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BBEJlEHHE 

l-1c~OJ1b30BaHi-e 3¢¢eKTa Bas1111osa-4epeHKOBa no3BOJ1ReT C03AaTb 
3¢¢eK_Tl18Hbl~ MeT,OA11Kl1 AI1R 113MepeHl1R napaMeTpos ny4KOB aapR>KeH
HblX 4acT111/ 1- 3 • B HaCTORutee speMR C 11X noMOutblO YAaeTC.R 113Me
PRTb cpeAHIOIO 3Hepr11ro ny4Ka 11 yrnM HaKJlOHa ny4Ka K OCl1 np116opa. 
BMeCT~ C TeM, APYr11e sax<HMe xapaKTepl1CTl1K11 nY4Ka, a 11MeHHO -
yr JlOBble 11 3HepreT114eCKl1e pacnpeAeneHl1R - OCTalOTCR HeAOCTynHbl
Ml1. nocneAHee CBR3aHo C TeM o6CTORTeJ1bCTBOM, 4TO w11p11Ha 113Me
pReMoro B 3KCnep11MeHTe pacnpeAeJ1eHl1R 11HTeHCl1BHOCTl1 4epeHKOB
CKOro 113Jly4eHl1R onpeAenReTCR,KpoMe 3¢¢eKTOB 3aMeAJ1eHl1R 11 MHO
roKpaTHoro pacceRHl1R 4aCTl1LI a paA11aTope, 3HepreT114ecK11M 11,yr-
11osb1M pacnpeAeneH11RMl1 ny4Ka, a TaK>Ke OCTaT04HOH A11Cnepc11ej;j AJlR 
np116o'pos' pa6oTalOutl1X B Wl1POKOM cneKTpaJlbHOM Al1ana3oHe. ¢lopM11-
PYR B 3KCnep11MeHTe ny40K C onpeAeJ1eHHMMl1 yr110BblMl1 pacnpeAeJ1e
Hl1RMl1 11 11cnOJ1b3YR MeTOA o6paTHOH 3aAa411, nPl1HL.111nl1aJ1bHO B03MO>K
HO BOCCTaHOBl1Tb YKa3aHHble pacnpeAeJ1eHl1R, OAHaKO np11 TaKOM nOA
XOAe B03pacTalOT Tpe6osaHl1R K T04HOCTl1 113MepeHl1R 3Kcnep11MeHTaJ1b
Horo pacnpeAeJ1eHl1R 11HTeHCl1BHOCTl1 11311Y4eHl1R BaBl1J10Ba-4epeHKO-
Ba /1-1B4/. 

Jlo HaCTORutero BpeMeHl1 AI1R per11CTPaL11111 pacnpeAeJ1eHl1R 11HTeH
Cl1BHOCTl1 1-1B4 11CnOJ1b30BaJ111Cb 111160 ¢OTOMaTep11a11b/ J • 2/, n1160 CKa
Hl1PYIO,utl1H ¢0TOYMHO>Kl1TeJ1b CO uteJlbl0/ 3/. no PRAY npl1411H T04HOCTb 
ceHCl1TOMeTPl14eCKl1X 113MepeHl1H np11 paooTe C ¢0TOMaTep11a11aM11 
He Mo>KeT 6MTb 11y4we 15-20%. MexaHl14ecKoe nepeMeuteH11e YMHO>K11Te
J1R no KaAPOBOMY OKHY npo11CXOAl1T 3a speMR ~30 c, 4TO n03BOJ1ReT 
npoBOAl1Tb TOJlbKO ycpeAHeHHMe no speMeH11 113MepeHl1R. 

UenblO HaCTORutei1 pa60TM RBJlReTCR 113Y4eH11e B03MO>KHOCTl1 per11CT
PaL11111 pacnpeAeJ1eHl1R 11HTeHCl1BHOCTl1 1-1B4 BbJBeAeHHoro ny4Ka ycTa
HOBKl1 11<1> 11 8 OAHOM MaKp011MnYJ1bCe ycKop11TeJ1R. 

2. <l>OTOPErHCTPATOP 

B Ka4ecTse ¢0Toper11cTpaTopa 11cnonbaosa11acb c11cTeMa /p11c. 1/, 
cocTORutaR 113 311eKTpoHHo-onT114ecKoro npeo6paaosaTeJ1R /30n/ ,: 
C Ml1KPOKaHaJ1bHOH nnaCTl1HOH /MKn/, C04JleHeHHoro C Al1CCeKTOPOM 
T11na nl-1-605 C nOMOutblO BOJ10KOHHO-onTl14eCKOro KOHTaKTa/ 4/. 
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PHc.1. C6opKa 30Il -
gHCCeKTop: 1 - 3neKT
poHHO-OITTHtJeCKHH rrpeo6-
pagoBaTenb; 2 - gHCCeK
Top; 3 - BonoKOHHo-orr
THqecKaH matt6a; 4 - cpo
KYCHPYIDIIIHH 3neKTpog; 
5 - aHog; 6 - MHKpoKa
HanbHaH rrnacTHHa; 7 -
BOnOKOHHO-OITTHqecKoe 

coegHHeHHe; 8 - ~enb gHCCeKTopa; 9 - qJOKYCHPYJOI;{aH KaTymKa; 
10 - KaTymKa CTpoqHOH pagBepTKH; 11 - BTOpHqHo-3neKTpOHHblH 
YMHOJKHTenb. 

OcHOBHble xapaKTep11CTl1Kl1 np116opa: 

1. noporoaaR ocae~eHHOCTb B TOKOBOM pem11Me 
2~ Pa3peweH11e a 4eHTpe <J)oToKaToAa 
3. <l>oToKaToA 30na -
4. nocTORHHaR apeMeH11 BblCBe'-111BaHl1R J110Ml1H0-

<1>opa 30na 
5. Ko3<1><1>11411eHT yae11111.1eH11R -
6. Pa601.111H pa3Mep <1>0ToKaT0Aa 
7. <l>oToKaTOA Al1CCeKTOpa -
8. Pa3Mep <l>oToKaTOAa A11CCeKTopa 
9. Pa3Mepb1 ~e1111 Al1CCeKTopa 

10. 411c110 KaCKaAOB yc1111eHl1R A11CCeKTopa 
11. ConpoT11a11eH11e aHOAHOH Harpy3K11 

~n = 10- 12 BT/CM2 

R = 10 Jl11Hl1H/MM 
cypbMRHo-4e311eBWH 

r = 20 MKC 
1 
d1 = 25 MM 
MYJ1bT11~e1101.1HoH 
d2 = 25 MM 

. S = 0 , 1 x3 MM 2 

- 14 
R11 = 1 KOM 

<l>oToper11cTpaTOP CTblKOBaJlCR C 1.1epeHKOBCKl1M np116opoM' ycTpOHCT
BO KOTOporo 113110meHO B pa6oTe/1/. 04eHl1M MO~HOCTb HB4 Ha BXOAe 
<1>0Toper11cTpaTopa np11 11HTeHCl1BHOCTl1 noToKa npoTOHOB J = 
= 5 • 1 07 npoT / C. 411CJ10 <!>OTOHOB' 113JlY'-laeMblX OAHOH 1.1acT114eH B Al1a -
na3oHe AI111H BOJlH 350 f 650 HM 11 3<l><l>eKTl1BHOH TOJ1~11He paA11aTopa 
JI, = 0 ,4 CM' onpeAeJlReTCR Bb1pameH11eM: 

Nqi = 605•Sin2.0.J1,(cM) = 70 <!>OT, 

rAe B - yro11 11cnycKaH11R HB4 a np113Me-paA11aTope 113 n11aa11eHHoro 
KBap4a np11 $= o,808 /B = 32°/. np11 AJ111TeJlbHOCTl1 MaKpo11Mny11bCa 
ycKop11TeJ1R T = 43 MKC 11 '-laCTOTe V = 233 r4 11MeeM MrHOBeHHYIO 
MO~HOCTb HB4: 

Nqi• J 
4 11 

p = - = 3, •10 <!>OT/C. 
v.T 

2 

C y4eTOM noTepb B onTl14eCKl1X 3JleMeHTax 4epeHKOBCKoro np116opa, 
<J)oToper11cTpaTopa /Ko3<1><1>11411eHT nponycKaHl1R a= 0,1/ 11 Te11ecHo
ro yrna Ha61110AeH11R 6w = 3·10-2 paA, no11y1.111M ocae~eHHOCTb 
Ha <J)oToKaToAe per11cTpaTo.pa 

E = P•6w·a-S11 = - 1010 <1>0T/c·cM2 - 5.1p-9 BT/cM2 , 

rAe S1 - nno~aAb 11306pameH11R HB4 Ha <J)oToKaToAe 30na /S1 = 
= 0,1 CM2/. 

TaKl1M o6paaoM' ocse~eHHOCTb OT HB4 npeBbJWaeT noporosy10 <1>0-
Toper11cTpaTopa 6011ee, 4eM Ha 3 nOPRAKa, 4TO no3BOMeT pacc1.111-
TWBaTb Ha 3Ha411TeJ1bHOe npeswweH11e T04HOCTl1 113MepeHl1R 11HTeHCl1B
HOCTl1 no cpasHeH1110 c per11cTpa411eH HB4 Ha <1>0Ton11eHKY. 

3. nocTAHOBKA 3KCnEPHMEHTA 

<l>oToperl1CTpaTop ycTaHaBJ111BaeTCR Ha 4epeHKOBCKl1H np116op/l/, 
pa3pa6oTaHHbJH AJlR 113Mepe"Hl1R cpeAHeH :rnepr1111 ny4Ka npOTOHOB 
ycTaHOBKl1 11 <1> 11

• CxeMa np116opa C <1>0Toper11cTpaTOPOM np11BeAeHa 
Ha p11c. 2. ny40K npoTOHOB /1 /, OTKOJlJ111Ml1POBaHHblH AO pa3Mepa 
~ 1 CM, naAaeT Ha np113My-paA11aTOP /2/, 113roTOBJ1eHHYIO 113 n11aa-
11eHHoro KBap4a C TOJ1~11HOH no ny4KY - 4 MM 11 yr11aM11 y OCHOBaHl1R 
a 1 = 26°00 1 3811 , a 2 = 26°00 1 04 11

• HaMepeH11e 3Hepr1111 a np116ope 
npOl13BOA11TCR nyTeM 113MepeHl1R pa3HOCTl1 yr110B MemAY npRMblM /8/ 
11 ABamAW OTpameHHWM /7/ HB4 B npl13Me-paA11aTope, 4TO no3BOJ1ReT 
o60HTl1Cb 6e3 AOnOJlHl1TeJlbHblX penepHblX MeTOK, KaK, Hanp11Mep' 3TO 
Heo6XOA11MO B MeTOAe/ 2/. AnR yse11111.1eHl1R 11HTeHCl1BHOCTl1 caeTa 
B np116ope 11cno~bayeTCR HB4 B w11pOKOM Al1ana3oHe AJ111H BOJlH ~A= 
= 350 f 650 HM. 4To6w KOMneHCl1poBaTb A11Cnepc1110, 113Jly4eH11e, BW
XOAR~ee 113 paA11aTopa /nPRMOe /8/ 11 ABamAbl OTpameHHOe /7 //, npo
nycKaeTCR 4epe3 npl13MY-KOMneHCaTOP /3/. 

np113Ma-KOMneHCaTop 113-
roTOBJleHa 113 CTeKJla MapKl1 
T<l>-5 11 11MeeT yr11~ y OCHO
BaHl1R A1 = 28°18 1 07 11

, 

A2 = 20°18 1 31 11
• H311y1.1eH11e, 

PHc.2. qepeHKOBCKHH rrpH-
6op c qJOToperHCTpaTopoM: 
1 - KonnHMaTop; 2 - rrpHg
Ma-pagHaTop; 3 - rrpHgMa
KOMrreHcaTop; 4 - gepKano; 
5 - o6'beKTHB "renHoc-40"; 
6 - qJOToperHCTpaTop; 7 
gBaJK,ll;bl OTpa)KeHHb!H nyq; 
8 - ITPHMOH nyq. 
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npoweAwee 4epe3 npH3MY, oTpamaeTCR oT 3epKana /4/ H nonaAaeT 
Ha BXOA o6beKTHBa /5/ 11 renHoc-40 11

, a (jJoKaJlbHOH nnocKoCTH KOTo
poro o6pa3ylOTCR ABa H3o6pameHHR HB4 a BHAe ABYX 11AYr 11 • PaccToR
HHe MemAY H3o6pameHHRMH nponop4HoHaJlbHO pa3HOCTH yrnoe npRMO
ro H ABamAbl oTpameHHoro H3Jly4eHHR, a CJleAOBaTeJlbHO, 3HeprHH 
4aCTH4 ny4Ka. BXOAHaR noeepxHOCTb /3/ onTOBOJlOKOHHOH wai7!6bl 
30na pacnonaranacb a $0KaJ1bHOH nnocKOCTH o6beKTHBa /5/. AHc
ceKTop /6/ pa6oTaJl B OAHOCTP04HOM pemHMe, CKaHHpoeaHHe 3KpaHa 
ocyiqeCTBJlRJlOCb 3a epeMR 40 MKC. PemHM pa60Tbl 30na - CTaTH4eC
KHH. 3anycK reHepaTopa pa3aepTKH AHCCeKTopa ocyiqecTBJlRncR 
OT CHHXPOHMnYJlbCa YCKOPHTeJlR. AilR 3anycKa reHepaTopa pa3eepTKH 
AHCCeKTopa C 4aCTOTOH ~1 r4 CHHXPOHMnYilbCbl YCKOPHTeJlR npope
mHBaJlHCb 3JleMeHTOM C 60JlbWHM MepTBblM epeMeHeM. AilR CHHXPOHH-
3a4HH C peaJlbHblM ny4KOM H KOHTPOilR 3anycKa reHepaTopa pa3eepT
KH HCnOJlb30BaJlCR TeJleCKOn H3 Tpex C4HHTHJlJlR4HOHHblX C4eT4HKOB. 
AHOAHblH CHrHaJl C AHCCeKTopa BblBOAHJlCR Ha 3anOMHHa10tqHH oc4HJ1J10r
pa$ H $OTorpa$HPOBaJlCR. THnH4Hble 9c4HJ1J10rpaMMbl npHBeAeHbl 
Ha pHc.3. B CBR3H C TeM, 4TO pa3Mep pa6o4eH o6nacTH $OTOKaTo
Aa 30na 3Ha4HTeJlbHO MeHbWe pa3Mepa KaApa Ha (jJoTonneHKe, npRMOe 
H ABamAbl oTpameHHoe H3o6pameHHe HB4 Ha6n10AaJ10Cb pa3AeJlbHO. AnR 
HCCJleAOBaHHR BJlHRHHR paAHa4HOHHoro $oHa onTH4eCKMH KaHaJl 4e
peHKOBCKoro npH6opa HCKYCCTBeHHO nepeKpb1BaJlCR H Ha6J1l0AaJ1aCb 
peaK4HR $OToperHCTpaTopa Ha BKJll04eHHe YCKOPHTeJlR. npH 3TOM 
He 6b1Jl0 3aMe4eHO CKOJlbKO-HH6YAb 3Ha4HTeJlbHOro H3MeHeHHR CHrHa
Jla AHCCeKTopa. 
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Pttc.3. Ocr.umnorpaMMhl aHOAHoro CHrHana AHCCeKTopa, COOT
BeTCTBYIDtqHe Hso6pruKeHHHM npHMOro /6/ H ABa}I(Abl OTpa~eHHO
ro /a/ HsnyqeHHH. PasBepTKa - 2 MKC/KneTKY, qyBCTBHTenb
HOCTb - 20 MB/KneTKy. 
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3AKJll04EHHE 

B 3KcnepHMeHTax Ha e~eeAeHHOM ny4Ke $a3oTpoHa JlRn OHRH e~
RcHeHo, 4TO $OToperHCTPHPYIOutaR CHCTeMa, COCTaBJleHHaR H3 30na 
Ha MKn H AHCCeKTopa JlH-605, n03B0JlReT B Te4eHHe OAHOro MaKpo-· 
HMnyJlbCa YCKOPHTeJlR /~40 MKC/ npoBOAHT-b H3MepeHHR pacnpeAene
HHR HHTeHtHBHOCTH 4epeHKOBCKOro H3Jly4eHHR AJlR ny4Ka npoTOHOB 
co cpeAHeH HHTeHCHBHOCTblO J = 107 f 108 npoT/C. npH 3TOM pa3-
peweHHe a $oKaJlbHOH nnocKOCTH o6beKTHBa R = 0,1 MM /6npeAeJ1R
eTCR WHPHHOH iqeJlH AHCCeKTopa/, T04HOCTb H3MepeHHH onpeAeJlReTCR 
cTaTHCTHKOH (jJoTOHOB /N~ ~ 106 /. 

JlHTEPATYPA 

1. 3penoa B.n. HAP- - npenpHHT OHRH, 13-87-835, Ay6Ha, 1987. 
2. 6YARWOBa c.~., 3penoe B.n., KY3bMHH E.C. - npen~HHT OHRH, 

P13-88-485, AY6Ha, 1988. 
3. 3penoa B.n. HAP. - npenpHHT OHRH, P13-9380, AY6Ha, 1975. 
4. TeTnHHHKOB C.H., WanRnHH B.H. - B c6.: KpaTKHe coo6iqeHHR 

OHRH, W 10-85, AY6Ha, 1985, c.62. 

PyKOnHCb nocTynHJla B H3AaTeJlbCKHH OTAeil 
27 MapTa 1989 roAa. 
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