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O BBIIIOJIHEHUHA MAKCHUMAJIBHON TOKOBOMH 3AIIIUTHI
B PACTIPEJEJIUTEJIBHBIX CETSX
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ELenopyccxuii nayuonanvholii mexuuieckuii yHugepcumem

Makcumanbabie TOKOBbIC 3amuthl (MT3) mupoko UCHOMB3YIOTCS B pacipe-
JETUTETBHBIX CETAX S 3alUThl OTACTBHBIX B3IEMEHTOB OT MEKIY(a3HBIX
kopotkux 3ambikaHui (K3) u manenero pesepsuposanns (P). B nacrosmee
BpeMsi B PecryOnuke bemapyck snekTpoMexaHHYECKHE VCTPOHCTBA 3aIMHTHI
3aMCHSIOTCS MUKPOTPOLICCCOPHEIMU YCTPOUCTBAMHE 3aIMUTHI IPOU3BOACTBA OTC-
YECTBCHHBIX H 3apYOCKHBIX (PUPM.

Kak mpaBuno, B MHKpOIPOLICCCOPHBIX YCTPOHCTBAX MNPEAYCMATPHUBACTCS
BO3MOKHOCTE BhioHeHUsT MT3 ¢ HezaBucumoi (HX) umu oOparHozaBruCHMOM
(3X) ot ToKa xapaKTePUCTUKOH BpeMeHu cpabaTsiBanus. [lonp3oBaretro npego-
CTaBIETCA BO3MOXKHOCTh BbIOMpate HX mmm oany w3 psga 3X, KoTOpbIe
B U(]POBBIX peie pasHIX (PUPM MOLYT PEATH30BEIBATHCS MO PA3TUYHBIM CTAH-
mapram. OxHako BOOpPoCY BbIOOpa ONTHMATIBHON TOKOBPEMEHHOH XapaKTCpH-
ctuky cpabateiannsa M3 B murepatype yaemsieTcs HeIOCTATOUHOE BHIMAHUC.

Kax uzBecTHO, A1t 00€CIICUCHUs CSCKTHBHOCTH ACHCTBHS 3AIIUT B pacipe-
JCNUTSIBHON CETH MPOU3BOIUTCS CorjacoBanue xapakrepuctuk MT3 kak mo
BPEMCHH, TaK U IO TOKY CpalaThiBaHHA. JTa 324a4a YCIOKHACTCA TEM, UTO
CXEMBI PACIIPCICTUTEIbHBIX CETCH BEChbMa pasHooOpasHbl [1], a ams samurer
OTACTBHBIX ICMEHTOB PACHPCIACTUTEIBHON CETH MOTYT HCIHONB30BAThCA Pas-
avuHbIe yeTporicTsa. Ha muraromux tpancdopmaropax, Kak IpaBHiio, MpHMeE-
usroreds MT3 unun MT3 ¢ 6nokuposkoit o Hanpspkenuro ¢ HX xapaxrepucTu-
KOH, UTO MO3BOMACT ycKkopuTh oTkmodeHne K3 ¢ mameiMu tokamu. Ha tpanc-
dopmaropax TOpPOIACKMX CETEH W OTHACYHBIX TpaHcopmaTopax CEembCKUX
3JEKTPOCETEH HCIONB3YIOTCA nmpeaoxpanutenu oderaHo Tuna 1K ¢ obpartHo3a-
BHCHMOM TOKOBPEMEHHOH XapaKTepuCTHKOH [1, 2].

Bpems cpabGateiBanus £, MT3 ¢ HX BriOupaeTca mo cTymeHUYaTOMy MPHH-
Uy HAHOOIEE MPOCTO, C HAPACTAHHUEM 110 HAMPABICHUIO K UCTOUYHHKY IMUTAHUS
(puc. la) u He 3aBHCUT OT BETUYMHEI TOKOB Harpy3ku, K3 u cpabatsiBanus:

rcsl ZICSZ +Af, [0322t033 +At~ (1)

CTyneHp CENEeKTHBHOCTH Af ONpPeAcnseTcs TOUHOCThIO OTCUETA BBIACPIKCK
BPEMEHH CMEKHBIX 3AIMUT CETH M BPEMEHEM OTKIIFOUEHUS BBIKIIOUATENCH U A
3JCKTPOMEXAHHYCCKHX YCTPOICTB mpuHuMaetea Af = 0,4-0,6 c.



[Ipu ycraHOBKE B CETH OJHOTHITHBIX MHKPOIPOLICCCOPHBIX 3AIHT U BBIKIIOYA-
TCNCH BEIUYMHA CTYIICHH MOXET ObITh 3HAUUTENBHO CHInKeHA 10 0,15-0,20 ¢, co-
OTBETCTBCHHO CYIIIECTBEHHO CHIDKAECTCA 3((EKT HAKOIIICHHUS BBLACPKEK BPEMCHH.

OcnoBubivu Hepoctatkamu MT3 ¢ HX sBastroTest: Xyamme yCaoBHs COria-
coBanui ¢ 3X MT3 u npenoxpaHuTench; HAKOIIICHHE BBLACPIKCK B MHOTOCTY-
MEHYATBIX CETAX, B pe3yapTare kotoporo K3 Ha roloBHBEIX y4acTKax CETH MOTYT
OTKJIIOYAThCA CO 3HAYMTEIBHBIMH BBIACPKKAMH BpeMeHH. [ uckmoueHus
3TOr0 HEJOCTATKA MPUMCEHSIOT TOKOBBIC OoTCeYKU. OOHAKO MX HCIIOIb30BAHUE
B psAc CIyvacB, HAIPUMEP HA KOPOTKUX KaOENbHBIX JTHHHUAX, OKA3BIBACTCS 3a-
TPYAHUTCIBHBIM.

Bribop Brraepskek Bpemeran MT3 ¢ 3X ropasno crnoxHee, 4TO SBIACTCS HHO-
r1a MPUYHHOH OIIMOOK M HECENCKTHBHOTO ACHWCTBHS 3alIUT M BBIIOTHICTCS
€ UCIIONB30BAHNEM COOTBETCTBYIOIMX rpadukos (puc. 1B). Brraepxka BpeMenu
3aLUTHL 2 f¢,; JOMDKHA MPEBBIMIATE BHLACPKKY BPEMEHH 3aINUTHL 3 /.3 HA BEIU-
yuHy Af IpH MakCUMalIbHOM 3Ha4YeHUHU Toka Tpexdasnoro K3 B Touke K2 B Me-
CTC YCTAHOBKU 3amuThl 3 (puc. 18).
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Puc. 1. OparMeHT cxeMbl pacIpe/IeUTeNLHON ceTH



10 YCIOBUC OOJI)KHO BBITIOJIHATHCA IMPU BCCX MCHBINMUX, UCM ](3) TOKax

K3max >
K3. Ilpu 31oM cneayer yuuteiBath, uro npu tpexdaszHom K3 B touke K2 toku
HArpy3KH 10 3amuTaM 2 U 3 He MPOoTeKaroT, a npu TpexdazHoM K3 B touxe K3
(zona JIP 3amuTel 2) TOKH HAPY3KU MPOTEKAOT TOMBKO 1O 3amure 2. Beauunna
3THUX TOKOB OIPEIEIAETCS IPH MPOUYHNX PABHBIX YCIOBHIX BEIMUHHON OCTATOYHO-
r'O HANPsDKEHUS Ha MWHAX noactaHimy B. bes yuera Harpysku mo zamuram 2 u 3
nmpoTekaroT oxuHakoseie Toku K3, omHako kpatHoctd TokoB K3 mo otHOmICHHIO
K TOKaM cpalaTrIBaHuUs [, 3aIIUT Pa3THYHBL
(3) (3)
R

s 3 .
c32

I

c33

Bcneacrterue 3TOro mpH OXHOTHIHBIX TOKOBPEMEHHBIX XapaKTEPUCTHKAX
HCOOXOAMMO VYCIAOBHE [op = flo3 M AMS OOCCICUCHUS CCIICKTUBHOM PaOOTHI
fo2 2 ey + Af. YUeT BIMSHUS HArPY3KU MPUBOIUT K ToMY, 4T0 Tipu K3 B Touke
K3 mo Beimecrosmeli zamure 2 nporekact cymmapusii Tok K3 u Harpysku, 4ro

VBEIHIUBACT KPATHOCTh k, = (11(33) Ly

OBICTPEC OTHOCHUTENBHO 3AIUUTH 3, U, CIEA0BATCIBHO, Il 00CCICUCHHS CCICK-
TUBHOU paboTe HeoOxomumo yeenuuuBath Af. Hy)XKHO OTMETHTB, 4YTO mpH
neyxdaszabix K3 mo 3ammram 2 u 3 Bceraa nporekaet Tok K3 u Harpysku.

AHaNOrHYHEIM 00pa3oM COTTIACYIOTCS TOKOBPEMEHHBIC XapaKTCPHCTUKH
MT3 ¢ 3X u npexoxpanureieii ¢ yuetom ux 20%-ro paszdpoca XapakTCPUCTHK.
[Ipy BCnONB30BaHUM BICKTPOMEXAHUYCCKUX PEIC PEKOMEHIYETCS MPHUMEHSITD
At = 0,6-1,0 c. dna mukponpoueccopHsix penc B [3] Af npuHHMacTcs pas-
Hot 0,3 ¢.

B coBpeMeHHBIX MHKPONPOLECCOPHBIX pPEle OOBYHO NPEIYCMAaTPHBACTCS
BO3MOXKHOCTh BBIOOpa OgHOM W3 Habopa 3X ¢ pasTuvHON KPYTH3HOH, KOTO-
prle 3amaroTca MaTemaTudecknmu gopmynamu o ctangaptam MOK, [EEE, IAC
u uHOTO BUAA [4].

Ipu peanuzaumu O3X mo cranmapry MOK

)/1.,. 3amura 2 HaumHAeT padoTaTh

kB
T 2
T )

rae o, f — nocrosHHEbIe KO3¢GUIMEHTEL, onpenensomue kKpyTusny 03X, . =
= I/l — oTHOCHTEIBPHOE 3HAUCHUE (KPAaTHOCTH) TOKa B pene mpu K3 x Toky
cpabaTeIBaHUS PEIIC.

B |3, 5] BeiOop Hauboiee MOAXOIAIICH XAPAKTCPUCTUKU PEKOMCHIYCTCS
HA4YMHATh ¢ HOPMAJNBHOH XapakrepucTuku no crangapty MOK: a = 0,02; B =
0,14, B nanpHeiimeM MOKET BO3HUKHYTh HCOOXOIUMOCTh B UCIOAb30BaHUH 3X
JPYroro THIA.

Kak cnexyer n3 (2), MT3 mpu Toke /,,, paBHOM TOKy cpabaTeiBaHus peie oy,
HE cpabaThIBacT, a MPH TOKAX HECKOIBKO OombmHX /g, cpabaTeBacT ¢ OOmbIIN-
MH BBIICPKKAMH BPEMEHH. YyBCTBUTEIBHOCTE 3aI0UTHI, OLCHHBacMas K03 ddu-
LUCHTOM YyBCTBUTEIBHOCTH, OKA3bIBACTCS HECKOIBKO 3aHIKCHHOH MO CpaBHE-
HUIO C PACUYCTHBIM 3HAYCHHUEM.

B mugposrix pere PVII «bemanextpomoHTakHanagka» peanusyerca 3X
CIEIYIOWETO BUAA:
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Kax caenyer u3 Beipaskenus (3), npu TOke cpabaThiBaHUS 3al[UTa CpadaThi-
BAaCT C KOHEYHBIM BPEMCHEM, a KO3((UIHUEHT UYBCTBUTCIBHOCTH NPH TOKAaX
MOBPEKACHUS, PABHBIX TOKY Cpa0aThIBAaHMS 3aIUUTHl, PABCH PACUCTHOMY 3Ha-
YCHUIO.

Takum obpazom, MT3 ¢ 3X B psae cnydaes NO3BOILIIOT UCKITIOYUTD 3G GEKT
HAKOIIJICHUS BBIACPKKH BPEMCHH B MHOTOCTYIICHYATHIX CETAX, YCKOPHTH OT-
kmoucHne K3, composoxkaaromuxcs OompimMu 3HAYCHUSIMU TOKOB K3, ymy-
LIATE OTCTPOHKY OT KPATKOBPEMCHHBIX IMEPErPY30K U YCIOBHS COTTACOBAHHS
€ TOKOBPEMCHHBIMH XapakTepucTukaMu npeaoxpannrenci. Ognaxo K3, compo-
BOMKAAIOLINCCS TOKAMH, OJMH3KHMH IO BENUYMHE K TOKY cpadaThIBaHUs 3aIlUThI,
OTKJIFOUAIOTCA ¢ OONBIIMMH BBIACPKKAMH BpeMcHH. KpoMe H3MeHCeHUS BETHYH-
Hel Toka K3, HampuMep npu U3MEHEHHH pekuMa padoThl MUTAIOMECH CHCTEMBI,
Ha Bpems cpabateiBanus MT3 Moxer okazaTh 3HAYHTEIBHOE BIMSIHHE M3MCHE-
HUE BCIUYHMHBI M XapaKkTepa HArPy3KH, HACBHIIICHHE TPaHCHOPMATOPOB TOKA.
Tounblil yuer 3THX (PaKTOPOB 3ATPYAHHUTEICH, H 3TO MOXKET SBUTHCS MPUIHHOU
HECENEKTUBHOTO ACHCTBHA 3aluT. B mpomecce dKCIUTyaTalliy YCTABKH JTHX
3aLUT CIACAYET MOCTOSHHO AEPKaTh Mo HAOIIOACHUEM B KOPPEKTHPOBATE MPH
HM3MCHEHUH HArpy30kK, TokoB K3 1 TOKOB cpaGaThIBaHUS 3aIIUT.

Tok cpabareBanus /., (I.,) MT3 HezaBuCHMO OT BHAa TOKOBPEMEHHOH Xa-
PAKTCPUCTHKH BBIOHUPACTCSI OMUHAKOBO MO CICAYIOIINM TPEM VCIOBUAM: Hecpa-
GateiBanne MT3 B mocineaBapuiiHOM PEXKHME; COMTIACOBAHKE YYBCTBHTEIBHOCTH
3alIUT CMEKHBIX JJICMCHTOB, OOCCICUCHHE AOCTATOYHOH YYBCTBUTEIBHOCTU
npu K3 B ocHOBHOM 30HE 1 B 30HE JIP:

k. .k 12
Icsl :%IH.max; 1032 :k 1033; 1033 :%3 (4)

TAC Kore, ks, K, kes — KOIDDHUIUCHTBI OTCTPOIKH, BO3BpaTa, HAACKHOCTU COTJIa-
COBaHM:, CAMO3AITYCKa 3JIEKTPOABUTATENbHON HATPYIKHU, [ max — MAKCHMAITBHBIH

TOK Harpy3KH; II((23)min

— MUHUMAJIPHO BO3MOKHOC 3HAUCHUE TOKA JABYX(A3HOrO
K3 B xoHIie 3amuimaeMo 30161, £y — KO3((QULHUCHT YyYBCTBUTEIBHOCTH.

ITo mepBOoMy U3 3TUX yCIIOBHH [, BRIOHpAcTCA U3 HAUOONEE TSDKENBIX YCIO-
BHH CHMMCTPHUYHOIrO PeKuUMa PaboThl OOOPYAOBAHUS C YUCTOM MEPErPy30K
M CaMO3aITyCKa ABUTATCIIBHOW HATPY3KH, KOTOPBIC MOTYT CYINCCTBOBATh HEMPO-
JOKUTEIPHOS BPEMSL, & X YUCT HPUBOAUT K 3arpyONICHHIO 3aIMUTHL U HEAOCTA-
TOYHOUW WX YYBCTBUTEIBHOCTH, YTO B KOHCUHOM WTOTS MPUBOAUT K OTPAHHUC-
HUO obmactu ucnonb3oBanus MT3 u HEOOXOAMMOCTH NOpUMEHEHHUs O0jee
caoxuabix MT3 ¢ O70KUPOBKOI MO HAMPSIKCHUIO U JUCTAHLIMOHHBIX 3AIIUT, HUC-
MOJIB3YIOMIMX WH(OPMAIIHIO HE TOJBKO O TOKAX, HO W O HampspkeHusx. Kpome
TOTO, MPU HEUCITPABHOCTH LCTCH HANPSKCHUS YKA3AHHBIC 3aIUTHI OKA3bIBAOT-
¢s1 HEPabOTOCIIOCOOHBIMHU.

Taxum 0Opazom, B COOTBETCTBHH C CYIIECTBYIOIICH METOAUKON PACUCTa OT-
CTPOMKa OT PEKUMOB CaMO3AIyCKa BEASTCH COOTBETCTBYIOIIMM BBIOOPOM TOKA
cpadaThIBAHMSI, YTO MPUBOJAUT K 3arpyOJCHHIO 3AIMHUTHI.
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[Tpu pacuerax A7 MUKPOIPOLICCCOPHBIX 3aIMUT PEKOMEHAYETCSI MPHHAMATS!
kore = 1,10; ky = 0,96; k,, = 1,10. 3naucHue k., 3aBUCUT OT MHOTHX (haKTOPOB,
U MPaKTHYECKH €r0 HEBO3MOXKHO ONMPEACTHUTD A KAKIAOH MHHUHU | TpaHchop-
MaTOPOB, TaK KaK ABUTATCIbHAS HATPY3KA COCTOHUT U3 OONBIIOro YHciIa JBUra-
TEIACH pasHOU MOITHOCTH C PAa3IHMYHBIMU VCIOBUSAMH IyCKa U camoszarycka. [Ipu
pacuerax €ro BEIUYHHA MOXKET ObITh paBHol 2,5-3.0. Ilpu orcyTcTBHHM B cocTa-
BE€ HArpPy3KU BBICOKOBOJIBTHBIX JBUTATENCH U MPH BpeMcHU cpabateiBanus MT3
oonpine 0,3 ¢ cormacHo pekomMeHaanwmi |3, 5| MOkHO mpuUHUMATh ko, > 1,1-1,3.
WNudopmanuns 0 AIUTEIPHOCTH MPOLECCa CaMO3aNmycka B PACIPEACTUTCIBHBIX
CETAX PA3HOIo THIIA B IUTEPATYPE HE MPHBOIUTCA.

[Tpu ucnomezopanmu MT3 ¢ 3X mMeeTcss BO3MOXKHOCTb OTCTPAHMBATBCS OT
PeXKHMA CaMO3aIyCKa HE TONBKO IO TOKY, HO H IO BPEMCHH cpadaThIBAHMUSL, UTO
MO3BOJIUT YMEHBIIUTh TOK CPa0aThIBAHHS U MTOBBICUTh YYBCTBHTENBHOCTh MT3.
Ha pnurtensHOCTE pexxuva caMo3anycka BIHSAIOT MHOTHE (aKTOpPBL, KOTOPBIC HE
MOTYT OBITh ONPEACICHBI TOYHO AJIS KaXKI0W NMuHUM U TpaHchopmaropa. B au-
TEPATYPE OTCYTCTBYIOT CBEACHUS 00 MHTCHCHBHOCTH (BEIMYUHE) U JTATCIIBHO-
CTH caMo3amycKa Uil PacHpeACIUTENbHBIX CETCH Pa3HOro Ha3HAYCHHUS. JTY
HHPOPMALTUIO MOTYT (PUKCHPOBATh MHKPOIPOLICCCOPHBIC YCTPOWCTBA, MO3BO-
JSFOLOME PETUCTPUPOBATh HE TOMBKO BETHYHHY TOKOB aBAPHHHOTO M IOCICABa-
PHIHOTO PEXKHUMOB, HO M X JITUTCIBHOCTE. Takue AAHHBIC MOTYT OBITh UCIIOIb-
30BaHbI 171 O0lIce TOYHOTO pacuera napameTpos cpadareiBanus MT3.

BBIBO ]I

Hanuuue 3aBucnMoi OT ToKa BRIACPIKKH BPEMEHH MoxKeT npugate MT3 Ho-
BBIE€ BO3MOKHOCTH JUUIs TIOBBIIIEHNS YYBCTBHUTEIBHOCTH 34 CUET OTCTPOWKH OT
PEXKMMOB camMO3aITycKa 1o BPeMEHH WIIH IO TOKY M BpeMeHH. Peann3anms tako-
ro NMPUHIWNA BO3MOXKHA NMYTEM Pa3paboTKHA aJanTHBHEIX CaMOOOVUAIOIIUXCS
MHUKponpoueccopHbIx 3amut. MT3 ¢ He3aBHCHMOI TOKOBPEMEHHON XapaKTepH-
CTHKOH B MHKPOIIPOLIECCOPHOM HCIIOTHEHHH TTO3BOJIAIOT 3HAYUTENBHO YCKOPHUTh
OTKJIFOUCHHE KOPOTKUX 3aMBIKAHHWN, OCOOCHHO C MAlBIMH TOKaMH, YIPOCTHTb
pacdeTsl ¥ KCIUTYATalHIo 3aIMUTHBIX YCTPOICTB.

JUTEPATYPA

1.1lla6 a g M. A. Pacuers peneiiHoit 3an@Thl ¥ aBTOMATUKY PacIIpeIeIUTeIHHBIX ceTeit /
M. A. ITTaGax. — JL.: DHeproaromuzar, 1985. —296 c.

2.PyxoBogsgmue yka3aHws IIO pelelHol 3ammre. PeneliHas 3anyTa TOHIDKAIOTITX
Tpanchopmaropos 110-500 kB. — M.: Dueproatommsaar, 1985.

3.[M1a6axn M A DBrGop XapakTepUCTHK U YCTaBOK ITU(QPOBHIX TOKOBBIX 3aIlUT CEPHUN
SPACOM u RE-500 /M. A. ITla6ax. — CIIb.: IIDUTIK, 2000. — 56 ¢.

4. ComnoBbes, A J. Penelnas zammra Topoackux 3mekTpudeckux cereit B 10 xB /
A. JI. ConoBren, M. A. [l1abax. — CII6.: ITomurexmmka, 2007. — 172 ¢.

5.Ta6anx M A Pacuersl penelHol 3allUTH ¥ aBTOMATHKA PacTIpeeTUTENhHBIX ceTel /
M. A. IlTaban. —4-e m3g. — CII6.: IIDUIIK, 2003.

IIpescraBieHa kadeapoii
3IEKTPUYUECKUX CTAHITUIA TToctymmna 10.03.2010





