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CIIMCOK CKOPOYEHb

ABP — aBromaTu4He BBIMKHEHHS PE3€pBY

AJl — acCUHXPOHHMI ABUTYH

AIIB — aBTOMaTM4yHE MOBTOPHE BBIMKHEHHS

[TIII — ronoBHA MOHWXKYyBaJIbHA IT1ICTAHITIS

EJI — enexrpuyHuUil ABUTYH

EH — enekTpu4Hi HaBaHTa)KCHHS

EIl - enexTtponpuitmMmay

K3 - xopotke 3amMukaHHs (€IEKTPOYCTaHOBKH, TpaHchopmaTopa,...)
KJI - xaenbHa JiHIS elEeKTponepeIaBaHHs

KPY — xoMIUIeKTHHI pO3NOIUIBHUM MPUCTPIi (KOMipKa)
KCO - xamepa 0lHOCTOPOHHBOTO OOCITYrOBYBaHHS

KTII — xoMIuieKTHa pO3MOAiIbHA T1CTAHIIISA

033 - oxHoda3He 3aMUKAHHS Ha 3EMJIIO

[IJI - mnoBiTpsiHA JIiHIS €JIEKTpONEpeIaBaHHs

[IC — migcraHiisa

[ITE — mnpaBwia TEXHIYHOI €KCIUTyaTaIlli

I[IYE — mnpaBuia ynamTyBaHHs €JIEKTPOYCTaHOBOK

PIT - posnoaiunsHuit myHkT (npuctpiit) 10 (6) kB a6o 0,4 kB
Cd — CHHXpPOHHHUI IBUTYH

CEIl — cucreMa enekTpornocTadyaHHs (€JIeKTpornocTayaibHa CUCTEMA)
TII — TpancopMaTopHa MmiICTaHLIA

Y — ymopsakoBaHa aiarpama

HEH — ueHTp eJeKTpUYHUX HABAHTAKEHD

[IM — mMHONPOBIA MaricTpaibHUI

[P — MmUHONPOBIA POMOIITLHUM

IIBIT — muT B1acHUX MOTped
ICY — mwT cTaHmii ynpaBiiHHS



BCTYII

HaBuanbHuil MOCIOHUK MPU3HAYECHUN JIJIS1 TPOBEACHHS MPAKTUYHUX 3aHSThH 3
JUCHUTUTIHU «CUCTEMHU eJeKTPONOCTaYaHHs», BUKOHAHHS KYpPCOBOTO MPOEKTY
Ta OakaJaBpChbKOi POOOTH CTYJEHTIB BHIIUX HABYAJIBHUX 3aKjIajiB, SKi
HABYaAIOThCS 3a cremianpHicTIO “EnexTpoeHepreTuka, eIeKTPOTEXHIKA Ta
eJIeKTpoMexaHika .

Y mepmoMy po3aimi HaBYAIBHOTO TOCIOHHMKA PO3TIITHYTO METONU Ta
HABEJICHO MPUKIAIA PO3PAXYHKY eNeKTpUUHNX HaBaHTakeHb (EH) cmioBux Ta
ocBiTmoBanbHUX  enekTpornpuitmMadie  (EIl) mpommucnoBux — miANpUEMCTS,
KUTJIOBHUX OYyJIMHKIB.

PosnoninenHs enextpoeHeprii Hampyroro g0 1000 B — Tema gpyroro
po3ainy. TyT pO3IISHYTO CXEMH IEXOBUX MEPEX, PEKUMU HEUTpaii.
BUKOHYIOTBCS pO3paxyHKH IIEXOBUX MEpEX: BHOIp MPOBITHUKIB, PO3PAXYHOK
BTpaT HamNpyry, BUOIp KOMyTallliHO-3aXxUCHOI anapatrypu. HaBenpeHo mpukiaau
PO3paxyHKy CTpyMiB Tpu- Ta ogHO(ha3HuX KOpoTkuxX 3amukanb (K3). 3Hauny
yBary npujiijiecHo BUOOPY aBTOMATHYHUX BUMHUKA4iB MPOBIIHUX CBITOBUX (ipM.
CdopMyniboBaHO YMOBH MEPEBIPKU UYTIMBOCTI Ta CEIEKTUBHOCTI 3aXUCTY.

Y TpeThOoMy poO3AUI JTaIOTBCS PEKOMEHAAIlli CTOCOBHO BHOOPY cXeM
BHYTPIIIHBOTO €JIeKTpornocTauanHa Hampyroto Bumie 1000 B. Posrmsnyto
MUTAHHS aHalli3y HaBaHTAXyBaJbHOI 3JaTHOCTI TpaHCPOpMaTOpiB, BHOOPY
uexoBux Tpanchopmaropuux mifacranmivi (TII) Ta micups s iX poO3MIIIEHHS.
BHKOHYIOTBCS PO3paxyHKH CTPYMiB KOPOTKUX 3aMukanb (K3), Bubopy kabeiis i
BHUMHKAaYiB.



1 PO3PAXYHOK EJIEKTPUUHUX HABAHTAKEHb
1.1 Po3paxyHOK HaBaHTaKeHb MPOMMCJIOBUX MiANMPHEMCTB
[Tin gac po3paxynky EH B CEIl BuainsfioTh WIICTh XapaKTEpHUX DIBHIB

(puc. 1.1), sKi BIAPI3HAIOTBCA 32 XapaKTepOM  EJEKTPOCIOXKHMBAHHA 1,
BIJIIIOBITHO, CIIOCOOOM po3paxyHKYy [1].

: —1— 110kB
VI piBeHb — «
V piBeHb 2 ; I'TI
T 6-10 xB
IV piBenn — o A 1
| PIT1 PI12
TIT1 TI12
III piBenn
B 0.38 xB
II piBenn
PIT1 PI12
[ bi
PIREHE EMl | EI2

Pucynox 1.1 — PiBHI enexkTponocrayaHHs:
| — okpewmi EII; 11 — po3noainbHi IUTH, MyHKTH, ITHHOTIPOBO/IH;
Il — mmam 0.38 kB nexosux TII Ta MaricTpalibHiI LIMHOIPOBOIY;
IV — mmnm PIT 10 (6) xB; V —TTIIT 110/10 (6) xB;
VI — niHiil )KUBJICHHS NOTYXHUX MANPUEMCTB, MicT Hanpyrowo 110 xB.

Pospaxynok EH BuxonyrooTh 3HH3Y BBepx B ABa ertanu [1-3]: crmodartky
BU3HAYAIOTh HABAHTAXEHHS IIEXIB 1 MIAMPUEMCTBA B IIJIOMY, TIOTIM BUOMPAIOTH
CXEMH EJIEKTPOIOCTAaYaHHSI 1 BU3HAYAIOTh PO3PaXyHKOBI HABAHTAXKEHHS IS
KOXXHOTO KOHKPETHOTO PiBHS. JlOMyCKaeThCs CIOYATKy CKJIACTH CXEMY IIEXOBOI
Mepexi 1 Ha 11 ocHOBI BUkoHatu po3paxyHok EH 1iei mepexi.

Metoa ynopsiikoBaHux Jiarpam (Metoj KoedillieHTa MakCUMymy) OYB
JIOBI'Hi 4ac OCHOBHMUM MerojoM po3paxyHky EH cunmoBux EIT [2]. Meron
yHOpSAAKOBaHUX Jiarpam  po3pobseno ['. M. KasmoBum. B iforo ocHoBy
MOKJIaJICHO WMOBIPHICHE MOJICTIOBaHHS.



Meton V]I BHKOPUCTOBYETHCS MJII MEXaHIUYHUX, 1HCTPYMEHTAJIbHHX,
PEMOHTHUX, CKJIQAAJIbHUX LIEX1B 3a HE3aJIeKHOT0 BBIMKHEHHsI EIT.

JlocBin  3acTOCYBaHHS METOAY YHOPSJAKOBAHMX JllarpaM  IpPOTITOM
TPUBAJIOTO Yacy IOKa3aB, L0 BIH Ja€ 3aBUIICHI 3HAYEHHS PO3PaxyHKOBHUX
AKTUBHUX Ta PCAKTHBHUX HABaHTaXeHb Pp,Qp, sAKI Ha TNPaKTHULi He

nocsiratoTeesi. Tomy B 1992 pomi OyB 3amporoHOBaHUN HOBUHM METOJI
pPO3paxyHKy HaBaHTaXeHb [4], sikuil oJlHI aBTOpU HA3MBaIOTh MOAU(DIKOBAHUM
MeToaoM Y], a iHIlll — METOJIOM pPO3paXxyHKOBUX KOE(IIIE€HTIB.

3rigfHO 3 UM METOJOM 3HAXOASATh PO3pPaXyHKOBI HABaHTAXCHHS, SIKi
BH3HAYAIOTh 32 (HOPMYJIaMU:

n
N Ll'ZKBi Pyi -t90cj, sxmo ne <10;
P, =K, ‘sti Pyii Qp = n'=1 (1.1)
=1 > Kgi - Pyi 190, sxmo ng >10.
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7€ BUKOPUCTOBYIOTh HE CEpelHi, a HaWOUIbIN 3HA4YeHHS KoedirieHTa
BUKOPHCTaHHA Kgj 3 Jiama3oHy MOXIMBHX 3Hau€Hb, HABEJCHUX B JIOBITHHUKAX
[3]. EbextuBny kinbkicTs EIl MokHA BU3HAUUTH 32 HAOIMKEHUMH (hopMyiamu:

e

n, Ko mM<3, abo sKmo nNg >N;
Ng = 1 (1.3)

2Py , skmo m>3 1 Ky >0,2,

kP H.Halo

ne Py — HOMIHaJIBHA TOTYXHICTh Beix EIT; M — BigHOIIIEHHS HOMiHAJBHHUX
MOTY>KHOCTEW HalOUIbIIOro 1 HaiMeHmoro 3a notyxHictio EIl. Po3paxoBane
3HAYCHHS Ne OKPYTIISIETHCS 10 HAHOIMKYOT0 MEHIIIOTO ITIJIOTO YrCIa.

PospaxyHkoBuii KkoedillieHT aKTHBHOI MOTyXHOCTI K, 3Haxomirs 3a
OJIHIEIO 3 NJOBIAKOBUX TA0JIULb Kp = f(Kg,Ne, Tp) [4] (Tabm. 1.1 a 1.2), B axHX
HaBeJICH1 MOro 3HaYeHHS BIJIMOBIIHO JIJIS €JIEMEHTIB MEPEK, IO BiAMOBIAAIOTH
NMOCTIMHIA  vacy HarpiBanHsa mnpoBigHukiB  7g=10xB. (Il  piBens
CJIEKTPOIIOCTAYaHHsI ), Ta JIJISl PO3MOAIILHUX TpaHCHOPMATOPIB 1 MaricTpaabHUX



IIMHOMIPOBO/IB, IO BIJMOBINAIOTh TMOCTIMHIA Yacy HarpiBaHHS TPOBITHHKIB
To = 2,5 rox. (1l piBeHb eJeKTpOIIOCTaYaHHS ).

Jns kaGenpHUX JIHIA po3noALTEHUX Mepex Hanpyroto 10 (6) kB, mocriiina
yacy HarpiBaHHa 1 skux npubnauzHo gopiBHoe 30 xB., (IV piBeHb
€JIEKTPONIOCTaYaHHs1) Koe(piieHT Kp MPUAMAETHCS PIBHUM OJMHMIII.

B 1abn. 1.3 HaBeneHi 3HaueHHs Koe(ilieHTa OJHOYACHOCTI E€IEKTPUYHHUX

HaBaHTaXCHb [4], sIKUil BUKOPUCTOBYIOTH sl po3paxyHKy Ha IV 1 V piBHsX
€JIEKTPONIOCTAaYaHHS.

Tabmans 1.1 — 3HaueHHs po3paxyHKOBOTO Koedimienta Ky ais Mepex

»kuBJieHHs Harnpyroro 10 1000 B (7 = 10 xB.)
KoeditieHT BUKOpUCTaHHS

e 01 | 015 | 0,2 0,3 0,4 0,5 0,6 0,7 0.8
1 8,00 | 5,33 | 400 | 267 | 200 | 160 | 1,33 | 1,14 1
2 6,22 | 433 | 339 | 245 | 198 | 160 | 1,33 | 1,14 1
3 406 | 289 | 231 | 1,74 | 145 | 134 | 122 | 1,14 1
4 324 | 235 | 191 | 147 | 125 | 121 | 1,12 | 1,06 1
S 284 | 209 | 172 | 135 | 116 | 1,16 | 1,08 | 1,03 1
6 264 | 196 | 162 | 1,28 | 1,14 | 1,13 | 1,06 | 1,01 1
/ 249 | 186 | 154 | 1,23 | 1,12 | 1,10 | 1,04 1

8 237 | 1,/8 | 148 | 1,19 | 1,10 | 1,08 | 1,02 1

9 227 | 171 | 143 | 1,16 | 1,09 | 107 | 101 1
10 | 2,18 | 165 | 139 | 1,13 | 1,07 | 1,05 1
12 | 204 | 15 | 132 | 1,08 | 1,05 | 1,03 1
14 [ 194 | 149 | 127 | 1,05 | 1,02 1
16 [ 1,85 | 1,43 | 1,23 | 1,02 1
18 | 1,78 | 1,39 | 1,19 1
20 [ 1,72 | 1,35 | 1,16 1
25 [ 160 | 1,27 | 1,10 1
30 [ 151 | 121 | 1,05 1
35 | 144 | 1,16 1
40 | 1,40 | 1,13 1
50 [ 1,30 | 1,07 1
60 [ 1,25 | 1,03 1
80 | 1,16 1
100 1




Tabmunsg 1.2 — 3HayeHHS po3paxyHKOBOro koedimieHta Kp Ha MIMHAX
HU3BKOI HAMpyTH IIEXOBUX TPaHCHOPMATOPIB 1 MariCTpaibHUX IIUHOIPOBOJIIB
(To=2,5Ton.)

KoeimieHT BUKOpUCTaHHS
Ne 01 | 015 ] 02 | 03 | 04 | 05 | 06 | >07
1 8,00 5,33 4,00 2,67 2,00 1,60 1,33 1,14
2 5,01 3,44 2,69 1,9 1,52 1,24 1,11 1,00
3 2,4 2,17 1,8 1,42 1,23 1,14 1,08 1,00
4 2,28 1,73 1,46 1,19 1,06 1,04 1,00 0,97
5 1,31 1,12 1,02 1,0 0,98 0,96 0,94 0,93
6-8 1,2 1,0 0,96 0,95 0,94 0,93 0,92 0,91
9-10 1,1 0,97 0,91 0,9 0,9 0,9 0,9 0,9
10-25 0,8 0,8 0,8 0,85 0,85 0,85 0,9 0,9
25-50 0,75 0,75 0,75 0,75 0,75 0,8 0,85 0,85
>50 0,65 0,65 0,65 0,7 0,7 0,75 0,8 0,8

Tabmuus 1.3 — 3HayeHHst koedimieHTa 0gHOYACHOCTI Ko NIl BU3HAYCHHS

03paxyHKOBOI0 HaBaHTakeHHs Ha muHax 10 (6) kB PIT1 ['TITT

CepenubosBakennii | Kinbkicte nmpueanans 6 (10) kB Ha 30ipHHX mMHAX
Koe(iieHT 6 (10) kB PIT1 I'TIIT

BUKOPHUCTAHHS 2-4 5-8 9-25 > 25

Kz <0.3 0.9 0.8 0.75 0.7
0.3<Kzp<05 0.95 0.9 0.85 0.8
0.5<K3<0.8 1.0 0.95 0.9 0.85

Kz >0.8 1.0 1.0 0.95 0.9

Po3paxyHoKk 1eXOBHX HaBaHTaxeHb. PO3paxyHKOBI HaBaHTaXXCHHS

okpemux EIl abo miniii, Bix sikux xuBnsatbcd aABa yu Tpu EIl (I piBens),
MPUIMAIOTHCS PIBHUMH HOMIHAJIBHUM

3 3
Pp:ZPH.i’ Qp:zPH.i'tg(PH.i’
i=1 i=1
ne P, ; — HoMIHaNbHA aKTUBHA NMOTYKHICTH i-T0 EIl; tg@, ; — HOMIHaIbHUIL

Koe(dimieHT peakTuBHOI MOTY>XHOCTI i-r0 EII.
HominanpHi BeTMYMHM BU3HAUYAIOTH 3a macnopTHuMu gaHumu EIl. YV pasi

BIICYTHOCTI TAaCHOPTHHUX JaHMX MpuiiMarots tgey, ; =0,75 — mma EIl
tpuBanoro 1 tge, ; =087 — s EIl moBTOPHO-KOPOTKOYACHOTO PEXUMY
poboTH.

Po3paxyHKOBI CTpyMH €JIEKTPOIPHUBOAIB TPUBAJIOTO PEXKUMY POOOTH, IS
SKUX HOMIHAJIbHI MOTYXKHOCTI 3aJal0ThCsl SIK MOTYXKHOCTI Ha Bally MallWHH,
BU3HAYAIOTh 32 POPMYJIOIO:



I = P _ 20 =36,7A,
J3U, cosp, -m,  ~/3-0,38-0,9-0,92

1€ My — HOMIHaJIbHE 3HaueHHsI KoedinieHTa kopucHoi aii EIN.

Jins  EIl moBTOPHO-KOPOTKOYACHOTO pexuUMy poOoTH (i3 3arajbHOIO
TPUBATICTIO UKy MeHIIe 10 XBUIIMH 1 TPUBATICTIO pOoOOUYOTO Mepioy MeHIe 4
XBUJIMH) 3a PO3PaxXyHKOBHM CTPyM JUIsI MEPEBIPKH TMepepidy MPOBIIHHUKIB 3a
HarpiBOM MPUHAMAIOTh CTPYM, PUBEIACHUN IO TPUBAIOTO PEKUMY.

[Tpu upomy [5]:

1) ans MiZHUX TPOBITHUKIB MEpepi3oM MOHAI 6 M i ATIOMIHIEBUX TTOHA]T

2 .
10 MM~ po3paxyHKOBHUI CTPYM BU3HAYAETHCS 32 HOPMYIIOIO

=) Vm
P Hog75’
ne |, — HOMiHalbHE 3HAuYCHHsS KoeilieHTa CTpyMy; I,z — BIIHOCHA

TPUBAJICTh NOBTOPHOTO BBIMKHEHHS;

. . . . 2. .. 2
2) 11 MiTHUX MPOBIJTHUKIB MTEpEPi3oM 10 6 MM 1 aimroMiHleBUX A0 10 MM 3
METOI0 BHUKIIOYEHHS PHU3HMKY iX TIEperpiBaHHd pPO3PAXYHKOBUU CTPyM
npuitmaeThes, sk it EIL 3 TpuBasiuM pexxumMom poOoTH:

Ip = ly;

Jlna EIT kopoTko4acHOro pexxuMy poOOTH 3 TPUBAIIICTIO BBIMKHEHHS MEHIIIE
4 XBWIHH MEPEBIPKY Nepepi3y MPOBITHUKIB 32 HATPIBOM 31HUCHIOIOTH sIK Jyist EI1
MOBTOPHO-KOPOTKOYacHOro pexxumy podotu. s EIT kopoTkoyacHOTO pexxumy
poOOTH 3 TPUBATICTIO BBIMKHEHHS O1TbINIe 4 XBUJIMH MEPEBIPKY 3A1MCHIOIOTH K
st ET1 tpuBanoro pexxumy poOOTH.

VY pasi yBimkHeHHst ogHo(dazHnoro EIl Ha ¢aszny abo miHiiiHY Hampyry BiH
BpPaxOBYEThCA SIK eKBiBajieHTHUM Tpudaznuii EIl HOMIHAIBHOIO MOTYXKHICTIO,
BIANOBIAHO: P, =3P,y Py =3 Puo» A€ Py — HOTYXHICTH ogHO(a3Horo EIL.
3a wmasBHOCTI Trpynu oaHodazuux EIl, saxi posmoauieni mno ¢azax 3
HEpIBHOMIPHICTIO, 1110 He mepeBumtye 15 % Big 3arajJibHOi TOTYXHOCTI
Tpudazuux i1 ogHodaznux EIl B rpymi, BOHM MOXYyTh OyTH MpeACTaBICHI 5K
ekBiBajieHTHa Trpyna Tpudaznux EIl 3 Tieto k& CyMapHOI HOMIHAJIBHOIO
MOTYXHICTIO. Y BUNAAKY NMEPEBUILEHHS BKa3aHO1 HEPIBHOMIPHOCTI HOMIHAJIbHA
NOTYXHICTh €KBIBaJeHTHOI Trpynu Tpudazuux EIl npuilmMaerbcs piBHOIO
NOTPIMHOMY 3HAYEHHIO MOTY>KHOCTI HAaHOUIbII 3aBaHTaxeHOi (a3u [4].

[TikoBuit (myckoBuii) ctpym okpemoro EIl BH3HauaioTh 3a macnopTHUMU
JaHUMH. Y pa3i BIACYTHOCTI 3aBOJICHKUX JaHUX MYCKOBHUU CTPYM aCUHXPOHHOTO
enektpoaBuryna (AJ[) 3 KOpPOTKO3aMKHYTUM pPOTOPOM a00 CHHXPOHHOIO
neuryHa (C/]) moxe OyTv MpUAHATHAN PIBHUM I’ SITHKPATHOMY HOMIHAJIIBHOMY
CTpyMy; IyCKOBHUH CTpPyM JBUTYHa MOCTiiiHOro ctpymy abo AJl 3 ¢azuum
pOTOPOM TIPUIMAIOTh HE HIDKYUM 2,5-KpaTHOTO HOMIHAIBHOTO CTPyMY;
MIKOBHM CTPYyM TIYHUX 1 €JIEKTPO3BAPIOBAILHUX TpaHChOpMaTOpiB — HE
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MEHIIUM 3-KpaTHOTO HOMIHAJIBHOTO CTpyMy (0€3 MpuBEIEHHS A0 BIIHOCHOI
TPHUBAJIOCTI MOBTOPHOTO BBIMKHEHHS 113 = 100%).
[TixoBuii (myckoBuit) ctpym rpynu EIT

IH - Ip - kBIH.HafI6 + IH.Haﬁ61

1€ Iy waiicy Louaiic — HOMiHaIbHMN 1 mikoBuii ctpymu EIL, 3 HalOiabImuM
MIKOBHM CTPYMOM.

Ha II i III piBHsSX enexkTpomocTadaHHs (II€XOBI MEpPEkKi) BUKOPHUCTOBYIOTh
MeToa ynopsakoBaaux aiarpam (Y ) abo meton koedimieHTa momnury.

Mpuxnag 1.1. Jlani npo CHOXMBaYiB CIHIOCAPHO-CKIAJAIBHOTO IEXY
HaBezieHl B Ta0n. 1.4. Jlng ganoro nexy O0yio oOpaHO pajialbHy CXeMy Mepexi
(puc. 1.2). ’KuBneHHs oOnamHaHHS B 3aJCKHOCTI BiJl HOTO pO3TAlTyBaHHS
3MIMCHIOETRCS Bi po3noautbHuX myHKTIB PII-1 — PII-5. Bomnowac PII-1
saxuneno Big PII-3, PII-2 — Big PII-5, a PII-3, PII-4 Ta PII-5 xuBnsithes Bifg
TpaHchOpMaTOpHOi TMIACTAHIN, IO pPO3TAlllOBaHA B CYMDKHOMY IIeXy Ha
BijicTaHi 35 M BpaBo Bia OynaiBensHOi oci B10.

Tabmus 1.4 — BimomocTi Npo eIeKTPUYHI HABaHTAXKECHHS CIIOCApHO-
CKIIQJAIBHOTO 1IEXY

Ne na nutani EnexTpuyHi HaBaHTaKEHHSI P,, xBt
1,12, 15 3aTOYHUI BEepCTaT 6
2,13 3aTOYHUI BEepCcTat 5
3,14 BepTukanbHO-CBEpTMIIBHUN 4
4 TokapHO-TBUHTOPI3HUI 22
5 [nidyBanpHMit 18
6, 11 KpyraouuidyBanpHuii 25
7,9 besnentpoBonutiQpyBansHui 11
8 [TnockonumidyBansuuii 22
10 Pizp0onutidyBanpHuM 25
16, 18-20, 22, 23 TokapHO-TBUHTOPI3HUI 11
17 TokapHO-TBUHTOPI3HUI 24
21 TokapHO-TBUHTOPI3HUN 8
24-27 ToxapHo-rBuHTOpi3HUN 3 UITY 24
28, 29 KoopaunatHo-po3rounuii 3 UITY 32
30 BeprukanbHo-(hpesepHuit 10
31 VYHiBepcanbHO-hpe3epHuit 10
32, 33 ["opuzoHTanbHO-Ppe3epHHit 10
34 BeprukainbHo-(hpe3epHuit 11
35 ®dpezepuuii 3 UITY 8
36 dpesepHuii 11
37,39-43 YHiBepcaabHO-3aTOYHUI 4,5
38 Bepcrar a1 3aTOUKM TUCKIB 5
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10

11

9000

26

27

35

36
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Po3p’sizyBanHs. i1 Bu3HA4YeHHS HABaHTaXXEHb I[EXOBOI MeEpexi 3a
METOJIOM YHOPAJKOBAHUX JllarpaM 3allOBHIOETHCS PO3pPaXyHKOBa TaOIMLA
(tabm. 1.5) [4]. PospaxynkoBi HaBaHTa)keHHsS PII BH3HaualOTbCS B Takiii
nocaigoBHocTi: juis EIN, nanpukiman, PII1

KB:ZnPHkB:4’9:O,14;
SnP, 36

I 0201; ) PP

° ynp,2 190

3 tadi. 1.1 3HaxX0aATh Kp = 2,01 1 00UHCHIOIOTE
Ppr =Kp ZnPHkB =2,01-4,9 =9,8 xBr;
Qp =K, > nB.kytge=1,1.11,2 = 12,3 kBap;

Takoi 3’k TOCHIIOBHOCTI JOTPUMYIOTBCS 1 MiJg dYac BHU3HAUYCHHS
po3paxyHKoBHX HaBaHTakeHb iHmmMX PII. HaBantaxenus PII-3 i PII-5, kpim
HaBantaxxenus EIl, micTuTh HaBaHTa)keHHs, Bianosigno, PI1-1 1 PII-2.

Po3paxyHKOBI HAaBaHTaXE€HHS LI€XY BU3HAYAIOTHCS B TaK1i MMOCIII0BHOCTI:

a) po3paxoBYyIOTh KOE(DIIIEHTH BUKOPUCTAHHS Ta €(eKTUBHY KiIbKicTh EIl
1EXY B IIJIOMY

« _2NPuky 896 _ .
 Snp, 555

_(XnP,)? 5552
ynp,2 101695

Ne =30,3 ~ 30.

0) 3 Tabun. 1.1 smaxonars 3nauenus Ky = 1,18. PospaxyHKOBI HaBaHTaKEHHS
Ha muHax 0,38 kB TII

P, =K, YRk, =1,18-89,6 = 105,7 kBT;
Qp =K, > nBk; tge = 1,0-140,7 = 140,7 xBap;
Sp = \/ (PE+QP) = 105,72 +140,72 =1759 «B-A.

Po3paxyHKOBI HaBaHTa)XEHHS IeXy, IO BIAMOBIJAIOTh MOCTIHHIA dYacy
Th = 2,5T0A. 1 BUKOPUCTOBYIOTHCS JUIsI BUOOPY 1EXOBUX TpaHCHOPMATOpiB Ta
MariCTpaJibHUX IIMHOMPOBO/AIB, BHU3HAYAIOTHCS B TaKiid TOCIITOBHOCTI: 3

Ta0i. 1.2 3HAXOIATh 3HAYECHHS Kp =0,75. Po3paxyHKOBI HaBaHTaKECHHS [IJIs
BUOOpYy Tpancpopmaropis TII
Pp = Kp ZnPHkB =0,75-89,6 = 67,2 kBT;
Qp=Kp ZnPHkB tgp = 0,75-140,7 = 105,5 kBap;

Sp =+ (RZ +QP) = /67,22 +1055? =125 kB-A.
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Tabnuns 1.5 — Po3paxyHOK CHIIOBOTO HaBaHTAXKEHHSI 1IEXY

~ nv PH1 nPH! r-]PH KB’ nPH KBtg(P) . 2 Pp! Qp! Sp!
Haiverysarsa E11 mt | KBt | kBt Ky | tep kBT KBap NP e | Ky kBT | kBap | kB-A
1 2 | 3 4 5 6 7 8 9 10 | 11 | 12 | 13 14
PIT1
3arounnii (1,12,15) 3| 6 18 10,14 2,29 2,5 5,8 108
3arounwii (2,13) 2 | 5 10 |0,14| 2,29 1,4 3,2 50
Beprikanbiio- 2| 4| 8 |012]229| 1,0 2,2 32
cBepiIbHuM (3,14)
Bceporo PIT-1 7 36 0,14 4,9 11,2 190 6 (20198 |123| 157
PII2
VYHiBepcaabHO-3aTOYHUN
(37, 39-43) 6 (45| 27 |0,12|2,29 3,2 7,4 1215
CraHOK 1A (%ag)quH JIACKIB 1 5 5 0,12 | 2.29 0.6 1.4 o5
Bcporo PIT-2 7 32 10,12 3,8 8,8 1465| 7 224|186 | 9,7 | 129
PIT3
ToxapHO-TBUHTOPI3HMI (4) 1 | 22 22 10,12 1,73 2,6 45672 484
HInidysansuuii (5) 1|18 | 18 |0,25|1,17 4,5 53 324
Kpyrnonutidysanpunii(6,11) | 2 | 25 | 50 |0,25|1,17| 125 14,6 1250
BeweHTpOB(O?mg)lq’yBa“”H““ 2 | 11| 11 [025|117| 5,5 6,4 242
[TnockonutidyBanbuamii (8) 1 | 22 22 |10,25|1,17 55 6,4 484
Pizp0onutidyBanbuumii (10) 1 | 25 25 10,25|1,17 6,2 7,3 625
Hasanrtaxxenus PI1-1 7 36 (0,14 49 9,0 190
Beporo PI1-3 15 189 | 0,21 41,8 55,8 3599 | 10 |1,34|56,0|61,4 | 83,1




GT

[Tpomoxenus Tabymii 1.5

1 2 3 4 5 6 7 8 9 10 | 11 | 12 13 14
PII-4
TokapHO-TBUHTOPI3HUM
(16, 18-20, 22, 23) 6 | 11 | 66 | 012|173 | 7,9 13,7 726
ToxapHo-rBUHTOPI3HUH(17) | 1 24 24 | 0,12 | 1,73 2,9 5,0 576
TokapHO-TBUHTOPI3HUI 1 8 8 lo12l173! 10 17 64
(21) ) ) ) ]
ToxapHO-TBUHTOPI3HUH 3
urry (24 -27) 4 | 24 | 96 | 012 |1,73| 115 19,9 2304
Bceporo PI1-4 12 194 | 0,12 23,9 40,3 3670 10 |2,07| 48,2 | 443 | 655
PI15
KoopannaTHO-pO3TOUHMM 3
uITy (28,29) 2 | 32 | 64 | 017|173 | 10,9 | 18,8224 | 2048
Bepm“am’é‘g)‘l’p“ep‘*“ﬁ 1] 10 | 10 [014|173| 14 | 24 | 100
yHiBepca“"(Hoi‘l’pegepH“ﬁ 1|10 | 10 |014|173| 1.4 | 24 | 100
31 ) ) ] ]
["opuzonTanbHO-(ppe3epHuii
(32.33) 2 | 10 | 20 | 0,24 | 1,73 | 28 4.8 200
BepT“Kam’(Ho')‘bpegepH“ﬁ 1| 11 | 11 (014|173 | 15 2,7 121
34 ’ ’ ’ ’
®pesepuntii 3 UITY (35) 1 8 8 1014173 ] 11 1,9 64
@pezepanii (36) 1] 11 11 10,14 | 1,73 | 15 2,7 121
Hapanraxxenns PI1-2 7 32 | 0,12 3,8 8,8 146,5
Bceporo PII-5 16 166 | 0,15 24,5 44,6 29005 | 9 |1,7/8] 43,7 | 49,0 | 65,6
Bcporo no 1iexy 43 555 | 0,16 89,6 140,7 |10169,5| 30 |1,18|105,7|140,7 | 175,9




Emnipuuni metoau. Meton koedillieHTa TOTUTY

n n
Pp = KHZPH.i = ZKH.iPH.i ,
i=1 i=1
ne K,, Ky ; — koedimientu nonuty rpyn EIl Ta okpemux EII, sxi
OTpUMaH1 Ha OCHOBI cTaTUCTUYHUX NaHuX EH ananoriynux 06’ €KTiB.
Metoa mTuTOMO1 €HEProEMHOCTI MPOTYKIIiT
p _ W -M
p - ]
T
e W, — NHUTOMa €HEProeEMHICTh OAMHHUII MPOIYKIi, SKa OTpHUMaHa Ha

OCHOBI CTATUCTUYHHX JAHUX €JIEKTPOCTIOKUBAHHS aHAJIOTIYHUX 00’ €KTIB;
M — naHOBMII BUITYCK MIPOIYKIUIL 38 pO3paxyHKOBUH niepion 7.
Hampukinan, nuToMa €HEPro€MHICTh EIEKTPOII3y aIOMIHIIO CKJIajae
npubauzHo 40000 xBrt-rox./r., BumnaBnenus cram — 600-870 xBt-roa./t.,
BUJI00YTKY Byruuis — 45 kBt ron./T.
MeTOo/1 MHTOMOTO HABAHTAKCHHS HA M° [UIOMI MPUMIIICHHS

Pp =P~ F,
e pl'[ — IIMTOMEC HaBaHTA>XCHHA, F — IIomia.

IMpukaag 1.2 Bu3zHauuTu HaBaHTAXKEHHS MEXAaHO-30MPAJBHOTO IEXY
(tabu. 1.6) 3a MeTo1I0M KOeiIli€HTa TOMUTY.

Tabmuus 1.6 — Po3paxyHOK HaBaHTa)XX€Hb MEXaHO-30MPABLHOTO IIEXy 3a
METOJI0OM Koe(]illl€eHTa MOMUTY

Haszpa rpyn EII Py, | Ky coso/tgo Py, [ Qpy | Sp,
kBT kBt |kBap | kB-A

MertanopizaibHi BEpCTaTH 2540 | 0,2 0,5/1,73 508 | 880

Bepcraru-aBromary, 2820 | 0,25 |0,65/1,14 |705 |803

MITAaMITyBaJIbHI TIPECU

BenTtunsaropu caHTexXHIYHI 815 |0,65 |0,8/0,75 530 | 396

Hacocu, neurynu-reneparopu | 645 |0,75 |0,85/0,62 |483 | 300

Kpanu, Tenbdepu 315 0,2 0,5/1,73 63 109
(mpuBeneni 10 Typ=100 %)

Enexrporneui onopy 845 10,75 |0,95/0,33 |633 |209
3BaproBajIbHI MaIIMHU 285 10,3 |0,6/1,39 86 |119
OCBITJICHHS 320 |0,9 ]0,9/0,48 288 | 138

Bcboro 1o mexy 8585 |0,385|0,76/0,86 | 3296 | 2954 | 4426
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1.2 Po3paxyHOK HaBaHTaKeHb *KUTJI0BUX Oy IUHKIB

3rinno 3 JIBH B.2.5-23:2010 [6] >kuTiioBi OyAMHKH 3a X €JICKTPHYHUM
HABAHTAXKEHHAM IM1IPO3UISIOTHCS HA TPU BUIM:

— kWA (KBapTHUpH) B OyAMHKAX MacOBOTO OyJiBHUIITBA, CIIOPYKEHHUX
Ta CIOPYIKYBAHHX i3 3aralbHOI0 IUIOMICIO Big 35 10 95 M’ BKIIOYHO Ta
3asIBJICHOIO (BCTAHOBJIEHOIO) OTYXHICTIO 10 30 kBT BKITIOYHO;

—  xuTia (KBapTUpH) B OAraTOKBApTUPHUX OyJAMHKAX, CIIOPY/DKEHUX Ta
CIOPY/DKYBAaHUX 13 3araipHOr0 twiomero Big S50 mo 300 M° BKIIOYHO Ta
3asiBJICHUM 3aMOBHUKOM BHCOKMM piBHEM KOMMOPTHOCTI, IO BiAMOBIiAAE
BCTAHOBJICHIN OTY>KHOCTI enekTpornpuiimadi Bia 30 kBT 1o 60 kBT BKITI0YHO;

— oxuTia (KBapTUpW) B KOTeIKaX, OyAMHKax, CHOPYKEHUX Ta
CHOPY/UKYBAaHUX 13 PO3PaxyHKY, SIK MPaBUJIO, HA OJHY POJAMHY 13 3arajabHOIO
miomero Bix 150 g0 600 M? BKIIOYHO Ta 3asBICHAM 3aMOBHHKOM BHCOKHM
piBHEM  KOM(OPTHOCTI, 10  BIAMNOBIa€  BCTAHOBJICHIM  MOTYXKHOCTI
enextponpuitMauib Bij 60 kBt 10 140 kBT BKIIIOYHO.

Jnst sxuten 1-ro BHIy BCTAaHOBIIOIOTHCA I'SITh PIBHIB enekTpudikarii Ta
BIJIMOBIJIHI iM HOPMATHBHI PO3PAXyHKOBI MTUTOMI HAaBaHTAXKCHHSI:

I — xutna (KBapTUpPH) 3 IIIUTAMU HA IPUPOTHOMY Tasi;

Il — xutna (kBapTuUpH) 3 IUIMTAMU Ha CKPAIUICHOMY Ta3i Ta Ha TBEPAOMY
IaJIUBI;

III — >xutna (KBapTUPH) 3 CIEKTPUUYHUMHU TUTUTAMU MOTYKHICTIO 110 8,5 KBT
BKITFOUHO);

IV — xutna (kBapTUpy) 3 €IEKTPUUHUMHU IUIMTaMU NOTYKHICcTIO 10 10,5 kBT
BKJIFOYHO;

V — OyAMHOYKH HA IUTBHHIX CaJiBHUYUX TOBAPHCTB.

Jnst xuten 2-ro BUAY BCTAHOBIIOIOTHCS JBa PIBHI eleKTpudikamii Ta
BIJIMOBI/IHI iM HOPMATHBHI PO3PAXyHKOBI TUTOMI HAaBAaHTAKEHHSI:

I — xutna (KkBapTUpPH) 3 IIIUTAMU HA TIPUPOTHOMY Ta3i;

IT — xutna (kBapTUPH) 3 €AEKTPUYHUMHU TUIMTAMU NMOTYKHICTIO 0 10,5 kBT
BKJTFOUHO.

[TuTomi po3paxyHKOBI €JIEKTPUUHI HABAHTAXEHHS JKUTEN 1-T0 Ta 2-TO BUIIIB
HaBezZieHl B Tabu. 1.7 1 BpaxoBYIOTh 3aCTOCYBAaHHS B HUTJIOBOMY MPHUMIIIEHHI
noOyTOBUX  KOHAMWITIOHEPIB TOBITPS Ta  KOMQOPTHOTO  EJIEKTPUIHOTO
noomnaneHHss y mMexax 7—15% Big 3aranbHOi mMOTpeOM B TEIUI 3 PO3PAXYHKY

60-120 Brua 1 M2 JTIOOITAJIFOBAHOI TLUIOIIII.

OpieHTOBHI MUTOMI PO3PaXyYHKOBI €JICKTPUYHI HABAHTAKEHHS KUTEN 3-TO
BUJTy HaBejeHi B Tabi. 1.8.

Po3paxyHkoBe HaBaHTaXEHHS TPYIH XUTeN 1-T0 Ta 2-T0 BUIIB 3 OJJHAKOBUM
MMUTOMHUM HaBaHTAXEHHSIM Ha JIHIT )KUBJIEHHS a00 muHax TI1

Pp.)K. =Px.N,

ne P, —InuToMe HaBaHTaXEHHs Ha KUTI0; N — KIJIbKICTh JKUTEIL.
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Tabmui 1.7 — Ilutomi po3paxyHKOBI €IEKTPUYHI HABAHTAKECHHS KUTEN 1-r0 Ta 2-ro BUI1IB, KBT AKUTIO

KinbKicTh yxuTen (KBapTup)

|1 | 3]6 ]9 |12]|15]18]24 40 | 60 [100 |200 [400|600 |1000

PKutna 1-ro Bugy

I piBHs enekTpudikailii - B OyIMHKaX 3
MIMTaMU Ha MPUPOJIHOMY Ta3i

5,00

3,85

3,23

2,12

2,36

2,10

1,91

1,65

1,31

1,14

1,00

0,87

0,74

0,66

0,60

I1 piBHs enekTpudikarii - B Oy IMHKaX 3
MIMTaMHU Ha CKParuIeHOMY rasi Ta Ha
TBEPJIOMY TaJIUBI

6,50

5,01

4,20

3,53

3,07

2,73

2,48

2,15

1,70

1,48

1,30

1,12

0,96

0,86

0,78

I11 piBHa enexTpudikanii - B OyJuHKaxX
3 €JIEKTPUYHUMU TUIMTAMHU MTOTYKHICTIO
Mo 8,5 kBT BKIIIOYHO

10,00

8,19

5,56

4,44

3,76

3,33

3,05

2,72

2,35

2,10

1,73

1,38

1,31

1,19

1,10

IV piBHs enekTpudikaiii - B OyAMHKAX
3 €JICKTPUYHUMU IIUTAMU MOTY>KHICTIO
mo 10,5 kBT BKJIFOUHO

12,00

9,83

6,67

5,33

4,51

3,99

3,66

3,26

2,82

2,52

2,08

1,65

1,58

1,43

1,32

V piBHa enekTpudikarii - B
OyIMHOYKAX HA IUTBHHIIAX CaJTIBHHUNUX
TOBApPUCTB

3,50

2,84

1,91

1,47

1,22

1,07

0,96

0,83

0,66

0,58

0,52

0,48

0,47

0,46

0,41

PKutina 2-ro Bugy

[ piBHs enekTpudikailii - B OyIMHKaX 3
MIMTaMU Ha PUPOJIHOMY rasi

9,00

6,33

0,29

4,36

3,72

3,26

2,94

2,51

2,00

1,78

1,62

1,47

1,24

1,08

0,99

I1 piBHs enekTpudikarii - B OyIMHKaxX 3
CJICKTPUYHUMH TUTUTAMU TTOTYKHICTIO
mo 10,5 kBT BKiIIOYHO

16,00

13,05

8,34

6,41

5,39

4,77

4,36

3,83

3,18

2,83

2,51

2,16

1,88

1,77

1,76
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Tabmuns 1.8 — OpieHTOBHI MUTOMI PO3PAaXyHKOBI €JIEKTPUYH1 HAaBAaHTAXKEHHS KHUTeN 3-r0 BUIY, KBT Akumio

CnoxxuBadi ejaekTpoeHeprii/KiabKicTb xKuTen

1

3

6

9

12

15

18

24

40

60

100

200

1. XKutna (koTemKi) 3 Ta30BUMH IITUTAMU 0€3

CICKTPUYHUX CayH (3asBJICHA MOTYXHICTh
20 xBT), kBT

12,00

8,44

7,06

5,81

4,96

4,34

3,92

3,35

2,66

2,38

2,16

1,96

2. Kutna (koTea ki) 3 ra30BUMU IUTUTAMU, 3
EJIEKTPUYHUMH CayHaMU (3asiBJIeHa
MOTYHICTh 32 KBT), kBT

18,00

13,59

9,78

7,80

6,63

5,86

5,33

4,64

3,79

3,39

3,06

2,74

3. Kutna (koTemKi) 3 eJIeKTPOILIUTAMU JI0
10,5 kBTt 6€3 cayH 1 IpOTOYHUX
BOJIOIIIIrPiBaviB (3asBJICHA MOTY>KHICTh
32 kBT), kBT

20,00

16,13

9,96

7,65

6,48

5,78

5,31

4,78

3,99

3,58

3,20

2,83

4. Te came 3 cayHaMu MOTY>KHICTIO 710 12 kBT,
0e3 MPOTOYHMX BOAOMIIIrPiBayiB (3asiBIeHA
MOTYHICTh 45 KBT), kBT

25,00

20,17

1245

9,56

8,10

7,22

6,64

5,90

4,98

4,48

4,01

3,54

5. Te came 3 cayHamu OTYXHICTIO 10 12 kBT,
3 MPOTOYHUMU BOAOIIIITPiBAYaMHU
noTyxHicTio 10 12 kBT (3asBnena
notyxHicth 60 kBT), KBT

32,00

2581

15,94

12,16

10,37

9,25

8,50

7,55

6,38

5,73

5,13

4,52

6. Te came, 10 103. 5, 3 TOBHUM
eJIEeKTpOoOoIaleHHIM, TIotieto 150 M’
(3asiBIeHa MOTYXHICTh 73 kBT), kBT

45,50

39,59

29,58

25,48

23,66

22,76

22,30

21,39

20,02

19,11

18,66

18,20

7. Te came, 10 1M0O3. 5, 3 IOBHUM
2
eJIeKTpoonajieHHsaMm, miomiero 300 m

(3asiBjIeHA TOTY>KHICTB 95 KBT), kBT

59,00

53,10

43,07

38,94

37,17

35,58

35,40

34,81

33,63

32,45

31,86

31,27




Po3paxyHkoBe HaBaHTa)KE€HHS JiHIN >kuBieHHsS Ta Ha mmHax TII rpymum
KUTEN 3-TO BUAY 3 OJIHAKOBUM ITMTOMHUM HAaBaHTAXKEHHSIM

Pp.)lc.:Ko'ch.'N’

ne K, —koediuieHT ogqHovacHocT! (Tadm. 1.9).

Tabmmms 1.9 — 3naueHns koedimieHTa OAHOYACHOCTI I OTHAKOBUX JKUTEIT

KigpKiCTh KUATEN 1 13|69 12|15 ,18 |24 |40 |60 (100|200 (400
(KkBapTHD)

3 mMTamMu Ha 1,00 (0,65/0,38/0,32/0,28|0,26|0,22|0,23|0,18|0,16|0,14|0,12 0,11
MPUPOTHOMY Ta3i

3 enexrporumramu (1,00 0,81/0,500,38/0,32|0,29 0,27 0,24 |0,20|0,180,16|0,14 |0,13
MOTYXHICTIO J10
10,5 kBT BKIITOUHO

JKurtia 3 noBHUM 1,00(0,87/0,65/0,56/0,52(0,50/0,490,470,44|0,420,41|0,40 |0,39
€JIEKTPOOTaJICHHSIM,
rroniero 150 M

PKutna 3 moBHUM 1,0010,90(0,73/0,66/0,63(0,620,600,590,57|0,55|0,54 0,53 |0,52
€JIEKTPOOTaJICHHSIM,
rwiomiero 300 M

Po3paxyHKoBe HaBaHTaXEHHS [JII TPYNU KUTENT 3 PI3HUMH TTHTOMUMHA
HaBaHTAXXEHHSIMU, IPUBEICHE J10 JiH1i xuBieHHs, muH 0,4 kB TpancdopmaTopa
10(6)/0,4 kB, 3a 3aranabHOi KUIBKOCTI MPUEIHAHUX XUTENT 29 1 MEHIIE, CIij
BHU3HAuYaTu 3a (HOPMYJIOH0:

Pp.)K. = (P>I<.l - P)K.m)NlKo.l +(P>1<.2 - P)K.m)N2K0.1+2 T

+(Pye.m—1 - P m)Nm-1Ko 142+, +m-1+ Prem(Ny + N +...4 Ny K 1401 m,
7€ HalOUIbIIOMY 3HAYEHHIO MPUCBOIOETHCS HOMEp |, HallMeHIoMy —
OCTaHHI HOMEP.
Po3paxyHkoBe HaBaHTa)XXE€HHSI TPYyNU OKUTEI 3 PI3HUM [UTOMHUM
HaBaHTA)KEHHSAM Ha JIHII >kuBJIeHHS a0o0 mmHax TII 3a 3arajpbHOT KUIBKOCTI
skuten 30 1 OunbIne

m
Pp.)fc. =Ko 142+..4m Z Pi.iNj -
i=1
3HaueHHs KOe(DILIEHTIB OJHOYACHOCTI ISl PO3PaxyHKY HaBaHTaXEHb
YKUTEN 3 pI3HUM MUTOMUM HaBaHTAXEHHSAM ciif] npuiiMatu 3a Tadm. 1.10.

Tabmuus 1.10 — 3nadenns koedillieHTa OJTHOYACHOCTI JUTS )KUTET 3 PI3HUM
HABaHTAKCHHSIM

KiIbKICTE KHATEN 1 (13(6]9 (121518 |24 |40 |60 (100{200 400

KoedimieHt 1,00{0,8 10,5 10,38/0,32(0,280,2710,230,19/0,1710,15|0,13 0,12
0THOYAaCHOCTI
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Po3paxynkoBa akTuBHe HaBaHTaxeHHs cuinoBux Ell, Hampuxmnan, midroBux
YCTaHOBOK, BU3HAYAETHCA 3a (POPMYJIOH0

Pp.n. = Ky Py

3HadeHHs KoedilleHTa MTOMUTY JiPTOBUX YCTAHOBOK HaBe/eHO B Tabi. 1.11.

Tabmuns 1.11 — 3nayenns koedimieHTa TONUTY JTi(HTOBUX YCTAHOBOK
KimbKicTb TTOBUX YCTAHOBOK | 2-3 4-5 6 10 20 251
Oinblie
111 Oy iuHKIB 3aBBuIku g0 | 0,80 0,70 0,65 0,50 0,40 0,35
12 noBepxiB
st OyauakiB 3aBBumku 12 | 0,90 0,80 0,75 0,60 | 050 0,40

1 OlJIbIIIE TOBEPXIB

Po3paxyHkoBe HaBaHTa)XKCHHS JKHTIOBOTO OYAWMHKY B IIIOMY, 32 YMOBH,
KO HaMOUIBIIOK CKJIAJOBOIO € HABAaHTA)KCHHS BIJ JKUTEJI, BH3HAYAIOTH 34
bopmyIioro

Pp = Py +0,9 Py +Ko Pprp.,

ne Pprp. — PO3paXyHKOBE HABAHTAKCHHS BOYJOBaHMX 4YM TPUOYIOBAHUX
rPOMaIChKUX MPUMIIIECHb, 110 KUBJISITHCS BiJl €JIEKTPOIIUTOBOI OYAMHKY.
Po3paxyHkoBa peakTUBHE HaBaHTAXEHHS BU3HAYAETHCS 32 (POPMYJIIOIO

1e tg( — po3paxyHKOBUI KOe(DIili€EHT peaKTUBHOI MOTY)HOCTI (Tadu. 1.12).

Tabmuus 1.12 — 3HaueHHA pPO3PaxXyHKOBOTO Koe(dillieHTa peaKkTUBHOI
MOTY>KHOCTI
Crnio>kriBadl €JIeKTPOSHEPT i tgo
KBapTupu 3 en1eKTpUYHUMU TIUTAaMU Ta 6€3 T0OyTOBUX 0,20
KOHJIUITIOHEPIB TTOBITPS
KBapTupu 3 eN1eKTpUYHUMU TUTUTAMH 1 3 TOOYTOBUMU 0,40
KOHTUITIOHEPAMH TTOBITPS
KBapTupu 3 miautaMmu Ha IPUPOTHOMY ab0 3pIKEHOMY Ta3l i Ha 0,29
TBEPJIOMY TAJIUBI
KBapTupu 3 miautamu Ha IpUPOJAHOMY abo0 3pIIKEHOMY Ta3l i Ha 043
TBEPJOMY MaJIUBI Ta 3 MOOYTOBUMH KOHJIUIIIOHEPAMH MOBITPS
["ocriogapchbki HACOCH, BEHTWIIALIIMHI YCTAHOBKH Ta 1HIII 0,75
CaHITapHO-TEXHIYHI MPUCTPOL
JlipTu 117

IMpukaan 1.3 BuszHaunté po3paxyHKOBE HAaBaHTAXXEHHS 9-TIOBEPXOBOTO
108-kBapTUPHOTO KUTIOBOTO OYAUHKY 1-ro BUAY 3 MJIMTaMH Ha IPUPOTHOMY
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ra3i (I piBas enextpudikarii), aKkuil Mae Tpu cekuii mo 36 KBapTUP B KOXKHIM.
HoMinanbpHa NOTYKHICTh OJIHI€T TIPTOBOT yCTaHOBKHU 7 KBT.

Po3p’si3yBanHs. [IuTroMe HaBaHTaXeHHS HA OJHE XKUTIO 1-ro By | piBHS
enexTpudikarii 3Haxoaumo 3 Tadu. 1.7 nUaxoM JHIHHOT IHTEPHOJIALIT BX1THUX
JTaHUX

Py =1,0— M (108 —100) = 0,99 kBt/x)wuTI0.
' 200 -100

Po3paxyHKOBE aKTHBHE HaBaHTAXCHHS TPYIH JKUTEI 3 OJHAKOBUM ITUTOMUM
HABAHTAXXCHHIM HAa JIHIT )KUBJIICHHSI

Po.x. = Px N =0,99-108 =107 xBr .

Po3paxyHkoBa akTUBHA MOTY>KHICTh Ji(PTiB
Py = Ky Py =0,8-37=16,8 kBr.
Po3paxyHKOBE aKTHBHE HABaHTAXKEHHS OYJUHKY
Py = Pp . +Ko Ppy = 107+0,9-16,8 = 122 kBr.
Po3paxyHkoBe peakTUBHE HaBaHTa)XCHHS OYJUHKY

Qp = Pp.x. t20 % +Ko Pp.n tgoy, = 107:0,29+0,9-16,8 1,17= 49 ksap.

Mpukaaa 1.4 BuzHauutu po3paxyHKOBE HABAHTAKEHHS KUTEN (KOTEIXKI)
nBox BuAiB: 1) 3 enekrpormutamu Ao 10,5 kBt 6e3 cayH 1 NpOTOYHUX
BOJOMIAIrpiBayiB  (3asBicHa  TOTYXHICTH 32 kBT); 2) 3  mHOBHUM
€JIEKTPOOMANIEHHAM, IUIomer 150 M’ (3asiBICHA noTyHicTh 73 kBT). Kinbkicts
JKATEN BIAOBIIHO 91 6.

Po3B’sa3yBanHs. Po3paxyHKOBE HaBaHTAKEHHS [JIs1 TPYIIN KUTEN 3 PI3HUMHU
MATOMUMHM HaBaHTAXEHHSIMU, TpUBEACHE M0 JiHii >kuBjeHHs, muH 0,4 kB
tpanchopmaropa 10(6)/0,4 kB, BU3Ha4Ya€THCA TAKUM YHHOM:

Py x. =(73-32)-6-0,5+32-15-0,28 = 257 kBr.
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2 PO3PAXYHOK BHYTPIIIHbBOI'O EJIEKTPOITIOCTAYAHHSA
HAITPYT'OIO 10O 1000 B

2.1 CxeMH i KOHCTPYKTHBHe BUKOHAHHA Mepesk Hanpyroio g0 1000 B

B 3amexxHOCTI BII CXeMHM IIEXOBI MEpeXi NOAUISIIOTH Ha pajiajibHI,
MaricTpajgbHi Ta 3MillaHl. PagialbHUMM Ha3WBaIOTh MEPEXi, B SKUX JJIA
nepenaui enekrpuunoi eneprii Big TII go posmoaimeHoro myskry (PIT) 1 mo
enekrponpuiimauiB (EII) BuxopucToByeThCcsi okpema miHisA. B pamianbHux
[EXOBUX Mepexax JiHIl eJleKTpornepeAaBaHHs BUKOHYIOTh KaOelsiMu.
Bigramy:xenns n0 okpemux EIl MoxyTep BHKOHYyBaTucs KabemsMu abo
npoBojaMu. B pamianpHMX Mepexax Bim posmoautbHOro muta TII Bigxomsarsb
JHIT JKUBJIEHHSA TEPBUHHHUX PO3NOJAUIBHUX NYHKTIB, a Takox EIl Bemmkoi
noTy>HocTi (6ibiie 55 kBT). B cBoto wepry, Bim nepBunHux PII sxuBnatbes
BropunHi PII i EIl cepennboi noryxHocti (10......55 kB1). Big Bropunnux PII
xuBJsATbes EIT Manoi motykHOCTI.

PamianpHi cxemu 3a0e3medyloTh BHUCOKY HAJIWHICTh €JIEKTPONOCTAYaHHS.
OpaHak BOHM BUMAararoTh BEJIMKUX BUTPAT HA €JIEKTPOOOIaIHAHHS 1 MOHTAX.

MaricTpaqibHUMH HA3UBaIOTh MEPEXi, B SKUX MepeaBaHHs €JIEeKTPOEHEPrii
BUKOHYIOTh 3a JIONIOMOTOI0 MAariCTpaJIbHUX 1 PO3MOAUIPHUX HIMHOMPOBOJIB.
Kommnektni marictpansHi muHonpooau (LIIM) mpusHaueHi il nepegaBaHHs
enextpoeneprii Big TII mo posmoaubHux muHONpoBoAiB (IIIP). KommiekTHi
[P npusHaueHi nns npuenHaHHs Benukoi KumbkocTi EIl. B xommext [P
BXOJSTh KOPOOKM 3 3aXMCHOIO 1 KOMYTAIIHHOIO amapaTyporo (pyOMJIbHUKH 13
3anmo0iKHUKaMK a00 aBTOMAaTWYHI BUMHKAul). 3aCTOCYBaHHS IIMHOIPOBO/IIB
JI03BOJISIE BIAMOBHUTHUCS Bl BEJIUKOI KIJIBKOCT1 KAOEIbHUX JITHIHN.

CxeMu 1EXOBUX Mepex 300paxkaroTh y BTl rmiany (puc. 2.1) 1
pPO3paxyHKOBO-MOHTaKHOI Tabyuii (puc. 2.2).

BupimansHuii BIuiMB Ha BHOIp KOHCTPYKTHBHOTO BHKOHAHHS II€XOBHX
MEpeX Mae€ CTaH HaBKOJMIIHBOTO CEpeloBHINA. PekOMEHIOBaHUN CTYIIIHb
3aXUCTy €JEKTPOOOIaIHAHHS Y BUPOOHUUUX MPUMIIIECHHSAX: HOpMaJIbHUX — [P
20; szamunenux — I[P 40; Bomorux — IP 44; oco0muMBO BOJOrHX 1 3 XIMIYHO
akTUBHUM cepenoBuiieM — [P 54, B moxkexoHeOe3rmeuyHnx IPUMIIICHHIX
MOBUHHO  3aCTOCOBYBATHCh  MOXKEXKO3axuIleHe oOsanHanHs.  Haitoinbin
CKJIAJHOIO € 3aJaya MPOEKTYBAaHHA LEXOBUX MEpEeX y BHOYXOHEOE3NMEeUHHX
NPUMIIICHHAX, I SIKHX BHKOPHUCTOBYETHCS CIICIiaJIbHE BUOYXO03aXHIICHE
oO0J1aTHAHHS.

BukoHaHHS OCHOBHHMX THIIIB KOMIUICKTHUX MaricTpajbHUX ITUHOMIPOBOIIB
IP 20. BukoHaHHsI MarictpaibHOro muHonpoBody — tumy 1I3M-16, a Takox
po3noautbkHUX IuHONpoBoAiB — I[P 31. OTxke, mMUHONPOBOIHI MeEpexi He
MOXXYTh 3aCTOCOBYBATHCSl B 3alWJICHUX, BOJIOTUX, OCOOJIMBO BOJIOTHX
MPUMIIICHHSIX, a TAKOXXK B MPHUMIMICHHSIX 3 XIMIYHO aKTHBHHM CEPEIOBHUIIEM.
Jlnst  3acTOCyBaHHSIT B TOKEKOHEOE3NMEUHUX MPUMIMIEHHSX BHUITYCKAIOTHCS
CHeIiagbHi TT0KEK03aXUIIeH] MUHOTTPOBOIH [1].
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24

0009




, 380/220B

wc1

@
x589 4
Py=1528,6kBT FU

Pp=1146,45«kB1 oo

=7

(@)

B p Py y } ?
QF1‘\ oPx 839 QFz‘\\ oPx 83 aF3 \\ oPx §39 aFs \ DPx 839 QFE\ DX §3- QFG\\ Dx §3-
N |
- \ N \ J J |
N I - 3
(%] SES SE
e} E- 3 g'
‘; o ; I
=2 = = = 5 3
SE 3|8 g 3 2 5
E Lle g B g = 0 o w &
<| = <|= % o Qo QE Ze
E SE @ 3 G 2 © F 0z
3z e 52 i 22 02
=] ' [ m m
5 7 i 5 L & D
WY Net WY Ne2 WY Ne4 WY Ne5 WY Ne6
Komnn. Komnn. KoMmnn Komnn. Komnn.
1 2 3 4 5 6 Homep Ha nnaHi
280,7 280,7 19,2 48 48 93 Py.kBt
280,7 280,7 19,2 48 48 93 Pp,kBT
507,0 507,0 34,7 86,7 86,7 170,7 Crpym,A Ip

Pucynok 2.2 — Po3paxyHKOBO-MOHTa)KHA TaOIUIIS [IEXOBOI MEPEX
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HICY cnin mepeabavyatu nuine 3a HEOOXIIHOCTI 3a0€3MEUYEHHS] 3pYyYHOTO
KepyBaHHA €JEKTpONpUBOJaMU a0 IeHTpali3aiii MiClsd BCTaHOBJICHHS
anapaTiB OJIOKYBaHHS Ta JHCIETYEPCHKOTO YIIPaBIiHHA a00 HEOOXITHOCTI
3aXMCTY amapaTiB BiJl il HaBKOJHUIIHBOTO CEpEeAOBHUINA. Y PEITI BUITQJIKIB
PEKOMEHIyeThCSl TependayaTd MAarHiTHI IycKadl 3 iX YCTaHOBIIEHHSM B
oesnocepeaHii 0au3bkocTi 10 Ell 3a BiMOBITHOTO BUKOHAHHS KOXKYXIB.

Posnoainshi npuctpoi LLICY moxyTs BukonyBatucs 3 naneneit 1110-94. 3a
CTYIICHEM 3axXHUCTy TaHeIl BUTOTOBIISIOTH JABOX BUKOHaHb (Tiepmia mudpa B
no3HaueHH1 maneni): 1 — Binkpute (ctyminp 3axucty IP 00, 3 6oky dacaxy — [P
20); 2 — madose (cryminp 3axucty IP 20, 3 6oky aaa — IP 00). 3a cBoim
NpU3HAYCHHSM NaHell MOAUISIOTh Ha (apyra uudpa B mo3HayeHHi maneni): 1 —
BBIJIHI, 2 — CEKIIiiHI, 3 — pO3MOAUIBHI 1 BBITHO-PO3MOILIBHI, 4 — TOTIOMIXHI, 5 —
mHHI MocTh. [Taneni 30uparoTh B IUT 3aBAOBXKKH 110 4 M.

3a BIJICYTHOCTI HEOE3MEKH MEXaHIYHMX IOUIKOKEHb PEKOMEHAYETHCS
BIJIKpUTE TPOKJIAJAaHHS 130JIbOBAHMX MPOBOMAIB 1 HEOpPOHBOBAHUX KabeniB. 3a
HAsIBHOCTI HeEOE3MeKH MEXaHIYHUX IMOIIKO/KEHb MOBUHHI 3aCTOCOBYBATHUCS
OpoHbOBaH1 kabesi ado X MOBMHEH NependayaTUcs 1HIIMM 3aXUCT (HApUKIa,
npokiaianHg B TpyOax). VY pasi NpOKIaJaHHS BCEPEIMHI MPUMIIICHb
OpoHbOBaH1 kabesi HE MOBUHHI MaTu MOBEPX OpOHI, a HEOPOHBLOBAHI — MOBEPX
MeTajeBUX 000JIOHOK, 3aXUCHUX MOKPUTTIB 3 TOPIOYMX MaTepiaiB.

Bubip ™MeToly MOHTaXy €JIEKTPONPOBOJAKH 1 CHOCO0y MPOKIIAIaHHS
IIPOBIIHMKIB BUKOHYEThCS y BiANMOBIAHOCTI 3 IIVE [5], a B kpainax €C — 3rigHo
3 craggaprom |EC 60364.5.52 [7]. KabGem MOXyThb MOHTYBaTHCS
oe3nocepenHbo 0e3 ¢ikcallli abo 3 KpirICHHSIM, B TpyOax, Kopobax, Ha JIOTKAX,
KPOHIITEHAX, Ha 130JIATOpaxX, Ha TPOCI TOIO, 130JbOBaHI MPOBOAM — Ha
130J15TOpax B TpyOax abo B kabenbHUX KopoOax (Tadm. 2.1).

Tabmui 2.1 — Metoau MOHTaXy €JIEKTPOIPOBOJIOK

Tun besmno- besno- B tpy0ax, [Ha notkax, [Ha Ha

MPOBIAHUKA CEPEHbO |CEPEHBO 3 B KOPOOaxX KPOHIITEHH-130JIITOPAXTPOC]
0e3 (ikcariiKpirIeHHsIM Hax

Kabeni + + + + JO1I. +

baraToXXuJIbHi

Kao0em JTOII. + + + JTOTI. +

OTHOKUJIbHI

[30160BaH1 - - 4 - + -

MPOBOIN

[IpumiTka: 130J1bOBaHI TPOBOJIU JOMYCKAIOTHCS JIO 3aCTOCYBaHSs, SKIIO
kabenpHI KopoOa MaroTh CTyIiHb 3axucty [P4X.

[Tpu 11bOMY PO3PI3HAIOTH TaKl CIIOCOOU MPOKIIAIAHHS:

A) B TEpMOI30JIIOBAIBHUX CTIHAX: 130JIbOBaHI MpoBoAM abo kabem B
MJJACTMACOBUX a00 MeTaleBUX TpyOax, 130JIbOBaHI MPOBOJAU a00 OJHOKUIIbHI
kabeJl B MOJIJIIHTax, B 0ajgkax, BIKOHHUX pamax, Kabesi 0e3rmocepeHbo;
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B) mo crimax abo moBepxHsX: 1301bOBaHI TpoBOAM abo Kabemi B
macTMacoBux abo MeTaneBHX TpyOax, KaOelbHUX KOopoOax; B IyCTOTax
OyJIiBeIbHUX KOHCTPYKIIIH: Oe3mocepeaHho, B TpyOax, KaOedbHHX KopoOax;
kabel B MIABICHUX CTENAX, B IIJJI031, 130JIbOBaHI IpoBoaM abo kabenm B
YTOILJIEHUX B MIAJI031, 3aMOHOJIYEHUX, HEBEHTWJIbOBAHMX, BIAKPUTHX a0o
BEHTHJILOBAHUX KaOENbHMX KaHajaX, 130JIbOBaH1 MPOBOAM ab0 kabem B TpyOax
B Kiari (6eToHi);

C) xabemi, 3akpimieHi MO CTiHi, MiJ CTeJCr0, 3a (IKCOBAHOI yCTAHOBKH
MiBICHOTO O0O0JIaHAaHHSA, Ha HemepdopoBaHOMY JOTKY, Kabeli, MpOKIaaeHi
6e3mocepeTHbo B Kiafdri (0eToHi);

D) kabeni B IuTacTacoBHX, KepaMIYHHX, METAJICBUX TpyOax JiaMeTpoM
100 MM 1 OimpImie, B cHeIlialbHUX KaOeIhbHUX KaHamax abo Oe3mocepeaHbo B
3eMIIl;

E abo F) kaOemi, 3akpimieHi Ha BiAcTaHi Bix cTiHM abo crTemi, Ha
nephopoBaHOMY JOTKY, Ha APOTAHOMY JOTKY ab0 KpOHINTEHHaX, KaOeiab Ha
Tpocy;

G) i30;1p0BaHI MPOBOAM a00 OJHOKHIIBHI KaOei Ha 1309 Topax.

Pexumu HeiiTpani. B wmepexax nanpyrowo 0,4 kB BUKOpHUCTOBY€THCS
cuctema 3aszemiieHHss TN-C, B saxiii HynboBuil (PEN) NpOBIIHUK BUKOHYE
OJIHOYACHO (YHKIT 3aXWCHOro 1 poOodoro mpoBigHUKIB. Taka Mepexa
XapaKTEepPU3y€eEThCsl HENOCTaTHBOIO Oe3neuHicTio. Mepexa 3  CHUCTEMOIO
3a3emisieHHs1 TN-S, B sKiil BUKOPHUCTAHO JIBa HYJIHOBHX MPOBIIHUKUA — POOOUHUt
(N) ta 3axucHuii (PE), € 3Ha4HO OUIbIN Oe3neuH00. BoHA XapakTepu3yeThes Ha
MOPSIIOK HIDKYUMH YaCTOTaMH BiJMOB, III0 MOXYTH NPU3BECTH 10 BPAKCHHS
Tonel CTpyMoM. BUKOPHCTOBYIOTH Mepexki 3 cucteMoro 3a3emieHHs TN-C-S,
Kl OoTpuMyloTh utuIsixoM posauieHHs PEN-mposinnuka wmepex 7N-C Ha
HyboBUH 3axucHuii (PE) 1 poOounii (N) MpoOBiTHMKKM Ha BBIJHOMY IIMTI
OKpPEMHUX 00’ €KTIB.

Omnip 3a3eMIIIOBAaJIbHOTO TPUCTPOIO, JO SKOTO TPUETHAHO HEUTpasb
TpaHchopmaropa, B Oyab-sIKy MOpPY POKY MOBUHEH OyTu He OuthiuM 4 Owm,
akmio JiHiHa Hampyra 380 B. Ileit omip moBuHeH OyTtu 3abe3neyeHuil 3
BpaxyBaHHSIM BHUKOPUCTAHHS MPUPOJTHUX 3a3€MJITIOBAYiB, 4 TAKOXK 3a3€MJIIOBAUIB
noBTOopHUX 3a3emieHb PEN- a6o PE-mpomignuka I1JI manpyrowo mo 1 kB 3a
KUIBKICTIO ~ BIAXITHUX JIHIA He MeHme JnBox. Omip 3a3emiitoBaua,
po3TaIioBaHoOro B Oe3nocepeaHii OJU3bKOCTI Bia HedTpani TpaHcdopmaropa,
noBuHeH Oytu He OuIbiKMM 30 OM. 3arajabHull OMip pO3TIKAHHIO 3a3€MIIIOBAYIB
BCiX MOBTOpHUX 3a3emiieHb PEN-npoBinauka koxHoi [1JI B Oyib-siky IOpy poKy
noBuHeH OyTu He OutbiiuM 10 Om. [Ipu 1boMy omip poO3TiIKaHHIO 3a3eMJIIOBavYa
KOYXHOT'O 3 TOBTOPHHUX 3a3€MJIEHb MOBUHEH OyTH He OutbiuM 30 Om.

2.2 Bubip npoBignukiB B Mepe:kax Hanpyrow a0 1000 B

Tunm kabeniB. B mepexax Hanpyrow 0,4 kB nepeBa)xHO BUKOPUCTOBYIOTh
kabem Ta 130/1bOBaHI MPOBOAM 3 IJIACTMAcoBOIO 13oisAdiero. Kabem 3
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TJIACTMACOBOIO 130JISITI€I0 BUTOTOBIISIIOTH 11 Mepex 0,66; 1; 3; 6 kB 3 i3oms1i€ro
3 nodiBiHUIXIopuay (ITBX), momieruneny (I1E), 13 3murtoro I1E, B anroMiHi€BiH,
[IBX i I1IE o6onoHkax.

Kabem 3 rymMoBOIO 130JISI1i€10 MPU3HAYECH] JJIsI Tepeiadl eJeKTpoeHeprii B
CTaIllOHApHUX YCTaHOBKAaX 3 HEOOMEKEHOIO PI3HHUIICIO PiBHIB Hanpyror 0,66; 3;
6 kB. KabGem BUTOTOBISAIOTH B OOOJIOHIN 3 MACJIOCTIMKOI TYMH 1 TYMH, IIIO HE
nomwuproe ropidHsa, [IBX mmactukary abdo cBuHItO. TpuBango momycTaMa
TEeMIepaTypa W1 HE MOBHHHA MEPEBHINYBATH B 3aJIEKHOCTI BiJl MaTepiaiy
13051111 +65 °C (muist 3BmaHOi rymu) Ta 90 °C (s Tepmoctiiikoi rymu ABPTB).
OnHOoKkpaTHE MaKCMMalbHO JOMyCTUME HarpiBanHs kabGemniB ABPTb nmns
ctpymiB K3 TtpuBamictio He Ounpine 1 ¢ He moBuHHO mepesuiryBatu 250 °C.
JlomyckaeThbcsi TpUKpaTHE HArpiBaHHS Kujil cTpyMamu K3, 3a axux Temmneparypa
He nepesuirye 150 °C.

JlomycTtuMi TemmepaTrypu HarpiBaHHsa kil kabemiB 3rimHo 3 IEC 60502-
1:2004 [8] Ta CENELEC (€Bpormeiichbkuii KOMITET 3 €JICKTPOTEXHIUHOI
crangapru3ariii) HD 603 S1/1994/A2:2003, naBeaeni B Ta0:1. 2.2.

Tabnuus 2.2 — JlonmycTumi TemnepaTypu HarpiBaHHs >KIJI KaOesiB

Marepian izomsauii  JlomycTumi Temnepatypu HarpiBaHHs XK KaOeo, °C
['pannuna 3 yMOBH
Tpusao B pexumi 11 9ac HE3aropsHHs
nepeBaHTa- | KOPOTKOTO 1T 9ac
JOTTyCTUMA
JKEHHS 3aMHUKaHHS KOPOTKOTO
3aMHUKaHHS
I[IBX mactukatr
Hommepra 70 90 160/140* 350
KOMITIO3HIIiS, 110 HE
MICTHUTH TaJIOTE€HIB
3UINTHA TT0JTIETHIIEH 90 130 250 400
I'yma 65 110 150 350
Etunennponinenosa 90 130 160 350
ryma

. . . . )
* Jlst kabestiB 3 CTPYMONPOBIAHUMU KUJIaMHU 1iepepizom Oubine 300 mm*.

MapkyBaHHs KaOeliB 3 MJIaCTMACOBOIO 1 TYMOBOIO 130JIALI1€I0 MICTUTh YOTUPHU

MO3UII]T.

1

2

3 4

MapxkyBaHHs Ka0OeJliB 3 MIACTMACOBOIO 130JIALI1EI0

1-e Miciie: MaTepiaj )XW (aHAJIOTIYHO Ka0essiM 3 TTarepoBOIO 130JISIII€10);
2-¢ micue: B — 1301t skud 3 nodiBiHUIXmopuay; 11 — 3 momeruneny;

[1B — 3muTOTO (BYJKAHI30BAHOTO) TIOJIIETUIICHY;
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[Ic — camo3racHOro NoOJieTHIICHY;

[1Bc — ByJIKaHI30BaHOTO CAMO3TaCHOTO TMOJIICTHUIICHY;
3-e micrie: B — nomiBiHUIXIIOpHIHA 000JIOHKA; A — allfOMiHI€BA;

[T — momietnnenosa; [1c — 3 caMo3racHOTO TOJTIETUIICHY;
4-¢ micuie: 11IB — 3axycHE MOKPUTTS — IIJIAHT BIHIJIOBUH.

MapkyBaHHs KaOeIiB 3 TYMOBOIO 130JIS111€10

1-e Micrie: MaTepiaj KM (aHAIOTTYHO KabessiM 3 anepoBOIO 130JISIII€10);
2-e micie: H — matepian 000710HKH — ryma, 110 HE TOLINPIOE BOTOHB;

B — 3 noniBinuxnopuay; C — cBUHIIEBa 000JIOHKA;
3-€ micnie: P — rymoBa 13071115 K11, PT — ryma miIBUIIEHOT TEMIOCTIMKOCTI,
4-e Mmicle: 3aXMCHE TOKPUTTSI.

Kabeni 3 mamepoBo0 i30JIS11i€10 BUKOPUCTOBYIOTH OOMEKEHO, HAPHUKIIA,
JUTSL KUBJICHHST OKPEMUX IIEXIB 3 iX MPOKIAJaHHAM B TpaHmiesx. [ crmoBux
kabenmiB 3 mamepoBoro 13oiisiier0 g0 1 kB momyctumoro € Ttemmeparypa
HarpiBanHs xui 80 °C.

YMoBM BUOOPY HU3bKOBOJIbTHHX Ka0eJliB Ta MPOBOAIB:

- 32 HarpiBOM;
- 3a BTpaTamMu Hamnpyry;
- 32 TEPMIYHOIO CTIHKICTIO 110 Aii cTpymiB K3.

[lepepi3 mpoBigHUKIB B Mepekax Hampyroro 10 1 kB BuOuparots 3a
JONyCTUMUM HarpiBOM

I p — A HOpMaJbHHX MIPUMIIICHB;

flon = 1,25 Ip — U1l BUOYXOHEOE3MEUHNX IMPUMIITICHB .

TpuBano OOMyCTUMHIA CTPyM UIsl JAHOTO THIY MPOBIIHUKA, Mepepi3y 1
criocoOy npokianands HaBeaeHo B [IVE [5]. B nogatky A HaBeaeH1 TOMyCTUMI
CTpyMHU HaiOUIbII BUKOPUCTOBYBaHUX TNpoBiaHMKIB. 3rigHo 3 [IYE Ha mepiox
JIKBIAAIIT MiCIIaBapIfHOTO PEKUMY JIOMYyCKAETHCS TIEpPEBaHTAXKEHHS KabeiB 13
nomerwieny Ha 10%, a 13 momiBiHUIXJOpUAHOTO IUacTUKary Ha 15 %
TPUBAJICTIO HE OUIbIIE 6 TO. 32 100y, POTIATOM 11" SITH 0.

KoMriiekTHi IMHOTTPOBOIM BUOUPAIOTH 3 YMOBU

lom.m > Ip,
1€ lyom.u — HOMIHAJIBHUNA CTPYM IIMHOTIPOBO/LY.
BuOpani npoBiIHUKY NEPEBIPSAIOTH HA JOIMYCTUMY BTPATy HANPYyru

AU JIoIl = > AU max -

ne AU, — pekomeHnoBaHa Jomyctuma Brpara Hanpyru ; AUqax — BTparta

Harnpyru B iHisAX Big TII no Haitbinbm enextpudno BigganeHoro EIT.

B HopmanmbHOMY pexumi Tmepepi3 1 JOBXKWHA TMPOBITHUKIB TMOBHHHI
3a0e3mnedyBaT JOMYCTUMI BTPATH HANpPYTH, 10 HE MEPEeBHINYIOTH 5 % — miis
cunoBux EIT 13 % — myis ocBitinensst [7].

Po3paxyHOK BTpaT Hanmpyru BUKOHYIOTH 32 (POPMYJIOIO
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P,Rg + Qp X
AU =+/31,(Rycosg + Xgsing)l = pRo * 0,

U HOM

ne Ry, Xg — muToMi 3HaYeHHS aKTHBHOTO Ta PEaKTUBHOT'O OMOPIB JiHIH; | —
noskuHa JriHli. Ilutomumit omip mnpoBigauka B IEC  60364-5-52:2009
pexkoMeH10BaHo Opatu Ha 25 % Ginbimum Big mutomoro omopy miast 20 °C: st
Mmim - 22,5 MOM‘MMZ/M, Ut anroMidio - 36,0 MOM'MMZ/M.

MNpuxnag 2.1. Bubpatu npoBigHuku i okuBieHHs Al 3
KOPOTKO3aMKHYTHUM pOTOpPOM MOTYkHIcTIO 15 kBT. Binctans 20 m.

Po3p’si3yBanns. Po3paxynkoBuii ctpym A/l:
lp = il = 15 =281A.
J3U, cos, -m,  +/3-0,38-0,9-09
Bubupaemo xabenb ABBI' 4x6, npoknagaHHs BIAKpUTE, JOMYCTUMUN CTPYM
10n=0,92-32=29,5 A [5].
BrpaTtu Hanpyru ckianyTh
AU =3l Ry -1-cosp= \/3-281-6,41-0,020-0,9=5,9B.

YMOBY mepeBIpKA TEPMIYHOI CTIHKOCTI MPOBIJHUKIB MOXKHA 3aIllMCaTH y

BUTIAI1
/B 13
K. .1000 ~ K-maé i .1000,
T

T

ne |1(<3.?nax_ ctpyM TpudazHoro K3 B kA; C; — TepMiuHMIl Koe(ilieHT
CTIMKOCTI Ka0emB; tgy — 9ac BUMKHEHHS K3 (tgy = tep + 1+ Ty, TyT top —

BUTPHUMKA 4acy CIIPALIOBaHH:A BIJICIUKH; t; — 9ac 3aracaHHs Ayru; T, — MOCTIMHA
yacy 3aracaHHs anepioguvHoi ckianoBoi crpymy K3). Uac racinusa ayru s
aBToMatuyHuX BHMuKadiB BA, A3700 ckmamae t; = 0,0lc. Vcepennene
3HaueHHA nocTiiHoi yacy 7,=0,03 c.

B Ta6n. 2.3 naBeneni 3HauenHs Cy, 3rigHO 3 JaHUMM KoMmnaHii ABB.

Ta6nuis 2.3 — Po3paxyHnkosi 3HaueHHs Cr, 3rigHo 3 fanumMu ABB

[30msis [TouarkoBa | Kinmesa Kab6ens 3 | Kabenn 3

TeMIlepaTypa | TeMrneparypa | MiTHUMH | aIFOMiH1€BU-
JKHJIAaMHM | MM SKUJIAMU

TIBX 10 300 MM° 70 160 115 76

IIBX mmonaxn 300 MM2 70 140 103 68

3mutuii I1E, erunen- | 90 250 143 94

IPOIMiJIeHOBA I'yMa

[Tamip 80 140 90
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Jnsa kaGeniB 13 [IBX mracTUkaTiB 1 KOMIIO3UIIIH, 110 HE MICTITh T'aJIOTCHIB,
Ka0eJiB 13 3IIMTOTO MOJIIETHIICHY, a TaKoXK BorHecTiikux kadems B IEC 60502-
1 naBogeHi 3HaueHHs jomyctuMoro ctpymy K3 lnqq 1c) TpuBamictio 1 ¢

(Tabn. Al14), sxi BU3HAuUCHI 3a HArpiBaHHIM >KWJIM BiJ Temrepatypu 70 abo
90 °C n0 rpaHuYHO TOMyCTUMOI TeMriepaTypu BianosiaHo 160/140 ta 250 °C.
Homyctumi ctpymu K3 1 xaGeniB 3a OyIb-SKOTO Yacy BUMKHEHHS

BU3HAYAIOTh, JOMHOXKUBIIIM HABEJCHI 3HAUCHHS Ha KoedimieHT K =1//t, .\ :

| _ I nor.k(1c)
JOT.K — :
[

2.3 Po3paxyHnok crpymiB K3 B mepe:xax nanpyroro 1o 1000 B

Po3paxynok crpymisB Tpudaznoro K3 Bin eneprocucremu

3rigno 3 JICTY 60909-0-2007 [9] ctpym Tpudaznoro K3 BuzHauaeThcs sk
cyma crpymiB K3 Big cuctemu 1 cTpyMiB OijpkuBiieHHS Touku K3 crpymamu
JNBUTYHIB, 10 TrajabMyroTbca. [liKUBIIEHHS BIJ JBUTYHIB  MOTPIOHO
BpPaxOBYBATH TUIbKH IiJ1 Yac BUOOpY anapatypu Ha ocHOBHOMY muTi TII.

[ToyaTkoBe 3HAaYEHHS MEPIOJUYHOI CKIIaI0BOI cTpymy TpudasHoro K3 Bia
€HEProCUCTEMH PO3PaXOBYIOTh 3a (hopMyiamMu

C'UHOM
\/§\/R122 + X]_zz

e C — KoeiIlieHT HampyTu Mepexi, sSIKUid JUIsl BUBHAYEHHS MaKCUMaIbHUX
3HaueHb cTpyMy K3 mnpuiimaerscs piBauMm 1,1 (1 Mepex 3 JOMYCTUMHUM
BigxuieHHsAM Hanpyru £10 %), — 1,05 (a1t Mepex 3 JOMYCTUMHUM BiIXHICHHSIM
Harpyru +5 %), a 1ns BU3HAYEHHS MIHIMAJIBbHUX 3HaueHb cTpymy K3 piBHHM
0,95, Ry, Xiz — cyMapHi axkTHMBHMA Ta pPEAKTUBHUN ONOpPU MPIMOI

I lle —

mocaigoBHOCTI 10 ToUkd K3:
RlZ = RlT + RlKn + le ;
XlZ = XC + XlT + XlKJI + le,

TYT Ry, Rign Rl — @KTUBHI omopH IpsMOi MOCIIZOBHOCTI BIANOBIIHO
TpaHc(popMaTOpa, KaOEIbHOI JiHII Ta IIMHONPOBOAA; X. — PEAKTUBHUI OIIp
cucTeMd, Xqip, X{gn» X1y — PEAKTUBHI ONOPH HPsAMOi IOCIIZOBHOCTI
TpaHcopmaropa, kabeJIbHOI JIiHIT Ta IIMHOMPOBO/IA.

[Tix yac po3paxynky ctpyMiB K3 B mepexax Hampyroro o 1000 B moxxHa
notTpumyBaTuch pekoMennamiii I[IYE (m. 1.4.12), mo miaBeaeHa o
TpaHc(opMaTopa Hanpyra € He3MIHHOIO 1 IOPIBHIOE HOTO HOMIHAIBHINA HaNpy3i.
VY TakoMy BUTIJIKY OITip CHCTEMHU MPUHMAETHCS PIBHUM HYITIO.

B nomarky B HaBenaeHO 3HAYCHHS aKTUBHUX Ta IHIYKTHBHHX OTIOPIB
TpaHchopMaTopiB, KaOEIbHHUX JiHIA 1 muHOMPOBOAIB. [lig 4yac BU3HAYCHHS
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ctpymy K3 pekoMeHmyeThCsSi BpaxOBYBaTH 30UIBIICHHS AaKTUBHOTO OIOPY
Ka0OeJIr0 BHACIIIJIOK MOT0 HarpiBaHHS

Iy = Cy7y, s
e Cg — Koe(imieHT, mo BpaxoBye 301IBIICHHS aKTUBHOTO OIMOpPY Kabelro;

I'y, — axTuBHMII onip kabemo 3a TemmepaTypu 9,, mo aopisHioe mwnoc 20 °C.
3pocTaHHs OMOpYy I dYac HArpiBaHHS TMPOBITHUKA BU3HAYAETHCS 32
BupazoM: R=Ry(1+a9), ne Ry — omip omHiel xmwmm npoBoxy abo Kabemo 3a
20°C; a. #0,0039 — remneparypHuii KOEPIIIEHT OMOPY.
3rimao 3 JICTY 60909-2007 temmeparypy 3 pEKOMEHIOBAHO MpPHAMATH

80 °C. Omxe, y pasi HaOIMKEHMX pO3paxyHKIB 3HaueHHS Koedimienrta Cg

ka0eJiB MOKHA MPUUMATH MPUOIU3HO piBHUM 1,234,
Ipukaag 2.2. BusHauuTu 3Ha4YeHHS MakcuMmainbHOro crtpymy K3 B
po3po6iii kabeniB, npueananux a0 muH TII ta PII. TII xuBuThCs Big cucTeMu

notyxkHicTio  S.=200 MB-A. Ha TII BcraHoBieHO TpaHChHOpPMATOP
Strom=1000 kB-A, ux = 55 %, AP=11,2xBt. (puc. 2.3). AKTHBHHI Ta
IHAYKTUBHUI omopu TpaHcpopmaropa: Ri. =179 MOM Ta X1, =8,62MOMm.
KabGenpna muigs ABBI 4x70: ri6= 0,549 MOM/M; X1, = 0,065 MOM/M; I1= 50 M.

ST.HOM. =1000 kB-A
TII @ Ux=5,5%

(%)
‘ﬁ? K-1

ABBI 4x70
50 m

KJI

PII é K-2

Pucynox 2.3 — Po3paxyHkoBa cxema

4002

6
200-10
Omnopu tpanchopmaropa 3rigao JCTY 60909-2007 [10] kopekTyroTbes 3
BUKOPUCTAaHHAM Koe]iIlieHTa

Po3p’sa3yBanns. Onip cuctemu: X = =0,8 .10~30m.

K - 0,95-¢ _ 095105 g6
' 1+ X3 St.on 1+8,62 1000 |
T 2 ’ 2

Usiom ) (400)
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[TapameTpu 3aCTYIMHOI CXeMU MPSIMOT MTOCTITOBHOCTI Jyist Touku K-1
R1x=1,79-0,9465=1,69 MOm; X;y=0,8+8,62:0,9465=8,96 mOwm.

Maxkcumanbuauii ctpym tpudaznoro K3 B Tourn K-1
1,05-Uy 400

V3R + X352 +/34/1,692 + 8,962
AKTHUBHHM Ta IHAYKTUBHUI OTIOPH KaOEIbHOT JiHIi:
Rike1 = 0,949-1,234-50 = 33,9 MO™M; Xjks1 = 0,065-50 = 3,3 MOwm;
[TapameTpu 3aCTyHHOI CXEeMH MPSMOi MOCTITOBHOCTI 1715 Touku K-2
R1x=1,69+33,9=35,6 MOM; X75=8,96+3,3=12,3 MmOwm;
Maxkcumansauii ctpyM Tpudasnoro K3 B Tour K-2
400

J34/35,62 +12,3

Po3paxynok crpymiB K3 Bin aBurysiB. 3rigno 3 JICTY 60909-0-2007
Ha/AMepeXiHe 3HAYCHHsI MEePioUIHOI CKIaa0Boi cTpymy K3 Big CHHXpPOHHUX
neuryHiB (C]), m1o raibMyrOThCS:

=25,3KA.

Ill _
max —

=6,1KA.

|max:

n _ C- UHOM
en= 2 2
\/§\/(ch + RlKJI) + (X d +X1KJI)
e ch’ X" — aKTUBHUH Ta HaANEpPEX1IHUN PEAKTUBHUMI IO MO3I0BXKHIMI

oci onopu CJ/I. ¥V pa3i HaOmwkeHHX po3paxyHKIB Hanamnepexiguuii omip CJ|
X"«q =015, akTuBnuii omip Ry, =015X"q.

Hanmepeximne 3HaueHHs TeplogudHOi ckiamoBoi crpymy K3 Bix
aCUHXpOHHUX NBUTYHIB (A/Jl), 110 raibMyIOThCS:

"a;[ _ c 'UHOM
\/g\/(Ran + RlKJ'I )2 + (X"a,u"'xlm )2

ne Ryn, X" — akTUBHUI Ta HaanepexijHuii peaktuBHui onopu AJl. V pasi
HAOMDKEHUX PO3PaxXyHKIB HamnepeximHuii omip AJl X"*an =0,922- Z*aﬂ,
aKTUBHUU  OIIIp R*azl = 0,42X"*aﬂ. Hannepexiguuit moBHHE omip A]]
BHU3HAYAIOTH 32 (POpMYIIOIO

n U HOM

Z ,
aﬂ \/§'kn ) IHOM

ne K,, — KpaTHICTh ITyCKOBOTO CTPYMY.
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Mpuxnag 2.3. na cxemu (puc. 2.4) BU3HAYUTH MAKCHUMAaJIbHE 3HAYEHHS
ctpymy Ttpudaznoro K3 Big CJI ta nBox AJl Ha posnonumpHOoMy tuTi TII.
Cunxponnii neuryn C/: P, = 125 xBTt; U, = 380 B. Acunxponni npurynu AJl1

i AJI2 A03-315M-6Y3: P.o, = 132 BT, Upoy = 380 B, lyoy = 238,6 A,

lnyer! luom = 7,0. Kabenbhi minii KJI: AAILIB 3x185+1x70 (I;=15 m; 1,=13=20 m):
Mg = 0,208 MOM/M; X1 = 0,055 MOm/Mm.

(A)
ﬁ Z SHOM.T:].GOO KBA

TII Uk=6%
[
\ NN
KJ1 AAIIIE 3x185+1x70  AAINIB 3x185+1x70 [k J12 | KJI3
15Mm 20 M

ii PHOM:].ZS kBT PHOM:132 KBT

X".q =015 luyed Liow = 7,0 @ @

Pucynok 2.4 — Po3paxyHkoBa cxema

Po3B’si3yBaHHs. AKTUBHUI Ta IHIYKTUBHUHN onopu kadenbHoi JiHii KJI-1:

Riw1 = 0,208-1,234-15 = 3,85 mOwm;
X1K61 - 0,05515 - 0,83 MOM.

Pospaxynok ctpymy K3 Big CII: X"q =015, Rycp =015X"q

3802
X"g =015—~——— =100MOm; Ry, =0,15-100=15mOw;

V3125
1,05-380

* 3(15+385) +(100+083)

AKTUBHUH Ta IHAYKTUBHUN oniopu kabenpHuX miHii KJI12, KJI3:
Rows = Raws =0,208-1,234-20 = 5,1 mOwm;
X2K6 = X3K6 :0,05520 = 1,1 MOM.
Pospaxynok mapametrpiB AJ[1 1 AJI2:
||aI[ — UHOM — 380 :O’lszoM’
V3K, Loy ~3-7-2385
X' =0922-2",,=0,922-132 =122 mOwm;
R'an=0,42- X", =0,42-122=51 mOwm.

Pospaxynok ckimanoBoi ctpymy K3 Big onnoro A/Jl:

(I =2,25KA.
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~ 400
31512 +(122+11)

Cymapnuii ctpymy K3 Big n1BUTYHIB:
I" =1 +2- 1", = 2,25+ 2-17 =5,7TkA.
Po3paxyHok crpymiB ognogasnoro K3
JIns mepeBipKd 4YTIMBOCTI 3aXUCTY HEOOXIJIHO pO3paxyBaTh MiHIMaJIbHUM
ctpyM onnodaszHoro K3. HaanepeximHe 3HauYeHHS MEpPIOAMYHOI CKIIAA0BOI
cTpymy ogHodasznoro K3 Bix cucremu:

J3-c-Uy,

IllCl: 2 2 ,
J(2-Ris + Roz 2 +(2- Xg5 + Xoz)
ne Rps, Xoy — aKTUBHMI Ta PEaKTHBHUI OIOPU HYJIBOBOI IOCHTIIOBHOCTI

1" =17KA.

1o Touku K3:
Rox = Rot + Rokn + Rom: Xoz = Xor + Xokn + X0

TyT Rgp, Rogmy Romm  — @KTuBHI  Omopu  HyJbOBOI  IOCIHIZOBHOCTI
TpanchopmaTtopa, kabempHOI iHii, mwuHONPOBOoAAa (Ryy = Ry +3Ryy):
Xors Xoxn» Xom ~ —  PEAaKTHBHI  ONOPH  HYJIBOBOI  IOCIIJZOBHOCTI
TpaHchopmaTopa, KadbeabHoi JiHii, muHonpoBoaa (Xop= (7,5+9,4) Xim).

Po3paxyHok cTpymiB onHodazHoro K3 MokHa BUKOHATH 3a CHPOIIEHOIO
dbopmyioro

| @ _ U(p.HOM
3 + Z(b_H q|
e Ug yom — HOMIHATIbHA (ha3Ha Harpyra,
z§1) = \/ (2R, + ROT)2 + (2XT + XOT)2 — IOBHMH  OHIp  CHUJIOBOTO
Tpanchopmaropa ctpymam oaHodaszHoro K3; Ror, Xor — akTuBHHN 1

PEaKTHBHUI OMOPH HYJILOBOI MOCIIIOBHOCTI TpaHcdopmaropa (noaarok B);
Z gy — TMTOME 3HAYCHHS [IOBHOT'O ONOPY METI «(basa-HyIb»;

| — Bizcrans no micig K3.

Mpuxnan 2.4. TII xxuButbes Big cuctemu (puc. 2.5) moryxnictio K3: S, =
=200 MB-A; Ugy=10,0 kB. Tpaucdopmartop T: TC3 1000/10, S; ,,,n=1000 kB-A;
Ugy=10,5xB; Uyy=0,4kB; P wou = 14 xBT, u, = 6 %. AxTtuBHUHA Ta
IHIYKTUBHUM OTIOPH MPSIMOI MOCTIAOBHOCTI TpaHCPopMaTopa, BIAMOBITHO: 2,24
ta 9,64 MOM. AKTHBHMIM Ta I1HIYKTUBHUN OIOPU HYJIHOBOI MOCIIJOBHOCTI
TpaHchopmaropa, Bianosiaao: 19,1 ta 60,6 MOwm. [luronposig IIIMA-4-1600:

R;=0,030 MOm/M; X;=0,014 MOm/M; Ryp=0,037 MOm/M; Xyp=0,042 MOwm/M;
l.;=10 M. PospaxyBatu ctpym ogHodazHoro K3 B KiHII IIMHOIPOBO/IA.
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SHOM.T:1000 kKBA

TII & Uk=6 %
NS

[

M IHIMA-4-1600
10 Mm

Pucynoxk 2.5 — Po3paxyHkoBa cxema

Po3B’si3yBanns. [lapameTpu 3acTymHOT CXeMH HYJIbOBOI MOCTIAOBHOCTI

Ror = 19,1 MOM; X, = 60,6 MOwMm;
Row = (0,03+3:0,037)-10 = 1,41 MmOwm; X, = (0,014+3-0,042)-10 = 1,4 MmOm.
Crtpym ogHodaznoro K3

T /3-0,95-380 _73xA.

J(2-2,24 1 (1911 1,41))% + (29,64 + (60,6 +1,4))2

Ipukaaxg 2.5. Po3paxyBatu MakcuMmainbHl ctpymu TpudazHoro K3 Ha
mmaax TII 1 mmra Bmacaux motped IIBII (puc. 2.6) xorenepamiifHOT
ycraHoBKU. [lepeBiputu kabenl Ha TEpMIUHY CTIMKICT 10 Aii cTpyMmiB K3.
PospaxyBatu MiHIManbHI CTpyMu pABodazHoro Ta onHodazHoro K3 Ha
3aTHUCKayax eJeKTPONpHUiiMayiB.

e () Suouszlac0xBA
Xc=0,13
(1) Snowm1=1600 xB/

Uk=6 % 3x4 TIBIT 1x240+1x2 TIBIT 2x240

o
“ 18 m

4 T1BIT (1x50)
30 Mm

18I (4x25)
21 m
O PHOMZZO kBT

Pucynox 2.6 — Po3paxyHkoBa cxema Mepexi
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4002
J/3.870-10,0-103

Cunosutii Tparchopmarop TMI'-1600/10/0,4 xB: ux = 6 %, APyx3 = 16,5 xBT.
AKTHBHa Ta pCaKTUBHA CKJIAJOBI HAIPYrd KOPOTKOTO 3aMUKaHHS
TpaHchopmaropa

Po3p’sa3yBanns. Onip cuctemu: X = =10,6 .10730m.

u, =-2Fe 100 - 265100 1030
1600

SHOM.T

Uiy = \U? — Uy =67 ~1,03% =5,91%,
AKTHBHWUIA Ta iHIYKTUBHUH OMOPH TpaHchopmaTopa:
U UZ, 103 4002
100 Suoy.r 100 1600-10°
(U UZ 591 4007

100 Syoy.r 100 1600103
Onopu Tpanchopmaropa 3rimHo JACTY 60909-2007 KOpeKTyroThCcs 3
BUKOPUCTAaHHAM Koe]illieHTa

Ry, =1,03-1073 Ou;

~=591-10"2 Om .

XlT

K _ 0195' C _ 0195'1105 _ 0 963
' 1+ Xq St 9, 591 1000 o
T 2 ’ 2
(Usiom) (400)

[TapameTpu 3aCTYMHOI CXEMU MPSIMOT MOCIIIOBHOCTI Bl CHCTEMH
R1x=1,03-0,963=0,99 MOm; X;y=10,6+5,91-0,963=16,3 mOwm.

Makcumanbauii ctpym tpugdasnoro K3 na mmnax TII Big cuctemu
1,05-U 400

1" o = - ~14,2KA.
V3YRs2 + X352 +/34/0,092 116,32
Onopu reneparopa:
2 2
Xpp= X Yuow 13 4007 505,53

100 StoM.T - 100 960-103

X" .=015 X1, =33-10° Owm.
Onopu reneparopa 3rigno HACTY  60909-2007 KOpekTyroTbCa 3
BUKOPUCTAaHHAM Koe]ilieHTa

K, = Unom c . _ 0,95-1,05960 0942,
Jronr 1ysing: Xy, TTEM 14045217 0
sow) (400)
Omnopu JsiHii, 110 3’€aHye TeHepaTop 3 muHamu 0,4 kB TpancdopmaTopa:
R, =18 _443.10%0m:
S-y 4-240-54
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Xmar -1 0,078-18
1000 4-1000
[TapameTpu 3aCTymHOI CXeMU MPSAMOT OCIIIOBHOCTI Bl reHepaTopa

Ri5=3,3-0,942+0,43=3,5 MOm; X;5=21,7-0,942+0,35=20,8 MOM.

Maxkcumanbuuii ctpym tpudaznoro K3 na mmnax TII Big renepatopa
1,05-U, 400 _10,9%A.

InmaX = =
V3R + Xgz2 /34352 + 20,82

Ctpym tpudaznoro K3 wa mmuax I[BII 0,4 xB Oynme momarkoBo
oOMexyBaTuch ornopamu JiHii JI3:
| 30

—0,35-10"30m.

XJ'I2 =

R,3=— = =139-1030m;
s-y 950-54
X, 5= Xegrp | _ 0,078-30 _ 2,3-10_30M.
1000 1000
Maxkcumanbuauii ctpym tpudaznoro K3 na H[BIIT
V3,(0,99+13,9)% + (16,3 + 2,3)2
I max = 400 =8,0kA.

V3J(35+139)2 + (208 + 2,3)°

3 yMOBH TE€PMIYHOI CTIHKOCTI TIepepi3 Kujil KademiB, mo Biaxoaars Big TIT 1
IBII, BignoBigHO Oy1yTh:

1)t N
K'maé Biv 100 (142 +12,39) 013 1000 = 63nn
T

@) G Jo1
' max vt .1000=(9’7+i103) 213 1000 = 21w,

T
Jns mepeBipkyd 4yTiMBOCTI aBToMaTMyHMX BuMuKaudiB LI[BII po3paxyemo
MIHIMaJIbHI CTpyMH ABOX(a3zHoro ta oaHodaszHoro K3 B KiHII KOXHOI JiHII
(4yTIMBiCTh BU3HAYAIOTH 332 MCHIIUM 3 IUX 3HA4YCHb). MiHIMAJIbHUN CTPyM
nBodaznoro K3 Bix cucremu B kinii JiHii JI4, mo BukoHana kaGensimu 4 [1BI1
1%x25, noBxxuHOI0 2 1M:

360

“min2.c= 5 >
2./(0,99+139 +19,4) + (16,3 + 2,3+ 18)
Crpym onHodaznoro K3 3 ypaxyBaHHSIM OIOPIB HYJBOBOi MOCIIJOBHOCTI
miniit JI3 ta JI4 (R;9 =555+ 51,4 =106,9mM0mM, X =9,6+19,9=29,5M0m):

Mmin1.c= 3360 =3,2KA.
J(3-099+2-333+1069) +(3-163+ 2- 4,1+ 29,5)?

=4 5kA.
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YpaxyBanns mnepexignoro omopy. Ilin wac po3paxyHKy MiHIMaabHOTO
ctpymy K3 B 3acTymHy cxeMy BBOISTH NEpexiHui akTHBHHM omip [11]
@) _ 0,95-Uyom

KR x/§\/(R2 +Rnep)2 + X% |

PospaxyHok ctpymy onHodasHoro K3 wmoxe OyTH BUKOHaHMM 3a
CIpOLIEHOI0 (HOPMYIIOI0

I(l) _ 0’95'U(1).H0M
kR Z(l) '
>
ERas

ae Zg) = \/(ZRT + Ryt +3RHep + (ZXT + XOT)2 — MOBHUM Omip CTpyMam

onHodasznoro K3 3 ypaxyBaHHsM nepexiiHOro onopy B Touin K3.

[lepeximHuii  omip  MICTUTh  OHNOPH  KOHTAKTIB,  KOTYIIOK 1
CTPYMOOOMEKYBaJIbHOI Jii IyTW B MICI[l MOIIKOJKE€HHA. HallO11bI1 CKIaaHO0
3a/layero € BU3HAYEHHs onopy Ayrd. HaGmuxeHo omip Ayrd MOKHa BU3HAUUTH
3a GopMyJI0I0

Ry~ Ely /10,

ne E;~15B/Mm — manpyxeHicTb enexTpudHoro mons B aysi; |y

JOBKMHA JTYTH, sIKa IPUHMAETHCS MTPUOJIU3HO PIBHOIO MOJBOEHIHN BIJICTAHI a MIXK
dazamu B Miciii K3. OnHak Taka popmyiia HeoCTaTHLO TOYHA | n~a. 4a.

3rigro 3 T'OCT 28249-93 [12] omip nyru pEeKOMEHIOBAHO BH3HAYATH
ITepaliiHuM METOJ0M 3a (popMyII0t0

L I

A | 0,85 ’
n0x

ne lho; — MoYaTkoBe Mif0Ye 3HAYEHHSA IEPIOAMYHOI CKIIAZOBOI CTpyMy B
micui K3, KA, sike BU3HAYalOTh 3 ypaxyBaHHAM onopy ayru; |, — moexkuna gyru
B CM, SIKY BU3HAYalOTh B 3aJIEKHOCTI BiJ] BIZCTaHI a:

a, sK1o a > 50 mm;

| =:20,4In 26—0,15R12 [ X1z , K110 a = 5...50 MmMm;

4a, gxkuro a <5 mm.

Po3paxyHOK omopy HOyrd BHUKOHYEThCS IT€palliiHO 3 OJHOYACHUM
BU3HAYCHHIM HaAMEpexiqHoro 3Ha4eHHs ctpymy K3.

B Tabn. 2.4 maBeneHo pexkomenpoBani ['OCT 28249-93 [12] 3HaueHHs
BiJIcTaHel MK (pazamMu B 3aJIe:KHOCTI Bij miclig BUHMKHeHHs K3.

HaOnvokeHl 3HAYEHHS OMOPY OYTM B XapaKTEPHHX TOYKAaX HABEICHO B
tabm. 2.5 [12].

39



Tabmuns 2.4 — Bincranb Mk (azamu B Miciii BuHUKHEHHS K3 [12]

Miciie BunukHeHHs K3 a, MM
Tpanchopmarop noryxHicTio 1600 kB-A 120
1000 kB-A 70
630 kB-A 60
400 kB-A 60
Kabeni 3 mepepizoM xu 240 mm° 4,8
120...150 mm° 4,0
50...95 mM* 2,8
16...35 M’ 2,4
2,5...10 mm* 1,6

Tabnuug 2.5 — HabnmkeHi 3Ha4eHHsI ONopy AYTU

AxtuBHui onip nyru (Ry), MOwM, mig yac
K3 3a tpanchopmaTopaMu NOTyX HICTIO,
kB-A
250 | 400 | 630 | 1000 | 1600 | 2500

Pospaxynkosi ymoBu K3

K3 mnmobGauzy BHUBOAIB  HHU3BKOL
HaIpyru TpaHcpopMaropa:

- B po3po0ii kabenis 0,4 kB 15 10 7 5 4 3
- B muHonpoBol tuny [IIMA - - - 6 4 3
K3 B kiHIl mMHWHONpPOBOJA THMY| - - - 6-8 | 5-7 | 4-6

HIMA nosxwunoro 100...150 m

Mpuxnang 2.6. [ns cxemu (puc. 2.3) BU3HAUMTH MiHIMAJIbHE 3HAYCHHS
cTpyMy aBo¢asHoro ta ogHodazHoro K3 3 ypaxyBaHHsIM omnopy Ayrd B KiHII
kabenbHOI JiHii (Touka K-2). Tpanchopmarop T: S, on = 1000 kB-A. KaGenbna
minis ABBT 4x70, 1= 50 m.

Po3B’sa3yBanns. [1i1 yac BU3HaY€HHSI MIHIMAJIbHOTO 3HAYEHHS CTPYMY CHIA
ypaxyBaTy BIUIUB €IEKTPUIHOI TYTH:

Rix + R; =35,6+9=44,6 MOwm,

ne R;=9 MOm — omnip 1nyru, BH3HA4Y€HUH ITepaliiHUM METOAOM 3a
dbopmynamu:

A 085" 'K 2 2
13) \/§\/(R12+RH) + Xf5
Ctpym nBodaznoro gyrosoro K3 B kiHI kaOenbHOT JiHIT
1@ _ 0,95-400 _41kA

kKR ™
2,/44,62 +1152
CtpymMm oaHodaszHoro ayrooro K3 B kiHIll kabenbHOT JiHIT
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@ _ 095-Upnom 0,95- 220
kR ™ _( - .
Z§)+z ] 264+3:9 1 e e
3 Thom

=2,95KA.

ne Zél) = 26,4MOM — nns Tpancpopmaropa 1000 kB-A (nus. Taba. B.1),
Z(b—H =106 MOm/M — mrst kabenpHOI JTiHIl ABBIT 4%70 (muB. Tabm. B.3).

2.4 Bubip komyTauiiiHO-3aXHCHOI anapaTypu

YmoBu BuHOOpPY 3axucHux anapariB. Halimpocrimmmu 3axucHUMU
amapaTtaMu € 3arnoODKHUKHA. Bubip BcTaBOK 3amoODKHHUKIB 3IIHCHIOIOTH 3a
YMOBaMHU:

LT
H.BCT knep

IH.BCT 2 kBiI[C'p’ I

ne ly ger — HOMIHAJIBHUN CTPYM BCTABKH 3aMI001KHUKA,;
Kgizc — KoedimieHT BigcrporoBaHHs (Kyiye = 1,1...1,25);

Krep — Koe(inienT nepesantaxenHs (Kyep MpuiMaroTh pisEuM 2,5 — s EJN 3
nerkumu nyckamu; 1,6...2,0 — nas EJ] 3 Baxkkumu 1 yactumu myckamu; 1,6 — nist
BinoBiganeHuX MexaHi3mis; 0,8...1,0 — mnsa EJl 3 dpa3aum potopowm [13]).

bisbll TOCKOHANMMHU KOMYTAllHHO-3aXMCHUMH arapaTaMd € aBTOMAaTH4YHI
BUMHKaYl. Bubip aBTOMaTHYHMX BUMHUKAUIB 31HCHIOIOTH 32 YMOBaMU

s> i lyp 21,

e ly g, lyp— HOMIHANBHUEA CTPYM BUMHKAUa i pO3YiILIFOBaYa.
OOOB’SI3KOBOI0 € TIepeBipKa BUOpPaHMX 3aXUCHUX amapaTiB 3a YMOBOIO
KOMYTAIlIHOT 31aTHOCTI

3
IH.BM.ZII(a?naX’

1e |y pumx — HOMIHAJIBHUM CTpyM BUMKHEHHS K3;

|1(<3.)2nax_ HaliOLIbImKi cTpyM TpudazHoro K3.

YcraBka CIIpalltOBaHHA 3aXUCTYy BiI[ INCPCBAHTAXKCHHA TCILUIOBOI'O Ta

HaIIBIPOBITHUKOBOTO PO3YITIIIIOBAYIB

lon 2 1.

CrtpyMoBa BiJIcClYKa aBTOMAaTHYHOTO BHMHKaua MMOBHMHHA OYyTH BiJICTpO€HA
BiJI TIIKOBOTO (ITyCKOBOTO) CTPYyMY:
IC.B 2 kHIH’
ne ky, — xoedimieHT HAMIWHOCTI BIJICTPOIOBAHHS CTPYMOBOI BiJCIUKH
(npuiimMaeTbest piBHUM 2,1 — AJi €IEKTPOMArHiTHOro posuirioBana, 1,5 — mis
HaIBIPOBITHUKOBOTO PO3YITLIIOBANIA).
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IlepeBipka 3axuieHocTi JIiHiH BiA nepeBaHTa:KeHb 3MIHCHIOETHCA Y
Bi/iMoBiIHOCTI 3 BUMoramu [1YE. 3axucty Bia nepeBantaxkeHb nmoTpeOyroTh [S]:

a) Mepexl BCEpeIMHI MPUMIIICHb, 110 BUKOHAHI MPOKJIAJICHUMHU BiAKPUTO
MPOBITHUKAMH 3 TOPIOYOIO 30BHINIHBOK 000J0HKO0 a00 130JIAIIIETO;

0) OCBITUIIOBAJIbHI Mepeki B KUTJIOBUX 1 TPOMAICHKUX OYIIBISAX, Yy
TOPTOBEIFHUX MPHUMIMIEHHAX, & TaKOX CIy>KOOBO-TTOOYTOBHX MPUMIIICHHIX
NPOMHUCIIOBUX TMIAMPUEMCTB, BKIIOYHO 3 MepeXamMu JUii TOOyTOBUX i
MEPEHOCHUX EJICKTPONPHUIIMAaYiB, a TaKOX MEpekaMu B IMOKESKOHESOSIMEUHUX
30HaX;

B) CHJOBI Mepexi Ha MPOMHUCIOBUX MIANPHUEMCTBAX, Y JKUTIOBHUX 1
IPOMAJICBKUX OYIIBISIX, TOPrOBEIbHUX MPUMIIICHHSIX — TUIBKU B pasi, SKIIO 3a
YMOBaMH TEXHOJIOTIYHOTO MpOIECy abo 3a PEeKUMOM POOOTH Mepexi Moxke
BUHUKATHU TPUBAJIC IEPEBAHTAKEHHS [TPOBIAHUKIB;

4) Mepexi BCiX BHIIIB y BUOYXoHeOe3nmeuHux 30Hax (kpim B-1,0; B-1,r).

VY permiTi BUMaKiB MEPEXi 3aXUIA0Th TIIbKH Bl K3.

[lin yvac BUOOpPY MPOBITHUKIB MEPEXK, sIKI MOTPeOyIOTh 3aXUCTy BiJl
NepeBaHTaXEHb, MOBUHHI OyTHM BUKOHAHI YMOBHU 3a0€3MEUEHHS 3aXHUINEHOCTI
TiHii (Tabmn. 2.6).

Tabmuss 2.6 — YMoBH 3a0e3nedeHHs 3aXMINEHOCTI MPOBIIHUKIB BiJl
NIePeBaHTAXKEHb
Mepexi, o noTpedyroTh 3aXxucty Mepexi, Mo He
BiJI I€pEeBaHTaXKEHb MOTPEOYIOTh
BAXUCTY BiJ
3axucHUMN [MEPEBAHTAKEHb
amapar 3 TOPIOYOIO0 3 HETOPIOYOIO (3 ymMOBH

130J1s111€10 (TI0JT1- | 130JISIIIIER0 YYTIUBOCTI
BIHUIXJIOpUHA, | (mameposa, 3axucty Big K3)
I1E, rymoBa) smmtuil [1E)

3aH061)KHI/IK I,Z[OH 2 1125 IH.BCT II[OH 2 IH.BCT I,Z[OH 2 IH.BCT/3

Bumukaui 3

KOM6.1HOB3HHM II[OH > IHp I,Z[OH 2 IHp II[OH 2 IHp

PO3YITUTIOBaYEM

Bumukaui 3

HaHiBHPOBi'HHHKOB I,ZIOH 2 IC.H II[OH 2 018|C.H II[OH 2 0!8|C.H

UM PO3YITLTIOBAYEM

Bumukaai e 3

€NEKTPOMATHITHUM | ;01> 1,251 oy lion> lc.em lon = lc.em/4,5

pO3YITUTIOBaYEM

Crangapt |IEC 60364-4-43 pernaMeHTye KOOPAMHAIIIO Mk MPOBIAHUKAMU
Ta TMPUCTPOSMH 3aXHCTY BiJ] MepEBaHTAXKEHHS, SIKa MOJIATAE B 3a0e3MeueHi YMOB:

Ip Slc.n S],ILOH ) Icnp < 1745'|z[0r1 )
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ne lepp — CTpyM chpamoBaHHs, o 3a0esneduye epexTuBHY poOOTY
3aXMCHOTO MPHUCTPOIO 32 BU3HAYCHUH Yac.
[lepeBipka Apyroi yMOBH HE € HEOOXITHOIW Y BHUIAJAKY 3aCTOCYBaHHS

ABTOMAaTHUYHHUX BI/IMI/IKa‘-IiB, TaKk K po3qim1}03aq 3aXHUCTy CIIpalbOBY€

ABTOMAaTHYHO, OCKIJIBKH.
- lenp=1,3l¢.y 11 ABTOMATHYHUX BUMHUKAYiB, 0 BIINOBIIAIOTL CTAHIAPTY

IEC 60947-2 (aBTomMaTH4HI BUMHKA4l IPOMHUCIOBOTO MPU3HAYCHHS);

- Icnp=l,45' lc.q U1 aBTOMaTUYHUX BUMHUKAY1B, 1110 BIJIMOBIAAIOTh CTAaHAAPTY
IEC 60898 (MomynbHI aBTOMAaTHUYHI BUMHKA4l JJIs YCTAaHOBOK IOOYTOBOrO Ta
aHAJIOTTYHOTO NMPU3HAYCHHS );

Takum 4mMHOM, JUI1 aBTOMATUYHUX BUMMKAUiB, AKIO l¢ < I;on, GopMyna

lenp < 1,451 50n Oylte TEX CHpaBeIUBOILO.

IlepeBipka uyTiauBocTi 3axucty. B Tabn. 2.7 HaBeieHO YMOBH MEPEBIPKU
YYTIUBOCTI 3allOO0KHUKIB 1 aBTOMAaTHYHMX BUMHKaviB 3rigHO 3 [TYE-86. [[ns
MepeX, SKI TOBHHHI OyTM 3axuileHMMH Tulbkd Big K3, pomyckaerbes
CIIPOIICHHS YMOB TIEPEBIPKH Yy TIMBOCTI (UB. Tab. 2.6).

Tabmuusg 2.7 — YMOBU NEpeBIpKM YYTIMBOCTI 3aXMCHUX amapariB 0 Jii
ctpymiB K3 3rigno 3 [TYE-86

. : . Bubyxonebe3neuni
3axucHuii amapatr |HopmanbHi mpuMileHHS )
MPUMIIICHHS
) | . | )
3ano61>KHUK I < _k.min | K.MiN
H.BCT — H.BCT —
3 4
ABTOMaTH4YHI BUMH-
Kadi 3 TerIoBAM abo | - IK.min | IK.min
HAIIBIIPOBITHUKOBUM Hp =T g Hp =T 6
pO3UIILITIIOBAYaMU

Ockinbku B [5] mepeBipka YyTJIMBOCTI 3aXHUCTy HE HOPMYEThCS, TO 1i
JOLTBHO 3/11MCHIOBATH SIK JIJIS1 PE3€PBHOTO 3aXKCTY 32 YMOBOIO

ko= 1o /los>1,25...14,

ne ky — xoedinient uytimBocti; | — MIHIMAJIBHUN CTPyM OAHO- abo

K.min
nBodaznoro K3 B kiHIIl JiHIi, 10 3aXUIIAETHCS.

Tunu aBTroMaTHYHMX BHMHMKAYiB. ABTomMaTu4Hi BuMmmuKadi cepii A3700
BUpoOHMIITBA «KOHTAKTOP» BUITYCKAIMCh YOTUPHOX BEIMYUH Ha cTpymu: 160 A
(A3710), 250 A (A3720), 400 A (A3730), 630 A (A3740), 3 eneKTpOMarHiTHUM,
KOMOIHOBAaHMM Ta HAaIIBIPOBITHUKOBUM po3YilIioBadyaMu (ocTaHHs Iudpa
MapKyBaHHS BiINoBigHO 2, 6 Ta 4). BuMukaui BUITyCKaUCh HECEICKTUBHUMHU
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6e3 crpymooomexenas (A3700D), crpymooomexyBambanMmu (A3700b) Ta
cenektuBHuMHu  (A3734C, A3744C). Bunyckaiotbcss BuMukaui A3793b,
A3794b, a Takox A3793C, A3794C, na ctpym 250 1400 ta 630 A.

binemr cyuacna cepiss BA5S0 cknanaersest 3 BAS1, BAS2 (3 koMOiHOBaHUM
posuiioBaueM), BAS53, BAS54 (3 HamiBNpOBIIHUKOBUM PO3YIILUIIOBaYEM
HecenekTHBHi), BAS55, BAS6 (cenekTHBHi). IX HeJOTIKOM € HEJOCTATHS
nvdepenrialis 3a HOMIHAUIBHUMU CTpyMaMU Ta (PYHKIISIMU 3aXUCTY.

Y naHui Yac UIMPOKO 3aCTOCOBYIOTh aBTOMATHYHI BHUMHKAdi MPOBIIHUX
eBponeiicbkux BUpOOHUKIB. Hampukian, po3noauipHi madu HU3bKOI HAIpYTH
BUPOOHMIITBA YKpeJIeKTpoanaparT MOXKYTh KOMIUIEKTYBaTHCS aBTOMATHYHUMH
suMukauamu: ABB SACE, Schneider Electric, Siemens ta iHmmMu.

ABtomMatnudi BuMmkadyi Tmax XT xomnanii ABB SACE (Itamis)

BUITyCKaloThess Takux TumiB [14]: Bumukaui XT1 (l;5=160 A) ta XT3

(I45=250 A) 3 TEepMOMAarHiTHUM pO3UiILIFOBadYeM; OaraTo(yHKIIOHAIbHI
Bumukaui XT2 (I;5=160 A) ta XT4 (I;5=250 A) 3 TepMOMarHiTHUM abo

€JICKTPOHHUM po3uiritoBaueM. HomiHanbHa BUMHKaAIbHA 37aTHICTH BUMHUKAYIB
HaBejeHa B Ta0u. I'.1.

B Bumukauax Tmax XT Bukopucrani (Tadm. 2.8):

- TepMoMartiTHi posuiruioBadli TMD a6o TMA 3 perynboBaHUM TEILIOBUM
1, BIAMOBIAHO, 3 (PIKCOBAaHUM ab0 PEryIbOBAaHUM E€JIEKTPOMArHITHUM IOPOTraMu
CIIpAIfOBaHHS,

- TEPMOMArHITHHM pO3YIIUIIOBaY g 3axucty reHepatopiB TMG 3
PEryIbOBaHUM TEIUIOBUM 1 (PIKCOBAHUM HU3bKUM MAarHiTHUM MOPOTOM 3aXHUCTY;

- €JICKTPOMArHITHUHN PO3YIIIIIOBAY /IS 3aXUCTY JBUTYHIB 3 (ikcoBaHOO MF
a0o peryiaboBaHo0 MA ycTaBKo1o;

- enektponnmii posuirmoBad  Ekip LS/ (LSI) 13 3axucrom Bix
nepeBaHTaxkeHHss «Ly» Ta Bim K3 3 BUTpuUMKOIO cripairoBaHHs «S» abo (Ta) 3
MUTTEBUM CIIPAIIOBAHHAM «I».

- €JICKTPOHHUH PO3YIILIIOBAY 3aXKCTy enekTpoasuryHis Ekip M-LRIU;

- €JICKTPOHHUI po3yiruttoBay 3axucty Heirpan EKip N-LS/I.

Tabmung 2.8 — PosuitutroBaul aBroMmatnuanx BuMukauiB Tmax XT

Posdinrosadi XT1160 |XT2 160 |XT3250 |XT4 250
T™MD 16...160 63...250

TMD/TMA 1.6...160 16...250
T™MG 16...160 | 63...250

MF/MA 1...100% [ 10...200% | 10...200%
Ekip (I, LS/I, LSI, LSIG) 10...160 40...250
Ekip G-LS| 12...160 40...250
Ekip M-LIU i M-LRIU 15...100%" 40...160%
Ekip N-LS/I 10...100? 40...160%)

1
@ Jluie TPUITOJIFOCHC BUKOHAHHA,

) JIMIIC YOTUPHUIIOJTFOCHC BUKOHAHH.
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Tepmomarnithi posuiruiroBadi TMD, TMA 3a6e3neuytoTs:

— 3aXHUCT Bijl nepeBanTaxenus (L): mopir 3axucty Bif le n=0,7...1%1y p;

— 3axuct Big K3 3 mutreBum crpamoBannam (1) I en=10%lyp (211 TMD),
le.enm=10%Iyp mi1st lyp < 32 A, lcen=8...10x1y p st 40, 50 A, I ey=5...10%1
s |y p > 63 A (m1 TMA);

— 3aXHUCT BiJx 3aMuKaHHS Ha 3eMiTt0 (G) B YOTHPUIIOIIOCHUX aBTOMATHYHHX

BumuKka4ax 100 % Bix ycraBku 3axucty ¢as; 50 %o — s 1y p > 125 A
TepMoMarHiTHI ~ po3diruifOoBadi [t 3axucTy TreHeparopie. TMG 3

perynboBanuM TemoBuM (lc n=0,7...1%ly ) 1 BiKcOBaHMM €IEKTPOMArHITHUM

(Ic.em™3%1y.p) MOpOTramMu CrIpaniOBaHHs BUKOPUCTOBYIOTH B aBTOMaTax 3.

EnexktpomarnitHi po3uiruntoBadi MF Tta MA  BUKOPHCTOBYIOTBHCS IS
3aXUCTy €JEKTPOJIBUTYHIB B IMOEIHAHHI 3 TEIUIOBUM pelie KOHTakTopa. Bonu
3a0e3neuyroTh 3axuct Bia K3 3 mutTeBuM cipairoBanssm (I):

- B XT2: nopir 3axucty ¢ikcoBanuii I ey=14 Iy, s lyp< 12,5 A, nopir
3aXUCTY PErYJIOEThCS B AianasoHi lg ey=6...14 Iy p nst 1y p >12,5 A;

- B XT3: nopir 3axucty peryaroerhes B aianaszoni le ey =6...12 Iy p;

- B XT4: nopir 3axucty perymoerhes B aianazoni le ey =9...10 Iy p.

Enextponnuii posuimmoBau EKIp | mns Bumukawie XT2 i XT4 B 1pu- i
YOTHUPUIIOJIIOCHOMY BHUKOHaHHI 3a0e3neuye 3axuct Big K3 3 MuUTTEBUM
cupaitoBantsM (I): perynbosanuit nopir 3axucty le g=1...10x1y p.

PosuirumroBaui EKip LS/l (ta6i. I'.3) 3a0e3meuyroTh 3aXHUCT:

— Bix mepeBanTaxenus (L) lcp=0,4..1xly;, 3 perynoBanHsm 4vacy
crparroBanss (kpok 0,04);

— Bix K3 3 perynboBanum noporom l¢ z=1...10xly , (Bchoro 15 3HaueHs) 3
CEJICKTUBHOIO BUTPUMKOIO dYacy crpaioBanHs (S): abo 3 MHUTTEBUM
cipatroBanHsm (I).

PozuirmoBaui Ekip LSI 1 Ekip LSIG (ta6i. I'.4) 3a06e3meuyroTh Ti K 3aXHCTH
3 MOXJIMBICTIO PYYHOTO Ta €JIEKTPOHHOTO HANAMITYBAHHS, & TAKOXK

— 3aXHCT BiJ 3aMuKaHHSA Ha 3emiti0 (G): perylbOBaHMI TOPIT 3aXHUCTY BiJ
0,2...1xly p, KpHBA CIPAIIOBAHHSA 3 HEPETYJIHOBAHUM YaCOM CIIPAIIOBAHH.

PosuimmroBaui EKip 3a0e3neuyroTh 3aXUCT HEWTpaidi B YOTHPHIIOIFOCHUX

aBTOMaTHYHUX BUMHKayax: 1yt Iy ,< 100 A — 100 % Bix ycraBku 3axucry ¢as,
a st ly p > 100 A moxmmBuit Bu6ip 50 a6o 100 % Bix ycraBku 3axucty ¢as.

PosuimmroBaui Ekip M-LIU (moctymui ams XT2 1 XT4 B TpumoaocHOMY
BHUKOHAHHI) MPU3HAYEHI JJIs1 3aXUCTY eJIEKTPOABUTYHIB (Tabd. I'.5):

— Bix nepeBanTaxenus (L): perynsosanuit nopir e ;=0,.4...1xly p.; vac

CIpaIlOBaHHS yCTaHABIIOEThCA IUIIXOM BHOOpPY Kiacy CIpallOBaHHs,
Bu3HaueHoro B ctanjapti IEC 60947-4-1: xmac 3E, SE, 10E, 20E, mro
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BIJIOBIJIa€ 4Yacy pPO3MHUKAaHHS B Jiama3oHi BignmoBigHo 2...3, 3...5, 5...10,
10...20 ¢ B 3a1€XHOCTI BIJl TPUBAJIOCTI ITYCKY JBUTYHIB;

— 811 K3 (I): perynboBanuii opir l¢ 5=6...13%1y ;

— Big nepekocy da3 (U): 50% a6o 100% Bix l¢ p.
PozuirumroBaui  Ekip M-LRIU, kpim Toro, mnpu3HaueHi s 3axHCTy
CIEKTPOABHUIYHIB BiJ 3akimHIOBaHHS portopa (R): ycTaBka crhpaltoBaHHs

BUOWPAETHCS PiBHOIO 3...9% 1.

ABToMaTHyHi BuMukavi Tmax. Cepis aBTOMaTHYHMX BUMHKadiB Tmax
(xomnanii ABB SACE) mae cim ocHoBHUX Tunopo3mipis: T1, T2, T3 (ananoru
Tmax XT), T4, T5, T6 i T7 na crpymu, Bigmosigao, 320, 630, 1000 i 1600 A
[15]. HominanpHa BUMHKAaIbHA 3aTHICTh BUMHMKaYiB HaBeaeHa B Ta01. I'.6.

ABTOMAaTHYHI BUMHUKaui TMax ocHaineHi (tadi. 2.9):

—TepMOMAarHiTHUMH po3zuirurtoBaduamu TMD a6o TMA;

—TE€PMOMATHITHUMH PO3YITUTIOBaYaMH ISl 3aXUCTy TeHeparopiB TMG;

— eJeKTpoHHHMH posuimumoBadamu PR221DS (T2), PR222DS/P ta /PD,
PR223DS (T4, TS5, T6); PR231/P, PR232/P, PR331/P i PR332/P (T7).

Tabmuns 2.9 — KoMmilekTyBaHHS aBTOMaTHMYHUX BHMHKadiB Tmax

pO3YITLIIOBaYaMU

Po3uimoBaui T4 TS5 T6 T7

apromMaTuyHuX BuMukayiz | 20...320 | 320...630 | 630...1000 | 200...1600

TMD 20...50

TMA + + +

TMG +

PR221DS + + +

PR222DS, PR223DS + + +

PR231/P, PR232/P, +

PR331/P, PR332/P

Tepmomarnithi poszuiruntoBadi TMD a6o TMA ochaiieHi peryibOBaHUM
TemwioBuM (l¢ =0,7...1xly p) 1, BignosinHo, 3 QikcoBanuM (lc en=10%ly p) abo

peryaboBaHuM (l¢ en=5..10% 1y ) €NEKTPOMarHiTHUM NOPOraMy CHPaIIOBaHHS;
TepMoMarHiTHi po3yiruIroBaul uist 3axucty reHeparopiB TMG ocHalieHi

perynboBanuM TemwIoBUM (lc 7=0,7...1%l ) 1 ¢ikcoBanum (I en=3%lyp) B

apromatax T3; Ta perymboBaHuM eneKTpoMarHiTHUM  (l¢.en=2,5...5% 1y p)
MIOPOTOM CIIPAIOBaHHS — B aBTOMaTax [ 9;

YoTupUNoMIOCHI aBTOMAaTHYHI BUMHKayl, SIKI 3aCTOCOBYIOTh ISl 3aXUCTY
HaIIBOPOBITHUKOBUX MPUCTPOIB, 3aBXKIU MOCTABISAIOTHCS 3 PO3UIILUIIOBAYEM, B
SAKOMY yCTaBKa 3axucty Heutpani gopiBHioe 100 % Bix ycraBku 3axucty (a3 3a
ctpyMiB 10 100 A. Jlng OnbIMX CTPYyMIB ICHYIOTh BHKOHAHHS 3 YCTaBKOIO
3aXUCTy HeWTpaii, mo AopiBHIOE 50 % BiJl yCTaBKU 3aXUCTy ¢a3.
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Enextponnuii posuirumoBad PR221DS (tabn. I'.7) 3abe3neuye Ti x dyHKIIi
3aXUCTy, o i posuinmosay EKip LS/I: Bin nepesantaxenns (L): lc n=0,4...1x1y
(xpok 0,04) i K3 (S/1 a60o mume I): ¢ =1...10x1y ).

Enexrponnnii po3uituiroBay PR222DS/P (Tab6u. I'.8) mae dynkii 3axucty L,
AKAA MOXE BHUCTaBIATUCA B alanazoHi le;=0,4...1xly . IcHye MOXIMBICH

BUOOPY YOTHPBHOX PI3HUX KpUBHUX cripamtoBanus (s 6%l ;): t=3 ¢, t=6 c, t=9 c,
t=12 c abo t=18 c. Yac cmpaimtoBaHHd MOXHa YCTaHOBUTH 3a JIOIIOMOI'OIO
enektponHoro 6;oka SACE PRO10T B miamazoni 3...18 ¢ (3 kpokom 0,5 c).

Oynkuia cenexruBHoro 3axucry Bix K3 (S) 1 3=0,6...10 Iy, (Bcboro 15

YCTaBOK) 3 0OCPHEHO3AICKHOIO (I2t=c0nst) a00 3 He3anexHow (t=const) moxke
BHUCTABJIATHCS BPYYHY 3 BHOOPOM OJHIET 3 YOTHPHOX KPHBHUX CIPAIIOBAHHS:
t=0,05 ¢, t=0,1 ¢, t=0,25 c i t=0,5 ¢ (mma 8xlyp), a TakoK 3a JOMOMOIOKO
CJICKTPOHHOTO 0OJIOKa y TOMy 3K Jiama3oni (3 kpokom 0,1) 3 BuOOpoMm yacy
cipatroBanns 0,05...0,5 ¢ (3 kpokom 0,01 c).

Oynkuis  muTTeBoro 3axumcry Bin K3 (1) lcp=1.5..12x1,;, wmoxe
BUCTABIIATHCS BpYy4YyHy (BChOoro 15 ycTaBoK), a TakoX 3a JOIOMOIOIO

€JIEKTPOHHOTO OJIOKA y TOMY X Jiiana3oHi 3 Kpokom 0,1% Iy 5.

DyHKIlis 3axXUCTy BiJ 3aMuKaHHS Ha 3emimo G 1 ;=0,2...1xl; , moxe
BUCTaBIATHCS Bpy4HY (7 ycTaBOK) ab0 €JIEKTPOHHHUM CIIOCOOOM 3 KPOKOM

0,01xly p. Takok icCHye MOXJIMBICTH BUOMpPATH OJHY 3 YOTHPHOX KPHBHX a00

YCTAaHOBUTH Yac CIIPAIOBaHHS €JIEKTPOHHUM criocoboM B miamnasoni 0,1...0,8 c.
Ha mepenniii maHem pos3uirioBadiB TependadeHa mepenaBapiiiHa Ta

aBapiiiHa curHaiizamis s 3axucty L. 3HaueHHs nepenaBapiiiHOi yCTaBKU (sIKe

HE MOKe OyTH BUMKHEHO a00 3MiHEHO KopucTyBauem) aopiBHioe 0,91 . Takox
MO>KJIMBO TI€peIaBaTH aBapiitHUIl cUrHai 3axucty L aucTaHmiiHo.

Enextponnuii poszuituiroBady PR222DS/PD nmns T4 1 TS Ttakox Mmae
yJIalITOBAaHUN A1aJOTOBUNA OJIOK ISl MIAKIIOUEHHS 10 MEPEXi 3a MPOTOKOJIOM
Modbus® RTU.

PosuirumroBau  PR331/P  anms  aBromMarmuHoro BuMukKada Tmax T7 vy
BukoHaHH1 PR331/P-LSIG mae noBHuil miana3zoH GyHKIIA 3aXUCTY 1 MTUPOKHIA
BUOIp TMOPOTiB 1 BUTPUMOK uacy crparfoBanas. Kpim toro, PR331/P moxna
MPUETHATH JI0 30BHINIHIX IPUCTPOIB.

PozuimoBau  PR332/P nmns Tmax T7 (moctaBis€eTbesi B YOTHPHOX
BukoHaHHsx: PR332/P-LI, PR332/PLSI, PR332/P-LSIG i PR332/P-LSIRc)
BUKOHAHUM Ha 0a3l Cy4acHOTro MIKpOIpoIecopa 3 TEXHOJIOTIE IU(poBOi
00poOku curnaniB DSP. ¥V pa3i ocHallleHHsI BHYTPIIIHIM J1aJIOTOBUM OJIOKOM
PR330/D-M, poszuituitoBau PR332/P crae iHTENCKTYaIbHUM TPUCTPOEM 3aXUCTY
Ha ocHOBI mnpotokony Modbus® RTU. 3a pomomororo 61oka PR330/D-M
posuimitoBauy PR332/P moxe npuennysarucs ao agantepa EP010 Fieldbus, mo
T03BOJIsIE BUKOPUCTOBYBaTH Mepexki Profibus 1 DeviceNet.
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ABtomatnuni Bummukaui Emax (El1...E6) xommanii ABB SACE

BUIYCKAIOThCS Ha HOMIHAJIBHI CTPYMH IH_p=4OO, 630, 800, 1000, 1250, 1600,
2000, 2500, 3200, 4000, 5000, 6300 A.

PozuimumoBaui PR121, PR122, PR123 BukonyioTh Taki pyHkiii [16]: 3axuct
BiJ nepeBanTaxeHHs (L); cenextuBuuii 3axuct Bia K3 (S); MUTTEBHIT 3aXUCT Bif
K3 (I); 3axuct Bix 3amukanns Ha 3emiro (G). 3axucT Big nmepeBaHTakeHHS L 3

PETYJIIOBAHHAM IOPOTOBOTO 3HaueHHs B miamasoni: lcy=0,4...1,0xly, 3

00epHEHO3aJIC)KHOID BUTPUMKOIO dYacy CIIpaIlfOBaHHS I2t = k; icmye 25
MOPOTOBUX 3HAUYEHBb 3a CTPYMOM i 8§ KpHBHX I BUOOpY 4acy CIpaIrfoBaHHS
te n=3-12-24-36-48-72-108-144 ¢ (mns 3xI. ).

CenextuBHuii 3axuct Big K3 (S) 3 perymioBaHHsSM B jJiana3oHi:

les=1...10xlyp 1 tc 5 =0,1...0,8 c. Dynkiist cenexTuBHOTO 3axucTy Bijx K3 (S)
MOXxe OyTH BU3HA4Y€Ha JBOMA PI3HUMHU TUIIAMHU KPUBHUX: 3 HE3aJICKHUM Bij
CcTpyMy YacoMm crpaitoBanHs (t=K) abo 3 mHOCTIHHOIO MHUTOMOIO CHEPTi€r0

(t=k/|2). icHye 15 moporoBux 3Ha4€Hb IO CTPYMY 1 8 KpUBHX JJis1 BUOOpPY Hacy
CHpaLIOBaHHS.

PerynboBanuii murteBuil 3axuct Bin K3 (I) B mianasowi: lcz = 1,5...15x1y
(15 moporoBux 3Ha4YCHb CHPAIFOBAHHS).
3axucT BiA 3amukaHHs Ha 3emito (G) 3 pEryialoBaHHAM IOPOTOBOIO

3HA4YEHHA B fianmasoHi: lc 5=0,2...1,0%ly, (7 noporosux 3nauens) 3 t; ;=0,2-0,4-
0,6-0,8 ¢ (4 xpuBHX aJ1s1 BUOOPY Yacy crparroBanHs). Hac crpaifoBaHHs MOXHa
BUOMpATH He3allexkHO Bia cTpymy (1=K) abo 3 mocTiiiHMM 3HAYEHHSIM HMHUTOMOI
eneprii (t=k/1°).

VYeraBku (PyHKINT 3axucTy HeWTpam MokHa 3amgatu piBHuMu 50%, 100%
a60 200% Bix ycTaBKHU 3aXHCTY (a3s.

ABToMatuuHdi Bumukavi Compact NS rtoprosoi mapku Merlin Gerin
xommaHnii «Schneider Electric» oxommorots mianazon crpymis go 80 A, Bix 100
10 630 A, Bix 630 mo 1600 A [17].

Tpunomtocui aBToMatuuni Bumukadi Compact NS 80H-MA 3 ynamroBanum
eJeKpoMarHiTHUM posuiruiroBaueM MA 31 ctpymamu 1,5/2,5/6,3/25/50/80 A.
3aCTOCOBYIOTh JIJIS 3aXMCTY €JIEKTPOABUTYHIB MOTYHicTIO 10 37 kBT Big K3.
HominanpHa poOoua Hampyra go 690 B. I'pannuHa BUMUKabHA 37aTHICTH
70 kA (380/415 B). dudepeHuiiinuii 3aXUCT peasli3oBaHO 3a JIONOMOTOI0 pelie
Vigirex.

Aptomatnuni Bumukadi Compact NS100 — NS250 momudikamiit N, H ta L
MOXYTb OyTH OCHAIlleHI TEepMOMAarHiTHUM posuimunoBaueM 1M abo
CJIEKTPOHHUM po3dirunoBadeM STR22. HomiHalbHHI CTPyM pO3YITLIIOBAUiB

TM16D - TM230D Iy, cranosuts: 16, 25, 32, 40, 50, 63, 80, 100, 125, 160,
200, 250 A. VcraBka TemnoBoro posuimmosada lc perymoersest 0,8+1 Iy p.

YCTaBKkHM €JIeKTPOMar”iTHOro po3dirmoBava l. ey HaBeaeni B Ta6n. I.9. B
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YOTUPUIIONIOCHUX BUMHUKAUaX YCTaBKH 3aXHCTy HEUTpali MOXHA 3aJaTh
piBunMu 0 (He3axwuinena Heitpans) 50%, 100% Big ycTaBku 3aXucTy (Bas.

HominanpHuii ctpym posuimitoBauiB STR22SE: IH,p=4O, 80, 100, 160,
250 A. 3axuct Bin nepeBaHTaxkeHHs: ycraBka lo ; = 0,4...1 |y  perynboBana (48
1n03.). Perymoerscs rpy6o Io = 0,5...1 Iy 3 kpokom 0,1 i Touno Iy = 0,8; 0,85;
0,88; 0,9; 0,93; 0,95; 0,98:; 1 lp.p- [IpUKIa HATAIITYBAHHS YCTABKHU 3aXUCTY BIJI
nepeBaHTakeHHs BuMHukada Compact NS250 3 pozuimumroBauem STR22SE 160
Anmmalo=0,511,=0,8: YcraBka I ;= 160 X 0,5x 0,8 =64 A.

3axuct Bin K3. CenextuBna ctpymosa Binciuka: lc=2...10 Iy, (8 mos),
yCTaBKa yacy noctiina. Murresa ctpymoBa Bifciuka): lez 211 Iy p.

3axuct 4-ro momroca: 6e3 3axucty; len/2 ; lo.p. Crnemianphuii 3axuct OSN
JUTSl YOTUPUTIONIOCHUX BUMUKAUIB IPU3HAYCHUH JJII MEPEK 3 BUCOKUM BMICTOM
TPEThOI TAPMOHIKH.

Aptomatnuni Bumukadi Compact NS400 - NS630 momudikarii N, H, L B
Tpu- ab0  YOTHUPHUIIOJIOCHOMY BHUKOHAHHI  OCHAIICHI  €JIEeKTPOHHUMU

posuimmoBayamu STR23SE, STR23SV, STR53UE 1 STR53SV. HominansHui
cTpym posuirumoBadis Iy, = 150 250 400630 (A). XapakrepucTuku

posuirnmoBauiB STR23SE, STR23SV (taba. I'. 10) aHajorivuni po3diruioBadam
STR22SE.

PozuimumroBaui STRS3UE 1 STR53SV (1ab6un. I'.11) 3a0e3mnedytoTh 3aXHCT Bix
nepesantaxens: le = 0,4...1 Iy, per. (48 1103.), 4ac cnpairoBaHHs 3aJIEKUTH BiJl
lii.p; 3axuct Bin K3 (cenexktuBHa ctpymoBa Biaciuka): lc 5=1,5...10 l¢ ; (8 mo3.),
ycTaBKa 4acy IMocCTiiiHa perynboBaHa (4 mo3.: 0; 0,1; 0,2; 0,3 ¢) i momaTkoBa
dbyHnkiisa «lt = consty; 3axuct Big K3 (MuTTEBA CTpyMOBa BijCiUKa), yCTaBKa 3a
crpymoM lcp= 1,5..11 Iy, mocriiina perynsoBana (8 1mo03.), 3axuct 4-ro
noitoca: 4P 3d - 6e3 3axucry; 4P 3d + N/2 - . ,/2 ; 4P 4d - I .

HonatkoBi ¢yHKIII enekTpoHHoro posuimuioBadya STRS3UE: 3axuct Big
3aMUKaHb Ha 3eMJIIO, ycTaBka 3a ctpyMoM l¢ 5 =0,2...1 Iy, (8 103.), ycraBka 3a

yacoMm (yHKIIIT «|2t = consty» (4 mo3.), makcuManbHa BuTpuMmka 60, 140, 230,
350 mc, moBHUM yac BUMKHeHHS He Outbiie 140, 230, 350, 500 mc.
BumiptoBanHs, 1m0 371HCHIOIOTECA (QyHKIIE «AmnepmeTp». Ludposunii
IHIUKATOP TOCTIMHO BUAae iH(OpMaIlI0 PO HAMOUIBIT 3aBaHTaxeHy ¢azy i
JI03BOJISIE BUBECTM HA €KpaH 3HA4YCHHS CTPYMIB B I1HIMMX (aszax, a TaKoxXK
3HaueHHs cTpymy B Hewrpami (11, 12, 13, IN). Ingukamis ammepmerpa
3a0€3MeUy€eThCs 32 MIHIMAIBHOTO cTpyMy Ounbiue 0,2 Iy (32 MEHIHMX CTpyMiB

IH/IMKAIlis BIJICYTHsI) T MAKCUMAIBHOTO CTpyMy, MeHIIOro Bij 10 Iy p,.
[lepenbayena MOXIUBICTh 3a0€3I€UEHHS 30HHOI CEJIEKTUBHOCTI MTOCIIIIOBHO
PO3TAILIOBAaHUX aNlapatiB LUISIXOM iX 3’€HaHHSA KOHTPOJIbHUM IIPOBOJIOM.
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Asromatnuni BuMukadi Compact NS630b—-1600 (ta6m. 2.10) ocHamieHi
0JIOKaMU 3aXHUCTY, KOHTPOJIIO Ta kKepyBaHHs Micrologic.

Tabmums 2.10 — HomiHanbHi CTpyMH aBTOMAaTHYHMX BUMHKaudiB Compact
NS630b — 1600 Ta ix po34irIroBadiB
5 (A) | 630 800

lup (A) | 250-630 | 320-800

1000
400-1000

1250
500-1250

1600
630-1600

ABTomaTtuuni Bumukaui Masterpact NT i NW na crpymu Big 630 no
6300 A BumyckamoThcs mig ToproBoro Mapkoro Merlin Gerin  kommanii
«Schneider Electric» [18, 19] .

Bumukaui Masterpact Bkitouatoth B cebe aBa tunu: Masterpact NT Ta
Masterpact NW: (ta6m. 2.11). Bonu ocHarieHi 0JJokaMu 3aXHCTy, KOHTPOJIIO Ta
kepyBaHHA Micrologic.

Tabmuug 2.11 — HoMiHanbHI cTpyMH aBTOMaTHYHUX BUMuUKadiB Masterpact
NT 1 NW Ta ix po3uimitoBayiBb

lus (A) 250 |400 |630 |800 |1000 |1250 |1600
lu.p (A) Masterpact NT 100- | 160- |250- |320- |400- |500- |630-
a Masterpact NW 250 [400 |630 (800 |1000 |1250 |1600
L s (A) 2000 | 2500 | 3200 | 4000 |5000 |6300
li.p (A) 800- | 1000- | 1250- | 1600- | 2000- | 2500-
M.asterpact NW 2000 | 2500 |3200 |4000 |5000 |6300

Bumukaui BUITycKaroTh TaKuX MOAUDIKAIIIi:

N1: aBroMaTHYHUI BUMHKAY ISl CTAHJIAPTHOTO 3aCTOCYBAaHHS B MEpEkKaX 3
HEBUCOKUM PIBHEM PO3PAXYHKOBUX CTPYMIB KOPOTKOTO 3aMUKAHHS;

H1: aBTomMaTuuHUil BUMHKA4d Il TIPOMUCIOBUX OO’€KTIB 3 IMiJIBUIICHUM
pIBHEM CTPYMIB,;

H2: aBToMaTHYHNI BUMUKAY C BUCOKOIO BUMHUKAJILHOIO 31aTHICTIO;

H3: aBromatuuHMii BUMHMKAY JIJIsl €KCIUTyaTalii B €KCTPEMaJbHUX YMOBaXx,
JIe BUCOKUH PiBEHbh BUMHUKAIIBHOI 3/JATHOCT] TIOBUHEH TMOEJIHYBATUCS 3 BUCOKUM
OpPOrom 3abe3reueHHs CEIICKTUBHOCTI,

L1: crpymMooOMexyBaJbHUN aBTOMATUYHUM BHUMHKAY, SIKHUH MOEIHYE
BUCOKY CTPyMOOOMEXYBaJbHY 3JaTHICTh 3 CaMUM BHCOKHM TOPOTOM
CeJIEKTUBHOCTI (10 37 KA) 1151 anapatiB JaHOTO THUITY,

Ha ocHOBI aBTOMaTHYHMX BUMHUKA4iB pO3p0OJICHI BUMHKA4Yl HAaBAaHTA>KCHHS
nexinpkox Mmopeneii: HA, NA 1 HF. Buxonamns HF mae mBuakomiiHwii
CTPYMOBHH 3aXUCT, 110 COPAIbOBYE y pa3s yBiMkHeHHs Ha K3. B yBiMkHeHOMY
CTaHl amapar He 3aXUIIEeHUM 1 i€ K KJIAaCUYHUM BUMHMKa4y HaBaHTa)xeHHs. BiH
4acTO BUKOPUCTOBYETHCS SIK CEKIIHHUN BUMHUKAY 301pHUX IITUH.
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Po3uimumroBaui Micrologic A. 3axucT Bij mepeBaHTaXCHHS CIIPAIlbOBYE 3a

e(EKTHBHUM 3HAYCHHAM CTpyMy (cTaniapTHe BukoHaHHs: lc=0,4...1:1yp).
TouHicTh 3aBHaHHS yCTaBOK MOXE OyTH MiABHINEHA Yy pa3i BUKOPUCTAHHS
KajmiopaTopa 3axuCTy BiJ TNEPEBaHTAXKEHHS 3 OUIbII BY3bKOIO 30HOIO
peryioBaHHs: aonaTkoBe BukoHaHHs: lc5=0,4...0,8 1y, abo lc;=0,8... 11y .
TenoBa mam’siTh: A0 1 Michs BUMKHEHHs (TOCTiiiHA 4Yacy HarpiBy JAOpPIBHIOE
MOCTIHIN Yacy OXOJIOJKCHHS). 3aXUCT BiJl MIEPEBAHTAKCHHS MOXHA BUBECTH 3
i 32 TOTIOMOTOI0 CHeIlianbHOro Kamioparopa «Oft) («BUMKHEHOY).

3axuct Binm K3: cemekTMBHa 1 MHTTEBAa CTpyMOBa Biaciuku. Bubip
XapaKTePUCTUKHU I2t (On — yBimMKHeHO 200 Off — BUMKHEHO) B 30HI CEJIEKTUBHOI
CTPYMOBOI BIJICIUKH.

3axucT BiJl 3aMHKaHb Ha 3€MJIIO MOJISEThCS Ha aBa Tunuu: «Hebamancy
a6o «IloBepHeHHS CTpyMy uepes 3a3eMiIoBaw». B ocTaHHBROMY CIij NpUiiMaTH B
pPO3paxyHOK THII 3a3eMJIIOBaya HelTpani mepexi. Bubip crany QyHkumii I2t
(yBiMkHEHO a00 BHMKHEHO) B YycTaBIi dYacy (oOepHEHO3aJIeKHOI abo
HE3aJICKHOT BATPUMKH 4acy y pasi JOCATHEHHS YCTaBKH 3aXHCTY 32 CTPYMOM).

JudepeHmiiftanii  3aXUCT 3a CTpyMOM HYJIbOBO1 mocmigoBHOCTI (Vigi)
XapaKTepU3yeThCcsi CTPYMOM BUTOKY Ha 3emiito IDn (B ammepax mepBUHHUX [0
30 A).

3axucT HEUTpalli B TPUMOIIOCHUX aBTOMAaTUYHUX BUMHKAYaX HEMOKJIUBHH.
B dYotupumnonocHuX BHUMHMKAadaxX YCTaBKHU 3aXMCTy HEWUTpaldl MOXHa 3a7aTH
pisaumu 0 (HesaxureHa HewTpais) 50%, 100% Big ycTaBKH 3aXUCTy ¢as.

BumiproBanHs, 10 3IIHCHIOIOTHCA 3aBASKU  (QYHKIT «AMIEpMETP»,
3a0€3MeUyI0Th TOCTIHHE BIIOOPaXKEHHS AIF0YUX 3HAYEHb CTPYMIB BIIHOCHO g p
Bix 0,2 mo 2,0. Ha umdpoBomy nucmiei BigoOpaxaeTbest iHGoOpMaIlis Mpo
HaHOUTBII 3aBaHTaxeHy a3y (Imax) i moxkHa BuBecTH 3Ha4YeHHS |, lcp (S),

lcs (1), (a Takox IN (ctpym B Heditpani), |G (HebanaHe cTpyMy 3aMUKaHHS Ha
3emiti0), IDN (cTpyM BUTOKY Ha 3eMIII0), 1 MaKCHMaJbHI JiFOYi 3HAYCHHS LHX
cTpymiB. 3a 3HaueHb HuK4e 0,051y , BAMIprOBaHHs He 3MIHCHIOKOTHCS.

Po3uimmioBau Micrologic 2.0 A. 3axwucr Biax nepeBantaxenus . = 0,4;
0,5; 0,6; 0,7; 0,8; 0,9; 0,95; 0,98; 1 IH_p. Bumknenns mix 1,05 ta 1,20 | .
VYcraBka yacy cnpaitoBanus t. ;=0,5, 1, 2, 4, 8, 12, 16, 20, 24 c. Ilepiox nii
Teru1oBoi mam’gTi 20 XB. 10 1 IMICJIT BAMKHEHHS.

MuTtTteBa ctpymoBa Binciuka lgz= 1,5, 2, 2,5, 3, 4, 5, 6, 8, 10 I, 5. Yac
3arpuMku: 20 mc. MakcumanbHuii yac BUMKHEHHs: 80 Mc.

Awmmnepmetrp Micrologic 2.0 A 3abe3nedye MOCTIMHE BUMIPIOBAHHS CTPYMIB
11 12 13 IN: 20 — 200 % Iy p. Tounicts: 1,5 %. KusneHus Bix CHIOBHX Kill (1715
| >20 % Iy p). llepenbadeno pikcyBanns MakcumanbHux 3HadeHb 1112 13 IN.

Po3uinsiroBaui Micrologic 5.0/6.0/7.0 A. 3axuct Big mnepeBaHTaKEHHS
BHKOHAHO 5K 1y 3axuctiB Micrologic 2.0 A.
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VYcraBka cTpyMy MUTTEBOI cTpyMoBoOi Biaciuku (A): |z = 2, 3, 4, 6, 8, 10,
12, 15, Off IH'p. Yac 3arpumku: 20 mc. MakcuManbHHUM yac BAMKHEHHS: S50 Mc.
VYcraBka cTpyMy CeleKTUBHOI cTpyMoBoi Biaciuku (A): Iz = 1,5, 2, 2,5, 3,

4,5, 6,8, 10 I, . PerynpoBani ycraBku vacy t. ; (¢): Off 00,1 0,2 0,30,4.
3axuct Bin 3amuikanHs Ha 3emuro B Micrologic 6.0 A. ycraBka ctpymy (A)

les;=lupxABCDEFGHJ. Ty I, =400 A: 0,30,30,40,50,60,70,80,9

1, nsa 400 A < 1, <1250 A: 0,20,30,40,50,6 0,70,80,9 1, s Iy, p > 1230
A: 500 640 720 800 880 960 1040 1120 1200 A. PerymioBaHHSI YCTaBKH Yacy
t.,: 0ff00,10,20,30,4 c.

Hudepennivianii 3axuct (Vigi) B Micrologic 7.0 A: gytmuBicte (ammep
nepsuHanx). IDN=0,5 1 2 3 5 7 10 20 30; ycraBka uacy At: cryneHi
perymoBanss 60, 140, 230, 350, 800 mc.

HanamryBanHs 3axucTy HEWTpali B TPUIIOIIOCHUX aBTOMAaTUYHUX
BUMHUKa4Yax MOkHa 3amaT piBHuMHU O (HeszaxwuiieHa HewTpanb) 50%, 100% abo
160% Big ycTraBKM 3axucTy (a3. 3aXHCT HEUTpasl 3 3aBUIICHOI0 YCTaBKOIO
3aCTOCOBYIOTH, SIKIIO MEpepi3 HeUTpasl B JABa pa3u OUIbIINE BiJ mepepizy a3
(cuJIbHA HECHMMETPIisl HABAHTAKEHHS, BUCOKHUI KOS(IIIEHT TPEThOT FAPMOHIKH).

B 4oTupHUNONIOCHUX BUMHKayaxX YCTaBKU 3aXHCTYy HEWUTpasl MOKHA 3aJaTH
piBaumu 0 (HesaxumieHa HerTpaib) 50%, 100% Bix ycTaBKH 3aXHUCTy ¢as3.

Po3zuimmoBaui Micrologic 5.0/6.0/7.0 P. 3axuct Bij mnepeBaHTaXKCHHS,
CEJICKTUBHA Ta MHTTE€BA CTPYMOBI BIJICIYKM BHUKOHAHI SK JJs 3aXHCTIB
Micrologic 5.0/6.0/7.0 A, 3axucT Big 3aMuKkaHHs Ha 3eMir0 Micrologic 6.0 P —
sk st Micrologic 6.0 A, nudepennirinuii 3axuct (Vigi) Micrologic 7.0 P — sk
s Micrologic 7.0 A.

ABapiifHO-TIOTIepe/)KyBaJIbHA CUTHANI3AIlisl Ta 1HIN JOJATKOBI 3aXHUCTH
Micrologic 5.0/6.0/7.0 P: HepiBHOMIipHICTh HaBaHTa)XEHHS 1O (azax; HeOaraHC
HAIpPYTH; 3BOPOTHUHN TMEPETIK MOTY>KHOCTI; 3HMKEHHS Ta 30UIbIIEHHS YaCTOTH,
3BOpPOTHE UepryBaHHs (a3.

Kpim ¢ynkmiit, mo peanizoBani B Micrologic P, 6mox Micrologic H
3a0e3mnedye aHaji3 SKOCTI eNeKTpOeHeprii 3 OOYMCIEeHHSM TapMOHIK Ta
OCHOBHHMX CKJQJHHUKIB, 3 3allMCOM TMapaMeTpiB CTPyMy Ta HalpyrTH;
MporpaMyBaHHs TIEPCOHAII30BAHUX aBAPIMHUX CUTHAIIB JJIA BIJICIIIKYBaHHS Ta
aHai3y aBapiiiHUX PEXKUMIB B MEPEKI.

ABTomMaTuuHi Bumukaui Legrand. Asromartnuni Bummkaui cepii DPX 3
HOMIHaJIbHUM cTpymoMm 160, 250, 630, 1250, 1600 A 3 TepmMoMarHiTHUM abo
CJICKTPOHHUM PO3YIIUTIOBAYE€M 3 BUMHUKaJIbHOIO 3AaTHICTIO Big 16 mo 100 kA
(tabu. 2.12) [20].

Enextponni po3uiruiroBadi Bumukada DPX marots Taki ¢pyskiii [20]:

- pynkuis 3axucty L le =0,4... 1%y p, ey =3...16 ¢ ;
- ¢pynxuis 3axucty Big K3 1 3=1,5...10 I¢ ; tc 5 =0...0,5 ¢;
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- OQynxuis 3axucty Big 3amukanHs Ha 3emimo G 1 5=0,2.. 1%y,

t.5=0,1...1c.

- YCTAaHOBKY PIiBHS 3aXHCTy 3a CTpyMOM B HelTpanbHomy mposomi: Off,
50, 100 % Bix cTpymy B ha3HOMY TPOBOSII.

B 3anexxHocTi Bim MOJEN EIEKTPOHHI PO3YIILIIOBaYi 3a0e3MedyIOTh
BUKOHAHHS TaKUX JOJATKOBMX (YHKI[IH SK TEIUIoBa ITaM’sATh Ta 30HHA
CCJICKTUBHICTb.

Tabmuns 2.12 — HominanbHi CTpyMU aBTOMAaTUYHUX BUMUKadiB DPX

Bumukad 3 po3dimiroBauem Hominansauit Howminaneuuii ctpym
CTpYyM po3uiruioBaya, A
BUMKHEHHS, KA

DPX 1601 TepMOMarHiTHHIA 16 25 36 50 16 25 40 63 80 100 125 160

DPX 2501 TepMOMAarHiTHHIA 253650 70 100 160 200 250

DPX 2501 CJIeKTPOHHMIA 253650 70 40 100 160 250

DPX 2502 TepMOMarHiTHHIA 36 70 100 40 63 100 160 250

DPX 250° enexposHHii 36 70 100 40 100 160 250

DPX 6302 TepMOMarHiTHHIA 36 70 100 250 320 400 500 630

DPX 630° CJIEKTPOHHUM 3670100 250 400 630

DPX 12502 tepmomarnitanii | 20 70 100 630 800 1000 1250

DPX 16002 eJIeKTPOHHHIA 5070 630 800 1250 1600

. 1 o . . 2 .
HpI/IMlTKI/IZ - 3 MOHTA>XCM Ha pCHUIIl abo Ha IiaTi;, -3 MOHTA>XXCM Ha IIJIaTl.

ABtoMatnyHi BuMuKadi cepii DMX Bumyckarotscst Ha ctpymu 1600, 2500,
4000, 6300 A 3 HaiOUTEIIIO BHMHKAILHOO 31aTHICTIO 10 100 KA. EnexkrponHi
posuirnmioBaui MP4, MP6 marots Taki ¢pynkiii [20]:

- pynkuis 3axucrty L I ;=0,4...1x1y , (3 kpokom 0,02), tc ; =5 1020 30 ¢ ;

- bynkuis cenexruBHoro 3axucty Big K3 (S) I 5=1,5...10 I ;; (3 kpoxom 0,5)
t. 5 =0-0,1-0,2-0,3 c;

- ynkuis murteBoro 3axucty Big K3 (1) I 5=2...15x1y p;

- (yHkuis 3axucty Bia 3amukanHs Ha 3emito G ¢ ;=0,2...1x1y, 3 t ¢ ;=0,1-
0,2-0,5-1c.

- YCTaHOBKY PIiBHS 3aXHCTy 3a CTPyMOM B HeTpanpHOMY mpoBomii: Off,
50, 100, 200% Big ctpymy B (hazHOMY MPOBOI,

- HalamTyBaHHA audepenuiiinoro crpymy lc; B Mexax Big 1 1o 30 A Ta

qacy t. ; B mexxax 0,1-3,0 c.
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ABapiiiHo-TIONIepeKyBalbHa CHUTHAMI3alisl Ta goaatkoBi 3axuctu MPO6:
HEPIBHOMIPHICTh HaBaHTAXKEHHS MO (azax; HebajJaHC HANpPyTrH; KOJIMBAHHS
MOTY>KHOCTI; 3HWKCHHSI Ta 301IbIIIEHHS YaCTOTH; 3BOPOTHE YepryBaHHA (a3.

ABTtomatuyHi BuMukadi SIEMENS. Bumukaui 3VA npejacrasiieHi
m’sitbMa tunoposmipamu 100, 160, 250, 400 Ta 630 A. HomiHanbHa TrpaHuvHa

BuMuKkaiibHa 31aTHICTh K3 1¢;<150 xA. Bonu ochaimeni tepmomarditaum TM

a0o enekTpoHHUM posuirmoBadem ETU.
Bumukaui 3VT matots m’ste Tunoposmipie 160, 250, 630, 1000 ta 1600 A

[21]. HominanpHa rpaHmdHa BUMHKalbHA 3MaTHICTH K3 1o, <65 kA. Bonn
OCHAIICH] E€JIEKTPOHHUM PO3UIILIIOBaUYeM MaKCUMabHOTrO cTtpymy ETU.
Bumukaui Sentron 3VL BumyckaroTh ceMu Tunopo3mipis Bij 160 1o 1600 A.

HominanpHa rpannyna BumukaibHa 31aTHICTh K3 1¢,<200 xA. Bonu ocHamieHi
tepmomarditThum TM (mo 240 A), enektpomarHiTHUM M abo eneKTpOHHUM
ETU po3uimuiroBayeM MakCUMaJIbHOTO CTPYMY.

Bumukaui 3VF marote necsate tumopo3mipiB Big 40, 160, ... mo 2500 A.

HominanbHa rpannyHa BumukaibHa 31aTHICTh K3 1¢,<200 xA. Bonu ocnaiiexi
tepMoMarHiThHuM TM  (mo 400 A) abo enektponnum ETU (Big 400 A)
PO3UIIIIOBAYEM MAKCUMAJIBHOTO CTPYMY.

ABTomatuudi Bummukadi Moeller Group kommnanii Eaton. Bumukaui
cepii BZM, LZM, NZM, NRX Bumnyckae ¢ipma Moeller Group xommasii
Eaton. Crpykrypa mno3HaueHHs Bumukadie BZM: BZM - Building
(aBTomMaTnuHi BuMuKaui mus OymiBauinrsa) Circuit Breaker; BumukaabHa
smatHIicTh: D — 15 kA; E — 18 kA; B — 25 kA; C — 36 kA; N — 50 kA; rabapur 1
(160 A), 2 (250 A), 3 (400 A); ximbkicTh mostociB — 1, 2, 3, 4; 16,..., 400 —
HOMiHaNBHUM cTpyM Bix 16 1o 400 A; mpuennanns BT — xomyToBi 3aTHCKaYi.

Cepis  NRX npencraBnena Bumukadamu |IZMX Ta BuMHKayamMu-
po3’ennyBayamu INX 3 HOMiHanbHUM pobounM ctpyMoM Big 630 mo 4000 A, 3
BUMUKAJIBHOIO 34aTHICTIO Ha Hampy3i 440 B Bim 42 go 105 kA, 3-x abo 4-x
MOJTFOCHUMH, CTaIliOHApHOTO a00 BHKAaTHOTO BUKOHAHHS, 3 EJICKTPOHHUMH
posuirnmroBayamu  Digitrip™, sxi 3a0e3medyroTh 3aXHCT 3 J0JATKOBUMH
GyHKUISIMU TapaMeTpu3allii, BAMIPIOBaHb, aHaNI3y, IarHOCTUKU Ta peecTparlii.
Ha Bumamox BHHHKHEHHS €NEKTPUYHOI JyTW 3amaTeHTOBaHA CUCTEMa TaCiHHS
nyru mig yac obcmyroByBaHHs ARMSTM, sxa nelTpanizye ii mBualie HiX
CTpyMoOBa Bijciuka [22].

Bumukaui IZMX BumyckaroTh 13 MakCUMaJIbHUM poOounM ctpymoMm 1600 A

(lw.p = 630, 800, 1000, 1250, 1600 A) i 4000 A (I, = 800, 1000, 1250, 1600,
2000, 2500, 3200, 4000 A) 3a0e3me4y0Th MOKIIMBICTh PETYJIIOBAHHS 3aXUCTY

B1JI MepeBaHTaXeHHs B AianasoHi l; ;=0,5...1 IH_p 1 3axucty Bia K3 B gianaszoni

I 5=2...10 Iy, — 3 BUTpUMKOIO Hyacy Ta l¢ x=2...12 ly; ,, — 6e3 BUTpUMKH vacy.
ABTOMAaTHYHI BUMHKa4i cepii komnanii Hyundai. Bumukaui 3arajibHOro

npusHadeHHs cepii Hi 3 HominaneHuM ctpymom Big 30 mo 800 A 3

TEPMOMArHiTHUMH PO3YIIUIIOBAaYaMU Ta PETyJIbOBAHOTO THUIY 3 HOMIHAJIBHUM
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ctpymoM Bix 50 mo 225 A 3 TepMOMAarHiTHUMH PO3YIILIIOBAYaMH, a TAKOX 3
HOMIHATBHUM cTpyMoM Big 400 mo 1200 A 3 eIeKTpPOHHUMH PO3UIILTIOBAYaMU
(le.n=0,5...1 Iy p) [23].
Bumukaui cepii U [24] xomnanii Hyundai, UAB Bix 30 mo 100 A, UCB Bix
50 10 1600 A 3 TepMOMarHiTHUMH PO3UIILUIIOBaYaMH € O1IBIII KOMIIAKTHUMU.
ABtomatnuHi BuMmukadi UPB MaroTh MOXKIHMBICTH 3aMiHM TEPMOMAarHITHHX
PO3UIIIIOBAaYiB 3 HOMIHAJILHUM CTpyMoM Bif 125 no 630 A Ha enekTpoHHI 3

HoMiHanbHUM cTpyMoM Bix 400 mo 630 A (I¢;=0,5...1 Iy p). (Tabm. I'.16) Ta
MUTTEB] PO3YITUIIOBAaYl 3 HOMIHAJTBHUM CTpyMOM Bix 125 1o 250 A s 3axucry
JIBUTYHIB.

IIpomuciioBi aBromarnuni Bumukaui ETIBREAK 2 [25] BupoOHuirsa
Cnosenii 3 HoMiHanbHUME cTpymami Bix 100 A (EB100) mo 2500 A (EB2500) €
BIJIHOCHO JIeNIEBUMU. BOHM BHITYyCKAaIOThCA TpHU- a00 UYOTHUPUIIOTIOCHUMH 3
TEPMOMArHITHUMM  Ta  CJIEKTPOHHUMHU  PO3UIIUIIOBaYaMHu.  TersoBuit

posuimmosay perymoerses B mexax (0,63; 0,8; 1) Iy p, enmekTpomarniTHui -
(6...10 abo 12) Iy p, €NEKTPOHHUI PO3YIMIIOBAY 3 YCTABKAMH CIPAIIOBAHHS BiJl
nepeBanTaxenus | ;= 0,4 0,50,630,80,90,951 l.p TA CTPYMOBOIO BIICIYKOIO

l.s=2,55 10 I, . 3 BuTpumMKoro vacy t.5 = 0,1 ¢ ta 0,2 ¢), a Takox 14 Il . 3
MUTEBUM CIIPAIIOBAHHSIM.

ABromarnuni Bumukadi ETIPOWER [26] 3 HOMiHaIBHUMHU CTpyMaMmH BiJ
800 A (EP 208) mo 6300 A (EP 663) cepiii cranmaptroi (S) 1 migBuInEeHOT
BUMHKaJIbHOT 31aTHOCTI (H), BUKATHOrO THITY 3 MPUBOJOM, SIKi MPU3HAYCHI JJIs
3actocyBaHHs Ha TII. Ilepuia nudpa xapakrepusye BUMUKaIbHY 34aTHICTb.

Mpuxnan 2.7. BuOpatu mpoBiIHUKH Ta KOMYTalliiHO-3aXHUCHY amaparypy
JUTS TIEXOBOI MeEpexi, TulaH sikoi 300paxeno Ha puc. 1.2. Ha TII BcranoBieHO
TpaHchopmatop NoTyxHicTio 630 kB-A.

Po3B’si3yBanns. B Tabn. 2.13 HaBeneH1 pe3ynbTaTi BUOOPY MPOBIAHUKIB Ta
aBroMarnuHuX BuMukadiB ETIBREAK 2 ta Tmax XT2.

3rinno 3 IEC 60364-5-52-2009 B 30anmancoBaHiii TpudaszHiii cucremi
JIOTTYCTUME HABAHTAKEHHS UYOTHUPWKUIBLHUX KaOENiB NPUUMAETHhCS SIK JUIS
TpWKWIbHUX. Bubip 30151b11eHOTO TIepepi3y KaOeaiB 3yMOBICHUH HEOOX1THICTIO
3a0e3MeUeHHs IX TepMIYHOi CTIMKOCTI 110 aii cTtpymiB K3.
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Tabmuns 2.13 — Bubip npoBiAHUKIB Ta aBTOMAaTUYHUX BUMUKAUiB [IEXOBOI MEPEXKi

Tun

Cooci0

Jlinist IAP’ I, A Tnna;z?;(;zmro IAH’ IZ“’ IX’ IPOBiJI- MSI\’/IZ IIPOKJIa- IHXH’ | M, tio’
HHKA JTAHHS
1 2 3 4 5 6 7 8 9 10 11 | 12 | 13
EIl
(1,12,15) |114| 57,0 | EB100/3L 16A3p | 16 | 12,8 | 128 | AIIB |4(1x2,5)| B Tpy6i 19 8 0,52
PII-1 | EIl(2,13) | 9,5 | 47,5 | EB100/3L 16A3p | 16 | 10 | 112 | AIIB |4(1x2,5)| B Tpy6i 19 5 10,27
EIl
(3,14) 7,6 | 38,0 | EB100/3L 16A3p | 16 | 10 96 ATIB | 4(1x2,5) | B Tpybi 19 7 10,30
EIT (37, 427
PII-2 | 39-43) 8,5 " | EB100/3L 16A3p | 16 | 10 96 ATIB | 4(1x2,5) | B Tpybi 19 7 10,34
EIT (38) 95 | 475 | EB100/3L16A3p | 16 | 10 | 112 | AIIB |4(1x2,5)| BTpy6l 19 5 10,27
EIT (4) 41,8 |208,9 | EB 100/3L50A3p | 50 | 50 | 450 | AIIB | 4(1x16) | B TpyGi 60 5 10,20
EII (5) 34,21170,9| EB 100/3L40A3p | 40 | 40 | 360 | AIIB | 4(1x10) | B Tpybi 47 5 10,25
EIl
PIL-3 (6,11) 475|237,4| EB 100/3L50A3p | 50 | 50 | 500 | AIIB | 4(1x16) | B TpyGi 60 | 20 | 0,87
EI1(7) 20,9 1104,5| EB100/3L25A3p | 25 | 25 | 225 | AIIB | 4(14) | BTpybi 28 6 |045
EII (8) 41,8 208,9 | EB 100/3L50A3p | 50 | 50 | 450 | AIIB | 4(1x16) | B TpyGi 60 | 4 |0,15
ETI1(9) 20,9 11045 | EB 100/3L25A3p | 25 | 25 | 225 | AIIB | 4(1«4) | BTpyOI 28 | 12 10,90
EIT(10) |47,5|237,4| EB 100/3L50A3p | 50 | 50 | 500 | AIIB | 4(1x16) | B TpyGi 60 | 16 | 0,68
EIl(16,18-
20,22,23) 20,9 |104,5| EB100/3L25A3p | 25 | 25 | 225 | AIIB | 4(1<4) | B Tpybi 28 7 10,52
P-4 EIT(17) |45,6(227,9 | EB 100/3L50A3p | 50 | 50 | 500 | AIIB | 4(1x16) | B TpyGIi 60 6 |0,26
EIT(21) |152]| 76,0 | EB100/3L16A3p | 16 | 16 | 160 | AIIB |4(1x2,5)| BTpyGi 19 7 10,61
EIl
(24 -27) 45,6 |227,9| EB 100/3L50A3p | 50 | 50 | 500 | AIIB | 4(1«16) | B Tpybi 60 9 10,39
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[Tponorxenus Tadmui 2.13

1 2 3 4 5 6 7 8 9 10 11 | 12 | 13
PII-5 | EIT

(28,29) 60,8 | 303,9| EB 100/3L63A3p | 63 | 63 630 AIIB | 4(1x25) | B TpyOIl 80 | 25 (0,90

E (30) 19,0 | 95,0 | EB 100/3L 20A3p | 20 | 20 200 AIIB 4(1x4) | B TpyOI 28 | 13 /0,88

EIT(31) |19,0| 95,0 | EB 100/3L 20A3p | 20 | 20 200 AIIB 4(1x4) | B TpyOI 28 | 12 10,81

EIT

(32,33) 19,0 95,0 | EB100/3L 20A 3p | 20 | 20 200 AIIB 4(1<4) | B TpYyOI 28 7 10,47

EIT(34) |20,9| 105 | EB 100/3L25A3p | 25 | 25 225 AIIB 4(1<4) | B TpYyOI 28 7 10,52

EIT(35) |15,2| 76,0 | EB 100/3L 16A3p | 16 | 16 160 AIIB | 4(1x2,5)| B TpyOIl 19 7 10,60

EIT(36) |20,9| 105 | EB 100/3L25A3p | 25 | 25 225 AIIB 4(1x4) | B TpyOI 28 9 10,67
PII3 | PIT1 22,7 | 83 EB 100/3L 25A 3p | 25 | 25 200 | Allslly | 4x16 | Bigkputo | 78 | 19 | 0,45
PII5S | PIT2 18,7 | 69 EB 100/3L 20A 3p | 20 20 200 | Allslly | 4x16 | Bigkpuro | 78 | 46 | 0,9
TII | PII3 120 | 369 | Tmax XT2 Ekip LSI | 160 | 128 | 640 | Allslly | 4x70 | Bigkpuro | 203 | 77 | 2,2
TII | PII4 945 | 325 | Tmax XT2 Ekip LSI | 160 | 96 640 | Allslly | 4x70 | Bigkpuro | 203 | 62 | 1,4
TII | PIIS 94,7 | 416 | Tmax XT2 Ekip LSI | 160 | 96 640 | Allslly | 4x70 | Bigkputo | 203 | 48 | 1,1
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Mpuxnag 2.8. Bubpatu aBromMaTHuHI BHMHKAa4li Ta YCTaBKU iX
posuitutoBauiB st @PEC. Ha ®EC s Buaadi enekTpoeHeprii B e€IeKTPUUHY
Mepexy Harpyrow 35 kB OynyTe BcTaHoBiieHI TpaHchopmaTopu turmy TMI -
2000 35/0,4 (uxs=7,2%, Pyx3 =18 kBT, Pyx =2,5 kBT, cxema 3’ennanns J|/Yu-
11). Jo xoxnoro TII mpuemnano 20 PII, Bix KOKHOIO 3 SKHX KHBHTHCS J1Ba
iHBepTOpu. HoMiHANBHMI CTpyM 1HBEepTOpa cKiIagae 77 A.

Po3B’si3yBanns. Bianosigno no Bumor rmasu 1.3 TIVE 2014 p. nmepepis
ATIOMIHIEBUX KWI 4OTHpWKUIbHUX KabenmiB Big TII mo PII, momxkwuHa skmx
ckianae Bix 50 mo 300...500 M, i Big PII no iHBepTOpiB, MOBXKHHA SIKHX HE
nepeuiye 10 M, BUOHparoTh 32 YMOB 3a0€3MEUEHHs JA0MyCTUMOTO HarpiBy (3a
TPHUBAJIO JIOMYCTHMHM CTPYMOM) Ta BTpar Hampyru (tabm. 2.14). Ilepesipka
TEPMIUHO]I CTiIKOCTI A0 Aii cTpyMiB K3 kabeniB 311iICHIOETHCS 32 YMOBaMHU:

(3) N
|1<.max tBI/IM 1000 = % -1000=190 MMZ'

T

1® i
emexylami 3000 2004004 000 oo, 2

T

Ta6muis 2.14 — Bubip kabemiB

[Ipuennanus IP’ KaoOenn Lrom, Jossua, AU,
A A M B
TII-PII 154 | ABBI 4(1x240) | 465 | 300...500 | 12,5...20,8
PII-IuBepTop | 77 ABBI 4x70 128,8 10 0,7
Bubpano BBigHi aBtromatu TII — E4.2N, posuimumoBau Ekip Dip 3

IH‘p:4OOO A, l¢,=66 xA; Biaximgni dinii Big TII — Tmax XT4S 250, po3uimiroBayu
Ekip LSI 1;,=250A, lcy=50 kA; niHii >XuBJIeHHA iHBepTOpiB — Tmax

XT2 3 Tepmomarnithum posuimmoaueM TMA Iy =100 A, I¢y=36 kA. [lani
Ipo TACMOPTHI JaHI BUMHUKAdIB Ta MakcHUMaibHI cTpymu K3, 10 MOXYTh
MPOTIKATH Yepe3 HUX, HaBeJeMo y Tabi. 2.15.

Ta6mui 2.15 — Bubip aBTOMaTHYHUX BUMHKAYiB

POSI'IIH- IH.p, IC.H, ICU) IKB.maX’
TI0BAY A A KA KA

BBignuit 3080 E4.2N Ekip Dip | 4000 | 3600 | 66 38,6
TII-PII 154 | Tmax XT4 | Ekip LSl | 250 | 160 | 50 38,6
PII-IuB 77 | Tmax XT2 TMA 100 | 80 | 36 20,0

Hpuennanns | I, A | Bumukau

VYcTaBKu 3aXUCTY Bijl IEPEBAHTAXKEHD CKIIA/IAl0Th:
- s BBIJHOTO aBTOMAaTMYHOro BUMHUKauda TpaHchopmaropa 2000 kB-A

— 1y p=4000 A, I 1= 0,9 Iy = 3600 A, t x =3c;
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- 1t aTomaruunoro sumrkauva Big TII go PIT— 160 A;

- JUIs aBTOMaTH4YHOro BUMKKava Bija PII qo iHBepTopa — 80 A.

IBunkoxitounii 3axuct Big K3. YcraBku cTpymy cripaiiioBaHHsS BUOUPAIOTh
3a IBOMa YMOBaMH:

1. 3abe3nedeHHss KoedilieHTa YyTAUBOCTI OMu3bKo 1,5 3a MiHIMaIBLHOTO
yCTaJE€HOTO CTPYMYy OJHO- 4H JBo¢azHoro ayroBoro K3 B kiHI 30HH, IIO
3aXHUIIAETHCS;

2. 3a0e3meyeHHs] CEJIeKTUBHOI pPOOOTH 3 aBTOMaTaMH HHIXKYOTO pIBHA
(po3TaroBaHUMH J1aJll Bl BBOAY TpaHc(opmaTopa.

YcraBku 3axucty Bia K3 ckimagarots (Tad. 2.16):

- JIUIS. BBIZHOTO aBTOMATHYHOI'O0 BUMHKAda — l. gy = 1,5-IH_p = 6000 A,
te.52=0,2 ¢, lc 3= 4+l p =16000 A, ¢ 52=0 c;

- nus agromatnaHoro Bumukava Bix TIT jgo PIT — lc gy = 2-1 p = 500 A,
tc.52=0,1 ¢, lc 3= 10-1; p =2500 A, tc 52=0 c;

- JUIs aBTOMaTHYHOro BMMMKaya Bia PII mo iHBepTopa — l¢ p3= 10-IH.p

=1000 A, t. ;=0 c.

Tabmums 2.16 — Bubip yctaBok 3axucty Bijg K3 aBToMaTHYHHX BUMHKAYiB

Posuir- IH.p1 le.s2: | lc.n3s
JJIOBa4 A A A

BBignuit 3080 E4.2N Ekip Dip | 4000 | 6000 | 16000
TII-PI1 154 | Tmax XT4 | Ekip LSI | 250 | 500 | 2500
PII-IuB 77 | Tmax XT2 TMA 100 - 1000

[Ipuennanus Ip, A | Bumwnkau

JInst mepeBipKy YyTIMBOCTI 3aXHUCTIB BUKOPUCTOBYIOTh MEHILIUMN 13 CTPYMIB
onHo Ta aBodaszHoro K3 B MmiHIManbHOMY pexumi. Po3paxyHKOBI BEIMYHHH
KOe(DIIIEHTIB Yy TIMBOCTI JIs yCiX MPUEAHAHDb HaBeeH1 B Ta0m 2.17.

Tabmuus 2.17 — TlepeBipka 4yTIMBOCTI aBTOMATHYHUX BUMHUKAYiB

Ipuennanns | 1y, A le., A Ky les, A Ky
Beignnit | 3080 | 0,9-1,,=3600 | 81 |4-1,,=16000 | 18
TII-PIT 154 | 0,8 Iz, =200 24,4 | 10 Iz p=2500 1,6
PII-IaBeprop | 77 114 =100 40,7 | 10-1;,=1000 | 4,0
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2.5 IlepeBipka ceJIeKTUBHOCTI 3aXUCTY

3a0e3MeueHHs] CEJIGKTUBHOCTI Jii  3aXUCTy aBTOMATUYHUX BUMHUKAYiB
CYMDKHMX CTYICHIB JIOCATAE€THCS MPABWIBHAM BHOOPOM YCTaBOK 3aXHUCTY Bij
nepeBaHTakeHHs, 3axucty Big K3 3 BUTpUMKOIO Ta 0€3 BUTPHUMKH Yacy, 3
ypaxyBaHHSM €HEPreTHYHOI CEJIEKTHMBHOCTI Ta BHUMHUKAJIBHOI 3JaTHOCTI
BHMUKAYIB.

Y 30HI nmepeBaHTAa)KeHHSI PEai3yEThCS YaCOBO-CTPYMOBA CEJICKTUBHICTS,
sKa 3a0€3MeYy€eThCs MUIIXOM PETYJIIOBAHHS MPUCTPOIB 3aXHUCTY TaKUM UYHWHOM,
0 3aXUCT 3 OOKYy HAaBaHTWKEHHS 3a BCIX MOXIWBHX 3HAa4€Hb CTPyMY
MEePEBAHTAXKEHHS CIPAIbOBYE IMBHUJIIE, HDK aBTOMATHYHUA BUMHKA4 3 OOKY
JKUBJICHHS. Y MOBHU BUOOPY 3aXUCTY BiJI MEPEBAHTAKEHHS MAIOTh TAKUW BUTJISI;

IQHA>> kLHBl tan,> t&nB,
ne lena, lepB — 3HaYGHHS CTPYMIB  CHOpAIfOBaHHS  3aXHCTy BiJ

MepeBaHTAXEHHS BIJMOBIIHO BHIIOrO 1 HMKYOTO CTYIEHiB; . A, ten — 4ac
CIIpaIfOBaHHS 3aXUCTY BIJl IE€PEBAHTAKEHHS BUIIIOTO 1 HUKYOTO CTYTECHIB.

Y 30omi K3 i3 3acTocyBaHHSIM  MNPUCTPOIB  3aXHCTY  MOXYTh
BUKOPUCTOBYBATUCS PI3HI METOJIM 3a0€3MEUYEeHHsS] CEJEKTUBHOCTI: CTPYMOBA,
9JacoBa; CHEpPreTUYHa; 30HHa [27].

CTpyMoBa ceJIeKTHUBHICTh 3aCHOBAaHA Ha IMOJOXXEHHI PO Te, 110 YUM Jajl
TOYKa 3aMHUKAHHS BiJI JDKepesia )KHUBJICHHS, TAM MeHIui ctpym K3 (puc. 2.7).

K.2 K.3
< QFa < QFg O

| (1) Ié?%OBH
Ic. eMA N /
\\\’\

IC.B.B > |

IC.B.A

Pucynox 2.7 — Bubip cTpyMy cripaifoBaHHS BIJICIYKH 3 YMOBH CEJIEKTHBHOCTI

[le#t TUI CeNEeKTUBHOCTI MOKe OYyTH peani3oBaHUM MK aBTOMATUYHUMHU
BUMHKAa4aMU 3 MHUTTEBUMHU po3diluroBadyaMu. BiH, 3a CBO€WO CyTTIO, €
MIBUIKOAIIOYUM (MHTTEBHM), IPOCTUM B peainizailii i ekoHomiuyHuM. OpHaK,
CTPYMOBAa CEJICKTHBHICTb € JIMIIE€ YaCTKOBOIO, a PE3EPBYBAaHHS 3aXHCTY, SKILO
OJIUH 3 TIPUCTPOIB 3aXUCTY HECIIPABHUM, € HEMOKIIUBUM.
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YacoBa cejIeKTMBHICTb. 32 I[bOTO THITY CEJICKTUBHOCTI CTpaTeris BUOOPY
YCTaBOK TOJISITa€ B MMOCTYIIOBOMY TIiIBUIIICHHI MTOPOTiB CTPYMY i BATPUMOK Yacy
CTpallfoBaHHS 3 HAOMMKEHHAM JO JOKepel JKUBJICHHA (PIBEHb YCTaBKH
0e3mocepeIHbO CIIBBITHOCUTHCS 3 1€pAPXIYHUM PIBHEM).

YMoBu BuOOpY 3axucty Big K3 3 BUTpUMKOIO Yacy MaroTh TaKU BUTJISI;

lesa > (1,3...1,5)lc 5B, tepA =1csB + Al ey,
ne lepa, lcgp — 3HAYEHHS CTPYMIB CHpAIIOBAHHS BiJACIYKH BiIMOBITHO

BUIIIOTO 1 HWKYOTO CTYIEHIB; t pA, lc sB — Yac CIIpaIffoBaHHs BiJICIYKH BUIIIOTO i

HIDKYOTO CTyNeHIB; At t. ; — cTymiHb cenekTuBHOCTI (At ¢ 5 = 0,1 ¢).
SKI0 aBTOMATUYHHN BUMHKA4 BHUIIOTO CTYNCHS OCHAIICHUA TaKOX
MUTTEBUM (€JIEKTPOMATHITHUM ) PO3YITLIIOBAYEM, TO
©)

3
Ic.eMA > IIE.?%OBH.maX = IK_2’

1e lc.emA — CTPYM CHpAIfOBAHHS €JIEKTPOMArHiTHOTO PO3YIILIIOBaIa BUIIIOTO

CTYIICHS; |1§203H.max_ MaKCHMaJIbHUI cTpyM TpudaszHoro K3, sxuil BUHUKa€E B

30H1 111 BUMHKAa4a HUKYOTO CTYTIEHS.

[lix yac aHai3y CENEKTUBHOCTI JIBOX aBTOMAaTUYHMX BUMHUKA4iB HEOOX1THO
BpPaxOBYBaTH: JOIYCKHU MOPOTIB YCTAaBOK 1 Yacy CIpallOBaHHsI, a TAaKOX JIACHI1
3HAYCHHS CTPYMIB, IO MPOTIKAIOTh B ABTOMATUYHHUX BUMHUKadax [27]. Jomycku
CIPALIOBAHHS PO3YIIUIIOBaYa MOKAa3aHO JIBOMAa KPUBHMH, OJHA 3 SKUX BKa3ye
HaWOUTBIINIA Yac CHpaitoBaHHs (BEpPXHS KpHWBa), a I1HIIA HAWMEHIIUNA Yac
cupaifoBaHHs (HWXKHS KpuBa). JJI1 KOPEKTHOTO aHami3y CeIeKTHBHOCTI
HEOOX1THO PO3IJISHYTH HAWTIPIII YMOBH, KOJIM aBTOMAaTUYHUI BUMHUKAU 3 OOKY
JKUBJICHHS CHPAlbOBYE Y BIAMOBIAHOCTI 31 CBOEK HIDKHBOIO KPUBOIO, a
aBTOMATUYHHUIN BUMUKA4 3 OOKYy HaBaHTa)XCHHS CIPAIbOBYE Yy BIIMOBIIHOCTI 31
CBOEI0 BEPXHBHOIO KpuBOIO. KpuBi JOMyCKIB CHpaIfOBaHHS PO3YITLIIOBAYIB
BUPOOHMKIB TIPEJACTaBIICHI B TEXHIYHHUX KaTajorax 1 MPOTPaMHOMY
3a0e3MeYeHHI.

Jnst OBl AETaNbHOTO aHAI3Y CEJIEKTUBHOCTI i 3aXHCTy B Mepexkax
Hanpyroro 10 1000 B 3acTocoByeThCcsi KapTa CEJIEKTUBHOCTI 3axucty. Ha
puc. 2.8 HaBeIEHO KapTy CEJIEKTUBHOCTI, MoOyaoBany nporpamoro «SIMARIS
curvesy http://www.siemens.com/simaris.

Kapty cenektuBHOCTI TOOYJ0BAaHO [JIsi TPhOX aBTOMAaTHUYHHMX BUMHUKAYIB
kommnaHii SIEMENS:

3WT81005AA000AA2: 1, =1000 A, 1.;=1000 A, t. ;=10 ¢, I ;=4000 A
te 52=0,2 ¢, I 53=20000 A;

3VT37633AA360AA0 +3VT93406AS00: I, ;=400 A, I.;=200 A, t, =3 ¢
les2=1400 A, t. 5=0,1 c, I, ;3=6500 A;

5SL43637: 1, ;=63 A, I¢.;=63 A, l¢.ey =315 A.
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Pucynok 2.8 — Kapra cenextuBHocti BumukauiB SIEMENS

[TapameTtpu Qynkuii 3axucty Big K3 y ABOX aBTOMaTHYHHUX BUMHKAUIB 3

noporamu crpaitoBanus | 1 9acom crpairoBans t. ; dyHkiii 3axucry Big K3
3 BUTPUMKOIO TOBUHHI OyTH BiJIpETyJIbOBaH1 TAKUM YMHOM, 11100 HE CTBOPIOBATU
NEPEeKPUTTS 30H CHPALIOBaHHS 3 ypaxyBaHHSAM JIOMYCKIB 1 PO3KHAIB AIMCHUX
CTpyMiB, IO TPOTIKAIOTh B aBTOMAaTHYHMUX BHMHKauax; 3 TUM, MI00
aBTOMAaTUYHHUM BUMHKa4 B 3 00Ky HaBaHTa)keHHs BijnkitouaB cTpyM K3, Toni sk
aBTOMAaTUYHUM BUMHKau A 3 OOKy *XUBJICHHS, SIKUU mepedyBae B OUIKyBaHHI,
MOBUHEH OyTH 3/IaTHUM PO3MI3HATH BUMKHEHHS CTPYMY 1, OTKE, 3aJTUIITUTUCS B
yBIMKHEHOMY cTaHi [27].
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Butpumka vacy copauroBaHHs tcp QyHKIIT S BUOMpPA€EThCS TaKUM YHMHOM

[27]. SIkmio mopir copamroBaHHS | pA ABTOMATHYHOTO BHMHMKAda 3 OOKY
KUBJICHHSI BUIIHWKA BiJi MUTTEBOTO 3aXMCTy aBTOMAaTHYHOTO BHMHKada 3 OOKY

HaBaHTAXKCHHS | oy, TO:
te A > 150 mc, Ko I2t =const;
tc A > 100 mc, skmio t =const.
Skmo mopir crpaioBaHHS |.zA ABTOMAaTMYHOrO BUMHKada 3 OOKY

KUBJICHHS BUIIUK Bix mopory |l.zg aBTOMAaTHYHOTO BHUMHKA4a 3 OOKY
HAaBaHTAKEHHS, TO, Y pa3l KPUBHX 3 TUMH K XapaKTEPUCTUKAMHU:

t..sA — AOMYCK >t zp + momyck + 50 mc.
[leif TUNM Y3TOMKEHHS JO3BOJAE OTPUMATH BHCOKI 3HAUEHHA MeEXi

CEJICKTUBHOCTI (sKIIO 3HayeHHs loy BHCOKE) Ta J103BOJIsIE 3a0€3MEYUTH
pe3epByBaHHs MPUCTPOIB 3axucTy. Llell TUm CelneKTUBHOCTI Moxke OyTu
peanizoBaHUil MDK aBTOMAaTHUYHUMH BHUMHMKAa4aMH OJIHAKOBOI BEJIMYUHH,
OCHAIIICHUMHU EJICKTPOHHUMH po3yilitoBadyaMu 13 3axuctoMm Big K3, 1o
CIPAIbOBYIOTH 13 BUTPUMKOIO YacCy.

EneprernyHa CeJIEKTMBHICTb. Y3TO/KEHHS E€HEPreTUYHOrO THUIY €
crienup1yHUM THATIOM CEJIEKTUBHOCTI, AKAN 3aCHOBaHUU Ha
CTPYMOOOMEKYBaJbHUX  XapaKTePUCTUKAX  aBTOMATHYHUX  BHUMHUKAYIB.
CtpymMO0OOMEKYBUTEHIM aBTOMAaTHYHIUM BUMHKAa4eM € aBTOMAaTHYHUA BUMHUKAY
3 HaJ3BUYAMHO MajUM 4YacOM BHUMKHEHHsI, MPOTAToM sikoro ctpym K3 He
BCTHUTa€ OCATTH CBOTO MaKCHMAJIBHIO 3Ha4YeHHs [27].

B ymoBax K3 crpymooOMexyBanbHI aBTOMATHYHI BHMHKadl MaroTh
HAJ3BUYAfHO BUCOKY IIBUAKOAIIO (Yac CHpalioBaHHA TMOPSAKY AEKIIbKOX
MIJTICEKYH/T) 1 PO3MUKAIOTHCS 32 HASIBHOCTI 3HAYHOT anepioJUYHOI CKJIaI0BO1.

[li sBumia, B OCHOBHOMY, AWHAMIYHI (4epe3 MPOMOPIIAHICTh KBaapaTy
3HAYEHHS MUTTEBOTO CTPYMY) 1 ICTOTHO 3ajekaTh BiJ B3a€EMOJIi MK ABOMa
MOCJTIIOBHUMH TIPUCTPOSIMHA. TOMY 3HAUEHHS €HEPTeTHYHOI CEIICKTUBHOCTI HE
MOXYTh OYTH BH3HA4Y€HI KIHLUEBHM KOpUCTyBaueM. BUPOOHUKH HaaaloTh
Ta0JMII, PaXyHKOBI JIIHIAKH 1 MPOTpaMU pO3pPaxyHKY, B SIKHUX BKa3aHl 3HAUECHHS

IPAaHUYHOTO CTpyMy celieKTUBHOCTI lg st K3 mixk pisHUMHM KOMOIHAIlisSIMU
aBTOMAaTUYHUX BUMHUKauiB. Lli 3HaU€HHS BU3HAYAIOTHCS IUISXOM TEOPETHUHOTO
y3arajJibHEHHS pe3yibTaTiB BUIPOOYBaHb.

Jlnst  mepeBIpKd  €HEPreTUYHOI CEJIEKTUBHOCTI POOOTH aBTOMATHYHUX
BUMHKAYiB CKOpHUCTaEMOCh OH-JaiH cepBicom SOC - Selected Optimized
Coordination Bimx ¢ipmu ABB. skmii  3HaXOOUTBCA 33  AAPECOIO
https://applications.it.abb.com/SOC/Selectivity. 3agaBiim 3HAYCHHS
HOMIHAIBHUX CTpyMiB Ta cTpymy K3, oTpumyrore Tabmuui ains BUOOpY
BUMUKAYiB, K1 32a0€3Me4yI0Th BUMOTH €HEPIeTUYHOT CeICKTUBHOCTI (puc. 2.9).
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Pucynox 2.9 — Tabnuiis nepeBipku eHEPreTUYHOI CeIEKTUBHOCTI 3aXUCTY

3oHHa cejieKTMBHiCTB. [IpuHIMD A1 30HHOI CENEKTHBHOCTI  MIX
aBTOMAaTUYHHMH BUMHMKAa4aMH TaKW: 3a 3HA4€Hb CTPYMY BHIIMX BiJ CBOIX
YCTaBOK KOKE€H 3aXHCHHH TIPHUCTPIA HampaBlise CUTHAT OJIOKYBaHHS Ha
1€Epapxi4yHO BUIIMKA pIBEHb 3aXUCTy 1, JI0 CHOpALIOBaHHA, TEpeBipsie, IO
aHAJIOTIYHMM CHTHAJI OJIOKYBAaHHS HE HAJIMIIOB BiJ 3axucTy 3 OOKy
HABAHTAKEHHA. TakWM YMHOM, CIHPAlbOBYE TIIBKM 3aXUCT, PO3TANIOBaHUMN
Oe3mocepeIHbO 3 OOKY MKHUBJICHHS Bij MICIS 3aMUKaHHS [27].

[le#i TUM CeNEeKTUBHOCTI MOXKE OYTH peai30BaHUl MK BUMHMKa4aMH B
auToMy Kopmyci Tmax 1 MOBITPSHMMHM aBTOMAaTMYHUMHU BUMHKayamMu Emax,
ocHamieHuMH posuiruiroBadamu PR122 1 PR123. 3a gomomoroto 104aTKOBOTO
Moyt IM210, MokHA CTBOPUTH KOJIO 30HHOT CEJICKTUBHOCTI.

3a IOMOMOTOI HOBOTO €JeKTpoHHOro posuirtoBadya PR223EF moxiuBo
peanizyBaTy 30HHY CEJICKTUBHICTh MK aBTOMAaTHYHUMH BUMHKAa4aMU B JTUTOMY
kopnyci cepiif Tmax T4L, TSL 1 T6L. Po3uimtoBau PR223EF peanizye HoBYy
¢ynkuito 3axucty EF, 3marny BusButm K3 Ha camoMy mnodatky #Horo
BuHUKHEHHs. [le BigOyBaeTbcst 3aBAsku "TIPOTHO3yBaHHIO" 3aMUKaHHS, Ha
OCHOBI aHaJIi3y TeHICHIT MoXigHol cTpyMy 3a wyacom, di(t)/dt B mopiBHsSHHI 3i

crpymom i(t) [27].
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30HHA CENEKTUBHICTh PEali3yeThCsi OJHOYACHO 3 BUKOHAHHSAM (PyHKIIH S,
G. BoHa BUKOHY€TbCS 3a IONIOMOIOI0 MPOTOKOIY B3aemoOnokyBanHs (IL), mio
rapaHTyeThCsl JIBOMAa EKPAHOBAHMMM KaOelsiMU THUITy 'CKpydeHa mapa" Juis
muHr modbus RS485, saxi 3'€qHyloTh aBTOMAaTHYHI BUMHKAYi, OCHAIICHI
posuirioBauamu PR223EF.

[{imicHICTh cucTeMH NepeBipsAeThea PYHKIIIEI0 KOHTPOIO: B pasi K3, skiio B
CHUCTEeM1 B3a€EMOOJIOKYBaHHS BHSBJICHA HECIPaBHICTh, CHPAIbOBYE (GYHKIS
3axucty EF (3 yacom crnpartoBaHHs TOPSAKY JA€cATKa MUTICEKYH[), ajieé 30HHA
CEJIEKTUBHICTb MIPH IIbOMY HE 3a0€3MeUy€eThCS.

KpiMm Toro, SKIIO aBTOMATHMYHWNA BHMHKA4d 3 OOKYy HABaHTAKCHHS HE
CHpalbOBYy€, BIH 3alUTye€ MIATPUMKY aBTOMAaTHYHOTO BHMHKada 3 OOKy
JKUBJICHHS, KU PO3MHUKAETHCSA HaBITh y TOMY BHUIIAJKY, SKIIO BIH HE BUSBJIISE
HecrpaBHICTh (pyHKisg SOS).

30HHA CENEKTUBHICTh 3a0e3neuye: 3MEHIICHHS Yacy CHpalioBaHHS (BiH
Moske Oytu MeHtuit 0,1 ¢); 3HM)KEHHS TEIUIOBUX 1 JMHAMIYHUX HaBaHTAXKEHb HA
YaCTUHHU YCTaHOBKH; OTPUMAHHS JIy>K€ BEJIMKOI KIJTKOCTI PIBHIB CEJIEKTUBHOCTI.
Opnak, BoHa OUIBII OOTSDKIIMBA SIK 3 TOYKW 30pYy BapTOCTI, TaK 1 CKJIATHOCTI
YCTaHOBKHU; BUMarae HasiBHOCTI JIOJJATKOBOTO JKepena >KUBJIEHHA. Tomy gaHe
pIllICHHS, B OCHOBHOMY, BHUKOPHUCTOBYETHCSA B CHCTEMaX 3 BEJIHMKUM
HOMIHAJIBHUM CTPYMOM 1 BUCOKMM 3HadeHHsMU cTpymy K3, 3 000B's3koBUMHU
BUMOTaMM O€3MeKu 1 0e3MepepBHOCTI €KCILTyaTallli:

OnmHa 3 OCHOBHHMX TMepeBar BUKOPUCTAHHS 30HHOI CEJIEKTUBHOCTI MIXK
BUMHUKAauaMH TOJSITa€ B TOMY, IO BOHA JAa€ MOXKJIUBICTh 3MEHIIUTH PO3MIp
aBTOMaTUYHMX BUMHUKauiB. [[iicHO, mpu 3a0e3MeyeHH] CEJIEKTUBHOCTI MIX
aBTOMAaTUYHHUMH BUMHUKAUYaMH B JTUTOMY KOPIMYCi i3 3aCTOCYBAHHSIM KJIACUYHHX
METO/IIB YaCTO HEOOX1IHO 30UIBIIUTHA PO3MIP aBTOMAaTUYHUX BUMHUKAYIB 3 OOKY
YKUBJICHHS JJIsI OTPMMAaHHS TTOPOTIB CEJICKTUBHOCTI, BIAMOBIIHUX cTpymMy K3.
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3 PO3PAXYHOK BHYTPIHIHBOTI'O EJIEKTPOITIOCTAYAHHA
HAITPYI'OIO BUIIE 1000 B

3.1 Cxemu po3noaiibHUX Mepe:k Hanpyroo Buine 1000 B

3aBOJICHKI PO3MOJLIBLHI MEpEeXl HEBETUKHUX MIJIPUEMCTB BUKOHYIOTHCS
pamianbHUMHU oxHOcTyneHeBuMu (puc. 3.1, a). Ha moTy)XHHX MiAIpHEMCTBAX
BUKOPHCTOBYIOThCSL ~ ABOCTymeHeBl wmepexi (puc. 3.1, 0), B sKux
nepeadavaroTbes MpoMikHI po3noaiasHi miactanimii PIT — 10 (6) kB. Bix PIT —
KUBJIATHCS TI1 1 BUCOKOBOIBTHI eNlekTpoaBurynu [28, 29].

PII

e

Pucynok 3.1 — Cxemu pajiaabHUX 3aBOJACHKUX MEPEK:
a — OJTHOCTYIIEHEBA; O — IBOCTYIIEHEBA

Jlns migBUIieHHs HaAiiiHOCTI oaHOoTpaHchopmaropHux TII ans cnokuBayiB
I xaTeropii HaaIHHOCTI BUKOPUCTOBYIOTh PE3€pPBYBAaHHS HAa HU3bKIHA CTOPOHI.
PesepByBaHHS BUKOHYIOTH 3a JOMOMOTOI0 PE3epBHUX KaOeIbHHX a00 IIMHHUX
nepemMudok. KaGenbHi mepeMuyKu Ciiji BUKOHYBAaTH, BUXOJSIYHU 3 PE3EPBYBAHHS
15 — 30 Bi1COTKIB MOTY>KHOCTI TpaHC(hopMaTopiB, KHHI — 10 40 BiICOTKIB.

KoHCTpYKTHBHO 3aBOACHKI MEPEXi CEpeHIX 3a MOTY>KHICTIO IMiAMPUEMCTB
BUKOHYIOTh KaOelsiMH, TMPOKJIAJICHUMH B TPaHIIESX, B Tpybax abo0 kaOeabHUuX
KaHaslax. 3a HEBEJMKOi KITBKOCTI KaOemiB (0 IIeCTH) B OTHOMY HAIpPSIMKY iX
MPOKJIAIal0Th B TpaHIIesx abo B acOoneMeHTHHX TpyoOax. KaGenpHi kaHamm
J03BOJISIIOTH MpokiacTd B HUX 15...20 xabemniB. [lepcieKTUBHUM € BUKOHAHHS
KaOeIbHUX KaHaTIB HaMiB3arjinOJIEHUMH, KOJIM KaHal HaKpUBAETHCS TUIMTAMHU 1
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3eMJICI0 HE 3aCHUIAEThCSA. Y BUIAJKAX YUIUIBHEHOCTI TPacH, a TAaKOX B MICIAX
nepexoay Imija JoporaMu, Kalesl MpokiIaaaroTh B Onokax. s KuUBJICHHS
notyxaux PIT 10 (6) kB MOXIMBUM € 3aCTOCYBaHHS OJHOKUJIBHHX KaOemiB i3
3IIUTOTO TOJIETWICHY a0 CTPYMOIIPOBOIIB 3 HOMIHAJBHUM CTPYMOM JO
2000...3000 A.

[1ix yac BUOOPY HAPYTrH PO3MOAUIBHUX MEPEX MPOMHUCIOBUX IMiANPUEMCTB
nepesary BijnaiTs Hanpy3i 10 kB. JlomyckaeTbest 3acTocyBaHHs Harpyru 6 kB,
sKe MOXe OyTH MJOIUIbHMM Yy JABOX BHUMaAkKax: a) 3a HasBHocTi TEILl 3
TeHEPATOPHOIO Harpyroto 6 kB; 0) 3a 3HAYHOI KiJTBKOCTI €JIEKTPOABUTYHIB 6 KB
B 3araJbHOMY HaBaHTa)XCHHI MIAMPUEMCTBA.

Micpki Mepexki BHUKOHYIOTh OJHO- Ta JBOKOJIOBUMH MaricTpalbHUMHU
(puc. 3.2, a) i nemiiboBUMHU (puc. 3.2, 0).

Pi PIT1 PIT 2

10 kB 10 kB

gt

TIT 1 TII2

TIT 1 TII2

“161;1 o) bl ) b

Pucynok 3.2 — CxemMu MICBKHX MEPEX:
a — JIBOKOJIOBA MaricTpaibHa; 0 — MeTIhOBa

CinbChKlI PO3MOAUIBHI MEPEKi BUKOHYIOTh PO3Tally’)KeHUMHU NETILOBUMHU

(puc. 3.3).
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Pucynox 3.3 — Cxema dinepa 45 mepexi 10 kB bepmaacskux EM



Pe:xumu HediTpani Mepexi Hampyroo 10 kB BUKOHYIOTH 3 1301bOBaHOIO
HEUTpaJLIIo, IepeBaraMu SIKHX €:

— MOXJIUBICTh POOOTH MEPEXKI MPOTATOM JESKOTO 4Yacy 3a HasBHOCTI B Hii
onHO(a3Horo 3aMmukanHs Ha 3emiato (033);

— BeJIMKA WMOBIPHICTh camMo3aracaHHsi JIyTH, sKa JIy>Ke 4acTO BUHUKAE Mij
yac 033, ToOTO MOKIIMBICTh CAaMOJIIKB1AAIli HOIIKOKEHHS,

— OLJIbIIIe 3HAYEHHS JOMYCTUMOTO ONIOPY 3a3eMJICHHSI KOPITYyCiB 001aIHaHHS
3 YMOBHM Hampyrd «JIOTHUKY» TIOPIBHSHO 3 MeEpekKaMu 3 3a3eMJICHUMHU
HEUTPAJISIMH.

AJe Taki Mepexi MatoTh HeoJiKi. OCHOBHUMH 3 HUX €:

— BUHUKHEHHA 1CTOTHHX mepeHanpyr mig yac O33, ocobmuBo, xomu 033
CYIIPOBODKYIOTHCS TOPIHHSIM JIyTH;

— BEJIMKAa WMOBIPHICTb BUHUKHEHHS (EpOpPE30HAHCHUX THPOLECIB, AKI
CYIIPOBOKYIOTHCSI IEPEHAIIpYraMy Ha BULIIUX FApMOHIKaX 1 Ha CyOrapMoHikax;

— TOTIpLIIEHHS YMOB €JEKTpOOE3NEeKH uepe3 MOXKJIMBE 1CHYBaHHS
HEJOMYyCTUMO BEJMKUX Hampyr AoTuky mig yac O33, a Takox HeOe3meuHux
KPOKOBHUX HamNpyT B pe3yJbTaTi 0OpUBIB MPOBOJIIB JIHIN eleKTpoIiepeaBaHHs.

3.2 Bubip Ta po3minieHHs miacraHmii

Ha TII npomMuCIOBHX  MIANPUEMCTB  MEPEBAXXHO  BCTAHOBIIOIOTH
tpanchopmaron tumy TM, TM3, TMI' 3 cucremoro oxomomkeHas ONAN,
HOMiHaNMbHOIO moTyxkHicTI0O 630, 1000, 1600, 2500 kB-A, HOMiHAIBHHMH
HanpyramMm INepBUHHOI 0OMOTKM (Bucokoi Hampyru) 10 (6) kB i BropmHHOT
oOMOTKH (HU3bKOT Hanpyru) — 0,4 kB.

s omuBaEX PT momyckarorbes [30]:

- Taki TpUBaJl aBapiiiHi MepEeBaHTAXKEHHS, 32 IKUX CTPYMOBI HaBaHTaKEHHS
HE TnepeBuIlyrOTh 1,8, Temmeparypa onuBuH He mnepeBumuth 115°C, a
TeMIepaTypa HalO1IbII HarpiToi TOukn 0OMOTKH He nepesutrye 150 °C;

- Takl CHCTEMaTU4YHl HABAHTAXKEHHS (SIK JUIsl TpaHCPOpPMATOPIB CEPEIHBOI
MOTYXHOCTI), 32 KUX 3HAUYCHHS CTPyMYy HE MepeBHInye B 1,5 pa3u HOMIHAJIbHE
3HAYEHHA CTpyMy TpaHchopmaTopa, TeMiiepaTypa oiuBH He niepeBuirye 105 °C,
a TeMIiepaTtypa HalOIbII HarpiToi Toukn 0OMoTKM He mepesuirye 140 °C;

- Takl KOPOTKOYACHI aBapiiiHi TepeBaHTAXCHHsS, 3a SKUX CTPYMOBI
HaBaHTAXXEHHS HE MEePEeBUILYIOTH 2,0.

JlomycTrMi aBapiiiHi Ta CHCTEMAaTH4YHI TIEpeBaHTAXXEHHS TpaHCHOPMATOPIB 3
cuctemoro  oxonomkeHHs: ONAN s koedimieHTa  MONEPEIHHOTO
HaBaHnTaxxenHs K1=0,8 HaBeneHi, BIAMOBIIHO, B Ta0d. 3.1 Ta 3.2.

PT, saxi mnpu3HaueHi [Jisi YCTAaHOBJICHHS B TPUMIMIEHHI, MiIJAI0ThCS
J0JTATKOBOMY TIE€pPErpiBy, 3HA4YCHHS SKOTO CKJIaJae MPHUOIU3HO TMOJIOBUHY
3HAYCHHS TICPEBUIIICHHS TeMIieparypu (tadm. 3.3).
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Tabmuns 3.1 — JlomycTumi aBapiiiHi mepeBaHTaXEHHS TPAHCPOPMATOPIB 3
cucremamu oxojiomkeaass ONAN ms K;=0,8

h, TemrepaTypa HaBKOJIHMIITHBOTO cepenosuia, *C
TOJI. -20 -10 0 10 20 30 40
0,5 2,0 2,0 2,0 2,0 2,0 1,9 1,8
1,0 2,0 2,0 2,0 1,9 1,8 1,8 1,7
2,0 2,0 1,9 1,9 1,8 1,7 1,6 1,5
4,0 1,8 1,7 1,7 1,6 1,5 1,4 1,3
8,0 1,7 1,6 1,6 1,5 14 1,3 1,2
24,0 1,7 1,5 1,5 1,5 1,4 1,2 1,2

Tabmuns 3.2 — JlomycTuMi CUCTEeMAaTUYHI HaBaHTaXKEHHs TpaHc(opmaTopiB
3 cuctemamu oxoJiomkeHas ONAN ta ON gis K;=0,8

h, Tpancdopmaropu Tty ONAN, °C | Tpauchopmaropu tuiy ON, °C
TOJI. 0 10 20 30 0 10 20 30
0,5 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
1,0 1,50 1,50 1,50 1,45 1,50 1,50 1,50 1,42
2,0 1,50 1,50 1,43 1,26 1,50 1,50 1,40 1,25
4,0 1,47 1,37 1,25 1,10 1,42 1,34 1,23 1,11
8,0 1,32 1,23 1,13 1,01 1,29 1,21 1,12 1,02
24,0 1,17 1,09 1,00 0,91 1,16 1,08 1,00 | 0,92

Tabmuus 3.3 — [lonmpaBku Ha TeMriepaTypy HABKOJHUIITHHOTO CEPEIOBHIIA
JUTsl TpaHc(opMaTopiB BHYTPIITHBOTO BCTAHOBIICHHS

. [TonpaBka (H0/1a€THCS A0
KuibkicTh . B
CKBIBaJICHTHOI TeMIlepaTypu
BCTaHO- o
) HaBKOJIMIIHLOTO cepenoBuina), °C
Bua npumitenus BJICHUX . .
HOMIHAJIbHA TIOTYKHICTh
TpaHcdop-
MATODIE TpaHcopmartopa, kB A
p 250 500 750 1000
[Tim3eMHi kamepH 3 1 11 12 13 14
MPUPOTHOIO BEHTUIISAIIIEIO 2 12 13 14 16
3 14 17 19 22
[TinBanbHI MOBEPXH 1 CIOPYIU 1 7 8 9 10
3 HE3HAYHOIO IPHPOTHOIO 2 8 9 10 12
BEHTUJISALIIEIO 3 10 13 15 17
Cnopyau 3 100poto 1 3 4 5 6
NPUPOIHOIO BEHTUIISIIELO 1 2 4 3) 6 7
M1JI3€MHI KaMepH Ta IiJIBaJIbH1 3 6 9 10 13
MTOBEPXH 3 MPUMYCOBOIO
BEHTHJIALICIO
TpanchopmatopHi KIOCKH 1 10 15 20 -
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Cyxi tpancopmatopu 3 13omsmiero  «Nomex» tumy TC, TC3 Ta nuToro
i3omsmiero  «Geafoly (s i3omsa1ii  0OMOTOK BHKOPHUCTAHHMH — €IIOKCHIHHI
KOMIlayHJ 3 KBapueBuMm HamoBHioBaueM) Tuny TCIJI, TC3I'JI, TC3IJI®
MpU3HAYCHI JUIsI TPOMHMCIOBUX TNPHUMINIEHb 1 TPOMAJChKUX OyIiBelb 3
M1BUIIEHUMU BUMOTaMU T0KEK00€3MEeKH Ta €KOJOTTYHOT YUCTOTH.

Cyxi TpaHchopMaropyu MalTh 3HAYHO MEHIIY TE€PEeBaHTAXKYBAIbHY
3natHicTe. B Tabn. 3.4 HaBeleHI MaKCHMMaJIbHO JIONMYCTHMI TPUBAJIOCTI
CHUCTEeMAaTUYHOTO TIEPEBAHTAXKECHHS CyXUX TPaHC(HOPMATOPIB 3 130JSIIEI0 TUITY
,,Geafol” mns Temnepatypu nositps mtoc 10 °C 3a JaHUMHA 3aBOj1a-BUPOOHHKA.

Tabmuns 3.4 — MakcuManbHO JAOMYCTHMI TPUBAJIOCTI CHUCTEMATHYHOTO
NepeBaHTAKEHHS CyXuX TpaHcopmaropiB 3 i3omsmiero tumy ,,Geafol” ms
teMrepaTypu noBitps mwitoc 10 °C, xB.

K1 K>
1,15{ 12| 13|14 |15|16|18(20(25|3,0| 40 5,0
0 | 240|160 | 80 | 56 | 44 | 35 |25(18|10| 7 | 3,9 2,7

04]230]150| 74 | 53 | 40 | 33 |23 |17 |95|6,2| 36 | 24
05]220]125| 68 | 50 | 37 | 30 |21 |16| 9 |56 32 | 2,2

0,6 210]120| 62 | 46 | 34 | 28 |19|15| 8 |51 29 2
0,7/ 200[100| 59 | 43 | 31 | 26 |18|14| 7 |48] 26 | 19
08| 190 95 | 54 | 37 | 28 | 23 |15|12| 6 |42] 23 | 16
09|18] 8 | 45| 31 | 24 | 18 |13| 9 | 5 |33| 18 | 13
10 180 65 | 32 | 22 | 15 | 12 | 8 |55 3 | 2| 1,1 | 05

[lin yac BU3HAYEHHA YHUCHa 1 MOTYXHOCTI TpaHchopmaTopiB nexoBux TII
BPaxOBYIOTh:

a) HaJIMHICTh EJIEKTPOIIOCTAa4YaHHs, 30KpeMa JJid crnokuBauiB | kareropii
MOBUHHI BUKOPUCTOBYBATHUCS ABOTpaHcpopmartopHi TII;

0) HaBaHTaXXyBaJbHY 34aTHICTh TPAHCPOPMATOPIB;

B) EKOHOMIYHICTh IIEXOBHX 1 3aBOJICHKOI MEPEK;

B) JIOUUIBHICTH  yHIiikamii miacTaHIii (OJHOTUIIHICTh  IIIJICTAHIIIN
3a0e3neyye  MOXIIMBICTb  BUKOPUCTAHHS  MEHUIOIO  YHWCIa  PE3EPBHUX
TpaHchOpMaTopiB).

[ToTyxHicte TpanchopmatopiB nBorpanchopmatopaux TII BuOuparoTh 3
YMOBH JIOITYCTUMOCTI MicCisiaBapiiHUX NepeBaHTaKEHb

Sp

>_ P
SHOM.T = N '2'k3 )

KoedimienT 3aBaHTaxeHHS TpaHchopMaTopiB K3 TpUAMarOTh pPiBHUM
0,65...0,7, skmo mnepeBaxarTh croxuBadi [ kareropii 1 0,75 + 0,8, skuo
nepeBaxaroth criokuBadi I1 Ta I11 kareropiii.

Ha ocCHOBI TEXHIKO-€KOHOMIYHUX PO3PaxXyHKIB OOTPYHTOBaHO, IO 3
eKOHOMIYHOI TOYKU 30py HOMIHAJIBHY MOTYKHICTh TpaHC(HOPMATOPIB IIEXOBUX
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TII nouibHO BUOMpPATH 3a MUTOMOIO TYCTHHOIO HaBaHTaXXEHHS Ha | M? o
uexy (Syur). 3rigno 3 CH 357-77 Buxkopucranns onnotpancgopmaropaux TII €

. . 2 . .
OlmbII parioHadTbHUM I Spur < 0,4 kB-A/M™, a IHTEpBaIM EKOHOMIYHHUX
notyxHocteil ogHoTpancopmaropaux TII Taki:

400, 630 2601000 kB'A, sxmo Sy <02 KBAM;
Suon 1 = 1600 kB'A, sxmo S, =02+03 kBAM;
1600 a60 2500  kB'A, skmo S, >03  KkBAMZ.

2 - :

Axmo Spyr>0,4 kB-A/M°, TO TOIIIBHO 3aCTOCOBYBATH BOTpaHCHOPMATOPHI
TII He3anex’HO Bijg KaTeropii HaAIitHOCTI CIIOKUBAYIB.

Buxoasun 3 1bOro, peKOMEHAYETbCA TaKa MOCITIAOBHICTh 3HAXOJKEHHS
KUJIbKOCTI Ta oTy>kHOCTI T1I:

a) BU3HAYAIOTh EKOHOMIYHHM CTYMHiHb TOTYKHOCTI TPAHCHOPMATOPIB Syonm 1
B 3QJICKHOCTI BiJl TYCTUHM HaBaHTakeHHS (Spyr = Sg/Fs, me Sy — cymape

HaBaHTaXeHHs lexiB Ha Hanpysi 0,38 kB (Sy = 2Spk); Fr — cymapua mioma
IIEXIB);

0) BH3HAYAIOTh €KOHOMIYHY KUIBKICTh OJHO- a00 JIBOTpaHC(HOPMATOPHUX
NIACTaHU1M 32 popMyliamMu

S S
s, W00 Newz o=y
HOM.T ~ ™3 ‘YgoMm.T N3

Nex =

B) po3noausitorh TII mix mexamu 1 BU3HAYAIOTh (PaKTU4YHI KOeDillieHTH
3aBaHTaXEHHs TpaHC()OpPMaATOPIB.

IToOynoBa kapTorpaMu HaBaHTaxKeHb. J[J11 BUOOpPY MiCUb pO3TalllyBaHHS
niacraHuii Oyayerscs kaprorpama EH 1 Busnavaetscst LIEH abo nenTp mepexi
nignpueMcTBa.  Kaprorpamy — HaBaHTaXeHb  OyaylOTb  Ha  KPECJIEHHI
IeHepabHOTO IUIaHy MIANpUEMCTBA. HaBaHTa)X€HHA KOXXHOIO 3  IIEXIB
300paKkaeTbCcd  KPYroMm, IUIOIIA SKOTO MPOIMOPLIOHATIBHA PO3pPaxyHKOBIM
aKTUBHOCTI MOTY>KHOCTI 3T1JTHO 3 BUPa3oM

Ttrkz =mpPpk,

1e Iy — pajaiyc KoJia; Mp — Macitad moOyaoBH.

[Tin vac rpadiuyHoi MOOYIOBH LEHTP KOJIA CYMINIYIOTh 3 T€OMETPUYHUM
HEHTPOM 300pa)XKeHOro Ha TeHIUIaHI KOHTypy Iiexa. Macmral BHOUPAIOTH
TakuMm, 1m0 moOymoBaHa kaprorpama EH  waouno  BimoOpaxkana
CHIBBIJHOILIEHHS MOTY)XHOCTeH wexiB. Kpyr HaBaHTaXeHHS KOXXHOTO LEXy
JISTh HA CEKTOPH, SKI XapaKTepU3YIOTh CIIIBBIIHOIIEHHS CHUJIOBOTO Ta
OCBITJTIOBAJILHOTO HAaBAaHTAXKEHb.

Jlnst BUOOpy Miciisi po3MIllleHHsT TMOHMKYBAJILHUX TIJACTAHINN (HAPUKIIA,
['TIIT) TpaguuiiHO 3HAXONATH LEHTP eNeKTpuuHuX HaBaHTaxkeHb (L[EH).
Koopaunatu [IEH po3paxoByroTh 3a popmynamu
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N N
pr.kxk pr.kyk
XO = —k |3|- , yo = N .

ZPM.I( ZPM k
k=1 k=1

¢ P,k — MakcuMalbHa aKTHBHA MOTY)XHICTh HABAHTa)XCHHS K-ro 00’exTa

(mexy); Xk, Yk — KOOpJIHMHATH TEOMETPUYHHMX IICHTPIB 00’€KTIB Ha T'EHILIaHI
nianpueMcTBa; N — KUIbKICTh 00’ €KTIB (11€X1B).

LenTp enexkTpuuHoi Mepe:ki. (71 3MEHIICHHS BUTpAT MOHUXKYBaJIbHI
nifcTaHiii mMOTpiOHO PO3MINIYyBaTH B LEHTPl Mepexi. s BU3HAUYCHHS LIEHTpa
EJIEKTPUYHOI Mepexki CPOpMYIIOEMO LUIbOBI (YHKIITI y BUIIISAI MIHIMyMY
IPOBITHUKOBOTO MaTepiany 1 MiHIMyMy BTpat HOTY)KHOCTI

V :ka =Z3Sk|k ZZB_I—klk :32_——>min;
Jk Jk

AP =33 I12Ry, =3p> 17 2l _a, Zlkl '/
Sk ik

Ockusibku 00MIBI (PYHKIIIT IPOMOPIIITHI MOMEHTY HABAHTAKEHHS, TO LICHTP
€JIEKTPUYHOI MEPEK1 3HAXOATh 3 YMOBU

M= Zlklk = Zlkqu - xe\+‘yk - ye\)—> min,
1E Xe, Ye — KOOPAMHATH IIEHTPA EICKTPUUHOT MEPEXKI.
Po3kpueMo 3HaK abCOIOTHOT BEIMUUHU

M :Zlm(xm_xe)+zln(xe_Xn)+zlp(yp_YG)+ZIF(Ye_yF)’
m n p r

=3p2_lklk Jk =3p2 jkMK —>min .

1€ Xm, Yp — KOOpAWHATH LEHTPIB 00’€KTIB, IO OLIBII BIT Xe, Ye; Xn, Yr —

KOOPJAMHATH LEHTPIB 00’ €KTIB, 10 MEHIII BT X, Y-

3HaX0ATh ‘laCTI/IHHi MOXI/THI Ta IPUPIBHIOIOTH X JI0 HYJIS

gz_y £, =0, %M:_z”o £, =0.
n e p r

3BIJICH BHILUIMBAE, IO IEHTP MEPEXi BUSHAYAIOTH K MEJ[1aHy PO3IMO/IIICHHS
CTpyMiB a00 MOBHUX MOTY>KHOCTEH. [[eHTp Mepexi MO)KHA IHTEpPIIPETYBATH SIK
TOUYKY, BIJHOCHO SIKOi 3/iBa 1 CIIpaBa, 3BEpPXy 1 3HHU3Y IOBHI MOTY>XKHOCTI
HaBaHTA)XEHb OJHAKOBI.

Mpukaaxg 3.1 TloOymyBatu kaptorpamy EH napykapcekoi ¢abpukm.
Busznauntu mnotyxHicth mexoBux TII. BuOpatu wMicusg s po3MILIEHHS
nigcranuid. Ha  mignpuemcTtBi  nependadaetrbes  cnopymkenHs  [TIIL
['enepanpHUll TIaH OignpUeEMCcTBA 300paxkeHo Ha puc. 3.4 (macmrad 1:1000).
Buxiaai gadi HaBegeHo B Ta0a. 3.5.
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Pucynok 3.4 — ['eHepanbHMi TJ1aH MIAIPUEMCTBA

Tabmuns 3.5 — Po3paxyHOK KapTorpamMu HaBaHTaXECHb

lex Koopaunaru niexis Ppks Ppoks M,
Xk, M Yk, M kBT kBT M
Ilex Ne 1 350 100 453 45 54
Ilex Ne 2 600 200 1156 180 86
Ilex No 3 550 500 1452 180 96
Kommpecopna 150 100 2960 - 137
cranist (Ne 4)
Bceboro 6021
Po3p’sizyBanHss.  BuOupaemo  macmrtal  moOyaoBH — KapTOrpamu

HaBaHTaeHb. [IpuiiMeMo paniyc kpyra HaBaHTaxkeHb 1iexy Ne 2 r, = 100 wm.
Toni

Po2 1156

arf 314 100

Bu6upaemo mp = 0,05 kBt/m” (Mp 3BH4aiiHo BUOHPaOTh KpaTHHM 1, 2, 5).
Po3paxoByeMo pajaiycu KiJl 32 JaHOTO MaclITady

o [P | 48 g
L Vamp {314 0,05 |

AHaNOTIYHO pO3paxoBaHi pajilyCu KiJI ISl IHIIUX 00’ €KTIB.
BbynayeMo kapTrorpamy HaBaHTaXEHb.
KoopnuHatu 1ieHTpa eneKTpUuYHUX HaBaHTAXKCHb

mp = =0,037 kBr/m?.
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N

2 Pok Xk
= k=1 _ 453-350+1156-600 +1452-550 + 2960 -150 348y
07N 453+1156 +1452 + 2960 ’
Z Pp k
k=1
N
PokY
Yo = kZ::1 Pk 7k ~ 453-100+1156-200 +1452 -500 + 2960 -100 2161
0 N 453 +1156 +1452 + 2960 '
Z I:)p k
k=1
Po3zpaxynok kinbkocti TII HaBeneno B Tab:1. 3.6.
Ta6muig 3.6 — Bubip nexosux TII
Kareropia | S nowr = Suow.r =
Llex ~|Hamifiocti | “P' | F m’ | =630xB-A | =1000 kB-A
kB-A
N, mr | ks N, mr ks
Iex Ne 1 11 557 | 3780 1 0,88 1 0,56
ITex Ne 2 11 1708 |15120 3 0,90 2 0,85
Ilex Ne 3 11 1745 |15120 3 0,92 2 0,87
Bcroro 4010 |34020 7 5

Po3p’si3yBanHsl. Bu3HAauuMO  3arajibHe  3HAYEHHS  PO3PaXyHKOBHX
MOTY>KHOCTEH IEeXiB 1 iX 3arajbHy IUIOILY
3
Sy = ZSpi =557 +1708 +1745=4010 xB-A;
i=1

3
Fs =Y F =3780+15120 + 15120 = 34020 M2,
i=1

2 .
CepenHe MUTOME HaBaHTaXKEHHS Ha 1 M” mTomIi

s —>2_ 4010 505 B am?,
F= 34020
Po3riisHeMo  JBa  BapiaHTH  CIOPY/KEHHSA  OJHOTPaHC(HOPMATOPHUX
MIACTaHIIN 3 Syoyr = 630 KB-A Ta Syop r = 1000 kB-A.
1. ko Sex = Spom.r = 630 xB-A, exoHOMIYHA KiabKicTh TTI

e = S _ 4010 =6,7+71 .
Seck; 630-(0,9...0,95)

Orxe, HeoOx1aHO BcTaHOBUTH ciM TII-630 kB-A.

2. ko Sex = Syom.r = 1000 kB-A, N Oyzne nopiBHIOBaTH
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Sy 4010
Seck; 1000-(0,9...0,95)

Y upomy Bunaaky Tpeba BcranoButH 1aATh TII.  Koedinientn
3aBaHTaXXECHHS TpaHchOpMaTOpiB HaBeJACHO B Ta0. 3.6.

1 octatouHoro BHOOpPY TOTPIOHO TIPOBECTH TEXHIKO-CKOHOMIYHI
PO3PaxyHKH SIK IIEXOBUX MEPEXK, TaK 1 3aBOACHKO].

IlexoBi TII BuUKOHyeEMO NpUOYTOBAaHMMH, OCKUIBKH  MPUMIIICHHS
TEXHOJIOTIYHHUX LIEXIB APYKAPChKUX (haOpUK BITHOCATH J0 MOKEKOHEOE3MEUHUX
30 kmacy ll-Ila, y sikomMy 3HaxXomsIThCsl TBEpPII TOPIOYi PEUYOBHHU Ta
MaTepiaiu.3a MOXKeXHOW Oe3nekor. Micus g posmimenns TII BuGupaemo
TaKUM YHHOM, 100 BOHM 3 KOpIycaMd II€XiB YTBOPIOBAIN €IWHUHN
apXITEKTYpHUI aHCamOJIb.

—4,2+45 mr.

NeK =

3.3 Bubip kabesiB Hanpyroro Bumie 1000 B

Tunu ka6eaiB. B mepexxax nanpyroro 10 kB mepeBaxHO BUKOPHCTOBYIOTh
ka0eJi 3 MarnepoBO0 130JISAIEI0 Ta 3 130JIALIIEI0 13 3IIUTOTO MOJIIETUIICHY.

Jnst cunoBux KaOeniB 3 MamnepoBOI0 130JISII[I€0 B CBHUHIIEBIH abo
anmoMiHIeBIM  oOoJoHIl Hampyroto 10 kB jgomyctumoro € Temrieparypa
HarpiBanHs kw1 60 °C. Y pa3i nepeBUIIEHHS II1€1 TeMIlepaTypu MOKIIUBE
YTBOPEHHSI TYCTOT BcepeauHi kaOemto. HarpiBanHs kabento TOB’sI3aHO 3
PO3LIUPEHHSIM KaOEJNbHOI MPOTUTATYUOI MacH, sika Mae OUThIIUN KOeQIi€HT
TEMIEPATYPHOTO PO3IMIMPEHHS, HXK Mamip. Y pa3l HeJOMyCTUMOIO HarpiBaHHS
Ka0em0 pO3BHUBAETHCS THUCK, SKUHA BUKIMKAE 3aJUIIKOBY Jedopmariro
repMeTuyHoi 000sioHKu kaOemto. Ilig yac oxosiomkeHHs KaOento BCepeauHi
00OJIOHKU YTBOPIOIOTHCS BaKyyMHI 1 3allOBHEHI ra3zoM mycToTH. Ejexktpuuna
MILIHICTb 130JIAL11 Ha TPAHULISIX TAKUX YTBOPEHUX ra30BUX MYCTOT 3HUKYETHCA,
10 KIHEIlb KIHIIEM TIPUBOIUTH J0 aBapii kabelto.

30BHINIHIN BUTIIAI KaOeIiB 3 MarnepoBOIO 130JIA11i€10 300pakeHo Ha puc. 3.5.

e - -~ . :
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Pucynox 3.5 — 3oBHiHIN BUTIIs manepoBux kabemniB Tuny AAb

OCHOBHUMU KOHCTPYKTUBHUMH €JIEMEHTaMU KaOelto €:

- )KWJIa — aTIOMiHI€BUM a00 MiTHUIM OJTHOKUJIBHUM 4n 0araToXXWIbHUN JPIT;

- 130JIALIIS] )KWJIM — Marip, TPOCOYEHUH OJMBOKaHIPOIBbHOIO CyMINIIIIIO;

- TOSICHA 130J1A1L11sI — MaIip, MPOCOYEHUN OJIMBOKaH1()OITBHOIO CYMIIIIIIIO;

- 000JIOHKA — MPECOBaHUM atOMiHIi a00 CBUHEIIb;

- 3aXMCHUM Iap — MNOAYIIKAa 3 KpPEMOBAHOrO TMamepy 1 IIacTMACOBHX
CTpPIYOK, JIBl CTaJIeB1 CTPIUKH 1 30BHIIIHIN IIAp 13 CKIOMPSINBA;
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- IIaHOUp — BUKOHAHUI CTaJICBUMM cCMyramMu abo OIMHKOBAHHUMMH JAPOTaAMHU,
- 30BHIIITHE 3aXHUCHE IMOKPHUTTA — BUKOHAHC 3 KaOeJIbHOTO IIpsaarBa.

MapkyBaHHs KaOeIiB 3 ManepoBOO 130JIAIIIEI0
1 2 3 4 5 6 7

1-e micue: A — alroMiHI€BA JKUJIA;
- — MIJIHA KHJIA;
2-e miciie: A — amroMiHieBa 00ojioHKa; C — cBUHIIEBa 000JIOHKA;
3-€ micue: b — OpoHSs 3 IIOCKUX CTaJIEBUX CMYT;
[T — OpoHs 3 CTaIeBUX OMHKOBAHUX IIJIOCKUX JIPOTIB;
K — OpoHsi 3 KpyIiiux OLIMHKOBAHUX JIPOTIB;
[" — 6e3 OpoHi 1 6€3 3aXMCHOTO IOKPUTTS;
4-e miclie: - — mamnepoBa MOaYIIKa;
J — MarepoBa NOAYyIIKa 3 JJACTMACOBOIO CMYTOI0;
211 — marnepoBa MOAYyIIKa 3 JIBOMA TJIACTMACOBHUMH CMYyTaMU;
B — BUIIPECOBAHUH MOJIBIHUIXJIOPUIHUN 1ILJIAHT;
I — BUIIPECOBAHUI TOJIIETUIIEHOBUI 11IJIaHT;
0 — 6e3 MoAYIIKY;
5-e MicIie: - — 30BHIIIHE MOKPUTTS 3 KAOEITBLHOTO MIPSI/INBA;
H — 3 HErOpIYOro CKJISHOTO MPsANBa;
B — MOMIBIHIIXJIOPUAHUHN IIUTAHT
[T — moJrieTHJIEHOBUH IIIJIAHT;
[Iric — mUIaHT 13 CaMO3racHOrO MOJIETUIIEHY;
I" — 6e3 30BHIIIHBOTO MOKPUTTS HA OPOHI;
6-e Miciie: - — mamepoBa i30JISIIIis KHIT 3 B’ SI3KMM IPOCOYCHHSIM;
VY — manepoBa 3 MiJIBUILIEHOIO TEMIIEPATYPOIO HArpiBaHHS;
B — nanepoBa 31 301THEHUM IPOCOYEHHSIM;
7-e micue: T —3acTocyBaHHS B TPOITIKax;
C — 3aCTOCYBaHHS B CIJIbCHKOMY T'OCIIOJIapCTBI.

CunoBi ka0eni 3 TamepoBOO 130JIAIIE€I0, SAKI TPOCOYEHI HECTIKAIOYOr0
PEUOBHHOIO, T03HAYa0Th OyKBOIO 1 Ha movartky.

Ka6eai i3 3mmuroro mouiermieny. I[llupokoro nommupeHHs HaOyBarOTh
kabem 31 3umroro IIE. [IpakTuka excrutyaTaliii mokasajia BUCOKY HaJiHHICTh
TaKuX KabeliB, a X MOIIKOKYBaHICTh BUSBHIIACA B 2,5-8 pa3iB MEHIIIOIO, HIXK Y
Ka0eJiB 3 MarnepoBO-MaCISTHOO 130JISIIIETO.

Ha croroiHi HajmaropkeHo BUPOOHMIITBO CUJIOBUX KalesiB Kilacy Hanmpyr 6,
10, 35 kB y Tpudaznomy BukonanHi (puc. 3.6).
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Pucynok 3.6 — KoHCTpyKIIisl TPHKHIBHOTO
kabento 13 3mmToro I1E:

1 — 6araroapoToBa, yIiijasHeHa
CTPYMOIIPOBI/IHA JKHJIA, aTIOMiHIEBa a00 MiJIHA;
2 — BHYTpIIIHIA €KCTPY10BaHUMN
HaITIBIIPOBITHUMN I1aP;

3 — 1307141114 13 3MIUTOTO MOJTICTUIICHY;

4 — 30BHINIHIN €KCTPYJOBAHUM HaIIBIPOBIIHUN
map,

5 — 00MOTKa HaMiBNPOBITHUKOBUM IOJIOTHOM;
6 — MigHUI expaH;

7 — eKCTpylI0BaHa BHYTPIIIHS 000JIOHKA;

8 — OpoHsI 13 CTAJIbHUX OIMHKOBAHUX JPOTIB;

9 — ekctpynoBaHa 30BHIIIHA o0onoHka 3 [IBX
IJIaCTUKATy a00 MOJIIETUIIEHY.

BuHcoKi TEXHIKO-€KOHOMIYHI MOKa3HUKH KademiB 31 3mmToro [1E 1 3pocraroui
BUMOTM [0 MIJBUIIEHHS HAAIMHOCTI MOTYKHUX CHUCTEM EJIEKTPONOCTa4YaHHS
BU3HAUWJIM  HEOOXIJHICTh CTBOPEHHS  KOMIUIEKCIB JUisi  BHUPOOHMIITBA
onHOXWIbHUX KaOemB 13 3IIE 13omsmi€er0 Ha cepelHl ¥ BUCOKI HampyTH.

OnuoxunpHi kadeni 31 3I1E (puc. 3.7) BuroroBistoTh Ha Hamnpyru 6; 10; 35;
64/110 kB.

| Pucynox 3.7 — KoHCTpyKIIisi 0THOKHIBHOTO KaOeto 3
) 130JIALI€F0 13 3UIMTOrO MONIETUIIEHY:
1 — miHa abo anmoMiHIEBA CTPYMOIIPOBIIHA KUJIA;
2 — BHYTPIIIHINA €KCTPYAOBaHUI HAMIBIPOBIAHUH 11ap
13 3mmrtoro I1E;
3 — eKcTpymoBaHA 130JiAMis KaOelo 13 3IIUTOTO
MOJIIETUIIEHY;
4 — 30BHIIIHIA €KCTPYJOBaHUM HaIIBIOPOBIIHUNA IIap
13 3mmrtoro I1E;
S — miap eJIeKTPONpOBIIHOrO Mamnepy abo HamiBOpPO-
BIJIHUKOBO1 BOJTIOOJIOKYIOYOI CTPIUKH;
6 — MiJTHHH eKpaH;
7 — pO3IUTIOBANIBHHN IIap 3 KaOEIhbHOTO mamepy ado
[IPOryMOBOI TKaHWHU;
8 — airomMomnoaiMepHa CTpIvuKa;
9 — excTtpynoBaHa 30BHimHS o6onoHka 3 [IBX
IUTACTUKATY a00 MOTIeTUIIEHY.

Mapxku ka6eniB [TAT «3aBop IliBnenkadenby» MICTATh TakKi MO3HAYCHHS:
Yucno kabeniB  — — OAUH OJHOKWIbHUNA 200 TPUKWIbHUH (0€3 MO3HAUEHHS ),

3X — TpM OJJHOKUJIBHUX KaOel, sIKi CKpy4eH1 pa3oM;

Marepian xuiau A — aJIfoMiHiH,
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— Miap xwiIa (6e3 mo3HauYeHH);
[3ossamis [1B — 3UIUTUH TTOTIETHIIEH,
ExpanyBanHs O — MiJIHUI €KpaH IO 130JIbOBaHIM >KWJI,
D0 — 3aranbHUN MIJTHUNA €KpaH ocep/is TPYKUIbHUX KaOeiB,
I — TI03/IOBXKHS TepMETH3aIlisl eKpaHa BOAOHAOYXaI0UNMH,
CTpIYKaMH
ra — MO3/I0BXHS 1 MONIepeyHa repMeTH3allis eKpaHa
BO/IOHA0YXAaI0UMMH MaTepiajlaMH 1 aIFOMOTIOIIMEPHOIO CTPIYKOIO;
Bbpons (manmup) b — 6poHs 13 CTaNbHUX CMYT,
K — OpoHs 13 KpyIriiuX CTajdbHHUX JAPOTIB,
Ax — OpOHS 13 alTIOMIHIEBUX KPYTJIUX JIPOTIB;
Ob6omnoHKa I1 — 06070HKa 13 MOMieTUIEHY 200 comoIiMepa MOJiETUIICHY,
[1y — nocunena nosjieTuiaeHoBa 000JIOHKA,
B — o6omonka 13 [IBX 1mractukara,
Bar — o6ononka 13 [IBX miactukara, 1110 He MOIMIUPIOE TOPIHHS,
Bura — o6ononka n3 [I1BX mmactukara, M0 HE MOMTHPIOE
TOPIHHSA 1 3 HU3bKUM BUIUICHHIM UMY 1 KOPO31HHUX Tas3iB.

Buxopucranus cuinoBux KaOeliB 13 3MIUTOTO TMOJIETUICHY, 3JaTHUX [0
OUIBIIMX CTPYMOBMX HABAaHTAKEHb 1 MPOMYCKHOI MOTYKHOCTI 3a MEHIIUX
EMHICHUX CTPyMIB Ta MJICJEKTPUYHUX BTpaT, HDK y KaOeliB 3 MamepoBOIO
130JI4111€10, € CBITOBOIO TEHJICHI[ICIO ITIABHINEHHS HAIIMHOCTI Ta O€3NeKH
MOTY)KHUX CHCTEM CJICKTPOIIOCTAYaHHS.

[TopiBHSIHHA €KCILTyaTalllfHUX XapaKTepUCTUK KaOeliB Ha cepeaHl Halpyru
31 3I1E i30ms11i€10 Ta 3 MarepoBO-MaCIISTHOO 130JIAIIIEI0 HaBeeHO B Ta0m. 3.7.

BimHocHa mienekTpudHa NpOHUKHICTE 3mmToro [1E cranoButh 2,2—2,4; Toxi
K I KaOemB 3 mamepoBoro i3zomsriero — 3,7—4,0, mo iCTOTHO 3MEHIIye
€EMHICHI CTpyMH 3aMHUKaHHS Ha 3emiro. KoedillieHT TieeKTpUuYHUX BTpatT

tg6=10’4. .. 10'3; TOJi AK 1714 KabeliB 3 nanepoBolo izomnsiicto — 10 °, 1o icToTHO
3MEHIIIY€ BTPATH €IEKTPOCHEPTTIi.

KaGeni 31 3mmutoro [1E MaioTh CcyTT€BO BHUII TEXHOJIOTIYHI, €KOJIOTIYHI Ta
eKCIUTyaTalliiiH1 MMOKa3HUKH, 30KpeMa, TEXHOJIOTIS X BUPOOHMIITBA € MTPOCTIIIOD
1 B HUX BIJICYTHI €KOJOTIYHO IIKJIMBI PiAKI KOMIIOHEHTH, IO JA€ 3MOTY
NpOKJIagaTH iX 3 JOBUIBHMMH pIBHAMH W KyTaMH HaxXwily Tpac Ta 0e3
OJATKOBOTO MifirpiBaHms 3a Hu3bkmx Temmeparyp (1o -20°C). Ie cmpomiye
TEXHOJIOTII0 OyAIBHHUIITBA Ta PEMOHTY KaOeNbHUX JiHIM 0COOJMBO B palioHax
HIUTPHUX 3a0yJ0B, KOMYHIKaIliii, BOASHUX Ta IHIIUX mepemkona. B tabdn. 3.8
HaBeJIeHO 00J1acTi 3acToCcyBaHHs KabeniB 31 3mmToro I1E.
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Tabmums 3.7 — ExcrutyaTariiiHi moKa3HUKY KaOeliB Ha cepeHl Hanmpyru (10
35 kB) 3 i3omstiero 31 3I1E Ta 3 manepoBo-MacsiHOO i3oJsitiero [31]

OcHOBHI eKcIuTyaTaIliiH1 3i smmtoro [1E | 3 HamepoBo-
MTOKa3HUKHU Ka0OeiB 130JIS1I1€T0 MacCJIAHOIO
130JIALIEFO
TpuBasio nonycTuma TemnepaTypa Kuin 90 °C 60 °C
TeMmmeparypa 3a nepeBaHTaKEHb 140 °C 90 °C
(mpotsirom 8 rox. 3a 1 100y)
MakcumanbHa TeMIepaTypa KU 250 °C 160 °C
st ctpymiB K3
['yctuna ctpymy K3 aiis MiiHO1 Kuin 143 A /MMz 101 A /MMz
(mpotsirom 1 ¢)
JlienekTpryHa MPOHUKHICTb 13011111, € 2,224 3,740
KoeditieHT nienekrpuyHux BTpart, tgd 10'4_ 10'3 10'2
JlonycTumuii repera; BUCOT Ha Tpaci HeoOMmexenuit <15wm
TemnepaTypa npu NpoKJIaJgaHHl, HE HIDKYE —20 °C 0°C
KinpkicTe nomkomkxeds Ha 100 kM ka0ero <15 > 17
pr,ZIOMlc.’.FK%C’{P MOHTaXKy Ta PEMOHTY Huseka Bricoka
Ka0epHOT JIIHIi

Tabmumsg 3.8 — O6nacTh 3aCTOCYBaHHSI OCHOBHUX MapOK KaOemiB 31 3[IUTOTrO

MOJTIETUIICHY

Mapka kabeto PexoMeH10BaH1 00J1aCTi 3aCTOCYBaHHS

AIIBOrII, Jlns mpoknagaHHs B 3emuli  (TpaHIIEsiX) 3 BHUCOKOIO
[1BOrII KOPO3IMHOI0 AaKTUBHICTIO IPYHTY, 32 YMOBHU 3aXHUCTY

Ka0eIro BiJl MEXaHIYHHUX YIITKOKEHb

AlIsOrall, IIsDrall

JUia  mpokimagaHHs B 3€MJIl, B CHpPUX, YacTKOBO
3aTOIUTIOBAaHUX  MPUMIIIEHHSIX, B  HECYIHOIUIABHUX
BOJOWMAX y pa3i 3a0e3leyeHHsT MEXaHIYHOrO 3aXHUCTy
Ka0eniB

ATIsDBII, [TsDBII,

Jns mpokjamaHHs B 3eMyl  (TpaHIIEsX) 3 BHCOKOIO

AIIBDAKII, KOPO31{HOIO aKTUBHICTIO IPYHTY, B MICIISIX, 1€ MOXJIUBUI
IIBDAKII MEXaHIYHUH BIUIMB Ha KaOeIb

AIIBOKII, TIBOKII | Te x, y T.4. 3Ha4H1 pO3TATYIOU] 3yCHIUIS

AIIBDOB, IIBDB JIns 0IMHOYHOTO MPOKJIaIaHHS B MIPUMIIICHHAX, KaHaIaxX

1 TYHEeJSX 1 JJI TIPOKJIAJIaHHS B CYXHMX TPYHTaX 3a YMOBH
3aXUCTY KaOENI0 BiJl MEXaHIYHHUX TOIIKOKEHb

AIIBDOBB, IIBOBB,
AIIBDAKB,
IIBDAKB

JIJ1st OMMHOYHOTO MPOKJIA/IaHHs B MPUMIILIEHHSX, KaHamax
1 TYHENSX, B CyXUX IPyHTaX, B MICLSX, /i€ MOXJIUBUUN
MEXaHIYHHI BIUIMB Ha KaOeb

AIIBDKB, IIBOKB

Te x, y T.4. 3HAYH1 PO3TIATYIOY1 3yCUILIA
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YMoBH BHOOpPY BUCOKOBOJIbTHMX Ka0eJIiB:
- 3a HarpiBOM;
- 32 TEPMIYHOIO CTIHKICTIO J10 1ii cTpymiB K3;
- 33 EKOHOMIYHICTIO.

Bubip kaoesiB 3a HarpiBom. [lepeBipka 10mycTUMOT0 HarpiBaHHs KaOeliB
BUKOHYETHCS JUIsl HOPMAJIBHOTO Ta MiCIgaBapiftHOro PEKUMIB 32 YMOBAMHU

|p < k1k2k3|z[0r[ ; Ip.na < ak1k2k3|)101‘['

ne  lp — po3paxyHKOBUH CTpPyM; lppa — PO3PaxyHKOBUM CTpyM JUIs
niciasaBapiiiHOro pexumy; [;on — JOMyCTUME TaOJIUYHE 3HAUEHHS CTPyMy AJIS
IPOBIIHUKA [JAHOTO THIy, TEpepisy Ta yMOB MpokmamaHHsd; Kp,Kp,Kg —
MoMpaBHI KOE(DIIIEHTH, 10 XaAPaKTEPU3YIOTh TEMIEPaTypy HABKOIUIIHBOTO
CEpellOBHUIA, KUIBKICTh MapajielbHO TNPOKIAIEHUX KalediB; MNUTOMUU
TEPMIYHUI OMip TPYHTA; O — KOEQILIEHT MEPEBAHTAXKEHHS B MICIsaBapIHHOMY
pexumi. B Jlonatky A HaBeneHi nmomnpasHi koedimieHTH BianosigHo Kq, Ky 1 K3
srigHo 3 [TYE [5].

Kabeni 3 mamnepoBoro 130J5111€10 MOYKHA TIEPEBAHTAXKYBATH MPOTATOM I’ ATU
ni60 Ha 3HaveHHs, mo Bkazani B IIYE [5]. 3rimno 3 IIYE g kabeniB 3
MarepoBO0 130JIAIII€I0, MPOKIAACHUX B TpyOax (B 3emuli), B 3eMJii, B TOBITPI,
JIOMYCKAIOThCA ~ MEPEeBAHTAXKEHHS (TpuBajicTIO 6 TOA. 3a KoedimieHTa
nonepeaHboro HaBaHTtaxeHHs 0,8) BigmosigHo Ha 10, 20, 25 %. s meHmmx
TPUBAJIOCTEH TEPEBAHTAXKEHHS Ta KOE(]IIll€eHTa TOMEPETHHOTO HABAHTAKEHHS
JIOMYCTUMI MePEeBaHTAXKEHHSI 1110 O1IBIIII.

Bubip kabeJiB 3a TepmiuHoIo cTiiikicTio 10 aii crpymiB K3. Ilepepis xun
Ka0eJiB 3a TEPMIYHOKO CTIMKICTIO A0 Aii cTpyMiB K3

$> Smin = IKCﬂ
T
ne |, —crpym K3 B A; t;,,, — cyMapHMii yac BUMHMKaHHS cTpyMy K3, sknii

BU3HAYAETHCSI BUTPUMKOIO Yacy OCHOBHOro 3axucty JjiHii (0,5...2 ¢), gacom
CIPAIfOBAaHHS BHCOKOBOJIbTHOTO BHMHKada Ta BiAHOMIEHHsSM cTpymy K3 B
MOYaTKOBUM MOMEHT BHMHUKHEHHS K3 10 #oro ycrameHoro 3HaueHHsi; Crp —
. o .. 0,5 2

TepMidHUi KoedimieHT, A-c ' /MM , 3Ha4YeHHs sikoro ctaHoBuTh 90...100 mms
nanepoBux kabdeniB [1] 1 94 — nns kabeniB i3 3mmroro I1E.

Ipuxknax 3.2. BubOpatu kaleni sl KUBJEHHS JBOTpaHc(hopMaTopHOi
NIJCTAHIli CUCTEMH  BHYTPIIIHBOTO  €JIEKTPONOCTAYaHHS  MIANPUEMCTBA
Hanpyroto 10 kB (puc. 3.8). ITotyxuicte TII — 2x1000 kB-A. Po3paxyHkoBe

HaBaHTaxeHus S,=1300 kB-A. Crpym K3 [=2,5 kA, cymapuuii uac
BuMuKaHHs ctpymy K3 t;,,, =15¢. Po3paxyHok nomycTuMoro crpymy Kadeiro

BUKOHATH JJISl TAKUX YMOB MPOKJIAJaHHA: CEPEIHbOPIUHA TeMIlepaTypa TPyHTY
— 20 C; repmiunuit omip rpyuty — 1.2 K-M/BT; rimubuna npoknaganns — 0,7 m.
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Pucynok 3.8 — Cxema xuBnenns agsorpancpopmatoproi TI1

Po3p’si3yBanHs.  Po3paxyHKoBHII  cTpyM  JUIi  HOpMajJbHOro 1
MiCIsaBapIiHOTO PEKUMIB

S, /2
L~ Spl2 180012 oo

P \/_3UH0M \/§'10
Iy =21, =2-375=T5A.

[Tepepi3 w1 kabeniB 3a TEPMIYHOIO CTIAKICTIO 710 ii cTpyMmiB K3

IK\/tBI/IM _ 2500\/1’»5 =33MM2,

C, 92

0,5 2 . .. .
ne Cr. =92A-c”"/MM — 1 KabemiB 3 aOMIHIEBUMU CYLITBHUMH JKUJIaMHU,

MarepoBOl0 130JIAII€}0 1 HOMiHaNBbHOWO Hampyror 10 kB, mo BuMmarae
. . 2
30UTBIIIEHHST TIepepi3y kw1 kabemo 10 35 mMm°. Bubupaemo kabens AAB 10

3%35 3 1ormycTUMUM CTPYMOM | ;o =115 A.

Bubupaemo xabens AAB 10 3x35 3 nomyctumuM cTpyMoM lpon=115 A nns
HOpMaJbHUX YMOB TMpokiafgaHHs. JlomycTuMuil CTpyMm g 3aJaHUX YMOB
MPOKJIaJaHHs KaOelliB B TpaHIlei pO3paxOBYEThCS 3a JOMOMOTOI0 MOMPaBHOIO
koedinienta k; = 0,93 (cepennpopiuna Temmnepatypa rpyHry — 20 C):

I" 1o = Kl o =0,93-115=107 A.
Buo6ip nepepi3y kaoeJiB 6, 10, 35 kB 3a exkonomiunicTio. Bubip nepepizy

Ka0eJiB 32 EKOHOMIYHOIO TYCTHUHOIO CTPYMY 31MCHIOIOTH 32 (hOPMYJIIOI0
I
__p
SeK - . !
JCK

JI€ Jox — CKOHOMIYHA TYCTHHA CTPYMY.
Cdhopmynroemo 3a1ady BU3HAUEHHS €KOHOMIUHOI ryctuHu ctpymy B JIEIT
MepexXi y BUTIISII 3a7a9i MiHIMI3aIlil 3BeICHUX PIYHUX BUTpAT

I .
3=E(ag + ays)l + 3pl >~ cot — min
s
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ne E= (EH+ E,+ EO) — CyMapHHU# Koe]illieHT e(peKTUBHOCTI KamiTaabHUX
BKIIAJIEHb; dg, & — KOE(QILIEHTH, 10 XapaKTEPU3YIOTh 3aJIEKHOCTI BapTOCTI
JiHIHN BiA epepizy.

3HAMNIIOBIIM TIOXIJHY 3BEICHUX PIYHMX BUTpAT 3a IUIOMICIO TEpepidy Ta
MPUPIBHSBIIY 11 10 HYJIS

03 2 |
—=Eal -3pl“ —cgr=0,
3 11 —=3p ;20
OTPUMAEMO i gK = ﬂ.
3pcoT

301IbIICHHS BapTOCTI KaOediB MPUBOAMTH 1O 30UIBIICHHS EKOHOMIYHOT
TYyCTUHU CTPpyMy, a 30UIbLICHHS 4Yacy MaKCHMaJbHUX BTpaT 1 IiHU
€JICKTPOEHEPT11, HAaBMAKH, J0 i1 3MEHIIICHHS.

3HauYeHHSI €KOHOMIYHOI T'YCTHMHHM CTPyMY IJIs PI3HHMX THUIIIB KaOE€IbHUX Ta
noBiTpssHux JIEII B 3aleXHOCTI Bi Yacy BUKOPUCTaHHS MaKCHUMAaJbHOTO

HaBaHTaxeHHa 71y, Oymno HaBemeno B I[IYE-86. Ilimx wac po3paxyHKiB
E€KOHOMIYHOI T'YCTUHH CTpyMYy, sika HaBejieHa B [IYE, Oyno nmpuitasito E=0,2.
OpHak €KOHOMIYHI YMOBU 3MIHWJIMCS 1 BUKOPUCTOBYBATH IIl 3HAYEHHS HE
MoxHa, a B [ITYE-2014 exoHOMIUHA I'yCTUHA CTPYMY B3arajii BiJICYTHS.
Ipukaan 3.3. Bubpatu kabenb 32 €KOHOMIUHICTIO JIJISl 4aCy BUKOPUCTAHHS
MakcumanbHoro HaBaHTaxkeHHs 1y,=5000 rox mns mpuxmany 3.2. B tabn. 3.9
HaBeJIeH1 BapTocTi kabemiB AAB21.

Tabmung 3.9 — BapTicts kabeniB 3 manepoBoro i3ossmieto B 2016 porri

s am? | 3%35 [3x50 [3x70 [3x95 [3x120 [3x150 |3x185 |3x240

AAB2n | 122,86 | 138,16 | 162,39 | 197,25 | 227,86 | 258,89 | 302,26 | 373,25

3HayeHHs 3BEJICHUX PIYHUX BUTpAT, sIKI BU3HAUeH1 sl kabemiB AAB2n
. . . 2
nepepizom, BigmoBigHo, 35, 50, 70, 95 MM mug dYacy BHUKOPHCTaHHS

MakcuMaibHoro HaBaHTtaxkeHHs 1,,=4000 rox (=2405 rox) ctanom Ha 2016 pix
(Ccp=2,5 rpu./kBt'TON), OymyTH!

335 =0,2-122,86 +3-37,5%0,868 - 2,5- 2405-10~° =46,10 tuc.rpx;
350 =0,2-138,16 +3- 37,520,648 - 2,5- 2405100 =43,67 tuc.rpe;
370 =0,2-162,39 + 3- 37,520,443 2,5 2405 -10° =43 40 tuc.rp;
395 = 0,2-197,25+3-37,5%0,320 - 2,5- 2405-10° =47,57 tnc.rp.

. . . . 2
Otxe, 1151 3aJJaHUX YMOB €KOHOMIYHUMU € Tiepepizu kadeniB 501 70 Mmm .
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Bubip kaoesiB i3 3mmuroro IIE 3a narpiBom. .IlepeBipka n0omycTUMOro

HarpiBaHHsa KaOeniB 13 3mmToro IIE BUKOHyeTbCs 11 HOPMaJIBHOTO Ta
MicIsIaBapiiHOTO PEKUMIB 32 YMOBAMHU

lp <kikokskgksKel jons 1p ma < otkikokakskskel jon,

ne ki — koeQillieHT, IO XapaKTepu3ye TeMIepaTypy HaBKOJIMIIHBOTO
cepenoBumia; Ko — KoedilieHT, M0 XapaKTepu3ye TIMOWHY MPOKIIAJCHHS
KabemiB B 3eMi; K3 — KoedillieHT, 10 XapaKTepu3ye MUTOMUN TEpMi4HUIl OIip
rpynTa; K4 — KoedilieHT, IO XapakTepusye KIUIbKICTh TMapaiebHO
NPOKJIAaJeHUX KaleniB B 3eMill; Kg — KOEQILIEHT, II0 XapaKTepU3ye KUIbKICTb
mapajgeabHO MPOKJIAAEHHX KabemiB B moBiTpl; Kg — KoedimienT, mio
XapaKTePHU3y€e BIUIUB TIEpEpi3y eKpaHa.

Jns kabemiB 13 3muToro [1E B sikocti 6a30Bux mpuiiHsaTi Temieparypu 20 °C
i 30 °C BiAmoBigHO TpW MPOKIagaHHiI B 3eMii 1 B moBiTpi [5]. B Hdomatky b
HaBeJICH1 3HAUYCHHS MOMNpaBHUX KoedimieHTiB ajisa kadems 13 3muroro I1E. s
kabemniB 3 13oimiero 31 3muroro [IE, mpoknageHux B 3eMii Ta B MOBITPI, B
micasiaBapiiHOMY pEXHUMI JOIyCKaeThesl mepeBaHTaxkeHHs Ha 20 %. Take
3HAUEHHA OTPUMAaHO 3 YMOBU 3HAXOJKEHHsI TeMIIEpaTypu CTPYMOIPOBITHUX
xun B miama3oHi Big 90 °C mo 130 °C TpuBanictio 8§ roa. mpoTsaroM Ao0u 1
CYMapHOIO TPUBAJICTIO HE OuIblie 72 rof. mpoTsaroMm poky ado 1000 rox. 3a
TEPMIH €KCILTyaTallii.

IMpuxnan 3.4. Bubpatu xabeni Ui )KUBICHHS IBOX TBOTPaHC(HOPMATOPHUX
nigctanii - 2x1600 kB-A  cucteMu  BHYTPIIIHBOTO  €JIEKTPONOCTadYaHHS
nignpuemctBa Hanpyrowo 10 kB. Ilependavaerbes pagiaabHa cxema KUBJICHHS 3
MPOKJIaIaHHIM YOTHPHOX KaOemB B TpaHmiei. Po3paxyHKoBe HaBaHTaKCHHS

Pp=3200 kBt, c0s¢=0,8. Ctpym K3 [ =2,5 KA, cymapHuii 4ac BUMHUKaHHs
crpymy K3tz =15c. Po3paxyHok nomycTuMoro crpymy KaOeilro BUKOHATH

JUTSl TAKMX YMOB MPOKJIaZaHHs: rIIMOUHA npokiaganusa — 0,7 M; TepMIYHUN OMip
rpyaTy — 1.2 K-M/BT; cepennpopiuna remneparypa rpyuaty — 20 °C.

Po3p’si3yBanHs.  Po3paxyHKoOBHII ~ cTpyM Il  HOpMajJbHOro 1
NicsaBapliHOTO PEKUMIB

o R/2 320014
P \/_3UHOM cosp ~/3-10-08
lp.ma =21, =2-58=116 A.
[Tepepi3 xui1 kabemiB 3a TEPMIYHOIO CTIAKICTIO 10 Aii cTpymiB K3
I/t
KV 'BUM _ 2500\/175 =33MM2,
C, 94

0,5 2 . .. . .
ne Cr. =94A-c’ /MM — g KaOenliB 3 aTIOMIHIEBUMH JKUJIAMH 3 130JILI1€0

b

13 3IIUTOTO MOMIETUIIEHY .
Bubupaemo kabenr AllBOrally 3x35-10 3 gomyctuMuUM  CTpyMOM
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lion=119 A s HOpManbHHX YMOB MpoKIagaHHA. JlomycTMMUR CTpyM i
3aJJaHUX YMOB TIPOKJIaJIaHHS KaOeliB B TpaHIIei po3paxoBYEThCS 3a JOIOMOTOFO
nonpaBHuX KoedimieHTiB Kk =1,0 (cepemHpopiuHa TemmepaTypa TpPYHTY —
20 °C), ko =1,09 (ans termoBoro omopy rpynty 1,2 K-M/BT), k3 =1,015 (mms
rnuOunu npoknananag 0,7 m): kg =0,86 (mms aBox kabeniB, sIKi 3aJIUIIAIOTHCS
B poOOTI B MiciIsiaBapiitHOMY PEKUMI):
I' 1on = Kok3Kgl 1o =1,09-1,015-0,86-119 =113 A.

Bubupaemo kabenp AllBOrally 3x50-10 3 gomycTUMUM  CTpyMOM

l1on=140 A B HOpMaNbHUX yMOBax MpOKIanauus, 1s skoro ', =133 A.

Mpukaan 3.5. [32] Bubpartu kabeni 11s1 )KUBICHHS ABOX TpaHCHOPMATOPiB
TM-4000/10 mignpuemctBa. JliHisS CKJIamaeThcsi 3 JBOX TPyN OAHOKHUIBHUX
ka0beniB AIIBOrll, rpynu MoxyTh OyTH pO3TallOBaHI TPUKYTHUKOM abo0 B
riomuHi. JIiHisS 10 miAnpUEMCTBA MPOKIAAAETHLCA B TPYHTI (B TpaHIiei), a mo
TEpUTOPIl MIANPUEMCTBA MO €cTakail. Biacranb MK TpynamMu KaOeliB B
Tpanuei 200 MM, a Ha ecTakajl JOPIBHIOE AlaMEeTPy IrpyIu KabeiB, 3B’ I3aHUX B
TpuKyTHUK. JliHII Mae JUISHKY mnepexony B TpyOax noBkuUHOIO 20 M,
NPOKJIAJICHUX B 3€MJIl, KOXXHUW Kabelb B OKpemiil TpyOi. Po3paxyHkoBa
temneparypa noBitps 30 °C, rpynry — 20 °C. I'muOuHa mpoKiIagaHHs B 3eMJIi
1 M, nuTOMHMIA TerIOBUH omip rpyHTa cTaHOBUTH 100 cm-K/BT.

Po3p’si3yBanHs. Po3paxyHKoBuUW CTpyM KaO€lbHOI JIIHIIT B pPEXHUMI
JIOMyCTUMOTO MepeBaHTaxeHHs TpaHncpopmaTopa Ha 40 % ckiianae:

I :1,4- Su.r :1,4-4000 _3233A.

P VaU,n  V3:10
HeoOxigHo BMOpaTH HOMIHANIBHHMM Mepepi3 Kuiu Kabenmto, JOMyCTUMUUN
CTpYM JUISl AKOTO HE MeHIIMM 324 A.
J{nst kabeniB, MPOKJIAICHUX B 3€MJIL:
a) maId cnoco0y MNpoKIagaHHsS TPUKYTHUKOM BUOMpaeMo Kabenb 3

IIOMIHIEBUMHU JKUAJIAMU 3 HOMIHAJIBHUM TiepepizoM kuiu 240 MM2, JUISL SIKOTO
JOMYCTUMHUN CTpyM B 3eMi 367 A.

JlomyctTumuii cTpyM ISl 3aJJaHUX yYMOB TNPOKJIaJaHHs KaOemiB B TpaHIiel
PO3paxoBYETHCS 3a IOTIOMOTOIO TOoTNpaBoHUX KoedimieHTiB Ky =0,97, k3 =118,
kg =0,83:

I' 1on = Kokzkgl jo =0,97-118-0,83-367 =348,7 A.

. 2

Omxe, mepepizy xwid xuiii 240 MM Uit BUOpaHUX YMOB TPOKJIAJIaHHS
JOCTATHBO.

0) s crnocoOy TMpOKJIaJaHHS B IUIOHIMHI: JOMYCTUMUNM  CTPyM
HOMIHAJIBHOTO nepepizy xxuiu 240 MM2 B 3emuti 373 A.

Jonmyctumuii cTpym Uisl 3aJJaHUX YMOB MPOKJIAJaHHs KaOelto B TpaHIei
BU3HAUYAETHCS 3 ypaxyBaHHsAM KoedimieHTiB Ky =0,97, k3 =118, k4 =0,83:

I' 1o = Kokzkgl 1o =0,97-1,18-0,83-373=354,4 A.
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B) IS AUISTHKA KaOemo, MPOKIAAEeHOTO B 3eMJIl B OKPEeMHX TpyoOax,
gonycTuMuil crpym ckiagae 351 A; mompaBHi  koediumientn Koy =0,97,
k3 =114, k4 = 0,85:

I' 1on = Kokskgl jo =0,97-114-0,85-351=329,9A.

) JUIsl KaOelrro, MMPOKIIaICHOTO B TIOBITP1 (HA ecTakajl), TOMyCTUMUN CTPyM

cknanae 502 A, nonpasHuii koedinienT Kg =1,00:

1" 1om = K5 on =1,00-502=502A.

. . . . 2

Takum uynHOM, BUOpaHuMii HOMiHaNBHUHM mepepi3 240 MM 3a0e3neuye
MPOITYCKHY CIIPOMOKHICTB JIiHIT 110 BCiH JTOBXKKHI TpacH 3a BUOpaHUX CIIOCO0IB
MPOKJIA/IaHHS.

IlepeBipka kaOeqiB i3 3mmToro IIE Ha TepmiuHy CTiMKICTHL 10 il
crpymis K3

Jns xabeniB 3 13ossiniero 31 3mmurtoro IIE pernmamentyeThcss 3HaYeHHS
pomycrtumoro ctpymy K3 1,0 1c) TpuBamicTio 1 ¢, sike BH3HaYeHE 3a

HarpiBaHHsAM kwid Big Temrepatypu 90 °C 10 TpaHMYHO JOMYCTHUMOI
temriepatypu 250 °C. Skuro tpuBamicts Bumukands K3 BiaminHa Big 1 ¢, TO
JOMYCTUMUM CTPYM PO3PaXOBYIOThH 32 (POPMYIIOI0

| _ I nom.k(1c)

JOII.K — \/@

Jlnst kaGeniB 3 13osti€ero 31 3muToro I1E pernmaMeHTyeThest TakoK 3HAUCHHS
nonyctumoro ctpymy K3 cTpyMonpoBigHOrO €kpaHa |;10n.e1<p(1c) TPUBATICTIO

1 c¢. Sxmo TpuBanicth BuMukanHsa K3 BiaminHa Bijg 1 ¢, TO JOMyCTUMUNA CTPYyM
MO’KHa IIepepaxyBaTH 3a BUIIEHABEIECHOIO (OPMYJIOL0.

CtpyMOmpoBiHI €KpaHU 1 OpPOHIO OJHOKUIBHUX KaOeNiB 3a3eMIIIOIOThH 3
000x  KiHLIB. JlomyCKaeTbcs  3a3€eMIIIOBATH  CTPYMOINPOBIJHI  €KpaHU
OJIHOKUJIbHUX KaOelliB MpUHAWMHI B OAHIA Toulll (3 OJHOro KiHIg). Y pasi
3a3eMJICHHS 3 OJHOTO OOKYy MOJKJIMBHH BHMHOC BHCOKOTO IMOTEHINaly, IO
CTBOPIOE 3arpo3y ISl 3J0pOB’s JIIOJEH, a y pa3i 3a3eMJIeHHS 3 000X OOKIB IO
€KpaHa NPOTIKAE 3HAYHUI CTPYM, SIKWI MPU3BOJIUTH J0 MEPErpiBy KaOeliB.

Croci06 3a3emiileHHS €KpaHa B OJHIM TOYIll Ja€ 3MOTy YHUKATH 3HAYHHMX
BTpaT €JIEKTPOCHEPTii B CTPYMOIPOBIAHUX €KpaHAX OJHOXKUIBHUX KaOeliB Mmij
yac ekcruryaTarii KJI. Croci6 3acTocoBYIOTH 13 MEpEeBIpKOI0 3HAUYCHb HaBEJCHO1
HaAIpPYTy Ha HE3a3eMJICHUX KIHISAX €KpPaHIB BIJTHOCHO 3€MIIl 32 MAaKCHUMAaJIbHOTO
CTPYMY KUJIM KaOeJi0 B HOPMAIBHOMY pOO0OUOMY PEKUMI.

[lepeBipky BUKOHYIOTH Buxoasuu i3 paxtuynoi qosxuau KJI (abo mainstHKH
KJI) 1 3nauenns mutomoi HaBemeHoi EPC na 1 km KJI, sxe BM3HauarOTh IS
ynapHoro ctpymy K3:

E=X_ k1O,

ex"y'k

ne X, — THATOMHUN IHAYKTUBHUI OHIp €KpaHy; ky — yJIapHui

KOe(]iIli€HT; |I£3) — ctpyMm Tpudasnoro K3; | — nosxuna KJI.
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HaBenena Hampyra Ha He3a3eMJICHOMY KIHII €KpaHa B HOPMAalbHOMY
poboYOoMy peXHMI HE Ma€ IMEPEBUIYBATH JOMYCTUMOIO JII0YOr0 3HAYECHHS
HaIlpyrd 3MIHHOTO CTpyMy, IO cTaHOBUTH 70% 3HaueHHS BUIPOOYBAIbHOI
HaIpyru 000JOHKHU Ka0emto nmocTiiHoro crpymMy. 3rigHo 3 COY 45.2-31032472-
10:2009 kab6eni Hanpyroro 10 kB go3BoseHo 3a3eMittoBatu 3 ojHoro 6oky KJI,
ko HaBegena EPC

E<0,7Ugyy,
ne Uy, — BUIIpoOyBaiibHa HAapyTa 3aBoJa-BUPOOHHUKA.

3HaueHHs HaBEIEHOTO CTPYMY B ekpaHax oaHoxuiabHuX KJI, 1o 3a3emieni
3 000X OOKiB, BU3HAYAIOTh 3a (POPMYIIOIO:

X02

2 .2
X0 +10(70) ex

I)K

IS Xo — IIMTOMC 3HA4YCHH:A BSaGMOiHIIYKTI/IBHOFO OIIOpPY, r0(70) ek ITUTOMC

3HAYEHHS aKTUBHOTO OTMOpPY eKpaHa kabemto s temneparypu 70 °C.
3HaueHHsI HABEJCHOTO CTPyMYy B €KpaHl B pa3l po3TallyBaHHS KaOemiB 3a
CXEMOIO «y TPUKYTHHUK» BIPUTYJI OJUH JI0 OJTHOTO BU3HAYAIOTH 32 (DOPMYIIOIO:

0,009
5 .
0,009 + r0(70) eK

~
~

IeK

3HadeHHs HABEJEHOTO CTPYMYy B €KpaHi B pa3i po3TalllyBaHHI KaOemliB 3a
CXEMOIO «y TUIOIIMHI» Ha BIJACTaHI OJHOTO JllaMeTpa MDK KaOelasiMH BHU3HAYAIO
Tb 3a (hopMyJI0IO [5]

=1, [075— 007 L go5 00

2 2 '
0,017+ I’O(70) eK 0,01+ r0(7o) eK

3rinno Incrpykuii ITAT «3aBop IliBaenkabOenpy mnepepaxyHOK MUTOMHUX
OMOpIB JJIg TemrnepaTrypu © st MITHUX 1 aTIOMIHIEBUX KUJI CJIiJI BAKOHYBATH
3a (popMysiamMu, B1ATIOBITHO:

fo_r 2425+ 0 fo_r 228+ 0
0(®) ~ '0(20) 262,5 * 70(®) ~ '0(20) 248

[luTomMuii akTUBHUI oOmip €KpaHa KaOeNro pPO3PaxXOBYIOTh MHOKEHHSIM
3HAUEHHA omopy 3a cranmaptHoi Temrepatypu 20 °C Ha xoedimient 1,19 mus
eKkpaHa i3 mimi i 1,2 — 1t ekpana 3 agrominiro [5].

Jst omnoxkmnbanx KJI pospaxynkoBum Bugom K3 Takox € mojaBiitHe
3aMUKaHHS Ha 3eMJTIO, SIKe BiOyBaeThes B 1BoX Miciax KJI — Ha 3’eqHyBasbHiiM
mydTi Ouns TIC Ha BijgcTaHi ojHi€l OyAIBENbHOI JOBKUHM KaOemto (Ha OfHIN
¢a3i) ta Ha kiHieBid MydTi 61151 [IC (Ha 1Hmi#l dasi).
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3.4 Po3paxynok crpymiB K3 B Mepe:xax Hanpyroro suie 1000 B

PospaxyHok ctpymiB K3 BHKOHYeTbCS 3 METOI NEPEBIPKM BHOpaHUX
BUMUKaUiB 1 kabeniB. ToMy HE0OX1IHO BU3HAYUTU TaKi BEJTUYUHU: MEPIOTUIHY
ckiafoBy crpymy TpudasHoro K3 B modarkoBuit MOMeHT 4acy lyg, ymapHwuii
ctpyM K3 iy, mepioguuHy Ta amnepioindHy CKIaJoBl B MOMEHT II0YaTKy

PO3XOKEHHS KOHTAKTIB |; Ta iy, TEIJIOBUM IMITYJIBC By.

3amaHol0 BEMMYMHOIO I PO3paxyHKy cTpyMmiB K3 € omp cucremn,
MOYaTKOBE 3HAYEHHs MepiloanyHoi ckiamoBoi ctpymy K3 ;0 Ha Bucokii
cropori IIC 110/10 xB, 110/35/10 xB a6o motyxHuicts TpudazHoro K3
Sk :\/_SUB.HIHO'

Po3paxyHok ctpymiB K3 M0kHA BUKOHYBaTH B IMEHOBaHUX a00 BIJHOCHHX
onuHulgx. IlocmigoBHICTE po3paxyHKy crpyMiB K3 Taka: ckiagarorh

pPO3paxXyHKOBY CXEMY Ta 3aCTYIIHY CXEMY; BKa3yIOThb TOUKH, B SIKMX HEOOXIJTHO
Bu3HauuTH cTpyM K3; 3Haxomsate omopu enemeHTiB CEIl; Bu3HauawTth

po3paxyHKkoBl BenmuuMHHU: lyo, iyy, g, far BIL €HEProcUCTeMH Ta BIJ
BUCOKOBOJIBTHUX EJI, a Takox TeniaoBuil iMnyinsc B.
Onopu eneMeHTIB B IMEHOBaHUX OJAMHUIISIX BU3HAYAIOTH 32 (OPMYyJIaMHU:

2 2
XC:—UC'H ; XJI:XOI( UCHJ ;

K C.H.1I

2 " 2
_Uke ) Uecw™ . X X% ) Ucn

T 100 SHOM.T, o 100 SHOM.I[’

ne U,y — cepeaHsi HOMiIHaJIbHA HaIpyra TOYkH, B ki BuHukae K3 (6,3; 10,5;
37; 115; 230 xB); U,y ; — cepenHs HOMIHanbHa Hampyra JiHil; U,
Harpyra KOPOTKOTO 3aMHMKaHHs TpaHchopMaropa, X o, — HaaNepexiHuii omip
EJl; Spom. 1 Shom.x — HOMIHAIBHI OTYXKHOCTI Tpanchopmaropa ta EJI.

[TouaTkoBe nitoue 3HaUeHHS CTpyMy Tpudaznoro K3:
U C.H

I ==
n0.c \/§ X
ne Xy — cymapuwuii omip g0 Touku K3.

Mpuxnan 3.6. Buznauutu ctpymu K3 B Mepexi Hanpyror 6 kB (puc. 3.9),
10 >KUBUTHCS BiJl EHEProcucTeMu 4epe3 Tpanchopmarop 35/6 kB moTyxHICTIO
4000 kB-A (U, =7,5%) 3a HassBHOCTI YOTUPHOX MOTYKHUX BUCOKOBOJIBTHHUX
neuryHiB CIAH 2-17-21-16 notyxuicTio 450 kBT (X;% =23,8%). [ToTyxHiCTH
K3 na croponi 35 kB I'TIIT 200 MB-A.

88



35 kB

TMH-4000/35

K1
\%
AAB 3x240
300 m

6 kB

—_——

CIH-2-17-21-16

4 1.

a)

Pucynox 3.9 — Po3paxyHkoBa Ta 3acTyIiHa CXeMH 3aBOJICEKOI MEpexi

Po3B’si3yBanHs. Onopu €JIeMEHTIB 3aCTYITHOI CXEMHU:
Uou’ 63°
Sk 200
Uep Uew® 75 63°

T 100 S,y . 100 4
X, =Xpl =0,08-0,3=0,024 Owm;

X U’ 238 637

100 Sy, 100 4-0,485
CyMapHi oIopH BiJi CHCTEMH Ta BiJl IBUTYHIB 11 Touku K1:

X = =0,1980wm;

=0,744 Owm;

= 4,87 Owm.

X5 = X + X; = 0,198 + 0,744 = 0,942 Owm.
X5 = Xy + X, = 4,87 + 0,024 = 4,894 Owm.

[TouaTkoB1 Ait04l 3HaUEHHS CTpyMy TpudazHoro K3:

u 63
lioe=——CH =95 _3g.
107 3 X5, /30,942

_ Yew __ 63 0,7 KA.

I - - =Y,
10A T 3 Xy, /3-4,894

[ToctiitHi 4yacy 3aracaHHsi amepioguyHoi  ckiagoBoi T, = 0,03 c,

Tan=0,037 ¢ [1]. Yaapnwuii ctpym K3:
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0,01 0,01
e =V2l0cl1+e Tac [=2.39 14e 003 |9 4kA;

iy
0,01 0,01
H.H:\/Elno.z[ l+e Tan =\/§'0,7 1+e 0,037 =17xA.

'y
[lepioguuHa ckag0Ba CTPyMY BiJl EHEPTOCUCTEMHU HE 3MIHIOETHCS, TOMY:
Intc = lno.c = 3,9 XKA;
ne y(t) Bu3HaueHo 3 rpadikis [ 1] mus cuaxpoHHux enekrpoasurynis CJIH

npu
= tysmin + tas = 0,01 + 0,055 = 0,065 c.

AmnepionnuHna ckianoBa ctpymy K3 ms t =t = 0,065 c:

_t 0,065
iy c =2l 0ce 2 =+2-39e 003 —06kA;
t 0,065

ia.z[ :\/EIHO.;[G Ta.n :\/5,0’7e 0,037 —0,2KA.

TennoBuii iIMIyJIbC BUBHAYAEMO B TaKiil MOCIIIOBHOCTI.
[TocriifHa yacy 3aracaHHs anepioUYHO1 CKJIaI0BOI CXEMH:
_Taclnoc*Ta nlnon 003-39+0,037-0,7 0.03¢

Ta.cx -

IHO.C+[HO.L{ 3,9+0,7
[TocTiiina yacy 3aracaHHs MePIOANMYHOT CKIAA0BOI €IEKTPOIBUTYHIB:
T — 0,065
= =0,19c.

o= In(x) In0,71
Yac BumkHeHHs K3:

taum = tps + tps = 0,5+0,1 = 0,6 c.
TennoBuii IMIyJIbC:

By = |§0.c(t3m "'Ta.cx)"‘ IEO.H(O’STIUI +Ta.cx)+ 2|HO.CIH0.I[(TH.I[ +Ta.cx):

=39%(0,6+0,03)+0,72(0,5-0,19+0,03)+2-3,9-0,7(0,19 + 0,03) =10,8xA > c.

Ctpym noasiiinoro K3 nHa 3emiro, sike BinOyBaeThes B 1BOX wmicipax KJI —
Ha 3’ennyBanbHIA MydTi Ot TIC Ha BimcraHi ofHi€i OymiBEIbHOI JOBKUHU
kabemto (Ha oaHil (a3i) Ta Ha KiHueBid MydTi 6is [1C (Ha i daszi) [33, 34]

PO3paxoBYIOTH 32 (OPMYIIOIO
II(<1,1) B c-Uy

\/(X1.1c +X,)2+R,?

ne Xq1c — omip cucremu 3a nojgiiiHoro K3: R, — omip netsi dasa- ekpan.
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PeaktuBHuii onip cuctemu 3a noAsiiiHoro K3 Ha 3emiro:
2-c-U
X11c = B0 R
3l

Omnip metni ¢a3za — ekpaH BU3HAYAIOTh 32 MUTOMUMHU OINOpPaMH >KUJU Ta

eKpaHa BU3HAYUMO
R, = (Rye +M-Re,) I,

ne R, — omip xwunu ka6emo st T=90°C, OM/km; R, — omip expaHa kabento
s T=70°C, Om/kM; M — koedirieHnT ctpymy B ekpani (m=0,9); | — nmopxuna
KaOeIbHOT JIIHII, KM.

Ipukaag 3.7. Bubpano kabenp AIIBOrIl-10 1x240/70. Homyctummii
OJTHOCEKYHJHUN CTPYM KOPOTKOTO 3aMUKAHHS JIJI1 BUOPAHOTO Mepepi3y >KUIn
kabemo 22,7 kA, ekpana 14,2 kA [5]. Peneiinuii 3axucT BHUMHKA€E CTPyM
KopoTkoro 3amukanus 4depe3 0,5 ¢. 3HaueHHs cTpymy Tpudaznoro K3 27 xA.
[lepeBipuTu €KkpaH Ha TEPMIYHY CTIHKICTb 10 [ii HaBEAEHHM CTPYMOM
tpudasznoro K3 ta noasiiinoro K3 Ha 3emitio.

Po3p’sa3yBanns. Jlonyctumuii ctpym K3 tpusamictio 0,5 ¢ Oyae

~ lronx@e) 22,7

| — —

JIOIyCTUMUI CTPYM KOPOTKOIO 3aMUKAHHS JUIs €KpaHa Oy ie
_ IILOH.K(].C) 14,2

[Tutomuii omip mMigHOTO eKpaHa s Temneparypu 70 °C

2425+© 3125

=32,1kA,

I =20,1kA,

3HaueHHsS HaBEAEHOrO0 CTPyMYy B €KpaHl OJHOXWIbHUX KaOeniB y pasi
pO3TallyBaHHs Ka0eniB y BEpIIMHAX PIBHOCTOPOHHBOI'O TPUKYTHUKA BIPHUTYJ
OJIVH JI0 OJTHOTO Ta B ILIOIIMHI, BIMIOBIIHO, Oy1yTh

lgmy =27———290_ _57.0,29=7,9 kA,
10,0072 +0,3192
e o = 27— 080 570432115 xA.

01502 10,3192

Takum unHOM, BUOpanuii kadenb AIIBOrII-10 1x240/70 ymoBaM TepMidHOi
CTIMKOCTI €KpaHa JI0 HaBEeJICHHOT'O CTPYMY BIJIIIOBIJIAE.

Jns mepuoi Toukn K3, 1m0 3HaXoAWThCS Ha KiHIEBIA MyQTiI Ha MOYaTKy
miHii BenmnuuHa crpymy K(1,1) B Mepexi 3 1301b0BaHOI0 (KOMIIEHCOBAHOIO)
MOXe OyTH 3HaiiJIeHa SIK:

w V3 @ _ .
Ik =27 1K) =3.2820a;
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3 o .
ne I( )K — MakcuManbHuil ctpyMm Tpudasnoro K3 B Touli mpueaHanHs A0

Mepexl.
PeaktuBHuit omnip cucrtemu 3a noxasiiHoro K3 Ha 3emuiio:
X 2¢Yn _ 33590
11C — W = 9 M
V31
ne ¢=1,05.

3a MATOMUMHU OIOpPaMH JKHJIM Ta €KpaHa BH3HAYMMO Omip meTii ¢aza —
CKpaH
R, =(R,.+m-R,.)-1= 0,207 Om,
ne R, — omip netmi ¢aza- expan, Om; R, — omip xunm kademo gt 1=90°C,
OM/kM; Rgy — omip expana kademto st 1=70°C, Om/km; M — KoeilieHT CTpymMy
B expani (M=0,9); | — noBxnHa KaGEIBHOI JIIHIT, KM.
Busnauaemo ctpym nojsiitHoro K3 Ha 3emitto

c-U
1&Y - e =322kA;
\/(X1.1C +X,)" +Ry
Po3paxyHKOBUl CTpyM MOJIBIHHOTO 3aMUKaHHS Ha 3€MJII0 3HAYHO MEHIIUMI,

. 2 .
10 33J0BOJIbHSAE BUMOraMm. T0o0TO, ekpaH mepepizoM 35 MM Oyne TepMIYHO
CTIMKUM y JaHOMY BUIAJIKY.

3.5 Bu6ip BUCOKOBOJILTHUX BUMHKAYIB

B ocranni poku ans enekTpuyHUX Mepexxk Hampyroto 6, 10, 35 kB
TepeBaXKHO 3aCTOCOBYIOTh BaKyyMHi BUMMKAdi. IX uacTka B kpainax €Bpomnu Ta
CIOA nocsrae 70 %, B Snonii — 100 %. Bakyym sk agyroracuibHe Ta
130JIF0BAJIbHE CEPENOBUIIE 3aBISKHA CBOIM BJIACTUBOCTSAM, JO3BOJISIE€ CTBOPIOBATH
KOMYTaI[iliH1 arnapaTy B HAUIPOCTIIIOMY 3 KOHCTPYKTUBHOI TOUYKHU 30PY BUIJISIAL.

OcHoBHI napameTrpu 1 xapakrepuctuku Bumukadie BPC 10 PiBHeHChKOrO
3aBOJly BUCOKOBOJILTHOI anaparynu HaBeaeHi B Tabi. 3.10.

Taomums 3.10 — TexHiuH1 1aH] BUMHUKa4iB

No HaitmenyBaHHs napameTpa BPCI10
: . 630, 1000, 1250, 1600,
1 | Hominanbiuii etpym (low.s). A 2000, 2500, 3150, 4000
2 | Hominanenuii ctpyM BUMKHEHHS (I g ), KA 20,315, 40
3 | CTpyM enexTpoAnHaMiuHOI CTIKOCTI (i), KA 52, 80, 102
4 | Crpym tepmiunoi critikocri (I), kKA (3¢) 20,31,5,40
5 | BmacHuit yac BBIMKHEHHSI, MC 90, 120
6 | BoacHuii yac BUMKHEHHS, MC 35-50
7 | IloBHUII Yac BUMKHEHHS, MC 65
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[Tpogossxenns Tabmuti 3.10

8 | Jlomyctumuii BMICT anepioAMYHOI CKiIa10Boi, %0 40, 35, 40
9 KOMYTaHiﬁHHﬁ pecypc, s IHOM:1000 A 50000, 30000, 10000
10 | Komyrauiitauit pecypc, mwis |y g = 20 KA 100, 40, 50

BucokoBoibTHI BHMHKadl BHOMPAIOTh 3a HOMIHAJIBHOIO HAMNpyrow 1
PO3PaxyHKOBHM CTPYMOM 3 BpaxyBaHHSIM IIC/ISaBapiiHUX pPEXKUMIB Ta
MOXJIMBUX HEPIBHOMIPHOCTEH PO3MOILTY CTPYMIB MIXK JITHISIMU 1 CEKIISIMU IITMH

Unoms 2 UHOM.Mepe)Ki; lhoms 2 Ip.Ha-

nelp na — PO3PAXyHKOBHUM CTPYM JJIsl MIC/IAABAPIHHOTO PEKUMY.

BHCOKOBOJIBTHI BUMHKaul MOBHMHHI OYTHM TEpPEBIPEHI Ha KOMYTAaLiiHY
3/IaTHICTh, HA JMHAMIYHY CTIHKICTh, & TaKOXX Ha TEPMIUYHY CTIHKICTb 1O i
ctpyMiB K3. [lepeBipka KoMyTaliiiHOI 3aTHOCTI 3/IIHCHIOETHCS 32 YMOBaMU

100

1€ |y pumk. — HOMIHAJIBHUIM CTPYyM BUMKHEHHS BUMHKa4a; 3 — HOPMOBaHUIM

IH.BI/IMK. = IH’C; \/EIHBI/IMK(]'-FB_HJ . \/EIHT +iar’

IPOLEHTHHUH BMiCT anepioguunoi ckianoBoi crpymy K3 (30%...40%); |, fac —
BIIMOBIJHO TEpioJMYHA Ta amnepioAuvHa ckiaaoBi cTtpymy K3 Ha MoMmeHT
MOYaTKy PO3XO/PKEHHS KOHTAKTIB BHMHKa4a, TOOTO HAa MOMEHT IIOYATKY
PO3MHMKaHHS; T — PO3PaXyHKOBHH Yac MOYaTKy PO3MMKAHHA (T = tps min + ta.5).

[lepma ymMoBa XapakTepu3ye 3JaTHICTh JO PO3MUKAHHS TMEPIOJUIHOI
ckianoBoi ctpymy K3, a npyra — 37aTHICTh 10 PO3MUKAHHS MIOBHOTO CTPYMY 3
ypaxyBaHHSM anepiognudHOi CKI1aaoBoi ctpymy K3.

[lepeBipka BUMHUKauiB Ha JUHAMIYHY CTiMiKicTh a0 1ii crpymiB K3
3MIIACHIOETHCS 32 yMOBaMU

IIIHH > lq0; Lyn 2 l'yﬂ,
1€ |y, iy — AII0YE Ta MAKCUMAJIbHE MUTTEBE 3HAYCHHS IIOBHOTO CTPYMY
CJIEKTPOJUHAMIYHOI ~CTIMKOCTI, $KHH MPOXOJUTh Yepe3 BHUMHKAaY 1 He
TMOIIKOJDKYE HOTO; iyy — yaapHui ctpym K3.
[lepeBipka BUMHKA4UiB Ha TEPMIUYHY CTIHKICTh g0 mii crtpymiB K3
3MIIHCHIOETHCS 32 YMOBOIO

1%t >B, |

ne |l — cTpyM TepMivHOT CTIHKOCTI BUMHKada mpoTsarom yacy tr (3 ¢); By —
PO3paxyHKOBE 3HAUYCHHSI TETIOBOTO IMITYJIbCY.

IMpukaaa 3.8. Bubpatu BHCOKOBOIBTHI BHUMHKa4l JIBOTpaHCHOPMATOPHOI
[1C 35/6 kB 3 tpancopmaropamu noryxHicTio 4000 kB-A. JIns ycTaHOBICHHS
Ha cTopoHi 6 kB BuOpano Bakyymui Bumukaui BPC 10. Bnachuii wac
BUMKHEeHHs1 BuMukada 0,05 c. IlepeBiputn BHUMHMKAul Ha CTIAKICTh A0 il
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ctpymiB K3. PesynbraTtu po3paxynky ctpymiB K3 B3siTu 3 mpukiany 3.7.

Po3B’si3yBanHs.

MiCIIsIaBapiiHOTO PEKUMIB

HominaneHuii CcTpyM BBIJHUX,

IHOM.B = 1000A > | BB ) IHOM.B = 630A > | B

p.na

p.ma

Po3paxyHok  cTpymiB
_ St oM _ 4000
T.HOM \/§UHOM \/§6

p.ma

BHOOPY BUMHKAYiB HaBejieH1 B Tabi. 3.11.

Ta6mug 3.11 — Bubip Bumukauis ['TIT

JJIA HOPMAJIBHOT'O

=385A;

=181, o =1.8-385=693A;
=141, o =1.4-385=539A.

CEeKI[IMHOTO Ta BIAXIIHUX BUMHUKAYIB

, IHOM.B = 630A > IS.Ha . YMOBH

YMoBHU BUOOpY

JlaHi 111 BUMUKaYiB

JlaH1 po3paxyHKIB

lne = luee + luen =
sk, = e i piak. = 20 KA 23.940.5 = 44 kA
@HBM.(MBHJ @H'BM'(“%BJZ Ve tiag =244+
\ 100 30 +(0,6+0,2)~
> 2|HT+Ia‘C :\/520(14‘@]:36,8KA z7OKA

I = 51 KA

lyn = lyne Filynn =
=9.4+1,7=11,1 KA

1%t >B,

12t =202 -3=1200 kA

B, =10,8 kA*c

[Ipukian BUKOHAHHS TOJOBHOI CXEMH IMIJICTAHIIT MIANPUEMCTBA HABEICHO
Ha puc.3.10. VYV nmanmHOMYy BHManKy BBiI B MiJCTaHIIIO BHKOHAHO
OJTHOKUJIbHUMH KaOeJsIMH 31 3IIUTOTO TOJIIETHIICHY.
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JoxaTok A
JlomycTuMuid CTPYM JIisl IPOBO/IIB Ta Ka0eJIiB 3 IJIACTMACOBOIO TA
NManepoBoI0 i30JIs11Ii€10

Tabmuss A.1 — JlomycTuMui TpUBAIMK CTPyM Il  TNPOBOJIIB
MTOJTIBIHUIXJIOPUJTHOIO Ta TYMOBOIO 130JIS11€10 3 MITHUMU KUJIaMHU
[lepepis CtpyM, A, U1t MPOBO/IIB, TPOKIAACHUX
CTPYMO- ) B OJIHIN TpyOi
TMpOBIAHOI | BI” JIBOX TpHU YOTUPH OJIHOTO OJHOTO
’KHH?’ KpHTO OJIHO- OJIHO- OJHO- IIBO- TpH-
MM JKWJIIBHUX | JKUJIBHUX | KHJIBHHUX [JKMJIBHOTO |’KHJIBHOIO
1,5 23 19 17 16 18 15
2,5 30 27 25 25 25 21
4 41 38 35 30 32 27
6 50 46 42 40 40 34
10 80 70 60 50 55 50
16 100 85 80 75 80 70
25 140 115 100 90 100 85
35 170 135 125 115 125 100
50 215 185 170 150 160 135
70 270 225 210 185 195 175
95 330 275 255 225 245 215
120 385 315 290 260 295 250
150 440 360 330
185 510
240 605
300 695
400 830
Tabmuus A.2 — JlomycTuMuii TpuUBaIMKA CTPYM IS TPOBOAIB 3

MOJTIBIHIIXJIOPUTHOIO Ta TYMOBOIO 130JISIII€10 3 AJIFOMIHIEBUMH JKUJIAMU

[Tepepi3 Ctpym, A, U1l MPOBO/IIB, MPOKIIATCHUX
CTPYMO- ) B OJIHIN TpyOi
MpOBIAHOL | BUL” JIBOX TpHU YOTUPU | OJHOTO OJTHOTO
H(HH?’ KpuTo OHO- OIHO- OHO- JBO- TpH-
MM KUJBHUX | KWIBHUX |KWIbHUX |)KWJIBHOTO [KUJIBHOTO
2,5 24 20 19 19 19 16
4 32 28 28 23 25 21
6 39 36 32 30 31 26
10 60 50 47 39 42 38
16 75 60 60 95 60 55
25 105 85 80 70 75 65
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[TpomoBxenus Tabmmi A.2

35 130 100 95 85 95 75
50 165 140 130 120 125 105
70 210 175 165 140 150 135
95 255 215 200 175 190 165
120 295 245 220 200 230 190
150 340 275 255

185 390

240 465

300 535

400 645

Tabmuus A.3 — JlomycTumuil TpuBaiuil CTpyM JJis MPOBOJIB 3 MIJTHUMHU
JKUJIaMHA 3 TYMOBOIO 130JIAIIIEI0 B METAJICBUX 3aXMCHUX 000JOHKAX 1 KabeliB 3
MIJIHUMH KUJIaMH 3 TYMOBOIO 130JISII€}0 Y CBHUHIIECBIH, MOJIIBIHUIXJIOPUIHIN,
HaWpUTOBI 200 T'yMOBIif 000JI0HKaX, OPOHHOBAHMX 1 HEOPOHBOBAHUX

[lepepi3 cTpyMOIpOBIAHOI Tpu-, HOTUPMKWIBHUX Y pa3l NPOKJIaJaHHs
I, MM B MOBITPI1 B 3eMUII

1,5 19 27
2,5 25 38

4 35 49

6 42 60
10 55 90
16 75 115
25 95 150
35 120 180
50 145 225
70 180 275
95 220 330
120 260 385
150 305 435
185 350 500

[Tpumitka. CTpymu HaBeleHO ISl MPOBOJIIB 1 kKabemB Ak 3 PEN-xkumnoro,Tax i
0e3 Hei
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Tabmuns A.4 — JlomyctuMuii TpUBAIMA CTPYM JUTsl KaOelliB 3 aliOMiHIEBUMHU
KUJJaMH 3 TYMOBOKO a00 IIJJaCTMAacOBOKO  130JIAIII€I0 B CBHUHIIEBIH,
MOJTIBIHUIXJIOPUJIHIN 1 TYMOBIi# 000710HKaX, OpOHbOBAHUX 1 HEOPOHBOBAHUX

[Tepepi3 cTpyMOIpOBiAHOT TprKuIbHUX Yy pa3i MPOKIIaAaHHS
HHITH, MM B MIOBITpI B 3eMJT1

2,5 19 29

4 27 38

6 32 46
10 42 70
16 60 90
25 75 115
35 90 140
50 110 175
70 140 210
95 170 225
120 200 295
150 235 335
185 270 385

[Tpumitka. JlomycTuMmi TpuBadi CTPYMH JUIsl YOTHUPMKUIBLHUX KaOelniB 3
IJIACTMACOBOIO 130JIsA1i€0 HA Hanpyry 7o 1 kB mokHa BuOupaTu 3a Tabi. sk
JUTSL TPVOKUJIBHUX KabeliB, ajne 3 koedirientom 0,92.

Tabmuus A.5 — Jlomyctumuil TpuBaldvii CTpyM sl KaOesiB 3 MiJIHUMH
KUJaMU Ta 130JLI€I0 3 TMOJIBIHUIXJOPUIHOTO IUIACTUKATY 1 MOJIMEPHUX
KOMITO3HIIH, IO HE MICTIThH raJIOTCHIB

Hominamns- JlomycTuMi cTpyMOB1 HaBaHTaKeHHs Ka0OeniB, A
Hui OI[HO)KI/IJ'IBHI/IX:L 0araToXXMIbHIX
repepis , |y MOBITpI Y 3eMJIi y TIOBITpi y 3eMJI1
KU, MM
1,5 22 30 21 27
2,5 30 39 27 36
4 39 50 36 47
6 50 62 46 59
10 68 83 63 79
16 89 107 84 102
25 121 137 112 133
35 147 163 137 158
50 179 194 167 187
70 226 237 211 231
95 280 285 261 279
120 326 324 302 317
150 373 364 346 358
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[TponmoBxenus Tadbmmi A.5

185 431 412 397 405
240 512 477 472 471
300 591 539 542 533
400 685 612 633 611
500 792 690
625/630 | 910 774
800 1030 856
1000 1143 933

Tabmuns A.6 — JlomycTumuii TpUBaIMiA CTpyM 7Sl KaOelliB 3 aqtOMiHIEBUMU
KUJIaMU Ta 130JSIII€EI0 3 HOJIBIHUIXJIOPUAMMX IUIACTUKATIB 1 MOJIMEPHUX
KOMITO3HIIIH, SIK1 HE MICTSATH TaJIOT'CHIB

Hominamns- JlonmycTuMi cTpyMOB1 HaBaHTa)KeHHs KaOeniB, A
HUM OIHOKHIIBHUX BararoxuiIbHIX"
nepepis y TIOBITpi y 3emil y MOBITp1 [y 3emul
PKUJIH, MM
2,5 22 30 21 28
4 30 39 29 37
6 37 48 37 44
10 50 63 50 59
16 68 82 67 77
25 92 106 87 102
35 113 127 106 123
50 139 150 126 143
70 176 184 161 178
95 217 221 197 214
120 253 252 229 244
150 290 283 261 274
185 336 321 302 312
240 401 374 359 363
300 464 423 424 417
400 544 485 501 482
500 636 556
625/630 744 633
800 858 713
1000 972 793

[Tpumitka 1. [IpoknaganHs 3a CXEMOIO «y TPUKYTHUK» BIPUTYIL.

[Tpumitka 2. g BU3HAYEHHS JOMYCTUMHUX CTPYMOBUX HABAHTAKEHb
YOTUPUKWIBHUX KaOeliB 3 UJIaMH OJIHAKOBOIO Mepepidy B YOTHUPUIIPOBITHUX
Mepexax y pasi 3aBaHTaXEHHS BCIX JKUJI B YCTAJIEHOMY PEXKHMMI, a TaKOXK JJIs
I’ ATHKUJIBHUX KaOeiB 111 3HaYSHHS MOTPIOHO MOMHOXKHUTH Ha KoedirieHt 0,93.
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Tabmunsa A.7 — JlomycTuMuid  TpUBaJIMN CTpyM A KaOeniB 3 MIIHUMU
KUJIaMHU 1 3 130JSII€I0 13 3IIMTOTO TMOJIeTUIeHY Ha Hampyry no 3 kB 3a

3MIHHOTO CTPYMY

Hominab- JlonycTuMi cTpyMOBI HaBaHTa)KEHHsI KabeniB, A

HUI . 0I[HO>KI/IJIBHI/IX1 6aFaTO>KI/IJIBHI/IX2

nepepis y TIOBITpi y 3emui y TOBITPi y 3eMii

KU, MM
1,5 28 33 25 31
2,5 36 42 34 40
4 47 54 45 52
6 59 67 56 64
10 82 89 78 86
16 108 115 104 112
25 146 147 141 144
35 180 176 172 173
50 220 208 209 205
70 279 255 265 253
95 345 306 327 304
120 403 348 381 347
150 464 392 437 391
185 538 443 504 442
240 641 515 598 515
300 739 501 688 583
400 860 661 807 669
500 997 746
625/630 1149 840
800 1302 932
1000 1451 1019

[Tpumitka 1. [IpoknaganHs 3a CXEMOIO «y TPUKYTHUK» BIPUTYIL.

[Tpumitka 2. Jlng BU3HAYEHHS JOMYCTUMHUX CTPYMOBUX HABaHTA)KEHb
YOTUPWKUIIHBHUX KAOEIIB 3 JKUJIAMHU OJIHAKOBOTO TEPEpi3y B YOTHUPHUIPOBITHUX
MepeXax y pasi 3aBaHTaXEHHS BCIX JKUJI B YCTAJIEHOMY PEKHMI, a TAKOXK JJIs
I’ AITKWJIBHUX KaOeiB 111 3HaYSHHS MOTPIOHO MOMHOXKUTH Ha KoedirieHt 0,93.
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Tabmuns A.8 — JlonmycTumuii TpuBaiuii CTpyM ISl KaOeiB 3 aatOMiHIEBUMU
KUJIAaMHU Ta 130JIA11€10 13 3IIMTOTO TMOJieTUJIeHy Ha Hampyry 1o 3 kB 3a

3MIHHOTO CTPyMY
Hominab- JlonycTuMi cTpyMOBI HaBaHTa)KEHHsI KabeniB, A
HUN 0 1 B c
_ JTHOKUITbHUX araToXuJIbHUX
nepepis y TIOBITpi y 3emui y TOBITPi y 3eMii
KUJTH, MM
2,5 26 34 24 32
4 35 44 34 42
6 43 54 43 50
10 58 71 58 67
16 79 93 78 87
25 112 114 108 112
35 138 136 134 135
50 171 161 158 157
70 216 198 203 195
95 267 237 248 233
120 313 271 290 267
150 360 304 330 299
185 419 346 382 341
240 501 403 453 397
300 580 455 538 455
400 682 523 636 527
500 800 599
625/630 | 936 685
800 1081 773
1000 1227 862

[Tpumitka 1. [IpoknaganHs 3a CXeMOIO «y TPUKYTHUK» BIPUTYI.

[Tpumitka 2. Jlng BU3HAYEHHS JOMYCTUMHUX CTPYMOBUX HABaHTAKEHb
YOTUPUKIIBHUX KaOeJiB 3 KUJIaMH OJIHAKOBOTO Mepepi3y B YOTHPUIIPOBITHUX
MepeXax y pasl 3aBaHTaXCHHS BCIX JKUJI B yCTAJIEHOMY PEXKUMI, a TAKOXK IS
I’ ITHKIIBbHUX KaOemiB 111 3HAaYeHHs MOTPiIOHO MOMHOXKHUTH Ha KoedirrieHT 0,93.
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Tabmuns A.9 — JlomycTuMuid TpUBaNIuii CTpyM ISl TPHKUIBHUX KaOemliB 3
QITFOMIHIEBUMH JKUJIAMH 3 TIAIIEPOBOIO 130JIA111€I0 B CBUHIIEBIM a00 alFOMIHIEBIN
000JIOHIT, TPOKJIAJCHUX B 3eMJII

Iepepis Crpym, A st kabeiB
CTPYMOIIPOBITHO1
SKTUTIL. MM TPYKUJIBHUX HAMpyroro, kB JOTUPUKUITHHUX
’ 6 10 no 1 kB

10 60 _ 65
16 80 75 90
25 105 90 115
35 125 115 135
50 155 140 165
70 190 165 200
95 225 205 240
120 260 240 270
150 300 275 305
185 340 310 345
240 390 355 _

Tabmung A.10 — JlomycTumMuii TpUBaIHiA CTPyM IS TPKUJIBHUX KaOeliB 3
AJIOMIHIEBUMHU JKUJIAaMH 3 TANIEPOBOIO 130JIS1I1€I0 B CBUHIIEBIM a00 alFOMIHIEBIN

000JIOHIT, TPOKJIaJCHUX B OBITPI

[lepepi3 Ctpym, A 11 kabeniB
CTPYMOIIPOBiIHO] TPWXKHWIBHUX HANpyrow, kB YOTUPUKUIBHUX
KU, MM 10 1 kB
6 10
10 42 - 45
16 50 46 60
25 70 65 75
35 85 80 95
50 110 105 110
70 135 130 140
95 165 155 165
120 190 185 200
150 225 210 230
185 250 235 260

240 290 270 -
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Tabmunss A.11 — TlompaBuuii koeQilieHT Ha CTpyMH s KaOemis,
HE130JIbOBAaHUX 1 130JIbOBAHUX IMPOBOJIB 1 IIMH B 3aJICKHOCTI BiJ TeMIIepaTypHu

3eMIT1 1 TOBITPS

Hop- |Hop-

MO- | MO-

BaHa |BaHa [TorpaBHU KOEDIIIEHT HA CTPYMHU

TEM- | TEM- JUIsl PO3PaxXyHKOBOT TeMIlepaTypu cepeaonuia, °C

nepa- mepa-

Typa Typa -5i

cepe- xwi, Hmx, 0 | +5  +10 +15 +20 +25 +30 +35 +40 +45 +50

noBu- | °C | ge

ma, °C
15 80 1,14/1,11/1,08/ 1,04 1,00/ 0,96 0,92 0,88 0,83/0,78 0,73/0,68
25 80 1,24/120/1,17/1,13 1,09 1,04 1,00 0,95/0,90 0,85 0,80 0,74
25 70 11,29/1,24/1,20/1,151,11/1,05/1,00 0,94 0,88/0,81 0,74 0,67
15 65 1,18/ 1,14/1,10/1,05 1,00 0,95 0,89 0,84 0,77 0,71 0,63 0,55
25 65 1,32/1,27/1,22/1,17 1,12/1,06 1,00 0,94 0,87/0,79 0,71 /0,61
15 60 1,20/1,15/1,12/1,06 1,00/0,94 0,88 0,82 0,75/0,67 0,57 0,47
25 60 136131125120 1,13/1,07 1,00 0,93/0,85 0,76 0,66 0,54
15 5 1,22/1,17/1,12/1,07 1,00/ 0,93/ 0,86 0,79 0,71/0,61 0,50 0,36
25 5, 11,41/1,35/1,29/1,23 1,15 1,08/1,00/0,91/0,82 0,71 0,58 0,41
15 50 1,25/1,20/1,14/1,07 1,00 0,93 0,84 0,76/0,66 0,54 0,37 -
25 50 148/141/1,34/1,26 1,18/ 1,09 1,00 0,89/0,78 0,63/ 0,45 -

Tabmums A.12 — IonpaBHuil KoedillieHT HA KITBKICTh MPAIIOI0YNX KaOeriB,

K1 JIeXKaTh NOpsij B 3emii (y TpyOax abo 6e3 TpyO)

Biacranb KoedirieHT 3a KiIBKOCTI KabemiB
MIX Ka0easaMu B
IPOCBITI, MM 1 2 3 4 5 6
100 1,00 0,90 0,85 0,80 0,78 0,75
200 1,00 0,92 0,87 0,84 0,82 0,81
300 1,00 0,93 0,90 0,87 0,86 0,85

Tabmuusg A.13 — IlonpaBHuii Koedill€EHT Ha JOMYCTUMHUA TPUBAIUNA CTPYM
JUTsL KaOeliB, MPOKJIAJACHUX B 3€MIIl, 3aJIEXKHO BiJl MUTOMOTO TEPMIYHOTO OMOPY

3emTi
XapakTepucTuKa 3emii [Turomuii omip, | [lonpaBuuii
cm-K/Bt Koe(irienT
ITicok BoJioricTro moHana 9 %, minaHo-TIMHUCTHH 80 1,05
TpyHT BoJsioricTio moHaxa 14 %
Hopwmanbhi rpyHT 1 micok Bojorictio 7-9 %, 120 1,00
NiIaHO-TIIMHUCTHUM TpyHT BoJjioricTio 12—-14 %
ITicok Bomorictio moHag 4 % 1 meniie 7 %, 200 0,87
MIIIAHO-TJIMHUCTUHM TPYHT BoJioricTio 8—12 %
ITicok Bonorictio 10 4 %, kKaM’SHUCTUH TPYHT 300 0,75
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Tabmuns A.14 — JlomyctuMi CTpyMH KOPOTKOTO 3aMHMKaHHS AJisl KaOemiB 13
I1BX 1m1acTHKaTiB 1 KOMIIO3HIIIH, 1110 HE MICTATH T'aJOre€HIB, Ka0EiB 13 3IIHTOr0
MOJTIETUJIEHY, a TAKO BOIHECTIMKUX KaOeiB

HowminanbHauii JlommycTrMi  CTpyMH  OJHOCEKYHIHOTO  KOPOTKOTO

nepepis Kuiu, 3aMUKaHHS KaOeiB, KA 3 130JII11€10

MM 13 TIBX mnnactukariB 1|13 3LIMTOrO HOJIETUIIEHY, a
KOMIIO3ULIIH, 0  HE | TAKOXK BOTHECTIMKHUX
MICTSTh TaJIOTEHIB KabeniB
MizgHa AmrominieBa | MinHa xxuiia | AiroMiHieBa
KU KU KU

1,5 0,17 - 0,21 -

2,5 0,27 0,18 0,34 0,22

4 0,43 0,29 0,54 0,36

6 0,65 0,42 0,81 0,52

10 1,09 0,70 1,36 0,87

16 1,74 1,13 2,16 1,40

25 2,78 1,81 3,46 2,24

35 3,86 2,50 4,80 3,09

50 5,23 3,38 6,50 4,18

70 7,54 4,95 9,38 6,12

95 10,48 6,86 13,03 8,48

120 13,21 8,66 16,43 10,71

150 16,30 10,64 20,26 13,16

185 20,39 13,37 25,35 16,53

240 26,80 17,54 33,32 21,70

300 33,49 21,90 41,64 27,12

400 39,60 26,00 55,20 36,16

500 49,50 32,50 69,00 45,20

625/630 62,37 40,95 86,95 56,95

800 79,20 52,00 110,40 72,33

1000 99,00 65,00 138,00 90,40
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JlonaTroxk b
JomycTumuii cTpym 1iist kadedis i3 3mmrToro IE na nanpyry no 35 kB

Ta6mumg b.1 — lonyctumuii TpuBainuii CTpyM sl OJHOXKIIIBHUX KaOeliB 13
smumrtoro I1E 3 MigHumu xunamu Ha Hanpyry 110 35 kB

ITepepiz | Oe3mocepenHb0 B |B TpyOax B 3eMili B MOBITPi
CTPYMO- 3eMIIl
NPOBIHOT TPUKYT-| TUIOMIMHA | TPUKYT- [IOIIMHATPHKYT- [UIOHMHA  TUIOMIHMHA
KWW, MM | HUK {3 TIPOCBITOM| HHUK | TIOpST | HUK | TIOPSA |3 MPOCBITOM
1x35 166 172 157 159 198 203 238
1x50 196 203 186 188 238 243 286
1x70 239 246 227 229 296 303 356
1x95 285 293 271 274 361 369 434
1x120 323 332 308 311 417 426 500
1x150 361 366 343 347 473 481 559
1x185 406 410 387 391 543 550 637
1x240 469 470 447 453 641 647 745
1x300 526 524 510 510 735 739 846
1x400 590 572 571 571 845 837 938
1x500 651 630 631 617 980 957 1056
1x630 724 694 702 680 1113 | 1077 1182
1x800 795 756 771 741 1255 | 1203 1312

Tabmuus b.2 — JlonycTumuii TpuBaauil CTpyM JIJisi OJHOKUIIBHUX KaOeniB 13
smurtoro I1E 3 amtominieBUMU xujaaMu Ha Hanpyry 1o 35 kB

ITepepiz |Oe3mocepeaHbO B B TpyOax B 3emili B MOBITPi
CTpyMO- 3eMiTi
IPOBIAHOI [TPUKYT- [IOMMHATPUKYT- [UTOIIMHA| TPUKYT- [UTOIIMHA[LIONMHA
KITH, MM* |  HHK | 3 npo- | HUK | MOPSAN | HUK | MOpsA | 3 IMpo-
CBITOM CBITOM
1x35 129 134 122 123 154 157 185
1x50 152 157 144 146 184 189 222
1x70 186 192 176 178 230 236 278
1x95 221 229 210 213 280 287 338
1x120 252 260 240 242 324 332 391
1x150 281 288 267 271 368 376 440
1x185 317 324 303 307 424 432 504
1x240 367 373 351 356 502 511 593
1x300 414 419 397 402 577 586 677
1x400 470 466 451 457 673 676 769
1x500 526 522 505 512 786 785 881
1x630 593 584 569 572 907 899 1001
1x800 664 647 637 634 1041 | 1024 1132
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Tadbmug bB.3

Jonyctumuii  TpUBamuMM CTPyM JUIA  TPUKUIBHUX

HeOpoHbOBaHUX KabeniB 13 3mmToro I1E 3 MigHUMU Ta alFOMIHIEBUMHM >KUJIAMH

Ha Hanpyry 10 35 kB
[Tepepis Howmina- JlomycTumuii cTpym AJ1sl KaOesiB 3 MITHUMH Ta
CTpyMO- JTHHUH TFOMIHIEBUMHY JKUJIAMH Y pa3i MPOKJIaJaHHs
MPOBIAHOI | Tmepepi3 MITHUX ATFOM1HI€BHX
HKIITH, MM ckpata, | B 3eMITi | B 3eMJTi B B 3€MJIi| B3eMJIi| B
MM 6e3mnoce- | B TpyOi | MOBITPI B TpyOi | MOBITP1
PEAHBO
3x35 16 153 133 170 119 103 132
3x50* 16 181 158 204 140 122 158
3x70* 16 221 193 253 171 150 196
3x95%* 16 262 231 304 203 179 236
3x120* 16 298 264 351 232 205 273
3x150 25 334 297 398 260 231 309
3x185 25 377 336 455 294 262 355
3x240 25 434 390 531 340 305 415
3x300 25 489 441 606 384 346 472

[Tpumitka. * — kabeni, sIKi BATOTOBIIAIOTHCS Ha Hanpyry 35 kB.

Tabmuus b.4 — [MonpaBHuit koe(illieHT HAa TEMIIEpaTypy 3eMJI1 1 TOBITPS JUIs

Ka0ems 13 3muToro I[1E

Crnocib [TonpaBHuit Koe(iliEHT HA CTPYMHU

MpOoKJIa- JUJIsL PO3PAaXyHKOBOI TeMIleparypu cepeaonuina, °C

JaHHS +10 | +15 | +20 | +25  +30 | +35 | +40 A +45 | +50 | +55 | +60
B3emm |1,07/1,04 1,00 0,9 093089085 0,80|0,76| - -
(20 °C)

B TIOBITPi - - 11,08 1,04 1,00 090,91 0,87|0,82|0,76|0,71
(30 °C)

Tabmuug b.5 — [TonpaBHuil koedillieHT HA TUTOMUI TEPMIYHUNA OMIP TPYHTA
JuIg ka6eniB 13 3mmToro I1E,

epepis sxumn, 150 mm” [Tutomuii Tepmivnmii onip TpyHTa, cM*K/BT
Tun, cnocid npokJIaJjaHHs 70 80 90 100 | 200 | 250 | 300
OJTHOKUJILHUX 124 | 1,20 | 1,16 | 1,23 | 0,91 | 0,83 | 0,78
MPOKJIAJICHUX B TPyOax
TPYWKWIBLHUX TIpokiaaenux | 1,27 | 1,22 | 1,18 | 1,15 | 0,90 | 0,83 | 0,77
Oe3nocepeHbO B 3eMIT1
TpUXUIbLHUX TIpokiaaenux | 1,16 | 1,13 | 1,11 | 1,09 | 0,93 | 0,88 | 0,83
B TpyOax
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Tabnuns b.6 — [lonpaBHuii koedilieHT HA MUTOMUIN TEPMIYHHI OIip TPyHTa
Ui OJHOXUIBHUX KabeniB i3 3mmutoro IIE, mpoknanenux Oe3mocepeiHbo B
3eMJIl

[Tepepis [Turomuit TepmiyHuit omip rpyHTa, cM-K/BT
HKHIH, 70 80 90 100 200 250 300
MM

1x35 1,30 | 1,25 121 | 116 | 0,89 | 0,81 | 0,75
1x50 1,32 1,26 121 | 116 | 0,89 | 0,81 | 0,74
1x70 1,33 | 1,27 122 | 1,17 | 0,89 | 0,81 | 0,74
1x95 1,34 | 1,28 1,22 | 1,18 | 0,89 | 0,80 | 0,74
1x120 1,34 | 1,28 1,22 | 1,18 | 0,88 | 0,80 | 0,74
1x150 1,35 | 1,28 1,23 | 1,18 | 0,88 | 0,80 | 0,74
1x185 1,35 | 1,29 123 | 1,18 | 0,88 | 0,80 | 0,74
1x240 1,36 | 1,29 123 | 118 | 0,88 | 0,80 | 0,73
1x300 1,36 | 1,30 124 | 119 | 0,88 | 0,80 | 0,73
1x400 1,37 1,30 1,24 | 1,19 | 0,88 | 0,79 | 0,73
1x500 1,38 | 1,31 1,24 | 1,19 | 0,87 | 0,79 | 0,73
1x630 1,38 | 1,31 1,25 | 1,20 | 0,87 | 0,79 | 0,73
1x800 1,39 | 1,32 125 | 1,20 | 0,87 | 0,79 | 0,73

Tabmuus b.7 — IlonpaBHuii koeQili€eHT Ha TIUOMHY NPOKIAJAaHHSA IS
ka0eniB [TAT i3 3mmroro [1E, npokiiageHux B 3eMJi

['mibuna | Tlpoknagerux 6e3mocepeHbO [TpokmageHux B 3eMJIi B
pOKJIa- B 3eMJTi TpyOax
JTaHHS, OnnoxunbHUX | Tprokuib- | OgHOXKMIBHUX | TpUKUIIb-
M no 185 > 185 HUX no 185 > 185 HUX
MM2 MM2 MM2 MM2
0,50 1,04 1,06 1,04 1,04 1,05 1,03
0,60 1,02 1,04 1,03 1,02 1,03 1,02
0,80 1,00 1,00 1,00 1,00 1,00 1,00
1,00 0,98 0,97 0,98 0,98 0,97 0,99
1,25 0,96 0,95 0,96 0,96 0,95 0,97
1,50 0,95 0,93 0,95 0,95 0,93 0,96
1,75 0,94 0,91 0,94 0,94 0,92 0,95
2,00 0,93 0,90 0,93 0,93 0,91 0,94
2,50 0,91 0,88 0,91 0,91 0,89 0,93
3,00 0,90 0,86 0,90 0,90 0,88 0,92
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Tabmuns b.8 — IlonpaBuuii koe(ili€eHT Ha KUIBKICTh MPALIOIOYHUX MOPAT
TPIWKUIBHUX a00 Tpyn OJHOXKWIBHHX KaOemiB 13 3mmutoro IIE, mpokmagenux
BIIPUTYJI OJMH JI0 OJTHOTO

Tum kabemB 1 crocio KoedirtieHT 3a KUIBKOCTI TPUAKUIBHUX 200
MIPOKJTaTaHHS IpyN OJTHOKIJIBHUX KaOesiB
2 3 4 5 6
OJIHOXKUJTIbHI 0€310CePEeTHBO B 0,73 0,60 0,54 0,49 0,46
3eMITl
TPWKIIBbHI 0€310CepeTHRO B 0,80 0,69 0,62 0,57 0,54
3eMil
OJIHOKWJIbHI B 3€MJI1 KOKEH B 0,78 0,66 0,59 0,55 0,51
OKpeMiii TpyoOi
TPUKHUJIBHI B 3€MJI1 KOJKCH B 0,85 0,75 0,69 0,65 0,62
OKpeMmiil Tpy0Oi

Tabmuus b.9 — [lonmpaBHuii kKoedillleHT HAa KUIBKICTh MPAIIOIOYHUX TMOPS/
TPWKWIBHUX a00 Ipyl OJHOXKWIbHUX KabeniB 13 3muToro I1E 3a Bimcrani mix
nentpamu kademnis 200 Mmm

Tun xabeniB 1 crociod KoepitieHT 3a KITBKOCTI TPHXKHIBHUX 200
TIPOKJIaTaHHS IPYIl OJHOXKHUIBHUX KaOeiB
2 3 4 5 6
OJTHOKIJTBHI 0€310cepeaHbO B 0,83 0,73 0,68 0,63 0,61
3eMIIl
TPUKHUIIBHI 0€310CEPEIHRO B 0,86 0,77 0,72 0,68 0,65
3eMIIl
OJITHOKHWJIbHI B 3€MJI1 KOKEH B 0,85 0,75 0,70 0,66 0,64
OKpeMmiil Tpy0Oi
TPUKHUIBHI B 3€MJI1 KOJKEH B 0,88 0,80 0,75 0,72 0,69
OKpeMmiil Tpy0Oi

Tabmuns b.10 — [NonpaBHuii KoediIiEHT Il PI3HUX EKPaHIB

[lepepiz | AuoMiHIEBI KUJIHM TIEPEPI3OM MiH1 XKuIH iepepizoMm
exkpana | 300 | 400 | 500 | 630 | 800 | 300 | 400 | 500 | 630 | 800
25 1 1

35 0,99 1 1 1 1 10,99 1 1 1 1

50 0,9 (099 {099 |099 [099 098 [0,99 [0,99 /0,99 |0,98

70 0,97 |09 098 [098 [097 [0,98 /0,98 0,97 0,97 [0,96

95 0,9 (097 [0,97 10,97 |09 [0,97 /0,97 [096 [0,95 |0,94

120 [0,9 |0,95 |095 |09 |0,94 |09 |09 |0,95 [0,93 0,92
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Tabmung b.11 — Jlomyctumi 3HaueHHs OAHOCEKYHAHOTO cTpymy K3 xumm ta
ekpaHa Jiy1s1 kabemis 13 3mmToro I1E

[Tepepis Honyctumuii ogHocekyHaHui ctpyM K3, kA
CTPYMOTIPOBiJI KUITA €KpaHa
HO1 KWJIH, MM MIJTH. AJTIOM. MI1JH.

16 - - 3,3
25 3,6 2,4 51
35 50 3,3 7,1
50 7,2 4,7 10,2
70 10,0 6,6 14,2
95 13,6 8,9 19,3
120 17,2 11,3 24,4
150 21,5 14,2 30,4
185 26,5 17,5

240 34,3 22,7

300 42,9 28,2

400 57,2 37,6

500 71,5 47,0

630 90,1 59,0

800 114,4 75,2

1000 - -

1200 - -
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JlonaTox B
Omnopu TpanchopmMaTopiB i CTPYyMOBEAYYHX €JIEMEHTIB

Tabmuus B.1 — Omnopu noHmwxyBaigbHuUX TpaHcdopmartopiB 10(6)/0,4xB

(mpuBeneHi o croponu 0,4 kB, MOm) [1]

3 ennanus SHOM.T! UK’ RT XT ROT XOT ZT(l)
00MOTOK kB-A %
Y/Y,-12 100 4,5 315 65 254 582 779
160 4,5 16,6 41,7 151 367 486
250 4,5 9,4 27,2 96,5 235 311
400 4,5 5,5 17,1 55,6 149 195
630 55 3,1 13,6 30,2 95,8 128
1000 55 1,7 8,6 19,6 60,6 81
1600 55 1 54 16,3 50,0 63,5
A/Y,-11 160 45 16,6 41,7 16,6 41,7 135
250 4,5 9,4 27,2 9,4 27,2 86,3
400 4,5 59 17 59 17 54
630 5,5 3,4 13,5 3,4 13,5 42
1000 55 1,9 8,6 1,9 8,6 26,4
1600 55 11 54 11 54 16,5
2500 55 0,64 3,46 0,64 3,46 10,56

[Tpumitka. JIj1s1 BU3HAYEHHS OMOPiB TpaHC(HOPMATOPIB, MPUBEACHUX J10
Brcokoi ctoponu (10 kB), Bkazanuii B TabJu1Il OMip HEOOX1AHO MTOMHOXKUTH Ha
625 — koediuient Tpanchopmariii B kagpari (10/0,4=25)°

Tabnuus B.2 — ITutomi onopyu KOMIUIEKTHUX IMTUHOMPOBOAIB, MOM/M

, Omip dasu, Omip Omip
Howmi- Howmi- MOM/M HYJIBOBOTO TeTIl

HaJIbHA . -
Tun mmHONIPOBOY HAUTbHUMN NpoBiIHKUKA, | (a3a-
Harpyra, Om/m HYJIb

<B cTpyM, A| Iy X1 M y

rHH XHH Z(1)-H
I[IIMA4-1250 0,38/0,66| 1250 |0,034 0,016 (0,054 | 0,053 | 0,086
[IIMA4-1650 0,38/0,66| 1600 |0,030 0,014 {0,037 | 0,042 | 0,087
[IIMA4-2500 2500 |0,017 0,008 0,082
[IIMA 73(16) 1600 | 0,031 | 0,022 0,160
11IMA4-3200 0,38/0,66| 3200 | 0,010 0,005 0,064 | 0,035 | 0,053
I[IIMAG68II 0,38/0,66| 2500 | 0,020 0,020 0,070 | 0,046 | 0,112
I[IIMAG68II 0,38/0,66| 4000 |0,013|0,015|0,070| 0,045 | 0,103
III3M 16 1600 | 0,014 | 0,006 0,07
IITPA73 (IIIPA4) 0,38 250 0,210 (0,2100,120 | 0,210 | 0,59
IITPA73 (IIIPA4) 0,38 400 |0,150|0,170| 0,162 | 0,164 | 0,38
IITPA73 (I1TPA4) 0,38 630 o1 | 0,13 |0,162 | 0,164 | 0,33
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Tabmunss B.3 — IlutomMi omopu YOTHPMKHIBHOTO KaOemo 3 MiJIHUMU

KUJIaMu 3a Temmepatypu xuid 65 °C, MOM/Mm
[Tepepis xui Omip 9oTupKIWIbHOTO Kabemo, MOM/M
Ka0eJro, MM rh=r, X1 =X o Xo
4x6 3,54 0,1 4,24 1,49
4x10 2,13 0,095 2,88 1,34
4x16 1,33 0,09 2,12 1,14
4x25 0,85 0,089 1,63 0,91
4x35 0,61 0,086 1,33 0,74
4x50 0,43 0,086 1,05 0,58
4x70 0,3 0,073 0,85 0,42
4x95 0,22 0,072 0,66 0,35
4x120 0,18 0,07 0,54 0,31
4x150 0,14 0,07 0,45 0,28
4x185 0,115 0,069 0,37 0,27

Tabmuus B.4 — Ilutomi onopu YOTHUPWIKUIBHUX KaOelNiB 3 alfOMiHIEBUMHU
YKUJIaMU B HEMPOB1IHIN 000J10HI1, 32 TemrepaTypu ki 20 °C, MOMm/mM

[Tepepi3 xun kabero, 3Ha4YeHHs MUTOMHUX OIOPIB
MM N=r | X =X ro Xo Z-n
4x2.5 15,4 0,1 29,64

3x4 +1x2,5 (4x4) 9,61 0,098 |11,71| 2,11 |24,08(18,52)
3x6 + 1x4 (4x6) 6,41 0,094 | 871 | 1,968 |14,43(12,34)
3x10 + 1x6 (4x10) 3,84 0,088 5,9 1,811 9,88 (7,41)
3x16 + 1x10 (4x16) 2,4 0,084 | 439 | 1,558 5,92 (4,43)
3x25 + 1x16 (4x25) 1,54 0,072 | 3,42 | 1,258 3,70 (2,96)
3x35 + 1x16 (4x35) 1,1 0,068 | 2,97 | 1,241 3,35(2,12)
3x50 + 1x25 (4x50) | 0,769 0,066 |2,449 | 0,949 2,22 (1,48)
3x70 + 1x35 (4x70) | 0,549 0,065 |2,039| 0,741 1,59 (1,06)
3x95 + 1x50 (4x95) | 0,405 0,064 |1,665| 0,559 1,13 (0,78)
3x120+1x50 (4x120) | 0,32 0,064 1,54 | 0,545 1,05 (0,62)
3x150 + 1x70 0,256 0,063 |1,276 | 0,43 0,82
3x185 + 1x70 0,208 0,063 0,73
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Tabmumg B.5 — Omip st (expaniB) kadenis i3 3muroro [TE nmocriiHOMY

ctpymy 3a 20 °C, Om/KkM.

[Tepepi3 CTpyMOIPOBIIHOT [TuTome 3HaUEHHS ONOPY HE OLIbIIIe
KUK (€KpaHa), MM Min. AmoMm.
16 1,15 -
25 0,727 1,20
35 0,524 0,868
50 0,387 0,641
70 0,268 0,443
95 0,193 0,320
120 0,153 0,253
150 0,124 0,206
185 0,0991 0,164
240 0,0754 0,125
300 0,0601 0,100
400 0,0470 0,0778
500 0,0366 0,0605
630 0,0283 0,0469
800 0,0221 0,0367
1000 0,0176 0,0291
1200 0,0151 0,0247

Tabnuus B.6 — [nnyktuBHuMit onip onHodaszHux kadenis i3 3muroro [1E

Ilepepi3 [Iutome 3HaueHHSs IHAYKTUBHOTO onopy, OM/KM.
CTPYMOIIPOBIIHOI 6 kB 10 kB 35 kB

KUIIA, MM2 TPHK. IIJIOIII. TPHUK. I1JIOI1I. TPHUK. IIJIOII.

1x25 0,149 | 0,197 | 0,155 | 0,202 - -

1x35 0,141 | 0,190 | 0,146 | 0,195 - -
1x50 0,132 | 0,182 | 0,137 | 0,187 | 0,163 0,210
1x70 0,123 | 0,473 | 0,128 | 0,178 | 0,153 0,201
1x95 0,116 | 0,167 | 0,121 | 0,172 | 0,145 0,194
1x120 0,107 | 0,160 | 0,112 | 0,164 | 0,135 0,184
1x150 0,103 | 0,156 | 0,108 | 0,160 | 0,130 0,180
1x185 0,098 | 0,151 | 0,102 | 0,155 | 0,124 0,174
1x240 0,093 | 0,247 | 0,097 | 0,150 | 0,118 0,169
1x300 0,090 | 0,245 | 0,092 | 0,147 | 0,113 0,164
1x400 0,086 | 0,142 | 0,088 | 0,143 | 0,107 0,160
1x500 0,082 | 0,138 | 0,083 | 0,139 | 0,101 0,155
1x630 0,134 | 0,134 | 0,0/8 | 0,135 | 0,095 0,149
1x800 0,074 | 0,231 | 0,074 | 0,132 | 0,091 0,145
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Tabmuns B.7 — IlngyktuBHUi onip TpudaszHux kabdemnis i3 3mmurtoro [1E

[Tepepi3 cTpyMOIpOBIIHOT
2

[Turome 3HaYEHHS 1HIYKTUBHOTO 0nopy, OM/KM.

KAJIA, MM 6 xB 10 xB 35 kB
3x25 0,128 0,135 -
3x35 0,120 0,128 -
3x50 0,112 0,119 0,151
3x70 0,104 0,111 0,142
3x95 0,098 0,105 0,134
3x120 0,090 0,096 0,125
3x150 0,087 0,092 0,120
3x185 0,082 0,088 0,114
3x240 0,078 0,083 0,108
3x300 0,076 0,079 0,103
Ta6mmms B.8 — ITutomi onmopu moBitpsinux JIEIT
Mapxka [TuToMi OIOpH MPOBO/IIB
aJIIOMIHIEBOTO Re. Ond/ Xo, OM/kM
MPOBOJLY 0, LAMIIM 10 kB 35 kB 110 kB
A-16 1,98 0,398 - -
A-25 1,28 0,385 - -
A-35 0,92 0,374 - -
A -50 0,64 0,363 0,446 -
A-70 0,46 0,349 0,435 -
A-95 0,34 0,339 0,423 -
A—-120 0,27 0,332 0,411 -
A —150 0,21 0,324 0,403 -
AC-25 1,38 0,350 - -
AC-35 0,91 0,339 0,451 -
AC -50 0,63 0,336 0,435 -
AC-70 0,45 0,329 0,423 0,443
AC-95 0,33 0,318 0,414 0,432
AC-120 0,27 0,312 0,401 0,420
AC - 150 0,21 0,305 0,395 0,413
AC - 185 0,17
ACO - 240 0,13
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JHomarok I

TexHiYHI JaHi aBTOMATHYHNUX BUMHUKAYiB

Taomug .1 — HominanpHa BUMHKaJIbHA 34aTHICTE aBToMartiB T max XT

Bumukau | Xapakrepuctuka | pazHuii ctpym, KA MDK(pa3HUN CTPyM, KA
T1 BCNSH 2540 65 85 100 18 25 36 50 70

T2 NSHLV 65 85 100 150 200 36 50 70 85

T3 NSH 65 85 100 36 50 70 120 200

T4 NSHLV 65 85 100 150 200 36 50 70 120 150

Tabmumg .2 — YcraBkr MarHiTHHX pO34iIUIFOBadiB aBTomaTiB Tmax XT
Juts 3axucty aeurynise MF/MA

lip, A 1 |2 4 8,5 125 |20 32 52 80 100
leony A|14 |28 56 (120 |175 |120... |[192... |314... |480... |600...
(XTZ) 280 |448 |728 |1120 (1400
lip A 10 (125 |20 |32 52 80 100 125 (160 |200
| A 600... |750... |960... [1200...
C.CM»
(XT3) 1200 |1500 |1920 (2400
le ey, A|20--162,5...1100...1160... 1260... 1400...1500... |625... |800... |1000...
(XT4) 100 |125 |200 (320 |520 |800 1000 (1250 {1600 |2000
Tabnuus I'.3 — Xapakrepuctuka posuirunoadis EKip LS/I
DyHKIIS 3aXUCTY [opir crpairoBaHHs Yac copamroMox- | DyHK-
BaHHS JIUBICTD |15
BUMK-HS
L - Bix nmepeBaHTaxkeHHPyuHe HanamrtyBanHd:  |PyuyHe Hanami- |- t=Kk/I°
3 00EPHEHO3ANEKHOI0 || =0.4...1% l1.p Kpox 0,04TyBanns: tc
BUTPUMKOIO Hacy Tounicte: cnpamroBanns = 12-36 ¢ ms
CHpaLOBaHHS 3T1JHO : _
5 ik 1,05...1,3% | (IEC |I=3 I¢
cranaapty [EC 60947-2 60947-2) ToumicTs:
+10 %
S-Bix K33 Pyune HanmamrtyBanHsa: |t =(,1-0,2 ¢[TaK t=k
HC3aJICHKHOIO lc.s= 1-1,5-2-2,5-3-3,5-  |Tounicrs:
BUTpUMKOI0 Hacy (t=K) |4 5.5 5.6,5.7-7,5-8-8,5-9-|+20 %
10 xly
[-Bi1 K33 Pyuyne nanamryBanusa: | Murrese Tax t=0
peryiab0BaHUM o 5= 1-1,5-2-2,5-3-3,5-  |CHIpalllOBaHHs
ImoporomMm 1 MUTTEBUM 4,5-5,5-6,5-7-7,5-8-8,5-9-
CTPAIIOBAHILIM 10 xly p, Tounicte: £20 %
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Tabmuus I'.4 — Xapakrepuctuka posuirurroBadiB EKip LSI

Oynkiig 3axucty | [lopir cnparmtoBanus | Yac cripaiiroBaHHs Mox- |DyHK-
JIUBICTH |L{151
BUMK-
HEHHS
L - Big nepeBanTta{ Pyuyne nanamryBanus: | Pyyne HanamryBaHHs:| - t =k/I°
HKCHHS 3 00CPHEHO) | | = 0,4... 1]y ten=3-12-36-72 ¢
3QJICKHONO kpok 0,02 TouHicTs: | qug | =31,
BUTPHMKOIO YaCY | crinarropans T
mik 1,05...1,3 lc +10 %
Enexrponne teg=3..72¢ - t =k/I°
HaJamTyBaHH: | g = st | = 3 1y Kpok 0,2
0,2...1x Iy p ToYHICTE:
kpok 0,01 TounicTs: | £ 10 % o 2%l b
CTPALIOBATILE +20 % Bin 2%l p
Mk 1,05...1,3 lc
S-Bin K33 PyuHe HanamryBaHHs: | ¢, =(0,05-0,10-0,20- | Tak t =k/I°
obepHeHo- oo | les =1-1,5-2-2,5-3-3,5-| 0,40 ¢ abo
3anexHoo (t=k/I°) 4,5-5,5-6,5-7-7,5-8-8,5- s 101 t=k
260 HE3aNEKHOK0 P
9-10xly ,,
BUTPUMKOIO Y
(t=k) wacy Enextponne tes=0,05...0,40 ¢ Tak t =k/I
HaJamTyBaHH: |, 5 = st 10% Ly abo
1..10 lp kpok 0,1 | (o 0,01) t=k
[-Bi11 K33 Pyune HanamryBanHs: | MuTTeBe Tak |t=Kk
peryJboBaHIM lop= 1-1,5-2-2,5-3-3,5- | CIpaIlloBaHHs
HOpIromM 1 4,5-5,5-6,5-7-7,5-8-8,5-
Z/IIII/I;;E;?;HHHM 9-10xly p TouHiCT:
+20 %
Enextponne MuTTteBe Tak |t=Kk
HaTamTyBaHHS: |z = | CHIPALIOBAHHA
1...10x1y , Kpok 0,1
Tounicte: £20 %
G - Bix PyuHe HanamryBanHs: |t . =0,1-0,2-0,4-0,8 c| TaK t =k/I°
3aMUKaHHs Ha lc.; = 0,2-0,25-0,45- TounicTe: £15 %
SOMIO 1 0,55-0,75- 0,8-1x1y
HE3aJIe)KHOIO .
Tounictb: +10 %
BUTPHUMKOIO 4acy i
EnexTpoHHe t.,=0,1..0,8c Tax t =k/l

HaJamTyBaHHS: |¢ 5 =
0,2...1xly , (xpox 0,1)

(xpox 0,01 ¢)
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Taomuusa .5 — Xa

aKTeprcTHKa po3uirutoBadiB EKip M-LIU

DYyHKIIIS 3aXUCTY [Topir copamtoBanus Yac crnpamro-Banas | Mox- | OyH-
JIMBICTH | KIS
BUMKHe-
HHS
L -Bin Pyune Pyune Hamamry- - t = k/I°
NepPeBaHTAXKEHHS 3 HaJIalITyBaHHS BanHs: Kiacc
OOCPHEHO-3AICKHOIO | |, =04, 1xI, CIPALIFOBAHHS
. ” .p .
BUTPUMKOIO Hacy kpok 0,04 TOUHICTS: 3E, 5.E, 10E, 20E;
CHPAIIOBAHHSA 3TI/THO | crnarroBaHHS MiK TouHicTh:
IEC 60947-4-1 L
£20 % Bix 2 ly
I-Big K33 Pyune Hamam- | MuTTeBe - t=k
pETyIhOBAaHUM TYBAHHS: | p= | CIPALIOBAHHS
MOPOTOM 1 MUTTEBUM
CHgaL[IOBaHHHM 6...13ly p kpoK 1
Tounictb: +20 %
U - Bix mepekocy Pyune Pyune nanamry- Tak t=k
¢daszHoro ctpymy abo | HaJalITyBaHHS: BaHH: t6=2 c SKIIIO
oOpuBy (dasu, 3 16=50 % I1 YBIMKHEHO
HE3aJIe)KHOIO SKIIO YBIMKHEHO | TOYHICTB:
BUTPUMKOIO 4acy Tounictb: £15 % | +10%
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Taomug .6 — HominaipHa BUMUKAJIbHA 31aTHICTH aBTOMATIB Tmax

Bumukau | Xapakrepuctuka | pazHuii cTpyMm, KA MDK(pa3HUN CTPyM, KA
Tl BCN 2540 50 16 25 36

T2 NSHL 65 85 100 120 36 50 70 85

T3 NS 50 85 36 50

T4 NSHLV 70 85 100 200 200 36 50 70 120 200

TS NSHLV 70 85 100 200 200 36 50 70 120 200

T6 NSHL 70 85 100 200 36 50 70 100

T7 SHLV 85 100 200 200 5070120 150

Tabmung 1.7 — Xapakrepuctuka posuiruioBadiB PR221DS aBTomatnyHmx

BUMHKA41B Tmax

®yukuis 3axucty | [Hopir crparroBanss] Yac copauto] Mox- | OyHkiis
BAHHA JIUBICTh

BUMKHE-
HHS

L - Bin Pyune Pyune - t = k/I°

NEPEBAHTAKEHHS 3| HAJIAIITYBaHHS: HaJIAIITyBAHHSL:

00EpHEHO3AJIEIKHO len=0,4... 1%y teyg =3, 6 cmis

IOBUTPUMKOIO Hacy _

CIIPAIFOBAHHS kpok 0,04 1=6 lc.n (T2)

3T1JIHO CTaHJAPTy ten=3,12 ¢ nua

IEC 60947-2 1=6 Ic ; (T4, TS)

S-Bin K33 Pyune te=0,1,025¢ | Tax t = k/°

3aJIC)KHOIO HaJIAIITyBaHHS: (7751 CTpYMY

BUTPUMKOIO 4acy || . .=1..10x |,

(t=k/1%) (Bcworo 15 3HaI‘)ICHB Blizp)

I-Big K33 Pyune MuTTteBe Tax t=0

peryJbOBaHUM HAJTAIITyBaHHS: CTIpaIIOBaHHS

TOpOroM i lo5=1...10% Iy

MUTTEBUM

CHpaLIOBaHHSIM
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Tabmung .8 — Xapakrepuctuka posuirunoBauiB PR222DS/P aBromatnynmx

BUMHUKAYIB | Max

Oynkiig 3axucty | [lopir cnparmtoBanns | Yac cripaliroBaHHs Mox- |DyHK-
JIUBICTH |L{151
BUMK-
HEHHS
L - Big nepeBanTta{ Pyuyne nanamryBanus: | Pyyne HanamryBaHHs:| - t =k/I°
KEHHS 3 00CPHEHO1 lon=04..1xI4 teon=3-6-9-12 (18) ¢
3aJICXKHOIO0 kpok 0,02 TouHicTh: | qg | =6 I
BUTPHUMKOIO Hacy CITpaltOBaHHS TouHICTE: ’
Mmixk 1,05...1,3 lc +10 %
Enexkrponne Enexkrponne - t =k/I°
HaJamTyBaHHs: | ; = | HamamryBaHHs: to ; =
0,2...1x Iy p 3.18camsa 1 =61,
kpok 0,01 kpok 0,5 c.
S-Big K33 Pyune HanamtyBaHHs: | PyuyHe Hanami- Tak t =k/1°
obepHeHo- lc.s =0,6-10%1, TyBauus: t. = 0,05- abo
3QJIEKHOI0 200 (Bcworo 15 ycraBok) | 0,10-0,25-0,50 ¢ t=k
HE3AJIEKHOIO
BUTPUMKOIO 4ac 1 8l
P Y Enexrponne EnextpoHne Taxk t =k/I*
HajamTyBaHHs: |,z = | HamamryBaHHs: t; 5 = abo
0,6..10 I, kpok 0,1 | 0.05..0,50 ¢ t=k
anst 8% |y , xpok 0,01
[-Bi11 K33 Pyune HanamryBanHs: | MuTTeBe Tak |t=Kk
peryJiboBaHUM los =1,5..12 Iy p CIpalfOBaHHs
HOpITOM 1 (Bcboro 15 ycraBok)
MHTTEBUM Enexrponne MurreBe Tak [t=k
CHPAIIOBAHIIM HaTamTyBaHHs: | p = | CHPALIOBAHHA
1,5..12 Iy, (xpok 0,1)
G - Bif PydHe HalalITyBaHHA: | t=()] ¢ s 3.25x%1, .5, Tak t =k/I°
igxiiali{:ﬂ Ha lc5=0,2...1xIy t=0,2 ¢ st 2.25% | 4,
BCHOTO 7 YCTaBOK
HE3aJIEKHOIO ( Y ) t=0,4 ¢ mst 1.6l 5
BUTPHUMKOIO 4aCy t=0,8 ¢ mmsa 1.25%1 ,
Enexktponne 0,1...0,8 ¢ Tak t :k/l2
HaJIallTyBaHHS: (xpox 0,01 ¢)
lc5=0,2...1xIy
(xkpox 0,1)
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Tabmums .9 — YcraBkm marriTHHUX po3zdimumoBadiB TM16D - TM250D
aromatiB Compact NS160/250
lispr A 16 |25 (32 |40 (50 |63 |80 [100 (125 (160 |200 (250

o, A |190[300[400]500(500 500640 [800 |- |- |- |-

NS100
190 {300 {400 {500 [500 (500 (1000|1250 1250 (1250
Ic.er A
NS160 510 lyp
NS250
Tabmuus I'.10 — Xapakrepuctuka posuirunoBadiB STR22  aBTomaris
Compact NS100 — NS250
OYHKIIS 3aXUCTY [Topir Yac cnpairoBanss OyHK-
CITpAllFOBaHHS 1ist
L - Bin mepeBanTameHns |, =0,4...1x Iy, [wot 1,5 ey 90...180 c[t=K
3 00EpHEHO3AIEKHOIO PerysboBana A6l 5..7.50¢
BUTPUMKOIO 4acy 48 1103,
CIIPALFOBAHHS g 7,2 ey 3,2...5,0 ¢
S-Bin K33 leg=2...10 I, [MOCTIiHa; t=k
HE3AJIEKHOIO PérynBOBaHa " [BUTpHUMKa IIepes

BUTPUMKOIO Yacy (t=K) |g o3 BUMKHEHHSIM <=40 McC

TouHicTh: +15 %, [HOBHHN HaC
BUMKHEHHS <=60 MC

I-Bin K33 les>= 1% Iy Murrese t=0
peryaboBaHUM ' " |crpairoBaHHs
IIOPOTOM 1 MUTTEBHM
CTIpPAIIOBaHHIM
Tabmuus I'.11 — Xapakrepuctuka posuirunoBadiB STR53  aBTomaris
Compact NS400 - NS630
@DyHKIIS 3aXUCTY [Topir Yac coparroBaHHs DyHK-
CIIPAIOBAHHS 11151
L - Big mepeBaHTaXKEHHS le.=0.4... 1%y, [Hanp., s |y =250 t=k
3 00EepPHEHO3AICIKHOIO PerynsoBana 34,50 o 1,5 1, o
BUTPUMKOIO Yacy 48 1103.
CITPAIFOBAHHS 1,5..2,0 c ist 6 l¢
1,0...14c o 7,2 lc
S-BinK33 lep=1,5...10 legftes = 0: 0,13 0,2 0,3 ¢; FK
HE3aJIeKHOIO PerynboBana t 60<McC (t=k/1)
BUTpUMKOIO Yacy (t=K) |g yos. BB 7=
Tounicts: +15 % |- =140 mc
I - Bix K3 3 murreBum |CB:1’5_‘_11x|HpMI/ITT€Be t=0
CITPAIFOBAHHAM 8 1105. " |cpauroBanns
Tounictb: =15 %
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