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PACYET COITPOTHUBJIEHHMA INIABKOI'O
SJIEMEHTA BBICTPOAEUCTBYIOLIEI'O
INPEJOXPAHUTEJIA

VY crarTi npencrasieHi pe3yabTaTH PO3PaXyHKY OHOPY IUIABKOTO €IEMEHTa IIBH-
KOJIIOYOro 3amo0iKHMKA 3 ypaxyBaHHSM HEPiBHOMIPHOTO PO3MOALTY CTPyMY IO
Horo mepepisy.

B cratee MPEACTABJICHBL PE3YyJbTaThl pacuc€Ta CONPOTUBJICHHUS IUIABKOI'O 3JIEMEHTA
6LICTpOZ[eﬁCTByIOHIeFO OpeAOXpPaHUTEIIL C YUCTOM HEPABHOMEPHOI'O pacmnpeneiie-
HHs TOKaA 110 €ro CCYCHUIO.

Beenenne. IlosBicHHE MONYNPOBOTHUKOBBIX TMPHOOPOB OOJBIION
MOIIIHOCTH MPEIbSBUIIO HOBBIE, O0JIee JKeCTKHE TPeOOBaHHUS K alnaparype ux
3alIUThl, B TOM YHCJE IUIABKUM OBICTPOICHUCTBYIOIIUM MPEIOXPAHUTEIISIM.
D10 Kacaercst yMEHbIICHHS TA0APUTOB MPEIOXPAHHUTENCH, TTOHMKCHHUSI BEJU-
YMH MHTEPBaJIOB J[)KOYJIIs, MAKCHMAIILHOTO MPOITYCKAaeMOro TOKa M psifia Ipy-
THX XapaKTepUCTUK. [[Jis BBIMOMHEHUs TaKuX TPEOOBAHUN TPHUMEHSIOTCS
Pa3UYHBIC TTYTH, YTO HAIIUIO BRIPAXKCHUE, KaK B TIOSBICHUU HOBBIX TCXHHYC-
CKHUX PEIICHUH, TaK U B Pa3BUTHH M COBEPIICHCTBOBAHUY TPAUIMOHHBIX.

MOKHO yKa3aTh HECKOJBKO OCHOBHBIX IyTEH CO3JIaHUS IUIABKUX OBICT-
PONCUCTBYIOLIMX MPENOXPAHUTENCH C YIy4YIICHHBIMH XapaKTePUCTHKAMH.
OnHuM 13 HanboJIee MEePCIEKTUBHBIM SIBIISIETCS] YCOBEPILICHCTBOBAHUE KIIACCH-
YECKOTO MPEI0XPAHUTENS C KBAPLEBBIM HAMOIHUTENEM Ha OCHOBE Pa3paboTKu
TUTABKUX JIEMEHTOB Pa3IMYHON KOH(UTYPAIMH C ONTHMAJIbHBIMH COOTHOIIIE-
HUSIMH COTIPOTUBJICHUSI TDIABKOW BCTABKM M BBIICISICMON NPH OTKIIOYCHHU
TOKa KOPOTKOTO 3aMBIKaHHs 3HEPrHH. ['eOMeTpus IUIABKOTO IIEpeIleika, B
YacTHOCTH, ()opMa BBIPE30B METAJUIA B IUIABKOM BJICMCHTE SIBIICTCS BaXKHEH-
MM (haKTOPOM, OTPEIEIIIONIMM BCE OCHOBHBIC XapaKTECPUCTHKU IPEIOXpa-
aurenst [1]. C momornpio n3MeHeHHsT (OPMBI IUIABKOTO JJIEMEHTa MOKHO
YIIPaBJISATh TEIUIOOT/AAYEH U TallleHHEM IyTH B Pa3JIMYHBIX PEKUMAX.

B o6mieM ciydae, u3MeHeHHe KOH(UTYpalMK [UIABKOTO AJIEMEeHTa TpH-
BOJIUT K M3MEHEHHIO €ro 3JIEKTPUIECKOTO U TEIUIOBOTO COMPOTHBICHUH. OT X
BEJIMYMHBI 3aBUCUT TEIUIOBOM PEXHMM IPEIOXPAHUTENSI, TIPUYEM, HE TOIBKO
MPU TPOTEKaHUH HOMHUHAJIBHOTO TOKA U TOKOB IEPErpy3KH, HO U MPU OTKITIO-
YCHUH TOKOB KOPOTKOTO 3aMbIKaHus. [locieiHee onpeaenseTcst pojibio 00beM-
HOTO MCTOYHHKA TETIA B TPOLECCE BEIrOPaHHs MaTepHala IIABKOIO dIeMeHTa,
TaK KaK TUIOTHOCTb TOKA TIPH BHITOPAHHH IIHPOKoii yacTy gocturaet 10° Alem
u Oonee. Kak pe3ynbTar BIHMsHHS Teruia sBISIeTCsl TOT (akT, 4To B mporiecce
BBITOPAHUsI TUIABKOTO AJIEMEHTA KOJMYECTBO DJICKTPHUECTBA, MPUXOISIIErOCs
Ha €IMHHUILY 00bEMa BBITOPEBILIETO METAILIA, YMEHBIIACTCS] BO BPEMEHH.

OmnpeneneHne COMPOTHBICHHUS MIOCKOTO MPOBOJHHKA MEPEMEHHOTO
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CeyeHns] HeoOXOIMMO IPH pacyueTe IUIaBKUX BCTAaBOK MPEJIOXPAHHUTEINS H
aHaIM3€ KOMIIIEKCa JJIEKTPUUECKUX U TETIOBBIX SIBICHUI y 3TOTO ammapa-
Ta. Kak noka3spIBacT ONBITHBIEC JaHHBIE, ONPEACICHHE CONPOTHBIICHUS TOKa
M0 CEYEHHIO IS OBICTPOACHCTBYIONINX MPEAOXPAaHHUTENEH B OOIBIINHCTBE
Cily4aeB ObIBa€T HETOUHBIM.

B pabote [2] maercs mpuOIIKEHHAs METOANKA OMPEACICHHUS COMPO-
THUBJICHUS TUIABKOTO JICHTOYHOTO DJIEMEHTa ITPOM3BOJILHOM (HPOPMBI C TOMO-
IIBI0 TaK Ha3bIBAEMBIX KPUTEPHEB COINPOTHBICHHUS OTICIBHBIX yYacTKOB
TIOCTOSIHHOTO CEYEHHsI M YacTH KOJIbIa. DTOT pacyeT CHpaBeUIMB, KOTJa
IMpHHa nepenieiika He MeHee 0,2 MIMPUHBI 3JEMEHTa M HENPUEeMIIEM UL
pacdera COBPEMEHHBIX OBICTPOAEHCTBYIOMNX PENOXPAaHUTENCH.

Heab padoThl — pa3paboTka YTOUHEHHOW METOJUKH pacdera COIpo-
THUBJICHHUS IIJIABKOTO JIEMEHTA OBICTPOAEHCTBYIOIIETO MPEAOXPAHUTENS.

I'eomerpust npoduieii miaBkux BeraBok. [ Gosiee ToyHoro orpe-
JIeJICHHs] CONPOTHBIICHHS TIPOBOAHHMKA MEPEMEHHOTO CEUCHHUSI C YUeTOM He-
PaBHOMEPHOCTH PACIIPE/ICIICHUS] TOKA TI0 CEUYCHHIO TPOBOAHMKA, HEOOXOIH-
MO UMETb NPEACTABICHNE O JMHHUSAX TOKA W IKBUIOTEHINAJIBHBIX TOBEPXHO-
CTSIX B JaHHOM poBoaHuKe [3]. Tak Kak 3JIEeKTPHYECKOe MOJIE H II0JIe BEKTO-
pa IIIOTHOCTH TTOCTOSIHHOTO B IIPOBOAAIIEH cpene BHe uctounuka /IC sBis-
eTcsl TOTEHIMANbHBIM U yIOBIETBOPSET ypaBHeHHIo Jlarutaca, To maHHas
3a/1a4a MOXeT OBITh PelieHa METOA0M KOH(GOPMHBIX OTOOPasKEHHIA.

Jlyist nccneioBaHMsT BONPOCA BIMSHUM OTCIBHBIX 2JIEMEHTOB T€OMET-
puM npoduIIst Ha KapTHHY paclpelesieHUs] TOKa 110 CEYCHHUIO IPOBOTHHKA
paccMoTpeHb! TpoHiIH, H300paXKeHHbIe Ha puc. 1.

a 0 B
Puc. 1.T'eomerpust npo¢usieli MmIaBKHX BCTAaBOK

CyTb 3TOr0 METOIa 3aKJII0YACTCS B TOM, YTO C IMOMOIIBIO CIICIHAIb-
HOM (YHKIMH KOH(pOpMHOro ortobpaxkenus W = f(Z) miockocTh miaBkoro
SJIEMEHTA TIEPEMEHHOTO CEUCHHSI TIEPEBOAUTCS B INIOCKOCTH TLIABKOTO BIIe-
MEHTa TIOCTOSTHHOTO ceueHmst. Kaxmas Touka II0CKOCTH Z = X + jy mepexo-
JIMT B COOTBETCTBYIOIIYIO TOUKY TIOCKOCTH W = U + jV.

Ha ocHoBaHMM pacyeToB 10 JaHHON METOIHKE IOIYYEHO CIEMYIOIIee
NPHOIIIKEHHOE BEIPAKEHUE IS COMMPOTUBIIEHHS, PACCMATPHBAEMOTO TIJIaB-
KOTO 3JIeMeHTa (a):

R:R1+R2+R3=%O IE+1_21|n cose %gj +1; i—% )
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rae Ry — compoTtuBiieHne miaBkoro 3ieMeHTa 6e3 Beipesa; R, — conmpoTusiie-
HHE CTSTHBAHUS, Ry — CONPOTHBIICHHE Y3KOTO TEpelieiika 3a BBIUCTOM CO-
TPOTHBIICHHS OTPE3Ka TUIABKOTO 3JIEMEHTa, COOTBETCTBYIOIIETO JUTHHE Y3KO-
ro nepenieiika; b u | — mmpuHa 1 KIMHA IWIaBKOro 21eMeHTa; a U |, — mmpuna
U JUTHHA Y3KOTO Neperneika; A — TOMKHA; Py — YAEILHOE CONPOTUBIIEHHE.

VBeNuueHWe OTHONICHHUS TOTIEPEYHOTO CCUCHHs IMPOKON YacTh
TUIABKOTO SJIEMEHTA K TOTIEPEYHOMY CEUECHHIO €T0 Y3KOTO TIepeIeika mpu-
BOJIUT K OBICTPOMY POCTY COTIPOTHBIICHHSI CTATHBAHHSL.

B Tex ciyuasx, Korja IIaBKui 9JIEMEHT COIEPKHUT HECKOIBKO MOCIe-
JOBATENBHO COCTUHEHHBIX Y3KUX MEPEHIEHKOB, TUIABKUN DJIEMEHT CIEAyeT
pasOHTh Ha HECKOJBKO YYACTKOB, B KaXKIOM M3 KOTOPBIX YHCIIO MEpeiei-
KOB HE JIOJDKHO MPEBBIMIATE OAHOTO. [IpH 5TOM HEOOXOIUMO, UTOOBI [THHA
[IMPOKON YaCTH TUIABKOTO 3JIEMEHTA Ha KAKIOM yJacTKe ObLIa, BO-TIEPBHIX,
OJIMHAKOBOM ¢ 00EUX CTOPOH Y3KOTO Iepereiika, a, BO-BTOPHIX, JOCTATOY-
HO GOJIBINON, YTOOBI HEPABHOMEPHOCTH PACTpEICiCHUs JMHHNA TOKa Ha
KOHIIaX yJacTKa yke ncuyesna. Kak oTMeuanoch BBIIIE, MOKHO CUHTATD, UTO
Ha PACCTOSHHH MIMPHUHBI TUIABKOTO 3JIEMEHTa OT Y3KOTO Iepelieiika IKBH-
TOTCHINAIbHBIC JINHAK CTAHOBSTCS MPSIMBIMA W HEPAaBHOMEPHOCTH pac-
TpeIeTICHusT TOKAa HCUe3aeT. PacueT IIeKTPUIECKOTO COTIPOTHRIICHUS TAKHX
YYaCTKOB MOYKET MPOU3BOIUTHECA IO BBHINIE NPHBEACHHON (opmyie. [Ipu
TaKOM Pa30OHMEHUH TUIABKOTO DJIEMEHTa MOTYT OCTAaBaThCS YYaCTKH 0€3 y3-
KHX [epeIeiikoB. VX COMpOTHUBIIEHNE ONPEIENIeTCs I0 00BIYHOM (hopmyIe
JUISL COTIPOTHBJICHHS TPOBOIHHUKA MOCTOSHHOTO CEYEHHSI.

B pabore [3] mpuBomuTCs Takue
B (GYHKIUHM OTOOPaXKEHHS JUIS TUIABKUX
9JIEMEHTOB C (QopMaMu BBIPE30B
n (puc. 16 u B). B pa6ore [4] pazpaGo-
TaHa METOJWKA pacdyera COIMPOTHB-
¢ JIEHUS TUIABKOTO djieMeHTa (MOIyJIs)
i C y4eTOM HEpaBHOMEPHOTO pacrpe-
JIeTICHNS TOKA M0 CCYCHHIO TIITABKOTO
9JIEMEHTa, HMEIOLIET0 POM3BOJIb-
Hy[I (GopMy IMepexoa OT Y3KO# ero
YaCTH K IUPOKOH (puc. 2).
Bocnons3yeMcs pe3yabTaTaMi, IpeICTaBIeHHBIMU B [4]

y

()

Puc. 2. Kongurypanus Mogyss
IUIABKOT'O 3JIEMEHTA C MPOU3BOJIbHOI
(opmoii BeIpe3a

Xi+1
_p .
R—Zz jwz(x)dx, )
X1
i=2,4,6,..N.

Jis BEIYUCTICHHSI HHTETPAJIOB, BXOAAIINX B (POPMYITY, BOCIIOIB3yEeMCS
(hopMyI0it MPSAMOYTOIFHUKOB C MCIIOIB30BAHUEM CPEIHUX OPIHMHAT.
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h
R:sztl-’z . (=2,4,6,...N), @3)
N , ,
rae Wy =LP2(X|):F+§¢i3(fi2+qJJJ2)_ 050 ;' Wy +0207 ;%

1 fivg— fi=
Wy =| fi- oo f; =
2 2h
Oyukuus ¢(x), ompepenstomias GopMmy mepexoga OT Y3KOro mepe-
IIefika K IMHPOKOW YacTH IJIABKOTO JJIEMEHTA, JIOJDKHA OBITh, KaK CICAYeT
U3 TpPEeNBIAYIIEro, MOCTATOYHO TNAAKOH, IBaxIbl IH(pQepeHInpyeMoi.
Bo3pMmeM B kadecTBe yKa3aHHON (QYHKITH ()YHKITHIO
0(x) = 4-BExp(axP); 4)
o'(x) = BapxP™? exp(— GXB); ¢'(0)=0;

0"(x) = BC(B[([3 —1)xB_2 exp(— C(XB)+ xB_l(— quB_l)exp(— axP )J .

Jnst orpannveHust BTOpoil mpou3BonHoi B obmactu (0<x<l) cmemyet
npuHATE [322. B yacTHOCTH, TipH 3=2 ¢"(0) = Baf. Eciu >2, nanpumep,
=3, 10 ¢"(0)=2Bap .

U3 reomerpuueckux cootHowenuit (puc. 2) ¢(0) =a, ¢(I) = b, moxno
OTPEeNIeNNTh 3HAYCHHS MapaMeTpoB 4 U B, BXOAAIIUX B BBIIIC MPHUBEICH-
Hy[0 (GopMyity. YuuThiBas, 4To | CyIIECTBEHHO NPEBOCXOAUT MJIMHY HEpe-
XOIHOM 00aacTH, monaras ¢(c) = b, Haiinem

a=A-B;A=b;B=b-a.
[Ipu 3TOM OyaEeM UMETB:

¢(x):b—(b—a)exp(— GXB). (5)
Topsimok pacuera CONMPOTHBICHHS R MOyl IIABKOTO 3JIEMEHTa Mpe-
JOXpaHuTeNs crenyromuii. Bruauane onpenensercsa ¢; (i = 1, 2, 3, ...N+1) ¢
yuetom cootHotrerust (5). B ngajibHelinieM BBIYHUCISETCS COMPOTHBICHHE
Moayist 1o hopmyiie (3) ¢ y4eToM NMPUBEIEHHBIX BBIIIE COOTHOIIEHHIA.
BoiBoa. [IpemioxkeHa yToOUHEHHAs METOJAMKA pacuera IUIABKOTO dJie-
MeHTa OBICTPOIEUCTBYIOIIETO IPEIOXPAHUTEIS.
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