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OEil!Af[ XAPAKTEPHC'IHKA. P.AroTH 

ARTYaJII,HOCTD pa.60TH 
0.D;HHM HS OCHOBHHX 3B8HL8B COBp9M8HHHX OII8KTpOM8TpH'i90RKX KOMII

JI9KCOB ,,Il;Jlli 3KOII9pHM8HTOB no <pR3HK9 BHCOKEX 3HeprHtt .FlBJI.FllOTO.Fl ra30BH9 
KOOp.ItHHaTHll9 ,I(9T9KTOpll, 0 IIOMO~I,ID KOTOpllX lil3M9pruoT HMIIYm.O qacnm, 
HX yrJioBoe pacnpe.u;eJieHHe, a mror.na ~eHTIDPimllPYIDT HX npHpO.lJY (Ma.coy), 
KpynHlle ycTaHOBKH Ha YCKOPHT9JISIX HOBOro nOKOJI8Hl!!H, TrutRX KaK YHK, 
LEP, HER.A., Tevatron H m>, ,. co.u;epimT 6om.moe KOJIH'i9CTBO pasHoo6pasHHX 
rasOBHX KOOP.ItHHaTHllX ,I(9T9KTOpOB, npel!QJ;e Boero nponopD;HOHaJILH!:lX H 
.u;peWf/OBHX KaMep. TaKHe K8M9pll npHM9HHIOTCH B <pR3H'i9CKOM 3KcnepHM9HT8 
YJK9 OKOJIO 20-TH JI9T, T8M He M9H98 sa noCJie.D;Hee Bp9Mll npOHOXO)tHT 6yp
H09 pa3BHTH9 M9TO,I(HKH, OMSaHHoit O 3THMH ,I(0T9KTOpaMH. Be,DyTOH pa6oTH 
no YJIYI\IID8HHJO HX'IIaPaM8TpOB, np9M,I(9 BoerO·KOOp.D;mraTHoro paspemeHl!!H, 
YM9HLID9HHJO OTOKMOOTH 9.ItHmm:El ITJIOma.u;H ,I(9T9KTOpa, paspa6aTllBaIDTO.Fl· RPYII
Hll9 KaM9pl O 6oJII,moil: ITJIO~LID H 06'l>8MOM. Ha OOHOB9 nponopnitOHaJIE,Hl:lX 
H .u;peWf/OBHX Ka.Map (.UK) 003,I(aIDT OOBepmeHHO HOBH9 ,I(8T8RTOpll, TaKH8 KaK 

Bp8M!Uip08~0HHaH RaMepa, KaM8pll O npO,I(OJil,HllM .u;peWpoM 3JI8KTpOHOB, 
HH.IJYR.IJ;Homme RaMepa, .ILK, pa6oTa~e B crC-pelmMe, SJieKTpo.nxr.mHeo~eHT
HRe .ILK H T.II.7, KOjOPll9 BHOOHT HOBOS Kal\l9CTBO B M9TO.nmcy <pR3H'i9CKOro 
3ROnepHM9HTa I-3 • . 

He M8H89 Ba~HllM HBJISI8TOH TpaHOq>OPManK.fl HOBHX ~ett H ,I(OOTHESHHil: 
M8TO.n;HRII rasOBllX KOOp.n;mraTHWC ,I(9T8KTOPOB H3 WH3HKH BllOOKHX 3HeprHtt B 
.u;pyrze o6JiaoTH HayRl'I H T9XIDIKH. IlOHBJI9HH9_TaRIIX ,I(8T9KTOpOB B 6HOJIO
rHH, M8,I(HnitH8, RpHOTaJIJIOrpawzz, 3KOJIOrHH HBO MHOrHX ,I(pyrHX OTpaOJIJlX 
HaYKH npHBO,I(HT K Ral\l90TB9HHOMY OKal\lRY B M8TO)tHK9 HCCJI9,I(OBaHHH HOT
KpHBaeT COB9Jlll8HHO HOBll9 B03MOEHOCTH B pa3BHTHH 3THX HaYK .~. 

llaJIL pa.6om 
I. Paspa60TKa HOBllX THIIOB H MO.D;mpHRaD;Hil: rasOBHX KOop.u;mraTHllX 

,I(9T9RTOPOB, M9TO,I(HKH HX npHM9H8HIDI B 3RCnepKM8HTax no <pR3HR8 BllCORIIX 
3H9pr.rit, B l\laCTHOOTH B 3RCnepHM9HTaX Ha nyqRax YHK. HaROTOplle ,I(8T8R
TOpll H M8TO,I(H'i9CRII8 nO,I(XO,I(ll paspaOaTHBaJIHOb ,n;JIJ! 3RonepHM8HTOB no WH-
3HR8 a,lij)OHOB B o6JiaoTH 3Heprztt 5-!5 rsB Ha ·yoTaHOBK8"I'mlapoHii ,pa60Ta.ID
~e:li Ha Y-70 B H~ID. 

~I ITemaxoHOB B.~. Sl!AH, !986, T.I?, Blln.5, o.!030. 
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2. Paspa60TKa HOBHX rasoBHX ROOp)U!HaTHHX ,n;eTeRTOPOB Ha OCHOB8 
rrporropn;rrOHaJILHHX, ,n;pett/poBHX H ROpOHHHX RaMep .H MeTO~ RX IIp:irMeHe
mm B eRcrrepHMeHmx rro .a,n;epHott wn:sHRe, 6:iro~or:iru, Me.ItHnllHe, r~poreo
~or:ir:ir, B HCMe,I(OBaHHH CTPYRTYPH MaTepHaJIOB H ,n;pyrmc 06~CT.IIX HayroI II 
T8 XHllltll. 

Harnarr HOBll3Ha: 
- Paspa6oTaHa BpewmpoeRr,UroHHaa RaMepa (BIIK) c op:irr:irHanHHM 

c~eMOM IIHWOPMaIO'IH B,IJ;OJIL CHrHaJILHHX IIpOBO~oqeR C IIOMOWLD ~m sa,n;epllt
RII, o6ecrre~BallII!HM xopomee npocTpaHCTBeHHoe paspemeHIIe ("' I MM) n: 
0,I(H03Ha~oe orrpe,n;e.ireHIIe ROOp.I(llHaT TpeKa npR cymecTBeHHO MeHLmeit CTOH
MOCTH, qeM B ,n;pyr:irx M8TO.I(aX (HanpHM8p, B MeTo,n;e KaTO,I(HHX MOma,n;OR). 
BIIK npe.n;cTaBJilllllT co6ott Bepnrn:H:y COBpeMeHHoit TeXHHRR 60JI1,[l)RX ROOPl(HHaT
HHX ,n;eTeRTOpoB, II03BOJismitWC HaplUJY C ROOp,n;mraTHHMR H3MepemmMR ~eH
mwn:n;rrpOBaTL peJmTHBHCTCRRe 3aprillteHHHe qaCTHIJl:l no RX ll0HH3~0HHOMY 
~eRTy. B CTpaHax-nacTHH~X OIDIB B HaCTomnee BpeMli HH O,I(Ha BIIK B 
9RCIIepHMeHTe He pa6oTaeT. 0IIRCaHlle Halllett BIIK BOMO B RaqecTBe npHMe
pa OpllrHHMLHoro no,n;xo.n:a B panopTepCRRli ,I(ORJia,n; Ha :XXIY Mel!t,llyHapo.n;Hott 
ROHWepeHIO'IH no wn:sHRe wcororx eHepr:irtt B M!OHXeHe -~. 

- Paspa6oTaHa e~eRTPOHHaa aIIIIapaTYl)a HOBOro THIIa ;zr.,m c~eMa HH
ipop~ll C Bill{ H IllJlK C MaJil,JM MepTBHM BpeMeHBM (64 HC), perHCTPHPYJO
ntaJI ,n;o 256 CHrHMOB B Te1I0~e I6 MRC. OCHOBHHe ·Mo,n;y~ 9TOtt aIIIIapaTy
pi - MHOrOCTOIIOBH:11 BUIT / 5 c1peMeHHID11 paspemeHHeM I HC H 6ucTpo,n;ett
CTBYB'.Jltlitt rrap~e~LHHtt AUil / 6 C BpeMeHeM RBaHTOBaHWl CHI'~ 64 HC -
npRHa,I(JielltaT R JIY'lJIIHM MHPOBHM o6pa3Ilf™. 

- Paspa6oTaHa RaMepa C rrp~OJI~ ,n;pefilpoM e~eRTpOHOB ;zr.,m cqeTa 
MacTepoB rrepBH~ott n:oHHsan;rrn: 7•8 . Hama RaMepa 6RJia nepBott c napa
MeTpaMH, COOTBeTCTBYI<JlllIMH 60~1,mof.lY' ll.I(eHTHq)HRaTOPY 'lE.CTRn, B ROTopott 
6~ pea.mr30BaHa B ,n;aHHHx YMOBH.IIX MaRCHMaJll,HO ,I(OCTRlltRMaJI B HaCTOffille8 
Bp8Mll e~RTHBHOCTL cqeTa MaCTepoB. 

- BrrepBHe llCC~8,I(OBaHa TpaHC/popMaD;WI OT nyacCOHOBCROro .pacnpe.n:e
~eHRH nepBHqffott n:oHHaan;rrn R pacrrpe,n;e~emm JiaH.n;a:y rr~ott ROHRaan;rrn 
MeTO,I(OM oqeTa MaCT8pOB. Howe cBe.n;eHRH O ,n;:irqxpya:irnHHOM pacna.n:e Mac
TepOB IIPR RX ,n;peiijle oqeHL BalltHH l1,7I1l T80pllH nepeHoca 9~8RT!)OgOB Bra~. 
88, a TaIOKe ;zr.,m OIITHMH8~: pa6om ,n;peiijJoBHX RaMep. 

- BnepBHe ,n;peiijloBHe RaMepH HOBoro THIIa - 6eae,eRjPo,n;HHe .llK -
6Hm ycrremHo IIPRMeHeHH Ha ny~e 'lE.CT:lm YCROpHTeJUi IO • IIpoBe,n;eHHHe 
HCMe,I(OBaHHH IIORaaa.mr, qTQ HeROTOplle xapaRTepHCTHRR EJJ:K cymecTBeHHO 
OTm'iB.IDTCH OT xapaRT8pHCTRR 9~8RTpO,n;HHX .DJ(. lipaBMLHHM llCIIOJIL80BaHHeM 
9TRX CII8D;KWH1I8CRHX CBOfiCTB y,IJ;MOCL ,I(OCTRrHYTL xopomero rrpocTpaHCTBeH-

1E2 Dainton J.B. Proc. XXIV Int.Cont. on High En.Phys., Munich, 1988, 
p.1229. 
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Horo paspemeHHH 0,2-0,4 MM, BHCOROtt e~RTHBHOCTH (> 95%) B HHT8HCHB
HHX rryqRaX ,n;o 5•I05 'lE.CT./c Ha npoBo~oqey. Hamn: pa6oTH IIO E.llK.BOIIIJIH 
B panopTepcRHtt ,I(OMa,n; Ha XXII Melll:,I(y'HapO.n;Hott ROHqiepeHn;rrH no !pR8HR8 BH
CORHX eHeprn:tt B !eiinn;rrre *3• 

- Paapa6oTaHH n BrrepBHe rrpHMeHeHH B wn:an:iiecROM eRcne~/IHTe 
60~1,mne 6ese~8RTpO,n;HHe ,UK C tJYBCTBHTe~LHOtt MOma.n;LD IxI 1lf r21. Ilo
Ka8aHH BHCORHe 9RCIIJIYaTan;rroHHHe mqecTBa EJJ:K B YMOBH.IIX lpR8H'I8CROro 
eRcrrepHM8HTa. TaRHM o6paaoM, B apceHMe eRcrrepHMeHTaTopoB noHBMCH 
HOBHtt "eROHOMHH:li" ROop.n;:irHaTHHtt ,I(8TeRTOp. 

- lipeMOllteH HOBHtt crroco6 YJIY'lllleHIIH npocTpaHCTBeHHoro paapememm: 
mBHeBoro ro,n;ocRonn:qecRoro .n;eTeRTopa (.nrn) c rr0Mom1,m .n:onomm,rrnHoro 
aRTHBHoro ROHB8pTOpa (AK) H nrn:pOR03a30pHott ,n;pett/poB0:11 RaM8pH I 37. 
YcTpottcTBO, BMD'!alll!88 B ce6H ROHBepTop, ~f '°pMHpOBaTe~1, CHrHaJIOB 
H MHOrOCTOIIOBHtt BUIT, npn:aHaHO n:ao6peTeHReM 5 • IlpeMOllt8HHHM cnoco-
6oM ,I(OCTHI'H:yTO p8ROp.n;Hoe·npocTpaHcTBeHHoe paapemeHHe <r = 2 MM IIPH 
perncTpan;rrn: ~H.II OT rroan:TpOHa c eHeprn:ett_3 reB. 

- BrrepBHe H3MepeHo norrepeqaoe pacrrpe,n;e~eHHe n:oHHa~ommx: rr0Tep1, 
9H8prn:rr Ha paaHHX r~HHax pa3BHTHH mBH.II B CBHHn0BOM CT8Me. Hamn: 
TOqffll8 n:aMepeHHH no,n;rnep.n;:irm .n;:syxeRcno~eHn;rr~HHtt xapaRTep rrorrepeq
Horo pacnpe,n;e~eHHH n: ero rrepexo,n; B o.n;HoeRcrroHeHIO'lanHHtt Ha 6om.mmc 
rJIY6llHax paaBHTHH mBH.II. 3RcrrepHM8HT~LHHe pac~e,e~emm cor~cymTCH 
C pacqeTHHMH, no.ny'I8HHHMH M8TO,I(OM MOHTe~KapJIO 6 • 

- Paapa60TaH ,n;eTeRTOp rrpo6era HOHOB Ha OCHOB8 nponOpn;KOH8.Jll,1'I 
RaMep, C IIOMOilll,D ROTOporo ,I(OCTHrHYTO peRop.n;Hoe paspemeHHe - O,I% IS/ 
IIO MOTHOCTll H8M8prieMoro o6~eRTa. 

- IlpeMOllt8HA rcrrepHM8HTMLHO peMll80BaH HOBHtt MeTO,I( HefiTpOH
HOfi pa.n::irorpawn:n 20 Ha OCHOBe ,n;pe:l!rpOBOfi npoe,J:Il{rHOfi RaM8Pll HH8ROrO 
,n;aMeHWI, aaper:ircTpllpOBaHHHil RaR :0:ao6peT8HHe I9. MeTO,I( o6ecIIeqn:Ba
eT p8ROp.n;H08 cpe,n;n: 6ec1pRnMOBHX M8TO,I(OB H8fiTpoHHott pa.n::irorpawHH rrpo
CTpaHcTBeHHoe paapemeHlle (0,2-0,3 MM), a TaRllte ,n;aeT B08MOlltHOCTL pa-
6oTaTL B YMOBHHX C~Hofi pa.I(H~OHHOil aarpy3RH. Coa,n;aHHa11 ,n;peiijloBaH 
rrpoeRn;rrOHHaa RaMepa 2r/ .HBJraeTCH II8PBHM npn:6opoM 9Toro THIIa, IIpHMe
H8HHHM B ,n;pyro:11 o6~cTH, He B \P]lamte BHCORHX eHeprn:tt. 

- IlpeMOllteH H paapa60TaH HOBHtt THII raaoB%0/00p,n;HHaTHoro ,n;eT8R
TOpa - MHOrorrpOBOJIO~ ROpoHHaH RaM8pa (KK) 22 , ~aaCSI aHMO
roM rrponopn;rrOHaJILHOtt RaM8pH. Hamn: paapa60TRll ll HCC~e,n;oBamm KK IIplI3Ha
HH OCHOBOIIOJiaraD!lID,m *4 

1E3 Fischer H.G. Proc. XXII Int·.conf. on High En.Phys., Leipzig, 1984, 
p.376. . 

*4 Aoyama T., Watanabe T. Nucl.Instr. and Meth., 1982, v.197, p.357. 
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- :3KCII9PRM9HTBJII,HO o6HaPYllt9H JIOKaJII,HHii xapaKT9p ;D;OII~T9JII,HOro 
pasp.a;n;a OT CWII,HOHOHHSymtatt 'IaCTlU]Jl B . KOpoHHOii Ka.Mapa 125 • :3tHM 

y,zr;aJIOCI, 06'.E,JlCHHTI, Ha6.mQnaaM,y10 B KK rrponopD;HOHaJII,HOCTI, M9llt,IIY llOHHSa

D;HOHH!lMll IlOTapm,m :rnaprnn 'IaCTllilpl lI a.MIL7IlITY;D;Ott CIIrHaJia. 

~ Ilpa.n;JiomaHa n: paspa6oTaHa napBM :z:tBYXM9PHM KOPOHHaJl Ka.Mapa/25{ 
IloKaSaHO' 'ITO . C ea IIOMOIIU>JO MOlKHO IIOJIY'!aTi. ;D;ByxM9pHHa ,rno6pama
mm o6'I>9KTOB. 

IlpaKTll'l9CKa.J! ll9HHOCTI, pa60TH saRJimaaTca B llCIIOJII,SOBaHllll paspa-

6oTaHHHX HBMH raso:wx KOOp;n;HHaTHHX ;D;9T9KTOpOB ll M9TO;D;OB me IIPHM9H9HllR 
B SKCII9pHM9HTax no WH3HK9 BRCOKIDC aHaprntt H B HCCJia;n;o:sammx B CM9~HHX 
o6JiaCTRX, a TaIOKa B BOSMOlKHOCTH HX IIIHpOKoro IIPllM9H9IDI.ll B HO:WX HC
CJI9;D;OBaHHaX. 

- IlpoBa;n;aHIIIl.li aBTOPOM a~s HOBHX ;n;ocT~9HHtt B o6JiacTH T90pllll 
napaHoca SJI9KTpOHOB B rasax r, 3/ Il03BOJia9T 60JI99 OIITHMaJII,HO HCIIOJII,-

30BaTI, 06Illll9 3aKOHOM9pHOCTH npn KOHCTpynpoBaIDIB H IIPllM9H9HIIB HOBWC · 
rasoBWC ;n;aTaKTopoB. 

- Paspa6oTaHHaJl BpaMJmpoaKD;HoHHaa Ka.Mapa aB.liflaTca ymmapcaJII,
HHM KOOp;n;HHaTHHM ;D;9T9KTOpOM, IIOSBOJimallllM T~9 IIpOBO;n;RTI, II,I\9HTH~
D;HJO 'IaCTllD;. IlOSTOMY HM99Tca ~JI!l:fi p.a;n; rrpe,n;Jiomaimt IIO ea HCIIOJlI,30BaHHRl 
B SKCII9pHM9HTax B JlY1IltaX a;D;pOHOB H H9iiTpllHO, B paJiaTllBHCTCKOtt a;n;apHott 
ipli3mt9, B ipli3HK9 TIDK9JIHX HOHOB. 

- Paspa6oTaHHaa SJI9KTPOHIIKa C'.!,9Ma HHWOPMaD;HH c 60JII,IIIHX ;n;paiiwamx 
KaMap, co;n;e~amaa MHOrOCTOIIOBRtt BUil n 6HCTpo;n;attcTByromirii rrapan::,reJII,HHii 
AU[[, BHa;n;paHa B sKcrrapHMaHTax B OIDIB, BHa;n;pam ea B YmrnapcHT9T9 B 
BpaTHCJiaBa (TICCP), H:3cli CAH, KoIIIHD;a (1ICCP), HHTapacyroTca aro B g)H AH . 
CCCP, MI'Y, Will .AH YCCP H T.;n;. 

- IlpOB9;D;9HHH9 HaMll HCCJI9;D;OBaHHa IIO H3M9p0HHBJ nepBH'lHOH HOHHSaD;HH 
M9TO;D;OM C'l9Ta RJiacT9pOB .IIBJillBJTCR CYJ119CTB9HHHM maroM Ha IIYTH K cos;n;a
imro 60JII,IIIHX H,D;9HTHWHKaTopoB peJiaTllBllCTCKHX sapmtaHHHX tmcTmi;, pa6o
Tal!lllRX Ha OCHOBe STOro M9TO;n;a. Pa6oTH Ha;n; cos;n;aHHeM Ta!CIDC H,ll;9HTllipHKa
TOPOB rrpo;n;OJillta10Tca B OWIB, H<l>ID, UEPHa, BpYKxaiiBaHa H ;n;pyrmc Jia6opa
TOpHax. 

- BasSJI9KTpO;n;HH9 ;n;pattwoBRa Ka.M9pH C tzyBCTBHT9JII,HOtt IIJIO~a;D;I,BJ 
IxI ~ IIpllM9HHJmCI, B COCT8B9 YCTaHOBKll "rHIIapOH" Ha Y-70 IIPH parHCT
~ BHCOKOSHapraTH'l9CKHX SJI9KTPOMarHHTHHX JIHBHatt/IS{ C RX IIOMOIIU>JO 
IIPOCTpaHCTB9HH09 paspamaHHa SJI9KTpoMarHHTHOro KaJIOpRM9Tpa YJIY'lll]9HO B 

3-4 pasa,paspamaHHa 6JIHsKmc JIHBHatt - B 4-5 pas.B.D;K aBJ.UiaTca rrepcrrax
THBHHM "SKOHOMHHM" KOOp;n;HHaTHHM ;D;9T9KTOpOM B K8'!9CTB9 COCTaBHHX tmc
T9tt KpymmX KaJIOpHM9TpOB, ;D;9T9KTOpOB MBJOHOB B SKCII9pHM9HTa.)!: IIO WH3HK9 
llHCOKIDC SHaprntt, a T~e IIPH cos;n;aHHH KPYIIH!iX YCTaHOBOK IIO HCCJI9;D;OBa
HHIO KOCMllll:9CKOro HSJIY'l9HHa -·TaKOtt IIP09KT o6CYlK,I];aJica B <l>PI'. 
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- B.ILK OKaSHBaBlTca O'l9HI, rrapcrraKTHBHHMH ;n;Jia COS;n;SHHa KOOp.ItmiaT
HllX ;D;9T9KTOpOB H9Tpa;n;HD;HOHHOH WopMH (D;HJn1H,IU>H'l9CKllX, CW9pH'l8CKllX ll 

T.;D;.) ;n;Jia 6HOJIOrll'l9CKllX, M9;D;llil;llHCKIOC H ;D;pyrllX HCCJI9;D;OBBJmtt. 
- Paspa6oTaHHaJl HaMR .I(ByxMapHM nporropD;HOHaJII,Haa Ka.Mapa co 

C'.b9MOM HHq>OpMaD;Hlt C IIOMOIIU>IO 1'HH' sa;n;a~ aBJia9TCsi O,IUIHM HS napBHX 
B Mllpa ;D;9T9KTOpoB SToro THIIa I?. B ;D;aJII,H9liIIl9M HM9HHO TrutK9 ;D;9T9K
TOpH IIO.Jzy"llliJill lllllpOK09 pacrrpocTpaH9Hl!9 B 6HOM9;D;llD;llHCKllX llCCJI9;ll;OBaHHax. 

- Ilp9,n;JI0~9HHHH H paspa6oTaHHHii HOBRH M9jo;n; He,TpOHHOtt pa;n;n:orpa
WHH Ha ocHoBe ;n;pe~Bott rrpoeKD;HoHHott KaMepH 19- 21 rrpa;n;ocTaB.liflaT 
yml:K8JII,HH9 BOSMO~OCTH ;n;Jia IIp0D;H3HOHHOH H9HTpOHOrpawim: p9KO_p;n;H09 

IIPOCTpaHCTB9HH09 paspemaHHe, pa6oTa Ha JillHHH C :3EM,aqxpaKTRBJlM pa6o
Ta npn CHJII,HOtt pa;n;iraD;HOHHOii sarpysKa. 3TH CBOfiCTBa H906XO,I\HMH B pas
JIH'!HHX sa;n;a'Iax, oco6aHHO npn: HHcrraKD;HH o6JlylraHHllx Tro]oB, rrpnMaHaa

M!lX B A:3C. 
- Ilpa.n;JiomaHHHtt H cosiaHHHtt HOB!ltt rasoB!ltt KOOp;n;HHa~ ;D;9T9KTOP 

- KOpOHHaJl KaMapa Haxo;n;n:T npHMaHaHHa B HattTpOHHott ipHSHKe 231, a TaK-
~a IIpll ll3M9p9Hllll SKCTp9MaJII,HO HHSKllX KOH~HTpaD;Htt aJI:Eiq>a-aKTHBHHX HSO
TOIIOB.£! rH;n;P,OreoJIOI'H'l9CKHX, reQWH3ll'l9CKHX H SKOJIOrll'l9CKllX HCCJI9;D;OBa
HllRX /23,267. 

AnTop sa.mmnaaT: 
PemaHHe BOIIPOCOB parncTpaD;Hll sapamaHHHX 'IaCTllU B ;n;pattipoBHX H 

nponopD;HOHaJII,HHX K8M9pax C U9JII,IO OIITHMll38D;Hll llX pa6oTH, ;D;OCTilllt9HHa 
npa;n;aJII,HHX napaM9TPOB, paspa60TKH HOBRX THIIOB rasowx KOOp;n;RHaTHHX 
;D;9T9KTOpOB ll M9TO;D;OB HX IIpHM9H9HHa B WH3ll'l9CKOM SKCII9pHM9HT9, a HM9H-

HO: 
I. Paspa60TKY KpyrrHoro KOOp;n;HHaTHOro ;D;9T9KTOpa- Bp9MaIIp09KD;HOH

HOH KaM9pH ll CHCT9MH c6opa llHq)OpMaD;Hll C Hee, Il03BOJial!lll9rO rrpoBO;D;llTI, 

TP9XM8PHYIO p9KOHCTPYKD;HJO Tp9KOB B MHOrO'IaCTH'lHHX co6HTHHX, a TaKllt9 
H,ll;9HTHipHKaD;HJ0 'IaCTllD; IIO MHoroKpaTHOMY HSM9pa_HHIO HOHHSa~OHHHX IIOT9pI, 

SH9prHH. 
2. Paspa6oTey YCTpottcTBa Ha OCHOB9 KaM9pH C IIpO;D;OJII,HHM ;n;pa~M 

SJI9KTpOHOB ,IµISl C'l9Ta KJiacTapoB napBH'iHOtt HOHH38UIW B YCJIOBHRX pa6om 
6oJII,moro n:;n;aHTHWHKaTopa Ha IIY'!K9 'IaCTKU. · 

3. Paspa6oTey H BH9;D;p9HH9 B IIpaKTHKY (pll3ll'l9CKOrO SRCll9pHM9HTa 
HOBoro Tll!Ia "sKOHOMHoro" KOOp;n;HHaTHOro ;D;9T9KTOpa - 693SJI9KTpO;n;HOft 
;D;p9HW0BOtt KaM9pH. 

4. MaTo;n; TO'iHOro orrpa;n;aJiaHHa KOOp;n;HHaTH OCH BHCOROSHapraT!ir<l9CKO
ro SJI9KTpoMarHHTHOro JillBHll, OCHOBaHHHtt Ha npHM9H9HHll KOHB9pTopa H 
mn:poKOsasopHott ;n;pattwoBott K8M9pH, ll llCIIOJII,SOBaHH9 SToro M9TO;n;a B SRC
II9pHM9HT9 no wusHKa BHcoKHX aHaprn:tt. 
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5. MaTO.Inl H .n;aTaRTHpyxllitlla ycTpoiiCTBa ~ 6HOMa.n:~CRRX HCCJia
.n:oBaHll'.ft: ;m3YXMapHYJ!) llpOlI~p~OHaJII:,HYJO Ra.Mapy, CJIOC06HYJ!) pa6oTaTI:, B HH
T8HCRBH!lX JIOTORaX ql()TOHOB, H .n:aTaRTOP OCTaHOBRH 3ap!llltamrux lffiCffl,ti 
~ HOHHOtt pa.n::aorpaqiR.H. .. 

6. MaTO.D: H .n;aT0RTHPYKII1aa YCTpOiiCTBO ~ HaiiTpOHHO:il pa.n:l{Orpacp,m 
Ha OCHOBa .npattql()Bott rrpoaK~OHHOtt Ra.Mapu, 06ac1IatmBaI001Hft peKOp.n;Hoa 
cpa.n;R 6ecqiWII,MOBHXM8TO.D:OB HaitTpOHorpaqi.HR IIpOCTPaHCTBaHHoe_paspa
me1me. 

7. Ilpa.n;JiolltaHHa H llpaRT.H~acicy10 paaJIR3a~ro HOBOro ra30BOro ROOP
.n;.HHaTHOro .n;aTaRTOpa CHJII:,HOHOHH3YJ(ll1RX 'tffiCT.HU - MHOronpoBOJIO~Oll KOpOH
HO:il KaMapu. 

3RCJiatmMaHTaJII:,Hlla pa60Tll npOBO.D;RJIHCI:, B YHHBapCHT9T8 B EpaT.HCJia
B8 (lJCCP) B I974-I977 rr., B YHll'.BapCHTaTa B ,UapxaMa (AHrJIHR) B 
I975 r. :a B OIDIB B I977-I988 rr. 

Aripo6aillUl pa6oTu. OcHOBHlla pasyJII:,TaTl:l .n;.HccapTan:mr .n:oKJia.D:HBaJIHCI:, 
Ha MaJK.n:yHapo.n:mnc ROH/!iepeHWIJIX no qiH3HRa BllCOKHX 3Hapr:afi B Jia~a 
(I984), EepRJIH (I986), MmxaHa (I988), Ha MaJK.n:yHapO.D;HllX KOHqiapaH~ 
B .I{y6Ha (I978, I987), B!lcoKRX TaTpax (I975), EpaT.HCJiaBa (I985), Ha 
Hay,nn,IX caMHHapax B JiffiI, JIB3 H JffiP OIDill, Ha caccMX Y~aHoro coBaTa 
OIDIM, Ha Hay'IHHX caMHHapax B .U33!1 ( <I>PI'), B YHHBapcnaTax B 3:araHa 
(~PI'), ,UapxaMa (AHrJIM), EpaT.HCJiaBa (tJCCP). 

Ilv6JIHKarorn. Pasy~1:,Tarn pa6om ony6.mmoBaHH B MOHorP,aq>RH /I/, 
0630PH!lX CTaTJ:,.f.[X_/2 , 31 , aBTOpCKRX CB~aTaJII:,CTBaX /r5,r97 H ny6JIHKa-
~ B Hay'IH!lX lltypHaJiax H rrpanpHHTax 4-26/ · 

CTpVKTVpa n:accapTa:mrn • .I(HccapTa~R cocTOHT ns BBa.n;aHRR, caMH 
rJiaB H 3aKJIIO~aHRR, co.n:ap~T 295 CTpaHHn, BRJIID~M I43 PH9YHKa, I9 Ta6-
JIHU H ClIHCOR JIHTapaTypll H3 I8I HaHMaHOBaHHR. 

KPATKOE CO)lEPJWlJ'IE PAEOT!l 

B napBoii rJiaBa npOBO.D:HTCR CHCT9MaT.H~acKHii aHaJIH3 nponeccoB, rrpo
XO.ltfll!tlDC B rasa KOop.n:HHaTHoro .n;aTaRTOpa rrpn parHCT~a~ HOHH3yro~aro 
H3JIY~HH,, ROTOplltt CTaJI OCHOBOii tm.CTH MOHOrpaqinn I H o6sopH!lX CTa
Tell 2 , 3 • Ha OCHOBa HOBHX 3RcnapHMaHTaJII:,HllX .n:aHH!lX H TaopaT~aCKHX 
rro.n:xo.n:oB rrpe.n;JiararoTCR crroco6u YJIY'll]laHRR IlapaM8TpOB .n;aTaRTOpoB, OlIH
CliBIDJTCa HOB!la MaTO.D:ll HX rrpHMaHaHRR. IlpHBa.n:aHHll8 TaopaTH~acKHa no.n:
XO.Inl.aBJ!RIDTCH OCHOBOii ~ HHTaprrpeTa~H 3KCnepHMaHTaJII:,HllX pe3yJII:,Ta
TOB,.IlOJIY~aHHHX B pa60T8. 
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BTOpasl rJiaBa rroc~aHa M8TO.n;HR8 HOBilX .n:pa~oBmc .n:aTaKTOpoB ~ 
qiH3HKil BllCORHX 3Hapr:aii - OlIHCHBaIDTCR paspa6oTaHHaJI Bp8Mllllp08~0H
HaR Ra.Mapa, sJiaRTpoHHRa c~aMa HH(ll()J)Mall;lm, a TaIOJta MeTo.n: c~eTa KJiac
TapoB nepBH~O~ HOHH3aUHH B Ka.Mapa C rrpo.D;OJII:,HllM .npeiiql()M 3JI8RTJlOHOB. 

Paspa6oTaH R~tt rasomtt KOOp.n;.HHaTHHH .D:8T8KTOP - Bp8Ma1Ip08It
~OHHM Ka.Mapa / 4 , Il03BOJIHirlltllfi rrpOBO.n;.HTI:, TP8XM8PHYID peROHCTPYimHJI) 
MHOrHX Tp8KOB B 6oJII:,mOM ~CTBHT9JII:,HOM o6~8M8 - 450 JIRTpOB, a Tal0lt8 
H.n;8HTHqiH~pOBaTI:, ~aCT.HIJ1l Ha OCHOB8 MHOrORpaTHOro H3M8p8HM (B 80-TH 
CJIO.llX) HOHH3a~OHHHX IlOT8pI:, 3H8prHH. CxeMa ffiIK llpHBe.n;eHa Ha p:ac.I. 

K ~ 

PHc.I. CxeMa BIB: K - ROHTeiiHep, 
\P - RpllmKR, P - BllCOROBOJILT
HHii pa3~M, Oil - IJJilITa, II3 -
IlOJI8qiOpMH.PYKlllH8 3JI8RTPO.Inl, 
C - CTOihw:, KIT - KaTO.n;, E3 -
3JI8KTpoIDIKa. 

Kn 

.Q 
0 TPEK e-_9 ____ T~TT-~ 

. E 

PHc.2. Paspes Mo.n:ym ill!K: JIB -
mmrur S8,ll;8plltltH, CIT - CHr
HaJILHll8 llpOBOJIO~, IIIl,3C 
- rrOJieqiopMHPYJC111He (saseM
JI8HHHe) llpOBOJIO~, TC -
Tp:arrepHaJI ceTRa, P.U - .n:e
JIRT8JIL. 

Bill{ OTHOCHTCH K HOBOMY JIOROJI8HHID ra:soBHX ROOp.n;ImaTHllX .n:eTeRTOPOB, KO
TOpue 1IpHM8HaroTCH B Rpymmx YCTaHOBitaX Ha C0Bp8M8HHHX KOJIJirut.n;epax, a 
TaIO!te B 3KClI8PHM8HTax Ha BHB8.D:8HHHX rry,;max. Ilp:a6op IlOJIHOCTI:,ID rro.n:ro
TOBJI8H R JIYCp;;y. 

Ha pHC.2 IlOitaSaH paspes MO.D;yJI/l HIK. 3JI8RTpOHll C Tpa8KTOpHii saPR
llt8HlmX 'tffiCTHU .npeiiqJyl)T B O.n;Hopo.n;HOM 3JI8RTpH~8CROM lIOJI8, B o6~8M8, or
paHH'l9HHOM BHCOROBOJILTHHM (KIT) H lIOJI8(ll()PMR.PYKlllHMH (Il3) 3JI8RTpO.n;aMH, 
B HallpaBJI8HHH Clil'HaJILHHX llp0BOJIO'l9R (CII). BepTmtam,HaJI ROOp.n;.HHaTa TO-

• 'l9R Ha Tpa8RTOPHH OJipe.n;eJIReTca lIO BP8M8HH .npe~ 3JI8RTPOHOB, ROOp.n:H
HaTa B.n;OJII:, Tpa8RTOPHH - lIO HOMepy cpa60TaBmett IIpOBOJIOTUGI II ROOp.n;ImaTa 
B.n;OJII:, Clil'HaJII:,HHX lIPOBOJI0~8R - c. lIOMO~ll mnmtt sa.n:eplltKH (JIB)• B HClIH
TaHIDIX Mo.n:y.mr illIK Ha JIY'Ilt8 'tffiCTHU .D;OCTHrH,VTH pac~eTHHe Jiapa.MeTpll -
BllCOitaJI 3qiqieRTHBHOCTL BOCCTaHOBJI8HHa Tp8ROB 'tffiCTHU, JipOCTpaHCTB8HH08 
paspemeHHe 0,2-0,5 MM no ~etlipy M8ItTpOHOB (pn:c.3) H I-I,5 MM no JIR
IDIBM sa,n;epuH 141. 
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P1rn. 3. 

0,10 5 10 'P5 20 y ICM} 

IlpooTpaHoTBeHHoe paspemeHHe 

cry Ka.K cliYHKUIDI ,ItJIHH!l ,n;peil
qia 8JI9KTpOHOB y. 

PHo.4. 

BH~ 

MOK-OX9Ma KaHaJia 8JI9KTpo

HHKH: Jl3 - JIHHID! 3a.I(9PJKKH, 
IJY - npe.nyoHJIHTeJII>, .U -
.I(HOKpHMHHaTOp, Y - peryJIH

pyeMHil YOHJIHT9JII,' .uo - .n:e-

Pa3pa6oTaHa 8JI9KTPOHHM aIIIIapaTYpa 
HOBoro THIIa ;rr,JIJl 0'19Ma HHqiopManim O BID< 
H nmpOK03a30PH11X ,n;pefiqiOBbIX KaMep 
(pHo.4), OII0006Haa sapernoTpllpOBaTI, 

T9KTOP HYJieBoro YPOBHJl, 
M-BUII - MHorooTOIIOBll:ii BUIT, 

AUIT - 6uoTpo,n;eiloTBYKJIItliil na
pa.717.IeJII>HH:li AUII. 

60JII,ill09 KOJIH~90TBO OllrHaJIOB (,n;o 256) B KalK.I(OM 006UTHH. ArmapaTYpa OT
JIH"Ga9TC.ll MaJIHM MepTBHM Bp9M9H9M - 64 HO ll 60JII,mHM HHT9pBaJIOM pernoT
pan;HH OIIrHaJIOB - I6 MKO. OoHOBHHMH -qaoT.fL'v!JI aIIIIapaTJPH .fIBMKlTOJl MHoro

OTOIIOBHii BP.er-~pOBOil npeo6pa30BaT9JII, (M-BUII) O Bp9M9HHHM paspeme
HHeM I HO 75 II 6uoTpo,n;eiloTBYKJIItliil napa.717.IeJII,HUil aMIIJIHTY.mIO-D;ll~OBOH 
npeo6pa30BaTeJII, (AUIT) 0 nepIIO,I(OM KBaHTOBaHIDl OllrHaJIOB 64 HO /_ 

OIIHCHBaeTOJl Ka.Mapa O npO.I(OJII,~ ,n;pefiqioM 8JI9KTpOHOB Will o~eTa 
KJiaoTepOB nepBH~Oil HOHH3aWIII / 7,B. K.rraoTepoM Ha3HBaeTOJl oryOTOK 
8JieKTPOHOB, B03HHKmHil Ha TpaeKTOpHH 'ID.OTHD;!I B O,I(HOM a.KTe HOHH3aWIII 
aTOMOB rasa. EOJII,IDHHOTBO KJiaOTepoB ( ,v 80%) - 0.I(HHO~e 8JieKTPOHll' pe'
rHOTpan;HR. KOTOpux HaKJia.I(HBaeT BHOOKHe •Tpe60BaHIDl Ha 8JieKTpOHHKY 0'19Ma 
HHqJOpM~H. 

" 

-~ ~-

I'\ 
' u 

.. 
.• t~ " 

Paspes KaMepu ;rr,JIJl o~eTa KJiaoTepoB 
IIOKa3aH Ha pHo.5. 3JieKTPOHH (KJiaoTepu) 
Me.I(JieHHO ,n;peil/py10T B,I(OJII, Tpa9KTOpHH 
-qaOTH]ll K IJJIOCKOOTH OllrHaJII,HUX IIpOBO
JI0~9K (B n;eHTpe KaMepu), Ha KOTOpHX 
B03HHKaeT oepIDl OllrHaJIOB, KOTOpue MOllt
HO OOO~TaTI, 6HOTpHM 0~9T~OM. HoBHil 
MeTO,I( H.I(9HTHqilntan;HH peJIJITHBHOTOKHX sa
pm!teHHHX 'ID.OTHD; Ha OOHOBe o~eTa KJiao-
TepoB 6wr npe.I(JIOllteH BaJieHTO:li. C03,I(aH-

PHo.5. Paspes KaMepu .I(JIJl o~eTa Haa HM KaMepa oJJyiKHJia JIHIDI> ;rr,JIJl HJIJIKlOT-
KJiaoTepoB. pan;HH IIPllHWIIIllaJII,HOil B03MO~OOTH o~eTa 

KJiaOTepoB, O,I(HaKO 8Ta KaMepa He IIO,I(XO-

8 

.. 

'l 

" 

.I(HT KaK OOHOBa )J,JIJl 60JII>moro, H.I(9HTHqiHKaTOpa 'ID.OTHD;. Hamn pa60TH JlBll
JIHOI, pa.3BHTH9M MeTO.I(HKH o~eTa KJiaoTepoB O n;eJII,D 003.I(aHHJl Kpym{OMaO

mTa6Hord H,I(9HTHqiHKaTOpa "tJ:aOTllD;. HoCJI9,I(OBaHHJl Ha llY'!K9 'ID.OTHD; IIOKa8a
JIH, ~o sqiqieKTHBHOOTI> o~eTa KJiaoTepoB B paspa60TaHHOil HaMH KaMepe 

(ooOTBeTOTBYRl!leil rro KOHOTPYKWIH 6oJII,IDOMY H,n;eHTHqiHKaTopy) He YOTYIIaeT 
JIY~HM MHPOBHM ,I(OOTHllteHHRM. Ilpll HOIIHTaHHJlX II~9HH TaIOKe HOBl:Ie ,n;aH
HHe o rrpon;eooax .n:nqipy:lrroHHoro paorr~a KJiaoTepOB B rrpon;eooe :me ,IUJefiqia. 

B TpeTI>efi rmBe OIIHOHBaeTC.ll HOBUil TIDI "8KOHOMHOro" KOOp.I(HHaTHO-
ro ,n;eTeKTOpa - 6esaJieKTpO,n;HM ,IUJ9fiqioBM KaMepa. _ 

B KPYIIHHX YCTaHOBKaX Ha OOBpeMeHHHX YCKOpHTeJllDC IIPiiM9Hfl!OTOJl B 
60JII,illOM KOJIH~90TBe KpyIIHora6apUTHbl9 KOOP.n:HHaTHHe ,n;eTeKTOpu. PemaRl!lIIM 
qiaKTOpOM IIpll rrpoeKTllpOBaHHU yoTaHOBKU IIOMHMO BllCOKOro KOOp.I(HHaTHoro 
paspemeHlI.ll OTaHOBllTOJl OTOHMOOTI, e,n;HHHD;!I ruroma.I(u ,n;eTeKTOpa, BKJIKl~ 
8JieKTPOHUKy. IT08TOMY 3KC~8pllM9HTaTOpu oTapaIDTOJl rrpHMeH.llTI, 11 8KOHOMHU9 11 

,I(8T8KTOpu, HaIIpHMep mnpOK03a30pHH8 ,IUJeilqioBJ19 KaMepu, CI'C-Tpy6KH H 

T • .I(. ABTOp O KOJIJISKTHBOM pemHJI STY rrpo6JieMY rrpn IIOMOIItlI 6e3sJieKTpo.n:
HHX mIIpOK03a30pHUX .IUJSfiqiOBHX KaMep (111,UK), B KOTOpHX HMeKlTOJl TOJII,KO 
aHO,I( ll KaTO.I(, a OTOYTOTBYKJT,IIOJieqiopMHpyri!llle 8JI8KTpo.n:u /IO/_ 0,n;Hopo.n:

H08 3JI8KTP~80KOe IIOJI8 B HIDC qiopMHpyeTCR ooe,n;aHHeM IIOJIOlltllTSJII,HOro 
sapa.n:a Ha .I(ll8JI8KTP~8CKUX OTSHKaX KaMepu. Ee38JI8KTPO.I(HH8 111,UK OTJI~
!OTOJl H860JII,IDHM KOJill~90TBOM llHq>OpMan;HOHHb!X KaHaJIOB. ll rrpoOTOil, JierKOfi 

KOHOTPYKn;HSil 693 MaOOllBHHX paM, ll3 ~ero Bl:IT9KaeT HSBUOOKaJI OTOliMOOTI, 
KaMep. 

"L ;~ r" a 

·l~~6 

~ ~: : ~ B 
~ 

~ ~r;: : ~ r 

1 ~ ,I( 

~ 

Pllo.6. CxeMa 8JI8KTpO.I(HOfi (a) H 6838JieKTpo.n:

Hb!X (6,B) mieflqioBHX KaMep; r,.n: - MO
.I(yJII, 6938JieKTp0.I(HOil miettqx:,Boil KaM8pH 

C pasMepaMH rxr rl-. UA - aHO,IOI08 Ha
IIpR.llteHH8, UD - HaIIpR.llt9HHe Ha CTa6HJIH
SllpyBlllmC 8JieKTpo,n;ax. 

.Uo Hamme pa6oT oymeoTBOB8JllI TOJII,KO npo
TOTHIIH 6888JI9KTp0.I(HHX KaMSp, pa60TaRl!lmc Ha 
KOOMH~90KIDC ~ax ll MaJIOllHT9HOllBHHX llOTOtnm

KaX ll~8HlI.ll O HeBHOOKOfi KOOp,n;HHaTHOfi TO~
HOOTI,Kl (~I MM) • HaMH 6wr pas pa.6oTaH psm 
6988JI8KTpO.I(HHX ,UK pa.8JIH~X MO.I(llcpHKan;Hff 

(pHo.6). B P9%JII,~T9 oepllII llOCJI8,ItOBaJmtt Ha 

llY'!K8 -qaoTH:a: - 12 6wr:a Bllpa60TaHll HOBLI8 
rro.nxo.nu K KOHOTPYKD;HH H SKOIIJIYaTan;HH 683SJI8KTPO.ItHHX 111,UK, BCJI8,I(OTBH8 
~ro 6HJIH ,I(OOTHrHYTH OBOilOTBa 6838JI9KTpO,IOIHX 111,UK, HH B ~8M He YCTY
IIaRl!lHe OBOfiOTBaM "SJI8KTpO.I(HllX11 111,UK: paspemeJme 0,2-0,4 MM np:a ~8 
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PIIc.7. 3aBHCilMOCTJ, rrpocTpaHCT

B8HHOrO pa3pemeHHR. Ox 
OT ;z:tJIHHH ,n:pe:iiqla B llJ.llK; 
RHHHR. COOTB8TCTBY8T 3a

BHCHMOCTII Ox = V a.2 
X +_½ ' 

r.n:e a. =124 MRM• cM-I 2 n 

b =170 MKM. 

/!i O 100 200 300 400 500 
~ 
'"' JAr P'f3KA Mcf 'IQCm./ ~poc HO npoe°'"""')' J 

Pllc.8. 3aBHCliMOCTJ, SQJql8KTIUlHOCTII pa-

60T!l Ka.MepH ".n" OT 3arpy3KJI. 

.n;pe:iiqla SR9KTPOHOB .no IOO MM (pHc.7), 
BHCOKM. Jil!H8iraOCTl, O.THOID8HHR. "BpeMH. 

.n:pe~a - KOOp,n;HHaTa" H S~KTIIBHM 
pa6oTa B rroToKax .no 5•IO lffiCTHIVC 

Ha rrpoBMOl!KY (puc.8). TaIDIM o6pa-
30M, 6HR IIOJiytr8H HOBHii 11 SKOHOMHHH" KOOp.n;HHaTH!lll ,Il;8T8KTOp. 

C03.D:aHa CHCT9Ma 60RJ,IDITX 683SR8KTpO,Il;HHX llJ.llK C 'lYJlCTBilT8RJ;HOll 

MOllla,Il;l,10 IxI M2 (pirn.9)' KOTOPM BKRIO't{8Ha B COCTaB .n:etiCT:syKl]lero 060-

py,n:OBaHHR. Ha ycTaHOBK8 "r:anepOH"/II • I2/. . 

' 
~ 
' I 

.J 

PIIc.9. CxeMa 6e3SR8KTPO.D:HOH .n;pefiq)oBofi 

KaMep1,1 c rrRoIIta.n:J;10 IxI ~. I - paMa, 

2 - rreperopo.n;Ka, 3 - CliI'HaRJ;HaR. rrpo-
BOROKa. 

~8TB80TM rRaBa IIOCBR.lll8Ha rrpilM8H8HH10 
lli,UK rrpn perHCTpan,m BHCOKOSHepreTIIqecruIX 

SR8KTpOMarHHTHHX Jil!BH8ll. 

B SKCII8pIDll8HTax rrpn BHCOKHX SH8prHR.X 
(IOO-IOOO rsB) H83aM8HHMyIO poRJ; nrpaeT KMO

pHMeTpHR.. KaK Il3B9CTHO, SHepreTIIqecK08 pa3pemeHHe KaROpHM9TpOB C poc

TOM SHeprHH E y~aeTCR. KaK I/./E • HapR..D:y c STHM Heo6XO,Il;HMO YJIY'l!IlaTJ, 
HX KOOp,n:nHaTH09 pa3pemeHil8 Il pa3pemeHHe 6Jrn3KOR9lKalllilX RHBHett, ITOTOMY 

qTo rrpn BHCOKHX SHeprHR.X MH0~8CTB8HHOCTJ, 3a~9HHHX imcTIIn H ~OTOHOB 
paCT9T, a yr RH RX pa3R9Ta YM9Hl,IDaIOTCR.. 

IlpocTpaHCTB9HH09 pa3pemeHH8 y~aeTCR. C npHM9H9Hil9M TOHKOti 
CTPYKTJ'PH KaROpHM9TpOB - C 60RJ;IDHM KORHq9CTBOM H3M9pilT9Rl,HllX SR8M9H
TOB Ha 9,Il;HHHne IIROIIta,Il;ll. TaKoti rro.n:xo.n:, O,Il;HaICO, rrpHBO,Il;IlT K 6QRJ,IDOM,V 

i:mc.ny KaHMOB SR9KTpOHilKII II,COOTB9TCTB9HH0,3HatmT8RJ,HOfi CTOHMOCTlI 
rrprr6opa. 

10 

') 

~ 

·~ 
fi~ 

j~ 
X Y X 

Pile.IO. Pa3pe3 ".IaCTII KMOpID/leTpa H 

SR8KTpOHmta c~eMa IlH~pMa

n:,m c ,UK~ nY - npe.n:ycHmI

TeRJ;, Y - YCHRHT9RJ;, JJ:0 -
,Il;8T8KTOP HyR9Boro YPOBRll. 

Er I r,BJ 
5025 1l86 4 3 2 

7,. 

.,. 

., / 
/,/ ,,., 

5 ,--/ 
/,,, ./ •3 

!, 2•',, _//•5 
D .,,,' / ,, / 

3 .11 _/ 
/ 

/ 
2 2/ .•· 

/ 

•5• •, HAWM ...,......,, 

0.2 0.4 0,6 
11-fl:yl r,a-112 1 

.llpyroft, 6oRee SKOHOMII'IJHHH 
cnoco6 3aKRIOimeTCR. B npmi!eHemrn 

Pile.II. IlpOCTpaHCTB8HHH8 pa3peme-

aKTIIBHOro KOHBepTopa (AK) H KOOp.n;HHa.THOro 

HWI 8R9KTpOMarIDITHHX Ka

ROpIIMeTpOB C KOHB9pTopoM 
II KOOp,Il;IlHaTHHM ,Il;8T8KTOpOM 
B 3aBHCHMOCTII OT aHeprllll 

,Il;8T8KTOpa, Becma TO'tffi'.0 H3M9.PflICIJ.l9rO KOOp
,Il;IlHaTy CTBMa RHBHR.. B HaCTOR.IIteii ,ItHccep- E 
Tanirn rrpe.n;RaraeTCR. HCilMJ,30BaTJ, B Ka'l8CT- J· 
Be KOOp,ItHH,THoro;eT8KTOpa .n:pefiq)oBH8 Ka- • 
Mepu (,UK) r3,r5 • Bwra rrpoBe,n:eHa cepHR. HCM9,Il;OBaHilii ClICT8Ml:l: aKTHB

Hllli KOHB9pTOp + .n;pe~BM KaMepa + RHBH8BHH ro.n:orroITHqecKIIfi ,Il;8T8KTOp 
(AK+.llK+JIT'.n:) '(pHc.IO), Ha IICITHTaTem,Hoii ycTaHoBKe r3,r47_ lfaMepeHHR. 

IlOKa3amI, qTo TaKaR. CIICT9Ma o6ecnei:m:Ba8T peKOp,Il;Hoe npOCTpaHCTB9HH08 

pa3pemeHIIe er= 2 MM Ilpll SHeprllll Il03liTpOHa 3 rsB (pAc.II). 
Ilpooo.n:eHHHe HaMII H3MepeHHSl nonepetmoro pacnpe,n:eReHWI MOTHOCTH 

IIOHH3anHII B ·aReKTPOMarHIITHOM DBH8 ITOKa3amI, qTQ CIICT8Ma AK+.llK ero 

B8CJ,Ma qeTKO BOC@OII3BO,Il;IIT II II3MepeHHHe pacrrpe,n:eReIDISl COBna.n;aroT C 
pacqeTHHMII /r4 ,rs7. fu.J:ro ycTaHoMeHo, qTo nonepetmoe pacnpe.n;eReHne 

MOTHOCTII lIOHH3anHH IDvl88T .n;ByxaKCIIOH8HnHMJ,HHfi xapaKT8p II Ha 6MJ,IDOfi 
r.7IY6HH8 ,~ 4 p • .n:.) Ha6.mo.n;aeTCSl ero SBOR!OnHJl B O,Il;H08KCilOH8HnHMJ;HHfi. 

YcTpOllCTBO, Ilp8.rtJI0~8HH08 aBTOpOM C KOJIJieraMII, co.n:ep~ee AK, .llK, 
~pMHpOBaT8Rl, H Bp~poBoti. npeo6pa30BaT8JII,, KOTOpoe CIIOC06HO 6u
CTpO. (B T8'1!9IDI8 H9CKMJ;KIIX ~¥0J8KYH,D;) H3M8pIITJ; KOOp,Il;HHa.Ty CTBORa 
RRBHSl, Ilpll3HaHO II306peT8IDI9M 5 • 

Ha OCHOB9 OITHTa, npno6p8T8HHOro B T8CTOBHX IICITHTaIDIR.X~ 703,aHH 
4 .n;pe~B!I8 KaM9PH C pa3M8POM -gyBCTBIIT8RJ;HOft MOIIta,Il;ll IxI Nf' rs lI 

IlPIDil8H8HH B COCTaB8 6om,moro 8R8KTpOMarHHTHOro KMOpHMeTpa C arrepTy

pon 2 ~ Ha ny,:rite -qacmn (pn:c.I2). I1CITHTaHIISl8TOro KMOpIDi19TpaB ye-
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Tu:c. I2. 3.neRTpOMal'IDITHHil R8.lIOpm.mTp 

YCTaHOmtn: -i•rrurepoH". 

ROBHJIX wnsn~ecKoro sKcnepRMeHTa 
(pnc.I3) no&as~, ~To ,nonomeIDie 
Jll',U CllCT8MOit AK+.IJ:K II03BO~O YJIY~
IlIIlT:E, npocTpaHCTBeHHoe paspemeIDie 
npIIMepHO B 4 pasa ( 0--= 3 MM llpil 
E = I-5 raB) (pnc.I4) II paspemeHne 
6Jrn3ROR9lltallll!X ~BH9H B 4-5 pas no 
cpaBH8IDIIO c paspemeIDieM Jll'.U. 

Hamn ncMe,noBaHRSI y&a3IIBaIOT 

AK nK Arn 

M nK '\1/1/ J1• 

•y~-L-{(!Ht----- -I J_
1 

4M 

Tu:c.I3. CxeMa ycTaHomrn. M -
Mlilll9H:E,. 

N 

zoot X.-Xr. 
O'a:11i-HM 

150 

100 

l~ X -Xe. 
600 ::4.]MM 

400 

200 

-40 o 40 X l""J 

Tu:c.I4. 

Ha 6o.m,mue nepcneRTRBll npHMeHemm 
nm:pOR03a30pHHX Jll{ ~ perHcTpaD;ll:ll BllCOK0-
3H8preTR~8CKHX ~Heil. Ilo sarpysotJRoii 
cnoco6HOCTII OID! H8 YCTYllaIDT nm:pOKO npu
M9H!l9Ml:lM CTplIMepHHM (Crc) Tpy6KaM, I!pll
~8M ripeBOCX:0.I(Jl'l' llX-IIO KOOp.n;HHa'l'HOH 'l'O~-

Pacnpe,neReIDie SHa~eHnil 

X.rr-XTIK II X,UK-XJIK, r.ni Xm{ 
- ROOp.n;HHaTa M8Ta e- B· 
Jll'.U, onpe,neReHHaJI c no
Mom:E»ro IIK; X~ - onpe,neReH
Ha.H B Jll',U II XJll{ - ll3M9peH
HaJl B .IJ:K. 

HOCTH. C neTOM H960JI:E,ll)Oro K~9C'l'Ba • 
CllrH8J.I:E,HI:lX IIPOBOR0~9K (B H8lIIHX RaMepax 5 npOBM0~8R/I ~) ,UK 3ROHOM
H88 crC-Tpy6oR. 111.ltK Mollt!Io npHMeH.ll'l'I» B Kpymmx ycmHoBRax no wnsIIKS 
BllCOKHX 3H9prHil B COC'l'aB8 3R8RTpoMarIDITHHX II ~OHH!lX ~opIIMeTpOB, 
'A9'1'9R'l'OpOB MIDCHOB ll T.n. 

B IIRTOH rMB8 OllHCHBa!O'l'C.!l HOBH8 paspa60TKII, npoB9'A9HHH9 aBTOpOM 
B paMRaX npon;ecca TPaHQWOpMa.Il;lm MSTO.n;HRH s&cnepHMeHTa no wnsHRe BHco
KHX aHeprnit B 'APYI'H8 oMacTR HayroI. Paspa6oTaH Pfl'A HOBHX MR Mo,nnwn
D;11:p0Bammx ycTpOHCTB: ,nByxMepHaJI nponop:a;rrOHM!,HaJI itaMepa ~ 6HOM9.n;H
D;ll:HCKHX 3RCII8pllM8HTOB, 'A8T8RTOp npo6era tJaCTHn ~ llOHHOit pa.n;Horpawnn, 
'AP8ilwoBaJI I!p08KIJ;IIOHHaSI KaMepa ~ H8itTpoHHoit pa,IUIOrpawHII. 

12 

0IDICHBa9TCR 'ABYXM9PHM nponop:a;rrOH8J.I:E,HaR RaMepa ~ 6HOROrll~8CKHX 
ll M9,I{llll;IIHCKHX llCMe,noBaHHH Ha llCTO~e CllHXpOTPOHHOro ll~8HIIR (HCll). 
HcMe,noBaHM Ha ITCH OTKpHBaIDT coBepmeHHO HOBHe HanpaMeHHR B 6noRorHn 
ll M9,I{IID;ll:H9, Hanp!IMep T.H. 'AIIHaMH~ecrure IICM9'AOBaHM 6HOROrH~CRHX 
CTPYKTYP ~ peHTreHOBCKM 'AlfWpaKD;ll:Sl llpOT9llHOB. -

HOBOS Ra~eCTBO B 3KCII9plIM9HTaX Ha HCH B03ID!Ka9T rrpel!U(e BCero 
II3-3a 60R:E,IDOll HHT9HCIIBHOCTII IIOTOKa qioTOHOB. C 'APYI'Oll CTOpOHH, 3TO 
HaMa,nHBaeT l!t9CTKII9 Tpe6oBaHIIR Ha Ilp1IM9H.ll9MH8 'A9T9KTOPH, KOTOpHe 'AOJillt
HII oMa.naTb: 

a) BHCOKO:fi 3(ll(ll9KTIIBHOCT:E,IO perncTpaIJ;IIII Q?OTOHOB, 
6) xop9!IIIIM npocTpaHcTBeHHIIM pasperneHHeM, 
B) ycToil~OCT:E,IO I!plI pac50T9 B llHT9HCllBHHX IIOTOKax qioTOHOB, 
r) B03MOJKHOCT:E,IO'Pa6oTaT:E, Ha JilIHlllI C 3™, -
.n) BHCOKOil ~H9HHOCT1,IO zso6pal!teHIIR, 
e) 6o~moii tJYBCTBllT9R!,HOit Moma,nbro. 

0Ka3UBa9TCR, ~TO TOR:E,KO MHOrorrpOBOROlJRaSI nponopD;ll:O~!,HM KaMepa (TIK) 
0,I{HOBP9M9HHO BHIIMHRST rrp,rne,neHHH9 Tp960BaHIIR II T9M CaMHM CTaHOBIITC.fl 
OI!~:E,HHM ,nByxKOOp,n;ImaTHHM ,neT9KTOpOM qio,TOHOB C 3H9prHeil 3-IO K3B. 

C03MHHaSI ,w,mpHM JIK co C'b9MOM IIIIWOPMaD;ll:ll C KaTO'AOB C IIOMOm:E»IO 
~Hllit 3a.I{9Pl!tKII I _ MOl!t8T 3qxp9KTIIBHO pa6bTaT:E, B HHT8HCIIBHHX IIOTOKaX 
(l)OTOHOB 5• I04 cpoT./C•C~' ~TO II03BOM9T IIPIIMSHRT:E, ee B pasmr'llillX 6no
M9,I{IID;ll:HCKIIX llCM9'AOBaHHJIX, B_~aCTHOCTil Ha llCTO~Ke CIIHXpOTpoHHoro 
ll3JIY~9IDIR. 

KAT04 AH04 OO<HO ...... 

Pil:c. I5. CxeMa .ne TSKTopa 
OCTaHOBRII. 

Ila IIP9MOl!t9Hll!O aBTOpa paspa60TaH .ne
T8KTOP npo6era tm.CT:Im Ha OCHOB9 MHoronpo
BORO~ nponopD;ll:OH8J.I:E,HHX KaMep. B Ka~9CT
B9 KaTO.I{OB IIPIIM8H.fl!OTC.fl 8J.IKMHHll8BH8 WQRI»rll 
TMmUHOH I75 MRM, paCCTORHll8 M9l!UCY mrm 
I2 MM (pnc.I5) • .UeT9KTOp.IIpllM9HRRCR B 
3KCII8pIIM8HTaX IIO pa.n;HOrpawnn Ha nnitS 
MI»wa-tm.cTIIU c 3Heprnett 200 MaB/HYMOH. 
.UeTeKTOp o6ecne~BaeT peitop,nHoe paspeme
Hne no MOTHOCTII ll3M9pR9MOro o6'b9KTa 
- o,r%"IB/. 

B mecTOll rMB8 pacCMaTpllBa9TCR HOBHH 
M8TO,n H9itTpOHHOil pa.n;HOrpawnn Ha OCHOB8 

'AP9ilqiqBO' npoeKIJ;IIOHHOtt KaM9pH Hll3Koro .naM9HIIR, IIpll3HaHHHit ll306peTe
Hll9M /I9 • HoBHfI MeTo.n o6ecne~aeT peKop,nHoe cpe.n;H 68C(pWlliMOB!:lX 
M9TO,noB H9itTpOHHOil pa,IUiorpaj/illI IIpOCTpaHCTB9HH09 pa3p8ID8llll8/20/ 

• CxeMa ,npe1ilpoBott npoeKD;ll:OHHo:it KaMepu (.IUIK) noitasrum Ha pirc:I6. 
TeMOBH8 HettTpOHH llaMIOT Ha TOHKH:it 6opOBHtt KOHB9PTOp (o6orameHHHtt 

ll30TOnOM IDB), B KOTOpOM npmrcxo.n;HT peaKIJ;I{.II n + 10B - oc + 7Li • 
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PHc.I6. CxeMa JUIK, repMeTH'IHilii rasoBHii 
KOHT91iHep He IIOKa3aH. ill,II2 -
nponopnnoHaJII>Hl:le cti:eTtraror; AI, 
A2 - aHomrue npoBOJIOlJK!I; ·]3 -
mmIDI sa,n;epJKIIB; ud - ;n;peiiqx>Boe 
HanpmiteHHe; II3 - IIOJI9!popr.rupyro
mHe 3JI9KTPO.IU:l; samTpHXOBaHHall 
o6JraCTI, - ;n;pe:fupoBH:ii npoM9JKYTOK, 
C KOTOporo co6HpaIDTCR-3JI9KTpo
Hl:l Ha aHOMX. 

A.7r$-traCTml;ll C 3H9prne:ii I' 47 MaB BHJI9TaIDT B ;n;pe:fupoBH:ii o6'b8M • .UaBJie
HHe rasa B JmK no;n;6Hpa9TCR TaKHM, tJ:T06H aJI$-traCTHUa CYM8Jia npoJie
T9TI, ;n;pe:fupoBHii o6~eM H saperHcTpHpoBaTI,CR B CnHHTHJIJIRTOpe Ha npOTHBO
IIOJIOlltHO:ii CTOpoHe .IlJIK • .Ivm 3TOro Heo6xo~MO pa6oTaTI, rrpII IIOIDIJ!t9HHOM 
MBJI9HHH (I-6 Kila). 

C IIOMomi,ro llOJI9!popMli!)YBlllHX 3JI9KTpO;D;OB (II3 Ha pHc.I6) B KaMepe 
C03;D;a9TCR O;D;Hopo~oe 3JI9KTpHtJ:9CK09 IIOJI~ C HaII,PRllt9HHOCTI,ID E. 3JI9KTpO
Hl:l, o6pa30BaBillH9CR Ha TP9K9 aJI$-traCTml;ll, ~:fupyroT B HaIIpaBJI9HHH 
nponopnnoHaJII,HHX CtJ:9TtJ:HKOB III II II2. TpeK "npoeqapyeTCR" Ha IIJIOCKOCTI, 
(y,z), II03TOMY IIpII60p 6HJI Ha3BaH ,Iijl9Hq)OBOH npoe~OHHOH KaMepoii. 

Koop;n;miam x1, x2 TOtJ:8K A, B Ha Tp9K9 tJ:aCTml;ll onpe;n;eJIRIDTCR Ha 
OCHOB9 H3M9P9HIIR Bp0M9Hll ;n;pe:ttipa 3JI8KTPOHOB ;n;o aHomrux npoBOJIOtJ:9K A1 
II A2· BpeMR IIpOJieTa traCTml;ll WHKCHpyeTCR.CIIrHaJIOM co CIUll{T~OHHoro 
cti:eTtJ:IIKa, pasMemeHHoro BHYTPII rasoBoro o6~eMa ,IlllK. 

Orrpe;n;eJieHIIe Y-KOOp.JJIIHaT TO'I9K A II B npoBO~TCR C rror.mmi,ro JIIIHHii , 
38,Il;SJll!tM ]31 II JI¾, KOTOpH9 SlBJI!lIDTCR tJ:aCTI,ID KaTO;D;OB ClJ:9TtJ:IIKOB ill II 
II2. 

IIo KOOp~HaTaM TOtJ:9K A(x1,Y1,z1) H B(x2,Y2,z2) peKOHCTPYIIPY8TCR 
Tp9K aJII,wa-ti:acTHIJ;l,l, TOtJ:Ka II9p9C9tJ:9HHR KOTOporo C IIJIOCKOCTI,ID KOHBep
TOpa CtJ:IITa9TCR TOtJ:KOH KOHBepcIIH H9iiTpOHa P(X, Y), Koop;n;HHaTH x, Y B 
IIJIOCKOCTII KOHBepTOpa orrpe;n;eJIRIDTCR BilpallteHIDIMH 

X1z2-x2z1 Y1Z2-Y2Z1 
X = z -z ' y = 

2 1 z 2-z1 
,Upe:fuI>oBaJI rrpoeKnHOHHM KaMepa II03BOJIR9T o6ecnetJ:IITI, II3M9peHHe 

KOOp~T x, y c rrpocTpaHCTB9HHHM paspemeHIIeM <:r = I00-200 MKM, 

B IITore Koop~aTI,J TOV KOHBSpcHII HBiiTPOHa x, Yonpe;n;eJIRIDTCR c Toti:
HocTI>ro 200-300 MKM 121 • Paspa6oTaHHall ,UIIK TaKllte MOllt9T pa6oTaTI, B 
YCJIOBIIRX CllJII,HOH Pa.n;HanHOHHOH 3arpy3KII. 
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0CHOBH!:l9 npeIIMy-meCTBa HOBoro M9TOM H9liTPOHHOH ~orpag')Im -
BHCO~oe npocTpaHCTB9HH09 paspemeHHe, pa6oTa Ha JIBHHII C 3BM II B03MOllt~ 
HOCTI> rrpHMeHemm·B CMI>HOM raMMa-q>oHe - BalltHli lipl1 pememm CJIOl!tHHX sa
;n;ati:, TaIWX KaK KOHTPOJII> TB3JioB noc;re onpe;n;eJieHHoro cpoim irx pa6om B · 
peaKTope A3C. TB3]H oti:eHI> ;n;oporocToRmIIe, noaTO~ npowreHHecpoKa IIX 

3KCn.nyaTann,r Ha OCHOB9 llpOBepKH M9TO;D;OM H9:iiTpoHHOll pa,n;HorpawHII llpII
HOCIIT 60JII,ill0ll 3KOHOMiltJ:9CKIIll 3~KT. 

B C9III>MOii rJiaB9 OllIICHBa9TCR HOBHll TIIII ras;13oro KOOp~HaTHOro ;n;e
T9KTOpa - MHOronpoBOJIO'lHaJI KOpOHHall KaMepa 122 • KopoHHH9 KaM9pH (KK) 
SlBJI!lIDTCR aHaJioroM nponopqaoHMI>HHX KaMep (IIK). · 

KopOHHIJ:9 KaMepH BHIIOJIHRIDT pOJII, KOOp~THoro ;D;9T9KTopa TaK llt9, 
KaK Il IIK, HO OTJIIItJ:aIDTCR OT HIIX T9M, 'ITO perIICTpn:pyPJT TOJII,KO CilJII,HO
IIOHll3YIOOIH9 tJ:aCTHIJli II MoryT pa6oTaTI, B ~anIIOHHOH o6CTaHOBK9, HaMHO
ro rrpeBHmaKllleii 06cTaH0Bey,_;n;onycTHMY1() WIR IIK. KpoMe Toro, KK coxpa
MIDT BC9 IIP9fiMYm9CTBa KOPOHHHX CtJ:STlJ:IIKOB: 60JII>illll9 CilI'HaJIH·Ha BHXo;n;e, 
WIIIHH09 IIJiaTO CtJ:9THOii .xapa.KTepn:CTHKII, T9pMOCTO:!iKOCTI,. llCCJI9;D;OBaJIOCI, 
H9CKOJII>KO pa3HOBH;n;HOCT9H KK B neJIIIX yCTaHOBJI8HWl HlC llp9;D;9Jll,HHJC napa
M9TpOB, onpe;n;eJIRKlllIIX npocTpaHcTBeHHoe paspemeHHe: mar ~oTKn: cn:r
HMI>HHX rrpOBOJIOtJ:9K, IIX ;D;HaMeTp, paccTORHil9 aHO;D;-KaTO;D; 221. MHororrpo
BOJIOtJ:HH9 KOPOHH!:l8 KaM9pil npe;n;cTaBJIRIDT co6oii HOBHii Tilll -KOOp~HaTHOro 
;D;9T9KTOpa, npe~asHati:eHHoro WIR pa6o~H B TRllt9JIHX pa,n;n:annoHHHX YCJIO
BHRX, HarrpHMep B6JIH3II peaKTOPOB IlJIII ~ R;D;e~ ycTaHOBOK. 

Paspa6oTaH nBJIHii ~ K_?POHHBX KaMep 23- 25 , KOTOpHe npn:M9Rll
JIHCI, Ha rrytJ:Ke H9HTpOHOB 23 , a TaRl!t9 npn: H3M9p9Hllll CB9P,XHII3KIIX KOH
nBHTpannii am,qia-aKTHBHHX Il30TOIIOB B npIIpomrux o6pa3:u,a.x 723 , 261. CxeMa 

• 

KOHTeAHep ri••T:~;~· : 
:·-:-·:~- . : 
:--·:·-:-.; ......... --

\ 
o6pase~ pa.MKH 

o~oii n:s KaMep npuoo;n;eHa Ha pn:c.I7. 
Hamn pa6orn npH3HaHH OCHOBOIIOJiararo
mn:MH B pasBHTIIH M9TO~ KOpOHHHX 
KaM9p ( CM. CCHJIKY M) • 

BnepBHe npoBO~JIHCI, IlCCJI9;D;OBa
mm pasMepoB ;D;OIIOJIHHT9JII,HOH JiaBHHI,f 
OT CllJII,HOIIOHH3YlOlll9H traCTml;ll B.IJ;OJII, 
CHrHMI>HOll llpOBOJIO'IKH KOPOHHOH Ka

Pl1:c.I7. CxeMa MHOrOCJIOHHOH KOPOH- MepH. 3KcneplIM9HTaJII,HO o6HapYl!t9HO, 
HOH KaM9pH. 'ITO 3Ta JiaBIIHa CHJII,HO orpaHHti:9Ha 

TaK llt9, KaK II B nponopqaOHMI,HOii 
KaM9pe (puc.I8). Ha OCHOB9 o6Hapy

llt9HHOro JIOKaJII>HOro :xapaKTepa JiaBHHH y;n;aeTCR o6~CHilTI, M9xaHH3M ;n;onOJI
HllT9JII>HOro paspR;n;a OT ClIJII>HOHOHH3YKlll9H tJ:aCTilll;l,l B KK, a TaKllt9 '2f/OP
nHOHaJII,HOCTI, CHrHaJia n: IlOHH3anHOHHHX llOT9pI, 3H9prIIH tJ:aCTml;ll 2 ~ 
3TH ncc.rre;n;oBamm npIIBeJIH aBTOpa K 'cos;n;awm ;D;BYJCMSpHoii KOPOHHOtt 

i- . ,. 
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PHc. I8. Pacnpe,n;eJieIDie aapima Ha Ka.To,n;e I{[{ npa 
o6~IDill KOJIJllOOipOBa.HHHM (~ IOO MKM) 
IJY'!KOM aJIIipa.-"IaCTRii. 

KaMepH, npOCTpaHCTB8HH08 paapemeIDie KOTOpOH H9 
,ll;OJilltHO YCTYllaTb paapemeHHID ID{, r.n:e B,ll;OJib Clir-

-11 .. .. , , , 11 HaJibHOii npoBOJIO'IKR .n:ocT.11raeTCJ'l paapemeIDie 20-
lly (MM) 30 MKM. ABTOpOM 6wm p,3~60TaHa ll ycnemHO HC-

CJI8,ll;OBa.Ha nepBaJI .ztBYXM9PH8Jl KOpOHHaJl KaMepa 2 • Trume KaM9pll MOI'YT 
6HTb npll!M8H9Hll B KOOp,ll;KHaTHHX ll3Mepemmx B YCJIOBMX 60JibillOH pa,n;Han;0:0H
HOH aarPY3KH, HanpHMep npn HeilTpoHHott pa,n;HorpaipKH CHJibHO o6JJYt:J:9HHHX 
o6pa3D;OB. 

B 38.KJII0'!9IDIH cq,op~JIHpOBa.Hll OCHOBHH9 BHBO,ll;ll ,ll;HCC8pTail;0:H: 
. I. IlpOB8,ll;9H CHCT8MaTH~9CKHli aHaJIH3 (l)H3H~8CKHX nponeccoB, npoxo

MlllliX B raae nponopD;HOHaJibHHX ll .n:peii~mx KaMep. rJiaBHHe peayJibTaTH 
STOrO aHamI3a o6o6meHH ll C~PMYJiifOBa.Hll B KHHre "HomraarzoHre ll3M9-
pemm B ~3UK8 BHCOID'IX 3H8prHil" / ,ll 0630PHHX CTaT:bllX 2 , 3 ' ony6JIH-
KOBa.HHHX npll Y'ffiCTKH aBTOpa. 

2; Paapa6oTaHa Bpm.mnpoe~oHHaa KaMepa, noaBOJISllOillaJI npoBO,IJ;HTb 
TpeXMepHYIO peROHCTPYitnHID TpeKOB tiaCTnn B 60JIWOM -gyBCTBHTeJibHOM o6~eMe 
35x80xI60 cM3 , npH~eM Ha K8.lK,ll;OM TpeKe MOlltHO BOCCTaHOBllTb 80 TO~eK. 
MJ! ll3MepeHM KOOp,IJ;HHaTH B,ll;OJib ClirHaJibHHX npoBOJIO~eK npHM9Hll9TCH opH
rKHaJibHHli cnoco6 Ha OCHOB9 JIHID!li 3a,ll;9PJKRU, n03BOJIHKIItITH O,ll;H03Ha~O on
pe,n;eJISlTb KOOp,n;HHaTH TpeKa Kal!l,Il;Oli "IaCTHilpI B MHOrOTp8KOBHX C06HTMX. 
B HCIIHTaHHHX Tp9XCJIOHHOro MO.nyJIH BID< Ha IJY'!K8 "IaCTHU ,ll;OCTRrHYTO pac
~eTHOe paapemeHHe: 0,2-0,5 MM no ,n;pe:illl?Y SJI8KTPOHOB, I-I,5 MM no JIH
HHHM aa,n;epl!UW. BID< 3~9RTHBHO pa6oTa9T B MaI'HliTHOM nOJie I,5 TJI U npll 
aarPY3Ka.X .n:o 5-ro5 "IaCTHrr/c Ha npOBOJIO'IKY. 

3. Paapa6oTaHa ll npHM9H9Ha B
1

(llll3ll~CKOM 3KCnepll!M9HT9 SJI8KTPOH
H8Jl anrrapaTJpa C~9Ma ll~OpMat1;1rn C Bp9Mlll!p09~0IDWX KaM9p ll mllpOK0-
3a3opmnc ,n;peilqloBHX RaMep, OTJIH'la!OillaJlCJ'l MaJiblM M9pTBHM Bp9M9H9M (64 HO) 
ll cnoco6HOCTbID peracTpHpOBa.Tb .n:o 256 CHrHaJIOB B T9~9HH9 16 MKC. Amra
paTJpa BKJIID"Ia9T B ceM MHOrOCTOilOBHH Bp9MHD;HqJpOBOli npeo6pa30Ba.T9Jib . 
c Bp9M8HHHM paapememreM I HO a 6HcTpo,n;eilcTBylOillHli napaJIJieJibHHil AIUI c 
Bp9M9H9M KBa.HTOBaHM ClirHaJia 64 HO. Paapa6oTaHH8Jl SJI8KTpOIDIRa IIpliHa,IJ;
JI91mT K ~CJIY JIY'llllliX MKpOBHX o6pa3IJ;OB, OHa IlpHM9Hll9TCJl B 3KCnepll!M9H
TaX B OIDIB, ea BH9.n:pJIIDT TaIOK9 B ,n;wrax HHCTHTJTaX CCCP a aa py6e~oM. 

4. BnepBH9 ll3M9peHa nepBH~aJl llOHH3aD;M M8TO,ll;OM c~eTa KJiaCT8pOB 
B Ita.Mepe C npo,n;OJibHHM .n:pett{poM 3JI9KTPOHOB B YCJIOBKJlX, COOTB8TCTBYRI!lliX 
YCJIOBHHM 60Jibmoro li,ll;8HTH~K8.TOpa peJIHTliBllCTCRHX aapa~eHHHX "IaCTHIJ;. 
MeTO,n; c~eTa RJiaCT8pOB npe.n;CTaBJISl8T 60JibillOli HHTepec npH paapa60TR8 
IJ;8HTpaJibHHX ,ll;8T8KTOPOB ycTaHOBOK Ha KOJJJiail.n;epax, pa.n;HaJibHH8 pa3M8pll 
KOTOpwc OllJibHO orpaHHtJ:9Hll. 
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BnepBH9 HOOJI9,ll;OBa.Ha M8TO,ll;OM c~eTa KJiaCTepoB TpaHC~PManM OT 
nyaccoHoBoKoro paoripe,n:eJiemm nepBH~oii HOHH3aIJ;0:H B pacnpe,n;eJieHrre ~aH
,n;ay llOHH3aIJ,ROHH!:lX noTepb SHeprKH. IlOJIYtJ:8HHH8 ,IJ;aHHH8 IIp9,ll;CTaBJUIIDT HO
Bll8 CB8,ll;8HM O ,ll;llcp{py3HOHHOM pacna,n;e KJiacTepOB IIpll liX ,n;pe:lipe B raae. 

5 • .ll;pett{poBH8 KaM8pH HOBoro THna - 6833JI8KTpO,ll;HH8 JU{ BnepBHe npll
M8H8Hll Ha IJY'!K9 YCKOpllT8JIH. MO,IJ;H(llllKaIJ,Rll liX KOHCTPYKnHH H HOBHH no,n;xo,n; 
K SKCUJIYaTaIJ,R.11 E.IJ:K npKB8JIH K CY1118CTB8HHOMY YJIY'llll8HKID HX_IIaPaM8TpOB, 
KOTOpHe He YCTYIIaIDT IIaPaM8TpaM 3JI8KTgo,IJ;HHX RaMep: S(ll(lleKTliBHOCTb 
~IOO%, aarpyao~M CIIOC06HOCTb 5· IO 'laOTIIrr/c Ha IlpOBOJIO'!KY, npocT
paHOTB8HHOO paapemeHHe 0,2-0,4 MM npn: ~e .n:pettipa si8KTPOHOB .n:o 
IO0 MM. 

Paapa6oTaHa nepBM CHCT8Ma 60JiblliHX 6833JI8KTpO,ll;HHX ,UK _c 'IJYBCTB.11-
T8JibHOH IIJioma.n;bID IxI ~. 0~8Hb JierKoii npo~ott KQHCTPYKtimI _683 Mac
CHBHHX paM (IIOJIHHM Bee KaMepH IxI ~ OKOJIO 5 Kr), KOTopaa pa6oTaeT B 
3KCII8pHM8HTax Ha YCTaHOBK9 '"rmrepoH''. 

6. Ilpe,IJ;Jio~eH ll 3KCII8pllM8HTaJibHO o60CHOBaH M8TO,ll; YJIY'llll8HM npo
CTpaHCTB8HHOro paapernemrn JIHBHeBoro ro,n;oCROnlltJ:8CKOro ,ll;8T8KTOpa (JII',U) , 
OCHOBa.HHHM Ha npHMeH8HIIB ,ll;OIIOJIHI!T8JibHOro aKTHBHoro KOHB9pTopa (AK) I! 
mHpoKoaaaopHHX ,n;peiijioBHX KaMep (IIUIK), o6ecne~:sa.KIItITtt peKOp.n;Hoe npocT
paHcTBeHHoe pa3p9Ill8HH9 2 MM npn SHeprHH noanTpOHa 3 rsB. YcTpoilcTBO, 
co,n;epxtamee KOHB8pTop, lll,UK, ~PMHPOBa.T8Jib CHrHaJIOB ll MHorocTonoBHil 
BIUI, aaperHcTp.11po:sa.Ho Ka.K nao6peTeHHe. 

Kpynmm JII'.U ycTaHOBKII"rrurnpoH"c anepTJpOtt 2 ~ ,ll;OIIOJIH8H aKTHB
HHM KOHB8pTopoM H CHCT8MOll ~8THpex Ill.[K paaMepoM IxI J?-. B YCJIOBUHX 
(llll31!~8CKOro 3KCII8pllM8HTa CllCT8Ma AK+IIUIK+JII'.U 06ecne~Ba.8T rrpOCTpaHCT
B8HH08 paaperneHne 3 MM np.11 sHeprn:n: JIHBHeil I-5 rsB, ~To B 3-4 paaa 
.n:ytIDie paaperuemm Ramero JII'.U~ PaaperneHKe 6JIHaKHx JIIIBHeil ~34 MM, tJ:TO 
B 4-5 pas JIY'llll8, tJ:eM B HarneM JII'.U. ' 

7.· Bnepme naMepeHo norrepe~oe pacrrpe.n;eJieHHe uoHHaaIJ,RoHHHX rro
T8pb SHepr:r,rn: Ha pa3HHX r.n:y6n:HaX pa3BHTHJl JiliBHll B CBHHIJ;OBOM CT8KJI8, 
'laCTO l!CIIOJib3Y8MOM B tJ:epeHKOBCKHX ,ll;8T8KTOpax IIOJIHOro norJiomeHKH. 3Kc
rrepHM8HTaJibHO nO,ll;TB8plK,Il;eH ,IJ;ByxSKCIIOH8HIJ,RaJibHllli xapaKTep rrorrepe~oro 
pacrrpe,n:eJiemm n: ero rrepexo,n; B o,n;HOSKcnoHeHIJ,RaJibHOe-Ha 6oJIDrnnx r;ry6n:
Hax pa3BHTM JIHBRfI. 3KcrrepHM8HTaJibHH8 ,n;amrue COBIIa,IJ;aJDT O pac
tJ:8THblMlI. IlOJiytJ:8HHH8 .n:amru:e IIpll!M8HllIDTCH rrpn: KaJIH6pOBK8 KpyrrHHX JII'.U. 

8. Paapa6oTaHa .11 HCCJI8,ll;OBaHa ,ll;ByxKOOp,n;HHaTHM rrporropIJ,ROHaJibHaJl 
RaM8pa CO CMMOM HHq)OpMaIJ,RH C Ka.TO,ll;OBC nOMOmbID JIHHHfi 3a,ll;8PJKKH ,lJ;JISl 

HcCJie.n;oBaHHtt ,IJ;HHaMH'recKHX rrponeccoB B 6n:OJiorHtJ:eoKHx o6paanax, o6eone
tJ:HBalOillM KatJ:8CTB8HHOe H306pa~eHKe o6paanoB B YCJIOBHHX Bb!COKOtt pa.ttlia
IJ;aOHHOtt aarpyaKH 5-ro4 (l)OTOHOB/c-c~. 
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9. Ilp8,ItJIOllt8H, C03,n!lH ll ll3ytl:8H 'A8T8KTOp OCTaHOBKR (nO) 3ap,Illt8H
Hln: 'la.CT~ Ha OCHOB8 npOIIOPilliOHa.lII,HllX Ka.Map, 06ecnetJ1IBaIOm1Iii: peKOp'A
HOe paspeme1rne no Il.7IOTHOCTH ncCJie.nyeMoro o6pasm - O,I%. no BHEl'ApeH 
B ycTaHOBKY no pa,nnorpaqi.im Ha ny"IKe aJII,qJa-'W.CTI~ c :rneprueii: 200 MaB 
Ha Hyl{JIOH . CllHXpoqJa30Tp0Ha Ollilli C neJI:E,10 M8'AllllliHCKOit ~arHOCTHKll C 
npe'ASJILHO Hll3Koii: norJiomeHHoii: 'AOsoii: B o6~eKTe. · 

IO. Ilpe,ItJIOllt8H ll 3RcnepIDll8HTaJII,HO .060CHOBaH HOBHil MOTO'A Heii:TpOH
HOii: ~orpaqillll, npH3HaHiruii: ll306peTeHHeM, OCHOBaHmlii: Ha npHM8H8Hllll 
'Ape:WpoBott npoe~oHHoii: KaMepu HH3Roro .naMeHIDI, o6ecne'IlrBaRl!lHii: pe
KOP'AHOe - 0,2-0,3 MM IIpOCTpaHCTB8HH08 paspemeirne Cp0'Alf,68C!pll.7II,MOBHX 
M8TO'AOB H9HTpoHHoii: pa,nHorpaqi.im, a TaKllte 3qxp8KTHBHYIO 'AllCKPHMHHallliIO 
CJia60HOHll3Y!(!]UlX 'la.CT~ ( ~I0-6), "ITO II03BOJIB.8T pa60TaTI, B YCJIOBlUIX 
60JII,IDOH ~~OHHOH sarpy3Kll. 

II. Ilpe,ItJiollteH Ir paspa60TaH HOBHii: Tll~ rasopasp,MHoro KOOP'Aifi!aT
Horo 'A8T8KTOpa - MHoronpOBOJIO'IHa..ll KOPOHHM KaMepa, npe'AHa3Ha"I8HHaJl 
.lt7lR ll3Mepemra KOOP~T TpaeKTOpllii: CHJII,HOllOHli3yIO!ItlrX 'la.CT~ B HSii:TpOH
HOii: tpll3HK8, tpll3llR8 TRllt9JillX llOHOB, tpll3llK8 Hll3KllX aRTHBHOCT8ll, npH no
HCK8 P8'AKllX pacna,noB ll T.'A. 

Paspa6oTaHll ll BII8pBll8 HCCJI8'AOBaHll xapaKT8pHCTHKH neJioro p,Ma 
KOpoHHHX KaMep, B TOM "!HCJI8 H 'AByxROOp~aTHOH co ~8MOM llHq)OPMallliH 
C RaTO'AOB. Hamn pa6oTU npll3HaHH OCHOBOIIOJiaraK111HMll B pa3BllTim ROpOH
HllX RaMep. 

I2. 3KCII8pllM8HTaJII,HO o6HaPYllt8H JIORaJII,HHll xapaRTep 'AOIIOJIIrnTeJII,
HOH JiaBllHll OT CHJII,HOllOHll3YKllt9H "IaCTllilpl B'AOJII, CllrHaJILHOfi rrpoBOJIO"IKll 
KOpOHHOii: KaM8pll, "ITO II03BOJIB.9T O~CHHTI, Ha6.JIIQM9MY!O IIpOIIOPilliOHaJII,
HOCTI, aMIJJIHTY'All CllrHaJia Ha BllXO'A9 KK ll llOHH3~0HHllX IIOT8PL 3H9prHll , 
'W.CTHilpl ll 'AOCTHrHYTL O'tf9HL xopomero rrpocTpaHCTBeHHoro paspemeHWl 
( :S O, I MM) B'AOJII, IIPOBOJIO "IRll KK. 
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