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3RcnepuaeBTa.uHoe usy,ieBl!le nponecca r.1Ij'6oxol uwmsano 

II0IIOJU.SY8fCS ;ltJVI npoB8pitH '1'801)8fl!1l80mtx II0)te.JI81 Heynpyru Coy)ta

pemi:I aapaemmx 11ao'l'HI( • II01JY'l8Bl'IJI neHRol ~~IJ'8IllB no crpyx

'fYP8 JI Kl!aBT0mat XSpa.RTep!CfBltSM a,aumx ypoBHel. 

lt1 ~ 
rJcy'dOKSS ll0Blll38ItiIJI SfCII0B B B0H0B (A ) 8Jl8EfpoHHBM 

1Jtapc11 A,.,,,,. ~i!t'-c::> J"''!t 0--~ .. f)c .flB.ILll~rca QltHl!M •s ocaoBHHX 

ija8Jlqecmtx nponeocoB, pesynram_itO'l'oporo yqafW38J>'fCH IIJE E0H0TP,YB

poMHD uommx BCf0'llBl!ll{0B, Y0KO:(Efe.JI81 _faeJDa K0H0B, 8Jl8ltfpommx 

IIyll8K Bf.II. IIJEd0poB. 

ClcodeHHO O.U8JlYH Ofll8fllfl, IIOCTQRBH0 :pBOfYIIIYI) 110'1'pedHOOfl> 

B BB,Jteum: 8ltOII8pi!ll8BTa.uBHJ: 3H8118HIUIX ce,renl JlOHJIS~ ~ 

11 oduon aramol ~SllD, P8DII JI.188& • 80Tp0ip8llll. B 6oKr 

DJICH8 ymsammx CJJy1188B ,:-pedJll'l'(lSI adooimllli8 8Ba'i8Bl'!Ji 

ll IDpoBCII ,1t118DUOH8 8H8Il'BI dCIICSSIUtJ!pyu.-% 8.1ellfpoH0B E8 • 

QltBaE0 0'1'01'fC'rBll8 ac))e:rtfll.BHBJ: 8KOII8pi!ll8BTSlllDIX ll8'fOJt0B 

Ilpl:IIUO K T<:My, 'lft'O B B80'l'omll88 Bpellll faD8 fiBJt81l9BTSJ[!.Bli8 

xapauep:c'l'Dlll nponecoa, JaUt ce11eHBJ1 o;_ • aOB11~omme '. 
II0'1'8Bltl8JIH I;_ 1 JI8:B80'1'HR ,ltW!eK0 H8 JtJ[II BC8X BO;HO:S ~8H'l'0B 

II9p!OJtl!'IJ8OKOI CBOTeMY. 

B 11aomoon, no.mml Hadop J;, B811epes fou.Ko JtJ[II BJ1e11es

f0B o S! • I - 20. 

ltM 8Jl81l9BTOB o ~ • 2I - 39 BSB8CfHH nepm,ie 4-20 JIOD

s~ommx II0'1'9Bltl8JI0B, .It,1lJI 8J18J48H'l'~BC ~ = 40 - 95 - fQlllt0 

II8Pll&8 I-7 II0'1'8HilH8JI0B /I./. 

Ce11eHBJ1 BOHHS~ (>i BSMepemi fOJlI>R0 .ItJ1B nepma 1{S'1X -
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-rpex O'eyII8H81 uponeooa DOOJ18,l{OB8.T8llHOI BOJm3anmR (ium;t\8Si C'eyII8HI, 

OOOTB8TOTBY8T OT!BBY (),ltHQrO 8J18R'l'poBa B (),ltHCl,I oo:rnapemm, 'f.e. 
It.- /ff.,:; k ::. £ ) B 0,ltHOI OTYII8HH Dponeooa 14HQrORp8.'1'BOi l!lOHHsa-

' nBJ!l B OJtHct,I ooy,1tapemm I IIJ.E'lEIM B OTHOCB'l'8Jll,HO ysxcu Al{SJlaBOH8 

8H8pl'H:I Ee / 2/. 

B ,ltROOeprSilHOBHOI pa60'1'8 ,ltaH aHBJmB D~8000B llOHKBanD 

B yOJIOBl!IJ!X anexTpOBBO-nyqesoro HCTOqBmta (R3JI), paccMOTpeBa 

ROHOTpylW,HJI B OCHOBHH8 yBJIH mlll, Dptl!8,lt8HH pesyllTa'l'H 8ROD8ptl&8H

T8JILHUX BCOJie.1to:eaBBI DOOJI8,ltOB8.'f8JIIiHOI BOHH39.J:tBl! aTCl,IOB B BOBOB 

yr.nepo;1ta R asOTa B D07.IY'l8HH pac'l8THH8 ~e. RO'l'OIJi8 8,lt8XBaTBO 

OTpEWlDT uponeocs, DpoHOx~e B Hall. 

B )taCCeprartD 'i8THpe rJI8.BH. llepBM rJI8B8. Dp0,ltOTSJWi8T 

co6ol Rpa'l'Roe oDHorume 11eTo.tta 11omis8.J:tBl! B oce:oBHol OX814H 8Jl8RTpoH

Bo-nyqesoro H0Toq11m:a/3, 4/. 14arHHTOC~oxyo:apoll8HHHi uexTpoHHHI 

Dy'lOR C saepr:e:el B B80l't0,71I,RO KaB l'1 DJlO'l'HOOTI,I) IIOTOlUl "-' IOO A/ml
DpoXO,ltl!'l' BBY'l'JI! Dpo0Tpe.HOTB8. )U)SjQa, O'l'Ka'lamtoro )tO ,lt8:BJ18BlUI 

ro-8 - 10-IO Top. Il0lt8 llp00Tpe.HO'l'B8HHoro sa~ SJI8l'tTpoHHorO 

Dy'lita l'1 BB811llD!8 8Jl8K'l'pt'l8Cltll8 IIOJIR ~Opmpyl)T TO[l0,71orl!l'i80Dl 

SSMRHYTYJ) IIPOTJm8HHYJI JIO'BYOY, B ROTOpyl) BBZ8R'l'llpyl)'fOJI STCIIH B 

M0,718RYJIH pa.c:Soqero B8Dt8C'fB&. Iloo.K8 0,1tHOJtp8.'l'HOI BOBIIS9.J:tBl! :I.OHH 

pa6011ero B8Di80TB8. SaxBSTS»Sl)'l'QJI B ~OByDY :a y,1te:(DB811'?WI B B81 

B T8118HH8 BpeMemt BOJmS9.J:tBl! ~ ~ IOO ¥0 • Ilo OKOJl'llaBlll BOBll-

89.1:tBl! o6pe.sYJllllleoa &orosapa,1tHHe BOHH (1131) ocTaTO'lHoro rasa B 

padoqero B8Dt8CTBS. mmcwrroa Bs zcT011mma na SBSDs. r.ta11a saxaH-

1llll38.8Toa OIIHCaHHeM uerrp111eoxoro peDJW. pa60TH zoHHoro 110TO'iBll-

1ta Han. 
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Bo BTOpol l'JIB.Be pe.0OKOTpeBH KOHO'l'pyltnRII B OOHOBHH8 YSJIH 

Harr. A.HaJmsBpy8TOJI pac11eT J! Rpl'l'8pul B~opa OOHOBBHX DapaMeTpoB 

Harr, ROTO:pmo! J!BJIJD)TOJI OJl8,eyDitH8 B8Jm'lRHH: 8H8pl'BJI Ee D IJJIOT

HOCTJ, J e IIy1IKa BOBllBBl)YD!lHX 8JI8RTp0HOB 1 HBJipmeHHOCTJ, MSl'ImT

BQrO DOM B.?- , rJIY6RIUl mm llpOCTpe.HCTB8HHoro sa~a J!OHBBJ!pj'DIIHX 

aJieKTpoHOB Er , ,1taBJ1emie ocTa'l'O'lHoro rasa p B , BpeMJI BOimS9.J:tBl! 
t'Y 
l i,, , IIOTpe6M8M8.!I 8J18K'l'pt1180KM MoutHOOU IIJ!TamIJI. P, J!BTeHOHBHOCTL 

Nz.· :e: 3MHTauc 3 :s.oHHoro ey,ma. 

IlI,BHnllD )t81oTBWI H3lI_ DOJIC!m8'l'O.S: Ha p!O. I /5/. B llp00TpaH

OTll8 o:eepxBHOORoro ~ 003,?taeTOJI IIPQTmtemnd 8Jl8RTpomml 

Dy'lOlt O Ba1iaJIIiHOI IIJr:OTHOOHll TOlUl Io (CM. 8.l[8KTpomnd TOR I,, 

Ba Jl!O. !6 Ill OTH00llt'l'8JIJ.HO aerJIYCIOicyl) BOT8HW!SJII,Hyl) m,.y Ha p!C .Ia). 

B JICJ,18HT Bpell8Bl! t O sa EopoTDI upCl,l8JrY'l'OK .1 t B 8J18RTpoH-

md Dy'lOK BBO,ltl!'l'OJI Ollpe)t8Jl8HH08 ROJIJl'l8CTBO II0,710DT8Jl:r.HBX QltH0-

98PIJ,ltHHX IIIOHOB pado11ero B8lll8CTBS. Paoupe,lt8Jl8BJ!e 8J18KTpt1180RBX 

IIO'l'8HW!MOB J3,1tQIJ, OOH 8Jl81t'l'poHHoro Dy'lial TSltOBO, 'lTO ero OKOH811-

Bll8 yqao'l'Dl llpe,lC'l'SBJIJDIT oo6ol 6apr,epg .1tJlSI IIQIODTe.lLHO sapmeH

lWX 'ia0'l'Jlll (011. plO. I.Jt, pe.01Ipe,lt8Jl81D!8 DOT8HllR8JIOB, OToClpazeHHoe 

OILIOIBOI ael) . Jia.uee D IICl,l8HT Bp0118HH . f ~ DJIOTHOOU TOKB. 

SJI8RTpoHiioro DyqKa BoapacTaeT JtO J:1 ( TOK I~ ua pie. !6, 

r;ay6oRM D0'1'8HW!EUII,H8Ji m,.a H8 p!C. Ia). Ilpt 3Teat mmDTY.ItH pa,ItH-

8JU,BBX x0,11e6am1I SaxBa'i8HmlX BOHOB YJ'eH:&ma1>TCII. 3a BP8MJ1 OT i 1 

,l{O t ,,t . !IpOHOXO,ltl!T JIOBlltSanHJI J!OHOB pa.c:Soqero ll8~80TB8. .ltO sapa;tt

HOOTB 2i • B JICJ,18HT Bpe118HZ -t.f, DOT8Jmi18Jl O.JtHoro ll3 0ROH8111WX 

y-qaonoB 3JI8RTpoHHoro eytma ,1{8Jla8TOJI OTplD;aTe.71:r.HSM IIO OTHOOl8ImD 

K 110T0HllRMY BOero eytma { 011. paoDpeJteJiemte, OToelpellteHHoe mTpI

xoBOI .nrumel aa pao. I.n). Ilpi aTcu BOHl:l DoKB,Itam JIOBYIURY B axcm

BJI:r.Rcu H8IIpaBJI8ImR. 
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.ll,1Isl noCJie.u;oBSBl!Ji oeqeima nooJie.u;o~TeJlldioi Hoimsanim Tpe6y

eTCJI m.!BT:& onpe.u;eJieHHoe, peryJmpyeMoe BP8MH wmemi;im Ll i- , K OTO

poe .u;ommo 6irr1, MaJmM no op:tBHemm o 'L£ • .ll,1Isl pemeHWl sToi 

S8,ll;a11ll 6wx npe,ItJIOllBH M8TOJt 8Jl8KTpoHHoro "peryJmpomt]iUW." / 4/. 

B ROHHCM ROT01JHIIK8 HaJI-1 ROllOJl:&SOBBJlaOl> 8Jl8KTpoHHW! nyma O 1mKpo

nepl38aHOCM f:µ = 0,95, OOJIBHcm.It o MaKORMBJll>HOi aanpim.eHHOOTl>D 

4 KI'o R wrr:& oeime;A .u;pelpoBOi Tpy6:m Jt,1mHOi no 20, 20, so. 20 n 

20 WA OOOTB8TOTB8HHO. Cxew 8JI8ltTIJ4qeo1toro nRTaHR.li o6eone,m:sana. 

RMIIyJll,OH TOKa o HB.IIPlJltBHRBM .u;o 6 :KB llp! Jt,1mT8JlI>HOOTR .JtO 100 KC. 

!Ip! uanpimemm noPH,It1(8. 2 .2 1t- B 6wm no.nyqeHH ROHH 08:, IV 7: :e: 

c6+ a Tane A u l9+ /6-IO/. 
- ' . . 

B lilOHHCJ4 ROT01JHIIR8 H3lI-2 / 5/ i!OllQ.1Il>SOB8JIOJI TaRZB "TBILlllli" 

OOJIBHcm.It R .u;pe~OBSJI Tpy6Ka O o6111eit .u;nmol OROJIO IOOO I?'• Bwlo 

noK8.3aHO TB.DB, q-ro D 8JI8ltTpoHHCl4 nytrae MOlltHO H8.ROnRT:& BOHHHI 

sapim .u;o 1oll 9JIBMeHTapimX sapimoB. Kpoc1e aToro, 6rmo ua.l,Iteuo, 

qTo 1Ipl KOllOJll>SOBamm "TeMoro" Bap!aHTa BB y.u;aeTOg nonHOOTl',I) 

RS6amtT:&OJI OT ~OHa OOTaToqsoro rasa Ks-sa OTOyTOTBIJ! ,JtOOTaTotmo 

aqxJ.ieRTRBHHX ope,D;OTB OTRa.qKR .u;peipoBol Tpy6:im. 

B KOHHCl4 ROT01Jlmlt8 KPHOH /II ,I2/ Bll80TO o6INHorO OOJIBHOHJ];a 

0 BO,ll;JUWM OXJI8J!Qt8HR814 KOlIOJI:&SyBTOJI o:eepmpoB0,1VllllJ!I OOJI8Hcm.It 

,D,JIRHOft 1200 ?,ll/1, 3aaqeJme aaIIpm18HHOOTR MarHRTHoro nOJIH H8. 001! 

.u;peipoBol Tpy6lm p:lBHO I5 KI'o, wmponepooaHO 8Jl8KTpoHHOi JiyllllGl 

~ ~ 16, HanpmeHRe Ra.TO.It - a.HO.It ,11;0 IO RB, ,11;8.B.IIBHRB BBYTIJ! 

.u;pe~oBol Tpy6Im """ ro-II Top. BpeWi t/-i.2, =-"li IIOZ8T 

,JtOOTRl'aTl> le. Kami:qeoTBO HOHOB sa HMIIyJll,O MOXBT 6H;:&,pa.B,!IO ro12; 
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npa ,ItlmTBJI:&HOCTll SRCT~ HOHOB IOO MKC R UHKJIH'IJHOCTH - I ru. 

B OTJm'IJHB OT liaJI, B ROHHOJ HOTO'IJHERB KPHOH BHBO,It HOHOB 

npcmoxo.nnT np.i: YB8Jm'IJ8Hllli IlOTBHUHMa ~HYTP8HHEX CBRUHfi .u;peiijoBoil 

Tpy6rm .no YP0BH/l IlOTBHUHBJia a.ROHM:&Horo SarmpaIDUi. Ilpe:HMYJ118CTBOM 

TaRoro c11oco6a BUBo.n:a Jm.JI.lIBTC.fI MHIIDMaJI:&HI,!il paa6poo aRCHM:&fillX 

cxopocTefi ROHOB B nponecce Bh!Bo.n:a. 

3Rcnepm.1eHTaJI:&H08 li3Y'IJBHH8 npouecca IlOCJIB,noBaTBJI:&HOli liOHH

san:im Il.OHOB CBO,nHJIOC:& R TOMY' 'IJTO B Ha'IJaJI:&Hutt MOMBHT BpeMBIDl sa 

llpa,!BlityTOK ,1 T = I 00 - 500 MRC B SJIBRTpOHHIDI nytJOR BBO~iJIOC b 

,-,,., rol1 
Il.OHOB pa6oqero BBil!BCTBa~ Ilo Il.CTB"l'BHlili BpeMBHll. t::· 

npoHSBO,nHJIC.fI BUBO.It M311 HS KPHOHa H me aHaJIH3 no BpeueHH nponeta. 

HoHH Ha :mlXo,ne BpBM.flnpoJIBTHoro cneRTpoMBTpa ,n.mrnoil OROJIO IOOO MM 

perHOTplip0BaJm.C:& ROHHW ROJIJIBKTOPCM C npe,nyCHJmTBJIBM, ROa<WJHUHBHT 

ycMBHH.fI ROToporo HB npeBmnaJI IOO. 

B .ltllCCBp'l'aUHH npHBB,nBHH pesyJI:&TaTU nepBWC axcneJl™eHTOB 

no nsMepemm ce-qeHHl1 noHRsaUHH B neno"l'Kax BnJIOT:& .no .smep c6+ n 

N 7: 1Ipl aHBpl'MX a.lleRTpoHoB E8 Bllll!e 2000 aB. 

B 'fJl8T!"9i r.lla.B8 a.HaJIIl.3HPJDTC.fI npoueccu llOJIY"l'BHil..fI llOHOB 

B H3lI. OcHOBm.M npoueoca.a .fIBJl.fIBTC$1 llOCJle,noBaTBJI:&Ha.fI li0Hll38.UH.fl 

8Jl8KTpommM y,napa.t. IIpe.nnOJIB.l'aBTCll, 'ITO o6paTHH8 npoueccu, IIOIDI

zaD!IR8 sapimnocT:& MSH, H.IJ:YT C IIpBH86pe.imMo MMott CI<opoCT!,JJ. 

.ll,1Isl p8C"l'BTa CB"l'BHRil nocne,no:saTBJl:&HOR IlOHH3aUHH llplMBHBHa qJOp.iyJia 

J!QTUa .nM lltiPUHM:&HHX CB"l'BHd /!3 ,20/: 

-,., 
k 5 ltJ · c uf> L Fe 

I F 1 ....e 
h-(' e 

o:~ -
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r.ite €1ce - ,mo.no 8KBllB8Jl0HTHUX 8J10KTpoHOB B hf - II0,1to6o.no,me, 

Iue - noTeanna.n noHRsanim ri-f - a.ne1t-rpoaa • 

Ilp!i 8'1'<:M R0IIOIILSY8TOH paoqeTmnl Ha6op ROHHSaD;llOHmOC IIOTeanna

.nOB /I4 ,15/ • 

C ncnonLsoaaHnew pacqeTH!lX noteHUllaJIOB pemaeTca npauaa 36,l!;aqa 

nomisannn, T.e. o:e.oTeMa ypaBHeHRi Bll,lta 

ala . ..- · /' f'/ . -f:' , . q_,) (I> 
_-_____a:_ ==✓e c llLt ➔ i. ·J,-1 z--1,1-.1 tJ .. d-t 

o aop.mpoBRo! 4 j-,· ==- d, 
t , 

r.ite ~ - .ltOHJI ROHOB 0 saPH,ItHOOTY) L , 

Oj ➔ i 1 /. - oeqeHKe noo.ne,itoBaTeJWioi noimsan:im ~ nepex0,1ta 

i ➔ i.-t-:i., 
,,-:'· 

l i.. - BpeWi nomisan:im B ce1tya,1tax. 

lly,IOK nepBB.qHmC s.nexTpoHOB ~ep) npoxo,Itl!T RS s.nexTpoHHol 

nym:rm BHYTPL .ltl)EliijOBOI Tpydma, :llOHRS:llPJ.B: aTam pa(Soqero :eeiqeoT:ea 

A n OOTaTOqHOl'O rasa {cpoaa)B. B npou;eooe :llom!Sanill!. BOSH:llXam 

ue~emme s.nextpomz { • f! i.s ) • Ha ma:0.1te ns oo.neacm.ita nyqox 

nepBiiqHWC 8Jl0KTpoHOB pacXO,ltRTO.B: B.ltOIIL OJIJIOBHX .mum! R CIC14Cla:i:utH

pyeT IIOB8pxHOCTI, a.ne1tTpoHHOl'O KOJLJ10XTopa, npa 8TCl4 BOSBJm8JlT BTO

pimme a.nexTpoHI:l ( e t ) , KOTopre J40l'yT nona,tta.TL BHYTP:E. .itpeipOBOit 

Tpyelim, :e.SMeH.WI paonpe,1teJ1:8HB.8 a.nexTpHqeox:e.x IIOT0Hitl!8JIOB. Tamm 

o6pasa&, B npocTpaHOTB8 :e.omis~ l!M80TCH Tpi 8J18KTp0HHSX XClmO

H8HTH - ep , e l.$ l1 e S , a T~ .1tBa Oe»eloT:ea ROHHSX KCJUIO-

H8HT - An~ :a B /ff~. 

31181tTp0Hl:l Rts 1XOJUlT IIO.lt .it81cTBZ8M a.neXTpaqeox:e.x IIOTeHI0!8.lIOB 
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It xo~em& yqacTKBM ,itpeipoBol TPYCIRR. . Ilpn cpe,ItHel 

HaJipim8HHOOTlll M8l'HRTHOl'O IIOHJI H =(2,5 - 3,0)RI'o B l131l HaCIJIJmaJIOOI, 

3H8.'1BT8JlI,Hoe TOKcooe.itaime sa oqeT 8JI0~TpoHOB e S • B KPHOHe, 

r.ite H =(IO - 20)Kro, TDK aJieKTpoHoB e 
5 

npeaeelpeDJ110 MM. T8RllM 

o6pasc:M, B llpOOTpaHOTB8 l!IOIDIS8.ll;lm KPlIOH l!IM88TOH (paKTl!lqecKl!I TOJ!I,KO 

XCWIOH8HTa ep. 

OoTaToqHHll: ras B Han 000T011T ns 82, co, N 
2

• B KPHOHe Hlleet

oa TOJII,Ko 0,1tHa Ra.moaeHTa OOTaToqaoro rasa - 82 • Ilo mumsi:M 112 n 

~ MODO llpOBO.JtRTI, KSJmelpo:sey BpewmpoJl8THOl'O oneKTpcueTpa. 

B ~OHOBCM oneKTpe HaCIJID.itaeTo.a: ~I, o.iura .im:mm - H:. 

,ltJis: o6ecneqeHWI OllTm.laJILHIDC yoJioBl!ltt 8Jl8RTpOHHOl'O cpop.mpoBa

H:e..B: m.my.nI,Oa RH:lle~ noaoB paeloqero BemeoTBa A~ n noo.ne.Jcrllllel 

HOHE:SaD;lm l!IOIIOJII,SyeTCSI ID.l!IyJlI,C 8Jl0KTp0HOB ep .ltBYXOTyIIelflJaToi 

, !POJJIH. lb.my.nI,O nimerunm l!IOHOB A: !POp.mpyeTCSI B Tet1e1me II0PBOJi 

0Tyll8BI,KE. 0 O'?BOORTeJlI,HO HRSKOI 3H8pl'Hei 3Jl8RTpoHOB ep, Ilp! 3TCM 

JlOHH SaIIOJIHJDJT OTBOOHT0JII,HQ M0JIKYJ) nep:mqHYJ) IIOT0HitR8.lll,HyD RMy, 

r.nyelnaa RoTopol paBHa ll1 n' p0..ltllyo ft • AMILlmTy.ita ROJie6aima 

. noaoB ae np8BHIIaeT G • 3aTeM BMIIJmTy.I(a aneKTpoHHoro HMIIyJII,Oa 

a,ItRaelaTJllqeoim aapaoTaeT no 3KCIIOH8HTe sa BpeM.R:, plBHoe H80ROJIJ:.Rl!M 

II8IJ10JJ:BM nommx KOJieelwml B JD4e r.ny6naol 1}_
1 

B Koime 3Toro BpeMeHH H8.p0.CT8EllJl: aHepr:e.a: 8JI0KTp0HOB OTaHO-

BllTCR paBHOI ~ ;;, ~ H :Pa,ltHyo aJ18KTp0HHOl'O nyqxa l"_;: ~~ . 
AllwmTy.I(a Rc:i.ne6ruma HOHOB sa BpeWI HapaoTB.HHSr oy~eCTBeHHo He HSMe

HJreTCH Ilpi O,ItHOBpeMeHHct,1 IIOBl:llllemm 3aPllIUioOTll HOHOB. 3aTeM B TetJe

HRe BpeMean 7;, IIp011oxo.IIllT nocJie.I(oBareJILHM noansaztru:I IlOJJOJ1ra-

TeJII,HI:DC liOHOB OJIOTL .no A , + • 
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BHJieT HOHOB 3a npeAeJIH anexTpOHHOrO nyqxa llOA 

AeacTBHeM noTeHnH8Jla HOHHOR cepAneBffllH npHBOAH7 K HOHH3HPYD-

J!l8MY (Fa.RTOPY, /./ '/e . 7,· , r,tte /.( < :I y,m:TWl88T Bpewr 

npe6imaHM HOHa sa IIpe,tteJI8Ml'I 8Jl8KTpoHBoro IIy,nta B TO'qK8X IIOBOpoTa 

HOWWX Tpa8KTOplli. 

CJie,ttyeT OTM0TRT:&, 'qTO paoCMoTpeHHM Blilll8 MO,tt8JI:& nponecca 

HOHll30.Il;RR B KPHOHe HsyqeHa B axcnepHM8HTaJloHOM nJiaHe e~e AaJl8KO 

He ,ttOCTaTO'qHO H H8 llOJIHO. 

TeM He M0H80 HM0MCH yOJIOBWl: ~ HCCJI0,ttOBaHHH IIOOJ18,ttOB8.-

,TeJI:&HOI :aoimsawm HOHOB A: _,.;. A-2: ~ ••• A H-f- !Ip! HaJm'q]illt 

O,D;HOKCl>UIOH8HTH0r0 BO,ttopo,D;Horo (FOHa Ii: H BHCOKOii aqxpeltTRBHOCffl 

y,ttepgaHRS HOHOB B 8Jl8KTp0HHCJ4 ny,me C ROimSlllpylllti!M !paRTOpc!,! 

je · 't~ ~ 1019 OM-2 • C1J:8RTp ll!OHOB Ha BHX0.1t0 HCTO'IIImlta COCTORT 

:as H860JII,lll0r0 'qJl!CJia muml, paBHoro ,D;By!4 - Tpel4 B CJIY'llae :BOHJl!Sartm 

yrJiepo,tta :a asoTa. 

B '118TB8p?Oi rJiaB0 Jipe,ttCTa:BJl8HH 8ROII8pD48HTaJI:&HH8 :I! pa0'110T

HH8 pesyJI:&TaTli IIO 01Ipe,tt8JI8Hlll) oe-qemi:i IIOOJl8,ttOBaT8Jl:&HOit :aomi:san;DI 

yrJiepo;na :a asoTa. 

Homi:srumoHHag neno,ma c2+ ➔ c3+ ~ ~c4+ _.. c5+ ~ c6
+ 

HSMepemme sapsmoBHe oneltTPli npirne;neHH Ha imo. 2. 

3H8pl'BJI II0pm!'IIHliX 8Jl8ltTp0HOB paBHa Ee= (2500 ! 150) aB. 

ToK ny,ma aJ1e1tTpoHoB I 0 = I,5 A IIIJl ~maeTpe ny,ma 2 MM. B ita'll80T

B8 pl.(So-qero rasa IlplDl8WJJICs: aTll!.lieH c2~, noaTCJ4Y, Bepo.irrso, .muma 

10 

~OHOBOl'O BO,ttopo,tta l1!M88T OTHOORT8Jl:&HO 60JIHDYJ) m.m.JmTy,tty Ha BC8X 

;necHTR 1t8,Itpa:x B ~anasoHe l/ =(2,5 - 19,5) Mc. Homi:sHPYDJtRil 
' • ,..._, ) I8 -2 

~8.lt'l'Op paB8H (/ ('. Z.i,/c.u,.,._ °'.' 5.10 OM • 

IlOJIY",lemnre sHa-qeH0Ji ce-qemtt BMecTe co cpe,ttH8RBS,IUnTR"iHmrm am6RBMH 

lipllB8,tt8HH B Ta6.mme I . 

,IlJIH llpOB8plW IIOJIY118HHBX pesyJU,TaTOB, ROTO!)li8 COOTB8TCTBOBa

Jll! pememm o6paTHoii sa,na'qll! :aomisan,m, T. e. onpe,tteJiemm ce-qe1mft, 

ROXOM :as 3KCD8pzM8HTaJl:&ma: CII8RTPOB saPff.ltHOOTeii, Mli BlilIOJIHIDIH 

paoq8Tli npmaol Sa,Jtaqx ROHRSanHH IIO 1Ipol'Jm,!M8 pa60Tli /I~/. 

PesyJI:&TaTH pac-qeTa npmaoii sa,na-q:a :aoimsaJ:tW! mecTe c axcnepa

MeHTaJI:&IWMR ,ttammMll IIpllB8,tt8Hli Ha prn. 3. 

Hoimsan»oHHM neno'!IM N 3+ -;;,,,v4+ --,,JV5+ ~N6+ ---ft(?➔ 

H814epemme CD8KT!)li SaPff.ltHOCTeit ROHOB asoTa DpIB8,tt8Hli Ha 

pHO. 4. 

3Hepru nepmi-qma aJieKTpoHoB paBHa E8 = (2roo =E I50hB. ToK 

aJieRTpoHHoro ny-qKa I 8 = I A. MaxcHMaJILHHtt HOHHSHP.YJXItllii <FaKTop 

(. • ~) S ·1 -TB -2 J e · lt MQx = , 7 x u- OM • . 

B Im!OH R!a'.8RTJl!p0B8JiiIC:& Mo.neKyJW ~-o • IIRK ~OHOBoro BO,I(O

po,na HM88T Ha BC8X BOCam 1t8,ItpaX H860JII,lllYJ) 8MIIJillTY.ltY B ~anasoHe 

~ =(5 - 39) MC. 
. . 

PemeHHH o6pa.THOI sa,na'IIH HOHHSanrut HrutO,ttWmOI,IIO ~Op,.IYJiaM 

CRCT8Mli (I) • IlOJIY'll8HHli8 3Ha'll8HWI C8'118HHf Dpl!B8,I(8Hll B Ta6mne 2. 

PesyJILTa~li p8.C"i8Ta npgMO! sa.na'IIH ROimSau;HR DO nporpaMMe pa60Tli /I~/ 
114801'0 C 8KCD8pl!l48HTaJI:r.HSMR ,I(aH!W?,!H DpllB8,tt8Hll Ha pl'IC. 5. 

II 



OcHOBJWe peSYJII,TaTH )n'ICCepTamm SaKJIIO'laxl'l'C.ll B CJle,m,JllleM: 

I. IlpH DOMOIItH KpHoreHHoro 8J18KTP0HHO-Jf.Yli8BOro HOHHOro HCTOq

HHKa KPHOH BnepBHe HSMepeHH ceqeHH.ll llOCJ18'AOBaT8JII,HOR HOHHSamm 

yrJiepo.na c2+____. c3+ ~ c4+~ c5+~ c6+ DPH 8HBPI'llli HOlmSHPYI>"'." 
I 

lJll'IX 8J18KTPOHOB Ee= 2500 aB. CeqeHl1!I llOCJlB'AOBaTeJII,HOR HOHHSanHH 

li!SMepeHH Ta.Kllte .It7IlI HOHOB asoTa ( tJ3+ ---:, N 4+---i' II 5+ ~ 
}/ 6+ ~ N 7+ ) npH Ee = 2100 aB. SKcnepm.1eHTaJu,HHe ceqeHl1!I CpaBHH

BaJOTc.11 C pacqeTHHMH. IloKaSaHO, qTo pacqeTHa.ll DOCTO.aHHa.11 

R -4,5.ro-I4•aB2•cM2. 

2. C npli!MeHeHHeM"TenJioro" BaPHaHTa 8J18KTPOHHO-Jf.Yli8BOro HOHHorc 

li!CTOqHli!Ka (HSJI-I) HCCJ18'AOBa.HN KaqecTBeHHHe xapaKTepHCTHKH npo~ecca 

nocJ1e'AoBaT8JII,HOR HOHHSamm aTOMOB OCTaTO'IllOro rasa B peDMe Henpe

PHBHOtt HIDK8KU!JH H aTOMOB SMOTa B peJmMe KBaSlIHenpepHBHOtt muteRUHH. 

3. Ha SBM IDCM--6 c noMOlltl>ll YHHBepcaJII,HOR WPTPAH-nporpru,v,m 

BHDOmeHH pacqeTH DOT8~MOB H ceqeHHR HOKl'IS~H, a T8.Kl!e DP.IIMOR 

Sa,Ita'lll HOHHSamm .It7IlI P.ll'Aa 3JleMeHTOB nepno~eCKOR CHCT8Mli. 

4. Pa~pa60TaHH H HCDHTaHH ,JtBe MO'Aenli "TenJioro" a.neKTPOHHO

Jf.YliBBOro HOHHoro HCTOtJHHKa (H3JI-I H HaJI-2) n cxeMH DHTaHH.11 H ynpru,.. 

J18HH.ll KPHOreHHoro 3JleKTPOHHo-JrYtJeBoro HOHHOro HCTOqHHKa 
(KPHOH) /I6-I9/. 

B )n'ICCePTaxnm 99 CT~ TeRcTa, 29 PHCYHROB. CDHCOR 
·, 

~THPOBaHHOR DTepaTYl)H CO'A8p!G!T 89 Hasooimtt. 

CO'A8l)l!taHH8 )n'ICC8PT8.IlID! HSJ10X8HO B pa6oTax /~I9/. 
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' 

j' 
~I 

TAEJil1UA l 

3Rcnepm,teHTMLHBEl JI_. TeopeTHtJecIGie ceqeBllJi noc.neno:eaTeJI:&HoA 
HOHRSaitUR aTWOB H HOHOB yrJiepona l1pl'I Ee= 2500 aB 

CeqemI.11 PactJeT no
1

~op,,,y.ne K:a8H!?OBCl4exami:-

(x ro-20 cw21 SRCII8p'IM8HT Jioma /20 . ti8CKHR p:lC'ieT 

·0o~.i - 2500 2200 (22) 

~~~ 800 x>c21) BIO 700 (24) 

6;,~-3 200; · 300 400 (26) 

6i~"t 57; I2 120 140 (26) 

Oy~s- 30; 7 20 28 (26) 

°"➔G 14; 2 6 9 (26) 

Ilpmeqami:e: x) 3RcTpanoJIHpoBaHHoe saatJeHHe. B r~e "3Rcnepn4eHT" 

Yl'ta38lm ope,tHeitBaJtpaTHtJBH8 aim6im o,JtHOI cepim 

zSMepeHHI 6es yqeTa ozcTeMaTRtiecimx aim601t o aeo,zt

aoponaooTn B pacnpe.i:i;e.nemm IIJIOTHoon a.neRTpoHHoro 

Tom J e • Om6:m ae yxasrum )tJl.11 ceqeiml, . a314epea

ma ona01tpaTao. IlpHBenemme cpenaexB8JU)8.T14tJHJre oom6-

mi yql4TlitBlll)T BXJI8Jt IIOOO'iH!iX nponeccoB HOHHSanBJII -

o6pasoBaHHe J48TaCTa6HJ1:&HWC ROHOB, 8.BTOHomi:san,m, 

o:1e - 9®exT II T.n., a Ta.De MeTona'lecmie norpem

HOOTZ - H8TOtJHOOT:r. HS1Jl8peHWi IIJ10lll8,'!0l non saps;ii;oBHM . 

mmw aa ooQMJiorpaMMe z T.n. 
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• TABllIDlA 2 

3Rcnepm4esTa.nL1We n TeopeTn'IJecDe ce'IJeHWI 
nOCJI8,llOBB.T8JlLHOI HORHSartm aTa.tOB H HOHOB 

asOTa npa E8 = 2100 aB 

Ce-gemm 3Kcnei:maeHT 
Pac'IJeT no ~op&yJie KBalrroBCf,!.exa-

(xro-20 ml-> Jioma /20/ m'l'IJ8Cimi pac-
'IJ8T 

ffo ➔ f 4000 x) (25) 2800 4400 x>c22) 

~-'I,_£ 
'. 

700 x) (23) 960 IIOO {24) 

~-n~ 400 x) (2I) 4!0 440 (24) 

6';, ➔ 9 125 ~ 22 180 250 (26) 

(f''I~ s- 39 ~ 7 74 100 (26) 

D"'r ➔, 9 =!= 2 II 2I (26) 

6'➔ 1- 4 =!= 4 7 (26) 

x) CM. npm4e-grume x -ra6.mtne l. 
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Plio. 2 . CneKTPH IlOCJie;noBa.TeJil,HOii llOHll3anIDl 

IlOJIOJmT8JII,HHX llOHOB yrJiepo;na 

B KPI10Henpn Ee = 2500 aB n 

j e = 2,5.ro2° aJI/~c. 
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Plio. 3. 88.Bl!OBMOOTI, ('. OT je ·'2,_• 
yrJiepo,tta npi: E8 = 2500 sB 

(pao~eT ll 8KOil8plM8HT). 
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?Ho •. 4. CneRTPH nooJ1e~o:sa.TeJn,11oit 

ROHll3anIDI n0110JmTeJII,Hf1X ROHOB 

asOTa B KmOHcnpi: Ee= 2100 aB 

II j e = 1,7.lefo aJI/ml-c_ 
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(016 ,on (0 18 10 19 ji[l 

?Ho. 5. SamI0l!MOOTf, 1 i. OT j e . -r;-_ ,ItJIJi asOTa 

IIpi Ee = 2100 aB (pac'leT 11 aitonepm,ieHT). 
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