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OBILIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTb TeMbI HCCJICIOBAHUS

NHTEeHCMBHOE HCHOJIb30BAHUE KUAKUX TUAJIEKTPUKOB B JIJIEKTPOIHEPTETHKE,
BBICOKAsi CTOMMOCTH BBICOKOBOJIBTHOM ammapaTypel M €€ peMoHTa, TpeOyroT
BCECTOPOHHErO0 M3Y4YEHHUs MPOLECCOB, NPOTEKAOIINX B HUX MPU BO3ACHCTBHUU
BBICOKOTO HampspDkeHHs. Llenpl0 TakuxX WCCIENOBaHUN SIBISETCA IOBBIIICHUE
HaAEKHOCTH pabOThl U MPEJOTBPAIICHUE TIEPEPHIBOB B AJIEKTPOCHAOKEHUN Ba)KHBIX
0OBEKTOB.

[TocTostHHO pacTyiiee MOTpeOICHHE YHEPTUU B MUPE TPeOyeT MOMCKAa HOBBIX
WCTOYHUKOB, CaMbIM IIEPCIEKTUBHBIM M JOHEPrOEMKHM U3 KOTOPBIX SBISIETCA
HCIIOJIBb30BaHNE TEPMOSIIEPHBIX pEaKUUi. byayliee MCIoiab30BaHUE YIIPABISIEMOTO
TEPMOSIIEPHOTO CUHTE3a TPEOYIOT PEIICHUS psfia CIOKHBIX HAayYHO-TEXHUYECKUX
npoOieM, CO3/[aHusi M OCBOCHHS BBIMYCKA DJIEKTPOKOMILJIEKCOB Ha HOBBIX
(bu3HUEeCKUX MPUHITUTIAX.

B nocnennne roael B Kutae, Poccun, CIIA, @paHuuu u psiae Apyrux CTpaH
BEYTCSl MHTEHCUBHBIE UCCIEAOBAaHUS 110 CO3JAaHUI0 TEHEPUPYIOIIMX MOIIHOCTEN Ha
OCHOBE HHEPLUHMAIBHOIO TEPMOSAEPHOIO CHHTE3a, IIPU KOTOPOM TEPMOSAEPHOE
TOTUIUBO  yJIEP)KUBAETCS COOCTBEHHBIMHU CHJIAaMH HWHepiuu. B mpoekrax,
MOCBSIIIEHHBIX JTOM MpobiieMe, HEOOXOJIMMO HMIYJIbCHBIM 00pa3oM HarpeTh
000J104Ky, BHYTPU KOTOPON HAXOJIUTCS NEUTEPUN-TPUTHEBASI CMECH, 1O HECKOIBKUX
MHJIJIMOHOB T'PATyCOB.

Bce BapuaHThl UMITYJILCHOTO HAarpeBa OCHOBAHBI HAa OBICTPOM BBOJIE SHEPTHH B
MHILIEHb. JTO JOCTHUTAETCS HCIOJIb30BAHUEM MHOXKECTBA JIA3€PHBIX ITyYKOB
HAHOCEKYHJHOM JJIUTEIbHOCTH, CBEPXCUJIBHBIX MMITYJIbCHBIX MAarHUTHBIX MOJIEH,
PEHTI€HOBCKMX HUMIIYJIbCOB, ycTpoilcTB Z-pinch. Cymmapnas »Heprus B
AIIEKTPUUECKOM MMITyJIbce cocTaBiseT aecaTku MJDxk. [TogoOHbIe ycTaHOBKM — 3TO
00JbIIKE ANEKTPOPUZNYECKUE U DIIEKTPOIHEPIETUUYECKUE CUCTEMbI, 3aHUMAOIIE
BHYILIMTEIbHBIC TUIOLIAJIN.

[l reHepanuu UMITyJIbCOB OTPOMHOM MOLIHOCTH HYXKHBI COOTBETCTBYIOLIUE
MMITYJIbCHbIE HAKOIMUTENM 3JIEKTpOo3Hepruu. VccnenoBanus, npoBeAEHHbBIE B MUPE,
MOKa3aJiv, YTO JIy4Ille BCETO IS ATUX LIEJNEN MOAXOAAT EMKOCTHBIE HAKOIMUTEIN HA
BOAC. OTHW HAKOMUTENM PAOOTAIOT MPU HAMNPSHKEHUH OT COTEH KUJIOBOJBT M JO
npumepHo 10 MB. HecMoTps Ha MHOTOJETHHE WCCIENOBAaHUS MPOLIECCOB,
IPOTEKAIOIINX B BOAE B CHUJIBHBIX AJIEKTPUUYECKHUX IMOJSAX, CYLIECTBYET €IIE HEMAJIO
BOIIPOCOB, TPEOYIOMIMX HEOTIOKHOIO pelieHus. BO3HUKHOBEHUE HEXKEIaTeIbHOro
npo0osi B EMKOCTHOM BOJISTHOM HaKOIMTEJIE MOXKET MPUBECTU K BBIXOIY €0 U3 CTPOS,
YTO JIeJaeT HEBO3MOXHOW pabOoTy BCEro I'eHEpUpYIOIIEro KoMmiuiekca. BwiscHeHue
BO3MOYXHOCTH TOBBIIICHUS UMITYJILCHOW 3JICKTPUUECKOW MPOYHOCTH HAKOMUTEJEH
HEBO3MOXXHO 0€3 BBIICHEHHS MPEANPOOUBHBIX MPOLECCOB, MPOUCXOISAININX B
CUJIBHBIX JJICKTPUYECKHUX TMOJISX.

[IpennpoOuBHBIE SBICHUS B KUAKOCTSIX H3YYAOTCS B TEUECHHUE HECKOIBKUX
TECATUIICTHH C TIEJIBIO OTIPEICTICHUS 3a/IeHCTBOBAHHBIX (DM3MUYECKUX MEXaHU3MOB, UX
MOJICJINPOBAHUs, TMOJYYEHUS] JAHHBIX [JI IPOEKTUPOBAHUS BBICOKOBOJBTHOM
M30JIAIIMHU, a TaKXKe pa3pabOTKU M MCHBITAHUI HOBBIX W3OJSLMOHHBIX MAaTEpPHUAJIOB.
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HabGmonenne  3a  pacmpocTpaHE€HHEM  OBICTPONPOTEKAIOUIMX  MPOIECCOB,
IPEIIIECTBYIOUIMX HEMOCPEICTBEHHO MPOO0I0 B JKUIKOCTSX CTajJ0 BO3MOYKHBIM
Osarozaps pa3BUTUIO OBICTPOACHCTBYIOLUIMX ONTHUYECKUX METOAOB, IO3BOJISIOIIUX
BBISIBJISITH ATH IPOLECCHl C MOMOUIbIO 3JEKTPOONTHUYECKUX, IUIMPEH M TEHEBBIX
METOJI0B UCCIIE0BAHUM.

Haubonee wuHGOpPMAaTUBHBIM METOJIOM HCCJIEIOBAaHUS MPEANPOOUBHBIX
IPOLIECCOB SIBIISIETCSl MCIOJIb30BaHHE 3Pdekra Keppa. DTOT Meron mo3BOJSET HE
TOJIBKO YBHJIETh ONTHYECKYIO KapTHUHY MPOIECCOB, HO M MOIYyYUTh HHPOPMAIHIO 00
ANEKTPUYECKUX MOJIAX, KOTOPYIO MOKHO OLIEHHTh U MHTEPIIPETUPOBATH. bosee Toro,
C POCTOM HamNpsLKEHHOCTH TOJS, BeleAcTBHE HenmuHenHoctu 3(dekxta Keppa, B
ANEKTPOONTUYECKON  KapTUHE MOSBISIIOTCA  JIONOJHUTEIbHBIE  OCOOEHHOCTH,
MO3BOJISIOIINE 3AMETUTh XapaKTEePHBIE MPOLIECCHI, TPEAIECTBYIOLIUE TPOOOIO.

CoBpeMEeHHbIE 3KCHEPUMEHTAIBHBIE METOJbl M Pa3BUTHE KOMIIBIOTEPHOIO
MOJICIMPOBAHUS MO3BOJIAIOT HANTH psAJl OTBETOB HA BONPOCH (OPMHUPOBAHUS
OpeanpOOUBHBIX MPOLECCOB B BOASHBIX EMKOCTHBIX HAKOMUTENAX HSHEPTHUH.
[IpoBeneHue MmomOOHBIX HMCCIEAOBAHUNA CIOCOOCTBYET AalIbHEHIIEMY YCIHEIIHOMY
Pa3BUTHUIO NIEPCIIEKTUBHOTO HAIIPABJICHUS SHEPTETUKHU OyayIIETO.

Kpome TOro, CymecTBYyIOT TEXHOJOTMHM JUIS MCIOJb30BAHMS BTOPUYHBIX
3¢ (deKTOoB, BBI3BaHHBIX paspsaaMu B Boje (TeHepauus YD-usmyueHus, yJIapHbIX
BOJIH, XUMHUYECKU aKTUBHBIX YaCTHUIL), JUIsI UCIIOJIb30BAHUS Pa3IMUYHBIX IPOLECCOB,
TaKMX KaK JI€3aKTHBAIUSl XMMHUYECKUX 3arpsA3HEHUM, YHUUYTOKEHHE BPEIOHOCHBIX
KUBBIX OPraHU3MOB), 00pabOTKa PACTUTENbHBIX MPOJYKTOB, MUKPO3PO3UsI METAIIIIOB
u Jp.

[IpuBenénHbpie AOBOABI YKa3bIBAIOT HAa HAJIMYME MPOOJEMHBIX CHUTYalUU.
[loaToMy mnpoBeneHUE HCCAEAOBAaHUM, HAIMpPAaBICHHBIX HAa COBEPILICHCTBOBAHME
METO/IOB M3Y4YEHUSl NPEANPOOMBHBIX 3JEKTPUUECKUX IMOJEH B KUAKOCTIX SBIACTCA
AKTyaJIbHOM 3aJa4eH.

Crenenb pa3padloOTaHHOCTH TEMbI

N3yuenueM mnpeanpoOUBHBIX mpolieccoB ¢ mpumeHeHueM sddekxra Keppa
sagumainch: C.M. KopobGeitnukos (HI'TY), K.B. Samwmu, 2.B. Aumumn W.T.
OBuunnukoB (Cuo6HNUND), A. B. Menexos (MJI® CO PAH), H.M. Hertz (IlIerus),
H. Aben, Xuewei Zhang (KHP), M. Zahn (USA), T. Takada (Japan).

HccnenoBanusiMid  MUMIYJIBCHOTO TPo00S KUAKOCTEH 3aHMMaiuch B.S.
VYmakos, B.B. Jlonatun (TI1Y), B.C. KomenskoB (AO «3Hepretuueckuit Uuctutyt
uM. I'. M. Kpxmxanosckoroy.), Topuun FO.B. (BOUN), K. Takechi, K. Arii, S. Udo,
H. Thori (Anonus), H. Cha, M. Hertz (lIseuust), E. Watson, M. Forster, P. Wong
(CILIA).

DneKTpoU3NIECKUE W DIICKTPOTHIAPOIMHAMHYCCKUE IPOIECChI B CHIIBHBIX
mossx paccMmarpuBann: Bo ®@panrmum - N. Felici, R. Tobazeon, J. P. Gosse, A. Denat,
P. Atten, O. Lesaint, H. Romat, Touchard Gérard; B CIIIA - J. Seyed-Yagoobi, P.K.
Watson, E. Forster, M. Zanh; B Poccun — I'.A. Octpoymos, 10.K. Crumxkos, B.A
Yupkos u A.W. Kakun, A.JI. Kynepmrox (MUT'JI CO PAH).

Mexanusm oOpa3zoBanusi my3bippkoB H.Akiyama (fmonus) P. Ceccato
(®pannus), A. Hamdan. and M.S. Cha (King Abdullah University of Science and
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Technology, KAUST), K.Tachibana, Y. Takekata, Y. Mizumoto, H. Motomura, M.
Jinno (SImonus).

HanocekyHaHBIN U CyOHAHOCEKYHIHBIA TPOOOH B KUAKUX JAUAICKTpuKax D.
Dobrynin, Y. Seepersad, M. Pekker, M. Shneider, G. Friedman, A. Fridman, (CIIA).

PaboThl MO YHCIEHHOMY MOJEIUPOBAHUIO  IPOIECCOB, MPOUCXOIAIIUX B
ny3sipbkax, npooawiuchk B Poccun: I'.B. Haitauc, H.}O. ba6aesa, 6.M. CmupHoB,
E.E. Cou (MBTAH), A.JI. Kynepmrox (U['MJI CO PAH) u 3a py6exom A. Beroual
(®pannus), O. Lesaint, R. Kattan, A. Denat (®panmus) u ap.

Heab wuccjeqoBaHUil 3aKITI0YACTCI B MOJICTUPOBAHWM TPEANPOOMBHBIX
IIPOLIECCOB M Pa3pabOTKE METO/IOB OLIEHKH MPEANPOOUBHBIX 3JIEKTPUUYECKUX ITOJIEH B
MOJISIPHBIX KUJKOCTSX.

JLJ1s1 MOCTHKEHHS MOCTABJIEHHOM eI ObLIN PEIICHBI CIEIYIONUE 3a1a4H:

1) Pa3paboTan aJropuT™M KOMIIBIOTEPHOTO MOJICIMPOBAHUS JKCIICPUMCH-
TaJbHBIX KEPPOTPAMM C BU3YyAIU3aLUEH PE3YIIBTATOB PACYETOB.

2) IlpoBeneHO MOJEIMPOBAHUE U PACCUUTAHO PACHpPEECICHUE IO B Ciaydae
BO3HUKHOBEHUSI HEOJHOPOJHOCTEH (ITy3bIpbKHU, MOHM30BAHHbBIE O0JACTH, MH)KEKTH-
POBaHHBIE 3apPsIIbl).

3) OmpeneneHa HanpsLKEHHOCTH MOJIE BO3HUKHOBEHMSI aHOJIHOTO CTpUMEpa ¢
Y4ETOM HEIMHENHOCTH MOJISIPU3ALUH.

4) OnpeneneHa HaNPS>KEHHOCTD MOJI KATOJIHOTO CTPUMEPA.

OO0beKkTOM MCCIeI0BAHUSA SIBIISIIOTCS MPEANPOOUBHBIE MPOLIECCHl B CUIIBHBIX
ANEKTPUYECKUX TOMAX B BOAE M HUTPOOEH30J€ B MHUKPOCEKYHAHOM H
HAaHOCEKYHIHOM JHMara3oHax.

CooTBeTcTBME  THCCEPTAUOHHOM padoThI nacrnopry HAYYHOH
crnenuadbHoCTU. JuccepranmonHas paboTa COOTBETCTBYET TPEOOBAHUSIM IMacropTa
HayuHou cneruanbHocT BAK 2.4.3 «OnektposHepretnka», a WMEHHO: M.l —
UccnenoBanune ¢u3nuecknx 3aKOHOMEPHOCTEH U pa3paboTka METOAOB pacuéra
ANEKTPUUYECKUX Pa3psSoB B YCIOBUSIX, XapaKTEPHBIX JUISI JJIEKTPOYCTAHOBOK
BBICOKOT'0 HANpsHKEHUS! (MOJHUM W JIPYTHE BO3MYIIAIOIIME BO3ICUCTBUSA) U M.3. —
Pa3paboTka MeTom0B pacuéra dJMEKTPUYECKUX M MATHUTHBIX TOJIEH, WCCIEAOBaHUE
3aKOHOMEPHOCTEN BO3JECHUCTBUS CUJIBHBIX JJIEKTPUYECKUX W MATHUTHBIX IOJIEM Ha
JUCIIEPTUPOBAHHBIE U APYTUEe MaTepUaIIbl U U3JICIIHS.

MetomoJiorust 1 MeTOAbI MCCIeA0BAHUA. ABTOpOM ObUT pa3zpaboTaH METO]
MOJICTTMPOBAHUS M BU3YAIM3AIMH DJCKTPHUECKUX TOJEH TpU HCCICNOBAHUSAX C
nomonisio dpdekra Keppa. Pa3paboTka ocHOBaHa Ha OPUTHHAJIBHOM MpPOTpamMme,
MO3BOJIAIOIIEH  BOCCTaHABIMBATh  KEPpOrpaMMbl 1O  MAaTpUIE  3HAYCHHM
OTHOCUTEJIbHBIX ~ WMHTEHCHUBHOCTEM B  rpajgauusx  ceporo.  OcoOeHHOCTH
MPEeIpPOOMBHBIX MPOLIECCOB BBISICHSIMCH IMYTEM CPAaBHEHUS SKCIIEPUMEHTAIBHBIX U
pacu€THBIX Kepporpamm. X coBmajeHue MO3BONMUIO WIACHTH(PHUIMPOBATH TaKUE
MPOLIECCh, KaK WMHXKEKLHS HOCUTENEW 3apsia, MOHU3ALUs IMy3bIPbKOB, 3HAYCHUS
HANPSDKEHHOCTH T0JI BOJIM3U CTPUMEPOB.
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Hayunast HoBH3Ha paOOTBI COCTOUT B CJIETYIOIIEM:

1) BrepBbIe TOKa3aHa HEOOXOJUMOCTh yu€Ta HEIMHEHHOCTH JIMAJICKTPUYCCKOM
NPOHUIIAEMOCTH TMpU aHAIMU3E MPEANPOOMBHBIX DJJIEKTPUUECKUX TOJEH B
HOJISIPHBIX KUJKUX TUAJIEKTPUKAX.

2) BIEpBbIC, HA OCHOBE MAaTEMAaTHYECKOTO MOJICIIMPOBAHUS, YCTAHOBJICHO, YTO TIPU
y4€Te HEIIMHEMHOCTU JUAJIEKTPUUYECKON MPOHUIIAEMOCTH BOABI HANPSKEHHOCTh
ANEKTPUYECKOTO TIOJIA TOSBJICHHUS aHOAHOro cTpumepa coctaBisier 40+50
MB/cm.

3) BIEpBBIC TOKa3aHO, YTO HAIMPSDKEHHOCTh JJIEKTPUYCSCKOTO IOJI KAaTOJHOTO
cTpuMepa B BOJAE JICKHUT B npenenax 2,2+3,1 MB/cM, HenuHeHHOCTH
MOJISIpU3aIMU CYIIECTBEHHOTO BKJIA/1a HE BHOCHT.

4) pa3paboTaH MeTOJ| pacuéra JJICKTPHUYSCKUX IOJIeH Ha MPEANPOOUBHOMN CTaauu
AJIEKTPUUYECKOTO Mpo0osi KUAKOCTEH C ucnojib3oBanueM 3¢dexra Keppa,
OCHOBAaHHBI Ha BOCIPOU3BEACHUU B MOJEIN N'€OMETPUUECKUX, PU3NUECKUX H
ANEKTPUYECKUX MapaMETPOB KOHKPETHOW M3MEPUTEIIBHON SYEUKHU, TOCTPOCHUH
KApTUHBI MOJS U MaTPULbl OTHOCUTEIbHBIX MHTEHCUBHOCTEH MO BCEMY IOJIIO
U3MEPEHUS, BH3yaIM3allMM pPACUETHOM  KEpporpaMMbl, KOPPEKTUPOBKHU
UCXOJHBIX  JAHHBIX  MOJENM  MyTEM  CpPaBHEHUS  MOJIYYECHHOU W
AKCIIEPUMEHTAJIBHOM KEepporpamMm, ONPENECICHUN HANpsHKEHHOCTEW MOJS 110
Bcell 00JacTH M3MEpEeHUsA. DTOT METOJ IO3BOJIAET OMNPENENATh OOBbEMHBIM
3apsiji, HAIMYKE MMy3bIPbKOB, BBISBIISITH TPEAPA3PATHBIE TPOLIECCHI.

Teopernyeckass 3HAYMMOCTH  paldoTBI  3aKJIOYACTCSI B Pa3BUTHHU
METOAOJIOTUN U3YUYEHUs NPEAPA3PSIAHBIX IIPOLIECCOB HA OCHOBE aHAIIN3a KEPPOrpaMM
C YU4ETOM HEJIMHEMHOCTH AUDIIEKTPUUYECKON MPOHUIIAEMOCTH.

IIpakTHyeckasi HeHHOCTbL PadoThl. [lomydyeHHBIE B XOJI€ HCCICAOBAHUS
pe3ynbTaThl MOTYT OBITH WCIOJIB30BaHBI MPHU TPOSKTHUPOBAHWU MOIIHBIX BBICOKO-
BOJIbTHBIX WMITYJIbCHBIX €MKOCTHBIX HaKOMUTENeH sHeprun. [IpemnokeHHbIi MeToa
00paboOTKN ONTHUYECKON MH(MOPMAIUU IMyTEM COCTABICHUS M pacuyéTa MaTPUI] MOXKET
HaWTH IPUMEHEHUE B PA3JIMYHBIX 00IACTIX.

Hay4Hble n10/10:KeHUs1, BBIHOCHUMbIE HA 3a1LHUTY:

1) PazpaGorannas Meroawka W TMporpamMMma OOpaOOTKHM W BU3YyaJTU3AIHH
pacu€THBIX KEepporpaMM TMO3BOJISIET OMNpEeAesaTh OOBEMHBIA 3apsl, HaIUYUe
IIy3bIPBKOB, HOHU3ALIMOHHBIE IPOLIECCHI;

2) B cuibHBIX HEOJHOPOAHBIX TOJSAX HEOOXOIUM YYET HEJIUHEWHOCTH
TURJIEKTPUUYECKOW MPOHUIIAEMOCTH MIPH aHAIU3€E MPEIPOOUBHBIX MOJEH B MOJISPHBIX
KUIKOCTSIX.

3) KaToaHelil cTpuMep MMEET BBICOKYIO 3JEKTPOIPOBOAHOCTh, JOCTATOUHYIO
JUI yCUJIEHUS TIOJIs1 BOJIM3U TOJIOBKU CTpuMepa 110 3HaueHus 3 MB/cwm.

JIMYHBIA BKJIAJ aBTOPA
JIMuHBI BKJIQJ COUCKATeNsl B OIMYOJMKOBAHHBIX B COABTOPCTBE paboTax
coctapisieT 60 % 1 cOCTOUT B pa3pabOTKe U pearn3aliy alropuTMa BOCCTAHOBIICHUS
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KEPPOrpaMm, a TAK)KE€ B MOCTPOCHUH MAaTEMAaTUUYECKUX MOJAENEH, pacu€Tax U aHaIU3e
KEpporpaMm.

[locTtanoBka 1enu pabOThl W 3a7a4 BBIMIOJHEHBI COBMECTHO C HAy4YHBIM
pykoBoauteneM Kopo6eitHukoBeiMm C.M. Pa3zpaboTka MareMaTudecKod MOJEIH
BbIIIOJTHEHAa CcOBMeCTHO ¢ ScuHckum B.b. m Baruaeim JI.B. IIporpamma
«Busyanuzanusi 3JIEKTPOONTHYECKUX PACUETOB aKCHAIbHBIX OOBEKTOB» OblIa
pa3zpaborana cobmectHo ¢ Scuackum B.b. u KoBanéseim 1. A.

AnpobGanust padoThI

Pe3ynbpTaThl paboThl OBUTM IPEACTABICHBI HA 7 HAYYHBIX MEPOIPUATHSIX, B TOM
gyucne Ha: XII Bcepoccuiickoit Hayunoil koHpepeHin «CoBpeMeHHbIE MPOOIEMbI
AMEKTPOPU3UKH | deKTporuapouHaMukny (CIIDDI1-2019), r. Caukr-IletepOypr,
2019; XI International Symposium on Electrohydrodynamics (ISEIID 2019), Saint
Petersburg, Russia, 2019; MexayHapoaHOW HAy4YHO-TIPAKTUYCCKONH KOH(EPEHIIMH
«Yuusepcuret LLIOC: rino6anbHbie BHI30BBI M BO3MOKHOCTH YCTOWYUBOTO PA3BUTUS
no 2030 roma», r. HoBocubupck, 2020; MexayHapoIHON Hay4HO-TIPAKTUYECKON
koH(pepenuun «MHTerpanus Hayku, oOpa3oBaHUS M TMPOU3BOJICTBA — OCHOBA
peanuzarnuu Ilnana namuu, r. Kaparanma, PK, 2020, 2021 rr., MexnyHapoaHou
HAyYHO-TIPAKTUYECKON OHJIaliH KoH(epeHnn «PopMUpOBaHUE UHTEIIEKTYalbHOTO
Kanurajga B YCIOBUSX HU(PPOBOI TpaHC(HOpMAIUU: OIBIT, BHI30OBBI, IEPCIIEKTUBLI T.
Kaparanpga, PK, 2022 r.

Hyoaukanuu

[Io Teme nuccepTalMOHHOW palbOTHI OMyOJIMKOBAaHO Bcero 13 TmeyaTHBIX
Hay4yHbIX paboT, 2 cTaThM B IKypHaje, BxojsdmeM B nepedyeHb BAK 1o
cenuanbHOCTH 2.4.3 «DJEKTPOIHEPreTHKa», 3 CTaThbu, UHIEKcUpyembie B WOS /
Scopus (ux HHMX ogHa cTaThs omyOiaukoBaHa B kypHaje IEEE Transactions on
Plasma Science (Q2), naBe crarbu omnyOJIMKOBaHBI B KypHane «Journal of
Electrostatics» (Q2)), 7 — B cOopHukax TpyaoB KkoH(pepeHuui. I[lomydeHo

CBUJIETEIHCTBO 00 OXpaHEe WHTEUICKTYalbHON COOCTBEHHOCTH Ha IMpOrpamMmy IJis
OBM.

Ctpykrypa u 00béM padoTbl. [luccepranysi COCTOUT U3 BBEICHHUS, YETHIPEX
IJIaB, 3aKJIFOUEHUS, CIIMCKA JUTepaTypsbl U3 131 HauMEeHOBAaHUS U TPEX MPUIIOKECHUM.
O6mmit 00bEéM paboThl coctaBisger 134 cTpaHulpl, BKIOYas 75 PUCYHKOB U 2
TaOIUIIBI.

OCHOBHOE COAEP XAHUE PABOTbI

Bo BBeleHHMH 00OCHOBaHA aKTyaJbHOCTh TE€MbI, C(OPMYIHPOBAHBI LEIH U
3aauu paboThl, 0003HAYEH METOJI MCCIIEIOBAHMS, U3JI0KEHBI CBEICHUS O HAYyYHOU
HOBM3HE M MPAKTUYECKOW 3HAYMMOCTH, MPUBENECHBI OCHOBHBIE ITOJIOKEHUS,
BBIHOCUMBIE Ha 3allUTY.

B mnepBoii 0030pHOIl rjaBe TPOU3BENEH aHAIM3 HETaTUBHBIX (PAKTOPOB,
BIUSIONIMX Ha D3JIEKTPUYECKYI0 MPOYHOCTh MOJSPHBIX >KUAKOCTEH U mpoliem,
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CBSI3aHHBIX C TMOJyYeHUEM HH(POPMAIMHA U3 DJICKTPOONTHYCCKUX H3MepeHuid. Js
Oosnee TIyOOKOrO TMOHUMAHHUS IOCTaBJICHHBIX BOMPOCOB M OIPEACICHUS YPOBHS
UCCJICIOBAHUM,  MPOBOJMMBIX  PA3NIMYHBIMU  TpPyHIaMud  YYEHbIX,  ObUIH
IPOAHATU3UPOBAHBI PE3YIbTaThl, OMYOJIMKOBAHHBIE B BEAYIIUX MEXIYHAPOIHbBIX
HAyYHBIX KypHAJIaX U KHUTaX.

O0630p TUTEPATYPHBIX JAHHBIX COJEPKUT 4 OCHOBHBIEC YaCTH:
® OINTHUYECKUE METOJbI UCCIIEIOBAHUS B BBICOKOBOJIBTHOM 3KCIIEPUMEHTE;
® OmpeeseHUE U POJIb MEKPOITY3bIPHKOB U 00BEMHOTO 3aps/ia B (HOPMUPOBAHHUH

po0Ost JKUJIKOCTEH;
® HCCIICIOBAHMS AHOAHBIX U KATOJHBIX CTPUMEPOB;
® METOJIbl M AJITOPUTMBI paCIIUPPOBKU KEPPOTPaAMM.

Bo Bropoii riaBe mnpuBeAeHO O00OCHOBAaHME METOJMKH pacuéra U
BU3YaJIU3alMKM JJIEKTPUUECKUX Toyie ¢ momombio 3ddexra Keppa, a Takxke
BbIOpaHbl OCHOBHBIE 3aBucuMOcTH (1) w (2) 1 nmanmpHedIed peanu3anuu
VICCIIEIOBAHUM!

AD(X, y,t):2ﬁ-B-IE2(x, y, t)dx o
M:sin2 (n-B-IEZ(x,y,t)dx) )
0
rae A® — pasHocTh (pa3 Mekay OOBIKHOBEHHBIM M HEOOBIKHOBEHHBIM Jiydamu; | (X,
Yy, t)/lo — OTHOIIICHHE MHTEHCUBHOCTEH MAaJarOIero U MPOIICIIIero siUuehKy JTydeii B
COOTBETCTBHHM C 3aKOHOM Mautoca.

[To umeromuMcst TaHHBIM 00 YCIIOBHUSIX MPOBOAUMBIX IKCIIEPUMEHTOB OBLIN
nmoctpoeHbl 3D  Momenu WM3MEPHUTENBHBIX SYEeK UM BOCIPOM3BEICHBI  BCE
reOMETPUYECKHUE,  DJIGKTPUYECKHE W (PuU3MUeCKHe  mapamMeTpbl  peaibHBIX
AKCIEPUMEHTOB. [[71s1 paccMOTpeHuss pa3IMUHbIX MPOIIECCOB, BO3HUKAIOIIUX B
MIPUAJIEKTPOAHON 30HE, B HEE BBOJUIIMCH BO3IYIITHBIE U HOHU3UPOBAHHBIE MMYy3bIPHKH,
00BEMHBIN 3apsia, MOJEIU CTpUMEpPOB. ['eomeTpuueckue, onTudeckue u puznueckue
napaMeTphl, 3aKOHbl M3MEHEHUSI MPUKIAJABIBAEMbIX HANPSKEHUW, POJ JKUIKOCTH U
MIPOCTPAHCTBEHHOE PA3PEIICHNE ObLIN TaKXKe MPOJUKTOBAHBI YCIOBUSIMU PEaTbHOTO
AKCIIEPUMEHTA.

Tak, npu pacyérax B JIEKTPOJHON CHUCTEME OCTPUE-TUIOCKOCTh MpHUIIeTraronas
K OCTpPHIO 30HA IMOCJIOWHO CcKaHupoBajach B Iockoctd XOY Baoib ocu Y ¢
3aJIaHHBIM IIaroM Mo ocu X. 3aTeM IUJIOCKOCTh CKAaHWPOBAaHMSI CMEIIAach MO OCH
CUMMETPHHU STYCHKH Z, U CKaHUPOBAJICS cleayromuii cioi (Pucynok 1).

B ciywae uccrienoBaHus XpOHOTpAaMM CKaHUPOBAHUE OCYIIECTBIISIIOCH 10
OZHOMY HAIIPABJICHUIO Y CO CABUIOM BIOJIb OCH CUMMETPUU Z.

AHaJIn3 pe3ynbTaTOB KOMIBIOTEPHOTO MOJICTIMPOBAHUS MOKA3aJl, YTO UCXOMs
U3 pacué€ra pesyinbTHpyloleid pasHoctd (a3 AP u noBopora Bektopa E, c
JIOCTATOYHOW CTENEHbID TOYHOCTH MOXKHO HE YYWUTHIBaTh IOBOPOT BEKTOpA
HanpsKEHHOCTH OTHOCUTENIBHO OCM CUMMETPUM B IPUOCTPUITHOM 30HE U cuuTaTh E
= Ez, TO €CTh M OKOHYATEIbHBIC PACYETHI TPOBOIUTH 10 hopmynam (1) u (2), rae mox

E" monpasymesaercst E,, smece E, — mnpoekums Bekropa E Ha HampaBieHue

NPUIOKEHHOTO K M3MEPUTENbHON siuelike mois (MeprneHAUKYJISIPHO HampaBlICHUIO
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30HIUPYIONIETO M3NydeHus, cM. Pucynok 1). Tem cambiM ObuTO 3aUKCHPOBAHO
HampaBJieHUE ONTUICCKON OCH.

B r1imaBe ommcaHa MeTOIWKAa BH3YyaJIH3allMd KEPpOTpamMM C pPa3IMdHBIM
paspeiieHieM M CpaBHEHHE HMX C  KepporpaMMamH,  IOJTYYCHHBIMHU
OKCIIEpUMEHTaIbHO. [lpu TMOMOIIM aHAJOTUYHOH METOAWKH  BU3YaTH3aI[HH
¢dazorpamMm u XpOHOTPaMM OBLIO TIOJTYYCHO paCIpeNeTICHUE AIEKTPUICCKOTO OIS B
PUAJICKTPOAHOM MPOMEXKYTKE M JJaHa OICHKA MpoIleccaM, BO3HUKAIOIUM BO BPEeMsI
HKCIIEPUMEHTA.

Kepporpamma

<

3nekTpoa X

Pucynok 1 — Cxema MoenupoBaHus IPUJICKTPOIHON 30HBI

BBuay akcuanabHON CUMMETPUHM Pacdy€Thl MPOBOJIUIUCH TOJBKO JJISI OJTHOM U3
MOJIOBUH HCCIIeyeMOM 00JIaCTU € HEKOTOPBIM IlIaroM, 3HAa4e€HUE KOTOPOTO
BBIOMPAJIOCH B 3aBUCUMOCTH OT MOCTaBJIECHHOM 3a/1a4ll U MEHsUIOCh OT 2,5 10 10 MkM
mo obeum ocsiM — X u Z. [lomydeHHbIe TT0 KaKIOMY BBIJICTICHHOMY HAMpPaBIICHUIO
3HAYCHHUS OTHOCUTCIBHBIX HHTeHCcHBHOCTEH |(X, Z)/lg, cBOAMINCE B ABYMEPHYIO
Mmatpuny ||z, X|| (Pucynok 2).

X
Z- 0,110 0,105 0,100 0,095 0,090 0,085 0,080 0,075 0,070 0,065 0,060 0,055 0,050
0,000 097 096 066 0,28 0,03 004 031 068 09 09 067 027 0,01
0,005 097 096 067 028 0,03 004 030 068 09 09 069 028 0,01
0,010 09 097 068 030 0,04 003 028 067 095 097 071 029 0,02
0,015 095 097 070 0,31 0,05 002 026 064 094 098 073 033 0,03
0,020 094 098 073 0,34 0,07 001 023 061 092 099 077 038 0,05
0,025 092 09° 0,77 0,38 0,08 0,00 019 056 089 1,00 081 044 0,08
0,030 0% 100 081 043 0,11 0,00 0,14 049 084 1,00 086 051 0,13
0,035 086 100 085 048 0,25 0,00 0,11 041 079 099 091 058 0,19
0,040 082 100 090 056 0,21 0,01 007 0,34 071 097 0895 067 0,27
0,045 0,77 098 094 063 0,28 0,03 004 0,28 063 094 098 075 0,39
0,050 0,70 096 097 0,71 035 0,07 001 0,20 054 0,87 1,00 085 0,51

Pucynok 2 — ®parmeHTt mMaTpuiipl ||z, X||

[Io sTOil MaTpuue ¢ NOMOIIBIO CIEUUaTBLHO pa3pabOTaHHON MPOTPaMMBbI
OCYUIECTBJISUIACh BU3yaIM3alldsl PACCUUTAHHOM METOJIOM KOHEYHBIX 3JIEMEHTOB
KEpPOrpaMMBbl.

B03MOXXHOCTh TIPOM3BOJIBHOIO M3MEHEHUs Iara pacy€éToB MO3BOJIMIIO Oojee
JIETaNbHO MPOCMATPUBATh UHTEpECYIOLLyt0 00nacTh (PucyHok 3).
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Pucynok 3 — Ilar pac4€ToB B BbIJIeJIEHHON 00J1acTH 2,5 MKM, B OCTJIbHOM YacTH
BU3YaJIM3UPOBAHHON KEPPOTPaMMBI IIar 5 MKM.

B omimume or cOopa JaHHBIX C 3KCIEPUMEHTAIbHOM KEeppOorpamMmbl,
CMOJIETUpPOBaHHAs KepporpaMMa MO3BOJSET MOJYy4YUTh Oosibiie uHpopmanuu. Taxk,
pazHocTh (a3 AD/m Mexay OOBIKHOBEHHBIM U HEOOBIKHOBEHHBIM JIydaMu IpHU
pacuérax M TMO3BOJISIET IMOJYYUTh paclpeiesieHue pa3HOCTH (a3 Mo  MOJI0
HaOJIIOJIEHUS, KOTOPOE TOXKE MOKHO BU3YaIU3UPOBATh.

[IpumensieMass METOAMKAa KOMIIBIOTEPHOIO MOJEIMPOBAHMS IIO3BOJIMJIA HE
TOJILKO OOBSICHUTDH PE3yNbTAaThl SKCIIEPUMEHTAIIBHBIX UCCIIEI0BAaHUI, HO U MOJIY4YUTh
Oojee oOHIMPHYIO HH(OPMALMIO MO CPABHEHUIO C TPAJAULUOHHBIMU METOJAMU
00pabOTKH KEPPOrpamM.

B Tperneii riiaBe npu UCCiIeI0BaHUU ONKUCAHHBIX MPOLIECCOB B HUTPOOEH30JIE
OBLJIO YCTAaHOBJIEHO, YTO Ha NPeaNnpoOMBHBIX H3Tamax Jy4Yllee COBIMAJICHUE
AKCIIEPUMEHTAJIbHOM M Pacuy€THOM KEepporpaMM  yAAJIOCh MOJYYUTh MpH
CKOPPEKTUPOBAHHOM 3HaueHnH noctositHHoi Keppa (PucyHoxk 4).

Z/l'u

a) b) )
Pucynok 4 — Kepporpamwmsr: ) pacuétaas mpu B = 3,0<10 % m/B%; b)
AKCIIEpUMEHTAJIbHAS; €) pacu€THas, yTOUHEHHAs

CTouT OTMETHTh, 4YTO BBIIICHPUBEACHHBIE PpACCYKICHHUS M OIEHKA HE
OKa3bIBAIOT 3HAYUTEJILHOTO BIIMSHUS HA PACUETHBIE 3HAYEHUS! HANPSHKEHHOCTH TOJIS
y 3JEKTpoja, T.K. BO3MOXHas Bapuanusa noctossHHoW Keppa He mnpesimaer 3%.
bonee Toro, Takas HeOoJbIIast OIIMOKA MOXKET BOZHUKHYTh M3-32 HETOUHOCTU (POPMBI
AJIEKTPO/Ia U TPAHUYHBIX YCIOBHIA.

[TpoBenénHbIEe UCCIEA0BAHNE TIOCPEACTBOM KOMIIBIOTEPHOTO MOJAEIMPOBAHUS
MO3BOJIUJIO HE TOJIBKO 3a(UKCHUPOBATH YCIOBUS MOHHU3AIMU BO3AYIIHOTO ITy3bIPbKa,
HO ¥ YETKO MPOCIEIUTh 3aKOH M3MEHEHUus pazHocTH ¢a3. Tem cambIM MO aHAIHU3Y
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KepporpaMMbl OTIPEJIETUTh TOYHBIC TPAHUIBI M pa3Mephl My3bIpbKa JI0 U TOCTE
nonmsanuu (Pucynku 5, 6).

Pucynox 5 — Kepporpammsl. Hanpsikenue 120 kB,
panuyc KpuBu3HbI ocTpust 300 MKM. @) TUAJIEKTPHUCCKUH My3bIPEK,
b) HOHM3UPOBAHHBIH MTY3BIPEK

2&3h
24 3
.
20 Y
3
16
B
e oy
5] "“"--....___.
<1 12 e
1 [
8
4
0
1 1.05 11 1.15 12 1.25 1.3 1.35 1.4

Z/ry
Pucynok 6 — Pa3znoctu a3 AD/mt: 1 — HEBO3ZMYUIEHHBIN MPOMEKYTOK; 2 — C
IUDJIEKTPUYECKUM ITy3bIPbKOM; 3 — C HOHU3UPOBAHHBIM My3bIPbKOM (Z —
PacCTOsIHUE OT OCTPUS, o) — paanuycC 3aKpyTIEHUS OCTPHUS)

Kunorpamma, mosydeHHasi Jjisi HaOopa HANpsOKCHWN Ha sYelKe, MO3BOJIMIIA
OTPEICIUTh MOMEHT MOHU3AINY Ty3bIpbKa (PucyHnox 7).

— -

Pucynok 7 — MoMeHT HOHU3AIMH ITy3bIphKa Ha PACYETHOU Kepporpamme
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B ycnoBusX aHanu3MpyeMoro sKCIIEpMMEHTa MOHM3auus Hactynaer npu 140
kB, 4ro mnoarBepxkmaercs pa3pelBOM KeppoBCKoM moisiockl (Pucynokx 7). Oto
3HaYEHUE COBNAJAET C IOJIYYEHHBIM [0 XPOHOTPAMME, CHITOM B aHAJOTMYHBIX
YCIOBUSIX.

[Tpu nomenieHny B aHAIU3UPYEMYIO MOJIENb dKCIIEpUMEHTa 00BEMHOTO 3apsiaa
y octpus 1o kuHorpamme (PucyHok 8) st Habopa ero BeJIMYnH MPHU COTIOCTABICHUU
pacuéTHOM M HKCHEPUMEHTANIbHOM KEppOrpaMM YAaJOCh ONPEAENIUTh BEIUYHMHY
3apsna.

HecMoTpst Ha HEKOTOpOE paznnuue, Hanbosee OJU3KON MO BHEITHEMY BUIY K
AKCIIEPUMEHTAJIbHOM  KepporpamMMme  OKasajgach  pacu€THas  Kepporpamma,
cooTBeTcTByomIas p = 200 Ki/m’.

CHmxeHue Wi yBeIHMYEeHUE BETUYMHbI 00BEMHON MIIOTHOCTH 3apsaa ot 200
Ki/mM® mpHBOAMT K pacuéTHEIM KepporpammaM (PHCYHOK 7), KOTOpBIE KOPEHHBIM
00pa3oM OTIMYATCS OT SKCHEPUMEHTAIbHONU KepporpaMMsbl, IIOKa3aHHOW Ha PucyHke

8.
e ’A\

)
)

p =0 Ki/m® p = 80 Ki/m®
——— T —
p =200 Ki/m® p =240 Ki/m® p =280 Ki/m® p =320 Ki/m®

Pucynox 8 — Pacuérubie kepporpammbl. Kunorpamma jijist Habopa TOMOT€HHBIX
3apsiIOB C pa3HOl OOBEMHOM MIIOTHOCTHIO P

a)

Pucynok 9 — CpaBHeHue pparMeHTOB IKCIIEPUMEHTATBHON 8 —
IKCIIEPUMEHTAIbHAS KepporpaMmMa; 0 — BbIJIeICHHBIN (ParMeHT; C— pacuéTHasl
Kepporpamma
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ITo KHHOI'paMMC pPAaCCYUTAHBI W 3HAUYCHUA PACTATHBAIOIINX HaHpﬂ)KeHHﬁ,
BO3HHUKAIOMIUX IIPHU ITOABJICHHUU 00BEMHOTO 3apsaaa 'y OCTpus. DTO TO3BOJISIET
YTBCPIKAATD, qTo HUMCHHO KaBHTAllUOHHBIC IMPOLCCChI CHOCO6CTBYIOT
BO3HUKHOBCHHUIO MHMKPOITY3BIPBKOB, CHWJKAIOIMINUX  IJICKTPUYCCKYIO IIPOYHOCTH
IMOJEIPHBIX KUAKUX JUIJICKTPUKOB.

p, Kn/m®
200

AN
0 \50 100 150 200 250 300
-200

-400 \

-600 \\
-800 -\

-1000 =

P, kI1a

-1200

-1400

Pucynok 10 — 3aBuCHMOCTh UHTETPAIILHOTO BHYTPEHHETO JIaBICHUS

2
Pe = Po — P_[ E, (2)dz o7 suauenus rosorentoro 3apsana B oonactu 0,0-0,1 MM OT

7

octpus. Hanpsokenue 120 kB. Buemnee (atmocdepnoe) nasinenue po = 101,3 klla

B d4erBeproii ry1aBe  NpHUBEACHBI  PE3YNbTaThl  KOMIBIOTEPHOTO
MOJEIMPOBAHUS ANEKTPOONTUYECKONW PETUCTPALIMH 3IEKTPOPUIUUECKUX MPOLECCOB
B BOJIE NP BO3/ACUCTBUN UMITYJIBCOB CYOMUKPOCEKYHIHOIO JHAara3oHa.

['maBa paszeneHa Ha IB€ OCHOBHBIE YACTH.

B mepBoii wactu MozenupoBaiach XpoHOrpaduyeckas KepporpamMma Hu
paccMaTpuBajIOCh pAaCIHpENESICHUE HANPSOKEHHOCTH  3JEKTPUYECKOTO TOJIA U
pazHocTH (a3 MpeArnpoOMBHOTO COCTOSHUSI B CHCTEME OCTPUE-TUIOCKOCTH 0€3
AHOJIHOTO CTPUMEPA U NP €r0 HAIUYHU.

Jist storo Obula mMOCTpoeHa KommbioTepHass 3D-monmens u3MeEpUTETbHON
aueriku. Jlamee B pe3ynbTare COBMEIICHHSI SKCIEPUMEHTAIbHOW XPOHOIPAMMBI U
CBA3aHHOM C HEl ocuWIOrpamMMbl ObUT MOJy4YeH HA0Op Map HaNpsSKEHUE-MOMEHT
BPEMEHU, MPEJICTABJICHHBIX B TA0IUIE 1, IO KOTOPBIM U MPOBOJIUIUCEH PACUETHI.

Ha xpoHorpamme keppoBckas mojioca nosipisiiach Ha pacctossHuu 100 MKM oT
octpusi. IMEHHO 3TO paccTosiHuE U ObUIO NMPUHSTO 3@ HAYaJIbHBIN pa3Mep CTpuMeEpa.
OHO COOTBETCTBYET MOMEHTY BpeMeHM 7,2 HC U HanpsbkeHuto 145 kB. Jlanee mo
XpOHOTpaMM€ M OCHHJUIOTPAMME ONPEIEISUINCh APYTHEe TOYKH I Pacuyé€ToB.
CKOpPOCTb JABIKEHHS cTpuMepa momydmiack 0,5-107 m/c.

13



Tabmuma 1 - Ilapel JaHHBIX, MOJYYEHHBIE TPU COBMEIICHUU OCIUJIOrPaAMMBbI
HaIpPSHKEHUS. U XPOHOTPAMMBI

t, HC 20 | 25 | 30 | 33 | 38 | 4,2 4,5 4,9 5,2 5,5
U, kB 20 30 40 50 60 70 80 90 100 | 110
t, HC 59 1 63 | 69 | 72 | 87 | 101 | 11,4 | 129 | 142 | 150
U, kB 120 | 130 | 140 | 145 | 154 | 157 | 156 | 153 | 150 | 148
JmuHa ctpuMepa, MKM 100 | 200 | 300 | 400 | 500 | 600 | 650
700
600 ' =
500
400 -
2 .
=
© 300
N y ///;
Ve 7 7
200
100
0 1 ] 1 L) ] L
0 5 g i 10 15

Pucynoxk 11 — Pacu€rHble TMHUU MOCTOSHHOM pa3sHocTH (a3 AD/T,
HAJIOKEHHbIE Ha 3KCIEPUMEHTANIbHYIO XpoHOorpamMmy (Puc. 2). Jlunuu
COOTBETCTBYIOT CBETJIBIM TojiocaMm: 1-s monoca (3enénas) — 0,37 - 0,77; 2-5 mosoca
(cunsist) — 1,37 - 1,7n; 3-1 monoca (kpacHasi) — 2,31 - 2,57

Hns  xaxnmod w3 Touek Tabmumbsl 1 Oblla paccyuTaHa OJHOMEpPHAas
KepporpamMma I0 METOJMKE, OMUCaHHOW B TyiaBe 2. PaccraHOBKa MOJYy4YEHHOTO
Habopa KepporpaMM IMO3BOJIMIA BOCIPOU3BECTH BHEITHUIN BUJ YKCIIEPUMEHTATLHOM
KepporpamMmel, okazaHHblil Ha Pucynke 11.

BusyanusupoBanHas KepporpamMma IO3BOJWIA OINPEIEIUTh KayeCTBEHHYIO
KapTHHY, HO TOJYYUTh KOJUYECTBEHHYIO HMH(OpPMANUIO OBLIO 3aTPyIHHUTEIHHO.
[Toatomy 1o dopmyne (1) B paMkax NpeIOKEHHON MATEMaTHYECKON MOJETH TI0
BCEM OIPEACIEHHBIM pPEMEePHbIM TOYKaM OBLI paccyuTaH CABUT (a3 W 3HAUCHUS
HanpsHKEHHOCTH AJIEKTPUYECKOTO MOJIS.

Ha Pucynke 11 mnuaum paBHoro ciasura ¢asel A®/m  HaIOXKEHBl Ha
AKCIEPUMEHTAIIBHYIO XPOHOTPAMMY.

[1o sxciepuMEHTaIBbHOM XPOHOIPAMME BHJIHO, YTO O CEAbMOM HAHOCEKYH]IbI
B 30HE 0€3 cTpuMepa HUKAKWX I0JOC HET, a pacy€T IMOKa3bIBAaCT WX HAJIWYHE.
HaGnromaeTcss 3HaYWTENbHOE HECOOTBETCTBUE OJKCIIEPUMEHTA W MOJCITUPOBAHMS.
Hamm  pacu€rel mpoBOAWINCH, B MOPEANOJOXKEHUU, YTO  OTHOCHUTENbHAs
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TURJIEKTPUYECKasl IPOHULAEMOCTh € B BOJAE B YCIIOBUSAX HKCIIEPUMEHTA HE MEHSETCS
u Bcerga pasHa 80. IlosTomy OBUIO MNPEANONOKEHO, YTO  YYET BO3MOXKHOU
3aBUCUMOCTH € OT HANpsKEHHOCTU IOJII MOJKET MOBIUATH Ha BHUJ PacUETHOM
XPOHOTPaMMBI.

B cucreme ocTpHé-IIOCKOCTD AJIEKTPUUECKOE 0JIe€ OCOOEHHO BOJIM3H OCTpUs
ABJISIETCS] CUIIBHO HEOAHOPOAHBIM. [Ipn 3TOM 3HaUeHHs HAPSHKEHHOCTH IOJIT MOTYT
JOCTUTaTh TAaKUX BEJIMYMH, YTO IOBBILIAETCS BEPOSTHOCTH 3(P(EKTOB, KOTOpHIE
HEBO3MOKHBI MJIM CJIa0O0 MPOSIBIAIOTCS MPU MEHBIIMX NOJsAX. B wacTtHOCTH, 3TO
KacaeTcsl IUIOJIBHOTO HACBIILEHUS B MOJSIPHBIX KUAKOCTIX. Ero cyTe 3akirodyaeTcs B
IPEUMYILECTBEHHOM OPUEHTHUPOBAHWM MOJIEKYJ BIOJIb MOJA. B pesynpraTe mocie
JOCTH)KEHUSI HEKOTOPOW HaNpsyKEHHOCTH TOJIA, MPU JAJbHEWUIEM IOBBIIICHUH
HaINpsOKEHHOCTH  JTUTIOJBHBIA  MOMEHT €IWHULBI O0BEMAa HE MOXKET OoJblIe
YBEJIMYHBATHCA. 910 HKBUBAJIEHTHO YMEHBUIEHUIO JTURIIEKTPUYECKON
MIPOHHUIIAEMOCTH TOJIIPHOM JKUIKOCTH. YMEHBIIEHUE X€ & BOIbI C poctoM E
NPUBOJMT K JIOTMOJHUTEIbHOMY ycwieHuo nons E = keEy y moBepxnoctu
ANEKTPOJa, T.€. AUMOJbHOE HACBIILEHUE NPHUBOJUT K KOHIEHTPALMH IMOJS B
MPUAJIEKTPOAHOW 00JACTU. DTO W3MEHEHUE € MPOUCXOAUT 3a BPEMsl OpHUEHTAIMU
Momekyn Bomsl 107" — 107%C, To ecTh mpaKTHYECKH Oe3bIHEPIHOHHO. Kak
CJIEJICTBHE, 3TO JTOJKHO ITPUBOJANTH K YCHUIICHUIO JIEKTPUUECKOIO HOJIS U CIYLIEHUIO
kapTuHsl noioc Keppa.

JlJis IpOBEpKU ATOrO MPENIOJIOKEHUsT OblIa KCIIOJIb30BAHA OLEHKA BIMSIHUS
JUIIOJIBHOTO HACBIIIEHUS B ciydae Bojbl. bosee mpaBaonogoOHBIM U (PU3HYECKH
000CHOBaHHBIM HaM MPEJCTABISIOTCS PACUETHI JUAIEKTPUUECKOW MPOHUIIAEMOCTH,
OCHOBaHHbIE Ha naeax On3zarepa u Kupksyna.

OTHOCHTENIbHAS TUAIEKTPUYECKask MPOHUIIAEMOCTh € HEJIMHEWHO 3aBHCHUT OT
HaNpsHKEHHOCTHU MOJIS, IO3TOMY KayeCTBEHHAasi MOIEIb Obljla OCTPOEHA CIIEIYIOIIUM
obpazom.

Pacnipenenenne cTaliOHapHOTo MIEKTPUYECKOTO MOJIs B HEMPOBOASAIIEH cpene
ONKCBIBAECTCS] YpPaBHEHUEM

—div(e-gradV)=0 (3)

C KpaeBbIMU YCIOBUSAMHU
v\slzo, v\szzu, c;_v
n
3neck £=&(E) — 5TO OTHOCHTENbHAS IUANIEKTPHYCCKAS IPOHHIACMOCTD
BelecTBa, a V — CKaJspHBIA MOTEHIHMAT HJIEKTPUUECKOrO0 TMOJs TaKOW, 4YTO

=0, (4)

S

E=-gradV, E — BEKTOP HAMPSHKEHHOCTH AJICKTPUUECKOTO TONSL, 53 U S, —
MOBEPXHOCTHU IMEKTPOA0B, U — Pa3HOCTh MOTEHIMAIOB MEXIY AJIEKTPOJaMH, a S;
— ynanéHHas rpaHula pacué€rtHoil oomnactu. Tak Kak & HEMMHEWHO 3aBUCHUT OT E, TO
U ypaBHeHUE (3) SIBIAETCS HETMHEUHBIM.

Jlnst ducneHHOTO pemieHus KpaeBou 3amauu (3, 4) HCMOIB30BANICS METOJ
KOHEuYHbIX 3neMeHToB (MKD) ¢ tpeyronbHbiMM KOoHeuHbIMHU 31eMeHTamu (KO) B
LWJIUHAPUYECKUX  KoopAauHartax. s  pemeHuss HEJIMHEWHOrOo  ypaBHEHHS
WCTIONB30BAJICS METOJ MPOCTOM UWTepaluuu, Uil KOTOporo ypaBHeHue (3)
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MMpCACTaBISACTCA B BUAC!
~div(g, -gradV,,)=0, & =¢(V,) k=0.1.. (5)

HTepanmmoHHbIi IPOIIECC, OMUCHIBaEMbIN (opMyIon (5), TPOI0IDKAICS 10 TeX
0P, TTOKA HE BBITIOJIHUTCS YCIIOBHE:

”Vk+1 _VkH >0,

rae 0 — 3TO Malloe MOJIOKHUTETHHOE YHCIIO, OMPEACIAIoNniee TOYHOCTh PEHICHUS
HeuHeHoM 3anaun. HauansHoe 3HaueHue & = &(0) BrIOUpaeTcss paBHbIM 3HAYCHUIO,
COOTBETCTBYIOIIEMY JuHEHHON 3amaue — &0)= 80. MuHHMaNbHBIE 3HAYECHUS &
OBUIM OTpaHWYCHBI 3HAUYECHUEM, COOTBETCTBYIOIIMM HAIPSKEHHOCTH TOJISI, PABHBIM
20 MB/cwm.

B pesymbrare  OBUIO  MOJIyYEHO  paclpeneieHHe  HalpsHKEHHOCTH
AJIEKTPUYECKOTO TOJII Ha PAa3HbIX pPAacCTOSHUSAX OT OCTPUS B JOCTPUMEPHOM
BpeMEHHOM HHTepBaiie (cM. Pucynok 11).
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2 25 3 35 4 45 5 55 6 6.5 7
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Pucynok 12 — Hanps>k€HHOCTB 3JIEKTPUUYECKOTO MOJIs 10 TOSIBICHUS CTpUMEpa Ha
TPEX PACCTOSIHUSAX Z OT OCTPUS B YCIOBUSX dKcriepuMenTa: 1 — z = 0 Mxwm;
2—2=25mkM,;, 3— 7 =50 Mkm

Amnanu3s rpadukoB (Pucynox 12) mokaspiBaeT, 4YTO B MPUOCTPUHHON 30HE MpHU
MOCTOSIHHOM € MOpOroBoe 3HaueHue HackimeHus E, = 3 MB/cm npeBbliiaercs yxe
HauuHas ¢ MomeHTa BpeMeHu 2,5 HC (E |25« = 4 MB/cm). K MoMeHTy mnosiBieHust
ctpumepa (t = 7,2 HC) HanpsHKEHHOCTH y ocTpusi nocturaer 20 MB/cm. To ecthb
COCTOSIHME JMIOJIBHOTO HACBILIEHHUS U CXaTue KapTuHbl nosnoc Keppa yxke BmosHe
BO3MOKHO. [Ipy yuére xe HENMHENHOCTH €, YKE K MOMEHTY 2,5 HC HalpsSKEHHOCTD
noJii ctaHoBUTCS paBHOM 5 MB/cMm, a nanbiie naumHaetrcs e€ pe3kuit poct. B
pesyabTare 4yepe3 1,25 Hc Hanmpsuk€HHOCTH cTaHoBUTCS paBHou 30 MB/cm, a k
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CeapMOU HaHOCEKYH/Ie e€ Benu4nHa nocturaet 45 MB/cwm.

Takum o00pa3oM, y OCTPUMHOTO 3JEKTpOJa HAMNPSHKEHHOCTh TMOJSL PE3KO
YCUJIUBAETCS, @ BO BCEM OCTaJbHON YacTH Pa3psiIHOTO MPOMEXKYTKA OCIa0iseTcs.
CraruBanne moJsl JOJKHO COINPOBOXKAATHCA CTATMBAHUEM KEPPOBCKOW KapTHHBI.
[Ipuuém, wu3-3a kBagpatuuHocTH d>Pdekra Keppa »sT0 crruBanue OyaeT
IPOUCXOJIUTD €lIE 3HAYUTEbHEE.
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Pucynox 13 — 3aBucumocts HaOera (a3st AD/T OT pacCcTOSHUSA O OCTPHSI IO OCH Z
npu HanpsbkeHnu 140 kB

W3 Pucynka 13 BuaHo, uyto Ha mepBbix 20 MKM OT ocTpusi 3HaueHue AD
HACTOJIBKO CHUJIBHO BO3PACTAET, YTO KEPPOBCKHE ITOJIOCHI IOJTHOCTHIO CIIMBAKOTCS B
OIHY cepyro nonocy. IIpocTpaHCTBEHHOE pa3pelieHUuE  PErHCTPUPYIOIIEH
anmapatypbsl B skcrnepumeHTe coctaBisuio 30 mxm. HaOer »xe ¢asbl Ha pasmepe
paszpemaemoro 3yemeHTa 30 MKM CTAHOBHUTCSI MEHbIEe 1. AHamu3 MOJyYEHHBIX
pEe3yJbTaTOB MOKa3bIBAET, YTO B MHTEpBasie 2-7 HC (20-140 kB) keppoBCKHe MOI0CHI
BBIIIIE 25 MKM OT OCTpHS JaloT ci1adyto (POHOBYIO 3aCBETKY, TAaKXKe KaK U OJM)KHUE K
OCTpHUIO MOJIOCHI, UMEIOIIME pa3Mep MHOI'O MEHbIIIEe pa3peliaeMoro sjaeMeHrta. B
pe3ynbTaTe Yero anmnaparypa He MO3BOJIsIa UX 3apEeruCcTpUpOBaTh

Takum o00pa3oM, aHalIM3 SKCHEPUMEHTAIBHBIX JAHHBIX W MOJEIUPOBAHUE
KepporpamMMm TMO3BOJIIET MOJYYUTh HENPOTHUBOPEUYMBBIN pe3ynbTaT U OOBSCHUTH
HECOOTBETCTBHE dKCIEPUMEHTA U Mojienu. Kpome Toro, pacué€rbl MO3BOJISIIOT CAENIAThH
OIIEHKY HaNpsOKEHHOCTH T0JISI PU BO3HUKHOBEeHMH cTpumepa E ~ 40-50 MB/cwm.

Bce BbIIIEN3T0KEHHOE TOBOPUT 00 OMpPENENsIONIeM BIUSHUUA AUNOJIBHOTO
HAaCBIIIEHUS B ONUCBHIBAEMBIX YCIOBUSAX B COBOKYIIHOCTM C OIPaHUYEHHOMN
paszpemaroiieii CiocOOHOCThIO U3MEPUTEIHHON anmnapaTyphl.

Bropas yacTph I1aBbl OCBALIEHA aHAIU3Y KEPPOTPAMMbI M TEHEBOW KapTHHBI
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(dbopMHUpOBaHUS KATOJHOTO CTPUMEPA B MOJI€ CPEpUIECKUX IEKTPOIOB.
Jns aHajm3a OBLIT BBIOpaH
AKCIIEPUMEHT, MPOBOJAUMBINA B U3MEPUTEITHHOM
sueiike (cM. pucyHok 14) ¢ aByms
chepuiyecKkuMu AIEKTPOaMHU u3
HepkaBerole cramm paauycom S50 MM ¢
3a30poM 4 MM. -
Slyerika 3anonHAIACH TEMOHW30BAHHOU T
BOJIOH C Y/I€TBHOI MPOBOANMOCTBIO G =~ 10
(Om:cM) ', mocTymaBmieii 3 3aMKHYTOTO
KOHTypa O4HCTKU. Ha 31eKTpoibl mogaBasoch
HalnpsoKeHUE C  XapaKTepHbIM — BPEMEHEM
HapacTtaHus 1z = 0.6 Mxc u amrumaryaou 160
kB.

4,0

PucyHnok 14 — Cucrema
c(hepuUeCcKUX AIEKTPOJIOB

Ha pucynke 15 mnpuBeaeHo wu300paxeHHUE OPUTHHAIBLHON KeppOrpamMbl,
CHATOM TpH U3HAYAIBHO  CKPELIEHHBIX mojsponaax. Haxg  crpumepowm,
pacIpOCTPaHSAIOMMMC OT Karoja, MPOCMAaTpUBaeTCs TEMHAsh KEppOBCKas IOJIOCa.
Takoe BO3MOKHO B CIy4ae UCKXKEHUS MOJSL pACTYIIUM CTPUMEPOM. DTO UCKAKECHHE
MBI MTOTBITAIUCH OIEHUTb.

Pucynok 15 — HMcxoanas kepporpamMma nocje yBeJInyeHus: KOHTpacTa

Jns ynoOcTBa aHalM3a OPUTHHAIBHBIA CHUMOK Kepporpammbl (Pucynok 14)
OBLI MOJABEPTrHYT 00pabOTKE B IpaueCKOM PEIaKTOPE, UTO MO3BOJIMIIO 00Jiee YETKO
BBIJICJINTh U3MEHEHHUS B OKOJIOCTpUMEPHOM 30HeE. [Ipu 3a30pe mexny anexkrponamu 4
MM CTPUMEP HAXOJUTCS Ha pACCTOSIHUU 2,4 MM OT OCU CUMMETPUU HW3MEPUTEIHLHON
sueriku. [IpoBepka BeMMUYMHBI W KOH(PHUTYypamuU# SJICKTPUYECKOTO TMOJS BOJIU3U
KaToJla MOoKa3ajia, YTO YCJIOBHS HA OCU CUMMETPUHU U B MECTE MOSIBJIICHUS CTpUMEpa
MpakTU4YeCKU HACHTUYHbL. [lo3TOMy pemasiach OCeCMMMETpHUYHAsl 3ajada ¢
pPacnoJIOKEHUEM CTPUMEPA HA OCH CHMMETPHUH U3MEPUTEIIBHON STYEHKH.

Jnis aHanmu3a Obuta coznana 3D-mozaens u3mMepuTenbHo ssueikiku (Pucynok 14),
nanee ObUT YBEJIMYEH HHTEPECYIONIMI HAc (parMeHT KepporpaMmbl CO CTPUMEPOM
(cMm. Pucynok 16), a Ha karoj Oblja moOMeleHa BbINOJHEHHAss B Maciitade 3D-
Mojelnb cTpumepa. Ha mepBom aTane mojiens cTpuMepa Oblia ypoIEHHOM.

PaccmarpuBanacek o0OnacTh, HaxoAsmlascs HajJ BEpXHEH TOYKOM CTpuMepa.
Bricora monenu ctpumepa 410 mxm. Pasmepsl pacu€tHoit obmactu zxx = 200x400
MKkM. Hauano koopauHar paccmaTpuBaeMoil 00JacTH HAXOAWJIOCh B TOYKE Ha
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BEpXHEW MOBEPXHOCTU T'OJIOBKM Mojenu crpumepa. Illar auckperuzanuu pacyéToB
2,5 MKM.

[Ipy HEoOXOAWMOCTH IO OTACIBHBIM HaIpaBJICHUSIM 30HAa PacyETOB
yBEJIUYUBAJIaCh.

0,175

| @004
a) b)
Pucynok 16 — (@) — yBenuyeHHBIH parMeHT KepporpamMmbl ¢ pucyHka 15,
(b) — mozxens cTpuMepa (pa3Mepsl CTpUMepa 1aHbl B MIJITHMETPAX )

Jlnst Oonbllel HArISIAHOCTU Ha pucyHKe 17 moka3zaHo B MacuiTabe CpaBHEHUE
IIOJIy4YeHHOW KapTHUHKHU U PEAJIbHON KEPPOrPAMMBL.

a) 0)
Pucynox 17 — CpaBHenue peanbHOM (a) U pacu€THOM (6) KepporpaMm.
KoHTypbI MO/1€7IM HANTOKEHBI HA IKCIIEPUMEHTAIBHYIO KEPPOrpaMMy

W3 pucyHKOB BUAHO, YTO pacyéTHas KepporpaMMa B paillOHE OCH CUMMETPUU
OYEHb MOXO0Xka Ha SKCIIEPUMEHTAIbHYIO. BbpicOTa pacyéTHOW 30HBI HAJ TOJIOBKOU
MOJEJIA CTpUMEpPA paBHsu1ach 70 MKM IIPH 3a30pe MEXY JIEKTpoAaMu 4 MM.

N3 rpaduka m3MeHeHHs] OTHOCHTENbHON WHTeHCcMBHOCTU /Iy (Pucynok 18)
BUJIHO, 4YTO BHJIMMAas TEMHasg I[0JOca TMPAKTUYECKH 3aKAHYMBACTCS YXKE Ha
paccrossHuM Z = 70 MKM OT BEpXYILIKH cTpuMepa. Jlanblie oT cTpuMepa Mnoje 3peHust
poJIokaeT cBeTieTh U, HauuHas ¢ 0,885 mwm, I/l paBHa 1, TOo ecTh Bech pa3psiaHbIi
IPOMEXKYTOK CTAHOBUTCS IIOJHOCTBIO CBETJIBIM. OJTO 3HAYEHUE IOJHOCTHIO
KOPPENHUPYET € IKCIEPUMEHTAIIBHOW KEPPOrPaMMOM.
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Pucynok 18 — M3menenune otHocuTenbHOM nHTeHCHBHOCTH |/l) Ha MOI0BHHE
pa3psAHOM IIPOMEXKYTKE BJIOJb OCH Z

CpaBHeHHME pacu€ToB C IMOCTOSHHOM € U € = &(£) mokasajo, 4TO 3HAYEHUs
HANPSDKEHHOCTH AJIEKTPUYECKOTO TOJIS Ha TepenHeM (poHTEe KaTOAHOTO CTpUMeEpa
IpU YIPOIIEHHOW MOJIeNH Jiexar B mpeaenax 1,9-2,2 MB/cm (Pucynok 19).
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Pucynox 19 — 3HaueHus HANPSKEHHOCTH ITOJIS HA PA3JIMYHBIX PACCTOSHHUSIX OT
cTpuMepa 1o ocu z: kpuBas 1 — € = 80, kpuBasg 2 — € = g(E)

B nanHoM cnydae y4yé€T HEIMHEMHOCTHM € TMPUBOJUT K BO3PACTAHUIO
HanpsKEHHOCTH Beero Ha 13%.

Kak oTmewanoch Bblllle, B MOJSPHBIX KUAKOCTIX BO3MOXKHO COCTOSTHUE
JUIIOJIBHOTO HACBIILEHUs, MPUBOJsIIEEe K CcTAruBanuio mnoinoc Keppa 3a cuér
CWJIBHOTO YBEJMYEHUS HANpPsHKEHHOCTH TMOJAST W CHIDKEHHUS OTHOCUTEJIbHOU
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JOUDJICKTPUYECKON NOpOHUIAeMOCTU. JUIsi BOABI IOPOTOBOE 3HAYCHUE TaKOU
HaIpsHKEHHOCTH cocTaBisieT okojio 3 MB/cM. Ho B HamieM ciiydae Hanpsok€HHOCTB
nons E = 2,2 MB/cM He nocTuraer moporoBOro 3HAY€HUs AaKe NpH ydére
HenuHEeWHocTH €. To ecTh, B OTJIMYME OT AHOAHOTO CTPUMEpA, JHUIOJBHOE
HACBIICHWE B pAaMKax paccMaTpUBaeMOW MOJENM KaTOAHOTO CTpUMEpA HeE
HACTYyIIaeT.

N3 cka3aHHOrO MOYKHO CHENATh BBIBOJ, YTO YYET HEJIIMHEWHOW 3aBHCUMOCTH
OTHOCUTENBHON JUAIEKTPUUYECKOW MNPOHULIAEMOCTH OT HANPSHKEHHOCTH II0JSA B
paccMaTpUBaEMbIX YCIOBUSX HE MPUBOJUT K CKOJIb-HHUOYAb 3HAUMMOMY U3MEHEHHIO
pe3yabTara, u sl JAHHOTO CITy4dasi € MOKHO CUATATh KOHCTAHTOM.

PeanpHass  Qgopma  cTpuMepa  OTIMYAETCs  CHJIBHO  HEOJAHOPOJHOMN
MOBEPXHOCTHIO. [l03TOMYy OBUIM BBIMOJHEHBI PACUETHI Ui MOAUGPUIUPOBAHHOU
MOJIEHU CTPUMEDA.

Pucynok 20 — Pacnipenenenue HanpspKEHHOCTH TOJTSI IO TTIOBEPXHOCTH
MoAUGUITTPOBAHHOM MOJIENIH CTpUMepa. bemblii — MakcuManbHOe 3HaueHue £
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Pucynoxk 21 — M3MeHeHue MPOeKIMU BEKTOpa HANPSKEHHOCTH Ha OCh Z ©
MOAU(PUIIMPOBAHHON MTOBEPXHOCTHIO MOJIENH cTpuMepa. PaccTosiHue Mexay
Toukamu 1 u 2 paBHO 15 MKM
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Pucynok 22 — OtHocuTenbHas nateHcuBHOCTD /1o B0 ocu Z:

1 — «rnaakas» Mojaenb, 2 — MOAUGUIIMPOBAHHAS TTOBEPXHOCTh

N3 cka3aHHOrO MOXHO CHENATh BBIBOJ, YTO YYET HEJIMHEWHOW 3aBUCHUMOCTH
OTHOCUTEJILHOW JTUAJICKTPUUYECKON TMPOHUIIAEMOCTH OT HANPSHKEHHOCTH TIOJNS B
paccMaTpUBaEMbIX yCIOBUSX HE MPUBOJUT K CKOJIb-HHOYAh 3HAUMMOMY U3MEHEHHIO
pesynbrata (cM. Pucynku 21 u 22), m sl JaHHOTO Ciy4yass € MOXKHO CUUTAaTh
KOHCTaHTOM.

CpaBHenue nonydeHHOro 3HaueHus E = 3,1 MB/cMm mis mogudunmpoBanHoit
MOJICNIA CTPUMEpa ¢ MOJIEIBIO C TNIaaKkoi nmoepxHocThio (E = 2,2 MB/cMm) nokazaino,
YTO HANPSDKEHHOCTD JIOCTUTACT U J1ayKe HECKOJIBKO MPEBBINIAET OPOTOBOE 3HAUCHHE
E. =3 MB/cwM, ipu KOTOPOM BO3MOXKHO AUIOJIBHOE HackimeHue. OTHaKoO 00J1acTh, B
KOTOpPOM 93TO HAOJIOJAETCs, HACTOJIBKO Majla, YTO HE OKa3bIBAET MPAKTHUYECKH
HUKAKOTO BIIUSHUS Ha BU KEPPOTPaMMBI (CM. PUCYHOK 22).

Paznumna nmpu npoboe mpu MPUIIOKEHHBIX HAMPSDKCHHUSX M HANPsHKEHHOCTAX
AIEKTPUYECKOTO IO B 3aBUCHUMOCTH OT TOJIIPHOCTH DJICKTPOJOB OOBSICHICTCS
J0CTaTOYHO MPOCTO. B pe3ynbrare SMUCCHH HOCUTENEH C KaTOJIa 3a)KUTaeTCs Pa3psl,
W MEIJIEHHO, C JIO03BYKOBOWM CKOPOCTBIO pacmpocTpaHsieTcss K anomy. Jlamee
MIPOUCXOAMT 3a/IepXkKKa, U TpedyeTcs OoJibliee HampspKeHHe, yToObl MpoOoil ycmen
IIPOM30MTH 3a BpEMS UMITYJIbCA.

Ha aHome ke AMUCCHUU HET, HANPsHKEHHOCTD TOJIT Yy MUKPOOCTPUN BBICOKaS,
po0O0il BOBHUKAET U PACIPOCTPAHSIETCS CO CBEPX3BYKOBOM CKOpoCThIo. [lomydaercs,
YTO 3a30p yCHEBAET MPOOUTHCS 32 MEHBIIIEE BPEMS WM MPU MEHBIIEM HANPsHKCHUH
— OTH JBE XapaKTePUCTUKU B3aMMOCBSI3aHBL. TakuM oOpa3oM, MOJYYCHHbBIC
sHauenus E, ~ 40-50 MB/cm u Ex ~ 2,2-3,1 MB/cMm moaTBepkmarT 3TO
3aKIJIIOUEHUE.

B npuioxkeHMu K gUCCEpTAIMU TPECTABICH aKT BHEIPEHHUS pPe3yJIbTaTOB
HCCIIETOBAHUM.
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OCHOBHBIE BbIBO/JbI U PE3YJIBTATBI PABOTBI

1)Pa3paboTaH 1 peann3oBaH METOJ PACIIM(PPOBKH IKCICPUMEHTAIBHBIX KEPPO-
rpamMm. Busyanuzanus pe3ylbTaToB pacy€éTOB TMO3BOJSET CPaBHUBATH HUX C
peaTbHBIMHA KEPPOTpaMMaMH U OMIPEAETIATh O0BEMHBIN 3apsij], HATHMYNE MTy3bIPHKOB U
MIpeApa3psIHBIE TPOIECCHI.

2)UccnenoBaHbl  Cllydan H = BO3MOXKHBIC  MEXAHHW3MbI  BO3HHKHOBCHWSI
MUKPOITY3bIpbKOB. [Ipr Hamuumu oOBEMHOTO 3apsjaa BOJHM3U OCTPHUS OMPEICTICHO
3HAUYCHHUE PACTATHUBAIOIIETO OTPUIIATEIIFHOTO JIaBJICHUS, KOTOPOE CIOCOOCTBYET
BO3HMKHOBEHHUIO MHKPOIY3BIPHKOB 32 CYET BO3HUKHOBEHHS KaBHTAIIMOHHBIX
IIPOLIECCOB.

3)BriepBbic BBHINOIHEH YUET HEIMHEHHOCTH TUAJICKTPUYCCKON MPOHHUIIAEMOCTH
Opy  aHall3e MNPEANPOOUBHBIX DSJIEKTPUUYECKUX TIOJIEH B TMOJSAPHBIX SKHUJKHX
JTUDJIEKTPUKAX.

4)BrniepBble yCTAHOBJICHO, YTO TPU YYeTe HEIMHCHHOCTH JIHMIJICKTPHUCCKOM
IIPOHUIIAEMOCTH BOJIbI HANPSKEHHOCTD AJIEKTPUYECKOTO TOJISI TIOSIBJICHUST aHOTHOTO
ctpumepa coctaniset 4050 MB/cwm.

5)BriepBbie 10 aHaIM3y KEeppOrpaMMBI ITOKA3aHO, YTO HAIMPSHKEHHOCTH ITOJIS
KaTOJHOTO CTpPUMEpPAa B BOJIE HAMHOTO MEHBIIEC HANMPsHKEHHOCTH TOJS aHOIHOTO
cTpuMepa W JIeKUT B oOjacth 3HadeHuh 2,2-3,1 MB/cMm, HeIMHEHHOCTH
MOJIAPU3AIINY TPU ATOM HE UTPAET 3HAUUTEILHON POJIH.

6) PaspaboTtan MeTo/] pacuéTa 3JEKTPUUECKUX MMOJICH Ha MPEIpOOUBHOM CTaIuN
ANEKTPUUECKOT0 Tpo0osi KUAKOCTeH ¢ wucnoib3oBanueM sddexra Keppa,
OCHOBAHHBIA Ha BOCIPOM3BEICHUM B MOJEIN TE€OMETPUYECKUX, (DUIUYECKUX U
AJIEKTPUYECKUX MapaMeTPOB KOHKPETHOM HU3MEPUTEIIBHON SYEHWKH, IOCTPOCHUHU
KapTUHBI TOJS W MATPHUIBl OTHOCHUTEIBHBIX WHTEHCHBHOCTEH TIO BCEMY TIOJIIO
W3MEPCHHUsI, BH3yaIM3allii PAcUETHON KEpPpPOTPaMMBI, KOPPEKTUPOBKH HCXOJIHBIX
JAHHBIX ~ MOJICTTM IyTEM CpPaBHEHHWS IIOJYYEHHOM W  DKCIIEPUMEHTAThHOM
KepporpamM, OTpeeICHIEe HANpPsOKCHHOCTEH TONISA MO BCEW 00JIaCTH WM3MEPCHHS.
OTOT METOA TO3BOJISIET ONpeneisTh OOBEMHBIM 3apsl, HaJu4yue Iy3bIPHKOB,
BBISBIISATD MPEAPA3PSIHBIC TIPOIECCHI.

7)[lonydeHHbIe peE3yabTaThl SBISIOTCS BaXKHBIM BKJIAJOM B CO3/aHUE W
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