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06'be,nHHeHiruH llHCTHTYT H.IJ;epHIJX llCCJie,noBaHliJ~ 

~a6opaTOPMH BIJCOKRX aHeprnH 

IO.B.3aHeBcKni1: 

METO.IU1KA BEC<PVlJII:NIOBLIX KAMEP 

B JIABOPATOPVIM BhiCOKMX: 8HEPrilll 



BBE.ImHME 

Eecqi:vur:&MOBHe KaMe pH (MCI~poBue, nponopiLMOHaJII,HI:Je, .n;peti{floBI-Je) 

lliHpOKO VICITOJI:b3YIOTC.fi ;n;JHI ;n;eTeKTVIPOBalill.fi H3JIYfieHHJ1 B QJH3HKe BHCOKHX 

B HB3Itl1X aHepn~H, 0HOQJH3HKe , Me,I(Hll;HHe, HCCJie;n;OBaiDIRX KOCMOCa ¥I T. ,II;. 

Bl:JBO:U H perBCTpanH.fi HH~OpM~H C OeCQ)H~:bMOBHX ;n;eTeKTOpOD 

OCYIUeCTBJI.fieTCSI C ITOMO[U:biO COBpeMeHHOH aJiei~TpOHHOH armapaTypi:J. Bo 

MHOrHX CJ'JY'tJMX ,IJ;aHHI:Je nepe,naroTC.fi B :1BM, I<OTOpaSI npHimMaeT H o6pac5a

THBaeT llHQ)opMa.I.UiiO B pea.JI:bHOM MaClliTa<)e BpeMei-rn. 

B ]aC)opaTOpHH BHCOKHX aHeprMM paspaOOT~ OeC~lillbMOBHX KaMep 

ll aJieKTpOHHKH C~eMa H perHCTpauHH HH~OpMe~HH, a Ta:KMe BHe.n;peHHe 

HX B Q)HszqecKHe aKonepHMeHTH npoBomrTo.fi C~{TOPOM EECwHHLMOBHX KAMEP 
(CEK). 

B COO TaB CBK BXO.n;I'l': 

I) rpynna .n;eTeKTopoB; 

2) rpyrtna C~eMa HHWoPMa.IUll1 H perHCTPHPYIOilleti aJieRTPOHHOH 

annapaTYPH~ 

3) npOH3BO,IJ;OTBeHHaSI rpyrrna; 
I 

4) MOHT~aH rpyrrna. 

MeTO)zy[Ka oeccTlHJI:OMOBHX Ka.Mep YCilell!HO pa3BHBa.e'rC.fi B JiaoopaTOPB¥1 

C I965 ro.n;a. Ha ee OCHOBe Jil33 BHriOJILI'IJia ITSIT:O Ba.JKl!UX Q)H3WieCKHX 

SKCnepHMeHTOB Ha YCKOp:WTeJI.RX 0Mffi1 H JlltDI33. 

B nponecce cos;n;aHH.fi oec<PHJI:&MOBo1X .n;eTeRTopoB paooTH npoBO,IJ,fiTC.fi 
: 

ITO CJie,IJYIOIItiD~I,: TeCHO CB.fi3aHHb!M Me)K,IIY COOOM, Harrpa.BJieHKRM: 
I 

a) COOCT~eHHO ,n;eTeKTOp, 

o) onoco6 c~eMa HH{flopMauHH, 
I . 

B) perHCTPanH.fi HHWOPMBUHH ~ nocJie;n;yromeH nepe.n;aqH B 3BM. 



KoHCTPYKUHR 6ec~H~~MOBHX KaMep onpe~e~eTCR Tpe6oBaHHRMH 

Ka1K,II;OrO KOHKp8THOrO 3KCll8p11MGHTa - C,T H860JI~llU'IX ITJioma,neti ,IJ;O ~8CRT

KOB KB~aTHHX MeTpOB. ECJIH yqeCTb ~pe6yCMH8 TO~HOCTH ll3rOTOBJI8HRff, 

TO 6y,n;eT llOIIJIT8H D;GJIHM KOMIIJI8KC pa3J. VI"iHJlX TCXHOJIOrM~80IillX npo6JI8M, 

Tpe6yrorrr~IJX pemeHll.fi B npor~ecce pa3pa6c TOK. B CCI\TOpe 11M8IOTCSI CTa.HKM 

H cneun~Hoe o6opy.u;oBaHMe, Heo6xo~Moe ~fl paspa6oTOK .u;eTeKTopoB. 

IToc.Jie C03~a.HMSI ,IJ;8T8KTOphT npOXO,I;FIT CT8H~OBh1C UClli:JTa.HM. Ha 
CT8H,IJ;ax C8KTOpa HCTIOJI~3Y8TC.fi q.nnapa'l ypa, II03BOJI.fiiOI.Qa.R: npaitTWi8CKll 

llOJIHOCT~IO BOCUpOM3BGCTH YCJIOBk'IR pa6C,Tll Ha YCitopHTeJie. B rrpo:ueoce 

HCTih1Tarrnt1: llCIIOJio3Y8TC.fi 60JI~IllOR 06'be~;: SJI8ItTp01IHOll anrrapaTypH )J)I.fi 

perMCTpaD;km: MHQ)opMaD;lm, IIOCTYilaiOU{eM C ,I1;8T8KTOpOB. B 6JIIDKat1:Illee BpeMJI 

Ha CT8H,IJ;e C8RTOpa 6y,n;eT ycTaHOBJieHa MaJIM 8BM THIIa EC-1010, ROTOPM 

IT03BOJIHT 3Ha~HT8JI])H0 CORpaTMT~ BpeMF.:, Tpe6yeM08 ;II,.!IH. Ha,D;8EHOrO HCnH-

TaiDl.fi ,Il;eTeRTopa /I/. I 

CnertMaJIHCThT ceKTopa pa6oTaroT B TecHoM KOHTaKTe o @i!31ifq80IUIIVIH 

rpynnaMH. Pa60TH B 08RTOpe npOBO~TCfl B COOTB8TCTBHH C HayqHO

TeMaTM~8CKHM nJiaHoM ]a6opaTopvrn no ~eMaM: 

I-006-00~6-69, I-006-0254-71, I-006-0363-72, I-006-0027-69, 

I-006-0252-71, I-005-315-72, I-005-0017-68, I-003-00I0-69, 

I-OOI-0002-68, I-OOI-0003-70. 

~ B COOTB8TCTBHH 0 ITJiaHaMM Me~Hapo,IJ;Horo COTPY,IJ;H~eCTBa ]]3 

CO CTpaHaMH-yqaOTHHD;aMH 0Mill1 no TeMaM: 

]B8 - cc¢P, TeMa ~ 7; ]B3 - CFP, TeMa ~ 5; 

JIB3 - I1HP, TeMa }i I2; JII33 - BBP, TeMa Ji 4. 

I. ITPOBOJI01llibiE llCI\POBbiE KfJvlEPbi. 

Ha OCHOBe IIpOBOJIO~HhiX HORpOBHX KaMep B J.IT38 6EJJIH C03,IJ;aHhl 

RPYITHI:Je aRonepKMeHTaJihHhle ycTaHOBitH (CTpyaoBa, CannHa, UI:Jra.Hona) 

Ha JIHmm: c SBM, o6Jia,na.mtne BlJOOKOM CTeneHI:>JO nnTm.iaTH3B.WIH, Ha 



ROTOpNX y.me BNITO~HeHO HeCRO~bRO BruoraX SRCITepKMeHTOB, BN3BaBWMX 

60JffiWOA RHTepec Ha Mext,IIYHapO,IU:IHX KOHcJ)epeHI:UUIX / 2/ • B SRCITepRMeHTax 

]]8 C rrpOBO~O~HNMM HCKPOBNMM RaMepEmill BITepBae B 0~1 6H~ ycneWHO 

BHe,npeH OITHT 06MeHa E:H<fJopMan;HeH, 38I:HCaHHOH Ha MarimTHUe JieHTH, 

;cr;IH o6pa60TRH B HHCTHTYTax CTpa.H-~~.CTIDm O:mM. 

Ha pHCYHKe I ITOKa3aH 6~0K npoBCJIO~HNX HCKPOBNX KaMep B SKCne

pHMeHTe ITO H3~eHHID jt-e pacceRHHH Ha YCROpE:TeJie M~B3 /S/. 

Tonorpa<flusr co6HTH.f.t .1t e pacce.mrrur, npe,ncTa.BJieHHM Ha ,nHCIIJiee 

C HCKPOBNX H OPOITOPUHOH~HHX KaMep B aTOM SRCrrepHMeHTe, ITOI~aHa 

Ha pliiCYHRe 2. 

II. IIPOIIOPI.U10HA.JI1HbiE KAMEPbi. 

ITponopiUIOH~:OHHe RaMepa*, no~aromHe c R~HM ro,noM nee 6o;ree 

mHpOKOe pacrrpOCTpaHeHJrie, BHITO~HmOT BamHefiwue cPYH~ B C~O~HX 
I 

~Jri3Kq8CKRX SRCrrepHMeHTax. H3B8CTHHH aMepHKaHCKHH ~H3HK ~.~e,nepMaH 

Ha3Ban rro~eHHe TaKHX KaMep Ha OCHOBe MHKpOMO,D;Y~:OHOH SJI8KTpOHHRH 

"HoBoii peno~IUieM B TeXHHKe .n;eTeKTHP)BaH:rut" tJaCTHU. HecoMHeHHo, 

~To B 6~~aHm~e .n;ecsrT~eTMe MN 6y.n;eM CBR.n;eTeRHMH .n;an:oHeiiwero pas-
1. 

BHTH.f.t STOH MeTO.n;Mirn .n;eTeKTMPOBatiiDI l:J:3.CTMU H 6ypuoro BHe,npeHPI.R: ee 
I 

B rrpaKTHKY WHSHtJecKoro aKcrrepHMeHTa. 

B ]]G Mero.n;MKa rrporropuHoHan:oHHX KaMep ycnewno pasBMBaeTCH c 

I970 ro.na 141. IIepBae MeTO,I(Hl!ecKvre pa6oTu Jia6opaTopl111: 6I:J~ npe.n;c-
1 

TaBHeHI:J Ha Me~apo,IU:Iyro Kon<Pepenuuro no arrnapaType B cPH3MKe BNCOKHX 
I 

I 

aueprH~ ocen:oro I970 ro.n;a B ,1Jy6ne. 
I 

llpOIIOPI.lVIOHanbHbJe KaMepH IIIilpOKO :HCTIO~LSYIOTCH B 3KCTiep:VIM8HTax 
! 

cPHSHKH BhlCOKMf: VI Hv.t3ItllX SI-IeprllH: 
I 

a) ~R ~arHOCTllKH BHB8,I(8HHHX ITJ~KOB /5-B/; 

* BaepBae rrpe~o~eHu E.lliapnaKOM B I9E8 ro.ny B UEPHe. 



6) B cneRTpOMeTpax / 9,IO/; 

B) B CHCTeMax OT6opa (pemaroll{VIX CllCTCMA.X) /II' IO/; 

r) ,II;JIJI H8MepeHH.ff 17IOH17I3a.I.UWHHHX ITOTep:& /I2' 8/; 

,n;) B tlJOKaJibHOll ITJIOCROCTIII CITei{Tporpaq)OB /I3/. 

Ha p:VICYHRe 3 ITORa8aiiH nponopiJJt!C,H8.JibHh1e RaM€pH, BnepBhTe B 

0Mm1 npmmHeHHHe B ::nwrrepHMeHTe rro :v:syqemuo rrMon-npoTOHHoro M 

rrMoH-aJieKTPOHBoro paccesnn'li1 npz aHeprHM 50 ran Ha yc:KopMTeJie l1<l>B3 

B I9?0 ropy. 

IIpocpliiJ.[]) nyq:Ka ;It MeaonoB, no.nyqeHHu~i ua Rai-IaJie Wt>ID c noMom:oro 

C:HCT€MH ,n;MarHOCTVIKM Ha OCHOBe llpOTIOillU'IOHaJI:&HblX Ka.Mep npH 06.n:yqeimH 

D,IU\OBO,D;OpO,ItHO:i1 Ka.Meph1 "JIIO.DMMJIA", np:viBe.n;eH Ha pHCYHKe 4. 3Ta CHC

TeMa ,IU!arHOCTI.U:rn: 6HJia paspa60TaHa CIR JIB3 H BBe;n;eHa B OTpoH B 

Hatrane I9?3 ro.n;a. 3JieKTPOHHa.ff perHC'I'PHPYIOllla.ff annapaTypa CHCTeMU 

nunoJIHeHa B cTan.n;apTe KAMAl{ 181. I 

QqeH:& nm:poRoe pacnpooTpaHeime t OJIYqa.JoT nponopi.UIOHaJI:&Hue Ita

Mepu ;IJ.Jlfi ,IJ;8TeKTHQOBaHIDI H3JJ;C!eim:ti C MaJIOll 3He.Qr¥Iei1 /I4/. 

1\ 3TOW OOJiaCTlii npiDVIeHeH.Hl1 OTHOCHTC.fi npe~KJ];e Bcero .n;eTeKT:Mpo

BaH17Ie peHTreHpBCRMX JIYqeH H raMMa-~qeH ~ Me.n;VIK0-017IQnOrMqeoKKX 
I 

neJie~. llponopUMOHaJioHHe KaMepu ,D;aiOT B03MOi~iOCT:& onpe.n;eJIMT:& KOOP-
' 

,IUiHaTH BTOp17IlUIHX 3JieRTpOHOB oqem; M8JIOi1: aHeprHH H oqem, HH3ROH 

HHT€HCHBHOCTH. OtJeBIII.n;HO, 't!TO .n;pyr}Ie ,n;eTeitTOpbl He 06JiaJJ;aiOT TaitOH 

B03MOJKHOCT:&IO.I Ha pHCYHite 5 I10Ita3aHH CHHMM 6I1:0JIOrHqeCitiDC 06'beRTOB, 

CO,n;ep~amax pahnoaKTHBHble 17I30TOI1U /I5( 

QqeH:& BamHUM HBnSI8TC.fi TOT ~aRT, qTo npH HCllOJI:&30BaHHM B 
I 

peHTreHorpawHM nponopnHoHaJI:&HHX RaMep CYMMaPHaSI .noaa, no~aeMas 

JJUIBHM oprrurnaMoM, M01KeT 6uT:o YMeH:orneHa Ha TPH rropJI.nRa. 

3Ta TeMaTMRa rnHpoRo ocnemaJiac:o Ha I9 CHMIIOSHYMe no ~epHHM 

HCCJie,n;oBamuiM B Ma.i1arvm, CiliA, B .n;eKaOpe I9?2 ro,n;a /I?/. 
1 



Ha pHCYHKe 6 DOKasam~ CHIDVIKI~ PYKH qeJIOBeKa. llpH aTOM 06J.IY1ie

HHe npOBO~OC:b pa,nHOaKTHBHHM HCTOqJ-litJ:KOM, .n;eTeKT}IpOBaJme - npo

DOPUI10HM:&HO:ti Ka.Mepofi, HallOJllieHHO:ti RCeHOHOM /I5~ ECJIH BHyTpeHHIOIO 

TIOBepXHOCT:b KaMepu BHJIO~T:b BemecTBOM, KOHBepTHpyro~iM HeHTpOHH B 

3aPH&eHHHe 'tlaCTIUW, HanpHMep, 6opOM, TO TIOHBHHeTCH B03M03HOOTL 

,n;eTeKTHpOBaT:D Me~eHHUe He*TpOHU. 

TiponoprnmHaJrDIUJe KaMepu MoryT Tarorte npHMeiDIT:&OH )J)IR peHTre

HoBcxo:ti KpHCTannorpa~HH CJIO~~X opraH~eCKHX KpMCTannOB,KOTOpHe 

paspyiiiaiOTCH npH HHTeHCHBHOCTHX, npHMeH.fielYIIlX B peHTreuorpacpiiH. 

BeC:&Ma nepcne:KTHBHbJM .f.U3JI.f!eTC.R: np:m'JteHeHHe Tai<HX KB.Mep ;rr,JI.fi 

.n;eTeKTHpOBaHH.fi peHTreHOBCKMX ~eM OT nepexo~oro HS~'tleHH.fi /I6/. 

BaJKHI:JM HaTipaBJieimeM JIBJI.fieTCJ:I Tipill\1eHeHHe DPOllOPIU10Ha.JI:bHHX 

KaMep B HCCJie,n;OBaHRRX KOCMOCa, 'tleMY ~HJIO y,n;eJieHO 60JI:DmOe BHHMaHHe 

Ha I 9 cHMIIOSHJMe no R.n;epHHM HCCJie.n;onaa:vrRM B Mawa.JH, CiliA /I? I. 
Ha nepBoM Pa6o"tJeM coBemarmH no 'JieTo.n;vrKe nponoprutOHaJI.bHHX 

KaMep (~6Ha, MapT I973 ro.n;a) 6HJIH npe.n;cTaBJieHH pesyJIDTaTH pa6oT, 

npOBO,n;HMbJX TI0
1 

;D;a.HHO:ti TeMaTHKe B 0Vlffi1 H CTpa.Hax-yqacTmw;ax. 

Ill. ,I(P1tftcrpB~IE K.4MEPbi. 
I 

Jtn;e.fi onpe,n;eJieJn1.fi TI03l1I.UUi, B KOT,)pOH sapRJKeHHM qacTHUa npo-

XO~T ;n;peM~Byro KaMepy, SaKHroqaeTC.fi :3 H3MepeHHH BpeMeHHOrO HHTep-
1 

BaJia, KOTOPHH
1 

Tpe6yeTcH aJieJ<TPOHaM, 1)CBo6o)I{J];eHHHM B rase :KaurepbJ 
I 

~.fi .IJ:OCTH~eHH.fi CHrHan:&HOH rrpoBOJIQqRH, TaKHM o6pasoM, BpeM.H .n;peHwa-

ec T:O <\iYHR!nlsr pace TOJllll!JI nporne.mnell qal) Tlii!UI OT clilrHf.IJibHOll npoBOJIO'l-
Irn /I8, I9/. · · 

CoqeTruui~ npeRpacHoro npocTpaac~~BeHuoro H BpeMeHHoro paspe-
I 

meHHH, cpaBHHTeJI:&HO HH3Ka.H CTORMOCT:& - BCe STO ,n;aeT OCHOBaHHe no-

JiaraT:&, tiTO B 6~aHmHe ro,n;H ,n;pei1cpoBW~ Ka.Mepi-J BI:JTeCHJIT 60JIDliiYIO 

tiaCT:D ,n;eTeKTOpOB, pacnoJiaraeMI-JX BORp~rr YCKOPHTeJiei1:. 



Ha pHCYHKe 7 IIORa3aHa ,n;pe:ti(fOBM K8.1VIepa HeOOJI:OI110ro 

pasMepa, Ha I\O'l'Opofi B CEK .JIB8 MCOJie,IJ;OBaJrnC:O XapaKTepHCTHKH 

KaMepe rrpvme,n;eHa Ha pHCYHite 8. 

PaspaOOTRH TaKHX KaMep CBR3~~H C C03,IJ;aHHeM perHCTpHpyromeM 

aJieKTpOHHOH anrrapaTypH, pa6oTarout~fi Ha ~aCTOTax BHllie 200 MrU. 

IY. 8.JJEKTPOHHAH PErMCTPHPY10lUAH AIITIAPATYP~. 
I 

.IJjui C':beMa MH{j)OpMctU:mi 0 ITPOBOJIO"CfHUX JiiCRPOBHX H rrponop-

UYIOHaJ.ILHHX ItaiVIep, rrpeo6pa30BaHJiiJI B UW])pOBOM BH.D; Jii rrepe.n;a~H 

I 

B 3DM B cr JIB3 (no peiiieHHRIVT Y'tieHoro COBeTa no tPH3HKe 

BI1COKHX 8liCprn~i) 6HJIH npoBe,n;erm pa3pa6o'rKv'I 3JI8KTpOHHOH 

perncTpnp:YJome:ti annapaTypH "PEIIEP'' /20, 2I/. 



Paapa60TaHHaR OHOTeMa a~eMeHTOB llOOTpOeHa Ha OOBpeMeH~X HH

TerpaJI:DHHX OX8Max H BI-JIJO~HeHa B OTaHn;apTe KAMAK. Ha OOHOBe a~eMeH

TOB "PEIIEP" 003,IJ;aHa perROTPHPYTOmM a.7I8KTPOHHM annapaTypa ,1I)IH OHO

TeMI-1 rrpOBO~oqHI:JX MOKPOBHX R npOIJOPUH)HaJI:DHI-JX KaMep 3KOrrepHMeHTanb

HOn YOTaHOBKH "<l)QTQH", BKmoqaroutaR OK~)~O 300 6~0KOB (pHOYHOK J}). 

06pa3UH a~el\TpOBHOH arrnapaTypnT )a3pa6aTI:JBaiOTO.fi B OeKTOpe H 

.no:KYMeHTai.lHH nepe,n;aeTcsr B USM MSI Bo~~npol!1aBo,n;cTBa. 

AnrrapaTypa "PEilEP" HaxO,IJ;RTC.fi Ha COBpeMeHHOM MHpOBOM ypOBHe H 

ITO~ytJH~a BI-JCOKYIO OI~eHKY COB8TCKHX H :3apy6eii\Hb7X OII8UHaJIHOTOB. 

3Bl\~ EC-IOIO, KOTOPM 6y,n;eT ycTa:{OBJieHa Ha CTeH.n;e CEK B KOHUe 

!973 ro,na, II03BO~T 6o~ee a~eKTHBHO B8CTH OT~~y perHOTpzpyromeH 

annapaTypi:J COBMeCTHO 0 .n;eTeKTOpaMM. 

3AK.ill01IEID1E. I 

I 

BHno~eHHe ~a6opaTopHeH BI-JCOKHX aneprHH necKo~:oKKX B~l:lX 

ceprryXOBCIWX 3KOnepHMeHTOB H 003,IJ;aHJi:W HOBI:JX KPYIJHHX YOTaHOBOK C 

npOBO~OqHI:JMH KaMepaMH CT~O B03MO~lli0 6~aro,n;ap.fi MeTO,II;HKe 6eO~RnbMOBI:JX 

KaMep, KOTOpaR YCIIeWHO pa3BHBaeTO.fi B ~. 
I 

L(HRJI pa6pT ~a6opaTOpl1H ITO 003,II;a.IIMIO MeTO,IUUtH SKCITepMMeHTa 0 

6ecdJM:bMOBHMH KaMepaMH 6b1JI y.n;ocToen nepBoH npeMHH Oliffi1, a sa pa6oTI-J 

no :viCII0~:&80BaH:mo rrpOIIOPU:viOHaJI:&HI:JX l{ai\Iep B {flH8HqeCitoM 3KOrrepHMeHTe 

aBTOpCKOMY KOJIJieKTHBY .1.IJ38 npHCY/K.n8Ha rrpeMHH Ha KOHI<ypce pa60T MO~O

~X yqeHHX MliOTHTyTa. 
I 

ITocJie.n;Hmt Meii\IJYHapo.n;Ha.r.r KOmfepeHU:viH no arrrrapaType B (flH8HKe 

BHCOK:viX SHeprHH (<DpaOKB.TH, !973 r.) LOKa3Ma, KaK CH~:&HO B03pOO 
! 

HHTepec 3KCIIef¥IM8HTaTOpOB K 6ecqm:~:OMCIBI:JM ,D;eTeKTOpaM. 

Ce~ao rrpai<THqACKH HH O,II;RH 3KCIIE~pl1MeHT He MhJC~l1M 6e3 HCII0~-

30BaHHH IIpOBO~OqHI:JX HOKPOBUX, rrponopt~OHBJI:OHhJX ~~H ,n;peH~BI:JX KaMep. 



Bec{fl:vTJioMOBHe KaMepH .fiBJISllOTC.fi MOllHHM HHCTPYM€HTOM, HCIIOJI:03ye

MHM B pa3JIJtiqHHX 06JiaCTJIX HaYKH H TGXHmrn:. 

PasBHTHe MeTo~KM 6ec~MJI:OMOBHX I~aMep CTHMYJIHpyeT poeT MHor:vrx 

OCiJiaCTeil IlpOMHIITJieHHOCTM, TaR Kait ,IT,JI.fi 8TMX paCiOT TpeCiyeTC.fi C03,1l;aiD1€ 

CITeUHa.T.ffiHHX CT€KJIOITJiaCTHKOB H XJiMHqec:I{HX MaTepHaJIOB, pa3JlkiqHoro po

,na BHCOKOKaqecTBeHHOH IIPOBOJIOKH, CIIei~aJIH3HpOBaHHHX HHTerpaJI:OHHX 

cxeM H T.,n;. 

CJie,n;yeT OTMeTHT:o ycnelllHO pa3BHBfLIOI.Ueec.H COTPY.nHHqecTBO JIID no 

aToi1 MeTO,lzy[Ke co CTpa:HaMH-yqac'1'H:VIIJ;a.M.'£i[ · CCCP, TIHP, BHP. 

B paCioTax no cos,naHmo Ciec¢M:oMOIIHX Ae'l'eKTopoB MoryT npHHHMaT:o 

ytiaCTHe CITeUHaJIHCTH CTpaH - cPH3l1lW 3ECIIepHMeHTaTOpii, MHJKeHepu

cPH3HIG1, CiHOqlkl3Jtilill, HHJK€Hep~I-3JI€RTpOHII;HK11, rrporpa.IVJMMCTh1, HHJK€Hepb1-

KOHCTpYJtTOph1, TeXH~ItH 11 T.,D;. 

HaqaJI:oHVIK CBK JliD 

IO. B. 3aHeBc:rulli 

. i/ .; ' \"~.------
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PHc. I. EJ:rort npoBOJIO"CJHHX viCKPOBHX KaMep (nocJie MarHHTa) B Mar

HHTHOM Cfi8KTPOM8Tpe ,I(JLff 8lCCTI8pliMCHTa flO )t e paccemmro 

Ha YCIWPHTeJie Mg?ID. 

Pnc. 2. Tonorpaqm.fl C06HTH.fl ..;tt- e ·-paccem.nur, npe.n;cTaBJieHHM Ha 

,Il;1WTIJI88 C HCI\pOBHX VI nponopiUIOHaJI&HHX KaMep B 9TOM )K8 

9KCll8pHM8HT8. 

Puc. 3. 06UlHH BH,IJ; nporropl~HOHaJI:&Hl:JX I<a.Mep, npi1M8H8HHhlX D 9IWne

piiM8HTaX no Hsyqenmo .tFe II . .:/t -f., -paccesrHHH rrprli anepr:vm 

50 raB Ha YCKOpHTeJie HQB8, 

PHc. 4. IIpocpv.r.JI:& ITY'JKa Jr Me30HOII (X npoem.uzur), IIOJIY'IeHHHt:i na 

KaiiaJie I1<DI39, rrpii 06JIY'Iemu ilU'I,ICKOBO,n;opO,WIOM R8M8pH 

"JJro,IJ;lVIMa" • (PaCCTORIIUe M8}!:,IJy TO't!KaMII COOTB8TCTBY8T 

I,5 MM). 

PHc. 5. <l>oTorpacpHH JIM eTa, JIUiTOBH.n;Foti .i!~8Ji83bJ H Mo.n;eJm: II(HTOB:vr.zmoi1: 

jl{8JI83bJ, c,n;eJiaHHHe C ITOMOUlE IO rrporropnnoHaJ.[bHOM Ka.I\18pbJ, 

lJYBCTBHT8JI:OI·IOM H. peHTreHOI.CKllM ll MJirKI11'.1 rruvnvra-JIY'IaM. 

PHc. 6. CHIIMKM PYilli 'IeJioBeKa, rro.ey'IeHHh1e rrpM HCITOJib30Ba:H.HM 
I 

pa,$ioai<TVIBHOrO HCTO't!H:v.II<a l1 rrporropUMOHM:OHOM KaMepbJ, 

3a.IfOJIH8HHOM J<CCHOHOM. 
'I 

PHc. 7. ,Upetiq1onasr rtarv'Iepa, na KOTor:ol1 n CEK MCCJie,n;oBa;rn:c:o xapaK

TepwcTHRH 9TOrO ,Il;GT8I<TOpa. 

FMc. 8. 3BBHCllMOCT:O BpeMeHH ,n;pei1:q)a OT ,n;JIHHbJ ,n;pe:t1"dJa B ,n;pe:t1qX>BOH 

:KaMepe. 
'! 

PHc.9. Pe~HCTpllpYlOII(M 9JI8KTPOHHM arrrrapaTypa ,JJ,JI.fi HCKPOBHX ll 

nporropUllOHaJII>Hh1X KB.Mep YCTaHOBKll "<DOTOH", H3rOTOBJI8HHM 

Ha OCHOBe 9JI8MOHTOD "PEIIEP". AnrrapaTypa BHITOJ.IHeHa B 
I 

CTaH,n;apTe KAlVIAIC (nH<fJPOBM qacTo). 
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