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BBE!)l0Hlil0 

Bee yexoparomallelI nporpecc 9KenepHM0BT8llbBOro Becne)lOBOHHH esolleTB 91l0M0HTap

HblX 11aeTHll B 3HA'IHT0llbHOll CT0IX0BH 0OH38B IXOCTOHHHOMY OOHOBIX0BHIO H pa3BHTHro M0TO)lOB 

OOBapylKeHHH 11aeTBll H HX perHeTpallBH. CBH)leTelll,eTBOM TOMY SIBIXH8TelI Bell HeTOpHH pas

BHTHH tpH3HKH, H8'IHB8ll OT aenon&3OB8HHH B OllbITBX neneeTKOBblX IXOT8HllHOM8TpOB Hrpywe'I

HbIX p83MepOB H KOH'IBlI eospeMeHHblMH Y!=!T8HOBK8MH e ruraHTeKHMH MarHHT8MH, K.-lMepaMH 

I 
H cneKTpoMeTpaMH pa3IXH'IHOro THna, Bee KOTOpblX ue11aenRneR COTHRMH H TbieH'IaMH TOHH, a 

eTOHMOCTb - MHililHOHBMH H )l0CSITK8MH MHIXIlHOHOB pyonell. Ha ro)la B ro)l apceHan HHCTpy

M0BTOB tpH3HKOB-lUlepmBKOB nononHH0TCH see HOBblMlil Iii HOBb!Mlil paspa6oTK8Mlil pa3ml'rnoro 

T1i1Il8 H H83H8'10HBR. Ho eCIXH npoaH81llil3HpOB8Tb T0H)l0Hlllill0 pa3BlilTHll M0TO/lOB 9KCnepBM8H

TallbHOH tplil3HKB, TO 003 TpyJla MOlKHO 38M0TBTb, 'ITO ycHIXHll MHornx tplil31i1KOB B T8'10Hll0 

yJKe IlPOllOIXlKBT8IlbHOro Bp0M0Hlil HaneneHbl Ha 1i1306peTeHBe Iii CO3/l8HHe BCe 6onee qyBCTBH

T8/ll,HblX CIXOCOOOB ll0T0KTHpOB8HHH O/llilHO'IHblX 'IBCTHll Iii OT/l8IlbHbIX 8KTOB HX B38HMOllell

CTBHllo TaKaH aanpaBIX0HHOCTb B IlOHCKAX HOBbIX CIXOCOOOB 'nolllTy'IHOll' perncTpallHH 'IaCTHll 

CT8HOBHTCH IlOHllTHOll, ecna y'IeCTb, 'ITO H81i1O0llbllllilll 06beM K8'10CTB8HHOH H KOIXH'IeeTBeH

HOll HHtpopM81llillil O CBOHCTBaX H npHpO/le 9Il0M8BT8Hb!X ,'IaCTllll 'IepnaeTCR H3 aHanasa lilHlllil

BlilllY81lbHblX aKTOB HX pOlK/l0HHll, pacna)la HilH B38HMO)leli:cTBHSI. TollbKO B T8KHX cnyqagx 

YJl80TCH H8HOOIX00 IlpOCTO BCKpbIBBTb 38KOHOM0pHOCTH B eBOHCTBBX 'IBCTHllo 

lleHHBH lilHtpopMaUBSI.T8KlK0 nony11aeTCH H IlpH H3Y'l0HHH pll)l8 O'18Hb pe/lKHX npoueccoB 

CIXOBTBHHOro paena)la Hillil npH OOHapylKeHHH HOBblX 'IBCTHU. TaKHe M81lOB0pOSITHbl0 co6bITHH1 

K8K npasano, T0Op0TH'I0CKH xopowo HHTepnpeTHPYIOTCSI H ll8roT npllMbl0 OTB0Tbl Ha H0KOTO

pbl0 BOIXpOCbl O tpYHll8M0HT8llbHblX OCBOB8X H CTpyKType 'IBCTHU. Ilo 9THM npH'IHHBM oa

IXBHC noneaaoro Bp0M0HH paoOTbl ycxopnTenei! C K8lK/lbIM roAOM CllBHraeTeR B noru,ay 

IlOCT8HOBKH CIXOlKHblX H 'TOHKnx· OilbITOB no H3Y'I0HHIO pellKHX co6hITHH B38HMO/l0HCTBHH 

lilllH cny11aeB nposmneHHSI oeo61,1x, He06bI'IHblX CBOHCTB 11aeTnu • .llnR HX H3Y'I0BHH 3KCnepH

M0HTaTopbI CTpeMSITCSI HCilOllb3OB8Tb B CBOHX OilbITaX )l0T0KTnpyromyro annapaTypy C MaKCH

MallbHOl! 'IYBCTBHT0IlbHOCTbID K lil3Op8HHOMY tpH3H'I0CKOMy npoueccy H xopownM BpeMeHHblM 

Iii npoCTp8HCTB0BHblM paapeweBneM, IlO3BOIXSiromHM H8/l0lKHO H 'I0TKO Bbl)l0IXSITb OT/l0IlbHb10 

aKTbI nccneAyeMoro nponecca. 
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B nocnennae 10 neT B sKcnepaMenTam.nol! ¢a3BKe BhlCOKBX snepral! naonronaeTCll 

OhlCTpoe pa3BBTB8 pa3nB'clllblX M8TOJlOB lleT8KTBpOBSllBll 'ISCTBI!o Ho 0C008llll0 oypno 

p83BIIBB8TCll M8TOllBKS pa3nB'lHhlX Tp8KOBhlX KO.Map. 0C0008 BHBMSllH8 K 3TBM npaoo-

paM Bhl3BaHO IIX BCKnIO'lBT8lll,HO Il8HHhlMll KD.'18CTBD.MB. Tp8K0Bhl8 IlpBOOphl oonanaIOT, KD.K 

npaBBIIO, OOlll,_WBM pD.OO'{HM OO'b8MOM lllISI ll8T8KTllpOBaHBll 'IACTBII, XOpOWIIM IIPOCTpSHCTB8H

HhlM, a B H8KOTOphlX Cn}"IBHX B BP8M811HhlM pa3pemenaeM B n03BOIISIDT C MSKCBMam.1101! 

"l}'BCTBRTelibHOCTblO II JlOKyMeHTD..libHOCTbIO perBCTpHPOBBTb COOhlTHllo <l>H3B'l8CK08 SIBII8HH8, 

nopol!<llennoe B oo'beMe KaMephl, MOlKeT na6n10AaTbCll BH3yam,no HIIB, KBK sTo oohl'IHO R 

ne~aeTCll, cj,OTorpa¢apoaaTbCH,, IlocneJlll88 OOCTOHT81IbCTBO B pro:i:e CII}"I88B BM88T pemaIO

mee 3Ha'leHBe, nanpaMep, llpll_ ¢OTorpa¢HpOB8BRB llOBhlX '18CTBII, P81lKBX pacitallOB B T.ll. 

<l>OTOllOKYMOBT81IbllOCTb nony'la8MhlX B OI!hlTB pe3ylibTaTOB OCOOOIIHO BaJKBa npn npOB81l8-

BBB BCCII81lOB8HHII Ba COBp8M8llllhlX. oom.mnx ycKopaTensi:x, r11e CTOBMOCTb K8lKllOro npoBO-

llHMoro 3KCnepHM811T8 'lp83Bhl'ISA.lio Bhlcoxa. IloBTOpBhl8 IICCII8JlOBSIIHll B TSKBX cnyqaHX 

C nem.ro neponpoaepKa nony'lOllBblX pe3ym.TB'l'OB smnl!DTCll nOll'ISC 1181lOI!yCTllMOII pOCKOWbIO. 

113 TpeXOBhlX npaoopoa naaooni.mee pacnpocTpaneHBo B cj,113ll'IOCKHX naoopaTOpBHX 

no ll3Y'l811Bl0 3II8M811Tapnhlx 'ISCTllII nony'IIIIIB K8M8phl Bam.cona, llBffl3BOIIHhle K8M8phl, 

lKBAKOCTllhl8 ny3b!pbKOBhl8 KaMepbl, BCKPOBhl8 KAMephl H CBCT8Mhl, nOCTpoeHBhle na ax 

ocnoae. Kone'lno, KBl!<llhlll aa sTax npaoopoa HMeeT caoa 'nnroc_hl' a 'ManycM'. TaK, nep

Bhle TpH THIIS KSMep xopom:a. H30TpOIIIIOCTb10 ll 6om,moi! IIBBH8BOII (MHOrO'lSCTB'IIIOil) 

s¢¢eKTBBHOCTb10 pernC'l'panaa '18CTB.Il H BhlCOKHM KS'leCTBOM TpeKOBo Ilyahlp bKOBhl8 KaMephl 

K TOMY lK8 I!8llllhl eme ll TeM, 'ITO B Bax MOlKHO acnOIIb30BSTb npaKTH<ieCKH nrooyro 

lKBllKOCTb, npencTaanst10myro 1111Tepec 11n51 accne11yeMoro aaaaMoneilcTBBll, Ho ace sTa 

KSM8phl oonanaroT OOWB.M 1181l0CTSTKOM - oom.mol! BR8pilROHIIOCTb10 paOOThl, a llll¢it,yaaon-

llhl8 ll lKBAKOCTHhle - emo ll neynpaBnll8MOCTblO npeABapaTem.noi! ceneKnael! .'laCTan. 

B KSMepax peracTpapyIOTCll ace '18CTl!Ilbl, npOXOllll!IlBe 'lepea "l}'BCTBHT8libllblil: OO'b8M, 

1183SBBCBMO OT Toro, eCTb B 3TOM HeOOXOllBMOCTb ana neT. OT6op lK8 none3HhlX COOblTHil 

OT oomero 'lBCna 3aperacTpapOBSIIHhlX Cn}"IS8B npOB3BOllBTCll II031lll88, nnmi. Ha CTSllHB 

npoCMOTpa cj,OTonneHKll C paOO'IBMB KBllpaMB, COll0PlKalllBMB TpeKB. 

l1c1tpOBhl0 KSM8phl B BX pa31IB'lllbl0 MOllBcj,HK8IIHH B IISCTOlllll80 Bp8Mll nony'laIOT 311S'IH

Tem.no 6on0e mapOK00 npHM811011Be B 3KCnepBM8HTax, HelKenB llH¢q,y3BOllllhl0 II IIY3hlpbKO

Bhl0 KSM0phl. 11cKp0Bbl8 KSMephl, OOIIBllSll MHOrHMB nonOlKBT8lll,lll,IMB Ka'leCTBaMH lll!¢q,y3H-

0HllhlX II lKBllKOCTllhlX KaMep, HM8IOT H PS!Jl 11ononHHT8lll,llhlX llOCTOBIICTB. Tait, nanpHMep, 

BCKpOBhle KBMephl HMOIOT KopOTKB0 Bp0MeBa cpaOSThlBSHBll II BOCCTSIIOBII8HRll a nerKo 

ynpaanlllOTCll cacTBMaMa npeJ1aapaTem.nor o OToopa 'laCTan. HalKe nonpoono paccMaTpn,;. 

BaeTCll 3TOT TRll TpeKOBoro npaoopa, 0ro xapaKTepBCTHKB II MOTOllbl CHllTHll an¢opManaa. 
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11cKpOBhl0 Ka~ 

. B oTna'lae OT Mnorax ll8T0KTOpOB 3apSllKBHllhlX 'lSCTHil, IIOSIBBBWBXCll B peaym.TaTe 

TBOp'l8CKHX yca1IBI! OTJl0lll,HhlX R300p8TaT0n01l: R }'88HhlX, COBp0M81111hl0 BCKp0Bhl0 KaMep1,1 

SIBIIll!OTCll IIPOllyKTOM t5om,moil: HIITepBailROIISIIbHOII paoOThl Mnorax ¢a3BKOB-3KCnepHM0HTa

TOpOB B nen_hlX aBTOpCKBX KOll118KTBBOB pa3IIB"IBhlX nanaonam.HhlX nat5opaTop11il: Mapa. 

B OCIIOB0 paf>OThl HCKpoaott KaMBPhl II0lKRT M0Xa!IB3M sneltTpB'IOCKOrO pa3pS!Jla B ra3e. 

l111anaapy0TCll sTOT pa3pll!l · 11a'1am,lll,IMB sneKTpOBaMB, 06pa3y10maMBCll a ra30 no cneny 

3apstlK8HBOII 'laCTBilbl. 

Bnepahl0 11.t10ll acnom.aoaanal! pa3pS!Jla B ra3e Anll nony'l0HBst ca0Tsimerocl! Tp01ta 
. /1/ 

Ohln!i BhlCKa3ana K0tt¢eneM B 1949 r. On oopaTan BHHM8HR0 na TOT cj,aKT, 'ITO B nnOCKO-

napannem,noM C'l8T'IBK0 C nocTO!IHllbIM sn0KTpll'l0CKBM IIRTanaeM nnorna ot5pa3y!OTC!I BCKphl 

BOnB3H TpaeKTOpBB 3aplllKeHHhlX 'ISCTBI!. CnyCTll '10Thlp0 rona 6enna II <l>panneTTB/
2/ 

noaTopnna OllhlThl K01!¢eng B nonyqnna II0pBhl0 cj,OTorpait,an BCKpOBoro pa3p!llla B nnoCKIIX 

/3/ . 
C'leT'lBKax. llam,n01!mal! ycn0x 6Mn llOCTnrnyT a pa60T0 Xeananra a 1955 r., a KoTopol! 

ncnom.aoaanaci. rpynna C'l0T'IHKOB c napannem.HhlMH sn0KTpo.t1aMa. B sTol! 'xaMep0' X011-

11nnr nonyqan CT0peo¢0Torpa¢na Tp0KOB KOCMB'l8CKBX 'lSCTHilo TpeKn COCTOlllIH H3 COBO

Ky!IHOCTII HCKp B HMen11 CTYll0H'laTYIO CTPYKTYPY• 0)laaxo Kall: B paoOTax Kei!¢em1, Eenna 

B CllpaaneTTB, T8K B Xenaaara, nnocxae C'l8T'IBKB IIRTanac1, llOCTOWIBhlM BbICOKBM Ha!IplllKe

aaeM II &Menn nenp0phlBHYIO "l}'BCTBBT01IbllOCTb. B TaKOM p0lKRM0 paOOTbl C'l0T'IHKH oona

nana nnoxnM Bp0M011HhlM pa3p0W0HB0M II 118 Morna f>hlTb scj,¢eKTBBIIO ncnOIIb30Ballhl.B ycno

BHHX oom,moro ¢ona 11:anyq01111s (nanpaMep, na ny'lKax 'lACTHil OT ycxopaTem1). IlpeMea011n0 

cxeM BHemnero ramennll HIIB racsimnx npnMecel! 110 naMHoro ynyqwano pa3p0marome0 apeMll 

STHX npaoopoa. 

CymeCTB811Hhlil nporp0cc B 8TOM nanpaan0HHH Obin llOCTHrnyT ilamb nocne Toro, KaK 

/4/ . 
Kpsamoy a lle-Enpa B 1957 rony !IpHM8HHnB 'BblCOKOBOnbTHOe HMnym,caoe neTaaee 

BCKpOBhlX_ C'l0T'IHXOB, a B nay3ax Mel!<lly BMnyni.caMH - neoOIIbmoe O'lH!IlalO!Ilee n~ne, KOTO

_po0 yoapano 83 OO'b8Ma C'lOT'lHKOB HOHhl H sn0xTpo111,1 OT CTapblX cnelloB B TpeKOB. 

TaKHM ot5pa30M, B nanHOM aapaanTe neTaHHll C'l0T'lBKOB ax pa3pemarom00 BpOM!I 

onpenenl!nOCb BpeMeHeM .t1p01!¢a 3apS!JlOB na sn0KTPO.tlbl H Morno Ob!Tb .tl0B8.tl8HO AO necg-

ThlX nonei! MHKpocexya,1:11,1. BpeMll BOCCT8HOBn0HBll 'lYBCTBHTOnbHOCTB nocne peraCTpanan 

'laCTHilhl onpen0nsnoc1, BpeMOll0M yt5epanag sneKTpOHOB a BOHOB, o6pa30BaBlllHXC!I B HCKpe,. 

a .110 npea1,1mano BecKOn&KaX MHnnacexyan. 

Cn011yeT OTMeTHTb, 'ITO H.tl8!1 BMnym,cnoro nnTaHHll pa3pll.tlHhlX .tleTeKTOpOB 'laCTHII 

ohlna BhlllBBnyTa 3Ba'laT0n1,i10 paai.me, '10M oaa 61,ina ecnon1,3oaana a paoOTe Kpaawoy 

11 lle-Eapa, a HM011HO - a 1856 r. TllllKHH/
5

/ paapaoOTan MOTOll BMllyn&cnoro naTaHBll· 

/6/ 
C'leT'lnxoa r0llrepa, a KoBBepcn a np. - naTaaa0 ronocKona a3 cT0xnru1nMx TpyooK 

C H0OHOM. 
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TaKBM o6paaou, llpBM8118llll8 BMJIYllbCB:oro llB'l'aBBSI C.ttenano BCKP0Bbl8 C'i8T'IIIKB B 

KaMepbl ynpaBJISl8MblMH B cnoco6e:b1MB: pa60TaTb llpB 6om,mBX <fl<>H0BblX aarpyaKax. 3To 

o6CTOl!T8llbCTB0 llpBBJieKno x· ee6e oco6oe BHIIMal!lle qlll311K0B, pa60Ta10m11x na ycxopBT8JISIX, 

r.tte IIHT8HCIIBROCTb q>OHOBOil aarpy3KII 1Ip116opoB o6bl'IHO 61,rnaeT B8nHKa. 

/4/ 
KpaHmoy II .np-B11pa . B CB0IIX BCCJ18A0Bal!BSIX BCll0llb30BanB BCKp0BYlO KaMepy C 

BoaeymHblM HallonHelO!eM. ORB Hammt, 'IT0 B TaK0II KaMepe paapemaromee BpeMl! M0)KeT 

6b1Tb CAenaHO MeHblll8 O)lH0I! MBKpOCeKYHJlbl, OAHaK0 .ttnst 8q>ql8KTBBHOil perBCTp8IlllH 'laCTIIIl 

rpa.ttHeHT aneltTpB'18CKoro ll0Jlll )l0Jl)K8H 61,m 6b1Tb 6Dnbme 3 MBIM. OHB o6Hapy)KBJIB Ta=e, 

'ITO B KaMepe C B03AYWHblMB HallOJIH8HB8M Sq,q>eKTBBHO perllCTpBpy10TCl! nBWb 0ABH0'!Hble 

'laCTllllbl B nnoxo o6paayIOTCSI TpeKB AByx B 6onee 'laCTBllt 0.!tHOBpeMeHHO llpOX0ASIWIIX qepea 

KaMepy. Ilo9TOMY Aa.libHeilmue ycunu·s q>B3BK~B 6hlnH HanpaBJI8Hbl Ha coa.ttaBue B KaMepax 

TaKBX ycnOBBil, llPB KOTOpblX B03MO)KR0 6hln0 6bl BCllOJlbaOBaTb cpaBBBT8JlbBO Be60JlbWll8 

BMllYJibCHble aneKTpB'l8CKBe nonst B perBcTp11poaaTb o.ttHoapeMeBHo Hecxom,Ko 'laCTBll. 

0npeA8JI81l.Bble ycnexa B pemeHBB STOii npo6neMbl 6blnB AOCTllrBYTbI B BblWeyllOMl!BY-

/6/ 
Toil pa6.oTe KoBB8pCB B AP•, B KOTopoil 11CllOJib30Bancs roAOCKOll B3 CT8KJll!BBbIX Tpy6oK, 

HallonR8HHblX H80HOM. IlpB npOXO)K.!t8HBB aapS{)K8HBOil '!aCTBllbI 'lepea STOT np116op Ha ero 

aneKTPOAbl, M8)KJlY K0T0pbIMB pacnonaranBCb pSIAbl CTeKJil!BHblX Tpy6ox, llOAaBancs KOpOT

Kllil BMllym,c BbICOKoro HallpSl)K8JIBll. HMnyJlbc Bbl3blBaJI noKaJlbH08 CB8'18Hll8 H80Ha B Tex 

Tpy6xax, 'l:epea KOTOpble npOXOAHJia '!aCTBila. B rOAOCKOlle aqiq>eKTBBHO perBCTpBpoaaJIBCb 

0AHOBpeMeHHO H8CKOJlbKO '1aCT11n, a rpaA118HT sneKTp11'18CKOro llOJll! 61,m 3H8'111T8JlbHO M8Hb

me, '18M B cny'lae KaMepbl c. B03AYWHblM HB1IOJIH8Bll8M. OAHaKO B roAOCK·one H8B03M0)KH0 

6blJIO llOJiy'IBTb xopomee llpOCTpaHCTBeHHoe paapemeHBe, TaK KaK OHO orpaHB'IBBanocb ABa

MeTpOM BCllOJibayeMblX Tpy6oK. BMeCTe C TeM KOHCTPYKllllll roAOCKona llpBHllllllllaJibHO He 

Aonycxana B03MO)KH0CTII np11MeHeHBS1 o'!uma10mero nonst B noaToMy apeMst llaMSITB · np116opa 

6blJIO 60JlbWBMo 

CneAy10m11ll pemaromBil mar Ha nyTB C03)lBHBll coapeMeHHblX pa3pSIJlHblX H llCKpOBblX 

KaMep 61,m CAenaH <l>yKyH B M11HMOT0
171• OHB npe.ttJIO)KBJIB B3rOTOBJISITb KaMepbl B Bll)le 

KOp060K C llJIOCKHMH CT8KJll!BHblMH CTeHKaMB B BB8WHBMB 8Jl8KTPOAaMII B HanOJIHSITb BX 

raaoaoil CM8Cbl0 B3 99,5% H80lla H 0,5% aprona (TaK Ha3b1Baeuoil CM8Cbl0 IleHHBHra). 

3Ta CM8Cb, KaK H3B8CTHO, o6naAaeT B113KBM llOT8HUHanoM 3B)KllraHBH 6naro.ttapH HenpHMO

MY MeXaH11auy p0)K)l8HIISI anexTpOHOB B MOM8HT coyAapeHHSI aTOMOB HeoHa, aoa6y)K)l8HHblX 

B M8TaCTa6HJlbH08 COCTOllBHe (ypOB8Hb aoa6y)Kll8HHSI 16,6 aa),c aToMaMH aproHa, HaX0)lSIWH

MHCSI B OCHOBH0M COCTOHHIIII (aHeprBl! IIOH11aan11H 15,7 sa). Ecna Ha caofiOAHblil 8AHHll'IHbiil 

8Jl8KTpOH B TaKoil CM8CII llOAeilCTBOBaTb 8Jl8KTpB'l8CKHM noneM yMepeHHOil HanpH)K8HHOCTH, 

TO 8Jl8KTpOH Bbl30B8T 6hICTpoe naanH006paa11oe HapacTaHH8 'IIICJia BTOpH'IHbIX 8Jl8KTPOHOB , 

H llPIIB8A8T K npo6010 raaa. noaTOMY HanonHeHHe CM8Cb10 IleHH11nra KaMepbl AOJI)KHO 61,mo 

6naronp11S1TCTBOBaT1> nony'l8HH10 B Heil TpeKOB np11 OTHOCIIT8JibHO HH3KHX nonSIX, ::lTO 

6 

o6CTOSIT8.IIbCTBO B y'IJIB .<l>yeyB II MBSIMOTO. IlepBb18 )!{8 BX pa60Thl, BblilOJIH8HHble C KaMe

paMB, )laJIB xopomBil peaym,TaT. 8 KaMepax 8q>q>8KTBBHO B03HBKanH '18TKB8 TpeKB npB BM

liyllbCHblX llOJISIX, He llp8Bblma10max 7-10 KB/cy.. 

<l>yeyJI B MBSIMOTO B CBOIIX BCCJ18AOB8HBl!X o6Hapy)KBJIB BHTepeCH08 SIBJleH.118 - o6pa-

30BaBBe. naKJIOBB0ro It nonro paapS11Ia BA0Jlb cne.tta 110HB3Bpy10meil '18CTB1lbl. CaeTSIWBeCl! 

TpeKB BM8JIB WBpllBy OKOJIO 2 MM B COBll8AaJIB co CJI8)l0M 'laCTHllbl ,t(O Tex nop, llOKa yron 

HaKJIOHa, o6paayeMblll cne.ttS:MB 'laCTHll C HanpaaneHB8M CBJl0BblX JIBHIIII nons, He ,t(OCT11ran 
. 0 

HexOToporo npe.ttem,aoro aaa'leHBst, paaHoro npB6nnaBTellbao 18. 

CymHOCTb M8X8HH3Ma o6pa30B8llllll HaKnOHHoro Tpexa B KaMepe 61,ma BCKpbITa CSMH

/8/ 
MB )!{8 8BTOpaMH nepaoro IICCJieAOBaH.llll KaMep - <l>yKyB B MIISIMOTO II non.po6ao npoa:aa-

/9/ 
n11a11poaaBa TSlllKBHblM BCKOpe nocne llony'l8HIISI nepBblX peaynbTaTOB pafiOTbI C paapSIA-· 

llbIMB KaMepaMII Ha KOCMH'l8CKHX 'laCTllllaX. no MR8H.1110 BTHX aaTopoa aoa-

BIIKHOB8BH8 Tpexa B/:1.0llb cne.tta 'laCTHllbl npoHCXOAHT no cne.tty10mel! cxeue. : B MOM8BT npH

JIO)K8HIISI K 8Jl8KTpO)laM K8Mep1,1 HMnym,ca Bb!C0K0ro Hallpl!)K8HBll Ka)K)lblil Ha'lallbHblil aneK

TpOll B cne~e '1aCT11nbl Ha'IHHaeT coa.ttaBaTb OT,[(8llbllYIO anexTpoaeyro naaBay B Hanpaane

HBB It noJIO)KBT8JibHOMY 8JI8KTpO.tty. B nepablll MOMeHT Ha JiaBHHY A811CTBY8T none TOllbKO 

BHemHero IICTO'IHBKa HallpS{)K8HHSI, HO llO Mepe pa3BBTHSI paapsma K Heuy .tto6aanseTCll 

TaK)K8' BByTp8HHee none, B03HHKaromee OT B3aBMO.ttellCTBBll aneKTpOHHblX naBHH Apyr C APY

roM. 8 Ka)K)lblll M0M8HT BpeMeltU. peayllbTBpyromail B8KTOp STHX noneil onpe.tteJIH8T aanpaa

JI8H118 )lBH)K8HIISI JlaBBHbl B T8Mn 88 Hapac:TaHBS!o Taxoil xapaKTep pa3BBTBSI pa3pSllla npBBO

,t(BT K TOMY, 'ITO ronoaa O)lHOII 8JI8KTp0HHOil naBBHbl BJIBBa8TCSI B XBOCT Jlpyroil B BCSI 

neno'!Ka JiaBBH B cne,t(e ofu.e.ttBHl!8TCSl B e)lllllbll! nnaaMeHRblil mHyp -TpeK, CTpBM8pHO 

nepeKpb1Ba10m11l! Me)K)lysnexTpO,t(llbll! llpOMe)KyT0K KaM8pb1. 

Ilepaoaa'lallbno xaaanoCb, 'ITO Haxnonnble K noii10 TpeKH M0ryT o6paaoablaaTbCH TOllb

K0 B Tex KaMepax, y KOTOpblX 8Jl8KTpO)lbl OTA8Jl8Bbl OT pafio'!ero raaa )lll8Jl8KTPH'l8CKOil 

npocnoilxoil (nanpnMep, CT8KJIOM, KaK B KaMepe <l>yxyn H M11stMOTo): C'iHTanoc1,·; '!TO AH-

8Jl8KTpH'18CKHl! cnoil orpanu'111aaeT paapSIA a raae H TeM caMhlM cnocoficTByeT 06paaoaa

H1110 HaxnoHnoro Tpexa. 3To o6CTOSlT8llbCTBO SIBIIJIOCb )18)!{8 npH'IBHOil Toro, '!TO. KaMep1,1 

C llH8Jl8KTpB'18CKHMll npocnol!KBMII 6blJIII Bblll8Jl8Hbl B oco6blil Knacc KaMep, Tait HB3b1Bae

Mb1X 'pa3pSIAHblX KaMep", B npoT11aononO)KHOCTb 'HCKpOBblM KaMepaM', y KOTOpblX 8Jl8KTpO-

. /10/ /11/ 
)ll,I ne 11aon11pyIOTCSl OT pafio'lero raaa, O.ttHaKO n03)K8 THllKHH II AP, II Bop11coa .!{ AP, · 

noxaaann, 'ITO npu 11cnom,aoaaH11B KopOTKIIX IIMnynbCOB C KpyTbIM ql?OHTOM B IICKpoaoil 

KaMepe TaK)K8 ofipaayIOTCSI HaKJI0HHbl8 Tp8KH, Kaaanocb 6bl, '!TO )lJISI .tte.neHBSI KaMep Ha 

pa3pHAllb18 II IICKPOBbl8 He OCTaaanocb 60Jlbme OCHOBBHllil, HO T8M H8 M8Hee, )K8JIBSI noA

'18pKHYTb orpaHll'l8HHOCTb paapSllla B nepBOM Tune KaMep, B JIIITepazype OCTaa11n11 o6a 

TepM11Ha. 
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Ilocna pa!SOT 4>:ricy11 II Mll!!MOTO 11'.a'lanOCJo ycnem11oa pa3BB:Tll8 M8TO.lla BH3yan&ll'.oll 

per11~AIUIH 3ap!lJKe!UlhlX 'laCTIOl C DOMOll'.U>J'.l pa3pl1Jll[h!X B 11'.CltPOBblX KaMep. Oco!Sellllo 

!Sypao CTlUlll 11'.CClleAOBaTbC!l II DpllMeH!ITbC!l B ¢11311'.'l~CUX 8KCnepHM8HT8X MHorocnoll-

llbl8 11'.CKPOBble K8Mepb1 C 11e!Som.m11MB MelK)lysnel:T}lQAJlblMII DpOM8lK)'TICBMII (oKOJIO 1 CM). 

B STHX K8Mepax MOlKJIO nerKo ynpaBn!ITb BpeMelleM D8MllTll JI MepTBblM BpeM8lleU C no

MOll'.U>J'.l DOAOOpa COOTBeTcTB:rJ'.lmell B8nll'lllllbl O'llllll8J'.llllero non.11, DOAa.BaeMoro .e:a snerrpo

Jlbl. Tax, Bp8M.!l naMHTll DO JKenaBHJ'.l MOlKJIO BapbHpOBaTb B npeAenax OT JloJI8II MHKpocex;ra

Jlbl. AO AeCHTll II oonea MllltpOCeKyllA, 8 MepTBOQ BpeMH. - OT )leCllTbIX AO TblCJl'lllblX Aonell 

cexyllAbl. 3To DOOB0nJl8T Bbl6opo11110 ¢OTorpa¢gpoB4Tb TonbKO Te TpeU • llllT8p8CllbleCO-

61,1T11a, KOTOpble nopo:acAaIOTCH '1acT11nell B Te'leue nocneAl!HX 

DOAS'lell Bbl,COKoro ll8DpHJK81111'.H Ha KaMep:rx) • 

)lonell MBKpOCeK)'JIAbl nepeA 

Or!Sop co5b1THII, n0Ane:acam11x ,p6Torpa¢lllpoBaI!11D, ocymeCTBDH8TCll OObl'IIIO cnen11am,

llb1MB Cll'.CTeM8Mll nor11K11, KOTOp1,1e pa50TaIOT OT 5blCTpbIX C'leT'lllKOB- CllHBTllM.!lllll'.0.Rllble, 

'!lepeHKOBClt.llX II .llP• . BpeMH nor11'leCKoro 'p83Mbllll.lI8.ll'.H!l"' Hall BODpOCOM • ¢0Torpa¢2po

BaTb 11'.nH .e:e ¢0Torpa¢11pOBaTb cne)l 'laCTllllbl, B COBp8M8!UlhlX 9.lI8KTpOHllbIX CX8M8X lie 

Dp8BblW88T 118CKO.libKIIX Jl8CllTKOB HUOCelcy'll)l. 

B HaCTOJlllle8 BpeMH H3rOTOB.lISIJOTCH llCKpOBble KaMepbl C8MbIX pa3.lill'IHbIX XOIICTpyK

IlHII JI pa3MepoB. Ho aa1160Dbmee pacnpocTpaHeHJle non;y'lllnll K8Mepb1 C D.lIOCUMll snex-rpo

)l8Mll, col'.fapaeMble B BIi.ile sTa:acepx.11. TaKae· JtaMepbl DpOCTbl B 11arOT0BneH1111 JI noSTOMY 

"'yiiaaepcallbHblMH"' 11x o5bl'IHO I!e )lenaIOT. Ka:ac)laH KaMepa, xaK npaB11no, npeAHa3Ha'la8TCn 

. .llDH BbIDMHeHHH lIHWb ae5om.moro 'IHcna onpe)leneHHbIX sxcnep11ue11ToB. t{aCTo 113rOToBnsi

IOTCH K8Mepb1 TSKJKe JI Dll.lIHHllPH'leCKOII ¢opMbl )lnH ll3y'leHIIH nponeCCOB, BOOHll'.KalOlllllX 

B MHllleHHX, pa3MemaeMblX no OCH JtaMep. 

3neKTpOll8Mll K8Mep1,1 MOrYT cnylKJITb mo5ble BemecTBa C IlpOBO/l.!llllllMll noBepXHOCTSl'

MH •. B pH/le Cny'laeB 11'.X BbloOp Ollp8/le.lIHeTCH ¢11a111tol! ll3)"1aeMoro nponecca, ecnH 11cnonb-

30B8Tb snexTpOAbl B Ka'leCTBe MHme1111. Tonm11Ha snexTpOAOB Bblf>HpaeTCH caMoll pa3nH'IHoll. 

x)3Jlecb, no-BHAIIMOMY, 5ylleT noneaao AaTb 5onee. nonHoe onpe/leReHHe TepMHHaM 

"'BpeMH naMHTH' H 'MepTBoe BpeMsi"'. IloA TepMHHAMll "'BpeMH naMHTH', 'BpeMH O'IIICTu', 

'Bp8MH 'IYBCTBHTe.libBOCTH' II 'paapema10mee BpeMH' nOHHMaeTCJI Oil.RO JI TO :ace, .. a 11'.Me!IHO 

• 11'.HT.epBan BpeMeHII Me:at/ly MOMeHTaMR npoxo)KJleHIIJI '18CTll'.llbl 'lepe3 000..eM KaMepbI II 

nolla'lell 11'.Mny.libca BblCOKoro HanpHJKeBHH Ha ee sneJtTJ)OAbl, B Te'leBHe KOTOporo B8PO!lTHOCTb 

B03BHKHOBeHRH Tpexa no cnelly 'laCTHDbl He n81la8T u:ace HexOTopoll 3aAaBHoll BenH'lll'.Hbl. 

3Toll Be.lill'.'IHBOll MOJKeT cnylKJITb n106oe '111'.CDO, aaJtnIO'leHHOe Me)KJly ellll'.BIIUell H a:rneM. B 

llHTepaType B xa,i:eCTBe Taxoro napaueTpa 'lame BCero HCDOllb3YlOTCJI BenH'IHllbl l/2 H 

lie. Iloll TepMHBOM 'MepTBoe BpeMH' ·11nH 'Bp8MJI BOCCTaHOB.lieBHH' KaMepbl DOBHMaeTCJI 

11'.HTepBall BP8M8HII, OTC'lll'.TblBaeMblll OT MOMeHTa per11cTpanH11 'laCTllllbl, no 11'.CTe'leHHH 

KOTOporo KaMepa BHOBb I'OTOBa X per11cTp81lHII'. cneey10111ea· 'laCTHllbI. To eCTb STOT HH

TepBall BpeMeHH onpe/lensieTCJI KaJt TO BpeMH, no npomeCTBIIH KOToporo DOBTOPH8H nolla'la 

HMnym.ca Ha KaMepy He npHBOllHT K npo5010 no CTapouy Tpexy. 
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Ilp11 accne)lOBaHHll: MeAne~blX '18CTll'.ll snex-rpo.llbl BbIDOllHHIOTCJI Jr3 TOHKIIX. ¢om,r Billi nne

HOK, a npH H3)''1e11H11 l>bICTJlblX JI penHTHBllCTCKIIX 'laCTIOl • TMCTbIX MeTaD.lill'leCKll:K;. nnaCTllH. 

Tax, B 8KCnep1tMeBTe no OoHap;r:ateHJIIO aellTpllHO an.eJtTpO)lbl Jr3rOT8B.lIJIB&nllCb 113 :acene3a TODIIlllHOll 

B HeCXO~KO caHTnMe-rpoB, 'ITO noaaMH.lIO DO)lHHTb cyMM8pByJ'.l BepOHTHOCTb CTO.lIKHOBellHH 

H81lTpllHO C ,BllpaM~ JlO Ha5llJ'.l)laeMoro 3Ha'l8HIIH. 

B HaCTOJllllee Bpeuia: 11'.CKpOBbie XaMepbl C HeoODbmHMB Me:ateysneXTJ)Oll.RbIMB 3a3opaM1t 

nony'lll.lI.11 llCK.lIIO'IIIT8.libBO IIIIIPOK08 pacnpOCTpaH8Hll8 BO BC8X ¢lll31t'l8CKHX na5opaTOpllHX 

MHpa 6naroAapH y)la'IHOMY CO'l8TaHH10 B STIIX np116opax xapaxTepHCTIIK OblCTJlOII aneXTpO

HIIKll JI M8TO/lOB Bll3YanbHOll per11cTpailll'.ll '1aCT11n. 

HcKpOBJ,Ie K8Mepbl CTa.lIII'. CT8H)lapTHl>IMll llBCTJl)'MeBT8Mll B pyux ¢lJr311'.XOB-8KCnepHMeB

TaTOpOB. Ha OCHOB8 8TllX KaMep -renepb C03/l810TCJI 5om,m11e YCTaBOBU C llO.lI83HblM 061.e

MOM per11cTpan11H '18CTllll, llOCTHraIOlllllM H8CXODbKJIX xy6J1'18CKIIX MElTpOB. Taue ycTpol!_cTBa, 

DOM01110HHbI0 B MaI'HllTHbIEf nomr, nooaonSIJOT 51>ICTPO II s¢,jle1tTIIBHO lt3)"1aTb pa3nH'IHbI0 

xapaKTOpllCTllltll Hll0pllblX B3all'.MOJ:(8HCTBll'.ll 51>ICTpbIX '18CTll'.It Iii nponeccbl 11'.X npeapameHIIH. 

Pa3pH/lHbI8 KaMepbl 

KaMepbl; y KOTOpbIX paoO'llilll raa OT.ll0ll0H OT 8ll8KTp0.llOB JlltS.lieKTJ)ll'l8CKOil npocnoll

xoll, 5bllllt H83B8Hbl, xax yKa3blB8ll0Cb BbIWe, ra3opa3pH/lBl>IMB. Ilpe/lellbHbIH yron pa3BJITIIH 

o/12/ · 
11'.CltpbI no cneey 'laCTlilllbl B TaKHX JtaMepax BO.lilllt II J:(OCTHI'ae-r 50 • Ilp11 00.libWJIX 3Ha-

'l8Hll.llX yrna Tp01tlt 'laCTll'.It CTaHOBJITClI npepbIBIICTbIMII II COCTOJIT lil3 MHOJK0CTBa 0T)l8DbHbIX 

11'.Cxp, KOTOpbie nepecexaIOT BOCb DpOM8JKyTOK KaMep1>1. Co CTOPOHbl 8ll0KTPO/l0B 8TH HCKpbl 

aa6n101la!OTCJI B BH.ll8 CB8TJIIIIIIXCH TO'IOK. 

ra3opa3pH/lHbl0 II. 11'.CKpOBbIO K8MepbI C OODblllHMH npoMO:atyTKaMII'. (HeCKODbltO caHTlt

MOTpOB It /l0CJITU CaHTll'.MOTPOB) non)"lll.lilil 3Ha'll!Te.libHO M0ubmee pacnpOCTpaHeH.110 B sxcne

PHMeHTa.libHOii <j,H31ilKO, '10M 11'.CltpOBblO KaMepbl C HeOO.libWll'.Mll npoMe:acyTKaMJr. 3TO 1::BH3aHo 

C TeM, 'ITO BPOMH naM!lTlil y KaMep C f>onblllRMII MOJK/lysneKTPOllHblMII npoMe:atyTKaMII'. Bena

KO. 061>I'1Hbll! cnoco5 Ylla.lieHHH snex-rpoHOB 113 OO'b8Ma T8UX KS.Mep C DOMOlllhlO !JOCTOllH

HOro O'IH~a10111ero DO.lIJI npHMOHIIM 80001110 Dltmb K 11'.CKpOBbIM KaMepaM Iii HO np11M8HlilM 

K ra3opa3pH/lHblM. Ho II B cny'lae 11'.CKpOBbIX xauep C Oonbllll!Mll DpOMOJKyTKaM.11 MOTOJ:( 

O'lltIIlaJOIIl8I'O nonH CTaHOBHTCH TOJKe Manosq,¢eKTllBHl>IM, TaK K8K CKOPOCTb )lpell¢a 

sneKTpOHOB B ra38 no)l neiiCTBlteM O'llllllaIOmero DO.lIH HeBOIUIKa II y5paTb ace sneKTJ)OHbl 

113 OO'bOMa KaMepbl 3a CpaBHJIT0.libHO KOPOTK08 apeMH HO ynaeTCH. B Ha'l~ne MOI'.lIO noxa-

3aTbClio 'ITO STY 38)l8'iy MOJKHO pemHTb DpOCTbIM .lill'.mb yae.lill'.'10Hll'.0M HanpRJKOH-

HOCTll sneKTJ)ll'leCKOro nonlI B 3a30pe llO TaltOI'O 3H8'1eHHH, np11 KOTOPOM nony'lanacb 5bl 

Tpe5yeMaH,B8.lill'IHHa cxopocTH /lpell¢a 8ll8JtTpOHOB Iii BpeMJI O'IHCTKII xaMepbl. Oll.Ralto 
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8TOT JJYTb B A8llCTBBTelll,llOCTB 0lt838nCSI BenpaeMAeMbIM. YnenB'IellBe aanpsrlKellllOCTB nonsi 

.110 aenB'Illllbli 06bI'IllO 11cn0n1>3yeMOll B BC!tp0BbIX lt&Mepax C He6om,mllMB 3830p8Mll, UpllBO

.llllT K 3ll8'111Tenbll0MY B03paCT8llllIO a6conIDTHOll pa3llOCTll nOTellltll8A0B Ha ane1tTponax lt8Me

pbI aa C'IeT 6om,molt neJIB'IllllbI npoM.ttJKYTlta. B peaym,TaTe aToro B raae B03HB1taeT ·cna6ag 

·ll0ll113SIUISI II B036yJKAelllle MeTSCTa6Bm.llblX ypoaaelt 8T0M0B, 'ITO, B Kolle'IH0M C'IeTe, yxyA-

. maeT npeMellllble xapa1tTep11CTllltll KaMepbI. 

Ilpo6neMa yMellbmea11sr npeM8llll IISMSITll y ltaMep C 6om,m11M11 aaaopaMB .110 K0llllS no1ta 

Be pemeaa. EbinO CAenaao 118CKOnbK0 nonbIT0lt pa3peml!Tb STY TPYAllOCTb nyTeM BB8A8ll11SI 

B 1taMepy·ane1tTp0OTp11naTeAbllblX A068BOK Tana x11cnop0Aa, nap0B l!0A8 ll 'IeTbipexxnopBCTO

ro yrnep0A8, 3TII A068Bltll aq,4leKTllBIIO nep8XB8TbIB8IDT ll8'I&nbllble ane1tTp0llbI 11 6b1CTpO 

o6e.llllSl10T cneA 'ISCTl!Ilbl. OA1181t0 OIIbITbI C A06aBK8MII II0!taaann, 'ITO XOTSI apeMSI naMSITII 

IIPII 8T0M AellCTBBTenbll0 38M8TII0 coxpamaeTCH, 110 A068BKII p831t0 yxyAmaJOT pa3prulllbie 
. /13/ 

xapaKT8pBCTllKII ltaMep • BMeCT8 C TeM TO'll!0e A0311p0Ballll8 llll'ITO}Kl{0ro 1ton11'IeCTBS 

A06SBOK, KOTopoe o6bl'IHO TpellY9TCS1 Ansr llOpMSllbllOl! pa60TbI KaMep, Aeno B8CbMa TPYAlloe. 

3Ta npo6neMa lKAeT caoero peme1111sr. 

f10Te111t1181lbllble B03MOlKHOCTII np11Me11e1111SI KaMep C 6om.mBMB aasopaMB B lpll3B'Ie

CKBX a1tcnep11Me11Tax Ben111t11. 01111 Morn11 6bl tlbITb IICIIOnb30BSllbI B MSrllllTllbIX nonsix AnSI 

OllbITOB no onpeAeneHIIIO 3SpS!Aa II IIMIIyllbca 'ISCTIIIlbI. TaK, npOCTble 8KCnepaMeBTbI Ta1toro 

/14/ 
xapaxTepa, BblllOnBellllbie An11xa11SI110M II .np. .11an11 o6HaAelKHBaIOJitlle pesyni,TaTbI - Tpe1t11 

11Men11 1tp11a11say, aen11q11aa KOTopol! xopomo cornaconanacb c pac11eTaoll. B KaMepax 

C 6ollbmBMII aasopaMII BbICOKa acjlcpeKTIIBHOCTb per11cTpan1111 OAHOBpeMellB0 BeCKOnbKIIX qac

Tllll. 3Ta acpcpeKTIIBllOCTb npa1tTll'IeCKII TaKaSI lKe, KSK y ·lKllAK0CTllbIX ll .lllllpcpy3110llllble KaMep. 

/15/ 
Ha1to11en, JI10611MOB II Ap. IIOKa3anB, 'ITO np11 noA6ope O!IpeAeneHllbIX napaMeTpOB nBTSIO- • 

mero IIMnynbca B K8Mepax C 6onbmllMII npoMeJKYTKSMII . M0lKB0 nony'll!Tb 3SBIICBMOCTb SipKO

CTII CBe'IeBIISI TpeKa OT aaepr11a 'ISCTBilbl, Ilp11 A01Iona11Tem,abIX 11ccne.11oaa11112x aToro SIB

neH11SI OTKpOeTCSI B03MOlKIIOCTb IIAeBTllqJllllllpOBaTb 'ISCTIIIlbI no IIX llOll113YIOIItel! cnoco611ocT11. 

Ta1t11M o6pa30M, nonOlKl!TenbllbIX KS'IeCTB y ltSMep C 60nbml!MII aaaopaMII MIIOro, 

BO pean11Sall11SI IIX noxa CAeplKIIBS8TCSI OTCyTCTBl!eM yA0611oro cnoco6a ynpaane1111g 

HeM naMSITII. 

CTpl!Mepllbie ll30TpOnllble K&MepbI 

BpeMe-

Hccne)lOBSllHSI MeX811ll3MS rasoaoro paspS!)la nOA AellCTBlleM BbICOltOBOllbTIIOro IIM

nynbca B KSMepax C 6om,m11M11 M8JKAYaneKTpOAllbIMII npOM8lKYTK8MII. nosaon11n11 'i111tOBSllll 

/18/ . /17/ 
II Ap. II Jlonro.mea11y II AP- . C03)l8Tb llOBbil! Tlln IICKpOBb!X K8Mep - CTp11M8pllbie 

H30Tp011Bble KSMepbI, IlpHIIIlHII IIX pa60TbI OCBOBbIB88TCS! 1 Ha TOM, 'ITO IIOA aellCTBlleM 

BbICOKOBOnbTlloro IIMIIynbca O'IeBb Mano!! An11TenbB0CTH 11aqanbBble aneKTpOIIbl B cneAe 
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'I8CTHilbI pa3BIIB~IDT 1tpaT1toBpeMell11ble, 110 llllTellCIIBllble CTp11Mep11bie paapS!)lbI BA0llb 

aneKTpll'Iecxoro nonsi:. 3a apeMSI AellCTBIISI IIMnym,ca paapHAllble JillBIIII OT ·OT)l8nbllbIX 

11aqam.11blx aneKTp0ll0B ycneaaIDT npo6elK8Tb,.B 1taMepe acero n11m1> 11ecxom,xo M11nnnMeT

poa. Coao1tyIIIIOCTh. T8lt11X o6opBalllll>lX, lt0pOTltllX llCKPOBbIX paapru1oa COCTaBnSleT Tpelt 

'ISCT~Ilbl- Tpeltll O.llllllalt0B0 xopomo o6paayIDTCS! II0A BC8MII yrnaMn, TO 8CTb CTpl!Mepllbie 

KaMepbI o6n&AaIDT CB0llCTBOM ll30Tpon.e:oro per11CTp11poBallllSI cne.noa 'ISCTBil. y CTpllMepllbIX 

lt&Mep BbIC0lt851 lllrBll8B851 acpcpe!tTBBBOCTb AeTeltTBP0BallBS! 'ISCTIIIl. KaMepbl qpe3Bbl'I8llB0 

IIPOCTbl B 11araroanellll11 B AOCTYIIllbl 1t8lKA0ll na6opaTop1111. 

HsOTpOIIBOCTb CTpl!MepBblX KaMep HBnHeTCSI OAJIIIM B3 C8MblX Il8llllb!X Jta'IeCTB Tpe1to-

. Bb!X npn6opoa, Tait Kalt Olla noaaonsieT Ilony'I8Tb T8ltll8 CBIIMKB Tpe1toa, no lt0TOpblM M0lKll0 

ner1to npocneAIITb BCIO BCTOPBIO 'IBCTBilbl OT BX0.118 B lt&Mepy AO OCTSB0BKII II B38IIMOAell

CTBIISI llnB paCIISAa. CTpnMepllble KaMepbl MOryT pa60T8Tb C II0BblmeBllblM AaaneaneM ra-
118/ . · . 

38. ' 'ITO 6b1Ba8T B8lKH0 npll IICII0n&30B8llllB ero B ltS'IeCTBe aemecTBa, B KOT0P0!" 11ccne-

AYIDTCSI B38IIM0.llel!CTBIIH. B STOM OTBomellllll CTpBMepBble lt8M8pbl CX0ABbl C n11cpcpy3110llllbl

MII KaMepaMB II JtaMepaMB BllnbCOHa, BO npeBOCX0A5!1' BX ynpaam1eMOCTbIO B 6hlCTpOTol! 

' pa60Tbl. O.11aa1to CTp11MepllblM JtaMepaM, K C0lKan8BllIO, npBcyJitll B onpeAeneHBble HeAOCTa .... 

KB! 38M8TB0e Bp8Msi II8Mll'l'B, cna6asi CB8TIIMOCTb llC!tp B Tpelte B ee CB/ll,H851 38BIICIIMOCTb 

OT yrna aaitnoaa Tpe1ta 1t aarrpaanea1110 rronsi. BMecTe c TeM ii Ta1tol! xaMepe npocTpaBCTBeB• 

BSSI no1tanaaana11 TpeKa 'ISCTBilbl B8CbM8 qyBCTBBTeAbBa It napaMeTpaM BblCOK0B0/ll,TllOro. 

BMnyllbca. no STIIM IIpll'IHIISM CTpllMBpllble lt8M8pb1 IIOKa Be 11amn11 mapo1toro IIPBMElBeBIISI 

B 9KCII8pBM8BTam.Boll 4'1!3Blt;. 

HaTepecahle accneA0BSBIISI no C03A8HBIO B30Tponlloli KSMepbI 6binB BblIIOnBellbl 

/18/ 
EyTCnOBblM B Ap. B 1864 roay. OB11 ocymeCTBBnB pelKllM 4'opc11poaa11Horo IIBTSHIISI 

K8M8pbl C 6om,mnM npoMeJKyTKOM HB3KOBOAbTllblM .BMIIY/ll,CllbIM aarrpSllKeBneM, np11 KOTOp0M 

npo11CXOABT·o6pb1B pa3pSIAa Ba naa1111110A CTSABII, Cna6oe CB8'Ie1111e T81tllX naa11a per11cTp11po

nanOCb sne!Tp0BBO-OIITB'I8CKBM rrpeo6pa30B8TeneM. HccneAOBSBJ!SI Aanu 06Ba.n.elKBB8IOJitBe 

peaynbT8Tbl. KaMepa, lt8K OlKIIA&nocb, 0Kaaanocb ll30Tp0IIBOll no per11cTpanBH 'laCTHil B 

CB8'I8BIIIO Tpe1ta. 

Ilyahtpb1toaasi uc1tpoaaSI xaMepa 

/20/ 
B 1862 r. lllapnaK rrpeAnolKl!n (u uccneAoaan) yrrpaansieMYIO uc1tpoay10 lKIIAKOCT-

llYIO KaMepy. KaMepa HMena ABS sne1tTpOA8 B Barron11SinaCb Ba3enBBOBblM MacnoM, 'Iepea 

KOTopoe aenpephlBBO npoAyaancsi neoB BnB renal! a Bl!Ae Men1t11x raaOBbIX IIY3bipbKOB. 

3apsr»<eBBble 'IaCTIIIlbl, rrpoxo)ISI CBCT8MY nyablpbltB-lKB)lKOCTb, 06paaoaan11 B Bell aneKTp0Bbl. 

IlocneA1111e DOA AellCTBBeM BblCOK0B0nbTBOro BMllynbca Bbl3b1Banu B ny3bipbK8X II lKllAKOCTII 

ane1tTpll'I8C1tBA BIIAIIMblll paapsm no cne.ny 'ISCTBilbI. IlpeAIIOnaraeTCs, 'ITO H8'I8nbBbili 
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pa3prol 38pO)KASeTCK B ny3blpbK8X rasa, OK838BWHXCH Ha nyTH ABH)KeHHK p~rHCTpupyeMoil 

qaCTllllbl. Onb!Tbl llOK8381IK, qTo cseqeuue TpeKa B T8K08 KaMepe cunbHO SKpaHupyeTCH 

OOnbWOI!; nnOTHOCTbIO ra30BblX ny3blpbKOB0 HSXOAKWHXCH B )KHAKOCTH. no STOli IIpHqHH0 AO

CTHrHYTSH rllyoHHS BIIAHMOCTH TpeKa He llp0BblW80T 1,5 CM. 

HneK lllapnaKa ll0HH8 KOHKpeTHOI!: IIOCTaHOBKOi! sonpoca O C03AaHHH Ob!CTporo )KHllKOCT

HOro TpeKosoro npuoopa, ynpaBIIHeMoro c noMO!IlbIO ·sneKTp11qecKHX noneli. 

Eec¢HnbM0Bbl0 MeTOllbl Bb1B01l8 llaHHblX C KaMep 

nepBb!e )Ke lpH3BqecKue 11ccnenosaH11H, BblnOnHeHHb10 Ha YCKOpHT0nKX C noMOlllbIO 

HCKpOBblX KSMep, cneAbl qaCTllll B KOTOpbIX ,j,oTorpa<jluposanucb Ha nneHKY, J\CKpb!nH Hera

TIIBHYIO CTopoHy TaKoro MeTOAa C'beMa HH,POpMSllBlI. Bb!COK00 ObICTpOAel!:CTBHe HCKpOBblX 

KSMep npuseno K ToMY, qTo AS)Ke llpH HCIIOnb30B8HHH xopowux CX0M npensapuTenbHOI!: 

ceneK!lHH qacTHll ,PH3HKH CTanu nonyqaTb 38 KOpOTKBe paooqae SKCII03HUHB Ha .yCKOpHTenKX 

6om,woe KOnuqecTBO SKCnOHBposaHHOI!: ,p'OTonneHKH. lllIKHa nnenoK, nonyqaeMblX B KSlKAOM 

onbITe, CTana acq11cnKTbCH AeCHTKSMH Tb!Cgq MeTpos. npocMOTp 3TOfi nneHKB ·a OT6op 

B o6Mep none3HblX COoblTBI!: IIOTpe6osan 60nbmoro TPYAa B speMeHB. nosTOMY B03HHKna 

Heo6XOAHMOCTb Hal!:TB HOBble 6ecnnenoqHble cnoco6bl' BblBOAS AliHHb!X C BCKpOBbIX KaMep. 

TaKne IIOHCKH Benach H K HSCTOKWeMY BpeM0HH ynanocb pa3pa60TaTb HeCKOnbKO 

CHCT0M 8BTOM8THqecKoro C'beMa BH,POPMSllBH. 3TH CIICT0Mbl 6asupyroTCH Ha HCIIOnb30B8HHB 

pa31IKqHblX nsneH.>tli, conpoBO)KAaronrnx sneKTpHqecKuli paspsm s rase nocne npoxO)KAeHuH 

ll8CTHilbI. 

H11)K8 paCCM8Tp11B8!0TCH B&116onee op11ruHanbHbl8 H nepcneKTHBHble Ci!CTeMbl no 6ecnne

HOqHOMY BblBOAY llSHHbIX C HCKpOBb!X II CTpl!MepHb!X KaMep. 

Y CTpol!:CTBO c BllllHKOHHblM cnoco6oM BblBOAa ASHHblX 

/21/ 
3To OllHS H3 nepBblX CHCTeM • npenno)KeHHaK AJIH 8BTOM8TllqecKord CH!ITIIH HH,j,op-

MaUIIH. c KaMep. OcHOBHb!M ea sneMeHTOM HBnHeTCH BIIABKOH. CncTeMa pa60TaeT no npuH

n11ny Tenes11SIIOHHOH annapaTypbI. Tp0KH qacTHll, B03HHK8IOWBe B ucxposoli HJIH CTpi!MepHOli 

KSMepe, npoeKTIIPYIOTC!I Ha sxpaH BIIAIIKOHa, 381IOMIIH8IOTCH HM B 3aTeM cqaTb!BaIOTCH 

BHyTpeHHHM sneKTpOHHblM nyqoM. CnrHallbI C BIIAHKOHa 381IHCb!B8IOTCH B 6noKe cnen11am,

HOI!: 'naMHTH' Hill! IIOASIOTCK llpHMO Ha BbiqucnuTenbHYIO MaWHHY, rne OHH paCmH,ppOBb!BaIOT

CH H o6pa6aTb!BaIOTCH no 3all8HHOli nporpSMMe •. 

npoCTOTa BABB BHllBKOIIHOli CHCTeMbl oqesuAHa, OAHaxo,B cnny OTCYTCTBBK Bb!COKO

xaqecTBeHHb!X BBABKOHOB, np11 paoOTe C YCTpOl!:CTBSMH Ha BX OCHOBe senBKH OWBOKB np11 
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B3MepeHHsr.: KOOPAHHST TpeKOB qaCTHll. no STOI!: npuquHe BBABKOHHbl0 CHCTeMbl noxa He 

Hamn11 1Ip8KTHq0CKOronpBMeH8HBK B SKCnepBM0HT8nbHOi! lpH3HK0. 

YCTpoi!CTBO C sneKTporpapaqeCKBM cnoco6oM Bb1B01l8 llSHHblX 

HasecTHO, qTo TOHKH8 sneKTpo,j,OTorpa,j,uqeCKHe cnou, 38pH)K8HHble AO HeKOToporo 
' . 

DOT0HllHana, cnoco'6Hbl coxpaHHTb ero B T0MHOT0 npOAOJl)KBT0nbHOe BpeMH H 6blCTp0 TepHTb 

n_pu OCB81Il0HHB. (}q:e.BBAHO, qTo ecnu aa TSKYIO 3apH)K0HHYIO nosepXHOCTb cnpoenupoBaTb 

BCxpbl, o6pa3yro!IlBe TpeK qaCTHllbl B KSMepe, TO npoeK!lHSl K8)KA0i! HCKpbl OCTSBHT Ha STOI!: 

nosepXHOCTH csoi! 'aBTOrpa,j," B BHAe IIOTeHUHSnbHOli HMbl. CTell0Hb cnana IIOTeHnuana B 

M0CT8 OCBemeHHK 38BHCHT OT AIIHT0nbHOCTH 3KCII03HllHH B HHT0HCHBHOCTH CBeTOBoro nOTOKS 

OT IICKpbl. nocne,ttyIOIIlHM 30HAHpOBaHB0M llOT8SllB8Jl8 nosepXHOCTB T0M BnH HHblM cnoco6oM 

MOlKHO ycTaHOBHTb KOOpABHSTbl nOTeBnnanbHblX KM, o6p830B8HHblX HCKpaMJ1, B, B KOHeqHOM 

cqeTe, BOCCTSHOBl!Tb 
0

npOCTpaHCTBeHHYIO KapTHHy TpeKa qaCTl!llbl B KSMepe; 

. /22/ 
B HaCTOKW80 BP!3MK npeAJIO)KeHa yCT8HOBK8 t B OCHOBe KOTopoi! HCnOnb3yeTCK 

paCCM8TJ1HB8eMbli! sneKTpo,j,OTorpa,j,uqeCKBil s,j,,j,eKT. OcHOBHblM sneMeHTOM STOii ycTSHOBKH 

SlBJ!HeTCSl nOllblli MeTannuqeCK11i! UBJIHHAP, IIOKpbITb!li CHapy)KB TOHKBM cnoeM sneKTpO,pOTOI"pl 

,j,uqecxor_o M8T0puana. Y CTpoi!CT~O npOMOA01IKpOBaHo Ha KOCMBqecKHX qacTnnax H nonyqeHJ 

xopowue pe3ynbT8Tbl. 3KcnepuMeHT8nbH8H MOAenb COCTOHJl8 B3 ceneHOBbIX H cenen-Tenny

POBblX snexTpo,j,OTorpa,j,11qeCKBX cnoes, 3apHAHoro yCTpOliCTBa B ASTqllKOB nnn 113MepeHIIH 

nOTeHnnana. B onbITe ohlno ycTaHosneao, qTo ceneHOsble n cenen-TennypoBble cnon o6na

AaIOT BblCOKOi! qysCTBHTenbHOCTb!O AJIK perHCTpSUBH .ncxp, B03HHK8IOWBX B KaMepe, H OWHO

Ka H3MepeBHK nOJIO)KeHBB TpeKa He npeBblW80T H0CKOJlbKHX AoneA MHJIJIBMeTpa. 

B TeXHnqeCKOM OTHOWeHBH snexTpO,j,OTorpa,j,uqecKoe yCTpOl!:CTBO arnuqaeTCH oco6oi! 

npOCTOToA. ~OSTOMY cnenyeT O)KBASTb, qTo B Olll!)KSi!meM speMeau TSKBe yCTaHOBKH Hal!:ny, 

npuMeH0HB8 B PHll0 sxcnepHM0HTOB. 

CucTeMa noxanBB HCKPl>I CBeTOBblMH All_Tqu_i.aMH 

/23/ 
Hnen 3TOli CHCTeMbl npenno)KeHa AKHMOBblM H AP· H oasnpyeTCH Ha cnenyromeM 

npHHUHne. Ecnu Ha HeKOTOpOM pacCTOSUIBH OT xpaH °K8M0pbl ycTSHOBHTb CBeTOBOI!: ASTqBK, 

TO B H0M non nei!CTBHeM CBeTa OT HCKpbI 6yneT B03HBK8Tb sneKTpuqeCKBfi c11rHan. Ero 

aMnllHTYAS 6yneT o6paTHO nponopnHOH8JlbH8 KB8Ap8TY paccTOKHHH OT HCKpbl no AST'IHKS. 

Pa3M0W8H BOKpyr KalKAoro npoMe)KyTKa KaMepbl ABS H 6onee• ASTquKa, MO)KHO, H3Me• 

PHH BX cnruanbl, OAH03Ha'tHO ycTaHOBHTb KOOpAHHSTbl scex 11.CKp B KaMepe. 

npBHUHn ABliCTBHH ycTaHOBKH co cseTOBblMII AaTqHKSMII npocT, OAHSKO ocymeCTBHTb 

TaKoe ycTpoficTso H~ npaxiuxe noxa He ynanocb. Tpynno nono6paTb naTqaKu, KOTOpble 
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06na.t1anu Ob! BblCOKOll H CTaoHllbHOll BO BpeMeHB 'IYBCTBHT81IbHOCTblO H BM81IH xapaKTepu

CTHKH C H.tleHTH'IHOll 3aBHCHMOCTblO OT TeMnepaTYpbl H B81IH'IHHbl CB8TOBOro llOTOKa. 

Moll(HO O)KH.t1aTb, '!TO paapaoOTKa 'cyBCTBHT811bHblX -CBeTOBbIX .t1aT'lHKOB C YCTOli'IH

BblMH napaMeTpSMH OTKpOeT B03MO)KHOCTb .tllIH C03.tlaHHH llpOCTblX CHCTeM aBTOMaTH'leCKO

ro BbIBO.tla .t1aHHb!X C HCll'.pOBblX KaMep. 

CHCTeMa lIOKanu11 HCKPbl YllbTpaaayKOBb!MH .t1aT'IHKaMH 

Xopowo H3BeCTHo, '!TO B MOMeHT npOCKaKHBaHHSI IICKp B KaMepe, B ee aaaopax 

PO)KJ:ISIOTCH YllbTpa3BYKOBbie B011Hbl. 3TH B011Hbl MO)KHO aaperucTpupoaaTb 'lyBCTBHTenb

HblMH .t1aT'IHKaMB, pa3MeweHHblMB ll0 KpaHM KaMepbl. l13M8pSISI BpeMeiia pacnpOCTpaHeHHSI 

YllbTpaaayKoBoro HMllym,ca OT HCKpbl .tlO .tlaT'IHKOB H 3HSH BX OTHOCHT81lbHOe pacnono)Ke

Hae, MO)KHO llOlIHOCTblO BOCCTaHOBHTb BCIO 11pOCTPaHCTBeHay10 KapTHHY TpeKa a·KaMepe. 

AKyCTH'l8CKHe CHCT8Mbl B HaCTOS!Wee speMsr llOCTpOOHbl H llPHMeHlIIOTClI B PH.tie q,aaa-

/24/ 
'leCKHX 9KCnepHM8HTOB (cM., HanpaMep, ). 8 Ka'IeCTBe ynbTpa3BYKOBblX .t1aT'lHKOB 

acnollbayIOTCH Ilb83091leKTPH'leCKHe KPHCTBllllbl HlIH MHKpOqJOHbl KoaneacaTOpHoro Tana. 

Oum6Ka H3MepeHnlI KOOP.tlHHaT HCKp He npeabIWaeT 0,5 MM. 

Y CTpoiicTaa C Y1IbTpaaayKOBbIMH llPH8MHHKBMH npHM8HlIIOTClI, KaK npasuno, B 8.tlHHOll 

CHCTeMe C Bbl'IHCnaTenbHblMH MawnHaMH, '!TO BBTOMaTuaapyeT 9KCnepuMeHT H 3Ha'IHTenb

HO yCKOplieT nonyqeane qJH3H'l8CKOll HHqJOpMaUHH 06 H3y'!aeMblX nponeccax. O.t1HaKo CHCTe

Mbl naaaoro THna 06na.t1a10T II onpeneneHHblMH aenocTaTKaMn. fnaBHblMH H3 HHX lIBlllIIOTCH: 

Heo6XO.t1HMOCTb HCll01lb30BaHHH OOllbWOro '!Bena .tlaT'IHKOB (3-4 naT'lHKa Ha Ka)KJ:lblH HCKpo-

Boil: npoMe)KyTOK KaMepbl) H ClIO)KHalI nornKa 
O/lH03Ha'IHOro onpeneneHHlI KOOP.tlHHaT 

HeCKOllbKHX HCKp, onaoapeMeHHO B03HHKSIOWHX B npoMe~TKe. BMecTe C TeM acnollb30-

Baaae Y1IbTpaaayKOBblX naT'IHKOB npenonpenensreT KOHCTPYKUHIO OOKOBblX CTeHoK· KSMep. 

HcKpoaasr KaMepa c TOKopacnpenellaTenbHbIMa sneKTpo.t1aMH 

/'2.5/ • 
B 1963 ro.t1y WapnaK H .tip. npe.t11IO)KH1IH HHTepeCHblH H O'leHb npoCTOH cnoco6 

onpeneneHHH llOlIO)KeHHlI HCKp B 3a3opax KaMepbl nyTeM COllOCTaBneansr TOKOB, T8KYWHX 

'lepea npOTHBOllOlIO)Kllble Kpag Ka)K.t10ro 91leKTpOJ:la. 8 9TOM MeTone 91leKTPO/lbl BblllOlIHlIIOT-

CH BBB.tie .tllIHHHblX npoBO.tlS!WHX nonocoK H MOHTHpyIOTClI B KaMepe nepneH.tlHKynsrpao 

.tlpyr .tlpyry. B MOMeHT 
B03HHKIIOBeHasr B npoMe)KyTKe XaMepbl HCKpbl K KOHUSM Ka)K.t10ro 

sneKTpo.t1a, KaK B peoxop.t1e, nOTe'!eT TOK, no sena'!HHe o6paTHo nponopnaoaanbHblil: y.t1a

neaaro HCKpb1 OT KpaeB sneKTpo.t1a. · ConocTaaneaae TOKoa, TeKymnx 'lepea .t1aa KOHna 
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O.t1Horo 8118KTpOna, .t1aeT nnq,opMSUBIO 06 O.tlHOH KOOp.tlHHSTe MeCTa B03HHKHOBeHHSI HCKpbl B 

'3a3ope. BTopaSI KOOp.tlHHaTa B lllIOCKOCTH 9118KTpOHOB Ollp8.tl81ISl8TCH aHanorB'IHO C llOMOWblO 

BToporo1 coce.t1aero. no npoMe~TKY, sneKTpona • 

Ilpe/lllO)K8HHB!I WapllaKOM B np. CHCTeMa B HBCTOSIW88 Bp8M!I paapaoOTaHa B ycnewHO 

BCil01Ih3Y8TC!I. B. 9K~llepaMeHTax. Hnq,opMallB!I O Toxax, llpOTeKalOWBX · B 9118KTpO.t1ax, aeno

cpenCTBeH;O nonaeTCSI /lll!I o6pa60TKB Ha Bbl'IBCIUIT81lbHbl8 MaWBHblo To'IHOCTb onpe.t1eneHBlI 

KoopnaaaT HCKP B KaMepe COCTaBII!IOT OK0110 0,5 MM. OcHOBHblM Henoc:raTKOM STOH CHCT8Mbl 

li!Bll!l8TClI ocooa!I KOHCTpyKllB!I SlleKTpO/lOB {nnHHHbl8 0/lHOpO/lHblO nonocKH), KOTOpaH llpHBO

llBT K TOMY, '!TO B KaMepe sq,q,eKTBBHO paoOTaeT .IUIWb ee neHTpallbHblH OO'beM, COCTBBIIHIO-. 
mall Bcero IIBWb OKOIIO /l8C!ITB llp0ll8HTOB OT ll01IHOro OO'beMa. KpoMe Toro paCCMaTpHBae-

Mall CBCTeMa B8CbMa 'cyBCTBHTOl!bHa 

IlpOBO/lKH. 

K KB'l8CTBY MOHTa)Ka H 9KpaHHpOBKB TOKOBO/lymeil: 

l1c1tpoBblEl_ npOBOIIO'IHbl8 11'._BMOpbl C tdarHHTOCTpHKUHOHHblMB IIHHBlIMH 

11cKp0Bbl8 npOBOlIO'IHble KBMepbl B BBCTOSIW88 BpeMH BCO 6onee WHpOKO HCllOl!b3yJOTCSI 
I 

B OllbITaX Ba ycKopH_TOlllIX. Ilpn'IHB8MH TOMy SIBII!IIOTC!I npOCTOTa KOHCTpyKllHH KaMep, Bb!CO-

Ka!I Bane)KBOCTb HX B paoOTe n npocToil: cnoco6 BblBO.tlB C HUX HHqJOpMannn 11ocpe.t1CTBOM 

CHCTOM C pa31IH'lllb!MH q,eppnTOBb!MB: 9118M8BTBMH. 

3n~KTpO/lbl KaMep paCCMBTpHBBOMOrO Tnlla Bblll01IBSIIOTC!I H3 napanllellbBO BaTHIIYTb!X 

B 0.tlBOil: nllOCKOCTH TOBKHX ( 0,1 MM) npOBOIIO'IOK .tlllBBOH .tlO MeTpa u 6onee. PacCTOlIBHe 

Me)KJ:ly HHMH o6bI'IBO COCTSBIISIOT OK0110 1 MM. Ha 0.tlHOM KOHU8 BCe npOBOlIO'IKH, o6paayromne 

sneKTpo.t1, H3011BpyroTClI .t1pyr OT .t1pyra (KaK npaBBIIO, 9IlOKCB.tlBOll CMOIIOA), a Ba .t1pyroM -

QO'be.tlBHlIIOTClI B o6myro TO'IKY, Ba KOTopyro no.t1aeTClI BblCOKOBOIIbTHblll HMllYllbC B MOMOHT 

npoxol!{J:leansr 'laCTHllbI. Co CTopOHbl o6mell KlleMMbl Ha paMKy sneKTpona non npoBOIIO'IKBMH 

BBKlla.t1blB88TCH llOIIOCKa B3 MarBHTOCTpBKUHOBHOro MBTepuana. KoBUbl nonOCKH~lIHHBH Bbl

HOClITClI 3a npenenbl sneKTpo.t1a. Ecnu no 0.tlBOll B3 JlPOBOIIO'l8K 9118K;PO.tl6 nponyCTBTb 

HMnyllbc TOKa, TO OH nopO.tlHT B nonocKe MarBHTOCTPHKUHOHHyro B011Hy, KOTopa!I 6y.t10T 

pacnpoCTpSHlITbC!I B o6a KOHlla lIBHHH co CKOpOCTblO 3ByKa. 3TY BOllffY, 6naro.t1aplI o6paTHMO

CTH MarBHTOCTPBKllHOHHOro. sq,q,eKTa, MO)KHO aapernCTpnpOBBTb cnenuanbBblMH KSTYWKBMH, 

paaMemeHHb!MH Ba KOHl]SX IUIBHH. l13Mepsr!I TBKBM nyTeM Bp8M8Ha pacnpOCTpSH8BHlI BOlIBbl 

.tlO npueMHblX KBTyWeK, MO)KHO 0.t1H03BS'IHO ycTBHOBHTb KOOp.tlHHBTbl llp0B01IOKH, no KOTopoll 

nponycKallC!I TOKOBblli HMllym,c. B peam,Boi! KaMepe TO:tOBblli BMnyllbc '3 llpOBOlIO'IKBX ·. 
B03BBKS0T ll0.tl nellCTBH0M HMllYllbC!IOro HanpH)K0HHlI B MOMeHT npo_CKBJtHBaHB!I HCKpbl Me)KJ:ly 

91leKTpO.tlSMH. HcKpa 9110KTpH'leCKH '3aMbIKaeT' U0llb B3 .tlBYX llpOBOIIO'leJt, npHHS.tlll0)K8W~X 

.tlBYM COC8.t1HHM 9118_KTponaM, KOTOpbl0 06paay10T HCKpOB08 npoMe)KyTOK KaMepbl. 
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PaccMOTpeHHblll npam:um B HSCTOSIIIlee apeMSI 11cnom,ayeTCSI BO MHor11x fjlll31Pi6CKIIX 

yCTSHOBKax. IlocneJUme KOMllOHyIOTCSI o6bl'l'.HO 113 OTA8111,HbIX MOAynel!, KOnll'l'.eCTBO 

KOTOpbIX MOlKeT 6bITb paan11'1'.HO II onpeAenSieTCSI B KSl!CAOM KOHKp8THOM cny'lae 38Aa'lel! 

q>113H'l'.eCKoro accneAOBSHHR. 

. /26/ 
MeTOAH'l'.eCKHe accneAOBSHHSI OllbITHbIX o6pa3ll0B MarHHTOCTpHKllHOHHbIX CHCT8M 

noKaaana HX BbICOKYIO llSA8l!CHOCTb B pa60Te n 6om,wy10 TO'IHOCTb H3MepeHIISI KOOpAHHST 

Tp6K0B 'ISCTHn, AOCTHra10my10 0,5 MM II ny'lwe,, CacTeMa o6nanaeT 6om,w11M 6bICTpOAell

CTBH8M II MOl!CeT pa60TaTb B HenocpeACTB6HHOll CBS1311 C Bbl'IIICn11Telll,HOl1 MSWIIHOl!, OAHSKO 

KaMepbI C MarHIITOCTPIIKnllOHHbIMH IIHHIISIMH ll6111,3SI HCllOlll,30B8Tb B CHIII,HOM MarHHTH0M 

none, TSK KSK OHO yHH'ITOmBeT 9q>q>8KT MarHHTOCTp11Knna. 

11cKp0Bbl8 npoaonO'l'.Hbie KaMepbI c cpeppnTOBbIMII KOn&naMH 

11CKpOBbl6 npoaonO'l'.Hble KSMepbI C BbIBOAOM HHq>OpMSI!IIH Ha qieppHTOBble KOIII,lla 

ycTpoeHhl TaK me, KSK II KaMepbI c MarH11TOCTpHKn110HHblMII nllHHSIMH. 11x OTnH'l'.He COCTOHT 

, /27 28/ 
B TOM, 'ITO B KaMepax paCCM8Tp11aaeMoro Tana ' BM6CTO n11HIIH 11cnon&ayroTCSI 

¢epp11TOBbie xom,na, HSH113aHHble no OAHOMY Ha Kal!CAYIO npoaonO'l'.KY aneKTPOAa. 11Mnyn&c 

TOKa, npOXOASIIllHll no npOBOnO'l'.K8 11 y'laCTByIOm11ll B o6pa30BaHHH paapSIAa B KaMepe, 

BbI3bIBaeT nepeMarHll'IHBaHHe KOIII,lla, HaAeToro Ha AaHHyIO npOBDnO'IKY, IlocneAyrom11M 

onpOCOM BCeX Konen KaMepbl C noMOm&lO cnen11am,Hol! nor11'1'.eCKOll CHCT6Mbl ycTaHaan11-

BaIOTClI HOMepa npOBOllO'l'.eK, no KOTOpbIM npOTexan TOK, 3Toll HH<pOpMan1111, KaK II B KaMe

pe C MarHHTOCTp11xn110HHOH llHHllell, AOCTaTO'IHO All)! BOCCTaHOBneHIISI npOCTpaHCTB6HHOH 

KapTHHbl TpeKa '1'.aCTllnbl. 

B ycTaHOBKax· IIOA06Horo THna o6bI'IHO ncnon&ayeTCSI 6on&woe K0llll'l'.6CTBO Konen, 

AOCTHraromee COTeH H Tb!ClI'I WTyK, MoHIITOpHpyIOTCSI OHH, KaK npaa11no, B BHAe MaTpll'I

HbIX nnaT Ha cnennanbHbIX OCHOBax. IlpllHllHllbl onpoca II C'IHTbIBaHHSI HH<pOpMallHH C CHCTe

Mbl Konen aceueno 38HMCTB0B8Hbl H3 o6naCTH C'l'.eTHo-pewaromel! T6XHHKH, 3To OAHO H3 

o6CT1DSIT6llbCTB, npnBeAwee K ycnewHOMY npHMeHeHHIO Bbl'IHCllHT8llbHbIX MSWHH AllSI o6pa-

60TKH ASHHbIX, nenocpeACTB6HHO nocTynaromnx C npoBOll0'l'.HblX KSMep. 

IlpOBOll0'1'.Hbl6 CHCT6Mbl C q>ep,pHTOBblMH KOIII,USMH B HaCTOlimee Bp8MSI lIBlllIIOTClI 

na116onee paapa6oTaHHblMH H coaepw8HHblMH ycTpOllCTBaMII H wnpOKO ncnom,ayroTCSI B 

axcnepnMeHTaX na yCKOPHT6lllIX, IlepcneKTHBbl Aan&Hellwero npnMeHeHHSI npOBOllO'IHbI?t 

KaMep B€JIHKH. 
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11cxpoBaSI KaMepa - HaCTOSimaSI naXOAKa AllSI <pH3HKOB-9KCnepHM611T8TOpOB, B8AYm11x 

11ccneAOBaHHSI Ha ycxopHT6nSIX. IloSIM8Hll8_ 6bICTpbIX ynpaBnSieMbIX TpeKOBbIX npa6opOB . 
nepeaeno Ha aBT~MaTll'1'.6CKH8 OCHOBbl M8TOAbl BbIBOAS II o6pa60TKII axcnep11M6HTMbHOll 

HH<pOpMallHH, nonyqaeMoll B onbITaX C 9ll6M8HTapHbIMII '1'.aCTllllSMII • 

O6naCTb npllM8H8HHSI IICKpOBblX xaMep - ¢11a11xa BbICOKBX anepr11l!. 0AHaKO B HaCTOSI

mee apeMSI npHnaraIOTCSI 6on&wne ycnnHSI x M0Aepa11aann11 xaMep II pacnpocTpaaea11ro nx 

B 9Kcnep11M6HT8n&Hyl0 cpnanxy H113KBX 9Hepr11l!. 

CoapeMennoe 
COCTOSIHH6 pa3B11THSI II ncnom,aoaaHHSI HCKpOBbIX xaMep ,MOlKHO oxapax-

TepH30BaTb cneAy10mHM o6pa30M, KaM8pbl C He6on&WBMII aaaopaMII npownn OCHOBHOll 

9Tan caoero pa3BHTIISI II CTaHOBSITCSI 'cTanAapTHhIMH' npn6opaMH, KaMepbl C 6on&WHMH 

npoMeJ!CYTKaMB - CTPHM6pllb16 H Apyrne - HCCneAyIOTCSI H noc;eneHHO BXOASIT B npaKTIIKY 

<pH3B'l'.6CKOrO axcnepnMeHTa, 

$OTorpaqiH'l'.6CKHll M6TOA c~eMa nnqiopMallnH noKa coxpaHSI8TCSI B TeX Cny'l'.aSIX, KOrAa 

uay'l'.alOTCSI peAKH8 npolleCCbl II q>OTOAOKyMeHTSlll,HOCTb 11X perncTpaUBII HM66T nepBOCTenen-

H08 3H8'16HH6, Bo acex OCTan&Hb!X cny'l'.aSIX BH61lPSIIOTCSI M6TOllbl aB,TOM8TH'16CKOro BbIBOAS 

llSHHblX H 6hICTpOl! o6pa60TKB IIX Ha Bbl'lnCnHTen&,HbIX MSWHHaX. 

C KSJ!CAbIM llH8M '1'.HCllO axcnepnMeHTan&IJbIX nccne1:toaaHnl!, ycneWHO BbIIIOnHSI8MbIX 

C n0Mom&10 BCKPOBbIX 
xaMep, CTp8MBT8n&HO aoapacTaeT H 9TO SIBnSieTCSI nyq~el! 'aTTeCTa-

UH8ll HOBoro MeTOAa TpeKOBOH perHCTpallHH '1'.SCTllll, 
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