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BnepBhIe Jm!1eHHe BTOPHIUlOH 3MHCCRH 3neKTpOHOB R3 rnepnblX MaTe

pRanOB non neHCTBHeM HOHH3HpYIOll.\erO H3nYT.{emrn 6hUIO HCn0!1b30BaHO n!1R 

mtarHOCTHKH nY'IJ(OB B 1955 rony 1 1/. C Tex nop BTOPHIUlO-3MHCCHOHHhle 

(B3) MOHHTOPb! 3aBOesa11H Bceo6mee npH3HaHHe H Hcnonh3YlOTCR npaKTH

'IeeKH Ha Bcex YCKopHTeJUlX M Hpa. 3TO o6ycnoBneHo BhICOKHMH 3Kcnnya

TaUHoHHhIMH xapaKTepHCTHKaMH, TeXH0 !10fHT.{eCKOH npocToTOH H nOCTynHo

CThlO TaKHX neTeKTopoB. 

H H)f(e OrrHChIB aIOTCR KOHCTPYKUHH H npHHUHn pa60ThI B3-naT'lHKOB 

BHYTp eHHero H Bbm eneHHoro npOTOHHhIX nYT.{KOB ¢a30TpoHa OI1HH. 

B3-MOHI1TOP Ul1PKY JIl1PYIOWErO TIPOTOHHOrO TIYllKA 

LJ.aT'lHK COnep)f(HT 3Mu TTep 2 (pHc.1) B BHne TOHKOH MeTan!1HT.{eCKOH 

¢O!1bfH, HaTRHYToH Ha H30!1HPOBaHHYIQ BHJlKY 6, KOn!1eKTOphI 3 H 4. BHJlKa 

3aKpenneHa non yrnoM 45 
0 

OTHOCHTenhHO OCH nYT.{Ka Ha MaCCHBHOH 60!1BaH

Ke 7, npeAHa3HaT.{eHHOH M R nepeXBaTa nYlIKa. B CBOIQ ollepeAb, 60nBaHKa 

H K01l!1eKTOphI CMOHTHPOBaHh l Ha HeeYll.\HX n!1aCTHHax 1-1 f0!10BKH npo6

HHKa N? 3 c nOMOIUblQ B HHTOB 9. LJ.!1R 3TOH uenH HecymHe nnaCTHHhI HMelOT 

npoAonbHhle na3hI 1-4, a Ann OTCT.{eTa paCCTORHHR Me)KJlY 3MHTTepOM H 6on

9 1-3 1-1. 

B! 
3 

Puc. I . KOHCrpYK14 W1 MOHUTopa 14UpKyJlupY/OU4ezo nyllKa npo-

TOHoe. 

1 



H OM }J.Hana30 He B 3aHMO}J.ej;'ICT8IDl; }J.l1ana30H B3aHMO}J.eHCT8I1R 4aCTHUbI 
BaHKOH JIHHeHKY 1-3. rOJIOBKa np06HHKa CHa6IKeHa TaKlKe KaMepoi1 

1-2, B KOTOPOH pa3MeIlleHbI pa31>eMbI H He06xoJlHMaR 3JIeKTpoHHKa. Oepe

MeIlleHHe rOJIOBKH np06HHKa B}J.OJIb paJJ.Hyca 06eCneqHBaeTCR illTOKO M 8. 
OPH B3Cll1Mo}J.eHCTBHH npoToHoB C cPOJIbro H H3 Hee 3MHTHpYIOT 3JIeKTpO 

Hbi. qacTb H3 HMX 8038pamaeTcR 06paTHo Ha 3MHTTep, OCTaJIbHbIe }J.peH cPylOT 

no MarHHTHbIM CID10BbIM JIHHHRM Ha KOJIJIeKTOpbI, O}J.HH 1I3 KOTOPbrx -

CnJIOlllHOH, }J.pyroH (4 Ha pHc.1) - }J.l1cPcPepeHUHaJIbHbIH, cO}J.ep :lKaIllHH 

14 3JIeKTpo}J.08 (5) lllHPI1HOH no 3,5 MM 11 C lllarOM 4 MM. Pa3Mep 3 M H TTe

pa no 8bICOTe - 56 MM. 

TOJ1\.l\HHa 11 pa}J.HaJIbHbll pa3Mep 3MHTTepa }J.OJI)KHbI 6bITb MHHH M aJIbHO 

803MO)KHbIMH. B HalllHX 3KCnepl1MeHTaX I1CnOJIb308aJIaCb aJIIOMI1HI1e8aR 

cPoJIbra TOJIIllI1HOH 6 MKM, I1JIH, C Y4eToM yrJIa HaKJIOHa 3MI1TTepa, 

2,1 Mr/ cM 2. B 3TOM CJIyqae HOHI13aU,l10HHbIe nOTepl1 3Heprl111 npOTOH08 

8 MaTepl1aJIe 3MHTTepa 3a O}J.HO npOXO)!(}J,eHl1e (6E, CM. Ta6JI.) COCTaBJIRIOT 

npH6JII13HTeJIbHO O}J.HY TpeTb OT cpe}J.Hero Ha60pa 3HeprHI1 3a 060pOT Halfl1

HaR C PMI1YC08 130 ·d35 CM (T.e. npl1 KHHeTI14eCKOH 3Heprl111 npOTOH08 

Wp > 130 M3B) . lllHpl1Ha 3MHTTepa 8apbHp08aJIaCb 8 }J.Hana30He OT 1 }J.O 

3,5 MM. 

Ylfl1TbIDaR, qTO BbIXO}J. B3-3JIeKTpOHOB nponOpUHOHaJIeH TOPM03HOH 

cnoc06HOCTI1 npOTOHOB 8 MaTepl1aJIe cPOJIbrH / 2/, CBR3b Me)!(}J,y TOKOM 

I p(R) UHPKYJIl1pyromero ny4Ka npoToH08 Ha pa}J.l1yce R 11 Cl1rHaJIOM 

C cPOJIbrH Ik ( R ) MO)KHO Onl1CaTb 8blpaIKeHHeM 

Ip (R) = alk(R )(dE/ dX)n(R ) , (1) 

r}J.e ( dEl d X) - TOPM03HaR 

xapaKTepl13YIOIllHH cpe}J.HIOIO 

Tep; a - rpa}J.YHp080tffibIH 

UHeHT B3. 

3HaR 8eJIH4lfHy n ( R) , 

cnoc06HoCTb npoToH08; n (R) - napaMeTp, 

KpaTHocTb npoxolK}J.eHHR nYQKa 4epe3 3MI1T

K03cPcPHUHeHT, 8KJII04aIOIlll1M B ce6R K03cPcPH

MO)KHO Ha OCHOBaHHH 113MepeHIDI Ik (R ) onpe

}J.eJIl1Tb 113MeHeHHR TOKa nyqKa B npouecce YCKopeHHR. 

npOaHaJIH311pyeM }J.Bl1lKeHHe npoToHoB no pa}J.l1ycy C Y4eToM I1X MHO

rOKpaTHoro pacceruuiR 11 HOHH3aUHOHHbIX nOTepb B MaTepl1aJIe 3MI1TTepa. 

B cJIyqae, ecJIH 110HH3aUl10HHble nOTepl1 OTCYTCT8YIOT, a TeMn Ha60pa 

3Heprl1H 8 }J.Hana30He B3Cll1MO}J.eHCTBHR npOTOHa C cPOJIbrOH MeHReTCR cJIa60, 

nepeMeIlleHHe QaCTHUbI no PMHyCY Xr onHCbI8aeTCR TaK: 

X r = (i - 1) V (R ) / F (R) + A 0 sin r 2 7T Q r (i - 1) + ¢ 0 1, (2) 

r}J.e V (R) - CKOPOCTb }J.8HlKeHHR npoToHa 3a C4 eT Ha60pa 3Hep rHH ; F (R) 
'IaCTOTa YCKopRIOIllero Bq-nOJIR ; Q r - 4aCTOTa pa}J.HaJIbH bIX 6 eTaTpoHHh lX 

KOJIe6aHIlli; A o H <Po COOTBeTCT8eHHO Haq aJIhH.hle aMn mfTY}J.a H cPa3 a 

6el'aTpOHHbIX KOJIe6aHl1M, i - TeKYlllHH H OMep o6opo Ta n poTOHa 8 8bI6paH

C cPOJIbrOH - (R 0 - 2 A o ) S X ::; (R 0 + d + 2A n) ' r}J.e R o - pa}J.I1Yc, Ha KOr 
TOPOM p acnOJIaraeTCR nepe}J.HRR ( 1I0 OTHOllleHI1IO K HanJIbI8aIOIlleMY nY4KY) 

KpoMKa cPoJIbnl.; An - KOHe'IHaR aMnJII1TY}J.a KOJIe6aHI1M npOTOHa nOCJIe 

8cex ero B3a HMo}J.eHcT811i1 C 3MHTTepoM. 

OepB bIH 4J1eH 8bIpaIKeHHR ( 2 ) xapaKTepl13yeT 3HepreTI14eCKOe }J.8HlKe

H l1e qaCTI1UbI, 8TOPOH - KOJIe6aT eJIbHoe. 

MO}J.eJIHpo8aHl1e npo u e cca paCCeRHI1R np0I13Bo}J.I1JIOCb Ha 3BM MeTO}J.OM 

M Ol-ITe -Ka pJIo, npH 3TOM JlJ1R KalK}J.oro i -rO 060poTa no cPoPMYJIe (2) pacclfl1

TbI8aJIaCb Koop}J.HHaTa Qa CTI1UbI. B CJIY4ae nona}J.aHI1R npOTOHa 8 3MI1TTep 

pa3bIr pb\8aJIaCb aMnJII1TY}J.a paCCeRHI1R a j , a 3aTeM 8bI4I1CJIRJII1Cb HOBbIe 

aMnJIIHY}J.a A j 11 cPa3a <P
j 

, CBR3aHHble C npe}J.b I}J.y III11M11 napaMeTpaMti COOT

HOllleHl1eM 

A . sin r 2 7T Q ( i - j ) + ch. 1 = A sin r 27T Q ( i - m ) + ch 1 +
J r ' J m r m (3) 

+ a j sin r2 7T Qr ( i - j ) " 

r}J.e j - TeKYIllI1H, a m - npe}J.bI}J.YIllI1H HOMepa 060POTOB, BO 8peMR KOTO

pbIX np0I130111JIO B3al1Mo}J.eHcT8l1e npoToHa C cPOJIbroi1; Am 11 <P m - COOT

BeTCT8eHHO, aMnJII1TY}J.a 11 cPa3a KOJIe6aHI1R qaCTI1UbI nOCJIe npeJlnOCJIe}J.Hero 

CTOJIKH08eHI1R. BeJIH4I1HbI aj pacnpe}J.eJIeHbI no HOPMaJIbHOMY 3aKoHY 

C HYJIeBbIM CpeJlHI1M H cpe}J.HeKBa}J.paTI14HbIM OTKJIOHeHl1eM f] ~: 

7 2 <: a 2 :> ( <: e 2 >/ 2 )(R/ Q r )2. (4) 
r r 

r}J.e ~ () 2 '> - CpeJlHeKBa}J.paTHtffibIH yrOJI MHoroKpaTHoro pacCeRHIDI , pacc

4l1TbIBa eMbIH no cPopMyJIe EeTe - AlllKHHa (CM., HanpHMep, ( 3.4/ ). 

MO}J.eJIl1pOBaHH e nOKa3aJIO, QTO cpe}J.HRR KpaTHOCTb npoXO/KJleHIDl 

npOTOH OB 4epe3 <PoJIbry 3MI1TTepa, Halfl1HaR C MaJIbIX pa}J.I1YCOB (R > 30 CM) , 

B bl l ll'lCJIReTCR cJIe}J.YIOlUHM 0 6pa30M: 

(5)n ( R ) = dx F (R ) / V ( R ) ; 

3}J.ecb d - paIDIaJIbHbIH pa3Mep cP0JIhrH. KaQeCTBeHHO }J.aHHbll 8bIDO}J. 061>

RCHFIeTCR TeM, 'ITO c p e }J.HI1M w ar pa}J.HaJIbHOrO nepeMeIlleHIDl nYQKa B cPa30

TpoHe MH o r o MeHblile aMmun Y }J.bl KOJIe6aHI1R 11 pa3Mepa 3MHTTepa, B pe3YJIb

TaTe Qero n pOTOH 3a speMR n epeCeQeHIDl }J.Hana30Ha B3aHMO}J.eHCT8I1R ycne

saeT n poi1TH Qepe3 Bee lPa3bI KOJI e6aTeJIbHOrO npouecca, H, TaKHM 06pa30M, 

npl1 I1HTer pHp08aHlm KpaTHOCTI1 KOJIe6aTeJIbHbIH 'lJIeH HCKJIIOQaeTCH. 

HOHH3aUHOHHbIe nOTepH 3H ep n Il1 npOTOHOB npI1BO}J.RT K C}J.8l1ry ueHTpa .. 
Op611Tbi npOTOHa Ha S eJUilfHHY 6r: 

'\r = (6E/ 2W p (R )) (R/ Q;). (6) 

2 
3 
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JlnF:! lIaCTHU, He "Bbma}J;alOI..U;HX" H3 YCKopeHHH, KpaTHOCTb BblllHCnHeTCH 

no <popMyne (5). CYMMapHblH C,llBHr ueuTpa Op6HTbi ill x n 3a C'IeT 

MHoroKpaTHoro B3aHMo}J;eHcTBHH C <pOnbroH, Ha'IHHaH C R =130 CM,He npe

BbllllaeT 2 MM )J.JlH d = 3,5 MM, a }J;nH d= 1 MM :nOT C,llBHr MeHbllle 1,5 MM, 

Ha'IHHaH C pMHyca 80. Ha BblBO}J;HbIX pa}J;Hycax cYMMapHbrH C}J;BHr }J;nH 

YKa3aHHbIX ¢onbr, COOTBeTCTBeHHO, He npeBbllllaeT 1,1 H 0,3 MM, 'ITO cpaB

llliMO, a }J;nH d =1 MM - 3Ha'lHTenbHO MeHbllle cpe}J;HHx aMnnHTY}J; 6eTaTpoH

HblX Kone6ruuriL fJpHBe}J;eHHble oueHKH }J;alOT OCHOBaHHH Ha}J;eHTbcH, 'ITO 

<ponbra YKa3auHbIX pa3MepOB He Bb13bIBaeT 3aMeTHblX nOTepb UHpKynHpylO

I..U;ero ny'lKa. B Ka'leCTBe KOCBeHHbIX nO}J;TBep)K}J;eHHH }J;aHHOrO BbICKa3bIBa

HHH npHBe}J;eM cne}J;YlOI..U;He <paKTbl: 

a) Ha raMMa-MOHHTope, perHCTpHpYlOI..U;eM pacceHHHoe H3ny'leHHe, 

reHepHpyeMoe nOTepHHHbIMH npOTOHaMH, npH pa60Te C <ponbrOBblM }J;aTlIH

KOM }J;nH R >130 CM 3aMeTeH nHlllb O,lJ,HH nHK nOTepb, CBH3aHHbIH C pa3py

llleHHeM nyqKa 60nBaHKOH-racHTeneM, OTCTOHI..U;eH ?T 3MHTTepa Ha 12 CM; 

6) CHrHaJI OT IlliKan-3neKTpo}J;OB <pa30TpOHa 51, pacnOnO)KeHHbIX Ha 

PMHYCax R >180 CM, He HCKa)KaeTCH npH BBO}J;e <pOnbrH B 30HY }J;eHCTBHH 

YKa3aHHbIX HHJJ:YKQHOHHblX }J;aT'IHKOB. 

.upyroH B03MO)KHbrn nyTb onpe}J;eneHHH n (R ) 3aKnlO'IaeTCH B aHa

nH3e 3aBHCHMOCTH BenH'lHHbl CHrHaJIOB Ha 3neKTpO}J;ax }J;H<p<pepeHUHanb

Horo KOnJIeKTopa. fJocKOnbKY 3apH}J; Ha 3JIeKTpO}J;ax HHTerpHpyeTcH, yKa

3aHHaH 3aBHCHMOCTb MO)KeT 6bITb npe}J;CTaBneHa B BHJJ:e cynepn03HUHH 

n pacnpe}J;eneHHH, Ka)KJJ:Oe H3 KOTOPbIX HHTepnpeTHpyeTcH KaK pacnpe

}J;eJIeHHe npOTOHOB no BepTHKaJIH nOCJIe i -ro npOXO)K}J;eHHH ny'lKoM ¢onb

rH 3MHTTepa. 

3TO YTBep)KJJ:eHHe nOHCHHeTCH rpa<pHKaMH Ha pHc.2. fJPH nepBoM 

npOXO)KJJ:eHHH ny'lKa 'Iepe3 3MHTTep pacnpe}J;eneHHe 3JIeKTpOHoB, c06paH

HblX Ha 3JIeKTpo)J.ax }J;H<p<pepeHUHa.J1bHOrO KOJIJIeKTOpa, 6Y}J;eT nOBTopHTb 

nePBOHa'laJIbHbrn pa3Mep ny'lKa no BepTHKaJIH (pHc.2a) CO Cpe}J;HeKBa}J;pa

TH'lHbIM OTKJIOHefmeM (J~ = (J~ H CpeJJ:HHM nOJIQ)KeuHeM Zo' 

1-'b-3a MHOrOKpaTHoro KynoHoBcKoro pacceHHHH npoToHoB Ha H}J;Pax 

¢onbrH 3MHTTepa nyqoK YlllHPHTCH. fJ03TOMY nocne CJIe}J;YlOI..U;erO nepece

'IeHHH nyqKoM 3MHTTepa Ha nepBoe pacnpe}J;eneHHe 3JIeKTpOHoB HaJIO)KHT

CH BTopoe C TeM )Ke Cpe}J;HHM 3Ha'leHHeM ZO' HO HOBblM Cpe}J;HeKBa}J;paTH'I
2 

HbIM OTKJIOHeHHeM (J 2 : 

(J 2 (J 2 + (J 2 
2 0 Z ' (7) 

(J; « e 2>/2)(R/Qz )2 , (8) 

Puc. 2. PacnpeOe!leHWI 8e!1 U'IUH CUZHI1IlOl:l Ha 3IIC lapooax 

ourjj rjj epell"lUI1Il bH020 KOi l lleKTOpa MOHUTOp a LjUPKYIZUpy /O L= ~ a 

Uj e20 ny 'lKa: a) np u oOH o KpaIHoM I1pOXO)/(OeHUU fleUCKa

)/(eHHOi?O ifjOll b20 U ny'lKa; 6) npu o OHOKp an wM np ox o]/(

oeHuu ny 'lKa npoToHoS /lOClle n nepeCe'leHUU UM rjjOl lbi?U 

')MuTTepa; s ) CYMMapHoe pacnpeiJe!l eHUe cuml1llo s nOC/le 

BCex nepeCe'l eHUU nY'lKOl, j 3MUTTepa. 

n OCJIe n -ro n p OXO)K}J;eHHH 3MHTTepa BepTH 

KaJIbH Oe p a cnpen eneHH e ny'lKa (pHc.26) 6Y}J;eT L=n I 
x apa KTepH30 B aTb cR Cpe}J;HHM 3Ha'leHHeM Z 0 H I 
Cpe}J;HeKBanpaTH'IH bIM (J~ : I 

I
r7~ 0-; + ( n -1) r7; (9) 

I 
I 

fJonO)KHM nepBOHallaJIbHOe pacnpe}J;eneHHe 


ny'lKa no BepTHKaJIH HOPMaJIbHbIM. B 3TOM cny


'Iae Bce nocne}J;ylOI..U;He pacnpe}J;eneHHH 6ynYT 


TaK)Ke HOPMaJIbHbIMH, a CyMMapHOe pacnpe}J;eJIe


HHe CHrHaJIOB Ha 3neKTpo}J;ax (pHc.2B) nocne 


n npOXO)K}J;eHHH npHMeT BH}J; 

n 

<lJ n ( z ) A ~ ¢ j ( z,Z o , r7 j 
2

) ( 10) 


i= 


1 (z - zo) 2 

¢(Z,Z ,(J2) -= e xp r - ---- ) 


1 0 I (11), / 2 1TO' .2 20' 2 
1 i Zo 

rne BenH'lHHa a; BbI'IHCnHeTCH no <p0pMYJIe (9); A - HOPMHpoBo'IHbill 

MHO)KHTeJIb. 1-'13 ycnoBHH HOpMHpOBKH 

+ "" 
(<lJn(z) 1 , 

-00 

cne}J;yeT, 'ITO A = l I n . .uHcnepcHH (Ji, pacnpe}J;eneHHH <lJn ( z ) onpe}J;enHeTcH 
~'i 

no <popMyne (12) : 

.. n 
(n - 1) 2r}J;e Qz - 'IaCTOTa BepTHKaJIbHbIX 6eTaTpoHHbIX KOJIe6aHHH . 1 ~ (J2 = (J2 + --- 0 ( 1 2)oi 1 0 2 zn i = 

4 5 

6 
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Ta6f1ul4a 

R,cM Wp ,M3B ~~K3B a,pa.a; Qz Oz ,MM Q r or ,MM 

130 128,1 9,9 2 ,94E-04 0,240 1,59 1,104 0,35 

140 151,2 9,0 2,48E-04 0,261 1,33 1,122 0,31 

150 177,3 8,0 2,llE-04 0,259 1,22 1,146 0,28 
160 206,5 7,2 1,81E-04 0,273 1,06 1,166 0,25 
170 238,7 6,6 1,56E-04 0,296 0,90 1,181 0,23 
180 274,1 6,1 1,36E-04 0,322 0,76 1,177 0,21 
190 312,3 5,7 1,20E-04 0,328 0,70 1,200 0,19 
200 353,7 5,4 1,06E-04 0,311 0,68 1,206 0,18 
210 398,1 5,1 9,51E-05 0,278 0,72 1,208 0,17 
220 444,7 4,8 8,56E-05 0,228 0 ,83 1,204 0,16 

230 492,2 4,6 7,79E-05 0,241 0,74 1,183 0,15 
240 539,8 4 ,4 7,15E-05 0,231 0 ,74 1,161 0,15 
250 586,9 4,3 6,62E-05 0,218 0,76 1,128 0,15 
260 632,9 4 ,2 6,18E-05 0,277 0,58 1,068 0,15 
270 679,2 4,1 5,79E-05 0,156 1,00 1,108 0,14 

B CJIy'me, eCJIH ¢a30Bhle nOTepH ny4Ka OTCYTCTBYIOT, ,lJ.JIR 3KcnepHMeH
TaJIhHOH oueHKH '7 0 

2 H II .a;OCTaT04HO npOBeCTH H3MepeHHR BepTHKaJIhHhlX 
pacnpe.a;eJIeHHH C ¢OJIhraMH pa3HOH pa.a;HaJIhHOH WHpHHhl, OueHHTh .a;Hcnep

CHIO pacnpe.a;eJIeHHH H no pa3HOCTHOH MeTo.a;HKe, HCnOJIh3YR Bhlpa)l(eHHe 
(12), paCC4HTaTh HCKOMhle napaMeTphl. 

3TH )I(e BeJIH4HHhi MO)!(HO nOJIY4HTh annpOKCHMaUHeH 3KcnepHMeH
TaJIhHOrO pacnpe.a;eJIeHHR Bhlpa)l(eHHRMH (10) - (11), npoH3Bo.a;R no.a;6op 

napaMeTpoB MeTo.a;OM HaHMeHhWHX KBanpaToB, HanpHMep, C nOMOWhlO 
nporpaMMhI FUMILI. _ 

B Ta6m1ue npHBeneHhl pe3YJIhTaThI pac4eToB a = \ I < () 2-,. / 2 , !\E, 
a z ' or .a;JIR pa3JIH4HhIX panHycoB, a TaK)I(e .a;aHHhle no BeJIH'lHHaM 4aCTOT 
BepTHKaJIhHhIX Q H pa.a;HaJIhHhIX Q 6eTaTpoHHhIX KOJIe6aHHH, B3RThle 

1 z r
H3 pa60T 6 ,71 

y!3MepeHHR BepTHKaJIhHOrO pacnpeneJIem1R npoH3B0!U1JIHCh C nOMOWhlO 
3JIeKTpOHHKH /8 / . EJIOK-CXeMa 3TOH annapaTyphI nOKa3aHa Ha pHc.3. 

CHrHaJIhI C 3JIeKTpo.a;OB KOJIJIeKTOpa 4epe3 aHaJIOrOBhIH KOMMYTaTOp K 
nocTynaJOT Ha 3JIeKTpOMeTpH4eCKHH YCHJIHTeJIh 3Y. ConpOTHBJIeHHe B uenH 

06paTHOH CBR3H Roc onpe.a;eJIReT 4YBCTBHTeJIhHOCTh YCHJIHTeJIR. TaK, npH 
Ro c= 1rOM TOKY Ha Bxo.a;e YCHJIHTeJIR 1 nA cooTBeTcTByeT nOTeHUHaJI Ha 
BhIXOne 1 MB. BpeMR HHTerpHpoBaHHR BxonHoro TOKa OKOJIO 100 MC. 

BhIXOJlHOH CHrHaJI no.a;aeTCR 

Henocpe.a;cT8'eHHO Ha BXO.a; Y KOOP
.a;HHaTHoro caMonHcua. TIo CHrHaJIY 
"TIYCK" OT 6JIOKa ynpaBJIeHHR KOM

MYTaTop no.a;KJIIO'IaeT K YCIDIHTeJIIO 
TecToBhIH CHrHaJI, a 3aTeM C HHTep
BaJIOM B-2 C - nOCJIe.a;oBaTeJIhHO 

O!U1H H3 15 BXO.a;OB, K KOTOPhIM 
no.a;KJIIO'IeHhI H3MepHTeJIhHhie 3JIeK

TpO.a;hl. 

Pe3YJIhTaThI H3MepeHHH rtOJIO 
)I(eHHR KepHa nY'IKa Z o(R) OTHOCH
TeJIhHO reoMeTpH4ecKoro ueHTpa 
npo6HHKa N2 3 nOKa3aHhI Ha PHc.4. 

~3MepeHHR npOBo.a;IDIHCh usa pa3a 
C 3MHTTepOM TOJIWHHOH no nY4
KY 2,1 Mr/cM2 H paAHaJIhHhIM pa3
MepoM d=3,4 MM. 

TIOJIY4eHHhle .a;aHHhle o6pa6a
ThIBaJIHCh nporpaMMoH FUMILI, 

npH annpoKcHMaUHH BhI'IHCJIRJIHCh 

napaMeTphI Zo(R) H a~ (R) (pHc .5), 
3aTeM pe3YJIhTaThI 06eHx cepHi1 H3
MepeHHH ycpe]J.lHlJ1HCh Me)I(JJ.Y co
60H. Ha pHc.4,5 npHBe.a;eHhI cpe]J.llHe 

3Ha4eHHR H BeJIH4HHhI pa3Maxa. 

OCHOBHaR oWH6Ka Zo(R) onpe.a;e
JIReTCR HeT04HOCThlO MexaHHtJecKoH 
YCTaHoBKH .a;aT4HKa C nOMOIUhlO 

npo6HHKa. TIo pe3YJIhTaTaM H3Mepe
HHR nOJIO)l(eHHR KepHa MO)!(HO cY

.a;HTh 0 TOM, lITO .a;aHHaR norpew
HOCTh no sceM YKa3aHHhIM pa.a;Hy
caM He npeBhlwaeT:t 2 MM. Ha pHC.4 

He YlITeHhl CHCTeMaTH4eCKHe OTKJIO
HeHHR ueHTpa npo6HHKa OTHOCH
TeJIhHO ueHTpa MarHHTHOH CHCTeMbI, 
T.K. no HMelOIUHMcR .a;aHHhIM OHH 
nOCTaT04HO MaJIhI H cpaBHHMhI C 
OWH6KOH H3MepeHHH. 

Ha OCHOBaHHH npe.a;CTaBJIeH
HhIX .a;aHHhIX MO)I(HO YTBep)l(naTh, 
lITO nY40K npOTOHOB npH YCKope
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PUC. 3. 5f10K-CXeMa annaparypbl O/lJl U3Me

peltUJ/ CUi?HIJ.f/Oe C MHOi?OJfleKTpOOHblX 

OaT'IUKue. 

2D Z. tI/I, "''' 
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51 ,so til lSI t, elff. 

Puc.4. 3aeucUMocTb nOflOJKeHUJ/ KepHa ny'l

Ka Zo(R) OT paouyca. 

cJ,IRl,"" 
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51 ,II ,n Uf IS. Ii, el'l 

Puc.5. 3aeUCUMOCTb CYMMapHOi?O cpeOHe

KeaOparu'lHOi?O OTKflOHeHUJ/ a ~ (R) pac

npeOeI1eHUJ/ ee.nU'IUH CUi?HClIIOe Ha ou¢¢e

peltI4UIL1bHOM' KO,1fIeKTope. 
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HHIi ,nJIH R >50 CM He ,nOJI)!(eH KacaTbCH KOHCTpYKUKH YCKopfUOlUeH BLJ· 

CHCTeMbI C anepTy poH 100 MM. 

3KcnepHMeHTaJIbHO YCTaHOBJIeHO, 'ITO H3MepeHHR C TOHKOnJIeHQ'lHblM 

3MHTTepOM B03MOJKHO npOBo,nHTb npH cpe,nHeM TOKe BRYTpemi er o nYtIKa 

Ha BbIBO,nHbIX pa,nHYcax 0,3 7 0,4 MKA C 'IaCTOTOH KMnYJIbCOB TOK a 23,3 ru 

H ,nJIHTeJIbHOCTbIO - 6 0 M KC. KpaTHoCTb npoxO)!(,neHUR rrytI K 8 'Iepe3 4JOJIbr y 

IllHPHHOH d= 3,5 MM o ueHHBaeTCH Bemr'lHHOH OKOJIO 120 . npH 3TOM TeMne

parypa 3MHTTepa 6bIJ1a MeHbille TeMnepaTypbI nJIaBJIeHHR aJIIOMBHHR H, 

nO-BH,nHMOMY, MeHbille 500 
0 

C, T.K. CHrHaJIbI C 3MHTTe pa H K OJIne KTOpOB 

He MeHHJ1HCb CO BpeMeHeM . 3TOT <paKT ,naeT OCHOB aHHe Hacn umaTb Ha CTa

6HJIbHOCTH K034J<pHI-UfeHTa 3MHCCHH 3JIeKT pOHOB H3 4JOJIbrH, lITO, KaK H3

BeCTHo / 91 npOHcxO,nHT npH TeMnepaTypax 3MHTTepa BnJIOn. ,nO 500° C 7 

7600 C. B CBH3H C TeM, 'ITO Heo6xo,nHMoe CHH)!(eHHe HHTeHCHBHOCTH MO)!(HO 

06eCne'lHTb YMeHbIlleHHeM B 10 pa3 'IaCTOTbI UHKJIOB YCKopeH~H, <pOJIbrOBbIH 

,naTtIHK n03BOJIHeT npoBo,nHTb HCCJIe,nOBaHHH uHPKYJIHpYIOlUero nY'IKa 

npaKTH'IeCKH npH HOMHHaJIbHbIX HMnYJIbCHbIX napaMeTpax 4Ja30TpoHa. 

llATLJI1K BhlBEllEHHOrO nYLJKA <l>A30TPOHA 

CxeMaTH'lHO KOHCTpYKJJ;HH H3MepHTeJIH npe,ncTaBJIeHa Ha pHc.6 . llaT'IHK 

pacnOJIO)!(eH BHYTPH BaKYYMHOH KaMepbI <pa30TpOHa nepe,n BbmycKHbIM 

OKHOM. npH nepece'leHHH nY'IKOM 3MHTTepOB 1, H3rOTOBJ1eHHbIX H3 aJIIO

MHHHeBoH 4JOJIbrH TOJIlUHHOH no ny'lKY 2,1 Mr/cM2, H3 HHX BbIJ1eTaIOT BTO

pH'lHble 3JIeKTpOHbI, 'IaCTb KOTOPbIX CTeKaeT no MarHHTHbIM CHnOBbIM JIH

HHHM Ha HHTerpaJIbHble 2 H ,nH4J4JepeHUIHaJIbHble 3 H 4 KOJIJIeKTOpbI. 

TOK C HHTerpaJIbHbIX KOJIJIeKTOpOB 'Iepe3 nepeMeHHoe conpOTHBJIeHHe 

HarpY3KH B 20 KOM 7 60 KOM no,naeTCH Ha BXO,n uH4JpoBoro BOJIbTMeTpa 

H CJIY)!(HT MepoH BeJIH'IHHbI HHTeHCHBHOCTH BbIBe,neHHoro npoToHHoro ny'lKa. 

2 

B ~ 
Puc. 6. CxeMa OaT'lUKa BbIBeOeHHOi?O ny~

---~/~--~~~~----~~ ~, < C :;;;>' Ka npoToHoB . 

~8 ., 
~ 
..-e 
~ 
~ 

~ 4 
" " ~ 
~ 2
f.

xapaKTepUCTUKa It.. 
oaT~uKa BbIBeOeHHOi?O ny~Ka. , 

PUC. 7. BOllbTaMnepHaJI 

8 

, -----, 

- I ~ -; 
.; 

\

·lL-. -~ -
- -

D 5D fOD 

nOmtH"uCfl JI'1IJmmtPa , 8 

.. 

PUC. 8. Pa3Mepbl BblBeoeH

HOi?O ny~Ka ifja3orpoHa: 

a) pacnpeOelleHUe 3apJ/oa 

B ny~Ke no BepTUKatlU 

(OCb 'l); 6) pacnpeoet/ e

Hue 3apJ/oa B ny~Ke no 

OCU X. 

,0 Ux,B 

l.O 

LfT Uz •8 a 6 

2,0 

1J1 

-2' a -2JJ 2,'" 0 z' .. " x,_ 
B 3TOM pe)!(HMe pa60TbI Ha 3MHTTepbI no,naeTCH nOTeHUHaJI -30 B. BOJIbT

aMnepHaH xapaKTepHcTHKa nOKa3aHa Ha pHc.7. rpa,nYHpoBKa ,naTtIHKa npo

H3BO,nHTCH C nOMOlllbIO KaJIOpHMeTpa 1 101 HJ1H aKTHBaJJ;HOHHbIX aJIIOMHHH

eBbIX ,neTeKTopOB no peaKUllli 27 A£ (p , 3pn f 4 Na C Ce'leHHeM peaKUHH 10,8 M6. 

I13MepeHHe aKTHBHOCTH 24Na npoH3Bo,nHnOCb Ha nOJIynpOBO,llHHKOBOM 

cneKTpoMeTpe H30HCHPX JIHn cTapIllHM HaY'lHbIM COTPY,llHHKOM A.<l> .HoB

ropo,noBbIM. 

B OTHOIlleHHH KaJIH6pOBKH ,naT'IHKa HYJKHO OTMeTHTb, 'ITO Me)!(,ny 

BbIIlleYKa3aHHbIMH MeTo,nHKaMH CYlUecTByeT CHCTeMaTH'IeCKOe paCXO)!(Ae

HHe pe3YJIbTaTOB onpe,neJIeHHR TOKa BbIBe,neHHoro ny'lKa, npH KOTOPOM 

KaJIOpHMeTp nOCTOHHHO ,naeT B 1,25 60JIbillee 3Ha'leHHe TOKa, 'IeM aKTHBa

UHOHHbIH aHaJIH3. O,nHOH H3 npHtfiiH pacXO)!(,neHHH MO)!(eT 6bITb He,nOCTa

TO'lHO KoppeKTHbIH Y'IeT BKJIaAa B nOKa3aHHH KaJIOpHMeTpa npo,nYKTOB 

H,nepHblx B3aHMo,neHcTBHH npoToHoB C B03,nYXOM H MaTepHaJIaMH KaJIO

pHMeTpa. O,nHaKo 6JIaro,napH npocToTe H onepaTHBHOCTH KaJIOpHMeTpH

'IeCKHX H3MepeHKH 'IalUe AJIH TeKYlUeH nOBepKH HCn0J1b30BaJICH KaJIOPH

MeTp. 

np0cPHJ1b BbIBeAeHHoro nY'IKa H3MepHJICH C nOMOlUbIO annapaTypbI, 

6JIOK-<!xeMa KOTOPOH nOKa3aHa Ha pHc.3. B 3TOM pe)!(HMe 3MHTTepbI 3a3eM

JIHJIHCb C ueJIbIO HCKJIIO'IeHHH BJIHHHHR Ha pe3YJIbTaTbI 3aMepOB cKpelUeHbIX 

3JIeKTpH'IeCKOrO H MarHHTHoro nOJIeH, nOCKOJIbKY AaT'IHK pacnOJIaraJICH 

B cna,naIOlUeM MarHHTHOM nOJIe. 

,Pe3YJIbTaTbI H3MepeHHH Ce'leHHR BbIBeAeHHoro npOTOHHoro ny'lKa 

cPa30TpoHa npeACTaBJIeHbI Ha pHc.8. LJyaCTBHTeJIbHOCTb onHCbIBaeMOH anna

paTypbI n03BOJIHeT npOBOAHTb H3MepeHHH TOKa H npo<pHneli npH HHTeHCHB

HOCTH BbIBeAeHHoro nY'IKa BbIIlle 0,05 MKA. 

9 



B 3aKJIlOqeHHe aBTOpbI B b lpa)Ka lOT npH3RaTeJIbHOCTb B.B.KoIThre, HET JIH rtP06EJIOB B BADI ER 6HEnHOTEKE? 

n .M.OHHllleHKO H H .r.IlIaK YHY 3a nOJIe3Hble JUiCKYCCHH H COBe ThI n p l'f non
Bb. MO)l(eTe nonY'fH Tb no nOqTe nepe<lHCneHHble HHlI<e IOfHrH. e~nfl OHH He 6hUlH 33· 

rOTOBKe n aHHOH pa60Tbl, A.B. 601D M OJIOBY 3a pa3pa60TKY ymmepcarrbHoH K33aHbl paHee. 
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