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06U!a.R xapa7emepucmu7ea auccepmav,uu 

AKTYaJibHOCTb TeMbi. Pa3BIITIIIo ¢opMaJIII3Ma )VIR: ormcaHIIH cTaTIICTII'IecKo

ro II )J;IIHa~III'ICCKOrO IlOBCfl.CHIIH OTKpblTbiX CIICTCM IlOCBHill;CHO 60JibiiiOC 'IIICJIO pa-

60T. )J.aHHblll ¢opMaJIII3M rrpiiMCHHCTCH fl.JIH OiliiCaHIIH fl.CJICHIIH H,li.Cp II peaK~IIii 

CJIIIHHIIH, KBa3Ilfl.eJICHIIH1 MHOPOHYKJIOHHhiX rrepe.n.aq C TH:lKCJiblMII IIOHaMII Ilpll HII3-

KIIX ::mepmR:X (:::;10 MsB/nyKJion). B TaKIIX rrpo~eccax naii6onee cym;ecrseHHhiMII 

C'IIITaiOTCH JIIIIIIb HCKOTOpbiC KOJIJICKTIIBHbiC (MaKpOCKOilii'ICCKIIe) CTCilCHII CB06o

fl.hi1 KOTOpbie Bhi6npaiOTCH HCXO)J;H II3 IlOTpe6HOCTCii HHTCpilpeTa~HH 3KCilCpiiMCH

T8JibHhiX .u.anHhiX. Han6onee qacTo IICilOJih3yeMhiMH KOJIJieKTHBHhiMII Koop.u.nnaTa

MH HBJIHIOTCH MC:lK~CHTpOBOe par:CTOHHHC IIJIH OTHOCHTCJibHOC Yfl.JIIIIIeHHC CHCTCMhi, 

rrapaMeTp IIICllKII, MaCCOBaH (3apHfJ.OBaH) aCHMMCTpiiH H fl.C¢opMa~IIH H,li.Cp. )J.n-

HaMH'ICCKHM ypaBHCHHCM fl.JIH KOJIJICKTHBHbiX KOOpfJ.IIHaT HBJIHCTCH CTOXaCTH'ICCKOC 

ypaBHCHHC JlaH:lKCBCHa HJIH ¢n3H'ICCKH 3KBHB8JICHTHOC CMY fl.H¢¢J3HOHHOC ypaB

HCHHC ll>OKKepa-IlJiaHKa fl.JIH ¢YHK~IIII pacrrpe,li.CJICHIIH KOJIJICKTIIBHbiX KOOpfJ.HHaT 

H COilpH:lKCHHbiX HM HMilYJihCOB. )J.JIH perneHHH 3THX ypaBHCHHii HC06XO,li.HMO 3HaHHC 

TpaHCilOpTHbiX K03¢¢n~HCHTOB: IlOTCH~HaJibHOll 3Hepriiii 1 MaCCOBbiX rrapaMeTpOB, 

Kos¢¢n~HCHTOB TpCHHH II fl.H¢¢J3HII. B KOHKpCTHbiX paC'!CTax CTOXaCTH'leCKHC 

ypaBHCHIIH H TpaHCilOpTHbiC Kos¢¢II~HCHTbl OilpCfJ.CJIHIOTCH B OCHOBHOM B paMKaX 

¢enoMenonorii'ICCKIIX rro.u.xo.u.os. CaMn cToxacTn'!ecKne ypasneHIIH o6bi'IHO BBOfl.HT

CH rrpn OilHCaHHII fl.HHaMIIKH fl.CJICHIIH ¢eHOMCHOJIOPH'ICCKH. 

lfMCIOill;HCCH Ha ,ll.aHHblll MOMCHT TCOpeTH'ICCKHC MO,li.CJIH rrpe,li.CKa3hiBaiOT BCJIH

'IHHY K03¢¢n~HCHTa 3aTyxaHHH OT 102 - 104 fl.O 2-6 B Cfl.HHH~ax 1021 c-1 . 3aBHCII-
• . 

MOCTb H,li.CpHOil: BH3KOCTH OT TCMilepaTyphi T TaK:lKC BapbnpyeTCH BCCbMa IIIHpOKO: 

OT Ilpn6JIH3HTeJibHO IlpHMO IlpOilOp~HOHaJibHOil: (c B03p~CTaHHCM OT 0.4 X i021 C-1 

rrpn T = 0.5 MsB .u.o 7.6 x 1021 c-1 rrpn T = 4 MsB) .u.o o6paTHO rrporrop~no

HaJihHOil: KBa.u.paTy TCMilCpaTyphi (rrpHMO IlpOilOp~HOHaJihHOll BpCMCHH peJiaKCa~HH 

HYKJIOHnoro fl.BII:lKeHnH), KaK 3TO fJ.OJI:lKHO 6hiTh )VIH ¢epMH-:lKIIfl.KOCTII. CnTya~nH 

OCJIO:lKHHeTCH TCM, 'ITO HfJ.CpHOC TpCHIIC HC HBJIHeTCH 3KCilCpiiMCHT8JibHO Ha6JIIO,ll.a

CM0ll BCJIII'IIIHOil: II fl.OJI:lKHO II3BJICKaTbCH II3 60JibiiiOPO 'IIICJia 3KCilCpiiMCHT8JihHO 
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na6mo.n;aeMbiX Bemi<JIIH. B CBH3II c 3TIIM B03HIIKaeT neo6xo.n;IIMOCTb co3.n;aHIIH MIIK

pocKOIIII<JeCKIIX MO)J;CJieti: )J;JIH paC<JCTa K03cpqmiJ;IICHTOB TpCHIIH II ,IJ;1Icpcp)'3IIII. 

XoTH MHOriie CBOiiCTBa )J;CJICHIIH II H,IJ;CpHbiX peaKIJ;IIH IIMCIOT KBaHTOBYIO I!piipO,IJ;y, 

BO 1\!HOriiX IICCJIC)J;OBaHIIHX Ha OCHOBC TpaHCIIOpTHbiX MO)J;CJICH KBaHTOBbiC CTaTIICTII

<JCCKIIC 3cpcpeKTbl IIrHOpiipyiOTCH II IICIIOJib3yeTCH KJiaCCII<JCCKOe OIIIICaHIIe, B KOTQ

pOM K03cpcpii~IICHTbl TpeHIIH II ,IJ;1Icpcp)'3IIII CBH3aHbl <Jepe3 KJiaCCII<JCCKOC cpJiyKTya

IJ;UOHHD-)I.IICCIIIIaiJ;IIOHHOC COOTHOIIICHIIC. PaCCI\IOTpCHIIC 3aTyxaHIIH II cpJiyKTyau;IIfi B 

KOJIJICKTIIBHOH KBaHTOBOfi CIICTCMC B OCHOBHOM orpaHII'ICHO MapKOBCKIIM I!pC,IJ;CJIOM 

(.MrHOBCHHaH )J;liCCIIITaiJ;IIH1 raycCOBCKIIC )J;CJibTa-KOppeJIIIpOBaHHbiC cpJiyKTyaiJ;IIli) li 

rrpe,IJ;CJIOM CJia6oii: CBH31I IIJili BbiCOKIIX TCMrrepaTyp. HeJIOKaJibHOCTb )I.IICCliiiaiJ;IIII 

o6bi<JHO He I!piiHIIMaCTCH BO BHIIMaHIIC I!p!I OIIIICaHIIII )J;OCTaTO<JHO 6biCTpbiX rrpo

IJ;CCCOB, narrpHMep, rrpli orriicaniiii peaKu;Hii c TH)KCJibiMII uo!laMII II .n;eneHIIH. To 

CCTb C'IIITaCTCH, 'ITO 3TII IIpOIJ;CCCbl HBJIHIOTCH MapKOBCKIIMII: BpCMH peJiaKCaiJ;IIII O,IJ;-

HO<JaCTli'IHOfi IIO)J;CIICTC.Mbl 3aMCTHO MCHbiiiC xapaKTCpHOrO BpCMCHll KOJIJICKTIIBHOrO 

)J;Bli)KCHIIH. Il03TOMY KOJIII'ICCTBCHHbiC OIJ;CHKII BH3KOCTll, B <JaCTHOCTII O)J;HOTCJibHOfi, 

B paMKaX HCMapKOBCKOfi MO)J;CJIII MOryT CYIIJ;CCTBCHHO OTJIII<JaTbCH OT TCX, KOTOpbiC 

IIOJIY<JCHbi B IIpC,IJ;IIOJIO)KCHIIII MapKOBCKOrO XapaKTCpa )J;liHaMHKli )J;CJICHUH. ,lJ;o CIIX 

rrop HCT MO)J;CJIH, KOTOpaH Y<JIITbiBaJia 6bi BCC KBaHTOBbiC 3cpcpeKTbl li 3cpcpeKTbl 

HCI\IapKOBOCTII IIpli IIpOXO)K,Il;CHliii <Jepe3 IIOTCHIJ;IIaJibHbiH 6apbep. 

Ilo.n;6apbepHbie rrpou;eccbi HrparoT Ba)Knyro poJib B pa3JIII<JHbiX rrpou;eccax B H,IJ;ep

nofi cpii31IKC, HaiipliMCp, B 3aXBaTe HaJICTaiOru;ero H,IJ;pa H,IJ;pOM-MIIIIICHII IIpii 3Hepr1I

HX OKOJIO KYJIOHOBCKOrO 6apbepa, liJIII B CIIOHTaHHOM )J;CJICHIIII H,IJ;Cp. TeopiiH OTKpbi

TbiX KBaHTOBbiX CIICTCM XOpOIIIO IIO)l.XO)J;liT )J;JIH OIIIICaHIIH IIO,IJ;6apbepHbiX IIpOIJ;CCCOB 

II, COOTBCTCTBCHHO, HC06XO)J;liMO pa3BIITIIC 3TOfi TCOpiiH. 

Il;eJibiO pa6oTbi 

HBJIHCTCH pa3pa60TKa cpopMaJIII3Ma )J;JIH OIIliCaHIIH KOJIJICKTIIBHOH H,IJ;CpHOH )J;IICCIIIIa-

TIIBHOH )J;IIHaMIIKII peaKIJ;IIH CJIIIHHIIH, KBa3II)J;CJICHIIH, )J;CJICHIIH II MHOrOHYKJIOHHbiX 

rrepe.n;aq IIpii HII3KIIX 3Hepr1IHX, II II3Y<JCHIIC Ha ero OCHOBC BJIIIHHIIH KBaHTOBbiX 

CTaTliCTII'ICCKIIX 3cpcpeKTOB na IIpOIJ;CCCbl 3aXBaTa 6oM6ap,IJ;IIpyroru;ero H)l.pa H)J;pOM-

MIIIIICHII II BbiHY)K)J;CHHOrO )J;CJICHIIH. 
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Hay'lHrul HOBII3Ha 11 npaKTII'leCKrul n;eHHOCTb. 

• B paMKaX MIIKpOCKOIIII<JCCKOrO. IIO)l.XO)I.a IIOJiy<JeHa CIICTCMa HCJIIIHCHHbiX ypaB

HCHliH JlaH)KCBCHa B rrpe.n;ene o6ru;eti: CBH3ll MC)K,IJ;y KOJIJICKTliBHOH li BHyTpCHHCH 

(603onnoti: HJIH cpepMHOHHoti:) rro.n;cHcTe.Ma:MH. Mcxo)I.H H3 ne.MapKOBCKliX ypaB

nennfi JlaH)KCBCHa pa3pa6oTaH~HOBaH MCTO)J;llKa.IIOJIY<JCHliH TpaHCIIOpTHbiX 

K03cpcpliiJ;liCHTOB, 3aBliCHIIJ;liX HBHO OT BpeMCHll. ,lJ;JIH HC.MapKOBCKOH )J;liHa.MII

Kll IIOJIY<JCHbi Ha6opbl ,IJ;Hcpcp)'3liOHHbiX K03cpcpll!J;liCHTOB, KOTOpbiC COXpaHHIOT 

COCTOHHlle CIICTC.Mbl 'IliCTbiM. IloJiy<JCHHbiC aHaJiliTli'ICCKliC cpopMyJibl .MOrYT 

6biTb liCIIOJib30BaHbl )l.JIH OIIIICaHp:H cpJiyKTyaiJ;liOHHD-)J;liCCliiiaiJ;liOHHOH )J;llHa

MllKII H)J;CpHbiX peaKIJ;llfi CJiliHHIIH, KBa3li)J;CJICHliH, MHOrOHYKJIOHHbiX rrepe.n;aq 

II )J;CJICHIIH. Pa3BliTblll IIO)l.XO)J; IIOJIC3CH IIpii OIIHCaHIIll BpCMCH )Kll3Hli .MCTa

CTa6HJibHbiX CliCTCM, IICpCXO)J;HbiX IIpOIJ;CCCOB li )J;CKOrepCHTHOCTII B KBaHTOBbiX 

CliCTC.Max. 

e Pa3pa6oTaH HOBbiH 'IliCJICHHblll MCTO)J; peiiiCHliH MaCTep-ypaBHCHIIH )J;JIH pe.n;y

IJ;IIpOBaHHOfi MaTpiiiJ;bl IIJIOTHOCTII II 3KBIIBaJICHTHOrO CMY KBaHTOBOro ,Il;JI(pcpy-

3IIOHHOrO ypaBHCHliH )I.JIH cpyHKIJ;liii BIIrHepa. ,lJ;aHHb!fi MCTO)I. IIOJIC3CH )J;JIH II3Y

'ICHliH rro.n;- II na.n;6apbepnbrx rrpou;eccoB. BrrepBbre rroKa3ano, <JTo Koop.n;IInaT

HaH 3aBIICIIMOCTb )I.Hcpcp)'3IIOHHbiX K03cpcpiiiJ;IICHTOB 3aBbiiiiaCT IIJIII 3aHU)Ka:CT 

CKOpOCTb pacrra.n;a MCTaCTa6IIJibHOrO COCTOHHIIH Ha HCCKOJibKO IIOpH,IJ;KOB B 3a

BliCIIMOCTII OT COOTHOIIICHIIH 3Ha<JCHllfi )I.Hcpcp)'31IOHHbiX K03cpcpiiiJ;IICHTOB Ha 6a

pbepe II B MliHIIMYMC IIOTCHIJ;llaJibHOfi HMbl. 

• Pa3BIITbiH MIIKpOCKOIIII<JCCKllfi IIO)l.XO)J; li 'IHCJICHHblll . MCTO)I. peiiiCHliH MaCTCp-

ypaBHCHliH )l.JIH .MaTpiiiJ;bl IIJIOTHOCTII IICIIOJib30BaH )I.JIH II3Y<JCHIIH BJIIIHHIIH KBaH

TOBbiX CTaTIICTII'ICCKliX 3cpcpeKTOB Ha IIpOIJ;CCCbl 3axBaTa HaJICTaroru;ero H,IJ;pa 

R,ll.POM-MIIIIIeHII 11 .n;eneHIIH H.n;ep. BrrepBbre pacc<JIITaHbi rrepexo.n;nhre BpeMena 

)J;CJICHIIH B paMKax KBaHTOBOfi ,IJ;IIcpcp)'3IIOHHOfi MO)I.CJIII. IlOKa3aHO, 'ITO B CIIJib

HO B036y)K,Il;CHHbiX H)l.pax )J;CJICHIIe 3aTpy)l.HeHO II3-3a rrepeXO)J;HbiX 3cpcpeKTOB. 

cho MO)K!IO 3cpcpeKTIIBHO OIIIICaTb B paMKaX CTaTIICTII'ICCKOfi MO)J;CJIII C MO)J;ll

cpllKaiJ;liCfi Kpa.Mepca, ucrroJib3YH 6oJibiiiiie 3Ha<JeHIIH K03cpcpiiiJ;IIeHTa TpennH. 
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e lb)"'eHa pOJib CTaTH'IeCKOll ,n;e¢opMaiJ;llll .H,n;pa-Mll!lleHII IIJIII HaJieTaiOIIWrO .H,ll;

pa B npou;ecce 3axnaTa B .H,n;po-.H,n;epHOM CTOJIKHoneHnn. C Y'IeTOM nepmiTHOCTII 

3axBaTa, paCC'IIITaHbl Ce'IeHII.H o6pa30BaHII.H TpaucypaHOBbiX ::meMeHTOB B pe

aKIJ;li.HX CJIU.HHII.H npu no,n;6apbepnhrx aneprii.HX. 

Anpo6a~nH pa60Thi. Pe3yJihTaThi, npe,n;cTaBJieHHbie n ,n;nccepTau;uu, ,n;oKJia,n;hr

BaJIIICh H o6cy)K,ll,aJIHCb Ha Hay'IHbiX CeMHHapax B Jla6opaTOpHH TeopeTH'IeCKOll 

¢n3HKH HM. H.H. Boromo6ona 06'he,n;uneHHoro nncTIITJTa .H,n;epHbiX IICCJie,n;ona

HHil: (.IJY6na), a TaK)Ke IIpe,n;cTaBJI.HJIIICb II ,ll;OKJia,ll;biBaJIIICb B IIHCTIITyTe TeopeTII'Ie

CKOll ¢II3HKII YHIInepciiTeTa r.riicceH (repMaHim) II Ha Me)K,ll;JHapo,n;Hoil: ceMIIHape 

"51,n;epHa.H Teopii.H II acTpo¢II3H'IeCKIIe npiiMeHeHII.H" (.IJY6Ha, 2007). 

Ily6JiuKa~uu. ITo MaTepiiaJiaM ,n;IIccepTa!IIIII ony6JIIIKOBaHo 8 pa6oT. 

06'beM H CTpyKTypa ,LJ;HCCepTa~HH • .Il.nccepTa!IH.H COCTOIIT II3 nne,n;eHH.H, 'Ie

Tbipex rJiaB H 3aKJIIO'IeHII.H 06IIJ;IIM 06'beMOM 114 CTpaHIII!, BKJ!IO'Ia.H 52 piiCYHKOB II 

CniiCOK I!IITHpOBaHHOll JIIITepaTypbl II3 175 HaiiMeHOBaHIIll. 

Coaep;HCanue pa6om'bt 

Bo BBe,D;eHHH o6cy)K,ll,aeTC.H aKTYaJibHOCTb pa60Tbi II MOTIIBa!IH.H npOBO,ll;IIMbiX 

IICCJie,n;onaHnil:, ,n;aeTC.H KpaTKHil: o63op no TeMe ,n;IIccepTa!IHII. 

B nepBoii rJiaBe II3 MIIKpocKOIIII'!ecKoro raMIIJibTonnana IIOJinoil: CIICTeMhi aHa

JIIITH'IeCKII noJiyqena II peiiieHa CIICTel\la lieJIHIIellHbiX ypaBHeHIIll JlaH)KeBeHa ,ll;Jl.H 

3aTyxaroru;ero rapMonnqecKoro II nepenepHyToro OCI!IIJIJI.HTopoB n npe,n;eJie o6ru;eil: 

CB.H3H Me)K,ll;y KOJIJieKTIIBHOll II BHJTpeHHeil: (6030HH0ll IIJIII ¢epMI10HHOii:) nO,ll;CHCTe

Mal\!H. IJOKa3aHO, 'ITO ypaBHeHII.H ,ll;BH)KeHII.H ,ll;Jl.H KOJIJieKTHBHOll nO,ll;CIICTel\lbi y,n;o

BJieTBOp.HIOT KBal!TOBbiM ¢JIYKTyal!IIOHHO-,ll;IICCIIIIaiJ;IIOHHbii\1 COOTHOIIIeHII.Hl\1 H COOT

HOIIIeHHIO HeOIIpe,n;eJieHHOCTII. lf3 HeMapKOBCKHX ypanneHIIll JlaH)KeBeHa IIOJiy'IeHbl 

JIOKaJibllbie.no Bpel\IeHH ypaBHeHH.H ,ll;JI.H nepnoro II BTOpOrO MOMeHTOB, IIO C TpaHC

nopTHbiMH KO:'l¢¢HI!HeHTaMH, 3aBIIC.HIIJ;IIMH .HBHO OT BpeMeHH • .Il.aHO MIIKpOCKOnll

qecKoe o6ocHonaHne aKciioMaTII'IeCKoro no,n;xo,n;a JliiH,n;6Jia,n;a. 

.Il.JI.H HeMapKOBCKOil: ,lJ;IIHaMHKII IIOJiy'IeHbl Ha60pbi ,n;n¢¢Y3HOHHbiX Koa¢¢HI!ll-
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eHTOB, KOTOpbie COXpaH.HIOT COCTO.HHIIe CIICTeMbl 'IIICTbiM. 

B CJI)"'ae 3aTyxaiOru;ero OCIJ;IIJIJI.HTOpa II mmeil:noil: CB.H3H no HMnyJihCY H3)"'eHbi 

acnMnTOTUKH KOppeJI.HIJ;UOHHbiX ¢JHKIJ;Hil:. IJoKa3aHO, 'ITO npu Hli3KHX Tel\mepa

Typax OCIJ;HJIJI.HTOp IIMeeT CTeneHHOll 3aKOH pacna,n;a KOppeJI.HIJ;IIOHHbiX ¢YHKIJ;Hil: B 

npe,n;eJie 6oJibiUHX npeMeH. TaKoe none,n;eHne He Ha6mo,n;aeTC.H B KJiaccuqecKoM np~ 

,n;eJie BbiCOKUX TeMnepaTyp, r,n;e HMeeT MeCTO 3KCnOHeHIJ;HaJibHblll pacna,n;. 

Bo BTopoii rJiaBe ncnoJib3Y.H pa3Bl1Tblil: n nepnoil: rJiane MHKpocKonnqecKnil: 

no,n;xo,n; ,ll;JI.H OIIIICaHII.H ,ll;IIHaMIIKII OTKpbiTbiX KBaHTOBbiX CIICTeM, paCC'IIITaHa npo

HIII!aeMOCTb noTeHI!IIaJibHoro 6apbepa. · PaccMoTpeHa 3BOJ!IOI!II.H ,n;noil:Hoil: .H,n;epHoil: 

CHCTeMbl no KOJIJieKTIIBHbiM KOOp,lJ;IIHaTaM MaCCOBOll aCHMMeTpliii H OTHOCHTeJibHOrO 

paccTO.HHII.H. IIoKa3aHo, 'ITO ,ll;JI.H paccMaTpHnaeMbiX KOJIJieKTIIBHhrX Koop,n;nHaT 3Ha

'!eHII.H MIIKpOCKOnii'IeCKIIX ,ll;II¢¢J3IIOHHbiX K03¢¢III!IIeHTOB ,ll;Jl.H rapMOIIH'IeCKOrO H 

nepenepHyToro OCIJ;IIJIJI.H'Fopon 6JIH3KII. Pa3JIII'IIIe 3Haqeunil: K03¢¢n!IIIeHTOB ,n;H¢

¢J3IIII ,ll;JI.H rapMOHII'IeCKOro II IIepenepHJTOrO OCI!HJIJI.HTOpOB yMe!IbiUaeTC.H C pOCTOM 

TeMIIepaTypbi. 3Ha'!eHII.H aCHMIITOTII'IeCKHX K03¢¢III!IIeHTOB ,n;n¢¢J3IIII Me!I.HIOTC.H 

HenpepbiBHO npii nepexo,n;e OT rapMonnqecKoro OCI!IIJIJI.HTopa K nepenepnyToMy oc-, 
I!IIJIJI.HTopy. YcTanonJieHbi orpaHII'IeHn.H ,ll;JI.H IICIIOJib30BaHII.H npii HII3KHX TeMnepa

Typax MIIKpOCKOnH'!eCKHX ,ll;II¢¢J3HOH!IbiX K03¢¢IIIJ;HeHTOB nepenepHJTOrO OCI!IIJI-

JI.HTOpa. 

IlOKa3aHO, 'ITO B npe,n;eJie CIIJibHOrO 3aTyxaHII.H npOHIIIJ;aeMOCTb napa6oJIH'IeCKQ

ro 6apbepa no Koop,n;nHaTe Macconoil: acnMMeTpiiii (oTHOCHTeJihHoro paccTO.HHH.H), 

paCC'IIITaHHa.H C IIOMOIIJ;b!O 3aBIIC.HIIJ;HX OT BpeMeHH MIIKpOCKOnH'IeCKHX Koa¢¢III!II

eHTOB ,n;II¢¢Y3HH ,n;JI.H nepenepHyToro OCI!IIJIJI.HTOpa, OKa3biBaiOTC.H 60JibiUe B 7 - 8 

(3 - 4) pa3, '!eM IIpOHIII!aeMOCTb, paCC'IIITaHHa.H C nOMOIIJ;biO nOCTO.HHHOrO ¢eHOI\Ie

HOJIOrH'IeCKOrO K03¢¢III!IIeHTa ,n;n¢¢J3IIII no IIMnyJihCy. 

PacqeTbi noKa3hinaroT, 'ITO c 3aTyxaHIIeM pacTYT KBaHTOBhre 3¢¢eKThi.' 9Tn a¢

¢eKThr MOrJT 6biTb ,ll;OCTaTO'IHO CHJibHbiMII npu Hli3KIIX Tel\mepaTypax . .Il.JI.H IIJI

JIIOCTpau;uii nOKa3aHO, 'ITO KBaHTOBbie CTaTIICTII'!eCKIIe 3¢¢eKTbi yneJIII'IIIBaiOT Be

pO.HTHOCTb npoxo)K,ll,eHII.H qepe3 KYJIOHOBCKIIil: 6apbep, T.e. nepo.HTHOCTb · ¢opMnpo

namm ,n;noil:uoil: .H,n;epnoil: cucTeMbi. IloJiy'IeHHhie pe3yJihTaTbi no,n;Tnep)K,ll,aiOT, 'ITO 
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KBaHTOBaH npllpo.n;a nepexo.n;a qepe3 6apbep .n;omKHa 6biTh J'!Teua npll pac'!eTe ce-

qeHllH 3aXBaTa B H)l;pO-H)l;epHOM CTOJlKHOBeHim. 

IToKa3ano, 'ITO poeT npoum~;aeMOCTll c KllHeTR'lecKo:il: :meprRe:il: HBJIHeTCH .n;o

cTaTO'IHO cna6o:il:, oco6euuo npll 6oJiblllllX TpeHRHX. ,ll;nn aueprll:il: .n;ocraTO'IHO Im:>Ke 

KynonoacKoro 6apbepa ua6mo.n;aeTCH pocr nponRu;aeMOCTll c ,ll;llCCRnau;Re:il:. 9To o6'h

a:cna:eTCH JMeHbiiieHlleM CKOpOCTll ,ll;llCCllUaiJ;Hll :3Heprllll KOJIJleKTllBHOll llO,ll;CllCTeMhl 

JI3-3a MaJIOCTll KllHeTll'leCKOll :3Heprllll ll 60JiblllOrO 3Ha'leHHH Koa¢q:mu;lleHTa ,ll;ll<j:>

¢J3llll no IIMUJJibCJ. 

B TpeTbeii rJiaBe pernaa: MacTep-ypaanenue .n;na: npnae.n;enno:il: MaTplliJ;hi nnoT

HOCTll )l;JlH KBaHTOBOll HeJIRHe:il:HOll KOJIJleKTllBHOll llO,ll;CllCTeMhi, o6napy:>KeHO CllJlb

HOe BJlllHHlle ,ll;ll¢¢J3llOHHblX Koa¢¢Ru;lleHTOB, 3aBJICHIIJ;liX OT KOOp)l;IIHaTbi, Ha CKQ

pOCTb pacna.n;a MeTaCTa6HJibHOro COCTOHHllH npll Hli3KllX TeMnepaTypax (Bblllle TeM-
• 

nepaTyphi nepexo.n;a oT TepMn'lecKoro pe:>KRMa K TynnenhHOMY pe:>KRMy). ITonyqen-

Hbie pe3JJibTaThl paC'leTOB CKOpOCTll pacna.n;a Upll Hll3KllX Te:l.mepaTypaX IIOKa3hiBa

IOT, 'ITO KOOp,ll;IIHaTHJIO 3aBllCHMOCTb ,ll;R¢¢J3llOHHbiX Koa¢¢lliJ;HeHTOB ueo6XO)l;l1MO 

J'lllTbiBaTb B CJIJ'lae .CJIO:>KHbiX UOTeHIJ;llaJIOB. J1pene6peraa: KOOp)l;HHaTHOll 3aBHCll

MOCTbiO ,ll;ll¢¢J3llOHHblX Koa¢¢uu;ReHTOB IIpll Hll3KllX TeMrrepaTypax, MQ:>KHO 3a-

BblCllTb llJlU 3aHll3llTb CKOpOCTb pacrra.n;a Ha HeCKOJlbKO IIOpH)l;KOB B 3aBllCllMOCTII 

OT COOTHOITieHllH> 3Ha'leHllll .n;u¢¢J3llOHHblX Koa¢¢lliJ;lleHTOB Ha 6apbepe II B MII

HllMJMe noTenu;RMhno:il: HMhi. BnRa:nne Koop.n;RnaTno:il: 3aBRCllMOCTn .n;u¢¢Y3llOH

HhiX Koa¢¢RIJ;lleHTOB Ha CKOpOCTb pacna.n;a HaMHOrO CllJlbHee, 'leM BJlllHI!lle KBaHTO

BbiX a¢¢eKTOB ll3-3a nerapMOHll'IHOCTll IIOTeHIJ;llaJia. ,lJ;aHHblll a¢¢eKT MO:>KeT 6biTb 

Ba:>KHbiM B npou;ecce crronTannoro llJill BhiHy)K)l;eHnoro .n;eneHRH. 

AcnMIITOTH'leCKne 3Ha'lenua: cKopocTR pacrra.n;a, rrony'leHHhie c ¢enoMenonorR

'leCKllMII ll MRKpocKOUR'lecKRMll .n;u¢¢J3llOHHhiMll Koa¢¢Ru;nenTaMn, 6nn3KH. ITo-

3ToMy cyrn;ecTBJeT B03MO:>KHOCTb ¢eHOMeHOJIOrll'leCKOrO OUllCaHllH npou;ecca pacna

.n;a. O.n;uaKo llCUOJih30BanRe ¢enoMeuonorii'lecKnx .n;R¢¢J3ROHHhiX Koa¢¢m~;neHTOB 

,ll;JlH IIOTeHIJ;llaJia C OTplliJ;aTeJlbHOll :>KeCTKOCTbiO OrpaHll'leHO yCJIOBlleM 

ctg[h.W(q)/(2T)] ?: 0. 

J10Ka3aHO, 'ITO Upll Hll3KHX TeMrrepaTypax KBa3llCTaiJ;llOHapHaH BepOHTHOCTb paC-
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rra.n;a MO:>KeT .n;a:>Ke pacTll c yseJIR'leHReM TpenRa:, oco6enno c .n;R¢¢J3nOHHhiMll Ko

::~¢¢Ru;RenTa1m, 3aBIICHIIJ;IIMU OT KOOp,ll;llHaTbi. 9TO UO:>KHO 06bHCHllTb TeM, 'ITO Ilpll 

Hll3KllX TeMrrepaTypax ponh .n;u¢¢J3Rll ycnnRBaeTca: no cpasuenmo c poJibiO TpeHna: 

B rrpou;ecce pacna.n;a. 

B 'IeTBepToii rJiaBe .n;enenRe B036y)K)l;eHHhiX a:.n;ep paccMaTpRBaeTca: KaK pe-

3JJihTaT KBaHTOBblX CTaTllCTll'leCKllX ¢JIJKTyaiJ;llll 'Iepe3 Ce)l;JIOBJIO TO'IKJ. C IIOMQ-

IIJ;biO TO'lnoro 'lllCJiennoro pernenna: KBaHTOBoro MacTep-ypasuenRa: .n;na: npRBe.n;en

no:il: MaTplliJ;bl IIJlOTHOCTll IIOKa3aHO BJlllHHlle KBaHTOBbiX CTaTllCTll'leCKllX a¢¢eKTOB 

Ha 3aBllCllMOCTb OT BpeMeHH npou;ecca )l;eJieHHH. J10Ka3aHO, 'ITO aCllMIITOTH'leCKHe 

CKOpOCTll )l;eJieHHH B KBaHTOBOM ll KJiaCCll'leCKOM CJIJ'laa:x· npaKTll'leCKll COBIIa)l;aiOT. 

B KBaHTOBOM cny'lae rrepexo.n;Hhie apeMena 6onhrne B 2 pa3a, '!eM B KJiaccn'leCKOM 

cny'lae, OCHOBaHHOM na ypaaneHHll Jian:>KeBena. ITpii Koa¢¢Ru;nenTe Tpenua: nAp~ 

1 MaB nepexo.n;uoe apeMa: ~tena:eTca: OT 10:-21 c .n;o 4 x 10-21 c c yMeHbiiienneM 

TeMrrepaTypbi OT T=5 MaB .n;o T=O. 7 M::~B. Tor.n;a KaK apeMa: .n;eneHRH Mena:eTca: 

OT 10-21 .n;o 5.4x 10-19 c. I1oKa3ano, 'ITO cKopocTb .n;enenua: II nepexo.n;noe speMa: 

ne 'IJBCTBRTeJihHhi K pa3JMHOMY ll3Menenuro Ha'laJihnoro rayccoacKoro naKeTa rrpu . 
¢RKCllpOBaHHOM 3Ha'leHllll KOJIJleKTllBHOll :3Heprnll. 

YcTanosneHo, 'ITO anaJIRTn'lecKaa: ¢opMyna KpaMepca c TepMO,ll;RHaMR'lecKo:il: 

TeMIIepaTypo:il: llJlll C a¢¢eKTllBHOll KBaHTOBOll TeMrrepaTypo:il: )l;OCTaTO'IHO XOpOITIO 

pa6oTaeT KaK B pe:>KRMe cna6o:il:, TaK ll CllJihHO:il: CBH3ll. CKopocTb .n;eneHRH, nony'len

Haa: C UOMOIIJ;biO ¢opMJJibl KpaMepca, )l;OCTaTO'IHO TO'IHO BOCIIpOll3BO,ll;llT CKOpOCTb 

.n;eneHllH B o6naCTll 3Ha'leHIIll 0.66 MaB ~ nAp ~ 6.6 MaB ll 0. 7 MaB ~T~ 5 M::~B. 

J10Ka3aHO cyrn;eCTBOBaHlle KBa3llCTaiJ;llOHapnoro pe:>KllMa CKOpOCTll IIOTOKa BepOHT

HOCTll 'lepe3 6apbep npn TeMnepaTypax T > B 1, r.n;e B 1 - 6apbep .n;enenna:. IToaT?MY 

aH8JlllTII'lecKaa: ¢opMyna KpaMepca MO:>KeT 6biTh ncrrOJih30BaHa npll T > B1. 

3na'!eHRe nepexo.n;noro apeMeHll orrpe.n;enneT sec ne:il:Tponnoro Kan8Jla pacna

.n;a na panne:il: CTa)l;llH ::~aomou;RII. Kor.n;a npll 6onhiiinx ::~HeprRa:x so36y)K)l;eHRH 

(EcN ?: 100 MaB) cpe.n;nee apeMa: 3MllCCllll ne:il:Tpona Tn cTanoBRTCH conocraan-

MbiM llJlll MeHbiiie, 'leM rrepeXO)l;HOe BpeMH, OTKJlOHeHlle BepOHTHOCTll )l;eJieHHH OT 

CTaH,n;apTHOrO 3Ha'leHHH CTaTllCTH'leCKOll MO)l;eJill CTaHOBllTCH cyrn;eCTBeHHO 60Jib-
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IIIHM Ha nepBbiX ruarax KaCKa,n:a .IJ:CB036y:lK,ll.eHHR. 0Ka3biBaeTCR, qTo B CllJibHO B03-

6y:lK,ll.CHHbiX R.IJ:pax .IJ:CJICHHC 3aTpy,n:Heno H3-3a nepeXO.IJ:HbiX acpcpeKTOB. cho MO)!{HO 

a¢cpeKTHBno onncaTb B paMKax CTaTncrnqecKoll: l'>IO.IJ:eJin c Mo.n;ncpnKau;nell: KpaMep

ca (no 6e3 nepeXO.IJ:HbiX acpcpeKTOB), HCIIOJib3YR 60JibiiiHC Koacpcpnu;nenTbi TpenHR. 

O.n;naKo c TaKHMII a¢¢eKTHBHO 6oJibiiiHMII Koa¢¢nu;nmnaMn Tpenna neJib3R onn

caTb .n;pyrne aKcnepnMeHTaJibnhre na6mo.n;aeMbre, nanpnMep, noJinyro KnnernqecKyro 

::meprHIO cpparMenTOB .IJ:CJienHR. 

<IJopMaJIH3M pe.n;yu;npoBannoll: MaTpHIJ;bl IIJIOTHOCTH npnMeHen .IJ:JIR OmiCaHHR npo

u;ecca 3axBaTa HaJieTaroru;ero a.n;pa R.IJ:POM-Mnruenn. PaccMoTpen .n;nana3on aneprnll: 

naneTarouiero a.n;pa .6.E(O) OT 0 .n;o 50 MaB na.n; KYJIOHOBCKHM 6apbepoM npn 3Ha

qennax Koa¢¢nu;neHTa TpennR n>.p OT 0.5 .n;o 3 MaB II yrJIOBOro MOMCHTa L OT 0 

.IJ:O 80. ,ll;JIH paCCMOTpeHnbiX napaMeTpOB ycTanOBJICHO xapa!<Tepnoe BpeMH 3axBa

Ta: T ~ 2.2 njMaB. fiOKa3ano, 'ITO KOOp,n:nnaTHaR 3aBHCIIMOCTb .IJ:I1cpcpJ3IIOnnbiX 

KOacpcpHIJ;IICHTOB .IJ:OCTaToqno CJiafiaR B OKOJI06apbepHOll o6JiaCTII. Haii:,n:enbi OIITII-

MaJibHbie 3naqeniiR anepriiii naneTaroru;ero a.n;pa, npiiBO.IJ:HIIJ;IIe K MaKCHMaJibnbiM 

3naqeniiRM BepORTHOCTII 3axBaTa IIpii pa3HbiX 3HaqeHIIHX K03cpcpHIJ;IIenTa TpeniiH. 

I1ccJie.n;onana 3aBIICIIMOCTb nepoaTnOCTII 3axnaTa OT yrJionoro MOMenTa L. IloKa3ano 

cyru;ecTnonarme. onTHMaJihnoro yrJionoro MOMeiiTa ,n:JIH npou;ecca 3axBaTa. Orpanii

qenne CHII3Y .IJ:JIR £ B ,n:aHnbiX pacqeTax He na6mo,n:aeTCR, IIOCKOJibKY I13-3a yqera 

KBaHTOBbiX CTaTIICTifqecKnx tPJIYKTyau;Hil: 3aBIICIIMOCTII nepoHTHOCTII 3axBaTa OT L, 

Ec.m. If. TpeniiH CTaHOBHTCH 6oJiee IIJiaBHbiMH. 

IloKa3ano, qTo paccMOTpeniie CTaTIIqecKoil: .n;e¢opMaiJ;HII n.n;pa-MIIIIIenn IIJIII na-

JieTaroru;ero H.n;pa II03BOJIHeT .IJ:OCTaToqno Ha.IJ:C)KHO OIIIICbiBaTb BepORTnOCTb 3axBaTa 

npn anepriiii 6oM6ap.n;I1pOBKII Ec.m. Hlf)!{e a¢cpeKTIIBnoro KYJIOHOBCKoro 6apbepa .IJ:JIR 

· c¢epiiqecKIIX a.n;ep. I1cnoJib3YH nail:.n;eHHbre BepoRTHOCTII 3axBaTa, paccqlfTaHbi ceqe

niiH o6pa3onaniiR HcnapiiTeJihHbiX ocTaTKOB B peaKu;Hax 160+233U, 40 Ar+204•206•208Pb, 

48
Ca+172Yb, 50Ti+198Pt npii no.n;6apbepHbiX aneprnnx 6oM6ap.n;HpOBKII. Pe3yJihTa-

Tbl, IIOJiyqenHble B 3TOil: rJiaBe, OKa3biBaiOTCH B XOpOIIICM COrJiaCIIII C HMeiOIIJ;IIMIICH 

3KCIIepnMeHTaJibHbiMII ,n:annbll\Ill (pnc. 1 II 2). 
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Pnc.l. Pacc'-IHTaHHhle (cnnomnhle' nuuuu) ce'ieHna:• Puc.2. To )Ke, '-ITO u .ua puc.l, uo ~~JUI peaKL\HH 

<i>YHKL\Hl:t B036y~eHHH H HCnapH'reJJbHbiX OCTaTKOB 
40 Ar+208 Pb. 

,ZVUI YKa3aHHbiX :z:n HCOapHTCJlbHhlX KaHaJJOB B peaK-

1..\HH 
50Ti+ 198Pt. 8KcnepnMeHTaJihHble ,o;aHH&Ie noKa-

3aHbl 3Ha"iKaMH. 

B 3aKJIIO<JeHHII cyMMnpyroTCH pe3yJibTaTbi, Bbi.IJ:BIIraeMbie na 3aiiJ;IITy. 

Ha 3aiD;HTY Bhi,li;BHraroTc.SI cne,n;yrom;:ne pe3yJihTaTbi. 

• B paMKaX MHKpOCKOilHqecKoro ~o.n;xo,n:a II B CJiyqae o6ru;eil: CBH3H MC)K.IJ:Y KOJI

JICKTIIBHOil: II BHJTpenneil: (6o30nHOil: IIJIII cpepMIIOHHOii:) TIO.IJ:CIICTCMaMH TIOJiyqe

Ha cncTeMa neJIIIHeil:HbiX neMapKOBCKIIX ypannenuil: Jlan)!{enena, y.n;onJieTnopa

rorr~aH KBaHTOBbiM cpJiyKTyaiJ;HOHHO-.IJ:IICCIIIIaiJ;IIOHHbiM COOTHOIIICniiHM ll COOT

HOIIICHHIO HCOIIpe,n:eJieHHOCTII. Pa3pafioTaHa HOBaH MeTO.IJ:IIKa liOJiyqennH Tpanc

IIOpTHbiX KOacpcpHIJ;IICHTOB, 3aBIICRIIJ;llX RBHO OT BpeMCHII. 

• Pa3BIIThiil: MIIKpocKOniiqecKnil: • no.n;xo.n; IICTIOJib30BaH .IJ:JIR paccMoTpeHIIH BJIH

HHIIR KBaHTOBbiX II TCIIJIOBbiX cpJiyKTyaiJ;IIll Ha 3BOJIIOIJ;IIIO .IJ:BOil:HOil: R.IJ:CpHOil: 

CIICTCMbl. fiOKa3aHO, qTO KBanTOBbiC CTaTIICTIIqecKIIe acpcpeKTbl yneJIIIqiiBa

IOT nepoRTHOCTb npoxo:lK,ll.eHIIR qepe3 KyJiononcKull: 6apbep, T.e. nepoHTHOCTb 

¢opMI1ponanun .n;noil:noil: a.n;epHoil: Koncpiirypau;IIII. ,ll;JIR aHeprnil .n;ocTinoqno 

HII)!{e KYJIOHOBCKOro 6apbepa na6mo.n;aerCR poeT npoHnu;ael\IoCTn c .n;uccnnau;n

ell:. YcTaHOBJieno, qTo B npe.n;eJie CIIJibHoro 3aTyxanun, npmmu;aeMOCTb noTen

IJ;IIaJibHoro 6apbepa no Koop.n;unaTe Macconoil: acnMMeTpnn ( oTnocnTeJibnoro 
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paCCTO.HHIUI), paccqJ1TaHHa.H C nOMOIIJ;biO 3aBHC.liiiJ;HX OT BpeUeHH MHKpOCKOnH

qeCKHX Kos<i:J<i:JHu;HeHTOB ,ll;H<i:J<i:JJ'3Hll, OKa3hiBaiOTC.H 60Jibiiie B 7-8 (3-4) pa3, qe.M 

npOHHIJ;ae.MOCTb, paccqHTaHHa.H C nOMOIIJ;biO nOCTOHHHOrO <i:JeHO.MeHOJIOrHqecKo

ro Kos¢¢Hu;HeHTa ,n;H¢¢J'3HH no m.mynhcy. 

e 06napy:a<:eHO CHJibHOe BJIHHHHe ,ll;H<i:J<i:JJ'3HOHHbiX K03<l:J<l:JHu;rreHTOB 1 3aBHC.liiiJ;HX 

OT KOOp,ll;HHaTbi1 Ha CKOpOCTb pacna,n,a npll Hll3KHX Te:r.mepaTYPax (BbiUie TeM

nepaTypbi nepexo,n;a oT TepMHqecKoro pe:lKIIMa K TYHHeJibHOMY pe:lKIIMy). Bnii

.HHHe KOOp,ll;HHaTHOil: 3aBHCIIMOCTII ,11;II<l:J<i:JJ'3IIOHHbiX Kos<i:J<i:Jrru;rreHTOB Ha CKQ

pOCTb pacna,n,a Ha.MHOrO CIIJibHee, qe.M BJIHHHIIe KBaHTOBbiX s<i:J<i:JeKTOB II3-3a 

nerapMOHIIqHQCTH noTeHIJ;HaJia . .Il:aHHbiil: s<i:J<i:JeKT MO:lKeT 6biTb Ba:lKHbiM B npo

u;eccax CnOHTaHHOrO II BhiHy)K,ll;eHHOrO ,ll;eJieHHH. Pa3pa6oTaH HOBbiil: qiicJieHHbiil: 

MeTO,ll; peiiieHH.H .MaCTep-ypaBHeHHH ,ll;JIH pe,n;yu;HpOBaHHOH...MaTplllJ;bi nJIOTHOCTH 

H 3KBHBaJieHTHoro eMy ,n;H¢¢J'3HOnnoro ypannenH.H ,ll;JIH ¢ynKu;Hrr B11ruepa. 

e <l>OpMaJIH3M npHBe,ll;eHHOil: MaTpHIJ;bi nJIOTHOCTII npHMeHeH ,ll;JIH OnHCaHH.li npo

u;ecCOB ,n;eneHIIH 11 3axBaTa HaJieTaroru;ero .H,n;pa .H,n;poM-MIIIIIeHH. YcTanonneno, 

qTO B KBaHTOBOM no,n;xo,n;e nepeXO,ll;Hbie BpeMeHa ,n;eJieHHH 6oJihUie npH.MepHO B 

2 pa3a, qe.M B KJiaCCHqeCKOM nO,ll;XO,ll;e, OCHOBaHHOM Ha ypaBHeHHII JlaH:lKeBeHa. 

IToKa3ano, qTo npii aHaJIH3e 3KCnepHMeHTaJihHhiX ,n;aHHhiX no ,n;enenmo CHJihHO 
> 

B036y)K,ll;eHHhiX H,n;ep (E(m ~ 100 MsB) cne,n;yeT yqiiThiBaTb yneJIIIqeHHe ne-

pexo,n;Horo BpeMeHH II MHO:lKeCTBeHHOCTll npe,n;pa3pbiBHbiX HefiTpOHOB 3a cqeT 

KBaHTOBbiX s<i:J<i:JeKTOB, a He 3a cqeT yBeJIHqeHIIH .H,ll;epHofi BH3KOCTH. fiOKa3aHO, 

qTo anaJIIITHqecKa.H ¢opMyJia KpaMepca c TepMO,ll;IIHaMHqecKoii: TeMnepaTypoii: 

HJIH C s<i:J<i:JeKTIIBHOfi KBaHTOBOH TeMnepaTypofi ,ll;OCTaTOqHo XOpOIIIO OniiChiBaeT 

CKOpOCTb ,n;eJieHIIH, KaK B pe:lKHMe CJia6ofi, TaK II CIIJlbHOll CB.H3ll. 

• Hail:,n;enhr onTHMaJibHble 3Baqenii.H sneprHH 6oM6ap,n;HpOBKII, npuno,n;Hru;IIe K 

:l.faKCHMaJibHbiM 3HaqeHHHM BepO.HTHOCTH 3axBaTa HaJieTaiOru;ero .H,n;pa R,ll;pOM

MUIIIeHbiO npu pa3HhiX 3naqeuuRx Kos¢¢uu;HeHTa Tpenu.H u yrnonoro MOMenTa. 

He o6napy:lKeH s¢¢eKT L - oKHa, npe,n;cKa3aHnhrit B KJiaccHqecKHX uo,n;enHx 

6ro yqeTa craTIIcTuqecKux ¢nyKTyau;uii:. 113yqena pOJib craTuqecKoii: ,n;e¢op:r.m-
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IJ;Hll H,n;pa-MHIIIeHu liJIII naneTaroru;ero .H,n;pa B npou;ecce 3axBaTa nprr snepnmx 

CTOJIKHOBeHHR Hli:lKe s¢¢eKTHBnoro KYJIOHOBCKoro 6apbepa ,n;JIH c¢epHqecKHX 

R,n;ep. Ilonyqeno xopoiiiee orrHcanHe ceqeHHfi ucrrapuTeJibHhiX oCTaTKOB B pe

aKIJ;IIHX CJIUHHIIR IIpii IIO,ll;6apbepHbiX 3HepriiRX. 
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