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VI.A.roJiyTBKH, A.B.3apy6HH, I>. T .JUirpiOOIKH, B.A.CBHpE,Ir,oB, 

B.C. Xa6a po:s 

3HEPrETWIECBml KAHAJI MO,llFJIH .UEI'EKTOPA TmtE1IWC HJlEP 

KoJJJieKTHB:HH:ti MeTo.n ycKopeHIDI 'l'.f.I:Kte,JIHX HOHOB, pa3BE:BaeMEdi B OHMY, 
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,1lJrR ,IU18I'HOOTIDGI Dyt:!ROB KOJIJI8KTUBHOro YCKOpE:TeJI.fi, 003.IJ,8B88MOrO 

B OHMY OMHH III, Heo6xo.IJ,HM AeTeKTop ~R nsMepeHE:R oneKTpa Mace yo

rwpeHHI:i(X R.IJ,ep. llpli .IJ,OOTIDKemm TOlffiO(}TH H3MepeHHR MaOOH T.mKeJIHX R.IJ,ep 

MeHee 3-5 HyKHOHOB TaROH npH60p MO~eT OTaT:& OOHOBOR SKOnepHMeHTa ITO 

noHcKy aJieMeHTOB "ooTpoBa cTa6:w.r:&HOOTH" B paE:oHe ~ = II4. 
11pMHI.UiiT pa60TJl .IJ,8T8KTOpa OD8KT)a M800 OOHOBaH Ha 0006eHHOCT.f:fX 

CTPO.f.f!Ueroc.ff YCK0pHT8JI.ff T.mKeJIH?C HOHO:a _(YTH): 

- KopoTm o6poo ny<ma Ha Mmiie::r:&· (MeHee I HOeK) o6eorre"CJHT cTap

TOB&a HMDyJI:&C ~R BpeMeHHHX H3MepeHJ~, H3MepeHne BpeMeHH npoJieTa 3a

.IJ,8HHOH 6a3bt D03BOJIHT onpe.n;e.JIHT:b CKOJ>OOT:b a.rr,pa. 

- 60JI:&mag SHepr:ru:t BTOpH"CJHHX R,lJ,Op (6o.Jiee I raB) H IDC MaJiaR OKO

pOCT:b ( ~ nOp.fi,IUta 0,!) D03BOJIRT ocyneoTBHT:b BHBO.IJ, BTOpH'tffiOro ny-qKa K 

.n;ereKTOPY 6es cymecTBeHHJlX aHepreTH'Ieoronc: noTep:&, npE:MeHHT:& BpeMeHHYJO 

cenapa.r.nno BbtXO.IJ,Horo RaHaJia n Henocpt;,u.eTBeHHo H3MepnT:& aHeprmo. 

0.IJ,HoBpeM8HHOe H3MepeHHe aHeprm~ H CKOpOOTH O.IJ,H03Ha'tffiO orrpe.IJ,eJig-

eT Macey R.IJ,pa 
M = 2.E 

J f> << i vu. 
1/e 

0 TOYHOCT:biO .6M [(¥)2 + 4 (t./)j M= 

C~THnJ!.f:f~OHHag TeXHHKa o6ecrre"CJHBaeT TO"CJHOCT:b H3MepeHH.f:f CROpoo

TH He 'X.YlKe O,I% (npn t'~o,r,;i = 50M, A't-2 HoeK), TaRHM o6pasoM npn 

.IJ,OCTmrteHHH TO'lHOOTM H3Mepemta aHeprtm: nopa.IJ,Ka 0,2%, rrpe.IJ,CTaBJIB8TC.f:f 

B03MOXHbtM ~eHTH~pOB8T:b Macey ~pa C TO'tffiOCT:biO .IJ.O I ayKHOHa B lliH

pORO:tf MaccoBOH o6JiaCTi! (.n;o A= 300 a.e.M.). 
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3Heprmo a,!U)a .o;e.necoo6pasHo HSMepBT:O no noJIHbiM HOHHSa.o;E:OHHbiM no

TepRM B norJIOTHTeJie. IlpHMeHeHHe B Ka"tJeCTBe norJIOTHTeJIR rasa npH HHS

KOM ~BJieHHZ, 06Jia~aromero MaJIO~ nJIOTHOCT:OID HOHH38~, o6ecne"tJHB86T 

mmeiffiyro S8BHCHMOCT:O perHCTpHpyeMorc CHrHaJia OT aHeprHH l7I CT8THCTU

"tJ6CKyiO oi.II:H6Ky HSMepeiDI.fi nopRMa 0, I~· npH E > I5 MaE. 

:v!CIIO.JI:&SyR a(WJeKT C.o;E:HT1i1JIJIB.Izyrn: I'a30B MOJKHO HMeT:O "CTO.liOBblfi" MM

nyJI:&C ,II,JlR OIIpe~e.neHIDI CKOpOCTH B,rr,pa 6e3 yBeJI:Hli6HHJJ KOJIH"ti6CTB8 B6ll{6CT

Ba no TpeKy. 

B H8CTO.ffilleH pa60Te paCCMOTp6Hbi pesyJI:&TaTH HCOJI6,IJ,OB8HHH MO,IJ,6.JIH . . 
60JI:billOH HMIIYJI:OCHOH HOHHSa.o;E:OHHO~ Ka~tepH HHSKOro ,IJ,aBJieHEE, Ha OCHOBa

HHH.KOTOPUX IIpOBe.n.eim O.D;0HKH peaJI:OHOrO ,lJ.eTeKTOpa. 

I. 3RCIIEPW'lEHTA1ffiHAH YCTAHOBKA. 

I.I MeTo,p. HSMeJJtllma· 

BnoK cxeMa ycTaHOBKE: npe,n.cTaBJioHa Ha pMc. I. 

:v!OHHHH IIyqOK HMHTHpyeTCfl o6pas.o;OBbiMH ClleKTpOMeTpH"tJeCKRMH 8JI:O~-HCTO"ti

HHK8.MH H. CMeHHHe MexaHH"tJecKHe KOJIJIJI!MaTopbl R nosBOJIBIOT MeHBT:O napa

MeTpH ny-qKa. :vis BaeyyMHoro KaHaJia KOJIJIHMaTopa aJI:o<!Ja--qacTM.o;a nona.n.aeT 

"tlepes TOHKOe BXO~Oe OIWO 0 B pa6o~~H 06~eM ra30BOH HOHHS8.D;HOHHOH Ka

Mepbl no.JIHoro norJiomeHWl mnt. 
3.n.ec:o OHa TepaeT KmieTH"tJecKyro :meprmo Ha: 

- ynpyroe B.n.epHoe paccemme (MeHee 0,2% 121), 
- c.o;miTHJIJiarum: rasa 131 (MR aproHa -0. 3I% I 41, ,II)lfi cMecn aproHa 

+ O,I5% C02 - 0,046% / 5/), 

..:. Bos6yxmeJme aTOMOB rasa (.IVIB aproaa ~ozs ,36% /G/, MB cMecn ap.roHa 

+ 0,8% CZH2- IIp8KTH"tleCitM OTCYTCTByeT), 

- C06CTBeHHO HOHRSa~. 

I!OJIHafl aHeprHfl E JIHHeHHO CBB3aHa C 'IHCJIOM o6paSOB8HHblX nap ROHO~ 
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}/ = E /w . 8Heprru1 o6pasoBaHRR napu W onpe~eJ.LfieTc.fi copTOM rasa E He 

3aBMCRT 0~ npRpO~ 'I:IBCTKUH /?/. 

Ta6nE:Qa I. 
rA?> H~ N'l. N!J Ar Kr Xf A r+ o. f>% Cz ~2 Ar+1%CH4 
w 36 42,8 36.2 37.1 2&.2 Q4., :?1.9 20.,7 e6.o 

ITpKHqHn pa6oTR RaMepu xopomo RSBecTeH H rro~po6Ho HanoxeH B pa6o

Te / 8/. R8Mepa COCTOET H3 Tpex a~eR~pO~OB! BHCORQBO~~THOro (B.B.), 

KOnH8RTOpa E CeTKH. 

IToTegqma~R Ha B.B. a~eRTpo~e H ceTRe BU6paHH H3 yO~OB~! 

- npe~oTBpameHJI!R peROM6mta.r:um nap :moHoB, 

- o6ecne'I:IeHRR npoxo~eHJtiH a~eRTPOHOH CRB03~ ceTRY 181: 
§.1: ~ l+'lr"-ls 
f L 1 1- X c/_j S (I) 

.r~e EL , E.£
1 

- Hanp.fPKeHHOCTH MeJK.IlY CnTKOif M ROJIJieRTOpOM, OeTKOif H B.B. 

aJieRTpO,li.OM, d, S - )J,R8M8Tp H War H8HOTRR CeTRM COOTBeTCTB8HHO. 

3JieKTpOim no~ ~eHCTBHeM aJieRTpH1!eCROrO llOJI.fi .:u.peit(pyiOT R ROJIJieR

TOpy, a llOJIODTe~~Hue HOHH, HM8.f.l CROpOCT::O .:u.peit(pa B I03 pasa MeH::Oille/4{ 

rrpaKTHqecRH OCTaiOTC.f.l Ha MeCTe. 3apS:U H8BO~ Ha ROJIJieRTOpe, onpe

,1J.8JI.fieTC.fi aJieRTpOHHOit ROMllOHeHTO~, T.K. C8TR8 CJiyzHT a~eRTpOCTaTH1JeO

KHM aRpaHOM .IJJI.fi npOCTpaHCTBeHHoro 3;3p.f.I,1J.8 llOJIOXHTeJI::OHNX HOHOB. 

Hea~eRTHBHOCT::O axpaHnpoBaHH.fi )npe,n.eJIReTc.fi H3 BupaxeHR.fi 181 

(2} 

r~e L - paccTO.fiHHe MeJK.U.Y KOJIJieKTOpoM H ceTKO!. 

AMnJIHTy~a CHrHaJia HOHn3annOHHO~ RaMepu COCTaBJI.fieT 

V = -1{ q., /c~k:.& =- E~v/w c3KB 
r~e CaKB - 8MKOCT:b KOJI~eRTopa OTHOCHTeJI::OHO 38MJIH, ~ - 3ap.a~ aJieKTpOH~ 

CHrH8JI ROJIJieRTOpa no~aeTCSI H8 3ap.fi,DOB01JYBCTBHT8JI::OHtm npe,n..yCRJUITeJI::O 

3llY, Ha3HaqeHHe ROToporo ~ ycHneHHe CMrHaJia, nponopnnoHarr::oHoro sapSI-
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~y, H8B8~8HQMY H8 KOnH8RTOpe,_~O 8MlliTHTYAH,~OCT8TO~O~ ~R nepe~a~ 

no .D.JillliHOMY xa6e.mo 6e3 yxy.n.ruemm OTHome:tm.fl "cH.rnaJI-mYM" • 

.II;aJiee C:KrHaJI nocTynaeT H8 BXO,IJ, JIHHefuioro cneRTpOMeTpJrtJeCKOro 

ycmtHTeJI.FI JIY, r~e o.IJ,HoBpeMeHHo c ycEJiermeM npoM3BO.IJ.HTC.FI ero (flopwpo

BaHHe. 3aTeM OH npOXO~HT ~epe3 .IJ,HCKfHMHH8TOp .II; H llOC~88T B 8H8JIH38-

TOp N TA-5I2B ]JJI.FI auJIJIHTY.IJ.HOro aHaJIP. 3a. 

AMnnmTy.IJ,Ha.FI KaJIH6poBxa ycmtHT8]I>Horo TpaKTa npoBo~cs ~epe3 

~03HpyromyiD 8MKOCTn C.II; npe~CHJIHT8JI.FI OT reHepaTopa TO~O~ 8MUJIHTYAH 

PB-2 • H3MepeiDie aMilJIHTY.nH ocymecTBJJ:.FieTC.fi n;H<lJpoBHM BOJinTMeTpOM T R -. . 
65!5. 

Pe3yJII>T8TM 8HanR3a BMBO~TC.fi HS ~wpone~aT:b ijiT. HadJIID~eHHe CHr

HaJia ooYnteCTBJI.FieTc.a c nOMOIIU>IO ocr:umcrpa<I>a OSA - 60!. 

I1MT8HE:8 Ha 3JI8KTpO,D,bl KaMepH no,r,aiOTC.fi OT BHCOKOBOJI:bTHOro JIJ:CTO'tJ

:mma BC - 22 -qepe 3 pa 3B.FI3b1Bal(llU1:e @ill I> TPH H .n.eJinTeJin .U~. 

CxeMa HOIDI3a.tmOHHOH K8M8pl:l noK~t38H8 Ha pRO. 2. 

:&tooxoBOJII>THbli1: 3JieKTpo~ I n KOJIJieKTop 3 R3roToMeHbl ns JIHOTOB0:£1 He

p7KaBeiOU{eE: oTaJIH 300 x !50 ~. CeTKa 2-ns soJio"tJemroro BOJII><lJpaMa .lU!

aMeTpoM 50 MKH o maroM HaMoTKH I MM 3axpenneHa o nocTO.FIHHHM HaTsxe

HHeM H8 npRMoyrOJI:bHOH paMe H3 CT8KJIOT8KOTOJIE:Ta. OnopHbte H30JI.fiTOpbi 

BHTionHeHbi 11:3 <PToponJiacTa. KoHcTpyxmromrHe MaTepHaJibi no~o6paHbt R3.yc

JIOBM.FI HaMMeHDmero ra3oB~eJieHH.FI. 

OxpaHHWi 3JI8KTp0~ 4 (pMO. 2a) BBe.IJ,eH B CRJIY KOHCTpYKTl!BHbiX 000-

6eHOCT8H onpaBKM MOTO'tJHHRa. 

JIHHe~He pa3Mepu no Tpeicy BH6paHH Ta:rmMH, ~To6u no.JIImi.t npo6er 

~- ~aoTv~ yxn~ano.FI B pa6o'tJeM 1)6~eMe npH .n.aBJieHHM aproHa 0,5aT 

nepneH.IJ;HKyJI.FipHO 3JI8KTpO.IJ,8M (pMC. 2i) ~ 0, 2 8T-ll8paJIJieJI:bHO 3JI8KTpO.IJ,aM 

(pRO. 26). 
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)leJIMTeJI& 11 (pKJI:OTp BbtOOKOro Hanp.FDiteHIDI 006paHH BHYT.PH RaMepbt H3 

oonpOTHBJieHEi K3B-I H eMROOTe~ K5-I5. 

TiapaMeTpbt KaMepH npeAOTaaneHH B Ta6;.nu~e 2. 

B Ra~eoTBe an:owa-HoTo~HERoB Honon:osyroToB: I 

- ii 241 Am + 242cm , .TI.Be JIHHHH 5,8 H 5,48 MaB, HHTeHoHBHooT:o 3.5·ro4 

oeK-I 

- i5,6 242Cm + 244Cm. JIHHHB 5.8 Ma:E, .HHTeHOHBHOOT:O 2.106 oeK-l. 

VlOTO~HHI< ,a1 yoTaHaBJIHBaeTOB Ha B.B. aJieKTpO,IJ,e H KOJJJIHME:pyeTOB 

0Xp8Hmi1M aJieKTpO.IJ,OM TOniqmiOH I MM 0 3830pOM 3 MM H 50-IO OTBepOTH.f!MH 

~aMeTpOM 0.5 MM. lloTe~aJibt H8 B.B. H 0Xp8HHOM aJieKTpO.IJ,8X DOA06paHH 

TaR ( Ta6~a 2, rr. 8), 'tiT06H aJieKTPC·HII o6pasye1VIlle B sasope, BHTBrH

BanHc:o B pa6o~ o6~eM. 

HOTO~IilmH .ti 5, 6 yOT8H8BJIID38IOTO.S:: B ROJIJIJtiM8TOpe 0 pa3HHMH BIDCO.IJ,

Hb!MH oKHaMH. Tmrunma nJieHKH oKRa onpe.n,eJIRJiao:o BSBenm:Barm:eM E: oooTa:s

JIBeT O,I20 ± O,OIO Mr/oJJ R 0,450 ± O,OI4 Mr/oNf. ,Urui yMemmermJI .n,e-
... ,, 

q>opMa.rilm :v.i YBeJIH~eHHB npo~aooTm TOHEaB nJieHKa noMe.PDBaeToSI ,IIlWROM 

H3 oproTeKJia TOJiutiDIOii I MM, AE:aMeTpOM 5 MM, 0 94-MB OTBepOTR.f:IMM .IJ,H

aMeTpOM 0,3 MM. 

3aeprWI H aaepreTR"tieoKHii pas6poo mrm:a HBMepSIJIO.R' noJiynpoBo.n,rm:

KOBbtM KpeMHHeBbtM llOBepXHOOTH0-6ap:oepHbiNI ,II,eTeRTOpOM. ilpH H3MepeHl!RX 

ytmTIIB8JIHO:O myMl:l aJieKT.POHHRI1: :r;r IllyMbi T0!{8 yTe~H .IJ,eTeKTOpa. 

ilapaMeTpbt llytiKOB np:tme,II,eHbl B TH6JIIDJ;e 3. 

I.4 rasoBoe HanoJIHeHHe. 

CTenaHD "tiHOTOTH rasa oymeoTnemro BJIHBeT aa o6op sapg.n,a n Horm:

sarwomiOf.i IWMepe, a 3Ha"tiHT Ha aaeproTH'tieoKoe paspeiiieime. 
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00HOBHUMH HOTOtUmKaMH "sa.rpB3HeHHf:I" rasa BBJIBIOTO.ff: 

- oo6oTBemi:ae np:m~~eoK B rase, 

- rruKeHHe H3 ItoHOTpyro:J.liiOHHblX Mal'epHaJIOB, - 02 t ~, J./ 2 t 

- npo;z:r,.yxT:a paSJiolKeHE.f.I MaoJia BaK.{YMHHX HaooooB - H2, ~0, ( CH) , 

- npO;n,yKTH paMoJKeHIDJ <"PJIIOOOB ,TI,JIJI nat.mn - HCl, c2H50H, 

- OOTaTO~ ras npn HanOJIHeHHR KaMepH OMeOniO. 

B Ta6JIHIJ;e 4 npHBe.n.eHR pesyJinTOTbt paoqeTa, npoBe.n,e:mwro no .n.ammM 

pa60T /9,!0/, 3aBHOl~OOTH flOTepH aAeKTpOHOB OT OO,IJ,epxaHER RMOnopo.n,a 

(Jin6o .n.pyrmc np:HMeoe~ B nepeo~eTe Ha I}Mcnopo,n) npH ,If)Imie ;z:r,peiiq)a ane

KTpOHOB IO OM H E/P = 0.5 B•CM-I· TOf-I 

Ta6n1ru;a 4. 

Co;z:r.epJKamie IIoTei>H a.JieKTpOHOB 

02 Ar Ar+1~C0e Ar+10%C02 Ar+ 0.2-i-10~N2 
Io-2 9.5% r, 4% ;:... '0 I% I% 

Io-3 I% 0.4% 0.3% O.I% 

I0.-.4: 0.2% G.I% - -
ro-5 - - - -

B KaqeoTBe OCHOBHOro rasa HOTIOJ[n3yeTCR aproH 00060! t!HOTOTR 0 

OO,IJ,eplltam-IeM RHOJiopo.IJ,a I0-5• B K8'tlec:~Be llp:viMeoei Ha ypOBHe He 6onee 

IO% HonoJinsyeTo.r.r ITHmeBoi yrJieKHoJII:li ras n TeXHE'tleoKB! asoT. T.o. oo

;z:r,epmaRHe KHOJiopo;z:r,a B OMeCH He npeBwrraeT !0-4 H He Tpe6yeTOfl ,IJ,OflO~HH
TeJinHDH Ol!HOTKH. 

KoHoTp~oHHHe MaTepnanH: He~KaBeroma.r.r cTaJin, WTOponJiaoT, TeK

OTOJIHT, OTeKJIO - HMeiOT M8JIIm ypoBeH:& raJKeHH.r.r /II/. 

YilJIOTHerm.r.r BRllOJIHeHii£ HS qJTOpOTIJI8CT.3 H HH,IJ,H.r.r, OOe.IJ,mmTeJinHHe Tpy6KH 

- H3 JI8B08Ha. Ba:eyyMIII:li pe.qr,ITIHeH:T -n::>,IJ,Bepra7.lO.ff ,If)IHTeJinHOH B8Ky:yMHOH 

TpeimpOBKe, o6esrammamno B napax o mipTa B BaKYYMe, npH BOKPHTHR Ha 
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aTMOO(pepy 38llOJIH.f.IJIOJ1 T.R)K8J!Wv'J raSOM (EtSOTOM) • HaTeKaHEe ero OOOTaBJI.fi

eT 6•10-2 A•MKH·OeK-I, KOTOpDe MOEHO llOHHSHTh 6es npHMeHeHH.R nporpe

Ba ,IJ,O 6·10-3 A•Iv)KH•08K-I. ra)KeHHe KaMepll OOOTaBJI.f.I8T, (Hs-sa BOKpllTKfi 

H sanMH8HIDI BOS,TI,.YXOM) I A· MKH · oeK-J: npR I0-2 TOp E 0. 2 A· MKH · OeK-I 

npE !0-I TOp. 

~ oo~a6JieHH.f.I noToKa Mac~a rrpmaeHeHH JIOBymKH: 

- Ha (popBaicyyMe - KOM6E:Ha.r.:J;R.R aKTHBHpOBaHHO.ro yr.l!.R R llOpHOTOH H8.P'K8B8-

IOII\8ii OT8JIR, KOTOpa.R o6ecne'tllma8'T llOTOK MaCJia IQ-6 M.r• OM~ 'laO-! npR 

opoKe pa6oTN 6es nporpeBa IOOO. -qaooB 1~21, 
- Ha BNOOKOM Ba:eyyMe - 8SOTH8si, IWTO)a.R o6eOfl8'qRBa8T ITOTOK M80JI8 Me

Hee 7·IO-I3 Mr·OM-~'tlaO-I, HO KOTOpaa YBeJIJ4'qRB88TO.f.I ,IJ,O 10-6 Mr•OM~2 

~ao-I /IS/ sa o-qeT MRrpa~ Mauna no cTeHKaM. 

CyMMapHblfi TIOTOK COOTaBruleT rrop.a,IJ,Ka !0-6 M.r•OM-2• -qao-I, npH ,IJ,OnyOTH

MOM 3• !0-5 MJJCM-2• 'i80-I t npH KOTOpOM B K8Mepy nona,IJ,aeT 6 Mr MaOJia sa 

IOOO -qaooB pa6oTH, 'ITO MOEeT yaeHhillHrD EOHHsa~oHH!lfi sap.a,IJ, Ha O.I%. 

nn.a YM8HhW8HHR BHHRHHR OOTaTO'qHO.rO rasa IIpRM8H.f.I8TO.R npe~apHTe~~ 

Hai npo~ KaMepH aproHoM o nooJie.IJ.YIDmei oTKa"qKoii n sanoJieHeHHeM oMe

ohro. ilOBTOp.f.I.R aTy IIpO.o;e,n,ypy MHOrOitp8THO, MO.>KHO CHH3HTD BJI:runme OCTa

TO'qHOro rasa .IJ.O ~oro ypoBHB. 

Pa6o-qa.a oMeoD npHroTonn.aeTC.fl B rasocMeoHTeJihHOM oTenne, HMe~eM 

~.a y~yqweHE.R TO'qHOOTR ,IJ,osnpoBKH, ~a ,IJ,osnpyromnx 6a'IKa o6~eMoM I/IO 

E I/IOQ OT o6mero o6~eMa OHOTeMH. 

2. KAJiliiBPOBKA. aJIEKTPOIDm11. 

HsMepe:Eme Be~:KtmH!l ,TI,03npynl.{8H E!MJWOTH npOBO.n;HTO.R KOOBeHimM Me

TO,IJ,OM - 00 OTene:Em o6opa sapau,a llOJIJ'UpOB0,1J,IIHROBOrO .neTCitTOpa (ROTO

pl:ffi: npe,IJ,noJiaraeTo.a oTonpo.o;eHTHNM). Hpn aKBHBMeHTHOti eMKocTM ,IJ,eTeKTO-

-8-



pa OHa OOCT8BnReT: 

c 30/J = 1.856 ± 0.002 j( c:p 

To~oOTD H3MepeHRR - O.I% opaBHHMa o HHTerpanDHoi HenHHeHHooTDID Tpax

Ta ,...., 0, 3% t- 0, 5%. 

3aBHOHMOOTD Ben~ ~03Hp~omei eMKOCTH OT 8KBHBanSHTHOH eMKOCTH BXO

~a npe~onnHTenR noxasaHa Ha pnc. 3. 

lllyMbl aJieRTpomnrn o6yoJioBJieHbl npe~e Boero myMaMH BXO.TI.Horo ycHHH

TeJIDHOro aJieMeHTa. IlOSTOMY Ha BXO,IJ,e HapanJieJIDHO riOCT8BJieHbt ,IJ,Ba none

BHX TpaHsnoTopa KIT 303 c napaMeTpaMR: CYMMapHaB KJ)yTH3Ha S= 6 MA B-f 

TOR saTBopa 1 = Io-II A. ConpoTRBnemre oMeuteHHR saTBopa ROM = 300 MoM, 

IIocJie,IJ,oBaTeJIDHHe myMbi /!4/ (TennoBo:H myM KaHaJia) aKBHBaJieHTHl:l 

myMSuteMY oonpoTRBneHHID 

R ~ 0.7/$ = 116.5 OM 

TiapanneJIDHHe myMH /!4/ (,I1,p060BOH IIIYM TOKa 38TBOpa R TeiTnOBOH IIIYM 00-

ITJ)OTRBJieHHR CMemeHRR) 8KBRBaJieHTHH ~TMRmei ITJ)OBO~OOTR 

G '==' q,I/kT + 1/RcM = 3,53·~0-9 oM-.t 
IlpH O,IJ,HH8KOBHX BKJia,IJ,aX ITOSJie,IJ,OBaTeJIDHHX R rrapaJIJieJIDHl:lX IIIYMOB OITTRMaJI~ 

·HOe BpeMR IDOPMRpoBaHRR orrpe.n.eJIReTca us BHpaJKeiDLf.J: 

Tonr =- 7A.U0 z: 'THHT = C-,KS · (R /G) -1/u_ 

1-1 AOMt<HO C'Ot'TABA'1tT17 npJ.f C'=JK6 = ~07r¢' - 10.9 MI<C lA nPW 

bOx<P - 5.45 MKC. 

0,IJ,HaKO, R3MepeiDI.f.l ITOK83aJIH (OM. pHC. 4), '1TO flJ)R C9K&=~0XcJ> 

OII'mM8J!DHOe ~OpMEJ)OBaH:ne IIJ)Ol!CXO,riE:T JlJ)H 7UHr = ~MKC, fA.wctJ = 0,5 MKC 

;rvrR ORrHa.Jia c WPOHTOM 7: f:>P = 2 MKC • IIpn aToM myM cocTaBJiaeT 
~/f, 
llAr-= 7 g K3P> • 8To OBR.IJ.eTe.JIDCTByeT o ::IepaBHHX BKJia.n.ax nocJie,IJ,oBaTeJ.ll,HHX 
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,It03HIJYRXUe:a eMKOCTE: OT SKBHBaJieHTHo:a 

eMKOCTH BXO,Ita npe,ItyCHHETena. 



l:I napaJIJ!eJI:OHHX liiYMOB. K OO.>KaJI8HmO Qfli3RTpOM8Tpkili80ImH yORJIHT8JI:O He 

IT03BOJIHH YBSHH'tiHT:O ITOOTOHHHyro Bp8M8K~ ~OpMHpOBaHHR CB&ill8 6 MR08K. 

3aBE:OHMOOT:O myMa aH8RTpOHHRH OT ITOCTORHHHX Bp8M8H ~OpMHpOB8HHR 

npe~cTaBneHa Ha pHc. 4. 

3aBHOHMOOT:O myMa 8JI8RTpOHHKH OT 8KBHBaJI8HTHOi eMKOOTH npH OITTH

MaJI:OHOM wopMHpoBaHHH ~R aHeprHH 5.5+100 MSB noKa3aHa Ha PHC. 5. Ha-

KJIOH KpHBOi COCT8MS:J8T 
4 -t/~ = 5.3 1<3& + D. k9&/xct> 

Ar 0.53 

c < 151:xcp 

C '7 157X 4> 

2. 3 OgeHKa p~:5oi2a sai2S:J.Ila. 

~S:J Ka~oro H3MepeHHS:J B HOHH3a~~OHHOi KaMepe KOHTpOJIE:pyeTCS:J 

o6op sap,S:J.IJ,a, nyTeM coBMememta .reHeparopHoro rm:Ka o an::oiD3-mmoM, H3-

MepeHHR Hanp.mKeHIDI reHepaTopa U reK :vx nepeot~eTa: 

1 Er Q /Qo ::: - ::: 
Eo 

u rEH • ('9t'3 ' W 

Eo ' q., 

.r~e Eo - aHeprHS:J aJI:o(pa- ny-qKa • 

3. SHEPI'ETHtiEGKOE PA3PEllEHVIE 

3.I CTaTHoT:VIt~ecKE:e onm6KH. 

«.>JIYKTya.r.T.Kfi HOHH3al.T,lm onpe.n.e.naeT JR nepepacnpe.rr.eJieHE:eM KOJIWieo:rl3a 

HOHH30B8HHIDC E: B036~eHHHX 8TOMOB, :;rx Cy-MMa llO.If.B8pJKeHa M8H:OIIIHM @IYK

TY8.£.Ulf.fM. 

Cpe,IUieKBa,Iij)aTH'tiHOe OTRJIOHe:mie n 3p /!5/ 

W-Ji)2 = F· ).i 
r~e ~KTop Fa~o, paBH~ F = 0,!9/7/ .~a aproHa, 

1/~ 
memre J.J. cp = I2, 9 I\aB. 

- IO-
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3aBHCHMOCT» myMa 8H6KTpOHKKH 

OT llOCTOH.HHHX BpeMeH ~pMHpO

B8HRR npH 8KBHB8H6HTHOH 6MROC

TH·RaMepa. 

, 
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/ [ 

~ 

/., 

ri 

M I<J&hlt C< 157n~ 

53K~ 1.5 ~I<·~ 'C> 157n~ 

1000 

KA>Uol n~ 

1200 

Fmc. 5. 3amiCHMOCT» myMa 8JI6KTI>OHmtH OT 8KBID3M6HTHOH eMKOCTH 

HOHH3aiUIOHHoft KaMepH npH aMMHTy.n.e mmyJI»ca reHepaTopa 

cooTBeTCTByromeft sHeprmr 5.5,10,30,50 u IOO MsB 



me ypOBH.R B036YJK,IJ;8ID:'LR aproHa npOHCXO,lJ,HT ,IJ,OllOJIHHT9JI:hH8.fi HOHH38!.U1fJ H 

~R cMecH Ar + 0,8% c2H2/I6/ 

. 11'J.. 
Llq:. = 7,g f<~B. 

3.2 CMCT8M8THq80KHe OIDM6RH. 

'tlaCT:h 9JI9RTpOHOB MOJK8T 6HT:h llOT8p.RHa I!I3-38 "KOJIOHHOii" peKOM6H

H8.r:J;:@i llpH 60JI:hmHX nJIOTHOCTRX HOHH3~KH. ,Un:a aJI:o(pa-tJaCTE:ml C aHeprHei 

6 MaB peKoM6HHa!.U1fJ saMeTHa /I7 I npH 7 aT. Orparmcrn:Ba.R IIJIOTHOCT:h HOHH-: 

sa.o;:I'IIH nyTeM H3MeHeHHSJ ,D,aBJie~ BeJill'tJ~o! ~: ~ % = 6/0.77 = 7.8 
1 

MaB/cM, (r.ne E=aHeprMR o<.. -"t!aCTHrUI=6 MaB, R•npo6er C>{ -<IacTm,w: B AP 

npH 7 aT:0.77 OM) - ycTpaRSeM peKOM6HHaqmo. 

tl. E = f ( ./ , d E) < 7. g /t1;B/CM 
AX f dx ' 

~iUaHH~ aae~IDOHO~ 38BHCHT OT '!HCTOTH rasa H CROpOCTH ~ei~ 

aJieKTpoHa (eM. I.4.). TipH .no6aBJieHHE rrpHMecH co2 oymecTBeHHo pacTeT 

CKOpOCT:h ,npei~/I8/, ~.R npHM9CH ~ YBeHH'tJHB89TC.R He TOn:hKO CKOpOCT:h 

,n,pefrtcpa/I8/, Ho H YNJeH:omaeTC.R ce't!erme saxBaTa aJieKTpoHa. Bee a To rrpH

BO~T K llOJIHOMY c6opy 9JI9RTpOHOB (eN. Ta6JI~ 4). TaKoe yBeJI~eHEe 

CKOpOCT~ .n.pefrtq)a Cytq90TlJ9HHO YNJ9Hblli8€T H .II,E:<IxlJY3mo a,JieKTPOHa/6 ,IG/. 

BKna,n, I:!enoJIHO:ii aKparmpoB:rm c,eTIW B I>aspemeHHe ,n,aeTc.R BHpaJKeHHeM/8/: 

1/~c- : 2.35 "f·X· E ji[L +f. (1-0>] 
r.n.e reoMeTpi1't!ecKH:frt rrapaMeTp .f_ paBeE: 

f= -!; [ 4~1 - -t,_ ('<_t')]= 0,191cM 

' ""le. -,Un:.R MCTO't!HHKa .t!I Ha B.B. flc: - 7,32 ItaB, 

,&JI.R KOJlJIMMHpOBamrux MCTO't!IIHKOB ""1lc- <<:I I\aB. 

3aBMCHMOCT:h oT opMeHTagHH TpeKEL CKaSHBaeTc.R Ha <PPOHTe cHraana. 

Pas6poc <PpoHTa paBeH: 

-II-

R (-1-C~#)=t/.3MKC 
w 



- ,rvr.R KOJIJIHMaTopa 4 -r: 2 = /( , S:n...?} c: 0,3 MKC 
{A) 

npXI BeJI:KtrnHe <l)pOHTa I MKC -• 

B npo~ecce ycHneHHR CHrHSJI npOXO~T ~epe3 WOpMXIpyromBe ~enn, KOS~

eHT nepe.n.a~ KOTOpl:lX 38BECMT OT Q}pOHTa. IIp.RMHe H3MepeHXI.R )J)I.R Q}pOHTa 

0,5 H I MKCeK .IJ.SIDT O~eHKy 

1/~r ~ 5 K~~~ 
CymecTBemm BJIImeT Ha paspememre TO~mHHa Bxo~oro oKHa, ee BRna~ 

paBeH (eM. Ta6~RQY 3): 

- M.R oKHa 0, ri5Mr I o~, 
- .nn:n oKHa 0 , !2 Mr I oNf 

1/~ 
A n . = 8 7 I< 9B 

-tk.Ll n = 54.5 K92> 

0CHOBHOft BKJia~ B paspemeiDie BHOCJlT DIYMH s~eKTpOHIDGI (OM. 2.2) 

1h!J.w = ?8 1<.98 

CTaTHOT:Kt~ecime <JplyxTya.r.:um H myMH s~eRTpon:mm npHB0,11.f.fT K rayoooB

CKOMY paonpe.n.eJ.Iemno, .n.pyne oillMOKH •· K pacnpe.n.enemno oT.JIKtm:OMY OT 

raycOOBOKOro. IIpeHe6pera.FJ MaTeMaT~E!OKOi CTporOOT:DIO, MOmiO O~eiDIT:& 

cy.MMapHoe paspemeHHe xaK ~~ 

'1/t~E = ~ [%f) 2 

Pesy~:&TaTH o~eHeK no~Horo paspemeHE1.: HpHBe.n.eHH B Ta6JIRqe 5. OTK.Y~a 

B~o, ~To KaMepa ~OJDKHa o6eone'tUma'Lb paspemeHHe c ~eTOM .n.aHHoft 

s~eKTpOIDIR:H (n.9) - 80 KSB, 0 ~eTOM TOJimmru BHX0.11,HOrO OKHa KOJIJIHMa

TOpOB (n.8) ~ 80 + II7 KSB. 

3.4 HsMepeHne sHepre~ecKoro paspemeHHB. 

~.R BCeX HCTO~OB R3MepRJiaC:& 38BHCHMOOT:& SMllJIHTY.IJ.a CHrHaJia OT 
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HanpgmeHHOCTH n rro~Hoe aHepreT~ecKoe pasperneHEe B rasoBOH cMecnAr 

+ 10% co2 npn ~aBReHHH 0,5 aT, a ~R KO~HMHpoBaHHHX ncTo~oB eme 

iipn 0,25 aT. 

Pesy~DTaTa nsMepeHHR rrpHBe~eHa aa pnc. 6,?,8,9,10. 

~R HCTO~ Ha B.B. aneKTpo~e H8CHm6HHe aMnnHTy~ ~OCTRraeTCR 

rrpn E /P =Of/2 I·CM-1. rop _., _, nyqrnee pasperneHM 6es BINeTa pas6poca 

aHepnm ot - ~acTRl( cocTaBJineT 8? RaB. CrrycTn 50 -qacoB HacameHHe 

~OCTRraeTCR yme rrpn 0,46 B•CM-1•TOp-I rrpn H6H3MSHHOM paspemei~, ITOC

~e 80 'tlaCOB pa60TH 8MllnHTy~a QCT86TCff.rrpe~eH, HO paspemeHHe pe3KO 

yxy~aeTC.f:l wnc. 6~ THn~HHi aHepreTHqecKHH crreKTP rrpHBe~eH Ha pnc.7. 

~R HCTO'tlHHKa C OKI10M 0.42 Mr/cMf HacameHHe ~OCTHraeTC.f:l rrpH 0,36+0,25 

aT, c rrocTORHHBM paspemeHHeM !37,5 RaB. ITpn 0,5 aT (pnc.9) c6op sa

pn~a COCT8BJIRST 97%, 'tlTO 06~.f:JCHRSTCR ITOTepel 38pR~a Ha 3 MM TpeKa 

(nanHHI npo6er !0,82 OM) B ITpOOTpaHCTBe Me~ TOpqOM KonHHMaTopa H 

MSHKOH, OTity~a a~eKTpOHll He BHTRrHBaiOTCR SJieKTPRllSOKHM rrOJieM. 

8TOT aqxpeiCT MeHee 38MST6H )J,7I.f! OKRa 0,!2 Mr/cNf C ITOMepJIOCBa:rontHM 

KO~RMaTopoM. PaspemeHHe ~.f! Hero cocTaBnneT II4 KsB (pnc.8). 

Pesy.n:DTaTa nsMepe:rm:A: n cpaBHeim:e c pao~e·TOM rrpHBe~eHa B Ta6~HU;e 

5. 

4. PE3IO'v1E. 

8KcrrepRMeHTaJI:nmte pesy.n:DTaTu xopomo coBrra.rtaroT c pac'tleTHLIME:. Ka
Mepa pa60T86T CT86Hn:DHO 6e3 yXY~SHHff xapaKTepHCTHit B Te'tleHHH 50 lla

COB. CyMMapHOS pa3pemeHHe C BXO~ OKHOM 0.45 Mr/cM2 COCT8BJIRST 120 

RaB, OKHOM 0,!2 Mr/cuf - 97,4 KsB. 

Jiyqmee paspemeHHe KaMepa cocTaBTIReT 80.5 KsB npn myMax aJieKTpo

HHKH 78 KsB. 

~.f:l Manax KaMep c SKBHBaJieHTHOA eMROCTDID MeHee IO nw paHee ~oc-
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3aBEOHMOOTD 8MnnETY~ EOHE-

38!1,EOHHOrO Om:'HaJia E SHep

reTE~eOROrO paspemeHHS oT 

E/P B•OM-~Top-l E OT Bpe

MeHH )J,7l.R o/_- EOTO~Hmta 

24~ m + 242an Ha BbtOOKO

BOJIDTHOM SJieKTpo~e. 

T:mufqrum aHepreTE~eoimi! orrexTp o(- EOTO'tllimta 241 Am + 242Cm ~-~ 

E/P=0,6 B•OM-I•TOp-I, P=0,5 aT, T~~ = 0,5 x 0,5 MKC, TEHT=6x6 
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3aBHCHMOCTb 8MnHHT,y~ HO 

sai.tROHHoro cH.rHaJia H sHe 

reTmqecKoro paspemeHRS oT 
E/P B .. CM-I ... Top -I ;n;JUJ ~ 

- HCTO'tffimta 

242a, + 244an C BT:.DCO,IUmM 

oKHoM ~aTopa O,I2 
(pHC 8) H 0,45 Mr/cMf 

(pHc. 9) 

PHc. 9. 



Tm'HYTHe pesyJr:&TaTH no aHep.reTlftieCIW:VJY paspememno oooTaBJimoT 30 KaB 

npn my11ax e~eRTPOHHKn I6 KaB/I9/. 

~R KaMep 0 eMKOOTRMn 6~H3KKMH K OITnCaHHOH, COBpeMeiiHaR a~eKTpO

ImKa o6ecnetm:saeT 1JIYM 50 KaB/201, 68 KaB/2II. Bo.Jiee nos,IJ.HJl paspa6oT

Ka OHMY nosBOJIReT noHnSHT:O lllYM aJieRTpoHn:rrn .rr.o 40 - 47 KaB. 

5. OllEfOOi 3HEPrETWmCKOro PA3PElllEIDUI PEAJThHOrO l(ETEKTOPA. 

PeaJI:oH:btH .rr.eTeKTop .rr.OJI.ateH MSMepar:o Macey a.rr.ep c 6o~:onmM sap.a.rr.oM 

( :i AJ 80 - ~0) H tHeprne:£! nop.R')Uta I raB. 

JI:iaeitiHHe pasMepH .rr.eTeicTopa no TpeKy onpe.rr.e~moTca .n;onyCTEMOH IJJIO 

HOCT:OID HOHHSa~ npn OTCYTCTBHH peKOM6HHaqHH nap H 60JI:OWHX npocTpaH

CTBeHHWC sapR)J.OB BMHSH HHTeM ceTI\E:. 

EcJIH Y.IJ.eJI:OHHe nOTepK .R.UJ)a COOT8BJIRIOT: » ~ ~ -' 1 QQ M ~e, d~·M 2 -t'lr -J. 

TO H3 YCJIOBM (2>,2): 

~ = .f ('if ~; ) ~ '7, )~ M ~& . C'M -1 
AX 

npM ~eTe UllOTHOCTM aproHa: 

f~1.7~·P , r.n;e P - .rr.aBJieHne aT, [f] = ~ 

noJiyqHM orpaHWiemm Ha .n;aBJieHHe apro:a:a 

P ~ 0,044aT = C>?.>.5Top 

3Ha"tinT npH noJIHOM npo6ere .R,lJ,pa R ~ 30 Mr I crl ..1.00Ieih!He pasMepH 

no TPeKY .IJ.~ COCTaBHT:O: 
* . 2 

R R .00 '-'(O - ..,_ 8 2. 
~ - - - .o ;:.J OM f 1,7c9 '4.4 

llonepe~e pasMepH KaMepu .rr.eTeKropa onpe.rr.eJiaTca annepTypo~ Mar

HHTHoro KaHaJia. 

- !4 -



B K8'q9CTB9 KOHCTpy:K.IJ;kiOHHHX MaTElpHaJIOB M0.7KHO IIpE:MSimT:& OIIHcamme 

Bame. KaMepa ~ORXHa npo~ BaKyy~> TpeHHpOBKY (npH BaKYYM9 IIOPaAKB 

ro-6 TOp). ].lorryCTHMOe "rat'eFme" IIPH 06'b9M9 IOOO JI - O,I JI"~H~cex-1 , 
rrpH aTOM sa IOO qacoB lJHCTOTa .rasa ~'MeH:&I!IHTCJl ~0 ro-5. 

~R CTa6Hn:&HOCTH pa60TH B Tel!errnE HSCKOJI:&RHX He~eJI:& ~eJiecoo6pas

HO BB90Tl'I r:mpKYJI.R.IUfiO rasa CO CKOpOC'l':&IO IIOp.R.IJ,Ka I - 3 06'beMOB/CYTKH• 

Manaa BenHl!HHa ~aBneHE:R pa6oqeit cMecH nosBonHT pa6oTaT:& B o6Jiac

TH 6oJI:cnmx cxopocTeli: ,JWeli:<IJa npH tmsr:oM Hanp.mKemm (MeHee IGIJIOBOJI:&Ta),: 

't!TO yJiytmmT 6EtcTpo~e:ticTBHe ~eTeKTOPEI. 

ECJIH rrpJri aTmC YCJIOBHRX BBSC"r~ npHMeCH MHO.rOaTOMHO.rO .rasa, TO 

~~SH9, peKOM6HHauKH H npRHHIIaHH.R aJieKTpOHOB R aJieKTpOOTp~aTeJI:&

ImM npHMeC.RM MOJKHO He yt!MTI:maT:&. 
. ~ 

CTaTHCTH'tlecxa.R onm6xa qmyxTyam:H HOHE:Sarw:R B A r cocTaBIIT ~cr = 

= 2!5 I\aB. 

HenOJIH3R SKpaHE:pOBRa ceTKI-1: IIpH YPliOBOM pas6poce rryqKa 5-IQ Mpa~, 

ROTOpilli o6eone'tll'!BaeT CT9II9H:& IWJIJIIDJI~I.J;m-1: /"" 104 , COCT8BHT 
1
hA" - 10 k~& 

BnHHHHe pas6poca ~poHTa HapacT~HHR oHrHana rrpH MaJioft annepType 

MarmiTHOro RaHaJia MOJKHO He ytmTHBaT:E·, )J)IH 60JI:&mofi aiii19PTYPEI .u;e.Jieco

o6pa3HO BBO~T:& IIOrrpaBRy Ha H3M9He~:e R08~9HTa nepe~a~ ~pMHpOB 

RH - TO't!HblM H3MepeimeM ~pOHTa. BpeM€HHble H3Mepei-I:ruJ IIOJISSHI:l eme H TSM, 

"t!TO II03BOJI.RT III)J.SHTH(pmurpoBaT:& Tp9K 'iaC'm.t:Ul. Ero MOJKHO H3M9Pf.I!J:& .IU3:9Mff 

cnoco6aME:: 1: r 4:-f == T 0 + R~~-9- , r.n.~ '1Y - yroJI MeTa -qacTH

.r.:tDI, W -· CKOpOCT:& .n.pe:fi{pa SJieKTPOHa M€>K.IlY B.B. SJISRTpO~OM H OSTROK, "'(;0 

- BpeMR IIpOXO~SHRB SJieRTpOHaMH sascpa OeTKa - RORJieRTOp, KOTOpHH 

O~faROB ~R BOSX SJISKTpOHOB. HsMepBH To-qgoe 3Ha"t!eHHe ~~p MOJKHO o~e

HHT:& yrOJl MeTa. B pa60Te/20/ STHM NSTO~OM IIOJiyqeHO BpeMeHHoe paspe

me~me. 5% IIpH W = 0,6 CM/MKC9Rjl lo = 2 MK09It, IDIH I1pOCTpaHOTB9HH09 ·_ 

paspemeHHe 0,6 MM. 
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2° - EMe.R CTapTOBJ:d! EMIIYJI&C 0 fl3Y (MOMeiiT MeTa n.rr,pa) MOltl-IO H3MepKT:& 

BpeMeHHY£0 38.ztepmcy .IJ.O MOMeHTar IIO.fiUHeiDI.f.l' CH!'H8JI8 H8 KOJIJieKTOpe. BpeMe}ii 

Hoe paspemeHRe IOO HC.aK npK CKopooTH ,IJ,peiqla IcM/MKceit o6ecne~T npo-

CTpaHCTEeHHyiD TO~OCT:& I MM. 

liOTep.R SHepriDII B OKHe TOJI1QiiHOft I MRH COOT8B1lfJeT IIOpSUJ,Ka 

npHBO,lUIT K qlJryKTYarnm He 60Jiee 
1/e./J. = 1,5 M9e, 

i 

0,3% H 

-'~h 
rrpiDJJeHeHKe OKHa TOJI1QiiHOR 0.3 MKH ~MeH:&IIIHT qvryitTY8IUI!O .IJ.O ~0~ = 500Kal 

I 

T .K. wyMU npe,IJ,.yOIDIHTeJIR COCTc!BJI.RIOT 54 I\aB + 0. 53 KaB/mp, a ,II)I.R 

60Jiee rros.IJ.Hea paspa6oTKH 37 RaB + O.IB R3B/rr~, To ~.R KaMepR rro~Horo 

IIOJJ'JlOuteHH.R, 0 SKBKBaJieHTHO:ti eMROO'I':&IO IOQO IIqJ Wy:MH SJieRTPOIIHKH COCTS~-

B.RT 
1k/1 = 580 + 2~ 7 /(95 

~.R ceKqHOHEpOBaHHoro TeJieCKOII8 8'18 BaH~a MOXeT OUT:& IIOp.R~a 50 -

- IOO KsB. 
*) 

. TaKKM o6paSOM Cy.MMapHoe paspeWeHHe KaMepu MOXeT OOCT8BHT:&: 

1 

112t1 ~ =: (58 oz. -+~50o2. ~~o2 + 2~&0 1~ ~ 1. G 
1t2.6 

RJIH E z: Q' t),l &-% nPU nomepu 3Hr?pruu ~ i r38 I 

~:) 

B STOM pac~eTe He yqHTHB8IDTCR ~yrHe MexaHRSMH 

rroTepx aHepro (eM. I.I) oonyTOTBYIDutHe moHRsa~

OHHHM. 
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