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1. BBE.QEHHE 

npo6JleMa ¢opMHpOBaHI-HI HHTeHCHBHbiX HOHHbiX ny4KOB .ABJl.AeTC.A 

aKTyaJlbHO~ BO MHOfHX 06JlaCT.AX HayKH H TeXHHKH, HanpHMep, B yc

KOPHTeJlbHO~ TeXHHKe, B YCTaHOBKaX Afl.A pa3AefleHH.A H30TOnOB 

1-1 APYrHx. 0Ha 3aKJ1~4aerc.A s HaxomAeHI1H onrHManbH~x napaMerpos 

110HHo-onTH4eCKO~ CHCTeMbl, n03BOJl.A~HX ¢opMHpoBaTb HHTeHCHBH~e 
HOHHble nyi..IKH C MI1HHMaJlbHO~ paCXOAHMOCTb~, 6e3 c¢epl14eCKHX 

afieppa41-1~, C MHH11MaJlbH~MH norepAMH ny4Ka Ha 3JleKTPOAaX HOHHQ

onTH4eCKO~ CHCTeMbl .. PeweHHe 3To~ npofineMbt .ABJl.AeTc.A cnomH~M 
BBHAY HaJlH4HA MHOfHX ¢aKTOPOB /reoMeTpi1H 3JleKTPOAOB, ¢opM~ 
nna3MeHHoro 3MHTTepa, npocrpaHcrseHHOro 3aP.AAa 1-1 APYfHx/, 

BI111A~~I1x Ha napaMerp~ ny4Ka. 

4T06bl Ha~TH OnTHMaJlbHY~ KOH¢l1-1rypa411~ HallaJlbHO~ OnTHKI1, 

MOlKHO npoBeCTH paCI..IeTbl TpaeKTOPHi1 HOHOB C nOMOIIIb~ aHaJlOfOBO~ 

HJlH 411¢posoi1 Bbi4HCilHTeJlbHO~ MaWHHbl.. B AaHHOH pa6or e 1-1 ccneAyer

C.A Teop e TH4CCKH TpeX3JleKTPOAHaA HOHHo-onTHI..IeCKa.A CHCTeMa, KQ

Topa.A npHMeH.AeTC.A Ha CTeHAe HOHH~X HCT04HHKOB na6oparopHH 

.AAePHbiX peaK41-1~ OHRH 
1

•
2

• 3ra c11creMa Momer 6~Tb Hcnonb30BaHa 

Ha 4eT~pexMerposoM H30XPOHHOM 41-iKJlOTPOHe T.Amen~x 110HOB Y-400. 

TaKHe HOHHO-OnTH4€CKHe CHCTeMbl C 4HCJ10M 3JleKTPOAOB fiOilbWe ABYX 

HMe~T MHOfO B03MOlKHOCTe~ BapHa4HI1 npa-1 3KCTpaK4HH HOHHbiX ny'-1-
KOB C B~COKHM nepseaHCOM H HH3KO~ YfilOBO~ paCXOAHMOCTb~. 

2 .. OnHCAHHE H3BnE4EHHR nY4KA 

reoMeTpH.A TpeX3JleKTPOAHO~ HOHHO-onTH4eCKO~ CHCTeMbl npi1BeAeHa 

Ha PHC, 1. 3AeCb d - TOJ1~11Ha 3JleKTPOAOB; D- paCCTO.AHHe MelKAY 

3IleKTPOAaMH; R - paAHYC OTBepCTH.A B 3IleKTPOAax B aKC11aJlbHO

CHMMeTpH4HOM Cflyl..lae 11nM nonyWHPHHa ~e1111 B ABYMepHOM nJlOCKo

CHMMeTpH4HOM CJlyl..lae; V - no-reHUHaJl 3JleKTPOAOB H a - YfOJl 
3MHCCHOHHO~ ~CJll-1. 

nepBbl~ 3JleKTPOA HaXOA11TC.A nOA noreH411a110M 3eM.nH (V l), CJlf>-

AY~~He 3JleKTPOAbl HaXOAATCA noA OTPH4arenbHbiM noreH4HaJiGt.~ {' V,..). 
0nTH4CCKH~ aHanor TpeX3JleKTPOAHO~ HOHHO-onTI14eCKO~ CI1CT ~Mb~ 

H3o6pameH Ha rmc.2 '
3

' . B 3aBI1CHMOCTH or noreH41-1ana 3JleKTPOAOB 

nepsa.A IlHH3a Aei1crsyer KaK pacceHBa~~aA 1-1 BTopa.A JlHH3a - K, K 

COfiHpa~~a.A ,HilH Hi'lOOOpOT .. no cpaBHeHH~ C ABYX3JleKTPOAHO~ HOt lfiO

OnT~lleCKO~ CHCTCMOi1 yme 3TOT npOCTOi1 CJly4a~ noKa3~Ba C 1, K0K 

06'11CJll.i&-e.~oo1:!2!~ H.!!cnnyT 

Qepl:!':l'l [.(t"Jlli!,l'lOf}~ 
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P~c. 1. reoMeTp~H Tpex3neKTPOAHO~ ~OHHO-onT~4eCKO~ 
C~CTeM~: r,z - 4~Il~HAP~4eCK~e KOOPA~HaT~, y,z -
AeKapToB~ KOOPA~HaT~. 
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P~c.2. 0nT~4eCK~~ aHanor Tpex-
3JleKTPOAHO~ ~OHHo-onT~4eCKO~ 
c~cTeM~: a/ reoMeTp~H 3neKTpo
AOB, V 

1 
, V 

2
, V 3 - noTeH4~aJlbl 

3JleKTPOAOBj 6/ \V 2 \>\V3\, V1 =0; 
~OHbl 6YAYT CHa4ana yCKOPHTbCH, 
a noTOM aaMeAmHbCH j B/ \V3\>\V2\, 
V 1 = 0; I-10Hbl 6YAYT yCKOpHTbCH ------r;--

6 

nPEAMET PACCE11BAIO\ljAA C0611PAIOlUAA 
ni1H3A ni1H3A 

·- r- -~-{}--,~-E-

B ABe CTyneHI-1. KorAa HanpR
meHHOCTb 3JleKTpl-14eCKOIO nonH 
nepso~ 4aCT~ c~cTeMbl E 1 6onb
we, 4eM HanP,HmeHHOCTb 3JleKTp~-

4eCKOI9 nonH BTOpO~ 4aCT~ 

c~cTeMbl E 2 , nony4aiOTCR npeA
cTasneHH~e 3AeCb Ae~cTB~R n~H3. 

nPEAMET P/ICCEI1BAIO\llAA CIJ6VIPAIOLUAA 
n11H3A n11H3A 

np~· ~cnonbaosaH~~ A06aso4Horo 3IleKTpoga yeen~~:msaeTCR eoa-• . 
MOmHOCT b sap b~poBaH~R ~OHHO-OnT~ 4eCK~X nppaMeTpOB C~ CTeMbl. 

2 

I 

' . ;. ~ 

3. METOA PAC4ETA 

,iJ,.rlR Bbi4~CJleH~H TpaeKTOp!.1~ 4aCT~4 C y4eTOM BJl~.AH~.A npOCTpaH
CTBeHHOIO 3aPRAa ~CnOJlb3yeTCR TaK Ha3biBaeMoe KBa3~1!.1APOAI-1HaM!.1-

4eCKOe np~6n~meH~e 141 , B 3TOM cny4ae noroK aapRmeHHbrx 4acT~4 
pa36~eaeTCR Ha HeKOTOpoe KOHe4HOe 4~CJ10 Tpy60K /B aKC~aJlbHO
C~MMeTp~4HOM cny4ae/ 1.111~ cnoes /s ABYMepHoMnnocKo-c~MMeTp~4HOM 
cny4ae/ gnR Bbl4~cneH~R KynoHoscK!.1X nonpasoK. nnoTHOCTb ~OHHoro 
TOKa np1.1 3TOM B nnOCI<OCT!.1, nepneHA~KYil.APHO~ ny4Ky, nocTO.AHHa. 
cl>opMa rpaHVI4bl nna3Mbl aaBVIC~T OT napaMeTpos nna3Mbl, cl>OPMbl 1.1 no
TeH4~anos 3JleKTPOAOB. 

An.A ynpollleHVIR pac4eTa npeAnonom~M, 4TO nosepxHOCTb 3MVITTepa 
RBn.AeTc.A nnocKo~ ~ era nonomeH~e cosnaAaeT c 3KB~noTeH41-1anb-

HO~ nJlOCKOCTbiO B HenocpeACTBeHHO~ 6n~30CT~ OT nepBOIO 3JleKTPOAa. 
HoHbl 3M~TT!.1PYIOTC.A e HanpasneH~!-1, nepneHAI-1KYil.APHOM nnocKOCTI.i 
3MI-1TTepa. Bn~.AH~e Tennos~x cKopocTe~ 1-!0HOB He Y41-1T~saeTC.A. 

An.A pac4eToB ~OHHbiX TpaeKTop~~ ~cnonbayeTc.A Bbl4~cn~TenbHa.A 
nporpaMMa ELENS 151 . 0Ha COAePmi-1T noAnporpaMMy EPDE1 /.6/ , 
C noMOlllbiO KOTOPO~ MOmHO pew~Tb ypaBHeHI-!e nyaCCOHa 1.111~ ypaBHe
H~e nannaca np~ aaAaHHOM pacnonomeHI-1~ 3neKTPOAOB ~ 3Ha4eH~.Ax 
~X noTeH4~anos Ha OCHOBe MeTOAa KOHe4HWX pa3HOCTe~ ~ MeTOAa 
sepxHe~ penaKca41.1~. 

11cnonb3Y.A nporpaMMY ELENS , pewaeM ypasHeH~.A nannaca. 
~ ypaBHeH~e AB~meH~.A B aKc~aJlbHO-C~MMeTp~4HOM CJly4ae B B~Ae 
KBa3~1~APOA~HaM~4eCKO~ MOAe!l~ nOTOKa C nOMOlllbiO MeTOAa 3~nepa 
c yT04HeH~eM 

a2 u(r, z) 1 -----+-
ar2 r 

a2p(r, z) 
ar 

a2U(r, z) 
+ az 2 

= 0, 

d 2 r 
dz2 

1 +(dr/ d_z) 2 

2U (r, z) 

[ au (r, z) 

ar 
_ ~ aU(r, z) + _1 -v m 

dz az 2rrlo 2Q 

I
0
r 

2-===], 
p y'U(r,z) 

rAe m- Macca 4aCTH4~i Q - aap.AAi U~.z~ noTeH41-1an 3neKTpo
CTaTH4ecKoro non.Aj £ 0 - Al-13neKTp!.14ecKa.A npoHH4aeMOCTb eaKyyMa; 
r,z - 4~Ili-1HAP~4eCKa.A C!.1CTeMa KOOPAHHaTj 10 - TOK ny4Kaj p -
paAHYC ny4Ka. 

B AaHHO~ pa6oTe nporpaMMa ELENS pacwHp.AeTC.A TaKHM o6pa-
30M, 4To MomHo pew~Tb ypasHeH~e nannaca ~ ypasHeHI-1e AB~meH~.A 
s gsyMepHoM cny4ae: 

·v2
U(y,z) a2 U(y,z) O 

-~,...--+ c , 

ay 2 az 2 

D._= 1 +(dy/dz) 
2 

[ ~~2._ _ J!L 
dz 2 2U(y, z) ay dz 

au·(y, z) + _1_v' m 
az 2£0 2Q 

loY ] , 

py'U(y, z) 

3 



r,Qe ! 0 - 3Ha4eHHe TOKa ny4Ka, npHXO,QB~eeCH Ha e,QHHH~Y ero WIII

PM Hbl, y, Z - ,QeKapT08bl KOOp,QHHaTbl. 

4. PE3YnbTATbl PAC4ETA 

Pac4eTbt npm1380ARTCR Ailfl aKCHa!lbHO-cHMMeTpH4Horo cny4aH 

111 AilH ,qsyMepHoro cny4aR. 06nacTb, s KoTopoi1 pewaeTCR ypasHeHHe 

nannaca, !II MeeT pa,QHanbHbiH pa3Mep 7 MM 111 aKcHanbHbiH pa3Mep 

19 MM. War CeTKI1 nplll Bbi4HCileHHH nOTeH~HaJla COCTa8JlfleT 0,25 MM 

8 A8YX Hanpa8JleHHflX CHCTeMbl KOOPAI-1HaT. War HHTerpHpOBaHHfl ypa8-

HeHHfl ,Q8HmeHHB COCTaBJlf!eT 0,1 MM. 

O~eHKa Ka4eCTBa ny4Ka npoHCXOAI-1T cne,Qy~~~~~M o6pa30M. TpaeK

TOPIIIIII 4aCTH~ nocne nPOXOm,QeHHfl TPeX3JleKTPOAHOH I-10HHO-OnTH4eCKOH 

CHCTeMbl COCTaBJlfl~T yron 8 C OflH14eCKOH OCb~ /pHC. 3/. noJlQ)l{H

TeJlbHble yrJlbl COOTBeTCT8Y~T paCXO,Qfl~eMyCf! ny4KY, OTpH~aTe!lbHble 

yrJlbl - CXO,Qf!~eMyCfl. 4T06bl VICCile,QOBaTb BJ11-1f!HI-1e pa3JlH4HbiX c)laKTO

pOB Ha paCXO,QHMOCTb ny4Ka, BW4MCI1R~TCR ,QeBRTb TpaeKTOPHH 4aC

TI-1~. Ha oc_ttose nony4eHHbtX 8envt4HH yrnos 8 Bbi4HC!lfleTcR cpe,QHee 

3Ha4eHJ.1e 8, KOTOpOe xapaKTepJ.13Y€T B HaWeM CJly4ae paCXO,QHMOCTb 

ny4Ka. c nOMO~b~ e MOmHO o~eHHTb o6~ee noB~,QeHHe ny4Ka. Ka-

4eCTBO ny4Ka 6y,QeT TeM I1Y4We, 4eM MeHbWe 8. 
. H111me npe,QCTaBneHW Tlllniii4HWe napaMeTpW TpeX3IleKTpO,QHOH MOHHQ

onT~4eCKOH CHCTeMbl: V~=O B, V2=-35 KB, v3 = -30 KB, OR1 = 1 M~, 
R2 -R3 = 2 MM, D 1 =D 2=4 MM, d 1 =d2 =d 3=2 MM, a= 67,5 111 I -
= 100 MA/ CM

2 
• 0THOWeHIII~ MaCCbl K 3aP.flAY COCTa8!1f!eT A/Z =8. 11ccne

,QOBanaCb 3a8HCIIIMOCTb 8 oT pa3!1M4HWX napaMeTpos (V, d, D,R) 

nyJ "" 

6 08 -----u35KB ----

0
mKB ------

1 
ff

l El 

---====-=-=-=====-
0 5 10 15 20 z.,., 

P111c. 3. TpaeKTopMM 4acTM~ B aKC!IIaJlbHO-cHMMeTpM4HOM (---) 

1-1 A8YMepHOM nnocKo-cHMMeTpH4HOM (- - -) cny4af!x 

npH THnH4HWX napaMeTpax. 
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PHc.4. 3a8HCHMOCTb pacxo,QHMOCTH 

ny4Ka (G) OT noTeH~Hana 8TO

poro 3neKTPOAa: V 1 = 0 B, V
2
-V 

3 
= 

= -5 KB; ---- aKcHailbHo-

CMMMeTpH4HWi1 Cily4aHj 

,Q8yMepHbiH nnOCKO-CHMMeTpH4.HbiH 

cny4ai1. 

20 
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P111c. 5. 3a8HCHMOCTb• ·pac.xo-

AMMOCTH ny4Ka (G) OT noTeH-

4Mana BToporo 3IleKTPOAa: 

V 1 =0 B, V 3 = -30 KB /no-

CTORHHbti1/, -- - aKCHaJlb-

HO-CHMMeTpH4HWH CJly4ai1, 

- A8YMepHwi1 nnocKo

CHMMeTPH 4HbiH CJly4ai1. 

TpeX3JleKTPOAHOH HOHHo-onTH4eCKOH CHCTeMbl.npl-1 M3MeHeHMH OAHOro 

1.13 3TH X napaMeTp08 OCTaJlbHble HMe~T c)>HKCHp08aHHble 3Ha4eHHf!. 

nnoTHOCTb TOKa Ha no8epXHOCTH 3MHTTepa MeHbWe nnOTHOCTJ.1 TOKa, 

orpaHH4eHHOH npoCTpaHCT8eHHbiM 3apR,QOM, KOTopaf! ,QilR nnOCKOrO 

Al-lOAa onpe.QenReTCR 3Ha4eHHRMH V
1
,V

2
,D

1
• 

H~ pMc.3 npl-18e,QeHw ~IlR cpaBHeHHR TpaeKTOPHH 4aCTH~ a aK

cHanbH~MeTpH4HOM 1-1 ,QByMepHOM cny4aRx. Pacxo,qHMOCTb ny4Ka 

8 aKCI-1a!lbHO-CHMMeTpH4HOM CJly4ae MeHbWe, 4eM B ,Q8yMepHOM CJly4ae, 

113 pt.1c,4 Bl-l,QHO, 4TO paCXO,QJ.1MOCTb ny4Ka CI1IlbHO yMeHbWaeTCfl 

C y8e!lH4eHHeM OTpH~aTeJlbHOro noTeH~Hana BTOporo 3JleKTPO,Qa (V
2
). 

npt-1 3TOM pa3HOCTb noTel;i4Hana Mem,qy 8TOpbiM H TpeTbHM 3JleKTPOAOM 

(V2 -V 3 ) nocTORHHa. TaKHM me o6pa3oM 8 3a8HCHT oT v
2 

np1-1 no-

CTORHHbiX noTeH~Hanax V 1,V3 /pHc.5/. 1 

BnHRHHe senH4HHW pa.QHYC08 OT8epcTHH 3IleKTPOAOB s aKCHailbHo

CHMMetpH4HdM cny4ae MriH nonywMpt.1Hbl UJenH s ,Q8yMepHoM nnocKo

CHMMeTpH4HoM C!ly4ae Ha pacXO,QJ.1MOCTb ny4Ka flOKa3aHO Ha pHc.6, 

Pacxo,QHMoCTb ni4Ka c ysenH4eHHeM R 2 ··Bo3pacTaeT <B ,Q8yMepHoM 

cny4ae CHilbHee, 4eM 8 aKCHallbHQ- CHMM,eTpH4HOM CJly4ae, npl1 1-13-

MeHeHMI-1 R
3 

pacxoAI-l~ocTb npaK'r1-1~ecK~ He MeHHen:H 8 o6o1-1x 

cny4aRx. 
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P~c.8. 3as~c~MOCTb pacxo

A~MOCT~ ny4t<a (G) OT pac'-' 

CTOHH~R M8NAY a/ nep~~M 
~ BTOPbiM 3I18KTPOAaM~ (D 1), 

B/ BTOp~M M TpeTbMM 3I18KTpo

AaM~ (D 2) ~ 6/ npM D 1 = D2 : 

- aKCMaJ1bHO-CMMM8T~ 

PM4H~R cny4aR, ~- - - ABY-

MepH~A nnOCKO-CMMMeTpM4H~R 

cny4aR. 

CpasHeHMe nony4eHHbtX pe3YilbTaToB, onpeAeiJRtolliMX 3aBMC~MOCTb 

MOHHO-OnTM48CKMX napaMeTpOB ny4Ka OT nOT8H4Mana 3I18KTPOAOB 

/pMc.4,5/, OT reoMeTpt.1t.1 TpeX3Il8KTPOAHOR CMC,TeMbl /pMc.6-8/ 

t.1 OT niJOTHOCTM TOKa ny4Ka /p~c.9,10/, C 3KCnept.1M8HTaJ1bHbiMM 
'/7/ 

pe3yilbTaTaMM t.1CCI18AOBaHMR, nony48HHbiMt.1 B pa6oTe , noKa3btBa-

eT MX xopowee Ka4eCTB8HHOe cornacMe H8CMOTPR Ha npMHRTbte 

ynpotllatotllt.18 npeAnOIJON8Ht.1R OTHOCMT.8IlbHO $OpMbt '3Mt.1TTepa 4aCTt.14. 

ArJR 6onee T04HbiX paC48TOB HaAO Y.4MT~BaTb nonomeHMe t.1 $OP,MY 

rpaHM4bt nna3Mbt, KOTOpbte 3aBMCRT oT PRAa napaMeTpos. CpasHeHMe 

npOB8A8HH~X paC48TOB C pe3yiJbTaTaMt.1, KOTOp~e nony4eH~ B pa6o

Te IB! Ha OCHOBe peweHMR ypaBH8HMR nyacCOHa-Bnacosa, noKa3~
saeT, 4TO KBa3MfMAPOAMHaMM48CKaR MOA8Ilb nOTOKa 3apRN8HHbiX 

4aCTM4 RBI1R8TCR npMfOAHOA AilR MCCI18AY8MOA 3aAa4M. Pe3yi1bTaT~ 
p'ac4eTa $a3ciBbtX A~arpaMM Ka4ecTBeHHo' cornacytoTCR c pe3yiJbTaTa

M.M, nony4eHHbiMM B pa6oTe ;g~ 
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P11~.9. 3aBHC~MOCTb ¢a3osoR At.1arpaMMbt oT nnoTHOCTM ToKa s aK-

cMaiJbHO-cMMMeTp~4HOM cny4ae C BbtWeyKa3aHHbiMM napaMeTpaMM Tpex-

3I18KTPOAHOR t.10HHo-onTt.148CKOA CMCT8Mbl: a/ 6es npocTpaHCTBeHHbiX 

3aPRAOB, I =0, 6/I = 100 MA/cM2, s/ I= 200 MA/cM2, 

-2.0 -1.5 -1.0 

y'piiA 
0,15 

0.10 

-0.10 

-0,15 

1,0 1.5 
2,0 y "" 

_PMC. 10. 3aBMCMMOCTb ¢a30BOA At.1arpaMMbl OT niJOTHOCTM TOKa B ABY

MepHOM niJOCKO-CMMMeTpM4HOM CIJy4ae C B~weyKa3aHHWMM napaMeTpaMM 

TpeX3Il8KTPOAHOR MOHHo-onTM48CKOR CMCT8Mbl:a/ 6e3 npoCTpaHCTBeH

HbiX 3apR.qos, I =0, 6/ I = 100 MA/cM 2 • 
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P~c.11. 3as~c~MOCTb sen~4~H~ 

paA~yca ~n~ nonyw~p~H~ ny4Ka 
(~ OT nnbTHOCTM TOKa B BKC~
anbHO-C~MMeTp~4HOM cny4ae 
(-) ~ B ABYMepHOM nnocKo
C~MMeTp~4HOM cny4ae (- - -) 
nocne npoxomAeH~H TpexsneKT
POAHO~ ~OHHo-onT~4ecKo~ c~cTe

Mbl I z = 19 MM/ . 

np~H~MaR BO BH~MaH~e ynpo~a~~~e npeAnonomeH~R, MOmHO pes~

M~pOBBTb, 4TO ~3rOTOBneH~e ~ ~CT~POBKa nepsoro 3JleKTPOAB Tpex-
3JleKTPOAHOi1 ~OHHo-onT~4eCKOi1 C~CTeMbl AOilmHbl 6biT b npoBeAeHbl 
c 6onbwoi1 T04HOCTb~. PacxoA~MOCTb ny4Ka c~nbHO sas~c~T OT 
reoMeTp~~ nepBoro 3JleKTPOAB ~ OT paCCTORH~R MemAY nepB~M 
~ BTopbtM 3JleKTPOAaM~. OcTa.ribHbte napaMeTpbt Tpex3neKTPOAHOi1 
~OHHo-onT~4eCKOi1 CHCTeM~ He OKB3~Ba~T cy~eCTBeHHOrO Bn~RH~R Ha 
paCXOA~MOCTb ny4Ka. 

JH1TEPATYPA 

1. nac~K A.C. ~ AP· O~R~. 1522, Ay6Ha, 1964. 
2. naciOK A.C. ~ AP· A3, 1968, T.2lf, Bbln.1' c.21. 
3. Green T.S. IEEE Trai'ls. on Nucl.Sci., 1976, v.NS-23, 

No.3, pp.918-928. 
4. MonoKOBCK~i1 C.M., CywKoB A.A. MHTeHc~BH~e 3neKTPOHH~e 

~ H'OHHble ny4K~. 113Hepr~R 11 , n, , l 972, 
5. Hornsby J.S. CERN, ~600 Computer, Program Library, 19~5. 
6. Hornsby J.S. CERN, 63-7, 1963. 
7. Coupland J.R. et al. Rev.Sci.lnst., 1973, 44(9), 

pp. 1258-1270. 
8. Ohara Y. et al. Jap.J.Appl.Phys., 197£:., v.15, No.1, pp.135-

1IIO. 
9. Kim J. et al. J.Appl.Phys., 1978, 49(2), pp.517-524. 

10 

P,yKon~cb nocTyn~na s ~3AaTenbcK~i1 OTAen. 
10 ~IOnR 198p rOA~· 

I 

{ , : 
IL 
i 

HeT JIM npo6eJioB B Barneif 6M6JIMOTeKe? 
Bbi MOlKeTe nony411Tb no no'lTe nepe4HCJieHHbie HlllKe KHHrll, 

ecJIH OHH ne 6biJIII 3aKa3aHbi paHee. 

.ZU.2-8405 

Pl,2·8529 

,[16-8846 

,[113-9164 

,11.1,2-9224 

,11.·9920 

,11.9·10500 

,11.2-10533 

,11.13·11182 

,11.17-11490 

,[16-11574 

,11.3-11787 

,11.13-11807 

,11.1,2-12036 

p 18-12147 

Tpy,11w IV MelK.IIyuapo,lluoro cuwno3ay
wa DO 41BlRJCe DWCOJCBX 31lepral R :>ne
WCHT&pHWX 'I&CTBI{. Bapua, 1974. 

Tpy,11w MelK.IIyHapo,lluol uuconw-cewa· 
uapa u:ono.nwx y'leuw.x. AKTyanLHWe 
npo6neu:w !llH3BKH Jnew.euTapHLIX qac
Tun. Coqu, 1974. 

XIV coBelllauae no a,11epuoll cneiCTpo
CKOnBH B TCOpBB A,llpa. ,!J.y6ua, 1975. 

Me~yH&POAHOe cosem.uae no NeTo· 
,IIBKC npOBOJIO'IHWX Kawep.,!J.y6Ha,l975. 

IV Meli<AYHapO,IIHWi cewuuap no npo-
6newaw opBlHKH BWCOKHX JHeprHll.)ly6-
HH, 1975. 

Tpynw MelK,IIyuaponuoi Kou,PepeHIUIB 
no Rl6paHHWW BOnpocaw CTpyKTypw 
anpa. )ly6ua, 1976. 

Tpynw I I Cuwno3uywa no xonexTu&
uww weTonaw ycKopeuas.,ll.y6ua, 1976. 

Tpynw X Meli<.IIY&apoiUioi wKonw 
ldOJJO,llLI.X y\feHWX DO ll!H3BJCe BhiCOKHX 
>ueprall!. SaKy, 1976. 

Tpynw IX Meli<.IIYHapoAHOro cawno
l&ywa no a,11epuoll 3JICKTPOHBKe. Bap
ua, 1977. 

TpyAw MelK.IIyuapo,IIHOro cuwno3uy .. a 
no H36pauuww npo6newaw CT&TBCTB
'IecKoi wexaHBKH. ,Liy6ua, 1977. 

C6opuax auuoTanui XV coBeUIAHH.R no 
8Aepnoi CDeKTpOCKOllBB B TeopBB &A· 
pa. )ly6ua, 1978. 

Tpy,IILI I II Mell<nYHAPOAHOi WKOJIW no 
ueiTpouuoll .Pu•uxe. AnywTa, 1978· 

Tpy,IILI I II MelK,IIyuapoiUioro coae
UIAH&a no nponopuaouanLuww H npei
opoaw .. Ka .. epa ... ,Liy611a, 1978. 

Tpy .a;w Y I Bcecoto3Horo cosell(a
RRJI no ycxopBTensw Japs>Keuuwx 

'IACTHn. )ly6Ha 1978. /2 TOYA/ 

Tpynhl V MelK.IIYHAPOAHoro cewa
uapa no npo6newaw cjiH3BXH swco

KBX 3Heprall. ,Liy6ua 1978. 

Tpynw II I cooeu1aHHJ1 no acnonL-
30BAIIBIO S,D;epHO ·4lB3B'ICCKHX Me • 

TO,nOB Jtfll perueiiHI H8.YttHO- TeX

IIH'IeCKHX B napO,ltHOX031iCTBeU

HLII. 3aM'I. 

2 p. 05x. 

2 p. 60 x. 

I p. 90 x. 

4 p. 20 X. 

3 p. 60 x. 

3 p. sox. 

2 p. 501<. 

3 p. 50 1(. 

5 p. 00 JC. 

6 p. 00 IC. 

2 p. 50 1(, 

3 p. 00 J(. 

6 p. 00 K. 

7 p. 40 "· 

5 p.OOK. 

2p.20 1(. 



,lli,2-124SO 

P2-12462 

,ll-12831 

.ll-12965 

.l\11-80-13 

.Il4-80-271 

.1{4-80-385 

Tpy.llw XII Meli(Jly&apOJlBOI onm
nw WO.RO,IlWJ: y~eHWI DO tB:JBJCe 

BWCOICBJ: :JHepral. fipBMOpCICO, 

HP!i, 1978. 

Tpy.llw II Meli(Jly&&poJl&Oro coae
~a•• no aenoxan~awu Teopasu 
nona. AnymTa, 1979. 

Tpy.llw Meli(JlyHapoJllloro cawnonywa 
no ~YHJJ.AMeHT&DitHitiW npo6new:aN TeO

peTB'IeCJCOi B M&TeW&TB'feCJ<OI litB3H· 

kH )ly6aa, 1979. 

Tpy)lw Meli(JlyaapOJlllol wxonw wono
AWX y'feHwK no npo6.newaw ycxopa
Tenel J&ps•eHHWI 'I&CTHJl. MBRCK, 

1979. 

Tpy.a.w pa6o'lero coaelQft.HBS no cac
Tew:aw a weTOJl&M aaanaTB'IeCJC:BI aw
ucneHal aa 38M a a1. npaweHeHJUO 
B TeOpeTH'ICCJCOI cii&JBKC. ):\y6H&, 
1979. 

TpyJlw Meli(Jlyaapo.llHOI xoH~peHuBB 
no opo6neuau HecJCOBitJCBI Ten a SJJ.ep

Hol C>a3ue. )ly6aa, 1979. 

T py JlW M eli(JlyH&pOJlHol wxonw no 
CTPYKType a)lpa. AnyWT&, 1980. 

3 p. 00 J(. 

2 p. 25 k. 

4 p. 00 k • 

3 p. 00 k • 

3 p. 50 k • 

3 p. 00 k. 

s p. 00 "· 

33K33hl Ha ynOM~HYTb!l' KHM!'M MO!'YT fihl'l'b HanpaRJII'I!hl no 3Jip1'('). 

101000 MocKBa, rJiaBnO'IT3MT, n/~ 79. 

M3)13Te.llbCKMii OT/li'JI 06bCJIMHCHHOI·o MHCTHTYT3 HJICpHhiX MCC'JIC/IOBaHHii 


