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[ 3]
Jis peanu3ani KOMIUICKTa PE3EPBHBIX 3alIUT W ABTOMATHUKH YIPABICHUS BBIKIIOYATEICM
(AYB) n0OpuHAT ~ MUKpPONPOLIECCOPHBIA  OJIOK  peleHOM  3alluMThl M aBTOMATHUKH
BK’KHN.656316.004-33.01 BOMII PY-JIB mnpomssoactBa AO «UDA3» (Tepmuuan Al).
VYerpoiictBo  pesepBupoBaHus OTkaza Beikmouarens (YPOB) peanusyercss mocpeacTBom
mukporpoiieccopHoro ycrpoicrsa BKIKHN.656316.004-23.01 BOMII PY-T® npowusBojcTsa
AO «UDA3» (Tepmunan A2).

1. MucranuuonHas 3amura (/13)

Jluaus BJI-110 kB Hpkyrckas TOL-9 — Vuactok Ne 1 Upkyrckoit TOL[-9 (TOL-1B) sBisercs
JIMHUEHN ¢ IBYCTOPOHHUM MHUTAHUEM U HE UMEET OTIIAEK.

HucrannuonHas 3ammta ([3) co croponsr TOI[-9 BeImONHSIETCS TPEeXCTyNMEHYaTOW Ha OCHOBE
opranoB /I3-1, JI3-2 u JA3-3 ot mexnaydasueix K3. [y faHHBIX CTyNeHeW mpelycCMOTPEHbI pese
conpotuBiienus (PC) nmnpsmonanpaBieHnHele. [[ns  BTOpod  CTyNeHM  MPETyCMOTPEHO
nononHurenbHoe PC HeHanpaBlieHHOE, HMEIOIee CMEILIEHNE B TPETHIl KBaJIpaHT HE BEJINYUHY HE
6onee 10% ot ycraBku. Bripe3 B xapakrepuctuke cpabareiBaHuss PC mnpeaHaszHaueH s
OTCTPOMKH OT HArpy304HOI'O PEKUMa.

JlnuHa nmuanm 5,345 kM.
VY enpHOe peakTUBHOE CONPOTHBIICHUE JUHUM HamnpsbkeHneM |10 kB, BRINOJHEHHON MPOBOIOM
AC-185/29, npuaumaem 0,413 Om/xm.

Conpotusienus npsiMmoit nocnegoarensHocTd: R, =086 0m; X, =2,050m; 2, =2,2230Mm.

o X JI o
XapakTepuCTHUSCKUI YTroJl JIUHUK: P, = arctg R =67,24° . Tlpumem: ¢, =65°.
JI

[Tpn HOMUHATBLHOM TOKE 5 A 1Hana3oH YCTaBOK MO cOMPOTHBICHUIO X .., Ryop U Ry, M4

3agaHHoro TepmuHana cocrapisier 0,2...100 OM; OUCKPETHOCTh HW3MEHEHHMS YCTaBKH IO
conpoTuBiieHnto coctapisieT 0,1 Om.

1.1. | crymens (/J3-1)

ToHOE CONPOTHBIEHHE CPAOATHIBAHMUS MIEPBOIT CTYIIEHHN:
7!, <085-7, =085-2,223=1889 Om

[punumaem Z /., =180m

YcTaBKa 110 peakTUBHOMY COIIPOTHBIICHHIO:

Xyer =2Z{, -sine, =18-sin65° =1,630m

YcTaBKa 110 aKTHBHOMY COTIPOTHBIICHHIO:

|
(I _ AVTH
Rycr - RH _UZIYFH : |
MHAH

rne R, - akTHBHOE mepexoHoe conpoTuBieHue B mecte K3;

U JIVTH
| oy — AVMHA yTU (M), ONIPENENSETCS KaK PaCCTOSHUE MEXTY MPpoBogamMu a3 (U 3aMbIKaHUH

= 2500 B/m — ynenbpHO€E HanpsKEHUE IyTH;

Ha 3eMJII0 — MEXIy IpoBoJoM u omopoii), mis BJI 110 kB cpeanereomerpuieckoe pacctosiHue
Mexay GazaMu COCTABISET S M;

| =1995 A — MuHUMANBHBIH TOK (A), MPOTEKAMOMINA OT MECTa YCTAHOBKH 3alIUTHI 10 TOUKH
K3 B KOHIIE 30HBI YyBCTBUTENLHOCTH MEPBOil CTYIIEHH AMCTaHIMOHHOM 3amuTsl (T.e. mpu K@ B
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KOHIIE JINHUK).

5
R!  =2500.—>_ =6,27Ou:
ver 1995 v

Rycr
Crynenp 0e3 BBIIEPKKU BPEMEHH.
Ilpunumaem:
X J13-1=1,630wm (meps.)

K 1000/5

X J3-1= 2 163= 2905 463 0 30m(sTop.
A= 110000/100 m(eTop.)

IpUMeM N0 cooTHoIeHno X /R=2.

R J13-1=163/2=0,8150m (reps.)

R JI3-1= Kp 0,815 = __1000/5 0,815 =0,150m(BTOP.)
K, 110000/100
T 13-1=0c¢

Crynens nmpsiMOHaIpaBIeHHAas.
Crynenp GiokupyeTcsl IpH KauaHUsAX Kak ObicTpoaencTByromas crynedb (bK-0).

[Tpu 6mmskux Tpexdaszubix K3, xorma Bce MexaydasHble HampspkeHust Ha Bxoge PC Gnusku k
HYJIIO, ISl ONpEeJIeJIeHNs HAalpaBJIEHHOCTU B TeueHue BpeMeHu He MeHee 0,04 cek McroJb3yroTcs
HaIpsLKEHU MpelaBapuitHOTo pexknmMa (paboTa Mo «1maMaTuy») B AuanazoHe TokoB ot 0,2 no 20 ot
HOMMHAJIBHOTO 3HaueHus. Kpome Toro, mpeaycMoTpeHa BO3MOXKHOCThH MojxBaTa curHaia PC
nepBoit crynenu /[3-1 ot HenampasnernHoro PC Bropoii ctynenu (BBogutcs kimrodoM «Ilomx.oT
PC2»). Bo3Bpar cxembl MmoaxBaTa B HCXOJHOE COCTOSIHHE MPOMCXOJHUT TOJIBKO IOCJIE BO3BpaTa
HeHanpasiieHHOro PC BTOpOii CTyNeHH.

IIpu K3 «3a cnunoit» ¢ Tokamu 10 20 HOMHHAJIOB OOCCIICUMBACTCS OTCYTCTBHE JIOMKHBIX
cpabarteiBanmii PC.

1.2. 1l crynens (/[3-2)

[TonHOE compoTHBIEHUE cpabaThIBaHWS BTOPOM CTYIEHHM IO YCIOBUIO OTCTpoiiku oT K3 Ha
mmnax [1C 110 kB YII-15 (Z}7*° =0,5+ j1,23 — 1,328 Om):

7! <05z 083 Zviis e85 903, % 1,328 = 2,46 Om

TOK
ITo wyBcTBUTENBHOCTH ¢ K, =15

!, >15.Z4% ~15.2223=33350m

Hpunumaem Z !, =3,340m

YcTaBKa 110 peakTUBHOMY COTIPOTHBIICHHIO:
Xyor =2¢, -sing,, =3,34-sin65° =30m

YcTaBKa 110 akTABHOMY COTIPOTHBIICHHIO:

I IVIrH
avra - |
MIH

R;/ICT = Rn =U

rae |,,,, =1891A — muHUMaNBHBIH TOK (A), MPOTEKAOUIMH OT MECTa YCTAHOBKH 3AIIHTHI JI0

Touku K3 B KOHIIE 30HBI UyBCTBUTEILHOCTH BTOPOIl CTyHEHH AUCTAHIMOHHOMN 3alIUTHI (T.€. TIpH
K® g Touke 1,25-Z 7" = 2,78 0m).
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=N
Jlist BTOpOM CTYNEeHW JUIMHY JOYyrd PEKOMEHJYeTCsl MPUHUMATh paBHOM OT 3 10 5 paccTosHUi
MEX]ly IpoBoiaMu (a3.

4.5
R! = 2500- > = 26,44 Om.
ver 1891 "

Rll

ver TIPAMEM 10 cooTHomenno X /R=2.

Bropas crynens /I3 nMeer aBe perynupyemble BbIIEPKKH BpeMeHU. J[3-2 ¢ MeHbLIeH BhIAEPKKON
Bpemenu (/13-2.1) nmoaxmrouaercs k ToMy ke Beixony BK, uto m J3-1. [A3-2 c¢ Oonblueit
BBIZIEpKKOM Bpemenu ([[3-2.2) nelictByet ¢ kouTposeM oT BK, perynmupyemoit ycraskou «bK /[3-
2». llpumeHeHue AByX BbLIEp)KE€K BpeMeHM B JI3-2 mpenHa3HaueHO MJsl MpPerOTBPALLEHUS
BO3MOXKHOTO OTKa3za B jeWictBuu [13-2, OjokupyemMoll MNpu KadaHUSX, B Cllydae Iepexoja
omHOoGa3zHOTO 3aMbikaHUs B MHorodasnoe. HMcmosb3oBanme J3-2 ¢ MEHBIICH BBIICPKKON
BpEMEHHU OIpeieNsieTcs IPOrpaMMHBIM KIH0UOM «/[3-2. 1 ».

Beinepxkn Bpemenn /[3-2.1 u /I3-2.2 mpuHUMAOTCS 1O YCIOBHIO COTJIACOBAHHUS C TIEPBOU
crynensto I3 BJI 110 kB VII-15 co ctoponst TOII-1:

gl O S B L At =08+05=13¢
O o P At=13+05=18¢
Ilpunumaem:

X_J13-2=30m (meps.)

X 2 Ko 51000/

= -3=0,550wm (BTOD.)
K., 110000/100

R J13-2=3/2=150M (rieps.)

R 132= K 52 100075 40 57 Om(srop)
K, 110000/100

T J3-2.1=13c¢

T J3-2.2=18¢

CryneHp mnpsiMOHANpaBJieHHAas CO CMEIIEHWEM B TpPETUH KBaJpaHT Ha BEJIWYMHY He Ooiee
01- X, A1 noaxsara curxana cpadarsiBanus PC mepBoil cTyneHu npu OIM3KUX Tpex(asHbIX

K3.
Crynens GokupyeTcst IpH KauaHUsAX Kak ObIcTpoaercTByromas crynenb (bK-0).

= 1.3. Il crymens (J3-3)

o JIMCTaHIIMOHHBIN OpraH JaHHOM CTyHNeHM AoJDKeH aeicTBoBath npu K3 B KoHIe Hauboiee
NPOTSHKEHHOM  JIMHUK, OTXOMSIIe OT IIMH NPOTHUBOIOJOXHOW TOJACTaHLMHA, U 34
MOAKIIFOUEHHBIMH K 3TUM IIIMHAM TpaHc(hopMaTopamu.

o [TonHoe conpoTuBieHUe cpabaThIBaHUS TPETHEH CTYIEHU:

[w=)

r; Zé'.'i >12-(Z, +Zi) =1,2~(2,223+@)=43,4OM,

= Kok 1,05

= rne Z,, - OJHOE CONMPOTHBIICHUE TpaHchopmaropa T-2, moakinroyeHHoro K muHaM TOII-1;

Ko =1565/1488 =1,05 - makcumanbHbIi KOIPPUIMEHT TOKOPACTIPEACICHHS ISl OTCTPOMKU

= 10 YYBCTBUTEIBHOCTH, PABEH OTHOLIEHUIO TOKA, MPOTEKAIOUIEr0 B MECTE YCTAHOBKH 3alllUTHI, K

'S

> /lucm
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L6
T-2, npu K&
TOKY, IpoTeKaroemy depes tpancdopmarop T-2, mpu K 3a stum tpancdopmaropom.
]
IIpunumaem Z -, =44 0Om
VYcraBka 10 peakTUBHOMY COIIPOTHUBIICHHUIO:
Xopr =20, -sing,, = 44-sin65° = 40 Om
YcTaBka MO aKTUBHOMY COTIPOTHBJICHHIO BBIOMPACTCS MO YCIOBHUIO pPE3epPBUPOBAHUS K® 3a

tpanchopmatopamu TOL[-1 cornmacHo PykoBomsdmux ykasanuid 1o peneitHoOi 3amute Ne7
(ITpunoxenue VI, Tadn. I11):

R" >Re 2:(2y +25)£ =80 Z.£-90 |
N 3

tine Zpp =Zp + Ky Ry

K,,;, =12 - ko3 dunuenT 3anaca 1uist OTCTPOHKH OT MAaKCHMAaJIbHBIX HArPY30UHBIX PEKHMOB;

R, =26,44OMm - nmepexoJHOE CONPOTHBIICHHE, ONPEACIASTCS aHAIOrn4HO || cTymeHu 3amuTsr;
Z,=2050M - cONpOTHBICHHE 3aIIMINACMON JIMHUHM, AKTHMBHON COCTABISIOLIECH JOIMYCTHMO
npeHeopeyb;

Z,, =35610M - CONpOTHBICHHE 3aIIUIIAEMOro TpaHCHOpMaTOpa, aKTHBHOW COCTABIISIOIICH
JIOTYCTUMO IIpeHeOpeyb;

Z. =3,6750M - cOpOTHBICHHE CHCTEMBI, aKTHBHON COCTABJISIOIICH JOIyCTHMO MpeHeOpeyb.

2-(2,06+35,61+1,2- 26,44)e*i30° . 3.675e 1%
V3 N

138,776e %" 3,675¢ 1*”
=Re +
V3 V3
YcraBka 1o aKTUBHOMY COMIPOTHBIICHHIO:
Ry, =700m
Brinepxky Bpemenu coriacyeMm ¢ MT3 tpanchopmaropa T-4 Yuactka Ne 1 Upkyrckoit TOII-9:
t!, =t + At=59+0,3=6,2c

R||| > Re

VCT =—

} = Re[80,122e’j300 +2,122¢71% ]: Re[69,388 — j42,183]Om

Ilpunumaem:

X J13-3=400wm (meps.)

X J13-3= Koy 40 = 100075 -40 = 7,27 Om(BTOD.)
K., 110000/100

R _J13-3=700M (meps.)

R J3-3= .70 = 1000/5
Ky 110000/100

-70=12,73 Owm (BTOD.)

=
o
5
= T_l[3‘3 = 6,2 C
e
[am)]
CryneHb npsiMOHANpaBICHHAS.
Crynens OnokupyeTcs NpH KadyaHUAX KaKk MeJyieHHo ieiicTByromas crynensb (BK-m).
o
E
(s}
s
jus )
= 1.4.  YcraBku BbIpe3a HAIPy304HOI'0 Pe:KHMa
2
JIOTIOTHUTENBHO Il BEIOOpA YCTaBOK MO aKTUBHOMY COIPOTHUBICHHIO HEOOXOIMMO BBINIOJHUTD
OTCTPOMKY OT Harpy304HOI'O PeXHMa U peKUMa CaM03aIyCKa JIEKTPOABUTaTEIEH.
S MakcuManbHBI MOPOT YCTaBOK OT MHUHUMAJbHOM BEJIMYMHBI AKTUBHOI'O COINPOTHUBIICHUS
—
> /lucm
< 002088 PP c
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Harpys3Ku:

R <08- ZHAFP.MMH 'Sin((PM.q. - (pHAFP.MAKC)
e sing,,
— (08+0)9) ‘Ui

TRC Zrp s = '
K c3n IHAFP.MAKC

Prry =@y =65
@ rparp aaxe = 20° - MakcuManbHbIA yron Harpysku 1uit BJI 110 xB TOII-15;

Ky =2 - xoaddununenT camosarycka Harpy3KH;

| arp suacc =1000 A - MakcUMaIbHBIN TOK HAarpy3KH, IPHHUMAaeM B COOTBETCTBHHU C IEPBHYHBIM
ToxoMm TT.

0,8-110-10°% -sin(65° —20°)
Ry <08+~
ke { 2-1000-sin 65°

VcTaBka TpeThel CTyNEeHH HpeBbIMaeT R, .., MU 3TOH CTylmeHH HeoOXOAUM BBIPE3 CEKTopa

} =27,50m

Harpy3ku (JJaHHasi CTYIEeHb JIOJDKHA OJIOKUPOBATHCS B 00JIACTH CEKTOPA HATPY3KH).
VYcTaBKa akTUBHOTO COMPOTHBIICHUS BhIpE3a:

Risrezs < Kore " Liarp “COS P yrp

_ (08+0,9)-U, . 1m

e Z,,p = ;
K car’ IHAFP.MAKC
Prarp = 20°;
K e =0,8 — koaddunnenT oTcTpoiKL.

2-1000
Yroi BeIpe3a ¢ y4deTOM MOTPEIIHOCTH 5°:
@ pprzt = Puurp + AQ =20° +5° =25°

Rpspes <08- c0s20° =330m

Ipunumaem:
Ryspess _A13-3=300m (meps.)
K ~1000/5

RBbIPE?A _Z[3‘3 =—"1.30

=—+——-30=5,450mMm(BTOD.)
K., 110000/100

PpripEza = 25°

YcTaBKkU CTyHeHeW, Al KOTOPBIX HET HEOOXOJUMOCTH OTCTPOMKH OT HArpys3ku, HE0OXO0IUMO
3a/1aTh CJIEIYIOIIUMU:

RBbIPE3A = RyCT

— o
@ ppprzs =0

/Jlna ecex cmyneneii /I3 npunumaem:

COTJIaCHO peKOMEeHJanui uist repmuHaioB bOMII
®1 =, =65°

P2 =-20°

@3 =120°
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1.5. Astromarmueckoe yckopenue (AY JI3)

JInst aBTOMAaTHYECKOrO YCKOPEHHs BbIOMpaeTcs CTyNeHb, 3alumiaromas jJueuio ¢ K, =2.
Hcnonb3yem Tpethio crymnens 13-3 mis AY ¢ MuauMaibHbIM BpeMeneM Tyck 3= 0 c.

1.6. OmepaTruBHoe yckopenue (OY /13)

JInst  omepaTHMBHOTO YCKOPEHHsl BBIOMpaeTcsi CTyNeHb, 3amumaromas juaumo ¢ K, =15.
Hcnonp3yem Bropyro crynens JI3-2 mis OY ¢ muanMansHbM BpemeHeM Toy 3= 0 c.

1.7. Baokuposka npu kauanusx (bK)

JlucTaHimoHHAas 3aIUTa KOHTPOJIUpYyeTCs: OnokupoBkoi mpu kadanusx (bK), mpegotspariatomeit
noxHoe cpabatsiBanue /I3 npu kauanusx. [Tpu K3 6mokupoBka BBoguT ctyneHu /I3 Ha Bpemst OT
0,2 o 1,0 cek. ¢ mocneayrmuM BbIBOJIOM Ha Bpems oT 3 10 12 cek.

BK nmpuHMMaeT curHaibl OT UyBCTBUTEIBHOTO U TpyOOro H3MEpUTEIbHBIX OpraHoB,
KOHTPOJMPYIOIIUX MpUpAIleHUus TOKOB MpSAMON M 00paTHOIl mocienoBarenbHOCTH. Ha BbIXOIE
OJIOKMPOBKH MpHU KadaHUsIX (OPMUPYETCS 1Ba CUTHAJIA!

1) BK-06 - BBouT B paboty ObicTpoaeicTByomMe cTynenu /13;

2) BK-m - BBouT B paboTy MeasieHHOIeHCTBYomKe cTyneHu /13.

VYcraBka I2 cpabarpiBanus yyBcTBUTENbHOU BK.

[To TexHMYECKUM BO3MOKHOCTSIM TepPMUHAA:

DI2,,,-r =(0,04+3)I,,, =(0,04+3)-5=(0,2+15) A (BTOD.)

Y CcTONYMBBIN BO3BPAT B UICXOJHOE COCTOSHUE (B peKUME Ka4aHHi ) TIOCIIE OTKITIOUEHHUS BHEITHETO

K3:
MAKC
DI2,ycr. = Kope™™ o0 IP|AzE Lt = 0.7-0,04.1000 =0156 A (BTOD.),
K 3o 0,9-1000/5

e K5omo =07 — kodQ(QUIMEHT yMeHbIIEHUS TNpH TMEPEXOJE K PACUeTy YCTaBKH IO

MPHUPAIECHHUIO TOKA;
K }2pr =09 — xooddunment Bo3spara;
| YK€ = 1000 A — MakcuManbHBIH pabouHMii TOK THHUH (JUTHTEIBHO I0ITYCTUMEIN);
K, =1000/5 — koaddunuent tpancopmarmu TT.
[To 4yBCTBUTEIHHOCTH:
I 2MI/[H
C.3.

DI 2f{yBCT. 'KTT ,

q

rae DI2,,,., =0,2 A (BTOp.) — mpegBapuTEILHO NPUHATAS YCTaBKa;

MHH K® Y o
125" =1,y 12 — MUHUMaNbHBI TOK OOpaTHOM MOCIENOBATEILHOCTH B MECTE YCTAaHOBKH
3amuTel pu K3 B pacueTHOM TOUKe;
K, 215 — npu K3 B KoHIIE 3a1UIIIaeMO JTMHUH.
MuHMMaIbHBIN TOK 00paTHOH MOCIIE0BaTEILHOCTH coriacHo pacuetaMm TK3:
npu K3 B xone muumn — 736 A (Peaktop CP-110 kB oTkmiouen u 3azemien, npu KY).,

736
=18,4 >15 — npuHATas yCTaBKa MPOXOJUT MO YYBCTBUTEIHHOCTH.

MHB. N° nodn.

0,2-1000/5
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VYcraka 12 cpabarbiBanus rpy6oii BK.

ITo TeXHNYECKUM BO3MOKHOCTSIM TCpMHUHAJIA:

DI2,,,, =(0,06+6)-1,,,, =(0,06+6)-5=(0,3+30) A (srop.)
CornacoBaHue C YyBCTBUTEIBHBIM PEJI€ TOKAa 0OpaTHOM MOCIEI0BATEILHOCTH:

DI2,,ys = Kopo?® - DI2yyser =2-0,2=0,4 A (BTOp.)

I'PYE.

VYcraka 1 cpabarbiBanust uyBcTBUTENHHOU BK.

[To TeXHMYECKMM BO3MOXHOCTSIM TEPMUHANA:

DIl =(0,08+4)1,,,, =(0,08+4)-5=(0,4+20) A (Brop.)
CornacoBaHue ¢ YyBCTBUTEIbHBIM PEJIE€ TOKa 0OpaTHOM MOCIEI0BATENbHOCTH:
DI1yypcr, = Kg;é%”‘ D124y, =4-0,2=0,8 A (BTOD.)

VYcraska I1 cpabateiBanus rpyooit bK.
[To TexHMYECKUM BO3MOKHOCTSIM TEpPMHUHANA:

DI1,,,, =(012+8)l,,,, =(012+8)-5=(0,6+40) A (BTOp.)
CornacoBanue ¢ rpyObIM pesie TOKa 0OpaTHOM MOCIe0BATEIBHOCTH
DI1,,,; = K5 -DI2,,, =4-0,4=16 A (BTOD.)

Ilpunumaem:
DI2,,z.r =0,2A (BTOp.); DI2,)15- =0,2-1000/5 =40 A (n1eps.); DI2,,., =0,040.¢.

D12, =04 A (8T0p.); DI2 s =0,4-1000/5=80 A (meps.); D12, =0,080.c.
DlLyysc; =08A (BT0p.); DlLyyye, =08-1000/5=160 A (meps.) ; D12y, =0160.c.
DIy, =16A (8T0p.); DI1,py; =16-1000/5=320 A (1teps.) ; DI 24y, =0320.¢.

[Ipu orcyrctBun K3 Ha JMHWUK C BOSHMKHOBEHHEM PEXMMa KadaHUH BO3MOXKHO CpalOaThIBaHUE
pene compoTuBieHUs AUCTaHUMOHHBIX 3amuT. [Ipu stom MO BK, orcTpoeHHble OT pexuma
KauyaHW BEIOOPOM YCTaBOK, He cpabaThiBatoT M He BBOJAT /I3 B paboty. [Ipu Bo3nukHOBeHNHU K3
BMecTe C pene comportuBiieHusi cpabarbiBaior 1 MO BK, koTopeie paspemaioT mpoxoskaeHue
curnainoB cpabareiBanusi ot PC B cxemy JUCTaHIIMOHHON 3allUTHI.

Ecmu K3 mpoucxoaut B 30He aeiictBus J[3-1 unu J3-2 u HenamnpasiaenHoe PC BTopoii cTyneHu
13 cpabatsiBaeT B TeueHue Bpemenu BBoja bK, to mis [[3-1 u [13-2 paspemaromuii curaan ot bK
YIEPKHUBACTCS AAXKE M0 UCTeUEeHUU BpeMeHH BBoAa bK u Bo3Bpalaercs B MCXOJHOE COCTOSIHUE
npu Bo3Bpate HeHanpasieHHoro PC JI3-2. Eciu PC [I3-2 He cpabaThiBaeT B T€UEHHE BPEMEHU
BBoJ1a BK (Thk-5.u Wik Tpk-p.rp), TO MOBTOPHBINA BBOJ OBICTPOACHCTBYIOIINX CTYIEHEH BO3MOXKCH
TOJIBKO TIOCJIE OTPAOOTKH BBIJICPKKH BPEMEHH BBOJA MeUIeHHOACHCTBYOMHMX cTyneHed (Trim).
Ecnmu mocne oTpaGoTKM BBIAEPKKM BPEMEHH BBOJA OBICTPOJICHCTBYIOIIUX CTYyMEHEH OT
gyyBcTBUTENbHOrO MO (Thk5u) mpoucxomut cpabarsiBanue rpyboro MO (K3 mocie BKIrOUeHHS
HarpyskH, npu nepexoje K3 oT oHOro BiIa K pyromMy | T.11.), TO pa3peliaeTcsi MOBTOPHBIA BBOJI
OBICTPOJICHCTBYIONMX CTYIEHEH Ha BpeMs BBOJa ObICTpoaecTBYONMX cTyneHel ot rpyosix MO
— Tek-prp.

Bpewmst BBoga ObicTpoeiicTByromux I3 uyBcTBUTENbHBIM penie Trk-suy U rpyObIM pene Trk-prp —
0,5 c. Bpems BBoga meienHoaencteyromux 13 Tpk-m pruHIMaeM 9 c.

B nensx obGecnedeHus neicTBus OBICTPOAEHCTBYIOIIMX CTyneHed J[3 mnpu BKIIOYEHMHM Ha
HeycTpanuBiueecs K3 B nuxne AIIB npenycmoTpen yckopenHslii Bo3BpaT bK npu otxirouenun
BeIKIIouaTenss (mpuxox curHana PITIO). VYckopeHHBI BO3BpaT NpPUHUMAETCS BBEAEHHBIM
COOTBETCTBYIOIIMM IIPOIrPAMMHBIM IEPEKIIIOYATEIIEM.
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bnoxupoBka npu kayanusax no dZ/dt BeiBeieHa.

2. TokoBasi HanpaBJIeHHAs 3alIUTA HYJIeBoii mocjenoareibnoctu (TH3HIT)

Jluaus BJI-110 kB Hpkyrckas TOL-9 — Vuactok Ne 1 Upkyrckoit TOL[-9 (TDL-1B) sBiusercs
JUHUEH C JBYCTOPDOHHMM IHTaHueM, Oe3 oThaek. 3aliuuiaemasl JIMHUS HMEET Y4YacTKH
B3auMonHaykuu ¢ auHuei BJI 110 kB TOII-9 — Mupnas u smaueii BJI 110 kB Yyactok Ne 1
Upkyrckoit TOL[-9 — MupHas.

TH3HII cpabarbiBaeT CENEKTHBHO IIpH BCEX BHJAX 3aMbIKaHWA Ha 3€MIII0O B Mpejenax
3alMIIaeMOr0 00bEKTa W PpE3EepPBUPYET JEHCTBUE 3aLUT CMEXKHBIX YYaCTKOB IPHU BHEIIHUX
3aMBbIKAHHUSIX.

TokoBast HampaBieHHass 3amuTa HyneBol mnocnepoBarenbHoctd (TH3HII) BemomHseTcs
yerbipexcrynenyaroi. Bce ctynenu TH3HII Moryr ObITh BBINOJIHEHBI HANpaBlIEHHBIMH, B
kauecTBe opraHa HanpasiaeHHocTH TH3HII ncnonb3yercs pene HanpaBiaeHUs] MOLTHOCTH HYJIEBOM
nocnenosarensHoct (PHM  HII). IlepBas u Bropas crymenp TH3HII kontpomupyrorcs
npsimoHanpasieHHbiM PHM HIIL, Tpetbs u yetBepras — oopaTHoHamnpasinenHsiv PHM HIL

2.1. | crynenn (TH3HII-1)

a) OrcTpoiika OT MaKCUMaJIbHOTO TOKA, MPOXOJSIIET0O B MECTE€ YCTAaHOBKH 3alllUTHI TPH
3aMBIKaHWU Ha 3eMiTto Ha muHax TOIl-1.

|
locs 2 Korc '3|03’
rae K, ;- =13 - koo dUIueHT OTCTPOHKH, YUUTHIBAIOIIHI MOTPEUIHOCTh pelie, OIIMOKH pacdeTa

M HeoOXOIUMBIH 3amac;
3l,, - MakcuMaJbHOE 3HAUCHHE EPHOTMYCCKON COCTABIIIOIICH YTPOCHHOTO HAYalbHOTO TOKa

HYJICBOH TOCJIEIOBATEIIBHOCTH, MPOXOIAIIET0 B MECTE YCTAaHOBKM 3allUTHI MPU 3aMbIKAaHWM Ha
3emiro Ha muHax TOII-1.

3l,, =6667A npu K&V ma mmmax TDII-1, BJ 110 kB TDI-9 — MupHas oTKIIO4YeHA U
3azemsiena, |, >1,3-6667 =8667,1A.

3l,, =7775A npu KV na mmmax TDI-1, BJI 110 kB TDI[-9 — MupHas OTKIIOYeHa U
3asemnena, BJI 110 kB TDII-1 — MupHas oTkiodeHa u 3azeminiena, | ., >13-7775=10107,5A..

0C.3. =—

6) OrtcTpoiika OT MaKCHUMAalbHOTO TOKa, IMPOXOJSIIET0O B MECT€ YCTAaHOBKM 3alllUTHI TPU
3aMBIKaHUHW Ha 3eMJIt0 Ha muHax TOIL[-9.

I(:C.S’. ZKOTC '3|03’

rae K ;- =13 - ko3bpueHT oTCTpOiKY, yINTHIBAIOLINI TOTPEIIHOCTD Pelie, OIUOKU pacyera
M HeOOXOIUMBIH 3amac;

3|03 - MAaKCUMaJIBbHOC 3HAYCHUC Hepnonnqecxoﬁ COCT&BJ’IHIOH.[CIZ YTPOCHHOT'O HAYAJIbHOTO TOKa

HYJEBOH MOCJIEeI0BATENBHOCTH, MPOXOSIIIET0 B MECTE YCTAHOBKU 3allUTHI MPU 3aMbIKAHUU Ha
3emutro Ha mHax TOI-9.

3l,, =4665A mpu KV ma mmmax TOI-9, BJI 110 kB TDI[-9 — MupHas OTKIIOYeHa U
3azemsiena, | ., >1,3-4665=6064,5A .

3l,,=5320A mpu KV ma mmmax TOII-9, BJI 110 kB TDI[-9 — MupHas OTKIIOYeHa U
3azemuieHa, BJI 110 kB TOII-1 — MupHas oTK/IIO4eHa U 3a3eMJIeHa, Ic', c3 213-5320=6916 A..
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B) Ortcrpoiika OT TOKa, MPOXOAALIETO B MECTE€ YCTAHOBKHM 3alIUThl B KPAaTKOBPEMEHHOM
HETNOJHO(a3HOM PEeKUME.

|

Ioc.3. 2 Kore '3|0HEJ7’
rne K, =12 - xoapdurment oTcTpoiiky;
3y =1003A - MakcHManbHBIM TOK, NPOXOJSINNA B MECTE€ YCTAaHOBKH 3aIlUTHl IIPH
HEOJTHOBPEMEHHOM BKIIFOYEHHMHU 2-X (a3 Beikmouarens, mapauiensHas BJI 110 kB TOIL-9 —

MupHas OTKIIOYEHA U 3a3eMJICHA.
locs =1,2-1003=1204 A

r) UyBCTBUTENBHOCTD
[IpoBepka 4yBCTBUTENBHOCTU NEPBOM CcTyneHU npousBoautcs npu K3 Ha 3emito B Hadasne BJI B

HanOoJiee OIArONPHATHOM IO YCIOBHIO YyBCTBUTEIbHOCTH pexume ( K, >1,2).
3l

[l < 2lokamm
0c3 = '
12

rae 3l =11785A - MUHUMAaJIBHBIH TOK, IPOXOIAIIMIA B MECTE YCTAHOBKH 3aIUTHI MTPH K®

O0K.MUH
B Havase JUHUM, napauienbHas suaus BJI 110 kB TOII-9 — MupHas oTkiIroueHa 1 3a3eMJIeHa.

1., <11785/1,2 =9821A

Mpu KV B nauane mumuu 63 1omoMHATENBHBIX KoMMyTammit: 1., <13417/1,2=11181A.

Ilpunumaem EVCTBYIOIIYIO YCTABKY:

| 2P =10000 A (meps.)

(-1 _ 10000
“ 1000/5

1277 =50/5=100.e.

TH3HIT-1 __
te, =0c

=50 A (BTOD.)

CTyrIeHB BEBIIIOJIHACTCA HEHAIIP aBJICHHOM.

2.2. |l crynens (TH3HII-2)

a) CornacoBanue c | cTyneHpro 3amuThl OT 3aMmbikaHuit Ha 3emio BJI 110 kB TOLI-1 — VII-15.

I I
Ioc.3. 2 KOTC 'KTOK '3|0.C3_17PE11 ,

= rnue 3|0'.C3_ g =11500 A - ycraBka cpabatbiBanus | crynenun semysHoi 3ammutel BJI 110 kB
5 TOL-1 - VII-15.
5 I[To nannbIM pacyera TokoB K3 MakcuManbHbIH KO3()(GHLIUEHTH TOKOPACTIPEAEIECHHS IS JaHHOTO
= cormacoBanus Ky '° =2664/2849=0,914 mupu oaHo(asHOM 3aMBIKAHMM Ha 3€MJIIO B
pacUeTHBIX YCIOBUSX INPU OTKJIIOUEHHOW M 3azemiieHHON mapautensHoi smanu BJI 110 kB
o TOIL-9 — MupHhas.
S Iovs >11-0,914-11500 = 11562 A
= JI7s. TOBBIIEHUS UYYBCTBUTENBHOCTU IPOM3BEIEM coryacoBanue co |l cTymeHpio 3amurel OT
= 3amblkaHuil Ha 3emito BJI 110 kB TOII-9 — VII-15 3| g?m_ ey = 8000 A
Idvs >11-0,914-8000 = 8043 A
; /lucm
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6) CormnacoBanue c I crynensto 3amuTs! OT 3aMblkanuil Ha 3emimo BJI 110 kB TOLI-1 — Muphasi.
I(;Icg. 2 KOTC 'KTOK '3|(;.C3_HPEZZ 1

rae 31, ., ey =16200 A - ycraka cpabateianus | crynenu semusinoi sammter BJI 110 kB
TOL-1 — MupHnas.

ITo nanHBIM pacdera TokoB K3 MakcuManbHBINH KO3()(GHIMEHTH TOKOPACTIPEACICHHUS I JAHHOTO
cornmacoanus Kool =986/8779 = 0,494 npu onHO(Aa3HOM 3aMbIKAHUHM Ha 3€MJIO B PACUETHBIX

YCIIOBUSIX MPHU OTKItoueHHOM u 3a3emuienHon BJI 110 kB TOII-1 — VII-15.
locs >11-0,494-16200 = 8803 A

B) OrtcTpoiika OT HaBOAUMBIX TOKOB HYJIEBOM MOCIEA0BATEIBHOCTH.
[Ipu 3ampikaHusAX Ha 3emit0 Ha napawiensHod JmHuu BJI 110 kB TOL-9 — Mupnas Ha
3alUIIaeMOH JIMHUN HaBOJSATCS TOKU HYJIEBOW MOCIEAO0BATEIBHOCTH, OT KOTOPBIX JOJKHA OBITh

orcrpoena Il crynens ¢ K- =1,3.
HauOonpuimii HABOJMMBIA TOK B MECTE YCTAHOBKM 3amiUThl cOCTaBisieT 3y, =3178 A B

MakcuMaTbHOM peskume cucteMsl ipr KW pa mmaax TIC MupHast.
lovs >1,3-3178 = 41314 A

r) YyBCTBUTENBHOCTb.
UyBCTBUTENBHOCTh MpOBEpAETCS Npu MeTtammdeckomM K3 B KOHIE 3alldIIaeMOll JMHHUM B
MHUHUMAJIBHOM PEXHUME:
3l
y = oML >15.
0C.3.
Homyckaetcst ymenbienue K, 1o 1,3, T.x. umeercs pesepBupoBanue (11 ctynens).

Torma yctaBka TH3HII-2 no 4yBCTBUTENBHOCTH JOJKHA YAOBIETBOPSTH YCIOBUIO:
3l

K

I(;ICS' < OjlngH
3lou vy = 2865 A — mpn KW B KkoHIe NMHMM B MHHUMaIbHOM pexume cuctemsl, BJI 110 B
TOII-1 — VII-15 oTkirodueHa 1 3a3eMIIcHa;

_ 2865

I, < =2204 A.
0C3. =713

DyHKIMA 00eCIeYeH YyBCTBUTEIILHOCTH Bo3yaraercs Ha 1l crynens.

Brigepxka Bpemenu |l crynenu BeiOupaercsi ¢ yuetoMm BpeMeHu aeiictsusi YPOB snemeHToB, ¢
KOTOPBIMH IIPOU3BOJIUTCS COTJIACOBAHUE:

Lt =ty typog + AL,

rie HauOoJbInas BBIJCP)KKA BPEMEHH 3alllUThI, C KOTOPOH TMPOM3BOJMTCS COTJIACOBAHHE
tgfw =0,8¢c — Boigepxka Bpemenu |l ctynenu 3amutel oT 3aMbikaHuii Ha 3emio BJI 110 kB
TOII-1 - VII-15;

typos =0c —Bpems cpabarsiBanus YPOB;

At =0,3¢ — CTymeHb CeJIeKTUBHOCTH.

t/77"2 =0,8+0+03=11c

Ilpunumaem:
| 7712 = 8800 A (meps.)
(v -2 _ 8800

_ _ 44 A (sTOD.
c3 1000/5 (870p.)
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157712 =44/5=880.e.

TH3HIT-2 __
tes =11c

CTYHGHB BBIIIOJIHACTCA HCHAIIP aBJICHHOI.

2.3. Ul crynens (TH3HII-3)

a) Cornacoanue ¢ Ill crymennto 3amutel oT 3ambikanuii Ha 3emuro BJI 110 kB TOI-1 —
VII-15.

n n
Ioc.3. 2 KOTC 'KTOK '3|0.C3_17PE11 1

rne SIA?'Cg_ g =3100 A - ycraBka cpabareiBanust |1 crynenu semmsnoit sammter BJI 110 xB

TAILI-1 - VII-15.
I >11.0914-3100=3117 A

6) CornacoBanue co |l crynmenpro 3ammThl OT 3ambikanuii Ha 3emito BJI 110 kB TOII[-1 —

MupHasi.

n I
Ioc.3. 2 KOTC 'KTOK '3|o.c3_nPEzz )

rae 3lgc; ypey = 7500 A - ycraBka cpaGatsiBanms 11 crynenn semmsisoit sammrer BJI 110 kB
TOL-1 — Mupsas.
I, >11-0,494-7500 = 4076 A

B) UyBCTBUTEIHHOCTD.
UyBCTBUTENBHOCTh MPOBEpsIETCS B Kackaae npu K3 Ha 3emMiIi0 B KOHIE 3allUIaeMOM JIMHUU

110 kB gepe3 nepexogHoe conpoTuBieHue R, pcy =5 OM B MUHMMAaIBHOM PEKUME CHCTEMBI.
Heo6xomumo obecrieunts K, =15.

MuHMManBHBIH TOK, NPOTEKAIOmuUi BMecTe 3amuThl, coctasuser 3l .. =1179 A B kackane
mpu K&V B xonne munun R, 5,0y B MEHMUMaTbHOM pekume cuctembl, BJI 110 kB TDII-1 —

VII-15 oTkiIroueHa U 3a3eMJIEHA;
I%, <1179/15=786 A .

BLII[ep)KKa BpEMCHU i CTYIICHU BLI6I/IpaeTC$I IO YCJIIOBHUIO COTJIaCOBAaHUA C 3alllUTAMU CMECIKHBIX
QJICMCHTOB C YUCTOM CTYIICHH CCIICKTUBHOCTHU.

[IpyHUMaeM CYIIECTBYIOILYIO BhIIEPXKKY Bpemenn t[07"~° =23¢, kortopas cormacoBana c

:i BoIAepkKamu Bpemenu |l ctynenu 3anuTs! ot 3ambikanuii Ha 3emutro BJI 110 kB TOLI-1 — VII-15
5 (2,8 ¢) u Il crynenu 3amuTel oT 3ambikanuii Ha 3emutro BJI 110 kB TOILI-1 — Mupnas (3,3 ).
=
o
= Breigepkka BpeMEeHM TIpH YCKOPEHHH TPUHUMAETCs OOJbIle BPEMEHH pPa3HOBPEMEHHOCTH
BKIIIOUeHUs (a3 BoikItoyarens. [Ipunumaem 0,3 c.
= Hpunumaem:
r; | 5P = 4000 A (meps.)
S 4000
= | IFBHIT=S — __———_ = 20 A (BTOD.
< 1000/5 (eTop)
1771 =20/5=40..
= t/M= =23/0,3¢
; /lucm
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CryneHb BBINOJIHAETCA IPSMOHAIIPABICHHOM, a Takxke yckopsemoid npu AlIB u pydnom
BKJIFOYeHNHU. CTylNeHb OJIOKUpPYETCs PU TOSBICHUU OpOCKa TOKa HaMarHUYMBaHHSL.

2.4. 1V crynens (TH3HII-4)

a) CornacoBanue ¢ IV crynenpio 3amuThl OoT 3ambikanui Ha 3emuto BJI 110 kB TOI[-1 —
VII-15.

v v
Ioc.3. 2 KOTC 'KTOK '3|o.c3_nPEzz 1

rne BI(;Y@_ g =400 A - ycraBka cpabareiBanus |V crynenun semssinoi sammter BJI 110 xB
TOLI-1 — VII-15.
1V, >11-0,914-400 = 402 A

6) CornacoBanue ¢ IV crynenpio 3amuThl oT 3ambikanui Ha 3emuto BJI 110 kB TOII[-1 —

Mupsas.
I(:\é.l 2 KOTC 'KTOK 'SIOIYC3_HPEZZ )

rae 3l ch;_ e =390 A - ycraBka cpabateiBanus Il crymenn semmsnol samuter BJI 110 kB
TOL-1 — MupHnas.

I, >11-0,494-350 =190 A

0C.3. —

B) Orcrpoiika oT Toka HebanmaHca rpu Tpexdaznom K3 3a tpanchopmaropamu TIII-1

v 3)
IOC.3. 2 KOTC 'KHEP 'KHE ' IK.MAKC’

rie K, - =125 - xoddpduumeHT OTCTPOWKH, YYUTHIBAIOIIUI IOIPEIIHOCTh pelie, OIIHOKH
pacuera u HeOOXO MBI 3arac;

K zp - K030 dUIHEHT, YIUTHIBAIOIINI YBEIHUYCHHE TOKa HebaaaHca B IIEPEX0IHOM PEKHUME, TIPU
to; >06¢c Ky =1;

(3
K s - xoaddunuent nebananca, IPUHAMACTCS B 3aBUCUMOCTH OT KPatHOCTU |, v OT | yous 1 s

npumeM K, =0,05 cornacuo pacuéram TK3 ¢ kparaoctsio 10 3- 1,0, 771

I 3)
K.MAKC

BHemHeM K3 Mmexy TpeMs ¢a3zamu.
lovs 21,25-1-0,05- 19, . =0,0625-12, ..

¥« =1565A npu K3 3a tpancpopmaropamu T-2, T-3 TOIl-1 mpu OTKIIOYEHHOW U

3azemsienHoit BJI 110 kB TOII-9 — MupHhas.

- MAKCUMAJIbHOC 3HAYCHHEC (1)8,3H01"0 TOKa, IIPOXOAAIICTro B MECTC YCTAHOBKHU 3alIUTHI IIPH

=
2 lov., >0,0625-1565 =98 A .
5 3.
5
3 r) OGecnedyeHue gaabHEro pesepBupoBanus npu K3 Ha 3eMito B KOHIIE 30HBI PE3€PBUPOBAHUS B
pEeKUME KacKaHOTO OTKJIIOUEHHUS.
Heobxomumo obecnieunts K, =2,5.
o
5 MuHEMaNBHBIH TOK, IPOTEKAIONINI B MecTe 3amuThl, coctasusger 3l .. =1484 A B kackane
> mpu K B xorme BJT 110 kB TAII-1 — VII-15 B MUHUMATLHOM PEKUME CUCTEMBI.
= lov., <1484/25=594 A .
1) UyBCTBUTENBHOCTH K KPATKOBPEMEHHOMY HerosHoha3sHomy pexumy ¢ K, =1,3.
S MUHMMaNBHBIM TOK, NPOXOAALIMA B MeCTe YCTAaHOBKHM 3alluThl cocTaBiser 453 A mpu
o
—
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BKJIFOUEHUU B padoOTy nBYX (ha3.
I, <453/1,3=348A

[Ipunumaem c nenpro odecneyeHus JajibHETo pe3epBUpoBanus ycTaBky 600 A.

Boiepxka BpemeHu corsiacoBbiBaeTcst ¢ |V cTyneHpro 3amuThl OT 3aMblkaHuil Ha 3emuto BJI
110 kB TOIL-1 — VII-15 (4,4 c¢) ¢ yuerom cryneHu cenekTuBHOCTH 0,5 ¢, 4TO COOTBETCTBYET
CYILECTBYIOIIEH BBIIEPKKE BPEMEHU.

Ilpunumaem:
| 2P = 600 A (meps.)

600
I TH3HII-4 — — 3A )
c3 1000/5 (B70p.)

1 [5P=* =3/5=0,60.e.

TH3HIT-4 _
to, =49c

CryneHb BBINOJIHAETCS HEHAINPaBICHHOM W OJOKUpYEeTCsl MpU MOSBIEHUM Opocka TOKa
HaMarHAYMBaHHUSL.

2.5. H3mepuTeabHbIe opranbl HanpasjaeHHocTH (PHM)

PHM HII pearupyer Ha BeJIMUYUHBI BEKTOPOB TOKA M HANPSHKEHUSI HYJIEBOUM MOCIEIOBATEIILHOCTH
U yroJl Mexay HuMH. HampspkeHre HyseBoil mocine10BaTeIbHOCTH, KaK U TOK, PACCYUTHIBAETCS MO
(dazaeiM BenmnunHaM. Paspemaromee pene Hampasienue morrHoct (PHM-P) cpabatwsiBaeT npu
HaIMpaBJICHUH MOIIHOCTH HYJIEBOM MOCIEI0BATENbHOCTH OT IIMH K JMHUHU, a OJIOKUpYIOLIee
(PHM-B) — nmpu 06paTHOM HarpaBieHUN MOITHOCTH.

[Tpumem yctaBku PHM-P u PHM-b paBubiMu. [Ipu 3TOM «3HaK» MOILIHOCTH IPHU €€ MPSIMOM U
oOpaTHOM HampaBiieHUH OyieT o0ecreurnBaTh MPaBUIbHOCTh IEHCTBUS pelie.

Tox cpabamuvieanus.
OTcrpoiika OT CyMMapHOTO TOKa HebajlaHca B HArPY30YHOM PEKHME:

K
opuag 2 =2 (10, +10,,,),
B

rne K, =125 - xoadduumeHt OTCTPOWKH, YYUTBHIBAIOIIMA HETOYHOCTH pAaCUCTOB,
HEOOXOUMBIH 3a1ac U MOTPEIIHOCTh PEie;

s K, =09 — ko3¢ dunuenT Bo3Bpara;
> 10,5 = K5 - | by aracc — TOK HeOanaHca B HyJI€BOM IPOBOJIE TPaHC(HOPMATOPOB B MAKCUMATIBHOM
5 Harpy304HOM pPEKHME;
[an]
K, =0,03+0,05 — xoaddunment nebananca;
| s sae =1000 A — MakcCHManbHBIM pPacyeTHBIA TOK HArpy304HOrO PpEXHMMa, IPUHUMAEM B
o COOTBETCTBUH C HOMHHAJIEHBIM TokoM TT;
= 10,, , — TOK HyJIEBO NIOCJIEOBATEIEHOCTH, O0YCIOBICHHBI HECHMMETPUEH B CUCTEME;
> :
[= .
S 10, , <0,03- 1,5 yyuxcc -
- 125
— E -((0,03+0,05) +0,03)-1000 = (83,3 +111,1) A (1eps.)
< YyserButenbHocTh (K, =15) k mMuHUMansHOMY TOKy K3 Ha 3emii0 B KOHIIE 3amuiiaeMoin
E
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nunuu (2208 A):
Vopms < 2208 =1472 A (neps.)
15
Ilpunumaem:
lopns =100 A (meps.)
100
I =———=0,5A (BrOD.
oM = 1600/5 (BTOD.)

lopy =05/5=010.c.

Hanpsscenue cpabamuvisanus.
OTtcTpoiika OT CyMMapHOT0 HallpsKeHUs HeballaHca HYJIEBOW MOCIEA0BATEIbHOCTH:

K
orc
UOPHM = K '(UOHE +UOH.P)’
B
rie K, =125 - xoadpdunmeHT OTCTPOWKH, YUUTBHIBAIOIIMIA HETOYHOCTH pacdeToB,

HEOoOXO0IMMBIH 3arac ¥ MOrPeNTHOCTh Pelie;

K, =11 — xo>ddurment Bo3Bpara;

UQ,, — mepBuuHOe HampsDKeHHE HeGalaHCa HYJICBOW IIOCICHAOBATEIPHOCTH B MaKCHMaIbHOM
Harpy304HOM PEXKUME;

U0, , — mepBuYHOE HaNpsDKEHUE HYJIEBOH IOCIEN0BATEIBHOCTU, OOYCIOBIEHHOE HECUMMETpHEN
HOPMaJIbHOI'O pCXKrUMa.

HpI/I OTCYTCTBHM [JAHHBIX O HANPSKCHUHW HCCHMMETPUU B CHCTEME 3HAUYCHUC HAIPSXKCHUA
HeOananca npuHuMaeM pasasiM U0, = (0,02 +0,07)-U ,,,,

Ugpy < % -(0,02+0,07)-110000 = 2500 + 8750 B (1eps.)

Ilpunumaem:

U p, = 2500 B (ieps.)

Uopms = 2500 =
110000/100

Ugp =2,3/100 =0,0230.¢.

2,3B(BTOpD.)

VYcTaBKM 1O yriaM MaKCHUMaJIbHOW YyBCTBHUTEIBHOCTH INMPUHHUMAEM COTJIACHO PEKOMEHIAIIUSIM
npousBoauTeNs TepMunHanon: st PHM-P — mmtoc 110°, a s PHM-b — munyc 70°.

2.6. H3mepurtejbHbIE OPraHbl 0JJOKHPOBKH OT OpockoB HaMarHuuuBawiero Toka (bHT)

=
Z Jns HecpabateiBanust TH3HII ot OpockoB HaMarHMYMBAIOMIETO TOKa MPEAyCMOTpEHa
a OJIOKMPOBKA MO COOTHOLICHHIO JEHCTBYIOIIMX 3HAYEHH BTOPOW M OCHOBHOM TapMOHUKU TOKa
310.
Crynenu TH3HII-3 u TH3HII-4 GrokupyroTcs npu BHINOJIHEHUH YCIOBHSL:
- 310 (100 7y)/310 (50 I'y)>Ksur.
5 Ilpunumaem ycTaBKy 10 YMOJIYAHHUIO.
'S
2.7. ABTomatuyeckoe yckopenue (AY TH3HII)
S JIisi aBTOMAaTHYECKOTO YCKOPEHHs BBIOMpaeTCs CTYIeHb, 3amuinaromas juHuio ¢ K, =2.
; /lucm
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Ucnonb3yem Tpethio crynenb TH3HII-3 ans AY ¢ Bpemenem Tyck tazan = 0,3 c.

2.8.  OmnepatruBHoe yckopenue (OY TH3HII)

Jl1st oriepaTUBHOTO YCKOPEHUS HCI0JIb3yeM TpeThio crynens TH3HII-3.
[Ipunumaem BpeMs cpabaTblBaHUs ONEPAaTUBHO yckopsieMol cryneHu Toy tusun= 0,3 c.

3. ToxoBas orceuka (TO)

BricTpoaeiicTByIoass TOKOBas 3amuTa (TOKOBas OTCEUYKa) IMpeJHa3HaueHa JUII MTHOBEHHOTO
OTKJTIOUEHUs OMM3KuX Metautnaeckux K3.

[To ycnoButo cenextuBHOCTH, TO O3 BBIAEPKKH BPEMEHH HE JOJDKHA paboTaTh 3a mpeneamu
3alIMIIaEMOM JIMHUH.

OTtcTpoiika OT MaKCUMaJIbHOTO TOKa py K3 Ha mmHax npoTUBONOJIOKHON MTOJACTAHIUN |
TO0 MAX

IC3 Z[<-OTC|I(3 !

rae I,“("3A>< — MakCUMaJbHOE 3HaueHue Toka K3 mpu MoBpekIeHHH B KOHIE 3allUIIAEMON JIMHHH,

coctaisieT 7730 A npu OTKIIOUEHHOM U 3a3eMIIEHHOI ¢ 00enx ctopoH napasensHoit BJI 110 kB

MupHhas;

K, =13 — xo3ddunmerT oTcTpoiky, YUHTHIBAIONIMNA MOTPEITHOCTD peie, OIIHOKH pacdyeTra 1

HEOOXO0IMMBIH 3arac.

179 >1,3-7730 =10049 A .

OtcTpoiika OT MAKCUMAJIBHOTO TOKA MPU KaYaHUSIX:

TO MAX
IC3 Z[{OTCIKA‘I '

MAX ~ o o

rne |,,; — TEepBUYHBIA MaKCHMaIbHBIA pacdeTHBI TOK NpH KauyaHHIX, cocTaBisieT 5444 A
(paccuntan B APM-CP3A);
Kore =12 — xo3hpuumeHT OTCTPOHKY, YIUTHIBAIOMINIT MOTPEIIHOCTh pele, OMIMOKU pacyera U
HEOOXOMMBIH 3arac.

179 >1,2-5444 = 6533 A

Ilpunumaem IEWCTBYIOLLYIO YCTaBKY:
179 =11000 A (mepB.)

=
= 11000
= 119 = =—— =55A(sTOp.)
= 1000/5
2 170 =55/5=110..
t’9 =0c¢
o
5
= 4. MaxkcumajbHas TokoBas 3ammrta (MT3)
=
MT3 npennazHaueHa A pe3epBUpOBaHUs JelcTBUA (3 Ipu HEUCHPAaBHOCTAX B LEMAX
_ HanpsbkeHus. B xauecTBe HecenekTUBHON TokoBo# 3amuThl (T3H) ncnons3yem crynens MT3-1,
r% KOTOpas BBOAUTCs aBroMarndecku ot bHH.
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Otcrpoliika OT MaKCUMAaIbHOTO TOKA HArPy3KU:
| MT3 > Ky - Kesy .| A
c3 = PAB !
B

rne K, =11 — koa¢pduunenr 3anaca;
K, =0,95 — koaddunment Bo3Bpara;
Koy =15+2,5 — xoadduimeHT camosarycka 3J1eKTpoABUraTenei;
I =1000A - mnepBuuHBIii pabOuMii MAKCHMANBHEIH TOK HATPY3KH, COOTBETCTBYET
HOMHHaIbHOMY TOKY TT.
11-2

BeI6Op YCTaBKM 1O WUyBCTBUTENFHOCTH B ciydae Metammmueckoro K3 (K@) B komme
3aIMIIAEMOT0 JIEMEHTa IIPH MUHUMaITbHOM peskume ( K, =15).
I \VZ078
< K3
c3 —
15

., <1995/15=1330A.

Boigepkka BpeMeHHM J[0JDKHAa ObITh OTCTpOEHAa Ha CTyNeHb celekTUBHOCTH At =0,3c ot

BBIIIEPKKHU BpemeHn TO:
tX7 =t +At=0+0,3=0,3c

Ilpunumaem:
1% = 2300 A (neps.)
2300
M3 — ="~ —115 A (8TOD.
<> 1000/5 (etop.)
X7 =115/5=230..
t” =0,3c

5. BJaoxkupoBka HencnpaBHocTH 1eneii Hanpsixkenusi (BHH)

IIpu ncye3HoBeHUM HaNpsKEHUs M3MepuTenbHbIX opraHoB P3A Bcaencteue K3 umm oGpbiBa Bo
BTOPUYHBIX LEMAX TpaHcPopMmaropa HAMpPsDKEHHs, B OTAEIbHBIX, WJIM BCEX H3MEPUTENbHBIX
KOHTypax /I3, u3mepseMoe HanpspKEHUE CHIKAETCS 10 HYJsl, YTO AK€ IPU HE3HAYUTEIBHOMN
BEJIMYMHE TOKAa B JIMHUM, KaK IPaBUJIO, BBI3BIBAET JIO)KHOE CpabaThIBAHHWE JUCTAHIIMOHHBIX
opraHoB 3ammTbl. KpoMe TOro, yka3aHHbIE HEHUCIPABHOCTU II€NEW HANpPSDKEHUS NPUBOAAT
HENPABWIBHOMY JICCTBUIO OpraHOB HANpAaBIECHHUs MOIIHOCTH (NPSAMOM WIM  HYJIEBOH
MOCIIEI0BATEIbHOCTH) MAaKCUMAJIbHBIX TOKOBBIX 3aLIUT, KOTOPOE B CBOIO OYEPEb MOXKET BBI3BAaTh
UX HECEJeKTUBHOE (M3NIUIIHEee) cpabaTbiBaHie Ipu BHemHuX K3.

KonTtposns neneit Hanpsbkenus (L{H) npeanasnaven it npeoTBpaiieHus JoxHoH padotsr 13, a
TaK)K€ CUTHAIM3aLUU IIPYU BO3HUKHOBEHUH HEUCIIPABHOCTEH B LICTISAX NIEPEMEHHOTO HAMPSKEHHUS.
B cocrase konTposst LIH peanusoBana ¢pyHKIUS onpeneneHus 00pbiBa HYJIeBOrO MPOBOJIA OJTHOM,
JIBYX WJIM BceX Tpex (a3 ueneit HanpsoKeHUs.

O6pLIB HYJICBOT'O mpoBoaa ONpCACIACTCA 1o TIOABJICHUIO HaIIPsPKCHUIO HyJ'ICBOI\/'I
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IIOCJIEIOBATEIBHOCTH C OTCYTCTBHEM IIOSIBJICHUS TOKA HYJIEBOM IOCIENOBATEIBHOCTU. JlaHHBIN
AITOPUTM TaKKe pearupyer Ha OOpbIB OJHOM WM IBYX (a3 memeil HampspkeHus. B ciyuae
oTpenieNieHusi 0OphIBa TOJBKO HYJIEBOTO MPOBOJAA OJOKHPOBKA IMPH HEHCIPABHOCTIX B IEMIX
Hanpspkenus (BHH) na 6inoxuposanue /I3 He nelicTByer.

O6psiB i K3 oxgHo#t mnm 1ByX (a3 GuKcHpyeTcsl Ipu IMOBBIIICHUH HANpsHKEHUsT 00paTHOM
nocienoarensbHocT U2 BhINIE 3a1aHHOTO 3Ha4eHus (6oee 8,5 B).

JUia uckmodeHust usnuimHed paborsl BHH mnpum HecMMMeETpHUHBIX KOPOTKMX 3aMbIKAHUSAX
npeaycMmotpeHo OnokupoBanre bHH mno npesbimennto U2 npu BeimosHenuu ycnoBus: 12>k1°11.
PexomenyembiM 3HaueHneM kodpdunuenta k1 = 12/11 ansercs 0,2.

Jnst uckimrouenus noxkHou padotst BHH npu mmmrensHON HECUMMETpPUHM B CETH MPEAYCMOTPEH
JOTIOJTHUTEIBHBIN KOHTPOJIb IO OTHOIICHHIO HANPSOIKEHHUS OOpaTHOW IOCIIEAOBATEIBHOCTH K
HaIpPSDKEHUIO MPSMON MociieoBareabHOCTU: oOpbIB Wi K3 onHOM minu 1ByX ¢a3 onpenaensercs
TONbKO Tpu BbImosHeHUU ycnoBusi: U2>k2-Ul. PekomenayemMbiM 3HaueHHEM KodduiueHTa
k2 = U2/U1 saBusercs 0,2.

Jlnst oGecnieyeHust yaep:kaHusi OJOKUPOBKH B CPaOOTaHHOM COCTOSIHMH, mocie Bo3Bpata MO,
pearupymouero Ha CKaukooOpa3HO€ CHWKEHUE HalpshKeHHs, NMPEeAyCMOTpEHa Lenb MO0JXBara,
BBITNIOJIHEHHAs] HA YHEPTOHE3aBUCHMOM TPUTTEpE, CpadaTHIBAIOLIEM MIOCIIE€ CHIXKEHUSI HAMIPSKEHUS
NpsIMOM  TocneAoBaTeabHOCTH HIKe ycraBku «UI<y». Bo3Bpar nenum npoucXoauT MHocie
MTOBTOPHOTO MOBBIILIEHUS HANPSHKEHUS! PAMOIL rocneaoBareabHocTh 6osee «U1<.

O6peiB 1 K3 oxno#t umu aByx (a3 neneid HampsHKEHUS OCYLIECTBIISIETCS MPH OJHOBPEMEHHOM
BBITIOJIHEHUH CIIEAYIOUINX YCIOBUM:

1) U2> 8,5 B;

2) 2<kl1°I1;

3) U2>k2-Ul.

OO0psIB Tpex (a3 onpenensercs Npu 0JHOBPEMEHHOM BBIIIOJHEHNUH CIIEAYIOINX YCIOBHIMA:

1) npu ckaukooOpa3zHoM cHikeHun Hanpspkerust Ul 6osee wem Ha 0,2 Unom (20 B);

2) ipu OTCYTCTBHM Opocka Toka I1, mpeBbImiaroriero 3aganuyto Beanauny dl1>.

Ilpunumaem:
(U(b<) = 0,2'Unom
(U1<) = 0,4'Unom
k1=0,2

k2 =0,2

(d11>) = 0,2'ltom

Heiicteue BHH ocymiectBnsiercs 6e3 BbiepKku BpemeHu Ha OnokupoBky JI3. Kpome Ttoro, ¢
BBIZICPKKOM BpeMEHH B 5 CeK. MPOUCXOAUT JCHCTBHE HAa CUTHATIU3ALUIO.

=
= 6. ABTOMaTHUYecKoe MOBTOpPHOe BKJOUYeHue (AIIB)
T
jus )
5
o ATIB BJI 110 kB TOL-1b — tpex¢aznoe, o1HOKpaTHOE.
Bo3moskHbI Tpu pexumMa padotsl AIIB:
1o (hakTy OTCYTCTBHUS HANpsDKEHUS HA JTMHUY;
= 10 (hpakTy OTCYTCTBHUS HANpsDKEHUS HA LIMHAX;
IS C KOHTPOJIEM CUHXPOHHU3MA.
jus )
S
2 Beinepxka Bpemenu TAIIB nomkHa oTBedaTh 1ByM TpeOOBAHUAM:
1) Bbimepxka BpemeHH {5, ; JOMKHA OBITH OOJBIIEC BBIACPKKH BPEMEHH TOTOBHOCTH JUIS
IIOBTOPHOI'O BKJIFOUEHUs IIPUBOJA OTKJIFOUYMBILIETOCS BBIKJIIOYATEIIS
r§ t/411715’—1 = teom.npu& + taan. !
—
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roe t — BpCMd TOTOBHOCTH HNPHBOJA, KOTOPOC JIA PA3JIMYHBIX BHAOB HNPHUBOIOB MOKET

comnpue
ObITh B mpeaenax ot 0,2+1 c; misg Beixmrouatens Y-110-2000-50 ¢ anekTpoMarHuTHBIM TPUBOJIOM
tuna LII13-46 npuanmaem 1 c;

t,,, — BpeMs 3amaca, y4UThIBAIOIIEE HEMOCTOSHCTBO t KOTOpOE BBIOMpAETCS B JMana3oHe

3an. 2om.npue
ot 0,3+0,5 c; npunumaem 0,5 c.

t s, =1+05=15c

2) BeIgepkka BpeMeHu AIIB nomkHa ObITh 00JIbIIE BBIACPKKHA BPEMEHH OT MOMEHTA TIOTaCaHus
anekTpudeckoi ayru B mecte K3 10 moiHOro BOCCTAaHOBJICHUS M30JISIIMOHHBIX CBOWCTB BO3IyXa
(BpeMst IeMOHM3alMK BO3TyXa)

tpa =1, +t

3an. !

rae t, — Bpems nemonusauuu, cocrasisiomiee ot 0,1 no 0,3 c¢; npuaumaem 0,3 c;
0.

t. . — BPpEMs 3alaca, YYHUTBIBAIOMICES HCEIOCTOSHCTBO td.? KOTOpPOEC MNMPUHHUMACTCA B JWala3oHC

0,3+0,5 c., npuaumaem 0,5 c.
t,s1=03+05=08c

Ilpunumaem CynmecTBYIONYIO YCTaBKY:
t,zq1=18c

Beinep:kka BpeMeHH rOTOBHOCTH {,,, ,-r , BBIOMpAETCs NCXOI U3 HEOOXOAUMOCTH 00ECIEUEHHUs

onHOKpatHoro jaeWcrBus AIIB mnpu nDOBTOpHOM BKIOYEHMM Ha ycronuuBoe K3 m,
COOTBETCTBEHHO, JI0JKHA OBITH OTCTpPOEHA OT HauOoJbIlIeH BBIAEPKKU BpeMeHHU AelicTBus P3A B
3TOM PEKHUME:

tzom.AﬂB—l = t3am. +tomm. +t3an. !

ree t,,, — HanOoJIbIIIAs BRIIEPKKA BPEMEHH 3aIllUTHI ACHCTBYIOMICH Ha oTkitouenue; |1l cryrnens
J3-6,2c;

t,.. — BpeMs OTKIIOYEHHUs BBIKJIIOYATeNs; Uil  Bblkmouarens Y-110-2000-50 ¢
ANEKTPOMArHUTHBIM NpuBoAoM Tura III13-46 monHoe Bpems oTkimtouenus He 6osee 0,08 c;

t.,, — Bpems 3amaca, Kotopoe npuHumaercs pasHbiM oT 0,3 1o 0,5 ¢, mpuaumaem 0,5 c.
t,,amae=062+008+05=6,78¢

Ipunumaem:

tzom.AHB—l = 7 c

AIIB ocymectBisercs N0 LENUW HECOOTBETCTBUS MPH HAIMYUU Pa3pelIaloNIero CUrHajia
(OTKITFOYEHHOTO TIOJIOKEHUSI BBIKJIIOYATENS]) MO0 OKOHYAHWM BBIIEPKKH BPEMEHU TOTOBHOCTH
AIIB. Ilpu wnabGope BbLaepkKu Bpemenu rotoBHOocTH AlIB u mnpuxome curHama mycka
(oTkIrOYeHHOE TOJIokKeHHe BbikiIouares — «PI1O0») HaunHaeTcst oTcueT BpeMeHu cpabaThIBaHUs
AIIB. B cnyuyae cOpoca curnana mycka AIIB mpu otcuere Bpemenu cpabarbiBanusi AIIB nens
JOTUKKU cOpachIBaeTCsi, U CXeMa BO3BpaIllaeTcsl B UCXOJHOE cocTosiHue (rotoBHocTh AIIB ¢
HaOpaHHOI BBIEPIKKON TOTOBHOCTH).

3anpet AIIB ocymectBisercs npu cpadarsiBanuu, YPOB u BHenrHux curnanos «3amnpet AIIB ot
J3LI» n «3anper AIIB».

7. YcTpoiicTBO pe3epBHpPOBaHHsA 0TKa3a BhIKIw4aTeseil (YPOB)

YcTpoiicTBO pesepBupoBaHus oTka3a Beikitodarens (YPOB) npennaznaueno aist popmupoBaHus
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CUTHaJla Ha OTKJIIOYEHHE BBIIIECTOSIIMX BBIKIIOYATEIEH IPHU HEYCHEIIHOM OTKJIIOYEHUU
MOBPEXKJICHHSI COOCTBEHHBIM BBIKITIOUATEIIEM.
B kauectBe TokoBOro oprana YPOB ucnonb3yercs nepsast crynenb MT3-1 tepmunana A2.

Tok cpabareiBanus YPOB oTctpoum oT Toka cpabareiBanus mnocienHeit crynenn TH3HIT c
3aracoM B 20%:

| vPos _ 0,81 _08-600 _ 480
- K,y 1000/5 1000/5
Bpewmst cpabareiBanust YPOB:

'
tYPOB ZtOl_‘? +tB.3AllI +tB +t3Al7’

= 2,4 A (BTOD.)

rae t,, =0,08c - monHOe BpeMst OTKIIFOUECHUSI BBIKITIOYATEILS;

t; 30, = 0,05¢ - Bpemst Bo3BpaTa 3alIUTHI,

t, =0,025¢ - Bpems Bo3Bpara mmyckoBbix peie YPOB;
t,,; =01c - Bpems 3amaca.
typos =0,08+0,05+0,025+0,1=0,255¢

Ilpunumaem:
| [P0% = 480 A (neps.)
17797 =2,4 A (BTOD.)
1797 =2,4/5=0,480.¢e.
typop =0,3¢C

=

o

o

g

2
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