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Jlexmisg Nel

Tema: Beryn. 3aranpHa XapakTepuCTHKa UCITUTIIIHA
Meta: O3HallOMUTHCS 13 3aTATHPHOIO XapaKTEPUCTUKOIO JTUCIUILTIHH.

MeToau: CIIOBECHI, HAOYHI.

Ila1an:

1 3apaya nucuumuniayu EnexTponocrayaHHs MiANPUEMCTB 1 HUBUIBHUX CIIOPY/I.
2 XapakTepUCTHKA CUCTEMU EJIEKTPONIOCTAYaHHS.

3 CHpOHIGHHa CTPYKTYpa CUCTCM CIICKTPOIIOCTAYaHHA.

4 OcHOBHI 1 IIOII&TKOBi BHUMOTI'H 1O CUCTCMH CICKTPOIIOCTAYaHHA

MarepiajbHO-TeXHiYHe 3a0e3neuyeHHsl Ta AMAAKTH4YHI 3aco0u, T3H: KOHCIEKT,
HIIPYYHUK.

Jliteparypa:

1 Jlunkun B.}O. DnexkTpocHaOXeHUE MNPOMBIIIJIEHHBIX MNPEINPUATHN U
yctaHoBOK — M.: B.II. 1990

2 Iloctaukos H.II., PyGamos I'.M. DnekrpocHabxeHre MPOMBIIUICHHBIX
npeanpusatui — Jleaunrpan: Crponusnar, 1989

CucremMo10 €JIEKTPONOCTAYAHHA HA3MBAIOTh KOMIUIEKC HPUCTPOIB IS
BUPOOHMIITBA, NEpeaayl 1 PO3MOJLIY €JNEeKTPUYHOI eHeprii. OCHOBHOIO 3aJayero
€JIEKTPOIIOCTaUYaHHsI MPOMMCIOBUX MIAMPUEMCTB 3a0e3MeuyBaTH EJIEKTPUYHOIO
€HEPri€l0 MPOMHUCIIOBI CriokuBayi. [0 AKX BIAHOCATHCS €IEKTPONPUBOIN PI3HUX
MalIuH 1 MEXaHI3MiB, €JIEKTPUYHE OCBITJICHHS, €JIEKTPUYHI HarpiBaJibHI PUCTPOI,
B TOMY YHKCJI1 €JIEKTPUYHI MeYi.

3ajayda eJeKTPOnoCcCTa4aHHs MPOMUCIIOBUX MAMPUEMCTB BUHUKIIA OJTHOYACHO
3 MIMPOKUM BIIPOBAKCHHSIM €JIEKTPOTPUBOJIA B SKOCTI PYIIHHOT CHUIU PI3HHUX
MalIMH 1 MexaHi3MiB 1 OyaiBHUITBOM enektpoctanuiid. (Enexkrponpusin -1e
€JICKTPOMEXAHIYHA CHUCTEeMa JJi1 NPUBEACHHA B pPyX BHKOHABUMX MEXAaHI3MIB

poOOYMX MAIMH 1 KEPYBaHHS IIUM PYXOM B IUISX 3IIMCHEHHS TEXHOJOT1YHOTO
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nporecy). Ilepun enexTpocrtaHiii COpymKyBauCh B MICTaX JIsi OCBITJIICHHS 1
JKUBJICHHS €JICKTPUYHOTO TPAHCIIOPTY, a TaKOXK Mpu padpukax i 3apojaax. [lizHime
3’SIBUJIACSI MOJKJIMBICTh CHOPY/KCHHSI €NEKTPUYHMUX CTaHIIM B MICIIX 3amaciB
nanuBa (topdy, Byriuisg, HadTH) ab0 B MICISX BUKOPHUCTAHHS €HEPrii BOIU
HE3aJIe)KHO BiJ MICIb pO3TallyBaHb CIOXKMBAYIB EJIEKTPOCHEprii - MiCT 1
IPOMUCIIOBUX MmiAnpueMcTB. Ilepemada enmexTpoeHeprii Ha BENMKI BiAgaidl o0
IIEHTPIB CTMIOKUBAHHS TT0YaJia 3A1HCHIOBATUCS JIIHISIMU eJIeKTporiepeaadl BUCOKOI Ta
HU3bKO1 HAIIPYTH.

OcHoBaumu xapakrepuctukamu CEC €:

- SIkicH1 XapaKTEepUCTUKH;

- KinbkicHI XapaKTepUCTHKY;

- YMOBH (pyHKI[IOHYBaHHS .

[Ipy mpoekTyBaHHI Ha MIACTaBl BUXIIHHUX JAHMX - KUIBKICHHMX XapaKTEPUCTUK 1
YMOB €KCILTyartallii , Heo0X1/1HO 3a0e3neuntu skicH1 xapaktepuctuku CEIL.
SAxicui xapakrepuctuku CEIl - Bu3HayaroTh Mpane3faTHICTb CHCTEMHU 1
XapaKTEepU3YyIThCs CTPYKTyporo Ta BiaactuBocTsMu CEC , a Takox ymoBamu ii
eKCILTyaTalrii.

KinbkicHi XapPaKTePUCTUKHU CEIl BU3HAYaIOThCS KUIbKICHUMU
XapakTepucTUKaMu  enekTpuyHux npuiimadiB  (EIl) iX  TepuTopianbHUM
PO3MIIIEHHSIM Ta , SIK HACTIA0K , cTpykTypoto CEII.

YmoBu ¢pynkuionyBannsa CEIl BU3HAYarOThCS BIUIMBOM YMOB HaBKOJHWIIHBOIO
MPUPOJHOTO CEPENOBHINA , TEXHIKO - TEXHOJOTIYHHMHM Ta OpraHi3alliifHo -
eKOHOMIYHUMH YMOBaMH.

Y npoueci ekcruryaranii CEII HeoOXiTHO pO3IIIAIaTH TPU MOXKIUBUX PEKUMHU ii
poboTH .

Hopmanbuuii pe:xkum CEII - crammii pexxum poOOTH CHCTEMH , TPU SKOMY
3a0e3neuyeThcsi Oe3nepeliifHe NOCTauyaHHsS CIHOKHUBAYiB E€JIEKTPOCHEPTI€l0 B
HEOOX1HIM KUIBKOCTI 1 BCTAHOBJICHO1 SIKOCTI.

ABapiitnuii peskum CEII - xopoTkoyacHUM TiepexigHUN pPEKUM, MOB'S3aHUNA 3
MNOPYLIEHHSM HOPMAaJIbHOTO PEXHUMY 1 TPUBAE JO BIIKIIOYEHHS MOIIKOIKEHOTO

CJIICMCHTY CUCTCMHU .
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Micasiapapiitnuii pexxum CEIN - pexxum , B AKOMY 3HaXOJIWUTbCA CHUCTEMA B
pe3yJIbTaTi NOPYLIEHHS , 1 IO TPUBAE JIO BITHOBJIEHHS HOPMAJIBHOTO PEXKUMY IICIIS

YCYHCHHSI BI]MOBHU

Cucrema ejnexrponocrayanusi (CEII) - cykynHICTh elEeKTpOYCTaHOBOK
NpU3HAYEHUX IS 3a0€3MeUeHHs CIIO’KMBAYIB EIEKTPUIHOIO EHEPTIEI0

CrpoiiieHa cxemMa elIeKTpOornocTayaHHs 00'€KTa BKIIOYAE :

- kepeno xusieHHs ( 1K)

- miHii enekrponepenayi ( JIEIT) , 311ACHIOIOTh TPaHCHIOPT €IEKTPUIHOL €HEprii BiJl
JUK o minnpuemcTaa

- MyHKTY npuiiomy enexktpuuHoi eneprii ( [1I1E) ;

- PO3MOALIbHI MEPEXKi;

- npuiiMadi enextTpuaHoi eHeprii ( [1E) .
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Cucremy eNEKTPONOCTAYaHHS IMiJMPUEMCTBA MOXHA YMOBHO po30uTH Ha 3
YACTUHU: CUCTEMY JKUBJICHHSI , CHCTEMY PO3TOJTY 1 CUCTEMY CTIO’KMBAHHSI.

B sxocti JI’K MoxyTh OyTH :

- EnexTpuyna cranitis abo ImiICTaHIIS €HEPIOCUCTEMH ;

- Enextpuyna cTaHiis nianpueMcTna .

BiacHa eJieKTpOCTaHLiA HA MIANPHEMCTBI OyIy€ThCSI B HACTYIIHMX BUIIAIKAX:
- [Ipu BenmMkoMy CIIO>KMBaAHHI TEIIA;

- Ilpu po3milieHH! MiANPUEMCTBA Yy BiAJAJICHUX paliOHaX, 10 MarOTh CJIa0Ki

eJIEKTPUYHI 3B'3KY 3 €HEPrOCUCTEMOIO ;



- 3a HasIBHOCTI CHEI[IaJIbHUX BUMOT /10 HaIIMHOCT1 €IEKTPOIIOCTaYaHHS;

IIpu Buodopi 1K HeoOXiTHO BpaxoBYyBaTH HACTYIHI pakTopm:

- O3HaKH SIKOCTI1 €JeKTpOonocTayaHHs (HaAIMHICTb , HApyra , 4acToTa 1 TOMyCTUMI
MEX1 1X BIIXUJICHHS ) ;

- BenmnunHy noTy>XKHOCTI 1 HANIPYTH >KUBJICHHS CTIOKUBAYIB .

B saxocri IIIIE moxe 0yTH :

- [liacranmis rmubokoro BBoay ( I1I'B ) , CIyXuTh , SIK TpaBUIIO , JJIsI )KUBJICHHS
JIOKAJIbHOTO 00'eKTa 00 MOTY>KHOTO BiIOKPEMJIEHOTO BUPOOHMIITBA IiITPHEMCTBA
1 3HAXO/AUTHCS B IIEHTP1 €NEKTPUYHUX HaBaHTAXKEHb 00'e€KTa ( BUPOOHUIITBA).

- l'onoBHa nonmxkyBanbHa mijgctaniis ( [T ) , ciayXuTh ai1s >KUBISHHS JEKUIBKOX
CIOXKMBaviB (00'€KTIB) .

Cxemu 3 ogaum I1I1E ciix 3acrocoByBaTu npu BiACYTHOCTI CHELIAIbHUX BUMOT JI0
HagiiHOCTI kuBJeHHA IIE Ta KOMIAakTHOMY iX pO3TallyBaHHI Ha TEpHUTOPIT
H1AIPUEMCTBA.

Cxemu 3 n1Boma i 0inbure IIIIE caix 3acTtocoByBaTtu :

- 3a HasBHOCTI CMEUIAJIbHUX BUMOT JI0 HAIIMHOCTI €JeKTPOIOCTaYaHHS;

- 32 HasBHOCTI Ha MiANPUEMCTBAX JBOX 1 OUIBIIE MOTYKHUX BIIOKPEMIICHUX TPYI
CITO’KMBAYIB
- TIPY TOETATHOMY PO3BHUTKY MiANPUEMCTBA, KOJIU IS )KUBJIEHHS HOBOBBEICHHX
MOTYXKHUX BY3JIiB HABAaHTA)XCHb B MaOyTHHOMY JIOIIJILHO CIIOPYKEHHS OKPEMOTO
[1ITE.

Kusnenns I[IE npu nassuocti EIl mepmioi kareropii 3MiHCHIOETHCS BiJ JABOX
HE3aJIC)KHUX B3aEMHO PE3EPBYIOTH JuKepen kuBieHHA. [Ipu npomy xusnenns HIIE
3IMCHIOETHCS 1O IBOM OJIHOKOJIOBUM TMOBITPSIHUM JIIHISM a00 1O JBOX KaOEIbHUX
JHIAX , MPOKJIAJCHUX IO PI3HUX Tpacax .

[Ipu BUXO1 3 Ty OJHIET JIIHIT Ta IO 3aJUIIMIacs B poOOTI MOBUHHA 3a0€3MeUnTH
xusneHHs Bcix EIN nmepioi kareropii , a Takox EIT npyroi ta TpeTboi kaTeropii ,
pobota sKMX HeoOximHa g Oe3aBapiiHOTO (PYHKIIIOHYBaHHS OCHOBHUX
BUPOOHUIITB TEXHOJIOTTYHOTO MPOIECY MiANPUEMCTBA.

2. OCHOBHi BUMOTH /10 CUCTEMH €JIEKTPONOCTAYAHHS



KoxHe BUpOOHUIITBO ICHY€E TUIBKM TOMY IIIO Horo obiagHaHHA 3a0e3mneuye
poOOTY TEXHOJOrIYHHUX MAIIMH, L0 BUIYCKAIOTh IPOMHUCIOBY Hpoaykiito. Bee
oOnamHaHHS TPUBOAUTBCA B pPyX B JaHUW Yac eyeKkTpoaBuryHamu. Jlms ix
HOPMaJIbHOT pOOOTH 3aCTOCOBYETHCS €ICKTPOSHEPTis K HalOUIbIII THYYKa 1 3pyyHa
dopma eneprii, sika 3a0esneyye poOOTy BUpOOHMUMX MexaHi3MiB. [Ipu 1pomy
€JIEKTPOCHEPTsl MOBUHHA BIJIOBIIaTH HOPMaM SIKOCTI.

OCHOBHUMH MOKA3HUKAMU SIKOCTI eJIeKTPOeHeprii €:

- CTaOUIbHICTh YaCTOTH 1 HAMIPYTH,
- CUHYCOiJaJIbHICTh HAIIPYTH,
- CTpPYMY Ta CUMETPIsl HaIllpyTH.

PamionanbHO ~ BHKOHaHa  CydacHa  CHCTeMa  €JIEKTPOMOCTadaHHs
IPOMUCIIOBOTO MiANPUEMCTBA MIOBUHHA 33J0BOJIBHITH Psii BUMOT
1 Byt eKOHOMHOIO 1 HaJIHHOIO
2 Be3nevyHo1o 1 3py4HOI0 B €KCILTyaTallii
3 3a0e3neynTH HAJIEXKHY SIKICTh €JIEKTPOCHEPT1i
4 3abe3neuyBaTy JOMYCTUMI PiBHI HANIPYyTH
5 CraluIbHICTh YaCTOTH

[loBuHHI mepenOayaTUCS CTHCII TEPMIHM BUKOHAaHHA OY/IBEJIbHO-
MOHTQ)XHHUX POOIT 1 HEOOXiJIHa THYYKICTh CUCTEMH, 10 3a0e3Meuye MOXKIUBICTh
PO3IIMPEHHS] MPU PO3BUTKY MIANPUEMCTBA a00 HOTO PO3LIUPEHHS (CTBOPEHHS

1exiB) 0€3 ICTOTHUX YCKJIAIHEHb 1 MOJOPOKUYECHHS IEPBUHHUX BapIaHTIB.

3. HeoOxigHicTh aBTOMATH3ANII CHCTEMHU €JIEKTPONOCTAYAHHSA

ITo mipi pO3BUTKY €JEKTPOCIOXKHUBAHHS CTABaIM CKJIQJAHIIIMMU CUCTEMU
eJIEKTPOIIOCTaUYaHHsI MPOMHUCIIOBUX MIANPHUEMCTB. B HHMX BKIIOYAIOTBCS MeEpexi
BHUCOKHX HaIpyT, pO3MOALIbY1 MEPEXKI, a B IEIKUX BUMIAJKAX 1 MEPEXK] TPOMUCIOBUX
TEL. OckiibKM OpPOMHUCIIOBI HIAIPUEMCTBO XapaKTEepU3yBaIUcs Oe3repepBHUM
3pOCTaHHSM €JICKTPOCIIOKUBAHHS, 301IBIIICHHSIM MUTOMUX BUTPAT €JICKTPOCHEPTI] 1
MUTOMUX IIIJIBHOCTEH HABaHTa)XEHb, 32 PAXYHOK PI13KOT0 3pOCTaHHS BUPOOHUUUX

NOTY)KHOCTEH 1 po3UIMpeHHs 00JacTi 3acTOCYyBaHHS  €JIEKTPOCHEprii B
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TEXHOJOTIYHHUX TMpollecax BHHUKIA HEOOXITHICTh aBTOMAaTH3allli CHCTEM
€JIEKTPOIIOCTAaYaHHSI POMHUCIIOBUX MIAMPUEMCTB BUPOOHUYHUX MPOIIECIB.

3acobu aBTOMaTH3allli BUPIIIYIOTh HACTYITHI OCHOBHI 3a/1a4i:
- 3aXUCTY;
- peryJroBaHHs HANPYTH;
- peryIIoBaHHS MOTYXHOCTI KOHJICHCATOPHUX OaTapei.

OpauM 13 3ac001B BIOCKOHAJICHHS! aBTOMATHKU € BUKOPUCTAHHS KEPOBAHUX
EOM Tta xomm’rotepiB. Jloriuni moximBocti EOM mnpaktudHo Oe3MexHi, 110
JIO3BOJISIE peajli3yBaTH JIOCUTh CKIIAJHI aJrOpUTMHU KepyBaHHSA. MOXKIHMBOCTI
HarpoMaJHKeHHS 1 CTATUCTUYHOI 00poOKHM 1H(OpMaIlli 103BOIsIE BUPIIMIUTU 3a/1a4l
aHai3y 1 CaMOKOHTPOITIO cucTemu. LlenTpamnizaiis hyHKIIIi KOHTPOIIIO 1 KepyBaHHS
J03BOJISIE KOPEKTYBaTH KEPOBAaHY CHUCTEMY HPAKTUYHO Ha OYJb-SKOMY pIBHI.
Mogenb KepyBaHHSI CHUCTEMOIO €JIEKTPONOCTadaHHS MOXKE BKJIOYaTH B cele
CIIYIOYl PIBHI: MEpPUIMH - MNPUCTPOI ABTOMATHKH, HATYUKU EJIEKTPUYHHUX 1
TEXHOJIOTIYHUX NapameTpiB; APYIHil - aHami3 MEepBUHHOI 1H(opMmalli, ii 00podKa;
TpPEeTii - KOHTPOJHHO-OOYHCIIIOBAJIbHA OlEpalliiHa CcucTema; ueTBepra -
ONTUMaJbHE KEPYBaHHS, BHUAAaUa KEPYIOUMX CHUTHAIIB HAa BHKOHABUYl OpTaHU.
CTBOpPEHHS yHIBEpPCAJIbHOT CUCTEMH KEPYBAHHS CUCTEMOIO €JIEeKTPONIOCTaYaHHs, sIKa
MoOTJia OM 3HAWTH 3aCTOCYBaHHS Ha BCSIKOMY BEJIMKOMY IIJNPUEMCTBI HE3AJIEKHO
BiJl XapakTepy BUPOOHHUIITBA, MOXKHA PO3TIISAATU SIK MEPIINA KPOK O CTBOPEHHS
IHTETPOBAHOI ABTOMATU30BAaHOT CUCTEMH YIIPABIIHHS, KA 00’ €IHye Oe3rmocepenHe
KepYBaHHs  €JIEKTPONOCTAauYaHHSIM 3  YIPaBIIHHIM  E€HEProrocrnoaapCTBOM,
TEXHOJIOTI€I0 BUPOOHUIITBA 1 aAMIHICTPATUBHO-TOCIIOAAPCHKUMHU TMUTAHHIMH.
Kommiekc kepoBaHHMX OOYHMCIIOBAJIbHUX MAIIMH CJiJ 3aCTOCOBYBATH ISt
BUPILIEHHS 337a4 ONTUMAJIbHOTO YNPAaBIIHHS BUPOOHUIITBOM 3 BPaXxyBaHHSIM BCIX
CTOPIH JiSTTLHOCTI MiAMPUEMCTBA.

ABTOMAaTH30BaH1 CUCTEMHU YMPABIIHHSI MOXe OyTH YCHIIIHUM TUIBKU TPH
HAsBHOCTI 3aco0lB aBTOMATHKM Ta KBall(PIKOBaHMX I1HXKEHEpIB B 00JACTI

ABTOMATHU30BAHOT'O CIICKTPOIIOCTAYaHHAA.
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4. OcHOBHI KpuTepii, fIKi CHPUAIOTH BHKOHAHHI0 PaliOHATBHUX CXeM
€JIeKTPOINOCTAYAHHS

['onoBHOIO  TPOOIEMOIO  SIBISIETBCS ~ CTBOPEHHS — PALllOHAIBHUX  CHCTEM
€JIEKTPONIOCTAaYaHHs IPOMUCIOBUX MIAIPUEMCTB. CTBOPEHHIO TaKHUX CHUCTEM
BIJIMTOBI/Ia€ HACTYITHE:

1 . BuOip i BUKOpHCTAHHS PALIOHAJBHOI0 YHcJaa TpaHcopMmamii

OCHOBHOIO NIEPEYMOBOIO € iX MOCTIMHE 3pOCTaHHS 1 peKOHCTpYyKLisA. OnHOUYacHe
BBEJICHHS HAa MPOMHUCIOBUX MIANPHUEMCTBAX paIllOHAIBHOT HANpYTH 3aBXId
CHpUATUME CKOPOYEHHIO uMcia TpaHchopmauid B 2-3 pazu. Y 1bOMY BHUIAJKY
EKOHOMIS eJIeKTPUYHOI eHeprii ckiane, 10-15 % Bix Bcie€i BUTpaTH MPOMUCITOBUM
H1JIPHUEMCTBOM.

2. Bu0ip i 3acTocyBaHHA palliOHAJILHUX HATIPYT

[IpyunHamMu 3acTOCyBaHHS HEpPALlOHANBHUX HAMNpyr € TIOCTIHHE 3pOCTaHHs
€JIEKTPOCIIOKUBAHHS .

3acTOCYyBaHHS palllOHAJIbHOIO HANpPyrd B CUCTEMAaxX EJIEKTPOIOCTavyaHHs
POMHUCIIOBUX MIANPUEMCTB JIa€ 3HAYHY €KOHOMIIO y BTpaTax €JIeKTPUYHOI €HEPrIi.
3. [lpaBunpHuil BUOIp MICIS PO3MIIICHHS II€XOBUX, TOJIOBHUX PO3MOILIBLYMX 1
3HUKYBaJIBHUX T1JICTAHIIIN.

Po3milieHHsT KUBWJIBHOI TIJCTaHIN y BIAMOBIIHUX LEHTPAX EICKTPUYHUX
HaBaHTAKEHb 3a0e3Mneuye MiHIMalbHI PIYHI MPUBENICHI BUTPATH. Beske 3MimeHHs
LHEHTPY Belle N0 MiJIBUILECHHS LIMX BUTPAT 1 MIABUUIEHOMY BHUTPATI €IEKTPUYHOI
eHeprii.

4. [IpaBuiibHe BU3HAYEHHS O4iKyBAHMX HABAHTAKEHb

Crpusie BUpIIIEHHIO 3arajibHOi  3ajayl  oOnTuUMI3allii MoOyaoBa CHUCTEM
BHYTPILIHHO3aBOJICHKOTO €JIEKTPONOCTaYaHHS.

5. PamioHajnbHuii BHOIp 4Hcaa | NOTYKHOCTI TpaHcdopMaTopiB Ta IX
napaMerpis

PamionansHuii BUOIp Beae 0 CKOPOUCHHS BTPAT €IEKTPOCHEPTii, MiIBUIECHHS
HaAJIWHOCTI.

6. PanionaibHuii BUOip nmepepisy npoBoiB, k11 kadeaiB



Jlexuis Ne2

Tema: Enextpuuna Meperka 1 CIIoKHBadl eJICKTPOCHEPTii

Meta: O3HalloMUTHCS 3 MPU3HAYEHHSIM EJEKTPUYHOI MEpEeXi 1 CIOKHUBauEeM
CJICKTPOCHEPT i .

MeToau: CIIOBECHI, HAOYHI.
Ilian:
1 TIoHATTS €NEKTPUYHOI CUCTEMHU, CICKTPUYHOT MEPEXKI, IT1ICTaHIII].

2 CTpyKTypa CHCTEMH €JIEKTPOINOCTa4aHHs BiJ JDKepena eIeKTpOeHeprii o
CIIO’KHMBaya €JIEKTPUYHOI EHEPrii.

3 OCHOBHI CTIOXUBaYl €JIEKTPUYHOI EHEPTii.

4 CrangapTHi MiXK(a3Hi HalpyTH.

MarepiajibHO-TeXHiYHe 3a0e3nedyeHHs: Ta AMAaKTH4YHi 3aco0u, T3H: KOoHCIEKT,
HIPYYHUK.

Jlireparypa:

1 Jlunkun B.}O. DnekTpocHaOXeHUE NPOMBIIIJIEHHBIX MNPEANPUATHN U
yctaHoBOK — M.: B.III. 1990

2 IloctuukoB H.II., PyGamos I'.M. DnekrpocHabxeHre MPOMBIIUICHHBIX
npeanpustui — Jleaunrpan: Crpoiuznar, 1989

EnexktpuyHi Mepexi € YacTUHOIO €JIEKTPUYHOI CHUCTEMH, Y CBOIO 4EpTy ,
SBIISIFOTH COOOI0 YaCTUHY €HEPTeTUYHOI CUCTEMH.

PosrasiHemMo 1 3’sicyeMo YuM BIIPI3HSIOTHCS MOHSATTS: CHEPTeTHYHA CUCTEMA,
eJICKTPUYHA CUCTEMA, CJIICKTPUYHA Mepexka, MiCTaHIIis.

EHepreTuyHoOl0 CHCTEMOK HA3MBAETHCA CYKYIHICTh EJIEKTPOCTAHIIIMN,
MIJCTAHIIIA 1 CHokuBad, 00’€IHAaHHI 3arajJbHUM 1 HENEPEPUBHUM IPOIECOM
BUPOOJICHHS, TIEPETBOPEHHS, PO3MOJIUTY, CIIOKUBAHHS TEIJIOBOI 1 €JIEKTPUYHOI

eHeprii.



€auHa eHepreTnuyHa cucreMa OO ’€IHy€ EHEPreTUYHI CHCTEMHU OKPEMHUX
paiioHiB, 3’eaHye iX JiHigIMu enekrponepenadi (JIEIT).

EnexkTpuuHa cucreMa — MpeACTaBIs€ EICKTPUUHY YACTHHY €HEPreTUYHOI
cucremMu, o0’eaHye 1 3B’sa3ye miHiaMu enektpornepenayl (JIEIT) reneparopu
CJIEKTPUYHMX CTaHINM, MiJBUIIYBaJbHI 1 MOHIKYIOYi, a TAKOX MEPETBOPIOIOYI
MIJCTAHIT 1 CIOKUBAY1 €JICKTPOSHEPTIi.

EnekTpu4HOI0 Mepexery HAa3UBAETHCS CYKYMHICTh €IEKTPOYCTAHOBOK LIS
nepeaadi 1 po3mouTy eIeKTPUYHOI €Heprii, sKa MpeCTaBlieHa IMMiJACTAHINAMH 1
PO3MOAUIBHUMHE IPUCTPOSIMU, SIK1 3’ €THAHHI JITHISIMU €JIEKTpOIepeaadl, sika Mparoe
Ha TIeBHIM Tepuropii. EnexkrpuyHa wmepexa MiANPUEMCTBA, sKa OO0 €IHYE
NIJBUIIYBAJIbHI 1 TEPETBOPIOIOYI MIACTaHWii, po3noauibul myHKTH (PID),
enekrpocnoxubadl 1 JIEIL, sBAs€eTbCs MPOIOBKEHHSIM €JIEKTPUYHOI CUCTEMHU.

[Ipuiiom, mnepeTBOpeHHs, Iepefadya eJIeKTPOEeHeprii  BiIOyBaeTbCcsl Ha
nincrannii (TII) — enexTpoycTaHOBKa, sIKa CKJIAA€ThCs 13 TpaHcPopMaTtopiB abo
IHITUX TEPETBOPIOBAYIB €HEPTii, pO3MOAIBUYHUX MIPUCTPOIB, IPUCTPOIB YIIPABIIHHS,
3aXUCTY, BUMIPIOBAHHS 1 IONOMDKHHUX MPUCTPOIB.

Posnoainbunit npuctpiii (PII) - enexkrpoycTaHOBKa, WO CIYXKWUTh s
npuiioMy 1 pO3MOAULY €JeKTPUYHOI EHeprii OJHOro Kjacy Halpyru.
PoznoainsHuil npucTpiii MICTUTHh HAOIp KOMYTAIIHHUX anapartiB, 301pHI 1 CIOTYYHI
IIMHY, TOMOMDKHI mpucTpoi P31A 13acobu 001Ky Ta BUMIPIOBaHHS.

TpuBanuii AOCBiJ €KCIUTyaTallii eHEPreTUYHUX CUCTEM MOKa3aB JAOLIBHICTh
3’eqHaHHs (00’€THAHHSA) OKPEMHX CHEPreTUYHUX CHUCTEM MK CO000I0, Tak SIK 1€
MOJIETIIYEe  3aJadyy pe3epBYBAHHS MOTY)KHOCTEH 1 MIJBMILY€E 3arajbHUMN
TEXHOJIOTIYHUM PIBEHb €KCIUTyaTallii.

OCHOBHMMH CIOXKMBayaMHU €JEKTPUYHOI €Heprii € MPOMHUCIOBICTb,
TPAHCIIOPT, CLTBCHKE TOCTIOAPCTBO, KOMYHAIBHE TOCIOIAPCTBO MICT 1 CENUIII.

Posnonin  enekTpoeHeprii, sKka HaaXoauTh Oe3 TpaHcdopmalii abo ii
MEPETBOPEHHS BUKOHYIOTbCS Ha po3noautbHoMy mipuctpoi (PII), skwmii moxe
MOEIHYBATUCA 3 MIICTAHIIIELO, sIKa 00CIYTrOBYE MPUIIETIIMX J0 HEl CIIOKUBAYIB.

[TinmpuemMcTBa OTPUMYIOTH XUBJICHHS BiJl PAHOHHUX EJIECKTPUYHUX MEPEK

Harnpyrorw Big 6 10 220 kB. Ha Benuki eHeproeMHi MiAMPUEMCTBA €IIEKTPOCHEPTis



nomaetbest Hanpyroro 330 1 550 kB. Ha mianmpuemcTBax 3 BEIMKAM CIOKUBAHHSIM
TEIJIOBOi €HEeprii Ta Ha E€HEPrOEMHUX MIANPUEMCTBAX CIOPYKYIOTHCS BIIACHI
teroBi enektpoctanuii (TELl), reneparopu sKkuxX TOB's3aHI 3 palOHHUMH
CICKTPUYHUMM CHCTeMaMH. 3B'SI30K 3 cHCTeMOlo 3fikicHioeTbest 1o JIEIT
0e3nocepeIHbO Ha TeHepaTOpHiNA abo MO MiABUILEHIN HAIpy31 eIeKTPOCTaHIii abo
gyepe3 OKpeMi MyHKTU MPUIOMY €TIEKTPOEHEPTii BiJl EHEPrOCUCTEMHU.

JI>kepenoMm >KUBJICHHS MIANMPUEMCTBA MOXKYTh OyTH: PO3NOAUIBHUNA MPUCTPIH
(PY) renepatopHOi Hampyru eneKTpocTaHIii a0o po3MOMITbHUI NPUCTPIN
BTOPUHHOI HAIPYrd MOHWKYIOYOI MJACTaHINT eHeprocucteMu abo miacrtanii 35-
220 xB nmpommucioBoro miAnpueEMCTBA, OO0 SIKOTO MPUEAHAHHI WOTO PO3MOIUIbHI
MEpExI.

[lin mxepenoM KUBJICHHS MalOTh Ha YBa3l: MIJACTAHIi €HEPrOCUCTEMH,
po3TamioBadi B Oe3nocepeqHiid OMM3BKOCTI BiJ MNIANPUEMCTBA; HOTrO BY3JIOBA
posnoainsHa mijactadiis (BPII); ronona nonmwkytoua miactaniis (I'TIIT); BnacHa
TEL nianpuemMcTBa.

By3/10B0I0  pO3NOAIJILYOK  MiACTAHIIE HA3UBAETHCS  LEHTpaJIbHA
MIJCTAHIlS TIAIPUEMCTBA, KA OTPUMYE E€JIEKTPOCHEPTit0 BiJ €HEProCHUCTEMH Ha
Hanpyry 110-500 kB 1 po3noauisitors ii Ha Hanpyry 35-110 kB nmo migcraHiisx
rIMOOKMX BBEACHb HA TEPUTOPIi MiAnpueMcTBa. 3ayexkHo Bia Hanpyru Y PIT moxe
OyTH pO3MOIILY0I0 a00 3 YaCTKOBOI TpaHchopmarliero. SKiio 3HayHa yacTHHA
€JIEKTPUUHI EHEPrii COKUBAETHCS MIJIPUEMCTBOM BiJ] €HEProcucTemu, iforo Y PII
MOETHYETHCS 3 MIJICTAHIIIEIO.

['070BHI  MOHMKYBaJbHI  MIJCTAHII  OTPUMYIOTH  JKUBJEHHS  BiJ
eHeprocuctemMu Ha Hanpyrax 35-220 kB 1 po3noaiisitoTh €HEeprito HAPyrow —
6-10 kB no Bcromy 00’€kTy a00 OKpeMOMY HOT0 paiioHy.

I'inboxkuM  BBOAOM  HA3MBAETHCS CHUCTEMa  EJIEKTPONOCTAYaHHS 3
HaOMKeHHAM BUIOI Hanpyru (35-220 kB) 10 eaeKkTpoyCcTaHOBOK CHOXKMBAYIB 3
MIHIMQJIBHOIO KITBKICTIO CTYINEHIB TPOMDKHOI TpaHcdopMmailii 1 amaparis.
[Tincranmii rimmbokux BBoAiB (I1I'B) po3MilnyroThcss Ha TEPUTOPIi MiANPUEMCTBA
nopsii 3 HAWOUIPII BEMUKUMU OO'€KTaMU CIIOKHBAHHS €JIEKTPOEHeprii Ta

OTPpUMYIOTH kuBJIeHHS BiJl eHeprocuctemu, BPIL, I'TIIT abo TEIL] mianpueMcTra.



IIpuiiMmanbHMM NYHKTOM eJsiekTpoeHeprii HasuBaerbesa TII ado PII
HIIPUEMCTBA, Ky HAJIXOJIUTh €JIEKTPOCHEPrii BiJl JHKEpeN KUBJICHHS. 3alexkHO
BiJl TOTY)XHOCTI, sIKa CIOKMBAETHCS 1 BIJIAJIGHOCTI BiA JpKepena KUBJICHHS
NpUAMalIbHUM IYHKTOM eJlekTpoeHeprii moxke Oyrtu: YPII,. TTIII, IIT'B,
neHTpatbani po3noaiuteaNN myHKT (L[PIT), PI1, mexosa TII.

HenTpanbHuii po3moaiIbHUNA MYHKT OTPUMYE KUBJEHHS 0€3MO0CEPETHBO
Bija eHeprocuctemu abo TELL mianpueMcTBa Ha Hanpyx)eHux 6-20 kB 1 po3noainse
il Ha Tiif >k Hanpy31 mix PII ta TII mo Bcbomy 06’ €kTy ab0 MOTr0o 4acTHHI.

IexoBuii TII Ha3uBaeThest MIACTAHIIIS, IEPETBOPIOIOYA €JIEKTPOSHEPTi0 Ha
3HIKeHIM Hanpy3i (1o 1000B) 1 6e3nocepeIHBO )KUBUTH €IEKTPONPUHMaUl OJTHOTO
a00 JEKUTbKOX MPUJIETIIUX 1EeXiB a00 YaCTUHU BEJIMKOTO LEXY. Y psJil BUIIAIKIB BiJl
THUX K€ IM1JICTaHIIIN KUBIIATHCS €JIeKTponpuiiMadi Hanpyroto nmonas 1000 B.

[lepenaua enexTpoeHeprii BiJ JKepenia >KUBICHHS JI0 €JICKTpOoNpUiiMayiB
3IIACHIOETHCS cTyneHsAMU. [IlyHKTH puiioMy 1 LIEX0BI1 MpUiiMadl 3Bsi3aH1 MK 0000
PO3MOAUIBHUMHM  MEpPEKaMH, W0 TMPaIlOI0Th Ha PI3HUX CTYNEHAX HaIMpyru.
KinbKiCTh CTyNEHIB BU3HAYAETHCS 3aJICKHO BiJ BIAATICHOCTI JpKepesia >KUBJICHHS 1
HOTO HaAmpyrd, TOTYXHOCTI 1 Hampyrd eJEKTPONpPUHMAYiB, TEXHIYHHX
MO>KJIMBOCTEH TOTO YW IHIIOTO KOHCTPYKTUBHOTO BHKOHAHHS MEPEXi Ta 1HIIMX
(dakTopiB.

Ilepmmii cTyniHb 11€ JIaHKa MIXK JpKepesioM >kuBiieHHs mianpuemctsa (BPII,
['TIIT, TEL) 1 I1I'B, sixuio po3noaut npoBoauThes Ha Hanpyry 110-220 kB, abo mix
I'TIIT a6o TEIL] 1 PIT a6o nexoum TII, sx1o eHeprist po3MOAUISIETHCS HAPYTOO 6-
10 kB.

Jlpyruii ctyninb 1e po3noaii eneprii mix PIT abo po3noaiibHUM IPUCTPOEM
BropuHHOi Hampyru I[II'B 1 nexoBum TII abo oxpemumu enexTpompuiiMadyaMu
BHUCOKOI Hampyru: eJeKTPOJABUTYHAMH, €JIEKTpoINeyamMH, MepeTBOPIOBAILHUMU
YCTaHOBKAMH.

Mepexi mepmioi 1 JApyroi CTYNMEeHI € MDKIEXOBUMHU 1 HajJeXaTh [0
PO3MOAUIBHUX MEPEXK CHUCTEMHU EJIEKTPOINOCTa4YaHHs MiAnpueMcTBa. Jis Ouibioi
YaCTHHU EJIEKTPOINpPUMaUiB €HEepTis mnepenaerbcs Bif IexoBux TII Ha Huk4ii

cryneni Hanpyru (10 1000 B) mo BHyTpIIIHHOLIEXOBUM MEPEXKAM.



Mix1eX0BUX Ta BHYTPILIIHHOLIEXOB1 MEPEKI CKIa/1al0Th BHYTPIIIHIO CUCTEMY
CJIEKTPOIIOCTaYaHHs — mignpueMctBa. [lig  30BHIIIHIM  €IEKTPONOCTaYaHHSIM
pPO3yMIIOTh YaCTHHY MEpPEXi CEHEProCUCTEeMH, 1Mo 3abe3medye mojady
CJICKTPOCHEPT1l HAa MpUMMaIbHI MJACTAHIT MIAIPUEMCTBA BIJ TOYKU MPHUETHAHHS
JI0 EHEPTrOCUCTEMHU.

Cucrema eJEKTPOIOCTAYaHHS IMiMPUEMCTBA BU3HAYAETHCS HE TIIBKH
XapaKTEePUCTUKAMU JKEPE )KUBJICHHS, €JICKTPOIIPUIHMAYIB 1 pO3MOAITBHUX MEPEXK,
ajle 1 TEXHOJOTIE0 BHUPOOHUITBA, IUIAHYBaHb Ta OyAIBENIbHOI YaCTHHOIO
HIANPUEMCTBA, 3POCTAHHSIM HOT0 BHUPOOHUYMX MOTY>KHOCTEH 1 PO3IIMPEHHSIM,
BJIOCKOHAJICHHSIM TEXHOJIOTIYHOT'O IIPOLIECY.

BpaxoBytoun mepepaxoBaHi YMHHUKH, CUCTEMa €IEKTPOIOCTauYaHHS MOXKE
OyTH BUKOHaHA B JIEKUIBKOX BapiaHTax, 3 IKUX BUOUpAEThCS onTUManbHui. [1pu 1i
BUOOpI BpPaxOBYETbCS TaKOX CTYHIHb 1i HaAIAHOCTI, 3a0e3MedYeHHsI SKOCTI
€JIEKTPOEHEPT1i, EKOHOMIYHICTh, MPOCTOTA, 3PYUYHICTh 1 O€3MeKy eKcIulyaTalli,
MO’KJIMBICTh 3aCTOCYBAHHS IPOIPECUBHUX METO/IIB €JIEKTPOMOHTAKHUX POOIT.

CnoxxuBadeM eJIEKTPUYHOI €HePrii Ha3MBA€ThCS eJleKTporpuiiMay abo
rpyna eJaeKkTponpuiiMadiB, 00’ € JTHAHUX TEXHOJIOTTYHUM MPOIIECOM 1 PO3MIIIEHUX Ha
NIEBHI TepUTOpIi.

IIpuiiMayeM eeKTPUYHOI eHeprii (eJIeKTponpuiiMadyeM) Ha3UBAETHCA
armapart, arperar, MexaHi3M, IPU3HAYeHUI 17151 IEPETBOPEHHSI IEKTPUYHOI eHeprii
B IHIII BUJU €HEPTii.

Bci EII knacudikyrorbcs 3a pi3BHUMH NOKA3HUKAMM:

- 32 €JIEKTPOTEXHIYHUM MOKa3HUKAMU;

- 33 PEKUMOM POOOTH;

- 32 MOTYXHICTIO 1 HANPYTOI0, POJIOM CTPYMY;

- 32 HAJIIMHICTIO €JIEKTPOINOCTAYaHHS;

- 32 BUKOHAHHSIM 3aXUCTY BiJl BIUTUBY HAaBKOJHUIITHBOTO CEPEIOBHIIIA.

3a  eJIeKTPOTEXHIYHUMHM  TNOKA3HUKAMH  NpUiAMAa4vi  eJeKTPoeHeprii
PO3NOAIISAIOTHCA HA TaKi TPyNH:

1.  Ipwuiimaui Tpudasznoro ctpymy Hampyror 1o 1000 B, vactororo 50 I'n;

2. [Tpuiimaui Tpudasznoro ctpymy Hampyroro Buie 1000 B, vactororo 50 I'i;



3.  Ilpuiimaui ogrO(dazHoTO CTpyMy Hampyror 10 1000B, vactoToro 50 I'm;

4. [Tpuiimaui, 110 TPAIIOIOTH 3 YaCTOTOIO, BIAMIHHOIO Bif 50 I, 1 )KUBISAThHCSA
BiJl IEPETBOPIOBATILHUX ITiICTAHIIIN 1 YCTAHOBOK;

3. [TpuiiMadi TOCTIHHOTO CTPYMY, IO JKUBJISITHCA BIJ TEPETBOPIOBAIILHUX
MIJCTAHIIIN 1 yCTAaHOBOK.

3a pesxuMaMu poOOTH BCl CIIOKHBAaUl MOKHA PO3IMOAUTUTH Ha PAJ TPYII, 7S
SAKUX Mepe0avatoThCsi TPU PEXKUMU pOOOTU: mpusanuil, IpU SKOMY MPUMayd MOXKeE
MpaIfOBaTH TPUBAIMHN Yac, MPUUOMY IEPEBHINCHHS TEMIIEPATYPH OKPEMHX YaCTHH
amapara HE BHUXOJIUTHh 3a MEXI, BCTAaHOBJIEHI HOPMAaTHBHOK JOKYMEHTAIII€IO;
KOpPOMKOYACHUL, TIpU SIKOMY pOOOYMii Tepioj] HE HACTUIBKUA TpHUBAIUHN, MI00
TeMIlepaTypa OKpEMHUX YaCTHH amapaTa MOIJa JOCATTH CTAJIOTO 3HAYEHHS, Mepioj
3YNUHKHU HACTUIbKHU TPUBAJIMH, 10 anapaT BCTUTA€ OXOJIOAUTHUCH 10 TeMIIepaTypu
HABKOJIMIIHBOTO CEPENOBHILA; HNOBMOPHO-KOPOMKOYACHUL, TIPU SIKOMY poOoul
NeploJik YePryOThCS 3 MEPI0IaMH T1ay3, @ TPUBAIICTh BCHOTO LIUKITY HE MEPEBUIILYE
10 xB., HarpiBaHHS HE MEPEBEPIITYE MPUITYCTUMOTO, a MPU OXOJIOKEHHI HE JOCATae
TEeMIIepaTypy HaBKOJIMIIHBOTO CEPEIOBHUILA.

Y TpuBajioMy pexumi Mpamroe OUIBIIICTh EIESKTPUYHOI JBUTYHIB, SKi
00CIYyroByIOTh OCHOBHI TEXHOJIOT14HI arperaTv 1 MeXaHi3Mu. 3 TPUBAJICTIO POOOTH
B1JI A€KUIBKOX TOJIMH JI0 JEKUIBKOX 3MIH TIPS, 3 JOCUTh BUCOKUM, HE3MIHHUM a00
MaJOMIHJIMBUM HAaBaHTAXXEHHSM TMPAIIOIOTh EJIEKTPONPUBOAN BEHTHIISITOPIB,
HACcOCIB, KOMIIpecopiB Ta iH. JIOBrocTpoKOBO, ajie 3 IEPEMIHHIUM HaBaHTAXKEHHSIM 1
KOPOTKOYACHUMHU BIJKITIOUEHHSMHM, 32 4aC SAKUX CJICKTPUYHOI JBUTYH HE BCTHUTa€
OCTUTHYTH JI0 TEMIIEpAaTypH HABKOJMIIHBOTO CEPEJIOBHINA, & TPUBAIICTh ITUKIIIB
nepepuirye 10 XB., MPAIIOIOTh EICKTPUYHI IBUTYHH, 1[0 0OCTYTrOBYIOTH BEPCTATH
XOJIOTHOT 00pOOKHM MeTaliB, 1epeBOOOPOOHI BEpCTaTH, MOJIOTH, TIPECH Ta 1H.

VY KOpPOTKOYaCHOMY pPEXHMI MpaLIO€ OUIBIIICTh EJIEKTPUYHUX TMPUBOIIB
JOTIOMIDKHUX MEXaHI3MIB METaJIOpi3ajJbHUX BEPCTATIB, a TAKOXK MEXaHI3MIB MJis
BIJIKpUBAHHS T1IPaBIIYHUX 3aTBOPIB, YCAKOTO POJY 3aCIIHOK Ta 1H.

Y MOBTOPHO-KOPOTKOYACHOMY PEXHUMI MPAIIOIOTh €IEKTPUYHI JBUTYHH MOCTOBHX

KpaHiB, Tenb(depiB, MANOMHUKIB 1 aHAJOTIYHUX iM YCTaHOBOK, JOMOMDKHHUX 1



JeSIKUX TOJOBHMUX MpHUBOIIB. [lo 1i€l rpynu BIAHOCATHCS TaKOX 3BApPIOBAJIbHI
amapartu, o0 MPaIoTh 3 TOCTIMHUMU BETUKUMH KUIKAMU MOTY>KHOCTI.

HarpiBanpHi amapaTul 1 €JEKTpOINedl MpaliolTh y TPUBAIOMY PEXHUMI 3
NOCTIHUM a00 MaJOMIHJIMBUM HaBaHTaKEHHAM. OCOONMBICTIO peXUMY pPOOOTH
CJICKTPUYHOTO OCBITIICHHS € Pi3Ka 3MiHA 1 CTAIICTh HABAHTAKCHHS MPU BKIIOYCHH1
1 3M1H1 peKUMY POOOTH.

VY XKuTiaoBuX OyAWHKAX 10 HHUX BIIHOCITBHCA: JI(PTH, IMOXKEXKHI HACOCH,
CUCTEMH aBTOMATHMYHOTO JTWMOBHJIAJICHHS, aBapiiiHE OCBITICHHS KOPHUAOPIB,
BECTUOIOJIIB, XOJIIB 1 CXOJJOBUX KJIITOK OYJIMHKIB BUCOTOIO 16 moBepxiB 1 Olbliie,
3aropoJIKyBaJIbH1 BOTHI, BCTAHOBJIFOBaHI Ha J1axax OyJIuHKIB BUCOTOO OibIie 50 M.
Jlo mepmioi KaTeropii TaKOX BIJHOCSATHCA: EJIEKTPONpPHiIiMadl CHelialbHOro
MIPU3HAYCHHS HE3aJIeKHO BiJl TOBEPXOBOCTI OyIMHKIB — 1€ BOY/I0BaH1 aBTOMaTHYHI
TenedOHHl CTaHLli, CTaHLli nepekayyBaHHS (PEeKalIbHUX BOJ, OIOPHO-
MIJCAIIOBAJIbHI MYHKTH 1 OJIOKM-CTaHINl paaioTpaHCIsALil, BOJOMPOBIIHI U
KaHa3aIiiHl By3/H, NpuiiMadl OyJIMHKIB MAacOBOTO CKYMYEHHs JIIOJel (Tearpw,
KIHO, KJyOu Ta iH), mpuiiMadi 0COOJMBHX JIIKYBAJIbHUX YCTAHOB — OMEpPALIHUX
3aJ1iB, POAMJIBHUX OyJMHKIB, MyHKTIB HEBIIKJIATHO1 JJOTIOMOTH, Y IPOMHCIIOBOCTI -
CIIO’KMBAayl, IEpepBa B €JIEKTPONOCTAYaHH] SIKUX MOYXE BUKIMKATH HEOE3NEKy IS
KUTTS JItoJIe a00 3HaYHUM MaTepialbHUN 30UTOK, MOB’SA3aHUM 3 MOIIKOKCHHSIM
YCTaTKyBaHHS, MAaCOBUM OpakoM MpPOIYKIlli ab0 TpUBAIUM PO3JIaJ0OM CKJIAJTHOTO
TEXHOJIOTTYHOTO MPOIECY BUPOOHUIITBA.

Jlo npyroi kaTeropii BIIHOCATHCS MpHiMadl KUTIOBUX OYJIHMHKIB BUCOTOIO
Bil 6 mo 16 moBepxiB, crokuBadl OyAWHKIB Oyab-SKOi MOBEPXOBOCTI, B SIKHX
BCTAHOBJICH1 HAMIJJIOKHI CTAI[lOHAPHI €JIEKTPOIUIUTH, a TAKOX E€JIeKTponpuiiMayi
aJIMIHICTPATUBHO-TPOMAJICBKUX OyIMHKIB, TIKYBaJbHUX 1 IUTSYUX YCTAHOB, IIKLT 1
HaBYaJIbHUX 3akiaAiB. Ha mpomucioBux mnignpueMcTBax IO APYroi KaTeropii
HaJeXaTh IpHiiMadi, IepepBa B €JIEKTPONOCTAYaHHI SIKMX IOB’s3aHa 3 1CTOTHOIO
HEJOBIJIMYCTKOIO MPOAYKII, MPOCTOEM JIIOAEH, MEXaHI3MiB, MPOMHUCIOBOIO
TPaHCIIOPTY.

3a MOTY’KHICTIO i HANPYIOKW BCl CIOXKHMBAul €JIEKTPUYHOI €HEeprii MOKHA

PO3MOIINTH Ha AB1 TPYNH: cnoxcusayi seauxoi nomyxcrocmi (80— 100 kBT 1 Butie)



Ha Hanpyry 3-6-10 kB, sk 01epKyIOTh KHUBJICHHS 0€3M0CepeIHbO Bi Mepexi 3-6-
10 xB. o 1i€i rpynu BITHOCATHCS MOTYTHI €4l ONOpY W AYroBi Iedi JJIs TUTABKH
YOPHUX 1 KOJILOPOBUX METaNiB, fIKI KHUBIATHCS uYepe3 BIacHI TpaHChHOpMAaTOpu;
cnooicusayi manoi i cepeonwvoi nomyosicnocmi (Hrkue 80 — 100 kBT), )KUBICHHS SKHX
MO>KJIMBE ¥ €KOHOMIYHO JOIIJIbHE TUThKK Ha Hanpyry 380-660 B.

3a poioM CTPYMY BCi CITOKHBAYi €JICKTPUIHOI CHEPTii MOYKHA PO3MOAUTATH
Ha TPU TPYIH: Ti, IO TMPAILIOIOTh BIJ MEPEXl 3MIHHO20 CMPYMY NPOMUCTIOBOT
yacmomu; Ti, MO TPAIIOIOTh BIA Mepexci 3MIHHO20 cmpymy niosuueHoi abo
SHUMCEHOI yacmomu, Ti, O MPAIIOIOTh BIJl HOCMIIHO20 CIPYMY.

OCHOBHUI POJ CTPyMY, Ha SIKOMY Ipalio€ OUIBIIICTh €IEKTPUYHUX MpHUIMayiB —
3MiHHUH TpudazHuid cTpyM yactotoro 50 I'm.

EneKkTpoycTaHOBKU CIOKHMBaudiB €HEPrii XapaKTepU3yIOThCS HOMIHAIBbHOIO
Hanpyroro. HomiHanbHa Hampyra TIeHepaTopiB, TpaHCPOPMATOpPiB, MEPEexX 1
CIOKMBA4IB €JIEKTPUYHOI €eHeprii (eJEeKTPOJABUTYHIB, JIaMIl) HAa3UBA€TbCA Ta
Hanpyra Ha sIKy BOHU IIPU3HA4Y€Ha JJi1 HOpMaJbHOI pOOOTH.

EnexTpoyCTaHOBKHM CIOKHMBA4iB €JIEKTPUYHOI €HEprii MOAUIAIOTHCS Ha JIB
KaTeropii : eNeKTpoyCTaHOBKH Harpyroto 10 1 kB 1 enextpoycranoBku Buie 1 kB.
et po3noAin NOB's13aHMIA 3 BIAMIHHICTIO B TUIIAX 1 KOHCTPYKIIISIX anapariB, a TAKOXK
3 BIJIMIHHOCTSIMHM B yMOBax 0€3MeKH, BUMOTax, MPOMOHOBAHUX MPH CIIOPY/IKEHHI Ta
eKCILUTyaTaIlii eJIEKTPOyCTAaHOBOK Pi3HUX HATPYT.

3a BUKOHAHHSIM 3aXHCTY BiJ BIUVIMBY HABKOJIMIIIHLOI0 CepeIoBHINA:
- 1o kmiMaTUYHOMY BUKOHAHHIO 1 KATETOPil pO3MIIIICHHS;
- 3a cTymeHeM 3aXUCTy BiJI MOMaaHHs BOJIOTH 1 TBEPIAUX TiJ,;
- 3a cTyImeHeM 3aXUCTy IPU POOOTI B MOKEKOHEOEIMEUHUX 30HAX;
- 3a cTymeHeM 3aXUCTy MpHu poOOTI y BUOYXOHEOE3MeyHUX 30HaX.

Bci eekTponpuiiMadi MalOTh psiJi XapaKTePHUX MOKA3ZHUKIB:
- HominanbHa Hanpyra ;
- BcTanoBieHna noTyxHicTb
- HominanbHa akTHBHA MOTYXHICTb ;

- HominanbHa peakTUBHA MOTYKHICTB ;



- HominanbHa moBHa MOTYKHICTS ;
- HominanbHuit cTpyM;
- HominanbHMit KoedilieHT MOTY>KHOCTI.

Pexumu po6otu EIl pizHOMaHITHI 1 3MIHIOIOThCS B Yaci. J[si XapakTepucTUKu

KOPUCTYIKOTBCS TaAKUMH IMTOHATTAMM.

Hominanbna nanpyra ( UHOM ) - Hampyra eJIeMeHTa eIeKTPUIHOI MEPEexi ,
npu  SKOMY 3a0€3MeuyeThbCs TPUBAIMM pPEXUM HOro poOOTH 3 HaWOUIbII
ONTUMAJIbHUMHU TEXHIKO - EKOHOMIYHUMU MOKa3HUKAMHU.

BcraHoB/ieHa MOTY:KHICTh 1HAMBIAYaJlbHOTO elekTpornpuitmMava ( Pyct ) -
HOT0 MOTY>KHICTh 3a3Ha4Y€Ha Ha Ta0auulll 3aBoly BUpoOHHKa abo B macmopTi EIT (
Prac). Ilpu 3a3nayenoi notyxHocti Ell moBuHeH npaioBaTi Npyu HOMiHAIBHOMY
HAaBAHTAKEHHI 1 HOMIHAJIbBHOMY Hallpy3l TPUBAJIMWA 4Yac B CTAJIOMYy pexuMi 0e3
NEPEBUILEHHS JOMYCTUMOI TemrepaTypu. bynemMo BBakaTu BCTAHOBIEHUM OYIb
EIl , miakio4eHnid 70 eIeKTPUYHOI Mepexi (Ipalodnii abo He Ipaloydnil ) ,
ajie IKM MOXKHA BKJIFOUUTH B Oyb-sIKUHM Yyac Ha BUMOTY TEXHOJIOTII .

Hominanbna aktuBHa nory:kHicth EII (PH) - e moTyXHICTh , CIOKUBaHa
3 MEPEK1 IPU HOMIHAJIbHOMY HaBaHTakeHH]1 EIT , pu skiii BiH MOBUHEH NPaltOBATH
TPUBAINHN Yac B CTAIOMY PEXHUMI 0€3 MEPEBUILIEHHS JOMyCTUMOI TEMIIEpaTypH.
Jnst tpuBanoro pexumy poOotu EIl HOMiIHambHA MOTYXKHICTh JTOPIBHIOE
nacropTHoi BenuurnHoro ( Pmac ).

Pu=Pnac

HominanbHa peaxktuBHa mnoty:xkHicte EIl (Qu=PH tg ) - peakTuBHa
NOTY)XHICTh, CIIO’KMBaHa IM 3 MepeXi MpU HOMIHAJIBHINA aKTHUBHOI MOTY>KHOCTI 1
HOMIHAJIBHIN HaIpy3i.

HominaabHa noBHa nory:xkHictsb EII

Hominaabuuii ctpym EII

HominanbHuii koeinieHT AKTUBHOI MOTYKHOCTI



Jlexkuisa Ne3

Tema: Cxemu eIEKTPUYHUX CTAHIIIN 1 MACTAHIIIMA
Meta: O3HaHOMUTHCS 3 CXEMaMH CJICKTPUIHUX CTAHIIIN 1 MACTaHITIH.
MeToau: CIIOBECHI, HAOYHI.

ILnan:

1 Pi3HMI® HOMIHAJIBHUX HaAmpyr JDKEpesl eJeKTpoeHeprii 1 mpuiiMadiB
CJICKTPOCHEPTi.

2 IIpuHuIoBa cxema eJIeKTPUYHOI CUCTEMH.

3 CTpyKTypHI CXEMU €IEKTPUYHUX CTaHIIIM.

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs: Ta AMAaKTH4HI 3aco0u, T3H: koHCIEKT,
HIIPYYHUK.

Jlireparypa:

1 Poxxona JI./., Kozynun B.C. DnexkrpooOopyaoBaHue CTaHIUN W MOACTAHITHI:
VYyueOHUK /U1 TEXHUKOB. — M.: DHeproaTomuszaart, 1987. — 648 c.

2 Jlunikun B.FO. DneTpocHabxeHue MpOMBIILIEHHBIX TPEANPUITHN U YCTAHOBOK. —
M. : «Bwicmasg mkona», 1990 r. — 365 c.

3 TloctauxoB H.II., Py6Gamo I'.M. DnekTpocHaOXeHHUE MPOMBIIUICHHBIX
npeanpusatui. — Jleaunrpan: «Ctponnzaar», 1989 r. — 351 c.

B nanwuii yac BUpOOHMIITBO, epeavy, pO3MOALI 1 CIOKUBAHHS €IEKTPOEHEPrii
3M1MCHIOITH Ha TpudazHOMY 3MIHHOMY cTpyMi yacToToro 50 I'u. Ile mosicHioeThCs
3aCTOCYBaHHAM [JIsl €JIEKTPOINPHUBOAIB PI3HUX MEXaHI3MIB MPOCTUX 1 HAIIMHHUX
Tpupa3HUX ACHHXPOHHUX [BUTYHIB. 3a JOMOMOIOI PI3HMX IE€PETBOPIOBAYIB
Tpuda3HUil 3MIHHUA CTPYM IS CTICI[IaTbHIX €JIEKTPOYCTAHOBOK IMEPETBOPIOIOTH B
nocTtiitauit. 'OCT 721-77 BcTaHOBIIIOE HOMIHANIbHI 3HAYECHHSI HATPYT T€HEPATOPIB,
TpaHchOopMaTopiB, MEpEX 1 MpuiiMadiB eekTpoeHeprii Hanmpyroro a0 1000 B 1 Buie
3MIHHOTO cTpyMmy (Tabi. 1.1.). SIk BUAHO 3 TaOJHIll, HOMIHATBHI HATIPYTH JKEPEI
CTpyMy (reHepaTopiB 1 BTOPMHHHUX OOMOTOK TpaHC(POPMATOPIB) JIEIIO
BIJIPI3HSIIOTHCS BiJl HOMIHAJIBHUX HAMpyr MpUiiMaviB (CHJIOBHX 1 OCBITIIOBAIBHUX
HABAHTAXKEHb 1 IEPBUHHUX 0OMOTOK TpaHchopmaTopiB). [losicHIO€TbCS 11€ TUM, LIO
JUIsl 3a0€3MeYeHHs] HOPMaJIbHOT poOOTH NpHUIIMAaYiB €JEKTPOEHEPTii BIAXUIIECHHS
HANpyTH Ha HUX HE TIOBHHHI MEPEBUIYBaTH + 5% BiJ HOMIHAJIBHOTO.

Tabmung 1.1 — 3anexHicTh HaPyT

HominanbHa Hanpyra npuiimavis HominasabHa JliHiliHA HAIpyra Ha
eJIEKTPOEeHeprii Ta Mepex 3aTHCKaAX



Tpancdopmaropis
JiHiliHe tdazne reHeparopis
V IEPBUHHUX | V BTODHHHHUX
00MOTOK 00MOTOK
B BonbTax
220 127 230 220 230
380 220 400 380 400
660 380 690 660 690
B kunomonbTax
3 - 3.15 3u3.l15 3.15u 3.3
6 - 6.3 6u63 6.3 u6.6
10 - 10.5 10 m 10.5 10.5un 11
15.75 - -
20 - 20 20 21 21 n 22
24 - -
35 - - 35 38.5
110 - - 110 121
150 - - 150 165
220 - - 220 242
330 - - 330 347
500 - - 500 525
750 - — 750 787
1150 — — 1150 1200

IlepeTBOpeHHs1 HANPYru 3MIHHOIO CTPYMY 3IMCHIOIOTH 33 JOMOMOIOIO
HiABUIIYBaJIbHUX TpaHCPOpPMATOPIB HaA ENEKTPOCTAHIIAX 1 TMOHWKYBAIbHUX - Ha
MICTAHITISAX Y CITOKUBAYIB.

['eHeparopy Ha €JEKTPOCTAHIISIX 1 OKpPEMI €JEKTPOCTaHIi MpaliolTh
napayienbHo. lle migBuIlye HaIlIWHICTh €JIEKTPONOCTAYaHHS CIIOXKWBAYIB, 3MEHILYE
KUIBKICTh PE3EPBHOTO YCTATKYBaHHS, 3HUKYE BapTICTh BUPOOIIIOBAHOI €IEKTPOEHEPT i,
crpusie OLTBII PIBHOMIPHOMY 3aBaHTQ)KEHHIO YCTaTKYBaHHS CTaHINN Ta iH.

CykymHICTb  yCTAaHOBOK 10  BHUPOOJICHHIO, PO3MOAUTY 1 CHOXKHBAHHIO
CJICKTPOCHEPTii Ta TEIUIOTH, TIOB'S3aHUX MK COOOI0 EIICKTPUYHHUMHU 1 TEIJIOBUMH
MepeKaMHu, Ha3UBalOTh EHEPreTUYHOI0 CHUCTEMOI, a YacTHHA EHEprocucTeMu
(reHepaTopy, pPO3MOAUIBHI MPUCTPOi, JHII eJleKTpornepenadl Ta MpuidMadi
€JIEKTPOCHEPTIi) - €NIEKTPUUHOIO CUCTEMOIO.

I'osioBHA cxeMa eJIeKTPHUYHHMX 3'€IHAHb €JeKTPOCTAHWil (migcTaHuil) - 1e
CYKYIIHICTh OCHOBHOT'O €JIEKTPOYCTaTKyBaHHS (F€HEpaTopH, TpaHchopMaTopu, JiHii),
301pHUX IIWH, KOMYTAI[IHHOT Ta 1HILIOT IEPBUHHOI anapaTypH 3 yCiMa BUKOHAHUMHU MIXK
HUMH B HaTypi 3'€ THAHHSIMU.

Ha kpeciieHHI TOJ0BHI CXeMHU 300paXXylOThCsl B OJIHOJIHINHOMY BUKOHAHHI TIPH
BIIKJTIOUEHOMY TIOJIO)KEHHI BCIX €JIEMEHTIB YCTaHOBKU. B Jeskux BuUIagkax
JIOTTYCKAETHCS 300paykaTh OKPEMIi €JIEMEHTH CXEMHU B POOOYOMY TOJIOKEHHI.



Pucynok 1.1 - IIpuHuumnoBa cxema eJ1eKTpUYHOI CUCTEMHU

Bci eneMeHTH cxemMu 1 3B'SI3KM MK HUMHU 300pa)KyIOThCS BIAMOBITHO O
cTaHaapTiB €AMHOI cHCTeMH KOHCTpyKTOpchkoi aokymeHrtamii (ECKJ). YmosHi
rpacdiyHi TO3HAYCHHS OCHOBHHUX €JIEMEHTIB cxeM BUKOHYIOTh 3rifHo 'OCT 2.710-81
(0OyxBeHO-IU(pOBe MO3HAYECHHS B €JIEKTPUYHHUX CXE€MAaX).

Ha pucynky 1.1 mpuBeneHa NMpUHIUIOBA CXE€Ma EJIEKTPUYHOI CUCTEMH. SIKIO0
Hanpyra redaeparopiB TEL] cranoButh 6-20 KB, TO €eKOHOMIYHO JOIIBHO MOCTAYATH
CICKTPOCHEPTiI0 uepe3 po3noauibHI mijgcTanmii YPII3 MICBKHX 1 HpPOMHCIOBHX
criokuBaviB, postamoBaHux moomm3y TEL[. [[ns emekTporocradyaHHs CIOKHBAaYiB,
BI/IJIAJICHUX Ha 3HAYHI BIJICTaHI, 1 3B'SI3KU €JIEKTPOCTAHIIIN 3 EHEPreTUYHOIO0 CUCTEMOIO
3aCTOCOBYIOTh HaIIpyTH, 110 IEPEBUILYIOTh HANIPYTy renepartopHy. g nsoro Ha TEL],
I'EC-1 1 T'EC-2 1 temnoBux paiionHux enekrpoctanuisix ['PEC-1 1 I'PEC-2
BCTAHOBJIIOIOTH IM1IBUILYBaJIbHI TpaHcpopMaTopu Juis JiHiid Hanpyroto 35, 110, 220 1
500 kB. Tpauncdopmaropni miactaniii n / ctl n/ ct4 1 po3noaunbHi mijgctanmii YPII1-
VYPI14 npusHadeHi A NEpeTBOPEHHS HAIIPYT 1 17151 3B'SI3KYy OKPEMHUX YaCTUH CUCTEMHU 1
YKUBJICHHS IOTYXHUX CIIOXHUBaYiB, a TpaHchopmaTtopHi miactanii TII - 115 )xuBieHHs
CTHOYKMBAY1B MEHILIOT MTOTY>KHOCTI.

TpuBanuii MOCBiN eKCIUTyaTallli €HepreTUYHHX CHUCTEM I0Ka3aB JOIIILHICTh
3'€THaHHA OKPEMHX CHEPreTUYHUX CHUCTEM MK CO00I0, OCKUIBKM II€ TOJIETIIYE
3aBJlaHHSl PE3EPBYBAaHHSA MMOTYXHOCTEH 1 MIABHUINYE 3arajbHUN TEXHIYHUNA pPIBEHb
eKCIUTyaTarii.

a) 0)

IIpu npoexkTyBaHHi eJEKTPOYCTAHOBKH [0 pPO3POOKM TOJOBHOI CXEMH
CKIIATAEThCS CTPYKTYpHA CXeMa BHUAYl EJIEKTPOeHeprii (MOTYXHOCTI), Ha SKii
MOKa3yIOThCS OCHOBHI (DYHKITIOHAJIbHI YaCTUHU EJIEKTPOYCTAHOBKHU (PO3MOIIIBHI



Pucynok 1.2 - CTpykTypHa cxema eJIeKTPUYHOI CTaHIIi OAHOCEKI[iHHOI (a) Ta
JIBOCEKIIIIHOT (0) cuctem
IPUCTPOi, TpaHChHOpPMATOPHU, TEHEPATOPH) 1 3B'SI3KM MK HUMHU. CTPYKTYypHI CXeMU
CIIy’KaTh ISl TIOJIAJIBIIOT pO3pOOKHU OUIBIIN TOKJIAAHUX 1 TOBHUX MPUHIIMIIOBUX CXEM, a
TaKOX JIJIs 3aTalIbHOTO 03HAHOMIIEHHS 3 POOOTOIO €JIEKTPOYCTAaHOBKH.

Ha kpecieHHsIX 1muxX cxeM (PYHKI[IOHAJIbHI YacCTHUHH 300paKylOThbCSl Yy BUIJISAIL
NPSIMOKYTHHUKIB 400 YMOBHHMX IrpaiyHUX 300pakeHb (pUCYHKY 1.2, a, 0).

Ha pucynky 1.2, a npuBeneHa cxeMa eIeKTpUYHUX 3'€IHAHb CTAHIII], sIKa BUJIA€
BCIO MMOTY>KHICTb 3 ILIMH T€HEPAaTOpHOI Hanpyru. Cxema MICTUTh OJHY CUCTEMY 301pHUX
e 31, 10 siKkoi uepe3 Bumukayi B 1 muHHI po3'eqnyBayi Pur nigkiroueH1 renepaTtopu
I'1 1 "2, tpancdopmaropu Bracaux notped T1 1 T2 1 Bigxoasts minii JI. Ha BigxigHux
JIHIAX BCTAHOBJIEHO JIHINHI po3'enHyBaui Pn 3 3azemurorounMu  HOxamu P3,
MPU3HAYCHUMHU JJIS BIIJIJICHHS Ta 3a3e€MJICHHS JIIHIT IPH 11 TUTAHOBOMY B1JKITFOUCHHI.

MiHimManbHO HEOOXiJHa KUIBKICTh amapariB 1 MPUCTPOIB CXeMH 30UIbIIye
HAJIIHHICTh 1 €KOHOMIYHICTh. HaMiiHICTh cXeMHU 30LIBIIYETHCS 1 32 PaXyHOK TOTO, IO
BC1 omeparili BIIKJIFOYCHHS 1 BKIIOUCHHS €JIEMCHTIB YCTAHOBKU BHUPOOJISIOTHCS JIUIIE
CWIOBMMHM BHMHKadamMu. lle 3HA4YHO 3MEHIIye YHUCIO TOMUJIKOBUX i 3
po3'eIHYBaUaMH 1 3HUKY€E YUCIIO aBapiid 3 BUHU nepcoHany. Po3'enHyBayl TyT ciyKaThb
Juiie A1 BiA'€AHAHHS BIAKIIOUEHOrO BMMHKAya Ha 4ac MOro peMoHTy abo peBi3ii.
OpHak 1151 cxemMa Mae psiji ICTOTHUX HEJO0JIIKIB B €KCIUTyaTallli.

Ha pucynok 1.2, 06 mnpuBeaeHa CTpyKTypHa CXeMma €JIEKTPUYHOI CTaHIii
JIBOCEKIIIHOIO cucTeMH. J[IJICHHS CXeMHU Ha Bl CEKIli CeKIIMHUM BuMHMKadeM HJ[
poOuTh 1 OUIBII THYYKOH TOPIBHSHO 3 TIOMNEPEIHBOI CXEMOK 1 3abesneuye
0e3mepebIHICTh JKUBJICHHSI CIIOXKWBa4iB. B 1IbOMy BHUMNAAKy MpU PEBI3ii, OTIAII,
OUUIIEHH] 130JI9TOPIB 200 PEMOHTI IITWH OAHIET 13 CEKITIH BTPAYAETHCS MOTY>KHICTh JIUIIE
yactuHu ctauiii. [Ipu aBapii Ha omHIM 13 CeKIlii a0 TP BIIMOBI B POOOTI PEJIEHHOTO
3aXUCTY JiHIH, 0 BIIXOASTH CIIOYATKY BIKIIOUAETHCS CEKIIMHUI BUMHUKAY, PEICHHUN
3aXUCT SIKOT'0 Ma€ MEHITY BUTPUMKY 4acy, HIXK 3aXHUCT F€HepaTOpiB; MOTIM - TE€HEPaTOpH
MOIIKOKEHOT cekiii. Ile mpu3BoauTh M0 NoKamizamii aBapii ojHi€l cekmii 1 70
30€peKEeHHS] HOPMAJIBHOT pOOOTH 1HIIION.

[Ipy HasBHOCTI PE3epBHOIO JKEpesia BUBIJ BHUMHKaya B PEBI3il0 HE BUKIIMKAE
HEJIOBIJIMTYCKa €JIEKTPUYHOI €Heprii, OCKUIbKH CIIOXKHBayl, sIKI HOPMaJbHO KUBIISATHCS
BiJI BIJIKJIFOYEHOI JIHII, MOXYTh Ha 4ac pPEBI3li OTpUMATH >KUBJICHHS BiJl 1HIIOTO
JoKepera.

[Ipu mocTaTHIM TeHepyroUiil MOTYKHOCTI, JKUBJICHH] BIJIMOBIIAIBHUX CIIOKMBAYIB



M0 JIBOX JIHISAX, MIJKIIOYEHUM J0 PI3HUX CEKIIiH, 1 JOCTAaTHBOMY pPE3€pBi MO MEpPEexi
PO3TISTHYTa CXeMa 3aJJ0BOJIbHSIE BCIM BUMOTaM, 110 TIPE/ IBISIOTHCS 10 TOJIOBHOT CXEMHU
CJIEKTPUYHUX 3'€JHAHb CTAHIIN CEepeAHbOI OTY>KHOCTI.

Bubip Ti€i umM 1HIIOT CTPYKTypHOI CXEMH €JIeKTpOCTaHIlli abo miacTaHIii
IIPOBOAUTHCA Ha MIJACTaBl TEXHIKO-€KOHOMIYHOTO TOPIBHSAHHS JABOX-TPHOX BapiaHTIB 1
HICHIsT PO3PAXyHKY EJIEKTPUYHOI PO3BAHTAXKEHHS MPOMHUCIOBUX 00'€KTIB 0OOHMPAIOTh
MOTYXHICTb 1 KUTBKICTh CHJIOBUX TpaHC(HOPMATOPIB.

Jlexuis Ned

Tema: OcHOBHI PI3HOBUIM KaTeropii CIOKMBayiB €JICKTPUYHOI €HEprii Ta cXeMu
LEXOBUX Mepex 10 1 kB

Mera:

1.1 O3HallOMUTHUCS 3 OCHOBHUMU PI3HOBUAAMH KaTETOPiil CIIOKUBAYIB €JIEKTPUYHOL
€Heprii;

1.2 OmanyBaTu cxeMu nexoBUX Mepex 10 1 kB.

MeTtoam: ciIOBECHI, HAOYHI.
IL1an:

1 Kateropii cnokuBauiB 1 3a0€31€4eHHsI HAIHHOCTI €JIEKTPOIOCTaYaHHS.
2 PanianbpHa cxema eJeKTpOIoCTauaHHs 1IexXy.
3 MarictpaibHa cxeMa eJIeKTPONOoCTayaHHs LIEXYy.

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs: Ta AMAaKTH4HI 3aco0u, T3H: koHCIEKT,
HIIPYYHUK.

Jlireparypa:

1 Poxxkosa JI.JI., Kozymua B.C. DnektpooOopyioBaHue CTaHIMI W MMOCTAHIIMI:
VYueOHuk a1 TEXHUKOB. — M.: DHeproaTomusaat, 1987. — 648 c.

2 Jlunkun b.YO. DnetpocHabkeHre MpOMBIITUICHHBIX MPEANPUITUN U YCTAHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

3 TloctamkoB H.II., PybGamo I'.M. DnekTpocHaOXeHUE MPOMBIITUICHHBIX
npeanpusituid. — Jleaunrpan: «Ctpoitnzaar», 1989 r. — 351 c.

HanifinicTh enexTpornocTadyaHHss B OCHOBHOMY 3aJICKUTh B1J] MPUAHATOT CXEMH
CIICKTPOITIOCTAYaHHsI, CTYINCHS pE3epBYBaHHS OKPEMHX CJIEMCHTIB CHUCTEMHU
eJeKTponocTayaHHs (JIiHiM, TpaHCHOPMATOPIB, €ICKTPUYHUX arapariB Ta iH.). s
BUOOPY CXEMU 1 CUCTEMH TTOOYI0BH €JIEKTPUYHOT MEPEKl HEOOX1THO BpaxOByBaTH



NOTY)XHICTb 1 YHCJIO CIHOXKMBadyiB, PIBEHb HAAIWHOCTI €JIEKTPONOCTauYaHHS He
CTHOXKUBAYIB B IIUIOMY, THX K1 BXOASTbH JI0 1X CKJIa1y OKPEMUX €JIEKTPONpHUIIMayiB.

HaniifHicTh eneKTpomnocTauyaHHsi - 3/JaTHICTh CHUCTEMH EJIEKTPOTOCTaYaHHS
3a0€e3MeYUTH MIANPUEMCTBO €IEKTPOCHEPTIEI0 XOPOIIOi SKOCTI, 6€3 3pUBY IUIaHY
BUPOOHUIITBA 1 HE JOMYCKATH aBapiifHUX MEPEPB B €EKTPOIIOCTAYAHHI.

[Ilomo HamIMHOCTI €IEKTPONOCTAYaHHs CIIOKMBaUl €JICKTPUYHOT €Heprii AUISITHCS
Ha TPU KaTeropii:

enekmpocnoxcusadi I kamezopii — niepepBa B €JEKTPOIOCTaYaHHI SKHUX
MO>K€ MPHU3BECTH /10 HEOE3MEKH JUIsl JKUTTA JIIOJeH, 3HAYH1 MaTepialibHl BTPaTH,
MIOIIKO/KEHHS BapTICHOTO 00JIaIHAHHS, MACOBHMM Opak MPOIyKIlii, 301 CKIagHOTO
TEXHOJIOTIYHOTO MPOIECy, MOpPYIICHHS (DYHKI[IOHYBaHHS OCOOJMBO BaKJIMBHUX
€JIEMEHTIB KOMYHaJIbHOTO rocrnojapctBa. I3 ckmamy [ kareropii BHIUISIOTH
0COONUBY TpymHy CIOXKHUBauiB, Oe3mnepebiiiHa podoTa SKUX HEOoOXiaHa ISt
MOTICPEKEHHS 3arpO3H I JKUTTS JIIOJIeH, BHOYXIB Ta TMOXKEXK, MOIIKOHKEHHS
JIOPOTOI[IHOTO 00JIaIHAHHS.
CnoxuBaui | kareropii mHOBUHHI 3a0e3medyBaTHCS >KUBJICHHSIM BiJ JIBOX
HE3aJICKHUX JDKEpen JKUBJICHHSA, TIepepBa JOMYyCKAEThCS JIMIIE Ha Yac
aBTOMATUYHOTO BIJTHOBIICHHS JKUBJICHHSI.

enekmpocnoxcusaydi Il kamezopii — tmiepepBa B €JIEKTPONOCTAYaHH] SKUX
MIPU3BOJIMUTH IO MaCCOBOT'O HEIOBIAMYCKY MPOIYKIIi, MACOBUM ITPOCTOEM POOOYHX,
MEXaHI3MIB Ta IMPOMHUCIOBOIO TPAHCIIOPTY, MOPYIICHHS XUTTEISUIBHOCT1 3HAYHOT
KUJIBKOCT1 MICBKUX Ta CUIbCHKUX JKUTEIIB.

PexomennyeThcsi 3a0e3meuyBaTi €JIEKTPOKUBIICHHSIM BiJl JIBOX HE3AJICKHHUX
JOKEpen, IS HUX JIONMYyCTHMI TEpPEepBHM HA Yac, HEOOXITHUM MJis BKIIOYCHHS
PE3EpBHOIO JKMBJICHHS JiSIMA 4YEProBOr0 IMEpCOHaNy abo0 BHUi3HOI ONEpaTUBHOI
Opuraau. JlomyckaeTbCs JKMBJICHHS BIJl OZHOTO TpaHcopMaropa, mnepepBa B
€JIEKTPONIOCTaYaHH1 JJO3BOJIIEThCS HE OUIbIle 24 TOIUHMU.

enekmpocnoxcusayi Il kamezopii — Bci 1HII CMIOKWBAUl €JIEKTPOCHEPT1, Kl
He manaaaoTh mig BusHadeHHs I Ta Il kareropiit. Enexrponocrayanus npuitmadis
III xareropii HaIIMHOCTI €MEKTPOTIOCTAYaHHS MOXKE 31MCHIOBATHCH BiJl OJHOTO
JoKepenia KUBJICHHS 32 YMOBH, IO TIEpepBa B €JIEKTPONOCTaYaHH1, ika HEOOX1/1Ha
JUTSL PEMOHTY 1 3aM1HU TOIIKO/IX)KEHOTO €JIEMEHTa CUCTEMHU €JIEKTPOTIOCTaYaHHs, HEe
MIEPEBUIILY€ OJTHIET TOOH.

CxemMy  BHYTPIIIHBOIO  €JIEKTPONOCTAYAHHS  PO3pO0JIsSIIOTH 3
ypaxyBaHHSIM TakuX (aKkTopiB:
1) po3mileHHS AKepe )KUBIICHHS 1 CIIOKUBAYIB;
2) BEJIMYUH 1X HAMPYT 1 MOTY>KHOCTEH;
3) HeoOX1aAHOT HAAIHHOCTI;
4) po3TanryBaHHs 1 KOHCTPYKTUBHOTO BUKoHaHHs jdiHid, PII 1 nexoux TII;
5) BUMOT 10 CUCTEMH €JIEKTPOMOCTaYaHHs.

Hapilinictb a00 eKOHOMIYHICTH CXeMHM  MiABHIIYEThCH, SIKIIO
32/10BOJILHSIIOTHCSI HACTYIHI YMOBMU:
1) CKOpOYYETHCS YHUCIIO CTYMEHIB TpaHchopMaIlii i HaOIMKAETHCS HKEPEIIO BUIIOT
HAIPYTH J0 CIIOXKHBAYA,



2) He Hepez[6aqa10TLCﬂ creliagbHl pe3epBHI (HOPMAJbHO HE npau}ofoql) JiHIT 1
Tpchq)opMaTopH BCl €JEMEHTH CXEMH B HOPMATLHOMY pe>1<HM1 MTOBUHHI
3HAXOJUTHCS i HAaBAaHTAKCHHSAM 1 MPALIOBAaTH PO3AUIHHO; MPHU aBapii OJHOTO 3
eleMeHTiB (iHil, TpaHcdopmaropa), IO 3aJUIIMBCSA, MOXE TMPAIIOBATH 3
IPUITYCTUMHM TMepeBaHTaKEeHHM, niepeadadenoi [IVE, 1 3 BIAK/IIOUeHHSIM YaCTUHU
HEBIJIIIOBIJAILHUX CIIOKUBAYIB;

3) y BCIX JaHKax CHCTEMH PO3MOALTYy eHeprii, mouuHatoun Bix mmH [3I1 1
3aKiHuyroud muHaMu Hanpyroro 10 1000 B nexosux TI1, a iHO1 1 11€XOBUX CHIJIOBUX
PI1, 311lCHIOETHCS CEKIIOHYBaHHS IIIMH, a MPU MepeBa3l HaBaHTAXKEHb MEPIIOl 1
JIPYroi KaTeropii nepedoavaeThCs BIAIITYBAHHS aBTOMAaTUYHOTO BBEJICHHS PE3EPBY
(ABP).

Enexrpoenepris Ha Hanpyrax 6—10 kB po3nosainserbes mo paaiajbHUX 1
MarictpaaibHuX cxemax. PamianbHi cxemu (oaHO- 1 JaBocTymiHYacCTi)
3aCTOCOBYIOTH IIPU PO3MILIIEHHI CIIOKUBAYiB y Pi3HUX HANIPSIMKAX BiJl JuKepeJia
JKMBJICHHSI.

Ha HeBenMKMX MIANPUEMCTBAX 1 JJIA JKUBIICHHS BEJIHMKUX 30CEPEIKEHUX
HAaBAHTAKEHb BUKOPUCTOBYIOTh OAHOCTYIIHYACTI CXE€MHU. J[BOCTYMIHYACTI CXEMHU 3
npoMikHUMH PI1 BUKOHYIOTH JJIsl BEJIMKHUX 1 CEpEIHIX MIAIPHEMCTB 13 LIEXaMH,
pO3TalllOBaHMMHU Ha BeNWKId Tepuropii. Bin npomikuHoro PII xuBnsThcs
tpanchopmaropu uexosux TII 1 Benuki enektponpuitmadi. TpanchopmaTopu
nexopux TII migkmroyaroTh 10 JiHIA HAriayxo, 1 BCS KOMYyTalliiiHa amaparypa
BcTaHOBIIO€The Ha PII. 3Buuaiino no oguoro PIT migkmrouatots yotupu-m'ats TI1.

PanianpHi cxemu Oubllie TBOX CTYIIEHIB POOJISITH JIIHIFO TOJOBHUX JUISHOK
O1JIBIII BAYKKOIO, YCKIIQHIOIOTh 3aXUCT 1 KOMYTAIIifo.

[Ipu HasBHOCTI enekTpompuiiMadiB mepmoi 1 apyroi karteropit PIT i
M1JICTAHIIIT )KUBJISATHCS HE MEHII HIXK 110 JBOX PO3ILIBHO MPAIIOI0YUX JIIHIAX. K0
B 1eXy MepeBaXaroTh MNpUiiMadl TPEeTbOi KaTeropii, TO BIH KUBUTHCA BIJ
OMHOTpaHC(OpPMATOPHOI TMIJACTAHINI, a >KHUBJICHHS OKPEMHMX BIAMOBIJATBLHUX
HABAHTAKEHb PE3EPBYETHCS NEPEMUUKAMU MIXK M1JCTAHIISIMH.

PanianbHa cxema 3 mpomixkauM PII, B sikiii BUKOHAHI 3a3Ha4Y€H1 BUILIE YMOBH,
HaBeJeHa Ha puc. 4.1



Pucynok 4.1 — PapiasibHa cxema eleKTpOornocTayaHHs

ITo pamianpHux JiHISX nepiioi cryneHi xuBnarbes PIT, TII1, TII4, TIIS 1
TII6. Ilo miHigx Apyroi crymeHi oaepxkyroTh xuBineHHs TII2 1 TII3. VYeci
KoMyTaniiHi anapatu po3mimeni Ha ['311 1 PIL. Ha TII1, TII2 1 TII3 BcTaHOBIEHO
no ABa TpaHchOpPMATOPH 3 TIIYXUM MPUETHAHHSIM 10 KUBWIbHUX JiHIN. KoxHa
JiHIA 1 TpaHCPOpPMATOP PO3paxOBaHI Ha MOKPUTTS BCIX HABAHTAXKEHb NEPILIOT
KaTeropii 1 OCHOBHUX HaBaHTaXeHb Apyroi kareropii. [Ipu BiACYTHOCTI AaHUX PO
XapakTep HaBaHTaXEHb KOKHA JIiHISA 1 TpaHcopmaTop ABOTpaHCPOPMATOPHHUX
MiJICTaHIIH BUOMparoTh, Buxoisuu 3 60—70 % Bim cymMapHOTO HaBaHTAKCHHS
MACTaHII].

[Mwau 311, PIT, TTI1, TTI2 1 TII3 cekmioHoBaHi (MPHHIUI TIHOOKOTO
cekiionyBanHs). CekiniifHi anapaTé HOpMaJIbHO PO3IMKHYTI 1 HA HUX TIepea0aueHui
npuctpiii ABP. Ilpu aBapii Oyap-skoro enemenTa (JiiHii abo TpanchopmaTopa) BiH
BIJIKJIIOYAETHCS, chpanboBye mnpuctpii ABP Ha cekuiliHomy amaparti, AKui
BMHKAIOUMCh, 3a0€3Ieuy€e >KUBJICHHS CIIOKMBAYiB IO PIBHOOIKHOMY €JIEMEHTY
CXEMH, BUKOPUCTOBYIOUH ii IEPEBAHTAXYBaIbHY 3/1aTHICTb.

Ha TII4, TIIS 1 TII6 ycranoBieHo mo omHOMY TpaHcdopmatopy. [ms
YKUBJIEHHS puiiMayiB ipyroi kareropii mix TI14 1 TIIS na ctoponi 0,4 kB BukoHaHa
nepemuyka. I[IponyckHa 31aTHICTh HU3BKOBOJIBTHUX NEPEMHUUYOK, KaOeIbHUX a0o0
MUHHUX (MpU cxeMi OJIOKY TpaHcPOopMaTop — MaricTpaib), MiX MiJICTaHIISIMH,
SKIIO 1€ HEeoOXiJHO 3a yMOBaMM HamiiHOCTI, mpuiiMaetbes 15-30 % Bix
MOTYXKHOCTI TpaHchopmaropa.

XKuBneHHs BiIOKpEMJIEHUX OJHOTPAaHC(HOPMATOPHUX MiJACTaHIN (Ha
npuxnani TI16) npu HasiBHOCTI mpuitMaviB APYroi KaTeropii 311iCHIOI0Th, BUXOASMUN
3 BuMor IIYE mo nBokaGenwHid miHii. [Ipm momkomxkeHHI OAHOTO 3 KabemiB



BHMMHUKAY B1JIKJIFOYA€E BCIO JIIHII0, IEPCOHAN BII'€IHYE PO3'€ AHYBaYEM MOIIKOIKEHU N
ka0enpb 3 BOX OOKIB 1 BKIIIOYAE BUMHUKA4. Y CE€ HABAHTAKEHHS MEPEBOIUTHCS Ha
CIpaBHUM KaOeJb.

PagianbHi cxeMH 3acTOCOBYWOTH NpM KaOeJbHiH a00 mNOBITPAHIN
NPOKJIAXI JiHiH.

MaricrpaJjbHi cXeMH BHKOPHCTOBYIOThH npu JiHIiTHOMY
(«ynopsiakoBaHOMY») PO3MillleHHI MiAICTAHIIH HAa TepUTOPIl miANpUeMCcTBa i
BUKOHYIOTH Y BHIJISAI OJMHOYHHUX I MOABIMHUX MaricTpajied 3 oaHO - ado
JBOCTOPOHHIM KMBJICHHSIM.

OnuHouH1 MaricTpani 0e3 pe3epByBaHHs (puc. 4.2, a) BAKOPUCTOBYIOTh JIJIs
’KUBJICHHS HEBIAMOBIJAIBLHUX CIIOKKBadiB. (Cxema OJMHOYHOI Marictpaii 3
JIBOCTOPOHHIM >KMBJIEHHSM (puc. 4.2, 0) OuIbI HajIiHA. Y HOPMAJIBbHOMY PEKUMI
MIJCTAHIlT MOXYTh XHUBHUTHUCS TUIBKM BIJ OJHOTO JpKepena (NpU Apyromy —
pe3epBHOMY) a00 BiJ IBOX JIPKEPEN OJHOYACHO, ITPH [IbOMY MaricTpajib pO3IMKHYTa
Ha OJHIA 3 mijAcTaHIii. YacTKOBUM BHUIIAJAKOM OJMHOYHOI Marictpam 3
JIBOCTOPOHHIM KUBJIEHHSIM € KUIbLIeBa cxeMa (puc. 4.2, B).

CxemMH MOABIMHUX MaricTpajeli BHCOKOHAQIIMHI 1 3aCTOCOBYIOTHCS TPHU
HAsSBHOCTI HaBaHTa)KEHb MEPIIOl 1 APyroi Kareropii Ha MiACTAHIIAX 3 JIBOMa
cekuisiMu 301pHUX muH (puc. 4.3, a) abo Ha ABOTpaHC(HOPMATOPHUX MIACTAHIIAX
0e3 30ipHMX MMH BUIIOI Hanpyru. KokHa marictpaib po3paxoBaHa Ha MOKPUTTS
HaBaHTaXX€Hb BIIMOBIAAIBHUX CIOXXKHUBAYIB ycCixX mijcTaHIii. CekuiiHi BUMHKaYl
HOPMAJIbHO PO3IMKHYTI W oOnagHaHi npuctpoem ABP. Marictpan MOXyTb
OJIep>KyBaTH >KUBJICHHS BiJ 1HIIOro jpkepena. CxeMmy MOJABIWHOI marictpaii 3
JIBOCTOPOHHIM  JKMBJICHHSIM  («3YCTpi4Ha» MaricTpajib) 3aCTOCOBYIOTh TpHU
HassBHOCTI JBOX HE3aJIe)KHUX pkepen (puc. 4.3; 0).

KoncTpykTuBHO MaricTpaibHi CXEMU BUKOHYIOTh Ka0emnsMmu,
CTPYMOIIPOBOJIAaMU 1 TOBITpsiHUMHU JiHisIMU. [Ipu kaGenpHux miHigx 6—10 kB
PEKOMEHIYETbCA TPUEIHYBATH 10 OJHI€T MaricTpaii HE OUIBII YOTUPHOX-M'SITH
TpancopmaropiB moTyxHicTio g0 1000 xkBA. MarictpanbHi cxemu 31
CTPYMOTIPOBOJIaMH JIOIIJIbHI TIPH KOHIICHTPOBAaHUX IIOTY)KHHX CIOKABadax 1
nepeaayl BeJIMKUX IMOTOKIB eHeprii. MaricTpanbHi HOBITPSIHI JIiHII 3B'S3yI0Th Ha
Hanpyrax 35-220 kB oxpemi ['311 1 nogarote kuBneHHs Ha [1T'B.

['muboxi BBOAM 3AIMCHIOIOTH Y BUTJISAI MariCTpaJibHUX MOBITPSHUX JIHIN 3
BiJIMaliKaMU-BIATATY>KeHHSIMU 110 mijacTaniii 35-220 kB abo y Burisiai pagiaibHIX
Ka0enpHUX 1 MOBITPSAHMX JiHIN. CucTeMa rTMOOKUX BBOJIIB JO3BOJISIE:

1) po3nONIIATH EHEPTIIO TPH MiIBUINCHIN HAMPY3i;

2) ckopoYyBaTH AOBXKUHY KaOeabHUX JdiHik 6—10 kB;

3) obxomutucs 6e3 npomixaux PIT 6—10 kB;

4) posykpynHioBaTu notyxHi ['TIDK;

5) ToJnerIyBaT PeTyIIOBaHHS HAPYTH;

6) CIpOIIyBaTH PO3BUTOK CUCTEMH €IEKTPOIIOCTaYaHHSI.



PIT 10 kB

TII1 TTI2 TII3

Pucynox 4.2 — Cxema 0JUHOYHHUX MaricTpajieii: a — JKUBJICHHS OJTHOTO JDKEpEna;
0 — 3 TBOCTOPOHHIM KHBJICHHSIM; B — KUJIbIICBA.

Pucynok 4.3 — Cxema noJBiifHMX HACKPI3HUX MaricTpaieil: a — mojBiiiHa
HACKpi3Ha Marictpajib NpU HagBHOCTI 30ipHUX mKH HA TII;
0 — 3 IBOCTOPOHHIM >KMBJICHHSM IPH BIACYTHOCTI 301pHUX 1KMH Ha TII



Jlexuis Ne5
Tema: I'padixu 1 po3paxyHOK e€JIEKTPUUYHUX HaBaHTaXEeHb Hampyrorw j0 1 kB

Meta:O3HaliomuTics 3 rpadikaMu 1 pO3PaxXyHKOM EJICKTPUYHUX HABAHTAKEHb
Hanpyroro 10 1 kB.

MeToau: CIIOBECHI, HAOYHI.
Ilnan:

1 EnexkTpuuHi HaBaHTa)XEHHsS MiANpPHEMCTBA — (aKTOp IPH MNPOSKTYyBaHHI 1
eKCILTyaTallii eJICKTPUYHUX MEPEXK.

2 J1o0oBi 1 piuHi rpadiku aKTUBHOTO 1 peaKTUBHOT'O HAaBAaHTAXKECHHS.

3 Cepennbo000Ba 1 CEpeIHHOPIUHA MOTYAKHOCTI.

4 Jlo60Bwmil rpadik HaBaHTaXKEHHS TPOMHUCIOBOTO MIANPUEMCTBA.

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs: Ta AMAaKTH4HI 3aco0u, T3H: KoHCIIEKT,
HIIPYYHUK.

Jlireparypa:

1 Poxxona JI./., Kozynun B.C. DnexktpooOopyaoBaHue CTaHIIUN W MOACTAHITHI:
VYueOHuK 119 TeXHUKOB. — M.: DHeproaTomusaat, 1987. — 648 c.

2 Jlunikun B.FO. DneTpocHabxeHue MpOMBIIIIEHHBIX TPEANPUITHA U YCTAHOBOK. —
M. : «Bpicmas mkoma», 1990 r. — 365 c.

3 TIloctauxoB H.II., Py6amo I'.M. DnekTpocHaOXeHUE MPOMBIIUICHHBIX
npeanpusatui. — Jleannrpan: «Ctponnzaar», 1989 r. — 351 c.

EnexkTpuyni HaBaHTa)KeHHsI TMPOMUCIIOBHX IiANPHEMCTB BH3HAYAIOThH
BUOIP BCIX €JIEMEHTIB CHCTEMH €JICKTPONOCTAYaHHS: TOTY>KHOCTI PallOHHHUX,
TpaHC(OpPMATOPHUX  TIJACTaHINM, PO3MOAUIBHUX  MEPEX  CHEProCHUCTEeMH,
3aBOJICBKUX TpaHC(HOPMATOPHUX IMIJICTAHINIA Ta 1X Mepex . Tomy mpaBUIIbHE
BU3HAYCHHS EJICKTPUYHUX HABAHTAXKEHb € BUPIMIAIBHUM (PAKTOPOM MpHU
MPOEKTYBaHHI Ta €KCIUTyaTallli eIEKTPUYHUX MEPEXK.

Pospizustorh Taki Tpadikd aKTUBHMX 1 pEAKTHBHUX HABAHTAXKEHb 34
TpUBAIICTIO: 100O0B1 (pucyHok 5.1, a ) Ta piuni (pucyHok 5.1, 6), XxapakTepH1 AJisl

OKPEMHX raixy3ei MpOMHUCIOBOCTI.
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Puc. 2.12. Cyrouusie (a) u roaoesie (6) rpaduxi ak1usnoii P 1 peastusnoi

Q wHarpysok

Pexxum poOOTH CIIOKHBaUiB €JIICKTPOCHEPT1l 3MIHIOETHCS B TOJIMHU JI00H, JTHI
TUXHS 1 MICALIl POKY, NMPU LbOMY 3MIHIOETHCS 1 HABAaHTAXXEHHS BCIX CKJIAJOBHX
cUcTeMHu eHepromoctadyanHs. [li 3MiHM 300paxyloTh y BHUTIJSAAl Tpadikis
HABAHTAKEHb , HA SIKUX 10 OCl OpJIMHAT BIJKJIAal0Th aKTUBHI ( KBT) 1 peakThBHI1
(kBAp) HaBaHTa)k€HHS, a IO OCl a0CUUC - Yac, MPOTArOM SIKOIO YTPUMYIOThCS Il
HaBaHTa)KCHHS.

JloOoBI rpadgiku MOXyTh OyTH MOOYAOBaHI AJII OKPEMHX JJAHOK CHUCTEMH
€JIEKTPONOCTauYaHHsl (MEpeX, ILEXOBUX 1 3aBOJCHKHMX MIJCTaHIN, OKpeMUxX
YCTAHOBOK), a TaKOX JUIsl BCi€l €HEPreTU4YHOi cucTeMu abo ii YacTUHHU, IO
3a0e3Meuye eIeKTPOCHEPT1€I0 IEBHOTO PAOHY .

[Ilo6 xapaktepuszyBatu poOOTYy OKPEMHX YCTAHOBOK 1 MPHUCTPOIB MPOTITOM
POKy, HEOOXIJHO MaTH OCHOBHI J000B1 Tpadikd pOKy - 3UMOBUN 1 JITHIH.
HaiiGinpiie HaBaHTaKeHHS 1O J000BOMY Tpadiky Ha3WBAIOTh MaKCUMAaJbHOT
N000BOi HABAHTAKEHHSIM.

MakcumanbHuM Pmakc Ta MiHIMIbHMM PMIH pIYHMMM HaBaHTAXKEHHSIM
BBa)KAIOTHCS BIANOBITHO HaBaHTa)XEHHS 3WMOBOTO Ta JITHBOrO TpadikiB, sKI
BPaxOBYIOTh IPU BUOOP1 MOTYKHOCTI TPAaHC(HOPMATOPIB.

Ilnoma nobdoBoro rpadgika siBisie coOO0K KIUIBKICTh enekTpoeHeprii (kBT
roj1), BUpoOJIeHOT a00 CTOKMBAHOI JaHOI YyCTaHOBKOIO 3a 100y. Cepeanb01000BY
NOTYKHiCTh HaBaHTakeHHs: Pcp (kBT) Bu3HaualoTh, 3HAIOUM KUIBKICTh
enextpoeneprii W (kBT rox), Bupobiienoi abo crioxuBarouoi 3a 100y:

_r_v
cp.006. ¢ 24 .



Piynmit  rpadix 1o  TpUBAIOCTI  TNOKa3zye  TPUBAIICTH  poOOTH
eJIEKTPOYCTAHOBKH MPOTATOM POKY 3 Pi3HUMU HaBaHTaxXeHHsAMU. Ha nbomy rpagiky
10 OC1 a0CITUC BIAKIAMAI0Th TPUBATICTh HABAHTAKEHHS MPOTITOM Poky (Bix 0 mo
8760 rom), a mo oci opAMHAT - BiAMOBIAHI HaBaHTaxkeHHA (%). [lnoma piynoro
rpagika 3a TpPUBAJICTIO fABIsAE COOOI0 KUIBKICTH enekTpoeHeprii (xkBt ron),
BUPOOJIEHOT 200 CIIOKUTOT €ICKTPUIHOIO YCTAHOBKOIO MPOTATOM oKy (8760 rox.).

Ha pucynky 5.3, a-r HaBeJeHO XapakTepHi TIpadikud eJIeKTPUIHHUX
HABaHTaXEHb TS JICSIKUX Taly3ei MpOMUCIIOBOCTI, MOOYAOBaHI Ha MiACTaBl aHATI3Y

eKCILTyaTalliHUX TaHUX 10 ALY MIANPUEMCTB Taly3l.

"'l' 2.13 XiaADas e cC i . '
HA ‘ IPAKTCPHBIC .'.illll.l\ll CYTOHMHLAX AKTUBHBIX [ W [T\'\KKII(BI”J\
HUTPYIO)

CTUHEOCTPDOCHNN ( H lc‘\\‘.h't_':: lL‘l'lPl WM [ IBCTHOH MeTan INPIHH, . XHMH-
ICCKOH HPOMBIILICHHOCTH

HilicHi rpadikm HaBaHTaOKEHb OKPEMHX MPOMHCIOBUX IMiAMPUEMCTB,
3a3BUYal, BIJPI3HSIOTHCSA Bl HABEIEHUX XapaKTEPHUX, TaK SIK BPAXOBYEThCS 4ac
MOYATKy 1 KIHIA OKPEMHX 3MiH, MOYATOK 1 TPUBAIICTh O01/IHIX MEPEPB, BEITUUUHY
KOJIMBAHb HABAHTAKEHHS] HA OKPEMMX TEXHOJIOTTYHMX YCTAHOBKAX TA iH.

[Ilo6 mnoOynyBaTu cymMapHuUil TIpadik HABAHTAXKEHHS MPOMHUCIOBOTO

HiAIPUEMCTBA (PUCYHOK 5.4) HEOOXITHO MipaxyBaTH HABAHTAXKCHHSI CTIOKUBAYiB

k 1 BpaxyBaTu BTpaTu AR

Brpartu noginsirloTbes Ha:

- 3MiHHI, fKi 3aJeXaTh BiJl HaBaHTAXEHHs (HArpiB TPOBOJIB MEpexi 1
0OMOTOK TpaHcpOopMaTopiB),

- mocTiiHi, fKI HE 3aJeXKHI BiJ HaBaHTAXCHHS (HArpiBaHHS CTal

TpaHc(opmMaropis).



I3 pucynka 5.4 pobrMo BUCHOBOK, 1110 HABAaHTAXKCHHSI TT1JICTAHIII1 B Oy Ib-SIKUM
MOMEHT JOOW BU3HAYAETHCS MOTYKHICTIO HABAaHTAXXCHHS CIIO)KHBada i BTpaTaMu B

Mepexi 1 B TpaHcpopmMaTopax:
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Puc. 2.14. Cyroussiil rpadMK HArpyikd IIpo-
MBILLLJICHHOI O IpC IH[)HQT"}IZ
! rpathux voncranommn; 2 rpadmx  norpebaeuns:
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Jlekuist Ne6

Tema: 3axucHa anapaTypa sl Mepex Harpyroro 1o 1 kB.

Mera:

1 3’scyBaT OCHOBHI HEHOPMAaJIbHI PEKUMHU B €TIEKTPUIHUX MEPEKAX HAMIPYTOIO J10
1 xB.
2 YCBIJIOMUTH MPUHIIMI i1 TJIaBKOTO 3aM001KHUKA.

3 BusHauutu ymMoBHM BHOOpPY IUIABKHX 3aMOO1KHUKIB IJIsI 3aXUCTY €JIEKTPUYHUX
mepex | kB.
4 Bu3zHa4UTH YMOBH BUOOPY aBTOMAaTUYHUX BUMUKAUIB IS 3aXUCTY €IEKTPUIHUX
Mepex Harpyrorw 1 kB.

MeTtoam: CJIOBECHI, HAOYHI.
Ilnan:

1 XapakteprucTrka HCHOPMaJIbHUX PEKUMIB POOOTH B CICKTPUUYHHUX MEPEKaXx.
2 3aXUCT IUTAaBKUMU 3aII001KHUKAMU.
3 3aXyUCT aBTOMATUYHUMHU BUMHKAYAMU.



MarepianbHo-TexHiYHe 3a0e3neYeHHs] Ta JUAAKTHYHI 3aco0u, T3H: koHCrekT,
HiAPYYHUK.

Jliteparypa:

1 Poxxkosa JI.JI., Kozynmua B.C. DnextpooOopyioBaHNE CTAHIMI W IOJCTAHIIHI:
VYueOHuK A1 TEXHUKOB. — M.: DHeproaTomusaat, 1987. — 648 c.

2 Jlunkun b.YO. DnetpocHabkeHre MPOMBITUICHHBIX MPEANPUITUN U YCTAHOBOK. —
M. : «Bricmas mkona», 1990 r. — 365 c.

3 TloctaukoB H.II., Pyb6amoB ['.M. DOnexrpocHaOXeHHE MNPOMBIILICHHBIX
npeanpusatui. — Jleaunrpan: «Ctponsgat», 1989 r. — 351 c.

[IpoBix i kabemni, 0OpaHi MO HOMIHAJLHOMY 200 MaKCUMaJIbHOMY CTPYMY, B
HOPMAJIbBHOMY  pEXUMI MOXYTh BIJIUYBaTH HAaBAaHTAXEHHS, 110 3HAYHO
NEPEBULIYIOTh JOMYCTHUMI Yepe3 NEPEBAHTAKEHHS €JIEKTPONPHIIMayiB, a TAKOXK MPU
oHO(a3HUX 1 MDK(DA3HUX KOPOTKUX 3aMUKaHHSX (K.3.), TOMY SIK €JIeKTpoINpuimMadl,
TaKk 1 JAUISHKM MepeXl NOBUHHI 3aXMINATUCS 3aXMCHUMH amapaTtaMu: IJIaBKUMU
3aro01KHUKaMH, aBTOMAaTUYHUMH BUMHKAa4aMH, MarHiITHUMU ITyCKauyaMHu.

T'osi0BHI GyHKUII anapaTypu ynpasJiiHHA Ta 3aXHCTY:

BKJIFOUCHHS 1 BIIKITIOUEHHS €JIEKTPONPUMMAYIB Ta EIEKTPUIHUX MEPEexkKax;

eJICKTPUYHA 3aXUCT X B1J] MEPEBaHTAKECHHsI, KOPOTKUX 3aMUKaHb, 3HUKCHHSI
Hanpyru abo caMo3amycka;

perystoBaHHs 4ynciia 00epTIiB €JIEKTPOJIBUTYHIB;

peBepCyBaHHS €JIEKTPOIBUTYHIB;

€JIEKTPUYHE TaJIbMyBaHHS.

Amnapat Moxe OyTH NMPU3HAYEHUIN 1JI1 BUKOHAHHS SIK OJHIET, TaK 1 IEKIIBKOX
13 3a3HayeHUX (QYHKUIM, 010 BU3HAYAE HOr0 KOHCTPYKIIO 1 CXeMy 3'€HaHHS.
ArmnapaTypa MOXe CIpalbOBYBaTH B Pe3yJIbTaTl BIUIMBY Ha HEi omeparopa abo x
HE3aJIEeKHO Bl omeparopa, MiJl BIUIMBOM (PI3MYHUX MPOLECIB B EIEKTPUUHOMY
JIAHITIO31.



Tabawma 221

IIT.":H.‘C:.'“IJ[DE' AHAYTHHS OTHE MRS ACN OO RN 1
Hommmapsanwia 1ok, A KA. OPE RIS TH N,
CopiA 1
HWATH  THI P | I
rlr\f.:l_ﬂ}x'pﬂ. MmiAapECH MeEpeseriardg  To:s :r‘il'll':Tﬁﬂ'liHﬂrﬂl TS
HHTEI# BCTaskM
S
XX 180 =30} |I 20D 0 [
ez 15 k. 10, 15 1.2 | 0.&E—8 7 1.2 —
&0 is. 20, 25, 35|55 | 1.8—a5 as | 55 | —
45, 60
Mo Oo 10 6. 10 1 1
FIIE2 4 16 .25 6 10,16 | 1.2 | os— 8 7 — | —
63 2570, 63 5| s a4 35 —
100. 160. 100, 160, 250 | 14 611 EO — —
400 00 11 613 |11
[
nec & L, 2, 4 & 2 | .2
25 4, & 10] 16, 20, | - &) | —
25
3 20, 25, 40, 63 &l - 30
100 40, GO, 80, 100 &0 : 30
ez 63 25, 40, 63 o 30 | —
nn &3 25, 40, 50, 63 [ a2—30 |
160 L0, 160 3215
630 250, 40N, 630 477 50, 60
T3 1 63 32, 40, 50, 63 — 100 L0
160 500 B3, ROL 10O
250 125, 1oa,
1 250
630 200, 250, 320,
200, SO0 63
10 M) SO0, B30, S04,
T
st 250 100, 160, 250 — — ! 25 | 25
a00 320, 400 {
G630 M), G330 [
st 160 1640 _ 1008 _
250 250
3240 330
400 400
Trs] 40 40 100
63 63
100 1M
] 1601
FIFI17-3900 | 1000 SO0, 630, BOO, 110 g4 | 180 | B0 | —
1000 ;

Y mexoBHX Mepexkax MOKYTh BUHHUKATH TaKi HEHOPMAJbHI MO CTPyMy
pe:xxuMHu podoTH:

- 30UIbIIEHHS CTPYMY BHACJII/IOK NIePEeBAHTAKEHHS ;

- 30l/IbLIEHHS CTPYMY B MOMEHT IIYCKY 200 caM03a1ycKYy ABUIYHIB;

- 30lIbIIeHHs cTPYMY BHacJainok K3.

KopoTki 3aMHKaHHSI MOKYTb IPU3BECTH J10 BUOYXY, AKIIO HE BXKUTHU 3aXO/1B
JIO IIBUJKOI'O BIIKIIFOYEHHS MOIIKOIKEHOT MiasaHKM miHii , EIT 1 T.1H.

Meni HeOe3neuHi AJig JiHii nepeBaHTakeHHs. HeBenuki 3a BEIUUYUHOIO 1
KOPOTKOYACHI TEPEBAHTAXKECHHS TMPOBIIHUKIB HE MPEACTABISAIOTh JUII HHUX
Oe3mocepeTHb0 HEeOE3MeKH, MPOTe TPUBAJIl MEPEBAHTAKECHHS BEIYTh JO CTAPIHHS
1307111111 1 3HMKEHHS 11 130JISIIHHUX BIACTUBOCTEH. Y PEe3ynbTaTi MOXKIIMBI TPaBMHU
B pa3l JOTUKY JIFOJAWHH JI0 MPOBOAY 3 MOIIKOHKEHOI 13oismiero adbo K3 13
3a3HaYCHUMHU BHIIC HACITIIKAMHU.

3axuct Big ctpyMiB K3 € 000B'sI3KOBOIO /IJIsT BCIX €JIEMEHTIB MEpexi , 9ac 1i
Iii MOBUHHO OYTHM MIHIMAQJIbHUM [JIs1 3MEHIIEHHS TEPMIYHOIO 1 JUHAMIYHOTO
edekTiB Big ctpyMy K3 1 HeoOxiaHO , 1100 3a0e3meduyBaacs CEIeKTUBHICTh



(BuOIpKOBICTB) 11 Aii.
[lepeBaHTak€HHS € MEHII HEOE3NMEYHOI 1 B P/l BUMAIKIB JOMYCKAETHCS
B1JIMOBA BiJl 3aCTOCYBaHHS 3aXUCTy MPOBIIHUKIB BiJl I€pEeBaHTAXKEHHS.

3rigao [TYE 3axuct Bix nepeBaHTakeHHS 000B'I3KOBE:
p

- Jlia Mepex ycepeanHi IPUMIIIEHb , BAKOHAHUX BIJIKPUTO MPOKIIAACHUMU
MPOBITHUKAMU 3 TOPIOYOIO 30BHIIIHBOIO0 O0OIOHKOIO a00 130JIAIIENO ;

- OCBITIIOBJIBHUX MEPEXK Y KUTJIOBUX 1 TPOMAICHKUX OYJIBIISAX , TOPTOBUX
MPUMIIICHHSX , CITYKOOBO - MOOYTOBUX MPUMIIICHHSIX TPOMHCIOBUX MiAIPHUEMCTB
, BKJIIOUaOuM Mepexi g modyroBux 1 mepenocHux EIl, a Ttakox y
IT0’KEKOHEOE3IMEUHNX 30HAX;

- CunoBux MepexX Ha MPOMHUCIOBHUX MIJNPUEMCTBAX, B JKUTJIOBUX 1
IrPOMAJICBKUX OYyMIBJISIX , TOPTOBUX MPUMIIIEHHAX - TIJIbKH Yy BUIIAJIKaxX , KOJH 3a
YyMOBaMHU TEXHOJIOTIYHOIO Mpouecy abo 3a pEeKUMOM pOOOTH MEPEKI MOKE
BUHUKATHU TPUBAJIC IEPEBAHTAKEHHS ITPOBIAHUKIB;

- IIpoBIAHUKIB CHUJIOBUX , OCBITJIIOBAJIBHUX 1 BTOPMHHUX KIJT Yy Mepexax
Harnpyror 10 1 kB y BuOyxonebe3neunux 30Hax kiaciB B- 1, B- 1a, B- 111 B- Ila.

ABTOMAaTaMM 3aXHUCTY €JIEKTPOJABUTYHIB , TPOBIAHUKIB 1 ITUHOMPOBOIIB B1JT
BIUIMBY BEJIMKUX CTPYMIB B Mepexax Hanpyror 10 1 kB 3a3Buuail cityxath miaBki
3anmo0KHUKA (3 HAOOpPOM IIJJaBKMX BCTABOK) 1 ABTOMAaTUYHI BUMHUKAul 3
€JIEKTPOMArHiTHUMHU, HAMiBIIPOBIAHUKOBUMHU 200 KOMOIHOBAaHUMHU PO3UITUIFOBAYEM.

3axXuCT MIABKUMH 3a001KHUKAMA

3ano01KHUK CKJIAJA€ThCs 3 KOPIYCY, B SIKOMY 3HaxXOJUThCS MeTajeBa
IJJACTHHKA a00 HHUTKA, SKa € MTYYHUM OCJIAOJICHHSIM JIaHKOKO B JIAHITIO31 CTPYMY.
CtpyMm, 110 MEpEeBUIIyE HOPMAIbHHM, HarpiBa€ TUIABKY BCTaBKY, BUKIMKAIOYHU 1l
pO3IIaBJICHHS.

Yum Oi1bIlIe CTPYM, TUM HIBUALIE M1BULLY€ETHCS TEMIIEpATypa BCTAaBKH 1 TUM
MEHIIIE MOTPIOHO Yacy, 00 BCTaBKa po3IliaBuiacs.
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Pucynox 6.2 — Po3milieHHs TIaBKUX 3aMO001KHUKIB B pajladbHINA cXemi
3a KOHCTPYKTMBHMMM O3HaKaMH 3amoODKHMKM Ha Hamnpyry no 1 kB

MOIUIAIOTHCS Ha JIB1 TPYTIH:
- be3 nanosHoBava po306ipHi (IIP -1 ,1IP-2):
- 3 HanoBHIOBa4eM (HacuIiHi) He po30ipHi 1 po36ipHi ( HITH - 2 | ITH -2).
3a mMarepiagoM BCTaBKH PO3PI3HSIOTH 3aM001KHUKY :

- 3 BEJIMKOIO TETIOBOIO 1HEPIIi€r0 (CBUHEID , HOTO CIIJIABH ), 110 BATPUMYIOTh
3HAYHI KOPOTKOYACHI NMEPEBAHTAXKEHHS 110 CTpymy ( puc.4.4,a);

- besinepiiiiauii, 3 MajoOl TEIJIOBOIO 1HEPIE€0, TOOTO 3 OOMEKEHOIO
3JIaTHICTIO JI0 TIEpEeBaHTaXXEHB (Mib , CPi0JI0, IIMHK).

3ano0i>KHUKH BOJIOAIIOTH Y MOPIBHAHHI 3 iHINMMH aniapaTaMu 3aXHCTy



( aBTOMAaTHYHUMM BUMHMKA4YaMHM ) PAAOM NepesBar, a came:

- IIpocTtoTa 1 HamiMHICTH B €KCIUTyaTallii, BeTWKA BIIKIIOYA€E 3/IaTHICTD,
MIBUAKOIS , CTPYMOOOMEXKYBaJIbHOTO 3/1aTHICTh, MEHIIIA BaPTICTh.

Jlo HemoJikiB 3amo0iKHHMKIB CIIiJ] BIIHSCTH HEAOCTATHIO HAHIHHICTH
3aXHCTY B1J] CTPYMIB ITepeBaHTaKEHHS , MOXIIMBICTh poO0oTH EIl Ha nBOX dazax npu
neperopaHHs 3armo0KHUKA B OJHIN (a3l , 0JHOPa30BOCTh i MJIaBKOI BCTaBKH.

3pa3KkoBe PO3MIIICHHS 3all001KHUKIB B paJllaIbHUX CXEMaX IIEXOBUX MEPEK
Moka3zaHo Ha puc.2. BuOip 3amo0iKHUKIB IS BCIX TOUYOK MEpeXi IMOBUHEH
3a0e3neyyBaTu CEeNEeKTUBHICTH (BUOIpKOBICTH) ix mii. Ilpu upomy, mpupomHo,
nepen0avaeThCsl PO3MIIMICHHS 3aMOO0DKHUKIB MO  3MEHIIYIOUUM BEIMYWHAM
HOMIHAJIBHUX CTPYMIB BCTABOK.

Uum Oiiblie CTpyM , TUM IIBUAIIE MiJABUILYETHCS TEMIEpaTypa BCTABKH 1
TUM MEHIIIE TOTPIOHO Yacy, o0 BCTaBKa pO3IIaBUIIACS .

3axuct enexktpoauryHiB (EJl) mmaBkumu 3amno6i>kHUKaMU

Bonu nosunHi 3axumaru EJ[ Bin ctpymi K3, ajie He MOBHUHHI BIAKJIIOYATH
narmior npu mycky EJ[. 1li BUMOrM BUKOHYIOTBHCS MpU AOTPUMAHHI HACTYITHHUX
YMOB (1715 TUTAaBKUX BCTABOK 3 MAJIOK0 TETJIOBOIO 1HEPIIIEIO):
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K, - KOe}IIlIEHT KOPOTKOUYACHOI TEIUIOBOI MEPErpy3KH BCTaBKH, SKUW BPaxOBYeE

yMoOBH niycky EJI;
Jlns merkoro mycky (4ac po3rony He Oubiie 10 ¢) Ko = 2,5, aisa Baxkoro -
4acTi 1 TpUBaJIl mycku (dac po3rony oubiie 10 ¢) Ko = 1,6-2,0, 1 3BaproBajibHUX

anmapariB Ko = 1,6; 7, - BUOUpAEThCS 3a MIKAJIOK HANUOUIBIINM 3HAYEHHSM 3

Hecm

BHIIC3Ta/lTaHHHUX YMOB.

3axuCT aBTOMaTUYHUMHU BUMHKauYaMHU
BoHu npu3HadaroThCs ISl 3aMiHM pYOMJIBHHKIB 1 3aMO01KHUKIB 1 € OUIbII
JIOCKOHAJIMMH arapaTaMy 3aXHUCTy B Mepexax Hampyrow 1o 1 kB , Tak sk micis
BIJIKJIFOYEHHSI BOHM TOTOBI JI0 IIBHJKOIO IMOBTOPHOMY BKJIIOUeHHIO. Lle amaparu
OaraTtopa3oBoro jii, 3a0e3meueHi NPUCTPOSIMHI BUTPUMKH Yacy , 110 3a0e3MeuyoTh
BUOOpUe Mit0 3axucTy . Bci aBTOMatu MaroTh B KOXHIM (pa3i MakcUMalbHE
CTPYMOBE peJie IPSMOi Aii, AKE Ha3UBAETHCS PO3UIILIIIOBAUEM.

Po3uimiioBad CKJIAAACTHCA 3 IBOX €JIEMEHTIB:



- HArpIBAJILHOTO Ha OCHOBI O1METAIYHO1 IJIACTUHY , IO 3/I1ACHIOE 3aXUCT BiJl
MEePEBAHTAXKEHHS 3 BUTPUMKOIO Yacy, 3BaHOTO TETJIOBUM;

- EJIEKTPOMArHiTHOTO €JIeMEHTa, 10 3IHCHIOE MaKCUMaIbHUI CTPYMOBUI
3aXUCT 3 BUTPUMKOIO a00 O€3 BUTPUMKH 4acy - BifciueHHs mpu Tokax K3.

ABTOMATHYHI BUMHKAYi 320€311e4yI0Th 3aXUCT Bi/l IEPEBAHTAXKEHbD :

- 3a I0mOMOror0 TEIJIOBUX PO3YIIUIIOBAY, JIIOYUX 3 BUTPUMKOIO 4Hacy,
00EpHEHO 3aJIEKHOIO BiJl CTPYMY NEpeBaHTAKECHHS;

- PosuimiioBad 3 TOJAMHHUKOBHM MEXaHI3MOM (3 Hazaj 3aJICKHOIO BiJ
CTPYMY XapaKTEpUCTUKOIO) ;

- 3a TOMOMOT 010 HaIliBIPOBIIHUKOBUX PO3UITLIIOBAY (3 00EPHEHO 3aJIEKHOI0
BIJl CTPYMY XapaKTEPUCTUKOIO ) ;

-  Kom0iHOBaHMMH poO3UiIUIIOBa4, IO 3a0€3MeuyroTh 3aXHUCT  Bif
nepeBaHTaXeHb (3 00EPHEHO 3aJICKHOIO Bl CTPYMY XapaKTEPUCTHKOIO) 1 CTPYMiB
K3 MuTTEBOI /i1 1 3 BUTPUMKOIO Yacy , 110 3a0e3Ieuy€e CeJICKTUBHICTB Jii .

Bubip aBTOMaTHYHUX BUMUKAUIB
Bumukadi XxapakTepu3yrOThCSl TAKUMH BETHUNHAMHA

- HOMIHAJIbHUM CTpyMOM aBTOMATa I”” .

- HOMIHaJIbHUM CTPYMOM pPO3YiIUIIOBaya aBTomMara [ TaK SIK B OJMH 1

H.po3u.

TOM >K€ aBTOMAaT MOXYTh OyTu BOyJOBaHI pI3HI MO CTPyMy pO3YEILIIOBaya,

pO3paxoBaHi Ha Pi3HI HOMIHANBHI CTPYMH, TIPU IbOMY Ma€ BUKOHYBATHUCS YMOBa
I >1

na H.po3u.

- yCTaBKaMu CIpallbOBYBAaHHS MO CTPYMY 1 Yacy MpHu NepeBaHTAKEHHSIX

(Lppes > Lrepes.) 1 KOPOTKHX 3aMuKaHHAX ( Ik3 , IMHTTEBE ), 3BaHUX BiACIYKAMH, & JUIA

CEJICKTUBHMX aBTOMATIB YCTaBKaMU BUTPUMKH yacy crpaiboByBaHHs npu K3 B
Mepexi - tk3 , a JUIsl HECEJIEKTUBHUX aBTOMATIB - BIIACHUI Yac CIpalbOByBaHHS IIPH
K3 B mepexi:
(1o210).

Hanpuknazg , Ha kpecnenHi 6iis apromara Hanuc - ABM20C [H.po3u. =
1500 A ( 1800 / 8000 , tk3 = 0,4 c). Lle o3Hauae , o0 VIS 3aXUCTy MEPEXKI
BUKOpUcTaHui aBToMar Tuny ABM 3 poszuirumoBauem IlI- tuny (cenektuBHUi) |,
po3paxoBanuii Ha 2000 A. YV Hporo BOygoBaHuil po3diruioBad Ha [H = 1500 A.
ABTOMAT NOYHE CHPAILOBYBATHU MpU TOKaX mnepeBaHTaxeHHsa Inep = 1800 A (3

BUTPUMKOIO yacy He MeHIe 3 ¢) i Tokax I, = 8000 A 3 BUTpUMKOIO yacy , piBHUU
0.4 c.
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Bro pacucnHTe 1R Honninams Hommza el TOK Inpﬂéll."thh[ﬁ TOK
Tl{[l BhIKJIH- SMAKCHMA THEHOTO |Ilalﬁ TOK FIH.I:I!,HIEHI'E.TH Mdh'l:ﬂ-: OTETHMYeHHHA
Harens TOKa BBIK THI4A TEIR MAJILHOTO TOKA BRIKTHMATEAR
AN | A i f,.+ EA, OpH
=330 B
A3T10b [lonynporoauuko- 40 20, 25, 32, 40 18
BBIE H  NIEKTPO- 80 4), 50, 63, 80 36
MarHHTHBIE 160 g0, 100, 125, 160 T5
A3720b IAEKTPOMATHUT- 250 (160, 200, 250 75
Hklg |
A3730B M 400 160, 200, 256, 320. 100
400
A3740b » 630 250, 320, 400, 500, 100
630
Jlekuiss Ne7

Tema: PeryntoBaHHs BEJIMYMHU 1 IKOCTI HAIIPYTH
Mera: 03HallOMHUTH 3 OCHOBHUMH HOPMaMHU SIKOCTI €JIE€KTPUYHOI EHEepTii
MeToau: CIIOBECHUM, HAOUYHUM

ILnan:

1 HopMmu sIKOCTI €NIeKTpUYHOI €HEeprii Ta o0iacTh iX 3aCTOCYBaHHS B CHCTEMax

CJIEKTPOIIOCTAYaHHSI.
2 XapakTepucTuka OCHOBHUX MTOKA3HUKIB HOPM SIKOCTI €JIEKTPUYHOT €HEPrii.
3 Cnoco6u Ta TexHIYH1 3aCO0M MiABUIIICHHS SIKOCTI €JIEeKTPOCHEPTi.

MarepiajbHO-TeXHiuHe 3a0e3neyeHHs1 Ta AMAaKkTH4Hi 3aco0u, T3H: KOoHCIEKT,
H1PYIHUK

Jlireparypa:

1 ACTY 13109-97

2 Jlunikun B.FO. DneTpocHabxeHue mMpOMBIIIIEHHBIX TPEANPUITAN U YCTAHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

3 TloctaukoB H.II., Py6amoB [''M. DOnexrpocHaOkeHHE MNPOMBIILICHHBIX
npennpustuid. — Jlennnrpan: «Crpousgar», 1989 r. — 351 c.



Hopmu siKOCTI eJIeKTPUYHOI eHeprii Ta 00J1acTh iX 32CTOCYBAHHS B CHCTEMAaX
€JICEKTPOIOCTAYaAHHS.

Ilepenik 1 HOpMaTHBHI (JOMyCTHMI) 3HAYEHHS IIOKA3HMUKIB SIKOCTI
enextpoeneprii (IIKE) Bcranmomneni JICTY 13109-97 «EnextpuyHa eHepris.
Bumorn 10 SIKOCTI €JIEKTPUYHOI €Heprii B EJICKTPUYHHUX MeEpekaxX 3araJbHOTO
MIPU3HAYCHHS.
3HMKeHHS AKOCTI eJIEKTPOeHeprii 00yMoBJII0€:

- 3017IBIIIEHHS] BTPAT y BCIX €JIEMEHTaX €JIEKTPUYHOI MEPEKi; TPUCKOPEHE CTapiHHS
130J141111, CKOPOYEHHS TEPMIHY CIYyXOM (y HAESIKMX BHUITQJKaX BHUXIA 3 Jaiay)
€JIEKTPOOOIIaTHAHHS;

- 3pOCTaHHS CHOXKMBAHHS  €JNEKTPOEHeprii 1 HEOOXiAHOI  MOTYXHOCTI
eJIeKTpoOoOJIaTHAHHS;

- IOPYLIEHHS POOOTH 1 MOMUIIKOBI CITPAIlbOBYBAHHS PUCTPOIB PEIEUHOTO 3aAXUCTY
Ta aBTOMAaTHUKH ;

- 3001 B poOOTI E€JIEKTPOHHUX CHCTEM YIPABIIHHS, OOYMCIIOBAIBHOI TEXHIKU 1
cnetiudigHOro 0018 THAHHS;

- UMOBIPHICTh BUHUKHEHHSI OJJHO(A3HUX KOPOTKUX 3aMUKaHb Yepe3 MPUCKOPEHOTO
CTapiHHS 130JsL1i MamMH 1 KaOemiB 3 MepexoloM OAHO(a3HUX 3aMUKaHb B
OaratodasHi;

- TMEpelIKoIU B Telle- 1 pajaioamaparypi, MOMUIKOBA poOOTa PEHTTEHIBCHKOTO
00J1aTHaHHS |

- HeTIpaBWJIbHA POOOTA JIIYUILHUKIB €JIEKTPUYHOT €HEPrii.

Skicth  enekTpoeHeprii y By3lax MNPHUENHAHHS  PIBHIB  CHUCTEMH
CJIEKTPOIIOCTAYaHHSI XapaKTePU3YETHCS TAKUMH ITapaMeTpaMu:

- 4aCTOTa;

- Hampyra.

YacroTa - 3araJbHOCUCTEMHUH MapaMeTp, KM BU3HAYAETHCS OajaHCOM
aKTUBHOI MOTYXHOCTI B cucteMi. [Ipy BUHUKHEHHI Je(IlUTY aKTUBHOI TOTYKHOCTI
B CHCTEMI BIJOYBAa€TbCS 3HIKCHHSI YaCTOTH JO TAKOTO 3HAYCHHS , MPU SKOMY
BCTAHOBIIOETHCS HOBUHM OajaHC BHUPOOJICHOI 1 CrmOXuTOi enexkrpoeneprii. [lpu
[[bOMY 3HIDKEHHS YaCcTOTH TMIOB'S3aHO 13 3MEHIICHHSAM IIBUAKOCTI 0OepTaHHS
SJICKTPUYHUX MAIIMH 1 3MEHIICHHSIM 1X KIHETHYHOI €Heprii.3BUIbHEHA MPHU I[bOMY
KIHCTMYHA €HEpTrisl BUKOPUCTOBYETHCS JJIS MIATPUMKHA YacTOTH . TOMy 4acToTa B
CUCTEMI 3MIHIOETHCS MOPIBHSAHO MOBUIBHO.

Opnak tipu  nedinuti akTUBHOI TOTYXHOCTI (Oinmbme 30 %) yacrora
3MIHIOETBCS MIBUAKO 1 BUHHUKAE €(PEKT « MHUTTEBOI » 3MIHM YacCTOTH - <«JIaBHHA
4acTOTH». 3MiHA YacTOTH 31 MmBUAKICTIO Ounbmie 0,2 I'l B CeKyHOy NPHUIHSITO
HA3WBATH KOJIMBAHHSIMM YaCTOTH.



Hanpyra y By3J1i eJleKTpOeHepreTH4HOI CUCTEMH BU3HAYA€ThCA OagaHCOM
PEaKTUBHOI MOTY>KHOCTI IO CUCTEMI B LIJIOMY 1 OalaHCOM PEaKTHBHOI MOTYXHOCTI
y BY3J €IeKTPUYHOI Mepexi. BcraHoBmioeTbes 12 TIOKa3HHWKIB — SKOCTI
enexTpoeneprii (tadm. 11.1) .

Tabmuis 11.1 — Beranosneni ['OCT 103109-97 nopmu ITIKE

Hopaer KD
[MToxasaremu K3, exnHHIB! H3MepeHHA HopmatbHO IIpegemsHO
JOIyCTHMBIE TOIMyCTHMEIS
VeTanoBHBIIeecA OTKIOHCHHEE HanpmkeHna oy, % 15 +10
Pasmax m3MeHenna HanpaxeHua oUnL% - Cn. [11]
Joza dankepa, oTH. €1
KpatrkoBpemenHaa Py - 1.38: 1.0
Jmrenpran Py - 1,0; 0,74
KosdpHuneHT HeRAXKEHNA CHHYCOHIATBHOCTH KpPH-
BOI MexaydasHoro ((asHoro) Hanpaxenua Ky Car. [11]
KosdpuumeHtr n-fi rapMOHHYECKOH COCTABIAOINEH
HanpaoxeHHA K, % Ca. [11]
Kosdunuent HecHMMeTpHH HanpaueHHH 1O 00-
paTHOH nocaegopaTenbHOCTH Koy, Yo

KosbdummenT HecHMMETPHH HANPAKEHHH DO HY-
71eBoH nocnexoBaTensHOCTH Korr, % 2 4
Otxaorenns gactotel Af, [ +0.2 0.4
JIHTeTPHOCTE NPOBAala Hanpa&eHHA Afy, ¢ - 30
vmyibcHOE HanpaxeHHe Upng, KB - _
Koadpument BpeMeHHOTO NepeHANPAEeHUA Krepls,
OTH. eIl - -

3]
=

Ha Bci mokasnuku sikocti enektpuuHoi eneprii (I[I51E), uncensHi 3HaYeHHS
HOPM SIKMX € B CTAHAApTI, JOTOBIPHO 3aITyCKAETHCSI MEXaHI3M IITPapHUX CaAHKIIIM,
1o ¢popmyetbest Ha 6 TISIE 3 11 nepepaxoBaHux:

- BIAXUJICHHS HAIIPYTH;

- BIIXUJICHHS YacTOTH,

- no3a ¢uikepa;

- KOe(iIEHT CIOTBOPEHHS CUHYCOiAaIbHOCTH KPUBOI HAIIPYTH;
- KOe(iII€EHT HECUMETPIT HAMPYT MO 3BOPOTHIH MOCIIJOBHOCTI;
- Koe(iIleHT HECUMETPIT HAMPYT 32 HYJIHLOBOIO MOCIIIIOBHOCTI.

I BinxusieHHs1 HATIPYTH.

BinxuneHHss Hanmpyru XapakTepU3YIOThCS  TMOKA3HUKOM  YCTAJIEHOTO
BIIXWJICHHS HaNpyrd Ha BUBOAAX NpuiiMayiB enekTpuyHoi eHeprii 6U y,%.
HopmaneHo npomycTumi i rpaHu4HO AomyctuMi 3HaueHHs O6U y Ha BuBojax



puiiMaviB €JIEKTPUYHOI €Heprii JOpIBHIOIOTH BiamoBigHO = 5% 1 £ 10% Bixg
MOYaTKOBOTO (HOMIHAJIbHOTO) Hanpyru enekrpuunoi mepexi 'OCT 721 i
['OCT 21128.

Homyctumi 3HaueHHs Uy B TOUKax 3arajibHOTO MPHUEIHAHHS CIOXKUBAYiB
Hanpyroto 0,38 kB 1 Oinbmie moBMHHI OyTHM BCTaHOBJEHI B JOTOBOpax Ha
KOPHCTYBAaHHS €JICKTPUYHOIO CHEPTIEI0 MiXK EHEPronOCTa4Ya/IbHOK OpraHi3aLieto Ta
CMNOXMBayeMm 3 ypaxyBaHHAM HeOBXigHOCTi BUKOHAHHA HOPM AaHOrO CTaHAAPTY Ha
BMBOZAAX MPUINMAYiB eNeKTPUYHOI eHeprii.

II BigxujieHHs YaCTOTH HANPYT M.

BumiptoBaHHs BIOXWJIEHHA 4acTOTH f{ 3A1MCHIOIOTH MJI KOKHOTO 1-TO
CIIOCTEPEKEHHSI 32 BCTAHOBJIECHMU IepioJl 4acy. BuMIpioloTh [JilicHE 3Ha4YCHHS
YaCTOTH 1 OOUYHUCIIOIOTh ycepenHeHe 3HaueHHs fy gk pe3ynbrar ycepeaHeHHs N
crioctepexens (He meHie 15) f; Ha iHTepBani yacy, piBHoMy 20 ¢, 3a hopMyII010:

=i (11.1)

BiaxuneHHs 4acTOTH:

'l;f = f; - ,fﬂc.:-.: : (1 12)

1€ fuom - HOMIHATBHE 3HAYEHHS 4acTOTH, [ 1I.

[Ipu 11pbOMYy SIKICTH BBAXKAIOTh BIAMOBIIHUM, SIKIIIO CYyMapHa TPUBAIICTh Yacy
BUXOJy 3a HOPMAaJIbHO JIONMYCTUMI 3HA4Y€HHS CTAaHOBUTh He Oumbmie 5% BiX
BCTAHOBJICHOTO TMEPIOAY Yacy 1 HE BUXOAUTh 3a TPAHUYHO JIOMYCTUMI 3HAYEHHS BCI
24 ToauHU.

III HecunycoigajJpbHIiCTh HANIPYTH

HecunycoinanbHicTh HaIpyTu XapaKTepU3y€eThCs Koe(dimieaToM
CIIOTBOPEHHSI CHUHYCOiTalbHOCTI KpuBoi Hampyru K (%) 1 xoedimieHTOM i-U
rapMOHINHOT CKIIAI0BOT HANPYTH Ky (%).

HopmasibHO 1 rpaHMYHO JONMYCTHMI 3HAYEHHS KOE(IUIEHTIB CIIOTBOPEHHS
CHUHYCOIIaJIbHOCTI KPUBOI HANIPYTH HaBEACHI HUXKYE:

U, KB ... ... .. 0,38 6-20 35 110—330
Kiorwr B oo 8,0 5,0 4,0 2,0
Kppers %o oo 120 80 6,0 3,0

Hecumerpis Hanpyru.



Pucynok 11.1 — CumerpuuHa cucrema

HecumeTtpis Hanpyr XxapaKTepu3yeThCsi KOePIIIEHTOM HECUMETPIl HAMPYT 1O
3BopoTHIH mocmimoBHOCTI Ky ;;(%) 1 KoedirienToM HecuMeTpii HampyT 3a HyJIbOBOIO
nocmitoBHOCTI Ky (%).

KoedimienT HecumeTpii Hampyr Mo 3BOPOTHIM mOCHiAOBHOCTI K,y 1 5K
pe3yabTar n-ro crnocrepexenss (%):

Ky = Yaa .

-

U 1(1)i

(11.3)

ne Ujyi, Uiy - Ai0ve 3HAYEHHS HANpyrd 3BOPOTHOI Ta NPAMOI

MIOCJIIIOBHOCTI OCHOBHOI YacCTOTH TPHU(a3HOi CUCTEMH B 1-MY CIIOCTEPEIKEHHI.

KoedirmienT HecumeTpii HampyT 3a HYJIOBOIO MOCIIIIOBHOCTIO:
NE .
0(1
—— A 100,
Ui (11.4)
ne Ugycp); — Al0Ye 3HAYEHHS HANPyTH HyJIbOBOI MOCIHIJIOBHOCTI OCHOBHOI

Koy =

4acTOTH TpU(a3HOi CUCTEMHU HAIPyYT B 1-My CIIOCTEPEKEHHI,
Ui(1)i - Alroye 3HaYeHHs MDK(GasHOi Hampyrd MpsAMOI IOCIIAOBHOCTI

OCHOBHOI YaCTOTH.

IV IlpuyunHu i 1Kepesia MOPYLIEHHS MOKA3HUKIB SIKOCTI €JIeKTPUYHOL
eHeprii.

MpuuMHa BigxnneHHA Hanpyrn: p[060Bi, CE30HHI, TEeXHONOriYHi 3MiHU
HaBaHTAXKEHHS.

MpPUYMHA BIAXWMNEHHS YACTOTU: 3HMMKEHHA TEHEepYyHUYnX MNOTYXKHOCTEN B
MepeXi, TepEeBaHTAXKEHHS reHepaTopiB.



Mp1YMHA HECUHYCOIAANBbHOCTI HANPYrK: cnnose 061aAHAHHA 3 TUPUCTOPHUM
YNpPaBAiHHAM, NIIOMIHECUEHTHI amMnn, 3BaploBasibHi YCTAaHOBKKU, NepeTBOpoBadvi
4YaCTOTW, IMNY/NIbCHI NepeTBOPIOBaYi HaNpyrn .

IlpyuuHa HecuMeTpil HANPYIW: BUMKOPUCTAaHHA ogHodasHux abo
HEeCUMETPUYHUX €N1EeKTPONPUMMAYIB.

CnoxxuBad MOXe OyTH JIKEPEIOM CIIOTBOpeHb 110 jekuibkox ITAE. KinpkicTb
1 MiCIIe pO3TalllyBaHHS JHKEpENl y CXeMi BIJIOMO IMPHOIM3HO, a PIBEeHb BHECEHUX
HUMH CIIOTBOPEHb MPAKTHYHO HEBiTOMUM . CIIOTBOPEHI CTPYMH PO3TIKAIOTHCA TIO
Mepekax B 3aJIEKHOCTI BiJl CXeMH MEpPEXKl, 11 YaCTOTHHUX XapaKTEPUCTHK 1 T. 1.
CTpyMu cXomsThcs y By3jdaX, TOMY CHOTBOPEHHSI HANpPyT'W BHU3HAYAETHCS IIE€IO
JEKUTbKOX YYaCHUKIB .

V Cnocodu Ta TexXHiYHi 32c00M MiIBUILECHHS SIKOCTi eJICKTPOeHepril.
[CHYIOTBH TpY OCHOBHI TPy METO/IIB IM1IBUILEHHS SIKOCT1 €JIEKTPOEHEPTi:

1. Pamionasizaiiist €1eKTpOnocTayaHHs, sika MoJisirae, 30Kpema, y ImiIBUIICHHI
MOTYXHOCTI MEpEXi, B XapuyBaHHI HEJIHIMHUX CIOXXHBAYiB IM1JBHUILEHOIO
HAIpPyToIo;

2. 3abe3rnedyeHHs] HOMIHAJIBHOTO 3aBAHTAKCHHS JBUTYHIB, BUKOPHUCTAHHS
Oararoda3HMX CXeM BUIPSAMJICHHS, BKJIIOUEHHS JO CKJIaay CIIO)KWBada
KOPUTYBAJILHUX TIPUCTPOIB;

3. BukopucTtaHHd TPUCTPOIB KOPEKLIi SKOCTI - PEryJsiTOpiB OJHOrO ado
JEKUIBKOX MOKAa3HUKIB SIKOCTI €JIEKTPOEHEPrii a00 MOB'I3aHUX 3 HUMH [apaMeTpiB
CIIO’KUBAHOI MOTY>KHOCTI.

3HMKeHHSI HeCUMeTPil Hampyr NOCATAEThCS 3MEHIICHHSIM OINOpY MEpPEexi
CTPYMIB 3BOPOTHOI Ta HYJIBOBOI MOCIIJOBHOCTEH 1 3HMKEHHSM 3HAY€Hb CaMHX
CTPYMIB .

3HWKEHHS HECUHYCOITAIBHOCTI HAMIPYTH JIOCATAETHCS:

- CXeMHUMU PILIEHHSIMU: BUIUICHHS HEJIHIMHUX HABAHTAKEHb HA OKPEMY CUCTEMY
IIMH; PO30CEPEKEHHS HABAaHTAXKEHb MO PI3HUX BY3JIaX >KUBJICHHA 3 MAKITIOYEHHIM
napajieibHO iM eJIEKTPOABUTYHIB; YIPYIyBaHHS I[E€PETBOPIOBAYIB 3a CXEMOIO
MHOYEHHS (pa3; MiIKIF0YEHHS HaBAaHTAKEHHS 10 CUCTEMH 3 O1IBIIIOI0 TTOTYKHICTIO;
- BUKOPUCTAHHSAM (Q1IbTPOBUX MPUCTPOIB: BKIFOYCHHS MapaieIbHO HABAaHTAXKEHHUX
BY3bKOCMYTOBUX PE30HAHCHUX (UIBTPIB, (UIBTPOKOMIECHCYIOUUX MPUCTPOIB
(DKY), dinpTpocumerpyrounx npuctpois (PCY), mictate OKVY.



Jlexmis Ne8
Tema: KoedilieHT MOTYKHOCT1 €JIEKTPOYCTAHOBOK IMTPOMHUCIOBUX MiIIPHUEMCTB

Meta: o3HallOMUTH 3 TMpU3HAYEHHSIM Koedili€eHTa TOTY>KHOCTI B CHCTEMI
€JIEKTPOIIOCTaYaHHSI
MeToau: CIOBECHUN

Ilian:

1 BruiiB peakTUBHOT OTYKHOCTI Ha CHCTEMY CJICKTPOIIOCTaYaHHS.
2 3Ha4eHHS B CUCTEMI €JICKTPONOCTayaHHs IMiIBUIIICHHS KoedilieHTa MOTYKHOCTI
cos@.

3 BuzHaueHHs 1 pO3paxyHOK KOoe(ili€HTa MOTYKHOCTI cose.

MarepiajbHO-TeXHiYHe 3a0e3neuyeHHs: Ta AMAaKTH4HI 3aco0u, T3H: KOHCIEKT,
MJIPYyIHUK

Jlireparypa:

1 Jlunkuu b.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUSITUNA U YCTAHOBOK. —
M. : «Bpicmas mkosaa», 1990 r. — 365 c.

2 TloctaukoB H.IL., PyGamoB I'.M. DnexTpocHaOx)eHUE MPOMBIIUIEHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

1 BiuiuB peakTHBHOI NOTYKHOCTI HA CHCTEMY €JIEKTPONOCTAYAHHS.

IlosBa B Mepexi pPeaKTHMBHOI IOTY:KHOCTI CIHPHSI€ NeperpiBaHHIO
o0J1aHAHHA | Ka0eJbHMX JIiHIH, 10 CHIPUAE CKOPOUYCHHIO TEPMiHY iX CJIYKOM.
[lepenada peakTHBHOI MOTYXKHOCTI TepeBaHTaxye JiHil enekrpornepenay (JIEIT)
PEaKTUBHUMH CTPyMaMH, W0 TPU3BOIUTH JO 301IBIICHHS BTpaT aKTHBHOI
MOTYXKHOCTI TIPH TIepedadi eJICKTPOEHEeprii J0 CIOXUBayiB, SK HACHiJIOK
3HUXKY€ETHCS EKOHOMIUHICTh POOOTH €HEPrOCUCTEMH.

[Ipy  3HAayHOMY  3HI)KEHHI  3HAQ4eHHS  KOe(QILI€HTa  MOTYXHOCTI
TpaHcoOpMaTopu Ta TEHEpPaTOpH BUSBISAIOTHCA HACTUIBKA 3aBaHTaXKCHUMHU
PEaKTUBHUMH CTpyMaMH, IO MOAAIIbIIE OTPUMAHHS Bl HUX aKTUBHOI MMOTY>KHOCTI
ctae HepeaabHUM. KpiM TOro, mnpu 3HWKEHHI Koe(illieHTa IMOTY>XHOCTI

301IBIIYIOTECS 1 BTPATH HAIPYTH B MEpekax 1 MPaKTUYHO BCl MOKAa3HUKHU SKOCTI



CJIEKTPOCHEPT1i 3a HAMpPYror 3aJie’KaTh BiJl OOCSTIB CHOKHWBAHHS PEAKTUBHOT
MOTYXHOCT1 MPOMHUCIOBUMH YCTaHOBKaMHU.

CnoxkuBayi eJIeKTPUYHOI eHeprii BUMarawTh AJsi CBO€I podoTH fK
AKTHUBHOI, TaK i peaKTUBHOI MOTYKHOCTI. PeakTHBHA MOTYXHICTh BUPOOIISETHCS
AK 1 aKTUBHA CHHXPOHHHMH TE€HEpAaTOpaMH 1 TMEpPedacTbcsi MO CHUCTEMI
CJICKTPOIIOCTAYaHHs JI0 CIOXKMBadiB. PeakTWBHA MOTYXKHICTh 3aTpadaeThCs Ha
CTBOPEHHSI 3MIHHUX €JIEKTPOMArHiTHUX MOJIB.

OCHOBHUMHU CHOXKMBAadYaMH PEAKTUBHOI TMOTY>KHOCTI Ha TPOMHUCIOBHUX
MIIPUEMCTBAX € aCHHXPOHHI ABUTYHH. Ha X yactky npuxonutbes 65—-70%
CIIO’KUBAHOI PEAKTUBHOI MOTY>KHOCTI, 20-25% nmpuxoauThes Ha TpaHchopmaTopH 1
10% Ha MOBITPAH 1 JIHII €JeKTpornepenayl Ta 1HOI npuiiMadl (JIFOMIHECIIEHTHI
JaMI, IHAYKTUBHI TIei 1 T.1H.).

3HUKYIOUM CHIOKMBAHHA NMPUAMAYAMU PEAKTHBHOI OTYKHOCTI, MOXKHA!
- 3MEHIIIUTH BCTAHOBJICHY MOTYKHICTh F€HEpaTopa,

- TpaHc(hOpPMaTOPHY MOTYKHICTH MiICTAHIIIH,
- 30UIBIIIMTH MPOMYCKHY 3/IaTHICTh CUCTEMHU €JIEKTPONOCTAYaHHs, HE 301IbITYIOYU

nepepisziB kabesiB, MPOBOIIB TA IHIIUX CTPYMOBEAYUYUX YACTHH.

Ha pucynky HaBesieHa qiarpama, 1o UTFoCTpye poOOTy KOMIIEHCYIOUOT0 MPUCTPOIO.

¢/
YT 2.
@) £
G- Gy
7 >
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Pucynok 12.1 - Jliarpama komneHcailii poO0TH IPUCTPOIO

[Ipu 3HMKEHH] CIIOKUBaHHS PEaKTUBHOI MOTY>KHOCTI Q 10 Q — QK BenMunHa
@, 3MEHIIIYETHCS IO ¢,, 10 MPUBOAUTH 10 301IbIICHHS Koe(]ilieHTa MOTYKHOCTI

MIPU TIOCTIMHIN BEIUYHMHI TIepeaaH0l aKTUBHOT MTOTY>KHOCTI.



Crioco6u 3a6e3neueHHs TPOMUCIIOBUX CIIOKHBAYiB AKTUBHOIO 1 PEAKTUBHOIO
NOTY)KHOCTSIMU  pi3HI. SIKIO JpKepenaMu aKTUBHOI TOTY>KHOCTI € TUIBKH
TeHepaTOpU EINEKTPUYHUX CTaHIM, TO BHJIB JKEpeNl PEaKTUBHOI MOTYXHOCTI
OlnpIIle: CHUHXPOHHI MaIllMHU, OaTapei KOHJEHCATOpiB, €MHICHA MPOBIIHICTH
MOBITPSHUX 1 KAOEIBHUX JIHIN eJeKTpornepeaadi.

Butpatu Ha BUPOOHMIITBO pEaKTUBHOI MOTYXXHOCTI TIe€HepaToOpaMu
€JICKTPUYHMUX CTaHLIN, SIK MPaBUJIO, HW)XK4YE, HIK BUTPATH Ha BHPOOHHULTBO
pPEaKTUBHOI MOTY)KHOCTI IHIIUMH JDKEepenaMmu. Ajie Imepenada peakTHUBHOI
MOTY>KHOCTI BiJ] IIMH €JIEKTPUYHUX CTAHIIN MO MEpexkax eNEKTPUIHOI CUCTEMHU 1
Mepekax MPOMUCIOBHUX MIAMPUEMCTB MPUBOAUTD IO JOJATKOBUX BUTPAT.

Brpatu akTUBHOI MOTYKHOCTI 1 €HEprii B €JIEMEHTax MEpexi, MO SKUX
NEePEIAEThCS peaKTUBHA MOTYXHICTh (Q IIPH HAIPy3i;

2 2 2 2
AP =2 tY = P2 R+Q2 R:hFa+:\.Pp_

2
U U U (8.2)
AP, 1 AP, - BTpaTHU Ha IIepeJlaqy aKTUBHOL 1 PCAaKTUBHOI IIOTY>KHOCTI.

BpaxoByroun 110 Koedili€eHT MOTY>KHOCTI

S PZ +Q2
) P?
Tomi P +Q° = , (8.4)
cos @
Haxomnmo
P*-R
AP=AQ+APp=ﬁ, (8.5)
U”-cosgp

BuxoauThs, 1m0 BTpaTH aKTUBHOI MOTY>XKHOCTI OOEpHEHO MNPOMOpPIIiHI
KBaJpaTry KoeQili€HTa MOTYKHOCTI.

2 BuzHayeHHd i po3paxyHOK KoedilieHTa MOTYKHOCTI

Koeghiyienm nomyorxcnocmi 6 KodHcHUll MOMEHM Yacy.

cos¢=§=—’ (8.6)

rae P, S, 1 Q, — BIANOBITHO aKTUBHAs, TOBHA U PEAKTUBHA MOTYXHICTh B MOMEHT
yacy kBT, k BA, kBAp.

AKTHBHI 1 PEAKTUBHI MOTYXKHOCTI MIAMPUEMCTB 3MIHIOIOTHCS HE TUIBKU
IPOTATOM TPUBAJIUX NPOMDKKIB 4acy (100u, MicAls), a ¥ OpOTIroM OJHIET

BUPOOHUYOT 3MIHH.



3HaueHHs1 KoedillieHTa MOTY)KHOCTI B MOMEHT 4Yacy  HAHGLIBII TOYHO

BU3HAYAETHCS 32 (ha30METPOM.

Cepennbos3paxkenuii  koedimier noryxHocti “**%e  pusHawarote 32
MOKa3HUKaMHU JIIYMIIBHUKIB akTUBHOI Wa 1 peakTuBHOI Wp eHeprii 3a BUBHaUCHUN
MPOMIXKOK Yacy I JIF0YUX MiAIPUEMCTB:

Benuunau Wa 1 Wp a1 mpoeKkToBaHUX MIANPUEMCTB MOXKYTh BU3HAYAETHCS:

(8.7)

(8.8)

3 ychOro BUIIE CKa3aHOTO BUILIMBAE, IO 3aBJaHHS KOMIIEHCAI[ll peaKTUBHOI
MOTYHOCT1 Ha MPOMUCJIOBHUX MIAIPUEMCTBAX HEOOX1/IHA, aKTyalbHa 1 EKOHOMIYHO
BUIIPABJIaHA.

KoMrmeHcalisi peakTUBHOI MOTYKHOCTI B  PO3NOJUIBYMX EJIEKTPUUHUX
Meperkax MOoKpallye HaCTYIHI OKa3HUKU pOOOTH €HEPIOCUCTEM :

- [TinBuIIeHHS SIKOCTI HANIPYTH Y BY3JIaX MEPEKI ;

- 3HMKEHHS BUTPAT HAa YCTaTKyBaHHs (MEHIII TIepepi3y MPOBO/IiB Ta KabeiB
, MEHIIIa BCTAHOBJICHA MOTYXHICTh TPaHC(HOPMATOPIB ).

Jlekuis Ne 9
Tema: BuzdHaueHHSI KOMIIEHCYI0UYO0I PEaKTUBHOI MOTYKHOCTI

Mera:

1 O3HaiioMUTH 3 OCHOBHHMHM BHUXIJIHUMH JTaHWMH, K1 TOTPiOHI ISl BU3HAYCHHS
KOMITEHCYIOUO1 pEaKTUBHO1 OTYHOCTI

2 OnanyBartu cxemu 3eqHanHs KY nanpyroro 0,38 kB

MeTtoam: CIOBECHUM, HAOYHUM
Ilnan:

1 Buxiani 1ani 1uist po3paxyHKy peakTUBHOI MOTYKHOCTI.
2 Cxemu 3’ennanss KY nanpyroro 0,38 kB.

MarepianbHo-TexHiYHe 3a0e3neYeHHs] Ta TUAAKTHYHI 3aco0u, T3H: koHCIEKT,
HiAPYYHUK, cxemH 3’ eqHaHHs KY



Jliteparypa:

1 JIunkun B.YO. DnerpocHabxeHne NpOMBIIIIEHHBIX MPEANPUATHI U yCTAHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

2 TloctaukoB H.II.,, PyGamoB I'.M. DnekrpocHaOXeHHE MPOMBIIUICHHBIX
npeanpusatuid. — Jleannrpan: «Crpousgar», 1989 r. — 351 c.

Enextpuyna eHeprisi, mio BUPOOJISIETHCA HA €IEKTPOCTAHIIISAX 1 CHOKMBaHA
PI3HUMH €JICKTPONPUIMAYiB , MAPO3AUIIETHCS HA aKTUBHY 1 PEaKTHUBHY . AKTHBHA
SHepris 3a0e3rneuye KOPUCHY POOOTY €JIeKTPONPUMMAaYiB - €JIEKTPOBUTYHIB, TTeuei
, OCBITJICHHSI TOIIIO 1 MEPETBOPIOETHCS B HUX B MEXaHIYHY , TEIJIOBY, CBITJIOBY Ta
1HIII BUJIU €HEPrii; peaKTHUBHA K €HEpTis HiIKOI KOPUCHOI poOOTH HE BUPOOJISE , a
BUTPAYAEThCSI HA CTBOPEHHS MATrHITHMX IOTOKOM B ACHHXPOHHUX JBUTYHAaxX |,
TpaHcopMaTopax Ta IHIIUX €JIEKTPOTEXHIYHUX MPUCTPOSX.

PeakTuBHa eHepris NepexoAuTh BiJl JKepena (HampuKiIaa, TeHepaTopa) 10
CTHIOXKMBayYa , a TOTIM Ha3aj JI0 JKepena.

VY 3B'13Ky 3 IUM 301IbIIIEHHS PEAKTUBHO1 €HEPTii (MOTY>KHOCTI) MIPU3BOIUTH
70 HEJIOCTaTHbOI'O BUKOPHUCTAHHS BCTAHOBJIEHOI MOTYXHOCTI T€HEpaTopiB abo
TpaHchopmaropiB. Ilpu 30UIbIIEHHI PEAKTUBHOI MOTY)XHOCTI 3 HE3MIHHOIO
aKTUBHOIO TIOTY)KHICTIO CTPyM, IO MPOXOIUTh MO TMPOBOJAX, 3pPOCTA€E, IIO
MPU3BOIUTH 0 HEOOX1AHOCTI 301IBIIUTH TIEPEPi3 MPOBOIIB JIIHIN eleKTporepeaay
1 BUTpaTa MeTally Ha iX BUTOTOBJICHHSI.

JUiss  KOMIIeHcalii  peakTHMBHOI  MOTYXHOCTI  €KCIUTyaTOBaHHUX  alo
IPOEKTOBAaHUX  €JIEKTPOYCTAHOBOK  CIIOXKHMBAdiB  3a3BHYAall  3aCTOCOBYIOTh
reHEpYBaHHS PEAKTUBHOI TMOTYKHOCTI Ha camMoMmy MiAnpueMmcTBl. OaHum 3
NMOIIHUPEHNX CNOCO0IB KOMIIEHCAIlll PeAKTHMBHOI MOTYKHOCTI € YCTAHOBKA
CTATUYHUX KOHICHCATOPIB .

PeakTuBHA NOTYXHICTh, KBAp , CTaTUYHUX KOHAEHCATOPIB BU3HAYAETHCS K
pI3HMIISI MDK HAWMOUIBIIO  (PAKTUYHOK  PEAKTHBHOIO TMOTYXKHICTIO Q)

HABAHTAKEHHA TMIJNPUEMCTBA Ta TPAHUYHOI PEAKTUBHOI MOTYXKHOCTI O,

MPEICTABIICHOI MIIPUEMCTBY €HEPrOCUCTEMOIO 32 YMOBAMHU PEXUMY ii poOOTH :
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gp, - ONTUMAJbHUI TAHT€HC KyTa, SIKUM Bi,Z[l'[OBi,Z[aC BCTaHOBJICHUM Hi,IIHpI/I€MCTBy

yMOBaMHU OTPHUMAHHS BiJl CHEPrOCHUCTEMH MOTYKHOCTEH HaBaHTA)KCHHS P, i Q. )
B exonomi:;

Qkkn = z Paxr *| 8P uexy —  t8@posmip sikoro Bumarae

cepeJJHbO3Ba)KeHU M eHeprorocrayajbHa
KOMIIaHis

2 Cxemu 3’eqnanns KY nanpyrow 0,38 kB

3aJie)KHO BiJl TPU3HAYEHHS, HAMPYTH Ta TMOTYKHOCTI CXEMHU 3'€IHaHb
KOH/JICHCATOPHUX YCTAHOBOK BHKOHYIOTH OAHO(MA3HMMH 1 TpUPa3HUMHU 3
napajeibHuUM a0o0 TapayesibHO-TMIOCIIIOBHUM 3'€IHAHHSIM KOHJIeHcaTtopiB. Ha
HaBEJICH1 CXEMHU 3'€IHaHb KOHJIEHCATOPHUX ycTaHOBOK 380 B.

B ocBiTiIIOBaNbHUX 1 CHIJIOBUX Mepexax 3 JiHIMHOW Hampyroo 380 B
3aCTOCOBYIOTh TOJIOBHUM YHMHOM TpH(a3Hi KOHJIEHCATOPHI YCTaHOBKU 3
napajiebHUM 3'€IHAaHHSM KOHJICHCATOPIB, 3'€JHAHUX 32 CXEMOI0 TPHUKYTHHUKA.
Opnodazni  konaeHcatopHi ycraHoBku 220, 380 B 3actocoByroThecs s
iHauBiAyansHux onHodaznux EIl (enexTpuuHi medi Tomio). B ocCBiTIIOBaIbHUX
Mepexax TpudaszHi KOHACHCATOPHI YCTAaHOBKM 3BHYAWHO  MiAKIIOYAIOTH
0e3nocepeIHbO J0 JIHIN IUX MEPEX , OJHAK MICIIS MEPEKEBOI0 BUMHUKAYa
(puc. 14.1, a).

Y cunoBux wMepexax TpudasHi KOHIEHCATOPHI YCTAHOBKA MOXKYTb
MIIKITI0UaTuCa K Oe3rocepeHbo i 3arainbHuii Bumukad 3 EIl, Tak i1 uepes
OKpEeMHI BUMHUKAaY JI0 IIKWH PO3NOALIBHUX MUTIB Hanpyroto 380 B
(puc. 14.1, 6-n).

[Ipyr HEOOX1MHOCTI 3aCTOCOBYIOTH CEKI[IOHOBAaHI CXEMH, 110 CKJIAIAIOThCA 3
JIEKUTBKOX OKPEMHX CeKIIH KOHJACHCATOPHUX YCTAaHOBOK, KOXHA 3 SKHX
M1KITI0YAETHCS JI0 IUH PO3MOIILHOTO IIIUTA Yepe3 CBii BUMHUKAY.
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Puc. 14.1 - Cxemu npueHaHHSI KOHIEHCATOPHUX yCTaHOBOK 380 B:
a, 0 - 13 3araJbHUM BUMHKAYEM; B - 3 PYOHILHUKOM 1 3aO01KHUKOM;
I - 3 3aMO0DKHUKOM 1 KOHTAKTOPOM; /T - 3 aBTOMAaTUYHUM BUMUKAYEM



Jlexkmisa Ne 10
Tema: KonaeHcaTOpHi YCTAHOBKH 3 AaBTOMATHYHUM PeryJJl0BaHHAM

Mera:

1 O3HallOMUTH 3 CTPYKTYPOIO YMOBHMX MO3HAYEHb KOHJIEHCATOPHUX YCTAHOBOK
(KVY).

2 OmaHyBaTH KOHCTPYKTUBHY OyZ0BY KOHA€HCAaTOpHUX yCTaHOBOK (KY).

3 OOrpyHTyBaT OCHOBHUH 3aXUCT KOHAEHCATOPHUX ycTaHOBOK (KV).

MeToau: CIIOBECHUI, HAOUHUM
Ilnan:

1 CTpykTypa YMOBHOTO MTO3HAUYECHHS KOHJIEHCATOPHUX ycTaHOBOK (KVY).
2 KonctpyktuHa Oya0Ba KOHAEHCATOPHUX ycTaHOBOK (KVY).
3 3axucTt KoHJIeHcaTOpHUX ycTaHOBOK (KVY).

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs] Ta AMAaAKTH4HI 3aco0u, T3H: KoHCIIEKT,
MIJIPyYHHK,

Jlireparypa:

1 Jlunkuu B.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUITUNA U YCTAHOBOK. —
M. : «Bwicmasg mkoaa», 1990 r. — 365 c.

2 TloctaukoB H.IL., Py6amoB I''M. DOnekTpocHaOXeHUE MNPOMBIIIIEHHBIX
npeanpusatui. — Jleaunrpan: «Ctponsgat», 1989 r. — 351 c.

1 CTtpykTypa YMOBHOIO NNO3HAYEHHS KOHICHCATOPHHUX ycTaHOBOK (KY).

YKPM- XX- XXX /XX-X- VY3

1 ABTOMaTHyYHa KOHACHCATOPHA YCTAaHOBKA

2 HowminanbHa Harnpyra ycTaHoBKH (KB).

3 HomiHasibHa NOTY>KHICTh YCTAHOBKH.

4 KinbKiCTh CTYIEHIB.

5 HominanpHa MOTYXKHICTh CTYIICHI peryitoBaHHs B KBAD.
6 Kimimatuune Bukonanus 3a 'OCT 15150-69 .



2 KoncTpykTuBHa 0y10Ba KOHIAeHCaTOPHUX YcTaHOBOK (KY).

ABTOMaTHYHA KOHJIEHCATOPHA YCTaHOBKA (0aTapes) CKIAIaeThCs 3 CTYIICHIB
aBTOMATUYHOI'O PETYJIIOBAaHHA, KOXXKHA 3 SKUX CKIAJA€ThCA 3 KOHTAKTOpa,
Tpu(da3HUX KOHACHCATOPIB 1 IJIABKUX 3am0OKHUKIB. B ycTaHOBKax ITiJIJIOTOBOTO
BUKOHAHHS KOXHa CTYIIHb MPEACTaBiIse€ COOOK OKpeMi MOMAYMTi, IIO J03BOJIE
30UIBIIYBAaTH TOTYXKHOCTI KOHJCHCATOPHOI YCTaHOBKM (Oarapei) IUISXOM
YCTaHOBKH JTOJIATKOBUX MOMIYJIB.

CrtyneHi peryiatoBaHHS TOTY)KHOCTI KOHACHCATOPHOI ycTaHOBKU (Oartapei)
NEPEMUKAIOTBCA 10 CUTHAIY BII LU(POBOr0 perynsaTopa, 3a0e3nedyrouu
OIATPUMAHHS ~ 3a/laHOTO  cose @00  3alaHoOl  TEHEepYyruoi  MOTYXHOCTI
KOHJIEHCATOPHO1 yCTaHOBKU (Oatapei). ¥ sikocTi iHpopMallli mpo NOTOYHUIN peKUM
CIOKMBAHHS PEAKTUBHOI MOTY>KHOCTI HABAHTAKEHHSAMM MIACTAHIIN B PETYISATOPI
BUKOPUCTOBYETHCS 3HAUEHHSI BUMIPSHOT HApyrH (aiana3oH Hampyru 230 ... 400 B)
1 CTpyMy B TOULI KOHTPOJIIO PEXKUMY, TpaHC(HOPMATOpP CTPYMY, BTOPUHHUI CTPYM 5
A.

KOHIEHCATOPHI YCTAHOBKH (BATAPEI) 3
ABTOMATHUYHUM PEI'YJIFOBAHHSM, HIJIJIOTOBE BUKOHAHHSA

1. ITigkmroueHHs cuinoBux kademniB (pasu A, B, C 1 HeliTpaiib), nependaueHuit
1B KaOesiB 3BepXy ad0 3HU3Y.

2. KoHTakTHa KOJIOJKa MEPEX YTPaBIIHHS.

3. Hudposuii perymnsop.

4. KoHzeHcaTOpHHI MOJyJb CTYNEHIB PETyJIIOBaHHS 3 3amoOiKHUKAMHU,
KOHTaKTOpamu 1 Tpu(azHUM KOHJIEHCATOPOM.



Pucynok 14.1 - Konpaencatopni yctaHoBkM (OaTapei) 3 aBTOMaTUYHUM
peryJItOBaHHSM, M1JIJIOTOBE BUKOHAHHS

KOHIAEHCATOPHI YCTAHOBKH (BATAPEI) 3
ABTOMATHUYHUM PEI'YJIKOBAHHAM, HACTIHHI BUKOHAHHSA

1. ITigkmroueHHs cuinoBux kademnis (pasu A, B, C 1 HelTpaiib), nependaueHuit
1B Ka0esiB 3BepXy ad0 3HU3Y.

2. KoHTakTHa KOJIOAKA MEPEX YIPaBIIHHS.

3. Hudposwuii perymnsrop.

4. 3an001>XKHUKYU CTYIIEHIB PETYIIOBAHHS.

5 Konrakrop.

6. Tpudazuuii KoHIEHCATOD.



Pucynok 14.2 - KonpaeHcatophi ycTaHOBKM (OaTapei) 3 aBTOMaTUYHUM
peryJItOBaHHSM, M1JIJIOTOBE BUKOHAHHS

3axuctom KV ciyrye nonomixkHa araparypa 1ie :

- 3aITO0KHUKH;

- KOHTaKTOPH ;

- aBTOMATH4YHI BUMHUKaYl (ABTOMATH);

- TpaHchopMaTopu CTPyMYy.

KoHTAKTOp - JBOMO3UWIIMHWNA  KOHTAaKTHUM  CICKTPWYHMNA  amapar 3

CaMOTIOBEPHCHHSIM, TNPU3HAYCHHWH JJII YacTUX KOMYTAaIlli CTpPyMiB, IO HE
MEePEBUIIYIOTh TIEpe10aYeHIX CTPYMIB TIEPEBAHTAKECHHS.

Jlexmis Nell
Tema: [Ipu3HaueHHs MiICTAHIIIN 1 PO3MOAUILHUX TPUCTPOIB
Mera:
1.1 O3naiioMuTHCS 3 IPU3HAYCHHSM IT1ICTaHIIINA

1.2 OmanyBaTu pu3HA4YEHHS PO3IMOAIIBHUX TPUCTPOIB


http://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82
http://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D1%80%D1%83%D0%BC

MeToau: CIIOBECHI, HAOYHI.
IL1an:

1 TpancdopmaTopHi miaCTaHIII.
2 Po3noaiasH1 MPUCTPO.
3 Ilpu3HaueHHs 1 kaacudikaris miICTaHIIN, pO3NOAUIBHUX MPUCTPOIB.

MarepiajibHO-TeXHiYHe 3a0e3nedyeHHs1 Ta AMAaKTH4HI 3aco0u, T3H: KOHCIEKT,
M1JIPyYHHUK.

Jlireparypa:

1 Jlunkuu B.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUSITUNA U YCTAHOBOK. —
M. : «Bricmas mkona», 1990 r. — 365 c.

2 IloctaukoB H.IL., Py6GamoB I''M. D3nekrpocHaOXe€HHUE MNPOMBIIIIEHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

Koxna miacraniiss mae posnofauibHi npuctpoi (PII), mo micTsaTh xomyTariitHi
amapard, MPUCTPOi 3aXUCTy Ta aBTOMATHKH, BUMIPIOBaJIbHI Mpuiaau, 301pHI 1
3'€eTHyBaIbHI IIMHH, JTOTIOMIXKHI IPUCTPOI.

OcHoBHi xapakrepuctuka PII. 3a KOHCTpYKTUBHUM BUKOHAHHSM PY minsth
Ha BIJKpUTI Ta 3akpuTi. BoHM MOXyTh OYTH KOMIUIEKTHUMHU (30ipKka Ha
M1ITPUEMCTBI-BUPOOHUKY) 200 30ipHUMH (301pKa 4aCTKOBO a00 MOBHICTIO Ha MICIT
3acTocyBaHHA). Po3riisiHeMO HaWOLIbII MOLIMPEH]1 Ha MiJACTAHLISAX MPOMHCIOBUX
MIPUEMCTB KOMIUIEKTHE PY.
Biokpumuii poznodinvnuti npucmpiv (BPII) - Takuit npuctpiii, y sikoro Bara ado
OCHOBHE OOJagHaHHS pO3TAallOBaHE HA BIAKPUTOMY MOBITPI; 3aKPUTHM
posnoautbHuid npuctpiid (3PII) - mpucTpiii, o01agHaHHS SKOTO PO3TAIIOBAHE B
OyiBII.
Komnnexmnuii posznoodinonuit npucmpitu (KPY) - po3nmominpumii mpHCTpii, 10
CKIIAJAEThCs 3 mad), 3aKpUTHX TTOBHICTIO 200 YaCTKOBO, a00 OJI0KiB 3 BOYI0BaHUMHU
B JINXUW amapaTtaMu, TPUCTPOSIMU 3aXHCTy Ta aBTOMATHUKH, BUMIPIOBAJILHUMU
MpWIalaMyd Ta JOMOMIKHUMHU TPUCTPOSIMH, IO MOCTABIAETHCA B 310paHOMy Hau
MOBHICTIO MIATOTOBJICHOMY JUTsl 30MpaHHs BUTJISI 1 MPU3HAYCHE /I BHYTPIINTHBOT
YCTaHOBKH.
Komnnexmnuti poznooinonuti npucmpiti 306uiuinboi yemanosku (KPYH) - ne KPY,
MpU3HAYCHE JIUTS 30BHINIHBOI YCTAHOBKH.
Komnnexmna mpancgpopmamopua (nepemeoprosanvra) niocmanyis  (KTII)
MIJICTAHIIIS, KA CKIaJaeThes 3 TpaHchopMatopiB (mepeTBoproBayiB) 1 610kiB KPY
yu KPYH, 1o nmocraBistoTbesi B 310paHoMy ab0 MOBHICTIO MIATOTOBJICHOMY IS
30MpaHHS BUTJISII.



Posnodinbuuii komymayitinuti nynkm (PI1) po3noginbHuil npucTpiid, mpu3HaYEHUA
JUISL IPUHAOMY 1 PO3MOJLUTY €IeKTpOEHeprii Ha OJJHOMY Hampy3i 0e3 mepeTBOpeHHs 1
TpaHchopmarii.

Kamepa-nipumitieHss, npu3HavyeHe /sl yCTaHOBKY arapariB 1 IMH: 3aKpUTa KaMepa
3aKpHTa 3 ycix O0KiB 1 Mae cyminbHi (He cituacti) aBepi; oropomkeHa kamepa Mae
IpOpi3u, 3aXHILIEH! MOBHICTIO HAM YaCTKOBO HE CYHUIBHHUMH (CITYACTUMHU abo
3MINIAHAUMH ) OTOPOKAMH.

KoxHa mijcTaniis Mae Tpu OCHOBHUX By3ia: PY Buioi Hanpyru, Tpanchopmarop
1 PY Hux4oi Hanpyru.

Ilpusnavennss i kuacupikania mnigcranmid. FEiexTpoycTaHoBKa, 110
CKJIalaeThcsl 3 TpaHcopMaropiB a00 1HIIMX TEPETBOPIOBAYiB  EHEPTii,
pPO3MOJIILHUX TPHUCTPoiB Hampyroto g0 1000 B 1 Bumie, 1o CiayXuTh IS
MIEPETBOPEHHS 1 PO3MOJILTY CICKTPOCHEPT11, HA3UBAETHCS NIOCMAHYIETO.

B 3a1exHOCTI Bi IpU3HAYEHHS MIACTaHIli BUKOHYIOTh TPaHC(HOPMATOPHUMU
(TII) a6o mpeocsitHiMuU (['OT) - BUNpsiMHUMU.

TpanchopmaTopHi  migcraHmii €  OCHOBHOK  JIAHKOK) ~ CUCTEMH
€JIEKTPOIIOCTAYaHHs. Y  3aJE€XKHOCTI B TMOJOXKEHHS B E€HEProCUCTEMI,
MIPU3HAYEHHS, 3HAYCHHSI TICPBUHHOTO 1 BTOPUHHOTO HAMPYT iX MOKHA MOIIJTUTH Ha
palioHHI MIJICTAHII, MIJACTAHIII MPOMUCIOBUX MIAMPUEMCTB, TATOBI MiJACTaHIII,
M1JICTAHIIT MICHKO1 €JIEKTPUYHOT MEPEXKI1 Ta 1H.

Paiionni Ta BY3JIOBI MiJCTaHIi XKUBISATHCA BiJl palOHHUX (OCHOBHHMX) MEPEK
CHEPreTUYHOI CUCTEMHU 1 MPU3HAYCHI JJIS €JIEKTPOIIOCTAYaHHs BEJTUKUX PalOHIB, B
SKUX 3HAXOJSITHCS IMTPOMUCIIOBI, MIChKi, CTbCHKOTOCTIOIAPCHKI Ta 1HII CITOKHUBAYl
enekTpoeneprii. [lepBuHHI Hanpyru palloHHUX MiAcTaHIiN ckianaiTs 750, 500,
330, 220, 1501 110 B, a Bropunni-220, 150, 110, 35, 20, 10 a6o 6 kB.

Ha Teputopii mpOMHUCIOBUX MIANPUEMCTB PO3MIIIYIOTH TpaHChHOpPMATOpHI
M1JICTAHIIT HACTYITHUX BUIIB:

3aBoachbKi migcTaHWil, K1 BUKOHYIOTHCS SIK: @) TOJIOBHI 3HWKYBaJIbHI M1ACTAHIIIIT 1
NIACTaHIIi TIMOOKOTO BBOAY 3 BIAKpUTUM PV nis mpuilomy enekTpoeHeprii Bij
eHepretTuyHux cucrteM Hanpyror 110-35 kB 1 neperBopeHHsA ii B Hampyry
3aBOJCHKOI Mepexi 6-10 kB j1st )KUBJICHHS [IEXOBUX 1 MIXKIIEXOBUX MiACTAHIIINA Ta
NOTYXHHUX CIOKMBAYIB ; 0) MiJICTaHIIIi Ta pO3MOAUIbYI MYHKTH 13 3aKkputumMu PV, 3
YCTAHOBKOIO Ha HUX BHCOKOBOJILTHOTO oOnamHaHHs Ha 6-10 kB tuny KCO a6o
KPYV i tpancdopmaropis na 6-10 / 0,4 xB.

IexoBi mixcranmii, mpu3HadeHi I JKUBJICHHS OJHOTO a00 JCKUIBKOX IIEXIB,
BUKOHYIOTBCS: @) OKPEMO CTOSITh, TPHOYAOBAaHUMH 1 BOYJOBAaHUMHU 3 YCTAHOBKOIO
TpaHCHOPMATOPIB B 3aKPUTHX KaMepax 1 po3MOAUIbHUAX MHUTIB ma Harpyry 0,4-0,23
kB; 0) BHYTpIIIHbOIIEXOBUX B OCHOBHOMY siK KomIuiekTHi Tuy KTII 3 yctaHOBKOIO
HAa HUX OJHOTO-ABOX TpaHcpopMaropiB mnoryxkHicTio 400 kB A 1 Buie,
PO3MIIIIECHUMHU B OKpPEMOMY MPUMIIIEHHI 1IeXy abo 0e3mocepelHhO B IeXy B
3aJIEKHOCTI B1J] YMOB HABKOJIMITHBOTO CEPEIOBHUIIA 1 XapaKTepy BUPOOHHUIITBA.

Jlekmisa Nel2



Tema: bynoBa, mpu3HaueHHS BIAKPUTHX 1 3aKPUTHX po3MoAUTbHUX puctpois (PI1)

Merta: O3nHaifomMuTHCS 3 OyIOBOIO, MPU3HAYCHHSIM BIIKPUTHMH 1 3aKPUTHX
posnoaisHuX mpuctpois (PIT)

MeToau: CJIOBECHI, HAOYHI.
ILnan:
1 BynoBa, mpu3HaueHHs BIIKPUTHX PO3NOALUTLHUX NpucTpoiB (BPII).

2 bynoBa, mpuU3HaYE€HHA 3aKPUTUX PO3NOALIBHUX pucTpois (3PII)

MarepiajibHO-TeXHiYHe 3a0e3neyeHHs1 Ta AMAaKTH4YHI 3aco0u, T3H: KOHCIEKT,
HIPYYHUK.

Jlireparypa:

1 Jlunkuu b.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUITUNA U YCTAHOBOK. —
M. : «Bwicmas mkoaa», 1990 r. — 365 c.

2 TloctaukoB H.IL., PyGamor I''M. DOnexrpocHaOXkeHHE MNPOMBINIICHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

3AKPUTI PO3INOAIVIBHI YCTAHOBKH (3PY)
1 Bumoru 10 koncrpykuiii 3PY

Po3noaisibHa ycTaHOBKA - 11€ €JIEKTPOYCTAHOBKA, MPU3HAYCHA JJIsl IPUIoMy
H pO3NOALTy €NEeKTPUYHOI €Heprii, M0 MICTUTh €JIEKTPUYHI amapartH, IUHU U
JIOTIOMIKHI TPUCTPOI.

SIKo po3mojiapbHa YCTAaHOBKA pO3TalloOBaHa BCEpEaWHI OyIWHKY, TO BOHA
HA3MBAETHCS 3aKPUTOIO.

3akpuri po3noaiibHi yctaHoBKU (3PY) cnopyaxylThcsl 3BUYANHO NPH
Hanpy3i 3 — 20 kB. [1pu 6inbmux Hanpyrax, K IpaBUIo, CIOPYHKYIOTHCS BIIKPHTI
PY. Onnak npu obmexeniit miuomi mia PY abo npu migBumieHOMy 3a0pyJHEHHI
atMocdepu MOXKyTh 3acTocoByBaTucs 3PV Ha Hanpyru 35-220 kB.

Po3noniibHI  yCTaHOBKM TOBHHHI 3a0e3meuyBaTh HaAJIMHICTh POOOTH
€JIEKTPOYCTAaHOBKH, 1110 MOX€E OyTH BUKOHAHO TUIbKW MPU MPABUIBHOMY BHOOPI i
PO3MIIIIEHHI €IEeKTPOYCTaTKYBAaHHSI, IPY MPABUILHOMY MiA00P1 TUIY i KOHCTPYKLIIT
PV Bigmosinuo mo ITYE.

O6cnyroByBannss PY moBuHHe OyTu 3pydHuM 1 OesneyHUM. Po3wmimieHHs
oOnanHanHs B PY moBuHHe 3a0e3nevyBaTu A0OpUi OIS, 3pYYHICTh PEMOHTHUX



poOiT, MOBHY Oe3MeKy MpH PEeMOHTaX W orisgax. J[ms Ge3mexku MHOTPUMYIOTHCS
MiHIMaJbHI BiICTaH1 BiJl CTPyMOBEIyYMX YACTUH JJIs PI3HUX eleMeHTiB 3PY.

HeizouboBaHi cTrpyMoBeay4i 4YacTHHH 1100 YHUKHYTH BHIIaJKOBHX
JOTOPKYBaHb JI0 HUX MMOBUHH1 OyTH MOMIIIEH] B KaMepu a00 00rOpOIKEHi.

Oropo/keHHsT MoOke OyTH CyliIbHUM abo ciT4acTuM. Y  0aratbox
KOHCTpYKIisiX 3PY 3acTocoByeThCs 3MilIaHE OTOPOIKEHHSI — Ha CYIUIBHIN YaCTHHI
OTOPOJIPKEHHS KPITLISATHCS MPUBOJIM BUMHUKAYIB 1 pO3'€IHYBaYiB, a ciTYacTa 4acTHHA
OTOPOJHKEHHS JI03BOJISIE CIIOCTEPITaTH 32 YCTATKyBAHHSM.

Bucora Takoro oropopkeHHs MOBUHHA OyTH HE MeHIne 1,9 M, ipu IIbOMY CITKH
MOBUHHI MAaTH OTBOPH PO3MIpoM He Oiibine 25 X 25 MM. OropomkeHHs] TOBUHHI
3aMUKaTHCS Ha 3aMOK.

HeizonboBaH1 cTpyMOBeAyYl YaCTUHHU, PO3TAIIOBAH1 HAJI IMiJIJIOTOI0 HA BUCOTI
1m0 2,5 m B ycraHoBkax 3 — 10 kB 1 2,7 m B ycranoBkax 20 — 35 kB, nmoBuHHI
OTOPOJDKYBATUCS CITKAMU, IPUUOMY BHCOTa IMTPOXOAY 1] CITKOIO TOBUHHA OYTH HE
MeHI1010 1,9 M.

Ornsaay ycTaTKyBaHHS BUKOHYIOTBCS 3 KOPHUIOPY OOCITyrOBYBaHHS, IMIMPUHA
SKOr0 MOBMHHA OyTH HE MeHIIE | M ITpu 0AHOOIYHOMY 1 1,2 M ITpU ABOCTOPOHHBOMY
pO3TallyBaHHI YCTaTKyBaHHS.

Axmo B xopumopi 3PY po3smiieHi npuBoau po3'eHYBaviB 1 BUMUKAiB, TO
IIMPUHA TAaKOTO KOPUJOPY MOBUHHA OyTH BIAMOBIAHO 1,5 1 2 M.

Axmo B 3PY 3actocoBytorhes komipku KPY, 1o mmpuna mpoxomy s
kepyBaHHa U pemMoHTy KPY BuKOuyBaHOTO THIy TOBHHHA 3a0e3leuyBaTH
3pY4YHICTh NEPEMIIICHHS W PO3BOPOTY BUKOTHHMX BI3KIB, TOMY MPU OJAHOPSIHOMY
pO3TallyBaHHI IMHPUHA BU3HAYAETHCS JOBXKUHOIO Bizka toc 0,6 M, mpu
JIBOPSITHOMY pO3TalllyBaHHI — JOBXKMHOKW Bi3ka twuitoc 0,8 M. Ilpu HasiBHOCTI
npoxoay 13 3aaHb0i cropoHu KPVY iforo mmpuna nosuHHa Oytu He meHi 0,8 M.

I3 npumimens 3PY nependadaroThCsi BUXOAU HA30BHI a00 B MPUMIIIECHHS 3
HETOPIOYMMH CTIHAMHU M TIEPEKPUTTIMU: OJWH BHUX1J IpH AoBkHUHI PY 1o 7 M, nBa
BHXOJH 10 KiHIISAX IPH JOBXHHI Bix 7 10 60 M, ipu J10BXuHI Oinbmre 60 M — 1Ba
BUXOJM IO KIHIIAX 1 JOJIaTKOBI BUXOJW 3 TAaKUM PO3PAXYHKOM, 11100 BiJICTaHb Bij
Oyab-sK0i Touku kopuaopiB PY no Buxony He nepesunryBaia 30 m. JIBepi 3 PY
MOBUHHI BIJIKPUBATHCS HA30BHI i MaTH caMO3aMHUKAaJIbHI 3aMKH, 1110 BIAKPUBAIOTH
0e3 kiroua 3 6oky PVY.

PY noBuHHe 3a0e3mevuyBaTH moxke:xkHy Oe3meky. bymiBenabHI KOHCTPYKIIii
3PV noBunHI BianopigaTtu BumoraMm bHill, a Takox mpaBuiiaM MoKeKHOI OXOpOHHU
(IITTO). byxnieas PY cnopymkyerbcst 3 BOTHECTIMKMX MatepiamiB. [lpu
npoekTyBaHH1 3PY nependavaroTecs 3axX0au 151 OOMEKEHHS MOMIMPEHHS aBapii.

JI71st IbOTO yCTaTKyBaHHS OKPEMUX eJIeMEHTIB PY BCTaHOBIIOETHCS B KaMepax
— MPUMINICHHAX, OOMEXKEHHX 3 YyciX OOKIB CTiHAMU, TMEPEKPUTTIMH,
OTOPODKEHHSIMU. SIKIIIO YacTHHA OTOPOJKEHb CITYacTa, TO KaMepa Ha3WBA€ETHCS



BIIKpUTOIO. Y TaKWX KamMepax YCTaHOBIIOIOTHCA poO3'€qHyBadi, Oe3macisHl ¥
MaJjiOMacJIsTHI BUMUKa4i i 0akoBI BUMUKAU1 3 KUTBKICTIO Macia 10 25 Kr. Y cydacHHX
3PY O06akoBi BHMHKAa4i 3 OLIBIIO KUIbKICTIO Macna (Oureme 60 kr) He
3aCTOCOBYIOTBCS, TOMY IIO JJIs iX YCTaHOBKH Tpeba nepeadauaT 3aKpUTi Kamepu 3
BHUXO0JIOM HA30BHI, 1110 3HAYHO YCKJIAJAHIOE OY/IBEbHY YaCTHUHY.

VY 3PV nependadaerbcs NpupoaHa BEHTUIIALIS MPUMIILIEHb TpaHc(hopmaTopiB
1 peakTopiB, a TAaKOXK aBapiiiHa BUTSHKHA BEHTUJIALIS KOPUIOPIB OOCITYrOBYBaHHS
BIJIKDUTHUX KaMep 3 MAaCIIOHATIOBHEHUM yCTATKyBaHHSIM.

Po3noaiibHa ycTaHOBKA TOBHHHA OyTHM €KOHOMiuHOI0. BapTicTh
copykeHHsT PY ckimamaeTbest 3 BapTOCTI OyIiBENbHOI YaCTHUHH, CJICKTPUYHOTO
YCTaTKYBaHHS, €JIEKTPOMOHTAXHHUX pOOIT 1 HaKIagHUX BUTpAT. s 3MEHIICHHS
BapTOCTI OyMiBEJbHOI YACTHMHH IO MOXMJIMBOCTI 3MEHIIYIOTh OO0CST OyIiBII ¥
COpPOIIYIOTh ii KOHCTPYKI[iIO. 3HAuHE 3MEHIUEHHS BapTOCTI JOCATAETHCS
3acTOCyBaHHAM OyaAuHKIB PY 31 30ipHHX 3a/1i300€TOHHUX KOHCTPYKIIM, SKI
3aMIHIOIOTh 1IETeIbHY KJIaJIKY, 1110 3aCTOCOBYBAJIAcs paHille.

JInst 3MEHIIEHHS BapTOCTI E€JIEKTPOMOHTAXKHUX POOIT 1 TNPUCKOPEHHS

cnopykeHHss PY mMpoko 3acTOCOBYIOTH YKpPYHHEHI By3nH, 310paHi Ha
creniagi3oBaHiii MOHTaXH1W 0a3i. TakuMu By3/iaMu MOKYTh OyTH KaMepH il madu
3 yOyZOBaHUM €JIEKTPOYCTATKyBaHHSAM: Kamepu Mg 30IpHUX IMWH 1 IIWHHUAX
po3'eHyBauiB, IIaQu KEpyBaHHS BUMUKAYaMH, IIau JTHIHHUX PO3'€THYBAYIB 1 T.II.
st nmpuennanns niHid 6 — 10 kB y cygacaux PY mmpoko 3actocoByroTh madu
KOMITJIEKTHUX PO3MOAUIBHUX TPHUCTPOIB. 3aCTOCYBaHHS YKPYIHEHUX BY3IIIB
JT03BOJISIE BUKOPUCTATH 1HIYCTpialibHI METOIU criopykeHHs 3PY 3 MakcuManbHOIO
MEXaH13all€r0 eJIEKTPOMOHTAKHUX POOIT.
PoznozinbsHa ycTaHOBKA, 3MOHTOBAHA 3 YKPYITHEHUX BY3J1IB, HA3UBAETHCS 30ipHOIO.
VY 36ipHiit PY OyaiBas cnopymKyeTbecs y BUIIIAAI KOpoOku, 0e3 Oylb-sSKUX
NEePEeroposioK, 3ariibHoro Tumy. OCHOBY KamMep CTaHOBHUTH CTaJeBHH Kapkac, a
MEePEropoaKA MK KaMepaMu BUKOHYIOTH 13 a30€CTOIIEMEHTHUX a00 TIMCOIITOBUX
TUTHT.

2 BIAKPUTI PO3HOJILJIBHI ITIPUCTPOI (BPY)

Bumoru 1o koncrpykuiii BPY

PosnozainbHa ycTaHOBKa, po3TallloBaHa Ha BIAKPUTOMY IMOBITPl, HA3UBAETHCS
BIJIKPUTOIO PO3MOIUTEHOIO0 YCTAaHOBKOIO.

Ax npasuio, PY nanpyroro 35 kB i Buie cIOpyAXKYIOTHCS BiAKPUTHMHU.

Tak camo sk 1 3PV, Binkputi PY nmoBunHI 3a0e3neuntr HaAilHHICTD POOOTH,
Oe3neky ¢ 3pydHICTh OOCIYrOoBYBaHHS TMpU MIHIMaJbHUX BUTpaTax Ha
CHOPY/UKEHHS,  MOJJIMBICTD  PO3IIMPEHHS, MAaKCUMaJbHE  3aCTOCYBAHHS
BEJIMKOOJOYHUX BY3J1B 3aBOJCHKOTO BUTOTOBJICHHS.



Bigcranp Mk CTpyMOBEIYYMMH YaCTMHAMH W Bl HUX JO PI3HHUX €IEMEHTIB
BPY noBunHe BuOUpaTHCs BiANOBIIHO 10 BUMOT [1YD.

Bci amapatu BPY 3BuuaiiHO po3TaloBYIOTHCSI Ha HEBHUCOKUX IIiJICTaBaX
(metaneBux abo 3amizoberonHux). [lo teputopii BPY mepenbagarorscs mpoizau
JUTSL MOYKJIMBOCT1 MeXaHi3alli MOHTaXXy ¥ peMOHTYy BcTarkyBaHHs. [IIuHU MOXYTh
OyTH THYYKUMH 13 0araToApOTOBUX MPOBOJIB a0 13 TBEPAUX TPYO.

['HyYKi IIUHU KPITUIITHCS 32 JOTIOMOTOIO MIJBICHUX 130JIATOPIB HA MOpTaJiax,
a TBEPJI - 3a JIOIIOMOT'0K0 OIMOPHUX 130JIATOPIB HA 3a11300€TOHHUX a00 METaJIeBUX
CTIMKax.

3acToCyBaHHS TBEP/AOi OIIMHOBKH JO3BOJIIE BIIMOBUTHCS BiJl MOPTATIB 1
3MEHIINTH Tonry BPY.

[Tin cunoBumu TpaHchopMaTOpaMu, MACISIHUMHU peakTopaMu W OakOBUMHU
Bumrkadamu 110 kB 1 Buie nependavaerbcsi MacuonpuiiMay, YKIAQJA€ThCS IIap
rpaBil0 TOBIIMHOIO HE MEHII 25 CM, 1 Macjo CTIKa€ B aBapiMHMUX BUMAIKAX Y
MacJa0301pHUKH.

KaOeni onepaTUBHUX KiJI, KT KEpyBaHHs, PEJIEHHOr0 3aXUCTy, aBTOMAaTUKH 1
MOBITPONIPOBOIM NPOKIIAJAIOTh Yy JIOTKAX 13 3a11300€TOHHHUX KOHCTPYKLINA 0e3
3arfauOJIeHHs iX Y IPYHT a00 B METAJIEBUX JIOTKAX, MiJBIIMICHUX O KOHCTPYKIIIH
BPY.

Binkpure PY noBunHe 0yTH 00ropo/axeHe.

Binkpuri PY mawTh HacTynHi nepeBaru nepeja 3aKpuTHMU:

- MeHIe o0csar OyaiBeIbHUX pOOIT, TOMY IO HEOOXIJHI JHUIIE MiArOTOBKA
IJIOIIAAKU, OYAIBHULITBO JOPIT, CHOPYIKEHHS (DyHIAMEHTIB i yCTaHOBKA OMOp, Y
3B'SI3KY 13 IIUM 3MEHILYIOThCS Yac COpYAKeHHs il BapTicTh BPY;

- JIeTIIIe BUKOHYIOTBCS PO3IIUPEHHS i PEKOHCTPYKITIS;

- BCl anapaTu JOCTYIIHI JUIsl CHOCTEPEKEHHS.

VY Toit ke yac BimkpuTi PY MeHIn 3pydHi B 0OCIYroByBaHHI MPU HU3bKUX
TeMIlepaTypax i HEMoroay, 3aiiMaroTh 3HAYHO OUIbITy TUI0ILY, HiXK 3PV, a anapatu
Ha BPVY minnani 3anwmienHro, 3a0pyIHEHHIO 1 KOJIMBAHHSIM TEMIIEPATYPH.

KoncTpyxkuii BPY pizHomaHiTHI i 3a/1€:KaTh

- BiJI CXeMHM eJIEKTPUYHUX 3'€/IHAHD,

- BiD THUHNIB BHMHMHKA4YiB, po3'€qHyBa4iB # IXHbOIO B3a€EMHOIO
po3TalIyBaHHS.

Jlexkmisg Nel3
Tema:CuioBi TpanchopmaTOpu CTAHITIH 1 MiICTAHITIN

Merta:



1.1 O3nailoMuTHCs 3 TPU3HAUYECHHS CUJIOBUMHU TpaHC(POpMaTOpamu;
1.2 OnanyBatd 3 HaBaHTAKYBAJIbHOIO  3JATHICTIO 1  OXOJOKEHHSIM
TpaHcpopmaTopiB

MeToau: CIIOBECHI, HAOYHI.
Ilian:
1 OcHOBHI BIJOMOCTI ITPO CHUJIOB1 TPAaHCPOPMATOPH.
2 HaBaHTaxxyBasibHa 3aTHICTh CUJIOBUX TPaHC(HOPMATOPIB.

3 OX0JIOMKEHHS CUIIOBUX TpaHCHOPMATOPIB.

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs] Ta AMAaKTH4HI 3aco0u, T3H: KoHCIEKT,
HIIPYYHUK.

Jlireparypa:

1 Jlunkun b.}O. DneTpocHabxeHne MPOMBIIIIIEHHBIX TPEANPUITHN U YCTAHOBOK. —
M. : «Bpicmas mkoma», 1990 r. — 365 c.

2 TloctaukoB H.IL., PyGamor I''M. D3nekrpocHaOXkeHHE MNPOMBINIICHHBIX
npeanpusatui. — Jleaunrpan: «Ctponsgat», 1989 r. — 351 c.

Curoi  Tpancdopmaropu. Ak 1 CHHXpOHHI TE€HEpPATOpU, BOHM € OCHOBHUM
SNICKTPUYHUM OOJIaJIHAHHSIM, 10 3a0e3reuye Tepeaady 1 po3ojil eleKTPOSHEPTii Bl
SJICKTPUYHUX CTAHITIN JIO CTIO’KUBAYIB.

OcHOBHI BIiZIOMOCTI. 3a JIOTIOMOTOI0 TpaHC(OPMATOPIB 3AIHACHIOIOTH TTIBUIIICHHSI
HanpyxeHHsiM  j0 BenmumH (110, 220, 330, 500 xB), HEoOXimHMX IS JIiHIN
SIICKTpOIIepeiad CHEPrOCKCTEM, a TAKOXK Oararopa3oBe CTYIICHEBY 3HIKEHHS HAIPY)KEHb
JI0 BEJIMYHH, 3aCTOCOBYBAHUX O€3MOCEPEIHRO B MpuiiMadax enekrpoeneprii (10; 6,3; 0; 66;
0,38;0,22; 0,127 xB).

Bimmosimno 10 T['OCT 9680-72 cumnoBi TpaHcopmMaTtopyd BHUITYCKAIOTh 3
HOMIHAJTLHUMH TTOTY>KHOCTSIMH, KpaTHUMU MOTYXHOCTsM 10, 16, 25,40, 63 kB * A B TppOX-

1 0tHO(ha3HOM BHKOHAHHI.



JInst KoMIieHcallii BTpaT Hampyrd B EIEKTPUYHHUX MeEpeXxax IMiIBUIYBaIbHI
TpaHchopMaTopy MaroTh BUIly Hanpyry Ha 10% Buille HOMIHAJILHOI HAIIPYTH MEPEXI, a
3HIDKYBJTbHI TpaHC(hOpMATOpH - HIbKYa Harpyra Ha 5-10% Builie HOMIHAIBPHOI HAIIPYTH
Mepexi. Ha miaBunyBaibHUX 1 MOHIWKYBAIBHHX ITIICTAHINSIX 3aCTOCOBYIOTH TpHazHi
Tparchopmaropu abo Tpynu oaHO(azHUX TpaHchopMmaTopiB 3 gBOMa abo TphrOMa
PO3IUTHHIMU OOMOTKAMH. 3aJIEXHO BiJI YKclia 0OOMOTOK TpaHC(hOpMaTOpH AUISITH Ha JIBO- 1
TpbOOOMOTKOBI. OOMOTKHM BHIIIOi, CEPETHBOI T4 HMXKYOI HAIPYT MPUHHATO CKOPOYEHO
nozHadaty Bimmosimqno BH, CH, HH. B nmanmii yac BUTOTOBISIOTH TpaHc(opMaTopu 3
obMoTKamu Ha Hanpyru 6, 10, 20, 35, 110, 220, 330, 500 kB. Koxen tpanchopmarop
XapaKTePU3YEThCSl HOMIHATBHUMU JIAHUMH: TIOTYXKHICTIO, CTpyMaMH TIE€pBHHHOI Ta
BTOPUHHOI OOMOTOK, BTpaTaMu X0J0cToro xoxay APxx, BTpaTaMy KOPOTKOTO 3aMHUKAHHS
APy (abo BTparamu B Mijii APyj), HAPYyror KOPOTKOTO 3aMUKaHHS U, CTPYMOM XOJIOCTOT'O
XOY 1k (200 1), @ TAKOXK TPYTIOKO 3'€THAHHS .

Hampyroro KOpOTKOTO 3aMUKaHHS TpaHCopMaTopa HA3MBAIOTh HAIMPYTY, SKa
HEOOXITHO TIJIBECTH JIO OAHIET 3 OOMOTOK MpH 3aMKHYTOI HAKOPOTKO IHIIMM, 1100 B
OCTaHHII MpPOTIKaB HOMIHAIBHUI cTpyM. Ll Hampyra y BiJICOTKax BiJl HOMIHAJIBHOIO,
BIIHECEHE JI0 TIOTY)KHOCTI HAMOUIBII TOTY)KHOIO OOMOTKH, JAEThCS B Karajorax i
CTaHOBUTBH 3aJICKHO BiJ] TTOTYXHOCTI TpaHc(opmaropa 4,5 - 12%.

CTpyMOM XOJOCTOrO XOAy Ha3WBalOTh CTPYM, SIKWI MPU HOMIHAIBHIM Harpysi
BCTAHOBITIOETHCS B OJIHIM OOMOTIII MpY pO3IMKHYTOT 1HIIHMIA. BTpatu xomoctoro xomy APy
X BU3HAYAIOTHCSI CTPYMOM 1y, BUPKEHUM Y BIJICOTKAX BIJl CTPYMY BIAIIOBIIHOI OOMOTKHU.

['pymoro crnonmyku Ha3uBaroTh KyTtoBe (KparHe 30 ©) 3MIIIEHHS BEKTOPIB MDK
OTHOVWMEHHVIMH BTOPHMHHMMH 1 TICPBHHHMMH JIHIWHAMH HalpyramMd OOMOTOK
Tpancopmaropa. Ha enekTpuuHMX CTaHIsSX 1 MiJACTAHISX HAHOUIBIIIOrO TMOIIMPEHHS
HaOyJIM HACTYITHI CXEMH 1 TPYIU 3'€/IHAHb JBOOOMOTKOBHX TpPaHC(POPMATOPIB: «3IpKa -
sipka» Y /Y -0,Y /Y- 6; «3Bipka-tpuxytaux» -Y /A -1, Y/A-11,Y/A-T,Y/A-5.Y
TpUOOMOTKOBUX TpHU(a3HuX TpaHchopMaTopax HAMOUIBIL, YacTO 3aCTOCOBYETHCS
3'€THAHHS «3IpKa-31pKa-HyIb-TPUKYTHUK» Y /Y -0/ A -11.

PerymoBanHst koeditieHTa TpaHchopmallii MOYKHA 3/IIHCHIOBATH TIPH BKIFOUEHOMY

(ITi1 HaBaHTKEHHSIM ) 200 BIIKITFOUYEHOMY TpaHCc(hopMaTopi.



Tpanchopmaropu 3 perymoBaHHsAM Hanpyru i HaBaHTaxeHHsM (PIIH)
3aCTOCOBYIOTh Ha €JIEKTPUYHUX CTAHIIISX 1 palOHHUX MiJICTAHIIISAX. PerymoBaHHs Harpyru
TparchopMaTopiB NpH BiakIroueHOMY HaBaHTakeHH1 (I153) BUpoOIstOTE Ha TTICTAHITISIX
MPOMUCIIOBHX T IPUEMCTB.

HominameHi cTpymMu OOMOTOK TpaHchopMaropa BKa3yloTh B Kartajorax. [lig
HOMIHAJIBHOIO CJTIJT pO3YMITH HABaHTaKEHHS1, PIBHE HOMIHAIBHOMY CTPyMY (HOMIHAJIBHOT
MIOTYKHOCTI), SIKy TpaHC(hOopMaTop MOXKe HECTH O€3MepepBHO IMPOTATOM YChOTO TEPMIHY
CIy’kOM TIpY HOMIHAJIBHMX TeMIEpaTypHUX YMoBaxX, Lli yMOBH BIAIOBIIAIOTH
MakcumaibHi Temnepatypi (+ 40 © C) 1 cepequpopiunmii (+ 5 © C) npu ycTaHOBII
TpaHchopMaropa Ha BIIKPUTOMY TTOBITPI.

VY mpotieci poboTH TpaHcopMaTopa 1305l Horo 3HolnyeThes. Ha crapins i
TEPMIH CITy»Ou 13011111 TpaHchopMaTopa OCHOBHHUM BIUIMB Mae TEMIIEpaTypa HarpiBy
Horo OOMOTOK, IO 3aJICKUTh BiI HABAHTAXKEHHS 1 YMOB OXOJOMKeHHs. [l
TpaHc(OpPMaTOpIB, 110 BCTAHOBITFOIOTHCS B MICIIEBOCTSIX 3 MAKCUMAITBHOIO TEMITIEPATYPOIO
noBitps + 40 ° C, temneparypa (meperpiB) OOMOTOK HE TOBUHHA IEPEBUIIYBATH
TeMIieparypy noiTps nmoxas + 65 ° C. Takum yMHOM, HaOLIbIIA JOTYCTUMA TEMIIEpaTypa
HarpiBy 00MOTOK craHoButh 40 + 65 =105 ° C.

SAxOu TpaHchopmaTop BeCh Yac MparroBaB [py TEMIIEpATypi HarpiBy 0OMOTOK, PIBHOI
105 ° C, To TepmiH Horo ciyk0u OyB OM MEHILIE IBOX POKIB. Y JIHCHUX YMOBaxX poOOTH
TpaHchOopMaTopiB TeMIIepaTypa HABKOJIMIITHEOTO TIOBITPS 3MIHIOETHCS SIK IPOTSATOM JI00H,
TaK 10 ce30Hax. SIKILo NpH 1IbOMY TeMIiepaTypa HarpiBy 0OMOTOK 3MiHIOeThCs Bif + 105
° C 10 [esIKOro MEHIIIOTO 3HAYEHHSI, TO 3MEHIITYEThCS 3HOC 130JIs11ii OOMOTOK, a TepMiH
cIy>x0n TpancdopMaropa 30UThITyeThCS. [Ipy HOMIHAIBHUX TEMIEPAaTypHUX YMOBAaX
OXOJIO[DKEHHSI 1 HOMIHQJIBHOMY HaBaHT)XEHHI TepMiH CIIy»Ou TpaHc(opmaropa
cTaHoBUTH TipuOIM3HO 20-25 pokiB. Temmeparypa HarpiBy TpaHc(opmaTopa 3a3BUYaii
KOHTPOJIOETHCS TIO TeMIIepaTypi BepxHix apiB macia. g temneparypa 3a npaBuiamu
TEXHIYHOI €KCIUTyaTallll He MOBUHHA TepeBUIlyBaTy + 95 © C 11 cUCTeMH OXOJIOMKEHHS
M, I (1mB. HIKYE).

3natHICT, HaBaHTaXEHHS. [ BCiX TpaHCOpPMATOpIiB B 3aIKHOCTI BiJ YMOB
eKCIUTyaTallii, sIKi BU3HAYAIOThCA PE3EPBOM TPAHCPOPMATOPHOI MOTYNKHOCTI, TpadikoM

HABaHTAXKEHHS 1 TEMITEPATypOI0 HABKOJIMIIIHBOTO CEPEIOBHUINA, MOXKYTh OYTH JIOITYIIIEHI



niepeBaHTakeHHs. [Ipr  HEOOXITHOCTI PEKOMEHIYEThCS 3aCTOCOBYBaTH  (DopcoBaHe
0XO0JI0/KEeHHS TpaHchopmarTopa (00 TyBaHHS ) IIUIIXOM BCTAHOBJICHHS BEHTUIISITOPIB.

CunoBi  TpaHcopMaTopy MOXKHA TIEPEBAHTAKYBATH B TOAMHM MAKCUMYyMY
HABaHTAKEHHS 32 paXyHOK HEJIOBAaHTAKEHHS B TOJIMTHA MIHIMYMY, 3 TUM 11100 3HOC 130JISI1111
Tpancdopmatopis OyB y Mexax TexHiuHux Hopm 1o 'OCT 14209-85.

Ha puc. 5.23 nokasani KpHBi NEepeBAHTAKYBAIBHOI 37[aTHOCTI, 110 BU3HAYAIOTHCS
koedirtienTom K uis pizHuX TUMiB TpaHchopMaTOpiB 3a MEBHUX YMOB iX eKCILTyaralli,
Yacy MepeBaHTXEHHS 1 3HaYeHb KoeillieHTa MIHIMAJTHBHOTO HaBaHTaKeHHS K.

JlonmyctuMa — miepeBaHTaKeHHS  TpaHcdopMaropa B TOJUMHH — MaKCUMyMy
HABAHTAKECHHS Syon = KoShonr

OxonompkeHHa. B oOMOTKax 1 B CcTaiM My3apamTearpy TpaHcopmaropa,
BKIIFOYCHOTO 11l HABAHTAKCHHS, BHIULIETHCA 3HAYHA KUIBKICTH Terwiotd. 1100
HIITPUMYBaTh TEMIIEpAaTypy HarpiBaHHA TpaHcpopMaropa B 3a3HAYCHUX MEKaXx,
HEOOXITHO MPOTIrOM TEPMIHY €KCILTyarallii TpaHchopMaropa Oe3nepepBHO BIIBOAUTH
BUJIUISIETHCS. B HBOMY TETUIOTY B HABKOJIMIIIHIM MPOCTIP, TOOTO €(HEKTUBHO OXOJIO/HKYBATH
Tpancdopmarop. TpancopmaTopHe Maco, 0 3arOBHIOE 0aK, BUKOHYE (DYHKIIIH 1301511111
1 0xoJopKyro4oi cepenouttia. [Tpu podoti TpanchopmaTopa Macio B HLoMy Oe31epepBHO
UPKYJIIOE. Y MPOLIEC] MPUPOIHOT IUPKYJISILIIT MACIIO MOTJIMHAE TEIUIOTY, 10 BUALISIETHCS
B 0OMOTKAX 1 My3[paMTeaTpi, HarpiBaeThCA 1 MiAHIMAETHCS Bropy. [loTiM Harpite Macio
PYXa€ThCs BHU3 Y3JIOBXK OXOJIO/PKYIOUMX TOBEPXOHB-TIO CTIHKAaX Oaka, Tpybax abo
paziaTopiB, BIAJAIOYH TEIJIOTY B HABKOJIMILHIN IPOCTIP.

3aMeKHO BiJ TOTY)KHOCTI B TpaHchOpMaropax 3acTOCOBYIOTH Ppi3HI  BHIH
OXOJIO/PKEHHS: TipupoaHe MacisiHe (M); macisiHe 3 moBiTpstHUM ayTTsiM (J1); Te x, 3
MPUMYCOBOIO IIMPKYJisLiero macna (JL1); osmitHO-BosIHE 3 MPUPOIHOIO IMPKYJISIIED
Macia (MB), Te k, 3 mpuMycoBorO THpKYIEiiero Macia (L1); 3 mpupogHrM MOBITPSIHUM
OXOJIO[HKEHHSIM B TpaHc(opMmaTopax 3 cyxoro 13051s1i€ro (C), 3 HeroprourM JieJIeKTPUKOM
(H).

Bumm  OXONO/pKEHHST  BKa3yIOTBCSI B TMO3HAUEHHSX — 3aBOJICBKOTO  THITY
tpancopmaropi. [Ipu mpomy OykBu 1 1ubpu o3Ha4arTh: T-Tprdaznuii abo O -
omroazamii; P - HasBHICTS posierieHoi oomotku HH; H - BukonaHHs oHi€T 3 00MOTOK

3 puctpoeM PITH. Ilicns miTepHOro mo3HaueHHs TUITY TpaHCPOpMaTOpa B YUCEIILHUKY



Jpo0y BKA3yeThCS HOMIHATBHA TIOTYKHICTh (KB-A), B 3HAMEHHUKY-BEIMYMHA HATIPYTH
oomotkn BH (kB). Hanpuknan, tpanchopmarop tumy TPJIH-25000/110 siBnsie coGoro
JTIBOOOMOTKOBI TpaHC(opMmaTop 3 po3iierieHoi 0oMotkoro HH, oxonomkennas mMacisse 3
JYTTSIM 1 TIPUPOJTHOIO IIUPKYIBALIIER0 Maca, 3 ipuctpoeM PITH notysxnictio 25000 KB- A,
Hanpyroto oomotku BH110 xB.

AstoTpanchopmaropu. Y 6araTbox BHIAIKaX MPH IMEPETBOPEHHI 3MIHHOTO CTPYMY
OUIBIIT €KOHOMIYHO 3aMICTh TpaHC(POPMATOPIB 3aCTOCOBYBAaTH AaBTOTpaHC(OpMATOpH,
CITY>KOOBITI I TIOHIDKEHHS 1 TIIBHMINCHHS Hanpyrd. Y aBTOTpaHcdopmaropax
BUKOPHCTOBYIOTHCS MarHiTHA 3B'SI30K OOMOTOK 1 €JIEKTPUYHUIA 3B'SI30K YaCTHH OOMOTOK
BUIIIO1 1 HYDKYOI HAITPYTH.

CuoBi aBroTpanc(opmMaropu HaOyIIH IIMPOKOTO MOMIMPEHHS 1JIsI MEPEK CYMBKHUX
Harpyr, Hanpukian 110 1220 kB, 2201 500 kB.

[lotyxHi aBTOTpaHchOpPMATOpPM BHUTOTOBJSIIOTH SIK B OAHO(A3HOMY, TaKk 1 B
Tpr(a3HOMY BHKOHAHHI, HAaMpUKIal TPUOOMOTKOBUI aBTOTpaHCHOpMATOp THUITY
ATIITH-32/220 mae oomotku BH Ha Hanpyry 220 kB, CH - na 121 kB 1 HH-#al121xB 1
HH - Ha 6,6 a60 38, 5 kB. O6motku BH 1 CH 3'e1Hyt0ThCSI B 3ipKY 3 BUBEICHOIO HYJIHOBOIO
TOYKOI0, 2 00MOTKY HH - y TpUKyTHHK /17151 KOMIIEHCAITii CTPYMIB BHIIHX TAPMOHIK.

HominanbHoi, a00 TpOXIIHMA, MOTYKHICTIO aBTOTpaHC(pOpMaTopa Ha3HUBaOTh
IPaHNYHYy TOTYXKHICTh, SIKY MOXKHA TIepe/iaTh uepe3 aBToTpaHchopMaTop Ha CTOPOHI
BUIIIOI HATIPYTH. 3aBJISIKK O€3MOCEPEIHIN ENEKTPUYHUX 3'€/THaHb TIEPBUHHOI Ta BTOPUHHOL
0OMOTOK Iepeiaya MOTYHOCTI B aBTOTpaHC(OPMATOpI 31HCHIOETHCS €IEKTPOMATHITHUM
1 EJIIEKTPUYHUM TIITXaMH.

[ToTyXHICTh, TIepeaHy ENEeKTPOMArHITHUM IIUIIXOM, Ha3WBalOTh THUIIOBHM abo
po3paxyHKoBOi. CTaBJ€HHS TUMOBUM TMOTYXHOCTI JO HOMIHAJIHLHOI HA3UBAIOTh
koeimieHToM BUTimHOCTI aBrotpancdopmaropa ... = (1 - 1 / k), ne k - xoedimient
TpaHchopmartii.

BpaxoByroun, o 0= St/ Syoym, OTPUMAEMO St = S0y OTXKE, TUTIOBA TIOTYXKHICTB,
riepesiaHa  eJIeKTPOMArHITHUM IIUISIXOM, CTAHOBUTh YaCTUHY BTOPUHHOI, HOMIHAJIBHOI
NoTyHOCTI. ToMy aBTOTpaHc(hopMaTop 3 HOMIHATTBHOKO TIOTYXKHICTIO S;0y €KBIBAJICHTHUI
3a po3MipamMd 1 BHUTpari, MaTepiajiB Ha WOro BUTOTOBIEHHA TpaHchopMmaropa 3

HOMIHAJIBHOIO TIOTY>KHICTIO 0S;0y. UMM OIDKYE KOeillieHT TpaHchopmMallii 10 OUHHUIIL,



TAM MEHIIIe KOe(IMIEHT BUTLAHOCTI 1 THM MEHIIE 3a PO3MIpaMH 1 JICIICBIIE
aBTOTpaHcopMaTop B TOPIBHSHHI 3 TpaHc(opmaropoM. Tomy aBroTpaHchopmaropu
JIOILTFHO 3aCTOCOBYBATH MPY HEBEMMKHX KoedilieHTax Tpancdopmartii. Hanpukman, mpu
koedirtienTi Tpancdopmartii k = 220/127 1 BianoBiaHo KoedirienTi BUriIHOCTI o = 0,45,
SIKITIO TTPOX1THA HOMIHAJTbHA MTOTYKHICTh CTaHOBUTH 40 MB - A, To THIIOBA (PO3paxyHKOBA)
MOTYKHICTh ckiaze Ttbku 0,45 « 40 = 18 MB ¢ A 1 rabapuTy Takoro aBrotpanchopmaropa
OyyTh €KBIBAJICHTHI TpaHc(hopMaTopiB MOTYkKHICTIO 18 MB « A.

ABTOTpanc@opmMaTopy, 3aCTOCOBYBaHI Ha IMIJICTAHIUAX EHEPIETHYHUX CHCTEM,
MAaroTh Bl OCHOBHI ejleKTpru4HO 3'eHaHi ooMoTkn (BH 1 CH) Ta nomaTkoBy: TpeTUHHY
KoMmrieHcariiny ooMotky HH 3 enekrpomarHitHOT 3B'SI3KOM 1 MOXYTb B I[bOMY BHIIQJIKY
3aMIHUTH TPHOXOOMOTKOBI TPAHC(POPMATOPH.

Y noHmwkyrouux TpaHcopMaTtopax TPETUHHY OOMOTKY BHUKOPHCTOBYIOTH IS
YKUBJICHHS CIIO’KMBAYIB HA TEHEPATOPHOMY Harpy3l, B MIABUIYBATBHHUX TpaHCc(opMaTopax
JIO TPETUHHOI OOMOTIII TIKTFOYaOTh TEHEPATOPH.

ABTOTpaHC(HOpPMATOPH MOMKHA 3aCTOCOBYBATH B MEPEXAX 3 BEIMKUMHU CTPyMaMHU
3aMUKaHHSI Ha 3€MJTIO, 1110 MAtOTh TJTyX€ 3a3€MJICHHSI HEUTPaId MPU HANPY>KEHUX BULIE 35
kB, Tak sk Oe3 3a3HaUEHOTr0 3a3eMJICHHS 3aMHUKaHHs OfHi€T (a3u Buioi Harnpyru BH Ha
3eMJTI0 TIPU3BEIE [0 HEMPUITYCTUMOIO MIABUIIECHHS HANpyrd Ha JBOX IHIIMX (azax
cepeaHboi Hampyru. s 3axucty OOMOTOK aBTOTpaHc(opmaropa Bl IEpeHanpyr

BCTAHOBITIOIOTH PO3PSIHUKH, IO TIPUETHYIOTHCS 3 000X cTopid Ha BBoax BH 1 CH.

Jlexkuisg Nel4

Tema: Bubip micus po3TanryBaHHs, KUIBKOCTI MiJCTaHIIN, YUCa 1 TOTYKHOCTI
TpaHchopMaTopiB

Merta: OsznaifoMuTucss 3 BUOOPOM MICISI PO3TAIIyBaHHS, KIJTBKOCTI ITiJICTAHIIIM,
YHclia 1 TOTY>KHOCTI TpaHC(hOpMaTOpiB

MeToau: cJIOBECHI, HAOYHI.



Ilnan:
1 Bulip Mmicist po3TanryBaHHs MiICTaHITIH.
2 Bubip moTy>XHOCTI 1 yucia TpaHchopMaTopiB HA M1ACTAHIIIAX.

3 3acTocyBaHHS MariCTpaJbHUX CXEM >KUBJICHHS.

MarepiajibHO-TeXHiUHe 3a0e3ne4yeHHs1 Ta AMAaAKTH4YHI 3aco0u, T3H: KOHCIEKT,
H1PYYHUK.

Jlireparypa:

1 Jlunkuu b.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUITUNA U YCTAHOBOK. —
M. : «Bpicmas mkoma», 1990 r. — 365 c.

2 TloctaukoB H.IL., PyGamoB I'.M. DnexTpocHaOX)eHUE MPOMBIIIIEHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

Bubip wMicus posramryBaHHa —miactaHmii.  [IpoektyBaHHs — cuctemu
€JICKTPONIOCTaYaHHsI MIJNPUEMCTBA Tiepeadadae palioHajdbHE PO3MIIICHHS Ha 1l
TEPUTOPIl 3aBOJACHKUN 1 LEXOBUX MiACTaHIINA. g 3HAXOMXKEHHS MicIs IX
PO3MIIIIEHHS Ha TeHIUIAH ITiAMPUEMCTBA HAHOCUTHCS KapTorpama HaBaHTaKeHb P,
IpeCcTaBisge COO0K OKPYXKHOCTI, Iuon skux nR; 2 B oO6paHoMy Mmacmrabi m
JIOPIBHIOIOTH PO3PaXyHKOBOMY HaBaHTaXXEHH1 P; BIAMOBIAHUX 1exiB. OTxe, SKIIO
P P = T[R,' 2, TO

R ;= P;/ \um, (14.1)

e m — Macurrad Uil BU3HAUYEHHS IJTOI KOoJIa.

Matoun kaptorpamy HaBaHTaxeHb 1exiB 1 - 10 1 koopamHatu Xi, yi ix
pO3TaIlyBaHHs Ha TeHIUIaH] MANPUEMCTBA, MOXKXHA BUSHAUNUTHU IIEHTP €IEKTPUIHUX
HaBaHTaxeHb - LIPII (Touky A), KOOpIMHATH SKUX OyIyTh

Micne3naxomkenns 3aBoackkuit (JI1IT) 1 mexoBux migcranmii (TII) moBuHHO
OyTH TOONM3Yy LIEHTPY IX HaBaHTaXXEHb, IO CKOPOYYE MPOTSHKHICTh, a OTXKeE,
BapTICTh 1 BTPaTH B >KUBWJIBHUX 1 PO3MOAUIBHUX MEpexax eJIeKTPONOoCTayaHHsS
nianpueMmctBa. Micue3naxomkenus [TIIT 1 TII yrouyHromoTh 3 ypaxyBaHHSIM
HAsBHOCTI OOMEXEHb 3 MPOKJIAJaHHS EJIEKTPUYHMX MEpeX Io3a 1 BCepeauHl



MIITPUEMCTBA 1 TTIOPIBHIOIOTh HABEACHI BUTPATU HA 1X CHIOPYKEHHS TIPH PI3HOMY
MICIIe3HAXOHKCHHS T1ACTAHITIH.

Buo6ip nory:;kHocTi i yncsaa TpancopMaTopiB Ha MiACTAHILIAX.

Bubip tumy, uymcia Ta CcXeM JKHBJICHHA TMIJACTaHIIM TOBUHEH OyTH
OOYMOBJICHHI  BEJIMYMHOIO 1  XapakTepoM  EJIEKTPUYHUX  HABaHTAXCHb,
PO3MIIIIEHHSM HAaBAHTA)KEHb Ha TEHEpPaJbHOMY IUIaH1 MIANPUEMCTBA, a TAKOX
CBaB1JUIsI BEHHUMU, apXITEKTYPHO-0y11BETLHUMH Ta €KCILTyaTalllHHUMH BUMOT'aMU.
[ToBuHHI BpaxoOBYBaTHCS, KpiM TOro, KOHQIrypaiis BUPOOHHYHMX MPUMIIIEHbD,
pO3TallyBaHHs TEXHOJIOTTYHOTO 00J1aIHAHHS, YMOBH HAaBKOJIMIIIHEOTO CEPEIOBUIIIA.
YMOBHU OXOJIOJDKEHHS, BUMOTHU TIOXKEXKHOI Ta EJNEeKTPUYHOi Oe3meKkw 1 THIu
3aCTOCOBYBAHOTO eyieKTpoycTtaTKyBaHHs. Bkazani Bizku (KPY) pexomennyeThcs
3aCTOCOBYBATH: Y BEJIMKHUX 1 BIJANOBIIaIbHUX YCTAaHOBKax, B SKUX HEOOXiTHA
IIBUJIKA B3a€EMO3aMIHHICTh MPHU MOMIKO/KEHHI OCHOBHOTO arapaTy BUMHUKAua;

B MAIlIMHHUX 3aJIaX METATYPTiMHUX 1 XIMIYHHUX MIIIPUEMCTB; KOMIIPECOPHHUX,
HACOCHMX Ta IHIIUX €JEKTPOMAIIMHHUX MPUMIIIECHHSX;

B E€JEKTPOYCTAHOBKAaxX 3 4YMCIOM Kamep Ounbiie 15-20. xoiu 3a yMOBaMH
3arajJbHOr0 KOMIIOHYBAaHHS MIJCTaHIIi MOJIMBO JIBOCTOPOHHE OOCIYrOBYBaHHS
Kamep.

Kamepu tuny KCO pexomMeHay€eThCsl 3aCTOCOBYBATH: JIJIs MIACTAHITIHN, Ha SIKUX
MOJKJIMBE 3aCTOCYBaHHs BUMHUKauiB TBaHb BMII a0o BuMHKa4iB HaBaHTaKEHHS
tBaHb BHII; nus TumMyacoBux miacTaHIii, OyaiBenbHUX MakgaHdukiB 1 T. m. TII
MOBUHHI PO3MIIIYBATHUCS SIKOMOTa OJIMKYe O IIEHTPY PO3MIIICHHS CIIOKHBAYiB.
JInst 1bOro MOBHHHI 3aCTOCOBYBAaTHCA BHYTPIIIHBO II€XOBI MiACTaHIll, @ TaKOX
BOyZ0BaH1 B Oy/iBIIIO 1IexXy abo npuOyaoBaHi 10 HOro TII, 110 KUBIATH OKpeMi
exu (Koprycy) abo YaCTUHHU iX.

TII mOBMHHI pPO3MILIYBAaTUCS 11032 LIEXOM TUIBKM MPU HEMOMKJIMBOCTI
pPO3MIIIEHHSI BCEpEANHI Horo abo Mmpu po3TallyBaHHI YaCTUHU HaBAaHTaXXEHb 1032
LEXOM.

OOpana miAcTaHIls TOBWHHA 3aiiMaTh MIHIMYM KOPHCHOI TUIOIII IIEXY,
33JIOBOJIBHATH BHMOTAM CIICKTPHYHOI Ta TIOKEKHOI OC3MeKru 1 He IOBUHHA
CTBOPIOBATHU MEPEITKO BUPOOHUIOMY MPOIIECY.

Oropomxenns KTII ciig 3acTOCOBYBaTH B 11eXax, HACUYEHUX OOJIaJHAHHSIM,
a00 B 11eXaxX 3 IHTEHCUBHUM PYXOM TPaHCIOPTY. 3aCTOCYBAHHS 30BHIIIHIX OKPEMO
PO3TAIIOBAHKX IEXOBUX IMIJICTAHIIINA JOIIBHO TIPH:

a) JKUBJICHHI BiJ OJHI€T MIACTAHIT JEKUTBKOX IeXiB, KoM mpuOymoBa abo
CHIOpYy CAMOCTIMHUX ITiICTAHIII B KO)KHOMY II€Xy €KOHOMIYHO HE BUIIPAB/IaHI;

0) HasIBHOCTI B 1IeXax BUOYXOHEOE3NEUYHUX BUPOOHUIITB;

B) HEMOXJIMBOCTI PO3MIIIEHHS IJCTaHIN BCEpearHl IEeXiB 3 MIPKyBaHb
BUPOOHUYOTO XapaKTEPy.



OpnoTpanchopmaTOpHI IIEXOB1 MiJICTaHINI 3aCTOCOBYIOTHCS MPU KUBJICHHI
HaBaHTa)XEHb, IO JOMYCKAIOTh MEPEepBYy EJIEKTPOINMOCTaYyaHHS HAa Yac JIOCTABKU
«CKJIAJICBKOTO» pe3epBy, a00 MpHU pe3epBYyBaHHI. 3MIMCHIOBAHOMY aJie IEPEMUYKAM
Ha BTOPUHHOMY Hampys3i.

JByxTpanchopMaTopHi 11€XO0BI1 MiACTaHIII{ 3aCTOCOBYIOThCS MPH MepeBakaHH1
CIO>kMBaviB 1-i1 1 2-i KaTeropii, a TakoX MPU HAIBHOCT1 HEPIBHOMIPHOTO I0OOBOTO
a00 piuyHoro rpadika HaBaHTaKEHHSI.

[lexoBi  miAcTaHmii 3 4YKWCJIOM  TpaHchopMmaTopiB  OLIbIIEe  JIBOX
BUKOPHUCTOBYIOTHCSl JIMIIE€ TPU HAJIEKHOMY OOIPYHTYBaHHI HEOOXITHOCTI iX
3aCTOCYBaHHA, a TaKOX Y pa3l yCTaHOBKHU PO3AUIBHUX TpaHCHOpPMATOPIB s
KUBJICHHSI CUJIOBHX 1 OCBITIIIOBAJIbHUX HABAHTAKCHbD.

PagianbHe  eneKTpomocTauyaHHs HEBEJIMKUX OJHO  TpaHC(OpPMATOPHHUX
ripcbkux migctaniii (mo 630 kB ) poOnaATh 3a oauHOYHIN pajianbHOL JiHII 6e3
pe3epBYBaHHS Ha CTOPOHI BHINOI HAMpPyTW TPH BIICYTHOCTI HABAHTAXKEHb |-1
KaTeropii.

B3aemue pesepByBaHHs B 00csa31 25-30% Ha oaHO TpaHCHOPMATOPHUX
MIJICTAHIIN CIiJ 3A1MCHIOBATH 3a JIOMOMOIOI0 MepeMudoK Ha Hampysi g0 1000 B
(npu cxeMi «TpaHchopMaTop MaricTpajib») AJId THX OKPEMHUX MIACTAaHU1M, 1€ BOHO
HEeoOX1/IHE.

PagianbHi cxeMH 1mexoBHMX JBOTpaHC(HOPMATOPHUX OC3IMMHHUX ITIACTAHITIN
ciia 3aidcHIOBaTH Bia pizHuX cekmiil PII, xuBnsum koxkeH TpaHchopmaTop
okpemoro miHiero. KoxkHa miHis 1 Tpancdopmatop MarTh OyTH po3paxoBaHi Ha
MOKPUTTS yCiX HABAHTAXKEHb |- Ta OCHOBHMX HABAHTAXKEHb 2-1 KATEropii mpu
aBapiiiHomMy pexxumi. [Ipu BIICYyTHOCTI TOUHUX JAaHUX MPO XapakTep HaBaHTAXKEHb
KOYKHA JIIHIS 1 KOXKEH 1I€X0BO1 TpaHchopMaTop MOXKYTh OyTH 00paHi MONEPEIHbO,
IPUYOMY MOTYKHICTh TpaHc(opmaTopa noBuHHa ckiaaatu 80-90% Bia cymapHOi
PO3pPaxyHKOBOI ITOTYKHOCT1 HABAaHTAXKEHb, 110 IT1IKITIOYAIOTHCS 0 IMiACTaHIIIT.

MaricrpajibHi cxeMH KMBJIEHHS TT1CTaHIIIil TOBUHHI 3aCTOCOBYBATHCS:

a) Tpu JIHIKHOMY pO3TalllyBaHHI TIACTaHIlN, 3a0e3meuye TpsiMe
MPOXO/PKEHHS Marictpaieil BiJ JKepena >KUBICHHA 10 CrHoKuBauiB. Ywucio
TpaHchopMaTopiB, 110 MPUETHYIOTHCS A0 OAHIET MaricTpaii, Mae OyTH IBa-TPHU MpH
noTy»)HOCTI TpaHchopmaropiB 1600-2500 kB*A 1 yoTupu-n'ate npu moTy>KHOCTI
250-630 kB * A:

0) mpu HEOOX1THOCTI (32 yMOBaMHU Oe31epeOiitHOCTI KUBIICHHS) pe3epBYBaHHS
MJCTAHINT BiJl 1HIIIOTO JDKEpesia B pa3i BUXOAY 3 POOOTH OCHOBHOTO >KHBUJILHOTO
MyHKTY;

B) y BCIX IHIIMX BUINAJKaX, KOJM MAariCTpajibHi CXE€MU MAalTh TEXHIKO-
€KOHOMIYHI MepeBaru MOPiBHSHO 3 THITUMHU CXEMaMH.

[Ipu BuOOpi uMcCIa 1 TMOTYXHOCTI TpaHchOpMaTOpiB  MiACTAHINN
PEKOMEHTYEThCH :



Tpanchopmaropu mnoTykHicTio Oinbime 1000 kB-A 3acTtocoByBatm mpH
HAsBHOCTI TPYyNU EJEKTPOINpPHUIMaUuiB BEJIMKOI TOTYXXHOCTI  (HampHKIa,
eJIeKTporieueii) abo 3HaYHOTO YKclia 0OJHO(PA3HUX €TIEKTPONPHUIIMaYiB, a TAKOXK MpU
HAsIBHOCT1 €JEKTPOINpPHIIMAUiB 3 YaCTHUMH IIKAaMH HaBaHTAXCHHS (HAMPHUKIA/,
€JIEKTPO3BaPIOBAJIbHUX YCTAHOBOK) 1 B LI€XaX 3 BUCOKOI MUTOMOIO IIIJIBHICTIO;

MparHyTd J0 sSIKoMmora OUIBIIOI OJHOTUITHOCTI (haHCHOPMATOPOB IEXOBUX
MIACTAHIIH;

npu JIBOTPaHC(HOPMATOPHUX H1ACTaHLISX, a TaKOX npu
OJTHOTpaHC(HOPMATOPHUX M1ACTaHIIISIX 3 MaricTpaibHOIO CXEMOIO
€JIEKTPOTIOCTa4YaHHsI MOTYXKHICTh KOKHOTO TpaHcopmaTopa BUOMPATH 3 TaKUM
PO3paxyHKOM, 1100 MpH BUXO/I 3 JIay OJHOTO TpaHchopMaropa, 0 3aJTUIITUBCS B
poboTti TpaHcpopmaTop MIT HECTH BCE HaBaHTa)XEHHS CIOXKHUBaYiB 1-M 1 2-i
KaTeropii (3 ypaxyBaHHSIM JOIYCTUMHX HOPMAJIbHUX Ta aBapiiiHUX HABaHTAXKEHb):
IpU [IbOMY CIIOKKBaYl 3-i1 KaTeropii MO>KyTh TUMYACcOBO BiJiKitouaTucs. s 1boro
HOMIHAJbHA TMOTYXXHICTh TpaHC()OpMATOpIB JIBYXTPaHC(HOPMATOPHOI MiJCTAHIIT
npuitmMaeThes piBHOIO 70% Bix 0OIMIMIT pO3paxyHKOBOIO HaBaHTaXEHHS Lexy. Toxal
IpU BUXOJI 3 JIaly OJHOrO 3 TpaHc(opMaTopiB ApyrMil Ha 4Yac JIKBiJalii aBapii
BUSIBJISIETHCS 3aBaHTAXEHUM He OUIbIle HiX Ha 140%. 110 MpUIyCTUMO B aBapiiHUX
YMOBAX.

EnexTporoctayanHss CHnoXXWBadiB I1eXy, TpynH IeXiB abo BCHOTO
HiaIpUEMCTBA MOXKe OyTu 3abe3nedene Bif oaHiel abo nekinbkox TII. IMpakTukoro
IPOEKTYBAaHHS  €JIGKTPONOCTAauYaHHsS  BCTAHOBJIEHO  JIOIUIBHICTh  CHOPYIHU
BHYTPIIIHBO 11eX0BUX OHO0-a00 ABOTpaHC(HOPMATOPHUX MIJCTAHLIN MO TEXHIKO-
CeKOHOMIYHMM  TIOKa3HWKaM, 3 XapuyBaHHSAM TMpHIMadiB 32  CXEMOIO
«TpaHchopmMaTop - MaricTpasb.

[ITo6 BuOpaTH HaWOLIBII palllOHAIBHUNA BaplaHT €JIEKTPONOCTayaHHS,
3a3BUYall  pO3TIIAJAIOTh HE MEHINEe JIBOX BaplaHTIB YWCiIa 1 TMOTY>KHOCTI
TpaHchOpMaTOpiB Ha MIJACTaHIII, MOPIBHIOIYM iX ajié TeXHIKO-€KOHOMIYHUMH
MOKa3HUKAMHU.

Yucino 1 MNOTYXHICTh TpaHcoOpMaToOpiB BUOMPAIOTHCA 1O: rpadiky
HABAHTA)KEHHA CHOXKMBa4ya 1 MIIPaXOBAaHUMHU  BEJIMYMHAM  CEPEIHbOI 1
MaKCUMaJIbHOI MOTY>KHOCTI;

TE€XHIKO-€KOHOMIYHUMH MOKa3HUKAMHU OKPEMHUX HaMIYE€HUX BApIaHTIB YMCIA 1
MOTYXXHOCTI ~ TpaHCHOpMATOpiB 3 ypaxXyBaHHSIM KamiTAIbHUX BUTpAT 1
eKCIUTyaTaIiifHuX BUTPAT;

KaTeropii CoKMBaviB 3 ypaxyBaHHSIM HasBHOCTI Y CIIO’KHMBA4iB HABAHTAXKEHb
1- kaTeropii, 1110 BUMararoTh HaIiiTHOTO Pe3epPBYBAHHS.

Jleknisa Nel5



Tema: BinokpemitoBaui, kopoTko3amukadi, miaanu BPIT.
MeTta:O3HaliloMUTHCS 3 BIJOKpEMIIIOBaYaMH, KOpOTKo3aMukadamu, iaHamu BPII.
MeToau: CIIOBECHI, HAOYHI.
ILnan:
1 KopoTko3zamukadui.
2 BigokpemitroBadi.

3 IInanu BPII.

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs: Ta AMAAKTH4HI 3aco0u, T3H: KoHCIIEKT,
H1PYYHUK.

Jlireparypa:

1 Jlunkuu B.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUATUNA U YCTAHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

2 TloctaukoB H.IL., Py6GamoB I''M. DOnekTpocHaOXeHHUE MNPOMBIIIIEHHBIX
npeanpusatui. — Jleaunrpan: «Ctponsgar», 1989 r. — 351 c.

Koporkozamukaui (puc. 15.1). Lle anmapaTtu, mpu3HayeHi s LITY4YHOIO
CTBOPEHHsI K. 3, y THX BHIIaJIKaX, KOJIH CTPYyM TIpH TIOMIKO/DKEHHSIX B
TpaHchOopMaTOpl MOXKE BUSBUTHUCS HEIOCTATHIM JIJIsi CIIPAIlbOBYBAHHS PEJICHHOTO
3axucty. KopoTko3amukadi 3acTOCOBYIOTh Ha IIIJICTAHINSAX O3 BHUMHKA4iB Ha
ctoponi BH. Bonu mpuznaueni f1s1 30BHIITHBOT YCTaHOBKH.

Koportko3amukaui tuny K3-35 na nanpyry 35 kB 1 ski 3aminars ix KPH-35
BUKOHYIOTh y BUIJISIII JBOX OKPEMHX TOJIOCIB, IO 3'€IHYIOTHCS MPU MOHTAX1 B
onvH JnBomoytocHUi amapar. Koportkozammkaui tunmy K3-110 1 K3-220
BUTOTOBIIAIIOTh Yy  BUIJIAAI  OJHOINONIOCHUX  amapariB. [lpm  BKITIOUEHHI
kopotko3amukada K3-35 BinOyBaethcs nBodazHe K. 3. Ha 3eMJII0, a MPU BKIFOUCHHI
kopotko3amukada K3-110 a6o K3-220 - ogrodaszHe k. 3. Ha 3eMITI0.

VYrpaBniHHS =~ KOpOTKO3aMHKadyaMu 3AilcHIOeTbes  mpuBogoMm  [IPK-1VY,
BUKOHYBAaHHM, 3 JIBOMa pejie MAaKCUMAJILHOTO CTPYMY 1 KOTYIIKOIO BiIKITIOYCHHS.
KopoTko3aMukad BKITIOYAETHCS aBTOMATUYHO i €0 MPYKUHHOTO MEXaHI3MY
IIpU CIIPallbOBYBAHH1 MPUBOAY BiJ pEJICHHOr0 3axXUCTy. BigkmoyaeTbes BpyUHy.



Pucynok 15.1- BynoBa kopoTko3amMukaua

BinokpemuioBaui (puc. 15.2). Ile 1BOKOJIOHKOBI pO3'€IHyBaul 3 HOXaMU
3azemiieHHs O/13 (6e3 HoxiB - O/I), kKepoBaHi 3arajibHUM MPUBOJIOM, PO3MIIIICHUM
y madi npu Hanpy3i 1o 110 kB. BigokpemmtoBaui Ha 220 kB BUKOHYIOTH Y BUTJISAII
TPHOX OKPEMHX TIOJIOCIB 3 CaMOCTIMHMMH TpuBojgaMu. Hoxi 3a3emieHHs
YIOPABJISIIOTH TPUBOIAMH 30BHIIITHKO1 ycTaHOBKH [IPH-220M.

BxrogyaroTe BiJOKpEMITIOBaY BPYYHY, a BIIKIIOYAIOThH M JI€I0 TIPYXKUH MPU
CIpaIlbOBYBaHHI OJIOKYIOYOTO pefie a00 BIIKIIIOYAE €IEKTPOMATrHITY.

BinokpemitoBau MOXKE BIJIKJIIOYATH CTPYMH HaMarHi4YyBaHHS
TpaHchopmatopiB notyxHicTio 70 16 MB -A npu Hanpy3i 35 kB 1 10 63 MB-A nipu
Harpy3si 110 xB.

["opuzoHTaNBHO BCTAHOBJICHUMU TPUTIOJIFOCHUMU BIJITIJTbHUKAMHU
JIO3BOJIIETHCS  BIAKIIOYATH 1  BKJIIOYATH  HaMarHiuye CTPyM  CHJIOBHX
TpaHChHOPMATOPIB 1 3apSIHUNA CTPYM MOBITPSHUX 1 KaOETBbHUX JIIHIN MpU HAIpPy3i
20-35 xB 1 wnaliMeHmii BIACTaHI MK OCSMH TIOMIOCIB 2 M, TPU IHOMY
BIJIKJTFOYA€THCS HaMarHiuye ctpym jgopiBHioe 11A, 3apsguuii ctpym - 3,5A; npu
Harpy3si 110 kB 1 naiimenmmiii Bigctani 3 M BigmosiaHo 14,51 5,0 A.

KopoTko3aMukadi 1 BiIOKpeMJTIIOBad 3a3BUYail MpaIio0Th y HECIPUITIUBUX
MOrOJHUX yMoBax. JIJIsi MiABUINEHHS HAIIAHOCTI iX poOOTH 1 3a0e3nedyeHHs
BHUCOKHUX, AYTOoTracsiux BJIACTUBOCTEH pO3p00JIeH] O1IbII JOCKOHAII KOHCTPYKITT
tuny KE 1 OE Ha 1101220 kB. BoHu MatoTh KOHTaKTHY CUCTEMY B 3aKpHUTIH Kamepi,
3anoBHEeHiH enerazoM 3 TuckoM 0,30 I1a 1 3 BENTUKOIO €IEKTPUYHOIO MIIHICTIO.
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Pucynoxk15.3 — BynoBa BijtokpeMitoBaua

Ha puc. 15.3 naBeneno 3aranpHuii Burisinm OPY onHoTpancopmaTopHOi
nigcranmii tuny 1KTII-110 / 6-10 kB 3 kopoTko3amMukadeM Ta BiJJIUIbBHUKOM
noTyxHicTio Big 6,3 no 16 kB-A. Ilincranmis ssisie co6oro PY nHa 110 kB, mo
KOMILJIEKTYIOTbCSI criioBuMH Tpancopmatopamu TJ(-6300/110, T-10 000/100,
TH-16 000/110 1 KPVYII, Bukonanoro madamu cepii K-XIII.

Tpu momtocu otaenurens OJ1-110 3 mpuBomom IO 1 kopoTkozamukayu K3-
110 3 mpuBogmom IIIIK BcraHOBIEHI Ha TPHOXCTIMKOBE METATIOKOHCTPYKIIIi.
BxiroueHHs oTenuTens 1 BUIKIIOUSHHS KOPOTKO3aMHKada BUPOOISIOTECS BPYUHY.
BigkntodeHHs BIAAUIbHUKA 1 BKIIOYEHHS KOPOTKO3aMHUKaya BHPOOJISIOTHCS
py>KMHAMH, BOYTOBAaHUMHU B 111 aniapaTH.

Cxemu BTropuHHUX 3'egHanHb KTII-110 (3axucrt, curHamsanisi, yrnpaBiaiHHSA 1
aBTOMAaTHKa) BHMKOHAHI Ha oONepaTUBHOMY 3MIHHOMY cTpyMi 220 B Bix

TpaHcopmaropa BiaacHUX nMoTped notyxHicTio 63 KB-A, Hanpyroto 6-10/ 0,23 kB,
3 130JIbOBAHOIO HEUTPAILITIO.
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Pucynok 15.4 - BPY nBoxrtpanchopmatopHoi miacTaHii

Y BPVY nBoxtpanchopmaropHoi miactanmii (puc. 15.4) mpu BiIKIIOYEHHI
YKUBWIBHOI JIiHIT mepegdadeno BnamtyBands ABP cekmiitHoro Bumukaua 6-10 kB,
10 BKJIIOYAETHCS BIiJ peje MIHIMAJIbHOT Hamlpyrd, a TaKoXX aBTOMAaTHYHE
MOBEPHEHHS JI0 TMEPBICHOTO pPEXUMY PpOOOTH TIJACTaHINI TICAs BiAHOBJICHHS
HaIpyTH Ha JIHIT )KUBJICHHS.
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Puc. 15.5 - IMigcranmii 3 TppoxoOMOTKOBY TpaHchopmaropamu 110/35 / 6-
10xB

[Tincranii 3 TppboxoOMOTKOBY TpaHchopmaropamu 110/35 / 6-10xB (puc.
15.5) marots PY 6-10 kB 3akpurtoro tumy abo BukoHytotbes y Buriisiai mad KPYH
1 PY 35 kB BigkpuToro tumy e, npueJHaHHSAM 0 TpaHchopmaTopa depe3 OJOKH,
110 CKJIaAaroThes 3 BUMHKkada BM -35, niHIMHUX 1 MIMHHUX po3'€qHYBayiB 1 madpu
YIOPABIIHHS Ta 3aXKCTY.

Hns OPY na nanpyry [10-220 kB po3po6aeni KPYE, 1. E. KPY, 3anoBHeH1
eJIera3oM, Kl MOBMHHI 3aCTOCOBYBATUCS Ha MIANPUEMCTBAX YOPHOI 1 KOJIHOPOBOI
MEeTayprii Ta Ximii, B 30Hax 13 3a0pyJHEHOI CEPEAOBHUIIEM 1 MpPU BUCOKIH
HIIbHOCTI 3a0y10BU mignpuemcts. [lnoma, siky 3aiimae KPYE na 10 kB, cknanae
BCHOro 01M36K0 4 M2, 1le 1a€ MOKIMBICTH MOMICTHTH HOTO B LIEHTPi HABAHTAXKEHb
MIJMPUEMCTBA 1 THM CaMHUM CKOPOTHUTH 1 3/IeIeBUTH Mepesxi 6-10 kB, 110 BigxoaaTh
Binm KPVE.

Jlexkuisg Nel6

Tema: 3akpurti posnoauibui npuctpoi 1 miacranuii. KPY, KCO, KPYH.



Meta:O3HalilOMUTHCS 3 3aKPUTUMH PO3MNOIITIBYUMHU MPUCTPOSIMHU 1 MIJCTAHIIISIMH.
KPY, KCO, KPYH.

MeToau: CJIOBECHI, HAOYHI.
Iian:
1 3akpuTi pO3NOALIBEY1 TPUCTPOT MIACTAHIIII.

2 KPY, KCO, KPYH.

MarepiajbHO-TeXHiYHe 3a0e3nedyeHHs: Ta AMAaKTH4HI 3aco0u, T3H: KOHCIEKT,
HIIPYYHUK.

Jlireparypa:

1 Jlunkun b.}O. DneTpocHabxeHNEe MPOMBIIIIEHHBIX MPEANPUITHN U YCTAHOBOK. —
M. : «Bpicmas mkosa», 1990 r. — 365 c.

2 TloctaukoB H.IL., PyGamoB I''M. D3nekrpocHaOXkeHHE MNPOMBIIIICHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

KommiekTHi po3nogisibui mpuctpoi. KPY nanpyroro Bume 1000B. KPY,
BUKOHaH1 Ha Hampyry 10 10 kB 1 crpymu no 3000 A, mmpoko momuMpeHi mpu
criopy/ikeHHi [TpoMHUCIOBO 1 MICHKUX MIJICTAHIlIN, TOJIOBHUX PY enekTpocraHiiiit
CepelIHbOI 1 MaJIol MOTY>KHOCTI, PY BracHUX moTped MOTY>KHUX €JIEKTPOCTAHIIH.

KPYV pi3HuX KOHCTPYKI[I BUTOTOBJISIFOTH Ha 3aBOJAaX €JIEKTPOIMPOMHUCIOBOCTI
1 3aBOJIaX €JEKTPOMOHTaXHUX opranizauii. Kamepu it madu KPY BUrOTOBISAIOTH
PI3HHX cepiil 3 pI3HUMH CXE€MaMHU MEPBUHHUX 1 BTOPUHHUX Mepex. HasBHicTh mad
3 pPI3HMMHU CXE€MaMH MEPBUHHUX JIAHIIOTIB J03BOJIIE KOMILUIEKTYBAaTU IX 3T1JHO 3
INPUIHATOIO CXEMOIO €JIEKTPUYHUX 3'€JHAHb YCTAHOBKH.

KPY BHyTpilIHBOI YCTAaHOBKM BHUKOHYIOTH y BuUrisal kamep tumy KCO
(kamepa craiioHapHa, OJHOCTOPOHHBOTO OOCTyroByBaHHs) abo mad tumy KPVY.
Posrisinemo korcTpykTuBHI ocobmBocti kamep KCO 1 mad KPVY.

Kamepu KCB-272 sBustitots coboro moaudikaiito kamepu KCO-266 y 3B's13ky

3 BUMYCKOM HOBHX BuMuKadiB BMI'-10 B3amin BMI'-133. V kamepi KCB-272
3a0e3nevyeThes 3a00pOHa JOCTYIY A0 BUMHUKAya MpY HAsSBHOCTI HAIIPYTH Ha

Ka0eJi, a TaKOXK MIJBUILIEHO 0e3MeKy 00CTYyroByBaHHS KaMEPH 3a paxyHOK

MPUCTPOIO CTALIOHAPHUX 3a3€MJIIOBAIBHUX HOXKIB Ha IIIMHHUX PO3'€IHYBayax.
Posmipu KCB-272 Taki x, sax 1 KCO-266, ane Bucora ii 3menmmmiacsa Ha 200 MM 3a



paxyHok rabapuris BumMukada BMI'-10.

v ] T 3

¥ 5 T =,

e LR

-+

¥ I

3 ld Y L

Puc.16.1 - BiciMm THUIOBUX BapiaHTIB KOMIUICKTYBaHHS €JIEKTPUUYHHUX
npueaHanb 3 kamep cepii KCO-272.

s
P, b

Kamepu BBOAIB 1 JIiHIN, IO BIAXOIATh po3paxoBani Ha cTpyM 400, 600 1 1000
A. Ix xoMmIekTyoTh (y 3B'I3Ky 3 NPUIHHEHHAM BUIYCKYy BUMHKaya BMI'-133)
BuMHkadamu HoBoro tuity BMI'-10 1 BEM-10E 3 nmpuBogamu III1-67 1 T1E-11. ¥V
kamepax KCO-272 MOXyTh BCTAaHOBJIIOBATHCS TaKOX BUMHKa4l HaBaHTaKCHHS
BHII3-16 1 BHII-17 3 3a3emiit0r04MMU HOKaMHU, 110 BUKJIIOYAIOTh TP €KCILTyaTalli
noMuwiIkoBl omepainii. Ha puc. 16.6 mnpuBeneHo BICIM THUIIOBHX BapiaHTIB
KOMILJIEKTYBaHHSI €JIEKTPUYHUX MTPUENHAHD 3 Kamep cepii KCO-272, npuuomy micus
BBOJy BKa3aHi cTpiikamu. Ha puc. 16.7 HaBenena kamepa KCB-272 3 BuMukaueM
HaBaHTaxenHsa BHII ;.



- 7578
R

Z

J., SO0 o O e )
=1

120

Puc. 16.7 - KCB-272 3 BumukaueM HaBantaxeHHsa BHII 3

Kamepu KCB-366 - omHOCTOPOHHBOTO 0OCTYTrOBYBaHHS, 3 OAHIEI0 CHCTEMOIO
30ipHUX IIUH - € MOJEpHi3alilo BHUrOTOBIsSIBCA panime kamep KCO-3 1
3aCTOCOBYIOTHCS B PY mpoMUCIOBUX MiMIPUEMCTB 3 MOTY>KHICTIO BIKJIFOUCHHS 10
200 MB-A.

Kamepu BBOJIIB 1 JTiHIH, 1110 BIAXOATh po3paxoBaHi Ha ctpym 200,400 1 600 A.
Bouu xomriektyroThes po3'eqnyBadamu PB3-10 1 BUMHUKayaMu HaBaHTa)KEHHS
BHII ;-16, BHII 3-17 3 npuBomamu tumy IIP- 17, IIPA-17. fkmo Ha BBOII
HEOOXITHO MaTh BHMMHKadi, TO B TOopul kKamepu HaBaHTaxeHHs KCB-366 moxHa
BcraHoBUTH Kamepy KCB-272 3 Bumukauem BMI'-10.

Ha puc. 16.8 naBegena kamepa KCB-366 3 BumukaueM HaBanTaxeHnHnss BHII;-
16 1 npuBomom [1P-17. Kopmnyc kamep, 110 CKJIa1a€THCS 3 IMCTOBOI CTaJIl TOBIIUHOIO
2,5 -3 MM siBIIsIE COOOI0 KOPCTKY 3BapeHy KOHCTPYKIIit0. Bero anaparypy nepBHHHOT
KOMYTallii po3MIIIYIOTh B MEXaxX KaMepH, 301pHI MIMHU-TI03a KaMepOIo.



Bumukadi BCTaHOBIIOIOTH Yy BIACIKY BIIOKPEMIJICHOMY BiJ 30IpHHMX IIHH 1
IIMHHUX PO3'€qHYBauiB; BiJ KaOEIbHUX NpPUEIHAHH BUMHUKAYl BIJOKpEMJICHI
TOPU30HTAILHUMHU TEPEropojkamMu 3 JIMCTOBOi cTaii. [IpuBomm kKomyTamiiHHX
arnapartiB, €JIEMEHTH OJIOKYBaHHs, MPUIIATN 3aXUCTY, BUMIPIOBAaHHS Ta CUTHAII3aIlil
pO3MIIIYIOTh y JiBii uwacTuHi (acamy kamepu. Y mpaBiii vactuHi (acaay
nepea0avaroTh OTBIP 3 CITYACTOIO IBEpUMA.
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Puc. 16.8 - KCB-366 3 BumukaueM HaBaHTtaxkeHHst BHII3-16 1 npuBoom

[1P-17

KPY BHyTpilIHBOI YCTAHOBKH BHMKOYYBAHHS BHMKOHAaHHA. BoHu
npu3HayeHi s 3akputux PY nanpyroro 3-10 kB, 3 oquHapHoi cuctemMoro 301pHUX
MH. BOHM BUKOHYIOTBCS 3 3'€IHAHUX M1k cO0010 MeTaneBux mad 3 BOyJoBaHUMU
B HHMX €JIEKTPUYHUMH amapaTtaMu, MNpWIaJaMH BUMIPIOBaHHS Ta 3aXHCTy 3
BMOHTOBaHUMH KOJIAMH TIEPBUHHOI Ta BTOPUHHOI KOMYTAIIIi.

Haii0inpm 3acTOCOBYBaHI KOMIUIEKTHI MPHUCTPOI BUKOYYBAHHS BUKOHAHHS
npuBezeHi B Tadi. 16.1.
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[TormaTamn Texumueckne NABRHES: /N8 KOMOUEEIMAE  voTPOHCTE
KPY3-10, L= -1y {=
BV 10T EC-M0 ) EP-10/500 E-MX1
HomuHankHo: HANPA-
wenme, KB . [de 10 e 10 Ha 11 6.0
Homunaneneit Tox, A 630, 1000, 630, 1000, 630, 1000, | K00, 1000,
ég[;g. 2000, {1500 1250, 3200, {1500, 2000
CPTEMHMACMang MO
ArocTh, MB-AL 350 350 S0 400
Husanmeckan  yoTod-
THEOCTE, KA L, iz a0 75 100
Tepaiaocxan  yorobiam- '
T N PO I [ 20 39 8.5
Tun  eermosartend ... | BOM-103, |BMIT-10—31,5 | BMTT-10/500) B3M-6
BMIT2-10 '
Tun mpueopa ............ | TI2-11, IT2-11, MIT-67 (TI26B-114 11522
I2R-12,
[IIT-67

KPY cepii KPV2-10E i KPY2-10I1 (pu

c. 16.9) mmpoko 3acTOCOBYIOTHCS B

pO3HOI[iJ'II>HI/IX IMPUCTPOAX IIPOMHUCIIOBUX l'IiI[HpI/IeMCTB.
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KPY cepii K-XII / 80 sBnstote coboro moaudikamito KPY cepii K-XII 3a
paxyHOK ycTaHoBKM Bumukada BMII-10-31,5 Ha Benuky JuUHAMIYHY 1 TEPMIYHY

CTIHKICTD.

V 3asmauennx KPVY BBeneni

JI0JIATKOB1  TIPUCTPOi  ONEepaTUBHOT

OJIOKYBaHHSA O€3IEeKM BHUKATHUX EJIEMEHTIB 1 3a3€MJIIIOIOYHX PO3'€IHYyBadiB, IO
M

I IBUIIMIIO HAIHHICTB X pOOOTH.

KPY cepii KP-10/500 B HOpMaIbHOMY

1 TpPOMIYHOMY BHKOHAHHSX

3aCTOCOBYIOTh [IJISl €JEKTPOTOCTaYaHHS YCTAHOBOK 3 IIBHJKO3MIHHUX YAapHOT
HABAHTAKECHHAM (KOBaJIbCHKO-TIPECOBE OOJaAHAHHS Ta 1H.), A TaKoX TMpu

MM ABUIIEHUX CTPYMIB

YCTaHOBKH).

3HA4YCHHAX

KOPOTKOTO

3aMUKaHHS  (€JIEKTPOIICUHI

KPY cepii K-XXI 3aCTOCOBYIOTb B OCHOBHOMY JUISl €JIEKTPOINOCTAYaHHS
BJIACHUX MOTPEO €NEeKTPOCTAHIIIH, 1110 MAIOTh €JIEKTPONPUBOIHU; Ha 6 KB.

KPVY po3risHyTux cepiii yKOMIUIEKTOBaHI BUMUKa4yaMU 3 €JIEKTPOMarHiTHUM
raciHHSIM AYTH, pO3paxOBaHUMH HA YacTl BKIIOYEHHS 1 BIIKIIOUEHHS. ToMy BOHU



3HAWYTh TAaKOX IIMPOKE, 3aCTOCYBAHHA B CHCTEMI EJIEKTPONOCTAYaHHS PsAy
rajry3eil HapOJHOTO TOCTIOJaPCTRA.

Konctpykuii mag KPY nependauaroTs ycTaHOBKY sIK BUMUKAUIB 3 IPUBOJIOM,
Tak 1 TpaHCGOpPMATOpiB HAMpPYTH, PO3PSIAHUKIB, CHJIOBUX 3allOO1KHUKIB,
TpaHCchHOPMATOPIB BIACHUX MOTPEO MOTYKHICTIO 10 5 KBA.

KPY 30BHimnaboi ycTanoBku. KPYH 3amintoe 3akpuri: PY manpyroro 6-10
kB. Hmwkue po3rasgaroTbess aeski HAWOUTBIT TOMMPEHI Ha  MiICTaHIIIgX
npomucioBux mianpuemcts KPYH.

KPYVH cepii K-XIII 3acTOCOBYIOTH [UIsl KOMIUIGKTYBAaHHS IIiACTaHLIN
Hampyroto 35 / 6-10 kB, 110/6 10 kB 1 110/35 / 6-10 kB. ¥ madax 1iei cepii,
po3paxoBaHux Ha ctpymMu 600-1500 A, BcTaHOBIIOIOTHCS BuMHUKaui TUiry BMII-
10K 3 mpuBogom IIE-11 Ha moctiiiHoMy omepaTuBHOMY cTpyMi a6o III1-67 Ha
3MIHHOMY OINEpaTUBHOMY CTpyMi, a Takoxk BuMHKaul - tumy BMII-10I1 3
BOY/IOBaHUM TMPY>KHHHUM TPUBOJIOM Ha 3MIHHOMY orepaTtuBHOMY cTpyMi. [lladu
KPYH wmaroth HarpiBaibHi €JI€MEHTH JIJIsl O0ITPiBY.

[Tadu K-XIII BUKOHYIOTHCS 3 BUKOTHUMH Bi3KamH 1 6€3 BUKATHUX BI3KiB MPU
TIIyXOMY TIpUEIHAHHS IIMHHOTO BBEACHHS JUISI KUBJICHHS CITOKMBAYiB BJIACHUX
noTpeo.

[Madpu K-XIII cknagatoTbes 3 TaKUX €JIEMEHTIB: KOpIycy madu 2, B AKOMY
PO3MINIYIOTECA TpaHcpopMaTopu CTpyMy, KaOenbHI OOpOOJIEHHS, HEpyXoMi
PO3MUKAIOUUX KOHTAKTH, 3a3€MJISIOIIMNA po3'€qHYBay; BUKOUYBaHHS Bi3Ka 1, Ha
SKIil BCTAHOBIIOIOTHCS MACISIHMM BHUMHKad 3 TPUBOAOM, TpaHchopmaropu
HAIpPYTH, PO3PSAHUKKA Ta PYXJIUBI PO3'€IHYIOTh KOHTaKTH;, OJIOKY IHMH 3 3
METaJOKOHCTPYKIIIEIO I KPITJICHHS OMOPHUX 1 MPOXIAHUX 130JTOPiB; 1madu 4
JUIsT YCTAaHOBKU amapaTtypu 3aXWCTy, BHUMIPIOBAHHS, OOJIKY, YIpaBIiHHS Ta
CUTHAJII3AIll.
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Pucynox 16.10 — KPVII cepii K-33

KPVII cepii K-33 (puc. 16.10) npu3HaueHi 1jis BBEACHHS 1 CEKI[IOHYBaHHS B
KPVYH cepii K-XIII 31 ctpymom 6inbmie 1500 A. Iladu cepii K-33 BukouyBaHHS
BUKOHAHHS po3paxoBani Ha cTpyMu 2500 1 3000 A, KOMIIJIEKTYIOThCS BUMHUKaYaMuy



BMII-10E / 3000 31 BOymoBanum enekTpoMartitHuMm mnpuBojgoMm [IEB-12 na
noTyxHicTbh BiakmoueHHs 350 MB-A npu 10 kB 1 ygapuuii ctpym 52 kA.

Ha Bigminy Bin iHmmx BukoHanb KPYH B madax K-33 tpancdopmatopu
ctpymy Ty TIIHIJI-10 po3mintyroTbcs Ha Bi3KY 3 BUMHKAUEM.

B KPVY 30BHIIIHBOI yCTaHOBKM MOKJIMBI MEPEKPUTTS 130JSATOPIB 1 BBOIIB
BUMHKAYiB, 0COOJMBO MPHU MEpexoii Bif xojoay mo Termia. Tomy B madax KPY
30BHIIIHBOI YCTAHOBKM TMepeadadaeTbcs MICHEBUN MIAIrpiB, M0 3a0e3neuye
HOpPMaJIbHY pOOOTY NMPUBOJIIB BUMHKAUIB, MPUJIAJIIB O0JIIKY Ta aBTOMATHUKH.

Jlexnmis Nel7

Tema: OCHOBHI OHATTS CTPYMIB KOPOTKOT'O 3aMHUKaHHS
Merta:O3HalilOMUTHUCS 3 OCHOBHUMH MOHATTSAMHU CTPYMiB KOPOTKOTO 3aMUKaHHS

MeTtoam: CIIOBECHI, HAOYHI.

ILnan:
1 OCHOBHI MPUYWHU BUHUKHEHHS KOPOTKUX 3aMUKaHb B MEPEKI.
2 OCHOBHI XapaKTEPUCTUKU KOPOTKUX 3aMUKaHb B MEPEXKI.

3 3anobiranHs KOPOTKUX 3aMHUKaHb 1 3SMEHIIICHHSI 1X HACIIIIKIB.

MarepiajbHO-TeXHiYHe 3a0e3ne4yeHHs: Ta AuAaKTu4Hi 3aco0u, T3H: KoHCIEKT,
MiIPYYHUK.

Jliteparypa:

1 Jlunkun b.}O. DneTpocHabxeHNEe MPOMBIIIIEHHBIX TPEANPUITAN U YCTAHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

2 TloctaukoB H.IL., PyGamoB I''M. D3nekTrpocHaOXeHUE MNPOMBIIIIEHHBIX
npennpustuid. — Jlennnrpan: «Crpousgat», 1989 r. — 351 c.



B enexkTpuyHMX YCTaHOBKaX MOXYThb BHHHUKATH Pi3HI BUIU KOPOTKHUX
3aMHKaHb, 10 CYNPOBO/KYIOTbCA PI3KUM 30UIBIICHHSIM CTpyMy. Tomy
eJIEKTPOOOIIaTHAHHSI, SIKE BCTAHOBIIIOETHCS B CHCTEMax €JIEKTPOINOCTaYaHHs, Mae
OyTH CTIMKUM 0 CTPyMiB KOPOTKOTO 3aMUKaHHS 1 BUOMPATUCS 3 ypaxyBaHHSIM
BEJTUYMH IHX CTPYMIB.

Po3pi3HAI0Th Takl BUAM KOPOTKUX 3aMUKaHb: TpudazHe, a00 CUMETpPHUYHE, -
TpH (ha3u 3'€THYIOThCA MK co0010: BOX(a3zHe - 1B1 (a3u 3'€THYIOThCSA MK CO00I0
0e3 3'eHaHHs 3 3emiIet0; ogHo(a3He - ofHa (aza 3'€THYEThCS 3 HEUTpaJuTio JpKepena
4yepes3 3eMITIO; TTOBIMHE 3aMUKaHHSI Ha 3eMJTI0 - 7Bl (pa3u 3'€ THYIOTHCS MK CO0OIO 1
3 3eMJICIO.

OCHOBHMMHM TIPUYMHAMH BHUHHMKHEHHS TAKMX KOPOTKHMX 3aMHKaHb B
Mepe:Ki  MOXKYTb  OyTH: TOIIKO/KEHHS  130JIAIi1  OKPEMUX  YacCTUH
€JIEKTPOYCTAaHOBKH; HEMPABHIIbHI Jii OOCIYyroBYHOYOr0 NEPCOHANY; MEPEKPUTTS
CTPYMOBEIyUHX YACTHUH YCTAaHOBKH.

KopoTke 3aMuKkaHHsi B Mepe:xXi MO:Ke CYNPOBOAKYBATHCH: TPUITUHEHHSIM
JKUBJICHHS CIIO)KMBAYiB, MPHUEIHAHUX JO TOYOK, B SKHX CTalocsi KOPOTKE
3aMHUKaHHA; MOPYLIEHHAM HOPMaJbHOI pOOOTH IHIIUX CIOXKUBAYiB, MIJKIIOUYEHUX
JI0 HEYIIKOJKEHUM MAUISTHKaAM MEpPEeXi, BHACIIIOK 3HM)KEHHS HANpyru Ha LHX
TUTSTHKAaX;, TOPYIICHHSM HOPMaJIbHOTO PEKUMY pOOOTH €HEPTETUYHOI CUCTEMH.

Juist 3anm00iraHHsl KOPOTKHUX 3aMHMKAHb 1 3MEHINEHHSI IX HAaCJHiAKiB
HeOOXiJIHO: YCYHYTH NMPUYUHH, 10 BUKIMKAIOTh KOPOTKI 3aMUKAHHS; 3MEHIIUTH
yac i 3aXUCTy, A1I0YO0I MPU KOPOTKHUX 3aMUKAHHSX; 3aCTOCYBATHU IIBUIAKOAIIOU1
BUMHKaYl; 3acTocyBatd APH juisi IBUAKOTO BIJHOBIIEHHS HANpPYTW T€HEPATOPIB:
NpaBUIBHO OOYMCIUTH BEJIMYUHU CTPYMIB KOPOTKOIO 3aMUKaHHS 1 aje HUM
BUOpaTh HEOOXIJIHYy amaparypy, 3axucT 1 3aco0u ajisi OOMEXEHHS CTPyMiB
KOPOTKOTO 3aMHUKaHHSI.

Po3risitHeMo TMpUYMHM BUHMKHEHHS, OCOOJIMBOCTI MPOTIKAHHS KOPOTKOTO
3aMHUKaHHS 1 PO3PaxXyHOK CTPYMIB KOPOTKOTO 3aMUKaHHS.

3 MOMEHTY BUHUKHEHHS KOPOTKOTO 3aMHKaHHS 1O WOTrO TPHUIIMHEHHS B
KOPOTKO3aMKHEHOMY JIAHI[}031 MPOTIKAE MEPEX1THUMI MPOIIEC, IO XapaKTePU3YETHCS
HAsSBHICTIO JIBOX CKJIQJJOBUX CTPYMIB KOPOTKOTO 3aMHKAHHS-TIEPIOMYHOTO
(KOJIMBAJIBHOTO) Ta aNlE€PiOIUYHOTO.

Ha puc. 6.1 HaBegeHi KpuBI 3MIHH CTPYMY KOPOTKOI'O 3aMHKaHHSA CHCTEMH
HEOOMEXKEHOI MOTYXHOCTI (S, = 00). TyT, a TaKOXK y MOJANBIIOMY TPH PO3TIISAIL
SBUII, BUKJIMKAHUX KOPOTKMM 3aMHUKaHHSM, MPHUHHATI HACTYIIHI TO3HAYEHHS
CTPYMIB: 1y - MHUTT€BE 3HAUCHHSA CTPYMY HABAHTAKEHHS B MOMEHT KOPOTKOTO
3aMUKaHHS: 1y - MUTTeBE 3HaueHHs ynapHoro ['3K kopoTkoro 3amukaHHs uepes
niBnepioay (0,01 c) micias BUHUKHEHHS KOPOTKOTO 3aMMKaHHA (110 BEJIMYMHI 1y,



MIEPEBIPSAIOTHCS EEKTPUYHI artapaTy, ITWHU Ta 130J9TOPU HA TUHAMIYHY CTIMKICTB);
It vake, 1n - BIATIOBIAHO MakcUManbHE 1 MUTTEBE 3HAYCHHS TIEPIOJUIHOI CKIIAT0BOI
CTPYMY KOPOTKOTO 3aMHKAHHS, I, yaxe, 1a0 - MAKCHMaJIbHE 1 MUTTEBE 3HAUYCHHS
anepioUYHOI0 CKJIAJa€ CTPyMy KOPOTKOTO 3amukaHHs;, I, - Jlis 3HadeHHS
YCTAJICHOTO CTPyMYy KOPOTKOrO 3aMuKaHHS (1o BenuuuHi [, nepeBipstoTh
CJICKTPUYHI amapaTu 1 CTPYMOIPOBIIHI YaCTUHM Ha TEPMIUHY CTIMKICTB): 1" = Iy -
MOYATKOBE JI1F0Y€ 3HAYCHHS MEePI0JUYHOI CKIIaJIOBOI CTPYMY KOPOTKOTO 3aMUKaHHS
(HaamepexiIHUN CTPYM KOPOTKOTO 3aMUKaHHS).

Yunne 3HaueHHsa moBHOro ['3K KOpOoTKOro 3aMuKaHHS IS JOBUIBHOTO
MOMEHTY 4acy t BHU3HAUYA€THCS BIIMOBITHUMHU CKIIAJOBUMHU - TIEPIOJUYHOL ty 1
anepioNYHOI tyy.

[lepionuuHa ckiiaioBa CTpyMy 3MIHIOETHCS 32 TAPMOHIMHOI KPUBOT BIATIOBITHO
no cunycoinaneHoi EPC reneparopa. ArmnepiojnuHa-BU3HAYAETHCS XapaKTEPOM
3aracaHHs CTPYMY KOPOTKOIO 3aMHKaHHS, 3aJIEKHOTO BIJ] aKTUBHOTO OIOPY
JaHIrora i oOMOTOK cTaTopa reHeparopa. B komi nampyroro Bumie 1000 B, ne
3HAYEHHA aKTUBHOT'O ONOPY MAaJIO, Yac 3aracaHHs anepiogudHoro ckiaagae 0,15 - 0,2
C.

Binomo, 1110 B K01, 110 MICTUTh 1HAYKTUBHICTh, BCSIKA 3MIHA CTPYMY BUKJIMKAE
3MiHa MarHiTHOTO MOTOKY, SIKUH HaBOAUTH 10 11b0oT0 Koa EPC camoinmykiii. ITix
JIIEI0 OCTaHHBLOI B JIAHITIO31 BCTAHOBIIOETHCS aNEPiOJUYHHA CTPYM 3BOPOTHOTO
HarnpsaMKy (puc. 17.1), BenmnuuHa SKOTO B MOYaTKOBUM MOMEHT (t = 0 ) mOpiBHIOE
PI3HMIII MUTTEBUX 3HAYEHb CTPYMIB HABAHTAKEHHS POOOUOTO PEXKUMY tyo
NEepI0IMYHOI CKJIaJI0BOI CTPYMY KOPOTKOTO 3aMUKaHHSI.

ta0 = tuo - L maxe (171)

OTxe, 3aBASKH 1HEpLIi MarHITHOTO MOTOKY HE BIAOYJEThCS MUTTEBE 3MiHA
CTpyMYy, TaK SIK BUHUKHCHHS allepioJUIHOI CKJIaI0BO1 HE JO3BOJIUTH B TTIOYATKOBHMA
MOMEHT KOPOTKOTO 3aMUKAHHSI MUTTEBO 3MIHUTHUCS CTPYMY BiJ tuo 10 Ii yaxc-

Jlexknisa Nel8
Tema: CriBBIAHOLIEHHS MIXK CTPYMaMH KOPOTKOTO 3aMUKAHHS.
Meta: O3HallOMUTHCS 31 CIIBBIAHOIIEHHSAM MK CTPYMaMH KOPOTKOTO 3aMUKaHHS.
MeTtoam: ciI0BECHI, HAOYHI.
ILnan:

1 3B'30k MDK BEIMYMHOIO YJAPHOTO CTPyMy 1 TOYATKOBUM [iIOYMM 3HAYCHHAM
HEPIOIMYHOI CKJIaI0BOI CTPYyMY KOPOTKOTO 3aMUKaHHSI.

2 O0uHCNeHHS CTPYMIB KOPOTKOTO 3aMUKAHHS.



3 BuzHaveHHs mapamMeTpiB JIAHIFOra KOPOTKOTO 3aMUKAHHS.

MarepianbHo-TexHiuHe 3a0e3neyeHHs] Ta TUAAKTHYHI 3aco0u, T3H: koHCIEKT,
M1JIPyYHHUK.

Jlireparypa:

1 JIunkun B.YO. DnerpocHabxeHne NpOMBIIIIEHHBIX IPEANPUATHI U YCTAHOBOK. —
M. : «Bpicmas mxkomaa», 1990 r. — 365 c.

2 TloctaukoB H.IL., Py6amoB I''M. DOnekTpocHaOXe€HUE MNPOMBIIIIEHHBIX
npeanpusatui. — Jleaunrpan: «Ctponsgar», 1989 r. — 351 c.

3B'130K MK BEIIMYMHOIO YJAPHOTO CTPYMY Iy 1 TIOYaTKOBUM JIIOYMM 3HAYECHHSIM
MIEPI0JINYHOI CKJIAZI0BOI CTPyMY KOPOTKOTO 3aMUKAHHS /) BCTAHOBITIOETHCS 3 HACTYITHUX
CITIIBBIIHOIIIECHD:
1) amepioguuHa CKJIa0Ba 3aTyXa€ 3a 3aKOHOM €KCIIOHEHTHO1 KPHUBOi, 00YMOBJIEHOIO
PIBHSHHSIM
=1 T,

Ia_:"ra maxe® s (181)
1€ 1o paxe - AMILTITYTHE (MAKCHMAJTbHE) 3HAYCHHS alleploIMYHOT CKIIaI0BOI; 7,
[TocriiiHa yacy 3aracaHHs arnepioMuHOI CKJIaI0BO1, 00YMOBJICHA CITIBBITHOIIICHHIM
MDK 1HIYKTUBHICTIO 1 aKTUBHUM OTIOPOM F JIAHITFOTA KOPOTKOTO 3aMUKAHHS:

f =il (182)
BpaxoByroun, 1110 IPpH =27 f 10, =27 f« BEIMUMHA IHAYKTUBHOTO OMOpY X, —L=314L,
3BiAKH L=x,/314, oTprMaemo, 1110

T,=L/r,=x,[(314r,). (18.3a)

TyT Xy, 7 - BIIMOBIAHO 1HIYKTUBHE 1 aKTUBHY OIOPY KOJIa KOPOTKOTO 3aMHUKaHHS;
2) ypaphuii ctpyM, BianoBimHuid yacy 0,01c., ToOTO uepe3 miBmepioAa MicCs
BUHUKHEHHSI KOPOTKOTO 3aMUKaHH,

I I o - (18.4)
e Lyvae = \/ZIHO - MaKCUMaJTbHE 3HAYCHHSI TIEPI0IMIHOI CKJIAIOBOL.
ITincrapmsroun B (18.4) snauenns (18.1), snaiinemo
=1 e’ r'+ ‘In.uam:'
e (18.5)

YV momeHT t=0 cTpyM I yaxe= Lanaxe, TOII
E}'=I +"n.unkue_hf‘='ru..u;mc[] -l_e_I Td]z

. MaKe - ’ h }'"4
- 2]11.{'}“+E } (186)



[lo3Hauaroun BENMMUUHY

—001/T, = k
14+e ¥ (18.7)

OTpI/IMaCMO
=k

¥ vy

2o (18.8)

Ormxe, yrapHuM Koe(iLIEHTOM ky, BPaXxOBY€EThCA (Uepe3 MOCTIHY Yacy 3aracaHus 7,)
CIMIBBITHOIIICHHS M)XK aKTHBHHUM 1 1HIYKTHBHHM OIIOPaMH JIAHITFOTa KOPOTKOT'O 3aMHUKaHHS,
10 BU3HAYAETHCS MICIIEM KOPOTKOro 3aMukaHHs. [t moBiTpsHux JiHid Buie 1000 B
nocriiina yacy 7, = 0,05 ¢, Tomi 3 (18.7) 3naiinemo ky = 1,8 1 ynapauii ctpym

i,=1,8./21,0=2,551, (18.9)

Sxio EPC mxepena He3aMiHHA (HAPHUKIIAI, TIPU KUBJICHH1 B1T MEPEXKl HEOOMEKEHOT
MIOTYKHOCTI), TO 1 IEPIOJTUYHA CKJIQIOBA CTPYMY KOPOTKOTO 3aMUKaHHS Oy HE3MIHHA:

['=lo=1le (18.10)
[lpu oOumcrieHHI CTpyMIB KOpPOTKOTO 3aMHKaHHA Yy BiIJaleHHX Bifl JpKepesna
YKUBJICHHS TOUKAX, JI€ aKTUBHUI OIip 3HAYHO (32 TpaHCPopMaTopamMu Majiol MOTYKHOCTI,
B KaOenmbHIN Mepexi), yIapHUM KOE(IIIEHT BHU3HAYAIOTh 32 KPUBOIO 3aJIKHOCTI
ky=f(Ta)=f[x/(3147)]
HaiiOubliie 3Ha4ueHHsI IOBHOTO CTPYMY KOPOTKOTO 3aMHKaHHS MPOTSITOM TEPIIOro
1epi0/Ty KOPOTKOTO 3aMHUKaHHSI:
h=viatla (18.11)
3a BEeTMUMHOLO [y IEPEBIPSIIOTH anapary Ha AMHAMIYHY CTIMKICTb (IPOTSATOM MEPILOTo
niepiofty Kopotkoro 3amukarss). Tak stk i 1= 0,01 ¢

I- =I_".'11 M*kr__k fn Md.l‘.l:._‘!:IIMIE= 'II!EII k‘-'_l"
_EY mamm e o ) oty =1) (18.12)
TO, 3aMiHIOOUH Iy Ha L, 3 (6.11) oTpumaemo
12,1 /21 1 Ak —112—
IL=/1}+[/21.(k,—1)]° __'f“_“" L +2(k,—1)* =14, (18.13)
= J1+2(k,—1)%.
pe 9=V1+2(6-1) (6.14)
3HaueHHsI Koe(ilieHTIB ky 1 7y B 3JIKHOCTI Bl MICISI KOPOTKOIO 3aMHKAHHS
HaBejieHo B Tabm. 18.1.

L
ST
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Pucynok 18.1 - 3anexHiCTh MOCTIMHOT Yacy Bij Ay
BuzHaueHHs mapameTpiB JIaHIFOra KOPOTKOT'O 3aMHUKaHHSI. [{71s1 0O0urcieHHsI CTpyMiB
KOPOTKOTO 3aMHKaHHS CKJI/IAl0Th PO3PaXyHKOBY CXEMY, BIIINOBIIHY HOPMAJIBHOTO
PEKUMY POOOTH CHCTEMH €IISKTPOITOCTAYaHHS, BBAKAFOUM (JI7Is T IBUILICHHS HAIIMHOCTI),
0 BCl JPKEpeia *KUBJICHHS BKITIOUYEHI MapaieflbHO. Y PO3PaxyHKOBIN CXeMi BPaxOBYIOTh
OTOpPY KUBJISATh TEHEPATOPIB, TPpaHCHOPMATOPIB, BUCOKOBOJIBTHUX JIiHIN (TTOBITPSIHUX 1



KaOeJIbHHUX ), PEaKTOpiB. 32 PO3PAXyHKOBOI CXEMOIO CKJIAIAI0Th CXEMY 3aMIICHHS, B SKIH
BKa3ylOTh OTOpPY JPKEpEN 1 CIOXKMBAyiB 1 HAMIYAIOTh TOYKU JUIST PO3PAXYHKY CTPYMIB
KOPOTKOT'O 3aMUKaHHS.

MecTo KOPOTHOTD 3AMBIKAHHA Kosdupnunentnl
K, q
BulBoOpl ABHONOIOCHOIO THApOTeHeparopa Oes
VCMOKOHTETLHOR 0BMOTIH 1,95 1.68
To #¢, ¢ YyCMOKOHTCIRHOH 00MOTROM 1,93 1,65
Buisoapl TypOoreHepaTopa 1,91 1,63
B umens, xoria HE YYMTHIBASTCA AKTHBHOE COMPO-
THBIEHHE 1.8 1,52
Ha smswei cropode TpaHchopMaTopos:
6301000 kB-A 1,3 —
[ 00--400 xB-A 1,2 1,09
YaaneHHele TOUKH KOPOTKOTO 3IAMBIKAHHA C VUETOM
BCIMYHHEl AKTHRHOIO CONPOTHRIEHHUS [Mo puc. 6.2

Jlnst reHepartopiB, TpaHCPOpMATOPiB, BUCOKOBOJILTHUX JIHIN 1 KOPOTKUX JUITHOK
PO3MOAUTEHOT MEpEeXl 3a3BUYall BPaxXOBYIOTh TUIBKM 1HAYKTUBHI oropu. [lpu 3HauHii
MPOTSHKHOCTI MEPEXKi (KabeTbHOI Ta MOBITPSHOI) BPaXOBYIOTh TAKOXK iX AKTUBHI OTMIOPH, TaK
SK Y BIJUTAJICHUX TOUYKaX KOPOTKOTO 3aMHKAHHS TIO3HAYAETHCS 3HIDKCHHS YIapHOTO
koe(irienTa. J{oNUTbHO BpaxoBYBaTH aKTHBHHUI OMIp, SIKIIO Xs>7s, A€ s, Xz - CyMapHi
AKTUBHUM 1 PEaKTUBHI OMOPY JI0 MICIIsl KOPOTKOTO 3aMUKAHHSI.

JIIsl OKpeMHX €NIEMEHTIB CXeMH MNPHUHAMAIOTh HACTYITHI 3HAYEHHS 1HIYKTHBHHX
OITOPIB:

a) UI CUHXPOHHUX T€HEpaTopiB Xx'"; BUPAKAETHCS y BIIHOCHUX OJWHUIISX; BOHO
SBJIsE COOOI0 HATEPEXIHUI PEAKTUBHUM OMip MO TO3I0BXKHIA oci momociB. [l
TypOoreneparopiB x" ;= 0,125; 11s TiiporeHepaTopiB 3 3aCMOKIAIMBOI 0OMOTKOO X" 7= 0,2;
0e3 3acnokiimBoi 0oMoTKU X"y = 0,27;

0) JJ1s1 CHHXPOHHHX 1 aCHHXPOHHUX JBUTYHIB X"y = 0,2;

B) 1 TpaHchOpMaTopiB, SIKIIO 3HEXTYBATH I1X AKTUBHMM OIOPOM, HAarpyra
KOPOTKOTO 3aMHKaHHA Uy (%) (Ia€ThCsl B KaTAIOrax) YMCEIbHO OHO iX 1HIyKTUBHOMY
onopy x (%o);

T) JUTs OBITPsIHUX JIiHIN Hanpyroto Butie 1000 B 3nauenHs xp = 0,4 OM / km;

1) U1t KaOeJTbHUX JTiHIM Harpyroro 6-20 kB BemunHa xo = 0,08 OM / km;

€) JJIs1 PEaKkTOPIB OIIpP JAETHCS Y BIICOTKAX 1 MEPEBOUTHLCS B BIIHOCHI OIMHMII 200
OMII.

AxTtuHMH orip diHii (o= 1000/ys) (OM/kM) BU3HAYAIOTh 32 00paHUM MIEPETUHY s a00
3HAXOJATh 3a JOBIIKOBUMH TaOiMMIIMHM. Y CXeMl 3aMiIleHHs BCl 3a3HA4YeHl OMopy
BUPAKarOTh y iMeHOBaHMX (OM) a00 y BITHOCHUX OAMHHUITIX (TIO3HAYAIOTH «*) B IHICKCI).

Jlexkuisa Nel9

Tema: Po3paxyHOK CTpyMiB KOPOTKOT'O 3aMUKAHHS Ha 3HIKYBIBHUX MMIICTAHITISX,

B YCTaHOBKax Hampyro 1o 1 kB

Merta: O3HalilOMUTHCA 3 PO3PAXyHKOM CTPYMIB KOPOTKOrO 3aMUKaHHS Ha

3HIKYBAJIBHUX M1JICTAHIIISNX, B YCTAaHOBKAX Hanpyroo a0 1kB.



MeToau: CIIOBECHI, HAOYHI.
Ilnan:
1 Po3paxyHOK CTpyMiB KOPOTKOTO 3aMHKaHHS Ha 3HIKYBaJIbHUX ITiICTAHIIISX.

2 Po3paxyHOK CTpyMiB KOPOTKOTO 3aMHKaHHS B yCTaHOBKax Hanpyroro a0 1kB.

MarepianbHo-TexHiYHe 3a0e3neYeHHs] Ta TUAAKTHYHI 3aco0u, T3H: koHCIEKT,
HiAPYYHUK.

Jlireparypa:

1 Jlunkuu B.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUITUNA U YCTAHOBOK. —
M. : «Bwicmas mkoaa», 1990 r. — 365 c.

2 TloctaukoB H.IL., Py6amoB I''M. DOnekTpocHaOXe€HUE MNPOMBIIIIEHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

Po3paxyHok cTpyMiB KOPOTKOTO 3aMHKAaHHS Ha 3HMKYBaJbHHUX ITIICTAHITISX.
3aJie’kHO BiJ] YMOB 3aBAaHHS MOKJIMBI Takl BaplaHTH PO3PAXYHKY.

1-i1 BapianT. 3ajaHi: MOTYXHICTh CUCTEMH S., OMIp CHUCTEMHU IO TOUYKHU
KOPOTKOro 3aMukaHHs K - X#., MpuUBeaeHEe A0 MOTY>KHOCTI CUCTEMH, HAIIPYTd Ha
NOoHMXKYyounx Tpancopmaropax 1 U; 1 Uy, HOMIHaJIbHI MOTYKHOCTI Sy 1 HAaNpyTu
KOpoTKoro 3amukanHs Tpancopmartopis Us.

Ski1o 3HMKYBaIBHUX MIJCTaHINS Mae CXeMH, HaBeaeHi Ha puc.19.8, a, 6, To
CTPyMH KOPOTKOTO 3aMUKaHHs I Touku K; MOkHaA po3paxyBaTh HACTyITHUM
YUHOM:

a) MpH X+ <3 MO PO3PAXyHKOBUM KPUBHUM (JIUB. pUC. 6.6) 3HAXOUMO 3HAYEHHS
k¢, Tom1



!! =k:l’£,

(19.1)
ne
S/(/3U,); (19.2)
0) npu X+> 3 3HAXOJUMO
=L/ X (19.3)

s Touku K2 po3paxyHOK TPOBOAUTHCS /ISl HAUTIPIIUX YMOB 3 YpaxyBaHHIM
ornopy TpaHchopMmaTopiB X * T MpH mapajienabHii poOOTI:

Tey = e/ (X gt Xper) = S/ [ 3Us (¥ po + X 0] (19.4)
2-1 BapiaHT. 3aani 3HaueHHs S"= Sy, X+ 10 IIMH 3HWKYBAJIBHOI MIICTAHITT, a
TaKOX MAcCMopTHI JaH1 TpaHnchopmatopis (S, Uy). Tomi
a) MPH Xx, <3 MOTYXXHICTb, CTPYM CHUCTEMH 1 CTPYM KOPOTKOI'O 3aMHKaHHS
BH3HAYAIOTHCS TaK:

Sc=S"1k; (19.5)
=S./(/3U,); (19.6)
r'=8"i{(./3U,). (19.7)

3HaueHHsI KpaTHOCTI ki CTpyMy KOPOTKOTO 3aMUKaHHS 3HaXOSATh 32 KDUBUMU,
300paskeHUM Ha puc. 6.6 (st yacy t = 0 mpu 3a1aHOMYy 3HAYCHHI X+c);

0) IpHu X+> 3 TMOTYXHICTh CUCTEMH S, = S"Xx, Tak K $"=S./X«.. [Ipn nbomy
CTPYM KOPOTKOTO 3aMUKAHHS

I"—I —1,/z
T (19.8)

ne I - cymapHuii cTpyM cuctemu (JpKepesia KUBJICHHS); Zs+ - TIOBHUM OIIp
JIAHIFOTa 10 TOYKH KOPOTKOI'O 3aMUKaHHS.
3-ii BapiaHT. 3a/1aHl MOTYXKHICTh KOPOTKOTO 3aMUKaHHs S"= S myst Touku K,
a TakKoX TAaclopTHI fJaHl TpaHchopmaropiB mijactaHiii. BpaxoByroouwu, 1110
MOTYXHICTh CHCTEMHM HE JaHa, 3a Oa3uCHY MOTYXXHICTh NPUIMEMO CyMapHY
HOMIHAJBHY MOTY>KHICTh TpaHchopmaTopiB (S;x). Toai mist Touku Ks.
5" =8, /(X ye X o.)

(19.9)
e
¥y = Sﬁl:rsnzs-:r:-sﬂ; Xor =g 1 (19.10)
Toni
>=S8"(/3U,). (19.11)

SIKII0 MOTYXXHICTh MIAKIIOYAETHCA MIACTAaHLII 3HAYHO MEHIIE MOTY)KHOCTI
CUCTEMH, TO X*; MOXK€E OyTH NMPUIHATO PIBHUM HYJIO. Y IbOMY BUIAJKY JJI TOUKH
Ko.



Po3paxyHOK cTpyMiB KOPOTKOTO 3aMHKaHHS B yCTaHOBKax Harpyroro 10 1000
B. Ilpu po3paxyHKy MOBHMHHI BpPaXxOBYBaTHCSl aKTMBHI OMNOPY KoOja KOPOTKOTO
3aMHUKaHHs (MOBITPSHUX 1 KaOEeNbHUX JiHIM, 0OMOTOK CHJIOBUX TpaHC(POpMaTOPiB,
TpaHcpopMaTopiB CTpyMy, IIMH 1 KOMyTaliiHOi amapaTypu). [ns 3a3HaueHHX
YCTaHOBOK BBAXKAETHCS, IO MOTYKHICTh CUCTEMH HE OOMEXEHa 1 Hampyra Ha
CTOpOHi BHINOi Hampyru TpaHchopmaTopa He3MiHHO. Lle BUKOHYETbCS, SIKIIO
MOTYXXHICTh cHUCTeMH MpuOau3Ho B 50 pasiB OulbIIe MOTYXHOCTI II€XOBOTO
TpaHcopmaropa, Hampukiaag TpH TOTYXHOCTI cuctemu Ouibiie 50 MB-A 1
MOTY>KHOCTI 11eX0BHUX TpaHchopmaropis g0 1000 kB-A.
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i RN A Puc 6.10. Kpusiic 3asHcHMOCTH
Puc. 6.9. Cxema 018 ONpeaeTeHus Toka

KOPOTKOTO 3aMBIKAHHA B YyCTaHoBkax J—and rtypboresepatopa. 2—oas ruapo-
a0 1000 B reHepaTopa

[Ipu po3paxyHKy CTpyMiB KOPOTKOI'O 3aMHKAHHS Ha IIMHAX HUXKYOI HAIIPYru
Tpancopmaropa, B kabeni (puc. 19.9) abo iHIH TOUII HU3bKOBOJIBTHOT MEPEXKI 3
OMOPOM X:#; = X#yy HEOOX1THO 3HATU MOTYXHICTh MEPEXI1 KUBJICHHS CUCTEMH a00
TEXHIYHI JaHl BUMHUKa4a.

PosrisitHemMo 3acTOCOBYBaHI CHOCOOM PO3paxyHKY CTPYMiB KOPOTKOTO
3aMHUKaHHS.

1. Binomi abo 3anani 3HaueHHs cTpyMiB "=l 1 Ha mIMHAX palilOHHOT MiACTAHIIIT
eHeprocucTeMu. Po3paxyHoOK BeyTh B TakKiil MOCIIIOBHOCTI (3 ypaxXyBaHHSAM Xs#r):

J (Xsposp) (pHic.
19.10) 3HaxXoIATh pPO3PAXyHKOBUH OIP Xpacu CHUCTEMH N0 MICLS KOPOTKOI'O

n_

BU3HavatoTh KoediuieHt B" = 1"/ I, 1 mo KpuBUX 3a1€XKHOCTI 3

3aMUKaHH (y BIIHOCHUX OJUHUIAX ). [I0TyXHICTh KUBUIIBHOI CUCTEMHU

I e A . SRR (19.11)

ne 1"- mist 3HaYeHHS HAJMEPEXiTHOTO CTPyMY KOPOTKOTo 3aMuKaHH, KA; Ug,
o - HOMIHAJIGHA HAIpyTa B MICIIl KOPOTKOTO 3aMHUKaHHs, KB.



3a 0a3ucHy NpUMalOTh MOTYXXHICTb CUCTeMH Sc. ToAl cTpyM KOpPOTKOTO
3aMUKaHHS

fe=do/ Xxsz» (19.12)
1e Is = Ss/ (V3Usom) = Se / (V3ULom).

2. Bimomi a0o 3amaHi TEXHIYHI JaHI BUMHKAa4da, BCTAHOBJICHOI'O B TOYII, IS
SKOi BHW3HAYalOTh BEJIWYMHU CTPYMIB KOPOTKOrO 3aMUKaHHA. [lpu mpomy
MPUIAMAIOTh, IO BiJKIIIOYA€E MOTYKHICTh BUMHKAYA Sy JOPIBHIOE MOTYKHOCTI
KOPOTKOT0 3aMUKaHHs cuctemu (S") 1 Toi

h=1"=Sonal(3/3 Vs (19.13)
3. Bizomi onopy KoJia KOPOTKOT'O 3aMHUKaHHs, BUpa)KeH1 B MuLtiomax (MOM).
[Tpu bOMY CTPYM KOPOTKOTO 3aMUKaHHS MOKHA 3HAUTH HACTYITHUM YHHOM.
Bennuuny BiIHOCHOTO HOMIHAJILHOTO OMOPY OyAb-SKOrO €1EMEHTY CXEMH X+
BUPAXalOTh Yy MULIIOMax, 3HaiO4M HOMIHaNIbHY Hanpyry Uyey 1 HOMIHAJNBbHY
MOTYXHICTh €IEMEHTA Syoy:

ol rro
,T—I*L’unw- SHDM' (1914)

Onopy B cxemi 3aMillleHHsI TPU3BOJATH 10 Hanpyru crymneni Uy, (Huxkuoi
HaIlpyTry):

gl o S 2 r2 72 !
"= -T*[U HAT SH-:-MJ{'["IH HﬂM!."r "IHMI} =Xy U H HOM SIMH‘

(19.15)

Omip cucTeMU MOKHA BU3HAYUTH, BIAHICIIN ii TOTY>KHICTh Sk 10 MOTYKHOCTI
BIJIKJTFOYEHHS Soricy BAMHKAYA:

Xye =3¢/ Soren-
(19.16)
Toni, BpaxoBytouu (6.65), a TakoX Te, IO B JAHOMY BUNAIKY Spom = S,
OTPUMAEMO
oS Uk Vb
EUII 1 Sﬂ-om ‘S'I.-rl:.l (1 9 . 1 7)

[Ticnst Toro sk yci, onopy (aKTHUBHI I's Ta IHAYKTHBHI Xy ) BAPAKEHI B MULTIOMAaX,
3HaIeMO HalOUIblIe 3HAYEHHS TMEpPIOANYHOI CKJIaJ0BOi CTPyMy KOPOTKOTO
3aMHUKaHHA [PU TpUPazHOMY KOPOTKOMY 3aMUKaHHI:

‘fiﬂ' — L'r{\f"rj me :': (19 18)

ne U-niHiiiHa Harpyra cTyneHl KOPOTKOTO 3aMUKaHHS.

Y napHuii CTpyM BU3HAYAEMO 3 YPaxXyBaHHSIM BEJIUYHHH yIapHOTO KoedirieHTa
(muB. Puc. 6.2) ky = f [x/ (314 1)].

HaGnuxeno nis tpanchopmartopiB 3 St = 630 + 1000 xkB-A, Ux = 5,5%
3HaueHHs ky = 1,3; s tpancgopmaropis St = 100 + 400 kB-A 3nauenns ky = 1,2;
JUISL BILJAJIEHUX TOYOK Mepexi ky~1.



CTpyMH KOPOTKOTO 3aMHUKaHHS IBUTYHIB, MPUEAHAHUX O€3MOCEPETHBO 0
MICIl KOPOTKOTO 3aMHUKaHHS, BPaxOBYIOTHCSl TUIbKH NPU BU3HAYEHHI MOBHOTO
yIapHOTO CTPYMY KOPOTKOTO 3aMHKaHHSI:

by =Koyexn/ 2laoncrs (19.19)

ne koyew = In / Inom=4,5 + 7-KpaTHICTH ITyCKOBOI'O CTPyMY KOPOTKOTO

3aMUKaHHS JBUTYHIB; luouy - HOMIHAJBHHI CTPYM OJIHOYACHO MPAIFOI0YNX
JBUTYHIB, KA.

Cnipn 3a3Ha4uTH, 110 B pO3MISIHYTUX ycTaHOBKax 10 1000 B pexoMenayeTbes
BpaxOBYBaTH 301JbIIEHHS AKTUBHOTO OMNOPY IPOBIJHUKIB I MPU iX HarpiBaHHI
3HAYHUMU CTPYMaMH KOPOTKOTO 3aMUKaHHS. /[l 1poro y BHUpPOOIEHOMY
HOTIEPEHBOMY PO3PAXYHKY CTPYMIB KOPOTKOTO 3aMUKaHHSI pOOUTHCS MONpaBKa Ha

BEJIMYMHY 3MIHEHOT0 oropy (MOm):

r r[l ——, _(I_)j—‘
140,004, \ s | |’ (19.20)

ne m-koedimieHt (s Mial m = 22,5; nis anoMiHiio m = 6); t-4ac KOPOTKOTO
3aMuKaHHs, ¢; Op - TemmepaTypa 10 HACTaHHS KOPOTKOTO 3aMHUKAaHHS, Tpaj; S -
TIepepi3 MpoBOaY, MM

CTpyM KOPOTKOT'O 3aMHKaHHSI TP HOBOMY 3HAYEHHI T ';

r f llil-.‘I_ F oot
‘IJ-:: L'I{DM-'. {'\-"'ll J FEE+I§]= (1921)

Jlexnist Ne2(
Tema: EnextponunaMiuna i TepMidHA JIisl CTPYMiB KOPOTKOTO 3aMUKaHHSI.

Merta:O3HalilOMUTUCA 3 EJIEKTPOAMHAMIYHOI 1 TEPMIYHOK JIE0 CTPyMIB
KOPOTKOT'O 3aMUKaHHS.

MeToau: cJIOBECHI, HAOYHI.
Inan:
1 EsekTpoauHamMiyHa Jisi CTPyMiB KOPOTKOI0 3aMUKAHHS.

2 TepmiuHa il CTPYMiB KOPOTKOI0 3aMUKAHHS.

MarepiajibHO-TeXHiYHe 3a0e3ne4yeHHs] Ta AMAAKTHYHI 3aco0u, T3H: KOHCIIEKT,
HiAPYYHUK.



Jliteparypa:

1 JIunkun B.YO. DnerpocHabxeHne NpOMBIIIIEHHBIX MPEANPUATHI U yCTAHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

2 TloctauxkoB H.II.,, PyGamoB I'.M. DnekrpocHaOXeHHE MNPOMBIIUICHHBIX
npennpusatuid. — Jleannrpan: «Crpousngat», 1989 r. — 351 c.

Enextpomunamiuni aii cTpymiB KOpPOTKOro 3amukaHHs. [Ipu KOpoTkmx
3aMHUKaHHSX B Pe3yJbTaTi BUHUKHEHHS HAlOUIBIIOr0 YAapHOTO CTPYMY KOPOTKOTO
3aMHUKaHHS B MIMHAX 1 IHIIMX KOHCTPYKIIISAX PO3MOAUTIEHUAX MPUCTPOIB BUHUKAIOThH
CJIICKTPOIMHAMIYHI 3yCHIIIS, SIKi, B CBOIO YEPTy, CTBOPIOIOTh BUTHMHAE MOMEHT, a
OT)K€, MEXaHIYHE HampykeHHd B MeTtainl. OcTaHHE MOBUHHO OyTH MEHIIE
MaKCHUMAaJIbHO JOITYCTUMOTI'O HAIMPYTH JJI JAHOTO METay.

EnextpogunamMiuni  Aii  yAapHOrO CTPyMy KOPOTKOTO 3aMHMKaHHS TIpU
Tpuda3zHOMy KOPOTKOMY 3aMHUKaHHI BH3HAYAIOTHCA CHJIOI0 B3AaEMOJIT  MIX
IPOBITHMKAMH IIPH MIPOTIKAHHI [0 HUM yAAPHOTO CTPYMYy iy Haibinbma cuma F©°),
(H), o nie Ha mmHy cepenHboi (pa3u 3a yMOBU pO3TalTyBaHHS MTPOBIIHUKIB (IITKH)
B OJHIN IUIOIINHI:

_.l": .|r f
FO=¥3304,2 _ 1,76-123. 1078,
3 Yy a’ (20.1)

nie V3/2 - koedili€eHT, 1m0 BpaxoBye po36IKHICTh MUTTEBUX 3HAYCHD YIaPHOTO
cTpyMmy B ¢azax; /1 a - JOBKHUHA 1 BIICTAHb MDDK CTPYMOBIJTHUMH YaCTHHAMH, JTUB.

Posrisgaroun muHy SIK piIBHOMIPHO HaBaHTAXKEHY 0araTONMpPOTOHOBUH OalKy,
BurnHae MmoMmeHT (H ¢ M), cTBOoproBaHu# yIlapHUM CTPYMOM,

M=F%[110.
' (20.2)

Toni HalOLIBITY MEeXaHIYHE HanpyXeHHs B MeTail npu Buruni (Mlla)

a=M/W=1,76 10 *121%/{aW),
' y1*/laW) (20.3)
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ne [ - BiicTaHb MI>K OTIOPHUMHU 130JIITOPAMHU, CM; @ - B1JICTaHb MI>K OCSIMU IIIMH
cymixxaux ¢a3s, cM; W - MOMEHT omopy, cM>.

[Tpu po3ranryBaHH1 MIHUH m1a30M (puc. 1)

W=bh*|6
; (20.5)
[Ipu posramnryBanHi muH Ha pedpo (puc.1)

Po3paxyHKOBl BEIWYMHM HANpyX€Hb B IIMHI G, TOBMHHI OyTHM MEHUIE
JOTTYCTUMMX HAPY>KE€Hb Gjon.

Tepmiuni Al CTpyMiB KOPOTKOTO 3amMuKaHHsS. CTpyMOIpPOBIAHI YacTUHH, B
TOMY 4YHCIl 1 Kabemi, MPU KOPOTKHX 3aMHKAHHAX MOXKYTh HarpiBaTHCS 10
TEMIIepaTypy, 3HAYHO OIIBINOK, HDK TpH HOpMaidbHOMy pexumi. [lo6
CTPYMOIPOBI1/IHI YACTHHH OYyJIM TEPMIYHO CTIHKI O CTPYMIB KOPOTKOTO 3aMUKaHHS,
BEJIMYMHA PO3PAXyHKOBOI TeMIIepaTypu T, MOBUHHA OYTH HIKYE JOMYCTHMOI
TEMIEPATYPHU Tyon JJISI TAHOTO MaTEpialy.

3a miiicHE dYac MPOTIKAHHA CTPYMYy KOPOTKOTO 3aMHUKaHHS TMPUNMAIOTh
CYMapHUM YaC i1 3aXUCTY fay 1 BAMUKAE ATAPATYPH Lyen: I=Lsam . [IPY IEPEBIPITL
CTPYMOBEIyUMX YaCTHH HAa TEPMIUHY CTIHKICTh 3a3BUYail KOPUCTYIOTHCS MOHATTIM
IPUBEJICHOTO Yacy fnp, MPOTITOM SIKOTO CTAJIUNA CTPYM KOPOTKOT'O 3aMUKAHHA I
BUJIUISIE TY K KUIBKICTh TEIUIOTH, IO 1 3MIHIOETHCA B 4Yaci CTPYM KOPOTKOIO

3aMHUKaHHS, 3a J1IHCHUM Yac .



HaBenene yac BU3HA4a€eThCS CKIAJ0BUMHU Yacy MEPIOAUYHOI 1 anepiogndHOL

CKIIAAOBUX CTPYMY KOPOTKOI'O 3aMHUKAaHH:
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Puc 612 Kpusbie NPHBCOCHHOIO BPEMCHH NEPH-
OAMYECKOHR  Cclaralomci ToOKa OpH OHTAHHH  OT

reHeparopa ¢

APB

(20.8)

Benuuuny #,,, Ipu AlficHOMY 4Yacy ¢ <5C 3HaXOJATh 32 KPUBUMHU 3aJI€KHOCTI

tpn=f (")  (puc.2), ne

Bﬂ' — Ii_f I."II 1

(20.9)

[Tpu giificHoMy yacy ¢ <5¢ BEUYUHA fnp = tup.S + (£ - 5), 1€ typ.S - HaBeJEHE yac

s ¢ = 5 ¢. HaBeeHe yac anepioiMYHOI CKIa0BO1

tp 2 =0,005B"2,

(20.10)

[Tpu aificHoMy yacy ¢ <lc¢ BeIMUYMHA fnp, HE BPAXOBYETHCS.
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CTpyMONpOBIHI YACTUHU PO3PAXOBYIOTh HA TEPMIUHY CTIHKICTh 32 KPUBUMU
HarpiBaHHS PI3HUX METaJiB, IO MPEACTaBISIOTh 3aJekHICTh (puc. 3) =f(4)=f
(j*tup), e j=I/s - WIIBHICTL CTPYMY, A/MM?; ¢, - HABEJIEHE YaC il CTPyMY KOPOTKOTO
3aMUKaHHS, C.

Skmo BigoMmi BeNMWYMHU [, 1 typ, TO, 3HAIOYM MAKCUMAaJbHO JOIyCTUMY
TEMITEpaTypy JUIsl TAHOTO METATY T°zon, 38 BKA3aHUMHU KPUBUM HATPiBY 3HAXOATh

BCIIMUUHY

A=, [5) tps (20.11)

3BIKM BU3HAYAIOTh EPETUH MPOBITHUKA S.

S0 BiloMa TaKoXK IIOYaTKOBAa TeMIlepaTypa HarpiBy MpOBIAHHUKA [0
KOPOTKOT'O 3aMUKAHHS (Tyau), TO 3@ TUMH K KPUBUM HArPIBY JUIS Tyay BU3HAYAIOTH
BEJIUYUHY Ayaq. [103HAUMMO Uepe3 Ax BENMUUYMHY, TPOMOPLIIHY TOBHOTO KIJIBKOCTI

TCIIJIOTH, IITO BHIIiJIiIGTBCSI B HpOBiI[HI/IKy TTICIIS KOPOTKOI'O 3aMHUKaHH. TOI[i

Ax =A+ Auaurv
(20.12)

Abo

&, =I:‘r:r '."’L]:*rup_k'qnan‘

K

(20.13)
[lepetnn kaben0 Ha TEPMIYHY CTIHKICTh Il TPU(DA3HOTO KOPOTKOTO

3aMHUKaHHS [EPEBIPAETHCSA aje POPMYIIOL0

"-i‘-urml = !':r ‘\,-'j f“p.-' C!

(20.14)

ne =Ax-Auwaw KOCDIIIEHT, 110 BIAMOBIJAE PI3HUII BUJUICHOI TEIJIOTH B
MPOBIIHHUKY MICHS 1 10 KOPOTKOTO 3aMUKaHH (17151 KabeniB Hampyror 6-10 kB 3
MIIHUMU XKWIaMu ¢ = 141; 3 allfoMiHIEBUMH >KUJIAMHU ¢ = 85; 11 aJJFOMIHIEBUX IIHH

c = 88; mist migHux muH ¢ = 171; 1 craneBux muH ¢ = 60).

Jlexmist Ne21
Tema: [lITyuni 1 mpupoaHi 3a3eMITFOBaYi Ta 3a3€MIIIOBAIBHI TIPOBITHUKU

Mera:
1.1 O3nailoMuTHCS 31 LITYYHUMH 1 IPUPOAHUMHU 3a3€MITIOBAaYaMHU



1.2 3po3ymiTu OyI0BY 1 MPU3HAYCHHS 3a3€MITIOBAIBHUX MTPOBI1IHUKIB

MeToau: CIIOBECHI, HAOYHI.
Ilnan:

1 ITy4ni 3a3emiroBayi.
2 IlpupoHi 3a3eMITroBayi.
3 3azeMiTroBaIbH1 MPOBITHUKHU.

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs1 Ta AMAaKTH4HI 3aco0u, T3H: KOHCIEKT,
H1PYYHUK.

Jlireparypa:

1 Jlunkuu B.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUITUNA U YCTAHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

2 TloctaukoB H.IL., PyGamoB I[''M. D3nekrpocHaOXkeHHUE MNPOMBIIIICHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

I Ty4Hi 3a3eMur0Bavi. Sk Ty4YHI 3a3eMIII0BaY1 3aCTOCOBYIOTh BEPTUKAIBHO
3a0UTI B 3€MJIIO BIJIPI3KM KYTOBHUI CTajau JOBXHUHOIO 2,5 - 3M 1 TOPU3OHTAJIBHO
OPOKJIAJACHI KPYrii 1 MNPSMOKYTHI CTajleBl CMYTH, fIKI CIyXaTb Ui 3B'SI3KY
BEPTHUKAJIBHUX 3a3€MJIIOBaYiB. BUKOpUCTaHHS cTaneBUX TPyO HE PEKOMEHIY€EThCS.

OcTaHHIM 9acOM IIUPOKO 3aCTOCOBYIOThH MOTIMOJICHI TPYTKOBI 3a3€MITIOBaYI 3
Kpyrioi craii giamerpoM 12-14 MM 1 TOBXKUHOIO 10 5 M (CTPHXKHI), BBEPTAIOThH B
IPYHT 3a JIOTIOMOTOIO CHEIIaJbHOTO MPUCTOCYBAHHS-€JIEKTPU(BIKOBAHOTO PYyUYHOTO
3ariayOroBava. 3aBAsSKH MPOHUKHEHHIO TAKUX €JIEKTPOIIB B TIIMOOKI IIapu IPYHTY
3 TIJBUIIEHOI BOJIOTICTIO 3HUXKYEThCS MUTOMUN omip. [lormmbiieHi mpyTKoBi
3a3eMJIIOBaul 3HWXKYIOTh BUTpaTy MeTally, 1 BUTpaTH Impaii Ha poOoTy IO
BJIAIITYBaHHIO 3a3€MJICHHS 1 TOMY MTOBHMHHI 3aCTOCOBYBATHCS B MEPIILY YEPTy.

Ipupoani 3azemuoBaui. B skocTi npupoaHMx  3a3eMJ/Il0BayviB
BUKOPUCTOBYIOTh: MPOKJIAJCHI Y 3€MJIl CTaJIeBl BOJONPOBIAHI TpyOH, 3'€IHAHI B
CTHMKax Tra30- al0o eJeKTPO3BapIOBAHHIM; TPYOM apTe31aHChbKUX CBEPAJIOBUH,
cTayieBa OpOHSI CHUJIOBUX KaOeliB, MPOKIAJEHUX Y 3eMJIl, MPU YUCHI iX HE MEHIIE
JIBOX; METaJIeBl KOHCTPYKLII 1 GyHIaMeHTH OyIiBeJb Ta CIOPY/I, 0 MAIOTh HaAliHe
3'€MHAHHSA 3 3E€MJICI0; PIZHOTO POay TPyOONpPOBOIM, MPOKIAACHI M 3eMIICHO;
CBUHIIEBI 000JIOHKH KabeliB, MPOKIACHUX B 3€MIIL.



He nomyckaeThcsi BAKOPHUCTOBYBATH SIK IPUPOJIHI 3a3€MJITIOBaY1 TPYOOTIPOBOIU
TOPIOYMX PIIUH 1 TOproYnx a00 BHOYXOBHX Ta3iB, aJlOMiHIEBI 0OOJIOHKHU KaOemiB,
QTFOMIHI€B1 MPOBITHUKHY 1 KaOei, TPOKIA/ICHI B TYHENIX, 0J0KaX, KaHaJIax.

JIist 3HVWOKSHHST BUTPAT, IO HAYTH Ha 3a3€MITIOIOU1 TIPUCTPOI, B TIEPILY YEPry
PEKOMEHIYE€ThCS BUKOPUCTOBYBATH IPUPOJIHI 3a3€MITIOBAYI.

Po3paxyHok mnpupognux 3aszemJioBadiB. Omip po3TIKaHHIO MPOBITHUKA
KPYIJIOro TEepeTuHy (HampHKiIad, TOPU30HTAIBHO NPOKIAJCHOT B  3eMil
BOJIONIPOBIHOT TPyOH) BU3HAUYa€eThes 3a. HacTymHor emmipuyHoio popMyioro:

rip=(0,366p/I)1g [1%/(dt)],

1€ p - TUTOMHUH ormip rpyHTY, OM-cM; / - TOBXXKHMHA IPOBITHUKA (TpyOu), cM; d -
30BHIIIHIA JlaMeTp MPOBIAHUKA, CM; ¢ - TIIMOWHA 3aKJIaJIeHHS TIPOBITHUKA (TPYOH)
Bl TIOBEPXHI 3e€MJII JO CEpPEIWHU MPOBITHUKA, IUB. Omip pPO3TIKAHHIO IHX
3a3eMJIIOBaYiB € HECTAOIITLHOIO BEIMUYMHOIO 1 BU3HAYAETHCS IIUIIXOM BUMIPIB. SIKIITO
OMmp PO3TIKAHHIO MPUPOJHUX 3a3€MIIIOBAyYiB HEJOCTAaTHHO 3a HOPMaMH,
3aCTOCOBYIOTH IITYYHI 3a3€MJIIOBAYI.

[Ipy BUKOpHCTaHHI MITYYHHUX 3a3€MJIIOBAYiB CIiJI MaTH Ha YyBasi, IO
MOOJIMHOKI 3a3€MJIIOBAYl, 3aKJIaJIeHl B IPYHT (MpU BIJICTaHI OJHUH B1JI OJIHOTO HE
MeHIe 2,5-3 M), BUKIUKAIOTh SBUIIE 63AEMHO20  €KPAHYBAHHSA — MIC
3azemaosayamu. B pe3ynpTari eKpaHyBaHHS 3arajJlbHUNA OITp 72 3a3€MITFOBAdiB HE
JIOPIBHIOE CyMi OINOPIB OJUHOYHUX 3a3eMJIIOBayiB R; TOMYy OIp CKJIQJHOTO
3a3eMIIIoBava;

Re=R/fm, 21.1)

ne 1 — Koedimient exkpanyBaHHs (BUKOPUCTaHHS) TPyOUaCTUX 3a3€MITIOBAYiB,

10 3aJICKUTh BiJ] YKCIIa 1 B3aEMHOTO PO3TalllyBaHHS 3a3eMJIIOBadiB. BemuunHy 1)
(6e3 ypaxyBaHHSI CMYTH 3a3€MJICHHS) BU3HAYArOTh 3a 971myxo0. 7.1.

Hucao 1pybua- | KowsppHuMenT SEpaHqpoBaHME 1) NP OTHOWEHHH PACCTOAHHA MEemIy
TLIX 3A3EMIH- TpyBaMu ¥ my cumee (ad)
Tener
3 2 1 3 ki I
Tpyviiet pazvewenn & pad Tpviim pasMewiennt 1o Kowmypy
5 0,87 0,8 (.68 - |
10 0,83 0,7 055 | 078 0,67 0,59
20 0,77 0,62 047 | 072 0,60 0,43
30 | 0,75 0,60 040 | 071 059 0.42
50 | 0,73 0,58 030 | 0,08 0,52 0,37
100 _ . 0.64 0.48 0,33
200) | — 0.61 [ 044 0,30
300 i — o = 0.60 0,43 0,28

Omip po3TiKaHHIO 3a3€MJTFOBaYiB B OCHOBHOMY 3aJIC’KUTh Bl MUTOMOTO OMOPY
IPDYHTY p, SIKE, B CBOIO YE€pry, 3aJeXUTh BiJ CKJIaay IPYHTY, ii BOJIOTOCTI,
TeMIrepaTypH, IIIJIBHOCTI MPWISTaHHS YaCTUHOK, HAsBHOCTI PO3YMHHUX COJEH 1
971y. 31 3MIHOIO TTOPU POKY 3MIHIOETHCSI TAKOXK 1 OMIP PO3TIKAHHIO 3a3€MJIIOBAYiB.
Hwxue HaBeIeH1 BEJIMUMHHI TUTOMOTO ONopy IpyHTY p (OM-M), OTprMaH1 Ha OCHOBI
JOCTIAHUX JAAHUX MpHU BoJorocTi rpyHty 10-20%:



TTRCOK e vasvessnssaeneeee 0]

CVMECOK ooiiieieciivescsiineerniacnisneces 300
CYTAHHOK e sinaeene VO
17T O R 4i)
CAamoBasm 3EMIAA vvvvrreeoeieeseseesssseresasans 40
L e T T X 20

3azeMunI0Ba/IbHI MPOBIAHUKHU. B SKOCTI 3a3eMITIOI0UHX 1 HYJIBOBUX 3aXHCHUX
MPOBIJTHUKIB BHUKOPUCTOBYIOTH: HYJIbOBI pOOOUl MPOBITHUKA MEPEKi; METajeBl
KOHCTPYKIii OyaiBenb ((pepMu, KOJIOHHU 1 T. 1.); METaJIeBl KOHCTPYKIIii BUPOOHUYOTO
npu3HaueHHs (MIAKPAHOBI INIISXHM, KapKacH PpO3MOAUTFHUX MPHUCTPOIB, IMIAXTH
m@TIB 1 T. 1.); cTajaeBl TPyOH €IESKTPONPOBOIOK; AIFOMIHIEBI OOOJIOHKH KaOeiB;
MeTasieBi kopoou 981yxo 3a3emiie 1 JOTKIB.

BuxopuctanHs meTaneBux 000JIOHOK TpyO4acTHX MPOBOAIB HECYYHX TPOCIB
IpU TPOCOBOI E€JIEKTPONPOBO/LI, METAJIEBUX OOOJOHOK 1 CBHHIEBUX OOOJIOHOK
OpOBOAIB 1 KaOeqiB sK 3a3eMJIIOI0UYUX a00 HYJIbOBUX 3aXHMCHUX IPOBIIHUKIB
3a00POHSIETHCS.

He3anexHo Bii CTyNeHs BUKOPUCTAHHA NPUPOAHUX 3a3€MIIIOBAyiB B SIKOCTI
3a3eMJIIOI0YMX a00 HYJbOBHUX 3aXHMCHHUX MPOBIJHUKIB BOHU MOBUHHI MaTy HajllHEe
3’€HAHHS 13 3a3€MIIIOIOYUM MPUCTPOEM B MPUMILIEHHSX, B SKHX 3aCTOCOBYETHCS
3a3eMJIEHHS a00 3aHYJICHHS.

VY Bumajgkax, KOJIM PO3IJISIHYTI MPOBIJHUKH HE MOXYTh OyTH BHUKOPHUCTaHI,
NPOKJIAal0Th  CHEI[lalbHl  3a3eMJIIOKOYl  MPOBIOAHUKH. Sk Marepian  amis
3a3eMITIOI0YHMX TPOBITHUKIB 3aCTOCOBYIOTH CTallb, MPOTE B ACSIKUX BHUMAAKaX
BUKOPHUCTOBYIOTh KOJBOPOBI METaJM, HaNpHUKIa] KOJU 3aCTOCYBAaHHS CTalld
KOHCTPYKTUBHO YTPYAHEHE.

[lepeTnH 3a3emiIOIOYMX 1 HYJBOBUX 3aXMCHHX TIPOBIJIHUKIB TIOBUHEH
3aJI0BOJIBHATH YMOBAM MEXaHIYHOI MIITHOCTI 1 TEPMIYHOI CTIMKOCT1, BCTAHOBJICHUX
ITVE.

B ycranoBkax Hanpyroto Buie 1000 B 3 BenukuMu cTpymMamu 3aMUKaHHS Ha
3emutto (Outbie 500 A) mepepi3 3a3eMIIIOBAJIbHUX MPOBIAHUKIB Ma€ OyTH TaKuM,
00 MpH MPOTIKAHHI CTPYMIB OAHO(A3HOIO 3aMHKAaHHS Ha 3€MJII0 TeMIlepaTypa
3a3eMJIIOBAJIbHUX MPOBIAHMKIB He nepesuinyBana 400 © C (mpu KOpOTKOYaCHOMY
MPOTIKaHHI CTPYMY 1 BIANOBIJHOMY Yacy J1i OCHOBHOI 3aXHCTY).

B ycranoBkax nHampyroto no 1000 B 1 Bumie 3 130JIbOBaHOIO HEUTpaLIio 1
NEPeTUHY 3a3eMIIIOIOYMX MPOBIAHUKIB BUOMPAIOTH 3a TPUBAIO JIONYCTUMOMY
HAaBaHTAXKEHHI 1 mepepiszy Ga3Hux mpoBoAiB. [lepeTrHn 3a3eMITIOI0UNX MPOBITHUKIB
TIOBMHHI CTAHOBUTY HE MEHILE /3 epepisy (pa3Hux, a IpH MPOBiJHUKAX, BAKOHAHUX
3 pi3HMX MeTaliB, - HE MEHIIE '/3 nepepisy (asHuX, IMPOBIIHUKIB, ajle HE MEHIIE
HaBenennx B [IYE minimManpHUX mepeTuHiB. Maifke y BCIX BHITaJKaxX JOCTATHI
HacTynHi nepepizy: 120 Mm? —m1s crami, 35 Mmm? — uIs aroMiHio i 25 MM>-1u1s Mif.

B ycranoBkax Hampyroro a0 1000 B 3 98 nyxo 3a3eMi€eHO0 HEWTpaLIIO
MPOBIHICTh 3a3€MIIIOIOYUX TPOBITHUKIB BHOWPAIOTH 3 YMOBH 3a0e3MeyeHHS
aBTOMATHUYHOTO BIJKJIFOYEHHS TMOIIKO/KEHOI TUISHKH, TOOTO MPU 3aMUKAHHI M1k
$a3or0 1 3a3eMIIFOBAILHUM TIPOBITHUKOM, B SIKIH OM TOUIll MEpeXi BOHO HE
B1JI0YJIOCSI, TTOBUHEH, BUHUKATH CTPYM KOPOTKOTO 3aMHUKaHHS, 110 MEPEBHUILYE
noHaliMeHIlle B 3 pa3d HOMIHAJbHUM CTPYM IIJIaBKOI BCTABKM HAMOJIMKUOTO



3arMmoOiKHUKA a00 CTPyM MAaKCHMMalbHOTO pO3YEIUIIOBaya aBTOMaTa 3 Hasal
3aJICKHOIO BIJ] CTPYMY XapaKTEPHUCTHKOIO. J[71s1 BUOyXxoHEOe3neyHnX MPUMIIIECHb
CTPyM OJHO(A3HOTO KOPOTKOTO 3aMHUKAHHS MMOBUHEH MEPEBUIIYBATH HE MEHII HIXK
y 4 pa3u cTpyM HaWOMIKYiN IIABKOIO BCTaBKH ab0 B 6 pa3iB CTPyM BIAKIIOYCHHS
aBTOMATa 3 Ha3aJ| 3aJIeKHOIO Bl CTPYMY XapaKTE€PHUCTUKOIO.

[ToBHa MPOBIAHICTH HYJIHOBOTO 3aXMCHOTO MPOBIAHMKA MOBHHHA OyTH HE
meniie 50% mpoBigHOCTI (ha3HOTO MPOBIAHMKA, a HYJIbOBUH POOOUYMI MPOBITHUK
MOBUHEH OYTH PO3PaxOBaHUN HA TPUBAIMM MEPEOIT CTPyMY.

YV Mepexax Hanpyroto o 1000 B 3 99n1yxo 3a3eMiieHOI0 HEUTpAIUIIO IS
3a0€3IeUeHHs] BIAKIIOYEHHs JiHIT npu 3aMUKaHHI MDK. Pa3HUM 1 HYJIBOBUM
MIPOBOJIAMHU CTPYM 3aMHUKaHHS IOBUHEH OyTH

f= {_.i’(b i (:“ - :T}? 212)

e Uy — basHa Hampyra Mepesi; z, = Vry2 + x,2 — MOBHHIT omip et (hasHuii
— HYJBOBUU MPOBIA) JiHIT; Z; — MOBHUK omip TpaHchopMaTopa MpU 3aMUKaHHI Ha
KOpILYC.

B sikocTi 3axucHUX amapatiB B Mepexkax Hanpyroro 10 1000 B 3actocoByroTh
aBTOMAaTH4YHI  BUMHMKaul (aBTOMAaTH) 1 3amoOODKHUKH, ISl YCIIIIHOTO
CIOpPALlbOBYBAHHS SKMX HEOOXIAHO 3a0€e3MeYuTH MPOTIKAaHHS B  JIAHIIO31
0J1HO(ha3HOTO 3aMUKAHHS IOCTaTHHOTO 332 BEIMYMHOIO CTPYMY

h,=Klon (21.3)

ne k - KpaTHICTh CTpyMy OAHOGA3HOTO 3aMHUKAHHS JI0 CTPYMY YCTaHOBKHU
aBTomMaTa ab0 HOMIHAJIBLHOMY CTPYMY 3all001KHUKA .
Crpym onHo(a3HOro 3aMHKaHHs /3 MPOTIKae Bij TpaHc(opmaTopa Mo netsi
«(a3zHuii-HyJIbOBHI MPOBII» 1 BUZHAYAETHCS 32 (21.3).
Jlexkuisa Ne22
Tema: Po3paxyHOK 3a3eMIIFOBAIBHUX IIPUCTPOIB B €JIEKTPOYCTAHOBKAX.
Meta: HaBuuTrcs po3paxoByBaTH 3a3€MIIFOBAJIbHI IPUCTPOT B €IEKTPOYCTAaHOBKAX.

MeToau: CIIOBECHI, HAOYHI.

Il1an:



1 ITpu3HaueHHs 3a3eMIIFOBAILHOTO IPUCTPOO
2 [TpuHIUI pO3paxyHKY 3a3€MIIIOBAIBLHOTO MIPUCTPOIO.

MarepianbHo-TexHiYHe 3a0e3neYeHHs] Ta TUAAKTHYHI 3aco0u, T3H: koHCIEKT,
HiAPYYHUK.

Jliteparypa:

1 Poxxkosa JI.JI., Kozymua B.C. DnextpooOopyioBaHNE CTAHIMI W OJCTAHIIHM:
VY4eOHUK /U1 TEXHUKOB. — M.: DHeproatomuszaat, 1987. — 648 c.

2 JIunikun B.FO. DneTpocHabxeHue MpOMBIILIEHHBIX MPEANPUITUN U YCTAHOBOK. —
M. : «Bricmas mkoaa», 1990 r. — 365 c.

3 TIloctaukoB H.II., PybGamo I'.M. DnekTpocHaOXeHUE MPOMBIIUICHHBIX
npeanpusatui. — Jleaunrpan: «Ctponsgar», 1989 r. — 351 c.

[Ipu  po3paxyHKy  3a3eMJIIOIOYOTO  MPHCTPOIO  BHU3HAYAIOTHCS  THI
3a3eMJIIOBAYIB, 1X KUIBKICTh 1 MICLE PO3MIILEHHS, a TAKOXK MEPETUH 3a3EMITIOI0UHNX
npoBiaHMKIB. Lleil  po3paxyHOK TPOBOAUTHCA [Jii  OYIKYBAaHOIO  OIOPY
3a3€MJIIOBAJILHOTO MTPUCTPOIO Y BIAMOBIIHOCTI 3 icHYyrourMMHU BuMoramu [1VE.

['pyHT, HABKOJMILHIA 3a3eMJItOBayvl, HE € OJHOPIAHUM. HasBHICTH y HbOMY
NiCcKy, OyZIBENBbHOTO CMITTS Ta IPYHTOBUX BOJ POOWUTH BEJIMKHUI BIUIMB HA OMIp
1pyHTy. Tomy IIYE pekoMeHnyoTh BU3HAUATH MUTOMUU OMIP P IPYHTY HUIIXOM
Oe3rmocepeIHIX BUMIPIOBaHb B TOMY MICIII, /1€ PO3MIIIYBATUMYThCS 3a3€MIIIOBAYI.

OTpuMmaHe NUISXOM BHUMIPIB MUTOMHUN OMIp IPYHTY € HAWBaKIMBIIION
BEJIMUMHOIO, 1110 BU3HAYAE OIIP 3a3eMJII0I0U0T0 puctporo. [Ipu oMy HEoOX11HO
BPaxOBYBAaTH CE30HHI KOJMBAHHS MUTOMOI OMOpPY IpyHTy. HaBecH1 1 BoceHH BOHO
HIDKYE, HIK B3UMKY 1 BIITKY. 301IbIICHHS MTUTOMOI ONOPY 3€MJIi B 3MMOBHUH 1 CyXe
JITHIA Yac BPaxOBYETHCS 3a JIOMOMOTOI0 KoedilieHTiB miaBuieHHs. KoeditieHt
M1JBUILIEHHS MMOKA3y€, Y CKUIbKU Pa3iB pO3paxyHKOBE YIJIbHE OMip IPYHTY OLjIbIle
B MOPIBHSHHI 3 BUMIPSHUM B TEITy MOPY POKY (TpaBEHb-)KOBTEHb). Bennunna
Koe(dilieHTa MiABUILECHHS 3aJI€KUTh Bl CTaHy IPYHTY IiJ 4ac 3aMipiB Ta KiJIbKOCTI
OTaJiB, M0 BHUIAIU 0E3MOCePeTHRO Tepel BUMipaMu. PO3pi3HSIOTh TpU 3HAYCHHS
KOe(DILi€HTIB:

Y| - nuTOMUIA Omip TPYHTY BIANOBIJA€ MPUOIU3ZHO MIHIMAIBHOIO 3HAYEHHS
(TPYHT BOJIOTHI; BUMIpaM MepeyBaio BUMIAIaHHS BEJIMKOI KITBKOCTI OTaIiB);

Y, - muToMmii omip rpymia BiAMOBiAa€ MPUOIU3HO CEPEAHHOMY 3HAYCHHIO
(TpyHT cepelHbO1 BOJIOTOCT]; BUMipaM MepeayBajio BUMAIaHHS HEBEIMKOI KUTBKOCTI
omaiB);

Y5 - muTOoMHUI Omip IPYHTY BIANOBIAA€ MPUOIU3HO HANOUIBIINM 3HAYCHHSIM
(cyxa 3emMJs; BUMIpIB HE TIEPETyBAIO BUIIAIAHHS OTAIIB).



Po3paxyHkoBe 3Hau€HHS NUTOMOTO OMNOPY IPYHTY B MICIHI HPUCTPOIO
3a3eMJICHHS

P=PusV, (22.1)

1€ Pus - BUMIPSHUN MUTOMUI OMIp TPYHTY; V¥ - KOS(IIIEHT MiBUIICHHS OTIOPY.

[Ipu BiICYTHOCTI NaHUX BHUMIPIOBaHHS IS PO3PAaXYHKIB KOPHUCTYIOTHCS

3pa3KOBUMH 3HAYCHHSIMH MUTOMHX OMOpPIB IPYHTIB: P0O3paxyHKOBI 3HAYEHHSIM

KOoeQIlI€HTIB MIABUIICHHS ONOpPY Ui PI3HUX TIPYHTIB 1 TIMOUH 3aKjaJeHHs
HaBeJeHi, B Ta0I. 7.3.

I'nybuua  aa- PacuetHiie  kosdihMilHeH TR
XapakTep rpyaTa NOKEHAR, M

¥ Vi L

CyrnuHok 0.8—318 2.0 1,5 1.4

Canosas zemns (0.6 M) Hume ol —3 — 1.32 1.2
LJIHHEI]

Tpaguii © TpUMECEH) [JIHHBEL, HHXKE 0—2 1.5 1.2 1.1
rJTHHA

Wiapectnsk 0—2 2.5 LS 1.2

[paBuif © OpHMECHID MECK 0—2 1.5 1.3 1.2

Topg 0—2 14 | LI 1.0

Mecor 0—2 24 1.56 1.2

[manza 0—2 24 1.36 1,2

3HalOYM pO3paxyHKOBE IMUTOMHUH OIIp TPYHTY, MOXHA BHU3HAYUTHU OIIIP
OJIMHOYHOTO 3a3eMitoBava. Onip BEpTUKAIBLHOTO 3a3eMIIIOBava NpH JAOBXUHI1 [ (M),
niameTpi d (MM) BU3HAYA€ThCS HAOIMKEHOIO (POPMYII010

R,=(0,366 p/1)1g(41/d). (22.2)

VY po3paxyHkax MOXHa KOPHCTYBATHCS TaKOX HACTYITHUMH CIPOIIEHUMHU
dbopmynamu:

JUTSI IOTJIMOJIEHOTO MTPYTKOBOTO €JIEKTpoAa AlaMeTpoM 12 MM, TOBKUHOIO 5 M
Ro.np =0,00227p;

0151 enekmpooa 3 Kymogoi cmani pozmipom 50 x 50 X 5 mm, 0osoucumnoro 2,5 M
R,y =0,0034 p;

TS elIeKTpoaa 3 Tpyou miamerpom 60 MM, noBxkuHor0 2,5 M = 0,00325 p, 1e p
BUPaKEHO B OM ' CM.

Uucno  BepTUKaIbHUX  3a3eMJIIOBAadYiB  BU3HAYAETHCI 34
3HaYeHHAMHU Ry=R; u Ry = R; [cM. (7.4)]

”_R{J."[T]R,L (22.3)
ne n— KoeQILIEHT eKpaHyBaHHS.

SAxio BiacTaHh MK 3a3eMJTIOBAYaMH @ M BITHOMICHHS @// yTOYHIOIOTHCS IO
MEPUMETPY MiJICTaHIIIi, TO 3HOBY PO3PaXOBYETHCS YUCIIO 3a3€MITFOBAY1B IIPU HOBOMY
3HAYCHHI Koe]ilieHTa BUKOPUCTaHHSI.

3azeMITioBadi 3'€THYIOTHCA 32 JIOTIOMOTOI0 TOPU30HTAIBHUX METAJICBUX CMYT,
omip skuX R, HEOOX1AHO BPaXxOBYBATH, SAKIIO OMip Ry BEPTHKATHHUX 3a3€MJITIOBAYIB
OinblIe onopy R3, NPUIHATOrO 32 HOPMaMHU:

I
R=r-=
'ﬁ'lﬂ hI:IFI.'I

(22.4)



ne K. — koedilieHT BUKOPUCTAaHHS MPOTSDKHUX 3a3€MITIOBAYIB (3aJI€KHUTh BiJl
CTaBJIeHHS a// 1 Yncia BEPTUKAIbHUX €JIEKTPOMAIB B PAMLY; CTAHOBUTH MPHUOIU3HO
0,75—0,89 [15 ]); lu, by— MOBXWHA 1 MUPUHA CMYTH, CM; ¢, TIIMOMHA 3aKJIaJaHHs
CMYTH, CM.

SIKIIO0 BpaxOBYETHCS OIMIP CHOIYYHOI CMYTH, TO 3MEHIIYEThCS HEOOXiTHA
KUTBKICTh 3a3€MIIIOIOYMX BEPTHKAIBHUX €JIEKTPO/IIB.

[Ticnst BUGOpY pO3paxyHKOBOI BETUYUHU OMOPY PO3TIKAHHS R3 3HAXOATH OIIp
IITYyYHUX 3a3eMJIIOBavyiB R, TpU IOMY BpPaxOBYETbCA omip R, NPUPOAHUX
3a3eMJIIOBAYIB:

R,=R.R./(R.—R). (22.5)

[TpoBimHICTF MITYYHOTO 3a3eMJIIOBava CKIAJA€TbCs 3  MPOBIIHOCTEH
BEPTUKAJIBHUX 3a3eMilioBadiB //Ry 1 cTameBoi TOPU3OHTAIbHOI cMyru 1/R,,
3’€JIHy€ BEPTUKAIbHI 3a3€MJIFOBAYI:

1/R,=1/R:+1/R.. (22.6)

TyT Rs miapaxoBy€eThCs 3 ypaxXyBaHHIM KOe(ill€eHTa €eKpaHyBaHHS (JIUB. TaOJI.
7.1).

[I{o6 cTBOpUTM HAMIMHMI KOHTAKT 3 IIApamMH IPYHTY, SIKI HE MiJIar0ThCs
IpoMep3aHHs 1 BUCUXaHHS, 3a3€MJII0BaYl 3aKJIa1al0ThCsl Ha TTMOUHY 01n3bko 0,7 M
(BiJ MOBEpPXH1 3eMJI1 0O BEPXHBOT YACTUHU 3a3€MJTIOBAYA).

3a QopMor po3TanryBaHHS 3a3eMIIIOBAudiB  PO3PI3HAIOTH BHHOCHI (200
30CEPE/KEH1) 1 KOHTYPHE 3a3eMJICHHS.

[Ipy BHMHOCHOMY 3a3€MJIEHHI BCE 3a3€MIIIOBadl 30CEPEIkKYIOTb B OIJHOMY
MeBHOMY MICIIi, JIe¢ pPO3TAIIOBYIOTh iX Ha BiJCTaHI HE MeHIe 2,5-3 MM OJHH Bij
OJHOTO. 3a JOTOMOTOI0 MaricTpajieil 3a3eMJICHHS [0 BHHOCHOTO 3a3€MJICHHS
IPUETHYETHCS €IEKTPOOOIaTHAHHS.

[Tpu KOHTYypHOMY 3a3eMJICHH] 3a3€MJTIOBAaUl PO3TAIIOBYIOTHCS IO MIEPUMETPY
TEPUTOPIi, IO 3aXMIIAETHCSA; MNpPU OUIBLIINA BEJIMYMHI TEPUTOPIi 3a3eMIIIOBayl
3aKJIa/Ial0ThCS TAaKOXK BeepeauHi ii. KoHTypHe 3a3eMIIeHHS pEKOMEHIYEThCS y BCIX
BUIIAJIKaX, a B ycTaHOBKax Hanpyroto Buiie 1000 B BoHO € 000B'sI3KOBUM.

Crnioci6 po3MillieHHs 3a3eMITIoBaviB (y psll a00 MO0 KOHTYPY) BU3HAYAETHCS 3a
IUIAHOM YCTaHOBKH. B ycTaHOBKax 3 BEJIMKUMH CTpyMamH 3aMUKaHHS Ha 3€MJIIO
3a3eMiItoBaul 1 JIHII 3B'SI3KY CJIIJI pO3TAlIOBYBaTH Tak, HI00 3abe3meunTH 1o
MOXJIMBOCTI ~ PIBHOMIPHUM  pO3MOAT  TMOTEHINaTy Ha IUIONN, 3alHATOT
eyleKTpooOagHaHHsaM. [ mporo y3moBxk ocedt oOnaaHanHs Ha ruOuHl 0,5 M
MPOKJIAIal0Th BUPIBHIOIOTh TPOBIIHUKH, SIKI Yepe3 KOXHI 6 M 3'€emHyIOTh
MOTIEPEYHUMH TPOBITHUKAMHU. BUPIBHIOBaHHS TMOTEHIIANIB Mepe10adaroTh TaKOXK
0111 BXOAIB 1 B'I3/11B HA TEPUTOPIIO MIATPUEMCTBA.

Cmyrosa oiajib, 3aCTOCOBYBaHa sl €JICKTPUYHOTO 3B'SI3KY MK €JIEKTPOIaMH,
€ JOJJaTKOBUM 3a3eMJICHHSIM. Yepes TOPIBHAHO BEIMKOTO OMOPY CIOIYYHHX CMYT
BOHO Majo BIUIMBAE Ha 3araJlbHUN OMip 3a3eMIIIOI0YOro mpuctporo. Tomy B
NPAKTHYHUX PO3paxyHKaxX MPOBIAHICTH CIIOIYYHHX CMYT MO)KHAa HE BPaxOBYBaTH
(3a BUHSITKOM BEJIMKHX KOHTYPHHX 3a3€MJIFOBAYIB).



Jlekmisg Ne23

Tema: OCHOBHI MOHATTS 1 BUIIU peJIeHHOTO 3axucTy. OCHOBHI THIIH perie.

Mera:
1.1 O3HaiiloMuTHCS 3 OCHOBHUMH MOHSTTSMH 1 BUJAMU PEJICHHOTO 3aXUCTY.
1.2 OmanyBaTé OCHOBHI BUH pEIe.

MeToau: CJIOBECHI, HAOYHI.

ILnan:
1 OCHOBHI MOHATTS PEJICHHOTO 3aXUCTY.
2 OCHOBHI BUIM PEICHHOTO 3aXUCTY.
3 OCHOBHI THITH peie.

MarepiajbHO-TeXHiYHe 3a0e3neuyeHHs: Ta AMAaAKTH4YHI 3aco0u, T3H: KOHCIEKT,
H1IPYYHUK.

Jliteparypa

1 Jlunkuu B.}O. DnerpocHabxeHre NPOMBIIUICHHBIX TPEANPUSITUNA U YCTAaHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

2 TloctaukoB H.IL., PyGamor I''M. DOnekrpocHaOXkeHHE MNPOMBIIIICHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

Anapatu peierHOro 3axXucTy - 1€ CHeliajibHl IpUCTpoi (pesie, KOHTaKTOpH,
aBToMatH Ta iH.), [1{o 3abe3meuyroTh aBTOMATUYHE BIAKIIOUCHHS ITOIIKOHKEHOT
YAaCTUHU CJEKTPUYHOI YCTAaHOBKM a00 Mepexi. SIKIO TOIIKOIKEHHS He
IpeJCTaBisie Uil YCTAaHOBKHM Oe3MocepeHboi HeOe3MeKku, TO peseHHuil 3aXucT
NPUBOAUTH B JiI0 CUTHaJIbHI mpucTpoi. s 3abe3nedyeHHs HaAiiiHOI poOOTH
pEJIEMHUM 3aXUCT ITOBUHEH:

- MaTH BHUOIPKOBICTh (CEIEKTUBHICTH), T. €. BIJKIIOYATH BUCOKOBOJIbTHUMHU
BUMHKauyaMu a00 aBTOMaTaMH TiJIbKM TOIIKOKEHY IUISSHKY yCTaHOBKH. Yac
CTIPAIlIOBaHHS 3aXHCTy XapaKTePU3YEThCs BUTPUMKOIO dYacy, IIO 3a0e3redye
BUOIPKOBICTh [1i 3axucTy. Butpumka uacy Bu3HauyaeThcsi Hacom nii BUMHKaya
MOIIIKOPKEHOT IJITHKY 1 9aCOM CIIPAIlbOBYBAHHS 3aXHUCTY;

- BOJIOJAITH JOCTaTHbO BHCOKOIO YYTJIMBICTIO JO BCIX BHUAIB MOIIKO/KEHb Ha
3aXMINAETHCS JHIT 1 Ha JNHIAX, [0 KUBJIATHCS BiJ HEl, a TAKOXK JI0 3MIHCHUX Y
3B'SI3KY 3 LIUM MTapaMeTpaM HOPMaJbHOTO PEKUMY POOOTH (CTpyMy, HAIpy3i Ta iH.),
II0 OLIHIOETHCA KOS(DILIEHTOM YYTIUBOCTI



- OyTH BUKOHAHA 32 HAWOLIBII MPOCTOI0 CXEMOIO 3 HAMEHIITUM YHCIIOM anaparis.
Pene, 3acTocoByBaHi B pENEHHOr0 3aXHCTy, KIACHU(IKyIOTh 3a TaKUMHU

O3HAaKaMHU:

- 3a TPUHLMIOM [ii - eJeKTPOMArHiTHI, IHAYKI[IIHI, eJIeKTPOAMHAMIYHI,

TEIJIOB1, €IEKTPOHH1, MAarHITOCTEKTPUYHI Ta iH .;

- 0 MapaMeTpy Iii-cTpyMy, HAapyTH, MOTY>KHOCTI, TEIUIOB Ta iH ;

- 3a CrOCOOOM BILJTUBY Ha BITKIIIOYCHHSI MIPSIMOTO 1 HETIPSIMOTO JIii.

Om wemov -
a) WUKT PO RUR

*I' : dm U##y.’-@-;ﬂ?ﬂﬁ;‘p-
AT Jamasesy

Puc. 8.1 Tpuaimnsaibibe (xeMbl YCIPOHCTBE PCICHHOH 3alLATHI

Sk npuKIaa NEPBUHHOTO pejie MAaKCUMAJIBHOTO CTPYMY MPSMOi M1l MOXKYTh
CIYy)KUTH MaKcUMallbHMil aBToMar (puc. 8.1, a), 1€ pO3paxyHKOBHIl CTpym
MPOXOJUTH IO BIJKIIOYAE KOTYIII 1, BUKJIIOYEHHS MPOBOIUTHCS MEXaHIYHUM
BIJTMBOM Ha 3aCYyBKY 2 aBTOMATH.

HenonikoMm Takoro 3axucTy € majia 4yTJIUBICTh 1 MOXKIIMBICTH il yCTaHOBKHU
TITBKM B JIAHIIOTaX HIDKYOI HANpPyrd HEBEIUKOI MOTYKHOCTI. [lpu mpomy
HaJaro/pPKeHHs a00 PeryIIOBaHHs aBTOMAaTa MOB's13aHa 3 BIIKIIFOUEHHSIM YCTaHOBKHU.

Binbi 4yTIMBOIO 3aXHMCTOM € 3aXHUCT 3 BTOPUHHUM pelie MaKCUMaJIbHOTO
cTpymy mipsimoi fii (puc. 8.1, 0). SIk mpukiag Takoro 3aXUCTy MOXKYTh CITY>KUTH
KOTYIIKH 3 BIAKIIOUCHHS, BOY/I0BaHI 0€3MOCEpEeIHhO B IPUBOAN BUCOKOBOJIBTHUX
BUMUKAYiB.

Haii0inpn  1OCKOHANOK 3aXUCTOM € 3aXUCT 3 BTOPUHHUM pene 4
MaKCUMaJbHOrO0 cTpyMmy no6iuHoi Aii (puc. 8.1, B). CTpyMm, npu3Ha4eHHM s
JKUBJICHHSI JIAHIIOTIB pEJIEeHHOro 3axucTy, AaBTOMAaTHMKM Ta CHUTHai3allii,
HA3MBAETHCS OMEPATUBHUM CTpyMOM. HafiiiHicTh poOOTH 1 CIIpaBHICTH JpHKepena
OTIEPATUBHOTO CTPYMY Mepeki 3a0e31euyoTh 0€3B1IMOBHY POOOTY BCiX €JIEMEHTIB
BXOJISITh JIO MPUCTPiK peneitHoro 3axucty. [locTiliHuii ab0 BUIIPSAMIIEHUN CTPyM
OTPUMYIOTH Bijl aKyMyJIATOpHUX Oarapeit abo BiJ PI3HUX BHUIPSIMHHX MPUCTPOIB.
OnepaTuBHUN TOCTIHHUN CTpyM 3a0e3leuye HaAINHICTE pPOOOTH peneiHOro
3axucty. OgHakK 1oro OTpuMaHHs NOB'A3aHE 3 JOJATKOBOIO BUTPATOO HA YCTAHOBKY
aKyMyJISITOpHOI O6aTapei ab0 BUNPSMHUX MPUCTPOIB; IPU HASIBHOCTI PO3Tay>KEHOI



MEpEeXi OMEPaTUBHOTO CTPYMY MOJXKIMBI TOIIKO/DKEHHS 1 TIOB'S3aHl 3 UM
MOMIJIKOBI [Tii 3axUCTy. ToMy OyJu CKOHCTPYHOBaHI CIIeIiaibHI OJIOKH KUBJICHHS
Tty BIT-1000 Ha 800 -1500 BT mas 6e3mocepeHbOro IMiAKIIOUEHHS pelie Jacy,
MIPOMIDKHHX PeJie 1 KOTYIIOK BIAKIIOUEHHS, 10 MPAIIOI0Th Ha MOCTIMHOMY CTPyMI 1
HaIpys3i 110-220 B.

OcHoBHi THnM peJe. Pene - me amapaTu, sKi 3aMUKalOTh a00 PO3MHKAIOTH
CJIEKTPUYHI JIAHIIOTH a00 MEXaHIYHO BIUIMBAIOTh Ha BUMHKAYl MpU 3aJaHOMY
3HAYEHHI BEJIMYWH, Ha SIKI BOHU pearyioTh (CTpyM, HaIpyra, HOTYXHICTh, THUCK,
Temreparypa). B peneliHoro 3axucty HaWOUIbII TMOUIMPEHI €JIEKTPUYHI pelie -
CJICKTPOMArHiTHI Ta 1HAYKI[IHHI.

Pene makcumanbsHOTO cTpymy tuny PTM, PTB. IlpuBoau psay BUMUKadiB
MaroTh BOyJ0BaHI pejie MUTTEBOI Jii TBaHb PTM 1 pene 3 BUTPUMKOIO Yacy THUITY

PTB.
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Puc. 8.2. Bcipoennoe peite tHna
PTM

OcHoBH1 yactunu pene Tuny PTM naBeneno Ha puc. 8.2. ITpu npoTikaHH1 1o
KOTYIILI 3 BCTAHOBJIEHOTO CTPYMY CHPALlbOBYBAHHS CEPJICYHUK 2 BTATYETHCS B
KOTYIIKY, yJIapHUK | Baapse€ Mo Ba)KeI NPHUBOAY 1 BUMHUKA4 BIJKIIOYAETHCS.
CtpyMm chopallbOBYBaHHSI peJ€ PErylIOeThCS IUTENCEIbHUX ab0 MOBOPOTHUM
nepeMuKayeM, L0 3MIHIOE YMCIO BUTKIB KOTywku pene. Pene tunmy PTM mae
cTpymu yctaHoBku 5; 7; 8; 10; 12,5; 15 A. TloTyxHICTh pefie pu cCrpaiboByBaHH1
cTaHoBUTH O0sn3bk0 50 B A.
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Puc 8.3 Bcrpoennoe peaxe tuna PTB

Pene tunmy PTB (puc. 8.3) siBnsie co6oro pesie npsMoi Jiii 3 BUTPUMKOIO Yacy.
[Ipy mpoTikaHHI MO KOTYIIIl pejie 7 BCTaHOBIEHOTO CTPYMY CIPallbOBYBaHHS
CepJCUYHUK 8 BTATYETHCS B KOTYIIKY 1 CTUCKA€ MPYXUHY 3, fKa 4epe3 CTOMOpHE
Kuiblie 4 TucHe Ha yaapHuk 6. [limiiom ygapHuka Bropy oOMEXKEHU TSToio 2,
MPUKpPITUIEHOT 70 YacoBuM MexaHizsmMoMm 9. IlIBuakicth poOOTH TOJIMHHUKOBOTO
MEXaHi3My 3aJIe)KHUTh BiJl CTYNICHSI CTUCHEHHS IPY>KUHU, T. €. BiJl BETMUUHU CTPYMY
KOoTymiku pene. Ilpu TpupasoBoMmy cTpyMi (IO BIIHOUWIEHHIO JO CTPyMY
CIpAallbOBYBAHHS) MpPYKMHA MOBHICTIO CTHUCHYTa, a BUTPUMKA 4acy MiHIMajbHa.
[licns  copanbOBYBaHHS  TOJAMHHMKOBOTO  MEXaHi3My  BiiOyBaeTbcs  HOTO
PO3YCIICHHS 3 YAAPHUKOM, SIKUH i [i€0 MPY>KUHU 3 BEIIMKOIO CUJIOI0 BAAPSE TIO
BXKEJIIO 5 MPUBOJY, 1 BUMHKAY BIIKIIOYAETHCS.

CTpyMu cripalibOBYBaHHS PETYJIIOIOTHCA TTOBOPOTHUM MEPEMHUKAUYEM BiJ 5 10
10 A. Butprumka yacy peryiro€eTbCsi HACTAHOBHUM TBUHTOM 1, IO BIUIMBAE 4epe3
mwiactuHy 11 Ha Baxinbe 10 rOIMHHUKOBOTO MEXaHI3My, MEPEMILIEHHS SKOro 1
3MIHIOE BUTPUMKY.

Boynogani pene ctpymy Tty PTM 1 PTB 1 pene minimansaoi Hanpyru PH-54
3aCTOCOBYIOTh B MPYKUHHUX NpuBojax tuny [111-67.

Pene tuny PTM BUKOHYIOTH Y YOTHPHOX BapiaHTax 3 PEryIIOBaHHSAM CTPYMY
yctaBku: PTM-1 - Big 5 no 15 A; PTM-II-Bixg 10 no 25 A; PTM-III - Bix 30 no 60



A; PTM-IV - Bim 75 no 150 A. Ctpym crnpanbOBYBaHHS PETYJIIOIOTH 3MIHOIO
MIOBITPSTHOTO 3a30pYy.

Pene tumy PTB BukOHYIOTH y IIeCTH BapiaHTax 3 Jialma30HOM YCTaBKH
MOMUHATBHUX BIAMHUKAIOYUUX CTPyMiB 5 35 A; BOHM MarOTh OOMEXKECHO 3aJICKHY
XapaKTepHUCTHKY BUTPUMKH Jacy 3 perymoBaHHsM Bijg 0 1o 4 ¢. Pene MiHIMaIbHOI
Hanpyru PH-54 BukonyoTs 13 BuTpumMkoro yacy 0 - 9 c.

Puc B4 Cxema ycTpoicTBa 21eKTpOMar-
HuTHOrO pete Tuna PT-40

Hartomicte enexrpomarnithux pene tunmy PT-40 1 PH-50 (puc. 8.4)
BuryckaroTh pesie ET-520 1 EH-520. Pene ckianaerbes 3 €1eKTpOMarHiTy, 0OMOTOK
3 IBOX KOTYIIOK 2, IKOPSI 5, YKPIIJIEHOTO Ha OC1 3 pyXOMHM KOHTAaKTHUM MOCTOM 3,
1 CIIIpaJIbHOI MIPOTHIIE TIPYKUHU 4.

kim0 enexkTpoMarHiTHa cuia OUIbIIE MEXaHIYHOI CHJIM TPYXKUHHU, SAKIP
MPUTATAETHCS 10 €JIEKTPOMATHITY, TIPU I[bOMY PYXJUBHUA KOHTaKTHUH Mict 3
3aMHUKa€ OJIHY Mapy 1 PO3MHKAE JIPYTy Mapy HEPYXOMHUX KOHTAKTIB.

VYceraBka cnpaunboByBaHHA pene crpymy PT-40 perymoetscs Hatarom
NPYKUHU 1 BKJIIOYEHHSM KOTYILIOK 3 MOCHIJOBHOrO 3'€AHAHHS Ha MapajieibHe, 1
MOKa3aHHS IIKAJIM 3MIHIOIOTHCA B 2 pa3u. Y CcTaBKa cIpaltoBaHHs pene Hanpyru PH-
50 perymroeThcsi Tak0X HATITOM NPYXUHU 1 BKIIIOUEHHSIM JIBOX JOJATKOBUX
PE3UCTOPIB B JIAHITIOT OOMOTKH peJie, 110 TAaKOXK 3MIHIOE CBITUEHHS IIIKAJIU B 2 pa3u.

B pene PH-50 mepenbaudaerbcsi xapyyBaHHS OOMOTKH peJie MYJIbCYHOUUM
BUTIPSIMIICHOIO CTpYMOM 4epe3 Bunpsmiistd. J{ist pene PT-40 mMexi ycTaBoK cTpymy
CIIpaIibOBYBAHHS MPHU MOCIIOBHOMY 3'€ JHAHHI KOTYIIOK CKiianatoTh 0,5-25 A, npu
napayiensHomy 3'eqHanHi -1-50 A. Jlns pene PH-53 makcumanbHOTO HanmpyKeHHS;
MEXl1 YCTAaBOK HAmNpyr CIpalbOBYyBaHHA CTaHOBiATH 15 - 400 B, mms pene
MmiHiManbpHOI Hanpyru PH-54-12 - 320 B.
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Puc 85 Cxema ycrpo#icTea HHOyKuMOHHOro pete Tena PT-80 (g) w xapax-
TEPHCTHEH cpabaTbiBaHus peie (o)

[naykuiitai pene ctpymy tuny PT-80. Pene miei koncTpykiii (puc. 8.5) Mae n1Ba
peneiHuX eeMeHTa-1HAYKIIHHUN 1 eJIeKTPOMArHITHUM.

[HaykmiiHuit ~ eneMeHT — CKJIalaeTbes 3 elleKTpoMarHity 14 3
KOPOTKO3aMKHEHHUMH BUTKaMH 16 1 pgucka O, BICh SKOTO 3HAaXOJIUTHCA B
MIIIMITHUKAX §, BCTAHOBIIEHUX Ha pamil 4. PaMmka moBepraeThcsi Ha ocsix 3 1
MPYKUHOIO 2 YTPUMYETHCSI B KpalHbOMY TOJIOKEHHI, T. E. [IpuTHCcHYTOIO 10 yropy
1. Ha Bich Aucka HacapKeHu 4epB'sk 18. Y kpailHbOMy MOJ0KEHH1 pAMKH CETMEHT
7, 1110 Ma€ 4yepB'siuHi 3yOu, 3HAXOAUTHCS 11032 3aUCTUICHHS 3 YEPB'IKOM, 1 KOHTAKTH
9 pene po3IMKHYTI.

[Ipu npotikanHi 1mo oOMoTHi pene cTpymy Ip> Icp p IuCK MOBUIBHO
0o0epTaeThCs, MPUUOMY HOro OOEpPTaHHIO MEPEUIKOXKAE TaTbMIBHUM MOMEHT,
CTBOPIOBAHUU MOCTIMHMM MarHiToMm 5. Ilig Ji€r0 eneKTpOMarHiTHOrO MOMEHTY,
CTBOPIOBAHOTO CTPYMOM peJie, paMKa TOBEPTAETHCSI, YEPB'SIK BXOAUTH B 3aUCTIIICHHS
3 3y0aMu CETMEHTa, TOYMHAE MOCTYIOBO MIHIMATUCS, JOJIAI0YHN 3yCUILIS IPYKUHU
17, 1 cnemiansHOO MaHkor 10 3amukae KoHTakTH pene. Yac crpairoBaHHsS
PEryIoeThCA TMOYaTKOBUM CTAHOBMIIEM 3y04acTOro CerMeHTa 3a JOTMOMOTOI0
IBUHTA, YKPIIUICHOTo Ha IKaii yacy. Yum Ounblie cuna ctpymy Ip B oOMOTI
CJIEKTPOMArHITy, TUM MIBUIIEC Oy/ne oOepTaTUCS NUCK 1 3 MEHIIOI BUTPUMKOIO
gacy OyayTh 3aMHKATHUCS KOHTaKTH pene, T. E. Pene matume 3anexHy Big CTpymy
XapaKTEPUCTHUKY Yacy crpanpoByBaHHs. [Ipu 3HauenHax ctpymy Ip = (6 + 8) Icp p
HACTAa€ HACHUYEHHS CTaju €JEKTPOMArHiTy 1 XapaKTepUCTUKAa MEepexXOJUuTh B
HezanexHy. ToMy xapakrepuctuku pene PT-80 Ha3uBaroTh 00MEKEHO 3a1eKHUMU
(puc. 8.5, 0).

EnextpomaruitHuii enemeHT pene PT-80 ckinagaerbes 3 sipMa eeKTPOMArHiTy
15 1 sxkops 11, dyepe3 sAKI 3aMHUKA€ThCSI YacTHMHA IIOTOKIB PO3CIFOBAHHS
enektpoMarHiTy. [lpu mpoTikanHi mo obmotmi pene ctpymy Ip>2lcp p saxip
BTATYETHCS 1 0€3 BUTPUMKH 4acy (BIICIYEHHSIM) 3aMUKA€ KOHTAKTH pene. CTpymu
CIIPaIlbOBYBAHHS 1HIYKIIIMHOTO €JIeMEHTa [cp perymoioThest 3MIHOKO YHCIIa BUTKIB
0OMOTKH (ITIepeCTaHOBKOIO KOHTAKTHOTO I'BUHTA 13 Ha KOHTaKTHINM Konoi); Icp =
2 + 10 A; gac cnipanboByBaHHs 0,5 -16 c.

TakuM YHHOM, EJNEKTPOMArHITHUN EJIEMEHT MOXKe [isATH abo CHIIBHO 3
IHIYKIIMHUM ~ elleMeHTOM, abo caMmocCTiiiHO, $K O BIJCIKAIOUYM YaCTUHY



XapaKTePUCTHUKU peJjie MPH BEIMKUX TOKaX. TOMy e1eKTpOMAarHiTHUN €JIeMEHT i€ 3
BipciueHHsM. [Ipu npomy lotc = (2 + 8) Icp.

CTpyMu cCHOpanbOBYBaHHS €JIEKTPOMArHITHOTO €JEMEHTa PEeryJiol0ThCs
3MIHOIO KIJIbKOCTI BUTKIB OOMOTKH 1 TIOJIO’KEHHS PETyII0BAILHOTO TBUHTA 12.
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Puc B 6 Pene tama PHT-5365
g —obIWME BUI, §—cxema

EnextpomaruitHi cTpyMoBi nudepenuianshi pene. Pene tumy PHT-565
3aCTOCOBYIOTh JUIsl JAU(EpEeHIialbHOT 3aXUCTy TeHepaTopiB, TpaHChHOPMATOPIB.
Bouu ckmagatotreest (puc. 8.6, a) 3 3MOHTOBAaHMX B 3arajJilbHOMy KOXycl 4
enekTpoMarHiTHoro pene 3 Tunu PT-40, npoMiXHOro OMCTPOHACHMIIEHOTO
tpancdopmaropa 1 (bHT) 1 pe3ucropis 2.

Ha puc. 8.6, 6 npuBeaena npunuunona cxema peiae PHT-565 3 BHT. Ctpywm 3
poboyoi 06mMoTkH P Ge3nocepeaHbo TpaHCHOPMYETHCS y BTOPUHHY 00MOTKY B, a
TakoXX uepe3 KopoTko3amkHeHi oOmotku K1 K2 noisixom moaBidHOTO
TpaHchopmarlii mo1aeThcs Ha cTpyMoBe pene 1.

Ha cepennromy ctpmxni BHT 1iboro pene, po3raiioBasi 3piBHIIbHI 0OMOTKH
V1, VY2, BuxopuctoByBaHi B audepeHIliaIbHOI 3aXHUCTy TpaHChOpPMAaTOpiB.
HanaromxeHHs Ta peryjtoBaHHS CTPyMy CHpALIOBaHHS peje BHPOOJAIOTHCA
pesuctopamu 3 onopamu 1B 1 k. [Ipu BkimroueHH1 ctpymoBux pene uepe3 bHT perne
CTalOTh HEUYTJIMBUMHU JI0 CTPYMiB HaMarHiuyBaHHS CUJIOBHX TpaHC()OopMaTOpiB IpH
BKJIFOUYEHHI 1X Ha HaMNpyTy; A0 CTPYMIB HeOaJaHCy, 10 BUHUKAIOTh B MOYATKOBUMN
MOMEHT KOPOTKOI'O 3aMUKAHHSI, 1110 I03BOJISI€ MIABULIUTH Yy TJIMBICTh 3aXHUCTY.

Bci 0OMOTKM, KpiM BTOPHMHHOI B, MalTh BiAramyKe€HHsS AJig 3MIHM 4YHCIIa
BKJIIOUEHMX BUTKIB. BKIIOYeHHs HEOOXIJHOTO 4YHCJa BUTKIB MPOBOJAUTHCS
YCTAaHOBKOIO PETYIIOBAIbHUX TBUHTIB y BIANOBIAHI THi3Aa miacTuHok. Ludpu
OJIM3BKO THI3]] BKa3yIOTh YHCIIO BKIIIOUAIOTHCS BUTKIB.

Uucno BUTKIB poOouoi (audepeHiianbHoi) 0OMOTKA

W= Fop pllep p

ne Fep p =100 - cuna, mo HamarHivuye crpartoBadas pene PHT, A
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Puc. 8.7. OanodasHoe MHAYKIMOHHOE pele MOIUHOCTH:

G—CXeMa YCTPONCTBA: §— BCKTODHAA JHArpamma

[naykiiitHl pene nmoTykHocTi. Taki pene pearyioTh Ha BEIMYUHY 1 HAIIPSIMOK
MOTYKHOCTI, MiiBeAeHOI 10 Horo oomoti. Ha puc. 8.7, a 300pakeHO mpucTpiit
onHodazHoro iHAYKIIHHOrO pene notykHocti PEM-170. Ha momtocax BcepeauHi
3aMKHYTOI MAarHiTHOI CHCTEMH | po3TamoBylOTbCAd 1B1 00MOTKM. OOMOTKa 2
BKJIFOYAETHCSI B JIAHLIOT CTPYMY HaBaHTaXXEHHsS NociigoBHO. OOMoTKa: 3, mIo
CKJIAJAEThCS 3 YOTUPHOX CEKLIW, MIAKIOYAETbCS [0 JAHIIOrIB Halpyru
napayienbHo. MarHiTHi notoku ®t, ®H, CTBOprOBaHI 0OMOTKAMH CTPYMY 1 HAIIPYTH,
IPOXOJAATh IO MAarHiTOIPOBOJA 1 4Yepe3 HEPYXOMHUW CTaJEBUH CepIAeYHUK 4,
IHIYKYIOYH B allFOMIHIEBOMY POTOPi 5 BUXpOBI cTpymMu. bapaban4uk, BCTAHOBIICHUN
Ha 0CSIX, MOBEPTAETHCA, YOMY MPOTHUJIIE ClipaibHa npyxuHa: [Ipu moBopoTi poTopa
B HaIPsIMKY, BiJIMOBITHOMY 3aMUKaHHS KOHTAKTiB, Ha MEBHUN KYT 3aMUKAETHCS
KOHTaKTHa cucTemMa pele 6.

B3aemonis maraiTHuX noTokiB Ot 1 @H 3 cTpyMaMu, 1HIYKOBAaHUMHU B POTODI,
CTBOPIOE 0OEPTOBHIT MOMEHT Ha POTOPI

M, ,=k® D, siny, (8.2)

7€ Y - eMEKTPUYHHUI KyT MK MarHiTHUMHU 1oTokamu (puc. 8.7, 0).

Ha BekrtopHiil aiarpami Takox 3azHauyeHi: Up, Ip-BekTopu Hampyru i ctpymy,
niJBEeH] 0 OOMOTOK Hampyru 1 cTpyMy peie; op-kyT 3cyBy mMixk Up 1 Ip, skuii
BU3HAYAETHCS TNapaMeTpaMH MEpPEXi 1 CXeMOI BKIIIOUEHHs pene; [H - BekTop
CTpyMy, B OOMOTIII Hampyru pene; yH - KyT Mk Up 1 IH, skuii BU3HA4YaeThCs
CITIBBITHOIIIEHHSIM aKTUBHOTO 1 PEAaKTUBHOT'O OMOPIB KOJIa HAIIPYTH.

3amintoroun B (8.2) marHiTHi ToToku DT 1 OH BIANOBIAHUME M BUpa3aMu s
ctpymy Ip, Hanpyru Up 1 KkyTa ¥ = YH-Qp, OTpPUMAEMO BHUpa3 JJisi 00epTaIbLHOTO
MOMEHTY

M, =kLU,sin (v, — @), (8.3)

OTxe, MOMEHT pyXOMOi YacCTHHH 3a3HA4YCHOTO pejie MPOMOPIiIHHAN
MOTY)KHOCTI, a 3MiHa 3HaKa MOMEHTy (Ha 3aMHKaHHS a00 3aKJIMHIOBAHHS)



BiIOYBA€THCS MPHU 3MiHI HAPAMKY CTpyMy B OOMOTII CTpyMy ab0 Hampyru pere.
Tomy iHOYKIIHHE pejie MOTYXHOCTI HAa3WBAETHCS pejie HAIMPSIMKY MOTYXHOCTI 1.
BUKOPHCTOBYETHCA B CXEMax PEJICHHOTO 3aXHCTy JJIs BUSABICHHS JiHII, Ha SKIA
CTaJI0Cs KOPOTKE 3aMUKAHHS.

3rinno (8.3), kpyTHuil MOMeEHT pyxoMmoi cucremu pene PMb pocsrae
MaKCHMAaJIbHOTO 3HAYEHHs, KOJIH sin ¢ = 1, o Mae micie npu YH-¢p = 90 °© abo -
op = - 90 ° - yH. 3HaK MIHYC IpU QP MOKa3ye, 0 BeKTOp [p Bumepemkae BEKTOp
Hanpyru Up (puc. 8.7, 6). Kyt ¢p, npu sKoMy KpyTHUH MOMEHT Ma€ MaKCUMaJbHE
3HAaYCHHSI, HA3UBAETHCS KYTOM MaKCUMAJIbHOT UyTJIMBOCTI (PMAKC. Y.

Pene HanpsMKy MOTY>KHOCTI OJTHO- 1 JJBOCTOPOHHBOI [ii BUITYCKAIOTh THIIIB
PMb-170 1 PMB-270 3 ix momudikamismu. KyTu MakcuMalbHOI 4YyTIMBOCTI
3a3HaYeHUX TUMIB pene pizHi. Tak, pene tunie PMb-171 1 PMB-271 MawTh KyT
MaKCUMAaJIbHOI YyTJIMBOCTI, KOJU BEKTOP CTPyMYy BHUIIEpPEIKA€ BEKTOp HAIPYTH, a
KyT @ =-30°.

st penne PMbB-177 1 PMb-178 06epToBUii MOMEHT JOCSITHE MAaKCUMAJIBHOTO
3HaueHHs Mmakc npu ¢ = 70 1 250 °, 1110 BiANMOBIIaTUME MIHIMAIbHIA MOTYXHOCTI
cupairoBanns pene Pecp p =1 B A. [Ipu ¢p = 0, xou BEKTOp CTpyMy 301ra€ThCs 3
BeKTOpOM Hanpyru, MBp~0,3MmMakc, a HeoOXiJHa MOTY>KHICTh CITPAIIOBAHHS pelie
3pocTae B 3 pasu.

Honomixui pene. Ili pene mpuszHadeH1 Jjisi CTBOPEHHS HEOOX1THUX BUTSTIB
yacy (peine dacy), PO3MHOXKEHHsS IMIyNbCiB (TIPOMIXKHE pene) 1 MOoAaHHS
BIJIMOBIHUX CUTHAIB CIIPaIllbOBYBAHHS PEICHHOTO 3aXKUCTY (BKa3iBHI peie).

Pene yacy tuniB EB-112-EB-144 BunyckarooTh Ajis poOOTH Ha MOCTIHHOMY
cTpyMmi Ha Hanpyry 24, 48, 110, 220 B. Pene uacy 3minHoro crpymy tumis EB-215-
EB-245 Bunyckatote Ha Hanpyry 100, 127, 220, 380 B . B pene EB-215 (puc. 8.8)
NP MiJIBEICHH] HApyTH 10 00MOTKH penie 10, po3ramoBaHoi Ha spMi 9, 3aBOAUTHCS
TOJIMHHUKOBUI MEXaHi3M 5, 110 MPU3BOAUTH 10 Tigiomy sikops 11. Skip xx uepe3
CUCTEMY BaXKeliB 6 1 7 3aBOANTH TOAMHHUKOBUN MEXaH13M, OJJHOYACHO 3aMUKAIOYN



0e3 BUTPUMKHU Yacy MHTTEBI KOHTakTu §. [Ipum BUKIIOYEHHI HAmMpyru CUCTEMa
BaXKEJIB MPUXOAUTDH Y BUXIIHE MOJOXKEHHS, MUTTEBI KOHTAKTH TIEPEMUKAIOTHCS, a
3aBeJICHUI TOJAMHHUKOBHUI MEXaHI13M MOYMHAE 00epTaTH BaXKUIb 3, MEPEeMIlIalouu
PYXJIUB1 KOHTaKTH 4, K1 3 BCTAHOBJIEHOIO BUTPUMKOIO YacCy 3aMKHYTHUH KOHTaKTU
2, a IOTIM KOHTaKkTu 1. BUuTpuMka yacy perymroeTbes nepeMilieHHsIM KOHTaKTIB 1.

B sikoCTi eneKkTpoMexXaHIYHUX pejie 4acy TaKoXK 3aCTOCOBYIOTh MOTOPHI pele
4yacy 3 CHHXPOHHUMHU MikpoaBuryHamu (puc. 8.9). Ilpu crpanpoByBanH1 pene PT
3aXUIIAETHCS eNleMeHTa Bix mpomikHoro tpanchopmaropa TT, po3mimeHoro B
KOXKYC1 peJie yacy, HoJJa€ThCsl HeoOX1AHa HAampyTa, MPH IKOMY MIKPOJIBUTYH 4 uepe3
nepefaBajIbHUM MeXaHi3M 3 TOYMHAE pyXaTH Baxulb 2 31 IIBUAKICTIO, sKa
BU3HAYAETHCSI YAaCTOTOIO CTPyMy B Mepexi. Ha Baxkeni 2 yKpiluleHUN pyXJTUBUH
eJIeMEHT KOHTakTy la. Uepe3 BUTPUMKY 4acy, 110 BCTAHOBIOETHCS CTAaHOBHILIEM
HEPYXOMOI'0 €JIEMEHTa KOHTakTy 16, OCTaHHIN; 3aMUKa€eThCs, 1 pele yacy
CHPALbOBYE.

Pene Takoro THIly 3aCTOCOBYIOTh y CX€MaxX MaKCHUMaJIbHO-CTPYMOBOTO 3aXHUCTY
Ha OMEepaTUBHOMY 3MIHHOMY cTpyMi (auB. Puc. 8.14).
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Puc 8 14 CxeMbl MAKCHMATBHO-TO-
KOBOH 3AIMMTHL HA TIEPeMeHHOM One-
DATHBHOM TOKE

[TpomixkHi pene mpu3HayeHl JJii PO3MHOKEHHSI KOHTAKTIB OCHOBHOIO pelie,
HaIpPHUKIAJ I OTHOYACHOTO 3aMUKaHHs 800 PO3MHUKAHHS IEKLIbKOX JIAHLIIOT1B, 1110
KUBJIATH BiAKII0YAIOTh KOTYLIKH IIPUBO/IIB BAMHKAYiB. X BUKOPHCTOBYIOTH TAKOXK
JUIsl TIOCWJICHHSI TIOTY>KHOCT1 CHTHally OCHOBHOTO pejie (IUISXOM mepenayl Horo
IMITYJIbCY Ha IPOMIXKHE peJie 3 OUTbII NOTYKHUMU KOHTAKTaAMH).

[IpoMi>KHI pesie BUKOHYIOTHCS I pOOOTHM Ha TOCTIHHOMY 1 3MIHHOMY
OTMepaTHBHOMY CTPYMI 1 BKITFOUAIOTHCS K pejie HAPYTH a0o sIK pejie CTPyMYy.



Jns pobotu Ha mocTiiiHOMY cTpymi Hampyrowo 24, 48, 110, 220 B
3acTOCOBYIOTh pene mpomikui TumiB PII-210, PII-232. Bci 3a3Haveni pene
MPALIOIOTh Ha €IEKTPOMArHITHOMY MIPUHIIMII 1 MAIOTh I'ATh KOHTAKTIB, K1 MOXKYTh
BUKOPHCTOBYBATHCS B PI3HUX KOMOIHAIIAX SK 3aMHUKAlOTh 1 PO3MHUKAIOTh.
CrnoxxuBaHa MOTYXHICTh CTAHOBUTH 6-8 BT

Hns pobotm Ha 3MiHHOMY cTpymi Hampyroro 100, 127, 220, 380 B
3aCTOCOBYIOTH NMpOoMDKHI penie TumiB PI1-321 ta PI1-341.

B siKOCTI IPOMiIXHHUX perie, IO 3aCTOCOBYIOTHCS M1l pOOOTH HAa 3MIHHOMY Ta
MOCTITHOMY CTpyM1, BUKOPUCTOBYIOTH MasiorabaputHi pesne tuiny MKV -48 1 koioBi
pene tuny KJIP, B skux nuisxoM HaOOpYy KOHTAKTHUX IUIACTHH MOYKHA OTPHUMATH
HEOOX1IHY KUIBKICTh 3aMUKAIOYUX 1 CIOPOT'€HEe31B KOHTAKTIB.

Ha puc. 8.10 naBegeno npuctpiii pene tuny PII-341. [lepBuHHy 0OMOTKY
Hacu4yye TpaHcdopmaropa 2  MOAKIOYAOTH 0  BTOPUHHOI  JIAHIIOra
TpaHchOpMaTOpiB CTPyMy, BTOPUHHY OOMOTKY 4epe3 repMmaHieBi BUIpsSMIISIYl |
HIAKII0YA0Th 0 €JIEKTPOMArHITHOIO pejie, M0 CKIAJAEThCs 3 MarHiTonposoa o,
oOMOTKM 5, sAkops 3 1 KoHJeHcatopa 4, NPU3HAUYEHOTO JUIsl 3rJa/KyBaHHS
BUIIPSIMIICHO1 CTPYMY.

[Ipu momaui B 0OMOTKY pene CTpyMy, IO MEPEBUILYE CTPYM CHPALFOBAHHS,
AKIp 3 TNPUTATAETHCS A0 MArHiTONPOBOJAY 1 MEPEMHKA€E KOHTAKTH 7,8, 9, mitodi B
JAHIIOraXx OTKJIIOYAIOUIMX KOTYIIOK MPHUBOJAIB BHMHUKadiB a00 JAEUIyHTIpYyeT
KOTYIIKH BIAKIIOUEHHA 0Oe3 po3puBy JaHirora. Crmig  3a3HAYuTH, 110
KOpPOTKOYacHui, ctpym y pene tuny PI1-341 moxe nocaratu 150 A.

BkaziBHI pene mNpu3HAueHl g TO0Jayl CHUTHANy MpO CHpallbOBYBAHHS
BIJIOBIJTHOTO 3aXUCTy. BKa3iBHI pesie MOKYTh BKIIFOUATHCS: OCI1JOBHO-B JIAHLIIOT
IHIIMX pernie ado amapaTiB 1 pearyBaTd Ha MOSIBY CTPYMY B HHUX; MapajelibHO - B
JIAHIIOT BIAMOBIIHUX peEJie 1 anapatiB 1 BKa3yBaTH MOSBa HA HUX HAIIPYTH.
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Puc. 8.11. Vkazareavvoe pere tuma PY-21



Ha puc. 8.11 nHaBemeno mnpuctpiii BkaziBHOoro pene tumy PVY-21. Pene
CKJIQIa€ThCS 3 E€JIEKTPOMArHiTy 3, 0OMOTKHU 2, siIKOps 4, CUTHAJIBHOTO Mpamnopus 8,
KOHTaKTHOro MicTka 5 3 riactuHamu P, moBopotHoi mpyxunu 11, ckobu 10 1
MOBOPOTHIN KHOMIKH 7. Pesie 3MOHTOBaHO Ha IIOKOI | 1 3aKpUTO KOXKYXOM, 6.

[Ipy MpoXo/KeHHI CTPyMy IO OOMOTII pejie SKIp MPUTITAEThCI [0
CJICKTPOMATHITY, 3BUIBHIE TPAIOpellb, KU MOBEPTAETHCS 1 BCTAHOBIIOETHCS Y
orisioBoro BikHa. OJHOYACHO MOBOPOTOM, KOHTAKTHOTO MICTKa MEPEMHUKAIOTh
KOHTAKTHI IJTACTHHH, 1110 CIY>KaTh [l [T0Aa4l BIAMOBIHOTO curHay. [loBepHeHHs
Ipanopus i pesie B TOYaTKOBE MOJI0KEHHS MPOBOIUTHCS KHOMKOIO 7.

Jleknmia Ne24

Tema: 3axuCT OKpEMUX €IEMEHTIB CUCTEMH.
Meta:03HaHlOMHUTHCS 3 3aXUCTOM OKPEMHUX €JIEMEHTIB CUCTEMH.

MeTtoam: CIIOBECHI, HAOYHI.

ILnan:
1 3axucr cuimoBux Tpanchopmaropis, [1JI ta KJIL.
2 3axucT reHepaTopiB Ta eJICKTPOABUIYHIB.

3 3axXUCT eNEKTPOIIYHUX YCTAHOBOK Ta CTATUYHHUX KOHJEHCATOPIB.

MarepiajibHO-TeXHiYHe 3a0e3ne4yeHHs] Ta AMAAKTHYHI 3aco0u, T3H: KOHCIIEKT,
HIIPYYHUK.

Jlireparypa:

1 Poxkosa JI./I., Ko3ynun B.C. DnekrpoobopynoBaHue CTaHUUN U MOACTAHIUI:
VY4eOHuK 119 TEXHUKOB. — M.: DHeproaTomusaar, 1987. — 648 c.

2 Jlunkun Bb.YO. DnetpocHabkeHre MpOMBIITUICHHBIX NPEANPUITUN U YCTAHOBOK. —
M. : «Bwicmas mkona», 1990 r. — 365 c.

3 TIloctauxoB H.II., PybGamo I'.M. DnekTpocHaOXeHHUE MPOMBIIUICHHBIX
npeanpusituid. — Jleaunrpan: «Ctpoitnzaar», 1989 r. — 351 c.

3axuCT CUJIOBUX TpaHcPopmaTopiB. 3aXHUCT, IO BCTAHOBIIOETHCS Ha
CUJIOBOMY TpaHc(opMaTopi, TOBUHHA a00 3a0e3rnedyBaTH MOTo BIIKJIHOYEHHS MIPU
Mik(pa3HUX 1 BUTKOBUX KOPOTKUX 3aMUKaHHSX, @ TAKOK MTPH 3aMUKAHHAX Ha 3€MJIIO,



a00 TomaBaTH CUTHAJ TMPO HEHOPMAIBHHUN pexuM poOOoTH TpaHchopmaTopa
(mepeBaHTaxXeHHSI TpaHc(hopmaTopa, MABUIIICHH] TEMIIEPATYPH Macia 1 TOIIIO).

Buau 3axucTiB, IO BCTAHOBIIOIOTHCS Ha TpaHCHOPMATOpPi, BH3HAYAIOTH
MOTYXKHICTIO TpaHCchopMaTopa, HOro Mpru3HAYCHHIM, MICIIEM YCTAaHOBKH Ta IHITUMU
BUMOTaMH, IO TPEI'SBISIIOTECS 0 PEKUMY HOro ekcruryaramii. B ymoBax
eJIEKTPOTIOCTAYaHHsI MPOMHCIOBUX MIANPUEMCTB CHUJIOBI  TpaHcPopMaTopu
BCTAHOBITIOIOTh:

Ha I'TIIT 3 nepBunHOt0 Hanpyroto 220, 110, 35 kB 1 BToprHHOIO HAMPyTOI0 6,
10, 20, 35 kB npu notyxHOCTI 01HOTO TpaHchopmaTopa Big 1000 1o 63 000 kB-A;

- va LI 3 meppunHoro Hampyroto 6, 10, 20, 35 kB 1 BTOpHHHOIO HaIPyToOIO
0,23; 0,4; 0,69 kB npu oguanyHoi oTy>kHOCT1 Big 100 10 2500 kB-A;

- Ha CHeIlaJIbHUX YCTaHOBKaX (EJIEKTPOIMYHUX, BUIIPSIMHUX Ta 1H.).

3axuct TpanchopmaropiB ['TIII. Ha puc. 8.21 HaBemeHa cxema 3axuCTy
NOHW)KYBAJIbHOTO TpaHchopmaTopa 3 mnepBUHHUM Hampyroro 110 -35 kB 1
BTOpUHHOIO Hampyrowo 6 -10 kB, motyxHnictio 6300 kB A. Ha BuBOjmax BuIoOi
HaIpYyru TpaHcPpopMaTopa BCTAHOBIIIOIOThH KOPOTKO3aMHUKaY 1 BIIOKPEMIIIOBAY.

[Ipu cnpanbOBYBaHHI 3aXHUCTy IMOIIKOKEHOTO TpaHChOpMaTopa MOMAEThCS
IMITYJIbC Ha BKJIFOYCHHS KOPOTKO3aMHKaya 3a JOIMIOMOTOI0 CITEIIaIbHOTO TIPHBOIY
tuny HIITK. KopoTko3zaMukau BKIIOYAETHCS 1 CTBOPIOE HA BUBOAAX BUIIOI HANIPYTH
TpaHcopMaTtopa INTYy4yHE KOPOTKE 3aMHUKaHHS, TIJ JI€0 SIKOTO 3aXHCTY,
BCTAHOBJICHI Ha >KUBWJIBHOI IIJCTaHIII, CIPalbOBYIOTh 1 BIIKIIOYAIOTH JIIHIIO.
[Ticns BiAKIOYEHHS JIHIT BiOKpPEMIIIOBaY IOMIKOKEHOT0 TpaHcgopmaTopa
BIJIKJTFOYA€ETHCS, BIJ €IHYI0UM TpaHchopmaTop Bia jiHii. CiioM 3a UM JiHisS MOXKe
OyTu BKIIIOUYEeHA 3HOBY npuctpoem AIIB.
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Puc. 8.22. Baokupyromee peac oTaenutens runa bPO:

o

d KOHCTpYKUMS, G-—cxema BKAKOYEHHR

BigkmroueHHs BigOUIbHUKA 3IIMCHIOETHCS 3a JONOMOIOI0 CIIEIIaJIbHOIO
0JI0KyI0UOTO perne BiaiibHuka Tuny bPO, BOy10BaHOTO B PUBIJ BIAOKpEMIIIOBaYa
(puc. 8.22, a). Ilpu BKIIOYEHHI BIJOKPEMIIOBAYa BIAKIIOYAE TNpyxkuHA |
CTUCKAETHCA 1 YTPUMYETHCSI B TAKOMY TIOJIOKEHHI CHCTEMOIO JIJAMKHX Ba)kemiB 12-
14. TIpu oMy cepedHuK 9, BCepeInHi SKOTo MOMIIeHa MPYKUHA §, 3HAXOAUTHCS
B HIDKHBOMY TIOJIOKEHH1. Y HWKHIN YacTHHI CEplIeYHUKA € majiellb 4 3 OCHOBOIO 5,
0 MPOXOAUTHh uepe3 oTBip y Baxeni 11. Ilpyxwuna 8 1 cepAedyHHMK TParHyTh
MOBEPHYTH BaX1UJIb NMPOTH TOAMHHUKOBOI CTpUIKU. OJHAK IbOMY MEPEIIKOHKAE
MOBOPOTHA MPY>KUHA 2, HATAT SIKO1 PEeryNtoeThesi TBUHTOM 3. Takum 4uHOM, Mif
JI€0 TPYKUH 8 1 2 CEepIeUHUK 3HAXOAUThCS B piBHOBa3zl. O6moTka 7 pene BPO
NigKIoueHa 10 TpaHcpopmaropa crpymy TT, BCTaHOBIEHOMY B JIaHIIO31
KopoTko3amukaua (pic.8.22, 6). I[lpm BK/IIOYEHHI KOPOTKO3aMHUKaua pelie
CTPaIlbOBYE, HOTO CEPACUHUK MPUTATAETHCS IO CTOIY 6 1 CTUCKAE MPYKUHY 8.

[Ticnst BIIKIJIFOUEHHS JIIHII MPOXOIKEHHS CTPYMY B JIaHI}031 KOPOTKO3aMHUKaua
NPUIUHUTBCS, CEPACUHUK pelie 3BUTbHUTHCA 1 M JI€I0 MPYKUHM 1 BIACHOT Baru
onyctuthcs BHU3. [lanens 4 3 IligcTtaBoro 5 mpu 1bOMY BIApUTh MO Baxkemo 11.
Baxinp 3BUIBHUTH CUCTEMY JIAMKHX BakediB 12 - 14, siKki, B CBOIO 4epry, 3BUIbHATH
Bigkitoyae npyxuny 1. [Ipyxuna BumtoBxHe Bropy 06oiiok 10, sikuif 3poOUTH
BIIKJTFOUEHHS.



3a momomoroto BPO 3abe3nedyeThcss BIAKIIOYEHHS BIIIUIBHUKA TUIBKH B
0e3CcTpyMOBY may3y, MICIs TOTO K MPUMTMHUATHCS MMPOXOKEHHS CTPYMY KOPOTKOTO
3aMHUKaHHS, OCKITBKH BIJOKpEMITIOBAY, SK 1 3BUYAWHUN PO3'€IHYyBad, HE MOXKE
BIJIKJTFOYATH CTPYM KOPOTKOTO 3aMHUKAHHS 1 CTPYMH HaBaHTa)KCHHS.

BcranoBrnena Ha TpaHchopMaropl 3aXMCT BUKOHAHA Ha OINEPATHBHOMY
3MIHHOMY CTpyMi 13 3acTocyBaHHsAM peje mpsimoi naii tumie PTM 1 PTB, pene
Henpsmoro aii tuny PT-80, razosoro pene [11'3-22, Bka3iBHux pene tumy PY-21 1
npomixkHoro pene tuny PI1-341.

PosrinstHemo  aii 3aXMCTIB,  BCTAaHOBJIGHMX  Ha  TpaHcdopmaTopi:
nvdepeHIiaabpHol MO3/I0BKHBOT; BiJl BHYTPIIIHIX IMOIIKO/HKEHb; BiJl HAJACTPYMIB;
BiJl IEPEBAHTAXKEHHSI.
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Puc. 8.23. TIpHHUMOHA IbHAR CXeME NP0 THHOH
AuddrepeninalbHOR 3aIUHThH

HudepenuianbHuil mo310BxkHIN 3aXUCT (puc. 8.23). Takuil 3axucT 3aCHOBaHA
Ha TIPWHIMII TOPIBHSAHHSA CTPYMiB Ha TIOYAaTKy 1 HANPUKIHII JUISHKH, IO
3aXUIIAEThCS, HAMPHUKIA] HAa TOYaTKy 1 HANpUKiHII OOMOTOK CHJIOBOTO
TpaHcopmaropa, reHeparopa, ABUryHa. Tak, IUISHKY MiDX TpaHc(opmMartopamu
CTpyMY, BCTAHOBJICHUMH Ha BUIIIOI 1 HIXKY0i CTOPOHAX CHUIIOBOTO TpaHchopMarTopa,
BBAXKAETHCS 3aXMILAETHCSI 30HOIO. SIKIIO XapaKTEpPUCTUKU TpaHCHOopMaTOpiB
CTpyMy OyIyTh OJTHAKOBI, TO B HOPMAJILHOMY PEKHMI, a TAKOX P 30BHIIIHbOMY
KOpPOTKOMY 3aMuKaHHI (Touka K 3a TpaHchopmaTtopoMm) CTpyMHU Yy BTOPHUHHHX
oOMOTKax TpaHc(hOpMaTopiB CTpyMy OyAyTh piBHI, iX pPI3HHUIS Oyae OPIBHIOE
HYJII0, TOMY CTPYM 4epe3 0OMOTKY TOKOBOTo 7P i mpomixkHoro /1 pene mpoTikatu
He OyJie, a OTXke, 3aXUCT MMPU TaKUX YMOBaX JisITH He Oy/e.



[Ipu KOpOoTKOMY 3aMHMKaHHI B 3axXHUIIA€ThCA 30HI (Touka K> BcepeauHi
TpaHcopmaTopa) mo oOMoTII pesne Oyae MPOTIKATU CTPYM, 1 SIKIIO BEIMYHWHA HOTO
Oyzie TOpiBHIOE TOKY CITpaIlbOBYBaHHS peiie a00 OUIbIe HOoro, TO pese CIpartoe i
yepe3 MPOMDKHE peJie CIPaBUTh JABOCTOPOHHE BIAKIIOYCHHS TOMIKOJKEHOT
ninsHkA. ToMy TOMOBXKHIM audepeHIlialbHud 3aXUCT i€ Tpu  MiK(pa3HUX
KOPOTKHX 3aMHUKaHHSX 1 MDKBUTKOBUX 3aMHUKaHHSX.

JudepeHnianbHuil  3aXUCT HaJAiMHA, Ma€ BHUCOKY UYTIUBICT 1 €
HIBUIKOAII0YOI, TaK SIK 32 YMOBAaMHU CEJIEKTUBHOCTI JJIsl HE1 He MOTPIOHO BUTPUMKA
yacy. OnHak BoHa He 3a0e3neuye 3aXUCTy P 30BHIIIHIX KOPOTKUX 3aMUKAHHSAX 1
MOKE JaBaTU HEIMpaBIWBI BIIKIIOUEHHS MpU OOpPUBI B CIOJYYHUX MPOBOJAX
BTOPUHHOI JIAHIIOTa. YMOBOIO HaIIHOI POOOTH AUGPEPEHIIHHOTO 3aXUCTy €
B1IOyyBaHHS CTpyMy HeOalaHCy, III0 BUHHMKA€E 4depe3 JAESKOro BiAMIHHOCTI B
XapaKkTepUCTUKaX TpaHC(HOPMATOPIiB CTPyMY.

[Ipu ycTaHoBIi qudepeHIiaIbHOTO 3aXUCTy Ha TpaHchopMaTopax HEOOX1THO
BpPaxOBYBATH HACTYIIHE: IEPBUHHI 1 BTOPUHHI OOMOTKHM CHUJIOBHX TPaHC(POPMATOPIB
MaroTh pi3Hi cxeMu 3'eqHannA (Y / A, A/ Y Ta iH.), Tomy iX CTpyMHU MaroTh 3CyB I10
¢as3i. s iloro koMiieHcalii BTOpUHHI 0OMOTKH TPaHC(POPMATOPIB CTPYMY IMOBHHHI
MaTH cXeMy 3'€IHaHHS, 3BOPOTHY CXEMOIO 3'€ JHAaHHS 0OOMOTOK TpaHcopmartopa.

Yepes HeoAHAKOBOCTI KoeilieHTIB TpaHcpopMallli TpaHCPOPMATOPIB CTPYMY
B TIPBUHHOI Ta BTOPUHHOT JIAHIIOTaX BUHUKAE CTPYM HeOanaHcy, IJ1sl KOMICHCaIii
SKOTO JI0JATKOBO BCTAHOBJIIOIOTH perynoe aBTorpaHcdopmatop (AT) B naHIro31
CHOJYYHUX MPOBOJIB 3axucTy. CTpyM CIIpallbOBYBaHHS 3aXUCTy BIJOYIOBYETHCS
BiJl KUJKIB 110 HAMArHIYy€e CTPyMy IIPH BKJIIOUEHHI TpaHcPopMaTopa, a TaKOX BiJ
CTPYMIB IPHY 30BHIIMIHIX KOPOTKUX 3aMUKAHHSIX, IO JOCITAETHCA MIPU

‘I' mul-}" 3_4 quu‘
i { M (8.11)

UyTnuBiCcTh 3aXUCTy MOKe OyTH MiBUIIIEHA 3aCTOCYBaHHIM pere Tuiry PHT-
565, 1m0 MarTh MIBHAKOHACHTHI TpaHchOpMaTOpu 1 3pIBHSIBLHI OOMOTKH 3
PETYIIOI0UYMMH PE3UCTOPAMHU. 3a TIONTOMOTOI0 PE3UCTOPIB MOKHA BIAOYAOBYBAaTH Ali
3aXMCTY TIJABKU BiJl MEPIOANYHOI CKJIaI0BOI CTPYMY HaMarHi4yBaHHs, TOMY CTPYM
CHPaLlbOBYBAHHSI 3aXUCTy MOXe OyTH 3MEHIIEHUH 10 BEMUUNHHU Lcp.sam=(1,4+2)Luom.

Cnin 3a3HaunTH, O 17151 TpaHnchopmaTopiB notyxHicTio 1000 - 6300 kB « A
3aXMCT BIA MDK(Ga3HUX 1 BHUTKOBUX 3aMUKAaHb JIONMYCKAEThCS BUKOHYBATU
CTPYMOBOTO BIJCIYEHHSIM, YCTAHOBIIOBaHOi 3 OOKy XapuyBaHHs. llpu upomy 3
ypaxyBanHsaMm (8.10) 1 (8.8)
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ne, Iki, Iko - BIAMOBIIHO CTPYyMH KOPOTKOTO 3aMUKaHHSA B TOYKax JI0 1 3a
TpaHc(HOPMATOPOM.



3axUCT BHYTpPIIIHIX TONIKOJKEHb B TpaHchopmaropi. Ileit 3axuct
3aiicHioeThest razoBuM pene [1I-22 (puc. 8.24). IlomkomxeHHST BcepeauHl
TpaHchopMaTopa, BHKIWKAaHI BHUTKOBUMH 1 MDK(pa3HUMH 3aMHKaHHSMH,
CYNPOBO/IKYIOTbCSI BUAUICHHSM Ta3y 1 3HWKEHHSAM piBHA Macia. [Ipu Bcix Buaax
VIIKO/KEHb Ta3W, M0 YTBOPHJIMCS B PE3yJIbTAaTi PO3KIAJaHHA Maciia W 13051l
MIPOBO/IIB, HATIPABJISIOTHCS YEPE3 pelie, BCTAHOBIIEHE Ha TPYOOIIPOBO/II, SIKA 3'€THYE
0ak TpaHchopmaropa 3 pO3IIUPIOBAYEM, 1 BHUTICHSIIOTH MAaclio 3 KaMepHu pelie B
posmpioBad. B pesynbrari HpOro piBeHb Macia B ra30BOMY pejie 3HMKYEThCS,
BCTAHOBJICHI B peJie MOTUIABII | OMyCKaroThCs, a MPUKPITUICH] 10 HUX KOJI00YKH 3 3
PTYTHUMU KOHTAKTaMM MOBepTat0Thes. [IpH 1boMy i€ 3aCTEpexkITMBHUIM CUTHAIL.

[Tpu OypX/MBOMY Ta30yTBOPEHHS, IO CYHNPOBOIKYETHCS IIIMHOM CTPYMEHS
MacJia il THCKOM, TOBEPTaIOThCS MOIJIABOK 1 KOJI0OUKa 3 KOHTakTamu 2. OCTaHHI,
3aMHUKaIOUUCh, JIIOTh Yepe3 BKa31BHI Ta MPOMIKHI peJie Ha BIKIIOYEHHS.

VY razosux pene tumy PI'3-61 BUKOPUCTOBYIOTH PTYTHI KOHTaKTH, BIAsHI B
K0JI0y 1 B IOYaTKOBOMY IOJIO’KE€HHI HE JOTHYHI 3 PTYTTIO, 110 YCyBa€ BiOpalito
KOHTAaKTIB. Y YalllKOBUX peJieé 3aMiCTh MOIUIABIIB BUKOPUCTOBYIOTH BIAKPHUTI
MeTajeBl Yallk{, 3aMICTh PTYTHUX KOHTAKTIB-3BUYAWHI BIAKPUTI KOHTAKTH, IO
IPaIioITh 0e3MoCcepeTHBO B MaCHII.
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WEYHOro Tuna PI'Y3

Ha puc. 8.25 nmokazanuii mpuHIUIN Jii BIIKJIIOYAIOUOr0 €JIEMEHTa YallKOBOrO
pene tuny PI'U3-66. Binkpura yamka 1 3 BymikoM 4 1 ekpaHoM 3 MO>Ke TOBEPTATUCS
Ha; oc1 5. 3 4aIlIKOoIo MOB'sA3aHa KOJIOJIKa 6, Ha SIK1M YKPIIJIEH] pyXJIUBUN KOHTAaKTHUIN
MicTOK 8, sionath 7 1 miacTuHa 10, CKpiljieHa 3 HIDKHIM KIHIEM npyxXuHu 11.
BepxHniii kiHernp npyxuHu 11 1 HEpyXoMi KOHTAKTH 9 YKpiIUleHI Ha HEPyXOMOi
YAaCTUHU ra3oBoro pesue. CUrHaJbHUH 1 BIAKIIOYAIOTh €JIEMEHTH MTOMIILIEH] B KOPITYC
2. Expan 3 npusHaueHuii 175 3a0e31eueHHs HalIHHOCTI pOOOTH pee.

VY HopManbHOMY CTaHI, KOJIM 4Yallka KOPIIyCY peJjieé MOBHICTIO 3allOBHEHA
MacjoM, BEpXHS 1 HWXKHS YalllKM TEX 3alOBHEHI MacjoM 1 YTPUMYIOThCS B
MOYaTKOBOMY TOJIOKEeHH1 npyxkuHamMu 11. [Ipu 3HMKEHHI piBHSA Maciia B KOpIyci
pene (BHacHAOK CKYMYEHHs rady B KMOro BEPXHIM YacTHHI) BEPXHs 4YalllKa IiJl
BIJIMBOM MOMEHTY, SIKMil CTBOPIOETHCA MAacOI0 Macja, U0 3HAXOAUThCS B YallIll 1
MEePEBUIIYE MOMEHT MPYKUHU, MOBepTaeThcs Ha ocl 5. Ilpu 11boMy KOHTaKTHUMN
MICTOK &8 3aMHKae HEpyXOMi KOHTAaKTH 9 B JaHI031 MONEPEAKyBaIbHOI
CUTHAJII3aIlil.

[Ipy  momkomKEeHHSX  ycepeawHi  Oaka  TpaHcpopmaropa, IO
CYIPOBOKYIOThCS OYpXJIMBUM Ta30yTBOPEHHSM, MOTIK Macja CHPSIMOBYETHCS B
pO3LIMPIOBAaY 4Yepe3 ra3oBe pelie, BIUIMBAE HA JIONATh 7 BUMHKAKOUOIO €JIEMEHTa
HIKHBOI YalllKU 1 KOHTAKTHUM MICTOK 8 3aMHKa€ HEpPyXOMI KOHTAaKTH JIOHaTi B
JIAHIT031 BIJIKJIFOYEHHS MOUIKOKEHOT TpaHchopmaTopa.

st tpanchopmatopiB moryxHicTIo 6300 kB-A 1 Bume, a TakoxX s
tpancopmaropiB 400 kB A 1 Bulle, BCTAHOBIIOBAaHUX BCEPEIMHI 11€Xy, ra30BUM
3aXUCT OO0O0B'sI3KOBe; sl TpanchopmaTopiB moTyxHicTio 1000-4000 KA -
00OB'A3KOBAa TUIBKM TPH BIACYTHOCTI Ju(depeHuianbHoi ad0 MaKCUMAaJbHO-
CTPYMOBOT0 3aXHCTy € BUTpUMKOIO 4yacy 0,5 - 1c.

MakcuMalbHO-CTPYMOBUN 3aXUCT BiJl HAJICTPYMIB IIPH 30BHIIIHIX KOPOTKUX
3aMHUKaHHAX. Takuii 3aXUCT 3IIHCHIOETHCS ABOMA peie npamoi aii tuny PTB. Ctpym
CHpPALlbOBYBAHHS ~ MAKCHUMAJbHO-CTPYMOBOI'O  3aXHCTY B1I[6yI[OBy€TBC}I BIJT
MaKCHMAaJbHOTO CTPyMY HABAaHTaXEHHS B HaWOUIbII BaXXKOMY pPEXKHUMI pPoOOTH
Tpanchopmaropa (MpU CaMO3AIMyCKy €JIEKTPOJIBUTYHIB, IOMYCTUMOI aBapiiHO1
NEPEeBAHTAXKEHHS Ta 1H.):
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ne ke; - koedimienT camo3amycky; Ky, = 1,3 + 1,5.

Y cxemMax 3axucTy TpaHC(OpMaTopiB BEIMKOI MOTYKHOCTI, B SKHUX MpH
30BHIIHIX KOPOTKUX 3aMUKAHHSIX Hapyru He OyBaroTh HUXk4Ye gomyctumux (0,9-
0,95 Big HOMIHAJIBHOI HAMpPYTrH), MAaKCUMaJIbHO-CTPYMOBHUW 3aXHCT MOXKE
BUKOHYBAaTHCS 3 OJIOKYBaHHSIM MiHIMAQJIbHOI HAmpyrd. Y IbOMY BHMAAKY ITiCISA
CIpAllbOBYBAHHS peje MIHIMaJIbHOI HAMpyrd NpH Hapysi, M0 HIKYE
JOMYCTUMOTI'O, J1a€ IMITyJIbC HA BKJIIOYEHHS MaKCHUMaJbHO-CTPYMOBOIO 3aXHUCTY.
3acTocyBaHHs 0JIOKYBaHHSI MIHIMAQJIBHOI HAPYTH A€ MOXKJIMBICTh BUKJIIOUUTH i1
MaKCUMaJIbHO-CTPYMOBOI'O 3aXUCTY IIPU KOPOTKOYACHUX 3HIKEHHSIX HAIIPYTH.

3axuCT BiJ MEpeBaHTAKECHHS. Takuil 3aXUCT 31HCHIOITH OHUM pese PT-80
(T/B) 3 oOMexeHOI 3alieHOI XapakTepuctukor. CTpym copaibOBYBaHHS
3aXUCTY pene

‘(cp P [ Hﬂ.’lkl.ll(ABHAT T}] HOM'

(8.14)

(8.15)

3axuCT Jil€ Ha CUTHAJ a00 BIJKIIOYECHHS 3 BUTPUMKOIO Yacy, sKa Ha I1adelb
O1bIIIE BUTPUMKH 4Yacy MaKCUMAJIbHO-CTPYMOBOI'O 3aXHCTY, IO 3aCTOCOBYETHCS
B1Jl HAJICTPYMIB IIPY 30BHIIIHIX KOPOTKUX 3aMUKAHHSIX.

3axucTt TpaHcopMaTopiB LEXOBUX MiAcTaHIIi. Ha 1exoBuxX mMmiACTaHIIAX
BCTAHOBJIIOIOTH 3a3BMYail CHIIOBI TpaHchopmaTopu noTyxHicTio 10 1000 kB « A.
Ha HUX BCTaHOBIIOIOTH MAaKCUMAaIbHO-CTPYMOBHH 3aXHCT, 3aXUCT BiJ 0qHO(a3HIX
3aMHKaHb Ha 3€MJII0 Ha CTOPOHI HIDKYOI HAmNpyrW; Ta30BUM 3aXUCT-JIS
TpaHc(hOPMATOPIB BHYTPINIHBOIEXOBUX MIACTaHIIN noTyxHICTIO Big 400 kB - A 1
BUILIE.

Bkazani 3aXucTy 3aCTOCOBYIOTH 3aJI€KHO BiJl THITY aniapariB, BCTAHOBIIEHUX Ha
CTOPOHI1 BHIIIOI HAMPYTHU: BUCOKOBOJBTHUN BUMHUKAU, BAMUKAU HaBAaHTAKEHHS a00
3ano001KHUKHA. 3aCTOCYBAaHHS OCTaHHIX 3HAYHO 3CIICBIIIOE YCTAHOBKY 1 CITPOIIYE
3aXUCT.

3axucT 3anoOLKHUKAMU 1 BHMHKAuYaMH HaBaHTAXXCHHS BUKOHYIOTH IS
TpaHchopmaropiB mnoryxHictio a0 1000 kB - A wnanpyroro go 10 kB 3
3anob6ixaukamu 1K Ha 100 A 1 motyxkHictio He Outbiie 2500 kB - A manpyroro 35
kB 3 3anob6ikaukamu [1K-35H Ha 40 A; BIAKIIOYAETHCA MOTYXKHICTH KOPOTKOTO
3aMUKaHHS He oBHHHA nepesuityBatu 200 MB - A.

BucokoBonbTHI 3ano0ixHuku tuny [1K mpu ycraHoBli Ha HUX BIAMOBIAHHUX
IJIABKUX BCTABOK 3a0€3MeuyloTh 3aXWUCT TpaHchopMaropa BiJl BHYTPIIIHIX
MOIIIKOKEHB 1 MDK(Aa3HUX KOPOTKUX 3aMUKAHHSIX Ha BUCHOBKAX.
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Puc B.27. Cxembl 33IUHTH TPaHCHOPMATOPOR € BBIETFMATEIAMHE

3axucT BiAg ogHOGA3HUX 3aMHUKaHb Ha 3E€MJIIO0 3/IIMCHIOIOTH aBTOMATHYHHM
BUMHKAYEM 3 MAKCUMAJIbLHUM PO3UIILIIOBAYE€M, BCTAHOBJIEHUM Ha CTOPOHI HUKYOI
Harnpyru (puc. 8.26, a), abo Tpancpopmaropom ctpymy TT Ha HyTHOBOMY MPOBOI
py MPSIMOMY TIPUENHAHHI TpaHchopMaTopa 3 TIIyX03a3eMJICHOK HEUTPauIio 110
mHOMPoBoaM (puc. 8.26, 0). ['a30BUil 3aXUCT 3 M1€10 HA CHUTHAJ 1 HA BIAKITFOYEHHS
HaBejieHa Ha puc. 8.26, B (TpaHchopMaTOp BCTAaHOBJICHUN 0€3MOCEPEIHBO B IIEXY).

Ha puc. 8.27 HaBeneHi cXeMU 3aXHUCTy II€XOBHX TpaHCHOPMATOpIB MpHU
YCTaHOBII Ha CTOPOHI BHUIOI HAaIPYrd BHCOKOBOJIbTHUX BUMHKayiB. Cxema pelie
npsamoi Aii tuty PTM (puc. 8.27, a, 0) 3a6e3meuye MakCUMallbHO-CTPYMOBHUHM 3aXHUCT
13aXUCT B1J 0JIHO(A3HUX 3aMHUKaHb. Y cXeMi Ha puc. 8.27,63a111i1Ta BAKOHaHA 3 petie
Henpsmoro Aii Tuny PT-80 3 3a5ekHoo0 BiJf CTpPYMY XapaKTePUCTUKOIO.

3axuct TpaHcopMaropiB, IO IKHUBJIATH CIelialdbHI YycTaHOBKU. Ha
TpaHchopMaTopax, IO JKUBIATH EJIEKTPOMIYHI YCTAaHOBKH, BCTAHOBIIOIOTH B
OCHOBHOMY TI XK 3aXHUCTy, IO 1 Ha TpaHChopmaTtopax, IO >KUBIATH CHJIOBI Ta
OCBITJTFOBaJIbHI YCTaHOBKH (1uB. Puc. 8.26). [Ipu 11boMy BpaxoBytOTh OCOOJIMBOCTI
poOOTH AYTrOBUX ENEKTPUYHHUX IMEUeH B PEKMMI KOPOTKOTO 3aMUKaHHS (IIEepioja
PO3IUIABJICHHS METally), a TAaKOXX HASBHICTh B MIYHUX YCTAHOBKAX MPHUCTPOIO



ABTOMATUYHOTO PETYJIOBaHHS, TIPH SIKOMY BCTAHOBJICHA 3aXUCT HE TIOBUHHA JISITH.
VY uboMy BUNAAKY CTPYM CHPAI[bOBYBAHHS 3aXUCTY Icp sam=(2,5+4) Lyom.

3axucT TOBITpSIHUX 1 KaOempHWX JiHINA. [loBiTpsHI 1 KaOempHI JiHIT
CJIICKTpOIIepeadi, MAYHM BEIWKY TMPOTSKHICTh, CXWIBHI JO PI3HUX BH/IIB
yIIKOKeHb. [IoBITpsiHI JiHIT MOXKYTh MOIITKOKYBATHUCS BiJ TPO30BHX PO3PSIIB,
OJKeJIeNll, CHUJIBLHOTO BITpYy, 3a0pymHeHHs i3omsaTopiB 1 T. II. KaGenpHi miHii,
MPOKJIAICHI y 3eMJli, MOXYTh IOIIKO/KYBATUCA dYepe3 TOTIPIICHHS YMOB
OXOJIO/KEHHSI, KOpO3ii 000JIOHOK Kabeto, OMaid IPYHTY NpU 3eMIISTHUX poOOTax.

3a3HayeHl MPUYUHU TOLIKOHKEHb MOBITPSHUX 1 KaOENbHUX JIHIA MOXYTh
BUKJIMKATH MDK(]a3HI KOPOTKI 3aMHKaHHs a00 3aMUKaHHS OKpeMHX (a3 Ha 3eMITI0.
JIns  MmBUJAKOTO  BIAKIIOUEHHS TIOMIKO/KEHI JIHIA MOTpiOHO, oOJagHaTH
MPUCTPOSIMU PEJIEUHOTO 3aXHUCTY.

B enexTpuuHUX Mepexax, 110 MPaIoTh 3 3a3¢MJICHUMU HYJIbOBUMH TOYKaMHU
TpaHchOpMaTOpIB, 3aXMCT IOBHHEH JISATH Ha BIJAKIIOYCHHS IpH MDK(pa3HUX 1
onMHO(a3HUX KOPOTKUX 3aMHUKaHb. Y MEpexi, L0 MpaIfoe 3 130JbOBAHUMU
HYJIbOBUMHU TOYKaMH TpaHCHOPMATOpiB, 3aMHUKaHHS Ha 3eMJII0 OJHIEI (a3u He
BUKJIMKA€E MOPYIIEHHS POOOTH CHOKHUBAYIB €JIEKTpUYHOi eHeprii. Tomy B Takux
MepexKax 3aXMCT BiJ 3aMHUKaHb Ha 3€MJIIO JIi€ HE Ha BIJKJIFOYEHHS, & Ha CUTHAJI.

3axucCTy JiHIN BIAPI3HIIOTHCS BEJIMKUM PI3HOMAHITTSM 1 iX BUOIp 3aJI€KUTH BIJT
CXEMHU 1 Hampyrd, Mepexi, a TakoX BiJ KaTeropi crooxusadiB. [[s
CJIEKTPOIIOCTAYaHHSI ~ MPOMUCIOBUX  MIAMNPUEMCTB  3aCTOCOBYIOTH  JiHIT 3
OJIHOCTOPOHHIM XapuyyBaHHSAM, JiI€ BUKOPHUCTOBYETHCS MAaKCHUMAaJIbHO-CTPYMOBHUM
3aXMCT, CTPyMOBa BIJCIYCHHS, CTPyMOBa IMOIepevyHa TudEepeHIiiHui 3aXUCT
napajieNlbHUX JIiHIM, a TAKOXK 3aXUCTY BiJl 3aMUKaHb Ha 3EMJIIO.

Puc. 8.28. Cxema s3aumrsl B KOJBUEBOW CETH:

@~ MABKCHMA/ILHO-TOKOBAK, § — MAKCHMAILHO-HANPaRIeHHad, 7—peie toka, M- peje Mo
HOCTH

MakcuManbHO-CTPYMOBHN 3aXHCT 3aCTOCOBYETHCS TOJOBHUM YHHOM JUJIS
3aXMCTy padlalibHUX JIHIA 3 OAHOCTOPOHHIM XapuyyBaHHSM. BoHa 3a3Buyail He
3a0be3reuye CEJIEKTUBHOTO CTYIMEHEBOI /il B KUIBLEBOI MEPEXKi, TaK SIK 3MIHOIO
BUTATIB 4Yacy MaKCUMaJbHUX CTPYMOBHUX 3axuUCTiB (puc. 8.28, a) orpumaru ii
CEJICKTHBHY JIIF0 HEMOXJIMBO. Tak, Mpyu KOPOTKOMY 3aMHUKaHHI Ha jdiHii JI1 (Touka
K|) moBuHHI BIAKIIOYUTHCA BUMHKaYl 1 12, aje Tak SK 3aXUCT Ha BUMHUKadl 4 Mae
BUTPUMKY 4Yacy 1,5 ¢, To 1eli BUMHKaAY BIJKJIIOYUTHCS paHillie, HIXK BUMHUKa4 2, 1
NpUAMabHS TIACTaHIisA #n / cml 3anuImuThes 0e3 XapuyBaHHS. AHAJOTI4HO, MPHU



nomkopKeHHi Ha miHil JI2 (Touka K,) paHime BiAKTIOYUTHCS BUMHUKAd 4 1
MIJCTAHINSA 72 / cm2 3aMIUTRCS 0e3 XapuyBaHHs. JJIsT CEEKTUBHOTO BiAKITIOUEHHS
MOIIKO/DKEHbh B Takid Mepeki HeoOxigHo, mo0d 3aXWCT Ha BUMHKadax 2-5
«pO3pi3HsIa», HA KM 3 JiHIN CTamocs KOPOTKe 3aMUKaHHs. Taky BIaCTUBICTh Ma€e
MaKCHMaJILHo-cnpﬂMOBaHHﬁ 3aXUCT, BCTAHOBJICHUH B THX )K€ TOUYKaX.

[Tpu ycTaHOBIII MaKCUMaIbHO- CIPSAMOBAHOTO 3aXUCTY (pHc 8.28, 0) crouaTky
BUOWPAIOTh BUTPUMKH Yacy 3aXHCTIB, 1[0 MAIOTh HEMapHi HOMEPHW 1 HAMOUIBII
BIJITAJICH1 BIJ] JKEpera )KUBJICHHs. TaKuM 3aXUCTOM € 3aXHUCT 7 3 BUTPUMKOIO 4acy
t; = 0. Toxi ms 3axucty 5 BUTpUMKa ts =t; + At =0+ 0,5 =0,5 ¢, abo ts = t;o + At
= 0,5 + 0,5 = 1¢ (naitbinpia). Jmns 3axucty 3 BUTpUMKa 4yacy t3 =ts + At=1+0,5
= 1,5¢ (nait6inemma) abo t; = t;; + At =0,5 + 0,5 = 1 c. Butpumky 4acy 3axucry 1
BUOMPAIOTh 3 ypaxXyBaHHAM HaNOUIBIIOI BUTPUMKHU Yacy 3axucty 3: t; =t3 + At =
1,5 + 0,5 = 2,0c. AHaNOr14HO BUOMPAIOTHCSI BUTPUMKH Yacy 3aXHUCTIB, 1O JIIOTh B
HIITY CTOPOHY KUIbIIEBOT Mepexi (mapHi Homepu): tb =0, t4s=1,5¢c,ts=2c, tg =2,5
c. 3axucty 1,8 1 3, 6, MaroTh HalOLIbILI BUTPUMKH 4Yacy, MOKYTh OyTH BHKOHaH1
MaKCUMaJIbHO-CTPYMOBHMH, 0€3  eleMeHTa  HampsMKy  TMOTYXHOCTi, 3
BIJIKJIIOUEHHSIM ITOIIKOKEHOI JITHII.

[uzran ma
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Puc 829 [lpusumnuancias cxema wakew-  Puc. 830 Toxosas nonepeusas
MalLHO-HATIPABICHHOH 3A1IHTE AudhepeniiHaibHa]  3AWMTA  Ta-
PALIETLHBIY JHHWA [ W 2

MaxkcumanbHO-CIIPSIMOBAHUN 3aXUCT, NPUHIMIIOBA CXEMa KOI HaBEJICHA Ha
puc. 8.29, ckiagaerbes 3 MyCKOBOTO OpPrany 3, 3A1MCHIOBAHOTO CTPYMOBHUMH pEJIE,
pene HanpsMy HOTY>KHOCTI 2 Ta OpraHy BUTPUMKHU yacy 1, 3/1HCHIOBAHOIO pele
qacy.



HaBenena 3axuct Moke MOMISATH HA BIIKITIOYCHHS BUMUKA4a y BUMAJIKY, SIKIIIO
CIIPAIIOE HE TUTBKU CTPYMOBE perne, Ajie i pesie HanpsSMKY MOTYKHOCT1, IPHIOMY
OCTAHHE 3aMHUKA€ KOHTAKTH MPU HAIPaBJICHHI MOTY>KHOCTI KOPOTKOTO 3aMUKaHHS
BIJT IIWH MIICTAHIII B JIHIIO.

CtpyM crpambOBYBaHHS ITyCKOBUX CTPYMOBHUX PEJIe MAKCUMAJIBLHOTO 3aXUCTY
BU3HA4YaroTh 3a (opmynamu (8.4) - (8.6). IIpu mpomy OaxaHo, MO0 MyCKOBI
CTpYMOBI pesie Oysid Bi0yT0BaHi BiJl MAKCUMAJILHOTO CTPYMY HaBaHTAKCHHS, 110
MIPOXOUTH 1O JIiHIT B HAPSAMKY i1 3aXUCTY SK BiJ IIWH MiACTaHIII B JIIHitO, TaK 1
JI0 IIHUH MiAcTaHIiK. s boro B 3a3HauUeHi1 BuIle GopMyJn MOTPIOHO MiACTaBISATH
HaNOLIbIIIEe 3HAYEHHS [y yaxc.

CxeMH MaKCUMAaJbHO-CIIPSAMOBAHMX 3aXHMCTIB Jy>K€ pI3HOMAHITHI 1
BIJIPI3HSAIOTBCS THIIOM ITYCKOBOTO OpraHy (CTpyMOBI pelie, pejie MiHIMaJbHOI
Hampyru Ta iH.), TUmoM pelie HampsIMKY MOTYKHOCTi, CIIOCOOOM MiJABEACHHS
Harnpyru (IOCTiiHO a00 B MOMEHT aBapii), HAABHICTIO a00 BIACYTHICTIO BUTPUMKH
yacy Ta iH.

CrpymoBuil  monepeyHuidl  audepeHwiitHuil  3axuct. Takuih  3axuct
3aCTOCOBYIOTh [IJIsl 3aXMCTY MapajelbHUX JHIM, TpUeIHAHUX A0 IIMH MiICTAHIIT
yepe3 OJWH 3arajibHuil BUMUKad. [[puHIMN A1l bOro 3aXUCTy MOKa3aHUW Ha pPHUC.
8.30

BropunHi 00MOTKH TpaHCHOPMATOPIB CTPYMY, BCTAHOBIICHUX Ha KOXKHIHN JIiHIT,
3'€IHYIOTH TPOBOJIAaMH MDK CO0OI0 1 MIAKIIOYAIOTh Ha PI3HUII0 CTPYMIB.
[lapanenbHO BTOPUHHUX OOMOTOK TpaHC(POPMATOPIB CTPYMY BKIIIOYAIOTH pelie
ctpymy MutteBoi nii Tuny ET-521 abo PT-40. Ctpym B pene IOpiBHIOE Pi3HUII
BTOPUHHUX CTPYMIB TpaHC(POPMATOPIB CTPyMy NepiIoi Ta Apyroi JiHii: I, = [1-1.

OTxe, B HOpMaJIbHUX YMOBAaX 1 MPHU PIBHUX 32 BEJIMYMHOIO BTOPUHHUX TOKaX
HaBaHTaxeHHs [, = 0. [Ipu nomkokeHH1 Ha OH1H 3 JTiH1M cTpymu /) Ta [, 1€l cTarTi
He OyIyTh PIBHI 1 uepe3 pesne Oyae MPOXOAUTH CTPYM, PIBHUH iX pi3HuULI. SAKIIO0
BEJIMYMHA LILOTO CTPyMY (PI3HHMII) O1IbIIE€ CTPYMY CHPALFOBAHHS PEJe, TO 3aXUCT
MoJi€ Ha BIIKJIFOYEHHS BUMUKaYa JIiHii.

st Toro o0 mpu KOPOTKUX 3aMUKAHHSIX Ha IMIMHAX MPUHAMaIbHI M1ICTAHIII1
ab0 Ha BIAXOAATH BiJ Hel JIHIAX (HACKPI3HI KOPOTKI 3aMHUKAaHHS) 3aXUCT HE
IpanloBaia, CTPyM CIpalbOBYBaHHA pene Ip, MOBHHEH OyTH Oliblie
MaKCHUMAJIBHOTO CTPYMY HE0aNaHCY /6 yaxc:

‘Icp P —:3 IIE"'r-r.:;::l"lllallfr Make”
(8.16)

3axuCT MEPEXK BiJl 3aMUKaHHs Ha 3eMit0. Mepexi 35 kB 1 Hik4e € OCHOBHUMU
MEpe)KaMH CUCTEMH E€JICKTPOIOCTAaYaHHS IPOMMCIOBUX TMIANPUEMCTB. BoHHU
MPAITIOIOTh 3 130 1b0BaHUMU HeHTpassiMu. [Ipy ogHO(Da3HUX 3aMUKaHHSIX HA 3EMITFO
B TakMX Mepexax MDK(a3zHI Hanpyrd 3aMIIAlOThCS HE3MIHHUMH 1 CTPyM
3aMHUKaHHS Ha 36MJII0 Ma€ HEBEJIMKY BeMUYMHy. Hanpuknan, cTpym 3aMUKaHHS Ha
3emuto Ha KokHI 100 kM Mepexi Hanpyrowo 6 kB ckianae npubnuzno 1,5 A s
noBITpSHUX 1 01m3bKk0 80 A 1115t KaOeTbHUX JIHIMN.

OpnodazHi 3aMHUKaHHS Ha 3€MJII0 B MEPEX1 3 130JIbOBAHUMH HEUTPAISIMU
Oe3mocepeIHb0i HEOE3MEeKHW IS CHOKMBAadiB HE MPEJCTaBISIOTh. BUHITOK
CTaHOBJISITh MEPEXI, K1 )KUBJIATH TOPHOPO3POOKH 1 IEPECYBHI MEXaHI3MU, KOJIH 32
YMOBOIO TEXHIKU oe3rnexu noTpiOHE [IBUJIKE BIIKJIFOUYEHHS ix.



[TinBumenus (a3HUX HAMPYT HEMOMKOKeHUX (a3 B 1,73 pa3u Moke BUKIMKATH
nepeKpuTTs abo mpoOoro 130sMii Ha iHmINA (as3i, Mo mpusBeAe A0 NBO- abo
Tpuha3HOMy KOPOTKOTO 3aMuKaHHs. KOHTponb cTaHy 130J11i BHUKOHYIOThH
3a3BUYall HAHOUIBII MPOCTUM CIOCOOOM-TIIJITXOM BKJIFOUEHHS TPHOX BOJBTMETPIB
He OyZIb 0HOTO 200 TPHOX pelie MiHIMaIbHOI HAPYTH Ha (a3Hi HAPYTH (IHB. TII.
9). Takuii cmocid 3aCTOCOBYETHCS Ha MIACTAHINISNX MPH HEPO3TATYKEHOI MEpexi.
Ha enekTpocTaHIlifgx 1 MIACTAHINIAX 3 BEIMKUM YHUCIOM JIHIA 1 pO3rayKeHOIO
MEpeXerw Takuil crocid0 He 3abesnedye AOCHUTh IIBHUJKOTO BIANIYKaHHS
MOIIKO/KEHOT JIiHIT. TOMYy OKpIM KOHTPOJIIO 130JISIii BCTAHOBIIIOIOTH 3aXHUCT BiJl
ofHO(A3HUX 3aMHUKaHb HA 3EMITIO.
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g — KabeqkHkil TpaRcOpMaTOp TOKA, §— CNemMd 3aLlHThI

VY kaOenpbHUX Mepekax 4apTH 3aXUCT Bil oJHO(MA3HUX 3aMUKaHb Ha 3E€MITIO
3MIMCHIOIOTH  TpaHCc(opMaTOpoM CTPyMy HYJIbOBOI  mocaigoBHOCTI. Ilei
TpaHchopMaTop Mae KIIbLENnoAiOHy abo MpsSMOKYyTHY (opMy 1 HaJIBa€eThCsl Ha
3aXMIIAETHCS TPYKWIbHUNM Kabenb, Ha oOMOTKY TpaHchopMaropa BKIIOUYAETHCA
3aXHUCHE pene (puc. 8.31, a).
Y HopMaIbHOMY peXuMi PoOOTH KOXKHa (pa3a JIiHIM Ma€e OJHAKOBY €MHICTIO TO
BIJIHOIIEHHIO 10 3eMJi. [Ipu Mixkda3zHUX KOPOTKUX 3aMUKAHHSIX T€OMETPUYHA CyMa
CTPYMIB TaKOX JOPIBHIOE HYJIIO, TOMY CTPYM B pejie 3aXUCTy He mnportikae. [Ipu
3aMHUKaHHI Ha 3eMJII0 OJHI€T (a3u yepe3 pese 3axucTy Oyae MPOTIKATH CTPyM,
OOYMOBJICHHI €MHICTIO HEMOMIKO/DKeHUX (a3. SIKmo cTpyMm crnpanbOBYBaHHS
3aXUCTY MEHIIE BEJIMYMHHU €MHICHOTO CTPYMY HEMOIIKO/UKEHUX (pa3, TO Takui
3aXHUCT cOpalroe yepes pene T Ha CUrHai; MPU KOPOTKUX 3aMUKAHHAX TaKH 3aXUCT



crpaltoe yepe3 mBUAKOHacuTHUX TpaHchopmarop BHT Ha BigkmioueHHs (puc.
8.31, 0).
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Puc. 832, Cxema 3alIHTBL JHHHH HATIPTEE-
imen 6 — 10 kB, natarmowed tpanchopma-
Top 6—10;04—0,23 xB

Cxema 3axucty kabenpHoi JiHii 6 -10 kB, 110 *xuBuThH Tpanchopmarop 6-10 /
0,4-0,23 kB, nHaBemena Ha puc. 8.32. YV cxemi mnependadyeHUd 3aXHUCT BiJ
Oararoda3HuX 3aMHKaHb B JIHIT 3 JI€I0 3aXUCTy Ha BIJKIIOUYEHHS 1 BUTPUMKOIO
yacy, 110 3abe3neuyeThesi ctpyMmoBumu pesie PT1-PTS tinaPT-40 1 pene yacy EB
tunty EB-122, mo aitote udepe3 npomixHe pene Pl PII-23 i nocuiieHHA
MOTY>KHOCT1 KOHTaKTIB peJe acy B.

3axyucT B 3aMUKaHb Ha 3€MJII0 BHKOHAHA TpaHC()OpMATOpOM CTpyMy
HYJIbOBOI MOCTiA0BHOCTI T3 3 fi€r0 Ha mpUCTpii curHamizaii 3a3emiueHHs Y C3-3M.

3axuct reHeparopiB. PO3risHEMO MOIIKO/DKEHHS 1 HEHOPMAJIbHI PEKUMU POOOTH
T'€HEPATOPIB 1 3aCTOCOBYIOTHCS Y IIMX BUIMA/IKAX 3aXUCTY.

[NomkomxeHHs B 00MOTIII cTatopa. [lomkomkeHHs MOXKYTh OyTH BUKJTMKAHI:

a) O6araTto(asHUMH KOPOTKOTO 3aMHUKAHHS 1 BUHUKHEHHSIM HaJICTPyMIB B OOMOTITI
craropa. 3aCTOCOBYIOTh TIOJOBKHIO JU(EPEHINATBGHY 3aXUCT, 104Uy, SK 1 MPU 3aXUCTI
Tparchopmaropis (auB. Puc. 8.31), Ha npuHIMIT HEOaTAHCY CTPYMIB MK BUCHOBKAMH 1
HYJILOBOIO TOYKOIO TEHepaTopa NPy BUHUKHEHHI CTPYMIB KOPOTKOTO 3aMHUKAHHS MK
O0OMOTKaMHU CTaTopa; 3a3BH4ail BUKOPUCTOBYIOTH pesie PHT myis migBuInieHHs 4y TiIMBOCTI
3aXHCTY;

0) omHo(a3HKX 3aMHUKaHb Ha 3eMmto. [Ipu Tokax 3aMuKaHHS 710 5 A 3aXUCT JIi€ Ha
CUTHAJI, TOHaJ S5 A-Ha BIKITIOYEHHS. 3aXWUCT BUKOHYIOTh AHAJOTIYHO 3aXHCTy IMpU
3aMHMKaHHI Ha 3eMIi0 kabenbHux JmHIM (muB. Puc. 8.31) 3 BukopucTaHHsIM
TpancdopmaropiB HyJb0oBOi mociigoBHOCTI Tury THII mpu kabGenbHUX BHCHOBKax
reHeparopa, abo Tpancpopmaropis THITII npy niMHHMX BUCHOBKAX;

B) MDKBHUTKOBOE 3aMHMKAaHHS B OJHINA ha3i OOMOTKH. 3aCTOCOBYIOTH IOTIEPEUHY
mdepeHIiabHy 3aXHUCT, 04Uy aHAJIOTYHO «BICIMKOBOMY» 3aXMCTI MHapalelbHUX
JHIA TPY HASIBHOCTI B OOMOTIII CTATOpa JBOX MapajebHUX TUIOK 1 OlTbIIIE.

[lepeBanTaxxenHus cratopa. [lepeBanTaxxeHHSI MOXKYTh OYTHU BUKJIMKAHI:

a) CTpyMaMH TpH 30BHIMIHIX KOPOTKUX 3aMHUKAHHAX. 3aXHUCT - MAKCUMAJIHHO-
CTPYMOBHI 3 OJIOKYBaHHSIM 3a HANpYyror 3 ypaxyBaHHSM 3HIDKEHHS Hallpyrd Ha
BHCHOBKax 0OMOTKH cTaTopa. 3aXUCT 1€ 3 BATPUMKOIO 4acy Ha OJHY-AB1 CXOIUHKU



BUIIIE 3aXUCTIB TpaHC(HOPMATOPIB 1 JI1HIN F€HEPATOPHOTO HANIPYTH 1 BIIOYJOBYETHCS
BiJl CTPYMIB IpU caM03amycKy ABUTYyHIB BiacHux norped TELL;

0) cTpymMaMu TiepeBaHTaXCHHS. 3aXUCT /i€ HA CUTHAJT a00 Ha BIAKIIOYCHHS 3
BUTPHUMKOIO Yacy B 3aJIEKHOCTI BiJ] AOMYyCTUMOI nepeBaHTakeHHs: Ha 10% -60 xB,
15% -6 xB. 3axucT aHaJOriyHa MaKCHUMAaJbHO-CTPYMOBOTO 3axXHUCTy JIHIT 1
TpaHcpopmaTopis;

B) CTpyMaMH 30BHINIHIX HECUMETPUYHHX KOPOTKMX 3aMHKaHb, IO
CYNPOBO/IKYIOTbCSI BUHUKHEHHSIM CTPYMIB 3BOPOTHIM MOCHTIZIOBHOCTI, BEIbMU
HeOe3MeyHux 715l TeHepaTopiB. Tak sk 3BU4aiiHa MaKCUMaJIbHO-CTPYMOBHUIM 3aXUCT
BII IIUX CTPYMIB He 3abe3reuye HEOOX1AHOT UyTJIIMBOCTI CHpaIlbOBYBaHHS, TO
3aCTOCOBYIOTh 0araTOCTYIEHEBY CTPYMOBUW 3aXMCT 3BOPOTHIM MOCIHIIOBHOCTI,
BUKOHaHY crieliaibHUMU GuibTp-pese PTO-1M [19].

Tak, nmpu TPUCTYTIEHEBOI 3aXUCTY 3 BIATIOBIIHUMH BUTATAMHU CTPYMY 1 4acy JJist
KOKHOTO CTYNEHs BUKOHAHHS YMOB CIPallbOBYBaHHS 3a0€3MEUYY€ETHCS CIOYATKY
JI€0 MEPIIOTO CTyMeHs 3axucty Ha BiakimoueHHs (AI'TI), Bumukada reneparopa i
Jaal JIE€ Ipyroi 1 TPEThOI CTYINEHIB-HA BIJKIIOUEHHS IIUHO3'€IHYBAJIBHOTO Ta
CEKI[IMHUX BUMHKAaYIB.

[TomkomxeHHst B 0OMOTII poTopa. [1omKoIKeHHS MOXKYTh OyTH BUKIIMKaHI:

a) 3aMHKaHHSM Ha 3eMJII0 OOMOTKH 30y/DKeHHS B OaHIN Toumi. J{jmsa iioro
BUSIBJICHHS Ta MEPIOJAMYHOTO KOHTPOIKO  130Js11i OOMOTKH 30y KEHHS
BUKOPUCTOBYIOTh BOJBTMETP, OJIMH 3aKUM SIKOTO MPUETHYIOTh JI0 3€MJI1, a JPYTuit
1o 4ep3i 110 nmostociB potopa. [Ipu cipaBHiil 13051s11ii CBITYEHHSI B 000X BUMAAKaX
piBHi Hymt0. [Ipy 3amukaHH1 0OMOTKH pOTOpa Ha 3€MJTI0 B OJHIIM TOUIll BOJIETMETP
BUMIpSIE€ HAMIPYTa KOXKHOTO MOJI0CA MO BITHOIICHHIO 10 3€MJIL;

0) 3aMUKaHHSM Ha 3eMJII0 OOMOTKM 30Y/KEHHS B JBOX TOYKax. Y IbOMY
BUIAJIKY 3aCTOCOBYIOTH CIEIIaibHy CXEMYy 3aXHCTy 3 BHUKOPHUCTaHHSIM JBOX
MOJIIPU30BAaHUX peJie, IO pearyloTh Ha TMOpYyIIeHHs OamaHCyBaHHA MOCTa,
YTBOPEHOTO0 OOMOTKOI 30YyIKE€HHSI 1 MOTEHLIOMETPOM, MPUENHAHUM JO KlJIEUb
poTopa. 3axXUCT 3aJIEKHO BiJ] MOTYKHOCTI T€HEpaTopa MOKe J1STH HAa CUTHAII 200 Ha
BIIKTIOUCHHS;

B) nepeBaHTaXeHHsIM poTtopa. [Ipu nepeBantaxkenHi Ha 10% nomyctume yac
nepeBaHTaxeHHsA-10 xB; mnpu nepeBaHTaxeHHI Ha 15% gomycTtumMe wyac
nepeBaHTaXeHHI-0 XB. CXeMU 3aXUCTY BiJl MEPEBAHTAXKEHHS POTOPA 3aJI€kKATh Bif
THUITY TIOTY>KHOCTI 1 MOTY>KHOCTI TE€HEPATOPIB 1 BUKOHYIOTHCS 32 JIONIOMOTOIO peJie
HaIpPYyTH, BKIFOUYEHOTO HA OOMOTKY pOTOpa 3 Ji€l0 Ha 0OMEXeHHs (opcyBaHHs, a
IIOTIM Ha BIIK/IIOYEHHS.

[ToBHa cxema 3aXUCTy CHHXpPOHHOro reHeparopa. Cxema BKiIouae B cebe
OKpeMi BHJIM 3aXHUCTIB, PO3TJISHYTHX BHUIIE: TMOJOBXHIO 1 TOMNEPEUHy
nudepeHIiaabHl 3aXUCTy, 3aXUCT BiJl 3aMUKaHb HAa 3E€MJII0, CTPYMOBI 3aXHUCTy -
3BOPOTHIN TOCTIOBHOCTI, 3 OJIOKYBaHHSIM MiHIMaIbHOI HAMpyTH, 1 3aXHCT Bif
NepPEeBaHTAKECHHS.

3axuct  enexkTpoABUryHiB. Ha OUIBIIOCTI MIANPUEMCTB  PI3HUX — TaTy3ei
MPOMHUCIIOBOCTI 3a3BHYaii 3aCTOCOBYIOTh ACHHXPOHHI 1 CHHXPOHHI €JIEKTPOJIBUTYHH PI3HUX
MOTY>KHOCTEH HanpykeHb. Po3risiHeMo 0COOIMBOCTI 3aXKCTY BUCOKOBOJITHUX JIBUTYHIB
notyxHicTio B 100 kBt 1 Bumie. Enextponsurynu moryxkHictio a0 300 kBT, 110
BCTAQHOBIIIOIOTHCS  HAa  HEBUAMOBLAAIGHUX ~ MEXaHI3MaX, MOXYTb  3aXHUIIATHC



BUCOKOBOJIbTHUMH 3ano0bkHukamu tumy K. [Tpu kpaTHOCTI IyCKOBOTO CTpyMy, PiBHOL
6-7 1 HWKYe, 3anoODKHMKKA BuOWparoTh 3a KpmBuMH (puc. 8.33). Ilo oci abOcruc
Bigkmamarore ctpymu KOpoTKoro 3amukaHHs I (A), BIAMOBIMHI TyCKOBHM CTpPYMIB
JIBUT'YHA; TI0 OC1 OPJIMHAT - Yac IIIABJICHHS t;; 00paHOi BCTABKH, SIKE TTIOBUHHO OYyTH OLTBIIIE
Yacy, HeOOX1THOTO JUIs po3roHy aApuryHa (MakcumyM 40-60 c). Ha BiIIoOBIZHMX KpUBHX
BKa3aHI HOMiHATbHI CTPYMH TUIABKMX BCTaBOK 3alIOODKHUKIB, sIKi TIOBUHHI OyTH OLIBIIE
HOMIHAJILHOTO CTPYMY JIBUTYHA.
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Puc. 8.33, XapaxTepHCTUKH cpadaThIBAHUS MIABKMA BCTABOK NPEAOXpPAHM-
Tenell ¢ KBAPUEBBIM HANOJHCHHUEM

1 2 510 20

3acTocyBaHHSI BUCOKOBOJIBTHHX IUIABKUX 3alOODKHUKIB /I 3aXUCTY BiJl CTPYMIB
KOPOTKOTO 3aMHMKAHHS 1 BUMHKA4iB HABAaHTKCHHS LIS 3aXUCTY BiJ TEPEBAaHTAKCHHS
3HIDKYE HAIIHHICTh, OCKUIBKH TIEPErOPSHHS 3ar00DKHIKA B OJHIN (Da3i MOYKE TIPU3BECTH
JI0 TIEperopaHHs 3arnoODKHHMKIB B JBOX IHIIMX (azaX, a ODKe, 0 BHUXOLY 3 Jaay
EJICKTPOJIBUTYHA 1110 3aXUIIIAETHCS.
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Puc 834 Cxema 341UMTH BHICOKOBOIBTHOIO
ACHHXPOHHOTO  ABWTATENR  MOIOHOCTRIO 10

2000 kBt

3B cxeMor0 3aXHCTy BUCOKOBOJIBTHOTO aCUHXPOHHOro aBuryHa g0 2000 kBt
(pic.8.34) 3acTocoBaHI HACTyIHI BUJU 3aXUCTIB, BUKOHAHMX Ha OINEPATUBHOMY
3MIHHOMY CTPYyMi:

3aXUCT BiJl MIXK(Da3HUX KOPOTKUX 3aMUKAHb - CTPYM CIIPAIlbOBYBAHHS 3aXUCTY
B1I0YOBYETHCS BiJ] MAKCUMAJIBHOTO 3HAYCHHS TIEPIOJMYHOI CKIIa0BO1 ITYCKOBOTO
CTPYMY JIBUT'YHA ;yex 3 BBEICHHSIM IM1JIBUILEHOTO KOE(IIEHTa HAMIHHOCTI Kyay AJIS
pene PTM npuiitmarots ki, = 1,4 + 1,6; nis pene PT-40-ky,; = 1,8 + 2:

Ili]‘l P ,I;Il;uj(“f““w-'k_r T (8 17)

3aXUCT BiJl OJHO(A3HUX 3aMUKaHb HA 3E€MJIIO0 - BCTAHOBJIIOETHCS TUIBKU ISt
JBUTYHIB 3 CTPYMOM 3aMUKaHHS Ha 3emito Bumie 10 A. 3ailCHIOETBCS BOHA
TpaHc(hHOPMATOPOM CTPYMY HYJIHOBOI TOCIITOBHOCT1, YUHHUM Y€Pe3 CTPYMOBE pelie
T na npomixue I1 1 gani Ha KOTYIIKY BIAKIIOYEHHS;

3aXHUCT BiJ CTPYMIB MepeBaHTaXXEHHS — 3/1iicHIOeThCs pene Tummy PT-80 (T / B)
3 3QJIEKHOI0 BiJ] CTPyMy BUTPUMKOIO Hacy, BKIIIOUCHHM, TaK CaMO K 1 peJe
MaKCHUMaJbHO-CTpyMoBOro 3axucty PTM, Ha pi3HUIIO CTpyMiB. 3aXHCT BiJ
NepeBaHTaKEHHS JI1€ HAa CUTHAJ 200 Ha BIAKIIOUCHHS B 3aJICXKHOCTI BiJl MOJIOKEHHS
nepemukaya [IY. BcraHoBmoeTbcsi BOHA Ha JIBUTYHax, KOJUM  MOXJIMBI
NepeBaHTaKEHHS 3 TEXHIYHUX MPUUUH 200 BaXKKI YMOBH ITYCKY 1 CaMO3aITyCKY;

3aXMCT MIHIMAJIbHOI HAIIPYTH BCTAHOBJIIOETHCS, 100 3a0€3MeUnTH caMOo3aIyCcK
HaWOUIBII BIAMOBIAAIBHUX EJIICKTPOJBUTYHIB 1 BIJKJIIOYUTH HEBIAMOBIIATLHI
CJICKTPOABUTYHH, BIJCYTHICTh SKHUX MPOTATOM JAESKOTO 4Yacy He Bimi0'eThCcsi Ha
BUpOOHMUOMY Tiporieci. [[uM 3MeHIIyeTbesi CymMapHH CTpyM camMo3alycka 1
MIJBUIIYETHCSI HAMPyTa Ha IIMHAX, 3aBISIKA YOMY 3a0€3MeUyeThCsl Camo3aImycK
BI/IMOBIJATbHUX CICKTPOJIBUTYHIB.

3axucT MIHIMAJIBHOT HATIPYTH 3A1MCHIOIOTH 32 JIOMTIOMOTOIO PeJie HAIIPYTH THITY
PHB, BOynoBaHoro B mpuBij BUMHKaya. 3aJIMIIKOBA HANPYra Ha MIMHAX MOBUHEH



3a0e3MeunTH CaMO3aIyCK BiJMOBIIaJbHUX JIBUTYHIB 3 BUTPUMKOIO 4yacy 0,5- 1 ¢ 1
JBUTYHIB, SIKI BIIKIIFOUAIOTHCS 32 YMOBAMH TE€XHOJIOTIYHOTO MPOIECY a00 TEXHIKU
Oe3neku, 3 BATPUMKOIO vacy 5-10 c.

[lepepaxoBaHi 3axHCTy 3aCTOCOBYIOTh SK [JIi ACHHXPOHHHMX, TaK 1 JJIA
CUHXPOHHUX BHCOKOBOJBTHUX JBUTYHIB. KpiM TOro, )i CHHXpPOHHHUX JBUTYHIB
BEJIUKOI MTOTY>KHOCTI 3aCTOCOBYIOTH JIOJAaTKOBI BUJIA 3aXUCTY 1 KOHTPOJIb:

nudepeHiiagbHy 3aXHCT-BCTAHOBIIOIOTh BiJl BHYTPIIIHIX MONIKOKEHb B
0OMOTKax JABUTYHA;

3aXUCT BiJI ACHHXPOHHOTO PEKUMY pOOOTU-3/1MCHIOIOTH CIEIIAIbHUM perle
PY, KOHTpOJIOIOYMM YacTOTy B JIAHI[IO31 pOoTOpa, a00 MaKCHUMAaJIbHO-CTPYMOBOIO
3aXMCTOM, IO JIi€ TPHU TEPEBAHTAKEHHAX, BUKIMKAHUX ACHUHXPOHHUM XOJIOM
JIBUTYHA,

3aXUCT BIiJ OOpHUBIB B POTOPHOI JIAHIIOTU-3/IIMCHIOIOTH pelie OOpHUBY MOJIA
(POII a6o PHT);

KOHTPOJIb TPUBAJIOCTI MYCKY-311HCHIOOTh perne tumy PT-80, mo aie npu
3aTSDKHOMY MYCKY 1 BUKJIMKAHO1 ITUM TIEpeBaHTAKCHHI.

Ha puc. 8.35 HaBegeHa cxeMa pelnedHOro 3aXUCTy CHUHXPOHHOTO
eJNIEKTPOABUTYHA TOTYX)HIicTIO ToHaa 2000 kBT. B sikocTi 3axucTy Bij MiK(pa3zHUX
KOPOTKMX 3aMUKaHb B JaHId CXeMl BCTaHOBJIEHAa JU(EpEeHUINHUNA 3aXUCT B
oJHOpeseitHoMy BUKOHaHHI. Pene PTM BkiItoueHO Ha pi3HUIO CTPYMIB JBOX (a3,
110 J03BOJISIE IPYTy CTPYMOBHM KOTYIKy PTM, 1110 3HaXOIUThCA B MPYKUHHOMY
MPUBO/I1, BAKOPUCTOBYBATH ISl 3aXUCTY BiJl ACHHXPOHHOTO XOTy.

3axuCT BiJ MEpPEeBAHTAXKEHb 1 BiJl aCHHXPOHHOTO X0y 311icHioe pene PT / B
(PT-80), sixe uepe3 mpomixkue peine PIIT memryHTipyeT CTpyMOBHH BiAKIIOUYa€e



KoTymKy pene PTM. Take BUKOHAHHS 3aXMCTy MIABHUILYE HAIIHHICTB ii Al mpu
ACHHXPOHHOMY XOJi €JIEKTPOJABUTYHA, TMOB'SI3aHOMY 31 3HAYHHM 3HIDKCHHSIM 1
KOJIMBaHHSIM HAIlpyTH HA IIMHAX.

3axuCT MiHIMaIBbHOI HATIPYTH 1 3aXKCT BiJ OAHO(A3HOTO 3aMUKaHHS Ha 3eMITIO
CHHXPOHHOTO JIBUTYHa BUKOHAH1 TaK camo, sIK 1 aCHHXPOHHOTO JIBUTYHA.

JUis AMCTaHLIWHOTO BIAKIIOYEHHS JABUTYHA BUKOPUCTOBYIOTHCS ONEpaTHBHI
iHYyW 3MIHHOTO CTpyMy, IO [10Th 4epe3 mpomikui pene PII Ha koTymiky
BlakiroueHHs KO.

3axmer enekrponiynux ycranoBok. Ha puc. 8.36 HaBeneHa cxema 3axucTty

JIyTOBOTO TIeYi 1 )KMBUTS ii TpaHcpopmaTopa notyxHicTio 1600 kB A, Hanpyroto 6-
10 kB.
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Puc. 836, Cxema zaumrnl Tpancopmartopa Iyrosoi IIeXTpOTICTH

3axuCcTy BUKOHAHI Ha ONEPATUBHOMY 3MIHHOMY CTPYMi:

MaKCHUMaJIbHO-CTPYMOBHM 3aXHCT 0€3 BUTPUMKH 4acy 31HCHIOETHCS JTBOMA
pene npsmoi aii-PTM1 1 PTM2. CtpyMm cripaiibOByBaHHS 3aXHCTY BUOHUPAETHCS 3
ypaxyBaHHSAM BIJOYJOBM BiJl EKCIUTyaTalllMHUX KOPOTKHX 3aMUKaHb (MpU
PO3IUIAaBIIIOBAHHI METANY): lep sam (235 ~ 4) Luows

ra30BHI 3aXUCT 3MIHCHIOETHCS Ta30BUM pene I 1 aie uepes pene Y1 Ha curHai
a6o0 uepes pene Y2 i pene I1 Ha BIIKIIIOUCHHS;

MaKCUMaJbHO-CTPYMOBHM 3aXUCT BiJ HAJCTPYMIB MPHU 30BHIIIHIX KOPOTKHX
3aMUKaHHSAX 1 TIPU MepeBaHTa)XXE€HH1 31ikcHIOeThCcs pene tumy PT-80 (T / B) 3
3aJICKHOIO BiJl CTPYMY XapaKTEPUCTUKOIO 1 JII€I0 HA CUTHAI.

3axHCT CTAaTHYHHUX KOHZEGHCATOPIB. 3aXMCT KOHJCHCATOPHHMX Oarapeil HaIpyroro
Butie 1000 B morxe BukoHyBatucs 3anoobxarkamu Ty I1K abo pere MuTTeBOi 11ii THITY
PTM (puc. 8.37). 3axuct Bij 3aMHKaHbh Ha 3eMITIO 3IHCHIOETHCS CTPyMOBUM pene T,
YUHHUM 4epe3 poMikHe pesie [1 Ha BiKIroueHHs.
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HominanbsHul cTpyM TUTAaBKOI BCTaBKM 3anoobkHUKa HJI 1 cTpyM cripaiiboByBaHHS
MaKCUMAJTbHO-CTPYMOBOT'O 3aXUCTY Loy s BUOMPAIOTH 3 ypaXyBaHHIM HACTYITHUX YMOB: JIE
Liionx - HOMIHAJIBHUM CTPYM OJJHOTO KOHJIEHCaTopa a0o0 rpymu; lyows - HOMIHATLHUIA CTPYM
BCi€i OaTapei KOHJCHCATOPIB.

3axuCT KOHJCHCATOPHMX Oarapell mpu OAHO(pA3HMX 3aMUKAaHHSX Ha 3EMITIO
BCTAHOBITIOETHCS Y JIBOX BUTIAJIKAX: KOJIM CTPYMH 3aMUKaHHS Ha 3eMITto Brie 20 A 1 Komm
3aXUCT BII MDK(a3HUX 3aMUKaHb HE CIIPAIILOBYE.

Jlexknia Ne25

Tema: Cxemu ynpaiiHHs, OOMIKY 1 CUTHAJI3a1Iii.
Merta: o3HalloMUTHCS 31 CXeMaMH YIPaBIiHHSA, OOMIKY 1 CUTHAJI3a1lii.

MeToau: CJIOBECHI, HAOYHI.



Il1an:

1 IIuTtk kKepyBaHHSI.

2 JlucrieTyepchbKi IIUTH.

3 JlucrieTuepChbKUil MyJIbT.

4 YnpaBiiHHs, CUTHAJI3a1lisl 1 KOHTPOJIb B €IEKTPOYCTaHOBKAX.

MarepiajbHO-TeXHiYHe 3a0e3nedyeHHs1 Ta AMAAKTH4YHI 3aco0u, T3H: KOHCIEKT,
HiAPYYHUK.

Jliteparypa:

1 Poxxkosa JI.JI., Kozynmua B.C. DnextpooOopyioBaHNE CTAHIIMI U MOJCTAHIIMI:
VYyeOHUK /U1 TEXHUKOB. — M.: DHeproatomuszaat, 1987. — 648 c.

2 JIunikun B.FO. DnerpocHabxeHue MpOMBIILIEHHBIX MIPEANPUITUN U YCTAHOBOK. —
M. : «Bpicmas mkosa», 1990 r. — 365 c.

3 IloctaukoB H.IL., PyGamo I'.M. DnekTpocHaOXeHUE MPOMBIIIIEHHBIX
npeanpusatui. — Jleaunrpan: «Ctponnzaar», 1989 r. — 351 c.

IIuTn kepyBaHHs. J[Jis1 ypaBiaiHHSA 1 KOHTPOJIIO 32 pOOOTOIO €JIEKTPUYHOTO
oOnaJiHaHHs €JIeKTPOCTaHLINd 1 MACTaHIIA TPUCTPOI JUCTAHIIMHOTO KEpyBaHHA 1
CUTHAJII3aI[1{, BUMIPIOBaJIbHI PUJIAIH, AIAPATH PEJICIHHOTO 3aXUCTY Ta ABTOMATUKH
pO3MILIYIOTh Ha muTax kepyBanHs (IY) 1 aucneTuepchkux MyHKTaXx.

Ilutn KepyBaHHS pPO3TALIOBYIOTH Y 3arajbHOMy (pa3oM 3 i1HIINM
o0JaTHAHHSIM) abo creriagbHO BiJIBEJICHOMY IPUMIIICHHI. Ha
TEIUIOCTCKTPOIICHTPAIAX, PAMOHHHMX EJICKTPOCTAHIIAX 1 BEJIMKUX TACTAHIIISIX
cropymkyeThesi TojoBHuM 1wt ynpasmiaAg ([HY) Ha TTY poswmimytots
amaparypy AWCTAHIIITHOTO KEpyBaHHsI Ta CHUTHAJI3aIlli, MPWIaad BUMIPIOBaHHS,
amaparypy pelieHOro 3aXUCTy Ta aBTOMATHKHU, IIUT MOCTIHHOTO CTPyMY 1 3aco0u
3B's13ky, [lpumimenns mis 'Y wa TELL 1 miacranmisx 3HaXOAUTHCS B OYIiBII
TOJIOBHOTO PO3MOJIJILHOTO MPHUCTPOIO, MO0 MPUMHKAE 0 TEPUTOPIi BiIIKPUTOIO
M1CTaHII].

Kpim T'IIY Ha enekTpocTaHIisIX BCTAHOBJIIOIOTH MICUEBI IIUTH YIPaBIiHHS,
NpU3HAYCHI JUTsI KEPYBaHHS JBUTYHAMH, CICKTPUYHHUM 1 TETJIOBUM OOJaTHAHHSIM
KOTJIB, TypO1H, IIUTH ABTOMATUKH.

[Iutu KepyBaHHS CKJIAJAIOTHCSA 3 OKPEMHUX IMaHENel, Ha JIMIIbOBIA CTOPOHI SIKHX
BCTAHOBJICHI PYKOSATKHU KJIIOYIB JUCTAHIIMHOTO KEpPYyBaHHS, CUTHAJIbHI MPUCTPOI,
BHUMIPIOBANIbHI NIPUJIANA 1| MHEMOHIYHA cxeMa 3'eqHaHHs (puc. 9.1).
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puc 9.1 9.2
3'enHaHHs BCi€l amapaTypu, BCTAHOBJICHOI Ha TaHeNl, BUKOHYIOTh 3 11 3aJHBOT
ctopoHd. Tyaum X WiABOASITH 1 MiT€IHYIOTh KaOeli JAHIIOTIB yIpaBIIiHHS,
BUMIPIOBaHb 1 CUTHAJTI3AIli1, IKi Ha3UBAIOTHCS KOHMPOIbHUMU Kaberamu. Tlepexin
B1J1 MPOBOJIIB /10 Ka0OeiB 31HCHIOIOTH 32 JOMTOMOTO0 CIEIIaIbBHUX KJIEM.

Ha i rpynyroTh naHesni reHepaTopiB, TpaHCHOPMATOPIB, JIHINA MeXaHI3MIB
BJIACHUX MOTPeO 1 T. 1. PO3TaIioBy0Th MaHesi TakK, 00 MOJETIIUTH CIOCTEPEKEHHS
32 BCTAHOBJICHUMH TIPUJIATaAMH.

MoXIMBUMH CIIOCOOAMHU yIpaBIiHHS BHMHUKA4aMH € MicCIieBe (pyd4He)
BUMUKA4l BKIIFOYAETHCS a00 BITKIIFOYAETHCS HA MICII yCTAaHOBKH; JIHUCTaHIlIHHE-
BUMUKAY BKJIIOYAETHCSA a00 BIAKIIOYAETHCS HA BIJICTaHI, 3 ITUTA YIIPABIIHHS.
Pydne yrmipaBiiHHS B OKpEMHUX BHUIIAJKAX JOTIOBHIOIOTH MPUCTPOEM aBTOMATUYHOTO
YOPABIIHHS 1 JUCTAHI[IHHUM BIJKIIOUCHHSAM BUMUKaua. 3a3BUYail BIAXOASTH JiHIT
6-10 kB MaroTh micrieBe ynpaBimiHHs. Pene i BUMIprOBaibHI MIPHIIAINA TaKUX JTIHIHN 1
BCl €JIEMEHTH, MOB'A3aH1 3 YIpaBIiHHS BUMHMKA4YeM, PO3MIIIYyIOThCcsl Ha acasi
Kamepu PVY.

JlucnerdyepehbKi MUTH. [ ynpaBIiHHS CHCTEMOIO €JICKTPOIOCTaYaHHs Ha
JTUCTIETYCPCHKUX MYHKTaX IMiMPUEMCTBA BCTAHOBJIIOIOTH IUCIIETUYSPChKI muTH. Ha
HIMTaX PO3MINIYETHCA MHEMOHIYHA CXE€Ma, CHUCTEMHU EeJEeKTPOoIrocTadyaHHs abo
OKpeMoro ii 00'eKTa, a TAKOX anapaTypa yIpaBIiHHS Ta CUTHAI3allli.
Jucnerdepcbki MUTH OYBaIOTh MJIAHIIETHOTO 1 MO3aiYHOTO THUIIIB. Y TUIAHIIETHUX
IIMTaX MHEMOHIYHA CXEMa 1 araparypa po3MIlIyIoThCs Ha CIICHIAIbHUX TJIaHIIEeTaX,
10 KPIMUIATHCS HA MaHeIsax. Mo3aiyHi MHUTH CKIIAIa0ThCS 3 METaJIEBUX KapKaCHUX
CEeKII, Ha SKUX YKpIIUIeHl mnepdopoBaHi MmiaaThu. B oTBOpax miaT yKpirieHi
IUTACTMACOB1 €JIEMEHTH AJIsl PO3MIIICHHS anapaTypy YOpPaBIiHHS Ta CUTHaMI3allil



(puc. 9.2). IlepeBaroro My3U4HHX IIUTIB € MOXJIUBICTD JIETKOT 3aMIHH OKPEMHUX iX
€JIEMEHTIB MIPH 3MIHaX CXeMU KOHTPOJIbOBAHOTO 00'€KTA.

JMucnerdyepebki myabTH. [ po3MIlIEHHS BUMIPIOBAILHOI amapatypu Ta
amapatypy yMOpaBIiHHSI Ta OOJIAMHAHHA POOOYOTO MICIHs JUCTIETYEpa CIYKaTh
JUCTEeTYEPChKi MyNbTH. JlucneTyepehKi MyIbTH BUKOHYIOTH 301pHUMU CEKIIMHUMU.
BoHu cknamaroThes 3 TyMO 1 CTITBHUII, HA SIKIF MOYKE BCTAHOBJIIOBATHCS TIPHIIAIOBA
MpUCTaBKa.

YnpasiaiHHsl, CHTHaJdi3alisi 1 KOHTPOJIb B  €JEKTPOYCTAHOBKAX.
Po3pi3HsAI0Th Takl BUIM YIIPABIIIHHS: MICIICBE, aBTOMAaTHYHE, TUCTAHIIAHE.
Hucraniiiine kepyBanHs. lle ympaBiiHHS Ha BiJICTaHb KUJIBKOX COTE€Hb METpIB,
MPOBOJIUTHCSA OINEPATOPOM, IO MOAAE KOMAaHIy 3 MOCTa abo IIUTa YHpaBIIHHS
[UIIXOM 3aMHUKaHHS CHELIaJbHUM KJIIOYeM JIaHIfora YIPaBIIHHS MPUBOJOM
BUMMKaYa, po3'eJHyBada abo JBUTYHA.

HaniiiHicTh Ail cXeMU AMCTAHLIMHOTO KEpyBaHHS 3aJIEKUTh BiJ CIIPABHOCTI
anapaTypu 1 JIQHILIOTH YIPaBJiHHS, K1 MMOBUHHI 3HAXOAUTHUCS MiJ MOCTIMHUM
KOHTpOJIeM. BuMukad Moke BIIKITIOYATHCS KIIOYEM YIPaBIiHHSA 3 muTa ado
3aXMCTOM TMpU aBapiiHOMY peEXUMI, TOMYy B CX€Ml YINpaBIIHHSI MOBUHHA
nepeadavyaTUCs CUTHANI3aIll BCIX BUIIB BIKIIIOUCHHS.

Jlst yrpaBiliHHS BHCOKOBOJIBTHAMHM BHMHKAYaMH PAHIIIE 3aCTOCOBYBAIUCS
kol yrpapiniaasa Tuny KCB®. B ganuii yac 3acTOCOBYIOTh KJItOUi, BUTOTOBJIEHI
3aBosioM EnextpomynsT y aBox cepisx: [IMO (mepemukau masiorabapuTHUM
3arajgpbHOrO 3actocyBaHHs) 1 MK (manorabGapuTHuil KIIOY) 13 3HUKEHOIO
KOMYTAIiHHOT 3/JTaTHICTIO.

PiznoBuom kimrouiB IIMO e: kimrou IIMO® Ha kinbka ¢GpiKCOBaHUX IMOJO0KECHB
1 xmou [IMOB® - Ha nBa moioeHHs 3 MOBEPHEHHSM 1 4OTUPH (PIKCOBAHUX
MOJIOKEHHSI.

[TomoeHHST KOHTAKTIB MPH Pi3HKUX MOJ0KEHHIX PYKOSTKH KITF0Ya BU3HAYAOTh
JlarpaMoro Kiroya.
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Pucynok 9.2 — Jliarpama xitoua ynpasiinasa [IMOB®
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Pucynok 9.3 — Cxema ynpaBiiHHs Ta CUTHaJIi3a1lli BUMHKayYa 3
BUKOPHUCTAHHAM KJIIOUYa

Ha puc. 9.3 naBeneni miarpamu kiatoua ynpasiainag [IMOB®, a puc. 9.4 -
cXeMa YIpaBJIiHHA Ta CUTHAI3almii BUMHKaua 3 BHKOPUCTAHHSIM I[HOTO KIIIOYA.
BigzHauumo Jneski O0COONMBOCTI 1Ii€1 CXeMH ympaBiiHHA. Y HIM 3acTocoBaHa
OJOKyBaHHsI BiJl 0araTopa3zoBOro BKIIOYCHHs HA iCHYIOYE€ KOPOTKE 3aMUKaHHS, 3
BUKOPHUCTAHHSAM CHEIliaJbHOro MpomibkHOro peie PBEM, sxe mae naBi 0OMOTKHU-



nocnigoBHy PBM B manmo3i oomotku BigkmtoueHHs EO 1 mapanenbHy oOMOTKY
PMby; B nan1ro3i ynpasiinas. [Ipu BkiItoueHHI BUMHUKada Ha KOPOTKE 3aMUKaHHS
(mucTaHIifHO 200 aBTOMATHUKOI0) CIIPAIIbOBYE PEICHHUIN 3aXHUCT Ha BIAKIIOYCHHS.
OMHOYACHO CTBOPIOETHCS JIAHIIOI «HEBIAMOBITHOCTI» - KIIIOY YOPaBIIHHSA
BKJIIOYEHHM, & BUMUKAa4 BUMKHEHUU: untoc + LY pene 3axucry - kotymku PbMc -
oomotka EO Onok-kontaktn Bumukada B-IIIY. BinOyBaeTbcs BiAKIIOYCHHS
BUMUKaua 1 crpaiboByBaHHsa peinie PBM, oqHa mapa KOHTaKTiB SIKOTO PO3MHUKAE
JaHLtor koHTakropa BkiatoueHHs KII, a apyra mapa KOHTakTiB 3aMHUKA€ JIAHLIOT
kotymka PMBbBy. Ilum 3a0e3nedyerbcsi OJOKYBaHHS JIAHIFOra BKJIIOYEHHS 1
3a00pOHA MOBTOPHOT'O BKJIIOYEHHS BUMHKaua Ha ICHYIOUE KOPOTKE 3aMUKAHHS.
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Pucynok 9.5 — Cxema nynbc- napu

HasiBHICTh HEBIAMOBIAHOCTI Y cXeMi (DIKCYEThCSI CUTHAII3aLI€0 MUTOTIMBUM
cBITJIOM. J1J1s1 OTpUMaHHS MUTOTIMBOTO CBITJIa BAKOPUCTOBYIOTh CXEMY IyJIbC-TIapu
(puc. 9.5), mo cknanaerses 3 1Box npomixkuux pese PII1, PII2 3 Burpumkamu gacy
Ha 3aMHKaHHS 1 po3MukaHHg. Komu obmotka penme PII1 (= IIVY), coparboBye,
3aMuKae JaHIor ooMoTku peine PII2 1 oqrovacHo nonaae mmroc Ha mmHKY + [TIMC
MUTOTIUBOTO CBiTia, Jammna JIO roputh moBHUM HamnpyxkeHHsM. Konrtaktu PII2
3HIMaioTh Hanpyry 3 pene PII1 1 3 po3mukanasm kontakTiB PII1 mutroc 3 mmHKM +
IIMC 3HiMaeTbed 1 1amma JIO racue. ITicng 3amukanus koartaktiB PI12 ciig HoBuHit
IIUKJI JTi1 CXeMHU MYJbC-TIAapH, M0 CYNPOBOKYEThCS MUTOTIHHIM Jammnu JIO. Sk
JDKEPENIo MUTOTIIMBOTO CBITJIa 3aCTOCOBYIOTHCS TAKOK KOMIUIEKTHI MPUCTPOT TUITY
IMC-5 1 nonsipusoBaHni pene PI1-7 (nuB. [18]). Y cxemi ynpaBiiHHS 1 cUTHaJi3a1li
(muB. Puc. 9.4) mpu BKIIOYEHOMY KJIIOY1 KEPYBaHHS 1 BIIKIIFOYEHOMY BUMUKayi
cTtBoproeThes JaHior: mwitoc [IIMC - kontaktu 13 -14 kmtoua-pesuctop K-6110k-
KOHTaKT BUMuKaua B- namna JI3-II1Y 1 namna ropuTh MUTOTIMBUM CBITJIOM.

Te  BiIOyBa€eThCs PU MOJOKEHHI KJIH0Ya Ha «BIAKIIOYEHHS» 1 BKIIIOUEHOMY
MOJIOKEHH1 BUMHKa4a. Y I1[bOMY BHUIAJKY JAHIJIOT MUTOTIIMBOIO YEPBOHOI JaMITH
JIK minrpumyeTtbes uepe3 KoHTakTH 18-19 ximtoua (muB. Puc. 9.3). Bigznaunmo, 1o
OnvMMaHHS 3€JIeHOi ab0 4YepBOHOI JIaMIK BIAOYBAEThCS TAKOXK MPH HASBHOCTI
HEBIJIMOBITHOCTI Y CXeMl TpHU KOMaHIAX «IOMEPEIHbO BKIIOYECHO» abo
«TOMEPETHBO BiIKIIIOUEHO.

3acrocyBanHsa kimtoua ympaBmiHHa [IMOB® pae MoxiuBicTh OTpuMaTH B
CXEMI YMpaBIiHHS 3aCTEPEXIIMBUM CUTHAJ MPO HEHOPMAJIBHUN pPEXUM pOOOTH




OKpEMHUX YaCTUH YCTAaHOBKH a00 MO CTaH JIAHLIOTIB 3aXUCTy Ta aBTOMAaTUKU. s
IIHOTO B CXEMY YIPABIIHHS BBOJHUTHCS peiie MONOKEHHS «BKiIrodeHo» PIIB 1 pene
nosiokeHHs1 «BUMKHeHO» PIIO. Ilpu cmpaBHOMY CTaHi JaHIIOTIB YIpPaBIIHHS
oOMoTKa omHOTO pene, Hanpukiaa PIIB, o0TukaeTbes ctpymom, a Ipyroro. pesne
PIIO 3HecTpymileHa 1 JaHLIOT CUTHANY po3iMKHYTH. Ilpu HasBHOCTI O0OpuUBY B
JAHIF031 OOMOTKH OJIHOTO pelie BUSBISIOTHCS 3HECTPYMIIGHUMHU OOHIBa pene 1
yepe3 IXHI KOHTaKTH OyJie IOJJaHU# CUTHAI MoTepepkae CUTHaI3allli.

[Tpu BukopucTanHi B konax ynpasiinas kmodiB [IMOB, KB 1 MKB, mo ne
MarTh (HIKCOBAaHHMX IMOJO0XKEHb, KPIM HEUTPaIbHOTO, ISl CUTHAIII3aLll] MOJI0KEHHS
BUMHKa4a 3aCTOCOBYIOTh J0JaTKOB1 pene ¢ikcaiii komanau POK. B pene PKD
BUKOPHCTOBYIOTh JIBOIO3UIIIIHE CUTHAJBHE pee (puc. 9.6, a) 3 1BoMa 00MOTKaMu
1, 2 nns mepeMHKaHHS siKops pefie 3 Ha JBa (IKCOBaHUX IOJOXKEHHS 4 1 5.
3actocyBanHs B pene POK pene ctpymy 1 pene immyabcHo1 curnanizaiii PIC-E2M
A€  MOXJIMBICTh OTPUMATH CXEMYy 3BYKOBUM aBapiiiHOI CHUTHaji3alii npu
ynpasiiHHi BuMukadem kioueM MKB. B pene PUC-E2M BxonuTth nossipuzoBaHe
pene PC 3 noma oomotkamu ynpasiinag PC1 1 PC2, tpancdopmarop manpyru TH
1 1Ba TpaH3ucTOpHUX nepemukaya Tpl 1 Tp2.
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Pucynok 9.6 — Bumukau 3axucry

[Ipu BigKJIIOYEHHI BHUMHMKauda 3axuctoM (puc. 9.6, 0) 3amuKaeTbcs OJIOK-
KOHTaKT BUMHMKaya B 1 depe3 mo 3anummiaucs 3aMKHEHUMHU KoHTakTh POK i
BBEJICHI B JIQHITIOT HEBIJMOBIIHOCTI KOHTaKkTH pese PKB 3amukaeTbes naHIor s
nonaul Hanpyru Ha wuHU [I3A 1 ctpymy B nepBunny ooMoTky TH pene PUC-E2M.
[le cTBOpro€ iMmynabCc Hampyrd y BTopuHHIH oO0MmoTHi TH, BinkpuBaeThcs
tpanzuctop Tpl, momaerbest ctpym B 006MoTky PCl1, sika, cripaniboBye uepes pele
PII, nonae curnan cupenoro EC. HaTuckanHsiM Ha KHOIKY a00 KOHTaKTOM peJie
yacy PB curnain 3HiMaeThCsl.

HasBricTs koHTakTiB pene PKB (pene KOHTpoItO BKIIOYEHHS) B JIAHITIO31
HEBIJIMOBITHOCTI MPH J1i 3BYKOBOI CHUTHAJI3AIlll BUKIIIOUYAE i1 TOMIJIKOBY pOOOTY
IIPY TIOJIa41 KOMAHIN «BKITFOUUTH.

KoHTpons crany 1307111 B Mepexi 3MIHHOTO CTpyMy. Y Mepexax 3
rIyXxo3a3eMJieHo0 HelTpamuto Hanpyroro 380/220 B, 660/380 B, 110 kB 1 Bumie



3aMUKaHHS OJHIET 3 (a3 Ha 3eMII0 € KOPOTKMM 3aMUKAaHHSM 1 aBTOMAaTHYHO
BIJIKITIOYAETHCA 3aXUCTOM. TOMy B Takux Mepexax He nependavyaroTh MPUCTPOIB,
10 KOHTPOJTIOIOTh CTaH 130JISI1111.

Y Mmepexkax 3 MajuM CTPYMOM 3aMHKaHHS Ha 3€MJII0, TOOTO 3 He3a3eMJICHUMU
HelTpansiMu abo 3 HEHTpaiIsiMH, 3a3eMJICHHUMH Yepe3 JYroracHi KOTYIIKH, B
HOpMaJIbHHUX YMOBaX HAMpPY>KEHHS BCIX TPHOX (a3 aje CTOCOBHO 3eMJI1 piBHI pa3Hii
Hampy3i. Y pasi MmeTaneBoro OmHO(A3HOTO 3aMHUKAaHHS Ha 3€MIII0 Halpyra
MIOIIIKOPKEHOT (ha3u IMI0A0 3eMJIi CTa€ PIBHUM HYIIO, a Hallpyra HEMOIIKOHKEHIX
(a3 301IbIIyeThCs 10 MibK(pazHoro. Mixkda3zHi HalIpyTy IpH IbOMY HE 3MIHIOIOThCS,
1 poboTa eJeKTponpuiiMadiB HE MOPYIIyeThcsa. Uepes Miclie MOMIKOKSHHS
NPOTIKa€e MOPIBHIHO HEBENUKHHA CTpyM. lIpm TakoMy 3aMHKaHHI Mepexka MOXKe
nesakuid dvac (mpuOiau3HO 2 TOj) 3anuinatucs y poborti. TpuBama poborta 3
3aMKHYTOIO Ha 3eMITI0 (pa301o HeOe3euHa, OCKUIBKH MPY Mpo0oi Ha 3eMITIO 1301111
1Hoi (a3n B Mepexl BHHHMKAaE MIK(Pa30BE KOPOTKE 3aMUKaHHS 3 YyciMma
BUTIKAIOUYMMH HacligkamMu. ToMy B Mepekax 3 MajuM CTPYMOM 3aMUKAaHHS Ha
3eMUITIO Iepe10ayaroTh CrielianbH1 MPUCTPOI 711 KOHTPOJIIO CTaHYy 130J141111 BITHOCHO
3eMJIi.
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Pucynox 9.7 — Cxema KOHTPOJTIO 130711111 B MepekKax 3MIHHOTO CTPyMy

Ha puc. 9.7 naBenieH1 cxeMu KOHTPOJIIO 13015111 B MEpexax 3MIHHOTO CTPyMY
3 BUKOpHUCTAaHHIM TpaHcdopmaTopa tuny HTMI.

Haii0iibil  MpOCTOI0 CXEMOK KOHTPOJIIO € CXeMa BKJIIOYEHHS TPbOX
BOJBTMETPIB (Va, Vs 1 V) Ha dazni Hanpyru (puc. 9.7, a). Y HOpMaATIbHOMY PEKUMI
BOJIBTMETPU TOKA3YyIOTh PiBHI 3a BeIWYMHOIO (pa3zoBi Hampyru. [lpu riayxomy
(MeTaneBiil) 3aMUKaHHI Ha 36MJTIO OJTHI€T 3 (pa3 HaTpyTa €T (ha3u 11010 3eMJli CTaHe
PIBHUM HYJIIO, @ HAPYTH IBOX 1HIIKX ()a3 3pOCTYTh 1 CTAHYTh pIBHUMHU MIXK(a30Biii.
BiamoBiiHO IbOMY 3MIHSTHCS TIOKa3aHHS BOJIBTMETPIB. SIKIIO 3aMUKAHHS HA 3EMITIO
Oyne He riyxuM (a 4epe3 MepexigHuil oImip), TO Hampyra MOIIKOKEHOI dasu
3HU3HUTHCS, & HAPYTU HEMOIIKOKEHUX (a3 MiABUINATHCA B MEHIIIH Mipi, HIXK MPU



TIIyXOMY 3a3€MJICHb, II0 TaKOXK MO3HAYMTHCA HA MOKAa3aHHSAX BOJBTMETpIB. Jliis
OTPUMAaHHsI 3BYKOBOT'O CHTHAY B MPOBIJ, IO 3'€IHY€E HYJIbOBY TOUKY BOJIBTMETPIB
3 HyJIbOBHM IIPOBOJIOM TpaHCcopMaTopa HapyTH, BKIOYA€ThCS BKa31BHUI perne Y.

Y cxemi, HaBeleHi Ha puc. 9.7, 6, HyJIbOBa TOYKA CTBOPIOETHCS IITYYHO

BKJIIOUEHHSM Ha (Da3Hi HAIPyTH TPHOX KOHAeHCATOPiB, [Ipyu momkomKxeH ] 1307111
dasu uepes pene H HaTXOIUTh CUTHAIL.
Cxema, 300paxkeHa Ha puc. 9.7, B, CKIaIa€ThCs 3 TPbOX peJie MIHIMAJIbHOI HAIIPYTH
H. Tlpu 3amukanHi a3y Ha 3eMITI0 pelie H, BKIIOUEHE Ha HaMpyTy MOIIKOIKEHOT
da3u, crpanpoBye 1 jgae curHai. [lomkompkeHa ¢aza BU3HAYAETHCS alie BUIIAB
panopisM BKa3iBHUX pere Y.

CxeMa, HaBeJieHa Ha puc. 9.7, T, CKIaJAa€ThCs 3 pelie Hanpyru H, BKIIOYEHOTO
Ha J0JaTKOBY 0OMOTKY TpaHcgopmaropa Hanpyru HTMMU, mo mae nBi BTopuHHI
oOMoTku. [lepBrHHAa 0OMOTKA 1 OCHOBHA BTOPHMHHA OOMOTKA 3'€/THaHI B 31PKY.
JlonatkoBa BTOpMHHAa OOMOTKA BKJIIOUAETHCA 32 CXEMOK PO3IMKHYTOIO
TPUKYTHHUKA.

[Ipu opHO(da3HOMY KOPOTKOMY 3aMHKaHHI B MEpexl 3 3a3eMJICHUMU
HYJIbOBUMHM TOYKamMHu TpaHcpopmaropiB (mepexi 110, 220 kB 1 Bume) ¢azna
HaIpyra IMOIIKO/JKEHO1 (a3u cTae pIBHUM HYJIO, a T€OMETPUYHA cyMa (a3HUX
HaIpyr JBOX HEMOIIKO/KEHUX (pa3 BUABIAETHCS PIBHOIO MiK(a3HUX Hampyr. Y
MEpexXi 3 130JbOBAaHUMHU HYJbOBUMH TOYKaMU Tpachopmaropa (Mmepexi 35 kB 1
HIDKUE) IpU OJHO(A3HUX 3aMUKaHHAX Ha 3eMIII0 (pa3H1 HApPyTry HEMOIIKOHKEHUX
¢da3 cTaroTh pIBHUMHM MDK(a3HUX HANpyT, a iX F€OMETpPUYHA CyMa BUSBIISETHCS
PIBHOIO MTOTpO€EHOMY (Da3H1N HATPY3i.

[Tpu 3aMuKaHHI Ha 3eMJII0 B Mepekax 35 kB 1 Huxk4e Ha T0AaTKOBI1M 0OMOTII

3'SBISIEThCSL Hampyra, pene H cmpanpoBye 1 momae 3aranbHuil curHan. Ilicms
OTpUMaHHS  CHUTHaNly  BIJIIIYKY€TbCS ~ TOIIKOJPKEHA  JIiHIS  TOYEPrOBUM
KOPOTKOYACHUM BIJKJIIOYEHHSIM 1 3BOPOTHUM BKJIIOUEHHSIM JIIHIH, SIKI )KHBIISITHCS
B1JT IIWH M1ICTAHII.
KoHTponb cTaHy 130541111 Mepexi MocTiiHoro ctpymy. [1po6iit 130541111 BiIHOCHO
3eMJIl B IBOX TOUYKAaX MEPEXIi MOCTIHHOTO CTPyMYy MOKE MPU3BECTH 10 YTBOPECHHS
OOX1HUX JIAHIIOTIB B ONEPATUBHIN JAHIIOra 3aXUCTY 1 IOMUJIKOBUM BiJIKIIOYEHHS
yctaTtkyBaHHs (puc. 9.8). ToMy ycTaHOBKM MOCTIHHOTO CTPyMYy Ha MiACTaHIIISIX
00JIaTHYIOTHCSI TPUCTPOSIMUA KOHTPOJIIO CTaHY 130JISI1I11.

CxeMa KOHTpOJIIO, HaBeJeHa Ha puc. 9.9, ckinamaeTbes 3 BOX BOJIBTMETIB,
Brmrouennx MiK KOKHHM TIOJIOCOM 1 3eMIIer0. SIKIO Omopy 130JIAIii KOKHOTO
TMOJTFOCA BIJTHOCHO 3€MJI1 OJTHAKOBI, TO HAMpyTa KOKHOTO TOJIFoca BigHOCHO 3emiti U
+, U. nopiBHIO€ mosioBuHI Hampyru U MiX mojitocamu. SIKIIO OAWH 3 TIOJIIOCIB,
HAIPUKIIAJ «+», 3aMKHETHCS Ha 3eMIJII0, TO BIIMOBIAHO Hampyra U . cTaHe piBHUM
HyIto, a Haripyra U. 3pocte o Bennuunu Haripyru U. [1pu 3HIKEeHH] OTIOpY 130511111
Ha OZJHOMY 3 MTOJIFOCIB HAMpPYTa IIbOT'0 MOJII0Ca BIIHOCHO 3€MJIl 3HU3UTHCS, @ HAIIpyTa
1HIIIOTO MOJIFOCA BITHOCHO 3€MJI1 IT1ABUIIIUTHCS.
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