6w.eHHe nOH51TH51 JIOKanbHOro OTKJIHKa, npH KOTOpOM 
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JIOKaJlbHb!H OTKJIHK paccMaTpHBaeTC51 KaK pe3yJibTaT BH3YaJIH3aQHH HeKOTOpOH 

,nOJIH !pli3HqecKoro aHcaM6JI51 BHyTpeHHHX COCT051HHH qyBCTBHTeJibHblX 

MHKpoo6beMOB, H yqecTb BHyTpeHHHe !pli3HqecKHe COCT051Hli51 

qyBCTBHTeJibHb!X MHKpoo6beMOB; 

)K) HCnOJib30BaTb ,nJI51 HaXO)K,neHH51 npocTpaHCTBeHHb!X pacnpeneneHHH 

JIOKaJlbHOrO OTKJIHKa MeTO,nbI TeOpHH MHOroKpaTHOro pacce51HH51 3JieKTpOHOB; 

3) OueHHBaTb 3aBHCHMOCTb CKOpOCTH TpaBJieHH51 B,nOJib TpeKa OT 

TeMnepaTypbl paCTBOpHTeJI51 li BeJIHqliHbl nonOJIHHTeJibHOro o,nHopo,nHoro 

!pOHOBOro o6nyqeHH51. 

- onepaTOpHb!H MeTO,n pemeHH51 CHCTeMbl peKyppeHTHb!X ypaBHeHHH ,nJI51 

npocTpaHCTBeHHo-yrnoBb!X MOMeHTOB nucpcpepeHIJ,liaJlbHOH cpyHKQHII noToKa 

MHOroKpaTHO pacceIIBaeMb!X 3JieKTpOHOB, B KOTOpOM OTblCKHBaIOTC51 

K03!p!plIQIIeHTbl pa3JIO)KeHH51 MOMeHTOB no nOJIHHOMaM Jle)KaH,npa, 3aBIIC511I(IIM 

OT yrna BbIJieTa 3JieKTpOHOB. 3TO no3BOJI51eT MHOroKpaTHO IICnOJib30BaTb HX 

,nJI51 pa3JIJiqHb!X yrnoB BbIJieTa 3JieKTpOHOB II3 IICTOqHJIKa, He pema51 

peKyppeHTHb!X ypaBHeHIIH 3aHOBo; 

-Mo,nttcpIIKaumo MeTo,na MoMeHTOB CneHcepa _nn51 reoMeTpIIH ToqeqHoro 

aKCliaJlbHO-CHMMeTpIIqecKoro IICTOqHJIKa, B KOTOpOH 3JieKTpOHhl II3JiyqaIOTC51 

non HeKOTOpb!M yrnoM K OCH CHMMeTpIIII. TaKa51 reoMeTpII51 COOTBeTCTByeT 

BbI6IIBaHIIIO O - 3JieKTpOHOB 51_npoM-CHap51,nOM. 3m MO,nIIq>HKaQII51 no3BOJI51eT 

OTbICKIIBaTb ITPJIO, a TaK)Ke npocTpaHcTBeHHbie pacnpe,neneHH51 norno!I(eHHOH 

3HeprHH li nOTOKa 3JieKTpOHOB He TOJlbKO OT,neJibHO no pa,nIIaJibHb!M II,nII 

npo,nOJibHbIM, HO II o,nHOBpeMeHHO no o6eIIM Koop,nIIHaTaM; 

-MeTo,n pacqeTa npocTpaHCTBeHHb!X pacnpeneneHIIH JIOKaJlbHOro OTKJIIIKa no 

o6beMy JiaTeHTHOro TpeKa 51,npa B 51TT,z::i:; 

- CTPYKTYPY 6aHKa ,naHHbIX _nn51 51TT ,z::i:, a TaK)Ke QIIKJI nporpaMM _nn51 

o6cny)KHBaHII51 6aHKa ,naHHbIX; 

-MeTO,nbl pacqeTa pa3JIIIqHb!X napaMeTpOB TpeKOB Ha OCHOBe 

npe,nBapIITeJibHO Haii,neHHbIX ITP JIO; 
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-MeTO,nbI noIICKa perncTpaQIIOHHblX napaMeTpOB 51TT,z::i:, o6pa6aTbIBaeMb!X 

II36HpaTeJibHh!M TpaBJieHIIeM. 

-MeTO,n aBTOMaTHqecKOH II,neHTII!pIIKaQIIII peJI51TIIBHCTCKIIX 51,nep C 

He60JiblIIIIMII aTOMHbIMII HOMepaMII o,nHOBpeMeHHO no pacnpeneneHII51M 6no6oB 

li pa3pb!BOB, II3Mep51eMb!X Ha KOMnJieKCe MIIKpOCKOn-KOMnbIOTep; 

-MeTo,n nporH03IIpOBaHH51 perpeCCHII TpeKOB B !pOT03MYJihCIIII, 

npe,nHa3HaqeHHOH ,nJI51 HeHTpIIHHOro 3KCnepIIMeHTa; 

-noJIO)KeHIIe, B KOTOpOM cpopMyJIIIpyeTC51 npIIHQIIn pacqfaa KIIHeTIIKII li 

reoMeTpIIqecKOH cpopMbl cppoHTa TpaBJieHII51 TpeKa ,nJI51 II3BeCTHb!X noneH 

CKOpOCTeH TpaBJieHII51 B cn.rioIIIHb!X II KpHCTaJIJIIIqecKIIX 51TT,z::i:; 

-KpHTepIItt, YKa3b!BaIOII(IIH, Korna npII TpaBJieHIIII TpeKOB Heo6xo,nIIMO 

yqHTbIBaTb pa,nIIaJihHb!e pacnpe,neJieHII51 JIOKaJibHOro OTKJIIIKa no nonepeqHOMy 

ceqeHHIO TpeKOB, II Korna TaKOH yqeT He Hy)KeH; 

-nocne,noBaTeJibHOCTb npII6JIII)KeHIIH ,nJI51 onucaHII51 npo,nOJibHOH CKOpOCTII 

BbITpaBJieHII51 TpeKOB B MaTepHaJiax, o6pa6aTbrnaeMb!X npoueccoM TpaBJieHII5I; 

- nptt6JIH)KeHHb!H MeTo,n pacqeTa 3aBHCHMOCTII II36IIpaTeJibHOCTII TpaBJieHII51 

B,nOJib TpeKa II ,nIICKpIIMIIHaQIIOHHOH cnoco6HOCTII 51TT,z::i: OT TeMnepaTyphl 

TpaBJieHH51 li OT y-,n03hl o,nHopo,nHoro nonOJIHIITeJibHOro o6nyqeHII51 ,neTeKTOpa. 

-BcIO coBoKynHOCTb nporpaMM ,nn51 3BM, peaJIII3YIOII(YIO nepequcneHHbie 

BbIIIIe MeTo,nb1 pacqern, a TaK)Ke nporpaMMbI, IIcnoJib3YIOII(IIe ITP JIO ,nnH 

pacqfaa pa3JIJiqHb!X napaMeTpOB TpeKOB KaK B !pOTorpacpIIqecKIIX, TaK II He B 

cpornrpacp.IIqecKIIX MaTepIIaJiax 51TT,z::i:; 

- Bbipa)KeHH51 ,nJI51 OQeHKH npe,neJibHO MIIHIIMaJlbHblX npocTpaHCTBeHHO

BpeMeHHb!X IIHTepBaJIOB (Lixm;n ,LitmJ B3aHMO,neHCTBII51 IIOHII3IIpyIOII(IIX qacTIIQ H 

51_nep-cHap51,nOB C Be!I(eCTBOM, COOTBeTCTBYIOlll,IIX IIX CKOpOCT51M /J II noTepHM 

(:). 
-Bee npe,ncTaBneHHbie B ,nIIccepTaQIIH pe3yJibTaTbI pacqfaoB. 
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Hay,rnoe H npaKTH'ICCKoe 311aqe1111e pa6oThI 

K11acc 51TTLJ: /8/ HMeeT IIIHpoKym 6bICTpo pa3BHBammymc.sr 0611acn 

IIpHMeHeHH.sI. B Hee BX0,[l.sIT .sr.z:1epHa.sr q>H3HKa H 6uo11orn.sr, Me,[IHU:HHa H 

K0HTp0Jib OKpy:lI<aIOmeii cpe.[lbl, apxeo11orH.sr H reo11oru.sr, IIpOMbIIIIJieHHOCTb, 

H3H0TeXH0JI0rH.sI H T.,[I. Ilpe.z:111araeMbIH TeopeTHqecKHH IIO,[IX0,[I II03BOJI.sieT 

paccqunrnaTb IIP JIO 11aTeHTH0ro TpeKa HOHH3ttpymmeii qacTHU:bI B 11m60M 

MaTepttaJie 51TTLJ:. 3HaHtte IIP JIO II03BOJI.sieT paccqurnn 11m6b1e napaMeTpbI 

TpeKOB B .sI,[lepHbIX q>OT03MYJibCH.sIX. Hy:lI<HO OTMeTHTb, qTo, .sIBJI.sI.sICb caMbIM 

nepBbIM ,[leTeKTOpOM, C IIOMOI.J..\blO K0T0poro 0TKpbITa pa.z:1uau:u.sr, q>OT03MYJibCH.sI 

BbI,[1ep)KaJI3 CT0JieTHIOIO KOHKypeHU:HIO C Heq>oTorpaqiuqecKHMH ,[leTeKT0paMH, H 

IIp0,[10JI)K3eT IIIHp0K0 HCII0Jib30B3TbC.sI B C0BpeMeHHbIX q>H3HqecKHX 

HCCJie,[IOB3HH.sIX /JI6, JI8/, /6, 16, 18, 19, 24, 25/. O611aCTb IIpHMeHeHH.sI 

,[leTeKT0pOB, o6pa6aTbIB3eMbIX TpaBJieHHeM, ropa3,[10 IIIHpe, qeM ,[IJI.sI 

q>OT03MYJibCHH H OHH TO)Ke HCIIOJib3YIOTC.sI BO MHOrHX q>yH.[laMeHTaJibHb!X 

q>H3HqecKHX HCCJie,[IOB3HH.sIX, HaIIpHMep, B /JI7/. 

Hcc11e.z:10BaH aKTYaJibHbIH ,[IJI.sI MHKp0,[103HMeTpHH H TeopHH ,[leTeKTHpOBaHH.sI 

BOIIpoc O cymeCTBOB3HHH 0611aCTH 3,[leKB3THOCTH CB.sI3H ,[1033-3q>q>eKT. Haii.[leH 

KpHTepuii IIO.sIBJieHH.sI a,[leKB3THOCTH CB.sI3H ,[I03a-3q>q>eKT, C IIOMOI.J..\blO KOToporo 

npoaHaJIH3HpOB3HO 0K0JIO TPH.z:IU:3TH pa3JIHqHb!X 51TTLJ: /2/. 

CB.sI3b Me)K.[ly IJP JIO H H3Mep.sreMbIMH napaMeTpaMH TpeKOB B ,[leTeKTOpax, 

o6pa6aTbIBaeMbIX TpaBJieHHeM, HaMHOro CJI0)KHee, 'JeM y <pOT03MYJibCHH. TeM 

He MeHee, 3HaHHe IIPJIO B TaKHX 51TT1I II03B0JI.sieT OTbICKHBaTb ,gocTaToqHo 

60JibllIOH Ha6op pa3Hoo6pa3HblX H3Mep.sreMbIX napaMeTpOB TpeK0B .sr,gep, 

CTpOHTb IIOCJie,[IOBaTeJibHOCTH nptt6Jitt)KeHHH ,[IJI.sI OIIHC3HH.sI CKOpOcTeii 

TpaBJieHH.sI, H HaXO,[IHTb H3 KaJIH6poBoqHbIX 3KcnepttMeHTOB pern:cTpau:HOHHbie 

napaMeTpbI ,[leTeKT0pOB. 

HoBb!H oneparnpHbIH MeTO,[I peIIIeHH.sI peKyppeHTHbIX ypaBHeHHH TeopHH 

MH0roKpaTHOro pacce.sIHH.sI 3JieKTpOHOB TaK)Ke HMeeT C3MOCTO.sITeJibHOe 

8 

3HaqeHHe H MO)KeT 6b!Tb HCIIOJib30B3H He TOJibK0 B 0611aCT.sIX, CB.sI33HHb!X C 

Teopueii ,[leTeKTHpOBaHH.sI /22, 26/. O.[IH3)K,[lbl HaH,[leHHbie K03q>q>HU:HeHTbl 

pa3JIO)KeHH.sI npocTpaHCTBeHHb!X MOMeHTOB IIO II0JIHH0MaM Jle)K3H,Llpa OT yrna 

BbIJieTa 3JieKTpOHOB, H 33IIHC3HHbie B cneu:HaJibHO C03,[laHHb!H 6aHK ,[13HHb!X 

/22/, MO)KHO MHOroKpaTHO HCIIOJib30BaTb ,[IJI.sI 

3JieKTpOHOB B 3TOM )Ke MaTepttaJie. 

B paMK3X TeopHH MHOroKpaTH0ro 

pa3JIHqHb!X HCTOqHHK0B 

pacce.srmrn 3JieKTp0110B 

npoaHaJIH3Hp0B3Hbl HCTOqHHKH 3JieKTpOHOB H0BOro THIIa, II03TOMY 

pa3pa6ornHHbie MeTO.z:lbI pacqern IIP JIO BOKpyr rnKoro ucToqHHKa caMH no 

ce6e HMeIOT C3MOCT0.sITeJibH0e 3HaqeHHe. TaK, HaIIpHMep, ,[IJI.sI TeOpHH 33IIHCH 

q>OTOrpaqiuqecKHX H306pa)KeHHH C IIOMOI.J..\blO 3JieKTpOHH0ro 11yqa 3TOT MeTO,[I 

II03B0JI.sieT paccqHT3Tb JII06b1e xapaKTepHCTHKH II0JiyqaeMb!X H3o6pa)KeHHH /20, 

23/. 

TeopH.sr ,[leTeKTHp0B3HH.sI 6hrna HCII0Jib30B3Ha ,[IJI.sI pacqeTa napaMeTp0B 

TpeK0B H0H0B BO BCeM ,[IHaIIaJ0He aT0MHbIX H0MepoB Ta6JIHU:bl MeH,[leJieeBa, 

BKJIIOqa.sr CT3 B HHTepBaJie CKOpOCTeii OT IIHKa Ep3rra ,[10 peJI.sITHBHCTCKHX 

CKOpOCTeH. 

Ilpe.z:111araeMbie B ,[IHCcepTaU:HH MeT0,[lbI pacqeTa II0JIH0CTblO peaJIH30B3Hbl B 

U:HKJie nporpaMM .z:111.sr 3BM H IIK, KoTOpb1e MoryT 6bITb HCII0Jih30B3HbI He 

T0JibK0 B nayqHbIX 3a.z:1aqax, HO TaK)Ke H B pa3JIHqHb!X nayq1m-TeXHHqecKHX H 

IIpHKJia,[IHb!X 0611acrnx /26/. 

Teopu.sr ,[leTeKTHp0BaHH.sI M0)KeT 6bITb HCII0Jib30BaHa B MHoroqucJieHHbIX 

33,[laqax II0 H,[leHTHq>HK3U:HH 6bICTpbIX .sr.z:1ep H qaCTHU:, B HCCJie,[I0B3HH.sIX 

K0CMHqecKHX cneKTp0B .sr.z:1ep, BKJIJOqa.sr II0HCK CBepXT.sI)KeJibIX 3JieMeHT0B. 

3amumaeMa.sI Teopu.sr ,[leTeKTHp0B3HH.sI M0)KeT CJiy)KHTb 0CHOBOH ,[IJI.sI 

II0CT3H0BKH H0Bb!X ucc11e.z:10BaHHH. HanpHMep, ynpaB11enue 

qyBCTBHTeJibH0CTblO ,[leTeKT0p0B C II0M0I.J..\b!O ,[I0II0JIHHTeJibHb!X 0,[IH0p0,[1HblX 

0611yqeHHH y-KBaHTaMH, YJibTpacpHOJieTOM, 3JieKTp0H3MH H T.,[I. LJ:pyrnM 
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HanpaBnem1eM HCnOJib30BaHIIe pacqeTHbIX npocTpaHcTBeHHbIX 

pacnpe,ll.eneHHH no o6oeMy naTeHTHbIX TpeKOB ,ll.JIH ,ll.anbHeiimero ToqHoro 

pemeHH51 XHMHKO-,ll.Hcpcpy3HOHHbIX 3a,ll.aq npH OnHCaHHH KHHeTIIKH cppoHTa 

TpaBJieHH51 KOHKpeTHOro MaTepttana. TpeTbHM HanpaBJieHHeM - MO,ll.eJIHpOBaHHe 

npou:ecCOB BHYTPH BbITpaBJIHBaeMbIX HaHonop TpanneHHeM Heo6nyqeHHoro 

MaTepttana npH nOBbillieHHbIX TeMnepaTypax H KOHU:eHTpaU:H5IX pacrnopHTeJI51 H 

,ll.p. 

Anpo6au;m1 pa6oTbI 

OcHOBHbie pe3yJihTaThI ,ll.Hcceprnu:HH peryn5IpHo ,ll.OKJia,ll.bIBanacb Ha ceccmrx 

ceKU:HII JI<!> O<!>H PAH «<l>H3HKa cpyH,ll.aMeHTanbHhIX B3aHMO,ll.eiicrnttii». 

(I1T3<!>, MocKBa, X,1979 r.; <!>I1AH, 1983r.; I1T3<!>, 1998; 2000; 2003; 2005; 

2007); Ha O)].HHHa)].u:aTH Me)K)].yHapO,ll.HbIX KOHcpepeHU:H5IX no JITT.D:: (IX -

M10HxeH, <!>Pr, 1976 r.; X - JI110H, <!>paHU:H51, 1979; XVI - r. IleKHH, KHP, 1992 

r.; XVII - .D:y6Ha, 1994 r.; XVIII - Kattp, ErnneT, 1996; XIX - Ee3aHcoH, 

<!>paHU:H51, 1998; XX - Iloprnpo)K, CnoneHH51, 2000 r.; XXI -.D:enH, I1H)].H51, 2002; 

XXII - EapcenoHa, I1cnaHH51, 2004; XIII - IleKHH, KHTaii, 2006; XXIV -

EonoHb51, I1TanH51, 2008); Ha Me)K)].yHapo,ll.HOH KOHcpepeHU:HII Nuclear Energy 

for New Europe 2006 (Iloprnpo)K, CnoneHmr,, 2006); npe,ll.cTaBJieHbI Ha XII 

Me)K)].yHapO,ll.HOH KOHcpepeHU:HH no 5ITT.D: (AKanyJibKO, MeKCHKa, 1983 r.), Ha 

MeiK,ll.yHapo,ll.HOM K0Hrpecce no HayqHoii cpornrpacpHH (KeM6pH,ll.iK, AHrnH51, 

1982 r.); ,ll.0JIO)KeHbI Ha BcecOI03HOH KOHcpepeHU:HH no npe,ll.eJibHbIM CBOHCTBaM 

cpornrpacpttqecKIIX MaTepttanon (qepHorononKa, 1979r. ), Ha qeTb1pex 

BcecoI03HbIX KOHcpepeHU:H5IX no MHKpO,ll.03IIMeTpHH ( III - MocKBa, 1979 r.; IV -

Y CTh-Hapna, 1983 r.; V - Y CTh-HapBa, 1985; VI - KaHeB, YKpaHHa, 1988;), Ha 

BcecOI03HOH KOHcpepeHU:HH "<!>oTorpacpttqecKHe npou:ecCbI Ha OCH0Be 

ranoreHII,ll.0B cepe6pa" (qepHoronoBKa, 1983 r.); Ha XXXIII CoBeIIJaHHII no 

51,ll.epHoii cneKTpocKonHH H CTPYKType aT0MHoro 51,ll.pa (MocKBa, 1983 r. ); 

npe,ll.CTaBJieHbI Ha MeiK)].yHapo,ll.HOM KoHrpecce <!>oTorpacpttqecKoii HayKH. 

IO 

(<t>Pr, Cologne/Kain. 1986), ,ll.0JI0iKeHhI Ha Bceco103uo11 HayqHo-Texm1qecK011 

KoHcpepeHu:1111 (MocKna, 1988); Ilpe,ll.CTaBJieHbI Ha International Congress of 

Photographic Science (China\Beijing, act. 15-19, 1990); .D:onoiKeHbI Ha ,ll.Byx 

BceCOI03HblX llIK0Jiax-ceMHHapax no rnep,ll.0TeJibHbIM TpeK0BblM )].eTeKTopaM (II 

- O)].ecca, anpenb, 1986; III - O)].ecca, 5-11 CeHrn6pb, 1991 ); .D:onoiKeHhI Ha 

,ll.BYX MeiK,ll.yHapo,ll.HbIX pa6oqHx coneIIJaHH5IX "Solid State Nuclear Detectors 

and their Applications" (.D:y6Ha, 1990 H 1993) H Ha Tpex MeiK,ll.yHapo,nHhIX 

KOHcpepeHU:II5IX no pa,ll.OHHOH ,ll.03HMeTpHH "Internat. Conferences of Rare Gas 

Geochemistry" (II - Besancon - France, 5-9 Juillet, 1993; III - Amritsar, India, 9-

15 December.; IV - 1995. Rome, Italy, 9-15, June, 1997); Ha qeTb1pex 

coneIIJaHH5IX MeiK,nyuapo,nHoii Kona6opaU:HH EMU0 1 "Meetings of the EMU0 1 

Collaboration and perspectives of the emulsion technique in the experiments at 

the Nuclotron relativistic nuclear beams" LHE, JINR Dubna (Anpenh, 1996; 

<t>enpanb, 1998; Mal1, 1999; Mair 2000;). 

OcuoBHbie pe3yJibTaTbI ony6JIHKOBaHbl B 38 pa6ornx, 22 H3 K0TOpbIX 
BX0,ll.5IT B nepeqeHh BAK 2008. 

llocToBepuocTb pewm,TaTOB pa6oTbI 

B ,ll.HCCepTaU:HH HCn0Jib3YIOTC51 ,ll.0CTlf)KeHH51 B TeopHII ,neTeKTHpoBaHH51, 

II3BeCTHbie K M0MeHTY nocTaH0BKH pa6oTbl. IlocTpOeHHe TeopeTHqecKoro 

no,ll.X0)].a 5IBJI5IeTC51 ,ll.anhHeHllIHM pa3BHTHeM 3TOH TeopHH H 0CHOBaH0 Ha 

II3BeCTHb!X 3aK0HaX qJH3HKII B3aHMO,ll.eHCTBH51 6bICTpbIX H0HH3HpyIOIIJHX qacTHU: 

c neIIJecrnoM. AuanornqHo MeT0,ll.bI pacqern IIP JIO BKJIJ0qa10T ,ll.0CTHiKeHH51 

TeopIIH MHOr0KpaTH0ro pacce5IHH51 3JieKTp0H0B H 5IBJI5IIOTC51 ,ll.anbHeHllIHM 

pa3BIITIIeM ee MeT0,ll.0B npHMeHHTeJibH0 K npo6rreMaM ,neTeKTIIp0BaHH51. 

IlpaBIIJibHOCTb MeTo,na pacqfaa IIP JIO, c03_nanaeMoro noToK0M 3JieKTpo

H0B, n0,ll.TBepiK,neua cornacIIeM C 3KCnepHMeHT0M TeopeTHqecKOH 3aBIICIIMOCTH 

OT T0JIIIJHHbl nrrocKoro qJOT03MYJibCHOHHOrO CJI051 3HaqeHII51 3HeprHH, npH 

K0T0p0M o6ecrreqHBaeTC51 MaKCIIManbHa51 qyBCTBIITeJibH0CTb, a TaK)Ke xop0llIIIM 

cornacHeM 3KcnepHMeHTanbHOH H TeopeT11qecKOH 3aBHCHM0CTeH cneKTpanbHOH 
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qyBCTBIITeJibHOCTII qJOT03MYJibCIIII qJIIKCIIpoBaHHOM TOnI.l(IIHbl OT 3HeprnII 

3JieKTpOHOB. 

ITpaBIIJibHOCTh MeTOJJ,a pacqfaa TIP JIO no o6'beMy TpeKa B <pOT03MYJihCIIII 

no,11;rnep)KJJ,eHa COBIIaJJ,eHIIeM pacqeTHbIX II 3KCIIepIIMeHTMbHbIX npo<pIIneii 

TpeKOB 51,11;ep. TaK)Ke xopornee cornacIIe Me)K)],y TeopIIeii II 3KcnepIIMeHTOM 

)],OCTIIrHYTO )],JI5! He<pOTOrpa<pIIqecKIIX MaTepIIanOB. TaK )],JI5! MIIHepanbHOfO 

JJ,eTeKTOpa OJIIIBIIHa TeopeTIIqecKM 3aBIICIIMOCTb M.D: TpeKOB OT aTOMHOfO 

HOMepa perncTpIIpyeMoro 51JJ,pa, nonyqeHHa51 nocne KanII6poBKII 51,apaMII c 

aTOMHblMII HOMepaMII B JJ,IIana30He Z= 24-36, JJ,ana xopornee npeJJ,CKa3aHIIe Lmax 

TpeKa 51)],pa ypaHa Z= 92: 3KCnepIIMeHTMbHOe 3HaqeHIIe Lmax = 1100-1200 MKM, 

a pacqfaHoe Lmax = 1160 MKM. Y,11;0BnernopIITeJibHoe cornacIIe TeopIIII c 

3KCIIepIIMeHTOM nonyqeHO )],J15! paJJ,IIMbHbIX CKOpOCTeii TpaBJieHII51 

nonIIMepHoM JJ,eTeKrnpe MaKpo<ponh-KG. 

06beM u cTpVKTVpa nucceprnµuu 

B 

.l1:IIccepTal(II51 COCTOIIT II3 BBeJJ,eHII51, rneCTII rnaB, 3aKmoqeHII51, npIIJIO

)KeHII51, CIIIICKa l(IITIIpOBaHHOH JIIITepaTypbl II3 315 pa6oT. OcHOBHOe co

JJ,ep)KaHIIe )],IICcepTal(IIII II3JI0)KeHo Ha 354 CTpaHII.l(aX, IIMeeTC51 36 Ta6JIII.l( II 147 

pHCYHKOB. 

Conepmauue J:!uccepTaµnu 

Bo BBe)],eHIIlI OCBell(aeTC51 lICT0plrn IIOCTaHOBKlI pa60Tbl, OTMeqaeTC51 

aKTYMbHOCTb npoBeJJ,eHH51 HaCT051.ll(ero TeopeTIIqecKoro lICCJie)],0BaHH5!, 

c<popMynHpoBaHa l(eJib )],HCcepTal(lIOHHOM pa6oTbl II II0JIO)KeHH51, BbIH0ClIMbie 

aBTOpOM Ha 3all(IITy . .D:aHo KpaTK0e OIIHCaHHe )],lICCepTal(IIII no rnaBaM. 

B nepsoii rnase npe,11;crnBneH JIIITepaTypHbitt ofoop, IIOCB51.ll(eHHhIH 

lI3JIO)KeHIUO qJII3IIqecKIIX OCHOB TeopIIII JJ,eTeKTIIp0BaHmI II COCT051HIIIO TeopIIII 

JJ,eTeKTIIpOBaHII51 K M0MeHTY IIOCTaHOBKII HaCT05lll(eii pa60TbI. B ofoope IIOKa3aHa 

B03MO)KHOCTb o6oe)],IIHeHII5! 60JibilIOro KOJIIIqecrna JJ,eTeKTIIpyIO.ll(IIX MaTepHan0B 
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B 0JJ,HH Knacc 51TT.D:. <l>opMynIIpyeTc51 Qenb HacT051.ll(eii pa60Tb1. 

3ap5!)KeHHbie qacTII.l(bl IIJIII 51)],pa npII npOX0)KJJ,eHIIII 11epe3 Bell(eCTB0 

Bbl3bIBaIOT pa3Hoo6pa3Hbie pa,11;IIaQIIOHHh1e 3<p<peKThI, 3aBIIC51.ll(IIe OT CTPYKTYPhI 

MaTepIIana II IIX 3HeprIIII. K HIIM MO)KHO OTHeCTII BCeB03MO)KHbie 

TeMnepaTypHbie 3<p<peKTbI, o6pa30BaHIIe 30H HOBOH qla3bl Bell(eCTBa, BbI6poc 

MaTepIIana C OCII TpeKa C o6pa30BaHIIeM IIOJibIX IIJIII pa3p5!)KeHHbIX o6nacTeii 

yMeHhilleHHOH nJIOTHOCTII, 11051BJieHIIe TOqeqHbIX JJ,e<peKTOB, B036y)KJJ,eHHe 

qJOHOHOB II 3KCIITOHOB B KpIICTMJIIIqeCKHX MaTepIIanax II T.)],. B 06.ll(eM cnyqae 

CTPYKTypa naTeHTHOro TpeKa COCTOIIT II3 cep,11;.l(eBIIHbI, CTB0Jia II KpOHbI. 

OcHOBHOH BKna,11; B cep,11;QeBHHY TpeKa BHOC51T ynpyrne 51)],epHbie 

B3aIIMOJJ,eHCTBII51 51JJ,pa-cHap51JJ,a C 51)],paMII MaTepIIana, CTBOJI <popMIIpyeTC51 

,5 - 3JieKTpOHaMII ManbIX 3Heprnii C npo6eraMII nop51JJ,Ka pa3MepoB 

qyBCTBIITeJibHbIX MIIKpoo6nacTeii, a KpoHa C03JJ,aeTC51 MH0roKpaTHO 

pacceIIBaeMbIMII JJ,JIIIHHOIIpo6e)KHbIMII ,5 - 3JieKTpOHaJl,1ll 6onee BbICOKIIX 

3Heprnii. CooTHorneHIIe Me)K)],y 3JieMeHTaMII CTPYKTYPhI naTeHTHoro TpeKa 

3aBIICIIT OT npOBO)],IIMOCTII MaTepIIana JJ,eTeKTopa - qeM OHa Bb!Ille; TeM MeHbille 

ponb r5 - 3JieKTpOHOB. ITepBIIqHbie aKTbI B3aIIMOJJ,ettCTBII51 IIMeIOT JJ,IICKpeTHbIH 

xapaKTep. lb cooTHOilleHII51 Heonpe,11;eneHHocTeii reii3eu6epra MO)KHO 

nonyqIITb 3HaqeHII51 MIIHIIMMbHbIX npocTpaHCTBeHHO-BpeMeHHb!X IIHTepBanOB 

IIX JIOKMII3al(IIII npII npOXO)K)],eHIIII qepe3 MaTepIIan qacTII.l(bl HJIH IIOHa C 

3ap5!JJ,OM Z, CKOpOCTbIO /J II y,11;eJibHbIMII IIOTep51MII 3HeprnII dE(Z,/J)I dx: 

fil'.mio (Z,P) = J/J·c ·n/( dE~,/3)) (I); ~tm,o (Z,/J) = ,/i ( ( dE~,/3)} /J ·c) (2); 

TaK JJ,JI51 npoTOHa, JJ,BII)Kyll(eroc51 qepe3 51,11;epuy10 <pOT03MYJibCHIO TIIn-P2 co 

CKOpOCTbIO, paBHOM IIOJIOBIIHe CKOpOCTII CBeTa, 3TII IIHTepBanbI paBHbl 

Lixmin = 8. 7 HM II ~tmin = 5.8 · 10-
17 

C. fipII )],BII)KeHHII 3TOro )Ke IIpOTOHa qepe3 

JJ,eTeKTOp CR-39 MO)KHO nonyqIITb, qrn Lixmin = 13.2HM H ~tmin = 8.8·10-
17 

C. 

O6paTHbie IIM BeJIHqIIHbI JJ,aIOT npeJJ,eJibHbie MaKCIIMMbHbie npoCTpaHCTBeHHbie 
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H BpeMeHHhie qacTOTbl aKTOB nepsHqHbIX B3aHMO.[leHCTBHH /36/. TTepsHqHbie 

aKTbl B3aHMO.[leHCTBH5l BbI3blBaIOT JIOKaJibHhie OTKJIHKH Ha OCH TpeKa. KpoMe 

:noro, Hap.sr.r1y C .LIPYrHMH p~HaQHOHHblMH 3cpcpeKTaMH, BO Bcex MaTepHaJiax 

nepBHqHbie B3aHMO.[leHCTBH5l 51,Llep C aTOMaMH cpe,Llbl npHB0.[15IT K BhI6ttBaHmO H3 

aTOMHbIX o6onoqeK IlOTOKOB {)-3neKTpOHOB, 3HepreTHqeCKHH cneKTp KOTOpbIX 

MO)l(eT 6bJTb oqeHb urnpOKHM - OT HeCKOJibKHX K3B ,LIO HeCKOJibKHX M3B H 

BbIIIIe. Hx npo6ern MOryT .[IOCTHraTb COTeH MHKpOH tt 6onee /31/. TTpH 

npOXO)l(,[leHHH qepe3 cpe.r1y .[leTeKTopa {)-3JieKTpOHbl HCIIbITbIBaIOT CHJibHOe 

MHOroKpaTHOe pacce.srHtte. EcJIH MaTepttaJI .[leTeKTOpa He 5IBJI5leTC5l npoBO.[IHHKOM, 

TO B pe3yJihTaTe B03,[leHCTBH.sI o6IQero IlOTOKa 3JieKTpOHOB B HeM II05IBJI5leTC5l 

HeKOTOpoe npocTpaHCTBeHHOe pacnpe.r1eneHHe JIOKaJibHbIX OTKJIHKOB, K~bIH H3 

KOTOpbIX 3aKmoqeH B MaJIOM MHKpoo6'beMe, .[IHaMeTpa nop.sr.[IKa MHKpOHa HJIH 

HeCKOJibKHX HaHOMeTpOB. 3To 5IBJI5leTC5l nepBblM qiaKTOpOM, o6be.[IHH5IIOIQHM 

pmnHqHbie MaTepttaJibl s O.[IHH KJiacc 51TT)];. B !pOTOMaTepHaJiaX tt 6HOTKaH.srX Ha 

.[IHCKpeTHOCTb CTpyKTypbl .[leTeKTOpa cnyqaiIHbIM o6pa30M HaKn~hIBaeTC5l 

.[IHCKpeTHOCTb aKTOB B3aHMO.[leHCTBH5l. B MaKpOCKOIIHqeCKH chJIOIIIHbIX 

.[leTeKTOpax .[IHCKpeTHOCTb JIOKaJibHOro OTKJIHKa onpe.r1en.sreTC5l .[IHCKpeTHOCTbIO 

nepBHqHbIX aKTOB B3aHMO,[leHCTBH5l, qTO Il03BOJI5leT paccMaTpttBaTb JII06oiI TaKOH 

.[leTeKTOp TaK, KaK 6y.[ITO OH TO)l(e COCTOHT H3 MHO)l(eCTBa qM_ 3To 5IBJI5leTC5l 

.LIPYrHM Ba)l(HbIM o6be.[IHH5IIOIQHM cpaKTOpOM. PmMep qM MO)l(eT 

cpopMttpoBaTbC5l KaK MHKpO- HJIH HaHOCTPYKTypoiI .[leTeKTopa, TaK H BTOpHqHblMH 

npoQeccaMH, HHHQHHpOBaHHbIMH nepsuqHbIMH aKTaMII B3aHMO.[leHCTBH5l. 

,lJ;nIITeJihHOCTb BTOpttqHbIX npoQeCCOB MO)l(eT HaMHOro npeBbIIIIaTb Lit min. 0Ha 

MO)l(eT H3Mep.srTbC5l .[IOJI5IMH ceKyH.[lbl, Mec.srQaMH /3, 6/ H ,[la)l(e ro,[laMH. PmMep 

o6nacTH, CO,Llep)l(aIQHH OT.[leJibHbIH JIOKaJibHbIH OTKJIIIK, nocne BH3YaJIH3aQHH 

o6bJqHO npeBbIIIIaeT pa3Mep qyBCTBHTeJihHOro MHKpoo6oeMa. TaK pa3Mep 

npo.srsneHHoro 3epHa .sr.r1epHoiI cpoT03MYJihCHH THn-P2 nptt CTaH.LlapTHOM 

IIp05IBJieHHH B 1.5 pma npeBhIIIIaeT pa3Mep He npo.srBJieHHOro MHKpOKpHCTaJIJia 
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AgBr, pa.r1uyc Kornporo paBeH 0.28 Ml(Jl,t. B o6IQeM cnyqae pmMep 

npo.srBJieHHOro 3epHa 3aBIICHT OT MeTO.[IHKH np05IBJieHH5l. 

TTpocTpaHCTBeHHbie pacnpe,LleJieHH5l JIOKaJibHbIX OTKJIHKOB cpopMttpyIOTC5l 

MHO)l(eCTBOM TpaeKTOpHH ◊-3JieKTpOHOB C npo6eraMH, npeBOCX0.[15IIQHMH 

pmMepbI qM. 3TH {)-3JieKTpOHbl Ha· CBOeM nyTH BbI6ttBaIOT Me.[IJieHHbie 8-

3JieKTpOHhI BTOporo IIOKOJieHH5l MeHbIIIeiI 3HeprHH. HMeHHO 3TH ◊-3JieKTpOHbl C 

MaJibIMH npo6eraMH, Henocpe,LICTBeHHO yqacTByIOT B Bbl30Be JIOKaJihHOro 

OTKJIIIKa B.[IOJib TpaeKTOpIIH {)-3JieKTpOHOB nepBoro IIOKOJieHH5l. Co6hJTH5l, 

npIIB0.[15IIQHe K o6pa30B'1;HIIIO TaKIIX BTOpHqHbIX {)-3JieKTpOHOB, 5IBJI5IIOTC5l 

3cpcpeKTHBHbIMH no OTHOIIIeHHIO K IT05IBJieHIIIO JIOKaJihHOro OTKJIHKa qM, rrpH 

IIpOXO)l(,[leHHH qepe3 Hero O.[IHOro IIJIH HeCKOJihKHX 6hICTpbIX ◊-3JieKTpOHOB 

nepsoro IIOKOJieHH5l. )];n.sr BCex MaTepIIaJIOB 51TT)]; rrpIIMeHIIMa MHoroy.r1apna.sr 

MO,[leJib OTKJIIIKa, B KOTopoiI ITO.LI «y.r1apoM» ITOHIIMaeTC5l O.[IHO 3cpcpeKTIIBHOe 

co6bITIIe BHYTPII qM_ MaTeMaTuqecKoe onttcaHIIe CTa.[IIIII cpopMIIpoBamrn 

TTPJIO .srsn.sreTc.sr o6IQIIM .r1n.sr scero Knacca 51TT)];. B TO )Ke speM.sr, TaK KaK 

IT05IBJiemre OT,[leJibHOro JIOKaJibHOro OTKJIIIKa BhI3bIBaeTC5l pa,LIIIaQIIOHHhIMII 

3cpcpeKTaMII, 3aBIIC5IIQHMII OT CBOHCTB MaTepIIaJia II BII,[la pa.r1ttaQIIII, TO .[IJI5l 

IIJyqef!II5l npttpO,Llbl JIOKaJibHOro OTKJIIIKa B Ka)l(,[IOM KOHKpeTHOM MaTepttaJie 

Heo6XO.[IIIMO rrpoBO.[IIITb OT.[leJibHOe 6oJihIIIOe IICCJie.[IOBaHIIe. 

Pa.r1ttaQIIOHHbie 3cpcpeKTbl, Bbl3bIBaIOIQIIe JIOKaJibHbIH OTKJIIIK, COBMeCTHO C 

.[laJibHeHIIIIIMII npoQeccaMII BII3YaJIII3aQIIII TpeKOB cpopMttpyIOT CBOHCTBa qM, 

KOTOpbie . B TeOpIIII OIIIIChIBaIOTC5l perttcTpaQIIOHHbIMII napaMeTpaMII. 3nr 

napaMeTpbI MoryT 6bITb BbJqIIcJieHbl TeopeTuqecKII, KaK 3TO 6bIJIO c.r1enano .[IJI5l 

!pOT03MYJibCilH EoroMOJIOBbIM, IIJIII MOryT 6bJTb HaH.[leHbI II3 KaJIII6posoqHbIX 

3KCrrepIIMeHTOB, no.r106no TOMY, KaK 3TO .[leJiaJIOCh B pa6oTax KaTQa. 

B ofoope ormcano COCTO.sIHIIe TeopIIII .[leTeKTIIpOBaHil.sI Ha MOMeHT 

ITOCTaHOBKII HaCTO.sIIQeiI 3a.z:1aqu II IIpOBe.[leHa aHaJIOrII.sr B CBOHCTBax Me)l(.[ly 

pmnIIqHhIMII MaTepIIaJiaMtt 51TT)];. Mo)l(eT cymecrnoBaTb, narrpIIMep, 
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KaqecrneHH0e 110.L(06tte TeMllepaTypHOll HJIH BpeMeHHOll 3aBHCHMOCTH 

xapaKTepttCTHK TpeK0B B CHJihH0 pa3Jittqa10mttXCH MaTepttanax 51TT)],. 

B 11epBOll rJiaBe Ha 0CH0Be aHaJitt3a Teoptttt .L(eTeKTttpoBaHHH H Teoptttt 

MH0roKpaTHoro pacceHHHH ycTaH0BJieH0, qT0 K M0MeHTY II0CTaH0BKH 3a,L(aqtt B 

JittTepaType 0TCYTCTB0BaJIH pa60Tbl, B K0T0pbIX: 

-cTp0HJICH 6hI e,[\HHhlll TeopeTttqecKHll 110.L(X0,L\ K 0llttCaHHIO 

perttcTpaQH0HHblX CBOHCTB pa3JIHqHblX MaTepttaJI0B 51TT)], Ha OCHOBe 

,[\eTaJibH0ro yqern sep0HTH0CTHblX co6hITHll, 11pottCX0.L(Hll.(HX s qM 11ptt 

11poxo)K)J.eHHH qepe3 .L(eTeKT0p II0T0Ka 3JieKTp0H0B, H 6hIJIH 6bI 11onyqeHhl 

o6mtte BblpIDKeHHH .L(JIH 11pocTpaHcTBeHHhIX pac11pe.L(eJieHHll JI0KaJibHOrO 

0TKJIHKa, 1103B0JIHIOU(tte 11poB0.L(HTh pacqeThl B M0,[\eJIH v-y.L(apoB C yqeTOM 

MH0roKpaTH0ro pacceHHHH 3JieKTp0H0B; 

-pernanacb 6hI coorneTcrny10mM cnyqa10 uc11ycKaHttH o-3JieKTpOHOB 3a.L(aqa 

Teoptttt MH0roKpaTH0ro pacceHHHH, B KOTopoii aKCHaJibHO-CHMMeTpttqHblll 

HCT0qHHK H3JiyqaeT 3JieKTp0Hhl 110.L( HeK0T0pbIM yrnoM K OCH CHMMeTptttt; 

-pa3pa6aThIBaJittCh 6b1 MeTO,L\hI pacqern ITPJIO B TpeKe 6hICTporo 

MH0ro3apH,L\H0ro H.L(pa C .L(eTaJihHblM yqeT0M MH0roKpaTH0ro pacceHHHH 

t5 - :rneKTpoHoB, 11pttMeHttMhie .L(JIH scero Knacca 51TT)],; 

-u3yqanacb 6hI CBH3h KttHeTHKH TpaBJieHHH H cpopMbl cppOHTa TpaBJieHHH 

c ITPJIO B TpeKe qacTttQhl. 

O6mtte qepTbl o6oCHOBaHHH B03M0)KH0CTH H Heo6XO,L\HMOCTH e,[\ttHoro 

TeopeTttqecK0ro paccM0TpeHHH 6bIJIH H3JI0)KeHbl aBT0p0M BllepBbie Ha 

BcecoI03HOM pa6oqeM cosemaHtttt 110 B03.L(eiicrnttIO pa.L(ttaQtttt Ha 

6r1onornqecKtte o6beKThI B 1979 r. (MapT, r. IlymttHo ). 

Bo BTOpoii: rJiaBe CTp0HTCH TeopttH perttCTpaQHH II0T0K0B 3apH)KeHHhIX 

'IaCTHQ C II0M0ll.(bIO 5ITT)], /2/. PaccMaTpttBaIOTCH II0T0KH 3JieKTp0H0B H 

BhIB0.L(HTCH BblpIDKeHirn .L(JIH BepOHTHOCTett II0HBJieHHH 0TKJIHKa P/ (r) B qM C 

KOOp.L\ttHaTOH r. BbIBO,L\ 11p0tt3B0.L(HTCH B Tptt 3Talla. CHaqaJia CTp0HTCH 
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sepoHTH0CTH II0HBJieHHH JI0KaJihH0ro 0TKJittKa 11ptt ycJI0BHH II0lla,L\aHHH B qM 

K0JittqeCTBa q 3JieKTp0H0B C 3a.L(aHHbIM Ha6opoM 0CTaToqHblX 11po6erOB S,, Ha-

11paBJieHttll Q, H rnqeK BX0,[\a B qM ij. 3aTeM C II0M0ll.(bIO ,L\ttcpcpepeHQHaJibHOll 

cpyHKQHH pac11pe.L(eJieHHH 3JieKTp0H0B f(Q,r,s) B 11pocTpaHCTBe (Q,i',s) 

3a11HCb1BaeTCH pac11pe.L(eJieHtte 3JieKTpOHOB Ha II0BepXH0CTH qM H BblB0.L(HTCH 

sep0HTH0CTb 11p0X0)K,L(eHHH qepe3 II0BepXH0CTb qM q 3JieKTp0H0B. )],anee 

11p0B0,L\HTCH cyMMttpoBaHtte 110 cpopMyne Eaiieca BepoHTHOCTeii Bcex 

11epequcneHHhIX co6hnttii, qTo .L(JIH qacTHhIX cnyqaes v= 1,2,3 .L(aeT: 

Ft = 1- e-N-<l-e-< > (3) 

P/ = 1-{1 + N- < ¢-e-,; >}-e-N•<l-e-<> (4) 

~+ = 1-{1 + N- <; -e-t > +½· [N- < ; 2 -e-t > +(N- < ;-e-t >) ~-e-N<I-,-'> (5) 

3.L(eCh yroJibHble CK06Ktt o603HaqaIOT HHTerpan: 

<····>= fdo f(o-n)·dQff(0,17,s)·(····)ds 
(n;;~o 

(6) 

ii - H0pMaJih K 3JieMeHTY II0BepXH0CTH dQ qyBCTBHTeJihH0ro MHKpoo6beMa. 

)],anee B .L(HCcepTaQHH aHaJIH3ttpyIOTCH CBOUCTBa 11onyqeHHhIX Bbipa)KeHHM 

,L\JIH pac11pe.L(eJieHHH P/ (r). Ha11pttMep, eCJIH 11pttHHTh, qTo qJicJI0 3cpcpeKTHBHhlX 

co6hITHM ;(s) 3a,[\aeTCH 0TH0lIIeHtteM 3HepreTuqecKHX II0Tepb 3JieKTp0Ha M 

BHYTPH 0T.L(eJihH0ro qM K xapaKTepHCTJiqecKOM BeJIHqHHe 3HepreTuqecKoii 

qyBCTBHTeJihH0CTH t:,.Eo 3T0ro qM, TO M0)KH0 110Ka3aTb, qTo a.L(eKBaTH0CTb CBH3H 

,L\03a-3cpcpeKT HMeeT MeCT0, K0r,L\a BblII0JIHHeTCH ycJI0BHe: 

q(s) = M(s) 
M «l 

0 

(7) 

TaK)Ke II0Ka3aHo, qTo 11ptt MaJibIX IIJI0TH0CTHX II0T0K0B 3JieKTp0H0B 0TKJIHK 

,L(eTeKT0p0B C HH3KOM qyscTBHTeJihH0CTbIO CTaH0BHTCH JIHHeMHhIM qTo 6hIJIO, 

Ha11pHMep, 11pttMeHeH0 K TpeKaM B .L(ByX<pa30BblX KaMepax C )KJI,L\KHM KCeH0H0M 

/11, 34, 35/. i06'I>e,n¥,IeHH1IH HHcrnry'I· 
SIAepH1IX 11ccnegosam-1li 



B rn6JrnQe I np1rneJ:(eH P5IJ:l MaTepnarros 5ITT.D:, ynopHJ:(01:1eHHbIX no se-

JIH'IHHe ;,m,, B peJIHTHBHCTCKOM MHHHMyMe HOHH3aQHH 3JieKTpOHOB. KaK 

CJieJ:(yeT H3 Ta6JIHQbl, B 3TOM caMOM 6naronpHHTHOM cny1:1ae J:(JIH BbIIlOJIHeHHH 

ycJIOBHH a,l:(eKBaTHOCTH ;,m,, < 0.1, BCe paBHO Hea,l:(eKBaTHOCTb CBH3H J:(03a-

3<p<peKT HMeeT MeCTO J:(JIH 41 % npeJ:(CTaBJieHHblX MaTepttarroB, a J:(JIH 3HeprHH 

3JieKTpOHa E=5.4 K3B Hea,l:(eKBaTHOCTb HMeeT MeCTO y)Ke J:(JIH Tpex 1:1ernepTOH 

1:laCTH MaTepHa.JIOB. B IlHTOH KO_JIOHKe Ta6JIHQbl J:(aHbl 3HepreTH1:leCKHe noTepH 

(dE Ids )0 , KoTOpbie xapaKTepH3yIOT 1:1yscTBHTeJihHOCTb qM - 1:1eM 6oJibIIIe 

(dE Ids )0 , TeM MeHbIIIe 1:1yscTBHTeJibHOCTb. C noMOI.QbIO (dE Ids )0 BeJIH'IHHY 

;(s) MO)KHO 3anttcaTb TaK: 

~(s) = (dE(s)/ ds )!(dE Ids )0 (8) 

B J:(HccepTaQHH IlOKa3aHO, 'ITO Bblpa)KeHHH (3-5) cnpaBe,l:(JIHBbl J:(JIH JII06bIX 

noTOKOB HOHtt3HpyIOI.QHX 1:laCTHQ, a He TOJibKO J:(JIH 3JieKTpOHOB. B Ka)K,l:(OM 

KOHKpeTHOM cny1:1ae J:(OJI)I(Ha HCTTOJib30BaTbCH f(D.,r,s) paccMaTpHBaeMoro THna 

lJaCTHQ. BepOHTIIOCTH P/ (r) OTHOCHTCH K HeaMHTHBHbIM <pyHKQHOHa.JiaM. 

C TTOMOIQbIO Bblpa)KeHHH (3-5) OHH Bblpa)KeHbl 1:1epe3 a,l:(J:(HTHBHbie - < t -e-~ >. 

B J:(HCCepTaQHH Il0Ka3bIBaeTCH, 'ITO Bbipa)KeHHH (3-5) 6yJ:(yT cnpase,tiJIHBbIMH 

TaK)Ke J:(JIH CMeIIIaHHblX TTOTOKOB 1:laCTHQ, eCJIH B HHX npOH3BeCTH 3aMeHy: 

N-<!/ •e-< > ➔ I,N,•<;* -e-< >;' r,l:(e N; H <····>, OTHOCHTCH K i-oMy KOMTTOHeHTY 

CMeIIIaHHoro TTOTOKa. .D:arree TTOKa3bIBaeTCH cnpaBe,l:(JIHBOCTb CJieJ:(yIO-

mero yrnep)KJ:(eHttH: llpu U3omponHOM ucmo'IHUKe 'lacmul{, pa6HOMepHo 

pacnpeoeJ1eHHOM no 6cewy npocmpaHcm6y oemeKmopa, UHme2p(JJlbHb1e 

xapaKmepucmuKu npocmpaHcm6eHHblX pacnpeOeJ1eHuu JIOK(JJlbHblX omKJ1UKO6 

oemeKmopa He 3a6ucRm om MHO2OKpamHO2O pacceRHUR pe2ucmpupyewb1x 

'lacmUlf, 6KJIIO'la5l 3JleKmpOHbl, eCJIU 'lyecmeumellbHble MU1<JJ006be.ttbl UMe10m 

c<jJepu'1ecry10 </JopMy C OUCIMempoM, HaMHO2O MeHbUlUM BeJIU'IUHbl 
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ocmamo'IHO2O npo6e2a 'lacmul{, ucnb1mb1Ba10UfUX MHO2OKpamHoe pacceRHue. 

3m TeopeMa 3Ha1:IHTeJibHO ynpomaeT pac1:1eTbI HHTerpanbHblX 

nOKa3aHHH J:(eTeKTOpa /26, 28/. 

.D:anee B rnaBe paccMaTpttsaeTCH B03MO)KHOCTb J:(aJibHettIIIero o6o6meHHH 

Bbipa)KeHHH J:(JIH BepOHTHOCTH TTOHBJieHHH OTKJIHKa P/ (r) Ha cnytJatt, KOrJ:(a 

He06XOJ:(HM YlleT BHyTpeHHHX q:JH3H1:leCKHX COCTOHHHH qM_ EcJIH 

npeJ:(nOJIO)KHTb, 'ITO JIOKaJibHbltt OTKJIHK HBJIHeTCH pe3yJibTaTOM BH3yaJIH3aQHH 

onpeJ:(eJieHHOH J:(OJIH q:JH3HlJecKoro aHCaM6JIH BHyTpeHHHX COCTOHHHH qM, TO 

TOf,l:(a BeJIH'IHHa ~ J:(OJI)I(Ha 3aBHCeTb OT HeKOTOporo BeKTOpa COCTOHHHH K /31. 

KoMnOHeHTaMH 3Toro BeKTOpa MoryT HBJIHTbCH pa3JIH1:!Hble napaMeTpbI 

COCTOHHHH. HanpHMep, TeMnepaTypa T 0
' npoMe)KyToK Me)KJ:(y BpeMeHeM 

H3roTOBJieHHH MaTepnana H BpeMeHeM 3KCTT03HQHH, HJIH Me)KJ:(y MOMeHTaMH 

3KCTT03HQHH H BH3YaJIH3aQHH H J:lp. <l>H3HlJeCKOe COCTOHHHe qM MO)KeT 

H3MeHHTbCH KaK B pe3yJibTaTe BHeIIIHero B03,1:(ettCTBHH, TaK H 

caMonpoH3BOJibHO. TaK B03MO)I(Hbl CTTOHTaHHbie o6paTHbie nepeXOJ:(bl 

qM H3 COCTOHHHH OTKJIHKa B COCTOHHHe, KOf,l:(a OTKJIHK OTCYTCTByeT. B 

q:iornrpa<pH1:leCKHX 3MYJibCHHX 3TO npHBOJ:(HT K perpeCCHH, a B 6ttOTKaHHX K 

npoQeccaM penapaQHH H T.J:(. B03MO)I(Hbl TaK)Ke npoTHBOTTOJIO)I(Hbie 

CTTOHTaHHbie nepeXOJ:(bl s COCTOHHHe OTKJIHKa, 'ITO 6yJ:(eT ,l:(aBaTb co6cTBeHHbIH 

q:JOH MaTepttana. B q>oTOMaTepttanax 3TO BYaJib, a B MaTepttanax, TTOJ:(BepraeMbIX 

npoQeccy TpasJieHHH, - co6crneHHaH CKOpOCTb TpaBJieHHH . .D:nH ytJeTa 3THX J:(Byx 

Tl1TTOB cnoHTaHHbIX nepeX0,1:(0B lJHCJIO 3<p<peKTHBHblX co6bITHH MO)KeT 6bITb 

npeJ:(cTaBJieHo B BHJ:(e cyMMbl J:lBYX CJiaraeMbIX: 

J: = J:_ • e-tlr + J: 
':, ':own ':,o (9) 

ITepBbitt 1:1neH npeJ:(cTaBJIHeT 1:1acrnry 3<p<peKTHBHbIX B3aHMOJ:(ettcTBHtt 

IIOHII3HpyIOI.Qett 1:1aCTHQbl co cpe,l:(OH J:(eTeKTopa, a BTOpott - J:(o6aBKY 3a c1:1eT 

cnOHTaHHOfO nepeXOJ:(a qM B COCTOHHHe OTKJIHKa. IToHBJieHHe OTKJIHKa HY)KHO 

paccMaTpHBaTb He TOJibKO KaK pe3yJibTaT B03,1:(ettCTBHH Ha qM HOHH3Hpy10meii 
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Ta6JIIIfil. YnopH,n:oqeHIIe ,n:eTeKTOpOB no qyBCTBIITeJihHOCTII OT,U:eJihHOH 

qyBCTBIITeJibHOH o6JiaCTII, 3a,n:aBaeMott no KOJIIIqecTBY 3cpq>eKTIIBHhIX 

aKTOB IIOHII3aI.~IIII, npIIXO,U:HIQeMycH Ha o,n:Hy o6JiaCTh npII npOXO)l(.ll:eHIIII 

qepe3 Hee OT,U:eJibHOro 3JieKTpOHa /2/. 

N~ ~eTeKTOpbl 

2 
1 CTeKJio 
2 TepMOJIIOMirnecueHTHblH 

A03llMeTp LiF 
3 UllTH,[lllH 
4 KpllCTaJIJibI Nal(TI) 
5 KoAaK NTB-2 
6 a-AJiattllH 
7 ~03llMeTP <l>pllKe 
8 11.Jib!fiOp,l K-5 
9 MllHepa.JibHOe Maeno Ha JKll,[lK0M 

CUllHTHJIJI»Tope c PPO 
IO 11.rrb!popA G-5 
11 HllTPaT uerr.JIIOJI03bl 
12 A)pllpOBaHHblH ,l03llMeTp <l>pllKe 
13 Tsep,la» 6aKTepllocpara T-1 
14 TsepAa» 6aKTepllocpara OX- 174 
15 OJillBllH- ES 
16 ~-ranaKT03llAa3 
17 JleKCaH IIOJillKap6oHaT 
18 TsepAa» 6aKTepllocpara T* -1 
19 11.nbcpopA K-2 
20 MaKpocporrb KG 
21 TpllIICllH 
22 CR-39 
23 11.rrbcpopA K-1 
24 11.rrbcpopA K-0 
25 ~OJKJKeBbie KJieTKll 
26 EaKTepllMbHbie CII0pbl 02 
27 CrrIOAa 
28 oaKTepllMbHble crropb1 N2 
29 EaKTepllMbHbie crropb1 H2S 

~I~ 
_! .. ,, 

3 
750 
23.4 

11.0 
7.20 
3.20 
0.81 

0.536 
0.510 
0.453 

0.221 
0.118 
0.110 
0.068 
0.064 
0.055 
0.050 
0.050 
0.050 

0.0258 
0.0194 
0.0148 
0.0123 
0.00136 
0.0007 

0.00048 
0.00031 
0.00025 
0.00025 
0.000136 

~1~r 
II_ 

.: 
<: 
.,; 

"" 4 
1700 
500 

230 
129 
57.0 
18.6 
12.2 
9.0 
13.3 

3.9 
2.31 
2.46 
1.55 
1.46 

0.806 
1.13 
I.IO 
I.IO 

0.455 
0.101 
0.340 

0.0876 
0.024 
0.013 
0.011 

0.00714 
0.0059 
0.0057 
0.0031 

o:il ~ ~ G 
~ 

~I-ti 
'----' 

5 
0.059 
0.196 

0.392 
8.25 
1.54 
2.81 
7.05 
9.80 
3.72 

22.6 
17.0 
35.2 
29.2 
31.2 
96.1 
60.0 
39.6 
40.2 
195 

111.2 
135 
90.7 
3680 
6740 
4140 
6360 
2460 
7920 
14600 

·1;1 :.~ 
~I 

~ 
-1<> 

6 
0.0267 
0.0849 

0.195 
2.16 
0.399 
2.81 
4.03 
4.99 
4.37 

5.93 
17.0 
17.7 
29.2 
31.2 

28.43 
39.9 
39.6 
40.2 
51.2 
91.9 
135 

70.42 
976 

16200 
4130 
6360 
749 

7920 
14600 

::;: 
:,: 

~ 

7 

0.998 
3.25 
150 
2 
6 

100 
15 

170 
1.7 

5.64 
6.18 
5.64 
1.5 

3.14 
2.0 
6 

130 
8.18 
1.38 

120 
120 

4030 
244 
6.51 
243 
234 

qacTIIQhl, HO II KaK pe3yJihTaT ,U:aJihHeiirnero npoQecca BII3YaJIII3aQHH. TaK, 

nanpttMep, eCJIH T xapaKTepHoe BpeMH o6paTHOro nepexo,n:a H3 COCTOHHHH 

«.na» B COCTOHHHe «Hen>, TO npII BH3YaJIH3aQHH qepe3 BpeMH t nocne 

3KCnO3IIQIIII P/;,, (r, r) 6y,n:eT TaKOH, KaK 6y,n:TO qacTHQa npOII3BeJia B e'" pa3 

MeHhIIIe 3q>q>eKTIIBHhIX co6bITHH no OTHOIIIenmo K npoQeccy BH3YaJIH3aQHH 

cpa3y )Ke nocne 3KCnO3HQHII /3, 6/. 

B ,n:IIcceprnQtttt noKaJano, qTo B npttcyTcTBIIII co6crnennoro cpona 

BepOHTHOCTII P/;,, (r, r) ,U:JIH nepBblX Tpe~ qacTHhIX cnyqaeB v = 1,2,3 onIIChIBaIOTCH 

KaK /3/: 

P.,\ = 1-e-(,;'o+N·<l-e-<>) 
•SO 

P/;,. =1-{l+s'o+N·<s'·e-{ >}-e-<~o+N·<l-e-'>) 

(10) 

(11) 

~~,;. = 1-{1 +<;
0 
+N- <<;•e-,; ·>+½·[N-<<;°2 -e-,; >+{<;"0 + N- <<;·e-,; >)2 le-<,;.+N<1-e-<>) 

(12) 

KaK yKaJano B Bhrno.n:ax BTOpoii rnaBhI, npe.n:naraeMaH TeopttH 

,n:eTeKTttpoBaHHH ,U:JIH onttcaHHH npocTpancrneHHhIX pacnpe.n:eneHHH JIOKaJihHhIX 

OTKJIIIKOB no o6neMy JiaTeHTHhIX TpeKOB BKJIIOqaeT qeTbipe OCHOBHhie 

perncTpaQIIOHHhie napaMeTpa: noporoByIO KpaTHOCTh y.n:apoB v; pa.n:uyc 

qyBCTBHTeJibHOrO MHKpoo6'beMa ao; xapaKTepttCTttqecKtte noTeptt 3Heprntt 

(dE Ids),,,'"' BeJittquny o6pe3aHIIH 3Heprntt 8-3JieKTpOHOB BToporo noKOJieHHH Wcut• 

3TH napaMeTpbI onpe,n:eJIHIOTCH TOJihKO q>H3IIKO-XHMttqeCKIIMH CBOHCTBaMII 

MaTepIIana ,n:eTeKTopa H He .n:omKHhl 3aBIICeTb OT CBOHCTB perIICTpIIpyeMbIX 

qaCTIIQ IIJIII H,n:ep. EcJIII )Ke paccMaTpIIBaIOTCH napaMeTpbI TpeKa nocne 

BII3YaJitt3aQtttt, TO Heo6xo,n:ttMo BBe,n:enue .n:onOJIHIITeJihHhIX 

xapaKTepIICTttqecKIIX napaMeTpoB caMoro npoQecca Btt3yantt3aQttII. 

B TpeTbeii rJiaBe peIIIaIOTCH 3a,n:aqII Teoptttt MHOroKpaTHOro pacceHHIIH C 

QeJihIO naXO)K,U:eHIIH npocTpaHCTBeHHhIX pacnpe,n:eJieHIIH BeJittqIIH <,;' -e-.: >, 

BXO,U:HIQIIX B Bbipa)KeHHH ,U:JIH p: (i') Teoptttt ,n:eTeKTttpoBaHHH. ,nnH 3TOro 

neo6xo,n:ttMO ttcnoJih3OBaTh KttHeTIIqecKoe ypaBnentte nepenoca 3JieKTponoB: 
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- of(Q,F,s) +n- v'f(O,i',s) =N · f[J(Q,r,s)- f(Q' ,r,s)]. u~ n-frl)· dQ' ( 13) 
OS 

3.D,CCb N-'IHCnO 3neKTpOHOB B CM
3 

cpe.D,bI; CT~ Q-Q'I) - JJ,H<p<pepeHI._\HaJlbHOC 

CC'ICHHe pacce.HHH.H 3nCKTpOHOB H3 HanpaBnemrn Q' B HanpaBnCHHC Q. 

C nOMOIUbIO ypaBHCHH.H (13) MO)KHO nonyIIHTb peKyppeHTHbIC COOTHOille

HH.H MC)KJJ,y npocTpaHCTBCHHo-yrnOBbIMH MOMCHTaMH OTbICKHBaCMbIX pacnpe.D,e

neHHH, H3 COOTHOillCHHH HaHTH npocTpaHCTBCHHbIC MOMCHTbI, a 3aTeM no HHM 

BOCCTaHOBHTb OTbICKHBaCMbie pacnpe.D,eneHH.H. TeopH.H JJ,CTCKTHpOBaHH.H 

HaKna.D,brnaeT Ha 3TY cxeMy p11.D, cymecrneHHhIX oco6eHHocTeii: /8, 26/. Bo

nepBbIX, o6bI'IHbIC MCTOJJ,bl pelllCHH.H peKyppeHTHbIX ypaBHCHHH B TeopHH 

JJ,CTCKTHpoBaHH.H Tpy.D,HO npHMCHHMbI, TaK KaK npH yIIeTe Bcero Ha'IaJibHOro 

3HepreTH'ICCKOro cneKTpa t5 - 3neKTpOHOB Tpe6yIOT MHOro BpeMCHH JJ,n.H pacIIeTa 

ITP JIO o6beMa TpeKOB pa3nHIIHhIX 11.D,ep. B JJ,HcceprnQHH npe.D,naraeTC.H 

cneQHaJlbHO pa3pa6oTaHHbIH onepaTopHbIH MCTOJJ, pellleHH.H peKyppeHTHbIX 

ypaBHCHHH, B KOTOpOM peaJIH3YIOTC51 Te )KC HJJ,eH, 'ITO H B MCTOJJ,e <pYHKQHH 

rpHHa. B HCM OTbICKHBaIOTC.H He CaMH npOCTpaHCTBCHHo-yrnoBhie MOMCHTbI 

pacnpe.D,eneHHH, a HX pa3nO)KCHH.H no nonHHOMaM Jle)KaH.D,pa OT yrna Bhrnern 

3nCKTpOHOB 0o. Haii:JJ,eHHbIC OJJ,HH pa3 JJ,n.H Ha6opa 3Heprnii: 3neKTpOHOB B KaKOM

n060 MaTepHane, OHH MoryT MHOroKpaTHO HCnOnb30BaTbC51 JJ,n.H nI06bIX CC'ICHHH 

TpeKa n106oro 11.D,pa B paCCMaTpHBaCMOM MaTep0ane. CymHOCTb 3TOro 

onepaTopHoro MCTOJJ,a TaKOBa /26/. PeKyppeHTHbIC COOTHOillCHH.H JJ,n.H MOMCHTOB 

MoryT 6bITb npe.D,CTaBnCHbI B onepaTopHOM BHJJ,e: 

J;n,p,q = (]k ,n,p,q+k+I + (]k ,n,p,q+k+2 
l,m l,mJ l,m 2,mJ l,m • (14) 

OnepaTOpbI Gt H a; CB.H3aHbI MC)K)],y co6oii: COOTHOillCHH.HMH: 

Gk+1 = a' k . a' k +Gk. Gk+1 =Gk. Gk (l 5) 
I I I 2 ' 2 I 2' 

B JJ,HccepTaQHH HCCneJJ,yIOTC.H CBOHCTBa 3THX onepaTOpOB H Ha OCHOBe 3THX 

CBOHCTB c noMOJUbIO COOTHOillCHHH (15) CTpOHTC.H anropHTM nOHCKa 

K03<p!pHI._\HCHTOB Bt::i? .D,n.H pa3nO)KCHH51 no nonHHOMaM Jle)KaH.D,pa, 3aBHC11IUHM 

OT yrna BbinCTa 3neKTpOHOB 0o : 

22 

1 n,p,q (0. ) "sn,p,q pO ( 0, ) 
J l,m,I" 0 = L., l,m,/" • I' COS O • (16) 

I' 

I1pH BOCCTaHOBnCHHH npocTpaHCTBCHHbIX pacnpe.D,eneHHH Heo6XOJJ,HMO 

Y'ICCTb )],BC .D,pyrHe oco6eHHOCTH, HaKna.D,bIBaeMbie TCOpHeH JJ,CTCKTHpOBaHH.H. 

Bo-nepBbIX, HY)KHO BOCCTaHaBnHBaTb pacnpe.D,eneHH.H <pyHKQHH, KOTOpbIC OT

HOC.HTC.H K 6onee IllHpOKOMY Knaccy <pYHKQHH, 'ICM o6bI'IHO paccMaTpHBaCMbIC B 

TeopHH MHOroKpaTHOro pacce.HHH.H, H, HaKOHCQ, HY)KHO pelllaTb 3a.D,a'ly JJ,n.H 

HCTO'IHHKa, B KOTOpOM 3neKTpOHbI H3nyIIaIOTC51 no o6pa3yIOIUHM KOHyca H3 ero 

BeplllHHbI, ne)Kameii: Ha OCH TpeKa nepBH'IHOH 'IaCTHQbI: 

1(6,z,p,s )= o(z}•-
1
--o(p)-o(cos00 -cos0)· o(R0 -s). (17) 

2,rp 

B OCHOBe MCTOJJ,a BOCCTaHOBneHH.H pacnpe.D,eneHHH HCnOnb30BaH MCTOJJ, 

MOMCHTOB CneHcepa /JI5/, KOTOpbIH, B COOTBCTCTBHH c nepeIIHcneHHbIMH 

oco6eHHOCT5IMH, 6brn nOJJ,BeprnyT MOJJ,H!pHKaQHH npaKTH'IeCKH Ha Bcex 3BCHb.HX 

pelllCHH.H. )J,n11 TpexMepHbIX pacnpe.D,eneHHH CHaIIana OTbICKHBaJIHCb 

pacnpe.D,eneHH.H no rny6HHC BenH'IHH pa.D,HaJlbHbIX MOMCHTOB < pP · e · e-< >, a 

3aTeM no HHM BOCCTaHaBnHBaJIHCb pa.D,HaJlbHbie pacnpe.D,eneHH.H npH 3a.D,aHHbIX 

3Ha'ICHH51X KOOp.D,HHaTbI z /26/. 

B 'leTBepTOH rJiaBe onHCbIBaeTC.H opraHH3aQH51 BbI'IHCnHTenhHbIX pa6oT, 

JJ,aIOTC.H anropHTMbI pacIIeTa H npHBOJJ,.HTC.H HCKOTOpbie pe3ynhTaTbI pacIIeTa JJ,n.H 

pacnpe.D,eneHHH npo11BneHHbIX 3epeH B cpornrpa<pH'ICCKOH 3MynhCHH BOKpyr 

TO'le'IHOro MOH03HepreTH'ICCKoro HCTO'IHHKa 3neKTpOHOB. OpraHH3aQH51 pa6oT 

Ha 3BM JJ,Om1rna yJJ,oBnernop.HTb cneJJ,yIOIUHM Tpe6oBaHH.HM /26/: 

1 . B CB513H C o6mHOCTbIO pa3BHBaeMoro TeopeTH'ICCKOro no.D,XOJJ,a BCe 

anropHTMhI H nporpaMMbI JJ,n11 pacIIera ITP JIO JJ,On)KHbI 6bITb npHMeHHMhI JJ,n11 

n106oro MaTep0ana .5ITT)J,. · 

2 • Km<p<pHQHCHTbI pa3nO)KCHH51 
sn,p,q 

l,m,I' JJ,On)KHbI xpaHHTbC.H Ha 

JJ,OnroBpeMCHHOM HOCHTene naM.HTH 3BM HnH nepcOHaJlbHOro KOMnbIOTepa 

(ITK) JJ,n.H o6ecne'ICHH51 B03MO)KHOCTH MHOroKpaTHOro HX HCnOnb30BaHH51. 
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3. KOJq>q>HIJ;tteHTbl pa:mo)KeHml .D:OJI)KHbl 6hITb ynopH,n;oqeHbl 

onpe,n;eJieHHblM o6pa30M, T.K. OHM MOryT npttHa,n;Jie)KaTb pa3JIHqHblM 

MaTepttanaM, pa3JIHqHbIM 3HaqeHHHM :meprttH 8-3JieKTpOHOB, a TaK)Ke 

pa3JIHqHbIM TttnaM BOCCTaHaBJIHBaeMbIX q>yHKQHH H pa3JIHqHbIM BapttaHTaM 

pacqera. 

.n:nH Toro, qTo6hI 3TH Tpe6oBaHHH 6hIJIH Y.D:OBJiernopeHbl cneQHaJibHO 

pa3pa6ornH tt co3,n;aH 6aHK ,n;aHHbIX .D:JIH 5IIT,n:. B Haqane qernepTOH rnaBhI 

.n;aeTCH o6ocHOBaHHe tt onttcaHHe CTPYKTYPbl 6aHKa ,n;aHHbIX. B COOTBeTCTBHH c 

nocne,n;oBaTeJibHOCTbIO nepeqttcJieHHbIX B TpeTbeM nyHKTe nptt3HaKOB 

HHq>OpMaQHH 3anHCbIBaeTCH H OTbICKHBaeTCH no qeTbipeM HH)];eKCHbIM KJIIOqaM -

NDET,NENO,NFUNttNVAR (pttc.1). 

Pttc.1. CTpyKTypa 6aHKa ,n;aHHhIX 

.n:nH o6cJiy)KttBaHHH 6aHKa .n;aHHbIX pa3pa6oTaH cneQHaJibHblll QHKJI 

no.n;nporpaMM. ,n:anee B rnaBe .n;aeTCH onttcaHtte anropttTMa H nporpaMMhI 

"STAR" .n;mi: pacqern K03q>q>ttQtteHTOB pa3JIO)KeHttR B;,:}, a TaK)Ke anropttTMhI 

no.n;nporpaMM, KOTOpbie npe,n;Ha3HaqeHhI ,n;JIH pacqern pacnpe.n;enettttH no 
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l 

rny6ttHe z, pa,n;ttaJibHOH KOOp,n;ttHaTe p tt no o6ettM KOop.n;ttHaTaM (z, p ) 

O.LJ:HOBpeMeHHO. 

Ha pttc.2-a tt3o6pa)KeHbI pacnpe.n;eneHHH npoHBJieHHhIX 3epeH no rny6ttHe 

nJIOCKOro CJIOH )];JIH ,n;eCHTH yrnoB BbIJieTa 3JieKTpOHOB 3Heprntt 1 M3B. 

I1cToqHHK Haxo,n;ttTCH BHYTPH 6ecKoHeqHo TOJICToro cnoH. Ha Pttc. 2-6 

npttBe.n;eHa KOMnbIOTepHaR ,n;eHCHTOrpaMMa, BblqHCJieHHaR no 3THM 

pacnpe.n;eneHHHM. Ha Pttc. 3 TpexMepHoe ITPJIO BOKpyr TOqeqHoro 

HCTOqHHKOB )];JIH Tpex yrnoB BbIJieTa 3JieKTpOHOB 3Heprntt 100 K3B 

npe,n;CTaBJieHO ceMeHCTBOM 3KBH)];eHCHT )];JIH < I-e-t > H3 (3). BenttqHHa 

< 1-e -; > Ha Ka)K.LJ:OH HOB0H 3KBtt.n;eHCHTe nptt ,n;Btt)KeHHH B HanpaBneHttH OT 

HCToqHHKa yMeHbIIJaeTCR B.LJ:BOe /7/. 

B KOHQe rnaBhI onttchrnaeTCH o6IIJ;M cxeMa pacqera Ha 3BM HJIH 

KOMnbIOTepe npocTpaHCTBeHHoro pacnpe.n;eneHHH BepOHTHOCTH noRBJieHHH 

JIOKaJibHOro OTKJIHKa no o6neMy JiaTeHTHoro TpeKa. 
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Pttc.2-a .. PacqeTHhie pacnpe.n;eneHttH 

npoHBJieHHhIX 3epeH no rny60He 

nJIOCKOrO CJIOR )];ITH ,n;eCHTH yrJIOB 

BbIJieTa 3JieKTpOHOB C 3HeprtteH 1 

M3B. 
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PacqeTHM 

,n;eHCHTOrpaMMa nJIOCKOro 

HCTOqHHKa .D:JIH .n;ecHTH yrJIOB 

BbIJieTa yr JI OB BhIJieTa 

3JieKTpOHOB C 3HeprtteH 

M3B. 
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PIR, PIR, 

PJR. PIRO 
PIR, \.,.'-._~// PJR, 

~-

z 8• = 40 ° z o=90' . 
Pttc.3. TioBepXHOCTH 3KBH,n:eHCHT BeJIHqHH <1-e-" > B 

cpOT03MYJihCHH THn P-2 BOKpyr HCToqHHKa 3JieKTpOHOB C 

E = 100 K3B 

Ilsnasi rJiaBa nocB5!IQeHa 51,n:epHott cpoT03MYJihCHH. B nepBoM pa.1.n:ene 

rnaBbl paccMaTpHBaeTC51 cpoTorpaqrnqecKoe .n:ettCTBHe noTOKa 3JieKTpOHOB. 

Pa.1pa60TaHHbie MeTOJl:bl H anropHTMbl npHMeHHMbl K nottcKy 

npocTpaHcTBeHHhIX pacnpe.n:eneHHtt rnnpoKoro KJiacca cpyHKQtttt - OT 

pacnpe.n:eneHHtt norno~eHHOH 3Heprnu H npocTpaHCTBeHHoro pacnpe.n:eneHH51 

f(z,p) .n:o pacnpe.n:eneHHH Be11uq1rn <<;' -e-< >. Btt.n: cpyHKQHH nptt pacqernx 

3a,n:aeTC51 cneQHaJibHblMH ynpaBJI51IO~HMH napaMeTpaMH, no3TOMY C noMO~blO 

O.D:HOH n TOH )Ke nporpaMMbl MO)KHO paccqHTaTb npocTpaHCTBeHHhie 

pacnpe.n:eneHH51 npo51BneHHhIX 3epeH, npocTpaHcTBeHHhie pacnpe.n:eneHH51 

nnoTHOCTH norno~eHHOH 3HeprHH 3JieKTpOHOB HJIH noTOKa 3JieKTpOHOB Jl:1151 

Tpex reoMeTpHtt pmnnqHblX 3Heprntl: H HaqanbHblX yrnoB BbIJieTa 3JieKTpOHOB. 

TaK B pa6oTe /7/ Hatt,n:eHbl pa,n:HaJibHbie pacnpe.n:eneHH51 lpOTOrpacpnqecKOH 

3cpcpeKTHBHOCTH norno~eHHOH Jl:03bl TT nOTOKa 3JieKTpOHOB no ceqeHH51M TpeKOB 

(Pttc.4 ). no noBe,n:eHHIO pacnpe.n:eneHHH 3cpcpeKTHBHOCTett 6bIJIH u3yqeHhl 

o6nacTH JIHHeHHOCTH tt HeJIHHeHHOCTH OTKJIHKa KaK no OTHOIIIeHHIO K 

norno~eHHOH ,n:o3e, TaK H no OTHOIIIeHHIO K nJIOTHOCTH noTOKa 3JieKTpOHOB. 

,[(anee B n51TOH rnaBe ,n:eMOHCTpttpyeTC51 npttMeHeHne pa.1pa60TaHHbIX 

Mern.n:oB npttMeHHTeJibHO K pa6oTe P-cneKTporpacpoB: ,n:aIOTC51 pe3yJihTaThI 

pacqern cneKTpaJibHOH qyBCTBHTeJihHOCTH 3MYJihCHH THn P-2 pa.3JIHqHoH 

TOJI~HHbl K nOTOKaM 3JieKTpOHOB, xoporno cornacy10~ttec51 C 

3KCnepttMeHTaJibHblMH .n:aHHbIMH /20, 24, 25/. KpoMe Toro, npHBOJl:51TC51 pacqeThl 
26 

OTHOIIIeHtt51 CHrHaJI-IIIYM Jl:1151 pa.3JIHqHblX TOJI~HH 3MYJibCHOHHbIX CJIOeB TT 

npe.n:naraeTC51 rn6JittQa npe,n:eJibHbIX TOJI~HH, o6ecneqnBaIO~HX OnTHMaJibHOe 

cooTHOIIIeHtte cnrHan-rnyM ,n:1151 KOHKpeTHhIX 3Heprnii ncKOMhIX JIHHHH P

cneKTpa /20/. 

Bo BTOpOM pa.1.n:ene n51TOH rnaBbl paccMaTpttBaIOTC51 TpeKH 51.D:ep B 

cporn3MynhcttH. TipttBOJl:51TC51 pe3ynhrnTbI pacqern ,n:1151 TIPJIO TpeKOB H.n:ep B 

RIT,[( n MeTOJl:hI pacqfaa c noMO~hIO TIPJIO pmnnqHhIX napaMeTpoB TpeKOB 

51,n:ep B lpOT03MYJibCH51X H npttBOJl:51TC51 pe3yJihTaTbI pacqern nonepeqHblX 

pacnpe.n:eneHnH onTnqecKOH nJIOTHOCTH TpeKOB, 3aBHCHMOCTeH IIIttpttHbl 

TpeKOB OT aTOMHOro HOMepa perttCTpttpyeMbIX 51,n:ep BO BCeM .n:nanaJOHe 

rn6nttQhI 3JieMeHTOB, BK1110qa51 CT) c Z = 114. B rnaBe npttBOJl:51TC51 cpopMbI 

npocpuneii TpeKoB p51,n:a 51,n:ep H .n:a10Tc51 pa,n:ttanbHbie pacnpe.n:eneHn:51 

onTnqecKHX nJIOTHOCTeH TpeKOB rnecTHa,n:QaTtt peJI51THBHCTCKHX 51,n:ep C 

aTOMHhIMH HOMepaMH OT Z =8 .n:o Z =114 ,n:1151 ,n:Byx cKopocTeu P=0.72 n P=0.85. 

TaK)Ke npttBOJl:51TC51 3aBHCHMOCTH nonyrnttpHH TpeKOB peJI51THBHCTCKHX 51,n:ep OT 

aTOMHOro HOMepa c P=0.85 /10/. 
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Ha pttc.5 npttBe,11,CHbl 3KBH,ll,CHClITbl TpeKOB ,11,JUI z = 114, 51,11,pa TOpll51 z = 90 

lI H,11,pa )KeJie3a z = 26. PacqeTHblll npo<pHJib TpeKa 51,11,pa )KCJie3a ,11,aeT noJIHOe 

conna,11,eHtte C 3KcnepttMeHTaJibHbIM. Ha OCHOBe pacqeTOB nonyqeHhl lI 

npHBO,ll,51TC51 KOMnhIOTepHbIC ll306pa)KeHH51 TpeKOB 51,11,ep B qJOT03MYJibCllll. Puc. 

6 ,11,eMOHCTpttpyeT KOMnhIOTepHoe ll306pa)KeHHe TpeKOB 51,11,ep 30JIOTa 53.6 

M:JBIHyKJI tt 619 M:JBIHyKJI. 

Ilo:sepxaoo'l'.B 3RBHJt8RCHT JlM TP8KOB smep B tlo'l'03MyJII,C.lll! 

111 ,,1 ., 'l'.BII P-2. D: 0.2 1) =O.'t D "'0.6 l=JJ~ 
J t-ro / / l ~t< - ---------- - 7 

}
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Puc.5. IIpo<pttJIH TpeKOB Tpex HOHOB B cpoTO:JMYJihCHH Tttn -P2. 

B ,11,lICCeprnQHll no,11,po6Ho onttcaH 3KcnepttMCHT no u3yqeHHIO 

cnepXTH)KCJIOll KOMnOHeHTbl KOCMHqecKoro ll3JiyqeHH51 C noMOIIIblO 

BOChMttKpaTHO pm6aBJieHHOtt 3MYJihCHH Tttn-P2x8, o6nyqeHHOtt Ha 6opTy 

KOCMttqecKOro KOpa6JI51 «COI03)). I1,11,eHTllqJHKaQH51 npott3BO,ll,HJiaCb no 

KOJittqecrny npo51BJieHHhIX 3epeH B 6pycKaX, napaJIJICJibHbIX OCH TpeKa. IIepBM 

HHTepnpernQtt51 6brna npone,11,eHa c noMOIIIhIO nptt6Jitt)KeHHoro yqern 

reoMeTpllll ttcnycKaHH51 0-3JieKTpOHOB /1/. BTopM lIHTepnpeTaQll51 6brna 

npone,11,eHa nptt TOqHOM yqeTe reoMeTpllll lICToqHHKa 3JICKTpOHOB lI lIX yrnoB 

BblJICTa /29/ no COOTHOIIICHHIO (3). YnenuqeHHe TOqHOCTll o6pa60TKH npttBeJIO 

K yMeHhIIICHHIO pm6poca no CKopocrnM ,1],JI51 qeTbipex ll3MepeHHbIX TpeKOB 

rpynnhI )KCJie3a lI K yneJiuqeHHIO pm6poca no aTOMHbIM HOMepaM. 

B mane ;:i;aeTC51 MCT0,11, pacqern IIIHplIHbI TpeKa no KOOp,11,ttHaTe Kpa51 3epHa 

28 

TpeKa C yqeTOM MHOroKpaTHOro pacce51Hll51 0-3JICKTpOHOB lI MeT0,11, 

ll,ll,CHTllqllIKaQttll 51,11,ep He60JibllllIX 3Heprtttt C MaJiblMll aTOMHbIMll HOMepaMH no 

paccqttTaHHOH IIIHpttHe. Pa6oTocnoco6HOCTb 3TlIX MeT0,11,0B ycneIIIHO 

nponepeHa Ha 51,11,pe renu51 /l 0/. 

L(anee onttCbIBaeTC51 MCT0,11, H,11,eHTll<plIKaQHll 51,11,ep TaK)Ke C He60JibIIIIfMll 

aTOMHblMll HOMepaMH, HO y)Ke C peJI51TifBHCTCKlIMll CKOpOCT51Mll. 3TOT MCT0,11, 

OCHOBbIBaeTC51 Ha 0,11,HOBpeMeHHOM ll3MepeHHll ,11,nyx pacnpe,11,eJieHHH no 

pa3MepaM - 6no6on lI npocneTOB Me)K,11,y HHMH. L(JI51 ll3MepeHHH 3THX 

pacnpe,11,eJieHHH HCnOJih30BaJiaCh nonyaBTOMaTuqecKM ycTaHOBKa MHKpOCKOn

KOMnhIOTep. L(JI51 M0,1],CJIHponaHH51 TpeKa HCnOJih30BaJIC51 MCT0,11, MoHTe-KapIIo. 

IloKa3aHbI xopoIIItte nepcneKTHBbI HCnOJib30BaHH51 MCT0,11,a ll,11,CHTifqllIKaQHH 

51,11,ep /9/. 

"'C 
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a. OcrnrnqHhitt npo6er = 500 MKM 

E= 53 M3B/HyKJ1 
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b. OcrnrnqHhitt rrpo6er = 20000 MKM. 

E = 619 M3B/HyKJ1 

Pttc.6. PacqeTHOe KOMnhIOTepHoe ll3o6pa)KeHtte TpeKa ttoHa 30JIOTa 
196 Au B 

51,11,~pHott <pOTO:JMYJihCHH Tttn-P2. 

B KOHQe Il51TOH rnaBbl Ha Tpex 3a,11,aqax ,ll,CMOHCTpttpyeTC51 peaJill3aQH51 

onucaHHOro BO BTopott rJiaBe nOJIO)KCHll51 0 Il051BJICHllll JIOKaJibHOro OTKJIHKa B 

pe3yJihTaTe Bll3YaJill3aQttll onpe,11,eJieHHOH ,11,0JIH qlll3HqecKHX COCTOHHHH qM. 

CHaqana 3TO IlOJIO)KCHHe lICilbIThIBaeTC51 Ha perpeCCllll TpeKOB 7t"-Me30HOB /3/, 

3aTeM HCnOJib3YCTC51 ,ll,J151 nporH03ttponaHH51 perpecctttt TpeKOB B HettTpHHHbIX 

3KCrrepttMCHTax /6/. O6pa6oTKa JIHTepaTypHbIX 3KcnepttMCHTaJibHbIX ,11,aHHblX 
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ITO perpecctttt TpeKOB JT- - Me30HOB TT BJimrnmr Byarrtt Ha TIJIOTHOCTh TpeKOB B 

51,UepHOH 3MYJihCHH no,urnep,attJia npaBHJihHOCTh HX onttcaHH5I. BeJIHqttHa 

BpeMeHH pacrra,ua u:eHTpOB rrp05IBJieHH51 B 3MYJihCHOHHhIX KpHCTaJIJiaX y TpeKOB 

1(-Me30HOB 0Ka3arracb paBHOH 150 cyTKaM. 

illecTaH rJiaBa. 

MO)I{HO BhI,UeJIHTh Tptt OCHOBHhIX MeTo,Ua Btt3yaJIH3aU:HH: npmrnJieHtte, 

TpaBJieHHe TT ,ueKOpttpoBaHtte. IllecTa5I rJiaBa TIOCB5IIIIeHa ,aeTeKTOpaM, 

mnyaJitt3aU:H5I JiaTeHTHhIX TpeKOB B KOTOpbIX npOH3B0,UHTC5I tt36ttpaTeJibHhIM 

TpaBJieHtteM. JioKaJibHhIH OTKJIHK B TaKHX ,aeTeKTopax 5IBJI5IeTC5I aKTHBHhIM 

u:eHTpoM TpaBJieHtt5I (AQT), no3TOMY ITP JIO coBMeCTHO co CKopocrnMtt 

XHMHqeCKHX peaKU:HH TT CKopocrnMH ,ump<py3HH <popMttpyeT TpexMepHoe 

ITOJie CKOpocTeH TpaBJieHH5I /5, 13, 14, 17/. 

Ha rrpaKTHKe ITOJIOCTH BhITpaBJIHBaIOTC5I KaK ,uo ,UHaMeTpOB, 3HaqttTeJibHO 

rrpeBhilliaIOIIIHX nonepeqHble pa3Mepbl JiaTeHTHhIX TpeKOB, TaK TT ,uo 

pa3MepoB, cpaBHHMhlX HJIH MeHbllIHX nonepeqHhIX ceqeHHH JiaTeHTHhIX 

TpeKOB. Bo3MO)KHhIH HattMeHbllIHH ,attaMeTp BbITpaBJittBaeMOH IIOJIOCTH 

orrpe,ueJI5IeTC5I pa3MepoM qyBCTBHTeJihHOro MHKpoo6oeMa KOHKpeTHoro 

,ueTeKTopa. Bhillie, B ce,abMOH KOJIOHKe Ta6JIHU:hl 1, yKa3aHbl pa,uttyChl 

qyBCTBIITeJihHhIX MHKpoo6oeMOB pa3JIHqHblX ,ueTeKTOpOB. MO)KHO yBtt,UeTb, 

qTo TOJihKO 51,UepHble <pOT03MYJihCHH TT 6ttOTKaHH HMeIOT pa3Mepbl 

qyBCTBHTeJihHhIX MHKpoo6oeMOB nop51,aKa MHKpoHa TT Bblllle. Bee )Ke 

OCTaJibHhie ,ueTeKTOphI, rrpttBe,aeHHhie B 3TOH Ta6JittU:e, BKJIJOqa5f 

o6pa6aThIBaeMbie TpaBJieHtteM, HMeIOT ropa3,UO MeHbllIHe pa3Mepbl qM -

BCero OT O,UHOro ,uo HeCKOJihKHX HaHOMeTpOB. 

B Haqarre llieCTOH rnaBbl ,cTp05ITC5I ,UBa qttcJieHHhIX MeTo,ua pacqeTa 

KHHeTHKH <ppOHTa TpaBJieHl15I Ha pacCT05IHH5IX OT OCH JiaTeHTHOro TpeKa, 

MeHhllIHX ero norrepeqHhIX pmMepoB. fiptt 3TOM ,uonycKaeTc5I, qTo none 

30 

CKOpocTeH TpaBJieHH5I H3BeCTHO. O,attH MeTO,ll CTpOHTC5I ,UJI5I pacqern 

MaKpOCKOTittqecKH CTIJIOllIHhIX ,ueTeKTOpOB, a ,upyroii ,UJI5I ,ueTeKTOpOB C 

KpttcTarrJittqecKoti HJIH 5IqeucToii cTpyKTypoii. 

JJ:n5I ,ueTeKTOpOB H3 CTIJIOllIHhlX cpe,u npe,unoJiaraeTC5I, qTO qepe3 Ka)K,llbIH 

ITO,UHHTepBarr BpeMeHtt HOBM TIOBepxHOCTh TpaBJieHtt5I 6y,ueT ortt6aTb 

ceMeHCTBO lliapoB C u:eHTpaMH B Y3JiaX npe,UhI,UYIIIero <ppOHTa TpaBJieHH5I, TT 

Ka)K,llblH H3 KOTOpbIX paCllIHp5IeTC5I co CKOpOCThIO, 3a,aaBaeMOH TIOJieM 

CKopocTeH TpaBJieHH5I B HX u:eHTpax. C TIOMOIIIhlO MO,UeJihHhIX TIOJieH TpaBJieHH5I 

q11cJieHHO HCCJie,uyeTC5I KttHeTttKa <ppOHTa TpaBJiemrn,. TT Bhl5IBJI5IeTC5I CHJihHa5I 

3aBHCHMOCTh <popMbl <ppOHTa OT <popMbl TIOJI5I CKOpOCTeH TpaBJieHH5I. 

fipe,uJiaraeTC5I KpttTepttH, YKa3bIBaIOIIIHH, nptt KaKHX TaHreHcax yrna BepllIHHhI 

OCTptt5I TIOJIOCTH Heo6xo,UHMO yqttTbIBaTb TpexMepHoe TIOJie CKOpocTeH 

TpaBJieHH5I, TT Kor,ua ,UOCTaToqHO HCTIOJih30BaHtte O,UHOMepHoro pacnpe,ueJieHH5I 

CKopocTeH TpaBJieHH5I B,UOJih OCH TpeKa. fioKmaHO, qTo npO,UOJihHa5I CKOp0CTh 

TpaBJieHH5I v, <popMttpyeTC5I y)Ke Ha HaHoMeTpOBhIX pa,attarrhHhIX paccT05IHH5IX 

OT OCH TpeKa (CM. pttc.7.). 

Ta6JittU:a 2. <l>yHKU:MH M napaMeTpbl K pacqeTy npoqmJiett pttcyHKa 7. 

Btt,u pacnpe,ueJieHtt5I cKopocTeti t a V 0 

N~ TpaBJieHM5I f(p) tt f(p,Z) BpeM5I yroJI 

KpHBOH TpaBJieHH HaKJIOHa MKMfqac 

5I 

1 0~1 1 qac 90° 0.1 lp>I : f(p)=Vb 

p$): f(p)=-- + Vb 
· . 0.0l+p 

---·---------------------------------------------------------------------------------------------------------------------

2 0.01 I !
p > 1 : f(p) = vb 

p$1 : j(p)=--•- + Vb 0 
0.0l+p l+z 1 qac 90 0 .1 

-------------------------------------------------------------------------------------------------------------------------

3 

4 !
P >I : 

p $I : 

f(p) = Vb 

f( ) 
0.01 

p =--•(l+z)+Vh 
0.0l+p 
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PHc. 7. PacqeTHhie HaHonpoqnum 

BbITpaBJIHBaeMbIX nop B.D:OJih 

TpeKOB . .n:m1 pa,n:HaJihHblX 

pacnpe,n:eneHHH AQII, HOMepa H 

pacnpe,n:eJieHHH KOTOpbIX 

npHBe,n:eHbl B Ta6Jim.(e 3 

........ _." 11111::ttt::! ~ 

z \II 

cfl:i 

♦ 
Y(~y.z)= °-1+0.01-~ 

0.1+ 10-cr + y'> 

PHc. 8. EyThmeo6pa:maH cpopMa 

HaHonpo<pHJIH BbITpaBJieHHOM 

nopbl B.D:OJih TpeKa .D:JIH 

MO,n:eJihHOro pacnpe,n:eJieHHH AnT 

B HqeHcTOii CTPYKType. 

ITpH OilHCaHHH KHHeTHKH TpaBJieHHH KpHCTaJIJIHqecKHX ,n:eTeKTOpOB 

(HanpHMep, pHC. 8). npe,n:nonaraeTCH cylQeCTBOBaHHe BbITpaBJIHBaeMbIX HqeeK 

cpopMbl 6pycoqKOB, pacnOJIO)KeHHhIX BilJIOTHYIO .n:pyr K .n:pyry. Bb16HpaeTCH 

TpexMepHaH opTorOHaJibHaH CHCTeMa KOOp.D:HHaT H nonaraeTCH, qTo BpeMH 

TpaBJieHHH B.D:OJih KaKoro-JIH60 HanpaBJieHHH paBHO pa3Mepy 6pycKa B 3TOM 

HanpaBJieHHH, ,n:eJieHHOMY Ha CKOpOCTb TpaBJieHHH B 3TOH TOqKe IlOJIH 

CKOpOCTeii TpaBJieHHH. Hccne,n:oBaHa KHHeTHKa reoMeTpHqecKHX cpopM 

npo,n:OJihHhIX npo<pHJieH H nonepeqHbIX ceqeHHH BbITpaBJIHBaeMbIX IlOJIOCTeii 

.n:m, pa3JIHqHhIX Mo,n:eJibHhIX npOCTpaHCTBeHHhlX pacnpe,n:eJieHHH noneii 

CKOpOcTeH TpaBJieHHH. 

Kor,n:a ,n:HaMeTpbI BbITpaBJIHBaeMbIX IlOJIOCTeH 3HaqHTeJibHO npeBbIIIIaIOT 

nonepeqHbie pa3Mepb1 JiaTeHTHhIX TpeKOB, KHHeTHKa reoMeTpHH <ppOHTa 

TpaBJieHHH OilHCbIBaeTCH C IlOMOlQblO BCero ,n:Byx napaMeTpOB - npo,n:oJihHOH 

CKOpOCTH TpaBJieHHH Ha OCH TpeKa v; H co6cTBeHHOH CKOpOCTH TpaBJieHHH 

Heo611yqeHHoro MaTepHana VB, 3TOT pe)KHM TpaBJieHHH COOTBeTcrnyeT pe)KHMY 

cqern OT,n:eJibHhIX 3epeH HJIH 611060B B,n:OJih TpeKa B H,n:epHOH <pOT03MYJihCHH. 
32 

l13MepeHHH pa,n:HaJihHblX CKOpocTeii TpaBJieHHH BHYTPH o6beMa JiaTeHTHOro 

TpeKa .n:ocTynHhl npH 3JICKTpOXHMHqecKOM TpaBJieHHH, qTO COOTBCTCTBYCT 

H3MepeHHHM pa,n:HaJihHblX pacnpe.n:eneHHH OilTHqecKHX IlJIOTHOCTCH TpeKOB B 

H,n:epHbIX <pOT03MYJihCHHX. B .D:HCCepTaQHH OilHCbIBaCTCH npHMeHCHHe o60HX 

3THX MeTO.D:OB K HCCJIC.D:OBaHHIO TpeKOB H,n:ep 30JIOTa Au H KCeHoHa Xe B 

noJIHMepHoii nneHKe MaKpo<pOJih-KG. CHaqana paccMaTpHBaJIOCh npo,n:oJibHOe 

TpaBJieHHC, .D:JIH qero npe,n:rronaranocb, qTO rrpo,n:oJihHaH CKOpOCTh TpaBJieHHH 

rrporropQHOHaJibHa BepOHTHOCTH IIOHBJieHHH JIOKaJibHOro OTKJIHKa H ee 

3aBHCHMOCTh OT aTOMHoro HOMepa z H OCTaToqHoro rrpo6era R 3aIIHChIBaJiaCh B 

BH,n:e: 

V, (Z, R) = V8 + C · f'.,' (q(Z, R)) (18) q(Z,R)= REL(Z,R),,, 
REL

0 
'"' 

(19) 

J13 3KCrrepHMeHTaJibHOH 3aBHCHMOCTH V, (Z,R) no Mern.n:y HaHMCHbIIIHX 

KBa,n:paTOB 6bIJIH Haii,n:eHbl perncTpaQHOHHble napaMeTpbI .D:JIH BOCbMH 

MHKpoHHoro CJIOH ,n:eTeKTOpa, i=4, m= 1, REL0= 1 1.12 K3BIMKM H K03<p<pHQHCHT 

nponopQHOHaJibHOCTH MC)K.D:Y CKOpOCThIO H BepOHTHOCThIO OTKJIHKa C=21.45 

MKM/qac. C noM01QhIO TeopHH KaTQa 6hrn oQeHeH pa3Mep qM a0=7.5 HM. 3aTeM 

Haii,n:eHHhie napaMeTpbI 6hIJIH HCilOJib30BaHhl 6e3 KaKHX-JIH6o HOBhIX no,n:roHOK 

B HaIIIeM TeopeTnqecKOM no,n:xo,n:e .D:JIH pacqeTa pa,n:HaJihHhIX cKopocTeii 

TpaBJieHHH TpeKa B nonepeqHblX ceqeHHHX TpeKOB H,n:ep 
79 

Au, .D:JIHHOH 127 H 

8850 MKM. KaK MO)KHO YBH,n:eTb H3 pHc.8-a nonyqeHo xopornee cornacHe 

pacqern C 3KcnepHMCHTOM .D:JIH paCCTOHHHH 6011ee 20 HM OT OCH TpeKa H,n:pa C 

OCTaTOqHbIM rrpo6eroM 127 MKM (KpHBaH 1 H 3KCnepHMeHTaJihHhie TQqKH 2) H 

.D:JIH pa,n:HaJihHbIX paCCTOHHHH 6011ee 100 HM .D:JIH R=8850 MKM (KpHBaH 3, H 

3KCnepHMeHTaJihHhie TOqKH ,4). CKopocTH TpaBJICHHH Ha 6011ee 6JIH3KHX K OCH 

TpeKa paccTOHHHHX 0Ka3aJiaCb HH)Ke pacqeTHbIX. 3TO YKa3bIBaeT Ha TO, qTo B 

TaKHX Y3KHX KaHaJiaX H npH 60JiblIIHX 06bCMHbIX IlJIOTHOCTHX AnT .D:H<p<py3HH 

<me cnpaBJIHeTCH» co CBOCBpCMCHHOH no,n:aqeii TpaBHlQCro pacrnopa H co 

CBOeBpeMeHHhIM orno,n:oM npo,n:yKTOB peaKQHH. TeopHH P. KaTQa (PHc. 9-a) 
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,aaeT MeHblllee cornactte C 3KCrrepttMeHT0M ITO cpaBHeHHIO C HallIHMH pacqeTaMH 

(9-6 ), a pacqeTbl B nptt6JIIDKeHHH JIHHettHOro 0TKJIHKa eiue 6oJihllle pacX0,[(51TC51 

c 3KcnepttMeHTOM, qeM Teoptt51 P. KaTua (9-c). 

L(aJiee B llleCTOH rnaBe ,aenaeTC51 oueHKa TTOJIO)KeHHH BT0poii rnaBbl 0 

CMernaHHbIX o6rryqeHH5IX H 0 TeMrrepaTypHOH 3aBHCHM0CTH perttcTpaUH0HHbIX 

rrapaMeTp0B. C 3TOH ueJib!O npoaHaJIH3HpoBaH B351TblH H3 JIHTepaTypbI 

3KcrrepttMeHT c noJIHMepHoii nJieHKoii II3T<l>, o6nyqeHHoii ttoHaMtt Ar (7.6 

M3B/HyKJI.) tt Xe 0.75 (M3BIHyKn.), H c ttcrroJib30BaHtteM ,aorroJIHHTeJihHoro y

o6nyqeHH51 OT Ko6aJihTa Co ,ao3aMH 3KCIT03HUHH OT 0.2 pa.a ,ao 250 Mpa,a. 

BuTpaBJIHBaHHe TpeK0B rrpoB0,[(HJI0Cb nptt .[(BYX TeMnepaTypax 30 H 50 C. 
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V,,.,,(p) = C · P;(D(p)I D,,); V ,,,, ,, ( p ) = C · P; ( p ) , 

Pttc. 9. Pa,attaJibHhie pacrrpe,aeneHH51 pa,attaJibHoii cKopocTH TpaBJieHtt51 

V,ran(P) .[(JI5I ,aByx rronepe4HhIX ceqeHttii TpeKa H0Ha 30JI0Ta Au B 

rroJittMepH0M ,aeTeKT0pe Makrofol KG c ocrnToqHhIMH npo6eraMtt 

127 MKM H 8850 MKM. 

KpttBbie 1 npe,acTaBJl5JIOT V,ran(p), paCClfHTaHHhie .[(Jl51 TpeKa H0Ha 

Au c 0CTaTOl{HbIM npo6eroM 127 MKM tt KpHBbie 3 ,[(Jl51 885.0 MKM. 

3anoJIHeHHbie np51M0YfOJibHHKH 2 5JBJl5IIOTC51 3KCnepttMeHTaJibHblMH 

T0lfKaMH ,[(Jl51 ceqeHH51 TpeKa C 0CTaT04HblM npo6eroM 127 MKM, 

TI0Jlbie np51MoyroJibHHKH 4 npttHa,aJie)KaT TpeKy H0Ha Au C 

0CTaToqHbIM celfeHHeM 8850 MKM. 

l13Mep5IJIHCb npo,a0JibHble CK0p0CTH TpaBJieHH51 KaK q:>yHKUHH lfeTb1pex 

apryMeHT0B V,(Z,T,E,Dy). B nyJieB0M nptt6Jitt)KeHHH M0,[(eJIH MH0rHX y.[(apoB 

34 

Haii,aeHbI perncTpauttoHHbie rrapaMeTpbI II3T<l>. C rroM0IUb!O naii,aeHHhIX 

TeMrrepaTypHbIX 3aBHCHMOCTeii perncTpaUH0HHbIX napaMeTp0B paccqHTaHbl 

rrpo,a0JibHbie CK0p0CTH TpaBJieHH51 BO BCeM ,[(HaTTa30He aT0MHbIX H0MepoB 51,aep 

H 3aBHCHM0CTb ,[(HCKpHMHHaUHOHHOH crroco6HOCTH II3T<l> OT y-.[(03bl 

,[(0IT0JIHHTeJibH0fO o6nyqeHH51 . .bblJIO o6Hapy)KeHO, qTo nptt ,ll;03ax rrop51,aKa Dy 

<'. 100 Mpao ,[(HCKpHMHHaUH0HHa51 crroco6HOCTb CTpeMHTC51 K HYJIIO, V, He 

3aBHCHT OT aT0MH0ro H0Mepa 51,apa. 3To 03HaqaeT, qT0 cep,aueBttHa JiaTeHTH0ro 

TpeKa TI0CJie ,[(0CTaToqH0 60JibllIHX y-.[(03 rrepeX0,[(HT B C0CT05JHHH 0TKJIHKa KaK 

o,aHo uenoe. 

Bo3MO)KHbI TaK)Ke peaJitt3aUHH naii,aeHHhIX TIP JIO no o6neMy JiaTeHTHoro 

TpeKa 6e3 orrttcaHH51 TT0Jl51 CKOpOCTeii TpaBJieHH51, nanpttMep, ,[(Jl51 pacqeTOB 

MaKCHMaJibHbIX ,[(JIHH (ML() TTOJIOCTeii, BbITpaBJIHBaeMbIX B,[(0Jib JiaTeHTHbIX 

TpeK0B, naxo,a51InHXC51 BHYTPH MaTepttaJia ,aeTeKT0pa. TpaB5IIUHH pacrnop 

IT0CTaBJI5JeTC51 BO BHyTpeHHHe TpeKH qepe3 paciueJIHHbl MaTepttaJia HJIH qepe3 

BCIT0M0raTeJibHbie IT0JI0CTH TpeK0B ,apyrttx 51,aep, npoJieTeBllIHX qepe3 

HCCJie,ayeMbIH JiaTeHTHblH TpeK C TT0BepxH0CTH MaTepttaJia TI0CJie cneuttaJibH0ro 

,[(0TT0JIHHTeJibH0r0 o6JiylfeHH51 ,aeTeKT0pa. MeTO,[( pacqeTa IT0CTpoen Ha 

BBe,aeHHH BeJIHqHHbl, no,ao6HOH ceqeHHIO HHaKTHBaUHH 6ttOKJieTKH. 

Ilpe,anoJiaraJIOCb, qTo TpeK 6y,aeT BbITpaBJIHBaTbC51 T0JlbK0 B TOM CJiyqae, eCJIH 

ero celfeHtte a=2-:r-f(pv+) ·p·dp, 6y,aeT 6oJibllle HeKoTopoii KpHTHqecKott 
0 

BeJIHlfHHbl ao. OTKJIHK noJiaraJIC51 v-y,aapHbIM H m-MttllleHHbIM. 113 

KaJitt6poBoqHblX ML( TpeK0B TT5JTH 51,aep rpymibl )KeJie3a Haii,n;eHbl pe

rncTpaUH0HHbie napaMeTpbI MeTeopHTH0ro 0JIHBHHa. B pe3yJibTaTe pacqern 

,[(JIHH TpeK0B ,[(Jl51 1372 Ha6opoB napaMeTp0B Go, v,m tt (dE!ds)0 6bIJIO 

0 

TT0Ka3aH0, qTo ,[(Jl51 0JIHBHHa 3TH rrapaMeTpbI paBHbl a0 = 15 A, v = 4, m = I H 

(dE Ids )0 = 9.61 K3B I MKM • Ilptt 3TOM Hatt,aeno, lfTO a-0 = 0.27 · 10-3 
MKM 

2 
H .[(JI51 

35 

I' ii/ 

l
'i1i: 

1111 

1

1

il,1 

I'll II 

I/ill 

,-11: 

111 

I 
I 

i_/1 

II 

I
I 

1/1/! 

1/11 



KpttTttqecKou BeJmqlfHbI pa.[lttyca JiaTeHTHoro TpeKa nonyqaeM ✓u0 In = 92.59 A, 

qTo paBHO TpeM .[(ttaMeTpaM t:IM. 

Ha pttc. 10 npttBe.[leHa paccqlfTaHHM C nOMOW:bIO 3TlfX napaMeTpOB 3aBJI

ClfMOCTb M,[{ OT aTOMHOro HOMepa perncTpHpyeMoro 51.[(pa z /30/. 

,[{anee paCCMaTpHBaIOTC51 3KCnepJIMeHTbI C v; JI Vs .[(JI51 Ha6opa 51.[lep B 

.[leTeKTope CR-39 c 3Heprn51MJI B o6nacTH nHKa Ep3rra. 3TH Jiccne.[(oBaHH5! 

JIHTepeCHbI TeM, qTo B KOHI.(e npo6era 51.[(pa BbI6JIBaIOT ()-3JieKTpOHbI He6oJibillJIX 

3Heprnu, KOTOpbie o6pmyIOT CTBOJI TpeKa. Ilo TpeKaM pa3HbIX 51.[lep nepBoro 

3KcnepHMeHTa B HyJieBOM npH6JimKeHJIJI Bbipa)KeHJI5! (18), T.e. 6e3 o6pe3aHJI51 8-

3JieKTpOHOB, 6bIJIJI Hau.[leHbI perncTpaQJIOHHbie napaMeTpbr CR-39. B 3TOM 

nptt6Jilf)KeHim OKa3aJIOCb, qTo 3HaqeHJI51 

ClfJibHO 3aBJIC51T OT Toro, no TpeKaM 

perncTpaQJIOHHbIX 

hco 

!5~ 

UM 

Si, 

Li,.,.~(1.) Z=ll4 
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napaMeTpOB 

PHc. l 0. PacqeTHa51 3aBJICJIMOCTb Lmax(Z) .[(JI51 TpeKOB B OJIJIBJIHe 6e3 OT)KJira 

KaKoro 51.[(pa OHM 6brnJI Hatt.[(eHbI /12/. 3rn YKa3bIBaeT Ha Heo6xO,[(JIMOCTb yqern 

.[(OilOJIHJITeJibHbIX <pJI3JiqecKJIX <paKTOpOB, TaK KaK pe2UcmpatfUOHHble 

36 

napaMempbl OOfl:J/CHbl 3a6ucemb moflbKO om c6oucm6 oemeKmopa u nporwcca 

BU3YaJIU3alfuu. IlpH MaTeMaTJiqecKou o6pa6oTKe Brnporo 3KcnepHMeHrn /14/ 

y)Ke npe,[(nonaraJIOCb, qTo He Bee ()-3JieKTpOHbI npttHJIMaIOT O.[(JIHaKOBOe 

yqacTJie B <popMHpOBaHJIJI JiaTeHTHOro TpeKa JI B Kaqecrne ern:e O.[IHOro 

perJICTpaQJIOHHOfO JI IlO.[lfOHQqHoro- napaMeTpa JICnOJib3OBaJiaCb 3HeprH51 

o6pe3aHH5! Wcut• DbIJIO Hau,[(eHO: i,=l; C=3.24 MKM/qac; RELo=9.07 K3BIMKM; 

Wcu1=50 3B. B 3TOM npH6JIJI)KeHJIJI pm6poc 3HaqeHJIH perncTpaQJIOHHbIX 

napaMeTpOB OKa3aJIC51 3HaqJITeJibHO MeHbille. 

B KOHQe rnaBbI npe.[(JiaraeTC51 onJicaHJie npor.i:ecca TpaBJieHJI51 C IlOMOW:bIO 

MO,[(eJIJI MHOrJIX-y.[(apOB, me no.[( y.[lapoM y)Ke IlOHJIMaeTC51 arnKa MOJieKyJibI 

TpaB51W:ero pacrnopa Ha MOJieKyJihI MaTepHana. Anpo6aQH51 MeTO.[(a npoBO.[IJITC51 

Ha 3KCnepJIMeHTaJibHbIX 3aBJICJIMOCT51X CKOpOCTeu TpaBJieHJI51 Heo6nyqeHHOfO 

MaTepttana VB OT KOHQeHTpaQJIJI JI Tel\mepaTypbI pacrnopa. IlOKa3aHa Ba)KHOCTb 

lfCCJie.[IOBaHJIH VB(C,T) npH npe.[(eJibHO 6oJibIIIlfX 3HaqeHJI51X KOHQeHTpaQJIH 

pacrnopa C JI TeMnepaTyp TpaBJieHJI51 T .[(JI51 noHJIMaHH5! npor.i:eccoB, 

npoTeKaIOW:JIX BHYTPJI Y3KJIX IlOJIOCTeH BbITpaBJIJIBaeMbIX TpeKOB /13, 17/. 

BblBO.J!hl 

1 . Pmpa60TaH TeopeTJiqeCKJIH no.[IXO.[( K npo6JieMe .[leTeKTHpOBaHJI51, o6rn:Hu 

KaK no OTHOUleHJIIO K pa3JIJiqHbIM MaTepuanaM .5IIT.[{, TaK lf no OTHOIIICHJIIO K 

pa3JIUqHbIM TJinaM JI3JiyqeHJIH. 

2 . TTonyqeHhI Bbipa)KeHJI5I .[\JI51 OQeHKJI 

npocTpaHCTBeHHO-BpeMeHHbIX HHTepBaJIOB 

npe.[(eJibHO 

{Axmin, ~!min) 

MlfHJIMaJibHbIX 

B3aJIMO.[leUCTBJI51 

.LIBJI)KYW:HXC51 JIOHH3Hpy10rn:Hx qacTJIQ JI 51.[(ep c Bern:ecrnoM. 

3. Ha ocHOBe e.[IJIHoro .[IJI51 Bcero KJiacca .5ITT,[{ TeopeTJiqecKoro no.[IXO.[(a 

nonyqeHbI BepO51THOCTJI nO5!BJieHJI51 JIOKaJibHOfO OTKJIJIKa t:IM p; (r) nocne 

npoXO)K.[leHJI51 qepe3 .[(eTeKTop IlOTOKa 

IlO.[1Bepra10rn:JIXC51 MHOroKpaTHOMY pacce51HJIIO. 
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4 . I1ccrre)].OBaHbl CBOHCTBa norryqeHHblX Bep05!THOCTeH n05!BJiemrn: JI0KaJibH0r0 

0TKJilfKa. 3nI Bepo5!TH0CTII, 06061.l(eHbl CHaqarra Ha MH0r0K0Mn0HeHTHbie 

noT0Kl1 qacTm~, a 3aTeM Ha crryqaii np11cyTCTBl15! co6CTBeHHOro cpoHa. 

5. TTorryqeHbI Kp11Tep1111, Kor)].a 113 Bepo5!THOcTeii 0TKJI11Ka qM Teop1111 51TT,n B 

0)].H0M qacTH0M crryqae norryqaeTC5! Bep05!TH0CTb np05!BJieHl15! M11KpoKp11CTaJIJia 

<DrryKTyaQl10HHOH Teop1111 K.C. EoroMorroBa, a B )].pyroM coorneTcTByIOl.l(a5! 

Bepo5!TH0CTb E)].11Hoii Teop1111 P. KaTQa. TTp11 0)].H0BpeMeHH0M BbITI0JIHeH1111 

06011x Kp11Tep11eB JIOKaJibHb!H 0TKJil1K CTaH0Bl1TC5! Jil1HeHHbIM. 

6. TTpoBe)].eHO 06061.l(eH11e noH5!Tl15! «JI0KaJibH0ro 0TKJil1Ka». Pa3pa60TaHbl 

MeT0)].bl yqern cn0HTaHHbIX nepexo)].0B 11 TeMnepaTypHbIX 3aBIICl1MOCTeii. 

7 . On11caH npoQeCC cpopM11poBaHl15! JiaTeHTHbIX TpeK0B n0T0KaMl1 MH0roKpaTH0 

pacce11BaeMbIX ,5 - 3JieKTp0H0B. 

8 . Pa3pa60TaH HOBbIH MeT0)]. peweHl15! peKyppeHTHbIX ypaBHeHl1H, KOTOpbIH 

n03B0JI5!eT HaX0)].11Tb K03<p<p11Ql1eHTbI pa3JI0)KeHII5! npocTpaHcTBeHHo-yrnoBbIX 

M0MeHT0B pacnpe)].eJieHl1H no n0Jil1H0MaM Jle)KaH)].pa, 3aBl1C5!1.1(11M OT yrrra 

BbIJieTa 

3JieKTp0H0B. 

9 . Pa3pa6ornH MHoroypoBHeBbIH 6aHK )].aHHbIX 11 C03)].aH Ql1KJI nporpaMM no 

ero 06crry)K11BaHl1IO. EaHK )].aHHbIX n03B0JI5!eT HaKanrr11BaTb 11CX0)].HYIO 11 

pacLJeTHYIO 11HcpopMaQ1110 )].JI5! pa3IIl1'IHbIX MaTep11arroB 51TT,n. Bee C03)].aHHbie B 

npoQecce npoBe)].eHl15! )].11CCepTaQl10HHOH pa60TbI nporpaMMbI pa6ornIOT C 

06pal.l(eH11eM K 6aHKY )].aHHbIX. 

10. Peweua 3a)].a'la B0CCTaH0BJieHl15! TTPJIO B0Kpyr ToLJeLJHoro 

M0H03HepreT11LJeCKoro 11CT0LJHl1Ka C aKCl1aJibHOH Cl1MMeTp11eH )].JI5! M0)].eJil1 

np0113B0JlbHOH KpaTH0CTl1 y)].apoB. Pa3pa6ornH Q11KJI arrropIITM0B 11 nporpaMM 

)].JI5! pacqern TTP JIO B0Kpyr rnKoro IICT0'IHl1Ka. Peweu11e 3TOH 3a)].a'III, 

B03Hl1KIIIett npII paCCM0TpeHl111 ,5 - 3JieKTp0H0B, M0)KeT 6bITb TaK)Ke 

11cn0Jib30BaHo np11 3anIICl1 1no6pa)KeHl1H B <pOT03MYJibCl1II C n0M0l.l(blO nyqKa 

3JieKTp0H0B. 38 

11 . TTpe)].JIO)KeH MeT0)]. no)].6opa OnTl1MaJibHOH T0Jil.1(11Hbl <pOT03MYJibCl10HHOro 

CJI05!, npII K0T0p0M )].0CTIIraeTC5! M11HIIMaJibH0e C00TH0IIIeHIIe c11rHarr-wyM )].JI5! 

KOHKpeTHOH cneKTpaJibHOH JIIIHIIII np11 pa6oTe Ha p-cneKTporpacpax. 

OnTl1MaJibHa5! T0Jil.1(11Ha 0TbICKIIBaeTC5! Ha 0CH0Be pacqeTa pacnpe)].eJieHl15! 

np05!BJieHHbIX 3epeH no rny6IIHe <pOTOCJI05! C n0M0l.l(blO MeT0)].a pacqern TTP JIO. 

12 . TTpIIBe)].eHbI pe3yJibTaTbI pacqern pa3IIII'IHbIX napaMeTp0B TpeK0B B 

qJOT03MYJibCl15!X )].JI5! 51)].ep II3 BCero )].IIana3oHa nepIIO)].IILJeCKOH rn6Jil1Qbl 

3JieMeHT0B, BKJIIO'Ia5! CT3, npII 3T0M paccMaTp11BaJIIICb CK0p0CTII 51)].ep OT n11Ka 

np3rra )).0 peJI5!TIIBIICTCKl1X. 

13 . O6pa6ornH 3KcnepIIMeHT C no11CK0M CT3 B pa36aBJieHHbIX 3MYJibCII5!X. 

YKa3aH pa6oLJIIH IIHTepBarr pa)].11aJibHbIX pacCT05!HIIH, HaII6orree 3cpcpeKTIIBHbIH 

)].JI5! 11)].eHTl1<pIIKaQl1II CT3 C z = 114' KOTOpbIH M0)KeT 6bITb IICn0Jib30BaH npII 

npoBe)].eHIIII H0BbIX noIICK0B CT3 B K0CMl1'leCK0M 113JiyqeHIIII. 

14 . TTpe)].JIO)KeH MeT0)]. BbI'Il1TaHl15! <pOHa, KOTOpbIH 6bIJI onpo6oBaH Ha 

npo)].OJibHOH nrroTH0CTII np05!BJieHHblX 3epeH 0)].H03ap5!)].HbIX LJaCTl1Q. 3TOT 

MeT0)]. M0)KeT 6bITb IICn0Jib30BaH npII npoBe)].eHl111 3KcnepIIMeHTOB C 51TT,n B 

np11cyTCTBIIl1 0)].H0p0)].H0ro pa)].IIaQII0HH0ro cpoHa. 

15 . Pa3pa60TaH MeT0)]. yLJeTa perpeCCl1II TpeK0B B <pOT03MYJibCl111 )].JI51 yqern 

BpeMeHHbIX cpaKTOpOB npII nrraHIIp0BaHl1II )].JIIITeJibHbIX 3KcnepIIMeHT0B, 

Hanp11Mep, B HeiiTpIIHHbIX 3Kcnep11MeHTaX IIJil1 npII II3y'IeHIIII K0CMII'IeCKoro 

113rryLJeHII5!. 

1 6 . ,nrr5! ~BTOMaT11qecKOH II)].eHTl1<pIIKaQl1II peJI5!TIIBl1CTCKIIX 51)].ep C MaJibIM11 

aTOMHblMII H0MepaMl1 Z= I+ IO pa3pa6oTaHbl MeT0)].bl pacqern nJI0TH0CTII 

6rro6oB II pa3pbIB0B TpeK0B 51)].ep B <pOT03MYJibCIIII. 3TOT MeT0)]. M0)KeT 6bITb 

11Cn0Jib30BaH npII II3y'IeHl111 K0Mn0HeHTbl K0CMl1'IecKoro cneKTpa C HII3KIIMII 

aT0MHbIMII H0MepaMII. 

1 7 . ,nn5! 11)].eHT11<pIIKaQ1111 5!)].ep C HH3Kl1MII aT0MHblMII H0MepaMII B K0HQe 

npo6era B 51)].epHOH <pOT03MYJibCIIl1 11cnbITaH MeT0)]. pacqeTa IIIIIpIIHbI TpeKoB, 
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onpe.[(em1eMott no K00p.[(IIHaTe BHeurnero Kpa51 npo5IBJieHHoro 3epHa. 

18 . Pmpa6oTaHbl .[(Ba MeT0.[(a pacqera KIIHeTIIKII n cpopMbl cppmna TpaBJieHII51 

TpeK0B B MaTepnaJiax 5ITTLJ:, K0r,[(a II3BeCTHbI I10JI51 CKOpocTeii TpaBJieHII51 B 

CilJI0IIIHbIX II 51qeIICTbIX cpe.[(aX. I1ccJie,[(OBaHO BJIII5IHIIe cpopMbl 3TIIX IlOJieii Ha 

KHHeTHKY II cpopMy cppOHTa TpaBJieHII51. Haii.[(eH KpIITepnii, C Il0M0ll\blO 

K0Toporo M0)KH0 0QeHIIBaTb CTeneHb 3T0ro BJIH5IHII51. O6a MeT0,[(a MoryT 6bITb 

IICI10Jib30BaHbl .[(JI51 pacqera pa3Mepa II cpopMbl HaHonop, Il0JiyqaeMbIX rrpII 

BbITpaBJIHBaHIIII TpeK0B. 

19 . IlocTpoen MeT0.[( pacqera MLI: TpeK0B. Ha ocHoBe 3Toro Mern.[(a 

o6pa6oTaH KaJIII6poBoqHblll 3KCrrepIIMeHT .[(JI51 0JIIIBIIHa II naii.[(eHbl 

perncTpaQII0HHhie xapaKTepIICTIIKII 3Toro MaTepIIaJia. IloJiyqeHa pacqeTHaJI 

3aBHCHM0CTb MLI: OT aT0MH0ro H0Mepa 51.[(ep BO BCeM ,[(IIaI1a30He Ta6JIIIQbI 

3JieMeHT0B. 3Ta 3aBIICIIM0CTb npe.[(Ha3HaqeHa .[(JI51 HCCJie.[(0BaHirn K0MII0HeHTbl 

K0CMIIqecKoro II3JiyqeHII51 BO BCeM .[(IIaI1a30He aT0MHbIX H0MepoB, BKJIIQqaJI 

CT3. 

2 0 . LJ:JI51 TpaBJieHII51, C00TBeTCTBYIOI11ero pe)KIIMY «cqera 3epeH», K0r.[(a 

H3Mep5IeTC51 0TH0UienIIe V, !Vi, II0Ka3aH0, qTQ rrepexo,[( K Bblpa)KeHII5IM M0.[(eJIII 

MH0rHX y.[(apoB OT Tpa.[(IIQII0HH0 IICI10Jib3yeMbIX panee 3MI1HpIIqecKIIX cpopMyJI 

EeHTOHa 3HaqIITeJibH0 II0BbIUiaeT T0qH0CTb omrcaHII51 3aBIICIIM0CTII 3T0f0 

0TH0!IIeHII51 V, /Vh OT 3HeprIIII IIJIII npo6eroB II0H0B, rrpIIqeM IICII0Jib3yeMbie rrpII 

3T0M rrapaMeTpbl IIMeIOT 5ICHblll !plI3IIqecKIIH CMbICJI /5, 12, 14, 26/. 

21 . B nyJieB0M rrpII6JIII)KeHIIII Te0pIIII MH0rnX y.[(apoB npe.[(JI0)KeH MeT0.[( 

pacqeTa 3aBIICIIM0CTII CKOpOCTeii TpaBJieHII51 B.[(0Jib TpeKa OT .[(03bl 

.[(0II0JIHIITeJibH0ro o6JiyqeHII51 .[(eTeKT0pa y-KBaHTaMII II TeMnepaTypbl 

TpaBJieHII51. IloKa3aHO, qTQ B cep.[(QeBirne TpeKa B03M0)KeH !pa30Bblll rrepexo,[( 

0.[(H0BpeMeHH0 BO Bceii cep.[(QeBIIHe TpeKa, rrp!I K0T0p0M IIcqe3aeT 

.[(IICKp!IMIIHaQII0HHa51 crroco6HOCTb ,[(eTeKTopa. TaKIIM o6pa30M, M0.[(eJib MH0rHX 

y.[(apoB M0)KeT TaK)Ke 0II!ICaTb rrepexo.[( OT npepbIBIICT0ro TpeKa K 

nerrpepbIBH0MY TpeKy. 
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2 2 . B .[(IICCepTaQIIH rrapaMeTpbl TpeK0B B <pOT03MYJibCII5IX lI B MaTepIIaJiax, 

o6pa6aTbIBaeMbIX TpaBJieHHeM, paccq!ITaHbl Ha 0CH0Be pmpa6oTaHHOH Te0pIIH 

,[(eTeKTIIp0BaHII51 B !IIHp0K0M .[(IIaIIa30He 3Heprnii 51.[(ep: OT HII3KIIX 3Heprnii B 

o6JiaCTII IIIIKa Ep3rra ):(0 peJIJITIIBHCTCKIIX 3HeprIIH B .[(IIaIIa30He aT0MHbIX 

noMepoB rn6JIHQbI Men.[(eJieeBa, BKJI10qa51 CT3 . 

2 3. YKmano 3HaqenIIe IICCJie.[(oBaHIIH rrpoQecca TpaBJieHII51 Heo6rryqenHoro 

MaTepnaJia BHe pa6oqttx .[(IIarrmonoB KOHQenTpaQIIii II TeMnepaTypbI 

pacrnopIITeJI51 .[(JI51 II0HIIMaHH51 rrpoQecc0B, I1p0IICX0.[(5lll\IIX BHYTPII Y3K0ro 

KaHaJia TpaBrreHII51 B.[(0Jib Il0JI0CTII C HaH0MeTp0BbIM .[(IIaMeTp0M. Ilpe.[(JIO)KeH 

KOMfornnpoBaHHblll I10.[(X0.[(, BKJIIOqaIOll\IIH M0.[(eJib MH0rnx y.[(apoB K 

pacrnopeHHIO MaTepIIaJia .[(eTeKTopa, CK0p0CTH XHMIIqecKHX peaKQIIH H 

.[(II!p!pY3HII /13, 17/. 
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