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K.B. Jly6oBeHko

YUCJIEHHOE MOAEJIUPOBAHUE ITPOCTPAHCTBEHHO-BPEMEHHbBIX
XAPAKTEPUCTUK ITOJABOJHOTI'O SJIEKTPHYECKOI'O PA3PATA

Y macnimociopoounamiunomy HadaudiceHHi pO3POOICHO 3AMKHEHY MAMEMAMUYHY MOO0e1b | 6UKOHAHO AHAILI3 NPOCMOPOGO-
4acosux nPouecie enekmpuunozo po3paody y 600i. Haeedeno nopisnanna pesyibmamie MoOel06AHHA 3 PE3Y1bMaAmMamu 6i00Mux

EKCHEPUMEHMAIbHUX 00C/LI0NCEHD.

B maznumozudpoounamuieckom RpudIuUdICeHUU papadomana 3aMKHYMaAA MAmeMamuideckas Mo0eb U 6bINOIHEH AHAIU3
RPOCHPAHCMEEHHO-6PEMEHBIX RPOUECCOE IIEKMPUUECKO20 pa3paoa 6 6ode. IIpedcmagieno cpasHenue pe3yibmamos Mooeiupo-
GAHUA C PE3YIbMAMAMU U36ECHIHBIX IKCHEPUMEHMWIbHBIX UCCTE008UHUIL.

BBEJIEHUE

OnHOM W3 BaXHEWINNX 3a1ad W3YYEHHS MPOIECCOB
JJIEKTPUYECKOTO Pa3psiia B HKUIAKOCTH, SBISETCA WUCCIIE-
JOBAaHWE  B3AMMOCBS3M  [POCTPAHCTBEHHO-BPEMEHHbIX
JNEKTPOANHAMHWYECKHX, TETUIOBBIX M THAPOJMHAMHAYE-
CKHX MPOLECCOB, YTO B KOHEYHOM HMTOre OMpeaessieT d¢-
(EeKTUBHOCTh MPAKTUYECKOTO HCIOJIb30BAHUS ITOTO SIB-
JIEHWS B sl Pa3psAIHO-UMITYJIbCHBIX TeXHOJOTHi [1].

I[pu po6oe MEKINEKTPOTHOTO TIPOMEXKYTKA B BOJIE
oOpasyeTcsi Mia3MEHHbIM KaHajl, B KOTOPbIA BBOAMTCS
sHeprusi HakonwTedss. OHa pacXomyeTcsi Ha TOBBIMIEHHE
BHYTpPEHHEW SHEPTHHU TUIa3Mbl W MpeoOpasyeTcs B 3Hep-
TMIO CBETOBOIO M3JIy4€HMUsI, MEXAHUUECKYIO paboTy yaap-
HOM BOJIHBI W JBIKEHHS Cpeibl. Pacmmpssch B JKHIKO-
CTH, TUTA3MEHHBIN KaHall TTOC)Ie OKOHYAHHUS UCCHUTIAIAN B
HEM DJIEKTPUUECKON IHEPrUM TPAHCPOPMUPYETCS B I1yJIb-
CUPYIOLLYIO Napora3oByl0 M0J0CTh. JIMTENLHOCTb BpE-
MEHW BBOJA JJIEKTPHUIECKON DHEPTHH B TUIA3My IS Xa-
PaKTEPHBIX PEXKUMOB pas3psia COCTABJISET NPUOIM3HU-
tenbro 10°-107 ¢,

CremyeT OTMETHTB, YTO XapaKTEPUCTHKHM KaHala
paspsiia B BOJE PacClpeiesieHbl B POCTPAHCTBE HEPABHO-
MepHo. B myGaukauusx npouuisix Jet [2] oTmeuaercs,
9TO yHeNbHas 3JIEKTPONPOBOIHOCTD TLTa3Mbl, OCPEIHEH-
Has TI0 CEUEHHUI0 KaHaja 3JIEKTPHYECKOTro pa3psja B BOIIE,
CYLWECTBEHHO BbILIEC, YEM pacCCUUTAHHAsA MO 3HAYCHUAM
W3MEPEHHON TIOBEPXHOCTHOW TeMmepaTyphl. [Ipu 3ToM
MOTILITKA 000CHOBATh HEPABHOMEPHOCTH pacrpeeeH st
TEMMEPATYpPbl U yNEIbHON 3JIEKTPONPOBOAHOCTH B ILIa3-
Me paspsima [3-5] Ha paHHHMX CTaguMsX WCCIEIOBAHHS HE
OBLTM CTPOTMMH, TOCKOJBKY HE YYWTBIBATH BECH KOM-
JIEKC HECTALMOHAPHOrO B3aUMOIEHCTBUS 3JIEKTPOLMHA-
MUYECKUX, TUAPOAUHAMUYECKUX U Tel'lJ'[Oq:)l/Bl/llleCKl/lX
TIPOTIECCOB, IPOUCXOIAIINX B HEM.

TToaToMy LENBIO HACTOSILIEN PAabOThI ABJSETCS YCO-
BEPUIEHCTBOBAHME MaTeMaTU4eCKoi moaenu [1] mis pac-
geTa TIPOCTPAHCTBEHHO-BPEMEHHBIX TMPOILECCOB BO BCei
005IacTH MEKAIIEKTPOJHOTO TIPOMEKYTKA C JOJDKHBIM
YUE€TOM TAKOTrO B3al/IMOﬂel>'lCTBl/lﬂ.

MATEMATHWYECKAS MOJIEJIb
DJIEKTPUYECKOI'O PA3PAJIA B BOJE
BBuny 3aperucTpupoBaHHONW 3KCMEPUMEHTAIbHO
CYLIECTBEHHOH HEPaBHOMEPHOCTH pacmpesieNeHNs Xapak-
TEPUCTHK JNICKTPUUECKUX Pa3psaaoB (YAETbHOMW 3JIEKTPO-
MPOBOAHOCTH TUIA3Mbl, TWIOTHOCTH TOKA, TEMIlEpaTyphl,

HAMNMpsAXKEHHOCTU JJICKTPUUYECKOIN0 W MArHUTHOIO TMOJif,
JaBleHus] U T.1.) B MJa3Me KaHana W 3a ee mpeaenaMmu
BO3MOXHOCTU KOJJUYECTBEHHOT'O0 aHAJIM3a XapaKTEPUCTUK
paspsiza B npuOJIMKEHUSX, MPEANOaraloliuX OAHOPOI-
HOCTb KaHaja, orpaHuyeHbl. B 3ToM crnyvae mns ananuza
[POCTPAHCTBEHHO-BPEMEHHbBIX [POLIECCOB JIEKTPUYECKO-
ro paspsijia Heo0X0AUMO MPUMEHEHUE MATeMaTU4eCKOro
anmnapaTta TEOpUU TOJis, B YACTHOCTH MAarHUTOTHAPOJIH-
Hamuveckoro npubnkenus. COrlacHO eMy MareMaTu-
4yecKass MOJENb J0JKHA BKJIKOYATh TPU TPYMIbl ypaBHE-
HUI: ypaBHEHHs 3JEKTPOMATHUTHOTO MOJisl, YpaBHEHUs
TUIPOJUHAMUKY — HEPA3PhIBHOCTH M KOJIMUECTBA IBHIKE-
HUS U YPAaBHEHUS TEPMOAMHAMUKH, BKIFOYAOLINUE ypaB-
HEHUs! JHEPrUU UM TEMIOBOro notoka. Takoit moaxon mo-
3BOJIIET KOPPEKTHO Y4YECTh B3aUMOJAEHCTBUE BIIEKTPO-
MArHuTHBLIX, TAa30JJUHAMUYECKUX U TEPMOAUHAMUYCCKUX
NPOLIECCOB, COMPOBOXAAIOLIMX MPEOOpPa3OBaHUE IJICK-
TPUYECKOTO pa3psia B Mia3Me kKaHana pa3psia.

B pabote paccMOoTpeH BaxHbIN, C MpakTUUECKOil
TOUKM 3PEHUsI, CIy4ail 3JEKTPUYECKOro paspsiaa B pas-
PAIHOM KOHTYpPE € €MKOCTHBIM HAaKOTIUTENeM HEPTUU B
kamepe oceroii cummerpun (puc. 1). Ha puc. 1 o60o3Ha-
yeHo: C — eMKOCTbh KOHAEHcaTopHoit Oarapeu; R, L — ak-
TUBHOE COMPOTUBIIEHHWE [IMH W MApa3uTHAas WHIYKTUB-
HOCTh KOHTYpa. Bionb ocu kamepbl pacrnoniokeHbl 3ek-
Tpoabl. CTEHKa KaMepbl CIyX HUT OOpaTHBIM TOKOMPORBO-
JIOM, 00pa3ysi BMECTE C MEXINEKTPOIHBIM TPOMEKYTKOM
KOAKCHUANTbHYHO KOHCTPYKIIHIO.

R L

-1

3

Puc. 1. Cxema 3ameIneHuns pa3psiTHOTO KOHTypa € €MKOCTHBIM
Hakornuresem dHepruu: 1 — kanain paspsiia; 2 — oOparHbIii
TOKOTIPOBOJ; 3 — BHYTPEHHSISI CTEHKA Pa3psAHON KaMephl
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Ecnu yinHa kaHana paspsiia HAMHOIO [PEBbILIAET
€ro pajinyc, MpoLecchl B MEIKINEKTPOAHOM MPOMENKYTKE
MOJHO CYMTaTh OJHOMEpHbIMU. [loaTOMYy ypaBHEHUs
SJICKTPOAWHAMUWKHU, 3alUCAHHBIC B JIArPAHXKEBLIX KOOP-
JuHaTax 06e3 yyeTa TOKOB CMEIIEHH S, UMEIOT BUJT

or-H). o H ) oE
0s °%tlpr) as’
rae [ — IWIOTHOCTh TOKa; t — Bpemsi; p — IJIOTHOCTb CPe/ibl;
E, H — HanpshKeHHOCTU 3J€KTPUYECKOr0 MU MarHUTHOrO
MoJisi; [ — MPOCTPAHCTBEHHASI KOOPMHATA; S — JlarpaHKeBa
koopauHata (ds= p-r-dr); Lo —MarHUTHas MOCTOSIHHAS.

B3anMHas cBsI3b MEXAY XapaKTEPUCTHKAMH JIieK-
TPOMATHUTHOTO TMOJISl U CBOMCTBAMU CpEMbl BbIpaXKaeTCs
3akoHOM Oma B nuddepeHuranbHoi popmMe, ypaBHEHUsI-
MU JIJIsl TUIOTHOCTH 3JIEKTPOMAarHuTHOM cunbl f, nedict-
BYIOILIEl Ha 3NeMeHT o0beMa Iia3Mbl, U Ui YIETbHOM
00BbEMHOI MOIIHOCTH q TCIJIOBBIX MCTOYHUKOB B TIEPE-
CYETE Ha eIMHULLY MacChl:

@

i=0-E; f=M; q:G.EZ, 2
p

rae ¢ — yAeJbHas 3JEKTPONPOBOJHOCTb CPE/lbl.

BunusHue ruapoarHaMUYECKUX NPOLECCOB HA 3JIEK-
TPOJAMHAMUYECKHUE MPOSIBISIETCS Yepe3 ABUKEHUE CPEellbl,
KOTOPOE € OJIHOI CTOPOHbI ONpEeAeIseT JUHAMUKY U3Me-
HEHWs paanyca TOKOMpoBoAsiiei odnacTu, a ¢ Ipyroi —
BJIMAET HA MJIOTHOCTb Cpelbl U YAEJNbHYIO 3JIEKTpONpo-
BOJHOCTb MJIa3Mbl. JIBU>KEHHE Cpelbl B MEXKIIEKTPOIHOM
MPOMEKYTKE OMUCHIBACTCA 3aKOHAMU COXPAHEHHWA MACChl
U KOJIMYECTBA JABWKEHUS:

a(1) o v op or
= (r -v) =

— =— f—=—r-—+f;v=—, (3)
otlp) s ot 0s ot

rae V—CKOpOCTb; P — JABJIEHUE.
3aKOH COXpaHEHWs] JHEPrMM TPEACTaBISAET COOOM
ypaBHeHHe OanaHca SHEpruyl Mo BUAAM. MEXaHHIECKOH,
3JIEKTPOMArHUTHOM, TEMJIOBOW, U3JTyUEHUS:
e o(r-v) oW
R eV 4
ot 0s 0s
r7ie € — BHyTpeHHss dHeprusi; W — cyMMapHBIi TerioBoit
notok; Qy — 00beMHbIE NOTEPH IHEPTUU U3JTyHEHUEM.
CyMMmapHblii TEMJIOBOW MOTOK B JiarpaHXeBbIX KO-
OpAVHATAX ONPENEIAETCS BBIPAKEHUEM
aT
W=-x-p 5o ®)
rae Y =% t Au T Yr — YACIbHAs TEIJOMNPOBOJHOCTb, OI-
penensiemass CyMMOUM yIEJIbHOW 3JIEKTPOHHOMN X5, MOJIE-
KYJSIPHOW Y, W JIyYUCTOHN R TEIJIONPOBOIHOCTEN COOT-
BETCTBEHHO.
H3nyueHnneM niia3mbl 3J1EKTPUUYECKOrO pa3psiia B BO-
J€ Henb3sl TmpeHeOperaTh YK€ TpU  TeMTMeparypax
T> 10* K u nasnennsix p > 10° I1a. B npoTuBHOM ciydae
3TO MPUBOAMT K 3aBBIIICHUI0 PAacueTHON TeMmepaTypsl B
HECKOJIbKO pa3. s paspsioB B XMAKOCTH XapakTepHa
BBICOKAasl ONTHYECKas TUIOTHOCTH IUIa3Mbl BOIBI BO BCEM
CreKTpe 4acTtoT uznydyenus [6, 7]. B s3Tom cnyuae crpa-
BEIUIMBO MPUOJIMKEHUE JIyYUCTOM TENIONPOBOAHOCTH [8]:

16
XR=§'GB'T3'|R* (6)

rae og — nocrosHHas Credana-bonbumana; lgr — cpen-
Hsisl UIMHA ¢cBoOoaHOro npobera o Poccenanny [8].

B KoHIlE aKTHBHOW cTagwW paspsia, Korma TUioT-
HOCTb IIJIa3Mbl BCJIEACTBHE €€ PACUIMPEHUs yMEHBIICHA
Ha HECKOJIBKO MOPAAKOB BEJIWYUHbBI, CPEAHASA NJIMHA CBO-
6omHOTO TIpobera |k TIpeBBImaeT paaryc kKaHana, riasMa
HaYWHAET W3JyYaTh W3 BCero oObeMa. B aToM ciiydae B
cooTBeTcTBUK C [8] 00bEMHbBIC MOTEPH IHEPTUH H3ITyUe-
HUEM OTIPEIEIISIOTCS COOTHOMIEHHEM:

Q =05 T/Ir. (7

OTU ypaBHEHWs JOMNOJIHSIOTCA pPa3padOTaHHbIM B
JaHHOU paboTe UIMPOKOIUANA30HHBIM YpPABHEHHEM CO-
CTOSIHUS BOJIbI BUMIA!

p=pp.The=¢p.T). ®

HeobxonuMmblii auana3oH TEPMOAMHAMMUYECKUX Ma-
pameTpoB (8), 0XBaThIBAET 001ACTh COCTOSHUN OT KOHEH-
CHUPOBAHHOTO /10 Ta3MeHHoro. [lpu pa3paboTke ypaBHe-
HUsL COCTOsIHMSI B PaboTe MCIIOJIb30BAIIMCH JAHHbIE 1MHA-
MUUYECKUX HW3MEPEHUM, CTATUCTHUYECKUX WHCCIEI0BaHMUIA,
pe3ysibTaThl PAcueTOB AUCCOLMALMUA MOJEKYJ BOMbI, pac-
YEThI MO COOTHOIIEHUSIM XUMHYECKOr0 PAaBHOBECHUS CO-
CTOSIHWI 4aCTUYHOW MOHM3aUMK W auccoumaunu [9-12].
CpenHsist KBafipaTUiHas OLMIMOKA aNMPOKCUMALMK JAHHBIX
cocraguia (3-4 %).

Vpasuenusi (1) — (8) 10noaHEHbI BXOAALIMME B HUX
3aBUCUMOCTSIMU KO3(D(DUIMEHTOB TEMIONPOBOJHOCTU U
YIAEJNBHON 3JEKTPONPOBOJHOCTH OT IJIOTHOCTH U TEMIIE-
parypsi:

1=xP.Tho=c(p,T). ©)

3aBucumoctu (9) 3agaBanuch B pacueTax MHTEPIO-

nsiimedt TabnuuHbIX JaHHbIX [12] ¢ yueToMm HeuaeanbHO-

CTU TUIOTHOM HU3KOTEMIEPATYPHOM MJj1a3Mbl BOIbI MPU

Bhicokmx gasnenmsix (1o 10° TTa) u Temneparypax (mo
7-10*K).

CornpoTHBIIEHKE KaHAJA OTPEAEIISIETCS 110 €r0 JIOKajIb-
HBIM XapaKTEPUCTUKAM C KCIIOJIb30BAHUEM COOTHOILIEHHUS]

el

r](

2-m- Io-r-dr
0

rae I — NpoCTPaHCTBEHHAss KOOPAMHATA; [, — panuyc Ka-
Hasna; ¢ — yZAeNbHast JJIeKTPOTPOBOAHOCTD TIA3MBI.

Jlisi OIHO3HAYHOTrO OMpENENeHUs] COMPOTUBICHUS
KaHaja HeoOXOAMMO 3HATh €ro paaunyc I, B cBs3u ¢ 3TUM
BO3HHMKAET BOMPOC O TpaHule KaHana. Kak nmokazaHo sKc-
nepuMeHTanbHo [14], 3HaYeHwe paamyca TOKOTPOBOIS-
et obnactu, onpenensouee BeNIUINHY CONMPOTHURICHUS
KaHanma, B OOIIEM cillydyae He COBMAagaeT CO 3HaueHHeM
PErucTpUpyeMOro 3KCMepUMEHTaIbHO paanyca CBETSIIe-
rocsi cronba. Kak nokazaHo B [14], paguyc TOKOnpoBo-
asimel o0acTu cieqyeT OmpeneNsiTh Mo KpaTdaiiemy
paccTOsSHUIO OT OCH KaHalla 10 TOUYKH MPOCTPAHCTBEHHOM
KOOPAWHATHI, B KOTOPOH yJeJibHAsi 3JIEKTPONPOBOJHOCTh
MJa3Mbl MEHbIIIE MAKCUMaJIbHOMW B € = 2,71 pa3a. B nanb-
HelileM B HacTosmmieil paboTe Be3ze, €Cli 3TO HE OTOBO-
peHo 0co00, moA panuMycoM KaHana MNOoApa3yMeBaeTcs
MMEHHO PaanyC TOKOMPOBOASLIErO MIa3MEHHOro cTonba.

B pazpaGoTtaHHOi Monenu ypaBHEHUsI MarHUTHOM

(10)
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TUAPOJAMHAMUKH JOTOJHEHBI COOTBETCTBYIOLIMMHE ITOCTA-
HOBKE 3a/Ia4i TPAHUYHBIMH YCIIOBHSMH.

B o6mem ciydae mOpOCTPaHCTBEHHO-BPEMEHHbIE
MPOLIECCHI B MEXKINEKTPOAHOM NPOMEKYTKE PaccMarpu-
Batotcst B obmacti O < r < rp, rme koopaurata I = 0 co-
OTBETCTBYET MOJIOKEHUIO OCH KaHaJIa U paspsaaHoil kame-
pbl, @ I = It — rpaHuue pa3psaHoi kamepsbl, BbIOUpaemoii
W3 YCIOBHS €€ HeIOCATAEMOCTH BO3MYIIEHHSIMU CPEIBI 38
WHTEpeCyeMOe BpeMs paspsina. B CBSI3M ¢ 9THM KpaeBbIe
yclaoBus juis ypaBHeHuii (3) MareMaTH4ecKOW MOJIEIH
3aj1aHbl B BHJIE

v(0,t)=0; V(rp,t)=0. (11)

AHAJOTHYHO TPaHWYHBIE YCIOBHSA T0 TETUIOBOMY

MOTOKY OTPEIENSIOTCS BHIPAKEHHAMH
w(0,t)=0; W(rp,t)=0. (12)

KpaeBble ycioBue sl ypaBHEHHH JI€KTPOMArHuT-
Horo monst (1) Ha OCH W Ha CTeHKE pa3psiIHON Kamephbl
(puc. 1) umetoT BUL:

H(O,t)=0; H(r,t)=1{t)/(2 7 1),
rae | —Tok kaHana pazpsaa.

3nauenue Toka B (13) ompenensieTcss COBMECTHbLIM
pelleHreM ypaBHEHHHN 3JIEKTPOMArHUTHOTO TIOJS C ypaB-
HEHUSIMU BHEIIHEW d1ekTprdeckoii uenu [15]:

<5[E-dm=—uo—'|-i (t)-In—T
2. dt re(t)

Takum o6pazom, cuctema ypasuenwii (1) — (14) sB-
JSIETCS MaTEMaTHYECKOM MOJEIIbIO AJIEKTPUUECKOr0 pas-
psioa B )KUAKOCTH, yUUTHIBAIOLIEH pa3BUTHE MPOLIECCOB B
[UTa3MEHHOM KaHalle B MPOCTPAHCTBE U BO BPEMEHHU.

Pewenne cuctemsr (1) — (14) BBIMONIHEHO KOHEYHO-
Pa3HOCTHBIM METOIOM Pa3e/ibHbIX MPOroHok [15].

(13)

(14)

PE3VJIbTATHI UUCJIEHHBIX PACYHETOB

YuCiieHHO  MOJEMPOBAIMCh  MPOCTPAHCTBEHHO-
BpPEMEHHbIE TPOLECChl TIOJBOAHOTO AJIEKTPUUECKOTO pas-
psiza B BOAE B YCJIOBMSIX, OJIM3KMX YCJIOBMSIM 3KCHEpH-
menTa [2]. TlapameTpsl pa3psHOrO KOHTypa yCTAaHOBKH
3a/1aBaJiNCh CIEAYIOUIMMH. eMKOCTh Oaraped KOHIeHca-
TopoB — 6:10° @; HauaneHOe HanpsKeHME HA Hell —
210" B; mapasuTHasi MHIYKTMBHOCTH Pa3PAIHOTO KOHTY-
pa —1,1-10° I'; cymMapHOe COMpOTHBIEHHE Pa3psIHAKA
B OTKPBITOM COCTOSIHUW M LIWH KaOeJIbHO-KOJUIEKTOPHOTO
TpakTa paspsaHoro koutypa — 2:10° Om; minHa Mexa-
NEKTPOIHOro mpoMekyTka — 4,5:10% M; paanyc paspsii-
HO#t Kamepsl — 5,6'10 M. [Tpn TakuX mapameTpax paspsii-
HOrO KOHTYpa 3HEPTrusi, 3aMaceHHasi B eMKOCTHOM HaKoMH-
Tene, nmeet 3Hadenne 1200 J[x. Kanan paspsma nwnwHA-
puYecKoll CUMMETPUH Moniarancs c(pOpMUPOBAHHBIM 3JIEK-
TPUUECKUM B3PbIBOM TOHKOI0 METAJIMYECKOr0 MPOBOJHH-
Ka AMaMEeTPOM MEHee 10° wm. DOHeprusi 3JIEKTPUUECKOTO
B3pbiBa MPEHEOPEKUMO Majla B CPaBHEHHH C TIOJTHOM SHep-
rMe, BBIIEISIOLIEICS B JJIEKTPOIHON CHUCTEME BO BpeEMs
paspsiga, a KOJMYeCTBO MeTajlla HACTOJIbKO HE3HAUMTEIlb-
HO, YTO HE MOXET CYLIECTBEHHO TIOBJHUITh Ha XapaKTepH-
CTUKH TJa3Mbl B MEXKAJIEKTPOIHOM MNPOMEXYTKE, 3arod-
HEHHOM BOJOW. B paccmarpuBaemMoM cilyuae Takxe CO-
OJroaeTcs OTHOMEPHOCTh MEPEXOAHBIX MPOLECCOB B pas-
PSIIHOM KaMepe B TeueHHWe aKTUBHOW CTaauu paspsna, mo-
CKOJIbKY PajuycC [JIa3MEHHOI0 KaHajia, paclliupsisich, He

NPEBBIILAET 3HAYEHUS! HECKOJIbKUX MUIUIUMETPOB, YTO
GoJiee ueM Ha MOPSIOK MEHBIIE €ro JTUHBI.

Crenyer OTMETUTb, YTO MNPABUIBLHOCTb AJIrOpUTMA
MporpamMMbl M YMCIEHHOIO WHTErPUPOBAHUS €0 CHCTEMbI
ypaBHeHU# B 4acTHbIX Mpou3BoaHbix Buaa (1) — (10), BbI-
0opa pa3HOCTHOMN CEeTKH, COOJIIOJEHUSI 3aKOHOB COXpaHe-
HHSl, CKOPOCTH CXOJMMOCTH WTEPALMOHHBIX MPOLECCOB Ha
Ka)KIOM IlIare 1Mo BpeMeHu Oblna peieHa patee [1, 16].

[IpaBWIBHOCTE BOCHPOW3BENCHHUS pa3padOTaHHBIM
YUCJICHHBIM KOJAOM YypaBHeHusi coctosinus Boabl (8) B
LIMPOKOM [JMana3oHe TepMOIMHAMUYECKUX TMapaMeTpoB
MpH W3MEHEHHH COCTOSHUS BEIecTBa OT KOHIEHCHUPO-
BaHHOTO [0 TJIa3MEHHOTO cieayeT u3 S-p auarpammsl [9],
npencTaBleHHOM Ha puc. 2.

S xJhx/(kr-K)

20

0 L
1072 10° 10° 3

Puc. 2. Pe3ynpTaTsl TECTUPOBAHUS MaTeMaTUIECKOM MOIENH.
IInpoxonuana3zoHHOE ypaBHEHHE COCTOSIHUS BOJBIL 1 — dazoBas
I'PaHULIA KUIKOCTb-11ap; 2 — yJapHasi ajinabara

P, KI*M

Jlisi MpOBEPKH COOTBETCTBHSI MOJIEIH TPOLIECCAM Ha
AKTHBHOM CTaaWW 3JIEKTPUYECKOr0 paspsiga B BOIE pe-
3yJbTAThl PACYETOB COMOCTABIISUIUCH C IAHHBIMU ONTHYE-
CKUX U JIEKTPUYECKUX U3MEPEHUM XapaKTepUCTUK KaHa-
na paspsiga [2].

WuTterpanbHble  XapaKTEPUCTHKUA — 3IEKTPHYECKOTO
pazpsiia — TOK, HAMpsHKEHWE HA MEXKINEKTPOIHOM MpOMe-
KYTKE, CONMPOTUBIICHUE KaHalla paspsaa, SHEPrus, BbIAC-
JUBILIAsCS B pa3psHON Kamepe, NpecTaBieHbl Ha puc. 3.
[pu 3amaHHBIX MapameTpax paspsAHOro KOHTypa pacyer-
Has aMIUIMTYAa TOKA COCTABJISICT 3,42:10* A. JlnvTenn-
HOCTb NEPBOTO Meproga paspsia pasna 1,82-10° ¢. Duep-
rHsl, BBIIENUBINASACS B MEXAIEKTPOJHOM TMPOMEXKYTKE B
TeueHue nepuona paspsiaa umeet 3naueHue 900 [k, uto
cocragisier 75 % ot 3anaceHHOl B KOHIEHcAaTOpHON Oara-
pee. B pe3ynbrate MMIYJbCHOTO BbIJENICHUS] 3HEPTUM B
KaHalie paspsiaa TemMrneparypa ria3mbl rnossiiaercsi 10 60
THICSY TPaAyCOB HA OCH KaHaJa, YTO B CBOIO OYEPEb MPH-
BOIUT K YBEJMYEHHIO JABJICHUsI M1a3Mbl, (JOPMHUPOBAHUIO
U PACTPOCTPAHEHUIO B OKpYIXKAIOIIee TIa3MEeHHbIM KaHal
NPOCTPAHCTBO yAAPHOM BOJIHBI.
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Puc. 3. UnTerpajibHbie XapakTepUCTUKK DJIEKTPUUECKOro pas-
psiZa B BOJIE, OTHECEHHBIC K €IMHULIE JJIMHBI MEXKIJIEKTPOAHOIO
MIPOMEXKYTKA: @ — TOK pa3psiia; 6 — HalpsDKEHUE KaHasa paspsi-
J1a; B — CONPOTHUBJICHUE KaHaJla pa3psa; I — 3HEPIHUs, BblJe-
JMBLIASACS B KaHAJIE paspsa

BpeMeHHbIe 3aBUCMOCTH TeMIepaTypbl U IaBJlIeHUS
Ha OCH KaHaja pa3psjia npeacTaBieHbl Ha puc. 4.

Cnan TemmnepaTtypsl W JaBJCHUs B HadalbHbIE MO-
MeHThl Bpemenu (3aBucumoctu T = T(0, t) u p = p(0, 1))
OOBSCHSIETCS TIePeCTPOUKON TeueHHUsl MOoce 3aBepLICHUS
MHULIMMPOBAHHOTO TPO0Os, B Ppe3ysbTaTte KOTOPOTO B
JaHHBIX YCIOBHAX 00JIaCTh KaHajla pa3psiaa ¢ HauyallbHbIM
pamnycom o = 2,5:10” M xapakTepusyercs 3HaYCHHSAMH
miotHocTH po =107 kr-m™ u temneparypsi To = 1,5-10% K.
[lapameTpbl cpenbl B OCTalbHOW 0ONACTH MPOCTPaHCTBA
COOTBETCTBYIOT €€ KOHICHCUPOBAaHHOMY COCTOSIHHIO.

CpaBHEeHHE pacueTHOro Mpo(uist BOJIHBI AABICHUS
B MomeHT 11,5 Mkc ¢ panubiMu pabotsl [17] nist napa-
METPOB Pa3psIHOTO KOHTypa YCTaHOBKH [2] mpencTaBie-

HbI Ha PUC. D.
. T,10'K
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p, 10" Ia

0
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Puc. 4. BpeMeHHbBIE 3aBUCUMOCTH TEMIIEPATYPHI (a) ¥ TaBJICHUS
wiasmbl (0) Ha OCH Pa3psiIHOM KaMepbl
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Puc. 5. CpasHenue pe3ysibTaroB pacuera npoduiist yiapHoi BoJI-
HbI (CIUIOIIHAS JIAHUS) ¢ pe3ysbTaTaMu paboTsI [17] (myHKTHpHAsS
JIMHUSL) JUTs TAPAMETPOB Pa3psIIHOTO KOHTYpA yCTaHOBKH [ 2]

OCOBEHHOCTBIO YHCIICHHOTO aHAM3a C WCIIOJb30Ba-
HHEM TOJIHOCTBIO KOHCEPBATHBHBIX PA3HOCTHBIX CXEM SIB-
JISETCSI BO3MOXKHOCTh MOJEIMPOBAHHKS TIPOCTPAHCTBEHHO-
BPEMEHHBIX XapaKTEPHCTHK paspsida B YCIOBHSX, KOTIa
MJIOTHOCTH CPEMbl B MEKIIEKTPOIHOM MPOMEKYTKE H3Me-
HSIETCS B OY€Hb IMPOKKX npexenax (Ha 3-4 mopsinka). B
KaJyecTBe TpUMepa Ha puc. 6 MpeacTaBiIeHbl TPOCTPAHCT-
BEHHO-BPEMEHHBIE XaPaKTEPHUCTHUKU DJIEKTPUYECKOTO pa3-
psia B BOIE C YKa3aHHBIMHU BBILIE MapaMeTpaMHu.
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Puc. 6. npOCTpaHCTBCHHO-BpCMCHHOC pacnpeaciCH1Ue xapakre-
puctuk (a — TeMneparypa; 6 — IIIOTHOCTh TOKa, B — IUIOTHOCTh
Cpe/ibl) IIa3Mbl KaHAJIA Pa3psiia B MOMECHTBI BDEMEHHU, MKC:
t1:0,25; t2:2; t3:4; t4:6; t5:8; t6:10
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CriefyeT OTMETHUTb, YTO XapaKTEPUCTUKU IEKTPHU-
YecKOro paspsa pacmpefelieHbl B MPOCTPAHCTBE HepaB-
HoMmepHoO. [losyueHHble B JaHHOW paboTe pacueTsl Io-
3BOJISIFOT M0 PACHPEALIEHUIO NIOTHOCTH M TEMIEepaTyphbl
OMpeIeNUTh KOJNMYECTBEHHO IITMHY CBOOOAHOro mpobera
M3JIy4eHHsl, KOTOpasi NpW 3aJaHHbIX Mapamerpax cyluect-
BEHHO MEHbILIE pajiMyca KaHaja paspsia U NO3TOMY aHa-
JIOTUYHO pa3psiiaM B TJIOTHBIX razax [8, 16] kanan pasps-
Ja U3JTydaeT ¢ TIOBEPXHOCTH, a He U3 oObema. Takum 00-
paszoM, Temreparypa Ha OCU KaHaJla pa3ps/a OKa3blBaeTcs
B 2-4 pa3a 0ojiee BBICOKO#, YeM W3MepeHHass TOBEpXHO-
CTHas TeMIepaTtypa Mla3Mbl y TpaHulbl kaHana. Cienyet
TAK)XKE OTMETHTb, YTO K JECATOH MHUKPOCEKYH/E rocJe
Hayaja paspsja IUIOTHOCTh TMIa3Mbl Ha OCH KaHania
YMeHbIIAETCS [0 3HAYEHHst mopsaaka 1 Kr'M'>, 4To B Thi-
Csiuy pa3 MEHblLLIE MJIOTHOCTH HEBO3MYLIEHHOM WU IKOCTH.

BbIBO/IbI

B npubnmxennn ogHOMEpHOH HecTaMOHAPHON Mar-
HUTHOH TUAPOJUHAMUKH pealu30BaHAa MaTeMaTUdecKas
MOZEJb 3JIEKTPUUECKOrO paspsla B BOAE C COXPAHEHUEM
OanaHca 3HepruM B KOHEYHO-PA3HOCTHOI pacueTHOM cxe-
M€, NpeAHa3HAa4Ye€HHas /Ul aHajlu3a OPOCTPAHCTBEHHO-
BPEMEHHBIX NPOLIECCOB B ILTa3Me 3JIEKTPUYECKOIo paspsia.
BbINOJIHEHBI MOJCJIBHBIE PACUETHI U MPOBEACH YUCJIEHHbIN
aHAJIM3 XapaKTEPUCTUK TMOJBOJHOIO 3JIEKTPUUECKOro pas-
psaa B pa3psAHOA KaMepe OCEBOIl CUMMETPUM.
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K.V. Dubovenko

Numerical simulation of the underwater spark discharge
spatial and temporal characteristics

In the approach of magnetic hydrodynamics a closed set of
equations that represents a mathematical model is worked out.
Analysis of spatial and temporal transient characteristics of un-
derwater spark discharge is conducted. The results of numerical
simulation are compared with results of the known experimental
investigations.

Key words — underwater spark dischasge, numerical
simulation, spatial and temporal characteristics
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