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Jlexmisa Nel

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

MeToau: CIIOBECHI, HAOYHI.

ILnan:
1 3apaya nucuumuiiayn EnekTponocrayaHHs MiJIPUEMCTB 1 HUBUIBHUX CHOPY/I.
2 XapaKTEepUCTHKA CUCTEMH E€IEKTPONOCTAYaHHS.

3 CripoliieHHa CTPYKTypa CUCTEM €JIEKTPOITOCTauyaHHs.

4 OCHOBHI 1 I0JaTKOB1 BUMOTH JI0 CUCTEMU €JIEKTPONIOCTaYaHHs

MarepiajbHO-TeXHiYHe 3a0e3neuyeHHs Ta TUAAKTUYHI 3aco0u, T3H: KoHCHEeKT,
H1PYYHUK.

Jliteparypa:

1 Jlunkun Bb.1O. DnexTpocHadx)eHnue MPOMBIIICHHBIX MPEATPUITHI 1
yctanoBok — M.: B.I11. 1990

2 TloctaukoB H.I1., Py6amos I'.M. DnekrpocHabkeHne MPOMBIIIICHHBIX
npennpusituii — Jlenunrpaa: Ctpoitnzgar, 1989

CucremMo10 €J1eKTPONOCTAYAHHS HA3UBAIOTh KOMILJIEKC MPHUCTPOIB JUIf
BUPOOHMIITBA, TEepenayl 1 Po3MOJLTy €NeKTPUYHOI eHeprii. OCHOBHOIO 3aJ1ayero
€JICKTPOIIOCTAYaHHS MPOMUCIOBUX MIANPUEMCTB 3a0€3MeuyBaT €JIIEKTPUUHOIO
CHEPTi€I0 MPOMUCIIOBI CIIOKUBaYl. JI0 SIKUX BITHOCSTBHCS €IEKTPOIPUBOAM PI3HUX
MalIuH 1 MEXaH13MiB, €JIEKTPUYHE OCBITJICHHS, €JIEKTPUYHI HarpiBajbH1 NPUCTPOI,
B TOMY YHCJI1 €IEKTPUYHI MeYi.

3aaya eIeKTPOIOCTauaHHs MPOMUCIOBUX MIAMPUEMCTB BUHUKJIA OJTHOYACHO
3 MIMPOKUM BIPOBAIKEHHSIM €JEKTPONPHUBOJIa B SIKOCTI PYIIIAHOI CHIIM PI3HUX
MaliuH 1 MeXaHI3MIB 1 OyIaiBHMIITBOM ejekTpoctaniiil. (Emextporpusin -1e
€JICKTPOMEXAHIYHA CHUCTEeMa JUId TNPUBEACHHS B PyX BHUKOHABUMX MEXAHI3MIB

poOOYMX MaIIuH 1 KepyBaHHS UM PYXOM B IIJISX 3IMCHEHHS TEXHOJOTIYHOTO
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nporiecy). Ilepmri enekTpocTaHIii COpyIKyBaauCh B MICTaX JJIsI OCBITJICHHS 1
KUBJICHHSI €JIEKTPUYHOTO TPAHCIIOPTY, a TaKOXK Npu (adbpukax 1 3aBonax. [lizuimne
3’SIBUJIACST MOKJIMBICTh CHOPY/DKEHHS ENEKTPUYHHX CTAHI B MICLAX 3araciB
nanuBa (topdy, Byriuisi, HadTH) ab0 B MICISIX BHUKOPHCTAaHHS €HEPrii BOJHM
HE3aJIe)KHO BiJ MICIb pO3TAllyBaHb CIOKMBAYiB EJIEKTPOEHeprii - MiICcT 1
MPOMUCIIOBUX TIANPUEMCTB. Ilepegadya enexkTpoeHeprii Ha BENHMKI BIAAall 10
IIEHTPIB CIIO’KUBAHHS MOYaIa 3IMCHIOBATHCS JIHISIMH €JIEKTPOTIepeIadi BUCOKOT Ta
HU3bKOI HAIPYTH.

OcuoBauMu xapakrepuctukamu CEC €:

- SIKicHI XapaKkTEepPUCTHUKY;

- KinbKicHI XapakTepUCTUKY;

- YMOBU (DYHKI[IOHYBaHHS .

[Ipu mpoekTyBaHHI Ha MiACTaBl BUXIAHUX JAaHUX - KUIBKICHUX XapaKTEPUCTHK 1
YMOB €KCILTyaTallii , He0O0X1/1HO 3a0e3neunTu sikicHl xapakrepuctuku CEIL
SAxicui xapakrepucTuku CEIl - Bu3HaualoTh Npane3 aTHICTb CUCTEMH 1
XapaKTEepU3YyKThCs CTPYKTyporo Ta BiactuBocTssMu CEC , a Takox yMoBaMH ii
eKCIUTyaTarrii.

KinbkicHi XapaKTePUCTUKHU CEIl BU3HAYAIOThCS KUIbKICHUMHA
XapakTepucTUKaMu  enekTpuyHux npuiimadiB  (EII) iX  TepuTopiasibHUM
PO3MIIIEHHSIM Ta , SIK HACHI0K , cTpykTyporo CEIL.

YmoBu ¢pynkuionyBanus CEIl BH3Ha4arOThCA BIUIMBOM YMOB HAaBKOJIMIITHBOTO
MPUPOJHOTO CEPEJOBUINA , TEXHIKO - TEXHOJOTIYHMMH Ta OpTaHi3amiiiHO -
eKOHOMIYHUMH YMOBaMH.

Y npoueci ekcryaranii CEII HeoOXi1qHO po3riasgaTH TpU MOKIMBUX PEXKUMHU ii
poboTH .

Hopmanbuuii pexxum CEII - cramuii pexum poOOTH CUCTEMHU , NMPU SAKOMY
3a0be3neuyeThcsi Oe3mepebiifHe TMOCTavyaHHs CIOXKHBAYiB  EJIEKTPOCHEPTIEI0 B
HEOOX1/IHIH KIJIBKOCTI 1 BCTAHOBJIEHOT SIKOCTI.

Asapiiianii peskum CEII - KopoTKOYacHMI TEpexXiTHUN PEXUM, MOB'SA3aHUMN 3
MOPYLIEHHSM HOPMAaJIbHOTO PEXHUMY 1 TPUBAE A0 BIAKIIOUEHHS MOIIKOHKEHOTO

CJIICMCHTY CUCTCMHU .
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HicnsiaBapiiamii pesxkum CEII - pexxum , B AKOMY 3HAaXOJUThCA CUCTEMA B
pe3yabTaTi MOPYIIEHHS , 1 1[0 TPUBAE IO BITHOBJIECHHS HOPMAIBHOTO PEXKUMY MICIIS

YCYHCHHSI Bi]MOBH

Cucrema enexrponocrayannss (CEII) - cykynHICTh €lEKTpPOYyCTaHOBOK
NpU3HAUYCHUX IS 3a0€3MeUeHHs CIIOKUBAYIB EIIEKTPUIHOIO EHEPTIEI0

CrpoiiieHa cxema eeKTporocTayaHHs 00'€KTa BKITIOYAE :

- kepeno xusiaeHHs ( JDK)

- miuii enextponepenaui ( JIEIT) , 3a1icHIOIOTh TpaHCIIOPT €IEKTPUIHOI €HEPTii Bif
JUK o minnmpuemcTBa

- MyHKTY npuiiomy enextpuanoi eneprii ( [1I1E) ;

- PO3IOALIBbHI MEPEXKI;

- npuiiMadi enexkTpuaHoi eneprii ( I1E) .
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CucremMy eJeKTpPONOCTAa4aHHs MIANPHUEMCTBA MOKHA YMOBHO pO30UTH Ha 3
YaCTHHU: CUCTEMY KHUBJICHHS , CUCTEMY PO3IOJLTY 1 CUCTEMY CTIOKHBAHHS.

B saxocti 1K MOxyTh OyTH :

- EnexTpudana ctaniiisg abo miCTaHINs €HEPrOCUCTEMU |

- Enextpuyna crasiiis mianpueMcTBa .

BiacHa esieKTpOCTAaHIiSE HA MIANPUEMCTBI OYAYETHCA B HACTYIIHUX BHIAKAX:
- [Ipu BenmukoMy CTIOKMBaHHI TeTLIa;

- Ilpu po3MileHH1 NiAIPUEMCTBA Y BiIJIaJIEHUX palioHax, 0 MalOTh clIa0Ki

€JIEKTPUYHI 3B'I3KY 3 €HEPrOCUCTEMOIO ;



- 3a HasIBHOCTI CIelialbHUX BUMOT J0 HaJIIMHOCTI €JIEKTPONOCTaYaHHS;

IIpu Bu6opi 7K HeoOXinHO BpaxoByBaTH HACTYIHI (haKTOpPH:

- O3HaKH SIKOCTI €JeKTpOnocTayaHHs (HaIIiHICTh , HANpyTa , 9acToTa 1 I0MyCTUMI
MEX1 1X BIIXUJICHHS ) |

- BenmnunHy NOTYXHOCTI 1 HANPyTH dKUBJIEHHS CIIOKUBAYIB .

B sixocrTi IIIIE mo:xe 0yTH :

- [Tincranmisa rmudokoro BBoay ( I1I'B ) , ciiyXuTh , sIK IpaBUIIO , JUIS KUBJICHHS
JIOKAJIHOTO 00'€KTa a00 MOTYKHOTO BIIOKPEMIICHOTO BUPOOHHIITBA MiAIPUEMCTBA
1 3HAXOUTHCS B IIEHTP1 ENEKTPUYHUX HABAHTAXKEHb 00'€KTa ( BUPOOHUIITBA).

- 'onoBHa nmonmxyBanpHa miactaniis ( ITIIT ) , cry>kuTh A1 )KUBIICHHS ISKUTBKOX
CIO’KMBayY1B (00'€KTIB) .

Cxemu 3 ogaum II1E ciig 3acTtocoByBaTu npu BiACYTHOCTI CHELIaIbHUX BUMOT J10
HagiiHOCTI >kuBieHHA [IE Ta KoMmakTHOMY iX po3TanlyBaHHI Ha TEpUTOPIi
H1JIPUEMCTBA.

Cxemu 3 nBoma i Oisibuie IIIIE caix 3acrocoByBartu :

- 3a HasIBHOCTI CIelialbHUX BUMOT J0 HaJIIMHOCTI €JeKTPONOCTaYaHHS;

- 3a HasIBHOCTI Ha MIAMPUEMCTBAX ABOX 1 OUIbLIE MOTY>KHUX BIIOKPEMIIEHUX TPy
CI0’KUBAYIB |
- TIPU TIOETATHOMY PO3BUTKY MiANPUEMCTBA, KOJIHU JUIsl KUBJICHHS HOBOBBEICHHUX
MOTYXKHUX BY3JIiB HABAaHTAXEHb B MAOyTHROMY JOLUIBHO CIIOPY/IKEHHS OKPEMOTO
[1ITE.

Kusnennst [MIE npu nassuocti EIl mepioi karteropii 3milCHIOETBCS BiJ JBOX
HE3aJIE)KHUX B3AEMHO PE3EPBYIOTH JKepen KuBiieHHs. 1Ipu npomy xusnenns [T1E
3IMCHIOETHCS 1O JIBOM OJIHOKOJIOBUM TOBITPSIHUM JIiHISIM 200 1O JBOX KaOEJIbHUX
JHIAX , MPOKJIAJACHUX IO PI3HUX Tpacax .

[Tpu BuxoO/1 3 1ady OAHIET JIIHIT Ta IO 3aJUIIUIACA B poOOTI MOBMHHA 3a0€3MeUnTH
xusneHHs Bcix EIN mepinoi kareropii , a Takox EIl npyroi ta Tpetboi kareropii ,
pobota sKkuX HeoOximHa Juig Oe3aBapliHOTO (PYHKIIIOHYBaHHS OCHOBHHUX
BUPOOHUIITB TEXHOJOTTYHOTO MPOLIECY IMiANMPUEMCTBRA.

2. OCHOBHi BUMOTH 10 CCTEMHU €J1eKTPONOCTAYAHHS



KosxHe BUpOOHUIITBO ICHY€E TUIBKHM TOMY IO Horo 00JiaiHaHHS 3a0e3reuye
poOOTY TEXHOJOTIYHMX MAIIMH, 10 BUIYCKAIOTh MPOMHUCIOBY Mpoaykilito. Bce
oOnamHaHHS TPUBOAUTHCA B pPyX B JaHUW dYac eJeKTpoABUTyHamu. g ix
HOPMaJIbHOT pOOOTH 3aCTOCOBYETHCS €JIEKTPOCHEPT IS K HAaHO1IbII THYYKA 1 3py4YHa
dopma eneprii, sika 3a0e3neuye poOOTy BUPOOHMUMX MexaHI3MiB. Ilpu mpomy
CJICKTPOEHEPT1s TOBUHHA BIJIIIOB1IATH HOPMaM SIKOCTI.

OCHOBHUMU NOKA3HUKAMM SIKOCTI eJIeKTPOEeHePrii €:

- CTaOUIBHICTh YACTOTH 1 HAIIPYTH,
- CHHYCOiJaJIbHICTh HANIPYTH,
- CTpyMY Ta CUMETpIisl HAPYTH.

PamionanbHOo ~ BUKOHaHa  Cy4YacHa  CHCTEMa  EJIEKTPONOCTAadaHHS
MIPOMUCIIOBOTO MiANPUEMCTBA TOBUHHA 33]J0OBOJILHATH PSiJT BUMOT:

1 ByTu €eKOHOMHOIO 1 Ha/IIHOIO
2 besneuHoro 1 3py4HOI0 B €KCIUTyaTallli
3 3a0e3MeyuT HAJIeKHY SKICTh €JIEKTPOeHEepTii
4 3abe3neuyBaTy AOMYCTUMI PiBHI HAIIPYTU
5 CTaliabHICTh YaCTOTH

[loBuHHI mepenOayaTUCs CTUCHI TEPMIHM BUKOHAHHS  OyiBEIHHO-
MOHTQ)XHHX POOIT 1 HEOOXiHA THYUYKICTh CHUCTEMH, IO 3a0e3Medye MOKIUBICTh
PO3LIMPEHHS] TPH PO3BUTKY MIANPUEMCTBA a00 HOT0 PO3MMUPEHHS (CTBOPEHHS

11exiB) 6€3 ICTOTHUX YCKJIAIHEHb 1 MOJJOPO’KUCHHSI IEPBUHHUX BaplaHTIB.

3. HeoOxigHicTh aBTOMATH3AIIT CHCTEMH €J1EKTPONOCTAYAHHS

[To Mipi pO3BUTKY EJIEKTPOCHOXKHBAHHS CTABAIA CKJIQJHIMIUMHA CUCTEMHU
€JIEKTPONIOCTAaYaHHs MPOMHUCIOBUX MIANPUEMCTB. B HHMX BKIIIOYAIOTHCS MEpExi
BHUCOKHX HAIpyT, pO3MOA1JIbY1 MEPEXKI, a B ACSIKUX BUMAIKaX 1 MEPEX1 IPOMUCITOBUX
TELl. OCKUIbKM TPOMHUCIOBI MIAMPUEMCTBO XapaKTepuzyBaliucs Oe3nepepBHUM
3pOCTaHHSM €JICKTPOCTIOKUBAHHS, 301IBIIICHHSIM MMUTOMUX BUTPAT EIEKTPOCHEPTIT 1
MUTOMUX IIIJIBHOCTEW HABaHTaXEHb, 32 PAXYHOK PI3KOTO 3POCTAHHS BUPOOHUYMX

MOTY>KHOCTEH 1 pO3IMIKUPEHHS 00J1aCTl 3aCTOCYBAHHS €JIEKTPOCHEPTii B
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TEXHOJIOTIYHUX TIpoIlecax BHHMKJIA HEOOXIJHICTh aBTOMAaTH3aIllli CHCTEM
€JIEKTPONOCTa4YaHHs TPOMHUCIIOBUX MIANPUEMCTB BUPOOHUYHMX MPOIIECIB.

3acobu aBTOMaTH3AaIlil BUPIIIYIOTh HACTYITHI OCHOBHI 3a/1a4i:

- 3aXHCTY;
- pEryJIOBaHHS HAMNpPYTH;
- peryJIoBaHHs MOTYXHOCTI KOHIEHCATOPHUX OaTapei.

OpauM 13 3ac001B BIOCKOHAJIEHHSI aBTOMAaTUKU € BUKOPUCTAHHS KEPOBaHHUX
EOM Tta xomm’totepiB. Jloriuni moximuBocti EOM mpaktuyHO Oe3MexHi, 10
JIO3BOJISIE pEA3yBaTH JIOCUTh CKIIAJHI aJrOpPUTMU KepyBaHHsS. MOXJIHBOCTI
HarpoMajpKeHHS 1 CTATUCTUYHOI 00poOKHU 1H(OpMaIlli 103BOJISIE BUPIIUTH 3a7adl
aHai3y 1 CAaMOKOHTPOIIIO cucTeMu. LlenTpanizariist GyHKIIIT KOHTPOIIO 1 KEpyBaHHS
JT03BOJISIE KOPEKTYBaTH KEPOBAHY CHUCTEMY IPAaKTUYHO Ha OyJb-IKOMY pIiBHI.
Mogenb KepyBaHHS CHUCTEMOIO €JIEKTPONOCTa4aHHS MOXKE BKJIIOYaTH B cede
CIIAYIOYl PIBHI: MNEPIIMHA - OPUCTPOI ABTOMATUKH, JATUYMKUA EIEKTPUYHHUX 1
TEXHOJIOTIYHUX TapaMeTpiB; APYTHil - aHaNI3 MEepBUHHOI 1H(opMarlii, ii 00poOKa,
TPEeTii - KOHTPOJHHO-OOYHCIIOBAJIbHA OlepallifHa CUCTEMa; 4YeTBepTra -
ONTUMalbHE KEPYBAaHHS, BUAAaUa KEPYIOUMX CHTHATIB Ha BHUKOHABYI OPTaHH.
CTBOpEHHS YHIBEpCAIbHOT CUCTEMH KEPYBAHHSI CUCTEMOIO €JIEKTPOIIOCTauYaHHS, SKa
MorJla OM 3HAaWTH 3aCTOCYBAaHHS HA BCAKOMY BEJIMKOMY MIANPUEMCTBI HE3AJIEKHO
BiJl XapakTepy BUPOOHUIITBA, MOXKHA PO3TIISAAATH SIK TEPIINIl KPOK 0 CTBOPEHHS
IHTETPOBAHOI AaBTOMATH30BAaHOT CUCTEMHU YTIPABIIIHHA, sika 00’ €IHye Oe3mocepeaHe
KEpYBaHHsSI ~ €JIGKTPOIOCTAaYaHHSM 3  YyNPaBIiHHAM  EHEProrocrmoiapcTBOM,
TEXHOJIOTI€I0 BUPOOHMIITBA 1 aJMIHICTPATUBHO-TOCTIOAAPCHKUMU MHUTAHHIMHU.
Kommiekc kepoBaHMX OOYHMCIIOBAIbHMX MAUIMH CIIJ 3aCTOCOBYBaTH JUIS
BUPILIEHHS 337a4 ONTUMAJIBHOTO YNPaBIIHHS BUPOOHUIITBOM 3 BPaXyBaHHSIM BCIX
CTOpIH JiSTTLHOCTI MiAMPUEMCTBA.

ABTOMAaTH30BaH1 CUCTEMHU YMNPABIIHHSI MOXe OyTH YCHIIIHUM TUIBKU TMPHU
HAsBHOCTI 3aco0IB aBTOMAaTHKM Ta KBalI(IKOBAaHUX I1HXEHEPIB B 00JacTi

ABTOMATHU30BaAHOI'O CIICKTPOIIOCTAYaHHA.
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4. OcHOBHi kpuTepii, fikKi CHPUSAIOTh BHKOHAHHI) PAlliOHAJBLHHX CXeM
€J1eKTPONOCTAYAHHS

['onoBHOIO  TPOO/IEMOIO  SIBISIETHCSI  CTBOPEHHS — pAlllOHAJBHUX  CHUCTEM
€JIEKTPONIOCTAaYaHH IPOMUCIOBUX MIANPUEMCTB. CTBOPEHHIO TaKHX CHCTEM
BIJIITOBI/Ia€ HACTYITHE:

1 . Bu0ip i BUKOpUCTAHHS PAliOHAJIBLHOI0 YHCJIa TPaHcopMamii

OCHOBHOIO TIEPETYMOBOIO € 1X MOCTIHHE 3pOCTaHHS 1 PEKOHCTPYKIlisa. OqHOYacHE
BBEJICHHS Ha MPOMHUCIOBHUX MIANPHUEMCTBAX palllOHAIBHOT HANPYTH 3aBXKAU
CHpUATUME CKOPOYEHHIO 4Mcia TpaHchopmauid B 2-3 pasu. Y 1bOMY BUIAAKY
€KOHOMIs eJeKTPUYHOI eHeprii cknane, 10-15 % Bix Bci€l BUTpaTH MPOMHUCIOBUM
T1ITPUEMCTBOM.

2. Bubip i 3acTocyBaHHs pallioHAJLHUX HATIPYT

[IpyurHamMu 3acTOCYBaHHS HEpALlOHAIBHMX HANpYr € TMOCTIMHE 3pOCTaHHS
€JIEKTPOCIIOKUBAHHS .

3aCTOCYBaHHS  palllOHAJIbHOIO HANpyrd B CHUCTEMax EJIEKTPONOCTAYaHHS
IPOMHCIIOBUX MIANPUEMCTB JIa€ 3HAYHY €KOHOMIIO y BTpaTax eJIEKTPUYHOI €Heprii.
3. IlpaBunbHui BUOIp MICIA PO3MIIICHHS IIE€XOBUX, TOJOBHUX PO3MOAUIHYMX 1
3HUKYBaJIBHUX TT1JICTAHIIIH.

Po3MmilieHHsT SKMBWJIBHOI MIACTAHIIA y BIAMOBIAHUX LEHTPAX EIEKTPUUYHUX
HAaBaHTAXKEHb 3a0e3Mnedye MiHIMaJbHI PIYHI MPUBENICHI BUTpATH. Beske 3MileHHs
LHEHTPY Belle A0 MiJIBUILIECHHS IIMX BHUTPAT 1 MIJBUIIEHOMY BHUTPATI €JIEKTPUYHOI
eHeprii.

4. IlpaBujibHe BU3HAYEHHS 04iKyBAHMX HABAHTAKEHb

Crpusie BUPINICHHIO 3arajibHOi  3ajadl  onTuMizaiii  moOymoBa  CHUCTEM
BHYTPIIIHHO3aBOJICEKOTO €JIEKTPONOCTAYaHHS.

5. PaumionanbHuii BUOip umMcaa i moryxkHocTi TpaHcdopmarTopiB Ta iX
napaMerpis

PamionansHuii BUOIp Bee A0 CKOPOUEHHS BTPAT €IEKTPOEHeprii, MiJBUIIEHHS
Ha1HHOCTI.

6. PanionaabHuii BUOip mepepizy npoBoaiB, kuj1 kadeaiB



Jlexkmiss Ne2

Tema: EnexTpuuHa Mepeska 1 CIoKHBadl eJIeKTPOSHEPTii

Meta: O3HaHOMUTHUCS 3 IPU3HAYEHHSAM €IIEKTPUIHOI MEPEXKi 1 CIIOKUBAYEM
CJICKTPOCHEPT1] .

MeToau: CIIOBECHI, HAOYHI.
ILnan:
1 TIOHATTS €NEKTPUYHOI CUCTEMH, ETICKTPUYHOI MEPEX1, MiACTAHIII].

2 CTpyKTypa CUCTEMH €JIEKTPOINOCTauYaHHs Bl JKEpea eJIEKTPOCHEpPrii 10
CIIO’KHMBaya €JIEKTPUYHOI CHEprii.

3 OCHOBHI CIIOKHMBaYi €JIEKTPUIHOI €HEPTii.

4 CrangapTHi MiXK(a3Hi HAIIPYTH.

MarepiajbHO-TeXHiYHe 3a0e3neuyeHHs Ta TUAAKTUYHI 3aco0u, T3H: KoHCHEeKT,
HIIPYYHUK.

Jliteparypa:

1 Jlunkuu Bb.1O. DnexTpocHadx)eHnue MPOMBIIICHHBIX MPEATPUITHI 1
yctanoBok — M.: B.I11. 1990

2 TloctaukoB H.I1., Py6Gamos I'.M. DnekrpocHabkeHrne MPOMBIITUICHHBIX
npennpusituii — Jlenunrpaa: Ctpoitnzgar, 1989

EnexTpuuHi Mepexi € YaCTUHOIO €JIEKTPUYHOI CUCTEMH, Y CBOKO HEepry ,
SBJISIIOTH COOOI0 YACTUHY €HEPreTUYHOI CUCTEMHU.

PosrasiHemMo 1 3’sicyeMo YuM BIIPI3HSIOTHCS TIOHSTTS: €HEPreTUYHa CUCTEMA,
eJICKTPUYHA CUCTEMA, CJICKTPUYHA Mepexka, 1CTaHIIis.

EHepreTuyHol0 CHCTEMOI0 Ha3MBAETHCS CYKYIHICTh €JIEKTPOCTaHIIH,
MIJCTAHIIIA 1 CHokuBad, 00 €HAHHI 3arajJbHUM 1 HEIEPEPHBHUM IPOIECOM
BUPOOJICHHS, TIEPETBOPEHHS, PO3MOJLITY, CIOKUBAaHHS TEIUIOBOI 1 EJIEKTPUYHOI

eHeprii.



€IvMHa eHepreTMYHa cUcTeMa O0’€JIHyE EHEpPreTUYHI CUCTEMHU OKPEMUX
paiioHiB, 3’eaHye X miHisiMH enekTponepenadi (JIEIT).

EnexkTpuyHa cucremMa — MpeCTaBIs€ €ICKTPUUHY YACTUHY €HEPreTUYHOI
cucreM, o0’eqHye 1 3B’s3ye JiHissMU enekTponepenadi (JIEIT) renepartopu
CJIEKTPUYHMX CTaHI[M, MiJBUIYBaTbHI 1 MOHIKYIOUl, a TaKOX MEPEeTBOPIOIOYl
M1JICTAHIIIT 1 CITOKUBAYl €JIEKTPOCHEPrTIi.

EnekTpuyHOI0 Mepe:ker Ha3HBAEThCS CYKYMHICTh €EKTPOYCTAHOBOK JIS
nepeaadi 1 po3MoiTy €JIeKTPUYHOI €Heprii, sSka MpeAcTaBiIeHA MiACTAHIISIMH 1
PO3MOAUIBHUMHY IPUCTPOSIMH, SIK1 3’ €THAHHI1 JIHISIMU eJIeKTpoIepeayi, sika mpairoe
Ha TEBHIM Tepuropii. EnekrpuyHa Mepexa MIANPUEMCTBA, fAKa 00’ €aHYe
MIJBUIYBAIBHI 1 TIEPETBOPIOIOYI MiJACTaHIlli, po3noAutbui nyHKTH (PII),
enekrpocnoxubaui 1 JIEIL, sBasieTbes IPOTOBKEHHSIM €JIEKTPUYHOI CUCTEMH.

[Ipuiiom, mnepeTBOpeHHs, Iepeadya €eJIeKTPOCHeprii  BiIOYBaeTbCsl Ha
nigcrannii (TII) — enexTpoycTaHOBKa, siIKa CKIaJa€ThCs 13 TpaHChOpMaTOpiB abo
IHIIMX [IEPETBOPIOBAYIB €HEPTii, pO3NOAIBYUX IPUCTPOIB, IPUCTPOIB YIIPABIIHHS,
3aXUCTY, BUMIPIOBAHHS 1 IONOMDKXHUX MPUCTPOIB.

Posnoainbuunii npucrpii (PII) - enexTpoycTaHOBKA, WO CIYXHUTh HJIS
OpUioMy 1 pO3MNOAUTY €JIEeKTPUYHOI EHEeprii OJHOTO KJIACy HaIpyTH.
PosnoainsHuit mpucTpiii MiCTUTh HaOIp KOMYTAIIHHUX amapartiB, 301pHI 1 CTIOTYYH1
IIMHY, ToNOoMDKHI puctpoi P3iA 1 3acobu 0011iKy Ta BUMIpIOBaHHS.

TpuBanuii 10CBi €KCITyaTallii eHePreTUYHUX CUCTEM MOKa3aB JOLIBHICTh
3’eqHaHHs (00’€IHAHHA) OKPEMHX €HEPreTUYHUX CHUCTEM MIXK CO0O0, TaK fK 1€
MOJICTIIYE  3aJjladyy pE3epBYBaHHS IMOTYKHOCTEM 1 MIJABUINYE 3arajbHUM
TEXHOJIOTTYHUN PiBEHb EKCIUTyaTallii.

OCHOBHMMHM  CIIOKMBAayaMHU €JIGKTPUYHOI €Heprii € MPOMHUCIIOBICTD,
TPAHCIIOPT, CLTBCHKE TOCTIOAAPCTBO, KOMYHAJIBHE TOCMOIAPCTBO MICT 1 CEJIHIIL.

Posnonin enekTpoeHeprii, ska HaAXOAuTh Oe3 TpaHcdopmarlii abo ii
MEPETBOPEHHS BUKOHYIOTHCS Ha posnoautbHOMYy mpuctpoi (PII), skuit moxe
MO€EIHYBATUCA 3 MiICTAHIIIEIO, sIKa 00CITYTrOBY€E MPUJIETIIUX 10 HET CIIOKMBAYIB.

[linmpuemMcTBa OTPUMYIOTH KMBIICHHS BiJi palOHHUX EJIEKTPUYHUX MEPEK

Hanpyroro Bix 6 1o 220 kB. Ha Benuki eHeproeMHi NiANpUEMCTBA €IEKTPOSHEPTis



nogaeThesa Harpyrorw 330 1 550 kB. Ha nignpuemMcTBax 3 BEJIMKUM CIIOKUBAHHSIM
TEIUIOBOT €HEeprii Ta Ha E€HEePrOEMHHX MiIMPHEMCTBAX CIHOPYIKYIOThCS BJIACHI
teruoBi enekTpocTtanuii (TELl), reneparopu sAKkuX TOB'SI3aHI 3 pPaiOHHUMHU
CICKTPUYHUMH CHCTeMaMHU. 3B'SI30K 3 cHUCTeMow 3aiicHioeTbesi 1o JIEIT
Oe3rmocepeTHbO Ha TeHEepaTOPHIM a00 MO MIABUINCHIN HAMpPy31 eIeKTPOCTaHIlli abo
yepe3 OKpeMi MyHKTH MPUHOMY eJIEKTPOEHEPTIi BiJl eHEPrOCUCTEMH.

JI>xepesiom >KUBIICHHS MAMPUEMCTBA MOXKYTh OyTH: PO3MOIIIBHUN MPUCTPI
(PY) renepatopHOi Hampyru eJeKTpocTaHIii abo pO3MOAUTFHUN MPUCTPIN
BTOPUHHOI HAaNpPYTW MOHWKYIOUOi MJCTaHINI eHeprocucreMu abo miacranmii 35-
220 kB mpoMHCIIOBOTrO MiNPUEMCTBA, IO SIKOIO MPUEAHAHHI WOTO PO3IMOALIbHI
Mepexi.

ITinm mxepenoM >KUBICHHS MalOTh Ha yBasl: MiACTaHIlI €HEProCHCTEMH,
po3TamioBaHi B Oe3nocepenHid OJU3BKOCTI BiA MIANPUEMCTBA; KWOTrO BY3J10Ba
posnoauibHa mifacraniis (BPII); ronona nonwmxyroua migcranuist (I'TI); BracHa
TELL nianpueMcTBa.

By3/10BO0 poO3MOAIJILYO MIACTAHWIEKW HA3UBAETHCA  IICHTPAJIbHA
MIJCTAHIlS TIANPUEMCTBA, KA OTPUMYE E€JIEKTPOCHEPTi0 BiJ €HEProOCHUCTEMH Ha
Hanpyry 110-500 kB 1 po3noauisitors ii Ha Hanpyry 35-110 kB mo migcranimisx
rIMOOKUX BBEACHBb HA TEPUTOPIL MiANpHeEMCTBA. 3aliexkHO Bix Hanpyru Y PII moxe
OyTH pO3MOIILYOI0 a00 3 YAaCTKOBOIO TpaHcdopmMalliero. SKio 3HauHa 4acTHHA
€JIEKTPUUHI €HEPrii CIOKUBAETHCS MIIPUEMCTBOM B1J] eHEprocuctemu, ioro Y PII
MOETHYETHCS 3 MiJICTAHIIIEIO.

['onoBHI  MOHWXKYBaJIbHI  MIACTAHINI  OTPUMYIOTH  JKUBICHHS  BIiJ
eHeprocucTeMu Ha Hanpyrax 35-220 kB 1 po3noAiIsioTh eHEPT1I0 HAMIPYTO —
6-10 kB no Bchkomy 00’€kTy a00 OKpeMOMY HOTO paiioHy.

I'imGoxkuM  BBOJOM  HA3MBAETHCA CHCTEMa  EIEKTPOINOCTAYaHHS 3
HaOMKeHHSIM BUIoi Hanpyru (35-220 xkB) 10 enekTpoycTaHOBOK CHOXKHMBAyiB 3
MIHIMQJIBHOIO KUIBKICTIO CTYINEHIB TIPOMDKHOI TpaHcdopmarlii 1 amaparis.
[Tincranuii rimubokux BBoAIB (III'B) po3milrytoThCsi Ha TEpUTOPIi MiANPUEMCTBA

nopsiZi 3 HaWOUIbII BEMUKUMH OO'€KTaMU CIIOKHBAHHS E€JIEKTpOeHeprii Ta

OTPUMYIOTH XKuBJeHHs Bia eneprocuctemu, BPIL, I'TIIT a6o TEL minxnpuemcTra.



IMpuiitMaabHUM NYHKTOM ejiekTpoeHeprii HazuBaerbess TII a6o PII
HIIPUEMCTBA, KyJH HAJIXOJIUTh €JIEKTPOCHEPTrii BiJl JHKEpes KUBJICHHS. 3aeKHO
BiJl TIOTY)XHOCTI, SIKa CIOKMBA€THCS 1 BIJTAJIGHOCTI BiA JpPKepena JKUBICHHS
npuiiMaTbHUM TYHKTOM elekTpoeHeprii moxe Oyrtu: YPIL,. TTIII, III'B,
neHTpanbHui posnoauibaui myHKT (L[PIT), PII, mexosa TII.

HenTpanbHuil poO3NOAINTbHUNA IYHKT OTPUMYE JKHUBJICHHS O€3[10CEPENTHBO
Bij eHeprocuctemu abo TELL mianpueMcTBa Ha HanpyxeHux 6-20 kB 1 po3noginse
ii Ha Tit >k Hanpy3i mix PII ta TII mo Bcbomy 00’ €kTy ab0 MOro 4acTHHI.

HexoBuii TII Ha3uBa€THCA MiACTAHIIIS, TIEPETBOPIOIOYA CIICKTPOSHEPTIIO HA
3HIKeHIM Hanpy3i (10 1000B) 1 6e3nocepeIHbO KUBUTH €JIEKTPONPUMaUl 0JTHOTO
a00 JEKUIbKOX MPHJIETIIMX LEX1B a00 YaCTUHU BEJUKOIO LEeXy. Y psal BUNIAIKIB Bl
THUX K€ IMIJICTaHIIIN KUBISATHCS eJIeKTponpuiiMadi Harpyroro nmoHaa 1000 B.

[lepenaya enexTpoeHeprii BiA JpKepena >KUBJICHHS 10 €JIEKTPOIpHiiMauiB
3IIACHIOETHCS cTyneHsAMU. [[yHKTH ipuiioMy 1 LIEXOB1 IpHiiMadi 3Bsi3aHl M1k COO0K0
PO3NOAUIBHUMHM MEpEeXKaMHy, IO MpaIIO0Th Ha PI3HUX CTYINEHSAX HaNpyry.
KinbKiCTh CTyNEeHIB BU3HAYAETHCS 3aJI€KHO BiJl BIAATICHOCTI JyKepelia >KUBJICHHS 1
HOro Hampyru, TNOTYXHOCTI 1 Hampyrd eJeKTpOoNnpuiMayiB, TEXHIYHUX
MO>KJIMBOCTEH TOTO YHU IHIIOTO KOHCTPYKTHMBHOTO BUKOHAHHS MEPEXi Ta 1HIINX
(bakTopiB.

Ilepmmii cTymiHb 11€ TaHKAa MK JDKEPEJIoM KuBJIeHHS mianpueMmctsa (BPII,
['TIIT, TELD) 1 I1I'B, sixmio po3nonin mpoBoauTkes Ha Hampyry 110-220 kB, a6o mix
['TIIT a6o TEIL] 1 PIT a6o nexoBum TII, K110 eHEeprisi pO3NOAUISIETHCS HAPYTOO 6-
10 xB.

Jpyruii ctyninb 11e po3noii eneprii Mixk PIT a6o po3noainsHuM npuctpoeM
BropuHHOi Hampyru [II'B 1 mexoBum TII abo okpemumu enexTpompuiiMavyaMu
BHUCOKOI HAmNpyIu: €JIEeKTPOJABUTYHAMHM, €JEKTpOoIeyaMH, MepeTBOPIOBAIbHUMU
YCTaHOBKaMH.

Mepexi mnepmioi 1 JApyroi CTYNEeHI € MDKIEXOBUMHU 1 HaleXarb [0
PO3MOAUIBHUX MEPEXK CUCTEMHU EJIEKTPOIOCTa4YaHHs MiAnpueMcTBa. s Outbmioi
YaCTHHU EJICKTPONpUMaUiB €Heprid nepenaerbest Bix mnexoBux TII Ha Hmkdii

cryneni HanpyTH (10 1000 B) mo BHYTPIITHBOIIEXOBUM MEPEIKaM.



MixI11€X0BHX Ta BHYTPIIITHBOIIEXOB1 MEPEX1 CKIaAal0Th BHYTPIIIHIO CUCTEMY
CJIEKTPOIIOCTAYaHHs ~ MmiAnmpueMcTBa. [lig  30BHIMIHIM  €JIEKTPOMOCTAYaHHSIM
pO3yMIIOTh YAaCTHHY MEpPEXi EHEepProcMCTeMH, 1Mo 3abe3nedyye mojmady
CJICKTPOCHEPT1l Ha MpUMMabHI MJACTAHIT MIAIPUEMCTBA BiJl TOYKH IPUETHAHHS
JI0 €HEPTrOCUCTEMH.

Cucrema eJeKTpPONOCTAYaHHS MIANPUEMCTBA BU3HAYAETHCS HE TUIBKU
XapaKTePUCTHKAMH JKEPET )KUBIICHHS, €JCKTPONPUIMaYiB 1 pO3NOILITFHIX MEPEK,
ajle 1 TEXHOJOTI€l0 BHUPOOHUIITBA, IUIAHYBaHb Ta OYAIBEIbHOI YaCTHHOIO
HIANPUEMCTBA, 3POCTAHHSIM HOTO BUPOOHMYUX MOTYKHOCTEH 1 PO3IMIMPEHHSM,
BJIOCKOHAJICHHSIM TEXHOJIOTIYHOTO MPOIIECY.

BpaxoByroun mnepepaxoBaHi YMHHUKH, CUCTEMA €JIEKTPOIIOCTauYaHHS MOXeE
OyTH BUKOHaHA B JIEKUIBKOX BapiaHTaX, 3 IKUX BUOUpAEThCs onTUMainbHui. [lpu ii
BUOOpI BPaxOBYETbCS TaKOXX CTYIIHb 1i HAAIAHOCTI, 3a0e3Me4YeHHsI SKOCTI
€JIEKTPOEHEPT1i, EKOHOMIYHICTh, MPOCTOTA, 3PY4YHICTh 1 O€3MEeKy eKCIUTyaralii,
MO>KJIMBICTB 3aCTOCYBAHHS IIPOIPECUBHUX METO/IIB €JIEKTPOMOHTAKHUX POOIT.

CnoxuBayeM eJeKTPUYHOI eHepril Ha3MBA€THCS €JIEKTponpHiiMady ado
rpyna eIeKkTponpuiiMadiB, 00’ € JHAHUX TEXHOJIOTTYHUM MPOIECOM 1 pO3MIIICHUX Ha
NEBHI TepUTOPIi.

IIpuiiMayem ejleKTpUYHOI eHeprii (eJeKTponpuiiMaueM) Ha3UBAETHCS
armapart, arperar, MexaHi3M, IPU3HAYCHUH AJIs1 IEPETBOPEHHS €JIEKTPUUHOI eHeprii
B IHIII BUU €HEPTii.

Bcei EII kinacu@ikyrorscs 3a pi3BHUMH IOKa3HUKAMM:

- 32 €JICKTPOTEXHIYHUM TOKa3HUKAMHU;

- 32 pEKUMOM pOOOTH;

- 32 TIOTYKHICTIO 1 HAIIPYTO10, POJIOM CTPyMY;

- 32 HAIIMHICTIO €JIEKTPOIIOCTAaYaHHS;

- 32 BUKOHAHHSIM 3aXHUCTY BiJl BIUTMBY HABKOJHIIHBOTO CEPEIOBHUIIIA.

3a  eJIeKTPOTEXHIYHMMHM  MOKA3HUKAMH  NpPUAMAYi  eJeKTPoeHeprii
PO3NOALIAIOTHCH HA TAKI IPyNuU:

1. [Tpwuitmaui TpudaszHoro crpymy Hampyroto 1o 1000 B, vactororo 50 I'iy;

2. [Tpwuitmaui TpudaszHoro crpymy Hampyroro Buie 1000 B, wactororo 50 I'i;



3. [Tpuiimaui ogHodazHoro crpymy Hanpyroro 10 1000B, wactoToro 50 I';

4. [Tpwuiimaui, 1110 MPaIOIOTh 3 YaCTOTOIO, BiAMIHHOIO Bix 50 I'11, 1 )KUBIATHCA
BiJl IEPETBOPIOBATILHUX ITiICTAHIIIN 1 YCTAHOBOK;

5. [TpuiimMadi MOCTIHOTO CTPYMY, 110 KUBJISATHCS BiJl IEPETBOPIOBATBHUX
MICTAHIIIN 1 yCTAaHOBOK.

3a pe:kuMamMu po0OTH BCl CIIOKUBAYl MOXHA PO3MOAUIUTH Ha PSII TPYIL, JJIs
SKHUX Tepe0avatoThCsl TPU PEKUMH POOOTU: mpusaiuil, Ipy SKOMY IpUiMay MOXKe
IpalOBaTH TPUBAJIHMM Yac, MPUYOMY MEPEBUILEHHS TEMIIEPATypU OKPEMHX YaCTUH
amapara HE BUXOJWUTh 32 MEXIi, BCTAHOBJICHI HOPMATHUBHOKO JOKYMEHTAIIIEIO;
KOpOMKOYACHUl, TIPU SKOMY pOOOYMI NEpioJl HE HACTUIBKM TPUBAIHMA, 100
TEeMIlepaTypa OKPEeMHUX YaCTHH arapaTa MOTJa JOCATTH CTAJIOTO 3HAYEHHS, Mepioj
3YNUHKHU HACTUILKU TPUBAJIMH, IO arapaT BCTUTA€ OXOJIOAUTHCH IO TeMIIepaTypu
HABKOJIMIIIHEOTO CEPEJIOBUINA; 1OGMOPHO-KOPOMKOUACHUU, TIPU SKOMY pobodi
NEePIOAH YEPTYIOThCS 3 MEPI0IAMU [1ay3, a TPUBAIICTh BChOTO LIMKIIY HE NIEPEBUIILYE
10 xB., HarpiBaHHA HE MEPEBEPIIYE MPUITYCTUMOTO, a IPU OXOJIOHKEHHI HE 10CsTae
TEMIEPATypy HABKOJHMIIIHEOTO CEPEIOBHUIIIA.

Y TpuBajoMy pexuMmi Npairoe OUIBIIICTh €IEKTPUYHOI JIBUTYHIB, SKi
00CIyroBYIOTh OCHOBHI TEXHOJIOTTYHI arperatv 1 MeXaHi3Mu. 3 TpUBAIICTIO poOOTH
B1JI ACKUJIBKOX TOJIMH JI0 JIEK1IBKOX 3MIH TIPS/, 3 TOCUTh BUCOKUM, HE3MIHHUM a00
MaJOMIHJIMBUM HABaHTAKEHHSM TMPAIIOIOTh EJIEKTPONPUBOIN BEHTHUIISTOPIB,
HACOCIB, KOMIIPeCcOpiB Ta iH. JIoBrocTpoOKOBO, ajie 3 epeMiHHUM HaBAaHTAKECHHSIM 1
KOPOTKOYACHUMHU BIJKITIOUEHHSMH, 32 4acC AKUX €JICKTPUYHOI JIBUTYH HE BCTHUTA€
OCTUTHYTH JI0 TeMIIEpaTypy HaBKOJHWIITHHOTO CEPEIOBUINA, a TPUBATICTh IUKIIIB
nepeuirye 10 XB., MPaIOOTh €IEKTPUYHI JBUTYHH, 1110 0OCIYTrOBYIOTh BEPCTaTH
XOJIOTHOT 00pOOKHM MeTaiB, 1epeBOOOPOOHI BEpCTaTH, MOJIOTH, MPECH Ta 1H.

VY KOpPOTKOYAaCHOMY peXHMI1 MpAIo€ OUIBLIICTh E€IEKTPUYHUX MPUBOJIIB
JOTIOMIDKHUX MEXaHI3MIB METaJIOpi3ajJbHUX BEPCTATIB, a TAKOXXK MEXaHI3MIB s
BIJIKpUBAHHS T1IPaBIIYHUX 3aTBOPIB, YCAKOTO POJY 3aCTIHOK Ta 1H.

Y NOBTOPHO-KOPOTKOYACHOMY PEKHMI MPAIIOIOThH €IEKTPUYHI JBUTYHHU MOCTOBHUX

KpaHiB, Teab(depiB, MAHOMHUKIB 1 aHAIOTTYHUX IM YCTAaHOBOK, TOMOMIKHHUX 1



NeSKUX TOJIOBHUX MPUBOIB. Jl0 1i€1 rpynu BiIHOCATHCSA TAKOXK 3BaprOBajIbHI
arapaTy, 110 MPAIOI0Th 3 MOCTIMHUMHU BETMKUMHU KUKAMHU TOTY>KHOCTI.

HarpiBanpHi amapaTul 1 €JEKTpONedl MNpaliolTh Yy TPUBAJIOMY PEXHMI 3
MOCTIMHUM a00 MaJOMIHJIMBUM HaBaHTAKEHHAM. OCOOJMBICTIO PEKUMY poOOTH
eJIEKTPUYHOTO OCBITJICHHS € pi3Ka 3MiHA 1 CTaJIICTh HABAHTAXCHHSI MPU BKIIIOUEHH1
1 3MiH1 p&KUMY pOOOTH.

VY kuTIoBUX OyAMHKAX 10 HHUX BITHOCSTHCS: JI(PTH, MOXKEKHI HACOCH,
CUCTEeMHU aBTOMATHMYHOTO JIMMOBHUJAJICHHS, aBapiiHE OCBITJIEHHS KOPUIOPIB,
BECTUOIOJIIB, XOJIB 1 CXOJOBUX KJITOK OYJIMHKIB BUCOTOIO 16 MOBEpXiB 1 OLIbIIIE,
3aropojKyBaJibHI BOTHI, BCTAHOBJTIIOBaHI Ha 1axax OyIWHKIB BUCOTOO OisbIme 50 M.
Jlo mepmioi KaTeropii TakKoX BIJHOCATHCA: €JIEKTPONpHUMayl CHELiaIbHOTO
MIPU3HAYCHHS HE3aJISKHO B1J TOBEPXOBOCT1 OyIMHKIB — 1€ BOYyJ0BaH1 aBTOMaTHYHI1
TeaeOHHl CTaHLli, CTaHLli NepekadyyBaHHS (EeKaIbHUX BOJ, OINOPHO-
MIJICUITIIOBAJIbHI MYHKTH 1 OJIOKM-CTaHIT pagioTpaHCIsAIii, BOJOMPOBIAHI I
KaHaJ3alliHl By3JM, NpuiiMadl OyJMHKIB MAacOBOIO CKYITUEHHS JIIOAEH (TeaTpu,
KIHO, KJIyOU Ta 1H), mMpuiiMayl 0COOJMBHUX JIKYBaJbHUX YCTAHOB — OIEpaliiHUX
3aJ1iB, pPOAMJIbHUX OyJMHKIB, ITYHKTIB HEBIIKJIQIHOI TOTIOMOTH, Y IIPOMHUCIIOBOCTI -
CIIOJKMBayl, IEpepBa B €JIEKTPONOCTaYaHH] IKMX MOKE BUKJIMKATH HeOe3NeKy s
KUTTS JIt0jIer a0 3HAYHUI MaTepiaJbHUM 30MTOK, TTOB’I3aHUM 3 MOIIKOKCHHIM
YCTaTKyBaHHS, MAaCOBUM OpakoM MPOIYKIli ad0 TPUBAIMM PO3JaJ0M CKIIATHOTO
TEXHOJIOTIYHOTO MPOIEeCY BUPOOHUIITBA.

Jlo npyroi kaTeropii BIIHOCATHCS MpHUiIMadl KUTJIOBUX OyIMHKIB BUCOTOIO
Bil 6 10 16 moBepxiB, CrOXUBayl OyIUHKIB OYIb-SKOi IOBEPXOBOCTI, B SKHUX
BCTAHOBJICH1 HAIIJIOKHI CTAI[lOHAPHI €JIEKTPOIUIUTH, a TaKOXK €JIEeKTpOonpHiiMadi
aJIMIHICTPATUBHO-TPOMAJICBKUX OYAMHKIB, TIKYBAJIILHUX 1 AUTSIYUX YCTAHOB, MK 1
HaBYaJIbHUX 3akiagiB. Ha mpoMucioBuX MiINMPUEMCTBAX [0 JAPYroi Kareropii
HaJeXaTh MpHUiiMadi, IepepBa B €JICKTPOIIOCTAYaHHI SKUX TOB’si3aHA 3 1CTOTHOIO
HEJIOBIAMYCTKOIO MPOAYKIIi, NPOCTOEM JIOJEH, MEXaHi3MIB, MPOMHUCIOBOIO
TPAHCIIOPTY.

3a MOTYHICTIO I HANIPYIOI0 BCl CHOXKUBAYl €IEKTPUYHOI €Heprii MOXKHA

PO3MOIIINTH Ha Bl TPYIH: cnoxcusayi senuxoi nomyscnocmi (80 — 100 kBt 1 BuIie)



Ha Hanpyry 3-6-10 kB, sk 0ep>KyIOTh KUBJICHHS 0€3MOCEPEIHBO BiJl Mepexi 3-6-
10 kB. 1o mi€i rpynu BiAHOCATHCS MOTYTHI T€4l OMOpPY W AYTOBI Meyl [l TUIaBKU
YOPHHUX 1 KOJILOPOBUX METAJliB, SKI KHUBJIATHCS uYepe3 BIacHI TpaHchopmaTopu;
cnoacusayi manoi i cepeonvoi nomyscnocmi (Hmx4de 80 — 100 kBT), >kuBIEHHS AKUX
MO>KJIMBE i eKOHOMIYHO JIOITiIIbHE TUThKU Ha HanpyTy 380-660 B.

3a poioM CTPYMY BCI CIHOKMBaul €JIEKTPUYHOT €HEPTii MOXKHA PO3MOIIIUTH
HAa TpU TPYNHU: Ti, IO MPALIOIOTH BIA MEPEXI 3MIHHO20 CMPYMY HPOMUCLOBOL
yacmomu; Ti, U0 TPALIOIOTh BII Mepedci 3MIHHO20 cmpymy nioguujenoi abo
SHUMCEHOI yacmomu, Ti, O MPAIIOIOTh BIJl #OCMINIHO20 CIPYMY.

OCHOBHUH POJ CTPYMY, Ha SKOMY MPALIO€ OUIBIIICTh EIEKTPUYHUX NPUUMAYIB —
3MiHHUH TpudazHuid cTpyM yactotoro 50 I'm.

EnekTpoycTaHOBKU CIIOKHMBaudiB €HEPrii XapaKTepU3yIOThCS HOMIHAIbHOIO
Hanpyroro. HomiHanpHa Hampyra reHepaTtopiB, TpaHC(OpPMAaToOpiB, MEpex 1
CIOKMBA4IB €JEKTPUYHOI €Heprii (€JIeKTPOJABUIYHIB, JIaMIl) HAa3WBAETHCS Ta
HaIpyra Ha sIKy BOHU IIPU3HA4Y€Ha JJi1 HOpMaJIbHOI pOOOTH.

EnexTpoyCTaHOBKM CIOXHUBAYIB €JIEKTPUYHOI €HEprii MOAUISAIOTHCS Ha JB1
KaTeropii : eJIeKTpoyCTaHOBKH Hanpyroto 10 1 kB 1 enekrpoyctanoBku Buiie 1 kB.
[e#t po3noaii NOB'I3aHM 3 BIAMIHHICTIO B TUIAaX 1 KOHCTPYKI[ISIX anapaTiB, a TAKOX
3 BIJIMIHHOCTSIMHM B yMOBax O€3IeKH, BUMOTaX, MPOIMIOHOBAHUX MPHU CHIOPYKEHHI Ta
eKCILTyaTaIlii eJIEKTPOyCTAHOBOK PI13HUX HATPYT.

3a BUKOHAHHSIM 3aXHCTY BiJl BILIMBY HABKOJMIIHLOIO CEPeIOBHIIA:
- [lo kiiMaTUYHOMY BUKOHAHHIO 1 KATETOPii pO3MIIIECHHS;
- 3a CTyIEeHEM 3aXHCTY BiJl TOTAaHHS BOJIOTH 1 TBEPIUX TLI;
- 3a cTyneHeM 3axucTy Ipu poOOTI B MOKEKOHEOEIMEUHUX 30HAX;
- 3a cTyneHeM 3axucTy Ipu poOoTi y BUOYXOHEOE3MeUHUX 30HaX.

Bci eekTponpuiiMadi MalOTh psiji XapaKTePHUX MOKA3ZHUKIB:
- HominanwHa Hampyra ;
- BcTanoBiena noTyxHiCTh ;
- HominanbHa akTHBHA MOTYXHICTb |

- HominanpHa peakTUBHA MOTYXHICTb |



- HominanbpHa 1oBHA MOTYXHICT |
- Hominanbuuii ctpywm;
- HominanbHuii koediiieHT MOTYKHOCTI.

Pexumu po6otu EII pi3HOMaHITHI 1 3MiIHIOIOTECS B Yaci. I XapakTepuCTUKH

KOPUCTYIKOTBCS TaAKUMH IMOHATTAMM.

Hominanbna nanpyra ( UHom ) - Hanpyra ejeMeHTa eJIeKTPUIHOI MEepexi ,
opu  SKOMYy 3a0€3MeuyeThCsl TPUBAIMNA PEXUM HOTro poOOTH 3 HAWOUIBII
ONTUMATBHUMH TEXHIKO - EKOHOMIYHUMU MOKa3HUKAMHU.

BceraHoBiieHa MOTYKHICTh 1HAMBIAYalIbHOIO enekTponpuiimaua ( Pyct ) -
HOro MOTYXXHICTh 3a3HaU€Ha Ha TabJMulll 3aBoAY BUpoOHUKA a0o B macnopti EIT (
Prac). Ilpu 3a3nauenoi notyxxHocti EIl noBuHeH mpaioBaTé Npu HOMIHAJIBHOMY
HABAHTAKEHHI 1 HOMIHAJIBHOMY HAaIpy3i TPUBAJIMM 4Yac B CTajJoMy pexumi 0e3
MIEPEBUILIEHHS JOMYyCTUMOI TeMmIepaTypu. byneMo BBaxxaTw BCTaHOBJICHHM OyIb
EIl , migkirodeHnit 1o eIeKTpUYHOI Mepexi (Mpariorounii abo He Mpallouui ) ,
ajie IKM MOXKHA BKJIFOUUTH B OyAb-sIKUHM Yyac Ha BUMOTY TEXHOJIOTII .

Hominanbna aktuBHa noty:xkHictb EIl (PH) - e OoTyXHICTh , ClIOKHBaHa
3 MEpEXi Ipu HoOMiHATbHOMY HaBaHTakeHH1 EIT , mpu sikiil BiH TOBUHEH MPAIIOBATH
TPUBAINHN Yac B CTAIOMY PEXHUMI 0€3 IEPEBHILIEHHS TOMYyCTUMOT TEMIIEPATYPH.
Jnst tpuBanoro pexumy poOotu EIl HoMIHanbHa TMOTYXHICTh JOPIBHIOE
nacropTHOI BeauunHoro ( Pmac ).

Pu=Pnac

Hominanbna peaktuBHa mnortyxHicte EIl (Qu=PH tg ) - peakrtuBHa
MOTYXHICTh, CIIOKMBAHA M 3 MEpEeXi NMPU HOMIHAIBHIA aKTHBHOI MOTY>KHOCTI 1
HOMIHAJIBHIN HaIpys3i.

HominanbHa noBHa nory:kHicts EIT

Hominaabuuii ctpym EII

HominanbHuii koeinieHT AKTUBHOI MOTYKHOCTI



Jlexkmiss Ne3

Tema: Cxemu eTeKTPUYHUX CTAHIIIH 1 I ICTAHIIIH
Meta: O3HaHOMUTHUCS 3 CXEMaMHU JICKTPUIHUX CTAHIIIN 1 MiCTAHIIIHN.
MeToau: CJIOBECHI, HAOYHI.

Ilnan:

1 Pi3Hunsg HOMIHAJIBHUX HAMNpyr JOKEped eJeKTpoeHeprii 1 mpuiiMauiB
CJICKTPOCHEPT1i.

2 [IpuHIMIIOBa cXeMa eNeKTPUYHOI CUCTEMH.

3 CTpyKTypHI CXEMU €JIEKTPUUYHUX CTaHIIIi.

MarepiajbHO-TeXHiYHe 3a0e3neuyeHHs Ta TUAAKTHYHI 3aco0u, T3H: KoHCHEeKT,
HIIPYYHUK.

Jlireparypa:

1 Poxxosa JI.JI., Ko3zynun B.C. DnexkTpoobopyaoBaHue CTaHIIMI U TOICTAHITUNI:
VYyueOHuK /U1 TEXHUKOB. — M.: DHeproaTomu3aat, 1987. — 648 c.

2 JlunkuH b.YO. DnerpocHabxeHne MPOMBIIIIEHHBIX IPEANPUSATHI U yCTaHOBOK. —
M. : «Bricmag mxoia», 1990 r. — 365 c.

3 TloctaukoB H.II., PybGamoB ['.M. DOnexkrpocHaOXeHHE MNPOMBIIIICHHBIX
npennpusituii. — Jleaunrpan: «Ctpornuzgat», 1989 r. — 351 c.

B nanwuii yac BUpOOHUIITBO, IEpeavy, pO3MOLI 1 CIIOKUBAHHS €JIEKTPOCHEPTil
3M1MCHIOITH Ha TpU(azHOMY 3MIHHOMY cTpyMmi yacToToro S0 I'u. Ile nmosicHroeThes
3aCTOCYBaHHSAM [IJIsl €JIEKTPOINPHUBOAIB PI3ZHUX MEXaHI3MIB MPOCTUX 1 HaAIMHHUX
Tpupa3HUX ACHHXPOHHUX JBHUTYHIB. 3a JIOMOMOTOK PI3HUX IEPETBOPIOBAYIB
TpuGa3zHUil 3MIHHUI CTPyM JUIsl CHIEHIaJbHUX €JIEKTPOYCTAHOBOK NEPETBOPIOIOTH B
nocTtiitauit. 'OCT 721-77 BcTaHOBIIIOE HOMIHAJIbHI 3HAYEHHS HAPYT '€HEepaTopiB,
TpaHcopMaTopiB, Mepex 1 mpuitMadiB enekTpoeHeprii Hanpyroro 10 1000 B 1 Buie
3MIHHOTO cTpyMmy (Tabm. 1.1.). SIk BuAHO 3 TaONHIN, HOMIHATIBHI HATIPYTH JKEPEIT
CTpyMy (reHepaTopiB 1 BTOPUHHHX OOMOTOK TpaHChOpPMATOpIB) JEIIO0
BIJIPI3HSIIOTHCA BiJl HOMIHAIBHUX HAIPYT MPUAMaYiB (CUIOBHUX 1 OCBITIIOBAIHHUX
HABAHTAXKEHD 1 MEPBUHHUX 0OMOTOK TpaHchopmaTopiB). [losicHIOEThCS 11€ TUM, 1110
JUTsl 3a0€3MeUeHHsT HOPMAJIbHOI POOOTH TMpUHMaYiB €JIEKTPOCHEPrii BiIXWICHHS
HaIpyTyu Ha HUX HE MOBHUHHI NEPEBUILLYBaTH + 5% B1J] HOMIHAJIBHOTO.

Tabmung 1.1 — 3anexHicTh HaPyT

HominanbHa Hanpyra npuiimaviB HominaabHa JliHiliHA HAIpyra Ha
eJIEKTPOEHeprii Ta Mepex 3aTHCKAX



TpaHcdopMmaTopiB

JiHiliHe paszue reHepaTopis

Y NEPBUHHMX | Y BTOPUHHHUX
00MOTOK 00MOTOK
B BonbTax

220 127 230 220 230
380 220 400 380 400
660 380 690 660 690

B KMNOBOJIbTaxX
3 — 3,15 3n3,15 3,15u3,3
6 — 6,3 6u6,3 6,3 1 6,6
10 — 10,5 101 10,5 10,5u 11
15, / o} — -
20 — 20 20 u 21 21 u 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 HANMpyru 3MIHHOIO CTPyMYy 3IIHCHIOIOTH 3a JOIOMOTOKO
HiABUIIYBaJIbHUX TPaHCPOPMATOPIB HA €JNIEKTPOCTAHLIAX 1 MOHWXKYBAJIBHUX - Ha
HiJCTaHLISX Y CIOKHBAYIB.

['eHeparopr Ha €NEKTPOCTAHINSAX 1 OKpeMi EJIEeKTPOCTAaHIi MpaIloTh
napaienbHo. lle migBuilye HAMIMHICTH EJIEKTPOINOCTAYaHHS CHOKMBAYiB, 3MEHILYE
KUIBKICTh PE3EPBHOTO YCTAaTKYBaHHS, 3HUKY€E BAPTICTh BUPOOIIOBAHOT €IEKTPOEHEPT i,
crpusie OLTbII PIBHOMIPHOMY 3aBaHT)KEHHIO YCTaTKYBAHHS CTAHIIIH Ta 1H.

CykynHICTh  yCTaHOBOK MO BHPOOJIEHHIO, PO3NOAUTY 1  CIIOXHBaHHIO
€JIEKTPOEHEPT1i Ta TEIJIOTH, MOB'SI3aHUX MDK COOOK0 EJIEeKTPUYHUMHU 1 TEIJIOBUMU
MepeXamMH, Ha3WBalOTh EHEPreTHYHOI0 CHCTEMOI), a YacTHUHA EHEProCHUCTEMHU
(reHepaTopu, pO3MOJUIBHI TMPHUCTPOI, JIHII eJeKTporepeaadi Ta MpuiiMadi
eJIEKTPOCHEPTIi) - €NIEKTPUUHOIO CUCTEMOIO.

I'osioBHA cXeMa eJleKTPUYHMX 3'€IHAHb eJEeKTPOCTAHNil (migcTaHumii) - 1e
CYKYITHICTh OCHOBHOTO €JICKTPOYCTaTKyBaHHS (TeHepaTopH, TpaHCHOPMATOPH, JIiHIT),
301pHUX IIMH, KOMYTal[IHHOT Ta 1HIIOI MEPBUHHOI anapaTypH 3 yciMa BUKOHAHUMH MiX
HUMHU B HaTypi 3'€IHAHHIMU.

Ha kpeciieHHI TOJOBHI CXeMHU 300paXylOThCsl B OJHOJIIHIMHOMY BUKOHAHHI TIPH
BIIKJTIOUCHOMY TIOJIO)KEHHI BCIX €JIEMEHTIB YCTaHOBKM. B Jeskux BHUMaaKax
JIOMYCKA€ETHCS 300pakaT OKPEMI1 €JIEMEHTH CXEMHU B pOO0OYOMY TOJIOKEHHI.
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Pucynok 1.1 - IIpuHuunoBa cxema eneKTpuYHOI CUCTEMHU

Bci eneMeHTM cXemMu 1 3B'S3KM MDK HHMH 300paXyrOTbCS BIJIMOBIAHO 10
cTaHaapTiB €auHOi cucTeMu KOHCTpyKTopchkoi mokymeHTallii (ECKJI). YmoBHi
rpadivyHi MO3HAYCHHS OCHOBHHUX €JIEMEHTIB cXeM BHKOHYIOTH 3rimHo 'OCT 2.710-81
(0OyxBeHO-IM(pOBe MO3HAYECHHSA B €JIEKTPHUYHHUX CXeMaXx).

Ha pucynky 1.1 nmpuBeneHa mpuHOHIOBA CXEMa EJIEKTPUYHOI CHCTEMU. Ko
Harnpyra redeparopiB TEL] ctanoButh 6-20 kB, TO €KOHOMIYHO JOIILHO MOCTAaYaTH
CICKTpOCHEPTit0 depe3 po3noAutbHI miactadiii YPII3 Micbkux 1 IPOMHUCIOBUX
crio)kuBaviB, postamoBanux moomm3y TELl. Jlns emekTporocradyaHHs CIIOKHWBaYiB,
BI/IJTAJICHUX Ha 3HAYHI BIJICTaHI, 1 3B'I3KH €JICKTPOCTAHIIINA 3 €HEPTCTUYHOIO CHCTEMOIO
3aCTOCOBYIOTh HANIPYTH, 11O NEPEBUILYIOTh HAIPYTY reHepatopHy. ns uporo Ha TELI,
I'EC-1 1 TEC-2 1 TtemmoBux paiionaux enekrpoctaniisx [PEC-1 1 ['PEC-2
BCTAHOBIIIOIOTH IM1IBUIYBaJIbHI TpaHChOpMAaTOpH IS JIiHiM Hampyroto 35, 110, 220 1
500 kB. Tpancdopmaropui migctanuii n/ ctl m/ ct4 1 po3noainsHi miactaniii YPIT1-
VYPI14 npu3HayeHi AJis NEPETBOPEHHS HAMPYT 1 IS 3B'A3KY OKPEMHUX YACTUH CUCTEMH 1
YKUBJICHHS IOTYXHUX CIIOXUBayiB, a TpaHchopmaTopHi niactanuii T - ayisg xuBneHHs
CIOKMBAY1B MEHIIOI MOTY>KHOCTI.

TpuBanuii MOCBiA eKCIUTyaTallii €HepreTHYHUX CHUCTEM II0Ka3aB MJOIIbHICTh
3'€THaHHS OKPEMHX CHEPreTHYHUX CHCTEM MDK €000, OCKIJIBKHA II€ IOJICTIIYE
3aBJlaHHSl PE3EpBYBAaHHSA MOTY)XHOCTEH 1 MiABUILYE 3arajbHUIl TEXHIYHMNA pPIBEHb
eKCIUTyaTarii.

a) 6)

I[Ipu mnpoeKkTyBaHHI €JeKTPOYCTAHOBKH /O pPO3POOKH TOJIOBHOI CXEMHU
CKIATAEThCS CTPYKTYypHA CXeMa BHUJAYl eJIeKTpoeHeprii (IMOTY>KHOCTI), Ha SKIA
MOKa3yIOThCSl OCHOBH1 (DYHKIIIOHAJIbH1 YACTUHU €JIEKTPOYCTAHOBKH (PO3MOILIBHI
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Pucynok 1.2 - CTpyKkTypHa cxeMa eJIeKTPUYHOI CTaHIIli OJHOCEKIIHHOT (a) Ta
JIBOCEKIIIAHOI (0) cucteM
IPUCTPOi, TpaHC(HOpPMATOPH, FEHEPATOPH) 1 3B'SI3KM MK HUMHU. CTPYKTYpHI CXeMU
CITY>KaTh JJI OJAJIBIIIOT pO3POOKU OIBII TOKJIAIHUX 1 TOBHUX MPUHIIMIIOBUX CXEM, a
TaKOX JJI 3aTaJIbHOTO 03HAHOMIICHHS 3 POOOTOIO €JIEKTPOYCTaHOBKH.

Ha xpecneHHsX 1ux cxeM (QYHKIIOHAJIbHI YAaCTUHU 300pa)KyIOThCS Yy BUTJIAII
MPSIMOKYTHHUKIB 00 YMOBHHX I'padiuHUX 300pakeHb (pUCYHKY 1.2, a, 0).

Ha pucynky 1.2, a npuBeneHa cxeMa eIeKTpUYHUX 3'€JHAHb CTaHIIi, SKa BUJIAE
BCIO MOTY>KHICTb 3 IIUH F€HEPATOPHOI Hanpyru. CxeMa MICTUTh OJIHY CUCTEMY 301pHUX
e 31, 10 sKoi yepe3 BuMuKadi B 1 mmHHI po3'eqHyBayl Pl miakiitoueHi reHepaTopu
I'l 112, Tpancdopmaropu Bracaux notped T1 1 T2 1 BiaxoasTs minii JI. Ha BigxigHux
JIHIAX BCTAHOBJIEHO IJHIMHI po3'enHyBaul Pin 3 3a3emmorouumMu  Hoxamu  P3,
MPU3HAYCHUMU JIJ1s1 BIIJIUICHHSI Ta 3a3€MJICHHS JIIHIT TIPH 11 TIIaHOBOMY BIJIKJTFOUYEHHI.

MiHiMallbHO HeoOXigHa KUIBKICTh amapaTiB 1 MPUCTPOIB CXEMH 301JIbIIyE
HAJIIHHICTh 1 €KOHOMIYHICTh. HamiiHICTh cXeMU 30UIBIIYETHCS 1 32 PaXyHOK TOTO, IO
BC1 omeparlii BIIKJIFOYCHHS 1 BKIIOUCHHS €JIEMCHTIB YCTAaHOBKH BUPOOJISIOTHCS JIUIIE
CWIOBMMHM BHMHKadamMu. [le 3HA4YHO 3MEHIIye YHCIO TMOMUJIKOBHX Ji 3
po3'eIHYBavYaMH 1 3HUKYE YHUCIIO aBapiil 3 BUHM MepcoHany. Po3'eqnyBadi TyT Ciy»KaTh
JUIIe JUIS BIA'€AHAHHS BIAKIIOYEHOTO BMMHMKAaya Ha 4ac HOro peMoHTy abo peBisii.
OpHax 11 cxema Mae€ psJl ICTOTHUX HEJOJIIKIB B €KCIUTyaTallii.

Ha pucynok 1.2, 6 mnpuBeaeHa CTpYKTypHa CXeMma eJIEKTPUYHOI CTaHIIii
JIBOCEKIIIIHOIO CHUCTEeMH. J[IJICHHS CXeMH Ha OBl CEKIi CeKIIMHMM BuMHuKauem HJI
poOuTh 1i OUIBII THYYKOK TIOPIBHSHO 3 TOMEPEAHBOIO CXEMOI0 1 3abe3mnedye
0e3mepeOIHICTh JKUBJICHHS CIOXUBadiB. B 1boMy BUNAAKy mOpu peBi3ii, OISl
OUYHMIIEHHI 130JIATOPiB 200 PEMOHTI ILIMH OJHIET 13 CEKII1 BTpayaeThbCs MOTYXKHICTh JIUIIIE
yacTuHU cTaHiii. [Tpu aBapii Ha ojHIM 13 cekiliii a0o Mpu BiAMOBI B poOOTI pesieitHOro
3aXUCTY JIHIH, 1110 BIAXOASITh CIIOYATKY BIIKIIOYAETHCS CEKIIMHUI BUMUKAY, peeHHuN
3aXHUCT SKOT'0 Ma€ MEHIIy BATPUMKY 4acy, HIK 3aXHCT I'€HEPaTOpiB; MOTIM - TeHEPaTOPH
MOIIKOKEHOT cekilii. Ile mpu3BoauTh 10 jJOKamizarmii aBapii OJaHI€l CeKmii 1 0
30epeKeHHs] HOpMaJIbHOT pOOOTH THIIION.

[Ipy HaAsSBHOCTI PE3EpPBHOTO JKEpEsia BUBIJ BUMHKAada B PEBi3il0 HE BUKIUKAE
HEJIOBIJIMyCKa €JIEKTPUYHOT €HEeprii, OCKUJIbKU CIIOKHBaYl, SIKI HOPMAJbHO KUBJIATHCS
BiJI BIJKJIIOUEHOI JIHII, MOXYTh Ha Yac pPEBi3li OTpUMATH >KUBJICHHS BIJl 1HIIIOTO
JoKepera.

[Tpu noctaTHiil TeHepyoUiid MOTYKHOCTI, )KUBJICHH] BIAMOBIaTIbHUX CIIOKUBAYIB



10 JIBOX JIHIAX, MIJKIIOYEHUM JI0 PI3HUX CEKI[iH, 1 JIOCTaTHOMY pe3epBl IO MEpPEexKi
PO3TIISIHYTa cXeMa 33J0BOJIbHSIE BCIM BUMOTaM, 110 MPE'ABIISIOTHCS A0 TOJIOBHOI CXEeMH
eNIEeKTPUYHUX 3'€/IHaHb CTAHIIN cepelHbOl MOTYKHOCTI.

Bubip Ti€i 4 1HIIOT CTPYKTYpHOI CXEMH eJIEeKTpocTaHiii abo mMmiacTaHIii
IIPOBOAMUTHCA HA MiJICTaBl TEXHIKO-€KOHOMIYHOTO MOPIBHSIHHS JBOX-TPHOX BapiaHTIB 1
HIiCIsT PO3PaxXyHKY EJNEKTPHUYHOI PO3BAHTAXEHHS MPOMUCIOBUX OO0'€KTIB 0OMPaIOTh
MOTYXHICTb 1 KUTBKICTh CHJIOBUX TpaHC(HOPMATOPIB.

Jleknmisa Ne4

Tema: OCHOBHI PI3HOBUAM KaTETopii CIIOKMBAYIB EIEKTPUYHOI EHEPrii Ta CXeMHU
exX0BUX Mepex 10 1 kB

Mera:

1.1 O3HailoMHUTHCS 3 OCHOBHUMH P13HOBUIAMU KaTErOPiil CIIOKUBAYIB €IEKTPUYHOL
€Heprii;

1.2 OnanyBatu cxemH LIeXOBHX Mepex 10 1 kB.

MeTtoam: CIIOBECHI, HAOYHI.
Ilnan:

1 Kareropii cnokuBadiB 1 3a0e31eueHHs HaIHHOCTI €JIEKTPOIOCTaYaHHs.
2 PapianbHa cxeMa eIeKTPONOCTayaHHs 1eXy.
3 MaricTpajibHa cXxema eJIeKTPONOoCTaYaHHs LEXYy.

MarepiajbHO-TeXHiuHe 3a0e3neyeHHs Ta TUAAKTUYHI 3aco0u, T3H: KoHCHEeKT,
HIIPYYHUK.

Jliteparypa:

1 Poxxkosa JI.JI., Kozynun B.C. DnektpoobopyoBaHue CTaHIIUN U TOJICTAHIUNI:
YueOHUK 119 TEXHUKOB. — M.: DHeproaTomusaar, 1987. — 648 c.

2 Jlunkuu b.YO. DnetpocHabkeHre MpOMBIIIUICHHBIX MPEANPUITUN U YCTaHOBOK. —
M. : «Bpicmas mkoia», 1990 r. — 365 c.

3 TlocraukoB H.II., Py6amo I'.M. DnekTpocHaOXeHUE MPOMBIIUICHHBIX
npeanpustuid. — Jleaunrpan: «Ctpoinzaat, 1989 r. — 351 c.

HaniiiHicTh enexkTpornocTayaHHsi B OCHOBHOMY 3aJIEKHUTh Bl MPUUHSATOI CXEMHU
CJIEKTPOIIOCTAYaHHSI, CTYNEHS pPE3epBYBaHHSA OKPEMHUX €JEMEHTIB CUCTEMU
€JICKTPOIIOCTa4YaHHsl (JI1HIM, TpaHChOpMATOpPIB, ENEKTPUYHUX arnapartiB Ta iH.). [Jns
BUOOPY CXEMH 1 CUCTEMH MOOYJOBH €NEKTPUUHOT MEepeki HEOOX1THO BpaxOByBaTH



MOTYKHICTB 1 YUCJIO CIIO’KUBAY1B, PIBEHb HAJIMHOCTI €JIEKTPONOCTaYaHHS He
CIIO’KHMBAYiB B LIJIOMY, THX SKI BXOJATh JI0 iX CKJIaJy OKPEMHUX E€JIEKTPOIPUIMaYiB.
HaniiiHicTh enekTpornocTadyanHs - 3MaTHICTh CUCTEMH €ICKTPOIIOCTAYaHHS
3a0e3MeYnTH MiAMPUEMCTBO €IIEKTPOCHEPTIEI0 XOPOIIIOi SIKOCTI, 6€3 3pUBY TUIaHY
BUPOOHUIITBA 1 HE JOIYCKATH aBapiiiHUX MEPEPB B €NECKTPOIIOCTAYaHHI.
[Iono HaaIMHOCTI €JIEKTPOIIOCTAYaHHSI CIIOKMUBAU1 €JEKTPUYHOI EHEPTi IUIATHCA
Ha TPU KaTeropii:
enekmpocnoxcusadi I kamezopii — miepepBa B €JICKTPONOCTAYaHHI SKUX
MOKE TPHU3BECTU 10 HEOE3MEKH ISl SKUTTS JII0JIeH, 3HauHI MarepiajibHi BTpaTH,
MOIIKO/KEHHS BapTICHOTO 00JIaIHAHHSI, MaCOBHI Opak MPOAYKIIii, 301i CKJIaHOTO
TEXHOJIOTIYHOTO TPOIECy, MOPYHICHHS (QYHKIIOHYBaHHS OCOOJIMBO Ba)JIMBUX
€JIEMEHTIB KOMYHAJIBHOTO TrocnogapctBa. I3 ckmamy 1 kareropii BUAUISIOTH
0COONUBY TpymHy CIOXHKBaudiB, Oe3nepediiiHa poboTa SAKUX HEOoOXigHA s
MIOTIEPE/KEHHST 3arpO3U IS JKUTTA JIIOJIEeH, BHOYXIB Ta TMOXEX, MOIIKOIKEHHS
JIOPOTOI[IHOTO 00JIaIHAHHS.
CnoxuBaul | kareropii mNOBUHHI 3a0e3meyyBaTHCS KUBJIEHHSM BiJ JABOX
HE3aJICKHUX JDKEpen IKUBJICHHSA, TIepepBa JIOMYCKAE€ThCA JIMIIE Ha Yac
aBTOMATUYHOTO BiTHOBJICHHS KUBJICHHS.

enekmpocnoxcusaui Il kameeopii — niepepBa B €JIEKTPOINOCTAYaHHI SIKUX
MIPU3BOJIMUTH JI0 MAaCCOBOTO HEJOBIAIYCKY MPOAYKIllT, MACOBHUM ITPOCTOEM POOOUHX,
MEXaHI3MIB Ta MPOMUCIOBOIO TPAHCHOPTY, NOPYIICHHS KUTTEAISIBHOCTI 3HAYHOI
KUJIBKOCT1 MICBKUX Ta CUIbCHKUX JKUTEIIB.

PekoMenayeThcsi 3a0e3meuyBaTH €IEKTPOXKUBICHHSM Bl JBOX HE3aJIEKHUX
JUKEpel, Ui HUX JOMYCTUMI TEepepBH HA Yac, HEOOXITHUW ISl BKIIFOUYCHHS
PE3epBHOIO JKHMBJICHHS JISIMA YEProBOr0 TMepcoHady abo BHI3HOI ONEpaTHBHOI
Opuraau. JlomyckaeTbCs JKMBJICHHS BiJl OJHOTO TpaHchopMaropa, mHepepBa B
CJICKTPOIIOCTaYaHH1 JJO3BOJISIEThCS HEe OlbIne 24 TOIUHH.

enekmpocnoxcusayi Il kamezopii — Bci 1HII CIIOKUBAYl €JIEKTPOCHEPTIi, SIK1
He miananaTh mia BuzHadeHHs [ ta Il kareropiii. Enexrponocrayanus nmpuitmadin
III xareropii HaAIHHOCTI EJIEKTPONOCTAYaHHS MOXKE 3JIHMCHIOBATUCH BIJ OJHOTO
JKepera JKUBJICHHS 3a YMOBH, 110 MEpepBa B €JIEKTPONOCTaYaHHI1, sika HeoOXiIHa
JUISL PEMOHTY 1 3aMiHM MOUIKOJKEHOTO €JIEMEHTa CUCTEMHU €JIEKTPOIIOCTaYaHHs, He
MIePEBUIITYE OIHIET JOOU.

CxeMy  BHYTPIIIHBOIO  €JEKTPONOCTAYAHHS  PO3POOJIAOTH 3
ypPaxyBaHHSIM TakuX (GakTopiB:
1) po3MiIICHHS IKepe )KUBJICHHS 1 CITOKHBAYIiB;
2) BEJIMYMH 1X HANIPYT 1 MOTYXHOCTEIH;
3) HeoOXiTHOT HaIIHHOCTI,
4) po3TanryBaHHs | KOHCTPYKTUBHOTO BHKOHaHHs JiHiH, PIT 1 nexosux TII,
5) BUMOT JI0 CUCTEMH EJICKTPOTIOCTAYaHHS.

Hapilinictb a00 eKOHOMIYHICTH CXeMHM  NiABHIIYETbCH, SKIIO
32/10BOJIbHAIOTHCA HACTYIIHI YMOBH:
1) ckopoYy€eTHCS YUCIIO CTYIIEHIB TpaHCOpMAIIii i HAOIMKAETHCS HKEPEIIO BUIIOT
HAIpPyTH JI0 CIIOKMBAYa,;



2) He mepeadadaroThes CIeliaibHl pe3epBHI (HOPMAJIbHO HE MPAIlioroYi) JiHIT i
TpaHcopMaTopu; BCI €JIEMEHTH CXEMH B HOPMaJIbHOMY PEXKHMI TOBUHHI
3HAXOAMTHCS 1] HABAaHTAXKEHHSIM 1 MPAIlOBATH PO3JAUILHO; MPU aBapii OJHOIO 3
eneMeHTiB (miHII, TpaHcopmaTopa), MO0 3aATUIIUBCA, MOXKE TPAMIOBATH 3
MIPUITYCTUMHM TIEPEBAHTAKECHHM, rtepeadadenoi [IVE, 1 3 BIAKITIOUeHHSIM YaCTHHH
HEBIJIITOBIJAILHUX CIIOKUBAYiB;

3) y BCIX JIaHKaX CHUCTEMH pO3MOJiTy eHeprii, mounmHatoun Bix mwmH [3I1 i
3akiHgyroun muHamMu Hanpyroro 10 1000 B mexosux TII, a iHOAI 1 IEXOBUX CHITOBUX
PI1, 3miiicHIOETBbCS CEKILIOHYBAHHS IIMH, a MPHU MepeBa3i HaBaHTa)XEHb MEpIIoi 1
JpyToi KaTeropii nependavyaeThCs BIANITYBaHHS aBTOMATUYHOTO BBEJICHHS PE3€pPBY
(ABP).

Enexrpoenepris Ha Hanpyrax 6—10 kB po3noniiserbcs mo pamiaibHUX 1
MarictpaabHux cxemax. PagiagabHi cxemMu (0QHO- 1 JABOCTYHiHYACTI)
3aCTOCOBYIOTH IIPU PO3MIIIICHHI CIIOKUBAYIB y Pi3HUX HANIPAMKAX Bi JxKepesia
JKMBJICHHSI.

Ha HeBenmuKux miamprueEMCTBAX 1 IJIs KUBJICHHS BEIMKUX 30CEPEIHKEHUX
HABAHTAKEHb BUKOPUCTOBYIOTh OAHOCTYIIHYACTI CXeMH. [[BOCTymiHYACTI CXEeMH 3
npoMiKHUMH P11 BUKOHYIOTH JUISl BEIMKHUX 1 CEPEIHIX MIANPUEMCTB 13 II€XaMH,
pO3TalllOBaHMMHU Ha BeJNWKid Teputoplii. Bin npomikHoro PIT xuBnsThes
tpanchopmaropu nexosux TII 1 Benmuki enexTpornpuiiMadi. Tpancpopmaropu
nexosux TII migkitouaroTh A0 JIIHIM HArJIyXo, 1 BCS KOMYyTalllifHa anaparypa
BcTaHOBIIOeThCA Ha PII. 3Buyaitno o oguoro PIT migkmtouatots yotupu-m'sts TI1.

PanianpHi cxemu OubIlle TBOX CTYIIEHIB POOJISTH JIIHIIO TOJOBHUX JUISHOK
OUJIBIII BAYKKOIO, YCKIIQHIOIOTh 3aXUCT 1 KOMYTAIIIfo.

[Ipu HasBHOCTI enekTpomnpuiiMadiB mepmoi 1 apyroi kareropid PIT 1
MJICTAHIIIT )KUBJISATHCS HE MEHII HIK 1O IBOX PO3AUTHHO MPAIOIOUMX JIHIAX. SKIIO0
B 1IeXy MepeBaxaroTh MNpHUiiMadl TPEeTbOi KATeropii, TO BIH XUBUTHCS BIiJ
OHOTpaHC(POpPMATOPHOI TMIJACTAHINI, a >KUBJICHHS OKPEMHUX BIIMOBIIAJIBHUX
HABAHTAKEHb PE3EPBYETHCS NEPEMUUKAMU MIXK M1ACTAHIISIMU.

PanianbHa cxema 3 mpomixkauM PII, B sikiii BUKOHaH1 3a3Ha4y€H1 BUIIE YMOBH,
HaBejieHa Ha puc. 4.1
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Pucynok 4.1 — PapiasibHa cxema el1eKTpOoroCcTayaHHs

[To pamianbHUX diHISX nepiioi cryneHi xuBnarses PIT, TII1, TIT4, TIIS 1
TII6. Tlo miniax papyroi crymeHi oaepxkytoTh >kuBieHHs TII2 1 TII3. Vei
KoMyTauiiH1 anapatu po3mimieni Ha ['311 1 PI1. Ha TII1, TTI2 i TII3 BcTaHOBIEHO
no JABa TpaHC(HOPMATOPH 3 TIIYXUM MPUETHAHHIM 10 KUBWIBHUX JiHINA. KoxkHa
JiHIA 1 TpaHchOpMaToOp PO3paxoBaHl HA TOKPHUTTS BCIX HABaHTAXEHb MEPIIOi
KaTeropii 1 OCHOBHUX HaBaHTaXXEHb JIpyroi kareropii. [Ipu BIACYTHOCTI TaHUX TIPO
XapaKkTep HaBaHTAXEHb KOXKHA JIiHIS 1 TpaHchopMaTop IBOTPAHCHOPMATOPHHX
MiJICTaHII BUOMparoTh, Buxoassun 3 60—70 % Big CyMapHOrO0 HaBaHTAXXEHHS
MCTaHII].

[Mwaun 311, PIT, TII1, TII2 1 TII3 cekmioHoBaHi (IPUHIUII TIXOOKOTO
cekuioHyBaHHA). CeKIliifH1 anapaTé HOPMAJIbHO PO3IMKHYTI 1 HA HUX NepeadoadyeHui
npuctpiii ABP. Ilpu aBapii Oyap-skoro enemenTa (JiiHii abo TpanchopmaTopa) BiH
BIJIKJIIOYA€ThCS, cropaiboBye mnpuctpii ABP Ha cekuiiiHoMy amaparti, sKuai
BMHKAIOUMCh, 3a0e3euy€e >KUBJICHHS CIOXXUBAYIB MO PIBHOODKHOMY €JIEMEHTY
CXEMH, BUKOPUCTOBYIOUH ii IEPEBAHTAKYBaIbHY 3/1aTHICTb.

Ha TII4, TIIS 1 TII6 ycrtaHoBieHO 1o oxHOMY TpaHchopmaTtopy. Jis
YKUBJIEHHS puiiMayiB apyroi kateropii Mixk TI14 1 TIIS na croponi 0,4 kB BukoHaHa
nepemuyka. [IpomyckHa 31aTHICTh HU3BKOBOJBTHUX MEPEMUYOK, KaOCITHHUX a0o
MUHHUX (MpU cxeMi OJIoKy TpaHchopMaTtop — MaricTpalib), MK MiJICTAHIISIMH,
SKIIO 1€ HeoOXiJHO 3a yMoOBaMH HajdiitHOCTi, mnpuiiMaetbest 15-30 % Bifg
MOTYXKHOCTI TpaHc(opmaropa.

XKuBneHHs BIIOKpEMIIGHUX OAHOTpaHC(HOpPMATOPHMX MiACTAHIINA (Ha
npuknani TI16) npu HasBHOCTI MpuUiMaviB Apyroi KaTeropii 3A11CHIOIOTh, BUXOITYH
3 Bumor [IYE mo aBokaGenbHiit miHii. [Ipu momkopKeHHI 04HOTO 3 KaOeiB



BUMMKAY BIJIKJIFOYAE BCIO JIIHIIO, TEPCOHAN Bi'€/THYE PO3'€IHYBaYEM MOUIKOHKEHHM
ka0enpb 3 BOX OOKIB 1 BKJIIOYAE BUMHUKAU. YCE€ HABAHTAXKEHHS NEPEBOJUTHCS Ha
CIIpaBHMM KaOeJb.

PagianbHi cXeMH 3aCcTOCOBYHTH NpH KaleabHiil a00 mNOBITpsHIM
NPOKJIAXI JiHiH.

MaricrpaJbHi cXeMH BHKOPHCTOBYIOThH npu JiHITHOMY
(«ynopsiakoBaHOMY») PO3MillleHHiI MiACTAHUIA HAa TepuUTOpili MiAnpueMcrBa i
BHKOHYIOTHb Yy BHIJISIAI OAMHOYHHUX I NMOABIHHHMX MaricTpajied 3 oaHO - ado
JABOCTOPOHHIM KMBJIEHHAM.

OnuHouH1 MaricTpaii 6e3 pe3epByBaHHs (puc. 4.2, a) BUKOPUCTOBYIOTh JIJIs
JKUBJICHHS HEBIJINOBIAIbHUX CHOXKHUBadiB. CxeMa OJWHOYHOI Marictpaiai 3
JIBOCTOPOHHIM >KHUBJICHHSIM (puC. 4.2, 6) OUIbIl Ha/iiiHA. Y HOPMAIbHOMY PEXKUMI
MIJCTAHIT MOXYTh XHUBHUTHUCS TUIBKH BIJ OJHOTO JpKepena (IIpU JAPYyroMy —
pe3epBHOMY) a00 Bi IBOX JUKEpEN OAHOYACHO, IPU LIbOMY MaricTpaib pO3IMKHYTa
Ha OJHIA 3 mijacTaHIid. YacTKOBMM BHITQJKOM OJMHOYHOI Marictpam 3
JIBOCTOPOHHIM >KMBJICHHSIM € K1JIbIIeBa cxema (puc. 4.2, B).

CxeMr nOJABIMHUX MaricTpajied BHCOKOHAJIMHI 1 3aCTOCOBYIOTHCS IPH
HAsBHOCTI HAaBaHTa)XEHb MEPIIOi 1 JAPYroi KaTeropid Ha MiACTAaHLISAX 3 JBOMA
cekuisiMu 301pHUX HH (puc. 4.3, a) abo Ha JBOTPAaHCPOPMATOPHUX MMIICTAHLIAX
0e3 30ipHUX mMH BUIIOi Hanpyru. KoxkHa marictpaib po3paxoBaHa HA MOKPUTTS
HaBaHTAXXEHb BIAMOBIJAIBHUX CHOXKHMBayiB ycix mifctaHuii. CekiiiiHl BUMHUKaui
HOPMAJIbHO PO3IMKHYTI W oOsagHaHi npuctpoeM ABP. Marictpani MOXyTb
OJIEP>KYBaTH KUBJICHHS BIJ IHIIOTO JKepena. Cxemy MOJBIMHOI MaricTpaii 3
JIBOCTOPOHHIM  JKUBJICHHSIM  («3YCTpIYHA» MaricTpajib) 3aCTOCOBYIOTH TIPH
HassBHOCTI JBOX HE3aJIeXKHUX pkepel (puc. 4.3; 0).

KoncTpykTBHO MaricTpaibHi CXeMH BUKOHYIOTh Ka0emsIMHu,
CTPYMOIIPOBOJIAaMH 1 TOBITpstHUMHU JiHIsIMU. [lpu kabenmpHux miHisIXx 6—10 kB
PEKOMEHY€ThCSI TIPUEAHYBATH 10 OJIHIET MaricTpajii He OUIbII YOTHUPHOX-TI'SITH
TpancopmaropiB mnotyxHicTio 10 1000 kBA. MarictpanbHi cxeMu 3i
CTPYMONIPOBOJAMHU JOUIJIBHI TPH KOHIIEHTPOBAHUX MOTY)XKHUX CIOXHBadax 1
nepeaayl BEeJIMKUX MOTOKIB eHeprii. MarictpaibHi MOBITPsIHI JiHIT 3B'SI3yI0Th Ha
Hanpyrax 35-220 kB oxpemi ['311 i noxarots kuBneHHs Ha [1T'B.

['mubox1 BBOAM 3AIMCHIOIOTH y BUTIJIAJI MaricTpajibHUX MOBITPSHUX JIHIN 3
Bi/IMaiikaMu-BIAray>KeHHIMU A0 mijcTaniii 35—220 kB abo y Burisiai paaiaibHuX
KaOeJIbHUX 1 MOBITPSAHUX JiHINA. CucTeMa MNMOOKUX BBOIB JI03BOJISE:

1) po3MOALIATH EHEPTit0 PH IiABUIICHIH HAMPY3i;

2) CKOpOUYyBaTH JIOBXKHUHY KaOenbHuX JiHii 6—10 kB;

3) ooxoautucs 6e3 mpomixkaux PIT 6-10 kB;

4) po3ykpynHioBatu noTyxHi [TIK;

5) moseriyBaTy peryJIroBaHHs HAPYTH;

6) cIpollyBaTH PO3BUTOK CUCTEMH €JICKTPOIOCTAYaHHSI.



TII1 TII2 TII3

Pucynok 4.2 — Cxema OJJUHOYHHMX MaricTpajieii: a — JKHBJICHHS OJHOTO JDKEpEa;
0 — 3 IBOCTOPOHHIM >KUBJICHHSIM; B — KIJIbIICBA.

a)

TII1 TTI2 TII3

K1 JUK2

TII3
Pucynok 4.3 — Cxema noJBIHHUX HACKPI3HUX Marictpajieil: a — mojaBiiiHa

HACKpi3Ha Marictpajib NpU HagBHOCTI 30ipHUX mKH HA TII;
0 — 3 IBOCTOPOHHIM >KMBJIEHHSIM IIPH BIACYTHOCTI 301pHUX 1KH Ha T1I

\

/
TII1 TII2



Jlexuis NeS
Tema: I'padiku 1 po3paxyHOK eIeKTPUUYHUX HABAHTAXKEHB Hanpyroro a0 1 kB

Meta:O3HaiioMmuTHCS 3 TpadikaMu 1 po3paxyHKOM eIeKTPUYHUX HABAHTAKEHB
Hanpyroro 10 1 kB.

MeToau: CIIOBECHI, HAOYHI.
Ilnan:

1 EnexTpuyHi HaBaHTaKEHHS MIANPUEMCTBA — (DAaKTOP MPH MPOCKTYBAHHI 1
eKCIUTyaTallil eJIESKTPUIHUX MEPEK.

2 J1060BI 1 piuHi rpadiku aKTUBHOTO 1 PEAaKTUBHOT'O HABAaHTA)KCHHS.

3 CepenHbo1000Ba 1 cEpeTHbOPIYHA MOTYKHOCTI.

4 Jlo6oBwuii rpadik HaBaHTAKEHHS IPOMUCIOBOTO MIANPUEMCTBA.

MarepiajbHO-TeXHiYHe 3a0e3neuyeHHs Ta IUAAKTUYHI 3aco0u, T3H: KoHCHEKT,
HIPYYHUK.

Jlireparypa:

1 Poxxosa JI.JI., Kozynun B.C. DnexkTpoobopyaoBaHue CTaHIIMI U TOICTAHITUH:
VYueOHuK /1 TEXHUKOB. — M.: DHeproaTomu3aat, 1987. — 648 c.

2 Jlunkun B.YO. DneTrpocHabxkeHue MPOMBIIIIEHHBIX MPEANPUITUN U YCTAaHOBOK. —
M. : «Bricmag mxoia», 1990 r. — 365 c.

3 TloctaukoB H.II., PybGamoB ['.M. DnexkrpocHaGXeHHE MNPOMBIIIICHHBIX
npennpusituii. — Jleaunrpan: «Ctporuzgat», 1989 r. — 351 c.

EnekTpnuHi HaBaHTa)KeHHsl TPOMMCIOBUX MIANPUEMCTB BHU3HAYAIOTh
BUOIp BCIX €JIEMEHTIB CHUCTEMHU EJEKTPONOCTAYaHHS: MOTYXHOCTI palOHHUX,
TpaHC(OPMATOPHUX  TIJACTAHINN, PO3MNOAUIBHUX  MEPEX  CEHEPrOCUCTEMH,
3aBOJICBKUX TpaHC(HOPMATOPHUX IMIJICTAHIIM Ta iX Mepex . TomMy MNpaBWIbHE
BU3HAUCHHS EJIEKTPUYHUX HABAaHTAXECHb € BHPIMMAIGHAM (AKTOpOM TMIpH
NPOEKTYBaHHI Ta €KCIUTyaTallli eIeKTPUYHUX MEPEK.

Po3pizHstoTh Taki Tpadiku aKTUBHUX 1 PEAKTUBHUX HABAaHTaXEHb 3a
TPUBAJIICTIO: 1000BI (pUCYHOK 5.1, a ) Ta piuHi (pucyHok 5.1, 0), XapakTepHi s

OKPEMHX TaTy3e¥ MPOMHUCIOBOCTI.
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Q Harpysok

Pexxum po60oTH Crio’kKMBaviB €JeKTPOSHEPrii 3MIHIOETHCS B TOJAMHU 00U, JTH1
THKHSI 1 MICAII POKY, TIPH IIbOMY 3MIHIOETHCS 1 HABAaHTAXXEHHSI BCI1X CKJIaJIOBUX
CUCTEMHU eHepromnoctayands. [li 3MiHM 300paxyloTb Yy BUIJSAI TpadikiB
HAaBAHTAXKEHB , HA SIKUX IO OCl OpJIMHAT BIAKJIAAal0Th akTUBHI ( KBT) 1 peakTuBHI
(xBAp) HaBaHTa)KeHHS, a IO OC1 a0CITUC - Yac, MPOTATOM SIKOTO YTPUMYIOTHCS 111
HaBaHTa)KCHHS.

JoOoBI1 rpadiku MOXyTh OyTH NMOOyZOBaH1 JUIsl OKPEMHUX JIAHOK CUCTEMH
CJIEKTPOIIOCTAaYaHHs (MEpexX, IEeXOBUX 1 3aBOJICBKUX IMIJACTAHIINA, OKpPEMHX
YCTAaHOBOK), a TaKOX JUIsl BCl€i €HEPreTMYHOl CUCTEMH abo ii 4YacTUHH, LIO
3abe3Ieuye eJIeKTPOCHEPT1€r0 TIEBHOTO PAOHY .

o6 xapakTepuszyBaTH poOOTY OKPEMHUX YCTAHOBOK 1 MPUCTPOIB MPOTATOM
POKy, HEOOXIJTHO MaTH OCHOBHI J00OBI rpadiku pOKY - 3UMOBHMA 1 JITHIN.
HaiiGinpie HaBaHTaXKEHHS 1O 11000BOMy rpadiky Ha3MBAIOTh MaKCHUMAaJIbHOI
1000BOT HABAHTAKEHHSM.

MakcumanpbHuM PMakc Ta MiHIMaJIbHUM PMiH pIYHMMH HaBaHTa)XKCHHSIM
BBa)KAIOTHCS BIANOBIIHO HaBaHTAXXEHHS 3MMOBOTO Ta JITHHOrO TIpadikiB, SKi
BPaxOBYIOTh MPU BUOOP1 MOTY>KHOCTI TpaHCHOPMATOPIB.

Ilnoma no6oBoro rpagika sBisie co00I0 KUTBKICTH enekTpoeHeprii (kBT
roj1), BUpoOsIeHoT abo CIOKMBAaHOI JaHOi yCTaHOBKOIO 3a 100y. CepeaHb01000BY
NOTYKHiCTh HaBaHTa:keHHs1 Pcp (xkBT) BH3HayatoTh, 3HAIOYM KIJIBKICTb
enektpoeneprii W (kBT rox), Bupobnenoi abo crokuBarodoi 3a 100y:

w_w
24

cp.006.

Tt



Piuamii  rpadik 1O  TpUBAIOCTI  TMOKa3ye  TPUBAIICTH  POOOTH
€JIEKTPOYCTAaHOBKH MPOTATOM POKY 3 PI3HUMH HaBaHTaXeHHSAMU. Ha iboMy rpadiky
0 OCi aOCIUC BIAKIAAAI0Th TPUBAIICTh HABAHTAXKEHHS NPOTATOM poky (Bix 0 mo
8760 rox), a mo oci opauHat - BiamosigHi HaBaHTaxeHHsS (%). Ilaoma piuHoro
rpadika 3a TpUBATICTIO SBJIsSE€ COOOI KUIBKICTH elekTpoeHeprii (kBT rox),
BUPOOJIEHOT 200 CIIOKUTOI €ICKTPUIHOI0 YCTAHOBKOIO MPOTSTOM Poky (8760 roz.).

Ha pucynky 5.3, a-r HaBeACHO XapakTepHi TIpadikud eIEKTPUIHUX
HaBaHTAXEHb VIS JSIKUX Tally3eH MPOMHUCIIOBOCTI, MOOYA0BaH1 HA MiJICTaB1 aHATI3Y

eKCIUTyaTalliHUX TaHUX M0 PAAY MIMPUEMCTB Taly3l.
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Puc. 2.13. Xapaxrepsbic rpa@Mku CYTOMHBIX AKTUBHLIX | W PCAKTHUBHBIX
HAIPYI0)

CTUHEKOCTPDOCHNN ( asToMobn ICCTPOCHMNA, ¢ IBCTHOH MCTAIVPIHH, . XHMH-
ICCKOH  HPOMBIILICHHOCTH

JilicHi rpadikm HaBaHTaXXEHb OKPEMHX IPOMHUCIOBHUX MIANPUEMCTB,
3a3BUYal, BIAPIZHSAIOTHCS BiJ HABEJACHUX XAPAKTEPHUX, TAK SIK BPAXOBYETHCS Yac
MOYATKy 1 KIHIISI OKPEMUX 3MiH, MMOYATOK 1 TPUBAIICTh O001AHIX TIEPEPB, BEIUUUHY
KOJIMBAHb HABAHTAKEHHS] HA OKPEMHX TEXHOJIOTiYHUX YCTAHOBKAX Ta iH.

[Ilo6 mnobOynyBatu cymapHui Tpadik HABAHTAKEHHS MPOMHUCIOBOTO

HiIIPUEMCTBA (PUCYHOK 5.4) HEOOX1THO TiApaxyBaTH HABAHTAKEHHS CITOKHBAYIB

Py BpaxyBaTH BTPATH AP

BrpaTtu noginisirloThes Ha'

- 3MiHHI, SIK1 3aJ1€KaTh BiJl HABAaHTAXKEHHsI (HArpiB MPOBOIIB MEPEXKI 1
0OMOTOK TpaHCcOpMaTOpiB),

- mMoOCTiifHi, $SKi He 3ajeXHl BiJ HaBaHTAXEHHS (HArpiBaHHA CTami

TpaHc(hOopMaTopiB).



I3 pucyHnka 5.4 poOMMO BUCHOBOK, 1110 HABaHTAXKEHHS MiJCTaHIIIT B Oy ab- KU
MOMEHT 00U BU3HAYAETHCS MOTYKHICTIO HABAHTAXEHHS CIIOKMBava 1 BTpaTamMu B

Mepexi 1 B TpaHchopmaTropax:

Pn.cm. - Pt + APt
7 2
p, gm -~ -—)LA
N J &
s 1
? 2 —
! 5
1 | S ;
=
1t 118
| g[1¥
T+
| aly |
a¥ :
e D . oo
| S 3
= n —
— s G B, T B & T B 0 % s S,
0 2 4 & 8 10 12 14 16%18 20 22 L.9
Puc. 2.14. Cyrounsiii rpaduk Harpyikd IIpo-
MBILLICHHOIO NPCANPHSTHN:
! rpathux noacranumm; 22— rpadmx  porpebiaeunn:
3 rpadhux noreps.
Jlexuis Ne6

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

Mera:

1 3’sicyBaTH OCHOBHI HEHOPMAJIbHI PEXKUMH B €IIEKTPUIHUX MEPEKAX HAMIPYTOIO JI0
1 xB.

2 YCBIIOMHATH TIPUHITUT i1 TJIABKOTO 3aMT001KHHKA.

3 Buznaunty yMOBM BHOOPY TUIABKUX 3aMO01KHUKIB JJIs 3aXUCTY EICKTPUIHHUX
mepex | kB.
4 Bu3HAYUTH YMOBU BUOOPY aBTOMATUYHUX BUMHKAYIB TSI 3aXHUCTY CICKTPUIHUX
Mepex Harpyrorwo 1 kB.

MeTtoam: CJIOBECHI, HAOYHI.
Ilnan:

1 XapakteprucTrka HCHOPMaJIbHUX PEKUMIB POOOTH B CICKTPUUYHUX MEPEKaX.
2 3aXUCT IUTAaBKUMU 3aII001KHUKAMU.
3 3aXUCT aBTOMAaTUYHUMH BUMHUKAYAMM.



MarepiajibHO-TeXHIYHe 3a0e3nmeuyeHHs Ta TUAAKTUYHI 3aco0u, T3H: koHCHEeKT,
M1JIPyYHHUK.

Jlireparypa:

1 Poxxkosa JI.JI., Kozynuna B.C. DnektpoobopyaoBanue CTaHITUN M TIOICTAHITUNA:
YueOHuK A1 TEXHUKOB. — M.: DHeproaTomusaat, 1987. — 648 c.

2 Jlunkun B.}O. DneTpocHabxkeHue NPOMBIIIIEHHBIX MPEANPUITHA U YCTAHOBOK. —
M. : «BrIcmas mkoia», 1990 r. — 365 c.

3 TloctaukoB H.IL., PybGamoB ['.M. DOnexkrpocHaGXeHHE NPOMBIILICHHBIX
npennpusituii. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

[IpoBixg ¥ kaGeni, oOpaHi 0O HOMIHAJILBHOMY a00 MaKCUMaJIbHOMY CTPYyMY, B
HOPMaJbHOMY pPEXHMiI MOXYTh BiAUyBaTH HaBaHTAXEHHS, M0 3HAYHO
NEPEBULIYIOTh JOMYCTUMI Yepe3 MEPEBAHTAXKEHHS €IICKTPOIIPUIIMAaYiB, a TAKOX IIPH
oJIHO(a3HUX 1 MDK(Pa3HUX KOPOTKUX 3aMUKaHHSX (K.3.), TOMY SIK €JIEKTpOnpHiimMaui,
Tak 1 JUISHKE MEpPeXi MOBUHHI 3aXUIIATHCSA 3aXHCHUMH anapaTaMmu: TUIABKHUMH
3armo01KHUKaMH, aBTOMAaTUYHUMHI BUMHKa4aMH, MarHITHUMH ITyCKa4aMH.

T'osioBHI ¢pyHKUIII amapaTypu ynpaBJiiHHA TAa 3aXUCTY:

BKJIFOUEHHS 1 BIAK/IIOUEHHS €JEKTPOIPUIMaYiB Ta eIEKTPUUYHUX Mepexax;

eJIEKTPUYHA 3aXUCT X BiJ] EPEBaHTAXKECHHS, KOPOTKUX 3aMUKaHb, 3HUKCHHSI
HaIpyru abo caMo3aIycka;

perystoBaHHs 4nciia 00epTiB €JIEKTPOJIBUTYHIB;

peBepCyBaHHS €JIEKTPOIBUTYHIB;

eJICKTPUYHE TaJIbMyBaHHS.

Amnapat Moxe OyTH NMPU3HAYCHUN JJI1 BUKOHAHHS K OJHIET, TaK 1 IEKIIHKOX
13 3a3HayeHuX (QYHKUIA, 00 BU3HAYA€E HOro KOHCTPYKIIO 1 CXeMy 3'€HaHHS.
AnmnapaTypa MOXe CIpalbOBYBaTH B PE3yJbTATl BILUIMBY Ha HEl omeparopa ado x
HE3aJIEKHO BiJ omeparopa, MiJl BIJIMBOM (PI3MYHHMX MPOLECIB B EIEKTPUUYHOMY
JIQHIO31.



Tadanma 221

[peacaniorc 3IHAYCHNS OTK TRHO94EMOIC  TOKE,
Homumaasnuin 10k, A KA. DM HAnpsKcHEN,
Cepus _— !
HWAM THND < % = [ X
npeaAcXpa naBxon NEPeMenioro Toxa NOCTORMHONO TOKA
HHTE IR BCTABKK ]
SD0
220 | R0 {550) [ 200 440 660
rnp2 15 6. 10, 15 1.2 0.8 8 7 1,2 —
60 1S, 20, 25, 35,]| 5.5 1.8—45 3.5 55 -
45, 60
nmnnrio o 10 6. 10 1 1
2 16 1,2.5,6,10,16 | 1.2 0.8 8 7 —_ —_—
63 25, 40, 63 55 1.8 4.5 3.5 —
320. 160. 1100, 160, 250 | 14 611 |10 — —
400 400 11 6 13 11
nec (4] 1. 2, 4, 6 2 2
25 4. 6, 10. 16, 20. - 60 30 —
25
63 20, 25, 40, 63 60 30
100 40. 60, 80, 100 60 - 30
rriz2 63 25. 40, 63 30 \ 30 p.=
ni 63 35, 40, 50, 63 [ 32—30 |
160 100, 160 3.2—1S
630 250, 400, 630 42, 50, 60
Izl 63 32, 40, 50, 63 - 100 100
160 | 50, 63, B0, 100
250 1125, 160, 200,
/250
630 200, 250, 320,
400, 500. 630
10040 500, 630, BOO,
1000
N E— et et — - |
niia: 250 100, 160, 250 - — 25 25
400 320, 400 |
630 400, 630 |
TIris: 160 160 — 100 = ‘
250 250
320 320
400 400
Tirisl 40 40 100
63 63
100 100
160 160
Irri7-3%00 | 1000 500, 630, E00. 110 64 160 &A) —
1000 |

Y nexoBuxX Mepekax MOKYTh BUHUKATH TaKi HEHOPMAJIbHI 10 CTPyMY
peskuMH podoTH:

- 30IbIIEHHS] CTPYMY BHACJII/IOK NIEPEBAHTAKEHHH ;

- 30IbIIEHHS CTPYMY B MOMEHT IYCKY 200 caM03alycKYy ABHI'YHiB;

- 30liIb1IeHHs cTPYMY BHacainok K3.

KopoTki 3aMHKaHHSI MOXKYTh IPU3BECTH 10 BUOYXY, AKIIO HE BKUTHU 3aXO0/I1B
JIO IIBUJIKOTO BIIKJIFOYEHHS MOIIKOMKEHOT HiasgHku miHii , EIT 1 T.1H.

Menm nebe3mneuHi Jyist JiHII TepeBaHTakeHHs. HeBenuki 3a BENIUYUHOIO 1
KOPOTKOYACHI TEPEBAHTAKCHHS TIPOBIIHUKIB HE TMPEJCTABISIOTh I HHX
Oe3nocepelHb0 HEeOEe3MeKHu, MPOTe TPUBAJIl MEPEBAHTAKEHHSI BEIYTh A0 CTAPIHHS
130111011 1 3HMKEHHS 11 130JIUIHHUX BIACTUBOCTEN. Y Pe3ysbTaTi MOKIIUBI TPAaBMHU
B pa3l JIOTUKY JIOJUHM JI0 TPOBOJAY 3 TMOIIKOKEHOI0 13oJsiieto abo K3 i3
3a3HAUYE€HUMU BUIIIE HACTIIKAMHU.

3axuct Bia ctpyMiB K3 € 000B'I3K0BOIO ISl BCIX €JIE€MEHTIB MEpexi , yac ii
Il TMOBUHHO OYTWM MIHIMQJIbHUM JAJisi 3MEHIICHHS TEPMIYHOTO 1 JUHAMIYHOTO
edekTiB Big ctpyMy K3 1 HeoOxiaHO , 100 3a0e3meuyBanacs CEIeKTUBHICTh



(BUOIpKOBICTB) 11 Aii.
[lepeBanTa)keHHST € MEHIT HEOE3MEYHOI 1 B Ps/il BUMAAKIB JTOMYCKAETHCS
B1JIMOBA BiJl 3aCTOCYBaHHS 3aXUCTy MPOBIIHUKIB BiJl I€pEBaHTAXKEHHS.

3rigHo [TYE 3axuct Bija nepeBaHTa)K€HHsI 000B'SI3KOBE:

- Jlia Mepex ycepeauHi IpUMIILIEHb , BUKOHAHUX BIJIKPUTO MPOKIIAJCHUMHU
MPOBITHUKAMU 3 TOPIOYOIO 30BHIMIHBOIO 00OIOHKOIO a00 130JIAIIIEIO |

- OCBIT/IIOBAIBHUX MEPEXK Y )KUTIOBUX 1 TPOMAJCHKUX OY/IBISX , TOPrOBUX
MPUMIILICHHSX , CITY>KOOBO - MOOYTOBUX MPUMIIIEHHSAX ITPOMHUCIOBHUX ITIAMPUEMCTB
, BKIIOUalouuW Mepexi s mobyroBux 1 mepeHocHux EIl, a Ttakox y
IT0’KEKOHEOE3MEUHNX 30HAX;

- CwioBHX MepeX Ha MPOMHCIOBUX MIANPUEMCTBAX, B KUTJIOBUX 1
rpOMaJICbKUX OYJIIBJISX , TOPTrOBUX NMPUMILIEHHSX - TIAbKU y BHUMAJKax , KOJIU 3a
YMOBAMH TEXHOJIOTTYHOTO Tpolecy abo 3a pexUMOM pOOOTH MEpEekl MOXKe
BUHUKATU TpUBAJIE TIEPEBAHTAXKEHHSI POBIIHUKIB;

- IIpoBiAHUKIB CHJIOBUX , OCBITIIOBIBHHUX 1 BTOPUHHUX KU Y Mepexax
Harnpyroro /10 1 kB y Bubyxonebe3neunux 30Hax kiacis B- 1, B- 1a, B-111 B-I1a.

ABTOMAaTaMH 3aXHUCTy €JIEKTPOJBUTYHIB , MPOBITHUKIB 1 IIMHOIPOBO/IIB BiJ
BIUTMBY BEJIMKUX CTPYMIB B Mepekax Harpyroto g0 1 kB 3a3Buyail cityxaTh miaBKi
3armo0iKHUKA (3 HAO0OpPOM IIJIaBKMX BCTABOK) 1 AaBTOMATUYHI BUMHUKAul 3
€JICKTPOMAarHiTHUMU, HaITIBIPOBITHUKOBUMH 200 KOMOTHOBAaHUMU PO3YITUTIOBAYEM.

3axXUCT IUIABKUMHM 3a001KHUKAMU

3anmo0KHUK CKIATAETBCS 3 KOPITYCY, B SIKOMY 3HAXOAWTHCS METalieBa
IJJACTUHKA a00 HHUTKA, SKa € MITYYHUM OCJIAOJICHHSIM JIaHKOKO B JIAHITIO31 CTPYMY.
CtpyMm, 110 MEpEeBUIIyE HOPMAIbHHM, HArpiBa€ TUIAaBKy BCTaBKY, BUKIJIMUKAIOUU ii
pO3IUTaBJICHHS.

Uuwm GibImIe CTPYM, THM LIBUIIIIE M1BUIIYETHCS TEMIIEPATypa BCTABKH 1 TUM
MEHIIIE MOTPIOHO Yacy, 1100 BCTaBKa pO3IUIaBUIaAC.
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PucyHok 6.2 — Po3MmilieHHs TJIaBKUX 3aO001KHUKIB B paJllajIbHIN cXeMi
3a KOHCTPYKTHMBHMUMH O3HAaKaMH 3anmoODKHUKM Ha Hampyry a0 1 kB

MOIUIAIOTHCS HA JIB1 TPYTIH:

- be3 HanoBHroBaua po36ipui (ITP - 1, 1P -2) :

- 3 HanoBHIOBaueM (HACHITHI) He po30ipHi i po306ipui ( HITH - 2, ITH -2).

3a mMarepiajgoM BCTaBKHU PO3PI3HIIOTH 3aMO01KHUKH :

- 3 BEJIMKOIO TEIUIOBOIO 1HEPIII€0 (CBHHELD , HOT'O CIIABH ), III0 BUTPUMYIOTh
3Ha4YH1 KOPOTKOYACHI MepeBaHTaKeHHS 110 cTpymy ( puc.4.4,a);

- besinepuiiiHuii, 3 MaJIO0 TEIJIOBOIO 1HEPIIIEID, TOOTO 3 0OMEXKEHOIO
3JIaTHICTIO JI0 TIEpEeBaHTaXXEHB (MiJb , Cpi0JI0, IIMHK).

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



( aBTOMATHYHUMHU BUMHKA4YaMH ) PS/I0M IepeBar, a came:

- IIpocroTa 1 HaAiliHICTh B eKCIUTyaTallli, BEJIMKa BIJIKIIOYAE 3JaTHICTD,
MIBUAKOIS , CTPYMOOOMEXKYBaJILHOTO 3/1aTHICTh, MEHIIIA BAPTICTh.

Jlo HemoJikiB 3amo0i:KHUKIB CIIiJI BIJHECTH HEIOCTATHIO HAIIMHICTH
3aXHUCTY BiJl CTPYMIiB IIEPEBAHTAKECHHS , MOKIUBICTH poOoTH EIl Ha nBox (hazax mpwu
neperopaHHs 3armoOi>KHMKA B OJHIN (a3i , 0THOPA30BOCTH il MIIABKOIO BCTABKH.

3pa3koBe PO3MIIICHHS 3aM001KHUKIB B pajllajIbHUX CXEeMax I[EXOBUX MEPEx
nmoka3zaHo Ha puc.2. Bubip 3amoOGDKHUKIB ISl BCIX TOYOK MEpEXKI ITOBHHEH
3a0e3IeuyBaTl CEJICKTUBHICTh (BHOIpKOBICTh) iX mii. [lpw mpomy, mpupojHo,
nepen0ayaeTbCsl PO3MIIICHHS 3amOODKHUKIB 1O 3MEHUIYIOUMM  BEJIMYMHAM
HOMIHAJIFHUX CTPYMIB BCTABOK.

Uum Oiblie CTpyM , TUM HIBUIIIE MIABUIIYETHCS TeMIIEpaTypa BCTABKU 1
THUM MEHIIIE TOTPIOHO Yacy, o0 BCTaBKa po3IIaBUiIacs .

3axuct enexktpoauryHiB (EJl) mmaBkumu 3amno6i>kHUKaMU

Bounu nosunHi 3axumaru EJl Bin ctpymiB K3, ane He mOBHHHI BIAKIIOYATH
naniror ipu mycky EJI. 1li BUMOTH BHUKOHYIOTBCS TMpU JOTPUMAaHHI HACTYITHHUX
yMOB (11 TUTAaBKUX BCTABOK 3 MaJIOIO TEIJIOBOIO 1HEPIIEIO):

(I

Hecm Hog

nycK.08
necm
n

ne byosos Inycx.ne.- myckoBuit ctpym EJL,
K, - Koe(ili€eHT KOPOTKOYACHOI TEIJIOBOI MEPErpy3KH BCTABKH, SIKUH BPaXOBYE
yMOBH ITycKy E/;

Jlns nerkoro mycky (4ac posrony He Oiibiie 10 ¢) Ko = 2,5, ayist Baxkoro -
4acTi 1 TpuBaIl mycku (yac po3rony ouibiie 10 ¢) Ko = 1,6-2,0, nj1s3BaproBaibHUX

anapatiB Kn = 1,6; 1, - BUOUpaeThCa 3a IMIKAJIOK HAWOIIBIIUM 3HAYCHHSIM 3

Hecm

BUIIIE3TAIAHHUX YMOB.

3axUCT aBTOMaTHYHUMHU BUMHKadyaMu
BoHu npu3HauaroThCs Uil 3aMIHM PYOMJIBHUKIB 1 3aO01KHUKIB 1 € OUIbII
JIOCKOHAJIMMH arapaTaMy 3aXHUCTy B Mepexax Hampyrorw 1m0 1 kB , Tak sk mics
BIJIKJIFOYEHHS] BOHM TOTOBI JI0 IIBHJIKOT'O IMOBTOPHOMY BKJIIOUeHHIO. Lle amaparu
OaraTropa3oBoro jii, 3a0e3mneueHi MPUCTPOSIMH BUTPUMKH 4acy , 10 3a0e3MeuyoTh
BUOOpue mit0 3axucTy . Bci aBTOMaTtu MaroTh B KOXHIM (a3l MakcHMaibHE
CTPYMOBE peJie TIPSMOT 1111, IKe HA3UBAETHCS PO3UITLTIOBAYEM.

Po3uimioBad CKJIATACTLCA 3 IBOX €JIEMEHTIB:



- HarpiBaJIbHOT'O HAa OCHOB1 OIMETAJIIYHOI IUIACTUHM , 1110 3A1HCHIOE 3aXUCT BiJl
NEePEeBAHTAXKEHHS 3 BUTPUMKOIO 4acy, 3BaHOIO TEIJIOBUM;

- EJICKTPOMArHITHOTO €JIEMEHTa, 10 3/IHCHIOE MaKCUMaJIbHUM CTPYMOBUI
3aXUCT 3 BUTPUMKOIO a00 6€3 BUTPUMKH 4acy - BifciueHHs mpu Tokax K3.

ABTOMATHYHI BUMHKAaYi 3a0e3Me4yI0Th 3aXHUCT Bi/l IepeBAHTAXKEHD :

- 3a JOMOMOTOI0 TEIJIOBHX PO3UIIIIOBAY, JIIOUYMX 3 BUTPUMKOIO Hacy,
00EpHEHO 3aJIEKHOIO BiJl CTPYMY NIEpeBaHTAKCHHS;

- Po3uimumroBad 3 TOJMHHUKOBMM MEXaHI3MOM (3 Hazaj 3aJeKHOK BIJ
CTPYMY XapaKTEpPUCTUKOIO) ;

- 3a TOIIOMOT 010 HaIIBIPOBITHUKOBHUX PO3UIILTIOBAY (3 00EPHEHO 3aJIEKHOIO
BiJl CTPYMY XapaKTEPUCTHUKOIO ) ;

- KomOinoBaHuMu po3uimioBad, 10 3a0€3MeuyloTh 3aXHUCT  BIJ
nepeBaHTaXeHb (3 00EPHEHO 3aJIEKHOIO B/l CTPYMY XapaKTEPUCTUKOIO) 1 CTPYMiB
K3 MuTTEBOI Ai1 1 3 BUTPUMKOIO Hacy , 110 3a0e3Meuye CeIeKTUBHICTD il .

Bubip aBTOMaTHYHUX BUMUKAUIB

Bumukaul XxapakTepu3yrOThCsl TAKUMH BETMUYUHAMM:

- HOMIHAJFHUM CTPYMOM aBTOMAaTa b

- HOMIHAJbHUM CTpyMOM pOB‘-IiHJII-OBa‘-Ia aBToMaTta | TaK sIK B OIHUH 1

H. po34. 9

TOM k€ aBTOMAaT MOXYTbh OyTH BOYJI0OBaH1 pi3HI IO CTPyMY PO3YEILIIOBAyYa,

pO3paxoBaHi Ha Pi3HI HOMIHAJBHI CTPYMHU, TIPH IIbOMY Ma€ BUKOHYBAaTHUCS YMOBA
|

>
Ha H. po34.

- YCTaBKaMu CIPAallbOBYBAHHS 0 CTPYMY 1 4acy MpH NMEePEBAHTAKEHHIX
(Lpess tupes.) 1 KOPOTKHX 3aMUKaHHAX ( Ik3 , IMHTTEBE ), 3BaHMX Binciukamu, a Juist
CEJICKTUBHUX aBTOMATIB yCTaBKaMU BUTPUMKH 4Yacy crpaiboByBaHHs npu K3 B
MEpexi - tk3 , a JUIsl HeCeNIEKTUBHUX aBTOMATIB - BIIACHUM Yac CIPaIlbOBYBaHHSA IIPH
K3 B mepexi:

(1,21,

Hanpuknazn , Ha kpeciieHHi 011 aBTomara Hanuc - ABM20C Ix.po3u. =
1500 A ( 1800 / 8000 , tk3 = 0,4 c). lle o3Hauae , MO s 3aXHCTY MEPEKI
BUKOpUcTaHui aBTroMat tuimy ABM 3 poszuimmoBauem I1I- tumy (cenekTuBHUi) ,
po3paxoBanuii Ha 2000 A. Y HbOrO BOyHOBaHUi posuiruioBad Ha [H = 1500 A.
ABTOMAT MOYHE CIPalbOBYBATH MPH TOKax nepeBanTaxeHHs [nep = 1800 A (3
BUTPUMKOIO yacy He MeHIe 3 ¢) 1 Tokax [, = 8000 A 3 BUTPUMKOIO 4yacy , pIBHUH

0.4 c.



Tabnuna 222

Bua pacuenutes Homuuan Homuna tbreiit Tox | [IpeneisHbiii TOK
Tun BBIKIO- MAKCHMA TLHOTO HBIA TOK PaclennICcIs MJAKCH- OTKITIOYCHHHA
qarens TOXa BBIK THOYATEIA MAJIbHOIO TOKA BHIKTHONATENA
[no'd' ';\ woMm* A [O\ll‘ KA' np"
{=38 B
A3710b [lonynpoBoHuko- 40 20, 25, 32, 40 18
BBIC M IEKTPO- 80 40, 50, 63, 80 36
MarHHTHBIC 160 80, 100, 125, 160 75
A3720b INEKTPOMAT HUT- 250 160, 200, 250 75
HbIE
A3730B » 400 160, 200, 250, 320. 160
400
A3740b » 630 250, 320, 400, 500, 100
630
Jlexknisa Ne7

Tema: PeryntoBaHHS BEJIMYMHU 1 IKOCTI HAIIPYTH
Mera: o3HalloMUTH 3 OCHOBHUMH HOPMaMHU SIKOCTI €JIEKTPUYHOI EHepTii
MeToau: CIIOBECHUM, HAOUYHUM

Ilnan:

1 Hopmu SIKOCTI €1eKTPUYHOI €Heprii Ta 00JacTh iX 3aCTOCYBaHHS B CUCTEMAaxX

€JIEKTPONOCTaYaHHS.
2 XapakTepucTUKa OCHOBHUX MMOKa3HUKIB HOPM SIKOCTI €JIEKTPUYHOI EHeprii.
3 Cnioco6u Ta TexHIYH1 3aCO0M MIABUIICHHS SIKOCTI €JIEKTPOSHEPTii.

MarepiajbHO-TeXHiuHe 3a0e3neuyeHHs Ta JuAaKTH4Hi 3aco0u, T3H: koHcnekT,
HIPYIHUK

Jliteparypa:

1 ACTY 13109-97

2 Jlunkuu b.YO. DnetpocHabkeHre MpOMBIITUICHHBIX MPEANPUITUN U YCTAaHOBOK. —
M. : «Bpicmas mkoia», 1990 r. — 365 c.

3 TlocramkoB H.IT., PybGamo I'.M. DnekTpocHaOXKeHHUE MPOMBIITUICHHBIX
npeanpustuid. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.



Hopmu sIKOCTi eJIeKTPUYHOI eHeprii Ta 00J1acTh IX 3aCTOCYBAHHS B CHCTEMAax
€JIeKTPONOCTAYAHHS.

Ilepenik 1 HOpMaTUBHI (JIOMyCTHMMIi) 3HAYEHHS TOKA3HUKIB SKOCTI
enektpoeneprii (IIKE) Bcranomneni JACTY 13109-97 «Enektpuuna enepris.
Bumorun 1o SIKOCTI €JIEKTPUYHOI €Heprii B EJEKTPUUYHUX Mepexax 3arajibHoro
MPU3HAYCHHS.
3HMKeHHS AKOCTI eJIEKTPOeHeprii 00yMoBII0€:

- 3017IBIIIEHHS BTPAT y BCIX €JIEMEHTaX €JICKTPUYHOI MEPEKi; MPUCKOPEHE CTapiHHS
130J141111, CKOPOYEHHS TEPMIHY CIyxkO0u (y JESIKUX BHUIIAJIKaX BHXIA 3 Jaay)
€JIEKTPOO0OIIaTHAHHS;

- 3pOCTaHHS CIHOXKMBAHHS  €JIEKTPOEHEeprii 1 HEOOXIAHOI  MOTYXKHOCTI
eJIeKTpoOoOJIaTHAHHS;

- IOpPYLEHHS POOOTH 1 HOMHJIKOBI CIPallbOBYBAaHHSI PUCTPOIB PEIEHHOTO 3aXHUCTY
Ta aBTOMATHUKH ;

- 3001 B poOOTI E€JIEKTPOHHUX CHCTEM YIPABIIHHS, OOYMUCIIOBAIBHOI TEXHIKU 1
cneriudigHOro 001 THAHHS;

- UIMOBIPHICTh BUHUKHEHHS OJTHO(a3HUX KOPOTKUX 3aMUKaHb Yepe3 NPUCKOPEHOTO
CTapiHHS 130JsL1i MamMH 1 KaOeliB 3 MepexoJoM OAHO(Aa3HUX 3aMHUKaHb B
OararodasHi;

- MEpelKoaU B Telie- 1 pajioamapaTypi, MOMUIKOBAa poOOTa PEHTTEHIBCHKOTO
oOJIagHAHHS |

- HeTpaBWJIbHA po0OTA JIIUYUILHUKIB €JIEKTPUYHOI EHEPTii.

SkicTb  eNeKTpoeHeprii 'y By3Jax MPUEIHAHHS  PIBHIB  CUCTEMU
CJICKTPOIIOCTAYaHHSI XapaKTePU3YETHCS TAKUMH MapaMeTpaMu:

- YaCTOTA,

- Hampyra.

YacroTra - 3araJiIbHOCUCTEMHUN TNapameTp, SIKUA BU3HAYAE€THCA OallaHCOM
aKTUBHOI MOTY>KHOCTI B cucTeMi. [Ipu BUHMKHEHHI Ae(pIIUTY aKTUBHOI OTYHOCTI
B CHUCTEMI BIJOYBA€THCSI 3HIKCHHS YACTOTH JIO TAaKOTO 3HAYEHHS , TIPU SKOMY
BCTAHOBIIOETHCS HOBUW OajlaHC BUPOOJIEHOI 1 CHOXKUTOI enekTpoeHeprii. [lpu
[IbOMY 3HIDKEHHS YacTOTH TMIOB'S3aHO 13 3MEHIICHHSM IIBUIKOCTI OOEpTaHHS
CJICKTPUYHUX MAIIMH 1 3MEHIICHHSIM 1X KIHETUYHOI eHeprii.3BUIbHEHA MPHU IIbOMY
KIHCTMYHA €HEPrisl BUKOPHUCTOBYETHCS JUIS MiATPUMKH YacTOTH . TOMy YacToTa B
CUCTEMI 3MIHIOETHCS TOPIBHSHO MOBUIBHO.

Onnak mnpu nedinuTi akTHUBHOI MOTYyXHOCTI (Oumbmie 30 %) wacTtota
3MIHIOETBCS IIBUAKO 1 BUHHKA€E €(PEeKT « MHUTTEBOI » 3MIHU YaCTOTH - «JIaBHHA
4acTOTW». 3MiHA YacTOTH 31 MBHAKICTIO Ounbiie 0,2 [ B cCexyHay NpHIHATO
HA3WBATH KOJIMBAHHSIMM YACTOTH.



Hanpyra y By3J1i eJ1eKTpOeHepreTHYHOI CHCTeMU BH3HAYAETHCS OaIaHCOM
PEaKTUBHOI MOTY>KHOCTI MO CUCTEMI B LIJIOMY 1 0aJlaHCOM PEaKTUBHOI MOTY>KHOCTI
y By3Jdl enekTpuyHoi Mepexi. BcraHoBmroeThesi 12 MOKa3HHUKIB — SIKOCTI
enexTpoeneprii (tabm. 11.1) .

Ta6mug 11.1 — Beranosneni 'OCT 103109-97 nopmu T1IKE

Hopwmer KD
IMoxkasatenn KD, e1HHANBI H3MEPEHHA Hopmansro IIpegemsHO
JOIMYCTHMBIE JOIMYCTHMBIE
VeTaHOBHBINGECA OTKIOHSHHE HanpaxeHHA 0Uy, % 5 +10
Pasmax w3MeHeHHA HanpaxeHua 60U, % = Cw. [11]
Hosa ¢aukepa, OTH. €1
Kparrospemennan Py, - 1,38:1,0
JmarensHan Py — 1,0; 0.74
KosddunneHT HeKaXeHHA CHHYCOHIATBHOCTH KpH-
Bol MexaydasHoro (dassoro) Hanpaxenua Ky Ca. [11]
Kos¢pdumment n-fi rapMOHHYECKOH COCTABIAOIICH
HanpoxeHuA Kym), % Ca [11]
KosddunueHT HecHMMETpHH HAUpPAKECHHI MO 00-
paTHOI nociaexosareabHOCTH Koy, Y% 2 4
KosddunueHT HecHMMETPHH HANpPAKCHHI IO Hy-
JIeBOH mociaexoBaTeapHOoCT Ko7, %o 2 4
Otxnorenna gactotsl Af, T +0,2 0.4
JIuTeIpHOCTD NPOBaTa HaMpAKeHHA Ay, C — 30
My aecHOe Hanpa:keHHe Upg, KB _ =
KosddummeHT BpeMeHHOro mnepeHanpaxeHHA Kpepy,
OTH. €. - -

Ha Bci nmokasnuku sikocti enexktpuyHoi eHeprii (IIAE), yncenbHi 3HaueHHs
HOPM SIKHX € B CTaHJIapTl, TOTOBIPHO 3aIyCKAEThCS MEXaH13M IMTPapHUX CAHKIIIH,
o popmyerbes Ha 6 IISIE 3 11 nepepaxoBaHux:

- BIAXWJICHHS HaIlpyTH;

- BIAXHJICHHS YaCTOTH,

- no3a ¢uikepa;

- Koe(iliEHT CHOTBOPEHHS CUHYCOIaIbHOCTH KPUBO1 HANPYTH;
- KOe(ilIEHT HECUMETPIl HAIPYT 1O 3BOPOTHIM MOCIIJOBHOCTI;
- KoeiIi€EHT HECUMETPIl HAIPYT 3a HYJIOBOIO MOCIIIOBHOCTI.

I BinxuJjieHHs1 HATIPYTH.

BinxuneHHs Hampyrm — XapaKTepU3YIOThCS  TMOKAa3HUKOM  yCTajJeHOTo
BIIXWJIEHHsS. HANpyrd Ha BUBOJAX MpuiiMadviB enextpuuHoi eneprii 10 y,%.
HopmainsHo qomyctumi i rpanudHo pomyctuMi 3uadensst L1 y Ha BuBogax



MpUMaYiB €JIEKTPUYHOT €Heprii JOPIBHIOIOTH BIAMOBIAHO £ 5% 1+ 10% Bin
MOYaTKOBOr0 (HOMIHAJILHOTO) Hanpyru enekTpuanoi mepexi 'OCT 721 1
I'OCT 21128.

Jomyctumi 3nadenns ][]y B Toukax 3arajbHOrO MpUEIHAHHS CIIOKHBAYIB
Hanpyroro 0,38 kB 1 Oingpine moBHHHI OyTH BCTaHOBJIEHI B JIOTOBOpaxX Ha
KOPHMCTYBaHHS €IEKTPUYHOKO €HEpricio MiX eHepronocTayasibHOW opraHisauieto Ta
CMNOYKMBAYEM 3 YPaxyBaHHAM HEO6XiAHOCTi BUKOHAHHS HOPM IaHOI 0 CTaHAAPTY Ha
BMBO/axX NPUMMaYiB eNIeKTPUYHOT eHeprii.

II BinxujieHHsI 4aCcTOTH HANIPYTH.

BumiproBanHsi BiaxujeHHs 4YacToTu f 3I1MCHIOIOTH MJI1 KOXHOTO 1-TO
CIIOCTEPE)KEHHsI 3a BCTAHOBJICHMM TIiepioa dYacy. BuMIipioroTh HiiicHE 3HA4YCHHS
4acTOTH 1 OOUYHCIIIOIOTh ycepeaHeHe 3HaueHHs fy sk pe3ynbTaT ycepeaHeHHsS N
criocrepexens (He Menie 15) fi va inTepsani yacy, pisaomy 20 ¢, 3a hopmynoro:

S (11.1)

BiaxuieHHs 4acTOTH:

AF = Jy = Faoe: (11.2)
ne Lo - HOMiHANIBHE 3HAYEHHS 4acTOTH, [ 11,

IIpu upoMy SIKICTh BBAXKAIOTh BIJMIOBIIHUM, SIKIIIO CyMapHa TPUBAIICTh Yacy
BUXOJy 3a HOPMAaJIbHO JOMYCTHMI 3HAau€HHS CTAaHOBUTh He Oumbiie 5% Bix
BCTAHOBJICHOTO TIEPIOJTy Yacy 1 He BUXOAUTH 32 TPAHUYHO JOMYCTUMI 3HAYCHHS BCI
24 roguHu.

IIT HecunycoigaabHICTh HAIPYTH

HecunycoinaibHiCTh HaIpyTu XapaKTepU3y€eThCs KoedirmieHToM
CIIOTBOPEHHs CHHYyCOimaapHOCTI KpuBoi Hampyru [1o (%) i koedirienTom i-it
rapMoHiitHo1 ckimanoBoi Hanpyru L1om) (%).

HopmanbHO 1 rpaHUYHO AOMYCTHUMI 3HA4YEHHS KOE(IIIEHTIB CIIOTBOPEHHS
CUHYCOIJaJIbHOCTI KPUBOI HAPYTH HABEACHI HIDKYE:

o KB ........038 6=20 35 110—330
Kipopr B oo 8,0 5,0 4,0 2,0
Kpoer % oo 12,0 80 6,0 3,0

Unpea?

Hecumerpis Hanpyru.



Ea 3 5

Pucynok 11.1 — CumerpuuHa cucrema

HecumeTpis Hampyr XxapakTepu3yeThesi KOe(ii€HTOM HECUMETPIi HaIPyT I0
3BopoTHii mocmimoBHOCTI Kom(%) 1 KoedimieHToM HeCUMETpii HampyT 3a HYJIbOBOKO
nociigosaocti [Lloo (%).

Koedimient HecumeTpii Hampyr 1o 3BopoTHIN nmocigoBHOCTI Kopo 1 sk
pe3yabTar n-ro cnocrepexxkeHHs (%):

Usi
Ky = —

Vi (11.3)

ne [bay,Uiqy - [iroye 3HAYeHHS HAOPyrd 3BOPOTHOI Ta MPSMOI
MIOCJI1IOBHOCTI OCHOBHOI YacCTOTH TPHU(a3HOi CUCTEMH B 1-MY CIIOCTEPEKEHHI.

KoedirmienT HecumeTpii HampyT 3a HYJILOBOIO MOCIIIIOBHOCTIO:
0i — U ’

11y (11.4)
ne Uoay — airode 3HaYCHHS HANOpPyrd HyJIbOBOI IOCIIZOBHOCTI OCHOBHOI

K

4acTOTH TpU(a3HOi CUCTEMHU HAIpyYT B 1-My CIIOCTEPEKEHHI,
Uiy -  nmiroue 3HaveHHs MiK(a3HOI HANpyrd MPSIMOI  ITOCIITOBHOCTI

OCHOBHOI 4aCTOTH.
IV Ilpuvunu i 1xxepesia nopyuieHHs NOKA3ZHUKIB SIKOCTI eJIEKTPUYHOI
eHepril.

MpuymHa BiAXMNEHHA Hanpyru: A0060Bi, CE30HHi, TEXHOJOMYHi 3MiHK
HaBaHTaXEHHA.

MpuYMHa BiAXMNEHHS YaCTOTU: 3HMMKEHHA FrEHEPYHOYMX MOTYKHOCTEN B
MepexXi, mepeBaHTaxeHHs FEHEPATOPiB.



[p1ymHa HECMHYCOIAANbHOCTI HaNpyru: cunose 0bnafHaHHA 3 TUPUCTOPHUM
YNpaBAiHHAM, JIIOMIHECLEHTHI JlaMNK, 3BaptoBasibHi YCTAHOBKM, NepeTBoptoBaYi
4acToTH, iIMNY/IbCHi NepeTBOptoBaYdi Hanpyru .

IpuunHa HecuMeTpii HAmMpPyru: BMKOPUCTAHHA oOAHOMAa3HMX abo
HECUMETPHYHUX €NEeKTPONpUMMaYiB.

CnoxxuBad Moke OyTH JIPKepesioM CIOTBOpeHb 1o Jekiabkox [TSAE. KinpkicTh
1 MICIIe pO3TalllyBaHHS JKEPENT Y CXeMI BIAOMO MPUOIU3HO, a PIBEHh BHECEHHUX
HUMH CIIOTBOPEHb MPAKTUYHO HEBioMHM . CIIOTBOPEH1 CTPYMH PO3TIKAIOTHCA IO
Mepekax B 3aJI€KHOCTI Bl CXEMH MEPEXi, ii YaCTOTHUX XapaKTEPUCTHK 1 T. 1.
CTpyMu cXOAsSTbhCs y By3JaX, TOMY CIOTBOPEHHS HAlpyrd BHU3HAYAETHCS JII€IO
JEKUTbKOX YYACHUKIB .

V Cnoco6u Ta TexXHiYHi 300U MiIBUIIIEHHS AKOCTI eJIeKTPOeHeprii.
[cHYIOTH TpY OCHOBHI I'PYNH METO/IIB IMi/IBUILIEHHS SKOCT1 €JIEKTPOEHEPT1i:

1. PamioHanmi3aris eJIeKTpOoIoCcTavyaHHsl, sIKa MoJIsrae, 30KpeMa, y IiIBUIICHH]
MOTYXXKHOCTI MEpPEXi, B XapuyyBaHHI HENIHIMHUX CIOXUBAYiB IiJIBUIIIEHOIO
HaIPyTo¥o;

2. 3a0e3nedeHHs] HOMIHAJIBLHOTO 3aBAaHTAKEHHS JBUTYHIB, BHUKOPHUCTAHHS
Oararoda3HMX CXEM BHIPSMICHHS, BKIIOUCHHS JO0 CKJIaAy CIOXKHABada
KOPHUTYBaJILHUX MPUCTPOIB;

3. BukopucTaHHA TPUCTPOIB KOPEKIlii SKOCTI - PEryasTOpiB OJHOTO abo
JIEKUIBKOX TOKA3HUKIB SIKOCTI €JIEKTPOEHEePTii a00 MOB'A3aHUX 3 HUMHU MapaMeTpiB
CIIO’KUBAHOI MOTY>KHOCTI.

3HMKEeHHsI HecHMMeTPil Hanmpyr JOCSraeThbCs 3MEHUIEHHSM ONOpY MeEpexi
CTPYMIB 3BOPOTHOI Ta HYJIHOBOI IOCITIJIOBHOCTEH 1 3HHKEHHSM 3HA4€Hb CaMHX
CTPYMIB .

3HWKEHHS HECUHYCOITAIbHOCT1 HAIIPYTH JOCSATAETHCS:

- CXeMHUMH PIUICHHSIMH: BUAUICHHS HEJIHIMHUX HaBaHTaXEHb HA OKPEMY CUCTEMY
IIMH; PO30CEPEHKCHHS HaBaHTAKEHb 10 PI3HUX BY3J1aX JKUBJIECHHS 3 M IKIIOYSHHIM
napajgenbHO M eJIeKTPOABUTYHIB; YrpyIyBaHHsS IEPETBOPIOBAYIB 3a CXEMOIO
MHOXEHHS (pa3; MAKIIOYCHHS HAaBAHTAXKCHHS 10 CHCTEMH 3 OUTBIIIOI0 TIOTYKHICTIO;
- BUKOPHUCTaHHSAM (PiTbTPOBHUX MPUCTPOIB: BKIFOUCHHS MapaIebHO HAaBaHTAXKEHHUX
BY3bKOCMYTOBUX PE30HAHCHUX (QUIbTPIB, (PIITPOKOMIIEHCYIOUUX MPUCTPOIB
(DOKY), dinbrpocumerpyrounx npuctpois (PCY), mictars OKYVY.



Jlexuis Ne8
Tema: KoediieHT MOTYKHOCTI €1EKTPOYCTaHOBOK MPOMHCIOBHUX MIANPUEMCTB

Meta: o3HalOMUTH 3 TpU3HAYEHHSIM KoedilieHTa IOTY)XHOCTI B CHCTEMI
CJIEKTPOTIOCTaYaHHS
Metoau: cnoBecHu

Ilian:

1 BriiiB peakTUBHOT OTYKHOCTI Ha CUCTEMY €JIEKTPOIIOCTaYaHHS.
2 3HaueHHS B CUCTEMI €JIEKTPOIOCTaYaHHsI MiIBUILIEHHS KOe(IIliEHTa TOTY>KHOCTI
cose .

3 BusnaueHHs 1 po3paxyHOK KOe(II[i€HTa MOTYKHOCTI COSQ .

MarepiajibHO-TeXHiYHe 3a0e3neyeHHs Ta TUAAKTUYHI 3aco0u, T3H: KoHCHEeKT,
1P YyIHUK

Jlireparypa:

1 JIunkun B.}O. DnerpocHabkeHre NPOMBIIUICHHBIX MIPEANPUATAN U YCTAHOBOK. —
M. : «Bricmag mxoia», 1990 r. — 365 c.

2 TlocraukoB H.II., PybGamoB I'.M. DnekTpocHaOXkeHHE MTPOMBIIUICHHBIX
npennpusatuid. — Jlenunrpan: «Ctpousgat», 1989 r. — 351 c.

1 BniiMB peaKTHBHOI OTY>KHOCTI HA CHCTEMY €J1eKTPONOCTAYAHHS.

IlosBa B Mepeki peaKTHMBHOI IOTY/KHOCTI CIPHUSIE€ IepPerpiBaHHIO
00J1aJHAHHSA | Ka0eJbHMX JIiHil, 10 CIPUSI€ CKOPOYEHHIO TEPMIHY IX CJIYyKOH.
[lepenaya peakTHUBHOI MOTY>KHOCTI NepeBaHTaxye JdiHii enekrponepenay (JIEIT)
PEaKTUBHUMH CTPyMaMH, IO TNPU3BOJUTH [0 3OUIBIICHHS BTpaT AaKTUBHOI
MOTYXXKHOCTI TIpH TIepedadi EJeKTPOSHEeprii J0 CHOXKMBadiB, SK HACHIJIOK
3HMXKYETHCSI EKOHOMIYHICTh pOOOTH €HEPIOCUCTEMHU.

[Ipy  3HayHOMY  3HI)KEHHI  3HAa4eHHS  Koe(illleHTa  IMOTYXHOCTI
TpaHchOpMaTOpH Ta TE€HEPATOPU BUSABIAIOTHCA HACTUIBKM 3aBAHTAKEHUMU
PEaKTUBHUMU CTPYMAaMH, 1110 TOJIAJIbIIe OTPUMAHHS BiJl HUX aKTUBHOI MOTY>KHOCTI
crae HepeanbHuUM. KpiM TOro, mnpu 3HWKEHHI Koe(]illieHTa MOTYXKHOCTI

30UIBIIYIOTHCS 1 BTPATH HAIPYTH B MEPEKax 1 MPAKTUYHO BCi MMOKA3HUKH SKOCTI



€JICKTPOEHEPT] 32 HAMPYTOIO 3JIeKATh B1J] OOCSTIB CITOKUBAHHS PEAKTHUBHO1
MOTYXXHOCT1 POMHUCIIOBUMH YCTaHOBKaMH.

CnoxkuBayi eJIeKTPUYHOI eHeprii BUMAralwTh JIs CBO€I PoOOTH SIK
AKTHBHOI, TAK i peakTHBHOI MOTYKHOCTI. PeakTHBHA MOTY>KHICTh BUPOOIAETHCS
AK 1 AaKTUBHAa CHHXPOHHHMH TE€HEpAaTOpaMH 1 TEpPeJacThCs IO CHUCTEMI
CJIEKTPOIIOCTAYaHHs JI0 CHOXKMBaudiB. PeakTWBHA MOTYXKHICTh 3aTpayvyaeThCs Ha
CTBOPEHHSI 3MIHHUX €JIEKTPOMAarHiTHUX MOJTIB.

OCHOBHUMH CHOXKHMBAa4YaMH PEAKTUBHOI TMOTY>KHOCTI Ha TIPOMHCIOBHUX
MIIPUEMCTBAX € aCHHXPOHHI ABUryHH. Ha ix yactky npuxonutbes 65—70%
CIIO’KMBAHOI PEaKTUBHOI MOTYXHOCTI, 20—25% npuxoauTbes Ha TpaHchopMaTopui
10% Ha moBITPSIH 1 JIIHIT eJIeKTpoIiepeaayi Ta 1HII IpuiiMadi (JITOMIHECIICHTHI
JaMI, IHAYKTUBHI TIedi 1 T.1H.).

3HUKYIOUM CHIOKMBAHHA NPUAMAYaMU PEAKTUBHOI MOTYKHOCTI, MOXKHA!
- 3MEHIIUTH BCTAHOBJICHY MOTYXKHICTh T€HEPATOPA,

- TpaHc(hOpPMATOPHY MOTY>KHICTb IMiJICTAHIIIN,
- 30UIBIIIUTH MPOIMYCKHY 3/JaTHICTh CUCTEMH €JIEKTPONOCTauYaHHs, HE 30LIbIIYIOUN

nepepiziB kabeiB, MPOBOJIIB Ta IHIIUX CTPYMOBEIYUNX YACTHH.

Ha pucynky HaBejieHa jiarpama, 1o UIioCcTpye poOOTy KOMIIEHCYIOUOTO IPUCTPOIO.

&
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Pucynox 12.1 - [liarpama komneHcarlii poooT MpuCTpOrO

[Ipu 3HMKEHHI CMIOKUBAHHS PEAKTUBHOI MOTYXHOCTI Q 10 Q — QK BenuurHa
@, BMEHIIYEThCS 110 @,, 110 MPUBOJUTH A0 30UIBIICHHS KOe]illieHTa MOTY>KHOCTI

IIpU MOCTIHIM BETUYHHI MTEpeIaHO] aKTUBHOI MOTY>KHOCTI.



Cnocobu 3a0e31eyeHHs] IPOMUCIOBUX CIIOXKUBAUYIB aKTUBHOIO 1 PEAKTUBHOIO
MOTY)KHOCTSIMU  pi3HI. SIKIIO JKepenaMu aKTUBHOI TOTYXXHOCTI € TUIBKU
TeHepaTOpu EJEKTPUYHUX CTaHIi, TO BHJIB JKEpeNl PEaKTUBHOI IMOTYXHOCTI
Olnpllle: CHUHXPOHHI MaIllMHU, OaTapei KOHJEHCATOpiB, €MHICHA TMPOBIAHICTD
MOBITPSHUX 1 KAOCIBHUX JIIHIN eJIeKTporepeaadi.

Butpatn Ha BHUPOOHHUIITBO pPEAKTUBHOI TMOTYXHOCTI Te€HEpaTopaMu
CIICKTPUYHHUX CTaHIINA, SK TPaBWIO, HI)KYE, HDK BUTPATH Ha BHPOOHHUIITBO
PEaKTUBHOI TIOTY)KHOCTI IHIIUMHU JDKepenamu. Alle TIepeiada peakTUBHOL
MOTY>KHOCTI BiJl IIIMH €JICKTPUYHUX CTAHIIINA MO Mepekax eJICKTPUYHOI CHCTEMH i
Mepekax MPOMUCIOBHX MIANMPUEMCTB MPUBOAUTD IO JOJATKOBUX BUTpAT.

Btpatn akTUBHOI MOTY)XHOCTI 1 €HEprii B €JIeMEHTaX MEpExi, MO SKHX
NEepEeaEThCsl peaKTUBHA MOTYXHICTb Q MU HaIpy3i;

2, 2 2 2
AP == e E= Pz fE+Q2 R=AF, +AF,.

U U U (8.2)
AP,1 AP, - BTpaTH Ha Iiepejlady aKTHBHOI 1 pEaKTUBHO] IIOTYKHOCTI.

BpaxoByroun 110 KoeQili€eHT MOTY>KHOCTI

P P
cosp=_=_____| (8.3)
S fPZ_'_ QZ
.2 2 p?
Tomi P+Q = , (8.4)
CoS@
Haxomumo
A P?.R
P=AP,+AP, = : 8.5
a+ p U2 COS¢2 ( )

BuxoauTh, 10 BTpAaTH aKTHUBHOI MOTY>XHOCTI OOEpHEHO MPOMOPLINAHI
KBaJpaTy Koe(ill€HTa TOTYKHOCTI.

2 BuzHaueHHs i po3paxyHok koedillieHTa MOTYKHOCTi

Koeghiyienm nomyocnocmi 6 KodHcHUll MOMEHM Yacy.

P P
cosp=_=_____ (8.6)
S, P°+Q
rae P, S;1Q, — BIAMOBIAHO aKTHBHAS, TOBHA M PEAKTHBHA MOTYKHICTh B MOMEHT

yacy kBT, k B A, kBAp.
AKTHBHI 1 PEAKTHUBHI MOTY>KHOCTI MIAMPUEMCTB 3MIHIOIOTHCA HE TIIbKU
IPOTATOM TPUBAIUX MPOMDKKIB 4acy (00u, Micsrs), a ¥ OpoTIroM OJHIET

BUPOOHUYOT 3MIHH.



3HaueHHs Koe]illleHTa MOTYKHOCTI B MOMEHT Yacy b HANOUIBII TOYHO
BU3HAYAETHCS 32 (Pa3oMeTpoM.

COSPers BHU3HA4YalOTh 3a

CepenHbO3BaKEHUN  KOE(DILIEHT TMOTYXHOCTI
MOKa3HUKaMHU JIYMIbHUKIB akTUBHOT Wa 1 peakTuBHOI Wp e€Heprii 3a BU3HaAUCHUM
MPOMIXKOK Yacy JJIs JIF0YUX MiAIPHEMCTB:

Benuuunun Wa 1 Wp 11t mpoekToBaHUX MIIPUEMCTB MOXKYTh BU3HAYAETHCS:

W
gp =_", (8.7)
cp38 Wa
COS¢Cp36 = 1+ (%\ 1 (8'8)

3 ychOro BUIIE CKa3aHOT'O BUILIMBAE, IO 3aBJIaHHA KOMIIEHCAIlli peaKTUBHOI
MOTYHOCT1 Ha MPOMHUCIIOBUX MIANPUEMCTBAX HEOOX1AHA, AKTyaJIbHA 1 EKOHOMIYHO
BUIIPABJIaHA.

KomneHcartiiss peakTUBHOI MOTY)XHOCTI B PO3MOJAUIBUMX EJIEKTPUYHUX
Mepexax MOKpaIly€e HACTYIHI MOKa3HUKU pOOOTH €HEPrOCUCTEM :

- [linBUIIEHHS SIKOCTI HANIPYTH Y BY3JIaX MEPEXKI ;

- 3HMKEHHS BUTpAT Ha YCTAaTKyBaHHsI (MEHILI [epepi3y MpoBOAIB Ta KabelliB
, MEHIIIa BCTAHOBJIEHA MOTYXHICTh TPaHC(HOPMATOPIB ).

Jlexknisa Ne 9
Tema: BuzHauYeHHSI KOMIICHCYI0UYO0I PEaKTUBHOI IOTYKHOCTI

Mera:

1 O3HallOMUTH 3 OCHOBHUMH BUXIJIHUMH JAHUMH, K1 TTOTPIOH1 I BUSHAUCHHS
KOMITCHCYIOUOT peaKTUBHOT OTYKHOCTI

2 OnanyBaru cxemu 3eqHanHs KY nanpyroro 0,38 kB

MeToau: CIIOBECHUM, HAOUHUI
IL1an:

1 BuxinHi naHi 1yist po3paxyHKy PeaKTUBHOI MTOTY>KHOCTI.
2 Cxemu 3’ennanns KY nanpyroro 0,38 kB.

MarepiajibHO-TeXHiYHe 3a0e3MmeuyeHHs Ta IUAAKTUYHI 3aco0u, T3H: koHCHeKT,
MIJIPYyYHUK, cxeMu 3’eHanHs KY



Jliteparypa:

1 Jlunkun B.1O. DnerpocHabxeHne MpOMBIIIICHHBIX NPEANPUATHI U YCTAHOBOK. —
M. : «BrIcmas mkosaa», 1990 r. — 365 c.

2 TloctaukoB H.II., Py6amo I'.M. DnekTpocHaOXeHUE MPOMBIIUICHHBIX
npennpusituii. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

Enextpuuna enepris, 1o BUPOOJSETHCA HA €IEKTPOCTAHINSAX 1 CIIOKUBaHA
PI3HUMU €IeKTPONpPUNMAaYIB , MAPO3AUIAETHCS HA AKTUBHY 1 PEaKTHUBHY . AKTHBHA
eHepris 3a0e3neuye KOPUCHY poOOTy eJIEKTPONPUHMAYiB - €IEKTPOIBUTYHIB, TTeUeH
, OCBITJICHHS TOIIO 1 IEPETBOPIOETHCSI B HUX B MEXaHIYHY , TEIJIOBY, CBITIOBY Ta
1HIII BUJIM €HEPrii; peaKTHUBHA K €HEPris HIAKOI KOPUCHOI poOOTH HE BUPOOJISE , a
BUTPAYAEThCSI HA CTBOPEHHS MArHITHUX IMOTOKOM B ACHMHXPOHHUX JABUTYHax ,
TpaHcopmaTopax Ta IHIIUX €JIEKTPOTEXHIYHUX MPUCTPOSIX.

PeakTuBHaA eHepris mepexoAauTh B JKepena (Hampukiaj, reHeparopa) 10
CTHOXKMBayYa , a TOTIM Ha3aj /10 JKepena.

V 3B'13Ky 3 UMM 30UIbIIECHHS PEAKTUBHOI €HEPIii (MMOTYKHOCT1) TPU3BOIUTH
70 HEJAOCTAaTHHOI'O BUKOPHUCTAHHS BCTAHOBJIEHOI IMOTYXKHOCTI TeHepaTtopiB abo
TpanchopmaropiB. Ilpu 301IbIIEHHI PEAKTUBHOI TMOTYXKHOCTI 3 HE3MIHHOIO
AKTUBHOIO TOTY)XHICTIO CTPyM, IO TPOXOAWUTH IO TPOBOJAAX, 3POCTAE, IO
MPU3BOAUTH 10 HEOOX1AHOCTI 30UIBIIUTH TIepePi3 MPOBOIIB JIiHIN eleKTponepeaay
1 BUTpaTa MeTally Ha iX BUTOTOBJICHHSI.

JUiss  KoMmeHcalii  peakTHMBHOI  IMOTYXKHOCTI  €KCIUTyaTOBaHMX  abo
NPOEKTOBAHMUX  EJIGKTPOYCTAHOBOK  CHOXKMBA4iB  3a3BMYail  3aCTOCOBYIOTH
reHepYyBaHHS PEAKTUBHOI TMOTYKHOCTI Ha caMoMy MiANpUeEMCTBL. OaHum 3
NMOIIMPEHNX CHOCO0IB KOMIIEHCANIl PEaKTHBHOI NMOTY’KHOCTI € YCTAHOBKA
CTATUYHUX KOHICHCATOPIB .

PeakTuBHA MOTYXHICTb, KBAp , CTATHUHUX KOHJEHCATOPIB BU3HAYAETHCS SIK
pI3HMIIT MDK HAOUIBIIO  (PAKTHUYHOKO PEAKTUBHOIO MOTYXHICTIO Q,

HABAHTAKECHHA TMIANPUEMCTBA Ta TPAHUYHOI PEAKTUBHOI TMOTYKHOCTI Q,

MPEICTABICHOI MIIPUEMCTBY €HEPrOCUCTEMOIO 32 YMOBAMHU PEXUMY ii poOOTH :

QK.Y. = QM_Qe = PM '(tg¢M _tg(Oe)7

ne P, - MOTY>XKHICTh aKTUBHOTO HABAHTAXKEHHS MiIIIPUEMCTBA B TOJIMHA MAaKCUMYMY
€HEProCUCTEMH, MPUUMAETHCS 110 CEPEIHIN PO3pPaXyHKOBIH MOTYKHOCTI HAUOLIIBII
3arpy’KeHoi 3MiHH;

tge, - GaKTUYHUN TAaHTE€HC KyTa, SKUM BIJMOBIIA€ MOTY>KHOCTI HABAaHTAXKEHHS

P,l't i Q,l't ;



tg¢p, - ONITUMAJIBHUI TAaHT€HC KyTa, SKUH BIAMOBI/Ia€ BCTAHOBIECHUM MiAIPUEMCTBY

yMOBaMH OTPHUMAaHHS BiJl CHEPIrOCHCTEMH IMOTY>KHOCTEH HaBaHTaKECHHS P i Qu,
B exonomi:

Ugxn = > Pagr - (20 nexy —  18Pposmip sixoro Bumarae )
cepeIHbO3BAKEHUI €HEepromnocrayaibHa
KOMIIaHiA

2 Cxemu 3’eqnanns KY nanpyrorwo 0,38 kB

3ajie’)kHO BIJl TPU3HAYEHHS, HANPYTrd Ta TMOTYKHOCTI CXEMHU 3'€IHAaHb
KOH/JICHCATOPHUX YCTAHOBOK BHKOHYIOTH OJHOGA3HMMU 1 TpUPa3HUMHU 3
napajiebHUM a0o0 MapanesibHO-TIOCHIIOBHUM 3'€JHAHHSAM KoHJAeHcaTtopiB. Ha
HaBeJICH1 CXEMHU 3'€IHaHb KOHJIEHCATOPHUX ycTaHOBOK 380 B.

B ocBiTiaoBaIbHUX 1 CWJIOBHX Mepekax 3 JiHiiHOow Hampyrooo 380 B
3aCTOCOBYIOTH TOJIOBHUM YMHOM TpH(a3Hi KOHJIEHCATOpPHI YCTaHOBKU 3
napajiebHUM 3'€/THAaHHAM KOHJIGHCATOPIB, 3'€IHAHMX 3a CXEMOIO0 TPHUKYTHHKA.
Opnodaszni  konaencaropHi ycranoBku 220, 380 B 3actocoBytoTbes s
1HAuBIAyabHUX ofgHOo(a3Hux EIl (enexTpuuni medi tomo). B ocBiTarOBaibHUX
Mepexax TpudaszHi KOHIACHCATOPHI YCTAaHOBKM 3BHYAWHO  MIIKIIOYAIOTH
0e3nocepeIHbO J0 JIHIN IIUX MEPEX , OJHAK MICIIS MEPEKEBOI0 BUMHUKAYa
(puc. 14.1, a).

VY cunoBux Mepexax TpudazHI KOHJIEHCATOPHI YCTAHOBKH MOXYTb
MIJKITI0YaTUCS sIK O0e3mocepeHbo i 3aranbHuii Bumukad 3 EIl, Tak 1 uepes
OKpEeMHI BUMHUKAY JI0 IWH PO3NOIILHUX MUTIB HanpyToto 380 B
(puc. 14.1, 6-n).

[Ipu HEOOX1THOCTI 3aCTOCOBYIOTH CEKIIIOHOBAHI CXEMH, IO CKJIAJal0ThCS 3
JEKUTBKOX OKPEeMHX CeKIIH KOHACHCATOPHUX YCTAaHOBOK, KOXHA 3 SKHX
MIKJII0YAETHCA 10 IIMH PO3MOAUIBHOTO IIUTa Yepe3 CBiM BUMHKAY.
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Puc. 14.1 - Cxemu npuegHaHHs KOHJIEHCATOPHUX ycTaHOBOK 380 B:
a, 0 - 13 3araJbHUM BUMHUKA4YeM; B - 3 pyOUJILHUKOM 1 3alI001)KHUKOM;
I - 3 3a11001KHUKOM 1 KOHTAKTOPOM; [ - 3 aBTOMAaTUYHUM BUMHUKAYEM



Jlexkmis Ne 10
Tema: KonaeHcaTOpHi YCTAHOBKH 3 ABTOMATHUYHUM PeryJl0BaHHAM

Mera:

1 O3HalloMHTHU 3 CTPYKTYpPOIO YMOBHUX MO3HAYEHb KOH/IEHCATOPHUX YCTAHOBOK
(KV).

2 OnaHyBaTH KOHCTPYKTUBHY OyZOBY KOHI€HCATOpHUX ycTaHOBOK (KVY).

3 OOrpyHTyBaT OCHOBHUH 3aXUCT KOHAEHCATOPHUX yCTaHOBOK (KV).

MeTtoam: CJIOBECHUM, HAOUYHUM
Ilnan:

1 CtpykTypa YMOBHOTO MTO3HaY€HHSI KOHJIEHCATOPHUX ycTaHOBOK (KVY).
2 KoncrpyktuBHa OyaoBa KOHAEHCATOPHUX ycTaHOBOK (KVY).
3 3axuct KoHJieHcaTopHUX ycTaHOBOK (KVY).

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs Ta TUAAKTHYHI 3aco0u, T3H: KoHCHEeKT,
MIJIPyYHHK,

Jliteparypa:

1 JIunkun B.}O. DnerpocHabxkeHre MPOMBIIUICHHBIX TIPEANPUSATANA U YCTAHOBOK. —
M. : «Bricmag mxoia», 1990 r. — 365 c.

2 TloctaukoB H.II., PybGamoB I'.M. DnexkrpocHaGXeHHE MNPOMBIIIICHHBIX
npennpusituii. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

1 CTpykTypa YMOBHOIO NNO3HAYEHHS KOHIEHCATOPHHUX YcTaHOBOK (KY).
YKPM- XX- XXX /XX-X- Y3

1 2 3 4 5 6

1 ABTOMaTHYHA KOHJIEHCATOPHA YCTAHOBKA

2 HomiHasibHA Hampyra ycTaHoBKHU (KB).

3 HoMiHanbHa MOTYX HICTh YCTAaHOBKHU.

4 KinbKICTh CTYIICHIB.

5 HomiHanbHa NOTYXHICTh CTYIIEHI peryntoBaHHs B KBAp.
6 Knimatuune Bukonanns 3a FOCT 15150-69 .



2 KoHCTPpYKTHBHA 0y/10Ba KOHIEHCATOPHUX yCTaHOBOK (KY).

ABTOMaTHYHA KOHJIEHCATOPHA YCTaHOBKa (0aTapesi) CKIIaJaeThCs 3 CTYTCHIB
aBTOMATUYHOTO PETyJIOBaHHSA, KOXXHA 3 SKHX CKJIQJa€ThCs 3 KOHTAKTOPA,
TpudazHUX KOHJIEHCATOPIB 1 MIABKHUX 3aMo01KHUKIB. B ycTaHOBKaX MiAOroBOTO
BUKOHAHHS KOXKHA CTYIIHb MPEACTaBIs€ COOOI0 OKpeMi MOy, IO J03BOJISE
30UTBIITYBaTH TOTY)KHOCTI  KOHJIGHCATOPHOI yCTaHOBKW (0Oarapei) MmUIsIxom
YCTaHOBKHU JJOJIATKOBUX MOMIYJIIB.

CryrieHi peryroBaHHS MOTYXHOCTI KOHIEHCATOPHOI ycTaHOBKHU (Oarapei)
NEPEeMUKAIOTECS 1O CHUTHATY Big LU(POBOrO peryisTopa, 3abe3meuyrodu
MIITPUMAHHS ~ 33JlaHOro0  cose abo0 3aJaHOi  TEeHEepyuoi MOTY>KHOCTI
KOHJIEHCATOPHO1 yCTaHOBKH (Oatapei). Y sikocTi iHpopMalii Ipo MOTOYHUN PEKUM
CHOXKUBAHHS PEAKTUBHOI MOTYKHOCTI HaBaHTAXECHHIMHM I1JICTAaHLIN B PErysTopi
BUKOPHCTOBYETHCA 3HAUEHHS BUMIPsIHOI HanpyTu (aiama3on Hanpyru 230 ... 400 B)
1 CTpyMY B TOULIl KOHTPOJIIO PEXKUMY, TpaHCHOPMATOP CTPYMY, BTOPUHHUN CTPYM 5
A.

KOHIEHCATOPHI YCTAHOBKH (BATAPEI) 3
ABTOMATUYHUM PEI'YJIIOBAHHSAM, NIJJJIOTOBE BUKOHAHHSA

1. ITigkmrouenns cunoBux kabeniB (dha3u A, B, C 1 HeliTpans), nependadeHui
i1 KaOemiB 3BepXy abo 3HH3Y.

2. KoHTakTHa KOJIO/IKA MEPEXK YIPABITIHHS.

3. Hudposuii perynstop.

4. KoHzeHCcaTOpHHI MOJyJb CTYNEHIB PEryJIOBaHHS 3 3amoOiKHUKAMHU,
KOHTaKTOpamu 1 Tpu(azHuM KOHJEHCATOPOM.



Pucynok 14.1 - KonaencaropHi ycraHoBkH (6atapei) 3 aBTOMaTHUHUM

PETYIIOBAHHAM, HiI[JIOI‘OBC BUKOHAHHA

KOHIAEHCATOPHI YCTAHOBKH (BATAPEI) 3
ABTOMATHUYHHUM PEI'YJIIOBAHHSAM, HACTIHHI BUKOHAHHSA

1. [linkmrouenHs cunoBux kabdenis (gasu A, B, C 1 HeliTpainp), nependadyeHuit
miBi KaOemiB 3BepXy abo 3HH3Y.

2. KoHTakTHa KOJIO/IKA MEPEK YIIPABITIHHS.

3. Hudposuii perynarop.

4. 3an001>KHUKH CTYTEHIB PEryIlOBaHHS.

5 KonTraktop.

6. Tpudazuuit koHIEHCATOD.



Pucynox 14.2 - Konnencaropsi yctaHoBkH (6aTapei) 3 aBTOMaTHUHUM
pETyIIOBaHHSM, TTiJJTOTOBE BUKOHAHHS

3axuctoM KV ciyrye nonomixkHa anaparypa 1e :

- 3aITO0KHUKH;

- KOHTaKTOpH ;

- aBTOMAaTH4YHI BUMHKa4l (aBTOMaTH);

- TpaHC(POPMATOPH CTPYMY.

KonTakTop - [BONMO3WIIWHWIA  KOHTAKTHHA  CJICKTPUYHWM amapar
CaMOTIOBEPHEHHSIM, MpPHU3HAYEHUH [IsI YacTUX KOMYyTalllil CTpyMiB, IO
NEPEBUILYIOTh MepeadayeHNX CTPyMiB IEPEBAHTAKEHHSI.

Jlekuia Nell
Tema: [Ipu3HaueHHs MiACTAHINN 1 PO3MOAIIBHUX TPUCTPOIB
Mera:
1.1 O3natioMuTHCS 3 TPU3HAYCHHSIM IT1ICTAHITIN

1.2 OnanyBaTH npu3HAYEHHS PO3MOALIBHUX MPUCTPOIB

HC


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: CJIOBECHI, HAOYHI.
Ilnan:

1 TpancdhopmaTopHi miICTaHIII.
2 PoznoainbH1 IPUCTPOI.
3 IlpuzHaueHHs 1 kiacudikarlis MmiICTaHIIN, pO3NOAUIBHUX MMPUCTPOIB.

MarepianbHo-TexHiYHe 3a0e3Me4eHHs Ta TUAAKTHYHI 3aco0u, T3H: KoHCekT,
M1JIPyYHHUK.

Jlireparypa:

1 JIunikun B.}O. DnerpocHabkeHre NPOMBIIIIEHHBIX MPEANPUATHI U YCTAHOBOK. —
M. : «BpIcmiag mikoia», 1990 r. — 365 c.

2 TloctaukoB H.II., Pyb6amoB ['.M. DnekrpocHaGkeHHE MNPOMBIILICHHBIX
npennpusituid. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

Koxna migcranmis mae po3noAuibHi npuctpoi (PII), mo MIicTATh KOMyTauiiHi
amapary, MPUCTPOi 3aXUCTy Ta aBTOMATHKHU, BUMIPIOBAJIbHI Mpuiagu, 301pHI 1
3'€eTHyBaIbHI IIMHH, JOTIOMIXKHI IPUCTPOI.

OcHoBHi xapaktepuctuka PII. 3a KOHCTPYKTUBHUM BUKOHAHHSIM PY minare
Ha BIJKpUTI Ta 3aKkpuTi. BOHUM MOXyTh OYTH KOMIUIEKTHUMH (30ipka Ha
M1ITPUEMCTBI-BUPOOHUKY) 2060 30ipHHUMH (301pKa 4aCTKOBO a00 MOBHICTIO HA MICIII
3acTocyBaHHA). Po3risiHeMO HaWOLIBIN MOMIMPEHI Ha MIiACTAHINSAX MPOMHUCIOBHUX
MINPUEMCTB KOMILUIEKTHE PY.
Bioxpumuii poznodinvruti npucmpit (BPII) - Takuit npuctpiii, y sikoro Bara ado
OCHOBHE OOJagHaHHS pO3TAllIOBAaHE Ha BIOAKPUTOMY TOBITPl; 3aKpUTUH
posnoaueHuii nipuctpiit (3PII) - mpuctpiii, o0nagHaHHS SKOTO PO3TAIIOBAaHE B
OyiBJIL.
Komnnexmnuii poznodinonuit npucmpii (KPY) - posnoauipuuii mpucTpii, 1o
CKIIQJAEThC 3 11ad), 3aKPUTUX MTOBHICTIO 200 YaCTKOBO, 200 OJIOKIB 3 BOYJOBAHUMU
B JINXUW amapartaMmu, TPHUCTPOSIMU 3aXUCTy Ta aBTOMATHKH, BHUMIPIOBAILHUMU
MpWwIalaMyd Ta JOTIOMDKHUMHU MPUCTPOSIMH, IO TIOCTABIISIETHCS B 310paHOMY Wn
MOBHICTIO TIATOTOBICHOMY JIJIsl 30MpaHHs BUTIIAI 1 TPU3HAYEHE TSI BHYTPIIIHBOT
YCTaHOBKH.
Komnnexmnuii posnooinvnuti npucmpiii 306niuinboi ycmanosku (KPYH) - ne KPY,
MpU3HAYEHE /IS 30BHINIHBOI YCTAHOBKHU.
Komnnexmna mpancghopmamopna  (nepemesoprosanvnua) niocmanyis (KTII)
MIJICTAHIIIS, KA CKIAAAEThCA 3 TpaHcpopmaTopiB (epeTBoproBadiB) 1 6y0kiB KPY
gyu KPYH, mo nocraBistotrbest B 310paHoMy ab0 MOBHICTIO MIATOTOBICHOMY IS
30WMpaHHs BUTJISIII.



Posznoodinvuuii komymayitinuti nynkm (PII) po3noainsHuii pucTpii, mpu3HauYeHUM
JUISL IPUAOMY 1 PO3MOIUTY €JeKTPOCHEPrii Ha OTHOMY Hampy3i 0e3 mepeTBOPEHHS 1
TpaHcdopmartii.

Kamepa-npumitieHss, npu3HadeHe AJ1s yCTAaHOBKH anapaTiB 1 IIWH: 3aKpUTa KaMepa
3aKpHTa 3 ycix 00KiB 1 Mae cyminpHi (He ciTdacti) nBepi; oropomkeHa KkaMmepa Mae
IpOpi3u, 3aXHILIEHI MOBHICTIO HAM YaCTKOBO HE CYHIIBHHUMH (CITYACTUMU abo
3MINTAHAMH ) OTOPOYKAMHU.

KoxxHa migcTaHIlis Mae Tpu OCHOBHUX By3ia: PY Bumioi Hanpyru, Tpancdopmarop
1 PY Hux4oi Hanpyru.

Ilpuznavennss i kiaacudikamis migcranmiin. EnekTpoyctaHoBka, 110
CKJIalaeTbcsi 3 TpaHcpopmaropiB ab0 IHIIUX TEPETBOPIOBAYIB  CHEPrii,
pPO3MOJIILHUX TPHUCTPoiB Hampyroto g0 1000 B 1 Bume, mo CIyXuTb IS
MIEPETBOPEHHS 1 PO3MOJILTY CICKTPOCHEPT1l, HA3UBAETHCS NIOCMAHYIETO.

B 3anexHOCTI Big IpU3HAYEHHS MIJCTaHI1i BUKOHYIOTh TpaHC(HOpMaTOPHUMU
(TII) a6o npeocsitHiMuU (['OT) - BUnpssMHUMU.

Tpancpopmaropni  miacraHmii €  OCHOBHOK  JIAHKOIO  CHUCTEMU
€JIEKTPOINIOCTAaYaHHs. Y  3aJ€KHOCTI BiJ TOJOXKEHHS B EHEPrOCUCTEMI,
MIPU3HAYCHHS, 3HAYCHHS TIEPBUHHOTO 1 BTOPUHHOTO HAMPYT iX MOXHA TOIUTATH HA
palioHHI MIJICTAHI1, MIJCTaHLIl MPOMUCIOBUX MIJNPUEMCTB, TATOBI MiJCTaHIII],
M1JICTAHIIT MICHKO1 €JIEKTPUYHOT MEPEXKI1 Ta 1H.

Paiionni Ta BY3J10Bi MiACTaHIlT KUBJIATHCSA BiJ] palOHHUX (OCHOBHHMX) MEpPEK
CHEPreTUYHOI CUCTEMU 1 IPU3HAYEHI JUIsl €JIEKTPOIIOCTaYaHHs BEJIMKUX PailoHIB, B
SKUX 3HAXOJSITHCSA ITPOMUCIIOBI, MIChKI, CIbCHKOTOCTIONAPCHKI Ta 1HIIN CIIOXKHBadl
enektpoeneprii. [lepBuHHI Hanpyru palloHHUX MiACTaHIN ckiaanarTs 750, 500,
330, 220, 1501 110 B, a Bropun#ni-220, 150, 110, 35, 20, 10 a6o 6 kB.

Ha Teputopii mNpPOMHCIOBUX MIANPUEMCTB PO3MIIIYIOTH TpaHchHOpMaTOpHi
MIJICTAHIIIT HACTYITHUX BHIIB:

3aBoachbKi miacTaHuii, ikl BAKOHYIOTBCS SIK: a) TOJOBHI 3HWKYBaJIbHI MIJACTaHI 1
MIACTaHIIi TIMOOKOr0 BBOAY 3 BIAKpUTUM PY i mpuiloMmy enekTpoeHeprii Bij
eHepretTuyHux cucrteM Hanpyrow 110-35 kB 1 neperBopeHHsa ii B Hampyry
3aBOJICHKOI Mepexi 6-10 kB jy1s )KUBIEHHS 1IEXOBUX 1 MDKIIEXOBHUX MIJCTaHIIN Ta
MOTYXKHUX CIOKUBAYiB ; 0) MACTAHIIIT Ta PO3MOLILY1 MyHKTH 13 3akputuMu PV, 3
YCTaHOBKOIO Ha HUX BHCOKOBOJIbTHOTO oOnaaHanHs Ha 6-10 kB tumy KCO a6o
KPV i tpancdopmaropis na 6-10 / 0,4 xB.

IlexoBi migcranumii, mpu3HAYeH] IS SKUBJISHHS OJHOIO ab0 JEKiIbKOX IIEXIB,
BUKOHYIOTBCS: @) OKPEMO CTOSATh, TPHOYAOBaHUMU 1 BOYJJOBAHUMHU 3 YCTAHOBKOIO
TpaHC(hHOPMATOPIB B 3aKPUTHX Kamepax 1 po3noAuIbHUX muTiB na Hanpyry 0,4-0,23
kB; 0) BHYTpIIIHBOIIEXOBUX B OCHOBHOMY siKk KoMIUIekTHI Tuity KTII 3 ycranoBkoro
Ha HUX OJHOTO-ABOX TpaHchopmaropiB mnoTyxkHicTio 400 kB A 1 Buile,
PO3MIIIIECHUMHU B OKpPEMOMY MPUMIIIEHHI 1iexy abo 0e3nocepeHhO0 B IIEXy B
3aJIEKHOCTI B1J] YMOB HABKOJIMIITHBOTO CEPEIOBHUILIA 1 XapaKTepy BUPOOHUIITBA.

Jlexkmisa Nel2



Tema: bynoBa, mpu3HaueHHS BIAKPUTHUX 1 3aKPUTUX PO3NOALTEHUX MTpUcTpoiB (PIT)

Mera: O3snaifomuTtucsi 3 OyI0BOIO, MPU3HAYEHHSM BIIKPUTUMHU 1 3aKpUTHUX
posnoaisHuX puctpois (PIT)

MeToau: CIIOBECHI, HAOYHI.
Iiaan:
1 BynoBa, npu3HaueHHs BIAKPUTHX PO3NOAIILHUX TTpUcTpoiB (BPII).

2 bynoBa, mpuU3Ha4YE€HHA 3aKPUTUX PO3NOALIBHUX pucTpoiB (3PII)

MarepiajbHO-TeXHiYHe 3a0e3neuyeHHs Ta TUAAKTUYHI 3aco0u, T3H: KoHCHEKT,
HIIPYYHUK.

Jlireparypa:

1 JIunkuu B.1O. DnerpocHabxkeHre MPOMBIIIICHHBIX TIPEANPUATUNA U YCTAHOBOK. —
M. : «Bricmag mxoia», 1990 r. — 365 c.

2 TloctaukoB H.II., PybGamoB I'.M. DnekTpocHaOXKeHHUE MPOMBIIUICHHBIX
npennpusituii. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

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

Po3noainbHa yCTAaHOBKA - 1€ €JIEKTPOYCTAHOBKA, MPU3HAYEHA IS IPUMOMY
U pO3MOJIIYy €NEeKTPUYHOI €Heprii, 0 MICTUTh €JIEKTPUYHI amapaTH, IWHA WU
JIOTIOM1>KHI TIPUCTPOI.

Axio po3mnojiapHa YCTAaHOBKA PO3TalllOBaHa BCEpENMHI OyAMHKY, TO BOHA
HA3MBAETHCS 3aKPUTOIO.

3akpuTi po3noasibHi ycTaHOBKH (3PY) cnopyakyoThesi 3BUYANHO NP
Hanpy3i 3 — 20 kB. IIpu Oib1Kx Hanpyrax, sik MPaBUII0, CIOPYAXKYIOThCS BIIKPUTI
PY. Onnak npu obmexeniit miomi mig PY abo npu minBuieHoMy 3a0py/IHEHHI
aTMocdepu MOXyTh 3acTocoByBatucs 3PY na nanpyru 35-220 xB.

Po3noniibHi  yCTAaHOBKM TMOBHUHHI 3a0e3NedyyBaTd HAAIWHICTh poOOTH
€JIEKTPOYCTAaHOBKH, 1110 MOX€E OyTH BUKOHAHO TIJIbKU MPH MpaBUILHOMY BUOOpI I
PO3MIILIEHHI €JIEKTPOYCTATKyBaHHS, IPU NPABUIBHOMY MiA00P1 TUITY W KOHCTPYKIIi1
PV Bianmosinso no ITVE.

OO6cnyroByBanHsi PY mnoBuHHe OyTH 3pydHUM 1 Oe3nedyHuM. Po3milieHHs
oOnannanHs B PY moBuHHe 3a0e3nedyBatu JOOpUIA OTIISIA, 3pyUHICTh PEMOHTHHUX



po0iT, moBHY O€3IeKy NMpHu peMOHTax U orisaax. st 6e3meku JoOTpUMYIOThCS
MiIHIMaJIbHI BIZICTaH1 BiJi CTPYMOBEIYYUX YaCTHH JJIsI pi3HUX ejeMeHTIB 3PY.

HeizounboBani cTrpymoBeay4yi 4YacTMHM 100 YHUKHYTH BHIAaJKOBHUX
JOTOPKYBaHb JIO HUX MOBHUHH1 OyTH MOMIIIEH] B KaMepu ab0 00ropoIKeHi.

OropomkeHHs Moxke OyTH CymuibHUM abo cityacTuM. Y  Oaratbox
KOHCTpYKIisiX 3PY 3acTocoByeThCs 3MilIaHE OTOPOIKEHHS — Ha CYIIIbHINA YacTHHI
OTOPOJIPKEHHS KPITLISATHCS MPUBOJIM BUMUKAYIB 1 pO3'€JHYyBaUiB, a CITYACTa YaCTHHA
OTOPOJHKEHHS I03BOJISIE CIIOCTEPITaTH 32 YCTATKyBAHHSM.

Bucota Takoro oropoaxeHHs moBuHHa OyTH He MeH1Ie 1,9 M, pu IboMy CITKH
MOBUHHI MAaTH OTBOPH PO3MIpoM He Oiibine 25 X 25 MM. OropomkeHHs] TOBUHHI
3aMUKaTHCS Ha 3aMOK.

HeizonboBaH1 CTpyMOBeyUl YaCTUHU, PO3TALIOBAH]1 HAJl MiJIOTOI0 HA BUCOTI
1m0 2,5 m B ycraHoBkax 3 — 10 kB 1 2,7 m B ycranoBkax 20 — 35 kB, moBuHHI
OTOPOJDKYBATUCS CITKAMU, TPUUOMY BHUCOTA MPOXOAY 1] CITKOIO TIOBUHHA OyTH HE
MeHI1010 1,9 M.

Ornsaau ycTaTKyBaHHsSI BUKOHYIOTBHCS 3 KOPHIIOPY OOCIyTOBYBaHHS, IIMPHUHA
SKOTO OBUHHA OyTH He MeHIte 1 M ipu ogHOGIYHOMY 1 1,2 M TpH ABOCTOPOHHBOMY
pO3TallyBaHHI YCTaTKyBaHHS.

Axmo B xopumopi 3PY po3MiiieHi NpuBoIU po3'€JHYyBaviB 1 BUMUKAYIB, TO
IIMPUHA TAKOTO KOPUIOPY MOBUHHA OyTH BIAMOBIIHO 1,5 i 2 M.

Axmo B 3PY 3actocoBytorbes komipku KPY, 1o mmpuna mnpoxomy s
kepyBanHa # pemMoHTy KPY BukodyBaHoro tuiy mNoOBUHHA 3a0e3medyBaTu
3pY4YHICTh MEPEMIIIEHHS i PO3BOPOTY BUKOTHHUX BI3KIB, TOMY MPU OAHOPSIHOMY
pO3TalllyBaHHI IMUPUHA BU3HAYAETHCS TOBKHHOIO Bi3ka mmmoc 0,6 M, mpH
JIBOPSITHOMY PpO3TalllyBaHHI — JOBXKMHOW Bi3ka twitoc 0,8 M. Ilpu HasBHOCTI
npoxonay 13 3aaHb0i cropoHu KPVY iforo mmpuna nosuHHa Oytu He meHi 0,8 M.

I3 mpumimens 3PY mepenbadaroTbcss BUXOAM HA30BHI a00 B NMPUMIIICHHS 3
HETOPIOYMMU CTIHAMHU 1 MEPEKPUTTAMU: OAWH BUXI1J IpH T0BXKUHI PY 1o 7 M, nBa
BUXOJU 10 KIHIISIX TIPH AOBXKHUHI B 7 10 60 M, ipu 10BXuHI Oinbine 60 M — 1Ba
BUXOJM IO KIHIIX 1 JOJATKOBI BUXOJU 3 TAaKMM PO3PaxyHKOM, 11100 BiJCTaHb Bij
Oynp-sKkoi Touku kopuaopiB PY no Buxony He nepeuinyBana 30 m. [Bepi 3 PY
MOBUHHI BIJIKPUBATHCS HA30BHI 1 MaTH CaMO3aMHUKaJIbHI 3aMKH, 110 BIAKPUBAIOTh
0e3 kiroua 3 6oky PVY.

PY noBuHHe 3a0e3meuyBaTu NOexkHY Oe3neky. byniBenbHI KOHCTPYKIIIT
3PV noBuHHI BianosigaTtu Bumoram bHill, a Takox mpaBriiaM MoKeKHOI OXOpOHHU
(IOTIO). byaiens PY cnopymxkyerbcss 3 BOrHecTiikux MarepianiB. Ilpu
npoekTyBaHH1 3PY nependavaroThcs 3axX0au 151 0OMEKEHHS MOMIMPEHHS aBapii.

JI71st IbOTO YyCTAaTKYBaHHSI OKpEMHUX eJ1eMeHTIB PY BcTaHOBIIOETHCA B Kamepax
— MPUMINICHHAX, OOMEXKEHHX 3 yciX OOKIB CTiHAMH, MEPEKPUTTIMH,
OTOPOJIKEHHSIMHU. SIKIII0 YacTHHA OTOPOJKEHb CITYACTa, TO KaMepa Ha3UBA€THCSA



BIIKpUTOIO. Y TaKuUX KaMepax YyCTaHOBJIIOIOTHCS pO3'eqHyBadi, Oe3MmacisHl
MaJjioMacyIsiHI BUMHUKaul i 0aKOB1 BUMHKaYl 3 KUIBKICTIO MacJia 10 25 Kr. Y cy4acHUX
3PY O06akoBi BuMHKaui 3 OUIBIIOI KUIbKICTIO Macjia (Oumpme 60 Kr) He
3aCTOCOBYIOTBCS, TOMY IO Ui iX YCTAaHOBKH Tpeba rnependavyaru 3aKpuTi KaMepH 3
BUXOJIOM Ha30BHI, [0 3HAYHO yCKJIATHIOE Oy/AiBEIbHY YACTHHY.

Y 3PV nepenbdavaeTbcsi NpupoHa BEHTHIIALIS TPUMIIIEHb TpaHCPOpPMATOPiB
1 peakTopiB, a TAaKOXK aBapiliHa BUTSHKHA BEHTWIALS KOPUJIOPIB OOCIYyroBYBaHHS
BIJIKDUTHUX KaMep 3 MAacIIOHATIOBHEHUM yCTATKyBaHHSIM.

Po3noainbHa ycTaHoBKAa TMOBMHHA OyTHM eKOHOMiuHOW. Baprticth
copy/pkeHHsT PY ckimagaeThes 3 BapTOCTI OY/IBENbHOI YaCTHUHH, €JICKTPUIHOTO
YCTaTKyBaHHS, €JICKTPOMOHTaXXHUX POOIT 1 HAKIagHUX BUTpAT. J[JI1 3MECHIIICHHS
BapTOCTI OyNIBENbHOI YACTHUHHU IO MOXJIMBOCTI 3MEHUIYIOTh 0O0CAr OymiBii W
CIOPOINYIOTh 11 KOHCTPYKIIIO. 3HAuyHE 3MEHIIEHHS BapTOCTI JOCSTAEThCSA
3acTocyBaHHAM OyauHKIB PY 31 30ipHHMX 3a1i300€TOHHUX KOHCTPYKIIiH, sKi
3aMIHIOIOTH IETeNbHY KJIaJIKY, III0 3aCTOCOBYBAJIacs paHilie.

st 3MEHIIEHHS BapTOCTI EJIEKTPOMOHTAXKHHMX pPOOIT 1 MPUCKOPEHHS

cnopykeHHs PY 1mMpoKo 3acTOCOBYIOTh YKpYHHEHl BY3J1M, 310paHi Ha
creniaai3zoBaHiii MOHTaxH1W 0a3i. TakuMu By3siamMHu MOXXYTh OyTH Kamepu i madu
3 yOyJOBaHUM €JIEKTPOYCTAaTKyBaHHSAM: KamepH JyIsl 30IpHUX IIMH 1 IIMHHHUX
po3'eaHyBayiB, madu KepyBaHHSI BUMUKayaMu, madu JHIHHUX po3'eIHYBaviB 1 T.11.
st mpuennanna niHid 6 — 10 kB y cygacaux PY mmpoko 3actocoByroTh madu
KOMILJIEKTHUX PO3MOAUIBHUX TMPHUCTPOiB. 3aCTOCYBaHHSA YKPYIHEHHUX BY3IIIB
JT03BOJISIE BUKOPUCTATH 1HAYCTpiaJIbHI METOAM cOpYIKeHHs 3PY 3 MakcMMallbHOIO
MEXaH13al1€l0 eJIEKTPOMOHTAKHUX POOIT.
Po3nozinbsHa ycTaHOBKA, 3MOHTOBaHA 3 YKPYITHEHHUX BY3J11B, HA3UBAETHCS 30ipHOIO.
VY 36ipHiii PY OyaiBisg cnopykyeThcsi y BUIIISAI KOpOOKH, 0€3 OyIab-sIKHX
MePEeropoIoK, 3ariapbHoro Tumy. OCHOBY KaMep CTaHOBUTH CTaJeBUM Kapkac, a
MEePEropoaKA MK KaMepaMu BHKOHYIOTH 13 a30€CTOIIEMEHTHHUX a0 TIMCOJIITOBUX
TUTHT.

2 BIIKPUTI PO3HOJILJIBHI TPUCTPOI (BPY)

Bumorn 1o koucrpykuiiit BPY

PosnozinbpHa ycTaHOBKa, po3TallloBaHa Ha BIAKPUTOMY IMOBITPl, HA3UBAETHCS
BIJIKPUTOIO PO3MOIUIEHOIO0 YCTAaHOBKOIO.

Sk nmpaBuio, PY nanpyroio 35 kB i Bue cnopyaxyoTbesi BIAKPUTHMH.

Tak camo sk 1 3PV, Bigkpurti PY moBuHHI 3a0e3ne4nTH HAIIHHICTE POOOTH,
Oe3neky ¥ 3pydyHICTH OOCITYyroBYBaHHS TIpU MIHIMQJIbHHUX BUTpaTax Ha
CIOPY/UKEHHS, ~ MOMJIMBICTh  PO3LIMPEHHS, MAaKCUMalbHE  3aCTOCYBaHHS
BEJIMKOOJOYHUX BY3J1B 3aBOJCHKOTO BUTOTOBJICHHSI.



BiacTanp Mk CTpyMOBEIyYMMH YaCTUHAMH M BiJl HUX JIO PI3HUX €JIEMEHTIB
BPY noBunHe BuOUpaTHCs BiAMOBIIHO 10 BUMOT [1YD.

Bei amapatu BPY 3BuuaiiHO po3TalioBYIOThCSI Ha HEBHUCOKUX IIiJICTaBaX
(metaneBux abo 3amizoberoHHux). [lo Teputopii BPY mepenbauatorscs mpoizau
JUTST MOYKJTMBOCTI MeXaHi3aIlli MOHTaXXy i peMOHTY BCTaTKyBaHHs. [IIuHM MOXYTh
OyTH THyYKHMH 13 0araToApOTOBHUX MPOBOIIB a00 13 TBEPAUX TPYO.

['HyYKi IIUHU KPITUIITHCS 32 JOTIOMOTOIO MJBICHUX 130JIATOPIB HA MOpTAaJIax,
a TBEP/I - 3a JIOIIOMOT'0K0 OMOPHUX 130JITOPIB HA 3a11300€TOHHUX a00 MeTaJeBUX
CTIMKaX.

3acTocyBaHHS TBEPAOi OIIMHOBKH JO3BOJISIE BIIMOBUTHCS BiJl MOPTATIB 1
3MEHIINTH 1oty BPY.

[lin cunoBumM TpaHchopmMaTOpaMy, MACISTHUMU PEaKTOpaMH W OaKOBUMH
Bumrkadamu 110 kB 1 Buiie nependadaeTbcsi MaclonpuiiMay, yKJIaJaeTbes ap
rpaBil0 TOBIIMHOIO HE MEHII 25 CM, 1 Maclio CTIKa€ B aBapiHUX BHUIIAJKAX Y
MacJa0301pHUKH.

Kabeni onepaTUBHUX KiJI, K1J1 KEpYBaHHS, PEJIEHHOTO 3aXHCTY, aBTOMATUKH 1
MOBITPONIPOBOIM NPOKIIAJAIOTh Yy JIOTKAX 13 3a11300€TOHHHUX KOHCTPYKLIA Oe3
3arauOJIeHHs iX Y IPYHT a00 B METaJeBUX JIOTKaX, MIJBIIMICHUX 10 KOHCTPYKIIIMA
BPVY.

Binkpure PY noBunHe 0yTH 00ropoa:xeHe.

Binkpuri PY mawTh HacTynHi nepeBaru nepeja 3aKpuTHMU:

- MeHIe o0csAr OyIiBeNbHUX poOIT, TOMY IO HEOOXIAHI JUIIEe MIArOTOBKA
TUIOMIAAKK, OYAIBHULITBO JOPIT, CHOPYIKEeHHS (yHAAMEHTIB i yCTaHOBKA OTOP, Y
3B'SI3KY 13 IIUM 3MEHIIYIOThCS Yac CIOPYKEeHHS i BapTicTh BPY;

- JIETTIIC BUKOHYIOTHCS PO3MIMPEHHS i PEKOHCTPYKIIIS;

- BC1 anapatu JOCTYIIHI JJIsl CLIOCTEPEKEHHS.

VY Toit ke yac BigkputTi PY MeHi 3pydHi B 0OCIyroByBaHHI MPH HU3BKUX
TeMIlepaTypax il Hemoroay, 3aiMaroTh 3HaYHO OUTBITY II0MY, HK 3PY, a anapatu
Ha BPY minnani 3anuieHHro, 3a0pyTHEHHIO i KOJIMBAHHSIM TEMITEpaTypH.

KoncTpykuii BPY pizHomaHiTHI i 3a/1exaTh

- BiJl CXeMH eJIEKTPUYHHX 3'€/IHAHD,

- Bil THHIB BHMMHKAa4YiB, Ppo3'€AHyBa4iB # IXHbOI0O B3a€EMHOIO
pO3TallyBaHHS.

Jlexkmis Nel3
Tema:CuoBi TpanchopMaTOpH CTAHINHN 1 MiACTAHITIN

Merta:



1.1 O3HalioMUTHUCS 3 IPU3HAYCHHS CUJIOBUMH TPaHCPOPMATOPAMH;
1.2 OnanyBaTu 3 HaBaHTaXyBaJbHOK  3JaTHICTIO 1  OXOJIOMKCHHSIM
TpaHcpopmaTopiB

MeToau: CJIOBECHI, HAOYHI.
Ilian:
1 OcHOBHI BiIOMOCTI PO CHJIOBI TpaHC(HOpPMATOPH.
2 HaBanTaxyBaJibHa 3IaTHICTh CHJIOBUX TpaHC(OpMATOPIB.

3 OX0JIOMKEHHS CUJIOBUX TpaHC(OpPMaATOPIB.

MarepiajibHO-TeXHiYHe 3a0e3MmeyeHHs Ta JUAAKTUYHI 3aco0u, T3H: xoHCcnekT,
H1PYYHUK.

Jlireparypa:

1 JIunkun b.}O. DnerpocHabxkeHre MPOMBIILUICHHBIX TPEANPUATANA U YCTAHOBOK. —
M. : «BrIcmiag mkoia», 1990 r. — 365 c.

2 TlocraukoB H.IT., PybGamoB I'.M. DnekTpocHaOXKeHHUE MPOMBIIUICHHBIX
npennpusituii. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

CuroBi  TpaHcopmaropu. SIK 1 CHHXpPOHHI TEHEPaTOpH, BOHU € OCHOBHUM
SNICKTPUYHUM OOJIaJIHAHHSM, 10 3a0e3redye repenady 1 po3NoalT eIeKTpOeHeprii Bifl
SJICKTPUYHUX CTAHINM 10 CMIOKUBAYIB.

OcHOBHI BIJIOMOCTI. 3a JIOTIOMOTOIO TpaHC(HOPMATOPIB 3MIMCHIOIOTH T IBUIIICHHS
HanpykeHHsM 1o BemmumH (110, 220, 330, 500 xB), HeoOXimHuMX IS JTiHI#
SIICKTpOIIepeiad CHEPTrOCKCTEM, a TAKOXK 0araropa3oBe CTYIICHEBY 3HIDKCHHSI HAIPY)KSHb
710 BEJIMYKH, 3aCTOCOBYBaHKX Oe3MocepeiHbo B priiMadax enekrpoeneprii (10; 6,3; 0; 66;
0,38; 0,22; 0,127 xB).

Bimmosimno g0 TOCT 9680-72 cunoBi TpaHchOpMaToOpy BUITYCKAIOTh 3
HOMIHAJTLHUMH TIOTY>KHOCTSIMH, KpaTHUMH TIOTy>kHOCTsiM 10, 16, 25, 40, 63 kB * A B TppOX-

1 o;tTHO(ha3HOM BUKOHAHH.



Jia KoMmeHcanli BTpar Hampyrd B EICKTPUYHMX Mepexkax MiJBHUIIYBAIbHI
TpaHcdopMaTopu MaroTh BUILY Hanpyry Ha 10% Buille HOMIHATIBHOT HAPYTH MEPEXI, a
3HIDKYBaJTbHI TpaHc(opMaTopH - HIbKYa Harpyra Ha 5-10% BuIlle HOMIHATEHOT HAPYTH
Mepexxi. Ha miBuilyBaibHUX 1 MOHIWKYBAIGHHMX IMIACTAHIISX 3aCTOCOBYIOTH TpH(azHi
Tparchopmaropu abo Tpymu omHOda3HuUX TpaHc(opmaTopiB 3 ABomMa ab0 TphoMa
PO3AUTEHIMHU OOMOTKAaMHU. 3aJIEKHO Bl UMCIIa 0OMOTOK TpaHC(OopMaTOpH IUISATh Ha JBO- 1
TphOOOMOTKOBI. OOMOTKHM BHITIOl, CEPETHROI Ta HIDKYOI HAMpPYT MPUHHATO CKOPOUCHO
nozHadaty Bigmosinno BH, CH, HH. B nmanwit yac BurotoBmsirots Tpanchopmaropu 3
oomotkamu Ha Hampyru 6, 10, 20, 35, 110, 220, 330, 500 kB. Koxen tpanchopmarop
XapaKTEepU3YEThC HOMIHAJIBHUMHM JTAHUMH:  TOTY)KHICTIO, CTPyMaMH NEpPBUHHOI Ta
BTOPUHHOI OOMOTOK, BTpaTaMu X0JIOCTOro Xoay APxx, BTpatamu KOPOTKOTO 3aMUKAHHS
APy (abo BTpaTamu B Mijti APy), HAIIPYTO0 KOPOTKOTO 3aMHUKaHHS Uy, CTPYMOM XOJIOCTOTO
XOJY lxx (200 lp), @ TAKOXK TPYTIOKO 3'€THAHHS .

Hampyroto KopoTkoro 3amuikaHHs TpaHc(hopMaropa Ha3WBAIOTh HAMPYTy, siKa
HEOOX1THO TJBECTH JO OHIET 3 OOMOTOK MPH 3aMKHYTOI HAKOPOTKO IHIIMM, 1100 B
OCTaHHII TMpOTIKaB HOMIHANBHUKM cTpyM. Llg Harmpyra y BifCOTKax BiJi HOMIHAJIBHOIO,
BIIHECEHE JI0 TIOTY>KHOCTI HAMOUIBII TIOTY>KHOIO OOMOTKH, JTA€ThCS B KaTajorax 1
CTaHOBUTB 3AJIGXKHO BiJ] IOTY>KHOCTI TpaHcdopmaropa 4,5 - 12%.

CTpyMOM XOJIOCTOrO XOAy Ha3MBaIOTh CTPYM, SIKMA NPU HOMIHAJIBHIN Harpysi
BCTAHOBITIOETHCS B OJTHIN OOMOTIII IPH PO3IMKHYTOI 1HIHH. BTpati xomoctoro xomy APy
X BU3HAYAIOTHCS CTPYMOM I, BUPOKSHUM Y BIJICOTKAX Bifl CTPYMY BiZIIOBITHOI OOMOTKH.

['pynoro cnonyku HasuBaroTh kyroBe (kparHe 30 °) 3MIIIEHHS BEKTOpPIB MDK
OJTHOWMEHHVIMH BTOPHHHMMH 1 TICPBUHHAMH JHHIMHUMHU HampyraMd OOMOTOK
Tpancopmaropa. Ha eleKTpUYHMX CTaHIISX 1 MiJACTAHINSX HAHOUIBIIIOrO TMOIIMPEHHS
Ha0yJIM HACTYITHI CXeMH 1 TPYIH 3'€IHaHb JBOOOMOTKOBHX TpaHC(OpPMATOPIB: «3ipKa -
sipka» Y /Y -0,Y /Y- 6; Bipka-tpukytau» -Y /A -1, Y/ A-1L,Y/A-T,Y [ A-5.Y
TpUOOMOTKOBUX Tpuda3zHuX TpaHchopMaropax HaHOUIbIN, YacTO 3aCTOCOBYETHCS
3'€THaHHS «3ipKa-3ipKa-HyIb-TpUKyTHUE» Y /Y -0/ A -11.

PerymoBanHst koediiieHTa TpaHchopmaliii MoXKHA 3IMCHIOBATH TIPU BKIFOUEHOMY

(1171 HAaBaHTAKEHHSIM) 200 BIIKIIFOUEHOMY TpaHC(opMaTopi.



Tpanchopmaropy 3 peryioBaHHSAM Hampyru mij HaBaHTaxkeHHsM (PITH)
3aCTOCOBYIOTh Ha EJIEKTPUYHMX CTAHLIISIX 1 palfOHHMX IMTiICTaHIIsX. PerymoBanHs Hanpyru
TparchopMaTopiB NpH BifKroueHOMY HaBaHTakeHH] (I153) BUpoOIsIFOTE Ha MiACTAHITISX
MPOMUCIIOBHX ITiIMPUEMCTB.

HominanbHi cTpymu 0OMOTOK TpaHcopMaropa BKa3yloTh B Katamorax. [lifg
HOMIHAJIBHOIO CJT1JT pPO3YMITH HaBaHTAKEHHS, PIBHE HOMIHAILHOMY CTPyMY (HOMIHAJTBHOT
MIOTYXKHOCTI), SIKY TpaHc(hOpMaTop MOXe HECTH OEe3MEepepPBHO MPOTIIOM YChOrO TEPMIHY
CIy>kOM TIpM HOMIHAIBHUX TEMIIEpaTypHUX yMoBax, L[i ymOBHM BIINOBIAAIOTH
MakcuMabHIA Temneparypi (+ 40 ° C) 1 cepemnpopiunmii (+ 5 © C) mpu ycTaHOBII
TpaHchopMaropa Ha BIIKPUTOMY TOBITPI.

VY mnporieci pobotr TpaHchopmaropa 1305 Horo 3HoIIyeThes. Ha crapiHHs 1
TEPMIH CITy>KOW 130J1sI11ii TpaHc(opmaTopa OCHOBHMM BIUIMB Ma€ TEMIIEpaTrypa HarpiBy
Horo OOMOTOK, IO 3aJiCKUTh BIJI HABAHTAKEHHS 1 YMOB  OXOJOMKEHHs. Jlis
TpaHc(OpPMaTOpIB, 1110 BCTAHOBITIOIOTHCS B MICIIEBOCTSIX 3 MAKCHMAJIBHOIO TEMITEPaTyporO
noBiTpss + 40 ° C, Temmeparypa (rieperpiB) oOMOTOK HE TOBHHHA IEPEBUIIYBATH
TeMreparypy nositps oHaz + 65 © C. Takum urHOM, HAHOUTBIIIA AOITYCTUMA TEMITEpaTypa
HarpiBy oOMoTok ctaHoBUTH 40 + 65 =105° C.

SAxOu TpaHchopmaTop BeCh Yac MpairoBaB MPH TEMIIEPATYP1 HArpiBy 0OMOTOK, PIBHOI
105 ° C, To TepMmiH #oro ciyx6u OyB 61 MEHIIIe TBOX POKiB. Y HIHCHUX yMOBaxX poOOTH
TpaHchOpPMaTOpiB TEMITEpATypa HABKOJIUIIHBOTO MOBITPS 3MIHIOETHCSI SIK TIPOTATOM 100,
TaK 1 10 ce30Hax. SIKIIo mpu 1bOMyY TeMIIepaTypa HarpiBy 0OMOTOK 3MiHIO€ThCA Bif + 105
° C 10 IesiKoro MEHIIIOTO 3HAUSHHS, TO 3MEHIITYEThCSl 3HOC 130JI111 0OMOTOK, a TepMiH
cIyk0n TpaHchopMaropa 30UTbITYeThCs. [Ipu HOMIHAIBHUX TEMIEpPaTypHUX yMOBaxX
OXOJIO[DKEHHSI 1 HOMIHAIBHOMY HaBaHT@XEHHI TEpPMIH CIIy»KOU TpaHcdopmaropa
cranoButh Tipubmm3Ho 20-25 pokiB. Temreparypa HarpiBy TpaHchopMaropa 3a3BHYai
KOHTPOJTFOETHCS TI0 TeMITepaTypi BEpXHiX IapiB Macia. L{s Temmeparypa 3a nmpaBuiaMu
TEXHIYHOI eKCIUTyaTallii He MOBUHHA NepeBUIIlyBatd + 95 © C 1711 CUCTEMH OXOJIOKEHHS
M, JI (muB. HIDKYE).

3natHICTh HaBaHTaKeHHs. J[1s1 BCIX TpaHCOpMATOPIB B 3aJIEAKHOCTI Bl YMOB
eKCIUTyarallii, sIki BU3HAYaIOThCS PE3ePBOM TpaHC(HOPMATOPHOI MOTYKHOCTI, Tpadikom

HABAaHTAKEHHS 1 TEMITEPATy PO HABKOJIMIITHHOTO CEPEIOBHIIA, MOXKYTh OyTH JIOMYILIEH]



nepeBaHTaKeHHS. [Ipu  HEOOXiTHOCTI PEKOMEHIYETHCS 3aCTOCOBYBaTtv  (hopcoBaHE
OXOJIO/PKeHH TpaHc(opmaTopa (001yBaHHS ) IIUIIXOM BCTAHOBJICHHS BEHTIJISITOPIB.

CunoBi  TpancopMaTopy MOXHA TIEPEBAHTAKYBATH B TOJMHU MaKCUMyMy
HABaHTAKEHHS 3a PaXyHOK HEJIOBAHTAKEHHS B TOJTMHA MIHIMYyMY, 3 TUM 11100 3HOC 130JIA1111
Tpancdopmaropis OyB y Mexax TexHiaaux Hopm o 'OCT 14209-85.

Ha puc. 5.23 nokazani KpuBl MepeBaHTaKYBAIBLHOI 37[aTHOCTI, 10 BU3HAYAIOTHCS
koeditieaToM Ky Amst pisHUX TUMIB TpaHchOpMAaTOpiB 3a IEBHUX YMOB iX €KCILUTyaTallii,
Yacy TIepeBaHTKECHHSI 1 3HaYeHb KoeillieHTa MIHIMATLHOTO HaBaHTXeHHS K.

JlomyctiMa miepeBaHTaXeHHs TpaHcopmaTopa B TOAMHM  MAKCUMYMY
HABAHTAXKEHHA Syon = KoSuomr

OxonomkeHHsa. B oOMoTkax 1 B cramm Mysapamrearpy TpaHchopmaropa,
BKJIFOUCHOTO TIiJl HABAaHTAKEHHS, BUJAUIAETHCS 3HAUHA KUIbKICTh Terwiotu. 1100
HITPUMYBaTl TEMIIEpAaTypy HarpiBaHHA TpaHcpoOpMaropa B 3a3HAUYEHUX MEXKax,
HEOOX1THO TIPOTSTOM TEPMIHY EKCILTyaTallii TpaHcopmMaropa Oe3nepepBHO BiIBOAUTU
BUJIUISIETHCS. B HHOMY TETUIOTY B HABKOJIMIITHIM TIPOCTIP, TOOTO €(PEKTUBHO OXOJI0KYBATH
Tpanchopmarop. Tpanchopmaropre Maco, 1110 3arOBHIOE 0aK, BUKOHYE (PYHKITIH 130151111
1 0XOJIO/KYrOUOi cepenopuitia. [ Ipu poboTi Tpancopmaropa Maciio B HbOMY Oe3repepBHO
UPKYJIOE. Y TIPOLIECT IPUPOTHOT LIUPKYIIALIT MACIIO TIOTIMHAE TEIJIOTY, IO BUALISAETHCS
B OOMOTKaX 1 My3/IpamTearpil, HarpiBaeThCs 1 MiaHIMaeThes Bropy. IloTiM Harpite macio
PYXa€ThCsi BHU3 Y3MIOBXK OXOJIO/DKYIOUMX TOBEPXOHB-TIO CTIHKax Oaka, TpyOax abo
paziaTopiB, BIIAK0YM TETUIOTY B HABKOJIMILHIN POCTIP.

3aMeXHO Bl TOTY)KHOCTI B TpaHchopMaropax 3acTOCOBYIOTh PI3HI  BHIH
OXOJIOIDKEHHS: TipupoaHe MacisiHe (M); macisiHe 3 noBiTpsHUM ayTTsMm (ID); Te x, 3
MPUMYCOBOIO IMPKYJisaiieto macna (JIL1); omiiiHO-BOMsSIHE 3 MPUPOAHOIO IUPKYIISIIIEO
macia (MB), Te k, 3 mpuMycoBorO THMPKyIsiiero Macia (11); 3 mpupoHUM MOBITPSIHUM
OXOJIOJKEHHSIM B TpaHcopMaTopax 3 cyxoro 13osmsirieto (C), 3 HEroprounM JieJIeKTPUKOM
(H).

Bumu  oXxomomkeHHs ~ BKa3ylOThCS B TO3HAUCHHSX  3aBOJICHKOTO  THITY
TpanchopmaropiB. IIpy npomy OykBu 1 1ubpu o3HayaroTh: T-Tpudazuuii ado O -
omro(azuwmii; P - HasBHICTH posiieruienoi ooMotkr HH; H - BukonanHs otHi€ET 3 00MOTOK

3 puctpoeM PITH. ITicns miTepHoro mo3HayeHHs TUITY TpaHchopMaTopa B YMCETbHUKY



npoOy BKa3yeThCs HOMIHAIBHA MOTYXXHICTh (KB-A), B 3HAMEHHUKY-BEJIMYMHA HAIIPyTU
oomorku BH (kB). Hampuknan, tparcdopmarop turry TP/IH-25000/110 siBisie coGoro
JTIBOOOMOTKOBI TpaHcdopmarop 3 posmeruieHoi ooMoTkoro HH, oxomomkeHHs: mMacisiHe 3
JYTTSIM 1 TIPUPOJTHOIO IMPKYJIALIERO Macha, 3 ipuctpoem PITH motyxkaicTio 25000 KB- A,
Hanpyroro oomotk BH110kB.

Agrtotpanchopmaropu. Y 06araTb0X BUIIAJKaX TP MEPETBOPEHHI 3MIHHOTO CTPyMY
OUTBIII EKOHOMIYHO 3aMiCTh TpaHC(OpPMATOpIB 3aCTOCOBYBAaTH aBTOTpaHC(HOpMATOpH,
CIy>KOOBLI I TIOHIDKEHHS 1 TMIABUINEHHA Hampyrd. Y  aBToTpaHcdopmaropax
BUKOPHCTOBYIOTHCSL MAarHiTHA 3B'SI30K OOMOTOK 1 €JIEKTPHMYHHUI 3B'SI30K YaCTUH OOMOTOK
BUIIIO1 1 HUKYOI HAIPYTH.

Cutosi aBroTpaHchopMaTopy HaOYIIHM IUPOKOTO MOIMIMPEHHS JUIST MEPEX CYMIKHUX
Harpyr, Harpukiaa 110 1 220 kB, 220 1 500 kB.

[loryxHi aBroTpaHchopMaTopy BHUTOTOBISIIOTH SIK B OMHO(A3HOMY, TaKk 1 B
TpUu(a3HOMY BHUKOHAHHI, HaNpHKIa[ TPUOOMOTKOBUI aBTOTpaHC(OpMATOp THITY
ATJILITH-32/220 mae oomotku BH Ha Hanpyry 220 kB, CH - va 121 kB i HH-#al21kB i
HH -1a 6,6 a60 38, 5 kB. O6motku BH 1 CH 3'e1Hy10TECS B 3ipKY 3 BUBEICHOIO HYJIHOBOIO
TOYKOI0, a 00MOTKY HH - y TpMKYTHUK /17151 KOMIIEHCAITii CTPYMiB BUIIIMX TAPMOHIK.

Hominanbshoi, ab0 TpoXigHMA, MOTYXKHICTIO aBTOTpaHC(oOpMaTopa Ha3HUBaOTh
IPAaHUYHY TOTYKHICTb, SIKY MOXKHA IEpelaTh 4epe3 aBTOTpaHc(opMarop Ha CTOPOHI
BUIIIOI HANPYTHU. 3aB/IAKU O€3MOCEPE/THIN eIEKTPHYHMX 3'€/THAHB IEPBUHHOI T4 BTOPUHHOT
00OMOTOK Tiepeziaya MOTY>KHOCTI B aBTOTPaHC(POPMATOPI 3IUCHIOETHCS €IEKTPOMATrHITHUM
1 EIEKTPUYHUM IUBIXaMH.

[ToTyXHiCTh, TEepeaHy €IEeKTPOMArHITHUM IUIIXOM, Ha3WBalOTh THUIIOBHHA abo
po3paxyHkoBoi. CTaBJ€HHS TUIIOBHM TMOTY)KHOCTI JIO HOMIHAJIBHOI HA3WBAIOTh
koedirienToM BUTiTHOCTI aBToTpaHchopmaropa ... = (1 - 1 / k), ne kK - koedirienT
TparchopMartii.

BpaxoByroun, 1110 0= St / Syoy, OTpUMaEMO St = S0y, OTXKE, THITOBA TOTYXKHICTb,
niepesiaHa  eJIeKTPOMArHITHUM IUISIXOM, CTAHOBUTh YAaCTHHY BTOPUHHOI, HOMIHAJIBHOI
NoTYHOCTI. ToMy aBTOTpaHc(HOpMaTOpP 3 HOMIHATBHOKO TIOTYKHICTIO Syoy €KBIBATICHTHHIA
3a po3MipaMHd 1 BUTpari, MaTrepialiB Ha MOro BUTOTOBJIEHHsA TpaHchopmaropa 3

HOMIHAJTLHOFO TIOTYKHICTIO 01S;0y. UMM OrrKue KoeiriieHT TpaHchopMartii 10 OUHMII,



TAM MEHIIIe KOE(DIIIEHT BHUTIIHOCTI 1 THUM MEHIIIE 3a pO3MIpaMH 1 JICIIIEBIIE
aBTOTpaHc(opMaTop B TOPIBHAHHI 3 TpaHcdopmaropoMm. Tomy aBroTpanchopmaTopu
JIOILTFHO 3aCTOCOBYBATH MPY HEBEIMKHX KoedilieHTax Tpancdopmartii. Hanpuxan, npu
koedittienti Tpachopmariii K = 220/127 1 BimnosigHo KoedimienTi BurigHocTi oo = 0,45,
SIKITIO TPOXi/THA HOMIHAJTBHA IMTOTYXHICTh cTaHOBUTH 40 MB - A, To THITOBa (pO3paxyHKOBA)
TIOTYXHICTh cKi1ajie TUTbKH 0,45 ¢ 40 = 18 MB ¢ A 1 raGapurty Takoro aBToTpaHcgopmaropa
OyIyTh €KBIBAJICHTHI TpaHC(HOpMaTOpiB MOTYkHICTIO 18 MB * A.

ABroTpaHc(hopMaTopy, 3aCTOCOBYBaHI Ha MiACTAHIISIX €HEPreTUYHHUX CHCTEM,
MAaroTh JIBl OCHOBHI eJieKTpu4HO 3'eHaHi ooMoTku (BH 1 CH) ta nomatkoBy: TpeTHHHY
KOMITeHcaliiHy oOMoTKy HH 3 eneKTpomMarHiTHOi 3B'SI3KOM 1 MOKYTh B LIbOMY BHIIQIKY
3aMIHUTH TPHOXOOMOTKOBI TPaHC(HOPMATOPH.

VY noHwKyrouMx TpaHc(opMaTropaXx TPETHMHHY OOMOTKY —BHUKOPHCTOBYIOTH JUIS
YKUBJICHHS CIIO’KUBAYIB HA TEHEPATOPHOMY HaIpy3i, B MIBULYBAJIBHUX TpaHC(HopMaTopax
JIO TPETUHHOT OOMOTIII MIJIKITIOYAI0TH T eHEPATOPH.

ABrtoTpaHchopMaTopi MOXKHA 3aCTOCOBYBATH B MEpEXaxX 3 BEIMKHUMHU CTPyMaMu
3aMUKaHHS Ha 3eMITIO, 1110 MAIOTh TITyXe 3a3eMJICHHS HEUTPaU TIPH HAITPY>KEHUX BHIIE 35
kB, Tak six 6€3 3a3HaueHOr0 3a3eMJICHHS 3aMUKaHHS OfHI€T (pa3u Buioi Hanpyru BH Ha
3eMITIO TIPU3BENIE [0 HENPHUITyCTUMOIO MIIBHUILIEHHS Hampyrd Ha JBOX IHIIMX (azax
cepeaHboi Hanpyrd. Jlng 3axucty OOMOTOK aBTOTpaHc(opmartopa BiJl MepeHarpyr

BCTaHOBITIOIOTh PO3PSTHUKHY, 110 TIPUETHYIOTHCS 3 000X cTOpiH Ha BBojiax BH 1 CH.

Jlexuis Nel4

Tema: BuOip micus po3TamryBaHHS, KUIBKOCTI MIACTaHIIM, YKcia 1 MOTY>KHOCTI
TpaHchopMaTopiB

Merta: O3HaiioMuTHCS 3 BUOOPOM MICISl PO3TAllyBaHHs, KUTBKOCTI TMiJCTAHIIIMH,
YHclia 1 HOTY>KHOCTI TpaHC(OpMaTOpiB

MeToau: cJIOBECHI, HAOYHI.



ILnan:
1 Bubip Micusg po3TalryBaHHs MiCTAHITIH.
2 Bulip moTy>XHOCTI 1 ynciia TpaHc(opMaTopiB Ha MiACTAHITISX.

3 3aCTOC}’BaHHH MaFiCTpaJII)HHX CXCM KHNBJICHHA.

MarepiajibHO-TeXHiYHe 3a0e3neuyeHHs Ta IUAAKTUYHI 3aco0u, T3H: KoHCHEKT,
HiAPYYHUK.

Jlireparypa:

1 JIunkun B.}O. DnerpocHabkeHne NpOMBILUIEHHBIX TPEINPUITUNA U YCTAHOBOK. —
M. : «BrIcmiag mkoia», 1990 r. — 365 c.

2 TloctaukoB H.II., PybGamoB I'.M. DnekTpocHaOXeHHE MPOMBIILICHHBIX
npennpusituii. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

Bubip wmicus posramryBaHHs —miactaHuid.  [IpoexTyBaHHs — cucTemMH
€JICKTPONIOCTaYaHHs MIJNPUEMCTBA Tiepeadadae palioHalbHEe PO3MIIICHHS Ha ii
TEPUTOPIl 3aBOJACHKHN 1 IEXOBHX IiAcTaHIii. [l 3HaXOKEHHS MiICHd 1X
PO3MIIIICHHS! Ha TeHIUIaH MiANPUEMCTBA HAHOCUTBCS KapTorpaMa HaBaHTaXeHb Pj
npecTaBisge COO0K OKPYXKHOCTI, muon skux nR; 2 B obpanoMy Macmrabi m
JIOPIBHIOIOTh PO3PaXyHKOBOMY HaBaHTa)KEHH1 Pj BIAMOBIAHUX LeXiB. OTxke, SKIIO
P i— TERi 2, TO

Ri=P;/nm, (14.1)

e M — maciura0 Ui BU3HAYEHHS [UIOII KOJIa.

Marouun kaptorpamy HaBaHTaXeHb IexiB 1 - 10 1 koopauHaTu Xi, yl iX
po3TalryBaHHS Ha T€HIUTaHI MiIPUEMCTBA, MOYKHA BU3HAYUTH LIEHTP CIICKTPUIHUX
HaBaHTaxeHb - [[PII (Touky A), KOOpAUHATH SIKUX OyAyTh

Micuesnaxomxkenns 3apoacbkuii (I1I1) 1 nexosux niacranuii (TII) moBunHO
Oyt mMOONHM3y IEHTPY iX HABAHTAXKEHb, IO CKOPOYYE MPOTHKHICTH, a OTKE,
BapTICTh 1 BTPaTH B >KUBUJIBHUX 1 PO3MOAUTPHUX MEPEKax eJIEKTPOTOCTadYaHHS
nianpuemctBa. Micuesnaxomxenass ['TIII 1 TII yrounmooTes 3 ypaxyBaHHSM
HAsIBHOCT1 0OMEKEHb 3 MPOKJIAAaHHS €JICKTPUYHUX MEPEXK M03a 1 BCepeauHi



MIMPUEMCTBA 1 TOPIBHIOIOTHh HaBE/ICHI BUTPATH Ha iX CIOPYHKEHHS MPU PI3HOMY
MICLIE3HAXOKEHHS 111 CTAHIIA.

Buoip nmory:kHocTi i yucaa tpancGopmMaTopiB Ha MiACTAHIIAX.

Bubip Tumy, umcia Ta CXeM OKMBJICHHSA MIACTaHIIM TOBHHEH OyTH
OOyMOBJICHMI  BEJIWYMHOIO 1  XapakTepoOM  CIIEKTPUYHUX  HaBaHTAKEHb,
pPO3MIIIEHHSM HaBaHTa)KEHb Ha TeHEepajJbHOMY IUIaHI MiJNPHEMCTBA, a TaKOX
CBaBLJUIA BEHHUMH, apXITEKTypHO-0y/11BETbHUMH Ta €KCILTyaTalliiHUMU BUMOTaMH.
[ToBuHHI BpaxoByBaTHUCSA, KpPIM TOTO, KOH(Irypaiis BHPOOHUYUX TMPHUMIIICHD,
po3TalryBaHHs TEXHOJIOTTYHOTO 00JaAHAHHS, YMOBU HABKOJIMIIIHBOTO CEPEIOBHUIIIA.
YMOBHU OXOJIOJIPKEHHSI, BUMOTU TOXEXKHOI Ta EJNEeKTPUYHOi Oe3MeKu 1 THUIH
3aCTOCOBYBAHOTO elieKTpoycTarkyBaHHs. Bkazani Bizku (KPVY) pexomenayerbcs
3aCTOCOBYBATH: y BEJMKUX 1 BIJAMOBIIAJbHUX YCTaHOBKAaX, B SKUX HEOOX1THA
IIBUJIKA B3aEMO3aMIHHICTh MPHU MOIIKOXKEHHI OCHOBHOT'O anapaTy BUMHUKaya;

B MAIIMHHUX 3aJIaX METATYPrifHUX 1 XIMIYHHUX MIIMPUEMCTB; KOMIPECOPHUX,
HACOCHMX Ta IHIIUX €JIEKTPOMAITMHHUX MPUMIIIEHHSX;

B E€JIEKTPOYCTAHOBKAaX 3 4YMUCIOM Kamep Ouibine 15-20. ko 3a yMOBaMH
3arajJbHOr0 KOMIIOHYBaHHSI IIJICTAHLII MOJIMBO JBOCTOPOHHE OOCIYrOBYBaHHS
Kamep.

Kamepu tuny KCO pekomMeHy€eThCsl 3aCTOCOBYBATH: JJIsI MiACTAHIIINA, HA SIKUX
MO>KJIMBE 3aCTOCYyBaHHs BuUMHUKaudiB TBaHb BMII abo BMMUKauyiB HaBaHTa)KEHHS
tBanb BHII; nua TumMuacoBux miacTaHIii, OyaiBenpbHUX MaimaHdukiB 1 T. m. TII
MOBUHHI PO3MIITYBATUCS sIKOMOTa OJIMKYe J0 LIEHTPY PO3MIIIECHHS CIOKHBAYiB.
JInst 1bOro MOBHHHI 3aCTOCOBYBATHCSA BHYTPIIIHBO LIEXOBI MiACTaHIll, a TaKOX
BOyZ0BaH1 B Oy/iBIIIO 1Iexy abo npuOyaoBaHi 10 Hhoro TII, 110 XKUBIATH OKpeMi
exu (Koprycy) abo YaCTUHHU iX.

TII TOBMHHI pO3MIIIYBAaTUCS I103a II€XOM TUIBKA TPU HEMOKIUBOCTI
pPO3MIIIIEHHST BCepeArHI oro abo mpu po3TallyBaHHI YaCTUHU HABAHTAXKEHb 11032
LIEXOM.

OO6pana mifcTaHIisl MOBMHHA 3aiiMaTh MIHIMYM KOPHCHOI IUIOIII LIEXY,
3aJJOBOJIGHSTH BUMOTaM EIIEKTPUYHOI Ta TIOXKEXKHOI O€3MeKh 1 He TOBHHHA
CTBOPIOBATHU TIEPEIIKO BUPOOHUYIOMY MPOIIECY.

Oropomxenns KTII ciig 3acTocOBYBaTH B 11eXax, HACHYEHUX OOJIaTHAHHSIM,
a00 B 11eXax 3 IHTEHCUBHUM PYXOM TPAHCIIOPTY. 3aCTOCYBAHHS 30BHIIIHIX OKPEMO
PO3TAIIOBAHKX IEXOBUX IMiJICTAHIIINA JOIIBHO TIPH:

a) JKUBJICHHI BiJ] OJTHIET MIJCTaHIli MEKUIBKOX Ie€XiB, KOJu mpubymaoBa abo
CHOpYAY CaMOCTIHHUX MiJICTAHLIA B KOKHOMY 11€Xy €KOHOMIYHO HE BUIIPAB/IAHI;

0) HasBHOCTI B 1I€Xax BUOYXOHEOE3NEYHNX BUPOOHUIITB;

B) HEMOXJIMBOCTI PO3MIIIEHHS IJCTaHIIN BCEpPEeAWHI IEeXiB 3 MIPKyBaHb
BUPOOHUUIOTO XapaKTepy.



OnuoTpanchopMaTOpHi IIEXOB1 MIJACTaHINI 3aCTOCOBYIOTHCSI IMPH KUBJICHHI
HABAHTAXKEHb, 110 JOIMYCKAIOTh NMEPEPBY €JIEKTPONOCTAYaHHS HA YacC JIOCTaBKU
«CKJTaJICBKOTO» pe3epBy, a0 MpH pe3epBYBaHHI. 3A1ICHIOBAHOMY aJie IEPEMUYKAM
Ha BTOPUHHOMY Hampys3i.

JIByxTpancopmaTopHi eX0B1 MiACTaHIIIi 3aCTOCOBYIOTbCA MPHU MEpEeBaKaHH1
Cro>kuBaviB 1-# 1 2-i KaTeropii, a TakoX MPU HAIBHOCT1 HEPIBHOMIPHOTO I000BOTO
a00 piuyHorO rpadika HaBaHTAKEHHSI.

[lexoBi  miAcTaHmii 3 4YMCJIOM  TpaHchopMmaTopiB  OuIbIIEe  JIBOX
BUKOPHUCTOBYIOTBCSl JIMIIE TpPHU HAJIEKHOMY OOTPYHTYBaHHI HEOOXiTHOCTI iX
3aCTOCYBaHHA, a TaKOX Yy pa3l YCTAaHOBKH PO3IUIBHUX TpaHC(HOPMATOPIB is
YKUBJICHHSI CUJIOBHX 1 OCBITIIIOBAJIbHUX HABAHTAXKCHbD.

PanianbHe  €NEKTpONOCTadyaHHS HEBEJIMKUX OJHO  TpaHChHOPMATOPHUX
ripcbkux miactaniii (o 630 kB ) pobnATh 3a oauHOYHIN pagianbHOL JiHIT 6e3
pe3epBYBaHHS Ha CTOPOHI BWINOI HANpyrd MpU BIACYTHOCTI HaBaHTaXeHb -1
KaTeropii.

B3aemue pesepByBaHHs B 00cs31 25-30% Ha ogHO TpaHC(hHOPMATOPHUX
MIJICTAHIN CIiJ 3A1MCHIOBATH 3a JOMOMOIOI0 MepeMUYoK Ha Hampysi g0 1000 B
(npu cxeMi «TpaHchOpMaTOp MariCTpajib») A1 THX OKPEMHUX IMIICTAHIINA, 1€ BOHO
HEeoOX1/IHE.

PangianbHi cxeMH 1HeXOBUX JBOTPAaHCHOPMATOPHUX OC3IMIMHHMX ITiACTAHIIIMA
ciia 3midcHIOBAaTH Bia pi3HuUX cekimid PII, xuBnsuum koxkeH TpaHcopmMaTop
okpemoro miHiero. KoxkHa niHist 1 TpaHchopMmaTop MarOTh OyTH pO3paxoBaHi Ha
MOKPUTTS yCIX HAaBaHTAXKEHb |- Ta OCHOBHMX HaBaHTaXXEHb 2-i KaTEropid npu
aBapiiiHomy pexxuMi. [Ipu BiICYTHOCTI TOUHHUX JTaHUX MPO XapaKTep HABAHTAKEHb
KOYKHA JIIHISI 1 KOXEH 11€X0BO1 TpaHc(hopMaTop MOXKYTh OyTH 0OpaHi MonepeaHbo,
PUYOMY MOTYKHICTh TpaHcopmaTopa nmoBuHHaA ckiagatu 80-90% Bixg cymapHoi
PO3pPaxyHKOBOI ITOTYKHOCT1 HABaHTAXKEHb, 110 IT1IKITIOYAIOTHCS 0 IMTiACTaHIIIT.

MaricTpajbHi cxeMu KMBJIEHHS T11/ICTaHII TOBUHHI 3aCTOCOBYBATHCS:

a) Tpu JIHIMHOMY pO3TallyBaHHI TMIACTaHINNA, 3abe3medye mpsiMe
MPOXO/KEHHS MaricTpajied BijJ JDKepena J>KUBJICHHS N0 CHokuBawiB. Yucio
TpaHchOpMaTOPiB, IO MPUETHYIOTHCS 10 OAHIET MaricTpai, Mae OyTH JBa-TPH MPU
noTyx)HOCTI TpaHchopmaropiB 1600-2500 kB*A 1 yoTupu-n'satb Ipu NOTYKHOCTI
250-630 kB * A:

0) mpu HEOOX1THOCTI (32 yMOBaMH 0e3mepeOiiHOCTI JKUBJICHHS) PE3€PBYBAHHS
MIJCTAHINT BiJl 1HIIIOTO JKEpesa B pasi BUXOAY 3 POOOTH OCHOBHOTO KUBUIILHOTO
MyHKTY;

B) y BCIX IHIIMX BHUIAJKaX, KOJM MAaricTpajibHl CXEMH MarOTh TEXHIKO-
€KOHOMIYHI MepeBaru MOPIBHSHO 3 THITUMHU CXEMaMH.

[Ipy BuOOpi 4YMciIa 1 TOTYXHOCTI TpaHchOpMaTOpiB  MiACTAHINN
PEKOMEHTy€ThCA



Tpancopmaropu mnoTyxkHicTio Outbiie 1000 xkB-A 3actocoByBaTH mpH
HasSBHOCTI TPyNU €JICKTPONpPUNAMAUIB BEJIMKOI IMOTYXKHOCTI  (HampuKiIaj,
eJIeKTporieueit) ado 3HaUHOTO Yrcia OAHO(Aa3HUX EIEKTPONPUHMAYiB, a TAKOXK MPH
HAsIBHOCT1 €NEKTPOIpHIIMaydiB 3 YaCTUMHU TMIKaMU HaBaHTaKEHHs (HAMpUKIa,
€JIEKTPO3BAPIOBATIBLHUX YCTAHOBOK) 1 B [I€XaX 3 BUCOKOIO MUTOMOIO HIUIBHICTIO;

IparHyTd N0 sSIKOMora OUIbIIOi OJHOTHUITHOCTI (paHCPOPMATOPOB IIEXOBUX

MCTAHIIH;
npu ABOTpaHCPOPMATOPHHUX i CTAHIIISX, a TaKOX npu
OJIHOTpaHCc(POpMaTOPHUX T1JICTAHITISAX 3 MaricTpajbHOIO CXEMOI0

eJIEKTPOTIOCTauYaHHsI TOTYKHICTh KOXXKHOTO TpaHchopMaTopa BHOUpATH 3 TaKUM
PO3paxyHKOM, 100 MpU BUXO/II 3 JIaJy OAHOTO TpaHCcHOopMaTopa, 110 3aTHUIIUBCS B
pob6oTi TpaHcopMaTOop MIT HECTH BCE HABaHTAXEHHS CHOXuBawiB 1-i1 1 2-i
KaTeropiu (3 ypaxyBaHHIM JOIMYCTUMUX HOPMAJIbHUX Ta aBapIMHUX HABAHTAXKCHD ):
IIpU [[bOMY CIIO’KHBaul 3-i KaTeropii MOXyTb THMYACOBO BIIKIOYaTHUCA. J{71s1 IbOTO
HOMIHAJbHA TOTYXXHICTh TpaHCPOPMATOPIB ABYXTPAHC(HOPMATOPHOI IMiICTAHIII]
npuiiMaeTses piBHOIO 70% Bix 001N PO3paXyHKOBOTO HaBaHTaKEHHS Liexy. Tol
IpU BUXOJI1 3 JIally OAHOTO 3 TpaHCPOpMaTopiB APYrui Ha yac JIKBiAawii aBapii
BUSIBIISIETHCS 3aBaHTaKEHUM He O1bIne Hik Ha 140%. 1o mpummycTUMO B aBapiiHUX
YMOBaXx.

EnexkTpornocTtayaHHsi CHOXHBaWiB 1LE€Xy, TIpynd 1exiB abo BCbOIo
MiIIPUEMCTBA MOKe OyTH 3abe3neueHe Bin oaHiel abo nexinbkox TII. TIpakTukoro
IPOEKTYBAaHHS  €JIGKTPONOCTA4YaHHS  BCTAHOBJIIGHO  JIOLUIBHICTH  CIOPYAU
BHYTPIIIHBO 1eX0BUX OHO0-a00 JBOTpaHCPOPMATOPHUX MiJCTAHIIN MO TEXHIKO-
€KOHOMIYHHUM MOKa3HUKaM, 3 XapuyBaHHSIM MPHUIIMaYiB 32 CXEMOIO
«TpanchopmaTop - MaricTpasb.

[Ilo6 BuOpaTH HAMOUIBII pallOHANIBHUI BaplaHT EJIEKTPONOCTa4YaHHs,
3a3BUYall  pO3IJIAJAIOTh HE MEHIIEe JBOX BAapIaHTIB YHCIA 1 MOTYXKHOCTI
TpaHcopMaTopiB Ha MiACTAHINi, MOPIBHIOIOUM iX ajie TEXHIKO-€KOHOMIYHHUMU
NOKa3HUKAMHU.

Yucino 1 MNOTYXHICTH TpaHchopMaTopiB BUOMPAIOTBCA TO: Tpadiky
HaBaHTAXXEHHS CIIOKMBa4da 1 IMApaXOBaHMMH BEIWYMHAM  CEPEIHBOI 1
MaKCHUMaJIbHOI MOTYKHOCTI;

TEXHIKO-€KOHOMIYHIUMH MOKa3HUKaMH OKPEMHX HaMIY€HHMX BapiaHTIB YHCIIA 1
MOTYXKHOCTI ~ TpaHChOPMATOpiB 3 ypaXyBaHHSIM KaIiTAIbHUX BUTpaT 1
eKCILTyaTallliiHuX BUTPAT;

KaTeropii CroKMBayiB 3 YpaxXyBaHHAM HasBHOCTI y CIIOKWBay4iB HABAaHTAKEHb
1-i kareropii, 1110 BUMararTh HAJAIMHOTO PE3epPBYBaHHS.

Jleknmisa Nel5



Tema: BinokpemiroBaui, KopoTko3amukayi, miianu BPII.
Meta:O3HalilOMUTHUCS 3 BIIOKpEMITIOBaYaMH, KOPOTKO3aMHuKadamu, mianamu BPII.
MeTtoam: ciioBeCHI, HAOYHI.
Ilian:
1 KopoTko3amukaui.
2 BimokpemiroBadui.

3 ITimanu BPIL.

MarepiajibHO-TeXHiYHe 3a0e3MmeyeHHs Ta JTUAAKTUYHI 3aco0u, T3H: koHCcnekT,
HIPYYHUK.

Jlireparypa:

1 JIunkun B.}O. DnerpocHabkeHne NpOMBILUIEHHBIX TPEINPUITUNA U YCTAHOBOK. —
M. : «BrIcmiag mikoia», 1990 r. — 365 c.

2 TloctaukoB H.II., PybGamoB I'.M. DnexkrpocHaOXeHHE MNPOMBIIIIICHHBIX
npennpusituii. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

Koporko3amukaui (puc. 15.1). lle amapatu, mpusHaueHi Al MITYYHOTO
CTBOPEHHSI K. 3, y THUX BHNaJAKaX, KOJIM CTPYM IMpH TMOUIKOMKECHHIX B
TpaHchopMaTopl MOKE BUSBHUTHCS HEJAOCTATHIM JUJISl CIIPAllbOBYBaHHS PEIEHHOIO
3axucty. KopoTko3amukadi 3aCTOCOBYIOTh Ha IIJICTAHINISAX O€3 BUMHUKAYiB Ha
ctoponi BH. Bonu npu3naueni AJis 30BHIIIHBOI YCTAHOBKH.

Kopotkozamukaui tuny K3-35 na nanpyry 35 kB 1 saki 3aminsate ix KPH-35
BUKOHYIOTh y BUIJIAJI IBOX OKPEMHUX TOJIOCIB, IO 3'€IHYIOTHCS MPH MOHTaXi B
onuH paBonostocHuit amapar. Koportkozamukaui tumy K3-110 1 K3-220
BUTOTOBIIAIOT Yy  BUIJIAJI  OAHOMONIOCHUX  amapariB. Ilpu  BKIIOUEHHI
kopoTko3zamukada K3-35 BiiOyBaeTbest nBodazHe K. 3. Ha 3eMITIO0, a IPU BKIIFOUCHHI
kopotko3amukada K3-110 a6o K3-220 - ogHodaszHe K. 3. Ha 3eMITI0.

VYrpaBniHHS = KOpPOTKO3aMHKadyaMu  3iHCHIO€ThCsT  mipuBogoM [IPK-1VY,
BUKOHYBaHHUM, 3 JIBOMa pejie MAaKCUMAJIbHOTO CTPYyMY 1 KOTYIIKOIO BIJKIIOYCHHS.
KopoTko3zaMukau BKIIIOUAETHCSI aBTOMATUYHO MiJ AI€I0 MPY>KMHHOTO MEXaHI3MY
IIPY CTIPallbOBYBaHHI MPUBOJY BiJl PEJICHHOTO 3aXUCTY. BiKIII04a€ThCS BPYyUHY.



Pucynok 15.1- BynoBa kopoTko3amMukaua

BinoxkpemuroBaui (puc. 15.2). lle n1BOKOJIOHKOBI po3'€HYBadi 3 HOXKAMH
3azemiieHHst O/13 (6e3 HoxiB - O/), KepoBaHi 3arajJbHUM MPUBOAOM, PO3MIILIEHUM
y madi nmpu Hanpy3si g0 110 kB. Bigokpemmoaui Ha 220 kB BUKOHYIOTH Y BUTJISI I
TPhOX OKpPEMHX TIOJIIOCIB 3 CaMOCTIMHMMHU mnpuBogamu. Hoxi 3a3emMieHHs
YIOPABIJISIIOTH TPUBOJAAMHU 30BHIIIHBOI ycTaHOBKM [IPH-220M.

BxrogaroTe BITOKpEMITIOBaY BPYYHY, @ BIAKIIOYAIOTH M1 €10 TIPYXKUH MPU
CIpaIbOBYBaHHI OJIOKYIOYOTO pefie a00 BIIKIIIOYAE €IEKTPOMATrHITY.

BinokpemitoBau MOX€E BIJIKJIIOYATH CTPYMH HaMarHi4yBaHHS
TparcopmaTopiB moTykHicTIO 10 16 MB -A npu Hanpy3i 35 kB 1 1o 63 MB-A npu
Harpy3si 110 xB.

["opuzoHTaIBHO BCTaHOBJICHUMU TPUIOIIOCHUMHU BIJUTITHUKAMU
JO3BOJIIETHCS  BIAKIIOYATH 1  BKJIIOYATH  HAMarHiuye CTPyM  CHJIOBHX
TpaHChHOPMATOPIB 1 3apSTHUN CTPYM MOBITPSHHUX 1 KaOEIBbHUX JIIHIN TpHU HAMpy3i
20-35 xB 1 wmaliMeHmiiii BifCTaHI MDK OCSMH TIONIOCIB 2 M, TPU IHOMY
BIJIKJIFOYA€THCS. HAMarHiuye ctpym JopiBHIOE 11A, 3apsinauii ctpym - 3,5A; npu
Harpy3si 110 kB 1 Halimenmiii Bigcrani 3 m BignoBigHo 14,51 5,0 A.

KopoTko3aMukaui 1 BiIOKpeMJTIIOBad 3a3BUYail MpaIlol0Th y HECHPUATIMBUX
MOroJHUX yMoBax. JlJisi MiABUIIEHHS HAIIMHOCTI iX poOOTH 1 3a0e3reyeHHs
BHUCOKHUX, AYTrOoracsiiux BJIACTUBOCTEH po3p00JieH] OIBIN JOCKOHATI KOHCTPYKIIIT
tuny KE 1 OE na 1101 220 xB. Bonu MatoTh KOHTaKTHY CUCTEMY B 3aKpUTIN KaMepi,
3aroBHEHIH enera3zom 3 Tuckom 0,30 Ila 1 3 BEMMKOIO €IEKTPUIHOIO MIITHICTIO.
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Pucynok15.3 — BynoBa BijokpeMitoBaua

Ha puc. 15.3 naBeaeno 3aranpHuii Burisig OPY omHoTpancdopmaTopHOi
migcranmii tuny 1KTIT-110 / 6-10 kB 3 xopoTko3aMukadeMm Ta BiIIUIEHUKOM
noTyHicTio Big 6,3 1o 16 xB-A. Ilincranuisa sasisie co6oro PY na 110 kB, o
KOMILIEKTYIOTbCS CHIIOBUMH TpaHcdopmaropamu T/1-6300/110, T1-10 000/100,
TH-16 000/110 1 KPVYII, Bukonanoro madamu cepii K-XIII.

Tpu nomocu otnenutenst OJ1-110 3 npuogom IIIO 1 kopoTko3amukau K3-
110 3 mpuBogom IIIIK BcraHOBIEHI Ha TPHOXCTIMKOBE METAJIOKOHCTPYKIIIL.
BxomtouenHs oTaenuTens 1 BiIKIIOUEHHS KOPOTKO3aMHUKada BUPOOIISIOTHCS BPYUHY.
BiagkmaroueHHss BiAmiIbHUKA 1 BKJIIOYEHHS KOPOTKO3aMHUKada BHUPOOJISIIOTHCS
npy>KMHAMU, BOYIOBAaHUMHU B 111 allapaTH.

Cxemu BropunHMX 3'eqHanb KTII-110 (3axuct, curHamizailis, yrmpaBliHHS 1
aBTOMAaTUKa) BHUKOHAHI Ha OIEpaTUBHOMY 3MiHHOMY cTpymi 220 B Bix

TpaHchopmaTopa BaacHUX nmoTped motyxkHicTio 63 kB-A, Hanpyroro 6-10/ 0,23 kB,
3 130JIbOBAHOIO HEUTPAILITIO.
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Pucynok 15.4 - BPY nBoxTtpanchopmatopHoi miacTaHiii

Y BPY naBoxtpanchopmaropHoi miactanmii (puc. 15.4) mpu BiIKIIOYCHHI
KUBWIBHOI JIiHIT ependadeno BiamtyBaHHs ABP cekiiitHoro Bumukaua 6-10 kB,
IO BKJIIOYAETHCS BIJ peje MIHIMAIbHOI HAmpyru, a TaKoXX AaBTOMAaTHUYHE
MOBEPHEHHSI JI0 TEPBICHOTO PEXKUMY POOOTH TMiJICTAHIN] MMICIS BiJHOBJICHHS
HAIpPyTH Ha JiHI{ )KUBJICHHS.
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Puc. 15.5 - Ilixcranmii 3 TppoX0OMOTKOBY TpaHcdopmatopamu 110/35 / 6-
10xB

[TincTanuii 3 TppboxoOMOTKOBY TpaHchopmaropamu 110/35 / 6-10xB (puc.
15.5) marots PY 6-10 kB 3akputoro tTumny a6o BukonyroThcs y Bursiai mad KPYH
1 PY 35 kB Bigkpuroro tumny e, NpueIHaHHIM 10 TpaHcpopMaropa yepe3 OJIOKH,
10 CKJIafaoThes 3 BuMmukada BM -35, miHIHUX 1 IIMHAKX po3'eqHYBaviB 1 madu
YIOPABIIHHS Ta 3aXHCTY.

Hnst OPY na nanpyry 110-220 kB po3po6seni KPYE, 1. E. KPVY, 3anoBHeHi
eJIera3oM, Kl MOBMHHI 3aCTOCOBYBATHUCS HA MIAMPUEMCTBAX YOPHOI 1 KOJHOPOBOI
MeTaayprii Ta XiMii, B 30Hax 13 3a0pyIHEHOI0 CEpPEAOBHILEM 1 IMPU BUCOKIN
HIiIbHOCTI 3a0y0Bu mianpuemcts. [lnoma, sky 3aiimae KPYE na I10O kB, cknanae
BChOro 6im3bk0 4 M2, 1le 1ac MOKIMBICTh IIOMICTUTH HOTO B IIEHTPI HABAHTAXKEHb
MIMPUEMCTBA 1 TUM CAMUM CKOPOTHUTH 1 37e1ieBUTH Mepexi 6-10 kB, 110 BigxoasTh
B1x KPVE.

Jlexkuisg Nel6

Tema: 3akpuTi po3noaineyi npuctpoi 1 miacranuii. KPY, KCO, KPYH.



Meta:O3HallOMUTHUCS 3 3aKPUTUMHU PO3NOILITLYMMHU IPUCTPOSIMU 1 TIJCTAHIISIMHU.
KPVY, KCO, KPYH.

MeToau: cJIOBECHI, HAOYHI.
IMnan:
1 3akpuTi po3MOALIBYl MPUCTPOI MICTAHIIII.

2 KPY, KCO, KPYH.

MarepianbHo-TexHiYHe 3a0e3Me4eHHs Ta TUAAKTHYHI 3aco0u, T3H: KoHCIekT,
H1IPYYHUK.

Jlireparypa:

1 JIunkun B.}O. DnerpocHabxkeHre MPOMBIIUICHHBIX TPEANPUATUNA U YCTAHOBOK. —
M. : «BrIcmiag mkoia», 1990 r. — 365 c.

2 TloctaukoB H.II., PybGamoB ['.M. DOnexkrpocHaOXeHHE MNPOMBIIIICHHBIX
npennpusituid. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

KommuekTHi posnogisibui npucrpoi. KPY nanpyroro Bume 1000B. KPY,
BUKOHaH1 Ha Hampyry no 10 kB 1 ctpymu g0 3000 A, mmpoKo MOMIMPEH] NpU
criopy/ikeHHi [TpoMucIoBO 1 MiCBKMX MiACTaHIINA, ToJ0BHUX PY enexkTpocTaHIii
CepelIHbOI 1 MaJIOl MOTYKHOCTI, PY BracHUX moTped MOTY>KHUX €JIEKTPOCTAHIIIH.

KPYV pi3HUX KOHCTPYKIII BUTOTOBJISIOTH HA 3aBOJIaX €JIEKTPONPOMHUCIIOBOCTI
1 3aBOJIaX €JIEKTPOMOHTaXXHUX opraHizamniii. Kamepu i madu KPY Burotosmsitors
PI3HHX cepiil 3 pI3HUMH CXEMaMH IIEPBUHHKX 1 BTOPUHHUX Mepex. HasBHICTH mad
3 PI3HUMHU CXEMaMH TMEePBUHHUX JIAHIIOTIB JIO3BOJISIE KOMILIEKTYBATH iX 3T1JIHO 3
OPUMHATOIO CXEMOIO EIEKTPUYHHX 3'€JTHAHb YCTAHOBKH.

KPY BHyTpIilIHbOiI yCTAHOBKM BHKOHYIOTh y BUTIJsAl kamep tumy KCO
(kamepa cralioHapHa, OJHOCTOPOHHBOTO 00CIyroByBaHHs) abo mad tuny KPVY.
Posrisitnemo koHcTpykTUBHI 0cobmuBocTi kamep KCO 1 mad KPY.

Kamepu KCB-272 sBistitots co6oro moaudikaiito kamepu KCO-266 y 3B's13Ky

3 BUIycKoM HOBUX BuUMHKadiB BMI'-10 B3amin BMI-133. ¥V kamepi KCB-272
3a0e3nevyyeThCs 3a00pOHa JOCTYIY A0 BUMUKAya MpY HAsSBHOCTI HAIIPYTH Ha
ka0ei, a TAaKOX MIJABUIICHO 0e3MeKy 00CIyroByBaHHS KaMepH 3a paXyHOK
IPUCTPOIO CTALlIOHAPHUX 3a3€MITIOBATIbHUX HOXKIB Ha IIMHHUX PO3'€IHYyBavaXx.
Posmipu KCB-272 Taki x, sax 1 KCO-266, ane Bucora ii 3menmmmiacs Ha 200 MM 3a



paxyHOK rabaputis BuMukada BMI'-10.
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Puc.16.1 - BiciMm TUMOBUX BapiaHTIB KOMIUICKTYBAaHHS EJIEKTPUYHHUX
npuegHanb 3 kamep cepii KCO-272.

Kamepu BBOAIB 1 JIiHIM, 1110 BIIXOIATh po3paxoBani Ha ctpym 400, 600 1 1000
A. Ix xoMIIeKkTyI0Th (y 3B'S3Ky 3 IPUIMHEHHSAM BHITyCKy BHMuKaua BMI'-133)
BuMHkadamu HoBoro tuiy BMI'-10 1 BEM-10E 3 npuBogamu I111-67 1 I1E-11. V
kamepax KCO-272 MOXyTh BCTAaHOBIIOBATHCS TaKOX BUMMKA4l HaBaHTAXCHHS
BHII5-16 i BHII-17 3 3a3emirorounMu HOKaMH, 0 BUKIIFOYAIOTh MTPH €KCITTyaTaIlii
noMuwikoBl onepauii. Ha pwuc. 16.6 npuBeaeHO BICIM THUIOBUX BaplaHTIB
KOMILJIEKTYBaHHSI €JICKTPUYHUX MTPUEAHAHB 3 Kamep cepii KCO-272, mpuuomy Miciis
BBOJly BKazaHi crpuikamu. Ha puc. 16.7 naBenena kamepa KCB-272 3 BuMukauem
HaBaHTaxenHsa BHII 3.
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Puc. 16.7 - KCB-272 3 BumukaueM HaBanTaxeHHs BHII 3

Kamepu KCB-366 - 0THOCTOPOHHBOTO OOCITYTOBYBaHHS, 3 OJJHIEI0 CUCTEMOIO
30ipHUX IIMUH - € MOJIEpHI3aIii0 BUTOTOBIsABCA panime kamep KCO-3 i
3aCTOCOBYIOThCS B PY mpoMuCIIOBUX MIAMPUEMCTB 3 MOTYXKHICTIO BIIKIIOUCHHS 10
200 MB-A.

Kamepu BBOIIB 1 TiHIHN, 1110 BiAX0a4Th po3paxoBani Ha ctpyM 200,400 1 600 A.
Bonu komrmektyotbest po3'eanyBadamu PB3-10 1 BuMuKauaMu HaBaHTaKCHHS
BHII 3-16, BHII 3-17 3 mpuBogamu Ttumy IIP- 17, ITPA-17. Skmo Ha BBOmI
HEOOXITHO MaTh BUMHKaYi, TO B TOpii kamepu HaBaHTaxxeHHs KCB-366 moxHa
BctaHoBUTH Kamepy KCB-272 3 Bumukauem BMI'-10.

Ha puc. 16.8 naBenena kamepa KCB-366 3 Bumukauem HaBanTaxkeHHss BHI3-
16 1 npuBogom [1P-17. Kopmyc kamep, 110 CKIaAA€THCS 3 INCTOBOI CTaJll TOBIIMHOIO
2,5 -3 MM sBJIsIE CO0O0I0 )KOPCTKY 3BapeHy KOHCTPYKIIit0. BCro anmapatypy nepBUHHOT
KOMYTaIlii pO3MIIIYIOTh B MeXax KaMepH, 301pH1 IMHU-T103a KaMePOIo.



Bumuykadi BCTaHOBIIOIOTH Y BIACIKY BIAOKpPEMJIEHOMY BiJ 30ipHHMX IIWH 1
IIMHHUX PO3'€IHYBadviB; BIJl KaOEIbHUX MpPHEIHAHbL BUMHUKAYl BiJOKpEMJIEHI
TOPU30HTATLHUMH TIEPETOPOKAMH 3 JIMCTOBOI cTam. [lpuBoam KomyTalmiiHUX
armapartiB, €JIEMEHTH OJIOKyBaHHS, MPUIIaIU 3aXUCTY, BUMIPIOBAHHS Ta CUTHATI3aIl]
pO3MIIIYIOTh y JiBiM dYacTtuHi (acamy kamepu. Y mpaBiii dactuHi (acamy
nepea0avaroTh OTBIP 3 CITYACTOIO IBEpUMA.
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Puc. 16.8 - KCB-366 3 Bumukadem HaBaHnTaxxeHHs BHIIs-16 1 mpuBogom

[1P-17

KPY BHyTpilIHBOI YCTAHOBKH BHMKOYYBAHHSI BHMKOHAHHsA. BoHu
npu3HayeHi i 3akputux PY nanpyroro 3-10 kB, 3 onuHapHoi cuctemMoro 301pHUX
mH. BOHM BUKOHYIOTHCA 3 3'€JTHAHUX MK CO00I0 MeTaeBux mad 3 BOy10BaHUMHU
B HHX CIIGKTPUYHUMHU amaparaMy, TNpWIagaMd BHMIPIOBAaHHS Ta 3aXUCTy 3
BMOHTOBaHWMH KOJIAMU NIEPBUHHOI Ta BTOPUHHOT KOMYTAaIIii.

Ha#iGinpim 3acTOCOBYBaHI KOMIUIEKTHI MPHUCTPOI BUKOUYYBAHHS BHKOHAHHS
npuBezeHi B Tadu. 16.1.



Tabauna §

[TognzaTenn Texmmyeckne NABHRC /IR KOMILIEETHX  YCTPOdicTE
KP¥2-103, K-X1I/ 80 KP-10/500 K-XXI
KPY2-1011
HomunanpHoe Hanps-
wenue, kB .. e | M0 10 Ho 10 Ho 1l 6.0
HominazsHuii Tox.A W 630, 1000, |630, 1000, 630, 1000, | 800, 1000,
;1322'3 2000, 11500 1250, 3200, | 1500, 2000
OremovacMas Mo
HOCTL, MB-A................... 350 350 500 400
Hysanineckas yYCTOM-
MHBOCTE, KA .oivieeiieeenns 52 S0 75 100
Tepmuuccxas  yeroluu-
BOCT:: KA Lo mc i o114 20 29 38,5
Tun BeXmoUaTens ...... BOM-103, | BMI1-10—31,5 | BMI1-10/500! BAM-6
BMI12-10
THn mpnEoAa ..o ID-11. I9-11, TI1-67 [M12B-11A  |[113-22
119B-12,
II1-67

KPY cepii KPY2-10E i KPY2-10II (puc. 16.9) mmpoko 3acCTOCOBYIOTHCS B
PO3MOAUIBHUX MPUCTPOSX MPOMUCTOBUX I1ITPUEMCTB.
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KPY cepii K-XII / 80 sBastorh coboro moaudikanito KPY cepii K-XII 3a
paxyHok yctaHoBkM Bumukada BMII-10-31,5 Ha Benuky OWHaMiuHy 1 TEpMIYHY
cTidikicTh. Y 3a3HaueHux KPVY BBejeHi [104aTKOBI MPUCTPOi ONEpPaTUBHOI
O5lokyBaHHS O€3MEKM BHKATHUX EJIIEMEHTIB 1 3a3€MIIIOIOUMX PO3'€IHYBaYiB, IO
I IBUIIMIIO HAIHHICTD X pOOOTH.

KPY cepii KP-10/500 B HOpMambHOMY 1 TPOMIYHOMY BUKOHAHHSIX
3aCTOCOBYIOTh [UJISl €JEKTPONOCTAYaHHS YCTAaHOBOK 3 IIBUAKO3MIHHHMX YAAapHOI
HABAHTAKECHHAM (KOBaJIbCHKO-TIpEeCOBe OONagHaHHS Ta 1H.), A TaKoX TMpHU
MIJBUIEHUX  3HAYCHHSIX CTPYMIB KOPOTKOTO 3aMUKaHHS  (€JIEKTPOIeUH1
YCTaHOBKH).

KPY cepii K-XXI 3acTOCOBYIOTH B OCHOBHOMY [UJISl €JIEKTPONOCTAYAHHS
BJIACHUX MOTPEO eNEeKTPOCTAHIIIH, 1110 MAIOTh €JIEKTPONPUBOIM; Ha 6 KB.

KPVY po3risHyTux cepiii yKOMIUIEKTOBaHI BUMUKAa4YaMU 3 €JIEKTPOMArHiTHUM
TaciHHSM JyTH, PO3PaxXOBAaHUMHU Ha YaCTl1 BKIFOUEHHS 1 BIAKIIOYeHHS. ToMy BOHH



3HAMIYTh TAKOX IIUPOKE, 3ACTOCYBAHHS B CUCTEMI €JIEKTPONOCTaYaHHs psiLy
rajiy3eid HapoJIHOTO TOCIOAApCTBA.

Koncrpykuii mad KPY nependavaroTs yCTaHOBKY SIK BUMHKAYiB 3 PUBOIOM,
Tak 1 TpaHcOPMATOpIB HANPYTH, PO3PSAHHUKIB, CHJIOBUX 3allOODKHUKIB,
TpaHChHOPMATOPIB BIACHUX MOTPEO MOTYKHICTIO 10 5 KBA.

KPY 30BHimHboi ycTanoBku. KPYH 3amintoe 3akpuTti: PY nanpyroro 6-10
kB. Hmwkue po3rasgaroTbest eski HAWOUTBIT TMOMUPEHI Ha  MiICTaHIIIgX
npomucioBux mianpuemcts KPYH.

KPYH cepii K-XIII 3acTOCOBYIOTh IS KOMIUICKTYBAaHHS ITiJICTAHIIIN
Harnpyroto 35 / 6-10 kB, 110/6 10 kB 1 110/35 / 6-10 xB. Y madax 1ie€i cepii,
po3paxoBaHux Ha ctpyMu 600-1500 A, BcTaHOBIIOIOTHCS BUMHKaul TUy BMII-
10K 3 mpuBogom IIE-11 Ha mocTtifiHoMy omepatuBHOMY cTpyMmi abo IIII-67 nHa
3MIHHOMY OIEpaTUBHOMY CTpyMi, a TakoX Bumukadli - tumy BMII-10I1 3
BOY/IOBaHUM TMPYKMHHUM TPHUBOJIOM Ha 3MiHHOMY omneparuBHoMy cTpymi. [lladpu
KPVYH matoTh HarpiBajibH1 €JI€EMEHTH JIJIs1 OOITPIiBY.

[Madu K-XIII BUKOHYIOTECS 3 BUKOTHUMH BI3KaMU 1 0€3 BUKaTHUX BI3KIB MpU
TIyXOMY TIpUETHAHHS TIUHHOTO BBEACHHS JUISl KUBJICHHS CIIOKHBAYiB BIIACHUX
noTpeo.

[Madpu K-XIII ckmagaroTbest 3 TaKUX €IEMEHTIB: KOPIyCy Iagu 2, B IKOMY
PO3MINIYIOTECA TpaHcPopMaTopu CTpyMy, KaOelbHI OOpOOJEHHS, HEpPyXOoMi
PO3MUKAIOUUX KOHTAKTH, 3a3€MJISIOIIMNA pO3'€HYBay; BUKOUYBaHHA Bi3Ka 1, Ha
SAKId BCTAaHOBJIOIOTHCS MACISHUA BUMHKA4 3 MPUBOJOM, TpaHCHOPMATOPH
HAIpYTH, PO3PSAHUKA Ta PYXJIUBI PO3'€NHYIOTh KOHTaKTH; OJOKYy IUH 3 3
METaJOKOHCTPYKIII€I0 ISl KPIMJIEHHST OMOPHUX 1 MPOXITHUX 130JsTOpiB; madu 4
JUIsL YCTAaHOBKM amapaTrypu 3aXUCTy, BHUMIPIOBaHHs, OOJIKY, YIpaBIiHHSA Ta
CUTHAJII3aIll.
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Pucynox 16.10 — KPVII cepii K-33
KPVII cepii K-33 (puc. 16.10) mpu3HaueHi i BBEJACHHS 1 CEKI[IOHYBAaHHS B
KPVYH cepii K-XIII 31 ctpymom 6inbiie 1500 A. ladu cepii K-33 BukouyBaHHsS
BUKOHAHHS po3paxoBaHi Ha ctpyMu 2500 1 3000 A, KOMIJIEKTYIOTHCS BUMUKAaYaMu
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BMII-10E / 3000 31 BOynoBanuM enekTpoMarHiTHuM mpuBojom [1EB-12 Ha
NOTYXHICTh BiAKIt0oueHHs 350 MB-A npu 10 kB 1 yaapuauii ctpym 52 KA.

Ha Biaminy Bin inmux BukoHaHb KPYH B madax K-33 Tpancdopmaropu
ctpymy tumy TIIHIJI-10 po3mintyroTbcs Ha Bi3KY 3 BUMHKAYEM.

B KPVY 30BHIIIHBOI yCTAaHOBKH MOXJIUBI MEPEKPUTTS 130JATOPIB 1 BBOJIB
BUMHKAYiB, 0COOJMBO MPH MEpexoii BiJ xomoay mo Termna. Tomy B madax KPY
30BHIIIHBOI YCTAHOBKM TMepeadadaeTbcs MICIEBUN MIAIrpiB, MmO 3a0e3neuye
HOPMaJIbHY pOOOTY PHUBO/IIB BUMUKAUIB, MPUJIAIIB OOJIIKY Ta aBTOMATHKHU.

Jlexmisg Nel7

Tema: OCHOBHI OHATTA CTPYMiB KOPOTKOI'O 3aMUKAHHS
Meta:O3HallOMUTHCS 3 OCHOBHUMH MOHATTSIMHU CTPYMIB KOPOTKOTO 3aMUKaHHS

MeTtoam: CIIOBECHI, HAOYHI.

Ilnan:
1 OCHOBHI MPUYUHU BUHUKHEHHSI KOPOTKUX 3aMUKaHb B MEPEXKI.
2 OCHOBHI XapaKTEPUCTUKU KOPOTKUX 3aMUKaHb B MEPEXKI.

3 3anol6iranHsa KOPOTKUX 3aMUKaHb 1 3MEHILICHHS X HACIIKIB.

MarepiajibHO-TeXHiuHe 3a0e3neyeHHs Ta TUAAKTUYHI 3aco0u, T3H: KoHCHEKT,
HiIPYYHUK.

Jlireparypa:

1 JIunkun b.}O. DnerpocHabkeHre MPOMBIILUICHHBIX TIPEANPUATANA U YCTAHOBOK. —
M. : «Bricmag mkoia», 1990 r. — 365 c.

2 TloctaukoB H.II., PybGamoB [''M. DOnexkrpocHaOXeHHE NPOMBIILICHHBIX
npennpusatuid. — Jleannrpan: «Ctpousgat», 1989 r. — 351 c.



B enekTpuyHHX YCTAaHOBKaX MOXYTh BHMHHUKATH Pi3HI BUAM KOPOTKUX
3aMHKaHb, M0 CYNPOBOKYIOTbCA PI3KUM  30UIBIICHHSIM CTpyMy. Tomy
€JIEKTPOOOJIaITHAHHS, SIKE BCTAHOBIIIOETHCS B CUCTEMAaX EJIEKTPOIIOCTAYaHHS, Ma€e
OyTH CTIHKHM JO CTPYMIB KOPOTKOTO 3aMHKAaHHS 1 BUOMpPATHUCS 3 ypaXyBaHHSIM
BEJIMYMH IIUX CTPYMIB.

Po3pi3HsA0Th Taki BUIM KOPOTKHX 3aMHUKaHb: TpHdasHe, a0 CUMETpUYHE, -
TpH (ha3u 3'€THYIOThCA Mk c00010: ABOX(azHe - AB1 (a3 3'€ THYIOTHCS MiXK COO0I0
0e3 3'eHaHHs 3 3eMJIeI0; OJJHO(a3HE - 0JiHA (Da3a 3'€IHYETHCS 3 HEUTPAILITIO JKEpeia
gyepes3 3eMITIO; TTOBIMHE 3aMHUKaHHS Ha 3eMJTIO - J1B1 (pa3H 3'€ THYIOTHCS M1 COOOIO 1
3 3eMJICIO.

OCHOBHMMHM TNPUYUHAMH BHHUKHEHHSI TAKHX KOPOTKHX 3aMHKaHb B
Mepe:ki  MOXYTb  OyTM:  TIONIKO/DKEHHS — 130JISII1i  OKPEMHMX  YacTUH
€JIEKTPOYCTAHOBKHM; HEMPABHIIbHI i1 0OCIYyroBYIOYOr0 MEPCOHANY; MEPEKPUTTS
CTPYMOBEIyUHX YACTHUH YCTAaHOBKH.

KopoTtke 3aMukaHHs B MepexXi MOxke CyNPOBOMAKYBATHCS: IIPUITUHEHHSIM
KUBJICHHSI CIIO)KMBAuiB, MpPHUEJHAHUX JO TOUYOK, B SKHUX CTaJloCS KOPOTKE
3aMHUKaHHA; MOPYLIIEHHSIM HOPMaJbHOI pOOOTH IHIIUX CHOYKMBAYIB, IMiIKIFOYEHHX
JI0 HEYNIKOJDKEHUM JIIJITHKaM MepeXl, BHACIIJOK 3HW)KCHHS Halpyrd Ha IUX
TUTSTHKAX;, TOPYIICHHSM HOPMaJIbHOTO PEXKUMY POOOTH €HEPTeTUYHOI CUCTEMH.

Just 3amo0iraHHsi KOPOTKHX 3aMHMKAHb 1 3MEHINEHHsI IX HaCJIiAKiB
HeOOXi/IHO: YCYHYTHU NPUYUHM, 110 BUKIMKAIOTH KOPOTKI 3aMUKaHHS; 3MEHIIUTH
yac Jii 3aXUCTy, A1I0YO0I MPU KOPOTKHX 3aMHUKAHHSX; 3aCTOCYBATH HIBUIKOJIFOU1
BUMHKaYl; 3actocyBatd APH nisi miBUaKOro BIHOBJICHHS HANpyrd TE€HEPATOPIB:
MPaBUJIBLHO OOYHCIUTHA BEJIMYMHU CTPYMIB KOPOTKOTO 3aMHUKAHHS 1 ajié HUM
BUOpaTh HEOOXIJIHYy amaparypy, 3axXuUcT 1 3aco0u Jisi OOMEXEHHSI CTPYMIB
KOPOTKOTO 3aMHUKaHHSI.

Po3risitHeMo TNpUYMHM BUHHMKHEHHS, OCOOJMBOCTI MPOTIKAHHS KOPOTKOIO
3aMHUKaHHA 1 PO3PaxXyHOK CTPYMIB KOPOTKOI'O 3aMUKaHHS.

3 MOMEHTY BUHUKHEHHS KOPOTKOTO 3aMHKaHHS /10 MOro NpUIIMHEHHS B
KOPOTKO3aMKHEHOMY JIAHITI031 MPOTIKAE MEPEX1AHIUI MPOIIEC, 10 XapaKTEPU3y€EThCS
HAsBHICTIO JIBOX CKJIaJIOBUX CTPYMIB KOPOTKOTO 3aMHUKAHHS-TIEPIOJUYHOTO
(KOJIMBAJIBHOTO) Ta alE€PiOUYHOTO.

Ha puc. 6.1 HaBeneHi KpuBI 3MIHH CTPYMY KOPOTKOTO 3aMUKAHHS CUCTEMHU
HEOOMEXKEHOI MOTYXHOCTI (S¢ = 00). TyT, a TaKOX y MOJATBIIOMY TIPU PO3TIISII
SBUII, BUKJIMKAHUX KOPOTKMM 3aMHUKaHHSM, TPUNHATI HACTYIMHI IMO3HAYCHHS
CTPYMIB: 1y - MHUTTEBE 3HAYCHHS CTPyMy HABAaHTaXCHHS B MOMEHT KOPOTKOIO
3aMUKaHHS: 1y - MUTTEBE 3HaueHHs ynapHoro ['3K KopoTkoro 3amukaHHs depes
nisnepiony (0,01 ¢) miciiss BUHUKHEHHS KOPOTKOI'O 3aMUKaHHs (110 BEJIMYMHI ly,



MePEBIPSIIOTHCS CICKTPUYHI anapaTH, IIUHK Ta 130JIATOPH HA TMHAMIYHY CTIHKICTB);
It waxe, In - BIAMOBIIHO MaKCHMaJIbHE 1 MUTTEBE 3HAYCHHS MEPIOIUIHOI CKIIaJOBOT
CTPYMY KOPOTKOTO 3aMHKAHHS; la waxe, la0 - MAKCHMaJbHE 1 MHUTTEBE 3HAYCHHS
anepioUYHOI0 CKJIAJa€ CTPyMy KOPOTKOTO 3amMukaHHs; l. - Jlis 3Ha4eHHS
YCTAJICHOTO CTPyMy KOPOTKOTO 3aMuKaHHS (10 BenuduHI I, TMepeBipsroTh
eJICKTPUYHI amapaTy 1 CTPYMOIPOBIIHI YaCTHHH Ha TEPMiuHY CTiMKICTh): [" = Iy -
MOYATKOBE JIIF0Y€ 3HAYEHHS NMEPIOIMYHOI CKIIaI0BOI CTPYMY KOPOTKOTO 3aMUKAHHS
(HagmepexXiIHUM CTPYM KOPOTKOTO 3aMUKaHH).

Uunne 3HayeHHss mnoBHoro ['3K kopoTkoro 3amuikaHHs [JIs1 JIOBUIBHOTO
MOMEHTY 4acy t BU3HAUYA€THCS BIAMOBIMHUMH CKJIAJOBUMU - TEPIOJUYHOT tn 1
anepiogudHOT tyt.

[lepioguyHa cKIag0Ba CTPyMY 3MIHIOETHCS 32 TAPMOHIMHOT KPUBO1 BIAMIOBIAHO
no cunycoinanbHoi EPC reHeparopa. ArmnepiofnuHa-BU3HAYAETHCS XapaKTEPOM
3aracaHHs CTPYMY KOPOTKOTO 3aMHUKaHHS, 3aJIeKHOTO BIJ] aKTUBHOTO OIOPY
JaHIrora i oOMOTOK craropa reneparopa. B komi nampyrorwo Bume 1000 B, ne
3Ha4YEHHs aKTUBHOTO OTIOPY MaJlo, 4ac 3aracaHHs anepioguunoro ckiaaae 0,15 - 0,2
C.

Binomo, 1o B K01, 10 MICTUTh IHAYKTUBHICTb, BCSAKA 3M1HA CTPYMY BUKIIUKAE
3MiHa MarHiTHOT'O MOTOKY, KU HAaBOAUTH 10 11b0or0 Kojia EPC camoinmyxkiii. ITix
JIEI0 OCTAaHHBOI B JIAHIIO31 BCTAHOBIIOETHCSA aAIEpiOAUYHUN CTPYM 3BOPOTHOTO
HanpsaMKy (puc. 17.1), BennuuHa sikoro B moyatkoBuid MoMeHT (t = 0 ) mopiBHIOE
PI3HMIII MUTTEBUX 3HAYEHb CTPYMIB HAaBAaHTWKEHHS POOOUOTO PEXKUMY tyo
NEepl0IMYHOI CKJIaJ0BOI CTPYMY KOPOTKOT'O 3aMUKAaHHS.

tao = two - In Makc (171)

OTxe, 3aBASKH 1HEpLIi MAarHITHOTO MOTOKY HE BIAOYJIETbCS MUTTEBE 3MiHA
CTpyMYy, TaK SIK BAHUKHEHHS anepioMYHO] CKIaJ0BOi HE TO3BOJIUTH B MMOYATKOBUI
MOMEHT KOPOTKOTO 3aMUKAHHS MUTTEBO 3MIHUTHUCS CTPYMY BIJ tyo 10 I yvaxe-

Jlexkunisa Nel8
Tema: CriBBIAHOLIEHHS MK CTPYMaMH KOPOTKOTO 3aMHUKAHHS.
Meta: O3HalOMUTHUCS 31 CMIBBITHOIIEHHSIM MK CTpPyMaMu KOPOTKOTO 3aMUKaHHS.
MeToau: cJIOBECHI, HAOYHI.
ILnan:

1 3B'S130K MK BEJTMYMHOIO YIAPHOTO CTPYMY 1 TIOYATKOBUM JIIFOUYMM 3HAYEHHSIM
TIEPIOTMYHOI CKJIAJIOBOI CTPYMY KOPOTKOTO3aMHUKAHHSI.

2 O6uMCIeHHS CTPYMIB KOPOTKOTO 3aMUKAHHS.



3 Bu3Hauenns napaMeIpiB JIQHITIOr'a KOPOTKOI'O 3aMUKaHH:.

MarepiajibHO-TeXHIYHe 3a0e3neuyeHHs Ta IUAAKTUYHI 3aco0u, T3H: KoHCHEKT,
M1JIPyYHHUK.

Jliteparypa:

1 JIunkun B.}O. DnerpocHabxkeHre MPOMBIILUICHHBIX TPEANPUSITUNA U YCTAHOBOK. —
M. : «BrIcmag mkoia», 1990 r. — 365 c.

2 TlocraukoB H.II., Py6GamoB I'.M. DnekTpocHaOXKeHUE MPOMBIIUICHHBIX
npennpusatuid. — Jlenunrpan: «Ctpousgat», 1989 r. — 351 c.

3B'30K MiXK BEJIMYMHOIO YIAPHOTO CTPYMY Iy 1 TMOYATKOBUM [iFOYMM 3HAUCHHSIM
NIEPIOTIMYHOI CKJIAJIOBOI CTPYMY KOPOTKOTO 3aMHKaHHS |0 BCTAHOBIIOETHCS 3 HACTYITHUX
CITIIBBIJHOIIIEHD:
1) amepiomyHa CKJIaI0Ba 3aTyXae 3a 3aKOHOM €KCIIOHEHTHOI KPUBOi, 00YMOBJICHOIO
PIBHSHHSIM
-1 T,

a

I,= [a make® ’ (181)
1€ laaxe - aMILTITYTHE (MaKCUMaJIbHE) 3HAYCHHSI alleploAMYHOI CKJIaJ0BOT; T4
[locTiiina yacy 3aracaHHsi arepioIM4HOi CKJIaJI0BOi, 00YMOBJICHA CITiBBITHOIIICHHIM

MIDK 1HIYKTUBHICTIO 1 aKTUBHUM OTIOPOM [ JITAHIFOra KOPOTKOTO 3aMUKAHHS:

T3=L“;‘rx. (18.2)
BpaxoByrouu, 110 pu =27 f yoy=27 f« BEMTMUYMHA 1HYKTUBHOT'O O1opy X—wL=314L,
3BiAKM L=X,/314, oTprMaemo, 1110

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

TyT X, I« - BIAMOBIHO 1HIYKTUBHE 1 aKTUBHY OIMOPY KOJIa KOPOTKOTO 3aMUKaHHSI,
2) ynmapHuii ctpyM, Binmnosimaui yacy 0,01c., ToOTO Yepes miBrepioa mcis
BUHHKHEHHSI KOPOTKOT'O 3aMHUKaHHS,
i,=i,+1

1. Maxce? (18.4)
1€ |yvae = \/2In0 - MaKCHMAJTbHE 3HAYCHHS ITePI0TMIHOI CKIIaI0BOI.
[lincrapnsroun B (18.4) snauenns (18.1), snaiinemo
l".=1 cl T'+ln,uaxr‘

a.mMaxc

(185)
Y moment t=0 CIpyM lvace= lamaxes TOZL
i)'=1 +[n.Muxce—,'l;=In..\mxc(l +e—’ T‘):

n.Maxc - ,7 ) “_l I“ .
\/"—Inn“ +e ) (18.6)



Ilo3navarouu BCIIMUMHY

—0,01/T, — k
1+e ys (187)

OTPpUMAEMO

iy =/\y\,2 1"0. (188)
Omxe, ynapaiM KoedirieHToM Ky BpaxoByeThCs (depe3 MOCTiiHY 4acy 3aracaHss | ,)

CITIBBITHOIIICHHS Mi>K aKTUBHUM 1 1HYKTHBHHM OITOPaMH JIAHITFOra KOPOTKOTO 3aMUKaHHS,
[0 BU3HAYAETHCS MICIIEM KOPOTKOTO 3aMuKaHHsA. [ moBiTpsiHux JiiHiM Bume 1000 B
nocriina yacy T, = 0,05 ¢, Toxi 3 (18.7) 3naiinemo Ky = 1,8 i ynapnuii ctpym

i,=1,8/254=2,55I (18.9)

SAxmo EPC mxeperna He3miHHA (HAMPUKIIAT, TIPY AKUBJICHHI Bl MEPEK1 HEOOMEKEHOT
MIOTYKHOCTI), TO 1 IEPIOJTUYHA CKJIa/I0BA CTPYMY KOPOTKOTO 3aMUKaHHS Oy/1e He3MIHHA:
"] ca]
=3 (18.10)
[Ipu oOuMcieHHI CTPyMIB KOPOTKOTO 3aMHUKAHHS y BUUIAICHHWX B JpKeperna

KMBJICHHS TOYKax, 1€ AKTUBHUI OHlp 3HAa4YHO (321 TpaHC(i)OpMaTOpaMI/I MaJIol HOTy}KHOCTl
B KaOCJBHIN MGpC}KI), y,ZIapHHI/I KOC(I)IHIGHT BHU3HAYAIOTh 3a KPHBOIO 3aJICKHOCTI

ky=f(Ta)=f[X/(314r)]

HaiiOu1b11e 3Ha4eHHsI MOBHOTO CTPyMYy KOPOTKOTO 3aMUKAHHS MPOTSATOM MEPLIOTo
nepioy KOPOTKOTO 3aMUKaHHS:

IL=/I3+1.

FUNTETTOE (18.11)

3a BEMMUMHOIO |y IepeBIpsIOTH arapaTy Ha AMHAMIYHY CTIMKICTB (TIPOTATOM MEPILIOTO
nepioy KOpoTkoro 3amukanHs). Tak sk s t = 0,01 ¢

I,=i,—1 =k ]n MAKC In MaKe "‘/?'Iu /\v_l ’
e I.’ e Y ey o olky=1) (18.12)
TO, 3aMiHIOYH |0 Ha Iy, 3 (6.11) oTpuMaemo

L=/ 12 +[21(k,—1)]*=1L/1+2(k,—1)*=Lg,

(18.13)
= J1+2(k,—1)%
e V121 (6.14)
3HauyeHHs Koe(ilieHTiB Ky 1 I'y B 3a1€XKHOCTI Bifi MicIii KOPOTKOTO 3aMUKaHHS
HaBeneHo B Tabu. 18.1.
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Pucynok 18.1 - 3anexHicTb nocriitHoi 4acy Bix Ky
BusHavyeHHs mapameTpiB JIaHIFora KOPOTKOTO 3aMUKaHHSL. J{71st oOOurCIIeHHs CTpyMiB
KOPOTKOTO 3aMHKaHHS CKJIa[alOTh PO3PAXyHKOBY CXEMy, BIIMOBIAHY HOPMAJIBHOTO
PEXUMY pOOOTH CUCTEMH EJIEKTPOIIOCTAUYaHHs1, BBAXKAKOUHM (151 MIJBUILICHHS HAIIHHOCT),
10 BC1 JpKEpera KUBJICHHS BKJIFOUEH] TTapasieIbHO. Y PO3PAaXyHKOBIM CXEMi BPaXOBYIOTh
OIOpPY >KUBJISITh TEHEPATOPIB, TpaHC(HOPMATOPIB, BUCOKOBOJILTHHUX JIiHIH (TTOBITPSHUX 1




KaOeJIbHUX), PEaKTOpiB. 3a pO3PaxyHKOBOI CXEMOIO CKJIAJIAF0Th CXEMY 3aMIICHHSI, B SIKIi
BKa3yIOTh OIOPY JDKEPEIT 1 CIIOYKMBAYIB 1 HAMIYAIOTh TOUKU JJISI PO3PAXYHKY CTPYMiB
KOPOTKOT'O 3aMHUKAHHS.

MecTo KOPOTKOro 3aMBIKaHHR Koadhduunentot

-
<~

BeiBOOBI ABHONMOJIKOCHOTO rHApOreHeparopa Oe3 ’
YCIIOKOMTETbHOW 0OMOTKH
To xe¢, ¢ YCNOKOMTCIBHOH OOMOTKOMH
Buisoam typOoreneparopa
B 1enu. Koraa HE y4MTBIBAGTCA AKTHBHOE CONpO-
THBJICHHE 1
Ha HM3WCH CTOPOHC TpaHChopMaTOpoOB:
6301000 kB-A 1
100--400 xB-A 1
YaancHHbie TOYKH KOPOTKOI'O 3aMBIKAHHA C VYETOM
BCJIMYHHBI AKTHBHOIO CONPOTHBIIEHKS [To pwuc. 6.2
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Jlnist reneparopiB, TpaHchOPMATOPiB, BUCOKOBOJIBTHUX JIIHIM 1 KOPOTKHX JUISTHOK
PO3NOAUTEHOI MEPEXI 3a3BUyail BPaXOBYIOTh TUIbKU THIYKTHBHI onopu. [lpu 3HauHIi
NPOTSHKHOCTI MEPEXI (KaOETbHOI Ta OBITPSHOI) BPaXOBYIOTh TAKOXK 1X aKTHBHI OITOPH, TaK
SK Y BIJUTAJICHUX TOYKaX KOPOTKOTO 3aMHKAHHS TIO3HAYAETHCS 3HIDKCHHS YIapHOTO
koedirienTa. JIOIIbHO BpaxoBYBaTH aKTMBHHUM OIMIp, SIKIIO Xs>Iy, JIe Iy, Xz - CyMapHl
AKTUBHUH 1 pEaKTUBHI OIIOPY JI0 MICIISI KOPOTKOT'O 3aMUKAHHSI.

JIJ1st OKpeMHX eJIeMEHTIB CXEMHU MPUMMAaIOTh HACTYITHI 3HAYEHHS 1HyKTUBHUX
OTIOPIB:

a) sl CHHXPOHHHUX T€HEPaTopiB X' BUPAKAETHCS y BIIHOCHUX OJWHHMIISX; BOHO
SBJISIE COOOK0 HAJMEPEXiTHUI PEaKTHBHUI OIMp O IO3JOBXKHIM ocl mojrociB. s
TypOoreneparopis X''g = 0,125; 1u1st TigporeHepaTopiB 3 3aCOKIIMBoi 00MOTKO0 X' g = 0,2;
0e3 3acrokiiBoi 0OMoTKH X' = 0,27;

0) AJI1 CHHXPOHHHUX 1 aCHHXPOHHUX ABUTYHIB X"'q = 0,2;

B) Uil TpaHCOpMATOpIB, SKIIO 3HEXTYBATH iX aKTUBHMM OIIOPOM, Harpyra
KOPOTKOTO 3aMHKaHHs Uy (%) (1aeThCs B Karajorax) 4MCelIbHO OJHO iX iHTYKTHBHOMY
onopy X (%);

T') A7 TOBITPsiHKX JiHiH Harpyroro Buite 1000 B 3nauenns Xo = 0,4 Om / km;

1) JU1s1 KaOenbHUX JiHik Harpyroro 6-20 kB Bemmumna Xo = 0,08 Om / km;

€) JUJIsl PEaKTOpPIB OIIP AAE€THCS Y BIICOTKAX 1 IEPEBOJUTHCA B BIAHOCHI OAMHUII 200
OMH.

AxtuBnwii orip miHii (fp = 1000/yS) (OM/kM) BU3HAYAIOTh 32 OOpaHUM MEPETHUHY S 200

3HAXOJIATh 32 JOBIIKOBUMU TaOJMIIIMU. Y CXE€Mi 3aMIIIICHHSI BC1 3a3HaU€HI OTIOPY
BUPAXKAIOTh Y iIMeHOBaHUX (OM) a00 y BITHOCHUX OJTMHUILSIX (TTO3HAYAIOTH «*» B 1HIEKCI).

Jlexuist Nel19

Tema: Po3paxyHOK cTpyMiB KOPOTKOTO 3aMUKAHHS Ha 3HIKYBAJIbHUX IT1ICTAHIIISX,
B YCTaHOBKax Hampyror o 1 kB

Merta: O3zHalilOMUTHCS 3 PO3paxXyHKOM CTPyMiB KOPOTKOTO 3aMUKaHHS Ha
3HI)KYBaJIbHUX MIJCTAHIIISNX, B YCTAHOBKAX Hanpyroto a0 1kB.



MeToau: cJIOBECHI, HAOYHI.
Iiaan:
1 Po3paxyHOK CTpyMiB KOPOTKOTO 3aMUKaHHS Ha 3HKYBATHHUX ITiICTAHITISIX.

2 Po3paxyHOK CTpyMiB KOPOTKOTO 3aMHUKaHHS B YCTaHOBKax Hampyroo 10 1kB.

MarepianbHo-TexHiYHe 3a0e3Me4eHHs Ta TUAAKTHYHI 3aco0u, T3H: KoHCIekT,
M1JIPyYHHUK.

Jlireparypa:

1 JIunkun B.}O. DnerpocHabkeHrEe MPOMBIILUICHHBIX TPEANPUATANA U YCTAHOBOK. —
M. : «Bricmag mxoia», 1990 r. — 365 c.

2 TlocraukoB H.II., Py6GamoB I'.M. DnekTpocHaOXKeHUE MPOMBIIUICHHBIX
npennpusatuid. — Jlenunrpan: «Ctpousgat», 1989 r. — 351 c.

Po3paxyHOK CTpyMiB KOPOTKOTO 3aMUKAHHS HA 3HUKYBAJIbHUX I1JCTAHIIISAX.
3aJie’KHO BiJ] YMOB 3aBAaHHS MOKJIMBI Takl BaplaHTH PO3PAXYHKY.

1-it BapiaHT. 3ajaHi: MOTYXHICTb CHUCTEMHU S, OINIP CHUCTEMH 10 TOUKHU
KOPOTKOTO 3aMUKaHHA Ki - X, IpUBEAEHE 0 MOTYXHOCTI CUCTEMH, HANPYTH Ha
noHWKyounx Tpancopmaropax 1 U; 1 Uy, HOMIHANIBHI TOTYXHOCTI S; 1 HANPYTH
KOPOTKOTr0 3aMUKaHHs TpaHncpopmaropis Us.

Ski1o 3HMKYBaIBHUX MIJCTaHINS Ma€e CXeMH, HaBejaeHi Ha puc.19.8, a, 0, To
CTPyMH KOPOTKOTO 3aMUKaHHS st Touku Kj; MOXHaA po3paxyBaTH HACTYITHUM
YUHOM:

a) TIPHU X+, <3 110 pO3PaXyHKOBUM KPUBUM (JUB. pUC. 6.6) 3HaAX0IMMO 3HAYCHHS
K:, Tomi



(19.1)
e
L=S/(/3Uy) (19.2)
0) Mpu X+> 3 3HAXOUMO
f,=1g/x,.. (19.3)

s Touku K2 po3paxyHOK MPOBOIUTECS ISl HANTIPIIMX YMOB 3 YpaxXyBaHHIM
ornopy Tpa"nchopMaTopiB X * T MpH NapajieiabHi poOOTi:

I, =I5 [(X g+ X pr) = S/ [V 3U3 (% e+ X,0)] (19.4)
2-11 BapiaHT. 3a1aHi 3HaUeHHS S"= Sy, X+ 10 IITUH 3HKYBAJIBHOT MJCTaHIII, a
TaKOX MACMOPTHI JaH1 TpaHnchopmartopis (S, Uy). Tomi
a) TIPH Xx, <3 MOTY>KHICTh, CTPYM CUCTEMH 1 CTPYM KOPOTKOTO 3aMHKaHHS
BH3HAYAIOThCS TaK:

Fem=S" i (19.5)
I.=5./(\/3U,); (19.6)
"=S§"/(\/3U,). (19.7)

3Ha4YCHHS KPaTHOCTI K; CTpyMy KOPOTKOTO 3aMHUKaHHS 3HAXOJSATh 3a KPUBHUMH,
300pakeHUM Ha puc. 6.6 (s yacy t = 0 Ipy 3a1aHOMY 3HAUCHHI X+c);

0) IpH X+> 3 TMOTYXHICTh CUCTEMH S = S"Xx, Tak K $"=S./X+.. [Ipn oMy
CTPYM KOPOTKOTO 3aMHUKAHHS

1 :IK:I‘:‘,‘ZE*’

(19.8)

ne I - cymapHuil CTpyM cUCTeMH (JKepesa KUBJICHHS); Zs+ - TTOBHUM OMIP
JIQHITIOTA JI0 TOYKH KOPOTKOTO 3aMUKaHHSI.

3-i1 BapiaHT. 3a1aH1 MOTY>KHICTh KOPOTKOTO 3aMUKaHHS S''= Sy st Touku Kj,
a TaKoX TMacmopTHI JaHl TpaHcdopmaTopiB miAcTaHIli. BpaxoByroum, 110
MOTYXHICTh CHCTEMH HE JaHa, 3a Oa3ucHy TOTYXHICTh NPUHAMEMO CyMapHY
HOMIHAJIBHY MOTY>KHICTh TpaHchopmaTopiB (S;x). Toai nns Touku Ko.

§"= ST ) ¥ ,'/('\'*c i '\_* r )*

(19.9)
Ac
Xee=85/8"=8,5/5"; Xar = Uy v (19.10)
Toni
3=8"/(\/3U,). (19.11)

SIKII0 MOTYXXHICTh MIAKIIOYAE€ThCA MIACTAHLII 3HAYHO MEHIIE MOTYXHOCTI
CHCTEMH, TO X*. MOXKE OYTH MPUIHATO PIBHUM HYINIO. Y IbOMY BUIAAKY JJI TOUKU
Ko.



Po3paxyHOK cTpyMiB KOPOTKOTO 3aMHKaHHS B YyCTaHOBKax Harpyror 1o 1000
B. Ilpu po3paxyHKy MOBHHHI BpPaxOBYBaTHCSl aKTHBHI OMOpPY KoJia KOPOTKOTO
3aMUKaHHs (TOBITPSHUX 1 KaOENbHUX JIiHIN, 0OOMOTOK CHUJIOBHX TpaHC(HOPMATOPIB,
TpaHcpopMaTopiB CTpyMy, HIIMH 1 KOMyTauliiHOI amaparypu). s 3a3HaueHUX
YCTaHOBOK BBAXKAETHCS, IO TMOTYXHICTh CHCTEMHU HE OOMEXKEHa 1 Hampyra Ha
CTOpPOHI BHUIOi Hampyru TpaHchopmaTopa HE3MIHHO. lle BHKOHYETBHCS, SKIIO
MOTYXXHICTh cHUCTeMH MNpuOau3HO B 50 pasiB Ouabllle TOTYXHOCTI II€XOBOTO
TpaHcopmaropa, Hampukiaag IMPH MOTYXKHOCTI cuctemMu Oubimie 50 MB-A i
MOTYXKHOCTI 1IeXoBUX Tpancopmatopis g0 1000 kB-A.
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Puc 6.10. Kpusbic 3aBHCHMOCTH

Puc. 6.9. Cxema a8 onpeaescHus Toka
KOPOTKOTO 3aMBIKAHHA B VYCT4HOBKAX J/—ia rtypborceeparopa. 2— i [Hapo-
a0 1000 B resepaTopa

[Tpu po3paxyHKy CTpyMiB KOPOTKOTO 3aMHKAHHS Ha IIWHAX HKYOI HAIIPYTH
Tpancopmaropa, B kabdeni (puc. 19.9) abo iHI# TOYII HU3bKOBOJIBTHOT MEPEXKI 3
OTIOPOM X+#; = Xy HEOOX1IHO 3HATH MOTYXKHICTh MEPEXK1 KUBJICHHSI CUCTEMH a00
TEXHIYHI JaHl BUMHAKaya.

PosrisitHemMo 3acTOCOBYBaHI CHOCOOM PO3paxyHKY CTPYMiB KOPOTKOTO
3aMHKaHHS.

1. Binmomi abo 3aiaHi 3HaueHHs cTpyMmiB |"'=ly 1 Ha mMHAX palloHHOT M1ICTAHIIIT
eHeprocucteMu. Po3paxyHOK BeayTh B TaKil MOCHIJOBHOCTI (3 YpaxyBaHHIM Xx):
BuU3HauatoTh KoedimieHT B" = ["/ I, 1 mo kpuBuX 3amexHOCTI B" = f ( X#posp) (PHC.
19.10) 3HaXOmATHh PO3PAXYHKOBUN OMIP Xpaey CHCTEMH JO MICIS KOPOTKOTO
3aMHUKaHHA (y BIATHOCHUX OJUHHUINX). [IOTYKHICTh KUBUIBLHOT CHCTEMH

Sc = \/ 3] .\'pac,‘ ('"HOM ’ (1911)
ne ["- nig 3HaueHHs! HaANEepEX1IHOTO CTPyMYy KOPOTKOTO 3aMUKaHHs, KA; U,
sow -~ HOMIHAQJIbHA HAaIpyTra B MICL1 KOPOTKOTO 3aMUKaHHs, KB.



3a 0a3uCHY MPUHMAIOTh MOTYKHICTh CHCTEMH Sc. Toi CTpyM KOPOTKOTO
3aMHKaHHS
I, =16/% 65,
e Is = Ss / (V3Uuon) = S/ (V3Uson)-
2. Bigomi a0o 3ajaH1 TEXHIYHI JaHl BUMHKa4a, BCTAHOBJIEHOI'O B TOYIll, JJIA

(19.12)

SKOi BH3HAYaIOTh BEJIMYMHH CTPYMIB KOPOTKOro 3amukaHHs. [lpu upomy
MPUIMAIOTh, MO0 BIIKJIIOYAE TOTYXHICTh BUMHKA4Ya Sy JOPIBHIOE TOTYKHOCTI
KOPOTKOTO 3aMUKaHHs cuctemu (S") 1 Tomi
Loml"= S b3 00) (19.13)
3. Bigomi onopy koia KOpOTKOTO 3aMHUKaHHS, BUpaXeHi B MuUnTioMax (MOwm).
[Tpu bOMyY CTPYM KOPOTKOTO 3aMUKaHHS MOKHA 3HAWTH HACTYITHUM YHHOM.
Bennuuny BiIHOCHOTO HOMIHAJIBHOTO ONOPY OYAb-SKOTO €JIEMEHTY CXEMH Xx*
BUPAXAIOTh y MUUIIOMAax, 3HAIOYM HOMIHaibHy HaAnpyry Uyey 1 HOMIHAJIBHY

MOTYKHICTh €JIEMEHTA Syoy:

X=X, Uz HOM / SHOM . (1914)

Ornopy B cxemi 3aMillleHHs NMPU3BOAATh 10 Hanpyru cryneni Uy . (Hkdoi
HaIpyTH):

X= 1*(L HOM / / uou)(l”; Hone [ U Hnu)_ Xy L e a— Snou'

(19.15)

Omip cuCTEMU MOKHA BU3HAYUTH, BIAHICHIN 11 OTYXKHICTh S A0 MOTY>KHOCTI
BIJIKJTFOUEHHS Sory BAMHKAYA:
.T*c = SC ‘/‘ M

oTKn’

(19.16)
Toni, BpaxoByroun (6.65), a TakoX Te, IO B JAHOMY BHHIAIKY Syon = S,
OTPUMAEMO

: s. vz,
T N S
okt “ Yorxa (19.17)

[Ticyist ToTO 5K yCi, ONTOpY (aKTHBHI I's Ta IHAYKTHUBHI X5) BUPKEHI B MIJUTIOMaX,

bl
72
HOM L‘n "oM

3HaIeMO HalOUIble 3HAYEHHS MEePIOJUYHOI CKJIAJOBOi CTPYMY KOPOTKOIO
3aMHUKaHHA NPU TpUPazHOMY KOPOTKOMY 3aMUKAHHI:

9= b(\, \/r§+.\'§), (19.18)

ne U-niHiiiHa Harpyra cTyneHi KOPOTKOTO 3aMUKaHHS.

VY napHuii CTpyM BU3HAYa€EMO 3 ypaxyBaHHSIM BETUYMHH yIapHOTO KoeilieHTa
(muB. Puc. 6.2) ky = f [x /(314 71)].

Habmmxeno mius tpancdopmaropiB 3 St = 630 + 1000 xB-A, Ui = 5,5%
3HaueHHs ky = 1,3; nns tpancpopmaropis St = 100 + 400 kB-A 3nauenns k, = 1,2;
JUIS BILJAJIEHUX TOYOK Mepexi ky~1.



CTpyMH KOpPOTKOTO 3aMHUKaHHS JIBUTYHIB, MpPHEIHAHUX O€3MOCEPETHBO 10
MICLSI KOPOTKOTO 3aMHUKaHHSI, BPAaXOBYIOThCA TUIbKM TNPHU BU3HAYEHHI MOBHOTO
YIApHOTO CTPYMY KOPOTKOTO 3aMUKAHHS:

i =k /2
ly_l‘n_vcx\;’ “lpomyEs (19 19)
e Kpyex = lu / lwom=4,5 + 7-KpaTHICTH IIyCKOBOTO CTPyMYy KOPOTKOTO
3aMUKaHHS JBUTYHIB, lyowz - HOMIHQJIBHHUNA CTPYM OJHOYACHO MPAIFOI0YNX

JBUTYHIB, KA.

Crin 3a3Ha4UTH, IO B PO3TIITHYTHX ycTaHOBKax 0 1000 B pekomenmyeThCs
BpaxOBYBaTH 301JIBIICHHS AKTUBHOTO OIOPY IPOBIJHMUKIB I' MPHU iX HarpiBaHHI
3HAYHUMU CTPYMaMH KOpPOTKOTO 3aMuKaHHS. /[l 1mporo y BupoOIeHOMY
MOTEPETHHOMY PO3PaXyHKY CTPYMIB KOPOTKOT'O 3aMUKaHHS pOOUTHCS MOIpaBKa Ha
BEJIMYMHY 3MIHEHOTO0 onopy (MOMm):

o r-[l+ = -(1-)2_]
140,0040,\ s ) | (19.20)

ne m-koediieHT (I Mial m = 22,5; 11 allloMiHII0 m = 6); t-4ac KOPOTKOTO

3aMHUKaHHA, ¢; Op - TemiepaTypa A0 HACTaHHA KOPOTKOIO 3aMHUKaHHSA, rpaj; S -

Tepepis MpoBOY, MM2,

CTpyM KOPOTKOTO 3aMHUKaHHS [P HOBOMY 3HAYEHHI T ";

I,=Up (/3> +x3). (19.21)

Jlexnisa Ne2(
Tema: EnextponuHaMiuHa 1 TEpMIYHA il CTPYMIB KOPOTKOTO 3aMUKaHHS.

Meta:O3HaliOMUTUCS 3 EIEKTPOAMHAMIYHOIO 1 TEPMIYHOIO JIEI0 CTPyMIB
KOPOTKOTO 3aMHUKaHHSI.

MeTtoam: CIIOBECHI, HAOYHI.
Iliaan:
1 EnexkTpoanHaMivyHa Jisi CTPyMiB KOPOTKOI0 3aMUKAHHS.

2 TepmiuHa Jist cTPyMiB KOPOTKOI0 3aMUKAHHSI.

MarepiajbHoO-TexXHiuHe 3a0e3neyeHHs Ta AuAaAKTH4YHI 3aco0u, T3H: koHcmekT,
H1IPYYHUK.



Jliteparypa:

1 JIunkun B.}O. DnerpocHabkeHne NpOMBIIUICHHBIX TPEINPUITUNA U YCTAHOBOK. —
M. : «BrIcmas mkosaa», 1990 r. — 365 c.

2 TlocrauxoB H.II., PybGamoB I'.M. DnekTpocHaOkeHUE MPOMBIIUICHHBIX
npennpusituii. — Jleaunrpan: «Ctpousgat», 1989 r. — 351 c.

EnextpoaunamiuHi 11ii CTpyMIB KOPOTKOTO 3aMuKaHHA. [Ipu KOpOTKHMX
3aMHUKaHHIX B PE3yJIbTaTl BUHUKHEHHS HalO1IbIIOTO YIAPHOTO CTPYMY KOPOTKOTO
3aMUKaHHS B MIMHAX 1 IHIIMX KOHCTPYKIISAX PO3MOIUIBHUX MPUCTPOIB BUHUKAIOTD
eJIEKTPOIMHAMIYHI 3YCHIUIS, AKi, B CBOIO UEpry, CTBOPIOIOTh BUTMHAE MOMEHT, a
OT)K€, MEXaHIYHE HalpyKeHHs B MeTanl. OCTaHHE NOBHUHHO OYTH MEHIIE
MaKCHMAaJIbHO JOMYCTHMOTO HAIIPYTH ISl JTAHOTO METay.

EnekTpoauHaMiuHl [J1i  yAapHOTO CTPyMYy KOpPOTKOTO 3aMHUKAHHS IIpH
Tpu(azHOMYy KOPOTKOMY 3aMHMKaHHI BHU3HAYalOThCA CHUJIOK0 B3aEMOJII  MIXK
IIPOBiIHMKAMH TIPH NPOTIKaHHI 10 HUM YIApHOTO CTPyMy iy Haibiabma cuna FO,
(H), mro nie Ha muHy cepeHboi Ga3u 32 yMOBU PO3TAITYBaHHS MPOBITHUKIB (IIIHH)
B OJHIN IUIOIINHI:

f

/ / i
FO=32204:2 = 1,76-1%-107%,
a

& a

Wl

(20.1)

nie V3/2 - koedilienT, 1m0 BpaxoBye Po3GKHICTS MUTTEBHX 3HAYCHD YAAPHOTO
cTpymy B ¢azax; | i a - moBKHHA 1 BiACTaHb Mi’K CTPYMOBIIHHUMH YaCTHHAMH, JUB.

Posrisgaroun mumHy SIK piIBHOMIPHO HABAHTAXKEHY 0araTONMpPOTrOHOBUM OalKy,
BurnHae MmoMmeHT (H ¢ M), cTBOoproBaHu#l ylapHUM CTPYMOM,

e 3)7/
M=F*]/10. (202)

Toni HalOLIBITY MEXaHIYHE HaNpyXeHHs B MeTasi npu Buruxi (MlIla)

o=M/W=1,76 10 *121*/(aW).
= Hel) (20.3)
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ne | - BizictaHb MiXkK OOPHUMH 130JIATOPAMH, CM; d - BIICTAHb MIXk OCSIMH IITHH
cyMmixHUX (a3, cM; W - MOMeHT omnopy, cM®,

[Ipu posrairyBanH1 HIMH 11a3oM (puc. 1)

W=bh?[6
: (20.5)
[Ipu po3ranryBanH1 muH Ha pedpo (puc.1)
W=hb?/6. (20.7)

Po3paxyHKOBI BEJIWYMHM HaNpyXeHb B IIHHI G, MOBUHHI OyTH MEHILE
JOMYCTUMUX HATIPYKEHD G-

Tepmiuni Al CTpyMiB KOPOTKOTO 3amMuKaHHs. CTpyMOINpOBIJHI YaCTUHH, B
TOMY 4YHCIl 1 Kabemi, MpU KOPOTKUX 3aMHUKAHHSIX MOXYTh HarpiBaTHUCS O
TEMIIepaTypy, 3HAYyHO OUIBLION, HDK Mpu HopMaidbHOMY pexumi. [1[o0
CTPYMONPOBI1/IHI YACTUHH OYyJIM TEPMIYHO CTIMKI 10 CTPYMIB KOPOTKOTO 3aMUKaHHS,
BEJIMYMHA PO3PAXyHKOBOi TEeMIIEpaTypu T, MOBMHHA OYyTH HIDKYE JOIMYCTHUMOI
TEMIEPATYPHU Tyon JUISI JTAHOTO MaTEpiamy.

3a miificHE 4Yac MPOTIKAHHS CTPyMy KOPOTKOTO 3aMUKaHHS MPUHMAIOTh
CYMapHUM Yac il 3aXUCTY tsay, 1 BUMUKAE aTIAPATYPH Lypen: t=LiamHiuer. [Ipu mepeBipii
CTPYMOBEIyUMX YaCTHH HAa TEPMIYHY CTIMKICTh 3a3BHUUall KOPUCTYIOTHCS TTOHATTAM
NPUBEIEHOTO Yacy t,p,, MPOTATOM SIKOTO CTalHil CTPyM KOPOTKOTO 3aMHMKaHHS L.
BUJIUISIE TY K KUIBKICTh TEIUIOTH, IO 1 3MIHIOETHCS B 4acl CTPyM KOPOTKOTO

3aMMKaHHS, 3a JIMCHUH 4Jac f.



Hagpenene yac BU3Haya€eThCs CKIAJOBUMHU Yacy MEePiOAUYHOT 1 anepioAUIHO1

CKJIaJIOBUX CTPYMY KOPOTKOTO 3aMUKAHHS:

Iup_tup u+ lnp a* (20 8)
tapn 5
2l S TT T T1] T
= m H
611151 I 1
SEEE -
4
T
2 _- = o 1 j&?"*’:\]
« A i I
et e
I,l,' 1 1 I ~2
3 7= 1 amp=ai
e ) ~1 1745
‘Tb<A = T =
z T+ 1 - =
7. AR i 45
T et 1 1
e sESE
1 1 =TT =2
A 3 i Te—t=01
o f EE I ,,
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Puc 612 Kpusbie NPHBCACHHOIO BPEMCHH NEPH-
OAMYECKOH Colaralolei TOoKa HpH NHTAHHH  OT
reneparopa ¢ APB

Bennuuny t,,, ipu AificHoMy yacy t <S¢ 3HaXO0AsTh 32 KPUBUMHU 3aJIEKHOCTI

tpn=f (")  (puc.2), ne
n - III / .
et (20.9)
[Mpu npificaomy 4acy t <5c Benmuuna ty, = t;p, 5 + (t - 5), xe t,, 5 - HaBeneHe wac
s t =5 ¢. HaBeeHe yac anepioAMYHOI CKJIaJ0BO1

tap o =0,0053"2, (20.10)

[Tpu nificnomy vacy t <lc BenuuuHa typ,, HE BPaXOBY€ETHCS.
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Puc. 6.13. Kpusnic Harpepa TOKOBEIYUIHX
YACTEH TIPH KOPOTKHX 3aMbIKaAHMAX



CTpyMOIIPOBIIHI YACTUHU PO3PAXOBYIOTh HAa TEPMIUHY CTIMKICTh 32 KPUBUMU
HarpiBaHHs Pi3HUX METaJliB, IO MPEACTABISAIOTH 3AICKHICTh (puc. 3) 1=f(4)=f
(j?twp), me j=I/s - minbHiCTH CTPyMy, A/MM?; ty, - HABEZIEHE YaC il CTPYMY KOPOTKOTO
3aMUKaHHS, C.

Sxmo Bigomi BenmudMHUA |, 1 typ, TO, 3HAIOYM MaKCHMAJBbHO JIOIMYCTUMY
TEMIIEPATYPY JUTSI JAHOTO METAIY T yon, 32 BKA3aHUMHU KPUBUM HArpiBy 3HAXOISTH

BCIIMUUHY

A=(1./s)t.,, (20.11)

3BIAKM BU3HAYAIOTh EPETUH MPOBITHUKA S.

SIKmio BiloMa TakKoOXK IIOYAaTKOBAa TEMIlEpaTypa HarpiBy MpPOBIJHHKA [0
KOPOTKOTO 3aMHUKAHHS (Tyau), TO 3a TUMH K KPUBUM HArpiBy JUISl Tuay BU3HAUAIOTH
BENUUYUHY Ayaq. [103HAUMMO Yepe3 Ax BEIMYMHY, MPONOPLIAHY MOBHOTO KUJIBKOCTI

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

‘4x =A * Auaq’
(20.12)

Abo

A =(I. |sf bt A

)

e (20.13)
[lepetnn kaben0 HAa TEPMIYHY CTIHKICTH 17 TpU(a3zHOTO KOPOTKOIO

3aMUKaHHS MTePeBIPIETHCA ajie (HOPMYIIOI0

—

Syun = 11 \,"' [up/‘ C,

(20.14)

ne C=Ayx-Au KOCOILIEHT, MO BIAMOBIJAE PI3HUIN BUIIJICHOI TEIUIOTH B
MPOBIAHUKY MICJS 1 10 KOPOTKOro 3aMUKaHHs (a1 kabeniB Hanpyroro 6-10 kB 3
MIJIHAMH Xriamu C = 141; 3 amroMidieBUMHA xryiaMu C = 85; 1 aIroMIHIEBUX IIIHH

¢ = 88; ms MigHUX muH C = 171; 11 ctaneBux 1mmH C = 60).

Jlexnmis Ne21
Tema: lITyuni 1 npupoaHI 3a3eMJIIOBAY1 Ta 3a3eMJIIOBAJIbLHI MPOBITHUKU

Mera:
1.1 O3HaiioMuUTHCS 31 IUTYYHUMU 1 IPUPOJTHUMH 3a3€MIIIOBaYaMHU



1.2 3po3ymitu Oy10BY 1 IPU3HAUYCHHS 3a3€MJTIOBAILHUX MTPOBITHUKIB

MeToau: CIIOBECHI, HAOYHI.

Il1an:

1 [ITy4Hi 3a3emIrOBayi.
2 [Ipupoani 3a3emitoBaui.
3 3a3zeMIIIOBajIbHI MPOBIIHUKH.

MarepiajibHO-TeXHiYHe 3a0e3nmeuyeHHs Ta TUAAKTUYHI 3aco0u, T3H: KoHCHEKT,
HIPYYHUK.

Jlireparypa:

1 JIunkun B.}O. DnerpocHabxkeHre MPOMBIIUICHHBIX TPEANPUATANA U YCTAHOBOK. —
M. : «BeIcmiag mkoia», 1990 r. — 365 c.

2 TloctaukoB H.II., PybGamoB I'.M. DnekTpocHaOXKeHUE MPOMBIIUICHHBIX
npeanpusatuid. — Jlenunrpan: «Ctpousgat», 1989 r. — 351 c.

I Ty4Hi 3a3eMuI0Bavi. Sk MITy4HI 3a3eMJTIOBayvl 3aCTOCOBYIOTh BEPTUKAIBHO
3a0UTI B 36MJTIO BIIPI3KH KYyTOBUU CTANIA JJOBXKUHOIO 2,5 - 3M 1 TOPU3OHTAIBHO
MPOKJIAJIEH] KPYTJIl 1 PAMOKYTHI CTaJIEBl CMYTH, SIK1 CITY>KaTh JJIsl 3B'SI3KY
BEPTHKAIBHUX 3a3€MJII0BauiB. BUKOPHCTaHHSA CTaleBUX TPYO HE PEKOMEHY€ThCSI.
OcTaHHIM YacOM IIMPOKO 3aCTOCOBYIOTH MOMTMOJIEHI IPYTKOBI 3a3eMJTIOBAaYI 3
Kpyryoi craii giamerpom 12-14 MM 1 1OBKUHOIO 710 5 M (CTpUXKHI1), BBEPTAIOTh B
IPYHT 3a IOIOMOTOI0 CHEIIaTbHOTO MPUCTOCYBaHHS-€JIEKTPU(IKOBAHOTO PYYHOTO
3armayOsroBada. 3aBASKUA MPOHUKHEHHIO TAKUX €JIEKTPO/IIB B TJIMOOKI IIapu TPYHTY
3 MIJBUIICHOIO BOJIOTICTIO 3HIKYEThCS mUTOMUil omip. [lornmubneni npyTkoBi
3a3eMJII0Bayl 3HIKYIOTh BUTPATy MeTaly, 1 BUTPATH Ipalll Ha poOOTy 1o
BJIAIITYBaHHIO 3a3€MJICHHS 1 TOMY MTOBHMHHI 3aCTOCOBYBATHCS B MEPIILY YEPTy.
Ipupoani 3azemuoBawi. B dkocTi  mpupoaHMx  3a3eMJIIOBaviB
BUKOPUCTOBYIOTh: MPOKJIAACHI y 3€MJIl CTaJleBl BOAOIPOBIAHI TpyOH, 3'€qHaH] B
CTHMKax Tra30- a0o eJeKTpPO3BapIOBaHHIM; TPYOM apTe31aHChbKUX CBEPAJIOBUH,
cTajieBa OpOHSI CHUJIOBUX KaOeiB, MPOKIAICHNUX y 3eMJI, TIPH YHCII iX HEe MEHIIEe
JIBOX; METaJIeBl KOHCTPYKIIi 1 pyHAamMeHTH Oy 1iBelb Ta CIIOPY, 1110 MAIOTh Ha1iHE
3'€MHaHHA 3 3€MJICIO; PI3HOTO POAY TPYyOONMPOBOAM, MPOKIAACHI MiJl 3EMIICIO;
CBUHIIEBI 000JIOHKH KabeliB, MPOKIACHUX B 3€MJIL.



He nomyckaeThcsi BAKOPUCTOBYBATH SIK TPUPO/IHI 3a3eMITIOBadl TPYOOTIPOBOIN
TrOPIOYMX PIJIUH 1 TOPIOYKX a00 BUOYXOBHX rasiB, aJllOMIHIEBI 0OOJIOHKH KaOeriB,
aJTFOMIH1€B1 MMPOBIIHUKY 1 KaOeJIi, MPOKJIaJeH] B TyHEAX, OJI0KaxX, KaHaIax.

JIist 3HVWOKSHHST BUTPAT, O HAYTH Ha 3a3€MITIOIOY1 TIPUCTPOI, B MEPIILY Yepry
PEKOMEHY€ThCSI BHKOPUCTOBYBATH MPUPOTHI 3a3€MITIOBAYI.

Po3paxyHok mnpupoanux 3azemuaoBauiB. Ormip poO3TiKaHHIO MPOBITHUKA
KpyTJoro TepeTuHy (HampuKiIal, TOPU30HTAIBHO TMPOKIAJACHOI B  3eMIIl
BOJIOTIPOBITHOT TPyOH) BU3HAYAETHCS 3a. HacTymHO0 eMmipudHOI0 (hOPMYIIOTO:

ro=(0,366p/I)1g [12/(dt)],

1€ p - MATOMHH ortip IpyHTY, OM-cM; | - moBkuHa npoBinHuKa (TpyOH), cM; d -
30BHIIIHIA JAlaMeTp NpoBiAHUKA, cM; t - TTMOMHA 3aKJIaICHHS MPOBIIHUKA (TPyOH)
Bl TOBEPXHI 3eMJII JO CEpPEIWHHU IMPOBIAHMUKA, JUB. Omip PO3TIKAHHIO IHX
3a3eMJIIOBaYiB € HECTAOLTLHOIO BEJIMUMHOIO 1 BU3HAYAETHCS MUISIXOM BUMIPIB. SIKIIIO
OMmip PpO3TIKAHHIO MPUPOAHUX 3a3eMJIIOBAYIB HEJAOCTAaTHHRO 3a HOPMaMH,
3aCTOCOBYIOTH IITYYHI 3a3€MJIIOBAYI.

[Ipy BUKOpHCTaHHI INTYYHHUX 3a3€MJIIOBAYiB CIJIJI MaTd Ha YyBasi, WLIO
MOOJIMHOKI 3a3€MJIIOBAYl, 3aKJIaJ€Hl B IPYHT (IpH BiJCTaHI OAWH BiJ OAHOTO HE
MeHIe 2,5-3 M), BUKIHUKAIOTh SBUIIE 63AEMHO20  EKDAHYBAHHS — MIHC
3azemnosayamu. B pe3ynbTaTi eKpaHyBaHHS 3arajibHUM OMIp N 3a3eMIIIOBAayiB HE
JIOPIBHIOE CYMi OIIOPiB OJMHOYHUX 3a3eMiIoBaviB R; TOMy oOImp CKJIaJHOTO
3a3eMJII0Baya;

Ry=R,/nn, (21.1)

ne 1 — KoedirienT exkpanyBanHs (BUKOPUCTaHHS) TPyO4aCTHX 3a3€MJITIOBAYIB,

0 3aJICKUTH BiJ] YKMCIIa 1 B3AEMHOTO PO3TallyBaHHS 3a3eMIIIOBaviB. Bemnuuny 1)
(6e3 ypaxyBaHHSI CMyT'H 3a3€MJICHHSI) BU3HAYAIOTh 3a 97myxo0. 7.1.

Yucao 1pybua- | KoxpHureHT IKpaHMPOBAHMS 1) NPH OTHOWICHMM DPACCTOAHHA MEAIY
TEIX 3a3eMIH- TpybaMu K wx umpe (a;f)
TeAeH
3 2 l 3 2 |
Tpyvow pasvewenun ¢ paod Tpyom pasmewenst no Kowmypy
5 0,87 0,8 0,68 — |
10 0,83 0,7 0.55 0,78 0.67 0,59
20 0,77 0,62 047 | 072 0,60 0,43
30 0,75 0,60 040 | 0,71 0.59 0.42
50 | 0.73 0,58 0,30 0.68 0,52 0,37
100 \ 0.64 0.48 0.33
200 - 0.61 0.44 0,30
30 | — - - 0.60 0.43 0.28

Ormip po3TiKaHHIO 3a3€MJIIOBAYiB B OCHOBHOMY 3aJICKUTh BiJ] TUTOMOTO OMOPY
IPYHTY p, SIKE, B CBOIO 4Epry, 3aJeXWThb Bl CKJIaQy IPYHTYy, ii BOJIOTOCTI,
TEeMIIepaTypH, HIIILHOCTI MPUIISATAHHS YACTUHOK, HASBHOCTI PO3YMHHUX COJIEH 1
97ny. 31 3MiHOIO TIOPU POKY 3MIHIOETHCSI TAKOXK 1 OMMIpP PO3TIKAHHIO 3a3€MITIOBAYIB.
Hwxde HaBeieHi BETUYMHU MUTOMOTO OTopy rpyHTY p (OM-M), OTpriMaHi Ha OCHOBI
JOCHITHUX JTaHUX MpHU Bojiorocti rpyHTy 10-20%:



BRCCOE 1oininss coiconvanvinmreyavss v neaveas ds s sa ghch 700

CYTMECOK 1vveieerrieeeirireerinnnesssnsesessiaseenss 300
(8o 5171111 (o] s P R A LSO 100
551111 [ e L e e e S R 40
CANOPAN ICNIND vvrissnvsusassnssusasivaassss 40
UCPHOBEM 1evveverreeciieieeians o sveviesnnenns 20
)5 e e i e S Sl LS 20

3azeMiIIOBAJIbHI IPOBIAHMKH. B SKOCTI 3a3eMII0I0YNX 1 HYJBOBUX 3aXHCHUX
MPOBITHUKIB BHUKOPUCTOBYIOTh: HYJIbOBI po0OOUl MPOBIAHUKH MEpEexki; MeTaleBl
KOHCTPYKIii OyaiBenb (pepMu, KOJIOHH 1 T. 1I.); METaJIeBl KOHCTPYKIIiT BAPOOHUYOTO
npu3HaueHHs (MIJKPaHOBlI NUISXHM, KapKacH PO3MOAUIEHUX MPUCTPOIB, MIAXTH
TGTIB 1 T. .); CTaJEBl TPYOH €JIEKTPOMPOBOAOK; aTIOMIiHIEBI 0OOJIOHKH KaOeiB;
MeTajeBi Kopoou 98yxo 3a3emiie i JIOTKIB.

Bukopucrtanus meraneBux 000JOHOK TpyO4yacTHX IMPOBOAIB HECYUHX TPOCIB
IpU TPOCOBOI €JIEKTPONPOBOALI, METAJIEBUX OOOJOHOK 1 CBUHILEBUX OOOJOHOK
MPOBOJIIB 1 KabediB K 3a3eMIIIOIOUMX a00 HYJIBOBUX 3aXHCHUX MPOBITHUKIB
3a00POHSIETHCS.

He3zanexxHo Bii CTyneHs BUKOPUCTAHHS NMPUPOAHMX 3a3€MIIIOBAYIB B SKOCTI
3a3eMJIIOIOUMX 200 HYJIBOBHX 3aXMCHUX IPOBIJIHHUKIB BOHU MMOBUHHI MaTH HaJlIHE
3’€HAHHS 13 3a3€MIIIOIOYUM TMPUCTPOEM B MPUMIIIEHHAX, B IKUX 3aCTOCOBYETHCS
3a3eMJIEHHS a00 3aHYJICHHS.

VY Bumajgkax, KOJU PO3IJISHYTI NPOBIJHUKU HE MOXYTh OYyTM BHKOPHCTaHI,
MPOKJIAJAI0Th  CIELIabHI  3a3eMJIIOIOYl  OPOBIAHUKH. Sk Marepian s
3a3eMITIOIOYMX TPOBITHUKIB 3aCTOCOBYIOTH CTallb, MPOTE B ACSIKUAX BHUMAAKaX
BUKOPHUCTOBYIOTh KOJBOPOBI MeETalM, HalpHUKIad KOJM 3aCTOCYBaHHS CTald
KOHCTPYKTUBHO YTPYAHEHE.

[lepeTnH 3a3eMiIOI0YMX 1 HYJBOBUX 3aXHCHUX IMPOBIAHHUKIB TMOBUHEH
3aJI0BOJIBHSITH YMOBaM MEXaHIYHOI MIITHOCTI 1 TEPMIYHOI CTIMKOCT1, BCTAHOBJICHHUX
ITVE.

B ycranoBkax Hanpyroto Buie 1000 B 3 BenukuMu cTpymMamu 3aMUKaHHS Ha
3emutto (Outbie 500 A) mepepi3 3a3eMIIIOBAIBHUX MPOBITHUKIB Ma€ OyTH TaKUM,
00 NpH MPOTIKAHHI CTPYMIB OAHO(A3HOTO 3aMHUKAHHS Ha 3e€MJII0 TeMmIlepaTypa
3a3eMJIIOBAJIbHUX MPOBIAHMKIB He nepesuinyBaia 400 © C (mpu KOpOTKOYACHOMY
NPOTIKaHHI CTPYMY 1 BIATIOBIIHOMY 4Yacy Jii OCHOBHOT 3aXHUCTY).

B ycranoBkax nHanpyroto no 1000 B i1 Buiie 3 13071b0BaHOI0 HEHUTPAILIIO 1

NEPETUHY 3a3€MJIIOI0UMX MTPOBIAHUKIB BUOUPAIOTH 3a TPUBAJIO JTOIYCTUMOMY
HABaHTAXKEHHI 1 mepepizy (ha3zHux mpoBoiB. [lepeTrHM 3a3eMITIOI0UHNX MPOBITHUKIB
IIOBMHHI CTAHOBUTH HE MEHILE /3 mepepisy GpasHuX, a NP NPOBiTHUKAX, BAKOHAHUX
3 pi3HUX MeTaliB, - He MeHIIE /3 mepepidy (pa3HuX, IMPOBIAHMUKIB, ajle HE MEHIIE

HaBeqieHux B [IYE miniMansHux nmepetrHiB. Maiike y BCiX BUTIQJKaX JOCTaTHI
HacTynHi nepepizy: 120 mm? —is crami, 35 MM? — I amoMiHio i 25 MM2-11s Miji.
B ycranoBkax Hanpyroro 10 1000 B 3 98 nyxo 3a3emiieHO0 HEUTPAJLIIO

MPOBIAHICTH 3a3€MIIIOIOYMX MPOBITHUKIB BUOMPAIOTh 3 YMOBHU 3a0€3MEUEHHS
aBTOMATHYHOTO BIJIKJIFOYEHHS IMOIIKOJKEHOI JIJISHKH, TOOTO MPHU 3aMHUKaHHI M1

¢azoro 1 3a3eMITIOBATIbHUM MPOBIIHUKOM, B K1 OM TOYIl MEpEXi BOHO HE

B110YJ10CS, IOBUHEH, BUHUKATU CTPYM KOPOTKOT'O 3aMHMKaHHS, 110 MEPEBUILLYE

IOHaiMeHIIe B 3 pa3u HOMIHAJIBHUN CTPYM IUIABKOi BCTABKU HAMOJIMIKUOTO



3armoOiKHUKa a00 CTPyM MAaKCHMaJbHOTO pO3UEeIUIIoBada aBTOMara 3 Hazajl
3QJIEKHOIO Bl CTPYMY XapakTepucTukoro. J[ins BUOyXoHeOe3MeuyHux MpUMIIIECHb
CTPpyM OJHO(]A3HOTO KOPOTKOTO 3aMHUKaHHS MTOBUHEH IMEPEBUIIYBaTH HE MEHIII HIXK
y 4 pa3u cTpyM HaWONFKUIN TUIABKOIO BCTaBKH a00 B 6 pa3iB CTPYM BiIKITIOUEHHS
aBTOMATa 3 Ha3aJ| 3aJI€KHOIO Bl CTPYMY XapaKTePUCTUKOIO.

[ToBHa MPOBIAHICTH HYJIBOBOI'O 3aXHCHOTO NPOBITHUKA MOBUHHA OyTH HE
meniie 50% mpoBigHOCTI (ha3HOTO MPOBIIHMKA, @ HYJIbOBUN POOOUYUI MPOBITHUK
MOBHHEH OyTH PO3paxOBaHWi Ha TPUBAIMIA MEepedir CTpyMy.

VY mepexax nampyroro 10 1000 B 3 99 nyxo 3a3eMJIE€HOI0 HEUTpAILIIO ISt
3a0e3MeyeHHs] BIAKIIOUEHHSA JiHIT mpu 3amMuKkaHHl Mik. Da3sHUM 1 HyJIbOBUM
IIPOBOIAMH CTPYM 3aMUKaHHS TOBUHEH OyTH

L=U/(z,+2,), (21.2)
ne Uy — da3na Hampyra mepexi; Z, = r 2 + X2 — oBHHit orip et (dasauii
— HYJILOBUU MPOBIA) JiHIT; Z; — MOBHUM OMip TpaHchopmaTopa MpHu 3aMUKaHHI Ha
KOpITYC.

Kparuocte A TOKd 3dMBIKAHHR
3anmTEB annapat B TTOMRIIEHHAX
¢ HOpPMAILHOMN ¢ BIPLIBOONACHOR
cpenoi cpeqoi
[IpesoxpanuTenn ) C 3 o 41,0
ABTOMaTbl ¢ OOpaTHO 3aBHCHMOHN Xa- )
PAKTEPHCTHKOM 3 (7 .
ABTOMATHl € YIEKTPOMATHHTHBIM DAC- 1.4/, npu ‘ 147, npu
IIENUTENEM i <100 A. [, <100 A;
g
1,251, TIpH 1.231,,,, 1pH
Lo > 100 A Lo =100 A

B sikocTi 3axucHUX amapatiB B Mepexkax Hanpyroto g0 1000 B 3actocoByroTh
aBTOMATUYHI  BUMHUKaul (aBTOMaTH) 1 3amOO0DKHUKH, JUISI  YCIIIIHOTO
CIpAIlbOBYBAHHS SKMX HEOOXIAHO 3a0€3MeYuTH MPOTIKAHHS B  JIAHINO31
0J1HO(ha3HOTO 3aMUKAHHS TIOCTATHHOTO 32 BETMYUHOIO CTPYMY

I =kl
3, S (21.3)

ne K - kpaTHICTb CTpyMy 0AHO(DA3HOTO 3aMUKAHHS 10 CTPYMY YCTaHOBKH
aBTomMaTa a00 HOMIHAIBHOMY CTPYMY 3aMOO1KHHKA .

Ctpym ogHoda3zHoro 3aMuKaHHs |3 mpoTikae Big TpanchopmaTopa mo mnetii
«(a3zHui-HyJIbOBHI MPOBII» 1 BU3HAYAEThHCS 32 (21.3).

Jlexuiss Ne22

Tema: Po3paxyHOK 3a3eMIIIOBaJIbHUX MPUCTPOIB B €IEKTPOYCTAHOBKAX.
Meta: HaBunTrcs po3paxoByBaTH 3a3eMIIIOBAIBHI IPUCTPOT B €IEKTPOYCTAHOBKAX.

MeToau: CIIOBECHI, HAOYHI.

Il1an:



1 ITpu3HaueHHs 3a3eMIIIOBAJILHOTO MTPUCTPOIO
2 [IpuHUUI po3paxyHKy 3a3eMIIIOBAJILHOTO IPUCTPOIO.

MarepiajibHO-TeXHiYHe 3a0e3nmeuyeHHs Ta IUAAKTUYHI 3aco0u, T3H: KoHCHEKT,
HiAPYYHUK.

Jlireparypa:

1 Poxxkosa JI.JI., Kozynuna B.C. DnektpoobopynoBanue CTaHITUN M TIOICTAHITUNA:
YueOHuK 119 TEXHUKOB. — M.: DHeproaTomusaat, 1987. — 648 c.

2 Jlunkun b.}O. DneTpocHabxkeHue MPOMBIILIEHHBIX MPEANPUITUN U YCTAaHOBOK. —
M. : «Bricmag mxoia», 1990 r. — 365 c.

3 TloctaukoB H.II., PybGamoB ['.M. DOnexkrpocHaGXeHHE MNPOMBIILICHHBIX
npennpusituii. — Jleaunarpan: «Ctpousgat», 1989 r. — 351 c.

[Ipu  po3paxyHKy  3a3eMJIIOIOYOTO  IMPHUCTPOIO  BU3HAYAIOTHCS  TUI
3a3eMJIIOBAYIB, X KUJIBKICTh 1 MICII€ PO3MIIIIEHHS, & TAKOX MEPETUH 3a3eMITIOI0UHNX
npoBiAHMKIB. Lleil  po3paxyHOK MpPOBOAUTHCS IS  OYIKYBAHOIO  OIOPY
3a3eMJIIOBAJIBHOTO MIPUCTPOIO Y BIAMOBIIHOCTI 3 icHYyrourMMHU BuMoramu I11VE.

['pyHT, HaBKOJNMILHIA 3a3eMilt0Bavi, HE € oAHOPiAHMM. HasiBHICTH y HbOMY
MiCKY, OyIIBETBbHOTO CMITTS Ta IPYHTOBUX BOJ pPOOHUTH BEJIMKHI BIUIMB HAa OMIp
1pyHTy. Tomy IIYE pekoMeHnyoTh BU3HAUATH MUTOMUN OMIP P IPYHTY HUIAXOM
Oe3mocepeIHIX BUMIPIOBaHb B TOMY MICIIi, 1€ PO3MILLYBaTUMYThCS 3a3€MIIIOBAYI.

OTpumaHe NUIIXOM BUMIPIB MUTOMUW OMIP TIPYHTY € HaWBAKIUBIIIO
BEJIMUMHOIO, 1110 BU3HAYAE OIIP 3a3€MIIIOI0YOT0 MpUCTpoto. [Ipu oMy HEOOX1THO
BpPaxOBYBAaTH CE30HHI KOJIMBAHHS MUTOMOI OMOpY I'pyHTY. HaBecHi 1 BOCEHU BOHO
HUXKY€, HK B3UMKY 1 BIITKY. 30UIbIIICHHS] TUTOMOI OMOPY 3€MJIi B 3UMMOBHI 1 CyXe
JITHINA Yac BpaxOBYEThCS 3a JOMOMOTror0 KoediiieHTiB miaBuieHHa. KoedimieHt
M1BUIIEHHS MMOKA3y€, Y CKUIBKU pa3iB PO3PaXyHKOBE YAUIBHE OIip IPYHTY OLIbIIe
B MOpPIBHSIHHI 3 BUMIPSHUM B TEIUTy NOPY POKY (TpaBeHb-)KOBTEHb). BenuunnHa
Koe(ilieHTa MiABUILIECHHS 3aJI€KUTh Bl CTAHY I'PYHTY MiJ Yac 3aMipiB Ta KIJIbKOCTI
OTaJiB, 10 BUMAIX Oe3MocepeHbo mepea BuMipaMu. Po3pi3HAIOTh TpU 3HAYCHHS
KOe(DILi€HTIB:

Y1 - nuTOMUIA Omip TPYHTY BIANOBiJA€ MPUOIU3ZHO MIHIMAJIBHOIO 3HAYEHHS
(TPYHT BOJIOTHIA; BUMIpaM MepeyBaio BUMAIaHHS BEJIMKOI KITBKOCTI OTaIiB);

Y, - muToMmii omip rpyimia BiAMOBIAa€ MPHUOIU3HO CEPEIHBOMY 3HAYEHHIO
(TPYHT CepeTHbO1 BOJIOTOCTI; BUMIpaM MepeayBalio BUMAaIaHH HEBEIMKOI KUTBKOCTI
omaniB);

Y3 - muToMuil omip IPpyHTY BIANOBiAA€ MPUOIU3HO HANOUIBIIMM 3HAYCHHSIM
(cyxa 3emMJs; BUMIpIB HE TIEPEIyBaIO BUIIAIAHHS OMAIiB).



Po3paxyHKoBe 3HA4Y€HHS NUTOMOIO OIOPY TIPYHTY B MICIi MPUCTPOIO
3a3eMJICHHS

P= PV, (22.1)

JI€ Pus - BUMIPSHUN TUTOMUM OMIp IPYHTY; Y - KOSDIIIEHT MiABUIIICHHS OTIOPY.

[Tpu BincyTHOCTI AaHUX BI/IMipIOBaHH}I JUIS PO3PAXYHKIB KOPHUCTYIOTHCS

3pA3KOBUMH 3HAYEHHAMU TATOMHUX OHOplB IPYHTIB: P03paxyHI<OB1 3HAYEHHSM

KOeQIII€HTIB MABUIIEHHS OMOPY A PI3HUX TIPYHTIB 1 TIMOWH 3aKiIaJeHHS
HaBejeHl, B Ta0m. 7.3.

I 1ybuua 3a- Pacyetnnie kosphuumente
Xapakiep 1pysTa NOKCHHA, M

k“| ‘J_‘ Vﬁ

Cyrausok 0.8—-38 20 1,5 1.4

Canosas 3eMias (0.6 M), HHKC CIO¥H 0—3 — 1.32 1.2
LJIHHBI]

I'paBHid ¢ NPAMECHIO [IHHBlL. HHAE 0—2 1.8 1.2 1.1
rJIMHA

MiBecinsk 0—2 25 | LS 1.2

['paBuif ¢ NpHMECHIO TECKA )—2 1,5 1.3 1.2

Topg 0—2 1.4 1.1 1.0

Mecox 0—2 24 1.56 1,2

Fnuna 0—2 24 1.36 1,2

3HarouM po3paxyHKOBE IMUTOMHUHN OIip TPYHTY, MOKHAa BU3HAYUTH OMIp
OJIMHOYHOTO 3a3eMirtoBada. Ommip BEpTUKAIBHOTO 3a3¢MITFOBaYa MpH JOBXKHUHI | (M),
niameTpi d (MM) BU3HAYAETHCS HAOIMKEHOIO (POPMYJIOF0

R,=(0,366 p/l)1g(4!/d). (22.2)

VY po3paxyHKax MOXHa KOPUCTYBATHCS TaKOX HACTYITHUMHU CIIPOIICHUMHU
dbopmynamu:

JUTSL TTIOTITUOJICHOTO MPYTKOBOTO €JICKTPOIa AiaMeTpoM 12 MM, TOBKUHOKO 5 M
Ro.np = 0,00227p;

07151 enekmpooa 3 Kymogoi cmani poamipom 50 X 50 X 5 mm, 0oexcunoro 2,5 M
Roy = 10,0034 p;

JUTsL eJIeKTpoa 3 Tpyou aiametpom 60 MM, gosxunoro 2,5 M = 0,00325 p, e p
BUPAXKEHOBO M ‘CM .

Yuciio  BepTUKAJIbHHX  3a3eMJIOBa4YiB  BU3HAYAETHCA  3a
3HaueHHAMHU Ro=R;u Ry =R3[cm. (7.4)]

"=R()."(nRx)’ (223)

ne N— KoediIi€HT eKpaHyBaHHS.

Ski1o BifICTaHb MIX 3a3€MJIFOBaYaMH @ W BIJHOIICHHS a// yTOUHIOIOTHCS IO
MEPUMETPY MiJICTaHIIIi, TO 3HOBY PO3PaXOBY€ETHCS YUCIIO 3a3€MJITIOBAYIB P HOBOMY
3HAY€HHI Koe]illieHTa BUKOPUCTaHHS.

3azemutroBadl 3'€IHYIOTHCA 32 JOMIOMOTOI TOPU30HTAIBLHUX METAJIEBUX CMYT,
omip sikux R, HEOOX1AHO BpaxoByBaTH, SIKILO OMip Ry BEpTUKaIbHUX 3a3€MIIIOBAYIB
Oinble onopy Rz, MpUHATOro 32 HOpMaMu:

ala (22.4)



ne K. — xoedilieHT BUKOPUCTaHHS MPOTSKHUX 3a3€MJTIOBAUiB (3aJICKUTH B1JT
CTaBJIeHHs a/l 1 4yuclia BePTUKAIBHUX €JIEKTPOJIB B PsIAY; CTAHOBUTH MPUOIU3HO
0,75—0,89 [15]); |, by— moBkuHa i mupuHa CMyTH, ¢M; t, rIMOMHA 3aKjIadaHHs
CMYTH, CM.

SIKIIO0 BpaxOBYETHCS OIMIP CHOIYYHOI CMYTH, TO 3MEHIIYEThCS HEOOXiTHA
KUTBKICTh 3a3€MIIIOIOYHMX BEPTUKAIBHUX €NEKTPO/IiB.

[Ticnst BUGOPY pO3paxyHKOBOI BEIMYMHU OTIOPY PO3TIKaHHA R3 3HAXOAATH omip
MITYYHUX 3a3eMilioBadiB R, mpu 1poMy BpaxoByeTbes omip R, mpupomxux
3a3eMJIIOBAYIB:

R,=R,R./(R.—R). (22.5)

[TpoBimHICT, MITYYHOTO 3a3eMIIOBada CKJIANAETBCS 3  TPOBiTHOCTEH
BEepPTHKAIBHUX 3a3emiioBadiB 1/R y 1 crameBoi ropusoHrtaibHoi cmyru 1/R ,
3’€JIHy€ BEPTUKAIbHI 3a3€MJIFOBAYI:

1/R.=1/Rs+1/R.. (22.6)

Tyt Ry miipaxoBy€eThCs 3 ypaxyBaHHAM Koe(illieHTa eKpaHyBaHHS (UB. Ta0.
7.1).

[IIo6 cTBOpUTH HAAIMHHWI KOHTAKT 3 IIapaMu TIPYHTY, SIKI HE MJIAI0ThCA
IIPOMEP3aHHs 1 BUCUXAHHS, 3a3€MJII0OBaYl 3aKJIaJJal0ThCsl Ha IIMONHY O0sn3bko 0,7 M
(BiJ MOBEPXH1 3eMJI1 0O BEPXHBOT YACTUHU 3a3€MJTIOBAYA).

3a (QopMoro po3TamryBaHHS 3a3€MIIFOBAdiB PO3PI3HSAIOTH BHUHOCHI (200
30CEPE/IKEH1) 1 KOHTYPHE 3a3eMJICHHS.

[Tpy BHHOCHOMY 3a3€MJIEHHI BCE 3a3€MIIIOBadl 30CEPEKYIOTb B OJHOMY
MeBHOMY MICIIi, JI¢ PO3TAIIOBYIOTh iX Ha BiJCTaHI HE MeHIIe 2,5-3 MM OJHH Bij
OJIHOT0. 3a JONOMOIOI MaricTpajeil 3a3eMJICHHS /0 BHHOCHOIO 3a3€MJICHHS
PUETHYETHCS €IEKTPOOOIIaTHAHHS.

[Tpr KOHTYypHOMY 3a3eMJICHHI 3a3€MIIIOBAdi PO3TAIIOBYIOTHCS 1O TIEPUMETPY
TEPUTOPIi, [0 3aXUIIAETHCSA; MpPU OUIBLIINA BEIMYMHI TEPUTOPIl 3a3eMItoBayl
3aKJIaIal0ThCSl TAKOXK BeepeauHi ii. KoHTypHe 3a3eMJIeHHSI pEKOMEHIYEThCS ¥ BCIX
BUIIAJIKaX, a B ycTaHOBKax Hanpyroto Buie 1000 B BoHO € 000B'sI3KOBUM.

Crnoci6 po3MilleHHs 3a3eMintoBayiB (y pal abo Mo KOHTYPY) BU3HAYAETHCS 32
IUTAHOM YCTaHOBKH. B yCTaHOBKax 3 BEIMKHUMHU CTpyMaMHU 3aMHKaHHS Ha 3€MITIO
3a3eMiItoBayl 1 JIHI{ 3B'SI3KYy CJIJI PO3TalIOBYBaTH Tak, 100 3a0e3Me4YuTH IO
MOXJIMBOCTI ~ PIBHOMIPHUH  pO3MOALT  TOTEHINlaTy Ha  IJIONIl, 3alHSTOl
eJleKTpooOagHaHHsaM. {1 1poro y3moBxk ocedt oOnmaaHaHHA Ha rmOuHi 0,5 M
MPOKJIAIal0Th BUPIBHIOIOTH TIPOBIIHUKH, SIKI 4Yepe3 KOXHI 6 M 3'€IHYIOTbH
MOTIEPEYHUMH TPOBITHUKAMHU. BUPIBHIOBaHHS MOTEHIIIANIB TMepe10ayaroTh TaKOXK
0111 BXOAIB 1 B'I3/11B HA TEPUTOPIIO MIMTPUEMCTBA.

CMmyroBa oJiajb, 3aCTOCOBYBaHa JIJIsl €IEKTPUYHOTO 3B'A3KY MIXK €JIEKTPOIaMH,
€ OJIaTKOBUM 3a3eMJIeHHSIM. Uepes MOpIBHAHO BEJIUKOTO OMOPY CIOIYYHHX CMYT
BOHO MajO BIUIMBAE Ha 3arajbHHUHA OMIp 3a3€MIIIOI0YOr0 MPHUCTPOr0. Tomy B
NPAKTHYHUX PO3paxyHKaxX MPOBIAHICTh CHOJYYHUX CMYT MOXKHa HE BPaxOBYBaTH
(32 BUHATKOM BEJIMKUX KOHTYPHUX 3a3€MIIIOBAYIB).



Jlexnis Ne23

Tema: OCHOBHI MMOHATTS 1 BUIIU pesIeHOTO 3axucTy. OCHOBHI THIIH perie.

Merta:
1.1 O3HallOMUTHUCS 3 OCHOBHUMU TTOHATTAMU 1 BUJAMHU PEIICHHOTO 3aXHUCTY.
1.2 OnanyBat OCHOBH1 BUJIU PeJIE.

MeToau: CIIOBECHI, HAOYHI.

Ilian:
1 OCHOBHI MOHATTS PEJICHHOTO 3aXUCTY.
2 OCHOBHI BUJM PEIECHHOTO 3aXUCTY.
3 OCHOBHI THIIH peJe.

MarepiajbHO-TeXHiYHe 3a0e3nmeyeHHs Ta TUAAKTHYHI 3aco0u, T3H: KoHCHeKT,
HIPYYHUK.

Jliteparypa

1 JIunkun B.}O. DnerpocHabxkeHre MPOMBIILUICHHBIX TPEANPUITANA U YCTAHOBOK. —
M. : «BrIcmiag mikoia», 1990 r. — 365 c.

2 TloctaukoB H.II., PybGamoB I'.M. DnexkrpocHaOXeHHE MPOMBIIIICHHBIX
npennpusatuid. — Jlenunrpan: «Ctpousgat», 1989 r. — 351 c.

AmnapaTtu peneitHOro 3axucTy - L€ cneuiaibHl NpucTpoi (pene, KOHTaKTOpH,
aBToMatH Ta iH.), [0 3abe3meuyoTh aBTOMAaTHYHE BIIKIFOYCHHS ITOIIKOKEHOT
YaCTUHU EJEKTPUYHOI YCTAaHOBKM a00 Mepexi. SIKIo MOMKOHKEHHS He
MPEICTABIIAE Il YCTAaHOBKH Oe3mocepeqHboi HeOE3MeKu, TO pPeeHHUN 3aXUCT
NPUBOAUTHh B JiI0 CUTHAIBHI TpucTpoi. s 3abe3nedeHHs HaAiitHOI poOOTH
pEJNIEMHUM 3aXUCT ITOBUHEH:

- MaTh BUOIPKOBICTH (CEJIEKTUBHICTB), T. €. BIAKIIOYATH BUCOKOBOJIHTHUMU
BUMHKadaMu a00 aBTOMaTaMd TiIbKHA TOIIKO/DKEHY IUISHKY yCTaHOBKH. Yac
CIPAIFOBAaHHS 3aXHUCTy XapaKTEePU3YEThCS BUTPUMKOIO dacy, IO 3abe3rnedye
BUOIPKOBICTh [1i 3axucTy. BuTpumka udacy Bu3HauaeThcs Yacom il BUMHUKaua
MIOIIIKOJPKEHOT TUJITHKY 1 9aCOM CITPaIlbOBYBaHHS 3aXHUCTY;

- BOJIOJITH JIOCTaTHHRO BHCOKOIO YYTJWBICTIO /IO BCIX BHJIB MOIIKO/KCHb Ha
3aXUIIAETHCS JIHIT 1 HA JHIAX, 0 KUBJIATHCSA BiJl HEl, a TAKOX /10 3MIHCHHUX Y
3B'SI3KY 3 [IUM [apaMeTpaM HOPMAJIbHOTO PEXXUMY poOOTH (CTpyMy, HAIIpy3i Ta iH.),
II0 OLIIHIOETHCSA KOS(DILIEHTOM YYTIUBOCTI



- OyTH BUKOHaHa 32 HalOJIBII IPOCTOIO0 CXEMOIO 3 HAWMEHILIUM YUCIIOM arnapaTiB.
Pene, 3acTocoByBaHi B peNeHHOr0 3axHCTy, KIACU(IKYIOTh 3a TaKUMHU

O3HAKaAMHU:

- 3a MPUHIIMIIOM Jii - €JIeKTPOMAarHiTHI, IHAYKLIHHI, €JIeKTPOINHAMIYHI,

TEIUIOBI, €JIEKTPOHHI, MArHITOCICKTPUYHI Ta 1H .;

- 0 mapameTpy Jii-CTpyMy, HaIllpyTH, MOTYKHOCTI, TEIJIOBI Ta iH |

- 3a CIOCOOOM BILJTUBY Ha BIJKIIOYEHHSI MPSMOTO 1 HETIPSIMOTO JIii.

Om vemov -
a) HUKG NUMOKNUS

" BT
Om axkymyramop-
Hou damapey

Puc. 8.1 TMpunipnuaibhbie (XeMbl YCTPOHCTBA PCJACHHOH 3aUIMThI

Sk npuKIaa NEPBUHHOTO pejie MAaKCUMAIBHOTO CTPYMY MPSAMOI il MOXKYTb
CIY’)KUTH MaKcUMalbHHI aBToMaT (puc. 8.1, a), 1€ pPO3paxyHKOBUU CTPyM
MPOXOJUTh IO BIJKIIIOYAE KOTYIIII 1, BUKIIOYEHHS MPOBOIUTHCS MEXaHIYHUM
BIJIMBOM Ha 3aCYyBKY 2 aBTOMATH.

HenonikoM Takoro 3aXucTy € Majia YyTJIUBICTh 1 MOKJIUBICTD ii YCTaHOBKHU

TITBKM B JIAHIIOTaX HIDKYOI HANpyrd HEBEIUKOI MOTYKHOCTI. [lpu mpomy

HaJIaroXKeHHs a00 peryJIIoBaHHS aBTOMAaTa MOB's13aHa 3 BIKIIFOUEHHSM YCTaHOBKH.

Bisbi 9y TAMBOIO 3aXHUCTOM € 3aXHCT 3 BTOPUHHUM PeJie MAaKCUMAIBLHOTO CTPYMY

npsmoi mii (puc. 8.1, 0). Sk mpukIam TAKOTO 3aXUCTy MOXKYTh CIIYKHUTH KOTYIITKH

3 BIAKIIFOUEHHS, BOYJ0BaH1 0€3M0CEPEIHHO B MPUBOAN BUCOKOBOJIBTHUX
BUMUKAYiB.

Haiibipi  TOCKOHAJIOI0 3aXMCTOM € 3aXUCT 3 BTOPUHHUM pene 4
MaKCUMaJlbHOTO CcTpyMy Mo6iuHoi aii (puc. 8.1, B). CTpyM, mpu3HayeHUW aJis
JKUBJICHHS JIQHITIOTIB ~ PEJIeHHOro 3axuCTy, aBTOMAaTUKH Ta CHUTHaJi3aIlii,
HA3WBAETHCS OMEPATUBHUM CTpymMoM. HamiiiHicTh poOOTH 1 CIIPaBHICTH JKepena
OTIEPaTUBHOIO CTPYMY Mepexki 3a0e3neuyoTh 0€3BIIMOBHY POOOTY BCiX €JIE€MEHTIB
BXOJISITh JI0 MPUCTPi peneitHoro 3axucty. [locTiiiHnii a0 BUNPSAMIICHUNA CTPYM
OTPUMYIOTH BiJl aKyMyJIITOPHUX OaTtapedd ab0 BiJl pI3HUX BUIPSIMHUX MPHUCTPOIB.
OnepaTtuBHUN TMOCTIMHUI CTpyM 3a0e3mneuye HaIIdHICTE POOOTH peNeitHOro
3axucty. OgHak 1oro OTpUMAaHHS MOB'A3aHE 3 J0/IaTKOBOIO BUTPATOIO HA YCTAHOBKY
aKyMyJIATOpHOi OaTapei abo BUMIPSIMHUX IPUCTPOIB; IPU HASIBHOCTI PO3TrallyKeHO1



MEpeXl OINEPAaTUBHOTO CTPYMY MOJKJIMBI TIOIIKO/PKEHHS 1 TOB'SA3aHl 3 IUM
MOMUJIKOBI 1111 3axucTy. Tomy Oyiu CKOHCTpYHOBaHI CreIliaabHl OJIOKH >KUBJICHHS
tury BI1-1000 na 800 -1500 Bt nns 6e3mocepeHbOro MiIKIIOYEHHS pelie yacy,
HpOMl)KHI/IX pelie 1 KOTYIIOK BIAKJIIOUEHHS, 1110 MPAIIOI0Th Ha OCTIHHOMY CTPYMI 1
Hanpys3i 110-220 B.
OcHoBHI TUNH peJe. Pene - 11e anapat, sKi 3aMHKal0Th a00 PO3MUKAIOThH
eJICKTPUYHI JIAHITIOTY 200 MEXaHIYHO BIUIMBAIOTh Ha BUMHUKAUl MPH 33JJaHOMY
3HaYeHHI BEJIMYMH, Ha SIKI BOHM pearyiTh (CTPyM, Halpyra, MOTYXHICTb, TUCK,
Temmneparypa). B peneitHoro 3axucTty HailOUIBII MOMIKUPEH] EIEKTPUYHI pee -
CJICKTPOMArHiTHI Ta IHAYKITIHHI.
Pene makcumansnoro crpymy tunmy PTM, PTB. [lpuBoau psny BUMHKa4iB
MaloTh BOy0BaH1 perne MUTTEBOI ii TBaHb PTM 1 pene 3 BUTPUMKOIO 4acy THILY

PTB.
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Puc. 8.2. Becrpoennoe peite tHna
PTM

OcuogH1 yactunu pene Tuny PTM naBeneno Ha puc. 8.2. [Ipu npoTtikanHi 1o
KOTYUII 3 BCTaHOBJIEHOI'O CTPyMY CIIpallbOBYBaHHSI CEPJICYHHUK 2 BTATYETHCS B
KOTYIIKY, yJIapHUK | BAapse€ MO BaXXeMO0 MPUBOAY 1 BUMHUKAU BIJIKJIIOYAETHCS.
CtpyM cropalbOBYBaHHSI peEJi€ PEryIIOEThCA IITENCENbHUX ab0 MOBOPOTHUM
nepeMuKayeM, IO 3MIHIOE YMCIO BUTKIB KOTyWKH pene. Pene tuny PTM mae
cTpyMu yctaHoBku 5; 7; 8; 10; 12,5; 15 A. IloTyHICTb pesie pu crpaiboByBaHH1
cTaHOBUTH OsM3bKO 50 B A.
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Puc 3.3 Bcerpoennoe pese tuna PTB

Pene tuny PTB (puc. 8.3) siBisie co00t0 pene npsMoi il 3 BATPUMKOIO 4acy.
[Ipy mpoTikaHHI MO KOTYHIII pefie 7 BCTAHOBJICHOTO CTPYMY CIIpallbOBYBaHHS
CepJCUYHUK 8 BTATYETHCS B KOTYIIKY 1 CTUCKA€E MPYKUHY 3, sIKAa Yepe3 CTOMOpPHE
Kuiblie 4 ThcHe Ha yaapHuk 6. Iligilom ynapHuka Bropy oOMeXeHUH TArow 2,
INPUKPIIVIEHOI 7O YacoBUM MexaHizMoM 9. IIBHIKICTE poOOTH TOAMHHUKOBOI'O
MEXaHI13MYy 3aJIe)KUTh BiJ] CTYIIEHS CTUCHEHHS MPYKUHM, T. €. BiJl BEIMUYUHU CTPyMY
KOTyliku pene. Ilpu TpupazoBomy cTpyMi (IO BIAHOLIEHHIO JO CTPyMYy
CIpallbOBYBaHHS) MpPYyKMHA IMOBHICTIO CTUCHYTA4, a BUTPUMKa 4acy MiHIMajbHa.
[Ticns  copanbOBYBaHHS  TFOAMHHUKOBOTO — MEXaHI3My  BiIOYBa€Tbcsl  MOTO
PO3YEIUICHHS 3 YAAPHUKOM, SIKUW MiJ J11€10 MPYKUHU 3 BEJIMKOIO CHIIOIO BAAPSE MO
BXKEJTIO 5 MPUBOJTY, 1 BAMHKAY BIJKIIFOUAETHCA.

CTpyMu cripalibOBYBaHHS PETYJIIOIOTHCA TTOBOPOTHUM MEPEMHUKAUYEM BiJ 5 10
10 A. BuTpumka 4acy perysroeTbCsi HACTAHOBHUM T'BUHTOM 1, IO BIUIMBA€E 4yepe3
mwiactuHy 11 Ha Baxinbs 10 rOIMHHUKOBOTO MEXaHI3My, NEPEMIIIEHHS SKOTO 1
3MIHIOE BUTPUMKY.

BOynosani pene crpymy tuity PTM 1 PTB 1 pene minimansHoi Hanpyru PH-54
3aCTOCOBYIOTh B IPYXUHHUX npuBojax tumy I1I1-67.

Pene Tunmy PTM BHKOHYIOTH Y YOTUPHOX BapiaHTax 3 PEryJIIOBAHHSAM CTPYMY
yctaBku: PTM-1 - Big 5 no 15 A; PTM-11-8ix 10 go 25 A; PTM-III - Bix 30 g0 60



A; PTM-IV - Bin 75 no 150 A. Ctpym cripalibOBYBaHHS PETYyJIIOI0Th 3MIHOKO
MOBITPSHOTO 3a30pYy.

Pene tunmy PTB BukOHYyIOTH y IIecTH BapiaHTax 3 Jlalla30HOM YCTaBKHU
NOMHMHAJIBHUX BIIMHUKAIOYUUX CTPyMiB 5 35 A; BOHM MarOTh OOMEKEHO 3aJIeKHY
XapaKTEPUCTUKY BUTPUMKH Yacy 3 peryntoBanasM Bix 0 mo 4 c. Pene miHiMabHOT
Hanpyru PH-54 BukonyoTs 13 BuTpumMkoro yacy 0 - 9 c.

Puc B4 Cxema ycTpoilcTBa 27eKTpomar-
HUTHOrO pete Tuna PT-40

Hartomicte enekrpomarniTHux pene tuny PT-40 1 PH-50 (puc. 8.4)
BumnyckaroTh pesie ET-520 1 EH-520. Pene cknanaerbes 3 €1€KTpOMarHity, 0OMOTOK
3 IBOX KOTYIIOK 2, SIKOPS 5, YKPITIJIEHOTO HA 0C1 3 pyXOMUM KOHTAaKTHHUM MOCTOM 3,
1 CIIIpaJIbHOI MIPOTH/IIE TIPYKUHU 4.

kim0 enexkTpoMarHiTHa cuia OUIbIIE MEXaHIYHOI CHJIM TPYXKUHHU, SAKIp
MPUTATAETHCS 10 €JIEKTPOMArHiTy, NPH IIbOMY PYXJUBUNA KOHTakTHUH Mict 3
3aMHUKa€ OJIHY Mapy 1 PO3MUKAE JIPYTy Napy HEPYyXOMUX KOHTAKTIB.

VYcraBka cnpanboByBaHHA pene crpymy PT-40 perymtoerbess HaTsrom
NPYXKUHH 1 BKJIFOYECHHSM KOTYIIOK 3 TMOCIIJOBHOTO 3'€THAHHS Ha MapayieibHe, i
MOKa3aHHS KW 3MIHIOIOTHCA B 2 pa3u. Y cTaBKa cripaitoBaHHs pesie Hanpyru PH-

50 perymiroeThCsl TAKOXK HATSTOM MPY>KWHU 1 BKIIOYCHHSIM JABOX JOAATKOBHX
PE3UCTOPIB B JIAHITIOT OOMOTKH peJie, III0 TAKOXK 3MIHIOE CBITYCHHS IIKAJIH B 2 pa3u.
B pene PH-50 nependauaeThest xapuyBaHHS OOMOTKH pelie MyJIbCYIOUUM
BUIIPSMIICHOIO CTPYMOM depe3 Bunpsamiistd. st pene PT-40 Mexi ycTaBOK CTpymy
CIparibOBYBaHHS TIPH MOCTIAOBHOMY 3'€THAHHI KOTYIIOK cKianarTs 0,5-25 A, npu
napayiensHomy 3'enHandi -1-50 A. Jns pene PH-53 makcumanbHOTO HanmpysKeHHS;
MeX1 yCTaBOK Hampyr CHOpanbOBYBaHHS CTaHOBIATH 15 - 400 B, mis pene
MiHIManaeHOI Hanpyru PH-54-12 - 320 B.
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Puc 85 Cxema ycrpo¥cTBa HHAYKUMOHHOro pete tena PT-80 (¢) u xapak-
TEDHCTHKH cpadarbiBanus pee (0)

[anykuiiai pene crpymy Ty PT-80. Perne miei koncTpykiiii (puc. 8.5) mae aBa
peneiHnX eneMeHTa-1HAYKIIHHUN 1 eJIeKTPOMAarHITHUM.

[HaykmiiHult ~ eneMeHT — CKJIaJaeTbcst 3 elekTpoMarHity 14 3
KOPOTKO3aMKHEHHUMH BUTKamMH 16 1 jgucka O, BICh SIKOTO 3HaXOAUThCS B
MIIIMITHUKAX 8, BCTaHOBJIEHUWX Ha pamil 4. PaMmka moBepTaeThcsi Ha ocsx 3 1
MPYKUHOIO 2 YTPUMYEThCS B KpalHbOMY TosIokeHH1, T. E. [IputucHyToro 110 ynopy
1. Ha Bich aucka HacapkeHui yepB'sk 18. YV kpailHbOMy MOJI0KEHHI pAMKH CETMEHT
7, 1110 Ma€ 4epB'siuH1 3yOU, 3HAXOAUTHCA M03a 3a4YETUICHHS 3 YEPB'IKOM, 1 KOHTAKTU
9 pene po3IMKHYTI.

[Ipu npotikanHi mo oOMmoTUl pene cTpyMy Ip> Icp p AMCK TOBLIBHO
o0epTaeThCs, MPUUOMY HOTO OOEpPTAHHIO TMEPEIIKO/KAE TATIbMIBHUM MOMEHT,
CTBOPIOBAHUU MOCTIMHMUM MarHiToM 5. Ilin nmi€o eneKTpOMarHiTHOro MOMEHTY,
CTBOPIOBAHOTO CTPYMOM pelie, paMKa MMOBEPTAETHCS, YEPB'SIK BXOAUTH B 3aUCTIIICHHS
3 3y0aMu CErMEHTa, TOUYMHAE TTOCTYIIOBO IMiIHIMATHUCS, TOJIAI0YH 3YCUIUIS IPY>KUHU
17, 1 cmeuianbHOIO0 TuTaHKo 10 3amukae KoHTakTH pene. Yac cmparroBaHHS
PEryJIOeTbCS MOYAaTKOBUM CTAHOBHUIIEM 3y04acTOrO CErMeHTa 3a JOMOMOTOI0
I'BUHTA, YKPIIJICHOTO Ha IIKail dacy. Yum Ouiblie cuia ctpymy Ip B oOMoOTII
CJIEKTPOMATHITY, TUM HIBUIIIE Oyne oOepTaTucs AUCK 1 3 MEHIIOK BUTPUMKOIO
yacy OyJIyTh 3aMHKaTHUCS KOHTaKTH peine, T. E. Pene matume 3anexHy BiJ cTpymy
XapaKTEPUCTHUKY Yacy crpanpoByBaHHs. [Ipu 3HaueHHax ctpymy Ip = (6 ~ 8) Icp p
HACTa€ HACHYCHHS CTald EJCKTPOMArHIiTy 1 XapaKTepUCTHKA TMEPEeXOIUTh B
HezanexHy. ToMmy xapaktepuctuku pesie PT-80 HazuBaroTh 0OMEXEHO 3aJIeKHUMHU
(puc. 8.5, 0).

EnextpomaruitHuii enemeHT pene PT-80 ckiagaeTsbes 3 spMa €1eKTPOMArHiTy
15 1 skops 11, dYepe3 sKi 3aMHUKA€TbCsl YacTHHA TIOTOKIB PO3CIFOBaHHS
enektpoMarHiTy. Ilpu mpoTikanHi mo oOmotui pene ctpymy Ip>2lcp p sxip
BTATYETHCS 1 0€3 BUTPUMKH 4acy (BiJICIYEHHSM) 3aMHKa€ KOHTAKTU pene. CTpymu
CIPaIlbOBYBAHHS 1HIYKIIIMHOTO €JIEMEHTa [Cp PEeryioloThCsl 3MIHOIO YMCIIa BUTKIB
0OMOTKH (ITepeCTaHOBKOI0 KOHTAKTHOTO IBHHTA 13 Ha KOHTAKTHIM Kojormi); Icp =
2 +10 A; gac cipaupoByBaHnHs 0,5 -16 c.

TakuM YHHOM, €JNEKTPOMArHITHUN EJIEeMEHT MOXKE [IATH abo CIHUIBHO 3
IHIYKI[IHHAM €JIEMEHTOM, a00 CaMOCTIMHO, SIK OW BIJICIKAIOYM YaCTUHY



XapaKTepUCTHUKH peJie MPU BETUKUX ToKaxX. TOMy eleKTpOMarHiTHUI eJIeMEeHT Jii€ 3
BiaciueHHsM. [Ipu upomy lotc = (2 + 8) Icp.

CTpyMu crnpanpOBYBaHHS €JIEKTPOMArHiTHOTO €JEMEHTa PEeryiIrolThCs
3MIHOIO KIJIBKOCTI BUTKIB OOMOTKH 1 TIOJIO’KEHHS PETYIIOBAILHOTO TBUHTA 12.
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Puc 86 Pere tuma PHT-565
@—ODWMH BHMI, 0 —cXema

EnexkrpomarnitHi cTpymoBi audepenmianbHi pene. Pene tumy PHT-565
3aCTOCOBYIOTh JUIsl JAM(EPEHIIANIbHOI 3aXHCTy TE€HEepaTopiB, TpaHCcHOpMaTOpiB.
Bonu ckmagatotecs (puc. 8.6, a) 3 3MOHTOBaHMX B 3arajlbHOMy KOXyci 4
enekTpoMarHitTHoro pene 3 tunu PT-40, npomixkHOTO OUCTPOHACHUIIIEHOTO
tpanchopmaropa 1 (bHT) 1 pesucropis 2.

Ha puc. 8.6, 6 npuBenena npuniumnosa cxema peine PHT-565 3 BHT. Ctpywm 3
poboyoi 0omMoTKHM P Oe3nocepeHbo TpaHC(HOPMYEThCS Y BTOPUHHY 00MOTKY B, a
TakoXX 4epe3 KopoTko3amkHeHi oOmoTku K1 K2 mmsixom moaBIHHOTO
TpaHcdopmallii NoJlaeThcs Ha cTpyMoBe pene 1.

Ha cepennbomy ctpmxsi BHT nporo pene, po3ramoBaHi 3piBHSUIBHI OOMOTKA
V1, VY2, BuxopucroByBaHi B u(depeHIiaTbHOl 3aXHCTy TpaHc(hopMaTopiB.
HanaromxeHHsi Ta peryjioBaHHS CTpyMYy CHpAalLIOBaHHS pejie BHPOOJISIOTHCA
pesuctopamu 3 onopamu 1B 1 rk. [Ipu BritoueHH1 ctpymoBux pene yepe3 BHT pene
CTalOTh HEUYTJIMBUMHU JIO CTPYMiB HAMarHi4yBaHHsI CUJIOBUX TPaHC(HOPMATOPIB MpU
BKJIFOUYEHHI 1X Ha HaMpyry; A0 CTPYMiB HeOaJlaHCy, 0 BUHUKAIOTh B MOYaTKOBUMN
MOMEHT KOPOTKOI'O 3aMUKAHHSI, 1110 JI03BOJISIE€ MIABULIUTH Yy TIUBICTD 3aXHCTY.

Bci 0OMOTKHM, KpiM BTOpHMHHOI B, MarTh BiAramyKe€HHsS AJig 3MIHM YHCIIa
BKJIIOYEHUX BUTKIB. BKIIOYEHHS HEOOXIJHOTO 4YHCJa BUTKIB IPOBOJUTHCS
YCTAaHOBKOIO PEryIIOBAIbHUX TBUHTIB y BIANOBIAHI THi3Aa muiacTuHOK. Ludpu
OJIM3BKO THI3]] BKa3yIOTh YKCIIO BKIIFOUAIOTHCSl BUTKIB.

Uwucno BUTKIB poOoUoi (nudepeniianbaoi) 0OMOTKA

w=F_ (I

p cp p” cp p°
ne Fep p =100 - cuna, mo HamarHiuye cupaitoBanss pene PHT, A
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Puc. 8.7. OanodaszHoe MHAYKUMOHHOE pelae MOLLUHOCTH:

G—CXeMa YCTPOHCTBA: §— BCKTODHAA JHATpaMma

[HayKiiiHl pene noTykHocTI. Taki pejie pearyroTh Ha BEJIMYMHY 1 HAIPSMOK
MOTYXHOCTI, MiJIBeIeHO1 10 Horo oomoti. Ha puc. 8.7, a 300paxkeHo mpHUCTpiit
onHo(azHoro 1HAYKIHOrO pene notyxkuocti PBM-170. Ha nontocax BcepenuHi
3aMKHYTOI MarHiTHOi CHUCTEeMH | pO3TamoBYIOThCS JBI OOMOTKH. OOMOTKa 2
BKJIFOYAETHCSI B JIQHLIOT CTPYMY HaBaHTaKEHHA MOCHiIoBHO. OOMoTka: 3, mio
CKJIQa€ThCs 3 UYOTHUPHbOX CEKUIN, MIAKIOYAETbCA 10 JIAHLIOTIB  HaNpyru
napajienbHo. MarHiTHi notoku @T, @H, CTBOPIOBaH1 0OMOTKaMU CTPyMYy 1 HAIPYTH,
IPOXOJATh MO MAarHIiTOIPOBOJA 1 4Yepe3 HEPYXOMHUW CTAJIEBUM CepleyHUK 4,
1HAYKYIOUH B aJIFOMIHIEBOMY POTOpPI S BUXPOBI cTpyMH. bapabaHuuK, BCTAHOBIIEHUN
Ha OCSIX, IOBEPTAETHCS, YOMY IPOTHIIE CripalibHa npyxkuHa: [Ipu moBopoTi poTopa
B HAmNpSIMKY, BiJMOBIAHOMY 3aMHKaHHS KOHTAKTiB, Ha MEBHHUHA KyT 3aMHKA€THCS
KOHTaKTHa cucTema pede 6.

B3aemonist MmarHiTHUX MOTOKIB DT 1 @H 3 CTpyMaMH, IHIYKOBAHUMH B POTOPI,
CTBOPIOE 0OEPTOBHIT MOMEHT Ha POTOPI

M,,=k®.®,siny, ©.2)

1€ Y - EeNEKTPUYHUI KyT MI>)K MarHiTHUMHU 1oTokamu (puc. 8.7, 0).

Ha BekrtopHiil qiarpami Takox 3a3HaueHi: Up, [p-BekTopu Hanpyru i cTpymy,
NiBEEH] O OOMOTOK Hampyru 1 CTpyMmy pene; ¢p-kyT 3cyBy mixk Up 1 Ip, sikuii
BU3HAYAETHCS MapamMeTpaMHM MEPEXI 1 CXEMOK BKIIIOUEHHs pene; IH - BekTop
CTpyMy, B oOMoTHi Hampyru pene; YH - KyT Mk Up 1 IH, skuil Bu3HayaeTbcs
CHIBBIJHOILLIEHHSM aKTUBHOTO 1 pEaKTUBHOTO OMOPIB KOJIa HAIIPYTH.

3aminrorou B (8.2) MariTHi moToku ®OT 1 OH BiAMOBIZHUMH M BUpa3aMu JIJIs
ctpymy Ip, Hanpyru Up 1 kyTa Yy = yH-Qp, OTPUMAEMO BUPA3 JJIsi 0OEPTAILHOTO
MOMEHTY

M =kI,U,sin (v,—@,). (8.3)

OTxe, MOMEHT pPYXOMOI YaCTHHH 3a3HAYCHOTO pelie MPONOPIIiHHUIA
MOTY>KHOCTI, a 3MiHa 3HaKa MOMEHTY (Ha 3aMUKaHHS a00 3aKJIMHIOBAHHS )



B110YBa€ThCS MIPHU 3MiHI HAMPSIMKY CTPyMYy B OOMOTIII CTpyMy a00 HaAmpyru peie.
Tomy 1HAYKIIHHE pelie TMOTYKHOCTI Ha3MBAETHCS peEJie HAMPSIMKY TMOTYKHOCTI 1.
BUKOPHUCTOBYETBCS B CXEMaxX PEJICHHOTO 3aXUCTY I BHSIBICHHS JIiHII, Ha SKid
CTaJIOCsI KOPOTKE 3aMHUKaHHSI.

3rigHo (8.3), kpyTHHII MOMEHT pyxomoi cuctemu pene PMBb nocsrae
MaKCHUMAaJIbHOTO 3HAYEHHS, KOJH Sin @ = 1, mo mMae micie mpu yH-¢p = 90 ° abo -
op = - 90 ° - yH. 3HaK MIHYC IIpH Qp MOKa3ye, 0 BeKTOp Ip BUNepemkae BEKTOP
Harpyru Up (puc. 8.7, 6). KyT ¢op, npu sskoMy KpyTHUI MOMEHT Ma€ MaKCUMAaJIbHE
3HAYEHHSI, HA3UBAETHCA KYTOM MaKCUMAaJIbHOI YyTIUBOCTI (OPMAKC. Y.

Pene HampsiMKy MOTYXHOCTI OJTHO- 1 JBOCTOPOHHBOI Jii BUITYyCKalOTh THUIIIB
PMb-170 1 PMB-270 3 ix momudikarismu. KyTn MakcuManbHOI YyTIHMBOCTI
3a3HaueHuX TUmiB pene pi3Hi. Tak, pene tumiB PMb-171 1 PMbB-271 matots KyT
MaKCUMAaJIbHOI YyTJIMBOCTI, KOJU BEKTOP CTPYMY BHUIIEpEIKa€ BEKTOpP HANpPYTH, a
KyT ¢ =-30 °.

s pene PMbB-177 1 PMbB-178 06epToBHiI MOMEHT JTOCATHE MaKCUMaIbHOTO
3HaueHHss Mmakc nipu ¢ = 70 1 250 °, 1o BignoBiaTUME MIHIMAJIBbHIN MOTY>KHOCTI
cupautoBanss pene Pcp p =1 B A. Ilpu ¢p = 0, koau BekTop cTpyMy 301iraerbes 3
BEeKTOpOM Hanpyru, MBp~(0,3Mmakc, a HeoOX1Ha MOTYKHICTh CIIPAI[IOBaHHS pelie
3pocTae B 3 pasu.

Homnomixkni pene. Lli pene mpu3HaueH1 AJis CTBOPEHHS HEOOXITHUX BUTSITIB
yacy (pene wyacy), PO3MHOXEHHSI IMITYJbCIB (NMPOMIDKHE peJie) 1 MOJaHHS
BIJIMOBIJTHUX CUTHAJIIB CIIPAllbOBYBaHHS PEIICMHOIO 3aXUCTY (BKa31BHI pele).

Puc. 8.8. Pene spemenn tuma DB-215 Puc. 8.9. Morophoe pene
BPECMEHHK

Pene vacy tunis EB-112-EB-144 BunyckaroTh ajii poOOTH Ha MOCTIHHOMY
cTpyMmi Ha Harpyry 24, 48, 110, 220 B. Pene gacy 3minHoro crpymy tumiB EB-215-
EB-245 Bunyckatots Ha Hanpyry 100, 127, 220, 380 B . B penie EB-215 (puc. 8.8)
IIpU MiABEeIeHH] HanpyTu 10 oOMoTKH pene 10, po3ramoBaHoi Ha sipMi 9, 3aBOIUTHCS
TOJIMHHUKOBUI MEXaHi3M 5, 110 MPU3BOANTH 10 miaiomy sikops 11. Skip x depes
CUCTEMY BakeJliB 6 1 7 3aBOAUTH TOJUHHUKOBHUM MEXaH13M, OJHOYACHO 3aMUKAIOUU



0e3 BUTPUMKHU 4Yacy MUTTEBI KOHTAakTH 8. IIpy BHKIIIOYEHHI HAmpyrd cHcTeMa
Ba)KEJIiB MPUXOAUTH Y BUXiJHE MOJOKEHHS, MUTTEBI KOHTAKTU MEPEMHUKAIOTHCS, a
3aBeJICHHUI TOAMHHUKOBUI MEXaHi3M MOYMHAE 00epTaTy Baxisib 3, mepeMillaoyu
PYXJIUB1 KOHTaKTH 4, K1 3 BCTAHOBJICHOIO BUTPUMKOIO YacCy 3aMKHYTUN KOHTAKTH
2, a moTiM KOHTaKkTu 1. BUTpuMka dacy perymnroeTbes MepeMilieHHIM KOHTAKTIB 1.

B sxoCTI enekTpoMexaHIYHUX pesie 4acy TaKOXK 3aCTOCOBYIOTh MOTOPHI pere
4yacy 3 CHHXpPOHHUMHU MikpoaBuryHamu (puc. 8.9). Ilpu cnpamnwsoByBanHi pene PT
3aXUIIAETHCSA €JIeMEHTa Bia mpoMixkHoro Tpanchopmaropa TT, posmimeHoro B
KOXKYC1 peJie 4acy, Oa€ThCsl He0OX1IHa HaIpyTa, IMPU IKOMY MIKPOJBUTYH 4 dyepe3
nepeaBaibHUl MeXaHi3M 3 TOYMHAE pyXaTH Baxiab 2 31 MIBUAKICTIO, SKa
BU3HAYAETHCSI YaCTOTOIO CTPYMy B Mepeki. Ha Bakemni 2 yKpilUICHHHA PyXJIMBUN
eJIEMEHT KOHTakTy la. Uepe3 BUTPUMKY Hacy, IO BCTAHOBIIOETHCS CTaHOBHUIIIEM
HEPYXOMOI0 €JEeMEHTa KOHTAaKTy 16, OCTaHHIi; 3aMHKaeTbCA, 1 peie dYacy
CHPAIlbOBYE.

Pesne Takoro Ty 3acTOCOBYIOTh y CX€MaX MaKCUMaJIBHO-CTPYMOBOI'O 3aXUCTY
Ha ONIepaTUBHOMY 3MiHHOMY cTpyMi (nuB. Puc. 8.14).
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Puc 814 (xeMbl MaKCHMAIbHO-TO-
KOBOM 3allIMThl HA MEPECMCHHOM One-
PATHBHOM TOKe

[TpomixkHi pene mpu3HauYeH1 JJIT PO3MHOKECHHSI KOHTAKTIB OCHOBHOTO pelie,
HaIpUKIJII 1JI1 OTHOYACHOTO 3aMUKAHHS a00 PO3MHUKAHHS JIEKIHKOX JIAHIIIOT1B, 110
KUBJIATD BiJIKIIOUAIOTh KOTYIIKH IPUBOJIIB BUMHKAUiB. IX BUKOPHCTOBYIOTH TAKOXK
JUISl TIOCUJICHHSI TIOTY>KHOCT1 CHUTHAjy OCHOBHOTO pelie (ILIIXOM Iepeaayl Horo
IMITYJIbCY Ha IPOMIXKHE peJie 3 OUTbII MOTY>KHUMHU KOHTAKTaMH ).

[IpoMi>KHI pelie BUKOHYIOTHCS I pOOOTHM Ha TOCTIHHOMY 1 3MIHHOMY
OTMepaTHBHOMY CTPYMI 1 BKJTFOUAIOTHCS K pejie HAllPYyTH a0o sSIK pejie CTpyMYy.



Jns pobGoTm Ha mocTiiHOMY cTpymi Hampyrow 24, 48, 110, 220 B
3aCTOCOBYIOTh pesne mpomixkHi TumiB PII-210, PII-232. Bcei 3a3HadeHi pene
MPaIIOIOTh Ha €JIEKTPOMAarHiTHOMY MPHUHITUII 1 MAIOTh M'SITh KOHTAKTIB, K1 MOXKYTh
BUKOPHCTOBYBATHCSI B PI3HUX KOMOIHAIIAX $K 3aMUKAIOTh 1 PO3MHKAIOTh.
CrnoxuBaHa MOTYXXHICTh CTAaHOBUTH 6-8 BT

Jns pobotn Ha 3MiHHOMY ctpymi Hampyroto 100, 127, 220, 380 B
3aCTOCOBYIOTH NMpoMIXKHI pesie TutiB PI1-321 ta PT1-341.

B sixocTi mpoMiKHHX perie, 0 3aCTOCOBYIOThCS JIJIsi pOOOTH Ha 3MIHHOMY Ta
MOCTITHOMY CTpyM1, BUKOPUCTOBYIOTh MasiorabaputHi pene tuiy MKY-48 1 konoBi
pene tuny K/IP, B skux mmissxoM HaOOPY KOHTAaKTHUX IJIACTUH MOKHa OTPUMATH
HEO0OX1IHY KUIbKICTh 3aMUKAIOUHX 1 CIOPOreHe31B KOHTAKTIB.

Ha puc. 8.10 naBegeno npuctpiit pene tumy PII-341. IlepBuHHy 0OMOTKY
Hacuyye TpaHcdopmatopa 2  OIAKIOYAIOTh 10  BTOPUHHOI  JIAHLIOTa
TpaHcopMaTopiB CTPyMy, BTOPUHHY OOMOTKY 4epe3 TepMaHieBl BUNpAMIISYL |
N1JKITI0YAI0Th 0 €JIEKTPOMArHITHOTO pefie, M0 CKIIAJAEThCA 3 MarHiTorpoBoa 6,
oOMOTKH 5, sgxopsd 3 1 KOHAeHcaropa 4, NPU3HAYEHOrO IS 3IUIaJKyBaHHS
BUIIPSIMIICHO1 CTPYMY.

[Ipu momaul B 0OMOTKY pese CTpyMy, IO MEPEBUILYE CTPYM CHPALFOBAHHS,
AKIp 3 MPUTATAETHCS JO MArHiTONPOBOAY 1 NEpEeMHUKae KOHTAKTH 7,8, 9, nirodui B
JAHIIOraX OTKJIIOYAIOIMX KOTYIIOK MPUBOAIB BUMHUKAuIiB a00 JEHIYHTIPYET
KOTYIIKM BIOKIIOUEHHA ©0e3 po3puBy JaHuwpora. Cmig  3a3Ha4dTH, 1O
KOpPOTKOYacHUM, ctpym y pene tuiy PII-341 moxe nocaratu 150 A.

BxkaziBHi pene mnpusHayeHi I TMOJadl CUTHATY MPO CHPalbOBYBaHHS
BIJIOBIJTHOTO 3aXMCTy. BKa3iBHI pesie MOKYTh BKIIFOUATUCS: TOCI1JOBHO-B JAHIIOT
IHIIUX pesie ado amapariB 1 pearyBaTu Ha IMOSIBY CTPyMYy B HUX; MapaJieibHO - B
JIAHIIOT BIJMOBIHUX peEJie 1 anapartiB 1 BKa3yBaTH MOsSBa HA HUX HAMPYTH.
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Puc. 8.11. Vxasareavvoe pere tumna PY-21



Ha puc. 8.11 HaBemeHo mpucTpiii BkaziBHOro pene tumy PY-21. Pene
CKJIQJAETHCS 3 €NEKTPOMArHiTy 3, 0OMOTKHU 2, IKOps 4, CUTHAJILHOTO Mparnopis §,
KOHTAKTHOTO MicTKa 5 3 mactuHamu P, moBopotHoi npykunu 11, ckobu 10 1
MOBOPOTHIN KHOTIKH 7. Pesie 3MOHTOBaHO Ha IIOKOJI 1 1 3aKpPHUTO KOKYXOM, O.

[Ipu mnpoxomkeHHI CTpyMy MO OOMOTII pene SKip MPUTATAETHCS 10
eJIEKTPOMArHITy, 3BUJIbHSE MPANopelb, SKU MOBEPTAETHCS 1 BCTAHOBIIOETHCS Y
OrJIsIIOBOro BikHA. OJHOYACHO MOBOPOTOM, KOHTAaKTHOTO MICTKa IEPEMHKAIOThH
KOHTaKTHI TJIACTHHH, L0 CITY>KaTh JUIA TI0Ja4i BIAMOBIAHOTO curHaiy. [loBepHeHHs
IparopIs i pelie B MO4YaTKOBE MOJI0KEHHS MPOBOAUTHCS KHOTKOIO 7.

Jlexkuia Ne24

Tema: 3axuCT OKpEMUX €IEMEHTIB CUCTEMH.
Meta:03HalOMHUTHCS 3 3aXMCTOM OKPEMHX €JIEMEHTIB CUCTEMHU.

MeTtoam: cIIOBECHI, HAOYHI.

ILnan:
1 3axuct cunoBux Tpancgopmaropis, I1J1 Ta KJI.
2 3aXHCT reHepaTopiB Ta eJIeKTPOABUTYHIB.

3 3aXUCT eNeKTPOMIYHUX YCTAHOBOK Ta CTATUYHHUX KOHJIEHCATOPIB.

MarepiajibHO-TeXHiYHe 3a0e3neyeHHsl Ta TUAAKTUYHI 3aco0u, T3H: KoHCHEeKT,
MIIPYYHUK.

Jliteparypa:

1 Poxxosa JI.JI., Kozynun B.C. DnekTpoobopyaoBaHre CTaHIMN U TTOJACTaHIIUMN:
YueOHuK AJ11 TEXHUKOB. — M.: DHeproaTomusaat, 1987. — 648 c.

2 Jlunkun B.YO. DneTrpocHabxkeHue TPOMBIIIIEHHBIX PEANPUITHA U YCTAHOBOK. —
M. : «Bricmag mxoia», 1990 r. — 365 c.

3 TlocraukoB H.II., PybGamo I'.M. DnekTpocHaOXeHUE MPOMBIIUICHHbBIX
npennpusatuid. — Jleannrpan: «Crpovtuzgar», 1989 r. — 351 c.

3axucT CHJIOBUX TpaHCcpopMmaTopiB. 3axXUCT, II0 BCTAHOBIIOETHCS Ha
CHWJIOBOMY TpaHc(hopmaTopi, MOBUHHA a00 3a0e3medyBaTi WOTro BiIKIIOUCHHS MIPU
Mik(pa3HUX 1 BUTKOBUX KOPOTKUX 3aMUKaHHSX, a TAKOXK MPY 3aMUKaHHIX Ha 3eMJTIO,



a00 Mo/1aBaTH CUTHAJ PO HEHOPMAJIbHUN PEXHUM poOOTH TpaHCchopMaTopa
(mepeBaHTaXeHHS TpaHCchOpMaTopa, MiABUIIEHH] TeMIIEpaTypH Macia 1 TOIIO).

Bunu 3axuctiB, M0 BCTAHOBIIOIOTHCS Ha TpaHChOpPMATOpi, BU3HAYAIOTH
MOTYXKHICTIO TpaHCPopMaTopa, HOro Mpu3HAYCHHSIM, MICIIEM YCTAHOBKH Ta 1HIIIAMH
BUMOTaMH, IO TPEI'SBISIIOTECS JI0 PEXKUMY HOro ekcruryaramii. B ymoBax
eJIEKTPOTIOCTAaYaHHs TMPOMUCIOBUX MIJIPUEMCTB CHIIOBI  TpaHChOpMaTopu
BCTaHOBITIOIOTh:

Ha I'TIIT 3 mepBunHOIO Hampyroto 220, 110, 35 kB 1 BropunHOI0 Hanpyroio 6,
10, 20, 35 kB npu notyxuocTi ogHoro Tpanchopmaropa Big 1000 mo 63 000 kB-A;

- Ha L{IT 3 nmeppunHOIO0 Hampyroto 6, 10, 20, 35 kB 1 BTopuHHOIO HaPyroo
0,23; 0,4; 0,69 kB npu oguanyHOi oTy>kHOCTI Bij 100 10 2500 kB-A;

- Ha CHeIlaJIbHUX YCTAaHOBKaX (€IEKTPOMIYHUX, BUMPSIMHUX Ta 1H.).

3axuct TpanchopmaropiB ['TIII. Ha puc. 8.21 HaBegeHa cxema 3axuCTy
MOHIKYBAJILHOTO TpaHcdopmaTopa 3 nepBUHHUM Hampyroto 110 -35 kB i
BTOpUHHOIO Hampyrow 6 -10 kB, motyxnictio 6300 kB A. Ha BuBOjax Bumioi
HaIpyru TpaHcPopMaTopa BCTAHOBIIIOIOTH KOPOTKO3aMHUKAaY 1 BIJIOKPEMITIOBAY.

[Ipu cnpambOBYBaHHI 3aXUCTy IMOIIKOHKEHOTO TpaHchopMaTopa MOMAETHCS
IMITYJIbC Ha BKJIFOYCHHS KOPOTKO3aMHUKada 3a JOTIOMOTO0 CIICIIaIbBHOTO MTPUBOIY
tuny LITTK. KopoTko3zaMukad BKIIOYAETHCS 1 CTBOPIOE HA BUBOAAX BHILOT HAIPYTH
TpaHcopMaTtopa IITy4YHE KOPOTKE 3aMUKaHHSA, IiJI €10 SKOr0 3axHUCTy,
BCTAHOBJICHI Ha JKWMBWJIBHOI IMIJICTAHIN, CHPAlbOBYIOTH 1 BIIKIIOYAIOTH JIHIIO.
[Ticns BigkIOYEeHHS JiHIT BIJOKpEMIIIOBAY TIOIIKO/KEHOTO TpaHchopmaTopa
BIJIKJIFOYA€THCS, BIJ €IHYI0UM TpanchopmaTop B jiHiil. CliiJIoM 3a ITUM JIiHIsI MOXKe
OyTu BKIIIOUYEeHA 3HOBY npuctpoeM AIIB.
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Puc. 8.22. Baokupyrouiee pene oTaenutens runa bPO:;

a KOHCTpYKUHS, G-—cxema BEKAKOYEHHR

BigkmroueHHs BIgQUIbHHUKA 3IIHCHIOETHCA 3a JOIOMOTOI0  CIIELaILHOIO
0JI0KyI0UOTO pere BiaaubHuka ity bPO, BOygoBaHOro B mpuBiJ BIIOKpEMITIOBaYa
(puc. 8.22, a). Ilpm BKIIOYEHHI BIJOKpEMIIOBavYa BIIKIIOYAE TMpyKkuHA |
CTHCKA€ETHCS 1 YTPUMYETHCSI B TAKOMY TOJOXKEHHI CHCTEMOIO JTAMKUX BaXKemiB 12-
14. TIpu oMy cepAeuHuK 9, BcepearHi SKOTo MOMIIeHa MPYKUHA 8, 3HAXOAUTHCS
B HIDKHBOMY TIOJIOKEHHI. Y HUXKHIW YaCTHHI Cep/IeUHUKA € Taieib 4 3 OCHOBOIO 5,
0 MPOXOAUTH uepe3 OoTBip y Baxkeni 11. Ilpyxwuna 8 1 cepneyHuK NparHyTh
MOBEPHYTH BaXXUIb MPOTH TOAMHHUKOBOI CTpUIKH. OAHAaK IOMY IEPEIIKOKAE
MOBOPOTHA MpPY>KUHA 2, HATAT SKOT PErylro€ThbCcsl TBUHTOM 3. TakuM 4MHOM, MiA
J€0 TPYXUH 8 1 2 CepACUHUK 3HAXOAUThCS B piBHOBa3l. OOMoTka 7 pene BPO
NigKIoueHa 10 TpaHncpopmaropa ctpymy TT, BCTaHOBIEHOMY B JIaHIIO31
KopoTko3amukaua (pic.8.22, 6). Ilpu BkIIOYEHHI KOpPOTKO3aMHKaua pele
CIPALIbOBYE, HOTO CEpACYHUK MPUTATAETHCS 10 CTOIY 6 1 CTUCKAE MPYKUHY 8.

[Ticnst BIIKIIFOUEHHS JIIHIT TPOXOKEHHS CTPYMY B JIAHI[I031 KOPOTKO3aMHUKaya
NPUIUHUTBCS, CEPACUHUK Pelie 3BUIBHUTHCA 1 M JI€I0 MPY>KUHU 1 BIIACHOI Baru
onmyctuThcs BHU3. [lanens 4 3 IligcraBoro 5 mpu 11bOMY BAApUTh 1O Bakenro 11.
Baxisib 3BIIBHUTH CUCTEMY JIAMKUX BaxkediB 12 - 14, ki, B CBOIO 4epry, 3BIIbHATh
Bigkitoyae npyxuny 1. [Ipyxkuna BumrtoBxne Bropy Ooitok 10, sikuit 3poouth
BIJIKJTFOUEHHS.



3a pgomomororo BPO 3abe3rneuyeThcs BIAKIIOYEHHS BiJIUIBHUKA TIJIBKH B
0e3cTpyMOBY May3y, MIiCJIsI TOTO K IPUITUHUTHCS MPOXOJHKEHHS CTPYMY KOPOTKOTO
3aMUKaHHS, OCKUIBKHM BiJIOKpEMIIIOBaY, SIK 1 3BHYAHMI PO3'€HYBad, HE MOXKeE
BIJIKITIOYATH CTPYM KOPOTKOTO 3aMUKaHHS 1 CTPYMH HaBaHTAKEHHSI.

BcranoBnena Ha TpaHchopMaTtopl 3aXWCT BUKOHAHA Ha OINEPATUBHOMY
3MIHHOMY CTpyMi 13 3acTocyBaHHAM pene mpsimoi aii tumiBe PTM 1 PTB, pene
Henpsmoro aii tuny PT-80, razoBoro pene [11'3-22, BkaziBaux pene tumy PY-21 i
npoMmixkHoro pene tumy PI1-341.

PosrimsstHemo  mii 3axuWCTiB,  BCTAHOBJICHMX Ha  TpaHchopmaTopi:
nudepeHIiaabHol MO30BKHBOT; BiJ] BHYTPIIIHIX MOLIKOMKEHB; Bl HAJICTPYMIB;
BiJl IepEBaHTAKECHHSI.
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Puc. 8.23. TIpuHMNMAIBHAA CXEMA TIPOAOTLHOH

auddepesinaIbHOR 3aIUMTH

Hudepeniianpuuii mo310BKHIM 3axucT (puc. 8.23). Takuii 3aXuUcT 3aCHOBaHa
HAa TPUHIMII TOPIBHSHHS CTPYMIB Ha MOYAaTKy 1 HANPUKIHII AUISIHKA, IO
3aXMINAETHhCS, HAMPUKIAL Ha T[0YaTKy 1 HaMNpUKIHII OOMOTOK CHJIOBOTO
TpaHcopmaropa, reeparopa, ABUryHa. Tak, AUISHKY MiX TpaHchopmaTopamu
CTPYMY, BCTAHOBJICHUMH Ha BUIIO1 1 HUJKYOI CTOPOHAX CHIJIOBOTO TpaHchopmaropa,
BBKAETHCS 3aXMINAEThCS 30HOK0. SIKIIO XapaKTepUCTUKH TpaHCHOpPMATOpPiB
CTpyMy OYIyTh OJTHAKOBI, TO B HOPMAJILHOMY PEKHMIi, a TAKOXK MPH 30BHIITHHOMY
KOpPOTKOMY 3aMHUKaHHI (Touka Kj 3a TpaHcopMaTopoM) CTPYMU y BTOPHUHHHUX
oOMOTKax TpaHc(hOpMaTopiB CTpyMy OyIayThb piBHI, iX pi3HULSA OyAe IOPIBHIOE
HYJII0, TOMY CTPyM depe3 0OMOTKY TOKoBoro 7P i mpomixHoro /7 pene mpoTiKaTH
He Oyjie, a OTXKe, 3aXUCT MPU TaKUX yMOBax AISITH HE Oye.



[Ipy KOpOTKOMY 3aMHUKaHHI B 3axWIIAETbCA 30HI (Touka K> BcepenuHi
TpaHcopmaropa) mo oOMOTIII pesie Oyie MPOTIKATH CTPYM, 1 SKIIO BEIUYHMHA HOTO
OyJZie JOPIBHIOE TOKY CIIpallbOBYBaHHS peie abo OuIbllie HOro, TO pejie CIpalltoe 1
yepe3 MPOMDKHE peJie CIpPaBUTh JABOCTOPOHHE BIIKIIOUEHHS MOIIKOIKEHOI
ninsHkA. ToMmy TOAOBXHIN audepeHIianTbHuid 3aXUCT Al€ mpu  MiK(a3HUX
KOPOTKHUX 3aMUKAHHSX 1 MDKBUTKOBUX 3aMUKAHHSIX.

JudepeHuianbHuil  3aXUCT HaAIMHA, Ma€ BHCOKY UYTIUBICTD 1 €
MIBUKOAII0Y01, TaK SK 32 YMOBAaMHU CEIIEKTHUBHOCTI JJIs HEl HE MOTPIOHO BUTPUMKA
gacy. OgHak BoHa He 3a0e3Meuye 3aXUCTy MPH 30BHIMIHIX KOPOTKUX 3aMUKAHHSIX 1
MOJKE JaBaTH HEMpPaBJIWBI BIIKIIOYEHHS MPH OOpHBI B CHOJYYHUX MPOBOAAX
BTOPUHHOI JIAHIIOTA. YMOBOIO HaJiHHOT POOOTH AUPEPEHIINHOTO 3aXUCTy €
B1IOyyBaHHS CTpyMy HeOajaHCy, III0 BHUHHMKAE 4Yepe3 JESKOro BIJIMIHHOCTI B
XapaKTepUCTUKAX TpaHC(HOPMATOPIB CTPYMY.

[Tpu ycranoBii audepeHIliaibHOr0 3aXUCcTy Ha TpaHchopMaTopax HEOOX1THO
BpPaxOBYBAaTH HACTYITHE: IEPBUHHI 1 BTOPUHHI OOMOTKH CHJIOBUX TpaHC(HOpMaTOpiB
MaroTh pi3Hi cxemu 3'eqHanss (Y / A, A/Y Tta in.), ToMy iX CTpyMH MarOTh 3CYB I10
¢as3i. 14 iloro koMIieHcailii BTOpuHHI 0OMOTKH TpaHc(OpMaTOpiB CTPyMy OBUHHI
MaTH CXeMy 3'€IHaHHS, 3BOPOTHY CXEMOIO 3'€ JTHAaHHSA 0OMOTOK TpaHcpopmaTopa.

Yepes HeOAHAKOBOCTI KOE(iII€HTIB TpaHChopMallii TpaHC(HOPMATOPIB CTPYMY
B NIEPBUHHOI Ta BTOPUHHOI JIAHITIOTaX BUHUKAE CTPYyM HebanaHcy, sl KOMIIEHC Al
SKOTO JIOJIaTKOBO BCTAHOBJIOIOTH peryntoe aBrorpaHchopmatop (AT) B naHIo3i
CIOJIYYHHX MPOBOMAIB 3aXHCTy. CTpyM CHpaiibOBYBAHHS 3aXUCTY BiOYJAOBYETHCS
BiJI KUJKIB III0 HAMArHiuyye CTpyMy IMpHU BKIIOYEHHI TpaHchopMaTopa, a TAKOXK Bijl
CTPYMIB IPH 30BHIIIHIX KOPOTKUX 3aMUKAHHSIX, 0 JOCITAETHCS MPU

/8 =(3-4)1,..
cp 3aunl ( ) HOM (811)

UyTnauBICTh 3aXUCTY MOKE OyTH MiJIBUINIEHA 3aCTOCYBaHHAM pene tuny PHT-

565, 1m0 MarTh MBUAKOHACUTHI TpaHc(opMaTopu 1 3pIBHSUIBHI OOMOTKHU 3
PETYIIOIUUMH PE3UCTOPAMHU. 3a TOTIOMOTOI0 PE3UCTOPIB MOKHA BIIOYTOBYBATH Jii
3aXMCTy TUIbKH B1J EPIOJUYHOI CKJIAI0BOT CTPYMy HAMarHiuyBaHHs, TOMY CTPyM
CIPaLlbOBYBaHHS 3aXUCTy MOXKE OyTH 3MEHIIEHUH 10 BEMUYMHH |cp.san=(1,42)luou.

Crin 3a3HauuTH, 10 17151 TpancdopmaTopiB motyxHicTio 1000 - 6300 kB « A
3aXMCT BIA MIDK(Ga3HUX 1 BUTKOBUX 3aMHUKaHb JIOIMYCKAEThCS BUKOHYBATH

CTPYMOBOTO BIJICIYEHHSIM, YCTAHOBIIIOBAHO1 3 O0KY xapuyBaHH4. [Ipu 1ipomy 3
ypaxyBanHsaMm (8.10) 1 (8.8)

ICP-D =‘I\'nankcxlk’l.’fk7_-r; (8 12)
k‘*=/“C"1K1"“(Icpkl.-.)‘ (813)

ne, Iki, lk2 - BIAMOBIIHO CTPyMH KOPOTKOTO 3aMUKaHHS B TOYKaX J0 1 3a
TpaHc(HOPMATOPOM.
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Puc. 8.24. YcTpoHCTBO ra3oBOro pelsic no-
miagkoporo tuna T177-22

3axucT BHYTpINIHIX TMONIKOJKeHb B TpaHcopmaropi. Ilelr 3axucr
3niiicHioeThest razoBuM pene [1I-22 (puc. 8.24). IlomkomkeHHS BcepeavHi
TpaHcopMaropa, BUKIMKAaHI BHUTKOBUMHM 1 MDK(Da3HUMU 3aMHUKaHHSIMH,
CYNPOBOJIKYIOThCS BUAUICHHSIM Ta3y 1 3HWKEHHsIM piBHS Macna. [Ipu Bcix BHpax
YIIKO/DKEHb a3, 110 YTBOPWIMCS B Pe3yJbTaTl pO3KJIafaHHs Macia i 130Jsuii
MIPOBO/IIB, HAMIPABIISIOTHCS YEpPE3 pejie, BCTAHOBIICHE HA TPYOONPOBOII, sIKa 3'€THYE
0ak TpaHchopmaropa 3 pO3IIUPIOBAYEM, 1 BUTICHSAIOTH MAacjo 3 KamMepu pejie B
po3mmpioBad. B pe3ynbTari HbOro piBeHb Macja B ra30BOMY pelie 3HUKYEThCH,
BCTAHOBJICHI B peJie MOTUIaBIl 1 omycKaroThes, a MPUKPITIIEH] J0 HUX KOJIOOYKH 3 3
PTYTHUMU KOHTaKTaMH MOBepTatoThes. [Ipu iboMy JTi€ 3aCTEpEKITMBHUI CUTHAIL.

[Tpu OypXiIMBOMY Ira30yTBOPEHHS, IO CYHPOBOIKYETHCS IJIMHOM CTPYMEHSI
MacJia il THCKOM, ITOBEPTAIOTHCA MOIJIABOK 1 KOJIOOUKa 3 KOHTakTaMu 2. OcTaHHI,
3aMHUKaIOUUCh, JIIOTh YEpe3 BKa31BHI Ta MPOMIKHI pelie Ha BIKIIOUEHHS.

VY razosux pene tuny PI'3-61 BUKOPUCTOBYIOTH PTYTHI KOHTAKTH, BHAasHI B
K0JIOy 1 B TOYaTKOBOMY IOJIO’KE€HHI HE JOTHYHI 3 PTYTTIO, 110 YCyBa€ BiOpalito
KOHTAKTIB. Y YallIKOBUX peJieé 3aMiCTh MOIUIABIIB BUKOPUCTOBYIOTh BIJKPHUTI
MeTajeBl YalllKHh, 3aMICThb PTYTHUX KOHTAKTiB-3BMYaiiHI BIJKPUTI KOHTAKTH, LIO
IPaIioITh 0e3MoCcepeTHLO B MACIIL.
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Puc 825 Vcerpoiciso razosoro peie d-

WEeYHOro TtHna PI'Y3

Ha puc. 8.25 mokazaHuil NpUHIMUIT Aii BIAKIIOYAIOYOTO €JIEMEHTa YallKOBOIO
pene tuny PI'U3-66. Binkpura gamka 1 3 Bymkom 4 1 ekpaHoM 3 MOXKe ITOBEPTATUCS
Ha; 0C1 5. 3 YaIlIKOI0 MOB'sA3aHa KOJIO0IKa 6, Ha sIK1M YKPITUIeHI pyXJIUBUI KOHTAKTHHM
MICTOK &, jonarh 7 1 minactuHa 10, ckpimieHa 3 HWKHIM KiHIEM OpyxuHu 11.
BepxHiii kiHenp npyxkuHu 11 1 HEpyXOMI KOHTAKTH 9 YKpIIUIEHI Ha HEPYyXOMOI
YaCTUHU ra30Boro pese. CUrHaNbHUM 1 BIAKIIOYAIOTh €IEMEHTH TOMILIEH] B KOPITYC
2. Expan 3 npusHaueHuil 1751 3a0e3Me4eHHs HalIHHOCTI poOOTH pere.

VY HopManbHOMY CTaHl, KOJM 4Yallka KOPIIYCY peJie IMOBHICTIO 3allOBHEHA
MacjioM, BEpXHS 1 HIKHS YalKd TEX 3allOBHEHI MAaciioM 1 YTPUMYIOThCS B
MOYaTKOBOMY TOJIOkKEeHH1 TipykuHamu 11. [Ipu 3HMKEHHI pIBHS Maciia B KOPITYCl
pene (BHACHIAOK CKYIMYEHHs Ta3y B MOro BEpPXHINM YacCTHHI1) BEpXHS Yalika Mij
BIUIMBOM MOMEHTY, SIKUH CTBOPIOETHCSI MAaCOI0 Maciia, 10 3HAXOJAUTHCSA B Yalllli 1
MIEPEBUIILYE MOMEHT MPY>KUHH, MOBEPTAEThCS Ha ocl 5. [Ipu nmboMy KOHTaKTHUN
MICTOK 8 3aMHKae HEpyXOMi KOHTakTH 9 B JaHI031 MONEpPeIKyBaIbHOI
curHasisani.

[Ipu  momkomKeHHAX  ycepeawHi  Oaka  TpaHcopmaropa, 110
CYIIPOBODKYIOTBCS OYpPXJIMBUM T'a30yTBOPEHHSM, MOTIK Macja CIPSMOBYETHCS B
PO3IIMPIOBAY Yepe3 ra3oBe pelie, BIUIMBAE HA JIONATh 7/ BUMUKAIOYOIO €JIeMEHTa
HUKHBOT YaIlIKK 1 KOHTAKTHUWA MICTOK 8 3aMHKa€ HEPYyXOMl KOHTAKTH JIOTIATI B
JIAHITIO31 BIIKIIFOYEHHS MTOIITKOKEHO1 TpaHchopMaropa.

st tpanchopmatopiB moTyxkHicTIo 6300 kBA 1 Bumie, a TakoX IS
tpancopmaropiB 400 kB A 1 Bullle, BCTAHOBIIOBAaHUX BCEPEIMHI 11€XY, Ta30BUM
3aXUCT O0O0B'sI3KOBe; Il TpaHchopMmaropiB moryxkHicTio 1000-4000 KB-A -
00OB'A3KOBAa TUIBKM TMPH BIJIICYTHOCTI AMQEpeHIianbHoi ado MaKCUMalbHO-
CTPYMOBOT0 3aXHCTy € BUTpUMKOIO 4yacy 0,5 - 1c.

MakcuManbHO-CTPYMOBHI 3aXMCT BiJ HAJACTPYMIB MPHU 30BHIMIHIX KOPOTKUX
3aMHUKaHHAX. Takuil 3aXUCT 3M1MCHIOETHCS IBOMA pedie ipsimoi Aii tunty PTB. Ctpym
CHpalbOBYBaHHS  MaKCHMaJbHO-CTPYMOBOTO  3aXHCTy BIJIOYJOBY€ThCS  BiJ
MaKCHMaJbHOTO CTPyMY HABaHTaXEHHS B HaWOUIbII BaXKOMY DPEXHMI poOOTH
TpaHchopmaropa (MpU CaMO3amyCKy eJIeKTPOABUTYHIB, TOMYCTHUMOI aBapiiHOi
NEPEeBAHTAXKEHHS Ta 1H.):
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ne K¢, - koedimienT camo3anycky; Ky, = 1,3 = 1,5.

Y cxeMax 3axucTy TpaHCPOpPMATOPIB BEIMKOI MOTYXKHOCTI, B SIKAX TPHU
30BHIIIHIX KOPOTKUX 3aMHUKaHHIX HAampyru He OyBaroTh HUxk4e pomyctumux (0,9-
0,95 Big HOMIHQJIBHOI HAaNpyrd), MaKCUMaJIbHO-CTPYMOBHI 3aXHUCT MOXKe
BUKOHYBAaTHCS 3 OJIOKYBaHHSIM MIHIMaJbHOI Hampyru. Y LbOMY BUMAAKY MICIHS
CIpallbOBYBaHHS pelie MIHIMQJIbHOI Halpyrd TMpH Hampysi, [0 HUXKYE
JIOTYyCTUMOTIO, JIa€ IMITyJIbC Ha BKJIIOYEHHS MaKCHMaJIbHO-CTPYMOBOTO 3aXHCTY.
3actocyBaHHS OJIOKYBaHHsS MIHIMaJIbHOI HAPYTH J1a€ MOXKIJIUBICTh BUKIIOYUTH il
MaKCUMaJIbHO-CTPYMOBOI'O 3aXUCTY TIPU KOPOTKOYACHUX 3HIKEHHSIX HAIIPYTH.

3axuCT BiJ MepeBaHTAXKECHHA. Takuil 3aXUCT 31HCHIOITH oHUM pesie PT-80
(T/B) 3 oOMeXeHOI0 3alIeKHOIO XapakTepucTHKO. CTpyM cCIpalbOBYyBaHHS
3aXUCTY pene

Ip. o= [Kuankex/(Kasek . 1)] Zom: (8.15)

3axucT i€ Ha curHai ado BIIKIIOUYEHHS 3 BUTPUMKOIO Yacy, sika Ha 1adesnb
Ol/IbllIe BUTPUMKH 4Yacy MaKCHUMAaJlbHO-CTPYMOBOI'O 3aXHCTY, IO 3aCTOCOBYETHCS
B1J1 HAJICTPYMIB IIPY 30BHIIIHIX KOPOTKUX 3aMUKAHHSIX.

3axucT TpaHcpopmaTopiB IEXOBHX THijcTaHiliii. Ha 1exoBUx mMifCTaHIIISIX
BCTAHOBJIIOIOTH 3a3BUYail CUJIOBI TpaHc(opmaTopu noTyxkHicTio 10 1000 kB * A.
Ha HuX BCTaHOBIIOIOTH MAaKCUMAaIbHO-CTPYMOBHH 3aXHCT, 3aXUCT BiJ] OJHO(A3HUX
3aMHUKaHb Ha 3EMJII0 Ha CTOPOHI HIDKYOI Hampyrw;, Ta30BUH 3aXHCT-IIS
TpaHchOpPMAaTOPiB BHYTPIIIHBOLIEXOBUX MIJACTaHIINA OTyx)HIicTIO0 Bix 400 kB - A 1
BUIIIE.

Bkazani 3aXucTy 3aCTOCOBYIOTH 3aJIC’KHO BiJl TUITY anapaTiB, BCTAHOBJICHHUX Ha
CTOPOHI1 BHIIOI HAMPYTH: BUCOKOBOJBTHUN BUMHKA4, BUMHUKA4 HaBaHTaXEHHsS a00
3ano0KHUKHA. 3aCTOCYBAaHHS OCTaHHIX 3HAYHO 3JICHIEBIIIOE YCTAHOBKY 1 CIPOIIYE
3aXUCT.

3axucT 3amoOKHUKAMU 1 BHUMHUKAYaMU HABAaHTAKECHHS BUKOHYIOThH IS
TpaHchopmaropiB notyxHictio o 1000 kB - A wnanpyroro go 10 kB 3
3anobOikaukamu [1K Ha 100 A 1 motyxkHicTio He Oubiie 2500 kB - A nanpyroto 35
kB 3 3anob6ikaukamu [1K-35H Ha 40 A; BIIKIIOYAETHCA MOTYKHICTh KOPOTKOTO
3aMUKaHHS He oBHHHA nepesuiyBatu 200 MB - A.

BucokoBonbTHI 3ano0ikHuku Ty [IK mpu ycTaHoBII Ha HUX BIAMOBIAHHUX
IUIaBKUX BCTABOK 3a0€3MeuyloTh 3aXHUCT TpaHchopMaropa BiJ BHYTPIIIHIX
MOIIKOKEHB 1 MDK(Aa3HUX KOPOTKUX 3aMUKAHHSIX Ha BUCHOBKAX.
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Puc 8.27. Cxemml 3ammThi TPaHCHOPMATOPOR € BBIKTHOHYATEIAME

3axucT BiJ OJHO(DA3HUX 3aMUKAHb Ha 3E€MJIIO 31HCHIOIOTH ABTOMATUYHUM
BUMHUKAUEM 3 MaKCHUMaJbHUM PO3YIIIIOBa4e€M, BCTAHOBJICHUM Ha CTOPOHI HIDKUYOI
Harpyru (puc. 8.26, a), abo Tpanchopmaropom ctpymy TT Ha HyJIbOBOMY MPOBOJII
pu NpSAMOMY MpUEAHAHHI TpaHC(hopMaTopa 3 IIyX03a3eMJICHOI HEUTpasuio 10
mrHonpoBoau (puc. 8.26, 6). ['a30Buil 3aXUCT 3 J1€I0 HA CUTHAJ 1 HA BIIKIIOYEHHS
HaBeJleHa Ha puc. 8.26, B (TpaHchopMaToOp BCTAHOBIICHUN O€3MIOCEPETHBO B 1IEXY).
Ha puc. 8.27 naBeneHi cxemu 3axXUCTy LIEXOBUX TpaHCPOPMATOPIB TPH
YCTaHOBLII Ha CTOPOHI BHUIIOi Hallpyrd BUCOKOBOJBTHUX BHUMHKauiB. Cxema peine
npsmoi aii tunty PTM (puc. 8.27, a, 6) 3a0e3neuye MakCUMaJIbHO-CTPYMOBUI 3aXHUCT
13aXUCT BiJ 0JHO(a3HUX 3aMUKaHb. Y cxeMi Ha puc. 8.27,63al11iTa BUKOHaHa 3 pejie
Hernpsmoro aii Tumy PT-80 3 3a1eXHOI0 Bil CTPyMY XapaKTEPUCTHKOIO.
3axuct TpaHchopmaTopiB, 110 JKUBIATH CHelialbHI ycTaHOBKU. Ha
TpaHcopMaropax, IO >KUBJISATH EJIEKTPOIIYHI YCTAaHOBKH, BCTaHOBIIIOIOTH B
OCHOBHOMY TI K 3aXHUCTy, 11O 1 Ha TpaHchopmaTopax, IO >KUBIATH CHIJIOBI Ta
OCBITJIIOBaJIbHI YCTaHOBKHM (uB. Puc. 8.26). Ilpu 1iboMy BpaxoByOTh 0COOJIUBOCTI
poOOTH AYTrOBUX EJIICKTPUYHUX TeUel B PEKHUMI KOPOTKOTO 3aMHUKaHHS (Iepiof
PO3IUIaBJICHHS METaTy), a TAKOK HAsIBHICTh B MIYHUX YCTAHOBKAX MPHUCTPOIO



aBTOMATUYHOT'O PETYJIIOBAHHS, MPU SKOMY BCTAHOBJIEHA 3aXUCT HE MOBUHHA MISITH.
VY 11pboOMy BUIIAIKY CTPYM CHPaLbOBYBaHHS 3aXUCTY lcp sam=(2,5+4) luou.

3axuct TOBITpSIHUX 1 KaOenbHUX JiHINA. [loBiTpsiHI 1 KaOenbHI JiHI
eJIeKTporiepeadl, Mar4d BEJIUKY MPOTSKHICTb, CXWJIbHI JO PI3HUX BHUAIB
YIIKO/KEeHb. [1OBITpsHI JIiHIT MOXYTh MOUIKO)KYBAaTUCS BiJ TPO30BUX PO3PSIIB,
OKeJiedl, CHUJIIBHOTO BIiTpY, 3a0pymHenHs i13oisTopiB 1 T. II. KaGempHi miHii,
OPOKIAJACHI Yy 3€MJl, MOXYTh TIOMIKOKYBATUCA Yepe3 IMOTIPIICHHS YMOB
OXOJIOJIKEHHSI, KOpOo3ii 000JI0HOK KabeJto, onaau TPYHTY TPU 3eMIISHIX poborax.

3a3HaueHi MPUYMHHM TOMIKOKEHb MOBITPSHUX 1 KaOENbHUX JIHIM MOXYTb
BUKJIMKATU MDXK(a3HI KOPOTKI 3aMHUKaHHS a00 3aMHKaHHS OKpeMHUX (a3 Ha 3eMITIO.
JIns  MIBHAKOTO  BIAKIIOUEHHS TOIMIKOKEHI JIHIM moTpiOHO, 00JIaHaTH
MPUCTPOSIMU PEJIEUHOTO 3aXHUCTY.

B enekTpuuHUX Mepeskax, 10 MPaIoI0Th 3 3a36MJIICHUMHU HYJIbOBUMHU TOUKAMU
TpaHchOpMAaTOpPiB, 3aXMCT TMOBUHEH JISTH Ha BIAKIIOYEHHS MpU Mik(pa3HUX 1
OoJHO(A3HUX KOPOTKUX 3aMUKaHb. Y MeEpexi, L0 Mpaltoe 3 130JIbOBAHUMHU
HYJBOBUMH TOYKaMH TpaHCPOpPMATOPIB, 3aMUKAaHHS Ha 3eMJII0 OJHIET (a3u He
BUKJIMKA€ TIOPYIICHHS pOOOTH CIOKUBAYiB €1EKTPUYHOI eHeprii. ToMy B Takux
MeperxKax 3axXMCT BiJ 3aMHUKaHb Ha 3€MJIIO JIi€ HE Ha BIJKJIFOYEHHS, a Ha CUTHAI.

3axucTy JiHI{ BIAPI3HAIOTHCS BEJIUKUM PI3HOMAHITTSM 11X BUOIp 3a1€KUTH Bil
CXeMHU 1 Hampyrd, Mepexi, a TaKoX BiA Kareropiii cmoxwuBadiB. s
eJIEKTPOTIOCTAYaHHs  MPOMHUCIOBUX  MIAMPUEMCTB  3aCTOCOBYIOTH  JIHII 3
OJTHOCTOPOHHIM Xap4yBaHHSAM, i€ BUKOPHUCTOBYETHCS MaKCHMAaTbHO-CTPYMOBHIA
3aXUCT, CTPyMOBa BIJCIYEHHS, CTpyMOBa MoIlepeyHa IU(EepeHLIMHNN 3aXHuCT
napajieJIbHUX JIIHIM, a TAKOXK 3aXUCTY BiJl 3aMUKaHb HA 3€MJIIO.

Puc. 8.28. CxeMa 3aumrhl B KOJBUEBOW CETH:

@ — MaKCHMA/ILHO-TOKOBAK, (0 — MAKCHMAILHO-HANPaBIeHHad, T—peie 1oka, M- pele Mo
HOCTH

MakcuMaTbHO-CTPYMOBHI 3aXUCT 3aCTOCOBYETHCS TOJIOBHHM YHHOM IS
3aXMCTy padialbHUX JIHIA 3 OJHOCTOPOHHIM XapuyBaHHsSM. BoHa 3a3BudYail He
3a0e3mnedye CEeNEeKTHBHOTO CTYNEHEBOi il B KUIBIIEBOI MEpeXi, TaK SK 3MIHOIO
BUTATIB Yacy MaKCHUMaJbHUX CTPYMOBHUX 3axuUCTiB (puc. 8.28, a) orpumaru ii
CEJICKTUBHY [I110 HEMOXJIHUBO. Tak, mpu KOpoTKoMYy 3aMukaHHi Ha JiHii JI1 (Touka
K1) moBuHHI BIIKIIOYUTHCS BUMHKaYl 1 1 2, ajle Tak sSK 3aXWUCT HA BUMHUKadl 4 Mae
BUTPUMKY 4Yacy 1,5 ¢, To 1eif BUMHUKAY BIIKITFOUUTHCS paHille, HI)K BUMUKa4 2, 1
NpUIMabHS HiAcTaHIis 7 / cml 3anumuThes 0e3 XapuyBaHHS. AHAJIOTIYHO, PU



nomko/keHHi Ha JiHil JI2 (Touka Kj) panime BIIKIIOYUTBCS BUMHKAaY 4 i
nifcTaniisg # / cm2 3aauInThes 0e3 XxapuyBaHHs. J[J1s CEIEKTUBHOIO BIKIIOYCHHS
MIOIIKO/KEHb B TaKii Mepeki HEOOX1THO, 1100 3aXHUCT Ha BUMHUKadyax 2-5
«pO3pi3HsIa», Ha SKiH 3 JiHIN cTamoCcs KOPOTKe 3aMUKaHHs. Taky BIaCTUBICTh Ma€e
MaKCI/IMaJIBHO-CHp}IMOBaHI/Iﬁ 3aXUCT, BCTAHOBJICHUH B THX K€ TOUKaX.

[Tpu ycTanoBIl MaKCUMaIbHO- CIIPAMOBAHOTO 3aXUCTY (pHc 8.28, 0) cmoyatky
BI/I6I/IpaIOTB BUTPUMKH Yacy 3aXHUCTIB, II0 MArOTh HEMapHI HOMEPU 1 HAWOIIBII
BiJITAJICHI BIJ] JDKEpEa )KUBJICHHS. TaKiUM 3aXHUCTOM € 3aXHCT 7 3 BUTPUMKOIO Yacy
t7 = 0. Tomi nust 3axucty 5 Butpumka ts =t; + At =0+ 0,5=0,5c, abo ts = 1o + At
=0,5 + 0,5 = 1c (naiibinbma). [{ns 3axucty 3 BuTpuMKa yacy t3 =ts + At=1 +0,5
= 1,5¢ (naib6inbima) ado t3 = t;3 + At =0,5 + 0,5 = 1 c. Butpumky vacy 3axucty 1
BUOMPAIOTH 3 YpaxyBaHHIM HaWOITBIIOI BUTPUMKH Yacy 3axucty 3:t; = t3 + At =
1,5 + 0,5 = 2,0c. AHajOr1yHO BUOUPAIOTHCS BUTPUMKHU YaCy 3aXHUCTIB, IO JIIIOTh B
1HIITY CTOPOHY KUIbLIeBOi Mepexi (mapHi HomepH): t =0,y =1,5¢c,ts=2¢,tg = 2,5
c. 3axucty 1,8 1 3, 6, MaloTh HaWOLIBIII BUTPUMKH 4Yacy, MOXYTh OyTH BUKOHaHI
MaKCUMaJbHO-CTPYMOBUMH, 0€3  eleMEHTa  HamnpsAMKy  MOTYXHOCTI, 3
BIIKJIIOUEHHSIM ITOIIKOKEHOT JITHII.
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Puc 829 [lpunuunuanbhas cxema wakced-  Puc. 8 30 Tokoeas ronepeunas
MaJIbHO-HATIPABICHHOH 3alIHTHI AudbepeHIMalibHag  3dMTa  na-
pa/LICLHBIX JIMHMA [ W 2

MaxkcumanbHO-CIIPSIMOBAHUN 3aXUCT, NPUHIMIIOBA CXEMa SKOI HAaBEIECHA Ha
puc. 8.29, ckiiamaeTbes 3 MyCKOBOTO OpraHy 3, 371HCHIOBAHOTO CTPYMOBHUMH pEie,
pene HampsiMy HOTY>KHOCTI 2 Ta opraHy BUTPUMKH 4acy 1, 3A1MCHIOBAHOrO pee
qacy.



HageneHna 3axuct MoXe MOAISTH Ha BIAKIIOYEHHSI BUMHKAYa Y BUIMAJIKY, SIKILO
CIPALIOE HE TUIbKU CTPYMOBE pejsie, Ajie U pelie HAMpAMKY MOTYXHOCTI, IPUYOMY
OCTAHHE 3aMUKA€ KOHTAKTH MPU HAMpPaBIEHHI MOTY>KHOCTI KOPOTKOTO 3aMHKAHHS
BIJT IIMH MIICTAHIII B JIHIIO.

CTtpyM cripalibOByBaHHs IMyCKOBUX CTPYMOBHUX PeJieé MAaKCUMAaJIbHOTO 3aXHCTY
BU3HA4YaOTh 3a (opmynamu (8.4) - (8.6). Ilpu mpomy OakaHo, MO0 ITyCKOBI
CTpyMOBI pesnie Oynu BiOyI0BaH1 Bl MAaKCUMAIbHOTO CTPYMY HABaHTAXKEHHS, 110
POXOJUTH MO JIiHII B HAMPSIMKY A1l 3aXUCTY SK BiJ IIWH MiJCTaHI] B JIIHIIO, TaK 1
710 IIMH MiACTaHIii. i 1poro B 3a3Ha4eHi BUIE (GOPMYIU NOTPIOHO MiICTaBISATH
HAWOUIBIIIE 3HAYECHHS |y vaxc.

CxeMH MaKCUMAaJbHO-CIIPSIMOBAHMX 3aXHUCTIB Jy>K€ PI3HOMAHITHI 1
BIJIPI3HSAIOTHCS THUIIOM ITYCKOBOTO OpraHy (CTpyMOBI pelie, pejie MiHIMaJbHOi
Hampyru Ta iH.), TUMOM pesie HampsIMKy MOTYXHOCTI, CIIOCOOOM MiABEACHHS
Harpyru (MOoCTiiHO a0 B MOMEHT aBapii), HasgBHICTIO 200 BIJICYTHICTIO BUTPUMKHU
qacy Ta iH.

CtpymoBuii  momnepeyHudt  audepeHiiiinuii  3axuct. Takuil  3aXuCT
3aCTOCOBYIOTh JIJIsl 3aXUCTY MapajieIbHUX JIIHIN, TpUEAHAHUX O IIUH MiACTaHI]
yepe3 OJMH 3arajbHUil BUMUKad. [[puHIMN A1i OO 3aXMCTY MOKA3aHUM Ha pHC.
8.30

BropunHi 00MOTKH TpaHC(HOPMATOPIB CTPYMY, BCTAHOBJICHUX HA KOXKHIH JiHI1,
3'€IHYIOTh TPOBOJIAMU MDK CO0OI0 1 MIAKIIOYAIOTh Ha PI3HUII0 CTPYMIB.
[TapanenbHO BTOPUHHHUX OOMOTOK TpaHC(OPMATOpiB CTPYMYy BKIIIOUAIOTH peEIle
ctpymy MutteBoi nii Tuny ET-521 a6o PT-40. Ctpym B peinie HOpIBHIOE Pi3HUIIIL
BTOPUHHUX CTPYMIB TpaHC(POpPMATOPIB CTpyMy Mepiuoi Ta apyroi JiHii: I, = I1-1».

OTxe, B HOpMaJbHUX yMOBAX 1 MPHU PIBHUX 32 BEJIMUYUHOIO BTOPUHHUX TOKaX
HaBaHTaxeHHs |, = 0. [Ipu nomxkopxeHH1 Ha oH1H 3 iHIN cTpyMmu |1 Ta | i€l cTaTTi
He OyIyTh PIBHI 1 yepe3 pene OyJe NMPOXOAUTH CTPYM, PIBHUN iX pi3HMII. SKIIO
BEJIMYMHA LILOTO CTPYMY (PI3HMIN) OlIbIlIe CTPYMY CHPALIFOBAHHS PEJe, TO 3aXUCT
MoJi€ Ha BIIKJIFOYEHHS BUMUKaYa JIHii.

st Toro o0 mpu KOPOTKUX 3aMUKAHHSX HA IIMHAX NMPUUMaNbHI MiACTaHIT
ab0 Ha BIAXOAATH BiJ HEl JIHIAX (HACKPI3HI KOPOTKI 3aMUKAaHHS) 3aXHUCT HE
IpanioBana, CTPyM cCHpanboByBaHHA pene lop, TOBHHEH OyTu Oulblie
MaKCHUMAJIbHOTO CTPyMY HE0ANTaHCY |lu6 yaxc:

[cp pB kHJllHG Makc*

(8.16)

3axuCT MEPEXK BiJI 3aMUKaHHS Ha 3eMi1t0. Mepexi 35 kB 1 Huxk4e € OCHOBHUMHU
MEpeKaMH CHUCTEMH €JIEKTPOIIOCTauYaHHsI MPOMHUCIOBHUX MIiANPUEMCTB. BoHnu
MPALIOIOTH 3 1301bOBAHUMU HeUTpamsimu. [Ipu omHOpa3HUX 3aMUKaHHSIX HA 36MITIO
B TakWX Mepexkax MDK(a3HI Hampyrd 3alMIIalOThCS HE3MIHHUMHU 1 CTpyM
3aMHUKaHHS Ha 3eMJII0 Ma€ HEBEJIMKY BeNMWYUHY. Hampukmian, cTpyM 3aMUKaHHS Ha
3emuto Ha koxkHI 100 kM Mepexi Hanpyroto 6 kB cknagae mpubiuzno 1,5 A mis
NOBITPSHUX 1 07M3bko 80 A 17151 KaOebHUX JIHIMN.

OpnodazHi 3aMHKaHHA Ha 3€MJII0 B MEpEXl 3 130JIbOBAaHUMHU HEUTPATISIMHU
Oe3nocepenHbOT HeEOE3MeKu Ml CIOXKHUBAulB HE MPEACTaBISIIOTh. BHHATOK
CTaHOBJISITh MEPEXKI, SIK1 )KUBJIATH TOPHOPO3POOKH 1 IEPECyBHI MEXaHI3MH, KOJIH 3a
YMOBOIO TE€XHIKH 0€3MeKH MoTpiOHEe MIBUIKE BIAKIIOUEHHS iX.



[TigBumieHHs (a3HUX HAMPYT HEMOMIKOHKeHUX (a3 B 1,73 pa3u MOXKe BUKIHKATH
nepekputTss abo mpoOoro 130ismii Ha 1HmNK ¢dasi, mo mpusBeAe A0 JABO- ado
TpudazHOMy KOPOTKOTO 3amuKaHHSI. KOHTponb cTaHy i30Ji1ii BUKOHYIOTH
3a3BUYail HAWOUIBII MPOCTUM CHOCOOOM-IIIITXOM BKJIIOUEHHSI TPHOX BOJBTMETPIB
He Oyab 0HOTO a00 TPHOX pelie MiHIMaIbHOI HaNpyTH Ha (a3Hi HaNpyTH (AWB. TI.
9). Takumii crocid 3aCTOCOBYETHCS HA MIACTAHIISX MPU HEPO3TaTy>KEHOI MEpEexi.
Ha emexkTpocTaHIligx 1 MiACTAHINAX 3 BEIMKAM YHCIIOM JIIHIA 1 PO3raay’KeHOIO
MEpekero Takud crmocid He 3ale3meuye JOCHUTH IIBHJIKOTO  BiJIITYKaHHS
MOMIKOKEHOT JiHIT. ToMy OKpiM KOHTPOJIO 130JI11ii BCTAHOBIIOIOTH 3aXUCT BiJl
ofHO(a3HUX 3aMHUKaHb Ha 3EMITIO.
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Puc. 8.31 3aumra kabeanHbIX _IMHHH OT 3aMbiKa-
HHH HA 3eMJIK°
a— KaDesibHbli TparCeOPMATOP TOKA, (— CXEMA 3ALHTbI

VY kabenpbHUX Mepekax 4apTH 3aXUCT BiJ 0JHO(A3HUX 3aMHKaHb HA 3EMIIIO
3MIACHIOIOTh  TpaHCOPMATOPOM  CTPYMy HYJIbOBOI  mochimoBHOCTI. Llei
TpaHchOpMaTOp Mae KiIbIENoAIOHy ab0 MpsAMOKYTHY (opMy 1 HaAIBAETHCS HaA
3aXUIIAETHCS TPKIWIbHUA Kabenb, Ha oOMOTKy TpaHchopmaropa BKIIOUAETHCS
3aXHCHE pene (puc. 8.31, a).
Y HOpManmbHOMY pexuMi poOOTH KokKHaA (haza JIiHIM Mae OJHAKOBY €MHICTIO TIO
BIJIHOIIEHHIO 10 3emJl. [Ipu MixkpazHUX KOPOTKUX 3aMUKAHHSX T€OMETPUYHA CyMa
CTPYMIB TaKOX JIOPIBHIOE HYJIIO, TOMy CTPYM B pelie 3aXUCTy He mnpoTikae. [lpu
3aMHKaHHI Ha 3eMJII0 OJIHI€T a3y uepe3 pese 3axXucTy Oyle MPOTIKATH CTPYM,
OOyMOBJICHUI €MHICTIO HEMOMIKO/KEHNX (a3. SKmo cTpyMm crparbOByBaHHS
3aXMCTy MEHIIE BEJIMYMHHM €MHICHOTO CTPYMY HEMONIKO/KEHUX (a3, TO TaKuiu
3aXHUCT crpaltoe yepes pesie T Ha cUrHai; npy KOPOTKUX 3aMUKAHHSIX TaKUMA 3aXUCT



CIIpaLioe Yepes IBUAKOHACUTHUX TpaHcopmatop BHT Ha BinkmoueHHs (puc.
8.31, 6).
6-10kB
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Puc. 8.32. Cxema 3alMThl JIMHHH HATIpsKe-
smem 6 — 10 kB, nuraroweil Tpanchopma-
top 6—10/04—0,23 xB

—

Cxema 3axucty kabenpHoi JiHii 6 -10 kB, 1m0 xuBuTh Tpanchopmarop 6-10 /
0,4-0,23 B, naBegena Ha puc. 8.32. ¥V cxeMmi mnependadyeHuil 3axuCT BIJ
Oararoda3HuX 3aMHKaHb B JIHII 3 JI€I0 3aXHUCTy HA BIAKIIOYEHHS 1 BUTPUMKOIO
yacy, 1o 3abe3neuyerscsi crpymoBuMu pesie PT1-PTS5 TinaPT-40 1 pene wacy EB
tunty EB-122, mo airote udepe3 mnpomikHe pene P1 PII-23 nns nmocuneHHs
MOTY>KHOCT1 KOHTaKTIB peJe yacy B.

3axucT BiJ 3aMHUKaHb Ha 3€MJII0 BHKOHAaHa TPaHC(POPMATOPOM CTPyMy

HYJIbOBOI MOC1A0BHOCTI T3 3 Ai€r0 Ha mpucTpiil curnamsanii 3azemiienns Y C3-3M.

3axuct reHeparopiB. PO3rsiHEMO MOIIKO/LKEHHS 1 HEHOpMAJTbHI PEXUMHU pOOOTH
TEHEPATOPIB 1 3aCTOCOBYIOTHCS Y LIMX BUIAIKAX 3aXUCTY.

[TomkomkenHs B ooOMoTtiii craropa. [TomkomkeHHss MOXKYTh OyTH BUKJIMKAHI:

a) OaratoasHUMH KOPOTKOT'O 3aMHMKaHHSI 1 BUHUKHEHHSM HAJICTPYMIB B OOMOTII
craropa. 3aCTOCOBYIOTh MOAOBKHIO AW(epeHLiaIbHy 3aXHUCT, Ji0uy, SIK 1 IPH 3aXUCTI
tpanchopmaropis (mus. Puc. 8.31), Ha npuHIMIII HeOaTaHCy CTPYMiB MK BUCHOBKaMH 1
HYJIOBOIO TOYKOIO T'€HEpaTopa MpY BUHUKHEHHI CTPYMIB KOPOTKOIO 3aMHUKAHHS MK
OOMOTKaMH CTaTopa; 3a3BU4ail BUKOPUCTOBYIOTH peie PHT jyis mifBUIIIEHHS 4y TJIMBOCTI
3aXHCTY;

0) omHo(azHUX 3aMHKaHb Ha 3eMmt0. [Ipu Tokax 3amMHKaHHS 10 5 A 3aXHUCT Jii€ Ha
CUTHAJI, TOHA/T S A-Ha BIIKIIOYEHHS. 3aXMCT BUKOHYIOTh AHAJIONYHO 3aXUCTy NpHU
3aMHKaHHI Ha 3eMiIl0 KaOenmbHMX JiiHiA (muB. Puc. 8.31) 3 BHKOpHCTaHHAM
TpancopmaropiB HyJb0oBOi mociioBHOCTI Turmy THII mpu kabenbHMX BHCHOBKAx
reHeparopa, ado tTpanchopmaropiB THIIII mpy mmmHHMX BUCHOBKAX;

B) MDKBHUTKOBOE 3aMUKaHHS B OJHIM ha3i OOMOTKH. 3aCTOCOBYIOTH TOMEPEUHY
uepeHIialibHy 3aXUCT, 10Uy aHAJOTIYHO «BICIMKOBOMY» 3aXHCTI HapajiesIbHUX
JHINA TIPY HASIBHOCTI B OOMOTIII CTaTOpa JBOX MapajelIbHUX T1UIOK 1 O1JIbIIIe.

[lepeBanTaxxenHs cratopa. [lepeBanTakeHHSI MOKYTh OYTH BUKJIMKAHI:

a) CTpyMaMH TIPH 30BHIIIHIX KOPOTKHUX 3aMUKAHHIX. 3aXUCT - MAaKCUMAJIbHO-
CTPYMOBHUI 3 OJOKYBaHHSIM 3a HAlpyroro 3 ypaxyBaHHSM 3HIKEHHS HAmpyru Ha
BHCHOBKaX OOMOTKHU CTaTopa. 3aXUCT i€ 3 BATPUMKOIO Yacy Ha OJIHY-/IBl CXOJIUHKHU



BHUIIIE 3aXUCTIB TPaHCPOPMATOPIB 1 JTIHINA r€HEPaTOPHOTO HANIPYTH 1 BIIOYIOBYEThCS
B1JI CTPYMIB MPH CaM0O3aIycKy JBUTYHIB BilacHuX 1otped TELI;

0) cTpymaMu niepeBaHTaXKeHHs. 3aXHCT Jl€ HAa CUTHAN a00 Ha BIJKIIOUEHHS 3
BUTPHUMKOIO Yacy B 3aJIKHOCTI BiJ] JOMyCTUMOI nepeBaHTakeHHs: Ha 10% -60 xB,
15% -6 xB. 3axucT aHaJOTiyHA MaKCHMaJbHO-CTPYMOBOTO 3aXHCTy JIHII 1
TpaHcpopmaTopis;

B) CTpyMaMH 30BHIINIHIX HECHMETPUYHHUX KOPOTKMX 3aMUKaHb, IO
CYIIPOBO/KYIOTbCS BHUHUKHEHHSIM CTPYMIB 3BOPOTHIM MOCIHITOBHOCTI, BEJIbMHU
HeOe3MeuHuX 71 TeHeparopiB. Tak Sk 3BUYaiiHa MAKCUMAIIbHO-CTPYMOBUI 3aXUCT
Bil LIUX CTPyMiB HE 3a0e3nedye HeOoOXIAHOI YyTJIMBOCTI CIpalbOBYBaHHS, TO
3aCTOCOBYIOTh 0araToCTyNeHEeBY CTPYMOBHM 3aXHCT 3BOPOTHIN MOCIIOBHOCTI,
BUKOHaHY crieniaibHUMU GuibTp-pese PTO-1M [19].

Tax, mpu TPUCTYNIEHEBO1 3aXUCTY 3 BIAMOBIAHUMHU BUTSATAMU CTPYMY 1 4acy s
KOKHOT'O CTYNEHs BUKOHAHHS YMOB CIIpallbOBYBaHHs 3a0€3ME€Uy€ThCs CIIOYATKY
JI€IO0 TIEPIIOTo CTyNeHs 3axucTy Ha BinkimoueHHs (AI'Tl), Bumukaya remepartopa 1
Janl A€l Ipyroi 1 TPEThOi CTYIMEHIB-HA BIAKIIOYEHHS HIMHO3'€IHYBAJILHOTO Ta
CEKI[IMHUX BUMHKAaYIB.

[TomkomxeHHa B 0OMOTII poTopa. IlomKoKeHHs MOXKYTh OYTH BUKJIMKAaHI:

a) 3aMUKaHHSM Ha 3eMJII0 OOMOTKHM 30y/KeHHS B OAHIM Touui. s #oro
BUSIBJICHHS Ta MEPIOJAMYHOTO KOHTPOJIO 130JsL1i OOMOTKHM 30y KEHHS
BUKOPHCTOBYIOTh BOJIBTMETP, OJMH 3aKHUM SIKOTO MIPUETHYIOTH 10 3€MJIi, a IPyTUuit
Mo 4yep3i 0 MojrociB poropa. [Ipu crpaBHiii 130541111 CBITYEHHS B 000X BUIAIKaX
piBHI Hymt0. [Ipy 3aMuKaHH1 0OMOTKHM pOTOpa Ha 3€MJIIO B OAHIN TOYILl BOJIBTMETP
BUMIpSIE€ HAMIPYyTa KOXKHOTO MOJF0CA 10 BITHOIICHHIO J10 3€MJIL;

0) 3aMUKaHHSM Ha 3eMJII0 OOMOTKU 30Yy/KEHHS B JBOX TOYKax. Y IbOMY
BUIIAJKY 3aCTOCOBYIOTH CHEIIaJbHy CXEMYy 3aXHUCTy 3 BHUKOPUCTAHHSIM JBOX
NOJIIPU30BaHUX pejie, 110 pearyloTh Ha MOPYIIEHHs OajaHCyBaHHS MOCTa,
YTBOPEHOTO OOMOTKOIO 30Y/’KEHHS 1 MOTEHIIOMETPOM, MPHUEIHAHUM A0 KUIEIb
poTtopa. 3aXUCT 3aJeXKHO BIJ] MOTY>KHOCTI TeHEpaTOpa MOKE JA1SITH Ha CUTHAIT 200 Ha
BIIKITIOUCHHS;

B) mepeBaHTaXxeHHsAM potopa. ITpu nepeBantaxkenHi Ha 10% nonmyctume yac
nepeBaHTaxeHHsA-10 xB; mnpu nepeBaHTaxkeHHI Ha 15% gomyctuMe yac
nepeBaHTaXeHHA-6 XxB. CXeMU 3aXUCTY BiJ MepeBaHTAKEHHS pOTOpa 3ajieXaTh Bij
TUITy MOTY>KHOCTI 1 MOTY>KHOCTI T€HEPaTOPIB 1 BUKOHYIOTHCA 3a JIONOMOTOI0 pelie
HaIpyTry, BKIOYEHOTO Ha OOMOTKY pOTOpa 3 €0 Ha 0OMEKEeHHsI opcyBaHHs, a
MOTIM Ha BIJKITIOYEHHS.

[ToBHa cxema 3axMCTy CHMHXPOHHOTO reHeparopa. Cxema BKiIO4ae B cele
OKpeMi BHUAM 3aXMCTIB, PpO3MVIAHYTHX BHILE: TMOJOBXHIO 1 TMOMNEPEUHY
nudepeHIiaabHl 3aXUCTy, 3aXUCT BiJl 3aMUKaHb HAa 3E€MJII0, CTPYMOBI 3aXHUCTy -
3BOPOTHIN MOCTIJOBHOCTI, 3 OJOKYBaHHSIM MIHIMAJIbHOI HAmpyrH, 1 3aXHUCT BiJ
NepPEeBaHTAKECHHSI.

3axuct enekTpoABuryHiB. Ha OUIbIIOCTI MIANPUEMCTB  PI3HUX — raimysei
MPOMUCIIOBOCTI 3a3BHYail 3aCTOCOBYIOTh aCHHXPOHHI 1 CHHXPOHHI €JIEKTPOABUTYHH PI3HUX
MIOTY>KHOCTEH Hampy>keHb. PO3ryistHeMO 0COOIMMBOCTI 3aXHCTy BUCOKOBOJIFTHHUX JIBUTYHIB
notyxHicTio Bii 100 kBt 1 Bume. Enexrpomurynn mortyxsictio A0 300 kBT, mio
BCTAHOBITIOIOTHCS HA HEBIMOBITATEHIX MEXaH13MaX, MOKYTh 3aXHITATHCS



BUCOKOBOJIFTHUMH 3anooikHukamu tumy [1K. TIpu kpaTtHOCTI IycKoBOro cTpyMy, piBHOT
6-7 1 HwK4Ye, 3aroOLKHUKK BuOWparoTh 3a kKpuBuMmu (puc. 8.33). Ilo oci abermc
Binxnanarote cTpymMu KOpPOTKOro 3amukauHs |, (A), BIAMOBIIHI MyCKOBUM CTPYMIB
JIBUT'YHA; TIO OC1 OpJIMHAT - Yac TUIaBJICHHS 1;; 0OpaHOi BCTAaBKH, SIKE TIOBMHHO OYyTH OLIbIIIE
4acy, HeoOX1THOTO /i1t po3roHy aBuryHa (MakcumyM 40-60 c). Ha BinmoBiqHIX KpUBHX
BKa3aH1 HOMIHAJIbHI CTPYMH TUTABKMX BCTABOK 3aMOOLKHUKIB, sIKI TIOBUHHI OyTH OUIbIie
HOMIHAJILHOTO CTPYMY JIBUTYHA.
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Puc. 8.33. XapaxTepHCTUKH CcpaDaThIBAHWS MIABKMA BCTABOK NPEAOXpPAHM-
Teaell © KBAPUEBBIM HAMOJIHCHHEM

1 2 51020

3acTOCyBaHHSI BUCOKOBOJIFTHUX TUIABKMX 3allOOLKHMKIB JIIsl 3aXHUCTY BiJ] CTPYMIB
KOPOTKOTO 3aMHKaHHS 1 BUMHKA4iB HABAHTAXXECHHS YIS 3aXUCTy BiJ MEPEBAHTAKCHHS
3HIKYE HAIAHICTh, OCKUTBKH MEPETOPSHHS 3aNI00DKHUKA B ONTHIN (Pa3i MOXkKe MPU3BECTH
70 TIeperopaHHs 3amoODKHUKIB B JIBOX IHINMX (pazax, a OTKE, 0 BUXOMY 3 JIaay
€JIEKTPO/IBUTYHA 1110 3aXHUILIAETHCA.
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Puc 834 CxeMa 3d1MThl BBICOKOBOILTHOIO
ACHHXPOHHOTO  ABMIaTe/Id  MOLIHOCTRIC 10

2000 kBT
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|

3B cxeMor0 3aXHCTy BUCOKOBOJIBTHOTO aCUHXPOHHOro aBUryHa o 2000 kBt
(pic.8.34) 3acTocoBaHi HACTYIIHI BUJM 3aXHUCTIB, BUKOHAHUX Ha OINEPATUBHOMY
3MIHHOMY CTPYMi:

3aXUCT Bil MDK(A3HUX KOPOTKHUX 3aMHUKaHb - CTPYM CIIPAIlbOBYBAHHS 3aXUCTY
B1JI0YIOBYETHCS Bl MAKCUMAJIBHOT'O 3HAYEHHS MEPIOAMYHOI CKJIaI0BOI ITyCKOBOIO
CTPYMY IBUTYHA lnyex 3 BBEJACHHSM TIJIBUINEHOTO KOS(illi€HTa HAMIHHOCTI Kyay JUTS
pene PTM npuiiMatoth Ky, = 1,4 =+ 1,6; qis pene PT-40-Ky,, = 1,8 + 2:

Iepp=Kk uukcxlnrﬂ [k v (8.17)

3aXUCT Bl O0JHO(MA3HUX 3aMHUKaHb HA 3€MJIIO0 - BCTAHOBIIOETHCA TUIBKU IS
JBUTYHIB 3 CTPYMOM 3aMUKaHHS Ha 3emito Buule 10 A. 3miiicHIOETBCS BOHA
TpaHc(hOpPMATOPOM CTPYMY HYJIHOBOI MTOCIIIIOBHOCT], YAHHUM Y€pe3 CTPYMOBE pesie
T na npomixne I1 1 gani Ha KOTYLIKY BIJIKITFOYEHHS;

3axXHCT BiJI CTPYMiB IIepeBaHTaXKEHHS — 31iHCcHIOEThes pee Tuy PT-80 (T / B)
3 3aJIKHOI0 BiJ CTPYMYy BUTPHUMKOIO 4Yacy, BKJIIOYEHHM, TaK CaMoO SIK 1 pele
MaKCHUMaJbHO-CTpyMoBoro 3axucty PTM, Ha pi3HUIIO CTpyMiB. 3axuCT BiJ
MepeBaHTAXCHHS JIi€ Ha CUTHAJI a00 Ha BIJKIFOUCHHS B 3aJIC)KHOCTI BiJI ITOJIOKESHHS
nepemukaya [IY. BcraHoBmoeTbcsi BOHAa Ha JBUTYHAaX, KOJM MOMKJIMBI
NEepPEeBAHTAXKEHHS 3 TEXHIYHUX MPUYUH a00 BaXKi YMOBHU ITyCKY 1 CaMO3aIlyCKY;

3aXMCT MIHIMAJIbHOI HAIIPYTH BCTAHOBJIIOETHCS, 11100 3a0€3MeUUTH CaMO3aITyCK
HaWOUIBII BIAMOBIAATBHUX EJICKTPOJABUTYHIB 1 BIIKIIOYHUTH HEBIAMOBIIATBHI
CJICKTPOABUTYHH, BIJICYTHICTh SKHUX MPOTATOM JESKOTO 4Yacy He Biai0'eThCs Ha
BUpOOHWYOMY Tiporieci. [{uM 3MeHIIyeThCsi CymMapHUN CTpyM caMmo3amnycka 1
NIJBUILYETHCS HAMpyTra Ha IIMHAX, 3aBASKA YOMY 3a0€3MeuyeThCcsl camo3aIycK
BIJIMOBITAJTbHUX €JIEKTPOJIBUTYHIB.

3axuCT MIHIMAJIbHOI HANIPYTH 311 CHIOIOTH 32 IONIOMOTOI0 PeJie HANPYTH THUITY
PHB, BOynoBaHoro B npuBiJ BUMHKa4a. 3aIUIIKOBA HANpyra Ha MIMHAX MOBUHEH



3a0€3IMeUnTH CaMO3anyCK BIAMOBIIAILHUX JABUTYHIB 3 BUTPUMKO 4dacy 0,5- 1 c i
JIBUTYHIB, SIK1 BIIKJIFOYAIOTHCS 32 YMOBAMHU TEXHOJOTTYHOTO MpoIecy abo TEXHIKH
0e3IeKH, 3 BATPUMKOIO dacy 5-10 c.

[lepepaxoBaHi 3aXHMCTy 3aCTOCOBYIOTh fK JUIsI ACHHXPOHHUX, TaK 1 JUJIs
CUHXPOHHUX BHCOKOBOJBTHUX JBHUTYHIB. KpiM TOrO, /Ui CHHXpPOHHHMX JBUTYHIB
BEJIMKOI MOTY>KHOCTI 3aCTOCOBYIOTh JJOJJATKOBI BUHM 3aXUCTY 1 KOHTPOJIb:

nudepeHiiagbHy 3aXHCT-BCTAHOBIIOIOTh BiJl BHYTPIIIHIX MOIIKOKEHb B
O0OMOTKax JBUTYHA;

3aXUCT B1JI ACHHXPOHHOTO PEXKUMY POOOTH-31HCHIOIOTH CHEIllaIbHUM pelie
PY, KOHTPOJIOIOYMM YacTOTy B JIAHII031 pOTOpa, ab0 MaKCUMalbHO-CTPYMOBOTO
3aXHUCTOM, IO Ji€ MPU TEPEeBAaHTAKEHHSIX, BUKIMKAHUX ACHHXPOHHUM XOJOM
JIBUTYHA,

3aXUCT BiJ] OOpHUBIB B POTOPHOI JAHIIOTU-3/IIMCHIOIOTH pelie OOpUBY MOJIS
(POII a6o PHT);

KOHTPOJIb TPUBAJIOCTI MYCKy-3A1HCHIOOTH pene tumy PT-80, mo aie npwu
3aTSHKHOMY IYCKY 1 BUKJIMKAHOT IIM TTepEBaHTaKECHHI.
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Puc. 8.35 Cxema 3aumThl CHHXPOHHOIO ABMIATENS MOLIHOCTHIO Hoace 2000 kBT

Ha puc. 8.35 HaBeneHa cxema pelIEMHOr0 3aXHUCTy CHHXPOHHOIO
eJNIEKTPOABUTYHA TTOTYXkHIicTIO ToHaA 2000 kBT. B sikocTi 3axucTy Big MikdazHIX
KOPOTKMX 3aMUKaHb B JaHIA CcXeMl BCTaHOBJICHA IU(EpEHIIHHUA 3aXUCT B
oJlHOpeneiiHOMYy BUKOHaHHI. Pene PTM BKiIroueHO Ha Pi3HUIIO CTPYMIB ABOX a3,
110 JT03BOJIIE IpYyry CTpymMoBUH KOTymIKy PTM, mo 3HaxoauThes B IPYKUHHOMY
IPUBO/I1, BAKOPUCTOBYBATH JJISl 3aXUCTY BiJl ACHHXPOHHOTO XOJy.

3axucT BiJ MEpeBaHTaXEHb 1 BiJl aCHHXPOHHOTrO XoAy 3AilicHioe pene PT / B
(PT-80), sixe uepe3 nmpomixkHe pesie PIIT aemyHTipyeT cTpyMOBUM BIIKIIOYAE



kotymky peine PTM. Take BUKOHaHHS 3aXUCTy MiABUILYE HAAINHICTH i1 Jii mpu
ACUHXPOHHOMY XOJli €JEeKTPOJBUTYHA, TOB'A3aHOMY 31 3HAYHHM 3HWKEHHSM 1
KOJINBaHHSM HAIPyTU Ha IIMHAX.

3axuCT MiHIMAJIbHOI HAMIPYTH 1 3aXUCT BiJl 0JHO(A3ZHOTO 3aMUKAHHS Ha 3€MJTI0
CHHXPOHHOTO JIBUTYHA BUKOHAaHI TaK CaMo, SIK 1 ACHHXPOHHOTO JIBUTYHA.

JlJis AMCTaHLIMHOTO BIAKJIIOUEHHS JABUTYHA BUKOPHUCTOBYIOTHCS OINEpaTHBHI
[iHYyW 3MIHHOTO CTpyMy, IO [iI0Th uepe3 mpomikni pene PII Ha koTymky
BinkmroueHas KO.

3axucT ejieKTpomiyHUX ycTaHOBOK. Ha puc. 8.36 HaBengeHa cxeMa 3axucty
JyTOBOTO Tedi 1 )KUBUTH ii TpaHchopmaropa notyxHicTio 1600 kB A, Hanpyroro 6-
10 xB.
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Puc. 8.36. Cxema s3aumrn Tpanchopmaropa Iyrosoit 7IeXTpONeHH

3axucTy BUKOHAHI Ha OTIEPATUBHOMY 3MIHHOMY CTPYMI:

MaKCHMaJIbHO-CTPYMOBHI 3aXUCT 0€3 BUTPUMKHU Hacy 3I1HCHIOETHCS JIBOMA
pene npsmoi aii-PTM1 1 PTM2. Ctpym cripaiibOByBaHHSI 3aXHCTy BHOMPAETHCS 3
ypaxyBaHHSAM BIZOYJOBM BiJ EKCIUTyaTaliiHUX KOPOTKHX 3aMUKaHb (TIpH
PO3IMIIaBIOBaHHI METaNY): lep sam (235 ~ 4) Liowm,

ra3oBUM 3aXUCT 3/IIMCHIOETHCS Ta30BUM petie I 1 aie uepes pene Y1 Ha curnan
a6o uepes pene Y2 i pene I1 Ha BIKIIIOUCHHS;

MaKCUMaJbHO-CTPYMOBHM 3aXMCT BiJ] HAJCTPYMIB MPHU 30BHILIHIX KOPOTKUX
3aMUKaHHSAX 1 TIPU MEpeBaHTaXEHH1 3aiicHIoeThest pene tuny PT-80 (T / B) 3
3QJICKHOIO BIJl CTPYMY XapaKTEPUCTUKOIO 1 TI€I0 HA CUTHAJI.

3aXUCT CTaTUYHMX KOHJEHCATOpIB. 3aXHUCT KOHAEHCATOPHMX Oarapeil Hampyroro
suie 1000 B moske BukoHyBatucs 3anodibkamukamu Ty [1K abo pene MutTeBoi il THITY
PTM (puc. 8.37). 3axucT Bif 3aMUKaHb HA 3€MITIO 3IMCHIOETHCS CTPyMOBHM penie T,
YUHHUM uyepe3 pomixkHe pese [1 Ha BiakmroueHHs.
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Puc 837 (xema 3aiuuinl BLICOKOBOJIBTHBIX KOH-
JACHCATOPHLIX OaTapeit

-
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HominanbsHuil cTpyM TUI1aBKOi BCTaBKM 3anoOibkHuKa HJI 1 cTpyM cripaiiboByBaHHS
MAKCHMAJIBHO-CTPYMOBOTO 3aXHCTY lcp zan BAOUPAIOTH 3 ypaxyBaHHIM HACTYITHUX YMOB: JI€
l1iomx - HOMIHAIBHUIA CTPYM OJTHOTO KOHJIEHCATOPpa 200 TPYNHU; lyyons - HOMIHATLHUIA CTPYM
BCi€i OaTapei KOHJIEHCATOPIB.

3axyUCT KOHAEHCATOpHHUX Oarapeld Npu OMHO(MA3HMX 3AMHUKAHHSIX Ha 3EMIIIO
BCTaHOBJTIOETHCS Y IBOX BUIQJIKAX: KOJIM CTPYMH 3aMHKaHHs Ha 3emtto Buiie 20 A 1 konu
3aXUCT BT MbK(a3HMIX 3aMUKaHb HE CIIPAITbOBYE.

Jlexknia Ne25

Tema: Cxemu ynpaiiHHS, 007Ky 1 CUTHaJII3ai].
Merta: o3HallOMUTHCS 31 CXEMaMHU yIpPaBIiHHS, O0JIIKY 1 CUTHAI3aLlli.

MeToau: cJIOBECHI, HAOYHI.



Il1an:

1 IIlutu KepyBaHHS.

2 JlucrieT4epChKi MIUTH.

3 lucneTyepChKuil mynbT.

4 YnpaBiiHHS, CUTHAJII3allisl 1 KOHTPOJIb B €JICKTPOYCTAaHOBKAX.

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

Jlireparypa:

1 Poxxkosa JI.JI., Kozynun B.C. DnekTpoobopynoBaHue CTaHIMM U MOICTAHIIMIA:
YyeOHUK /U1 TEXHUKOB. — M.: DHeproaTomus3aat, 1987. — 648 c.

2 Jlunkua b.}O. DnerpocHabkeHre MPOMBITTUICHHBIX TPEIMPUATHN U YCTAHOBOK. —
M. : «BrIcmiag mkoia», 1990 r. — 365 c.

3 TloctaukoB H.IL., PyGamoB I['.M. OnexrpocHabkeHHE MNPOMBIINLIEHHBIX
npeanpusatuid. — Jlenunrpan: «Crpoituzgar», 1989 r. — 351 c.

IuTH kepyBaHHs. [[Jis ynpaBiiiHHS 1 KOHTPOJIIO 32 POOOTOIO EIEKTPUIHOTO
oOnajiHaHHS €JIEKTPOCTaHIIINM 1 MACTAHIIN TPUCTPOT JUCTAHIIIHHOTO KepyBaHHS 1
CUTHAJII3aIli{l, BUMIPIOBAJIbHI MPUJIAIH, allapaTH PEeICHHOTO 3aXUCTY Ta aBTOMATHKU
po3MIITyIOTh Ha muTax kepyBanus (LY) 1 aucneTyepchkux MmyHKTax.

[Ilut KepyBaHHS pPO3TAIOBYIOTH Yy 3aragpHOMy (pa3oM 3 IHIIUM
o0JiaTHaHHSIM ) abo creriajbHO B1/IBE€JICHOMY MPUMIIIICHHI. Ha
TEIUIOETIEKTPOIEHTPAISX, PAMOHHUX EJIEKTPOCTAHIIAX 1 BEJIMKUX I1JCTaHIIIX
cropy/kyeTbcsi rosiopHud 1T ympasiminas (YY) Ha THIY po3mingyroTs
anaparypy AMCTAHI[IHHOTO KEpyBaHHsS Ta CUTHAJI3allii, MpUIaJd BUMIPIOBaHHS,
anapaTypy peJICHOro 3axMCTy Ta aBTOMATHKH, IIUT MOCTIMHOTO CTpyMy 1 3aco0u
3B'si3Ky, [Ipumimenns s LY na TEL] 1 migcraHmisx 3HaxXOoAWThCA B OyAiBII
TOJIOBHOTO PO3MOJIILHOTO MPHUCTPOIO, MO MPUMHUKAE O TEPUTOPIi BIAKPUTOIO
M CTaHII].

Kpim T'IIY Ha enekTpocTaHIIgX BCTAHOBIIOKOTH MICIIEBI IIUTH YIPaBIiHHSA,
MpU3HAYEH] JUIsl KepyBaHHS JBUTYHAMU, CJICKTPUYHUM 1 TEIUIOBUM OOJIaHAHHSIM
KOTJIB, TypO1H, IIUTH ABTOMATUKH.

[[utn KepyBaHHS CKJIAJAIOTHCA 3 OKPEMHX MaHENIel, Ha JUI[bOBIA CTOPOHI SAKUX
BCTAHOBJICHI PYKOATKH KJIIOYIB JUCTAHIIMHOTO KEpPyBaHHS, CUTHAJIbHI MPUCTPOI,
BUMIPIOBAJIbHI TIPUJIAAM 1 MHEMOHIYHA cxeMa 3'eiHaHHs (puc. 9.1).
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puc 9.1 9.2
3'enHaHHs BCI€l amapaTypu, BCTAHOBJIEHOT HA IaHEeN, BUKOHYIOTh 3 il 3aJHbBOI
ctopoHu. Tyau K TIABOAATH 1 MiA'€IHYIOTh KaOeni JaHIIOTIB YIPaBIiHHSA,
BUMIPIOBaHb 1 CUTHAIII3AI], SIKI HA3UBAIOTHCSI KOHmMpoabHumu Kabensamu. Ilepexin
B1J1 MPOBOJIIB /10 Ka0OeiB 31CHIOIOTH 32 JOIMTOMOTO0 CIEIIaIbHUX KJIEM.

Ha uuTi rpynytoTh naHesni reHepaTopis, TpaHC(OpMAaTOpiB, JIHIA MEXaHI3MIB
BJIACHUX MOTPEO 1 T. A. PO3TaIIOBYIOTH MaHeN TakK, 100 MOJETIINTH CIIOCTEPEKEHHS
3a BCTAHOBJICHUMH TTPHUIIAIAMH.

MoXIuBUMH CIIOCOOaMHU YIIPaBIIIHHSA BHUMHUKa4aMH € MiclieBe (pydyHe) -
BUMHKA4l BKJIIOYAETHCS a00 BIJKIIOYAETHCS HA MICIIl YCTAaHOBKHU; JMCTAHIIIMHE-
BUMUKAY BKJIIIOYAETHCSA a00 BIAKIIOYAETHCS HA BIICTaHI, 3 ITUTA YIIPABIIHHS.
Pydne yripaBiiHHS B OKpEMHX BHUITaIKaX JTOMOBHIOIOTH MPUCTPOEM aBTOMATHYHOTO
YOpaBJiHHS 1 JUCTAHIIINHUM BIAKIIOUEHHSIM BUMUKayda. 3a3BUYail BIIXOMASITH JIIHIT
6-10 kB MaroTh micueBe ynpasiiHHs. Pene i BUMIpIOBaJIbHI NPUIAAA TaKUX JIHIN 1
BCl €JIEMEHTH, MOB'A3aHl 3 YIpPaBIiHHA BUMHUKaueM, PO3MILIYIOThCS Ha (acani
Kamepu PVY.

JucnerdyepebKi muTH. JIJ1s1 ypaBIliHAS CUCTEMOIO €JICKTPONIOCTaYaHHS Ha
JTUCTIETYCPCHKUX MyHKTaX ITiIMMPHUEMCTBA BCTAHOBITIOIOTH JUCTIETYepChKi muTH. Ha
IIUTaX PO3MINIYETbCS MHEMOHIYHA CXeMa, CHUCTeMH eJEKTPONOoCTayaHHs abo
OKpeMoro ii 00'eKTa, a TAKOXK arapaTypa yIpaBIiHHS Ta CUTHAII3allii.
Jucneruepchbki IMTH OyBaIOTh IJIAHIIETHOTO 1 MO3aiYHOTO TUMIB. Y IMJIAHIIETHUX
IIMTaX MHEMOHIYHA CXeMa 1 arapaTypa po3MIITyIOThCS Ha CIIEI[iaTbHUX TUTAHIIIETaX,
10 KPIIJIATHCS HA MaHeNsax. Mo3aiyHi MHUTH CKIIaIal0ThCs 3 METAJIEBUX KapKACHHUX
CEeKIi, Ha SKHUX YKpiIieHl nepdopoBaHi miuaTH. B oTBopax miar ykpimieHi
IUTACTMACOB1 €JIEMEHTH JJIsl PO3MIILEHHS arnapaTypH YIPaBIiHHA Ta CUTHAII3aIii



(puc. 9.2). [lepeBaroro My3U4HHX IIUTIB € MOKJIUBICTB JIETKO1 3aMIHU OKPEMHX iX
€JIEMEHTIB TP 3MIHAX CXEMH KOHTPOJIbOBAHOI'O 00'€KTA.

Jucnerdyepebki myabTH. JlJis po3MILIEHHST BUMIPIOBAIBHOI anmapaTypu Ta
amapatypy YyOpaBIiHHS Ta OOJaJHAHHA POOOYOTO MICI JUCIIeTYEpa CIIykKaTh
JUCTeTYEPChKi MyNbTU. JlucneTuepchbKi MynbTH BUKOHYIOTh 301pHIUMH CEKIIHHUMHU.
BoHu ckinamaroThes 3 TyMO 1 CTUTBHUIIN, Ha SKiH MOXKE BCTAHOBITIOBATHUCS MPUJIAI0BA
MpUCTaBKa.

YupapiiHHsl, CHTrHajdiBamis i KOHTPOJb B  €JIeKTPOYCTAHOBKAaX.
Po3pi3HsI0Th Takl BUIM YIIPABIIIHHS: MICIICBE, aBTOMAaTHYHE, TUCTAHIIAHE.
Jucraniiitne kepyBaHHs. Lle ympaBiiHHs Ha BIJICTaHb KIJILKOX COTEHb METPIB,
MPOBOJIUTHCS ONEPATOPOM, IO MOJAE KOMAHAY 3 MOCTa a0 IIUTa YIpaBIiHHS
IUIIXOM 3aMUKAHHS CHEIlaJbHUM KJIIOYEM JIaHIIora YIPaBIIHHS MPUBOIOM
BHMHKAa4a, po3'eIHyBava ado ABUTYHA.

HaniiinicTh Al cXeMU AMCTAHLIIHOTO KEpyBaHHS 3aJIEKUTh Bl CIPAaBHOCTI
anapaTypy 1 JIaHIFOTH YIPaBIIHHS, K1 TMOBUHHI 3HAXOAUTHUCA TiJ MOCTIMHUM
KOHTpOJIeM. BUMHKad MOXe BIAKITIOYATHCS KJIIOYEM YIPaBIiHHSA 3 IMHTa abo
3aXMCTOM TMpU aBapIMHOMY pEXHMI, TOMY B CX€Ml YIPaBIIHHSI MOBUHHA
nepeadayaTUCs CUTHAJI3AIlIS BCIX BUIB BIIKIIOUCHHS.

Jlnst ynpaBiiiHHS BHUCOKOBOJIBTHUMHM BHMHMKA4aMH pPaHille 3aCTOCOBYBAIHCS
kitoui ynpasiinas iy KCB®. B nanuii yac 3aCTOCOBYIOTH KIIFOUi, BUTOTOBJICHI
3aBosioM EnextponmynsT y aBox cepisx: [IMO (mepemukau wmanorabapuTHUN
3arajgpbHOrO 3acrtocyBaHHsi) 1 MK (ManoraGaputHuii KJIHOY) 13 3HHUXKEHOIO
KOMYTAIIHHOT 3/JTaTHICTIO.

PiznoBunom kimrouiB IIMO e: ko IIMO® Ha kinbka GhiKCOBaHHUX IMOJOKEHD
1 xmou [IMOB® - Ha nBa MoOJIOXKEHHS 3 MOBEPHEHHSM 1 YOTHUPH (PIKCOBAHUX
TIOJIO>KEHHSI.

[TomoXeHHST KOHTAKTIB MPHU Pi3HUX TOJIOKCHHSIX PYKOSTKH KITF0UYa BUSHAYAIOTh
JlarpaMoro Kiroya.
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Pucynox 9.2 — Jliarpama xitoua ynpasiinag [IMOB®
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Pucynok 9.3 — Cxema ynpaBiiiHHs Ta CUTHaJIi3a1lli BUMHKa4a 3
BUKOPHUCTAHHAM KIII0UYa

Ha puc. 9.3 naBezneni giarpamu kitoua ympasiinas [IMOBO®, a puc. 9.4 -
cXeMma YOpaBJIiHHS Ta CUTHaMi3alli BUMHMKadya 3 BUKOPHUCTAHHSM ILIbOIO KIIIOYA.
Bigznaunmo nmesxi 0OCOOIMBOCTI ITi€l CXeMH YIpaBliHHA. Y HIA 3aCTOCOBaHA
OJoKyBaHHS BiJl 0araTopa3zoBOro BKJIIOUEHHS Ha ICHYIOUE KOPOTKE 3aMHKaHHS, 3
BUKOPHUCTAHHSM CIEIianbHOTO poMikHOro pene PBM, sike mae 1Bi 0OMOTKH-



nociaigoBHy PBM B nanmo3i oo6MoTku BiakiatoueHHs EO 1 mapanenbHy 0OMOTKY
PMby; B nan1t031 ynpasiainHs. [Ipu BKIIFOUEHHI BUMHKada Ha KOPOTKE 3aMUKaHHS
(mucTaHIIiHO 200 aBTOMATHKOIO) CIIPaIlbOBY€E peJIeHHUM 3aXKUCT Ha BIJIKIFOYEHHS.
OMHOYACHO CTBOPIOETHCS JIAHIIOI «HEBIAMOBIIHOCTI» - KIIIOY YIPaBIIHHS
BKJIIOYEHHM, a BAMUKa4 BUMKHEHUH: Turoc + IV pene 3axucry - kotymku PbMc -
oomotka EO Omok-koHTakTn BuMukada B-IIIY. BigOyBaeTbcst BiIKIIOUCHHS
BUMUKaua 1 crpanpoByBaHHs pene PBM, onHa mapa KOHTakTiB SIKOTO PO3MHKAE
JaHIor koutakropa BkimtoueHHs KII, a apyra mapa KOHTakTiB 3aMHKAa€ JIAHIIOT
kotymka PMby. Ilum 3a0esnedyeThcsi OJIOKyBaHHS JIAHIIOTa BKJIIOYEHHS 1
3a00pOHA MOBTOPHOTO BKJIIOYEHHS BUMHKaua Ha ICHYIOYE KOPOTKE 3aMUKaHHS.
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Pucynok 9.5 — Cxema nynbc- napu

HasBHICTh HEBIAMOBIAHOCTI y CXeMi (PIKCYETHCS CUTHATIZAIIED MUTOTIMBUM
CBITIIOM. JJI1 OTpUMaHHsI MUTOTJIMBOTO CBITJIa BAKOPHUCTOBYIOTh CXEMY ITYJIbC-TIapH
(puc. 9.5), mo ckmamaersest 3 1BoX nmpomixkaux pene PIT1, PI12 3 BurpuMkamu yacy
Ha 3aMuKaHHs 1 po3muKkaHHs. Komu obmotka pene PIIl (£ HIY), copaiboBye,
3aMuKae JaHIor ooMotku peie PI12 1 oqHoyacHo noaae tuitoc Ha muHKY + [IIMC
MUTOTIUBOTO cBiTia, Jamna JIO roputh nmoBHuM HarpykeHHsM. Konraktu P12
3HIMaioTh Hanpyry 3 pene PII1 1 3 po3amukanusm koHTakTiB PIT1 mmtoc 3 mmHkm +
IIMC 3uimaeTbed 1 1ammna JIO rache. [licag 3amukanasa kouraktiB PI12 ciix HoBU
IUKJ J1i CXeMHU MyJbC-TIApH, IO CYMPOBOKYETbCSI MUTOTIHHAM Jamnu JIO. Sk
JDKEpEJio MUTOTIIMBOTO CBITJIA 3aCTOCOBYIOTHCSI TAK0XK KOMIUIEKTHI MPUCTPOI TUITY
IMC-5 1 monsipuzoBani pene PII-7 (muB. [18]). V cxemi ympaBiiHHS 1 cUTHamM3aIli
(muB. Puc. 9.4) npu BKIIIOUEHOMY KJIIOUl KEPYBaHHS 1 BIJKIIOUYEHOMY BUMHUKaul
cTtBoproeThes Januor: mwitoc [IIMC - kontaktu 13 -14 ximoua-pesuctop K-6510k-
KOHTaKT BUMuKauya B- namna JI3-II1Y 1 namna ropuTb MUTOTIMBUM CBITIIOM.

Te x BiIOYBa€ThCS MPH MOJOKEHH] KITI0Ya HA «BIIKIIOUECHHS 1 BKIIOUEHOMY
MOJIOKEHHI BUMHKaya. Y 1bOMY BHUIAJKY JIAHILIOT MUTOTJIMBOIO YEPBOHOI JIAMITH
JIK miaTpumyeThcs yepe3 koHTakTu 18-19 kimova (nuB. Puc. 9.3). Bigznauumo, 110
OJIMMaHHS 3€JIeHOi ab0 4YepBOHOI JIaMNH BiIOYBA€ThCA TAKOX MPU HASIBHOCTI
HEBIJIMOBITHOCTI Y CXeM1 IIPH KOMaH/IaX «TOMEePEaHbO BKIIOYEHOY a00
«TONEPETHBO BIIKIIIOUEHO.

3acrocyBanHsa kimoua yrpaiaiHHI [IMOB® nae mMoxnuBiCTH OTpUMaTé B
CXEMI YIpaBJIiHHS 3aCTEPEXKITUBUN CUTHAII PO HEHOPMAIBHUI pexuM poOOTH




OKpPEMHX YaCTUH YCTaHOBKM a00 MpO CTaH JAHIIOTIB 3aXUCTy Ta aBTOMATUKH. J{Jis
OO B CXEMY YIIPaBJIiHHS BBOAUTHCS pere MmosoxeHHs «BKiIoueHo» PIIB 1 pene
nosioxkeHHs1 «BUMKHEeHO» PIIO. Ilpu crnpaBHOMY cTaHi JIAHLIOTIB YIpaBIiHHS
oOMoTKa oxHOTO pene, Hanpukiaaa PIIB, o0TukaeTbest cTpymMoMm, a APyroro. peie
PIIO 3HecTpymileHa 1 JaHIIOr CUTHalIy po3iMKHYTH. [Ipu HasBHOCTI 0OpuBY B
JAHIF031 OOMOTKH OJIHOTO pejieé BUSBISIOTHCSA 3HECTPYMIIGHHMHU OOHABa pelne i
yepe3 IXHI KOHTaKTH OyJie TOJIJaHU# CUTHAI MoTepe/pkae CUTHAI3allli.

[Tpu Buxkopuctanui B konax ynpasininas kiouiB [IMOB, KB 1 MKB, mio ne
MarTh (HIKCOBAHHUX IMOJO0KEHB, KPIM HEUTPAIbHOTO, JIJIl CUTHATI3AII]T TTOJI0OKEHHS
BUMHKa4a 3aCTOCOBYIOTH JoAaTKoBi pene ¢ikcamii komanau POK. B pene PKD
BUKOPUCTOBYIOTh JIBOIMO3UIIIIHE CUTHANIbHE pene (puc. 9.6, a) 3 1BoMa 0OMOTKaMH
1, 2 nns mepeMuKaHHS sIKOops pejie 3 Ha JBa (DIKCOBaHMX MOJIOKEHHS 4 1 5.
3actocyBanHs B penie POK perne ctpymy 1 pene imnynbcHoi curnamizanii PIC-E2M
A€  MOKJIMBICTb OTPUMATH CXEMYy 3BYKOBHUW aBapiiHOI CUTHaII3alli MIpH
ynpasiiHHi BuMukayeMm kimouem MKB. B pene PUC-E2M BxoauTs nosisipu3oBaHe
pene PC 3 nsoma oomoTkamu ynpasniHas PC1 1 PC2, tpancopmarop nanpyru TH
1 1Ba TpaH3uCTOpHUX nepemukaua Tpl 1 Tp2.
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Pucynok 9.6 — Bumukau 3axucrty

[Ipu BimkirOYeHHI BHUMHKaua 3axucToM (puc. 9.6, 6) 3aMUKaeThCs OJIOK-
KOHTaKT BUMHUKaua B 1 yepe3 mo 3amummincs 3aMKHEHUMH KOHTakTh POK 1
BBEJICHI B JIQHITIOT HEBIAMOBIAHOCTI KOHTaKkTH pene PKB 3amukaerbcs manmor s
nonaul Hanpyru Ha mmHU I3A 1 ctpymy B nepBunny oOMoTky TH pene PUC-E2M.
[le cTBOprO€ iMIynbC Hampyrd y BTOpuHHIA oOmotui TH, BigkpuBaeTbcs
tpanzuctop Tpl, momaerbest ctpym B oOMoTky PCl1, sika, cripaiiboBye depe3 pese
PII, nogae curnan cupeHoro EC. HaTuckanHAM Ha KHOMKY a00 KOHTaKTOM peJie
yacy PB curnain 3HiMaeThCs.

Hasaicts xoHTakTiB pene PKB (penme KOHTpOdIO BKIIOUEHHS) B JIAHITIO31
HEBIJIMOBITHOCTI MPH [1i 3BYKOBOi CUTHAJI3AIlll BUKIIOYAE i1 TOMHJIKOBY pOOOTY
IPY TIOJIa41 KOMAHIN «BKIFOYUTH.

KoHTpons crany i307s11ii B MeEpexi 3MIHHOTO CTpymMy. Y Mepexkax 3
TIyXo3a3eMJieHor0 HerTpauto Hanpyroio 380/220 B, 660/380 B, 110 kB 1 Bumie




3aMHUKaHHS OJHi€l 3 (a3 Ha 3eMIII0 € KOPOTKUM 3aMUKAHHSIM 1 aBTOMATHYHO
BIJIKITIOYAETHCS 3aXUCTOM. TOMy B TaKMX Mepekax He mepeadadaroTh MPHUCTPOIB,
110 KOHTPOJIIOIOTh CTaH 130JI1111.

Y Mepexkax 3 MaauM CTPyMOM 3aMUKaHHS Ha 3€MIIIO, TOOTO 3 He3a3eMJICHHUMH
HelTpansiMu abo 3 HEWUTpalsiMu, 3a3eMJICHUMHU 4Yepe3 IyroracHi KOTYIIKH, B
HOpMaJIbHUX YMOBaX HaMpy>KEeHHs BCiX TPbOX (a3 ajie CTOCOBHO 3eMIIi piBHI (ha3Hiit
Hampy3i. Y pasi MeraneBoro oaHO(a3HOTO 3aMUKAHHS Ha 3EMJII0 Hampyra
MOIIKOXKEHOT (pa3u MIOJ0 3eMJIl CTa€ PIBHUM HYJIIO, a Hallpyra HEeMOMIKOHKEHUX
¢a3 361bIIy€eThC 10 MXkbazHoro. MixdasHi HAnpyTu MpU OMY HE 3MIHIOIOThCS,
1 poboTa enexTponpuiiMayiB HE MOPYUIyeTbcsa. Yepe3 Miclie MOMIKOIKEHHS
MPOTIKa€e MOPIBHIHO HEBENWKHA CTpyM. [Ipym TakoMy 3aMHKaHHI Mepeka MOXKe
neskuid vac (mpubiu3HO 2 TOa) 3ajumartucs y pooOoti. Tpupama pobora 3
3aMKHYTOIO Ha 3eMJTI0 (Pa30ro Hebe3meyHa, OCKUIbKY MpU TPOOO0T HA 3eMITIO 130JIA1111
Hmoi (a3 B Mepexi BUHMKAaE MDK(}a30BEe KOPOTKE 3aMUKaHHS 3 yciMa
BUTIKAIOYMMHU HacligkamMu. ToMy B Mepexax 3 MajluM CTPYMOM 3aMHUKaHHS Ha
3eMITIO TIepe10ayaroTh CreliaibH1 MPUCTPOI JIJIs1 KOHTPOJIIO CTaHy 130JIA1111 BITHOCHO
3eMJIi.
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Pucynox 9.7 — Cxema KOHTPOJTIO 130711111 B MepekKax 3MIHHOTO CTPyMy

Ha puc. 9.7 HaBeneHi cXxeMH KOHTPOJIIO 130JIA1I1i B MEPEKaxX 3MIHHOTO CTPyMY
3 BUKOpHUCTAaHHIM TpaHcopmaropa turry HTMI.

HaiiGinpmr mpocTor0 CXEMOK KOHTPOJIO € CXeMa BKIIOYEHHS TPhOX
BosbTMETPIB (Va, Vi 1 V) Ha dasHi Hanpyru (puc. 9.7, a). Y HOpMaATLHOMY PEKUMI
BOJIBTMETPU TIOKA3yIOTh PiBHI 3a Benu4nHOW (a3omi Hampyru. [lpm riayxomy
(MeTasieBiil) 3aMHKaHHI Ha 3eMJTIO OJTHI€ET 3 ha3 Hampyra 1i€i ¢a3u MO0 3eMJTi CTaHe
PIBHUM HYJTIO, @ HAIPYTH JBOX 1HMIHX (a3 3pOCTYTh 1 CTAHYTh PIBHUMHU MK (Da30BIH.
BiamoBiiHO IbOMY 3MIHSATHCS TTOKA3aHHS BOJIBTMETPIB. SIKIO0 3aMUKAHHS HA 3EMJTIO
Oyne He riayxuM (a yepe3 MepexifHUN Omip), TO Hampyra MOMKOXKEHOI (a3u
3HU3UTHCS, @ HAIIPYTH HETOMIKO/KEHUX (a3 MiABUIIATHCS B MEHIIINA Mipi, HIK MPU



TIIyXOMY 3a3€MJIEHb, 10 TAKOXK MO3HAYUTHCSA HA MOKA3aHHSIX BOJbTMETpIB. s
OTPUMAaHHS 3ByKOBOI'O CUTHAITY B MIPOBIJ, IO 3'€IHY€ HYJIbOBY TOUKY BOJIBTMETPIB
3 HYJIbOBUM MPOBOIOM TpaHc(hopMaTopa HAMpPyTH, BKIFOUAETHCS BKa31BHUM pene Y.
VY cxemi, HaBe/eHI Ha puc. 9.7, 6, HyTbOBA TOYKA CTBOPIOETHCS IITYYHO
BKJIFOUEHHSM Ha (a3Hi HAPyTH TPhOX KOHIEHCATOP1B, [Ipu momkomKeHH] 130111
da3u uepes pese H HagX0UTh CUTHAIL.
CxeMa, 300paxkeHa Ha puc. 9.7, B, CKIIQJa€eThCs 3 TPHOX peJie MIHIMAJIbHOI HATPYTH
H. [Ipu 3amukanHi ga3u Ha 3eMiio peiie H, BKIIoUueHe Ha HANpyry MOMIKOKEHOI
dasm, crpanpoBye 1 gae curHai. llomkomkeHa ¢aza BHU3HAYAETHCSA ajie BUIIAB
IpanopisiM BKa3iBHUX perie Y.

CxeMa, HaBeJleHa Ha puc. 9.7, T, CKIIaJJa€ThCs 3 pelie Hanpyru H, BKIIOYEHOro
Ha J0JaTKOBY 0OMOTKY TpaHchopmaropa Hanpyru HTMMU, mo mae 1B1 BTOpUHHI
oOMoTku. [lepBrHHAa 0OMOTKA 1 OCHOBHA BTOPHHHA OOMOTKA 3'€/IHaHI B 31pKY.
JlonaTkoBa BTOPMHHA OOMOTKa BKJIIOYAEThCSI 3@ CXEMOKO PO3IMKHYTOIO
TPUKYTHHUKA.

[Ipu oaHO(a3HOMY KOPOTKOMY 3aMUKAHHI B MEPEXl 3 3a3€MIICHHUMHU
HYJIbOBUMH TOYKamMHu TpaHcpopmaropiB (Mepexi 110, 220 kB 1 Bume) ¢asna
HaIpyra MOIIKO/KEHO1 (pa3u crae pIBHUM HYJIIO, a T€OMETpUYHA cyma (ha3HUX
HaIpyr JBOX HEMOLIKO/KEHUX (pa3 BUABIAETHCS PIBHOIO MiX(a3zHUX Hampyr. Y
MepexXi 3 130JbOBAaHUMHU HYJIBOBHUMH TOUYKaMH Tpachopmatopa (mepexi 35 kB 1
HIOKUE) IpU OJHO(]A3ZHUX 3aMUKaHHAX Ha 3eMJII0 (pa3Hl HAPyTru HEMOUIKOKEHUX
¢da3 cTaroTh pIBHUMH MDK(A3HUX HANpyr, a iX F€OMETPUYHA CyMa BUSIBIISIETHCA
PIBHOIO MOTPOEHOMY (ha3H1ii HAIPY3i.

[Tpu 3amuKkaHHI Ha 3eMJII0 B Mepekax 35 kB 1 Huk4e Ha J0/1aTKOBiM 0OMOTIT

3'SBISIEThCS Hampyra, pene H cmpanboBye 1 momae 3aranbHuUil curHai. [licms
OTpUMaHHS  CUTHAJy  BIJIIIYKYEThCS  MOIIKO/)KEHA  JIiHIS ~ [OYEPrOBUM
KOPOTKOYACHUM BIJKJIFOUEHHSAM 1 3BOPOTHUM BKJIFOUEHHSM JIIHIH, K1 KUBIATHCA
B1JT IIWH M1CTAHII.
KoHTponb cTaHy 1305111 Mepexi nmocTiMHoro ctpymy. [Ipo6iit 130111 BITHOCHO
3eMJIl B IBOX TOUKaX MEPEXi MOCTIMHOTO CTPyMy MOXKE MPU3BECTU O YTBOPEHHS
OOX1JHUX JIAHIIOTIB B OMEPATUBHIN JAHIIOra 3aXUCTY 1 MOMUJIKOBUM BIAKIIOUYEHHS
yctaTtkyBaHHs (puc. 9.8). ToMy yCTaHOBKM MOCTIHHOTO CTPyMy Ha MiJCTaHIIISIX
00JIaTHYIOTHCSI TPUCTPOSIMUA KOHTPOJIIO CTaHY 130JISIII11.

CxeMa KOHTpOJIIO, HaBeJleHa Ha puc. 9.9, ckiIamaeTbCcs 3 ABOX BOJBTMETPIB,
Brmrouennx MK KOKHHM TIOJTIOCOM 1 3eMiIer0. SIKIO Omopy 130JIA1ii KOKHOTO
TMOJTFOCA BITHOCHO 3€MJIi OJTHAKOBI, TO HAIIpyra KOKHOTO MOJ0ca BigHOCHO 3emuti U
+, U. mopiBHIo€e mosnoBuHI Hanmpyru U Mix mosmrocamu. SIKIIO OJMH 3 TOJIKOCIB,
HAIPUKIIA «+», 3aMKHEThCSL Ha 3€MJTI0, TO BIAMOBIAHO Hanpyra U + cTaHe piBHUM
HyIt0, a Harpyra U. 3pocte no Benmmunnu Hanpyru U. [Ipu 3umkeHH1 O1topy 13011111
Ha OJJHOMY 3 TIOJIFOCIB HAMpyTa I[bOTO MOJII0Ca BIAHOCHO 3€MJT1 3HU3UTHCS, a HAIIpyTa
1HIIIOTO MOJIFOCA BITHOCHO 3€MJI1 IMIABUIIIUTHC.
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Pucynok 9.9 — CxeMa KOHTpOJIIO



