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OnbIT IKCIUIYaTallMd aBTOMATHYCCKHUX CUCTEM KOMIICHCAIIUMN
€EMKOCTHOI'0O TOKA 3aMbIKAaHUA HA 3€MJIIO

Kpuuko B.A., Muponos U.A. (Ounuan OAO «nxenepusiii uentp EQCy»-
«®upma OPI'POCy», r.Mockaa)

B «IIpaBunax TeXHMYECKOU JKCIUTyaTal[Mu JIEKTPUYECKUX CTaHIMM U cered Poccuit-
ckoii Dexeparmm» [1] 4eTKO MPOMHMCAHBI OCHOBHBIE TPEOOBAaHUS K pEXHUMaM 3a3eMJICHUS
HelTpanu cetet 6-35 kB uepes gyroracsimue peaktopsl. Tak B 11.5.11.10 IITD cka3aHo:

«/[yzozcacsawue annapamol 00AHCHBL UMEMb PE3OHAHCHYIO HACMPOUK).

Jlonyckaemcsa nacmpouxa ¢ nepekomnencayuell, npu KOmopou peakmueHas cocmas-
JAOWAS MOKA 3AMBIKAHUSL HA 3eMII0 O0JHCHA Dblmb He bolee 5A, a cmenenb paccmpouru —
He 6onee 5 %. Ecau ycmanosnenuvie 6 cemsx 6-20 kB 0yeoeacawue peakmopul umerom 00.1b-
WYI0 PA3HOCMb MOKO8 CMENCHbIX OMBemeleHul, 00NYCKaemcs HaACmpouKa ¢ peakmusHol
cocmasnsawel moka 3amvlkanus Ha 3emato He 6onee 10 A. B cemsx 35 kB npu emkocmuom
moKe 3amblKanus Ha 3emiio menee 154 donyckaemcs cmenensb paccmpouxu He 6onee 10%.

Paboma ¢ nHedoxomnencayueii emkocmmnoco moxa, Kax npasuiio, He OONYCKAEmCH.
Paspewaemcs npumenenue nacmpoiiku ¢ Hedokomnencayueu Ul 8DEMeHHO Npu OmMcymcm-
8UU 0Y202aACAWUX PEAKMOPO8 HEOOXOOUMOL MOWHOCMU U NPU YCIIO8UU, YMO ABAPULHO 803-
HUKaowue HecuMMempuu emkocmel ¢has He Mocym npusecmu K NOAGIEHUI) HANPANCEHUs
cmewenus Hetimpanu, npesviuiaioue2o 70% (aznoco HanpaiceHus. »

A B 1.5.11.12 TITD ckazano, uto: «B cemsx 6-10 kB, kax npasuno, 0014CHbL NPpUMe-
HAMbCA NIABHOpe2yaUupyembvle 0y202dciujue peakxmopvl ¢ A8MOMaAmu4ecKol HACMpOUKoU
KOMNEeHCcayuu.

Ipu npumenenuu oy2ozacaujux peakmopog ¢ pyuHvlM pecyiuposanuem moka nokaa-
menu HacmpOoUKYU OO0JIHCHBI ONPEOesIMbCs NO USMEPUMento paccmpouku komnencayuu. Ecau
maxou npubop omcymcmeyem, NOKa3amenu HACMpOUKU OOAHCHBL 8b1OUPAMBCSL HA OCHOBAHUU
Pe3y1omamos usmepeHull moxka 3aMblKaHus Ha 3eM10, eMKOCIHbIX MOKO08, MOKA KOMNEHCa-
YUl ¢ y4emom HanpsiCeHUus CMeueHUsl Heumpanuy.

B 2004-2005r.r. OPI'POC mposen ompoc okoiio 50 sHeprocucreM Poccun Ha mpeamer
YPOBHS OCHallleHHOCTU ceTell 6-35 kB ayroracsmumu peakropamu. Ha ocHOBaHUM JaHHBIX
u3 43 sneprocuctem Poccuu, coopannubix OPI'POC cymmapHoe KOTUYECTBO ceTel (CeKIni)
6-35 kB Ha Hauyasno 2005r. B 1aHHBIX 3HEprocucreMax cocrasuio 25264 mryk. Cinenyer otT-
METHTb, YTO B JJAHHOM CTaTHCTUYECKOM HCCIICJIOBAaHUH JaHHBIE dHEProcucTeM MOCKBHI H
Cankr-IlerepOypra He paccMaTpUBaINCh BBUAY X OCOOOW CTIEIU(HKH.

OOmiee KoMU4ecTBO ceTei, B KOTOpbIx corjacHo 1m.5.11.8 IITD neobxoaumo mprume-
HATH KOMIIEHCAIIMI0O €MKOCTHOT'O TOKa, cocTaBuiio 2632 mrtyk (1.e. okosno 10,4% ot oOrrero
yicna cereit). [IpuueM B 3TuX ceTsix ycraHoBieHO 2419 gyroracsimux peakTopoB, YTO CO-
ctaBigeT 91,9% ot oOuieit noTpedHOCTH B HUX.

ITo marnueiM OPI'POC B Poccuu B ceTsix 6-35 kB ¢ koMmmeHcanuelr éeMKOCTHOI'O TOKa
npumensierca 1986 cryneH4arsx ayroracsmmx peaktopoB (75,5% ot obmero uucna AI'P) u
433 mnaBHOPETYJIUPYEMBIX peakTopoB (24,5%).

To, 9To mouYTH % yCTAaHOBIEHHBIX HA CETONHSIIHUN JCHb MYTOTacsIiX PEaKTOPOB
coctaBisitoT crynendarsie JII'P, o0bsicHseT ToT dakr, uto B 11.5.11.10 IITD mo cux nop mo-
MyCKAIOTCSl TaKUE «CTPAHHBIE» PacCTPOMKM KommeHcanuu. Bepaee tem, uro mouru 95% cry-
MEHYAThIX peakTopoB — 3T0 peakTopsl THNa 3POM unu P3JICOM, koTopbie Ha TPOTSIKEHUN
nocineqHux 50 JIeT BBITYyCKAJIUCh MO yCTapeBmMM TY, B KOTOPHIX OBUIO MPEAyCMOTPEHO
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TOJIBKO 5 OTBeTBJIEHUH. B To Bpems, kak Hanpumep, B ['epmanun euie 50-e roabl mpousioro
CTOJIETHS CTyI€HYaThIe AYroracsiife peakTopbl BBITYCKaIUCh C 16 oTmaiikamu.

bonpmnHCTBO MmiaBHOpEryaupyemsix peaktopoB (403mt. i ~93,1%) coctaBisitor
mryHkepHbele peaktopsl Tuna P3/IIIOM (mpoussoacta [1IK «XK Dnexkrposasom», [IPM3
«MocaHepro» U Jp. SHEPrOPEMOHTHBIE 3-7bl) WJIM AHAJIOTWYHBIEC 3aMaJHOIO IPOU3BOJCTBA
(ZTC, GEUF u 1.11.).

ABTOMAaTHYECKHMHU PETYJISATOPAMH OCHAIEHBl (HaXOAsTcs B PabOTOCIOCOOHOM co-
CTOSIHUM) 223 MIIaBHOPETYIUPYEMBIX PeaKkTopa, 4To cocTaBisieT 51,5% ot moTpeGHOCTH.

OTOT QakT OOBACHIETCS TEM, YTO JIO MOCIETHEr0 BPEMEHHU IUTYHXKEPHBIE PEaKTOPHI
tuna P3/IIOM He KOMIUIEKTOBAJIMCh aBTOMAaTUYECKUMH pEryJIiTOpaMHd Ha 3aBoje-
nsroroButene. Ha ceroqHsAHNN 1€Hb 3TOT HEIOCTATOK MIPEOJIOJIEH M BCE IyTOracsIue peak-
topbl Tuna P3/IIIOM, noctynaroiye B 3KCILTyaTallli0, KOMIUIEKTYIOTCS aBTOMaTHUYE€CKUMHU
MUKpPOKOHTpoJIepHbIMU  peryistopamu  MHUPK-4 (OO0  «MuKpO-UuxuHupuHr,
r.Mocksa).

Kak noxa3bIBaeT IpakTHKa, MHOTHE U3 YCTAaHOBJIEHHBIX Ha IUTyH»KepHbIX II'P aBToO-
maruueckux peryiaropoB (PHIK, BAHK, BAPK, YAPK wu T.11.) npopa6oranu no 20-30 ner,
BBITIOJIHEHBI HA YCTapeBIlIEl 3JIEMEHTHOM 0a3e 1 3a4acTylo MPEACTaBIAI0T COOON eTMHUYHbBIE
OTIBITHBIE (2 HE CEpUIHBIE) IK3EMILIAPHI ycTpoicTB. [loaTOMY peasibHO ypOBEHb aBTOMAaTH3a-
LMY TUTYHXXEPHBIX Jyroracsimux peakropoB HamHoro Huxke 50%. Iloaromy 1uist 3ameHsI ycTa-
PEBUIMX aBTOMATHUYECKUX PETYJISTOPOB MOXKHO TaKXKe MPEAJIOKUTh HOBbIE MUKPOKOHTPOJI-
nepusle peryisitopsl MUPK-4.

UyTts MeHee 7% OT 00ceI0BaHHBIX IUIABHOPETYIUPYEMBIX PEaKTOPOB - 3TO Tyrora-
csue peaktopsl ¢ noamaranuuBanuem (PUIL, KJIP, PYOM, P3IYOM).

Kak nmoxa3pIBaeT OnbIT AKCIUTyaTallii, BHEAPEHUE JYToracsiix peakTopoB ¢ MoamMar-
HuunBanueM tuna P3/[YOM (CKTb «3nepropemont») wiu PYOM, POY (Pamenckuil 3-1
«OHeprusy) odxoautcs B 2,5-3 pasza 10poxke BHEIAPEHHS aHATIOTUYHOTO 110 MOILIIHOCTH ILTYH-
KepHoro ayroracsuiero peakropa tuna P3J[IIOM.

IlepBrie 0Opa3ipl Ayroracsiiux peakTopoB ¢ noamarHuuuBanueM (tuna KJP wnm
P/IIT) Obutn ycraHoBIIeHBI emié B Havane 70-X rogoB mpomuioro cronetus. OJHAaKO BCe OHU
YIPaBIISIIOTCSA B PYYHOM PEKUME, U 10 CUX ITOp HU HA OJTHOM 00pasle peakTopa ¢ MogMariu-
yuBanueM tuna K/IP wnu P/II1 He ycTaHOBIIEHO HU OJIHOTO aBTOMAaTHYECKOTO peryisTopa (3a
UCKIIIOYEHHEM HECKOJIbKMX OO0pa3loB, YCTaHOBJIEHHbIX B ceTsax 6-10 kB nemtronosHo-
OyMaXKHBIX KOMOWHATOB, Ha KOTOPHIX MPUMEHEHO CTYNEHUYATOE PETyJIMPOBAHHE TOKAa KOM-
TICHCAIINH).

Kak nokasana npakTuka 3KCIUTyaTalliM AYroracsiiiix peakTopoB ¢ MOJMarHUYUBaHU-
€M, OCHOBHOM MX TPOOJIEMOHl SIBIISIETCS] OTCYTCTBHE MPABUIBLHO M HA/ICKHO pabOTAIOIINX CUC-
TE€M aBTOMAaTHUYECKOT0 YIpaBJICHUS. 3a BPEMs C MEPBBIX MONBITOK CO3AaHMs aBTOMAaTHYECKUX
cuctem ympasienus: JII'P ¢ mommaranuuBanuem [2-4] Obutd niepernpoOOBaHbl BCE M3BECTHBIE
IIPUHLIMIIBI PETyJIUPOBaHUs (aMIUIUTYIHBIH, (azoBbii, [HNUM-monynsuuu, HENpPOMBIIIIEH-
HOM 4acToThl U T.I.). OHAaKO, HA CErOAHSIIHUI I€Hb, HU OJWH U3 HUX HE JaJl HCKOMBIX pe-
3yJbTATOB.

B 10 BpeMs Kak y IIIyHXEpPHBIX JTyTrOTacsIIUX PEaKTOPOB MPUHIIUITEI aBTOMATHYECKO-
ro YIpaBJIEHHUS OCTAlOTCAd HEM3MEHHBIMU Ha NPOTSDKEHUH mocienHux S50 yier, u3MeHsuiach
TOJBKO AJIeMeHTHas 0a3za perynstopoB. Ocobo ciefayeT Moa4epKHyTh MOJIHOE OTCYTCTBUE B
COBPEMEHHBIX MyOJUKalUAX (B OTIMYUE OT IUTYHXEPHBIX PEAKTOPOB) O IYroracsiiux peak-
TOpax C IMOJMarHUYMBAHUEM SKCIIEPUMEHTAIBHBIX OCIWIJIOTPaMM JIyTOBBIX U MeTajulnye-
CKUX 3aMbIKaHUI Ha 3emiito. [Ipym HanMumm TakMX OCHWUIOIPAaMM BCE 3aMHTEPECOBAHHBIE
CHELMAIMCTBI caMH Obl CMOIJIM OLICHUTh PEaibHBbIE, @ HE JCKJIapUpyeMbIe MapaMeTphbl peak-



TOPOB C TMOJMarHMYMBAaHUEM - HEJIMHEHHOCTh BOJIBT-aMIIEPHOM XapaKTEPUCTHUKH, MPOLIEHT
rapMOHHK B TOKE KOMIIEHCAIIMH, BPEMs BbIX0/1a HA PE30HAHCHYIO HACTPOMKY U T.II.

Ha puc.1 npuBenena ocuumorpamma Metauinueckoro 3ambikanus B cetu 10 kB T1C
Ne94 MMK co cryneruatsiM ayroracsmum peaktopom P3JICOM-380/10xB. Kak BumHO U3
OCLIMJUIOTPaMMBI, TOK KOMIEHcaluu cryneHyatoro /II'P ycranaBnuBaeTcs npakTU4ECKH ue-
pe3 ABa nepuojaa MPOMBIIUIEHHOW YacTOTHI. 3a CYET JUHEHHOCTH BOJIBT-aMIIEPHOU XapaKTe-
puctuku (puc.2), Tok komneHcauuu rnpu O33 aHalornyHO ycTaHaBiuBaercs 3a 1,5-2 nepuona
n'y mwrysxkepHoro JI'P.
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Puc.1. Bozuuknosenue O33 B cetu 10 kB I1C Ne94 MMK ¢ gyroracsimmm peakTopom
P3ICOM-380/10xB.

8000

Uo,B
/ loTs. = VOTB.

7000 /
6000 /

5000 /
4000 /
3000 /
2000

1000 /

0

Ik, A

0 10 20 30 40 50 60 70 80

Puc.2. Bonbr-amnepHas XxapakTepUCTHKa IUTyHKepHOTro ayroracsuiero peakropa P3AIIOM-
480/10 xB.



Ha puc.3 npuseneno orkmouenne metamuyeckoro O33 B cetu 10 kB I[1C Ne94 MMK
¢ nyroracsiimuM peaktopom P3JICOM-380/10kB.
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Puc.3. Otkmouenne O33 B cetu 10 kB I1C Ne94 MMK ¢ nyroracsuimm peakropom
P3ICOM-380/10xB.
N3 ocuummiorpaMmsel puc.3 MO COOTHOIIEHHIO YaCTOThl COOCTBEHHBIX KoJieOaHUN Ha-
npsbkeHus Ha HedTpanu 3 Uy nocne otkiatodeHust O33 ¥ NpOMBIIUIEHHON 4acTOThl MOXKHO OTI-
peaeNuTh CTENEHb paccTpoiiku komneHcaiuu (o 10 nepuogam) [S]:
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Kak nokazanu pe3ynbTarhl 00C/I€JOBaHMSI, B Clydyae SKCIUIyaTallMd B KayecTBE ILJIaB-
HOPETYJUPYEMOI0 peakTopa ¢ noaMaranuuBanuem tuna PYOM (P3AYOM, POYVY) snepro-
MPEANPUATHS TOCTOSHHO CTAJIKHUBAIOTCS C ONPEEICHHBIMU TPYAHOCTMU B aBTOMaTHYECKOM
yIpaBJIeHUH JTaHHbBIMH peakropami. Ilo coctosHuto Ha koHen 2005r. u3 30 oOciie10BaHHBIX
pEaKkTOpOB C MOJMAarHMYMBaHUEM C aBToMaTudeckumu perynsropamu (PYOM, P3/IYOM,
POY) Tonpko 7 mocTostHHO paboTar0T B aBTOMaTH4YECKOM pexume. Ha ocTanbHbIX peakTopax
C OAMarHMYMBaHUEM aBTOMAaTHKa MPEACTaBIseT cOO0M UM ONBITHBIE 00PA3IIbl, KOTOPHIE 10
KOHIIa HE BBEJICHBI B pabOTy, WK BBIBEJICHA 3KCIUTyaTalluel U3 paboThl 10 NMPUYKHE €€ Yac-
TBHIX cOOEB.

AHanu3 NpUHIMIIOB aBTOMaTUYECKOIO YIPABJICHUSI pEaKTOpaMu € MOAMAarHUYMBaHU-
€M, MOKa3aJyl, 4To B OOJBIIMHCTBE 0OpA3LOB PETYJIATOPOB 3aJI0’KEH HEBEpHBIN moaxon. Tak,
Hanpumep, B peakropax tuna PYOM B HopManbHOM pexume paboTbl 0OMOTKA MOIMAarHU4H-
BaHUA HE 00TEeKaeTcs TOKOM, a €r0 MHAYKTUBHOCTbh COCTaBISET KaKOe-TO MUHUMaJIbHOE 0a30-
BOC 3HAUEHHUE U HE COBIAJAET C €MKOCTHBIM COINPOTUBJIEHHEM ceTH. [IpyM BO3ZHMKHOBEHHU
METAJUINYECKOTO 3aMbIKAaHUM Ha 3eMJII0 aBTOMATHKa 3a CUeT (POPCHPOBAHHOTO YBEIHYCHHS
TOKa [TOJIMarHUUMBaHUS M1OICTPauBaEeT UHIYKTUBHOCTh PYOM B pe30HaHC C eMKOCTBIO CETH.
BBuy MHEPLMOHHOCTH HACBILIEHWS MarHUTHOM CHUCTEMBI peakTopa C MOAMArHUYMBAHHUEM
3TO npoucxoaut 3a 10-15 neprnosoB mpoMeblIIEHHON YacTOThl. B kauecTBe npumepa Ha puc.4
npuBeqieHo ayroBoe 3ambikanue B cetd 10 kB TIC Ne94 MMK co ctyneH4arsiM Jyroracs-
M peaktopom P3JICOM-380/10 kB, a Ha puc.5 myroBoe 3aMbIKaHUE Ha 3eMITIO B ceTu 6 KB
Bonoroackoit TOL ¢ mayrxkepabiM ayroracsimuM peaktopom P3ITIOM-300/6kB u aBToma-
TH4YeckuM perynasropom MUPK-3M.
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Puc.4. JIyrooe 3ambikanue Ha 3emito B cetu 10 kB I[1C Ne94 MMK co ctyneHuaTsiM qyro-
racsmuM peakropom P3JICOM-380/10 B.

W3 ocumsuiorpaMMbl puc.3 BHIHO, YTO MOBTOPHBIE 3a)KUTAaHUS JYTH B CETHU C pac-
CTpOMKON KoMmreHcanuu v= -16% mpoucxonar ¢ 4actoToil B 2,5 nepuoja. MakcumalibHbIE
NEpEHANPSKEHUS IIPH DTOM COCTABIAIOT 2,6 Uy,
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Puc.5. JIyroBoe 3aMbikanue Ha 3eMito B ceTu 6 kB Bonoroackoit TOL] ¢ muryHXepHbIM JyTro-
racsmuM peakropom P3/IITOM-300/6xB

Kak BugHO W3 ocummiorpammsl puc.5 mpu pe3oHaHCHOM HacTpoiike P3AITIOM-
300/6xB B cetn 6 kB Bomoronckoii TOLl mpon3onuio moracaHve €IMHUYHOTO «KIJIEBKa» U
MOBTOPHBIX IPOOOEB B AabHEHIIIEM HE BOSHUKAIO. ITO OOBSICHIETCS TEM, YTO 3a CUET pe30-
HAHCHOW HACTPOWKM HANpsDKEHUE Ha TOBPEXACHHOW (ha3ze BOCCTAHABIMBAETCS OYEHb MEI-
JieHHO (~25 meproA0B MPOMBIILJIEHHON YacTOThI) U 32 3TO BpeMs ycIielia MPOU30MTH MOoJIHAS
JIEMOHU3ALINS B MECTE ITOBPEKICHUSI.

IIpu nyroBeix 3aMbikaHugx aBToMaTuka /{I'P ¢ nogmMaranumBanuem (1M3-3a MHEPLIMOH-
HOCTH BBIXOJIa Ha pabouuii pexxum) Ookupyet ero padoty. Cienoarensno, PYOM mpu ay-
TOBOM 3aMBIKaHWU PAa0OTaeT KaK OOBIYHBIA CTYIEHUYATBIM PEAKTOpP C OYCHH OOJBIION pac-
cTpoiikoil komnencauuu (~ 30, 40%). T.e. i peakTOpoB C MOAMArHUYMBAHUEM TEPSETCS
CMBICJI CAMOT0 Ha3BAHMS «IYTOracsIlui», TaK KaK IPU TAKOW pacCTpPOMKe KOMIICHCAIUHU Jy-



TOBOE 3aMBIKAaHUE MOXKET MPOUCXOJUTh KaXK bl momyrepuo. W cymecTByeT OobIias Bepo-
STHOCTH TOTO, YTO 33 CUET ICKAIANNU TIEPSHANIPSIKSHIUH MPOU30MIeT TPOoOOH Ha Apyroi (dase
u Bo3HuKHeT K3 panbliie, yeM Ha MOBPEKIACHHON (a3ze JyroBoe 3aMbIKaHHE MEPEHIeT B Me-
TaJNINYECKOE.

ABTOMaTuueckue perysstopel peaktopos tuna P3JIYOM nacrpauBator JAI'P ¢ mox-
MarHM4YMBaHUEM B HOPMAJIBHOM pexuMe paboThl ceTh. OCHOBHAs MpoliieMa 3aKII0YaeTcs B
TOM, YTO B HUX 3aJI0KECH NMPHHLUI PEryJIUPOBAHUS 110 aMIUTUTYAHO-(Da30BbIM XapaKTepUCTH-
KaM KOHYpa HyJIEBOW IOCJIEI0BATEIbHOCTH. XOPOIIO U3BECTHO, YTO PEAKTOPHI C MOJIMArHU-
YMBAHUEM UMEIOT HETMHEHHYIO 3aBUCHMOCTH TOKA KOMIICHCAIIMH OT TOKa MOJMarHHYHUBaHHS
L,=f(I) (puc.6), a Takke HEIMHEHHYIO BOJbT-aMIepHYIO xapakrtepuctuky U=f(Ii)(puc.7) B
HavyanbHOU yacTu B paiione 0,05-0,15Uy u B paiione 0,9-1,1Uj,.
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Puc.5. 3aBucumocTh TOKa KOMIIEHCAIUH Puc.7. Bonbr-aMIiepHbie XapaKTEpUCTUKH

ot Toka nogmaranuuBanus [, =f(/,) nyro-  U=f(I,) nyroracsiero peakropa ¢ IoaMarHi4uu-
racsimero peakropa ¢ mogMaranunBanveM  BaaweM P3JIYOM( P3/IITOM)-1000/10 kB mst
P3AYOM( P3/IITOM)-1000/10 kB st Pa3IMYHBIX TOKOB MOAMAarHUYMBaHUSI.
Pa3HBIX HANPSKEHUN HA PEAKTOPE.

[TosToMy perynsTopsl, UCTIONb3yIomIie (a3oBBI MPUHIUI PabOThI, HEIPHUMEHUMBI
JUIS pEaKTOPOB € MOAMAarHNYMBaHUEM, @ MOTYT IIPUMEHATHCS TOJIBKO JUISl IUTYH)KEPHBIX peak-
TOPOB, 00JIaTAFOIINX JIOCTATOYHOH JIMHEHHOCThIO BAX.

Taxoxe JOBOJNBHO Cephe3HON MPOOJIEMON PEaKTOPOB C MOJMArHUYMBAHUEM SIBIISCTCS
UX BKJIaJ B TOK 3aMbIKaHUS JIOBOJIbHO 3HAUUTEIBHON COCTABIISIIOIIEH TOKOB BBICIIMX FapMo-
HUK, KOTOpasi MOXKET coCTaBATh 10 10-15% oT eMKOoCTHOTO TOKa. DTOT (haKT, a TaKKe yBe-
JIMYEHHbIE aKTUBHBIE MOTEPU MPU MAKCUMAJIbHBIX TOKaX MOJMAarHWYMBaHUS, CO3/IAl0T yCIIO-
BUS Ul JUINTEIBHOIO TOPEHMS 3a3€MIISIFOIIMX AyT. A NpU METAJUIMYECKOM 3aMbIKaHUM Ha
3eMIII0 (J1a’ke B Clydyae Pe30HAHCHOM HACTPOWKH) OCTATOYHBIA TOK B MECTE 3aMbIKaHUA (aK-



THBHAs COCTABJISIONIAs + BBICHIME FAPMOHHMKH) UMEET JJOBOJIBHO 3HAUMUTEIbHYIO BEIMUYUHY,
YTO CBOJIUT HA HET BCE MPEUMYLIECTBA KOMIIEHCAI[MN EMKOCTHOTO TOKA.

CrnenyeT TakXe OTMETUTh, 4TO 3a PyOek oM Iyroracsiue peakTopsl ¢ MOJAMATrHUYH-
BaHUEM HE€ HAIIUIM IPUMEHEHUs 110 IPUYMHE UX OOJBIION CTOMMOCTH MO CPABHEHHUIO C ILTyH-
KEPHBIMH PEAKTOPAMH.

CoBMecTHOE HCM0JIb30BaHNE CTYNEHYATHIX M IUTYHKEPHBIX AYroracsiliux peakTopon

Kak y»e oTMedanock BbIlIe, KOMIEHCAIIUSI EMKOCTHOTO TOKA HE BHEJIPEHA MPHUMEPHO
B 10% ceteli OT 00IIETO KOJIMYECTBA CETEH, B KOTOPBIX OHA TpedyeTcs. B MHOTOUMCIIEHHBIX
CTaThsAX, OMyOJIMKOBAHHBIX B IMOCIEAHEE BPEMS IO STOMY BOMPOCY, OTMEYAETCS TAKKE TOT
(axT, 9TO B CETSAX C KOMIEHCAIIMEH eMKOCTHOTO TOKA 3a4acTyl0 YK€ He XBaTaeT MOIIHOCTH
YCTaHOBJIGHHBIX TYTOTacsIIuX peakTopoB. VMl Ha 3TOM OCHOBaHHHM MpeasiaraeTcst BOOOIIE OT-
Ka3aTbCs OT KOoMIeHcanuu eMkoctHoro Ttoka (!?). Ho, kak ykaspiBanochk Beime B 1m.5.11.10
[IT3, pa3pemaeTcsi BpeMeHHasi paboTa ¢ HEJIOKOMIIEHCAIMEH, TPU OTCYTCTBUH JAYTOTACSIINX
peakTopoB HeoOxoauMoil MourHoCcTH. W pemenue s3toro Bompoca B mociennue 15-20 ner
CKOpee JIeXkKAJIO He B TEXHUYECKOM, a IKOHOMUYECKOW 00IacTH.

CerogHst B 9HEProcUCTEMax WAET IJIAHOMEPHOE MOCTENIEHHOE BHEIPEHHUE IUTyHXKep-
HBIX JTyTOTACAIINX PEAKTOPOB HEOOXOAMMOI MOIITHOCTH, C YYETOM MEPCIIEKTUBHOTO Pa3BUTHUS
cereil. Jlns mojcTaHIMA, Ha KOTOPHIX paHee ObLUTH yCTaHOBIICHBI CTYNEHYATHIE JTyTOTacsIime
PEaKTOpPHI, PSAAOM MPOEKTHBIX MHCTUTYTOB pa3paboOTaH W BHEAPSETCS CIIOCO0 MapasuielbHON
YCTaHOBKHM CTYNEHYATOTO U TUTYHXXEPHOTO PEAKTOPOB C aBTOMATUYECKHM PETrYyJIHPOBAHUEM

(puc.8).
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Puc.8. Cxema napauieabHOT0 NOAKIIOUEHUS CTYNIEHYATOr0 U TUTYH>KEPHOTO TYTOTaCsIIINX
peakTopoB B ceTsx 6-10 kB

B 3aBHCHMOCTH OT pEKMMOB B KOHKPETHOM CETH B KauecTBE 100aBOYHOTO IJIaBHOPE-
TYJIHPYEMOTO peakTopa MoryT ObITh npemnoxkeHsl P3IITIOM-190/10 (mpenenst perynuposa-
HUsl TOKa komreHcarwu 5-25 A), P3ATIOM-480/10(12-63 A) wmm P3JIITOM-760/10(30-130
A).

CoBMecTHOE HCI0JIb30BaHNE AYToracsiliux peakTopoB U Pe3McTOPOB B HeHTpaIn.

3TOT crocod OBUT PeUIoKEH aBTOpaMu [5,7] ¥ B TIOCIIeHEE BPEMS TaK)Ke YCIIEITHO
BHeapsieTcs. OqHako 3(()EeKTUBHOCTH JAHHOTO CIOc00a MOXKET OBITh CHIDKEHA M3-3a Herpa-
BUJIBHOTO BBIOOpa JAYTroracsiiero peakropa u pesucropa. Hanbornee npaBUIbHBIM pelIeHUEM
ABJIICTCA YCTAHOBKA INTYHKCPHOT'O AYToracamero peakropa ¢ aBTOMaTUUCCKUM HaCTpOfIKOI\/JI
B pe3oHaHc (puc.9).
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Puc.9. Cxema nogxitouenus gyroracsuiero peakropa tumna P3/IIIOM u BEICOKOBOIBTHOTO
pe3ucropa.

Torga mpu AyroBBIX 3aMBIKAHHUSX HA 3€MJIIO OYyT MPOSIBIATHCS BCE TOJIOKUTEIBHBIE
CTOpPOHBI PE30HAHCHOM HACTPONKH KOMIIEHCALIUH EMKOCTHBIX TOKOB [6]:

- CHWKCHHE NIEpEHANPSHKEHUI 10 0€30MacHbIX JUId M30JALUH 3HaueHni 2,2-2,4 Uy;

- HAJEXHOE ralieHue 3a3eMIISIIoLIEH AyTH;

- CHIDKCHHE CKOPOCTH BOCCTAHOBJICHHS HANPSHKEHUS Ha TIOBPEKACHHOM (hase.

IIpu MeramuiMyecKoM 3aMbIKaHMM Ha 3€MJII0 NapauIeIbHO JYToracsiiieMy peakTopy
MOJIKJIFOYAETCS PE3UCTOP Ha BPEMsI JOCTATOUYHOE /ISl CpadaThIBaHMsI 3alIUThl OT 3aMbIKAHUS
Ha 3eMIIIO.

B ciyuyae npuMmeHeHus mapauieapHOTO BKIIOUeHHs cryneHdaroro JII'P u pesucropa
3G PEKTHBHOCTh KOMIIEHCAIIMU €EMKOCTHOTO TOKa Pe3KO MaIaeT, T.K. OCHOBHOM yTop JeNnaeTcs
Ha PE3UCTOP U CEJIEKTUBHYIO padoTy 3amuT oT O33, U COOTBETCTBEHHO, HE BEJIETCSI HACTPOIi-
Ka KOMIIEHCAIlUH.

[IpuMeHeHue napajuleaIbHOrO BKIIOYEHHE JTyTOTacsllero peakTopa ¢ MoJMarHu4uBa-
HUEM M PE3UCTOpa MpEeCTaBiIsIeTCsl BOOOIIE Helenecooopa3HbiM. Kak ObUIO MTOKa3aHOo BhIIIIE,
aBToMaTrka JII'P ¢ mogmMarHuuMBaHuEeM MPU JYTOBBIX 3aMbIKAHHUSIX OJOKHUPYETCS, a MpH Me-
tamumaeckoM O33 HauMHAET MOJACTPAauBATh TOK KOMIIEHCAIIMU K PE30HAHCHOMY 3HAYCHHUIO.
N3-3a BO3HHKAOIIUX TPU 3TOM Ha HEWTpanu ceTu kosiebanmii 3amuThl o 033 OyayT pado-
TaTh HECEJIEKTUBHO, 1, COOTBETCTBEHHO, MPOMAET BeCh 3(D(HEKT OT BHEIPEHHUS PE3UCTOPA.

Bueapenne coBpeMeHHBIX 1yroracsiliilix peakropoB

Bo MHoOrux eBpoIeHCKHX cTpaHaX C PE30HAHCHBIM 3a3eMieHueM Heitpamu (I'epma-
Hus, Yexus, ABctpusi, CioBakusi, Benrpus, Mtanus) npuMeHseTcss OueHb HHTEPECHOE pellie-
HUE — COBMECTHOE Hcnoib3oBanue [II'P u pesucropa. B cerax cpegHero HanpshKeHUs 3THX
cTpan skcmyarupytores JI'P co crenuanbHOi BTOPUYHOM OOMOTKOM, K KOTOPOM MOXET
OBITh TMOAKIIIOUEH HU3KOBOJBTHBIM pe3ucTop. IIpu AyroBBIX 3aMBIKAHUSAX HA 3EMIIIO MPOSIB-
JISIFOTCSL BCE IOJIOKUTEIIBHBIE CTOPOHBI KOMIIEHCAIIMM €MKOCTHBIX TOKOB, TO €CTh HACTPOEH-
Hasi aBTOMAaTUKOM B pe3oHaHc JII'P cHMkaeT nepeHanpskeHus 10 MPUEMIIEMOTO C TOUYKH 3pe-
HUs JKCIUTyaTaluu ypoBHs. IIpy MeTaimm4eckoM 3aMBIKAHMM HA 3€MIIIO K CIIELIMAIBHOM J10-
MOJIHUTEIbHOW OOMOTKE Jyroracsiiero peakropa MoJIKJII0YaeTcsl pe3ucTop Ha BpeMsl J10CTa-
TOYHOE JIJIsl cpadaThIBaHUs 3alUT OT 3aMbIKaHHs Ha 3€MJIIO.

K atomy tuny JAI'P oTHOCsTCS mutyH)XepHBIe nyroracsiue peaktopsl Tuna ASR(ZTC)
¢upmbl EGE (Yexus). st ynpaBieHus TakuM peakTOPOM MOXET IMPUMEHSTHCS MUKPOKO H-
tposuiepHsIit perynsitop MUPK-5 (OO0 «Mukpo-Unxunupunry, Pocens) [7].
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Puc. 10. Cxema noJIKI0OUEHUS pE3UCTOPaA C «HU3KOW» CTOPOHBI (IPUMEHEHUE JIyTrora-
csauiero peakropa thuna ASR ¢pupmsl EGE)

BHenpenue coBpeMeHHbIX MHKPOKOHTPOJUIEPHBIX PeryJsiTOpoB s aBTOMaTH4eCKOM
HACTPOMKHU IUTYH/KEPHBIX AYTOracsiux peakTopos.

JUis aBTOMAaTUYECKOM HACTPOWKHM IUTYHXEpPHBIX ayroracsmux peakropo OOO
«MuKpO-Uuxunupunr» (r.MockBa) pa3zpaboTaH MHUKPOKOHTPOJUIEPHBIM aBTOMaTHYECKUI
peryasitop MUPK-4 (B3amen perynstopa MUPK-3, BeiyckaBuierocst 6onee 10 net). B coot-
BerctBun ¢ TY 3425-001-40093098-2005 OOO «MuKpO-NHXKUHUPUHTY» W3rOTaBIMBAET
Takke mKad yrnpaBleHUs TUTyHXepHbIMU peakrtopamu Tuna P3AIIOM c BCTpOeHHBIM pery-
astopom MUPK-4.

MuxkpoxoHTtpoiiepHbiil perynsitop MUPK-4 3a cduer ucnonab3oBaHus COBPEMEHHOIO
MUKPOKOHTpoJUIepa U u(poBoii 00pabOTKM BXOJHBIX CUTHAJIOB 00JamaeT OoJbIIeii 4yBCT-
BUTEJIBHOCTBIO M TOMEXO3aIlMIIEHHOCThIO, YyeM cTapble perynsatopbl Tuna YAPK, PH/IK,
BAHK u np. OgHOBpeMeHHOE OIpe/ielieHHe PE30HAHCHON HACTPOWKH MO aMIUTHTYAE U ¢aze
HaAIPSDKEHUS. CMEILEHUS] HEUTPAIU TTOJIHOCTHIO MCKIIIOUAET JIOKHOE CpabdaThIBaHUs PETryJIsTO-
pa. Lludpposas 06paboTka CUTHAIOB MO3BOJISIET OYEHb TOYHO MPOU3BOIUTH BCE HEOOXOAMMBIE
PeryJIupoOBKHY (30HBI HEUYBCTBUTEIBHOCTH, 3a/IEPKKU cpabaThIBaHUS U T.1.).

Hamuune B MUPK-4 nononuutensHoro nopra (USB) mo3BoJSIET ONEpaTUBHO MOJY-
4aTh WHPOPMAIIUIO O CTETIEHH PAacCTPOUWKH KOMIeHcaun, cpadateiBannu [II'P, Bpemenu Bo3-
HUKHOBEHMsI 3aMbIKaHUs Ha 3eMJII0 M Toke KomreHcauuu [II'P, xotopas 3amuceiBaeTcs B
(aiin xxypHasa cCOOBITHI 1 MOXKET MepeaBaThcsl Ha KOMITBIOTEP JAHCIIETIEpa.

s ynpasnenust JI'P co cnenumanbHONM BTOPUYHON OOMOTKOH, K KOTOPOM MOKET
OBITH MOJKIIIOYEH HU3KOBOJBTHBIN pesuctop (tuna ASR ¢upmsr EGE, Yexus) OOO «MuK-
pO-Uuxunupunry paspadoran perynstop MUPK-5.

B nacrosimee Bpems B sHeprocuctemsl Poccun u CHIT mocTaBiieHO U 3KCILTyaTHpyeT-
cst cpokoM 110 10 net okono 200 mryk peryiastopoB MUPK-3 u MUPK-4.

BrIBOALI

1. B anextpuueckux cetsx 6-35 kB, B koTopeix cornacHo 11.5.11.8 IITO neobxonnma
KOMIICHCAIIMsl EMKOCTHOTO TOKA 3aMbIKaHUsS Ha 3€MIII0, HanboJiee 1e1ecoo0pa3sHo IPUMEHSTh
IUTY HKEPHBIE yTOracsiue peakTopbl C aBTOMaTUYECKOM HACTPONKON B PE30HAHC.

2. He pexoMeHayeTcst BHEpeHUE B ceTAX 6-35 kB ayroracdmux peakTopoB C MOJ-
MarHM4YMBaHUEM BBUIY HEJOPaOOTAHHOCTH MX aBTOMATHYECKHX PETYIATOPOB (He obecneun-
BalOT PE30HAHCHYIO HACTPOIKY) U IJIOXUX METPOJIOTHYECKUX XapAaKTEPUCTUK CaAMUX PEAKTO-



POB C MMOAMAarHU4YMBaHUEM (OOJIbIINE aKTUBHBIE IOTEPU HA MAaKCUMAaJIbHBIX TOKaX MOJMarHu-
YHMBaHUS, OOJIBIION MPOIIEHT BBHICIINX TAPMOHHUK B TOKE KOMIICHCAIIHH).

3. Jlng aBTOMaTU4YECKON HAaCTPOMKHM B PE30HAHC IUIYH)KEPHBIX AYrOracsiiuX peakTo-
POB 11e71ecCO00pa3HO MPUMEHSATH COBPEMEHHbIE MUKPOKOHTPOJIIIEPHBIE aBTOMAaTHIECKUE PETY-
astopsl Tuna MUPK-4 u MUPK-5 (OO0 «MuKpO-Nnxuaupusary, r.Mocksa).

4. 1na «pe3uCTUBHO-UHYKTUBHOI0» crocoba 3a3eMieHMs] HeWTpamu cereil 6-35 kB
HE00X0IMMO MPUMEHSATH TOJBKO IUTyH)KEpHBIE Jyroracsiue peaktopsl. [IpuMenenue copme-
CTHO € pe3ucTopoM crymneHdyatsix JI'P u qyroracsmmx peakTopoB ¢ MOJMarHUYMBaHUEM Ha
opsIoK MeHee A (PEeKTUBHO.
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