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SIACPHbiX HCCJJCAOB3HHH. Il,y6Ha, 1993 

f I 

1.Bre11eme . 
· · 8Hatime.m,Hbll1 IlJ(lr{ECC B•SKCne~~ ~0~[1~3l.B!3ili1ID~eMCTB'~ 

l13JlY4eHl1H C OO!lecTro~. H HCll0Jlll3013alll1C. MciJurux .TeOJETW!ecKHX ~,li,OB[2] ')l,IDI· 

wfre~ S!'..Cne~HI:IX · .lf;lliHbiX .. Bhlcol«JH To'lliOCTH Il03IlO.Jl5IK1r no.nyqaTb HO~ 
CBell,eiDIH 0 CTP'fl\'l'Yie ~a.w:.aTOMHNX CHC'.l'af H ~ ~,ll,eHCTBJ.m[ 1 ::-31 
qaroHOB c aTOr.ru.M. WroHbl c i:meprnei1 arnopJra . .n.o . HeCKOJ!hKI1J{ · careH sB · smJrJlKli'CH 

XO})J!llW<I WI~ )l.IDI• ~y'leiDIH CBOHCTB aTOMHOM CHC'l'a<ti. · , •· · 

re.JMM · ~-3.1 cooei1 .mx)croi-i. mTh'lcr'YJtl ·npJ,li,OJlllraeT OCTaBa'TI>CH ~ 
TeCTl1pJB3HHH TeOJeTW·Iec!OO{ no.n.Xo.n.oB ti HOBNX sKCilepw.erraiThHI:IX t-eTo.n.cm e UeJllliO 

no.cytJeHHH cBeD,e!ll1H oo s.rlffi'I'pJHHI:IX Y..OPIE-'lSllJ,l151X B aTOMaX. B sroii CBSl311 B nQC.reJI):Il1e 

n;>.JriA ~yqem1!0 qmoHOHH33ll,l1lll reJMil funo Y.llereHO MHOIU .. BliW!..3.HJ.ffi. . . . . . ,. . . 

· · B 3KCnep11M2HTaX[
4- 61 no qmonorixu~iilo Ha HeBo36yJimeHHOM rem111 c .n.ocmro<llio 

BbiCOKOM CTellellliO TOtJHOCTH · ~peHbl • cet!eiDIH qmoHOirn:3a!.u1lll B lln1JX)KOft c6naCTI1 

3HeprnH iPJTOHOB OT. nopJra ,li,O · HeG!«JJID!OOC ,ll,ecmwB sB. . TeoJETW!eCKHe acneK'ru 

n~ .. ·IJpSlMOti_ qmoooHH33ll,l1lll ~ OCHOBHOro COCTOHIDIH reJMil · Hcc.Jig!lOBaHbl .. c .. 

HCll0Jlll30B3Hl1eM . ~ MO,ll,e.nefi . ~ re.JMH[
7- 151• G.JJenyeT CK'a311Tb, ·t!TO 

~ ' ' ' 
. Olll1caffi1e . oCHOBHOIU ' . COCTOHIDIH • reJMil IlJ(l,li,OJlllrae'r ' OCTaBaTbCH TIJY,li,HOM 33,ll,at!eM, 

OOCl'..o.JibKY HaPH.l\.V e yr'JJOBO~ Irop:peJJSl!JJ1cii ~0 · IJalKHYlO pJ.JlD : l1f1l1eT ~Hoe 
KOppeJ111pJB3HHoe ,li,BL1lreHHe S.JEKTpoHOB~ Iror,H,a B (1s

2 l 1
S - COCTOHHHH reJMil o6a 

3.JJeKTIQHa O,li,HC>Bp:t.eHHo ·. MOI'YT C 3CJt.effiOH · BepJHTHOCTbJO HaXO~ :il6.Jn13H 5l,lija. ·. · . , . 

B. HaCTO~ BI81fl W!TeHCHBHO ~ , SKCnepwerru rio !PJTOHo~' 
B036yJimeHHbiX·aTOMOB[ 16\ '·B. t!aCTHOCTH re.JMil[ 17• 18]~· IlpJr1:ecc· B ::lli:cnepw.eHTa.JIDHOH 

. TeXID!ice. no-. riJMlwoBJJelil1JO oo36~ Ml1!lleHcii ... H . O,li,HOBp:t.eHHoe • HCnbJIDsoBaime . . ·. . . .. - . . . •- . 
Jl33ePHOrO . _H CHHXpJTpJHHOIU ~ · O'l'lqllBalffi' ·. Im1pJKHe .. nepcneK'I'l1BN · )l.IDI 

~yqemm qmoHOHH33ll,l1lll aTOMHNX CHcie.l ~ B036yJ!meHHbiX·_COCTOHJll1H. 

Wro00Hl13ai.I,I1R B036yJimeHHI:IX aTOMOB. rrp:;!l.CTaB.JI.HeTCH cero.n.ffil B. 3Hat!HTeJJDHOH 

CTeneHl1 J>eHee ~ytleHHOH no' ClBBHeiD1!0 C ~iO~ oCHOBHI:IX CClC'l'OSIHHH aTOMOB. 

~0Balfi1e qoroHOHH33ll,l1lll . B03l)rueHHI:IX · aTOMOB • reJMil " !mHO • KaK · )l.IDI 

~a.JIDHOH !liDHKH, TaK H )l.IDI . IJpl1KJI3,li,Hb 3a,H,at! •. • C' TOt!IG1 . 3peiDm 

~HNX ~OBaHJ1i.i, . B STHX IlJ(ll.l,eCCaX :3a,ll,eMCTBOB3Hbl COCTOf!Hilll 

l«JHTHHyyMa, uanpw.ep : 11,3s, .1,3p, 1,3D H .n.p., ·. -~~- He B036~ 

O,li,H$rOHHbiM. • nepexO,li,OM . : ~ • OCHOBHOIU . CQCT()HIDIH•. .'!EM · .catvlrlM • rrp:;!l.OCTaB.JI.HeTCH 

B03f.mHOCTb' ~yqeHHH. _·. HOBOro .. KJJaCCa MZE3J!eKTPOl!HNX l«lP~- Qll.HOBp:t.eHHO 

~ • ~- no. xaiim'repHC'IWtaM HOHH33ll,l1lll B036yli(IJ;eHHNX. aTOMOB,. HOHOB H 

r.nJIE'KYJl BCe fu.nbilE 'TlffiYJ(ircH B. CN2llHbiX o6.naCTmt:~· Ta!OOC--KaK a~, ~ 
11Ja3t.ti, ~ 'ii~. 

- ::Kcne~Hoe ~j:an.e. cetJein.!i1 qoWHO~ ~HNX HeC2
1

'
3

S) 

a'l'CM)IdHJIO: (lcymecTB.neHo(17] To.JID~ I36.JmH' nolx>ra OOHH33ll,l1lll. l{p_:lt.e roro, TaiOile 

~:(aru[1Sl'a.6co.JncrriiOO.·~ qmooo~ HeCn 1 • 3p) aTOMOB ')l.IDI n=3,4'H 5 
npH O,li,Hct.! 3Hat!eiD1lll .)l.mfHbl BOJlHbl B ~ct.! c.nyqae. B :3TOM SKCnepw.eme :rem-teBaH 

t.MIJ2Hb n~ TJy'I'al HaKat!IG1 He(21 ' 3S) a'l'CM)B Jla3EipHbiM i1:3.Jr.Y'leHHeM,. T.e. B 

B~\tilitietiHLA\ tme7ETJT ·I 
m!~~s~x BCC~ennaaurl 

S.M.SJU·!OTEKA ·. -· ' .............. _':' 



riJX>U,eccax HeC21: 3s);t.:. Heln1•3Pl • .uaJre tJaCTb a'I'CMlB, HaXOJmiJ.HXCSI':B n~· 3p.:.. 
COCTOHH1111r·'IDIDciJBa.JJacb/'Je.1• xe· ~< .n:l3ePHOro nyqp:a~.-!T.e; -'B~· npou,ecce 

He(rl_1.3p)+'(: . .:.•He+-te~ ;: -~ •. ~- ,·_., ;_.; .;,·::··"'. _,,_,; .. • , .. ·l :·, .•• _._.: ·:·c.:·! ,,·: -• ,.· ..• 

,. xap:!K'IBjMCTl1Kii!. nl)5M)i1 11ro'm10ffi1331J.l111 oo36yxneHHNX- ·am-10B : re.mm c : ne'(:Exo.noM , • 

Ha·~oBooe:··~·-1-!oHa·'·lMite -BW~ro: .nopora ,_J10HI13aU,HH rn.nw. IBCCttHralill: B 

JOO;:Yrax~15•19-2S]. B; 3Tl-IX·-J;afurruc' 'Hcn0Jib30Ba.nl-!cb::. p:nJlW-!HbB M:l,lle.llli .- CTP'JKTYili :: 

a'l'OM'l, ytMruBal(llll1e I"..OpJ;E.ID11ll111 SJIE.KTPOHOB' .kat< ·B-:1-!CXO,ll.HOM, T3K ·11 ,B . Y..OHe',IHCt-1· 

ccicToHHI1HX KOHTI1HYYM3. . -;. •. ·.' " ' • . ' • .· - •• - _ . , . · 

' • llp11lciytteH1111 npou,ecca n:p5M>H qorol-IOHl133Ul1WaTOMa remm; 113 er'O:·Bo36~'l!Ul.eHH!:IX. 
cocTOHHl1i1 • ,li,J'.H . onwinnm : KOH'rnHYYM'i a'l'OM3. l1cn{).Jib3()ea,m1Cb' · M:tro.n. cl1JibHO}L cemv. 
KaHaJIOB[ 20• 24..:26], ,t£'I'O.Jl •}{aifl'pl-1-00Y.a ,··c· . 3.3!'--!0poitceHJ-m ''.OCTOB0tl2,7J · .'1\'.!0PHSI 

. B()3Myll\eHI-Ii1~2:n,,.~t-10,lleJ!b ·. C ll,eHTP'lJlblm ·fup:tM:!I'PW-lecKI1M: TICtreHwunOf-.~[~21,, '11 .t.t'TO,ll 

Ko~OHHOr'O B3311M),llei1c'l'Bl-IH[ ~5 •28); · llpw STOM 'CTP'~ ; am.£ B .HCXO,ll.HOM' 

COCTOHI:Il1l1 onHCbiBaJlaCb ~ }(aprpJA-tlDKa C 33t.10poJY.eHl-M-1 OCTOBCt.l[.~4]; ··J)2llleHl1E:f>1 

ypaBHeHlffi '' ill~J;a .'C' .'U,eHTJrun,Hb!M .r, r.ap3M2TPWieGYJ1M .;_ TIOTeHUI13.J!OM[2.~], 
MHOIUnap:lM2Tpl1tteGKW>1!1 ; Baimw10HHI:lMI1 . '~~[ 20

' 25:--~.J; : '.1 ·. ·. TaK:l!Ce :, M2TO)l.OM, 

OCHOBa.HHblM . Ha-'.; TeOPffiF'. BO~'IIJ,eHI-!i1[~~,], :w .. }!.HOr'OK0$1f'YJXlll.l10PJfrlM . M2TO.ll0M . 

Y.aprpiA....¢DKa[ 1-51-.; ·.TeoJ;BTW-leOOie _.;J;a.C'-leru ·, : .lWl.·· :xa}XlK'repl1C,.wK ._. ~IAOHI133ll.l111 . 

B0361o'l!r,l\eHH!:IX; 3TOM\)B ' re.Jnffi . 6bLnl1' npoBe)l.eHbl( l ?': 2,5} " .. B -.OCHOBHCt-1 .· npiA-: OTl-fOCI1TeJlbHO 

M3Jlbi.X· --3HeprnHX·•S.JIE'r.l'poHa.·• (UeHYJ-1; •f!OJI'J"cieHHble, B. Bblllleynot.iruyrux ·J;afurax : B~ 
np!-1nOporoBOi1 ·_c6JiaCTl13Heprnl1, • XOP=lmo· _corJJaCYJ<1l'CS! ··, C -· SY..CriepW.£HTa.JibHbiMH : ,l{aHHbiMH 

no • cetteHl-'Jll .. r.·MOHl133Ul1l1 ·;·He(21si: 11· H~in 1;• 3Pl ·.aTOM0B;a ,ll.ll.q 110Hl13all,l~ 113 :He12
3s L 

COCTOHI:Il-IH . aTOr.\3. 0·pacXO,llffi'C5I ,; • C ,SY..cnepl11Ye!TOM, ·. B t6o.nee IIJl1POKOM • c6JiaCTIA SHeprl111· 

qaros.neKTpoHOB (0<E~1>2·.',a.e. )'';BblflOJIHeHO · ·'!ieGI"..o.JibKO' J;aC'-leTOB[ 22-'~4 •26 • 2~] ,.·!}. 

Y..oTOIWC J;aCCMaTP!rn.:l.JMCb npou,ecchl qaroiAOHl13alJ,MI1-IBJI11H,,c-r.JJaBJ-m .o6~::J13 _21~·.3s-. 
COCTOHHmi[~~:24.'27,,28J_ M 21 ~3p_ ccicTOS!Hiill[2~,2f] .~,:-.,.· ''" : . •. ,/ . 

-..-"- . . ' ' ~ ·' . '1: •• > ' ~... -

. ., : i I'e3Y .llbTaTbl r 3TI1X "WOOT·.' BeCbMck .xopowo ;' cor ,JJaCYJ(JI'C5l " t-eiiO\Y eoqoii " B /;' c6JiaCTl1 

sHeprn!L qmos.JIE'r.l'poHa ·,FA; 0, 5 a. e.·. : lliJ11·, ;-JHeprv.HX_..:,~Ha :~ E>O .~ , a.~~,, ce'}eHiie 

npslMoro qx)Tonerexo.n.a•· B :KoHTI1}fyYM ':;:113 eq36YJime!:!HhiX COCTOHHmi-: re.mm · 6uCTpo 

Y,M2HbllJaeTCSI •• &t=cTe C TeM Oll,eHI"J1, . .'TIOJJY'-leBHhle B pa3Hb1JU~;~ ~-a~~~ 
33t•e'I'I-IO·.-OT~1'13IDI'Cl1[-~?•_F"P, .llP.YP.~OT, ~~- Ce~-Ieffi.le n~i1 ~110H~ 2~;~P~-

- "-"nn ' • ' ' . ' ' , .. ' ;,;;.,;i26J . • · . 
. COCTOSlHl-!Sl. remm B.. ,GTQJA .. uunaCTIA c ~mepl)-111 · p:lCCtMTaHO,, TOJlbK9 }'! , I8'--'-; ~ c ": : • _ _.,.B. 

ee•-Iemmx., '~.nO.ll'J",Ie!JJ-liD;.;:;B.: IBOOrruc~ 15.;~~~~4 • 2~J,.L_r.ne- Y'-1-reHO> ~--; !'.aK~
Y.aHa.rroB,, TIOl1B.JJl1el'CSl tleKO'l'Oil>lii Ml1HI1MYtJ,;,KOTOIW1 Q'I'C}'TC'l'IlY,eT B )IJJ'jrl1X ITICi.JeTax.[~]. 
l1o,no6Hrui ~IHpc'I'b H3,~C~·B:3aJ!fl~le ·~JX)~Oi1.~ot:0~~p·?J._ •.. ··:_· .• ; 

. B J;a60're[26] T3KOe nOBe,ll.eHiie B Ce'-!eHI111 ~i1 qarol10lll-mll.l1l1 IACTOJJKOciu-Jo. B. 

COOTBel\.,"TBI111~ c.:~pl-lei1 ¢aHoPO,J •• KaK -w:?Y.llhTaT. fllXlmm2Him', .:ey.rur·.' ·w~~~. K~~~. 
• • • ~-"' i- • . • • .4' - ~ ·- . • ' •• -- - - .... ,, • ~ -· .. ~-- • ...- ... . ••• 

om16:ma.Ktnei1- niUIM.llb JE3QHaHca ••• B.Jiill,ll1 .OT· c6JiaCTIA re30HaHCOB .no~ .no.no6Horo 
• 0 • : • ..,_ • - • - • .. ' - •• --~ • ··- -- -· • - •• - .... ' ... • ' ., .... "'~ --~ .• .. • .... 

Ml1l-lltl~,. CKO_p::e Beer)), ;~eT -ID._)~3lKf!O~:r:b:~~r.ffi.~. ~')~~OB_ 
--'·· ··: .... !,";;-· .. _;.,_~ f.';~·:'f': ~ }'.~}~ ... :.:'!- :.p·p.;_.~-~:~ ~ ~J~=-.... >f ·'-_(.:--.. ..:;_ :}.;..:-......'"::·~.-: . ,•_,_,.,- ~- ~ . ;-'. 

~ • -.-. ·ff f "'- _-·"t ·,-:.; - ::: i " ~-::-:.: .. : 

'"'· "'"'-.--.~ . ..,- .. """''""'"'~-
~-: '-.:·.,·.,:~. -· \.!- ;:o,: v<,::·:~.~-...-~ .. t _, ... _ ":/,.·>'. 

> • .-;·: :'2 .;:; :::. > ~ 
- ' . 

:::-:.: /_ ' 

} 
'I 
l 

~ 

Ha X3}XlK'rep!1CTI1YJ1 qoroi10Hl-13all.ill1 . B O'I'Iqlll'1:IX IGHa.n:u?''! CymHOCTb. 3TOrO JIBJEH!ffi 

CllCTOI1T B TOM. 'ITO B <XiJJaCTl1 3HeiJn111. r,ne aM!lJnfrY,II,N n~ qurone'(:EXO)l.OB BeCDM:l • 

M1.Jll:l• · EK~ ¢o'ronpou,ec.ca. OC•YCJIOBJJeHHble BJOOIHI1E'M ~ Ka.HaJIOB._ yxe i.t:Jryr; 

v • .OIIKYPl1P0BaTh c m v-111 11 urp:i.Tb · 3.'.1."E'THYYI po.llb B cer.JeH1111 110Hlmll.l1l-l aTOMa. · 

EcTecTEt.·'l-li!O, '-!TO. BKJJa,ll_ BeTBIA qoronpou,ec.ca, 11.JIY!Uei1 tte{E3 . 331-q:tme l".a.HaJlN. 

YlleJll1'lHBa€TCl1 c pocTOM SHeiJn111 11 M0.1I!eT .llOMJ.1Hl-IPOBaTb B ce'-leH1111. no.r:~o5Hoe -~ 

tu.no. coopyFHo B reoPffi1 smePH!:IX ~~[~1J ~112CR -reoJE'ri1'!e"J.l1e ou,~ 
llO)l.CI'.a:3UBaJ(11' • '-ITO STl-1 ~ Cn.llbHO npoSIB.liS!l(1l B · CJJY'-1.1e 110Hl13al)J1!1 113 21 

'
3s-- ·11 

~ 1 •"3P- COCTOS!Hllll reJillil. B 3TOH CBS!311 113ytleHI-e MexaHI13.\U nl)5M)ro ~. 
1-tJlY!llero l.!ep23 3.1Kp,rrue KaHaJJ!l, · 11 ero 'BY..l1lll.3 B' ee'-leHI1e . $JToHOHl133W111 

n::eJl,CT3B.IJ51E.'I' HeCCt-1HeHHlli1 I'IHT€~ B $1311Y.e · B:lliM}J{eiiCTBI-!H qoroHOB C · a'I'OM1Ml1 • 

0.1lH31'..0 B M:?l'O)J,e 'C11Jlbi!Oi1 CBH3ll K'li-·Ja:-'IOB · Hefl031<K)l!Ql0 · p:l3.lleJJl1Tb l'..ci.Jiw.!eCTBeHHO . BKJJa,DJi . 

B ce'IE'fll-1.'1 rmq.l.lTh!X H 33KIUI'IlX Y.al!i:lJJOB l1 Bll51C-Hl1Tb, Kal<l-le IIEHHO 3.'llqll11lle l".aHa.lltl · 

P.BOCm' OCHOBllOi1· BI"..JJa.n B ce'-leHlffi B 3TOM c6JiaCTIA. 

B-.t--.6re C T€M B .ll.l13f'OH3Jll13all.I10HHa-1 TIO,llXO.Ile[ 
321~10llll0 nj:e,ll.CTaBl1Tb eetteHle B 

Bl1ll.e Cyt.MJ !{OMfiOHeHT • COOTBeTCTBYtaJUIX- B- _ OT,lleJ!bHOCTl1. KaK nJ)S'o1bM qoronepexO)Iij.\1• 

TaK 11 ¢o'rontxllleGC3M ,- npoXO,ll.lWt.f tJep?3 " 33KINrue 1"..11-JaJJN., 81'0 TI03BOJISIE.'T no.Jr.l'-!li'Th · 

KOJ!l1'-JeCTBellllble oueHK11 BY..JJa,ll;l 33Jqtl'I'WC KaHaJIOB B C-e'JeHI1e . npou,ecca nl-J>M)H 

qorooomm:um. ' . 

lljXXS.Ja.n qarol10H113.'l1.1,1111 B036yu,eHIJN.'C .1TL"WB con~ TaKl!e C TIJY,ll.HOCTblO 

om1caHI-IH CTPYKTYJli aTOMa B 11CXO.llH!:IX • c.oCTOmutqx. B . ttaCTHocn1 , .lWl reJil1Sl 

He,!J.OCTaTOtJHO 113Y'JeHa CTPl/KTYII1 l-1CXO.lll!WC B036YX,Il,•2t!HWC COCTOS!HI111, CBl13aHHbiX 

;u.illOJib~m~A . nepexO.JJPMl1 C KO!!Tl1HYYM-1M. ,l\pynM1 C.llOBaMl1, . OCTae'I'CSJ · TIOY.a HelCHbiM• 

KOPIEJISlli.ID1 KaKOr'O Tl1!la .llOJmibl OOTb yo.rreHbi•B Onl1C.1Hl1l1.11CXO)l.Hb!X COCTOS!Hl1ll B nepBYJO 

o•Je~. tl'l'Clt'N c62cnetll1Tb mrmc~-~e -reop1111 11 :JKcne-p-M:>HTa. 

Mtlorona~itt~ .BaJ;M3ll.l10HIIle · ~'HKiu111, 11Cn0Jlli3Ye.tt:' EO MHPf11X·. patmax 

)l.JJS! OID1CaHiffi OCHOBHOr'O COCTOl11Ull1 ~m. ytll-I'I'biBai1Jl' KOpiEJISlUI1l1 onpe.JleJieHHOr'O Tlim, 

ttTO 3aKpeiiJleHO · .HBHNM ·Bl1,ll0M • 3Tl1X ¢'JHY.UIM. B' 3TI1X 'C.JI'.{'ru!X ~- · BCer'.li3 

TIOCJte.IJ.OBaTeJILIIO . ytll1'l'NBalal' . · · TOJ:!le.:~I'BetiiiOCTb . :3JB{'l'poHOB, HeJ101{.1Jl.bHOCTb · 

r~crpoHHOI"' B3ffi1M:l.JJ.ei1cTBI-IH, lliliOTOp,le 'l'liDN ·Kopp:-Jl5ll1;1i1 BOCitlte He BY.Jil()'I3J\Yl'C',q, 

3a.\E'Ha O.Jl}IOH MHOr'OnaJ;DM2T"P1'!E'CY.Oi1: Ba-p13l1,l1011HOi1 tWJIKI.I,I1ll Ha .llpyry!O B.fetleT · 33 

ccfJoi1. KaK TIIXIDI'L'IO• C.~'llleCTreHHoe l-13M::lletll1e TIJl)rp::u.M-!Oro; otecnetlffil-!Sl. Ho C3Mlll 

r.naBIIilll TIJY,ll.HQC'l'b eM33Ha c TeM, t!TO ~1Horona~JeC.YJ-e BaiJI13Ul10HHble _¢yHI'll.1111. 

TIOJJY'-IeHH TO.llbY..O )l.JJS! HeCKOJibKl1X B036~'X,IJ,eHHNX cocToHI:IJ1i1[ 25-27'' 371 , ll n::eJl,CTOl1T - . . ' - . -· . 

*1/!a:Ha.AOJJ ]:B1K!{U'.l, lMtt [XlC~,· 61i£,cl m.~· Ct~fC1W.LlCTTlb 11:&mmo6ur '-l'..l'ce.t 
ncfutc11l:'.U. i!aJ1a..ru ]XJ.3/lM:' • e.:~ CofulcyrotOCml.l. ~m _ Wce.A 01'/'..AU'la.UIIl-.q Ia71!l ON 

001-aw 'lltC.AcW~ HaHa.( ruJqJN111. eC..ru tJiyHJa.li1Sf ICmlaro aimy-.JXJfm 1-ta · 6eciwrem0011l.t no 
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. . ·•L : ..J· , 

a !1aii-\11il.llliHoe ce'~effi1e fl:tmMQrD qmoileiBJ(O,n:.3. B OTI-{lHThl~ KaHa.JI 0~) I ls) 

on~e.ru:IeTCSI rfx:>IJ<lYJIO~ .. • . 2 - 2 .·: 
. (Ol _ 4'llaulao 2 

'··· or..S rEI-~,..·-:---.- IRLI • ·,. '.· , . 
. . .· _ .. 3C~Li+.\l. ~-;:;, :·· .: .·.·u :,".·. _ .. _ 

··•·· 
C26l. .,._ 

3,.n.ecb a. w 11. _a0 - nOCTOffiiJiru1 TOH!{()U GTIJYK'l'Y:Jll• :~acTOTa. _rfx:>TOHa 11 90.[X)BCKJ1l1 
JXWiYC -~Ho. R.L ~ )1p~e~tllii1 MiTp~<~~; ·.:3~T: ' .... · · 

Ri. =. <la ELS:LSI!DIIniLi>·· , ·· c; "· CZll 

r.n:e i> = '5! r: · "!._ .• , • . · •· r27aJ·· 
R k · · 

oneiUTOP ~OJlbHOrD neiBJ(O,n:.3.; !Io,n:CTaBJIH()18)' B rfx:>IMY.iJY .. (m)> npUHI1M'lll BO 

BH!1MaHI1e COOTHO!lleHI1Sl C19,3JJ U· (2{/), MOlKHO 3ai1Jr!GaTb !1aill.l1il.JlliHoe ce'-!eHJrle 

JriOHl13all1111 c Y'-!eTCJM · l13oJ!Jr!P:)Iriimoro ypoBHH . Eg£ · !i-' :3/:uq:moi-1 K.iHane ; a ~e~ 
m;...rr..p. . • •, ·•·. .. ' " -.,:·.: •. ' ... 
'!Np·~· . 2 . 

[ 

(q +E.-· l '] 
OlS CEJ = 0~)· CE)+O~) CEJ . IlL 

2
JIL-1. '. 

1 + c:IIL ' < . . 
. ''(281 

. . 

BBe.n.e.~ Be.JJW{fr!HY TJ, ~J)3K'rePl13YJ<ll\YIO ,IJ,OJIIO. ~ 3aiqmoro KaHa.JU· rio oTHo~\<'' · 
ce·~eHI110 qvroneJBXo.n:a B O'IKJl:li'hM l'.aHaJI 

. (q + E. ;2 
T)CE)::' .t.orE> ·=· !lL·.IlL·..:i 

O(O) CEJ 1 + t:2 
.lS •. JIL 

',i. 

~O!El = o13CEl - 0~) CEl 

B rfx:>IMYm.x (28 l 1r1 C29 > q~ 1r1 t:JIL o~~ KaK 

i <J.ISLI!DIIlsniLi:LiS> 
qiif.E> = -

· · ~<J,ISL IV 12 11sESL: LS>.:lsESL: LS I!DIIlani LiS: LiS> 

r.n:e E - E 
E.JIL= 2 ~ • 

JIL .... 

·I'~ yrJJOBO~ aHH30TP01111K tl2( 1s)aEeT BW\.c 

132 Cla) = f 
' ~~SL'LLL' >R~RL. Coae6i,--6L. l: 

L:I~LI2 
L . 

8 

C29)' 

C29al 

(30) 

;';,.. 

(31) 

(32) 

'I';" 

SCL'Lf;L' l = c-dft~- [LL'J<{fJL'O 1~0> x t-~~i} P;!>_ • (33) 

.. L 
f=3C-1Ji, 

[ab]=_ Y'C2a+l H2b+1 >.; {~:~:~}:- 6.j- c~ Blirnei.a· 
P

20 
-CTaTI1CTWieCKJrli1 TeH30P · ,li,JlH -: HeflOJIHPI130BaHHoro 11· fl0JIHIM30BaHHOro · qvroHa. 

COOTBeTCTBeHHO ~CTaBJJreTCSI B B11,1\e: . . 
,, . ' . 

. p<¥>= { 112 <1010120>-,li,JIH ~onHPJr130BaHHOro rfx:>ToHa ·. . (341 2o . -<1010 120>-,li,JIH Jli1Hefr!Ho fl0JJ.HPl130BaHHOro rfx:>ToHa • 

Kor.n:a caer· HerJOJIHIM30MH~ TO -nCJ.llHaH c11~ o6.na.naer aki-anbHoi-i''c~ 
CYI'HOCIITeJlbHO Han:p3.BJiel!frlf!. .J1a,ll,al(ll(ei ~Ha ~· B 3TOM. ~· ecrecTBeJUiO, STO• ~ 
~ Bbi6Jr!IllercH 3a ocb KBaHTOBaHJrl:ll. u yroJI 8 . B .. _ BNpalleiD1Jrl c_7> ~ on~e.JI51eTC.H 
yrJicM ~ r.ear,ny. Han~ IJa,l\aKll\ero. 'rtowlia 11. awruaneru ~Ha. • B CJiyt~ae 
Jli1He~o • n0J15IP1130BaHHoro . l13JiytleHJrlf!. .. ocb z . f;K)J[HO MJr!IllTb nap:!JIJieJibHO~ 

3~eCKOMy fficr.opy K, nQ3TCt.IY- yroJI. B rfx:>IMY.re C24) )<a~Pl13YerCsJ.yrJIOM 8 

~- .BffiTOPOM flOJIHpJr133l1.111 £:\ 11 ~ . BNJieTa s.llel<TpoHa. ~,'~ITO 
norJIOII\effi1e~ TaKOro .. ~Jrlf!.. npoUCXO,l(Jr!T. noc~CTBOM .~- .. neiBJ(O,IJ,~B CllM=0) • TaK _.KaK 
OCb KBaHTOBaHJrl:ll nepneH,lJ,l-1KY~ K ~PY ~- . . _ .•. · 

YrJIOBOe rncn~eJieHJrle SJieKTpOHOB_; .. 3JiteK'I'HIX)BaHIINX B KaHaJie 1aEL flPI1 +' . " ~ . ,. ' . . 
qvroneJBXO,Il,ClX He(ls nili:niL~>+t +He (1a)+e, corJJaCHO. rfx:>IMY.Je (17), 

l<aJDK'l'ePl13YeTCSI O,IJ;HI1M IJap:n.erpoM , tJ
2 

( 1a) , 3Hat.IeHI1fl KOTOJX)ro <:Jrp:lHWieHbl . B 

Jr!H'repBaJie: 

. -'1 (; tl2 ~~; 2 • .. .. . c 35) 
Ec.m1 Ha'4a.llbHoe CllSI3aH1Ioe COC'I'Omu1e a'l'ClM1!51BJIS1eTC51 n~•3s- ~· TO.J3 C11JIY 

3aKOHa COxp:!HeHWI yrJIOBOro ... M:JM2HTa tJ2C 1a) npl1 · BCe)C 3Hal{eHWlJ( :t'li . 11_ lii1MEel' 

O,IJ,JriHaKOBOe ·3Hai.JeiDe, IUBHoe .2 •. !'freT IB3YJ!I>TaT .,JJelliO. HOJIY'Ml'b, ., flO,IJ,CTaBUB •. B. 
' " c • ' ' < ' <'; . • ._ - . • • • >- ~ l •; > ' 

~ C~)-3Hai.JeHI-1e Li=O. B c.nytiae OTJM!lHOroo;r HYJIH li(=Li) B.rfx:>p-.1Y.re. (~)_ 

,li,JlH KOOl$1UI1eHTa aHH30TPO.~ tl2C1 1s 1J.' ~ .OTJIWlHI:le .. OT HYJIH Ml'filWllillle, 
3Ja.e!l'ru, O'J'Bella!(I]\J nepexO.liPM SJE'K'I'IX)Ha. B KOH'l'friHYYM e l=h ±1. . 

. !Io.mioe. cetlellHe· rfx:>ToooHl13alJ,1111 Hecn 1, 3PJ . aTOMOB Jli1H~O . flonHPJr130BaHHI:lMI1 

qvroHaMJrl, ~!He 11Cfl~Ba.m1Cb ,li,JlH MX BO~eHJrlf!., ~0 ~CTaBHI'b KaK[
2SJ 

. · O(O)(E) =· 30(0) (E) + ·1 20(0)(E) · . (36) ·. .. 
' . · · · S S · · ' D S ·• · 

r.n.e o~~~<E> H o~~~(E) o~~ .rtx:>JMYmi1 (26). B -~ u~oBalll1ffiC TaKJre 

noHa,llOOHrcH OOieiD1e rfx:>To~ rYCE), ~ OOIUTHblM ~eccOM 
npsr.tii rfx:>To110Hl13alJ,1111. llOJIHcie .• ce1.JeH1.1e rfx:>To~ Ha . OcHOBHOM . COCT05lJ11111 

I10Ha <f;a< ~) !\mHO flOJIY'Ml'b 113 ·· ce<JeiWI · mm::>H rfx:>'ro110Hl13alJ,1111 (25), 11Cfl0Jib3YH_ 
TeOJ81Y '"00~ BP2M=HI:i':: ' : · ·y_ • . L. • ·. ' 

. . 0 r(E) = q2/k~ O(E)J , ; (37) · • ' 

r.n.e q H k- BOJIHOB!lE 'llHCJia rfx:>ToHa 11 SJieKTpOHa. 

.9~-



. . . 3~- Mo,neJM ~C'lerq 

~ eoKp3ll\eHHoe c:6o3Ha'lemte' F II .1l.JIH CTIJYKTYPHOi-i MO,nem1 am.a, Y..oTOp:Je 

~ ~ BOJIHOBWC ~ l1CXO,l!,HOI'O CBSl33HHOI'O I 11 KOHe'lliOI'O B 

KO~. F COCTOHHl_1i1 •. 

,llJJSI BOJIHOBWC itJ'}lMJ,I1i-i OCHOBHOI'O l1 ,lU1CKJETHbiX B036YlJOI.eHHliX · COCTOffilill1 B XO,lle 

p:!.C'!e'l'a l1Cn0Jib30BaHN . ~~: . nQ.ny4~. . ~,l!,H6- .l1 MHOrcifr.0~0HIW 
M3TO,Ir,C001 xaprpl1-¢oY,.:P3~' CfmHa'!l1M 3Tl1 iWHY.Ul1l1 KaK· SCHF.l1. t1GHF; CClO'l'P£'l'CTBeHHO. · 

B p3.C'!el'3X ~ MCHF Y'll1WB3JIOCb B3311MO.H,ciic'J'Bl1e CJie,ll;YK11\l1X Y.D~: .. 

1a2 •· 2a2 , 2p
2 , 3a

2
• 3p2 ,: 3d2 · ·•. · JJ,risl 1

1
5-.Tep.u · .. 

1 2s .1 .. 2 Q 2 z"2<:. ..-.:nno ·r;1s'~ Te,..;,.; ·' t'')O\ 
5 • a • ~ • p ~w· ~ ~~~ •JU. 

i~z~;·· z~3a;· 2P3P; 3d4d -' · inH · 23s- reir.a ~ 
~~ ." ·----: ... ··-.-~···( . ..,.·--·.·· -. ·-. ",._ 1-;:_'.•· .3 

1s2p, 2a2p. 2s3p. · 2p3s, 2p.'3d ,1l.JIH 2 P- W2 P- TeiJ40B. 

· PD.mioi.:ffi ~iR P...6im~/ cormciio tlrit:MY.Jru~ 11 i 11 dB 1 ; nreimaB.n~P-Tcil n . 
Bime c~ ~~. xa~PJciYiwu1X COcToHHi£:3.lleKTIX:Jna B 6Titl:ma~ <Ps>' M .· 

.. "' .... · . . : .· . . • . .. . .. . . ll 
~ (~p) KaHa.Jl1X:· .. 3ry tF:/HKW1J() ~~~He'!HOI'O'.Cot;TOffil~ p:!..H,ii'KJXiTKOCru B l.l,eJI~A·· 
on.ffi'b-TaKM H.i3oBeM P'.aK PS. G.ne.n.oBaTeJ!hHo, ilamu· IXlCl!e'Iil np:)Be.I~eHbl · B Mei.n,e.r!HX 

cT~··· I>s IMCHF 11 Ps lsCHF~ B · Kit{la--rne i3oJIHoem1 dWu.VJ.tWA · rtmwJieicrinm' e 

O'~X KaHa.Jie B:3SnD ( P:meill1e;' ~Horo' • naBHe!llffi 'l!l'{P-Jil1Hre:rn f EL ( r (. B 
CJie.ll.YKll\EM L\eHTIXUJbHOM na~W-IE!c!".DM no~[ 22] ;.' 

' · · . . . · . • .. · . ·[ :-a r . .: -<X r: ... · J · 
. . .. : ~·. V(CX,~)~; ; e : +Cii'; : +i ,· , .• (39) 

B nare~ (391 ria:p:we'rpi cx
1
;a2,ix

3 
'B ~ae cillirJiel'lioro Cocroffill'Jl • n~ .· 

3Ha'~eHliH 8,90663. 16,38067 l1 ·9,82222. Jl.JIH·Tll1f~JETHOI'O COCTOffillffi 33~46494';·. 
> -.,c 

7,91893 W 3,27399: COOTBeTCTBeHHO. 

': Pac4eTN · rifoio)U1.iMcb c ·11Cni:iJib:36B:l.HM<iM · TaY.lre ·remen1-n1 YJXlBHetliiH lllreJI,l1iireiXi B 
cTaTi1l:iec!roM, CTarif.!ernbM· c· \ro.er6M ~· ·nareHiJWi.iJax, ·licno.i!WoBfunllix ~:~a'-111· 
p3.Hee[ 35l~"'~ w~; in>J :3~m · B ·~ Y.aHare· drolia'!11M' KaY. · s 'l1 •:sE~ · 
Hal~ 'IBcTolllie .·.IXlCtfE:W · B. 'CPEHeiDnf' ·. c · :3J;..Cnepi~€HTa.JlbH!M1' '.DallHJ:M·i :: l1 .n.pyiit.111•' 

'l'E:Op::Ttf~8c!"J1lvli1. ouew.aMi-1 n~,· ·.n:o··~· sE 11 pg B CO'!eTaHiil1 c-~
SCHF W ·MCHF H{li1BO.n,ir ~K £E.>cliM3.' 6.iM3KJ1M ·~.a,ny ccfui.j. fe3YJibTaTaW B .H,OCTa.TO'IHO 

6cJ.ni;m6t:f imTeprore 13iieptl111. ::trw ·!Th'HI<iu-n1 ~b.:Jiyl{me, i.JEM ·JBUelll1H Yp3.BHenl1SI 

.lli~IXI co· cTr:i.Tl1CTI1'leciti1M noTeHU.h3JIOM '( Sl BO Bcex•wccMO'I'reHHblX HaMl1 c.nytJaHX~ .. 
C .n,pyroii crop)Hl:l, ¢l:y'H!\ll,l1SI PS ~ .Bec:oo npx;:roi-i 11 cor.ucno p:~.cqeraM[ 19•22] 

' . ... ,. 
11"' Halm1M i 'reCT3M 'oiG3!ffiaeTGR , '.iiocTaTO'lliO ;. Ha,!J.OO!Oi1 , . B O'rij?J!Eiil1l1 < O~McaHiiH. 
tlDTO~eccoB.''.':lfanM <3Ha1.JCJII1SI ~ ' IXtccemU1H·'~B 'CTaTW~ecKOM n~· 

BOCnl))l13BO.ll.ffi'·'COOTBE."''C'l'·'······oueHY.J1-:113 wexml 361 ··)to TI:eX··. :.illat13!1!,WX WiPP-~· 
Ra.mo!leHTa BOJIHoooii : ~ 'KoHe'moro' 'COC'I'OSIHI1SI, ; COOTBeTCTBYJ<lll.3SI' COCTOmri1Io B • 

3alql:ITCM 1~, no.nytleH1[32] ~ nOJIHoro · · raMI1JibTOHl1alla" ~~::·a ·· 
nO.IJ.l1IX)C'I'InC'l'Be 3alqUI'biX KaHaJIOB 11a KYJIOHoecKa.! · fu3wce c 3.1IJ5l.nOM Z=2. Tipw STCM 

.ltJISl. 1
•

3
s- COCTQffill1i1 B ·:.m~. ytMl'l:ll3iJncn · cBSI3b . ·. · KO~ · 

·2~ns.2~p,3sna,3pnp,3dnd, ,ll.l!H. 1 • 3~ 2anp.2pna,2pnd,a ,1l.JIH 1• 3{}-- COCTOffillffi-cBSI3b 

•10' 

i 

I 

'J 

..... 

\ 

2pnp.2smi.2pnf KOI$1r'Y~ · fn~). EoJIHOBilll W~iH SJielcr'p)Ha B O'J'I<INI'OM Y.aHa.Jie 

PS · fuJa Op!'OI'OHa.Jll130mHa K 01tll0'·13C'I".1'~ ·. KYJIOIIOBC!'J1M • Ol)511Ta..'l5lM C z=2 C TIOMO!Ub!O 

OP:Ue.IlVIti lllMIUTa. 

' ' 

£\Be)J.EM T3Kll!e COKIEJlle!l~ cfu3Ha'-lef!l1SI ,1l.JIH MO.H,e..'EH IXiC'leTOB .n,pyrnx aBTOp)B. 

fuplill!T p:iClleTa C Bapwall.WOHHOH . !WHJ:JJ,l1efi ,1l.JIH . 11CXO,l!,HOI'O COCTO.Hill1lL aTCM3. Tl1l1a 

XM.Jmeroaca, co.nel11t3lllei1 n nap3M2TJX)B, c6:r.3m•mM i".aK nH, Han:l)lM2p, ~1 c · 
nap3M:~I'l\3Ml1 n=al 11 56 ni1IliYTCSl KaK 20H l1 56H . · COOTBeTCTBeHHo: · .ll.Jm ~ · 
X.3prp!1-1JQIG C 33MOp:>llreHIW OCTOBOM[B,2'7] B 1".0~ BBe.l\eM c6J3Ha'!emte. FCHF; 

1WHKwil1, I10J!Y'!et!Hble Me'I'O.H,OM no.mJpl130BalllillX O~[B,2'7] ll CWJ!bHOi-i CBSI3W 

K.1Ha.JJOB, o6o::>-Ha'~I1M KaK PLRB w cc COOTBeTCTEeHHO •. C'rpy!cr'ypHble MO.H,e..'M, B KoroiWC 
BOJl!IOBbE iWHY.Ul1l1 a'I\.JM:l K1K B l1CXO.nHct-1 CBl'I33JIHOM COCTOffil1111, TaK H e· KOHTI1H'jy!>e 

Bbl'·ll1C.IIHK1l'Cll MeTO.naMI1 'K"l1Pl'M B03MYII\elll1Hc 
12

'
231 w lv.neiX$2pW!ecY.Y.x Y.DOPJ(I1HaTE 131 ,' 

0Cx)3Ha'·ll1M K.'IK PRT 11 HHC C.QI.,"'J'BeTCTBeHHO. 

4. Pe3YJJbT:l'IU >1 COcy:li(,QeHI151 ' 

fl~ l[x:m/alOiil13JI.(U.'l t/3 a::tto6HO.:"' COL".,'11CffllW'l 

X.3jXlKTepi1CTI1Kl1 quroi10Hl133W111 l13 OCHOEHOHJ COCTOH!U1H fum1 :p'lCC'll1T3JIU MHOriM1 

aBTOIXIMW[
7

-
15

] C :,"lt''''M .H,OCTaTOt.JHO Illl1}X)KOI'O Cl1eKTp3. Kopre.JIJ!lll1i1 3JEKTIXlllOB B 

reJMI.1. llp!l 3TCM P.036~eTCsJ TOJibKO' 
1
P- KOHTI1HYYM reJll15J. :1ri1 p:!.Ct.JeThi -~0 

OTJII1l13RYJ'CH n~ ,;)tiHOCTlt B p:i3 . .n>f.!HblX OOmCT.HX . Cnffi'I'IU :1mo:'uecrp)m: ~ 11 

Km!rcTOHEBl B · cBOeM u.w~ i1CC.fi'2JiOBaHl1i1 E'!4t .n.o · · noHBJieHI1SI 6o.nee TO'~HblX 
3Y.CnepwarraJ'.bHblX ,naHHNx[S,6 l noY~1~1, l.fi'Ci npl-1, 3nePnt'1X El(;1 a.e. ¢J:y'HKU.l1H FCHF 

!10 . CIXiflHetll110 C t1J'JHKU11ei1 PLRH OKa3b!BaeTC51 6oJre a.H,ffiBaTHOi1 ,1l.JIH OnllcaHI1H 

xaiEJ{'repwCTl1K tlDTOI<!OIIl13al.U1l1 B c6:'11X L- >1 V - .ll.lffiOJibHblX iJoiMYJnX. Ta6Ji.1 
nOY.a3b!B.1eT, 'ITO I1Pl1 aneprnHx El(;1, 5 · a .. ~, MO.H.eJlb FCHF I20H • , . .:iaeT oueHKII c . 

6TYJIOHelli1EM OT sKcne~Hiix ,ll11Hilh.iX · B nre.n.e.JI.'ri · 0,2-4, 'l'r.. llPl1 OOJ'.biL'lri< 
stieprn.HX ( l<Ed .1. e. l oy.eJIKl1 B MO,lleJI.<IX PLRB IsH. 20H 11 50H · Bblr.r.ru~,.:rf H;.KOJIDKo 

6JMaie K :3Y..Cnep!lf>.fllTaJibHbf.1 .naHiH-1 no CJXiBHet!l110 C !k"'3YJibTaTaMl1, nClJ!Yi'!eiuiL.'\l>1 B 

.Jipyn1X MO.H,e.n.HX. . TIPI1 3Heprml E<l a_e. ouewjl, . 110JIY'·!eHHble M2To.n.oM Te_:\pm1 

~[121 · ( MO)te.Jlli .PRTl, cormc~'K.'I'CJI C. 31~Cne~H!M1 ,lli1HHtiMIII 6 J B. 
. ... . ') . .· - . . ' - [ 12] . .·. . ; . . 1 . 

nre.n.e.rnx 0,9- ... , 7% cmo.n.1 l. Onera.l, 'ITO B IXIOOTe . · cormc11e r.eYJI..V rac~3Ml1 

B L :;· ,JU1nOJibfiol1 i1 V:- ',JU1nOJibHOH iJoJl-1Y.lii1PJBK.1X 6tl.Jio ·.n,oC:Tl1rnyro' C TO'IHOCTbiO ,llO 

0, 001, .'ITO .n,aei' YBeiE!lHOCTb B TO'IHOCTl1 BOJIHOBOH t1J'JHI<ll.l1l1. ~ T"...J<JKe, '1'1\.1. npl-1 

3Heprl1'A E<0,5a:e: toerO.H. I'l11leiUleJMli€CIG1X KOOp,ll.l1HaT IMO.H,eJlb MHCl n!)llBO.ll.IIT K 

OU,eHY.aM cet!eHi1H TalWH F TO'IHOCTI1, Y.aK B n~ ... Vmei1 PRT- MJ.H.eJU1.· B l1HTE'PP.3Jie 

3HePIW1 o,1~1 a. e. K~ cc l5el np1P.o,ltl1T no•m1 K T:ll'Jf'-1 JKe oueHY.aM, Y.aK 11 

t.t;,,neJib • PRT. T::IYJ'f¥1 00p;I3Ct-1, npw 3nepntHX tlrn'oo.JEKT!))Ha ~rkl a.e. Oltetlla1, 

OOJ!Ylletllll:e B. Bblllletla3BallllbiX npti.nJ.11£11HliX . no.n,xo.n.u, . C .H,OC'J'aTOti!IO XO!))lJEi1· TO'IHOCTbio . 

onl1CNB3J(JJ' a1ccne~. O.n.HaKo ·· ·:m1 MJJJ.eJIJ1. · c: pJc'!u.~ s~~epnm < ~1 ·a. e. 1 

~Ha ;,nimr 3aMeTHO 33.1ll1JJ2HHble' OU.el!Kl1 no CJXiBHeHl110 c 3Y..Cnej:ll-WH'I\.'V>i, a . . . . - - - . - . 
TilKire .. O'IKJIOIDIKJI'CH ·. ··.upyr OT ,llpyra. · 

!£T3HOP.~Sl TenePb Ha c0cYJ(lleHI111 nOJIY'!elllll:lX .113Ml1 fe3YJibTa'I"0P.. lbJnl1 p:lC'lt"'ru 

II 



Ta6JI.1. Cet!eHile HIJS"M)H tlmo110HY.33l.\IM aTOM'i. reJllffi 113 OCHOBHOIU .. 

;' COCTOHID1SI I M:\) . 

E,a.e. 0. .0.05. 0.1 0.125-0.25 0.375 0.5 '0. 75 · .LO 1-5 
.Mo,IJ.e.m1. 

1' w . 7.56. 6.87 6._40 "4.87 ... 3.::16 . 1.85, 1-14 

PS jMrnF2 · 6:883 6.311 6.045 4.894 4;001 3.305 2.327 1.100 o.980 

FCHFI6H3, 7.;390 6.881' 6.389,6.155 5.098 4.235 3.549 2.548 1.888 1.121 
• '3 ' . 

FCHFI201{ 7.319 6.786 6.290,. 5.019 .J .. 3.517. 1.898 1.137 
:. ' 3 . . . . . . 

FCHFI50H .7.326 6.78;3 6.278. .4.997 ... 3.507. 1.906.1.142 

PLRBISH3 7:637 7.090 6_ •. 573 6.32\). 5 .• 230 4.346 _3.639 2.620 1._950 1.169. 

PLRBI20H3 7.562 6.997 6.475 6.152 5.152 ' ;3.610 1.962 1.187. 

PLRBI50!f3 7._570 6.992 6.461' 5.129 .. 3.600. 1.971 1.191 

PRT4 7.376 6.801 6.284 ·6.041 4:977 4.138 3.474 2.522 1.901 

cci56H5 · 6.32 6.041 4.973 4.137 3.482 2~548 1.939: ..• 

11HC6 1.65 6.96, 6.36 4.88 3.26 

RPA: .7,55 _7.00 ·.6.45 

i~SKCnepi;~T. recTa 11 Ma}n[6 ] ;2:..HaCT0$1ii JXlCl!EoT;, 3.:.:~E?bpeT!11~·e'CKHe 
oiie~ fe.n.JJa ''w .fu1HI'CTOHa[B] ; 4,5,~ H _7-iksYJ!bTaT!l, JUC~eTOB. :. '" ·.· 

C'rbica!JI'a[ 121, ,ll.1Ki3.Y~[9l. MH.n.JreJR w CT:3~[ 13J 11 PeH.il.eti;P 11 
' ' . ,. { '.;, . 

COOTBE!TCTBeHHO. ,,·_, 

·., 

' '-. ,, j ': "<: ,:- ; l ,· •••• 

DJX)Be,IJ.e!ill B n~ TOJibKO OT!qlliTOIU . KaHa.JJa, T.e. 6e3 . ytleTa B.JillilHHSI 

:?aKpJrux Y.aHa.JIO~, ;aK ~ B ~ CJ!ytlae ~ ~--~~ OCHOB~ 
· Y.ai-wOM. ·II~ s~Prwi E<1 a.e. ~ ·· OUeH!'l1 .• B ~~~e.m1• PSIMCHF '"oDli~ 
s~c~e~Tm~ -~--c OTY..JIOHeH~ B ·n~e.nax OT·oj·.n.o ·2,9%~. ,. Xo~ 
COI_'JiaCile H3Jm.oc. les.YJ!bT~T6B 'B ,\'10,l!.e.m1 'PS IMCHF .: ~- .. s~c~~~: ~ .· Q~~.:ffi~· B 

MO,IJ.e.m!X . FCHF I~H.20H .H )'RT H .11HC ,li,JI.H E<1 a.e., BkWt.p, I'\)BOIMI' 0 , ro,.~, .. liT() 
2 •. 2 ~ ' 2 2 . ' .. . . . .··· 

KO~. 2s ,2p .3s~,3p ~3d, ytii1Tl:ffia~ .:B . ijJyHK!.U1l1 . MCHF, BHClCffi': 

~~ .·BKJJa,l( ,B ODI1caHile.; OCHOB~Or;'O·. ~m'l~. ~- IJoMl.t.1Q. _TOI'O,," ~eT 
.CY.a:3aTD, liTO. B sTOit-c6JJacTI1 cneKTra nJX)u.ecc nps~MQi1_tlmoi1Pllli33ll,l1l1 BeCDM1 xormo 

• I . - • . • . ' ' . • ~ 

ODliCHBaercH ~. . FCHF 11 · . PS. ,ll,ns! .. 3Hal!eHHH SlieprnH t~E~ . a,e, Hallll1 
• -. - •.. ,--.. • ': '·. ·- . • ··., .• < 

IE3YJ!bTaTI:f IXiCXO,IJ.H'I'CSI C. SY..cne~ B ~e.JY.ax OT. 8 ,1!.0_ 21%. B 3T()H CfflaiJ,l1l1. 

picxOlC,ll,eHIJe OUeHOK, .. nOJIYljeHilliX .B .. M:J.n.e.nmc FCHF lnH w PS IMCHF, c sKCneJl1M2H'l'(l-l_ w 
IE3YJlbT~T~ .B MO.n.e.nmc · PLRB lnH, CKOJre ~,ooyCJIOBJEHo Hea.n.~'I.'Hocffio ~ 

./ . ' ., . . ' . 

FCHF 1-l PS ,1!.,!1>1 ODI1caHHSI 1'..0~ qmanJX)ll,e;cca B STO~ o6JJaCTl1 .Cf1eKTIB. . . , 
.nrwrn <Panru~ w &EJy~ cOC1rmHui1 ~ • - : 
. , llaJm.L Jl3;C1~ertl nJ)JBe,.U,e!ill f?. HCD0Jlb30BaHIB! .BOJIHOBOH. ijJyHK!.U111, . B. KOTOIXJH yqreHO · 

B.JlllilHile ·2.3KplruX KaHaJIOB (CM.ilofMYJIY <13)).,. ~nCMM-~,_._ 'ITO KBa.ZJ.IB1' MCi.n.yJ151 

l"~a bJl<EHilofMYJJa, (16)) xap:J.K"reiJ113YeT seJX)HTHQC'l'b ~.SJe<TIX>Ha 

12 

- \) 
\J-
1 

\) 
J 

'~. 

B 3aKIJll'OM KaHa.re. Ha IJ¥1CyrJKe 1 nona:33Ha 3aB}lC}J.~ BeJX)ffi'HOCTJ.1 np:6tream1H 

SJEK'iTofri . B sruq:tira, y.affire~ Coorrerc'I'BYJ(lll€M '1D-: YloBHKl; .. :m BeJX)mHOCTb 

I vEl 12 
w.eeT Ol!eHb ~ BeJlW.Il1HY IIJM. t.'a.riwGE~0~5. a~e~ ). 3J:Ie~· .~o OHa 

CTaHOB11TC$1 sarerHOH B· .o5m.CTH_- sHeprnH E>0,5 a.e. (IJ1C.1) •.. .-; ~-: · · · 

- .::~-

10..-3 

('J 

;..----... 

:~':· 
.. "tj ;: 

..0 

..· 
-------·--.:..;-----------------------:-., 

!t 

'i': :, .·-

I 
• I, • ~ 

;. -·· I . 
• I ~ .. 
·-···* _.,.,., ,;· __ :_ 

I 
I 
I 
I 
I .- ' 
I 
I 
I 
I 
I 
I 
I . 
I . 

I 

0.54 0.76 0.98 . 1.20' 

. : 

"·-"' 

__ ,.. 

, E, a.e. 
PI-!C.1. Pep::>HTHOCTb ~ :3JieK'l1X>Ha (d-BOJJHa)' B·3aKIJll'OM J:GHa.JB lbo<E>I

2 
KBK 

~-OT.SHe_ prw1_ ¢oroaJie:K'l'IX)Ha . , 1 ;· ,... ····:. · ... ,. ,·.' . ; ' . . ~ ' . .· ... - --~ . ~ '-

.. HanM ocHOBHNe IffiYJ!bra.Tli, cocl!l1TaHHNe B •ooHHalJ,l15iX ps lsCHF ~ PS IMCHF, 

~~-lia:_~.2~s··11· B'Ta6.n.2:·- s ~ C:p3B~ci.s!teiie~u7• 18-] w 
.reo~~· me!iKaMH[ 19-~]. :y'MI'I:iBrul· ·~~ ,-ri~~~- xap:J.K"reiMCTHK 

tlmonJX)ll.ecca, · 8.HaJll13 .IffiY~TaTO~ y.n.oSJm nJX)BO,ll,Wl'b. B ~ sHe~ 
o5m.CTHX: npl1110JX)roBOi1 cCkE<0,05: a.e. ), 'o5.na.CTH sHeprnti 0,05<M,5: a.e. w 
0,5<E<1,2 a.e. ' : · i 

Ha p!1C.2 H 3 DJX)~MHO nOBgll,eHile cel!eHHH 00~ He(21
•
3
sl H 

H~d•3Pt.aTOMOB ·!GK· ~ OT ~HeprnH ~Ha B~-npl111~jX}roBOH o5Jl3.CTH: 
.. ,.·.-;· .. __ , ......... -. ,_. ·, .. -:: ·:.. ··. ,, . :·:.• .... :.,[20 21 22-'">4)· 

l31Wio, liTO HaiiM .. 11 no liTH BCe .n.pyrne TeOp3'1WiecKlle OU.eH!'li ' ' . ~ ; l3 IJ,eJIOM 
•• •.. ' • ' • ' ••• ' • ' ., v • ' ·, ''.' l .•. ~ 

HaXO.li,HTCH · • B · COI'~CHH C SKene~ B . ~e.nax 0~. · liJllll olll1Ca.Hl1l1 P=aKIJ,l1l1 

He(21S)+'( => He+(1a)+~ Hallll1 J:e3YJ!bTa'ru B MO,IJ.e.m!X PSjSCHF, PSIMCHF Sar.erno 
OTJJWJal(1l'CSI .tlf:!XJIY_ co60i1,-: npwqa.~ · OUeH!'l1 B, n~ .I'OOHHalJ,l111 · o~ 
HeCJroJibKO SaBNDBlHtML• no OTHOIIEHl1IO K" SKene~> H ~ ,ll,aHHI:Jil' .. )JJJ'jiWC ,' aBTOJX)B 

(pHC.2a). A B CJ!ytlae ~ He(23S)+t => He+(la)+e K XO.PJIIEMY 'COI'JJaCl110 C 

sKCne~ np-!BOMT JBCl!eTbl, BNilOJJHeHHNe B _MO,IJ.eJM PS IMCHF (p-~<::.a:i). -31t.erHNe 
OTJ!WlliH B a6co.marHID: 3Hal!eHHSIX celJeHJ.1i1 ,IJ.e.l>HCTJMPYKII' CHllbHYJO qyBC'I'BmeJlbHOCTb 

celJeHJ.1i1 qmaHOHl13all,l111 He(21S) H He(23s) a~B B IJIMflOJX)I'OBOH o5m.CTH K B!tXlpy 
t.D,IJ.eJM CTJYYKTYlli· ,ll,ns! He ( 31 

'
3

P) a'J'CM)B, B036~eHHI:iX Jn.niefu!o no.rJSlP-130~ 
qoroHa.MH w ooHl13ya.tix reMH :.e qoroHa.MH, . Hallll1 IE3YJibTaT!i no cei.JeHI1>N OOHl138l.l,l1li 

~ ,13 



. 11 

10 

-..9 
(.o 

~ - 8 

b 7 

6 

------------- -:-------~------------, 9 
He( 1s:~:21s)+r:=He •( 1s )~~ 

8 

7 

6 

5 

4 
-- -uaCT.j?acq.,PSISCHF 
-- -uaCT.J1".J;"j·•PSIMCHF 
---- -Jlx~l>QJ972) CCI56H 3· 

He(1s2s:23S)+)'=He •{ls)+e , 

.d...;;.lJECIL jlOlUL CTe60JUII'C Jl .zu>.(l974) 

-~-----=~-::~::=::·;-·---------
---~ 

I ------....! ____ : 

-- -Hacr.pacq.,PSIMCHF 
- - -Hop>epocc(1971) 
••••••• -,Itanrapno H AP-(1972) 
- .:.... -Alluep.a KpenceT1980),PSIPS 

- - -llop~epocc(i9lt1 

I - - -.AmLep u Kpeuce(1980),. T _ . -t------.------.-----'~--........,--.......; 5 I : I I I 2 
---- -CTl>f(llp-r(1979),PRT • . 

0.0 0.3 0.5 0.8 1.0 0.0 
E,3B 

0.1 0.2 0.3 0.4 
E, 38 

0.5 

IJ1.1c.2. fio.Jillble Ge'leHWI qnroHOID13alJ,I1l1 l'<el'aCTaDI1JlbHNX aTOI~U re.JII1S'I Y.RK ~ OT 

sHepnru qnros.JJeKTIX)Ha 

1 0-l ~-----:~;::~;~~'~)-~~:~:(-1~~:~---1 

' ' 

9T ---,;:..; ----,;;, ~- •-:--- --- .: .. -- .. ---- ... -----:-1 
· He(ls3p:3"'>)+r=He•(ls)+e ' 

' ' I 
_____ s 

"' :::s· 
. ·, -. ~ .- . : --. . V -,llaunmr 1< CTe66HHrC(1974) : 6 

.. :_·_. __ -iacT.pactl:.,PDIMCHF . i 

V -Aannimr a CTeCS6unr~(1974) i 
. -- -HaCT.pactl:.,PDIMCHF : 
---- - ,[(a:a~eo6c( 197 4 ),CCI56H' 

...__. 
b 6 

4 

2 

---- -Lla:a~eo6c(1974),CCI56H: 
I 
I 

' ' 
3 

ol .... -~~ ..• i 0 I ' ' ' ' I ,-::;:-:-, ' i 
0.01 0:25 0.49 0.01. 0.25. '0.49 

E, CL e. E, a. e. 

F~1c.:3. · fiOJJHNe ce'-leHlli'l tPYroi10HI133l.Ulli aTOMOB , · He<31 ' ' 3P>, B0:36yJmeHHNX 

Jli1Hei1Ho ilOJ'Sl}l130BaHHblM CI:'.e'IU1 11 ; 110Hl130BaHHNX · '!'2M · lie l13JIY'IE'Hl1eM · 

~ --~ ·. ~: r· .~ 

,·,,. 

14 

,, 

... ""'~ 

5 -----------------------------------, . ' -· I 

He(1s2s:21S)+r=He_'(ls)+e :--

• ,..~-P ,. ~J>~H~~(i9a~).PS;;s ; 2 6 + -Benn a n_p.(1973},FCHF156H ' • · -· 
V-lle.Kr .. Tlllir(1991) 

4 
...--... 
'10 
::E3 
'-../ 

b 
--·-- -HaCT.pac'l.,PDISCHF 
---- -~o6c(1974).,CCI56H 
-- -Ci"AfC<lPTl1974),PRT 
-- -HQCT.pactJ.,POIMCHF. ' 

2 

0.7 

0 I I ··-·:-·--~ i 0.0 +--.----.-.:...,..---,--~---l 
0.03 0.43 - 0.83,. .. 1.23 _0.06 . _0.44 ,• 0.82 . 1.20 

1 2 ,.-----------------------·----·"------~ 2 5 
• . \ b) He(ls2p:21P)+~=He.(ls)..:e, l . . . . ' ,, ... 

.---;---:~--------------------------; 
1

• r) , He(ls2p:2"'>)+y=IIe•(ls)+e l 
' 

e :-:J\n':'ap n _I<peHce(1980),PSIPS_: 

x;'o.s 
:2l 

:2.0 
11 I<peHce(19BO),PSIPSi' .· 

' 
' ' I 1.5 

' ' . ' 
·-·--·- -Ha~T:pacti.,PDISCHF -.: 
-- -:-:HacT.paCtl:.,PDIMCHF • '-../ 

b ·---- -HaCT.pac'l.,PDISCHF : 
---- -,[\a;aKo6c{1974),CCI56H : 
-- -HaCT.pac'l.,PDI_~~HF, : 

· ---- '-~JKaKo6c(1974),CCI56H i 
0.4 

1.0 

' ' :o.5· 
' ' I 

... _ - : 
o.o I . . 1 • ~- • 1 • --"; ·.o.o 

0.09 0.36 0.62 0.89 1.15 . OY 
E, a,e.· 

. 0.4 0.7 
E, CL.e. 

' 
' ' ' .. 

·' 
' 

1.0 

Pl1cA. llOJ!Hble cetieHIDJ $:trOl1oHI-13.1illM aTOMOB Hec 2 1 
'
3

s l 11 He( 21 
'
3P > Y.::JK !WHKU.l1l1 OT 

::tHeprnl1 ~ITPJHa 
., ··.,•, 

- * .· ~--; 1 . 
TaDJI.2. ~ nepBNX D l1 S :JaKIUI'lL'< K1H3JlOB 

B naJli,Wl.Jib~ct.~ cet1e100r· qnrol10Hl13aU1111 Her21Pl aor0Ma c M6 J 

. -~I)' 1s. 
E,a.e. f(El,3B 00 t:.o !JC%) rcE·>.sB 00 t:.o l)( /~ ~ .. 

0.5 0.15 3:7=~. -8.1=~ :0.23. ~-s~; -~-?"';3 8.3 
0.6 0.14 z.o_::; -6.B __ j 34.o· o.22 "-·0 -" "'· T _3 

13.4 
0.7 0.13 1.1_; -5.8_3 51;3 '0.21. 1.5_::; 3.0_,, 19.4 
.0.8 0.12 . 6.~_; -4.9_3 72.~ 0.20 1.2 ~ '• 3.5 ; 21:L4 
0.9 0.11 4.,l_, -4.0_3 93.ti 0.19 9.9=j 4.3=3 43.4 
1.0 0.10 2.8 -~. -2.6.:_.,. 91.2' 0.19 8.2 6.2 75.6 
1.1 0.09 1.8 v 1.4 v 80.2 

* B Ta6.mlll;'lX 2 11 3 .l(JIH Kp:lTI<OCTI1 npmu:rro cfu3Ha'leHI1e a -b=ax10-b. 

-:Is 



1.8 

1.1 

-----------------------------------, 
' ' 

-- -nacr.pacq.,PSIMCHF .: . 
- - - -,[1::o:axol5c,CCI56H : 

- '"- ... " 

·' ' ,. 
' ' .. 
' ' ' ' QQ.. 

0.5 

- 0. 2 +--.----.---.----.-----.---y---,-_:,..c._,--j 
0.1 0 0.32 0.55 0.77 1.00 1.22 

E; a.. e. 

I\1c.5. 3Hepferw~ec!GH 33.BI1C~Tb KCJ::$lli1UJ£HTa yr'JIOBOH aHM30TJX)lli111 Jlm'oo.JieKTIXlHa 

B<El B f!IXlUeGCaX He(21'3p)+ '( ~ He+(ls)+e • . 

QQ.. 

0.1 

-0.1 

;_0.3 

-0.5 

-0.7 

. ' l 

--------------------~---------------, 

-- -Hacr.pacti.,PSIMCHF 

' ' ' 

· ... 
' ' ' •· 
' ' 
' ·' ·' ' ' •· 

He•+e="tr+He(2 1P) ! 
' 

He(Z'S) + "12: 
·' 

...:. 0. 9 +---.---:--r----r---:-r-,.....,.,; 

0.00 0.24 0.49 0.73 0.98 1.22 
E, CL.e. 

I\1c.6. 3Heprermro-.aH 33.BI1Cw.t:lGTb l"~a yr'JIOBOH a.HW'....AJTP)lli111 B'l\)pwlliNX 

!lm'oHoa B~cEJ 113 aTCMi H~c:::1 PJ a tff.ClMSWJall.1111 ce + He+l 
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n~eHN Ha IJI1G.3·B Cpll!HeiD1J1 G,:3Kcl)ep~tefrotl181 11 op,eHKaM11[2Sl. JfanM JBC'!eru, 

np:me,l\eHHNe. B ~.JJ.eJM PS IMCHF c pi.!c. 2 • 11 31, naP-~, : trro : PS IMCHF:.:.r.K:J,neJn, Mcixer · 
.JJ.OCTaTOttHo xo_[))!llo om1ctma~ mnUecc. !JPfM)i1 ttoTol1;~ 5 flPHOO~roBOi1 
cx5JJaCTI1. 3:u.eri1M, ~ . B dir.aCTI1 :3He~ O,!Ii<E<~,5 a~e~ oUeHK11 xaJEKre~, 
!lm'o110ID13ali,l1l1 TIOttT11 BO BCeX ~.ll.eJ!ffiC CTPYKTYJl:.l ~ )l.OCTaTOttHO ~ 
(pt.1C.3,4,5 11 Ta6.n.5) •. -MI-l BIW1M,' tj'J'O IBSYJibTaThl, COC'-lli'I'aHHble B M:>.ll.eJM PS ISCHF,. 

• • • ' • ' • '.- ~ "" • , ' • • • • \ < • ·- f. 
Ol"..a:3Wl8.K1l'CS 3Ha 'MreJibHO ID1lKe no Cp:lBHeHl110 . C , ,lJJl'JI"}M1 oUeHKaM11; B TOM tti1G.re . B 
M:>.ll.eJM PSIMCHF !PJ1C.2a 11 4al. ~ o5~, n~- s~Prnffic t<1,2 a.e. -~) 
CTPYK'I'YPHNe. !«Willfall,l1l1 . 3a l1CKJilOtie~~ PS I SCHF ~ony~- aec~ .~ orii1ccurue 

!lm'oi10Hl133lJ.I111 Hec21Sla'I'CM1 (IJIID.2a, 4al. Pacxrntmame OUeH~taM:>.nenmc.PSIScHF l1 

PSIMCHF, BIW1MO, ~JHa:P3lKHOCTb_ ~p~, ~--KO~i' 
2 2 2 - .. '---·~ .. , ...... 1 __ , .............. ' 

1s ,2s _,2p B BOJIHOBOI1 ~1:!1CHF )J,ll5l M2'J'aCTa011JlbHOIU. 2,S-:-COCTOffiiWI re.m1H, 

np11tta~ B :3TOM.~ Y.OJliE.ll5lU1111, BHOc~-~~b~~~--1~~. ~ 
cymecTBeHHNMI1;. ·oCoceJrno clillHo _HX BK.JJa.n,np:>~. TIPI1··, neiSco.ne .• B. -~· 

·-1 '+ . ,, ... ·-----···--· .• ... j_,,, •. 

l"..aHaJJ B !lm'of!IXlUeGCe HeC2 S)+'(~:He. (ls)+e., : '·.·:···~; •·;;•··: . • :. ··:•.~ 
. Tenepb net:Eitn.eM K · IBCCMCl'l'IEHm ilo'I'Of1PJUecca B ·· cx5JJaCTJ1_. :3Hepn111. 0, 5<E<1 ,2 

a~e~ , · r.ne •. fllXJI1CXO.ll.ffi' · ocOCetiHo . : ci1Jib~, ~ ,]3. · n~~effi1!1 .. ~ 
xap:ll<'rePJ1CTI1K !lm'o~ecca. Ilp11 :3TOM C ~ . SH~~ ... cixcTJX;'' ·~~ . 
cetteHI1H'n~roqoronet:EXo.n.a B cmq:mill1J<aHaJI, ClCOfumo ci1Jiblibli1 cna.n ~-·~ 

.• •. ,· 1 . . + .. . • •·.· .. · . "'' ., ... -~-... ->.•-
B c.nyqae 'mp:>uecca· HeC2 P)+'( = He Cls)+e :(IJI1G.4B) •.• IM2cTe c TEM B •• cetteH1111 
nJB~Qi1 !lm'oi10ID13ali,l1l1 BK.JJa.n neiEJ{o.n.a tteJBS saKIJlllE ---~ . cTaHOBI1TC.\1 .. ~:_ .. if 
ero .ll.O.JJ5l YBeJMtti1Ba~· c B03IflCTaHJ1eM, :3Hepn111.CPJ1C.4.11 .. Ta6.n.Z>~ KO~ ~ 
HHTePleiEHUI1H · · 8Mn.JMry,n- · :3TI1X- · JJ.BYX :. rernei1·. ~ne~o~ ., llili1BOAA-r .· K ·.rio~ 
HeKOToJX)IU Jm1IX)Koro ~ ~B ce~HH.'l1~,B:\3aB~ci1MJC'TI1 -~·, yrJI~Bo~ 
aiDl30'l'p:lnill1 • tlm'ofllXJUecCa cim6~4 ,, 11 ,:-racs.Ji.3,4 1~ , !11c:4, • n~er,: ttTO ··a 

r ' • . • ' • ' ~ • • - '. ',. 

TIIE,nCTaB.JieHHOM HHTepBaJJe ·:3Hepn111 :~ ; 3alqNI'OIU • .l".aHa.JJa. fllXJHBJJ.HeTCSI BO · Bcex 

CJJytJru~X •3a HCK.JliO'.JeHiieM qoTOf!PJUecca Hec23P)+'( 7 He 'tc la)+e. -~• ttTO Occxamo 
CI1JibHoe fllXJ.HBJ!eHl1e -~ Ha6.mo,iij3.€oTcH B f!PJUecGe ~e(2 1 P)+t.,;, He+( ls l~CPJ1C.4B)~ 
B Ta6JJ; 2 fllJl1lle.ll.eHN 3Ha~ napJ,ImbHNX ce~eHHi1· 110~ 113 , 21 P-:-. COCTOffiiWI .H.,m 
s.: 11 o..: BOJJH, coctn1TaHHHI:e Ce3 yqera .· ~ ~ro. ~; (CM •. Czl> >, . H 

OTJilM1SI 'flo ccr.i. ·Jlo:rMYJJY· c::B>l cet!eHliH o~o> OT-·.Ge'ieHHi1, no.nyqeHiiW{ c. yqe:roM 
saKJWoro KaHaJia TIPI1 Jl3.3HbiX :3HePfWIX . ijo'ro:3.JieKTIXlHa. B Ta6.nl1ue .. 2 fllJl1lle.ll.eHN 
3Hattetlwi BeJIWOOllf 1) B npJI.I,eHTaX. Ilii"I E::1 a~ e. CHa Jl3.CC'I'051Hl1HX 6,1 11 8,24 :3B OT 

n~ nepWx <
1 s- 11 1 o-:- JB30HaHCOB l 1) cOcTaBJirer 75,6.% ,IIJIH a-· BO.liHill,a ,li.J1H d

.BO.l!Hbl 91 ,2 %( Tafu~ 2). 
' . 131-!.nHo, .1.j'J'O • mM sHeprw!X 0,5<E<1 a. e. )J.Jm; d~ : BO.liHill C,lLBJ.if'. M . w.eeT 

~Te.Jlblibli1; a-ilpH 1,1 a:e • ...:nOJICXII1'l'e.ll 3HCIK,-•B .TO :xe BIBIH ,ll,llll a-BOJJHAO 
~ : llOJioxHTenb~ . (Ta6Ji.2):: aJa'Ml',' ~·11HTepteiEHIJ,l1H. BK.liCl.ll.OB aMllJMI'Y,ll]ll 

!leiEJ{O.ll.OB . B' ~. 11 ttep:3" s.:nq:llrue KaHaJH t.meT- .• IijJIBeCTI1 K. !10. Jll.SHOIU 3H3IG 

B simocYMxmt·oi flll'IIXl)I;N·neiEXo.n.a cTa6.n.2>>Cyt.i.la BK.liCl.ll.OB :3TI1X -~- np:>uecca . 
B ~ 11 tteJBS. ~~ KaHaJH fiii1BO.l\HT K . Ocd:arnOCTa.! · (OnyCKaHHe l1Jll1 
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no,n:ra-11 B o6.iJaCTW, '~ nOJIHOI'O ce'-lei-Um no OTHOllleffi110 K ce'-lffiwo npSlMOIU 

IPJTOOOJEXO,Ilil B ~ 'KaHaJI ( PHC. 4B \. B ::JHeprt"TT1'~eGKOM 3aBt1CI'MlCTI1 

~HTa yrJioooii · aHil30TIJ0:001 S
2 

( tloJ:N. ! 22 1 _\ ::ria oc.~tmOc:Th · npoffil.iJrerc.q 

rop:l3.11P CJ.1JlbHee, Hexe.m1 B nOJIHCM C8'-l€Hl1H tlo'l".)I10Hl13aU,l1l1 (p!1C.5,KIJI1Bble a H b ). B 
~e i1om.rnumi i-n- 21P-'- cOOrOmw.H np11 ::meprin1 0,9 a.e • .llOJ'.H BY.JJa.lli1 3C.IIqNI'()ro 

~- B- .f3
2

--' ~1elfre ccicmB.P.HeT 131,7 % '; B TO JKe .B_l)2MP. 3T3 _ll_C>Jm B DOJJHOM 

re~ei-001 p:lBHa 2,1 % - (CM. TaJ<JKe Ta6JI. 4 I. , ' -;' -

: H3ml1 p:~cqeiu- no~;: '-ITO .11-'!SJ oJi.Horo 11 TOI'O JKe f!IH<IOI'O qowneJEXO,Ilil 
" .. - -- -- . ' . ' . -- . . ,., . . .. . . -

CI1.JIDHee npo~ 3aJql:ll'l:il1 Y.aHa.JJ, C.ooTBe'I'CI'BYJ{llll1ll· YIJOBHlO,)J.JISl KOTOp:li'O Be.Jll1'-U1Ha 

f CE~ pPI1Hl#ieT c~ffiiTe.JIE-Ho tx:i.Jllili!l18 3Ha'-I8Hl151. Kor.!JP. f U M1.Jr1, awffiT CTaHOBliTCB 

c~8CTBeHHo · c.JBtllM~ , :1ro · xopomo m-ui.Ho iJa npw:epax Bibazra- nepooro 11· BTOporo 
1 
r1- 11· 

1s~ ~~~cii cOOTrercTBellli,o B 'sHepre'l'W~ecK'JIO 3.'ffii1CMMOC'l'b. Be.Jll1'~l1H r..o 11 r11 W.H 

rrpou,ecca · l10H113alll111 Hec21P\ -'aTOMa · (Ta6.n.2 11 '31. -TaY.as:I occ:6?HHOCTh npoltB.JieH1151 

~~ 3aK!llTOiJ y.illiaJia B ce'-!eHi1!1: filiHMoii· $Yrol·l0Hl13.'IDJ1l1 TaKJY.e XOp:lillO · B11.1l.Ha .113 

. tloilAYJl (281 11 (:;B). ¢111311'1ecKI1t1 CMblCJI 3TOI'O HBJieHllli, nCJ-Bl-Ul,l-1MOM'j; COCTOI1T B TOM; 
- trro ~EM 6o.Jlblle Be.iJW-Imia r )1' 'mi' I~HCl1BHee nJX)I1Cxo.H.wr BXO)J. ' 3JJeKTpoHa B 

33Kiin'ill1 Y..aHaJI, -a TaY..Ji:e t1 ·- ern yxci,11, B OTY..ll>I'I'bil Y.aHa.JI 113:.. 3a · · ~JJeKTpoHHhiX 

KOP~1: ,.-
' 'Btillnep:~ce-Mi:Yrprn!-!bM · --~ • :xi!-q:Urw(<:: Y.aHaJioB TaKJKe i ·npolffiJ'.HeTCSJ np11 

qororffiOOMHciu.l1vl - 1l 'c6p:~THOM · ·- npou,ecce npSJMOi1 $Yrot10Hl13al.U1l1 :. nPl1 ::mepf'l151X 

aneirrP:>Ha Hl1lre Je30HaHCHOH 06JnCTW. . B Ta6.m1Ue 4 .. ,ll,alia 3Heprei'W-IeGY.aH. 3aBl1CI-MJC'l'b 

Bl"..lazra · 3aY..pn'OI'O Y.ai-Ja.JL3. · B ce4e}n18 qowp:y~1l1. J{aY..-• YJKe-<O'The'-!iUIOcb Bblll!e, 

-~' ~10JKeT · npo'SJBl1'r:1:>6! Cl-inbHee B c·Ko:=Jil$1ll,l18H'l'e :· yrJIOBOH' aHl130T{X)Ill1l1.-' !hMl1 
Iacctli.fraH Ko::¢Pl1u,l1eHT •yrJioooii: aHl130TIJOni1H[ 29J BTOP!1'-!Horo ~lTOHa· r2 B npouecce 

tlow:t:B<~-He+(ts)+ e + t 1~··{·cHe(2
1 Pl-~- He(21S) :+_'(

2
1 (IJ11C.6l. lla."' 

nr€.11,cmB.JilleTcil · B03M01KHblM · sY..cne'pl1!\aiTaJibHO -o6HapyJOO'b npoffi3Jle}ll1e 3aY..JUI'b!X KaJJaJIOB 

11~-t:OIEHMa.! · y.ooppl1IJ,l1eHm aHl130T{X)m-n-i' · BTOJll1'llioro · qowHa t 2 • · B npouecce 

qnrop:'}cQr.:ni1HaJJJ1l1 He+(1s)+ e·+ t
1
+ r:Hei2 1Pl =}Hei2

1
Sl + '(2 )~ 

'' !1Je,ll,cTaB.JL~H -l1l1Tepec!lliM · HffiOTO]:lll1 aHaJil13 Hallll1lC" l:e3YJlbTaTOB B Cp:lBHeHI-111 C 

'.JlPYJ'l-i-~1 · Te6p3Tl1'!8"uY..l1Ml1 OIJ,eHYJ:!Ml-i C IJ,ellb!O DOJIY'-IeHI1SI -11HtloW.3l!W1. · 0 YJ'l'-!eCTBe 

BOJJHOBbiX fTh'HHlJ,illi -aTOM3. B 11CXO,li,JillX COcwSJHI1S1X 11 KOHTI1!IY1't·€. B _ 11HT8peaJJe 3Hepi'l111 

0,1<E<1',2 a.e~ HamH JXlC!.!ert:l no ce'J.8HIN<I.}EaK1Ji111 Hei2
3

Pl+'( = He+(lsl+e B W>)le.JISlX 

PS ISCHF· 11 PS IMCHF xoromo cormcYflYJ'CSl · c ouew.aMu, _ no.JIY'-IeHHhlMU· B CTIJYY..'rypHOH 

YOOl1HClll,l1l1 CCI5&1 cpwi.4rl. Bl-'.,na.10,' 3'1'0 CBf'.3aHO. co CJiaCtlM nroHBJiel!l1a-1 

KOPJE.'L'lll.l1l1 3JJeKTIJOHOB B npou,ecce. qowi10Hl13al.U111 Her ~P 1 ·: aTOM1.. · IBJ!llli. )l.JJSl 
·np:lUecca He(21Sl+f-· =} He+lls)+e H3llll1 IJ23YJlbTaru B,MO.lle.Jil1 PSIMGHF J:I3XO,JI,ffi'CSl B 

XO{X)illEM"cbrmcl1l1'.c OIJ,ew.aMl1 ,B .. MO)J.e.JISlX GC:I56H 11 PRT (fMC. ,4a). A DIJ!13HePI'l151X 

E>0.6· a~e. OIJ,eHY..li B MO)J.e.JISlX PS ISCHF, PS!MCHF )J.OCT.::tTOtiHO Qm-1:3YJJ_ tleliOJY cc6oi1,HO 

OHM HecKOJlbY..o i-n-me ' : ,ll,1HHblX, nOJl'JlleHHblX B y,u,Oml31J,l-mx cc I R6~-l, 11 _ PR'f J IJ11C. 36 l • 
3m p:!CX6lir,n,PJ11151, BeiJOffi'HO · · o6yCJIOBJEtlli OTCYTCTBI1E:M .· mll1 ,- p:l3HOM __ CTeneHb!O --·. Y'-!eT3. 

'' ' • ". •• > ' '·- • > -~ ' •. •" -. • • ' < - • •""< 

B.lii1SlHI1Sl '3aY..IUIW{' Y..aHaJIOB; HeKOTOP18. O'IKJIOH8Hl1Sl· OUeHOK. fu.nm -11 ,Kl1HrcToP.a~~7] OT 
"' . ' • • . . - ~ ~ ·-·· . ~ .. ~!! • 

18 

'-. 

,, 

·; 

· .. Ta6JJ.3.Ikna,m:l BTO_ll>IX 1D 11 1S 23Y.II:JTbiX- Y.aHa.JJOB 

B illilU£JlbHOM ce'·letll111 !!m'oi10Hl13.'lliJ111 Her 21 P) . aTOMa ( M6) 

E,a.e. fCEl,3B .0
0 

1rr 
t..o. T)(%) frEJ,3B o

0 

1s 
't..o . T)(%) 

0.5 
0.6. 
0_7 

'0.032 ·. 3:7~~ ::2_6-4 

P.031 ·2.0-~ 2.2-4 

0~029 1.1-~ 1.9"4 

0.027 .. • 6.8"'~ '1.8-4 

0. 7-
1.1 
1.1 
2.6. 
4.0 

-2 -4 
0.013 2.8-'-2 7.6_4 2.7, 
0.012' .. 2.0_2 . 7,2_4 3.6 . 
0.01Q3- 1.5_2 7:1_4 -4.7 '~-· 

0.8 
0.9 
1.0 
1.1 

. . --...~ -4 
0.026 ; 4.J ' 1.7 4 
0.024 ; 2.8=~ 1.8=4 6.3 

8.8_3 1.2_3- 7.3_4 6.1 
7.7 _ _, 9.9 _ _,_ 8.0_ 8.1 
&:8 ~. a:2-~ · 9.1 4 11:1-

0.023" - 1.8 . 1.8 10.2 

. . ' ' .. :~,_. ···'-· _:. ;-. t. . ... 

Ta6.n. 4. tl{Jl3,llbl 2.1Y.P:ITOro Y.aHa.JJa 
' ' < :, I ,. • • 

B. noJJHoM ce'-!emm -!X'f~ 
... '' ' " ' . 1 . . '•- ' ~· 

He ( la l+e"-=} He(2 .Pl / .t 
1 

:;!M6l 

. r -' -5 E,a.e. o x1o· t..o ;-, r., .11( %) 
~ 

,0.4 0.20 ·.:..0.007 6.1 
·0.5 0:12 ..:o.ooo ' . 7.8· 
0.6 0.08 -0.004, 10.0 
0.7 0.06 _-0.003' 11.0 
0.8 0.05 -o:o01 b.2 
0.9 0.01 .. 0.0003,. 2.1 
1.0 0.05 0.004 :32.'1 
1.1 o:o8 0.013---t<;·A--,,_-,, __ ,·,-.--·• 

Ta6JJ.5~. •
1
S 11 

1
D .illiUiruib~ ~'-!~llli . 

110Hl1331J,l111 113· 21 P-COCTOSJHI~. ~q eli> 
,··-. - ' ·- '.: 

E a e ;/· ·o :· ·o · 
' • • a b 

o.o25--·o. 71386 · -·c 6:75957 

o· 
b 

{'; 

· < o.o1s< o~36895- · o:21944 z:5407o , 2.'loo1o 
0.1 0.28144 0.21125 1.68302 1. 7'1000 
o:125 0.22137 0.16386 1.15773 · 1.24120 
0~15- . 0.1'7815 0.13106 0.131977. 0.89224 
0.2 .0.12196 0.08837' 0.44146 -0.48578 
o.3- ·o.06738 o.04534 · 0.15525 o:16604 
0.4<-.0.04305 0.02647 0.06391 0;06400· 

,_5_- 0.03031, .0.01704 . 0.02844 0.02580 .. 
.6 o.02293 · o.Ol198' o:o1zss o.olOot-

··.- . 7 0.01842' . 0.00914 -~· 0.00551 0:00320;' -·· 
.8 0.01567 0.00763 0.00187 . 0.00047 . 
.9 0.01424 0.00708 0.00024 0.00011 -

• · LO' 0.01439 · 0.00'172 0.00020 0.00201 

c 

' ... 

,; 

'i:~ g:~~~g~' ~:~ig~ g;gg~~~. tg~~~~ _,'_, : 
_ _ a - HaCTOSlllll-111 p:lC'-IeT, PS j~JCHF · 
-•. b-.ll,ruto6c'(1974). CCI56H ', "· 
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.JWjn!X ]:B3YJlbTaTOB, BeJXlmHO, CI3Sl3a.HN C TEM, tiT() OHU n()JJY'!ellli C£3. ytleTa BJll1ffiU151 

3.3KlllfOIU l'.aHaJJa (lMC~4a,6l. ~ HeKO'I'Ople p:lCXOJUE~I15j . Hall!HX 11 

nOJIY'~eHHhiX B MJ.l\eJil1 cc I56H OUeHOK )!..'1>1 cel!eHl151 _110Hl13Cili;1M rem15l 113 2 
1 
P-

CQC'I'Offil115l ( IJ11C. 4B) • a TaKJ1te V.~HTa yrJJoBOi1 aHl130TJXlnl111 $Yr03.JieKTIX>Ha J32 ( E l 
( pYJC. 51. B :m1X . CJJYl!3SlX OTJJW.fl151 HalliHX I£3YJlbTaTOB OT OUeHOK, nci.TJijlleH!lliX B 

t.O,l\eJil1 CCI56H. (pYJC.4B U 51, no H31l!EM'j MHeHMIO, CB.q:JJJ!U C Jl'l3.J:l1'-IHOM TOtiHOCTblO 

oru1caiD151 KO~ tTa6.n.5l_.n.llii np?.MOro ne:~Exo.n.a 2 1~ E
1n. .llerno ~,'ITo 

B STI1X CJlytlru!X OTJJWII151 B 132 -I".O~fli~ ( ~1C. 5l .· oSyCJJOBJJeHU· p:i3Jli1'-IHEM 

na Ilf,KlJlbHWc. cet!eiDIYI 113 2
1 P- COCT()ffill151 B E 1 

D;>J V.OHTI~,tM I Ta6JJ_. 5 l • 

TaYJ1M o6JnSOM, B Ue.JJOM HalliYl JilC'-!e'ru noY.a3biBalal', 'ITO MO.l\e.Jib Ps I MCHF MOJKer c 

XOJXlmei{ TO'IHOCTDIO om1caTb nPHMQM niX>UeGC ilmoi10Hl13Cill,m1 OCHOBHOro 11 B026YJ!meH!lliX 

cocTO.ffil!1ii re.Jll151. B c6m.CTU sHeprnl1 O<E<1,2 a.e. Tim v.op~. npuneJJ.emille n 

(33) .· 111 ytOO'Iill3.EMNe B BOJJHOE!UX ~ 2 1 • 3s.:_ H 21 • 3P~ COc'I'Qsni!111 re.mffi, .BHOGm' 

,l\otv"..1Hl1JlYKll(l1i1 Bl"..m,II; npYJ Oni1CaHHH ilmoHOHl13Cill,m13TI1J<. cOcTOOO~. TakJire B~O,_ '-ITO 

11CnOJlb30BaHHe J::€!lleHl151 YJ1lBHeHl151 Illr:eJ(I1HreJ1l C ~ffiHblM UeHTP'lJ!bHblM 

nOTeH!J,Wl.JlOM[ 22] B K.at!ecTBe BOJJHOBOM ilJYtiK:wru "OTKINI'OI'O , ~.aHaJB B 

,l\Ha[OHaJJl13alll10HHOM n~ MOJKeT onHCtreaTb TIJXlUecG ilmoi10Hl13aW111 

B036yJY.,n;eHHO~ re.Jll15l C TaKOM JKe TOtiHOCTb!O, KaK·. MHOfOK.aHaJ!bHblM 11 '.,1\pyrHe 6oJJee 

CJlOlK!Ible MeTO,ltN. 

::?aK.molleHHe 

B JilCme HCCJJe.l!YeTCH qyBCTBHTe.JibHOCTb xapaK'I'ePl1~ nlN'IOi1 ilmoHOHl13a!l,1111 

B0:3()YJ!meHHOro rem15l K ytle'r'j BJMffill151 3aKJNI'W{ K.aHaJJOB 11 nbl6cipy , MO,l\eJil1 CTPYKTYJlll 

~H'I'l1HYl/MCi H MCXO.l\llliX B026YJ!meHHWC COCTOffilUi1 B ll!HIX>KOM o6.JJaCrn CneK'J'lXl· 

CTIJYKTYP3.. V.OHTI1HYYM'l aTOMa OID1CI:iB.iJBCb ~i1, ffilJifiKllleHCSI cynepn03J.11.l,Hei1 

pa!IeHl151 YJ1lBHeHl151 Ili~J1l· B ... ~HOM .·. UeHTJ1lJ!bHOM. n~[ 22
] ,!J,J1.H 

onHCaHl151 nPHMQro ~tmoner:exo,np. . 11 L 2- ~ ,!J,JI.H • · 3aKINI'OrU. , KaHa.JU B 

,l\HafOHaJlH3all,OOHHOM . niJH(S.mweHWH[ 32] . I if)yHKU,l15l PS l. Bo.m!OBNe ~- ... 11CXO.l\llliX 
. ' . . ' . ' . ~ ~- " '• - ' 

COCTOffilMH. JilCCl!~Cb C 11Cn0Jlb30BaH~ 0,1\HO-H MHOroY.O~OHHOro Me'l'O,l\OB 

Y.'lPTPM-OOK.a I MCHF l • lliX>Be.lLeH ~ ~OMllJJeKC~ . aHa.ni'13,. . . 11M2!CIIU1XC51 
• • • • < • ~ ' • ' 

sKcnepl1t.eHTaJJD!lliX ,lJ,aHHWC 11 K-'Op2'l'l11JE!CKI1X oueHck . 

HanM 11cc.ne,n;oBaHlli! noK.a3biBaKJI', 'ITO B o6.JJaCTU 3Heprnl1 · E>O. 5 ci. e. • r,l\e Ma.Jili 

ce·~eHl151 nPHMQro ~tmoneieJ{oirP. · . 113 so26YJK,IleHHOro COOTO.ffilllil re.Jll15l , 31The'I'HO 

DlX>HBJJ5lKII'C5l 3aK~ KaHaJJN B DIX>Uecce , TIPHMQM il(yroHomisamru. II~ 
,l\Harol!aJJl13alJ,l10HHOro Me'l'O,!Jp.' K On11CaHl110 · • qXyroi!OHl13Cill,m1 B026YlO];eHHOro re.Jll15l . - ' ,, . ~ ' ' . ; ' 

n03BOJ!HeT In3.1\eJJI1Tb BKJE,llPI OTKINI'OfO 11 3aKINI'OfO K.aHaJJOB B xap:!K'repYJCTI1l<aX 

niX>Uecca. 

KoHKyJalU,l151 111 HHTepfeJGill,llil · aMilJMTY.l\ ~tmoner:exo,np. · . B O'llqH'Illi1 111 l!eJE3 

3aKIJ;ll'Ne V..1H3JIN.TipYJBO,ll,HT K, ococeHHOCTHM.B cel!eHHH ~tmoniciJ.ecca, niX>~• B 

l!aCTHOCTI1, B BH,l\e ll!HIX>V.O~ ~ ~. ~eH~ 00~- IlP11 3Hepfm E=1 a.e. 

.l\0Jll1 Bl\.lE)J.OB tfe]:B3 ~ Ka.HaJl ~ •ce<!~ qUro~~. Ji3 2
1P- COOTO.ffilllil 

reJll15l : Ill JilCCTO.ffillliiX 6,1 H 8,2 3B OT nOJJOlD2Jll.1i1 nepE!UX 
1 
S- 11 

1 
D- ]:B30HaHCHID: 

"''20 

YJXlBHel1 COCTaBJJ>Ilal"< '/".)j6 11 ,91,2%· no. OTHoneHI1!0 K.'COOTBe'I'C'l'BY• IlallU19Jibflll,l 

cet!eiDiHM 6e3 Y'4era:~ro· K.aP.ana •. c JX>CTOM 3Heprnl1 Be.lJWll1lfa ·BK.na.na 3aKINI'Oro 

Y.'llllJla B ce<let!He 00~: Cl1JlbHO -3aBHCl1T OT BeJll14l1Hbi ''.BeJXlSITHOCTI1 ner:exo.n,a 

3~Ha 113 3ah.~ro KaHaJl'l B ~- • ~ 6oJinlre TaK.aSI BeiX>S!THOCTb;. ·"reM 

CHJ!bHee CTaHOB11TC51 · BY..m,IJ;-. 3alq:uroro• Y.aHaJJa • f B ce<let!He · · ilUroOOiil133ll,l1l1. • •B 
3HepreTI1'~ecY.OH 3aBHCl1t~ 6e3~J1111X BeJJWOOi, B • TOM trnc.IE ··~· ' 
yr'.TIOBOM a!U130TJXlnHH · j3 . 'B yr'JlOBOM JilCnp:!)J,e.Jelllli,' '3PleKT i:3aKINI'OIU :· .K.3m.na 

2 
TIJXlHBJISieTCfl f0p:J3.ll,O CHJ!bHee • HeJreJII1 'B : nOJJHct.i ,. cel!eHHH : ilmoHOiil133IJ,l1l1 ' ( Plf1C.5; 

KPI1Bh!e a H B ). B C.JlY"Iae 110~1 113 2
1P- COOTOffiii1H npYJ 3Heprllli 0;9 ·a~e.·',l\OJ!fl 

!lK.Jtl,ll,a 3aKIHI'OfO KaHaJJa e·f3,.,-'-K~ P:J.BHa 131,7 %.·;·:B•.TO.Jie:;BIEMH STa 

.l\0..'1>1 B TIO..'IHOM ce'-leHIM COCT~: Jll1J!lb · 2,1 '% -. " ' " . ·· ··, .. ! ·, 
·: B.m1srnl1e 3aKINI'Oro · y.aHa.Jt3. · ckrihHo·- · n~· Tmace 'B' xap:!K'l'epYJC'l'HK3x . .. . - . . . 

ifoTcrp:Kot-OI1J:!aUHH. B · 3TOi1 CBfl3li .. HaM · np:!)J,CTaBJmeTcsi B03MCllltHl:l-l ··sKCnetweHTaJ!bHO 

~13ytll1Tb ~ 3aKJNI'W{' Ka.H.iJ!oB -.l1!?M2J::€Hl1EM'~ 'aHI130TJX)TIHH :BTOpw!HOfO 

·ilmoHa '(2 B niX>Uecce dm0~111Iall,llli He+(1s)+e +- t 1+ (HeC21PF * He(2 1 S)·Ff~l 
(TaOJJ.4l. · ·' · · ·" ·· '· · · :-. ·. ·· ··• ·· · ·'' ,:,. ·:···,, ''' 
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