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Pa6oTa BJ:UiOJllleHa B EpeBWICKOM i.PBSJqecKOM KlCTBTyTe 

Hay1D1se pyKoBo~•Tenm: ~oKttp c;IlBSKRo-uaTeMatBqecKBX BayK, 

npoqieccop/C.r.MauRJ1H, 

KaHAHAaT @HSHKO-MaTeMaT1qeeK1x HayK B.A.Xoae 

O@Hqxa.ru;ase onnoHeHTH: 

~oKTop ~HSHKo-uaTeMaTHqecKzx H~YK B.r.ropmKoB, 

KaH;zut~aT ~Ha1Ko-MaTeYaT1qecKHX nayK O.B.KaHqeJlll 

Be~!llee yqpeEAeHHe - L1HCTITYT H~epao~ WHSHKH CO AH CCCP 

ABrope@epaT paaoc11a.H "£{" anpeJlil I9'75r. 

3a!Jl:H8 AHCCepTaqJl:ll COCTOPJTCH n Jf 11 14a.!l I975r, 

na aaceAal!HH Yqenoro CoBeTa EpeBaHcKoro @HSHqecxoro 

HHCTHTy!a B·I4°0 qac. B KOH@epeHq 3a3.16 ~oMa yqeHbl.X 

Ep~L1. 

·C AHCCepTaqHe~ MOJICHO OSHaKOYHTbCH B 6H01lHOTeKe 

Ep~L1 \ ~OM yqeHhl.X ). 

0T8liBli B ~Byx 8K3eMil11Hpax npOCHM BliCJ:VIaTb no a..n;pecy: 

EpeBaH-36·, y11.MapKapnHa,2, yqeaoMy ceRpeTapXJ Ep(l>M. 

YqeHbl~ ceKpeTapl> 

RaHAHAaT WHS,-MaT. HayK 
B.A.lilaxOaas11 
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I. B aactOlillllHI Bpella 7cllJlllJlcB JIBtepec K 1cc11e~oBaHH1> poJUt 

8116KTPoMarBITHWC: B88.ll1lOA9iCTB•I B npoueccax Beynpyroro B88Jlll0-

~elOTBHl! ap;pouoB npa BlolOOXIX a1epr1sx. BKJiaA sxeRTpo11.araxTBblX 

B88JillO~elc!Bll B ceqeHJIB 8TIX peaKIUll npB ll&JilllX nepe~aHHliX HK­

µJJI])Oax xsyqucs B PH.1t8 paOo! ( Cll.BanpJI-41 ) • BOSllOllHaH pom. 

aJiem!po11.ar1urfitoro llex.alllol8Jl8. B. o6xacu 6onux nepe~aHHWC:. HllllYJib­

co:a ( HJUI Oonmxx ncnepnuwc: 111111j'JI!IOOB P.1. Ha6D~aellli1X qacT:rm) 

o6cya:JJ;anac:o B pa6o!ax [5- 71 • S!1 o6Jlact• BS&KllQJtelc!BKH ap;­

poBoB npx:en:eKaD! K oe6e BHlll8Bl9 •08JIO:sil00TAD no~yqeHIH .11H(pop11a­

~ 0 pazte Ba:sBblX CBOIC!» 8~8KIK!apiDIX qac!·~ • !IX B3alllOAel- . 

c!mdl. 

Ilpo~eccs po:r;teHJ!lll aAPOHOJI c 60JIHHMH ?J. OTpaJl(UIOT c·rpyK­

!YPY H ~HHaMKKY B88JHIOA8~CTBBI Ka Ma.1llilX paCCTOHliHX. lu.Tepec K 

&!Bil npon;eccau oco6eHHO ycxHJICR ll cua.x c nocJiell.:i>nrn ::mcnepx-

ueHTaJlll Ha BCTpeqxwt K011»uax UEPH x Ba ycKopMTe.ne B 1uTa-
J3:111 ( c11. aanp. [B} ) no llHlClllSHBHOlcy' poll,'l(emu:i qacnn; c Oom,;;m­

• ? ... B pp-OT01l!CHOB6Hll.f!X, B KO!Opb!X 6h.n:a ycTal!OBJWlla c11a6ar.i, 

no-:BIJtlUIONY, c!eneaaaH aa:s101111ocT» OT non1pe~noro M~nyJThca npx 

Pi.+- 2 rsB, B OTJIHHe O! 81\CI,'.OHeRqHaJIJ>HOrO aaKOBa npl OTHO-

CHOllBO MaJIHlt P.1.. ( 'P.i..== t+t~e.). 

~pyron IHfepecH!illi Bonpeo feopl.ll CK.JlliHblX BSSJ!MOAe~CTBH~ -

aclOUITOTHqecKoe noBeAeHMe no.IJIWX ceqeHJll B3aMMOAeMCTBHH a~poHo:s­

HCHO CBH88H co CBOlcnau IIQll)Ca IIOMOJ&llqyKa, B qacTH_OCTB ,c 

nOB8A8Hlell BeplllllHH B3&1DlGJlOIO!BIH !pex ~OJillCOB IlQKePW:liyKa npl 

Jl8JllilX nonepetUWX BJmyJI1>0ax.. C:ao.ltCT:aa aTol :sep1111a11 Mory!!! 6su 
18Y1llKH B 8KCII8JJKK8H!ax IIO. KHICJll>SIBBlill peaK~IHll • Tpexpe;itaeOi­

BGI ofJJ:ac!JI [9-ro] t KOT&~ J:llPaKTepBayeTC8 60.n.m:ium: 8Rap­

lfH8, tO.U.llHKll MBCCl!llll poQal>l{JIDff nyqKH II Jla..71!:004 napeAWiHWUI 
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HMIIy.uc&JU1. SrWieKTBBHaH Tpexno11epoHHaJI :sep1111Ha,.:sKJLl)11B.11lll8Jl :e 

ce6H BKJISJ(·no•epoBHhlX :seTBJieHaa, onpeAeJIBJiaci Ha )la.HHliX no BH­

KJIJJSHBHO:I J08Kl{i!H . p p -- I' x 'IlOJIY'leHHhlX Ba BCTpe'IBbDC Konnax 

UEPH B pa6oTax (J:r-r2J .• Ka:it no:itasaHO B [13) ,Ha CYl!l6CT­

BYD•KX 8KcnepHM6BTaJ.IiBlil: ;ital!HHX H6Jr63H CAenaTD O,ItHOSHaqHoro BH­

BO)la 0 noBeAeHHH HCTHHHOft TpexnoMepoHHOA BeplllHHH B o6naCTH Ma­

JIHX nonepequblX HllilyJUoco:s. 

B CBSSH c STHY CT8HOBHTCH B8CDMa BWEHblll ~e'f&JiiBOe HccneAO­

JJCUl•e SJieKTpouarHHTHoro MexaHHBYa BSaHMOAeMCTBHI 8.JUIOHOB B 8TllX 

06JiaHHX. 

B BKcnepHMeHTax DPH BHCOKHX SHeprHHX no e+ e- -a.HHHrlt1l&{UIH 

B tµlPOHH TaJate MOZeT 6Hf~ :sibicHeH p.ll)l BSZHllX :sonpoco:s. Peayn­

tan nocne~IX a:itcnep1111eH&:e 110 STOit pealtl{HH ( cK.Hanp. [I4] ) 

He corxacymTca C PHAOK CY••~BJllDUIX TeopeTHqeCK.HX IlP6AC'1'8IJleHHI. 

B qacTHOCTH~06HapyzeHH poc! c aHeprHel OTHO•eHMH DOJIHOro ceqe-

HHH e+e-~ aHHHl'HJI~H B ~pOHH K Ce'leHHll aHIGU'HllHitllH B napy 
TO'le'IHHX '18CTHU1 ;zulH KOTOporo B PflA8 MOA6Xel upeACKaaaH.O DOCTOHH-

. + -soe auaqeuHe, a 2aue Rapymeuze •cxelmmra• :s ,nponecce.·e e - au-

Ul'MH~Jll c BU8J16BHlill aAPOBOK e++· fl-- CL.f X {npIC It~ 0,5). 
' I 

KDOM8 !Oro, B 8KCnepHll8HTax npH BHCOKHX.SHepr:wgc BOBKOZea 
I . 

no1cK ROiHX qaoTBit, Hanpxuep Tszenux nenTOHOB 1 VV:f MeaoHoB, 
·' . . 

cy.ecTB0118.Hlle KO!~pmc npeACKaBSBO B PEA8 MO~exel H.KozeT Blll3 -

BaT• KOJ))llHSJ[~~· HBKeHeHHe H8JllHX npe~C'l'aBJleHBA 0 Pf31K8 cxa6ex 

I aneKTPOlflll'IJH!HHX B8aJlllO~elcTBHI. . , 
Il. Jl)Iccep!~HE DOCB.flllt8Ba HayqeHHll 8l18~TpOMarHH'l'HOrO Kexa­

IB31Ul iw'ir.iteHK~ a~pOHOB • UI- M630BOB npa BHCOKHX SHepl'HftX • 

.zurocep!~ OUCfOBf HS •eflql8X rxaJI, BBe~eHBH H aaKJill~8BHB. 

...,..------------------------------------------.,..... ..... ..,...._,.. ........... ------~~~.,_- .. + 
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Heo6xo;zunu,Ut o6aopHHI MB.!'epHa.n HBBOXeH BO BB8~eHHBX K KSJEJtOI •a 

rnaJI, a oTqacTH H B OCHOBHOM TeKCTe AHCCepTsnKH. 

B npe;iui:cno:s11 :itpaTKo cwopuynapoBaHH nexz,aa~a'IH H peay.JJtT&­

!'hl ~HCCepTsn:t-rn. 

B nepBol rna:se aayqaeTCH poJIIi axeK'l'PO»arBmTHh!X Baa111o~el• 

CTBHI B o6naCTH 60XblllHX nonepe'IHHX HllDY.lll>COB I BHqHcneHhl ce'leHHH 

psfta npoq_eccoB aneKTpOMaI'Hl.fTHoro poli,lleHHH µpoaoB B a1o:Ct o6nacTH 

Bo BBeAeHHH K nepBoM rnaBe - § I.I - AaH KpaTKHA o6aop 

a:itcnep1ueH'l'anDHOtt H 'l'eopeTHqec:itott CHTYS.UHH no poli,lleHHm qacT1q c 

60XDfilHMH nonepe'IHblMH HllllYJIIiCaMH. Ilo:itaaaHo, qTo B pSAe llOAeJiea 

npoqeccu aneK'l'poMarHHTHoro polt;!l;eBHH qac'l'H~ c 6onDmHMH P~ xapaK­

TepaaymTcs 6onee 11e.&JieHHhlM na.n;eaae» ceqea1tt c pocTOll f ~ no 

cpaBHeHHll c CWlbHbllll npoqeccaira, H IlOS'l'OyY npu ~OCT8'l'OllHO 6onb­

mmc' ?~ 1.1oryT c'l'aTr. onpeAeJ.IHlllllHll.H. Tax aanp1111ep, :s npocTettmel 

MO~enH napTOHOB sneKTpOMaI'HHTHHe 
Jo- i N J, :MOC'l'DD E" J3 p ,.., ?: C = I 

q1c'l'o cHnbHhlX npoueccax. 

ceqeHHH xaprutTepHBYDTCH aaBHOH­

' :s ouH1:1He OT N = &~IO:e 

B § I.2 upoBeAeHo YOA6BDHO Heaa:eHCHMoe· paccMoTpeHHe npoyec-
1 L6-7 

ca polt;!l;eHHH ABYX nyqxoB aAPOHOB aa cqeT OAHO~OTOHHoro o6MeHa 

a..1 +a.~~ X1 + X.i (I) 

~1i;[J¢lepeHUH0.JIDHOe ceqeullle aToro npouecca :supaJ1ta.eTCH qepea CTPYK­

TY PHble ~YHKitHH \x4 ( .J, ~2.) ,HBMepHeMble B rny60KO ueynpyroM 8JleK­

TpOp0EA6HlllH. 

B § I.3 paccMoTpeB HHK.7IllBHBHH~ npouecc o6paaoB&IHH ABYJC nyq­

KOB a~pOHOB c Bli]J,6X6HHOM tia.cTH~e~,B 0.l{HOM HS HHX aa cqe'l' O,llHO(Jo­

TOBHOro o6MeHa [rs] 

cl., +Qi.., - 'f..1 +'ICt +Gt (2) 

~ 
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~H4iqiepeH~MaJI»Hoe ceqeHHe aToro npol\ecca BupazaeTc.a: qepaa ce~e­

HiU! IDiKJW3HBHOro @o'i'opoQeHHR .( c Bli,iteJieHHOii qac!l.'HUeit a. ) 
IlOJI!iPH30~aHHb!MH WoTOHBJlld (1>1.1 'Er,,. '0-1. ' ~T ) ' KO!!!OpHe lm11epim'1'CR 

:a aKcnepHMeH'fax no rJiy6oxo I:IeynpyrOJr&Y aJieK'fpopo:E;Lteam> c :awteJieH­

ao~ qacTHUaB. qHCJI6HHH8 01\8HKB, C~&JiaHHli8 :a llO~eJIH nap'i'OHOB, 

IlORa31:03all'1', li'l'O SJI6K'i'pOMarBH'i'Hb18 8~K'i'H Mory! aaueTHO npos -

BH'i':&CH B o6nacTM µanepeqal:IX HMIIy~co:s aa6.1Ill~ae110~ qaCTMIUil 

P.L ~ 20 +30 r51& 
B § I.4 pacCllOTpeaa nonspHBal.\llOHHHe HBJieBHH npK polK,ll;eHKH 

'JJ:BYX nyqKOB ~poHO:S (I) [Is] • Ilo.nyqeBH BHpallt6HMH }VlH' aCHMlle'i'­

pHit, CB!i3aHHb!X c H3M6H8HH61l Ha npoU1:eono.n:o:11u.1e aanpaBJieHH.a:. lleK­

TOpa Il01IHPHBarurn lt OMOit HS HaqaJI:&Hb!X qaC'i'Hl\ 

A= crCl1;J.,)-cr(},;-JJ , (3) 
cr(},;}x.) +cr(}t;-)t) \ t ?.. 

:a acm.mTO'i'HKe, sa.itaEaewoii ycJioBHmm 5 :> M.;, ;-b"> m (Mi -uac-

ca nyua )(.(. ) }Vlff pasJ1:namc cJiyqae:a npocTpaHcT:seHaoM opHeHau;ma 

li 

Bo B'1'opo~ r.n:a:se paccMO'i'peHH np01\6CCH 8Jl6K'i'pOWll'HH'i'HOro 

poll,2l;eHHH a}.tpOHOB c MaJlHWI nonepeqHl:lllJ4 Huny~cmm:. 

Bo :SBe~eHHH,§ 2.I - ~aH Kpa!KHI o6aop pa6oT B 8TOI o6Jia0'1'•. 

PaccMo!peHli npouecc1>1 po~eBHR O,l{Boro nyqga a~posoB 

d.j, + Clt .--')> q~ + )( (4) 

H ABYX nyqKOB a].tpOHOB (I) sa cqeT o~oqio~HHOro 06MeHa B o6xacTH 

118.JWX nepe~aHHHX HMnyx:&COB. OOCYllt'Aa~cg BOBMOZHOCT:b onpeAeJIHll~el 

pOXH 8TJIJX 8JI6KTPOMarHHTHb1X npoueccoB B seynpyrox :asaBMOAelCTBm! 

a.74POHOB npH BblCOKJIJX aaep:PH.SX:. 

E § 2.2 B OMOWOTOHHOM npH6XHZ6HHH paCCllOTpeH npouecc 

O..t. + a.l · ~ ~~ +ct + x (5) 

4 

·J 

L 

I • 
\ 

.f 
... 

I 
J 

' ... 

- 5 -
Ilo.icy11eHa !POPJIYmlt CB!l8I:ra8.iluta.a: ~f.MepeWVWI:&BOe OHO&•e npouee;,. 
ca (5) o Jt114XJJepeBuHSJI:&HHMH ceqeaamm woTopo~esaa nOJI~Jl30lUiB­

Jiaim (pOTOHSMH 
~ + a.~ __,... a. + x (6) 

I 

cr-"' , 11 O--r • TaKWL o6pasoJt, HBY1les1e npouecca {?) npu 1llb1Hx 

nepe~aHHHX ~JHIYJI:&Cax ~eT llPHHIUIIIHaJI:&HYD BOSUOZHOCT:& aay~RBa 
ceqeHJll :esaHUOAelcTBHH IlOXRpH80llaHHHX t -JraaH~OB'C·H8C!aGHJI:&­

HallH ilacTH1uum, aanpHuep, 3L- H K.-11esoaao. 

IloJIY11eaaym WOPllQ'J.IY uo:EHo paecuaTpHBaT:& KaK o6odllteHBe HS­

BeCTHol qppJ.IYlll:il Balusexxepa H Bw.t:&SllOa, CBRS!il!allut&I ·CeqeHllS 

pollt.'lteRHH nyqKa 11ac'1'HU aa cqeT OMOIJIOTOBHOro o6ueaa (4) c JOlllUIDI 

ceqeaHeM (pOTOPOl1.21:6HHR [I6-I7} 

~+flt, ..... x (?) 
t . 

ua cJ.I)"ld 6onumx ecc poll,2l;SDlllHXCa nyqKoB ( M.,.,,. S ) • Ha c11y-

qal, xorAa MH.HBTepecyeiros yrxoBl:Dl pacnpe~eJieRHeu oGpaaoBaJmllix-

CH qacT~. •, 

~CCJ.IeAOBaHa nplDieHHUOCT:& no.nyqeHBOI <J.lOPMJ'Xbl ;lt1!H BWl:HOBeHBB nox­

Horo ceqeHHH npouecca (4) B aaBHCHllOCTH oT acl!llIIToTJ111ecKOro 

no:se)l:eiuu1 COOTB6fCHYillltero ceqeHH qJO!l?OPOllt~elillS (7) (f'(At) npH 

Mt-. ...,. , a Tane B sa:smCDocTH OT c:aoac!ll 11aCTllJUil ( «.t. ) .B 

Of COOTHomemrn Ma.CC yqac'fBYlGll\HX :e peaKI~HH qacTHD; [IS} • 

B § 2.3 oOcyJ1rJta6TCB po~ aneKTpouarHHTHHX BSaHMOAelc!.BBI 

B Tpexpe~zeoHaoH o~xacTH [I9} • noxaaaao, qTo eCJIH TPexJIOJ18pOJl-

HW1 BepmH:Ba ~PPP 06pamaeTCH B BY~ npH oOpa~eHBM B Hy~ no-

nepeqHHX HMD'.YX~COB, nepe~a:saelWX B~O~ DOMepoHo:S,TO IIPH aeHllllTO­

T.HqecKHX 8HeprHHX po~ aJieKTPOUSl'HHTHHX BBWUl.O~elcT:aJdt ~OJ[J!Ha 

BOSpacTaT:& c pOC'fOK Mace polK,ll;aJO~HXCH nyqxoB a].tpOHOB. llp• co~­

peueHHHX aaeprllffiX BKJI~ sxeKTpOMaI'HHTHblX BBaHMO~elc!BHI llOZe! 
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oCixaOTH nepe;ztaHHHX m.my1ll>COB t ,,,10· 0-·b) opaBHHTDCH 0 OHJIDHI:ill B 

~HTepeoHO, qTo ane~TPOMBI'HHTHHe nonp~BKH MoryT HliWTHPOBaTD 

pe~eOHH!le BepmHHli ~PPP H ~rf'R. npH t ~ 0 • 

Tpex-

B TpcT»el rnaBe paocuoTpeao KsnyqeHHe zeoTKoro cp:>ToHa B 

~pouecoe e+e-- aHHHrHJIHUHH B aJ(pOHli c Bbl;zteneHHOtt qacTHqeA r20-2~ 
e.+ + e-- a. + 1'. + ~ (8) 

Bo BBe.n;eHHH - § 3.I_- KpaTKO oCicy~~aeTCH TeopeTHqecKaH H 

3KCnepHM0HTan»HaH CHTyaqHH c peaKqHe~ e+e-- aHHHrHJigqHH B aJIPOHli. 

B § 3.2 nonyqeHli ToqHue 4.JopMYJIH .lUIH ;ztH<P(PepeaunaJU>Horo oeqe­

HHH npoqecca (II), npoHHTerpHpOBWIHHe no yrny Bw:teTa woToHa. 

B § 3.3 npoBe.n;ea KaqecTBeHH!idi aHanHa npouecca (II) H noKaaa.­

HO, qTO c pOCTOM SHeprHH STOT npouecc, npH paayUHwc npe;ztnOJIO­

ll!~~HHM OTHOCHTeJI»HO CTPYKTYPHHX qiyaKqd ~ ( -J; 91
) ,onHCblBaJO~ 

npoqecc HHKJIIDSHBHO~ e+e- - aHHMrHJIHUHH B a;ztpOHH c Bbl;zteJieHHOit 

qaCTHUeti 
e+ +e- -- a. + X (9) 

.n;oJIEeH CiblTD cy~eCTB6HHWI. H ero c Heoeixo.n;HMOCT»O cne;icyeT yqHTH­

BaT» npH 3KCnepHM6HTaHDHOM HCCJie.n;oBaHHH e+e-- 8HBHrHJIHUHH B a;zu>OHH. 
I 

KaqecTBettaaa npKqHHa npeoCina.n;allHH npoqecca (8) aaKJ.OOqaeTCH 

B cne;ztyro~eM. Ec.lllf npe.n;noJIOEHTD orpaHHqeHHOCT» CTPYKTYPHHX WYHK-
- t) t UHil \Xii { J; q npH 9 - "'° , TO ;ztH'1;11iiepeHUHaJIDHOe ceqeHHe npouecca 

(9) npH BHCOKHX aHeprHHX Be.n;eT ceCiH KaK -ti ( s - KBa.n;paT llOJI­

HOA 3HeprHH B c.q.u.). IlpHqeM O~H HS IAHOlltHTeJiel 1 CBH3aH c 

nponaraTopoM DHPTYa.JI.DHorm woToHa. B cnyqae nponecca c HanyqeHBeM 

(8), HHBapHa.HTHaH aaeprHH, npHXO~H~aaca Ha EHPTYaJihHbl~ WOTOH, 

onpe.n;eJIH6TCH MHHHUWlhRWI SHaqeHH8M MaCCH BHPfYWl»Horo 

pacc111aTpa:Bae11oit KKHeuaTHKe a1 . = S(Po-P) ( Po H e 
1 "'~"" · ./S'-Po-P 

WOTOHa B 

-saeprKH 
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M MMnyJr»C HaoJUO.n;aeMoro a,ZJ;poHa). IloaTOMY OTHomeHHe ceqemrn 

npo11ecca c M3JiyqeHJ/!6M '.iJOTOHa K ceqemno npo11ecca 6es MSJiy1rntt111H 

OKa3blB88TCl'I pallHblM . "{.~a.. ; ~ cJ... ~!· . li:CJIJll .ZJ;OITOJIHlllTeJLbHO 
q ..... 

rrpe.ZJ;ITOJIOlltMT:& orpalilil"!6HHOCTJJ rronepe'l:Hbl.X JllMITYJIJJCOB Ha6JIIO,ZJ;aeMoro 

a,ZJ;pOHa, TO IlOJIJOCa, CBH3fil!Hble c 3JICKTPOHHblMJll nponaraTopaMlll, OKa-

3blllaJOTCl'I :a w111a111qecKoti 06JiacT111 J11HTerpJ11po:aaH111H, Jll ceqetti.k npo11ec­

ca ( 8) rrp1106pcTaeT ,ZJ;onoJIH11Te0THb1~ :,moiimTen:& -8,. ~ • 
e 

B § 3.4 nony"!etto Bhlpalitemie .ZJ;JIH Jl!HKJIJ03JIJBHoro ce'l:eHJlll'I 

npo11.;cca (8) c JJorapJ11qiM111qecKoti ToqHocTI>Rl np111 MaJ!hIX nonepe'l:HhlX 
.AA~ D S { 111unyJIIicax Ha6mo.ZJ;aeMoro 8,1.\POHa ( or;-;;:. ~ -;:J:" ')> ) .PeayJL&TaT 

r.1 .. ~ '"t - .t) 
npe,!i,CT8BJI6H B Bi1;ll6 HHTerpaJIOB OT CTPJKTypHhlX l[iYHKl\MM ~ ( -J; q 
no "cKeJ1JIJ11Hronoj;j " rrepehleHHOM W == ~ • . ~~ 

PaccMoTpeabl cJiyqaw poli\,ZJ;ett1i1H MeAneaHblX ( Z p
0 
~rs ) lil 6hlc-

Tpux ( 2.. p0 "" JS' ) qac'llHl\ !Ii rrplilBe.ZJ;eH&I qJ.:1cJie11Hble 011e11K111. II pH 

-aHepr:rn aaqa;r:&Horo aneKTpoaa E = 5 ran :s c.11.M. noJiyqaeM AJIH 

OTI!uilleHlllH ce'l:e!IHH 11po11ecca c M3Jiy11eHlileM K ceqeHHRl 6es lil3Jiy'l:ellHH 
. i 

't ~ p_: +)<t (IO) 

a npM r; :: IO raB -

10 
(II) I'!_- -,... i': +)4.l. 

IlpMBe.ZJ;ellbl TaKllte \[JOpMJ'Jihl ,ll,JIH ceqemrn 1113J1yqeHHH lj_iOTOHa B 

cJiyqae npo11ecca e+e-- aHHHrHJigqHM B napy j[;' -Me3oHoB, KOTopWi 

;llOJilfteH HrpaT:& OCHOBHYIO POJI:& npM Ilpldc5JI!lll!C6HlllH 3HeprHH Ha6JIJO~ae­

MOro a;Z(pOHa K HatiaJI:&HOM 3Heprl1lt! ( 2 Po~ rs). 
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B § 3.5 paccJloTpeHa xaqecTBeHH<lff KapTHHa pollt,1teHH.H a,zwoaoa 

B CJIYqae HSJIYqeHKH EeCTKOrO g)oTOHa. 

IlonyqeHHble B STO~ rJiaBS peay.n:&TaTli MoryT 6liTb HCll0Jlh50BaRli 

}lJlH BliqHCJI6Hl1H ceqeaHI uanyqeHHH \P)TOHa aaqaJibHHMH qacTHUaltlH 

npH eTe-- aJiHHr:WU!IU!:H B 8,1.tpOHH. c 5TOI uenDm B § 3.6 npHB6}l6Hli 

aeo6xo)U!Wiie BblpaxeHHH ~H cTpyKTypaliX @YHKD,HI. 

B qeTBepTo~ rJiaBe paccMoTpeaw npoueccw anexTpoMarHHTnoro 

p0llt,1t6HHH V</ -M630HHHX nap. 

B § 4.I ;naH RpaTKHI o6aop pa6oT no pacqeTy ceqeaHI poll){e­

HHH \xi -MeSOHOB aa cqeT cna6b!X H 5Jl0KTPOMaI'BHT!ThlX BSaMMO}leYcT­

BHtt. 

B § 4.2 .nonyqeHH TOllliHe ~opuynH ~H .ltHWiiJePeHUHaJibHoro no 

aaeprHH @oTona ceqeaHH npouecca 

e.+ + e- -w+ + w-+ ~ 
npH pa:BHOM aymo aHOM0..ilbHOM MarHHTHOM MOM6HT6 

(I2) 

\JI -!.!630Ha ( 

)(JUI a 7 O; ± 1 llpl'!B6].\6Hli 8CHMllTOTHqec1rne ipopyYJm 
[221 • 

B § 4.3 paccMoTpeao ~oTopollt,1teHHe \Al -MeSOHHliX nap Ha 

SJieKTpOHe ~ 

1r + e -- w +-+ w- + e (I3) 

llpH a= 0 nonyqeHbl TOl!Hbl6 WOPMYJibl ~li llH!M>SP6HUl1aJll>HOro no Hll-

' 
nyJibCY Koaeqaoro SJIJKTpoHa C6l!6HHH. IloJIHY6 C6l!6HHft nony11eH:bl B 

ac11MOTOTH1{ecitol! o6JI,aCTlll aaeprutt npH Q =O, :!: I. iloKaaaao,llTO 

npH ~= 0 ~fl nonylleHH!l llOJIHOro ce11eHlllli c JiorapH\1JMHl!8CKOR TOtI-

\ HOCT:&J) { ti.~ > i ) MO:MO OOJI:&SOBaT:&ClI MeTOAOll B~uaeKitepa­
Bipl:&HMCa ( c yti:eTOM BKJiaJta B uanyqeaue BlilpTyaJU>Horo woTORa 

Ma!'HHTBOFO MOll0HTa SJieK'l'pORa). IloJ!Hlile QelleMHS pacTYT c SHeprKel 

.•. 
~ .. .. 
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5 0 s s 

RaK Mii Cit mt nplil ~ =U,+I, H KaK ~ np11 ~ = -1 
(M - Macca W -Meaoaa). 

' B § 4.4 paccMOTpeHbl npoueccbl po~.n;eHHH 
B 6Te-- CTOJ!KllOBel!HliX [23} 

. + -
e.±+ e.- -'v.l++w-+ e.- + e 

W -MeaoHHbIX nap 

e.+ +e--w+ +w.- +_,..u+ +Jr 
~ 

B aCJ..1MIITOTMl!ecKoii oOJiaCT.J..1 sHepr11t1 $ ~ M np.I.1 

(I4) 

(15) 

~ = 0 • .i\Jifl 

pacqeTa IlOJ!Hh!X Cel!eH.J..1W (I4-) li!CilOJlb3yeTCfl I\OBafJl18HTHaH (j;OPMYJIH­

pOBKa MeTo,n;a BB. Cel!eHlile npouecca (I4) 6~cTpo pacTeT c anoprlilet! 

()- So<~~ &_i ~ 
- Sl/x M'* m:_- (I6) 

Ji! nplil 60Jihllil1X aaeprlilHX ( B6Jilil3H yHlilTapaoro npe.n;eJia) cpaBH11BaeT­

c11 c ce'!eHHeM 8Hii11rHJ!flUHH 

e+ + e- _. w+ + \xr (17) 

B § 4.5 paccMoTpettbl npouecc1i1 \!,oTo- 11 3JieKTpopoJK,n;eHlilH 

'-Me30HHWC nap Ha HYKJJOHe M Ha n,n;pe [IS} 

lf + N (A) ~ N (A) + vv+ + \:"r \It:) 

e + N (A) --·e + N(A) +w+ + w- US) 

i~JIII IIOJlJ''lGiiMfl aCMMIITOTl1qec1n1x IlOJ!Hb!X Cel.Jei!Mti l1Gf!OJih30BatlU oeioli­

ll(6H!Hlfl ~opMyJia BJ, noJiyl!ea11an .so 11 rmrne. AHam13HpyeTc11 TIJ.J.l.1liie­

H11MocTh 3T01i <l:OPMYJibi B 3aBJ..1Cl1MOCTl1 OT aHOM8.;JbHOI'U MUI'Hl1THoro 

MOMSHTa \>V -M630Ha HU OCHOBe CBOWCTB BepllillllL! B;JUl'!MO,l\uHCTBl'Ifl 

w -Meaoaa c tfiOTOHOM. 

J10J'8:0laHO, l!TO llplil '( =0 MBTO;L.\OM 15B MOJKHO Il0Jlb30BU'l':OCH ,Z\Jlfl Bbl­

'!MCJI8Hl1l'! IlOJIHblX Cel!eHll!Ll (l8) pOJK,l\CHdfl w -lvie30HOB HU U:fl\JiOl!c) 

l!JlllJ l'!Ape npa.K'1'll!l!eCKM JJO BCeH OOJJaCTl1 31Iupr11t1. IipM IJ :t 0 i."1'10,l( 

UH B 3TOM cnyqae ITPMMBHMM co CTeIIei!HJA ~01.JHOCThID flMillh ~~R 
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Bblt!HCJleB.lrn: rJiaBH!ilX aCHMIITOTHl-IeCKHX tIJieHOB' m160 ,Zl.JIH llbl'llilCJieHl'!H 

ce~eHH~ :e6JIH3H nopora. 3TO CBH3ali0 c ~eu ,tITO npH CXO,i\e c Map-

co:eoa no:eepXi:iOCTH \l.JOTOHa npH 'b" .:;I: Q B cetieHHO BHpTyaJil>HOrO npo-
.,. ... ~ - 6.t 

ueuca ( ~ + 'f--W+\l/) Hapf!,lly C rJiaBHblMl'I '!JieHaLm - BOSHH-, 
ft ~ 

15a10T 1meH1i1 BH;zta M6 ( /j, - noJIHaH aHepr:irn :a c.u.M. wsyx 

'( -KBaHTOB, t - lt:ea,D;paT 4-1'1114IlYJl:&ca BlllpTy'aJIJ>H01'0 /JiOTOI!O.) B OT­

JllitIHe OT cJiytiaH '( =O. no STO.ti ip:e npnMH6 ,Zl.JIH CJlyqaa poir.,lJ;eHRl'i 

w -Me30HOB Ha TO'll6llHOit qacTtm;e (13-14) npli r ¥= 0 M~TO,i\ BB 

HenpHMeHHM, a npH n = Q ITplllM6hHM C J1orap114MHlleCKOti TOllHOC'l'I>lO, 

YJiyq111eHHe rrpRMehHMOCTlil 1r1eTo;lla BB n cJiyirae 11pol\ecco:e Ha 

qaCTHU8X co CTPYKTypoti O'll6:BH,ll;HO CB!i3aHO c o6pe3a!Oil\HM 3\Ji;,.JeKTOM 

i{JOpM(j)lutTOpOB, 

Cetremrn paccMoTpeHHblX B aToM rraparpa(le npouecco:e, n cimy 

cTeneHHoro pocTa c attevrHe~ npH 'AOCTaTotIHo 60J11>lliHX attaprl'!HX 

OKa3blBa!OTC!i cpaBHHMblMH H ,1\a.Jlt6 npeBOCXO,i\!ilD,HMa OOOTBeTCTBYID~He 

cetreHHH 0,1\HHO'l!HOro pOllt,1\eHHH. 

. . 
B sa.1tJ1rotieHHa naparpa~a npH:ee;lleHa cpa11HHTeJIJ>HaH Ta6JIHUa ceqe-

HH~ pom.n.eHHH VI - MesoRon B HlA) , ep tA) ,' -.>p (A) cToJI.1tHo-

:seHHHX npM ~:::a; M= 5 fag H E = 1000 ra:s ( E -aRoprH!i RaJie-

Ta!O~eti qacTMI.\a B Jia6opaTOPHOK CMCTeMe), 

CeqeRHe napRoro axe.1tTpopollt,lJ;eHHH Ba npoToHe ( I9) o;caaa­

:eaeTCH npH STOA S!ieprHH Ha nops;ztOK 60J.t&me COOTB6TCTBYJOll\6rO ~e­

qeHHH O~HHOV:HOrO pollt,lJ;eHHS e + p + ..) + p + 'W H COBHa.ztaeT no 

nopll:ztKY l36JIHliH!ibl c cetteHH6!.l Hei!Tpl4HOPOJQeHB!l .J+p -+ e +p+ w 
~;a nponeccoB Ha fl.llPe Jlt6Jiesa ceqeHHe napoaoro axeKTpopoEJteHHH 

Ha ;!(Ba nopHAKa npeBbllllaeT COOTl36TCTBYIOlll66 ceqeHHe SJieK'?pOpOEJt&.-_ __ ' 

HHH H COBllU;ztaeT no llOPH'ARY B6AH1lHHli c cev;eHHeM He!TpMHOpol!,lteHHft. 

'If• 

- II - !f 
MatepBaJIH ,lUICOep!a~HH AOKJl8,lUill8.JIBCI» Ba 08COBHX OT~eneHBS 

s~epaol !PBBHKB AH CCCP ( B I972 r. H I973 r.); Ha Me:sJcyaapoA­

HOK oelUIBape no rxy6oxo aeynpyrHM H J1HoaecTBeHHHM npo~eocaa 

( ].tydHa, I973); B peno~TepOKOM ~ORXS)te Ha BOHHOKOM CHMII08BYMe 

no B8aJ4MOAelcTBIU) 8H6KTPOHOB H qx>T~HOB BSCOKBX 8Hepr1a (I973r); 
npeAO!~BHHJl'.BC~ Ha XYI MeJ1tJtyHapo;zu1ym ROHwepeHitHJ) no \PHSHKe BH­

OOKllX aaepr111 l! Bata:BBH (1973 r.) H ony6Jl.HKOBaHH B pa6oTax 
:.7 ,I5,I8-2}) 

·~ 
''·I ,, 
. ' 
~ 
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