M VIHCTUTYT 3HepreTuKM,
MHhopMaLMOHHBIX TeXHOMOrMK
W YNpaBnsaloLWwmnx cucTem

PejienHad 3a1IIMTA 1 AaBTOMATHKA CUCTEM
IIEKTPOCHAOKEHM S

Jlekusa Ne

ToxoBble 32IIUTHI HYJIeBOH nocJaeaoBaTeabHocTH BJI 110 kB

CocraBuit: Ky3nenos /. b.
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TokoBasi HanpaBJIeHHad 3alIMTA HYJeBOi mocjaenoarejbHocT TH3IHII
Camas HamexHass U B MECTE C TE€M IMpOCTas 3allUTa JIMHUHA. JTO JOTHUYECKAs LEMOYKAa M3 KOHTAKTa
TOKOBOTO PEJIe, peJie HAMPABICHUS MOIIHOCTH U PEJie BpEMEHH (HaUMHasi CO BTOPOU CTYNEHN).
[lepBast cTyrneHp AeHCTBYeT O3 BBIACPKKH BpeMeHH, oxBaThiBaeT 40-60% IIWHBI JTUHHUH, OCTAIbHBIC
CTYIIEHU UMEIOT BBIIEPKKH BPEMEHH.
Bropas crynens oxBatbiBaet 90-100% mivHbI TMHAH.
TpeTrbs CTyIEHb HAZIE)KHO OXBATHIBAET JIMHUIO 10 IIWH MMPOTUBOIIOJIOKHOW MOJACTAHIIUH.

YetBepTas (msiTas CTyINEeHb) MIPUMEHSIETCS JIsl 00€CTICUeHUS TAIbHETO PE3ePBUPOBAHUSI.

Hama ymamg CMexHad THHHA
nc.A nc.b nc.B
40-60%
1 cyneHb .. 90-100%
. 2 cTyneHs | 110%
B 3 cTyneHs N 200%
. 4 cTyneHs _




3emusiHas 3amuTa (33) nmpeaHasHaueHa s 3anuthl BJI B ceTsx ¢ 3a3emieHHoM HelTpaibio oT K3 Ha

3eMunro. IlomHoe MNPaBUJIIbHOC HA3BAHUC 3aIIUTLI - TOKOBAA HAIIPpABJICHHAA 3alllUTa HYJ'IGBOfI IIO0CJICAO0OBATCIIBHOCTH

(TH3HII).

33 pearupyeT Ha TOK HYJIE€BOH MOCIEI0BATEILHOCTH 3amumaeMon BJI: ecnu BennunHa Toka HyJI€eBOU
MOCJIEIOBATEIbHOCTH MPEBBINIAET YCTABKY, 33 cpabaThIBacT U oTKII0UaeT 3anuinaemyto BJI. To ects, mo
MPUHIMITY AeicTBUSA 33 SBISIETCS MaKCHMaJIbHOW TOKOBOH 3aIIMTOM, BKIIFOUEHHOW HE Ha MOJIHBIC (Da3HbIE TOKH,

d Ha TOK HYHGBOﬁ I10CJICAOBATCIIBHOCTH.

Ipg I

Pene Toka 33 BrIIt04aroTcsi B 00paTHbIN npoBoj TpanchopmatopoB Toka (TT), coemMHEHHBIX B TTOIHYIO

3Be3ny. Tok B pese 33 paBeH cymMMe TOKOB Tpex (a3 U paBeH YTPOEHHOMY TOKY HYJIEBOW MOCIEA0BATEILHOCTH:

I3 — IA+IB+IC = 310



Brmrouenune pere 33 B HyIeBOi IPOBOI
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B HOpManbHOM pexumMe paboThl TOK B pesie Toka 33 paBeH HYJII0, TaK KaKk CyMMa TOKOB Tpex (a3 B TpexdazHom
CUMMETPUYHOM peXrMe paboThI paBHa HYIIO. TOK B pesie Toka 33 MOKET MOSIBUTHCS TOJIBKO B UETHIPEX

Cy4dasx:

1. ITpu K3 na 3emumio (ognodazubix u nByxdasubix). [Ipu onnodazusix K3 Tok B 33 paBen Toky K3 (puc.

2.1.2). ITpu K3 Ha 3emutto 33 cpabarbiBaeT MpaBUIBHO - OHA JJIS 3TOTO U MPEIHa3HaYCHA.

2. Ha naeyxuennsix BJI npu 3ambikannu AByX ¢a3 aByx coceauux BJI mexay coOoii 6e3 3emiu. C TOUKH 3peHUs

MUTAOINICH 3HeprocucTeMsl 3To MByx(haznoe K3, u 33 sHeprocuctemMsl npu 3ToM He paboTaroT.



K3 aByx ¢a3 coceqnnx BJI
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3. IIpu o6priBax (a3 B cetn. [Ipu 3TOM TOK B 3aIIUTE TPUMEPHO PABEH TOKY HArpy3Kku U 33 MOXKET
cpaboTaTh (€ciu TOK Harpy3ku OOJIbIlle TOKa CpabaThIBAHUS 3aIIUThI), a MOXKET, M HET. B mo0om ciaydae

MOBCACHHUC 3allIUTBI CHUTACTCA ITPABUJIbHBIM.

O6prB azer zammumaemoii BJI
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4. HpI/I HCHUCITPABHOCTH TOKOBBIX ueneﬁ: O6pBIB HJIN 3aKOpauYrBaHHUC OI[HOﬁ WJIN IBYX (1)33 TOKOBBIX HCHCfI

[Ipu 3TOM TOK B 3aIlIUTE paBEH TOKY HArpy3ku u 33 MOXKET cpaboTaTh JIOKHO (€CIIM TOK Harpy3ku OOJIbIIe TOKa

cpabaThIBaHUs 3aIIUTHI), 0€3 TOBPEKICHUS B CETH.

IToBpexneHne TOKOBBIX Lieleli 33
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110 kB

o1

—w= [
o3

—®= 7

10



Bbi10op mapamerpoB cpadaTbiBanus I crynenu

Tox cpabartbiBanus nepoit crynenn TH3HII npu BeimoTHeHNH ee 0€3 BBIACPKKA BPEMEHH BHIOMPAETCS 110
YCIIOBUSAM OTCTPOMKHU OT YTPOEHHOTO TOKA HYJIEBOU MOCIIENOBATEILHOCTH, TPOXOIAIIETO B MECTE YCTAHOBKHU
3aIUTHI:

d. IIPHU 3aMbIKaHWH Ha 3C€MJIIO HA HNIMHAX HpOTI/IBOHOHO)I(HOfI [NOACTaHIIUH:

I
/ 2 kOTC 3]OMaKC > (0.1)

Oc.3

rne ko =1.1+1.3 — KOOPUIMEHT OTCTPONKU, YUYUTHIBAIOIIMN TOTPEIIHOCTh peje, OIMOKKA pPacueToB,

BIIMSIHUE AllEPUOIMUYECKON COCTABIISIONICH U HEOOXOIMMBIi 3amac, 0.€;

3l y\ae — MAKCUMAIBHOE 3HAYEHHUE MEPUOINYECKON COCTABIISIIONIECH YTPOCHHOTO HAYAJIbHOTO MEPBUYHOTO TOKA
HYJICBOW TOCJIEI0BATEILHOCTH, MPOXOASAIIETO B MECTE€ YCTAHOBKH 3aIllMTHI MPU 3aMbIKAHWUW HA 3E€MIII0 Ha
MIAHAX MPOTUBOIOJIOXKHOM MOJICTAaHIIAH, A.

B xauecTBe pacye€THOr0 3aMbIKaHUSI TPUHUMAETCS 3aMbIKAHUE Ha 3€MJTIO OJTHOM MU ABYX (Da3 B 3aBUCUMOCTH OT

TOr'0, IIPX KAKOM BHUJIC K3 Tok HYHGBOﬁ MMOCJIACAOBATCIIbHOCTHU B MCCTC IMOBPCKIACHUA UMCCT OoJIbllIEe 3HAUECHHE.

11



0. B KpaTKOBPEMEHHOM HEMOJIHO(PA3HOM PEKHME, BOSHUKAIONIEM MPU HEOJHOBPEMEHHOM BKJIIOUCHUU

(a3 BRIKITIOYATEIIS:

I
]Oc.3 2 kOTC 3]0H6H 2 (0.2)
rne ko =1.1+1.3 — KOOPUIMEHT OTCTPONKU, YUWUTHIBAIOIIMN TOTPEIIHOCTh pejie, OIMOKH pPacueToB,
BIIMSIHUE allEpPUOIMUYECKON COCTABIISIIONICH U HEOOXOIMMBI 3amac, 0.€;
3/yyen — MAKCUMANBHOE 3HAYEHUE TEPUOAUYECKOW COCTABISIIOIIEM YTPOSCHHOTO IEPBUYHOTO TOKa
HYJICBOM TIOCJIEIOBATEILHOCTH, MPOXOJAIIEr0 B MECTE€ YCTAHOBKM 3alllUThl B HEMOJHO(PA3HOM pEXKUME,
BO3HHMKAIOIIEM IIPU HEOTHOBPEMEHHOM BKIIFOUCHHUU (ha3 BBIKIIOUATENs, A.
JlaHHOE yCIIOBHME HE pacCcMaTpUBAETCs, €CJIU 3allluTa OTCTPOEHA MO BPEMEHH OT HEMOJIHO(A3HOTO pekKruMa,
BO3HHUKAIOIIETO MTPU HEOJJHOBPEMEHHOM BKJIFOUEHUH (Da3 BBHIKIIFOYATEIS.
B. NPU 3aMBIKAHMM HA 3€MJII0 Ha IIMHAX MPOTHBOIOJIOXHOW NOACTAHIMH, €CIM BTOpas NapasuleiabHas
OTKJIIOUEHA M 3a3eMJIeHa Ha OOOMX KOHIAX M B3aUMOUHIYKIIMEW MEXIYy JUHUSIMU MPEHEOpeUb HEINb3s

(paccumMThIBAETCS TOJIBKO B clydae ABYXIemHoM tuHuN. PacueT mpousBoautcs mo dpopmyie (0.1).

12



PesxiMEl 111 BEIOOpA TOKa cpadaTEIBAHUA 3aIHUTEI ITaparuieasHbIX JIDI1

nc.A nc.b

O &, O

»d

nc.A nc.b

Ol o (P

13



I. IPY 3aMBIKaHMUIX HA 3€MJTI0 Ha IIMHAX MMPOTUBOIOJIOKHOMN TOJACTAHIIMY B ClTydae, KOTla BTopas
napajuiesibHasl JIMHKUS OTKJTIOYEHA, €CTU B3aUMOMHIYKIIMEH MEX Ty JTUHUSIMH MOKHO TIpeHeOpeYh
BCJICZICTBHE €€ MAJIOCTH (PAaCCYUTHIBAETCS TOJBKO B CIydYae NBYXIICITHON JUHUU JOTIOJIHUTEIIHHO K
nyHkTy 0 u 0. Pacdet npousBoaurcs o ¢popmysie (0.1).
. OT Opocka HaMarHWYHMBAIOIIETO TOKa TPaHC(HOPMATOPOB, MPHUCOCIAWHEHHBIX K OTBETBJICHUSIM OT
3aIUIIAeMON JTUHUN U UMEIONINX TIIyX03a3eMJICHHbIC HEUTpalii, B YCIOBHIX KaCKaJIHOTO BKJIIOUYSHUS
3aIUIIAeMON JIMHUK (PacCUMTHIBACTCS JOMOIHUTEIHHO K MyHKTY O U 0 TOJNBKO B cllydae JIMHUH C
OTBETBJIICHUSAMHU WU I OJAWMHOYHOHN JIMHUW, €CIM B 3alUINacMON CETH BO3MOXKHO BKIIIOUCHHUE
TpaHC(HOPMATOPOB MO HANIPSHKEHHUE Yepe3 pacCMaTPUBAEMYIO JIMHUIO:
(k)
150.3 > C6 UHOM , (0 3)
\/Ex pacu .

rie  C{° —xospduimeHT OpOCKa, YUNTHIBAIOIIMII 3aBHCUMOCTH JEHCTBYIONIETO 3HAYCHHUS TOKA OT

U3MCHCHUSA IIPpU 34aTyYXaHHH, 4 TaAKXKC 3aBUCHUMOCTb OT COpTa CTAJIM W BHUJAA 34aTyXaHHA, O.C. 3HauyeHue
onpeacisICTCA 1O KPUBBIM 3dBUCUMOCTH CéK) OT COOTHOLICHUA t/'t COrJ1aCHO PCKOMCHAAIUAM, U3JIOKCHHBIM B

MPpUWIOKEHUU V «PyKOBOIAIMX YKAa3aHUM 10 PEIIEMHOM 3amuTe. Boimyck 12».
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Uion — IEPBUYHOE HOMUHAIBHOE HANPSKEHUE CETH, B;
1
Xoaca™Xiener T Xy +x pacueTHOE COMPOTHUBIICHHE KOHTYpa BKIIOUCHHS TpaHchopMaTopa, MPUBEICHHOE K

HanpsiKeHUIo cetu, OM.

YcraBka IIPUHHUMACTCA paBHOfI HaI/I6OJ'IBHIeMy 3HAYUCHHUIO U3 ITOJTYUHNBIINUXCA 3HAUYCHUU.

qYBCTBI/ITeJ'IBHOCTB TOKOBOH 34U ThI HCpBOfI CTYIICHHU ITIPOBCPACTCH IO BBIPAKCHUIO:

fzﬂ};’g

¥ I -_
Iys (0.4)

rae  3lyp;min — MUHAMAJIBHOE 3HAYEHHUE IMEPUOJAUYECKOM COCTABIMAIOUIEM YTPOSHHOTO HA4YalbHOTO TOKa
HYJICBOM MOCIEN0BAaTEILHOCTH, MPOXOASIIETO B MECT€ YCTAaHOBKHM 3amuThl mpu omHodazHoMm K3 (B psane

CJIy4aeB JIOJDKHO MpoBepsAThes aByx(daznoe K3) B Hauane 3amuinaeMoi TuHAU, A

1 o o
Iy, — IEpBUYHBIA TOK cpadaThIBAHMS IIEPBOM CTYIICHH 3aIlMTHI, A.
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Bb10op napamerpoB cpadbarsiBanud Il crynenn

Toxk cpabaTbiBaHUS BTOPOU CTYNEHU 3aIIUThHI BHIOUPAETCSI MO YCIOBUSIM:
a. OTCTPOMKH OT YTPOEHHOTO TOKa HYJIEBOW MOCJIEAOBATEIBHOCTH, TPOXOIAIIETO B MECTE YCTAHOBKHU
3allIUTHl TPU 3aMbIKAHUM Ha 3€MJII0 3a MPEIbIAYIIUM aBTOTPAHC(HOPMATOPOM Ha CTOPOHE €ro

CMEKHOTO HaNpsKeHUs (MPUMBIKAIOIIEH K CETH € TTyX03a3eMJICHHON HEUTPaJIbIO):

[ y 2 kOTC 3[03 > (0.5)

Oc.3

rae ko =1.1+1.3 — k03P hUIIMEHT OTCTPONKH, YUUTHIBAIOIIUNA TMOTPEIIHOCTh PpeJie, OIIMOKH PpPacueToB,
BIIMSIHUE allepUOIMYECKON COCTaBJIAIONICH U HEOOXOAUMBIH 3arac, 0.¢;
31y, — MaKCUMAJIbHOE 3HAYEHUE MEPHOJUYECKON COCTABIISIIONICH YTPOCHHOTO HAYAJIBHOTO MEPBUYHOIO TOKA
HYJIEBOM MOCJEI0BATEIbHOCTH, MPOXOIAIIETO B MECTE€ YCTAHOBKM 3alllATHI MPHU 3aMbIKAHUHA HA 3E€MIIIO 3a
aBTOTpaHC(HOPMATOPOM IPOTHBOIIOJOKHOM IMOJCTAHIIMM Ha CTOPOHE €ro, MNPUMBIKAIOIIEH K CETH C
IIIYyX03a3€MIICHHOM HEUTPAJIbIO, A.

B 1niengx noBeIIeHUsT YyBCTBUTEIBHOCTH HHOTIAa BTOPYIO CTYIIEHB COTJIACOBBIBAIOT HE C MEPBOM CTYNEHBIO

3alUTHI PEABIAYILIEH JUHUM, @ CO BTOPOU CTYIICHBIO.

16



Ecnu paccMaTpuBacMas JIMHUA — IMapaJJICIIbHAA, COIrJIAaCOBAHUC ITPOU3BOAUTCA B PCKHUME, KOI'lda BTOpPAsd
nmapajuiciibHasa JJUHUA paCCMATPHUBACMOI'O Y4aCTKa OTKJIFOUCHA U 3a3CMJICHA HaA oooux KOHIIax.
0. corjlacoBaHHE C HCpBOfI CTYIICHBIO 3alIHUTHhI HpC,Z[BI,Z[YH.IGfI JJMHUW WJIN 3alllUThlI OT 3aMBIKaHUM Ha

3eMITIO TIPEABIIYIIETO aBTOTpaHc(hopMaTopa, yCTAHOBICHHONW Ha CTOPOHE CMEKHOTO HAIIPSKEHUS

I,.. >k, 31

Oc.3

Opacu ? (0.6)

rae ko = 1.1 — K0O3PHUITMEHT OTCTPONKH, YUUTHIBAIOIIUN MOTPEUTHOCTD pejie, OMMUOKHA PacyeToB, BIUSHUE
areproJJMIECKOMN COCTaBJIAIONIECH 1 HEOOXOIMMBIH 3a1ac, 0.¢;
31ypacy — PACYETHBIM TOK — MaKCUMAJIbLHOE 3HAYEHHUE IIEPUOJUYECKON COCTABIIAIOLIEN YTPOEHHOIO
HAYAJIbHOTO TEPBUYHOTO TOKAa HYJEBOM MOCIEI0BATEIbHOCTH, MNPOXOASIIEr0 B MECTE€ YCTAaHOBKHU
paccMaTprUBa€MON 3aIUTHI MMPU 3aMbIKAHUM HA 3€MJII0 B KOHIIE 30HBI, 3aIUIIAEMON TOW CTYNECHBIO 3aIUThI
NPEABIAYIIETO AJIEMEHTA, C KOTOPOU MPOU3BOJUTCS COTJIACOBAHUE, A.
Ecnu paccmarpuBaemast TuHUS — napajjielibHasl, COTJIACOBAHUE TPOU3BOAUTCS B PEKUME, KOT1a BTOpAst
napajuiesibHasl JIMHUSI pacCMaTPHUBAEMOTO y4acTKa OTKJIIOYEHA M 3a3eMiieHa Ha 000ux KoHIax. Eciu nuHus
MPEJICTaBISAET COOO0H IEMOYKY MapaIeIbHBIX JUHHUM, COTIIACOBAaHNE HEOOXOAUMO ITPOU3BOIUTE IIPU paboTe

00enx napajuiesIbHbIX JUHUI HA TIPEBIAYIIEM YUaCTKE.
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Jlist ceTeit panuanbHOM KOH(PUTYPALMK U KOJIBIIEBBIX CETEH C OJIMHOYHBIMU JIMHUSMHU BBIPAKEHHUE PUMET BUJL:

IY >k k3]

Oc.3 orc” “Tok <~ Oc.3.1mpex (0.7)

rae ko = 1.1 — KO3PHUITUEHT OTCTPONKH, YUUTHIBAIOIIUN MOTPENTHOCTD pejie, OMMUOKNA PacyeToB, BIUSHUE
areproJJMIECKOMN COCTaBJIAIONIECH U HEOOXOIMMBIH 3arac, 0.¢;

Kiox — MAaKCUMaNbHBIA ~ KOO(QPUIIMEHT TOKOpacmpeneyieHuss (B cCXeMe 3aMeIleHUsl  HYyJIeBOU
MIOCJICIOBATEIbHOCTH) JIJIS 3allMINAeMOM JIMHUM MPHU 3aMbIKaHUM Ha 3€MJII0 B KOHIIE 30HBI, 3allUIIaeMON TOM
CTYNEHbIO 3aIMUTHI MPEIBIAYIIETO AJIEMEHTa, ¢ KOTOPOM MPOU3BOAUTCS COTJIACOBAHUE, PABEH OTHOIICHUIO
TOKOB B MECT€ YCTAaHOBKH pacCMaTPUBAEMOM 3aIUThI U 3aIUTHI, C KOTOPOU MPOU3BOJUTCS COTJIaCOBaHUE, O.€;

Iycs.npex — TOK CpabaThIBaHMA CTYNEHM 3aLIMTHI MPEABIAYIIEIO BJIEMEHTa, ¢ KOTOPOW IPOM3BOIUTCS

corjiacoBanue, A.
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Omnpenenenne ko3¢ uiHeHTa TOKOpacpeIeIeHHs 111 BEIOOpa BTOPHIX cTyIIeHelt 3amuT

nc.A rnc.b nc.B
| M st R Sl /g

| —a —
= e —————— e—

P3 31033

_ 3losl
Krox = 31002

B. IPOBEPKA IO YCIOBHUIO OTCTPOMKH OT TOKa HeballaHca B HYJIEBOM MPOBO/IE TpaHC(HOPMATOPOB TOKA:

]H 2 kOTC knep 3]OH6,y (0.8)

Oc.3

rae ko =1.25 — k0dphUIIMEHT OTCTPONKH, YUHUTHIBAIOIIUN MOTPENTHOCTh peJie, ONIMOKM pacyeTa u

HEOOXOANMBIH 3amac, 0.€;
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kyep = 152 — 03O OULIMEHT, yYUTHIBAIONIMI YBEIMYEHHE TOKA HEOAIAaHCa B IEPEXOTHOM PEKUME, O.€;

31yus,y = Kkuslpacu — TOK HEOaslaHCa B HyJIEBOM INIPOBOJE TPAHC(POPMATOPOB TOKA B yCTAHOBMBHIEMCS
pexxuMe Tpu paccMaTpuBaeMbix BHeIHUX K3 Mexny Tpems dazamu, A;

Iacq — MaKCUMaTbHOE 3HAYEHME NEPBUYHOrO (HasHOTO TOKA, HPOXOJAIETO0 B MECTE YCTaHOBKH
paccMaTpuBaemMoil 3amuThl mpu BHenTHeM K3 mexny tpems dazamu, A;

kus =0.05+0.1 — koadurnenT Hebananca, o.¢.

YcTaBka IMPUHHUMACTCA paBHOfI HaI/I6OJ'IBHl€My 3HAUCHUIO M3 ITOJTYUYHUBIINXCA 3HAUYCHUU.

UyBCTBUTEIHLHOCTH peJie TOKA BTOPOH CTYNEHH MpOoBEpseTCs Mpu MeTainueckoM ogHodazHoM K3 B koHIle

3amnmaeMoﬁ JJMHUHX B MUHUMAJIbHOM PCKHNMC!

o 1 Omi
) f T
s (0.9)
rae  3lypmin — TOK IIpU MeTaminueckoM oaHodazHom K3 B KoHIIE 3amMIaeMoil JTUHUM B MHUHHMAaJIbHOM
pexuMe, A;
II o v
I, — IepBUYHBII TOK cpadaTHIBAHUS BTOPOM CTYIIEHHU 3alIUTHI, A.

JlomkHO o0ecreunBaThCI MUHUMAIbHOE 3HaUeHHE KO3 (PUITMEHTa YyBCTBUTEIBHOCTH: MIPU 3aMbIKaHUH Ha

3€MJII0 B KOHIIE 3aIIUIIAEMON JUHUH 0€3 y4eTa PE3EPBHOIO JIEUCTBUS — OKOJIO 1,5, a Mpyu HATMYUU HAJIEKHO

20



JNEUCTBYIOLIEH PE3EPBHOM CTYIIEHH — OKOJIO 1,3; IpU HAJIMYMU HA IPOTUBOMOJIOKHOM MTOACTAHINHN OTAEIBHOU
3aIUTHI ITUH JAOMyCKaeTcsa obecnedynBaTh KOAIPGUIIMEHT YyBCTBUTEIBHOCTU B PEKHUME KACKaJHOTO OTKIIOYEHUS
okoJio 1,5.

Briaepkka BpeMEHN BTOPOM CTYNEHH 3AIIUTHI COTJIACOBBIBAETCS C BBIAEPKKAMH BPEMEHU CTYIICHEN 3aIIUAT
NPEABITYIINX SJIEMEHTOB, C KOTOPBIMHU MIPOU3BOJUTCS COTJIACOBAHUE: JTMHUN WU aBTOTPaHC(HOPMATOPOB — C

YYETOM BBIJICPKKH BPEMEHU YCTPOIMCTBA pe3epBUPOBAHUS NIPU OTKa3e BbikItouareneit (YPOB):

[ = +lmnnt A
¢ ‘eaper T ypoB (0.10)

TO€  Lesnpex — BBLIEPXKKA BDEMEHH CTYIEHH 3AIIMTEI, C KOTOPOM IIPOU3BOAMTCS COINIACOBAHUE, MC;
typop — BpeMms aeiicteust Y POB Ha npeapiayiien TMHuA, MC;

At = 300500 — cTyneHb CEIEKTUBHOCTH, MC.
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Bbi10op mapamerpos cpadbarsiBanud I1I crynenun

Toxk cpabaTbiBaHUs TPEThEH CTYIIEHU BHIOMPAETCSI IO YCIOBUSIM:
a. COTJIACOBAHMUSI C 3aIUTOMN MPEabIAYIICH TUHUM (CO BTOPOI UM TPEThEHl CTYNEHbIO) WIIN 3aIUTON OT
3aMBIKAaHUW HA 3€MJII0 MPEIbIAYIIEr0 aBTOTpaHCHOpPMATOpPa, YCTAHOBIEHHONW HAa CTOPOHE CMEXHOTO
HaIpspKeHUs (C IepBOM €€ CTYIEeHbBIO, €CJIM BTOpasi CTYNEHb PacCMAaTPUBAEMOM 3alIUThl OTCTPOECHA OT
3aMbIKAHUS HA 3€MJII0 HA I[IMHAX 3TOTO HAMPSKEHUs, UIM CO BTOPOU €€ CTYIIEHbIO, €CIIA BTOpas
CTYNEHb PACCMATPUBAEMOM 3aIIUTHI COIJIACOBAHA C MEPBOM CTYNMEHBIO 3aIlUTHI aBTOTpaHCPopMaTopa).
Pacuet npousBoauTcs 10 BeipakeHuto 0.7, Ipu 3TOM ko ONIpENIENACTCS MPU 3aMbIKAaHUW HA 3€MJTIO Ha
IIAHAX MPEABIAYIIETO JIEMEHTA.

Eciu paccmarpuBaemast TMHUS — apaiielibHasl, COTJIACOBAHUE ITPOU3BOJUTCS B PEKUME, KOT1a BTOpAs

napajuieNibHasl JIMHUS pacCMaTPUBAEMOr0 y4acTKa OTKJIIOUEHA U 3a3eMJIeHa Ha 00oux KoHax. [Ipu

HEOO0XOJMMOCTH TOBBIIICHUS! YyBCTBUTEIBHOCTH CJIEAYET MPOU3BOIUThH YKa3aHHOE COTJIaCOBAHUE B PEKUME

paboThl 00eUX MapaJIeIbHBIX JUHUM HA pacCMaTpuBaeMoM ydacTke. Eciiu TuHus npeacTaBisieT co0oi 1enouky

napasuieIbHbIX JIMHUN, COTJIaCOBaHUE HEOOXO0AMMO MPOU3BOIUTE IIPU paboTe 00enX mapauiesIbHbIX JTUHUHN Ha

MPEIBIIYIIEM YUYaCTKE.
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0. mpoBepka MO YCIOBHIO OTCTpoMkHU (BbIpaxkeHue (.8)) oT Toka HeOanaHCa B HYJIEBOM MPOBO/JIC
TpaHchopMaTOPOB TOKA:
—npu K3 mexny tpems dazamu 3a Tpanchopmaropamu (aBToTpanchopMaTopaMu) MOJACTAHIIUN TaHHOTO U
MIPOTHBOTIOJIOKHOTO KOHIIOB JINHU;
— IIPY KaYaHUSIX WM aCHHXPOHHOM XOJI€, €CJIA BBIJICPKKA BPEMEHH PacCMaTPUBAEMOM CTYTICHH HE MPEBBIMIACT
1.5 ¢, a Takke ¥ TIpu OOJBIITNX BBIACPKKAX BPEMEHHU — B CiIydae, Korja Iepruoi KayaHUH PEBHIIIACT BhIICPKKY
BPEMEHH PacCMaTPUBAEMOM CTYTEHH (Ha MEKCHUCTEMHBIX TPAH3UTHBIX CBA3SX).

YcraBka npuHUMAaETCA paBHOM HAUOOJbIIEMY 3HAYEHHIO U3 TTOJTYUYUBIINXCS 3HAYEHHUI,

YyBCTBUTEIBLHOCTD pejie TOKAa TPEThEN CTYNEHU IPOBEPSIETCS MpU MeTauindeckoM oaHodaznom K3 Ha 3emitio B

KOHIIE CMEKHOTO 00OBEKTA:
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rae  3y;min — MUHAMAJIBHOE 3HAYEHUE YTPOSHHOT'O TOKA HYJIEBOM MOCJIEA0BATENBHOCTH IIPA METAUNIMYECKOM

omgHodazHom K3 B KOHIIE CMEKHOU JTUHHH, A;

111 o o
Iy, — MIEPBUYHBIN TOK CpabaThIBaHUsI TPEThEH CTYIEHHU 3alIUTHI, A.

Briepkka BpeMeHU TPETheil CTYIeHH 3allUThI JJOJKHA OBITH COTJIACOBAHA C BBIICPIKKAMHU BPEMEHU
COOTBETCTBYIOIIMUX CTYMEHEN 3alUT MpeabIAymux daeMeHToB (Boipaxkenue (0.)). [Ipu 3ToM BbIIEpKKa BpeMEHU
YPOB yuutbsiBaeTcs, €Ciid CTyNIEHb 3allUThI, PEAbIIYIAs IT0 OTHOIICHUIO K TOM, C KOTOPOW MPOU3BOIUTCS

COTJIACOBaHHUE, OXBATHIBAET 3AIUIIAEMbIN YYACTOK C KOA(PHHUIIMEHTOM YyBCTBUTEIBHOCTH MeHee 1.3.
Bbi10op napamerpoB cpadarbiBanus IV crynenu

Toxk cpabaTbiBaHUS YETBEPTOM CTYNEHU BHIOMPAECTCS MO CIACTYIOIINM YCIOBUSIM:
a. OTCTpOiKa OT TOKa HebanaHca B HYJEBOM NPOBOJE TpaHC(HOPMATOPOB TOKA MPU BHEIIHUX
3aMBIKaHUSAX MEXTy (pazamu, eciu paccMaTpuBaeMasi CTYIICHb 3alUThl HYJIEBOM MOCJIEI0BATEILHOCTH
MMEET BBIJICPKKY BPEMEHH, PABHYIO WJIM MEHBIIYIO, YEM 3alllUTa OT 3aMbIKaHUN MexX1y ¢da3zaMu Ha

MOBPEKJICHHOM dJIEeMEHTE (KakK MPaBUJI0, 3Ta OTCTPOMKA COOTBETCTBYET YCIOBUIO OTCTPOUKH OT TOKOB
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Hebananca npu K3 mexay Tpems gazamu 3a TpaHcpopMaropaMu U Ha CTOPOHE HU3IIETO HAMPSIKEHUS
aBTOTpaHC(HOPMATOPOB MOJICTAHIIMKI TAHHOTO U MPOTHUBOIOI0KHOTO KOHIIOB JIUHUN).

0. oTcTpoiika OT CyMMapHOro TOKa HebOajllaHca B HYJEBOM MPOBOJE TpaHCHOpMATOPOB TOKa,

HpOTeKaIOH_IeFO B MAKCHUMAJIbHOM HarpySOqHOM pe)KI/IMeZ
v . fop
Iy 2 T (fm'+ﬂ@) (0.12)

rne ko =1.25 — k03 OUIMEHT OTCTPOWKH, YUYUTHIBAIONIMN TOTPEHIHOCTh pejie, OIIMOKU pacyeTa u

HEOOXOANMBIH 3amac, 0.€;
ky, = 0.9 — xoadpurueHt Bo3Bpara, 0.¢;

Iyuo = kuglpacu — MEPBUYHBIA  TOK HeOamaHca B HYJNEBOM IIPOBOJEC TpaHC(HOPMATOPOB TOKAa B

paccMaTpuBaeMOM pEXUME, A;
I,acq — PACUETHBIN TOK HATPY304YHOTO PEXKKUMA, A;
kus =0.05+0.1 — koappunuent nebdananca, o.e.

31y,.p — YTPOEHHBIN TOK HYJIEBOM MOCIEA0BATEILHOCTH, 00YCIIOBIEHHBI HECUMMETPUEN B CUCTEME, A.
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0. oTcTpoiika OT TOKa HebajaHca B HYJIEBOM IPOBojie TpaHchopMaTOpoB Toka mpu TpexdazHom K3 3a
TpancopMaTropamu, MPUCOCAMHEHHBIMU K OTBETBJICHMUSIM OT 3alMINAEMON JUHUMU (TMPOU3BOAUTCS

TOJIBKO B CJIy4ac JIMHUHU C OTBGTBHCHH}IMH).
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TTapaMeTp cpadaThIBAHHA

3agaBaeMag PVHKITHA

PacuetHOS YCIIoBHE

1. OTcrpoika oT K3 Ha 3eMIF0 Ha MIHHAX [IOICTAHIHH,
IPHMBIKAIIEH K JadbHeMY KoHITy JI211

I I Hecpa®arpIBaHHE NpH BHemHUX K3 Ha
e 3EMITEO & - .
bC3 2. OtcTpoika oT K3, IpH KackagHoM oTKmodeHHH K3 Ha
3eMITH0 Ha MapaTIeTbHOMN THHIH BOIH3H OIHH DOJCTAHITHHE, HA
KOTOpOoH VCTAaHOBISHA paccMaTpHBASMAT 3alTHTA.
HecpadaThIBaHH4 IpH BHemmsux K3 Ha o -
Z 3. OTcTpoiiKa OT BpeMeHH CpaoaTblBaHHa
I 38MITIO B 30HE JeHcTBHA - - . = i . o
t - OO 1T T i e M. OBICTPONeHCTEVIOIINX 3AITHT CMEKHBIX 3IeMeHTOB, C VISTOM
=3 PO ) e Zeficteag YPOB.
3TeMeHIOB
4. OTcTpoHKa 0T BHeIIHeTo K3 Ha 38MII0 B KOHIE 30HEI
JeHCTBHA NePBOH CTVISHH 3allHTRI cMessHoH JIDTI
5. Otcrpeiika ot K3 Ha 3emmo Ha muHax BH
aBTOTpaHCcQopMaTopa, oTKTHOIaemoro T3HIT
aBTOTpaHchopMATOPA © BpeMeHeM, DOTBINHM HIH PABHBIM
BpeMeHH cpabaTelBaHHA JaHHOH cTVIIeHH
Hecpa®aTeIBaHHg OpH BHemmnux K3 Ha
3EMIED 34 [OpeIelaMH 30H JeHCTEHA
OBICTPOIeHCTBYVIONIHX 3AIMHT CMeRHBIX
31eMeHIOB
IT 6. OTcTpoKa OT BHemrHero K3 Ha 3eMIH0 B KOHIIE 30HBI
003 JeHCTBHA HIH 34 30HOH MeHCTBHA IePBOH CTYISHH 3AITHTEI
de

JISTI. napanneldbHOH JAaHHOH, IPH €& KaCcKaTHOM
OTEIIFOHRHHH.

CpadaTelBaHHEL IPH BHYIpeHHHK K3

7. OdecmeueHAe TPe0yeMOH TYBCTBHTEIBHOCTH IIPH
KacKagHoM OoTETIo9eHHH K3 Ha 32MII0 B KOHIIE 3allIHIMASMOH
JI2I1
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ITapameTp cpaOaTBIBAHHA

3anaBaemag QVHKITHA

PacuetHOE YCJIOBHE

i

Hecpaodateisarnud npH BEemmHuX K3 Ha
38MII0 B 30HAX JekC TBHA BTOPOH
CTYIIEHH 3alIHTHI cMexHOH JIDII u
nepBoH cTyneHd T3HII
aBToTpaHC(opMaTopa

8. OtcTpofika 0T BpeMeHH Cpa0AThIBAHKS BTOPOH CTYIICHH
T3HII cmesxHOH JI3I1

9. OtcTpoiika 0T BpeMeHH CPA0ATHIBAHHS IePBOH CTVIISHH
T3HII asroTparcdopMaTopa

Hecpabatersarug npu BEenmHux K3 Ha
3eMIIRD 3A peJelaMHu 30H JefACTBHA
BTOPHIX CTYIeHeH 3amHT cCMeRHBIX JI311
H IepBeIX cTymeHed T3HII
ABTOTpPaHC(OP-MATOPOB, ¢ KOTOPBIMH
[POH3BOIHTCA COTTIacOBaHHeE II0
BpeMeHH

10. OtecTpofika oT BHelmHero K3 B KOHIle 30HBI IeHCTBHA
BTOPOH CTYIIeHH 3aITHTHl cMedHoH JIDT1

11. OTcTpoiika oT BHelIHero K3 Ha 3eMTH0 B KOHIIR 30HBI
JeHCTBHA HIH 33 30HOH JefcTBHA BTOPOH CTYIISHH 3allHTEI
JIDIL mapanieIbHOH JAHHOH, IPH e KACKATHOM OTKI-HH

12. OrcTpoiika oT K3 Ha 3eMI10 B KOHIIE NePBOH CTYIeHH
3amHUThI AT
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[TapameTp cpadaThIBAHHA

3anaBaeMagq dyHKIA

PacuetHOR YCIIOBHE

13. OrcTpoiika OT TOKa HeDaTaHca IPH BHEIIHHX TPEX(asHbIX
K3 3a tparcgopMmaTopaMH H Ha CTOPOHE HH3IIETO
HaNpOKeHHT aBTOTpaHc)OpMaTo-pOoB. a Takke 3a
TpaHCQOPMATOPAMH, IPHCOe THHEHHEIMH K OTBETBISHHAM
3alIHITASMOH THHHH, OTK/IFOYaeMbIX 3alIHTAMH
TpaHc(OopMATOPOB ¢ BpeMeHeM. DOMIBIIHM HIH PABHEIM
BpeMeHH CpaoaThIBaHHA TPeThefl CTYIeHH

I
0C3 HecpaoaThIBaHHA B peXKHMAX D23
3aMBIKAHHIT Ha 3eMII0
14. ¥eToHYHBRIHA BO3BpAaT B HCXOIHOS COCTOAHHE MOCIIe
OTKIUeHHS BHelHero K3 B peiiiMe KauaHHHA HIH
ACHHXPOHHOTO X0Ja
15. OtcTpoiika OT BpeMeHH cpabaThIBAHHS [TOCIeTHeH
_ ] CTVIIEHH 3aITHTH CMekHOH JISII
IV HecpaoaTtsiBanne npH BHeIIHHX K3 Ha
t{_ 7 3EMIII0 B 30HAX JeHCTBHA pPe3epBHBIX

FAOTHT CMeRHBIX JICMCHTOEB

16. OTcTpoiika OT BpeMeHH cpa0aThIBaHHA [ToCIeTHEeH
crynern T3HII aBToTpamcdopmaTopa
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[TapameTp cpadaThIBAHHA

3azaBaeMad HVHKIIHT

PacueTHO®R YCI0BHE

IV
0C3

HecpadaTbIBaHHS B peKHMax 0e3

3IAMEBIKAHHH HA 38MITHD

17. OTcTpoiika OT TOKa HeDATaHCA IPH BHENTHHX TPEX(Aa3HBIX
K3 3a TpanchopMaTOpaMH H HA CTOPOHE HI3IIETO
HalpaKeHHA aBTOTpaHC(OpPMaTO-poB, a TAKKe 3a
TpaHcopMaTOpaMH, IPHCOSTHHEHHBIMH K OTBETBIeHHAM
3aMIHINASMOH THHHH, OTKTIOYaeMbIX 3aIIHTAMH
TpaHc(OopMAaTOPOB ¢ BpeMeHeM. DOIBIIHM HIH PABHBIM
BpeMeHH Cpa0aTEIBAHHA TeTBEPTOMH CTYIISHH

18. ¥YcToHYHBERIH BO3BpaT B HCXOIHOS COCTOSHHE MIOCIIE
OTK.IF0UeHHS BHeIHero K3 B Harpy30uUHOM peuMe
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