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Using numerical modeling in this article, we theoretically investigate the non-self-sustained mode of
the low-pressure plasma generation in the large size hollow cathode. We also discuss the influence of
the plasma parameters, material and geometry of the parts on the heating rate and the processed
part temperature.
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BBenenue

[ToBepxHOCTHasI paauallMOHHO-TEpMUYecKas 00paboTKa jaeTanell, OCHOBaHHAsI Ha TMOJy4YEeHUU
HU3KOTEMIIepaTypHOH TU1a3Mbl TJICIOIIEro pa3psiia [2], yJaydniaeT CBOMCTBA UX MOBEPXHOCTHBIX CJIO-
€B JIETaJIH, YBEJIMYMBAET CPOK CITYy>KOBI M CHIDKAET CTOMMOCTH JeTaneid MamnH. OIHUM W3 BaXKHBIX
BOIIPOCOB SIBJISIETCSI BO3MOXKHOCTB PErYJIMPOBKM TOKA paspsiia U HAIPsHKEHHsI €ro FOpeHUsl He3aBU-
CHMO OT POJia UCTIOJIb3yEeMOT0 I'a3a U €ro JaBJeHus, OT IO M 00padaTbIBaeMOil MOBEPXHOCTH.

B nanHoii paboTte TeopeTHyecKr ¢ MPUMEHEHHEM YHUCIEHHOTO MOJAETUPOBAHUS MCCIEAYIOTCS
HECaMOCTOSTENILHBIN PEKUM TeHEPAIlK TU1a3Mbl HU3KOTO JaBJICHHS B MOJIOM KaTojle OOJBIION ILI0-
11a]11, BIMSHHAE NIapaMETPOB IJIa3Mbl, MaTepHajga U TeOMETPUM JeTaleid Ha CKOPOCTh HarpeBa u TeM-
neparypy Aerajneil. Pe3ynbraTsl TEOPETHUYECKOIO UCCIIEA0BAHUS CPABHUBAIOTCS C DKCIIEPUMEHTOM.

I'azoBbIi1 pa3psia B 0JIOM KaTOAE

B skcnepumenTax [ 1] mmazma popmupyeTcss BHyTpH MOJIOTO IWIMHIPUIECKOTO KaToaa. AHOT
pacnonaraercs Ha O0OKOBOI CTEHKE KaToja, N3MEHEHHE IJIOLAAd KOTOPOro S, OCyIECTBIIOCHh €ro
nepeMelleHrneM BrilyOb KaMepbl — MOJIOro KaToja.

VYpaBHeHue O6anaHca ObICTPBIX AIEKTPOHOB IJIsl pa3psia B MOJOM KaTo/e B 00IIeM cilydae 3a-
MUCHIBAETCS B BUJIE:
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W3 ypaBHeHus (1) MOKHO MOJTYYUTh yCIOBHE OCHOBHOI'O pa3psijia B HECAMOCTOSITEIbHOM pe-

KUME TOPeHUs
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CBsI3bIBalOIIee Oe3pa3MepHbIe HanpsbkeHue ropenus u=e U/W u nasnenue raza P=(p/kT.)oiL, 6 —
JIOJISl IOTOKA BHEIIHUX OBICTPBIX AJIEKTPOHOB, YUYACTBYIOIIUX B MpoIlecce MOHU3AIMH, IO OTHOIIE-
HUIO K ITOTOKY MOHOB /; Ha KaTo[I.

Jnst onpeseneHusl MPOCTPAHCTBEHHOTO pPACIpe/ieieH s JIEKTPOHHOM TeMIlepaTypbl U KOH-
HEHTpAIMK TUIa3Mbl, BIUSHUS T€OMETPUU, pa3MEPOB U Marepuaja JeTajeil, moMenaeMbIX B TO0-
JOCTh KaTOJa, MCIOJIB30BAIIOCH YMCIECHHOE HMCCIeOBaHNE C NMPUMEHEHHEeM THIPOAMHAMUYECKON
MOJIeTTH, KOTOpasi OMUCHIBACT HIICKTPOHHBIE TNIOTHOCTH 3apsDKEHHBIX YACTHII U KX CPEeTHUE YHEPTUU
KaK (yHKIIMIO BpEMEHHU U MPOCTpaHCcTBa [2].
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MOJINTEXHUYECKUWA

TOMCKUW XII Beepoccuiickast Hay4HO-TIpaKTH4ecKast KOH(pEepeHL s
I.I YHUBEPCUTET «TexHnonoruu Microsoft B Teopuu 1 IpakTUKe MPOrpaMMUPOBAHUSDY

NccnenoBanne crabunmzanmu HanpsbkeHus roperns 370 B nmpu yBenmmuenun odbema neraneit
ot 2500 mo 2x10* em’ (Sa/ S; or 0,071 no 0,57) mokazaiyio, YTO TOK JOTOJTHUTEILHON dYMUCCUU W3-
MmeHsieTcst oT 9 o 14 A (puc. 1). [Ipu 5ToM moTeHIMa T1a3mMel citabo u3mMeHsercs. Jleranu nuinH-
npudeckoid opMel nMeroT pazmepsl D100 mm 1 400 MM, anona 30 A, naBnenue azota 0,65 Ila. Ha
puc. 2 MoKa3aHbl pacueTHbBIE JIMHUU YPOBHS KOHIIEHTPAIIMH I11a3Mbl B HECAMOCTOSITEILHOM PEXHUME
mipu 1,,,=30 A u U=370 B B 1Byx ceyeHUsIX MOJIOT0 KaTo/ia C JETaISIMHU.
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Puc. 1. 3asucumocms moxa eHeuinerl Puc. 2. Pacnpedenenue koHyeHmpayuu niasmol
uMdcexyuu (1), konyenmpayuu niazvol (3) (1011 cm—3) 6 nonepeurom u nPOOOTbHOM CEUEHUSX
U NomeHyuana niazmel (2) om Konuvecmsa oemanetii N01020 Kamooa ¢ 0emansimu

CBoiicTBa MaTepuana KaToja, KOHQUTypalus U pa3Mep JeTaal MOTYT OKa3blBaTh BIIMSHUE
XapaKTEepPUCTUKU pa3psiia U Ha cTerneHb oOpaboTku netanu. Pacuersl mokasanu, yro 6e3 skpaHa
temnepaTypa oOpasos He npesbiiaer 330 °C npu p=1 [la, yTo sABAsIETCS MEHbIIE ONTUMAILHON
530 °C st a30TUpOBaAHMSL.

AKTHUBHBII 3KpaH, OKpY’Kasi BCIO 3arpy3Ky AeTajel, UrpaeT poJib CO3JaTelisd aKTUBHBIX Yac-
THUIl U U3Ty4eHUEeM oOecrieurBaeT AOMOIHUTENbHbIN HarpeB aetaneil. B tabn. 1 npuBeneHo Bpems
HarpeBaHus JieTajel pa3Hoi reometrpun 10 teMreparypsl 400 °C npy HanUYMKM AKTUBHOT'O HKpPaHa,
PacmooKEeHHOT0 Ha PacCTOSHUM 2 ¢M OT Karoia. Bpems HarpeBanus netajiell 3aBUCUT OT MaTe-
puasia 1 ux pa3MepoB.

Tabmauma 1
Bpemsa naepesanus demaneii
Pazmep aetanu Bpewms narpesanus Fe, mun Bpewms narpesanus Ti, Mun
@100%400 mm> 123 86
@100x200 mm> 113 75
@ 50x400 Mm° 66 43
@3130x400 mm> 155 108
@130%200 mm> 140 93
3akjrouenue

[TpoBeneHO TeopeTUUecKoe MCCIeIOBaHUE TeHEPAlUU TUIa3Mbl B HECAMOCTOSTEIBHOM PEXKH-
Me TIpY HU3KOM JIaBJICHHH Tra3a B MOJIOM KaTojie Oobioro pazmepa. [loka3aHo, 4To HE3aBUCUMO OT
TUIOIIAN TIOBEPXHOCTH M MaTepuajga oopabaThiBaeMbIX AeTajeil BO3MOXKHA He3aBUCHMAs peryJiu-
POBKa TUIOTHOCTH MOHHOTO TOKa M HAMpPSDKEHUS] €r0 TOPEHHUs 3a CUeT TOKa JOTOJIHHUTEIbHON WH-
KEKIUH.

C nmpuMeHeHUeM TUAPOJIMHAMHYECKOW MOJEIH MOKa3aHO, YTO NPU HAMPSIKEHHUSIX TOPEHUS
300400 B wu paBnenun raza 0,65 [la pocturaercs KOHIIEHTpalMs TJ1a3Mbl COOTBETCTBEHHO
3x10" em™ (asor) m 6x10'" em™ (aprou) npu Temmeparype miasMel mopsiaka 1 3B.

AKTHBHBIN KpaH 00ecrieurnBalOT PaBHOMEPHBIM HAarpeB JeTayiell pa3HbIX GOpM U pa3MepoB
JI0 TeMIIEpaTypbl, HEOOXOIMMOM /ISl a30TUpOBaHMs. BpeMs HarpeBa jaeraneli 3aBUCUT OT UX MaTe-
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puajlia 1 pasM€poOB 1 YMCHBIIACTCA C YBCJIMUCHUEM KOJIUYCCTBA JeTanel 3a CYeT UX B3aMMHOTO Te-
IIJIOBOI'O M3JIyUCHUA.

Cnmcok aurepaTypbl

1. Lopatin I.V., Schanin P.M., Akhmadeev Y.H., Kovalsky S.S., Koval N.N. Self-sustained
low pressure glow discharge with a hollow cathode at currents of tens of amperes // Plasma Physics
Reports. 2012. Vol. 38, Issue 7. P. 583-589.

2. Kosanp T.B., Jlonatun U.B., Oroponuukos C.A., Hryen bao Xeinr. MccnenoBanue re-

Hepaluy HU3KOTeMITEpaTyPHOI IUTa3Mbl B TIICIOIIEM pa3psie ¢ TOJIbIM KaTOAOM OOJBIION TUTOMIA N
/I H3eecmus 6y306. Quzuka. 2014. T. 57, Ne 3/2. C. 122-125.

VJIK 004
MODERN OPTIMIZATION PROBLEMS DECISION MADE USING NEURAL NETWORK HOPFIELD

Hatem Hassanin
Scientific advisor: Berestneva O.Gr.
National Research Tomsk Polytechnic University, Tomsk, Russia
E-mail: Hatem@tpu.ru
Annotation
The purpose of writing this paper was to study the solution of optimization problems using Hopfield neural net-
work in Matlab environment in order to improve that Neural network as artificial intelligence best method for
provide the solutions for optimization problems. This purpose can be achieved through the following steps:
1. Formation of the basic operation of neural networks,
2. Allocation of the problems encountered when solving optimization problems using Hopfield neural net-
work using Matlab [1];
Neural network operates cyclically. Each of the four Hopfield neural network has outputs a signal, which is
input, to all other neurons but himself, however, this network cannot be taught almost anything. Network
consisting of N neurons cannot remember more than ~ 0.15 * N images. Therefore, the real network should
contain enough impressive number of neurons. This is one of the major flaws of the Hopfield network — a
small container. In addition to all the images, do not need to be very similar to each other, or in some cases
perhaps looping for recognition.

Keywords: Optimization, hemispherical, minimization of nonlinear functions, stable point, the basin of at-
traction.

Kuarouesle ciaoBa: Ontumuszanus, nonychepa, MUHAMH3ALMS HENMMHEHHBIX QYHKIMHN, YCTOHYMBAs TOYKA,
OacceliH MPUTSHKEHHUS.

The task is to consider the discrete Hopfield network with nine bipolar neurons to recognize
non-ideal images of letters H. Images S1, this letter are shown in fig. 1, the same numbering given
pixel corresponding Hopfield neural network and their vector representation [2]:

§* = (sk,— s%) = (L-11,1,1,1,1,-1,1),
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Fig. 1. Images of S', §°
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