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BBe.nmrne 

3JieRTpOl.18PIDiTHbie H a.npoHHble K8JIOpMMeTpH, lllHpORO 

rrpHMeHHeMHe B 3RCITepRMeHT8JibHHX YCT8HOBR8X ~JIH HCCJie~OBa~ B 

OdJiaCTH ~H3HRH BHCORHX &Heprlitt, odecrre~aiDT He TOJibRO 

HSMepeirn:e 3HeprHH H ROOp~aT ~8CTHU, HO T8Km8 H 

M8HTH~HR8Uill0 RJiacca ~aCTHU, ROTOpyiD TpY.n;HO ocymeCTBHTb C 

"ITOMOmbiD .npyrHX MeTO~OB. 0.n;HO~ H3 B8EHHX 38~8~ HBJIHeTCH 

pas~eJieirn:e 8.DJ>OHOB H 3JieRTpOHOB (~TOHOB}, ROTOpoe 

OCHOBHBaeTCH, R8R rrpaBHJIO, Ha llpOCTpaHCTBeHHbiX pa3~HX B 

rrpo~HJIHX a.npOHHOPO H &JieRTpOM8PHHTHOPO JIHBHe~, OCOdeHHO 

cymecTBeHHblX ~JIH BemecTB-ITOPJIOTHTeJie~ R8JIOpHMeTpa C CHJibHO 

pasJIH~aiDmHMHCH pa~al.UiOHHO~ H MepHO~ ~.mlliaMH, T. e • ~JIH 
BemecTB C dOJibillHM 38pMOM H.npa/I,2,3/ . . 

IlpHHl.UiiTH8JibHOe ~H3H~eCROe orpairn:~eHHe Ha HCITOJib30B8IDi8 

aToro MeTo~a pas~eJieiiRH HaRJia~BaeT sapa~oBo-odMeHHaH 

peaRI.UiH 'lt-p ... '1t
0

n (HJIH 'lt+n ... '1t
0
p), rrpHBo~amaa R HMHTal.UiH 

3JI8RTpOMarHHTHOPO JIHBHH. ]JIH TIHOHOB C &HeprHe~ H8CROJibRO raB 

ce~eHHe 3TO~ peaRI.UiH COCT8BJIHeT ~ I%. OT ITOJIHOPO Heyrrpyroro 

ce~eHHH n Jiorap:a~~ecRH YM8HbmaeTca c yBeJIH~eHHeM &HeprHH. 

THTIH~Hbie Be~ e/'lt pas~eJieHHH COCT8BJIHIDT ~ I0-3 B 

~arraSOHe &Heprlitt OT e~U ~0 HeCKOJibRHX ~8CHTROB r&B/
2
/. 

B H8CTOHme~ padoTe HSy~eHa B03MOJKHOCTb pas~eJieHHH 
a.npOHOB H 3JI8RTpOHOB (~TOHOB) ITpH ITOMOJnli ROMdHHHpOB8HHOPO 

ro~ocRonn~ecRoro ~eTeRTopa, cocToamero :as a.npoHHoro 

R8JIOpHMeTpa THITa C&~BH~a (F8-CI.UiHTHJIJIHTOp} H 

3JI8RTpOM8PHHTHOPO R8JIOpHMeTp~ Ha OCHOBe C~~T~OB H3 

CBHHUOBOPO CT8RJI8 H Pb-ROHBepTopa. 

3RcrrepHMeHT8JibH8H YCT8HOBR8 

CxeMa ROMdHHHpOBaHHoro ~eTeRTopa rrpHBe~eHa Ha p:ac. I. 

ro~OCKOTIH~eciciflt Fe-CI.UiH"I:HJIJIHI.UiO~ a.npo~ K8JIOpHMeTp/ 
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P.Ho. I. CxeMa · KOM6mmpo...; 
BaHHoro ~eTeKTopa: AK -
o~eT~ aAPOHHoro Ka
JiopEMeTpa; 3MK - o~eT

~ SX9KTpOMarHHTHOrO 
KaJIOpm.7:9Tpa; Pb - OBHH
~OBui KOHB9pTOp. 

..J 

3M+A 

P.Ho.2. CneKTpH aHeproB~aneHRa B anexTpOMar.HRTHOM 
(ad), a)U)OHHOl!4 (A) R KOMOmmpOBaHHOM (3M+A) KaJIOpR
MSTpax ~ BapRaHTa des KOHBSpTopa. llo OOK.aOO~OO 
OTJioze:Ha BamrcmHa · Ezt/E, r~e Ex - aHeproB~aneHRe 
B COOTBSTCTBYJJI{SM KaJIOpHMSTpe, E - SHeprWi HaJISTa
utero SJISKTpOHa, RSMSpSHHaH Mai'lmTIWM OITSKTpOMSTpOM 
(~25 raB). 

. 2. 

I 

l 
I 

" I 

rrpe~cTaB~HeT co6ott MaTpHUY H3 I2x8 c~eT~OB (H~eeK) no~oro 

nor~omeHHH c norrepe~ pasMepaMH 20x20 OM (no~aH To~a -
5 ~.mrn anepHoro B3aiDI!o~e:l:tcTBHH, arrepTypa - 4 M2 ) • 
3~&KTpOMarHHTHHtt Ka~OpHMeTp co6paH M3 ~ep&HKOBCKHX 

c~eT~oB151 c pa;maTopaMH H3 cBmru.oBoro cTe~a 00 "00" 
pa3MepaMH I0xi0x42 CM, KOTOpHe YKJI8.1Uffi8~Cb ~Ott rpaHbiO 
nonep~K rry~a (T.e. To~a paJU~IaTopa B · HarrpaB~eRHH ny~a 
COCT8B~H8T 10 CM, ~ 4 pa;mammHHHe ~.mmH, ~ 0,2 H~epHO:l:t 

~.mmH) • C~~T~ co6paHH B MaTpHUY 5xi2 (no ropH30HTa~ H 
BepTHKa~ COOTB8TCTB8HHO) C nepeKpHTH6M 2 CM no ~Jllllie 

paJUI!aTopa. TaKHM o6pasoM, anepTypa s~eKTpoMarHHTHoro 

Ka~opHMeTpa COCTaB~HeT 200xi20 CM, a·pa3Mep H~eHKH I0x40 CM. 
M3MepeHHH ITpOBO~Cb K8K C KOHBepTOpOM H3 CB:mru.a TO~O:l:t 
2 CM ( ~ 3, 6 paJUI!aUHOHHHX ~. ~ 0, 12 anepHOH ~.mmH) , T8K H 
6e3 Hero. Il0,1!Jl06HOCTH KOHC,YKUHR ~eTeKTOpOB H perncTpaUHR 
RH~pMaUHR onncaHH paHee/4•5 • 

MsMepeHRH rrpoBOJUII~Cb Ha ny~e s~eKTpoHoB c·sHeprnett 
E ~ 25 rsB n '11:--Me30HOB c E ~ 43 rsB Ha ycKopnTeJie MillB3 
(YCT8HOBKa CMrMA-AHKC/6/). AnpoHHH:l:t H 3~8KTpOM8rHHTHHtt 

K8JIOpHMeTpH pacnOJIOmeHH Ha YCTaHOBK& T8KHM 00p830M, ~TO ny~OK 
nona~aeT B o6~acTH Memny panaMH ueHTpa~bHHX c~~T~OB 

(pHC.I). MMrryJibCH ~aCTHU H3MepH~Cb MarHRTHHM cneKTpOM8TpOM. 
06JI8CTb o(}~y~eHHH ( ~ I CM2 ) orrpe~eJIHJI8Cb Te~eCKOnOM 
CUHHTR~HUHOHHHX C~~T~OB. 

Ra~6pOBK8 H xapaKTepRCTHKH KOM6HHHpOB8HHOrO K8~0pHMeTpa 

IIpe~apnTe~bHaH Ka~6poBKa C~~T~OB 8,1!JlOHHOro/4/ H 
3~6KTpOMarHRTHOro K8JIOpHMeTpOB 6HJI8 npoBe~eHa Ha ny~aX 

MIOOHOB, ITROHOB H 3~eKTpOHOB. IlpR o6pa60TKe. RH~pM8UHR, 
no~~eHHo:l:t npn o6~~eRHH KoM6HHRpOBaHHoro . Ka~opHMeTpa 

- 3JI6KTpOH8MH, Ka~6pOBO~e K03ll$mn8HTH YTO~~Cb ITYT~M 

MHHHMH38UHR CYMMapHoro no C06HTHHM BHpameHnH: 
. . 2 

E [ E- (K3M.A3M + KA·!A)] ' 
r~e E - sHeprnH sJieKTpoHoB, nsMepeHH~:m MarHHTHHM 

3 
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PRe. 4. Paciipe,!{eJI8HWi BeJm'mHH OTHOCRTeJIDHOI'O 3H8p

I'OBI:i,ll;9JI8Im& B aJI9KTpoMarHRTHOM KaJIOpHMeTpe ct. = 
::: E3w{(E

3
M+EA): pacnpe,!{eJieHRe ri-~ ?t--M830HOB 

(E ~43 raB), e - ,rr..Ra aneKTpOHOB (E~25 TaB) B. Ba-
- ' -.' 

PRBHTe 083 KOHBepTopa, eK - ~ aJI8RTpOHOB B BapK-

/ aHTe 0 KOHBepTOpOM. 

4 

., 
l 
' 

~ ' 

$ 

cneKTpOM8TpOM; A3M ll. AA - 8MITJill.TYJJ.H Cll.I'HaJIOB B C'l~T'Ill.K8X 

&JI8KTpOMarHRTHOro . ll. a.upoHHoro KaJIOpHMeTpOB; K&M ll. KA -
COOTB8TCTBYIDm»8 K8Jill.OpOBO'lHH8 K0&~8HTH. 

Ha . pnc.2 npll.B8.U8HH cneKTpH &HeprOBH.U8JI8HRH B 
&JI8KTpOMarHRTHOM ll. 8.lij)OHHOM K8JIOpll.M8Tp8X H cneKTp CYMM8pHoro 
&HeprOBbl..U8JI8HRH. Ha pnc.3' ITpll.B8.U8HH aH8JIOrll.'lHHe · cneKTpH, HO 
.llJIH BapnaHTa C YCT8HOBJI8HHbl.M Pb-KOHB8pTOpOM (pll.C.!). M3 

pll.CYHKOB Bll.nHO, ·'ITO .UJIH B8pll.8HT8 083 KOHB8pTopa B 
&JI8KTpOMarHRTHOM KaJIOpll.M8Tp8 BH.U8JIH8TCH ~ I/4 nOJIHO~ &Heprll.ll. 
&JI8KTpOHa, a ITpll. ll.CnOJib30BaHll.ll. KOHB8pTOpa ~ 3/4. 

3HepreTn'lecKoe pa3perneHRe KOM6ll.Hll.poBaHHoro KaJiopll.MeTpa .UJIH 

&JI8KTpOHOB (CM. cneKTpH (3M+A) Ha puc.2 ll. 3) C Y'l8TOM 
pa3p8ill8HRH MarHRTHOrO cneKTpOM8Tpa (~ 4%) OKa3HB88TCH paBHbl.M 

O~E ~ 6%, TO 8CTh nOJIY'lll.JIOCb npaKTll.'l8CKll. TaKll.M ~e. KaK ll. B 
CJIY'l88 . ll.CnOJib30BaHRH TOJibKO a.upoHHoro K8JIOpll.MeTpa/ 4/ (npll. 

OOJIY'l8Hll.ll. ny'lKOM &JI8KTpOHOB U8HTpa H'l8~ll.). HanoMHRM, 'ITO B 
HaCTOHmHX ll.3M8p8HRHX ny'lOK OOJIY'la8T OOJiaCTll. BOJill.3ll. Kpa8B 
H'l88K, no3TOMY ITpll. paBHOM8pHOM OOJIY'l8Hll.ll. KOMOll.Hll.pOBaHHoro 

.U8T8KTOpa B peaJibHOM 3KCnepHM8HT8 pa3p8ill8HR8 OY.U8T JIY'lill8. 
'ITO K8C88TCH 3HepreTll.'l8CKll.X, a T8K~e ITpOCTp8HCTB8HHHX 

XapaKT8pll.CTll.K KOM0ll.Hll.pOB8HHOrO .U8T8KTOpa .UJIH 'It--M830HOB 

(a.upoHOB), TO OHR ITp8KTll.'l8CKll. H8 ll.3M8HHIOTCH no cpaBH8Hll.IO C 
Bapll.aHTOM ll.CnOJib30B8HRH TOJibKO a.upoHHoro K8JIOpll.MeTpa/4/ 

nOCKOJihKY BemecTBO 3JI8KTpOMarHRTHOrO K8JIOpHMeTpa COCT8BJIH8T 
~ 0,3 H.UepHo~ .llJlll.HH : ·0,2 (c'leT'lll.K) + O~I (Pb-KOHBepTop). 

Pas.ueJieHRe aJieKTpoHOB n agpoHoB 

Ha pll.C.4 npll.B8.U8HH pacnpe.ueJieHRH B8Jill.'lll.Hbl. OTHOCll.T8JibHOrO 

3HeprOBH.U8JI8HRH B 3JI8KTpOMarHRTHOM K8JIOpll.MeTp8 a=E3M/(E3M+EA) 
(r.ue E3M n E A - sHeproBH.ueJieHRe B sJieKTpoMarHRTHOM n a.upoHHoM 

- K8JIOpll.MeTpax), COOTB8TCTBYIDma8 OOJIY'l8Hll.IO KOMOll.Hll.pOB8HHOrO 
KaJiopHMeTpa 43 rsB 'It--!'fl830H8Mll. ll. 25 rsB &JI8KTpoH8Mll. (.llJIH 
BapnaHTa c KoHBepTopoM n 6e3 Hero). 3Tn pacnpe.ueJieHRH MaJio 
nepeKpHB8IOTCH ll., BBO.UH orpaHll.'l8Hli8 no B8JIK'lll.H.8 a, MOICHO 
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Pnc.7. 3aBHCHMOCTD ~a~THBBOCTH parHcTp~ aneR-· 

T.POHOB (Ea) :a zmoHoB Cf',..) OT nopora no n: 'Jf - Rpn

BWl ]I;!H. IIHOHOB, a - ~ aJ.IaRT,POHOB, 9r.f - ~ M.aR

TpOHOB B ~a paBHOMepHoro o~eHEH nno~ 

srqaim:a (MO,D;eJmpOBaHHa) • 
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OT){8JffiTb :7Jl8KTpoHH OT ImOHOB. Ha p:ac.5. IIp8){CT8BJI8HH 

no.JIY'l8HHH8 HS cneKTpOB p~C. 4 S8BHCHMOCTH S!MBKTHBHOCTH 

. perHcTJ}alJ,lm :7Jl8KTpDHOB H ~-M8SOHOB OT nopora no a. JAs STHX 

saBHCHM?CT8~ BH){HO, 'ITO nJIR B8pH8HT8 des KOHB8pTopa IIpH 

s@leKTHBHOCTH perHCTp8IJ,lm. :7JI8KTpOHOB s
8 

= 0, 95 ( KpHTep~ 

a> 0,!2 } no;naBJI8HH8 ImOHOB COCT8BHT ~ !0-1 • ]JIR B8pH8HTa C 

KOHB8pTOpOM IIpH s
8 

= 0,95 ( a > 0,4 } ImOHH no,uaBJI8HH .UO 

ypOBHR ~ !0-
2

• BB8.U8HH8 ~R STOrO BapHaHTa o6paTHoro 

KpHT8pHR ( a < 0,2 } nOSBOJIR8T nOJIY'!HTb nO.U8BJI8HH8 :7Jl8KTpOHOB 

;no ypoBHR ~ I0-
2 

npH :7@leKTHBHOCTH per:acTpall:aH ImOHOB 

s~ = 0,95. TaKHM o6pasoM, BBe.ueHHe naccHBHoro KOHBepTopa 

(TOJllllHHO~ ~ 4 pa,II.HaiJ,HOHHH8 ){JIHHH}, IIpHBO.URlll.8rO K CMemeHHIO 

M8KCE:MyMa :7HeprOBH){8Jl8HHR :7Jl8KTpOMarHHTHOro JIHBHR Ha 8KTHBHYID 

'18CTb :7JI8KTpOMarHHTHOrO K8JIOp:HM8Tpa, .TIOSBOJIR8T Ha nopR.UOK 

y.ny'lillHTb s@leKTHBHOCTb pas;neJieHHR sJieKTpoHoB H a;npoHOB. 

JiaJibHe.thilee YJIY'llll8HH8 lf)aKTOpa e/~ paS){8Jl8HHR MOJK8T 6HTb 

noJiy'!eHo IIpH IIpHBJie'!eHHH lrn!lJopMalJ,lm o nonepe'!HHx pasMepax 

JIHBHR/3/, KOTOpHe .UJIR 8){poHHHX H :7JI8KTpOM8rHHTHHX JIHBH8~ 
paSJIH'l8IDTCR Ha nOpR.llOK B8JIH'!HHH. 3Ta HH!f,opMaiJ,HR 6HJia no.nyqeHa 

C nOMOmhiD rO.UOCKOim'l8CKOrO anpOHHOro K8JIOpHM8Tpa. B K8'18CTB8 

MepH IDHpHHH JIHBHR B K8JIOpHM8Tpe HCnOJibSOB8H8 B8JIH'IHH8 KOpHR 

H3 .IJ.HCnepCHR D = (~ DX+Dy}/d, r;ne d - IDHpHHa R'l8~H (20 CM}; 

Dx= ~XI Ai/ E Ai' Xi - paCCTORHHe OT U8HTpa 1-~ R'l8~H .UO 
l. 

Koop.znmaTH U8HTpa TRJK8CTH JIHBHR, Ai - 8MIIJIHTY){8 CHrHaJia B 

aqe~e. Ha pHc. 6 npHBe;neHH pacnpe.ueJieHHR no IDHpHHe JIHBHR D B 

anpOHHOM K8JIOpHM8Tp8, nOJIY'l8HHH8 I!pH 06JIY'l8HHH 

KOM6HHHpOB8HHOrO .U8T8KTOpa :7JI8KTpOH8MH ( E ~ 25 rsB } H 

ImOHaMH ( E ~ 43 rsB }. BB8){8HH8 orpaHH'18HHR no D nOSBOJIR8T 

OT.U8JIRTb 8){POHH OT :7Jl8KTpOHOB. Ha pHC.7 IIpliB8.U8HH nOJIY'l8HHH8 

H3 cneKTpOB 'p:ac.6 .U8HHH8 06 :7@leKTHBHOCTH perHCTpaUHH 

:7JI8KTpOHOB H ImOHOB B S8BHCHMOCTH OT nopora no D. llo :7THM 

KpHBHM BH.l(HO, 'ITO IIpH :7tlxfleKTHBHOCTH perHCTp8IJ,lm . :7Jl8KTpOHOB 

S8 = 0,95 (KpHT8p~ OT6opa D < 0i5} lf)aKTOp no,uaBJI8HHR ~R 

IIHOHOB COCT8BJIR8T ~ I0-1 • BB8.U8HH8 o6paTHOro KpHT8pHR 

( D > 0,4 } o6ecne'!HBaeT IIp8KTH'l8CKH T8K08 JK8 no,uaBJI8HH8 

yJieKTpoHoB np:a s~.= 0,95. 

8 

0TM8THM, '-ITO pacrrpe.ueJiemw B8JIH'lillll:l D .UJIR !.3JI8KTpOHOB 

CHJibHO 38BHCHT OT M8CT8 nona,uaHHR ny'IK8 B R'l8~Y anpoHHOro . . . ' 
K8JIOpHM8Tpa (.UJIR a.upoHOB :7T8 S8BHCHMOCTb CJia6aR HS~Sa 60JibillO~ 
urnpillll:l a;npoHHoro JIHBHR} • KaK yJKe OTMe'!aJiocb , pacnoJioJKeHHe 

K8JIOpHM8Tpa Ha YCT8HOBK8 CJArMA-AHKC T8KOBO, 'ITO IIY'IOK 

( C8'18HH8M ~ I CM2 } nona,uaeT B 06JI8CTH M8JK.llY pR.U8MH 

U8HTpaJibHbiX R'l88K. ll0:7TOMY 6HJIO IIpOB8.U8H<;> MO,Ue.mq}OB8HH8 

pacrrpe.U8JI8HHR D .UJIR CJIY'l8R paBHOM8pHoro 06JIY'l8HHR .· nJioma.IJ.H 

R'l8~H ( 20 x 20 CM ) !.3JI8KTpOH8MH. COOTB8TCTBYI0m8R KpHBaR 

:7®>eKTHBHOCTH IIp8.UCT8BJI8H8 Ha pHC.7, HS KOTOporo BH){HO, 'ITO B 

CJIY'l88 paBHOM8pHoro 06JIY'l8HHR IIpHB8){~HHH~ BHill8 lf)aKTOp e/~ 
pas.ueJieHHR He yxynmaeTcR. 

llpH O.llH0Bp8M8HHOM HCnOJib30B8HHH .UBYX KpHT8pH8B 

pa3.U8JI8HHfl :7JI8KTpOHOB (E ~ 25 r!.3B} H ~-- M830HOB (E ~ 43 rsB) 

IIO OTHOCHT8JlbHOMY !.3HeprOBH.U8JI8HHID B :7JI8KTpOMarHHTHOM 

KaJiopHMeTpe H no nonepe'IHHM pasMepaM JIHBHe~. ypoBeHb 

pa3,U8JI8HHfl COCT8BJIR8T ~ 10-J IIpH !.3!W)eKTHBHOCTH perHCTpaUHH 

O.llHO~ H3 'l8CTHU 0,9. 
]JIR 'l8CTHU C ,upyrHMH sHeprHHMH (B ,uHana30H8 ~ 5+50 rsB}, 

.UJIR 'perHCTpaUHH KOTOpbiX IIp8.llH83H8'18H OimCaHHH~ .U8T8KTOp, 

ypOB8Hb pa3,U8Jl8HHR 6Y.U8T npHMepHO T8KHM JK8, TaK K8K npolf)HJIH 

a.upoHHOrO H 8Jl8KTpOM8rHHTHOrO JIHBH8~, Ha pa3JIH'IHRX B KOTOpHX 

OCHOBHB88TCfl e/~ pa3.U8Jl8HH8, CJI860 H3M8HRIDTCR C 8HeprHe~. 

3aRJIID'l8HH8 

JionoJIHeHHe Fe-cUHHTHJIJIHIJ.HOHHoro ro.uocROim'l8CKoro 

a,upOHHOrO K8JIOpHM8Tpa OTHOCHT8JlbHO IIpOCTHM 8JI8KTpOMarHHTHHM 

K8JIOpHM8TpOM, CO.U8pJKaiUHM 60 C'l~T'IHROB H8 OCHOB8 CBHHUOBOrO 

CT8KJI8 IIpH noJIHO~ anepType 2, 4 M
2 

, n03BOJIHJ10 C03.U8Tb 

KOM6HHHpOB8~ ){8T8KTOp, C0Xp8HR~ 8H8preTH'!8CRH8 H 

KOOp,uHHaTHH8 xapaKT8pHCTHRH anpOHHOrO K8JIOpHM8Tpa H 

o6ecne'!HB8~ ~/e pas,ueJI8HH8 Ha ypOBH8 ~ 10-) npH 

BtlxfleKTHBHOCTH perHCTpa~ oiHo~ HS 'l8CTHU 0,9. 

ABTOpH BHp8JK8IDT 6Jiaro,uapHOCTb BC8MY KOJIJI8KTHBY 

COTPY.llHH'l8CTB8 CJArMA-AHKC sa IIOMOmb B pa6oTe. 

9 
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