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MeToauka pacuera yCTaBOK JUCTAHUMOHHOU 3amuThI BJI 35 kB Ha
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Penaxuus or 26.11.2012 r. 340 «PA/[UYC Asmomamuxay

Pexomennanun
110 BBIOOPY YCTaBOK

YCTPOMCTBA JUCTAHIIMOHHOW 3auThl JINHUM 6-35 kB «Cupuyc-/13-35»
(mns Bepentii 3.00 1 moCTIEYFOIITNX )

1 Kparkoe onucanue ycrpoiictBa

1.1 VYcrpoiictBo MukpomnporeccopHoit 3amutel  «Cupuyc-/{3-35» (B AaybHeieMm —
YCTPOMCTBO) IMpEIHA3HAUYEHO MAJIS BBINOIHEHUS (YHKLUUH 3alUThl BO3AYLIHBIX WJINM KaOelIbHbIX
JUMHUM Kiacca HanpsbkeHus 6-35 kB B ceTM ¢ M30JMPOBAaHHOM WJIM KOMIEHCHUPOBAaHHOU
HEUTPAJIBIO, @ TAKXKE YIIPABJICHHS, aBTOMATHKU ¥ CUTHAIM3AL[M1 BBICOKOBOJIBTHOTO BBIKJIFOUATEIIS C
TpexdaszubiM ynpasiernueM (AYB, AIIB u YPOB) [1].

1.2 ®yHKIUYU 3alIUThI, BBITOJIHIEMBIE YCTPOMUCTBOM:

1.2.1 [Byxcrtynenuaras auctanmuonHas 3amurta ([3-1 um JI3-2) ot wmexmyda3Hbix
KOPOTKHUX 3aMbIKaHUI U IBOMHBIX 3aMbIKaHWW HA 3€MJIIO C HE3aBUCUMOM BBIIEPKKOW BPEMEHU.

[Ip oTCyTCTBUMM TOKa HYJIEBOM MOCJIEIOBATEIBHOCTH (KOHTPOJHUPYETCS OpPraHOM TOKa
HYJIEBOM  MOCJIENOBATENbHOCTH) 3alllUTa KOHTPOJHUPYET CONPOTUBICHUS TpeX MeTelb
Mexaydasapix Kopotkux 3amblkaHuii (AB, BC u CA). Ilpu mnosiBIeHMHM TOKa HYJIEBOM
MOCIIEZIOBATETLHOCTA KOHTPOJIb MEXAY(Da3HBIX METeNIb aBTOMATUYECKU BBIBOAUTCS U3 NEHCTBUS U
BBOJIUTCS B JICUCTBUE KOHTPOJIb COMPOTHUBIICHUH NBYX mereib «daza-3eMisn» (A0 u C0). Kontpons
TOJILKO JBYX TeTelb 00eCreurBaeT OTKIIOUEHHE OJHOM TOUKM MOBpEXIeHHS B 67% ciydaeB
JIBOMHBIX 3aMBIKaHUI Ha 3€MIIIO.

W3ameputenbubie  opranbl  (MMO)  uMmeoT — 4eThIpEXyrojibHblE  HEHANpPaBJICHHbBIC
xapakTepucTuku (pucyHok 1.1). 3ammra mMeetr TOKOBBIN myckoBoil oprad (I10), cocrosmuii u3
3JIEMEHTOB KOHTPOJISI TOKOB Tpex (a3 u oprana HampasyieHus: MomHoctd (OHM), BBIOIHEHHOTO
3 Tpex (ha309yBCTBHUTEIBHBIX JJIEMEHTOB, BKIIOYCHHBIX Ha (pa3HbIE TOKH H MEXAy(a3zHbIe
HanpsbkeHus 1o 90-rpaaycHoii cxeme.
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Pucynox 1.1 — a) Xapakrepucrrka cpadbateiBanus 1O conpoTHBiIeHus IEpBOH M BTOPOM cryneHei JI3 npu
MeXaypa3HbIX 3aMbIKaHUAX; 0) Xapakrepuctuka cpadarsiBanus 11O conpoTusiieHns epBoii u BTopoi cryneneit 113
IPU ABOMHBIX 3aMbIKAHHUAX HA 3€MIIIO

[IpenycmarpuBaercst myck cryneHedl /I3 1Mo HampsbkKeHUIO M TOKY C COXpPaHEHUEM
HarpaBlieHHOTO AeiicTBusa ¢ nomombio OHM. B stom pexume nedcTByroT nBa TOKOBbIX [1O:
YYBCTBUTEIbHBIA (0OBEIUHSIONINIICS C OPraHOM BBISBIICHUS MPOCAIKU HAIPSHKEHUS 10 YCIOBHUIO
«M» m obecrieunBaromuii HaNpaBIEHHOCTh M HecpabaThIBaHUE B PEKUMax, KOraa TOK B (aszax
MEHbIIE MaKCHMaJbHOTO TOKAa HAarpy3kud) W rpyOblid (IEHCTBYIOIIMH B TeX Clydasx, Korjaa
YyBCTBUTEIHHOCTH MO HAIMPSHKEHUIO HE JOCTATOYHAs).



Takum 06pa3om, 3amMTa MOXKET OBITH BHIITOJIHEHA KaK ¢ OOBIYHBIM ITyCKOM IT0 TOKY, TaK U C
IyCKOM IO HAaNpsDKEHUI0 U TOKY C aBTOMAaTHYECKHM IEPEXOJOM Ha IIyCK IO TOKYy B Cllydae
HEJ0CTaTOYHOM UyBCTBUTEIBHOCTH II0 HampsbkeHUo. B oboux pexumax oOecneduBaeTcs
HaIpaBJIEHHOCTH cTyneHen /13.

B 3ammre peanmnzoBaH myck ObICTpoAeHCTBYIOMUX cTyneHerd J[3 oT OJIOKHpPOBKH MpuU
kayanuax (bK). Ilpu K3 BK BBoautr B jeiicTBue 3amuTy Ha BpeMs, JOCTaTOYHOE JJis
cpabaThIBaHUs, U, €CIIU CpabaThlBaHUE 3alIUTHl HE mpowusouuio, oaokupyet ee. [10 BK pearupyer
Ha BEJIMYMHBI IPUpPALLIEHUH TOKOB NpsAMOM U oOpaTHOU nocnenosarensHocTu. [lyck 3amut ot BK
00BEAMHSETCA C IIyCKOM IO TOKY WJIM TOKY U HANPSKEHUIO, 110 YCIOBUIO «H).

Jlnst IpeoTBpaIeHus JIOKHOTO JeHcTBUs cTyreHer /I3 mpemycmoTpeHa OJ0KHpOBKa MpU
HEHUCIPaBHOCTSX B LIENAX nepeMenHoro Hanpspkenus (bHH).

1.2.2 Tperps cTyneHb AucTaHUMOHHOW 3ammThl (/3-3) OoT Mexay(da3HbIX KOPOTKHX
3aMBIKaHUM C HE3aBUCUMOM BBIJIEPKKON BPEMEHH.

OcHoBaHa Ha KOHTPOJIE COIPOTHBIICHUM Tpex MeTenb MeXIy(ha3HbIX KOPOTKUX 3aMbIKaHUH
(AB, BC u CA). IO umeer xapaKTEpUCTHKY B BHJI€ OKPYHOCTH C LIEHTPOM, PACIIOJIOKEHHBIM B
IIEPBOM KBaJPAHTE IUIOCKOCTH COMPOTHUBIICHHUS, C BO3MOKHOCTBIO BBIPE3a YaCTH OKPYKHOCTH IS
OTCTPOMKH OT CONPOTHBIIEHHUS HArpy3o4yHoro pexuma (pucyHok 1.2). CrynmeHb MOXKET ObITh
BBINOJIHEHA KaK € MyCKOM Mo ToKy (oT rpy6oro 10, npumensiemoro ans cryneneit [[3-1 u JI3-2),
TakK 1 06e3 Hero (IIyCK MO CONPOTUBIIEHUIO).
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Pucynok 1.2 — Xapakrepuctuka cpabateBaaus 11O
COIIPOTHBJIEHUS TpeTheil crynenu /13

1.2.3 ToxoBas orceuka (TO), ocHOoBaHa Ha KoHTposie (a3HbIX TOKOB. TO MoOeT OBITh
BBITIOJTHEHA ¢ KOHTpoJsieM Toka ByX ¢a3 (A u C) unu koHTposeM Toka Tpex dha3 (A, B u C).

Moxet ObITh HampaBICHHOW WJIM HEHANpaBIeHHOW, ans dvero wucnonb3yercs OHM,
npumensembid B 110 crymeneir I3. Bo3moxkeH pexuM mocTossHHOW paboter TO, mubo pexum
pabotsl TO Kkak yckopsoliel cTyneHn (BBOAUTCS B paboTy Ha 3aJaHHOE BpeMs MOCJIE BKIIOUCHHS
BBIKJIIOYATENISA), JIMOO PEXHM pabOThl KakK aBapUHWHON CTyNeHH (BBOAUTCS B JEHCTBHE IIPH
HEHUCTIPaBHOCTSX B IETIAX HAMIPSDKEHUS).

1.2.4 Maxkcumanbhas TokoBas 3amura (MT3), ocHoBaHa Ha KOHTpoJje (a3HbIX TOKOB. MT3
MOXET OBITh BBHITTOJTHEHA C KOHTPOJieM Toka MBYX ¢a3 (A u C) niam KoHTpoJieM Toka Tpex ¢as (A, B
u C). MT3 BbInoIHEHA ¢ HE3aBUCUMOM BBIIEP>)KKOW BPEMEHU M BO3MOYKHOCTBHIO MCIIOJIb30BaHMSI KaK
HEHANpPaBJICHHOW, TaK W HANPAaBJICHHON B JIMHHIO, WM HAMPABJICHHON BO BHEIIHIOW Ce€Th. MOXeET
HaXOJUTHCS KaK B MOCTOSIHHOM paboTe, Tak U B pexuMe aBapuiiHou ctyrneHu. [Ipu nHeodxoaumoctu
MOKET UCTOJIb30BATHCS KaK pe3epBHAsI CTYIIEHb BMECTO UJIM COBMECTHO ¢ J[3-3.
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1.2.5 HecenexkTuBHass MTIHOBEHHas OTCEYKa [0 TOKY HYJIEBOM IIOCJIEI0BATEIbHOCTH,
uCroib3yeMasi B CIydasx, KOIrJa pelIeHO MO YCJIOBUAM 3JeKTpOOe30MacHOCTH OTKIIoYaTh 00e
noBpexaeHHbIe TUHUU B 100% MBOWHBIX 3aMBbIKaHUN HA 3EMITIO.

1.2.6 3ammra ot oOpbiBa ¢a3z (30D) wiam mepexkoca HArpy3KH MO COOTHOLIEHHUIO TOKOB
o0OpaTHOM U MPSAMOIl TOCNeA0BaTeILHOCTEH, C HE3aBUCUMOW BBIIEPIKKON BpEMEHU C JIEHCTBHUEM Ha
CUTHAJI MJIM HAa OTKJIFOYECHHUE.

1.2.7 Curnanuzaiusi 3aMbIKaHHM Ha 3€MJII0 Ha OCHOBE KoHTpousis Hampspkenus 3UO,
KOTOpO€ M3MepseTCs] C TOMOMIbI0 aHATIOTOBOTO BXO0J1a, TMOO PacCUMTHIBAECTCA HA OCHOBE (ha3HBIX
HaIpsKECHU.

1.2.8 IIpeaycmoTpeH aBTOMAaTUYECKHI BBOJ yCKOpeHUs 2-i1 wim 3-i cryneneit [[3, a Taxxke
MT3 nipu m11000M BKJIFOUEHUU BBIKIIOYATETIS.

1.2.9 IlpenycMoTpeHO onepaTUBHOE yCKOpeHue 2-ii win 3-i cryneneit /I3, a takxe MT3
IIpY HAJIMYKUY CUTHAJIA HA COOTBETCTBYIOIIEM TUCKPETHOM BXO/IE.
1.3 ®OyHKUUU aBTOMATUKHU, BBIIIOJIHSIEMbIE YCTPOUCTBOM:

1.3.1 ABromaruka ynpasieHus BbkItodaresneM (AYB) ¢ Tpexda3zHbIM NPUBOJIOM, C ABYMS
ANEKTPOMAarHuTaMu OTKJIIOUEHUS.

B cocraB AYB Bxogmst ciemyroniue QyHKIIHH:
— Olepalyy OTKIIOYEHHUS W BKIIFOUEHHS BBIKIKOYATENS 110 BHEIIHUM KOMaHJaM. 3allluTa OT
MHOTOKPAaTHOT'O BKJTFOUEHUS BBIKJIIOUATEIIS;

— KOHTPOJIb LIEJIOCTHOCTH LIETIEH AIEKTPOMarHuToB ympasienus (OMYVY);
— KOHTPOJIb COCTOSAHHA BBIKIIOYATCIIA 110 PAAY BXOAHBIX JUCKPETHBIX CUT'HAJTIOB,

— 3aIIMTa IEKTPOMArHUTOB YIIPaBJICHUS OT JAJIUTEIBHOTO MPOTEKAHUS TOKA C JEHCTBUEM Ha
IporpaMMHUpPYyEMOE perie;

— IBYXCTyIE€HYAaTas 3alluTa OT CHI)KCHUS JaBIICHUS 3jeraza B BbikiItouyarene. CpabaTbiBaeT
MPU TOSBJICHHH HAa COOTBETCTBYIONIMX ITUCKPETHBIX BXOJAaX CHUTHAJlA O CHWIKEHUU aBJICHUS.
JleiicTByeT Ha cUTHAM U Ha YCKOpPEeHHOe cpabatbiBanue cxeMbl Y POB mpu momnbITke OTKIIIOUEHUS OT
OJIHOM W3 3allIUT;

— OJIOKMpOBKA JIOOBIX OIepalfii ¢ BBIKIIOYATENIEM NpU MOCTYIUICHUMH CUTHANAa BHEUIHEH
OJIOKHPOBKH.

1.3.2 TpexdazHoe aBTOMATHYECKOE IOBTOPHOE BKJIIOUCHHE BBIKIIOUATENS (OAHO- WIIU
nBykpaTHoe AIIB oT nieneit HECOOTBETCTBHS ¢ BO3MOYKHOCTBIO KOHTPOJISL HAIPSKEHUSI HA OOBEKTE).

1.3.3 Jloruka ycTpoiicTBa pe3epBUpPOBaHUs IIPH OTKa3e BbIkItouaTeins (YPOB).

@yukuus YPOB BblnosnHEHa HA OCHOBE MHAMBHYaJIbHOTO MPUHIMUIA, YTO MOAPAa3yMEBAET
HaJIM4Ke He3aBUCUMOM JIoruku Y POB Ha Kaxa0M nIpuCcOeIUHEHHH.

1.3.4 Jlns BbIABICHUS MOBPEXKACHUNA B LEMSAX HANPSHKEHUS HCMHOJB3YEeTCA CHElUaIbHas
OJIOKMpOBKA IMpPH HEHCIPABHOCTIX B LEMAX HampspkeHus. BrokupoBka NeicTByeT Ha JIOTHKY
paboTHI 3aIIUT U HA CUTHAJIM3AIUIO U UCIIOJIB3YET CICTYIONTNE KPUTEPHH:

— KOHTPOJb OTKIIOYeHUs aBTomata TH (mo nuckperHoMmy Bxomy «ABTtomar THy,
OCHOBHOM KpUTEpHIA);

— KOHTPOJb TMPOCATKUA XOTsI OBl OJHOTO M3 MEXKAy(]ha3sHBIX HANPSDKEHUH (C BBIICPIKKOMN
BPEMCHH);

— KOHTPOJIb HApYIICHUS CUMMETPHUH BTOPHYHOTO HAMPSDKCHUS (TOSBIICHHE HATPSDKCHHS
U2 u nponaganue Toka [2);

— KOHTpOJIb TpOMaJaHMs HampsDKeHUs Bcex Tpex (a3 (3ammra OT CHUMMETPUYHBIX
MOBpEXACHUH min oTKtoueHus TH).

briokupoBka CHUMaETCsl aBTOMATUYECKHU MTOCIIE NCUE3HOBEHHUST HEUCTTPABHOCTH.
1.3.5 Ucnonuenune BHemHuXx curdainos AYUP n YAIIB.



2 BpI100Op yCTABOK JUCTAHIUOHHON 3alIUTHI
2.1 Pacuer ycraBok /[3-1 u /I3-2

Bri6opy moamnexar:

HaunmenoBanue
Onucanue ycTaBKu

YCTaBKH

«X, Om/gh» oTpeieNsieT BEPXHIOI IPAHUILY XapaKTEePUCTUKH CpadaThIBAHHS
(cm. pucyHok 1.1) (BTopuuHOE peaKTHBHOE CONPOTHBIICHUE)

«Roo, OM/p» OTpeieNiAeT NPaByIo IPaHUIy XapaKTEPUCTUKU CpadaThIBaHUs CTYIIEHU IIPU
MexayPasabix K3 (BTopuuHOE aKTUBHOE COIPOTHUBIICHHE)

«Rap3, Om/gh» OIpezeNaeT NPaBylo IPaHUIy XapaKTEPUCTUKU CpadaThIBaHUS CTYIIEHU IIPU
JIBOMHBIX 3aMBIKaHUSIX Ha 3EMITIO
(BTOpMYHOE AKTUBHOE CONPOTHUBIICHUE)

VYcTaBKM IO COMPOTUBIIEHUIO U TI0 BpEMEHHU NEPBBIX ABYX cTyneHel /I3 cinenyer BeIOMpaTh
B TIOJIHOM COOTBETCTBHH C PEKOMEHAAMAMU [2], B 4aCTHOCTH, pazdena /] enasvl 5 «Ocobennocmu
pacyema OucmaHyuoHHou 3awumel aunui 35 kB». ToT ¢akT, 4TO yKa3aHHBIA  MaTepuan
opueHTHpoBaH Ha 3amuThl Tuna [13-152, 113-153, usmepurenbHbIMU OpraHaMu KOTOPBIX SIBJISUIACH
pelie MOJIHOTO CONPOTHBIEHHS (C XapaKTEpUCTUKON B BHUAE OKPYXHOCTH C LIEHTPOM B Hauaje
KOOpJMHAT), a XapaKTEepUCTUKU YCTPOWCTBA HMEIOT BHUJ YETHIPEXYTOJbHUKOB, KOPEHHBIX
U3MEHEHUH B METOJUKY BbIOOpa yCTaBOK He BHOCHT. OJHAKO, €CTECTBEHHO, YTO HpUIETCS
BBIOMPATH OJIUH JOTIOJIHUTEIFHBINA TapaMeTp — MIMPUHY YETHIPEXYTOJbHUKA — mapaMeTp Rogp s
U3MEPUTENIBHOr0 opraHa oT MexaydasHeix K3 u Rez U1 U3MEPHUTEIBHOTO OpraHa MpH JBONHBIX
3aMBIKaHUAX Ha 3EMITIO.

O06a 3Tu mapaMeTpa ONpPEAEISIOT YyBCTBUTEIBHOCTh K 3aMBIKAHUSAM Yepe3 Iepexo/Hble
conpotuBieHus. Crenyer ydecTb, 4YTO TpU MeXAy(pa3HOM 3aMbIKaHUM IEPEXOIHBIM
COIIPOTHBIIEHUEM SIBISIETCS CONpPOTHBIEHHE Ayru. Ilpm JBOMHOM 3aMbIKaHMM Ha 3E€MJIIO
MIEPEXO/THOE CONPOTUBJICHUE 3HAUUTEIBHO YBEJIMYMBAETCS 3a CUET COINPOTUBIICHHS KOHTYypa
3a3emiieHus onopbl. CONPOTUBIEHHE TYTHM MOXKET ObITh ONpEAESICHO Ha OCHOBAaHMM H3BECTHOTO
BbIpakeHus [3]:

Rg=10501g/1g, (211)

rae Iy — AelcTBymolee 3HAYCHUE TOKA B Ayre, B AMIIepax, [;— ee AJuHa B MeTpax.

[IpuBenem uurary u3 [3]:

«lIpasunvno onpederumsv I[; docmamouno cnodxcro. Hanpumep, npu nepexpvimuu no
uzonayuu, ly oxazvieaemcs 3HauUMenNbHO 6OO0bUIE ONUHBL SUPTAHOLL U307AMOpos. Ilpu pabome
3aUWUM C BbLOEPAHCKOU BPeMeHU He0DX00UMO MAKH#Ce NPUHUMAMb 80 GHUMAHUE YOIUHEHUEe OYe NOO
GIUAHUEM 6empd, KOHBEKYUU 6030yXd U INeKMPOOUHAMUYECKUX ycuaul. B pezyremame
conpomugnenus 0ye 80 8peMeHU MO2ym CYUeCmeeHHo ospacmams. B omauvyue om 3amvikanuii
medncoy azamu npu K3 Ha 3emnro onpedensiiowumu 00bIYHO SAGNAIOMC Opyeue clazarnujue
nepexoouvblX aKmueHvlX conpomueienuti ry. Tax, Hanpumep, npu nepekpolmuu ¢hasvl JTUHUU HA
onopy ri Modicem 8 OCHOBHOM O00YCIOBIUBAMbCSA CONPOMUBIECHUAMU 3A3EMAAIOWUX YCIPOUICNE
onop. Coenacno IIYD smu conpomuénenus npu moKax NPOMbIULIEHHOU Yacmomsl U Nnpu
OMCOCOUHEHHBIX 2PO303AWUMHBIX MPOCAX 8 JlemHee 8pemMs He 00axcHbl npegviuiams 10-30 Om 6
3a8UCUMOCMU OM YOeIbHbIX conpomugienuti 2pyuma. Ilpu enyxom 3azemnenuu mpocog Ha Kaxcoou
onope pe3ynvmupyrouee CONpOMusIeHUe 3a3eMIAIOUWUX YCIMPOUCME ONOP YMEHbULACTCAY.

HekoTopyro KOHKpETHU3alHMIO MPUBEACHHON IUTaTe NMPUMEHUTEIHHO K BHIOOPY IIMPUHBI
XapaKTEPUCTUKA HU3MEPUTEIHHOTO OpraHa 3allluThl MOKHO HAWTH B [2], enasa 5, pazoen A, n. 14,
c.85-86.

Kpome mpuBeneHHBIX B IHUTaTe, CIEAYyET YYUTHIBATH elle psa (aKTOpoOB, M3BECTHBIX M3
o0ImIeil Teopur NUCTAHIIMOHHBIX 3aIlUT: YCTaBKU 3a/al0Tcs He mpocto B OMmax, a B pa3MEepHOCTH
Owm/¢azy. B wacTHOCTH, MpH ABYX(a3HBIX 3aMbIKaHUSAX 10 ITONW MPUYUHE COMPOTUBJIICHHE TyTU
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JOJDKHO JIenuThCs nomnojaM. Kpome TOro, cienyer y4duThlBaThb MOJIUTKY AYTM OT TOKa C
IIPOTUBOIIOJIOKHON CTOPOHBI JIMHUM IPHU JIByXCTOPOHHEM NHMTAaHUU. JTa MOANHUTKA YBEIUYHUBAET
«Ka)Kyl1lieecs» CONPOTHUBIICHUE AYTH MPONOPLHMOHAIBHO OTHOIICHUIO TOKA B yTe /)7 K TOKY B MECTe
YCTaHOBKH 3aIUUTHI 13477

A7 = Rﬂ .Iﬂ/I3AUl- (212)

Takum 00pa3oM, orpeneneHIe MUPHUHBI XapaKTePUCTHKU TPEOYET MPOBEICHUS pacueTOB U
MPUHSTHUS PSAJIa BOJEBBIX PEIICHUMN.

B GonbmmHCTBE Clly4aeB yHPOIIEHHO MOXKHO MPUHSATH, 9YTO Repp = X U Rep3 = 2X, HO Takoi
BBIOOD SIBIIIETCSI BEChbMa MPUOIU3UTEIIHHBIM.

Kaxymascs o4eBUAHONW HEOOXOIUMOCTh MPOBEPKU CTONb IIUPOKUX XAPAKTEPUCTHK Ha
HecpabaThIBaHUE B HArpy30YHOM PEXHUME W B PEKUME CaMO3aIlyCKa, Ha CaMOM JIeJIe MOXET He
BBITIOJIHSITHCS, IOCKOJIBKY OT YKa3aHHBIX peKUMOB /I3 oTcTpoeHa ycTaBKaMu ITyCKOBOI'O OpraHa.

Cymmupyst TONIOKeHHST [2], TMojydaeM pacyeTHBbIe YCIOBHUS i1 BbIOOpa YCTaBOK
JTUCTAHIIMOHHOW 3alTUTHI OT MEX Ty (a3HBIX 3aMbIKAHUH.

[TepBast cTyneHs BRIOMpaAETCs 1O YCIOBUIO OTCTPOUKH OT K3 Ha mmHaX MpOTHUBOIIOIOKHOMN
IIOACTaHIINN:

ZICJ. =0.85"Z s (2.1.3)

rae Z iy — CONPOTUBIIEHUE 3amuiaeMon BJL.

JI1st TuHUN, UMEIOITUX OTBETBJICHUS, IOMOJHUTEIBHO YUYUTHIBACTCS YCIOBUE OTCTPOUKHU OT
3aMbIKaHUN 3a TpaHcpopmaTopamu OTBeTBieHUN. CompoTuBieHHE cpabaThIBaHUS MPUHUMACTCS
PaBHBIM HAaWMEHBIIIEMY U3 MMOTYUYEHHBIX 3HAUCHH.

Bropast crynens BelOMpaeTcs:

—mno ycioButo orcrpoiiku ot K3  3a  TpaHchopmaropoMm, yCTaHOBJIEHHBIM Ha
IPOTUBOIOIOXKHON MMO/ICTaHIUY;

— 110 ycnoButo oTcTpoiiku oT K3 3a TpanchopmaTopaMu OTBETBIEHUH 3alUIaeMON JINHUMY;

—T1I0 YCIIOBHIO COTJIacOBaHHMS C OBICTPOACUCTBYIOIIMMH CTYIICHSMH 3allUT CMEKHBIX
JIEMEHTOB:

Zg.a = Kore " Z sumpmsr (2.1.4)

rie  Korc — k03 HUIMEHT OTCTPOUKH;

Z341mThl — PACUETHOE CONPOTHBICHHE HA 3a)KMMax peJie CONPOTHUBICHMS INPH KOPOTKUX
3aMBIKAaHHUSAX Ha TPaHWIC 30HBI JICWCTBHUS OBICTPOJCHCTBYIOIICH CTYICHH 3allUThI CMEXHOTO
3JIEMEHTA, ¢ KOTOPOM MPOU3BOAUTCS COTJIACOBAHUE. 3HAUCHUS Z3471iT5 PACCUUTBHIBAIOTCS JJISL BCEX
CMEKHBIX JJIEMEHTOB JJICKTPUYCCKOW CETH B PaACUETHBIX pEXHMaxX IO peKoMeHmanusMm [2] ¢
MOCIIEYIOIUM BEIOOPOM MUHHMAIILHOTO 3HAYCHUSI.

VYcraBku 2-W CTyNEHHM JOJDKHBI yJIOBIETBOPATH TpeOoBaHUSM HOpMupoBaHHOH [1YD
qyBCTBUTETHHOCTH 1,25 npu K3 B KOHIIE 3ammmaeMon JTMHUH:

Z"c5> 1,25 Z i (2.1.5)

VYcraBku pene MexIy(ha3zHOro KOMILIEKTa U KOMIUIEKTa OT JIBOMHBIX 3aMBIKaHUI Ha 3€MITIO
IIPU pacyeTe Mo METOAUKE [2] MoJTydaroTcsi OAMHAKOBBIMH, YTO TaKke 000CHOBAHO B [2].

HemnocpenctBeHHO B yCTpONCTBE YCTaBKM BBOJSTCS HE MEPBUYHBIMU, a BTOPUYHBIMU
3HAQYEHUSIMU U HE KOMIUIEKCHBIM COIPOTHUBJIICHHEM Z, a €ro PEaKkTUBHOM cocTaBismomeit X.
[lepecuer BeaeTcs 1Mo U3BECTHBIM COOTHOUICHHSIM:

k
Z gror = k_[ZIYEPB ; (2.1.6)
U
X srop = Zgrop * S P i 5 (2.1.7)
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Zlyg v W
e Zppp — YCTABKA B IIEPBUYHBIX BEIHMYHHAX,
ki ,ku —xoaddunmentsr Tpanchopmaru TT u TH;
Xiyy» Ryy; —ynenbHbIE aKTHBHOE M PEAKTMBHOE COMPOTHUBIICHHMS JMHUH (33/1aK0TCA B

+ X s (2.1.8)

S D

rpymme yctaBok «Obwue).

2.2 Pacuer ycraBok JI3-3

Bribopy moasexar:

HaunmenoBanue
Onucanue ycTaBKH
YCTaBKH
«Xip, Om/gh» orpenensieT KOOpAUHATY LIEHTPa XapaKTePUCTUKU CpabaThIBaHUs

CTYIIEHU IO OCH PEaKTUBHOT'O COIIPOTUBIIEHUS (CM. pUCYHOK 1.2)
(BTOpUYHOE pEeakTUBHOE CONPOTUBJICHHUE)

«Rp, Om/gp» omnpezenseT KOOPAMHATY IIEHTpa XapaKTEpUCTUKU cpabaThIBaHUS
CTYIEHH [0 OCH aKTUBHOT'O COIIPOTHBIICHHSI

(BTOpHYHOE aKTUBHOE CONPOTHUBIICHUE)

«Zi, Om/ch» onpeneNsieT paguyC XapaKTepUCTHKH CTYIEHH B BHJE OKPYKHOCTH
(BTOpUUYHOE CONPOTUBIICHUE)
«tgPoTCTPOFIKIY 3HaYeHHE TAHTEeHCA YIJIa BbIpE3a B XAPaKTEPUCTUKH CpadaTbIBaHHS IS

OTCTPOMKH OT HArpy3Ku
«Rorcrrorikm OM/¢h» | 3HauE€HHE AKTHUBHOIO CONPOTHBIICHUS BbIpE3a B  XapaKTEPUCTUKHU
cpabaThIBaHMs IJIs1 OTCTPOWKH OT HATPY3KH

VYcTaBkM perne CONpOTHUBICHUS 3-M CTymeHH (UCIOJIb3yeMOW Ui BBINOJHEHUS (DyHKIHIA
JAJIBHETO Pe3€PBUPOBAHNS) IIPU BHIMIOJIHEHUH €€ KaK JUCTAHIIMOHHOM TaKXKe ONpeAesstoTcs 1o [2]
o ycjioBusiM oOecrnieueHuss HopmupoBaHHoro IIYD koaduimenta yyBcrBuTensHoCcTH 1,2 mpu
3aMbIKaHUAX B KOHIIE 30HBI PE3EPBUPOBAHMS U OTCTPOMKH OT MUHHMMAJIbHOIO CONPOTHUBIICHHS B
YCIIOBUSIX caMoO3allycka JaBurarenei. [l ynpomeHuss TakoW OTCTPOMKM PEKOMEHIYIOTCS
TPaJULIMOHHbBIE CHOCOOBI: YBEIMYCHHE YIJIa MAaKCUMAJIbHOW YyBCTBUTEIBHOCTU IO BEJIWYMHBI,
OonblIe yria CONPOTHBICHUS JIMHUM, MCIOJIB30BAaHUE OKPYXXHOCTH C BBIPE30M 4YacTu
XapakTEepUCTUKU. B mocneaHeM ciaydae yroia HakjIOHA MPSMOU, 00€CTIeUnBArOIIEH BBIPE3, JOIKEH
BBIOMPATHCS TaK XkKe, KaK 3TO JAeJaeTcs y peiie TpeTbelt crynenu 3amuTsl HI2-2801:

Qorcrrorikn = PHATP + Qor, (2.2.1)

IA€  Quarp — YTOJI CONPOTHUBIICHUS HAIPY3KHU B MECTE YCTAHOBKH 3aIUTHI;

@norr — NONOJHUTEIBHBIM yroJ, IPUHAMAaEeMbIM paBHbIM 12 rpagycam g ydera
IIOTIPEIIHOCTEN XapakTepucTuku, norpemnocrest TT u TH.

BrIpe3 yacTu xapakTepUCTUKU HE JOJKEH OrpaHMYMBATh BO3MOXKHOCTH PabOThI CTYNEHU
IIPU METAJUINYECKUX 3aMbIKAHUSIX HA CAMOM JINHUU:

Qorcrrorikn < Qumrmm, WA tg(Porcrrorikn) < Xmmrmn /Rianrmm. (2.2.2)

Kpome Toro, mpum mnpUMEHEHHH BBbIpe3a CIEAYET OIPEACIUTb MapaMeTp Rppprza-
HeoOxonuMo y4yuThIBaTh MAaKCHUMAaJIbHBIM Harpy304YHbId pEXHM, a TAaKKE PEXHUM Ccamo3aIlycka
JIBUTATEJIEH.

PacueTHOE BhIpaxkeHHe Uil peKUMa caMo3aIycKa JIBUraTesiel Harpysku [2]:

R UMHH .

BBIPE3A = \/—
3 'kCAMO3AH‘ 'kOTC 'kB 1 PAB.MAKC.

"COSPpyp (2.2.3)


kuznetsov.db
Выделение

kuznetsov.db
Выделение


rne  Upypypy — MUHEMaJIbHOE MEXIY(ha3HOe HANpsDKEHHE B MECTE YCTAHOBKH 3aIIUTHI B YCIOBUSIX
camo3allycKa JIBUTaTeled, JOJDKHO ONpEAeNsThCS pacyeToM; Ipy0o OpPHEHTHMPOBOYHO MOXKHO
nipuHsATh paBHbIM (0,8—0,9)Upas v

Ip4p Maxc — MAKCUMAJIBHOE 3HAYEHUE pabovero TOKa;

korc — KOOQPHUIHUEHT OTCTPONKH, MPUHUMALCTCS paBHBIM 1,2;

kg — KO3 GUIMEHT BO3BpaTa pelie CONpoTUBIeHHUS, paBeH 1,05;

kcamoszan — K03(OOUITUEHT, YIUTHIBAIONINHA YBETHUEHHE TOKA TIPU CaMO3aITyCKe JIBUraTelNeH,
OPUEHTUPOBOYHO MOXKET NPUHUMATHCS PaBHBIM 1,5-2,0 B 3aBUCMMOCTH OT KOHKPETHBIX YCIOBHHA U
JIOJKEH YTOUYHSTHCS] paCYETOM.

EcrecTtBeHHO, 4TO OTCTpoiika mo yriy 3¢¢eKTUBHA Ha IepeAarolieM KOHILE JUHHU C
JIBYCTOPOHHUM NUTaHHEM U Hed((PEKTUBHA HA IPUEMHOM KOHIIE.

Crioco06 3aaHust yCTaBOK XapakTepUCTUKU [13-3 oTiauyaeTcst OT MPUHATOrO B KJIACCHUECKUX
3amuTax (Hampumep, I13-152). Hukxe npuBoasTCs BbIpaKe€HUsS Ui Iepecuera TpaJulMOHHBIX
apaMeTpoB XapaKTEpUCTUK peje CONPOTHBICHUS B 3HAYCHMs, 3a/aBaeMbleé B YCTpOIicTBe
«Cupunyc-/13-35» (pucynok 2.1):

Z. .. —\Z Z.n—\Z
Y= cp 2| CM|_COS¢; X, = cpP | CM|_Sin¢;
(2.2.4)
;Lo +2|ZCM|.
XA 9
Zcp
Xu 4
\J
%Z\/ R> h R>
a) 0)

Pucynok 2.1 — YcraBky, onpeAersionne XapakKTepUCTHKY CpadaThIBaHUS Pejie COMPOTHUBIICHHS:
a) B KJIJACCHYECKHX 3amuTax (Hanpumep, [13-152), 6) B ycrpotictBe «Cupuyc-J13-35»

2.3 PacyeT ycTaBOK MyCKOBBIX OPTraHOB 110 TOKY U HAIPSIKEHUIO

Bri6opy noanexat ycrasku B rpynne «I10 J13»:

HaumenoBanue
Onucanue ycTaBKH
YCTABKH
«Lgom, A» yCTaBKa Irpy0oro myCcKOBOTO OpraHa Mo TOKY, KOTopasi ACHCTBYeT B

CJlydae OTCYTCTBHS ITOCAJKU HAIIPSKEHUS, TM00 €ClIn ITyCK 0
HaNpsHKEHUIO BOOOIIE OTKIIOUeH ycTaBkol «/Iyck no U — Omkny
(MakcUMaJIbHBIN Opras);

«U, B» yCTaBKa OpraHa HampspKEHUs, BBISBISIONIETO MOCAIKYy XOTS OBl OJHOTO
MeXIy(}pa3HOro HanpskeHHs (MUHUMAIbHBIA OpraH; KOHTPOJIMPYETCS
npu «lyck no U — Bxny);

«Iyck mo vy A» yCTaBKa 4yBCTBHUTEIBHOI'O ITyCKOBOI'O OpraHa IO TOKY, JAEHCTBYIOLIas B
cllydae HaJIW4yus T[IOCaJAKM HaNpsDKEHHA (MAKCUMAaJbHBI  Opra;
KoHTpoJupyetcs nipu «I/Iyck no U — Bkay);




B ycTpoiicTBe IpUMEHEH MyCK MO TOKY U HANPSHKEHHUIO 10 THUITy CXEMBI, IPUBEACHHOMN B [2,
pucyHok 14].

Ocob6ennoctp noctpoenusi cxemsl [10 B ToM, uTo Onaromaps HaJUYMIO JBYX YCTaBOK IO
TOKY IPHY BBIABICHUM Mocaku HanpspkeHus 110 nelicTByeT ¢ 4yBCTBUTENBHOM yCTaBKOM MO TOKY, a
IIPU OTCYTCTBUU MOCAJIKH HANPSKEHUS aBTOMATUYECKU MIEPEXOJIUT B PEXKUM ITyCKa TOJIBKO 110 TOKY
¢ rpy0o0ii yCTaBKOil 1O TOKY.

K rpy06oii ycTaBke 1o ¢azHOMy TOKY OTHOCSITCSI BCE PEKOMEHIalluy, TaHHbIe B [2], enasa 5,
pazoen /], n. 2 u pazoen A, n. 15,a OTHOCUTEIILHO YCTAaBOK pelie, OCYIIECTBIAOMMUX B naHenu [13-
152 myck 1o a3HbIM TOKaM.

[IpuBogum nuraty u3 1. 15,a:

«llepsuunviii. mox cpabamviéanus NycKOB020 Op2aHa  OUCMAHYUOHHOU  3AUUMbI,
OCYWYecCmesemMo20 ¢ NOMOWbIO pele MOKd, 6KIIOYEeHHbIX HA (hazHvle MOKU, ebloupaemcsi no
VCI08UI0 OMCMPOUKU OM MAKCUMANTLHO20 padoye20 MoKa HA 3auuuaemMom yYacmke C y4emom
camo3sanycka osueamenei nompebumenet, 6 yacmuocmu npu ycnewinom AIIB u ABP:

Inon = (korcre kcamosan/ k) Ipas. makc. (2.3.1)

20e  Ipas Marc — MaKcuManvbHoe 3Ha4eHue nepeutHo2o paboye2o moxa 8 3auuyaemMou JUHUU,

korcrp— Ko3ghuyuenm omemporiku, npunumaemviil paguvim 1,2;

kg — koaghhuyuenm 6o38pama no moxy (6 oannom ycmpoticmee pager 0,92);

kcamosan. — Koappuyuenm,  yuumeigarowull  ygeiuueHue  mMoka  HpU - CAMO3ANYcKe
osueamenel, (OpUEHMUPOBOUHO MOJiCem npunumamscs pasuvim 1,5-2,0 6 3aseucumocmu om
KOHKDEMHbIX YCOBUL U O0IHCEH YMOUHAMBCI PACHENOM)».

Pexomennyemas [2] orcTpoiika OT TOKa B HEMOBPEXACHHON (ase mpu BeIOOpE YCTaBOK
JAHHOTO YCTPOHCTBa MOXKET HE TPOU3BOAMTHCS, IOCKOIBKY B YCTPOHCTBE NPUHATO HE
OJTHOCUCTEMHOE, a MHOTOCHCTEMHOE BBIIOJHEHHE H3MEPHUTEIbHBIX OPraHOB  3aIlUTHI.
CrnenoBatenbHO, OpraHbl KOHTPOJIS (Pa3HBIX TOKOB HE HECYT (PYHKIIUH MEPEKIIIOYCHHUH B TIETIIX TOKa
U HaNpsDKEHUS.

Jlerko mojcuMTaTh, 4TO ycTaBKa Ijo;; paBHa mnpuMepHO (2,5-3) Ipas maxc — YCTaBKe
0OBIYHOI MaKCUMaJIbHO-TOKOBOH 3aILUTHI.

YcraBku mycka 1o Toky u HanpsokeHuto Iyvex mo v 4 U = (Uno, yur) / ku [2] pexkomenayer
OIIpEeNIeNATh KaK yCTaBKH MaKCUMaJIbHO-TOKOBOM 3aIlIUTHI € ITyCKOM I10 HAIIPSKEHUIO:

Invex v = (korcre /' ks) Ipas. maxc. (2.3.2)

B pesynbrare manHas ycraBka noiyuaetcs paBHOU (1,3—1,5) Ipas, makc.

VYeraBka 10 Upsgp, ppy, cOTacHO [2] MOIDKHA BBIOMPATHCS IO YCIOBHIO OTCTPOMKH OT
MHUHHMMAJIBHOTO HANPSDKEHHUs] B MECTE€ YCTAHOBKU 3aIllUThl B YCJIOBHUSIX camMo3allyCKa JIBUraTesei
MOCJIE OTKIIFOYEHUS BHEITHETO KOPOTKOTO 3aMbIKAHUS:

Uvmo. v, < U pn. / (korerp kg), (2.3.3)

rie U yyy — MUHAMAJIBHOE 3HAUCHUE TICPBHYHOTO HAMPSHKESHUS B MECTE YCTAHOBKH 3aIIUATHI
B YCJIOBHSX CaMO3alycka JABUTATeNeH, TOMKHO OMPENesaThCs pacueToM; rpy00 OpHEHTHUPOBOYHO
MOXeT ObITh TpUHATEIM  paBHBIM  (0,8-0,9) Upss yyy.  Koddbdumment Bo3Bpata 10
HaMPSKEHUIO kp ISl TAaHHOTO YCTPONCTBA MpUHUMAETCs paBHBIM 1,06.



2.4 Pacuer ycTaBOK 0JIOKa BBISIBJICHUS JBOMHBIX 3aMbIKAaHHI Ha 36MJITIO

Bri0opy mojuieaT yCcTaBKH:

HaumenoBanue
Onucanue ycTaBku

YCTABKH

«ly, A» MOPOTOBBIN TOK CpabaThIBAHKS YYBCTBUTEIBHOTO OPTaHa TOKA HYJIEBOM
MOCJIEA0BATEIHHOCTH (BTOPHUYHOE 3HAYCHHE, MAKCUMAJIBHBIN OpraH);

«3Uy, B» MOpOTOBOE  3HAUEHHUE  cpabaThblBaHUS ~ CUTHANU3alUU  HAIWYHS
01HO(A3HOTO 3aMBIKaHHS HA 3EMITIO
(BTOpHUYHOE 3HAUYEHHE, MAKCUMAJIbHBIN OpraH);

«Ugonrp, B» MOPOTOBOE 3HAYCHHUE DJIEMEHTA BBISIBJICHHUS CHIKEHUS XOTS OBl OJTHOTO W3
Mexay(ha3HbIX HaOpsHKeHUN  (BTOPUYHOE 3HAYEHHE, MUHUMAIbHBIN
opran).

B ycrpoiictBe nnsi BBISBICHHS JBOMHBIX 3aMbIKAHUM Ha 3€MJII0 HCIIOIb3YETCS OpraH,
KOHTPOJIMPYIOIINNA TOK HYJIEBON MOCIEA0BATEILHOCTH COBMECTHO € AJIEMEHTOM KOHTPOJIS HAJTUUUS
3Up u >eMeHTOM MIPOBEPKU CHIXKEHUS XOTs OBl OTHOTO M3 MEXKTy(Pa3HbIX HAMPSHKECHUI.

VYkazaHHBIA OpraH OCYIIECTBISICT (YHKUMH BBIBOJA U3 JACUCTBUS MEXAy(ha3HOTOo
KoMIuiekTa /{3 1 BBOJa B ACCTBME KOMILJIEKTA OT ABOMHBIX 3aMbIKAHHI HA 3€MJIIO.

AHaJIOTHYHYIO (PYHKIMIO B 3aIIUTaX MO [2] BEITIOIHSIIO pelie TOKA, BKIIFOUEHHOE B HYJICBOU
MPOBOJI BTOPHYHBIX Ilemeil TpaHcpopmaTopoB Toka. [lo mpuHLUMIY [EHCTBUS JaHHOE pele
COOTBETCTBYET UCIOJIb3yEMOMY B YCTPONCTBE OpraHy TOKa HYJIEBOM mocienoBaTesbHOCTH. [Topor
cpabaTblBaHMsl OpraHa 3aJaeTcsi ¢ MOMOILBI0 YCTaBKH «lp, A» B rpymnmne ycraBok «/10 /[3».
MeTtorka BEIOOpa JTaHHOW YCTaBKU COBIIAJACT C METOUKOM orpenecHHOH B [2]:

«llepsuunviii mok cpabamviéanuss MOKOB020 peie, BKIIOYEHHO20 HA MOK HY1eol
nocn1e008amenbHOCMY, GblOUPaemcs no YCi08Uld OMCMPOUKU OM MAKCUMANLHO20 pPaciemHo2o
3HayeHuss moka nebananca lpgpicy, 603HUKAIOWE20 NPU MEHCOVDAZHOM KOPOMKOM 3AMbIKAHUU 8
mecme YCMAaHO8KU pacCMampueaemon 3aujumal.

Ic3. = ki Ins.pacy = korcre kanep. Ius. ver, (2.4.1)

20e korcrp— Ko3ghghuyuenm omempotiku, npunumaemcs pasuvim 1,25;

kanep. — k0o3puyuenm, yuumoigarowuii nepexooHvlll pedicum (Hanuuue anepuoouyeckou
cocmassowel moxa), moxcem ovimo npuHAm pasuvim 2,0,

Iys. yor — nepsuunblii. mox Hebaiauca 6 Hyl1e80M Npo8ode MPAHCHOPMAMOPos8 MoKa 8
VCMAHOBUBULEMCSL PedicuMe NPpU Memaiiudyeckom mpexg@asnom KOPOMKOM 3AMbIKAHUU 6 Mecme
VCMAHOBKU PACCMAMPUBAEMOLL 3AUUMDBL, MOdCem Obimb onpeodeiien 0 2pyoo OPUEeHMUPOBOUHBIX
pacuemos no  creoylowemy — GblpAdCeHUlo,  COCMABIEHHOMY 6  NPeONnOJIONCeHUU,  Umo
mpancgopmamopvl moxa y00se1emeopsiom Kpugbim kpamuocmu moxa npu 10% nozpewnocmu:

Ius. ver = kogu fi Ipacy., (24.2)

20e  kogn— koappuyuenm  ooHomunnocmu  mpaumcgpopmamopos  moxa,  KOMOpwuld 8
3a8UCUMOCIU OM KPAMHOCMU MOKO8 KOPOMKO20 3AMBIKAHUS U 3HAYEHUS CONPOMUBTEHUL 60
8MOPUUHBIX YeNnax mpancgopmamopos moka npunumaemcs pasuvim om 0,5 0o 1,0;

fi — omHOCUmMeNnbHAS MAKCUMATILHO B03MOJNCHASL NOZPEUWHOCIb MPAHCHOPMAMOPO8 MoKa
npu  KOPOMKOM 3aMbIKAHUU 6 Mecme YCMAHOBKU PACCMampusaemol 3auumsl, MoOdicem
npunumamscs pasnou 0,1;

Ipscy — nepeuyHblll  pacyemuvlli.  MOK  MEeMALIUYecKko20  mMpexghasHoco  KOPOmKo2o
3AMbIKAHUA 8 Mecme YCMAHOBKU PACCMAMPUBAEMOU 3AUJUMBY.

Crnemyer OTMETUTH, YTO NMPH HAJTMYWHU Ha 3alIMIIACMON JIMHUM HEHANPaBICHHON TOKOBOU
OTCEYKH TOK cpabaThIBaHUS peJie MOXKET OTCTPAUBAThLCS OT TOKAa HeballaHCa MTPU 3aMbIKAHUN MEKIY
(azamMu B KOHIIE 30HBI, 3alMINAeMOW TOKOBOW oTceukoil. CremoBarenbHO, 3a Ipscy MOXKHO
MPUHUMATh YCTAaBKY IO TOKY HMEIOIICHCS B YCTPOMCTBE TOKOBOW OTCEUKH, HO TOJBKO B TOM
cllydae, eCJI OHa PacCUMTHIBAIAach KaK HEHAIpaBICHHAs.
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Hanee B [2] yka3bpIBaeTcsl, 4TO €CIU MPH yCTaBKE, BHIOPAHHOI IO yKa3aHHBIM YCIIOBUSIM,
3alIiTa HEJOCTATOYHO UYYBCTBUTEIbHA TPU JBOWHBIX 3aMBIKAHUSAX HAa 3EMIIIO, CIIEAyeT
WCIIONBb30BaTh peiie ¢ TopMmoxkeHnwemM. B ycrpoiictBe «Cupuyc-/3-35» mnpexycmorpeHo
TOpPMOKEHHE OT (Da3HBIX TOKOB (cM. pUCYHOK 2.2). CrnemoBarenbHO, YCTaBKY MOXKHO CHHU3UTH U
MIPUHUMATH TI0 YCJIOBUSM 4yBCTBUTEIHHOCTH. HeoOX0oauMble AJisi OIIEHKH 4yBCTBUTEIBHOCTH TOKU

JIBOMHBIX 3aMbIKaHUM Ha 3€MJIIO MOKHO pacCUMTaTh MO YKa3aHUsM [2], npunoocenue X.
Yalo

3oHa cpabamebieaHusi

Kmopm =tg(¢)= 0,15

i
0 ycT i
|

; X

>
>

Ib max

[
Iyyer/ 015

Pucynok 2.2 — Topmo3Has XxapaKTepHUCTHKA OpraHa TOKa HyJIeBO ITOCIEI0BAaTEILHOCTH

Pene Toxa HyneBOH MOCIIENOBAaTENILHOCTH B OJIOKE BBISBICHMS JIBOMHBIX 3aMbIKaHUI Ha
3eMJII0 TIPUMEHSIETCSI COBMECTHO C JIEMEHTOM KOHTpouist Hannuus 3U, (3amaercst ycraBkoit «3Up»
B rpynne ycrtaBok «Kontponas 3UO») M 351eMEHTOM IMPOBEPKH CHIDKEHHUSI XOTs Obl OJHOTO M3
Mex Ty ha3HbIX HAPSDKEHUH (3amaercs ycraBkon « Ukxoprp» B TpyTiTie yeTaBoK «Ilapamempur TH»).

IlepBasg u3 3TUX YCTaBOK NpPOBEpsAET HaJIMYUEe OAHO(PA3HOIO 3aMBIKAHHSA B IIEPHUOJ,
MIPEIIECTBYIONINI TBOHHOMY 3aMbIKaHUIO. Ee 1Mo yCcIoBHIO OTCTPOWKH OT HANpsKEHUs1 HebalaHca
B 1ensax 3U0 pexkomenayeTcst mpuHUMarh pasHou 20-30 B.

YcraBka «Ugoprp» KOHTPOIUPYET (aKT CHUKCHHSI XOTSI ObI OJHOTO M3 MEXIy(a3HbIX
HanpsbkeHud. Ee 1o yclnoBHIO OTCTPOMKM OT MHHHMMAIBHOTO paboyero HampsKeHUs
peKoMeHyeTCsl IpUHUMATh paBHO 70 B.

3 Pacuer ycTaBok 0J10KHPOBKM NIPH Ka4YaHUAX

3.1 Bribopy nojiexar:

HaunmenoBanue
Onucanue ycTaBKH
YCTaBKH
A2yyecm./Tnom Benuunna  mpupamieHuss Toka — 0OpaTHOM  MocCienoBaTeIbHOCTH,

BbI3bIBalOIIlee cpadaThiBaHuE YyBCcTBUTEIbHOTO opraHa bK. 3aganue uner
B OTHOCHUTEJIBHBIX €IMHHUIIAX BTOPUYHOIO TOKA

Al22pyo./Tnom Benmuunaa  mpupamieHus  TOKa  OOpaTHOW  MMOCIEIOBATCILHOCTH,
BbI3bIBatoliee cpabarbiBaHue Trpydoro oprana BK. 3amanuwe wumer B
OTHOCHUTCIIBHBIX CIMHHUIIAX BTOPUIHOI'O TOKA.

Allyyecm./Tnom BenmuunHa ~— mpupalneHus TOKa IPSAMOI IIOCJIEI0BATCIIbHOCTH,
BbI3bIBaroOlIee cpabaThiBaHUE YyBCTBUTENBbHOrO oprana bK. 3aganue uner
B OTHOCHUTEJILHBIX €AWMHUIAX BTOPUIHOI'O TOKA.

Allzpyo./Inom Bennuuna pHUpaIeHus TOKa pAMOI I10CJIEA0BATEIILHOCTH,
BbI3bIBatoOliee cpabarbiBaHue Tpyboro oprana bK. 3amanme wumer B
OTHOCHUTEIBHBIX €AMHNIIAX BTOPUYHOI'0 TOKA.

Te6 uyecme., ¢ Bpewmst BBoa cTymneHeil mpu cpabaTblBaHUK 4yBCTBUTEIbHOTO oprana bK.
Teg cpyo., c Bpewms BBoja cryneneil mpu cpabareiBanuu rpyooro oprasa bK.
«T 20mos., c» Bpewmst Bo3BpaTa cXeMbI B UICXOJIHOE COCTOSIHUE.
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brokupoBka mpu KadaHMSIX BBIIOJHEHA Ha TeX JK€ NPUHLUIAX, YTO U B HU3BECTHBIX
oredyecTBeHHbIX 3amurax HI2-2801 u I1J123-2001. ITostomy mpu BeIOOpe ycTaBOK OJIOKHPOBKH B
[EJIOM COXPaHSAIOTCS peKoMeHmauuu [4], [OMOJIHEHHbIE NPUBEACHHBIMU  YTOUYHECHUSIMH,
YUUTBIBAIOIIMMU OCOOEHHOCTH aJrOPUTMOB pabOThI IyCKOBBIX opraHoB bK.

PaGora oprana BK ocHOBaHa Ha KOHTpOJ€ aBapHIIHBIX COCTABISAIOIIMX TOKa MPSAMOM U
00paTHOW TMOCNIeOBATENIFHOCTH. BhieneHne aBapUilHBIX COCTaBISIOMIMX NPSAMOM M 0OpaTHOU
MOCTIeI0BATEIbHOCTH U3 MOJHBIX (Da3HBIX TOKOB BBIMOJHSETCA LENOYKaMH (UIBTPOB MPSIMOM U
00paTHOW TMOCTEeNOBATEIBPHOCTH, HA BBIXOJE KOTOPBIX YCTAaHOBJICHBI (HIBTPHI aBaPUIHBIX
cocTaBisAOIMX. TakuM oOpa3zoM, oOpa3yroTcs ABa KaHaia, oObeAuHeHHbIe 1Mo yciaoBuo «MJIM»
(cm. pucynok 3.1).

ABapuiiHble COCTaBIISIOIINE TOKAa OOpAaTHOW IOCIIENOBATEILHOCTU IMOSBISIOTCS MPU BCEX
HecuMMeTpuuHbIX K3, a Toka mpsiMol IOCIIENOBATEIbHOCTH — NpHU Beex Buaax K3, Bkimrodas u
TpexdaszHble, 4eM 00ecIeunBaeTCs HaZe)KHOE CpabaThIBaHNE MyCKOBBIX OPTaHOB MPH JIFOOBIX BUIAX
NOBPEXACHUN. B pexumax, COpOBOXKAAIOIMMNXCS KAUaHUSAMU U aCUHXPOHHBIM XOJIOM, aBapUilHbIE
COCTAaBIIIONIME TOKOB TIPSAMOM W  OOpaTHOM  IOCIENOBAaTEIbHOCTH OTCYTCTBYIOT, 4YeM
obecnieunBaercs HecpabarbiBanue [10. [l mycka ctyneneit /I3 Ha Beixone noruyeckoit yactu bK
dopmupyercst curnain «Ilyck JI3».

Kaxnpiii n3 kananoB IO umeer 1Be CTYNEHM MO YyBCTBUTEJIBHOCTH: UyBCTBUTENIbHASA U
rpy0as cTyneHb IIyCKOBOI'O OpraHa.

I[Ipu  cpabarbiBanuu  uyBcTBUTENbHBIX  [IO  ObICTpONEHCTBYIOIIME  CTYMEHH,
koHTposupyembie oT BK, myckarorcs ot curnana «Ilyck [A3» nHa Bpems («786 uyscms., c»),
JIOCTATOYHOE JJIsl HAJEeKHOTO IMycka cTyneHed. Jlamee oHM OJOKUPYIOTCS O HUCTEUEHHUS BPEMEHH
Bo3Bpara bK («Tzomos., c»). IX TOBTOpHBIN MyCK 10 UcTeueHus: BpeMeHu Bo3Bparta bK Bo3moxken
npu cpabatbiBanuu rpyosix IO (Ha Bpemst «766 epyd., c»). TeM caMbIM, HCKIIOYAETCS OTKa3
CTyIIEHEW MpH NepBOHAYAILHOM cpabaThiBaHUK 4yBCTBUTENBbHBIX [10 Ha BHemHMe, ynanenusie K3
WM TIPU KOMMYTAIUSAX HArPY3KH, ¢ TTOCTIEAYIOIUM BO3HUKHOBEHHEM BHYTpeHHUX K3.

VYrpomennas GpyHKIHoOHaIBHO-ToTH4Yeckas cxema bK npuBenena na pucynke 3.1.

no Al2/dt
YyBCTB.
1
o] 2
y ) Myck O3
Jlocuueckas
no Al2/dt 1 yacmes bBK
rpy6. ||
no Al1/dt
rpy6.

Pucynok 3.1 — YrpomierHas pyHKIHOHATBHO-TOTHYecKas cxema BK

3.2 B cootBercTBuM ¢ [4] pacueT Toka cpadatseiBanus [10 BK cocrout u3 aByx 3Tanos.

3.2.1 Ha mepBoM oTame BBIOMpaeTcsi TOK cpabaThIBaHUS W3 YCIOBHS OTCTPOMKH OT
HeOalaHca Ha BBIXO/IE LIETIOYKU (PUIIBTPOB.

OuIbTpbl aBapUUHBIX COCTABISIOLUIMX B PEKUME Ka4aHUHM MM aCHHXPOHHOI'O XOJa UMEIOT
HeOanaHc, 00yCIOBIEHHBINH HAIMYUEM B CUTHAJIE TOKA IBYX YacCTOT, Pa3HECEHHBIX MEXIy co00i Ha
94acTOTy CKOJNBXEHHA fs, [1y. OUIBTPB CHMMETPUYHBIX COCTABIIIONINX TAK)KE MMEIOT HeballaHC,
00yCIIOBJIEHHBIM MOTPEIIHOCTSMH allapaTHON peanu3auy GUIbTPOB.

Hebananc ¢unbpTpoB aBapHifHBIX COCTABIJISIONIUX B YCIOBHUSIX aCHHXPOHHOTO XOZa CHUIBHO
3aBUCUT OT YacTOTBl CKOJBXEHHUsS. 3aBUCUMOCTb Kod(duuuenta Hebanmanca Kypocn OT 4acTOTHI
CKOJILKCHUS TIpUBE/IeHa B Tadmuie 1.
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Tabnuna 1 — 3nauenne kodddunmenrta Hebananca Kygocw.

Yacrota
CKOJIBKEHUS 1+5 6 7 8 9 10
fs, I'n

Koaddurment
HeOanaHca 0,03 0,04 0,05 0,06 0,08 0,11

Khb.0cH

3.2.2 Ha BTOpOM »Tame pacyera MpOBEpsSETCs YyBCTBUTEIBHOCTh NPHU BBIOpaHHON
ycTaBKke. MUHUMAIBHO JTOMYCTUMBIN KO3 (GUIIUEHT YyBCTBUTEILHOCTH B COOTBETCTBUH C [4] paBeH
1,5 npu K3 B 3amumaemoii 301e u /,2 npu K3 Ha cMexHbIX yyacTkax. Ecin pacueTHble 3HaueHUS
KO2(DPUIIMEHTOB YyBCTBUTEILHOCTH 3HAYUTEILHO MPEBLIMIAIOT TpeObyemblie (Oosiee ueM B 2 pasa), ¢
LIEJIbI0 CHIDKEHUS YMCIIa JOXKHBIX cpabarbiBanuii [10, ycTaBku cpabaThIBaHUS YTOUHSIOTCS, UCXOS
13 yCJIOBUS JOCTUKEHUS 3a/IaHHBIX MUHUMAJIbHBIX 3HaYe€HUN K03()PHUIIHEHTOB 4yBCTBUTEIHHOCTH.

3.3 Bei0Oop ycraBku «AI2uyecm/Inom»

B o6miem ciiydae npu HAIMYUH B PEKUME Ka4aHUH KaK TOKa MPSIMOU MOCJICIOBATEIILHOCTH,
TaK ¥ TOKa 0OpaTHOM MOCJen0BaTeNbHOCTU (00YCIOBIEHHOTO HAIMYHMEM HECUMMETPUHU B CUCTEME,
HaIlpuMep Harpy3Ku) yCTaBKa BEIOMPACTCS 110 BBIPAKCHHIO:

A2qgyper = Kore * (Kus.oct * 1> kau + Kus gor * 11 kaa + Ius gon) (3.3.1)
rne  Korc— xodddunuent orcrpoiiku, Korc= 1,2;

15 k4y— BTOPUYHBINA TOK OOpAaTHOM MOCIIEIOBATEIFHOCTH B PEKMME Ka4aHHI;

I} g4y— BTOPUYHBIN TOK MPAMOM MOCJIENOBATENBHOCTH B PEKUME KAUAHUM;

115 jorr— NOTIONHUTEINIBHAS COCTaBIIAONIas HebajlaHca LENOYKH (UIBTPOB (IPUHUMAETCS
0,01 A);

Kuys.ocy — koadhdurmuenT HebalaHca 1O OCHOBHOMY CHUTHay (UIbTpa aBapHITHBIX
COCTaBISONMX (B JIaHHOM BBIPQKCHHH — TOK OOpaTHON MOCIEAOBAaTEIHHOCTH), BBIOMpPAETCS
coryJacHo Tadnuie 1 ucXoms U3 U3BECTHOM YacTOThI CKOJIBKEHHS

Kup o — koaduiment Hebananca Mo JIOMOJHUTEILHOMY CHUTHANYy (GHIbTpa aBapUUHBIX
COCTABJISIONTUX (B JAHHOM BBIPKEHUH — TOK MPSMOM MOCIIEI0BATEILHOCTH ), TIPU PACUETE YCTABKH
o0 00paTHOM MmocleJ0BaTeIbHOCTH IpuHUMaeTcst paBHbIM 0,01.

Pexomenayercs oOrpaHM4MTh MHUHUMAIBHOE 3HAUYE€HHE YCTaBKU «Al2yypcr» MOpPOrom
0,08 Iowm, Ti€ IHoM — HOMUHAIBHBIA BTOPUYHBINA TOK 1 min SA.

YyscrButenbHOCcTh [10 npoBepsercs mo kodhpUineHTy 4yBCTBUTEILHOCTH:

K _ 1 2 3AI[. MUH
Y YYBCT. — AI2
YVBCT
rie D> 3401 Mpr— MAHUIMQJIBHBI ~ BTOPHYHBIE  TOK  OOpaTHOM  IOC/IEOBATENBHOCTH  IIPU
nByxdaznom K3 B pacueTHOlM TOUKe, ONpeAeIsieMblii UIsl pACU€THOTO PEXKIMa,
Al2yypcr — npuHSATas ycTaBka yyBcTBUTENBHOTO [10.

, (3.3.2)

Ko duuuent ayBcTBUTEIBHOCTH (MUHUMATIBHBIN Ky = 1,2) npoBepsiercs npu K3 B KoHIle
CMEKHOTO y4acTKa — B 30HE JJAJIbHETO Pe3epPBUPOBAHHUS.

B ycrpoiicTBe ycTaBka 3aaeTcs B OTHOCUTENbHBIX 3HaueHusX: Al2uyecm/Inom, tae Inom —
HOMHHAJIbHBIM BTOpUYHBINA TOK 1 mnu SA.

3.4 Bri6op ycraBku «Al2zpyo/Inom»

3HaueHUe yCTaBKU IPUHUMAETCs paBHOH [4]:
A2rpyg = 2 - Al2qypcr (3-4-1)
rIe Al2qypcr — BhIOpaHHAs paHee ycTaBka yyBcTBHTENbHOTO [10.

[IpoBepka 4yBCTBUTEIHLHOCTH IPOU3BOAUTCS 110 BHIPAXKEHUIO:
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1

_ 7 23All. MMH

K =
Y. I'PYb. Al 2FPY5
rie 1> 34111, My — MUHUMAIIBHBIM BTOPUYHBINA TOK OOpaTHON MOCIENOBATEIbHOCTH 3AIIUTHI IIPU
K3 B pacueTHOl TOUKE, ONIPEAEIAEMBIN U PACUETHOTO PEXUMA;
A2 rpyp — npunsTas ycraBka rpyo6oro I10.

, (3.4.2)

Koapduuuent uyBcTBUTENbHOCTH (MHUHMManbHbIi Ky = [,5) mpoBepsieTcs IpH
neyxdazaom K3 Ha 3ammimaeMoM 371€MEHTE CETH.

3.5 Eciu pacdernpie 3HadeHUsT KOAIPOUIMEHTOB YYBCTBUTEIBHOCTH Ky yypcrs U Kyrpys
3HAYUTENIBHO TPEBHIIIAIOT Tpebyembie (Oolee WeM B 2 pasza), PEKOMEHIYETCS OTPaHUYHTH
qyBCTBUTEIBHOCTh [IO, YTO CHU3HT BEpPOSITHOCTh HUX CpabaThIBaHHS TMPH CKAYKOOOPa3HBIX
W3MEHEHUSAX Harpy304YHbIX TOKOB, HAIPUMED, MPU BKIIOUYECHUU WK OTKIIFOUEHUH PUCOCTUHEHHUS C
MOIIHOW Harpy3Koi.

s sToro HeoOXoauMO YTOYHHTH TOKU cpabateiBanusi 110 Al2yyper m Al2rpyp 1O
MPUBEJICHHOMY HIDKE aJiITOPUTMY.

Onpenensiercst  KpaTHOCTh  KOA((UIMEHTOB  YyBCTBUTEIBHOCTH, MOJYYEHHBIX IO

BoIpakeHusim (3.3.2) u (3.4.2):

K = Kyrpys / Ku.yyscrs (3.5.1)
rne  Kyrpys, Kyyyscrg — pacdeTHble KOI(DPUIMEHTHI YyBCTBUTEIBLHOCTH TpyObOTO W
yyBcTBUTENBHOTO [10.
[lanee B 3aBUCUMOCTH OT MOJIYYEHHOIO 3HAUYEHUS IPUHUMAEM:
— npu ycaoBum, yto K> 1,25, yrounserca Tok cpabarbiBanus dyBcTBUTENIbHOro 110 mo
BBIPAXEHUIO:

A2qypcryroun. = AI2qyper - Ky.uyscrs / Kayyscrs.rpes (3.5.2)
rne  Kvyyyscrsrpes — TpeOyeMoe 3HadeHHEe KOI(PUIIMEHTa YyBCTBUTEIHHOCTH, PEKOMEHYETCS
npuHATH B 1,5 paza 6osbire MuHUMabHO fgormyctuMoro (1,2). Kyyysers.rees = 1,2:1,5 = 1,8.

YTouneHHbIN TOK cpabatbiBanus rpyooro 1O Al2rpys yroyy Oepetcst B 2 pa3a Golbliie ToKa
cpabaTbiBaHus yyBcTBUTENBHOTO 11O B cooTBeTCTBUY C BRIpakeHueM (3.4.1):

AIZFPYB.YTO‘IH =2 A[2‘IVBCT.YTO‘1H (353)

— npu yenosuu K < 1,25 yrounsiercst Tok cpabateiBanus rpyooro I1O 1o BeIpaxeHHIO:

A2rpyg yroun = AL2rpys * Ky rpys / Kurpystres (3.54)
rie  Kurpystees — TpeOyeMoe 3HadeHue Ko3(duimeHTa 4yBCTBUTEIBHOCTH, PEKOMEHIyeTCs
npuHAThH B 1,5 paza Oosbiie MUHUMaNIBHO Joryctumoro (1,5). Ky rpyprpes = 1,5-1,5 = 2,25.

VYTouHeHHBI TOK cpabarbiBaHus uyyBcTBUTENBHOro IIO Gepercss B 2 pa3a MeHbIIE TOKa
cpabartbiBanus rpyooro I10:

Alyypcr.yroun = Alrpys.yroun / 2. (3.5.5)
3.6 Bri6op ycraBku «Alluyecm/Inom»
Tok cpabatbiBaHus 9yBCcTBUTEIBHOTO [10 omnpeenseTcs mo BhIpakeHUIO:
Allgyper = Kore * (Kus.ocn * 11 kay + Kus gor * 12 kay + T non), (3.6.1)

rie  Korc— xosddunuent orcrpoiiku, Korc = 1,2;

1> x4y — BTOPUUHBIM TOK 0OpaTHOM MOCJIEI0BATENILHOCTH B PEXKUME KauaHUM;

1} g4y — BTOPUYHBIN TOK MPSAMOM MOCIEA0BATENBHOCTH B PEKUME KaUaHUM;

115 7o — MOTIOJTHUTENBHAS COCTaBIIsAIOMAs nenodyky GpunbTpos (mpuHumaercs 0,01 A);

Kugocn — xosddunrenT HebanmaHca 1O OCHOBHOMY CHUTHaly (UIbTpa aBapHHBIX
COCTAaBIAIONIMX (B JaHHOM BBIPAXEHHH — TOK MPSIMOM TIOCIEIOBATENBHOCTH), BBIOMpAETCs
coryiacHO Tabnuue 1 ucxois U3 U3BECTHOM YacTOThI CKOJIbKEHMS;

K jon — ko3 duimenT HebanaHca MO JOMOIHUTEIBHOMY CUTHANYy (UIBTpa aBapUIHBIX
COCTaBJIAIOLIMX (B JaHHOM BBIPQXKEHUHU — TOK IPSAMOM MOCIEI0BAaTEILHOCTH), IIPU pacyeTe yCTaBKU
10 MPSIMOM MOCIIE0BATENbHOCTH TpUHUMaeTcs paBHbIM 0,02.
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PekoMenayercss OrpaHMYUTh MUHUMANIbHOE 3HAYEHUE YCTaBKU «Allyypcr» TOpPOroM
0,08 Iowm, TiE IHOM — HOMUHAIBHBIA BTOPUYHBINA TOK 1 win SA.
YyscrBurtenbHOCTh 110 npoBeparcs mo ko3 puimeHTy 4yBCTBUTEILHOCTH:

K _ 1 1 3A1[. MUH
Y. YVBCT — A[l
YYBCT
rie 1} 34111, My — MUHAMAJIBHBIN BTOPUYHBIN TOK MPSIMOM MOCJIEAOBATEIBHOCTH MIPU TpeX(dazHOM
K3 B pacueTHOl TOUKE, ONIPEAEIAEMBIN U1 PACUETHOTO PEXUMA;
All yypcr — IpUHATasA ycTaBKa 4yBcTBUTENBHOTO [10.

, (3.6.2)

Koadduuuent ayBcTBUTEIBHOCTH (MUHUMATIBHBIN Ky = 1,2) npoBepsiercs npu K3 B KoHIle
CMEKHOTO y4acTKa — B 30HE JJAJIbHETO Pe3epPBUPOBAHHUS.

B ycrpoiicTBe ycTaBka 3ajaeTcs B OTHOCUTENBHBIX 3HaueHus1x: Allyyecm/Inom, rae Inom —
HOMMHAJIbHBIM BTOpUYHBINA TOK 1 mnm SA.

3.7 Bui6op ycraku «Allzepyo/Inom»

3HaueHUE YCTaBKU IPUHUMAETCS PaBHBIM [4]:
Allrpys = 2 - Allyygcr, (3.7.1)
rIe All yypcr — BeIOpaHHAs paHee ycTaBka yyBcTBHTENbHOTO [10.

[IpoBepka 4yBCTBUTEIHLHOCTH IPOU3BOAUTCS 110 BHIPAXKEHUIO:
K _ 1 1 3AIL MUH
Y. I'PYE — A]l
I'PYVE

rae 1734 My — MAHAMAJIbHBIA BTOPUYHBIM TOK MNPSAMOM IOCIENOBAaTEIBHOCTH 3aLIUTHI IIPU
cumMeTpuaHoM K3 B pacueTHO# TOUKe, OIpeaesseMbli JJIsl pACYETHOTO PEKUMA;
All rpys — puHsTas ycraska rpyooro I10.

, (3.7.2)

Koodpduuumenr dgyBcTBUTENBHOCTH (MHUHUMaNbHBIA Ky = 1,5) mpoBepsiercs  mpu
cummeTpryHoM K3 Ha 3amminaemMoM 31€MeHTe CETH.

3.8 B cmyuae, ecnmu KO3(PPUIMEHTH YyBCTBUTEIBHOCTH Ky yypcrg U Kyrpys mus 110
MPSIMOM  TOCJIEIOBAaTeIbHOCTH 3aMETHO IPEBBIIAIOT TpeOyemble 3HAu€HUs, PEKOMEHIyeTCs
OTPAHHYUTh WX YYBCTBHTEIHHOCTh, BOCIOJIE30BABIIMCh METOAMKOW, mNpuBeAcHHOH st [10
o0OpaTHOM MOCIe10BaTENbHOCTH B 11.3.5.

3.9 BwIOOp ycTaBOK IO BpeMEHHU

OTnn4aroTCs 3TU  BBIXOABI  JUIMTEIBHOCTBIO  CYIIECTBOBAaHMS Ha HHUX CHUTHaja,
paspemiaroniero AeHcTBUE 3amuT. s 3agaHust AIMTEILHOCTH CyllecTBOBaHUs curHaia «llyck
J13» npenycMOTpEHBI yCTaBKH:

— «T66 uyscme., c» —BpeMs BBojma cryneHed J[3 mpu cpabaThiBaHUHM YYyBCTBHTEIHHOTO
oprana bK. Pexomennyemoe 3nauenue — 0,4 c;

— «Te6 epy6., c» —Bpemst BBoja crynenedl /I3 mpu cpabateiBanum rpyboro oprana BK.
Pexomennyemoe 3nauenue — 0,4 c;

— «Teomos., c» —BpeMs rOTOBHOCTH cxeMbl bK k HOBOMy 1ukiy mycka. Pekomenayemoe
3HaueHue )-8 c.
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4 Pacuer ycTaBOK 0JI0Ka KOHTPOJISI HCIIPABHOCTH LelNeill HANPAKEHU

Bri6opy noanexar ycraBku B rpymie «Ilapametpst THy:

HaumMmeHoBaHue
Onucanue ycTaBku

YCTABKH

«Ukoutp, B» MOPOTrOBOE 3HAYCHHUE DJIEMEHTA BBISIBJICHUSI CHIKEHUS XOTS OBbI OJTHOTO U3
MeXay(ha3HbIX HANpsOKEHUH (BTOPUYHOE 3HAYCHUE, MUHUMAIbHBIN
opras);

«U; kourp, B» MOpOr 10 HANPsHDKCHUIO OOpaTHOM  IMOCHEOBATEIBLHOCTH — OpraHa
BBISIBJICHHSI HECUMMETpHH (BTOPUYHOE 3HAYCHHE, MAaKCUMaJIbHBIA OpraH);

«I3 kouTp, A» MOpOr 1O TOKYy OOpaTHON IOCIIEIOBATEILHOCTA OpraHa BBISBICHHUS
HECUMMETPHUH (BTOPUYHOE 3HAYCHHE, MAaKCUMAJIbHBIN OpraH);

«d g, A» MOPOT 1O TOKY OpraHa Jyisl BBISIBJICHUS CHMMETPUYHBIX HEUCIIPABHOCTEH
B nemsx TH mpu BKIIOUEHWH BBIKIIOUATENsS (BTOPUYHOE 3HAYCHUE,
MaKCUMaJIbHBIM OpraH).

3nauenue yctaBku Ugoprp BHIOMpaETCs paHee B 1. 2.4 JaHHBIX PEKOMEHIALUH.

PacueTrbl moKka3pIBalOT, YTO €CIIM B CHMMETPUYHOM HArpy304YHOM PEXUME C HOMUHAJIBHBIMHU
(ha3HBIMU HANPsHKEHUSIMU B 58 B 000pBeTCS OJJUH U3 POBOIOB, MOABOAAIINX (pa3HbIe HATPSKEHUS
K YCTPOWCTBY, TO TIOSIBIIICTCS BTOPUYHOE (Da3HOE HAIMPSHKCHHE OOPATHOM IMOCIIE0BATEIBLHOCTH
BenuuuHON B /9 B. Jlyid BBIABICHHS TaKOro peXUMa PEKOMEHIYETCs MPUHMMAaTh YCTABKY IO
UZKOHTP. nopsiika (]0—15) B.

VYcTaBKky MO TOKY OOpaTHOM MOCHEeNOBAaTENbHOCTH «loxoprp» OIPEAETSIOT IO YCIOBHUIO
OTCTPOWKH OT HEDAJIAHCOB, BBI3BAHHBIX IMOTPEIIHOCTSIMH TPaHC(HOPMATOPOB TOKA W BO3MOXKHOU
HECUMMETPUEU B CUCTEME:

K
]ZKOHTP 2%'(]21{5 +[2HP) >
B 4.1)
IZHE = KZHE ’ IPAE‘MAKC‘
rne  Korc— kodpPUIHEHT OTCTPONKH, YUUTHIBAIOIIUN MOTPEITHOCTh pelie, OMMOKH pacuera H
HeoOXoauMBIi 3amnac. [y nanHoTro mpuMeHeHusT Ko PUITMEHT 3araca MpUHUMAETCs paBHBIM 2, ();

K — koapunment Bo3Bpata, paBHslii 0,92;

Lyp—TOK HeOanmaHca, OOYCIIOBJICHHBI HECUMMETPHEH B CHCTEME; MpPH OTCYyTCTBUU
HECUMMETPUHU B CUCTEME MPUHUMAETCS] PaBHBIM HYJIIO;

Lyp—Tok HebanmaHca, OOYCIOBJIEHHBIM TOTPEHIHOCTAMU HM3MEPEHHUS M pacyeTa ToKa
00paTHOM MOCJIeI0BATEILHOCTH;

K> — ko purment Hebamanca 1mo ToKy 0OpaTHON MOCIIEeI0BAaTEILHOCTH, paBHbIH (),03;

Ip45 Makc, — MAKCUMATBHBINA pabo4dmii TOK.

Taxxe HeoOXonMMO 3a1aTh YCTaBKY «lpxy, A», KOTOpas HCHONb3YeTCsS JUIsl BBISBICHUS
BKJIFOUEHUH BBHIKITIOYATeNsi Ha Onuskue Tpexdasnele K3 ¢ mpocaakoil Bcex Tpex MexayhasHbIX
HanpspKeHUU. Bok, HCHOb3yIOMMM yKa3aHHYI0 YCTaBKY, JEUCTBYET TOJIBKO B T€UEHHE | CeKyHbI
M0CJI€ BKIIFOUEHHUS BBIKIIFOUATEIA.

Bemnuuny ycraBku «lpgy, A» ciaemyeT 3amaBaTh HECKOJIBKO OOJBIIYI0, YeM MaKCUMAaTbHBIN
TOK, BO3HHUKAIONIMI MpH BKJIIOYEHUU BBIKIIOYATENsE HA HArpy3Ky (ClIeIyeT Y4YWUTHIBaTb TOKH
camo3alycKa JBUraresieil HarpysKu).

JIoTIONTHUTENBHO HYXXKHO YOeOUThCs, 4yTO TOK Onm3koro Tpexdasznoro K3, ¢ mpocankoit
JMHEWHBIX HAIpsOKeHU Hrbke [0 B BTOPUYHBIX, MPEBBIIIAET 3aJaHHYI) BEIMYMHY YCTaBKU
«Iprm, A». B Tex ciyuasix, Korja ycilOBUE HE BBINOJIHAETCS (TOK MEHbILIE YKa3aHHOW BEJIMYMHBI, a
mpocajka Bo3MokHa Hmke /0 B), HeoOXoaumo 00s3aTeNbHO HCIOJB30BaTh TOKOBYIO OTCEUKY,
KOTOpas MpeyCMOTpeHa B JAHHOM YCTPONCTBE.
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B OGonpmmHCTBE CilydaeB ycTaBKa MOJIydaeTcsl MPUMEPHO paBHOU 2,5 OT HOMHHAJIBHOTO
TOKa JUHHUH. Vcronb3yeTcss He HOMUHAJIbHBIN BTOpUYHBIA TOK TT, a MMEHHO TOK HOMHUHAJIbHOMN
Harpy3Ky JJUHUH, IEPECUNTAHHBIN BO BTOPUYHOE 3HAYCHUE.

5 Pacuer ycTaBok 3a1uMThI OT 00pbIBa a3

Bri6opy noasexaT ycraBku B rpymme «30Dy:

HaunmenoBanue
Onucanue ycTaBKH

YCTaBKH

«l2/T1» [IOPOrOBOE 3HAYEHHE OTHOUICHHUSI TOKAa OOpaTHON MOCIIEI0BAaTEIILHOCTH K
TOKY NPSIMOM ITOCJIEOBATEILHOCTH

«T, c» BBIJICPYKKA BPEMEHH Ha CpabaThIBaHUE CTYIICHU

3ammra oT oOpeiBa (a3 (30d) paboTaeT MO COOTHOIIEHUIO TOKOB OOpAaTHOW M MpPsIMOM
MOCIIEZIOBATEIFHOCTH. B HOpManbHOM peskuMe paboThl cooTHOIICHUE /2/11 OIIM3KO0 K HYJIIIO, TOT/Ia
Kak npu oOpeiBe OJHOM M3 (a3 COOTHOLICHHE CTaHOBHUTCA ONM3KUM K eauHuie. Ilpu oOpsiBe
BTOPHYHOW TOKOBOH €N COOTHOIIEHHE puMepHO paBHO (),5. IIpu BbIOOpe ycTaBKH HEOOXOIMMO
OTCTPOMUTHCA OT JIONMyCTHUMOIO IEpeKoca TOKOB B HArpy304YHOM pEXUME M ONpPEIeTUThCS,
HE0O0XOUMO JIH CpabaThIBaTh MpU OOPbIBE BTOPUYHBIX TOKOBBIX ieneil. COOTBETCTBEHHO yCTaBKa
BeIOupaetcs: 0,3-0,4 (c obecrieueHneM cpadaTbiBaHUsl MpU OOPHIBE BTOPUYHBIX TOKOBBIX IIETICH)
i 0,6-0,7.

Bpewms cpabarbiBanus 30®P 10KHO OBITH HA CTYNEHb CEIEKTUBHOCTU OOJIBIIE, YEM BpeMs
otkimtoueHust K3, mpu cpabaTeiBaHUM caMOil MEIJICHHOW U3 3allUT JTUHUU.
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