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HccJie.!lOBaHhi BLIXO.!lHDie napaMeTJ)hi MHxpOKaHMhHLIX ycHJIHTeJiet.t wespoHHoro 

THna, C03.!laHHDIX Ha OCHOBe MHKpOKaHaJihHhiX MaCTHH C MeH.IIIOWHMC.II B,!lOJih KaHaJia 

TOKOM npOBO,!lHMOCTH, T.e. C «nepeMeHHhiM COnpOTHBJieHHeM>>. TIOKa3aHO, 'ITO y TaiOIX 

MaCTHH He Ha6JIIO,!laeTC.II HaKOnJieHH.II npOCTJ)aHCTBeHHOrO 3ap.ll,!la Ha BhiXO,!le KaHaJIOB, 

'ITO o6ecne'IHBaeT yJiyqweHHe HX BhiXO.!lHhiX xapaKTepHcrnx. CymecTBeHHO nos~:otwaeTc.ll 

TOKOYCTOi-t'IHBOCTh ,!leTeKTOpOB X H3MeHeHHIO HHTeHCHBHOCTH BXO,!lHOrO fiOTOKa Ha He

CKOJihKO nop.ll,!lKOB H He Ha6JIIO,!laeTC.II ,!lerpa,!laUH.II BhiXO,!lHhiX napaMeTJ)OB ,!leTeKTOpa npH 

BhiCOIOIX 3Ha'leHH.IIX BLIXO.!lHOt.t cxopocrn cqera (BnJIOTh .!lO HecxoJihiOIX Merarepu). OT

Me'laeTcll yJiyqWeHHe CTa6HJihHOCTH pa60Thi ,!leTeKTopa BO BpeMeHH npH nOBhiWeHHhiX 

3Ha'leHH.IIX BhiXO.llHOi-t CKOpOCTH C'leTa. 

BTopM.tiHbie 3JieKTpOHHbie YMHO:>KHTeJIH Ha ocHose MHKpoKaHMbHbiX nJiaCTHH 

(M.K.n.) HaiilJIH IllHpOKOe npHMeHeHHe B annapazype, npe,llHa3HaqeHHOH JliDI perH

CTpaii;HH H3JiytleHHH pa3HbiX BH,llOB: OT BH,llHMOrO CBeTa ,llO HOHOB H HeHTpaJibHbiX 

qacTHII; [1 + 4). B HaCTOHillee BpeMH M.K.n. C ycneXOM HCflOJib3yK>TCH B pa3JIHqHbiX 

fl03HII;HOHHO-qyscTBHTeJibHbiX ,lleTeKTopax qaCTHII; H <l>oTOHOB [5 + 9). 
IlpH pa3pa60TKe ,lleTeKTOpOB Ha OCHOBe M.K.n. O,llHOH H3 KmoqeBbiX HBJIHeTCH 

npo6JieMa JlHHaMHqecKoro ,llHanaJoHa qyscTBHTeJibHOCTH .zxeTeKTopa. KaK H3BeCTHo, 

,llJIH M.K.n. xapaKTepHO CHH:>KeHHC K03<l><l>HII;HeHTa yCHJieHHH C YBCJIHqeHHCM HH

TeHCHBHOCTH BXO,llHOrO flOTOKa H3JlytiCHHH [10), T.e. H3MCHCHHC qyscTBHTeJihHOCTH 

M.K.n. B 3aBHCHMOCTH OT «3arpy3KH» (ypOBHJI BXO,llHOrO CHrHaJia), 

B pa6oTe [ 11] 6biJio anepBbie noKa3aHo, 'iTO .IlHHaMH'ieCKHH .ZXHana30H qyacTBH

TeJibHOCTH H, COOTBCTCTBCHHO, MepTBOe BpeMJI perHCTpaii;HH BbiXO,llHhiX HMflYJibCOB 

MHKPOKaHaJibHOrO .IlCTeKTOpa Ha OCHOBe ,llByx M.K.n., CKOMflaHOBaHHbiX B BH,lle We

BpOHa, 3aBHC.RT OT pa3MepOB OCBCillaeMOH nJIOillMH: MepTBOe BpeM.R B03paCTaeT C 

YBCJIW.J:CHHCM pa60'iCH 30Hbl M.K.n., T.e, pa60'iHti ,llHana30H yseJIH'iHBaeTCJI npH 

yMeHbWeHHH pa3Mepoa pa6oqeft 30Hbl .zxeTeKTopa. Bbmo noKa.JaHo TaiOKe, qTo npe

.zxeJibHbie 3Ha'ieHHH BbiXO,llHOH CKOpOCTH C'ieTa onpe,lleJIJIIOTCH BeJIH'iHHOH MaKCH

MaJibHOrO TOKa, KOTOpblti MO:>KHO flOJiytiHTb Ha BbiXO,lle M.K.n. 3TOT pe3yJibTaT, Ha

,llC:>KHO flO,llTBep:>K,lleHHbiH pa6oTaMH (12, 13], CBH,llCTCJibCTByeT 0 TOM, 'iTO y TaKoro 

JleTeKTopa npe.zxeJibHbiC 3Ha'ieHHH OTHOWCHHH BbiXO.ZXHOrO TOKa K TOKY npOBO,llHMOCTH 

(Ip/ Is) cywecTseHHO 3aBHCHT OT pa3Mepoa o6JiyqaeMo:H 30Hbl [11 + 13]. 
IlpH pa3pa60TKe H 3KCnJiyaTaii;HH fl03HII;HOHHO-qyacTBHTCJibHbiX ,llCTCKTOpOB, 

C03,llaHHbiX Ha OCHOBe IIICBPOHHbiX CTPYKTYP M.K.n., 3TO 06CTOHTCJibCTBO HMCCT 60Jib-
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WOe 3HalieHHe .WUI npaBHJibHOro ITOHHMaHHSI H aHMH3a pe3yJihTaTOB HX pa60Tbl, no

CKOJibKY npH npaKTHlieCKOM HCITOJib30BaHHH TaKOrO poaa npH60pOB THITHliHaSI He

OJlHOPOJlHOCTb o6nyqeHHSI pa3JIHliHbiX yqaCTKOB BXOJlHOit nosepXHOCTH M.K.n. OKa-

3biBaeTCSI BbiCOKOit. 

IlpH MO,lleJIHpOBaHHH pa60Tbl OJlHHOliHOit M.K.n. npHHRTO CliHTaTb, liTO OHa 

npeJlCTaBJISieT C060it COBOKYnHOCTb napan.n:enhHO BKnY.>lieHHbiX He3aBHCHMbiX KaHa

JIOB H liTO B03HHKaiOII.lHH Ha ee BblXOJle ITOTOK BTOPHliHbiX 3JieKTpOHOB (BbiXO.llHOH 

3MHCCHOHHbiit TOK) He MO>KeT npeBbilliaTb 10 + 30% OT TOKa npOBO.llHMOCTH. IlpH 

npeBbiWeHHH 3TOrO 3HaqeHHSI HaqHHaeTCSI ITO.llaBneHHe npouecca YMHO>KeHHSI H 

yMeHbllieHHe K03<}J<}JHUHeHTa ycHneHHSI. ,llpyrHMH CJIOBaMH, BepXHHit npe,lleJI JlH

HaMHqecKOrO JlHana30Ha M.K.n. (.llHana30Ha Me>K,Ily HaH6onee BbiCOKHM H HH3KHM 

ypOBHSIMH BbiXO)lHOrO CHrHana) orpaHHtJHBaeTCSI TOKOM npOBO.llHMOCTH KaHMOB 

M.K.n. [12 + 14]. 
3aMeTHM, liTO Ha OITbiTe Ha6JIIO)laeTCSI KOppeJISIUHSI Me>K,Ily yMeHbllieHHeM pa3-

MepOB o6nyqaeMOit BXO)lHOit nosepXHOCTH M.K.n. H COOTBeTCTBYIOillHM (nponopUHO

HMbHblM ITJIOilla,llH) yMeHhllieHHeM a6COJIIOTHOrO 3HalieHHSI CyMMapHOrO BbiXO)lHOrO 

roKa .uereKTopa s uenoM, a raK>Ke Me>K,Ily yMeHbWeHHeM Meprsoro speMeHH H conyr

crsyiOillHM yBeJIHlieHHeM )lHHaMHqecKOrO )lHana30Ha a6COJIIOTHOH qysCTBHTeJibHO

CTH MHKpOKaHMbHOrO )leTeKTopa WeBpOHHOfO THna, C ,llpyroti: CTOpOHbl. 3TO 03Ha

qaeT, liTO npH aHanH3e npoueccos penaKcauHH 3apSI)la B KaHanax M.K.n. HX HeJib3SI 

paCCMaTpHBaTb KaK COBOKYnHOCTb He3aBHCHMbiX napanneJibHbiX KaHMOB. 3aBHCH

MOCTb JIOKMbHOfO MepTBOrO BpeMeHH M.K.n. OT pacnpe)leneHHSI npOCTpaHCTBeHHOH 

HHTeHCHBHOCTH na)laiOUlero H3ny<IeHHSI 6&Ina Ha3BaHa BITOCJie)lCTBHH s<}J<}JeKTOM CO· 

ce.ucrsa [15]. 
OnbiT noKa3biBaer, liTO npH oueHKe KpHTMlieCKHX 3HaqeHHH OTHoweHHSI lp/ Is 

3MHCCHOHHbiit TOK Jp CJie)lyeT OTHOCHTb K TOicy npOBO.llHMOCTH BCeX KaHMOB M.K.n. 

( 11]. 3ro B CBOIO OliepeJlb JlOJI>KHO 03HaliaTb, liTO peMbHOe BnHSIHHe COCe)lHHX, npH

MbiKaiOUlHX K pa60liHM, KaHMOB M.K.n. HMeeT cymeCTBeHHOe 3HaqeHHe. HeyqeT 

3TOrO 06CTOSITeJibCTBa npH npaKTHqeCKOM HCITOJib30BaHHH M.K.n. B paJnHqHoit anna

paType (oco6eHHO B IT03HUHOHHO·tJyBCTBHTeJibHbiX )leTeKTopax, 3JieKTpOHHO·OnTH· 

tieCKHX npeo6pa30BaTeJISIX H OnTHqecKHX npH6opax) MO>KeT 6biTb npHqHHOIJ HeO)l

H03HaqHOCTH BbiXO.llHOIJ HH<i>OpMaUHH (B 3aBHCHMOCTH OT pacnpe,neneHHSI npocrpaH

CTBeHHOif HHTeHCHBHOCTH na)laiOUlero Ha BXOJIHyiO nosepXHOCTb M.K.n. H3nyqe

HHH), 

l1MeiOUlHeCSI Ha cerOJIW! MOJieJibHbie npe,llCTaBJieHHSI 06 OCHOBH&IX xapaKTepH

CTHKaX M.K.n. (K03<}J<}JHUHeHT ycHJieHHSI, aMnJIHTY.llHOe pa3peweHHe H MepTBOe Bpe

MSI) He IT03BOJISIIOT noKa 06'bSICHHTb Ha6JIIO,!l;aBWHeCSI B SKCnepHMeHTax [11 + 13) 
3aBHCHMOCTH BbiXO,!l;HbiX pa6oqHX napaMeTPOB WeBpOHHblX )leTeKTOpOB OT pa3MepoB 

pa6oqeti: 30Hbi. O,nHaKo sro o6croSireJibCTBO sec~:~Ma cywecrseHHO, HanpHMep, npH 

perHCTpaUHH ITOTOKOB SJieK'fPOHOB H HOHOB KOCMHqecKOH nJia3Mbi, HHTeHCHBHOCTb 

KOTOpbiX - B 3aBHCHMOCTH OT napaMeTpOB H COCTOSIHHSI OKPY>KaiOUleH cpe,!l;bl - MO· 

>KeT MeHSITbCSI 60Jiee, lieM Ha 6 nOpSI)lKOB. 

Il03TOMY B03HHKna noTpe6HOCTb pa3pa60TKH Ha OCHOBe ,!l;Byx ITOCJie)lOBaTeJib· 

HO COe,!l;HHeHHbiX (IIIeBpOHHbiM CITOC060M) M.K.n. liYBCTBHTeJibHOro ,lleTeKTopa, cno-
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C06HOfO pa6oTaTb npM DOBbiiiieHHbiX CKOpOCTRX cqeTa 6e3 llOTepM qYBCTBMTeJibHO

CTM. BbiXO.llHaH CKOpOCTb cqeTa TaKoro ,n:eTeKTopa .n:oiDKHa 6hiTb nponopuMoHanbHa 

BXO.l(HOMY DOTOKY npM M3MeHeHMM ero MHTeHCMBHOCTM B npe,n:eJiax IIIeCTM llOpH,llKOB, 

He3aBMCMMO OT pacnpe,n:eJieHMH IIJIOTHOCTM 3T0f0 llOTOKa DO BXO.l(HOH llOBepxHOCTM 

nepso:H M.K.n. 

Haif6onee npocToe cpe,n:cTBO YBeJIHqeHMH .llMHaMMqecKoro ,n:HanaJoHa M JIMHe:H

HOCTH M.K.n. - 3TO yMeHbllleHHe COllpOTHBJieHMH IIJiaCTMH (12, 16). 0,n:HaKO 803-

MO)I{HOCTM TaKoro CHM)I{eHMH .n:oBOJibHO orpaHMqeHbi. EcJIH conpoTMBJieHMe IIJiaCTMH 

< 30 + 40 MOM, TO JIOKanbHbiH pa30rpeB HapYIIIaeT HOpManbH)'IO CTa6MJibHOCTb pa-

60Tbi DJiaCTMHhl, H HX HenpepbiBHaH 3KCIIJiyaTaUMH B03MO)I{Ha TOJibKO npM aKTMB

HOM OXJIIDK,lleHMM (17, 18). TaK, HanpHMep, npM MCDOJib30BaHMM BhlCOKO npOBO

.l(HlllHX nnacTMH $HpMbi fanMJieo (R = 500 KOM) )J.JIH 3Toro npMMeHHJicH UMPKY

JIMPYIOlllMH 3TMJieHfJIMKOJib (19, 20). QqeBM.l(HO, qTo TaKOH CDOC06 MCDOJib30BaHMH 

MMKpOKaHaJibHbiX ,n:eTeKTOpOB C oqeHb HM3KHM conpOTMBJieHMe IIJiaCTMH He MO)I{eT 

HaHTM IIIMpOKOfO npMMeHeHMH B HayqHbiX H npOMbiiiiJieHHbiX npM6opax. 

TaK KaK see MHKpoKaHaJibi coe,n:HHeHbi napaJIJieJibHO 6naro.n:apH HaHeceHHOMY 

Ha TOpUhl IIJiaCTMHbi BaicyyMHO-HCnapeHHOMY MeTaJIJIMqecKOMY 3JieKTpo,n:y (IIJieHKe), 

TO B UeJIHX yBeJIJilqeHHH BbiXO,l(HOH CKOpOCTH cqeTa MHOfHe MCCJie,l(OBaTeJIM npe,n:npM

HMManM cneUMaJibHhle Mepbl DO CHH)I{eHMIO COllpOTMBJieHMH Me:>KKaHanbHbiX npoMe

~KOB, npMMeHH.H: npM H3fOTOBJieHMH KOHTaKTHOfO 3JieKTpO.l(a 30JioqeHMe BMeCTO 

o6biqHo HCDOJib3yeMOfO HaHeCeHMH XpOMa M HMKeJIH (12). 
KaK noKa3biBaeT onbiT, o6a 3TH cnoco6a- YMeHhllleHMe conpoTMBJieHMH caMHX 

DJiaCTHH MJIM Me:>KKaHaJibHbiX npOMe:>IcyTKOB - He,l(OCTaToqHo 3$$eKTMBHbl H Tpy,n:Hbl 

B peanM3aUHM. 

3aMeTMM, qTo 3KcnepMMeHTaJibHhle .n:aHHhle YKa3hlBaiOT Ha CYllleCTBeHHYJO poJib 

TOKa nposo,n:MMOCTM Is B nose.n:eHHM M.K.n. Bo-nepBbiX, OTHOIIIeHHe Bhlxo.n:Horo TOKa 

K TOKY nposo,n:MMOCTM Ip/ Is HBJIHeTCH HaM6onee noKa3aTeJibHhlM napaMe'fPOM TOKO

ycToif:qMsocTH MMKpoKaHaJibHbiX .n:eTeKTopoB [11, 12]. Bo-BTOpbiX, JIOKaJibHhle M3-

MeHeHMH TOKa npOBO.l(HMOCTM onpe,n:eJIHIOT KpOCC-HaBO,llKH Me)l{,l(}' KaHaJiaMM M.K.ll., 

T.e. onpe,n:eJIHIOT M3MeHeHHe BbiXO.l(HOH CKOpOCTM cqeTa B 3aBMCHMOCTM OT pa3MepOB 

06JiyqaeMOH IIJIOllla.l(M (MJIM ~mcJia aKTMBHO pa6oTaiOlllMX KaHanOB). 

AHanM3 3TMX $aKTopoB noKa3biBaeT, qTo o6c~aeMYJO npo6JieMY MO)I{HO pe

IIIHTb C DOMOlllbiO M.K.n. C HeDOCTOHHHbiM, M3MeHHIOlllMMCH B.l(OJib KaHaJia TOKOM 

npOBO.l(MMOCTH: Ha BbiXO,l(HOM KOHUe KaHana, r,n:e B03HHKaiOT MaKCMMaJibHhle 3MHC

CMOHHbie TOKM, npOBO.l(HMOCTb .l(OJI)I{Ha 6biTb 3HaqHTeJibHO Bbiiiie, qeM Ha ero BXO,l(

HOM KOHUe. Ilo,n:o6HaH CMTYaUMH MO)I{eT 6~Tb C03,l(aHa npH HCDOJib30BaHMM cne

UManbHbiX M.K.n., y KOTOpbiX BXO,llHaH H BbiXO,l(HaH llOBepXHOCTM MMeiOT pa3JIJilqHble 

COllpOTHBJieHMH. Y TaKHX M.K.ll. BbiXO,l(Hbie 3MMCCMOHHble TOKH MOryT 6b1Tb 3HaqJii

TeJibHO llOBbiiiieHbi, T.e. ,l(OCTMfHYTa MaKCMMaJibHaH TOKOYCTOHqMBOCTb. 

,JJ.JIH C03.l(aHMH M.K.n. C «nepeMeHHbiM>> COllpOTHBJieHMeM KaHana pa3pa60TaHa 

cneuHaJibHaH TexHonorMH, ocHoBaHHaH Ha npMMeHeHMM pa3JIJilqHbiX pe)I{MMOB $op

MMposaHMH 3MHTMPYJOlllefO CJIOH B.l(OJib KaHana M.K.n. IlpM 3TOM o6ecneqMBaiOTCH 

YCJIOBMH, npM KOTOpbiX TOJilllMHbi npOBO,l(HlllefO CJIOH Ha BXO,l(HOH M BbiXO,l(HOH DO

BepXHOCTRX IIJiaCTMHbi OTJIJilqaiOTCH B "' 100 pa3 (21). 
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Y TaKHX M.K.II. TOJIIUHHbl np~BO,lJ;HIUero CJIOH Ha BXO,lle H BbiXO,n;e KaHana CO

CTaBJIHIOT "' 1150 H "' 100 + 150 A COOTBeTCTBeHHO. 3TO 03HaqaeT, qTo COIIpOTH

BJieHHe npOBO,lJ;HIUero CJIOH Ha O,lJ;HOM KOHI.J;e nJiaCTHHbl noqTH Ha IIOpH,n;OK HH}J(e, 

qeM Ha .n;pyroM. TamM o6pa30M cj>opMHpyeTCH M.K.n. c <<nepeMeHHbiM>> conpoTH

BJieHHeM - M.K.II. C pa3JIHqHOH TOJIIUHHOH BOCCTaHOBJieHHOfO CJIOH B,lJ;OJib KaHana, 

T.e. C H3MeHHIOIUHMCH IIO .n;JIHHe KaHana COIIpOTHBJieHHeM. IlpH 3TOM H3MeHeHHe 

COIIpOTHBJieHHH 3JieMeHTa IIOBepXHOCTH KaHaJia B.llOJib ero .n;JIHHbi npOHCXO.llHT IIO

CTerreHHO. QqeBH,llHO, qTo y TaKHX M.K.II. TOK rrpOBO.llHMOCTH Ha BbiXO.llHOM KOHI.J;e 

OKa3biBaeTCH Ha IIOpH,n;OK BbiWe, qeM Ha BXO,lJ;HOM, B pe3yJibTaTe qero OTHOWeHHe 

lp/ Is .n;OJI}J(HO H3MeHHTbCH He3HaqHTeJibHO, HeCMOTPH Ha poeT BI>Ixo.n;Horo TOKa npH 

yseJIHqeHHH 3arpy3KH. KpoMe Toro, rrpaKTHqecKoe HCIIOJib30BaHHe nJiaCTHH c yse

JI}IqeHHOH TOJIIUHHOH rrpOBO,llHIUero CJIOH Ha BbiXO,llHOM KOHI.J;e ,llOJI}l(HO o6ecrreqHTb 

HX 6oJiee BbiCOKYJO TOKOYCTOHqHBOCTb H Ha,lle}J(HOCTb pa60Tbl B yCJIOBHHX ycHJieHHOH 

3JieKTpOHHOH 6oM6ap.n;HpOBKH 3TOH qacTH KaHaJia. 

,llaHHaH MeTO,llHKa peaJIH3yeT, IIO-BH,llHMOMY, e.n;HHCTBeHHYIO B03MO}J(HOCTb IIO

JiyqeHHH M.K.II. C BbiCOKOH TOKOYCTOHqHBOCTbiO. 0Ha npOCTa H He Tpe6yeT rrpH

MeHeHHH TeXHOJIOf}lqeCKH Tpy,n;oeMKHX H ,llOpOrOCTOHIUHX rrpou;e.nyp: OXJIIDK,lleHHH, 

30JIOqeHHH H T.,ll. 

HH}J(e rrpHBO.llHTCH rrpe.n;sapHTeJII>Hbie pe3yJII>TaTI>I HCCJie.n;osaHHH MHKPOKaHaJib

Horo ,lleTeKTOpa, co6paHHOrO Ha OCHOBe .llByx M.K.II. ,llHaMeTPOM 56 MM (KaJIH6p 60) 
C <<IIepeMeHHbiM>> COIIpOTHBJieHHeM, CIIei.J;HaJibHaH TeXHOJIOrHH H3rOTOBJieHHH KOTO

pbiX 6biJia pa3pa60TaHa H OCBOeHa B pe3yJibTaTe COBMeCTHbiX YCHJIHH COTPY.llHHKOB 

MHCTHTYTa KOCMHqeCKHX HCCJie,llOBaHHH (MOCKBa), 3aBO,lla <<fpaH» (BJia,llHKaBKa3) 

H CHMMM (CapaTOs). ,lleTeKTop OTJIHqaeTCH rrosMweHHOH ToKoycToi!:qHsocTbiO K 

H3MeHeHHHM HHTeHCHBHOCTH BXO.llHOrO IIOTOKa Ha HeCKOJibKO liOpH,n;KOB. 

CTpYKTYPa (pHC. 1), COCTOHIUaH H3 .llByx M.K.II. 1 H 2, CeKI.J;HOHMpOBaHHOro 

KOJIJieKTOpa 3 H Me}J(3JieKTPO.llHbiX 3JieMeHTOB 4 + 6, pa3MeiUaJiaCb B cj>HrypHOM Me

TaJIJIOKepaMHqeCKOM KOprryce 7 BMeCTe C BXO,llHOH MaCKOH 8. Ha BbiXO,lle M.K.II. 2 
IIOMeiUaJICH ,llByxKOJibi.J;eBOH CeKI.J;HOHHpOBaHHbiH KOJIJieKTOp 3 C 24 He3aBHCHMbiMH 

BbiBO,llaMH. Y CJIOBHH IlpOBe,lleHHH HCIIbiTaHHH II03BOJIHJIH O,llHOBpeMeHHO o6JiyqaTb 

IIOTOKaMH 3JieKTpOHOB H HOHOB pa3JIHqHbie yqaCTKH nJiaCTHH .n;eTeKTopa H, COOT

BeTCTBeHHO, CeKI.J;HI-1 KOJIJieKTopa, paCIIOJIO}J(eHHhle B,llOJib BHYTpeHHeH H BHeiiiHeH 

O:Kp~HOCTeH. 

,llJIH IIO.llBO,lla HaiipH}J(eHHH B 3a3ope MeXQzy nepBOH H BTOpOH nJiaCTHHaMH HC

IIOJib30BaJIHCb CIIei.J;HaJibHble IIOJIYKOJibi.J;a 5 H 6, qTO II03BOJIHJIO CHH3HTb pa3Mepbl 

3a30pa MeXQzy nJiaCTHHaMH .llO 0.3 MM. 

BXO.llHaH MaCKa 8 C rrpope3HMH, IIOBTOpHIOIUHMH reoMeTPHIO KOJIJieKTopa, o6ec

rreqHBaJia IIOIIa,llaHHe BXO,llHOrO IIOTOKa Ha 3apaHee Bbi6paHHbiH KOJIJieKTOp H OIIpe.n;e

JIHJia cj>oHosoe BJIHHHHe Ha coce.n;HHe KOJIJieKTOphl. MexaH}IqeCKaH c6opKa cu:cTeMbi 

OCymeCTBJIIDiaCb C IIOMOIUbiO cneu;HaJibHbiX KOJieu; 9, IIPH}J(aTbiX K M.K.II. rrp~

HOH 10. Bee coe.n;HHeHHH BI>IIIOJIHHJIHCI> c noMOIUI>IO nai!:m HJIH csapm. 

Mcrri>ITaHHH rrposo.n;HJIHCb B BaKYYMHOH KaMepe ("' 10-6 Topp), OTKaqu:saeMoi!: 

reTepou:oHHI>IM THTaHOBbiM HacocoM. McToqHHKOM 3apH}J(eHHbiX qacTHU ~a 

3JieKTpOHHaH IIYWKa, II03BOJIHBWaH BapbHpOBaTb HHTeHCHBHOCTb BXO.llHOrO IIOTOKa 
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Puc.l. KoHCTPYKUHR MeTa.nnoKepaMwte· 

CKOrO MHKpOKaHaJJhHOro .llCTCKTOpa UIC• 

BpOHHOrO THna. /, 2- M.K.n.; J- CCKUH· 

OHHp0113HH&IR KOMCKTOp; 4, 5, 6- MC:>K• 

31ICKTPO.IlHhiC 3JICMCHThi; 7 - MCTMJIOKC· 

paMH'IecKldt xopnyc; 8- sxo.ttHaR Macxa; 
9- cneUHililhH&Ie xon&ua; 10- npY>JGIHa 

3JieicrpOHOB OT 102 ,llO 1011 CM-2C-l 1 a 3Hepnno- OT COTeH 3JieKTpOHBOJibT ,llO ,lleCHT

KOB KR1I03JieicrpOHBOJibT. 

JiiCCJie,llyeMaH rneBpOHHaH CHCTeMa M.K.n. BKJIIOtJaJiaCb ITO CTaH,llapTHOH CXeMe 

IIHTaHHH ( 11]. CHrHaJibl, IIOHBHBlliHeCH Ha BbiXO,lle ,lleTeKTOpa, perHCTpHpOBaJIHCb 

rrpH IIOMOIUH CIIel(HaJibHO pa3pa6oTaHHOH .lJ)UI 3THX u;eJieH arrrrapaTYPbi cpopMHpO

BaHHH H rrpeo6pa30BaHHH BbiXO,llHbiX CHrHaJIOB M.K.II. C IIOCJie,llyroiUeH perHCTpau;H

eH H aHaJIH30M CTaTHCTHtieCKHX H BpeMeHHbiX xapaKTepHCTHK 3THX CHrHaJIOB (22]. 
Yrrpa.BJIHeMaH OT 3.B.M. H3MepHTeJibHaH cHcreMa rro3BOJIHJia aHaJIH3HpoBaTb aMIIJIH

TY.llbi BblXO,llHblX CHrHaJIOB M.K.II. Ha ypOBHe 3 · 10-lJ KJI ,ll]IHTeJibHOCTbiO 1.5 + 2 HC 

rrpH qacToTe cne.llOBaHHH .llO 10 Mfu. 
flpH H3yqeHHH TOKOYCTOHtiHBOCTH M.K.II.-,lleTeKTopa OCHOBHOe BHHMaHHe y,lleJIH

JIOCb HCCJie,llOBaHHIO 3aBHCHMOCTH aMIIJilfTY,llHbiX pacrrpe,lleJieHHH OT BbiXO,llHOH CKO

pOCTH cqeTa Nsbrx, rrocKOJibKY HMeHHO 3TH pacrrpe,lleJieHHH tiYBCTBHTeJibHbi K H3Me

HeHHHM BbiXO,llHbiX rrapaMeTPOB MHKpOKaHaJibHOrO ,lleTeKTopa npH H3MeHeHHH HH

TeHCHBHOCTH BXO,llHOrO CHrHaJia. 
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J'OO 

,J?,f 
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IZJ 

!68 

.!18 

.fJZ 

J.8 Jlffl. 

Z76 

Puc.2. AMIJJIHT}'JlHbie pacnpe.neJieHHR BLIXO.llHbiX HMnyJibCOB .llJI$1 06bl'IHOro 4M0 (a) H HOBO

ro 14K (6) .lleTCKTOpOB npH pa311H'!HbiX 3Ha'ICHIUIX BLIXO.llHO~ CKOpOCTH C'leTa Ns'bJX (UHcppbl Y 
KPHBbiX) 

H3MepeHHH 6&IJIH B&monHeH&I .wrn HeCKOJI&KHX .n;ereKTopoB weBpOHHoro THna, 
co6paHHbiX KaK Ha OCHOBe o6blt{HbiX M.K.n. (,n;ereKTOpbi lMO, 4M0, 6M0 H 15M0), 
TaK H Ha OCHOBe HOBbiX M.K.n. C nepeMeHHbiM conpOTHBJieHHeM (,n;ereKTOpbl 6K, 14K H 
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Puc.3. ,!J,HHaMH'IeCKHH JIHana30H JieTeKropoa c «nepeMeHHbiM» H o6bi'IHbiM conporu

BJieHHeM rrnacTHH ¢>56 MM : 1, 2- JieTeKTOpbi I MO H ISMO c o6bi'IHbiM corrpoTHBJieHHeM 

ITJ13CTHH; J, 4, 5- JieTeKTOpb! 6K, 14K, i6K C rrepe,MeHHbiM COITpOTHBJieHHCM ITJ13CTHH; 

6 - JlCTCKTOp 14K ITpH 06Jiy<leHHH BXOJIHOM ITJIOWMH pa3MepoM ...., 0.2 MM2 

16K). 06JiyqeHHe IlpOBO.U:HJIOCb IIOTOKaMH 3JieKTpOHOB C 3HeprH$1MH,....., 500-;-800 38. 

06JiyqaJIHCb nepmpepHMHbie yqacTKH M.K.n. O.U:HHaKoaoH: nJioma.u:H. Bee .u:aHHbie 

IIOJiyqeHbl IlpH O.U:HHaKOBbiX Haiip$1)1(eHH$1X IIHTaHH$1 M.K.II. Pe3yJibTaTbl H3MepeHHM 

npe,U:CTaBJieHbl Ha pHC. 2+pHC. 4 . 

Ha pHc. 2 cpaBHHBaJOTC$1 aMIIJIHTY.U:Hbie pacnpe.u:eJieHH$1 .U:JI$1 o6bi'-IHoro 4MO H 

HOBOfO 14K .U:eTeKTOpOB IlpH HeCKOJibKHX 3HalJeHH$1X BbiXO.U:HOM CKOpOCTH C'-IeTa. 

HeTpy.u:Ho BH.U:eTb, liTO y np116opa 14K yaeJIH'-IeHHe Nobix Ha nop$1.U:OK ( OT 4 .u:o 

40 KfU:) COIIpOBO)I(.LJ:aeTCH He3HalJHTeJibHbiMH H3MeHeHJ-I$1MH xapaKTepa aMIIJIHTY.U:HbiX 

pacnpe.u:eJieHHM H cpe.u:Hero 3Ha<JeHH$1 K03$clmu:HeHTa ycHJieHH$1 . .[(JI$1 npH6opa )l(e 

4MO yaeJIH'-IeHHe N8b1x npHMepHo B 4 pa3a (oT 4 .u:o 18 Kfu:) npHBO.U:HT K pa.u:HKaJib

HoMy yxy,u:meHHIO BbiXO,U:HbiX napaMeTpOB: .U:OBOJibHO pe3KO B03paCTaeT OTHOCHTeJib

HOe 'IHCJIO HMIIYJibCOB MaJibiX aMIIJIHTY.U:, aMIIJIHTY.U:HOe pacnpe.u:eJieHHe BbiXO.U:HblX 

HMIIYJibCOB npH nepexo.u:e OT N 8b1x = 3.8 Kfu K 18 Kfu pa.u:HKaJibHO MeHHeTC$1 no 

$opMe. 

109 



IUJOTTE H.M., flJIATOB 3.A., EEJIOfJTA30B B.H. 11 rJp. TIT~, 1995, Ng 4 

113MepeHHble npeJieJlbHble 3Hal.feHHJI BbiXOJIHOt1 CKOpOCTH ClleTa JIJlSI JieTeKTOpOB 

4M0 H 14K COCTaBJUIIOT f"w 20 KfU H 1 + 2 Mfu COOTBeTCTBeHHO. 

Ha pHc. 3 npe.rtcraBJteHbi aMnJIHTYJIHbie pacnpeJieJieHHJI JIJ1JI JIBYX HOB&IX JieTeK

ropoa 14K H 16K npH H3MeHeHHH Bb!XOJIHOJ.I: CKOpOCTH ClleTa OT,....., 4 KfU JIO 1 Mfu. 

Xopowo BHJIHO, liTO xapaKrepbi pacnpe.rteJieHHJ.I: JIJlJI o6oHx .rtereKropos HJieHTHl!Hbi 

H "'TO He Ha6JIIOJiaeTCSI KaKHX·JlH60 BH.llHMbiX npH3HaKOB HX JierpaJiaUHH C pOCTOM 

BbiXOJIHOJ.I: CKOpOCTH ClleTa. 

Ha pHc. 4 noKa3aHbi cpaBHHTeJibH&Ie JiaHHbie o JIHHaMHKe K03cpcpHUHeHra ycH

neHHJI H aMnJIHTYJIHOro pa3peweHHJI JIJI.A o6&Il!HbiX JiereKropos I MO, lSMO H JIJist 

HOBblX 6K, 14K, 16K. 113 3THX .rtaHHblX CJieJiyeT, liTO HCTIOJlb30BaHHe nJiaCTHH C «nepe

MeHHbiM» conpOTHBJteHHeM TI03BOJISieT He TOJlbKO paCWHpHTb Ha ;::: 2 nopSJJIKa JlHHa

MWieCKHJ.I: JIHana30H TaKHX npH60pOB, HO H COXpaHJieT npaKTHlleCKH HeH3MeHHbiMH 

YCHJlHTeJibHbie CBOJ.I:CTBa npH60pa npH yseJYH'I.{eHHH 3arpy3KH. 3aMeTHM TaiOKe, 4TO Y 

npH6opos c «nepeMeHHbiM» conpoTHBJieHHeM npoBOJIJ~Wero enoS! KaHana TaKoe no

CTOSIHCTBO yCHJlHTeJibHbiX CBOtiCTB H 3Hai.JeHHi1 BbiXOJlHbiX napaMeTpOB COXpaHJieTCSI 

H npH H3MeHeHHH pa3MepOB pa6oqej.f 30Hbl JieTeKTOpa, B lJaCTHOCTH, npH pa6ore He-

3Hal.fHTeJibHOt1 llacrH KaHaJIOB M.K.n. KpHB&Ie 6 Ha pwc. 4 coorsercrsy10r o6nylleHHIO 

He60JlbWOfO YtJaCTKa BXOJIHOH nosepXHOCTH JieTeKTOpa pa3MepoM I"V 0.2 CM2 (npH-

6op 14K). Tor Q>aKT, l.fTO BbiXOJIH&Ie napaMeTpbi JleTeKropa npH 3TOM npaKTHlleCKH 

He MeHSIIOTCSI, CBHJieTeJibCTByeT 0 TOM, 4TO OHH CJYa6o 3aBHCSIT OT pa3MepOB aKTHBHO 

pa6ora10met1 nosepxHocrw. 

npoBe)leHHbie HCCJle.lJ,OBaHHSI TI03BOJ1JIIOT CliHTaTb, liTO npH HCTIOJib30BaHHH 

M.K.TI. C <<nepeMeHHbiM» conpOTHBJleHHeM MO:>KHO CylUeCTBeHHO n~BbiCHTb TOKO

YCTOHI.fHBOCTb JiereKropa H HaJie:>KHO pa6orar& npH BbiCOKHX 3HalleHHSIX BbiXOJIHOti 

CKOpOCTH ClleTa BnJIOTb JlO HeCKOJibKHX Merarepu npaKTHlleCKH 6e3 )lerpaJiaUHH Bbi

XOJIHbiX napaMerpos .rr.ereKropa. TaKHe nnacrHHbi o6ecnel.fHBaiOT s&ICOKYIO cra6HJih

HOCTb pa60Tbl JieTeKTOpa BO BpeMeHH npH BblCOKHX 3HalleHHSIX Bb!XOJIHOH CKOpOCTH 

Cllera. Pe3yJI&TaTbi H3MepeHHH noKa3anH, liTO y raKHX nnacrHH He Ha6JYJOJiaercJI 

HaKonneHHJ~ npocrpaHcTBeHHOro 3ap$1.lla Ha BbiXOJie. 3ro o6ecneliHBaer HX YJIYI.f

meHH&Ie BbiXOJIHble xapaKTepHCTHKH H TI0380JlSieT 06XOJIHTbCSI 6e3 cneuHanbHblX Mep 

npH MaKCHManbHO B03MO:>KH&IX 3Hal.feHHHX K03Q>Q>HUHeHra ycHJYeHHH [23] . Orcyr

CTBHe HaKOTIJieHHSI npocrpaHCTBeHHOrO 3apJ~)la JleJYaeT nepcneKTHBHbiM npHMeHeHHe 

TaKHX TIJiaCTHH He TOJibKO 8 annaparype, npeJIHa3HalleHHOH JIJlSI perHCTpaUHH 3Ha

liHTeJibHbiX sapHaUHH HHTeHCHBHOCTH BXOJIHOfO CHrHana, HO H B npH6opax HOliHOfO 

BHJieHHJI H HM TIOJI06HbiX, rJie Tpe6yeTCSI 60JYee JIJlHTeJibHOe TIOCTOSIHCTBO HCXOJIHOrO 

COCTOSIHH.sl cpOTOKaTOJia. 

K npaKTHI.feCKHM .rr.ocroHHcrsaM HcnoJY&3osaHHH nnacrHH c nepeMeHHbiM co

npoTHBJieHHeM CJieJiyer OTHeCTH H HX 6onee BbiCOKYIO BOCTipOH3BOJIHMOCTb H H.lleH

THliHOCTb BbiXOJIHblX napaMeTpOB. 

,ll.rr.s1 TIOJIHOrO TIOHHMaHH.sl npo6JieMbl Hy)I(Ha TeopeTHtieCKM MOJieJib 3BOJIIOUHH, 

cpopMHpOBaHHSI H pa3BHTHJ13apSI,lla B.liOJib KaHana M.K.TI., napaMeTpbl KOTOporo onpe

.rr,eJI.siiOTCSI He TOJibKO 3HalfeHHJIMH H BpeMeHHbil\m xapaKTepHCTHKaMH npeJibiJIYlUHX 

HMTIYJibCOB B KaHaJiaX, HO H H3MeHeHHeM TOKa npOBO.liHMOCTH B.liOJib KaHaJia KaK B 

CTaUHOHapHbiX YCJIOBHHX, TaK H npH yMeHbWeHHH 06LUeH H JIOKaJibHOH 3arpy3KH. 
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