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C03AaHHe CTPHMepHOH KaMepbl C BOAOPOAHbiM HanOJlHeHHeM RB
JlReTCR BeCbMa aKTyaJlbHOH 3aAa4ei1, TaK KaK 3Ty KaMepy MO~HO 
npHMeHRTb B 3KCnepHMeHTaX OAHOBpeMeHHO lo1 B Ka4eCTBe MHWeHH, 
lo1 B Ka4eCTBe AeTeKTOpa, npo6JleMy Manoro CBeTOBOrO B~XOAa 
CTpHMepoe B BOAOPOAe pa3H~e aBTOPbl AO CHX nop n~TaJlHCb 
peWHTb 111-160 lo1CnOJlb3YR 30n AJlR CbeMa HH$OpMaUHH, 111-160 B03-
6y~AaR CTPHMep~ B~COKOBOJlbTH~MI-1 HMnyJlbCaMH C A06aBJleHHeM 
B BOAOPOA pa3Jllo14H~X npHMecei1 11 •21• Ha OCHOBaHHI-1 pa60T /8,4/ 

HaMH 6~11 HaMe4eH APY roi1 nyT b K peweHHIO 3Toi1 npo6neMbl: npH
MeHeHHe MO~HOH Jla3epHOH nOACBeTKI-1 Bcero 06beMa CTPHMepHOH 
KaMep~ 80 epeMR $OpM1o1pOBaHio1R TpeKOB C UeJlbiO nOJly4eHio1R TeHe
rpaMM 111-160 ronorpaMM $pOHTa YAaPHOH BOJlH~ OT CTPHMepoe. 
nocKOJlbKy CTpHMepHaR KaMepa RBJlReTCR np1o160p0M C MaJl~M BpeMe
HeM naMRTI-1, a CTpHMep~ pa3Bio1BaiOTCR CO CKOPOCTbiO 10 7 CM/C, 
TO B AaHHOM CJ1y4ae K Jla3epy npeAbRBJlRIOTCR HeKOTOp~e OC06ble 
Tpe6oeaHHR. B 4aCTHOCTH, 1-13 ecex napaMeTpoe na3ep~ caM~M 
Ba~H~M RBJlReTCR BpeMR 3aAeP~Kio1, T.e. npoMe~yTOK BpeMeHH, 
4epe3 KOTOp~i1 OH cpa6aT~eaeT nocne npHXOAa 3anycKaiO~ero 
cHrHana. 

H3 ecex THnoe na3epoa AJlR AaHHoi1 ue111o1 Ha1o16onee uenecoo6-
pa3HO npHMeHRTb a30THbiH Jla3ep, XOTR OH reHepHpyeT Ha AJ11o1He 
A= 337,1 HM. 3To o6CTORTeJlbCTBO c03AaeT onpeAeJleHH~e Tex
HH4eCKHe TPYAHOCTI-1, nOCKOJlbKy BCe OnTio14eCKOe o60PYAOBaHHe 
AOJl~Ho 6~Tb H3roTOBJleHo 1-13 Keapua. HHeepcHOHHaR HaceneHHOCTb 
Y a30THOro Jla3epa C03AaeTCR 3JleKTPio14eCKio1M pa3PRAOM, B03HHK
HOBeHHe KOTOporo onpeAeJlReTCR, B CBOIO 04epeAb, BpeMeHeM 
cpa6aT~BaHio1R KOMMyT-HpyiO~ero 3JleMeHTa lo1 KOJle6JleTCR B npeAeJlaX 
1007 150 HC. C APYrOi1 CTOPOH~, BpeMR 3aAeP~Kio1 Me~AY nOAa4ei1 
Ha reHepaTop HMnyJlbCH~X HanpR~eHHH /fHH/ CTPHMepHOH KaMep~ 

3anycKaiO~ero HMnynbca 1o1 noRBJleHHeM CTPHMepoe e KaMepe co
cTaBJlReT BeJlH4HHy nopRAKa 0,5 70,6 MKC. H3 cKa3aHHoro CJ1eAyeT, 
4TO npHMeHeHHe a30THOrO Jla3epa no3BOJ1ReT nOACBeTHTb 06beM 
KaMep~ KOrepeHTH~M ny4KOM B Jli060i1 MOMeHT pa3Bio1Tio1R CTPHMepa. 
KpoMe Taro, a30TH~i1 na3ep OTJlH4aeTCR caoei1 Aonroee4HOCTbiO 
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~ ,qeweB~3HO~, TaK KaK B Ka4eCTBe aKT~BHOH CPeA~ 3,qeCb 
np~MeHReTCR TeXH~4eCK~~ a3oT. Ha,qo OTMeTHTb TaK*e, 4TO ~3-3a 
6onbworo K03~~~.~~eHTa yc~neH~R 3,qecb He HymeH onTH4ecK~H 
pe30HaTOp, 4TO cy~eCTBeHHO o6ner4aeT pa60TY B noMe~eH~RX 
C nOB~WeHH~M~ TepM~4eCK~M~ H MeXaHH4eCK~MH HeCTa6HnbHOCTRM~. 

B 3TOH pa6oTe on~c~eaeTCR aaoT~H na3ep c nonepe4H~M 
pa3pR,qOM, CXeM~ nHTaH~R K<;>Toporo co6paH~ H3 ManO~HAYKT~BHbiX 

KepaMH4eCKHX KOH,qeHcaTopoe. H3 H3BeCTH~x cxeM n~TaHHR a3oT
H~x na3epoe HaM~ 6~na Bbi6paHa cxeMa B036ymAeH~R MoneKyn 
a30Ta nonepe4HbiM pa3PRAOM, nOTOMY 4TO B 3TOM cny4ae MOmHO 
nony4~Tb 6onbwHe een~4H~ napaMeTpa E/p, T. e. aao,q~Tb 
6onbw~e 3neKTp~4eCK~e 3HeprHH B na3epHy~ Tpy6Ky H B~BO,q~Tb 
~3 Hee 6onbw~e ceeToe~e 3HeprH~, 4TO no3BonReT ,qocT~rHyTb 
B~COKOrO ypOBHR K.n.A.; KPOMe TOro, 3TOT T~n na3epa 
xapaKTep~3yeTCR npOCTOTOH H Ha,qemHOCTb~ B pa6oTe. 

3KCnEPHMEHTAflbHAR 4ACTb 

B AaHHOH 3a,qa4e eonpoc c~HxpoH~3ai.\H~ cpa6aT~BaHH~ na3epa 
~ CTPHMepHOH KaMePbl RBnReTCR onpe,qenR~~HM. CxeMa nHTaH~R 
na3epHo~ Tpy6K~ no,qo6Ha cxeMe ~3 pa6oT~~/ c TO~ pa3H~I.\e~, 
4TO B036ym,qeH~e B Hawe~ na3epHO~ Tpy6Ke OCy~eCTBnReTCR C 
nOMO~b~ TOnbKO OAHOrO pa3pRAHHKa, B TO epeMR KaK B na3epHOH 
Tpy6Ke, OnHCaHHO~ B pa6oTe ~/, ~CnOnb3yeTCR 4eT~pe. 3TO 
cy~ecTBeHHO ynpocT~no cxeMy c~HxpoH~3ai.\~H. Bee,qeHHe HeKoTo
p~x HOB~X KOHCTPYKI.\~OHHbiX peweHH~ npH pa3pa60TKe na3epHO~ 
Tpy6K~ no3eon~no co3,qaTb ropa3,qo 6onee MO~HbiH a3oTHbl~ na3ep 
C yCT0~4~B~M~ napaMeTpaM~. 
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KoHCTPYKI.\~R na3epHo~ Tpy6K~ noKa3aHa Ha p~c. 1. B na3bl 

OAIO.UUHueOOe 
3epkat.o 

PHc. 1. KoHCTPYKI.\HR na3epHoH Tpy6KH. 

nneKc~rnacoeo~ Tpy6K~ BKneeH~ c noMo~b~ 3noKc~,qHoro KneR 

3neKTPOA~ ~3 Hepmaee~~e~ CTan~ TOn~~HO~ 1,5 MM C 3aKpyrneH
HbiM~ TOp!.\ aM~. AriR nony4eH~R O,qHOPOAHOrO pa3pR,qa ~ B~COKO~ 

BbiXOAHO~ 3Hepr~~ e na3epHoM ~Mnynbce o6a 3neKTpo,qa oT,qeneH~ 
OT CTeHOK Tpy6K~. B OAHOM KOHI.\e na3epHO~ Tpy6K~ BMeCTe 
C KpbiWKO~ np~KpennReTCR 06biKHOBeHHOe an~MiftH~eBOe 3epKano, 
a B ,qpyrOM KOHI.\e TaKme Ha pe3~HOBOM ynnOTHeH~~ 3aKpennReTCR 
KBapl.\eBoe OKOWKO. TaK~M o6pa30M, na3ep ~MeeT TOnbKO OA~H 
onT~4ecK~~ e~xo,q. Pa3Me~eH~e 3epKana BHYTP~ na3epHo~ Tpy6K~ 
yeen~4~eaeT 3Hepr~~ ~3ny4eH~R Ha 20-30% ~ He Tpe6yeT ~CT~
poBK~. 0TKa4Ka ~ 3anonHeH~e a30TOM na3epHo~ Tpy6K~ npo~3Bo
A~TCR 4epe3 on~BKy, BKneeHHY~ npRMO B 3TY Tpy6Ky. nocKOnbKy 
,qanbHe~w~e ~ccne,qoeaH~R He Tpe6y~T e~coKo~ 4aCTOT~ cpa6aT~
eaH~R na3epa, np~MeHeHa KOHCTPYKI.\~R 6e3 npoKa4K~ a3oTa. Ha 
BHeWH~e KOHL\~ 3neKTpO,qOB C o6e~X CTOpOH na3epHO~ Tpy6K~ 
np~KpenneH~ ,qee KOH,qeHCaTOpH~e 6aTape~ (A 2 ) - T.H. n~H~R 
HaKonneH~R c o6~e~ eMKOCTb~ 15 H$ /KoH,qeHcaTop~ T~na K-15/4/. 
Tpy6Ka BMeCTe C KOH,qeHCaTopaM~ pa3Me~eHa npRMO Ha xono,q-

HOM 3neKTpO,qe pa3PRAH~Ka, np~4eM BTOPO~ 3neKTPOA pa3pR,qH~Ka 
no,qcoe,q~HeH npRMO KO BTOpO~ KOHAeHCaTOpHO~ 6aTapee 
T.H. y,qapHO~ n~H~~ (A 1 ), COCTOR~e~ ~3 4eTblpex KOH,qeHCaTOPOB 
K-15/10 c o6~e~ eMKOCTb~ 36 H$. 

Kopnyc pa3PRAH~Ka ~3roToeneH ~3 nneKc~rnaca,pa3Mep~ pa3-
PRAHO~ KaMepbl ~ 20x 13 MM. 06a 3neKTPOAa CAenaHbl ~3 non~poBaH
HOro an~M~H~R. AriR ynpaeneH~R pa60TO~ pa3pR,qH~Ka OT BHeWH~X 
ycTpo~cTB K ropR4eMy 3neKTpo,qy no,qBeAeH noAm~ra~~~~ 3neKTpo,q
~ronKa ~3 BOnb$paMa A~aMeTpOM 2 MM, 3a30p Mem,qy 3T~M~ 3fleKT
POAaM~ COCTaBnReT 0,1 MM. Pa3PRA~~K pa6oTaeT B aTMOC$epe 
a3oTa np~ AaeneH~RX 1-7 aTM. 

np~HI.\~n~anbHaR 3neKTP~4ecKaR cxeMa na3epa noKa3aHa Ha 
p~c. 2. reHep~poeaH~e Ha A= 337' 1 HM B03MOmHO' ecn~ YAacT
CR C03AaTb ~HBepc~OHHY~ HaceneHHOCTb Ha BpeMR MeHbWee, 4eM 
epeMR m~3H~ Bo36ym,qeHHoro eepxHero ypoBHR a3oTa. MexaH~3M 
C03AaH~R ~HBepc~~ OCHOBaH Ha npRMOM B036ymAeH~R MoneKynbl 
a3oTa 3neKTpOHH~M~ YAapaM~ C nepeXOAOM C OCHOBHOrO YPOBHR 
X, I +2 Ha eepxH~e pa6o4~e YPOBH~. reHepai.\~R Ha A = 337' 1 HM 
Ha6n~AaeTCR BO BTOPO~ nonom~TenbHO~ C~CTeMe nonoc MOneKynRp
HOro a30Ta (CallH -Ball ,!I,). BpeMR m~3H~ B COCTORH~~ (CallH) 
COCTaBnReT 40 HC. 4T06~ 3a 3TO BpeMR B036YA~Tb MoneKyn~ a3o
Ta, Heo6xoA~Mo o6ecne4~Tb 6onbwy~ aMnn~Ty,qy pa3PRAHoro TOKa 
e na3epHo~ Tpy6Ke c KPYT~M $POHTOM HapacTaH~R. 3To 6~no 
AOCT~rHyTo nyTeM np~MeHeH~R ~MnynbCHO~ 3aPRAK~ n~H~~ A2 
3a epeMR, MeHbWee, 4eM BpeMR 3ana3A~BaH~R pa3pRAa B na3epHO~ 
Tpy6Ke /np~6n~3~TenbHO 150 He/. 6aTapeR A2 pa3pRmaeTCR 4epe3 
na3epHy~ Tpy6Ky nocne TOrO, KaK Tpy6Ka 3aPRA~TCR AO HanpR
meH~R 10-12 KB 3a epeMR 80-90 He. 
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A2 

P~c. 2. 3neKTp~4ecKa~ cxeMa n~TaH~~ nasepa. 06osHa4eH~~= 
1 - Bblnp~M~Tenb, 2 - 6noK sanycKa, 3 - nasep, A 1 - HaKon~
TenbHa~ n~H~~, A 2 - YAapHa~ n~H~~, P - T04Ka ~sMepeH~~. 

3KCnEPHMEHTAJlbHbiE PE3YJlbTATbl 

Co6paHHbl~ no 3TO~ cxeMe nasep npopa6oTan eoceMb Mec~~ee 
e HaweH na6opaTOP~~. B xoAe 3Kcnep~MeHTOB 6bln~ onT~M~s~poeaHbl 
see napaMeTpbl nasepHo~ c~cTeMbl An~ nony4eH~~ HaAemHoro 
~ npoAonm~TenbHoro pem~Ma pa6oTbl. 

TaK~M o6pasoM, np~ pasMepax pasp~AHoro KaHana B nasepHo~ 
Tpy6Ke 0,2x1,4x25 CM 3 MaKC~ManbHa~ MO~HOCTb nasepa 
/1 MBT/ ~na nony4eHa np~ Hanp~meH~~ Ha n~H~~ A1 , paeHoM 
27·10 3 B, AaBneH~~ e nasepHOH Tpy6Ke- 70 MM pT.CT., AaB
neH~~ B pa3P~AH~Ke - 3,5 aTM ~ 4aCTOTe cpa6aTblBaH~~ - 1 r~. 
MaKC~ManbHOe oTKnOHeH~e 3Hepr~~ ~Mnynbca oT cpeAHero sHa4eH~~ 
cocTaen~no He 6onee 20% ~ An~TenbHOCTb nasepHoro ~Mnynbca -
7 · 10-9 c. BHewH~~ sanycK ocy~ecTen~nc~ cne~~anbHO cosAaHHbiM 
6noKOM, Bblpa6aTbiBa~~~M sanycKa~~~~ ~Mnynbc c aMnn~TYAO~ 
10 KB ~ c $POHTOM 50 He. Bee BbiCOKoeonbTHble ~3MepeH~~ npoeo
A~n~cb npH noMo~H w~poKononocHoro oc~Hnnorpa$a H BbiCOKo
eonbTHoro npo6HHKa. 

An~TenbHOCTb nasepHoro ~Mnynbca H3Mep~nacb KoaKcHanbHblM 
$oTo3neMeHTOM $3K 015 H oc~~nnorpa¢oM C9-4. JlasepHoe ~sny4e
HHe Hanpaen~nocb np~MO Ha BXOAHOe OKHO $3Ka 6e3 ~nbTPOB. 
3HeprH~ nasepHoro ~3ny4eH~~ onpeAen~nacb c noMO~b~ H3Mep~Te
n~ HKT-1M /norpewHOCTb ~15%/ nyTeM ycpeAH€HH~ no 6onbWOMY 
,4Hcny nocblnOK nasepHbiX ~Mnynbcos. 

Ha pHc. 3 npHBeAeHa oc~~nnorpaMMa ~Mnynbca Hanp~meHH~ 
Ha nasepHO~ Tpy6Ke /BblCOKOBOnbTHbl~ npo6HHK BO BpeM~ H3Mepe
HH~ ~ reHepHpOBaHH~ nasepa nOACOeAHH~nC~ B T04Ke p - CM. 
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P~c. 3. Oc~~nnorpaMMa ~Mnynbca Hanp~meH~~ Ha nasepHo~ Tpy6-
Ke e OTHOC~TenbHbiX eA~H~~ax, ~eHa AeneH~~ no oc~ a6c~~cc -
100·10-9 c. 
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PHc. 4. Oc~HnnorpaMMa nasepHoro ~Mnynbca e OTHOC~TenbHbiX 
eAHHH~ax, ~eHa AeneHH~ no ocH a6c~~cc · 25 · 10 - 9 c. 
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p11c. 2/. Y4aCTOK OB 1 noKa3bJBaeT speMfl npo6ofl B pa3Pf1AHI1Ke; 
B1B2 AaeT speMfl 3aPfiAK11 n~t~HI111 A2 • ropi130HTanbHafl 4aCTb oc
L(I1nnorpaMMbl - speMfl 3aAepmKI1 B 3Toi:1 ni1HI111 11 B 3 - cpbJB Ha 
ocu11nnorpaMMe - speMfl npo6ofl B na3epHoi:1 Tpy6Ke. He 6onee 
4eM 4epe3 10· 10-9 nocne noAa411 11Mnynbca HanpflmeHI1fl Ha na-
3ePHYIO Tpy6Ky cneAyeT BCnbiWKa CBeTa OT na3epa /pi1C. 4/. 
npl1rOAHOCTb pa3pa6oTaHHOJ:1 KOHCTpyKL(I111 a30THOrO na3epa Anfl 
CbeMa 11H<)lOpMal.(l111 C <)la30BbiX HeOAHOPOAHOCTeJ:1 B ra3aX npoAe
MOHCTpl1pOBaHa np11 nony4eHI111 ra6opoBCKI1X ronorpaMM 11CKpbl 
B BOAOPOAe, 

,ll,nfl BblfiCHeHI1fl Bn11f1HI1fl BXOAHbiX OKOH CTpi1MepHOJ:1 KaMepbl 
/CAenaHHbiX 113 CTeKon OT <)lOTOnnaCTI1HOK TOnli\11HOJ:1 2 MM/ .Ha 
CBeTOByiO BOnHy, HeCYU\YIO 11H<)lOpMal.(l1~ 06 11CKpe, peri1CTpal.(l1fl 

P11c. 5. ra6oposcKafl ronorpaMMa 11CKP~ B BOAOPOAe, 3aAepmKa 
s 40 ·10 9 c. ropi130HTanbH~e n11HI111 - A11¢paKL(110HHafl KapTI1Ha OT 
nposono4eK 3neKTPOAOB. 
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P11c.6. ra6opoBCKafl ronorpaMMa HCKP~ B BOAOPOAe, 3aAeP*Ka-
400·10 9 c, BI1AHa A11¢paKL(I10HHafl KapTitiHa OT npOBOn04H~X 
3neKTPOAOB. 

ronorpaMM eenacb nocne npoxO*AeHHfl eonH~ 4epe3 CTPHMepHyiO 
KaMepy. B Ka4eCTBe perHCTPHPYIOU\ero MaTep~t~ana ~t~cnonb3aeanacb 
<)loT03MynbCHfl 11 M~t~KpaT-300 11 Ha aueTaTHOH nneHKe. 3MynbC14fl 
o6pa6aT~Banacb o6~4H~M cnoco6oM. 

Ha pHc.5 11 6 noKa3aHo pa3BHTHe HCKpoeoro pa3Pf1Aa/p=1 aTM/· 
BpeMf1~3A~BaHHfl na3epHoro HMnynbca OTHOCHTenbHO B~XOAHOro 
HMnynbca rHHa, <)lopMHPYIOU\ero HCKpy, COCTaBnflnO 40 H 400 HC 
COOTBeTCTBeHHO. 
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B 3aKn~4eH~e aeTop~ e~pama~T 6naroAaPHOCTb H.6.ne6eAe
ey, B.$.noeHKo ~ A.r.noTex~HY 3a noMo~b e MOHTame ycTa
HOBK~. 
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