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@ EpesaHCICUU 1t1usu14ec1Cuu UHCTUTJIT, I \9810 

I. Bse,u.eHHe 

HeCMOTpR H8. MHOrOllHCneHHOe KOAHQeCTBO pa_cqeTOB, CBR38.liHh!X 

c MO~eniqioBa.HHeM sneKTpOMarHHTHLIX flPOQeCCOB B Be~eCTBax MeTO.U.0¥ 

MoHTe-Ka.pno ~.z] , HMelJllleroca NaTepHana OKa3~BaeTcR HeAOCTaTo~­
HO B CBH3H c oco6eHHOCT.ffMH peweHHH KOHKPeTHlilX 3a,IJ.aq, 

Ka.K npaaKno, pe3ynbTaTw MO,U.eniqioaaHHR sneKTpOHH0-4>oTOHHh!X 

KaCKa,U.OB (~K) CYJl\eCTBeHHO saBHCRT OT noporoB o6pe3aHHR no SHe~­

rHH BTOpKtrnLIX qacTHQ H OT TOQHOCTH MO,U.eJIHPOBa.HMR MRrKon KOMilO­

HeHT~ Kacxa,u.a. HHllCH.11.R rp8.H1'1t¥l o6pesrurn.R no 3HeprHH onpe,u.enReT­

CR KOHKPeTHoR sxcrrepHMeHT8JlbHOH CHTYaQHeA,a TaKJ!(e o6nacTbV npH· 

MeHHMOCTH HCnORb30B8HH~X npH6nHllteHHA ]\JIH OilHCaHHR ~H3HqecKHX 

npoQeccos.06bft!HO sHeprHR 0 -KBa.HTOB ,11.oJ1JKHa npcab~aTb sHerrHv 

CBR3H 3P.eKTpOHOB B aTOMax _E~»IO + 50 KSB, a SHeprHR s~eKTpOHOB 

'AOJIJ!tHa 6liTb E > 100 + 500 KSB, QTO noshuJUJ.eT .u.ocTaT0tlHO xop-

peKTHO uo.u.enHposaTb )IHOPOKPaTHoe pacceHHHe sneKTpOHOB. TaK KaK 

apeMR pac~eTa ~K Ha 3BM 3aBHCHT OT OTHOWeHHR HatlanbHOn oHep­

PHH K 3HeprHH,.U.O KOTOpOH npocue~sa~TCH BTOp~tlH~e qacTHQbl, TO 

BO MHOrHX cnyqanx, r.u.e Cyli\eCTBeHHO He MeHReTCn pesynbTaT MO.U.e­

JIHPOBaHHH ¢H3HQeCKHX BeAHtnlH, MOlKHO yaenHtlHTb HY.EHHR nooor oG-
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peaaHM.2 no aHeprHH. 

UeJib~ HaCTORlllen ;pa6oTw P.BJI.fleTCH noAyqeffi~e HH~O:PMIU\KH o Iq)~r 

Te.pHsu: c6;pe3amm: aHe.prmo: BTO,PMtl..'iWX qacTH~ ~H MO.IJ.9fillPOJSarurn 

:3\ilK MeTO.IJ.OM MoH~e-r~JIO B TJlllteJIWX H JierJtHx Be~eCTJSax(Pb , fte,N ) 

r "lM aHeprHH nepJSHllhWX eneKTPQHOB 1,2 H 4 I'aB . 

PacqeTbl rtpOBe,11.eHY Ha oBM BOCM-0 no nporpawMe. :paspa6oTaH• 

Hoa B .lli•l'epHoM ( 3] c He1toTo;phlMK HaMeHeHH.HMH. B npoqiaMMe yqHTbl­

BaJIHc& CJie,D,jlllll\He ~H3ifll9CJCHe npo~eCCbl ! 

l. To;pM03Hoe H3JiyqeHMe. 

2. oJie~'l:TpOH-3JI61CT:pOHHOe H Il03KT;pOH-3JieIC'l'pOHHOe paccemrne, 

3. MH:oro !q)aTHoe xynoHoBcKo e pacceaHHe. 

4. Hofill38.I..\HOHH~e noTe;pH. 

5. PolllJl.eHHe na.p . 

6. Ko'M!lTOHOBCKoe ;pacceJIHHe. 

?. ~OToajxpeKT. 

2. KacY.ap,.'ible IC{>HBNe. 

HHl!rnHe no;porH no 3He;prHY." BTO:PH'IHl>IX qacTH~, ·.n.o KO'l'O:pHX n:po­

CJle"1iBaJl'l'CJ! a.ne.KTpoHbi H 4>o'l'OHH ( E , E ) , HBJUmTCH OCHOBHUM.K mi.~ 

pBMe'l'.paAm, ortpe.n.e.il.Rllll\MMH ipopwy xae1caAmoc: IqlHBhlX. J].JuI accne.n.oBa­

HWR pasB~~HR :3\ilK uo.n.e.mi:poaa;:iocb n:poXOll,D.eHHe aJieKTpOHOB c 3He;p­

rHeR E ,._I,2,4 l'as 'Iepe3 BeiqeCTBa c CYJ!l6CTB6HHC p8.3JIH'll81)ll\HMHCR 

·xa,parre:pHCTHKaMK (Ta6JU1~a l) 
Ta6JIH~a l 

Beiqecrrao I A · ~(r/cw3J X0 (r/o/-) E kp Obs) 

1CB11H6l\ 82 20?,2 II,3 5,8 7,4 

A.imlmHHI 13 26,98 2,7 24 49 

A30T ? 14,06? 0,00125 37,8 87 
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PacqeTbl rtpOBO,D,H.JmCb B wiq>oKOM 'AJ'la!l8.30He stte:pn1lt c 4 eJib10 

npocJiellU1BaHHR o6~x 38.ICOHOMe:pHOCTeR H3MeHeHKR xa.paKTe~KCTKK 

:3\ilK rtpH H3MeHeHHH E 2. I E ( OT E m<n /J.O E Kp • Ha .PMC. I ( &. ' 6 • n \ 

rtp9/J,CT&5JleHbl aaBHCHMOCTM tn'ICJia BTOpMqHbfX 3JleKTpOHOB [IT(Eo ,Ee ,t) 
-crrJIOWHbie JI11H11111] H <I>oToHoa [rCE., E ~. t ) - nyHKTH.PHb!e JU1Hv.11 J 
B CBHHQe . nepe c CKaJl!I\}!X nJIOCKOCTb. ne:pr:eH.D.HKYJ19.PHYU 1: r, 1,;11 mrn­

HH, OT rJiy6v.Hb1 t (pa.n..e,n . ) • UH~.Pbl y Kp11Rb!X - 3HR'..l:cH11.H 11 1 ,~)0f'o-
e 'II 

BblX :mepr11~ E 11 E , JJ,O KOTOpb!X npcc.neJ1U1B£U'.)'l't.: i-i r. "":..iJ,ti ',;•w 

tWCTY.4b! . IlpaKT11qec KK y KaaattHHe it.pHBbie o r :pa1w1JT :>He_p1 ·t;-n -,;;; cf'i.: 9 

cneKTp BT Dp11q Hbfl{ qacTH~ Ha p a 3Hh!X f'Jly61rnf1x t. . rf-:if1f •IWE',P. _pu:-• -
~ e 

HOCTb ll(E 0 , E ~ , t i - 11( E. , E 1 , t ) ~aPHa tU1cJ1y e1·0.iwt1.P,,;x 

aJieKT,POHOE JntBHR c 3HE:prHe~ l:l 11HTepB[;j,Jje A E=r<.: a -t: 1 1-.. :. ,,;.,: : H•:;• 

rJiy611tte ( TO lite C:ll\IOC )l.JlR ipoToHoB) . TaK KaK rfiopi;, k<11~ ri &,ll,m;1. 

KpMBbJX Cytl\8CTRe1mo He 3aa11Cl-IT OT Hffl.l i l.%1-!07 ;:;,, '. .1 " ;: ;1 
e E, 

n_ (Eo Ee. -1:),,,£._ H t,,,a.•"' ell.-;::- • ,D.JIR aJlllir!l11-!11R ;; a~10':'C:: 
"•<t~ I • E. c: 0 

(re.a - I aTM) n:pHBe/J,eHbl 3aBMCMMOCTM TOJihKO rq:m E. =2 rcis 

(pv.c.2 a,6 11 3 a,6). 

~fa aH8.lIH3a KaClta,Il.HW{ Iq)HBblX BH,ll.HO. I.ITO /J,O TOJlll\HHbl aea\eCTBa 

.l. < t 'llHCJ!O BTO~HtlHblJC qacTHL\ CJia6o 3aBY.CW1' OT wa1.1errnz L rna..x 

E~ ' " 

Kax H:-:St!eCTHO, 3a Ma.KCHMJMOM ( np11 t > IO i:ia,o,. e,r:,. ) .YMeHL.Je­
- •t 

HMe l.ll'lCJia qaCTl-iQ B Jll1BHe C f'Jiy6!'1HO'i nponopt\l10HaJlbHO e . C 
e 

yaeJIW-18HH€M E oS OT 0,5 M3B ,n.o E Kp KOG11ifJM'-\l18HT flOl 'J;OJl\('HllH :~ a-

pID!teHHO~ KOMTIOHeH'T'hl BetqeCTBOM ( A ) yi;eJIYitUrnaeTCP.. Ha~ l.)'f ;v . .o: 

aaoTa " ,Il,O ,.., 40% y CBHHl~a. )l.JIR rfioTOHOB c V. 3W8H8Hl18M 3H•.;p f'V:I{ 06-
'6' 

peaaH\.:ii E oS ~M t > IO pa,n,. e,D,. ..,.,, l1::JMP HH€TCR B ·~ 2 + <: ' ~ 

:pa3a Me,D,.JleHHec. '-t8M ,!l..!Jii 3JI8KTPOHOB. c ,!JJ:Y ro~ c·rc ~)U !-' bl ' !'..;>. ( ;-,;!•:.. -

fl8Jie1 :Ho~ l'Jly61rne l.IHCJIO qKJTOHOB r(E • • E ~ ' i ) 113~J 3i-ili. t! TC, 

f) 



CYJI\€CTBe HHO 6~cTpee c yseJlliqeHHeM nopora o6pe3atUtff, qew QMCJIO 

3Jl0KTpOHOB. 

Ha pHc.4 rq>eACTaBJleHa 3aBHCHMOCTb OTHOllieHKff 'lltCJia qacTHI.\ B 

MaKCHMJMe JIHBHH rq>H orqie,o.eneHHOM JPOBHe o6.pes8Hlll& K QHCJIY qac­

~Ml.\ Ha MaKcMMyMe rq>H E06 = I M3B , OT aHeprHH o6pe38lfill&. 1\pHBHe 

.0,,1R HaqaJibHhlX aHeprHR E =I ,2 H 4 ras rq>aJCTHqec KH COBil8,ll,8JlT. 

W3 ,o.aHHor o r pafbHMa BHAffO, qTo rqJH MOA0JIHi>OBa.HHH ~K nopor H, AO 

KOTOphlX npocJie:i'IWBB.DTCR BTOpHllHble qacT~ . ,O.OJllKHbl 6b1Tb Bb16paHbl 

3HaQHT€JlbHO HID!te JI.1l.R tlioTOHOB, qeM }J)IJI 3Jl€KTpOHOB . 

yqeTa 80% scex qacTKI.\ Kacm~,u.a ( OTiHOCHTeJibHO E0 5 = 

HarqiHMep , ;vr..sr 

I Mas ) B 

a.JlllMHHHH 

" 
e 

Heo6xo,JJ,HMo au6paTb noporH o6pe38.HJ.f& E06~ 6 Mas 

E 00 ~ I , 8 MaB. 

3. Pacnpe,o.eJieHHe nor noiqeHHoA aHepI"HH JIHBHJI :B 

BeiqeCTBe. 

H 

Ka.K H3BeCTHO , OCHOBH8JI aHeprH& O!liK cocp eAOTOqeHa B6.11H3H ocv. 

JIHBH.R. B qHJmH,IU)e Pa..Il.ffYCOM "' 0, 7 pa,u.. e ,o.. BN,D.eJUieTCJI ,...., 50% 
BCeR 3HeprHH JIKBHH. Jlru:r scex BeiqeCTB p a crqieAeJieHHe aHeprHH, 

1orJIOiqeHHOA €,11,HHHI.\e« o6oewa, B 38.BHCHMOCTH OT pa,11,Hyca Ha JD06oR 

rxy6HHe He 38.BHCHT OT HaqaJibHOR aHeprHH, ecJIH rxy6HHY B14la3HTb 

B e,ll,HHlil.\8X t : d. · -!: Ill a. ~ (pHc.5.6.7). IlnOTHOCTb norJIOiq0HHOA 

iaHeprHH Ha pe.ccTOmIHH ,.., I pa.n,. eA. OT ocH JUIBHJi yweHblllaeTcR Ha 

d9CKOJ!bKO nopH,U.KOB. 

llpH MO,D,e.JIHpOBaHHH KaCK8,ll,OB , HHJKHHe noporH no aHeprHH apoCJie­

hmBaHHR BTOPHQHhlX qacTHI.\ onpe,o.eJIRllT TY o6JiaCTb n:pocTpaHCTsa, 

kOTOpOR npHnHCblBaeTCR IlOI'JIOiqeHHe aHeprHH QaCTHI.\8.MM c E ~ E o5 

ii npoHcxo,11,HT nepepacnpe,u.eJieHHe aHeprHH Kax no pa,11,Hycy, TaK H 

.10 rJiy6KHe. Ha PHC. 8, 9 rqlHBe,o.eHbl OTHOCHTeJibH!ile noTepH 3HePrHH B 

r. 

820Te ¥ CBHHI.\€ B WiJIHH.n.pe 6e CKOHeqttoA ,IT.JIHHbl B 3aBHCMMOCTH OT e.-
,Pa..Il.ffYCl'. }J)ISJ. pa3HhlX 3Ha'll.eHH~ E 

0 6 (OT I MaB ,ll.0 ·-v EKp) • Y Kasali-

tw:e 3aB1'!CltlMOC'rH rqiaKTHtleCKH COBtla,IJ.allT ,IJ.JIR pa3Hb1X 3HaV.eHHR Ha­
"•l 

'!B.JibHblX aHeprm';\ IlPH O,ll.MH8.KOBIDC E06 (pHc.8) . XoT& nomm.fl 3H€:pI'HB, 

110P1104eHH8.H ae~e CTBOM , :paBHa E 0 n:pH J006UX:· 3ttairnHHRX .!£ o5 ' 

T€M He Mettee B KOH!CpeTHb!X CJIYCW.flX MO,Il,8Jn!pOB8lUISI 3<J?I\ Heoeix.O.D,HM 
<a,lf 

KOHKpeTH~ yqeT E (npH npoeKT!ipOBaHHH :pa3~epoa ~aJiopHMeT:pon, 

KBaH'rOtt.e•rpoll, ,D.eTeKTopoll OH-fHO'lffiblX qacTH4 K . T .,n,. ) • Hanpmrnp, 

JViH CBHH4a ~ sce'4 aHepI'HH norr.o~aeTCR B J.¥1~H,n.pe pa,u.KyCOM 

rv 3,2 pa,u..e,u.. Il.[!11 Eo&~o,5 M3B, a n:pH Eo6~ E Kp (8 M::ia) B 

.lJa,u.HYCe ,..., I ,6 pa,u.. e,n.. AHSJiorHlffioe nepepacnpe,n,e11eHHe nornoqeu­

HOR :;mepr101 c HaMeHeHHeM E.,s npo1wxo,D,14T B npo,u.oJihHOM Hanpae11eHHlf 

(~Mc. IO, II - :pacrqie,D.eJieHHH nornonteHHoR a11e:pr1rn B cJioRx, nep­

neH,D.HKYJIJlPHblX OCH JIHBHH). Tax K8.K qacTH~~ c MaJIOR SHeprHeR :pac­

n:pe,n,eJieH~ B OCttOBHOM Ha 60JiblllHX rr.y6HHax,c yeeJIHQeHHeM Eos 

K,p~BHe TpruiC~OpiOi,PyDTCfi B o6JlaCTo M€HblilllX t 

4. 06c~eHHe pe3YJibTaTOB. 

PacCMOTPKN IlOB€A6HHe Xv,pal<'i8,PHblX napr~eTpOB JU.tBHJ!" ( t ma.x ) 

/I/ d. f j ) rq>H Mo.n,emi.poBamrn .:NiK JI.1I.R :pa3HblX 3HSt!eHHR E 00 Illa.• d '\'. ma.• 

H CER3aHlil>le c HHMlti 3aT,pa'Ibl MaJIHHHoro BpeMeHH (pHC. I2 a,6). lfuK 

fll3~8C'l'HO H3 K8.CKEl,ll.HOR TeOpHH 1 t. ma.~ H fl/ mo.~ nponOpWiOHaJibHbl 

COOTB€TCTB6HHO "' ~It E ~/ E o& H ""' E 0/ E 0 & • PactieTbl MeTO~OM MOHTe-

-Ks.pJio IIOK8.3blB81lT. tn'O n:pH E o& < E kp saBKCHMOCTb t MQ,)( ll "'"'"-" 

OT E 00 OTJli!qaeTCH OT 8H8JlHTHQ€CKHX ¢optzyJI K8.CKa,Ii,HOrt Teu,i.ii1\.!. 
'E 

Hrut6oJiee B14laJCeHo 3TO OTJIHtlKe B 3HatieHKK ~t I n:DH E ,< IOMsB "" I fllQ..X . oo 

(pi:c. I2 6) , ttTO CBRsa.Ho c paam.IM BKJia,IJ.OM rqioI,\eccos cf;0To31fxfle1na 

Jll KOMilTOH - 3¢'.IleKTa JI.1l.R B€111€CTB c p8.3Hb:M =2 

? 

./ I , ..... , 
/ . 



KaK BM)J,HO H3 npoBe,IJ,eHHOf'O 8HBJIH3a, IlPH peruetnrn KOH.lq)0THWC 

3a,;J.:lll Heo6xo,IJ,MM KOppeKTHbdt Bb160p HHlQU1X no.poro s IJ:POCJieJKMBaHH.R 

BTOflrt'llHblX tlaCTV.~ JU!BH.R ,Il,Jl.R a,o,eKBaTHOf'O OT.paJKeH.H.R 31\CllepMMeHTBJlb­

HbtX ,n.a HHhlX 11 q .1a 2HeH1UI c pactJeTB.MH JU>YI'HX aBTOpoa. 

~ J,HJ.1M V. 3 Cyl!le CTBeHHbl.JC nonpocos B MO,IJ,eJIHpOBaJiHH :»!{ .ffBJIJWT­

Cfl 3aTpaT~ Mali.lJ.1H:{Of'O BpeMeHH Ha 3BM, KOTOpble nponopl\HOH8JlbHbl 

3HH481H1IO Ha llaJibHOH 3HeprHH E H 06.paTHO nponopl\HOHa.JibH!:il E o& 

!!2. .pu.c. 126 ll,PHBe,1wHa 3aBHCHMOCTb BpeMeHH ClleTa Ha 3BM (nYHK-

~ 1-QH.'.l.R' v.punrui:) B OTHOCHT0.1IbHb!X 8,Il.KHH.Qax OT aHalleHH.R E o6 

~eTHM, q~u npw ~eweHHH aagaq o pacnpe,IJ,eJieHHH norJIOl!\eHttoR 

3hb{'. ·;n: n;mH.'! B BeU\eCTBe OCHOBHble napaMeTp!:ii :»K He3HatJHTeJibHO 

aam 1c .RT 01· E o6 H MOl!CHO Bhl6HpaTb attairnHHe E 
0

5 6JIHaKoe K E KJll 

UT J 3KOEOMHT MatJHHHOe BpeMn B 5-6 paa (,IJ,JI.R JierKHX ae111ecTB). 

A aTopu BblpaJKallT 6Jiaro,n.a.pttocTb HayqHoMy pyKO BO,IJ.MTe}l~ TeMN 

AMa TYHH A .~. aa noJieSHhle o6cYJK,D.eHH.R, a Taiate COTPY,!l,HHKBM Jia60-

paT01m11 3 5: _fWMOl!lh B :ra6oTe. 
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IB 

rro,rurnrn K PHCYHKAM 

PHc . I a , 6,B - 3aBHCHMOCTb 'llHCJia BTOpH'llHhlX 3JieKTpoHoB 

PH<;:.2 a, Ci 

PHc . 3 a , 6 

PHc.4 

PH(.,,5 

PHc . 6 

PHc .7 

PHc.8 

PKc.9 

P11c.IO 

(I. 

rrrn •• E • i ) ( CilJIOWHJile JIHHHH) H lf>oTOHOB 

r(E 0 ,Elf , i ) (IlYffKTidpHhle .!HID'IH) B C~K~e OT 

rJiy6HHbl (p8.JJ,.e,o,.) UH\fulli y IqJHBblX -aHaqeHJUi no­

poroBblX Ee. H E~ ; a) Eo =I f3B, 6)Eo =2 f3B, 

e)E
0 

=4 f3e. 

- To Jle' 'llTO Ha pHC. I AJlll 8.J.WMMlilll.fl np14 E 0 =2 rae. 

- To lie , Q'TO Ha pHc. I AJIH 8.30Ta npH E 
0 

=2 foe. 

- 3aBHCHMOCTb OTHollieHHg Q'Kcna qaCTHI.\ B MaKcHMyMe 

JIHBHSi /JPH onpe,o,eneHHOU ypOBHe oCipaaOBWiHll K 
ll,t 

'llHCJlY qacTHI.\ Ha MaKCffMYMe npH E 06 =I M3e , OT 

3HepI'HM oCipe3aHHll. 

CnnomHan JIHHMX - 3JieKTpOHbl, 

Il)'HKTH,pHM JlHHHH - lf>oTOHbl. 

- Pacnpe,o,eneHMe 3HeprHH, nor~o~eHHoA e,D,HHKQeA 

o&beua, e aaBHCHMOCTH OT pa,IJ>'lyca Ha rnyCiHHSY. 

t = d.. t ma.I( B CBH~e. 

- To ~e. trro H~ pHc.5 B aJWMHHBH. 

- To lie, 'llTO Ha pHc.5 e 8.3oTe. 

- 3aBHCHMOCTb OTHOCHTeJibHHx IlOTepb 3HepI'HH B 8.30Te 

B ~HH,o,pe CieCKOHetnioR ,11,lIHHbl OT pa,D,Hyca ,D,rui pa.a­
e., r 

HblX 3HaQeHHR E05 

• - E0 = I fas , x - E0 = 4 faB. 

- To lie, Q'TO Ha pHc.8 ,D,rui CBHH~a. 

- Ilpo,o,oJI&Hoe ~cn:pe,o,eneHHe aHeproBbl,ll,eJletma s CBHH~ 

Qe n:pH iJ8.3HUX 3Ha'lleHHJDC Eo..:: I r~s . 
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PHc.II 

PHc.I2 a 

6 

- To ze Ha pHc.IO AJI~ aaoTa. 

- 3aBHCHMOCTb 

Eo = I f3B. 

e.r 
t "'"-,.. OT sHeprHH E 06 J.VIR. 

• - CBHHel\t X - aJil>MIUiHlt, O- 8.30T j 

- 3aBHCHMOCTb ( <tf Jt ( cnnoa1m1e JIHHHH ) M 
dt. ... <l.. 

apeMeHH cqeTa Ha 3BM ( nyttKT>q)HM JUlH11H) 
e,-r , 

OT E o5 npH E 0 = I fas. 

• - CBHHe4, x-amoMirnHR, 0 - aaoT . 
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