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Pa6oTa BHIIOJmeHa ·B EpeBaHCROM iJlKSH't!ecROM HHCTHTYTe. 
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~.034.03.0I rrpH EpeBaHCROM cfJK3HqecROM HHCTHTyTe (r.BpeBaH, 

36, .yJI.. MapRaP.f!Ha, 2). 

C .n:HccepTarurei1: MOlKHO osHaHOMHTJoC.fl B dM6JII'lOTeRe gpenaH­

cHoro qM3H't!0CHOrO HHCTHTyTa. 
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::: • OEllWI XAPARTEPlllCTl1KA PAEarbl 

ARTyaJI.:EiHOCTJ> TeMbl. Cos,n;aHKe HCTO't!HHROB HHTeHCJtBHOro 

raMMa-H3Jzy't!eHKR: .flJ3JI.fleTC.f! O'AHOH R3 aRTYa.Jll>HHX npo6JI.eM B COB1>e­

M9HHOfi 3Rcnep~eHTaJll>HOM H ITPHRJI.a,n;HOH qM3HRe. IlpHHIJ;HnKaJI:E>HO 

HOBble B03MOlKHOCTH B03HHRJIIII B nocJI.e,II;Hee BpeMfI B CB.fl3H c OTRphl­

THeM HHTeHCHBHOro HSJzyqeHH.fl npli RaHa.JIHp0BaHHH H RBa3HRaHa.im­

poBaHKH peJ!liTID3HCTCRHX 3JI.9RTpOHOB H Il03HTpoHOB B RPHCTa.JJJia.X, 

,II;BIDKYillHXC.fl no,n; Ma.JiblMI!: yrJiaMH OTHOCHTeJI.:EiHO RPHCTaJI.Jiorpa.cfJK't!ec­

RHX oceH H ITJI.OCROCTeli. 

M3Jzy't!eHHe rrpH RaHaim:pOBaHlrn. H RBa3HRaHaJI.HPOBaHrut HMeeT 

SHa't!HTSJI.:EiHO 6oJiee BHCORYIO cneRTpaJI.:EiHYIO H cneRTpa.mHoyrJIOBYIO 

ITJI.OTHOCT:Ei no CpaBHeHHIO c IIJIOTHOCT:EiIO o6H't!HOro TOpMosHoro Hs;zy­

't!eHH.fl B a.MOpiJJHOM BemecTBe, a TaR~e 00.JIDlilYIO CTerreH:Ei ITOJmpHSa­

[(HH H MOHOXpOMaTH't!HOCTH. TaROM HHTeHCID3HHH HCTOqHHR peHTre­

~OBCRKX H ra.MMa-RBaHTOB BblCORHX 3Hepr~i1: (c He06XO,IJ;HMOH ITOJifl:­

PH38llHeR)MOlKHO HCilOJll>SOBaT:Ei, HarrpHMep, ,IJ;JI.fl HCCJie,IJ;OBaHH.fl CTPYR­

TYPH aTOMHb!X Mep, a TaR~e ,IJ;JI.fl ,lUl.arHOCTHRH cTpyRTYPhl H ,IJ;HHaMH­

't!ecRHX CBOHCTB RpHCTa..JLJJll't!SCRHX MaTepHaJIOB, 3TO CTHMyJI.HpOBaJI.0 

,IJ;aJI:bHefunHe TeopeTHqecRHe H 3RCnepHMeHTaJI.:EiHhl9 HCCJie,n;onaHH.fl B 

aTofi o6JJB.cTH RaR B CCCP, TaR H sa py6e~oM. 

IIocTpoeHHe TeopHH ,II;BH~eHM H HSJzy't!eHM.fl RaHa..mrpoBaHHhlX,H 

RBa3HRaHaim:poBattHblX '!aCTHn B MOHORPHCTaJI.JiaX, cor.rracyI0111eiicH c 
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c aKcnepllilV!eHTOM, Heo6xo;n:H.MO ;n:.rur 6oJiee 1•.ny60Koro nom1MS.HM npo­

TeKa.!001RX rrpoueccOB, rr.rra.HHpoBaHlitn ;D:8..lf.&Hefunlix 3KCll6PHM6HTOB H 

KOHCTpyH.pOBB.HlUi COOTB6TCTBYK!UHX ycTpo:ll:CTB ;D:Jlfl npaKTHqeCKIDC 

npKMeHe:irn.ti. 

ge.Jf.bro HacTomqeli pa60TH JIBJI.f!6TCH Te0p6TK'l6CK06 JIICCJI6;D:OBa-

1rn.e ;D:H.HaMHRR H xapaKTepHCTHK H3JIY't16HM sap&llteHHblX 'G"aCTm(, 

;D:BHJKJ'Il!JAXC.f[ no:n M8.JThlMJI! yrJiaMH OTHOCJl!TeJ.O>HO KpJIICT8.JIJIOrpa(fJH't16CUX 

!IJ!OCKOCTet:i JI! oce:ll:' a TaK:>Ke CpaBH6Hlr16 TeopeTK!J6CR!dX pesy,m,TaTor- i 

paCC't1HTaHHHX Ha OCHOB6 peaJIKCTH't16CKOrO rroTeHIJ;Ra.JI8. RpKCTa.JtJia, c 

IAMSJCJ!IHMHCR 3KcnepRMeHTa.Jll,HblMH ;n:aHHHMJII B 3TOH o6JiaCTH. 

llaytU-lM HOBR3Ha. B pa.MRax KJiaCCRqeCKO:ll: aJieRTpO,ll,ldHB.MKKH H 

Mo;neJIH Mo.lIE>epa ;n.rur rroTemzyiaJia K30JIHpOBaHHoro aTOMa B rrpH6JIIDKe­

HHR HerrpepblBHb!X llJlOCKOCTSH 't1HCJI6HHO pacc't1HTaHHhl crreKTPli M3JIY­

't16HM sJieRTpOHOB H II03HTpoHOB c sHeprRflMH 2+55 r3B IIPH IIJIOC­

ROCTHOM KaHaJ!l'lpoBaHIDl. B KpRCTaJIJiax THIIa a.JIMa3a. IloRa3aHO, 't1TO 

MHOrOKpaTHOe pacceHmle sap&lltel!HIDC 11acTJiI.ll npH KaHaJIHpo:saHHK B 

KpliCTa.JlJIS CHJI:&HO OTJIR'la6TC.B: OT paccemm.A: B 3KBHBaJI6H'l'HOM a.MOP-
J 

cpHOM Be111ecTBe. Brrep:sHe paccMoTpeHa B03MOlKHOCT:& no;l(8BJienrur ue-

KorepeHTHOrO Ml!OrORpB.THOrO pacce.HHM rrpH IlJIOCROC'J!HOM K:maJil!pO­

Bamrn K 1mas1maHa.JIHPOBaHJIIH 3JI6KTpoHOB. IloRasa1ts. 'iTO ::JTOT 3W­

cl>Cl<T coxpaHHSTCR :no 6oJI:&JllWC r.ny61IB rrpoH!dRHolieHHST 'IUCTRU B 

KpHcTaJLJI, qTO npHBO;n:lll.T K R3M6HSHIDO yr~~ JlRCllpC,U:eJlem -, 

TaIOlllKX 3JISKTP0HOB H cneRTpa.JII:>HhlX xapaK'l'IJ>HCTHI< !1!3JIY'lao.11· 

Brre~hle 1'1CcJie;n:oBaHo B.munme Hoorepo1rr11oro MH.T11oro 

paccea1nut npH 11J1oc1wcTHOM mwa.JiilpO'BllllHM vi 1rnas1rn~o11amm 
n !!Ul!pollJ!OllHH' neprreH,UHKYJif.l.PHOM MOCl<OCl'l'V, TpaeK. •mcTRI.l;, 

11:l c:ItOl~TPll tt:JJJY'ICHIDi. IloKaSaHO, 'i'l'O Tltl(OC pace~• M
1
>:1:eT cy­

lil1!t:•r11011110 l13MGHHT:& crreR'l'pl:il Bl~'iOllKJI J\:ill 3JieR~n. !'aK Id 
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Il03HTpOHOB, ;n:aJKe npH CpaBHHTSJffiHO M8.JlblX TOJlll.!RHax KPMCTa.JIJIOB. 

Paspa.6oTaH MaTeMaTH11ecIIB MeTo;n: HcCJie;n:oBaH:w:r .JJ:BH~eHRR. 

sapruKeHHb!X qacTMU rrpR MaJillX yr.Jiax B.JieTa B RpHCTa.JLJI OTHOClll­

TeJI:&HO RPHCTaJLJIOrpaw11qecR!dX oce~. 

BrrepBI:le ,I(aHO ROJIHqecTBSHHOe 06'!>.H.CHSHHe Ha.mJ.qHJi MPIHRJ'v\YMa B 

RPHBO:ll: 3a.B.0Jai:.:ocTJII rro.mmx: pa;n:HaI.u10HHblX IlOTep:& 3HeprHR pe.JT.8.TH­

BHCTCKKX 3Jl6RTpoHOB OT yrJJB. BJieTa B RPRCTa.JIJ! OT!OCKTSJl:&HO 

KpRCTa.JLJIOrpa<I>HqecRRX oce~ B6.JIH3H RpHTlll'lSCROro yr.rca. .7IHH,D;xap;n:a. 

Ha OCHOBe 'lRCJieHHOro MO;D:eJIHpOBaHH.R TpaeRTOPliH qacTRU no­

JIY'l6Hbl yrJIOBh!e pa.crrpe,I(eJieHrui: IlOJ!HhIX pa.,nRauROHHhIX IlOTepD rrpH 

OCSBOM KaHa.J.lldpOBamm lll KBasi;ma.Ha.JIHpoBaHRH. IloRa3aHO' qTQ ROJI­

JIHMaUM HCIIYCKaeMoro H3JIYtl6HIDi MO~eT cy111ecTB8HHO H3M6HKT:& DV.,JI, 

RpHBOii: 3a:BHC.11MOCTR ITOJIHblX ITOTep:o OT yrJia BJieTa qacTHU B 1<pi1c­

Ta.J.!JI. 

Ilo.ny'tieHo, tITO npR oce:soM RBasaKaHa..impoBaHRM. yrJIOBh!e ;1nc­

rrpe;n:eJieHIDr BWieTa!OlllKX 1rn RPHCTa.JIJia 3.JISRTIJOHOB M IT03HTpol!OB 

IJPH orrpe;n:eJieHHblX TOJlll{IDiaX MOryT HMST:& KOJl:&ll,806pa3HYID cIJopr'l!y. 

IlpaRTH'lSCRM geHHOCT:&. IloRa3aHa nepcrreRTID3HOCT:& H3JIY'!6-

aM rrpH IIJIOCROCTHOM KaHa.irn:poBaHRH K RBa3H.KaHaJrnponamm ;D:Jlff 

003,I(aHKfl 111.CTOqHRl<a M.HTSHCHBHOro H HaITpaBJISHHOro raMMa.-111.SJIYqe­

HIDI. y CTaHOBJISHO' 1'..!TO 3.JISRTpOHH rrpH ITJIOCKOCTHOM RaHa.JIHpOBaHirn 

HCIIb!Tb!BaIOT no;n:a:sJieHHOe MHOrOR~THOe pa.cceHHMe ITO epaBHSHHID c 

3RBHBaJl8HTHHM aMOpcpHb!M BSJllSCTBOM, 'l"TO rrpli!BO,ll,t-1.T R cymecTBSl!HO-

MY yBe.Jmqe1mro .nmmH .ueKaHa.irn:poBamm. 

Ilpe;n:.l!OlK8HHhltl MaTeMaTRqecRHf1 MSTO,Il. MOr.teT 6HT1> HCITOJI:&30BaH 

rrpH MCCJJ8,U:OBamn1 ,I(vmaMHRH JI! xapa.RTepHCTl1R 113JIY'l'.eHl1JI ::iapm:e :r-11;·.· 

qacTHIJ;, BJJeTaIO!li'1X B HpMCTa.J.!JI rro,n; MaJihlMK yrJTaM!1 OTHOCllTSJI:&HO 

Rp11CTaJIJIOrpac\1!·1'!8CRHX oce:ll: M IlJIOCROCTeM. 
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Ha 3amw.cy BblHOC.H.Tca: 

I. Pe3yJr&TaTbI pa.cqeTa cneKTpoB H3.rryqeH:wi: peJIR:Tru31iICTCKl11X aJieK- · . . . 
TP:>HOB M T<OSHTpoHO~ c aHepr~ 2+55 rsB rrpP! liJIOCKOCTHOM· 

RB.HaJIKponamm B RprdC'l'a.rrJIBX 'l'H!Ia aJJMasa B rrpROJilD!teHID'! Mci.n:&-
' . 

' . 
epa.-dITJITOHa ~ MelltrI.rrOCROCTHOrO ITOTemw:a.Jia. 

2. CymecTBOBaHMe lIO'Aa.BJieHIDI MHOrORpa.THO~O HeKorepeHTHOrO pac-. 

ceRHW'I Ha TeIIJIOBbIX ioJie6aHIDIX a.TOMOB rrplil IL!IOCKOCTHOM KaHa_. 

.mrponamrn :l!I. I<Ba.SHRaaaJmpoB~rut.· aJieI<TpoHO~ :a Rp:l!l.CTaJ!JIB.X. 

3. P~3yJI:DTaTH 'til!!CJieHHoro MO'AeJIHponaHHR Tpa.eKTOpldi yJn.TplpeJil!­

TV.D.l'lCTC.KRX SJieKTpoHOB 1il ITOSMT.pOHO_B llpM ITJIOCKOCTHOM I<a.Ha.Jilll.-r ) 
pouamrn: .l'l'RBaSKll8.Ha.JmponaH:lm. c· yqeTOM :l!l.X HeI<or~peHTHOI'O 

' • 'I 

pacceRHM •. 

1. Pesy.n:cTaTH.peweHIDi: I<RHeT~qecKoro Y,paBHelllUI II?oI<Kepa-~a 
'AJIR 3JieRTpOHOB Il~H WC ITJIOCROCTHO~ R~aJI:l!l.poBaHHR M I<Ba.SaRa­

HaJIHpOBaHMR H rrpoBe'AeIDnvc H8..0CHOBe rro.rryqeHHbIX !f!yHRD;Mit 

pacrrpe'AeJieHRR no rronepeqttb!M sHepr~ pactieTOB crreI<TpoB Rs­

.ny-qemm <racT.mi:. 

5, Pe"ayJil>T8.Tbl qMcJieHHOro MO'AeJIHpaBaqrui: TpaeRTOPH~ y.m.TpapeJil!­

T:lIBMCTCKIDC 3Jl6KTpOHOB H !IOSHTpoHOB rrpM oceBOM Ra.Ha.JmpoBaHHM 

H 1rna3HI{a.Hamip0Ba.HID1 B KPHCTa.JIJiax. 

G. CymecT:aqnamie Ml1HH!v\YMa n !ipHBoi1 sa:aMCMMOCTH. _rrOJIHHX pa.'AMamt­

omrux IlOTep:c OT yr.rra BJieTa 3JieKTpoHOB OTHOCHTCJil>HO IlpHCTaJI­

JIOrpa.:iJllqecRMX ocei1: n6JIVISM RpMTKtJ:ec1wro yrJIB. 1<aIIa.JIMponaHW:r. 

? • Cy111ecT:aonaHRe xapaRTepttoii HOJibn;enoti RapTID!ht n pacrrp~~eJieHY(" 

ITO rrorrepe'l!Hb!M CI<OpoCTRM BHJieTa!OlqID{ MS KP>iCTaJI.Jia qac'l'HU ITPR· 

0c cn01.1 1mas:irnaHa.JIM;ponn.HJ1U11. 

,). Pf'SYJihTaTL : 110.rremroro pa.ctJ:eTa cneKTpon rrnJI'J'leHM, l!OJIIIHX 

l!OTCpb 31!'JPl'l'Hl Li yr J10BHX pacnpe,n.eJielm~ pa,n.ll:a.nH<;HHHX JTOTep:c 
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peJI.f.tT:!UllilCTCRl'IX 0JI0RTpbHOB H nosHTpoHOB npH oceBOM Kaua:im~oBa-

HKR•H KBaSHKa.Ha.JmpOBaHPll!l. 
• < . ' . 

ArrpocSfllUY! pa60TH. Ma.TepKaJ!hl ,JzyJ:ccepT&uiOHHOt:i pa.60TbI 'AOK-

Jia,!l.ijBa.JIHCb H o6cy~aJIJIJC:C Ha Il Bceporo~HOii IDR9Jie ITO D3alilMO,ne~­

CTBHIO ycKo.pem~rwc tJ:acTID.l c BemecTBoM (TawI<eHT, 1982) , Ha 

n Boecoro:3HOii ROH!f>epem:urn fIO s.Jie~TpoMa.T'HRTHO!ey. H3JYY'l!01UUO pe.rr.H­

' TIµ3HCTcru1x ':.8.CTID.l, B KmtCTa.JrJIBX .(lfereT, .I983) , Ha XY Bcecoros-. . 
uoM coneJ,1\8.HIDI no qiasm<e nsa.MMo.n.ettcT!3M sa.pg.lKeHHblX ttacTiw; c 

MOHORpacTa.JLiraMM (MOCKBa, 1985). 

PeSyJII>TaTH paOOTH HeO,nHOKpa.THO ,nOKJiaJJ:WiaJmc:c Ha- cevnrna­

pax- Jia60pa.TOpHR "Bsa.RMO'AeRCTBW! sa1J.fl~HHHX qaCTIDl c B0111,0CTBOM" 

Epl.PM. 

TIO TeMe ,IU:l.CCepT~ orryOJIHROBa.HO 8 neY:aTHb!X pa.60T •. 

CTpyKzyPa x o6'beM .lll1ccepr8.IU'1a. ,IJ.11ccevr,a.1um co,n,ep;KHT 

134 CTpa.H_KUH TeR_CTa, COCTOKT H3 :BDe'AeH.11.fI, 'l0Tblpex rJI8.l:l, 3aJIJl!Q­

tieHIDl:, ~o.n.e:P*HT ;D.Be Ta6Jil1gbl, 34 ~':t'parurn. u 129 d°H6Jll1orpucyn­

qecKMX CCH.!IOH. 

II. CQILEPJKAHHE PAEarbl 

:Bo nne.n;emm rrp~e'AeH-I<pa.TKHR o6sop_JIR~epa.TYpH, ccpopieyJIB­

pOBaHa ~CHOBHHe sa.n:aqH ,IU:l.CCepTa.IUiOHH~M pa6oTli' I<paTRO oml.Ca.HO 

pacnpe'AeJieHRe Ma.TepHaJJa rro r.miBaM ,ini!ccepTauIDI H nepetIMPJieI!H 

OCHOBHH0 lIOJIOJKeHM. I<OTOp!le aBTOP BHHbCHT ii"t samrny. 

B treJ?Boi-1: rJiaBe paccMOTpeHH cm~I<Tpbl M3JIY'teHrut yJibTpapeJl.lI-
. ' . 

TMBMCTCKMX 3J!0KTj)OHOB K Il03RTpoHOB c aueprIDIMH 2+55 rsB B 1:e-

rrpepb1BHOM rro'i'eHJ.;Ha.ne RpKcTiUTJit'rpalimq~cKHx IIJioc·R,1cTcii. Cos;LaHa 

nporpaMMa pac't:I13Ta cneRTpo~ l:1SJIY'l9HHfl ~ ;D.BIDi\eHrut qacTi.rn; B 
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ITOJie ITp0l13BOJI:DHOro ITOTeHlU!aJia' B qacTHOCTli, ITOTeHIUiaJia ITJIOCROC­

Teli (III) B RPHCTa.JIJia:x THITa a.mviasa. 

Hpone,IJ,eHh! ou;eHRH rrpHMeIDl.MOCTH IIp!1CiJIIDKelll!.F.I: Henpepb!BHoro 

JlOTeHiumJia ITJIOCl<OCTK, KOr;n;a HMIIyJI:&O 'ffi.CTHU COCTaBJifieT Ma.JIHi1 

yroJI RaR c Rp!1CTa.iJJiorpacI>aqecRHMH !IJIOCROCTRMH, TaR H c OC.f!Mi!:. 
CJ(P) -

ITOI<aSaJ!O, qTQ npH yrJia.X BJieTa O"o qaCTHU B Rpl'lCTaJIJI OTHOCH-

reJI:&HO Rpl1CT8.JIJIOrpa~qecRH.X ITJIOCROCTe~ nop.a.nRa RPHTHqecRoro 
(p) . 

yrJia J~xap,rr.a 8L , norrpanRa R Henpeph!BHOJl.\Y IIOTSHIUiaJJY 

IIJIOCROCTeli, CB.fI38.HHa.Ji C ,I\HCRpeTHblM xapaRTepoM !IJIOCROCTei1: ylKe r ) 
up11 yrJIB:X 80 OTHOCKTeJr:&HO RpHCTaJIJiorpacI>HqecRHX ocei1: no-

(:f > 
p.<!,JJ.Im 'leTh!pex RPKTHqecRKX yrJIOB .llim;n;xa.p,n:a flt. • COCTaBJ!fieT 

J;3 Jt! c yBeJrnqeHHeM yrJJ.a 80 na;n;aeT npoIIOpu;VIOHa.JI1>HO 
($)/ 2 

( f)L ()0 ) • Pacl!eT HerrpepblBHhlX rroTeHIUiaJIOB IIJIOCROCTei1: 

rrpOBO,ll;l1JIC.fI Ha OCHOBe annpoIWID.l!alUUt MoJI:&epa ,IJ;Jifi H30.7rnpOBaHHoro 

aTOMa c fIOCJIB,Il,ylOli!KM ycpe;n;HeIDl.eM IIO TeITJIOBhIM ROJiedaHHRM aTOMOB. 

CrreRTpb! l13JiyqeHIDI pacCl!HTaHbl B pa.MI<ax R.ml.CCRqecROH SJieRTpo,ll,R­

Ial.VlliRl1 rrpl1 npe;n;rroJIOlKeHMH 0 rrepHO,n:HqHOCTH TpaeRTOpHH RaHaJIHpo-

3aHH!ilX H 1rnasanaurumponaHHh!X ti:aCTHU. HccJie,ll,OBaHa san110111MocT:& 

rneRTpaJ.IhHh!X xapaRTepHCTHR OT r10rrepe1moi1: :meprHH ti:acTru.:i;. IloJJY­

<IeHu C!IeRTpb! HSJiyqeHH.fI SJIBRTpoHOB l1 I!03HTpol!OB npH ITJIOCROCTHOM 

Raira.JIHpoBamrn. 111 RBas>ma.Ha.Jmponarurn rryTeM 'qV!CJie1rnoro HHTerp11:po­

naHRR t!JoPMYJibl ,ll;.IDI CIIeRTpa 'IaCTfil(bl c ~!IHOM rronepe'IHOM :mepr11e;, 

H nocJie.n:y!Oll{ero ycpe,IJ,HeHH.a: c y<IeTOM \lJYHRIUiR pacrrpe;n;eJieHH.fl ~ac-\ 

THl.l; ITO nonepeqHhIM SHeprH.HM. IlpoBe;n;eHO CpaBHeHKe paCC'IHTaHHblX 

crreR'rpon c aHa.JJor11qH1,ovIH TeopeT11qecRKMH crreRTpal.Vlli, rroJiyqeHHhIMH 

lj 6oJiee rrpoCThlX MO,ll,8.JIJllC Herrpeph!BHOrO IlOTCHl.l;l1a.Jia, a TaRlKe c co­

OTBCTC'l'BYIOll1IDllM SRcrrepHMeHTa.n:&HHMK )laHHb!MU. TaRoe CpaBHeHHe II03-

BOJil1JIO B!iHCillITb, HaCROJl:&RO Herol!HOCTU onpe,ll,eJieHM IIOTeHl.l;RaJia 

B 

f 
~ 
~ 
•, 

t 

I 
~ 
"" 

llJIOCROCTett lB tJ:aOTHOCTH, aHraPMOHH3M) o6yc~OB.Jil1BaIDT pacxo;E,heHWI 

MeJiiJJY 3Rcrrep.HMeHTOM H TeopVIeii!. Pacl!eT rroI<asa.JI, trTo mipa6oJIH­

ti:ecRH:t'.t rroTeHI.tHa.JI RBJif!e~c.R: .IIOCTaTOqHo xopoli.mM ITPH6JIIDKeHHeM B 

CJiyti:ae II03HTp0HOB ( RaR RaHaJIRpoBaHHhlX, TaR H Ha,n:6apbepm1x) sa 

VICRJ!I9l!8HHeM Jimllb Tex '!aCTHl.l;, ROTOIJhle B peJKHMe RaHaJI.KpoBaHru: 

ITO.JJ.XO,Il.fIT R rr~OCROCTH 6JIIDKe, 'IeM Ha paccTOJIHH.fI ITOP.ff,ll.Ra aM!1JIBTY­

,Ilb[ TeIIJIOBhlX RO~edaHHiL CpanHemre pac'IeTOB c 3RCrrepl1MCI!TaJihllflMH r I\aHHb!MH ITO ILJIOCROCTHO!ey !18.HaJIHpOBaiilUO Il03K-TpoHOB IIORaSa.JIO, '!TC 

aqxpeRTH HeRorepeHTHoro paccemrl1.fl Ha Mpax H aJieRTpo11ax cpe.r;;u . 

({ 

MOryT cyuieCTBeHHO RSMeHHTb crreR'l,'pbl JiISJiyqeiil'J.I! .n.aJKe Ha TO.ll:UUmax' 

Ma.JIHX no CpaBIIeHHIO c .I\JIHHOM ;n;eRaHl~JIHpoBamm. 

B 38.RJII()qeHHH rrepBoli rJia.Bbl n u;eJIJIX HJIJirocTpau;m1 BOSMOl!tHoc­

Tefi pa3BHToro MeTo;n;a pacqeTa paccMoTpeHh! cneRTJlH .KSJiyti:em1H 110-

SHTpOHOB rrpH Ra.Ha.J!HpoBaHHH B ITJIOCROCTJiX (III) a.JIMasa, 'ROTOpble 

xapaRTepasyIOTCJI ,ll;BYMfI 3HaqeHIDIMH MelKITJIOCROCTHO;r'O paCCTORIU!.H, 

MHTepecHo:t:t oco6eHHOCT:E>ro HSJiyti:eHH.fl l!aCTl'll.l; rrpK TaRoli o~HeHTar.(1111 

JIB.IDieTcsr ;n;ByXITHROBM CTPYRTYpa crrer<Tpa ;n;a.JKe ,IJ;JIH nepnoli rapMO-

HHRH. 

Bo BTOpoli rJiane IIpoBe;n;eH CpaBHHT9JibHHH aHa.rrH3 MHOrORpaT­

HOro pacceJIHH.fi 3apmrteHHHX 'ffi.CTHU BliCORHX SHeprl'lH B RpRCTa.JIJia.X 

rrpn YCJIOBHJIX IIJIOCROCTHOro RaHaJIHpoBaHHR H lG3a3HRaHaJIKpOBaHH.fI 

B aMOpPHOM Bell{eCTBe. EcJIH rrpe;n;ITOJIO.JKHT:b, 'ITO cpe,n:HHH RBa,IlpaT 

yrJJ.a MHOrORpaTHOro pacceHHW! qaCTl'll.l; nporropI.Ul.OHaJieH JIORaJI:&HOM 

ITJIOTHOCTH H,IJ;ep, OTHOlli9HHe cpe;n;HHX RBa;D;paTOB yr.JIB. pacceJIHWI·Ha 

H,Il;pax B RPHCTaJIJie ( < A ec:l.>,. ) l1 B aMOpPHOM BemecTBe ( (A&!>-) 
onpe;n;eJifieTc.R: \IOPl\WJIOH 

Jl 1 = (A~),,= 
" - <1aG:> 

~L.. ) r,,cx>Wcx'idx 
(I) 
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, 
r,ne HHTerpMpc>Brume npoBO.ItH'l'c.a: no 'l'pa.eKTOpHH qacT.m:ui, L ,, 

L - paJJ;HarlM.OHHble JioraPH@'Abl, ~ -HOMep sapg,IJ;a J'Ul:pa., 

WC X) - IIJIOTHOCTJ; Bepo.a:THOCTH Hax0'1\ll;emm "<IaCT.liII.Ui B TO"<IKe C 

rronepetffiOit KOOp,IUIHa.TO:tl: x ' ~<>Q- IIJIOTHOCTJ;. BepoJiTHOCTH 

HaxOiiQlel-U'!Jl aTOMHHX .ff,ll;ep B,ll;om. Tpa.eKTOpu ,nBIDKemm "<laCTRUH. 

AHaJiorHtIHo onpe;n;eJI.fieTc.a:. OTHomeHRe let cpe;D;Hero KBa.I(pa.Ta yr­

Jia. MHoroRpa.THoro pa.cce.a:HR.a: Ha sJieKTpoaax Kp.14c'l'aJIJia < Alf>ee 
rrpH I<aHa.JmpoBamrn R cpe,nHeiey K:sa,I(pa.Ty yrJJa MliOrORpa.'l'HOrO pa.c- r J 

ceJIHIDI B aMOP'.PHOM B6IIl9CTBe (A f}a
2>. :lliiTerpaJibl B Bblpa;KeHKAX }J.JI.fI 

Qtl H let B CJ.!Ylfa.e pe~CTHtffiWC IIOTeHIU1a.JIOB KPHCTaJ!:lIOrpa.­

~HqecI<HX ITJIOCKOCTeli MOryT 6blTJ, pa.cC'iMTa.Hbl TOJIJ;RO 'iMCJIBHHO. IlpH 

anrrpOKCHMaIUlli rrO'l'eHIU1aJia. Ka.HaJJa nepeB9PHYTOi1 napa.60JIOH .nm! 
ST.SRTIJOHOB HMeeM 

Fl' { -1 
i!t.: + L.' fi' Qn[ (1+~)//1- ae.~) on= (2) 

r;ir.e c'e=fJ./U0 . - OTHODieHRe rrorrepeq:Hoi1 :meprHPI q:acTRUH 8.i.. K 

rJJY6HHe rroTeHUPia.JIJ;HOli HMbl U0 • KpMBble sa:sHcHMOcTeil: lit :a 

~-=lee+ ~n OT rronepe"<IHOH SHeprHH SJieKTpDHOB' pa.cC"t!HTaHHble 

qM,CJI0HHO c HCIIOJIJ;SOBB.HHeM IIOTeHUPia.Jia MoJIJ;epa ,I\Jlfi aTOMOB BJIMa.­

sa, rrpKBe;n;eHbl Im pHc. I. 

l{aK BMHO HS pac. I, HeKorepeHTHoe MHoroRpa.THoe pa.cceSIHHe 

BJI0RTIJOHOB IlpM IIJIOCROCTHOM RaHa.JIHpOBaHHli H KBaSHI<aH8.7Ili:tp0BaHHH(" 

CYIIl0CTB0HHO 3a.BHCHT OT JilX norrepe'!HOH SHeprHH. 8a.MeTRM, qTO 

aJieKTpOHbl c rronepel!HblMI!l SHeprKf!MR ITOPff)U{a BblCOTbl 6apr,epa. HCilbl­

Tb!BaIOT IlO;D;aBJI9HH09 MHOroRpa.THOe pa.cceJllllle. IlpH STOM IlO}I.aBJI.fleT­

C.fl KaK pacceSIHHe Ha an:pax KPHCTaJIJia, TB.I< H pacceRHHC Ha 8JI9RT­

pmrax. Ha OCIIOBe rrpe}J.JIO.lKSHHOH M0,11.eJIH ,I(.11:.a: 38.BHC:PIMOCTK yrJia MHO­

rOH P8.THOro pa.cceJIHHR OT rrorrepeq:noi1 aHepnrn qacTRUH paccr.raTpH-

ID 
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II> 

r 

c 

i,, 6<(8 

5 

4 : 

3 

2 

-------

2 s 
e~/u. 

?He. I. 3a.BKCHMOCTJ, 0$ (CllJIOlllHW! KpKBW! I) .il l.e (cIIJIO!Il­

Hasl RPHBM 2) OT norrepetffioli :meprID'l &. (B e~ 
U0 ) B CJJY'!ae KaHa.n::Hpo:Ba.HKR aJieKTpoHOB IIJIOCKOCT.R:MR 

a.JIMa.Sa (IIO), paCC'll!TaHHble c IIOMOIIlJ,IO ITOTeHI.Uia.na MoJIJ;­
epa. ,lJ.Jm: cprumeHw:r npHBe,neHa sa:sHc.HMocTr, Os ... < TO'Ie'I­

HM RpHBa..a:) , BH'mCJI6HHasl B np:a6.JIIDKemm rrapa.6oJIH"<IeCI<OrO 

IIOTeHUHa.na c KCIIOJIJ;SOBB.HKeM {!JopNWJIH (2). B CJIY'ia.9 ,nes-

OpM.eHTRpOBa.Hlmro RJ>HCTa.Jr.11a 'J:f = I (mTpiiIXo:srur RpHBa.a:). 

BaIOTCJ! pacce.rum:e H KSJJY'IeHRe s~eRTpoHOB rrpR IIJIOCKOCTHOM Ra.Ha.­

JIKpO:aa.muI R RB8.3HRa.Ha..7mpoBa.mm. 3BOJIIOURR CKCTeMbl qacTKU noc~e 

BJieTa B RpKCTaJIJI HCC~e;nyeTCJ! RaK IJYTSM pemeI-tRR ypa:sHeHRfl \PoR­

Repa-I!JiaHRa. ;n;1ISi cIJYHRUKH pacnpe;n;eJISHKJ! lffi.CTBI:( IIO rronepe'!Hb!M 

( SHeprH.RM, TaK H Ha OCHOBe ;ir.mmMK"t!BCKHX Sa.KOHOB, T.e. IJYTeM pe­

meHHH ypa:sHeHHi ;II.BID!te.HK.a: OT.D:BJIJ,Hb!X 'IB.CTHIJ; c IlOCJie;n;yIW!IdM ycpe;n;­

HeHHeM IIO Ha"!a.JI:&HHM COCTO.fi·:wIM. Pac'IeTI:i Il0Ra.3li1Ba.IOT' "<ITO IlpR 

a;ir.eKBB.THOM yqeTe MHoroRpaTHoro pacceSlHHJI tiaOT.llU npK· IlJIOCROOT­

HOM Ka.HaJDipo:samm I!!. RBa.3m<a:Ha.JmpoBalillli, ROTOpoe CM1>HO 

II 
r: 
I 
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OTJIH'!aeTCfl OT :oacce.HHH.f! B a.MOpPHOM BemecTBe, UOJJY'!aeTC.fI xopo­

rnee ROJI.11tieGTBeHHoe corJiac.11e TeopeT.11qecR.11x crreRTpOB H3JJY'!eHwr 

c arw_nep.11MeHTOM. Ha p:Hc. 2 rrpne.n;eH cneRTp l13JJY'!6HM aJ.ce&Tpo­

HOB, BJICTB.JOJ.IU![X ~ aJIMa.3 rrapaJI,JieJ!bHO !I.]IOCROCTJ'Il\'1 (IlO). _CJiepyeT 

OTMCTl1T:b. 'ITO pac'!eT' rrpoBe.n;eHH~ Ba.il:epoM .11 .n;p. (rryHRTlip Ha 

p11c. 2) B rrpH6JIIDKeHIDI "6i = I, .u:aeT 3aB1:fil.leHHHii BRJia,n: Bli!CORo­

:=rneprHtIHblX cjJoTOHOB B .113JJYtISHHe. !IOCROJibRy q:.oTOHhl CpaBHHTMbHO 

Hl13.!UIX ::meprH.il: B OCHOBHOM o6ycJIOBJ!eHh! tiaCT.imaMR c m.mepetIHb!M.l1 

QHepr:ruD\.lli B6JI.113.11 ITOTCHI.U!.aJI:bHOro 6apbepa, TO pesyJI:i:.TaT!il CpaBHe-

HlifI TGOpH.11 C Q.l(C!IepliMeHTOM ( TO'!RH Ha p.110 • 2) CB.11,ll;STSJil>CTBYIOT r . 
0 TOM, '-ITO yrrOMRHYTlile qaCT.l1Il;h! COCTaBJJRJIH 60Jibrnyro ,I(OJIIO B 3RCile­

pHMeHTe. 

dw 6 r-~~~~~~~~~~~ 

[1;dW 
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0 50 100 150 200 250 

t.0 (Mall) 

Plic. 2. Ycpe,u:HeHH!i!ii crreRTp H3JJY'l6HHJI aJieRTpoHoB c aHeprne.il: 

4,5 I'aB rrp.11 RaHa.m1pODaHIDI ITJ!OCROCTRM.11 (110) aJIMa3a 

TOJD.f.ll1HOft IOO- MRM. HatiaJibHM: yrJIOBM pacxo.n;HMocT:i:. rryq­
Ra paBHa 5.10-0 pa;n:. 
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Aua.m13 .rurnaM.l1Rli IIORaSLIBaeT' 'ITO HMeeTC.fI cymecTBSHHOe pas­

Jlli'!He B yrJIOBli!X pacrrpe.n;eJieH.11.fix 3Jl6RTPOHOB, nporne.n;rnHX qepes 

Rp.HCTa.Jt7.l: B peJKHMe ITJ!OCROCTHOro RaHMHpOBaH.H.fI li qepes 3RB.11Ba­

JieHTHOe aMOpPlioe BemecTBO. IlpoBe.n;eH pactieT 3aBHCHMOCT.11 cpe.n;-
- .2. -:4 

HHX RBa,n:paToB ROMIIOHeHT nonepetiuo:!!: cRopocT.11 Vx .11 ~ 

neprreH.I(HRyJ!.f!pHOH H rrapaJIJieJ!bHOH IIJIOCROCT.11 Ra.Ha.Jllip0BaH.11.fI, OT 

rJzy6HH!il rrpOHHRHOBeH.11.fI D RpHCTa.JLJI, Ha Ma.Jib!X TOJimHHaX HS~sa pac­

ce.HHM Ha ITJIOCROCT.11 (B rrp.116.JIIDKemm Herrpeph!BHOro ITOTeHIJ;HaJia)' 
-.2. ~ 

BMH'IHHa 'Ix /c Ha.MHoro 60Jibll!e cpe.n;Hero Irna;n;paTa yrJia 

MIIOr011paTHoro pacce.HHM B 3RBJIBaJieHTIIOM aMOpPHOM BemecTBe. 
- :<. 

0.n;HaRO, c yBeJIHqeuHeM rJJY6HHbl npomrnHoBeH.11.fI BeJll'lq:mm V,,. 
B CJJY"l:ae RpHC':..'aJIJ!a pacTeT Me,JJ;JieHHO l1 liOCTerreHIIO CTaHODliTC.fI 

MeHbllie COOTBeTCTByromeli BeJ!Hq:mrbl B CJJY'!ae a.MOpPHOro nemecTBa. 

IlpH TOJimJ,:1Hax IIOP,ff,!l;Ita o.rumro MHJIJIHMeTpa .n;JI.fI 3JI6RTpOHOB c 3H6Jr­

rHe.i1: 5 I'aB, BJieTaromHX B aJIMa.3 rrapaJIJieJibHO ITJ!OCROCT.fIM (110), 
-~ 

BSJIH"tJ:HHa 'Ix COCTaBJI.fieT 60% OT COOTBCTCTByIOmero 3Hatie-

HIDr .n;JI.fI 3RBHBaJICHTHOro 8.MOpPHOro BemecTBa.. 

Ha oclioBe 'Il'lCJieHHoro Mo.n;eJrnpoBaH~ TpaeRTOpH.il: 38.P.fI~eHH!i!X 

'18.CT!rllJ; rrpl1 MaJlh!X yrJiax .n;aueHM OTHOCY!TeJibHO Ilpl1CTa.JLJIOrpa<JlH:.. 

qecRHX ITJIOCROCTeit !IOJJY'lOHbl 3aBl1CHMOCTH 'll1CJia RaH8.JllipoBa.HHblX 

3JieRTpoHOB OT rJJY6HH!il rrpOHHIIHOBSH:ruI B RPYICTaJLJl. IloRa.3aIIO' 1ITO 

'IHCJIO R8.Ha.Jllip0BaHHh!X 3JISRTPOHOB ,IJ;OCT8.TO'!HO BeJIHRO ,IJ;a.JKe Ha 

6oJI:E,llI.11X rJzy6liHax (20% OT IIOJIJIOro '!HCJia. 3JISRTPOHOB c 3Heprli~H 

- 5 I'aB B a.JIMa.Se Ha TOJIIl1liHe I MM). 3a.MeTHM, O.IJ:H8.RO, '!TO rrpaR­

TlitISCRH Bee 3TH '18.CTliUbl 3a..x:BaTh!B8.IOTCJI B R8.llaJI B pesyJI:cTa.Te He­

ROrepeHTHOro pacce.HHHJI. 

ITpoBe.n;eH pacqeT crreRTpoB HSJIY'leHrur.aJieRTpOHOB rrpH IIJioc-

1wcTHOM R8.Ha.Jil1POB8.HHH H RBaSliRaIIa.JIHpoBaH.liJH B TOJICTblX '11p!1CTaJI-

13 
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J.Ia.X. PesyJ.IDTa'l'H pacqeTa. crreRTpoB PI3JIYli0Hllil: SJ!eRTpoHOB c SHep­

l'Hei 4,5 raB B RpPICTa.JJJiaX aJIMa3a l MM H l,? MM C:pa.BHltB8.IO'l'CJI 

Ra.K c 6oJree pammwr TeOpeTHqecKKMH pacqeTar.m, llpoBe.n;eHHHMK B 

6oJLee llpoC'l'IiX MO.D;eJIHX, Ta.K H c COOTBeTCTBy:tanm'lm SRCllepl!MeH­

Ta.JI:&HHMllI ~. 

B 38.RJDDtl:emm BTOpo:if rJia.BH rrpoBe.n;eH,D;eTa.Jil>UI:tli aHB.JIH3 BJ.003:­

HWI HeRorepeHTHoro pacceHHHR: Ha crreRTJlli H3JJYqeHIDJ: qacT:wi; .llPH 

Ra.HaJmpoBamm H RBa3HRa.Ha.JmpoBaHHH. IloRasaHO, ~o HeRorepeHT-

HOe paccesnrae B Ha!IpaBJ!eHim, rrepIIeH,I(IDtyJ.JHPHOM R IIJ!OC~OCTH r 
TpaeRTOpm! 'IaCTMI.W, llpHBO,mIT R CMell{eHRIO IIHROB RSJJ;yqeHM.H qacTKIJ; 

B 6oJLee MHreyro o6.nacu,. STRM MOlKHO o6'LJ:rcmrr:r:. pa.Hee BMeBnteecJI 

paCXOJIQl;e:im:e TeopeTKqecRRX H SRCIIepBMeHT8.JIJililiX 3Haqe:im:~ MaRCH­

!V\YMOB B crreRTpe YJL:r:.TpapeJI!l'l'KBHCTCRHX IIOSHTpoHOB npz ITJ!OCROCT-

HOM RaHaJJl!:poBa.HIDI B RPHCTa.JIJraX a.JIMasa H RpeMHHJI. 

TpeT:DR: rJia.Ba .mi:cceprartHH co]J.ePJKH'l' pesyJL:r:.TaTH 'lll'ICJLeHll:oro 

MO]J.eJLHpoBB.HJi!H TpaeRTOp:ifit YJ.IDTpapeJI!l'l'HBPICTCI<RX SJLeRTpoHOB H 

IIOSHTpoHOB B ITOJ!e .u;ByMep!Ioro HellpepHBHOro IlOTe.Hr(1ra.J!a RpHCTaJL­

J!Orpag?RqecRHX ocei lJCjt>. B IIpH6JIW!teHHK Henpep!:lBHOrO IlOTeHI.Ui­

a.na RPHCTa.JI.JIOr~-qecRRX oceit .D;Blilllte:im:e qacTKIJ; B llJIOCHOCT.H, rrep­

IIeff.mi:RY.7mpHO:i! 00.f!M, c TO'iHOCTl>IO ]J.0 BeJIR'iKH rropa;m<a RBa]I.paTa 

OTHome.HWI rJJ;y6HHH rrOTeHI.U!8Jll>Hoii m.m oceit Vo R aHeprHH qac­

TMI.W E orm:cHBaeTca ypa.BHelm.flMH 

E J2.- -
;:i LJ.2 = - v u (f) (3) 
c ifP .... 

r.n;e p - ROOJWIH8Ta 'iaCTl'II.Ui B norrepe11Hoi ITJ!OCROCTH, c. -
CROpocT:D CBeTa. IJpo]J.OJIDHaJI CROpoCT:r:. YJL:r:.TpapeJIHTHBHC'l'CROit qaQ­

Tl'II.Ui OIIpe]I.eJIJieTCH H3 ypumemm 
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rlA:: c { 1- ! [ (:\ { ¥· }2]} 
Jt ... 

r;o;e \J.:: ;[ . IloJIHrui: aHepr.WI qaoTHUH E IIpH 

(4) 

9TOM SaBHCHT OT 

BpeMeHR cor.nacao y:pa.BHemm 

rJE =. 2ea. ( .E_ )
2

) vU(P)(~ 
J t 3m:C3 111oc

2 1 (5) 

Mo.n;eJIKpo:ea.HHe npOXOlll,lJ;eHR!{ rryqRa qacTKIJ; qepe3 RPHCTaJLJ! COCTOHT 

B MHOrORpaTHOM pememm C.HCTem y:pa.BHemm (3)-(5) llpPI Bap:r:.Hpo­

BaHHPI KOOp,JJ;HHaTH TO'iR.H BJreTa, KOTOpaJI JIBJlfieTCJI CJIY'iattliOit BeJIK­

qzHoit c paBHOBepoHTHblM pacnpe.n;eJLe:im:eM BHYTPH ITJLOCKOit aJ!eMeHTap­

HOit JI'ieitR.H RpHCTaJLJia. Ilpz STOM ypa.BHeHPIH ,JJ;BKJKeHliIJI (3)-(5) .IJ;OJ!-

lltHH 6HT:D .IJ;OIIOJIHeHH Ha'iaJ!:DHblMPI ycJLO'.B.HJIMR .... 
... p(o)=" Jz.(0)=0, dPfo)=°V.i.o, E(o)=Eo 

Jo ' Jf dt 
PacqeT rroTe~a..na RpHCTa.JJJia LJ(p) npoBO,JJ.HJICJI B npH6JLPI~eHHH 

r-rnrrpepHBHb!X oce1l: MoJL:Depa-SITJIToHa. PemeHHe ypaBHeHHfrt (3 )-( 5) 

fIOMliMO TpaeRTOpMH qacTKIJ; fIOSBOJLJieT O,JUIOBpeMeHHO HattTH HHTer­

paJ!:r:.Ime rroTepz 3HeprD Ha HSJJY'ieHHe B pesym.TaTe npoxolll,lJ;eH.WI 

qacTllIIJ; qepes RPHCTa.JIJI. 

Ha OCHOBe ITOJIY'ieHHh!X TpaeKTOpHH rrpoBe,IJ;eH ;o;eTaJL:r:.HHfi aHaJIK3 

pacnpe,neJieHd qacT:wi; no yrJLaM BhlJieTa HS KpHCTa.JIJia. IlpH onpe.n;e­

JieHHI:lX TOJIIIUlHax, pasJI.H'lliI:lX ;IJ.JIR: SJieRTpoHOB Id IT03.HTpoHOB .l!l. SaBH­

C.f!IJU1X OT yrJLa RX BJ!eTa OTHOC.l!l.TSJU>HO RpHCTaJIJIOrpa({!H'ieCRHX oceli, 

yrJIOBHe pacrrpe,n.eJieH.WI BHJLeT8.IOU1HX qacTm:i; HMeIOT ROJIJ>Ueo6paSffYIO 

cpOJlMY. As:eMyTa.JI:&HOe pacnpe.IJ;eJLeHHe rronepe'Iltoli CRO~cT.l!l. qacTi:rn; 

Ha BI:lXO,IJ;e HS RpPICTaJIJra SaBHCHT OT yr.na ITOBOpoTa qacT.HIUiI B rro­

rrepetIHO~ IIJIOCROCTH npH BSaHMO,neliCTB.l!l.H c Ra.J!f,I(OH OCbID, a TaKXe 

OT 'iHCJia Ta:rrnx BSa.HMO,JJ.eHCTBM ( TOJ1IlU!Hhl RpHCTa.JIJia). HarrpIDl!ep, 
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IlpH .TOJI!fUIBe R.PMCTa.rura, a.mvrasa e = 5 MRM, yrJie na,n;emm OTHOCH­

TSJI:&HO oce:H (IIO ), eo =. I,5·10-4 pzj(. H 3HeprHH E = 
= IO raB RH O,I(HH HS 500 pa3h!I'pa.HHNX aJieRTpoHOB He ycneBaeT rro­

BepilyT~C.fl B rrJiocRocTH, OPToroua.n:&Holi OC.f!M < IIO >, Ha yrOJI, 

6JIH3RH.i1 I\ fT • Ilp.Tll 00JI.Dllle.i1 TOJ!llUll!e B 20 MRM IIO.fIBJIR:eTC.fl y'JKe 

Sa.MeTHru:r ;n:oJIR: TaRHX aJieRTpOHOB. O;n:HaRo, ec.J!l{ yBeJm<nmaT:o yroJI 

BXO,I(a AO 3·IO~ pa,n; •• TO B38MMO,I(SHCTDHe 3JieETpOHOB c OC.f!MH oc-

. Jia6enaeT H ,I(a.llie npH l'OJI!l\KHS RPHCTaJIJia B 20 MRM a3HMyTaJI:&rurli 

yroJI IIOBOpoTa He ;D;OCTHraeT B6J!H'll1Hhl Cf( 

~eM 60JI:bllle yroJI BJieTa OTHOCHTSJI:&HO RPHCTa.rurorpa@'r'!ieCRIDC 

oceM, TeM MeH:&me OTHOCHTem.uo lllHPHHa :n:onycTP.tlVlb!X yrJIOB Bh!JieTa. 

Ila IIOJJY'!iSHHhlM TpaeRTOpK!IM '!iaCTl:m B RpHCTa.rure rryTeM 'IBCJISH· 

Haro HHTerpapoBaHH.fl qiopMyJlhl RJiaCCHY:eCROM 3.JieRTpO;n:ImaMHIIH ,ll)I.fI 

CIISRTpaJI:&llO-yrJIOBOro pacnpe,I(eJISHH.fI Bb!Y:HCJieHO cneRTpaJI:&HOe pac­

rrpe;n:eJieHHe ~prHH HSJJYqeHH.fI yJI:&TpapeJIR:THBHCTCRHx,aJieRTpoHoB H 

IT0311TpoHOB. 00.\[0Jlte!IBe Ma.RCMMyMOB CIISRTpoB H3JJY'l:SFll'!.fI Ha pacqeT­

IIOll RPRBOi1 xopomo corJJa.cyeTc.fl c aRcrrepHMeHTOM. 

B qeTneprofi rJiaBe Ha OCHOBe qHCJISHHOro MO,I(eJIHpOBaHH.fI 

TpaeRTOpHli YJI:&TpapeJ!.fITHBHCTcRmc qacT:irn; rrpoBe.n:eH aua.ims :n:HHaMH­

RH H xapanTepHCT.TllR H3JJYqeHH.fI SJISRTpOHOB H IIOSHTpoHOB B nepexo:n:­

HOH o6JiacTH OT oceBoro RaHa.JmpoBaH.H.fI R nJIOcRocTHOMy. MccJie;n:o­

Bau MexanHSM ycrureHH.fI pacceJIBM Ha uenpeph!BHOM noTeHmiaJie OCH 

npH yrJiaX IIOpiI.~Ra RPHTH'!ieCROro yrJia Ra.HaJIHpOBaHH.fI, Up.HBO~ 

!{ 3a.MeTHOJl4Y yurn:permIO yrJIOBOro pacrrpe,n:eJieHH.fl ITOJIHWC IIOTep:c Ha 

HS.ny'!ieHlie. TeopeTH'l:ecRH Ha6JIIO;n:euo .fIBJieHHe MHHMM;y~ pa,n;zarui:ou­

HlllX IIOTep:c auepru peJIR:THBHCTCRHX SJISRTPOHOB IIPH yrJie BJieTa 

f}o OTHOCHTSJII:iHO RpHCTa.JtJiorpacpH'!ie~R.TllX oceli, llpHMepHO paBHO~ 
{I} 

yrJJY .lliuf,I(Xa:wi;a () L • Vis rrpoBe;n;errnoro auaJIHsa yrJIOBwc pacrrpE,· 
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;n;eJieHfill: IIOJIHJ:lX llOTep:r, Ra.Ha.JIHpoBaHHb!X H RBa3HRaHa.JIHpOBa.HHWC "l:aC· 

TPm CJie;n;yeT. tITO MHHID'vWM pa;n;Ha.IUiOHHHX IIOTeph IlpH yr.nax BJieTa 
($) 

f)0 "" (} ,_ o6ycJIOBJieH JJ:BYM.fI npH"l:HHa.MH, IlepBoe, '!TO npH yr-
~> . 

Jiax (}0 "' (}L HMeeTC.fl 60.m,lll.Tllli cpa:sHHTeJI:&HO c ,npyr.l'!WJ! yrJia.IVlPl 

BJieTa rrpoueHT RBaSHRaHa.JmpOBaHHblX "l:aCTHU, I{OTOpb!e !IO CpaBHerm­

.flM I{a!{ c Ra.HaJIHpoBaHHhIMlll B OCH, TaR H B ITJIOCKOCTH Ma.JIO MSJJY~S­

IOT. BTOpaH IlpH'!iHHa CBR.3aHa c OTHOCli!TeJI:&HO 6o.1II>lllMM yrJIOBbIM pas-

6pocoM cpoTOHOB 1 .1'13.JJY"l:eHHlllX Ha,n;6ap:&epHhIMlll qaCT:irn;aM.l'l. ASMCTBH­

TSJI:&HO, c yMeHhlllSHHSM yrJia ROJLII.HM8.I.UlH
0

M.TllHIDVJYM B pa,lJ;HaIUIOHHblX 

!IOTSP.f!X saMeTHO yrJJY6Jl.fieTcn. IlpoBe;n;eHHblH paC'!ieT noI<aSIIBaeT. 

'!TO 3JISHTpo!rn B pelKHMe ocenoro RaHa.JIHpo:Ba.HMR. TSPfilOT np.TllMepHO 

3-4 pasa (aJIMa.3, E = 4,5 raB) 60JI:&llle, qeM up.I'! Ha,n;6ap:&epHOM 

,I(BH'JKSHIDI.. B pelKHMe :lite IIJIOCROCTHoro Ra.Ha.m1pOBaH.H.fI noJIHh!e rr0Tep.v1 

6oJI:&me, '!ieM ,nJIJI cJJYqa.fl R:sas:1mauaJIHpoBa.HH.fI ua I0-20% ( pHc. 3) • 

Pe3yJI:&TaTh! aHaJIOrHquwc pa.cqeTOB ,I(JilI rrosHTpouoB noKaSima­

IOT, qTO s;n;ec:& Ha6JIIO;n:aeTC.fl o6paTHa.fl RaPTHHa. IlpH r<pHTH'iSCROM 

yrJie BJieTa RPlifBa.fl no.mfblX pa;n;Ha.IUiOHHblX rroTep:c nosaTpoHOB HMeeT 

MaRCHMyM. 8TO o6yCJIOBJISHO TeM, qTQ no'sHTpOHliI, HMeirnUie norrepe'!i­

Hble ::meprID!.. CpaBHHMble c Bb!COTOM IlOTe!UU1aJI:&HblX 6ap:oepOB. MOryT 

6JIH'JKe !IO,I(OHTH R OCR.M H ,I(B.TllraT:&CR. B o6JiaCTH 6oJI:&lllMX noJieli, H 

TeM Ca.Mb!M 60J!blile TCP.f!Tl> sueprHIO Ha H3.nytieHHe. IlpoBe;n;eHbl TaHlKe 

paC'!i6T11 IlOJIHblX rroTep:& 8JieRTpoHOB H_ !I03HTpoHOB B 3aBHCHMOCTH OT 

asHMyTaJI:&HOro yrJia BJieTa, a Ta.R:llte OT yrJJB. ROJIJIHMal.U'..H H3JJYqeH­

HhlX iiioTOHOB. IloJJY•IeHbl pa.crrpe,neJieHIDI cpe;n;uruc paccTO.fIHHil: ;n;o 6JIH­

JKa.:il:llleii OCH, 
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1 z j f S ·• I ·e. rm,.,, 
IloJIHble ITOTepK 3HeprHH 3JieKTpOHOB C aHeprHeil: 4,5 faB 

Ha eJJ;llIHHUe nyTH B Sa.BHCJdMOCTH OT' yrm BJieTa fJ0 B 

KpHCTaJTJI a.mviasa oTHOCRTeJU>HO oceil: < IOO } 'wm iieRo­

TOpHX snatrerutil yriia KO~ f)" per.HcTpHpyeMO­

ro HSJIYtre!Wl. Kp:iml:le- I. 2. 3 COOTBeTCTBYIOT 'I (91( ,; 
== IO; 2; I,2. Kprasi: 4 cooTBeTCTBYeT aHepreutrecKHM 

IIOTepw! 
0Ha,ll;6ap:&e~ aJieRTpoHOB Iia.e]J;HHHIJ;e nyTH. 

OrpeJIROil: yRaSa.HO saaqeHHe IIOTep:&.B-aMO~OH cpe]!;e. 

r 

Ill. OCHOBHIIB PJ!SY.JThTATl:l ,IJ,MCCEPI'.AllMH . 

I. IlpoBeJJ;eHo cpa.BHeHHe TeopeTHqecRHx pa.cqeTOB crreRTpoB ·KSJIY'ie- ( 

HRlI aJieRTpoHOB III rrosHTpoHOB ~ aHepr:wn.m 2+55 raB npllI rr.n:oc­

KOCTHOM KaHaJillipoBa.HHK B KpHCTa.JIJIB.X ~sa K RpeMHHK c 9RC­

rrepHMeHTaJI:&HWJIH pesyJ!l)TaTaMllI. IloRasaHO, 'iT0°HeRorepeHTHOe 

pa.ceeJUIHe na aToMax cpe]J;l:l MO~eT cymecTBeHHO asMeHHT:& crreR­

TPR HSJiyqeHJif.f! ;uallte rrpH OTHOCHTeJI:&Jro MaJil:lX TOJilllllIHax. 

I8 

({ 

,. 

2. IloRasaHo, '!TO crreRTP ·RSJIYtieHHH rrosn;ponon rrpa RaHaJmpona­

·~ B l'IJIOCROCTJIX (III) ,II;~ .IlpH M8JJliX aHePrIDDf: (;ItHIIO~HOe 
. ~eHKe) maee'l' .n;ByXIllihvn, io CTPYRTYP.Y. }.L:Boil:Hoil: IIHR y'Jle 

rrpH nepno:fa rapl\l.loHKKe o6'h.flciureTc.a: crre~ecKRM uepa.nuoMep­

I!HM y~a.JieFilieM RpHCTaJJJiorpaipHqecIGtx rr.n:ocKocTeil: rrpa_Ta.Roi 

OpHeHTtmim. 

3. Ilonasa.no. '!TO MHOrOKpaTHO.e pacceJll:l.He B KpHC'!'aJIJie ripH ,L,lmf­

.lKemm tia.CTHU IIO,I( MaJlbIMK yr.rraMH OTHOCHTSJ!l>HO npHCTaJIJIOrpruJ:lH­

qec.I<IDc IJJIO\:.ROCTeii MO.lKC!J.' cyuiecTBeHHO OTJillI'iaT:&CH- OT Miror~KpaT­

HOro pa.?ce.fII!J1.ff 'Ia.CTMIJ; B aTVIOpPHOM Beu1ecTBe. llpH 3T?M "cpe,ri:­

ID!ii Ima;n:paT·YrJJEJ. MHOrOKpaTIIOPO pa.ccemIIDI irpH J1'.1IOCROCTIIOM 

K~pona.Hruir cymecTBe!i!IO Sa.BlilCHT OT norrepe'iHOH aueprim 

qacTlilIUil.B KaHa.Jie. B ti:acTHOCTH,_ aJieRTp9Hhl, ·Haxo,I(SilllHeb.a: B6.m!­

.Slil ,!(Ha IlOTeHI.UiaJI~HOH .f!Mbl, KCimTl:lBaIO'I' "ycHJiel!HOe lV'JmroKpaTHOe 

pa.ccemme, IIO'l:TH Ha m:ip.gn;o.K 6oJI:&lllee , qeM B Ol{BlIDaJISHTHOM 

, B.MOpPHOM BemecTBe. ~ aJieKTpOHOB :11te c ·rrorrepe'lHbIMH· aneprlil­

RMK riop.gn;Ra BeJillI'ililH!:l BHCOT!:l IIOT9HUlilaJibHOrO 6apbepa. MHOro­

Kpa.THOe pa.ccerunrn 110,ri:a.BJieHQ. 

4. IlyTeJ.'4 pemeHlilH ;ypa.nHeHlilH OOKRepa-TIJiaHKa, · rrpR arrrrpoRcID/laUHlil 

IIOTeHI.UiaJia Herrpepl:lBHRX IIJIOCKOCTe~ rrpz6.lIHl!teirneM MOJlbepa.-

8IIJITOHa, HaJi,Il;eH!:l iiJYHKUPIH pa.cnpe~eJieHPJ.JI a~eRTpoHOB rro rrorre­

pe'lHIDII aHeprHHM B Sa.BHCHMOCTH OT r.ny6wru: rrpOHllIKHOBeHlilH B 

I{PJ/ICTaJJJI. IloKa3aHO' 'tfTO y<JeT MHclroRpaTHOro pa.cce.filll!J{ MOlK6T 

lil.3M6Hli!T:& cix>pMY crreRTpa y'JKe rrpR MaJILIX TOJlll~lmax KpHCTaJIJia. 

s. IlpoBe~eHHIDI '!HCJ16HlillW pac<JeT cpe.nJrn.x KBa,Il;paTOB yrJIOB MHOro­

RpaTHoro pa.cceHHl1fl: nytJKa 3Jl8RTpoHOB B rrorrepe'iHOH K 11arrpan­

J16HIDO ,I(BIDK8illl.fI JIJIOOKOCTlil.. IloKaSaHO' '!TO OTHOillSIIJil.e cpe,l\Hero 

KBMpaTa yrJIOBOrO pacrrpe,l\eJieHIDI Bh!JieTa!OO.lIDC Jd3 :1p11ICTaJIJJB. 
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aJieRTpoHOB B CJJY"<Iae ITJIOCROCTHOro Ra.HaJIKpoBaHH.f! R KBaSHRaHa­

JIHpo:aaim11 Jr1 IIpirl ,n:aIDiteHm B 3RBKBa.JieHTHOM a.MOIXPHOM :aemecTBe 

nocTerreHHo yMeHl>lllaeTCH c rJzy6m1oit npomumo:aeHruI H IIp.K onpe­

,n;eJiemmx TOJllltJrlHWC CTaHOBHTCJi M9Hbllle e;n;;IHliII.Q'l. 

6. IlpoBe.n;eno l!HcJiemme MO:U:eJIHpoBa1me TpaeKTopv.!1 "<IacT;m c ytJ:e-

TOM MHOrOKpaTHOro pacceJIHKfl rrpH IIJIOCROCTHOM KaHa.JrnpOBS.HHJrl H 

KBaSru<a.HaJmpo:aamm. IloRasaHo, 'ITO 'l:aCTHI.l;I:>I, uaxO,IU!ll\RecJI B Ka­

Ha.Jie npH 60Jibll.IHX rJzy6HHa.X rrpoHHKHOBeHY.Jrr, - 3TO tJ:aCTIDUl, RO­

TOpHe o6paTHO saXBaTHJIHCD B Ra.Ha.JI B pe3yJI:nTa.Te HeKorepeHT- ~ 
Haro pacce.f!HWi Ha TeILJIOBh!X KOJie6a1U1JIX a.TOMOB cpe;u:u. 

7. IloRasaHO, '!TO yrJIOBOe pacrrpe;u:eJieHHe BWieTarouuuc 'l:aCTHU IIPH 

oceBOM KBa3RRaHa..m1po:saHID1, BCJie;n;cTBRe ycTaIIOBJiemm as:m.zy­

TaJIDHOki CHMMeTpRH, HMeeT IIpH onpe;n;eJieHHHX TOJill(RHaX RPRCTaJI­

Jia BR;n; ROJThUa. IlpR 3TOM CKOpOCTD YCTaHOBJieHH.f! asl{MyTaJibHOH 

CHMMeTpHH B yrJIOBh!X pacnpe;u:eJieimJIX BhlJieTa.IO!llHX l!aCTHU 3aBH­

CRT KaK OT 3Ha!(a sap.H,l\a, TaR H OT yrJia KX BJieTa B RpllCT8.JIJI 

OTHOCRTeJr:&HO RpHCTaJIJIOrpajlR'!eCRRX oceM. 

8. IlpoBe,IJ;eHO CpaBHeHRe pacctJ:H.TaHHHX cneRTpOB H3JrY'!eH.l'l.A: 3JieR­

TpoHOB Jr1 IT03HTpoHOB B peJKHMe oce:aoro Ra.HaJIHpoBaHH.R Jr1 RBa3R­

Ra!IaJIHpoBa!IIDI c COOTBeTCTBYl£l!llRMJr1 3RCrrepHMeHTaJibHb!MR .U:aHHl:l­

MR. Ana.JIBS pe3yJI:nTaTOB rroKa:mBaeT, '!TO paspa6oTaHHbill MeTo;n; 

q>J.c.Jie!!HOro pac'!eTa TpaeRTOpIDt H xapaRTepHCTRR H3JrY'leHHH MO­

.lKeT 6h!Tb ycneumo HCIIOJib30BaH ;II.JIJf. TeopeT1'11!eCROro OITRCaHM ( 

3KcrrepRMeIITa.JibHhlX pesyJibTaTOB. 

9. IloKasauo, "<ITO pa,IU'!.a.:uHOHHble l!OTepH 3Hepr.ll.H SJieRTpOHOJ3 rrpmrn­

Mal£JT MIDUiMB.JinHOe 3Ha"<IeHli!.e' Karna -YPOJI BJieTa SJieI<Tpol-IOB B 

Kplil.CT8.JIJI OTHOCUT8JlbHO RPJr1CTaJIJIOrpa.QJwrncrrnx oceH CTaIIOBllTC.fI 

I!pl'!Mepno pa.Bl-ILi!~ :1pV!Tll"<!BCKOMV yrJIY .lli1H,D;X11Pl\11 •• 11Jll1!1M:VM Tl 
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pa;n;Ha:r:mOHHHX l!OTep!'IX 3JieHTpoHOB B rrepexo;n;HOM o6JiaCTH OT 

oce:soro RaHa.JIHpo:sa.HKH H ITJIOCROCTHOMY o6~RCHJieTCR BOSpac­

TaJmeM ;Il,OJIK Ha;D;6ap:nepHI:lX 'l:aCTHU, KOTOp!:le KCIINTH:saIDT llO 

CpaBHeHHIO c RaHaJIJrlpOBaHHliMli!. saMeTHO MellblllKe rro'i'epli Ha H3-

JIY'l:eID1e. 

ID. YrJioBoe pacrrpe;o;eJieHRe rroJIHHX rroTepl> Ha lll.SJIY'!eHKe cymecT­

BeHHo 38.BliCRT OT yrJia BJieTa l!aCTHU OTHOCl'!TeJ!hliO KpliCTaJI­

JIOr~K"<!eCRKX oceM. illHpRHa yrJIOBOPO pacnpe;Il,eJieHH.f! Jr13JIY'!e­

HJr1.fI MaRClll.Ma.JI:nHa B rrepexo,:o;HOH o6JiacTJr1 MeJR;IJ;Y pelilliMa.MK oce­

BOI'O R ITJIOCROCTHOrO K8.Ha.JIBpoBaHM. 3To rrpJr1BO,IJ;Jr1T K TONr:f, 

'!TO rrpl1 KOJIJIIDll8lJ.KR R3JrY'!eHM.fI M!1Hm,zyM B pa,!(HaJ.l,ROHH!iX rroTe­

p.ruc eme 6oJiee yrJty6.JIH~Tcn. 
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MHOroRpaTHOI'O paoce.fIHlifI npH IIJIOCROCTHOM RaHa.mtpoBaHKH" 

oTp.ima.TMbHHX ti:acTm.i;. - IlHcbMa. B lKTili, I985, T. II, J& II, 

c. 641-643. 

8. ABaRRH A.P •• Be~ommumil: B.B.' .ffH lllK Ms.nyllelll!e H MHoro-

RpaTHOe pacceRHHe a~eRTpoHOB BHCORHX SHeprru1 rrpR IIJia.Hap-

HOM RaHa.mtpOBalll!R. - IIperrpRHT E\PH-83I(58)-85, EpeBaH 

I985. 

TeXHK11eoxmt pe,Ita.RTOP A.C.A6paMJm: 

Ilo;Itimoa.Ho B ne"tJaT:& 26. OB .86r • RP - 063I2 <t>opMaT 60x84/I6 
QqxleTHM ne~T:r:.. Yll.KS,It.JI.0,5 '.l'aj)a'1t I90 sxs. 
30.K.Tml.~ 465 - . 

0Til81!'.a.TaHO B EpeBa.HCKOM qm:s:irqecROM Ji!!HCTHTYTe 
EpeBa.H 36, Mapxapima 2 

22 

r I { 

( I (". 


