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© EpesaHcKuu t/Ju 3U'4ecKuu UHCTUTYT 1982 

I. BBe;n;e;me 

reHe~m: R ycll.Jle1rn:e KorepeHTHoro R3JIY'IeHH.ff Ha ocHoBe rre­

pexo;n;oB MeJK,IJy cocTOilHRfThm Herrpepl:llllioro crreKTpa, xapaRTepHoro 

,IJ,.Jll'I Ma.KpOCKOilJitieCKIDC CHCTeM c peJI.R:THBl:ICTKHM~. M8KTPOHHbIJVM rry'tl­

Ka.Mli, B IIOCJle;n;H:ae ro,ll;bl IDITeHCRBHO R3yqaIOTCJi TeOpeTR'!ecmr [I-9] 
JI :mcnepHMeHTaJil>HO [ IO-I4] • CymecT:syro!qlie_ BOSM()jj{HOCTK s;n;ec:i, 

,D;BOJlltH: Ilpli 3Hepr:mr nop~ ;n;eCRTKOB MerawreKTpOHBOJ!bT H cpaB­

IlliTeJI])HQ He60J!bll!IDC TOR.aX B IJY'IIGX c Ma.Jll:IM 3Wl:TTaHCOM ocymecT­

BIDVlhl rJiy6oKo nepecTpaeBaeMOie reHepaTopH H ymr.mTeJIH :rrn<lJpa.xpa.c­

Hor o III CBeTOBoro ;n;HarrasoHOB, a IIpH 3Heprnmc IIOpa:.nRa I-2 !1lsB 

npK6opiiI · cy6MwvnIMeTpoBoro ;D;ImrrasoH.a c 60Jll>l.IIHM (rropg,n;xa npou;eH­

Ta) K.rr.;n;. H 6ecnpeu;e;n;eHTnoi1 MOIIlHOCT:i;10, ecJIH pe'Th >meT o ;n;oc­

TJIIHiilX HHHe TOIGX llOPff,IU(a ;n;eCHTKOB H COTeH .RA B KMIIyJlbce. 

Tru~ KaK yxasamme BWJJe nepexo,Il;l:l sarrpellleHH ,IJ,.Jll'I CBOOO;n;HHX 

3JieKTpOHOB B Ba:a:yyMe, HeOOXO;n;HMO HaJIHtm:e BHelllHero llOJIR, o6ec­

IIe'llIBaIOlllero BHIIOJIHe:im:e saxoHoB coxprneHWI :=mepro H HMIIyJlbca. 

IIo 3TOii rrpWOOie OORtffiO H3yqa.eTCJI HH,Izy1l;lil)OBaH!iOe KSJIY'IeHHe BO 

BHel.IIHeM rrepRO,D;ll~ecxoM Ma.I'Hl!l:THOM TIOJ!e (II]?HdOpH TaKOro po;n;a rrpH­

HIITO Ha3HBaT~ Jia3epaMl:'I Ha CBOOO;n;HHX 3JieKTpoHaX). 
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CM:bHOTO'Il!h!e sJieKTpoHHh!e. rry'Ifill, rrpe,n:cTa.:BJJ.flilll1le 6oJI:oum\3 B03-

.vioJKHOCTM ,:o;JllI reHepa:i.um CBe:pxMOmHIDC HMiryJI:OCOB CBepXBhlCORO'tffi.CTOT­

HOrO ( CB1I) H3JIY'!eHim, 06.Jia,D;aIDT 6oJ1bllI!IM co6cTBeHHHM ;,iarm1TBblM 

rroJieM. PaBHOBecHoe co6cTBeHBOe rro.11e ORa.3HBaeT cyi:necTBemiOe :rum-

amrn Ha :p:l.BHOBemrn z cTa6HJI:bHOCT:O ny•nwB sa:pJiiKeHH.ti!X 'laCTmi;,Bo-

06u1e. K Ha reHepau;11:10 MeKTpOMa.I'IDITHOrO lil3.JryT.felillJI 8THMli .eiy-'illa­

KaMH, B 'tffi.CTHOCTH. ,Il.Jr.a: IIY'IltOB co criaaIDITeJlbHO He6oJI:OlllHMliI TOM­

MI! MaI'IDITHOe rrOJie MOl!WT .IJ:OCTHraT:O Tex OITTIDvla..JlbH!:lX 3Ha1Ielnlli' KO­

TO:phle HCITOJ1b3YIOTM B Jia3e:pax Ha CBOcJO,Wih!X ::JJieKTponax,.., 1-5 KI'c. 

B ,n:aHHOM pa6oTe Mil XOTeJiliI Clhl o6paTHT:b BllliMamre' BO-rrepBHX, 

Ha crreu;l'Iclla'IeCKyIO oco6eHHOCTii Cli.IThHOTO'IHh!X rry'IKOB c cJOJlblIMM co6-

CTBeHHh!M r-,iarIDITHI:lM IIOJieM, 3aRJli01IaJOmyIOCJ1 B Ha.Jilf'lliH IDITeHmmHoro 

CIIOHTa:mrnro IvaI'HHTOTOpM03HOrO H3.J.FY'Ieillffi, HaIIpaBJieHHoro' B OCHOB­

HOI.I, B;r\OJI:b rry'IKa (TO :Ke yKa3J:maJ10C:b B [15'."'17, 19] )1 BO-BTOpHX , 

1m B03MOJKHOCT:o ;rasepuoro r11exaHa3Ma ymLJieIDLa: liJili reHe:pa.J.~IM B 

COOTBe'l'CTByIOJllei,l ;r\Haria30He 6e3 IIpliMeHeHRf! BHellllillX rroJieJ.l: (CM.Ha­

IlpHlilep, [18] ) . B peaJI:oHHX IIy'!KB.X i:racToTa napHIDC coy,n:apemrli 

naCTOJl:bKO J.'.fB.Jia' 'ITO ,n:BIDK8HHe OT,ll;6JThHOl1: '!aCTXUJJ;I rro.n: ;n;eJ.l:CTBHeM 

IWJlJI6KTlIBHhl1C rr0v1ei1 lii;166T yno:pB:,IJ;O'IeHH!itr rrepHO,If;i11I6CKUlf xapaKTep. 

IIoaTOMY rno;;mo Q;KY;,D:aT:O, 'ITO ,:o;JllI BOJIHOBOrO B6KTOpa·, Ha.rrpaBJ".Ie!moro 

B;n;OJI:b rry•ma, liHTep<j)epeRL\M li3JP.,"!6Hlffi c pa3Jm1IHl:lX y'!aCTKOB TpaeK­

TOplll'.! rrpuBe;n;eT rt y3KOIIOJIOCHo«;y xapawrepy crreK'rpa. IIo a1IBJior:vrH 

c OH,!l;J'Jl.ffTOpHhll1i l'I3Jiy'!ellliei\i BO BH8!!1Helvl IIOJle OCHOBHa.ff '!aCTO'ra ;n;OJilK-

Ha 6hl'l':b nopa:;n;Ka 2 c '6,;a • r;n;e ~.. -peJ!.lI'l'!IBl'ICTCruill i;Ila.KTOP' C00'1'-
L 

BeTcTByromirn rrpo;n;o.n:oHOMY ,n:BIDKemno, a L - npocTpaHCTBemmii nep11-

o;n; Tpa8l\T0plil'I, TIO nopMK,Y Be.IDl'lliHhl pamnffi TOJilli;rne 6eCCTOJIKHOBH­

T6JlbHOro cmrn-CJioa. 

HIDKe pacc'!HTh!BaJOTc.fi yrJioBoe H cneKTpa.iI:bHOe pacnpe;n;eJieHH.fl: 
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CTIOHTaHHoro OH,Ily.Jli!TOpHoro H3Jry'I8HM.fi pe.JI.fITlillHCTCKOro a.JieKTpOHHO­

ro rry"IBS. B C06CTBeHHOM rroJie ,:o;JllI KOHitpeTHO:!i, HO ;a;ocTaTOtIHO THill!PI­

HOH MO.n:e.mi:. B COOTBeTCTBIDI c H3JIO~eHHOH Bhlllle TOqKo:!i 3peHHR Hae 

6ylfJ{T l1lHTepecOBaTh yCJIOBIDi, IIpH KOTO:ph!X CKOpOCT:b 1IaCT1illl; H H3JJy-
., rnc.?> 

qemi:e pe 3KO .HarrpaBJieHli Brrepe;n;' T • e • TOIGI .J « J A = -e- O,,. IIpR 
I , 

6 0JibIIIIDC TOKaX norrepetIHaH CKOPOCT:b "IB.CTliill; CTaHO:BHTC.fi CpaBH!ill/la c 

IlpO.IJ:OJll>HOH, H3.i!y'!e:ime ny-.:m.a CTaHOBHTc.a: OOJlee H30TpOIIH!lM H 0.lKH­

.n:aervaa crreitTpa.lll>Ha.fi .murn:a C,n;BID'aeTc.a: B )I,JIIDIHOBOJlHOBYJO o6JJaCT:b. 

MH 6y;n;eM rrpe,WIOJiaraT:o Ta.Kllte, 'ITO '!aCTOTa H3JIY'IeIDm ropa3,D;O BH­

rne JieHr?>iuopOBC!tOH 'laCTOTH aJie!tTpoHOB IJY"ll\8 , 'ITO llOSBOJI.fieT HCKJD.0-

"IliT:b HS :paccMOTpeHM l!X ItOJJJI8KTIDl!1hle KOJie6aT0JlliliHe CBOitCTBa H 

C"lll'.'l.'aTl> nyt!OK rrpospa"llIHM. fu>yrmvm: CJIOBaMK, ,ItJmHa BOJIHH rrpe,nrroJia­

raeTCJI r o:pas,n;o MeHiillleli r.ny6lll!H 6eccTOJIKHOBHT~Horo CKHH-CJIOH, 

e 
'ITO CrrpaBeMID!O llpll · 2 tu » 1 • 

IlOOIWJU,Ky- ~ reHepauim: KOrepeHTHOro H3Jly'!eHl'!.fi Bepo.a:THOCT:b 

crroHTaHHoro HSJJY'leHWI .Ha BH6paHI:Io~ 't!acToTe .n:OJIJKHa ~TI> c yiie­

JIJl['le:imeM SHeprmr (m.mHHO H8-3a :3TOH 38.BHCHMOCTlil rrpou;ecc IDi)lyll;ll:­

poBa.IIHoro :irnJiy't!eHIDI MOllteT npe:arurnpo:saTl> H.a.n Bh!Hylli,IJ;eHimM norJio­

~e:im:eM) , TG HaJUI"IHe xopomo :pa3pemeHHOH crreKTpaJ!l>HOH Jtmmll CTIOH­

Ta.HHOro J48.7Iy'IeHWI, 38.BHCfilqeH OT aHeprmr traCT~. 03Ha'taeT B03-

MO.lKHOCT:b .nasepHoro MexamIS!vE. yc:wreH:IDI B COOTBeTC'!'BYIOI.qeM .n:nanaso­

He 6e3 rrpm~eHeH:Wl: ;a;ocTaTO'!HO CJIOllllIHX B rr:paKTKtleCKCM pe8.7llJ3~ 

BHennmx IIOJie:lt. Hmte HCCJie,n:oBaHa 9Ta BOSMOlKHOCTl>, Ha.i!,D;eHO BI:lpa­

JiteHHe ,IJ;JUI xo~eHTa ycMemm H noxa.3aHo, 'ITO ,IJ;JUI pea.Jmsye­

MIIX B HaCTO.fiII(ee :speMiI napru.!eTpOB IIy'!Ra B03MOJKHO ajxl)eKTJ4BHOe ycK­

JieHHe CBq-cJ4I'HaJia. KpoMe Toro, HCCJielfJ{eMl:lit a@!e!tT MOllteT OKB.3aTii­

c.a: IIOJie3HHM ,IJ;JlfI .wrarHOCTmtH CHJI:bHOTO't!HHX rry'IKOB. 
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2. CTamroH.apHOe COCTomrne J:IY'IK.a. M TpaeKTOpIDI 

9JI8KTPOHOB B co6CTB8HHOM rrOJie 

B ;D;aJIDHemueM HCilOJU>3yeTCH MO.D;eJI:& ~WleCJ.UI CHMMBTplf'i­

HOrO HeBpa~raqerocH CTarzyIOHapHoro .nyima, rrpoCTpaHCTBeHHIDi sa­
pH,ll; KOTOporo IlOJIHOCT:&IO CKOMIIeHCHpO:saH . HellO.JtBIDKH!lM JIIOHHHU clJOHOM. 

B CHJIY CTa.D;MrOHapHOCTJII, O;D;HOPO.D;HOCTH JII CHMMeTpHH ~ ~ 

pacrrpe.n;eJieH!!.ff SJieK'rpoHOB B iDasoBoM npocTpaHCTBe i ( H, Pi, M), 

y;IJ;OBJI6TBOp.ilJOI$.!I ypaBH6HliUO Blraco:sa, ;n;OJDK.Ha sa mrceT:O TOJThKO OT 

Tpex HHTerpa.7IOB .JtBIDK6HRll: TIOJIHOM aHeprHH 

{ 
a a e 'l 1/2 

H =C m.ac + P.1.. + (P1 --c A(r )) J 

( P.1.. - rronepe'll!IDl: :ra:Mrry,m,c) ; ilpo;n;oJI:bHOrO o6o6l!leHHOro RMIIy.JII:.ca 

pi ; rrpo;n;oJI:OHO!l COCTaBJJ.ff!Ol!l6H MOM6HTa HMiryJI:&ca M ' no KOTO­

porvw B OTCYTCTBHe Bpa!ll6HrlllI g)y-HR!.4RI{ f ;n;oJDKHa 6HT:O CHMMeTpliNHOH. 

~CTB6HH8.fl KOMTIOHeHTa BeK~Op-IlOTeHD;fill.JiaAl:A y;n;oBJieTBO:pR:eT 

ypaBH6HMHl 
LiSI · [j, A :::- c- Jc., 

KOTOpoe Blll6CTe c o rrpe.n;eJieHH6M rrpo;n;OJI:&HOH ITJIOTHOCTll TOKa 

(,) ~ A 
j~(A ) :c2 f J1 .- Hc f (H /Pa ,M) dP 

Il03BOJIH6T HaHTH :se e xapaKTepHCTHRH ny<ma n o 38,I(aHHOH ~ 

pacrrpe.n;eJiemm. B Ka'l:ecne f NIH HCnOJU>syeM ~: 

f ( H. ~IL M) ::: con.~t • S (H-~mc2. ) cS (Pc - :?,, ) , (I ) 

no,u;po6HO HCC.Jl6;D;OBaHHyIO B pa6oTe [ra] . TeM CaM!iM B yCJIOBH.RX 

IlOJIHOH sapa.n;OBOH KOMIIeHCaIUll! IIY'l:OK npe;n;rro.naraeTCH MOHOaHepreTH­

. tj:ecKKM. IlapaMeTp P.. JiBJUI6TCH xapaKT6pHCTBKOH HB.IIp0.BJieHHOCTK 

.JtBHlltemta:: 'l:eM 6Jm.lKe P.. K cBOeMY Ma.KCHMElJI:&HO B03MOlKHOMY 3Ha-

6 . 

'leHMIO crn p • r.rre p :: ~ • T6M MeH:&me n:P:a TOM lite IIOJL.tfOM TO­

K6 J nonepe11i-raa CKopocT:o 'Ia.CTmi:. 3aMernM, 'ITO OTHOl!leIDie Po/rricp 
= CO~ If XapaKTepH3yeT MaKC!i!MBJI:OH06 yr.JIOBOe OTI(JIOH6HM6 CKOpOC­

rn: '<IaCTIDJ; OT OCH ny'lK.a.. 

A3ilM,VTa.tc&Hoe M.arimTHot: IIOJie BHYTIM IIY'IRa r- ~a. ;n;JIH pacnpe­

'Ae,1eirnH ( .i. ) J:aBH' 

Poe a.. ( r- ) 
t):: ea. L; I 1 "'G_ , (2) 

''~e L. e mr.ee"' w.U:>cJI r.Jiy6mra 6eccToJIKHomrTe~Horo CRHH-CJIOH. 

ilOCKOJl.&Ky Be.m il'F.!:l Ci • Po • J li °il. v.. CBl:rna:im COOTHOlll6HRHMH 

I ( ~):mcP/p; :J=~". ~ La,. I1(±..) (3) 
o Le o 2e me e l..e ' 

TO B Ka'l:eCTBe He3aBHCHMl:lX MaRpoCKomrqecrorx: nepaMeTpOB COCTO!!;,. 

HIIHH MOlfJiO 3a;D;aT:& ~c IIy"!Ka Cl' IlOJIHylO 3Heprmo ~ H no.1.IHbIH 

TOK ::f , .IDI60 O. , D ~ yrJIOBOR pa36poc tp • PaCCMOTpRM c.nytliUt 

lf « 1 , Kor;n;a. 

~ ~ <.y-{2, 
L ... 

J" mc~P tpa 
2_ e. I 

f) ~ 
mca P 
ea.a , 

r- Y'a (4) 

Ka.It BH;D;HO K3 ITOCJie;D;Hero paBeHCTBa, TOK B IIpJtt6.JuDKemm Lf>« 1 paB­

HOM6pHO pacnpe.n;eJieH no ce'I6Hlil'.IO ny<ma. 1IacTmi;a, HMeKXqa.fI MOMeHT 

KO.lIHtleCTBa ;n;BIDKeHHH M , ;a;BKI'af!c:& B cpe;a;HeM B.IJ;OJI:& nyqRa, B 

nonepe'l:HoM HaIIpaBJJ:emm coBeprna.eT .I\BYXM6PH!:le 6eTaTPOHH!ie KOJie6a· 

HID'l c traCTOTOH (Jjl> H rrpOCTPaHCTBeHHl:lM nepno;a;oM l 

(,,J,,.:.~~~J· 
r Q 'JA I 

f,> ,,Jll : - 1) 'le 
'l<o l 

L == 2.5i.J2 Le. (5) 

IIpH aToM TOJI:&.Ko "<JacTmnt c M" o npoxo,WIT 11epes oc:o IIY'llta H ;n;oc­

rnraroT Ma:!WHM9.JI:&HOro pa,n;i;iyca I" :; a . IIpoeEI.UIJl :scex OCTa.JI:&Hl:lX 

TpaeRTopldl: Ha rronepemi:oe ce'l:eHKe rrpe;a;cTa:BJI.HeT co6oli aJIJIHilc , sa­

;n;aHHIDi COOTHOllleHRHMI!: 
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X= Xo s i.n Wp.. t, Y =- Yo co~ WJ.>t , 

r;n:e X 
0 

= ~ \ fFJU + f1+JU) , Yo "' ~ ( ~ 1 +JU - ~ 1 - JU) 
IMI 

JU: rnca. '6 J'J"lz l :J/'JA) 1
/2 

Ilpne;n:eM TaroKe BH:paJKeime ,JJ,Jllo( KBa.n;pa.Ta norrepe"!HOH CKOpOCTH 

2 a.2 w'" v.L:. ~ (1 +--,Ji ·~21 co~2. c.Jf-> t) (7) 

H HOpl'inq;x:>BKH pacnpe;n:eJiemm 'IaCTHU IIO JU • crrpa.Bewurnoil 

j « JA: 
J 

Fo (~) : f ec ~ 
~~ 1 (8) 

(6) 

rrpH 

wpB.lKeirn:e 
l 0 J'A > 1 

( 8) Il0Ha,I(06HTCJI Ha.M III>H BH"!HCJleIDU1 crreKTpa.Jll)HOit IDI-

TeHCHBHOC TU H3JlyqeIDLH:. 

3. CrroHTa:HHOe H3JJY"IeHHe nytIKa 

Ka.K 6WIO yi<.a3aHO BHllle . Ha.C, B OCHOBHOM. HHTeJ.)eCY1'.JT TOKH '.J <<JA' 

O;n:HaKO rrpoBe;n:eM B:bI'lllCJieime yI'JIO~oro pacrrpe;n:eJielililR: CTIOHTaHROro 

ll3Jiyqemm rryqi<a ;n:Jlii JIPOH3BOJI:bHIDC TOKOB B ueJ!f!X BWICHeHlii! 3aBH­

CliMOCTH HarrpaBJieHHOCTH R3JIY'l6HlIB OT TOKa. 

IlpR BH'UiCJI6HRH H3Jiyq6HIDl: a.HcaM6Jlfl: 3Jl8KTp0HOB Ha BllCOKHX 

lJaCTOTax yq'l;'eM, "ITO CKOPOCTb H KOOp,WIBaTa aJieK'i'poHOB HeCKOppe­

JmpOBaJlH, a aHeprHR lI m.rnyJlbC H3JIY'l0HHOro <I>oTOHa 3Ha"!HTeJlbHO 

M6Hbill6 SHeprHH H H3MeHeHIDI HMIIyJ!bca aJieKTp0HOD t, w << 1. n c.> <d. 
~me" ' CAp 

IlpH BHITOJIHemm 3TIDC yCJioBilli H3JIY'leIDie He BJIK!IeT Ha :n;BI4JK6HHe 

SJleKTpoHOB H rrpoueccbl H3JIY'leHRfl '1JOTOHOB OT;r(0JlbHHMli 3JleKTPOHaMI! 

6ylJYT CTaTHCTH'!0CIGr He3aBHCHMHMR, TaK "ITO IlOJIHYlO HeKorepeHT:syIO 

MOlIIHOCTb H3JlY'IeHKfl B e;n:lllll!llY TeJieCHoro yI'Jia MOlltHO ~;n:cTaBllITb 

B BH,l\6 

8 

I r ql. J<- - - -. "'JdO·:t· t-, P)dPdr-, (9) 

r ;n:e d-~1d0 - MOlIIHOCTb H3.JIY'ieHH.f! o.mmro SJieRTpoHa B 3a,I(aHHOM 

MarHl!THOM IIOJie [20] • a HHTerp:apOBaHliie Ilp0liI3BO)prTCJI no BCeMY 

ifa30BOMY o6~eMy IIy'!Ka. 

<'fyHKU,IDI pacrrpe;n:eJiemra:, BXO,W11!(8..f[ B1 ( 9) ' 3aBliICJiIT .TOJ!bKO OT 

ID!TfrPpaJIOB n;BH:Aerom_ H · , ~l , H M , a IIOJIR , orrpe;n:eJ!ffKll\He H3-

JJy"!e:mi:e '!aCTWJ,S - TOJ!bKO OT KOOp,WIBaT:H i . IlOSTOMy rrpe,n;cTaBKB 

SJ10MeHT qa30BOro o6~eMa B mi,n;e d 2 de ~ d~iclHcl M , MR HHT0HCKB-
r 

HOCTH H3JiyqeHlUi e,JJ;HH~ AJIHHH IIy"IKa no.n; yrJIOM t K ero OCH 

IlO.n:yt!KM 

I"' t< t aa_ 1 l 
1G!if 

me~ ( 9 )a 
~ ~ m~ cp (f)~ 

~ q> ( t) orrpe;n:eJIReTci:I :Ra.K 
dfLe 

<P ( f)" J Y I1a ( ~) h ( Y) d Y , 
0 

5 1 ' 1 u" 2 u ) ll P, u) h ( Y} =pa d. ~ ~ ( U) - .i;2~a di''. ft ( U + ~~lf~ ~ 4 ( 

(IO) . 

(II) 

• ?..,L u 6 [ I ~ • , ) R ) ] +~- ...!__P4 (uJ--fs(tL- 5 (u 
. 0-'2. ~' 4 5 0. 

3.JJ;ecI>fh P/0 , a pl - rrOJimioMH Jiel!faH,I(pa oT a:pryMeHTa IL".J-==~=a_=se"""a· , 
r;n:e 

p 
oL ( Y) = 1 -~ I 

0 
( Y) co~ t, 

u me 

J.l (tj) "j.> { 1 - [ P~c I. l y) r r/e Stn. ~. 
Ha pnc.I II0Ka3a.Ha yrJIOBaJ! 3aBRCHMOCTb HHTeHCliIBHOCTli liI3.Jiy'l'.eHIDI 

!Ipl'! pa3JIH'lllHX 3Ha"!eHIDIX :meprmr li TOKa IIyq:Ka..Ka.K B~HO HS rrpliIBe­

;n:eHHHX rpailru:KOB,BSJIJ1IeHliie RMeeT pe3IcyIO Ha.rrpa.BJieHHOCTb BilJIOTb .JJ;O 

'1'.0IWB ·so KA rrpli Bcex s Ha "!eHl'!.RX aHeprmr. IIpliI 60.JiblllliIX TORaX rro-
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rrepe'llia.R CKOpoCT:b M8RTpOHOB c·raHOBHTCJi CpaBtll'liviOH c npo.n;OJI!>HOU. 

H HHTeHClffiHOCTh TepH:eT pe3RO Bupa.JKeHIJ:yIO HfUI:pa.BJI8ID:iOCTh. IloJ"Uiali 

}I3JIY'!8HHM UOIIUIOCTh (cM.pnc.2) pacTeT HeCROJI:&RO 6I:tCTpee, "<IeM 

ey6 TOR.a Il'.f'IRa , 'ITO cIM3H1!eCKH ITOH.fl:THO: H3JIY'!8HHe rrporrop~oHB.JI:&­

hO TOKY H KBa,I!Jl8.TY ITOJlf.!, KOTOpoe, B CBOIO 011epe,w:, , rrporrop:o;ROHa.JTh­

HO TORy. ]OITOJIIlliT8.JibHI:lH BKJia,II; B CTerreH:& 3TOH 3aBHCHMOCTH .n;aeT 

poc·r rrorrepe'IHOH CKOpOCTH' aaB:l1C.filll8H OT BH6paHHOH MO)J;e.Jrn. 

CneK'l'P CIIOHTa.HHOrO .~rnJly<IeHIDI BH'IH~8TC.fi ,n;Jl.F.{ TOKOB :J <<. 'JA • 

rrpH 3TOM TpaeRTOpliIH MeKTpOHOB OID!Cl:lBa!OTCJi ypaBIIeHIDIMlcl. (6). 

iJiopMy H IDITeHCllBHOCTh crreKTpa.JlhHOH .:rrnmm 1'!3JIY'!eIDm O.n;HOrO 3JI€K­

TpOHa MO/ia!O HaHTII H3 cneKTpa.JibHOrO pa3JIO.lK8HIDi 33.ITa3,IJ)ffia.fOfJ\ero 

B8KTOpHoro IIOTeHIJ;11an:a [201 

. \.K R 0 ICP ..... Lew t - _,. -E =- v (t)· expfi.wt- i.K • r (t) l dt 
• · 2grc"Ro l J 1 

(12) 

-co 

rµ;e K = w,1c, cJ - tfaCTO'ra H3Jly<IeIDili. r ( t) H ~ ( t) - MI'HOB6HHQ~ JIO.Jl.0-

.lKeHHe vr MrHOBeHHM cKopocT:& M eRTpOHa B MOMeHT BpeMeirn t , Ro -

- paccTomme .n;o TO"<IIGI Ha6.JIID.n;emm. )J.nfI Ma.:imx: yrnoB ~ B~Koropa K 
OTHOCHTe.JibHO OCH rryqEa HMeeM 

- . ~2 
K . r ( t) = "t K t 1 - ,v-12) ':;'. K ( 1 - 7) s v., cl t . 

IlpH 'l.'ORBX :J << JA, norrepe'llioe ,Il;BIDKe:mrn HepeJI.fITHBHCTCKOe . 1I03TOMY 
· e 1/ a 

v~ = (1J -v.n "~v- v.1./2v. 
IlocKOJI:&Ry ycKopemrn o6ecrretmmeTCJJ: •ro.JlliKo MlI'HHTHh!M rroJieM R 

peaK:o;RJJ: HS.JiyY:eHHJi He y<Il'IT!:!Ba8TCH, TO CKOpoCTh v- ,OCTaeTCH noc-

TO.fIHHOH. ,If,Jm: ITOJI.fi H3JIY'!eHHR:, CJie.n;oBaTeJibHO, HMeeM 

'I: 

~ VJ.lt)exp{~~a j(1t~oa'fai ~~
2

)d.t}dt, E =- i.eCJe ~KR. 
0 2.5\'ca Ro 

(I3) 

0 

r .n;e t - Bpe!vlfI rrpe6HBaHWi '!aCTHUH B ITY1IR8. B CRJIY rrep:110;D;W<eCKOI'O 

IO 

xapa.RTepa rrorrepe"<IHoro OTKJIOHeHIDI IIOKa3aTeJih 3KCITOHeHTH B (I3) 

OC~:KpyeT OKOJIO 3Ha"<Iemrn: 

i.CJt 6 ("·) 
2. ~a T ' 

r.ne 11epTa oaHa '!B,eT ycpe;n;HeHHe no rropno,rry 2.!ff / CJp 6eTa T}JOHHHX 

1wJie6amlli., a 

,/ a vJ.a "' a,,,a 
6(~)"1+'°€ -+yOT' 

·· . lrC 
BBO,ll;Ji peso;r;lHCHYIO 'IaCTOTY (J p ' COOTBeTCTJ3Y!aleyIO 

HHTep:I>epeHD;i1H c IIOCJI8)J;'JIOUlilX rrepl'IO,Il;OB TpaeKTOpim ' 

2w.f-> o2 

CJp:; 6('11) 

Ol!\-YJ,I(aeMO.fi 

(I4) 

1'I pa.ccTpOf!:Icy 8 ;_-{CJ ~~el , ROTopyro MH 

rrepeIIHllleM E <J B BI'I,Il;e 

C'IliTaeM Ma.JJ:ott B8JIH'lliHOll, 

i.K R. <o<.Jr.i't' ) ... - _ewe. (.e. -1 ·tl, 
Et..>- 25fc" R.6 CJf-> 

(I5) 

r.n;e 

..... {.... [l.e.w r a . - \. 
U.: 11.i.·exp 2.vc jlvJ. -vJ.2 )dt + i.Wf.it}J . (I6) 

c IIOMO!If&IO (15) JierKO BWllICJIHeTCJJ: crreitTpaJI:&Ha.ff IIJ!OTHOC'J::O MOU\­

HOCTH, Ha.cy-q:eHHOH B e.n;mnmy TeJieCHoro yrJia O,TI;HHM 3~eRTpOHOM 

Le.;~ c R: I E41 l2 

'C" = 
e" wa 

m""c'.!), '"" $\. .... i!. cS u>J'.>'t' l- 2. ....... j!> S"'t .... - -2.-- u I 
(I7) 

8Ta BeJll!rlmHa, pa.cc:mT:pHBaeM3..ff Ea.K QiyH:Kr.J;aH 'IaCTOTH Iil3.Jiy'remm:, 
-1 

HMeeT pe:nartl: Ma.Itc:m .. iyM rrpli w ,,,, c.Jp , IilllpHHOH 'V 't , rrpli'IeM 

ca.M3. pe30Iffi.HCHM '!aCTOTa pa.3JIWIHa ,I(J1.iI pa3.JIH'lllliX yr~o:B t H 

pesito ~eT ITpR Y> > '6-
1 

• 

lforro.JibayJI BHpa.llieHWI (6) MOlKHO Bwrn:c;m:T:& I Lt! 2. E: rrpnecTH 

Lw K mr;D;.Y 

:):I 



l "eawa o.a sinat,CJ~'t'{:J:n(1-J4a)1/2)+~12 ( ~.../ 1-J'a) 
w (~5f)ac?>6 a 't' 2. 

(18) 

-2 .../ 1- JU a' 'J d ~ ..J 1 -~ 2 
) 'Jo ( ~ '11- ~ a) } ' 

"-'!?> w a}' 
r.n;e ~:: B ; c • B paccMa.TpIDJaeMOM rrpH6Jm.1Kerum MaJillX TOROB Be-

Jnr<nma ~ << 1 ' TaR 'ITO cneKTpal.ll>HafI MOII(HOCTJ, Olta.3ImaeTCR: He 

aaBHCIDUeli OT MOMeHTa: 

l ~ e'wa a. a si.n a o CJ.r.>~ 
w 1651'-c?>sz t: 2. 

(I9) 

lla.nyqeHHe 3JLJil1IlTH"!eCKH ITO~JIPH30BaHO, rrpH"!eM ITOJiyOCl'I 3.JIJlElICa 

rro.71Rp:1rnaIJ;IDI aaBHMT OT JU , a ero opxreHTailID1 o:rpe.n;eJLJieTc.a 

HB.'IB.Jli>:s:JiMH yCJioBlitffMl'I .n;Jlff .n;aHHOli "!aCTHrUiI. CrreKTpaiffiHYJO IIJIOTHOCTh 

MOf!lHOCT:l'I Ha.nyqemm c e~-AJIPIHH IIy'!K8. Iw MOJKHO Hail:rn c 

IIOMO!qbID Toro iKe MeTo;n:a ycpe;n:HeHHJ'I, '!TO H B (9) , rrpli <lTOM 

l'I3Jiy"!eHRe rry"lKB., ecTeCTBeHHO, OKa3HBaeTCH HeIIOJLf!pK30Ba.HHBM. 

CornacHo ( 8) , HHTerpnpoBamre 'no J-1 CBO.IJ:l'ITCH rrpocTo K YMHOJKe­

HIDO (I9) Ha rroroHHYJO IIJIOTHOCT:b '!aCTIDJ; : 

. a a 
I :: ea. w 'J si.na 6wpt . 

w 1631"2 f.>C~St't' 2 
(20) 

Ma q)op~JibI (2I) BH.n;HO Ha.Jil'rme yaKoli crreKTpa.JThHoil .mnnm IIIJH 

CJ ~ CJp, mapmm. KOTOpoil YMeimnaeTCJI, a mITeHCHBHOCTJ, y:Be.JIRtmBa­

eTCH c y:seJIK"!eHl!eM BpeMeHH rrpe6l:lllaHHH ~oil "JB.C~ B IIy"lKe, 

TO eCTh ero :ajxpeKTHBHOH ~. IloJIHa.R MOlllHOCTh e~ .n;JIHH11, 

cocpe.n;oTO'!eHHa.R B JiliHHll, ecTeCTBeHHO, He 3aBHCl'IT OT 't' 

llHTerpnpya (20) rro "!aCTOTe H BJ:lPB.lKB.!l Bee rrapaMeTpH "!epea He-

J.Z 

i' 
, • 

rro~pe.n;CTBeHHO l'I3MepHMHe BeJUitIHHhl, ITOJiy"JB.eM 

I= JI(o)dw = 
0 

rnc?>P 

~ a.2. 

( ~ )!> 
me~ . 

[ 1 + ~elf + p 0*a]:; 
tnc?> 

(21) 

Blipa.JKemi:e ( 2I) cnpaBeMHBO !IpH :J « '.J A . , t « 1 H B 06Il\3ll 06.JraCTl'I 

!IpHMeHHMOCTH .n;a.eT rrpHMepHO Te iKe 3Ha"!elli'Il1, 'ITO l'I rrpHBe;n:eHHble 

Ha pHc. I. 0.n;HaKO pnc. I .n;a.eT MeHee BI:lpBJKeHHOe Ha~Il\eHl'Ie c YBeJlll­

T.J:emi:eM TOR.a IIO CpaBHeHl'IIO c qJopMy~oli (2I) , 'ITO JIRa.3HBaeT Ha 

B03paCTB.HJllWlO poJih H3.nyqeHIDI Ha BHCIIIHX rapMOHl!RaX 6eTB.TpoHHOH 

'18.CTOTH, 

4. 11H.nyJ.:o1poBa.HHoe Ha.nyqemrn 

PaCCMOTpl'IM B3BHMO,IJ;eMCTBHe OT.IJ;e.JihHOrO a~eKTPOHa c pacrrpoc­

TpaHHIOmeHCH B.IJ;OJU, OCH IIy"lKB. I\HPKY.il.ffPHO ITO.il.ffPH30BaHHOH 3~eRTpO­

MB.rHHTHO:lf BOJ!HOtt, a~eKTpH"!eCKOe IIOJie KOTOpoil: rrpe.n;CTaBHM B BH;n:e 

E=-E (l)exp[q0t- K ~)] > (22) 

-r .n;e (,.) - "!aCTOTa l'I K - BOMOBOe '!HMO BOJIHH, E ( 1.) - Me,lVleHHO 

Me.HXIO~Cfi aMIIJ.mTy-.n;a. IlpeHe6pellteM: OTJil!'!DieM \{a30BOil: CKO-

poCTH so.mm OT CKOpocrn CBeTa H C:BSI3aHHHM c 3THM !Iplilpa-

meiraeM qaaH BOJlHH. PeaoHaHcHo B3amv10.n;elicTBOBaTI> c u;HpKY.il.ffPHO 

ITOJJ.ffPH30Ba.HHOli BOJ!HOH 6~eT TOJI:bKO ITOJIOBHHa . ~aCT:l'rU, TaK ItaK B 

cpe.n;HeM IIOJlOBIDia '!a.CTKIJ; 3a.K:pY"lHBaeTCH B CTOpoHy , rrpOTHBOITOJIOJ!t­

HylO Bpamemno ITOJIIIPH~. 1Iepea OC:& .n;o KPB.~ IIy'!K8. .n:oxo~T TOJih­

KO '!a.CTKD;II c M=O , a ~CT~ c M=Mma.i BpaiiiaRJTCH rro OKPYJKHOC­

TH pa.n;Hyca o..J.u , rroaTOMY aqxpeKTHBHOe Baamvto.n;elicTmi:e c I:4RPKY-

I_9 



.JUiPHO IrO.JUiPR30B8.HHO}i: BoJIBoii 6y.IJ;eT 3a:a:rn:ceT:o oT M 

Ilonepe"<llffi..ff BOJIHa 3Jl8Kl'pli'l8CKOro IIOJI.II (22) COBepimeT B e,n;H­

.mruy BpCMeHB aa;a; 3ll8KT:p0HOM pa6o:ry 

'\.U'<Re~eF· ~[ exp[i.(wt - l<l!.)]~ ~ 

{ 
..... d .. . S Gav il l 

~Re e E · d~ ex,c{ ~~z. ( 1 + .r:itz. ) dt] J / 
(Z3) . 

r)J.e ~ - rrorrepe"<IHOe OTKJlOH8Hlle 3J'te.K'l'POHa b rry<IK8 c KOMIIOH8HTa· 

M¥. (6) • ,ILJIJi ,IJ;amrniil tffi.CTOTH CJ , orrpe,D;eJ.LiI.ff p esoHa.HCHY"JO ::rneprmo 

RaR 
"6~= E,(o)L 

r cA. 
..,.._ = 2 gr 

k 

Ii paccTpoHKy A :: ( C' - Q p) , Ml:l :BH,Il;l!IM, 'ITO, KaK H B II. 3, pa6o-
~ 

Ta (23) B cpe.D;!IeM OTJil!PlHa OT HY.JlfI TOJIJ,KO B CJIY1Iae pe30HB.HCa 

A «. 1 H :pa:BHa 

w"' Re ( e E · LL) = - e IE· ii I Si.rt X, 

r .JJ;e A. = f<'l - wt -t- 2..<Jr"l/ L.. 

PaccTpoitKa 4 liI cIJa3a X. R3M8HJIJOTCfI corJiacHo y:paBHeHKwr: 

dA 
dl 

d 'X 
d.i 

= 

: 

.;. 

e \- -m<:.'!lao E . U \ si.n y__ 

y gj ( 1- 4~j'l2. ) /). ' 
L. 0 

(24) 

(25) 

(26) 

r,IJ;e L. 0 - rr:pocTpa.HCTBemn:IB nep:e:o,D; ,1l;J1fl aJieKTpoHa c aaeprRei! 1'. . 
lfaMeHeHliie aMWmTJ,Ithl rrOJ.T.R: orrpe,D;eJJReTCfI H3 38.KOHa coxpaHeHPIR 

3H8prRH B CRCTeMe rrOJie - IIY'iOK 

a 2 
1 

( ) 
!if b A§._:: f ~mc2 f 0 (J') < d A }' ·> d 
4 g{ d e . J cl 1: 'X_i .fl I 

(27) 

14. 

r.TI;e '.iib2 
- n:onepe~oe ce'leHRe 3JieKTpo1varIDITHOro rryq:ita,a < ··· >xi. 

osHa'!aeT ycpe.D;!IeHRe no Ha'la.,71bHOMY sHa'temno ~-ia3H 'X i. • Y!crro.i::r,-

3YH y:p8.BH8Hli8 ( 6) .JJ;Jl.l'I TpaeKTOpim 3Jl8KTPOHOB , ~JYHR'.l1IDO pacrrpe­

.JJ;0JI8IDI5! ( 8) n onpe,u:eJieHlie ( I6) , H~ ypa.BHeHIIH ( 25 - 27) IIOJIY'IDM 

CJ18,IJ;yl0llzy10 CHCT0MY ,U:Jl.l'I despa3M8pH!:lX B8Jllf'lliH 6 = 6 ( J / '.JA) i 
,,. _ Eo.c -X. . . 
1.,...--:i--· . 

d ...., ~~12 c 
-~ :: - - (2 ) h (f ~ ) c $Lit x I 
dZ 2."2 JA I 

!LL = 2 ff ( 1 - ..!...,_ ) 'l{ 
d ~ ~ ·/e 4f.J 

(28) 

.. ..:3/2 1 
~" J --*1--, J h.\Jl , ~) < si.n )'.. > -x.i. dI' > 
dJ; J"2o 

a." r.nc ~ ~ I' ,, _ , 
">::::. Q ' j b2. 

h. (J'I, s ) :: [ ~ '] 0 ( ~~ 1- .fl;!) - ~ 1 + .r ':11 ( t "1- JI c >] . 
0TMeTHM, "U'O CHcTeMB. ( 28) orm:c:ii:aaeT He npOCTO pa60TY no.JIJI 

npK 38,Il;a.HHOM ,n;BEK8HIDI '!a.CT.lID;H, a H rrpou;ecc HX cl'8.3Jq>OBI\H Bb!CO­

KO't!a.CTOTHH!vl TIOJI8M, TO ecT:O RH~Ba.HHOe H3JIY'l8HRe. 

PemeHlie CHCTeMbl ( 28) 6y,u:eM HCJia Tb B BH;IJ;e pa3JIOlK8IDI.li no 
2 • 

cTeneRlIM M3J!Oro rra.9 6!i1eTpa ( 'J / JA) : · 
fl= 6'~+ ;&f~ ~a+ ... 
X.-=- Xi+ A~'.{+ X 1 + • ·• "' 1{ ( n + X., + ... 

r,n,e At :a X.i. - Ha'l8J1bIDW 3Ha't!eHH.fl paccTp ofilm H qiasbl. IIo;n:cTaB-

JJAA 3TO pa3JIOJK8lme B nepBHe ,u:Ba yµ=iBHeHlili CHCTeMbl, B nepBOM 

rrpH6Jimit8HIDI IlOJIY'laeM: 

da, :.- .f.:i1la 12 )\(6)h(f', ~) si.n R(~» 
d ~ 2../2 \ 'JA 

d )'.., -:: 2. ../2' I 1- _1 ) A 1 • 

d Z' . ~ 1/a ~ 4 j'J .. 

15. 



<J?opMaJI:bHO HHT8I'.PllPYfl nepBOe 1!3 8THX y:pa.BH8HliM' no.n;c TaB.JI.!IB BO 

BTOpoe ~ KHTArpRIJffl • :IDleeM ' 
~~,, " - ~ 

~ ,~- -r.;~(2)"!L{JU,~)j c((t,(t)si.tt M(6')cl'J:' , 
2"2 JA \ o . . 

$" ' 5' ( 2~) 

-x.
1

:0- ( 1· ~1 !'>~ )( ~ ! \ (f', ~)J d ff c. ( ~")Slit R ( ~")" r·. 
·r A o o 

0TM8T>l.M, "iTO 11 Bb!ClllliX ncpgn;ruuc l!CllOJ'...:h3YcMOro paMOlfJ!HlHI co,n:ep­

·;:aTCF.C }! a@)eKTH Ha<:.ll:ffi\8 IDIB (3axBaT traCTlHJ; BOJ1HOM (6 ) ) ' HO a.n;ec:o 

ML: /JJC ae p aocMaTpHBaeM. 

Y'Il!T!Illa.Jl, 'ITO B .mme}llioM npH6JUD1temm < S. Ln "X>x,::.: < -X co~R>xt 

IlOJiytmM 

3/; 1 ~ 
5A.L -: (1- _1 )f ~ (1- )eJ h2 (f, ~)Jcltc('.r")<co~:Jf(>;'')~i.n:H>.,, .. 
d

.., 4:pa f:i•le 'J ,..~ 
') A 0 o 

Ycptl,n:HIIII rro a a"ia.JI&HOH {fla.3~ 

<co~ .ll(~) ~in jf(':()>Xi.-:::: - ~ SLn. ai. ( ~-'{"), 
BlillllllleM CJie,rr,ym~ee HHTerpo.D:Hiix.flepeH11;aa:n::&Hoe ypaBHeHRe ,lJ,JIJ'I H3Me­

Hemur a.MII.llRTY.IU:l IIO.Jlff £ B.n;OJI:& ~:Ka 
?; 

R = ~ J c(t)(.S- ?') ~Ln Ll'.i. ( ~ -t),p;'' (30) 
d ~ 2.. 0 

r,n:e 

( 
"J )a l'a Qo"!>/a 1 ) / ) 

d..::. 'JA j ))1/a ( 1- 4~" H \6 

a H \ ~ - ) =- f h. a (JU• ~ ) d JU 
B6JJH3R pe301Ia.HCa l tl ~ « 1 !I ~ « 1 ) 

H(n~~-; s+· .. 
Ilpe,n:uoJiaraH, 'ITO np:a 6oJI:&llliIX :S pemeIDie ypaBHeHllR (:jO) HMeeT 

I6 

, 

> r '1: 
acHMIITOT:rrtrecrolli xapaKTep 3ItcllOHeHT!l \J "' e .' , .JJ,JIB K031@IDJJ!6H-

Ta ycUeHl!J'i r IIO.l!y'ffieM 
~ . 

r d.. f - (~·~) (7 ') . - ('7 )c/ 7 ' =~ e ~-~ StttD.i ~- :g" ~ 

Ilpi'I r '/;» 1 BepXH:illi npe,n;eJI HHTerp:i;rpOBaHIDI MOJ!tHO C't:J:RTaT:& 6eCIW-

H8'1IIbIM H' CJie.n;oBaTeJI:&HO' 

r =- ~ f e J'C' 't' si.n 3, 't d 't' ::: 

0 ol.. r ti.• 
"' tr"+.1, 2 )z. 

(31) 
T.e . r::.( -~d..A t - 4,}12 -::: (ol. ti.d 114

. 

lIT0 6H H.8.HTR 06.JiaCT:& rrpIDv!eimMOCTR (31) ' rrpe,1T,IIOJIOJIGIM, 'ITO 

np:a Ma.7Il:lX ':( aMrI.JIHTY~a MeRJ'ieTCJ'i M8.n;716HHO H MOlltliO OrpalIH't:J:HT:&CJ'i 

pa3JIOllt8HHeM 

c (tJ =- c(~) + ~~ (i-'t')+· .. (32) 

Tor,I\a :aa ypaBHeHIDI ( 30) IIO.J!Y'lliM: 

? ( . 't'' y' • • f ~ _ ~ f !".L it 6i ~ - !> Ai. cos Ai. ~ ) d ~ 
n Ci. - Ai.i!. J

0 
1 + :.~ (~" 2 Ai.a co&Ai. ~·-2·rAi. .~ i.n. Ai. 6' - 2co~Ai. -;'t2.) 

Y'll!TllBM, "iTO Ai '?;<<1 ' HM88M 

- ~ 6'~ cJ t tn .f_ "' cl. At J l· - 6 l - ol~l. y• 4 
• • J q !> 

- i·f~ BH.llHO, 'ITO npK ?-(d.tiL np:a6.'lltlKeime 

(33) 

(32) rrepecTaeT OHTI:. cnpaBe;n;-

JIYJ.BHM H HeycTO:iftml!OCT:& ,n;OJDKHa rrepexo.n;HTJ:. B pel!WM 3KCilOHeHIJ;Ra..7U>­

HOro HapacTa.Hl'lfi. B npe;u,IIOJIOlKeHIDI, '!TO 4~«1 . yCJIOBRe rr- 1 HJll1 

~ -(~) 41! 111~ (f, ,n:.mma nyqKa) HBJIR:8TCR:, CJI8,D;OBaTeJI:bHO, KPRTepR-
-'A t'. l L\i. 

e M TOKS., IIpH KOTOpOM B IJY'lli8 c ,rvnmo:ll t B03HRRaeT ~o:sa.H.:.. 

. __ I_7_ 
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Hoe yc.;.,1eli.rn. 

5. 3aKJ1JO'!.IeHHe 

B cliJJ.:&HOTO"tIHllDC '3Jier<TpolfdllX rr:,~ B03MOJ1ma reHepaum:r ¥.HTerr-

C>IBHflrO ( .fjrJl!•j" Jil!Ol'<' MarHYTHO ·TO_f)MO<JJ;or o H3Jiy'4:6lfrI.fI' ,n:oCTl'[).'a.Oli.!6ru 

I - IO ':' ":M .IVIR p ..tJ~uyeh'l ·• B Ha11To.amee ..;pe-..'.il rrapaMeTpoB ,zy--i:­

KCi'. 0CH013Haf! ~'llllia .80.'IHH :irnJiy"l:elilm orrpe.n:eMt.TCJI TOKOM, p8.,l\li­

ycor.: ryqita 11 <>H· p::.·.ueu "<JaCJ.Jm h rr~f1!Ke • ;l..w TOROB ""' IO RA, npL 

11?.)(KY'" I GT\~ sTa ,n;n:t!Ta l'OJIH!:l np> :co~TC!i Ra MH.JT.Jlli!t.eTPQFJD 06 .. mcn. 

B IIY'fRB.X B0 3MOiKH0 TaKJKe B03HKKHOBemte IIF.,llJ1.l;liPOBa.ID:!Oro Il3Jzy­

"!6HHR.: Ha OCHOBe QJOPMYJI!il (31) MOllUIO ou;emi:Tb 01!'.R,JJ;aeM!IB KOaj$i­

J.UieHT :lCI!.J.(6HWi JJ,J1H. pea.mrnyeMhl:X: B H8 r'\TOffil\ee Bp eMF.! rry<IKOB . ;rr.rui: 

5A "'O .I' Q ;;:,' 5, D.;, "" 10-3 ,O. =I CM li ~ =I .MMr ...... ro- 2 ,rrpl! 

. :IaJIH'l}'.H crro:s:·rarIHoro H3J!Y1If'HIDI M:O!I\lIOCT!>JO I-ID BT l1 .n:.mm:e :rryin<.e, 
t! "--

rv 5 l'. H0:.'1..'.) 07.:.H,48.'I"' RorerJHTHOC Ii3Jiy"IeIDie MO!I\lIOCTbJO 10"-I':l"T'T, 

Pe::. x:.1,yi:pe!illliii ::$lieRT MOl!tHO HHTepnpeTflPOBaT:o RaK paJJ;0:a.u;aOH­

HJ10 neycTof!•"1BOCTb ~. KOTOpa;I pacCMa'l'pHBaJiac:o B HeCKOJI:oKO 

mrux ·Jl,ewio.i10JKeHHRX B [18] • KaK :It B [18] Mb! He y"IR'l'HB8..7fil ,nll:C-

rrepcmo 3.lleKTIJOHfI OrO IIJT"IIK8., T. e, HCR.alKeffll:e qias oBOH CKOIJOCTH H 

i[lpoHTa BOJ!Hlil' a TaIOiH" s@leKTH rrpoCTpaHCTBeHHqro sapR,na , IWTO-

r·~e Ma.Jihl IIPH ;A« I. IlOJIH!:lli caMocor.naco:sa."imIB 8.H8Jlli3 p a,u;llall;liOH-

.HOH uey cTO:i1:'IllBOCTH rumeTWieCKU paBHOBecmrx: Iry"IKOB COCTaB.JlflCT 

npe;n;MeT OT.D:e.JThHOrO HCCJIS.D:OBaHHJI. 

ABTop Bhlpa.JRaeT 6Y.aro.rr,apHOCTn A.H . !e6e.n:eBy sa MHoro'Ili!CJieHHNe 

o6cyiit.n;eHHR: H ~eHHHe sa.Me<ia.HHJ:I, c~eJI.aHHHe B xo~e pa.6oTbl, a TaK­

JKe B.C.Bopomrny H A.A.J\o.J!oMeHCKOMY sa mrTepe·c K pa.6oTe. 
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