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06III;a.H xapaKTepHCTHKa pa6oThI 

AKTyaJibHOCTb pa6oThI. B ,n;nccepTau;rrn: BbIIIOJIHeHo i::rncJieHHOe nccJie­

,n;oBaHne MaTeMaTH'!8CKHX MO,I1;8JI€H ,IJ;Byx CJio:iKHbIX qmsni::reCKHX rrpou;eccoB. 

PaccMoTpeHbI cJie,.rryIOr:o;ne MaTeMaTni::recKHe Mo,n;eJin: 

• HeJIHHeH:Ha.a TpeXMepHa.a Mo,n;eJib TepMni::recKoro IIHKa ,n;JI.a orrncaHH.H Terr­

JIOBbIX rrpou;ecCOB H H3yqeHH.H cPH3H'!eCKHX 9<l;><l;>eKTOB B MaTepHaJiax rrpH 

o6Jiyi::reHHH HX T.H)f\:eJibIMH HOHaMH BbICOKHX 9HeprnH:; 

• ,Il;nHaMH'!eCKa.H MO,II;eJib IIOJI.HpOHa ,IJ;JI.H H3yi::reHH.H 9BOJIIOIJ;HH B036y2K,IJ;eH­

HbIX COCTO.HHHH IIOJI.HpOHa. 

9TH MO,IJ;eJIH ofrbe,II;HHeHbI B ,II;HCcepTau;irn o6'beKTOM 'IHCJieHHOro HCCJie­

,II;OBamrn, KOTOpbIM .HBJI.HIOTC.H Hemrnell:Hbie 3a,n;ai::rn ,II;JI.H CHCTeM ,n;mp<l;>epeHu;H­

aJibHbIX ypaBHeHHll B i::raCTHbIX rrpOH3BO,IJ;HbIX. 

0 ,IJ;HOll H3 rrepcrreKTHBHbIX H 6bICTpO pa3BHBaIOII:i;IIXC.H o6JiaCTefi IIpHMeHe­

HH.H MaTeMaTHqecKoro MO,II;eJIHpOBaHI1.H .HBJI.H8TC.H pa,n;nau;HOHHa.H cPH3HKa KaK 

o6JiaCTb cPH3H'!8CKOH HayKH, B03HHKIIIa.H Ha CTbIKe cPH3HKH TBep,n;oro TeJia, 

.a,n;epHOH cPH3HKH H cpH3HKH BbICOKHX 9Heprnll:. 3Hai::reHHe pa,n;na:o;HOHHOH cPH-

3HKH HerrpepbIBHO pacTeT B CB.H3H c ee MHOrO'!HCJieHHbIMH rrpHJI02K8HH.HMH ,II;JI.H 

KOCMHqeCKHX HCCJI€,II;OBaHHfi, .a,n;epHOll 9HepreTHKH H T.,IJ;. PesyJibTaTbI pa,n;Hau;rr­

OHHOH cPH3HKH rrpe,n;cTaBJI.HIOT He TOJibKO rrpHKJia,IJ;HOfi, HO H o6ru;e¢H3HqecKIIll 

HHTepec, II03BOJI.H.H, B i::raCTHOCTH, ofrb.HCHIITb H8KOTOpbie BOIIpOCbI TeOpIIII KOH­

,n;eHCHpOBaHHOro COCTO.HHII.H H cPa30BbIX rrepexo,n;oB. 

AKTIIBHbie HCCJI8,Il;OBamrn B o6JiaCTII pa,n;nau;IIOHHOH cPII3IIKH IIOKa3aJIII, 

'ITO pa,n;IIau;IIOHHO-CTHMYJIIIpOBaHHbie rrpou;eCCbI rrpHBO,II;.HT K Kai::reCTB8HHOMY 

II3M€H8HIIIO CBOllCTB o6JiycraeMbIX MaTepIIaJIOB. ,Il;aHHOe o6CTO.HT8JibCTBO IIO­

MIIMO 'IIICTO Hayi::rHoro HHTepeca rropo,n;IIJIO 3Ha'!IIT€JibHbI€ Ha,IJ;€)K,Il;bl Ha B03-

MO)KHOCTb T8XHOJIOrH'!€CKOro rrpHM8H€HII.H ycKOpHTeJiefi 3ap.H)K€HHbIX qacTIIIJ; 

,n;JIH MO,IJ;HcPHKau;nII cpH3HKO-XHMrrqecKHX CBolicTB MaTepHMOB II II3,n;eJIIIH. O,n;­

Ha H3 Harr6oJiee Ba1KHbIX sa,n;ai::r B pa3pa6oTKe pa,n;HaIJ;IIOHHbIX TeXHOJIOrIIH: -

rrporH03 H3M€H€HII.H CTPYKTypHo-¢a30BOrO COCTO.HHII.H o6Jiyi::raeMOll IIOBepXHO­

CTII, KOTOpoe 3aBHCHT KaK OT cPII3HqecKIIX rrapaMeTpOB B€Iu;€CTBa, TaK II OT 

IIHT€HCIIBHOCTH HCTO'!HIIKa H3JIY'!8HH.H. 

B OCHOB€ MO,IJ;Hcp:rru;rrpyroru;ero B03,II;8MCTBII.H 3ap.H)K8HHbIX i::raCTHIJ; Ha TBep­

,n;oe TeJio Jie2KaT TeIIJIOBbre rrpou;ecchr. TBep,n;oe TeJio rrpII o6JiyqeHHII rmaBIITC.H, 

rrcrrap.aeTc.H, B HeM o6pasyroTc.a TepMoMexaHrri::recKne Harrp.a)KeHII.a, ycIIJIHBaeT­

c.a MHrpau;II.H aTOMOB. 

3Ha'IIIT€JibHbIH HHTepec TaK)K€ rrpe,n;cTaBJI.HIOT IICCJie,n;oBaHH.H rrpou;eccoB 

rrepeMeIIIHBaHH.H KOMIIOH€HT rrpII o6Jryi::reHIIH T.H)K8JibIMH IIOHaMII BbICOKHX 9Hep­

rIIfi ,n;ByxcJioH:HbIX CTPYKTYP B BH,n;e OTHOCIITeJibHO TOHKoro cJio.a, HaHeceHHoro 

Ha 6oJiee MaccrrBHYIO rro,n;JIO)KKy. B 8TOM cJiyi::rae y,n;aeTc.H rroJiyi::rrrTb ,n;ocTaToqHo 
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xopOilIYIO a,n;re3HIO, TO eCTh rrepeMellIIIBaHHe MaTeprraJIOB ,IJ;ByxCJIOHHOH CTpyK­

TYPhI Ha rpairn:u;e p83,II;eJia, a TaK)Ke ,n;oCTHrHyTh rrepeMellirrBami:.a B3arrMHO 

HepaCTBOpHMhIX CTPYKTYP· HccJie,IJ;oBamrn rrpo!IeccoB o6p830Bamrn TpeKOB TH­

)K8JihIX IIOHOB B p83JIH"'IHhIX MaTepH:aJiax, OTJIH1'-lalOIIIHXCH T8IIJIOcPII3II'IeCKHMII 

rr CTPYKTYPHhIMH CBOHCTBaMrr, ,II;aeT B03MOLKHOCTh 6oJiee ,II;eTaJihHO H3YL£HTh 

MexaHH3MhI B3aHMO,IJ;8HCTBHH HaJieTaIOII!HX qacTIII! c MaTeprraJiaMII. 

BoJibIIIOH HHTepec rrpe,n;cTaBJIHeT HCCJI€,IJ;OBaHrre ,II;HHaMHL£€CKOH MO,IJ;€JIH 

IIOJIHpOHa, II03BOJIHIOIII8H BbI.HBHTh 06II!II€ ycJIOBIIH o6p830BaHIIH JIOKaJIH30BaH­

HhIX CTpyKTYP B KoH,n;eHcIIposaHHbIX cpe,II;ax. TaK, cpaBHrrTeJibHO He,IJ;aBHO 6hrn 

o6Hapy)KeH rrepeXO,IJ; IIOBepXHOCTII OKCII,lJ;HhIX ,II;II9JI8KTpIIKOB B BhICOKOIIpOBO,IJ;H­

III8€ COCTOHHHe IIO,IJ; ,IJ;8HCTBIIeM IIOHHOro o6JiyL£eHIIH, rrpII KOTOpOM IIMeeT M8CTO 

po CT IIOBepXHOCTHOit 9JI8KTporrpoBO,II;IIMOCTH 6oJiee qeM B 5-6 p83. 0 ,IJ;HOH II3 

rrorryJIHpHbIX MO,D;eJieH OIIIICaHIIH 9TIIX II3MeHeHHH B KpIICTaJIJiax HBJIHeTCH MO­

,IJ;8Jih IIOJIHpOHOB (rromrpOHbI MaJioro pa,IJ;IIyca, MOHO- H 6Imom:1pOHbI). IloMIIMO 

9TOro, IIOJIHpOHHbie COCTOHHHH IICIIOJih3YIOTCH B COBpeMeHHOM HaH09JI€KTpOHII­

Ke rrprr OIIHCaHHH rrepeXO,II;OB B KBaHTOBbIX TOL£Kax. IloJIHpOHHhIMII 9cPcP€KTaMH 

ofrbHCHHIOTCH IIOJIOCbI rrorJIOIII€HIIH I!€HTPOB OKpaCKH B IIOHHbIX KpHCTaJIJiax. 

B IIOJIHpHbIX cpe,n;ax COJihBaTIIpOBaHHbie COCTOHHIIH 9JI€KTpOHOB rrpe,n;cTaBJIH­

IOT co6ofi IIOJIHpOHHbie COCTOHHHH II orrpe,n;eJIHIOT XHMII'IeCKIIe peaKu;IIII, IIr­

paH pOJih CIIJibHeti:rrrero soccTaHOBIITeJIH. B rroJirrMepax rroJIHpOHhI HBJIHIOTCH 

OCHOBHbIMII HOCIIT€JIHMII TOKa. Hx rrpOBO,IJ;HIIIIIe CBOMCTBa HCIIOJib3YIOTCH rrprr 

cos,II;aHIIH CBepxrrerKHX rrpoBO,IJ;HIIKOB II aKKYMYJIHTOpoB. B 6rroJiorIIrr IIOJIHpo­

HhI ofrbHCHHIOT B03MOLKHOCTh rrepeHoca 9HeprIIrr Ha 6oJII>rrroe paccTOHHIIe. Hx 

H3yL£eHIIe ,n;aeT OCHOBY ,II;JIH C03,IJ;aHIIH TaKHX KaL£eCTB€HHO HOBbIX ycTpOHCTB 

HaH06II09JI€KTpOHIIKII, KaK HaH06IIO"IIIIIbI II 9JI€KTpOHHhie HaH06IIOCeHCOpbI. 

B CBB3H c TeM, L£TO rrpoBe,IJ;eHIIe HaTypHbIX 9KcrrepIIMeHTOB B 9TIIX o6Jia­

CT.HX corrp.H)KeHo c 6oJihllIHMH TPYAHOCTBMII, oco6eHHO Ba)KHYIO porrh rrpIIo6-

peTaeT rrpoBe,II;eHHe MaTeMaTIIL£8CKOro MO,IJ;€JIIIpOBaHII.H. ,Il;JIH 9TOrO Tpe6yeTCH 

p83pa60TKa 9¢¢eKTIIBHbIX BhIL£HCJIIIT€JihHhIX cxeM II aJirOpHTMOB, a TaK)Ke 

rrpose,IJ;eHIIe ,II;OCTaTOL£HO TPYAOeMKIIX BhIL£IICJIIITeJibHhIX 9KcrrepIIMeHTOB, HO B 

pH,IJ;e crryqaeB 9TOT IIYTh HaMHOrO BblrG,l];Hee, L£eM rrpoBe,II;eHIIe HaTypHbIX 9KC­

rrepIIMeHTOB. 

IJ;eJiblO ,LJ;HCCepT~HOHHOH pa60TbI .HBJI.HeTCH 

1. P83BIITrre MeTO,II;OB MaTeMaTII"lecKoro MO,IJ;eJIIIpoBaHH.H ssaIIMo,n;eii:CTBIIH 

ycKopeHI-IhIX 3ap5I)K€HHhIX qacTHI! c BeIIIeCTBOM. ,Il;JI.H ,ll;OCTII)K€HIIH 9TOH 

I!€JIII 6bIJIH IIOCTaBJI€HhI CJie,LI;yIOIIIIIe sa,n;aqrr: 

• 06o6IIIeHrre TpexMepHOH MO,l];€JIII TepMII'IeCKOrO IIIIKa, Y"IIIThIBaIO­

III8€ HeJIHHeii:HyIO 3aBIICIIMOCTh TeIIJIOcPII3IIL£eCKIIX rrapaMeTpOB MO­

,II;€.J1H OT TeMrrepaTyphii 
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• IlocTpoeHHe MaTeMaT:rrqecKHX Mo,n;enefi rrpou;eccoB, HMeroru;Hx rrpaK­

THi:recKyro u;eHHOCTb, TaKHX KaK B03,n;e:ti:CTBHe TR)K8JibIX sapRLKeH­

HbIX i:racnru; Ha O,Il;HOCJIOHHbie, ,II;BJXCJIOHHbie H aHH30TpOIIHbie MaTe­

pHaJibI; 

• Paspa6oTKa a¢¢eKTHBHbIX BbI'IHC.JIHTeJibHbIX cxeM, aJiropHTMOB :rr 

rrporpaMM ,II;.JI.H pemeHHR BbIIIIerrepeq:rrcJieHHbIX sa,n;aq; 

• B paMKax rrpe,n;JioLKeHHbIX Mo,n;eJiefi :rrsyqeHrre BJIIIRHHR TeIIJIOBbIX 

rrpou;eccOB Ha <J:>opMHpOBaHIIe TpeKOB B pasm1qHbIX MaTepuaJiax. 

2. IlpoBe,n;eHHe 'IHCJieHHOro 8KCrrepHMeHTa ITO rrsyqeHIIIO ,II;HHaMIIKH rromI­

pOHHbIX COCTORHHH: 

• Paspa6oTKa aJiropIITMa H rrporpaMMbI ,II;JIZI Mo,n;eJIHpoBaHIIR ::>BOJIIO­

D;HH rro.JizrpoHa c y"(rnTOM TpeHHR B c:rrcTeMe; 

• J13yqeHHe 8BOJIIOD;HH IIOJIRpOHa c pa3JIHqHbIMH HaqaJibHbIMH pac­

rrpe,n;eJieHHRMH sapR,n;a. 

Hayqmu1 HOBH3Ha. 

1. BrrepBbie rrpoBe,n;eHO qrrcJieHHOe HCCJie,II;OBaHHe TpexMepHOH MO,II;eJIH Tep­

MH'!eCKOro IIHKa c yqeTOM HeJIHH€HHOCTH TeIIJIOcPH3H'IeCKHX rrapaMeT­

pOB. IlpoBe,n;eHbI -.:rnc.rreHHbie 8KCIIepHM8HTbI ,II;JIR HCCJie,II;OBaHHR TeMrrepa­

TYPHbIX rrpo:o;ecCOB B MaTeprraJiax rrpH o6nyqemm HX TRLKeJibIMH HOHaM:rr 

BbICOKHX 8HeprHH H ll:X BJIHRHHR Ha o6pasoBamrn TpeKOB. 

a) IloKa3aHO, 'ITO B HemrnefiHOH MO,II;8JIH T8IIJIOBbie rrpou;ecCbI B KpH:­

CTaJIJIH'!eCKOH pemeTKe rrpOHCXO,II;.HT 3HaqHT8JibHO Me,n;JieHHee, qeM 

rrpH IIOCTO.HHHbIX T8IIJIOqrn3H'I8CKHX rrapaMeTpax. 

6) B rrpoBe,n;eHHbIX qH:cJieHHbIX ::>KcrrepH:MeHTax orrpe,n;eJieHbI MaKcH­

MaJibHbre pasMepbI o6JiacTefi, B KOTOpbIX TeMrrepaTypa KpHCTaJIJIH­

qecKOH perneTKII ,II;OCTIIraeT TeMrrepaTypbI IIJiaBJieHHR MaTepHaJia. 

B) Mccne,n;oBaHo B.JIHRHHe TerrJIOBbIX rrpou;eccoB Ha yJiyqrneHHe B3aHM­

Horo CMeIIIHBaHHR CJIOeB B ,II;BJXCJIOHHbIX CTPYKTypax rrpH o6Jiyqe­

HHH T.HLK8JibIMH HOHaMH. 

2. BrrepBbie rrpoBe,n;eHo -.:i:rrcJieHHoe rrccJie,n;oBaHrre ,II;HHaMHqecKoli Mo,n;eJIH 

IIOJIRpOHa c yqeTOM TpeHHR B CHCTeMe. 

a) 1i:HCJieHHbie 8KCIIeprrMeHTbI IIOKa3aJIH, qTo eCJill B HaqaJibHbill: MO­

M8HT BpeMeHH IIOJIRpOH HaXO,II;HJICR B ( OCHOBHOM HJIH B036yLK,n;eH­

HOM) CTaD;IIOHapHOM COCTORHHH, TO OH coxpaHR8TCR B 8TOM COCTOR­

HHH He3aBHCH:MO OT HaJIF[qF[5J: HJIH OTCJTCTBHR TpeHHR B CHCTeMe. 
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6) IloKa3aHo, "<ITO Ha'!a.JibHOe pacrrpe,n;e.rremrn 3ap.H,n;a, 3a,n;aHHOe cyrrep­

rro31m;1u1MH CTaIJ;HOHapHbIX COCTO.HHIIH IIOJI.HpOHa, rrpII HaJIII'lllll B 

CllCTeMe TpeHII.H 8BOJIIOIJ;IIOHHpyeT B OCHOBHOe COCTO.HHIIe. IlpII OT­

cyTCTBllll TpeHH.H 8BOJII-OIJ;ll.H B OCHOBHOe COCTO.HHHe He Ha6mo,n;aeTC.H 

B Te'leHHe cPH3ll'l8CKll 3Ha'!IIMOro rrpoMe:tKyTKa BpeMeHH. 

Ilpa.KTMqecKClil 3Haq11MOCTb. B ,n;IIccepTau;uu BrrepBbre B paMKax Tpex­

MepHo:it H8JIHHeiiHOH MO,z:t;HcpIIIJ;llpOBaHHOH MO,z:t;eJIII T8pMll'l8CKOro IIIIKa llCCJie­

,z:t;OBaHbI TeIIJIOBbie rrpou;ecCbI B pa3Jill'!HbIX MaTepua.nax rrpll 06.rryqeHIIll T.H:tKe­

JibIMll llOHaMH BbICOKHX 8HeprII:ti:, 'ITO II03BOJI.H8T IIOJIY'IHTb HOBYIO llHcpOpMa­

IJ;llIO 0 rrpou;eccax ll3MeHeHII.H CBOHCTB o6JiyqaeMbIX MaTepuaJIOB. 

I1cc.rre,n;oBaHH.H 06.rry"<IeHH.H HIIKe.rreBOH Mlllli8Hll IIOHaMH ypaHa c 8Heprueii 

700 MsB rroKasaJiu, 'ITO rro.rry'IeHHbie ou;eHKH rrapaMeTpOB TpeKoB (,n;1mMeTp 

230A) Ka'leCTB8HHO OIIIICbIBaIOT 8KCIIepIIM8HTaJibHbI8 ,n;aHHbie. 

IlpII o6Jiy'IeHHH ,z:t;ByxcJioliHhIX o6pa3IJ;OB Ha rrpIIMepe Ni(2 MKM)/W uoHa­

MH BIICMyTa c 9Heprueii: 710 MsB OIJ;8H8HbI pa3MepbI o6JiaCTll B,z:t;OJib TpaeKTO­

p:rrn :rroHa, r,n;e rrpoucxo,n;.aT rrpou;eccnI rrJiaBJieHu.a. 8To rrpHBO,z:t;HT K yBeJIH'I8HIIIO 

K08cpcpHTI;HeHTa a,n;re3HII, T.e. B3aHMHOro rrepeMelliHBaHH.H KOMIIOH8HT ,z:t;Byx Ma­

TepuaJIOB, '-ITO .HBJI.HeTC.H B8CbMa Ba:tKHbIM rrpu C03,z:t;aHHll ,z:t;BYXCJIOHHbIX CTpyK­

TYP H3 MaTepuaJIOB c pa3JIII'-IHbIMH CBOHCTBaMH. 

BhmOJIHeHHhre -crnc.rreHHhie IICCJie,z:t;oBaHII.a TeIIJIOBhIX rrp011eccoB rrpu 06-

Jiy'-IeHHII BbICOKO-OpIIeHTIIpOBaHHOro IIHpOJIIITll'l8CKOro rpacp:rrTa (BOIIr) IIO­

Ka3a.JIII, '-ITO rrpu o6Jiy'-IeHIIII IIOHaMII 209Bi (710 MsB) TeMrrepaTypa BOIIr 

rrpeBbilliaeT TeMrrepaTypy cy6JIIIMau;:rrII II rrpIIBO,z:t;HT K ,n;eQ:>eKTHbIM CTPYKTy­

paM TIIIIa KpaTepoB Ha IIOBepXHOCTH, KOTOpbre OTCYTCTBYIOT rrpII o6Jiy'-IeHHll 

uoHaMH 86Kr ( 253 MsB), 'ITO rro,z:t;TBep:tK,n;aeTc.a 9KcrrepIIM8HTa.JihHhIMII ,n;aHHhI­

MH. 

Pa3pa6oTaHHhre B ,n;uccepTaIJ;IIH BhI'-IIICJIHTeJihHhre cxeMhr, a.nropIITMhI u 

KOMIIJI8KCbI rrporpaMM ,z:t;JI.H IICCJie,z:t;oBaHII.H MO,z:t;eJIII TepMII'-I8CKOro IIHKa B HaCTO­

.aru;ee BpeM.H IICIIOJib3YIOTC.H B 0 I15II1 ,z:t;JI.H IICCJI8,II;OBaHII.H T8IIJIOBbIX rrpou;ecCOB 

II ou;eHOK rrapaMeTpOB TpeKOB IIpII o6Jiy'-IeHIIII pa3JIII'-IHhIX KOH,II;8HCHpOBaHHhIX 

cpe,n; T.H:tK8JibIMH HOHaMII BbICOKIIX 8HeprIIH:. 

AJiropIITM M rrporpaMMa ,z:t;JI.H pemeHII.H ,z:t;IIHaMII'-IeCKOli MO,z:t;eJIH rroJizpoHa 

IICIIOJib3YIOTC.H B OI15IM, a TaKLKe B I1MIIB PAH r. Ilyru;IIHO. 

Arrpo6a:u;11.H pa60Tb1. OcHOBHhre rroJioLKeHII.H II pesy.rrhTaTbI rrpe,n;cTaB­

JieHbI II ,z:t;OKJia,z:t;bIBaJIHCb Ha Me:tK,z:t;yHapo,z:t;HbIX II pOCCIIMCKIIX KOHQ:>epeHIJ;II.HX: 

,;x . .v Me:tK,z:t;yHapo,n;Ha.H Hay'-!Ha.H KOHcpepeHIJ;H.H CTy,z:t;eHTOB, aCIIIIpaHTOB II MO­

JIO,II;bIX y'-IeHnrx «J1oMoHocoB»" (MrY IIM. M. B. J1oMoHocoBa, MocKBa, 2008); 
II MeLK,n;yHapo,n;Ha.H KoHcpepeHu;:u:z ,,MaTeMaTI:I'-IeCKa.H BIIOJIOrII.H II BIIOIIHQ:>op­

MaTIIKa" (IlyIIJ;IIHO, PoccIIz, 2008); ,,X II XII Hay'IHhie KOHcpepeHI~HH MOJIO,z:t;hrx 
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yqeHbIX II cTien;na.JrnCTOB OI15II1 (,D;y6Ha, 2006, 2008); ,";./II VI Han;IIoHa.JibHbre 

KOHtj;)epeHn;HII rro TipIIMeHeHIIIO PeHTreHOBcKoro, CIIHxpoTpOHHoro II3.JIY'l8HIIH, 

He:HTpoHOB II 9JieKTpOHOB ,II;.Jrn ncc.Jie,II;oBam1H HaHoMaTepna.JioB II HaHOCIICTeM" 

(PCH9 HAH0-2005 II 2007, HK PAR, MocKBa), a TaK2Ke Ha ceMnHapax TIO 

BbI'IIIC.JIHT8.JibHOH cPH3IIK8 Jia6opaTOpHII HHCpOpMan;IIOHHbIX T8XHO.JIOrIIH 06'b-

8,IJ;IIH8HHOro IIHCTIITyTa .H,IJ;8pHbIX HCC.JI8,LJ;OBaHHH II Ha 3ace,r:i;aHMII TiporpaMMHO­

KOHCY.JibTan;HOHHOro KOMIITeTa OI15II1 TIO cPII3HKe KOH,IJ;eHcrrpoBaHHbIX cpe,n;. 

Ily6JIMKaD;MM. MaTepFia.JibI ,r:i;nccepTan;nn oTiy6.JIIIKOBaHbI B 14 rreqaTHbIX 

pa6oTax, M3 KOTOpbIX 6 CTaTe:H B pen;eH3HpyeMbIX LKypHa.Jiax [Ml-M6] peKOM8H­

,LI;y8MbIX BAK, rr 8 pa6oT B MaTepna.Jiax KoH¢epeHn;II:H [M7-M14] . 

JlHT-IHhlM BKJia,ll; a.BTopa. <DopMy.JinpOBKH perrreHHbIX B ,LI;IICCepTan;r.m 

3a,r:i;aq, pa3pa60TKa MaTeMaTM'!8CKMX MO,II;e.Jie:H, a.JirOpHTMOB H KOMTI.JI8KCOB TipO­

rpaMM, a TaK2Ke KOMTibIOT8pHbI8 paC'l8TbI FI aHa.JIM3 pe3y.JibTaTOB BbIITO.JIH8HbI 

concKaTe.JieM caMOCTO.HTe.JibHO. Bo.Jiee o6rn;ne TIOCTaHOBKa 3a,i::i;aq, cPII3M'lecKa.H 

MHTepnpeTan;rr.a, aHa.JIM3 TO'IHOCTll M ,IJ;OCTOBepHOCTM TIO.JIY'l8HHbIX pe3y.JibTaTOB 

TipOBO,II;H.JIIICb COMCKaTe.JieM COBM8CTHO c HarrnbIMII pyKOBO,LJ;HT8.JI.HMM M coaB­

TOpaMH. 

CTerreHh ,n;ocToBepHoCTM pe3yJihTaToB. ,Il;ocToBepHocTb pe3y.JibTa­

TOB '!llC.JI8HHOro MO,II;8.JIMpOBaHH5I IlO,LJ;TB8p2K,II;aeTC.H T8CTllpOBaHM8M pa3pa6o­

TaHHbIX KOMil.JI8KCOB rrporpaMM M COIIOCTaB.JI8HM8M pe3y.JibTaTOB, IIO.JIY'!8HHbIX c 

IICilO.Jib30BaHII8M pa3.JIII'!HbIX Bbl'lllC.JIMT8.JibHbIX cxeM ( .HBHa.H cxeMa M cxeMa rre­

peMeHHbIX HaTipaBJI8HIIH)' pacqeTaMII Ha IIOC.JI8,II;OBaTeJibHOCT5IX cryrn;arorn;IIXC.H 

ceTOK, Ha MO,LJ;8.JibHbIX 3a,z:i;aqax, a TaK~Ke cpaBH8HM8M c 9KCTiepMM8HTa.JibHbIMM 

,r:i;aHHbIMII II '!MC.JieHHbIMM pe3y.JibTaTaMM ,n;pyrrrx aBTOpOB. 

On;eHKM rro.Jiy'!eHHhIX B ,r:i;rrccepTan;rrrr TiapaMeTpOB TpeKOB Ka'IeCTBeHHO 

TIO,II;TB8pLK,II;aIOTC5I 9KCTiepMM8HTa.JibHbIMM ,II;aHHbIMM, TIO.JIY'l8HHbIMM B JI.HP 

0 I1.HI1 npII o6Jiy'!eHMM pa3.JIH'!HbIX Ma Tep Ma.JI OB T.HLK8.JibIMM MOHaMH BbICOKIIX 

9Heprn:H. 

CTpyKTypa H o6'beM ,lJ;HCCepTau;Mrr. ,Il;rrccepTan;H.H COCTOMT II3 BBe,n;e­

HM.H, qeTbrpex r.JiaB, 3aK.JIIO'leHM.H rr rrprr.Jio:IB:eHM.H. CrrrrcoK .JIMTepaTyphr co.zi;ep­

LKIIT 95 HaMM8HOBaHM.H. Ilo.JIHbIH o6'beM ,n;rrccepTan;IIII 105 CTpaHIIn; MaIIIMHO­

IlMCHoro T8KCTa, BK.JIIO'!a.H 4 Ta6.JIMIJ;bI II 23 pIICYHKa. 

Co,n;ep)l(aHHe pa6oThI 

Bo BBe,n;eHMH o6ocHOBbIBaeTC.H aKTya.JihHOCTb TeMhI ,n;rrccepTan;IIrr, ¢op­

MY.JIIIpyroTc.H n;e.JIII pa60TbI, o6ocHOBbIBaIOTC5I HOBM3Ha M HayqHa5I 3Ha'!IIMOCTb 

TIO.Jiy'!eHHbIX pe3y.JibTaTOB, Tipe,n;cTaB.JI8HbI BbIHOCMMhie Ha 3arn;rrTy Hay'!HbI8 TIO­

.JIOLK8HM5I. OTirrchrnaeTC5I CTPYKTypa ,II;MccepTan;HII II ee KpaTKoe co.zi;ep:a<:aHHe TIO 

r.JiaBaM. 
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IIepBrui rJiaBa ,n;rrccepTa:o;mi rrocBRIIJ;eHa o6ru;eit nocTaHOBKe 3a,n;ai:r rr 

i:rrrcJieHHbIM MeTo,n;aM rrx pemeHrrR. ITo,n;po6Ho rrprrBO,JJ;RTCR KOHei:rHO-pa3HOCT­

Hhre MeTO,JJ;bI "IHCJieHHOro pememrn CHCTeM HeJIHHeHHbIX ,n;rrcpQ:>epeHD;liaJibHbIX 

ypaBHeHrrit BToporo IIOpR,n;Ka. 

B rrepBOM naparpa¢e paccMaTprrBaIOTC5I OCHOBHbie MO,JJ;€JIH B3aHMO,n;eli­

CTBli51 TRLKeJihrx sapmKeHHhIX qacTHO: c Beru;ecTBOM. B qacTHOCTrr, paccMOTpe­

HhI Mo,n;eJirr TepMH'·IeCKoro ITHKa H KYJIOHOBCKoro B3pbrna. ITpHBe,n;eH OCHOBHOli 

MaTeMaTH"IeCKHH arrrrapaT liCCJie,n;oBaHH5I MO,n;eJIH TepMrri:recKoro IIHKa c nOMO­

IIJ;bIO i:rrrcJieHHbIX MeTo,n;oB. Oco6oe BHrrMaHHe y,n;eJIReTCR KOHei:rHo-pa3HOCTHbIM 

MeTo,n;aM: RBHbie, He5IBHbie Ii 9KOHOMlI11:Hbie "IliCJieHHbie cxeMbI, liX rrperrMyru;e­

CTBa Ii He,n;ocTaTKH ,JJ;JI5I pemeHHR CHCTeM ypaBHeHrrit MO,n;e.JIH TepMrri:recKoro 

IIliKa. 

B rrepBoM rryHKTe rrepBoro naparpaQ:>a cQ:>opMyJirrpoBaHa CHCTeMa ypaB­

HeHHli, OilliCbIBaIOru;a5I HeJirrHeitHy10 TpexMepHyIO MO,JJ;€Jib TepMrri:recKoro nHKa. 

cha CliCTeMa B D;liJiliH,JJ;prri:reCKOH CHCTeMe KOOp,JJ;HHaT ( C yi:reTOM 3aBliCiiMOCTli 

y,n;eJibHOH TenJIOeMKOCTli H TeIIJIOIIpOBO,JJ;HOCTH OT TeMnepaTypbr) rrMeeT Brr,n;: 

(1) 

(2) 

Och z HanpaBJieHa rrepneH,n;HKyJI.apHo 06.Jiyi:raeMoli noBepxHOCTrr MHme­

HH, T.e. no HarrpaBJieHHIO ,JJ;BH)KeHIHI TRLKeJioro HOHa. ITpoH3BO,JJ;Ha.a no yrJiy 

OTCYTCTByeT BBli,JJ;y o;IIJIHH,JJ;pIIqecKOH CliMMeTpHH y,n;eJibHbIX liOHII3ar.:t;HOHHbIX 

noTepb T.a.tKeJioro rroHa. 3,n;ecb Te(r, z, t) rr Ti(r, z, t) - TeMrrepaTypbI aJieKTpoH­

Horo ra3a Ii KpHCTaJIJIII"IeCKOH pemeTKH, Ce(Te), Ci('n) Ii Ae(Te), Ai(Ti) - cooT­

BeTCTBeHHO y,n;eJibHbie TenJIOeMKOCTli Ii TenJionpOBO,JJ;HOCTli 9JI€KTpOHHOrO ra3a 

Ii perneTKH, 3aBHC5IIIJ;He OT TeMnepaTyphI, g - K09cPcPHIJ;lI€HT, xapaKTepH3YIO­

ID;IIH B3aIIMO,JJ;eHCTBHe 9.JieKTpOHHOH 110,JJ;CIICTeMbI c perneTKOH ( B o6ru;eM CJIY­

i:rae, 3aBIIc.aru;IIH: OT TeMrrepaTypbI SJieKTpOHHoro ra3a). <I>yHKr.:t;H.a A(r, z, t) -
o6'beMHa.a IIJIOTHOCTb BHOCHMOH IIOHOM MOIIJ;HOCTII ( 9HeprIIII)' HMeeT BII,JJ;: 

A(r, z, t) = bSinez(z) exp (- (t ~a~o) 2 ) exp (-~) , 

r,n;e cPYHKIJ;H51 Sinel ( z) - rrpocpIIJib HOHII3ar.:t;IIOHHbIX ITOTepb HOHa, 

'.'.:::'. (1 - 5) . 10-15c, ro c::::: 1 HM, b - HOpMHpyroru;HH: MHOLKIITeJib. 

CHcTeMa ypam-reHIIli (1 )-(2) ,n;orroJIHReTc.a Hai:raJibHbIMH 

Te,i(r, z,0) =To= 300K, 
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(3) 

O"t =to c:::= 

(4) 



H rpaHH'IHbIMH ycJIOBH5IMH: 

BTe,i(r, z, t) I = O BTe,i(r, z, t) I = O, 
Br r=O ' Bz z=O (5) 

Te,i(Rma;x, z, t) = Te,i(r, Zmax, t) =To. 

B rpaHH'1HbIX ycJiomrn:x (5) Rmax - pa,n;:Hyc y,n;aJieirnR OT TpaeKTOpHH 

HOHa, a Zmax - rJiy6nHa, rrpeBbimmou~aH ,IJ;JIHHY rrpoeKTHBHoro rrpo6era HOHa, 

rrpH KOTOpbIX pemeTKY MO)KHO C"C:J:HTaTb H8B03Mym;eHHOM, a ee T8MnepaTypy 

rrp:a r > Rmax JiI z > Zmax paBHOH To. CncTeMa (1)-(2) Ha3bIBaCTC5I MO,II;CJibID 

TepMH'18CKOro IIHKa. 

BTopoli nyHKT rrepBoro rraparpacpa ITOCB5IITI;eH '1HCJI8HHbIM M€TO,II;aM pe­

meHHR ,n;rrcpcpepemi;naJibHhIX ypaBH8HJiIH B '1aCTHbIX rrpOH3BO,IJ;HbIX rrapa6omI­

"9:8CKOro nrna. PaccMaTpHBaeTCR ypaBHeHne TerrJiorrpoBo,n;HoCTII 

BT B ( BT) B ( BT) C(T)at = Br >..(T) Br + Bz >..(T) Bz + f(r, z, t) (6) 

B rrpRMOyrOJibHIIKe n = {O < r < Rma;x, 0 < z < Zmax}, rrprr t > 0. YpaBH€HH€ 

( 6) ,n;ono.rrm1eTC5I ycJIOBHRMII 

T(r, z, 0) = T0 =canst, 

BT(r, z, t) I = 0 BT(r, z, t) I = 0 
Br r=O ' B Z z=O ' 

(7) 

T(Rmax, z, t) = T(r, Zmax, t) =To. 

06cy)K,n;eHbI rrpo6.rreMhI HaXO)K,D;eHII.a npII6JIH)K8HHoro pememnr 3a,n;a11rr 

( 6 )-(7) KOHeqHo-pa3HOCTHhIMH MeTO,n;aMH. KoHe-c:i:Ho-pa3HOCTHbie ( ceTO"IHbie) 

MeTO,Il;bI OCHOBaHbI Ha rrepexo,n;e OT cPYHK1I;HM HerrpephIBHOrO apryMeHTa K cPYHK­

I!HHM ,ll;HCKpeTHOro apryMeHTa. B HameM c.rryqae, Han BBO,IJ;HTCH TO"IKJiI (y3JibI) 

ri = ihr E (0, Rmax), 
Zj = jhz E (0, Zmax), 
tk = kht E (0, Tmax), 

i = 1, 2, ... 'M - 1, ro = 0, TM= Rmax, 
j = 1, 2, ... , N - 1, Zo = 0, ZN = Zmax 1 

k = 1, 2, ... , L - 1, to = 0, t L = T max, 

o6pa3y:EOm;He C8TKY Wh = Wh + OWh, r,n;e Wh - MHO)K8CTBO BHyTpeHHHX, a OWh 

- rpaHH"'-IHbIX Y3JIOB. IlapaMeTpbI hr, hz, ht xapaKTepII3Y:EOT :::>Ty ceTKY (marrr 

ceTKH). IlpH6JIH)KCHHOe pemeHHC HerrpepbIBHOH 3a,n;aqJI (6)-(7) rrm;eTCH B ys­

nax ceTKII rr o6o3HaqaeTc5! I:~j R:J T(ri, Zj, tk)· PaccMoTpeHbI KOHcepBaTHBHbre 

CXCMbI: RBHa.a, qrrcTO H85IBHa5! II cxeMa MeTo,n;a rrepeMeHHbIX HarrpaBJI8HHH. CfHC­

JI€HHa.a cxeMa MeTo,n;a rrepeMeHHbIX HarrpaBJI8HHH ,D;JIR ypaBH8HH5! (6) COCTOHT 
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M3 ,n;Byx rnaroB. CHa'IaJia rro H3BeCTHOMY Ti~j Haxo,n;MTC5I BCITOMoraTeJibHaR ce­

TO'!HaR cpyHKIJ;Irn (KOTOpyro o603Ha'!MM -qepe3 ~~:112 ) M3 ypaBHeHM5I 

Tk+1/2 - Tk 1 
C~- i,j i,j = ~Ak+i/2 (a~) +-Ak (a~)+ f~-

i,1 0 5h h 1 i h 2 J i,J' 
' t r z 

(8) 

r,n;e 

lI 

ci~j = C(~7j), >.7,j = >.(Ti7j), fi~j = f(ri, Zj, tk)· 

Tif Tk+l/2 
nHTeprrpen:IpyR i,j KaK perneHIIe Ha MOM8HT BpeMemr tk+l/2 = 

tk + ht/2, MO:IKHO 3aMeTMTb, 'ITO (8) COOTBeTCTByeT onpe,n;eneHI:IIO perne­

HM5I corJiaCHO He5IBHOH cxeMe ITO nepeMeHOH r M corJiaCHO 5IBHOH cxeMe no 

nepeMeHoli z. 
BTopoli mar M8TO,n;a nepeMeHHhIX HarrpaBJieHMH 6y,n;eT COOTB8TCTBOBaTb 

MCnOJib30BaHMIO ypaBH8HM5I 

TeM caMbIM, BTOpoli mar COOTBeTCTByeT MCITOJih30BaHMIO 5IBHOH CX8MbI ITO ITe­

peMeHOH hr M He5IBHOH no nepeMeHHOH hz. 
Bo BTOpOM naparpacpe npMBO,II;RTCR ,II;HHaMK<IeCKa5I H CTaIJ;HOHapHaa CM­

CT8MbI ypaBH8HMH IIOJIRpOHa, no,n;po6Hoe onMCaHMe 8TMX 3a,n;a'!. ,lJ;HHaMM'!8CKaa 

MO,D;8Jib nOJI5IpOHa c y'!eTOM TpeHHR B CMCTeMe OIIHCbIBaeTCR cne,nyroru;eH: CM­

CTeMOH ypaBH8HHH (B 6e3pa3MepHbIX e,n;MHHIJ;ax): 

[. - a a2 - r.p] 
i2m ot + ox2 + 2m x 'l/; = 0, 

f32rp 
f3x2 = e, (10) 

[ 82 + rvi + w2] e = - w2 l'l/Jl2 
Ot2 I Ot E X ' 
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r.n;e 'lj.J - BOJTHOBa5I cPYHKI~vrn:, !.p - IIOTemwaJI, 8, m, "(, w, E - 6e3pa3MepHbie 

rrapaMeTphr Mo,n;em-1. CHcTeMa (10) .n;orroJIH5IeTC5I cJie.n;ymru;HMH Ha"<IaJibHhIMH 11 

rpaHH"<IHbIMI1 ycJIOBI15IMI1: 

'lj;(x, t)lt=O = wk( cos AkT + i sin AkT), 

8(x, t)lt=O = - -;;~, ~8(x, t) = 0, 1 w2 a I 
c X ut t=O 

(11) 

'lj.J ( 0' t) = 0 J 'lj.J ( 00' t) = 0' !.p ( 0' t) = 0' r.p' ( 00' t) = 0. 

3.n;ecb Ak 11 Wk - co6cTBeHHhie 3Ha"<IeHH5I H co6cTBeHHhre ¢yHK~HH cooT-

BeTCTBymru;e:H CTa~HOHapHOH sa,n;a"<IH:: 

{ 
[dd:2 -2mA+2m<T?~x)J w(x) =0, 

d2 1 W2 (x) -d 2 <T?(x) = --;;--, 0 < x < oo, 
X E X 

c rpaHH:"<IHbIMH ycJIOBH5IMH H c ycJIOBHeM HOpMHpOBKH: 

w(o) = o, <T?(o) = o, 

w(oo) = 0, <T?'(oo) = 0. 

00 

J w2 (x)dx = 1, 

0 

(12) 

(13) 

B TpeTbeM rryHKTe BToporo rraparpa¢a rrp11Be,n;eHa "<IHCJieHHa5I cxeMa 

.n;mr rrepBoro ypaBHeHH5I CHCTeMhI (10) - ,IJ;HHaMH"<IeCKoro ypaBH€HI15I llipe­

,IJ;HHrepa. ~JI5I 8TOro BBe,n;eHa paBHOMepHa5I ceTKa ITO rrepeMeHHbIM B ypaBHe­

HHH, T.e.: iii = 1Dh x 1Dn 1llh = {xm = mh, m = 0, 1, ... 'M, hM = Xmax}, 
Wr = { tn = nT, n = 0, 1, 2, ... }, r.n;e h H T - cooTBeTCTBeHHO rnar11 rro rrepeMeH­

HhIM X I1 t. 
IlocTpOHM ,II;BYXCJIOMHYIO KOHe"<IHO-pa3HOCTHYIO cxeMy c BecaMH 1. 

'lj.Jn+l _ 'lj.Jn { ['lj;n+l _ 27/.Jn+l + 'lj.Jn+l (,On+l l 
m m = i () m+l _mh2 m-1 + mh 'lj;~+l + 

T 2m m 

+(l _ O") ['lj;~+l - 2~~ + 'lj;~-1 + So1:n 7/Jn] } 
2mh2 mh m 

m = 1, 2, ... , M - 1, n = 1, 2, 3, ... 

cha CXeMa HMeeT IIOpa,IJ;OK TO"<IHOCTI1 

O(r2 +h2 ) 

0 (72 + h4 ) 

0 (r + h2) 

rrpH () = 0, 5, 
1 ih2 

rrpH O" = 2 - 12r = O"*' 
I!pI1 O" =j=. 0, 5 H O" =j=. O" *. 

1 CaMapcKHii: A. A. Teopiui p8.3HOCTHhrx cxeM. M.: HayKa, 1989. c. 296-300 
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,Qmr rrpOB8,IJ;8HII51 pac11eTa ITO 8TOH cxeMe Ha Ka)K,D;OM Bp8M8HHOM c.rroe 

Heo6xo,n;HMO pernaTb CIICT8MY JIIIHeHHbIX a.rrre6paII'18CKHX ypamreHHH c Tpex­

,IJ;HaroHaJibHO:it MaTpn:u;e:it. ,ll;mr 8TOro HCITOJib30BaH M8TO,D; rrporOHKII. 

Bo BTopoii rJia.Be Hcc.rre,n;yroTC51 Terr.rrOBhie rrpou;eccbI rrpII 06.rry'IeHIIH 

HHK8JI51 HOHaMH ypaHa c 8HeprneH: 700 MsB B paMKax MO,D;8JIII T8pMH1I8CKOrO 

ITHKa c yqeTOM 3aBHCHMOCTII T8IIJIOq>H3HqecKHX rrapaMeTpOB (y,n;eJihHa51 T8II­

JI08MKOCTb H Terr.rrorrpoBo,n;HoCTh) OT TeMrrepaTyphL AKTJaJihHOCTb Hcc.rre,n;oBa­

HIIR 8THX rrpo:u;eccoB CB513aHa c HCCJI8,D;OBaHH51MH B03,D;8HCTBII51 BhICOKOIIOHH3H­

PYIOIIIHX sap51)K8HHhIX 'IaCTHD; Ha MaTepIIaJihI B CB513H c cos,n;aHHeM ycKopnTe­

.rreH: II HaKOITHT8JihHbIX KO.rre:u; T51)K8JihIX HOHOB BbICOKO:it 9HeprnH:. Ha OCHOB8 

rrpoBe,r:t;eHHhIX BhiqHCJI8HHhIX 9KCII8pHM8HTOB c,n;e.rraH BbIBO,D;, qTo B c.rry'Iae o6-

.rryqeHH51 HHK8JI51 HOHaMI:I ypaHa c 8HeprneH: 700 M9B TeMrrepaTypa Mlllll8Hll 

rrpeBbIIIIaeT TeMrrepaTypy rr.rraBJieHH51 ( T.e. MoryT rrpOHCXO,D;HTh cpa30Bhl8 rrepe­

XO,IJ;b!). Bh1qncJieHbI MaKCHMaJibHhie pasMepbI o6JiaCTH B HIIKeJie, r,n;e TeMrre­

paTypa rrpeBbilllaeT T8MIIepaTypy IIJiaBJI8HI:I51. IlpOB8,D;8HHhIH cpaBHHT8JihHhIH 

aHa.rrns c JIHHefiHo:H MO,D;eJihIO (He y"t.rnTbIBarom;e:H saBHCHMOCTh y,n;eJihHO:H Terr.rro­

eMKOCTH H Terr.rrorrpoBO,II;HOCTH OT TeMrrepaTyphr) T8pMnqecKoro mma ITOKa3aJI, 

qTO rrpH yqeTe 3aBHCHMOCTH T8IIJIOcpH3I:I1I8CKI:IX rrapaMeTpOB OT TeMrrepaTypb! 

Terr.rrOBhie rrpo:o;eccbr B KPI:ICTaJIJII:IqecKo:H perneTKe rrpoI:Icxo,n;RT 3HaqI:IT8JihHO 

M8,IJ;JI8HHee, qeM rrpH IIOCT051HHhIX T8ITJIOcpH3H1I8CKHX rrapaMeTpax. 

Bo BTopoM rraparpacpe c :u;e.rrhro I:IsyqeHHR TeIIJIOBbIX rrpou;eccoB B HI:IKe.rre 

rrpI:I o6JiyqeHI:IH noHaMH ypaHa c 9HeprHeii 700 M9B ccpopMyJIHpoBaHa He.rrrr­

HeliHa.H MO,IJ;8Jib TepMrrqecKoro ITHKa B IIHJII:IH,D;pwrecKOH CHCTeMe KOOp,n;rrnaT, 

OITHCbIBaIOm;a.H 9BOJIIOD;HIO TeMrrepaTyphI B o6pasu;e Ha OCHOBe CHCT8MbI ypaB­

H8HHH (1)-(2). 
B TpeTb9M rraparpacpe rrpHB8,IJ;8H M8TO,D; qrrcJieHHOro perneHH51 H8JIHH8H­

HOH MO,D;8JIH TepMH'!8CKoro IIHKa c ITOMOJIIbIO 1'..!HCJI8HHOH CX8Mbl (8)-(9). ,Il;.rr.H 

rrpoBepKH CXO,D;HMOCTH 1'..!HCJieHHOH CX8MbI rrpOBO,II;MJIC51 1'..!HCJI8HHhIH 9KCrrepII­

M8HT rrpH cpHKCHpOBaHHbIX marax hri ht II Ha crym;aror:u;e:itc51 ceTKe ITO z, T.e. hz, 
hz/2, hz/4(hr=10-3 , hz = 4.10-2, ht= 10-5). KaK IIOKa3aJIH rrpOB8,IJ;8HHbI8 

1'..!HCJI8HHbI8 8KCrrepHM8HTbI, Ha:H,n;eHHbie OTHOCHT8JibHbI8 pa3HOCTI:I rrpocprr.rre:it 

TeMrrepaTyp 1rn cryr:u;aror:u;eitc.H ceTKe yMeHhrnaIOTC51 cor.rracHo TeopeTrrqecKHM 

ou;eHKaM2•3. 

B 'IeTBepTOM rraparpacpe rrprrne,n;eHbI pesyJibTaTbI qrrcJieHHoro MO,D;eJinpo­

BaHHR. Ha pIIc. 1 ,IJ;JI.H cpaBHHTeJihHoro aHaJin3a rrpe,n;cTaBJieHbI saBI:ICMMOCTH 

OT BpeMeHH TeMrrepaTypbI 9JieKTpOHHOro rasa (a) H KpHCTaJIJIII'18CKOM peIIIeT­

KH (6) Ha ITOBepxHOCTH HHK8JI51, o6JiyqaeMoro HOHaMH ypaHa Ha pas.rrI:IqHbIX 

paccTO.HHI:IRX OT ocn TpeKa r = O; 50; 100; 150 A B paMKax JIHHe:ti:Hoii ( CBep-

2 Typ"<IaK JI. M. OcHOBhI "<IrrcJieHHhIX MeTo,IJ;oB. M.: HayKa, 1987, c. 251 
3 KaJIIITKMH H. H. LlMCJieHHhre MeTO,IJ;hI. M.: HayKa, 1978, c. 74-78 
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T.(r,0,t) (x300K) T,(r,0,t) (x300K) 
1···r=O 
2--·r=soA 

1000 
1---r=O 3---r=100A 
2···r=5oA 10 4---r=15oA 
3--r=100A 

100 4---r=1soA Tmefl 

10 

1 1 

1E-3 0.01 0.1 1 10 100 0.01 0.1 1 10 100 
t (x10"13c) t (x10·13c) 

a) 6) 
T0 (r,O,t) (x300K) Tlr,0,t) (x300K) 

10 
1---r=O 
2---r=soA 

Tmelt 100 3---r=100A 
4---r=15oA 

10 

1 
1 

1E-3 0.01 0.1 1 
t(x10"13c) 

10 100 0.01 0.1 1 10 100 
t (x10·13c) 

a) 6) 

PHc. 1. 3aBHCHMOCTH OT BpeMeHH TeMrrepaTyphI aJieKTpoHnoro rasa (a) H penreTKH 

(6) rrpH z = 0 o6Jiy'laeMoro HOHaMH ypa1m HHK8JIR ,IJ;JIR pa3JIH'IHbIX paCCTORHHH OT 

OCH TpeKa B paMKaX JIHH8HHOH ( CBepxy) H nemrne:Hno:H ( CHH3y) MO,IJ;eJie:H TepMH'Ie­

CKOro IIHKa ( lliTpHXOBOH rrpRMOH BbI,IJ;eJieHa TeMrrepaTypa IIJiaBJieHHR HHKeJI5.I). 

xy) M HeJIMHeHHOH ( CHM3Y) ,Il;BYXTeMrrepaTypI-IOM MO,)];eJIM TepMlf'IeCKOro IIMKa. 

1fa cpaBHeHMR 8TMX rpa¢MKOB BM,Il;HO, qTo rrprr yqeTe 3aBMCMMOCTM TeIIJioqm:-

3MqecKMX rrapaMeTpOB OT TeMrrepaTypbI TeMrrepaTypa 8JieKTpOHHOro ra3a M 

KpMCTaJIJilPieCKOH perneTKH 3HaqMTeJibHO MeHhIIIe, qeM B CJiyqae IIOCT05IHHhIX 

TerrJIOcPM3MqecKHX rrapaMeTpoB, B35ITbIX rrpH KOMHaTHOM TeMrrepaType. Oco-
6eHHOCTb HemrneitHOM MO,)];eJIH xapaKTepM3yeTC5I TeM, 'ITO TeIIJIOBbie rrpou;eCCbI 

B KpMCTaJIJiff'-IeCKOH perneTKe rrpOHCXO,I1;5IT 3Ha'!MTeJibHO Me,n;JieI-IHee, qeM B JUi­

HeitHOM CJiyqae. 

B TpeTbe:ii rJiaBe B paMKax Hemrne:H:Ho:it Mo,n;eJIM TepMrrqecKoro rrMKa B 

TpexMepHOM CJiyqae paCCLIJITaHbI TeMrrepaTyphI B ,Il;ByxCJIOHHbIX CTPYKTypax IT 

aHM30TpomibIX MaTepManax rrpM ffX o6Jiyqemrn T5ILKeJihIMM MOHaMM BbICOKYIX 
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7x10' T -T 
o,W e,Ni 

3500 Tl,Nl - Tl,W 

3000 

2500 

2000 

1500 

3 

0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 

a) 6) 

P11c. 2. BpeMeHira5I 3aBIICHMOCTh pa3HOCTH TeMrrepaTyp (B a6comoTHhIX 3uaqeuI15Ix) 

B cno5Ix rm rpanm::i;e pa3,n;ena ,n;Byx MaTep:IIaJIOB ,n;mr 9JieKTpomroli rro,n;cHcTeMhI (a) 

II KpIICTaJIJI:IIqecKOM pemeTKFI (6) B CJiy<-Iae ITel'I,IJ;eaJibHOro KOHTaKTa ,IJ;JI5I Pa3JI:IIqHbIX 

3HaqerrnJ1 K09cPcI:>:IIIJ;He:HTa 8 (1- 8 = 104, 2 - () = 105, 3 - () = 106 , 4 - (} = 107). 

sHeprrrit. 

,Il;ByxcJiofiHaR CTPYKTypa rrpe,n;cTaBJIReT co6oit MaccrrBHYIO rro,n;JIO:iKKY rrs 

BOJibcppa1-m ll HaHeCeHHhIH Ha Hee OTHOCllT€JlbHO TOHKllH CJIOH HH:KeJIR ( TOJI­

III;llHOH 2 MKM). ,Il;eTaJibHO llCCJie,D;OBaHbI ll3MeHeHil5I TeMrrepaTyp Ha rpaHm:i;e 

pas,n;eJia TaKoli CTPYKTYPhI B saBrrcrrMOCTil OT 3Ha"<IeHrr5I Koscpcpm::i;rreHTa KOH­

BeKTilBHOro T€IIJI006MeHa (), xapaKTepM3YIOITJ;ero ll3MeHeHH:e rpa,n;rreHTa TeMrre­

paTyp Ha rpamu:i;e pas,n;eJia, a cJie,n;oBaTeJihHO, rr orrpe,n;eJI5IIOm;ero nm TerrJioBo­

ro KOHTaKTa. CpaBHrrTeJibHbIH aHaJirr3 JIMHeliHofi rr HeJirrHefiHoit Mo,n;eJieit rroKa­

san, "<-ITO rrpM y"<IeTe TeMrrepaTypHOH 3aBMCllMOCTll TeIIJIOcpil3ll"<!eCKMX rrapaMeT­

pOB rrpo:o;ecc ll3MeHeHH5I TeMrrepaTypbI 9JieKTpOHHOrO rasa ll KpilCTaJIJiil"<!eCKOH 

peIIIeTKM rrpOMCXO,Il;llT 3Ha"<!MTeJibHO Me,n;JieHHee, a ,Il;OCTilraeMbIH MaKCMMYM TeM­

rrepaTypbI cym;ecTBeHHO MeHbIIIe, "<IeM B CJiy-qae IIOCT05IHHbIX TeIIJIOcPll3ll"<!eCKllX 

rrapaMeTpOB, B35ITbIX rrpH KOMHaTHOH TeMrrepaType. IlOKa3aHo, "<!TO rrpH yBe­

Jiil"<!eHHll K09cpcpMr:t;HeHTa () HMeeT MeCTO rrepeXO,lJ; OT HeH,n;eaJibHOrO KOHTaKTa 

K rr,n;eaJibHOMY KOHTaKTY (p:ac. 2). 
B paMKax Mo,n;eJirr TepMH"<IecKoro IIMKa rrpoBe,n;eHhI rrccne,n;oBaHMR TeMrre­

paTypHhIX scpcpeKTOB rrp:a o6ny"<IeHHH BOIIf rroHaMH BHCMyTa 209Bi c 9Heprrreit 

710 M9B M KprrrrToHa 86Kr c sHeprn:eit 253 MsB B saBH:CHMOCTH OT KoscpcpM­

:o;rreHTa sJieKTpoH-cpOHOHHoro B3aMMo,n;eficTBMR g. Mcxo,n;5I II3 sKcrreprrMeHTaJih­

HbIX ,n;aHHbIX no H3y"<IeHMIO rrsMeHeHMfi CTPYKTYPbI rroBepxHOCTrr MOHOKpMcTaJI­

Jia BOITr, o6rry"<IeHHoro noHaMrr BIIcMyTa c ::>HeprMefi 710 MsB :a KpMrrToHa c 

9HeprMeit 253 M9B ll Ha OCHOBaHMll pac"<!eTOB c,n;eJiaH BbIBO,II;, "<!TO paccMaTpll­

BaeMa5I B pa6oTe MO,D;eJib TepMil"<!eCKOrO IIH:Ka Il03BOJI5IeT o6'b5ICHMTb HaJiil"<!lle 

CTPYKTYP Trrrra KpaTepoB (c my6rrHofi Her > 1 HM rr ,n;rraMeTpoM Ha rroBepxHo-
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CTM Der~ 5- 7 HM) Ha noBepXHOCTM BOITr rrprr 06.Jiy'1:eHrr11 rroHaMM BMcMyTa 

rr HX OTCJTCTBMe B CJiyqae 06.Jiyqemrn: MOHaMrr KpHIITOHa. 

B nepBoM rraparpa¢e paccMaTpHBaeTCR rrprrMeHeHrre Mo,n;eJIM TepMrrqe­

cKoro IIITKa B TpexMepHOM CJiyqae ,ll;JIR BhI'1:l:ICJieHrrR TeMrrepaTyphI perueTKl:I H 

3.JieKTPOHOB B ,n;Byxc.JIOHHOM MaTepI:Ia.Jie Ha rrprrMepe CTPYKTYPhI Ni(2 MKM)/W 

rrpM 06.JiyqeHI:IH I:IOHaMH 209Bi c 3HeprHeii: 710 M3B rrpH He11,n;ea.JihHOM TerrJio­

BOM KOHTaKTe Ha rpaHI:Iu;e pa.3,n;eJia MaTepI:IaJioB. PaccMaTpHBaeTcR cHcTeMa 

ypaBHeHHH (1)-(2) ,IJ;JIR o6oI:Ix CJIOeB, c Ha'1:aJibHhIMM rr rpamI'IHhIMl:I ycJIOBMR­

MH ( 4 )-( 5) rr ycJIOBHRMI1 corrpR)KeHMR Ha rpaH11u;e pa3,n;eJia ,ll;BJX MaTepI:IaJIOB: 

,\ (T. )BTn,1(r, z = H -0, t) = ,\ (T. )BTn,2(r,z = H + 0, t) 
n,l n,l Bz n,2 n,2 Bz ' 

,\ (T. ) BTn,1(r, z = H - 0, t) _ (14) 
n,l n,l OZ -

= B [Tn,1 (r, z = H - 0, t) - Tn,2(r, z = H + 0, t)]. 

B 3arrHcrr (14) An,v HH,IJ;eKc n = e, i COOTBeTCTByeT 3JieKTpOHHOM rro,n;cHcTe­

Me l:I KpHCTaJIJIM'1:8CKOM peIIIeTKe, a MH,IJ;€KC v = 1, 2 nepBOMY l:I BTOpOMY CJIORM 

cooTBeTCTBeHHO. H = 2 · 104A rpamn:i;a pa.3,n;eJia ,n;Byx MaTep11anoB. Ilpe,n;rroJia­

raeTCR, '1:TO Rp < Zmax :::; lp, H < Rp, r,n;e Rp - ,IJ;JII1Ha rrpoeKTMBHoro rrpo6era 

HOHa; lp - TOJIIlJ;I:IHa BTOporo CJIOR. 

Bo BTopoM rraparpa¢e B paMKax MO,IJ;eJII:I T8pMH'1:eCKOrO mrKa '1:I1CJI8HHO 

HCcJie,n;oBaHhI TerrnoBhre npou;ecchr B BOITr rrpM o6nyqeHrrrr I:IoHaMI:I BHcMyTa 

c aHepr11:e:H 710 M3B 11: Kp11rrT0Ha c aHepmell: 253 M3B. CrrcTeMa ypaBHeHHM 

M0,11;8JIH T8pMH'1:eCKOI'O IIHKa B 3TOM CJiyqae 3aIII1III8TCR B BH,IJ;e: 

c (T) BTe = ~~ ( ..\J_(T. )BTe) ~ (,All(T.) 8Te)-
e e at r Br r e e Br + Bz e e Bz 

-g(Te)(Te - Ti)+ A(r, z, t), 
(15) 

CHMBOJihI ".l_" H "II" 03Ha'1:aIOT, '1:TO TerrJiorrpoBO,ll;HOCTh 3aBHCHT OT Ha­

rrpaBJieHHR, a HM8HHO: rrepneH,IJ;HKYJIRpHO H B,ll;OJib o6JiyqaeMOM IIOBepXHOCTH. 

C11:cTeMa ypaBHeHHli (15) ,n;orroJIHReTCR Ha'1:aJihHhIMH 11: rpaHI1'1:HhIMH ycJIOBHR­

Mrr (4)-(5), a ¢ynKu;HR A(r,z, t) IIMeeT BH,IJ; (3). 

CrrC'reMa ypaBHeHrrrr (15) pernaJiach '1:I:ICJieHHO c rrcrroJih30BaHHeM 3KO­

HOMIIqHoro KOHe'IHO-pa3HOCTHOro MeTo,n;a ( M8TO,ll; rrepeMeHHhIX HarrpaBJieHMM). 

IlpoBO,ll;HJICR '1:HCJI€HHhIM 3KCrrepI:IM8HT ,IJ;JIR MCCJie,n;oBaHHR CXO,Il;MMOCTII BbI'1:HC­

.JIITTe.JihHOH cxeMhI Ha cryru;aIOru;axcR ceTKax. B KoHu;e rraparpa¢a c,n;e.JiaHo 3a-
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KJIIoqeHJie, r,n;e, B '!aCTHOCTII, ITO pe3yJibTaTaM cpaBHIIT8JibHOro aHamrna IIOJiy­

qeHHbIX perrreHHH: H 9KcrrepHMeHTaJibHhrx ,n;am·rhrx, yKa3brnaeTC5I ,n;Harra30H 3Ha­

qemrH: Koscpqmn;HeHTa sJieKTpoH-tj:>OHOHHoro B3arrMo,n;ei1cTBIIzr ,n;nzi BOITr, y,n;o­

BJieTBopmorrrHH: ,LI;BOHHOMY HepaBeHCTBY 400gk:::; g:::; l03gk, r,n;e gk = 3, 12·1012 
BT/(cM3 ·K). 

B qeTBepTo:H r.mrne nccJie,n;oBaHa '!HCJieHHazr cxeMa ,LI;JIZI perrreHMZI cII­

cTeMbI H8JIHH8HHbIX ,n;ncpcpepeHIJ;HaJibHbIX ypaBH8HHH, OIIHCbIBarorri;rrx 9BOJIIO­

IJ;HIO rronzrporra. BbIIIOJIHeH aHaJIH3 TOqHOCTH cxeMhI BbrqIIcJieHrri.J:. Ilo pe3yJih­

TaTaM BblqHCJIIIT8JibHbIX 3KCrrepIIM8HTOB c,n;eJiaH BbIBO,LI;, qTo 8CJIH B Ha'IaJibHbIH 

MOMeHT BpeMeHH IIOJIZ!pOH HaXO,LI;IIJIC5I B CTan;rroHapHOM COCTOZ!Hl:IH ( OCHOBHOM 

HJIH B036yJK,n;eHHOM), TO OH coxpaHZI8TCZ! B 9TOM COCT05IHHII He3aBIICMMO OT Ha­

JIIIqu51 l:IJIH OTCJTCTBIIZI TpeHHZI B CHCTeMe. I1oKa3aHo, qTo HaqaJibHbie pacrrpe­

,n;eJieHM5I 3ap5I,n;a, 3a,n;aHHbie cyrreprr03HD;H5IMH CTan;I:IoHapHbIX COCT05IHHH rrpII 

HaJIIIqllll B Cl:ICTeMe TpeHM5I c TeqeHH8M Bp8M8HII 3BOJIIOIJ;HOHIIpyroT B OCHOB­

HOe COCT05IHIIe. Ilpn OTCYTCTBHH TpeHH5I 9BOJIIOIJ;H5I B OCHOBHOe COCT05IHH8 He 

Ha6Jiro,n;aeTc5I. 

B rrepBOM rraparpacpe OIIHCbIBaeTCZ! aKTyaJibHOCTb II ri;eJib HCCJI€,LI;OBaHIIZI, 

o6ocHOBbIBaeTC5I Heo6xo,n;MMOCTb rrpoBe,n;eHHZI BbiqIICJIHT€JibHbIX 3KCITepMM8H­

TOB B paMKax ,LI;HHaMnqecKOH MO,LI;8JIII ITOJI5IpOHa. 

Bo BTOpOM rraparpatj:>e cpopMyJII:IpyeTC.5! CHCTeMa ypaBHeHHH (10)-(11), 
OITHCbIBaIOrrrHX ,n;1rnaMH"'I€CKYIO MO,LI;8Jib IIOJI5IpOHa. I1pe,n;cTaBJI€HbI rrepBbie TPII 

co6cTB€HHbie cpyHKIJ;l:IH II co6CTB8HHbie 3Ha'!€HII5I CTan;rroHapHOH CHCT€Mbl rro­

JI5IpOHa (12). 
B TpeTbeM rraparpacpe rrpMBO,ll;.HTC5I '!HCJieHHaH cxeMa II anropHTM ,LI;JI5I 

pemeHH.H CHCT8MbI ypaBH€HIIH ,LI;IIHaMrrqecKOH MO,LI;€JIH ITOJI5IpOHa, rrpOBO,LI;IITCZ! 

TeCTHpoBaHHe Bblql:ICJIIIT8JibHOH cxeMbI c IIOMOIIIbIO MO,LI;8JibHbIX pacqeTOB H 

Ha ITOCJI8,ll;OBaTeJibHOCTH cryrri;arorri;HXC5I ceTOK. 3a,n;a-ri:a (10)-(11) perrraeTC5I c 

HCITOJib30BaHH€M CJie,n;yrorrreH: H85IBHOH KOH€'IHO-pa3HOCTHOH CX8Mbl rrop5I,LI;Ka 

arrrrpOKCHMaIJ;Hll 0 (ht + h~) : 

{ [
01,n+l 201,n+l + 01,n+l n+l ] } 

= i a '1-'m+l - '1-'m 'f'm-1 + <f>m ~n+l + 
2mh2 mh m x x 

+(l _a) [~~+1 - 2~":n + ~~-1 + <f>":n ~n]} 
2mh2 mh m x x 

n+l 2 n+l + n+l 
<f>m+l - <f>m <f>m-1 = 9n+l 

h2 m 
x 

(16) 

9n+l - 2en + en-1 9n+l - en w2 101,n 12 
m m m +"' m m +w2en+l = --~ 

h2 I h m - h ' t t E m x 
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1·4x1o.. II I I II 'II exact • 'II num 

1.2x10"' 

1.ox10"' 

8.0x10 .. 

s.ox10 .. 6.0x10 .. 

4.0x10 .. 4.0x10 .. 

2.0x10 .. 2.0x10 .. 

o.o-~--~~--~~-~~~t 0.0+-~--.-~-.--...--~~--~~t 
0 20 40 60 80 100 0 20 40 60 80 100 

a) 6) 

Pnc. 3. Pe3yJinTaThI cpaBHHTeJihHoro aHa.rrn3a qncJieHHoro n TOqHoro pemeHnii: ypaB­

Hemur llipe,n;HHrepa c KYJIOHOBCKHM IIOTeHIJ;HaJIOM: a) - )l;JI.H OCHOBHoro COCTO.HHH.H, 

6) - ,IJ;Jrn nepBoro B036y)K,n;eHHOro COCT05IHH5I. 

r,n;e u = 0, 5. 

. . 11'¢0 12 
'lf/ln = Wk(coSAkT+ismAkT); 8;;;_1 = --:;__!!:!:_h ; 

c: m x eo = e-i. inn = O· inn = inn • 
m m ' rO ' rl r/-11 

m = 1, 2, ... , l; n = 0, 1, 2, ... 

~Jrn pernemrn: 3a,n;a"<Irr (10)-(11) no cxeMe (16) Ha Ka)K,II;OM c.Jioe c HOMepoM 

n rrpe,n;JiaraeTCR CJie,IzyIOID;HH a.JirOpMTM: 

1. PemaeTC5! TpeTbe ypaBHemre IIpH M3BeCTHOM 'l/Jn OTHOCMTe.JibHO en+1; 

2. PemaeTC5! BTOpoe ypaBHeirne ,ll;JI5! Hait,n;eHHOro en+i, orrpe,n;emieTC.H cpn+l; 

3. PernaeTC5! rrepBoe ypaBHeHrre H BbI"<IMCJI.HeTc.H 'l,bn+l Ha CJie,zzy10m;eM Bpe­

MeHHOM CJioe; 

4. IlOBTOp.HeTC.H BeCb a.JirOpHTM. 

IlpoBO,II;HJIOCb TeCTHpOBaHMe BbI"<IMCJIHTeJibHOH cxeMbI (16) c IIOMOID;bIO 

Mo,n;e.JibHbIX pac'IeTOB ,ll;JI.H ypaBHeHM.H IIlpe,n;MHrepa c KYJIOHOBCKHM rroTem:i;rr­

a.JIOM, KOTOpoe COBrra,n;aeT c rrepBblM ypaBHeHMeM CHCTeMbl (10) rrpM cp = 1. 
TaKoit rro,n;xo,n; o6yc.JIOBJieH TeM, 'ITO B 9TOM c.Jiy"<Iae ,II;JI.H ypaBHeHrr.a IIlpe,n;rrHre­

pa MO:rKHO HamrcaTb TO'IHbie aHa.JIHTM'IeCKHe pemeHH.H H rrpoBeCTM HX cpaBHH­

TeJibHbIM aHa.JIH3 c 'IHCJieHHbIMH pe3y.JibTaTaMM. Ilo pe3y.JibTaTaM rrpoBe,n;eHHOro 

cpaBHHTe.JibHOrO aHa.JIH3a 'IHCJieHHbIX H TO"<IHbIX pemeHHM ypaBHeHH.H Illpe,n;i-rn­

repa BbI6rrpa.JIMCb 3Ha'!eHH.H rnaroB ceTKM ht M hx ,II;JI.H rroc.Jie,zzy10m;rrx pacqeToB 

(pHC. 3). 
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-0,os W(t) 

0,20 - - - ·t= 200 
--t= 1000 -0,08 

0,15 
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o,oo _,__ __ .,....=,,..--... :-.._~-.:;...=--...-----·-.... · :.._· ~-·4-r·---=--__,..___,x -0,1s L~--~~~~~::'.'.'.;:~::==:::;::::::::; 
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0,04 
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a) 

······t= 1000 
- - - ·t = 5000 
--t= 10000 
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·0,14 
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6) 

2000 4000 6000 8000 10000 
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Puc. 4. 8BOJIIOIJ;H5I nomi:pona H3 COCTO.HIIH.H (17) H COOTBeTCTByroru;a.a aaeprmr aJieK­
TpOIIa W(t) rrpn Koacpqmu;nerITax Tpemrn 'Y = 4 (a, 6) H 'Y = 0 (B, r). 

B i:i:eTBepToM rraparpa¢e o6cy)K,ll;aIOTC5I rroJiy'IeHHbie pesyJibTaTbI. ~JIR 

BII3YaJIH3aII;IIH qIIcJieHHbIX pesyJibTaTOB 6bIJIII BbiqIIcJieHbI ,,BeJIIIqIIHbI ::>Hep­

rIIII" ( B 6espa3MepHbIX e,II;HHII:u;ax) w ( t) ITO ¢opMyJie: 

w ( t) = 2~ w,µ~:, t) I' dx - f <p(x, t) ~( x, t) I' dx. 

Ha pHC. 4 IIOKa3aHa 9BOJIIOD;H5I IIOJI5IpOHa B CJiy-qae, Kor,n;a Ha"<!aJibHbie 

YCJIOBII5I BbI6HpaJIIICb B BH,II;e KOMfornau;IIII ,II;Byx CTaD;HOHapHbIX COCT05IHIIH 

\IJ(x, t) lt=o = N [ Wo exp (in~) + '111 exp (in ~1 )] , (17) 

r,n;e N - aopMIIpOBO'IHa5I KOHCTaHTa, '11 0 - BOJIHOBaR ¢ynK:u;II.a ocHoBHoro co­

CTOR:r-nrn, '111 - BOJIHOBa5I cPYHKII;II5.I rrepBoro Bos6y)K,II;eHHOro COCT05IHIUI, rrpII 

16 



3Ha"IeHI15IX rrapaMeTpoB m = 1, w = 1, f = 1, / = 0 M 4. I-fa pHcyHKa cJie­

,nyeT, qTo HaqaJihHOe pacrrpe,n;enemrn 3ap51,n;a, 3a,n;aHHoe cyrreprro3HJJ;He:fi (17), c 

TeqeHHeM BpeMeHM 8BOJIIOJJ;MOHI1pyeT B OCHOBHOe COCT05II-II1e. 9TOT BbIBO,lJ; 5IBJI5I­

eTC5I o6ru;HM rrpH HaJIII'IMM B CMCTeMe Tp8HM5I ( /' =f 0). IlpH I = 0 qifCJI8HHbI8 

MCCJie,1J;OBaHH5I IIOKa3hIBaIOT, qTo 9BOJIIOIJ;H.H B OCHOBHOe JIH6o B036y2K,n;eHHOe 

COCT05IHIIe He Ha6Jiro,n;aeTC.H. 

B 3aKJI10qeHMM ccpopMynIIpoBaHhI ocHOBHhre pe3yJihTaThI ,n;HccepTau;:irn 

KOTOpbre BbIHOC5ITC5I Ha 3aru;HTy: 

1. Paspa6oTaHbI anropMTMbI, co3,n;aHb1, rrpoTeCTMpoBaHbI M rrpHMeHeHhI scp­

cpeKTI1BHhre BbI'IHCJIMTeJihHhie cxeMbl M rrporpaMMbl c HCIIOJib30BaHI:IeM 

9KOHOMII'!HbIX KOHCepBaTHBHbIX pasHOCTHbIX cxeM ,1J;JI5I peIIIeHM5I H8JIH­

HeHHbIX CHCTeM ,n;HcpcpepeHu;HaJibHbIX ypaBH8HMH B qacTHbIX rrpOH3BO,ll;­

HbIX ,n;n.a Mo,n;enrr TepMHqecKoro rrHKa. IIpoBe,n;eHo 'IMCJieHHoe Hccne,n;oBa­

HHe H IIOJIY"l'..-Jeflbl cne,nyroru;He pe3yJibTaTbl: 

a) IIpoBe,n;eH cpaBHHTeJibHhIH aHaJIH3 pe3JJihTaTOB Hccne,n;oBaHH5I JIH­

HeilHoil II H8JIHHe:fiHofi MO,n;enefi TepMHqecKoro rrHKa. IIoKasaHo, qTO 

yqeT H8JIIIH8HHOCTM rrpHBO,lJ;HT K TOMy, qTQ MO,ll;eJIHpyeMbie TeIIJIO­

Bbie rrpo:o;ecCbI B KpHCTaJIJIIIqecKOH peIIIeTKe rrpoHCXO,lJ;.HT 3fla"l'..IHT8Jlb­

HO M8,1J;Jl8HHee, qeM rrpH IIOCT05IHHbIX TeIIJIOcpHSHqecKHX rrapaMeT­

pax. On;eHeHbI MaKCHMaJibHbre o6Jiacnr B MaTepHaJiax, r,n;e MoryT 

o6pasoBaTbC5I Tp8KH. 

6) B cJiyqae o6JiyqeHII5I HHKeJI5I HOHaMH ypaHa c 8HeprHeit 700 M::iB 

MaKCMMaJihHbie pa3Mepbr o6nacni: B HHKene, r,n;e TeMrrepaTypa rrpe­

BbmraeT TeMrrepaTypy IIJiaBJI8HH5I, paBHbl D:~ c:::'. 230A; z;:::~t c:::'. 

140 . 103 A ( n::~ - ou;eHKa MaKCHMaJibHOro ,n;HaMeTpa M z;:::t -
ou;eHKa MaKCHMaJibHOH rJiy6HHbI, r,n;e M02KeT rrpOHCXO,lJ;IITb IIJiaB.rre­

HI:Ie); 

B) IIpn o6Jiy'!eHMM ,n;ByxcJIO:fiHofi CTPYKTYPhI Ni ( 2MKM) /W MOHaMH 

BHCMyTa c 8HeprMefi 710 MsB M rrpM HeH,n;eaJibHbIX ycJIOBH5IX Terr­

JIOIIepe,n;aqrr ( T811JIOBOro KOHTaKTa) B 11.JIOCKOCTM CTbIKOBKM MaTe­

pMaJIOB MaKCHMaJibHbie pasMepbr, r,n;e MO)KeT rrpOHCXO,lJ;MTb IIJiaB­

Jiemre, paBHbl n::t(z = 0) c:::'. 222A (Ha ITOBepXHOCTM HMKem1); 

n::t(z = H) c:::'. 219A (z = H - rpaHHIJ;a pa3,n;eJia MaTepI:IaJioB); 

2. Mo,n;eJih TepMHi::recKoro rrMKa o6o6ru;eHa ,1J;JI5I Mccne,n;oBaHII5I o6nyqeHM.H 

,n;ByxcnofiHhIX MaTepMaJIOB. MccJie,n;oBaHo BJIH5IHI:Ie TeMrrepaTypHhIX s<P­

cpeKTOB o6nyqemrn ,n;ByxcnofiHbIX CTPYKTYP T5I2KeJihIMM MOHaMM BbICOKMX 

sHeprHfi Ha yJiyqrrremre a,n;resHH Ha rpaHMn;e ,n;Byx MaTepIIaJioB. 

3. Mo,n;enh TepMHqecKoro rrMKa a,n;arrTHpoBaHa ,n;JI5I Hccne,n;oBaHM5I Terrno­

BbIX rrpon;eccoB B aHI:I30Tp011HbIX MaTepI:IaJiax, o6nyi::raeMbIX T5I)K8JiblMH 
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HOHaMH. Ha ocHoBamm ~rn:cJieHHoro Mo,n;emipoBaHH5! rro,n;TBep)K,n;eHhI 9KC­

rreprrMeHTaJihHbie ,n;aHHhie o HaJIH"IHH CTPYKTYP Trrrra KpaTepoB Ha rro­

BepxHOCTH BOIIr rrprr o6Jiy"IeHHH rroHaMH 209Bi rr Hx oTcyTCTBHe B cJiy­

-qae o6Jiyqemrn: HOHaMH 86Kr. 

4. Pa3pa6oTaHhI aJiropHTMhI, cos,n;aHo rrporpaMMHOe o6ecrreqeHHe H rrpoBe­

,n;eHo 'C!HCJieHHOe HCCJie,n;oBaHHe ypaBHeHHH, OIIHCbIBarom;rrx ,II;HHaMHKY IIO­
JI5IpOHHbIX COCT05IHHH c y-qeTOM TpeHH5! B CHCTeMe. 

a) ~JI5! qrrcJieHHoro pememrn H BH3YaJIHsa:o;rrrr rrpo:o;ecca 9BOJIIOTI;HH rro­

JI5IpOHHbIX COCT05IHHH pa3pa6oTaH KOMIIJieKc rrporpaMM c HCIIOJih-

30BaHH8M rpaQ:>rr-qecKHX cpe,n;cTB Compaq Visual Fortran ,IJ;JI5I OC 

Windows. 

6) IloKa3aHo, 'ITO Ha"IaJihHOe pacrrpe,n;eJieHHe sap5!,n;a, sa,n;aHHOe cyrrep­

rrosrru;mIMH CTaTI;HOHapHhIX COCT05IHHH rrpH HaJIH'<IHH B CHCTeMe Tpe­

HHfl 9BOJIIOIJ;HOI-rnpyeT B OCHOBHOe COCT05IHHe. IlpH OTCYTCTBHH Tpe­

HHfl 9BOJIIOIJ;H.H B OCHOBHOe COCTO.HHHe He Ha6JIIO,II;a8TC.H. 

B rrpMJIO)KeHMH K ,n;HccepTaTI;HH ,n;aHo orrHcaHHe rpaQ:>rr-crecKo:H rrporpaM­

MhI ,II;JIR '<IHCJI8HHOro pemeHHR H BH3yaJIH3aTI;HH rrpo:o;ecca 9BOJIIOD;HH IIOJI.H­

pOHHhIX COCTORHHH, pa3pa6oTaHHhIH c HCIIOJih30BaHH8M rpaQ:>H"!eCKHX cpe,n;CTB 

Compaq Visual Fortran ,n;Jia OC Windows. 
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