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OnpeaeneHHe aHepruu · 0 -KB8HTOB B KCe!IOHOBOii nyahipbKOBOii KaMepe npea-

cTaBnsteT 6oni,uroii HHTepec. TaKast KaMepa s:mnsteTcn xopourHM aeTeKTopoM 

KBaH!DOB, o6naaaromHM 6onhuroii acpcpeKTHBHOCTbiO perucTpauuu. BoaMO:lKHOCTh ua-

MepnTh aHeprHIO '{ -KB8HTOB C H3BeCTHOii_ TO'IHOCTb;o ll03B~nHT p~ClliHpHTb K~yr 
. cpH3H'IeCKHX aaaa'I, H3y'IaeMhiX C llOMOillbiO KCeHOHOBOii KaMephi. 

XoTSI KCeHOHOBaSI KaMepa ITO CBOHM CBOiiCTBaM /.oco6eHHO acpcpeKTHB.HOCTb pe-

rHCTpauHH y; -KB8HTOB/ 6nHaKa K _cpoTorrnaCTHHK8M 0 OaHaKO MeTOahi H3MepeHHSI 

0-KBaHTOB, npHMeHSieMhie B pa6oTaX C naepHhiMH cpOTOrrnaCTHHK8MH He· 

npuMeHHMhi · B pa6oTe c nyahiphKoBoii KaMepoii. noaToMy 6hrna nocTaBneHa aaaa'Ia 

pa3pa60T8Th HOB~e CITOC06hi H3M epeHHSI. HnH COOTBeTCTBeHHbiM o6pa30M H3MeHHTh 

MeToahr, npHMeHsteMhie B pa6oTax c. cpoTonnacTHHKaMH. 

B aaHHOii cTaThe yKaahrBaeTcst MeToa HaMepeHHSI aHeprHH · t -KB8HTOB B 

KCeHoHoBoii. nyabiphKOBoii KaMepe anst ur HpoKoro auanaaoHa HaMepsteMbiX aHepruii. 

Pa6oTa aaTpar3BaeT cneayromuii Kpyr BonpocoB: 

· 1. OnpeaeneHHe aHepruu M~noaHeprH'IHhiX -¥ -KBaHTOB /aHeprHst oT 10 MaB 

ao 150 MaB/. 

2. OnpeaeneHHe aHepruu cpeaHeaHeprH'IHhiX 

100 M aB ao 1000 MaB/, 

3. OnpeaeneHue aHeprHH BhiCOKOaHeprH'IHhiX 

1000 M aa/. 

'I -KB8HTOB /aHeprHst OT 

'{- KBaHTOB /aHeprHst 6onhure 

4. 06cy:lKaeHHe ycnOBHii rrpHMeHHMOCTH H TO'IHOCTH MeToaa. 

B pac'IeTax u aHanuae aKcnepHMeHTanbHhiX aaHHbiX npuMeHstiOTcst·· cneayromue 

KOHCTaHTbi anst KCeHOHa: rrnOTHOCTb. d. = 2,3~ 1 paaHaUHOHHast ea,HHHUa anHHhi 
/1/ . . CM 

t = 3,1 CM 1 HOHH38UHOHHhiii ITOTeHUHan l/54/ = 729 SB 0 anHHa KOHBepCHH 

A .= 1.3 t · ~ 4 eM. 3KcnepHM eHTanhHhrii MaTepuan nony'IeH Ha 29-nuTpoBoii Kce­

/2/ 
HOHOBOii K8Mepe 



4 

·I. AHann3 rrpnMeHnMocTn B03MO)KHbiX cnoco6oB U3MepeHnH 

aHeprun '{ -KBa'~TOB. U IIO.LI6op 9T81IOHOB .!11151 9KCIIepUMBHT81lbHOll 

IIpOBBpKU pa3pa6aTbiBaeMbiX MBTO.LIOB 

'U3MepeHUSI 

1. AHann3 rrpuMeHnMocTu B03MO)KHbiX crroco6oB ·n3MepeHUSI sHeprnn r-KBaH-

TOB. 

8HBpi"'UIO.' ,. t-KBa~:rOJ3 ~O)KBM U3MBpUTb IIOC1IB !IX KOHBBpCUU B KaMepe Ha 

S1IBKTpOHHO-II03UTpOHHbiB rrapblo. Vl'3 aHa1IU3a TBOpBTII'IBCKUX. CBB.LIBHUH. 06 SllBKTpoH-
c" . •. . · ·· .· /3 4 5 6/ 

HO-II03UTpOHHbiX rrapaX U 38BIICUMOCTII UX Bll.Lia OT SHBpi"'UU 1 
' 

1 C1IB.LIYBT Hec-

K01lbKO B03MO)KHbiX CIIOCO~OB OIIpB.LIB1IBHUSI 9HBpi"'Ull '( -KB8HTOB: 
:'~ " '• ~ ,, . 

8 /rryTBM HBIIOCpB.LICT~~HHOI"'O U3MBpBHIIH 9HBpt'llll E u E 
+ -

II03UTpOH8 U 

91IBKTpoHa, COOTBBTCTBBHH0 1 U prrpB.LIB1IBHIIH sHeprun '( -K BaHTa 113 COOTHOill e-

/6 I 'r-: .... C" E 2. . 2. 
HnH c:: ¥ ~+ + _-+ • mec _!_ me -Macca IIOKOH 91IBKTpOH8 /; 

. . - b. MB*.LIY KoMrroHeHTaMII sneKTpOHHo-rro3nTpoH-6/ rryTeM II3MBpBHIIH yrna 

HOfi E . /4/ C" 4m c.~ {E.':\ 
rrapbi n orrpe.LieneHrrSI sHeprnn "( , ~3 cooTHOillBHUH 0 = · eflr' F EJ 

I £ -saepruH sneKTpOHa MBHbll1BiL·9Heprun,. F - !f:JyHKUIIH OT E' y n £ / /; 

17 8/ 
B/ C IIOMOUlbiO U3MBpBHUSI OTHOCUTB1lbHOt'O paCCBSIHUSI KOMIIOHBHT rrapbi ' )' 

!" / IIOCpB.LIC:.TBOM orrpe.Lie1IBHUSI 113M BHBHUSI IT1IOTHOCTU UOHU3aUHII Ha Y'l8CTKB 

/9 10/ 
rrapbi, !'.LIB KOMIIOHBHTbl rrapbl ewe HB pa3.LIBaUBaiOTCSI; ' i 

.!1 / rrpll IIOMOUlll U3MBpBHIISI COOTBBTCTBBHHblX rrapaMeTpOB 91IBKTpOHHO-!f:Jo­

/ll/ 
TOHHblX 1111BHBfi • 

Bee 9TH cnoco6bl B 6onhll1Bll llll.II MBHblllBll Mepe rrp11MBHSI1111Cb B pa6oTax c 

.l. /7/ .Ll u .. 't'OTOIIllllCTUHKaMU • narra30Hbl 9HBpt'UII 1 K KOTOpbiM .llpUMBHSIBTCSI K8)K.Llbln U3 
• u . • 171 . 

STIIX CIIOC060B 0 MO)KHO HaiiTU B COOTBBTCTBYIOWBH 1IUTepaType 

PaccMoTpHM rrpnMeHSIBMOCTh cnoco6oB a I - .!1 I .LI1ISI orrpe.LieneHHSI sueprFm 

'( -KBaHTOB B KCBHOHOBOH liY3blpbKOBOii: KaMepe. 

Crroco6 a/ rrpUMBHHM .LI1ISI OIIpB.LIB1IBHUSI SHBpt'IIU '{ :-KBaH~;B B KCBHOHOBOfi . 
KaMepe, BC1IU B03MO)KHO OIIpB.LIB1IHTb SHBpt'IIIO 91IBKTpOHOB Ullll U3 KpHBU3Hhl Tpae~-

TOpHH B 38.LiaHHOM Mat'HHTHOM rrone, ll1IU U3 6ooTHOillBHUSI rrpo6er-sHB~t'USI .LlllH SllBK~ 

Tpoua. H3-3a 6onbllloro pacceSIHUSI sneKTpoHOB B KdBHOHe ocTaeTcH B.LIUHCTBBHHhlfi 

I 
j 

l 
I 
l 

. l 
I 

1 
L 
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cnoco6 onpe.oeneHHSI aHeprHH aneKTpoHoB - no npo6ery. 3.i::iecb, o.oHaKo, Heo6xo-

.llRMO .y"'eCTb HaJIH"'He. 06JIO,lla!OLUHX 60JiblllHMH cpJI!OKTya.UHSIMH pa,llH8UHOHHbiX noTepb 

c ysetm"'eHHeM aHeprHH aneKTpoHoB CBbiWe KpMTH"'ecKoii. TaKoii y"'eT Mo:m:Ho oT­

HOCHTeJibHO .nerKO npoBeCTH, npHHHMaSI SO BHHMaHHe 60JiblllYIO acpcpeKTHBHOCTb Ka-

\/' . x/ 
M epbl npH perHcTpauHH () -KSaHTOB aHeprHH cBbilll e, cKa:m:eM, 5 Mas • TaK 

KaK HOHH3aUHOHHbie DOTepH · MO}KHO npaKTH"'eCKH C"'HTaTb nOCTOSIHHbiMH S lllHpOKOM 

.oHanaaoHe SHeprHii aneKTpoHoB /pHcyHoK 1 I, To E y Mo:m:Ho onpe.oenHTb. nyTeM 

. . ' 
CYMMHpOBaHIHI SHepi'HH' SJieKTpOHOS 1 KOMDOHeHT napbl H SHeprHii BCeX BTOpH"'HbiX 

'( -KBaHTOB• 3Hepi'HIO OT,lleJibHbiX nap. MO}KHO onpe,lleJISITb H3 aKcnepHMeHT8Jib~ 
HOii rpa.llyHpOBO"'HOii KpHBOii 38BHCHMOCTH npo6era aJieKTpOHa /oTHOCHTeJibHO He6onb-

. . 
woa· aHeprHHI aT ero· SHeprHH. nonyqaeM TaKHM o6pa3oM csoero po.oa KanopHMeT.., 

pH"'eCKHii _cnoco6 onpe.oeneHHSI aHepr~m >f -KsaHTOB, 

Cnoco6 6 I , _omipaiOiuHiicSI Ha aaBHCHMOCTb yrna paaneTa ~oMnoHeHT napbi oT 

SHeprHH '{ -K~HTa, Htl D~HM eHHM. S KCeHOHOBOii KaMepe. npH. SHepr'HH 

oKono 50 Mas ~ = 2°, npH aHeprHH 100 Mas I .; 1° •. TaKHe yrn~I He 

y ,ll8CTCSI HaMepHTb B cnyqae SJieKTpOHHO-D03HTpOHHbiX nap B KCeHOHOBOii KaMepe,,. 

Cno'co6 a·; npHMeHHM B KceHOHoBoii KaMep~ B HeKoTopoM .ouanaaoHe aHeprHii, 

HO He o6ecne"'HT ,llOCT8TO<iHOii TO"'HOCTH, 3TO. CJie.oyeT H3 TOI'0 1 'ITO npH 6oJiblllHX 

SHepi'HSIX H8 TO"'HOCTb H3MepeHHSI pacCeSIHHSI SJIHSIIOT lllYMbi, a npH ·MaJibi'i- aHepi'HSIX 

npo6erH CJIHU:KOM KOpOTKHe H BJIHSIIOT Kp8THble pacceSIHHSI, 

Cnoco6 r I He npHM eHHM Ha-aa Toro,. 'ITO pe:m:HM KaMepbi M eHSieTcSI o6bi"'HO 

OT CHI{MKa K CHHMKy 1 a 1KpOMe TOI'O, HeH3BeCTH8 3aBHCHMOCTb nJIOTHOCTH DY3blpb-

KOB OT SHepi'HH qaCTHUbl .llJlSI .ll8HHOI'O pe:m:B:Ma pa6oTbl KaMepbl, 

nocne,llHHii cnoco6 ,ll/npHMeHHM K OTHOCHTeJibHO 60JiblllHM SHeprHSIM H ero 

TO'IIHOCTb pacTeT c aHeprHeli E 2r • .[leno B TOM, 'ITO see xapaKTepHCTHKH JIHBHSI 

.oaHbi .onst TaK HaabiBaeMoro cpe.oHero JIHBHSI, a 'I eM 6onbw e aHeprHSI nepsH"!Horo 

'( 
-xsaHTa, coa.oaswero JIHBeHb, TeM 6ttH:m:e cpe.oHHe paciJeTHbie napaMeTpbi 

JIHBHSJ K .oeiicTBHTeJibHbiM napaMeTpaM JIHBHSI 1 Ha6niO.z:iaeMOI'O Ha OnbiTe, 

Vfa BbillleCK838HHOI'O cne.oyeT, _'ITO ,llJISI HaMepeHHSI SHeprHH I{ -K·BaHTOB S 
\ 

KCeHOHOSOii. KaMepe MO}KHO npaKTH"'eCKH nOJib30B8TbCSI TOJibKO cnoco6aMH a/ .H .o/, 

x/ 
TaKHe y -KBaHTbl ,lla!OT napb! 1 KOTOpbi.e MO}KHO 3aMeTHTb B KaMepe, 
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2. Kp_H_T~pHH oT6opa rpa.ayHpoBO'IHhiX 

- '{ -K B8HTOB 

raMM8'"7K~8HTbl onpe.a~neHHhl~ :;:meprHA MOryT cny:>KHTb MaTepHanOM ,llml no -

C T·poeHHSI aKcnepHMeHTanbH0!1 l(;Il_!:!BOit aaBHCHMOCTH npo6era aneKTpOHOB · OT HX 3Hep-

I'HH. 

HaH6onee y.ao6Ho r6bmo 6bi Hcnonb30BaTb ){ -zcsaH~hi 1 B03HHKll!He npH pac:-
o .. > • 

Jl -Me3oHoB - npo.ayKTOB pacna.aa K312.-Me30HOB. TaKH~ o6pa~oM MO:>KHO na.ae 

6binO 6bi fiOCTpOHTb KpHBY~ !lP<?6er-aHeprHSI .llO 'aHeprHA aneKTpOHOB, paBHOA OKOno 

100 Mas. O.aHaKO TaKHMH cny'laSIMH Mhl He. pacnonaranH B ,llOCTaTO'IHOM KOnH'IeCT-

a e. 

.. B · Ka'lecTae rpai:tyHpOBO'IHhiX '{ -zcsaHTOB MO:>KHO .Tazcme Hcnonb30BaTb 

'( · -zcsaHThi OT r.acna~? ManoaHeprH'IHhiX. Jr':.Me3~,H~·B, pom.aeHHhiX ~ aKTax 

B3aHMC,.aeAcTBHH ny'IKOBhiX qacTHU c SI.llpaMH zcceHoHa~ Cno~o6 onpe.aeneHHSI aHeprHH. 

TaKHX ~ -K·BaHTOB cnO:>KHee. 3HeprHro· y ,llaeTCSI ~npe.aenHTb nHlllb TOnbKO B Til.( a-

TenbHO ·oTo6paHHhiX cny'laSix, y .aoaneTBOpSIIOI..UHX onpe.a eneHHhiM ycnoBHSIM. Heo6xo­

.ll HM o. C.ll enaTb T~K:>Ke cne.ayromHe .o6mHe npe.anonomeHHSI: 

a I BcSI aHeprHSI oT .{) -zcaaHTa B~I.aenSieTCSI ·a KaMepe~ 

6/ B· cpe.aHeM Ha O.llHH ny3!>Ipezc. pacxo.ayeTcSinocTOSIHHoe, He3aBHCHMOe OT 

3HeprHH aneKTpOHa 1 KOnH'IeCTBO. aHeprHHo 

B I P a,a. HaUHOHH!>Ie noTepH~ cnnposom .aaromHecSI H3ny'leHHeM '( -KBaHTOB 3Hep-

rHA He 6onbll!e 5 M aa, He 3BBHCSIT ·oT aHeprHH aneKTpoHa B ll!HpoKOM .aHana3oHe aHep­

rHii. 

r/ 3HeprHSI ~ -KBSHTa 

BTOpH'IHhiX aneKTpOHbB OT aTOI'O 

E' ~ nponopuHo~anhHa cyMMapHOMy npo6ery scex 

'( -zcaaHTa. '·· 

3azcoHHOCTb. npe.anono m eHH.SI a I cne.ayeT H3 Bhi6opKH rpa.ayHpoBO'IHhiX Y -
KBBHTOB. J.13 ycnOBHSI He06XO,llHMOCTH Ha6:I!O.ll8Tb BCe BTOpH'IH!>Ie aneKTpOHHO-U03H.;_ 

TpOHH!>Ie nap!>II cne.ayeT1 'ITO H6.ll0 npHHHMSTb BO BHHMSHHe TOnbKO Te cny'laH B3a­

HMO,lleitCTBHSI1 KOTOp!>Ie HMenH MeCTO B o6naCTH neHTpa KaMep!>I. B KS:>K,llOM cnyqae 
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HCCJ19.llOBaJiaCb B03MO.>KHOCTb BbiXOD,a BTOplf'iHb!X 

3aKOHHOCTb 'IIP9.lliiOJIO)K9HlUl 6 IIIO.llTB9p,llHTCSI 0LlH03Ha qHOCTbiO IIOJiyqaeM biX pe-

3YJlbTaTOB, a aaKOHHOCTb npe.nnono:>K eHHH B I cne.nyeT H3 TeopeTH'iecx~n·o pac'ieTa 

lpHc. 1 I H TaK)Ke no.nTBep.nHTCH O.llH03Ha'iHOCTbiO rro"nyqaeM hiX peaynbTaToa. 

3axoHHOCTb npe.nnono:>KeHHH r I cne.nyeT H3 aaxoHHOCTH rrpe.nrrono:>KeHHfi al-a I 1 

9Cl1H IIpHHHTb BO BHHMaHHe, 'iTO H3 Ha6JIIO.ll9HHH 60JiblllOT'O KOJ1H'i9CTBa SJ19KTpOHOB 
xl . 

p1!3HbiX SH9pT'Hfi B. KaMepe BH.llH0 1 'iTO IIJlOTHOCTb IIY3hlpbKOB IIOCTOHHHa 1 a CJ19.llbl 

HM9IOT JIJlaBHhlfi BH.ll. 

K poMe TOT'0 1 Tpe6oaanocb, 'iT06hr aoaHHKlllHe snexTpOHHo-rroaHTpoHithre napbi 

9T o6oHX '( -xBaHTOB HM9JIH noxo:>KHfi BH.n: sTo o3Ha'iaeT 6nH3KHe 3Ha'ieHHH 

npo6eroe snexTpoHoB. M bi Tpe6oaanH TaK)Ke, iiTo6bi e Bhr6paHHbiX cnyqagx He 6bmo 

1 

BTOpH'iHblX SJ19KTpOHHQ-II03HTpOHHhiX nap. 

11MeH TaKHM o6poaaoM Bbi6paHHbie ciry'iaH .O.llHHO'iHbi x Jr =MeaoH6B, .. MO)l{IW 

0IIp9.ll9J1HTb SHepT'HH )( -xBaHTOB B ~a6~paTopHOfi CHCT9Me. Ha OCHOBaHHH rrpe.n-

nonomeHHH r/Me)K.ny cyMMapHbiM npo6eroM H s.HeprHefi E '( . HJIH HMIIY JlbCOM Py 
-KBaHTa MO)KHO HarrHCaTb CJ19.llYIOIU99 COOTHOlll9HHe: 

P. =- E = k ( R · + R. ) . 
'lf t . 1kOMn 2.J<oMn J 

r.ne R · R. 
1 

cooTBeTCTBeHHo,.nnHHbi rrpo6eroe 
1 KOMII' ""' KOMII , 

Tpoaa napbi 1 Pr H E)( HMnynbc H sHeprHH pO.llHTenbcKoro 

K09cpcfJHUH9HT 1 O.llHHaKOBbifi .llJlH Ka:>K.llOT'O. y _:KBaHTa. 

11 I 

sneKTpoHa H rroan­

Y -xaaHTa, ·.k 

EcnH jr~M93~H pacrra.naeTcH TaK, 'iTO e na6opaTOpHofi CHCTeMe yron Me:>K-

llY HanpaBJ19HH9M Q -KB'aHTOB paBeH e , a YT'Jlbi M9)K.llY .HanpaBJI9HH9M IIOne-

Ta :rO.:.M930HB H ~ -xaaHTBMH i paBHbi1 COOTB9TCTB9HH0
1 

8, H e,_ 1 :::ror.na 

MO:>KHO HaiiHCaTb: 

P¥', 
e t ~ e, = c. t~ e + 

-1. 121 

Pr~., ~ e 
ez.. - e - e1 131 

I'.ll9 f:Y OIIp9.ll9J19HO nyTeM H9IIOCp9.llCTB9HHOT'O H3M9p9HHSI B KaMepe, 

xl 
3To TaK H .llOJl:>KHO 6biTb, H60 B93.ll9 Mbl HM99M .ll9J10 C p9JIHTHBHCTCKHMH 

9J19KTpOHaM H, 
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3Hast.yrnbi <:J1 

penenHTb aneprHIO 

H fE:)~ '·, :b6mHfi yron paaneTa Y - · KBaHToB 

'{ ~KBaHTOB cornaCHO ciJopMyna.M: 

e t nerKO on-

.'tnro 

'Ey, =v 1 ' /4/ 

~e ~ e~ ( 1- f.v:a e) 

E . ~::.:. ··' . WJ 7r a 

~"i cV .'l. . ' /5/ 
~·· (91. l 1- t.cr.-G). 

l. 

c~ 0 . 

rne fr7jJ
0
-Macca nOKOR .:Jf -Me3oHa. 

KHH.eTH'IeCKYIO aHeprHio aneKTpoHOB cooTBeTcTBeHHbiX nap onpenensteM no ¢op-

Myne 

r 2.. 
. c:. - "" c. o~'-'j e · , /6/ 

EKOM; 

rile 
1 E r::: KOMn. • o6m.' 

R , R 
6 

, cooTBeTCTBeH~o, aHeprim H 
KOMn, . · 0 Ulo 

CYMMapHbifi npotser BCefi napbi, ' npo6erH KOMnOH9HT~ naphl H 

D OnpeneneHHe aHeprHH ManoaHeprHHHhlX 

'( -KBaHTOB /nHanaaoH aHeprHH 10Maa+l50MaB I 

1. K pHBast aaancHMOCTH npo6era aneKTpoHa 
QT. 9HeprHH 

3KcnepHM9HTanbH8H 38BHCHMOCTb npo6era aneKTpOHa B KCeHOHe OT'9HeprHH 

nony'leHa. HaMH cnoco6oM, onncaHHbiM B · 1,2. LlaHHbie npHBeneHbi B Ta6nnue. 1 H Ha 

PHCYHKaX 2 H 2. 3KcnepHMeHTanbHbie 3Ha'leHHH 9HeprHfi aneKTpOHOB 1 COOTBeTCTByiO­

.UlHe pa3HbiM npo6eraM, 6btnH ycpenHeHbi no nHanaaoHaM npo6eroB 10-:-20, 20+30 

H T.n .• , so.;-100, 100+120, 120+140 MM. TaKHM o6pa30M Mbi nony'IHliH cpenHHe npo-

. 6erH R. ~· cooTBeTcTBYIOlllHe nM cpenHHe _aHeprnH . E . B Ta6n~ue 1 noMemeHbi 

· Taxme aHa'leHHR paa6pocoB npo6eroB 6 R H aHeprHfi A E" B npHHHTbiX nHanaao­

Hax, a TaK>Ke cp~.llHHe KBanpaTH'IHbte omH6KH, 

. ! 
I 

\. 

( 
I 
I 
I 

I 
i 

I 
\ 

I 

I 
1 

I 
\ . I 

I 
I 
1 

I 

r 
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Ta5nHua··1 

3aBHCHMOCTh cpeaHero rrpo5era aneKTpoHa R oT cpeaHetl: 

BHepruH aneKTpoHa E 

3 K c n e p If M e H T TeopHSI 

R <CJR oR E ~E b"E" E 
MM MM MM ·Maa Maa Maa Maa 

24 +6 
±3 13. 

+2 + 2 9 -3 -3 

34 
+4 

_:!:3 19 
+9 + 5 14 ..:.3 -7 -

47 +3 
:!:3 24 

+9 +5 20 
-3 -6 

+4 :!:5 32 
+13 + 11 27 

59 -2 
-10 

_, 
+4 ' . +13 

64 -2 :!:2 36 . -13 + 8 30 

74 
+6 41 

+9 + 7 35 
-4 

+ 4 -9 -

91 
+6 + 6 43 

+9 + 6 45 
-9 -

-10 -

108 
+8 ! 3 56 

+10 + 11 55 
-7 -17 -· 

126 
+6 + 4 72 

+22 + 12 65 
-5 - -.15 -

VfMesl a BHay, qTo cymecTayeT xopowo pa3pa5oTaHHaSI TeopH SI rroTep& aHep-
111 I . 16 12-14 I 

rHH aneKTpOHOM B B9IU9CTB9 H OHa rroaTBep:maeHa OITb!TOM 1 
, MO:>KHO 

nonyqlfTh TeopeTuqecxyro 3aBHCHMOCTh npo5era anexTpoaa a Kceaoae oT aaeprHH. 
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Ecnu Haw MeTon onpeneneHHSI aHepruu aneKTpoHoB no ux npo6ery npaauneH, 

TO TeopeTH'I9CK8Sl KpMBaSI .llOJI>KHa 0'19Hb M8J10 KOJIH'I8CTB9HHO OTJ11{'18TbCSl OT :3KCne­

pHM9HT8JlhHOfi. 

TeopeTu'lecKaSI KpHBaSI 3aBHCMMOCTH_npo6era aneKTpoHa B KCeHoHe oT aHeprMH 

pacc'IHTaHa 'IHdneHHO no ¢opMyne 

RCE>= 

rne 

E 

\ 
m c.' e 

cLE 
' cL= --d.x. 

4§:=+(-
d.x.· 

oll?) + 
d_x. · Lon. 

d. I?) 
(- dx -ra.ol 

nOJ1Hhl9 noTepH :3H9pf'HH :3J19KTpOHOM _Ha 1 CM nyTH B KC9HOHe. 

171 

/8/ 

dl: 
n OJ1Hble HOHH38UROHHbie noTepH Ha 1 CM nyTH (:- of .I(..) ~O:, COOTB9TCTByiO-

UlH9 ,Ll8HHOfi 9H9pl"HH :3J19KTpOH8 J paCC'IHTbiB8J1HCb no ¢opMynaM 1 npHB9.ll9HHbiM B KHH-

/11 I · ..,.. 
re C.3. BeneRbKoro , npu ycnoauu, 'ITO nepenaaaeMaSI aHeprHSI -=::::: 5 M9B. 

I d.J:?) ----
PanuauuoHHble noTepu ~- ;IX ., Ra 1 eM nyTH pacc'IHT~IBanHcb ttHcneH;.. 

•A• /11/ . 
HO no cooTaeTCTEIYIOUlHM ¢opMynaM BeneRbKoro , npHtteM y'IHTbiEianHcb noTepu . 

Re 6onbwe 5 M sa, 'ITO cooTaeTCTBYeT iJaWHM npennono>KeRHSIM, cnenaHHbiM a I, 2. 

. Vf3 KOJ1H'IeCTEI9HHOro cpaBReHHSI TeopeTH'I9CKHX H 9KCnepHM9HTSJ1bHbiX .ll8HHbiX1 

BH.llH0 1 'ITO TeopeTH'I9CKaSI KpHB8Sl ne>KHT HeMHOrO HH>Ke 9KCIIepHM9HTSJ1bHOA. 3TO 

M O>KHO 06'bHCHHTb Te:~, 'ITO B .ll ei1cTBHTeJ1bHOCTH npo6er :3J19KTpOHOB B KaMepe 60nb­

we H3MepeRuoro. M bi 3aMeHSieM nnaaHyiO KPHBYIO noMaHofi. Y'IHTbiEISSI aTo, MO>KHO 

KOHCTSTHpoaaTb xopoweettucneRRoe cornacue TeopeTH'Iecxux pe3ynbTaToa c axcne-

pHM9HT8JlbHbiMH. 

2. OueRKa TO'IHOCTH H3MepeRHH sHeprHH no 

npo6ery 

Ma Ta6nuubi 1 cnenyeT, 'ITO cpenHSIH KaanpaTH'IHttsl owu6xa a H3MepeRHH snep­

rHH Re 6onbwe 20%. B neficTaHTeJ1bROCTH TOttROCTb onpe.aeneHHst aReprHH anoxTpo­

Ra no ero npo6ery COCT8BJISI9T OKOJ10 15%, 

I 
! 
\ 

f 

I 
I 

I 
I , 
I 

l 
·L 
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L{JISJ OpR9HTHpOBKH B OU9HK9 aHepf'.HH y -KBaHTOB ~ bl npHBO.llHM npHMep on-

pe£l91I9HH SJ aHepf'HH '( ~KBaHToB, B03HH~lll Hx npH pacna.ll e J(:rr"i.M e3oHoB. M bi 

pacnona!"'aeM TOJibKO JI.Htub .llBYMSJ TaKiiMH cnyqaSJMH. Pe3yJibTaTbi onpe.lleneHHSJ aHep­

T'HH · '( ~KBaHTOB no KHHeMaTHKe H no cpopMyne E\..= E -1- E +2.m c.Z..' 
~ t () +- e, 

r.lle E + H £ _ 6epyTcSJ H3 KpHBOif R =- (E) , npHBe.lleHbi a· ia6nHue 2. 

T a 6 n n: u a 2. 

N!;!N!1 SH. y -KBaHTOB onpe.ll eneHa 3H. . '( -KBaHTOB onpe.lleneHa 

eny•t. no KHH9MaTHK9 aKcnepn:MeHTaJibHO 

8~ E¥, = 128 Man E = 113 Man '((, 
.146 

E"lrz.. = 120 Man Er~ x/ 

Yeo2 
E'2f, = .177 Man. 1::. cr, x/ 

' --
. ' Eoa.. = 65 Man E cr.._ = 67. Man 

m .. Onpe.lleneHHe aHep!"'HH epe.llHe-sHepf'HqHbiX 'if -KBaHTOB 

l.llnana3oH aHepf'HH oT lOOMan 

.llO 1000 Man/ 

1. M e T .o .llo 

• I-.. 

K BaHT8MR epe.llHeti: 9Hep!"'HH Mbl Ha3oaeM TaKHe, KOTOpbie e03.llaiOT ManonnoT-

Hbi9 ~HBHR, KOT'.lla B03MO>KHO XOpOlllO OTJIHqHTb Bee HH.llHBH.llY8JibHbie aneKTpOHHo-no-

3HTpOHHbl9 napbl B JIHBHe. 

n<;>nHaSJ 9H9pl"'HSJ '( -KBaHTa B KOHUe KOHUOB paeXO.llyeTeSJ Ha e03.llaHH9 ny-

3bipbKOB B KaMepe. TaK KaK Mbl HM9eM B03MO:lKHOeTb Ha6JIIO.llaTb Bee 0 _:KBaHTbl 

Bbiwe 5 M aa, a H3nyqeHHbie 0 -KBaHTbi e a~epf'Heif ~ eHbwe aTofi yqHTbiBaiOTeSJ 

aaToMaTRqeeKR KpHaofi R. (E). To eyMMHpySI aHep!"'HH aTopHqHbiX '( -KBaHTOB · 

onpe.lle.neHHbie enoeo6oM, H3no:m:eHHbiM a_ II, 2, Mbi nonyqHM aHep!"'HIO nepaHqHo!"'o 

l( -KBaHTa eO!"'JiaeHO cpOpMyne 

x/ 
He y.llaeTeSJ onpe.lleJIHTb, T.K. aneKTpoH yxo.llHT H3 KaMepbi. 
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rt n_ I 

E. L_E-t2E' 
d" 'f=l ..., -{'c:.l ..., 

, 
n " 

-t L_ E..,. 
.,. C./ 

2. 
+ ( n t n') me c /91 

) 

rae E.,. -sH.eprHH · oaHoil: KOMnoHeHTbi n;epBHqHoil: napbi H sHeprHs:t KoMnoHeHT BTO-' . E.,. -aHanorHqHbie BenHqHHbi anH BTO-pHqHbiX nap, pomaeHHbiX STHM sneKTpOHOMi 

pOi!: KOMnOHeHThl naphl, E
ll . (' 
'1"-sHeprHH Z> -aneKTpOHOB, V'l. -qHcno BTOpHqHbiX 

I 
nap oT nepaoro aneKTpOHa aneKTpoliHo-noaHTpOHHOil: naphi, rt- -qHcno BTOpHqHbiX 

nap . oT. BToporo aneKTpoHa nap hi, -t'Yie C:. z.- -:-sHepra·g noKoH sneKTpoHa. 

2. Oue HKa sHeprHH ~ecKonbKHX cnyqaea 

ManonnoTHbiX nHBHeil: 

npHMeHH¥0CTb clJopMynhi /9/ cneaye: 1{3 pesynbTaToa, K3nomeHHbiX B II, 1, If 

H3 TOI'O ciJaKTa, qTO cyMMapHbie noT~pH SHeprHH) onpeaeneHHbie B II, 1) npaKTJfqec­

KH He aaBKCHT OT SHeprHH npH SHeprKHX sneKTpOHa CBbiWe 50' M SB. 

,LlnH oueHKH BepxHeil: rpaKHUbl SHeprRfi . y -KBaHTOB, KOTopyiO MO)KHO onpe­

aenHTb uanaraeMbiM aaecb cnocoooM, Mbi npHBO.LlHM aaHHbie, nonyqeHHhie. nyTeM 

pacqeTa SHeprHH t -KBaHTOB cpeallefi aHeprHH C03.LlaBWHX cna6bie nHBHH 0 ¥ 
KBaHTbl .6panHCb OT O.LlHHQqHbiX :7! 0 

-Me30HOB CO 3Haq~TenbHOfi SHeprHeil:, 3HeprHH 

paccqHTbiBanKCb B npeanonomeHHH, qTQ perHCTpHP.YIOTCH. Bee BTOpKqHbie qac-

THUbl cnoco6oM, aHanorli:qHbiM OnHCaHHOMY B U,2~ 3TH .LlaHHhie conocTaBnHeM 

c peaynbTaTaMH, nonyqeHHbiMH nyTeM HenocpeacTBeHHoro onpeaeneHHH SHep­

I'HK r -KBaHTOB C IfOMOIUbiO MeTO,Lla, H3nOmeHHOI'O B 111,1. .. .[laHHble llOMeme-

Hhl B Ta6naue 3, 
- I 

. ! 
T . a 6, n · H u a · 3, ' \ .. // 

·cnytian: N2 3HeprKH onpeaeneHa H3 pac- 3HeprKH onpeaeneHa no ¢opMyne 
qeTa M 9 B /9/ H KpHBOfi M 9 B. 

l 135 137 
2 126 138 ,. 
3 274 '261 
A 116 103 
5 558 600 
6 260. 288 

l 
' 1 
' ,. 
j 

I· 
i 

-I 

\ 
1 

I 
I 
1 
I 

I 

-I 
xyme MHHHManbHOil: ToqHOCTH onpeaeneHHH aHeprHH O.LlHHoqHoil: aneKTpOHHo-noaHTpoH- I 

l 
aoil: _napbi. 

L 
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IV. Onpe.ueneHHe sHeprHH · ~ -KB8HTOB BbieOKHX 

SHeprHfi I El')lOOO Mssl 

.}. M e T o .u 

C ysenn'leHHeM. sHeprHH E (J' )f -KBaHTa HaeTynaeT i3ee 5o nee H 6onee HHTea­

ensaoe po>K.ueHHe BTopH'lHbiX nap. nnaan eTaHoBSITeSI .uoeTaTO'lHO nnoTHbiM~. M eTo­

.Ubi, nano>KeHHbie B rnaaa·x II .11: III, He .ro.uHbi .unSI onpe.ueneHHSI saeprufi TaKHX 

KBaHTOB, 

E .UHHeTBeHHbie 9KenepHMeHT8nbHbie. cae.ueHIISl 0 B03HHKllieM nHBHe eBO,USlTCSI K 

'IHCny 'I8CTHU H8·,U8HHOH rny6HHe, rny6HHe M8KCHM8nhHOT'O pa3BHTHSI nHBHSl, MaKeR­

ManhHOM lli ifpHHe H nonHofi .uniiHe liHBHSI, 

JlnSI OIIpe.ueneHIISI 9HeprRH '( -KB8HT8 0 C03,U8Blli ero nHBeHh 1 H8,UO HCIIOnh- • 

30B8Th 9'1'.11: 9KCnep~MeHT8nhHbie eBe,UeHHSl .11: TeopeTH'IeCKH BbiBe,UeHHylO 38BHCHMOCTh 

M9>K.UY 3TliMH 9KenepRMeHT8nhHbiMH napaMeTpaMH .11: SHeprHefi rrepBH'IHOH 'J8CTHUbi 0 

eos.uaromefi nRBeHb. 

TeopeTH'IeeKH aan6onee xopolli o paspa6oTaHbr, HaH6onee npRrO.UHbi 
1 

c TO'IKH 

;:~peHHSl npOCTOTbi B IIpHMeH9HHH1 li o6na.U8IOT MliHHM8nhHbiMH cPniOKTY8UHSIMH 38BHeR­

MOCTH rny6RHbi MaKeiiMyMa pasBH;HH nHBHSI trno..x. .11: 'IRena 'IacTHU B .MaKeHMyMe 

N . · 111 I 
nHBHSl hi Q.J( OT 9HeprHH nepBH'IHOfi 'l8CTHUbi 0 e03.U8BllJ9H nHB9Hb o 

1111 
C.3. BeneHhKHM saBHCHMOCTb BbrBe.ueHHaSI B o6meM BH.Ue 

N ttt4..l(. H nepBH'IHOit SHeprHefi E 'IaeTHUbi 0 C03.U8Blllefi nHBelih B TSI>KenbiX 

sneMeHT8X C yqeTOM 38BHCHMOCTH OT 9HeprHH K09cPcPHUHeHT8 nornomeHHSl cPOTOHOB, 

.uaeTCSI ¢opMynaMH: 

t ..... ;- K.\~) 1m. ~ ' 1101 

K,(-\) 
Vk~ 

£ ·--
f-l ' 1111 

r.ue ~ -KpHTH'IeCKaSI s.HeprHSI l.unSI KceHoHa no ¢opMynaM BeneHhKoro 8.2 Mssl 
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Koal}ll}JRuReHTbi K, R K'z.. anSI aaHHoro BerueeTBa MO>KHo nony'iRTb nyTeM 'iRe-
. - 111 I 

neHHOrO RHTerpnpoBaHRSI eOOTBeTeTBYIOIUHX l}JopMyn, aaHHbiX BeneHbKRM • .[lnSI 

KeeHoHa peweHRe aaeT eneayrowRit peaynbTaT: -, 

T a 6 n ·n u a 4. 

E . 8 
5 • 10 aB 

9 
10 .9B 

9 
5 • 10 9B 1010 

9B 

% 60,913 121~951 609,756 1219,512 

K, 1,319 1,272 1,203 1,183 

Kz.. 0,246 0.244 0,251 0,254 

C · uenbiO naMepeHnSI aHeprRR Heo6xoanM o onpe.aenRTb M eeToHaxo:m.aeHne N,.. C\.11 

H '!Reno ~~ .[lnSI. 9TOrO eneayeT · eO~'iRTaTb '!Reno 'iaCTRU, IIpOXOaSIIUHX 'iepea I'~~ - . .... t 
IIOIIepe'iHOe Ce'ieHHe nHBHSI BOnR3H ero MaKCHMyMa qepea, HaiipHMep, '3 eaRHHUbl 

Ha IIpOTSI>KeHHH 1 t -eaHHHUbl ao H 38 MaKeHMYMOM 1 nOKanH.30B8HHbiM IIpROnR-

3HTenbHO B OOnaeTH MaKeHMani:,HOit WHpHHbl nHBHSI. l1a epaBHeHRSI peaynbTaTOB IIOa­

eqeTa anSI pa3HbiX rnyoHH f=n.1t I rt = 1,2,3, •.• I nerKo HaiiTH MaKcHManbHoe 

'!Reno 'iacTnu N '"""" a aaTeM H 1; MocClJt. 
3HeprRIO £ · , eooTBeTeTBYIOIUYIO aaHHbiM Nma..~~.H thtQ.Jt' HaxoanM IIyTeM 

rpal}JR'ieeKoro pew eHRSI ypaBHeHHit 110 I H 1111. 

npH TaKOM OIIpeaeneHHH aHeprHH ))_KB8HT8 B03HHKaeT BOIIpOe H8eKOnbKO 

HeTHHHOe '!Reno qaeTHU, aaHHOe IIpSIM biM IIOaC'l:eTOM 1 OTKnOHSieTeSI OT epeaHero 'iHC­

na, aauHoro Teopnea. Boo6rue l}lniOKTyaunn HaMHoro npeBbiWaiOT nyaeeoHoBeKHe, HO 
· . . 16 11 I 

BonHaH MaKeHMyMa aTH l}lniOKTyaunH MeHbwe nyaeeoHoBeKHx • • OwRoKa B c_:mpe -
. + 'rrr ,r;:;- . 

aeneHHR aHeprRR 6yaeT aaTeM MeHbWe - v N ' rae r N eooTBeTCTByeT nyaceo-

HOBeKOMY. pacnpeaeneHRIO• K aK M bl y >Ke roBOpRnR paHbwe, TO'iHOeTb B OIIpeaeneHRR 

9HeprRR 9TRM enoeOOOM yBenH'l:HTCSI e.yBenn'l:eHReM aHeprRH ~-KB~HTa~ 

Ecnn npRHSITb, 'iTO B MaKenMyMe N = Nltta.i To TO'IH.oeTb B onpeaeneHHH aHep­

rHR nerKO paCe'iHTaTb IIO l}JopMynaM 1101 ll ./11/, eooTBeTeTBeHH01 anSI 9HeprHH II pH 

N mea.-~,.+ fN,..Q."' 11 N m~x;.. V N,..~" · 

TaKHM o6pa30M OIIpeaeneHa O>KRaaeMaSI TO'iHOeTb eoOTBeTCTBYIOIUaSI aHep­

rHSIM 1 BaB H 5 BaB. 0Ha cocTaBJiSieT eooTBeTeTBeHHO 30% H 15%. 

I l. 

! 
~~ 
l 

I 
j. 

I 
1 
I 
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3Kcnepn:MeHTanbHasr nposepKa. n:sno:lKeHuoro. s.oech cnoco5a onpe.oeneun:sr auep­

rn:n: 'laCTIIUbi1 C03.ll8BW efi aneKTpOHUO-cPOTOHHyiO naBHUy
1

. BeCbMa 3aTpy .llHHTenbUa, 

Cne.ciyeT o.oHa~o O:lKH.oaTb xopowee KOnH'lecTBeHHoe COI"nacn:e KacKa.ouo·u Teopl:IH c 

aKcnepn:MeaToM · B .oHanasoHe paccMaTpn:saeMbiX naMH sna'leUHii auepl"Hii nepBH'lH<:>I"O 

. t· -KsauTa, a saTeM H npaBHnbHbie pe3ynbTaTbr B onpe.oeneHHH Hsno:lKeHHbiM 

s.oecb cnoco5oM aueprn:H · 't -KBaHToB. 

Ha pHcyuKe 4 .oaHbi KpHBbre, nossonSIIOIUHe oueHHBaTi. arieprHIO 'laCTHUbi, cos­

.oasw eii nHseub ·no NlltA" H · tMt4..l( ~ •. • 

B saKniO'leHHe aBTOpbr Bbrpa:lKaiOT 5nai"o.oapuocTb na5opanTKe H.K. Cl'viHpuo­

Boii sa BhmonueuHe HSMepeuuii Ha MHKpocKone. 
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3aBHCHMOCTb llOTepb SHeprHH aneKTpOHa B KCeHOHe OT ero SHeprHH. 
nepe.uaaaeMaH B- O.llHOM aKTe CTOnKHOBeHHH 9HEpi"'HH He 6onbwe 5 M a a 
1- HOHH38UHOHHhle llOTepn, 
2- pa.unauHOHHhle noTepn, 
3- cyMMapHbie noTepn. 
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KpRBbie aaeacRMocT.u •ui:cna qacTRu e MaKcHMy~e n.HBHSI . Nt'441C 
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