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Jlekuma Nel

METO/bl PACHETA 3/IEKTPUHECKUX HATPY3OK

Memoo ynopaoouennblx ouazpavm.

K a5ekTponpueMHUKaM € MPAKTUYECKHA MOCTOSTHHBIM I'PauKoM
Harpy3Ku MOTYT OBITb OTHECEHBI TaKue, y KOTOpbIX K, > 0,6, k., = 1n

KO3((ULMEHT 3al0JIHEHMS CYTOYHOIO Ipaduka 3a Hanbosee
3arpyKE€HHYI0 CMeny K., > 0,9. [Ipu orcyrcrBumM Takux ganHbix Ol1

OTHOCST K 3JIEKTPONPUEMHHUKAM C IEPEMEHHBIM I'pa(rKOM Harpy3KH.

MakcumanbHbIE paCUETHBIE HATPY3KU TPYIIIIbI IPUEMHUKOB C
nepemMeHHbiM 2papuKkom Hazpy3Ku ONPECHSIIOTCS U3 BIPAKCHUN:

P,=K, P,; Q=K, Q.. S,=+P+Q

rae P, Q,, S, — MakcuMasbHbIC aKTUBHAS, pEAKTUBHAS U MOJHAS Harpy3KHu;
K,,— xordpuninenT makcumyMa akTUBHOUM Harpy3ku P, Q.,, — CpeaHsis akTUBHAS U
pEaKTUBHAsI MOITHOCTH BCEU IPyMIIbl  AIEKTPOINPUEMHHUKOB 3a HAN0O0JIEE 3arPyKEHHYIO CMEHY



n n n
Pcmzzpcmi :ZKui'pHOMi; QCM:ZpCMi.tg(pi
i=1 i=1 i=1

rAe K, — KO3(POUIHEHT UCTIONB30BaHUs OTAEIBbHOTO JII;

Do — HOMMHAIBHAS. MOLIHOCTB OTAEIBbHOrO Ol npuBeneHHas K
JIATENBHOMY PEXKUMY;

tgp — KOa(PUIUEHT pEaKTUBHOM MOIITHOCTH;
K, = (K, n,;) — onpenensercs no tabiuie uiy rpaguram , MOKeT
OBITH OIIEHEH 10 COOTHOIIIEHUIO:

15 [1-K,
naqb K

u

K =1+

M

rae N, ,— 3 PEKTHBHOE YUCIIO HICKTPOTIPUEMHHUKOB,;
K, — cpenHeB3BelIeHHbIN K03 (PUIIMEHT HCHoJIb30BaHus rpynbl D11

K _PC‘M
“ P

HOM




rae P, ~— cymMMapHass HOMUHAJIbHAst MOIIHOCTD OII Bcell IpyIsl.

n,, =f(n,m, K, P,,) MOKET ObITh OLIPE/IEIICHO I10 COOTHOIICHHUIO:

Soil
:\i%p ) _ L

— N
Z pSOMi Z psomi
=1 =1

WA OJJHUM W3 YIIPOIISHHBIX CIIOCO0OB,
rae N — pakTUYEeCKOE YUCIIO0 IEKTPOIIPHEMHUKOB B IPYIIIIE;
m — MOoKa3aTellb CUJIOBOM COOPKH B IPYMIIE:

naqb

. pCM Mmax

m =

pHOM min

THE P,on maxs Prion min— HOMAHAIBHBIE ITPUBEICHHBIE K JJIUTEILHOMY PEXKUMY
AKTUBHBIC MOIITHOCTH HAaMOOJbIIEro U HauMeHbiero  OII B rpymrre.



J11s1 BIIEKTPONPUEMHHUKOB C NPAKMUYECKU NOCMOAHHBIM 2PADUKOM
Haz2py3Ku MaKCUMaJlbHAas pacyeTHas Harpy3Ka NPUHUMAETCS PaBHOU
CpeIHEl MOIITHOCTH 3a HanboJiee 3arpykeanyro cmeny (P, =P, ; Q, =

Qe

Onpeodenenue 3ghhexmusroco Yucia 1eKmponpUeMHUKO,.
[Ton 3(¢PeKTUBHBIM YHCJAOM JICKTPONPUEMHUKOB TMOHUMAECTCA
TaKO€ YHCJIO OJHOPOAHBIX IO pPEXUMY pabOThl IIPUEMHHUKOB
OJIMHAKOBOM MOIITHOCTH, KOTOpPOE€ OOYCIIaBIMBAECT Ty JKE€ BEIUYHUHY
pacuyeTHOM HArpy3kyd, 4TO M rpynmna (aKTHYECKMX Pa3JInyHbIX I10
HOMMHAJIbHOM MOIITHOCTH U PEXKUMY paOOThI IIPUEMHUKOB

Crioco0B! yNpPOLICHHOTO BEIMUCIICHYS N, ;.

1.Ilpu 4etbipex u Oosiece (paktuueckux Il B rpymnme sdpdexTuBHOE
YHCIIO TIPUEMHHKOB N, ;, CINTACTCS PABHBIM (AKTHIECKOMY I Ipu

m < 3 n mooom K.



IIpu ompenenenuu N, , UCKIIOYAIOTCS Te HaUMeHbIIMe OII rpymmsr,

CyMMapHasi HOMHUHAJbHAsI MOIIHOCTh KOTOPBIX HE MpeBbIACT 5%
CyMMapHOH HOMMHAJIbHON MOIIHOCTH BceH rpymusl P, . 1Ipu sTom

HUCJIO UCKIOYCHHBIX JJICKTPOIIPUCMHHUKOB HC YUHUTBIBACTCA TAKIKC U
B BCJIMYUHEC N.

2. lIpu m > 3 u K, 2 0,2 >p(pexTuBHOE YUCIIO IIEKTPONPUEMHUKOB
ONPEEIISIETCS IO COOTHOIICHUIO:

n
Z'ZPHOMi

n,, =izl

pHOM max

B tex ciyvasix, koraa HaiiIeHHOE 110 9TOH Gopmylie N, OKa3bIBACTCS
Oosblie, YeM 1 (PaKTHIECKOE, CIICAYeT IPUHUMATB N, , = N,



3. IIpu m > 3 u K,< 0,2 >ppexTrBHOE YUCIO IIEKTPONPUEMHUKOB
OIPENENAETCA C IOMOLIBI0 KpuBbIX wiHM Tabmuu. Ilopsmok
ompezeneHus n, , CJICY FOILIMI:

*OMPEIACIICTCSA HANOOJBIITUI o HOMUHAJIbLHOU MOIITHOCTH
3JIEKTPOIIPUEMHUK PACCMATPUBAEMOM I'PYIIIIbI;

*OIIPEICIISIOTCS HanooJiee KPYITHBIC AJIEKTPOIIPUEMHHUKH,
HOMUHAJIbHAS MOIIHOCTh KOTOPBIX paBHA WM OOJbIIC ITOJOBHHBI
MOIITHOCTHA HanOOJBIIETO JICKTPONPUEMHUKA TPYIIIHI;

*OINPEAEIAIOTCS YUCIIO Ny K CyMMapHasi HOMUHAJIbHAsA MOIIHOCTE P, 4
HanOOJIBIIINX JIEKTPONPUEMHUKOB IPYIIIbI;

*OIPENEIIAIOTCS YUCIO N U CyMMapHas HOMHUHaJIbHass MOIMHOCTEL P,
BCEX MPUEMHUKOB I'PYIIIILI;

N. = nl PHOMl
* HaxoadTcs 3HaueHud ' = /0 b= P
*II0 KPUBLIM MM 110 Tabmwmie [1, 2] mo HalaeHHBIM 3HAYCHUSAM N. U P,

n
OIIpCAC/IAACTCA BECJIMYMHA ngqb*, 4 3daTCM M3 BbBIPA’KCHUA naqb *x = 3%

Haxomurcess N, =N, . -N



@daKkTUUYECKOE YUCIIO

P
m = —HoM. max

DJIEKTPONPUEMHUKOB B B _ N,y P, kBt Q, kBap
Irpy1ire, n HOM. MIN
1 2 3 4 5
0 n
Tpu u MmeHee HE OIpeIeIIsIeTCs Py = %PHOM Qp = % Pron - 19O
m<3
[Tpu onpenenenuu Mpu n < 10
uckimoyarores Ol L, = KPP, = Q. =110
— _ ) ) p~ 1 cm
CyMMapHas MOIMHOCTb | N,y =N | =K YK P, npun > 10
KOTOPBIX HE 0.0, =
npesbimaer S % Y P, Pp =M
TPYIIIBI = - -tgo,
Boiee Tpex ;PCM go
P =>K, P
| z 3 HOM Q — O,75°P
(mormyckaetcs p p
m> 3 npunumath K,=0,9 (nns SIT amrencHoro
3 pexnma cos@=0.8,
(Tounoe onpenencuue | N,y <4 | s Ol _ _
tgp=0.75) Q,= P,
HE TpeOyeTCs) JUTUTEIBHOTO

pexxnma u K,=0,75
ns I11 ITKP)

(s OIT TTIKP
cosp=0.7, tgp=1)




1 2 3 4 5
Mpnn <10
QP =1 ’1 -QCM
m>3 Ny >4 P,=K, P, npun>10
Q, = Quy =
= %‘APCM 9o
m>3 naq) > 200 Pp - PCM - Qp = QCM
- ZKI/I HOM
Ecau 6onee 75 % ycraHoBIeHHOU Qp = Quy =
MOIIHOCTH PAacU€THOTO y3JIa )
cocTaBysitoT Ol ¢ mpakTHyecku P =p = =Y Py - tg0
TIOCTOSIHHBIM IpadMKoM Harpysku (k, > | HE ONPCACIACTCA :pZK ,;M 1
)51 HOM
0.6, Ky, =1, K,,,>0.9 — HacOCH,
KOMITPECCOPBI, BEHTHIISITOPHI)
Onpenensercs
[Ipu Hanuuuu B pacuetHoM y3ie I1I ¢ ToabKO 11 Ol ¢ P =P, +P,
NEPEMEHHBIM U MOCTOSIHHBIM TpaduKom EPEMEHHBIM = Q,=Q, *+ Quo
Harpy3Ku rpadukoM K, P.,+tP.,,

Harpy3Ku




Memoo ko3ppuuuenma cnpoca

P
B . . ] . 2 2 — acu
Ppacq - Kc .PHOM 1 Qpacu o Ppaclt . tg(p’ SPaC” - \/Ppacl’ + Qpacq =7 A)S(P

K, 0,40 0,50 0,60 0,70 0,80 0,90
K, 0,50 0,60 0,65-0,70 0,75-0,80 0,85-0,90 0,92-0,95

2 2
n \ n
Spacq = KP-M (leppacqi )| + (;Qpacqi )

rae Rpm — K03((HUIMEHT Pa3HOBPEMEHHOCTH MAaKCUMYMOB HAarpy30K OTAEIbHBIX TPYIII
BHGKTp(){Ip CMHHUKOB, IIPUHUMAEMBIN 10 CIIPABOYHBIM JaHHBIM
n
ZPpaCQi |’ ZQpacqi
1 ) \ia ) — CyMMa paCUY€THBIX aKTUBHBIX U PCAKTUBHBIX
Harpy30K OTACJIbHBIX T'PYIII IIPUEMHUKOB




PacuerHasi oOcBeTUTENbHAs Harpy3ka TaK»Xe OIpeeNsaeTcss 10
MeToly KoadduimenTa crpoca:

P =K P - K

pacd. oce C Ooc6 HOM OC6 n.p.a

rae K. ., — KO3 (QUIUEHT CIIPOCa OCBETUTEIILHOU HATPY3KHU;

P . e — YCTAHOBIIEHHAS MOIIHOCTE DJEKTPOJIAMII, OIIPEAEIAETCS 110
yIeIbHOM MIIOTHOCTH HATPY3KH Ha 1 M? IIoImaam
IIPOU3BOJICTBEHHBIX 3/IaHUM;

K, , ,— K0O9QHUIMCHT, yIUTHIBAIOLINI IOTEPU MOILIIHOCTH B

IIyCKOPETyJIUPYIOIIEH anmnapaType CBETUIbHUKOB, IS JIaM
HakaJIuBaHUs paBeH 1,0.



Memoo Koagppuuuenma gpopmut

PacdeT BbINOMHSACTCS IO COOTHOLICHUSIM:

. ’ . _ 2
Ppacq = qu .PCM’ Qpacq = qu .QCM = Ppacq ) tg(P’ Spacq o \/Ppacq + ngyacq

rne K, K'¢ — KodpduireHT (OpMBI COOTBETCTBEHHO Trpaduka

AKTUBHOU U PEAKTUBHOM HAIPY3KH, XapaKTEPU3YET HEPABHOMEPHOCTH

rpadrka BO BpEMEHH, ONPEEISCTCS 10 BhIPAKCHUSIM K = Le
&

B CJIy4dae 3aTpyJaHEeHUA pacuera — K b= 1,0+1,3. Py

OnpeneneHre pacueTHOM HArpy3KHU 1O YOEabHOU HAZpy3Ke Ha
CIMHUILY TTPOU3BOJACTBEHHOH TUIOIIAIN

PacdueT BBIITOJTHIETCS II0 COOTHOIIIECHHUIO:

P,..=DoF

pacu
i€ po — yAeIbHas pacueTHast Harpy3Kka Ha 1 M? MPOU3BOICTBEHHON
TUIOIIAIH;

F — mpon3BOACTBEHHAS IIIOMIAb, M2



Memo0 yoenvho20 pacxooa 31eKmpoIinep2uu Ha CINHUIY IIPOIYKIIAN

IIpU 33ITaHHOM 00bEME BBIITYCKa MPOIYKIIUU 32 ONPEACIICHHBIN ITEPUO/T
BPEMEHU

PacdeT BpITTIOIHAETCS ITO COOTHOIIECHUIO:
M W
. cM a yo
'ijacq B
1

cM

rae M, — BBIIYCK 32 CMEHY €IMHULL IPOIYKIIHH,;

Wa yo — PacxoJ SICKTPOIHEPIUH Ha CAUHMITY IIPO OYKIHH,KBT .qeﬂ
T, — IPOJOJKUTEIBbHOCTD CMEHBI.

Ecmu ynenpubii pacxog W, yo U3BECTEH B TOJIOBOM o0beMme M, TO
B MW, b0

P
pacu
T,
rae 1, — YUCII0 4aCcoOB UCIIOJIb30BAHUS MAKCUMyMa Harpy3Ku
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YpoBHU (CTyneHn) CUCTEMBbI
3NEeKTPOCHAbXeHUS
NPOMbILLITIEHHOIO
npeanpuaTus



PacueT aneKTpUUYEeCKMX Harpy3oK KOMNAEKCHbIM
MeToA0M

PacueTbl  2JIGKTPUYECKHMX  HArpy30K KOMIUIEKCHBIM  METOJIOM
IIPOU3BOJATCS OT BEPXHUX YPOBHEH K HM>KHMM. CHavalia periarTcs
BONPOCHI JIEKTPOCHAOKEHUS Npeanpusatus B neiaoM (YP6); 3arem
KOMILUIEKCa II€XOB, OTAECJIbHOIO MPOM3BOACTBA, yYacTKa 3aBOJIA
(YPS); nexa nim yactu 3aBoja, nuraromierocsa ot ogaoro PII (YP4).
PacdueThl 3aKaHYMBAIOTCS ONPEACICHUEM KOJMYECTBA W MOIIHOCTH

TII ga YP3.

KoMIUIEKCHBIN METO/T MPEeAyCMaTPUBAET OJHOBPEMEHHOE
IPUMECHEHUE HECKOJbKMX CIIOCOOOB pacuera MaKCHMaJbHOM
Harpy3ku Pm 1o cineayromuym rnapameTpam:

-3JICKTPOEMKOCTH NPOAYKIIUK D Ha Y P6

S 9. M,
Ty

.P;Ij';l:



rae Mi, Oi - 00beM U IEKTPOESMKOCTh TEXHOJIOTHYCCKOM ITPOAYKIIUH I-
ro BUaa; 1 - TOI0BOE YHCJIO YaCOB UCIIOJIb30BAHUS MAKCUMYyMA
Harpy3KkM (IpUHUMAETCS 10 OCHOBHBIM IOKa3aTelIsIM 3aBO/1a-aHaJiora);

- 00ILIET0JOBOMY DJIEKTPONOTPEOJICHUIO A U CPEIHETOI0BOM
MOIITHOCTH Ha ypoBHAX YP6, YPS5, YP4

rae Km - cpeaneronoBoit koapdunmeHt makcumymMma; 12 = 8760 - yucio
4acoB B roa1y;

- YIEIBbHBIM pacxoJaM 3JIEKTpO3Hepruu Ayo Ha ypoBHiIX YP5, YP4
(YP3):

no .ﬂ; : K,;'fi
P}HZKW‘E LIJE” II- Pm= - = Km " Pepe

=1 TE' T Z




rae Tl - rogoBoe 4YmMCiIO 4acoB pabotTel I-ro mexa; MI - o0beM ero
BEIITYCKaeMOM MPOAYKIHH; AyOi - yACILHBIM PacXo dJICKTPOIHEPTUH Ha
BBIITYCK MPOIYKIIUH 3TUM LIEXOM;

- CpeJIHEroI0BoMY Kod(dhuumeHTy cupoca Kc Ha ypoBHsIX YP6-YP2:

Pm = Hf Rl'c;'n-

riae Pycm - cymMMa yCTaHOBJIEHHBIX MOIIIHOCTEW;
yJE€IbHBIM MOIITHOCTSIM Harpy30K Ha ypOBHSIX Y P6-YP2:

Py, =y F,

IJ€ Y - YACIbHAsi MOIIHOCTh (IJIOTHOCTh HArpy3ku); F - miomaab
MPEANPUITHS, pallOHA, 1I€Xa, OTJACICHUS, y4acTKa.



Jlekuma No2
[TocTpoeHue KapTorpammbli u
onpepgeneHue LeHTpa sINeKTpU4YeCcKux

HarpysokK

I'maBHYI0 mnoHU3UTeJbHyI0 mnoxacrannuio (I'TITI) B mensax
SDKOHOMHUH MeTa/Jla U DJIEKTPOSHEPTrHU PEKOMEHAYETCA
yCTaHABJIMBaThb B  IIEHTPE  HSJIEKTPHUYECKHUX  HArpy30K
IpeaIPUSITHUA.

i1 onpeneneHus mecronosioxkeHus I'TIII Ha reHepanbHBIN
IJIaH MNOpeAnpUusATUs HAHOCUTCSA KapTorpaMMa Harpysok,
KOTOpasi MpeAcTaBseT cOOOM pasMellléHHble Ha TIeHILIaHe
IpeANPUITHS IUIOIA/U, OTPAaHUYEHHbIE KpPyraMH, KOTOPBIE
B OIIpedeJIEHHOM MacinTabe COOTBETCTBYIOT PaCYETHBIM
Harpy3kKaM IeXOB.



Pagnycel OKPYKHOCTEU JI KAXKOTO IIexa OIIPeneIsaIOTCsA

N3 BbIpa*KE€HUA:
Pi= mréq-m,

TIe Tai — PAOIyC KpPyra, CM,

m— MaciuTad KkaprTorpaMmmel, KBT/cm?;

P

I

A S

ai

T*m
KoopammHaThI IeHTPAa AKTHBHBIX AACKTPHIECKIIX HATPY30K

S 0
> P *x 2Py 360 - Ppo
= . Yoa = — ’
n Ppi

S'P S'P
' i=1

re Xi, Ifi — KOOPAHATHI 1 — IO TIOTPEOTEAd

a

X0






OOBIYHO IIpEAIoJaraloT, YTO paclupeneeHue CaydanHbIX
KOOPJAUHAT [IOH caenyer HOPMAaJIbHOMY 3aKOHY
pacnpe/:[eﬂeHHH (BakoHY I‘aycca-JIaHJIaca), T.€.

g gl

X —d N P—d. )

Fry= Lowexp| - %) | py o Ly - 7 4)

O, 2%0, o, 2*0
e aX, ay — MaTeMmaTnuydeckKue O KHNJI1dHUA
C]Iyan/IHbIX KOOP,Z[I/IHaT
s2, s — IUCIIEPpCUU CIYYaHHBIX KOOPAUHAT.
X y

MaremMaTHYeCKHe OXKHJIaHHA CIAy4YaHHbIX KOOPAHUHAT B

HaIlleM cJydae - 3To KoopauHaTthl IIOH ax=xo; ay=yo.

1 1
Ecanr BBeCcTH 0003HAYeHIle /1, = ; h, = :
*
o, *2

o, *J2
Ha3blBa€Mble MEpaMU MOIIHOCTU CJIy4alHBIX BeJIUYUE
3aKOH paclpeesjieHUusa 3allUIIeTCs B ceayIoleM BUe

f(x):h—x’*‘e_hi’#f ; f(}’)zh—}?*e_hﬁwz.

e r



Tak Kak KoopauHATBI X U Y NU3MEHAIOTCA
OJHOBPEMEHHO TO OT OHOMEPHOU IIJIOCKOCTH
pacupenesieHuss BePOATHOCTEU UCCIIEyEMBIX BeJINYUH
MOKHO HEepPEeUTH K ABYMEPHOU (PYHKIMHN pacHpeieiIeHUus
BEPOATHOCTEU CJAydaUHBbIX HE3aBUCUMbIX KOOP/IMHAT

fla,p) = 2w T
T

30Ha paccedHUA IEeHTpPa OJSJIEKTPUUYECKUX Harpy3okK
IIPEACTABJISIET COOOM 3JIJIMIIC, KAK CE€UYEeHUE ITOBEPXHOCTU
HOPMAaJIbBHOI'O pacIpeneIeHNs, IOJIYyOCH KOTOPOI'O PABHBI

3 V3
'RX - — ; 'RF = — .,
hy hy,
dopma saAUTICA 3ABUCHT OT COOTHOIIIEHIIIT
— * 2
x TxitUi T Rea) 0y = 2
1= I=1




rae Py, P, — BEpOATHOCTH MOABJIEHUA X, , Vi

C y4uyeToM 5TOro BBIPAXKEHUSI AUCHEPCHUS CIIyUYalHBIX
KOOPZIMHAT OIpPeJesIIeTcsl CaeayIoInuM 00pa3oM:

n
ZPz $(Ki _X[:)z
2 i=l
GX — .

il
P *(y; —¥,)
y i=1

3 G";L;'—




P,=1200,kBm,; X,=160, m; y,=20.m; P,=1000,xBm;
X,=190, m; y,=50,.m; P;=150,kBm; x;=30, m; y,=110,m,
P,=1300,kBm; x,=40, m; y,=60,m; P.=800,kBm; x:=90,
M, ye=120m; Pg=2200,kBm; X;=160, m; y;=120,m;
P.=790,kBm; x,=115, m; y,=80,m; Pg=230,kBm; X;=80,
M, y8=40,m,
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Jlekuma Ne3
Bblbop uncsia U MOLLHOCTU LLEXOBbIX

TpaHcdopmaTopoB
[Io wncny tpancpopmaropoB KTII Moryr ObITh OJHO-,
ABYX- U TPEXTPAHCPOPMATOPHBIMHU, & IO POJY YCTAHOBKHU:
 BHYTPCHHEH YCTAaHOBKM C MACJISHBIMHA, CYXUMH HJIH
3aII0JIHCHHBIMHU HETOPIOYEH KU IKOCThIO TpaHC(hOpMaTOpaMU;
* HaApy>XHOHM  YCTAaHOBKHM  (TOJBKO C  MACJISHBIMU

TpaHCc(hOpMaTOPaAMH );
* CMCIIAHHOU YCTAaHOBKH C PACHOJIOKEHUEM
PaCIIpEACIUTEIBHOTO YCTPOKCTBA (PY) BBICILIETO

HampsoKeHUS W TpaHcopmaropa cCHapyk, a PY Huzmero
HAIPSAXKEHUSA BHYTPHU [OMEILICHUA.



ITpOH3BOICTREHHOE TIOMETEHHe
1 7 [ i i | i
[IpoHzBOACTREHHOE r U T
NOMeeHHe
a) 0)
Iur HH
=N N
1 7 Zml : | bz

: |
o r |
| |

B) r)

Puc. Bapuantsl pa3menienus 11exoBsix KTII 1 ux KOMIOHOBKH: a — OJJHOTpaHc(hopMaTopHasi
KTII BcTpoenHoro tumna; 6 — apyxrpancdopmaropras KTII npucTpoeHHOro Tvma OJHOPSAHOTO
ucroiaHeHus; B — npyxrpanchopmaropHas KTII otnenbHo cTosias IBYyXpsSAHOIO UCIIOJTHEHUS; T
— KTII ¢ Hapy»KHOM yCTaHOBKOM TpaHC(HOPMATOPOB



OpnotpaHcdopmaropHeie 1exoBeie TII mpumenstoTcs npu
Ol1, nomycKarmuX IEpPephiB B AICKTPOCHAOKEHUN HA BPEMS
TOCTABKM «CKJIQJICKOT'0» PE3€PBa, WIH IIPU PE3CPBUPOBAHNM,
OCYIIECTBISIEMOM MO  MEpPEMBIYKAaM Ha  BTOPHUYHOM
HAIIPSKCHUM.

JIByxTpaHcopmaropHsbie 1iexoBbelie TII mpuMeHsroTCs
npHu npeodaganuu norpeourenet 1 u I1 kareropui, a Takxe
Py HAJIU4YWHM HEPABHOMEPHOIO CYTOYHOT'O WM TOHOBOIO
rpadyuka Harpy3oK.

[{exoBrie TII ¢ unciom TpaHcopmaTopoB OoIee ABYX
IPUMECHSIOTCS IIpU  OOOCHOBAaHMM HEOOXOAMMOCTH HX
IIPUMEHEHUSI, a4 TAaKXXE B CJIy4dasdX YCTAHOBKH Pa3JCIIbHBIX
TpaHC(HOPMATOPOB I MUTAHUS CHJIOBBIX U OCBETUTEIIBHbBIX
Harpy3oK.



BriOpanHass mojcTaHUMs AOJKHA 3aHUMAaTb MHUHHMYM IIOJIC3HOM
IJIOIIAAW  I[€Xa, YJAOBICTBOPATH TPEOOBAHUSIM  MOXKAPHOU M
NEKTPUUECKOM  O€30MacHOCTM M HE  CcOo3/JaBaTbh  IOMEX
IIPOMU3BOJACTBEHHBIM IpoleccaM. BCTpO€HHbIE U IIPUCTPOCHHBIE
MMOJACTAHIIMUA PACHOJIATAtOTCS BAOJb OJHOM W3 JUIMHHBIX CTOPOH lI€Xa
WA B IIaXMATHOM MOPSJIKE BJIOJb JBYX €ro CTOPOH MPH HEOOJbIION
mupuHe nexa. Jlomyckaercss MUHUMAIIbLHOE pacctosHue 10 M Mexmay
COCETHUMHM KaMEpPaMM PA3HbIX BHYTPHUIIEXOBBIX MOJICTAHIIUM, A TAKKE
mexay KTIIL.

MunumanbHble TabapuThl pazmeineHus KTII B nnuny:

ogHorpancdopmaropusie 10 1000 kBA —8m
1600-2500 kBA 8-9m

nsyxtpancdopmaropubie 10 1000 kBA 12—13m
1600 kBA 16,5 M

[HIupuna gisa Bcex KTII He menee 4,3 M.



BHYTpHI1IEXOBBIE IIOJACTAHIIMU MOT'YT Pa3MEIATbCA TOJIBKO B
3JJaHUSAX CO CTEHEHBIO OTHeCTOMKOCTH 1 m 11 m ¢
IIPOU3BOJACTBAMU, OTHECEHHBIMU K KaTeropusam 1" u /1
COIJIACHO MMPOTHUBOIIOKAPHBIM HOpMaM. CJIeyeT yUUThIBATb,
YTO IIPU YCTAHOBKE B OJJHOM IIOMEIIECHUMN HECKOJIbKUX
TpaHC(HOPMATOPOB, UX IIPEACIbHASI CYMMapHasi MOIITHOCTh
He JoJKHA npeBbiaTth 6500 kBA, a uncino KTII gomxHO
OBITH HE 00JICE TPeX.



T
. ‘S pacy _:'L’u'-i“-. T Q pac
M
kK. N K, N ‘

rme TS — pacyeTHas MOINHOCTH TpaHcdopMaropa;, pacd S —
pacueTHas MOIIHOCTh HArpy3KH IpeanpusaTus; pacd P — pacueTHas
MaKCUMaJlbHAsl aKTHBHAs Harpy3ka mOpeanpustus; pacdy Q -—
pacueTHas peakTHUBHAs MOIIHOCTh, HOTpeOseMas IpSANPHUITHEM B
nepuoJ MaKCMMyMa Harpy3kd ¢ Y4eToM HiId 0e3  ydera
KOMIICHCAIIUU PEAKTUBHOM MOIIMHOCTH; 3 K KOA(POUIMEHT 3arpy3Ku
TpaHcopmaropa;, N — KoIM4ecTBO TpaHcpopMaTopoB Ha
OJACTaHITHH.



BenmnunHy ko3 @uIKMEHTAa 3arpy3kd TpaHC(HOPMATOPOB  MOIKHO
IPUHUMAT:

- ipu nipeobaganum norpeoureneit 1 kareropuu — k3 = 0,6 — 0,7;

- ipu TipeodJiaianum norpeoureneit 2 kareropuu — k3 = 0,7 — 0,8;

- 1 motpeourene 3 kareropuu — k3 = 0,9 — 0,95.

B mexe NnpoOMBIIUIEHHOTO TPEAIPHUIATHS OPUEHTUPOBOYHO MOKHO
ONpPEICIUTh  KOJMYECTBO  TpaHCHPOPMATOPOB 1O  YIACIBHOM
IJIOTHOCTH Harpy3Ku

(TH =3 pacy |

r7e pacy S — pacyeTHas Harpy3ka 1exa; F — miomaap nexa.

IIpu yaenpHol mnoTHOCcTH Oosiee 0,2... 0,3 kB-A/M2 u cymmapHoOi
Harpy3ke ooiee 3000... 4000kB- A 1ienecoo0pa3Ho IPUMEHSTh
IIEXOBBIE TpaHC(HOPMATOPBI MOITHOCTHIO cOOTBETCTBEHHO 1600...2500
kB-A. IIpu yAeIbHOM MIIOTHOCTH U CYMMAPHOMW Harpy3Ke HUXKE

yKa3aHHbBIX 3HAaUCHUI Han00Jiee SKOHOMUYHBI TpaHC(HOPMATOPHI
monrHocThIo 400... 1000 xB-A.



VY nennHasd MJIOTHOCTD PekoMenayemas
HArpy3KHu HOMHHAJIbHAs  MOIIHOCTb
o, KBA/Mm? TpaHchopmaTopoB, KBA
0,05+0,1 630
0,15 1000
0,2 1600
>(0,3+0,35 2500

KonnuectBo TpanchopmaTopoB 1exoBbIX TII MOKET OBITh
omnpeiesieHo 1Mo hopmyie

N =2
KE S.Hﬂ."-.' |

r1€ SHOM — HOMHHAaJIbHAsI MOIIHOCTh TpaHC(opMaTopa, BbIOpaHHAs B
3aBUCUMOCTH OT YJICJIbHOMW IUNIOTHOCTH PACUETHOM HATrPY3KH; SpCU —
pacyeTHas MOUIHOCTh

Harpy3kH; K3 — koapuipeHT 3arpy3ku Tpancpopmaropa.



[loTepn aKTUBHOW MOIIHOCTHU B JIMHUHU 3JIEKTpONEpEaadn
(APn), wuaymme Ha  HAarpeBaHHE  MOPOBOJHUKOB,
PACCUUTBIBAIOTCS M0 BBIPAKEHUIO

AP =3 .1 R

|

rae | — Tok nmmHuKM; R — akKTHBHOE CONPOTHUBIICHUE
IIPOBOJIA WJIH >KWJIBI KaOeJIs, OMpeaeaIeMoe KaK

R=r-I

rae ¥, — YAEJIbHOE (IOrOHHOE) aKTUBHOE COIIPOTHUBJICHUE
IpoBOJHUKA, OM/KM;

— JJIMHA JUHUHU, KM.



Jlekuma Neq

CpaBHeHUe BApPHAHTOB M BBLIOOP ONTHMAJBHOIO YHCJA
TpaHCHOPMATOPOB HA WEXOBBIX TPaHCHPOPMATOPHBIX
MOACTAHIHUAX C€ YY€TOM KOMIICHCAIIMM PEAKTUBHOM
MOIIIHOCTH.

Meponpusrtus, IIPOBOJIUMBIE I10 KOMIIEHCAI[UX
PEAKTUBHOU MOIIIHOCTH AKCILUTYaTUPYEMBIX 158101
POCKTUPYEMBIX JJIECKTPOYCTAHOBOK IIOTPEOUTENECH, MOIYT
OBITH pa3/CICHBI HAa CICAYIOIIUE TPU IPYIIIIHI:

* HE TPEOYIOIIME NPUMEHECHUS KOMIICHCUPYIOIIUX YCTPOUCTB;
* CBSI3aHHBIC C IPUMEHEHUEM KOMIICHCUPYIOIIUX YCTPOUCTB;
* TONYCKAEMBbIE B BUJIE UCKIIFOUCHU.

[locnenuue IBa MEPOTIPUATHS TOJIKHBI
OOOCHOBBIBATHCSI TEXHHUKO-DKOHOMHUYECKUMH pacyeTaMu U
IMIPUMEHSIOTCA IIPHA COTJIACOBAHUM C DHEPTOCUCTEMOM.



Meponpusitusi, He  TpelOywoinue  NPUMEHEHHUS
KOMIICHCUPYIOIIUX YCTPOUCTB (eCTeCTBEHHAA):

1. ynopsigoueHne TEXHOJIOTMYECKOI 0 MpoIecca, BeayIee
K YJIYYIICHHUIO YHEPTETUYECKOr0 peKUMa 000pyI0BaHUS 1
K MOBBIIICHUIO KOA()PUIIHEHTA MOIIIHOCTH;

2.  TEpPEeKJIIYEeHHE  CTAaTOpHBIX  oOMOTOK Al
HanpsbkeaueM 10 1000 B ¢ TpeyroisHHKa HA 3BE311y, €CIIN
X Harpy3ka coctanisieT meHee 40%;

3. ycTpaHeHHe pexxuma padoThl AJl 0€3 Harpy3ku nyTem
YCTAHOBKH OTPAHUYUTEIECH XOJIOCTOTO X0/,

4. 3aMEHa, [IEPECTAaHOBKA 5| OTKJIFOUEHUE
TpaHC(OPMATOPOB, 3arpyKacMbIX B CPEIHEM MEHEE 4eM
Ha 30% oT uX HOMHHAJIbHON MOIITHOCTH,



5. 3aMEHa MaJOHArpy»kK€HHBIX [IBUraTEeIC MEHBIICH
MOIIIHOCTH IIPH YCIIOBUH, U3BATHE U30BITOYHOM MOIIHOCTH
BJICYET 3a COOOM YMEHBIICHHE CYMMAapHBIX MOTEPh
AKTUBHOU 3HEPTUU B SHEPIrOCUCTEME U IBUTATEJIE;

0. 3amena AJl Ha CJl Tol k€ MOIIIHOCTH, TJI€ 3TO BO3MOKHO
10 TEXHUKO-2KOHOMHUYECKUM COOOPaKECHHUSIM;

/. npumenenne CJ[ I8 BCeX HOBBIX YCTaHOBOK
AJIEKTPOIIPUBOAA, TIE OTO TNPUEMIIEMO II0 TEXHUKO-
SKOHOMHYECKUM COOOPaKCHUSIM.

Meponpusitus, CBSAI3AHHbIE C IpUMEHEeHHEM
KOMIICHCUPYIOUIMX YCTPOUCTB:

1. ycTaHOBKA CTATUYECKUX KOHJIEHCATOPOB;

2. ucnoJjib3oBanue CJ/l B kauecTBE KOMIEHCATOPOB.



KommeHcanusi peakTUBHON MOIIHOCTH MOTPEOUTEIICH MOXKET
OCYILECTBISATHCS MPH ITOMOIIA CUHXPOHHBIX JBHUTATECICH HIIM
OaTapew KOHJICHCATOPOB (bK), IIPUCOCIUHECHHBIX
HenocpeacTBeHHO kK cersam g0 1000 B wunm peakTuBHAas
MOIIIHOCTh MOKeT mnepegaBatbcsi B ceTb g0 1000 B co
CTOpoHbl ceTu HamnpsbkeHueM 6-10 kB or CJl, BK, ot
reaeparopoB TIL MM CeTH 3HEPTOCUCTEMBI.

HcTtounnku peakTuBHOM MoIHOCTH (MIPM) HampsbkeHuem 6-
10 kB skonommnunee coorBercrByromux MPM no 1000 B, HO
nepegada MoOmHOCTH B cetb 0 1000 B Moxer npuBecTH K
YBEJINYCHHUIO YKCIa TPaHC(HOPMATOPOB M YBEIUUYECHHUIO OTEPh
ICKTPOIHEPIrUu B CceTM U TpaHchopmatopax. IlosTomy
paHbIlle  CIeAyeT  BbIOpaTb  ONTHUMAJbHBIM  BapWaHT
KOMIICHCALIMH peakTHUBHOM MOIIHOCTH Ha ctopoHe 10 1000 B.



PacdeToM  HEOOXOAMMO  ONPEACIUTh  OINTHUMAIILHOE
COOTHOIICHUE MOIIHOCTH MCTOYHHKOB, YCTaHABJINBAC€MBbIX
Ha cropoHe Hmwke 1000 B, um nepegaum peakTHBHOMU
MOIITHOCTH CO CTOPOHBI BBICOKOIO HampsikeHusd. [Ipu aTom
CIE€AyEeT YUYECTh:

— TIIOTEpU HA TEHEpAIUI0 PEAKTUBHOM  MOIIHOCTH
ncroynukamu 110 u Boie 1000 B;

— notepu Ha nepeaady Qtp ot ceru Beiaie 1000 B B ceTh
o 1000 B;

— ynopoxaHnue TpanchopmaropoB 6—10/0,4—0,66 kB B
[exax, OOYCIOBICHHOE€ HMX 3arpy3Kod peaKTHBHOMU
MOIITHOCTBIO.



JIng Kaxgod I1€XOBOM TpaHC(HOPMATOPHOM IOJICTAHIIUMU
pacCMaTpUBACTCA  BO3MOXHOCTb  PACIIPEACIIEHUS  paHEE
HAWJACHHOW MOIITHOCTH KOHAeHCcaTopoB 10 1000 B B ee cerm.
Kputepuii 11€1€c000pa3HOCTH  TAKOI'0 pacOpeicICHUs —
JTOIOJHUTEIILHOE CHUKCHHUE IMPHUBEICHHBIX 3aTpaT ¢ Y4E€TOM
TEXHUYECKUX BO3MOXXHOCTEH IIOJAKIIOYCHHS OTICIIbHBIX
Oatapeii. TexHuueckue aaHHBIC OaTapeili KOHICHCATOPOB
(bK) mnpuHMMaroTCs B COOTBETCTBHM C JAHHBIMH 3aBOIa-
n3rorosutensd. IloaydeHHyO BEIWMYMHY MOIIHOCTH Oartapei
PEKOMEHIYETCS OKPYIJISITh A0 OJIMKaullied CTaHAapTHOM
MOIITHOCTH KOMIIIEKTHBIX KOHJIEHCATOPHBIX YCTAHOBOK.



HauOomnpiee 3HaYeHHWE pPEAKTUBHOM MOIIHOCTH,
nepeaaBaeMod W3 CETH DHEProCUCTEMBI B CETh
OpEeANpUATHS B PEKUME HaWMOOJBIINX aKTHBHBIX
Harpy30K 3HEPTrOCUCTEMBI:

Qc = o p

II€ O, — PacyeTHhIM KOA(P@PUIIMEHT, COOTBETCTBYIOLIUM
CPEIHUM YCIIOBUSIM IIepeJadyd pPEeaKTHBHON MOIIHOCTHU
10 CETSIM CUCTEMBI K IIOTPEOUTEIISIM C YUETOM 3aTpaT Ha
NOTEPH  MOIIHOCTH U  DHEPIMU B  PaA3IHUUYHBIX
00BbEIMHEHHBIX YHEPICTHUSCKUX CUCTEMAX.
i Cubupu: o = 0,24 npu Un = 35 kB;

o = 0,29 npu Un = 110 kB;

o = 0,40 npu Un = 220 xB.



N-f Stom
By < Uk
Bk

Cxema 1 oaou cekiuu PII
IIPOMBIIUICHHOTO IPEAIPUSTHUS



HaunOosb1as peakTuBHAsE MOIITHOCTbh, KOTOPast MOXKET OBITh
nepenana B ceTh 40 1000 B u3 cetu 6-10 kB 0e3 yBennueHus
qucia TpaHC(OOPMaTOPOB, ONPEACIICTCS 0 (PopMye:

Q, = \/(N P .SH.mp )2 _(ZPD +2PP0)2

bajaHC peakKTUBHOW MOIIHOCTU B y3J€ A, VI ITPOBEPKHU

HE00XO0 I/IMO%};I/I CTAaHOBKH BBICOKOBOJIBTHBIX bK
Q + <Q+Q

1 nomp C co

Hcxonas u3 0agaHca peaKTUBHOM MOIIHOCTU B y3Jji¢ b
Onpeaensem morHocTh bK Ha Hanpsikenune 380 B

MoOIHOCTh KOMOEHCUPYIOIIMX YCTPOKUCTB Ha cTopoHe 0,4 kB:

QKy — ZQZ _Ql



Jlekuma No5
Pacuemnpwie Jampambsl Ha ceHnepauuio peakmueuoii

MOUuitHocmu

B o0OmeMm cnydyae 3arpaTbl Ha TEHEpPALUI0 PEaKTUBHOM
MOIIIHOCTH MOTYT OBITh ONPEIECICHBI 110 (hOPMYJIE

3=30+3;-0+3,-0° (v.e.)

rae O —eeHepupyemas UuCmMoO4YHUKOM PeaKkmu8Hasi MOUHOCMb
0J11 MPOEKTUpYEMOH ycTaHoBKH, MBAD;

30) — MOCTOSTHHAS COCTABJIAIONIAS 3aTPAT, HE 3aBUCSINAS OT
TEHEPUPYEMOU MOIIIHOCTH, y.c./MBApP;

31 — ymeneHble 3arpathl Ha 1MBAp renepupyemoi
MOIIIHOCTH, Y.€.;

3, — yAenbHBIC 3aTpaThl Ha || MBAp?) TCHEPHPYEMOU
MOIIIHOCTH, y.@.f’rMBAp2 :



3arpatsl 3, 3], 3 3 B (Qopmyne i1 CHUHXPOHHOTO
ABUTATEIS COCTABIAIOT
30=Ep N -K; (v.e);

Dy +2'D7 'an

31 — CO . ; (ye/MBAp),
QH Q}—I - N
D
37, =Cop-— 2 (ye. /MBApz),
05N

TIe I{p — CTOUMOCTB peryiasgtopa Bo30oyxaenus C/l, yv.e.;

Ep — BEJIMYHMHA OTYUCICHHUH OT Kp;

Cp — cTOMMOCTH ITOTEPB, y.€./KBT.

rae D1, D2 — mocTossHHBIE BEITMYNHEI, 3aBUCSIIIAE OT

TEXHUYECKUX ITapaMETPOB ABUTATENA, KBT
N — 9UCII0 OMHOTHUITHRIX ABUTATEIIEHN



JI1a bK Benwuunsl 35, 3y, 35 paBHEI:
30 :E-Kg +EP-KP;

SR

[J‘T*"n

3, =0,

rane Ky — ¢cTOMMOCTB BBOIHOIO YCTPOMCTBA, Y.€.;
K — yaempHas croumocts bK, y.e./MBAp:

Ky — cTOMMOCTE peryIHpyIOmETo yCTPOHCTBaA, V. €.



[
rac [J"r'['jﬁ— OTHOIICHHC HOMHHAJIBPHOI'O HAIIPAXKCHHA KOHICHCATOPOB K
HOMHHAJIBHOMY HAIIPAKCHHKO CCTH,

O

U— OTHOCUTEIbHAs BEIMYWHA HAINPSLKEHUS] CETH B IYHKTE
npucoeauaeHus bK.

o

Jlms BK manpsoxkenwmem o 1000 B Ugk=1; mis bK mHanpsskermem

6—10 kB Ugx=1,05.

Y IenbpHBIE NIOTEPH B KOHAEHCATOpaX [ PaBHBI COOTBETCTBEHHO 4,5 U
2,5 kBT/MBAp



3ajgaua
Ha puc npeacrapieHa cxemMa OJHOM CEKIIUU PACIPEACITUTEIbHOTO
nyHkTa (PII) mpomeinmuiennoro npeanpusatus. K mmuaam Usnu=10)
kB PII npucoedunenvt o0e6a cunxpouuvix oeucamensi CIH
MomqHOCTRIO MO 4000 kBT ¢ wacroron Bpamenus 1000 o06/MuH,
paboTtarmux ¢ kKo3huiueHToM 3arpy3ku 0,8 npr HOMHUHAJIbHOM
HanpsOKEHUW Ha IIMHAX pacHpeaeIMTEIbHOTO ITyHKTA.
CyMMapHO€e noTpedeHrue MoOHoCTH B ceTax a0 1000 B
Pmax =4 MBt, Qmax =3 MBAp; norpeOiicHHE pEaKTHBHOMN
MOIITHOCTA B cetu HanpsbkeHuem 10 kB AJl Q =3 MBAp. Ha
IIPOMBIIIIICHHOM npeanpUsITUH yCTaHaBJIUBAKOTCS
tpancopmaropel 10/0,4 xB mo 1000 kB-A, xosddwuimueHt
3arpy3kn  kotopeix [(=0,7. Croumocts yctaHoBkn bK Ha
Hanpspkeane 380 B K =12 y.e./kBAp; cTommocTh ycTaHOBKH
onnor moacranmuu 1000 xB-A Kt =17 000 y.e. u cTOMMOCTH
notepsb dnekTpudeckoi a3neprun Co = 70 y.e./kBT.



DHEProcCUCTEMOM  3aJ]aHO0  3HAYEHWUE  ONTHUMAJbHOU
PEAKTUBHOU MOIIIHOCTH, IEPEIaBAEMOU MPEANPUATUIO U3
cetu cuctembl Oc = 2 MBAp (no 1 MBAp wna kasicoyro
cexyuro PII).

Onpenenurs ONTHMAILHOE YHCIO YCTaHABIMBAaEMbIX Ha
OpeANpUATHH TPaHC(HOPMATOPOB M CYMMAapHYK MOIIHOCTH
bK nHa 380 B ¢ yderom mnepegayu YacTH pPEaKTHUBHOMU
MOIITHOCTH U3 ceTtu 10 kB.

A l Qe 10xB




Pemmenue:

Jlist yecranoBieHHbIX C/1 110 cripaBOYHOM JIMTEPATYPE

HaXOJIUM

Q, = 2,01 MBAp: JT1 =10.6 kBt; /12 =11.8 kBT
Pacrionaraemas peaktuBHass MOIIHOCTE C /]
O = 0 O, -N=1-201- 2=4,02 MBAp.

OnpenenseM BeIMUYMHY yACIbHBIX 3aTpaT OpU Hepeaade
reHepupyemon peaktuBHo MomHoctu CJI B ceth 0,4 kB

311=C,
321=0,

kﬂ 2 Qi N ) D) 6/ ﬂ,;’f_BAP ’ ,

3, =70 (10.6/2,01) = 369 py6/MBAD,

3,;,=70(11,8/2,01° - 2) = 102 py6/MBAp".

2




OmnpenenseM yAedbHBIE 3aTpaThl Ha YCTAHOBKY OaTapen KOHIEHCAaTOPOB
(bK) B cetnn 0.4 xB

310:E1\"_x-(0” C’EA‘) T CoPpi>
rae £ — HopmaTuBHEIT Kod(uimeHT 3QPEeKTHBHOCTI KaNNTaIbHBIX BIOKEHUII;
K, - ynoenpHasg CTONMOCTH YycTaHOBKH bK (m1a Hampsoxkenma g0 | kB

K, = 12000 pyo/MBAp); U,U gx - COOTBETCTBEHHO OTHOCHTEIBHOE HAIPSKEHIIE
cetu 1 bK; Pgx — vaenpHble oTepn akTuBHOII MomHOCT B bK (111 U < 1,0 kB;
Psx=4.,5 kBI/MBAp):

3,0=0,223 -12000 (1/1)° + 70 -4,5 = 3000 pyvo/MBAp.
3arpatsl Ha ycTaHOBKY ojHoIl T1I MomHoCTEIO S,y = 1000 KBA
3mp =EK = 0,223 - 17000 = 3800 py6.

MiHIIMaTbHOE YHCIO0 YCTAHOBICHHBIX TPaHC()OPMaTOPOB
Nypin =4/0,7 -1 =135,7.
[Tpuanmaem N,,;, = 6.



OnpenensaeM Q;, KOTOPYIO MOTYT Ilepeaath TpaHchopmatopsl 13 cetn 10 kB
B ceTh 0.4 kB

Q=] 6-07-1) ° " —4°=128=13MBAp<Q,

Cocrasmaem dananc mo O By3ie A

Q{‘—I_ QC‘M — QA + Q}-:
1 +402>3+13,

T.€. YCTAaHOBKA BBICOKOBOIBTHHIX bK He TpeOyercs.

Omnpenensiem momtHocTh bK Ha Hanpsbkenue 0,4 kB, ucxoas u3 0anaHca peakTUBHOMN
MOIIIHOCTH B y3Ji€ b

0,=05 -0, =3-1,3=17MBdp.
3aTpaThl IPH MUHIIMAIFHOM YIIcIIe TPAHC(HOPMATOPOB, T.€. IPH N, = 6
=3319,+3510, %355 Q,=3.069-1,3+102- 1,3°+3000-17 = 3752 pyo.



YBemIunBaeM 4IICIO YCTAaHOBIEHHBIX TpaHCHoOpMaTopoB Ha OAHH (N, +
1), Torma

P

0,=+(7-07-1) =42 =2,85MBAp<Q,.

CocTaBisieM 0alnaHC peaKTHUBHOII MOIITHOCTH B y371e A
Qc 5 Qc.w . QA * Q]a
I+ 402 <3 +289,
T.€. HeoOxoamMa ycrtaHoBka bK Ha ctopone 10 xB;
Ok =04 01 -0c-Oey =3,85-3,02 <0,83 MBAp.
Onpenensaem MomHocTh bK Ha ctopone 0.4 xB:
Qo +O01=05 Qo =05-01=3-285=0,15 MBAp.

3aTpaThl Ipu BTOpoM Bapuante (N + 1)
311= 359+ 32 Q}) + 310" O, + 31+ 312 Oppsx + 3mp =
=368-2,85+102-285°+3000-0,15+757 + 1647 — 0,83 + 3800 = 8864 py6.
W3 cpaBHEHUA ABYX BAPUAHTOB BUIHO, YTO YBEJIMYCHUE YUCIIA

TpaHC(POPMATOPOB BEAET K POCTY 3aTPaT, T.€. ONTUMAJIbHBIM SIBJISICTCS
BapHUaHT ¢ MUHUMAJIBHBIM YHCIIOM TpaHchopmaTopos, rae Nmin = 6



[Ipeanpusarre (11eX) ¢ HEOONBIIMM YHCJIOM YCTaHABJIMBAECMBIX
TpaHC(HOPMaTOPOB.
S,=P,.,IBxN
[lo momy4yeHHOMY 3HAYECHUIO S, BBIOMPAIOT CTaHJAPTHBIM
TpaHc(popMaTOp, HOMHUHAJIbHAS MOIITHOCTH KOTOPOTO OOJIbIIE WU
paBHa 3,.
[Tocne 9»TOro CpaBHHMBAIOTCSI BAapUAHTBHI  YCTAHOBKH

TpaHcopMaTopa C MHHHUMaJbHO BO3MOKHOM MOIIHOCTBIO U
MOIIIHOCTBIO TpaHCcPopMaTOpa HA CTYIICHb BHIIIIE.

3AJIAYA K cxemam PII 6 kB npOMBIIIIIEHHOTO MPEATPUATHS

npucoeauHseTcss oauH TpaHcpopmarop 6/0,4 kB, B cetu 0,4
kB kotoporo wHarpy3zka P,= 0,9 MBt, Q, =0,8 MBAp

M

npu Kodddumuente 3arpy3ku B» = 1. Ha mpeampusatum Het
PE3E€PBHBIX MCTOYHMKOB PEAKTHUBHOM MOIIHOCTH M KOMIICHCAIIHSI

MOKET OBITh OCylIecTBIeHa ycTtaHoBkou bK nHa 6 kB umm 0,4
KB.



OnpenenuTs ONTHUMAIbHBIE MOIIHOCTH TpaHcdopmaropa M
BK na6 kBu 0,4 xB.

Pacuerapie manHbeie. BK 6 kB croMmMoCcTh BBOIHOTO
ycTpouctBa 35, = 670 pyO, 3,1 = 1600 pyo/MBAp, a s
bK 0,4 kB 300=0mn

310 = 3000 pyo/MBAp. CtouMocTh TpaHCHPOpPMATOPHOM
nojacrtanuu 1600 kBA mopoxke moactanumyn MOmHOCTHIO 1000
kBA nHa 5000 pyO0.

A 6 xB




Jlekuma Nob6
BTOPOI1 CLIOCOB OIPEJEJEHUS
3KOHOMMWYECKHU ONTUMAJBHOI'O YU CJIA

TPAHCD®OPMATOPOB.

CyMMapHyI0 PacyeTHYIO MOIIHOCTb KOHJECHCATOPHBIX Oarapei
Hu3mero HanpsbkeHus (HBK), ycranaBimmBaeMmbIX B IIEXOBOW CETH,
pPACCUMTHIBAIOT 110 MHUHHMYMY IIPUBEACHHBIX 3arpar B JBa
ITOCJIEI0BATEIbHBIX PACYETHBIX ATAlla:

1. BpIOMparOT 3KOHOMHYECKH ONTHUMAJIBLHOE YHCIO II€XOBBIX
TpaHC(hOpPMaTOPOB;

2. OnpenenstoT AONOJHUTEIBHYI0 MOIIHOCTh KOHJEHCATOPHBIX
OaTapell C IeJIbI0 CHUKEHHS IOTEPh B TpaHC(PopMaTopax M JIMHMUSIX

HarnpspkeHueM 6/10 kB.
CyMMapHas pacyeTHas (MOITHOCT aTapeI‘/'qH@Ke 1000 B paBHa:
BK, H BK, H1 BK, H?
e Qg 1 U Qi ;o — CYMMapHBIE MOIIHOCTH Oarapeu, ONpeneeHHbIE
Ha JBYX YKa3aHHBIX 3TallaxX pacyera.



PeakTuBHas pacueTHass MOIIHOCTb Oaraper HaljeHHAs 110 3TOU
dbopMmyne pacmpenenasaeTcss MeEXIy TpaHChopMmaropaMu II€XOB
IPOIOPLMOHAIBHO UX PEAKTHBHBIM Harpy3KaM.

MuHUMaTbHOE YHUCIIO LEXOBBIX TPAHC(POPMATOPOB OJMHAKOBOM
MOIIIHOCTH, NpPEIHA3HAYCHHBIX JUISI [UTAHUA  TEXHOJIOTMYECKHU
CBSI3aHHBIX HAIPYy30K, OIpeaessercs mo hopmyie:

I:)C
N = P + AN

min

B mp " HOM mp

OKOHOMHMYECKH  ONTHUMAJIbHOE  YHCIO  TPaHC(HOPMATOpOB
paccuuThIBaeTCs 1Mo hopmyie:

Nonm = N min +M
raic m — JOIMOJHUTCIBHOC UHNCIIO Tp&HC(l)OpM&TOpOB.



DKOHOMHYECKH  ONTHUMAJIBHOE  4YHCIO  TpaHC(HOpPMATOPOB
OIPENCIISICTCS YIACIbHBIMUA 3aTpaTaMyd Ha IMepeaady pPEaKTUBHOM
MOIITHOCTH C YYETOM MOCTOSHHBIX COCTABJISIONIAX KAITMTAIbHBIX

3arpar:
o ﬁmp (351( H 35[{ B)/3TH — Bmp 111

rae 36K.H, 36K,B, 3TII — COOTBETCTBEHHO YCPEAHECHHLIE IPUBEICHHEIEC
3aTpaTbl Ha KoHjaeHcatopel g0 W Bbime 10000 B wu

TpaHC(HOPMATOPHYIO MOACTAHIINIO;

* _
3 — 351{, H 351<, B

TII

3TH
IIpu M3BECTHBIX YACIBHBIX 3aTpaTax, ((OPMHUPYIOIIUX 3HAUCHUE 30

OIITHUMAJIBHOE KOJIMYECTBO  TpaHC(HOPMATOPOB  PEKOMEHAYETCS
OIIPEIEIATH 110 KPUBBIM



3oHa m=0 3oma m=1 3o0Ha m=\2 30Ha\m:3 30}{&1 m=4

Nmpmin \\\\\ = \
o). \\\ \
30(15) AN=0 0,2 0,4 060,8"

i . \ B AN

20(10) |- % 8
o] =




IIpy OTCYTCTBUM HOCTOBEPHBIX CTOMMOCTHBIX IIOKa3aTejaerd IS
MIPAKTUYECKHUX PACUETOB JOMYCKACTCA IIPUHUMATD

3* =0,5uN

nc

onpeAcaaTh B 3aBUcuMocTH oT m (N AN)

mp 3K mp min?

N,

mpmin | 30HAa =23

26

N,

mp min

26

30Ha mi—1

3oHa m=0
T T I

0,1 04 07 AN
0)

30HBI JJIS1 OIIPEACTICHUS JOMOJIHUTEIBHOTO YMCiIa TPAHC(HOPMATOPOB:

a)B,,=0,7:0,8; 6)p, =09:10




[Ipu Tpex TpaHchopmaTopax U MEHEE WX MOIIHOCTh BBIOMPAIOT
UCXOMSl W3 HaAWOOJIBIIIEHM PACYETHOM AaKTUBHOW HArpy3Kd HHUXKE

1000 B 3a nanbosnee 3arpy)eHHYIO CMCHY Ppay 1, IO YCIOBHIO:

P

HOM mp Bmp N

IIo BBIOpaHHOMY KOJHUYECTBY TpaHC(HOPMATOPOB OIPEACISIOT
HauOOJIBIIIYI0 PEAKTUBHYIO MOIIHOCTh, KOTOPYIO II€I€CO00pa3Ho
nepeaaTh yepe3 TpaHchopMaTopsl B ceTh HamnpsikeHus 10 1000 B:

Qmp :\/(Nmp 9K Bmp SHOMmp)2 _Pr%]ame

Cymmaphast momHocTh 0ataper Huke 1000 B aist maHHOM rpymimsl
TpaHC(HOPMATOPOB COCTABMUT:

=Q -Q
QBI(, H1 max mp

rae Qn.x — CyYMMapHas pacueTHas PEaKTUBHAS HArpy3Ka HUXKE
1000 B 3a HaunOoJie€ Harpy>KEHHYIO CMEHY.



Bropoi 3Ttan pacyera. OnpeaejieHue MOIITHOCTH
O0aTapeu KOHACHCATOPOB € HEJbI0 ONITUMAJIBLHOIO
CHUKEHUS [0TEPbh.

JlonomauTensHas cymMmmapHas MmomHocTh bK 1o 1000 B nsa nanHon
IpyIIbl TpPaHCHOpMaTopoB Qg n ONpeneEnseTcs 1o GopMyJie:

QEI{,HZ — Qmame o QBI{, H1 y Nmp 9K SHOM mp

A€ Y — pacyeTHBIM KOI(P(PHUIMECHT, OMNPEACIIACMbId B
3aBUCUMOCTH OT noka3atenen K1, K2 u cxeMbl nuTaHus 11€XOBOM
IOJICTAHIIN N

3HadyeHue Ki 3aBUCHUT OT YJEIbHBIX (. —3 )
NPUBC/CHHBIX ~ 3aTpaT Ha Oartapen K, = — " C %7103
HanpsbkeHueM 10 4 Bbiie 1000 B u
CTOUMOCTH TOTEPB.

IJII MarucTpajbHOM CXEMBI C TpeMs M 0oJiee TpaHCpopMaTopamu
v = K1/ 30; nag IByXCTYyIIE€HYaTOM CXEMBbI TUTAaHUS TPAaHCHOPMATOPOB
OT pacHpeienuTeNbHOro nyHkra 6 / 10 kB, Ha KOTOpPBIX OTCYTCTBYIOT
MCTOYHUKHU PEeaKTUBHOM MomHocTH, ¥ = K1 / 60.

0



[Ipy OTCYTCTBUM JOCTOBEPHBIX CTOMMOCTHBIX IIOKAa3arejied IS

MPAKTUYECKUX PacUueTOB K1 pEKOMEHIyETCS IPUHUMATh 10 TaOJIUIIEC
[Toka3zarenu CTOUMOCTH NOTEPH U 3HAYEHUSA K1 1 pa3IMuYHbIX PAUOHOB

KonunuectBo Pacuernas croumMocTh ¥ ReTLEHIH
OObeuHEHHAs SHEProcucTeMa Kod(pbumreHT
pabounx cMeH noteps Co, y.e./KBT
notepb K1
enTpa, CeBepo-3anana, FOra 1 52 24
2 106 12
3 112 11
Cpenneii Bosru 1 64 19
2 93 13
3 106 12
VYpana 1 56 22
2 91 14
3 117 11
Cesepnoro KaBkaza 1 89 14
2 95 13
3 103 12
Cubupu 1 85 15
2 85 15
3 85 15
Bocroxka 1 136 9
2 136 9
3 136 9




HOM mp

F

rne F — ceuenne nmuauy; | — anuHa auHUM (IpU MarucTpaabHOM

3naueHue Kz onpejensercs no popmyine: K, =

CXeMe ¢ JIByMs TpaHchopmaTtopamMu — JJIMHA ydacTKa JI0 MEPBOrO
TpaHcpopMaTopa).

[Ipy OTCYTCTBHM COOTBETCTBYIOIUX JAHHBIX JOIYCKAETCS
3HaueHue K> MpuHUMATh 110 Ta0JIuIe

3nayenue K, B 3aBUCUMOCTH OT | 1 S

HOM D
FHIA—H

HomunanbHas Koaddbumuent Ko, npu mivHe MATAOMEH JTHHUY, |, kKM
MOIITHOCTD
TpaHC(II)L;pMaTOpa, 10 0,5 ot (.')L’g Aot 1’2 il I ;’g " cpme 2,0

kBxA ’ ’ ’

400 2 4 7 10 17

630 2 I 10 15 217

1000 2 I 10 15 27

1600 3 10 17 23 40

2500 5 16 26 36 50




0,5

0,1

|
10 20 30 40 K, 10 20 30 40 K,
a) 0)
Kpussie onpeaeneHus ko3hGhUIUEHTA Y 1S paJualbHON CXEMBbI
NUTaHUS TPaHC(HOPMATOPOB:

a)U, . =6xkB;0)U_=10«kB




0,11

K>

0,5 |

0,1

Kpussle onpeaeneHus Ko3OGUIMEHTA Y AJ1s1 MarucTpalbHOM

CXEMBbI IUTaHUS TpaHCPopMaTopa:
ayU,_,=6xkB;0)U_ =10kB



Jlekuma No/
PacnpeaejieHue MOIIHOCTH 0aTaped KOHAEHCATOPOB B

LIEXOBOH CEeTH

Ecnu pacnpenenutesibHasi CETh BBIMNOJHEHA TOJIBKO KaOEIbHBIMU
JUHUSIMH,  KOHJICHCATOPHYI)  YCTAaHOBKY  JIFOOOM  MOIIHOCTH
PEKOMEHAYETCA MPUCOECAUHATh HEIOCPEIACTBEHHO K IIMHAM LIEXOBOM
IIOJICTAHLIUY.

Ha  oauMHOYHOM  MarucTpajibHOM  IIMHONPOBOAE  CJIEAYyeT
NpeayCMaTPpUBATh YCTAHOBKY HE OoJsiee JNBYX OJIM3KAX 1O MOIIHOCTH
KOHJICHCATOPHBIX_YCTAHOBOK CYMMApPHOM MOIITHOCTH

dEK, H — NBK, H1 NQEK, H2

Eciyi OCHOBHBIE PEAKTUBHBIE HATPY3KU MPUCOCAUHEHBI BO BTOPOU

€ro IIOJOBUHE, CJEIYET yCTaHABJIMBATh TOJBKO OJIHY Oarapero Jo

1000 B. Touka ee nmoakat04eHUs OHpéI[eJI}IGTC}I YCJIOBUEM:
BK, H

Q= 72 2 Qh+1

rae Qp, Qn.;— PCaKTUBHBIC HArPY3KH IIHHOIPOBOIA IIepe ] y3JIoM h
1 MIOCJIC HETO.



[Ipu npucoeaAMHEHUH K IIMHOMPOBOIY JBYX HHU3KOBOJBTHBIX BK
TOYKH UX HOJKIIOYCHHUS HAXOIAT U3 CICAYIOIINX YCIOBHIA:
. TOYKa MOAKIIFOYCHHUS TalbHEN OaTapeu:

Q
ZKZ 2 Qf +1

Qr 2

TOYKa MOAKIIOUYCHUS OJIMKalIel K TpaHcpopMaTopy OaTapeu:

Q-Q 2%m:qQ -Q




[loTepn aKTUBHOW MOIIHOCTHU B JIMHUHU BJIEKTpONEpEaadyn
(APn), wuaymme Ha  HAarpeBaHHE  MOPOBOJHUKOB,
PACCUUTBIBAIOTCS M0 BBIPAKEHUIO

AP =3 .1 R

|

rae | — Tok nmmHuKM; R — akKTHBHOE CONPOTHUBIICHUE
IIPOBOJIA WJIH >KWJIBI KaOeJIs, OMpeaeaIeMoe KaK

R=r-I

rae ¥, — YAEJIbHOE (IOrOHHOE) aKTUBHOE COIIPOTHUBJICHUE
IpoBOJHUKA, OM/KM;

— JJIMHA JUHUHU, KM.



HpI/I IpCaACTABJICHUN HAI'PY3KH JIMHHUHW MOIITHOCTIMH

52 P? PZ _[_QE
AP, = > R=— " R=1 % .p
UHﬂM UHDM - COS (p UHEHH
rne S, P u Q — COOTBETCTBEHHO IIOJIHAS, AKTUBHASA U
peaKTI/IBHaH MOIIIHOCTHU HarpyBKI/I; UHOM — HOMMHAJIBHOC

HAIIPAKCHUC JIMHUN,

Pacuer 1morepb peakKTUBHOM MOIIHOCTA U JJIEKTPOIHEPIUU B
JTAHUA JJIEKTPOIIEPENAYA OCYILIECTBIAECTCS MO aHAJIOTUYHBIM
BBIPAKECHUSIM, B KOTOPBIX BMECTO R  mojcraBisieTcs
PEAKTUBHOE CONPOTHUBICHUE X, oOpeaeasieMoe o (opMyJie

X=%-L

/i€ X, — YACIBHOC PEaKTUBHOC compoTuBieHHe, OM/KM



[ToTepn MOITHOCTH B TpaHC(HOpPMATOpax CKJIAAbIBAIOTCS U3
IOTEPh AKTUBHOU U PEAKTUBHOU MOIITHOCTH.

[lorepn aKTUBHOU MOIIHOCTH ONPEACIAIOTCA MOTEPSAMU HA
HarpeB OOMOTOK TpaHc(hOopMaTopa, 3aBHUCAIIMX OT TOKa
HArpy3Kd, U IOTEPh HA IEPEMATHUYMBAHUE U BUXPEBBIE
TOKH (HarpeB CTaJIM), HE 3aBUCSIIUX OT TOKA Harpy3KHU.
[lorepn peakTHUBHOM MOIIHOCTU TAKXKE CKJIIAJBIBAKOTCS W3
IBYX COCTAaBJIAIOIIUX: MOTEPh PEAKTUBHOW MOIIHOCTH,
BbI3BAHHBIX  PAacCCEIHHEM  MArHUTHOTO  IIOTOKAa B
TpaHcopMaTOpe U 3aBUCAIIMX OT KBajJpara ToOKa
Harpy3KH, U IIOTEph HAa HaMarHUYKBaHUE TPaHCHOpMaTopa,
HE 3aBUCAIIMX OT TOKA HArpy3Ku U ONPEACIIIEMBIX TOKOM
X0JIOCTOTO X0J1a



[ToTepn akTHBHOM MOIITHOCTH B JIBYXOOMOTOYHBIX
TpaHCPopMaTOpax BEIYUCIIAIOTCS MO BBIPAXKECHUIO

AP =AP +~AP 3 ?
T X KY T
rae AP wu AP_— axTHBHBIE IOTEPH X010CTOrO X0a (XX)
1 KOopoTkoro 3ambelikaHus (K3) B Tpancdopmarope;

P, — KO3((ULIMEHT 3arpy3Ku TpaHchopmaTopa.

AHAJIOTUYHO BHIPAXKAIOTCSA HOTEPHU PEAKTUBHON MOITHOCTHU
B TpaHC(opMaTope:

AQ = AQ +AQ P’

AQ — PEAKTHUBHBIE IIOTEPU XOJOCTOIO XOJa B
X
TpaHc(hOpMaTOpE;
AQ _ norepm peakTHBHOI MOIITHOCTH DACCECIHUA B
K

TpaHc(HOpMaTOpe NMPHU HOMUHAJIBHOM Harpy3Ke.



[ToTepu X0I0CTOr0 X0/1a, UAYIIHE HA HAMAarHUYMBaHUE
TpaHc(hopMaToOpa, OMPEACIISIOTCS KaK

ﬁQ _ 1 x Snum
X
100
rae / — Tox xomoctoro xona Tpancdopmaropa, %

now — HOMHHAJIbHASI MOIITHOCTh TpaHc(opMaTopa.

[loTepu peakTUBHOW MOIITHOCTH 1P HOMHUHAJIbHOM HArpy3Ke
TpaHc(hopMaTopa, BI3BAHHBIC PACCESIHUEM MArHUTHOTO
IOTOKA, BRIYUCISIOTCS 110 (hOpMYJIC

5Q}E — UE-‘S‘]IDMIIOO

rae {/ — HampsKeHHE KOPOTKOIr'O 3aMbIKaHUS
K
TpaHchopmaropa, %.



S
AQ = (] +U_-B?).
Q. =~00 Lx +Ux B

Eciu Ha 061yro Harpy3ky paboTaroT mapamiensHo
TpaHC(HOPMATOPOB OAUHAKOBOM €IMHUYHON MOIIHOCTH O,
TO CyMMAapHbI€ aKTUBHBIC M PEAKTUBHBIC ITOTEPHU COCTABST
COOTBETCTBEHHO

_ I S \2.
AP = AP, NT+NT ﬁPH(SHGM),
2

AQT=II S““"’”NT+ I U.-§

100 N_ 100-S



[lorepy  aKTUBHOM  MOIIHOCTU B KOHJICHCATOPHBIX
ycraHoBkax (KY), npegHa3zHaueHHBIX i1 KOMIICHCAIUMHU
PEAKTUBHOM MOIIHOCTH MOTPEOUTENEH, ONPEACISIOTCS II0

dbopmyiie
AP = p, QE

e P},

— yAeJbHbIC IOTEPU aKTUBHOM MOIITHOCTHU B OaTapesix
KOHJIeHCATOpOB (M1st OaTapen 10 1 kB npuHuMarorcs
paBHbiMHu 0,004 xBt1/kBap, Beire 1 kB — 0,002 kB1/xBap);
Q — daktuueckas momHocTh KY, kBap.



Jlekumna No8

Bb100p 3/1eKTP0000PYA0BAHUSA B CETHAX
Hanpsi:kenueMm 35 1 10 kB
Bb100p KOMMyTallMOHHBIX alliapaToB

BE100p BHICOKOBOJIBTHHIX BBIKIFOUATEICIT IIPOI3BOIUTC:
- 10 HATIPSZKEHIO HIIEKTPOYCTaHOBKIL (ceTi); Uy = Ugo
- 10 JIJIITEIPHOMY TOKY,

I <I

pab max

. I =
i (S L. - HoMImHATBHELT TOK BRIKouaTems; ‘roms ~Lme kA
- TI0 JIEKTPOIMHAMITUECKOI CTOMKOCTH ITpH ToKax K3,
I?’I‘.Cl. < I&HH" E‘L = f&w_

*

9 (K Lo - JEIICTBVIOMICE 3HAUCHIIC IISPHOIMIECKOIl COCTaRISFOIICIT
ToKa K3 (mmpur = 0). KA;
Lo .- JEICTBYIONIEE 3HAUCHIIE TICPHOIMIECKOIT COCTABIMIOICT TOKA

K3 i aMIomTry/iHoe 3HauYeHIIEe TTOJIHOTO TOKA, KA.

[ . :
Y= yIapHeIl TOK K3, KA



- BeikirouaTenb, BHIOpaHHBIN 110 YKa3aHHBIM IMapaMeTpam, TaKxKe
IIPOBEPSCTCS HA OTKIIOYAKOIIY CLIOCOOHOCT:

Iﬁ'.f. i IE'HI}-;’.T.H. .

rae: L. JETICTBYIOILEE 3HAUCHIIE TIEPHO/IUESCKOIT cocTaBiroNIeil Toka K3 K
MOMEHTY Pa3MBIKAHILI BBIKTFOYATEILA
- Ha TepMIMIECKyYIO CTOIKOCTD BEIKIIOUATEIH IPOBEPAIOTCA IO PACUCTHOMY
HIMITYJIBCY KBaJpaTIHOTO ToKa K3 B | x4’ - I HAIIICHHBIM B KaTaJIore

SHa'ICHITIM IT n i

2
B <Ik4,



2 Bu100op TpanchopMaTOpoOB TOKA

OCyIIEeCTBIAEM BBIOOD IO CIEAYIOIIUM YCJJOBUSIM:

[To Hanpsixkenuto ycranosku: U < U

YCT — HOM’

*Ilo mmurensromy Toky: I, o <1 ol <

*I1o seKTpoAMHAMHYECKON CTOMKOCTH: 1, < I

y— ,Z[I/IH’
o B < |2 -t
110 TCpMH‘I@CKOI/I CTOUKOCTH: Tep Tep’
][I0 BTOpUYHOHN HAT'PY3KE:
ZZ S ZZ HOM! r = Z < ZZ HOM'

['ne: Z, — BTopuyHas Harpy3ka TpaHcopmMaTopa TOKa;
Z, ... —HOMUHAJIbHAA JOITyCTUMas Harpy3Ka TpaHc(hopMarTopa
TOKa B BLIOPAHHOM KJIaCC€ TOYHOCTH.



3 Bb100p Tpanc(hopMaTOPOB HANIPSIAKEHUS

Ocy1iecTBasIeM BBEIOOP TpaHC(POPMATOPOB HAIPSIKCHUS
0 CJACOYIOIIUM YCIOBUSIM:

* Ilo nanpsbkenuto ycranopku: U, < U

* [lo KOHCTPYKIHHU U CXEME COCTMHEHUSI OOMOTOK;

* [lo Kknaccy TOYHOCTH;
* Ilo Bropu4HOM HarpysKe: S,y <3S, ,
rae S, . — HOMUHaJabHas MOIIHOCTh B BHIOPAHHOM KJIACCe

TOYHOCTH; S,y - Harpy3ska BCEX H3MCPHUTCIbHBIX

IPpUOOPOB.



Jlekumna Ne9

YcnoBus BbIOOpa U NpoBepKu
BbICOKOBOJIbTHbIX JIMHUN

[IuTaromye TMHUY BBIMOJHAIOTCA IpoBoAOM AC.

Br100p ceueHus mpoBoia MPOU3BOAUTCS IO SKOHOMHYECKOM
IJIOTHOCTH TOKAa B HOPMAaJIbHOM W aBApUHWHOM PEXHMAX U
IIPOBEPSETCH:

- 1o 30%-o11 neperpyskKe;

- mo gomycThuMmoil morepe Hamnpsxkeaus (5% - B
HOpMalIbHOM, 10% - B mociicaBapuiiHOM peKHMaXx);

- 110 MEXAHUYECKOU MPOYHOCTH;

- Ha KopoHny (g HanpsikeHus 110 kB u Bele).



IIpoBepke 0 3KOHOMUYECKOM MIJIOTHOCTH HE MOJIJIEKAT:

1) cerm MNOPOMBINIICHHBIX MOPSANPHATHI W COOPYKCHHI
HanpsbkeHueM 10 1 kB npu HCIonp30BaHWMM MaKCHUMyMa
Harpy3ku 10 4000—>5000 y;

2) OTBETBIICHUS K OTJICIFHBIM dJIEKTpolprueMHnKaM 10 1 kB, a
TAKKE OCBETUTEIILHBIE CETH MPOMBIIUICHHBIX NPEANPUATHUM,
"KUJIBIX U OOIECTBEHHBIX 3JaHUM;

3) cOopHple ImMHBI W OIIMHOBKA B  IpeAciax
pacOpeaeIuTEIbHBIX YCTPOHUCTB BCEX HAMPAKECHUU;

4) ceTn BpEeMEHHBIX COOPYKEHHI, a TAK)KE YCTPOMCTBA CO
CPOKOM CIIY>KOBbI 3—D JIET;

5) npoBOIHHMKH, HAYIIHE K PE3UCTOPAM, ITYCKOBBIM peocTaTaM
U T.II.



Jreic. pyl/eod

Puc. 3 3aBUCcHMOCTB 3aTpaT OT CCYenus
npoBoja (ujy xuJiel kadens) ana onpee-
JeHUst SKOHOMMYECKH ueaecoodpasioro

I CeHYCHUA
S . P DKOHOMHYECKH HCJ’ICCOO6p33HO€ CCUCHUC.
oK = )
Jox .
j HOPMHPOBAHHOC 3HAYCHNC SKOHOMHUYCCKOHU
I'JIC. o

INIOTHOCTH TOKa.



a) IIpoBepka BBIOPAaHHOTO CEYCHUS 10 IOCICABAPUHNHOMY
Toky npH OTKIIOUYEHUH OJHOU JWHHUHU, TaK KaK JIMHUS
nonyckaet neperpy3ky 30%, To BEBIOpaHHOE CEUYCHHUE
OOJDKHO YJIOBIIETBOPSTH YCIIOBHIO:

1,3'0011 > I

as.p
Smﬂ

p MAxe \/_ U

0) 110 yCnoBHIO MEXaHUYECKON MPOYHOCTH:
J114 cTanmeaTroMUHUEBBIX MPOBOJIOB MUHUMAIbHOE CEUCHHUE
110 YCIOBHUSAM MEXaHHUYECKOU MTPOYHOCTH 25 MM?

B aBapurHOM pexume:



B) [lo momycTumMoM moTepe HANPSHKECHUS: - JOIMYCTHMA
JUIMHA MMATAIOICH JTUHUN

- IAUl% - AU

rae: /.., - JMIHA JIHII [P II0JHOII HATPY3Ke,

% K, >|

oon oon Gpaxm !

Ha I{O'T'O])Oﬁ ITOTCPA HAIIPpAAKCHILI paBHA 1%o.
ﬁ.Uam% = 5% - JOIIVCTHMAaA IOTCPpA HAIIPpAKCHITA B HOPMAJIBHOM PCZKIIMC.
Loon

Ks = P KOR((PIIIIIEHT 3arpy3KH JIHIIL
p

[ — (pakTIECKas JIMHA JIHIIIL KM



r) IIpoBepka Ha KOPOHY:
IIpoBepsieTcst BEIMOJIHEHNUE YCIOBHSL:

1,07-E<0,9- Eo

TIeE
[ - HanpsHKEHHOCTH IEKTPUUIECKOTO OIS OKOJIO
TIOBEPXHOCTH HEPACIIEIUICHHOTO MPOBO/IA,

EO - HaYaJbHas HAIPSKCHHOCTh BOSHUKHOBEHUS
KOPOHHOI'O pazpsja.

0.65 |

E,=24,5-m-0" 1+ —= .+ kKBlcm
)

m - KOA(P(PIIIIEHT IIaIKOCTI MPOBOJIA;

§ - OTHOCHTEIBbHAag IUIOTHOCTH BO3JyXa, oOIpedeageMad

aTMOC(DEepHBIM JIABIICHIICM I TEMIIEPATYPOIl BO3IyXa;
r - pagyc mporoga Mapku AC -



©0,345-U

- D

r-lg—=
I
Dcp = 12" D23 ' D13
O Q O O
e, @ C R . R

D1z Dis

o ¢ o ¢
o
2

U

&

“ @4
°
o
°
o

e

T a 8

a 6
Pacnosio’xxeHue mpoBOJI0OB ¥ TPOCOB Ha OIOpax:
a — TPEYTOJbHUKOM; 6 — TOPU30HTAIBHOE; 8 — 00PAaTHOM €JIKOM;
2 — IMECTUYTOJbHUKOM



[Ipu pagnyce npoBoaa I < 1¢M MOXKHO MCHOJIb30BaTh POPMYITY

0,3

o

rae m = 0,82 — 0,94 — ko3 b puIMEeHT I1aIKOCTH IIPOBOJA;

0 = 1,04 — 1,05 (ans pallOHOB C YMEPEHHBIM KJIHMAaToM) —
OTHOCHUTEJIbHAS INIOTHOCTH BO3JyXa, OIpeAciaseMas aTMOC(EepHBIM
JABJIICHUEM Y TEMIIEPATYPOHU BO3AYyXa;

Eg =30,3-m-§-[1+

MOXHO HCIIOIB30BaTh TAKXE MNpUBEJACHHbIE B IIYD MHMHMMaAIIBLHO
JTOIMYCTUMBIE MO YCJIOBHSIM KOPOHBI CEYEHHUS MPOBOJIOB BO3AYIIHBIX
JAHWAM 3IeKTporiepenad i HanpsokeHus 110 kB muHMManbHOE
ceuenue — AC 70/11.

Jluteparypa 1o MpoOBEPKE HA KOPOHY:

Pykosoosawue ykazanus no yuemy nomepv HA KOPOHY U NOMEX OM KOPOHbL Npu
8blOOpe NPoB0O0E8 B0O30YUIHBIX JTUHUL dTeKmponepeoadu nepemenno2o moka 330-

750 kB u nocmosiunoco moxka 800-1500 kB— M. CIITHTH OPI'POC, 1975.
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PacrnionoxxeHue ka0eneld B KaOEJIbHBIX TPAHILIESAX: a — OJUHOYHBIN
Kabeslb; 0 — 4YeThIpe OCHOBHBIX KaOEasd OJHOrO HAIpsKEHUS U
HA3HAYCHUSA P -
- 2
1 3
RN o880 Pt
N T /

IlepecedyeHue kadeabHBIX Tpacc HanpsbkeHueM 1o 10 kB 1 — kabenb
1o 10 kB, 2— xkupnuun



2100

0,
P
X
N3

®
@

300 300
’ @ O® -
750

2 d

[ pynnel 1 HOMEpa KaHaI0B OJIOKOB

a - pacuemnas xongueypayus 6 - | epynna, kanar Ne 1, 6 - ||
epynna, kanaa Ne 3; 2 - |l epynna,

kaHas1 Ne2 (/- paboyast KOHCTPYKIUS OJIOKA



Tabmuna 1.3.27. JomycTEMBIA AIATEIBHBIA TOK 418 kateaedm 10 kB ¢ me 1EBIME BIH

AJIOMHHHEBBIMH KHEJIaAMH cedeHHeM 95 mm

"
s OPORJIAABIBAEMBIX B

O0JI0KAaX
_ Ne |Tok [/, A ana xKadener
I'py K 510K ; e
pynna oH(rrypamms 61008 KaHaJa|MeIHBIX| ATFOMHEHEBEIX
I m 1 191 147
II 2 173 133
o 3. 167 129
J
J
I L=150 @100 2 154 119
12 -t
y 4 Py _%
sy [
N "“’I L
n
- Lr & Q- - J‘é
IV 2 147 113
z 3 138 106
@
VvV 2 143 110
3 135 104
4 131 101

1™

poo! aleo
TR




Tabmunsr 1.3.28. IlonpaBounbif ko3 HOEEHT @ HA cedueHHE Kabeas

CedeHHe TOKONPOBOAAIIEH KoadduuuenT 112 HoMepa KaHada B OJI0Ke
FKHIIEL MM 1 2 3 4
25 0.44 0.46 0.47 0.51
35 0.54 0.57 0.57 0.60
50 0.67 0.69 0.69 0,71
70 0.81 0.84 0.84 0.85
95 1.00 1.00 1.00 1.00
120 1.14 1.13 1.13 1.12
150 1.31 1.30 1.29 1.26
185 1.50 1.46 1.45 1.38
240 1,78 1.70 1.68 1,55

1.3.21. [lonycTHMBIE IIHTEIbHBIE TOKH [IA4 KaOeneH . MPOKIaAbIBa€MBIX B IBYX
IapaIeTbHBIX OIOKAX OJHHAKOBOH KOH(QHIYpAaIlHH . JOIDKHBI YMEHBINATBCA IIyTEM
YMHOXKEHHA Ha KO3((HIHEHTH! . BEIOHpacMble B 3a BHCHMOCTH OT PACCTOAHHA MEXKIY
OTOKaMH:

PaccToanne Mexay OIOKaMH. MM 500 1000 1500 2000 2500 3000

Kosddumuent 0.85 089 091 093 0.95 0.96



Nlekumna Ne10

TOKHU KOPOTKOI'O 3AMLBIKAHU A
KOpOTKMM 3aMBIKAHHEM HA3BIBACTCSA COCIAMHEHUE MEXKIY
IBYMS TOYKAaMH CETH C Pa3HbBIMH [OTEHIMAJIaMH, HE

IPeAyCMOTPEHHOE HOPMAJILHBIMHU YCIIOBUSIMHA PaOOTHI
YCTaHOBKH.
[TOJHBIM TOK KOPOTKOIO 3aMBIKAaHHUS NPEACTABISIET COOOHU

CYMMY JIBYX COCTaBJIAIOIIMX: BBIHYXXICHHOW, HWMEIOIIEH
NePUOJNYCCKUIM  XapakTep U CBOOOJHOM, MMEIOIIEH
arepuoOaUYECKUN XapaKTep

i = Z sin(wt+o—@,)=1_ sin(wt+a—@,)
i



MakcumanbHO€ MIHOBEHHO€ 3HAQYECHHE IIOJHOIO TOKa
o0b1yHO HactynaeT 4depe3 0,01 ¢ mocne Havajma mnpolecca

K3.

JTOT TOK Ha3hIBAIOT YIAPHBIM TOKOM Iy
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Hopmanbruiii pewcum  Iepexodusiii npoyecc Yemanosusiauiion pexcus




OcHoenvlie coomunouwienus mexcoy moxkamu K3

PaccMoTpuM CBsI3b MEXAY YIAPHBIM TOKOM iy, 5|

Ha4ajJbHbIM JCHMCTBYIOIIMM 3HAYCHHMEM IEPHUOJUYCCKOM
clIararoIner Toka K.3. Ino

1. Anepwoauueckas — clararomas 3aTyxaeT IO 3aKOHY
SKCIIOHEHTHOW KPUBOU, OTIPEIETIIEMON YPABHEHUEM

la= I amaxe_t 'Ta,

rae lamax —  ammmTygHOe — (MaKCHMaldbHOE)  3HAYCHHUE
arIepUOJUYECKON COCTABIIAIONIEN; 1, — ITOCTOSIHHAS BPEMEHH
3aTyXaHUsd anepUuOIUYECKON COCTABJIAIOIICH, ONpeaciasieMas
COOTHOIIEHUEM MEXKIY UHAYKTUBHOCTBIO L M aKTUBHBIM
COIIPOTHUBIIEHUEM I LIeTIH 40 TOYKHU K3:



T =L /r_.
YuauteBag, uyro o = 2nf = 2nf,
BenuunHa UHAYKTUBHOIO conporusBiacHus x, = o L = 314L
orkyna L =x /314, momyanm 7,=L /r_=x_/(314r).

311eCh r. , X, — COOTBEICTBEHHO aKTUBHOE W

HHAYKTHBHOC COIIPOTHUBJIICHHUC IICIIN K.3.

2. Y papsbli TOK (cooTBeTcTBYET BpeMeHH 0,01¢) uepe3
IIOJITIEPHUOJIa C MOMEHTA BO3HUKHOBEHUS K3

Iy_ |a+ | . max

i€ lnmax=V2Ino
— MAaKCHUMAaJIbHBIC 3HAYEHUS IEPUOJIUUYECKON COCTABJIAIOILICH.

- —t/T
1y, = |, .max " € 4+ Ih.max -



B momeaTt=0 | = |

nmax — TOr 14

—t/ 7,

a.max’

1. = | + | :
Yy Nn.Mmax Nn.Mmax

— I Nn.max (1+ e_t/Ta) — NV 2 I nO (1+ e_t/Ta)'
O6o3HaunB | + e_t ITa — Kys

[IOJIYYUM iy — Kyﬂ/z | 0

CrenoBaTenbHO, yAAPHBIM KOI(QQUIUECHTOM K, YYHTHIBACTCS
(uepe3 T,) COOTHOLICHUE MEXKAY aKTUBHBIM U UHAYKTUBHBIM
conpoTuBjIcHUAMM 1ienu K3, T. €. paccrosiHue Touku K3 ot
NII (reneparopa).



I f

. . _Iﬂ, . _f—_ .
I_‘-' - I;'r.[] +I;'r.[] e - I;u;-_[:l (1 +eé ) )

I_l' — k_l' ]}I.D i

TJIE ky — yAapHbIN KO3(DOUIHEHT, 3aBUCAIIAN OT OCTOSIHHOM
BpemeHHu nenu K3.
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IIpu pacuere TokOB K3 B 371€KTpOyCTaHOBKAX
PEANPUATUHA IIPUHUMAKOTCS CIEAYIOIINUE
TONYIICHUA

QJICKTPOABHUIKYIITHUC CHUJIBI MCTOYHHUKOB IIMTAHHUA CUHUTAIOT
HCU3MCHHbBIMU,

- TpeX(a3HyIO CUCTEMY CUMTAIOT CUMMETPUYHOM;

HC VYUYHUTBIBAIOT HACBIIICHHUC MAIHHUTHbBIX CHCTCM, YTO
ITO3BOJISICT CHUTATDH BCC LICIIN HHHCﬁHBIMH;

IpeHeOperaroT €MKOCTHBIMM ~ HPOBOJUMOCTSIMH  BCEX
3JIEMEHTOB KOPOTKO3AMKHYTOM LIETIH;

HE YUMTBIBAIOT BIIMSHHUE HEABUTaTEIILHON HAarpy3Ky Ha TOKU
K3;

HE YYWUTBIBAIOT HOOANUTKY Mecta K3 Cco CTOpOHEBI
3JIEKTpOABUTraTeIey HanpsbkeHueM 10 1 kB;



[MopAapoOK pacyeTa

I8 pacCMaTpUBAE€MOM CHUCTEMBI  3JICKTPOCHAOXKECHUS
COCTABJISIETCS pacyETHAs CXEMa;

I10 pacquHoﬁ CXCMC COCTABJIACTCA CXCMA 3aMCILICHUS,

cXeMa 3aMeEIeHHUs IIyTeM IpeoOpa3oBaHUs MPUBOJUTCS K
HanOoJee MPOCTOMY BHJY, TaK YTOObI MCTOYHMK ITUTAHMS
Ob1 CBs3aH ¢ To4YkoM K3 OJHUM pe3yabTHPYIOIIUM
COIIPOTHUBJICHHUEM,;

no 3akoHy Oma ONnpenenstoT TOK KOPOTKOTO 3aMbIKaHMS,
HA4YaJIbHOE 3HAYCHUE TMEPUOJAUYECKON W aIllepUOINYECKOM
coctapisromux Toka K3 n 3nauenue ygapuoro toka K3.



[MopAaaoOK pacyeTa

- €CJIM aKTHBHOE COonpoTuBJIcHHME Lenu K3 MeHbIne
OJJHOM TPETH MHIYKTUBHOTO comnpoTuBicHuI (I < X/3),
TO UM MOKHO NPEHEOpEerarhb.

- T€HEpaTophl, TpaHCHOpMATOPbl OOJIBIION MOIIHOCTH,
BO3YIIHBIC JIMHUH, PEAKTOPbI NPEACTABISIIOT B CXEME
3aMEIICHUS] UX WHIYKTUBHBIMH COIIPOTHUBIICHUSIMH, TaK
KaK aKTHUBHBIC COIIPOTHUBIICHHS BO MHOI'O pa3 MECHBIIIC
WHIYKTUBHBIX. KaOenpHBIE JINHUU 6-10 KB,
TpanchopMaTopbel MOIIHOCTRIO 630 xkBA U MeHee B
CXEM€ 3aMEIICHUS NPEACTABISIOTCS HHIAYKTUBHBIMH M
AKTUBHBIMH CONPOTHUBJICHUSIMH.



PacyeT TOKOB KOPOTKOro
3aMblIKaHUA

PacueT BezeTcs B OTHOCUTEIBHBIX eauHuNax. /s pacyera
COIPOTUBJICHUN BbIOUPAIOT Oa3oBble BenuuuHbl: U, u S, 3a
0a30BO€ HANpPSKECHUE NPUHHUMAIOT CPEeAHEEC HOMHHAJIBHOE
HAIIPS)KEHUE TOU CTYIIEHH, TJI€ IIPOU3BOAUTCS pacueT TK3.

[MIkana U . 230; 115; 37; 10,5; 6,3; 0,69; 0,4 xB.

3a 0a30BYI0 MOIIIHOCTh MOKHO IIPMHUMATh JIH000€ 3HAYCHHUE,
HO JJIsI yaoOcTBa pacdeTtoB ciaeayeT npuHuMath 100 xBA;
1000 kBA u T.1.

Hcxonnsle nannble 31eMeHTOB cxeMbl — X/, U, %; P, xo;
o OIPEAEISIOT IO CIIPABOYHOU JIMTEPATYPE.



OcHoeHblIe pacyYemHbie hoOpPMYIibl

ba3zucHbIe CONMPOTHUBRICHUS B OTHOCUTEIBHBIX €IMHULIAX OMPECIISIOTCS
10 CJICAYIOIUM (hOpMYyJIaM:
- CONPOMUBNIEHUA 6030YUIHBIX U KADEIbHBIX JIUHUL

S6 Se
nv=rwf—5 M#:XWF“Q
6 U6

rae Xyo yo — YAEIBHOE aKTUBHOE U UHAYKTUBHOE COMIPOTUBJICHUE
nuand Ha 1 kM umael, OM/kM; | — minHa TUHUH, KM;

- UHOYKIUBHOE conpomuesieHue mpanchopmamopa

Xe* — U « 86
100 S,y
- uHOmeueﬂoe conpomuejiecHue peaKkmopa
_ X lsUy
% 7100 1, U,
X X Xp %U p

— O : -
p — COIPOTHBJIEHHE PEAKTOPa, %0; P 100431,



JIlencTByIOIIEE 3HAUCHUE YCTAaHOBUBIErOCcs ToKa K3:

:Ioozll'lt: I6 , KA

L 6*y
— IIOJIHOE COIPOTHUBJICHUE OT HCTOYHMKA IIMTAaHUs 10 TOUYKH K3,
BBIPAXKCHHOE B OTHOCUTEIIBHBIX €IUHMIIAX U MIPUBEACHHOE K
0a3MCHOM MOIIIHOCTH:

2 2
Zoxy = \/ lo+y T X6*y

| 1o

S "z

|6 = ‘U
V37

[To Bemmmumae  lno = loo= It
IIPOBEPAIOT JJIEKTPUUYECKHUE almaparbl U TOKOBEAYIIME YacTH
TEPMUYECKYI) YCTOUYUBOCTb.

Ha



Y 1apHBIM TOK Yepe3 MOJIIEeproia ¢ MOMEHTAa BOSHUKHOBEHUS K3

iy — ky\/E I n.o

HauOonbliiee AelCTBYIOIIEE 3HaU€HHUE MOJIHOro Toka K3 B TeueHue
nepBoro nepuoaa K3:

Iy — \/I 1210+ |§t
l, =J|ﬁo+[\/2|ﬁo(,<y—1)]2 = Ino\/1+ 2(xy —1)% = 1100,
| 0=+ 2(c, ~1)2

1o BeauuuHe y
IPOBEPSIOTCS ammaparhl HA JUHAMHUYECKYH) YCTOMYMBOCTh (B TCUCHHUE

nepporo nepuoja K3).

g 3aBucut oT Mecta K3 (cnpaBoyHas BEIUYKMHA)



Eciu cumaxpoHHbele /1 moakiarodeHbl K Touyke K3 kaOenbHBIMU
mmHuAMu  ummHoM  He Oosee 300 M, HagagbHOE 3HAUYEHHUE

IepUOANYECKON cocTaBiaromen Toka K3 | 0e3 yyera BHemHero
COIIPOTUBIICHUSA

Ic.z[: In.O:EOIH.I[/xd’
C yquOM BHCIHIHCTI O COHpOTHBHCHHH

. EO I H.]I
. : 2 | 2
()Cd + X BH* I g

—  Eo cBepxnepexoanas J/IC B HauanpHbid MOMEHT K3, oTH. ex.; |
HOMUHAJIbHBIA TOK ABUTATENSA; X+, I« — UHAYKTUBHAS U aKTUBHAs
COCTABJISIOIINE BHEIIHETO COMPOTUBIICHUS.

HI

— x4y CBEPXIIEPEXOJHOE PEAKTUBHOE COMPOTHBICHUE BUTATEIS 10
IPOJIOJIBHOM OCH, OTH. €]1.; E" B \/ 5 . "\
3Hauenue ceepxnepenatomeii IJIC  £0 = VCOS @y + (SIN@, +xd)*

rae COS(p, — HOMMHAIBHBIM KOX((PUIUEHT MOIMHOCTH B PEXKUME
epeBO30YKIACHUS.




BnusiHne aCMHXpPOHHBIX O] y4YUTBHIBACTCS, KaK IPABUIIO, TOJIBKO B
yaapaom Toke K3. IIpu 3ToM mMakcumManbHOE 3HaYeHue Toka K3 ot
atux OJ] npu tpexdazHom K3 Ha uMX BBIBOJAX OmpelensieTcs II0

BBIPDAKCHUIO
P . IQ,Q
IM: 2 " IH_)_‘[!
XA

X~ OTHOCHUTEIBHOE CBEPXIEPEXOAHOC MHIYKTUBHOE CONPOTHBICHUE

All; |, — HoMuHambHBIN TOK AJ.
Eciu OTCYTCTBYIOT CIIpaBOYHBIE JAHHBIE IO X, Ha AJl, TO
XI[ :l/KHYCK = 0,2,

rae K . — CpeIHss KPaTHOCTh yCKOBOTO TOKA JIBUTATEA

yCK



Sc:-.:n-o

Xc=0
27 KB
1 63 MB-A "
. 6,3 «B 1
() (= 37/6,5 & 0,157
L) ) 4P=455xBr :
uR"—'fo,S%
63 B

Y,
Tua=0%0M/um
I1=2km

KNl 1y4=0,62 0m[kmM
6,3kBY Xysa=0,0830m/km g 3.p

—t 1=0,5km o

| 1y =194 0 /um g
= 1,24 OM/km Yya =002 Owjson ¢ 5,00775 0,001
Xy =0,091 O /KN Y
4 1 =0,05 kM ! ry rs
pL K2 0,0196
738 T4 £
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Nlekumna Ne10

PACYET TOKOB KOPOTKOI'O 3AMbBIKAHUASA
B CETSAX U DJIEKTPOYCTAHOBKAX /10 1000 B

Ilesib M1 0COOEHHOCTH PACYETOB
PacueT BBIMONHSICTCA C I1I€IbI0 BBHIOOpA KOMMYTAIMOHHOM
anmnapaTrypbl, IIMHOIPOBOAOB, KabOelel U  APYroro
AJICKTPOOOOPYJOBAHUS, a4  Takxke a1 OPOBEPKHU
YyBCTBUTEILHOCTH 3aILIMT.
Ocobennocmu pacuema mokos K3 6 cemsix 0o 1000 B:

* YYUTBHIBAIOTCS AKTUBHBLIC M WHIYKTHUBHBIC CONPOTHUBICHUS
BCEX DJJEMEHTOB IIENHM [0 TOYKH KOPOTKOIO 3aMBbIKAHUS:
AKTUBHBIC W MHAYKTHBHBICE CONPOTHUBIICHUS IIPOBO/IOB,
Kabejlel W IIMH; TOKOBBIX KaTyIIEK paclenuTese
ABTOMATHMYECKUX BBIKIIOYATENICH; IIEPBUYHBIX OOMOTOK
MHOTOBUTKOBBIX TpaHC(HOPMATOPOB TOKa, IIE€PEXOIHBIX
KOHTAKTOB amIlapaTos;



* IIpM MUTAaHUHU OT ODHEPrOCUCTEMBl HE YYHUTHIBACTCS
3aTyXaHUE MEPHUOAUYECKON COCTaBistoen Toka K3 BBuay
OOJIBIIION YIaJ€HHOCTH T€HEPATOPOB,;

* IIpM pacuyeTe NPUHUMACTCS, YTO BEIMUMHA HANIPSXKCHUS Ha
IIEPBUYHON OOMOTKE LIEXOBOr0 TpaHc(hopMaTopa HEM3MEHHA
Ipu yCIIoBUU Scucm =50 S nHom.m

e pacyeTr mnapameTrpoB Lenu M TokoB K3 B ycTraHOBKax
HanpspkeHueM 10 1 kB BegeTrcs B MMEHOBAHHBIX €QUHUIIAX,
COIIPOTHUBJICHUSI NpUHUMAaIOTCs B MOM, HanpsbkeHue — B B,
MOIIIHOCTh — B KBA. 3HaueHue TOKa mojIydyaroT B KA



B 3aBUCMMOCTH OT [E€JIM pacyeTra YYUTHIBAOT pPa3HbIE
pacyYETHBIE PEKUMBI PAa0OTHI AJIICKTPUIECCKON CXEMBL.

[Ipu  BBIOOpE  ammaparypbl  pacuy€THbIM  CUYHUTACTCS
MAaKCUMAQJIbHBIM PEXKUM, TaK Kak TOkHu K3 wumeror
HanOOJIBIIINE 3HAYCHHUS. ITOT K€ PEKUM IIPUHUMACTCS U IIPH
pacuerax TOKOB ITyCKa U CaMO3aMyCKa dJIEKTPOJIBUTATEIEH C
11EJIbIO 00eCIeueHUsT HecpaOaThIBaHUs 3aIUT B CETH.

IIlpy nOpoBEepKE UYYBCTBUTEIBHOCTU 3AIUUT PACUYECTHBHIM
SABIISICTC MMHHMAJIBbHBIA PEXKUM, IIPpA KOTOpoM Toku K3
MMECIOT HAUMEHBIIINE 3HAUYCHU. DTOT K€ PEKUM HUCHOJIB3YIOT
IJIE  TIPOBEPKU  BO3MOXXHOCTH IIyCKa W CaMoO3amycka
3JIEKTPOABUTATEIIEH.



ConpoTuBJIeHUA 3JIEMEHTOB CXEeMbI 3aMelCHUS
Pacuer TokoB K3 B ycranoBkax g0 1 kB npoBoautcs
aHajorn4Ho pacdery TokoB K3 B ycraHoBkax Beimie 1 kB
J1J1s1 pacy€TOB TOKOB KOPOTKOTO 3aMbIKAHUS COCTABIISAIOT
CXEMY 3aMEIEHMs, B KOTOPYI BXOJAT BCE COMPOTUBIICHUS
1enu 1o Touku K3.

Pacuer CONIPOTUBJICHUU OTHAEIBbHBIX 3JIEMEHTOB
BBITIOJIHAETCSA MO NPUBEACHHBIM HHUXXE COOTHOIICHHUSIM.
llumarowas snepeocucmema.

AKTUBHOE U HWHIAYKTUBHOE COINPOTUBIICHUSA MUTAOIIECH
SHEPTOCUCTEMBI JI0 3aKUMOB BBICOKOI0 HanpskeHus BH
MOHMKAIOIIEro TpaHchopMaTopa HaxoadT 1mo Toky K3 Ha
ctopoHe BH v mpuBOISAT K CTOPOHE HA3IIETO HANIPSIKECHUS:



|

/ T
. LHD}.I.I}}. HH o o U moMm. Tp. HH
XcHH — *cBH 0 . IowH = TeBH [ =
* mom. Tp. BH sHou. Tp. BH

IJ1€ X,y 1 ' gy —MHAYKTHBHOE I aKTHBHOE COMPOTHBIEHIIA YHEPTOCIICTEMBL,
COOTBETCTBEHHO, NIPUBEIEHHEIE K cTOpoHE BH:
X.BH 1 '3y — TO K€, IpHBeAeHHKIE K cTopoHe HH moHIrkaromero
TpaHc(opMmaropa:
Usos. 1p. 1t I = Usoyr 1p, B — HOMIHATBHEIE HAanIpsukeHns ooMoTok HH n BH

MOHILKAKIIET0 TpaHC(hOpMaTopa.
JlonmyckaeTcs npu pacuerax TOKOB K3 HE yUMThIBATh aKTUBHOE
COIIPOTHBJICHUE SHEPrOCUCTEMBI, a MHIAYKTUBHOE€ — HPHUHHAMATH
PaBHBIM IIOJJHOMY COIPOTHUBJICHUIO SHEPrOCUCTEMBI, OIMPEIACIIss
€ro 3Ha4eHue 10 U3BECTHOMY TOKY 1 p— MOILHOCTH Sy B

Tpexdaznoro K3 Ha 3axxnumax BH nonmxaroiiero Tpanchopmaropa

6(10)/0,4 xB: U. o UEBH
xc.BH =~ 3 3 >
IIE 3jBH SIEE}BH



Ipancpopmamopei.

[Io1HOE CONMPOTUBJIEHUE NBYXOOMOTOYHBIX TPaHC(HOPMATOPOB

OIIPpCACIIACTCA 110 BBIPA’KCHHUIO.

3

- ”R?l ' L"I -

HOM

?100.S.

HOM.Tp

Z

[JI€ U3 — HANPSDKEHIIE KOPOTKOIO 3aMBIKAHILA, o
Usoxs — HOMITHATTBHOE HATPSIKEHIIE TPAHC(OPMATOPA;
Sitore1p — HOMITHATIBHAY MOIIHOCTB TPAHC()OPMATOPA.
AKTIBHOE ~ COMNpOTHBIEHIE OIpefentercs 1o
TPaHC(OpMATOpE:
_ APy Uy

HOM

}.i —
mp S 2 ’

HOM. TP

rae AP k3 — HOTCPI KOPOTKOI'O 3dMBIKAHIIA.

OTCPAM

K3 B



B BBIIEH3I0KEHHBIX COOTHOIICHUSX B KaueCTBE UHOM MOXKET
ObITh HKCIIOJB30BAaHO HOMHUHAJILHOEC HaNpsLKEeHUE JIH00OM
00OMOTKH TpaHC(Popmaropa. ConpoTUBICHUE TpaHCHOpMaTOpa
OyaeT MHOpHUBEACHO K TOMY  HaOpsSKEHHIO, KOTOPOE
[IOJICTABIISIETCS B (POPMYIJIBI.

NHayKTUBHOE COIIPOTHUBIICHUE TpaHcpopmaropa
ONPEACIICTCS O BEIPAXKECHUIO:

I
. % -

T - |
'r ) ), [.-" | ”Ki API\E

X =aZo =1 =——— | —

100 \)

. V71 P S
HOM.Ip HOM.Tp



[TapameTprl TpanchOpMaTOPOB, IIUPOKO IPUMEHSICMEIX B
cerax 6(10)/0,4 xB

AKTHUBHBIE U HHIYKTUBHBIE COIMMPOTUBICHILA, MOM,
TpaHchopmaTopon 6(10)/0.4 kB

LIDmHiZ:iq_TE%i@DphIH wg3. % | Xip=Xorp | Xorp | Flep = 21p | Torp Zp /3
CoeanHeHHe 0OMOTOK Y/Yq
100 4.5 64.7 581.8 31.5 2539 260
160 4.5 41.7 367 16.6 150.8 162
250 4.5 27.2 2349 94 96.5 104
400 4.5 17.1 148.7 5.5 55.6 65
630 5.5 13.6 96.2 3.1 30,3 43
1000 5.5 8.5 60.6 2.0 19.1 27
1000 3 12.6 72.8 2.0 19.1 33.6
1600 5.5 4.9 37.8 1.3 11.9 16.6
CoeauHeHnue ooMoToK A/Yg
100 4.5 66 66 36.3 36.3 75.3
160 4.5 43 43 19.3 19.3 47
250 4.5 27 27 10.7 10.7 30
400 4.5 17 17 5.9 5.9 18.7
630 5.5 13.5 13.5 3.4 3.4 14
1000 5.5 8.6 8.6 2.0 2.0 9
1000 3 12.65 12.65 1.9 1.9 12.8
1600 5.5 5.4 5.4 1.1 1.1 5.7




Bo3zoywnwsie u kabenvuvie nunuU.

AKTHBHOE€ M HHIYKTHBHOE CONPOTHBIICHHS KaOCIbHBIX H
BO3AYIIHBIX JIMHUU DJJIEKTpONEpeaayd OIPEACIACTCS II0
COOTHOIIIEHUSIM:

Xingn =Xo 2 Rypgn =71

e Xy U [j —WHAYKTUBHOE W AaKTHUBHOE IIOTOHHOE
CONIPOTHUBIICHHE IPOBOJHUKOB, COOTBETCTBCHHO; | — mmmHa
IIPOBOJIHUKOB.

[loroHHO€ MHAYKTUBHOE COINPOTUBIICHUE BO3AYIIHBIX JTUHUU
DJIEKTPOIIEpEaayYd C IPOBOJAMU M3 IBETHBIX METAJUIOB
3aBUCUT OT CPEIHETO0 T'€OMETPUUYECKOTO PACCTOAHUS MEXKITY
npoBojgaMu. Ero 3HaueHWe MNPUBOAUTCA B CHOPABOYHOU
ATeparype.



Peaxkmopei.

Peaktop HanpsbkenueM 0,4 kB tuma PTT-0,38-50-0,14
MMEET HOMHUHAaJbHbIE napaMeTphl: HanpsokeHue 380 B, Tok
50 A, uHayKTHBHOE comnpoTuBiieHHEe Ipu 4Yactore o0 I'm
coctaBiger 140 MOmM, akTUBHOE — JUIA HCHOJHEHHUS Y3
(amromMuHHeBass oOmortka) 17 mMOwm, nans ucnoiaHeHuss T3
(MeaHast oOMoTKa) 16 MOwm.

TokoorpannuuBarone peakTopbl YCTAaHABIMBAIOT B JIMHUSIX
6(10) xB unmu B memnm TpaHcdopMmaropa IS OTpaHUUYCHHS
TOKOB K3 /10 Takux 3Ha4Y€HHMH, KOTOPHIC MO3BOJIMIIMN OBI
IPUMECHUTD CPaBHUTEIILHO JIETKYIO anmaparypy
(BBIKJIFOYATEW, PA3bEAUHUTEIN) W HE 3aBBIIIATH CEUYCHUE
KaOEeJIeH B CETH DJICKTPOCHAOKCHUSI.



ComporuBiicHue  peakropa (Om) onpenensercs, IO
COOTHOIIICHUSIM

X, = wl =314L

”H'3 ' DIH'DZ'-.I

X = -
Y 100-+4/3-1

HOM

rae Ugoy — HOMITHATIBHOE HaIIPSDKEHIIE PeaKTopa;

I 0, — HOMITHAJIBHBIIT TOK PEAKTOPA;

U3 — HATIPSKEHIIE KOPOTKOTO 3aMBIKaHIIA, %o.

AKTHBHOE coIpoTHBIeHIe peakTopoB 6(10) kB mamo n B pacuetax He
VUUTHIBAETCS.



O[}HEHTH[)'I]B'I]‘IHL]E' JHATEHHSA AKTHBEHBIX NEePEeX0THBIX COMPOTHB.T eHHHA KOHTAKTOB RN AlllIApaToB, MOM

HoMuHanpHEIid 50 100 200 400 600 1000 1600
TOK ammapara, A
ABTOoMmar 1.3 0,75 0,6 04 0,25 — —
PyOnipHHK — 0.5 0.4 0.2 0,15 0,08 —
PaswequHuTeIb — — — 0.2 0,15 0,08 0,02
ConpoTHB.1eHHS NePBHYHLIX 00MOTOK TPaHC(OPMATOPOB TOKA (K/I1acca TOUHOCTH 1)
Kosddunuent tpancopmarmu  |100/5 150/5 200/5 300/5 400/5 500/5
TT
X, MOM 2,7 ,2 0,67 0.3 0,17 0,07
R, MOM 1,7 0,75 0,42 0.2 0,17 0,05




JIEUCTBYIOIIIEE 3HAYECHHUE MEPUOJIUYECKON Cllararoller TOKa
TpexdazHoro K3 0e3 ydera BIMSHHS HENOCPEIACTBEHHO
IIPUCOCANMHEHHBIX ACHHXPOHHBIX JIBUTATEIICH:

U U

I(jj L Cp.H o Cp.H

Er - i —
:E.;I.g i 2 II

| “

| 2 2.
AV B '\,‘I ?E + IE VD ‘EE

rae U,,x — CpeHee HOMIHAIBHOE TIIHEITHOe HAIPsDKEHIIE CeTH (I CeTell
0,38 kB paBno 400 B),
rs I Xy — PEe3VIBTUPVIONIEE aKTHBHOE 1 HHAYKTHBHOE COIPOTUBIICHIIA
(IIpsAMOIT TTOCTIEAOBATEIBFHOCTIT) LI KOPOTKOI'O 3aMBIKAHIIA;
Zy — PE3VIBTUPVIOMIEE II0JTHOE COIMPOTHBICHIE M[ENH KOPOTKOIO
3aMBIKAHIIA.



Jlekuma Nell
BHYTPULLEXOBbIE 3NNEKTPUYECKUE CETU

CxeMa  BHYTPHIEXOBOM CETH  OHNPEACIICTCS
TEXHOJIOTUYECKAM  IIPOIECCOM  MIPOM3BOJICTBA,
IUIAHUPOBKOM  MOMEIIEHUA  11€Xa, B3aUMHBIM
pacnoynoxxkennem TII, D11 m BBOJOB nMTaHUA,
pacyeTHOM MOIITHOCTBIO, TpeOOBaHUSIMHU
oecnepeOorHOCTH JC, TEXHUKO-DKOHOMHYECCKUMMU
COOOpaKECHUSIMHU, YCIIOBUSIMH OKPY>KAIOIICH CPEIbL.
Haunbomnee pacnpocTpaHEHHBIM JIJIS1 LIEXOBBIX CETEH
aBisieTcss  HanpsbkeHue 380 B (Tpex- w
YETBIPEXOPOBOJHBICE CHCTEMbl C 3a3€MJICHHOMU
HeuTpanbio) u 660 B.



OcHOBHBIE TPeOOBAHMSA, IPEAbIBIAEMbIE
BHYTPHUIEXOBbIM JJICKTPUYECKAM CETHAM:

o0ecneunTh HEOOXOAUMYIO HaACKHOCTh IC;

MMETh  ONTHMAJIbHBIE TEXHUKO-3KOHOMHYECCKHUE
[TOKA3aTeIM 110 KaIllMTaJbHBIM 3aTpaTaM, pPacxojay
[IBETHBIX METAJJIOB, 3KCIUTYTAlIMOHHBIM Pacxojam
1 IOTEPSIM ID;

OBITH YJOOHBIMH B DKCILTyaTalllH;

BO3MO>KHOCTb OBICTPOTO MOHTAa)Ka u
PEKOHCTPYKIIHM.



CTPYKTYpa L,eX0BbIX 3/1IeKTPUUYECKUX ceTen

LlexoBble ceTH 110 CBOEMY HA3HAYCHUIO

TEIISITCS Ha IMATAIOIIHNEC 5|
pacHpeICIUuTEIIbLHBIE.

[ Iutaromume CCTH OTXOIAT OT
MCTOYHHKA A TAHUS (exXoBOM
ITOJICTAHIITUNA — TII) K
3JICKTPOIIPUEMHUKAM  WIW  TPYIIIIE
3JIEKTPONPUEMHUKOB.

PacnpenenutenbHble CETH OTXOAAT OT
pacnpeneauTeIbHbIX YCTPOUCTB
HOJACTAaHIIUN 1501051 PII K

3JIEKTPOIIPUEMHUKAM.
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CxeMbl BHYTPHIEXOBBIX JJIEKTPHUYECKHX CceTeH
BBIIIOJIHAIOT  paJualibHBIMHA,  MAarucTpajlbHbIMH U
CMECIIaHHBIMH.

C TOYKM 3pEHHSI CXEMHBIX PCIICHUW CU108ble
pacnpedeaumenvuvle cemu (CPC) BBINOTHSAIOTCS
TOJBKO II0 PAAUAIBHBIM CXEMaM, KOrja KaxKIbIu
ICKTPONIPUEMHHUK  MOJAKIKYEH K  OJMMKaAWIIEMY
pacrpeacIuTeIbHOMY IIYHKTY MHIUBUIYAITbHOU
JTUHUEH.

Cunosvie numarwuwiue cemu (CIIC) moryr unmeThb
pa3IUYHbIC CXEMBl: pagdalbHbIC, MarucTpajbHBbIC,
CMEIIaHHBIEC, KOJBIEBBIEC, C JIBYXCTOPOHHUM ITUTAHUEM.



Paouanvnuvie cxemui - 3JIEKTPUYECKUE JIMHUU OTXO0AAT OT TII

0 «paJinycamM» K MOIIHBIM OJIMHOYHBIM 3JICKTPONPUEMHUKAM Wi K PII
IUI IATAHUS TPYIIIBI SJIEKTPOIIPUEMHHUKOB .

K kaxxgomMy pacrpeaemTeIbHOMY IIYHKTY UJET UHIUBUYalIbHAs THHUS
u B PY 0,4 kB TII 3Ta nuHusg nojkiaryueHa K COOpPHBIM ILIMHAM Yepe3
OTACIAbHBIM  aBTOMAT. OTH CXEMbl OTJIMYAIOTCS  HauOOJbIICH
HAJIG)KHOCTBIO M, €CTECTBEHHO, TpeOyrT HauOOJbIIMX  3aTpar.
IloBpexxaeHue B KakKoW-1uOO  JMHUM WJIM B KaKOM-JIHMO0O
pacipeaeInTeIbHOM NYHKTE BBI3BIBAET OTKIIOUYEHUE TOJIBKO ATOM JIMHUHU
M HE OTpakaeTcs Ha padoTe JPyrux JMHUKA H paCHpeﬂiJIHTGJIBHBIX

ITYHKTOB. y g
7

= —

Puc. 1 PagnanbHas cxeMa ONUTaHUS paclpeeICHHBIX Harpy30K:
1 — pacnpeneauTenbHbIN MyHKT MOICTAHLINY;
2 — pacupeeuTeIbHbIA CUIIOBOM MTYHKT.

2 2 2
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* PagnaneHbple CXEMBI O0ECHEUYMBAIOT 0O0JIEE BBICOKYIO

HaJIC)KHOCTH 3JEKTPOCHAOKECHUSA 5 ya00CTBO
JKCIUTyaranuu. llpu onepatMBHOM WM  aBapUUHOM
OTKJIFOUYECHUHU OTXOJIAIICH JTAHUH OKa3bIBACTCS

OTKJIFOYEHHBIM  TOJBKO  OAWH  DJIEKTPOIPUEMHUK,
MOJYYAIOIIUN DJIEKTPOIHEPIHUIO I10 3TOU JIMHUU. [lpyrue
IPUEMHHUKH B 1I€XE MPOJOJDKAIOT pabdoTaTh. PagnanbHbIE
CXEMbl TO3BOJIIIOT OCYILIECTBIIATh TEXHUYECKUU VYUET
AJIEKTPOSHEPTUU  JUIA  OJHOIO  BJICKTPOIPUEMHHUKA,
arperara.

* HemocraTkoM paJvaIbHBIX CXEM SBJISIETCS YAOPOKAHUE
CETEM, CBSI3AHHOE C YBEJIMYECHHUEM IIPOTSKEHHOCTH JIMHUM
U TIOBBIIIEHHBIM  pacXogOM  NPOBOJIHUKOBOTO U
MOHTaXHOIO Marepuaia. YBEIUYUBACTCA KOJIUYECTBO
KOMMYTAIIMOHHBIX W 3AIUTHBIX alIapaTros.



Paouanvuvie cxemol credyem npumensams.

- JUIS DIIEKTPOCHAOKEeHUs moTpeouTenen | kareropuu;

- 7SI DJICKTPOCHAOKEHUS MOIIHBIX O, HE CBA3aHHBIX €IMHBIM
TEXHOJIOTUYECKUM MPOLIECCOM;

- U1 DIEKTPOCHAOKEHUS TOTPEOUTENEN, B3AMMHOE PACIIOJIOKEHUE
KOTOPBIX  JIeJIa€T  HEeIEeJecoOOpa3HbIM  MHUTAaHHE HX 110
MarucCTpajibHOM CXEME;

- 1 TATAHWSI HACOCHBIX U KOMIIPECCOPHBIX CTAHIIWM;

- BO B3PBIBOONACHBIX, MTOKAPOOMACHBIX M MBUIBHBIX MOMEIICHUSAX,
B KOTOpBIX pacHpeAeIuTeIbHbIE YCTPOWCTBA JOJKHBI OBIThH
BBIHECEHBI B OTJICJIbHBIEC TIOMEMICHU ¢ HOPMAJIBbHOW CPEJION.

: g

T 2
SF PYy—1 ' PYy-2 hlSF
Y] XX 2 I [

cnt  cnz cnsy  Cn4¢ cns



[Iutarome ceTyu B TEX Cly4yasx, KOrjga »3TOMY HE
MPETATCTBYIOT YCIIOBUS CPEAbl U TEXHOJIOTHS ITPOU3BOJICTBA,
PEKOMEHIYETCSI MTPOECKTUPOBATH MO MATUCTPAIBHOM CXEME C
MUHUMAJIbHBIM YHACJIOM CTYIICHEU 3aIUTHI.
Mazucmpanvhole cxembl NPUMEHAION:

* I TIMTaHUA DJICKTPONPUEMHUKOB, CBA3AHHBIX €IUHBIM
TEXHOJIOTUYECKUM MPOLIECCOM, KOTJIA MPEKPAIICHUE TUTAHUSA
OJHOTO  DJICKTPONPHEMHHKA BBI3BIBACT HEOOXOJUMOCTH

IMPCKpPAICHHS BCCI'O TCXHOJIOT'NICCKOI'O IIPOLCCCA,

* TS IUTAHUI OOJIBILIOrO quCJiIa MEJIKHUX
3JCKTPONPHUEMHUKOB, HE CBA3AaHHBIX € TMHBIM
TEXHOJIOTHYECKHUM IIPOLIECCOM, PABHOMEPHO

pacIpeae/ICHHBIX I10 IIOIIAAY 1eXa.



[Ipy  BJAEKTpPOCHAOKEHUMH  OAUHOYHBIX  DJIEKTPOIPHUEMHHUKOB
OpUMEHSIOTCS JBa BHJA MaruCTpalbHBIX JIMHUW: IMTaroIas
(MarucTpaabHbII IAHOIIPOBOJ) 7| pacrpeaenuTe/IbHas
(pactpeaeauTebHbId ITMHOIPOBOA). MarucTpaabHble CXEMbl HaXOIAT
IAPOKOE IPUMEHEHHUE MIPU PABHOMEPHOM PACIIPECIIEHUN HATPY3KHU 110
mIomaau muexa (puc.3).
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Puc. 3. MaructpajibHasi cxema 3JIeKTPOCHA0KEHHUSI C UCTIOIB30BaHUEM PA3IMYHBIX IUHOMPOBO/IOB:

1 — MarucTpaibHbIN MIMHOMPOBO/T; 2 — paCTIPEICIUTENbHBIN UHOMPOBOT; 3 — TPOJUICHHBIN
HIMHOMPOBO/T; 4 — AJEKTPONPUEMHHUKH.



Mazucmpaﬂbuble CXEMbl 1103BOJAKOT OTKA3aTbCda OT IPUMCHCHUA
rpoMo3akoro u goporocrosiero PY 0,4 kB TII u geniesiie BHIITOJIHUTH
CIIC. CymecTByeT TpU XapaKTEPHBIX BUAA MATUCTPAJICH:

e Maructpaisb, BBIIOJIHEHHAS KaOEIIMU WU IIPOBOJAMU;

e Maructpaiib, BBIIOJHEHHAS MaruCTPAILHBIM IIIMHOITPOBOIOM;
eMarucTpaiib, BBIIOJHECHHAS] MAaruCTPajJbHBIM M PacCIpeAcIUTEIbHBIMA
IAHOIIPOBOIAMH.

* B [IEPBOM ciiyyae, MarucTpaib [IUTAET HECKOJIBKO
pacnpeaeIUTeNIbHbIX MYHKTOB, PAacHOJ0KEHHBIX B KAaKOM-JIMOO OJHOM
HanpaBieHnun oT TII, mo mnemouke: puc.4. 3aeCh CYIMIECTBEHHO
YMEHBIIAIOTCSA YHUCIO0 M CyMMapHas MpOTsSxKEHHOCTh JmHuKU CIIC,
orxomadmmx or TII w mpoxkiagpiBaeMbIX 10 1EXY, MO CPABHEHUIO C
paauaIbHOM CXEMOM. PY 0.4kB
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D——T——r————t-—-'ﬂﬁﬁ-r—n Puc.5. MaructpanbHas JTUHUASA
SF BBITTOJIHEHHAS] MaruCTPaJIbHBIM
%ﬂ muHonpoogoM [IIMA  a) PY-IIIMA;
WPA 0) PY-IIIMA-IIIPA;
B) B) OJIOK «TpaHC(OPMATOP-MarucTpaiby.



C nenpro NOBRIITIEHUS
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Pe3epBrupoBaHuEe NUTAHUS OPUMEHSIETCS U IPU
3JEKTPOCHAOKEHUH OT OJJTHOTPAHC(HOPMATOPHBIX
noJcTaHIui (puc. 6).
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Pesepsupyronian
NepenEItra

Puc. 6. Pe3epBupoBanue mpu 3JIEKTPOCHAOKEHUHU OT
ogHOTpaHchopMaTopHbIX TII



JIils  MarucTpanbHbIX  CETEW  XApPaKTEPHbI  CIEAYIOIIUE
OCOOEHHOCTH:

. CxeMpl MaruCTpajbHOI'O IIMTAHUA HNMCIOT HCCKOJIBKO
ITIOHN>KCHHY0 HAACKHOCTD.

. CTOMMOCTDH BBIIIOJTHEHUSI OOBIYHO HIKE YEM Yy padHuadJIbHBIX 34
CHCT UCIIOJBb30BAHMA MCHBIICI'O KOJIMYCCTBA AlllIapaTyPhbI.

. 11o3BomstroT IIPUMCHATD HOBCHIIINC CHUCTCMBI HNINHOIIPOBO OB,
KOTOPBIC UMCIOT BBICOKYIO MOHTA>KHYIO 'OTOBHOCTbD.

. ITo cpaBHEHHIO ¢ paauaJbHBIMU OOJBIIE TOKH KOPOTKOIO
3aMBIKaHHs, HO MEHbIIIE OTEPU HAMPSIKEHUS U MOIITHOCTH.



[IpakTdyecku B I€XaXx HE BCTPEUYAIOTCA  TOJBKO
pagdanbHBle HWIW TOJBKO MAarMCTpajbHBIE CXEMBEL.
Hanbonee dacTo BCTpEYarOTCS CMEIIaHHBIE CXEMBbl,
BKJTIOYAIOIIIHE COYCTaHHUE pagranbHBIX 7
MarucTpajJbHBIX cXeM (puc. 7).

[TP-1

HIF

Puc. /. CMenranHas cxema dJIEKTPOCHAOKCHUS



B mociennee Bpems MpU pacHOI0KEHHHU II/CT Mayoi
MOIIHOCTH B  IIEHTPE  HArpy3kKd  IOJy4HIIa
pacIpOCTPAHECHHUE cxema CO BTOPUYHBIMU
MarucTpaisaiMu (puc.8).

rnaBHaa mMmarucrtpalb

BTOPUN4YHaA Marncrtpasb

w e

Puc.8 CxeMa co BTOpUYHBIMU MArUCTPATISIMHU



CxeMa IMTaHUS OJHOM JIMHHEH psga NPUEMHHUKOB HIIM
CHUJIOBBIX IIKA(OB Ha3bIBACTCS “IeNOYKOM” (puc.9)

acnpeaenuTeHbin WuT

MarucTpanb

Puc.9 Cxema nutangudg PII nemoukoi



* B xumudeckou u HedTenepepadaThiBAIOIICH MPOMBIIIICHHOCTH
HEOOXOIMMO YYUTHIBATh, YTO OOJIBIIUHCTBO MOTpeOuTeei 1-i
kaTteropuu. [loaToMy 3/1€Ch TPUMEHSIOT IPOKIAJKY KaOeIsIMHU WU
IIPOBOJIAMY C MEXaHUYECKOM 3AIUTOU Y C MOIKIFOUECHUE
OTpeOuTENEH O paaraIbHON CXEME K pacIpeACIUTEIbHBIM IIIATaM,
MMEIOIIMM aBTOMAaTUYE€CKOE WJIM PYYHOE BKIFOUECHHUE PE3EPBHOIO
nutanus (puc.11).

Puc.11 Cxemsl pe3epBUPOBaHUS MUTAHUS IS DJIEKTPOIPUEMHUKOB 1 1 2 KaTeropuii
a) pe3epBUpOBaHKe OT oJHOM AByxTpaHchopmartopHoit KTII niexa;
0) pe3epBupoBaHue ot JAByX pa3Hbix KTII.



DJIEKTPUYECKUE CE€TH IPOMBINUICHHBIX MPEANPUITUA
BBITIOJIHSIOT 6HympeHHumu (ICXOBBIMM ) I HAPYHCHBIMU.

IIpokiazka  3JIEKTPUYECKUX  LIENEW  IPOM3BOJUTCS

U30]ITUPOBAHHBIMU 51 Heu30,1upoBaAHHbIMU
IIPOBOTHUKAMU.
H3omupoBaHHEBIE IIPOBOTHUKH BBITIOJIHAKOTCS

3AUUIEHHbIMU U He3aWUUeHHbIMU. B 3alIUIIICHHBIX
MPOBOJHUKAX  MOBEPX  JJIECKTPHUUECKOM M30JISIUH
HAJIO)KEHA METAUIMYECKass WId JApyrag 000J04YKa,
OpEAOXPAHAIOMAsl  HM3OJSIIUID  OT  MEXAHHYCCKMX
MOBPEXKIACHUNU. 301MpOBaHHbBIE NPOBOJHUKH PA3ACIIAIOT
HA npoeoda W Kabeau. K  HEHU30JIMPOBAHHBIM
IIPOBOJAHUKAM  OTHOCATCS  AJIOMUHMEBBIC, MEIHBIE,
CTAJIbHBIEC IIIMHBI M T'OJIBIE TPOBO/IA.



B 2JIEKTPUYECKUX CETIX MUPOKO IMIPUMEHSAIOTCSA

M IAHONPOBOALI. [IIMHOIIPOBOIBI MOT'YT OBITH
OTKPBITBIMH, 3AIUIIECHHBIMU U 3aKpbITbIMU. 110
HA3HAUYCHUIO I[IIMHOOPOBOABI pPa3ACiIAOT Ha
MarucCTpajbHbIC 5| pacupeneauTelIbHbIE.
MarucrpajibHbl€ IIIMHONPOBOABI BbIIIOJIHIKOTCS
M3 AJIOMUHUEBBIX IIIMH, PACOPEACIUTEIbHbBIC —
M3 AJTFOMUHUEBBIX U MEIHBIX IIHH.



Jlekuma Nol2
KOHCTPYKTHBHOE BBINIOJTHCHHUE BHYTPUIIEXOBBIX
IEKTPUUYECKHUX CeTeH

I1o KOHCTPYKTHBHOMY BBIITOJIHCHH IO BHYTPHLCXOBbIC
QJICKTPHUYCCKHUC CCTHU ITOAPA3ACILAIOTCA HA CCTH, BBIIIOJIHACMBIC

(puc.11):

7
2 .7 - .
4 NN 3 1 -OTKpbITbIE LUMHHbIE MarncTpany;
2 '5, ‘ Y 2 - OCBETUTENbHbIW LUMHONPOBOL;
| eS| >+ 3 - TPONNENHbIN LUINHOMPOBOL,;
i ™ A '%_@ 4 - pacnpenenuTenbHbIN niu
> @ MarucTparsnbHbIN LUIMHOMPOBOL,;
4 -
1 N, S - pacnpefennTenbHbIN LWMT;
s| fIE2>e . v 6 - kKabenbHbIN KaHar;
S =
Z
/I

7 - oCBEeTUTENbHbIN LMNTOK;
—— 8 - kKabenbHble NUHUK Ha
KPOHLUTENHAX, ornopax u T.4.
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CHopra KOMHCTRYKLWH
NPOMIBOEMTCA MYy TEM
BEOOA YAECTH MNONKW B
OTEERCTAR  CTONKM,
PACNONOMEHHEBIE C
wiarces Slwem

Kmwoss K 1156

HCNONBL3YeTCA  AnA
hMKCALMA MONKM Ha
KabentHol CcTorKke

CxobGa K 1157

MCMONL3YETCR  AMA
MOHTawa Eabenk-
HBIX CTOSEK K CTEHaM
MM HECYLMM KO-
CTEYHLMAM

(1} cTodika kabenoHan

2} nonxa kabensHas

(3) ckoba K 1157

(4) noTok NephopUpoBaHHEIR
(5} kopob kabenbHbIA

(B} NOTOK NECTHUYHOM TUNa

Mpevsiara HMN-MNP

MCNONBEAYETCA ANA
UKCaUKWH NOTECR
MECTHANHOMS TuNa
¥ HAGEMbHEM MOM-
Ham



JIEKTPO00OPYA0BAHUE BHYTPUIIEXOBBIX
ceTeu

LJuHONpPoB00O - KOMNNEKTHOE 3/IEKTPOTEXHUYECKOE YCTPOMCTBO ANA
BHYTPULEXOBOWU 3/IEKTPUYECKOMN CETMW.

OTKpPbITbIE  WIMHHbIE _MArucTpaanm W3 HEU30/IMPOBAHHbLIX LWKWH,
KOTOpble NpPoKNaabiBatoTca Ha BbicoTe 10-12 m no HUXHemy
nosicy pepm Ha N301aTopPax B LUexax HeOO/IbLLOW NPOTAKEHHOCTMW.

[MpumeHAlTCA B Uexax, rae no ycnoBmMAM BAAXKHOCTM M MblJIbHOCTH
cpeAapbl HEBO3MOKHO NPUMEHEeHUe KOMMNJIEKTHbIX
LUINHONPOBOAO0B, NPeAHa3HaYeHHbIX TONbKO A1 NOMELLEHUN C
HOpManbHOMU cpeaon. JlOCTOMHCTBA: HAAEXHOCTb, HWU3KaA
CTOMMOCTb. HepaocTaTKu: yBe/NNMYEeHMEe CTOMMOCTU 3@ CYeT

noAbEMOB M CnyckoB, 6onbllas WHAYKTUBHOCTb (noTepwu
HanpAXKeHus).




KoMNaeKTHble LWWHOMPOBOAbLI COCTOAT U3 OTAENbHbIX
cekumm (puc.13), coeauHsemblx mexay cobon
CBApPKOMN, 6onToBbIMMU coeAMHEHUAMU ol
LITENCEeNbHbIMMU pa3bemamum.

Puc.12 Ceknys MarucTpajgbHOTO IIMHOTIPOBO1A



KoMmmniekTHble IIAHOIIPOBOAbI HMCIKOT BBbICOKYIO MOHTAXHYIO
I'OTOBHOCTB, BBIIIYCKAIOTCA Ha 3aBOJaX BHGKTpOTeXHquCKOﬁ

IPOMBIIIJICHHOCTH CICAYIOIMUX TUIIOB (pHuc.14):

. [IIMA - 1j1s1 MaruCTpajabHbIX CETEM;
. IHIPA - m1s pacupeaeIuTeabHbIX CeTEH;
. [IOC - g1 0OCBETUTEIBbHBIX CETEH.
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Puc.13 KOHCTpYKTHBHOE Bbl110JHEHUE (LAHOTTPOBOJAOB

a) MarucTpanbHbli muHonpoBo [IIIMA;
0) paauanbHbli muHOIIPOBOI IIIPA;

B) OCBETUTENbHBIN MMHONPOBOa [TTIOC
1 —3amuUTHBIN KOXKYX; 2,3 — KpeNexKHbIe JeTalu; 4 - TUINCKTPHUK; O —
TOKOIIPOBOASAIIAS sKWJIa; O - YITIOTHUTEIb



Homunansusie Toxku HIMA - 630,1000,1600,2500,4000,6300 A;
[ITPA -100,160,250,400,630 A

brictpoe noakmroueHrue DIl 0€3 CHATHA HaANPSKCHUS C
IIUHOIIPOBOJIA  BBIMIOJIHAECTCA  4Y€pe3  OTBETBUTEIIbLHBIC
KOPOOKH IITENCEIbHOr0 BBINOJIHEHMSA. (OTBETBUTEIIBHBIC
KOPOOKHM  BBIIYCKAIOTCA C  OPEAOXPAHUTEIIMH U
yCTaHOBJICHHBIMH aBTOMATaMHU.

KoMIIeKTHBIE IIMHONPOBOABI BBIITYCKAKOTCS TOJIBKO IS
BHYTPEHHEH dJICKTponpoBOAKU. Ilpum HeEoOXoauMoCTH
BbIXOJIa 3a MpeAciibl MOMEIICHUS, a TAKXE B YCIOBUIX
CTECHCHHOCTH, CIOKHBIX M3rMOOB, B CIy4asX INEepeCceUCHUs
TpyOOIIPOBOJIOB, CTPOUTEIBHBIX KOHCTPYKIMHA MW  T.JI.
ya00HEe 3aMEHSTh CEKIIMM MarucTpajbHOrO IIHMHOMPOBOAA
KaOeJIbHBIMM BCTaBKaMu Mapku ABB Ha 0osbiine TOKH.



KabenbHble nUHUU 8 cemsax
HanpsaxceHuem 00 1 KB

e Kabenb cocTOUT U3 TOKOBEAYLLUMX MedHbix nan Al
XU, UMEIOLLLUX M30NALMIO KU1 U MOACHYIO
nsonauuto. NMoacHasa U3onAUMA CAYKUT ONA
YCUNEHUA N30NALUUK XK. [1na 3awmTbl OT
MEXaHUYEeCKNX NoBpeXKAEeHUN B KOHCTPYKLUMUIO
Kabena Bxogut bpoHsA, 3aLmTHaA 060104Ka U T. A4




)






https://www.youtube.com/watch?v=bQUcapzoSi8










JloTok KabenbHbIN nepdoprupoBaHHBII

! npsmoint JIKII

2 Cekuus yrioast

3 Cekuust T-o0pazHast

4 Cekmust X-o0pa3Hast

5 VYroJs BepTUKaJIbHBIM BHYTPEHHUI

6 YToa BepTUKAILHBINA BHEIITHAN

7 Kpsimka norka KJIK

8 Kppimika cexiiuum yriaoBast

9 Coenunnrens 10TKa kadensaoro CJIK

10 | Paspenureis norka kadeasHoro PJIK

11 | IIpoduib MOHTaXHBIN

12 | OnHoKaHaANTBHAS ACETOOOpA3HAS ITUTA

13 KpoHmTeitH KOHCOIBHBIN JUIs1 BBICOKHX
Harpy3ok MSA

14 KpoHIITENH KOHCOJIBHBIN AJIs CBEPX
BBICOKHX Harpy3ok MSE

15 | Kponmreiin moronounsiii MSP

16 | Kponmureitn Hactennsiii MSN

17 | IMoromounas ckoba PS

18 | Croiika moTono4uHast

19 | Croiika HamoJIbHAsS

20 | [Imwmibka pe3ndoBast

21 | Tpasepca

22 | bamo4HbIi 3a)KUM

23

JIOTOK JIECTHUYHOT'O THIIA







1 — MarucTpagbHbIA IHUOMPOBOJ, 2 — PaCHPEACTUTEIbHBIN
IMHHONPOBOJI, 3 — OTBETBUTEJIbHAS CEKIMSI MAarUCTPAJIBHOTO
IIHHOIIPOBO1a, 4 — BBOJHAs KOpOOKa, 5 OTBETBHTEIbHAS
KOpOoOKa






[TPUHIIUIIBI ITOCTPOEHUA BAH_[I/ITBI
SJIEKTPUYECKUX CETEU

K aHOpManbHBIM  pEXHUMaM  OTHOCATCA  KOPOMKUE
3aMblKaHUs, A TAKXKE JJIMTEIIbHBIE [0 BPEMEHU MOKU
nepecpysku, TEPUOJUYECKH BO3HHUKAIOIMIAE B IPOLIECCE
AKCIUTyaTally 3JIEKTPOYCTAHOBOK.

KopoTkue 3aMbIKaHUsT MOTYT NPUBECTU K MOXKAPY WU JAKE
B3pbIBY.

JIIUTENIbHBIE TIEPETPY3KU BEAYT K CTAPCHUIO U3OJSAIUU U
CHUKEHUIO €€ U30JIAIIMOHHBIX CBOMCTB.

OT TOKOB KOPOTKHX 3aMbIKAHMHM HCOOXOAUMO 3allHUIIATh
CETH BCeX HA3HAYECHHUH U BUJIOB IPOKJIIAIOK.



CornachHo I1YO 3amuTa oT nmeperpysku oosizatrejibHa s
CIICAYIOIIUX CETEU:

1) BEITIOJHEHHBIC OTKPHITO MPOJIOKCHHBIMHU IIPOBOJHUKAMHU
C TOPIOYEH 000JT0YKON HIIHA U3O0JISILIUCH;

2)  OCBETHUTENBHBIE CETH B  CIOYKEOHO-OBITOBBIX
MOMEIICHUAX, BKIIOYas CETHU A OBbITOBBIX M MEPEHOCHBIX
AIEKTPONPHUEMHHUKOB, a TAK)KE B ITOKAPOOIIACHBIX 30HAX;

3) CHIOBBIE CETH B TEX CIIydasxX, KOrJa II0 YCJIOBHSIM
TEXHOJOTMYECKOr0 Mpollecca WM MO PEXKUMY padOThl CETH
MOKET BOBHMKHYTb JJINTEIIbHAS IIePErpy3Ka IIPOBOTHUKOB;

4) ceTn BceX BHIOB BO B3PHIBOOMNACHBIX 30HAX KjaccoB B-I,
B-la, B-II u B-1 I a.



ABTOMATHYECKHUE BBIKIIOYATEIN JIOJKHBI YCTaHABIMBATHCS B
caydJasx:

1) He0OXOTUMOCTH aBTOMATH3AIMH YIIPABIICHUS;

2) HEoOXOAMMOCTH oOOecrIeueHus 00jee CKOpOro IIo
CPaBHECHMIO C IPEIOXPAHUTEISIMHU BOCCTAHOBIICHUS ITUTAHUS;
3) dYacTBIX aBapHHHBIX OTKIIOYEHHWH (WCHBITATEIIbHEIC,
1a00paTOPHBIC U T.II. YCTAHOBKH).

B ocTampHBIX  Cay4asx  PEKOMEHAYETCS  NPUMCHSITH
IpeaOXPaHUTEHU.



Ilpeooxpanumenu

IIpenoxpaHurenb COCTOUT W3
Kopnyca, B KOTOPOM  HaXOJIUTCA
METaJUIMYECKasd IUIACTUHKA WJIMA HUTb,
ABJIAIOIIASACS MCKYCCTBECHHBIM
OCJIAOJIEHHBIM 3BEHOM B IIEMM TOKA.
Onu ABJISTFOTCS IPOCTCUIITUMU
arraparaMu TOKOBOM 3aIUTHI,
NEUCTBUE KOTOPBIX OCHOBAHO Ha
[IEPErOPAHUU TIJIABKOU BCTABKHU.




[IpegoxpaHuTellb BKIKOYAIOT MOCIEAOBATEIbHO B a3y
3aIUIIAEMOU 1IEIH.

HaumeHpllinii TOK, TI@IpA KOTOPOM IUJIaBKasg BCTaBKa
[IPEAOXPAHUTENA €IIE HE IMeperopaer Ipyd IJIATEIbHOU
paboTe, Ha3bIBA€TCS TOKOM HermnaBiaeHud |, . OTOT TOK 1o
3HAYCHHUIO JOJDKCH OBITh BO3MOXKHO OJIMKE€ K HOMHUHAJIBHOMY
TOKY | . ..., HA KOTOPbIH MAPKHPYETCS TJIaBKas BCTABKa.
Otnomenue |/l . .. "JOWKHO OBITh HECKOJBKO OOJbIIe
CIMHUIIBI.




3aBUCUMOCTb BPEMEHHU IEPETOPAHUSA IUJIABKOW BCTABKHU
(BpeMEHM cpadaThIBaHU MPEIOXPAHUTENA) OT TOKA IIEMH
HA3bIBACTCId  3QWUMHOU  WIA  WIA  8PEeMA-MOKOBOU

XapaxmepucmuKkou IPETOXPAHUTEIIA. Ona UMEET
KPYTONAJArOIIHUU XapaKTep. Tok, MPEBBIIAROIIHIL
HOPMAJIbHBIN, HarpeBacT

o IUIABKYKO BCTAaBKY, BBI3bIBASA
ié ee pacIlIaBJICHUE. Yewm

OoJbIlIE TOK, TeM OBICTpee
MOBBIIIACTCA  TeMIeparypa
BCTaBKK M TEM  MCHBIIE
TpeOyeTcsl BPEMEHH, YTOOBI
.‘“# | BCTaBKa PaCIUIaBUJIACh.
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Homunanbnuvim _mokom niagkou 6cmasku Ha3bIBAIOT TOK,
KOTOPBIM MOXET JIUTEIBHO IPOXOAUThL YEpPE3 Hee, He
BbI3bIBAsA pACIUIABJICHUS METaJIa IJIABKOM BCTABKU WU
CUJIbHOTO Harpea. Bpems nieperopanus miaBKoW BCTABKU IMPHU
3aJIAHHBIX 3HAYECHUAX TOKA OIPEACISICTCA 10 3allUTHBIM
XapaKTEPUCTUKAM.

[Ipegoxpanurenu o00daJar0OT 1O CPAaBHECHUIO C JIPYTUMU
amnirmapaTaMy  3aliydThl (aBTOMATHUYECKHUMH BBIKIIOYATEIISIMM )
PAIOM NPEUMYIEeCTB, 3 UMEHHO:

-IIPOCTOTA U HAJICKHOCTh B AKCILTyaTaIl1H,

- OoJIbIIIasT OTKJIFOYAIONIAas CIIOCOOHOCTD,

-OBICTPOJICUICTBHE,

-TOKOOTPaHMYHBAIOIIAs CIIOCOOHOCTB,

-MEHbIIIasi CTOUMOCT.



[InaBkue MOpEeaOXpaHUTENIM HaApsIaAy C MOPOCTOTOM UX
YCTPOUCTBA M MaJIOU  CTOMMOCTBIO  HUMEKOT Pl
CYIIECTBEHHBIX HEIOCTATKOB:

-HEBO3MOKHOCTb 3AIIUTHI LIETIU OT EPETPY3KHU;

-pa30pOC  BAIIMTHBIX  XapaKTEPUCTHUK,  BbI3bIBAEMbIl
YBEIIMYECHUEM KOHTAKTHBIX COMNPOTUBIICHUN B PE3YJILTATE
OCJa0JeHNUsl Ha)XaTHs KOHTAaKTOB M CTapeHbs MaTepuaja
BCTABKHU B YCJIOBUAX DKCILTyaTallvH;

-HETOYHOCTh KaJIMOPOBKM HOMMHAJIBbHBIX TOKOB BCTaBKH
IIPU U3TOTOBJICHUU;

-ipu K3 B Tpexda3HOil JIMHMH BO3MOXKHO IEpEeropaHue
TOJIBKO OJIHOT'O MPEAOXPAHUTENSL, YTO OCOOCHHO OMACHO JIJIs
AJl ¢ K3 poropom;

-110CJIE CpadaThIBAHUS TPEOYETCS 3aMEHA TNIABKOW BCTABKH.



[I0 KOHCTPYKTHMBHBIM IIpM3HAaKaM IPEAOXPAHUTEIN Ha
HanpspkeHue 10 1 kB paszaernsrorcs Ha ABe IPYIIIbI:
- 0e3 HanmoJHuTeas pa3oopusie (I1P-1, ITP-2):

- ¢ HAaNnoJIHUTeJeM (HachllIHbIE) HE pa30opHbIE U
pazoopusie (HITH-2, ITH-2).

Ilnaexkue npeooxpanumenu c zauieHuem oy2u 6 3akpvimom ooveme I1P-2




YcrpoiicTBo npexoxpanuresien ITP-2
IIpegoxpanutenu IIP-2 Ha Tokm oT 15 nmo 60 A wumeror
VIPOIICHHYKD  KOHCTpykmuro.  IlmaBkas ~ BcTtaBka 1
NPHKAMAECTCS K JaTyYHHOHM 000KMMeE 4 KOJITAYKOM S, KOTOPBIM
SABJISICTCS.  BBIXOJAHBIM KOHTakToM. IlmaBkas BcTaBka 1
IITAMIIYETCA W3 IMHKA, SBJSIOIIETOCSA JIETKOIUIABKUM U
CTOMKHUM K KOPPO3UU MATEPUATIOM.

YCTpoWcTBO t=————"
npeanoxpaHuTenewu
MNnP-2

N SN

h
4
E?
(
(

5)



boJsibllIOE  KOJMYECTBO Tra3a MpH BBICOKOM  JABJICHUHU
CIIOCOOCTBYET  ACHMOHM3AllMK  JYTOBBIX  IIPOMEKYTKOB,
BCJICICTBHE YET0 Jyra ObICTPO racHeET.

[lmaBkass BctaBka mnpepoxpanutens [1P-2 moxker mmers OT
OJHOTO JI0O YEThIpEX CYXKEHHMHM B  3aBUCUMOCTH  OT
HOMMWHAJIBHOTO HanpsokeHUs. CyXEHHbIE YYaCTKUM BCTABKHU
CITIOCOOCTBYIOT OBICTPOMY €€ IUIABJIICHUIO TPHA KOPOTKOM
3aMBIKAaHUM U CO3AAF0T 3P PEKT TOKOOTPAHUYCHUSI.

@OuoOpoBLIE  UWIUHAP  JOJDKCH o0J1a1aTh BBICOKOH
MEXaHUYECKON IIPOYHOCTBIO, I 4YEro Ha €ro KOHIAaxX
YCTAaHOBJICHBI JaTyHHbIe 00oMMBI 4. Jlucku 6, 3KECTKO
CBSI3aHHBIC C KOHTAKTHBIMH HOXXaMHU 2, KpemsaTcs K 00oiime
naTpoHa 4 ¢ MOMOIIBIO KOJITTAYKOB .



Yka3zanHasg (¢opMa  BCTaBKH  IIO3BOJISIET  IMOJYYHTH
0JIarONPHUSITHYIO BPEMSATOKOBYIO (3aIUTHYIO)
XapakTepUCTUKYy. B nipegoxpanurenssx Ha Toku Oonee 60 A
JaBKas BCTaBKa 1 IMpUCOEAUHACTCS K KOHTAKTHBIM HOXKaMm
2 C TIOMOIIIBIO OOJITOB.

BcraBka  npemoxpanutens IIP-2  pacnonaraercs B
FepMETUYHOM TpyO4YaTOM IIaTPOHE, KOTOPBIM COCTOUT W3
(puOpoBOro MUWIMHApPA 3, JATYHHOM O00OKWMBI 4 M JTaTYHHOTO
KOJIITA4YKa .

IIpunoun gericrBusa npegoxpanuresen I1P-2

IIpn pacnaBiI€eHHMH BCTaBKM B MECTaX MEHBIIETO CEUYCHUS
BO3HHUKAET HECKOJIBKO 3JIEKTpUUECKuX ayr. Iloa nencreuem
BBICOKOHM TEMIIEpATypbl AYyTH (PUOPOBBIC CTCHKH ITaTPOHA
BBIJICIIAIOT Ta3, B PE3yJbTAaTe YEro JABJICHHWE B IATPOHE 3a

OOJIM TIoJIyniepruoAa nogaumaetrcs o 4—8 Mlla.



Texnnyeckue xapakTepucTuKy npeaoxpanurtenaei IP-2
B 3aBUCUMOCTM OT HOMMHAIILHOIO TOKAa BBIIYCKACTCS
IeCTh TadapUTOB IIATPOHOB PAa3JIMYHBIX JHaMeTpoB. B

[IaTpOHE KaXXJI0ro

radbapuTa MOIYT YCTaHABJIHUBATHCS

BCTABKH Ha pa3jJInu4YHbICc HOMMHAIbHBEIE TOKH. Tak, B TaTPOHE
Ha HOMHHAIBHBIM TOK 15 A MOryT OBITH YCTaHOBJICHBI

BCTaBKM HA TOK 6, 10 1 15 A.

Tun HomMmuHanbHBIN HoMmuHanbHBIN TOK IIITABKOM
[PeToXPAHUTEN TOK BCTaBkH |, ..., A
S .o A

15 6,10,15
60 15,20,25,35,45,60

[1P-2 100 60,80,100
200 100,125,160,200
350 200,225,260,300,350
600 350,450,500,600




[iTaBKkuME IPETOXPAHUTENIN C MEJIKO3EPHUCTHIM HAITOJTHUTEIIEM
I1H-2
YcrpoucrBo npexoxpanureen ITH-2

OTH  NPEIOXPaHUTEIN Oouee COBEPIIICHHEI, 4eMm
npenoxpanurenu IIP-2. Kopnyc kBaagpatHoro cedenus 1
npenoxpanuteis tumna [IH-2 wu3roraBauBaeTrcsa U3 IMPOYHOIO
¢dapdopa nnu creaTura.



BHyTpH KOopnyca pacrojiOKEHbI JIEHTOUHBIE
[UIJaBKUE BCTaBKU 2 W HAIOJIHUTEIL —
KBapuUeBbld 1niecok 3. IInaBkue BCTaBKU =m
NpUBAPUBAIOTCS K  JUCKY 4, KOTOpBLIA
KpPEeOUTCS K IUIaCTMHAM O, CBS3aHHBIM C
HOKEBBLIMH KoHTakTamMu 9. Ilmactuner 5
KPEIATCS K KOPITYCY BUHTAMMU.

564 2 3 f




B kadectBe HamojHuTenss B npegoxpanurenasx I[IH-2
MCITIOJIb3YETCS MEJIKOJUCIIEPCHBIM KBAPLIEBBIM MECOK. 3€pHA
KBapIEBOTO MECKA UMEIOT BBICOKYIO TEILIONPOBOIHOCTh U
XOPOIIO PA3BUTYIO OXJIAXKJAIOIIYIO IIOBEPXHOCTh.

Ilocne cpab®aTpiBaHUs TpEaOXpaHUTEINs IJIABKUE BCTAaBKHU
BMECTE€ C JHUCKOM 4 3aMeHSIOTCS, IIOCJIE 4Yero IaTpOH
3achIllaeTcsl IMeckoM. JIisi repMmeTu3allii MaTpoHa IO/
MJIACTUHBI O KJIAJEeTCsd acOecToBasg MPOKIaJKa 0 dTo
peaoXpaHsIeT NeCOK OT yBiakHEeHUs. IIpn HOMHMHaJIBHOM
Toke 40 A M HWXKE NPEeAOXPAHUTEIh UMEET 00JIe€ MPOCTYIO
KOHCTPYKIIHUIO.



TexHu4yecKue 0aHHble npedoxpaHumeneli

Mansle  rabapuTbl,  HE3HAYUTEJIbHAS
3aTpaTa  JAC€(PUIUTHBIX MaTepHUAaIOB,
BBICOKAs TOKOOTPaHUYHBAIOIIA
CIIOCOOHOCTH SIBJISIFOTCSL  IOCTOMHCTBaMM
njaaBkoro npegoxpanurens [TH-2.

Tumn HomunanbHoe HomunanbpHBIN TOK, A
HanpspKeHue, B | [Tpenoxpanurens IJIABKOW BCTAaBKU
HITH?2-60 500 50 6,10,15,20,205,30,40,50,6
[TH2-100 380 100 30,40,50,60,80,100
[TH2-250 380 250 80,100,120,150,200,250
[TH2-400 380 400 200,250,300,400
[TH2-600 380 600 300,400,500,600
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3aBHCUMOCTH BPEMEHH IUIABJICHUS OT TOKa il npenoxpanurens [TH-2

(kpuBas 1-myckoBasi XapaKTEpUCTUKA ACUHXPOHHOI'O IBUTATEIIS)



IIpr pasmemeHnu npeaoXpaHUTEIEd B BJIEKTPUUYECKOU CETH
00s13aTEIIbHBIM yCIIOBUEM SBJISICTCS obecrneyeHue
CeJIEKTUBHOCTH  (M30MpPaATeJbHOCTH)  MX  JICHCTBHA.
N30uparenbHOCTh  (CENEKTUBHOCTh)  3alllUTHl  IJIABKMMH
NPEOOXPAHUTEISIMH  OOECIICUMBACTCS IMOA0OPOM  ILJIABKHX
BCTaBOK TakKUM o00pa3oM, 4YTOObl MNOpU BO3HUKHOBEHHUU
KOPOTKOIO 3aMBIKAHWS, HAIIPpUMEP, HA OTBETBICHHUHM K
JICKTPONPUEMHUKY, cpaldaThiBal  OJMKAMIIMKW  IJIaBKHUH
MPEIOXPAHUTENb, 3AMUAIIAIOIIAN ATOT 3JIEKTPOIPUEMHUK, HO
HE cpalOaThiBal MNPEAOXPAHUTENb, 3AIIUIIAIONAN TOJOBHOH
y4aCTOK CETH. IJTO 3HA4YuT, 4To npu K3 Ha KaKoM-JIHOO
YUYaCTKE CETHU MOJDKHA MEPEropeTh MJIaBKas BCTaBKa TOJIBKO
3TOro y4yactka. 1103ToMy KaXIbld NMPEOOXPAHUTEIL HA CXEME
cetu no Mepe npuoamxkeHus Kk MII gomkeH MMeTh IJIaBKYIO
BCTAaBKY HA OJHY-/IBE CTYIICHU BBIIIEC, YEM ITPEIBITY M.



F1

F3

—0

Ha punc. wu3o0paxeHa cxema
3aIUTHI 3JICKTPUIECKOH CETH
IPEIOXPAHATECIISIMH.

IIpu K3 B Touke K panbiie gpyrux
NO/DKHA ~ pacIUIaBUTBCS — ILJIaBKas
BCTaBKa IPEIOXPAHUTES F3,
UMEIoIasd MEHBIIMM HOMUHAJILHBIN
TOK. Ilo ycCloBUIO CEIEeKTUBHOCTH
3allUTHAs XapaKTEePUCTHUKA
ommxkaiiero k WUII npegoxpanurens
(F1) nmomkHa pacmoiiaraTbCsl Haj
XapAaKTEPUCTUKON 00JIe€ yIAJICHHOTO
10 CXEME IIPETOXPAHUTETS.



3awguma nexkmpooeuzameneu (I3/]) nnaskumu
npeooXpanumenimu
Onu pgoJokHbl 3amumiarth /1 or TokoB K3, HO HE OJIKHBI
OTKJIIOYaTh ILienb nOpu nycke /. Otm  TpeboBaHuUs
BBIIIOJIHAIOTCS MPU COOJIOACHUU CJIACAYIOIIUX YCIOBUM (IS
IIJTABKMX BCTABOK C MaJIOM TEINIOBOM MHEPLIUEH):

] HGCIM = ]Hdaa

/ NycK 06
] Hecm — — ’

Kn
Jl1sa nerkoro nycka (Bpems pasrona He ooiee 10 ¢) Kn = 2,5,

011 msdiceno2o0 - 4YacTble U IJIUTEIbHBIE ITYCKU (BpeMs
pazrona Oonee 10 ¢) Kn = 1,6-2,0, miga cBapo4HBIX
armmapatoB Kn = 1,6; | » ecm ewibupaemcs no wxane
HaAuoOoOAbLWUM 3SHAUCHUEM



Ecim u3BecTHA IMyckoBas xapakrepuctuka /1 [ nyck 06 = f
( t ) mo, Hanecs ee Ha cemeucmeo Kpusvix I necm =f(t),
8blOUpPaAemCcs NIABKASL 6CMABKA C MAKOU XaAPAaAKmMepUucmuKol,
8ce mouKu KOTOPOH JIexKaT BhIIe KpuBoi | nyck 06 =1 (1).

JI1a 1mpoBOAOB M KaOeleH, mUTaromux rpymny /1 ot
MarucCTpajii WM CHJIOBOTO PacCHpeIeIMTEILHOIO IKada
BMECTO [nyck 06 MOACTABISIOT 3HAYCHHE MHUKOBOI'O TOKA
JTUHUU.

HoMmuHanbpHBIM TOK BCTAaBKU JJIA 3alllUThl OTBETBJICHUS,
UIYIIETO K CBAPOUHOMY annapamy, BbIOUpACTCSI W3
COOTHOILICHUS

1w eem 2 L,Z L yce N HB;



[IlmaBkue BCTaBKU st 3aIUTHI TpeX(a3HbIX
KOHOEHCAMOPHBIX YCMAHOB0K BLIOUPAIOTCS U3 COOTHOIICHUS

Ji n- Q QH&?-.:
HE’L"‘H} - \/; [ ] '\/E . [J.-TH .

]6 n- Q ]’6-'QH§H

/ = S
Hacm = \/; ed -\/E . ,

rae QK - HOMHMHAJIIbBHASI MOIIHOCTh OJHOTO KOHJEHCATOPA,
kBAp; UH - HOMHHaJILHOE HAIpsIKCHUE CETH; N - oO0Iiee
KOJIMYECTBO KOHJEHCATOPOB B Oarapee (BO Bcex (pazax),
INTYK.




3amuTa aBTOMAaTHYECKUMHU BBIKJIIOYATEIAMU
OHM 1npegHa3HA4arOTCA JJIs 3aMEHbl PYOWJIBHHUKOB H
NPEAOXPAHUTEIIEM M  SBJISAIOTCS 00Jie€  COBEPIICHHBIMHU
armapaTaMH 3alllMThl B CETAX HampsbkeHueM o 1 kB, Tax
KaK II0CJ€ OTKJIIOYEHHUS OHM TOTOBBI K OBICTPOMY
IIOBTOPHOMY BKJIFOUECHHUIO. OTO ammaparbl MHOTOKPATHOI'O
JIECUCTBUS, CHAOKCHHBIC YCTPOMCTBAMM BBIICPKKH BPEMEHH,
oOecIeyrBaroIne MU30MpaTelIbHOE ACUCTBUE 3allUThl. Bce
aBTOMAaThl UMEIOT B KaXXJ0M (ha3ze MaKCHMaJIbHOE TOKOBOE
pene MpsAMOTo ASHUCTBUA, Ha3bIBAEMOE PACIICITUTEIIEM.



B oranune or mpemoxpaHuteiacd B AB He mpumeHsiercs
KaKOM-JIMOO CIIEHAJIBHOW CpEAbl JUISL rameHus ayru. Jlyra
racuTCs B BO3yXe, M03TOMY AB Ha3bIBalOTCA BO3AYILIHBIMM.

[Io uywncany momocoB AB ObIBalOT OJHO-JIBYX U
TPEXIOJIOCHBIE, M3rOTOBIAOTCS Ha Toku g0 6000 A mpu

HAIIPsDKECHUH IIEPEMEHHOT0 ToKa J10 660 B 1 mocTOSHHOTO 110
1 kB.

ABTOMAaTHYECKUE BO3AYIIIHBIE BBIKIIOYATEIN a) OAHOMOIOCHBIE A63M u
AE2044; 6) npyxnontocHsii BA61; B) TpexmnontocHbiii BAS1-35



ITIo BpemeHu cpabaTbIBaHMs tCP Pa3INYAIOT:

*HopMalibHbie AB ¢ tcp=0,02-0,1c¢;

*CEJICKTUBHBIC C PETYIINPYEMON BBIACPKKOW BpEMEHHU J10 1 C;
*OpIcTpoaericTByrOmuE ¢ t cp<0,05 c.

HanMmeHbIINN TOK, BBI3BIBAIONINM OTKIIOUEeHUE AB, Ha3bIBalOT
TOKOM TPOTraHHUS WX TOKOM CpadaTrbIBaHHUs, a HACTPOHKY
pacuenutenas AB Ha 3a7aHHBINA TOK cpaOaThIBaHUS - YCHABKOIL
moKa cpabamovléanusl.

AB wumeeT cleayrolMe OCHOBHBIE DJIEMEHTBI: KOHTAKTBI C
AyroracuTeIbHOM KaMepoM, IPUBOJ, MEXaHU3M CBOOOIHOIO
pPACLEIUICHUA, PACUCIUTEINM, BCIOMOTAaTEIbHBIE KOHTAKTHI.
OCHOBHBIMH DdJIeMeHTamMH AB  SBISIIOTCS  pacuenumeiu,
KOTOPBIX MOKET OBITh OJJUH WUJIM HECKOJIBKO.



Pacuenmurenb COCTOUT U3 JIBYX AJIEMEHTOB: HAIPEBATEJIbHOI0
Ha OCHOBE oOuMeTaALJInNYeCKOu MJIACTUHDI,
OCYIIECTBIISIIOILECTO 3auumy om nepezpy3ku C BbIICPKKOU
BPEMEHHM, HA3BIBAEMOT'O MENI08bIM, U IJIEKIMPOMAZHUMHOZ0
3JIEMEHTA, OCYIICCTBIIAIOIIEIO0 MAaKCUMAJIBHYID TOKOBYIO
3alUTY C BBIACPKKON MM 0€3 BBIICPKKH BPEMEHHU - OTCEUYKY
npu moxax K3. HeKOTOpBIE TUIIBI aBTOMATOB, HAIIPUMED CEPUH
BA-50, AE-2000 u gp., kpoMe yKa3aHHBIX pacCLCIUTEICH,
MMEIOT ellle He3aBUCUMBIE 1 MUHNMaJILHBIE. He3aBucumeie -
JUISL JUCTAHIIMOHHOT'O OTKJIIOUEHUS aBToMara. Pacuenurenb
MHHMMAJIbHOTO HaNpsDKEHUS pa0O0TaeT aHAJOTHMYHO pelie
MMHHUMAJIbHOTO HANPSKECHUS W OTKJIKOYAET BBIKIIIOYATEIIb MPH
cakeHun HanpspkeHus B ceTd ( Ucetn < 0,7 - Un ).



ABTOMATHYECKHE BBIKIIOYATEIN 00ECIICUMBAIOT 3aIIUTY OT
EePErpy30K:

- C IOMOIIBIO TEIUIOBBIX PACUEHUTEIECH, ICUCTBYIOIIUX C
BBIJICPKKOM BpPEMEHH, OOpaTHO 3aBUCHMMOM OT TOKa
IIePErPy3KHU;
- pacLEIUTEIIMH C YacOBbIM MEXaHM3MOM (C OOpaTHO
3aBUCUMOM OT TOKA XapaKTEPUCTHUKOM);
- C TIOMOIIBIO IIOJYIPOBOJHHUKOBBIX paCHEIUTENEH (C
00paTHO 3aBUCHUMOM OT TOKA XapaKTEPUCTUKOM );
- KOMOWHHUPOBAHHBIMHU PACLECIMUTEISIMH, 00€CIICYNBAOIIMU
3alIUTy OT MEperpy3ok (C oOpaTHO 3aBHCHMOM OT TOKa
XapaKTEPUCTUKON) U TOKOB K3 MIHOBEHHOIrO JICMCTBHUS U C
BBIJICPKKOM BPEMEHH, 00ECIIEYMBAIOIICH CEJICKTUBHOCTD
JIEHCTBUHA.



KIITACCUDUKALINA AB

ABTOMAaTHYECKHE BBIKIIOYATEIN MOKHO KIaCCU(PUIUPOBATH
10 CICAYIOIIUM MPU3HAKAM:

°* IO BHJAY KOMMYTHPYIOIIETO TOKAa — MOCTOSHHBIA WJIM
[IEPEMEHHBIN;

* 110 KOJIUYECTBY NOJt0CcOB — 1,2,3 unu 4 nosroca;

* TOKOOTPAHWYHBAIOIINE U HETOKOOTPAHNUNBAIOIIINC;

* [0 BUJY pacleHUTEIs;

* HECCJICKTUBHBIC MJIHU CEJICKTUBHBIE — 0€3  BBIICPKKHU
BPEMEHHM WU C BBIJICPKKOM BPEMEHHU B 30HE TOKOB KOPOTKOI'O
3aMBIKAHUS.



KOHCTPYKIIMEN BBIKJIKOYATEIS MOXET MNPEAyCMATPUBATHCA
HaJIM4YMe WM TEmIoBOro (IOJyIpPOBOAHUKOBOIO), HWIIH
3JEKTPOMAarHUTHOTO PaCUEIUTENs, JIMOO HAIW4YME TEIIOBOIO
U BJIEKTPOMArHUTHOTO pPaCUEHUTENd OJHOBPEMEHHO — Tak
Ha3bIBA€MBIM KOMOWMHHUPOBAHHBIN PACICIIUTEIb.

C IIOMOILBIO HECCJICKTUBHBIX aBTOMATUYECKUX
BBIKJIFOYATEJIECH  BBIIIOJHUTH  3aIUTy, CEJICKTUBHYIO C
HIDKCECTOSIIUMHU aBTOMATUYCCKUMHU BBIKJIFOUATCIISIMU,
3aTPYIHUTEIILHO, U OHM, KAaK IPABWIO, NPUMEHSIOTCS IS
3aUTBl  KOHEYHOI'0 JJIEMEHTA JJICKTPUYECKOW  IIEIIH,
HanOoJiee YIAIEHHOIr0 OT UCTOYHUKA UTAHUSI.



Jlis  pacu€ra  3alUThl, BBINOJHEHHOM C  IOMOIIbBIO
ABTOMATHYECKUX BBIKJIFOYATEJICH, MMEFOIINX
KOMOMHMPOBAHHBIE  pPACHENUTEIN, HEOOXOJAUMMO  3HATh
CIEIYIOIE HOPMUPOBAHHBIE TEXHUYECKUE XaPAKTEPUCTUKMU:

Homunanvnoe  nanpaxcenue  Un.,B. —  HaIpsOKEHUE
IEPEMEHHOI0 WJIH IIOCTOSIHHOI'O TOKAa, IMPOTEKAIOIIEr0 4epes
ABTOMATHYECKHUM BBIKIIIOYATEb, TP KOTOPOM HOPMHUPYIOTCS
€ro TEXHUYECKUE XapaKTEPUCTUKHU;

Homunanvnolii mok eviknrouamens 1H.a, A. — HOPMHUPYEMOE
3HAYCHHUE TOKA, MPOTEKAIOIIETO B JIUTEIBHOM PEXHUME 4Yepe3
ABTOMATHYECKHUM BBIKJIIOYATEIb P HOPMAJIBHBIX YCJIOBHSX
sKcIyarauund. Onpenensercss ero KOHTAaKTaMd W JAPYyTHMHU
IPOBOISIIIIUMM YACTSIMU;



Homunanvuviit mox mennosoco pacuenumensi In.m, A —
KaJanOpOBAaHHOE 3HAYCHHE PAad0OYEro TOKa, IIPH JIATCILHOM
IPOTECKAHUM KOTOPOTO HE MNPOUCXOAUT  OTKIIOUYCHUS
ABTOMATHYECKOro BbIKJIrOUaTes. KaanOpoBaHHBIE 3HAYCHHUS
HOMHHAJILHOTO pad04Yero TOKa TEIUIOBOTO pacUenuTelIs
BRIOMPAIOTCS M3 CTaHAApPTHOTO psAAa, HO HE MOTYT
IPEBBIIIATh HOMHUHAILHOI'O TOKA BBIKJIIOYATEIS;

YcraBka mo TOKYy cpaOaTblBaHUS B 30HE TOKOB KOPOTKOTO
3aMBbIKaHUs (mok cpabamuvleanusi omceuxu) 1c.o, A. — Takoe
3HAYCHUE TOKa, IMPHU KOTOPOM MPOUCXOJUT MNPAKTUYECKHU
MTHOBEHHOE Ccpa0aThIBaHHE aBTOMATHYECKOI'0 BBIKJIHOUATEIS
C pa3pblBOM DdJIeKTpuueckor menu. Hopmupyercs n1mbo B
CAUHMUIIAX TOKa, JTUOO KaK BEJIMYMHA, KpaTHas TOKY
TEIIOBOTO PACLICIIUTEIIS.



JIJIsi aBTOMATUYECKUX BBIKJIKOYATEIECH BBIIOJIHEHHBIX B
craggapTax DIN, ycTtaBka mo TOKy cpaOaThIBAaHHUS B 30HE
KOPOTKOI'O 3aMbIKaHUs CTaHIAPTU30BAHA U ONPEACIACTCS
KaK XapakKTEPUCTUKA MTHOBEHHOI'O PACLECIUICHUA U UMEET
0003HaYCHHUE:

XapaKTEepUCTuKa «B» - TOK  3JIEKTPOMArHUTHOI'O
paclLenuTens JSKUT B ipeaenax 3...5 lum. |

xapaktepucTnka «C» - To ke 5...107

H.m >

xapaktepuctuka «D» im «K» - to xe 10...147

H.Mm

xapakrepuctuka «L» - to xe 3...47

xapaktepuctuka «U» - o ke 6...917,

-

XapaKTepHUCTHKa «Z» - To xKe 2.5...3.51

H.mM =



B 1mreparype BCTpEYarOTCs TEPMHUHBI. KPAMHOCHb MOKdA
INIEKMPOMACHUMHO20 pacyenumens, KpamHOCmb OMCEYKU,
ycmasKka moka 31eKmpomMacHUmMHO20 pacyenumelis.

Bpewms cpabaTbiBaHMs B 30HE TOKOB KOPOTKOT'O 3aMbIKaHUS
tco,c. ompemensier BpEMS  BBIACPKKHA 10  pa3pbiBa
AJICKTPUYECKOM LENU IIPA JOCTHKECHHM MPOTEKAIOIIETO
yepe3  BBIKJIIOYATEIb TOKA BEJIWMYMHBI, pPABHOW  HIIM
IMPEBBIIANOIIEN  YCmMagKy  moka  2JAeKmMpPOMASHUMHO20
pacyenumeisi. Hopmupyercs TSI CEJICKTUBHBIX
BBIKJIFOUATEIEN C PETYJIMPYEMOU BBIIEPKKOU BPEMEHU U
paBHO 0,1+0,7c. Y HeCEIIEKTUBHBIX HETOKOOTPAHUYHNBAOIIHUX
BBIKJIIOYATEJICH BpEMs Cpa0aThIBaHUS OTCEYKH, KaK IIPaBHUJIO,
He npeBbIiacT 0,1C. 1 MPUBOAUTCA B KaTajiorax.



lIpeodenvrnas xommymayuonnas cnocoornocms IIKC, kA —
MaKCHUMajbHOE 3HAUYCHHE TOKa KOPOTKOTO 3aMbIKaHUS,
KOTOPOE BBIKJIIOYATEb CIIOCOOEH BKIIOYUTH U OTKIIFOUYMTH
HECKOJILKO pa3, OCTaBasChb B MCOPABHOM COCTOSHUH.
OpnnopaszoBeii IIKC (OIIKC) Ha3piBaeTcsa HauOOJIbIIEE
3HAUCHHUE TOKa, KOTOPOE BBIKIIOYATEIb MOXKET OTKIIOUHUTh
oauH pas. Ilocne aToro ganpHeas padoTa BeIKIIOYATEIIS
HE rapaHTUPYETCH.



ABTOMAaTHYECKHE BbIKJIOYaTeau cepuur A3700

A37XXX

0003HaUCHHE CCPpHH

BCJIMYHMHA BBIK/IHOYATC/IA B 3daBUCHUMOCTH OT
HOMHHAJIBHOT'O TOKA:

1-160 A
2-250A
3-400 A
4—-630 A

HCITIOJIHCHHUC BBIKTIOYATCIIA 110 THUCITY ITOIFOCOB U
YCTaHOBKH paCIICIIHTe.TICﬁ TOKa




BblﬁOp AGMOMAMUUECKUX GbIKI0Uamesiell
BrIkIrouaTenn XapakTepU3yIOTCs CICAYIONUMH BEJINYUHAMM:
- HOMHMHAJbHBIM TOKOM aBTOMAaTa [Ha ;

- HOMMHQJIBHBIM TOKOM paclenuTessl aBToMara [n pacy, makx
Kak 6 OOuH u mom € aBTOMAaT MOIYT OBITh BCTPOCHBI
pa3IM4YHbIE II0 TOKY pPACUENHUTENIM, pPacCUNTAaHHBIE Ha
pa3IU4YHbICE HOMMHAJIbHBIE TOKH, MpPH 3TOM JIOJKHO
BBITIOJIHATLCA yCnoBue [ha = Inpacy;

- ycTaBKaMH CpaOaThIBaHHWS II0 TOKY M BpPEMEHH IpPH
neperpyskax (Inepeep, tnepeep), M KOPOTKHUX 3aMBIKAHHUSIX
(Ix3, Imen), HA3BIBAEMBIX OTCEYKAMH, a JJId CEJICKTHUBHBIX
aBTOMAaTOB YCTaBKaMH BBIJIEPKKH BPEMEHM CpaOaThIBaHUS MIPHU
K3 B cetu - tk3



C yd4eToM BBIIIECKA3aHHOTO BBLIOOP ammapaTtoB 3allUTHI
IPOU3BOJAUTCSI II0 TPEM YCIOBUSIM Ha OCHOBaHHUU
TEXHUYECKHMX YCIIOBUH M KaTaJOrOB Ha aBTOMATHI

Ycaoue 1. HomMumHanpHBIM TOK aBTOMAara M €ro
paclenuTelIs He JOKHBI ObITh MEHBIIIE PAacUeTHOrO TOKa
I  3awuwaemou  AUHUU  UAU  HOMUHATLHO2O0 MOKA
IEKTponpueMHuKa [H. Ilpu smom HOMUHATbHbBIE MOKU
pacuyenumeneu agmomMamu4eCKux BbIKIIIOYATEICH JOIKHBI
OBbITh MMHMMAJIbHO BO3MOXKHBIMH.

YcnoBue 2. [ias Toro, 4roObl 3JIEKTPOIPUEMHHUK WU
y4aCTOK CE€TM HE OTKIIYAICd MpH NYCKE WU
KPaTKOBPEMEHHBIX neperpys3Kax (Inyck, Inux),
annapam3aliuThl JOKEH OBITh BBIOpAaH € Y4YETOM
KpPaTKOBPEMEHHBIX IIEPErpy30K B HOPMAJILHOM WM
IOCJIEABAPUNHOM PEXKHUMAX.



Anrmapar 3amuThl I 3JIEKTPONPUEMHUKOB, HE HMEOIINX
IIyCKOBBIX TOKOB, BBIOMpAECTCs 0€3 ydyeTa 3TOT0 YCIOBHS.
YcnoBue 3.

Y CTaBKM 3alMTHBIX alllapaToOB JOJKHBI OBITH MPOBEPEHBI HA
CEJICKTUBHOCTh JCUCTBHUS IIOCIECAOBATEIBHO BKIFOYCHHBIX
arimapaToB 3alllMThl, YTOOBI MOpH KaXJAOM HapyLICHUHU
HOPMAJIBHOTO PEKMMa OTKIIIOYAJICS TOJIBKO IMOBPEKICHHBIN
y4acTOK, HO HE cpaOaThlBaIM 3alllUTHBIC ammapaTrbl B
BBICIIIMX 3BECHBSX



IIpoBEPKY CEIEKTUBHOCTH ACWCTBUS 3aIUMT MPOU3BOIAT IO
TUIIOBBIM BPEMS-TOKOBBIM XaPaKTEPUCTUKAM IPHUMECHEHHBIX
armapaToB C y4€TOM pa3zopoca xapakTepucTuK (£15-25% ot
CpEeIHEro 3HAa4Y€HWs) M II0 paccuuTaHHbIM TokaM K3 B
3AIIUIIAEMON CETH IIOCTPOCHHUEM KapThl CEJICKTUBHOCTH
JIEUCTBUA 3alIUT

OKOHYATEIILHYIO  HOPOBEPKY  JI€IAOT MOCIE  BbIOOpA
KOHCTPYKIIMHA CETH, 3aIIMTHBIX ammnaparoB, IIPOBOJHHUKOB U
pacueTra TokoB K3.



Jlekuma Nel3

Komnnexkmmuoie pacnpeoenumesibnvie ycmpoiicmea

KoMIuIeKTHBIE pacIpEICIUTEIILHBIE yCTPOUNCTBA
HanpsbkeHuem g0 1000 B npennaszHadeHbl OIS npuema u
pacnpeoenienus 1eKmposHepeUuU, YAPAaeieHus U 3aujumol
JIeKMPOYCMAHOBOK OM Nepezpy30K U KOPOMKUX 3AMbIKAHUU.
OHM COCTOSAAIT M3 IIOJHOCTBHIO MJIM YAaCTUYHO 3aKPBITHIX
mkaoB  WIM  OJOKOB CO  BCTPOCHHBIMH B  HHX
KOMMYTallMOHHBIMHA 5| 3alIUTHBIMU armapaTaMH,
YCTPOMCTBAMH aBTOMAaTHKH, U3MEPHUTEIILHBIMUA MPUOOpaMu U
BCIIOMOI'aTE€IbHBIMH YCTPOMCTBAMM.

K HU3KOBOJBTHBIM pPACHPEACIUTEIBHBIM YCTPONUCTBAM
OTHOCSITCSI: 8800HblE YCMPOUCMEA, CUNOBblE WKADLL U NAHEU
pacnpedenumenvuvie, wumxky (CUJIOBBIC, OCBETUTECIBHBIC,
3Ta)XHbIC, KBAPTUPHBIC U T.II.)



[Io KOHCTPYKTMBHOMY WCHOJIHEHUIO  HU3KOBOJIBTHBIE
KOMIUICKTHBIE YCTPOMCTBA MOI'YT OBITh OTKPBITHIMH,
3AIIMILNECHHBIMU C TIEPEAHEN CTOPOHBI, 3AIMUIICHHBIMUA M
IMKa(QHOTO UCIIOJHEHUSI.

Ilo pooy ycmanosku HHU3KOBOJIBTHBIE KOMILJICKTHBIC
YCTPOUCTBA  IOAPA3ACISAIOTCS HA  CTAllMOHAPHBIE U
IIEPEABUKHBIC, VI BHYTPCHHEN U HAPYKHOM YCTAHOBH.

llo  eblnoamsemvim  pynkyuim  HU3KOBOJBTHBIC
KOMILUIEKTHBIC YCTPOUCTBA JECIATCA HA YCTPOUCTBA IpUEMA,
nmpueMa M pacnpeaclicHus — D32,  pacHpeaeCHHUs
3JIEKTPUUECKON SHEPTUU;, YCTPOUCTBA YIIPABJICHUS.



B  [EXOBBIX JJIEKTPUYECKUX  CETIX  MPOMBIIUICHHBIX
OpeANpUATHH  HauOOJIbIIEE PACHPOCTPAHECHUE IOJTYYHIIH
CIEAYIOIIME BUJIbl HU3KOBOJBTHBIX KOMIIEKTHBIX YCTPOWCTB:
* BBOJHO-PAaCIpeACINTEIbHbBIC YCTPONCTBA;

* mKa@bl (IIyHKThI) pacOpeacaIuTe/IbHbIC;

* [IIUTKH, SAIIAKA U MKADbI YIIPABICHUS;

* IAHEJIN PACTIPEACIIUTEIIbHBIE.

Beoono-pacnpeoenumenvhovie ycmpoucmaea
BPY1, BPY1A u BPYIM npeaHazHaueHbl IJIs IIPHEMA,
pacIpeJieICHUs U ydeTa dJIeKTposHepruu B ceTsax 380/220B
Tpex(a3zHOro NepeMEHHOro Toka 4acToThl S0I11, a Takxke JJIs
3aIATHI JUHUU TIPU TIEPETPY3KAX U KOPOTKUX 3aMBIKAHUSX.



Obuwue xapaKkmepucmukis.
HomMmunansHOE HanpsxkeHue:380, 2208
HomuuaneubM TOK: Jlo 400A
Yacrora: 50 I'g

[IpoyHOCTH yCTpOKCTBA IPH
KOPOTKHUX 3aMbIKaHMSX
(nericTBytomee 3HadeHue): 10 kA

Ilo naznauenuio BPY
M3TrOTABJIMBAIOTCS CIEAYIOIINX
WCIIOJIHCHUMU:

- BBogHbBIC

- PactipenenurenbHbIe

- BBOZIHO-pacIipe1eIUTENbHbIE




BPVYI1A u BPY1M — otnuuutenbHble 0COOCHHOCTH
[Tanenu BPY1A wu BPYIM pa3pabotanel I 3aMEHBI
nanener BPY 1 u otinnuaroTes yirydieHHOM KOMIIOHOBKOHM.

* BBosiHO-pacnpenenureibabie ycrpoructsa BPY 1M u BPY 1A
MOTYT KOMIUIEKTOBATbCA JJCKTPOHHBIMM IIpUOOpaMM ydeTa
SHEPIUM.

*Y BBOAHBIX yCTpoWCTB BPYIM m BPY1A umeromux aBa
0JIOKa BBOJIa, MPHUCOCAMHICMBIX K PA3JIMYHBIM ITMTAIONIAM
CEeTAM, HMEETCI CEKIMOHUPYIOIASA IIEPETOPOJIKA MEKIY
arraparamMiy pa3jiIM4HbIX BBOJOB.

OTIMYUTEILHOM 0COOCHHOCThIO ycTpoiicTB BPYIM ot
BPVY1A sgaBasierca TO, 4TO B KaueCTBE€ BBOJHBIX 3alllUTHBIX
YCTPOUCTB HUCIIONB3YVIOTCA IPEAOXPAHUTENN C IUIABKUMH
BCTaBKaMU.



IlTkagher (nynkmeut) pacnpeoenumeibHole

[IIkadpl (IyHKTBI) pacOpeacauTeIbHbIC MpPEIHAa3HAYCHBI
Ul pacupenelICHUs JJICKTPUYECKOM DHEPIrur, 3alIUThI
JIEKTPUYECKUX  YCTAHOBOK  HampskeHuem g0 600
B nepemennoro toka dacrorour 50 u 60 'y mpu meperpys3kax
M KOPOTKMX 3aMbIKaHMSX, JJI9 HEYACTBIX KOMMYTAallUH
JICKTPUYECKUX IIEIIEH Y ITYCKOB ACHHXPOHHBIX JBHUTATEICH.
BBIITyCKalOTCI B HABECHOM, YTOINIECHHOM H HAaIlOJbHOM
MCIIOJTHCHUSX.

[IIkadppl CcOCTOSAT M3 METALINYECKHUX KOPHOYCOB  CO
BCTPOCHHBIMM B HHX COOpHBIMH IIIMHAMH, almnapaTamMu H
npuoopamMu. MoryT OBITh YKOMILJIEKTOBAHBI amIiapaToM
BBO/JIA —  pyOMJIBHUKOM WJIH ABTOMATUYECKUM
BBIKJIFOYATEJIEM.



CTPYKTYPA YCJOBHOI'O OO3HAYEHUA
ITP 85XX-XXXX-XX-XX

1 2345 6 7

1 — IIyHKT pacupeacanuTelIbHbINI,

2 — Cepus 85 - 00enpOMBIIIJICHHOE HCIIOJTHEHUE

3 — Hanuuue u TUII BBOJHOTO amiapara:

03 - 0e3 BBOJHOTO almnapara,

04 - c aBTOMaTHUYECKHUM BBIKJIFOUATEIIEM,
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OCHOBHBIE TTApaMETPhI pacupeaeauTeabHoro mynkra [1P 11:

- BBOJIHOM amrmapar — aBTOMAaTUYECKUE BBIKIrOYareau cepuit BA99,
BAS5S1, BAS7, BAO4 ¢ D3JIEKTpOMarHUTHBIM W  TEILUIOBBIM
pacuenuresieM Ha Toku 160A, 250A, 400A, 630A

- OTXOJSIIME anmaparbl — aBTOMATHYECKHME BBIKIIIOYATEIN CEPHUM
BA47, BA61, AE 20 na HomunansabIe TOKH OT 10 1o 100A.
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LLikacdhbbl pacnpepenutenbHblie cepun WP11, LLUPC

v
L]

PacnpepenutenbHble
cunosble WwKadbl LLPC1
P11

LIkagher pacnpeoenumenvhble
cunosele  IIIPC-1 w  HIP-11
IpedHa3HAYCHbl IS HOpUeMa M
pacrpeaeIcHus 3JIEKTPUYECKOM
sHeprum. lllkadper paccunTaHbl Ha
HoMuHaJIbHBIE TOKM 10 400 A wm
HOMHUHaJIbHOE HampsikeHue g0 380
B Tpexda3zHoro mepeMeHHOIro TOKa
gactorol 50 I1m m ¢ 3ammron
OTXOJIAIINX JINHUU
npenoxpanurensimu  HITH2-60 (mo
63A). IIH2-100(mo 100A), IIH2-
250(mo 250 A), IIH2-400 (mo
400A).




BBoJ ¥ BBIBOJ IIPOBOJIOB U KaO€JIEH NPEIyCMOTPEHBI CHU3Y U
CBEpXYy IKada.

BeiaepKruBaeMblil yIapHbIN TOK:

npyu HOM. Toke 1mKkada 250 A - He meHee 10 KA;

[IpA HOM. TOKE mkada 400 A - He meHee 25 KA.

Ixadrr pacnpenenurensueie 1IP-11 B oTanune ot mkadon
[IIPC-1 wMmeroT OOOOJMHUTENBHBIE BO3MOXKHOCTUA  JIA
npuMeHeHus. Tak, B mkadax [1I1P-11-73511— II1P-11-73517
Ha BBOJI€ ycTaHoBJeHbl npeaoxpanutenu [IH2-400, a B
mkadax I11P-11-73518 — IMIP-11-73523 npeaycMOTpeHBI
IBa BBOJIa. B OCTaJIbHOM KOHCTPYKIHUSL MW CXEMbI 3THX
mKa(oB pacrIpeaeIUTEIbHBIX UICHTUYHbI







KOHCTPYKIINSA:

[IIkad nmpencrarisieT cOOO0M METANIMYECKUU KOPITYC
OeckapKacHOM KOHCTPYKIIMH, B KOTOPOM yCTaHABINBAIOTCS
BBOJHBI  BBIKJIIOYATEIb  (pyOMJIBHHK) W OJIOKH
npenoxpanureneit. Kaxnas ¢aza pyOuiIbHUKA COCOUHSICTCS
Opd  MHOMOIIYM  AJIIOMHUHHUEBOM IIMHBI C  OJOKOM
IIPEIOXPAHUTETIEH.

Konctpykuus mkadoB 00eCrieunBaeT yCTAaHOBKY IKada
Ha TII0Jly; BBOJI MHUTAIONMX W BBIBOJ  OTXOJSIINUX
IIPOBOJTHHUKOB CBEPXY U CHU3Y Y€pPE3 CbEMHYIO KPHIIIKY.



[TapaMeTpbl HEKOTOPBIX THIIOB  PacHpeACIMTEIbHBIX
Tpexdasupix  mkahpoB cepuun HIP11 ¢ nnaBkumm
npenoxpanureaasmMu [TH2 u pyonmnsHukoMm thuna P16-373 nHa

400 A Ha BBOJE NPpHUBEJICHBI B TA0I.
[TapameTpsbl pactipeneauTeabHbIX TpeXpa3Hbix mkadoB cepuu [1IP11

Yucno 3-x (pa3HbIX rpynn Yucno 3-X ga3HbIX TPyl U
Twum u [HoMm (A) Tum [HOM (A) mpemoxpaHuTeneu
MIPEIOXPAHUTEIIEN OTXOJAIIUX JIUHUAMN
OTXOIALIMNX JIMHUMN
[IP11- |8*60 [IP11- |5*250
73504 73708
[IIP11- |8*100 [IP11- [4*60+4*100
73505 73509
[IP11- |8*250 [P11- |[2*60+4*100+2*250
73506 73510
[IIP11- |2*100+2*250 [IIP11- |6*100+2*250
73707 78511




Awiuku u wikagovl ynpaenenus nupenHasHadeHbl 1Jis
3alIUTHl CETe W MPHUEMHHMKOB DJICKTPUYCCKON HEPruM OT
JUIMTENbHBIX MEPETPY30K U TOKOB KOPOTKOTO 3aMbIKaHMS B
[ensx Tpex(a3zHoro IEePEeMEHHOI0 TOKa Ha HaIpsKeHHE
380/220 B uacroroit 50 I'm m ympaBieHHEM pEKUMaMH
pa0OThI aCHHXPOHHBIX AJIECKTPOIBUTATEIICH.

AWMKN yrnpasneHna cepumn
A5000 ALK CMNOBbIE Cepum LLnToK ocBeTuTeNnbHbINM OMN3-12

APB



Ilanenu - pacnpedenumenvHvle  NPEAHA3ZHAYEHBI IS
KOMILJICKTOBAHUS PACHPEACIUTEIBHBIX YCTPONCTB (IIIUTOB)
HanpsokenneM 380/220B nepemenHoro toka gyactoronn S0 I'x
C MJIYX03a3€MJICHHOM HEUTPAJIbIO, CIYXAIlUX I IIPUEMA,
pacnpenciicHus]  DJIEKTPUYECKOM  JSHEPrUM, 3alIUThl  OT

IIEPErPY30K U TOKOB KOPOTKOI'O 3aMbIKAHMUA.
ol o | =

v

MaHenn pacnpegenutenbHblX Wmtos cepun LLO-70



J1s ynpaBiaeHuss padotor OJ[ CTaHKOB, BEHTHISATOPOB,
KpaHoB u Jap. JII ciyxar xommaxmopsl 1 mazHumuble
nyckameJiu.

KoHTakTop - ammapar, NOpUBOAUMBIA B JICUCTBUE
3JIEKTPOMArHuTOM, BKIIFOUEHHUE UM OTKJIHYEHUE KOTOPOIo
MO>KHO OCYIIECTBIIAITh JUCTAHIIMOHHO C IIOMOIIBIO KHOIIOK
yIpaBJIcHUA. KOHTAaKTOphl MPUMEHSAIOTCS JII KOMMYTaIlUU
ciiioBeix ceteit 9J1 momuocthio 100 kBT m Beime. [l
oonee Menakux Ol mpuMeHsSIOT MarHUTHbIE IMyckareian. B
MCIIOJJTHEHUM C TEIUIOBBIM pPEJI€ IYyCKATEIW 3allyIIatoT
yrpaBigeMbie D]] OT neperpys3ox.




Jlekuma Nel4

Pacyer 3JIeKTPM4Y€eCKOM CEeTH IO MOTepe HANPAKEHHS

CornacHo ITYD 11t CUIIOBBIX CETEN OTKIIOHEHUE HAITPSIKEHUSA

OT HOMMHAJIBHOI'O JOJDKHO COCTaBIATH He Oonee £5% U .

JIJIT OCBETUTENILHBIX CETEM NPOMBIIUIEHHBIX MOPEANPUATAN
M OOIIECTBEHHBIX 3JaHUMKM  JOMNYCKACTCS  OTKJIOHCHME
HanpsbkeHus  or +5 1o -2,5% U, muid ceTei :KWIbIX 30aHUN
M HapyxHoro ocsemeHus + 5% U . Otm t1peboBanus
OOYyCJIOBJICHBI TEM, 4YTO BEJIMYMHA BpaIIAOIEro MOMEHTA
ACUHXPOHHBIX 3JICKTPOABUTATEIICH IIPONOPIIMOHAJIbHA
KBAJpaTy MOJABEACHHOIO HAINPSKECHUS W €ro YMEHBIICHHUE
MOKET HE 00€CIICUNTh MYCK MEXAHU3MOB, B CETAX OCBEIICHHUS
CHWKECHUE HAIPSHKCHUSA MPUBOIUT K PE3KOMY YMEHBILIECHUIO
CBETOBOI'0O MMOTOKA.



~—|:I—r\m4‘
UHOM I

Ud)aKT

AlnreOpanyeckas pa3HOCTh MEXKAY HaNpsKEHUEM MCTOYHHKA
mutannss Ui m HanpspkeHuem B Mecte noakimroueHud Il k cetm Up
HA3bIBACTCA HOomepeu HanpaxyiceHus, B.

AU =U, -U,,
WJIM B IPOLICHTAX K HOMUHAJILHOMY HAIPSIKECHUIO
AU% =[(U,-U,)/U_ ]*100%
Ilaoenuem Hanpacenusn HA3bIBACTCA TE€OMETPUYECKAs

pa3sHOCTh BEKTOPOB HANPSHKCHUH IMEPEMCHHOro Toka B Havane U, u
KoHIe U, paccMaTpuBaeMOro y4acTka 3JIeKTPUICCKOH CeTH:

uqﬂ - uq)z: l*z - l (r +jX)

rae Z, X — COOTBETCTBEHHO MOJHOE, aKTMBHOE M PEAKTHBHOE
COIPOTHUBIICHUE JIUHUH, | — TOK IMHUH.



[TageHne HanpsHKSHUS B IUHUHM MOYKHO Pa3I0KHUTh Ha JBC
cocTapisomue — npoaoiabHyro AU u momepeunyro oUd.

IIponosibHas cocTaBisrOIIAd
AUy =1r cosg, + [x sin @;.

IlonepeuHas cocTaBisroIIas

0Uy =/x cosgy — 1 rsin ;.



Ecnu nnpeneopeus orpe3koM JIE MOKHO cUuTaTh, YTO MOTEPS
HAITPSIKCHUSA AU =l r cosep2 + | x sin ¢2. Eciu
Harpy3ka 3aJaeTcsi HE TOKOM, a MOIIHOCTBIO, TO IOTEPIO
HanpsHKEHUS. MOXKHO OIPECIUTD 10 (DOpMYyJIaM:
* * x * * y
U H U HOM U HOM

U cose |J sine

AU %= LL10006 = 10

U.. U ron

J1J1s ceTu ¢ pacopeneIeHHBIMUA HArpy3KaMu:

rae Py, Q; — pacueTHas Harpy3Ka y4acTKa JIMHUM.

100% <
AU %=U—2§(Pi-ri+Qi-xi>



[Tpuanmas r = ryl m x = x4 |, roe ry, Xg — yaeIbHBIC

AKTUBHOE M MHIYKTUBHOE COIPOTHUBIICHUS TUHUY, | — nimHa
JIMHUH, OyAEM CUHUTATh
AUy =11 (1pcos@; + xp sin ¢y)

J3-100

AU% = [1(r, cos ¢ + x, sin @)

HO

AKTHBHOE  CONPOTHBJICHHME  MNOPOBOJOB M KaOeleHn
ONpEJICISETCS MO CIIPABOYHOM JIUTEPATYPE U U3 BEIPAKCHUS

o 2000, ]

0] ,Y S

rae v (M/OmM*mm?) - yaenbHaa NpoBOANMOCTb
(anAa antomuuma y = 32, ana mean y = 53);
s - ceyeHue ¢asbl NPoBoaHMKa (MMm?) .



OM/KMm

— /

10 25 50 70 95 120 150 185 240 MM 2

=

Puc. 3aBUCMMOCTb YAE/IbHOIO aKTUBHOTO g M UHAYKTUBHOTO Xg CONPOTUB/IEHNM
NPOBOAOB U Kabenen oT nx cedeHus : 1- ro=f (s) Ans nposoaos n Kabenew;
2 - Xo=f (s) mnA npoBOAOB, NPONOKEHHbIX B CTaNbHbIX TPybax n Kabenen; 3 - xg
=f (s) Ana NpoBOAOB, NPO/IOKEHHbIX OTKPbLITO



[Ipy 4YMCTO aKTHUBHOM Harpys3ke (JIamIlbl HaKaJIMBaHUS,
HarpeBaTelIbHbIC IIeun), Korjaa cos ¢ = 1, sing =0

AU% = ¢ 100 [lr
bi'"

HOM

[loTeps HaNIpsXKEHUA B IMHUU, UMEIOIIEN HECKOJIBKO YUYACTKOB
C Pa3HbIMHU HArpy3KaMu, OPEACIACTCI KaK CyMMa MMOTEPh Ha
OTJICJIBHBIX YYaCTKaX.



Jlekuma Nol5
PeakmusHasa MOWHOCMb 8 cucmeme

aneKmpocHabxceHuA
ITorepu AP MOKHO pa3iioKATh Ha COCTABIISIOIINE, 4 UMEHHO:

S . s°R_PpPR 0O
AP=3.R(—2 ) 2SR PR O X

VoL LU U LU
PaccMoTtpuM aiBa ciry4as:
1. ITpumem 3a enuauny APL |, oT nepegadun
3JIEKTPOIIPUEMHHUKY YHUCTO AKTUBHOU HATPY3KH IIPHU
Ucemu = 1,05UH , paBHOE

- 9]. p-.
Py . R- 0,91 }PHH
(1,05-77,) ° U

.ﬂP}_ - R



2. Ilepenaetcs To e 3HaUueHUE PHe U peaKTUBHAS MOIITHOCTD
c tgp = 0.8, mpu 3TOM OyAET NPOUCXOJIUTH CHUKCHHUE
HanpsokeHus 10 0,95 Pu. Ilotepu APZ2 coctaBst

2.1+ 2

(0,95-17,) ° U; J

AP

Taknum obpasom, npu MOPUHATBIX  AO0NYLEHUAX
NoOJSIOBNHA BCEX MNOTEPb aKTUBHOW MOLLHOCTM Bbl3BaHa
nepepavyen peakTMBHON MOLLIHOCTMW.



N3 3Toro PaCCMOTPCHHUS MOKHO 3dKJTIOYHUTDb CICIAYIOLICC.

- BO3HHUKAIOIIHAE ITOTEPU AKTUBHOM MOIIHOCTH W IIOTEPHU
HanpsoKEHUST B CeTH 3a cyeT nepenadd Q yBEIMYHMBAIOT
KaIIMTAIBHBIC 3aTpPaTbl B CUCTEME DJICKTPOCHAOKECHHS,

- PpEAKTHMBHAs MOIIHOCTh H3JHUIIHE 3arpy>kaer BCE
3JIEMEHTHI CE€TH, MOCKOJBbKY OHU BBIOMPAIOTCA IO MOJHOU
MOIIIHOCTH U TIOJJTHOMY TOKY;

- 3arpy3Ka JJIEMEHTOB CETH PEAKTUBHOM MOIIHOCTHIO
YMEHBIIAET  MPOIMYCKHYI  CIOCOOHOCTH  JIMHWUM U
TpaHC(POPMATOPOB MO0 AKTUBHON MOIITHOCTH U TOKY.



MOIHOCT,  KOMIIEHCUPYIOIIIMX  YCTPOMCTB  JOJIKHA
ONPEACIIATLCSA  HWCXOAS W3  YCIOBHS  HaAWOOJbIICH
3KOHOMHYHOCTA IIPAU  OJHOBPEMEHHOM  BBINOJHEHUU
CIICAYIOIIUX YCIOBUU:

°* BO BCEX Y3JlaX CETH [IOJDKEH COOJIIOIAThCS OalaHc
PEAKTUBHON MOIIIHOCTH

* BEJIMYMHA HAIPSKEHUS BO BCEX y3J1aX CETU HE NOJIKHA
BBIXOJAWUTBH 32 JJOITYCTUMBIE TIPEJICIIbI)

* BEIWYHWHBI TEHEPUPYIOIIMX HCTOYHHUKOB PEAKTUBHBIX
MOIIIHOCTEX HE JOJIKHBI BBIXOJWUTb 34 JIOIYCTHMBIE
HUKHUU U BEPXHUU TIPEJICIIBI



EcTrecTBeHHaAss KOMIIEHCALINA.
MeponpusTys 110 CHHXKESHUIO NOTpeOIeHUs mprueMHuKaMu Q:

- YVIOOPSAOYEHUE TEXHOJOTMUYECKOTO MpoIecca, BEayllee K
YAYYIICHAIO SHEPIETHYECKOTO pPeKrMa 000py 10BAHUS;

- CO3/IaHME PAllMOHAJIBHOM CXEMbI DJIEKTPOCHAOKEHHS, 32 CUET
YMEHBIIICHUS KOJIMYECTBA CTYNEHEH TpaHC(HOpPMAIIUH;

- 3aMEHa Majo 3arpykeHHbIX AJl aBUTaTeIsIMM MEHBIIEH
MOIIIHOCTH;

- TIOHMKCHHE HANPsSOKEHHUS Yy JIBHUTATEIeH, CHUCTEMATHYECKH
padoOTaKIIMX C MaIOM 3arpy3Koi;

- OTPAaHUYCHHUE XOJIOCTOM pa0OThI ABUTATEIICH;

- npuMeHenue CJI BMecto A/l B citydasx, KOTga 3TO BO3MOXKHO
10 YCJIOBUAM TEXHOJIOTUYECKOTO MPOILIECCA;

- TIOBBIIIIEHUE KAUYECTBA PEMOHTA JIBUTaTEIIE;

- 3aMEHa MaJIo 3arpy>KeHHBIX TPAHC(POPMATOPOB;

- 3aMEHa ACUHXPOHHBIX JBUTATEICH CUHXPOHHBIMMU.



Hcemounuku peakmuenou mowiHocmu
[IoTpeOHOCTM  OpedlpusiITHs B  PEAKTUBHOM  MOIIHOCTH
ITOKPBIBAIOTCS 32 CYET UCTOYHUKOB YHEPTOCHCTEMBI, OCHOBHBIMHU
U3 KOTOPBIX SBISIFOTCA TE€HEPATOPhl  BIICKTPOCTAHIIMKA U
CHUHXPOHHBIC KOMIIGHCATOpbl, M coOcTBeHHBEIX HWMPM Ha
IpEAIPUITHH.

B kauectBe coocTBeHHBIX NPM B cucteMax 3JIEKTPOCHAOKEHHUS
MCTIOJIB3YIOTCS:

- T€HEePATOPhI JIEKTPOCTAHIIUN U CHHXPOHHBbIC aBuratenu (CJI) -
CUHXPOHHBIEC MAIIIHEI;

- BO3AYIIHBIC U KAOEIbHBIC TUHUM DICKTPUICCKUX CETEH;
-JIOTIOJIHUTEIBHO yCTaHABJIMBAEMBbIC KOMIICHCHPYIOIINE
yCTPOMCTBA: CHUHXPOHHBIEC KOMIICHCATOPHI, OaTapeun
KOHJICHCATOPOB MOIEPEYHOr0 BKIOYEHUS BBICOKOTO W HHU3KOTO
(1o 1 xB) HanpsokeHUH, BEHTHIBHBIE YCTAaHOBKH  CO
CIICIIHAJIbHBIM PETYJIMPOBAHUEM

(CTaTUYECKHE KOMICHCUPYIOIIME YCTPONUCTBA).



