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JlabopaTopHa podora

JOCJILIZKEHHSA TA HAJIAT'OJI’KEHHSA
MAKCHUMAJIBHOI'O CTPYMOBOI'O HAITPABJIEHOI'O
3AXHUCTY (MCH3) CEKHIOHOBAHMUX JITHIH 6-10 kB»

I. Mera podoTu:

1. BuBueHHs TNpUHIMITB  PO3paxyHKy 1  BHUKOHAHHS
MaKCUMaJIbHOTO CTPyMOBOro HampasieHoro 3axucty (MCH3)
CEKIIOHOBaHMX JHIK 6-10 kB JBOCTOPOHHBOTO KUBJIEHHS Ta
JIIHIA B3a€EMHOTO PE3€PBYBaHHS.

2. HaOyttss HaBumuok HamaropkeHHs MCH3 1 crtBopeHHs
NPUHIMIIOBUX  CICKTPUYHUX  CXEM  PEeJIeHHOro  3aXUCTy
SIIEKTPUIHIX MEPEK.

II. 3BiT mo po0oTi NOBHHEH MaTH:

1. Mery pob6oru.

2. llpunnumnoBy  cxemy aiHii 10 kB B3aemHOro
pe3epByBaHHs, puc. 1.

3. IMacmiopTHi mAaHi pene 1 mpuaiis.

4. Po3paxyHKH YyCTaBOK pejie CTPyMy 1 Hacy peJeiHoro
3aXUCTy JJIS BUMHUKadiB 5 1 6, 3po0neHux 3rigHo Tadmwmmi 1 Ta
cxemu, puc. 1.

5. Xapaktepuctuky vacy cnpamtoBanas MCH3 myHkTiB 2-8
mepexi 10 kB, puc. 1, moxi6uo 1o [ 1, ctop. 312, puc. 10.21]

6. IIpyHIMIIOBY ~ €NEKTPUYHY CXeMy Yy JBodasHOMY
BUKOHaHHI BUMHKauiB 5 1 6 (mynkry [TIABPJI) puc. 1, crBopenux
BignoBigHO 3 BUMoramu €CKJI.



III. TlosicHeHHs 10 poGOTH

CinbCbKi  pO3MOALIBHI  eNeKTpu4Hi  Mepexi 6-10 kB
BIJPI3HIIOTBCA BiJ] Mepex enekTpudikamii MicT, MPOMHUCIOBHX
HiANPUEMCTB 3a CBOEK KOHQIrypauieio Ta JOBXKUHOI. CUIbChKI
JIHIT MarOTh 3HAYHY KUTBKICTh TYITMKOBHUX BIATATy>KEHb 3 MaJTUMHU
HaBaHTAKCHHAMHU. Bemukuit omip JiHIA CTBOPIOE  YMOBHU
KOPOTKOMY 3aMHKaHHIO, SKi MPUBOASTH JO MalMX KPAaTHOCTEH
CTPYMIB 10 BiJHOIICHHIO 0 poOoumx cTpymiB. JIiHIT mpaIoTh
SK pafianbHi. 3 JABOCTOPOHHIM JKHUBIICHHSIM, B HOPMaJIbHOMY
peXuMi, IO LIIOMY PsIly NPUYMH JIiHIT HE MPaLiol0Th. 3a TaKoi
OynoBu niHiii PEM, 3a06e3neunTy HaiiiHICTh €IeKTPOroCcTauaHHs
BCIM TPHOM KaTEropisiM CHOXHBayiB, 32 BAMOTaMHU HaJlIHHOCTI, HE
MoxuBo. JliHii OyayloTeh Tak, 00 BOHM Malld pe3epBHE
JKUBJICHHS BiJ CYCIJTHIX TIJCTaHIIA a0o0 JpKepena KUBJICHHS . 3a
JOKEPEI0 KUBJICHHS TPUUMArOThbes TifacTaHiii Hampyror 110-
35/6-10 kB. Big mmH 6-10 kB Bigxoaars aexinbka aigii 6-10 xkB.
st [T IBALIEHHS HaIIHHOCTI €JIEKTPOIIOCTaYaHHs
BUKOPUCTOBYIOTh Pi3HI OpraHizalifHO-TeXHI4H1 3aXO0/IH.

OmHuM 13 OCHOBHHX 3axOJIB INJABUINEHHS HAaIIHHOCTI
eIIEKTpOTIOCTauaHHsa € aBToMaruzamis PEM. ABromaruszoBaHuit
PEM saBnse co00r0 CKIaJHy BIJHOBIIOBAIbHY CHUCTEMY
Oararopa3oBoi  aii. ABTOMaTH30BaHAa  pO3MOAUIHHA  JIHIA
CTBOPIOETBCSA Tak, Mm00 Oyja MOXJIUBICTH aBTOMAaTHYHO
MIJIKJIFOYAaTUCh 10 JIiHIT pe3epBHOrO >KUBJICHHS, TOOTO 10 1HIIOT
mijgcranii (Tpancdopmaropa).

Taki niHii B3a€MHOTO pe3epByBaHHS MarOTh MariCTpalbHy
YAaCTHHY, SIK TIPABHJIO, BUKOHAHY MOCTIHHUM TIEPEepi3oM MPOBOIY
[4] 1 monineHy 3a JOMOMOTOK KOMYTAIIMHMX amapariB Ha
nexinbka AinsHok (puc. 1). Ilpu KOpOTKHX 3aMUKaHHSAX, a00 mpu
BUKOHAHI PEMOHTHHUX pOOIT, 0€3 CTpyMy B3aJIMIIAETHCA TUIBKU
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NUITHKA JHHIT MDK aBTOMATU4YHO JIIOYMMH BHMHUKAYaMH.
HapiitHicTh enekTpornocTayaHHs 3HAYHO M1BUITYETHCSI.

B sKocTi aBTOMarW4HO MiIOYUX KOMYTAI[iHHUX BHUMHKAYiB
BUKOPHUCTOBYIOTHCSI ONIMBOBI a00 BakyyMHI BHMHUKadi, SKi
MOHTYIOTh y CHEIiaJbHUX madax 1 yCTaHOBIIOIOTh Y BUOPAHHUX
MicIx [2].

CekmiiiHi  mpUCTpoi 3 BaKyyMHUMH  BUMHKa4aMH
Ha3UBAaIOThCS peEKIIoy3epami [3].

[Tpu aBromaTuzamii PEM ycknanHiO0OTHCS:

- CXeMH eTIEKTPOIOCTauYaHHS;

- TIPUCTPOI PETICHHOT0 3aXHCTy, aBTOMATHUKH, TEJIEMEXaHIKH
(moTpiOHO mepenaBaTu iHGOpPMaLi0 HA TUCIETYEPCHKUI MyHKT
PO CTaH E€JIEMEHTIB MEpExi).

B kommiekci BUKOpHUCTAaHHS BCiX HEOOXIIHHUX amapariB i
MPUCTPOIB CTBOPIOIOTHCS MMyHKTH aBTOMATUYHOTO CEKI[1IOHYBAHHS
(ITAC) Ta myHKTH aBTOMaTUYHOTO BBIMKHEHHS pe3epBy ([IABP),
SIK1 MAIOTh JIEKUIbKA PI3HOBUIIB SIK 32 BUKOHAHHSM 3aBJIaHb, TaK 1
HAsSBHOCTI TEXHIYHOTO O0JIaTHAHHS.

B HopmanbHOMYy pexumi JiHii 6-10 kB B3aemnoro
pe3epByBaHHS MPaLOOTh K padianbHi, BuMukad 4 [TABP (puc.
1) — BUMKHEHUH.

[Ipu 3umkHeHHi Hanpyru Ha mmHaX 10 kB PTII1 a6o PTII2
3axucToM MiHiManeHOT Hampyru ( < H ) BuMHKaeTbcs 3
BUTPUMKOIO 4Yacy OUIBIIO 3a Yac CHPAIIOBAHHS 3aXUCTY
MiHIMaJIbHOI Hanpyru BUMHKa4d 2 abo 8. CrpainboBye MpUCTPId
ABP 4 nynkty [TABP. fkmo Ha quisiHKax MiK BUMUKadamu 2 -
3,3-42a6o4 -5, 6— 7 Oyae crilike KOPOTKE 3aMUKaHHS, TO
CTPYMOBHI 3aXUCT TOJA€ CUTHAI HA BHUMHUKAHHS BHUMHKAUiB
BiJIMOBIAHUX AUISHOK 3 KOPOTKHM 3aMHKAHHSIM.



HanaromkeHHs 3aXHCTIB 32 CTPYMOM 1 4acoM BiOyBaeThCs
s HAMOUTBII  BaXXKOTO  peXHUMYy  poOOTHM  JHIA  —
OJTHOCTOPOHHBOTO JKUBIICHHS 000X JiHIM BiJ OJHOTO JKepena,
BUMHUKa4 4 BBIMKHEHUH. JIJIs MOCHTIIOBHO PO3MIIIEHUX 3aXHCTiB
BUTPUMKY 4Yacy BHOHMpAIOTh 3a YMOBH BHKOHAaHHS BHMOT
CEJIEKTHUBHOCTI:

¢ =t +At, (1)

ne t BUTPUMKa 4Yacy CHpalOBaHHS HACTYIHOIO

n+l =
MaKCHUMaJIbHOTO CTpyMOBOTO 3axucty (MC3);

f” - BUTPHUMKaA qacy MOonepeaAHbOro MaKCHUMAaJIbHOI'O

CTPYMOBOT'O 3aXUCTY;

At - CTYTIIHb CEJIeKTUBHOCTI, IKMH MPUIMAIOTh TAKUM:

JUIS  3aXUCTYy 3 HE3QIEKHOK  XapaKTEPUCTHUKOIO
HamniBnposigaukoBux pene 0,3...0,4 ¢, enekrpomarnitaux — 0,5 c,
st pene Tuny PT-85 B He3alle)kHIM YacTHHI XapaKTEPUCTHKU —
0,6 c, B 3anexHil - 0,8 ¢, st pene tuny PTB — 1c.

Jmst  cxemu (puc. 1)  CENEKTHUBHOTO  BiIKJIIOYCHHS
MOIITKODKESHOT TUITHKU MK BUMHUKa4aMy TTOBHHHA BUKOHYBATHCh
yMoOBa:

- npu xkuBJeHHI niHid Big PTII

L>t >t >t >, (2)
- npu xkuBJIeHHI HiHid Big PTII 2

L>t, >0 >t > (3)



I3 amamizy ymoB (2 1 3) BUXOAWUTH, IO TIOCHIJOBHO
BCTAaHOBJIEHI B JIHIl B3a€EMHOrO0 pE3epBYBaHHS 3aXUCTU
MNOJUISIIOTbCS HA TPH TPYIIH:

- BHUTPUMKA 4Yacy HE 3aJIeKHUThb B HaNpSIMKYy IOTOKY
MOTY>KHOCTI (CTpyMy), BuMuKadi 1,217, §;

- BUTpPUMKA 4Yacy 3aJleXHUTh BiJ] HaOpsIMKy TOTOKY
MOTY>KHOCTI (CTpyMy) — BUMHKadi 3, 5, 6;

- BHUTPUMKa Yacy TOCTIMHA MPHU 3MiHI HANPSMKY IOTOKY,
BUMUKay 4, myHKT ABP.

YMoBHI no3HavYeHHs 10 puc. 1:
CB — crpymoBa Bijciuka, il Homep;
MC — makcumanbHUN CTpyMOBHi 3axuct, MC3;
H< - HynboBUil 3aXuCT, Aif0uMii HA BUMKHEHHS BUMHKada IpU
3HUKHEHHI HAMPYTH;
CH — makcumanbHMi CTpyMOBUI HanpasieHui 3axuct MCH3;

- HAIPSMOK JIii 3aXHCTY;

Q - ciosxuByl TpanchopmaTopHi miacTanuii 10/0,4 kB;

-BAT/I — BosibTO10IaTKOBUI TpaHCHOPMATOP
JBOCTOPOHHKOT [Iii (HAIpaBICHOCTI)

I:I Q1I- Bumukau 10 kB;

JC — mxepeno cTpymy;

ITAC — npucTpiii aBTOMaTHYHOTO CEKI[IOHYBaHHS JiHIMH;

CIK — cnoxuBayi eneKTpUYHOI €Heprii meprioi Kareropii mo
BHMOTaM HaJIHHOCTI €JIEKTPOIIOCTAYaHHS;

ITABP — npuctpiii aBTOMaTUYHOTO BBIMKHEHHS PE3EPBY;
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AIIB — aBTOMaTH4HE MMOBTOPHE BBIMKHEHHS;
ITABPJI — npuctpiiif aBTOMaTHYHOTO BBIMKHEHHS PE3€pBY JiHi;
CHB - wmakcuManbHM CTPYMOBUN HAaNpaBICHUH 3aXUCT
(BHYTpilIHINi), [ifOYUA  OJHOYACHO HA  BUMKHEHHS
BUMHKaYiB 5 1 6 1pH K. 3. B 30H1 K2.
IIpu cTBOpEHHI CXEeMH KMBJICHHS CTOXHMBAYa nepuioi

Kareropii 3a HaikHic } MOTPiIOHO TaKOX
KOHTPOJIIOBATH HANPAMOK IOTOKY MOTYKHOCTI MiX JBOMa
BUMHUKauaMu 5 1 6.

Jns 3axucty panianbHux ¢igepiB Hampyroio 6 - 10 kB y
OaraThox Bunaakax MC3 BUKOPHCTOBYIOTHCSI B JBOCTYIICHEBOMY
BapianTi. Bzarami MC3 BHUKOPHUCTOBYETHCS $AK CaMOCTIHHMIA
3axucT ¢igepis Hanpyror 10 35 kB. [Ipu 3axucTi pigepis 110 kB
1 Bume MC3 BHKOPUCTOBYETHCS SIK €JIEMEHT B KOMILUIEKC
3aXUCTIB.

MC3 BUKOPUCTOBYIOTHCS HE TUIBKHA MJis 3aXHCTy (ifepiB
(TOOTO TOBITPSIHUX 1 KaOENBHUX JIIHIA €JeKTpornepeaadl), aie i
IS 3aXUCTY TpaHC(HOPMATOPiB, TEHEPATOPIB 1 €IEKTPOABUTYHIB.

st T IBUILIEHHS HaIMHOCTI €JIeKTPOINOCTaYaHHs
CMOXHMBAYiB, OCOOJIMBO SIKIIO BOHH MalOTh EJICKTPONpHiIMayiB
Apyroi Ta mepmoi KaTeropii, BUKOPHUCTOBYETHCS JIBOCTOPOHHE
JKUBJICHHS, a 1HOJMI XUBJICHHS 1 3 BEJIUKOK KIJBKICTIO CTOpIH.
301IbIICHHS] KUTBKOCT1 JPKEeper MOPOHKYE NOAATKOBI BUMOTH JI0
MC3, ycknaaHo€e po3paxyHOK 1 BUOIp yCTaBOK.

Posrisinemo cxemy 3 ABOCTOPOHHIM *HUBJICHHSM CIIOKHBayiB

(puc. 2).



ErexmpuyHa Ki o EnexnpuyHa
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Pucynok 2 — Cxema 3 ABOCTOPOHHIM KUBJICHHSIM

CIIOKUBAYiB

IIpu BuGoOpi mnapamerpiB cnpamoBanHs MC3 JI2 moxe
BUSIBUTHCS TaKa CUTYaIlisl, IO CTPYM I/ (K. 3. «3a CITUHOI0» MOXKE
OyTH OUTBIIMM CTpYMY /2 TIpH K. 3. Ha JI2, mio 3axumaerscs. Le
o3Hayae, 1o TpH K. 3. Ha uyxiil [1JI cnpamroe MC3 JI2 1 BUMKHE
ii, OTHOYACHO 3aXWCTH JI/ BUMKHYTH 1 IO JIIHIIO. Y pe3yibTaTi
OyJie OpyUIEHUH MPUHIIUIT CEIEKTUBHOCTI 1 OyIyTh BIIKIIOYCHI
cmoxkuBaui  H2. Jlna 3a0esmedeHHs cenektmBHOCTI MC3
HEOOXITHO HAaBYUTUCS PO3PI3HATH CTPpyMH L 1 L. Jns mporo
300pa3umo 11i cTpymu giarpamoro (puc. 3). [Ipu k. 3. Ha JI2 cTpym
K. 3. (Ix2) Oynme BigcTaBaTu BiJl 3QJIMIIKOBOI HANpyrd Ha KyT
Onmu3pkuil 0 Kyta JiHil (). SAxmo x k. 3. Ha JII, MC3 JI2
crpuiimMae ctpym Ix; SK CTpyM, IO HAE B HPOTHICKHOMY
HarnpsMKy. JIiHis 3 IITPUXYBaHHSIM, 1110 TPUMHUKAE, PO3ILISE BCIO
IJIOIIHMHY, Ha SIKIH MOXXYTh PO3MIIIYBAaTHCS CTPYMH K. 3. Ha JIBi
YacTUHU. 3amTpuxoBaHa o0jacTek BiamoBigae 61okyBanHio MC3
JI2, He 3amTpuxoBaHa o01acTh BiAMOBinae 103Boiy podoru MC3
JI2.

[Tpuctpoi MC3, siki pearyioTh Ha (a3oBi CHiBBIJHOIICHHS
MK HaIllpyroro i CTpyMOM K. 3. Ha3MBalOTh HampaieHumMu MC3
a60 MC3 3 KOHTpOJIEM HAMPSAMKY MOTY>XKHOCTI (Ma€eThCs HA yBasi
MOTYKHICTH K. 3.) (MHC3).
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Pucynox 3 — liarpama cTpy™miB

Enementn HampamneHHs (pene HampaBJCHHS MOTY>KHOCTI)

CIpaIbOBYIOTh MPHU MPOXOKEHHI CTPYMIB BiJl IIWH ITiICTAHII 1
OJOKYIOTh IO 3aXHCTy TIpU HANPSIMKY CTPyMy [0 IIUH
M1 ICTAHIII].

MCH3 B cBoeMy CKJIaJll Ma€ Taki €IEMEHTH:

BUMIPIOBAJIbHUH — CTPYMOBE peie;

KOHTPOJIIO HAMIPSIMKY HOTY>KHOCTI — pejie MOTY>KHOCTI;
JIOT1YHUH 3 BUTPHMKOIO Hacy - pelie yacy;

BUKOHABYHMI — MPOMIKHE perie;

BKa3yIOUW — BKa3yrodi pesie a00 CUTHAIBHI JIAMITOUKH.

MoMeHT chpamroBaHHS 1HAYKIIMHOTO pelie TMOTYXKHOCTI
3MIIIAHOTO THITY BU3HAYAETHCS 3a (popmyioro [2]:

M, = K'Up .]p -sin(y —(pp), 4)

ne K - koedillieHT KOHCTPYKTUBHHUX OCOOJUBOCTEN perie;
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U , - Hampyra, sika MiIBOJAUTHCS 1O OOMOTKH perie;

I, - ctpyM 0OMOTOK perie;

¥ - KYT 3CyBYy MK BEKTOPOM HANpyTu 1 CTPYMOM KOTYIIKH
HaIpyrH;
@, - KYT 3CyBYy MDK BEKTOPOM HAIIPyTdl i CTPyMOM KOTYIIKH

CTpyMy.

Pene moryxHOCTI MOXe OyTH OZHOCTOPOHHBOI il
(cpamroBaHHs), 1 Taki pejie BUKOPUCTOBYIOTHCS IS CEKI[IHHUX
BumukadiB Buny I[TAC, puc. 1. [[ns 31BO€HMX BUMHUKAYiB, Bij
3’€HYBabHUX IIWH SKUX BIAXOIUTH IiHIS JO CIOXUBada
nepuioi Kareropii, BUKOPUCTOBYIOThCS peJie IBOCTOPOHHBOI i,
TOOTO MpH K.3. B 30HI TOUkK K2, puc. 1, BumMuKkadi 5 i 6 mOBUHHI
BUMKHYTUCh. OOMOTKa KOTYIIKH Hampyrd pejie MOTYXKHOCTI
MOX€ BMHKATHCh Ha JiHIWHY 1 ¢a3Hy Hanpyry. Tomy cxemu
MiJAKTIOYEHHs] 0OMOTOK HANpyTH i cTpyMmy mofinsoTs Ha 90°, 60°
i 30°-rpagycui. Ha knmemax pene MifKIIOYeHHS TIeHEpaTOpHi
3aTHCKaYl MO3HAYal0Th 31poukoro «*». Ile mae 3mory cnpoctutu
BUKOHAHHSA MOHTa)XHUX Ta BUNPoOyBaabHUX pobiT MHC3.

B 3B’s3Ky 3 THM, 110 TpU K. 3. mo6au3y ycranoBku MCH3
Hampyra 3HUXKYEThCS OO0 HYJS, pelie TMOTYKHOCTI MOXE He

cnpantoBat: U = 0,M . = 0, TOOTO 3aXUCT Ma€ ,,MEPTBY 30HY .

Tomy Ha mpakTHUIli BHUKOPHUCTOBYIOTH  Pi3HI  THIH
HaMiBIPOBITHUKOBUX MOAYJIHHUX 3aXHCTiB, SKi Maike HE MalOTh
,MepTBoi 30HK1”. CekuiitHi nyHkTa [TAC Ta mynktu ABP HOBOTO
MOKOJIHHSA, TaK 3BaHI pekjoy3epu [3], MaoTh 3HAYHO Kparli
TEXHIYHI XapaKTepUCTHKH, Yy TOPIBHSAHHI 3 THUMH, IO
BUKOPHUCTOBYBaJIMCh Ha 0a3i mad tumy KPII-10, ane mpunmunmm
PO3paxyHKy CHpaIIOBaHHS 3aXUCTY 3IUIIHINCH KIACHYHI.
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Bukonanas MT3 3 KOHTpoieM HampsiMKy MOTYKHOCTI,
BHUMarae CTBOpEHHs (a3z0uyTIMBOIO IPUCTPOIO, KU1, MOXKe OyTH
BUKOHAHO B €JICKTPOMEXaHIYHOMY BapiaHTi.

Icnye Oarato BapiaHTIB KOHCTPYKIIH pele HamnpsMKy
MOTY>KHOCTI.

Pene nanpamxy nomyosicnocmi.

Jns Toro mo0 BH3HAYMTH HANPSIMOK TMOTYXHOCTI, IO
NepeaaeThCsi KOHTPOJIHOBAHOIO ENEKTPUYHOI0 MEPEkKEI0, B MICII
YCTaHOBKHM 3aXMCTy BHUKOPHUCTOBYIOThH CIICLialbHE pele - pene
Hanpsamy nomyxchocmi. BHUKOPHCTOBYETBCS pelie  HaIpsIMy
MOTY>KHOCTI IBOX BUIIB: 1HAYKIiHHI (cepiit PBM-170 1 PEM-270)
1 MikpoenekTponHi (turry PM-11 1 PM-12).

[Haykmiine pene HampsMy TOTYKHOCTI Ma€ JBI OOMOTKH,
PO3MIIIEH] HA IMOJII0CAX 3aMKHYTOI'O CTaJIeBOTO MAarHiTOMPOBOIY
1 (puc. 4).

OpnHa 3 HEUX, cTpyMoBa (4) BMUKaeThCs y BTOpuHHI koja TC,
1 cTpyM B Hiii (/,) BU3HaYaeThcss BTOpUHHUM cTpymMoM TC.

Hpyra - moteHriiiHa (5) - MIOKIIOYAETHCS 10 BTOPUHHOT
oomoTku Tpanchopmaropa Hampyru (TH), 1 ctpym B HiH (In)
nponopiiiaui  miaBeAeHid Hamnpy3i (Up). Mix momocamu
po3TalnioBaHe BHYTPIIIHE CTaJeBe Ocepas 2 NUIIHAPUIHOI popmu
1 amoMiHieBuil porop 3, skuii Mae gopmy crakana. Ha poropi
3aKpIIUIEHO KOHTAaKTHUH MicTOK 6. [Ipy HampaBieHHI MOTYKHOCTI
K. 3. BIJl IIMH B JIHIIO el MICTOK 3aMHKa€ HEPYXOMi BHXIiJHI
KOHTaKkTH 7 (pene crpanboBye). [loBepHeHHS pene BigOyBaeTbcs
1T BILTMBOM TIPOTHIIT IPY>KUHM 8.

MarsiTHi TTOTOKH, CTBOPIOBaHI KOTYIIKaMH 3 BiAMOBIIHUMH
CTPyMaMH, 3CyHYTi B ipocTopi Ha KyT 90°. B3aemoist HOTOKIB 3
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Pucynok 4 — CtpykTypHa cxema iHAyKIiHHOro pene
HaNpsIMKY MOTYKHOCTI
1 - cTaneBuit Mar”HiTONpOBI; 2 - cTajgeBe oceps; 3 -
ATIOMIHIEBUH POTOD; 4 - CTpyMOBa OOMOTKA; 5 - MOTEHIIIHA
00MOTKa; 6 - KOHTAKTHHI MICTOK; 7 - HEpPyXOM1 BUXIHI
KOHTaKTH; 8 - MPyKUHA.

CTpyMaMH, 1HJIYKOBAaHHMMH HUMH B POTOpPi, CTBOPIOE OOEPTOBHIA
MOMEHT, SIKHIA 3MYIITy€ POTOP MOBEPTATHCS.

SAkI10 Mar"iTHI TOTOKW MAaOTh CHHYCOITAIbHY (OpMY, TO
00epTOBUIf MOMEHT

M, ~D - -D,-siny, (5)

obep.

ne @; 1 @y - MarHiTHI MOTOKH, SIKi YTBOPIOIOTHCS CTPYMOBOIO
KOTYIIKOIO 1 KOTYIIKaMH HAIPYTH BiJIOBITHO;

W — CNEKTPUYHHN KyT MK MarHiTHUMH MOTOKaMu @y 1 Dy.
Ha puc. 5 moka3zaHa BeKTOpHa Jiarpama, sika IOosICHIOE
NPUHIUI i pede.

14



TpuitHaTi HacTynHi no3HauenHs: [, i Uy - BEKTOpH CTpyMy i
HAIpPYTH, MiJBEICHI 10 pene; ¢, - KyT Mix Bextopamu I, i U,
KU BU3HAYAETHCS MapaMeTpaMH CHIIOBOI €JEKTPUYHOI Mepexi
Ta CXEMOIO BKJIIOUEHHS pene; [y - BEKTop CTpyMy B IOTEHIIiHHiiA
KOTyHIi pene; « - KyT Mk Bektopamu Iy i Uy (KyT
BHYTPIIITHBOTO 3CYBY), SIKUM BHW3HAYAETHCS CITIBBITHOIICHHSIM
AKTHUBHOTO 1 PEaKTUBHOTO OTIOPIB KOJIa MOTEHIIIHHOT KOTYIIIKH.

Bpaxosytoun, mo @, ~1,,®, ~1, ~U,,a y=a—-¢,

MOYKHA OTPHMATH:
M, =k,-1,-Uy-sin(a—g,). (6)

Y upoMy BHpazi k, - TOCTIHHUN KOE(]IlieHT, 110
BU3HAYAETHCS Napametpamu pene, a [, -Uy -sin(a@—¢@,) =S, -

MOTYKHICTh Ha 3aTHCKayax peJe.
OT1xe, 00EpPTOBHI MOMEHT peJie MPOMOPIIHHII MOTYKHOCTI:

M

obep.

=k,-S,, (7

TOOTO pesie pearye Ha MOTY>KHICTb.

OO6epToBHI MOMEHT peJjie TOPIBHIOE HYIIIO, KOJH Sin (0 - ¢p)=

3Bigcu BumuBae, Mo Mosep. = 0, SKIIO @, =a 1upu
Bi[ICTaBaHHI 1 KO @ =(a+180°) npu BHNEpEIKEHHI

BexTOpoM [, Bektopa Ul

Jlinisi, posTamoBaHa migy UMM KyToM 10 BekTopa Up,
HA3UBAETHCA JIIHIEIO HYJILOBUX MOMEHTIB a00 JiHi€0 3MiHU 3HAKA
momenmy. Kyt ¢, mix Bektopamu Ip i Uy, npn sixoMy oGepToBmii

15



MOMCHT Ma€ MaKCUMAaJIbHC 3HA4YCHHA, HpHﬁHHTO Ha3UBATUu Kymom

MAKCUMANBHOL YYMAUBOCIL () .

Jlinig, posramoBaHa a0 Bekropa Up mig KyToM @, ,
HA3UBAETHCSA JNIHIEI0 MAKCUMATILHO20 MOMEHMY.

SIkmo BHyTpimHIA KyT a = 0, TO 00epTOBHIl MOMEHT
M, =k, U, -1,-sin(—¢,) B peie NpONOPLIAHNI peaKTHBHIi
MOTYXHOCTI, MIABEACHOI 10 pene (CHHYyCHE pene abo pene

peaktuBHOi moTy)HOCT). Lli pene Bukonyioth Tak, wo M,

NO3UTUBHHUH, SKIIO KYT ¢p<0 (To6TO0 M

=k, U,-1,-sing,).

KyT MakcHManbpHOT 4y TAMBOCTI ISl CHHYCHOTO pene gy = 90°.

Pucynox 5 — BekropHa niarpama iHAyKLIiHHOTO pese

HaIpsIMKY MOTY>KHOCTI.
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Sxmo BHyTpimmHiilt kyT a = 90°, To obeprarounii MOMEHT
_ : 0 _
M()ﬁep. - kl) ’ UH ) IP ) Sln(90 - ¢I7) - kl’ ) UH ) II’ ’ COS ¢F'
NPONOPIIMHUN aKTHBHIM TMOTYXHOCTI, fKa MiJBEeleHa 10 pele
(kocunycne pene abo pene akmugHoi NOMyHCHOCMI).
JInst KocurycHoro pene gyy = (V.

CTpyMOBi HanIpaBJIeHi 3aXMCTH.

HampaBneni 3axucTh BCTAHOBIIOIOTHCA HA  JIHIAX 3
JBOCTOPOHHIM >KMBJICHHSIM.

Ha niHigX 3 TBOCTOPOHHIM KUBJIEHHSIM BUKOPUCTOBYIOTHCS:
CTpyMOBI BiJICIUKH.
Hanpasnenuii MakCUManbHUN 3aXUCT.
[o3noBxHil qudepeHiaTbHIN 3aXHCT.
JlucTaHIIMHUI 3aXKCT.

A e

Bucoxo4yacTOTHHN 3aXUCT.

Ilepmiyii cTYniHbL 3aXHCTY.

CrpymoBa Bijaciuka 0e3 BUTPHUMKH Yacy Mae€ CEEKTUBHICTb
Ha JIHIAX 3 ABOCTOPOHHIM XHUBJIEHHSIM. BoHa BUKOPHUCTOBYETHCS
B SIKOCTI1 MEPILOTO CTYMEHIO0 CTPYMOBOTO CIIPSIMOBAHOT'O 3aXUCTY.
Bubip ii ctpymy cripaniboByBaHHS 31HCHIOETHCS 32 BUPA30M:
3)
I,2x,-10 .
ce H K.max” (8)
ne K, — Koeghiyienm Haoiunocmi
Pene  HampsMy  TOTYKHOCTI  BCTaHOBIIOIOTH,  SKIIIO
BUMAraeThCs IMiJBULTUTH YyTIUBICTh CTPYMOBOI BiJICIUKH.

17



JIpyruii cTyniHb 3aXUCTY.

CrtpymoBa BiJCiuKa 3 BUTPUMKOIO 4acCy, IKa BCTAHOBIIIOETHCS
Ha JIIHIT 3 OJHOCTOPOHHIM JXUBJICHHSIM, TAKOXK MA€ CEIEKTUBHICTh
1 Ha JIHIAX 3 ABOCTOPOHHIM >kuBIeHHAM. [Ipu BuOOpi i cTpymy
CIparbOBYBaHHS HEOOXITHO BPaxOBYBATH CTPYMH ITiPKUBIICHHS
BiJl IPYTOTO JDKEpEIia )KUBIICHHS.

[Tpu kopoTkux 3amuKaHHSX B Toukax K/ i1 K2 ctpym [ 1£3)’

KU MPOXOAUTH B MiICLI YCTAaHOBKH 3axUCTy 4/, OyBae MEHIIUM

oT (3) ](3) . .
PyMiB ] i i 33 DaxXyHOK CTPyMy «HIJDKUBJICHHSD) BlJ

re"epartopa G2.
3 3)
I, I,

Bigxomenus W =€, B
k [k )
€ o

A

eé 5 Ha3uBaKOTh

KoeillieHTaMHl CTPYMOPO3IOAIJICHHS.
Ix BpaxoByrOTH TP BHOOPi CTPYMYy CIpAIlOBAaHHS IPYroro
cTymneHto JiHii Al.

11 1
IcsAl _Km()ﬁ K I

I (3)
I 3A1_K8106 K Ik.m'

g

7 ATl g AZ
8 4 L
OO0 =
A3
& ]
O—C 2
e

Pucynok 6 — CxeMa 1BOCTOPOHHBOTO KUBJICHHS
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TpeTiii cTYNiHb 3aXUCTY — MAKCMMAJLHUI CTPYMOBHUI
3aXHUCT.

J1is ceneKTUBHOI i B MEpekax 3 TBOCTOPOHHIM KUBJICHHIM
MC3 n0mOBHIOETHCS BUMIPIOBAJIBHIM OPraHOM HAaIPaBJICHHS
notyxkHocTi KW. Takunii 3aXuCcT Ha3UBa€ThCSI CTPYMOBUM
HaIpaBJICHNUM.

BumiproBasibHI €IEMEHTH 3aXHCTY:

1. Makcumanbhe pene ctpyM — PT-40.

2. Pene HanpaBieHHS MOTY>KHOCTI.

3axucT pearye He TUIbKM Ha 3HAYEHHS CTPyMY B €JIEMEHTI,
ae 1 Ha Horo a3y BIJHOCHO HAmpyrd Ha IIMHAX Yy MiCII
YCTQHOBKH 3aXHUCTY.

CenexktuBHa il 3axuCTy 3a0e3MeuyeTbcs BiJMOBIIHUM

BMHKaHHSM OpTraHy HalpaBjeHHS TOTYXKHOCTI 1 BHOOpOM
BUTPUMKH Yacy.

HpuHnun aii 3axucry.

[Ipu 3amukanni B Oynp sKid Todrmi ¢aza CTpyM MPOTIKae
yepe3 3axXucti A1 i A4 He 3MiHIO€ThCsI. TOMy 1li 3aXMCTH MOXKHA
BUKOHYBaTH 0€3 pejie HalpaBJiICHHS MOTY>KHOCTI.

'
¢

e
-

JON
Anl
N 3
10

Pucynok 7 — Cxema po3cTaBJI€HHS 3aXUCTIB

19



daza cTpyMy IpH MEpPEMIllIeHHI TOYKH K. 3. Big K/ mo K2 B
3axuctax A2 u A3 B3MIHIOETbCS Ha TpoTwiexkHy. lle
BUKOPUCTOBYETHCS B HAIIPABJICHOMY 3aXHCTI.

Pene HampaBiieHHS MOTY>KHOCTI 3aXUCTy A2 CHIpalbOBYy€e MpPU
3cyBY (a3 BiIMOBIIHOMY K. 3. B T. K/, a A3 — nipu 3cyBy (a3,
BIJIMOBITHOMY K. 3. B T. K2.

I[Ipu k. 3. B T. K/ cripanibOBYIOTh BHUMIPIOBIBHI OpraHU
3axuctiB A1, A2, A4.

JIisl  CeNeKTHBHOTO BIAKIIOUEHHS JiHIT AH Yy3TOIKYIOTh
BUTPUMKH Yacy 3axUCTiB A/ 1 A4.

IIpu k. 3. B T. K2 crpaibOBYIOTh BHMIpIOBAIbHI OpraHU
3axuCTiB A1, A3, A4.

Jliss  CeNneKTUBHOTO BiAKIIOUEHHs IiHii BB  y3romkyroTh
BUTPUMKH Yacy 3aXUCTIB A/ 1 A4.

Up n Up F

Ip
a)

st 3axucty A2 s 3axucty A3
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Up' .

I
6 T

st 3axucty A2 st 3axucty A3

Pucynoxk 8 — a) BekTopHi giarpamMu npu 3aMHKaHHI B
touni K/; 6) BekropHi aiarpamu rnpu 3aMuKaHH1 B Toulli K2

MepTBa 30Ha CTPYMOBOIQ HANIPABJIEHOI'0 3aXHUCTY.
[Ilo6 pene HampsiMy TOTYXKHOCTI CHpaIfOBaB, /0 HBOTO

MOTPIOHO MiBOAUTH HATIPYTY:
Up < Ucp.mz'n

[Tpu Tpudaznomy k. 3. B MiCIli yCTAHOBKH 3aXUCTy HaIpyra

nopiearoe 0. SAxmo U » < U. TO peJie MpaIoBaTi He Oy/Ie.

cp.min
3'ABJISIETECA MEPTBA 30HA - 30HA, B MEXKAX AKOI peJie HaNpsSIMKY
MOTY>KHOCTI HE Ji€. 3a BETUYNHOIO 1151 30HA HEBETUKA.

HasBHicTh MepTBOi 30HM € HEIOJIKOM HAmpaBJIEHOTO
3aXUCTY.

IlepeBaraMmm MakCUMAJIBHOTO CTPYMOBOIO 3aXHCTYy €
NMPOCTOTA BUKOHAHHS i 00CJIyTOBYBAaHHS Ta MaJia BapTiCTh.

Jlo HenmoJiKiB BiHOCATHCHA: TpyaHoOW Bix0ya10BH Bijg
CTPYMIB NepeBAHTAKEHHSI; BIIHOCHO NMOBiJIbHE BiIKJIIOYEeHHS
K. 3. (KiIbKa CeKyHA); HEMOXKJIMBICTL CeJEeKTHUBHOI
HAJAIITYBAHHSI B Mepexax 3 JBOCTOPOHHIM JKMBJIEHHSM, a
TAKOK Ha mapajejJbHO Npan4Yux TpaHcpopmaropax i
JiHifX
21



IV. Omnmec JIa0OpaTOPHOrO CTeHAY NPOBeICHHHA
AOCJTiIKEeHb, (PUCYHOK 9).

JlJis BUKOHAHHS TOCTABJICHOT METH TMPOMOHYETHCS MOJEITh
3axHCTy, sKa Jli€ Ha BUMHKA4i 5 1 6, MPUHLIUIIOBOT CXEMH Mepexi,
puc. 1. EnekTpuuHi cXeMH 3aXHCTy 30HpaOTHCS 3a JIOMIOMOTOIO
3’€IHYyBaJbHUX TPOBIJHUKIB, TIOKa3aHUX Ha puc. 9 3
JBOCTOPOHHIMH cTpinkamu. Ha maHem CTeHay BCTaHOBJICHI
€JICKTPOMArHITHI pejie CTPyMy, TMOTYXKHOCTI, 4yacy Ta HpHJIaau i
obnagHanusa. MCH3 nie npu k.3. B Toukax K/ 1 K2 Ha BUMHKaYi
Q1 (BM1) i Q2 (BM2), imiTariiss BUMUKa4iB 5 1 6 cXeMHu Mepexi,
puc. 1. Ha Bumukau QI nie 3aXucT 3i0paHOi cXeMu IpymnH pelne
BEPXHbOI YACTUHU TIaHENi, a Ha BUMUKad (2 — HIDKHBOT YaCTHUHHU.
CtpyMOBi Kola pene CTpyMy 1 IMOTYKHOCTI 30UparoTbCs Bif
TpanchopmatopiB ctpymy Gaszu A. Korymku Hampyru pene
MOTY>KHOCTI TIPUEAHYIOTHCS 70 KJIeM a, B, ¢ TpaHcdopmaropa
Harpyru (100 B) BigmoBimHO 3 BHOpaHUM HAMPSIMKOM
CIpalfoBaHHs mpu K. 3. B Toukax K/ 1 K3. Peme moTy>xHOCTI

migkmodaetbest 1o 90°- Hilf cxemi, TO6TO Hampyra Ha KOTYIIKH
pene monaerbea JiHiHHA. OnepaTMBHUH CTPyM MOCTIHHUA,
Hanpyra 220 B.

V. [IliaroroBka 10 BUKOHAHHS PO0OTH.

1. BuBuiTh MeToaM4YHI BKa3iBKH, po3in I11.

2. O3naiiomTech 3 Ja0OpPaTOPHOIO YCTAaHOBKOIO. 3po0iTh
KpPECJICHHS CXeM Mepexi, puc. 1, 1 mig Her 3po0iTh KPECICHHS
rpadika CEJIeKTHBHOCTI CHpAIIOBAaHHS 3axHCTy, 3pOOJICHHX
3rigHo JaHux Tabmumi 1, pekomenpgamiii [1] i Homepa Opuramgu.
3anuiIiTh NacmopTHi AaHi pene, MpUIaiB.
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3. 3po0iTh KpeciieHHS NPUHIMIIOBOI EJIEKTPHUYHOI CXEeMHU
MHC3 y nBoda3HOMy BHKOHaHHI y BiJIOBIHOCTI 3 BUMOTI'aMHU
ECK/J mns nmynkty ITAC2, BumukauiB 5 i1 6 3 00OB’S3KOBUM
BUKOHAHHSAM IIpOrpaM Jii BUMHKaUiB MPH KOPOTKUX 3aMHUKAHHSIX
B Toukax K/, K2, K3.

4. 3po0iTh  po3paxyHKH TI0  BHU3HAUYEHHIO  CTPyMy
cipartoBadHs pene tuy PT-40/6 3a dopmyroro:

] _KH-KCX-KS-I
> n K

mc n

p.max , (9)

ne K,=1,2 — xoediuieHT HagiifHOCTI;

K,_= 1 — xoediuieHT cxemu 3’€JHaHHS TpaHCHOpMATOpiB

cx

CTpyMy,
K, = 1,2 — xoediuieHT 3amacy, SKHM BpaxOBYIOTb

3
30UIBIIEHHS CTPYMy B MEpeXi, HalpHKIad, TpUd MYCKY
ACUHXPOHHHUX JIBUTYHIB;
n,.- koediuieHT TpaHcdopmanii TpaHCc(HOPMATOPIB CTPYMY,

BHOMpaEThCA 3 TaOIUIN 1, 3riTHO HOMEpa OpUraau;
K ,=0,9 — xoepilieHT TOBEpHEHHS pelle;

1 - IEPBUHHUI poOOUYNil MaKCUMAIILHUH CTPYM, A.

p.max
5.3a  [0mOMOrol  po3paxyHKiB Ta 3a  Tpadikom
CENIEKTUBHOCTI, TMOOYJOBAaHOTO 3TiIHO TMYyHKTY 2 Ta JaHUX
Tabmui 1, BU3HAUTE YCTaBKH CIIPALIOBAHHSA pEJie Yyacy 3aXUCTIiB 5
1 6. Jlng KiHLIEBOTO 3aXMCTY HampasieHoi aii BUMHUKa4iB 3 1 6
MiHIMaJIbHA BUTPUMKA Yacy Ha pene npuiiMaetbes 0,25 c.
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Tabmuus 1- HdaHi ams po3paxyHKy YCTaBOK CTpyMy 1 dacy

CIIpallfOBaHHsI pesie 3aXUCTiB 5 1 6, puc. 1

Ne [TlepBun | Koeoiuient | Ctymine | 3amaHa BATPUMKA yacy
0 | Huil |TpaHcdopma | CeNeKTH | 3aXMCTy B HaNpsSMKax, C
p | poboun i BHOCTI, C
U |¥ ctpym | TpaHchop-
r maropa
a CIpyMmy n,,.
Tls 6|5 6 1] 2 7|8
u
1142 (3720 20 0,5 2 2,5
2 160 |45 | 40 30 0,4 2 1,6
3 130(22]15 20 0,3 1,2 1,5
4 |72 |54 40 30 0/5 2, 2

5
5156 (44 | 30 20 0,4 1,8 2
6 |84 |50 | 40 30 0,3 1, 1,2

5
7 140 |34 20 15 0,6 24 3

6. Ha pene ctpymy i yacy nabopaTopHOi MaHesi BCTAaHOBITH

YCTaBKH pelie, 3aXKCTiB, 110 10Tk Ha BuMHKadi O/ 1 O2.

7. 30epiTh cxeMmy BUNPOOYBaHHS Ha HAJIArO/KEHHS 3aXHUCTY,

3TiHO pHC. 2.

8. Ilicns BUKOHAHHS pOOIT 3TiAHO TYHKTIB 1 — 7 naire
MepeBipuUTH 310paHy CXeMy BHUKJIaJadeBl 1 OTpUMaTe M03BUI Ha
MIPOBEACHHS JOCIIIKEHb.
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VI. IlocninoBHicTh NpOBeAeHHS AOCTIIKEHHS .

1. IMicnst oTpuMaHHS JO3BONY Ha MPOBEIEHHS IOCIIKCHb
BBIMKHITh aBTOMATHYHUN BUMHKA4 SF/ JKUBIEHHS CXEMH
Hanpyroro 220 B 1 Bumukau SF2 >KUBICHHA OIEPAaTUBHOIO
cTpyMy 3axucTy. HatucHite kHOmMKy myck (SB1) i BBIMKHITH
BuMmuKkad Q1. 3aropsaTbesa jgammnodku HLI-3, ski cBiQ4aTh Mpo
JKUBJICHHS CITOKMBAYIB TEPIIOi KaTeropii. 3amuIIiTh MOKa3HUKU
amniepmerpa PAl B Tabmuiro 2, BumkHITE Bumukaud QI i
BBIMKHITH BUMHUKau (J2. JlaHi moka3zy ammepMmeTpa 3aluIliTh B
tabmuito 2. BBiMKHITE BuMHKad (] 1 JaHi aMIepMeTpiB
3anmumniTh B Tabmumio 2. SIKmio He BinOyBaeTbes aBapiiiHHX
BUMKHEHb, TO CXeMa MpPHUBEACHA 10 MTPOBEIACHHS OCIITKCHb
MCHS3.

Hocnimxenus MCH3 npoBeniTe B TPEThOMY PEKUMI POOOTH
JiHIA, Tabnuis 2, To6to BuMukadi Q1 i Q2 BBIMKHEHI.

Tabmuis 2 — BennuuHu CTpyMOBUX HaBaHTaXKEHb

Howmep [Tono>xeHHs BUMHKAYiB [TokazHuku
pexuMy amIiepMeTpiB, A
0l 02 PAl PA2
| | 0
2 0 1
3 1 1

2. TlpoBeniTe BunpoOyBaHHS Ail 3aXHCTIB MPHU K. 3. B TOYII
KI. HatucHite kHOnky K/, 3po0iTh mTyuHe K. 3. Ilpu BipHO

310paHi  cxemi

3aXUCTY 3 BUTPUMKOIO 4Yacy

BHUMKHETBHCA

BuMukaueM (/. Skmo Bumukau ()/ HE BHUMHUKAETHhCA, a0O0

BUMUKAEThCA BUMUKA4 (2, 3HANAITh HEIOMIKK B poOOTI CXEMHU.

25




3. AHaJOri4yHO MYHKTY 2 B TPETHOMY PEXUMi poOOTH JiHIH
NPOBEAITh BUMPOOYBaHHA [ii 3aXMCTIB Hpu K. 3. B Touli K3,
HATHCHYBIIU Ha KHONKY K3. [ToBUHEH BUMKHYTHUCS 3 BUTPUMKOIO
yacy BuMukau Q2.

4. TlpoBeniTe BUNIpOoOyBaHHS MAii 3aXHCTIB MPH K. 3. B TOYIII
K2. HatucHiTh KOPOTKOYACHO Ha KHOMKY K2, Mpu IbOMY pelie
ctpymy KA1 1 KA2 cipaiioroTh, a pelie 4acy — Hi.

Bumukaui He TOBMHHI BHMHUKATHCh 3aXHCTaMHM 3a JBOMa
MPUYUHAMU:

- KOHTakTH pene noryxxuocti PBM 271 mpu k. 3. B Touni K2
HE 3a/1i5H1 Ha JOJATKOBE peJie Yacy BHYTPILIHbOI BATPUMKH 4Yacy;

- namnouku HL cnoxuBaua racHyTh, Hanpyra 3HuKae. K. 3.
CTBOPIOE ,,MEPTBY 30HY  CIPALIOBaHHS pelle.

5. Ilicnsa mpoBeAeHHST JOCIHIKEHb BHMKHITH TIOCIIIOBHO
Bumukadl Q7 i Q2 ta aBromarnuni Bumukaui SFI1 1 SF2. Tlpo
BUKOHAHHS JIOCHI/DKEHb 1 TIPOBEACHI pPOOOTH [IOBiTOMTE
BHKJIa/Jlaya 1 OTpUMalTe M03BLI, 100 po3idpatu cxemy Ta
MIPUBECTH B MOPATOK poboUe Miclie.

KonTpoJabHi 3anuTanus

1. BigmiHHOCTI B MOOYZOBI pO3MOAUTEHUX Mepex 6-10 kB
enekTpu@ikamii MicT, TPOMHUCIOBUX OO €KTIB 1 CUIbCBKUX
paiioHiB.

2. 3a 01oMOroro SIKUX 3aco0iB 3a0e3neuyeThesl HaliHHICTh
€JIEKTPOIIOCTaYaHHS CIIIbCHKUX CITOKUBaYiB?

3. Mera aBTOMaTu3allii CUTbCHKUX PO3MOJIIBHUX MEpPeK 6-
10 xB.

4. Buau npuctpoiB aBroMatuzaniii PEM 1 ix npu3HaueHHS.
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5. Homy moTpiOHO B JIeKi CXEMH MaKCHMaIbHOTO
ctpymoBoro 3axucty mnpucrtpoiB IIAC i IIABP BBoautu
€JIEMEHTH KOHTPOJIIO HAMIPABICHOCTI MPOTIKAHHS MOTYXHOCTI ?

6. 3a IKUMH CXeMaMU MOXYTh BMHUKATHCh peJie MOTYKHOCTI?
[Ilo 3HauuTh ,,MepTBa 30HA” POOOTH peje MOTYXKHOCTI 1 YOMY
BOHA BUHUKAE ?

7. SIxi opraHm BKJIIOYAa€ MaKCUMaJIbHUH  CTPYMOBHIM
HanpaBJICHUN 3aXUCT ?

8. 3po6iTe mopiBHsiHHA MC3 Ta MCH3.

9. IlpunHuun poboTH pesne MOTYKHOCTI.
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