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113MEHEHI1E IIAPAMETPOB KAHAJlbHbiX ;)JIEKTPOHHbiX YMHO»ti1TEJIER 
3A BPEMH XPAHEHHH 

illiOTTE H. M., ITYOJIOKAIIHEH A. H., BOJIKOB r. H., KOITLIJIOB B. Cl>. 

OrrHcarro Hailmrremie xapaRTepHcTHK KarraJII.HhlX :meKTpOHHhlX yMrromnTene.H (K.a.y.) 
rrocne AJIHTeJII.rroro xparreHHH B na6opaTOpHhlx ycnommx. Hail:Aerra KoppeJIHI(HH MemAy 
ycHJieHHeM K.B.y., yMeHI.illaiOII\HMCH Ba 2,5 rOAa xpaHeHHH B -4 pa3a, H rrepBOHa'laJII.HhlM 
COIIOCTaBJiemreM !'J.R/RHCX BMHTTHPYIOID;ero, CJIOH, 'ITO M07f\eT 6h1TI. HCIIOJII.30BaHO KaK KpH

TepHft rrponcmeAIIIHX HBMeHeHHH. 

IlpM MCnOJib30BaHMM KaHaJibHhlX 3JIBKTpOHIIblX 

YMHO/I\MTeJie:i!i: {K.3.y.) B annapaType; npep;Haa

HR'lBHHo:i!i: AJIJI AJIMTBJibHOH M HenpephlBHOH 3K

cnJiyaTa~liiM, HanpMMep Ha KOCMM'IBCKUX annapa

TaX [1], HymHo 3HaTb aaBMCMMOCTb HX napa~feTpon 
or npe:MeHH. Hap.HAY c M3BeCTHhlM «flaRTOi\1 p;e

rpa;:~.a~mi Hx ycMJieHHH K.3.y. n npou;ecce ~mcnJiy

aTa~IIII [2, 3] 6niJIO 3aMe'leHO , 'ITO B HeKOTOphlX 

cJiyqa.Hx napaMeTphl K.3.y. yxyp;maiOTCJI H noc

Jie npop;oJirKMTeJibHoro xpaHeHMJI [ 4] , conponom

p;anmeroc.H, npanp;a, nepMO}l;M'leCKHM HarpeBoM. 

HaMM B npo~ecce paapa6oTKM MHoroKaHaJib

Horo CnBKTpOMBTpa 3ap.Hil\8HHhlX 'laCTH~ C HB

CRO:IbKH~flil 3JIBKTpOHHhlMM YMHO/I\MTBJIJIMM B Ka

'IBCTBB }l;BTBRTOpOB npOBO}l;MJiliCb nepMO}l;M'IBCKMB 

MCnLITaHHJI K.3.y. BhlJIO 3aMe'leHo, 'ITO, KaK npa

BHJio , YCMJIBHMe TOJibKO 'ITO M3rOTOBJIBHHhlX 

K.3.y. oKaanmaeTCJI 6oJiee 'IBM Ha nop.H}l;OK Bbrme, 

'IBM y TBX 06pa3~0B, KOTOphle 6niJIM H3rOTOBJI8Hhl 

Ha 2 --;-2,5 rop;a paHbme H xpaHMJIMCb B Jia6opa

TOpHhlX ycJioBHJIX. ,lJ;JIJI HOBJ:~X npM6opon npaKTH

'leCKM He Ha6mop;aJIOCb paa6poca BhlXO}l;HLrx na-

paMeTpon OT 3K38MnJI.Hpa K 3K3BMnJI.Hpy. . 

Ha pHc. 1 npMnep;eHhl C'IBTHhle xapaKTepHc

THKM {pMC . . 1, a) H aMnJIHTyJi;HhlB pacnpep;eJIBHMH 

(pMC. 1, 6) AJIH HeCKOJibKMX TMnM'IHhlX · o6pa3~0B 
YliiHOiKMTeJie:i!i:. HoJioBHHa M3 HMX 6nma TOJibKO 

'ITO IIOJIY'IBHa OT H3rOTOBHTeJIJI, a p;pyra.H - Bnep

Bbre MCnhlTaHa 'Iepe3 ,_, 2 rop;a IIOCJIB M3rOTOBJie

HMJI. Bcero 6hlJIO ncnhlTaHo 100 npn6opon (no 

50 mTyK Toro n p;pyroro nnp;a). Y cnemenaroToB

JieHHhlX K.3.y. HaChll:U;eHHe HaCTynaeT IIpH UK ~ 
'""'-' 2 --;- 2,4 KB , Torp;a KaK no rrpomecTBHM 2 --;
--;- 2,5 JieT OHO MMeeT MeCTO TOJibKO rrpM UK '"'-' 
~ 4 KB. TaKMM o6paaoM, }l;JIJI K .3.y., npoJiemall

mHx B Jia6opaTopnM 2 --;- 2,5 rop;a, Tpe6yroTCJI 

no Kpa:i!i:He:i!i: Mepe B}l;BOe 6oJiee-BbiCOKMe rpap;MeHThl 

ycKop.HIOll.(ero noJIJI }l;JIJI peaJIM3a~MH niKo:i!i: me 

allmJIMTY}l;Lr MMnyJibca TOKa Ha Bhlxop;e. BoJiee 

Toro, p;ame npM UK~ 4 KB y 3THX K.3.y. Ha6JIIO

p;aeTc.H TOJibKO 31\CnOHBH~HaJibHa.H «flopMa aM

nJIMTYAHOrO pacnpep;eJieHMJI BLIXO}l;HhlX nMnyJib

con. 0Ka3aJiocb TaKme, 'ITo K.a.y. p;nyxJieTHero 

CpOKa H3rOTOBJIBHMH MMeiOT cy~BCTBBHHO MBHb-
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illMH AMHaMM'leCKMH p;nana30H JIMHBHHOH 'IYB· 

CTBMTBJibHOCTH K BXOAHhlM nOTOKaM, rrpH KOTOpOM 

COXpaH.HeTCH nponop~MOHaJibHa.H 3aBMCMMOCTb 

~!BiRAY BBJIJI'IIlHaMM CJirHliJia Ha BhlXOAB li nOTOKOM 

Ha nxop;e. 

Cy~eCTBBHHO pa3JIM'IHLr:i!i: xapaKTep KaK c'leT

HhlX xapaKTepHCTMK , Tal\ li aMnJIHTY}l;HbiX paC

npep;eJIBHJIH y o6pa3~0B , OTJIJI'laiO~HXCJI CpOKOM 

B:aroTOBJieHMJI , no-nii,n;n:umry, y Ka3h!BaeT Ha To, 

'ITO y::~reHbrneHJie ycHJIBHHH K. 3. y. aaBHCMT He 

TO.llbKO OT 'IIICJia 3aperHCTpHpOBaHHhlX MMnyJib

COB, HO li OT CpOKa MX npep;BapMTBJibHOrO XpaHe

HliH. 06pa3~hl K.3.y., CpOK XpaHBHliH KOTOphlX 

~1 --;- 1,5 rop;a, nO-Bli,D;MMOMY, He MOryT 6niTb 

HCnOJib30BaHbi B Ka'leCTBe Ha}l;Bil\HbiX ,D;eTeKTOpOB. 

LJ To6nr o~eHHTb BJIHRHim cpoKa xpaHeHMR Ha 

xapaKTepHCTHKli K.3. y. li BhlHCHHTb rrpH'IHHY 

H3MBHBHHH, cpaBHHBaJIJICb napaMeTpni HBCKOJib

KliX o6pa3~0B K . 3.y., y KOTOphlX o6~ee 'IMCJIO 

OTC'IBTOB 6LIJIO 108 liMIIYJibCOB. 

Ha pMC. 2 li 3 rrpnnep;eHbi saBHCMMOCTJ.i K03«f!

«Pn~JieHTa YCHJIBHHH (TOKOBbiH pemHM) Iii CKOpO

CTH C'leTa OT Hanp.H/I\BHHH IIHTaHHH, no.Tiy'IBHHhlB 

c HHTepnaJIOM npeMeHM ,_,2,5 rop;a 1• lfa pnc. 2 
BH}l;HO, 'ITO napaMeTphl op;Horo y11mo mnTeJIJI 

(.Nl! 3) npaKTH'leCKH He H3MeHHJIHCb , TOrp;a KaK 

y Tpex OCTaJibHbiX (.Nl! 1 --;- 4) cy~eCTBeHHO .H3Me

HHJIIiiCb H K03W«flM~HeHT yCMJieHJIH J{, li 3«flliJeKTMB
HOCTb e. 

To o6CTORTeJibCTBO, 'ITO y CTaphlx o6paa~on 
HacDI~eHHe HacTynaeT npn cyn:t;eCTBBHHO 6oJiee 

BbiCOKiiiX rpap;HeHTaX yCKOp.HIO~ero nOJIH , a a~I

nJIMTY}l;bl YMBHLIIIaiOTCH 6oJiee 'leM B 4 paaa , ~ Ka-

3hlBaeT, no-BH}l;HMOMy, Ha yMeHniiieHHe 3MHCCHOH

Ho:H cnoco6noCTH K.3.y. lfaneCTHo , 'ITO ,D;JIJI 

31\fJICCMOHHhlX CJIOeB, noJiy'leHHhlX OKJICJIBHMBM 

MeTaJIJIOB liJIIil CnJiaBOB, B03MO/I\H:q!Mlil npH'IMHaMiil 

Iii3MeHeHHH K03«flWH~li8HTa BTOpH'IHOH 3MHCCJIIil (J 

npH ConpMKOCHOBBHHiil JIX C aTl\10CiiJepo:i!i: B03p;yxa 

1 YCJIOBHH · IICIIhlTaHllft K.B.y.- HHTeHCIIBHOCT:& 
( 5 + 8) .105 'laCTIII( II BHepriiH IIOTOKa '!aCTIII( Ha BXOAe 
5 KBB, rrarrpHmerriie IIHTaHHH 4 KB, AaBJierrJie B BaRyyMHOH 
KaMepe -10-6 Topp - BhlAepmHBaJIHCI. rrpH BTOM OAH
HaKOBhlMH. 
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Puc. 1. XapaKTepucTHIUI K. a. y.: a - aaBli!Cli!MOCTh cKo

pocTH C'leTa OT H3IIpiHK8HHli IIIiTUHtlli UR, 6 - UMIIJIHTyp;-

Hhle pacrrpep;eJieHHJI npH U R = 4 KB; !{ - MHHHMUJib

HhlM ypoBeHh p;li!cKpHMHHUU,li!H ycnJIHTeJia. CrrJiomn&re 

JIHHIHI - TOJibiW 'ITO H3fOTOBJI8HHble o6pa3U,hl 1 nyHKTHp

H&Ie - Te nm o6paau;&r '!epea. 2 rop;a rrocJie xpanenn.a B Jia-
6opaTopn~r rrpn H OIHIUJibHhlX yCJIOB~IiiX 

.HB JI.HeTC.H OIOICJieHHe HX TIOBepXHOCTli, H3MeHeHHe 

CTPYRTYPM CJIO.H B peayJibTaTe pacTBopeHH.H B neM 

raaa , o6paaoBaHHe rHp;paTOB, a TaRme yBeJIH'Ie

HHe B CJIOe ROHIJ;eHTpa:o;HH p;eiJ>eRTOB RpHCTaJIJIH- . 

·'IeCROH perneTRH THTia )J;HCJIORaD;HH [5], ROTOphle 

.HBJI.HIOTC.H JIOBYTIIRaMif. )J;JI.H 3JieRTpOHOB H cym;e

CTBeHHO H3MeH.HIOT 0'. 
Ha o6m;Hx coo6pam:enHii: . MOlliHO om:Hp;aTb, 

_'ITO o6pa30BaHHe RaRHX-JIH60 <<p;eiJ>eRTOB>} B 3MHT

·THpyrom;eM CJIOe R.a.y. )J;OJilliHO COTipOBOlli)J;aTbC.H 
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Puc. 2. 3aBli!CHMOCTh KoaiflifJHu;li!enTa ycrmeHHJI OT narrpJI 

iReHHJI IIli!TUHHJI )l;Jlli o6pa3IJ;OB C pa3JIIi!IHbiM cp.OK OM Il3 · 
roTOBJieHHJI. CrrJIOIDHhle JIHHHH - cpasy rrocJie HaroToB~ 

JieHHJI, IIYHKTHpHhle - 'lepe3 2,5 rop;a 

s,% 

2 L;. UKJ KB 

Puc. 3. 3aBHCHMOCTh c·Iwpocnr C1JeTa OT narrpamemm 
IIHTUHHH )l;JIH o6pa3IJ;OB C pa3JIIPIHbiM CpOKOM H3fOTOBJie

HHJI. 1 1 - cpasy IIOCJie H3fOTOBJI8Hli!H; 2.- CIIYCTJI 2,5 
rop;a rrocJie nsroToBJremm; 3 - crrycTH 10 p;neil: rrocJie rro

BTopnoM: TepM006pa60TIUI B BO)l;Op.Op;HOll II81JH (BOCCTU
HOBJieHiu.r); 4 - IIOBTOpHO HeBOCCTUHOBJieHHblli o6paseu; 

H3MeHenHeM conpoTHBJieHH.H aToro CJIOH. II poBe

p;enHbie H3MepeHH.H TIORa3aJIH, 'ITO C Te'IeHHeM 

BpeMeliH 06hl'IHO Ha6JIIO)J;aeTC.H H3MeHeHHe CO

npOTHBJieHH.H R. 3. y., H 6niJIO BbiCRa3aHO npe)J;TIOJIO

JReHHe, 'ITO 3TO H3MeHeHHe MOmeT 6niTb TaKllie 

CB.HSaHO C H3MeHeHHeM 3MHCCHOHHOH CTIOC06HOCTH 

173 



IIT9, Ne 3, 1981 

1 
2 
3 
4 

R, MOM , R, MO~i, 
IV.1972 r. 1.197~ r. 

120 
124 
134 

1750 

~.75 
:1 65 
' 40 

2000 

30 
25 
4 

aa rrepHOJJ: IV .1 972 + 
+l.197or. 

R 

4 
5 

I. 
2 

8 

1,3 
3,8 ·-

MaTep:rmJia 9MMTTepa. IIoaToMy 6niJia c~eJiaHa 
nonhlTKa cpaBHMTh na6mo;o;aeMoe co BpeMeneM 

yMeHniiienMe 9MMCCHonuoH: crroco6uocTM K.a.y. 

C H3MBHBHMBM HX COIIpOTMBJIBHlUI (CM. Ta6mm;y) . 

M3 Ta6mnJ;I>I MOJiniO yBnp;eTn, liTO pa3:n:rll:r:re 

B IICX O;:IHniX COIIpOTHBJIBHHHX K.9. y. (6o::ree lJB::II 

na rropH~OK - cpaBHHTe .N'2 1 -:- 3 n M 4), T . e. 

B Be."IlllJHHaX nepBOHalJaJibHOH IIpi)BO)J;MMOCTH Ka

Hana. ca::~ro no ce6e ne npe;o;o:r:rpe;o;eJIJieT BpeMeH

Hhle II3::1IBHBHHH 9Mli!CCliiOHHhlX, a CJIB;D;OBaTBJibHO, 

Iii ycHJIMTBJII:.HbiX CBOHCTB. C ;o;pyroH: cToponhl , 

Blil;D;HO, lJTO HMB€T MBCTO ;D;OBOJibHO OTlJBTJIHBaH 

CBJI3b Memp;y OT(IOCHTBJibHbiM Ii13MBHBHIIB::II COIIpO

THBJIBHHJI (R/ Rucx) BO BpBMBHH Iii H3MBHBHHBM 

yc:r:rJiemm n.a . y . TaR, narrpnMep, yBeJIMlJBHHe 

COIIpOTHB."IBHIIJI KaHaJia Ha 25 -;- 30 % COOTBBT

CTBYBT _ H3::1IBHBIUIIO K09lPlPHl\li!BHTa yCMJIBHHH 

B 4 -;- b pa3, B TO BpBMH KaK H3MBHBHJil~ CO:r:rpo

Tli!B JIBHIIJI Ha 4 -;- 12% :r:rpaKTHlJBCKii '.iJ:e COllpO-

BOllip;aeTCJI ·rr3MenenHeM 3IralJennH: K. , 
Iomuo rrpe;o;noJIOJKHTh, liTO Ha6Jirop;aeMI>IH a<iJ

<iJeKT o6yCJIOBJIBH OKHCJIBHHBM IIO~epXHOCTJii 9MHT

'!epa KHCJIOpO;D;OM B03p;yxa, B Jie3yJI:nTaTe KOTOporo 

IIpOHCXO)J;HT 3aXBaT 9JIBKTpOHOB H3 30Hhl rrpOBO

;D;HMOCTM, yBeJIHlJimaeTCH co:r:rj>oTHBJienne H o;o;Ho

BpeMeHHO liOTBHIJ;HaJibHhlH 6ap:nep liOBBpXHOCTb -

BaKyyM, T. e: YMBHbiiiaBTCJI BBpOHTHOCTb ·BblXO)J;a 

BTOpHl!HbiX aJTeKTpoHOB. CBOHCTBa a:t\HlTTepoB H3 

CBHHIJ;OBOrO CTBKJia B 9TMX . CJiylJaJIX MOryT 6hlTb 

BOCCTaHOBJIBHbi B pe3yJinTaTe liOBTOpBHHH IJ;IiiKJia 
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<iJopMHpOBaHHH liOJiyrrpOBO;D;HHKOBOrO CJIOJI (6].. 
C aTOM IJ;BJihiO ;D;JIH rrpoBepKn BbiCKa3aHHOH rH

rroTe3ni O;D;HH Ii13 o6pa3IJ;OB K.s.y. (M 2) 6:biJI 3a

HOBO BOCCTaHOBJIBH B aTl\WC<iJepe BO;D;Opop;a. 

Ha plilc. 3 npe;o;CTaBJIBHhl xapaKTepHCTlilKH K.s.y • 

.J\f2 1 H .J\f2 2, CHJIThle rrpH O;D;HHaKOBbiX yCJIOBlilJIX. 

BH;o;no, liTO ;D;JIH o6pa3IJ;a M 1 xapaKTepnCTlilKa 

OCTaJiaC:n rrpaKTiillJBCKlil HBlil3MBHHOH, TOrp;a KaK 

)J;JIH K. 9. Y. .J\f2 2 IIpOH30IIIJI0 liOlJTH . ITOJIHOB BOC-

CTaHOBJIBHlilB 9lPlPBKTHBHOCTH. , 

M3 · CKa3aHHoro Bhliiie cJiep;yeT, liTO HapH;o;y 

C yxyp;IIIBHlilBM napaMeTpOB K.a.y., 3aBHCJIITJ;lilX OT 

o6ITJ;ero lJHCJia 3aperBCTpHpoBaHHhlX HMrryJI:ncoB, 

aa6n ro;o;aeTcH TaKme yMeH:niiieHHe Koa<iJ<iJHIJ;lilBHTa 

yCITJIBHlilH K.9. y. lipH xpaHBHHH HX B - TBlJ.BHiiiB 

2 -:- 2,5 JieT B Jia6opaTopnnrx _ycJIOBHHX. B K.a.y. 

IIpOBCXO;D;IiiT CO BpBMBHBM Heo6paTHMOB M3MBHBHiiiB 

9MliiCCiiOHHOH CTIOC06HOCTiil, COii13MBpliiMOB TIO pe-

3YJibTa'faM C · H3MBHBHHHMH, B03HHKaiOITJ;lilMlil :r:rplil 

pa6oTe. , Ha6Jiro;o;aeMoe B pe3yJI:nTaTe xpanenHH 

II3MBHBHHB napaMeTpOB K.s.y. npOHBJIHB'fCH Ha 

pa3JIH1Jnnrx o6pa3IJ;ax B pa3"Hoii: CTe:r:renn, n HeKo

TOpnnr KprrTepneM npOlilCIIIB;D;IIIIIX H3::1IBHBHiiiH MO

iRBT CJIYiRIITh , IIO-Blii)J;HMOMY, lil3MBHBHiiiB COllpO

TlilBJIBHlilH SMHTTHpyrom;ero CJ!OH AR/ Rn:cx• 
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