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HUCCJEJIOBAHUE MUKPOITPOIIECCOPHOM
TOKOBOW HAITPABJIEHHOM 3AIIIUTHI
JINHUHN PACIIPEJEJUTEJBHBIX CETEN

Jokm. mexn. nayx, npogh. POMAHIOK ®. A., unync. 'YPBAHYHUK O. A.

KBenopycckuii nayuonanbHulll mexHuueckull yHugepcumem

B mnactosmeil cratbe paccMaTpUBAETCS MUK-
porpolieccopHas TOKOBasi HaIlpaBiCHHAs 3aluTa
muanit (MTH3) ¢ snemeHTaMu aganTHBHOCTH,
a TaKKe MPUBEACHBI PE3yNbTAaThl UCCIECAOBAHUS €€
TEXHUYECKOT'0 COBEPIIICHCTRA.

[IpyHUMIT BBITIONIHEHUS MUKPOIPOLIECCOPHOU
TOKOBOW HAaINpaBICHHOW 3allUThl YKa3aHHOTO BHI-
I1Ie UCTIOTHEHHUSI TOIPOOHO paccMOTpeH B [1].

Ha puc. 1 mpencraBmeHa ¢yHKIHOHAIbHAS
cxeMa ¢ POBOA MUKPOITPOIIECCOPHOM 3aIUTHI.

Hcxonnoit mHpOpManmel SBISIOTCS CHUTHAIBI,
MOCTYMAIOIIME OT W3MEPHUTENbHBIX TpaHc(opma-
TOpPOB TOKa M HanpspkeHus. [lepBuynas oOpaboTka
JAHHBIX AHAJIOTOBBIX CHUTHAJIOB OCYIIECTBISAETCA
BXOJHBIMU TIpe0Opa30BaTelsIMA TOKAa U HAIPsOKeE-

HUS C Toclenymomeid GuibTpauueid B aHaJIOrOBBIX
¢unbTpax HIWKHHUX 4acToT. [IpeoOpa3oBaHue aHa-
JIOTOBOI'0 CHTHAja B COOTBETCTBYIOLIMM eMy Auc-
KPETHBI CHTHaJl OCYIIECTBISIETCS B aHaJoro-
nudpoBom npeodpaszoatene (ALIT). OcranaBim-
BaThCSl Ha PACCMOTPEHMM STHX JJIEMEHTOB HET
HEOOXOJMMOCTH, TIOCKOJBKY Ha CeromHsIIHUHI
JIeHb JIOCTYIHO OOJBLIOE KOJIWYECTBO JIUTEpaTy-
PBI, B KOTOPOM MpencTaBIeHbl BO3MOXKHBIE pellle-
HUS X UCTIONHEHHUS.

C Beixoma ALl curnan mocrymaer Ha nudpo-
Boii punbTp (D), roe ocymectBusiercs qudpopas
¢unpTpanus curraia. bonee moapo6HO 3TO OBLIO
paccMoTtpeHo B [2, 3].
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Puc. 1. ©yaxunoHanbHas cxeMa MU(pPOBOH YaCTH MUKPOIIPOLIECCOPHON TOKOBOH HAIIPaBICHHOHN 3aIUTHI
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Duepeemuxa

C Beixoma I1® curnansl moparoTcd Ha Mak-
CHCENEeKTOp Toka (max /), MHHHCEIEKTOPHl TOKa
(min /) u Hanpsokenus (min U). B nocnenyromem
C BBIXOZIOB 3THX OJIOKOB CHTHAJIBI MOMAgaloT Ha
BXOABI OJIOKa ONpeAeneHus] BHIAa KOPOTKOTrO 3a-
meikanusi (OBK 3), oprana pasaoctu Tokos (OPT),
oprana HanpasieHus mouHoctd (OHM) u nzme-
putenbHbx opranoB Toka (MOT 1 u UOT 3).

B 6moke OBK 3 mpowncxoauT pacnozHaBaHHE
BHJa KOPOTKOTO 3aMbIkaHHs. Bua kopotkoro 3a-
Mmbikauusa (K3) ¢ 10CTaTodHOM CTENeHbI0 A0CTO-
BEPHOCTH MOYKHO ONpPEAEIUTH MO OTHOCHTENBHON

Imax - [min

HECUMMETPUHU TOKOB Al :I—’ rae L,
max

Iinin — COOTBETCTBEHHO HaWOOJNBIIMK W HAMMEHb-
mui 13 GasHbIX TOKOB.

Ecmu Al > 0,6, To K3 sBasiercst nByx¢a3HbIM,
B MPOTHBHOM cllydae — Tpex(da3HbM. ITO HE00X0-
JTUMO, TIOCKOJBKY B 3aBHCHMOCTH OT Buaa K3 B
OJI0Ke ompeneneHns MecTa KOPOTKOTO 3aMbIKaHHS
(OMK3) wncnonb3yloTcst pa3iuvHble aIrOPUTMBI
ero ompenenenus [4]. [Tyck OMK3 obGecnieunBa-
ercsi cpabOTaBIIMMM YYBCTBHUTEIBHBIMH H3MEPH-
TETbHBIMU OpTaHaMU 3aIlHUThI.

Ha 6a3e MOT 3 BrimonHeHa MakCUMajbHas TO-
koBast 3amuTa (MT3), KoTopas npu pa3peraronem
curHane or OHM uepe3 opraH BBLAEPKKH Bpeme-
Hu (OBB 3) nmeficTByeT Ha MCIIOTHUTEIBHBIN dIe-
meHT (U3). Ha 6aze MOT 1 — TokoBast oTceuka 0e3
BbIepkkH BpemeHu (TO), koropast mpu pasperua-
fouteM curnaie or OHM u 6moka OMK 3 6e3 BbI-
JEpKKU BpeMeHH Bo3AencTByeT Ha MO, u TokoBas
orceyka ¢ Bbyaepxkkoid Bpemenu (TOB), xo-
Topasi IpH paspematomeM curtane or OHM uge-
pe3 oprad BeLaepkKH BpemeHnu (OBB 2) peiictByer
Ha UD.

Taxum 06pa3om, momyyaercs TpexcryneHdaTas
TOKOBasl HalpaBJICHHAs 3alUTa, COAEpKaluas IBa
HU3MEPUTENBHBIX OpraHa (BMECTO TpeX) M OTKIIIO-
qatormass K3 B mpenenax 3ammuiiaeMoit tuHAA Oe3
BBIIEPKKH BpeMEHH (T. €. CYIIECTBEHHOE pPacCIlu-
perwe 30HBI aeiictBus TO).

HccnenoBanrne TEXHUYECKOI'O COBEPIICHCTBA
MPEAIOKEHHONW 3aIUThl IPOBOANIOCH C HCIOJb-
30BaHMEM KOMIIBIOTEPHOM MPOrpaMMBbl, B OCHOBE
KOTOpPOH JISKUT MaTeMaTH4ecKas MOJelb pacipe-
nenurenbHoil cetn 10-35 kB ¢ aAByMs ncrouHuka-
Mu nutanus. [Iporpamma mo3BossieT BOCIPOU3BO-
IUTh BYyX- W Tpexdasaple K3 Ha 3ammmmaemoit
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JUHAW W Ha CMEXKHBIX yJacTKax (Kak MeTajuinde-
CKHe, TaK W Yepe3 MepexOoqHOe COIMPOTUBIICHHE).
EcTp BO3MOXHOCTD 3aJaHHsl peXHMa IOAMUTKH
Mecta K3. Ilomydaemble Ha BBIXOAE MOJENU CETH
BTOPUYHBIE TOKH U HANPSKEHUS HCIONB3YIOTCS
B KauecTBE MCXOAHOW MH(OpMaLUU AJIS UCCIEay-
eMOM 3amuThl. YKazaHHas HMH(OpMauus mpeasa-
pHUTENbHO 00padaThIBacTCsl aHATOTOBBIMH M UG-
POBBIMH 3JIEMEHTAMH H3MEPHUTEIBHOTO TPAaKTa,
MaTeMaTH4YecKass MOJeNb KOTOPOro BKIIOYAET MO-
JeTy BXOAHBIX TpeoOpas3oBaTenell TOKAa M Hampsi-
KEHUS, MOJIENH AHAJIOTOBBIX (WIBTPOB HUKHHX
4acToT, MOJEIbh aHaIOro-IU¢pPOBOro mpeodpaszo-
Batenss W UU(poBble QWIBTPEL, (QopMuUpyoIHe
OPTOrOHAJbHBIE COCTABIISIOIINE.

B pesynpraTe BBIYHCIUTEIBHOTO SKCIEPUMEH-
Ta OBUTM TONMYYEeHBI 3aBUCHUMOCTH, MPEACTABIICH-
HBIE Ha puc. 2—0.

Ha puc. 2 moka3aHbl 30HBI MTHOBEHHOTO OT-
KJIIOUYEHHS] MUKPOIPOLIECCOPHONH TOKOBOW Hampas-
JICHHOW 3aIllUTHl B CIIydae e¢ BBIMOJHEHUs OObIY-
HOW M C dJIEMEHTaMH aJalTUBHOCTH JUIS PEKUMOB
nByx- u tpexdasznoro K3. Cnexyer oOpaTuth BHU-
MaHHE Ha TO, YTO B pacCMaTpUBAEMOW 3aIIUTE 30-
Ha MrHOBeHHOro oTkmodeHuss TO He 3aBUCHUT OT
pexuma pabotel cetn U Buaa K3 u cocrammser
0K0JIO 85 % IJIMHBI 3alUIIacMON JIMHUH. JTO SB-
JsieTcsl ee TJIaBHBIM IPEMMYLIECTBOM IO CpaBHe-
HUIO C aHAJIOTWYHBIMH 3aIUTAMU JPYTUX HCIIOJ-
Henuid. [Ipu 3ToM 3ammTOll OOecmeunBaeTcs pac-
LIMpPEHUE 30HBI MTHOBEHHOT'O OTKJTIOUEHHS IIPH TPEX-
¢azubix K3 B 1,10 paza, a mpu nByxdasueix K3
B 1,30 paza. 3ona aeiictBus TOB Ha yyacTke nanb-
HEro pe3epBHpoBaHMs yBenuuuaercs B 1,10 paza,
a ee 4YyBCTBUTEIBHOCTH Bo3pactaeT B 1,15 pasa
u coctaBisier K, = 1,50.

Ha puc. 3-6 mpencraBneHsl BpeMeHHBIE AWa-
rpaMMbl BTOPUYHBIX TOKOB (i,, ip, i) W HampsKe-
HUH (Ugp, Upe, Ueq), @ TAKIKE OTHOCUTENBHBIC 3HA-
YEeHUS] UX CUHYCHBIX (i, Uy) U KOCHHYCHBIX (i., U)
oproroHanbHbIX coctaBmsaoumx (OC) mpu Tpex-
u aByx¢asueix K3 B Havaje U B KOHIIE 3allMIIae-
MOI'0 y4acTKa, B Hayalle CMEXHOT0 y4yacTKa U 3a
«CIHMHOM 3aIUTH».

[TprunHoii uckakeHus GOpPMbI BTOPUYHBIX TO-
KOB B IIEPBOH CTaAMU MEPEXOTHOro Mpolecca sB-
JISieTCsl HAaChIIEHUE M3MEPUTENBHBIX TpaHcopMa-
TOPOB TOKa. BTOpHYHBIE HANPSKEHUsT HE UCKaXKa-
I0TCSI, HO IPOUCXOIUT UX YMEHBILICHHE.
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Puc. 2. K onpenenenuio 30H5I MTHOBEeHHOT0 oTkmogeHnss MTH3

B xone ananorosoii u unpoBoit GpuabTpaunit
¢dopma TOKOB cHHYcHOW M kKocuHycHOi OC mpu-
Omkaercss K CHHYCOMITAIBHOW, a WX 3HAYCHUs
M3MEHAIOTCS MEAJIEHHEe, YeM BTOPUYHBIE TOKH.
Taxas e 3aKOHOMEPHOCTh XapaKTepHa W AJIsl CH-
HycHOM u kocunycHo OC HampspkeHuid. O0bsic-
HSIETCSl 5TO MHEPLUOHHOCTHIO AHAJIOTOBOW M LU(-
poBoit ¢unbTpanuii. [lo »3TOM mnpuYMHE gaxKe
nocne otkimodeHuss K3 OC TokoB MiaBHO yMEHb-
HIA0TCS, @ HAIPsOKEHUM — IUIaBHO BO3pacTaroT A0
MTOJTHOT'O BOCCTAHOBJIEHUS.

Ha puc. 3x—6x mokasaHbl XapakTep U3MEHE-
HUS TOKOB Ha BBIXOJI€ MAKCUCENEKTOPA [pa, MO-
MeHTHI cpabaTbiBanus 1 Bo3Bpata MOT TO, TOB,
MT3, a na puc. 33—63 — cocrosuue OHM, momeH-
Thl cpabateiBanusi U Bo3Bpata TO, TOB, MT3.
AHanu3 JaHHBIX 3aBUCHUMOCTH TIO3BOJIIET TI'OBO-
puTh 0 yeTkod pabore OHM «mo mamsiTu» mpu
omu3kux Tpexdasnpix K3 k mecty ycraHOBKH 3a-
T, 0 HajgexxHoMm Bospare TO, TOB, MT3
B MCXOJHOE COCTOSHHE TOCIE OTKIIOYEHHUS yKa-
3aHHbIX K3, 0 mpaBUJIBHOM NOBEIEHUM 3alUTHI
(cenextuBHOEe oTkIroueHne K3 Bcemu cryneHsmu
sammThl). K mpumepy, npu K3 3a «cnuHol 3ammu-
ThD» (pHc. 6) cpaboTaian M3MEPHUTENbHbBIE OpraHbl
TOKa 3amMThl (puc. OXK), OOHaKO He cpaboramn
OHM, a cnenoBaTenbHO, HE OBUT MOJAH CHTHAJ Ha
D wu 3ammra He paborana (puc. 63). IIpu K3
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B Tpezeiax 3ammiaeMoil 30Hbl (puc. 3 u 4) Bce
BHJIBI MEXTY(a3HBIX MMOBPEXKACHUN OTKITFOYAIOTCS
TO unmu TOB B 3aBUCHMOCTH OT MECTOMOIO0KEHUS
toukn K3. Ilpm sTtom Omaromaps Gmoxky OMK3
YAAJIOCh CYIIECTBEHHO PACIIMPUTDH 30HY JIEHCTBUS
TO (puc. 2). Aramu3 3aBHCHMOCTEH, MpencTaB-
JIGHHBIX HA PUC. 5, MO3BOJSIET C YBEPEHHOCTHIO
TOBOPUTh O CEICKTHBHOW paboTe 3allWTHl M BBI-
MONTHEHNH (YHKIMA JaJbHETO Pe3epPBUPOBAHUS
npu K3 3a 3ammimaemMsIM y9acTKOM.

Takxe B X01€ BRIUUCTUTEIBHOTO SKCIIEPUMEH-
Ta OBUIM MPOBEICHBI COOTBETCTBYIOIIME HUCCIIEIO0-
BaHusa npu K3 B pacCMOTpPEHHBIX BBINIE TOYKAX
(HaYayo M KOHEIl 3allUIIAeMOro yJacTKa, Hadaio
CMEXHOT0 YYacTKa, YYacTOK 3a «CIMHOM 3amiu-
THI») W 4Yepe3 INEePeXOAHOE COMpOTHBICHUE R.
CpaBHUTENBHBIA aHAJIM3 TONYYECHHBIX pPE3yJbTa-
TOB TO3BOJISIET TOBOPUTH O TOM, YTO NPU MAaJbIX
3HAYCHHUSX MEPEXOJHOTO COMPOTUBICHUS Xapak-
Tep U3MEHEHUSI KOHTPOIUPYEMBIX BETMYUH MOYTH
HUYEM HE OTJIMYACTCS OT XapakTepa U3MEHEHUS
KOHTPOJIMPYEMBIX BEIMYWUH MPH METAJLUTHYSCKUX
K3. Opgnako mpu OONBIIMX 3HAYCHUSX TIEPEXOJI-
HOro compoTuBieHUss B Mecte K3 (310 Kacaercs
TeX ciaydaeB, Korjaa Touka K3 HaxomuTcst B KOHIIE
3alUIIaeMol JIMHHUH) 3alIUTa MOXET OTKIIF0YaTh
MOBPEXKICHUE C BBIACPKKOM BPEMEHH.
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Puc. 3. Bpemennsle auarpaMmel ripu aByx¢a3zHom K3 B Havane 3ammniaeMol THHAN U TIOCIIE €T0 OTKIIOYCHUS: a — BTOPUYIHBIX TO-
KOB; 0 — BTOPUYHBIX HAMPSDKCHUIA; B — OTHOCUTENIFHBIX 3HAUCHUH CHHYCHBIX COCTaBIISIOIINX TOKOB; T — OTHOCHTENBHBIX 3HAYCHUI
CHHYCHBIX COCTABJIAIOIINX HANPSDKCHHUH; 1T — OTHOCHUTEIBHBIX 3HAUCHUH KOCHHYCHBIX COCTABISIOIINX TOKOB; € — OTHOCHTEIBHBIX
3HAYCHUI KOCHHYCHBIX COCTABIIIONINX HANPSDKCHUH; K — U3MECHEHHE OTHOCHTEIBHOTO 3HAYCHHUS TOKA Ha BBIXOE MAaKCHUCEIICKTOpPa,
MOMEHTHI cpadaThIBaHUsI U BO3BpAaTa U3MEPUTEIBHEIX opranoB Toka TO, TOB, MT3; 3 — moBeneane OHM, TO, TOB, MT3
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BBIBOJ

HpOB CACHHBIC MCTOAOM  BBIYHCIHUTCIIBHOI'O
OKCIICPUMEHTAa HCCJIICAOBAaHUA I1OKa3aJin, 4YTO II0-
JIO’)KCHHBIC B OCHOBY BBIIIOJIHCHUA MHKPOIIPOILIEC-
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COpHOM TOKOBOW HaNpaBJIEHHOM 3alllUTHI pEeLLIEHUs
00ecTeunBaroT JOCTHKEHHE Ooee BHICOKMX TOKa-
3arenell ee TEXHHUYECKOr0 COBEPIIEHCTBA M0 CpaB-
HEHHIO C CYIIECTBYIOIIMMH 3alIMTaMU aHAJIOTH4-
HOT'O MCIIOJTHEHUS, a TAKXKE CEIEKTUBHOE JIeNCTBUE

67



Duepeemuxa

U TpaBHIIbHOE (PYHKIIMOHUPOBAHUE BO BCEX PEKU-
Max pa0oThl 3amumaeMoi TuHUK. [Ipr 3TOM 30Ha
MI'HOBEHHOT0 OoTKiMoueHus: TO He 3aBUCHT OT pe-
’kuMa paboTel cetr, Buaa K3 u cocrasnser npu-
MepHO 85 % AJMMHBI 3aIUINAEMON JTUHUU. 3aluTa
obecreunBaeT paclIMpeHHe 30HbI MIHOBEHHOTO
orkiroueHust npu Tpexdaszueix K3 B 1,10 pasa,
a ipu aByx¢asueix K3 B 1,30 paza. 3ona neiicTBus
TOB Ha yuyacTke JanbHErO pe3epBUPOBAHUS YBe-
nuuuBaercs B 1,10 pasa, a ee 4yBCTBUTENBHOCTh
Bo3pacraerT B 1,15 pa3a.
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CEPBUCHOE OBCJTY KUBAHUE ABTOMOBUWJIBHBIX TOPOT
C UCITIOJIb30BAHUEM BETPOBOI DHEPT UM

Jokm. mexn. nayx, npogp. KOBAJIEB A. H., ookm. 3koH. nayk, npogh. ITA/TAJIKO JI. I1.,
unxyc. KAPEHCKAA O. B.

FBenopycckuii nayuonanbHulll mexHuiueckull yHugepcumem

CTpouTensCTBO 00BEKTOB MPUAOPOKHOTO Cep-
BHCAa TO3BOJISIET YBENWYUTh KOJMYECTBEHHBIH U
KayeCTBEHHBI ypOBEHb YCIYr, OKa3bIBa€MbIX
MOJIB30BATENSIM aBTOMOOMIIBHBIX JOPOT, MOCTYI-
JIEHUs1 B TOCYJapCTBEHHBINH OIO/DKET W MOBBIIIACT
TpPaH3UTHBIE BO3MOKHOCTH aBTOMOOMIIBHBIX JIOPOT
Pecniybnuku benapycs. Kak u3BectHo, ogHUMU U3
KPYITHBIX TIOTpeOUTENeH DIIeKTPOIHEPTHHU SBIISIOT-
csl 00BEKTHI MPUAOPOKHOTO cepBuca. bemapych He
pacmonaraer 3HaYUTEeNbHBIMA COOCTBEHHBIMH TOII-
JUBHO-3HEPTeTHYECKHUMH pecypcamu. B cBsizu ¢
STHM ]ISl HAIIEr0 rocyapcTBa Ype3BBIYAHO BaXK-
HO BKJIIOYATh B TOIUTMBHO-YHEPTeTHUECKHUNA OasiaHC
BTOPHYHBIE DHEPTOPECYPChl M BO300HOBISIEMBIC
WUCTOYHUKHU SHEPTUH, OJJHUM U3 KOTOPBIX SIBJISETCS
Berep. Cnenyer y4MThIBaTh, YTO BETPOIHEPIETH-
yeckas OTpacib 3a CYET KaKJOW BETPO3HEpreTH-
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yeckoil ycranoBku (BDY) HaumHaer BbIpabaThl-
BaTh DHEPTUIO0 HEMEJIEHHO T0CIIe MOHTa)a, OCy-
LIECTBIISS MIPSIMOE MPeoOpa3oBaHNe KHHETUIECKON
SHEPTrUU BeTpa B DJEKTPHUUECKYIO, U TPU TOM HE
TpeOyeT OONBIINX eNMHOBPEMEHHBIX KalTUTaJIbHbBIX
BlnokeHu. Benmuunmna momuoctu BDY, ycranas-
JTMBAEMOW y CEpBHUCHOM CTaHIIMK aBTOMOOHIIBHOM
Jnopord, OyAeT 3aBHUCETh OT  DIIEKTPUUECKON
HArpy3KH IMOTPEOUTENsl DIIEKTPOIHEPTHH, CpeaHe-
TOZIOBOM CKOpPOCTH BETpa, BBICOTHI MauThl. KO-
HOMHUYecKasi 3(PQPEKTUBHOCTh COOpyxeHus BIY
ompenensieTcss Ha OCHOBE COMOCTaBJICHUS HHBE-
CTULMOHHBIX 3aTpaT B HEE C JOCTUTAaeMbIM 3KOHO-
MUYeCKUM 3ddekToM. Meromuka onpeseneHus
a¢dekra 3aBUCUT OT BBIOpAHHOrO criocoda pesep-
BHUpOBaHMs. Tak Kak BeTep HEMOCTOsHEH, a oTpe-
Ooutens B TeueHHE 24 4 HYXIOAeTCsi B DHEPIHH,

BecTtHuk BHTY, Ne 5, 2011





