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INEPEJIIK YMOBHHUX ITIO3HAYEHBb TA CKOPOYEHb

AIIB — aBTOMaTHyHE TOBTOPHE BBIMKHCHHSI
AP3 — aBToMaTHuHU peryiasTop 30y KeHHS
APYO - aBTOMAaTHUYHUN PETYIATOP YaCTOTU 0OEpTaHHS
AT — aBToTpanchopmatop

AUYP - aBTOMaTHYHE YaCTOTHE PO3BAHTAXKEHHS
bBH — 010k BUMIpIOBaHHS Hallpyru

bBY — 610k BUMIprOBaHHS YaCTOTH

B — Bumukau

BJ/IT - BoapTOHO1aTKOBUH TpaHchopMaTop
BE — BunpsisMHul €J1€eMEHT

BH — oOMoTKa BUIIOi Hanpyru

BII- BnacHi moTpedu

BT — Bunpsimuuii Tpancopmarop

['AB - rpagiku aBapiiiHUX BUMKHEHb

I'EC — rigpaBnivyHa eJIeKTpUYHA CTAHIIISA

I'OE - rpadiku oOMexeHHs CIIOKUBAHHS €HEePrii
['OH - rpadixku 0OMeKeHHS] HaBaTAKCHHS
JIPII - mxepeno peakTUBHOI MOTYKHOCTI

EE — enexTpuuHa eHepris

EEC — enekrpoeHepreTuyHa cucrema

EPC — enexTpopyriiiHa cuia

311 — 36ipHi mUHU

Kb — xonneHcaropHa 6arapes

K3 — kopoTke 3amMukaHHA

JIEII — miHis enexTpornepenayi

JIP — niHi#iHMM po3’€IHYyBaY

MEK — MixHapoHa eIeKTpOTEXHIYHA KOMICIs



MH — miciieBe HaBaHTaKEHHSA

O3I" — 06MoTKa 30y IPKEHHSI TeHepaTopa

033 — oO6MoTKa 30y1KEeHHS 30y THUKa

I1B3 — nepemukanHs 6e3 30y IKEHHSI

[1B — npuiiagu BUMIprOBaibHI

13 — mia30yaHuK

IITE — IlpaBuia TexHIYHOI eKCIUTyaTarii

IIYE — IIpaBuiia ynamTyBaHHs €JIEKTPOYCTaHOBOK
P — po3’ennyBau

P3iA — peneitHuil 3aXUCT 1 aBTOMAaTHKa

PV — po3noainbeya yctaHOBKa

PIIH — perynroBaHHs HaNpyTH MiJ HABAaHTAKCHHSIM
C — mpupo/IHe MOBITPSIHE OXOJIOKCHHS

CAOH - cniemiaiibHa aBTOMaTHKY 0OMEKEHHST HABAHTAKEHHS
CB — cexkmiHuii BUMHUKA4

CI' — cHHXpOHHMU TeHepaTop

CI'AB - cnenianbhi rpadiky aBapiiHUX BUMKHEHB
CJl — cuHXpOHHMI IBUTYH

CK — cuHXpOHHHI KOMIIEHCATOP

CKT — cucrema KepyBaHHSI TUPUCTOPaAMU

CH — oOMoTKa cepeiHbO1 HANPYTH

CP — cexmiitanii po3’eaHyBa4d

T — Tpancdopmarop

TBII — Tpancopmarop BlacHUX NOTPEO

TEC — TernnoBa eneKTpuiHa CTAHITISA

TEL] - TermuioBa eJIeKTpOLCHTPAIb

TC — tpanchopmaTop cTpymy

TH — tpanchopmatop Hanpyru

VIIK - ycTraHOBKa MO370BAKHBOI KOMIIEHCAI11



BCTYII

HaBuanbHuil mOCIOHMK BIJMOBIJAE CTPYKTYpl Kypcy «ElekTpuuHa yacTHUHA
CTaHIIM Ta MIJACTAHINI» I MATOTOBI MalOyTHIX (axiBIiB crerianbHocTi 141
«EnektpoeHepreTuka, enNeKTpOTEXHIKa Ta elekTpoMexaHikay. Ckianaerbes 3 6 po-
3/IUTIB, SIKi MICTSITh OCHOBHI B1JIOMOCTI 1110J10 3a0€3MeUYeHHs Mpoliecy BUPOOHUIITBA
CJICKTPUYHOT €HEePrii Ha eJICKTPUYHHUX CTAHI[ISX, BUMOTH /IO TOKa3HUKIB SKOCTI eJIe-
KTPUYHOI €Heprii, XapaKTepUCTUKA OCHOBHOTO Ta JIOMOMDKHOTO €JIeKTPOooOIia-
HaHHS, MPOTIKAHHS Ta PO3PaXyHKY aBapliHUX PEXKHUMIB, a TAKOXK CXEMHI PIILLICHHS
CUCTEM T'eHepaIlii eHeprii, 00JamTyBaHHSI CUCTEM BIACHUX TTOTPEO, PE3EPBHOTO KU-
BJICHHS Ta KepyBaHHs. OXapaKTepru30BaHO OCOOIMBOCTI BUKOHAHHS PEKUMY HEHT-
pani.

3HayHa YacTHMHA Marepialdy NMPHUCBSYEHA MPAKTUYHHUM METOJIaM PO3PaAXyHKY
aBapliHUX PEKUMIB 3 MPUKIAJaMHU peaiizailii., 0 BIANOBIIA€ MiIBUIIICHUM BUMO-
raM HOPMAaTHUBHUX JIOKYMEHTIB JI0 OCHOBHOTO Ta JOTIOMDKHOTO €JIeKTpooOIa-
HaHHsI, K€ Ma€ 3HAaYHy WMOBIPHICTh POOOTH B aHOPMAJIBHUX pekuMax. EdekTun-
HICTb OT0 eKCIUTyaTallli 0e3mocepeiHbO 3aJIeKUTh BiJl Ki1acuikallii eKcrutyararii-
HOTO TIEPCOHATY, PO3yMiHHS (PaxXiBUSIMHU MPUYMH Ta MOXJIMBHUX HACTIJKIB TOPY-
IICHHS HOPMaJIbHUX PEXKUMIB, BMIHHSI IPABWJILHO 1X BECTH Ta YiTKO OPIEHTYBATHCH
1 TPaMOTHO [T B aBapiHUX CUTYaIlisX.

Ji1st monerimeHHs cupuilMaHHsl BUCBITIICHUX MUTaHb HA PUCYHKaX (CXxeMax) Ta
B TEKCTI BUKOPUCTAHO JIITEPHI MO3HAYEHHS €JIEMEHTIB Ta €JIEKTPOTEXHIYHUX IPH-
cTpoiB. B KiHII MOCIOHMKA HABEACHO TMEPEIiK PEKOMEHI0BAHOT JTiITepaTypH J¢ Yu-
Ta4di MOXKYTh CAMOCTIHO 03HAWHOMHUTHUCH 3 IEBHUMHU MTUTAHHSAMU. 1110 HE BIWIIUIH JI0
CTPYKTYpH MOCIOHUKA. ABTOPH CIOJIBAIOTHCS, 1110 MOCIOHUK OyJ/i€ KOPUCHUM CTY-
JIEHTaM Ta HayKOBO-TEXHIYHUM IpalliBHUKAM 1 CIIOHYKa€ J10 3M00YTTs Ta MOTJINO-
JICHHS 3HaHb TaKOX 3 TUX MUTaHb, SIK1 y TOCIOHUKY HE 0YyJIO 3MOT'H PO3TIISIHYTH.

[Tpomo3uii Ta mobakaHHs MPOCUMO HAJICUJIATH Ha €JIEKTPOHHY aJpecy aBTO-

piB: OstapchukO@kpi.ua
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1. BATAJIBHI BIIOMOCTI ITPO EJIEKTPOEHEPTETUYHY CUCTEMY
1.1. OcHOBHI BU3HAYEHHS
Enexmpoenepeemuunoro  cucmemoro  (EEC)  Ha3uBawTh  CYKYITHICTbH
CJICKTPUYHUX CTaHIIIN, MiJICTAHIIH, €EKTPUYHUX 1 TEIJIOBUX MEPEXK, 3B'A3aHUX
CHUIBHICTIO MPOLECY BUPOOJIEHHS, NEPETBOPEHHS, PO3IMOAULLY 1 CIOXUBAaHHS
CJICKTPUYHOI1 1 TETUIOBOT €HEePT1i.
[Tponecu, mo nportikaoTh y EEC, MoXyTh OyTH TpeacTaBlIeH] y BHUTIISIL

cxemu Ha puc. 1.1.

EnexTpuyHa cTaHuis

llepeunne llepemesoprosau
addicepeno enepaii
enepeil

Enexmpuuni Cnoxcueau
Mmepedict enrekmpoenepeii

A 4

4

ITepemeopiosay
eepsii: = 00 prmemesomsssses '

Tennosa Cnoacusau
OO, [ N X e S U (S > mennosoi enepeii

Puc. 1.1 Cxema nipoiiecy BUpOOHHUIITBA, PO3MOALITY Ta CTIOKUBAHHS
TEIJIOBO1 1 €IEKTPUYHOI EHEprii.

Enextpuuny uvactuny EEC Ha3uBaroTh e€leKTpuuHOIO cucteMoro. Jlo Hei
BXOJATh TE€HEPATOpH, TpaHchOpMATOpHI MiACTaHIIl (I/CT), NMEPETBOPIOBAIbHI
ycTaHoBKHM, JiHIlI enektponepeaad (JIEIT), crpymonpuiimaui. CyKynHICTh
pUHMaviB €JICKTPOCHEPTI] (€.€.) CKJIalac HaBaHTAXXEHHS €JICKTPUIHOI CUCTEMHU.

entpanbue micue B EEC 3aiimatoTe enexktpuyHi ctanuii. [le mpomuciosi
HiOPUEMCTBA I BUPOOHUIITBA EJIEKTPUYHOI 1 TEIJIOBOI €Heprii IUIIXOM
NepeTBOPEHHS 1HIKX BUAIB eHeprii. Ha enexrpocTaniiii mepBUHHE HKEPEIo eHeprii
(Byruuis, ra3, Had)Ta, ypaHOBHIl KOHLEHTPAT, T1IpOEHEpPris, relioeHepris, BiTep Ta
1H.) HAAXOJWTh Yy TIEPETBOPIOBAY C€HEPrii, Ha BHUXOJI SKOTO OJEPXKYIOTh

CJICKTPOCHEPT110, A00 €JIEKTPUYHY 1 TETVIOBY €HEPTiIO.



Jlns TOCATHEHHS BHCOKOI HAQAIMHOCTI EJICKTPOIOCTAYaHHS CIIOKHUBAYIB 1
BHUCOKHUX T€XHIKO-eKOHOMIYHUX noka3HuKiB (TEIT) enextpuyni cTanIii 00'e1HYIOTh
B EEC, a EEC — B 00'ennanns eneprocucrem (OEC). YV Henanekomy munysiomy 11
napanenpHo npaiorounx OEC cknananu equny eneprocuctemy (€EC) CPCP. B
tenepemnHii yac konuiHs OEC YkpaiHu yTBOpIOE€ HalllOHAJIbHY €HEPrOCUCTEMY.
[Ipn o0'enHaHHI €NEKTPOCTAHIIIN Ha MapanelbHy poOOTy 3a0e3NneuyroThCs Taki
nepeBaru:

- 332 paxyHOK pe3epByBaHHS JDKEpeN MIJBUIIYETbCS  HAAIWHICTD
€JICKTPOIIOCTAYaHHS CTI0KUBAYiB;

- 3MEHIIYETHCS HEOOXIHUI pe3epB MOTYKHOCTI B CUCTEMI;

- CTBOPIOIOTHCS YMOBH /I BUPIBHIOBAaHHS rpagika HaBaHTaxkeHHs EEC i
3HIDKEHHSI WOTO MakCMMyMy, MO TIOJIIIIYE YMOBHM 3aBaHTaKCHHS arperarisb
cranuii 1 migsuirye TEIT EEC;

- Ha BWTATHYTIH y370BXK mapaienei 3emil TepuTopii 3aBIsSKH
“mupoTHOMY” e(eKkTy MOXKHa OUIbIII TIOBHO BHUKOPHUCTOBYBAaTH TEHEPYHOUl
notyxHocTti EEC;

- 3aBISKM BUKOPHUCTAHHIO OLIBII TOTY>KHHX 1 €KOHOMIYHHX arperariB
nominmytotees TEI ramysi;

- CTBOPIOIOTHCS YMOBH IS ONTHUMAJIBHOTO KEPYyBaHHS PO3BUTKOM 1
notouyHumu pexxumamu EEC y ninomy.

Jlamo ocHOBHI Bu3HaueHHs eaeMmeHTiB EEC:

Enexmpoycmanoéka — yCTaHOBKa, y SIKI BUPOOJIAETHCS, MEPETBOPIOETHCS,
PO3MOALIAETHCS a00 CIOKUBAETHCS €EKTPOSHEPTIS.

Biokpuma a6o 306HiuiHs €IEKTPOYCTAHOBKA — YCTAHOBKA, 1110 3HAXOAUTHCS Ha
BIJIKPUTOMY TOBITPI.

3axpuma abo enympiuitsa €1eKTPOYCTaHOBKA — YCTAHOBKA, 1110 3HAXOJAUTHCS B

3aKPUTOMY TPHUMIIICHHI.
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Enexmpuuna niocmawnyisi — e€JIEKTPOYCTAHOBKA, sIKa TMpU3HAYECHA IS
NEPETBOPEHHS €JEKTPUYHOI eHeprii O/HI€l HaNpyTu (YaCTOTH) B €JIEKTPOEHEPTIIO
=101 HanpyTH (4acTOTH).

Enexmpuuna cmanyis — €eKTPOYCTaHOBKA, KA BUPOOJISE TUTbKHU €IEKTPUUHY
eHeprito — KoHJeHcariiiHa TteroBa enektpoctadilis (KEC a6o TEC), a6o
CIICKTPUYHY SHEPTIIO 1 Ter1o — TertoenekrporenTpans (TEL).

Jinis enexmponepeoaui (JIEIl) — cuctemMa MpoBOAIB abo KabeniB, sKa
npuU3HaueHa JJIs Iepeadi eJIeKTPOSHEPTiil BiJ Kepena 10 CIIoKHBaya.

Enexmpuuna mepesica — CyKymHICTb JIIHIN €JIEKTpoTiepeaay 1 mICTaHITiH.

Ha puc. 1.2 HaBeneHui npukiiag nIpocTol €IEKTPUUHOI CUCTEMU. Y MOBHO Y
BUIJISIII OJTHOTO arperary MpeACTaBi€Hl €JIKTPUYHI CTaHUIi 1 MIACTaHWIi; Ha
nigcraniii Ne2 mokazanuii cuaxponHuit komneHcatop (CK) 1 naBantaxenns (H).
Ha TEILl Big wmMH reHepaTOpHOI HANPYTH MOKA3aHO >KUBJICHHS MICIIEBOTO
HaBantaxxeHHsa (MH) Ta Bmacaux motpe6 (BIIT). Ha iHmmx enekTpuyHUX CTaHITISAX

BJIACHI MOTpeOU KHUBIATHCS Binamaiikamu Bijg O070ky. 3'eqnanns dyactuH EEC nHa

Mepe:xa 35 kB

‘ TEC

napajiesibHy poOoTy BUKOHAHO Mepexero 220 kB.

HB

Mepe:xa
500 xB

TEC (AEC)

Puc. 1.2 IIpuknan npocToi e1eKTPUYHOI CUCTEMMU.



st BUpOOHHMIITBA 1 PO3MOAUTY €JIEKTPOCHEprii MpuHHATUNA TpudazHU
3MiHHMI cTpyM 3 yactotoro f = 50 I'm. Ilpu mpomy B Mepexkax 3acTOCOBYIOTh
HACTYMHY IIKaTy HOMIHATBHUX MibK(MasHux (miHiHUX) Hampyr: 1150; 750; 500;
330; 220; 150; 110; 35; 20; 10; 6; 0.66; 0.38; 0.22; 0.036 xB.

Jlnst reHepaTopiB 3aCTOCOBYIOThH Taki HOMiHaJIbHI Hanpyru: 27; 20; 18; 16.5;
15.75; 13.8; 11.5; 10.5; 6.3; 3.15 kB.

Bu3zHaueni 00acTi BAKOPUCTAHHS PI3HUX KJIACIB HAIIPYT:

1150; 750; 500; 330 kB — cucreMOyTBOpIOIOYl MEPEXi, Kl 3a0€3MNeUy0Th

3B's130k Mk EEC 1 OEC — Bukonytotscs noitpsinumu JIEIT;

35; 110 - 220 xB — posnoainbui Mepexi pisHa EEC, rnnboki BBelleHHS Ha
IPOMHUCIIOBUX MIANPHEMCTBAX - BAKOHYIOTHCS MOBITPIHUMHU a00 kadbenpHumu JIEIT;

20 kB — cinbckorocmoapchki po3noalIbal MEPEKi;

10 kB — MicbKi po3MOALIbYI MEPEXI;

6 kB — KuBJICHHS BUCOKOBOJIBTUX NBUTYHIB BII;

3 kB — xxuBieHHS BUCOKOBOJILTHUX ABUTYHIB BII Ha cTapux craHIisx;

0.66 kB — >XuBJIEHHS HU3BKOBOJBTHHX JBUryHIB BII 3 HOMiHaNIBHOINO

NOTYXHICTIO B, >75 xBm;

0,38 — 0,22 kB — »kMBJIEHHSA HU3bKOBOJIBTHUX ABUIYHIB BII 3 P, <75 xBm;

0,22 xB— ocBiTieHHs, OnIepaTUBHI KOJa CUCTEM KepyBaHHS, 0JIOKyBaHb TOIIIO.

1.2. BrpaTn moTy:KHOCTI i eJIeKTpOeHeprii
[lepemaua enexkTpoeHeprii BiAg EJIEKTPUYHUX CTAHIIA 10 CIHOKHUBAdiB
3MIMCHIOETHCS JIHIAMHU €JEKTpoIepead 3 HOMIHAIBHOK HAIMPyror, sika 3HAYHO
NepeBUIllye HOMIHAIBHY Hampyry reHeparopiB. [{um 3a0e3neuyeThcsi 3HUKEHHS
BTpaT TIOTYXHOCTI 1 enekTpoeHeprii. Brpatu akTuBHOI 1 peakTHBHOI

CJICKTPOCHEPT11, BU3HAYAIOTHCS SIK

ne AP, AQ; —BTpaTu aKTUBHOI 1 PEaKTUBHOI IOTY>KHOCTI Ha 1-My 1HTepBaJll 4yacy;

1 — YKCIIO THTEPBANIIB KOHTPOJIIO BTPAT €JIEKTPOEHEPTii.
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OTtpumaemo Bupasu s Brpatr AP, AQ.

3 KypCy TEOPETUYHUX OCHOB €JIEKTPOTEXHIKH BIJOMO, III0 TOBHA MOTYXHICTh
Tpua3HOro KoJia 3MIHHOTO CTPyYMy B KOMIUIGKCHIN (opMi BU3HAYAETHCS 3a

bopmyIior
S=P+j0=3Uplo=\BU;Io (1.1)
ne P=Scosp=3Uglgcosp= U 71 COS @ — aKTUBHA MOTY>KHICTB;

O=S8sinp=3Uglpsing= J3U 71 pSin@ — pEaKTUBHA NOTYKHICTb;

S = «sz +Q2 ;@ =arctg(Q/P)

U, 1, — dasui Hanipyra ta ctpym™, U, =U = x@U » — JIHIAHA Hanpyra.

d;’
Brpatu moryxHOCTiI (TMOBHI, aKTMBHOI Ta PEAaKTHBHOI) B JIHII 3 OMOpPOM
z=r+ jx (puc. 1.3), Mo’)XxHa HaZaTH y BUTJISII

AS = AP+ AQO, AP =315, AQ =31 jx (1.2)

3 ypaxyBanHsMm Bupaszy (1.1), orpumaemo Bupa3 s (a3HOTO CTPyMy

Iy = S/ NEY 7 > TICTIs MACTaHOBKY #oro B (1.2) orpumaeMo

2 2 2 2
AP=3Ir=3 5 r:S2r=P +2Q r, (1.3)
Bu, U? U?
2 2
I I=r+j-x } AQ=3I§>X=¥X. (14)
! E"': Uﬂ
—
E.
Y — RO, Brpatu noryxuocti AP, AQ BU3HAUYaIOTHCS

Puc. 1.3 3acrynna cxema JIEII yepe3 pekuMHI nmapamerpu kiHug U,, P,Q, abo
nouatky U,, P,Q, enekrponepenaul.

3 BupaziB (1.3), (1.4) nanga BTpaT MOTYXKHOCTI BHUJHO, IO BOHHU
00epHEHONPOMOPIIIHI KBajgpaTy HAMpYTd eJEeKTporepeaadi Ta IPOIOPIiitHI
NOBKUHI MiHIT | (7 =7yl; x =X/, 7y, Xy,— AKTUBHUMN 1 pEAKTUBHUI NUTOMI (IIOTOHHI)

OTIOpH JIiHII BIJAMOBIAHO) 1 3aJieXaTh HE TIIBKK BiJ IepeJaBaHOi aKTUBHOI
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NOTY)XHOCTI P, ame i Bin peaktmBHOi (). TomMy 9acTo € BUTITHUM pPEaKTHBHY
NOTY)XHICT () HE TIepelaBaTH BiJ[ CICKTPUYHHX CTAHIIA 1O CIIOKHBAYiB, a

BUPOOJISATH HA MICIll, YCTAHOBIIOIOUM JIKepena peakThuBHOI moTyxKHOCTI (IPII),
Harnpukiaa, cuaxponHi komneHcatopu (CK) ado konaencatopsi 6arapei (Kb). Sk
BIJIOMO, CTPYM y KOHJeHcaTtopl Ha 90° Bunepemkae NpuKiIaJeHy Hanpyry. Takum
yuHoM, Kb cBoiM BunepemkawouuM (€EMHICHUM) CTPYMOM KOMIIEHCYIOTh
BiJICTalOunid (1HAYKTUBHUN) CTPyM, SIKUA y BEJNMKIA KUIBKOCTI CIOXHBAIOTh
ACMHXPOHHI JIBUTYHHM Ta 1HII crnoxuBadi. Kb cnpomMokHiI TUIBKK TEHEPYBaTH
(mepenaBaTv) peakKTUBHY MOTYKHICTb.

CUHXpOHHHI KOMIIEHCATOP — 11€ CAHXPOHHA €JIEKTPUYHA MAIINHA, K2 MOXKE

IpaLoBaTU 3 BUIAYEI0 PEAKTUBHOI IOTY>KHOCTI O, (IIpU CTPyMI 30y KEHHS, SIKHH

HEPEBUIIYE CTPYM 30YyDKEHHS XOJIOCTOIO XOMY: i, >i ., ) 1 CHOXKHBAHHAM (IIpH
i,5 <I sy ). PETyIIOIOUH CTPYM i 5, MOKHA 3MIHIOBATU PEAKTHBHY IOTYXHICTb O

3a BETUYMHOIO 1 3HAKOM. Te K MOXHa CKa3aTHh BITHOCHO CHHXPOHHHUX JIBUTYHIB
(CD.
1.3 BexkTopHa aiarpama JiHii ejiekTponepenadi. Brpara nanpyru
Hampyra Ha 3aTuckadax Cro)kuBada €JIEeKTPOCHEprii € OJHUM 3 OCHOBHUX
MOKa3HUKIB POOOTHU €NEeKTPUYHOI cucTeMu. 3 puc. 1.3 BUIHO, IO JyIs mepeaadi

crioxuBauy Ha npuiimaneHuil kineups JIEIT noryxkHocti S, = P, + jO, Ha Hanpysi

U,, Tpeba Ha nepeaaBanbHOMY KiHII MaTH HApyry U, , . [i pasue 3HaYeHHS MOXKHA

3HAWTH 3 BEKTOPHOI J1arpamu (puc.l.4), sk BEKTOpHY CyMy
Up=Usp+1-z=U,4,+1Ir+jlx

I"'eomerpuuny pizauo AU, =U,, —U,, =1 - z HA3UBaIOTh CIaJI0OM HAIIPYTH.

Anrebpaiuny pisuuino, AU, =|U,,|—|U,,|= AD, mo nponopuiina Bipisky

AD (puc. 1.4), Ha3uBalOTh BTPATOIO HAIIPYTH.
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Benmnunna Bigpizka AD 3 HEeBENIHMKOIO MOXMOKOI MOXKe OyTH BHU3HAYCHA 3a
Bijipi3koM AC, TOMYy 1110 332 HEBEJIUKKX KyTiB HaBaHTakeHHs 0 AD~AC. 3 BekTOpHO1

JiarpaMyu MaeMo

AC=AB+BC=Ircos@+ Ixsing (1.5)
P .
P=\/§U-ICOS¢;I=—; Q:x/?jU-[sm(p; [:L_
\/§U°COS¢ \/§U~sm¢)
B pe3ynbTaTi A BTpaT JNiHIHHOT HAPYTH OAEPKUMO
3P- 30- : P-r+Q-

AU, =\BAU,, = gcos¢+ L.xsmgp - r—Qx

xﬁU-COS(p \ﬁU-sm(o U

Ayvea kona 3 padiycom
R=Up M
_ [}
Uie
7
iz ‘ SU,
Tex
-
O e A ;B ____________________________ Y
P AN 177 C|D
L — [ Ay .
_ ;’:e;uwm}m Hanpyau

'

Puc. 1.4 BekTopHa giarpama Jyuisi BA3HaueHHs BTpaTu Hanpyru B JIEII

3 OTpUMaHOro BUpa3y BUIHO, 110 BTpatu Hanpyru AU 3MEHIIYIOTbCS 3
poctoM Hanpyru U, , a TakoX 31 3MEHILEHHSM [IepelaBaHuX MOTyKHOCTEeH P, O,
ta oniopis JIEII 7, x. Peanbno nis 3meHmennss AU moxHa BimBatu Ha U,, O, 1
4acTKOBO Ha x. Ha 1boMy mpuHUHUII TPYHTYIOTHCS Pi3HI CLIOCOOM PEryIIOBAHHS
HAmNpyTu, MIO0 3aCTOCOBYIOThCSA MJig 3a0e3leyeHHs HeOoOXiMHOI Hampyru Ha
npuiiManbHOMY KIHIIl JIiHIi. PerymioBaHHS Hampyru Ha IIMHAX CIOXKHMBAyiB
CJICKTPOCHEPT1] 3a0€3MeUy0Th TAKUMHU CIIOCOO0aMU:

- PEryJIrOBaHHsAM HAIIPpYT'U HA CHCKTpOCTaHHiHX Ta OCHTpPaX JKUBJICHHA,
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- 3MIHOIO BEJIMYMHU [I€PEIaBaHOI PEAKTUBHOI MOTY>KHOCT1 O, ;

- 3MIHOI0 Koe(imieHTa Tpancopmanli k; CHIOBUX TpaHC(hOpMaATOpiB ado
BOJIbTO00aBOYHUX TpaHchopmaTopis (BIT);

- 3MiHOIo0 1HAYKTUBHOTO onopy JIEIT x muisixom mociiJoBHOTO BKIFOYEHHS
€MHOCTI, TOOTO YyCTAaHOBKM MO3A0BXkHKOT KommeHcamii (YIIK), Tomy 1o
jx=j(x; —xc) = j(oL—1/®C). YIIK BomHOYac 3MEHIIyE BTPAaTH PEaKTHBHOI
MOTYXHOCTI1 ¥ eHeprii:
P>+ Q?

AQ = 7

(o, —xc).

1.4. IToka3HUKH AKOCTi €JICKTPUYHOI €eHepril.

[lig AKICTIO €NeKTpOEHEPrii CIiJl PO3yMITH CTYHIHb BIANOBIJIHOCTI IEBHUM

HOPMaTUBHHUX NOKYMEHTIB, a came I'OCT 13109-97 ta JICTY EN 50160:2014,
OCHOBHHMH TOKa3HUKAMU SIKOCTI €JIEKTPUYHOi eHeprii B Tpua3zHUX Mepekax
3arajpbHOTO MPHU3HAYCHHS CJIiJl BBAXKATH HACTYITHI:

Binxunenns yacrotn Af — pi3HULSA MK (aKTUYHUM 3HAYEHHSIM OCHOBHOI

4acToTH [ (mepmioi rapMOHIKM) 1 HOMiIHaIbHUM 3HadeHHAM f,= 50 I'nm, ska
ycepentena 3a 10 xBuauH (monyckaersbes BigxuiaeHas Af = 10,1 T'):

V=f= from-

KonmBaHHS 4acTOTU V,— PIBHULA MIXK HaHOLIBIINM fMAX 1 HaUMCHIIUM [,

3HAYEHHSIMU OCHOBHO1 YaCTOTH MpPH i1 3MIHEHHSIX, KOJIM IIBUJKICTh 3MIHH YaCTOTH

df>

e 0,2 T'u/c, TOOTO MpH MIBUAKUX 3MIHAX PEXHUMY (IOIMYCKAETHCS KOJUBAHHSA V,
4

He Oubire 0,2 I'11 moHaa BiAXUIEHHS YaCTOTH):
V, = fuax = Sauw-

BinxuneHHs Hanpyru V — pi3HUIS MK QakTHaHUM 3HaueHHsM Hanpyra U i

HOMIHQJIBHIM 3HaueHHsIM U, , Aka (QIKCyeTbCs NpH MOBUIBHINA 3MiHI PEXUMY
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CJICKTPOYCTAHOBKHM, KOJHM IIBUJIKICTh 3MIHH HaIpyTH 721 %/c (bakTany
4

HaIpyTy BU3HAYAIOTH SIK HAIIPYTY MPSIMOI MOCTIJOBHOCTI OCHOBHOI YaCTOTH )
V=U, ®AKT — UHOM
YacTo BIIXWICHHS HANPyTH BU3HAYAIOTh Y BIJICOTKaX
Ugpaxr —U

HOM

HOM 100%

V% =

JlomyckaroTh Taki BiAXUJIEHHS Hanpyru V% B eNeKTpOoyCTaHOBKax:

- Ha 3aTUCKaydax MpuiaaiB podouoro ocBitieHHs — (-2,5. +5)%;
- Ha3aTucKaydax enekTpoaBuryHiB — (-5, +10)% ;

- Ha 3aTUCKayax 1HIIMX IpUiiMadiB enekTpoeHeprii —+ 5% .
VY micnsaBapiitHUX peXuMax JOMyCKarTh I0IaTKOBE 3HW)KCHHS HANpyTH Ha 5

%.

KonuBanHs Hanpyru (po3Max KOJIMBaHb) V, — pi3HHULA MK HalOuismum U,
1 HaliMeHIuM U, NIIOYUMH 3HaYEHHAMHU HAlpyr NpU LIBUIAKIM 3MiHI peXUMY,
ko dU/dt >1% 3a cexyHy, 3a aOCOIOTHOIO BETMYNHOIO
Ve=Upx =Upiy »

y BiZICOTKax

V%= Yasax =Y 0004,

HOM

KpiMm Toro, kojaumBaHHS HANpPyrd OIIHIOITh YacCTOTOK 3MIHM Hampyru
F=m/T, ne m — KinbKiCTh 3MiH HANpyTH 3i mwBuakictio dU/dt >1% 3a cexyHmy
3anepion 7 , Ta IHTepBaJIOM Af MIXK 3MIHOIO, SIKa BAHUKAE OJIMH 33 OJTHUM (1HTEpBaJ
noBuHeH OyTH OunbimmM 3a 40 Mc). Ha 3atrckadax OCBITIIOBAIBHUX JIAMIT HOPMY-
€ThCSI HEMPSAMUI TMOKAa3HUK KOJMBAHHS HANIPYTH — 003a ¢hiikepa. JIJig CIOKUBaAYiB
3 yIapHUM HaBaHTAKEHHSAM JOMYCKAOTh KOJIMBAaHHA Hanpyru a0 1,5% mpu

HeoOMeskeH1H yacToTl. [lJis 1HIIKNX NpuiiMadiB /, HE HOPMYETBCS.
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Hecumerpito TpudasHoi CHCTEMH Hampyr XapaKTepu3yITh KOE(IIIEHTOM

HecumeTpii, %o,
1 * * %

1700
. . . . 12
IS U2 — Hampyra 3BOpPOTHO1 ITOCIIAOBHOCTI OCHOBHO1l YaCTOTH, Cl=€] 0

omnepaTop MoBOPOTY BEKTOpa Ha 120° y MO3UTUBHOMY HANpSMKY 4epryBaHHS ¢a3

N RN
2 _ ,i240° _ =120

(mpoTH YacoBOi CTPUIKH); a . dxmo K, <2%, TO cucremy

BBa)XaIOTh CUMETPUYIHOIO.
3cyB (koedimier 3¢yBy) HeuTpa, %,

HOM

ne U, — Hampyra HyJlbOBOi IOCIIZOBHOCTI OCHOBHOI 4aCTOTH. 3CyB HEHTpal 1

MosiBa HAIMpPyTH HYJIbOBOI MOCTIOBHOCTI MOXJIUBI y TpudazHUX Mepexax 3
oJHO(A3HUMU CTpyMOIpuiiMadaMu. BiH 10myCTUMUM, SKIIO 3 ypaxXyBaHHSM 1HIIHAX
dakTopiB (BIAXWJIEHHS, HECHUHYCOIiNaJNbHICTh 1 HECHUMETpIS Hampyru) iyl
3HAYCHHS HAMpyr Ha 3aTHCKa4ax CTPyMONPUNMAUIB HE BUXOJATH 3a MEXI, SKi
BCTAHOBJICH1 JJISI BIIXWJICHHS HAIPYT.

HecunycoinanpHicte ¢GopMH KpUBOI Hampyru (4epe3 HasBHICTh BHILUX

rapMOHIK U, KPUBOI HAIpPYrd) OLIHIOITH KOCILMIEHTOM HECHHYCOifaIbHOCTI
Ky, AKMHA JOPIBHIOE BIJHOLICHHIO JIIOYOTO 3HAYEHHS YCIX BUILNUX TI'apMOHIK

KPHUBOI HAIIpyTy A0 HOMIHAJIbHOI HAIPYT'H OCHOBHOT 4acTOTH, %

Ky =|.|SU? |100 /U,

=3
e l]y — I[iIO‘-IC S3HAYCHHA HAIIPpYTHU Y — o1 FapMOHiKI/I.
TpI/IBaJ'IO IIPpUITYCTUME 3HAYCHHA K BI. Ha 3aTHUCKadax 6y,Z[B-}IKOFO

CTpyMoIpHiiMaua He MOBUHHO nepeBuiyBatu S5 % . Lle ogHa 3 ymoB 3a0e3nedeHHs

CJIEKTPOMArHiTHOT CYMICHOCTI €JIEeKTPOOOIaHAHHS, sIKe MOXe OyTH KeperoM
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BUIIIUX TAPMOHIK (HaIMlpyTH, CTPyMY), 3 €IIEKTPUYHOIO Mepexkero. B mepiry uepry e
CTOCYEThCS CTaTUYHUX IEPETBOPIOBAYIB YACTOTH 3 KEPOBAaHUMHU 1HBEPTOPAMHU
(Hampyru, CTpyMmy).

1.5. BasaHc NOTYy:KHOCTI Ta Oro 3a0e3ne4YeHHsl.

OcoOnuBicth npaiorouoi EEC nosnsdrae B 6e3mepepBHOCTI Ta 0OJHOYACHOCTI
nporecy BUPOOJIEHHsS 1 CIIOKMBaHHA ejeKTpoeHeprii. Ha cboromni me Hemae
MO>KJIMBOCTI HAKOMHUYYBaTH EJEKTPOCHEPril0 y 3HAYHUX KIIBKOCTAX, 11100
CHokuBaTH ii B Mipy HeoOxiaHocTl. L{s ocobmuBicte EEC sik 00'exTa KepyBaHHS
Ny’K€ YCKJIaJHIOE KEPYBAHHIO HEIO.

OpHOoYacHICTh IPOLIECIB BUPOOHUIITBA 1 CIIOKMBAHHS €JIEKTPOCHEPrii BUMarae
JOTPUMaHHs OanaHCy MDK ii T€HEepall€l0 1 HABAaHTAXKEHHSIM Yy CTaJOMYy PEXHMI:
P.=P,, ne P, — NOTYyXHICTb TCHEpYIOUUX JpKepel, P, — MOTYXKHICTb
HABaHTA)KEHHS 3 YpaxyBaHHSIM BTPAT MOTYKHOCTI B efnemeHnTax EEC.

[TopyuieHHs 1boro 6anaHcy Npu3BOIUTH 0 IEPEXiTHOTO nporecy. Haamumok
aKTUBHOI MOTY>KHOCTI TEHEPATOPIB BUKJIMKAE T1ABUIIICHHS YaCTOTU B CHCTEMI, PU
IbOMY aBTOMATH4HI peryistopu dyactoTu obepranns (APYO) TypOiH 3HUKYIOTh
BIYCK mapu (BOJAW) 10 TypOiH 1 BIJIHOBIIOIOTH HOMIHAJIBHY YacToTy. Y pasi

HeJlocTaTHOCTI P, vactora B cuctemi 3HMKYeTbecsl 1 APYO TypOiH 30UIBIIYIOTH

BITYCK Tapu (BoJH) 10 TypOiH, IO 3HOB BIJHOBIIIOE YACTOTY. SKIIO MOKJIMBOCTI
30UIBIIICHHS TeHepallii BHYEpIIaHi, TO BHUMHKAIOTh YaCTHHY HaBaHTa)KCHHS.
Cepito3He mopymieHHs 6aTaHCy BHACIIIOK 30ypeHb Pi3HOTO XapaKTePy MPU3BOIUTH
JI0 PO3JIaly HOPMAJIbHOT pOOOTH CUCTEMH, TOMY IIPOLIECOM MOT0 JOTPUMaHHS Tpeda

xepyBatu (puc. 1.5), ne F_(¢), F.(t)- 30ypenHs B cucTemMax reHepamii ta u,(t),
Uc (t) — Kepyroui JIii Mo 3MIHEHHIO IreHepallii Ta crnokuBaHHs. J[g 3a0e3neueHHs

OaylaHCy po3pOOJISIFOTh IJIAHOB1 M OTIEpaTUBHI 3aXO0/IH.

l,Fr(x) J,Fc ()

Nenepauin CrmosKUBRAHH S
u (1) B =P 1. (2)

Puc. 1.5 Cxema ynpaBimiHHS IpOIIECOM TeHEpallii Ta CIOKUBaHHS €JIEKTPOCHEPTil
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1.5.1. Ilhanysanns é6anancy nomyxcnocmi. I'paghiku nasanmasricenns.

[lepmmm Kpokom A0 3a0e3neyueHHs 0anaHCy € 3aBYacHE IJIaHYBaHHS PEXKUMY
pobotu enexkTpuuHUX cTaHmii. IlmanyBaHHS TpyHTyeThcs Ha rpadikax
HaBaHTaXEHHs, TOOTO croxuBaHHSA enekTpoeHeprii y EEC, ski moBuHHI
NOKPUBATHUCS €JIEKTpUYHUMU cTaHIisMU. ['padik HaBantaxkenna EEC cknanaerbcs
3 Tpa(ikiB HABAaHTAKEHHS OKPEMHUX CIIOXKUBaviB. ['padiki HaBaHTa)KEHHS 3HIMAIOTh
(peecTpyloTh) TO KOXHOMY MIANPUEMCTBY, MiJCTaHII, PallOHy eIeKTPUUYHUX
mepex (PEM), manpuemcty enexktpuunux mepex (IIEM), EEC 1 OEC y minomy.
i rpadiku € rpadiuHuM 300paKEHHIM PEKUMY BiMIOBITHOT €IEKTPOYCTAHOBKH.

PerenpHa cratuctuyHa oOpoOka rpadikiB HaBaHTAXEHHS, aHaJl3 TEHACHIIN
iXHBOI 3MIHU J03BOJIAIOTh HE TUIBKHM IMPAaBUJIBHO IJIAHYBaTH pPOOOTY ICHYHOUHX
JoKepeNl aKTHBHOI 1 PEaKTHBHOI MOTYXXHOCTEH, ajle TakoXK TUIAHYBaTH PO3BUTOK
EEC, To0T0O n100y10BY HOBUX E€IEKTPUYHUX CTAHLIN 1 MEPEK.

['pacdixy HaBaHTa)KEHb PO3PIZHAIOTH:

- 3a Ha3BOIO MMapaMeTpy, U0 KOHTPOIIOETHCS — aKTUBHOI P, peakTuBHOI O,
NOBHOT S MOTY>KHOCTEH, cTpymy /, Hanipyru U, 4acTOTH f €eKTPOYCTaHOBKH;

- 3a4acoM peecTpallii - piuHi, CE30HHI, I000BI;

- 3a MICIEM peecTpallii - MANPUEMCTB, EHEPTOCUCTEM, MIJACTAHIIIM, TOIIO.
Po3pizHstoTh Takox rpadiku renepartiii Ta Crio>KMBaHHS.

Jns nnmaHyBaHHST pOOOTH €JNEKTPOCTAHIIM HEO0OX1HI Tpadiku CIOKUBAHHS
aKTHUBHOI 1 PEaKTUBHOI MOTY>KHOCTEH.

OCKIUTBKM JKHTTS 1 JISJBHICTh JIOJeH HMKIiYHA (100a, Ce30H, PIK), TOMY
rpadikyd, Kl 3HIMAOTh I KOHKPETHOTO  €JEMEHTa EHEProCUCTEMH,
MOBTOPIOIOTHCS, MAIOYW TUMOBUHN Xapaktep. s mianpueMcTB pi3HUX raiy3ei
ICHYIOTh CBO1 THIIOBI Trpadikv, IO B1IOOPaXylOTh  OCOOJMBOCTI MEBHOIO
TE€XHOJIOTIYHOTO TMporecy. /[ KOXKHOTrO 3 HUX XapakTepHa CBOS BU3HayeHa
HEPIBHOMIPHICTh MPOTATOM J00H, TOOTO CBO€ 300pakeHHs (Mae MicIe BeliKa

3QJICKHICTh BIJI KUIBKOCTI 3MiH Ha mianpueMcti). Jlo6oBi 3uMoBi rpadiku
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BIJIPI3HSIOTHCS BiJI JTITHIX, rpadiKy BUXITHUX Ta CBATKOBHUX JTHIB BiPI3HIIOTHCS Bij
pobounx.
Koxuuii rpadik xapakTepusyeThCsi CBOIMH TOKa3HMKaMu. OCHOBHI 3 HUX

pO3rJIsTHEMO Ha MpuKiIaai 106oBoro rpadiky HaBaHnTtaxeHHss EEC, puc.1.6.

P)\

HBEH
MAX

I P PPAH PI[EH

CEP

PHILI

IN
A Y A 4 A A 4

A\ 4

01 2 3 4 5 67 8 9 101112 13 14 1516 17 18 19 2021 22 23 24 ¢

Puc. 1.6 TpixARACRHEURS o APl AR TaxKeHD
Haii6inp1ry moTy)HICTh 32 T0OOBUM TpadikoM HaBaHTAKEHHS TPUBATICTIO HE
MeHIIe Hixk 0,5 TOIMHYM Ha3UBalOTh T0OOBUM MaKCUMYMOM HaBaHTaXXCHHS P

max °

PBE‘J .

MAX

Makcumym MOXke OyTH PaHKOBUM prAf BEUIpHIM
MAX

[lmoma, mo oOmexeHna g000BuM rpadikoM, BHU3HAYAE  KUIBKICTh

eneKTpoeHeprii, BpaxoBaHoi 3a mo6y I: W =) Pt;, >.t;=T 3BiaKu MOXHa
i i

BU3HAYUTH CEPEAHBONOOOBY MOTYXHICTD P, = wiT .

Yac BHUKOPHUCTAHHA MAKCHUMAJIbHOI'O HABAHTAKCHHA TMAX — ¢ 49ac, MmpoTsAarom

SIKOTO Tpeba IpaloBaTH 3 HABAHTAXEHHAM P,

. » 11100 T TakuM rpadikom Oyia

BpaxoBaHa TakKa > KIJbKICTh EJICKTPOCHEPTii, sKa BpaxoBaHa mif (PakTUUHUM
rpadikom

1
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Thiax :Pi; TAOZEY <T =24200unu; TAZ/IOA%( <T,;. =8760200un

MAX
INokazHuk 7,,, dacTille BUKOPUCTOBYIOTh CTOCOBHO 0 pPI4HOro rpadika
HaBaHTaxeHHs 1 ckiagae 4000-6000 roauH.
Crymnigb HEpiBHOMIPHOCTI rpaduka XapakTepu3yeTbCs KoedilieHTOM
3aMOBHEHHS (HEPIBHOMIPHOCTI)
__ W _Theep _ fcep .
TPusx  TPuax  Puax’

Ky

BukopucTaHHs BCTaHOBJIEHOI MOTY>KHOCTI XapaKTEPU3Y€EThCS KOEPILIEHTOM
BUKOPHCTAHHS BCTAHOBJIEHOT MOTY>KHOCTI
__ W _Thegp _ e
TPgcr  TPper  Pper

Kp

ne Pgcr — cymapHa BCTaHOBIIEHAa IIOTYKHICTh BCIX arperartiB (BpaxOBYIOYH
pe3epBHI).

Piunuii  epaghix 3a mpusanicmio nasanmasicens. lleit rpadik mokazye
TPUBATICTh  POOOTH  €INEKTPOYCTAHOBKM  TPOTATOM  POKY 3  PI3HUMH

HaBaHTa)XXeHHsAMU. HaBaHTa)xeHH BIIKJIAAAI0Th B IOPSAKY X cnajaHHs Big P, 10

P

> - DYIYIOTb HOT'0 32 BIIOMUMU 1000BUMHU IpadikaMu.
Ilpuxnao. Maemo nBa TUTIOBHX J000BHX Tpadika HaBaHTaKEHHS: 3MMOBOTO
(183 nui) 1 mitaboro (182 nmi), puc. 1.7, a. IloOynoBa piuHoro rpadika 3a

TPUBAJICTIO HaBaHTaXeHb IOKa3aHa Ha puc.l.7, 0, ne 7;=183¢; T, =183t,;
T, =183ty; T, =182t,; T, =182¢t, T5=1824;

st opgepkanHs rpadika HaBaHTaXXEHHS T€HEPATOPIB E€JIEKTPUYHOI CTaHIIl
1JICYMOBYIOTH Ipadik MOTY>KHOCTI, IO BIAIMYCKAETHCS 13 IIWH CTaHIII1, 13 rpadikoM
noryxHocti BIl. IlnaHoBuii no6oBuil Tpadik HaBaHTAXEHHS 3a/1a€ThCA
CJICKTPUYHINA cTaHIli aucnerdepcbkuM 1eHTpom EEC Ha mifcTtaBi po3moairy
HaBaHTtaxxeHHss EEC Mix enekTpocTaHiisMu (3a KpuUTEpieEM MiHIMI3aIlli BUTpAT

nanuBa B EEC 3 ypaxyBaHHSIM BTpaT MOTY>KHOCTI y Mepexi). MOoXIHMBICTh TaKOTO
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HAWBUTIHIIIIOTO PO3MOJUTY HaBAaHTAKEHHS MDK CTaHIISIMH OOYMOBJIEHA TXHBOIO
napajieibHOI pOOOTOI Ha 3arajibHy MEpeXy 1 € OJIHIEI 3 BaXJIMBUX IMepeBar

00'eTHAHHA €JICKTPUYHUX CTAHI[I HA MapaieiabHy poOoTy.

& &
}3{ IMMOBEMA
- ! - Pl
P ) P
3 R R R R R R R S KR - - 3
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FH NiTHIEA RI-
[} E T P
3 4 5
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- - Ij i ———————J—

t t

- -
24 6 8760 ron.

a
Puc. 1.7 TlobynoBa rpadiky 3a TpUBAIICTIO HABAHTAXKECHB

Enextpuuni craHmii  pi3zHHX
TUIIB BIITPalOTh pI3HY pOJIb Y
NOKPUTTI rpadika HaBaHTAKEHHS

eHeprocucremu. Ha puc. 1.8

IPUBEACHUM YMOBHMH IPUKIA]

posnoairy no6oBoro rpadika EEC

MDK CTaHIUSIMM Pi3HMX TuMiB. B

Puc. 1.8. Posnoain HaBanTtaxxenus EEC mix OasoBiii  wactuhi  rpadika 1

eHeKTpOCTaHHiﬂMI/I . o -
NpanorOThb IIOTYKH1 KOHACHCAIINHI

enexktpoctaniii (KEC), ski Buznawarorh vactory B EEC, a Takox aromHi
enektpoctanili (AEC) 1 rinpoenextpoctantii (I'EC), 1o He MarOTh BOJIOCXOBHIIL Ta
y nepioJl maBoaKy (1106 He poOUTH HEPoOOYOro cKuaaHHs Boau). 30Ha 2 rpadika
MOke TokpuBaTucs teminoenekTpoueHtpaismu (TEL), mo mpamoTs y

BIJIMMOBIAHOCTI 3 rpa)ikoM TEIUIOBOT'O CIIOKMBaHHA. 30HA 3 3a3BUYall IOKPUBAETHCS
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KEC neBemukoi 1 cepeannoi motyxkHocti 1 TELl, arperatu sikux mpamomoTh y
KOH/JICHCAI[IHHOMY PEXKHUMI.

B 1iii 30H1 HaBaHTaXEHHS PO3MNOJUIIETHCS MK CTAHIISIMHM, a Ha CTaHIIISAX —
MDK OJIOKaMU 3a KPUTEPIEM MIHIMAJIbHOI BUTPATHU TNajuBa 1 BTPAT MOTYXKHOCTI y
cucremi. B mepiogu, mo BiAnoBigaroTh 30HaM 4 1 5 rpadika HaBaHTAKECHHS,
BUPOOJIEHHSI TOTYXKHOCTI 3a0esneuyerbcsi mikoBumu cranmisimu  (IEC 3
BOJIOMMHUIIIAMUA JTOOOBOTO peryiroBaHHsA). ['iaporeHepaTopu MarOTh MiHIMaJIbHHMA
yac MycKy Ta Habopy MOTY>KHOCTI.

1.5.2. Onepamuene 3abe3neuenns oOanamcy 2eHepauyii i CHOMHCUBAHHA
enekmpoenepeii y EEC. Ocnogni 3acoou.

[InaHoBl 3axomm nyxe NOpUOIM3HO 3a0€3MeuyroTh JOTPUMaHHS YMOBH
Oanauncy: Pr= Py. llepexinuuii nporec, sikuii Bunrkae B EEC npu nopyiieHH1 1iboro
OasaHCy, B 3aJICKHOCTI BiJl XapaKTepy 1 BEIMUWHU CUJI, 1[0 BUHUKAIOTH TPH IOMY,
MOX€ OyTHM TaKuM, IO CXOIUTHCS a00 PO3XOAUTHCSA. Y TMEPIIOMY BHUMAAKY
30epiraeTbcs CTilika poOOTa CUCTEMH, Y JIPYroMy BHHHMKA€E aBapiiiHa CUTyallis, y
pe3yabTaTi SKOi BIIKIIOYAIOTHCS JIKEpena 1 CHOXKHUBayi, CUCTeMa MOAUISEThCS Ha
KUIbKa YaCTHH, OJHA 3 HUX € Ae(IUTHUMH, 1HII — HaJIuImKoBuMu. Lle 361birye
aBapio.

[lepmmmy Ha BUHUKHEHHS HEOAJIaHCY 32 CUTHAJIOM 3MiHHM YaCTOTH PearyroTh,
sk BkazaHo Buie, APHYO typ6in. e aBromaTnyHi 3aco0u qoTpMMaHHs OalaHCy
NOTYXHOCT1 B reHepyrouid yactuHi EEC, BOHM BHpIIIYIOTh 3a7a4y Tak 3BaHOTO
IIEPBUHHOTO PETyIoBaHHS 4acTOTH 1 moTykHOCTI B EEC 1 3a0e3meuyors cTaTHIHE
peryJIfoBaHHS 31 CTaJOK MOXWOKO, SIKa BiIMIHHA BiJ HYJsA. SIKIIO MOXJIMBOCTI
APYO BuuepnaHi, TO TNOYMHAE [IATH BTOPUHHE pPEryJIOBaHHS 4YacTOTH 1
MOTYKHOCTI, SIKE MOYK€ BUKOHYBAaTUCh BPYUHY a00 Y aBTOMAaTHUYHOMY pexkumi. JIJist
aBTOMaTUYHOT'O BTOPUHHOIO PEryJitoBaHHS (I MEPBUHHOTO TAaKOX) CTBOPIOIOTH
CHUCTEMHU aBTOMATHYHOTO peryitoBaHHs dacToTH 1 moryxHocTi (CAPUII). Taka
CHUCTEMa Ma€ CUCTEMHUU PEryisaTop (BepxHid piBeHb BTOPUHHOTO PEryJIOBaHHS),

KUl 3a0e3neuye cradinizamito yactotu B OEC Ha 3agaHoMy piBHI Ta MEPETOKIB
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notyxHocteil Mikcucremanmu JIEIL. Moro peanisyiors Ha 6a3i cremianbHOro
amapaTHOTO 1 TMporpaMHOro 3a0e3MmeueHHs 1 PO3TAlIOBYIOTh Y JUCIETYEPCHKOMY
nenTpi OEC. Ha ctanIisx BTOpHHHOTO peryitoBaHHs (HUKHIN — CTAaHI[IHHAN PIBEHb
BropuHHOrO perymoBanHs y CAPUII) e cranmiiinuii (abo 0;104H1) aBTOMaTHYHI
perynsitopu noryxHocTi (APII), siki BiANpanboBYIOTh 3aBIaHHS BiJi CUCTEMHOTO
perynsitopa. BropunHe perymoBaHHS 3a0e3ledye acTaTUdHE peryJoBaHHS 3
HYJIBOBOIO cTajor moxuokor. APII ta APUO 3a miaATpUMKOIO aBTOMaTHYHUX
pEryJaTOpiB MapoOreHepyrouoi YacTUHU OJIOKA CTBOPIOIOTH TAaKOX JIBOPIBHEBY
cucreMy perymoBanHs, y sakii APYO Bukonye 3aBnanns Big APII.

B  aBTOMarmuHOMYy  peXHMi  MpAIOOTh  ABTOMAaTHYHE  YaCTOTHE
po3BaHTaxeHHs (AYP), ke Mae 1eK1IbKa 4yepr 0OMEXEHHsI, 0 CIPALbOBYIOTh ITPU
PI3HHMX 3HAYEHHSX YacTOTU. B TakoMy >k peKrMi Ipaltoe CrieliajbHa aBTOMaTHKa
obmexxeHHst HaBaHTaxxeHHsI (CAOH).

Jlnst monermiemiss yMOB JAoTpuMaHHs Oamancy mnotyxkHocti B EEC 13
OOMEXEHUMH MOXJIMBOCTSMHU aBTOMATUYHOIO PETyJIIOBaHHS TMPH 3HIKEHHI
YaCTOTH 3aCTOCOBYIOTh Psijl ONEPATUBHO-AUCIETYEPCHKUX 3aXO0/IIB, SIK1 CIIPSIMOBaHI1
Ha 0OMeKeHHs HaBaHTaxXeHHS. [le criemianbHO po3pooiieHi rpadiku 0OMEKEHb:

a) rpadiku oOMexxeHHs crioskuBaHHs enekTpoeHeprii (['OE);

0) rpadixku oomexxerns HaBanTaxeHHs (["'OH);

B) rpacdiku aBapiiHMX BUMKHEHb crioxuBadiB (I"”AB);

r) crieuiainbHi rpadiku aBapiiiHux BUMKHEHb (CI'AB).

3actocyBaHHSA IUX TpadikiB PETyNIOETHCS BIAMOBIIHUMH JOTOBOPAMU MiX
CJICKTPOIIOCTAaYaIbHUMH ~ OpraHizamissMu  Ta cnoxkuBadamu. ['OE, 3a3Buyaii,
3aCTOCOBYIOTh y pa3l BUHUKHEHHsS Aediuuty naiauBa abo riapopecypca. I'OH
BUKOPHCTOBYIOTh Y pa3l BUHUKHEHHS HeOe3Ieku AediuTy reuepailii (BBaKaeThCs,
110 11€ Ma€ MicCIIie NPHY 3HUKEHHI yacToTu 70 49,5 I'). ’AB 3acToCOBYIOTH ¥ pasi

a) panTOBOrO BUHUKHEHHs NMedinmuTy TeHeparii i BiAMOBIIHOTO 3HIKCHHS
gactoTu 10 49,5 I';

0) HeOe3neku nopyiieHHs: HopmanbHoi poootu ['EC;
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B) TIOPYIICHHS  PEXUMY  TpaHUYHHX  TEpeTiKaHb  MOTY>KHOCTEH
MikcucteMHuMu JIEIT 13 HEeNmpuIyCTUMHUM 3HIKEHHSIM Hampyrd B KOHTPOJBHUX
toukax EEC;

r) koau HeMae yacy Ha BBeAeHHsa ['OH. Skmio micns 3actocyBanHs ['AB
4acToTa B CUCTEMI1 IIPOJIOBXKYE 3HMKYBATUCh, TO BUKOPUCTOBYIOTH CI'AB.

VY pazi, skmo 3actocyBaHHs rpadikiB OOMEXKEHb HE Ja€ TMO3UTHUBHOTO
pe3yibTaTy, HaCTa€ yepra BHINE3a3HAYEHUX CHUCTEM aBTOMATUYHOTO OOMEKEHHS

HaBaHTaxxeHHs — AUP, CAOH.

1.6. 3arajpHa XapakTepUCTHKA €JIEKTPUYHOI YACTHHHU €JICKTPUYHOI CTAHIII.

EnexTpuuHa cTaHIis — 1€ CKJIAAHUI €JIEKTPOTEXHOJIOTTYHUM KOMIUIEKC, IO
MICTUTb BEJTUKY KUIbKICTh OCHOBHOTO 1 JIONOMDKHOTO €JIEKTPOOOIaHAHHS.

OcHOBHe eJeKTpooOIalHaHHS TPU3HAYCHE JI1 BUPOOHUIITBA, TIEPETBOPEHHH,
nepeaadi 1 po3noaiay elekrpoeHeprii. JlormoMikHe — 3a0e3rnedye HOpMalbHY
poOOTY OCHOBHOTO Ta BUKOHYE JIONTOMDKHI (DYHKITIT — BUMIpIOBaHHS, CUTHAITI3allii,
YIPABIIIHHS, 3aXUCTY, aBTOMaTUKHU Ta 1H.

JIo OCHOBHOTO €JeKTPOOOIaHAHHS BIJIHOCATH CHHXPOHHI T€HEpaTopu Ta
CWIOBl TpaHchopmaropu (aBTOTpaHcPopMaropu), TOOTO MOTYXKHI 00OEpTOBI Ta
CTaTUYHI €JCKTPUYHI MamuHHA. JlomoMiXKHE eJIeKTpooOiIagHaHHI 00’ €IHye
KOMYTAaIlliiHI amapaTtv, CTPYMOOOMEXKYIOUl pPEaKTOpH, amapaTh 3aXUcTy BIJ
nepeHanpyr, BUMIpIOBajIbHI TPAaHC(POPMATOPH, & TAKOK CHUCTEMY BIACHUX MOTPEO
(BII) pazom 3 1 mxepenamu, po3nofiipbuuMu  yctaHoBkamu  (PVY),
enektpornpuBogoM MmexaHismiB BII Tomo. CroauM TakoXX BiTHOCSITh CXEMH Ta
anapaTd yOpaBIIHHS, BUMIPIOBAHHS, CHUTHaNi3alli, OJOKyBaHb, KOHTPOJIIO Ta
3aXHCTY, K1 MalOTh Ha3By BTOPUHHUX MPUCTPOIB (K1JI).

EnemMeHTH HOMOMIXKHOTO €JeKTPOOOJIaJHAHHS MMEPBUHHUX 1 BTOPUHHUX KIJI
pa3oM 3 JOMOMDKHUMH TPUCTPOSIMU 1 OydiBENbHOIO YaCTUHOIO YTBOPIOIOThH
PO3MOIIBYUN TPUCTPIN €IEKTPUIHOI CTaHIli abo mijacTaHIii. B 3amexHocTi Bix

MicL 1 coco0y po3MillieHHs anapaTypu PY noaiuistoTh Ha BHYTPIillIHI (3aKpUTI) Ta
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30BHIIIHI (Biakputi). 3a3Buuail KoxHuUM PY wictute 30ipHI IUHU 1 pAn
BIJITATYKEHb BiJ 301pHUX IIKH 3 BIAMOBIAHUM OOJIaIHAHHSM.

Ha puc. 1.9, ax npuknaag B3a€MHOTO 3'€THAaHHS OCHOBHOTO 1 JOIOMIXXHOTO
eJIEKTpOoOOJIaIHAHHS, TTOKa3aHa NMPUHIKIOBA enekTpuuHa cxema TEL] 31 30ipHuMu
IIIMHAMU TEHEPATOPHOI HAIIPYTH.

Enextpoenepris, mo BupoOsseTbest renepatopamu ['1 1 2, HagxomuTs 10
30ipauX muH 10 kB 1 mami po3nofiaseThes MK CIIOKMBa4aMHU BJIACHUX TOTpPeO
(BII), sixi xuBnsaTbesa Bin TpaHchopmaropiB BiaacHux notped (TBII) T3, T4, ta
CIIO’KMBavyaMM MicrieBoro HaBaHTaxxeHHs (MH), siki 01ep)KyIOTh €IIEKTPOCHEPTIIO 32
JIOTIOMOT 010 YOTUPHOX KabenbHux jiHiM JI1...J14. Hagnumok enekTpoeHeprii yepes
JIBa TPhOXOOMOTKOBUX TpaHchopmaTopu 3B’ 3Ky T1 1 T2 nanxoauts 1o PII Bumoi
Harpyru 110 kB, uepes sxuii 3niiicHIoeThCs 3B’ s130K craniii 3 EEC (minii JIS...J17),
a Takox 10 PII 35 kB, a moTim 10 Bignanennx cnoxkuBadiB (miHii JIS...JI11).

Kopotko posrissaemo (yHKIIii o01aHaHHS, TOKa3aHoTo Ha puc. 1.9.

Bumukaui B — mpusHayeHi [jis BMUKAaHHS Ta BUMHUKAHHS EJIEKTPUYHUX

IpUEHAHb B HOPMaJIbHUX 1 aBapiiHUX pexxumax; CB — cexuiiiHi BAMUKAYI.

Pos'ennyBaui P — jyis i301t0BaHHS Ha TepMiH (Yac) BUKOHAHHS PEMOHTHHX

POOIT 3HE3CTPYMIICHHUX €JIEKTPOYCTAaHOBOK 200 TXHIX YaCTHH B1Jl CYMI>KHUX YaCTHH,

110 3HAXO/IATHCS IT1/T HAPYTO¥O.

36ipui mmHu 311 — 115 npuiiMaHHs €JIEKTPOSHEPT1i Bl IXKEpes Ta pO3NoALTy
il MIXK CIIO’KMBaYaMHU.

BumiproBaneai  tpanchopmaropu crtpymy (TC) 1 manpyru (TH) — s

NIEPETBOPEHHS POOOUYMX TMapaMeTpiB (QYHKIIOHYBaHHS €ICKTPOYCTAHOBKH [0
3HaYeHb TAKWX, MO0 € 3PYYHUMH JUIsl BUKOPHCTAHHSI B CXEMax BTOPUHHUX Kil
(BUMIpIOBaHHS, CUTHAITI3al111, 0JIOKyBaHb, PEJICHHOTO 3aXHUCTY TOIIIO).

[Ipuctpoi peneriHoro 3axucty P3 — nna BusBieHHA ¢akTy, MicHs

MOIIKO/DKEHHSI B €JIEKTPOYCTAHOBIII 1 BHUJA4l KOMaHIM HA BiIKIIOUYCHHS

IMOIMIKO/?KCHOI'O CJIICMCHTY.
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[lpuwnanu BumiptoBanbHi [IB — mnpu3HaueHi Aiisi KOHTPOJIO 3a SKICTIO
EJICKTPOEHEPT1I Ta poOOTOI0 eIeKTPOoOoOIaIHAHHS CTAHIIA Ta MIACTAHIIINA, a TAKOXK
TUTs 00JTIKY BUPOOJICHOT 1 BIAMYIIIEHOT eTeKTPOSHEPTTii.
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Puc 1.9 Copomena ogHoniHiiiHa cxema 3'eqHane 1EL iz PIT 10, 35 B

28



CrpyMoobmexyrodi peakTopu: JdiHiaNN JIP, cekimiiinuii CP — 11e iHIyKTHBHI

OIopH, K1 IpU3HAYEH] )11 OOMEXEHHS CTPYMIB K.3. Ta 3a0€3MeUeHHs MIHIMaJIbHO
HeoOx1aHO1 3anumKkoBoi HanpyTu Ha muHaX PI1 y pas3i K3 Ha niHigx, sSKi BIAXOASTH
BIJI IIUX IIWAH.

CTpyMOnpoBOM — KOPOTKI JIiHIT 3 THYYKHUMH a00 KOPCTKUMH MPOBITHUKAMH,

Kl TpU3HA4YeHl Uil 3'€THAHHS EJIEMEHTIB OCHOBHOTO 1 JIOMOMiIXHOTO
CIIEKTPOYCTATKyBaHHS €JIEKTPUYHUX CTAHIIIN Ta IMOACTAHIIIH.

[IpuCTpOi aBTOMATUKU A — /1711 aBTOMATUYHOT'O YBIMKHEHHS a00 MepeMUKaHHs

CJICKTPUYHUX K1J1 1 TPUCTPOIB, @ TAKOXK JJIT aBBTOMATUYHOTO PETYITIOBAHHS PEKUMIB

pOOOTH €IEMEHTIB €IEKTPOYCTAHOBKH.
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2. OCHOBHE EJIEKTPOOBJIATHAHHSA EJEKTPHUYHNX CTAHIII.
2.1 CHUHXPOHHI reHepaTopHu.
Jlyist BUpOOHMIITBA €JIEKTPUYHOI €HEprii Ha eJIEKTPOCTAHINISIX 3aCTOCOBYIOTh
Tpu(da3Hi reHepaTopu 3MIHHOTO CTPYMY.

Po3pi3usioTh TypOoreHeparopu (MepBUHHUM JBUTYH MMapoBa abo ra3oBa Typ-

01Ha) 1 rigporeHepaTopu (MepBUHHUNA JBUTYH — T1APOTYpOiHA).

Mix mBHAKICTIO 00€PTaHHS pOTOpa F€HEPATOPa M HaCTOTOIO CTPYMY B MEPEXI
ICHY€ 3B’S130K

_060/
p

n , 00/XB

JIe p — YUCJI0 map MmojrciB 00MoTku potopa CI'.
TI' — WBUIKOX1THI:

Ha TEC: n 2@ = 3000, 06/xB.;

na AEC inomi p = 2: n =&;0 — 1500, 06/x.

['enepatop ckiiafaeTscs 3 craropa il poropa. (puc.2.1).

pomop

—™

Puc. 2.1 KoHCTpyKIlisi CHHXpPOHHOTO T€HEepaTopa
B Haiib11b111 pO3MOBCIOKEHUX KOHCTPYKI[ISAX HA HEPYXOMOMY CTaTOpi po3-

MinryeTbesi Tpudazna oOMoTka 3MiHHOTO cTpyMmy. Lls oOMoTKa 3akianaeTscs B
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nasu cTaTopa, HabpaHOTO 13 TUIACTHH eNEeKTPOTEXHIUHO1 cTaii. Ha poTopi, 1mo oGe-
pTaeTbest, po3MillyeThess oOMoTka 30y mkeHHs (O3), sika >KMBUTHCS MOCTIMHUM
CTpYMOM BiJ cuctemu 30ymkeHHs. [lepenada moctiitHoro ctpymy Ha OB, mo o0e-
pTaeThesl, 3MIMCHIOETHCS 3a JOTTOMOT OO KUTellb 1 IIiToK (puc.2.2). KoncTpyxkiiis po-
TOpa MO€ OyTH HESIBHOIOIIOCHOO (p=1-2) 1 siBHO moJirocHOI0 (p>2). [lIBHaKOXI-
JTH1 MAIITMHY € HESIBHOTIOJIFOCHUMU.

Porop mBuakoxiguux TI' (i C/]) Mae BUTISA IIIbHOKOBAHHOTO IMJIIHpA 3
CTaJll BUCOKOI MIITHOCTI. B G041l poTopa B310Bk LMIiHApPa Tpodpe3epoBaHi a3,
B sikux 3akiazeHa O3 i3 npodiapoBaHoi Mifl. BUTKH 130/11010THCS OJIUH BiJ] OJHOTO
MikasieHTor0. Bin crani poropa O3 1305110€ThCsl MIKaHITOBUMHM IUIACTUHAMU. J1Jis
YTPUMaHHS BiJ BIAUEHTpOBUX cuil O3 yKpIIJIAETHCA B Ma3aX HEMArHITHUMH Me-
TajgeBUMHU KIMHaMH. JIOOOB1 YaCTUHU OOMOTOK YKPIIUISIOTHCS 32 JOTIOMOTOI0 Ma-
CUBHMX 0aHJIaXiB 13 BUCOKOMII[HOT HEMArHITHOI cTajii. JliameTp poTopa He mepe-
Butrye 1250 mm. O6MmexeHHs po3MipiB poTopa (puc.2.) 00yMOBIIEHO HETIPUITYCTH-
MICTIO MPOTHHY pOTOpa 1 60pOTHOOI0 3 MEXaHIYHUM PE30HAHCOM (BJIACHA YaCTOTa
KOJINBaHb MPUOIMKAETHCS 10 BUMYIIIEHOT). [[71s1 BUKITIOUEHHS IPOTHHY POTOpa MPH

BijkitoueHoMy CI' BUKOPUCTOBY€ETHCS BaJIOIIOBOPOT.

A

2 S H I

=
”
Y

.
)
=
-
Y

I.." 000oB1

/ ! /xi:n:u

5

Bid cucmenn

Puc. 2.2 KoHCcTpyKIlisi HESBHOIIOIIOCHOTO POTOPA Ta CUCTEMU 30y IPKCHHS
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I'pporenepatopu, CK, Tuxoximgni CJ] MatoTh poTOp 3 SIBHOBUPAXKEHUMH I10-
mocamu. O3 BUKOHYIOTHCS B BUTJISA1 KOTYIIOK MPSMOKYTHOTO TIEpepizy, 0 po3-
MIIIEH] Ha OCeP/Ii MOIOCIB 1 yTPUMYBAHHX BiJl BIIIIEHTPOBUX CHJI MTOJTIOCHUMH Ha-
KOHEYHUKAMU. SIBHOIOIOCH] MalmuHU TUXO0X1aH1: n = 60-600 00/xB. Po3MimieHHs

B OCHOBHOMY BepTukaibHe (puc.2.3. Jliametp poropa gocsrae 16 m.

Puc.2.3 [lpuknaz peanizaiii sBHOIOJOCHOIO poTOpa

OTpuMaii pO3MOBCIOKCHHS KancyibHi [T 3 ropU30HTAIEHUM PO3MIIIICHHIM
potopa: n = 60-150 06/xB. (Kuiscbka ['EC).

Howminanbhi mapamerpu CI” (XapakTepu3yroTh MOXKIIUBICTH JOBIOTPUBAJIOL PO-

OOTH TIPU PO3PAXYHKOBUX YMOBAX OXOJIOJDKEHHS); YKa3yIOThCsl B JOBIAHUKAX, HA
mutkax CI:

1. tun CI' (TBB, TB®, TBC, TI'B, TBM);

2. uucno ¢as;

3. fuou, 1y ;

4 PH:\ﬁ-UH-IH-cosgoH,MBm

WD

S, =\3-U, -1, MmBA;

6. Uny cratopa, kB;
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7. Incratopa, KA;cxema 3ﬂe\uHaH@ daz ( abo );

8. Uy,B;
9. Iy, 4;
10. cosom;

11. nw,06/xs6;
12. xmacwu 1307s111i 0OMOTOK cTaTOpa 1 POTOPA;
13. KK, %;

14. THCK B cUCTEMI OXOJIOKEHHS.

2.2 Cucrema oxosomxenns CI'
[Tpu poGoTi CI" ioro oOMOTKH 1 CTajh 3a paXyHOK BTPAT MOTYKHOCTI Harpi-

BaroTheA. JlomycTrma t°Harpiey 0OMOTOK 3aJI€KHUTh BiJl 3aCTOCOBYBAHUX 130JISIIT1 -
HUX MaTepiajiB 1 £°0X0J0/KYI0U0ro cepenopuina. s 13om4iii Ha achanbToOITy-
MHUX Jlakax (kiaac B) gomyctuma ¢°o6motok ctatopa — 105 C°, poropa — 130 C°.
[lepeBuiieHHs JOMYCTUMOT /° — TOJIOBHA MMPUYWHA CTapiHHA 13015111, {151 BinBoxy
Terula BiJ aKTUBHUX MaTepialiB BUKOPUCTOBYIOTh CUCTEMH OXOJIOIKECHHS.
BianoBigHo 1o peamizarii cocoOy BiBOAY TeIljia PO3PI3HAIOThL HEHmpsaMe 1

oe3nocepenHe oxonomkeHHs. [Ipu Henpsamomy —ra3 ( moBiTps, Hz ) 3a tonomororo

BEHTHIISITOPIB, BCTAHOBJICHUX Ha BaJIy pPOTOPA, IPOTaHSIEThCS YePe3 MOBITPSHUM 3a-
30p 1 BEHTWIALIMHI KaHaH. ['a3 He CTUKA€eThCs 3 MPOBIAHUKaAMU 0OMOTOK, Bijiada
TeIia 3/IIMCHIOEThCS uepe3 1301110 (0ap’ep), 0 00MexKy€e 301IbIICHHS TOTYXK-
nocti CI'.

[Ipu Ge3nocepeiHbOMY — a3 ab0 piHA KOHTAKTYIOTh 3 MPOBITHUKOM, 1110

MOKpAIy€e TETUIOBIABIJ 1 TO3BOJISIE 301IBIIMTH TOTYKHICTb.

TypOorenepaTopy BUTOTOBJISIOTH 3 OBITPSHUM, H> 1 pIAMHHUM OXOJIOKEH-
HSIM; T1IAPOreHEePaTOPH — 3 MOBITPSHUM 1 PLAMHHUM.

3actocyBanHs H> B MOpiBHSHHI 3 TIOBITPSAM J1a€ TiepeBaru, 0OyMOBJICHI THM,
[0 Oro MUTOMa TEIUIOEMHICTh 10 Maci B 14,35 pasu Buma, HK y moBiTps. Lle

MOKpallly€e TEIUIOBIABIJl, 3MEHIIYE BUTPATH OXOJOJKYIOUOro rasy 1 BTpaTH Ha
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BEHTUJIAIIIIIO, TO3BOJISIE PO3MICTUTH ra300X0y10/KyBadi B kopryci CI', BiaMOBUB-

IIKCh B TPOMI3AKUX 0X0JomKytouux kamep nif CI', 3HMKye cTapiHHS 130515111

H> ne miarpumye ropinns, Tomy npu K3 B CI' pyiiHyBaHHS 3MEHITYIOTHCS, 1100

YHUKHYTH BUHUKHEHHS TpuMydoi cymimi Tuck Ho B CI' miaTpumyeThes BUILE aT-

mochepnoro ( 1,03-4 atm). [ligBunenHs TUCKY mokpalnye oxosokenns CI', ane

MIJBHIICHHS > 4 aTM €KOHOMIYHO HEJIOIIJIbHO. 3aCTOCYBaHHS CHCTEM Oe3mocepe-

JTHBOT'O OXOJIO/KYBaHHS 103BosIHII0 cTBOpUTH CI” moTtyxHicTio 300-1200 MBT.

CI' Hrkue BKa3aHUX CEPiil MatOTh HACTYIHE OXOJIOKEHHS:

TB®, TBC — nenpsime cratopa H», 6e3mocepente poropa Ho;

TBB — 6e3nocepenne craropa H,O, 6e3nocepenne poropa Hz a6o HoO ;

TI'B - 6e3nocepenne craropa it poropa Hz (1o 300 MBT), H2O — 10 500 MBT;

TBM - Ge3nocepeaHe cTaii 1 0OMOTOK cTaTopa MaclioM, O€3MOCepeIHE POTOpa

H»O.

2.3 Cucrema 30ymxkenns CI'
BuxopucroBytotbes 11 sxkuBiieHHst O3 mocTiiHUM CTPYMOM 1 MalOTh MPUCT-

"'@" > ap3

N
KV -
G ——
]
LG LGE
GE

Puc. 2.4 3anexHa enekrpomalinHHa
cucreMa 30yIKeHHS

piii pyYyHOTO 1 aBTOMATHYHOI'O PEryJIto-
BaHHs 30ymxeHHs1 (APB). 3actocoBy-
I0Th €JEKTPOMAIIMHHI CUCTeMH 30Y-
JoKeHHs 1 O0e3MamuHHI. B emektpoma-
IIMHHUX SK 30yJIHUKH BHUKOPHUCTOBY-
IOTBCSI €JIEKTPUYHI MamuHU: EJIeKTpo-

MAIlIMHHA CUCTEMA 30VIDKEHHS 31 30V-

HUKOM NOCTIHHOIO CTPYMY.

[IpuBox 30y 1HHKA MOKe OYTH HE3AJIEK-
HUM B1Jl Hanpyru reseparopa Ur Ta 3a-
JSKHAM. 3alie)kHa eJIeKTPOMaIlInHHA
cucrteMa 30ymkenHs, (puc. 2.4). Ilepe-
Bara: 3a pPaxyHOK MOXJIMBOCTI 3HU-

KEHHS 00epTiB 30yJHHMKA MOXHa
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JOCSITHYTH 301IBIIICHHS TIOTYKHOCT1 30y/DKeHHS, a 0TXKe, i moTykHocTi CI'.

Henoniku B mepiily yepry BUKJIMKAHI HAasIBHICTIO CAMOT'0 €JIEKTPOMAIIIMHHOTO
30yTHUKA:

- HEBHUCOKA IIBUKICTh HAPOCTAHHS 30y DKEHHS, 0COOJMBO Yy 30y IHUKIB T1JIpO-
reHepaTopiB, SIKl MalOTh HU3bKY YacToTy o0eptanHs (V = 1...2 B.0./¢);

- BiOpaIlis 1 BaKKi yMOBH pOOOTH HIITOK 1 KOJIeKTOpa (YMOB KOMYTaIlii);

- 1Sl TypOOTeHEepaTopiB MOTYXkHIicTIO BUlle 165 MBT, moTyXHICTh 30y 1KEHHS
CTa€ HACTIJIbKU 3HAYHOO, IO BUKOHATH HAAIMHO MPALIOI0YUN FeHepaTop MOCTIiH-
HOTO CTpyMy Ha yactoTy ooepranHas 3000 06/XB 3a yMOBaMH KOMYTaIlii € JOCUTh
CKJIQJTHUM 3aBJIaHHSIM.

Enexmpomawiunni cucmemu 36y0dxncents 3i 30YOHUKOM 3MIHHO20 CIPYMY

- 31 30ynHuKOM 4acToToro 50 ['11 Ta HEpyXOMHUM BUIPSIMIISIIOYUM MPUCTPOEM
(BID);

- BUCOKOYACTOTHA CUCTeMa 30y KIECHHS;

- 31 30yrHMKOM 3MmiHHOTO cTpyMy 50 I'tr Ta BII, 10 oGepraeThes (Oe3miTouna
cucrema 30yxaeHHs ). [Ipukian eleKkTpoManmHHOT CUCTEMU 31 30yJJHUKOM 3MiH-

HOT'O CTPYMY, HaBEJICHO Ha puc. 2.5.

TU

y

y

besmawunna cucmema  36y-

APB

0JiCeHHss HE MICTUTh EIICKTPUIHUX

MallliH, M0 00epTarThCs, TOOTO €

cratnuHoro. Haiinpocrima cxema Ta-

S KOi cucTeMH 30y IPKEHHS HaBeieHa Ha

puc.2.6, ne AT — nonomi>kHuii TpaH-

chopmarop, 1O KUBUTh TUPUCTOP-

Huii nepetBoproBay (TTI), sikuii kepo-

LG €TbCSI CUCTEMOIO KEpyBaHHS THUPHUC-
GEZ(BYN) LGE

topamu (CKT). Henomik — € miiTkoBi

Puc. 2.5 EnexTpomaniraHaa cuctema 31 koHTakTH B koii O3T.
30y AHUKOM 3MIHHOTO CTPyMY
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Puc.2.6 beamamunna cuctema 30y 1KeHHS

2.4 ITapajienbHa po0oTa reHepaTopis

[TapanensHa poOoTa reHepaTopis
- TOYHA CUHXPOHI3allis;
- CAMOCHHXPOHI3aITis.

Crnoci6 cunxpoHizaiii 103BoJisgeTbesa s Beix TI' 13 HENpsIMUM OXOJIOKEH-
HSIM, 110 MPAIOIOThH 32 OJOKOBOIO CXEMOIO, a TaKOX JUIS BCIX TiApOreHepaTopiB.
VYBIMKHEHHS T€HEPaTOPIB 3 HEMPSIMUM OXOJIOKEHHSM, aje MPaIlOl0unX Ha reHe-
paTOpHI IMHU, a TAKOK T'€HEPATOPIB 3 O€3MM0CcepeIHIM OXOJI0IKEHHSIM ITOBUHHE BU-
KOHYBATHUCS, K TPABUIIO, METOJIOM TOYHOI CHHXpOHI3aIii. B aBapiifHiX yMoBax mpu
HEOOX1THOCTI IMIBUAKOTO YBEJEHHS pe3epBy ad0 MPH BiICYTHOCTI IOKa3aHb 4acTO-
TOMipa YBIMKHEHHS Ha MapajeibHy poOOTYy BCiX reHepaTopiB 3a0€3Medy€eThCs CIIo-
cobom camocuuxpoHizarii. IlepeBipka mpaBUIBHOCTI YepryBaHHS (a3 371HCHIO-
€THCS PU NEPIIOMY YBIMKHEHHI T€HEPATOPa B MEPEXKY, a TAKOXK IMICIIA TPOBEICHHS
PEMOHTHHX POOIT Y IEpBUHHUX KojaX. [Ipu yBIMKHEHH1 TeHepaTOpiB CIIOCOOOM TO-
YHOI CMHXPOHI3aIlli HEOOX1JHO MAaTH PI3HULII0 MK BEKTOPOM HAaINpPyTy MEPEXKi HE
oubiie 15° ta ve 6ubIIe 20 % 1O MOAYI IO (3a3BUYail B Mexax 5%, Mpu 4acTOTi HE
oupme Hixk Ha 0,1% (0,05 I'n). [Ipu oMy Kpaiie o0 yacTora reneparopa Oyna
BHUIIIOIO BiJ] 4aCTOTH Mepexi (puc. 2.7).

IIpu U.=Ee=U
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Puc.2.7 ®i3uuHa CyTHICTH METOIy TOYHOI CHHXPOHI3aITii

[Npu 3mimenHi Ha 180° cTtpyM /!, 3HAYHO NEPEBUIIYE MOYATKOBUH CTPyM

Tpudasznoro K3 Ha 3arnckavyax reHeparopa.

[Ipu cmocobi caMocuHXpOoHI3aIlil reHepaTop 3 0OMOTKOIO 30YKEHHS, 3a-
MKHYTI{ Ha TacWJIbHUM oip, npu BiakatoueHoMy AT BkitouaeTbcs B Mepexy 0e3
30ymkeHHs. YacToTH He MOBUHHI BiAPIZHATUCS OlIbII HIK Ha 2%. [louarkoBuit

CTPYM BKJIFOYCHHS TTIOBUHEH 3aJI0BOJILHITH YMOBI:

U

*c

I

*110 < x” +x” >
*d c

I'eneparop 30yKy€eThCs Blipasy K MICis BKIIOUEHHS B Mepexy. [Ipu npomy
3HHKYEThCS Hampyra sk npu K3, ToMy Takuii cnocid HeOaXkaHWi IS CTaHIIH 31
301pHUMU IITUHAMH.

2.5 CuJaioBi TpanchopmaTopu i aBTrorpancgopmaropu

Tpanchopmaropu (T) 1 aBTorpanchopmaropu (AT) cimykath s IEepPeTBO-
pPEHHSI PIBHIB HAIPYTH B MEpPE)Kax 3MIHHOTO CTpyMy. Bumyckarotbcs B TpbOX 1 011
HOa3HOMY BUKOHAHHI. TpuQa3zHi BUTOTOBISIIOTHCS IO THX 3HAYEHBb MOTYKHOCTEH,
IPU SIKKX 1X rabapuTH JOMYCKAIOTh IEPEBE3CHHS 3aT13HULICIO.

T 1 AT po3pi3HSIOTE:

- 10 IPU3HAYEHHIO (CUJIOBI 1 cTIetiaibHI (CBapOYHi, TSTOBI 1 1HIII));

37



-mo yucny ¢a3 (oaHo-, TpboX-, 6ararodasni). I3 ogHodazaux T yTBOPIOIOTH
rpynu TpuQazHUX.

-0 KITBKOCTI OOMOTOK pi3HOI Hampyru (ABOX- 1 TpbOX OOMOTKOBi), (puC.
2.8,a), oomoTku HUKYO01 Hanpyru HH moxyTh OyTu po3uerieni (puc. 2.8,0).

-3a crocoOOM OXOJIOKEHHS (CyX1 — TBEpJUN N1€JIEKTPUK, OXOJIOHKEHHS IO~
BITPSIHE; MACJISTHI — MacjIo BOJHOYAC 1 TICICKTPHUK 1 OXOJIO/DKYIOUE CEPEIOBHIIIE; 3

3aMIOBHEHHSIM HETOPIOYUM PIAKUM JIEJIEKTPUKOM, OXOJIOIKEHHS MOBITPSIHE).

B B B B
P o - r %J
HH HH HHI IHH HH[ LJI-H-I

a) ES_

Puc.2.8 Knacudikarist cunmoBux TpanchopmaTopiB 3a KITbKICTIO 0OMOTOK

Js mo3naduenns T 1 AT BuaiiaeH] ciM ITO3UIIIN, 3aII0BHIOBAH1 BiAIIOBITHIM YH-
HOM Harp., A, sKkimo 1e aBrorpanchopmarop. Ha npyriit mo3utiii craBuThcst OykBa
T nnsa tpudazuux tpanchopmaropis 1 6yksa O 115 ogHO(pa3HKUX; HA TPETIN MO3UIIIT
— O0ykBa P, sixio oomotrku HH po3smienieni; gani Ha oJiHii a00 JBOX MO3UIIISAX BKa-
3Y€ThCS CIOCIO 0X0JI0KeHHs, OykBa T Ha repeaocTaHHIi MO3UIIIT BKa3ye, 10 YH-
CJI0 0OMOTOK Pi3HUX HAMPYT PiBHE TPHOM; PETYJIIOBaHHS I1i]] HABAHTAKCHHSM I103-
HAYA€E€THCSI OCTAHHBOIO OYyKBOIO H; Mo3HaueHHsT aBTOTpaHCPOpMaTOpa MOYMHAETHCS
3 OykBu A. Jlaii, micis pUCKH BKa3yHOThCs yepe3 KOCy JIiHII0: TOBHA MOTYXKHICTh Sy
(xBA u MBA), Uy (kB) ,Ucr (kB) 1, Ha KiHElb, piK MOYATKY BUITYCKY JAHOTO THUITY
Tpanchopmaropa abo KaTteropis yCTaHOBKHU (KJIIMaTUYHE BUKOHAHHS).

[pukiaa: TMH — 1000/110-89 (Tpudaszuuii TpanchopmMatop 3 MacIsTHUM 0XO-
JIOJKEHHSIM 1 pEeTyJIIOBaHHAM i HaBaHTaxkeHHsM, S,=1000kBA, UBH =110xB, pix
o4aTKy BUITycKy — 1989).

OCHOBH1 HOMIHAJIbHI TAPAMETPHU:
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-8 = «/§U”]” (Ha HOMIHAJIBHY NMOTYXHICTh T(AT) Moxe OyTH HaBaHTaKCHUI
Oe3nocepeHbO IIPHU HOMIHAIBHIA Hampy3l U, 1 HOMIHAJIBHHUX yMOBAaX OXOJIO-
IkeHHs). B TpuoOMoTkoBHX TpaHcopmaropax 3a S, NpPUMMaOTh MOTYXKHICTH
HANOUIBII MTOTY>KHOT OOMOTKH;

— HOMIHaQJIbHA Hampyra OCHOBHOTO BuUBOLy oOmotok (U, , U.,, U,, npu

X.X.)Y miaBuinlyBanbHuX TpaHcpopmatopis; U, (1 05...1 l)U "

M

epenci > Y SHAKYBa-

neHUX U,, =U Uy =(L05...L1)U s Uy =U

Hmepeci ) Hmepeoxci » I .nom >

. U 0]
— koedinient tpancdopmarii K, = —L =—2L ; y Tpro6GMOTKOBOTO TpaHCHO-
)
HH HH

pMaropa Tpu KoedirieHTy Tpanchopmarrii.

— HOMIHAJIbHUM CTPYM HaBaHTa)XEHHA [,

J_U

— HaIpyra KOpoTKoro 3amukanHs Uk — 11e Hampyra, Mpu MiJIBEACHHI K01 J10
0J1Hi€T 13 0OMOTOK Ta 3aMKHYTI HAKOPOTKO 1HIIIH OOMOTIII MMPOTiKa€ HOMIHAIBHHM
ctpyM I . Takum ynnom, Ux BU3HAYA€E BEIMUMHY CHIAJaHHS HAMPYTU B TpaHcQop-

Maropl 1 xapakrepusye Horo mosuuii omip: U, =1,z,.. Tak Ak x >r , Toxl

Uy =1,x,, Npn BUKOPHCTaH1 BIIHOCHUX OAMHULB (B.0.) [, =1Ta U,,  =~x,, ;Y

BigcoTkax U, ,% = x,.,% JlicHo,

x.1,
U, 7 100%~—-100%sz,%,
/ X
Uy B, L
3

ne Uk — da3zne 3nauenHs Hanpyru K3.
— CTPYM X.X. [, XapakTepusye akTUBHI 1 p€aKTUBHI BTPATH B CTAJI 1 3aJI€KHUTh
BiJI 11 MarHiTHUX BJIACTUBOCTEN, KOHCTPYKIIIi, SIKOCTI 301pKH oceps Toulo. I, mo3-
HAYaroTh y mporenTax Bif I (3,5% — ms rapsiaexaranoi crani, 0,5% asis XomoMHo-

KaTaHoi).

— cxeMa 3’ eIHaHHs 00MOTOK (A a6o Y ) 1 rpyna TpancdopmaTopa, TuB. HIKYE;
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— 3acTyllHa CXeMa; B MPAKTUYHHX PO3paxyHKax TpaHcHOpMAaTop dacTiiie

BCBHOI'O OLIIHIOIOTH H0T0 1HAYKTUBHMM OIIOPOM X7 (B.0.) a00 x, ,% ~U, ,%.

Haii6i1p11 nomumpeHuMu rpyniaMu € — HyJiboBa 1 onuHaauara. [lo3HavaroThes
Ipynu TaKUM YUHOM: Y 1BOOOMOTKOKOBUX — Y/Y-0; A/A-0; Y/A-11; y TpuOMOTKO-
Bux — Y/Y/A -0-11. Ilpu cxemax Y/Y, A/A — MoxHa oTpumatu OyIb-SKy HapHy
rpyny, npu Y/A a6o A/Y — HenapHy.

3aBAsku 3’€qHAHHIO «3ipka» Ha BH — 1301111 0OMOTKH pO3paxoBYEThCS Ha
da3Hy Hampyry; 3’ €qHaHHIO «TpUKyTHUK» Ha HH mo3Bosise 3menmmTH nepepis 06-
Motk HH, kpiM Toro B A, CTBOPIOETHCA 3aMKHYTUH KOHTYp AJI CTPYMIB BUIIUX
TFapMOHIK, IO € KPAaTHUXH TPHOM, SIK1 HE BUXOJISITh B 30BHIIIHIO MEPEXKY, BHACIIIOK
YOTro MOKPAIy€eThcsi hopMa KPUBOI HANIPYTHU HA HABAHTAXKEHHI.

Busnauenns rpynu Tpancopmaropa 3B’ s13aHO 3 MOHATTSIM MOJIIPHOCTI 0OMO-
TOK. S0 BekTopu U mepBUHHOI 1 BTOPUHHOI 0OMOTOK, BUKJIMKAaHI 3arajJbHUM Ma-
THITHAM TTOTOKOM B MarHiTOINPOBO/II, CITIBIAAI0Th MO (asi, TO KaKyTh, 110 0OMO-
Tk BH 1 HH MaroTh oaHakoBy nojisipHiCTh, puc.2.9

A B C 3a JoJaTHIA HampsMOK

A U npuiiMaroTs Hamps-

EH [ MOK Hampyrv B 0OMOTII

5 LLlg,
HHE: X
:3 UEI X
=5l )

Puc. 2.9 TlosicHioroua cxeMa i1 BU3HAUEHHS OJSPHOCTI ) )
06MOTOK HominaneHl  Hampyru

BH Big xigug X 10 mo-

4aTKy A, MO3HAYEHOMY

a
X TOYKOIO, SIKa TIOKa3ye

MOJISIPHICTE OOMOTKH.

NEPBUHHOT Ta BTOPUHHOI OOMOTOK CHIBMAAa0Th 1Mo (a3l mpu OJHAKOBIN Hampy3i
HAMOTKH OOMOTOK, IIPU PI3HOMY HaIpaBJi€HHI HAMOTKM BOHM 3CYyHYTI 1o (a3l Ha
180°.

Jlyig BU3HAUYEHHA IpyIu TpaHc(hopMaTopa BUKOPUCTOBYIOTh aHAJIOTTYHO 3 IH-
(bepOiaToM TOJUMHHUKA: BEKTOp Hanpyru ooMotku BH BUKOHY€E ponb XBHIMHHOI

CTPUIKH 1 OETHYEThCS 3 T poro 12; mpu 11poMy BekTOp Hampyru oomotrku HH,
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BUKOHYIOUHU POJIb TOJMHHOT CTPUIKH, MTOKaKe HOMEP Tpynu TpaHchopmaropa.

T
1A ag

Puc. 2.10 3actynHa cxema Ta BEKTOpHA Jiarpama
TSl BUTIATKY 3’ €qHanusg Y/Y-0

[puknanl (puc.2.10).

[lepeuHHa 1 BTOpPHHHA
O0OMOTKH Ccriojiy4eHi B Y,
MOJISIPHOCTI  OJIMHAKOBI.
Ha moGynoBaniii BeKTop-
HIA Jaiarpami BUIHO, IO
U,, 1U,, cHiBIagalTh
no ¢asi. OTxe, Maemo

rpyny Y/Y - 0.

[Tpuknazx 2 (puc.2.11). Bektopu Hanpyru: ¢asznoi oomotku BH 1 niHiiiHOT 00-

Motk HH (0O6MOTKH po3MillieHi Ha OJHOMY CTPHXKHI TpaHcpopMaTopa) HarmpaBieH1

0JIHaKOBO. Br3HauaouM 3 TPUKYTHHKA JIIHIHHOT HANPyTu BTOPUHHOI OOMOTKH (a-

3HYy Hampyry, 3Haxoaumo 1o U, ., Bkazye Ha uudpy 11, To6to mae rpyny Y/A -

1.

Puc. 2.11 3acTtynHa cxema Ta BEKTOpHA Jiarpama Juisi BUNaaxky 3’ eaHands Y/A-11

[Tpumitka. Cxema 3’ €THAHHS «31pKa» 3a3eMIIIOEThCS TUIBKU Y BUIIAJKY, KOJIU HEHTpaslb Mae
OyTu 3a3emiieHa. [307s11i HYJIPOBHX BHUBOJIB 3a3BUYall PO3paxoBYeThCS HE HA Uuon OOMOTKH, a
Ha CTYIIHb HIXKYE, TOMY IO IIPH POOOTI 3 PO33EMIICHO0 HEHTPAILIIO MOXKIIMBI [ICPCHAIIPYTH, SIKI
€ HeOe3MeYHUMM IS i30NA1ii HyIbOBMX BMBOJIB. IX MOKHA 3MEHIIMTH, BUKOPUCTOBYIOUH

41



BEHTHUJIbHI PO3PSAIHUKH IO MiIKIIOYEHI B HEUTpaJIi.
Cucmema oxonoooicennss mpancgopmamopis. Cyxi TpanchopMaTopu MarOTh

HACTYTHI OXOJIO/PKECHHSI 1 BIATIOBIIHI JIITEPH] TO3HAYCHHS:

- TMPUPOAHE MOBITPSHE NMPU BIAKPUTOMY BUKOHaHHI — C;

- TNPUPOJHE MOBITPSIHE MPU 3aXULIEHOMY BUKOHaHHI — C3;

- TIPUPOJHE TOBITPSIHE MPU TepMeTHuHOMY BUKOHaHHI — CI;

- moBITpsiHE 3 AyTTIM — C/1;

B macnsHux TpancpopmaTopax MarHiTONpoBiJ 3 OOMOTKaMU MOMIIIEHUN B

0ak 3 MacCJioM, JKC € CCPCAOBHUIICM, IO OXOJIOIKYE 1 130JTIO€E. BI/IKOpI/ICTOBYIOTBCSI

HaCTyrIHi BUOHU OXOJIOJKCHHA:

3 PUPOJTHOIO ITUPKYIISIIIEI0 Macia — M;

- 3 IPUPOJIHOIO MUPKYJISIIEI Macja 1 MPUMYCOBUM AYTTAM — J1;

- 3 IPUMYCOBOIO IUPKYJIALi€0 Maca 1 gyTTsm — JI11;

- MAacCJISTHO-BOJISTHE 3 IPHUPOTHOIO ITUPKYJIALiero Macia — MB;

- MAacJsHO-BOJISIHE 3 MPUMYCOBOIO HUPKYJIsIieo Macia — L.

Macno

Macno

Bogna

Macno

Moeitpa

Mogitpa

Hacoc

Puc. 2.12 [Mpunmun aii HakO1IBIT MTOMUPEHUX BUIB
MAacCJISTHOTO OXOJIO/KCHHS

[MpuHumn aii HaOUIBII MO-
IIUPEHUX BUJIB MAacIIHOTO
OXOJIOJIKEHHSI HABENIEHI Ha
puc. 2.12.
Tpancpopmaropu 3 HEropro-
YUM PIIKUM JI€JIEKTPUKOM
MarOTh OXOJIOJPKEHHS:

- NpUpPOJHE  TOBIT-
psane — H;

- 3 nytTsam — HJI.

Tpancpopmaropu  a0-

yCKalOTh I€PEBAaHTAXKECHHS

npotsrom 5116 Ha 40% He O1-

JIpIIe 6 T'OJWH KOXHOI'O JHJ B TOAWMHU MaKCHUMAJIbHHUX HABAHTAKCHb EEC.
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Asmompancgopmamopu — BIIPI3HAIOTHCS TUM, IO 1X IEPBUHHI 1 BTOPUHHI 00-
MOTKH MalOTh HE TUIbKU €JIEKTPOMAarHiTHUM (TpaHcopMaTtopHuii) 3B'I30K, ajie i
enekTpuuHuid. [{s BmactuBicTh mae AT mepeBaru, 3aBIsKU SKMM BOHH 3HAXOJSATh
Bce Ounbie 3actocyBanHsa. CuitoBi AT 3acTOCOBYIOThCS, SIK TPaBUIIO, TPHOOMOTKO-

BUMH, puc. 2.13.

[ s
4 - A
( ey
e A 7y
[ } -y
- ]
b \ s
L »— B,
C =4 [ -Jl.'_\ b Bn.'u 4 .-"f
8 ‘ol '1-}.,{" 3
: e ), B . I
B :')_" -~
.. J- _‘_.l'/ [

Puc. 2.13 3actynHa cxema TpuoOMOTKOBOI'O aBTOTpaHCchopMaTopa
Tpera oomotka mae 3 BH 1 CH tpanchopmaTopHuUii 3B's130K 1 BHACIIJIOK CXEMH
A 1103BOJISIE TIOKpAIIUTH (HOPMY KPUBOI HAIIPYTy B 30BHIIIHIN Mepexi. [lo Hel Mo-
xHa miakmounti CI', HaBanTaxeHHs, pe3epBHuil TBII. AT 3acTOCOBYIOTh TUIBKH B

Mepexax 3 MIyX03a3eMJICHOI HEUTpaILIIO.

k]
L ‘_q Posrissaemo po6oty AT B pexumi mepe-
: C . . . :
c | - naul notykHocti 3 BH na CH B ogniil ¢asi,
L — jH .
L T p I ._"_. z puc. 2.14. )KuBmiibHHIA CTPYM TOCIITOBHOT 00-
} ! H . .
o ks MOTKH [ CTBOPIOE MOTIK, I/l BINIMBOM SIKOT'O
" i
_-._%_T C .o . . .
] B 3arajibHii 06MoTIi HaBoauThCa EPC 1 mpoTi-
Puc. 2.13 3actynna cxema, Kae ctpyM /. TakuM 4YMHOM, CTPYM HaBaHTa-
1O IMOSICHIOE PECIKUM pO6OTI/I
aBroTpaHcdopMaropa B mporieci xeHHs [~ =1p+1,. 1loBHa NOTYXHICTb, SKa

repeadi MoTy K KHOCTI
nepeaacTbCA 13 ICPBUHHOIO KOJIa Y BTOPHUHHC,

HA3MBAETHCS MPOX1THOI0. K10 3HEeXTyBaTH BTpatamu B AT, TO BOHa BU3HAYAETHCH,
Kk S=Up-1p =U( 1. Ilpn HomiHaneHux U1/ Oyne MaTu HOMIHANBHY IPOXIJHY
MOTYKHICTh

Sg=Upp - Ipg =Ucy - Icy-
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Braxxaroun pexxum po6otu AT HOMIHATEHUM, MOKHA OTPUMATH BUPa3
S=Up-I3=[(Ug—Uc)+Uc |- I3 =(Up-Uc)-I3+Uc,)
I[e(U B UC) -Ip =87 — TpaHchOpMaTOpHA NOTYKHICTb, KA MEPEJAETHCS 3 IEp-
BUHHOI OOMOTKHM Y BTOPUHHY TpaHC(OpMaTOpHUM ILIAxXoM; Uer-Ip =Sg — enekr-
pUYHA MOTYXHICTh, KA MEPEAAETHCS €ICKTPUYHUM HUITXOM 0e3 TpaHcdopmariii.
S He HaBaHTaXXye€ 3arajbHOI OOMOTKH, TaK sIK [/ 13 MOCIIAOBHOI OOMOTKH IIPOXO-

JIUTh 10 HaBAHTAXKCHHSI, MUHAIOYM 11.

3rigHo puc.2.13 1o mociiI0BHIN 0OMOTII MepeaeThCs MOTYKHICTh

SH:IB(UB_UC):[BUB 1_% :SH I_L :SHK6u2:

B B-C

=S, K = Spm =Sy
[To 3araybHii OOMOTII MPU ITLOMY MPOTIKAE MOTY>KHICTh

1

B-C

So=1Iy-Uc=(Uc—1p)Uc=1c-Uc-|1- =Sy Ky =Stun -

Koediumient K,,. =1-1/ Kp_ BU3Ha4a€ 3MEHIICHHS NOTY>KHOCTI MOCII0B-
HOI 1 3aranbHOT 00MOTOK AT y NOpIBHAHHI 3 Sy 1 HA3UBAETHCA KOE(ILIIEHTOM BUT1-
JHOCTI 200 KOE(ILIEHTOM THUIIOBOI MOTYXHOCTI K777 -

Yum meHme Ky, THM BurigHimumid AT B MOpIBHSAHHI 3 TpaHC(HOPMATOPOM
Ti€l K TOTYXKHOCTL. Kpy;; THM MEHIIE, YUM MeHIIe BiapisHaoThed Ugy 1 Uy .
Tak six Sty7 =S, T0 S7y7; BU3Ha4Ya€ BUTPATy aKTUBHUX MaTepialis (CTall 1 Mifl).
Sty < Sy, O 1 BU3HAUa€ EKOHOMIUHY BUTIHICTB 3acTocyBaHHS AT B NOpIBHSAHHI

3 T TO1 3 MOTY>KHOCTI.
O6motka HH mae 3 iHmmmMu oOMoTKaMu TiJIbKH TpaHC()OpPMATOPHUIA 3B’ 30K,
TOMY ii IOTY>KHICTh HE MOKe OyTH OuIbIIa ST = S7y77 -
2.6 IlapaneabHa podoTa i rpynu 3’e¢1HaHb TpaHcopMmaTopis
[Ipu napanensHiii podoti 71 1 72 nmapanenbHO 3’ €AHYIOTHCS OOMOTKH SIK Ha

NEPBUHHINA, TaK 1 HAa BTOPWUHHIA CTOPOHI, TOOTO omHOVWMeHHI BUBOmaM 11 i 72
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MPUEHYIOTHCS 10 OMHUX 1 THX ke a3 PY, puc. 2.14.

Jliis 3abe3neyueHHs mpaBu-

A
B JBHOT'O pOBHOI[iJ'IeHHH HaBaHTa-
C YKSHHS MK ImapaJICJIIbHO IIpanto-

IOYUMU  TpaHcPpopMaTopamu

MPOTOPIIHHO X MOTYKHOCTSIM,

: ITOBUHHI BHUKOHYBATHUCA HACTY-

N

ITH1 BUMOTH:

v

: ' — PpIBHICTh HOMIHAJIBHOT
Fi ﬁ HaIpyTH, MePBUHHOI 1 BTOPHUH-
HO1 Un.11= Un.;

Puc. 2.14 ITiaxnroyeHHs TpaHcpopmaTopiB Ha — piHicTb Hanpyr K3 Uk

napaneiabHy poOoTy r=Ur.1>:

— BIJIMOBIHICTB TPYT 3'€JHAHB TPAHCPOPMATOPIB.

['pyna tpanchopmaTopa BU3HAYAETHCSA BEIMYMHOIO KyTa ((Pa3oBUM 3CYBOM)
MK BekTopamu Hanpyru oomMorok BH 1 HH. Pi3Hi rpynu yTBOpIOIOTECA PI3HUMH
KOMOIHAIIIMH cXeM 3'€fHaHb A 1 Y 0OMOTOK 1 00'€THaHHSIM B OJJHY TOUKY iX Ioya-
TKiB 200 KiHI1B. Takux MoxIuBUX KOMOIHalii B Tpudazuux T, a, BIAMOBIIHO, TPyIl
— 12. Kpatricts 3cyBy Mix rpynamu — 30°. TTo3Hauarorecs rpynu uudpamu Big 0
1o 11. Y tpudaznomy Tpancopmatopi MOXKyTh OyTH BCi 12 rpym, B oHOGa3HOMY
munie 181 — 0 1 6. Skuio B mapanenbHo npairorounx 711 7> 3cyB (pa3HUX KYTIB Pi3-
HUI1, TO B KOHTYPI, 110 YTBOPEHUI IUMHU TpaHchopmaropamu, Oye HUPKYITIOBATH
cTpyM. Skio ¢azni KyTH Biapi3HsatoTbes Ha 180°, Toal nepeaaya NoTyKHOCTI 4epe3

T 1 T» € B3arajii HEMOXJIUBOIO.
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3. JONOMIKHE EJIEKTPOOBJIA/IHAHHS EJIEKTPUYHUX
CTAHIIIN.
3.1 Ilpouecu BUMMKAHHS eJIEKTPUYHHUX KijJl 3MiHHOTO CTPyMYy.

[Tix KoMyTaIi€ro eIeKTPUUYHUX KT MAETHCS HA yBa3l oneparlisi 3aMUKaHHs a0o
PO3MUKaHHS €IEKTPUYHOT0 KOJIa, IPH SK1i 3MIHIOETHC ii OMip, BIIOYBA€ETHCS MpaK-
TUYHO CTPUOKOMOIOHO. Y KOHTAKTHOMY amnapaTi BAMKHEHHS €JIEKTPUYHOTO KoJia
(po3MUKaHHSI KOHTAKTiB) (hI3UYHO € MPOIIECOM MEPEX0 1y MIKKOHTAKTHOT'O TIPOMi-
KKy anapara 31 CTaHy MpPOBIJIHUKA €JIEKTPUYHOTO CTPYMY B CTaH AleneKTpuka (130-
JSTOpA).

KoxHe enexkTpuuHe Koo Ma€ NeBHY 1HAYKTUBHICTH L Ta emHicTh C. Ilepexin
3 OJTHOTO CTaHy B 1HIIWN TPUBAE MEBHUM MPOMDKOK 4Yacy, TOMY IO KOXKHOMY CTa-

JIOMY CTaHy KoJIa BiJIMOB11a€ TIEBHUH 3a1ac €HEPTii eIEKTPUUYHHUX 1 MATHITHUX TTOJTIB
CcU? L . .

(Wg = T,WM = 7). L1i eHeprii MOXKyTb 3MIHIOBATUCS O€3YMUHHO. 3B1JCH BH-

TUTMBAIOTh HACTYITHI 3aKOHW KOMYTaIIii:

1) y MOYaTKOBHA MOMEHT KOMYTAIlli CTPYM B 1HAYKTHBHOMY KOJIi 3aJi-

IIAETHCS TAKUM XK€, IKMM BiH OyB O€3Mocepe/IHbO Mepe] KOMYTAIli€r0, a MMOTIM

MJIABHO 3MIHIOETHCHL.

2) y MOYaTKOBUM MOMEHT TIICJIsl KOMYTAaIlii Hampyra €MHICHOTO KOJjia 3a-

JUIIAETHCA TAKOIO K, SIKUM BiHa OyJia 0e3mocepeHbO Mepe KOMyTalli€ro, a

MOTIM TUTABHO 3MIHIOETHCSI.

BiakmrodeHHs Ki 3MIHHOTO CTPyMY, SIK IPaBUJIO, BUKOHYETHCSI BAMUKAYaMHU.
Bonu € ojHrM 3 HalBaXXJIMBIIIUX arapariB, B IKUX 3aJICKUTh HaJliiiHa poboTa PV,
a 1HOI1 1 Bei€ei eneprocuctemu. Cama BiANOBIaIbHA ONEpariis JJIT BAMUKaJa — BijI-
MuKkaHHs Benukux crpymiB K3 (6nu3bki K3). BuMukau Takok MOBUHEH HAJIHHO
BIIMUKATH MaJll IHAYKTHUBHI CTPYMHU, EMHICHI CTPYMH, a TAKOXK CTPYMH X.X. IPOTSI-
KHUX €JCKTPUYHUX JI1HIM 0€3 BUHUKHEHHS HEOe3MeYHUX KOMYTAIllHHUX MepeHar-

PYT.

Ymoeu eunuxknenus ti xapakmepucmuxu 0yeu y UMUKaU.
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[Ipu po3x0/KEHHI KOHTAKTIB BUMHKAda BHCOKOi HAlpyrd B MPOIECI BUMHU-
KaHHsI KOJIa, KOHTAaKTHE HAaTHCKaHHS MiXK HAMH TIOCTYIIOBO 3HIDKYETBHCS U, OTXKE,
3MEHIIY€ThCS (paKTUYHA IUIOMIA IXHBOTO 3ITKHEHHS. Y pe3yJbTaTi 30UTbIIY€EThCS
IIUTBHICTh CTPYMY Ha HiMl 1, BIAMOBIAHO, 11 TeMIieparypa. 3 MoJadblIuM MepeMi-
HICHHSIM KOHTAKTIB TeMIIepaTypa B MICI1 IXHbOT'O 3ITKHEHHS 3pOCTA€E i O MOMEHTY
(baKTUYHOTO PO3TATYBAHHS, JOCATAE TEMIIEPATypH IIJIABJICHHS METaly KOHTAKTIB.
Konu xoHTakTH po3iiayThcsl HA BIJCTaHb, IO BUMIPIOETHCS MIKpOMETpPAMH, M1k
HUMU YTBOPUTHCSA MICTOK PIKOr0O METaly KOHTaKTiB. BIpo10Bk MOaabIIOro po3-
TATYBaHHS! KOHTAKTIB MICTOK BUTSTYETBCS 1 HOTO TIEPETHH 3MEHIITYEThCS. Y MICTKY
€ IUISTHKY 3 HaWMEHIIINM MePEeTUHOM (C117I0BUHM ). [IepeTrH CiJI0BUHU IHTEHCUBHO
pO3IrpiBaEeThCs M TEMIIEpaTypa B HbOMY J0CSrae TeMIIepaTypy KUIIHHA MeTainy. B
IpoLIeCi PO3TATYBAHHS KOHTAKTIB JIyra MOJOBXY€ETHCS.

Enextpuuna gyra (ayroBuil po3ps) € po3psaHUM CTPYMOM Yepe3 MICT 13 PO3-
MEYEHUX 10HI30BAHMX Ta3iB MiXK KOHTAKTaMH, IO XapaKTEPH3YETHCS BEIUKOIO
HIUTBHICTIO CTPYMY, BUCOKOIO IPOBIIHICTIO, BUCOKOIO TEMITEPATYPOIO, BITHOCHO He-
BEJMKUM CHAJaHHSIM Hampyru Ouid karoaa. Y Ay3l BiOyBarOThCS OJHOYACHO SIK
CJICKTPUYHI, TaK 1 TeTuioBi nporecu. Lle po3psa mportikae 6€3 30BHINIHBOTO 10H13a-
Topa.

Enextpudna gyra Bi3yaslbHO € CBITIIOBUM KaHAJIOM, 110 3aITIOBHEHUH TJIa3MO¥O.
[Ina3ma 11e ras, mo CKJIaJIa€ThCs 3 €IEKTPOHIB, MMO3UTUBHUX 10HIB 1 HEUTPATbHUX
MOJIEKYJ Ta aTOMIB, sIKi PIBHOMIPHO MepeMiliaHi MiX co0010, ajie HEOHAKOBO Ha-
rpiti. KiHeTnuHa eHepris UX 4acToK pi3Ha. Y IIa3Mi HEMAE Pi3HMIN MIXK HIIIHHI-
CTIO TTO3UTUBHO 1 HETaTUBHO 3apsPKEHUX YaCTOK B YMOBaX IXHROTO O€3MEpepBHOTO
BUHUKHEHHS 1 3HUKHEHHSI.

Jlyra BUHUKA€E MpU BEIUKIA MOTYKHOCTI BigMukaHHs. [ToTpiOHI criemianbHi
npucTpoi A ii racius. [Ipu Maiii moTyKHOCTI BIIMUKAaHHS MK KOHTaKTaMH BH-
HUKae numie ickpa. [Ipn Manux cTpyMax BiIMUKaHHS MIKKOHTAKTHUH MPOMIXKOK
Maji0 HAaCMYCHHUI mapamMu MeTajay i ToMy € cJIabKo MPOBIAHUM. Y IIbOMY BHITQJIKY

PO3MHKAHHSI KOJia 3aBEpIIyEThCs 0€3 YCKIATHEHb IICs TMOBHOI PO301XKHOCTI
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KOHTaKTiB. TakuM 4MHOM, 1100 BIIKIIOUUTH €JIEKTPUYHE KOJIO, HEIOCTATHRO PO3i-
MKHYTH KOHTaKTH BUMHKa4a, HEOOX1THO ITIe MOTAaCUTH BUHUKITY Ha HOTO KOHTAKTax
CJIICKTPUYHY AYTY.

Jlyra noBuHHa OyTH moraiieHa sikHalIIBU/IIIE HE TUIbKU 3 METOIO 30€peKeHHS
BUMUKAaua 1 HOro KOHTAKTIB, aJie ¥ Jy1st 3a0e3eueHHs HaIiHOCTI i 6e3nepebiitHOCTI
po0OOTH BCi€l €NEKTPUYHOI CUCTEMH Y BUMAJAKY BIJKIIOUEHHS CTPYMiB KOPOTKOTO
3aMUKaHHA. Y y31 MOXHA BUILIUTH TpU 00JIaCcTi, IO BIIPIZHAIOTHCA XapaKTepOM
IPOLIECIB, 110 NPOTIKAIOTh Y HUX.

Ha puc.1. mokazanuii po3nojaisi HANpyTy y370BXK Ayrd. BoHa ckiamaeTscs 3
cniajiaHb HAMpYyT B €JIEKTPOaX — KATOJHOMY, aHOJTHOMY i Y CTOBOYpIi IyTH Ta MOXe
Oytu BupaxeHna popmynorw: Uy = a + B lg, 1e a — clalaHHs HaIPYTH Ha €IEKT-
ponax, ¢ — cnajaHHsl HAPYTH Ha OJWHUIIIO JIOBXKUHU CTOBOYypa AyTH, a ¥ 6 — HE

3anexaTh BlJ CTPyMY IyTH.
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Puc. 3.1 CxeMaTnyHuil po3N011 HANPYTH Y310BXK AYTH
Kartonne cmaganHst HanpyT BiIOYBA€ThCA HA Iy Ke Majid JUISHIN JTOBKUHH

JyTH, Mo npumuKae 10 katoga (10%cMm) i Mac MOCTifiHY BENMYUHY, IO CKIIANac
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npubnusno piBHy 10-20 B. bins xaroma nepedyBae mo3uTUBHUIN 00'eMHUMN 3apsif,
CTBOPEHMI MO3UTUBHUMU 10HAMU. MK LIMM 3apsiIOM 1 KaTOJOM YTBOPIOEThCS €J1e-
KTPUYHE TOJIE, sIKe 301TBINY€E MBUIKICTh PyXY €ICKTPOHIB, IO BUUIILIN 3 KaTOA.

AHO/IHE crIaflaHHs HaNPyTy 3BUYaiHO MEHIIE KaTOJHOTO i Mpu OUTBIIUX CTPY-
Max OJu3bKO J10 HyJsl. BoHO 3aiiMae KOpOTKY AUISIHKY JTOBXKUHOKO 10 410 cwm.
AHOJ € IpuiiMadeM MOTOKY €JIEKTPOHIB, IO iie 31 ctoBOypa ayru. [1ig miero 6om-
OapTlyBaHHS €JICKTPOHIB MMOBEPXHS aHOA PO3ITPIBAETHCS 10 BUCOKUX TEMITEPATYP 1
3 ii, BHACIIJIOK TEPMOEIEKTPOHHOI eMICli, BUIUISIOTHCS €NEKTPOHU. AJie BOHU Mij
JIEI0 eIEKTPUYHOTO TOJISI TOBEPTAIOTHCS Ha3aa 10 aHoAa. Ha aHoni He BiIOyBaeThCs
BUJIUICHHS TIO3UTUBHUX 10HIB, a MMO3UTUBHI 10HH, 1[0 YTBOPUJIKCS TOOJIM3Y aHOJa,
14yTh y cTOBOYp Ayru. Tomy O aHO/Ia YTBOPUTHCS HAJJIUIIOK €JIEKTPOHIB, 1 BU-
HUKA€ HEraTUBHUN 00'€MHUIA 3aps/l, 110 CTBOPIOE AaHOHE CHaJaHHs Hanpyru 5 - 10
B. Ponb aHOo12 B TyrOoBOMY pO3psi/il MaCUBHA.

OO6nacth, MO CTBOPEHA MDK aHOJHHUM 1 KaTOJHUM TPOCTOPOM HA3UBAETHCS
ctoBOypom nyru. CriaiaHHsi HAPyTH B CTOBOYP1 IyTH MaiKe TpsiMO MPOTIOPIIIAHO
il TOBXUHI1 1 17151 TOBITPS (MPU HOPMAJILHOMY THCKY) CTaHOBUTH 15 - 20 B/cwm.

OO6usacTh KaTOHOTO CIAJaHHs HAMPYTHU BIAITpae Ba)JIMBY pPOJib Y IPOIIECI
YTBOPCHHS U MATPUMKH AyTH. TyT MPU HEBEIIMKOMY KaTOJAHOMY CITaJIaHHI HAIIPYTH
B 10 — 20 B yTBOPIOETHCS €MEKTPUYHE TOJI€ 3 BUCOKHM T'PaIIEHTOM MOTEHITIATY —
1o 1 MB/cm. Enexkrpuune mosie i BUCOKa TeMIlepaTypa JIyTd CTBOPIOIOTH Y TIPOMi-
KKy MK po30I)KHUMH KOHTaKTaMU YMOBH JUJIs 10H13aLli ra3iB 1 map MeTaiy.

[inbHICTh CTPYMY B Iy3i Ta il THCK OyXe BIUIMBAIOTH Ha 3MiHY TeMIIepa-
Typu. [lpu HOpManmpHOMY aTMOc(hepHOMY THCKY TeMmIlepaTypa Mac 3HaueHHS I0-
psaaxky 6000 °C. IIpu 3011bIIeHH] TUCKY a3y TeMIlepaTypa MiIBUILYEThCS. B aTtMo-
cdepi BogHto Temneparypa ayru migsuiyetbes 10 8000-10000 °C, a B racuibHUX
KaMmepax BUMHUKaya I1e BUIIIE.

[TosiBa BUCOKMX TeMIlepaTyp MOB's3aHa 3 Ay»KE BETUKUMH IIITLHOCTSIMU CTPY-
MiB y Iy3i, AKi MOXKyTh gocsaratu nopsaaky 50-100 tucsu ammep Ha 1 cm?. HaiiGi-

JbIIa UIUIBHICTh CTPyMYy M HallOUIbII BUCOKA TeMIEpaTypa MarTh MiCIle Ha OcCi
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CTOBOYpa JyTH.

Axki ionizyroui pakmopu oirome y sumuxauax? OCHOBHUMU BUJAMU 10HI3aIlii
JyTOBOTO TIPOMDKKY arapaTiB BUCOKOI HAIMIPYTH €:

1) ABTOGJIEKTpOHA €MiCisl, SKa BUHUKAE 1 ICHY€ B TTOYATKOBHI MOMEHT Yacy
pPO3MUKaHHSI KOHTAaKTIB, CAME€ B MOMEHT BIJpHUBY KOHTAKTIB APYT BiA JApyra, Kojiu
M1 HUIMH yTBOPUTBHCS MI3€pHO MaJIMii pO3PUB, HABITH MEHIIIEC KATOIHOI 30HH. Y IIiif
MOYATKOBIM CTaii pO3XOHKEHHS KOHTAKTIB HAMPYKEHICTh €JICKTPUUHOTO TOJIST O1JIsI
KaTrofa aocarac BenuuuHd mopsaaky 107- 307 B/cm, mo € miaKoM JOCTaTHIM [is
BUPIBHIOBAHHS BIJILHUX €JICKTPOHIB 3 TOBEPXHI KaTtoAa. TakuM YMHOM, CYTHICTD aB-
TOEJIEKTPOHOT €MICii MOJISTae B TIM, IO IiJT JIIE€I0 YK€ CHIIBHOTO TMOJIs MK KOHTa-
KTaMH B10yBa€TbCA BUBLIBHEHHS BUIBHHX €JEKTPOHIB 3 MaTepiaily Karoja, siKi 3
BEJIMKOIO IIBHJIKICTIO PYyXarOThCs JO aHOJA ¥ OepyTh ydacTh B yJapHid 1oHI3amil
ra3zy. Y pe3ysbTari HOYaTKOBOI 10HI3alli TyrOBOr0 MPOMIXKKY MK KOHTaKTaMH Bi-
NOYBa€ThCS 3aMatOBaHHS €JIEKTPUYHOI AYTH ¥ CIIJOM 3a UM MPUXOMATH Y IO
1H1111 615TBIIIE €(DEKTUBHI 10HI3YI0U1 (DAKTOPH, K1 BUHUKAIOTH 3aBJISKH JTyKE BUCOKIM
TeMIIepaTypi.

2) YnapHa ioHi3allisi BUHUKAE B IyTOBOMY IIPOMDKKY B IMOYaTKOBUHA MOMEHT
PO301’KHOCTI KOHTAKTIB - 1€ MPOLIEC 10H13a1lli ra3y, 00yMOBJICHU 31TKHEHHSIM elJie-
KTPOHIB, 110 IPUCKOPIOIOTH EICKTPUYHHUM II0JIEM, 3 aTOMaMu a0o0 ioHamu. BinbHI
CJICKTPOHHU, K1 IepeOyBarOTh MK KOHTaKTaMH, TI1JT €K CHII €JIEKTPUYHOTO TTOJISI
NOYMHAIOTH NEPEMIIATHUCS BIJl aHOAA 0 KaToJla 3 BEJIUKOIO IIBUAKICTIO, 301JIbIIIY-
I0YH TP IIbOMY CBiH 3amac KiHeTUYHOT eHeprii. Ti enekTpoHu, siKi OTpUMaIOTh J10-
CTaTHIO MIBUIKICTh, TP 3ITKHCHHI 3 HEUTPaJIbHUMHU aTOMaMHU ¥ MOJICKYJIaMH MO-
KYyTbh BUOUTH 3 HUX OJIMH a00 K1JIbKa €JIEKTPOHIB, Y pE3YJIbTaTI 4OTO 3'IBJISATHCS HOB1
BUJIbHI €JIEKTPOHM ¥ TO3WTHUBHI 10HH, K1 BKIIFOYATHCS B YIOPSJIKOBaHI Pyxu il Oy-
JIyTh POOUTH MOAAJIBINY yAApHY 10HI3aIit0. Y pe3ysbTari I[bOr0 HapOCTa€ MOTIK
3apsDKCHUX YaCTOK €JICKTPOHIB, IO MEPEMIIIAIOThCS 10 aHOJIA, 1 IO3UTUBHHUX 10-
HIB, 10 MIEPEMIIIAIOTHCS IO KATO/a.

3) TepMmiuHa a0o TernoBa 10H13allisl BAHUKAE i I1€10 BUCOKUX TEMIIEPATyp y
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cTOBOYp1 Ayru. Y rasi, HarpiToMy J0 JOCHTh BUCOKOT TEMIIEPATYPH, CTBOPIOIOTHCS
YMOBH JIJIs1 IHTEHCUBHOI1 10H13a11ii. [Ipu HarpiBaHHI MiJABUILYETHCS MIBUAKICTh TEI-
JIOBOTO PyXy MOJIEKYJI. I IBUAKICTE MOXKE CTaTH HACTUTLKH BEJIMKOIO, IO €HEP-
risl 3ITKHEHHS BUSIBJISIETHCS IOCTATHBOT JIJIsl 10H13a1111 OJTHIET 13 HaCTOK, sIKa yaapsi-
€Tbcsl. TakuM YMHOM, CyTh TEPMIYHOI 10H13a111i MOJSATaE B pO3Majil aTOMIB 1 MOJIE-
KyJ1 Ha 3apsiPKEHI YaCTKU B Pe3ysIbTaTl 31ITKHEHb BHACIIOK TETIOBOTO pyxy. Eme-
KTPOHU TPH 31TKHEHHAX “NMOOIYHO” 10HI3YIOTh, IMIIBUIIYIOYH TEMIIEPATYPy rasy.
TepmiuHa 10H13a1[1s1 TOYUHAETHCA MIPU BUCOKUX TEMIEpATypax, 1 YUM BULIE TEMIIE-
paTypa, TUM 1HTEHCHUBHIIIIE TTPOIIEC 10H13aIlii.
4) TepmoeneKkTpOHHA eMiCisl - BAKU]I TOTOKY €JIEKTPOHIB 3 MOBEPXHI KaTo/1a.

BinbH1 enexkTpoHu B Marepialli KaTojaa nepe0yBaioTh y O0e3rnepepBHOMY PYyci,
aJie He MOXKYTh BUNTH Ha30BH1, TOMY 1110 MPU 3BUYANHHUX TEMIIEpaTypax MIBUIKICTh
iX HemoCTaTHS JUIsl TOJ0JaHHs TTOTEHIIHOTO Oap'epa Ha MOBEPXHI PO3AATHYJIA Ka-
TOA - ra3. 3 MABUIICHHSIM TeMIIEPaTypy KaToja MBHUAKICTh €JIEKTPOHIB 3pOcTae i
JUTSL ICSIKMX 3 HUX CTa€ OCTaTHBOI /IS MOJ0JIaHHS 1IbOro Oap'epa, Taki eIEeKTPOHH
BUKHUJIAIOTHCSA B JTyTOBUH MPOMDKOK 1 BKJIFOUAIOTHCSI B 3arajbHUN MOTIK 10HI3AMT
MDK KOHTaKTaM{ BUMHKaua. 31CTaBJISII0YM OCHOBHI JDKEpelia 10H13a1i y 1y31 MO)KHA
CKa3aTH, 110 HAMTOJIOBHIIIA POJib Y TPOLEC] 10HI3alli HAJIEKUTh TEPMIYHIN 10H13a-
1ii. Bucoka Temmneparypa Iyru € OCHOBHUM YHHHHKOM, 1[0 CIIPUIUHSAETHCS OUTBIITY
MIPOBIHICTH TYTOBOTO NMPOMDKKY. [Ipy ropiHHI ayru fije He TUTbKHU MpoIlec 10H13a-
1ii rasy, ajie i 3BOpOTHUH Mpoliec — AeloHI3alis: pekoMOiHawisa i qudy3is 10HIB Ta
CJICKTPOHIB.

lonizaris ¥ neioHi3allist — MPOTUIIEKHI MPOIECH M ICHYIOTh Y JTy31 OJIHOYACHO.
3aJte)KHO BiJI ITepeBaru OJJHOTO 3 HUX BU3HAYAETHCS PEXKHUM eleKTpudHOi ayru. [Ipu
3amajroBaHHI JyTH MEepeBa)kae 10H13allis, y CTIHKIN ay31 11 MPOIeCH BPIBHOBAXKY-
IOThCS, TIPU TaCiHHI BiI0YBA€EThCS MEepeBaXKHUN picT AcioHu3arii. CyTHICTh peKOM-
OiHarii (Bo33'eTHAHHS) TIOJIATAE B TOMY, 1110 MPOTHJICIKHO 3aPSAKEHI YaCTKH (10HH
I eIEKTPOHU) B3a€EMHO MPUTATAIOTHCS W MPUXOAITH Y 3ITKHEHHS, 00'€THAIOTHCS ¢

yTBOPATh HEUTpalibHI MOJEKYIW. 31 30UIbIICHHSAM TeMIlepaTypu WMOBIPHICTb
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pexkoMOiHaIlli 3MEHIIIYETHCS TOMY IO IIBUIKOCTI TETNIOBOTO PyXY 3pOCTaloTh. Pe-
KOMOIiHaIlisl MOXe BigOyBaTucs B 00'eMi razy abo Ha MOBEPXHI TPETHOTO Tija -
SIKOTO-HEOYIb TBEPAOTO MieIEKTPUKA, 110 YTBOPUTH CTIHKHU TaCHIbHIA KaMepH, pe-
IIITKH, 3 SKUMHU CTUKAETHCS 00J1aCTh TyTH.

Judy3is BUrasgae gk BUXija 3apsKEHUX YaCTOK 3 00JacTl TOPiHHS IyTH B Ha-
BKOJIUIIIHIHN mpocTip. [Ipu nboMy B 0011acTi TOPIHHS AYTH BiAOYBA€THCS 3MEHIIICHHS
qucia 3apsypDKeHUX 4acTok. Judysis BinOyBaeThCs 3aBASKH Pi3HIA KOHIICHTpAIIil
3aps/HUKEHUX YaCTOK B 00JIaCTI TOPIHHSA AYTH M y HABKOJIMILIHIM CE€pPEIO0BHILI 3 00J1a-
CTi 3 OUThIIIE BUCOKOIO KOHIIEHTPAIIIEI0 B 00JaCTh 13 MEHIIOI KOHIICHTPAIIIE0, a
TaKOX BHACJIIIOK TEMIIEPATYpPHOTO pyXy Ta3y MiJ 1€0 PI3HUII TEMIIEpaTyp THX XKe
cepeoBUIl. [HTEHCUBHUI MpolieC 10HI3alli B 1y31 pO3BUBAETHCA CAMOCTIMHO, a 1H-
TEHCHBHA JIC10HI3alIlis BUMarae 3aCTOCyBaHHsI CIieliaibHUX 3aco0iB. Takumu 3aco-
0aMu €: TyTTS CTUCHEHUM TOBITPSIM, MacCJIsIHE, Ta30Be AYTTA H iH., 10 BUKIUKAIOThH
npumycoBy audys3ito. 1li 3acobu cTBOPIOIOTH IHTEHCUBHY JCI0HI3aIIII0 — CIIPUSIOTH
BUKHUJIAHHIO 3apSJDKCHUX YacTOK 3 00J1acTi TOPiHHA TyTH ¥ €¢()eKTUBHOMY OXOJIO-
JDKEHHIO TyTH.

Hucorriarris razy — po3Imaji MOJIEKYJl Ha aTOMH T J1€10, ajie HEAOCTATHIX IS
10HI3alli TeMIEPATyp TAaKOX CIPHUSE OXOJOJKEHHIO cTOBOypa ayru. YacTku, 110
JUCOIIIOI0Th, MU YHAYIOTH 13 00aCTi TOPIHHS TYTH W HECYTh 13 COO0I0 B HABKOJIH-
IIHIM TIPOCTIP MOTJIMHEHE TeTLIO.

3.2 BoabT-aMIepHA XapaKTePUCTHKA AYTH.

3aJIe)KHICTh HANPYTH B CTOBMI IYTH BiJ] CTPYMY MPHU JyXKE MOBUIbHINA 3MiHI
OCTAaHHBOTO € CTATUYHOIO XapakTepUCTUKOIO ayru (puc. 3.2). KoxHil kpamniii cra-
TUYHOI XapaKTEPUCTUKU JYTU B CTAJIOMY PEKHUMI BIANOBIAA€ IEBHUI MEPETHH 1 Te-
MIIepaTypa CTOBMa. 3MiHa CTPYMY AYTH JYTOBHI CTOBII 3MIHIOE CBiif Tepepi3 1 TeM-
nepatrypy CTOCOBHO /10 HOBUX yMOB. Lli mpoiiecu BUMararoTh 4yacy, 1 TOMy CTaJHi
PEKMM HACTyMae 3 ASSIKUM 3ami3HIOBaHHAM (ricTepesuc). [Ipumyctumo, mo ctpym
panToBO 3MEHILIUBCS B1Jl 3HAUEHHS [; 10 3HAYCHHS i2. Y TOYATKOBUI MOMEHT J1yTa

30epirae cBOIO TEMIEpaTypy Ta mepepis, a Hanpyra U, 3MeHmIyerbest (kpamka 2),
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Puc. 3.2 Cratnuna
XapaKTepUCTHKA TYyTH

_Q
(omip xytt R=K -e @ ; Ki Qp— KOHCTaHTH,

O — KUIBKICTh aKyMYJIbOBAaHOI B Jy31 €Hep-
rii).

[TotyxHicTh, mo niaBoautbes i,U P
Oy/ie MeHIIIe HEOOX1THOT 1J1s1 POBEJICHHS 1.
[Ticns uporo TemriepaTypa i nepeTuH ayro-

BOT'O CTOBIA OyAyTh 3MEHILYBAaTUCS, a OIIP

CTOBNA JIyru 3pocTaTtu ¥ Hanpyra ayru Uy

30LIBIIMTHCS TOKM HE HACTYNUTh HOBUM CcTanui cTaH y kpanui 2. [Tpu 3011bI11eHH]

CTPYMYy BiJl 3HAUEHHS #; 10 3HAYEHHS i3 HOBUM CTaJUi CTaH y Kpamii 3 HaCTyNHTb

no nuiaxy 1-37-3. SIkugo 3MiHIOBATH CTPYM ILJIABHO 3 JESKOIO IIBHAKICTIO Hampyra

Ug

Puc. 3.3 lunamiuni
XapaKTePUCTHKH TyTH

HE BCTUTA€ BUIUIMBATHU 33 3MIHOIO CTPYMY.
Tomy mipu 301TBIIIEHH] CTPYMY HaIpyra Ie-
pEBHUIIY€ 3HAUEHHS, sIKI 0OYMOBJICHI CTaTH-
YHOIO XapaKTePUCTUKOIO, a MPU 3MEHIIEHHI
CTpyMy Hampyra MEHIIe IUX 3HaueHb. TaKi
kpuBi Uy = (1) € AuHAMIYHUMU XapaKTepu-
ctukamu (puc. 3.3). Uucno tuHAMIYHUX Xa-
PaKTEPUCTUK HE OOMEXKEHE, TAHTEHC 0 —

OIip QyTH.

[Ipomecu ionizamii i feioHI3aIil B €NEKTPUYHINA Iy31 IPU 3MIHHOMY CTpyMi

aHAJIOTT4HI LIUM e MpoLecaM y 1y31 HOCTIHHOrO CTpyMy. Y MOBH 3K TaCiHHSI MalOTh

1CTOTHI BIIMIHHOCTI. Y Jy31 HOCTIHHOTO CTPyMy JUJIsl BIJOMOCTI CTpyMy A0 HYJIS

3aBXKIU MOTPIOHO TPOBECTH IHTEHCUBHY JI€10HI3alllI0 JyroBoro mpomikky. Ilpu

3MIHHOMY CTPYMI CTPYM Y Jy31 KOKEH HaIliBIEpioa MPOXOAUTh Yyepe3 HyJIb MUMO-

BIJIbHO, HE3aJIEXKHO BiJ] CTYTIEHS 10H13a1lil {yroBOro MpoMikKy. BinnosiaHo npu cu-

HYCOiJlaJbHIA 3MiHI CTPYMY BOJIbT-aMII€pHA XapaKTEpPUCTUKA NYT'M MAa€ BUIJIS

(puc. 3.4)
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Usaim

Uzac [N - N
= 4 —~_

g 0 +i -i +

a) \ 6)

Puc. 3.4 BonbT-amnepHa xapakTEpUCTHKA AYTH IPH CUHYCOIAAJIbHIN 3MIHI CTPYMY

Ha puc. 2a, HaBezeHa BOJIbT-aMIIE€pHA XapaKTEPUCTUKA 3@ OJIUH MEPI0]] 3MIHU
3MIHHOTO cTpyMy. CTpiKM BKa3yIOTh HANPsIMOK 3MiHU cTpymy. Kpamnku a Ta 6 Bin-
MOBIJIAI0TH aMIUTITY 11 3MIHHOTO CTpyMy. BonbT-aMniepHa xapakTepucThKa € HaOJIu-
KEHO0. Y NIMCHOCTI HapyTa AYTH [PU EPEX0/Il CTPYMY Yepe3 HyJIb HE MOXKE MUT-
TEBO 3MIHUTH CBOIO BEJIMUYMHY 3 J€SIKOTO MO3UTUBHOIO 3HAYEHHS 10 HETaTUBHOTO 1
HaBnaku. Ha 11ie xoua i noTpibeH aysxe KOPOTKHI MPOMIKOK HYacy, aje BCe OJIHO BiH
Ma€ MeBHY TPUBATICTh. BIAMOBIIHO BOJIbT-aMIIEpHA XapaKTEPUCTUKA JIyTH, MOOY-
JIOBaHa B OLIBIIIOMY MacHBi, Ma€ BUTJISAA, MOKa3zaHuil Ha puc. 3.4 6. IlyHKTHpHI
KpHBI — 1€ CTAaTHYHA BOJIBT aMIIepHa XapaKTEPUCTHUKA TyTH.

SIKI10 pO3rOopHYTH BOJIBT-AMIIEPHY XapaKTEPUCTUKY B Yaci, TO BUIAE C1AJIONO-

ni0HA KpUBa 3MIHU HAINPyTH HAa JYrOBOMY MPOMIXKY (pHC. 3.5).

U3a|7|M
Uzac

180° , 360°
0 90° 270°

Uzac
U3a|7|M

Puc. 3.5 KpuBa 3MiHM Hanpyru Ha 1yroBOMY IPOMIKKY

54



Ax BuaHO 3 puc. 3.5, Hanpyra Ha Jqy3l O CEPEIUHU HAIIBIEPIOTy 3MEHIITY-
€ThCS, 0 KIHLA HaMiBIEpioay 30UTbIIYEThCS A0 HANPYTH raciHHs U, a TICHs Te-
pexoy 4epe3 HyJIb 30UThITY€E€ThCSI 10 HANPYTH 3anantoBaHHs Usqiy, 1aJTl IIPOTIEC TO-
BTOPIOETHCS, SIK M Yy NEPIINI HaMiBOEPIOA.

Jlyry 3MIHHOTO CTpyMy JIETII€ MOTaCUTH HANPUKIHII HaMiBOEPIOLY B OJUH 3
MOMEHTIB IIPUPOJAHOTO MEPEXOy CTPyMy Uepe3 HyJb (y el MOMEHT Jlyra MUMOBI-
JLHO 3TacHE Ha yac 0e3CTPyMOBOI MMay3H) HE 3aJIeKHO BiJl CTYNEHS 10Hi3allii Jyro-
BOT'O MPOMIXKKY. 3aBJJaHHS TaClHHS TyTH 3MIHHOTO CTPYMY 3BOJUTBHCA JI0 3aro0i-
TaHHSI IOBTOPHOTO 3alaIFOBaHHS.

JlocnixeHHsl ToKa3aly, 110 HAMPUKIHII HAMiBIEPIOAYy TPOXH paHilIe MOMe-
HTY NPUPOJIHOTO NEPEXOAY CTPYMY Uepe3 HyJIb, BEIMUYUHA HOTO CTAE AyXkKE MAJOK0,

TEX caMe Mae Miclie i Ha 1o-
YaTKy HACTYMHOI'O HalliBIIe-

i=I, sin(wt-p) pioay. MoxkHa BBaXkKatH, IO

CTPYM Yy Ay3l BIACYTHIH

t, BIIPOJIOBXK JIESIKOTO KIHIIE-
BOIO 4acy fx, 1O € 0e3CTpy-
Puc. 3.6 Busnauenus nepiogy 6e3cTpyMOBOI May3u MOBOIO 11ay3010 (pHC. 3.0).

TpuBamicts  6€3CTPyMOBOI

nay3u HeBeJMKa (KUIbKa COTeHb MIKPOCEKYH]T), ajie BiJIirpae BaXKJIUBY POJIb Y MPO-

1ecl raclHHsg Ayru. 3a yac fx 0€3CTpyMOBOI May3H IHTEHCUBHICTh 10H13allll CUIILHO

najae i JyroBuil IpOMi>KOK BTpada€e CBOIO MPOBITHICTh, TOOTO MEPETBOPIOETHCS 31
CTaHy MPOBITHUKA B CTaH JIiCJICKTPUKA.

KpiMm Toro, y komyTaumiHuX amnapaTax NpUAMarOThCS MITYYHI MIPU OXOJIO-
JOKEHHS JTyTOBOTO MPOCTOPY ¥ 3MEHIIICHHS KUTBKOCTI 3apskeHnx JacTok. Lli mpo-
1ecu JAeioH13aIlli TPU3BOASTE JI0 MOCTIHHOTO 301IbIISHHS €IeKTPUYHOI MIITHOCTI
npoMiKKy U,p. Y 11€# jke 9ac MpOoTiKae 1HIIHN mpoIiec — Ha KIHISIX TyTOBOTO MPO-
MDXKKY BITHOBJIIOETHCSI HAIIPyTa, 110 Mparde 3anajiuTu Ayry. Big Toro, skuii 13 1BOX

npoueciB  Oyne mnepeBakaTd B JAYTOBOMY HPOMDKKY, 3al€XKHTh pPe3yJbTar
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BUHUKHEHHS ayTH (puc. 3.7).

b t,
Puc. 3.5 IIBUAKICTh 3MIHU HAPyTy HA TyTOBOMY MPOMIXKKY JJIS PI3HUX BUIAJIKIB

CIIBBITHOIIEHD J1EIEKTPUUHOI MIITHOCTI

S0 Hampyra, 110 BIAHOBIIOETHCS, POCTE MIBUIIIE €IEKTPUUHOI MIITHOCTI Y-
TOBOTO MPOMIXKY (pHC. 5a), TO KpHUBI MEPETUHAIOTHCSA, TOOTO JTyrOBUH IPOMIKOK
poOMBAETHCA M Jyra 3amalio€eThCcsl MOBTOPHO. Hampyra Ha q1yroBOMy HMPOMIKKY
3HOBY 3MIHIOETHCA MO C1JIONOAI0HIM KPUBIiH, 1 TPUBAIICTh TOPIHHA 1yTH 301IbIILY-
€THCS II€ HA OJMH HAIIBMIEPiOJ. SIKIIO eIeKTPUYHA MIIHICTh POCTE MIBUIIIC i
KpuBa 1 3HaXOAMTHCS BUIIE KPUBOi Harpyru 2 (puc. 50), TO KpUBI HE MEepeTUHA-
I0ThCSI, TOOTO TyTOBHUI MPOMIXKOK HE TPOOMBAETHCS 1 BHACHIAOK I[bOTO Ayra racHe
OCTAaTOYHO, a Ha JYTOBOMY ITPOMIXKKY, TOOTO Ha pO3BEICHUX KOHTAKTaX BUMHKaYa,
BIJIHOBJIIOIOTHCSI 0O€pHEHA Hampyra (KpuBa 2).

3.3 Bumuka4i 3MiHHOT0 CTPYMY BHCOKOI HATIPYTH.

Bumukau — 11e eneKTpUYHUN KOMYTaIllMHUM amapat, 10 MPU3HAYCHHUN IS
BMUKAaHHSI T4 BUMHKAHHS KUI y BCIX peXHMax, Kl € MOXKJIMBUMHU y €KCIUTyaTalli
BMUKAHHS Ta BAMUKAHHS HOMIHAJIbHUX CTPYMIB, cTpyMiB K3, cTpyMiB X0JIOCTOTO
XO0JIy CHJIOBUX TpaHCchOpMaTOpiB W €MHICHHX CTPYyMIB KOHACHCATOPHHUX OaTapeit
1 JTiHI# 3HAYHOT TOBXKUHHU.

Bumukad € oqHuM 3 HaWBaKJIMBIIINX arlapaTiB, BIJ SKUX 3aJI€KUTh HaJiiHA
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po0oTa He TUTHKY PO3MOITBPUYNX YCTAHOBOK, alie il Beiel eneprocucreMu. Haitbinpim
BXKHM PEKUMOM pOOOTH BUMHKAYa € BiIMUKaHHS Ta BMUKaHHS cTpyMiB K3. ITpu
BIJIMOBI BUMHKa4a aBapis PO3BHBAETHLCS, IO MPU3BOIUTH JI0 BAXKKHUX HACIHIJKIB 1
BEJIMKUX MaTeplaJbHUX BTPAT, SIKI MOB'I3aH1 3 HEJAOBIAMYCKOM €JIEKTPOCHEPTi Ta
OPUMUHEHHSAM POOOTH BEIMKUX IM1ANPUEMCTB.

VY 3B'SI3Ky 13 UM 10 BUMHKAYiB BUCOKOT HANIPYTH MPE.'ABISIOTHCS HACTYIHI
BHUMOTH:

1) 0COOJIMBO BHCOKA HAJIMHICTh 1XHBOI POOOTH y BCIX €KCILTyaTal[liHUX

peXHMaXx; MAaKCUMaJIbHO MOKIIMBO MM YaC BUMHUKAHHS;

2) BIJIMMKAaHHSI BUMUKa4YeM Oy/Ib-IKMX HABAHTAXKEHb HE TTOBUHHE CYIPO-

BOJI)KYBATHUCS TIEpEHAINIPyTraMu, 10 € HEOE3NEeUHUMU JJis 13011111 €JIEeMEHTIB

YCTaHOBKU;

3) NpUAATHICTh A1 mBUAKOAIF0uoro AIIB (aBTOMaTuuHOT0 MOBTOPHOTO

BMUKAHHS) BiJIpa3y K MiCIs BIIMUKAHHS;

4) JOMYCKaTH, MaKCUMAJIbHO MOXJIMBE YHMCIO KOMYTAIIMHUX OMEparrii

0e3 peBi3ii I peMOHTY (BUBEACHHS BUMHUKaya JiJIsl peBi3ii i pEeMOHTY IOB's3a-

HUH 3 BEIMKUMU TpyaHoIIamMu ). CydacHi BUMHUKa4l MOXKYTh BIIMUKATH O€3 pe-

Bi31i 70 fecsaty K3 nmpu HOMiHaIbHOMY CTpyM1 BUMHUKAHHS;

5) POCTOTAa MOHTaXy, OC3UTyMHICTh pOOOTH, HEBHUCOKAa BapTICTh, BU-

Oyx0- ¥ mokexxko0e3neKa, 3pyyHiCTh TPAHCTIOPTYBAHHS W eKCIUTyaTartii.

Bumukaui xapakTepu3yrOThCsl HACTYITHUMH MTapaMeTPaMHu:

1. HominanpHa HanpyTra BUMHKa4a — BKa3y€ThbCs HA HOTO IMUTKY, HAMPyTa Mpu
K1/ BIH MOBUHEH 3HaxoAUTHUCh B eKkcrutyartarlii (Uson). BUMUKa4 mMoBUHEH mpailto-
BaTU U IIPU Hanpyrax, Mo nepeBuiyoTb Ugon Ha 5-20%. Ll Hanpyra Ha3uBaeThCA
HaKWOLIBII0I0 P0O0U0I0 HAMPYTOH Upos.max..

2. HomiHanbHU# CTpyM BUMHKAYa lwow — CTPYM, 1110 BUMUKAU TIOBUHEH JIOBrO-
CTPOKOBO IPOITYCKaTU 0€3 YIIKOJXKEHb (YKa3yeThCsl HA IIUTKY) MPU HOMIHAJIbHII
HaMpy3i, 4acTOTi ¥ TemMmeparypi poOOYUX €IEMEHTIB, AKi HE TIEPEBUIILYIOTh PHUITY-

CTHUMI MTOKA3HUKH.
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3. Hominanbuwmii cTpyM BigMUKaHHS lonon — HalOUTBIINM cTpyM K3 (miroue 3Ha-
YEeHHS), [0 BUMUKAY 3JJaTHUM BIAIMKHYTH IPU HAMOLIBIITN poOoulid Hanpy31 ¥l pu
3a/1aHiil mepexiaHiil Hampy3i BIAHOBIICHHS, 1 3aIaHOMY ITUKJI omepaiiit. Hominams-
HUW CTPYyM BIJIMHKaHHS BHU3HAYA€THCS 3HAUECHHSAM MEPIOJMYHOI CKIIAJIOBOT B MO-
MEHT PO3XO/KCHHS KOHTAKTiB

4. Iuxn omepartid. Y OUIBIIOCTI BHUIAIKIB MPHYMHA, 0 BUKIHKae K3, mae
TUMYacoBUM XapakTep. Hanpukiian, mij BIDIMBOM NEepeHanpyrH, BiOYI0Cs epek-
PUTTS MOPLEISTHOBOTO 130J1TOpa Ta BUHKKIIO K3 Ha 3emuto. SIKio npuyrHa 3HUKIIA,
1 He B1I0OYJIOCS YIIKOIKEHHS TIOPIEISTHOBOI 1307141111, TO TPU HOBOMY BMUKaHHI MO-
»KHa BIJITHOBUTH €JIEKTPOIIOCTadaHHs crokuBava. et mporec HazuBaeThest AIIB.

5. Yac BiJ MOMEHTY BIIMUKAHHSI 1O IOBTOPHOI'O BMUKaHHS TOBUHEH OyTH Ma-
UM, 1100 3a0e3neunT 0e3nepepBHy poOOTy CriokuBava i BijOysacs JeioH13allis
npoOUTOro NpoMikKy (4yac aeioHizamii ckiangae 0,1-0,5 ¢) micias BAMKHEHHS KoJia.
Sxio 10 MOMEHTY TTOBTOPHOTO yBIMKHEHHSI K3 y KoJi HE 3HMKA€, TOAl BUMUKAY
BMHKa€eThCs Ha icHyroue K3, micis yoro 3HoBy HeoOxinHe BiakimoueHHs K3. V ne-
SIKUX BUMUKa4ax (Hampukiaa, MaciasHuX) BiiMuUKaHHs Apyroro K3 BinOyBaeTbes B
OUTHIII TSDKKUX yMOBAaxX, OCKUIBKH IIICIIS TEPIIOi omepallli TyroraCHUM MpHUCTPIi
MOke OyTH TiTbKM YaCTKOBO 3alOBHEHHI MacjoM. ToMy HOMiHaJbHE 3HAYCHHS
CTPYMY BIJKITIOUEHHS 3aJICKUTH BiJl UKy poboTn BuMukada (6e3 AIIB, 3 ogHo-
a6o nBopaszosuMm AIIB Tomio) . Biamosigno no Bumor ACTY nns BUMHUKadiB, 110
npaitoroTh 13 AIIB, HOMIHaJIBHMI Yac BIAKIIOYEHHS] BUBHAYAETHCA 33 HACTYITHUMH
ITUKJIAMH:

a) O-t6-BO-180c-BO; 6) O-180 ¢-BO-180 c-BO;

O — onepariis BiaMuKaHHA; B — onepauiga BMukanHs; BO — onepaiiiss BMUKaHHS Ta
HETAaHOI'0 BIIMUKAHHS;

tsc =0,3—1,2c — HOpMOBaHa Oe3CTpyMOBa Iay3a, IO 3aJIeKUTh BlJl TUILy BUMHU-

kaua; 180 ¢ — 6e3cTpyMoBa nay3sa. [l BumMuKkadiB, 1o npaioioTts 0e3 AIIB, noBu-
HEH BUKOHYBATHCS TUIBKM LMK 0), BUMUKa4yl HAa HOMiHaIbHY Hampyry 330 B i

Buie s podotu 3 AIIB, kpiMm nuKiTy a) TOBUHHI 3a0€3MeuyBaTu IUKIL:
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O-t5.-BO-2B.
6. BnacHuil 9ac cripaiioBaHHsg BUMHKaJa t, 3 IPUBOJOM — IPOMIKOK 4acy Bl

MOMEHTY ToJa4l KOMaHId Ha BUMHUKAHHS JO MOMEHTY PO3XO/KCHHS AYroracHUX
KOHTAKTIB.

7. IloBHHUI yac crpalbOByBaHHS BUMHKAua 13 IPUBOJOM t( — L€ 4ac BiJ oAadi
KOMaH/IM Ha BUMHKAHHS 10 MOMEHTY 3aracaHHs Ayrd Ha mojrcax to=t, —t., 1e
t. —dJac raciHHs IyTH.

8. Yac racinus ayru t. — MIPOMIXKOK 4acy BiJi MOMEHTY BUHUKHEHHS JTyTH B

TIOJTFOCI, KOHTAKTH SIKOTO PO3MHKAIOTHCS TIEPITUMH, 10 MOMEHTY 3aracaHHs JyTH Yy
BCIX OJIIOCAX.
9. [IpunmycTMuil BiTHOCHUHN BMICT anepiogN9HOI CKJIaIOBOI CTPyMY B CTPyMi

BIIMMKaHHA [3,, — BIJHOLIEHHS HalOUIBIIIOTO allepioJMYHOTO CTPYMY A0 aMILIITY I

NEePIOJIMYHOrO CTPyMy. BUMUKay MOBUHEH BUMHUKATH KOJIO IIPU HAsIBHOCTI arepio-
JUYHOT CKJIAJIOBO1, 0 ICHYE 10 MOMEHTY PO3XOJI?)KEHHSI KOHTAKTIB.

— ianom . 100 .

I
p=—4—100:, -
\/Elnt ﬁIOHOMt

[ToyaTkoBe 3HAUEHHS i, JOPIBHIOE aMILIITY/1 epioaAn4HOi ckinagoBoi. Isua-

KOJ[1}04Yl BUMHKAYi, 10 00JIaIHaHI MPUCTPOSIMH PEICHHOTO 3aXKCTY, PO3MHUKAIOTh
CBO1 KOHTAKTH, KOJIM alepiouyHa CKJIaJloBa He BcTHrae 3aracHyTu. CTymniHb acu-
METpIi CTPyMY OLIHIOETHCS BITHOIIEHHSM MOT0 anepioIMUHOI CKJIaI0BOI 10 aMILIi-
TyJIH NEPIOAMYHOT CKIIA0BOI B MOMEHT t PO3MUKAHHS KOHTaKTIB BUMHUKAYA!

—_fal_ 100

TS

[Ipy HaAsBHOCTI anepioguyHOl CKJIAJAOBOI Y CTPpyMi BIJIMHUKAaHHS, BUHUKAIOThH
HACTYMHI (paKTOpH:

1) 361bIIy€EThCA Jif0Ye 3HAUEHHS CTPYMY;

2) NPpOMIKKHM Yacy Mi’>k MOMEHTaMHU, KOJIM CTPYM J0CSrae HyJisd, CTalOTh HEOI-

HAaKOBUMH, TO JOBIIMMHU 200 KOPOTIIMMH HAMIBIEPIOTY.
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VY pasi BIUIMBY IIUX JABOX (DaKTOpiB, MpHU MEBHUX HECHPUSTIMBUX YMOBAX,
MO>K€ 3HaYHO 30UTbLIUTHUCS KIJIBKICTh €HEPT1i, 110 BUAUISIETHCS y Ay31, Y OPIBHAHHI
3 €HEPri€l0 arepioAnIHO1 CKIIA0BOT, 0 BUAUISETHCS TPU BIJICYTHOCTI ITUX MMOKAa3-
HUKiB. EHepris, Mo BUAUISETBCA B MPOMIKKY, BU3HAYA€E CTYIIHB 10HI3AIlT TPOMi-
KKy W KUIBKICTH ra3iB, U0 YTBOPAThCA. Bce 1e yckinaaHioe mpoiec BIAMUKAHHS,

TOMY L10 30UIBIIY€ThCS TPUBAIICTh Ayru. HopMoBaHe 3HaueHHs [, BU3HAYA€THCS

JUTSI MOMEHTY PO3XO)KCHHSI KOHTAKTIB:

100

G \
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70 \

Mg

40

k11

20 \

L0l

--.\__\\H

0 0.01 002 003 004 005 006 007 008 009 01 TE

Puc.3.6 HopmoBaHuii 3MICT arepiofnyHo1 CKIIaI0BOi.

T =t,, +t.-MOMEHT PO3XOJKE€HHs KOHTAKTiB, ko 7 >0,09 ¢, Toxi npuimMarTh

p-3.
p,=0

6. Hominansauit ctpym BMukanHs. [Ipu BMukanHi Ha icHyroue K3, Bumukay
M1IJA€THCS OUTBIIIUM MEXaHIYHUM, TETUIOBUM U €JIEeKTPOJUHAMIYHIM HaBaHTaKEH-
HSIM. 371aTHICTh BUMHKa4a BMUKATHUCS Ha icHytoue K3 xapakTepu3yeThbcsi HOMIHATb-
HUM CTPYMOM BMHKaHHS.

7.HoMmiHanbHUN CTPYM BMHKAHHS — 1€ HaOUIbIMK ynapuuii ctpym K3, 1o
BUMHKAY 13 BIJIIOBIIHMM IIPUBOJIOM 3JIaTHUM YBIMKHYTH 0€3 3BaplOBaHHS KOHTAaK-
TIB ¥ 1HIIMX YIIKOHKEHbB, IO MEPEIKOKAITh HOTO MOAAIBIINN HOpMAJIbHIN poO-

60Ti mpu HabiTeEmoMy pobouomy U i 3amanomy 1ukdi. e ctpyMm Bu3HadaeThCs

abo amrmuiirynoro I, :Ky;[\/EIOHOM =1gmom» 200 AIIOUUM 3HAYEHHSAM YAApHOrO
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CTpyMy 3a nepiog micis nodatky K3 I, .o

Bumukayi KOHCTPYIOIOTHCS TAKUM YHMHOM, 100 BUKOHYBaJIaCh yMOBA!

IBKJIHOM 2 IOTKJIHOM’ IgknHom 2 Kyﬂ \/E ) IOHOM

8. CTiiiKicTh BUMHKaYa MPU HACKpI3HUX cTpymax K3 — 31aTHICTE HOro BUTpH-
MyBaTH Yy BBIMKHEHOMY TIOJIOKEHH1 06€3 YIIKOKEeHb BiJ BIUTUBY cTpymy K3. Xapa-

KTE€PU3YETHCSA CTPYMOM €JIEKTPOAUHAMIYHOI cTiMKoCTI 1. ([itoue 3HaYeHHs), 1

I[I/IH( IUH
— aMIUTITYJHE 3HA4YeHHS. 3aBOA-BUPOOHWK, TOBHUHEH BUTPUMYBATHU CITiBBIJIHO-

WEHHS: 1, =2,55 1o, - CTIHKICTh MIPU HACKPI3HUX CTPyMax TAKOX XapaKkTepHu-

3Y€ThCS CTPyMaMH TEPMIYHOI CTIMKOCTI I, 1 TPUBAIICTIO MPOTIKAHHS CTPYMY Te-

Tep

PMI4HOI CTIHKOCTI t,,, O MPUHMAETHCS PIBHUM 1 200 2 ¢ U1 BUMUKAYIB 3 HAIIPY-

roto 330 kB 1 Bumie ta 1 a6o 3 ¢ jy1s BUMuKaviB kjaacy Hanpyroro 220 kB 1 Hmkde.

9. Yac BMuKaHHA tg, ., — IHTEPBAJ 4acy B1J MOMEHTY I0Jja4l KOMaH/H Ha BiJ-

MUKAHHS 10 BAHUKHEHHS CTPYMY Y KOJIi.

10. Hanpyra, 1110 BIIHOBIIIOETHCS — HAIIPYTA, 11O 3'SIBISIETHCS Ha KOHTAKTaX I0-
Jroca BUMHKava 0e3rmocepeiHbO MICIs 3aracaHHs B HboMy Oyru. BoHa ckianaeTbes
3 HanpyTH NpoMuciaoBoi yactotu (50 I'r) 1 BUIBHUX CKIIaJIOBHX (amepiouyHa, Te-
ploIMYHI OTHOYACTOTHI a00 0araTo4yacToTHI).

11. Hditicna Hampyra, 10 BiJHOBIIOETHCSI, 0OYMOBJICHUMU TMapaMeTpamMu Me-
pexX1 1 XapaKTepuCTUKaMH JTAHOTO0 BUMHUKA4a, a TAaK0X YaCTOK arepioJuyHoOl CKJla-
JIOBOi Y CTPYMI BIAKITFOUEHHS.

12. BnacHa Hampyra, 1110 BIIHOBJIFOETHCSI — Hanpyra, oOyMOBJIeHA TIJIbKH Ia-
pameTpaMu Mepexi (TOOTO He 3MiHEHa BIUIMBOM BUMHKAua) 1 3MICTOM amepioany-
HOT CKJIQJIOBOi y CTPyMi BUMUKAHHS.

13. Hampyra moBepHEeHHSI — Jlif0oue 3HAYECHHS HANPYTH MPOMHUCIOBOI YaCTOTH
50 ', w10 3'IBASETHCA MK CTPYMOBIJTHUMHU YaCTUHAMHU PI3HUX MOJIIOCIB MICTS 3a-
racaHHs AyTH y BCiX MOJIFOCAX BUMHUKAYA.

14. EnexTpuyHa MIIHICTh MPOMIDKKY — HaIlpyTa IMpH SKid BIOYBA€ThCS HOTO
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poOiH.

15. IlepiognuHa Hanpyra, 110 BIAHOBIIIOIOTHCA — HANpyra, Mo 3'SBIsS€TbCA Ha
MOJIF0CaX BUMHKAYa MICHs 3aTracaHHs B HbOMY AYTH.

16. Jlificna Hampyra — Hampyra, 1110 BUMIpsiHa Ha MoJtoci BuMKKada. Bona 3a-
JISKUTD BIJl CXEMU U MapaMeTpiB CUCTEMHU, a TAKOXK B1Jl KOHCTPYKIIIT i BIACTUBOCTEN
BUMHKAYA.

OCHOBHUMU KOHCTPYKTUBHUMH YaCTHHAMH BUMHKaYa €: KOHTAaKTHA CHCTEMa 3
JyTOraCHUM IPUCTPOEM, CTPYMOBIJIHI YACTUHH, KOPITYC, IPUBOAHUI MEXaH13M, 130-
JSAIIHHA KOHCTPYKITIS.

KoHCTpyKTHBHI 0COOJIMBOCTI BUMUKAYIB 1 1XH1 €KCIUTyaTalliiiHi BJaCTUBOCTI B
OCHOBHOMY BM3Ha4aroThCsl ClIOCOOaMHU TraciHHs Qyru. B eHeprocucremax B OCHOB-
HOMY BHKOPHMCTOBYIOTH HACTYITHI THUIIM BUMHKAYiB 3MIHHOTO CTPyMYy BHCOKOI Ha-
npyru (3 Hanpyroto Ounbie 1 kB):

- MaciisHi (6akoBi) 1 MaJIOMacIIsHi;

- MIOBITPSHI;

- €JIEKTPOMArHiTHi;

- BAaKyyMHI;

- €JIETa30Bl;

- BUMHKa4i HaBAaHTAXXCHHS, pO3PaXx0OBaHi Ha BIJKIIOUYCHHS CTPYMIB HOPMalhb-
HOTO PEKUMY.

VY 6akoBHX MaCISTHUX BUMHUKayaX MacjO0 BUKOPUCTOBYETHCS SIK Ta30T€HEPYIO-
YU MaTepian I TaciHHS QYTH Ta 13071111 CTPYMOBITHUX YacTHH. Taki BUMHKaYl
BUKOPHUCTOBYIOThCS B Mepexax 6-220 kB.

V¥ mepexax 6, 10 kB orpumanu 3actocyBanHs Bumukaui tuny BMb-10, BME-
6, BME-10, BP-10, sixi He MarOTh CIieiaTbHUX MPUCTPOIB I TaciHHSA AYTU. Tomy
iX BiIMUKaJIbHA 3JaTHICTh HEBEIHUKA.

JItst TiIBUINIEHHS] KOMYTAIIMHOI 3/JTaTHOCT] i 3MEHIIICHHS PO3MipiB BUMHKAY1
OCHAIIYIOTHCS CTICIIAIBHUMH MPUCTPOSIMU — TyTOTACHUMH KaMepaMHu.

JlyroracHi npucTpoi 3a NpUHLMIIOM Jii MOKHA PO3AUIMTH HA 3 TPyNH:
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- 3 aBTOJIYTTSIM, Y SKUX BUCOKHUH TUCK 1 O1IbIIIa MIBUIKICTH PyXY Ta3iB 3a0€3-
NEYYIOThCS 32 PaXyHOK €HEeprii, 0 BUAUIIETbCS Y AY31;

- 3 MPUMYCOBUM MACIISTHUM JYTTSM, Y SKUX MacJIO JIO MICIIS pO3pUBY HarHi-
TA€ThCSI 33 JJOMIOMOT OO CTICIIaIbHUX T1APABIIYHUX MEXaHI3MiB;

- 3 MArHITHUM TaCiHHSAM y Maci, y SIKOMY JyTa MiJ JA1€i0 MarHiTHOrO IMOJIs
NePEeMIIIAEThCS Y BY3bKi KaHAIW 1 IIUIMHU.

Ha nanpyry 35xB Bukopucratots BMukadi 3-35-630-10, B-110, B-220.

[lepeBarn 0aKoBUX BUMHUKAUIB: IPOCTOTa KOHCTPYKIIii, BACOKA BIJIMUKaJIbHA
3IaTHICTh, IPUAATHICTD JJISI 30BHINIHBOI YCTAaHOBKH, MOYKJIMBICTh YCTAaHOBKH BOY-
JIOBaHUX TpaHC(HOPMATOPIB CTPYMY.

Henoniku: BuOyxo- i moxexxonede3neka; HeoOX1JHICTh MOCTIMHOTO (TIep10au-
YHOT0) KOHTPOJIIO 32 CTAHOM 1 pIBHEM MacJa B 0alli i yBo1ax; BeJIMKUi 00'eM Macia
(OisbIIIa BUTpaTa yacy Ha HOTO 3aMiHY); HEMPUIAATHICTb JIJI1 BAUKOHAHHS IIIBUIKO/I1-
touoro AIIB; Benuki BUTpaTH MeTaly Ta 3HaYyHa Maca.

VY mepexax 3-110 kB BukopucTaroThCsi MaIOMacisiHI BUMHKAY1, Y SIKUX MacJio
BUKOPHUCTOBYETHCS SIK TA30TCHEPYIOUUI MaTepiall i TaCiHHS JAYTH, 10 CTBOPIOE
YMOBH JIs1 1 oracaHHs. [30JIs11is CTPyMOBIIHMX YaCTHH OJIHA B1J] OJTHOI 1 B1JT 3a3€-
MJIEHUX KOHCTPYKUIN 3A1MCHIOEThCS nopuelsiHoo. Halillnbiie nomupeHHs oTpu-
Manu BumuKadi 6-10 kB miaBicHoro tumy. BuxopucroBytors BMI'-10 (Bumukau
MacisiHu# ropiukoBuii); BMII-10 (Bumukau MaciassHU# T1BICHUT).

VY pa3i BUKOPHUCTAHHS TIPH 3HAYHOMY CTPYMi, Ha KOKCH TOJF0C BUKOPUCTOBY-
I0Th JBa nyroracHux po3pusH. e Bumukaui MI', MI'T na manpyry no 20 kB Bxro-
yHo; BMIIII, BMIIE nnsa nanpyru 6, 10 kB, o Bukopucratotscs B KPY.

Bumukaui Mmanomacisti koaoHkoBoro tuiy BK-10 13 npyXuHHUM TTPUBOJOM
1 BKE-10 3 enexrpomMaraiTHUM MpUBOAOM — il 3acTocyBaHHs B KPY BHyTpimHbO1
1 30BHIIITHBOT YCTAaHOBKH.

B ycranoBkax 110 i 220xB oTpumanu po3MOBCIOKCHHS BUMHUKAdl cepii
BMT-110,220 xB.

Bci manomacisiHi BUMHKadi OCHAIIEH]1 AyTOraCHUMH KaMEepaMH.
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[lepeBaramu MaoMaciassHUX BUMHUKAYIB €:
- HEBEJIMKA KUILKICTh Maca;
- BIJHOCHO MaJjia Maca;
- MOXJIMBICTh CTBOPEHHSI cepli BUMHKAUIB HA PI3HY HAIPYTy 13 3aCTOCYBaH-
HSIM yH1()IKOBaHUX BY3JIB.
Henmonikn MajsomMaciassHUX BUMHUKaYiB:
-BHOYXO0- Ta MOKEKOHEOe3MeKa;
-HEMO>KJIUBICTh 3M1MCHEHHS mBUAKOAIr0uoro AlIB;
-HEOOX1/THICTh MEPIOAMYHOTO KOHTPOJIO SKOCTI Ta PIBHS Macia 1 4acToi 3a-
MIHM MacJja B JyroracujbHUX Oaukax;
-BIJTHOCHO MaJjia BIIMHKaJIbHA 3aTHICTb.

llosimpsani eumuxaui.

VY NOBITpSHUX BUMUKAYaX TaCiHHS TyTU BIIOYBAETHCS CTUCHEHUM IOBITPSIM, a
1301511111 CTPYMOBIIHMX YaCTHH 1 IyrOracHUX MPUCTPOIB 3a0€3MeUyeEThCS TOPIIETIs-
HOIO 200 IHIIUMH TBEPAMMH 130JAMIMHUMEU MaTepiagaMu. J[Jisi BHYTPIIIHBOI yCTa-
HOBKM Ha Hanpyry 15 i 20 kB 1 ctpym no 20 kA Bukopucratrotecss BBI', a Ha Ha-
npyry 35 kB — BBE-35. /I BiZKpuUTOi YCTAaHOBKHM BUKOPHUCTAIOTHCS BUMUKAY1 THITY
BBb, BBBK (kpynHomosyinbai) Ha Hanpyry 110, 220, 330, 500 ta 750 xB.

VY Komax moTy>KHUX T€HEepaTopiB BUKOpUCTAEThCs BuMukad BBI'-20. Buxopu-
CTalrOThCs MOBITPsiHI BUMKKadi cepii BB va nanpyry 110, 500 xB.

Bumukaui cepii BHB matoTh ykpynHEeHH ABOPO3PUBHUIA JyTrOraCHUM MOAYJIb
Ha Hanpyry 220 kB.

[ToBiTpsiHI BUMHMKAYl MalOTh HACTYIIHI IEPEBaru:

- BUOYXO0- Ta Moxkexo0e3neKa;

- IIBUKO/IIS ¥ MOKJIMBICTB 31HiCHEHHS mBUaKoairoyoro AlIB;
- BUCOKA BIJIMHKaJIbHA 3J]aTHICTh;

- HaJlIiHE BIIMUKAHHS €MHICHUX CTPYMIB JIHIN;

- MaJie 3HOITYBaHHS JYTOTacHUX KOHTAKTIB;

- JIETKUU JTIOCTYII 10 JyTOTaCHUX Kamep;

64



- IPUAATHICTH JIs 30BHINIHBOI ¥ BHYTPIIIHBOI YCTAHOBKHU.
Henosniku nOBITPSIHUX BUMHKAYIB:
- HEOOX1/THICTh Y HASIBHOCTI KOMITPECOPHO1 YCTAHOBKH;
- MOCTIMHI BUTPATH HA THEBMOTOCIIOAAPCTBO;
- BITHOCHO BHCOKA BapTICTh;
- TPYIHOIIIl YCTaHOBKH BOYJJOBaHUX TpaHC(HOPMATOPIB CTPYMY;
- CKJIaJiHA KOHCTPYKIIIS POy JieTael 1 By3IiB;
Enexmpomacnuimni eumuxaui
B enexTpoMarHiTHUX BUMHUKAuax Jyra TOPUTH Y TIOBITPI MpU atMochepHOMY
TUCKY. Jlyra racuThCs MarHiTHAM AYTTSIM, 32 HOTO JOTIOMOTOIO JTyTa BUTATYETHCS B
racwIbHY KaMepy, 0 CKJIAIa€ThCS 3 YePTH KepaMidyHUX JyTOTaCHUX TUTACTHH 3 V-
noAiOHUMHU BHUpizaMu. JIoOBKWHA AyTH MIPH IIbOMY 3HAYHO 301IbITyETHCS (10 1(2 M),
a MepeTuH 1i y BY3bKUX V-NMOJAIOHUX BHUpI3ax 3MEHIIYeThCsA. BinOyBaeThcsl 31TK-
HEHHS JYTH 3 XOJIOAHUMH TMOBEPXHSAMHU IacTuH. Lle mpu3BoauTh 10 301IbIICHHS
BTpaT €Heprii, Omip JAyTrH MIBHUIKO 3POCTAE, @ CTPYM 3MEHIIYETHCS JOTH, TIOKU TyTa
He 3racHe. MarHiTHe AyTTS CTBOPIOETHCS CICKTPOMArHiTOM, KOTYIIIKA SKOTO BKJTFO-
YAETHCS MOCITOBHO B KOHTYp Ayru. lle mBuakoairo4i BUMHUKAYI.
[TepeBaru eeKTpOMarHiTHUX BUMUKAYiB:
- MOBHA BUOYXO Ta MOXKEKO00E3IEKa;
- MaJie 3HOITYBaHHS JYTOTaCHUX KOHTAKTIB;
- IPUAATHICTH AJ11 pOOOTH B YMOBAX YaCTHUX KOMYTallIMHUX OINEpaiii;
- BIIHOCHO BHCOKA BiIMHUKaJIbHA 34aTHICTb.
Henoniku enexkTpoMarHiTHUX BUMHKAYiB:
- CKJIaJIHICTh KOHCTPYKUII i OB pO3MIpU KaMEpPU TFaciHHS;
- oOMeKeHa BEpXHs Meka HoMiHalbHOI HanpyTH 15...20 kB;
- 0OMeKeHa MPUJIATHICTH JJIsl 30BHIIIHBOT YCTAHOBKH.
i BuMuKa4yi B OCHOBHOMY BUKOPHUCTaIOThCs B ycTaHoBKax BII enekrpocran-
ITIH.

Baxyymmui eumuxaui
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EnexTpudna MIITHICTh BaKyyMy 3HAYHO BHIIIE MIITHOCTI IHIITUX CEPEIOBHIIL, 110
3aCTOCOBYIOThCSl y BUMHUKayax. KOoHTakTHa cucTemMa IIMX BHUMHKAYiB TOMIIEHA Y
BAKYyyM (10_4 [1a).

Y MOMEHT pO3XO0)KEHHSI KOHTAKTIB IJIOMIA iXHHOT'O 3ITKHEHHS 3MEHIIIYEThCS,
HIUIBHICTh CTPYMY PI3KO 3pOCTa€, METaJl KOHTAKTIB IUIABUTHCS i1 BUIIAPOBYETHCS Y
BaKyyMi. M)k KOHTaKTaMH YTBOPUTHCS MICTOK, 1110 CKJIQIA€ThCA 3 METAITY €JIEKTPO-
niB. Bunukae BakyymHa J1yra, 110 TaCHE IPU NEPIIOMY MPOXOIKEHHI CTPYyMY uepe3
HyJib. EneKkTpruHa MIIHICTh BaKyyMy BIIHOBJIIOETHCS JTy>ke MIBUAKO. Lle nmoB'a3ane
3 THM, IO LIUJIBHICTh ra3iB y KOJO1 BUMHKaya Majia, 10 CIPUYUHSETHCS BUCOKY
MIBUAKICTD AUQy3ii 3apsaaiB 31 cToBOypa ayru. Yske yepe3 10 Mkc micist mepexomsy
CTPyMy 4epe3 HyJb €JIEKTpUYHA MILHICTh BaKyyMy JOCSTa€ MOBHOTO 3HAYEHHS.
ko uporo yacy Oyje T0CTaTHIO, ISl TOro M00 €IEeKTPUYHA MIIHICTh MIKKOHTAa-
KTHOTO IPOMIXKY CTaJia OlIbIIO0 HANIPYTH BIIHOBJIEHHS, yra 3racHE OCTaTOYHO.
VY KOHTaKTax BaKyyMHHMX BUMHUKAuiB BUKOPUCTAIOTHCS CIELiaJIbHI TyTOIJIaBKI Ma-
Tepiaim.

CyvacHi BakyyMHI BUMHUKAaul po3paxoBaHi Ha BIJIMUKaHHS CTpyMiB Bix 1 10
8KA I Ha Hamnpyry 3...20 kB. BukopuctoBytoThcsi BakyymHi Bumukayi: BBTE-10-
10/630B2, BBK-35b- 20/1000B1, BBK-1105-20/1000B1.Takox icHYOTh Bakyy-
MHI BUMHKa4l HaBaHTaxxeHHs BHB.

[lepeBarn BakyyMHUX BUMHUKAYiB:

- MPOCTOTa KOHCTPYKIIii;

- BUCOKH CTYMiHb HAIIMHOCTI;

- BUCOKA KOMYTaIlliHa 3HOCOCTIHKICTB;

- MaJli pO3MIpH, MOXKEKO- Ta BUOYyX00e3IeKa;

- BIACYTHICTh IIYMYy MpHU OINEpauliix, BIACYTHICTb 3a0pyJIHEHHS HaBKOJMWUI-
HBOT'O CEPEIOBULIA.

Henoniku BakyyMHUX BUMHUKAYiB:

- IOPIBHSHO HEBEIMKI HOMIHAJIbHI CTPYMH W CTPYMH BiJMUKaHHSI;

- MOXKJIMBICTh TOSIBM KOMYTAIlIMHUX TMEpeHarpyr MpU BiJIMUKaHHI Maux
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1HYKTUBHUX CTPYMIB.
3.4 Po3'ennyBaui, BiJALIbHUKH i KOPOTKO3aMHKAaYi.

Pos'eonysau — e koMyTauiiiHuii anmapaTt Hanpyroto Buiie 1 kB, mo mnpusHa-
YEHUH JUIsi BMUKAaHHS Ta BUMHKAaHHS €JICKTPUYHUX K11 0€3 cTpyMy (abo 3 He3Hau-
HUM CTpyMam), a TaKOX JJII CTBOPESHHS BHUIMMOTO PO3PHBY B HOPMAJILHOMY pe-
YKUMI, 1 3a3eMJICHHS] BAMKHEHOT IUISTHKH, 3 METOIO CTBOPCHHS 130JIAIIMHOTO MPOMi-
KKy YaCTUH CUCTEMHU, €JIEKTPOYCTAaHOBOK, OKPEMHUX arapartiB Bijl CyMIKHUX eJeMe-
HTIB, 10 NepeOyBalOTh MiJ HANpPYroko, s 3a0€3MeUYeHHs BIAMOBIIHOTO PEXUMY
Oe3neKkr BUKOHAHHS POOIT.

Crnpaga B TOMYy, 1110 TIPYU ITPOBEJICHHI PEMOHTHUX POOIT a00 peBi3ii 00Ia HAHHS
YCTaHOBOK BHCOKOI HAapyru HE0OX11HO 3a0€3MeunTy 0e3neKy JI0JIeH, [0 BUKOHY-
I0Th 111 poOoTH. L{bOro MOKHA TOCSATTH NUTSIXOM BIJIKJIFOUEHHS 1 130JI0BaHHS pEMO-
HTOBAHOI'O €JIEMEHTA BiJ] 1HIIIMX YACTUH YCTAHOBKH, 1110 TIEpeOyBalOTh i/l HAIpYy-
roro. BikmroueHHs UX AUISTHOK MEPEeXkKi 3a IOIMTOMOTO0 BUMHKAYIB € HEJOCTATHIM,
TOMY III0 KOHTaKTH iX mepeOyBaloTh y Kamepax, 3aKpUTHX JJisi 0e3mocepeHbOro
CIIOCTEPEKEHHS, 1110 HE JIa€ MOKJIUBICTh MIBUIKO i TOYHO BCTAHOBUTHU (PAKT BiJIK-
moueHHs. [1[06 monepeauT MOXKJIMBI MIOMHJIKH TOTPiOHO, 1100 BUMUKAHHS OYJI0
BUKOHAHO TaKOX PO3'€IHyBavYEM, 1110 CTBOPIOE BUAUMUHN PO3PUB KOJIa Mi’K KOHTaK-
TaMu, 10 IepeOyBarOTh HAa BIAKPUTOMY MOBITPI.

KonTtakt po3'enHyBa4yiB HE MalOTh CIELIATBHUX TYyrOTaCHUX MPUCTPOIB, iX
KOMYyTal[liiHa 3JaTHICTh HEBEJIHMKA. TOMy, IPU MOMUIIKOBOMY BiJIMUKaHHI PO3'€/IHY-
BayeM OUTHIIMX CTPYMiB, HA OTO KOHTAKTaX BUHUKAE BIJKPUTA CTIHKa JIyra, IO
MOKE HE TUTbKH 3aIIKOAUTH KOHTAKTH, ajie MiJ J1€I0 eJICKTPOAMHAMIYHUX CUJI 1 Bi-
TPY PO3TATTHUCS I IEPEKUHYTHCS Ha CyClJHI (pa3u, 1o npuseae 10 MixkdasHoro K3
a6o K3 na 3emito.

Po3z'eqnyBauemM He MOXHA BMHMKATH Ta BUMHKATH KOJIa, MO SKUX MPOXOIUTH
CTpyM a00 B AKHUX BiH 3'SIBJISETHCS MICH YBIMKHEHHS KoJja. I3 1i€r0 MeToro B cxemax
CJICKTPOYCTAHOBOK PO3'€IHYBadl PO3MIIIYIOTHCS IMOCIIIOBHO 3 BAMHUKAYaMy U JJIsI

HUX BCTAHOBJICHA IE€BHA MOCIIAOBHICTH OMNEpalliii: MpHU BIAKIIOYEHHI CIOYATKY
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BUMUKA€ETHCS BUMUKAY, IOTIM PO3'€JHYBay; IPU BMUKaHHI - HaBMaku. J{j1s1 BUKIIO-
YEHHS! TOMUJIOK MIPH OIepalisix 3 po3'eJHyBayaMi BUKOHYIOThCA CIIELIalibHI 0JI0-
KyBaHHS, 110 3a00pOHSIOTH BIJIKIIOUEHHS ¥ BKJIIOUEHHS KOJa PO3'€IHyBadyeM MpH
yBIMKHEHOMY BUMHUKAaUi TOTO X KoJia. J[omycKaeThCs KpiM OCHOBHOT'O TIPU3HAYCHHS
BUKOPHUCTATH pO3'€JHYyBayl BAPOOHUITBA IHIIMX OMNEPalliif, TOMyY IO iXHS KOHCTPY-
KIS 1[€ 103BOJISIE:

1) BMUKAHHS Ta BAMUKaHHS TPaHC(POPMATOPIB HAIPYTH;

2) 3a3€MJIFOBATH Ta PO33€MIIIOBATH HEUTpasl TpaHC(HOpMATOpIB 1 3a3eM-
JIOIOYUX JTYTOTACHUX PEaKTOPIB MPH BIJICYTHOCTI B MEPEXK1 3aMUKAHHS HA 3€MIIIO;

3) BUMHUKATH Ta BMUKATH 3apSAHUA CTPYM IIHUH i €NEKTPOYCTaTKyBaHHS
BCIX KJIAC1B HanpyrHu (KpiM OaTapeil KOHIEHCATOPIB);

4) BMUKATH Ta BUMHUKATH TPUIOIIOCHUMH PO3'€HYBa4aMH 30BHIIIHBOT
yCcTaHOBKM TpH Hanpy3i 10 kB 1 Hikye Ta 30BHIIHBOMY CTpyMYy 10 15 A;

5) BMUKAaHHS 11 BUMUKaHHs HEHaBaHTaXKEHUX TpaHC(OpMAaTOpiB HEBEIH-
KOI IMOTYKHOCTI ¥ 3apsSTHOTO CTPYMY MOBITPSHUX 1 KAOSTbHUX JIHIH.

6) JUISl IEpEMUKAHHS NpueHanb PY 3 onHi€l cucteMu 301pHUX IIMH Ha
1HITY 6€3 TIepepBU CTPYMY;

7) JUISl 3a3€MJICHHS BIIKJTIOUEHUX M 130JIbOBAHUX JUISTHOK MEPExKi 3a J10-
MIOMOTOI0 3a3€MITIOIOUMX PO3'€HYBaviB (HOXKIB), TIepeadadeHuX I i€l MeTH. Y
outbiocTi BunaaAkiB (mpu Hampysi 10 500 kB) 3azemimtorounii po3'eHyBaY MOHTY-
€THCS HA 3arajpHId pami 3 OCHOBHUM pO3'€THyBa4YeM 1 OJIOKYETHCS 3 HUM MEXaHi-
YHO.

brnokyBaHHS 103BOJIsI€ BKIIOYEHHS 3a3€MJIIOIOYOTO PO3'€IHYBava TiJIbKU TIPH
BIJIKJIIOUEHOMY OCHOBHOMY. Po3'enqHyBaul MOXKyTh BUKOHYBAaTHCS 3 OJHHMM a0o
JIBOMA 3a3eMJTIOIOYMMH HOXKaMU. SIK ITMHHI po3'eqHyBadl B yCTaHOBKax 31 301pHUMU
IMHAMHU BUKOPHUCTOBYIOTHCSI pO3'€IHYBaYl 3 OJJHUM 3a3€MIIFOIOUYMM HOXKEM, SIK JIi-
HilHI - 13 IBOMA 3a3eMJIIOI0UYUMHU HOXKAMH.

3HaueHHs CTPyMY, 1110 BUMHUKAE PO3'€JHYBAY, 3aJI€KUTh BiJ] HOr0 KOHCTPYKLIT

(BepTHUKaIbHE, TOPU3OHTAIBHE PO3TAllyBaHHS HOXIB, BiJl HOMIHAJIbHOI HAIPYTH).
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JlomycTuMicTh 11i€i omepallii BU3HAYAEThCS NUPEKTUBHUMHU BKa3iBKaMu W MicIe-
BUMH 1HCTPYKILISIMU. Tako) BaXXJIMBY pOJIb MOPSAIKY OIepaliii npu BUMKHEHHI
cTpyMy Hamar"iuyBanss. Tpanchopmaropu, mo marots PITH, moBunH1 OyTH mepe-
BEJICH1 B PEXXUM Majioro 30ykeHHs. [Ipu 1iboMy cTpyM HamMarHivyBaHHs pi3KO 3HU-
KYETHCS MPU 3HIKEHHI MArHITHOI 1HIYKIIT B MarHiTOMPOBO/I, 110 3aJIEKHUTh BiJ
miBEICHOT HAanpyru. BUMKHEHHS Ta yBIMKHEHHS pO3'€JHyBadyaMu CTpyMy Hamar-
HIYyBaHHsS TpaHC(POpMaTOpiB, BUKOHYEThCS TIPU 3a3eMJIeHIM HelTpani. SIKio 10
HEUTpaJll TpaHcPopMaTopa MIAKIIOUYEHUNA AYTOTaCHUNA PEaKTop, TO BIH ONEPEIHBO
MOBUHEH OYTH BIIKIFOYCHHM.

[IIo6 BuKOHATHM NEpeMHUKaHHs NpueaHaHb PY mig cTpyMoMm 3a JOMOMOIORO

QSl1 po3'eqHyBadiB, HEOOXIJHO NPU HAABHOCTI

= I JIBOX MapaJieIbHUX T110K (puc.3.7) 3 po3'en-

—

nyBayamu QS1 i1 QS2 onuH 3 po3'eHyBaviB

MOKHA PO3IMKHYTH TiJ Ji€I0 CTpyMy, 3a

YMOBH, 110 PO3'€IHYBaY IPYToi KU BKITO-
Puc. 3.7 ITpouec nepemukanns pos’en-  4eHW. [Ipu BigkIroueHH1 po3'enHyBaya Bi-
HyBayiB IIPU NapaJieIbHOMY 3’ €IHaHHI L
NOYBa€TbCSl 3CYB CTPYMY 3 OJIHI€I TUIKH B
1HIITy, Tyra Ha KOHTAKTaxX MpU [[bOMY HE YTBOPHUTHCH.
3a 9rCIOM TOJIIOCIB PO3'€AHYBadl MOXKYTh OYTH OJHO ¥ TPUIIOTIOCHUMU, 32
BHJIOM PO3MIIIEHHS — JIJIsI BHYTPIIITHIX 1 30BHIITHIX YCTAHOBOK. 32 KOHCTPYKTUBHUM
BUKOHAHHSIM PO3PI3HAIOTh: pyOaroyi, MOBOPOTHI, XUTKI1, maHTorpagiuHi Touo. Kon-
CTPYKIIisl po3'eJHyBava 6arato B yomy BuzHadae po3mipu PY. Hanpuximan, nis 3me-
HIIEHHS ra0apUTHUX PO3MIPIB PO3IMOAUIBYUX YCTAHOBOK, PO3pOOJIEHI 10AATKOBO
YHUCJICHHI pO3'€JHyBaul 3MEHUIEHOr0 PO3MIpYy: OJIHOKOJIOHKOBI , IMi/IBICHI.
3a crmoco00oM yCTaHOBKH PO3PI3HSAIOTH PO3'€IHYBAU1 3 BEPTHKAIBLHUM 1 TOPU30-
HTAJIBHUM PO3TallyBaHHSIM HOXKIB. P03'€JHyBaul MarOTh BIIHOCHO MPOCTY KOHCTPY-
K110, XHs BapTiCTh 3HAYHO HHYKYE BAPTOCTI BUMHUKAYa. IX 06712 HYIOTh IPUBOAAMU

pydYHUMH 200 3 EJIEKTPUYHUMH ABUTYHaMH Jl0 HAaIIMHOCTI po3'eqHYBaviB BUCYBa-

IOTh BUCOKI BUMOTH. HC ITOSICHIOETHCS TXHBOIO BAXKJIMBICTIO AJI1 CXEM CIICKTPHUYIHHX
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3'€lHaHb 1 BEITUKOI KUIBKICTIO B e€JeKTpoycTaHOoBKax. HamiiiHicTh (yHKIIIOHY-
BaHHA BCI€i €EKTPOYCTAaHOBKHM B 3HAYHIN MIpl 3aJI€KUTh BiJ HAAIHHOCTI pPOOOTH
po3'eTHYyBadIB.

Biooinvnuku i kopomkozamuxayi. B eNeKTpUIHUX CHUCTEMax IIMPOKE TOIIH-
PEHHsI OJiepKalii BUCOKOBOJIBTHI MiJICTaHIli 0€3 BUMUKAYIB Ha >KUBWIBHIN JIiHII.
Bumukaui nmepen6adaroThCs TUTBKH 3 00KY HHXKYOI HAMPYTH, IO JIO3BOJISIE CIIPOC-
TUTU BCTAaTKyBaHHsI, 3201 IUTH MICII€ 1 KaIliTajlbHI BUTPATH TIPU 30€pEIKCHH1 BU-
COKO1 HaJIMHOCTI. J{71 3aMIHM BUMHKaYiB 3 OOKY BHCOKOI Halpyrd BUKOPHCTOBY-
IOTHCSl KOPOTKO3aMUKadl ¥ BIIITLHUAKH.

Kopomxoszamukau — 11€ 0AHOTONIOCHUN a00 JBOMOIIOCHUM (3aJIEKHO BiJl PO-
004Y0T0 3a3eMJICHHSI MEPEXK1) pO3'€AHYBAY 13 30BHIIIHIM MMPUBOJIOM, 32 JOIIOMOT OO
SIKOT'0 32 KOMaHJIOI0 PEJICHOr0 3aXUCTy a00 BpYUHY CTBOPIOEThCs mTy4dHe K3 Me-
pexi.

BiooinbHuk — 11€ 3BUYaHUI TPUTIOTIOCHUN PO3'€IHYBaY, 110 00JIaTHAHUN TIPU-
BOJIOM 1 3/TaTHUM BUKOHYBATH OIEPAIlil0 BUMKHEHHS JIJISTHOK €JIEKTPUYHOIO KOJIa,
MOTIEPETHHO BUMKHECHOTO BUMUKAUEM.

Sxio y 3BUYaifHOMY po3'€IHyBadl MIBUAKICTh BIIKIIOYEHHS HEBEIWKa, TO Y
BiJUTITBHUKY TIpoliec BUMHKaHHs ckianae 0,5-1 c. Po3rimsHemMo mpukian BUKOPHUC-
TaHHS KOpPOTKO3aMHKadiB 1 BimuIbHHKIB. Ha puc. 3.8 a), HaBeneHa cxema KUB-
JICHHS B ofHi€ JiHiT 1BOX TpaHcopmartopuux rpyn T1 1 T2, a va puc. 3.8 6) g0
OJIMHAPHOT JIHIi 3 poboyoro Hamnpyrorw 35... 220 kB npueanani na tpanchopma-
TOpH

BininpHUKY B HOPMAJIbHOMY PEXKHMI pOOOTH 3aMKHYTI. Y BHIAJIKYy YIIKO-
JOKEHHS OJTHOTO 13 TpaHcPopMaTopiB (HATPUKJIIAJ, BHACHIIOK MOTIPIICHHS 13011111
T1 ycepenuHi HbOr0O BUHUKAIOTh €JICKTPUYHI PO3PSIH, SIKI MPU3BOSATH 0 PO3KJa-
JaHHS Macja ¥ BUAUICHHS razy). ['a3oBi Oyab0aIiku MmiIHIMAIOTHCS BEPX 1 PU3BO-
JSTh 10 CIIPALIOBaHHS Ta30BOT0 pelie. 3a HOro CUrHaJIOM 3aMHUKA€ThCST KOPOTKO3a-
mukad QN1, y xomi BuHukae mryune K3. CopairoBanHss KOPOTKO3aMUKada MOXKe

BIIOYTHCS TAKOX MiJ Al€r0 TU(epeHuifHOro 3axucty. Yepe3 BUHUKHEHHS CTPYyMY
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K3, cnpanboBye BuMukad it 06uasi rpynu tpanchopmatopis T1 1 T2 3uectpymtio-
I0TBCS. 32 TIOTIOMOTOI0 pesieitHoro 3axucty Tpancopmaropa T1 BUMHKa€EThCS Ta-
KOk BUMHUKa4d Q2, a MOTIM, 3 JESKOI0 BUTPUMKOIO Hacy, — BigaimbHuK QR 1. Pexum
mryyHoro K3 3Hukae, notiM 3HOBYy BMUKaeThesl BuMuKad Q1. Skmio 1o aBapii Bu-
Mukaud Q4 OyB BUMKHEHUH, TO MiC/s BMUKaHHS BUMUKaua Q1 BiH Moke OyTH BBIM-
KHEHHI 1 TIpH 1IboMY OyJi€ BiJTHOBJICHE JKMBJICHHs criokuBadiB Ha 10 kB meproi
TpaHcHOPMATOPHOI TPYIIH.

QRI1, QR2, QR3 — Bignubauku; QN1, QN2, QN3 — kopoTKo3aMuKayi.

220 B Q4
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R X
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Puc. 3.8 Cxema xuBneHHS: B1J OJHIET JHIT 1BOX TpaHchopmaTopHux rpyn T11 T2
(a); npuenHaHHs JBOX TpaHCHOPMATOPIB JO OJMHAPHOI JiHIi 3 pOOOUOI0
Hanpyroto 35...220 kB (6)

TakuM ynHOM, Yy TaKUX CXeMaxX HeMa€e HeOOX1THOCTI BCTAHOBIIOBAaTH BUCOKO-
BOJILTHI BMHUKaui 3 60Ky 35...220 kB tpancdopmaropis. Ale s HaIiiiHOT poOOTH
HEoOX1/JHa YiTKa MOCIIIJOBHICTh Y poOOTI KOPOTKO3aMHUKa4iB, BUMUKAUIB 1 BII11b-
HUKIB. Y MPOTWICKHOMY BUTIAJKY MOKJIMBI TaKi BaXKKi aBapiiiHi BUTIAJKH, SIK BHM-
KHEHHs cTpyMy K3 BiIIUTBHUKOM.

B edexTrBHO 3a3eMIeHUX MepekKax JOCUTh MaTH OJHOIIOIIOCHUN KOPOTKO3a-

MHKa4; y He3a3eMJICHUX 1 KOMIIEHCOBAHUX Mepekax He0OX1THO MaTH JIBOIIOTIOCHUI
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KOpPOTKO3aMHUKau.

EdexTuBHICTh TaKMX CXEM THUM BHIIE, YUM OUIbIlIe HOMIHAJIbHA HAmpyra Me-
pexi. Edext gocsraeTscs 3a paxyHOK BiJICYTHOCTI BUMHKadiB 3 60Ky 35-220 kB,
aKyMyJIATOPHUX OaTapeii 1 KOMIIPECOPHUX YCTaHOBOK. [IpH IboMy Takox CKOpouy-
I0ThCSI CTPOKH Oy IIBHUIITBA, 1 CTBOPIOETHCS MOMKIUBICTh HAOJMKEHHST HAIrpyru 35-
220 kB 6e3nocepenHpo 10 criokuBada. Heomikom € CTBOPEHHS PEKUMY IITYIHOTO
K3, 1110 ynHUTH 101aTKOBUI HETATUBHUI BIUIMB HA 00JIaTHAHHS.

Howminanonui napamempu

HoMiHanbH1 napaMeTpu po3’ €IHYBAYIB:

Howminanena Hanpyra U HOMIHAJIbHUH CTPYyMI,,,,,

o s HOMIHAJIBHUM CTPyM

JVUHAMIYHOI CTIMKOCTI (AMIUIITYIHE 3HaYEHHs) i, , HOMIHAJIbHUIA CTPYM T€PMIYHOI

cTiKoCTI [ IPUITYCTUMHM Yac TEPMIYHOI CTIMKOCTI ¢

mep.HOM ° mep.HOM *

BiamineHUKH MarOTh Ti K TapaMeTpH, aje T0AaTKOBO BKa3y€ThCs MOBHUM Yac

BIIMHUKAHHS ¢

sion » 11O JUIA €KCILTyaTallliHUX BIAJUIBHHUKIB PI3HUX THIIIB CKJIaJae
0,4..0,7c.

KODOTKO?;aMI/IKa‘Ii XapaKTCPU3YIOTLCA TaKUMU HOMIHAJIbHUMH napamMeTpaMm:

HOMIHANBHA Hampyra U HOMIHAJIBHUN CTPYyM BMHKAHHS — aMIUTITYJHE 3Ha-

HOM >

YEeHHd i, 1 AlI0o4e 3Ha4e€HHA [, HOMIHAILHUNA CTPYM TE€PMIYHOI CTIMKOCTI
Lpep son » TPAITYCTUMHH YaC TEPMIYHOI CTIHKOCTI Z,0/, 1.y, » TOBHUH YaC BMHKaHHs

5

e » 11O JITIST THITIB KOpOoTKo3amuKaviB craHoBUTh 0,16...0,4 c.
3.5 Bumuka4i HaBaHTaKeHHS
Bumuxaui naeanmasicenna (BH) — 1ie TpUnomatocHI KOMyTalliHI €JIeKTpUYHI
amapaTy 3MIHHOTO CTpyMYy 3 poOodoro Hanpyroro Buie 1 kB. [Ipu3nadeni ajist BMu-
KaHHsS Ta BUMHMKaHHS pOoOOYMX CTPYMIB KIJI, 10 HOMIHAJIBHUX CTPYMIB amaparib
BKJIFOUHO, 00JIaJHaH]1 IPUBOJOM JJIsi aBTOMAaTHYHOTO a00 HEaBTOMATUYHOTO Kepy-
BaHHSI.

KonctpyktuBao BH 0a3yroThcsi Ha KOHCTPYKIIi po3'eAHyBadiB. Y LMX arapa-

Tax peaji3oBaHa iJes CIOJYyYCHHS 3BUYAWHHUX PO3'€HYBadiB 3 HAUMPOCTIIIMMHU
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JIEMIEBUMHU MAJIOTIOTY>KHUMHU Ta30T€HEPYIOYUMU IyroracHuMu npuctposimu. BH He
po3paxoBani i BigMukaHHs ctpyMiB K3. JlocBia ekcruryaTalii mokasas, 110 BU-
MUKa4di HAaBaHTAXEHHS MArOTh 37aTHICTh BIIMUKATH 3HAYHI €MHICHI CTPYMHU, TOMY
€ MO>KJIUBUM 3aCTOCOBYBATH iX 1 /ISl KOMYTalllif XOJIOCTUX JIIHIM BUCOKOT HAMPyTH,
a TaKOX KOHJICHCATOPHUX OaTapeit.

OCKUTbKH B pealTbHUX YMOBAX €KCIUTyaTallii BA)KKO YHUKHYTH BUITAJIKIB BMU-
kanHs Ha K3, mo He ycynynocs, BH nmoBuHHI BUTpUMYyBaTH Takui pekuM, TOOTO
MaTH 3MOTy YBIMKHYTH NOTYXHICTh K3, 110 JOpIBHIOE HOMIHAIBHOI MOTYXHOCTI
BUMHUKAHHS 3BUYAHOTO BUMHKaYa, SKUH BCTAHOBJICHUM B JTAHOMY MICITI MEpPExKi.

BH 3acTtocoByroThCSs B TPUETHAHHIX CUIIOBUX TpaHC(HOPMATOPIB 3 OOKY BUIIO1
HAINPYTHU 3aMiCTh CHJIOBHX BUMHUKAUIB Y BUMAAKaX, SIKIIO 1€ MOKJIUBO 32 YMOBaMH
pobotu enextpoycranoBkH. Tak sik BH He po3paxoBani Ha BigmMukanHs cTpymiB K3,
TO aBTOMaTUYHE BUMUKAHHS TpaHC(HOPMATOPIB MPH YIITKOKCHHSIX BUKOHYETHCS 3a
PaxyHOK IUIaBKUX 3aMO01KHHKIB, 800 BUMHUKAYiB, III0 BCTAHOBIICHI Yy MOMEPEIHIX
eJIeMEHTax CUCTEeMHM (HampuKiIajd, JIHIMHI BUMHKaYl, 110 PO3TAIIOBaHI OJMKYe 10
JOKEpeIia eHeprii).

Bumukayi HaBaHTa)XKEHHS 3 JIYTOraCHHUMH MPHUCTPOSIMU Ta30T€HEPYIOUOTO
TUITy, B peaJbHUX €HEProcUcTeMax 3aCTOCOBYIOTh Ha kiaci Hampyru 10 kB cepiit
BH i BHII (i3 3ano6ixuukoM). OctardimM yacom Ha eHeproookax 800 it 1000 MBT
3aCTOCOBY€EThCSI KOMIUIEKTHUM anapaT KAI'-24, 0CHOBHOIO YaCTUHOIO SIKOTO € BU-
MUKa4 HaBaHTaXeHHs. CxeMa MOTyXHOTro OJIOKYy reHepaTop-TpanchopmaTop 3 KoM-
wiektHuM anapatom KAT'- 24 y ko renepaTopa nokasasi Ha puc.3.9.

EnekrponocradyanHs BIacHUX MoTped 050Ky 3abe3meuyeThes 3a J0MOMOTO0
Tpancpopmaropa BII - T». [lns 3a0e3neuenns eneprietro cucremy BII Gioky mipu
HOT0 MyCKy BUKOPUCTA€ThCS BUMHMKau HaBaHTaxeHHs QW, po3paxoBaHMil Ha Ha-
npyry 24 kB 1 HomiHanbHU#M cTpyMm 20...30 KA. BuMukad HaBaHTaXEHHS MOKE TIPH
HOMiHaNTbHOMY TUCKY MOBITpst 2 MIla BigmukaTtu ctpym 30 KA Ta BMUKAaTH CTPyM
75 kKA (aMIUTiTyiHE 3Ha4YCHHS). MOXJIMBA OJHA OMeparlisi BMUKAHHS aBapiiiHOTO

cTpyMy He Outbie 310 KA, nmpuyoMy HpH Takik omeparlii JOMyCKAEThCS YaCTKOBE
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3BaprOBaHHS KOHTAaKTiB. BuMmukay HaBaHTakeHHs He npu3HaueHuit 1ys AIIB 1 Bu-
KOHaHHS noBHOTO UKy 0 - 180-B - 180-B.

Bumukad HaBaHTa)KEHHS 13

3a3HAYCHUMU BUIIE MapaMeTpamu
a BXOJIUTH JI0 CKJIaJy amapaTHOro
T2 reHepaTopHoro kommiekcy KAT'-

24. Bin MictuTh y c001 BUMHUKA4

QSG \~ QS %TV! HaBaHTaxeHHs QW, pos'ennyBau
[g—

QS 3 BOy0BaHMM 3a3eMIIIOBAYEM

:

rojioBHoro kona QSG, yotupu

|
|
|
|
| I @ TV2
| | TpaHC(HOPMATOPH HAIPYTH.
|
, | - .
| ! [Tpuctpiii KAI' BOynoBaHuit
|
| . . :
: : @ V3 B KOMIJICKTHUH CTPYMOIIPOBI1J I'e-
PP P
@ TV4 HepaTopa. OCHOBHE MPU3HAYEHHS
G
) npuctporo KATI'- npoBeneHHs omne-

pPaTUBHUX KOMYTalli 1 BUMIpIB Ha-
Puc. 3.9 Cxema 6110Ky renepatop - Tpanchopmartop . .
3 BUMUKa4aMH HAaBaHTAXXCHb Y TCHCPATOPA prrI/I y KOJI1 TOJIOBHHUX 3aTHCKa41B
renepaTopiB 800 it 1000 MBt. KommuiekTHui mpuctpiit Mmae 0J10KyBaHHS, 1110 3a00-
POHSIIOTh BMUKAHHS ¥ BUMUKaHHS po3'eaHyBada QS mpu BBIMKHEHOMY BHUMHUKaUl
HaBaHTaxkeHHd QW, BMUKaHHS I BUMHKaHHS 3a3€MIIIOI0YOro pos'ennyBadya QSG
npu yBIMKHEHOMY BuMuKadl QW abo po3'eanysaui QS. ['eHepaTopHi BUMUKAUl Ha-
BaHTAXEHHS 1CTOTHO 301JIBITYIOTh THYUYKICTh 1 HAIIMHICTH CXEM.
3.6 Anapatu nanpyrow a0 1000 B
1. Komymayiiini anapamu, npu3HadeHi 1jis pO3MUKAHHS W 3aMUKaHHS
SJICKTPUYHOTO KOJIa. 3aJeKHO BiJl TPU3HAYEHHS BOHU JUISITHCS Ha MIATPYIIN:
a) 3aXMCHI anapaTy JJIs BIIKJIIIOUEHHSI eJIEKTPUYHOT0 KOJIa IIPU CTpyMax Iepe-
BaHTaXeHHs U cTpymax K3 (3anmo0iKHUKN);

0) aBTOMAaTHYHI BUMHUKAYl JJI1 KOMYTaIlii KUT B aBapitHOMY peXUMi, a TAaKOX

Heyactux (Bigm 6 mo 30 pa3 3a no0y) omepaTUBHMX BKIIOYEHb 1 BIAKIIOUYCHD
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CJIEKTPUYHUX KIJT;

B) KOHTAKTOPHU — ABOMO3UIIHHUI KOMYTaLIHUI anapat 13 CaMOIIOBEPHEHHSIM,
MPU3HAYCHUN IS YACTUX KOMYTAIlld CTPYyMIB , [0 HE MEPEBUIIYIOTh CTPYMIB Tie-
pEBaHTaXXEHb Ta MPUBOJUTHCS Y A10 TPUBOIOM;

r) MycKaul — I1e KOMyTallliiHui anapar , IpU3HauYeHUu JUIsl MyCKy, 3yIIUHKHU Ta
3aXUCTY €JIEKTPOJBUTYHIB,;

1) IepeMUKay — 11¢ KOHTAKTHUIM KOMYTalliiHUI anapat, npu3HadyeHui 1 Te-
PEMUKAHHS €IEKTPUYHUX K1JT

) pyOMIIbHUK — MPU3HAYCHUN JIJIST PyYHOTO BMUKAHHS Ta BUMHUKAHHS K1 1O~
CTIHHOTO Ta 3MIHHOTO CTpyMY Npu poOouiil Hanpy3i Bulie 1 kB, 11e HeaBTomaTny-
HUW BUMUKAY.

2. Anapamu xepygeauHs ma KOHmMpoJto, 3a0€3MeUyI0Th: JUCTAHIIMHE Ke-
pyBaHHS KOMYTalllHHUMU anapaTamMu; CUTHa13allii T0JI0KEHHS! KOMYTallliHUX ara-
paTiB; MUCTaHIIMHOTO BUMIPY EJIEKTPUYHUX 1 HECNEKTPUYHUX BEITUYHMH JIJISI BE-
JICHHS 33JIaHOTO PEXKUMY YCTaHOBKHU.

3. Anapamu peneunozo 3axucmy i cucmemHoi asmomamukuy 3a0e3neuy-
I0Th AaBTOMATHWYHI BIAKIIOUEHHS YIIKO/DKCHHMX E€JEMEHTIB 1 JIiHIH, X TOBTOpPHE
BKiroueHHs, APB reneparopiB Ta APY toio. Anapatu kepyBaHHS, KOHTPOJIIO, pe-
JICHOT 3aXUCTy W aBTOMAaTHKU yTBOPIOIOTH BTOPHHHI KOJIA, IO HE € €IEKTPUYHO
3B'I3aHUMHU 3 IEPBUHHUMHU Koamu. J[>KepenoM eHeprii Uil HUX €, K MPaBUII0, aKy-
MYJIATOPHI1 Oarapei.

4. Anapamu émopunnux Kin — 11€ p13HOTO POAy pelne, pyOMIbHUKH, Iepe-
MHUKadi, MepeTBOPIOBaYl, 3aMO0DKHUKH, KITI0Ul KepyBaHHs, MarHiTHI MiJCUJIIOBaYI,
JTATYUKH.

3.7 Ctpymoo0OMeKyBaJIbHI PeaKTOPH TAa BUMIPIOBAJILHI aniapaTu
CtpyMooOMeKyBabHI PEAKTOPH — 1HAYKTHUBHI OMOPH, 110 MPU3HAYCHI IS
obmMmexeHHs cTpymiB K3, 3 MeTO0 3MEHITICHHS BUTPAT Ha criopykeHHs PY i kaGe-

JpHUX Mepexk. CTpyMOOOMEXyBallbHI PEAKTOPH TAKOXK JO3BOJISIOTH MiITPUMYyBaTH
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NIEBHUI piBEHb HAIIPYTH MPH MOMIKOKEHHI 32 peakTopoM. CxeMa MiAKII0YeHHS pe-

aKkTopiB, 300paxeHa Ha puc. 3.10.
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\
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\ 3

e
U
% 4 /
|

Puc. 3.10 Cxemu yBIMKHEHHS CTPYMOOOMEKYBAJIbHUX PEAKTOPIB: a - OJIMHAPHUX;
0 — 3IBOEHUX: 1 - Qinepuuii, 2 - BinepHuii rpynosuit, 3 - MiKCEKIIHHMIM, 4 - 3MBOCHUI

betoHHI MOBITPsIHI peakTOpH 3aCTOCOBYIOTh Ha KJiac Harpyru 6 1 10 kB, Bu-
KOHYIOTh 3 MiiHUMU Tuily Pb 1 antominieBumu ooOmotkamu tumiB PBA, PBAM (3
manumu Brpatamu), PBAC (3aBoennii peaktop). Ha nanpyry 35 kB 1 Buiie 3acro-
COBYIOTh MaciIsiH1 peaktopu: Tpudazui PTMT, onnodazui POL] 1 TOPM.

Buwmipiosanvui anapamu (TpancpopmaTopd CTpyMy W Hampyrd , €MHICHI
JTITBHUKY Hanpyru). TpancopmaTopu CTpyMy ¥ Hampyrd nNpu3HaydeHi JJIsl TepeT-
BOPEHHS CTPyMY W HApyTH J0 3HAYEHb 3PYYHUX IS BUMIpIB.

Tpanchopmaropu Hanpyru nNpu3HayeHi Ui 3HUKEHHS] BUCOKOT HAIlpyTH 710
3nHauenHs 100 B (a0o iH1110T0), sIK€ MOK€ BUKOPUCTOBYBATUCH JIJIsl 5)KUBJICHHS BUMI-
PIOBAJIBHUX MPWIAJIB 1 3aXUCHUX MPHUCTPOIB, KIJT aBTOMATUKM Ta CUTHaji3amii. 3a
KOHCTPYKTHBHUM BUKOHAHHSM PO3PI3HAIOTH TpHdaszHi 1 ogHodasHi TpaHchopma-
Topu Hanpyru. Tpudazni 3acToCOBYIOThCS Ha kiac Hanpyru Ao 10 kB, onHodaszni —
Ha Oynb-sikuii kiaac Hanpyru A0 1150 kB. Tlpuknaan yMOBHUX MO3HaYeHb TpaHC)O-

pMaTopiB HaMpyrH, HaBeJIeHO Ha puc. 3.11
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Tpancopmaropu cTpymy npu3HaYEH] JJ1s 3HUKEHHS IIEPBUHHOTO CTPYMY JI0
cTaHJapTHO1 BenuuuHU (5 ado 1 A) 1 4181 BIIITICHHS K1JT BUMIPIOBaHHS Ta 3aXUCTY
BiJl IEPBUHHUX KiJ1 BUCOKOI Hanpyru. TpanchopmaTopu CTpyMy MarOTh 3aMKHY THIA
MarHiTOIMpPOBIJ 1 AB1 0OOMOTKH: NMEpBUHHY 1 BTOpHHHY. [lepBuHHAa 00MOTKA BKITFOYA-
€THCS TIOCIIJJOBHO B KOJIO BUMIPIOBAHOI'O CTPYMY, 10 BTOPUHHOI OOMOTKHU MpPUE-

HYIOTHCS BUMIPIOBAJIbHI TIPHIIA TN,

TV-nBa oanodasunx tpanchopmaropa
HAMpPYTH, 1O 3 €HaHl B BUIKPHTHI
TPHKYTHHK

TV-tpanchopmarop
HAMPYTH
BHMIPIOBA/ILHHI

TV-tpanchopmaTop Hanpyru
Tpuxhazuuii, TpPHOOMOTKOBHI

Puc. 3.10 Ilpuknanyu yMOBHUX MMO3Ha4Y€Hb TpaHC(HOPMATOPIB HANIPYTU

3.8 IlpoBinHukM i i30a51TOPH
Jns 3'eqnanb renepatopis, TpaHchoOpMaTOopiB, JHIN 3 arapaTaMu i Mixk CO0010
HEOOX1/IH1 MPOBIAHUKH BIJMOBIIHUX MEPETUHIB 5K 130JIb0OBaHI TaK 1 HE130JIbOBAHI.
BukopucranHs onepxanu:
1) TBEP/I1 HE130JIbOBaH1 MPOBIHUKH MPSAMOKYTHO1, KPYTJIOi ¥ 1HIIOT (hopm
MOTIEPEYHOTO Tepepi3y, BOHM HA3MBAIOTHCS IIMHAMHU. 3HAXOISATh 3aCTOCYBAHHS

[IMHU, CTPYMOTIPOBO/IU 3 TIOBITPSHOIO a00 Ta30BOI0 130JIA11I€10;
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2) HE130JIb0BaH1 6araToAPOTOBI THYYK] MPOBOM 3 TUX K€ MaTepiaiiB, 110
W ISl OBITPSIHUX JIIHIN, THYYKI CTPYMOIPOBOM (ITy4OK THYYKUX MPOBIJHUKIB, 13
JIBOX, TPHOX 200 YOTHPHOX MPOBITHUKIB Y (pa3i, M0 3aKpiIUICHI Ha PO3MipKax);

3) kabesi OJHOXKWIIbHI ¥ 6araToxxwibH1 11 HanpyT 10 500 kB (3 manepo-
BOIO MPOCOYCHOIO 130JIA111€10 a00 130JIA1I1€10 31 3MIUTOrO MOJIETUIIEHY, ra30HANOB-
HEHI ¥ MacCJIOHAIIOBHEH]).

SIK IPOBITHUKY Y BTOPUHHUX KOJIaX BUKOPUCTAIOTHCS KOHTPOJIbHI Kaberl, 130-
JbOBaH1 MPOBITHUKY, a IHOA1 i HE130JIbOBAHI MPOBIJHUKH, 10 3aKPIIUICH] Ha 13015~
TOpax.

EnexTpuuHi anapaty i NpoBIJHUKH MOBUHHI HAA1IHO i 0€3BIIMOBHO Ipallto-
BaTH B HOPMAJIBHHUX TPUBAIMX PEKUMaX, MPU KOPOTKOYACHUX aBAPIMHUX PEKUMAaX
3a YMOBH, IO MapaMeTpu HaBKOJMIIIHBOTO CepeIoBUIIa (TeMneparypa, BOJIOTICTb,
THCK) HE BUXOAATH 3a MeXi, BctaHoBneH1 J[CTY. 3araapHa BUMora Jijist BCiX €JIeKT-
PUYHHUX amapatiB 1 MPOBIJHUKIB - TEMIIEpaTypa OKPEMHUX €JIEMEHTIB HE TTOBHHHA

IIEPEBULLYBATH HOPMOBAHUX 3HAYEHb.
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4. KOPOTKI 3BAMUKAHHSA B EJIEKTPOYCTAHOBKAX
4.1 3araabHi BiioMoCTI.
Koporkumu 3amukannasmu (K3), HazuBaroTh 3aMuKaHHs MK Gazamu Ta (a3oro

1 3eMJICIO Y MEPEXI 3 TIIyX0- a00 e(heKTUBHO-3a3eMJICHOIO HelTpasutto, puc. 4.1. K3

BUHUKAIOTh y pa3l MOIIKOJKEHHS

A
(2]/ (3 130711111 (MEXaHIYHOMY, Yepe3 CcTa-
piHHs ToIno). B TpudazHux mepe-
fp/”’_\/ i i}m ;_im gf’: aX 3 i30bOBAHOI0 HEHTPAILIIO
” 4 MOXKYTh BUHUKATH JBOda3Hi (2) Ta

U tpudazni (3) K3. B mepexax 3 3a-
3EMJIEHOK0 HEUTPAJLIIO MOXKYTh BH-
Puc. 4.1 BapianTi KOpOTKHX 3aMHKaHb Y MEPEXKi
Hukatu oxHodaszHi (I) u nBodasni
(IT) K3 na 3emutto.

VY Bunaaky tpudaznoro K3 yci dha3u 3HaXoa4TbCs B OJHAKOBUX YMOBAX, TOMY
fioro HazuBarTh cumeTpuuHuM. [Him Buau K3 € necumerpuunumu. K3 cynposo-
JUKY€ThCA 301IBIIEHHSIM CTPYMY B IOIIKO/KEHUX (Da3ax A0 3HaYEHb, K1 B IEKUIbKa
pa3iB MEPEeBUIYIOTh HOMiHAJBHI. [Ipu 1IbOMY CYTT€EBO 301IBIITYETHCS TEMIEpaTypa
IIPOBITHHMKA Ta CICKTPOIMHAMIYHUI BIUTMB MK CTPYMOBITHUMH YacTHHAMH. CTpy-
MOBIJTHI YaCTHUHU €JEKTPOYCTAHOBOK IMOBHWHHI OyTH PO3paxOBaHl Ha BIUIMB ITUX
CTPYMIB BIIPOJIOBK PO3PaXyHKOBOTO MEPi01y Yacy iCHyBaHHs aBapii, micist yoro K3
HEO0OX1IHO BUMUKHYTH 3acobamu peneitHoro 3axucty (P3). [lepion icnyBanns K3
TAaKOX XapaKTePU3YEThCS 3HWKEHHSIM PIBHSA HANPYTH y CHOKUBAUiB, IO TIPHU3BO-
JUTh 10 BAMKHEHHSI €JICKTPOABUTYHIB (P3 MiHIMaIbHOT HANIPYTH).

Jnst mpaBuiABHOTO BUOOPY €IEKTPOOOaHAHHS, MTOTPIOHO BMITH BU3HAYaTH
CTpyMHu 1 xapaktep ix 3minu B yaci. [Ipu K3 mae miciie nepexinnuii mpoiec, xapak-
Tep SIKOTO 3aJIe)KUTD BiJl CIIIBBITHOIIICHHS EMHOCTI 1 OTIOpY JiKepea kuBieHHs (SG,
cucrtema) i koia, B sskomy fie K3.

Bci moxmuBi Buniagku K3 aiis cripoiiieHHs aHaaizy YMOBHO MOAUISAIOTHCS Ha

JBI TPYIIU:
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- K3 y xomi, 1o oTpuMye XUBJICHHS Bl ITUH (CUCTEMH ) HEOOMEKEHOT TOTY K-
HOCTI;

- K3 mobnu3y rereparopa 00MeKeHOT MOTY>KHOCTI.

[Irunamu HeOOMEXKEHOT MOTYKHOCTI YMOBHO BBaXalOTh Take JHKEpPEsIo, Ha 3a-
THUCKAYax SIKOTO HaIpyra 3aJIUIIAETHCS HE3MIHHOIO TIPH OY/Ib-SKHX 3MiHAX CTPYMY
y TIIKII0OYEHOMY J0 HhOTO KOJIi. BiIMIHHOIO PHCOI0 CUCTEMU HEOOMEXKEHOI MOTY-

XKHOCT1 S,, € Te, 0 HOoro omip HE3HAYHUHN y TOPIBHSHI 3 OIIOPOM KOJa KOPOTKOTO

3aMUKaHHS.
4.2 Tpudasue K3 y kou1i 3 1xepesiom HeoOMeKeHOI OTYKHOCTI.

PosrnssHeMo mpocte cumerpuuHe TpudaszHe KOJO 3 aKTUBHO-1HAYKTHUBHHUM

OMOpOM, IO € XapaKTepHUM I OUIBIIOCTI peajbHUX E€JEKTPUYHUX MEPEXK, PHUC.

4.2.

Ua=U,sinwt

~ Up=Upsin(mt-120°)

S>eo

250 \Uc=Unsin(t-240°)

Puc. 4.2 3actynHa cxema TpudazHoi eJIEeKTPUUHOT MEPExi
bins mxepena >kMBIIEHHS, HAMPYyTa Ha 3aTHCKAYax 3aIMIIAETHCS HE3MIHHOIO,
T, K Y HOPMaJbHOMY PEXHMi POOOTH, TaK 1 IpHU
K3. BekTopHa niarpama cTpyMy Ta Harpyru JJis
HOpMaJbHOTO pexkumy (puc. 4.3), 1€ KyT ¢ BU-
3HAYAETHCS CITIBBIIHOMICHHSM 7 1 X YChOTO KOJIa,

3 ypaxyBaHHSIM HaBaHTaXKEHHS: ¢ = arctg(x/ r).

K3 posninse ko0 Ha Bl YaCTUHHU, B SKHX

Puc. 4.3 BekropHa niarpama o .
CTPYMy Ta HAIPyTH nepexigHi mpouecu (I.I1.) MPOTIKAIOTh He3ale-

JUIsL HOPMAJIbHOTO PEKUMY

xHo. [IpaBa yacTuHa 3anryHToBana Toukoro K3, i

CTPYM y Hiil Oyjie MPOTIKATH JO0 TUX Mip, TOKU HE BUTPATUTHCS €JIEKTpPOMAarHiTHa
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2
: L1 . .
CHCPI'LA, IO BU3HAYAECTHCA BUPA30M o . ®13U4HO 11€ € CHCPI'LA, JdKa 6}7]18. HaKo-
2

nu4eHa B KOTYIII iHAYKTHBHOCTI L. CTpyM I.II. BU3HAYAETHCS PO3B’A3aHHAM U~
» . 7/ . :
(depeHuiiHOro piBHAHHSA L o + i = 0 Ta 3aTyxae 3a eKCIIOHEHIIITHUM 3aKOHOM i(?)
4

t

. T o ey :
= ip-e ', ne Ty=L/r;. llepexinuuii mpouec y JiBiii YacTHHI, BU3HAYAETHCS
PO3B’sA3aHHAM AUGEPEHIIHHOTO PIBHSHHS
diy,
dt
JI€ U — MUTTEBE 3HAYEHHS HAIIPYTH JKepena.
Leit Bupa3 € neoanopiauum JIJIY Ta oro po3B’si30K CKIIaIa€ThCs 3 CYMU BH-

MYIIIEHOT Ta BIJILHOI CKJIQIOBUX

t

i (1) = (O + 1,0 =1 (0 + 140 = Psin(or + = ) +igoe
k

ne: U, — ammutitya ¢ha3Hoi HanpyTH JKepena; zx — moBHui omip kona K3; o — da-

Ly  xg

3HUHM KyT Hanpyru Jukepena B MoMeHT t=0 (MomeHT K3); 7, = — = —~ — crana
g wry
yacy koja K3;
Yk
Qr = arctg—.
Tk
AU Bumymena cknagoBa 00yMOBIICHA Ji€0 Ha-
Ic
IpYTry JKepelia Ta Ma€e NMeploguIHUN XapakTep 3
4acTOTOIO JIKepena TOMY 1i Ha3UBAIOTh MEPIOAU-
b 5 Iy
5 iy YHOIO
Uc Us in(t)=Im sin(ot+a — g ).
Is JUis peanbHUX KUI IK<<XK, TOMY KyT @y =
Puc. 4.4 Bexropna nmiarpama o .
peximy K3 90°, a BexTopHa aiarpama npu K3 mMae Burmsa, mo

roka3zaHuiu Ha puc.4.4
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BinbHa ckiamoBa Mae anepioMdHUNA XapakTep, TOMY ii Ha3UBalOTh anepioIu-

YHOIO

t

i()=i-e
B MoMeHT #=() mo4aTKOBe 3HAYCHHS I4(?) TOPIBHIOE
Lao=Lko— Ino.

B naBenmeHoMmy BHUpa3i MOYaTKOBE 3HAYCHHS TOBHOTO CTPYMY iko JIOPIBHIOE
CTPYMY MONEPEIHBOTO PEKUMY ik, = i(()), TOMY 11O 3T1AHO MEPIIOTO 3aKOHY KOMY-
Talli: CTpyM y KOJIl 3 IHIYKTUBHICTIO CTPUOKOM HE 3MIHIOETHCS, & IOYATKOBE 3HA-
YEeHHS MEePI0JIUYHOI CKJIaJOBOT BUBHAYAETHCS 32 BUPA30M

ino=Imsin(a — g )= 1, (¢ —90").

JIist IpakTHYHUX BUTIAJIKIB, € IIIKABUMHA YMOBH BUHUKHCHHS MaKCUMaJTBHO MO-
XKJIUBOTO TOBHOTO cTpyMy K3 Ta iioro anepioinyHO1 CKIaI0BUX, TaK K caMe BOHH
€ HaOUIbIII HEOE3MEUHUMU JIJIs eNeKTpooOaTHanHs. Buxoasauu 3 ocTaHHIX HaBe-
neHux GopmyJi, MOKHA 3pOOUTH BUCHOBOK, III0 MAKCUMYM I OYyJI€ Y TOMY BUIIAJIKY,
KOJIM Hampyra Jpkepena npu t=(0 npoxoautb 4epe3 HyJboBe 3HaueHHs (o =0), a
ctpymy y ko g0 K3 nHemae, To0TO monepeaHii pexum — HepoOouuit xif: i(0) = 0,
TOJI1 OTPUMY€EMO

lao=0-ino=-Limsin(-90°) =l

Kpugi 3minu ctpymy K3 ta
MOro CKJIQJIOBUX JJISI JAHOTO
BUIMAJKY HaBeJIeH1 Ha puc.4.5.

Makcumym MUTTEBOIO

3HAYEHHS CTPYMY ix(?) HacTae

yepes 0,01 ¢, micns nouarky K3

Ta HA3UBAETHCS YOAPHUM CIPY-

Hepexicnul npoyec Yemanenuti pescuu

> MOM iyo, ipu t=0,01 — TOPiBHIOE

Puc. 4.5 Kpusi 3minu ctpymy K3 Ta iforo cknamosux 0,01 c.
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—t —t ;t
i, =1, sin(0t—90°)+1, e" =1, sin(2-180-50-0,01-90°) + 1, " =1, +1,,e" =
—t

=1, (+e") =1,k =21k,

—t

o .. T,
1€ yaapHuil koeQilieHt k, =1+¢€

[TepexiaHuii mpoliec 3aBepIIyETHCS MICHs 3aTyXaHHS CKIIAA0BO1 o (MIPUOIU3HO
yepe3 47,), 1 gam ycranenuit ctpyMm K3 nopiBHIOE nepioguyHii CKIAA0BIH, 110 €
HE3MIHHOIO Y Yacl.

Jlitoui 3HAYEHHS CTPYMIB JIJIT MOMEHTY ¢:

1

nm

ﬁ ;

- IEP10AMYHOI CKNanoBoi [,, =1, =

- anepioAuyIHOl lor = iur;

- IOBHOI'O CTPYMY [}, = «/] ,i +1 §t .

4.3 Tpudasue K3 y koJi 3 1xepessom 00MexkeHOI MOTYKHOCTI.

JlJis naHoTO BUIIAJKy pO3TIITHEMO TakK 3BaHe HeBianaieHe K3, konu omip koma
K3 0% x< 6xr, mo npubIM3HO BiANOBizae onopy reneparopa xr. Ilpu Takiii He3Ha-
yHiil Biactani K3, Ha nmepexigHuil mpoiiec cyTTeBO BIUMBae 3MiHa napametpiB CI
npu iioro posmardiuyBansi crpymom K3 ta AP3.

1. CI" 3 gioxknmouenum AP3.

B takomy BuUmaaky ctpym 30yPK€HHS ip= const, T AI€I0 IbOTO CTPyMY B 00-
MOTII1 pOTOpa (PEKUM XOJIOCTOT0 XOAY), HABOJUTHCA MAarHiTHUM NOTIK Pp, puc.4.6.

lp

t
000

Puc. 4.6 3actynna cxema ansa TpudaszHoi Mepexi 3 BiikiroueHum AP3

B moment BuHukHeHHs K3 crpymy y kxom CI' Hemae, 1 3MiHHa Hampyra
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MPOXOJUTH yepe3 Hylb (a=(), TAKHM YUHOM CTBOPIOIOTHCS HAMOUIBII HECIIPHUSIT-
auBl ymoBu BUHUKHEHHS K3. CtpyM K3 cknagaerbes 3 1BOX CKIAMOBUX ik=inTiar.
Woro nepiommyna ckiagosa Bincrae Bix Hanpyru U Ha 3atickayax CT' Ha KyT ¢y,
o 3aiexuTh Bl napamerpiB K3 y komi. IlepioguuHa ckiiajoBa o0epTaeThes 3i
HMIBUAKICTIO POTOpa, TOMY MPOTIKalOYM MO OOMOTIII CTaTOpa, BOHA CTBOPIOE HEPY-
XOMHH BiTHOCHO @, Ta HANIPABJICHHUMN 3yCTPIYHO MOTIK Dsp, sikUid po3marniuye CI'
(puc. 4.6). Ha muisixy notoky @, Ha pOTOpPl BUHUKAIOTH JIBA MPOBITHUX KOHTYPHU:
a) nemndepHoi oomotku ta 6) O3I". B Hux nix giero ., HaBoasThess EPC ta BuHU-
KalOTh CTPYMH igo U ig¢. BOHU MAIOTh anepioJUIHIN XapaKTep Ta 3aTyXaloTh 3 MOC-
TIMHUMU Yacy, 110 3aJIe’KaTh BiJ] CIIBBIHOIICHHS L/ BIATIOBITHOTO KOHTYPY.

L1 cTpyMu CTBOPIOIOTH NOTOKH MOTOKU Pyo. U Dgs., TAK K MArHITHUN TOTIK
pOTOpa MUTTEBO 3MIHUTUCh HE MOXKE, TO/1 B MOMEHT ¢=() pe3yJbTyIOuni MOTIK B
3a30p1 @Dpe; JOPIBHIOE BUXITHOMY MOTOKY @Dy, TAKUM YUHOM MOTIK Dsp, y POTOPI
KOMIICHCY€ThCS BUIbHUMH ITOTOKAMH U 3aMUKA€THCS, B OCHOBHOMY, 32 IIIJIIXOM PO-
3CitOBaHHS 0OMOTOK cTaTropa

@pe30 = D9 — Do+ De.0.0 T Deo= Do
3Biacu Maemo, 1m0 EPC CI' B MoMeHT =0 He 3MIHIOETBCSI CTPUOKOM, a JIOPIBHIOE
EPC nonepennboro pexumy E”, sika JIerko BH-
3HAYa€ThCs 3 BekTopHOI miarpamu CI', puc. 4.7,
(MaeThCs Ha yBa3i, 10 MONEPEAHINA PEKUM HOMI-

HaJIbHUN):

E":UH/\/g'i‘leziSln(DH,

ne x4 — magnepexignumii omip CI' 3a mo3g0BX-

Puc. 4.7 BekropHa ):[iarpaMa Ccr HBOIO BiCCIO, OH — HOMIHAJIbHE 3HAYCHHS KyTa

3CYBY MK HOMIHaJIbHUM CTPYMOM [, Ta Hampy-
rowo Uy / \/§ . EPC CI'" B MmomeHT #=0 Ha3uBaeThbcs HaanepexigHowo EPC E"=E,,.

[TouaTkoBe 3HAYEHHA NEPIOANYHOL CKIIAI0BOI CTpYyMy KopoTkoro 3amukaHHs (CK3)

HA3UBAIOTh HAANEPEXIAHUM CTPYMOM, HOTO Jil0ue 3HAYCHHS 3a MEPIIN MepHoI
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BHU3HA4YA€THCA SK:

n n

[" _ ]_ _ E ’ I" _ Inmo
(xg +xx)

no - \/5 :
BnpoaoBik dacy BUIbHI CKJIQJOB1 CTPYMY 3aTyXarOTh 1 BIATIOBIAHO 3aTyXalOTh
BUIBHI CKJIQ/IOB1 ITOTOKIB; JIOBIIIE BCHOT'O 3aTyXa€ MOTIK @Dgq TaK SK 1HIYKTUBHICTH

O3l Lz — Bemuka. Ix cyma Bike He B 3MO3i KOMIEHCYBATH PO3MArHiuyBalbHYy Jil0

MIOTOKY @D, TOMY Ej 3BMEHIYETBCS, 1 B PE3YILTATI 3SMEHIITYETHCS TIEP10JHIHA CKJIIa-
2

nt

nosa crpymy K3:/,, = ——"—.
X4 +xk

Komnu BUIbHI CKIa0B1 CTPYMIB 3aTyXHYTh, JIJIs1 IEPIOAMYHOT CKJIaI0BOI HacTa€e
yCTaJCHUN PEXKUM, 10 00YMOBICHUN TOTOKOM Dpe;=Dy—Dp, Doy MAE MEHIIIE 3HA-

YEHHS YUM TIpH t=(), TaK sIK 4epe3 3MEHIIEHHS E,; 3MEHIIYEThCA CTPYM In:. [1oTOKY

1
@ye; ipu IbOMY BianoBigae ycraiena EPC Ex, 1 ctpyMm [o= ,,E;'O,IOO =2
X4 + X \/5

Taxkum unnoMm, 6e3 AP3 niroue 3HaueHHs ycrtaieHoro mnepioaununoro CK3 e
MEHIIIUM 3a 3HAYCHHS HAJIIEPEXiTHOTO CTPyMY: [ <17,

Anepioanuna ckiagoBa CK3 B 00MOTIII cTaTOpa CTBOPIOE HEPYXOMUH Y TTPOC-
tTopi MarHiTHUM NOTIK. [li7 #ioro niero B OB3 ta nemndepHiit 0OMOTIII HABOJAATHCS
EPC Ta cTBOpIOIOTBCS 3MiIHHI CTPYMH, 10 HAKIAAAIOTHCA Ha BIIBHI anepiofuyHi
cTpyMu B pe3ynbraTi MaloTh Miclie IyJibcallii BUIbHUX CKJIaJ0BUX CTPYMIB, TpUBa-
JICTh SKUX BU3HAYAETHCS YACOM alepioJMYHOTO CTpyMy B OOMOTII craropa. Ha
puc. 4.8 HaBeZieHa ocLUIIOTpamMa CTPYMIB Y CTATOP1 JUIsl pO3IIISTHYTOT'O BUITAJIKY.

Ak 1 B BUnaaKky xuBiaeHHs kosia K3 Big Sw, MakcuMasabHE 3HAUEHHS IOBHOTO
CTPyMY ik=iyo HacTae yepes 0,01 c. [IpuitHaTo BBakaTH, 1110 0 I[OI'0 YaCy MOMEHTY

int CYTTEBO HE 3MIHUTHCS 1 Oy/1€ TOPIBHIOBATH Lo, TOI
0,01
y — Ta —_
ly—] l+e —x/2]n0ky

mnQ
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[lepexionuil npoyec 2 Vemanenuii pesrcum

Puc 4.8 Ocuunorpamaboris K3 s sunagky CI' 3 BumkHeHnM AP3
2. Ilpu ysimknenni AP3 xaptuna cyTTeBO 3MIHUThCA. [Ipu 3HmxkenH1 Ur , ska
oyne matu micte ipu K3, AP3 306inbmmuts cTpym 30ymkenns i3, a npu Ur <0,85Uy
cripaitoe (popcyBaHHs 30YJPKEHHs, 1JI 3a0€3MEUeHHST MO0 MIBUAKOTO 3POCTaHHS
JI0 TpaHUYHUX 3HadYeHb. Takum yuHoM, AP3 pi3ko 30uibLIye OTIK @3, U, BIAMNO-
BinHo, EPC E,, 4epe3 mo 30uIblmyeTbest TmepioguyHa ckiagoBa CK3

Ent /(xc,; + xk)

Cucrema AP3 zie 3 neBHOIO 3aTPUMKOIO, 110 OB’ s13aHA 3 IHEPUIMHICTIO 1i efe-
MEHTIB. 30UIbIIEHHS CTPYyMY CTPyMY i3 CTPUMY€E TakoX 1HIYKTUBHICTH O3[" Lgp.
Tomy nist AP3 € momiTHOIO uepe3 Aesikuil yac micis nouatky K3 (puc.4.9). [louar-

KOBE 3HAYCHHS [, Ta iy 3AIMIAIOTHCS TAKUMH XK, 0 1ipu poooTi CI” 6e3 AP3.

F ot |

it

7\ !\‘/1ﬁ/‘i [\ 7\ [\ ]\m—
| \,’,@\a// V§W \.[__—U

Puc 4.9 Ocuunorpama tokiB K3 mns Bunaaky CI' 3 yBimknenum AP3

—
ve)

I
(

i

¥
JQ_L
—

V7

Inm
\
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['mubuna 3umwkenns Ur npu K3, 1 BignoBigHo 1 peakiiis AP3, 3anexuth Bij
esiekTpuuHoi BigaaneHocTi K3 Bix mxepena. Miporo BIIJaIEHOCTI IPUUHITO OMip
kona K3 x;. Ha puc. 4.10 HaBeieH1 KpuBi 3MiHU TIFOYMX 3HAYEHb TEPIOUIHOT CKIIa-

noBoi CK3 y yaci 11 TphOX XapaKTEepPHUX BUTIAJIKIB.

} i ki, ks,
x ™ x5y
I?I!
2(3 APB)
1(6e3 APB) _ \——//XT’:;;—
t t t
- - =

a) 0) B)
Puc. 4.10 KpuBi 3MiHM 1i104MX 3Ha4Y€Hb nepioanydHoi ckiaanaoBoi CK3 y yaci
ITpu K3 Ha 3atuckauax CI', puc.4,9a, AP3 4yHHUTH HE3HAYHHI BIUIMB, TAK SIK

po3marHiuyBanbHa Jist CK3 nepeBaxkae. 3i 301IbIICHHSM X, CTTiBBiqHOMEHHS [ / [”

n
30UIBIIy€EThCS, Ta MpPU 3HAYCHHAX Xj ~(4..6)x; Moxe OyTu Oinblie OIUHHIL,

puc.4,96. BignaneHnoro TOUKO0 Ha3UBaIOTh TOUKY, Ipu K3 y sikiit Ur = const. Tomy
I« B Bigganeniii Touni He 3MiHUTBCS, a Ta Oy/le MaTH ycTaleHe 3HaueHHs [,= [ =
I, puc.4,98.
4.4 Po3paxyHOK CTPyMY KOPOTKOTI0 3aMUKAHHSA

Tlpusnauennus ma nopsi0ox eukonanus pospaxyukis. Ilpu Bubopi enekrpooodia-
JTHAHHS Ta BU3HAYCHHI MapaMeTpiB CTPYMOBITHUX YacTHH eneMeHTiB Ha EC, BuHu-
Ka€ HEOOX1HICTh PO3PaxyHKY CTPYMY aBapiiiHOTO peXuMy. Y OUIbIIOCTI BUMAAKIB
JIOCTaTHhO BU3HAYHUTH CTPyM TpHudazHoro K3 y Micii MOMIKOMKEHHS, a Y TSSIKUX
BUIA/IKaX — PO3MOJUICHHS CTPYMY Y TUIKaxX CXEeMH, [0 0€3MOCepeIHhO TPUMHUKAE
710 LIbOT'O MICLISL.

OCHOBHOIO METOIO PO3pPaxyHKy € BU3HA4YCHHS TepioanydHoi ckiamoBoi CK3,
JUIsT HAOUIBII CKJIAIHOTO PEXUMY pOOOTH Mepexy. YpaxyBaHHS anepiojguyHoOl
CKJIaZIOBOi € HaOIMKCHWM, BUXOJSIYA 3 YMOBH, III0 BOHA Mae MaKCUMaJbHE 3Ha-

YEHHS B TIEBHUI MPOMIKOK 4acy.
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JIiist G1IBIIIOCTI TPAKTUYHUX 3aBAaHb PO3PaXyHOK BUKOHYETHCS 3 HACTYTHUMHU
MPUITYIIEHHSIMH:

a) ¢asu EPC cunxponnux rereparopiB (CI') He 3MIHIOIOTBCS B TPOIOBXK
ycworo nporecy K3, a came BiicyTHE KayaHHSI TeHEPATOPIB;

0) He BPaXOBYETHCS HACUYCHHS MAarHiTHUX CUCTEM, TAKUM YHHOM IHIyKTHBHI
OTIOPH €JIEMEHTIB MEPEKI HE 3aJIekKATh BiJl CTPYMY Ta € HE3MIHHUMU;

B) CTPYMOM HaMarHiuyBaHHs TpaHC()OpMaTOpiB MOXKHA 3HEXTYBATH;

r) Tpu(as3Ha cucTemMa € CHMETPUYHOIO;

) SIKIIO CHiBBiIHOIICHHS 1HIYKTUBHOI CKJIaJ0BO1 ONIOPY €JIeMEHTa 0 aKTHB-
HOI ckamae x/r > 3, To[i akTHBHOIO CKJIAJ0BOIO Y CXeMi, MOJKHA 3HeXTyBaTH. Lle
npunyieHHs 30ubmye CK3 He Outb, unM Ha 10-15 %, 1o € npunyctumum.

Po3paxyHok ctpymy nipu Tpudaznomy K3, BUKOHYIOTh Y HACTYIHIN MOCIII0-
BHOCTI:

- ISl YCTaHOBKH, 110 PO3TIISAAETHCS, CKIIAIaI0Th PO3PAXYHKOBY CXEMY;

- 32 pO3PaxXyHKOBOIO CXEMOI0, CKIIAJIAEThCS 3aCTyITHA CXEMa;

- MapaMeTPpHU €JIEMEHTIB 3aCTYITHOT CXEMHU, PUBOJISTHCS 10 0OpaHUX OA3UCHUX
YMOB;

- IIJIIXOM TIOCTYIIOBOTO INEPETBOPCHHS, 3aCTYIHY CXEMY MPHU3BOJATH JI0 Ta-
KOr'0 HaWOLIBII IPOCTOTO BUIIIAAY, OO KOXKHE HKEPEIIO JKUBJICHHS a00 rpyma jpKe-

pen 3 pe3ynbTyouoro EPC E .0y nos’s3ani 3 Toukoro K3 oxHuM pesynbTyrouum
OTIOPOM X35

- 3HAIOYH Ep,e3 Ta Xpe3, BIIMOBIAHO A0 3akoHY OMa, J1Ji1 KOXHOI T'JIKM BU3HA-
4aloTh MMOYATKOBE 3HAaUCHHs mepioanydHoi ckianoBoi CK3 I, anepioguyny ckJia-
NIOBY ig7 JUIA MOMEHTY T, yJIAPHUM CTPYM iy, @ IIOTIM OTPMMaHi 3HAYEHHS J10J1al0Th;

- 32 HEOOX1IHICTIO BU3HAYAIOTh CKJIAJIOBY NEPIOAUIHOTO CTPpyMy I, IS 3a71a-
HOTO MOMEHTY 4Yacy T, JJI YOTO MOIMEPEAHhO BH3HAETHCS CTPYMOPO3MOUICHHS B
TeHEPYIOUHX TUIKaX CXEMHU.

Pospaxynkosa ma sacmynna cxemu. Po3paxyHKoBa cxema — 1€ OJHOJIIHIHHA
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cXema eJIeKTPOYCTaHOBKH, B SIKY BBOJISITh €JIEMEHTH, [0 BIUTUBAIOTh HA 3HAUYCHHS
CK3. Ha uiii cxemi BIAMIYal0Th po3paxyHKoBi Touku K3 — takum ynHOM, 11100 ere-
KTpoamnapaty Ta CTPYMOBIJTHI €JIEMEHTH MOTPATUISLIA B HAWOUIBIIT CKIIATHI YMOBH.
BuxitoueHHs cki1aialoTh anapaTH Ha MPUETHAHHSIX 3 PEaKTOPOM, K1 0OMPAIOTHCS
3a 3HaueHHAM cTpyMy K3 3a peakropom. Ha po3paxyHKOBiil cxemi, BKa3yrThCsl HO-
MiHaNIbHI TapaMeTpH eleMeHTIiB (TeHepaTopiB, TpaHChOpPMATOpiB, peakTopis). Ix
OTIip, HABEJICHUH y JOBIJHUKAX Y BITHOCHUX OJMHIX (200 BiJICOTKAX), K1 MPUBE-
JI€H1 10 HOMIHAJIbHUX YMOB BIJIOBIAHOTO eneMeHTa. Onopom UInH, IEPEMUYOK, BU-
MHUKauiB, po3’€IHyBaviB y Mepesxi Harpyroto Buiie 1000 B, He BpaxoByeThcs uepes
ix Hesnaunuit BrutuB. J{iis JIEIT yacrinie BChoro, BKa3yeThes JOBKUHA Ta MOTOHHUN
IHIYKTUBHUH orip X, (OmM/kM). B meBHUX BUMaJKaxX BKa3ylOThCs MapaMeTpy HaBa-
HTaKEHHSI, 110 MIJKJIIOUYEHEe A0 IIUH IACTaHI].

Jns koxHo1 HaMmiueHoi Touku K3, ckinagaloThes 3acTylHa cXema, B sIKii eJiek-
TPOMATHITHI 3B’SI3KH 3aMIHIOIOTECSA enekTpuaHumMH. JIxepena marots Burisia EPC 3
BIJIMOBIAHUMU ONIOPAMHU, 1HIII €JIEMEHTH — Y BUTJISI OTIOPIB.

B ycranoskax Hanpyroto Buie 1000 B pozpaxynoxk CK3 BUKOHYIOTB Yy B1JIHO-
CHUX OJIMHULIAX, JAJIA [IbOTO YC1 OMOPH 3aCTYMHOI CXEMHU MPUBOATH 10 €IMHUX Oa-
3MCHUX YMOB Ta Y BiJIHOCHUX OJUHUIISX.

Ilpusedenns onopie enemenmis cxemu 00 OA3UCHUX YMOS. 3aTAIOTHCSI CUCTe-

Moo 6aszucHux Benuun: S;, Uy, I, X; npu npomy

I;= i s Xg = i )
J3U; 31,
ba3ucHi yMOBH 00MpParOTh BUXOASYM 3 MIpKyBaHb 3pYYHOCTI BUKOHAHHS PO3-
paxyHkiB. Jlns 6a3ucHOi MOTY>KHOCTI oOupatoTs yucio — 100, 1000, 10000 MBA
a00 Oyb-sIKEe 3HAYEHHSI, 1110 YaCTO MOBTOPIOETHCHI.

basucHOI0 Hampyroro € cepeaHs eKkciulyaraniiiia Hanpyra U, =U,,, y To4ui

K3, BignmoBinHo 10 mikanu cepennpoi Hanpyru: 0,4; 3,15; 6,3; 10,5; 18; 20; 24; 37,
115; 154; 230; 340; 515; 770 xB.

Taxum uynHOM, KOXHIN TouIll K3 OyayTh BiamoBigaTu cBoi Oa3MCHI Hampyra i
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ctpyM. Hmwxkue HaBeneHi Gpopmynu 11l BU3HAYEHHS OMOPIB €IEMEHTIB 3aCTyITHOI
CXEMH Y BIIHOCHUX OJUHUIIIX MPU OA3UCHUX yMOBaX.

Jlas CI' ta CK

" S6
E*]—':de D
HI

1€ X, — BIIHOCHHMH HaANEpexiIHUH 1HIYKTUBHHH OMIp 3a MO30BXKHBOIO BICCIO;
Sy — HOMiHaIBbHA MOTYXHICTh I'€HEpaTopa.
JU1sg 1BOOOMOTKOBUX TpaHchOpPMaTOpPIB
Ug% S;
)_C*T = s
100 Syr

ne Uyx —nanpyra K3 (%); Sy7 — HOMiHa/IbHA MOTYHICTh TpaHc(hopMaTopa,

Jist  TpuoOMOTKOBUX TpaHChHOpMATOPIB

abo amroTrpaHchopmaropiB Hampyra K3, mio

MIPUBEJICHA 0 MOr0 HOMIHAJIBHOI TOTY>KHOCTI,
XB Xc

BKa3y€TbCs AJIs1 KOXKHOI Tapu oOMoTok: U, , ;5

0
- Ugscr Uiy (%).3acTynna cxema Takux Tpa-

HC(popMaTOpiB Ma€ BUIJIAL TPUITPOMEHEBOI
H

3ipku (puc.4.10), BiTHOCHI OITOpU MPOMEHIB, 1110
Puc. 4.10 3actrymnHa cxema ajis

TpI/IO6MOTKOBI/IX TpaHC(i)OpMaTOpiB IpUBCACH1 10 0a3ucCHHUX YMOB, BU3HAYAIOTHCA

3a popmyniaMu

1 S
Xen=—Ugn i +Ugxp_o—Ur ) —2,
X«p 200( k- tUkp-c—Ugc-p) 5,

1 S,
Xeo =—Upp c+tUr_g—-Urp_z) ——,
XiC 200( kB-ctUrkc-p—Ukp-p) 5,

1 S,
Xeg=—Upp_ g +tUrxc_pyg—-Urp_ ) —.
Xopy 200( kB-HYUkc-g—Ukp_c) 5,

Jist TDI/Id)aBHOFO TDaHCd)ODMaTODa 3 PO3YCIVICHUMHU ooMorkamu HH:

SKIO Bigoma TuUIbkM Hampyra U, , ,, TOAl BIAHOCHI ONOpPU IPOMEHIB
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(puc.4.11.) mpu 6a3ucHUX YMOBax, BU3HAYAIOTHCS 32 (HOPMYJIIOIO

U. S

Xeypy = Xupr =1,75—EKBH 0

B L= 100 S
U. . S
, L =0,125 k8=t 20
XB 100 S,

AKIIO Y KaTano31l 3aJjaHi Hanpyra (OCTaHHE 3Ha-

YEHHS BIJTHECEHE 0 HOMIHAJIBHOI MOTY>KHOCTI

XHI XHQ oomotku HH), Toxi

'

Hl H-_;. X, = UKB—H . U KH1-H?2 S6
=7 100 200 )8, °
Puc. 4.11 3actynHa cxema ais

TpaHchopMaTopiB 3 PO3UEIIIICHOIO X = x, UKB H S6
o6moTkor0 HH —=*H1 12100 S,

Jliig rpynu 13 TphOX 0JHOGMaA3HUX TpaHCHOPMATOPIB 3 OOMOTKOK HHU3HKOI Ha-

OPYTH, 110 PO3YEIUIEHA HA JIB1 TUIKHA

Ukp-1 S6

Xep =05 Xapp) =Xagy =2 100 5.~
H

ne Sy — HOMIHAJIbHA MOTYXHICTh TPHOX (a3.

JIEII 3 HoMiHaIEHOO Hanpyrow 10 220 kB Bxiroyno ta 330-750 kB moBxu-

HOO 70 150 KM, BHOCATD y 3aCTyIIHY CXEMY Y BUIJISA1 IHAYKTUBHOTO OMOPY

S5

2
Ucep

X, = Xl ——

Jie MUTOMUM (MOTOHHUIN) orip Xo (3 Tabu. 4.1.), [ — noBxkuHa niHii, kM; Ucep — BU3HA-
YarOTh 3a MIKAJIOK CEPEIHbOI HAIPYTH, KB.

Tabmuus 4.1 — J[ani 11010 TUTOMOTO OMIOPY OKPEMUX €IIEMEHTIB MEPExKi

Tun JIEIT x0, OM/KM.
OHOJAHIFOTOBA TIOBITPSIHA JTIHIS: 0,40
6-220 xB

220-500 kB npu po3yenieHHi Ha J1Ba MpoBOAH y ¢asi 0,32
500 xB npu po3uenyieHHi Ha TpH MPOBOAU Y (a3i 0,28 (0,30)
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750 kB nipu po3yernsieHHi Ha YOTUPU IPOBOIH Y (asi 0,28

TpwxunsHUNA KaOeb:

6-10 kB 0,08
35 kB 0,12
OHOXUIBHUNA MacIoHAanoBHeHNH Kabens 110 kB 0,18

Peaktopu. /11 oqHApHUX PEAKTOPIB Y KaTalloTax yKa3yloTh HOMiHAJIbHY Ha-
npyry ta ctpyM Upnp, Iyp, @ TaKOX 1HIYKTUBHUN OMIp B OMax xp, a00 BIJICOTKaX.

BinnocHuii onip peakropa rnpu 0a3suCHUX YMOBaX BU3HAYAETHCS HACTYITHUM YUHOM

2
- ‘xp%[5

Xip =Xp S26 - xp%S6 ) Ynr ~ .
Ugp 100Sup \ Unyem 1001 gp

JI71st 3MBOEHUX PEaKTOPIB Y KaTallorax BKa3yeThCs 1HAYKTUBHHUHM OMIp OJHIET
TUIKY Ta Koe(PiieHT K3p, 10 BPaXOBY€E B3aEMOIHIYKLIIO MIX T'UIKaMu. SIKIIO JixKe-
PENo KUBJICHHS YBIMKHEHE JI0 CEPEIHBbOT0 BUBOY, a K3 BUHUKIIO HA MpUeTHAHH]
OyIb-SIKO1 TJIKA peakTopa, TO BIIHOCHHH OMIp T'JIKK IIPU 0a3MCHUX YMOBaX BHU3HA-
YarOTh AHAJIOTIYHO OJIMHAPHOMY PEAKTOpYy.

s CI', CK ta CJI HeoOxiaHO 3amatu 3HaueHHs Haanepexigaoi EPC, ske mo-

’KHA BU3HAUUTHU 3a MMapaMeTpaMu pexxumy, 1o nepeaysas K3
E :U/\/§+desingo.
YMOBHO BBa)KalOTh, 1110 YCI CHHXPOHHI MalllMHU npauoBain 10 K3 3 HoMiHa-

JLHUMU MapameTpamu, odnamroadi AP3 ta npuctposimu popcyBanHs 30y KEHHS.

Otpumani npu 1boMy cepesiHi BiiHOCHI 3HadeHHs1 EPC mxepen E,; HaBeneH1 HU-

K4yce.
E,
Typ6orenepatop norysxHictio 10 100 MBt 1,08
TypOorenepatop notysxHictio 6ubm 100 MBT 1,13
[igporenepatop i3 3aCOKIHIMBUMU OOMOTKaMHU 1,13
I'iaporeneparop 0e3 3aCMOKIMIMBHX 0OMOTOK 1,18
CHHXpOHHHI KOMIIEHCATOP 1,20

besnocepende ypaxyBaHHS HABAHTAXKECHHS BPAXOBVETHCS TUIBKH mpu K3 Ha

92



IIMHAX HABAaHTa)XCHHS, K€ HAJA€ThCS y BUIUIAMl Yy3arajlbHEHOro JKepena 3
Eepy =0.85; x5 = 0.35.

YacTo HaBaHTa)KEHHS BPaxOBYIOTh OIOCEPEIKOBAHO, KOPEKTYIOUM BiJIIMOBII-
HuM unHOM EPC renepatopiB. Tak HaBaHTa)Ke€HHS, 110 MiAKI0ueHe A0 muH PY re-
HEPATOPHOr0 HANPYTH Ta € CIIBPO3MIPHUM 3 MOTYXKHICTIO T€HEPATOPIB, BPAXOBY-

eTbest nuIsixoM kKopekuii EPC renepaTopiB 10 cepeHbOi HOMIHAJIBHOI HAaNpyTH, a
came 710 3HaueHHs Ex =1, ske € cepeanim mix paxtuunoro EPC reneparopis 1 EPC

y3araJbHCHOTO HaBaHTAKCHHS.

Cuctema Moxe OyTH 3a7jaHa JeKIIbKOMa CII0CO0aMu:

a) 3araJIbHOIO IOTYKHICTIO CUCTEMU Syc 3 IPUBEACHUM JI0 HET 1 pe3yIbTyI0uuM
OTIOPOM X+ Y TOUIIl, 10 SIKOi MPU€ETHAHA YCTAaHOBKA, 0 PO3PaxoBYIOThCs. BigHoc-
HUH OIip CUCTEMU TTPU OA3UCHUX YMOBAX JIOPIBHIOE

S5

= Xk, S ,
HC

E*c

0) nirounM 3HAYEHHSM MepioanyuHoi ckiaanoBoi CK3 Bix cucremu Ic [KA] abo

notyxHicTio K3 Sé [MBA]. B ubomy BUnaaxky

B) TuoMm BUMHKaya, 1110 BCTAHOBJICHUH B JTaHOMY BY3Jly €eHeprocucremu. Bpa-
XKalTh, 0 cTpyM TpudazHoro K3 3a num BUMUKaYeM JOPIBHIOE HOMIHATLHOMY
CTPYMY BIJIMHKaHHS BUMHUKA4a lsion. TOMI 3 YMOBU TPAHUYHOTO BUKOPUCTAHHS BU-
MHUKa4a

So

Xe="mF=

\/g[ eiOMUcep |
r) Y JesKUX BHUITaJIKaX BY30JI IMIKIIOYCHHS 10 CHCTEMH BBOKAIOTh «IIIMHAMHM
HECKIHUYEHHOI TOTYXHOCTI». B 11boMy Bunaaxky xc=0 1 3Ha4Y€HHS CTPyMY Yy MicIIi
K3 Bix mxepen cuctemMu, BUBHAYAETHCA TIIBKA OMOPOM JIiHIT 3B S3KY 3 CUCTEMOIO.

EPC cuctemu y BCiX BUINaJKax MPUHMAIOTh TaKOI0, IO JOPIBHIOE 3a71aHOi 200
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CepeHIN eKCIuTyaTalliiiHii Hanpy3i y By3/1 NpUETHAHHS; YacTimie ycboro Exc=1,0.

OTpuMaHi 3HaYEHHS OTMOPIB Pa30M 3 HOMEPOM, SIKUH 30epiracTbcs 3a eJIeMeH-
TOM JI0 KiHIIS pO3PaxyHKY, HAHOCSATHCS HA 3aCTYMHY CXEMY Y BHTJISAL 1poOy: B Uu-
CEJIbHUKY PO3MIIICHUM MOPSAKOBUNA HOMED €IEMEHTa, a B 3HAMEHHHUKY — 3HAUCHHSI
B1JIHOCHOTO 1HAYKTHUBHOTO OTIOPY.

Ilepemeopenns 3acmynnoi cxemu 0o Haunpocmiuwio2o euenady. Jns orpu-
MaHHS PE3yJIbTYIOUOI0 €KBIBAJIECHTHOI'O OINOPY Xpr3 KOPOTKO3aMKHEHOT'O KOJia sl
naHoi Touku K3, BUKOpHUCTOBYIOTHCS HACTYITHI IEPETBOPECHHS CXEMU:

- 3aMiHa JEKUIBKOX OIOPiB, 3’€IHAHKUX ITOCIIJOBHO, CKBIBAJICHTHUM:
Xt = Xoe] Tt e+ Xy s
- 3aMmiHa JAEKUJIbKOX OIOPIiB, 3’ €IHAHUX MAPAIEIbHO, €KBIBAJICHTHUM:

1 | 1
— =t

X X X n

SKIIO Ha MapajiesbHy poO0Ty BMUKAIOTh kepena 3 pisHumMu EPC, To pe3yb-
tytoua EPC, 3Haxoautbcs 3a popmysioro:

E*:i

PE

1

3’eqHAHHS 31PKOIO 31 3HAYEHHSMH OIOPIB
X1, X*2, X*3 y (puc.4.12) MOXHa 3aMIHUTH €KBI-
BAJICHTHUM TPHUKYTHUKOM 31 CTOPOHAMH X*12 ,

X*13, X*23 32 (HOPMYJIOIO

X3
X|3 =X tx3+ s
X2
X2
X120 =X + X9 + 5
X3
Puc. 4.12 3actymnHa cxema aiis
p03y1.v1iH¥{;1 BapiaHT 3’ €JHAHHS OIIO- X33 =Xy + X3+ %
PiB 31pKOIO Ta TPUKY THHKOM X1

JI1st 3aMiHU TPUKYTHUKA €KBIBAJICHTHOIO 31PKO0, BUKOPUCTOBYETHCS (popMyia
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X12X13

xl = )
Xip + X3 + X3
X12%23
X2 = ,
Xjp + X3 + X3
X122 X
X3 = 13%23

Xjg +Xj3+ X3

CyTTeBe CIPOIIECHHS CXEM JOCITAETHCS CyMIIIEHHSIM TOYOK OJTHAKOBOTO MTOTE-
Hiiany. Tak, skmio y cxemi (puc.4.13a) EPC mxepen (E; ta E32) 1 BIAIOBIAHI OIOpH
(X1 Ta X3, X4 Ta X5, X6 Ta X7) — OJIMHAKOBI, TO PIBHOMOTEHINIAIIbHI TOUKH «a» Ta «B»
MOHA cyMicTUTH. [Ipy ibOoMy Onopu 0AHOWMEHHHX (OJJTHAKOBUX) €JIEMEHTIB 1012~

I0Th, SIK MapanenbHi (puc.4.130).

B pe3ynibTarti nepeTBOpeHb cxeMa MPUBOAMTHLCS 10 OJAHOrO 3 BUiB (puc.4.14

a-B), 10 € 3py4yHuMU JyIs po3paxyHkiB CK3 3 ypaxyBaHHSM 1HIUBIAYaJIbHOI 3MIHU

CTPYMY Yy NIE€BHOMY ITPOMEHI.

]
o : : |
E, X1 a_ . b . Y /
X E, Xi//Xs Ko/l %7
- | |: [ 1 ‘I'_,f
F T b ."I-..-‘- A . il L J 1 ’.,‘r"
"—l'_|_‘ ﬁ '_L_.'_l'. 54:_"\;5 KS
R L Xg
— ]
= = Xa
Es  — —
- L I
X3 B X5
o

Puc. 4.13 Etanu nepeTBOPEHHsI CKJIAAHUX CXEM
Heo06xiaH0 3BeCTH cXeMy J10 IBOX-TPhOX (MAaKCUMYM YOTUPHOX ) MPOMEHIB, 110
3B’SI3yI0TH JKepena 3 Toukoro K3. B okpeMi mpomeHi BUAUISIOTHCS PI3HOTHUITHI Te-
HepaTOpH; OJTHOTHUITHI T€HEPATOPH 3 PI3HOIO BIJIIaJIEHICTIO BIIHOCHO To4kU K3 (Te-
HEPATOPH OJHIET CTaHIIi, IO MiAKIoYeHI 10 PY pi3Hoi Hampyrw); reHeparop, Ha
muHax sikoro BuHukae K3; cucrema. Ha puc.4.14.6,a-6 HaBeieH1 HaWMpOCTIlIi BU-

najKku, KOJau JpKepena 3B’s3aHl 3 Toukoro K3 Ge3nocepennnbo, Tomy ctpym K3,
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MOKHA BHU3HAYUTH OKPEMO BiJl KOkHOTO JpKepena. Ctpym y Touri K3 mopiBHIOE

CyMe CTPYMIB Bij JIxKeper.

X1
Ei X E Xm ¢

a) 6) B) r)

Puc. 4.14 BapianTu 3B’ 43Ky JKeped )KUBJICHHS 3 Toukoro K3
Jia cxemu, sika moJli0Ha HaBeleHIH Ha puc.4.14B, HEMOXKHA pPO3paxoOByBaTH
CK3 Bi11 KOXKHOT0 JIKEpesia OKPEMO, TaK K CTPYM MPOTIKAE MICIIE MOIIKO/IKEHHS B
MICIIE MOUIKO/IYKEHHS Yepe3 3arajlbHui omip Xs. Taky cxeMy MOXHa epeTBOPUTH B
€KBIBaJICHTHY A-IIPOMEHEBY (3a KIJIBKICTIO JKEPEI) TAKUM YUHOM, 1100 pe3yJbTy-
IOYUH OIip Ta CTPYMOPO3IOALT B TPOMEHSIX 3alTUIITUBCS HE3MIHHUM. C III€F0 METOIO
CHOYATKy 3HAXOJATh KOE(PIIEHTH CTPyMOPO3NOJLTY 32 NMPOMEHSIMH: Uil YMOB

puc.4.146, BUXOASTH 3 TOTO, IO CTPYM € 0OEPHEHO MPOIMOPIIHHUM OTIOPY

X X
C — 2 — E12 :
xl + X2 Xl
X XE12 .
CH2 = = )
xl + .X'2 XZ
X1X2
XE12 = )
Xl + X2

a MOTIM BU3HAYAIOTh PE3YJbTYIOUMIA OMip MPOMEHIB, puc. 4.14 r

X pes _ Xpes
c. 2T
JI1 JI2

X =

Pe3ynbTyrouuit omip Xpes, U151 cxemu (puc.4.14 B), BusHadaeThes 3a GopMyJioro

Y )
xpe3 ——+X3.
Xl +X2

Sxio npu po3paxyHKy 1HAWBITYAIBHOI 3MIHU CTPyMY B TUIKaX Te€HEPATOPiB
BUKOPUCTOBYETHCSI METO]] TUTIOBUX KPUBHX, TO CXEMY, 110 HaBeJeHa Ha puc. 4.140,

NIEPETBOPIOBATH B N-IIPOMEHEBY HE MOTPIOHO.
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Busnayenns nouamrkogoeo 3uauenns nepioouunoi cknadogoi CK3

Skimo HeoOXiHO BU3HAYUTU TUIBKU TOYATKOBE 3HAYECHHS PE3YIbTYIOUOTO
CK3, 3acTynmHy cxeMy MpsiMOi MOCITIOBHOCTI MPUBOJATH 0 HAWTIPOCTINIOTO BH-
riany (puc.4.15a), a mairoue 3HaYEHHS IIYKAHOTO CTPYMY 3HaXOJSTh 32 3aKOHOM

Owma, KA

n

Ex e3
p ]6 ,

Ino = Ixols =
* pes

S5 :
ne [, =———,U;=U toutni K3.
o ‘\/?_’U5 o cep Y

Pe3ynbTyroda po3paxyHkoBa 3acTynHa cxema (puc.4.15a-B) 3ainexuTh Bij BiJI-

JaNeHOCTI Ta Xapakrepy 3B’ sa3ky CK3 3 mkepenom.

EF'I'--'- E 3 E-:P'.!; E = E‘ -
L Ia TITE l Lo Iz III
e Npe Xopm Xrpaz Fepma
a) 6) B)

Puc. 4.15 BapianTu BUTIIsALy pe3yJbTyr040i 3aCTYITHOI CXEMU

[Ipu i oTpuMaHHI MOXHa BUAUIMTH TPU OCHOBHUX BUITAJIKU:

a) Touka K3 3nauHo BijaaneHa Bij ycix jxepen eneprii: reneparopis, CK, ce-
K111t eHeprocuctemu u cucremu BH 3 motyxxuumu neurynamu. Hanpuknazn, K3 3a
TPETUHHOIO OOMOTKOIO aBTOTpaHc(opmaTopa 3B’ 53Ky, 3a JIHIMHUM PEaKTOpOM, Ha
npuitmanpHOMY KiHIll TynukoBoi JIEIT 35...220 kB. B npoMy Bumaaky muissxom 3ro-

pTaHHS 3aCTYIIHY CXEMY MEPETBOPIOIOTH 10 HAMMPOCTIIIIOTO BUTIISALY, BUBHAYAIOUU

"
pesyabpryrouy EPC Ex Ta PE3YJbTYHOUUN OIIP CXEMHU X#pes. 111CIIS1 IBOTO IIyKaHE

pe3>
3HAYCHHS MEPIOJUYHOT CKJIaJ0BOI CTPyMY B ITOYATKOBUH MOMEHT K3 3HaX0aUTHCS
3a (opMyJI0I0, IO HABEICHA BUIIIC.

0) Touka K3 3HaxoauThcs moOAM3y ONHUX JKEpeNn Ta BiJJaleHa Bij 1HILIUX.
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Hamnpuknan, K3 Ha 3atuckavyax reneparopa ado CK, na mmnax PY y miciii miakro-
YyeHHs1 OJIOKIB «TeHepaTop-TpaHchopMarop». B 1boMy BUNAAKY 3aCTYNHY CXEMY
NEPETBOPIOIOTH TAKMUM YMHOM, 1100 111 pe3ynbrytouumu EPC i omopowm. Lo rinky
3a3BUYail HA3MBAIOTh «T€HEPAaTOpPOM». [HII JKepesa BUILISIOTh B OKPEMY TIKY,
Ky Ha3UBaIOTh «CUCTEMOIO» 3 Pe3ynbTylouuMu EPC Exme; 1 OOPOM X*rpes (PHC.
4.14,6). B Taxiif 3acTynHii CXeMi «T€HEPATOP» U «CUCTEMa» 0e3MOCepeaHbO TiIK-
mroueHi 10 Touku K3, 1 mepiogudHi CKIafioBl CTPYMIB L0 1 [ne AJISI KOKHOT TUIKH
OKpPEMO MOKHa 3HAaWTH 3a (opmysor Bu3HaueHHA cTpyMy K3. PesynpTyroumit
ctpyM y micii K3 10piBHIOE CyMi CTPYMIB y BUAUICHUX TUIKaX [, =10 + 1, -

B) Touka K3 3HaxoauThCst moOIM3y rpynu aCHHXPOHHHUX JIBUTYHIB, SIKi 32 T0-
TY>KHICTIO € CIIBPO3MIPHUMU 3 MOTYKHICTIO TpaHc(opmaTopa >xkuBieHHs. Hampu-
knaza, K3 Ha cekuii BII. B Takomy BUIaiKy 3acTyIlHy cXeMy NEPETBOPIOIOTh TAKUM
YUHOM, 1100 IBUTYHH, TOOJIN3Y SKUX 3HaXOAUThCA Touka K3, Oynu BuaLICH] B OK-
peMy TuIKy 3 pe3yiabTyiouot0 EPC Exjpe; Ta 0oOpOM Xxfpes, puc.4.14,B.

Taxy rinaky 3a3Bu4ail HA3MBAIOTh EKBIBAJICHTHUM JBUTYHOM. EKBIBaJICHTHI T1a-
pametpu rpynu asuryHiB BII na cexuii 6 kB 6iokiB TEC 1 AEC, HaBeneni B Ta011.
4.2.

Ta6muns 4.2 — ExBiBasieHTHI mapameTpu rpynu asuryHis BIT

En epro fnok Ki Ky X, ari  R— Tnep,c Tagp,c Kvnn
12C 6.1 1.06 0,173 0,91 0,07 0,04 1.65
BBOP-1000 6.6 1,17 0,171 0.94 0,1 0,067 1,77

[TpuBeneHHS X*/pes 1O OA3UCHUX YMOB, BUKOHYETHCS 32 (POPMYIIOI0

Ss 5
Xt flpes = X ipes ¢ = X Jlpes
HY H>

Jie 3arajbHa MOTYXKHICTh Sux 200 cTpyM luz, 3HAXOIUTHCS MUISAXOM JIOJaBaHHS I10-

TY>KHOCTI (CTpyMY) YCIX JABUTYHIB

P.
SHZ :Z#:ZSHZI > [HE :ZIHi
i Pui i i

Skiio ckiaa HaBaHTakeHHS Ha cekiisax BII € HeBimoMum, Toa1 Ipu opraHizamii
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’KUBJIEHHS Bl pobodoro Tpancpopmaropa BII npuitaatu S,

ni.men » @ TIPU

’KMBJIEHHI B1Jl ITycKope3epBHOro S,; = 71,58

HNp.MCH > Ac SH SHmCH — HOMIHa-

np.mcH >
JBHI OTY>KHOCTI BiIMOBITHUX TpaHchopmaTopis. s TpanchopmMaTopis 3 po3uen-
JICHO0 OOMOTKOIO HU3BKOI HAINIPYTH, JJI BU3HAYEHHS Sy, BUKOPUCTOBYETHCS TIOTY-
JKHICTB oxHiel rutku HH.

Jxepena eHeprii, ki 3M1HMCHIOIOTH NijpkuBIeHHs Micusg K3 uepes tpancdop-
marop (pob6ounii TBII ado ITPTBII) BUALIAIOTE B TUIKY «CUCTEMH» 3 €KBIBaJICHT-

HUMH NapamMeTpaMu Excy,,, Xxcpes - 1lepionmuni ck1agosi crpyMiB I, lnc 1

KOXKHOI Ti1ku (puc.4.14,B) 3HaX0a4ThCs 32 popmyrioro 3HaxopKkeHHs CK3.

PesynbTytounii ctpym y Touri K3

o =10 +1nc

4.5 Po3paxyHok nepiogn4Hoi cki1aaosoi CK3 B 10BIJIbHMI MOMEHT Yacy.

Metoa TUIIOBHX KPUBHX.

[Ipu po3paxyHky nepioanuHoi ckianoBoi CK3 B cknagHux cxemax 10 MOMe-
HTY 4Yacy ¢<0,5¢ pEeKOMEHIYyeTbCS BUKOPHUCTOBYBAaTH METOJ THUIIOBUX KPUBUX
(MTK). Bin rpyHTy€ThCSl HA BUKOPHUCTAHHI KPUBUX 3MIHHM B 4Yaci CITIBBIIHOIICHHSI
let/l20, o0 OOy I0BaH1 TIpH pi3HiM Bignanenocti Touku K3, ne I, 1.0 — nepioanyHi
cknagosi CK3 Big reHeparopa B JOBUIbHMI Ta ouaTkoBuit MomeHTH K3. Bennuu-
HOIO, 1[0 XapakTepu3ye BigganeHicTh Touku K3 Big reHeparopa, € CriiBBiIHOIICHHS
cTpyMy lro 10 HOMIHAIBHOTO CTPYMY T€HEpaTopa:

Lo =1ro M rom »

ne [HoM — HOMIHaNBHUI CTPYM reHepaTopa, NPUBEIECHUI 10 TOrO PIBHSA HAIPYTH,

nie 3HaxonuThes Touka K3; et ctpyM MokHa 3HANTH 32 (HOPMYJIIOHO:

_ Proum
\/5 ) Ucp *COS Dy

b

Lriom

ne Puon [MBT] Ta coS @uon — HOMIHANBHI 3HAYEHHS MOTYKHOCTI Ta Koe(illieHTa Mo-

TYy)XHOCTI reHepaTtopa; Ucep [kB] — cepemHs Hampyra TOTO piBHsS, Ha SKid
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3HaxoauThes Touka K3. [1pu BukonanHi po3paxynkiB CK3 y BIIHOCHUX OJIMHULISX,
IpUBEACHUX 0 0a3UCHUX YMOB, €JIEKTPUYHY BIAJANEHICTh JOLIBHO BU3HAYATH 32
dbopmyI010
Se
I o I, o s
S HX

ne 1.rp - BIAHOCHUI CTpyM Bij FeHepaTopa B MOMEHT ¢=(), IpuBeAEHUI 10 Oa3uc-
HUX YMOB. EneKTpuuHa BiIJaleHICTh TEM MEHIIA, YUM OLIbIIE 3HAYEHHS [, ).

[Tpu npuitHsaTOMY crioco0i1 omiHoBaHH Biananenocti K3, kpusi 1./1., Maio 3a-
JeXaTh BlJ MapaMeTpiB Ie€HEpaTropa, BiA iX HABAHTAXKEHHSA Ta CHOCOOY MiAKIIO-
yeHHsi, Tomy MTK 3 g0cTaTHBOIO 111 TPAKTUKH TOYHICTIO JTO3BOJISIE BU3HAYUTH
CK3 Bix ycix cyyacHux cuHxpoHHux mamuH (TT ot 12 go 1000 MBT, I'T u CK)
IPY PI3HUX CXEMax €JEKTPUYHUX 3’ €HAHb EJIEKTPOCTAHIIIN (K TIPH HASIBHOCTI Mi-
CIIEBOT'0 HaBaHTAXKEHHsI, TaK U 0e3 HbOro). TUIOBI KpHBI /Il BUBHAYCHHS 3MIHH Y
yaci CK3, naBeneni Ha puc.4.16.

It/ o [e2/]c0
8% | v 11

] 1.0 lro/lof= 0.5

- 0.9 / ,|0.6
3 / 0.7
0.8 N

4 0.8

I‘rn INOF

e
0.9 N \

08 \\\
N

1.0

AN
|

07 ] \A\ 07 \\ :
s = = e T
== IRTNNAS
0.5 [ t [c] 05 \X \\ lxt/]m
0 0.1 0.2 0.3 04 05 1.0 09 0.8 0.7 06 05
a) 6)

Puc.4.16 Tunosi xpuBi
Ski1o B po3paxyHKOBIH cxeMi MOYKHA BUJIUIUTH OJIMH a00 JMeKiIbKa OTHOTHII-
HUX T€HepaTopiB, K1 3HAXOJATHCA B PIBHUX YMOBAX y BiHOWIEHHI A0 Touku K3,
TO/1 BOHA Oyjie MaTH BUTJIAJ, HaBeleHU Ha puc. 4.15a, 1 po3paxynok CK3 B noBi-

JIbHUA MOMEHT qaCy BHKOHYETLCA 3a AOIMOMOI'OI0 THUIIOBHX KPHBHX 416 B
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HACTYITHOMY TIOPSJIKY:
1) Busnauntu noyatkoBe 3HaueHHs nepiogndHoi ckianoBoi CK3 Bix renepa-

Topa (abo Tpymnu reHepaTopiB) 3a GOPMYIIO0

E.r

-)_C*F

Iro=""1=Lols-

2) BU3HAUUTH E€IEKTPUUHY BIINANEHICTb [, n (IIpU TPyl OJHOTHIIHUX I'EHE-

paTopiB 3aMiCTh Pjou HEOOXITHO MIJACTABUTH CyMapHy HOMIHAQJIbHY MOTY>KHICTh
TPYIU TEHEPATOPIB, & 3aAMICTh Suon — CyMY MTOBHOI TIOTYKHOCTI T€HEPATOPIB). SKIIO

BIZHOCHUH cTpyM [,y MaTUMe ApoOOBE 3HAUYEHHS, TO HOro OKPYIIIIOIOTH 10 Hail-

OJIMKYOTO MIOTO 200 IHTEPIOJIIOIOTH KPHBI;

3) 3a kpuBoIO I./I., SiIKa BIAMOBIAAE 3HANACHOMY 3HAUCHHIO 1./l , 151 IOTPI-
OHOT'O MOMEHTY 4acy t, HEOOX1THO 3HAUTH CIIBBITHOIICHHS CTPYMIB L./I.,=Y;

4) 3a 3Haiinenumu B 1.1 Ta 1.3 3HaUYEHHAM I, Ta ), BU3HAYAETHCS J10YE 3HA-
yeHHs nepioanyHoi ckianoBoi CK3 Bij reneparopa (rpynu) B MOMEHT ¢

Ir=yIro-

Skmo y cxemi (puc.4.14.a) nekinbka TrijoK 3 PI3HOTUIIHUMH T€éHEepaTopamMu
(rpymamu), Toi A KoxHOI riku CK3 B MOMEHT ¢ BU3HAYAIOTHCS OKPEMO, a TIOTIM
JI0J1at0ThCSI.

MeTon THMOBUX KPUBUX JOIUIBHO BUKOPHCTOBYBATH Y BUMAIKY IOPIBHSIHO
HeBeNuKoi Biganenocti Touku K3 Bij reneparopa (y reneparopis, 3a Tpanchopma-

Topamu 3B’s13Ky cranuii 3 EEC), a came, xonu BinHOCHMH cTpyM [, o >15. Ilpn
Liro <1,5ctpym Bim cHHXpOHHOI Ma-
[IMHU PAKTUYHO HE 3MIHIOETHCS Y Yaci,

Xepes

7 TOMY TaKy Ta Iie OUIbII BiajajieHI Ma-

; L ‘
ey l_ |
) I |
[‘““” J ol []' /‘ muHA MokHa 00’ eqnatu 3 EEC, Bix skoi
T KO\ 4K
Fpo ~ —— nepiogudHa ckimagoa CK3 npuiiMaeThes

Irolln)

4.17 3actynHa cxema 31 CIIBHAM OIOpPOM He3MIHHOIO y Waci [y =1, =const.

IJIA TeHEpaTo aiCI/ICTeMI/I
patop Y Bumanky, komu Touka K3
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3HAXOJIUTHCS 32 OIOPOM X, IKHH € CIIUTBHUM JIJIS TeHepaTopa i cuctemu (puc. 4.17),

a BIJJTAJICHICTD Li€1 TOYKM OT T€HepaTopa € Takoro, mo I, n > 1,5, Toai HeoOXigHO

BPaxOBYBAaTH 3MIHY y 4acl AIIOYUX 3HAYCHb MEPIOAUYHUX CKIAJOBHX CTPYMIB Bij
redeparopa I ta y micii K3 [ Ilpu npomy kpim TunoBux kpunux (puc. 4.16a),

HEOOX1JTHO TAKOK BUKOPUCTOBYBATH KpHBI1 (puc. 4.15 0), 11s skux noOynoBaHi 3a-

1 1 : . 1
Lt — f1 2K | g pisemx cmiBBizHOmeHs —2y Mexkax ot 1 10 0,5.

1 1o ko ]ko

JIEKHOCTI

[pu ILO < 0,5 3MiHOIO Yy Yaci JIF0YOro 3HAYEHHS MEPIOUYHOI CKIAJ0BOI CTPyMY
ko

B Mic1ii K3 MoxHa 3HEXTyBaTH.

[Topsinok po3paxyHKy cTpymy I y Micui K3, 3 BUKOpUCTaHHSM TUIIOBUX KpH-
BUX, AKIIIO €KBIBAJICHTHA PO3paxyHKOBa CX€Ma Ma€ BUIJISA, 0 HABEJCHUI Ha puc.
4.16, BUKOHY€ETHCS B HACTYIHIM MOCIIAOBHOCTI:

1) 3naitn X, .. 1 E

pes x pes T& BUSHAUUTH [0, KA:

E,
_ pes _
]Ko_ ]6_]*1<0[6’
* pe3

2) BU3HAYUTH MOYATKOBE 3HAUYECHHS CTPYMY F€HEepaTOPHOT T'JIKH, KA:

E*rppe o I*KOX*

Irg= S5 =1irols

* pe3
1 criBBiOHOMIEHHS Lo/xo;

3) 3HaliTU eNEeKTPUUHY BiAJANCHICTD 1, ), Ta BUOpaTH Ha puc. 4.16a, BiANOBI-
IHY KpHBY 1 3a ii XapakTepoMm, AJIst 331aHOTO MOMEHTY ¢, BU3HAUUTU [y /I ;

4) 3a 3HalieHuM 3HaueHHsM [ / I Ta cuiBBigHOWEHHM [ / 1,0 32 Kpu-
BUMU Ha puc. 4.160, Bu3HaunTH ciiBBigHomenus [, / 1o = f;

5) 3a 3HaliieHUM 3HaueHHSIMU [,y U [ BU3HAUYUTHU LIyKaHE JA1I0Ye 3HAUCHHS

NEPUOIUYHOT CKJIaI0BO1 cTpyMy Yy Miciii K3 B po3paxyHKOBHI1 MOMEHT £, KA:

[Kt:ﬂ'IKO'
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[Tpu po3zpaxynky CK3 BUAUISIOTH TPU XapaKTEPHUX BUTIAIKU.
1. IIpu Bignanenomy K3
Ly =1y
2. Ilpu K3 no6nu3y cMHXpOHHOT MaIlIUHUA
Ly :zlrt +1.,
ne Y. 1I,,— cymapuuii nepiomuunmii ctpym K3 Bij reHepatopiB muis MOMEHTY f, 10
BU3HAYA€THCSI METOJIOM TUNOBUX KpuBHX; [, — CK3 Big cucremu, 10 3anuinaeTses
He3MiHHUM B Tiporieci K3.
3. IIpu K3 Oins By371a HaBaHTa)XKEHHS IBUTYHIB
Ly=1p+1.,
ne Ly — nepiognunuii ctpyM K3 BiJ ABUTYHIB Y MOMEHT £, IO CYTTEBO 3aTyXa€ B
nporeci K3.

Crnporenuii Bupa3s 1iei ckiaagoBoi ais AJl, Mae BUTIISI:

ne T,,, — obupaerbes 3a Tabm. 4.2.

[Tpu BukonanHi po3paxyHky CK3 B mepexi BII, nBuryHnu, mo migkitoueHi 10
OJTHI€1 CeKIii, 3aMiHIOIOTh €KBIBAJICHTHUM JBUTYHOM a00 rpylaMu €KBiBaJCHTHUX
JBUTYHIB, SKIIO y Mepexi BII MaroTh Miciie acCHHXpPOHHI Ta CHHXPOHHI JBUTYHHU.
JIist uMx rpyn BUpas Juisl BA3HAUEHHS neploandHoi ckiiagoBoi CK3 B MOMEHT ¢ Mae

BUTJISIT

Ly =v40() Lago+7e(t)-1Ic 0,
Ae ¥4 (t) VeI (t) — KoeIIEHTH 3aTyXaHHS MEePI0IUYHOT CKIIaJ0BOI CTPYMY BiJl
ACHHXPOHHOTO Ta CHHXPOHHOT'O ABUIYHIB Y Yaci; /4 0,/ j0T09aTKOBI 3HAUCHHSI

nepiognuaux ctpymis Bix Al Ta CJI.
B moment ¢ = 0,1 ¢ (yac cripaitoBanHsi BUMHKadiB y Mepexi BII cranmiit) mos

TEC 3 renepatopamu notyxHictio 60-150 MBrt y 4 7=0,2; y¢ ;=0,6; ms TEC 3
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6xokamu 200-1000 MBrt y 4 7= 0,25; y¢ ;=0,6. Anepionmana cknanosa CK3 Bix

JBUTYHIB /U1 MOMEHTY dacy ¢ = 0,1 € 6;IM3bKOI0 10 HYJISL.
4.6 Po3paxyHoK anepioaM4HoOl CKJIaJ0BOI Ta yaiapHoro crpymy K3.

[IpuknagoM po3paxyHKy BUKOPUCTOBYEMO BHIMAJ0K, KOJIM IMMOYATKOBE 3HAa-
yeHHs1 CK3 nopiBHIOE aOCOTIOTHOMY 3HAYEHHIO 33 aMILIITY 100 NEPIOINYHIN CKIa-
JIOBIH cTpyMy B MOMeHT K3

lg0 = \/5 Iy0-

Metonuka po3paxyHKy anepioanyHoi ckianoBoi CK3 B MOMEHT ¢ TakoX BU-
3Ha4aeThCs BiananeHicTio Micist K3 Big mkepena.

1. ITpu Bigmanenomy K3 (puc. 4.14,a) npuitMaroTh, 110 anepiogrudHa CKIIaq0Ba

CK3 3aryxae 3a eKCIIOHEHIIAIbHUM 3aKOHOM 3 €KBIBJICHTHOIO CTaJIOI0 Yacy:

t

: T,
lat == \/Elnoe ae 9

X —
_ Fpes(r=0)
Tae - >
a)rpe3(x=0)

€ X pes(r=0) > Vpes(x=0) — PE3YIBTYIOUNH OTIip 3aCTYMHOI CXE€MH, B SIK1i BC1 €JIEMEHTH

MPEICTaBIICHI a00 TUTBKHU 1HAYKTUBHUM a00 TUTHKH aKTUBHHUM OIOPOM; IPU BHU3HA-

YCHI X, , CM y cXeml NpeicTaBieH] y BUMNIAM 1HAYKTHBHOTO ONOPY 3BOPOTHOI

[IOCJIIJIOBHOCTI X2.

Y naphnii crpym K3 Bu3Ha4a€ThCs Yepe3 yAapHHil KOCPILIEHT &, :

0,01
Lo :kya\/ilno, ky() =l+e Tae

[Ipu BiiICyTHOCTI HEOOXITHUX JaHUX LIOJO0 AaKTUBHOT'O OINOPY €JIEMEHTIB abo

JUIsL CKOPOYCHHS O0YHCIICHb 3HAYCHD T, U k),) /Ul JaHOTO Ta HACTYIIHHX PO3paxy-

HKOBHX BI/IHaI[KiB, MOXHAa BU3HA4YUTU 663HOCepeI[HbO I XapaKTCPHUX €JIEMEHTIB

¥ YaCTUH €HEeprocucTeMu 3a Taoiu. 4.3.
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Tabaurs 4.3 — 3Ha4eHns 7, U k), U CICMCHTIB U YaCTHH CHEPTOCHCTEMH

EnemerTi abo 4acTHHH eNeKTPHHHOT CHCTEMH Ta ko
TypGoreneparopn noryaiicrio, MBr:

12— 60 0,16 -0,25 | 1,940 1,955
100 — 1000 0,4-054 | 1,975~ 1,980
baok rypboreneparop (60 MBT) — rpanciopmarop npw

HOMINANLILE nanpysl reneparopa, kB:

6,3 0,20 1,95
10,5 0,15 1,935
bBaok ryploreneparop — miasuiysanbHuil tpaHeopmaTop npu

NOTYARIOCTI rencparopa , MBT:

100 =200 0,26 1,965
300 0,32 1,977
500 0,35 1,983
800 0,30 1,967
Cuerema, 110 38" s3aHa 31 301pHUMU mHAMK, 1@ posrasaerhes K3,

MOBITPAIAME JUHAMK Hanpyroio, kB:

35 0,02 1,61
110~ 150 0,02-003 | 161-172
220 - 330 0,03-0,04 | 1,72-1,78
500 - 750 0,06 -008 | 185-189
Cucrema, 1o 38's3ada 31 36ipuusmu wnnamu 6-10 kB, ne

posrasgacTees K3, uepes tpancopMartop 0AMHHYHOT TOTYKHOCT,

MBA;

80 ta Guisine 0,06-0,15 | 1.85-1.935
1280 0.05-01 1,82 190
32 Ta MeHe 0,045-007| 1,80-185
Biaranymenna, 10 3aXMILEHI PeaKTopaMn 3 HOMIHAILHUM

cTpymom, A:

1000 Ta Ginsie 0,23 1,956
630 Ta MeHIe 0,10 1,90
PY 6 - 10 kB 0,01 1,37

2. IIpu K3 mob6muzy renepatopiB, CK abo 0110KiB «reHepaTop — TpaHchopma-

Top» (puc.4.14,0) uist KOKHOI TIIKK 3HAXOSATh €KBIBAJICHTHI CTa yacy 7,

Ta yAapHi KoedilieHT £, ., k),

t

.. . I~ A~ T
lat =lat,e Tlgte = 2-0p0e N2 Iy

iyd = iyd,z + iyd,c = ﬁ ' ky()

k.- IIpy IbOMY 3HaU€HHS CTPYMIB

t

T

,2 'Inzo +\/§'ky0,c 'Inc

T

ae.c> “ae.c

3. IIpu K3 noGau3y rpynu aBuryHiB (puc.4.14,B) 1jist KOXKHOI 3 TJIOK 3HaXO-

JUITh CKBIBAICHTHI cTail 4acy 1., , Ty,

105

Ta yAapHi KoedieHTn k5, k.

Y



(Tabm. 4.2, 4.3). Toai 3HaUYCHHS CTPYMIB

t t

S . T T
lat =lgt,0 Tlatec = 2-Lyp0e +‘/§'Ince o

iyd :iyd,d +Z.yd,c = \/E'kyd,d ']n()o +\/E'kyd,c '[nc;

0,01 0,01

T T
kya():1+€ “w tfe

3HaueHHS ky() » UIA eKBI1BaJIeHTHOro HaBaHTakeHHs O10kiB TEC ta AEC, Ha-

BeseHl B Ta0. 4.3.

Ockunbku it AL 7, 5 < T,

e.o» TOA1 alleploYHa CKIIaZA0Ba CTPYMY IT1JKHB-

J€HHS i, , 3aTyXa€ 3Ha4HO LIBUALIE MepioguydHoi ckiaanosoi /,; ,. Tomy mMoxHa
3HEXTYBaTH 3HAYEHHSM i, , npu t > 0,1 ¢, Akmo nBuryH 3’eqHanuil 3 micuem K3

yepes3 peaktop abo TpaHchopMaTop, Mo SKOMY MPOTIKA€E TAKOK CTPYM Bij] CUCTEMHU.
JIJ1s1 KOXKHOTO 3 PO3TIISIHYTUX BUTIAIKIB BU3HAYAETHCS BIJICOTOK CKJIAI0OBOI arie-

PIOUYHOTO CTPYMY:

% =——a__.100.

\/5°Int

B neskux Bumaakax 3HaueHHs [ HEOOX1THO BU3HAYATH JUIS T1JIOK TeHepaTtopa

ta cucremu (puc.4.14,6). Ilapamerpu [/

i > lgs» P 3a3BUYAN PO3PAXOBYIOTH JJIS MO-

MEHTY T, L0 AOPIBHIOE CyMi MiHIMAIIbHOTO 4acy CIPaLIOBaHHS 3aXUCTY (), ; min =

0,01 ¢) Ta BracHOMY 4aci BIAMHUKAHHSA BUMUKAYIB fg o 1T =1, 5 min +1¢ . Ll mapa-

METPU BUKOPUCTOBYIOTHCSI TPU BUKOHAHHI MEPEBIPKM BUMHKAUIB HA BIIMUKAJIbHY
3/IaTHICTb.

Ipuknao. Buznauutu ctpym tpudaznoro K3 mis KEC 4x500 MBT, po3paxy-
HKOBa cXema HaBejieHa Ha puc. 4.18.

Buxinni pgani. Typ6orenepatopu [''—I's tumy TI'B-500; Pyr=500 MBT;

cosQur=0,85; x4 ’=0,243; Uur=20 xB. bnouni tpancopmaropu: Ti tumy TILI-
630000/220; U=11%; T2-Ta TUITY TL-630000/500; U=14%.
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Astotpanchopmaropu 3B’s13ky ATy, ATz tuny ATIALTH-250000/500/230; Uk B-
1=24%; Ux B-c=10,5%; U« c.n=13%. Tpanchopmatop Ts (ITPTBII) tumry TPJIH-
40000/35; Ux B-u=11,5%; Ux n-5=20%. 38’5130k 3 cucTteMoro Ha kiaci Hanpyru 500
kB Tproma miHisiMu 10BKUHOIWO 400 kM. [ToTyxHicTs K3 Ha mumHax mpuiiMarodoi
cuctemu S¢ =20000 MBA. Ha knac nanpyru 220 kB niakio4eHuit MiclieBuil pailon
HaBaHTaxxeHHs Py =250 MBT; cos ¢ = 0,85.

Ha po3paxyHkoBiii cxemi BiaMmidaroTbcs po3paxyHnkoBi Touku K3 Ki ta K> . 3a
HABEJICHOIO CXEMOI0 PO3po0JsieThes 3acTynHa cxema (puc. 4.19). Po3paxyHok Bu-
KOHYETHCS y BIIHOCHUX OJIMHHMIISX; 32 0a3UCHY OTYXKHICTh npuiiMaeTbest Sg = 1000
MBA, 3a 6a3ucHy Hanpyry — cepeas Hanpyra micus K3, a came:

Ugs =515kB; L5 =1000/ (\/3-515) =1,12k4;
Uger = 230KB; I5.5 =1000/ (\/3 -230) = 2,5xA.

[TapameTpu e1eMEeHTIB 3aCTyTHOI CXEMU MPUBOATHCS A0 OA3UCHUX YMOB (7151
CITPOIIICHHS 3aMHUCY «31POUYKY» B IHJIEKCI Ta PUCKY HaJl OYKBEHUM MO3HAYCHHSIM T1a-
paMeTpiB OMYCKAEMO).

Jlnst renepaTopiB

X| =Xy =X3=2X4 :xéﬂzo,243 1000

Pyr 500/0,85

5 5

E|=Ey=FE;=E,=U+1-x;sinp=1+1-0,243-0,527 =1,13.

Jlst 6GnouHux TpanchopMaTopis

Py K2 L K1
230 xB - 515 kB oo
1
(— |
J ArZ | J T () T4
= T
i (0 s S N T i
x Foo— FRrl P R P

Puc. 4.18. Po3paxyHkoBa cxema
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40 4
Puc. 4.19. 3actynna cxema

U%.S5 11 1000

X5 = =0,175;
100 S, 100 630
oy _ 14 1000 _
67T 00 630
Jlst aBToTpanchopmaTopin
Xo =Xy =X —L(U +U U )S5 L(lo 5+13-
9 12 €7 500 kB-C xC-H Y xB-H S 200 >

H

—24)% =—0,01~0;

X10 =X13 = Xg :ﬁ(24+10,5—13)%20,43,

X11=X4 =X, = 2(1)0(24 +13-10 5)12050(;) —0,53.

st tpancdopmaTopa 3 po3dIuIeHO0 0OMOTKOI0 HU3bKOT Hanpyru Ts

,@0:_L(UQLH-f&ﬂ:i]§é=—l{}L5—39)%£?:037i

100 2 S, 100 2
xm:xzz:U,{H_H_i 20 1000_50.
100 S, 100 40 ’

H

s JIEIT 3 Ta6:1.4.3 mrs U = 500 kB npuiimaemo xo = 0,28 Om/kM, TOI1

Yis =i = X7 = x [+ —0-=0,28:400- 1220 _ 0,41,
U2, 5152

Jlnst cucremMu
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xlgzs—ézw:o,os; E =1,0.
S, 20000

" "
Jia HaBantaxenna E, =0,85; x, =0,35, Toal

;% :0’35& -
S 250/0,85

H

b

9 =X

Pospaxynox CK3 ¢ mouyi K;. Ilpu BukonanH1 po3paxyHky K3 B Toui K mi-
JOKUBIICHHSIM B1J] HABAaHTA)KEHHSI MOYKHA 3HEXTYBATH, TAKUM YMHOM T'UIKH 3 X11 , X14
Ta X19 BIAKHUIAIOTHCS.

BuKOHY€TBCA CIIPOILIEHHS 3aCTYITHOI CXEMMU:

Xy5 =X +x5=0,41+0,175=0,585;
Xy =X10/2=0,43/2=0,215;
Xy7 = X5 +Xp6 =0,585+0,215=0,8,;
Xyg =Xy +x6 =0,41+0,22=0,63;
X9 =Xpg/3=0,63/3=0,21.
s reneparopiB Ex = Es = E4 = 1,13, Tomy ekBiBasieaTHa EPC E15=1,13;
X390 =X15/3=0,41/3=0,137;
X31=X309 + X3 =0,137+0,05=0,187.
VY miacyMKy OTpHMaHa cxema, 10 HaBeJeHa Ha

puc. 4.20. 3naxoaumo ckianosi CK3 y rinkax B Mo-

MeHT t = 0:
Iro zﬂ-[@d = L13 1,12 =1,58 k4,
Xy 0,8
1,13
Puc. 4.20 Cnpomiena IFZO,__F40 = 0.21 1,12=16,02 x4,
3acTyIHa cXema ’
1. :;-1,1225,99 KA.
0,187

3arajibHUI CTPyM

Igro=Iro+Iro. ro+Ico=158+6,02+599=13,6 xd.

Jlnst BUOOpY BHMHKA4iB HEOOXITHO BU3HAYUTH iy, @ TAKOXK MEPIOJIUYHY Ta
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anepioguyny ckianoBi CK3 B 3agaHuii MOMEHT 4acy 7, SIKUM € MOMEHT PO3XO-
JKEHHS TyrOTaCHUX KOHTAKTIB BUMHKada 7 = 0,01 + t,.
Jlist mpuKIaay BU3HAYUMO HEOOX1HI BETMYMHU TTPU BUOOP1 BUMHUKAUiB B PY
500 xB: ymapni ctpymu 115 rutok I' u C (7, 1 K, obupaetbest 3 Tadi. 4.3: Toc = 0,06
¢; Kyoe=1,85; To,.= 0,35 ¢; Kyo..= 1,983 ):
iy r.ra =2 1,983 (1,58 +6,02) =21,22 x4;
iyy.c=21,85-599=15,6 x4;
tyr k1 =21,22+15,6 =36,82 KA.

Hexaii B PY 500 kB nepeabaudaioTbest 10 BcTaHOBiIeHHs1 Bumukadi BHB —
500/3200 —40VY1 ¢ tes. = 0,02 c. Tomi t=0,01 + 0,02 = 0,03 c. /s 1bOr0 MOMEHTY
yacy T, BU3HAYA€ThCsl MEpioInuHa Ta anepioanyHa ckiianosi CK3.

[lepionnuHa ck1a0Ba BiJ] CUCTEMH € HE3MIHHOIO y 4Yaci:

I, =5,99 xA;

—
anepioMvHa CKJIa0Ba Bl CHCTEMU
0,03
iyre=N2-599-¢ %06 =512 x4;

B rinkax 0y0KiB MepioAu4Hy CKJIAJ0BY BH3HA4aroTh 3a jonomororo MTK: y
ruti I'1 BIZHOCHE 3HAYEeHHS CTPyMY

L13 1000
0,8 500/0,85

) .

*I'10 —

Excrpanomoroun kpusi Ha puc. 4.15a, qisa ©= 0,03 ¢ Buznauumo Ir/Iro= 0,97,

TO/1 I =0,97-1,58=1,5326 xA.

VY rimmi ['2 — T4 BigHOCHE 3HAYSHHS CTPYMY

LI3 1000
0,21 3-500/0,85

Ly ra=

b

3a kpuBuMH Ha puc.4.15a i t© = 0,03 3naxoparscs [, /15 =0,95. Binno-
BIXHO Iy  r,=0,95-6,02=5,72 KA.

AnepioJInyHi CKIaJ0B1 CTPYMY
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0,03
i r1=N2 1,58 ¢ 035 =2,04 x4;
0,03
burr2.ra =N2-6,02-¢ 033 =78 x;

cymapHi ctpymu y Touui K
Igy=1,5326+5,99+5,72 =13,2426 x4,
lyr k2 =2,04+5,12+7,8=14,967,8 rA.

K2 Er Pospaxynox cmpymy K3 y mouyi K>. 3

..-; ] . ypaxyBaHHs M1)KUBJICHHS BiJl HABaHTa-

— ﬁ""_ : xeHHsA y Touli K3, miciig nepeTBopeHHs
— [‘I]T.Z% oTpumaemo cxemy (puc. 4.21).

s Toro mo0 3naiiti CK3 y no-
Puc. 4.21 3actynHa cxema Mepexi 3

ypaxyBaHHIM 1T pKuBIeHHEsS Touky K3 YaTKOBUM MOMCHT, BU3HAYUMO CKB1Ba-

nentHy EPC reneparopis I'2-1'4 Ta cuc-
TeMHU

E B 1 113

_X1 X9 _ 0,187 0,21 _
1 1 1 1
+ +
X31 X929 0,187 0,21

Eg 1,06;

€KB1BaJIEHTHUI1 OIip

Xyy =20 BL 4y =0,099+0,215=0,314.
X9 T X3

CkuianioBi nmouarkoBoro 3HaueHHs: CK3 y rinkax

Iy :hl@d 2,500 483 4
X25 , 5
IHO :2,5' 0’895 :1,79 KA,
]KO :IFZ...F4,C0 :EI@CZ = 2,5 . 1’06 :3,3762,5 :8,44 KA,
X33 0,314

CymapHuii o4aTtKoBuil CTpyM Iy o =4,83+1,79+8,44=15,06 xA.
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CrioyaTKy BU3HAYA€THCS CTYMIHb 3aTyXaHHs nepiogndHoi ckiuanoBoi CK3 mis

momenty 7 =0,01+¢,, ., =0,01+0,06=0,07c Big cucremu i renepartopis I'2-I'4
(g Bumukayis PY-220 kB sinnosinae ¢, ..., =0,06c).
[TouyaTkoBe 3HAUYEHHSI IOBHOT'O CTPYMY BiJ ITUX JKepen OyJi0 BU3HAUYECHE BUIIIE:

Igo=1r2..raco =Lexolo =3,376-2,5=8,44 x4

Crpym Big ['2-T'4
Es—Ligo-xy 1,13-3,376-0,215

Lr20..r40= oo 0.21 =1,92;
Ir20..r40 =L+ raloe =1,92-2,5=4,8 kd.
Ctpy™ Bia cucteMu
1., =8,44—-4,8=3,64 kA
3HaX0/IUMO CITiIBBIIHOIICHHS
Iro/ Igo=4,8/8,44~0,596
Ta eJIEKTPUYHY B1JIJIaJICHICTh
Lspomy=1 *F2...F45Sﬁ = 1392% =1,

3a xapakrepuctukamu Ha puc.d.15,a gua t = 0,07c BHU3Ha4YaeThCA

I/ 1pg=y=0,985.

3a orpumanuM y =0,985 1 cniBBigHOWEHHAM, [/ [y =0,569 3a xapaxre-
puctukamu Ha puc. 4.150 BusHauaerscst Iy, /Ixo=p=0,99, 3Bincu
Ig; =Bl =0,99-8,44=8,36 KA.

Hpnmitka. Tax sk [xpq(,) =1,088 <1.5, T 3MiHOI0 y Yaci JiF090r0 3HAYCHHS
IIepl0JUYHOI CKJIJI0BOI MOXKHA 3HEXTYBATH, TOMY [x; =[x =8,44 KA.

Jlist BU3HAaUEHHS CTyNEHIO 3aTyxaHHs nepioguyHoi ckinanoBoi CK3 Big I';:

Epy 1,13
Irg=—"50=25
X25 5

=4,829 KA;
5

3HAXOJMMO €JIEKTPUYHY BiIJIaJI€HICTh
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S; _ L13 1000
Syr 0,585 500/0,85

Loy =1Lxr10

b

3a kpuBuMH Ha puc. 4.15a mna 7=0,07c BuszHauaemo [ /1;(=0,9. Toni
I,=091;,=0,9-4,829=4,346 KA.

Jlnst BU3HAUeHHs piBHA 3aTyXaHHs nepioanyHoi ckiagoBoi CK3 Bin riaku 3
y3arajJbHEHUM HaBaHTAKECHHSIM:
BigHocHu# cTpyM (€IeKTPUYHY BiIaJICHICTh)

0,85 1000
7119 250/0,85

b

st MmoMeHTy 7 =0,07c 3a xkpuBumu Ha puc.4.15a BusHauaemo g, / Iy =0,94,
TOM1
1,,=0,941,,=0,94-1,79=1,683 KA.
Cymapnuit CK3 y Toumni K, B Mmoment 7=0,07c
Igr, =11, +1,, + 1, =4,346 41,683 +8,3556 =14,385 KA.
VY napuuit CK3 y touni K,
iy ra..ra =N21,983-4,8 =13,42KA;

iy.c =~2-1,85-3,64=9,495KkA;
iy 2 =2 1,983-4,829 =13,502kA;

iy =~N21,72:1,79=4,354 KA;

4
iyﬂ,Kz = Zlyﬂl = 40, 771 KA,
i=1

Anepionnuna cknanosa CK3 y touni K,
007
iar,F2...F4 = \/5 4,8-¢ 0.35_ 5,541 xA;

_0.07
iy =~2-3,6de ©00=1,508 KkA;
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0,07

igr.r, =N2-4,829¢ 035=5575 kA;

0,07

e =N2-179% 004=0,439kA;

iaT,KZ = iaz',F2...F4 + iaz',

c +iar,F1 +iar,H = 13,153 KA.

4.7 Oco0.1MBOCTI PO3PaXyHKY CTPYMIB KOPOTKOI0 3aMUKAHHS

B CHCTEeMi BJIACHUX MOTPed eJIeKTPUYHOI CTAHIIl

[Tpu BunukHenHi K3 B cucremi BnacHux notped (BII) enektpuunoi cranmii (T.

K-1 puc. 4.22) cyTTeBHii BIUTMB Ha XapakTep MPOTiKaHHS mporiecy Ta 3HaueHHs: CK3

MarOTh ABUT'YHH, O1O 3HAXOOATHCA HO6JII/I3y MiCHiI ITOIIKOJ>KCHHA.

Puc. 4.22 Oco6muBocti npoTtikanas K3
B cucreMi BII enexTpudanoi craniii

Haitbinbi1 cyTTEBO 11€ SABUIIE CTAE TOMIT-
HuM B Mepexi BII 6 kB notyxuaux TEC Ta
AEC, ne HailOUIbI1I MOMIMPEHUM € aCHHX-
POHHUIN TPUBIA 3 KOPOTKO3AMKHEHHM PO-
topoM. [Ipu BunukuenHi K3 nobnuzy nux
CIIO’KMBAYiB, HAIIPyra Ha 3aTUCKavyax 3HU-
KY€EThCS 10 3HAUYEHHS, 1110 € MEHILINUM IX-
Hboi EPC. B npoMy BUIaIKy ABUTYHHU Ii€-
PEXOIATh Y PEXUM TIE€HEepaTopiB, MO Ii-
JOKUBIIIOIOTH  CTPYM Y  MICI  ITOIIKO-

JDKEHHS. AHAJIOr1YHO ITOBOIITH CEOE 1 CHU-

HXPOHHI IBUTYHU. bepyun 10 yBaru 3Ha4Hy MOTYXXHICTh BKa3aHUX MPUUMAYIB eJie-

KTPUYHOI €Heprii, € HeOOX|IHMM BH3HAYATH HE TUIBKU 3HAYCHHS aBapIMHOTO

CTpYMy BiJ €HEPrOCUCTEMH [y, @ TAKOXK CTPYM HIJKUBJICHHS 3 OOKY JBUTYHIB

Ik 75 - 3aranbHU CTPYM, IO € CYMOIO BKA3aHUX CKIIaJI0BUX, BAKOPHCTOBYETHCS IIPU

BUKOHAHHI PO3pPaxyHKy aBapiiHOIO peKUMY, IIpU BUOOP1 Ta MEPEBIpIll €ICKTPUY-

Hux anapatiB Ha PY BII, Ta po3paxyHKy BCTaBOK NPUCTPOIB PEIECHHOTO 3aXUCTY.
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[Topsinok BU3HaueHHs 1boro ctpymy (T. K-1 puc.4,21) nactynHuii:

1. Ha ocHOBI BUXIAHUX JaHUX CKJIAJA€ThCI PO3PAXYHKOBA CXEMa EJIEKT-
POYCTaHOBKH,;
2. Cknamaerbcst 3acTtynHa cxema st BusHadeHHs CK3 Bijg 30BHIIIHIX

JoKepen (EHEProCUCTEMHU, 3 YPaXyBaHHIM €JEKTPOCTAaHIII1) Ta BU3HAYAETHCA Pe3yJib-

Tytounii onip 1o 1. K1, morim Busnawaroteca cknanosl CK3 1,00 =1,.c, 1,.c»

I,5c 3 60Ky cucremu;

3. Busnavaetbcs 3aragbHa HOMIHAJIbHA MOTYXKHICTh YCIX €JIE€KTPOJIBUTY-

HIBY_ P,y1,.06 » IO MIKITIOUEH] 10 cucTemu 30ipHux mmH BII 6 kB, me posrisaa-

eTbes K3. SIKI10 TOYHA KIJIBKICTh ABUTYHIB HEBIIOMA, JIJIs1 HAOIMIKEHUX PO3PAXYH-
KIB MO’KHA BUKOPUCTATH BUPa3

1
Z HoM.08 ~ HOM TBIT abo Z PHOM.()@ ~ 5 S nom.TBIT

(axmo TBII Bukonanuit 3 posmemieHoro oomorkoro HH), ne S, ., rp;; — HOMiHa-

JbHA MOTY>KHICTh TpaHc(opMaTopa BIaCHHUX MOTPEO.
Po3paxoByeThcs MOYaTKOBE 3HAYCHHS TIEPIOIMIHOT CKIIAIOBOT CTPYMY ITiJIKH-
BJICHHSI BiJl IBUTYHIB, KA,

Z HOM.08

g COS Qg \j_ HOM

1 110.06 — =1 Iyex — =1 *[yck Z HOM.08 — =1 *Hycx

—4 ZPHOM.de —4 SHOM.TBH
U U

HOM HOM

abo

S
I110.06 = 4—;(3'”17

HOM

ako po3risinaerbed K3 3a TBII BukoHanuii 3 poswenieHor oomorkoro HH. B

HaBEJIEHUX BUpPa3ax S,,,, rpr; NpuiMaerscs B MBA; U B KB.

HOM ~—
4. Busnavaerbcs nepioanuna ckinanoBa CK3 Bij JBUTYHIB y MOMEHT Yacy

7=0,01+¢ KA;

6J1.6UM.>

115



. —7/0,07
117766 _1170066 .

5. PozpaxoByetbes anepioanyna ckiagoBa CK3 Bijg IBUTYHIB y MOMEHT

yacy T, KA,
Luzos =21 rrooge™™ >,
6. Busnavaetbcs yiapHuil CTpyM BiJl ABUTYHIB, KA,
iy().()e = \/51 11 Odeky().c)e
e kyp g =1.65.

[Ipu BHOOp1 €IEKTPUYHUX amapaTiB Ta CTPYMOBIJIHMX YAaCTHH Y KOJ1 BBOAY
6 kB TBII (Ha puc 3amTpuxoBaHo), Tpeda MaTH HA yBa3i, 10 BUKOPUCTOBYETHCS HE
cymapre 3navenns CK3, a ma cknadosa ska € Haboinvuworo (ad6o Big cucteMu, abo
BiJ nBUTyHIB). O0OJIaIHAHHS Y BJIACHUX KOJIaX JBUTYHIB OOUPAETHCS BXKE 3a cymap-
Hum 3uadennam CK3 (cuctema Ta IBUT'YH).
4.8 HecumeTpU4Hi KOPOTKI 3aMUKAHHS
Bukopucmanusa memooy cumempuyHux cKiaoo8ux 8 po3paxyHKax Hecumempu-
ynux K3. B Tpudaznux mepexax MOXyTh BUHUKATH HACTYIHI BUJIH HECUMETPUY-
nux K3: nBodasni K3; ogno- ta nBodaszni K3 na 3emito. Po3paxyHok HecumeTpuy-
HuX K3 3py4HO BUKOHYBaTH, BAKOPUCTOBYIOUN METOJI CHMETPUIHHUX CKIIATOBUX. B
IILOMY METOJIi HECUMETPUUHY CHCTEMY CTpyMy ab0 HampyTH, SiKa CKIAJAEThCS 3
TpbOX BekTOpiB A, B, C, MOXHA 3aMiHUTH TPbOMa CHMETPHUYHIMH CHCTEMAMH Be-
KTOPIB NMPAMOI Zl, l?l, a, 3BOPOTHOI A_z, B_z, CTz Ta HYJIbOBOI %, B_O, C_'O oc-
JJOBHOCTEN, TAKMM YMHOM JJIsI YCiX TPhOX (a3:
A=+ A+ g
B=B+B, +By=a’ A +ad, + Ay ;
C=C+Cy+Co=adj+a’* 4+ 4, .

7120°

ne a=e oreparop a3y, MHOXKEHHS Ha SIKUW Oyab-sIKOTO BEKTOPY, BIAMOBIIAE

MOBOPOTY LIOTO BEKTOPY Ha KyT 120° B mpssMOMy HanpsIMKY (MPOTH TOAMHHUKOBOT
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cTpinku). Oneparop ¢a3u 103BOJISIE BUPAZUTH BEKTOPU CUMETPUYHOI CUCTEMU Ye-
pe3 BeKTop OyIb-sKOi (a3u, M0 MPUHHATA 32 OCHOBHY (B HAIIOMY BHUMAAKy —
daza A).

BekTopu cuctemu npsiMoi MocaiJOBHOCTI JOPIBHIOIOTH 32 3HAYEHHSIM Ta 3CY-
HYTI OJ[HE BiJ] 0JHOTO Ha KyT 120° y HanpsiIMKy npsAMoro yepryBanns $a3 (yTBopro-
I0Th CUMETPUUYHY BPIBHOBaXXEHY cUCTeMY). BekTopu cuctemu 3BOpOTHOI MOCi10-
BHOCTI JIOPIBHIOIOTH 32 3HAYEHHSM Ta 3CYHYTI OAMH BiJl OJHOTO Ha KyT 120° y Ha-
IPsIMKY 3BOPOTHOTO 4yepryBaHHs (a3 (YTBOPIOIOTh CUMETPUYHY BPIBHOBAKEHY CH-
cteMy). Bektopu cucreMu HyJIbOBOI IMOCIIIOBHOCTI CIIBMQIAalOTh 32 HAIIPSAMOM 1
JOPIBHIOIOTH 32 3HAUEHHSM Ta YTBOPIOIOTh CUMETPUYHY, aJie HEBPIBHOBAKEHY CHC-
TEMY.

BianoBigHo, reoMeTpuyHa cyMa BEKTOPiB

MPSIMOI MOCTIIOBHOCTI JIOPIBHIOE HYJIIO

A +B+C =0;
3BOPOTHOI MOCITIIOBHOCTI JOPIBHIOE HYJITIO
A_2 + 172 + C_2 =0;
HYJIHOBOT IIOCJIIZIOBHOCT1 HE JIOPIBHIOE HYIIIO
Ay +By+Cy=34,%0.

OxpeMmi cki1aoBi (a3 A MOKHA BUSHAUUTH yepe3 (pa3Hi BETUUHHU

4= —(A+aB+a2C) Az—f(A+a B+aCy; —(A+B+C)

Yci HaBeneH1 BUpa3u € CIpaBeUIMBUMHE SIK JJI CTPYMY, TaK i JUIsl HAIPYTH B
HECUMETPUIHOMY pexuMi TprudazHux yctaHoBOK. Y Bumnanky tpudaznoro K3 Ha-
npyra y Miciil 3aMUKaHHS JIOPIBHIOE HYJIIO.

[Tpu nHecumerpruunux K3 nanpyra y micui K3 He 10piBHIOE HYIII0, CHMETPUYHI1

CKJIQJIOB1 1OTO BU3HAYAIOTHCS Y BIJIMOBITHOCTI 10 Apyroro 3akoHy Kipxroda:

'UKOZO—jKij

Ul =E¢—1
kl=Lg— 1kl jx 2pes’

1pes ;Ur2=0- 1K2]x

Ope3

ne Eg- pesynprytoua ¢asna EPC npsmMoi mOCHIZOBHOCTI JUKEPEN KUBIECHHS,
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X| pez*2 pez»X() pe™ PE3YIBTYIOUHI OMIP TPAMOL, 3BOPOTHOT Ta HYJIBOBOT MOCII-

noBHOCTI KoJta K3.
Jiis Bu3HaYeHHs cTyMy HecuMeTpuyHoro K3 HeoOXiaHO BUKOPHUCTOBYBATH 3a-
CTYIHI CXeMH, 10 NO0yA0BaHI IJIsl KOXKHOI 3 nociigoBHoctel (puc. 4.23). EPC re-

HEpaTOPiB BUKOPUCTOBYETHCS TITLKH B CXEMI JIJISl TIPSIMOI ITOCTT1TOBHOCTI.

1, x2 I, x0
-
| | X2pes || X0pes
! % Vo 1 Uro
| 1 |
i | ! -
a 6 e

Puc. 4.23 Pe3ynbTytoui 3aCTyIHI CXeMHU MPSAMOI (a), 3BOpOTHOI (0)
Ta HYJIOBOI1 (B) MOCIIIOBHOCTEH
Ocoobnueocmi cKnadaHHA 3aCMYRHUX CXeM 8IONOBIOHUX NOCIIO06HOCH Nl
3acTynHa cxema mnpamoi TOCHIJOBHOCTI BUIJISAE AHAJIOTIYHO 3aCTyMHIN
CXEMI, 1110 BUKOPUCTOBYEThCA I po3paxyHKy Tpudaznoro K3. Bona neperopro-

€ThCS BITHOCHO TOUKHM K3 111 BU3HAYEHHS PE3YJIBTYIOUOTO OTOPY Y pes

X pe3
C'_E:’é'xa

3acTymnHa cxema 360pomHoi TIOCTIIOBHOCTI CKIIQAA€THCS 3 OMOPIB 3BOPOTHOI
nociigoBHOCTi. [Tpu womy omip 3BopotHOi mocaigosHocTi JIEIL, peakropiB Ta Tpa-
HC(hOpMATOPIB AOPIBHIOIOTH OMOPaM MPAMOi OCIITOBHOCTI. Y MalluH, 110 o0epTa-
I0ThCSI, CTPYM 3BOPOTHOI MOCIIIIOBHOCTI CTBOPIOE MAarHiTHUM MOTIK Yy CTaTopi, LI0
00epTaeThest 3 MOABIHOI0 YaCTOTOK Y BIJHOLICHHI IO POTOPA, TOMY OIIp X] # X,

"
IPY BUKOHAHHI IPUOTU3HUX PO3PAXYHKIB JJIsl CHHXPOHHHUX MaITiH Xy =x, 3 ypa-

XyBaHHSM OCTaHHBOI PIBHOCTI MOXKHA BBaXATH, IO X pes =2 pes

3acTymnHa cxema HyJIb0BOi IIOCJIIOBHOCTI HEOOX1IHA /711 PO3PaXyHKY CTPYyMIB
K3 na 3emmto. B Hili BUKOPUCTOBYIOTHCS TIJIBKH T1 €JIEMEHTH T10 SIKUX MOXKYTh TIPO-
TIKaTH CTPYMHU HYJIBOBOI TOCIIJOBHOCTI, @ CaMe: CUCTEMH 3 3a3eMJICHUMHU HEUTpa-

JasMU, TpaHchopMaTtopu Ta aBTOTpaHCHOPMATOPH 3 3a3eMJICHUMH HEUTpaJsiMH,

118



[Tpu po3paxyHkax Ciij mam’STaTu, 10 1HIYKTUBHHM OMip HYJIOBOT MOCI1JOBHOCTI

nBokosioBux JIEIT OGinbiinii y mopiBHSAHHI 3 OTHOKOJIOBUMHU, 332 PaXyHOK HasiBHOCTI

B3a€MOIHIYKILIT Mk KonaMu. CepellHe 3HaYEHHS BIAHOLIEHHS x () / x; AJs MOBITPS-

nux JIEII HaBeneHi B Tabn.4,4

Ta6nuis 4.4 — CepeiHe 3HaUCHHS BITHOIIICHHS X0 / x| A noBitpsiHuX JIEIT

Ne XapaKkTepUCTUKH JIiHIT xXo/x
1 Opnnokonosa JIEIT 6e3 3a3emiieHUX TPOCiB 3,5
2 Tex 31 cTaTbHUMH 3a3€MJICHUMU TPOCAMU 3,0
3 Tex 3 3a3eMJICHUMH TPOCAMU 3 MaTepiajiB, 110 100pe MPOBOAATH CTPYM 2,0
4 JBokomnosa JIEIT 6e3 3a3emiieHUx TpOCiB 5,5
5 Tex 31 cTaTbHUMHU 3a3€MJICHUMH TPOCAMU 4,7
6 Tex 3 3a3eMJIEHUMH TPOCAMU 3 MaTepiajiB, 110 100pe MPOBOAATH CTPYM 3,0

Omnip HyJIBOBOI MOCTIAOBHOCTI KaOeiB 3aJIKUTh BIJ] XapakTepy MpOKIIagaHHs,

HasIBHOCT1 OOOJIOHKH, 1110 TPOBOJIUTh €AEKTPUUHUI CTpyM ToIO. JJs mpubIn3HuX

pO3paxyHKiB MO’KHAa BUKOPHUCTOBYBATH BHPA3

xXo =(3,5-4,5)x; Ta Ry =10R;.

OTpuMaHy 3aCTyIIHy CXEMYy HYJIbOBOI IMOCIIIOBHOCTI TIEPETBOPIOIOTH B1AHO-

cHo ToukH K3. Tak sik yci 3a3emMiIeH] TOUYKHM 3aCTYIHOI CXEMH HYJIbOBOI MOCIIOB-

HOCTI MarOTh MOTEHITia] 3eMJli, TOMY IIPU CIIPOIICHI cXeMu i 00’ €HYIOTh B OJHY

CILIBHY TOYKY Ta BU3HAYAIOTH PE3YIbTYIOUHIA OIIp X pes-

X9 pea
1|

K3

JIJ1st OpiEHTOBHUX PO3PAaXyHKIB MOKHA CKOPHUCTATHUCH MPUITYIICHHSIM, IO 3a

aOCOJIIOTHUM 3HAa4Y€HHSM CTpyM HecuMmeTpuuHoro K3 € mpomnopuiiiHum ctpymy
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psIMOi MOCTIAOBHOCTI JaHoro Buay K3

10 =m "y

ne n — ijexc suay K3; m™ _ KOe(ilI€HT MPOMOPIIHHOCTI, 3HAYEHHS SIKOTO 3aJie-
#uThb Bia Buny K3 (tadm. 4,5); [ ,’fl — CTpYM IPSIMOi OCJTIIOBHOCTI JiJIsi AAHOTO BUY

K3, sknil BU3HA4Ya€THCA 32 BUPA30M

/0 o Ly
K b
X1 pes +ax™ Xg”e)g

ne ax™

— J0JJaTKOBUH 1HAYKTUBHUN ONIp, SIKUM BU3HAYAETHCS BUAOM HECUMETPU-
yHoro K3 (») Ta mapameTpaMu 3aCTyITHHX CXEM 3BOPOTHOI Ta HyJb0BO1 (pu K3 Ha

3EMJTIO) TIOCITIIOBHOCTEH

(n)

[TouyaTkoBe 3HAYEHHS MEPIOUYHOI CKIIAOBOI cTpymy [ 770 pH Oylb-IKOMY

BuJi K3 BU3HAYAETHCS BUXOISAUN 3 BUPA3Y PE3YIBTYIOUOIO OMOPY

V BIAHOCHUX OOMHHIIX, B. O. B imenunx oguHuisx, Om
O N o _ o Fb _ ) E
1o ) 110 (n) D)
k pe3 x pes 3x pes

V Bumaaxy tpudasuoro K3 m™ =1

Tabmuis 4.5 — 3Ha4eHHS JO0IaTKOBOTO 1HIYKTUBHOTO OIOPY Ax(n) Ta KoedirieHra
()

3HaueHHsa KoedilieuTa
Ne | Bun K3 3naueHHs ax™ ) ¢
m
1 | dBogasue *) pes B
Onnodaszue 2 pes T X0 pes 3
3 | JIBodaszHe Ha 3e- X2 pesX0 pes Gl X2 pes = X0 pes
MJIEO X2 pes X0 pes B = 2
P P (x2p€3 - xOpes)
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Memoouxa po3paxyuky necumempuunux K3 nacmynna:

[Topsinok Bu3HaueHHs Hporo ctpymy (1. K-1 puc.4.21) nHactynuuii:

1. CxtalaeThest po3paxyHKOBa CXeMa MEPEXKi;

2. Ha ocHOBI1 po3paxyHKOBOi CX€MH, CKJIa1A€THCS 3aCTyITHA CXEMa MPSAMO1
MOCJTIJTOBHOCTI, SIKa CIIPOIILYETHCS Ta BU3HAYAETHCS PE3YIbTYIOUHM OMip MPsIMOT O0-

CIIIOBHOCTI BIIHOCHO 3a1aHoi To4ku K3 — x; pes’

3. Pe3ynpTytounit omip 3BOPOTHOI MOCTIAOBHOCTI MPUHUMAETHCA TaKHM,

II0 JOPIBHIOE PE3YJIBTYIOYOMY ONOPY HPSIMOI IIOCII JOBHOCTI X pez = X pes’

4. [Tpu po3paxynky ogHo- Ta nBodaszuux K3 Ha 3eMito ckiagaeTbes 3a-

CTyITHA CXe€Ma HYJIbOBO1 MOCIIIOBHOCTI, IKa CIIPOIIY€ThCS T BU3HAYAETHCS PE3YIIb-

TYIOUHH OITip BIIHOCHO 3aaaHo0i Touku K3 — X0 » o3>

5. 3a ¢popMymnamu 3 TaOIHIN, PO3PAXOBYIOTHCS CTPYMU HECUMETPUUHUX
K3 B mouatkoBuit MOMEHT (200 iX CKJIa0B1).

Bupasu 115 BU3HaueHHs cTpyMy HecuMeTpuyHoro K3 3 BUKOpUCTaHHS Pi3HUX

cucTeM HaBeneHl B Tabaurl 4.6
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Tabnuis 4.6 — Bupasu it BU3HaUeHHs cTpyMy HecuMeTrpuuHoro K3 B mouatko-
BUI MOMEHT 4dacy (t=0)

Bun | Ctpym | 3 BUKOpUCTAHHSAM BIIHOCHHX | 3 BUKOPHUCTAHHSIM IMEHOBAHUX
Py p p
K3 K3 OIMHUIL OJIMHUIIH
2| § ) \BIgE @ BUgEE
2 )y = no = -
q:é i é " X#1pes T X2 pes \/g(xlpw + x2pe3)
)
S| B9 _BIGEE ) 47/0) _BUGE _ 7,0)
S > 010 = =007/,
é{ g—« X1 pes 2\/5)61 pes
O
2 YO 130 _
E i 5 2x*1pe3 T X0 pes £(2x1p63 + xOpes’)
i i — ﬁI6E£ =0 871(%) _ \ﬁUO'E’g
C: g" 2x*1pe3 8 2x1peg + X0 pes
Mo
< -
: | B¢
g2 z 1= =) Oy
m n
g o< [5E>x,<' U6E*
R = B = =
©) g-‘ 2 2x*1pe3 + X0 pes ‘/g(lep& + xOpe3)
s aa)
S Q
O =
3
o~ 10 _3/0) _
n
= 1) =i - e
§ 3I;E% ‘ﬁ(xlp& +2x0pe3)
% > X*]pe3 + 2X>k0pe3 _ \/§U5E>;’!
§ é X pes + 2x0pe3
=
= O
¥
qm) g [(1’1) ]5 (x*lpe3 " x*Opes’ )E)g Il(l,l) _ U6 (xlpe3 + X0pe3 )E*
q =
—é g é : X1 pes (x*l pez T 2x*0pe3) %xlpeg (x1p63 ’ 2x0p63)
" 14 U E”
g 2 gz [(1,1) _ I6x*0pe3E* Ig’l) = 6X0pes
N = > B \Exl e3 (xl e3 +2x0 e3)
E S x*lpe3 x*lpe3 + 2x*0pe3 p P 4
o "
5 & ,(()Ll) _ 5B~ (1) UgEr
o =
E x*lpeg + 2x*()pe3 0 \/g(xlpes + 2X0pe3)
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4.9 Tepmiuna ta ejekrpoaunamiuna ais CK3

Tepmiuna ois CK3. I1pu nporikanHi ctpymiB K3 TemnepaTtypa mpoBigHuKa pi-
3k0 3poctae. Tpuanicth mporecy K3 He3HauHa, ajie TeIio, 10 BUAUIIEThCS, HE
BCTHTA€ TIEPEIABATHCA B HABKONMIIHE CEPEIOBHUIIE, a IIPAKTHYHO TOBHICTIO. Mie
Ha HarpiBaHHs nposigHuKa. Ctpym K3 Habarato Outbimmii cTpymy pobOodoro pe-
KUMY, TOMY HarpiB MOKe J0CSITaTh HeOC3MeUYHUX 3HAYCHb, TOBOISYN 0 OOBYTIIIO-

BaHHA 130JIs11i1 200 HaBITh /10 TUTABJICHHS ¥ Jedopmarlii CTpyMOBEIyYHX YaCTHH.
. . . oo . . o w

Kpurepiem TepMidHOi CTIKOCTI IPOBIJHUKA € HPHUITYCTUMA TEMIIEpaTypa f,, Horo

HarpiBy. ToMy IpOBiTHUK 200 anapat BBAXKAEThCS TEPMIYHO CTIMKUMHU, SKIIO B IIPO-

. (V) [¢] [¢] [¢] cee
ueci K3 #ioro remneparypa t <t,,. t,, BA3HAYA€THCA 3 MO3HLII 30epeKEeHHS Mexa-

HIYHO1 MIITHOCTI JUISl OTOJICHUX MPOBITHHUKIB 1 CTIMKOCTI 130JISIIT11T 171 130/1bOBaHHUX.

MeTtoankoro BU3HAYEHHSI TEMIIEpaTypu HarpiBy npoBigHukKiB rpu K3 HazuBaeTbcs

siom

HiAX1J, M0 IPYHTYEThCS HAa BU3HAYEHHI TEIIOBOTO IMIIyNbCy B, = J. I ,gtdt, AKUN
0

Ha3UBA€ThCS 1HTErpayioM [[oys.
3aBOI-BUPOOHHK TapaHTy€ 4Yac 1 CEpeTHHOKBAIPATUYHUN CTPYM TEPMIUHOI

CTIMKOCTI (¢7 i I7), TOOTO a€ rapaHTOBaHE 3HAUCHHSI TEIJIOBOIO IMITyJIbCYy. Y MOBa

IEepPEBIPKU HA TEPMIUHY CTIMKICTh Ma€ BUIIIA] By =1 %tf , B — po3paxyHKOBHI Te-

IUIOBHM IMIYJIbC, SKUM BU3HAYAETHCS MPUOIM3HO Yepe3 CKIATHY 3aJICKHICTh

ctpymy K3 /;, Bix 4acy. 3 ypaxyBaHHSAM TOro, o [, =«f1 51 +i§t , B, po3busa-

€ThCA Ha JIB1 CKJIa0BI

t t t t

6iom siom 6iom 6iom

2 2 .2 2 .2
Bo= [ ligdt=[ Iy, +ig)di = | Iydt+ [ igdt =By, +By,.
0 0 0 0

¥V Bunanky BigpaneHoro K3 /,; He 3aTyxae 3 4acoM, TOMY

t

6iom

t
2 2
BKI’[ = _[ Im‘dt = _[ InOdt = InOteidM’
0 0

6iom
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n

ne 1,0 =1 —moyaTKkoBe 3HaYCHHA NEPIOANYHOI CKIafoBol cTpyMy K3,

8IOM . 6iOM _ T —
Bey= | gt = | 2L50e " Tdi =215~ T
0 0 2 0

Giom

2 =2t I/T
=0T, (1—e “h'tey,

. o . o 2 . o
OckuIbKY 3a3BUYan f;,, > T, , TOAl MOXHA NPUUHATH By, = 1,1, 1 nOBHUI

iom
TEIJTOBUM IMITYJIHC BIJIMOBIAHO
By = Lo(taion +T,)
ne T, obuparoTsb y 3ayexKHOCTI B Micug K3 B enekTpoycTaHoBII.
Yac BiamukanHsa K3 BU3Ha4YaeThCsi TOAMHOIO CIIPAIIOBAaHHS OCHOBHOTO PEJIeii-

HOT'O 3aXUCTY 3 BpaxyBaHHIM rojunu J1i AIIB 1 noBHOMY rojiuH1 BiIKIIOYEHHS BU-

MHKaYiB
Loiom = tp.3. T lgiom.B.-

Skimo mpu nepeBipkax Ha BIAMHUKAIbHY 31aTHICTb, IpUHMAIOTH £, , =0,01c,

TOJ1, Y 3aeKHOCTI Bia micus K3, ¢, . moxe npuiimatu 3HaueHHs Bix 0,1 1o 4 ce-

p-3.

KyHJ. B TakoMy BunagKy peKOMEHIy€TbCsl BABHAYATU B) y Konax AJId 3HKYIOUUX

MJICTaHIIM, HE HABaHTAXXKEHUX MOTY>KHUMU €JIEKTPOABUTyHAMH, Y Kojax BH enek-
TPOCTaHIIIH, y KOJIaX FTeHEPATOPHOI HAINpyTH enekTpocTanli npu K3 3a peakropom.

Enexmpoounamiuna 0is CK3. 3 xypcy €IeKTpOTEXHIKH BiJIOMO, IO MPOBiJI-
HUKH 31 CTPYMOM B3a€MOJIIFOTh, 1 SIKIIIO CTPYMH BEJIMKI, TO TaKi B3aEMO/Iii CYIIPOBO-
JOKYIOTBCSI BETMKMUMU MEXaHIYHUMH HanpyXeHHSAMU. [Ipr oTHAKOBOMY HANpsIMKY
CTPYMIB MPOBIAHUKU MPUTATYIOTHCA, MPU MPOTUIICKHOMY HAIPSMKY BIIIITOBXY-
10Thcsl. Cuita B3a€MOJIil CTPYMIB BU3HAYA€ThCS 3a (OpMyJiaMH, 1110 BUTIKAE 13 3a-
kony bio-Casapa. JIy1s1 1BOX mapayienbHUX MPOBITHUKIB IOBKUHOIO, PO3TAIIIOBAHUX

Ha B1JICTaHi, BOHA MOe OyTH BU3HA4YEHa 3a (POpMYyII00:

F:k'il‘iz'ia
a

1€ ij,iy — CTPyM y IIPOBIJHHUKAX, kK — KOe(ILIEHT IPONOPLIHHOCTI.
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VY TpudazHuX yCTaHOBKAX CHJa €JICKTPOJIMHAMIYHOT B3aEMOJIIT 3aJIeKUTh BiJI
B3a€MHOTI0 pO3TallyBaHHA a3 1 MOMEHTIB 4acy B MexkKax Mepioay 3MIHHOTO CTPyMY.
3ycHIUTsI 3MIHIOIOTBCS B Yaci 32 BETUYMHOIO 1 3HAKOM Ta MAlOTh KOJUBAJILHUN Xapa-

) - Kkrep. B3aemonia nocsirae MakCMMyMy, KOJIM TTOB-
HUN CTpPyM JoOcCsrae yaapHoro 3HaueHHs. HaiiOi-
a1 MikdasHi 3yCHUIsL MalOTh Miciie ipu Tpuda-
3HoMy K3, ToMy BOHO IpHUMa€eThCsl pO3paxyHKO-

- I BUM TIPH OLIHII €JIEKTPOJUHAMIYHUX CHJL.

= - R o

C ] : B amapatax Ta IIMHHUX KOHCTPYKLISIX MO-

’KYTh BUHUKATH BEJIUKI CHJIM B3a€EMOJIIi CTPyMiB B

- . |
- o onHi ¢azi. lle BinOyBaeTbca mpu pO3IIEIIICHH]

dasu Ha psi mapajeNbHUX MPOBOIIB 1 KOJIU MPO-

Puc. 4.24 Emropu entekTpudHol  BijgHUKM 3irHyTi miq kytoM. Ha puc. 4.24 nokasasi
B3a€EMO/IIT B MeXax OAHIET dazu

MAacCJIIHOIO BUMHKaya CIIIOPpH 3yCUJIb, IO BUHUKAIOTL B MC)KaX CTPYyMO-

BIJIHOTO KOHTYPY (pa3u BuMuKada. Taki CHIIM MOXKYTh BUKJIIMKATH MHUMOBIJIBHE Bijl-

KIIOYeHHs BUMUKa4a. Tak npu crpymi i, =50x4 Ha TpaBepcy pyXOMHUX KOHTAKTIB

BUMHKaYa Jiie cuia 6au3pko 2000 H.

[ToxiGH1 cviiM BUHUKAIOTh B PO3'€IHYBavax, peakTopax 1 1HIIUX amaparax.
[I{o6 He BinOynucs MEXaHIYHI MOIIKOKEHHS IMiJ JII€I0 3yCUJIb, III0 BUHUKAIOThH B
npoBigauKax npu K3, Bce eneMeHT CTpyMOBITHOT KOHCTPYKIIIT TOBUHHI MaTH J10-
CTaTHIO €JICKTPOJAMHAMIUHY CTIUKICTb. [1i1 enexmpoounamiunoi cmitikicmio posy-
MIIOTbh 3/1aTHICTh aIlapaTiB 1 MIPOBIAHUKIB BUTPUMYBATH MEXaHI4YH1 3yCUILIS, 1110 BU-
HUKAIOTh MpHU TpoTikaHHi ctpymiB K3, 0e3 pedopmaiiiii, 1m0 mepemKopKaTh X
nojanpuIii poooTi. s enekTpuyHuX anapariB 3aBOJ-BUPOOHUK BKa3ye rapaHTii-
Huit CK3, npu sskoMy 3a0e3meuyeThbesi eIeKTPOIMHAMIYHA CTIHKICTh. Y KaTajorax
Ha 00JIaTHAaHHA JA€ThCSI MUTTEBE 3HAYEHHS CTPYMY €JIEKTPOJMHAMIYHOT CTIMKOCTI

(800 gy, @00 Iy, 44 )- 11EpEBipKa Ha EICKTPOJUHAMIYHY CTIHKICTh BHKOHYETBCS

3@ YMOBOIO 1), S iy, .
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3rinno ITYE Ha enekTpoanHamMiyHy CTIWKICTh HE TIEPEBIPSIIOTH anapaTH 1 mpo-
BIJIHMKH, 3aXUIICHI IJIABKUMH BCTaBKaMH Ha cTpyM 110 60 A, a Takoxx KoJja TpaHc-
dbopMaTopiB HAIIPYTH, PO3TANMIOBAHUX B OKpEMiil Kamepi.

4.10 Metoau oome:xkenus CK3

Makcumanbuuii pisenb CK3 B Mmepeskax 35 kB 1 Buie oOMexyeTbes mapamer-
pamMu BUMHKauiB, TpaHC(hHOpPMATOPIB, MPOBITHUKIB Ta IHIIOTO 00JIaJHAHHS a TaKOXK
ymoBamu cTiiikocTi EEC, a B Mepexkax reHepaTopHoi Hanpyru, B mepexax BIIT 1
po3noauibHUX Mepexax 3-20 kB — mapamerpamu anapariB 1 CTPyMOITPOBO/IIB, TEP-
MIYHOI CTIHKICTIO KaOemiB Tomo. SKmo MoxauBi 3HaueHHss CK3 nepeBuIyoTh J10-
NyCTUMI 3HaYEHHS, 1X Tpeba 0OMexyBaTH.

Haiinomupenimumiu 1 epektuBHIMEU criocobamu oomexxkenHst CK3 e: 1) cekiri-
OHYBAHHS €JICKTPUYHOT MEPEK1; 2) BCTAHOBJICHHS CTPYMOOOMEKYBaIbHUX PEAKTO-

piB; 3) BUKOpUCTaHHS TpaHCPOpMaTOpiB 3 po3iuerieHnMu oomorkamu HH.

[1Tunu /et EEC
PY BH
JIETL E %
le Pyl_l:H é 2c le 2¢

{1 - PYTH
CB —
-
Il @ 2
@ Il )
)

a 0)
Puc. 4.25 Cxema cexLiOHyBaHHS F€HEPATOPIB HA EJIEKTPUYHIM CTaHLIIi
1) CekmionyBaHHs, TOOTO po3iabHA PoOOTA CEKIIN IMIMH — I 3aCi0 PEeKHUM-
HOTO XapaKkTepy XapaKTepHu3ye BIIIMOBY Bij Oe3MocepeHbo1l napaieabHoi poOoTH
mxepen (puc. 4.25). Konu cexuiinuii Bumukay CB Bxmrouennit, CK3 Bix I'l npo-
XOJIUTh 0€3MOCepeIHRO J0 Micis MomKopkeHHs. ko CB BigkimoueHui, B KOJIO
K3 nonmarkoro BrimrowaeThes omip JIEIL (puc. 4.25a) a6o TpanchopmaTopiB (puc.
4.256). CK3 npu 1150My Pi3KO 3HIDKYETHCS. Y MICIII CEKIIOHYBAaHHS yTBOPIOETHCS

TaK 3BaHa TOYKa oAty Mepexi. CeKkilioHyBaHHS TATHE 32 COO00 301IbIIIEHHS BTpaT
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EE y ninisix 1 Tpancdopmaropax npu HopMaibHii poOOTi, TOMY BOHO IIOBUHHO MaTH
TEXHIKO-€KOHOMIYHE OOTpYyHTYBaHHs. € i 1HIII HEIOJIKU: P13HI PiBHI HANPYTH MO
CEKIIisIX, HEPIBHOMIPHE 3aBaHTAXKECHHS TpaHC()OPMATOPIB.

2) CTpyMOOOMEKYBaJIbHI PEAKTOPH € CIEHIAIbHUM TeXHIYHUM 3aCO00M Y BH-
VISl IHAYKTUBHOI KOTYIIKH, 110 HE MAa€ OCEPAsl 3 MarHiTHOro Marepiainy. Tomy

Horo iHAYKTUBHHMH, omip X p =L, He 3aNeKUTH B1Jl CTpyMy, 110 npoTikae. OCHO-

BHa 00J1acTh BUKOpUCTaHHS — Mepexi 6-10 kB, piame ycrtanoBku 35 kB 1 Buiie ta
Hkye 1 kB. {1 noTyXHUX 1 BIATOBIJATBHUX JIIHIN 3aCTOCOBYIOTh 1H/IUBIAYyalIbHE
peakTyBaHHs (puc. 4.26a), 1 peakTop HazuBaroTh JiHiIMHNUM JIP. Konu yepe3 peakTop
KUBUTBHCS Tpyna JIiHIi, iloro Ha3uBawTh rpynoBuM I'P (puc. 4.260). Peakrop Mixk

cekiisimu PY nasuBaroth cekiiiinum CP (puc. 4.26B.).

JpP

T8 8 8

! lc 2c
moy OF .
L/

r@ @ r
6) B)

Puc. 4.26 Cxema cekiioHyBaHHS T€HEPATOPIB HA EIEKTPUYHIN CTAHIIIT

OCHOBHHMM TTapaMeTPOM € THIYKTUBHUH OTIIp, 1110 331a€THCS B OMax a00 BIJCOTKAX

V3l
Xp = C()Lp (OM),xp% =xp?-100

ne Iyp,Up — HOMIHANBHUHN CTPYM 1 HaIIpyra peakTopa.

Kpim edexTy cTpyMOOOMEKEHHS PEaKTOpH JO3BOJIIOTH MIATPUMYBATH Ha
IIMHAX MEeBHUM PIBEHb 3aJMIIKOBOI HAMPYTH MPHU MOMIKOKEHHIX 32 PEAKTOPAMHU
(puc. 4.27).1ligTpumMka OUIBII BUCOKOTO PIBHS 3aJIMIIKOBOI HAMPYTH CIPUSITIMBO
MO03HAYAETHC Ha criokuBavyax EE, 110 )KUBIATHCS BiJ TOTO X JpKepena, 110 1 MoIl-

KOJKCHC KOJIO.
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a) 0)

Puc. 4.27 PiBeHb 3aMILIKOBOI HANIPYTH NP MOIIKOHKEHHSX 32 peakTopaMu

B nepiry uepry 11e CToCcyeThCsi aCHHXPOHHUX €JIEKTPOABUTYHIB, JIJISl SIKUX P

3aJIeKHOCTEN, MOMEHTY M ;. B1Jl LIBUAKOCTI 0OepTaHHA n, 0Oy IOBAHUX AJIS PI3HOI
HaNpyTH )KUBJICHHS, HaBeleHO Ha puc. 4, U; > U, >.. TyT ke HaBeieHa 3aJIeXKHICTh

MOMEHTY OIMOPY MEXaH13MYy, 10 NPUBOJUTHCA B pyX ABUTYHOM (puc.4.28). 3 HaBe-

JICHOTO PUCYHKA MOKHA 3pOOMTH BUCHOBOK, 110 uuM Bumie U,,, npu K3, Tum 6i-

JbIIa UMOBIPHICTH 30€pEerTH HOPMAJIbHY POOOTY JTaHOT MapH «JIBUTYH-MEXaHI3M,

TOMY ILIO JJIs IbOI'O Ma€ BUKOHYBaTUCs yMoBa M, > M .. 3 ypaxyBaHHIM LIbOI'O

B pesknmi K3, 6axxaHo mMatu sikomMora Oumbimii omip X .

M;_"EBa M.\iex [_Il

\

Puc. 4.28 3anexHICTh MOMEHTY OTIOPY MEXaHi3My BiJ] YaCTOTH OOEpPTaHHS
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3a ymoBaMH POOOTH B HOPMAIBHOMY pexuMi X, HE IOBHHHO OyTH 3aHAITO
BEJTMKHMM, TOMY IO 30LIBIIYIOTECS BTPATH HANPYTH B peakTopi AU, mpu mpoti-
KaHHI pobodoro ctpymy. Bupas wist AU, 0TpUMY€TBCS 3 BEKTOPHOI Aiarpam i Mae
BUTJISIT
AU, = \/gx Ising
p p
a00 B MpOIIEHTaX
Bx plsin (p1

HOM

AU ,% = 00

JonycTuMma BTparta Hanpyru 3a3Buyail He nepesuinye 1,5-2%. Hai6inabimoro
PO3MOBCIOJKEHHSI OTpUMaJId OETOHHI PEAKTOPU 3 ATFOMIHIEBOI OOMOTKOK MApKH

Pb, nanpuknan Pb-10-400-0,22, ne UHp =10xB;1, = 400A;xp =0,220m.

>"H6B

3060¢ni peakmopu. KOHCTpYKTUBHO BOHHU MOJ110H1 3BUYAHHUM, aJie BiJ cepel-
HBOT TOYKM OOMOTKH € JIOAATKOBUW BHUCHOBOK, JIO SIKOI'O HalyacTilie MiaKIroYa-
€ThCA JDKEpEno. YMOBHE MO3HAYCHHsI 3JIBOEHOTO peakTopa 1 MOro eJeKTpU4Ha
cxeMma HapejieHi Ha puc. 4.29.

I'inku peakTopa po3paxoBaHi Ha OJJHAKOBMI HOMIHAIBHUMN CTpyM [, , a cepe-
JAHIN BiaBig HA 21, . 32 HOMIHAIBHUH OIIIP 3IBOEHOTO PEAKTOPA IPUIHMAIOTH OIIp

T'UIKM OOMOTKH TPY BiJICYTHOCTI CTPYMY B IHIIIM T 3@ QHAJIOTIE€H0 3 OJJMHAPHUM.

IlepeBarorw Ta-

I+
KOI'0 p€aKTopa € TC,

Ho e ..
I 110 B 3aJICKHOCTI B1J]
Y Y\ Y Y\
\J U b L * L o
\V HaMnpsIMKy CTPYMIB B
B 'S - » ' _4 TIIKax 1  CXEMH
! : ; BKJIIOYCHHS,  HOTO
a) 0) OITip MOK€ 3MCHIITY-
Puc. 4.29 BapianTu cXeM 3BOEHHX PEAKTOPIB BaTHcs 260 36ilb-

mryBatucs. Ll ocoOnuBicTh OOyMOBJIEHA HAsIBHICTIO MArHITHOTO 3B'SI3KY MIX
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riIKaMu KOXHOI a3y (B3aeMHOIO 1HAYKTUBHICTIO M). 3 ypaxyBanHsIM M, BTpaTa
HaIpPyTH B TUILI peaKTOpa, BKIOUYEHOTO 3a CXeMOI0, puc.4.29, BUBHAUAETHCS SIK

AU, = LoLsing — oM sing,,

TOOTO 3a paxyHOK M BOHa MEHIIIE, HK y BUMAJAKy 3BUYANHOTO peakTopa 3 TaKUM

ke X ,. B mporeci exciutyaranii parHyTh 0 PIBHOMIPHOTO 3aBaHTaXKCHHS T'1IOK

L=L=1,p=¢,=¢,.
Toni
AU, =1a(L, —M)sinp=I1oL,(1-k,)sing,

ne k,,=M/L — xoebiumieHT 3B'SI3Ky OOMOTOK, SIKMH 3a3BHYail MPUIMAIOTH

k,, =0,4-0,6. Onip peakTopa B HOPMaJIbHOMY PEXKHUMI x'p =x,(1-ky).

Sxmo npuiinsata k,, =0,5, To BTpara Ha-
Py B 3BOEHOMY PEAKTOpl B HOPMAJIbHOMY
pEeXUMI 3MEHILYETHCS BABIYI B MOPIBHSHHI 31

xp (1+k,) 3BUTAHHIM PEAKTOPOM. [Tpu K3 3a onHieto 3 Ti-

JIOK, CTPYM Yy Hii 3HaYHO OLJIbIIIe CTPYMY B He-
Xp (1+ken) o
MONUIKOJHKEHIN T, BigaocHu# Brutus M 3Me-

HIIY€THCS, TOJII BTpaTa HaNpyru 1 €PeKT CTpy-

Puc. 4.30 3actynHa cxema
3[BOEHOTO PeaKkTopa MOOOMEKEHHSI BHU3HAYAIOThCS, B OCHOBHOMY,

BJTACHUM OIIOPOM T'JIKH X, = oL D TakuMm ynHOM, ormip peakTopa B pexxkumi K3 3po-

CTa€ B 2 pa3u B OPIBHIHHI 3 HOpMaJIbHUM pexxuMoM. [Ipu pospaxynkax CK3, 31Bo-

€HUI peaKkTop HAAAIOTh y BUIJISA/1 TPUIPOMEHEBOI 3acTyHO1 cxemHu (puc. 4.30).
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5. EJIEKTPUYHI CXEMU EJJEKTPOCTAHIUM I NIICTAHIII
5.1 OcHoBHI BU3HAY€eHHS

["'0JT0BHOIO CXEMOIO HAa3MBAETHCS MOPSJIOK 3’ €THAHHS OCHOBHOI'O €JICKTPOO0-
JaHaHHSI MK COOO0I0 1 JIIHISIMH, 10 BIAXOAATh. JI0 OCHOBHOTO 00JIaHAHHS B1IHO-
cate CI', cunosi Tpanchopmaropu, PV, peaktopu.

Bubip roi0BHOI cXxeMu Ma€ 3Ha4YHY pOJIb MPU MPOCKTYBAHHI €IEKTPUIHOT Yac-
THHHM €JICKTPOCTAHIT a00 MiJCTaHIIii, TaK K BiH BU3BHAYA€E CKJIaJ] OCHOBHUX eJIeMe-
HTIB 1 3B’SI3KM MK HUMHU. ['0JIOBHA cXeMa € MOYaTKOBOIO MPU CKIIAJIaHH1 NPUHITU-
MOBUX CXEM €JICKTPUYHHUX 3’ €JIHaHb, cXxeM BII, cxeM BTOpHHHMX 3’€/IHaHb 1 MOHTA-
JKHUX CXEM .

["0n0BHI1 cxeMu, SIK IPaBUIIO, 300paKyIOThCS B OTHOJIIHIHHOMY BUKOHAHHI ITPU
BUMKHEHOMY ITOJIO’KECHHI1 €JIEMEHTIB, JIe BC1 IPUETHAHHS ITOKa3aH1 1Jis OHI€T da3u.
BuainsiroTs 1Ba BUIHA CXEM:

1) cxemu , siKi MarOTh MOTIEPEYHI 3B’ SI3KM HA TEHEPATOPHiH Hanpy3i ; 2) 65109HI
cxeMmu, je 3B’ a3ku MK CI 3aiiicHioroThest Ha muHax BH a0o Ha mmHax BiggaleHuX
M ACTAHIIIA.

CrporrieHa rojloBHa cXema, 1110 MICTUTH JIUIIIE OCHOBHE YCTaTKyBaHHS 3 BKa3i-
BKaMU TIOJIOKCHHS KoMyTamiiHuX arapaTiB (KA) Ha3uBaeThCs ONEpPaTUBHOO.

TpwmiHINAHI CXeMH CKJIQIar0ThCS JUIS BCiX TPhOX (a3 3 BKa31BKOIO BCiX 3'€THAHb
BTOPUHHUX KUT (BUKOPUCTOBYETHCS NMPU MOHTAKHUX POOOTAX).

OCHOBHI BUMOTH /10 TOJIOBHHUX CXEM:

1. HanilinicTs — 11€ 31aTHICTH 3a0€31MeunTH 0€3B1IIMOBHY BUAAYy TOTYXK-
HocTi cranilii B EEC abo 0e3nepebiiiHe eeKTpOornocTauaHHs CII0KUBaYiB JIEKTPO-
€HEepri€r0 HOPMOBAHOI AKOCTI. He 1CHy€e yHIBEpCATIbHOIO KPUTEPIO OLIIHKK Haaii-
HOCTI Yepe3 BEJIUKY pi3HOMaHITHICTh YNHHHKIB : TEXHOJOTTYHHUX , KOHCTPYKTUBHUX,
CXEMHUX, OTIEPATUBHUX 1 1HIIHUX. {151 BUOOPY CXEMHU 4aCTO BUKOPUCTOBYETHCS €KC-
TIEPTHA OITIHKA ATy 3alPOTIOHOBAHUX BapiaHTIB.

2. EXOHOMIYHICTh — OILIIHIOETHCS 32 EKOHOMIYHUM KPUTEPIEM Ha CIOPY-

JKEHHS 1 eKCILTyaTallilo €JIeKTPOYCTaHOBKH.
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3. ['Hy4KiCTh — MOXJIMBICTB MPUCTOCOBYBATHUCS 10 YMOB pOOOTH, 1110 3Mi-
HIOIOThCS, CTBOPIOBATH HEOOX1/IHI €KCIUTyaTal[liiH1 peKUMHU 1 BUKOHYBATH OIepaTH-
BHI ITepeMUKaHHs. B TakoMy BUTIAAKy, BEJIMKY POJIb MAa€ HASBHICTh AUCTAHIIIITHOTO
KepyBaHHS KOMYTalllHHUMH arapaTaMu.

4. [IpucTocoBaHICTh 10 BUKOHAHHSI PEMOHTIB BU3HAYAETHCS MOXKJIUBICTIO
PEMOHTIB BUMHKAYiB O€3 MOPYIIEHHS! HOPMaTbHOT pOOOTH MPUETHAHD.

5. besrneka o6ciyroByBaHHs — 0araTo B 4OMYy 3aJI€KHUTh BiJl MMPOCTOTH 1
HAOYHOCT1 CXEMH.

5.2 CTpyKTypHi cxeMu BHIa4i eJieKTPpOeHeprii

BoHu cknamarThecs 10 po3po0ICHHS TOJIOBHOT CXEMHU 1 MAlOTh BUTJIS CXEMHU
N1IKJII0YEHHS Jkepen 10 PY enexktpoycTaHoBKH 1 cxeMy TpaHC(hOpMaTOPHUX 3'€1-
HaHb MDK PY pi3aux nanpyr. Cxemu PY Ha cTpyKTypHUX cxeMax HE pPO3KpHBa-
I0TbCsI. BUTIISAM CTPYKTYpHOI CXeMU 3aJIeKHUTh BiJl THITY CTaHIlii, CKJIaAy yCTaTKy-
BaHHS 1 pO3MOIUTY HaBaHTaKeHb Mk PY pi3aux Hanpyr. Ha puc.5.1 naBeneHi ctpy-
ktypHi cxemu TEI, mo MaroTh CrioKnuBadiB Ha TeHepaTOpHii Harpy3i 6-10 kB, mo
3000B’s13y€e cnopyautu PY reneparopuoi nanpyru (PY I'H a6o I'PVY). 3B's130k cTa-
uiii 3 EEC 3aiiicatoerscs JIEIL Tomy Oynyerbest PY BH, kinbKicTh KX MOKe OyTH
nBi 1 Oueiie. SAxmo Ha TELL BcTanoBmtoroThes notyxH1 reneparopu (100 MBT 1
oinpire), ix migkmodeHds 10 PY I'H e HepominbHUM depe3 pi3ke 301IbIIeHHS CTPY-

MmiB K3. Tomy taki CI' miakmrovatrotees 10 PY BH 3a 6:10unoto cxemoro (puc. 5.2).

|py  8H] [Py cHl

ONO )

Puc.5.1 Crpykrypsi cxemu TEL, 1o matoth B cBOiil cTpykTypi PY reneparopnoi
HaIpyTH
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Cnoxwuaui BII nmigkmrogarorees 1o PY BII, ciopymkenHs skoi € 060B's13K0-
BUM Ha CTaHUIAX BCiX TUMIB. [Ipy HE3HAYHOMY HaBaHTaXeHH1 Ha Hamnpy3i 6-10 kB
nomibEEM € 6mokoBe miakmroueHHss CI' mo PY BH (puc.2), mo 3meHnrye ctpymu
K3 1 no3Bomnsie 3amicth noporux I'PY 3actocyBatu komruiektHi PY (KPVY) mst min-
KJIFOUEHHST MICIIEBOT'O HABAHTA)KCHHSI.

CrpykrypHi cxemun KEC, I'EC, AEC xapakrepu3ytotbcs 3'enHanusm CI' B
OJIOKHM 3 T IBUIIYBAJIBHUMU TpaHchopmaTopaMu. BKiTIOUeHHs iX Ha mapaiesibHy po-

ooty 3aiiicHioeTbest HA PY BH (puc. 5.2).

{ ik 4

PY BH PY  BH [Py 8H| [iy' CH

a) 6) 6)

Puc.5.2 Crpykrypni cxemu TELI, 1110 MaroTh 0J10YHE MIIKIIOYEHHS

Enemenmu conosnux cxem. Kpim renepatopis i TpaHchOpMaTopiB 10 HAX Bil-
HOCSITHCS IIIMHU, KOPOTKO3aMHUKayi, BAMUKAU1, pO3'€IHyBayl, BIJAUIBHUKH, CTPY-
MOOOMEXYBaJIbHI pEaKTOPH 1 BUMIPIOBaJIbHI TpaHc(hopMaTopu. 3aJIeKHO Bl NpU3-
Ha4yeHHS MUHKU OyBarOTh 301pHi, poOoUi, pe3epBHi, 00X1IHI.

301pHi npusHaveHi s npuiomy EE Big mkepen 1 mogaibloro ii po3noauty
MDK IIPUETHAHHSIMU CITOKHUBAYiB.

Pe3epBHI MHM TO3BOJIIOTH PEMOHTYBATH PoO0OYYy CHUCTEMY IIUH 0€3 IMepepBH
B pOOOTI €JIEKTPOCTAHIIII 1 MOPYIICHHS €JIEKTPONOoCTauaHHs croxkuBayiB. O0xigHa
CUCTEMa IIIMH CTBOPIOE YMOBH JUISI PEMOHTY BUMHKauiB 0€3 3HECTPYMJICHHSI TIpU€-
TTHaHb.

Bumukaui po3pi3HsAOTh 32 PYHKIISIMU, SIKI BOHU BUKOHYIOTh: IIIMHO3’ €IHYBa-
aeH1 (II3B), cekmiitni (CB), o0xiani (OB). Po3’eqnyBaui MatoTh B OCHOBHOMY pe-
MOHTHE 3HAY€HHs, 3a PO3TAIIYBAHHIM B CX€MI 1 (PYHKLISAM, IKI BOHM BUKOHYIOTb,

PO3PI3HAIOTH MUHHI po3’earyBadi (I1IP), 1o BCTaHOBIIOIOTHCS Mi’K CUCTEMOFO IITUH
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1 TIHITHUM BUMUKadeM; JiHiiHI (JIP), mo cTaBngaThes miciis BUMUKaya Ha MPUE-
HaHH1 JiHi1; 00x11H1 (OP), sKi BIAUISAIOTH OOX1IHY CUCTEMY IIIUH BiJl IPUETHAHHS.
5.3 Bi1o4Hi cxeMu MiIKJIIOYeHHS TeHEPaTOPiB

1) Brox «eenepamop-mpancgopmamopy

110-750 B VY cxemi OnOKy «reHepaTop-TpanchopmaTop»
: p (puc. 5.3) BUMHKA4Y Ha TEHEPATOPHIN Hampys3i
|:| 3a3BUYai BiJICYyTHIM. BBIMKHEHHS 1 BUMKHECHHS
r,l_xIE eHepro0JIOKy 3M1MCHIOEThCS BUMUKaueM Bl 3
':‘:j 6oxy BH. 3'ennanns CI' 3 610koBUM TpaHcdo-
r ;;h_l ) l«, pMmaTtopoM 1 Bignaiika 1o TBII Bukonyerbcs 3a-
C_(ETJ KPUTUM KOMIUICKTHUM CTPYMOTIPOBOJIOM 3 PO3-

vy . :
BII nineHuMu (azamu, o GaKTUYHO BUKIIIOYAE Mi-

Pric. 5.3 Cxema 610Ky xpazui K3. YV Takomy MOHOOOII MOIIKO-
«reHeparop-TpancGopmarop» mokenHs B TBII BukiukaroThk BigkiroueHHs Bl,
BUMHKaYiB 3 00Ky 6 kB 1 BumkHenHns AI'TI CI'. BpaxoByroun BUCOKY HaJlIiHICTb
TBII, Taka cxema MoHOOJIOKa npuiiHsTa THNOBOO A1 CI motysxHictio 160 MBT 1
OunbIIIe.
2) Bnok «eenepamop - AT»
500-75 110220 biok «renepatop - AT» BHUKOPUCTOBYETHCS
IpU JBOX IMIJABUIIECHUX Hampyrax (puc. 5.4).

[Tpu momkomxenni B CI' Bumukaetses B3, a

3B’ s130kMik aBoma PY BH 36epiraerncs. [Ipu

MOIIKO)KEHH1 Ha muHax Oynb-axoro PY BH
BUMHKAETHCS BIJIOBIIHUNA BUMHKad, a OJIOK

Oyne mpairoBaT Ha muHU podoyoro PY BH.

Po3’ennyBaui moTpiOHI 1Ji1 pEMOHTY BUMHUKa-

Puc. 5.4 Cxema Onoxy . . .
«renepatop-AT» 4iB IIpU 30epeKeHH1 B poOOTi 010Ky abo AT.
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3) O6’eonanns 060x O10Ki6 ni0 CNiNbHUL BUMUKAY

B1

Puc. 5.5 O0’eguanus ABoX OJIOKIB mifx
CHUILHHUHM BUMHKAY

3 METOIO0 CIPOIICHHS 1 3/EIICBICHHS KOHC-
tpykiii PY 330-750 kB iHk0mM 3acTOCOBY-
OTh 00’ €MHaHHs IBOX OJIOKIB I CITIIBHUNA
Bumukau B (puc.5.5). Bumukaui B> 1 B3 mot-
pi6H1 nns yBimkaenHs CI' Ha mapanenbHy po-
00Ty 1 IIBUILICHHS HAJIIMHOCT1, OCKLJIBKH MPHU
NOIIKOJDKEHHI B OJJHOMY I€HepaTopl, 1HIIUI
3aMIIAEThCS B poOoTi. ['eHepaTopHi BUMU-
Kaui J103BOJISIIOTH 31cHUTH TTycK CI', HEe BU-

KOPUCTOBYIOUM  ItyckopesepBHuii  TBII

(ITPTBII). 3aMicTh JOPOTUX U TPOMI3IKHX MOBITPSIHUX BUMUKAUiB Ha TEHEPATOPHIM

HaIpy3i MOXXKHa BHUKOPHUCTOBYBaTHM BHMHUKaul HaBaHTaxkeHHs (BH). Ilpu momiko-

JUKEHHI B OyJIb-IKOMY €HeprooOsomni BUMHUKaeTbes Bi. Ilicas BimmiieHHsS Hecmpas-

HOTO OJIOKY MOr0 BUMHKaueM, HETIOIIKOPKCHU BMUKAIOTh B POOOTY.

4) Bnok 3 eeHepamopHum GUMUKAYEM

Bl EH

cr

Puc. 5.6 biiok 3 reHepaToOpHUM
BUMHKAYEeM

B nesikux BUMagkax 3acTOCOBYIOTHCS OJIOKH 3
reHepaTOPHUM BUMHUKaueM (MOTY>KHOCTI abo
HaBaHTaxeHHs) (puc. 5.6). Poboui komyTairii
CT" BUKOHYIOTBCSI TEHEPATOPHUM BUMHKAYEM,
IpU LIbOMY He 3a4inaeTbes cxema 3 6oky BH,
10 0COOIMBO BXKIIMBO JJIS KUTBIIEBUX CXEM 1
cxeM 3 3/2 1 4/3 BumukadyamMu Ha Kojo. Taki
CXEMH 3aCTOCOBYIOThCS ISl OJIOKIB, 10 Oe-
PYTh y4acTh B peryJiroBaHHI rpadika HaBaH-

TaXXCHHA EEC, d TaKOX B CXCMaX «I'CHCpPaA-

Top—Tpanchopmarop—minis» (I[-T-JI) 6e3 BummkaudiB Mix TpanchopmaTopom i

JIEIL
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Puc. 5.7 BapianTtu 3acTocyBaHHs
cxemu «I'-T-JI» 3 Bumukauem ta BH

Bukopucranns cxem I'-T-JI € moxiu-
BUM, Kol KiabKicTh CI' 1 mHIM ogHakoBa. Y
Takid cxemi BUMHUKa4 MOke OyTH K 3 OOKy
BH, tak 13 6oky ['H. ¥V ocranabOMy BUNIAIKY
(puc. 5.7), 10JaTKOBO BCTAaHOBIIOETHCS BIJI-
nineHuK B/l 3 kopoTkozamukauem K3. Hemo-
mkoMm cxeM ['- T-JI € HeoOX1IHICTh BI1IKITIO-

YeHHs OJIOKY IIPH MOUIKOAKEHHI JIHII.

5.4 EnexkTpu4Hi cxeMH po3nOAiJIbYUX YCTAHOBOK

5.4.1 Cxemu PY I'H (6-10xB)

1 N T
-
B EF eﬁ

CIII

-
LAY G
— e
cr cr
Puc. 5.8 Cxema onunapHOi
HECEKI[IOHOBAHOT CUCTEMH IINH

TaKO>K BUMHKAETHCA.

1) OounapHna HecekyioHosana cucmema
wun (puc. 5.8). Cxema € npocTor, HAOUHOIO,
ajie Ma€ HM3bKY HaJiiHICTb. J[kepena KuB-
neHHs 1 miHil 6-10 kB npuegnyroThes 10 301-
pHUX IIWH 3a JIONIOMOI'OK BHUMHKAYIB 1
po3’eaqnyBauyiB. [Ipy BUBeJeHHI BUMUKada B
PEMOHT criodatky BijkimouaeThest JIP, a mo-
tim LP. s pemonty CIHI 1 6yab-sikoro I1IP
Tpeba noBHicTIO 3HecTpymutH CIII, mo npu-

3BOJUTH JI0 IEPEPBU KUBJICHHS HA 4ac PeEMO-

Hty. [Ipu K3 na CII a6o na ninii npu CI' BigMOBI JiHIHHOTO BUMHUKa4ya BCS CXEMa

2) Oounapna cexyionogana cucmema wun (puc. 5.9). Lls cxema HaxiiHiIa,

......

MOHT a00 peMoHT [IIP mpu3BOANTE 10 3HECTPYMIICHHS JIMIIIE OJHIN CEKIli; Apyra

CEKIIisl 1 CTIOYKUBAYI, 1110 KUBJISITHCS Bl HEl, 3AJIMIIAIOTHCS B poOoTi. JIiHii, 110 Ku-

BJISITH MIANPUEMCTBA, pO3paxoBaHi Ha moBHe HaBaHTaxkeHHs (100% - Hull pe3eps 1o
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MEpexi).
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[Mpomuncnosumn cnoxmnead

Puc. 5.9 Cxema oguHapHO1 CEKI[IOHOBAHOT CUCTEMH IIIHH

B TakomMy Bumanky cxema 3 0JJHOIO CEKI[IOHOBAHOIO CUCTEMOIO IIIMH MOXKE Oy TH
pPEeKOMEHI0BaHa /IS BIAMOBIJAIBHUX CIIOKKUBAaYiB. B po3risiHyTii cXeMi CEeKIIHUN
BuMHKad (CB) B HOpManbHOMY peKrMMI1 BBIMKHEHUH, 100 3a0€3MEYUTH apajieIbHy
po6oty CI'. Ha miacraniisx CB B ananoriuniit cxeMi BiIKITFOUEHUN 111 0OMEKCHHS
ctpyMiB K3. ITpu peMOHTI BUMUKaya JIiHii MOXJIMBA MO0 3aMiHa 00X1THUM PO3’ €1~
HyBaueM OP, aje Takuii peKUM JIOIyCKAE€ThCSl HEHAIOBI0, OCKUIBKH HAJIIMHICTD Ta-
KOT'O KOJIa >KMBJICHHS P13KO 3HUXKYETHCSI.

3) Kinoyesa cxema (puc. 5.10). [1pu 3HauHIi KITBKOCTI CEKIIIN, ISl YHUKHEHHS
NePETiKaHb MOTYXKHOCTI Y3/I0BXK IIMH, OJWHAPHY CEKI[IOHOBAHY CHCTEMY IIIMH 3a-
MHKAIOTh B Kistble. Uncno cekuiii gopisaroe uuciay CT'. FiMoBipricTh aBapii B cTpy-
MOOOMEXKYBaJIbHOMY PEAKTOPI1 1 OLIMHOBII Bij peakTopa A0 30IpHUX LIKH 1 A0 301-
poxk KPVY nHe3nauna, ToMy peakTop nmpueaHyeThecsi 6e3 BuMmukadiB. [lependayaeTnes
auie po3’ennyBad P st peMOHTHUX poOIT y KOMIpII peakTopa.

VY KUIBIEBIHM cXeMi CIIOKMBa4l MarOTh ABOCTOPOHHE YKUBIICHHS HE3QJICKHO Bij
TOTO, IMAKJIIOUEHI JpKepena 10 cekili, un Hi. 3aranpHuit Henoaik cxem 3 OCII mo-
JSITa€ B TOMY, 110 HA 4YaCc PEeMOHTY po00YO0i CEeKIlii BIANOBIIaIbHI CIIOKUBAY1 KUB-
JISITHCS TI0 OJTHOMY KOJY, 1 TPY PEMOHTI BUMHKA4a MPUETHAHHS CIIOKHUBAY, 110 HE
Ma€ pe3epBHOTO KUBJICHHS, BUMUKAETHCS. SIK THMUYACOBUM BUX1J 3 MOJOKEHHS MO-

sxiuBe BxxkuBauusa OP.

137



T1

___________________________________________

N ----

KPV# M r E
T

Puc. 5.10 KuterieBa cxema

4) Cxema 3 0soma cucmemamu 30ipuux wun (puc. 5.11). Poboua cucrema muH

CEKIIIOHOBaHa, Ha PE3EPBHIN — HANPyTra B HOPMAJIbHOMY PEKHUMI BIJACYTHS.

35-110xB
2 1| 2 | |
@ || Tl £2 @ | |
M]B]; 1 HI3B2
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Puc. 5.11 Cxema 3 gBOMa cuctemMamu 301pHUX LLIWH
[IIuano3’ equyBanpHi BuMukadi (I1I3B) B HOpMaibHOMY pekuMi BUMKHEHI.
Koxxne npuegnanus niakinodaetbes g0 CII yepes posranymkenss 3 apox P, Ok-
pimM pyHKu1i BiaieHHs Bumukadis Big CIII, BoHU A03BOJISIOTH 31HCHIOBATH Tiepe-
BeJieHHs kuBlieHHs 3 poOodoi CII Ha pe3epBHY 1 HaBmaku. ToMy € MOXKJIUBICTb
pemontyBatu onHy CIII, 36epiratoun B poOOTI BC1 pueaHanHs. Tak, 11 peMOHTY

npyroi cekmii Bci ii mpuenHanHs mnepeBoasTh Ha pe3epBHy ClII, BukoHyrOUH
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HACTYIIHI OIeparti:

— BMukaroTh [1I3B-2;

— BMUKaroTh Ha pesepBHy CIII muHHI po3’eaHyBadil BCIX MPpUEAHAHB, IO Tie-
PEBOASTHCS;

— BiAKIIOUarOTh BiJ Apyroi cekuii TP Bcix npuennans, okpim 1P III3B-2 i
TpaHchopMaTopa HaMpyTH;

— MePEMUKAIOTh )KUBJICHHS KUT HAIIPYTH PEJICHHOTO 3aXUCTY, aBTOMATHUKH 1 BU-
MiproBasibHUX npriiaaiB Ha TH pesepsroi CILI;

— aMIepMETPOM TEPEBIPSAIOTH BIACYTHICTh HaBaHTakeHHS Ha [1I13B-2 1 Bumu-
KaroThb MOTO.

3 1i€i MUTI poJib Ipyroi cekuli BUKoHye pezepBHa CIII.

5. Cxema «3ipxay (puc. 5.12).

2c 3c

3CIHI

Puc. 5.12 Cxema «3ipka»

Cekuii crnojlydeHi MK COOOK 3 JIONOMOIOK 3pIBHIOKOYOI CHUCTEMHU IIHMH
(3CII). PeakTopu MOokyTh OyTH 1TyHTOBaH1 po3’eanyBadamu. Peaktopu 3CIL pos-
PaxXOBYIOTHCSI HA PEKHUM >KUBJICHHS CEKIIi1 IPU BUXO/I1 3 JIaJly OJHOTO 3 €JIEMEHTIB,
1o xuBJATSh ii ([, T 3B'13Ky), 1 Ha peXUM BUa4l HAJJIMIIKOBOT OTYKHOCTI CeKIIi
B HOPMaJbHOMY, PEMOHTHOMY 1 MicCIIsaBapiftHOMY pexuMax. Y BITUHM3HSHIN Mpak-

TI/IHi TaKa CXEMa HINPOKOTO 3aCTOCYBAHHSA HC 3HaMIIIA.
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5.4.2 Cxemu po3nodinvuux ycmanoeok Ha nioeuuieHiil Hanpys3i.

Cxemu 3 ooxionow CIII.

Haiinpocrimoro cxemoro, mo 3actocoByeThes B PY BH € oguHapHa cekiiono-
Bana CIII, ane BoHa Ma€e iICTOTHI HEJOJIKH, Y TOMY YHCI1 HEOOX1HICTh BUMUKAHHSI
IpUEHAHHS HA BECh Yac peMOHTY ioro BuMukaya. (Ilpu U =6...35 kB uac pemoHTy
manuii, ane pu U > 110xB yac peMOHTY 30UTBIIIYETHCS 1 TaKa MepepBa B )KUBJICHHI
Henpunyctuma). OHIE0 3 BAXIMBUX BUMOT JI0 cxeM 3 60oky BH € ctBopenHs ymoB
qutst peBisii B1 6e3 nmepepBu B poOOTI pueaHanb. L1 BUMOrH 3aJ0BOJIbHSIE cXeMa 3
OCI11I.

1) Oounapna cucmema wiun 3 ooxionoro CLL. B HOpManbHOMY peKuMi poOOTH
OCII 3uectpymiiena (puc. 5.13), OP — BumkHeH1. [lepegdaueno nq8a 006Xi1H1 BUMU-
Kadi (3a KUTbKICTIO CEKIIii), SIKIT0 Yuciio JdiHik 6...7 abo 6inbmie. OCIL Bukopucro-
BYETBCS JJIA PeBi3il BUMHUKauiB Oe3 morameHHs npueaHanb. [Ipu ubomy OB abo

OB2 Moxe 3aMIHUTH OyIb-IKUH 1HIINI BUMUKa4, Hanpukiaam, Bl.

4 .

Puc. 5.13 Onunapna cuctema muH 3 o0xigHoro CII

L

JI1st IbOTO BUKOHYIOTH HACTYTIHI i1

- BMuKkaoTh OB1 mis nepeBipku cipasHocti OCI;
- BUMHKawTh OBI;

- BMuKaoThs OP;

- BMHKaoTh OB/,
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- BUMHMKAIOTh B1;

- BuMmuKkaroTth JIP1 1 IIIP2.

[Ticns mporo miHis xuBuThes yepe3 OCII 1 OB Bix mepimoi cekiii. CyTTeBuM
HETOJIIKOM CXEMHM 3 OJHOIO0 CUCTEMOIO IIIMH € HeOOX1IHICTh BUMKHEHHS BCIX KIJI,
NPUETHAHUX JI0 AAHOI CEKIIii, Yy BUTIAAKY PEMOHTY IMHHUX PO3’€IHYyBaviB a00 IITHH.
Binmosa B nipu K3 B minii abo TpanchopmaTopi TakoK MPU3BOIUTE 10 BUMKHECHHS
cekiii. [TomkomkenHs abo BigMoBa B po06oTi CB Besie 10 BIAXUICHHS 000X CEKITiH.

2) Cxema 3 06oma pobouumu ma OCILLL. 1ns PY 110-220 kB 1 Builie 3 BEIUKOIO
KUTBKICTIO TPUETHAHb BUKOPHUCTOBYETHCA CXE€Ma 3 JIBOMa POOOYMMHU 1 TPETHOIO
OCII 1 ogauM BuMHUKaueM Ha Koo (puc. 5.14). JI1 1 T1 miakmoueni no CII1, JI2 1
T2 — no CI2, To6to 06uasi CIII 3HaxoasThest B poOOTI 1 NpUETHAHHS PO3MOALICH]
MDK HUMHU TTPUOIN3HO piBHOMIpHO. [Tepemuuka 3 po3’eqHyBadyem P yBiMKkHEHa 1 00-
XITHUA BUMHUKAd € oJHOYacHO 1 muHo3’ennyBaibHuM (III30B). fAxmo [I30B
Tpeba BUKOPHUCTOBYBATU B SKOCTI O0X1THOTO, TO MOTO Tpeba BUMKHYTH, PO3ILIHU-
BIIM TakuM ynHOM pobOoui CIII, motim BumkayTH P mepemuuku. [Ticas voro I30B

MOKe OYyTH BUKOPUCTAHUM SIK OOX1HUI.

Il
N oct
OPI Iop2 I
JaP1 N\ JP2\
Bl B2 B3 B4 [1130B
p

A W A

l CI2

EP TI 91

|

Puc. 5.14 Cxema 3 npoma po6ourmu ta OCII
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[Ipu kimbKOCTI IpUeAHAHb 7 1 OubIe 1 iX moTy>kHOCTI 165 MBT 1 61b1Ie OB

1 [II3B B ognomy III30B He cymimatotbes, puc. 5.15.

IEK OCllI
5 ( .. N —‘-\ CIII1
l e CII2

Puc. 5.15 Burunsin cxemu npu KiIbKOCTI IpU€EIHAHD 7 1 OUTbIIe
Jlesikoro 301IbIIEHHS THYYKOCTI 1 HAIIMHOCTI MOKHA IOCATHYTH CEKIIIOHYBaH-

HSIM pOOOYUX cHCTeM IHH (puc.5.16).

1 [

- -

Puc. 5.16 Cxema 3 ceKIilioHyBaHHSIM pOOOYUX CHCTEM IITUH

CHai2

2 L 0I3

3) Cxema 3 08oma HecekyioHOBAHUMU cucmemamu 30ipHux wun (puc. 5.17).
Cxema 3 ABOMa HECEKI[IOHOBAHMMH CUCTEMaMH 301pHHX LIMH 1 OJJTHUM BUMHUKAUYEM
Ha KOJIO MO>K€ 3aCTOCOBYBATHUCH IPU KUIBKOCTI pueanans 6-10. [1I3B € HopManbHO
BBiMKHeHUM, oOuBl CI i Hanpyroro. xxepena 1 I1JI npubau3Ho nopiBHYy po3-
MOUIAIOTHCS MK CHCTEeMaMH MIWH. (T.3. (pikcoBaHe pHe€IHAHHAS eleMeHTiB). [le-
petik notyxHocTi yepe3 I1I3B manwii, 1 [II3B dakTtuyno Bukonye ¢pynkiii CB. s
PEMOHTY OJIHI€1 3 cucTeM IKH ab0 Oyb-skoro [P Bci mpueaHaHHs IepeBOSATh Ha

JPYTy, SIKa 3aJIMIIAETHCS B pOOOTI, ane HaJiiHICTh podoTu PY B TakoMy BUIaAKy
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3HA4YHO 3MCHIIYETbLCA.

CIlI

[ ] 3B

CIII2

Puc. 5.17 Cxema 3 1BOMa HECEKI[IOHOBAHUMH CUCTEMaMH 301pHUX IITUH
5.4.3 Kinvueei cxemu. Cxemu 6az2amoKymHuxie.
T ha VY HHX BUMHKAYl 3'€IHYIOTBCSI MIXK CO-
B> 0010, yTBOpIOIOYM Kiblie. HalmpocTiioro Ki-
JBIEBOI0 CXEMOKI € CXeMa  «TPUKYTHHK»
(puc.5.18). Koxxne npueaHanus (J1iHisi, TpaHC-
By B3 dbopmatop) BKIIOYAETHCS JIBOMA CYCIAHIMHU
BuMukadamu. [lpueaHaHHs KOXXHOTO eleme-
HTa 4Yepe3 BHUMMKA4 MiABUUIYE THYYKICTh
1 CXEMH 1 HaJIIHHICTh POOOTH (TIPH ITLOMY KiJIh-
KICThb BUMHUKA4lB HE MEPEBUIIY€E YUCTIA TPUET-
. HaHb — €KOHOMHICTB).
Puc. 5.18 Kinbuesa cxema

«TPUKYTHUK VY KUTBLIEBUX CXeMaX PeBi3is OyIb-IKOTO

BUMHKa4Ya BUKOHY€TbCS 03 mepepBH poOOTH sIKOro-HeOynb enemeHTa. Tak, uis
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peBizii B1 fioro BiIK/II04arOTh 1 pO3’€IHyBaYaMH BiJ'€AHYIOTh BIJ YACTHHH, 110 3a-
JUIIWINCS T Hanpyroto. Bee 3anuiiaerbest B poOoTi, ajie cxema cTae MEHII Hal1i-
Hoto. SIK10, Hanpukan, npu mboMmy K3 Ha JI2, To BigkmtouaeTses B2 1 B3, To6TO
B110yBa€ThCS MOBHE BIKIIOUCHHS BCIX elleMeHTIB. Te xk BimOyBaeTbes npu K3 Ha
J1HIT 1 BIZIMOBI OJTHOTO BUMHKAa4a. TakuM YMHOM, B KUIBIIEBUX CXE€MaX HaJINMHICTh
poOOTH BUMHKAYiB BUIIA, HIXK B IHITUX CXEMaX, OCKUIBKU X MOKHA BUTIPOOOBYBATH
B 1€P10]] HOPMAJIBHOT pOOOTH.

VY «xBagpari» (YOTUPUKYTHUKY) (puc. 5.18) — T1 xk nepeBaru (peBisist Oyb-
SKOTO BUMHKa4a 0e3 BIAKITIOUEHHS MPUETHAHB, HAMIHHICTh). OCKITbKA HAAIHMHICTh
IIPY PO3MHKAHHI KOJIa 3HIKYETHCS, TO ITCIISI BAMUKAHHS TIPHETHAHHS, HAITPUKJIIA],
peneitHuM 3aXucToM, Tpeba ioro i3omtoBaTu (Hanpukias, JI1 3a nonomoroto P1), a
noTiM B1 1 B2 yBiMkHyTH. P03’ €1HYBau1 MOXKYTh OyTH 3a0€3MeUeH] TUCTAHI[IHHIM
MIPUBOIOM, 1110 J103BOJIsie aBTOMaTu3yBaTu cxemy. [Ipu Bubopi TC, B 1 P Tpeba Bpa-
XOBYBATH, 1110 3aJICKHO BiJ] PSKUMY pOOOTH CTPYM B amapati 3MiHIOeThcs. Hampu-
Kiaj, 1ist perisii B1 ctpym y ko B2 moaBoroeThbes.

[[Inpoko 3aCTOCOBYETHCS TAKOXK CXEeMa «IIECTUKYTHUK» (puc. 5.19). Mae T1 x

nepeBary, 1o 1 cxema «KBaJipar». 3aCTOCOBYEThCS HA TPAH3UTHHUX IMTiACTAHITISX.

A JI A JI2
B2
° - J 7 * 7—> ]I
RN
B
N
l
B> B4 Bg B4
<5 ‘]-l?! - 7 » ﬂ4
l‘)1 p4 T BS 4~
T T2
T d 5)
Puc. 5.18 KinbiieBa cxema «xBajpaT Puc. 5.19 KinbreBa cxema
«IIECTUKYTHUKY
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Haii6inpm cnabki micii - B2 1 BS, ockiabKy 1X MOMIKOKEHHS PU3BOIUTD 10
onHovacHoro BiakmtoueHHs JI1 1 JI2. SIkmo mo umx diHisAX BIAOYBA€ETHCS TPAH3UT
MOTYXHOCTI, TO TpeOa MepeBIpUTH, YN HE CTAHETHCS MPHU IHOMY MOPYIIECHHS CTiil-
kocTi mapanensroi podotu EEC. MmosipHicTs nmomxkomkenns B2 i B5 gocuts Be-
muka (1 pa3 B 12,5 pokiB). PO3BUTKOM TakuX CUCTEM € TaK 3B's3aH1 KIJIbLIS, sIK1 BU-
KOPHUCTOBYIOTHCS 11 BEITUKOTO YKCIIA MPUETHAHB 1 MAIOTh Ti K BJIACTHBOCTI.

5.4.4 Cxemu micmckis.

Haiinpocrimuii «MiCTOK» BUXOAUTH, SIKIIO 00XigHuM po3’eanysad (OP) BcTa-
HOBUTH Ha MEPEeMUUIll MK CyciIHIMU NiHisIMU (puc. 5.20). ¥ «MICTKY» MOXJIHBA
peBi3ist OyAb-SKOTO JIIHIMHOTO BUMHKa4ya 0€3 BIIKIIIOUEHHS MpueaHaHb. Bumukaui
MOXyYTb ctaBuTHcs 3 0oky BH a6o HH. Jlns Toro, mo6 pesiziss OP nepemuuku He
BUKJIMKAJIa HEOOX1AHOCT1 BIIKIIFOYEHHS 000X JIIHIN, TOCTIIOBHO BMUKAIOTh JIPYTHM

OP (puc. 5.21).

py I'H (HH)
Puc. 5.20 Cxema HalimpoOCTIIIOTro Puc. 5.21 Cxema «micTKay
«micTtka» 3 OP y nepemMuuii Mix 3 MOCJ1I0BHO po3MinieHumMu aoma OP
CYCIHIMH JIIHISIMU y nepeMuyIll

3pyYHINIO0 € CXeMa «MICTOK» 3 TpbOMa BUMHKadamu (puc. 5.22). 3acToCOBy-
€THCS I TBOTPAHC(POPMATOPHUX MIJCTAHIIIN 3 TPAH3UTHOIO JIiHIEI0 200 711 HEBe-
JUKHUX IBOTPaHCHOPMATOPHUX €JIEKTPOCTAHIlIN. 3BijicH cdhepa 3aCTOCYBAHHS: «Mi-

cTok» (1 MOABIMHUI MICTOK) SIK TIEpIla Yepra mpy OYyIIBHHUIITBI HOBOI CTaHIli abo
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IIPU HEeBENHKIK (2-3) KUTBKOCTI JIIHIH, 10 BiAX0aITh. CXeMa «IOABIMHOTO MiCTKa»

J03BOJIsI€ MaTH 3aiiBe npueaHanHs Ha BH (puc. 5.23).

1§
J 12
L B3
Fa I_I ra
’ L ‘
T|
’I /‘

T} T) B

py I'H (HH)

Puc. 5.22 Cxema «mictok» 3 TppomMa  Puc. 5.23 Cxema «11oABIHHOTO MICTKa»

BUMHKa4YaMH

5.4.5 Cxema «3/2» (nonymopna) ma «3/4».

1) Cxema «3/2» (puc. 8). Mae AB1 cucTeMH IIIUH 1 TpU BUMUKAU1 HA JIBa KOJIA,

Clilt t 1 I:4

CII2
@Ti @Tz

Puc.5.24 Cxema 3/2

To0TO 1,5 BMMHKAaua Ha KOJIO
3aCTOCOBYETHCSI Ha HaIpyTy
330-750 kB npu Benukii Kiib-
KOCT1 npueaHanb. Koxune npu-
€/IHAHHS YBIMKHEHE 4epe3 JiBa
BUMHKaYi. [T BUMKHCHHS,
Hanp., JI1, tpeba BumknayTH Bl
i1 B2. YV HOpManbHOMY pexXuMi
BCl BMHKa4dl BUMKHEHI, OOH/IBI
CII nig vHanpyroro. [ns pesizii
KO)KHOTO B HiOoro BUMUKAIOTH 1
BIJIOKPEMITIOIOTH 3 000X OOKiB

po3'ennyBaduamu.  KiJIBKICTh

omepauniii OpyU LbOMY € MIHIMaJbHOIO, pO3'€HYBadl BHUKOHYIOTb PEMOHTHE
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NIPU3HAYCHHS - BIJUIUICHHS BUBEJICHOIO BUMHUKAYa BiJl IUITHOK MEPEXKi IIiJ] HaMpy-
roto. ExcrutyaraiiiitHi BIaCTUBOCTI OJIM3bK1 JJO BIACTUBOCTEU «KIICIIb.

Ilepesacu cxemu, wo 3abe3neuyroms ii HAOIUHICMb!

1) mpu BUKOHaHHI peBi3ii OyIb-SIKOT0 BUMHKa4a BC1 IPUETHAHHS 3aTUIIAIOTHCS
B po0oTi;

2) BCl IpU€IHAHHSA 3IAINAIOTHCS B pOOOTI HaBIThH NpH yiikopkenHi Ha CII;

3) sxmo kinekicTh CIT 1 JiHIA OJIHaKOBa, TO poOOTa BCIX MPUEIHAHBL 30epira-
€ThCSl HaBITh NTPU BUMKHEHH1 000X CII;

4) cxema J103BOJIsIE B poOOYOMY pexkuMi Oe3 omeparliii po3'enHyBadyaMu poOUTH
BUNPOOYBAaHHS BAMUKAUIB (SIK Y CXeMaX «KUIELb)»); BUKOHAHHA MPOQ1IaKTH-
YHUX pOOIT BUACHO, MIABUILY€E HAAIMHICTE pOOOTH BCTATKyBaHHS;

5) pemont CII, yumieHHs 13074TOpiB, peBisis I[P BukoHyeThcst 6€3 BUMUKAHHS
IpUEIHAHD; BC1 KOJIa MPOJIOBXKYIOTh NpaitoBatu yepe3 CLL, no 3anummumnacs
y po0OTi;

6) nemae LLICB.

J{ns miABUIIEHHS HAIIMHOCT1 CXEMU OJJHOMMEHH1 €J1€EMEHTU MPUETHYIOTHCS J10
CILL. ITpu Takomy 3'enHaHi y pasi yUIKOIKEHHs Oyab-sikoro enementa adbo CIHI mpu
OJIHOYACHIM BIIMOBI OJJHOTO 3 BUMHKAUIB 1 pPEMOHT1 BUMHKa4a 1HIIIOTO MPUETHAHHS
BUMHKA€EThCs He Ounbine ogniei JI ta ogHoro T. Hanpuknan, mpu K3 Ha JIi, peMoHTI
Bs 1 BimmoBi B1 Bumukarotrecst Bz, B4, B7 1 kpim JI1 Bumukaetses me Ta. Ilicas
BUMKHEHHs1 ywKkopkeHoro By JI1 moxe Oytu yBiIMKHeHU# Ba, a Tz 3a qonomororo

Ba.

Heoonixu:

1) K73 Ha niHii BUMHKA€ETHCS IBOMA BUMUKAUYaMH, 1110 301IbIIIY€ KUIbKICTh
peBisiii B;

2) 3HM)KEHHS HaJIHHOCTI CXEMH, SIKIIO KIJIBKICTB JIIHIH HE BIAIIOBIIAE Ki-

JBKOCTI T-PiB;
3) BenuKka KUTbKICTh TC Ta yCKIaHEHHS] KOHCTPYKINT K11 peJIeHHOro 3a-

XHUCTY 1 iX HACTPOIOBAHHS;
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4) BEJMKAa KUTbKICTh BUMHKaYiB, 3ate Hemae [IICB.

2) Cxema «4/3» (puc.9). [logibHa cxemi «3/2», ajne € OLIbII €KOHOMIYHOIO, TaK

Clilt 1 1 I: ¢
B B~
N N
N N \\
N
\\ \\
BQE:I E:I Bs
N \\ [\ \\
\ N
B3 Bo

e

CIII2
@Ti @Tz

Puc.5.25 Cxema 4/3

gk Mae 4/3 BUMHKaul Ha
npuegHaHHd. Mae Hau-
Kpallll TOKa3HUKH, SIKIIO
YUCJIO JIHIA y JBa pas3u
MeHIie abo Oulbple Yucia
TpaHc(hopmMaTopis.
CexmionyBanns CIII
AK 1 'y cxemi «3/2» BUKOHY-
€ThCS BUMHUKAUEM 4epe3
M'aTh KUI, ajJie TyT BHXO-
TUTh T'STHAAUATH TPHUE]-
HaHb, a B cxeMi «3/2» — ne-

CAThb.

3) Cxema i3 0soma CIII i 06oma sumurawamu Ha NPUEOHAHHSL.

'Y f

? 7

Puc.5.26 Cxema 13 nsoma CIII 1 1BOMA
BHMHUKAYaMH Ha IPUETHAHHS

OcoOnmBICTIO CXeMH 3
IBOMa BHMHKauaMHM Ha
npuenHanusa (puc. 5.26) €
1 BUCOKa HAIMHICTBD, a Ta-
KOX BeJIMKa BapTICTh (HE
ILUTyTaTH 31 CXeMaMH YOTH-

PYTHUKIB)

5.5 Bubip TpancdopmaropiB B cxemMax eJIeKTPUYHUX CTAHLIN

BinmosinHo 1o BUMOTr HOpM TexHousoriunoro npoektyBanas TEL], cymapna

NOTYXHICTh TpaHcpopmaropiB 3Bsi3ky MiKk PY T'H 1 PY BH mnoBunna
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3abe3neuyBaru Bugady B EEC Bciel akTHBHOT 1 peaKTUBHOI IOTYKHOCTI CTaHIII1 3a
BUHSITKOM HaBaHTa)XEHHSI BIIACHUX MOTPeO 1 MiciieBoro HaBanTtakeHHs (MH) Ha re-
HEpaTOpHINA HaIpy3i B MepioJ MIHIMyMYy HaBaHTaXEHHS (BKIOYAlOYM HepoOoui
JH1).

KinbkicTe TpancpopMaTopiB 3B's13Ky BUOUPAETHCS ypaxyBaHHSIM:

1) 3abe3nedyeHHs BUAYl MOTY>KHOCTI MTPU BIIMOBI OJTHOTO 3 HHX;

2) enektponoctauanHs croxkuBadiB Bil EEC 3a Tux camux yMoB;

3) 3a0e3nedeHHs CTIMKOCTI napanenbHoi podoTu craniii B EEC.

L{i BUMOTHY IPU3BOJIATH 10 BCTAHOBIICHHS, SIK TPABUJIO IBOX TPAHC(HOPMATOPIB,
1o nipu 3-x 1 Oubie yucii cexui Ha PY I'H no3Bostsie, 10 TOro %, CTBOPUTH CUMe-
TPUYHY CXEMY W 3MEHILIUTH MEPETIKAHHSA MOTYKHOCTI MK CEKLISMH MPU BIAKIIO-
yeuHi oxHoro 31 CI.

HannukoBa noty»xHicth, BugaBana B EEC, Bu3HauaeTbcs 3a popMyioro

Shaon = \/(Pzr —Psyy _PZBH)Z +(Osr = Osumr —QZBH)2
ne Psp, Osy — CyMapHa akTHBHA M PEaKTHBHA MOTYXKHICTh, IO TEHEPYETHCS HA
crauiii; Psysp, Osyy — CYMapHa MOTYKHICTh MiCIEBOrO HABAHTAKEHHS; Pspyy Ta
Ospp — cyMapHa noTtyxkHicTs BII.

3HaYeHHS HAJJIUIIKOBOI MOTY>XHOCT1 3MIHIOETHCS 3aJIEKHO BiJI PEXKUMY PO-
o6otu CI' 1 rpadika MICIIEBOIO HABaHTAXEHHS, BIAMOBIAHO Syuo, BUBHAYAIOTH JJISI
TPHOX XapaKTEPHUX PEIKHUMIB:

- IPY MIHIMAJIbBHOMY HaBaHTaXEHH1

S, = \/ Psr =Py min — BH) (Qz:r QMHmjn_QBH)Z;

- IIpU MaKCUMAJIbHOMY HaBaHTaXKECHHI

5, \/ Pttt ma _PBH)Z +(er ~ Ovrrmax — Dot )2 ’

- aBapitHOMY pexumi (IIpH BIAKIOUYEHHI camoro notyHoro CI') 1 Makcuma-

JIbHOMY HaBaHTaXCHHIO CIIO’KUBAYIB
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S3 :\/(Pzr _Pglﬁx _PMHmax _PBIY)2 +(er o gl;lx _QMHmax _QBH)2 :
YMoBa BUOOPY MpH yCTAHOBIII IBOX TpaHC(HOPMATOPIB MA€E BUTIISI
1,4 5, > 81, 8>, S;,
ne xkoedimieHT 1,4 BpaxoBye MpUITyCTUME aBapiiiHe IepeBaHTaXXeHHS TpaHchopma-
TOPIB.

SIkmo PY cknagaernes 3 ogHIE€I-IBOX CEKINiH Ta S; HEBEIMKa, TO MOXKHA BCTa-
HOBUTH OJIMH TPaHCHOPMATOP 3B'SA3KY, MOTYKHICTh STKOTO BHOUPAETHCS 32 YMOBOIO
Sm>81, 82 S3.

5.6 I'os10BHI cxemMHM miCTaHIIMN.
J1o HUX CTaBJIATH Tl )K BUMOTH 32 HaJIIMHICTIO, EKOHOMIYHICTIO, THYUKICTIO, pe-
MOHTOINPUAATHICTIO Ta Oe3nekoro. 3a po3MimeHHsM B EEC miacranmii quisTe Ha

YOTHUPH TUTIU: TYMHUKOBI, TPAH3UTHI, BITOKPEMITIOBaHI i By3J10Bi (puc. 5.27, 5.28).

i ? i ] N
[] | \
:Iﬁ_ T il g _FF"-.I—
E:E CB i |

Puc. 5.27 Cxemu miacTaHIIH:
a — TYIMKOBa, O — BITOKpPEMIIIOBaHa, B — MPOXiAHA

i
-
uf:
<

Tynuxoea niocmanyis OJICPKY€E SICKTPOSCHEPTIIO BiJl OJHIEI CIEKTPOYCTAHO-
BKH T10 OJIHIM a00 JeKIIbKOX MapayiesibHUX JiHisAX (puc.5.27a).

Biookpemniosana niocmanyis MpUETHYETHCS BiANAWKOIO 10 OJHIET a00 JEKi-
apkox Tpau3uTHuX JIEII (puc.5.270).

Ilpoxiona (mpanzumna) niocmanyis NiAKIIOYAETHCS Y PO3pi3 OJHIET a00 ABOX
niHi# (puc. 5.278).

Jlo 6y31060i niocmanyii TPUETHYETHCS OUIBIIE IBOX JIHIN KUBHIBHOT MEPEXKi

pi3HOiI HanpyTH (puc.2.28). 3a NpU3HAYECHHSIM PO3PI3HAIOTh CHOMCUBUL W CUCEMHI
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nijacraniii. Ha mmHax cHCTEMHUX MiACTaHIIN 31HCHIOETHCS 3B'I30K OKPEMHX paii-
oniB EEC a0o pizaux EEC. /o By3/I0BUX CHCTEMOYTBOPIOIOUUX MIJICTAHIINA CTaB-
JATHCS BUIII BUMOTH 3a HailHICcTIO. [le, sk mpaBwmno, miacranii i3 BH 220-750 kB,

puc. 5.28.

110-220x8 330-750 =B B MuHynomy 4acTo TynHMKOBI

| i BIJOKpPEMJIIOBAJIbHI MiACTAHIIIT
4acTO BUKOHYBAJIHUCh 3a CIIpOIIe-
£ . £ HUMH cxemax (0e3 BUMHUKAYiB 3

B 6oxy BH).

CywacHi miacranuii  Oyay-

IOThCS TUIBKM 3 BHMHKadamu. Ha

{ o[ 1s ] 6-10=B BH Tpan3uTHUX ¥ BiJIOKpOEMIIIO-

. BaJIbHUX IIJICTAHIIAX 3aCTOCOBY-
Puc.5.28 Cxema By3510BO1 HiACTaHI]

FOTBCS cxeMHu "MicTKIB" 1 "Kimens".

Taki pimeHHs 3a0€31euy0Th CeKI[IOHYBaHHS 1 BIJIMOB1THO 30UIBIIYIOTh HAIIMHICTb.
[lixcranuii, npu HbOMY, € IBOTpaHC(HOPMATOPHUMH, MPU PO3IMIMPEHHI TiACTaHIII,
Tpanc(hopMaTopu 3aMiHAIOTh Ha MOTYXKHIIII, HE 301IBITYIOYH iXHBOT KUTBKOCTI. [Ipn
qucii npueagHanb Ha BH GinbIne mecty Moke BUKOPUCTOBYBATHUCS OJIMHAPHA CEK-
mionoBana cucrema muH 3 OCIL, npu yucii npueHaHp OLIBIIE ASCATH — ITOJBiiTHA
cuctema muH 3 OCHI. Ha Hmk4iit Hanpy3i peKOMEHAY€EThCS OJIMHAPHA CEKIIIOHO-
BaHa CHCTEeMa IIIWH 3 HOPMaJIbHO BUMKHEHUM CEKI[IHHUM BUMHKadeM. Bumukad 00-
JIAIITOBAaHWNA anapaTypor0 aBTOMaTUYHOTO yBIMKHEHHS pe3epBy (ABP), mo cmpa-
BOBYE MPH aBapisx Ha OAHOMY 13 TpaHc(opMaTopiB abo MpHU 3HMKEHH1 HaBaHTa-
KEHHS JI0 3HAYCHB, TIPY TKOMY JJII 3MEHIIICHHS BTPAT MOTY)KHOCTI OJIUH TpaHC(]O-

pMaTop BUMHUKAIOTh.
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6. BJIACHI HIOTPEBYU EJEKTPOCTAHIINA
6.1 OcHOBHiI BUMOTH

Jlns1 3a0e3medeHAs BAPOOHMIITBA SIICKTPUYHOT 1 TETUIOBOI €HEeprii MoTpiOHAa Be-
JIMKa KIJTBKICTh MEXaHi3MiB, MPUBOJIOM SIKUX B OUIBIIIOCTI BUIIAJIKIB € ACHHXPOHHI
JBUTYHH 3 KOPOTKO3aMKHEHUM POTOPOM. J[71s1 Tesskux poO0odYrX ManiuH BUKOPHCTO-
BYIOTHCSI TAPOTYPOIHHUM 1 CHHXPOHHUY TPUBIJL.

Ha TennoBux eleKTpUYHUX CTAHINISAX CHEepris HeoOXiIHA JJIsi TPUTOTYBAHHS 1
TPaHCTIOPTYBAHHS MMAJTMBA, MOJa9y XKUBUIBLHOT BOIH 1 TTOBITPS B KOTEJI, BUBSACHHS
JUMOBHX Ta3iB, OXOJIOJKEHHS KoHaeHcaTy Tomo. Ha AEC eHepris BUKOPHUCTOBY-
€THCS HA PUMYCOBY ITUPKYIISIIIIO TEIUIOHOCIS Yepe3 aKTUBHY 30HY, 3aTJIbHOIO JISI
BCIX THUIIIB CTAHI[IM € BUTpAaTa HA OCBITJICHHS 1 BEHTWISAIIIO MPUMIIICHb, TEXHIUHE
BojonoctayanHs. Ha 'EC — ynpaBaiHHS T1ApoO- 1 €JEKTPOTEXHIYHUM 00J1a THAHHSIM,
00IrpiB TiAPOTEXHIYHOIO 00JIaJHaHHA B 3MMOBUI yac. BiacHe cnoxxuBanus EE 3a-
JISKHUTH BIJ TUITY €JIEKTPOCTaHIIIi, BUAY MalvBa 1 Coco0y HOTo CrajitoBaHH, Has-
BHOCTI TYypOOTIpHBO/A.

Burtpara enekTpuuHOi eHeprii Ha BJIaCHI MOTpeOu

Tun ycranoBKH P / P o
s /0
TELl — nunoByriiasHa 8-14
ra3o-Ma3yTHa 5-7
KEC — nunmoByriibHA 6-8
ra3zo-Mas3yTHa 3-5
AEC — 3 ra30BUM TeIUIOHOCIEM 5-14
3 BOJIHUM TEIUIOHOCIEM 5-8
I'EC — masioi i cepeTHbOi MOTY>KHOCTI 2-3
BEJIMKOI TIOTY>KHOCTI 0,5-1

Mexanizmu BII 3 enextponpuBogom abo TypOONPUBOIOM, 3HUKYBAJIbHI Tpa-
HCc(opMaTOpH 1 pO3MOIIbHI YCTAaHOBKH, HE3AJICKHI JHKEpelia, CUCTEMU KepyBaHHSI
YTBOPIOIOTh CuUcmeMy 81acHUX nompe6 eNeKTpocTaHIli. EnekTponocrayanus cuc-
temu BII 3miificHIOETRCS Bi TeHEpaTOPiB CTaHIi i cuctemu. HalOinbin mpocToro €
cxeMa 3 Oe3nocepenHiM 3B's3koM cucteMu BII 3 Mepexero eHeprocuctemu (puc.

6.1). HegomikoM Takoi cXeMH € 3aJeKHICTh Hanpyru 1 yactotu B BII Big pexumy
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CHEPrOCHUCTEMH.

[H1IMM BapiaHTOM MOK€e OyTH BUKOPHC-

B TaHHS aBTOHOMHOTO JDKepeia JKUBJICHHS: J10-
T MIOMIXKHOTO TeHepaTopa, 110 3HaXOIUThCS Ha
OJTHOMY Bajly 3 OCHOBHMM a00 Ha By JOMO-
1 MDKHOT TypOiHu. Taki cxemu 3Ha4HO ITiJIBH-

B B

IIYIOTh BapTiCTh OJMHMII BCTAHOBJICHOI TO-
TY>KHOCTI, YCKJIaJHIOIOTh E€KCIUTyaTallio 1 €
MEHII HAJAIMHUMHU HIXK TPHU EIEeKTPOIOCTa-

YyaHH1 yepe3 Bianaiky. EnekTponocrauaHHs

B1JI aBTOHOMHUX JIXKE€pEN MOXKe OyTH KOpuc-

HUM TIPH aBapisiX SIK pe3epBHE KEPEIO KUB-

- HHSI.
Prc.6.1 Cxema 3 Gesmocepenniv | *'C

3B'a3koM cuctemu BII 3 Mepexero Cnoxwusaui BIT Bigaocarscs 1o | kare-
€HEPrOCHCTEMH

ropii 3a HaJIAHICTIO )KUBJIEHHS 1 TOTPEOYIOThH
MOCTaYaHHS BiJ] ABOX HE3AJICIKHUX JIKEPE. IX moisroTh TaKOK Ha BiAMOBITAIBHI
1 HeBiAnoBigaabHI. KopoTkouacHa 3ynuHKa BIMIOBIIAJIBHUX CIIOKUBAYIB MPU3BO-
JUTH JI0 aBapiifHOr0 BUMHUKAHHS 1 pO3BaHTa)KCHHS arperaTiB craHiii. KoporkouacHa
3YNHUHKA HEeBIAMOBIAILHUX CIIOKMBAYiB HE IIPU3BOAMUTH JIO HEraifHO1 aBapiiHO1 3y-
MIMHKYU arperaris.

VY KoTenbHOMY BIJUIIJIEHH] BIANOBIIAJIbHUMHU CIOKWBA4YaMH €: TUMOCOCH, Be-
HTWISITOPU AYTTS, KUBWILHUKH uiy. HeBiamoBigansHuME — 3MHBHI 1 6adepHi Ha-
COCH, CHCTEMH 30J10-, ITUTAKOBUIAJICHHS, €JICKTPO(LIBTPH.

Jlo BiAmoOBIgaJIbHUX MEXaHI3MIB MAIIMHHOTO BIIIUICHHS BIIHOCSATHCS: YKUBH-
JIBHI, UPKYJISIIHAHI, KOHJEHCATHI HACOCH, MAacJIOHACOCH TYPOIHHU 1 TeHEpaTOpiB, Ma-
CJIOHACOCH CHCTEMH YIIUIBHEHHS Bally reHepaTtopa. Jlo HeBiAnoBIJaIbHUX — 3JIMBHI
HACOCH pereHepaTUBHUX MiirpiBavis, ApeHaxHi, Ha TELl — MmepexxeBi HacocH.

Ha TEIL, KEC, AEC Buma nanpyra BII sk npasuno ckinagae 6 kB. Ha TEC 3

NOTYXHUMHU arperaraMy €KOHOMIYHO BHIIPaB/IaHOK0 Moxke Oytu Hampyra 10 xB.
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[lepemiko/1010 0 BUKOPUCTAHHS ITi€T HAPYTH € BUIIA BAPTICTh TaKWUX IBUTYHIB. Ha
['EC ocHOBHa yacTHHA MeXaH13MiB KUBUThCS Bia mepexi (0,4/0,22) kB 1 numie ok-
peMmi MOTy>KH1 MeXaHi3MH Bia Mepexi 6 kB.
Ha mijicranmisix 3 moTy>kHICTIO HaBaHTakeHHA 10 170 kBT 3acTocoBylOTh Ha-
npyry 0,4 kB, nonan 170 kBt — nanpyry 6 a6o 10 B.
6.2 Txxepena :xuBjenns BII
Bapiantu BUKOHAHHS JKEpe KUBJICHHS Ha €JIEKTPUYHUX CTaHIIISAX HABEACHI

Ha PUCYHKY 6.2 a-T.

Py

@ ‘ TBII

PY BII a) IPY BIT| 0) PY BII B) PY BII r)

JICT

Puc.6.2 CtpykTypHi cxeMu poOOYOro KUBJICHHS BIACHUX MOTPEOD:
a - Big mH ['PY; 6 — oTmaiikoro Big 6J10Ky; B — OT JJONMOMIXKHOTO TypOoarperara; 1 — roJoBHU
TypOoarperat; 2 — TOIOMIXHHM TypOoarperaT; T — BiJl JOIIOMIXHOIO FeHepaTopa

1) SAxuo Ha cranuii € I'PY 6-10 kB, To PY BII orpumytoTs xuBieHHs 6e31m0-
cepenubo Big muH ['PY wepes tpanchopmaropu BII (TBII) a6o peakToBaHni JiHii,
puc. 6.2a. OCHOBHUM KJIACOM HAIpyrH B Takiil cuctemi € 6 kB 1715 ABUTYHIB TIOTY-
xHicTio moHaa 200 kBt 1 0,38/0,23 kB aJist iHmux ABUTyHIB Ta OCBITIEHHS. 3acTO-
cyBaHHs Hanpyru 3 KB (Ha ctapux cTaHIlIsAX) HE BUMPaBAaiIo cebe, TOMY IO Bap-
TICTh JBUTYHIB HOMiHaIbHOIO Hanpyroto 3 kB 1 6 kB He ayke BiApI3HAETHCS, a BU-
Tpata KoJbopoBux MeTamiB 1 BTpatu EE y mepexi 3 kB € 3nauno Oibmmmu y opi-
BHSIHHI 3 Mepexkero 6 kB.

2) Sxmo CI' craniii 3'enHani B 6;10ku, To kuBjieHHs BII 3nificHIo€THCS 32 J10-
MIOMOTOF0 OTHANKH Bifl 010Ky, puc. 6.20. J{ns oomexxenns crpymi K3 B cuctemi BII

3actocoBytoTh TBII 3 miaBumienoro nanpyroto K3 abdo 3 posiuiernieHumMu 00MoTKaMu
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HH (mipu 3Ha4Hi# MOTYXHOCT1).

3) 3nauno 3meHmmTH ctpymu K3 B cuctemi BII MoxHa, BUKOPUCTOBYIOUH IS
xupneHHs BII nonomixxuwmii arperart, puc. 6.2B, nap AJjist SIKOro OepeTbesl BiJ BiJl-
Oopy rojoBHOI TypOiHH, a TEHEPATOP HE MA€ EJIEKTPUUYHOIO 3B'S3KY 3 OCHOBHUM T'e-
HEPATOPOM CTaHIIii. AJle yCTaHOBKa TaKoi Majoi TypOiHM MOKE€ BUIIPaBIaTH ceOe B
No€THaHHI 31 cxemoro xuBieHHs BII ormaiiku Bix 6moky. [Ipu npomy gactuna BII
nigkmoyaeTsest A0 TBII, a iHma yactuna (y sxiid Tpeba peryiaroBaTi MpOayKTHB-
HICTh MEXaHI3MIB) /10 IONOMDKHOIO arperaty. [Ipu 3HMKeHHI HaBaHTaXeHHs OJIOKY
3MEHIIYIOTh YaCTOTY JIOMIOMIXKHOT'O T€HEpaTOpa, YUM 3a0€3MeUyEThCS MIIaBHE PETy-
JIIOBAHHS MPOJYKTUBHOCTI MIJIKIFOYEHUX MEXaH13MIB (’KUBUJIbHUX, KOH/JICHCATHUX,
HUPKYJSILIHUX HACOCIB, ITUMOCOCIB, BEHTWIATOPIB). Take 4acTOTHE rpynoBe pery-
JatoBaHHs A03Bosisie 3HM3uTH BuTpaTu EE Ha BII 1 BUnpaBaatu ycraHoBKy J0mOMi-
KHOT0 TypOoarperary.

4) YcTaHoBKa JOTIOMIXKHOTO T€HEpaTOpa Ha OJTHOMY Baly 3 TOJIOBHUM T'€HEpa-
TOPOM BHMarae MEHIIUX KamiTaabHuX BUTpaT (puc. 6.2r). 3acrocoByerbest Ha ['EC
1 AEC.

Po3rnsHyTi cxeMH HE MOXYTh 3a0e3neynTH HajiiHoro xuBieHHs BII, Tomy
o npu nomkopkeHHax B CI', Ha mmuax ['PY abo B TermomexaHI4YHOT YaCTUHH
nopymryethsest xxuBieHHs PY BII. Uepes ne, kpim podounx mkepen BII, mepenbaua-
IOThCSl PE3EPBHI JpKepela kuBJieHHs. Humu MoxyTh Oyt TpaHnchopMaTopH, 1o
npuenHani 1o wuH PY BH, ski matote 38130k 3 EEC. IIpu 1boMy HaBITh IPU BUM-
kaenHi Bcix CI' cranmii sxuBnenns BII 6yne 3aivicaroBatucs Bix EEC.

VY Bunajaky croiBmaiHHs yacy aBapii Ha ctaH1ii 3 aBapieto B EEC st Hailouib1
BIJIMOBIJAILHUX CIIOXKMBAYiB, sIKi 3a0€311euyI0Th 30€peKeHHs 001aHaHHS B ITpalie-
3IaTHOMY CTaHi (MacJIsiH1 HACOCH MACTHIIA, TOIIO), TIepeI0ayaroThCs aBapiiHi JIKe-
pena >kuBJeHHs (aKkymylsaTopHi Oartapei, ausenb-reneparopu ([I7), razorypOinHi
yctanoBku (['TY)). IT' 1 'TY aBTOMaTH4HO 3ammyCKarOTHCS MPU 3HIKCHHI 9aCTOTH
ta Hanpyru B EEC 1 npu neBHUX X 3HaYEHHSX, aBTOMATUYHO MiIKIFOYAIOTHCS 10

mvH BII, npu ubomy xuBnenns Big TBII BigkmtouaeTses. Big mycky 3 X0I0QHOTO
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CTaHy A0 MPUUHATTS HABAaHTAXKEHHS MUHAE 2-3 XBUJIMHH.

Pe3epByBaHHs MOe 3A1MCHIOBATHCS B SBHOMY BUIJISI/II 1 HESIBHOMY. SIBHE pe-
3epBYBaHHS 03HAUaE, Mo KpiM pododoro mrepena BII € pezepBuuii. [Ipu HesBHOMY
pe3epByBaHHs poboUe HKEPEIo OJJHOUYACHO € PE3EPBHUM JIJIsl 1HIIOL TPYIH CIIOKH-
BayiB BII [Ipu nupomy foro noTy’HICTh 3aBUILY€TbCA NMpuOan3Ho B 1,5 pazu. Hes-
BHE pe3epByBaHHs 3acTocoByeThes HAa TELL 3 'PY i reneparopamu Masnoi moTykHO-
cti. [Ipu sBHOMY pe3epByBaHHs Ha HU3KY poOouux TBII nependavaeTscs oaux pe-
3epBHUH, IKUH BMUKAE€THCSI aBTOMATHUYHO Ha Ty cekito BII, Bij ko1 BIIKIFOUUBCS
po6ounii TBII.

6.3 OcobsuBocTi opranizauii cucremu BiaacHux norped Ha 'EC ta AEC

Ocobnusocmi opeanizayii cucmemu énacuux nompeo na I'EC. Cxemu I'EC Bi-
npizHsatoThes Bijg cxeM BIT TEC He nuBmsduch Ha Te, MO JKEpena eHeprii y HUx
OJIHAKOBI: T€HEPATOPH 1 cucTeMa. BiAMIHHOCTI BUKJIMKAH1 TUM, 1110 BUTPATa €JICKT-
pOEHEeprii 3HAYHO MEHIIIA 1 BIZICYTHI IOTYH1 €JIEKTPOIBUTYHHU HAINpyTroto 6kB, qoms
3araJbHOCTAHIIIMHOrO HaBaHTakeHHs Outhil HiXK Ha TEC.

BukopucToByThCs 1Ba MiAXOIU:

- o0'eqHaHa crucTeMa >KMBJICHHS arperaTHUX 1 3arajJbHOCTaHIIMHUX HaBaHTa-
YKEHb;

- CUCTEMa OKPEMOTI0 KUBJICHHS.

Js 'EC manoi 1 cepeanboi notyskHocti EE po3noainseTses uiie Ha Harpy3i
0,4xB. B Takomy BUNajKy 3arajbHe HaBaHTAXXEHHSI 1 arperaTHe >KUBUTHCS B1J 3ara-
JBHUX POOOUYMX TpaHCHOPMATOPIB MOTYKHICTh SKUX 3a3BUYAl HE IEPEBUIILYE
1000 kBA. Ha I'EC 3 renepaTopHOIO HaIllpyroro He MEeHIle ABOX TpaHc(hopMaTopiB
BII nmigkmouaersest qo muH ['PY. PesepB moxe OyTH K SIBHUM Tak 1 B HEIBHOMY
Burisial. Cexuii BIT 0,4xB maroTs OyTr 3a6e3nedyeHi ABP.

Ha I'EC cepennnoi 1 Benukoi motyxHocTi po3noait EE B cuctemi BII nute va
Hanpy3i 0,4kB eKOHOMIYHO HEIONUIbHUN, TOMY BBOJSTH JIBa KJIaCH HAIPYTH:
6..10 kB10,4..0,22 xB. PY 6B BUKOHY€ETHCSI CIIITLHUM JIJI5 )KUBJICHHS arperaTHOro

1 3araJbHOT0 HaBaHTaKEHHSA. [0 HbOTO MIAKIIOYAIOTHCS MOTYKH1 €JIEKTPOJBUTYHH
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HOMIHAJIBHOIO Hampyrow 6kB.

Kinbkicte pobounx TpanchopmaropiB BII moxke 3MiHIOBaTHCS B LIMPOKUX Me-
*ax. BuznaganbpHOO 11pu BUOOPi TpaHchopMaTopiB € 3HAYCHHS TPAHUYHO JOITYC-
tuMoro ctpymy K3, 1o 3a6e3nedye ycmimHIicTh camo3amnycky ABuryHiB BII. Kiib-
KICTb TpaHC(OPMATOpPIB JUIsl KUBJICHHS 3arajJbHOTO HaBAaHTaXEHHS Mae OyTH He
MeHIIe 1BoX. ['0710BHI poOoui TpaHCHOPMATOPH MIAKIIOUAIOTHCS Y TOYKU B SIKUX
MOCTITHO 3a0€31evy€eThCs HaNpyTa.

Ocobnusocmi opeanizayii cucmemu enacHux nompeb na AEC. OcoOauBocCTi
BukoHaHHs cxeM BIT AEC moB'si3aHi 3 TEXHOJIOTIYHUM IMKJIOM 1 THIIOM SIIEPHUX
peaKkTopiB.

CnoxwuBaui Ha AEC st Ha Tpu Irpynu:

- CIIO’KMBaYl, 1110 BUMAraroTh IM1IBUIIEHOT HAIIMHOCTI eJIEKTPONOCTauYaHHs, Te-
pepBa B iX KUBJICHHI JIOMYCKAETHCSl HE OUIBIIE HIXK HA J0JI1 CEKYH/IU, BKIIOUYAI0UU
PEXUM TMOBHOTO 3HUKHEHHS HANPYTH 3MIHHOTO CTPyMY BiJl pOOOUYHMX 1 Pe3epBHUX
tpancdopmaropiB BI1. Bonu Bumararots 000B'I3K0BOT0 *KUBJICHHS ITICJISI CITPAIlbO-
ByBaHHS aBapiiHOTO 3aXHCTy PEaKTOpa;

- CIIO’KHMBaYl, 110 BUMArarTh MiABUILIEHOI HAIIMHOCTI, aje JOMyCKalTh Mepe-
PBU >KMBJICHHS Ha Yac, BU3HAYCHUH yMOBaMH aBapiitHOTO PO3XO0JI0KyBaHHS (Bia
JECATKIB CEKYH/I 0 JICCATKIB XBUJIMH);

- CIIO’KMBaYl, 10 HE BUMArarTh MiABUIIEHUX BUMOT JI0 HAAIHHOCTI €JIEKTPO-
nocradanHd. [lonmyckaroTe nepepBu xuBjieHHs Ha yac ABP 1 He Bumararots 000B'-
SI3KOBO1 HASIBHOCTI JKMBJICHHS ITICJISI CIIpaIfioBaHHs A3 peakTopa.

VY pexxumi HopManbHOi ekcrutyartauii 1y1s cnokusauiB BIT I-II1 rpyn nepenoa-
YaeThCs KUBJIEHHS BiJ podounx Tpanchopmaropis BII (TBII), a y Bunaakax ix Big-
KIIIO4YeHHs1 — Bijg pesepBHoro TBII, mo 3’eqHanHuii 3 Mepeker €HEProCHCTeMH.
Cxemu xuBneHHs crnoxupadiB BIT AEC 3a HopmanbHO1 ekcrtyaTallii 0y 1yroThCs
M0 TUX K€ NMpuHIunax, mo 1 cxemu KEC.

st cnoskuBauiB 1 1 Il rpyn B aBapiiiHOMY pexxumi nepedadaeThesi eNeKTpo-

MOCTAa4YaHHs BiJl CIELIAIbHUX aBTOHOMHHX JIKEPEJ, 10 HE 3B’S3aHI 3 MEPEKEIo
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€HEPrOCUCTEMH.

Jlist cnoxuBauis I 1 I rpyn Ha AEC cTBOpIotoThCs cnieniaibHl MEepexi 1 arpe-
raT HajaiiHoro kuBjaeHH. Sk 1 B cxeMax sxuBieHHs BII TEC, na AEC Bcix Tumis
OCHOBHHM JIXKepesioM xkuBlieHHs MexaH13MiB BII € Tpancdopmartopu, npuennani y
BUIJISI/IL BIATATYKEHb 10 BUBOAY OJIOKIB reHepaTtop-Tpancopmarop. [Ipu geox TT
Ha PEaKTOp JMOIIIBHUM € iX 00'€THAaHHS M0 JICKTPUYHIN YaCTUHI B MEXKaX OJTHOTO
PEaKTOpPHOTro OJIOKY 3 YCTaHOBKOIO T€HEPATOPHUX BUMUKAUIB.

Ha TEC 3a HasgBHOCTI BUMHUKAa4lB B KOJII F€HEpATOpa BIAradyKEHHs 3a3BUYail
MPUETHYIOTh MK BUMUKadeM 1 TpaHnchopmMaTopom OJIOKY 3 MipKyBaHb 3MEHIIICHHS
yucia KoMyTaii npu mycky 1 3ynusili. Ha AEC MoxnuBe npueHaHHs M1k TeHe-
paTopoM i BAMHKA4YEeM 3 METOI0 BUKOPHCTOBYBATH eHeprito Buxoay 11 mpu 3ymnu-
HII JUTS KUBJIEHHSA crioxuBayis Bl

KinbkicTh cekiiii moBuHHa OyTH HE OUIbIINE ABOX Ha peakTop. Ha koxHy cek-
Iit0 TiependavdaeThCs BXiJl BiJ poO0OYOro i pe3epBHOTO JKepena kxuBieHHs. [loTy-
KHICTh POOOUYNX TpaHCPOPMATOPIB OOUPAETHCS BUXOJSYN 3 MOTYXKHOCTI BCHOTO
NPUETHAHOTO HABAaHTAKECHHS.

6.4 Camo3anmycK aCHHXPOHHHUX JIBUTYHIB.

[Tpu BUMKHEHI poOOYOTo KMBIICHHS BJIACHUX MOTPEO, KOPOTKOUACHUX TEpe-
pUBaHb KMBIICHHS a00 Pi3KUX 3HIKEHb HAMPYTH HA MIMHAX BIIACHUX MOTPEO eJIeK-
tpoaBurynu BII ranmemyroTscs. 1eli mpoiiec 3HUKEHHS IIBUIKOCTI IXHBOTO 00ep-
TaHHSI HA3UBAETHCS guOIcoM. JIBUTYHM BIANOBIIAJBHUX MEXAHI3MIB BJIACHUX IOT-
pel y mux BUIAIKaX HE BIIKIFOYAIOTH BiJl MEPEXKi, 1 IICIIS BIIHOBJICHHS KUBJICHHS
(nanpukian, yepes pesepauii TBII, puc.6.2 a) CTBOPIOIOTHCS YMOBHU iXHBOT'O PO3-
TOHY 3 TI€1 IBUAKOCTI 00EPTAHHS, 10 AKOI BOHH 3arajibMyBaJIuCs IIPH MEPEPBI KHU-
BieHHs. Lleit nporiec BigOyBaeThCsa B yMOBaxX 3HIKEHOT HANPpyTH U, 5 uepe3 O1bIiIi
BTpatu Hanpyru AU y peszepBHomy TBII BHaciIok BEJIUKUX MYCKOBUX CTPYMiB
JIBUTYHIB 1 HA3UBA€ThCS caMmo3ammyckoM. Camo3amnyck Big0yBaeThcs 0€3 y4acTi Jito-
JIUHY 1 € e(heKTUBHUM 3aC000M YCYHEHHs mepeOoiB y poOOTI BIAMOBIJAIBHUX Me-

XaH13MIB.
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Puc. 6.3 CyTHicTh npoliecy caMo3amnycKy:
a — cxeMa MiAKIIoYeHHs IBUTYHIB y cuctemi BII enextpuunoi craniii; 0 — 3aueXHICTh
HaIpyrH, YaCTOTH 00EpTaHHS 1 CTPyMy BiJ 4acy B IPOIIECI CAMO3AITyCKY; B — MEXaHIYH1
XapaKTEepPUCTUKU ABUTYHIB IIPU CAMO3AITyCKY

Hexaii y momenT t=0 BinOymocs BiakatoueHHs podboyoro TBII (puc. 6.3a). [Tpu
IOMY MIBUKICTb ACHHXPOHHOTO JBUTYHA, 10 3AJHUIIHUBCS IMiIKIIOYSHUM JI0 IIHH
BJIACHUX NOTPEO, CrioyaTKy 3MeHIyBanacs (puc. 6.30), Harpyra Ha IIMHAX HE BIaja
JI0 HyJs, a 32 paxXyHOK HIJPKUBJICHHS B1J] IBUTYHA, 110 TaJIbMY€EThCS, TE€X Modasa
3HUKYBATHCS, ajie OUIBIN Pi3KO B MOPIBHSIHHI 31 MIBUJIKICTIO. Yepes vac, 1m0 10piB-
HIOE TIEPEPB1 KUBJICHHS f4¢p, 32 AoTIOMOrot0 ABP na Bumukaui PTBII mogaerscst
YKUBJICHHS Ha IIMHA BJIaCHUX NoTped. Hexai 10 11boro MOMEHTY IBUTYH 3arajibMy-
BaBCS JI0 3JIUIITKOBOI MBUIKOCTI M5q;. U€pe3 BEIUKHI IIyCKOBHM CTPYM BTpAaTH Ha-
npyru y kosi PTBII nocuts 3nauH1 (4 U=InyexXnpmen ) 1 HAIIpyTa Ha IIMHAX BIACHUX
oTped U5, =Uon — AU iICTOTHO HI)KYE HOMIHAJIBHOI, TaK 110 CAMO3aITyCK MPOTIKAE
IIPY 3HIKEHIHM HaIpy31, TOOTO B TSDKKUX yMoBax. [Ipo camo3amyck € ceHe rOBOpUTH
TIJTBKA B TOMY BHUIIAJIKY, SIKIIO 00EPTAIOYUl MOMEHT, 110 PO3BUBAE ABUTYH M s, O1-
JIBIIIE MOMEHTY O1opy M,, 1110 CTBOPIOE poOoumii MexaHi3M. Ha puc. 6.3B, HaBeneHe
CIMEMCTBO 3aliexkHOCTe Mys = f(n), N1 pI3HUX HANIPYT KUBJICHHS Ha IIMHAX BJac-
HUX ToTped. BepxHs kpuBa BiAmoBinae HOMiHANbHIA HANMPY3i Uon, 1HIIN KPUBI —
OUIBIII HU3bKHUM HAMpPyTaM.

Hexail nyHkTHpHa KpuBa BIANOBIAA€ HAMPY31 camo3anycky Ue; Y MOMEHT BiJI-
HOBJICHHS KUBJICHHST; 3aJIUIIIKOBA IIBUJIKICTh IBUTYHA 715, BU3HAYAE BETUYHHY 00e-

pTar0yOro MOMEHTY JBUTyHa M EB 1 MOMEHTY oriopy M o Ji71sl IbOTO MOMEHTY Yacy.
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OueBuIHO, 110 JUIsl PO3TOHY JIBUTYHA TOBUHHA BUKOHYBaTHCsA yMOBa AM 1p=MEB —
Mo>0, 110 € He0OX1THOO YMOBOIO CaMO3aIyCKy.

JlocTaTHROIO YMOBOIO CaMO3aIyCKy, PU SKOMY BiH YBa)KA€ThCS YCIIITHUM, €
3aJI0BUIBHMI Yac CaMO3aIycCKy fc KWW OBUHEH OYTH MEHIIE NMPUILYCTUMOTO tron:
tes <toon. J171s1 CTAHIIIN cEpEeHBOTO TUCKY 3 IONIEPEYHUMHU 3B'sI3KaMU IO BOJI1 M mapi
toon = 30-35 ¢ 1 BU3HAYAETHCSI YMOBOIO HarpiBaHHs MBUTYHIB. J[Jist OJ0KiB BUCOKOTO
W HAIKPUTUYHOTO THUCKY foon = 10-12 C 1 BU3BHAYAETHCA CKOPOUEHHSM TEXHOJIOT1Y-
HOTO MPOIIeCy KOTJIa MPpH NMPUIUHEHH] MOoAa4l KUBUIbHOI BOAM. /|1 aTOMHHX CcTa-
HITIN TIeH Jac ckiagae 1-2 ¢, ToMy 1110, HaBiTh IPU KOPOTKOYACHOMY MPUITMHEHHI
HUPKYJISILIT TEIUIOHOCIS Yepe3 aKTUBHY 30HY, PEaKTOp BIJIKIIIOYAETHCA aBapiiHUM
3aXHCTOM.

VYemix camo3arycKy 3ajeXUTh BiJl 4acy MEPEPBU SKUBJICHHS fnep, TAPAMETPIB
KUBUJIBHUX TpaHCc(opMaTOpiB, peakToOpiB 1 KaOeIbHUX JIHINA, TOTYKHOCTI JIBUTY-
HiB, M0 OEpyTh y4acThb y CaMO3aIlyCKy, MEXaHIYHUX XapaKTEPUCTHUK MEXaHI3MIB
Toto. [Ipu KOpOTKOUACHUX MOPYIICHHSX EIEKTPOIIOCTAYaHHs BIACHUX MOTPeO BU-
KOPHUCTaHHS CaMO3aIlyCKy 3a0e3Ieuye ycTajaeHy poOOTy TEXHOJIOITYHOIO BCTaTKY-
BaHHS CTAHI] W 3BUYAMHO HE BHOCUTH OOMEXKEHB 1100 HaBaHnTaxeHHs CI'. Haii-
Ou1b1 e()eKTUBHUM 3aCO000M 3a0€3MEUEeHHS YCIIIITHOTO CaMO3aIyCKy € 3MEHILICHHS
Jyacy NepepBU KHUBJICHHS, 10 3a0€3Meuy€eThCs pallioHaJIbHIM MPU3HAYEHHSIM yCTa-
BOK P3 1 cucteMHo1 aBTOMaTHKH

baep = Loy Ty +lipp-

B 3anexHOCTI BiJl TOTO, SIKUM 3aXUCTOM BiJI0YJIOCS BIAKIIOYEHHS, IEpEPBA Ku-
BleHHs ckiangae 0,7..3...3,5 c. Buxoasuu 13 1pOro, 3a pO3paxXyHKOBUU YacC tnep
npUIMaloTh nay3y 2,5 ¢, II0 CKIAJAETHCS 13 Yacy 3HMKEHHS HAIpPyTH 10 YCTaBKH
CIpallbOBYBaHHS 3aXUCTY MIHIMAJIbHOI HANPYTH ¢p/7.y, BIACHOTO 4Yacy CIpalboOBY-
BaHHs P3 #,; 1 wacy nii ABP z4sp. B excrimyarariiii Haiib11b11e YMCIIO BUMAIKIB CaMO-
3amycKy BiOyBaroThes npu naysi 0,4...0,7 c.

BuOir rpynu enekTpuyHo 3B'13aHUX PI3HOTUIIHUX arperatiB BiAPI3HAETHCS B

iXHBOTO IHAMBIAYaTbHOTO BUOITY. SIKIIO may3a Mae MicCIle Yepe3 BiIKIIOYCHHS
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JpKepelia BIacHUX MoTpeod, To Usy, Ha HIMHAX BIACHUX NMOTPeO 3a0e3neuyeThCsl JBU-
TYHaMH, 10 NEePEeUIUIM B TEHEPATOPHUMA pexuM. Y peKuMI reHeparlii mpaitorTh
JIBUTYHU arperariB 3 OUTbIINMH MOCTIHHUMU 4acy, a ABUTYHH arperaris 3 MEHIIUMU
MOCTIMHUMHU Yacy )KUBJISThCA Big HUX. [lIBuakicTe 3aracanns Usq, € Habarato O1b-
o1 MBUAKOCTI 3HMKEHHs 1. [IpubnuzHo yepes3 2¢ — Usq, mafae 10 HyJIs, MiCIIsl 40TO
BiJIOYBAETHCS HE3ANCKHUMN 1HANBITyIbHUIN BHOIT.

Sxio nmaysa yepe3 KopoTke 3aMukaHHs Ha muHax BIT abo mo6nusy ix, To Bu-
Oir ABUTYHIB B110YyBa€THCS HE3AJIEKHO, aJIe YEPE3 TE 1110 BOHM IMIKUBIIIOIOTH MICIIE
KOPOTKOTO 3aMHKaHHS, iX MIBHUAKICTh € Hebarato MeHmiorw. CUHXpOHHI JBUTYHHU
IPH trep>>0,5 31 3BUYAHHOTO NEPEXOATH B ACHHXPOHHHUM PeXuM, 1 ISl iX yCHIIIHOT
CUHXPOHI13alli] MICIs JOCATHEHHS MMICHHXPOHOI IIBUAKOCTI 00epTaHHs NOTPiOHI: 1)
dbopcyBaHHs 30yJDKEHHS; 2) y JNEIKUX BUIAJKaX 3MEHIICHHS HaBAaHTAXEHHS Ha
Bay.

6.5 YcranoBku nocriiinoro crpymy (YIIT).

Ha enextpuyHux cTaHIisfx 1 moTykHuX miacraniisax € YIIT 13 akymynsatopHoro
Oarapeero (AbB) 151 )KUBIIEHHS KUI K€pYBaHHS, CUTHaNI3alli, aBTOMaTUKH, aBapiii-
HOTO OCBITJICHHS U ISl €JIeKTPOIIOCTavYaHHsI HAOUIBII BIAMOBIAAIBHUX CIIOKHUBA-
4iB BJIACHUX MOTPEO, 1110 3a0€3MeUyI0Th 30€peKEeHHS] OCHOBHOT'O BCTAaTKyBaHHS MIPH
aBapisx (MaclIOHACOCH YIIIJTbHEHHS Baja il 3MaIIeHHs], PSAAY CUCTEM PETyJIOBAHHS
TypOOoreHepaTopin).

CrnoxuBaui, 110 XUBJIATHCS B Ab ninstecs Ha 3 rpynu:

l. [TocTiitHO BKJIFOUEHE HABAHTAXEHHS: MPHUCTPOI KEpyBaHHS, OJIOKY-

BaHHs, CUTHAJII3allli, peieitHoro 3axucty (P3) 1 mocTiiiHO BK/IIOYeHa YacTHUHA aBa-
pIHOTO OCBITJICHHS.

2. TuMuacoBe HaBaHTAXKEHHSI, IO 3'SABJISIETHCS MPU 3HUKHEHHI 3MIHHOTO

CTpyMYy IIpH aBapii: aBapiiiHe OCBITJIEHHS, €JEKTPOJIBUTYHHU TIOCTIHHOTO CTPYMY.

3. KopoTkouacHe HaBaHTa)KEHHS — TPUBAJICTh He Outbie 5 ¢. CTBOpIO-

€THCSl CTPYMaMH BMUKAHHS i BAMUKaHHS PUBOJIIB BAMUKAY1B i1 aBTOMaTUYHUX BU-

MHUKAauiB, IyCKOBUMH CTpyMaMHU €JEKTPOJBUIYHIB 1 CTpyMaMH HaBaHTAKECHHS
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BTOPUHHHX MPUCTPOIB, K1 KOPOTKOYACHO OOTIKAIOTHCS CTPYMOM.
[TokazaTn poOOTy LIMX PI3HUX CHOKKMBAUIB MOXHA Ha rpadiKy 3MiHM HaBaHTa-

xeHHs Ab ipu mopymenHi xuBneHHs Bracaux notped TELL - 3x60 MBT, (puc. 6.4).

Ipoé Ilicng 3HUKHEHHS 3MiH-
HOTO CTPYMY B IEpIIy CEKY-
HY B1I0yBA€THCS YBIMKHEHHS
pesepHoro TBII, Tomy Ab
OTPHUMAE TOILITOBX CTpyMy Iz,

11O CIIOKMBAETHCA CIICKTPOMaA-

" T t THITHUM IMpUBOAOM BHUMHKAYa,
1

2 3 4 30c Ixe [*— —*30’ . o
HOpM. [+— [Tepexionuil pescum ————steycmanenmi 1 cTtpymy I3 B1T yBIMKHEHHS pe-
PeNUM|yo
pexcum 3CPBHOI'O IMCPCTBOPIOBAJIb-
le———— asapiiinuii pexcum pobomu — |

HOI'O arperary JJisi IPUCTPOIB
Puc.6.4 I'padix 3minu HaBanTaxeHHss Ab npu

NOpYIIEHHI kuBjieHHs BiacHux notped TEIL] -
3x60 MBT aBapiiftHe ocBiTIeHHS 4. SIk10

3B's13Ky. Uepes 4 ¢ BMUKAETHCS

xuBneHHs BII He BinHOBHUTHCS, TO HAa 30-1 CEKyH/1 MOYMHAIOTH BMUKATHUCS Macllo-
Hacocu ymrinsHeHb BamiB TI (Ic), moTiMm Macimonacocu 3marieHHs (Ie).

OCHOBHOIO XapaKTEPUCTUKOIO € EMHICTh aKyMYJISITOpa — 1€ KIJIBKICTh €JIEeKT-
pOCHEeprii B aMIep-roAnHax, sIke MOKHA OJIEPKaTH BiJI aKyMyJISITOpa MPU PO3PsIl
Biz 2,05 B 1o 1,75 B. €mHICTE 3an€XUTH Bifl 4acy po3psiay, TOMY BUKOHY€EThCS IS
10™ kpatHoro po3psay i ykaszyerbcst HomepoM Bix 1 1o 148. Homep akymynaropa
BKa3y€, Yy CKUIBKM pa3iB HOT0 €MHICTH O1IbIIE €EMHOCTI OLIbIE €EMHOCTI 1-ro HO-
Mepa.

Po3psia BinOyBaeThest npu 3amukanHi Ab Ha HaBanTaxkeHHs (puc.6.5). 3aps-
JUKAHHSI BUKOHYETHCS BIJl 3apSIHOTO MPHUCTPOIO — JiKepelia MOCTIMHOTO CTPyMY.
[Ipu nboMy 710 aKyMyJIsITOpa MABOAUTH Harpyra Ounbiie, Hix oro EPC.

HaiiGinpime mommpeHHs: oaepkaB crocid excruryartarii Ab 3 moctiitHIM
nigzapsaom. [Ipu npomy migzapsinauii arperat (I13A) >KkuBUTH CTIOXKUBaYiB MOCTIH-

HOTO CTpyMy (y HOpMaJbHOMY pexuMi) 1 3a0e3neuye miazapsia yactTuau Ab,
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nigkmodeHoi go CIHI + 220 B, komneHcyroun ii camopo3spsii(puc.6.6).

[13A mpartoe nocTiitHO, MalOYu CTajie HaBaH-

+
3V

-

Puc.6.5 Ilpunnunosa cxema | 200 MBT BcranoBmoetses 1 AB, mpu oTyxHOCTI
M1IKJIFOYEHHS aKyMyJIITopa

TakeHHs, o makmodene go CII, a Ab npuiimae

DI| Ha ceOe MOITOBXOBE HABAHTAXKCHHS.

Ha enexTpuyHMX CTaHIISAX MOTYXKHICTIO IO

oinpiie 200 MBT — 2. Ha 1Ba 6710KH 3 MOTYKHICTIO
Mmenire abo piBHoi 100 MBT BctanoBmtoetbest — 1 AB. Ha koxen 610k 300 MBT

BCcTaHOBIIOETHCS — 1 Ab muttoc 1 pesepBHa.
J0 HABAHTAKCHHS

0.

CIL 220 ? 1

= I ) [
R
@ @
| [Ip [] [:l EnemenTHuii

j% KOMYTaTop
[13A

—Gu T2

-

OB

’

-
’
-
-
-

Puc.6.6 IlpunnunoBa cxema migkiatoueHHs [13A
Po3znoodin nocriitnoro cmpymy. 3M1MCHIOETHCS LIEHTPaAII30BaHO, 32 JOTIOMOTOI0
IIUTA MOCTIHHOTO CTPYMY, Ha IMaHEISAX SKOTO BCTAHOBIIOIOTHCS IPUIIAIN 1 anapaTu
KOHTPOJTIO Ta KEPyBaHHS JPKEpeJIlaMH MTOCTIMHOTO CTPYyMY, a TaK0X 301pHI ITUHKH,
710 SIKUX MPUETHYIOTHCS 11 JKepesa i kabelti, 1o BeIyTh A0 CIIOKHBAYIB.

JIns TiABUINCHHS 3a7IbHOT HAIIMHOCTI CKIIAJIHOI pO3Tally’KeHO1 PO3IMOIiIbHOT
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MEpEeXi MOCTIHOTO CTPYMY ii pO3UISAIOTH HA OKpEMi HEe3aJIeKH1 CKIIA0BI, IO YT-
BOPIOIOTH CITOKMBAUl PI3HOTO MPU3HAYCHHS Ta MAlOTh CAMOCTIMHUM 3aXUCT IIaB-
KAUMH 3alo0DKHUKaMH a00 aBTOMAaTHYHUMH BUMHUKA4YaMH. 3BUYANHO OKpeMi Me-
peX1 CIOPYIKYIOTh IS

- K11 KEpYBaHHS;

-P3Ta A;

- CUTHAaJTI3alIli;

- €JICKTPOMArHiTiB BMUKaHHs MPUBO/IIB B.

Ha puc.6.7 naBeneHuii mpuKiIaa CXEMH KUBJICHHS €JIEKTPOMArHITIB BMUKaHHS

npuBo/iB BUMuKauiB y 3PVY-6,3 kB.

+
[UuHu akamyngamopHol bamapei 110-220

@
!

0 I‘W nqi

Puc. 6.7 Cxema KUBJIEHHS €JIEKTPOMArHITIB BMUKAHHS IPUBO/IIB BUMUKAYiB

2

6.6 YcTaHOBKH ONEPATUBHOI0 3MiHHOTO i BUNIPSIMJIEHOTO CTPYyMY.
3MIHHUHN ONepaTUBHUN CTPYM 3aCTOCOBYETHCS Ha MiICTAHIIISAX 3 HATPYTOIO 35-
220 kB 6e3 Bumukauis BH. Ha miacranuisix 3 onepaTUBHUM NOCTIMHUM CTPyMOM
3MIHHHUM ONIEpaTUBHUI CTPYM 3aCTOCOBYEThCS Ha maHesax muTiB BII, a Takox KoM-
IPECOPHUX, HACOCHUX I 1HIIHUX AOMOMIXXHUX MPUCTPOSIX.
3minnuti onepamusnuti cmpym 3actocoByetrhes Ha TEC it AEC y cucremi BIIT
0,4 kB, kpiM KiJI KepyBaHHSI aBTOMAaTUYHUX BUMHMKAYiB Ha BBOJIax poOOUYOro il pe-

3€pBHOI0 UBJIEHHS, @ TAKOXK y CXE€Max KepyBaHHs po3'eJHyBadaMH il HA MICLIEBUX
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ary.

Bunpsmnenuii onepamuenutl CTpyM 3aCTOCOBY€EThCS Ha miactaHIigax 110 kB 13
oxHnM-nBoMa BuMukadamMu BH 1 Ha migcranmisx 35 kB 13 sumukauamu BH. Ha
TEC #1 AEC BunpsiMmjieHu# CTpyM 3aCTOCOBY€ETHCS JJIsl KEPYBAHHS aBTOMaTUYHUMU
BuMukadamu yBeneHs 0,4 kB PY BII, o BiggaieHi BiJy rOJIOBHOTO KOPIYyCY, JJIs
OJIOKyBaHHS pO3'€JHYyBaYiB, TEXHOJIOT1YHOI CUTHATI3allii Ha OJIOKOBHX, TPYMOBHUX 1
pe3epBHux LY.

J1o 0co6MBOI TpynH CIIOKUBAYIB ONEPATUBHOTO 3MIHHOTO CTPYMY CTABJISITHCS
MPUCTPOI KOHTPOJIIO 1 aBTOMATHYHOT'O PETYJIIOBAHHSI €HEProOJIOKY, a TAKOXK aBa-
piiiHui 3axuct siaepHoro peakropa Ha AEC.

Jlxepenamu KUBJICHHS 3MIHHUM OINEPATUBHUM CTPYMOM € TpaHC(hOopMaTopu
ctpymy, Hanpyru ¥ BIIL. s 3axucty Big K3 HalO11611 HAIIMHUM JKEPEIOM OTIe-
PaTUBHOIO CTPYMY € TpaHC(OpMaTOpu CTPyMy, TOMY LIO MPH MPOTIKaHHI CTPYMY
K3, Bropunnuii crpym TC 3a6e3nedye HajiiiHe BiKITIOUeHHS BUMHKava. Tpancdo-
pPMaToOpHU HAPYTH BUKOPUCTOBYIOTHCS JUIS )KUBJICHHS 3apsTHUX TIPUCTPOIB 1 OJIOKIB
YKUBJICHHS, JIs1 PEJIEHHOI0 3aXUCTY Bl OJHO(A3HUX 3aMUKaHb Ha 3€MIII0 B MEPEXI
3 HE3a3€MJIEHOI HEUTPAJLIIO.

Ha croroani HailOuIbll MMPOKOTO 3aCTOCYBaHHS pelieiiHa anapaTtypa i npu-
BOJIM Ha OTIEPAaTUBHOMY 3MIHHOMY CTPyMi, 3HaXOIATh Ha MiJCTaHII1 3 p0OOUYO0IO Ha-
IpYyror enekTpoyctaHoBoK 3-110 xB. [HmuM mxepenoM onepaTUBHOTO 3MIHHOTO
CTpyMy Ha IMX miAcTaHiisx € Tpancdopmaropu BIl. Bukopucraerbcs cunosa me-
pexa BropurHoi Hanpyru BII (pa3zna 220 B). )KuBneHHs 3111CHIOETHCS TIEHTPATI-
30BaHO: 7151 rpymnu a00 BCIX MpUETHAHB JAHOTO 00'€KTa, 3a0€3MeuyeThCsl pe3epBY-
BaHHS BiJl p13HUX JiKepen (puc. 6.8).

OnepaTvBHI MIMHKK OJEPXKYIOTh JKMBIIEHHS 4epe3 cTabiiizatopu Hampyru 1
Bia ABoX cekiliit BIT 220 B. Pe3epByBaHHsI )KUBJICHHS 31HCHIOETHCS aBTOMAaTUUHUM
npuctpoem 2. llluaku kepyBanus (LK) i curnamizarii (I1IC) xyOmroroTbest 1utst 1iI-
BUIIEHHS HaAiHOCTI. [IJisl BIAKITIOYEHHS! TIPUBO/IIB YCTAHOBJICHUH 3apsiTHUMA MPH-

CTpil 5 3 BUnpsAMIsYaMHU i KOHAEHcaTopamMu. KOHTpoib 13011 341HCHIOEThCS
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Puc. 6.8 [Ipunnunosa cxema peasnizailii CHCTEMHU 3MIHHOTO CTPyMY
y Mepexki BropuHHOi HanpyTu BIT

Bunpsmiennii onepaTuBHUI CTpyM JI03BOJISI€E 3aCTOCYBaTH OLIbLI HaliHI
CXEeMH ¥ amaparypu MOCTIMHOTO CTPYMY ¥ MPUBOAM 3 OLJIbIIE MPOCTOI0 KiHEMATH-
Koro. [l ofep:kaHHs BUNPAMIIEHOTO CTPYMY 3aCTOCOBYIOTh CHJIOBI BUIIPSMIISYI
JUTSI SKUBJICHHS €JICKTPOMArHiTiB BMUKaHHS TPUBO/IIB BUMUKAY1B; 3apsAHI TPUCTPOI,
3armaceHa €Hepris KX BUKOPUCTOBYETHCS ISl KUBJICHHS Pi3HUX amapaTiB HaBITH
IpY 3HUKHEHHI Halpyru; OJOKH »KuBJEHHs, o niakmoyaots Ha TC, TH ta BII,
JUTSI >KUBJICHHSI BTOPUHHUX KIJI.

broxu )KUBJICHHS HIMPOKO 3aCTOCOBYIOTH Y CXe€MaX pelieiHOro 3axucTy. Ko
BUIIPSIMIIEHUH CTPYM HEOOXI1THUH /U1 KEpYBaHHSA €JIEKTPOMArHITHUMH TPUBOIAMHU,
TOJ1 3aCTOCOBYIOTHCS BUIIPSMIISUI 3aMiCTh OJIOKIB )KMBJICHHS, 1110 BUKOHAHI 10 TPH-
¢dazHiit MOCTOBI cxemi.

B enexTpoycraHoBKax 31 3SMIHHHM OTNIEPAaTUBHUM CTPYMOM 3BUYAITHO BCTAHOB-
JIOIOTHCS BUMUKAYI 13 MPY>KUHHUMU MPUBOIAMU JIJIsl KEPYBaHHS SIKUMU BUKOPHC-
TOBYIOThCA 3apsAaH1 npuctpoi. [IpuHuun ixHpoi poOOTH MoJSIrae B TiM, 10 B HOp-
MaJbHOMY PEKHUMI POOOTH Yepe3 BUMPSIMHHMN MPUCTPIM 3apsKal0ThCsl KOHIEHCa-
topu 10 400 B, a B MOMEHT BMUKaHHA 200 BUMUKAHHS BIJIMOBIIHUNA KOHAEHCATOP

PO3PSKAETHCS HAa KEPYIOUUH EIEKTPOMArHiT.
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3apsaHi MPUCTPOT 3aCTOCOBYIOTHCS TAKOXK JJIsI ’KUBJICHHS €JIEKTPOMAarHiTiB BHU-
MUKaHHS BUMHUKadiB i3 mpuBogamu tuiry 113 # I1C i qy1s kepyBaHHS KOHTAaKTOpaMHu
BMuKaHHS. KOMOiHOBaHE )KUBJIEHHS ONIEPATUBHUX KiJ BiJ] OJIOKIB KMBJICHHS, 3apsi-
JTHUX MPUCTPOIB 1 BUMIPAMIISIUIB 3a0€31eUy€e BUCOKY HAIHHICTh CXEM PEJIeiHOTO 3a-
XHUCTY, aBTOMaTUKH, KEPYBaHHsI, CUTHaMI3alli i OJIOKyBaHHS.

6.7 Pesxnumu po0oTHu HelTpAaJli B €J1IEKTPOYCTAHOBKAX.

Hevimpansamvu Ha3uBaroTh 3arajibHi TOUKH 0OMOTKHU TeHepaTopiB abo TpaHcdo-
pMaTopiB, IO 3'€HAHI B 3IPKY.

Mepexi po3noAUISIOTs HAa YOTUPH TPYIIH:

1)  Mepexi 3 He3a3eMJICHUMH (130JIbOBAHUMHU ) HEUTPATISIMU;

2)  Mepexl 3 pe30HAaHCHO-3a3€MJIECHUMH (KOMIIEHCOBAHUMM ) HEUTPAIISIMU;
3)  wmepexi 3 epeKTUBHO-3a3eMIICHUMH HEUTPAISIMU;

4)  Mepexi 13 IIyX03a3eMICHUMH HEUTpasiMu.

Mepexi 3 eheKTUBHO-3a3eMIICHUMU HEUTPAISIMU 3aCTOCOBYIOTh B MEPEKAX 3
Hanpyroto Bumie 1 kB. YV Hux koedimieHT 3aMUKaHHS Ha 3eMITIO He TiepeBuiye 1,4.
KoediuienTom 3aMuKaHHs Ha 36MJIIO Ha3WBAOTh BIJHOIICHHS PI3HUIII MOTEHII1ATIB
MDK HEYIIKOKEHO (ha30r0 1 3eMJICI0 Y MICIll 3aMUKaHHS Ha 3€MIJTIO YIIIKOKEHOT
¢daszu 10 pi3HUII MOTEHIIATIB MIXK (Da3010 i 3eMJICIO JI0 3aMUKAHHSI.

Binmosinno no pekomenaaiiii MEK 1o edexkTruBHO-3a3eMIIEHUX MEPEXK BITHO-
CATHh MEpEki BUCOKOI W HAJBUCOKOI HANPYTy, HEUTpaJll SKUX 3'€qHAHI 13 3eMJICIO
Oe3nocepeHbO a00 Yepe3 HeBeNUKU akTuBHUM omip. Lle mepexi 110 kB 1 Buie.
Jlo ueTBepToi rpynu BimHOCATH Mepexi Hanpyroro 220, 380 i 660 B.

Pexxum poOoTu HEHTpasli BU3HAYAE CTPYM 3aMHKaHHS Ha 3eMIII0. Mepexi, y
SAKUX CTPYM OJHO(A3HOro 3aMUKaHHs Ha 3emito MeHue 500 A, Ha3uBaOTh Mepe-
KaMU 3 MAJIUMH CTPYMaMH 3aMHKaHHS Ha 3eMJIIO (1€ MEpeXi 3 He3a3eMJICHUMU ¢
pe30HaHCHO-3a3eMJIeHUMH HerTpansamu). Ctpymu Oubiie 500 A BiMOBIAAIOTh Me-
pekam 3 OUTBIIIMH CTPyMaMH 3aMUKAaHHS Ha 3eMITIO (1€ Mepexki 3 e(heKTUBHO-3a3¢-
MJIEHUMH HEUTPAIISIMU).

VY HopManbHOMY pexxuMi HaripyTu ¢a3 BiiHocHo 3eMil Ua, Ub, Uc cumeTpuyHi
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i OpiBHIOIOTH (a3Hii Hampy3i. €MHICHI (3apsAaHi) cTpyMHu ¢a3 BIIHOCHO 3eMIli
Icoa, Icob, Icoc Takox cUMETpUYH1 1 PiBHI M1 c00010 (puc. 6.9). EMHICHOT CTpyM

dasu Ico=Ug¢"C, ne C — €eMHICTb BiJJHOCHO 3€MJIi.

r

reneparop

1

o 55 e

Puc. 6.9 3actymHa cxema Ta BEKTOpHA JliarpaMa MepexKi 3 i30Jb0BAHOIO
HEUTPaJLTIO B HOPMAJIHbHOMY PEXKHMI
['eomeTpryHa cymMa €MHICHUX CTPYMIB JOPIBHIOE HYJIO. €MHICHUN CTPyM B
OJIHIH (ha3i Mepexki 3 He3a3eMJICHOT HEUTPaJUTIO HE MIEPEBUIILYE NCKITLKOX aMIiep. Y
BUIIAJIKy METAJICBOTO 3aMUKAHHS HAa 3€MJTIO B OJJHOMY MICIIi, HAIIPYTH HEYIIIKO IXKe-
HUX (Da3 BIAHOCHO 3eMJIi 3pocTaroTh B 1,73 pasu 1 cTatoTh piBHUMHU MikdaszHii (1i-

HilHiN) Hanpysi (puc. 2), Ub =Uba, Uc =Uca.
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Puc. 6.10 3acTtynHa cxeMa Ta BEKTOpHa Jiarpama Mepexi 3 130JIbOBaHOIO
HEUTPAILITIO B peKUM1 0IHO()A3HOTO 3aMUKaHHS Ha 3€MJTIO
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€MHICHI cTpyMHu HeyIKokeHnX a3 B ta C Takox 3011bIIYIOTHCS BiJIITOBITHO
10 30UbIIeHHs HanpyTH B 1,73 pa3u. Ctpym Ha 3emitto a3 A, 1o 00yMOBIICHUI
il eMHICTIO, Oy/i€ TOPIBHIOBATH HYJIIO.

Ic= 3lco=3Ugd*'C

st ctpymy B micui ymkomkeHHs Ic= —(Icb+Icc), ToOTO reomeTpuyHa cyma
BEKTOPIB EMHICHUX CTPYMIB HEYIIKOKEHHX (ha3, BU3HAYAE BEKTOP CTPYMY B MicCIIi
ykopkeHHs. CTpyM Ico € B TpH pa3u OUIBIINM, HI’K EMHICHUH CTPYM (a3 B HOP-
MaJIbHOMY PEXHMI:

[TpubnuzHo cTpym Ic, [A] MOXHA BU3HAUNUTHU 32 HACTYITHUMHU (DOpMyTIaMu :

JUTSL IOBITPSIHUX MEPEX

1=U%*1/350
JUTSL KaOEJIBbHUX MEPEex
I=U*1/10 U— kB, | — km.

VY BumaAKy 3aMUKaHHS Ha 3eMJIIO Yyepe3 NePeX1AHUIA OMip Hampyra yIIKOJKe-
HO1 (ha3u BIAHOCHO 3eMJli Oyjie OiIbIle HYJIs, aje MeHIe (a3Horo 3HaueHHs. MeH-
M OyJie ¥ CTpyM 3aMHuKaHHs Ha 3eMitio. [Ipu ogHO(ha3HUX 3aMUKaHHSIX HA 3EMITIO
B MEpEXax 3 HE3a3eMJICHOI0 HEUTPaJUII0 TPUKYTHHUK JIIHIMHUX HAIPYT HE CIIOTBO-
PIOIOTHCS, TOMY CIIOKKBaul, 10 YBIMKHEH1 Ha JIIHIHHY HAIPYTy, TPOJOBKYIOTh HO-
pMajbHO TpaIfoBaTh. Tak K HANpyra HEYNMIKOMKEHUX (a3 BITHOCHO 3eMJIi 301Tb-
myetbes B 1,73 pasu, 1307151115 MTOBUHHA OYTH po3paxoBaHa Ha JIiHIHHY HanpyTy. Lle
oOMexye 001acTh 3aCTOCYBaHHS peKUMY Harpyroto 35 kB 1 HUxK4e, /1€ BapTICTh
1307151111 HE € BU3HAYanbHOIO. [Ipu poOoTi 13 3amMKHYTOT Ha 3emiTto (ha3oro crae Oi-
JIbIIe UMOBIPHUM YIIKOKEHHsI 1HIIO1 (ha3u i BuHUKHEHHS MixkdazHoro K3 yepes
3emitto. [[pyra Touka MOe 3'SBUTHCS Ha 1HIIIHN JIISHIN €JIEKTPUYHO 3B'sI3aHOI Me-
pexi. BumMyukaHHs TOPKHEThCS KiIbKa JIUISTHOK.

VY Mepexax 3 He3a3eMJICHOI0 HeUTpasuio 00O0B'SI3KOBO MepeadavyaroTh CUTHa-
JpHI TIpUCTpOoi. CXeMa Takoro MpUCTporo, 300pakeHa Ha puc. 6.11. [Ipumyctuma

TpUBATICTh poO0TU B Takomy pexkumi (i3 I[ITE) ckinanae ve 6isbiire 2-x TouH.

169



+—/_} CHI

"Hdll

MepeKa

U= Pene uapanTameHHs

ol

Puc. 6.11 Cxema miagKIIOYEHHS pesie KOHTPOITIO
HAIMPYTH y MEPEXi 3 130JbOBAHOI0 HEUTPAILITIO
binbin HeOe3neunnm € oHo(da3He 3aMUKaHHS Yepe3 IyTy, TOMY IO JyTa MOXe
3aIIKOJIMTH 130JIS1111 yCTaTKyBaHHS Ta COPUYMHUTHU JBO- a00 TpudazHe 3aMUKaHHSI.
Haiine6e3mneuniiia Tak 3BaHa "HecTiika Ayra", 110 CyNmpoBOKY€EThCS TIEpeHa-
npyroro 70 3,5 Ud. Taka myra HaiOUIbI IMOBIpHA IPU CTPYMI 3aMHUKaHHS O1JIbIIe
5-10 A, npuuomy HeOe3neka AYroBUX MEpeHamnpyr 3pocTae 31 30UIbIICHHSIM Ha-
IPYTd MEPEKI.
[Tpunyctumi 3HaueHHs cTpyMy 3riiHO [IYE He moBUHHI IepeBUIIyBaTH 3aMU-

KaHHs Ha 3EMJIIO:

Hampyra mepexi [kB] 3-6 10 15-20 35

€muicHuit crpym [A] 30 20 15 10
VY naHux cxeMax ‘“‘reHepaTop-TpaHcpopMarop” Ha TE€HEepaTOpHIM Hampysi

CTPYM HE IOBMHEH MEPEeBUILYBaTH SA.

Tpughasni mepedici 3 pe30HAHCHO-3a3eMIeHUMU (KOMNEHCOBAHUMU) HeUumpa-
asamu. Y pasl NepeBUILICHHS BCTABJIEHUX 3HAYEHb EMHICHUX CTPYMIB, B MEpexax 3-
35 kB 3actocoByeTbes 3a3eMiICHHS HEHTpasell depe3 JyroracHi peakTOpH, PHC.
6.12.

Y HOpManbHOMY pPEXUMI CTPYM 4Yepe3 PEaKTOp MPAKTUYHO JIOPIBHIOE HYIIIO.

[Tpu 3amMuKaHHI Ha 3eMJTIO OJTHI€T (pa3u, peaKTOp OMUHAETHCS 111 (Pa3HOI0 HATIPYT OO
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Il yepe3 MicIle 3aMHKaHHS Pa30M 3 EMHICHUM, MPOTIKAE 1HAYKTUBHHUM CTPYM peak-
TOpa, uepe3 Te, 10 X HAPSAMOK BiApPi3HIETHCs 10 (a3l Ha 180° y MicIll 3aMUKaHHS
BOHU KOMIICHCYIOTh OJTHE ofHOTO. SIK10 Ic=II (pe30oHaHCc) ToAl Yepe3 Miclle 3aMu-

KaHHS CTPYM MPOTIKaTH HE Oye, 1 He Oy/e i HeOe3neyHoi TyTu.

.
L

HABAH TARCHHA

77 77

3azemmoBay

Puc. 6.12 3actynHa cxema Mepexi 3 KOMIIEHCOBAHOIO
HEUTpaJLTIO B peXKUM1 0IHO()A3HOT0 3aMUKaHHS Ha 3€MJTIO

CymapHa MoTy>KHICTh JYTOTAaCHUX PEAKTOPIB B MEPEKI BUSHAUAETHCS 3 BUPA3y
O=n'Ic-Ug,

1€ n — Koe(ILIeHT, U0 BpaxoBy€e PO3BUTOK Mepexi, n=1,25*Ic — noBHMi1 cTpyMm 3a-
MuKkaHHs Ha 3emiio, A; Ud — dasna nanpyra, kB.

ITpu [c>=50 A, BCTaHOBIIOIOTH JiBa peakTopu. [P BCTaHOBIIIOIOTHCS HA BY3J10-
BUX I1/C, 110 3'€JHAH] 3 KOMIIECHCOBAHOIO MEPEKEI0 HE MEHIL, HIXK TPhOMa JIIHISIMU.

Mepeoici 3 e¢hekmusno-3azemnenumu netimpanamu. Y mepexax 110 kB 1 Burie
BHU3HAYAJILHUM Y BUOOP1 CIIOCO0Y 3a3eMJICHHS HEUTpaJi € hakTop BapTOCTI 130JIA1111,
TOMY 3aCTOCOBY€ThCS €()EeKTUBHE 3a3€MJICHHSI HEUTpaTi, IPH SKOMY TIiJ] 9ac OJTHO-
¢da3HuX 3aMUKaHb HAIIpyTa Ha HEYIIKO/HKEHUX (ha3axX BIIHOCHO 3€MITl CKJIa/Ia€ TIPH-
onu3Ho 0,8 Mixk(da3HOI HAPYTH B HOPMAIbHOMY pexxumi podotu (puc. 6.13).

Henoniku :

— TIPOTIKAHHS BEJIUKUX CTPYMIB;

171



310pOKYaHHA KOHTYPY 3a3€MJICHHS.
Jlnst 3MeHIIeHHsT CTpyMiIB 3aMHKaHHsA y Mepexax 110-220 kB 3actocoByroTh

YaCTKOBE 3a3eMJICHHS HerTpasnei. JIyist 1iux ke 1ij1eil 3acTOCOBYIOTh aKTUBHUM OITIP,

10 YBIMKHEHUH B HEUTpAJIb.
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Puc. 6.13 3actynHa cxema Ta BEKTOpHA JliarpaMa Mepexi 3 3a3eMJICHOI0
HEUTPAILTIO B peXKUM1 0THO(A3HOTO KOPOTKOTO 3aMUKaHHS

Mepeoxci i3 enyxozazemnennumu nHeumpaisimu. Taki MEpexki 3aCTOCOBYIOThCS

Ha KJaci Hanpyru 10 1kB, n1s onHoyacHoro skuBieHHs Tpuda3zHux i oaHoda3zHUX

HaBaHTaxeHb (puc. 6.14).
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Puc. 6.14 3actynHa cxeMa Ta BEKTOpHa Jiarpama
MEPEXi 3 TIyX03a3eMJICHOI0 HEUTPAILITIO
B takux mepexxax HeWTpaib TpaHncpopmaropa abo reHeparopa IpUEIHYETHCS

710 3a3eMIItoBava 6e3nocepeanro abo uepes manuii omip (TC). Jns dikcaii daznot
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HAINPYTH MPU HAIBHOCTI 0JIHO(Aa3HUX HAaBAHTAXEHb 3aCTOCOBYIOTh HYJIBOBUI MPO-
BIJIHUK, IO BUKOHY€ TaK0X (DYHKIIIIO 3aHYJIE€HHS, TOOTO A0 HHOTO MPUETHYIOTh Me-
TaJeBl YaCTUHU EJIEKTPOYCTAHOBOK, 110 HOPMAJILHO HE MepeOyBaloTh IMija Hampy-
roto. [Ipu HasBHOCTI 3aHyJIeHHs, TPOOI HAa KOpITyC CIpUYUHUTH ofHOda3He K3 1
cupatboByBaHHsl P3. Po3puB Hy/lnbOBOro MpPOBIJHUKA COPUUYUHSE MEepeKoc (pa3zHoi
HANPYTH, TOMy HEOOXiJHE pO3MiJIbHE BUKOHAHHS HYJIHOBOTO 3aXHCHOTO M HYJHO-
BOT'0 pOOOYOTO MPOBITHUKIB.
6.8 lucranuiiiHe KepyBaHHA BUMMKA4YaMH

Cucrema TUCTaHIIHHOTO KePyBaHHS i KOHTPOJIIO B €JICKTPUYHIN YaCTHHI CTa-
HI[IM Ta MACTAaHIIA MICTHUTB B COO1:

®KCPYBaHHS BHMHKadaMH, PO3’€IHyBauyaMH ¥ PETYIIOIOUMMH anapaTamu
(IIBHIKOCTI MOPYIIEHHS 1 1H.)

e CHTHAJII3AIlII0 TIPO aHOPMAJIbHI 1 aBapiiiH1 PSKUMHU OKPEMHX O0'€KTIB 1 JIIJIs-
HOK €JIEKTPOYCTaHOBKH;

® 0JIOKYBaHHS, 110 3a0€3MEeUyI0Th IPABWIbHY MOCTIAOBHICTD A1 KOMYyTaI[lHHUX
amaparis;

®BHMIP OCHOBHUX €JICKTPUYHUX BEIHYUHUH.

Cxemu J[K nog'sazani 3 konamu penetinozo 3axucmy i asmomamuxu. Cxemy JIK
BUMHKAUEM CKJIAJAI0ThCS BIJAMOBIAHO 10 Ty BUMHUKa4a, HOTO MPUBOAY 1 KJIFOYa
KepyBaHHS.

Kirroui kepyBanns. J{ns JIK BuMukadeM y 1ei yac 3aCTOCOBYIOTh KIIFOUi Kepy-

BaHHA J1Box cepiii: [IMO #t MK (nmepemukau manorabapuTHu# 3arajibHOTO pHU3HAa-
YeHHs i1 MasiorabapuTHUM Kito4). PyKoSTKy Kiltoua Bpi3al0Th Y MHEMOHIUHY CXEMY
naHesl KepyBaHHS Ha MICIle CHMBOJY BUMHKada. bykBu B abpeBiaTypi Kiro4a mo3-
HAYal0Th HACTYITHE:

@ — 3 dikcalier PyKOSTKH B ICKUIBKOX MOJ0XEHHSX;

VY — 13 caMOIOBEPHEHHSIM PYKOSITKH 3 OTIEPATUBHUX MOJIOKEHD («BKIIOUUTH,
BIIKJIIOYUTHY) Y (DIKCOBAHE MOJIOKEHHS,

C — 3 yOy10BaHOi B pyKOSITKY CUTHAJIBHOIO JIAMIIOHO.
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Kitoui cepii MKB® 1 [IMOB® mMaroTh 11icTh MOJI0KEHb:

'? (.)2 (.)I ]|31 ]?3 ]? O — «BUMKHEHE»;
1 1 1 1 1 1
Lo R O1 — «romnepegHE BAMUKAHHS;
s -q==-F--p------ S SEEEEE 3
> ] _é_“i__ L RN . 4 Oz — «<BUMKHYTHY;
| I I I I I
5 ceeed T S T L__',___I_ _____ 8 VY — «BUMKHEHEY;
bl Lo
6 o= ‘J:“ ; “i‘ """" i‘“*:“'i‘ """ 7 B1 — «mmonepeiHe BMHKaAHHS»;
8 ____] P U U I B O 9 .
*-%-$ R B2 — «yBIMKHYTI.
| QS o INE AN TeerE 2 S RS [ e 11
I 1 1 ] 1 I s
10 e R L_-+__'¢ _____ i O: i1 B2 MarOTh NOBEpPHEHHA Y BU-
I ] 1 ) .
i3, _J:___i___$ ______ _*__1:___i_ _____ 14 X1JTHE MOJIOKECHHS.
L L0
T T T T T
] 1 ) ] ]

[Tomauy KOHOI KOMaHIXA MPOBO-
JATh y 1BA TPUAOMHU. Tak 1151 BMHU-
Puc. 6.15 Cxema nojoxeHb KII04iB cepii
MKB® i IMOB® KaHHS 3 TIOJIO)KEHHSI «BUMKHEHE»

PYKOSITKY MOBEPTAIOTh 110 TOAMHHUKOBIN cTpuil Ha 90 rpatyciB IepeBOAIUN KITHOY
y TIpoMiKHE (hIKCOBAHE TOJIOKEHHSI «IIOMEPETHBO YBIMKHEHE», & TIOTIM JI0JaTKO-
BHUM IIOBOPOTOM Ha 45 Tpaji. CTaBIATH ii B MTOJOKECHHS «yBIMKHYTH». [licis Toro, K
omepaTop BIJMYCKAE PYKOSITKY, MEXaH13M TOBEPHEHHSI IEPEBOAUTH 11 B TTOJIOKEHHS
«yBIMKHeHe». KiTtodi MaroTh JiBa TUITM KOHTAKTIB:

1) onepatuBHi 5 - 8, 6 - 7, sIKl BAKOPUCTOBYIOTHCS JIJIS TI0J1a41 KOMaH/;

2) curHanbHi 1 - 3, 2 - 4, - 11 CUTHAMI3aIIi1 TI0JIOXKEHHS BUMHKaYa.

Kmoui 6e3 dikcanii pykoaTtku cepiit MKB i [IMOB — 3nauHo mpocTii. Ixns
PYKOSITKA Ma€ TPH MOJOKEHHS: yBIMKHYTH», KBUMKHYTH» W «HEHTPATbHE)

Jlucmanyiiine kepyeanHs UMUKAUamMu 3 e1eKMpPOMASHIMHUM NPUBOOOM (puc.
6.16). CunoBuMU eJeMEHTaMH €JIEKTPOMAarHiTHOTO IPUBOJIa €: MajonoTyxuuii EO
i notyxHuiil EB. [loTyxHicth EB B OCHOBHOMY BUTpaya€eThCsl HA MOI0JIaHHS CUIIH
CTHUCKY TIPY>KHH, III0 BUMUKAIOTh. Yepes 1Iboro KOMaH/1a Ha BKIIOYEHHS MOAA€ThCS
gyepe3 IPOMDKHUN KOHTAKTOP, 0 MOXKE 3T1IMCHUTH KOMYTAIII0 Y KOl 3 OUIBIINM
ctpymoM. st auctaHmiitHoro BuMukaHHs kimodem [IMO Ha mpuBoj moaaroTh
npsamy komanay. [Ipu BukopucranHi manorabaputHux kirouiB cepii MK komanau

Ha BMHMKaHHS Ta BUMHKaHHA MojarTbes yepes BianosiaHe pene: PKB 1 PKO. i
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perie MoJermyTh pOOOTY KOHTAKTIB MajgorabapuTHOTO KIII0Ya.

Iy -1y ITonosxeHHs BCIX K11 IMOKa-
- e
MO K 3aHO JJISl BUIAJIKY, KOJW BHMH-
,[00.0, BBB], B,

Binpyun. T e N i 6
P) L Dy —.—\\r Kady BHMKHCHHH, a OOMOTKHU
— PA L 0 pene ¥ KOHTaKTopa 3HECTPYM-
: ) seHi. KopoTkouacHicTh KOMaH/I-
(]'ndl.pyqu..i E 0: i E E i 4—0—/'— p— p A
HOTO IMITyJIbCy 3a0€3IeuyIoTh

ABToMmar F3

BBEJCHHSAM y KOJIO KEpyBaHHS

HIIT -1 . )
BHUMHKA4a MOro OJIOKIB-KOHTAK-

P3 EB P3 TI1B, TOOTO JOITOMIKHUX KOHTaK-

T1B, 10 3B'A3aH1 MEXaHIYHOIO ITe-

Puc. 6.16 Cxema JUCTaHIIHHOTO KePyBaHHs. ~ PEIAYE0 3 MEXaHI3MOM Kepy-
BUMHUKAYaMH 3 €JIEKTPOMArHITHUM MTPUBOIOM BAHHSA BHMHKAYA: DOIMHEATH-
Horo B1 y xoini BMuKaHHS i 3amukarodoro B2 y koii Bumukanus. BMmukanss 37ii-
CHIOEThCS Mojiaueto koManiu Ha 0omMoTky KII (Bpyuny abo aBromatndHo). KonTa-
KTop 3amukae kosio EB. Hanpukinmi npouecy BUMHKaHHs OJ0KU-KOHTakTH B1 po-
3MHUKaIOTh KOJIO BMUKaHHS, a OJIOKU-KOHTAaKTH B2, 3aMHKat04nCh, MiITOTOBIIOIOThH
KOJIO BUMUKaHHA. ONepaTuBHI KoJia peNeHHO CXeMU AUCTaHIIHHOTO KePyBaHHS i3
kitoueM cepii MKB Bimpi3HAIOTECS THM, 110 KOMaH/a Ha OMEPAIliio MOJAEThCS de-
pe3 Bignosigne pene PKB 1 PKO.

Jlucmanyiiine xepyeanusa nogimpanumu eumuxadamu. PoOOTy 13 BKIIFOUEHHS 1
BIJIKJTFOUCHHSI TIOBITPSIHUX BHUMHKAYiB BUKOHYE CTHCHEHE MOBITPS, a KEpyBaHHS
THEBMATUYHUMU KJIallaHaMU 31HCHIOIOTH 3a IOTIOMOTOI0 MAJIOTIOTYKHUX €JICKTPO-
MarHiTiB. ToMy qucTtaHuiiine BMUKaHHs i BiaMukanHs BB knrouem [IMO Bukony-
I0Th IPSIMUMH KOMaH1amMH, a kitodeM MK depes npomixkae pene. [lpu Hampyrax
110 xB 1 Bumie BB 3BuuaiiHO BUTOTOBIIAIOTH Y BUTJISAII TPHOX OJHOIOIIOCHUX ara-
paTiB 3 OKpEeMHMH MHEBMATUYHUMU MPUBOJAAMH, IOCTAYCHUMH 1HIUBI Ty TbHIMHI
eJIeKTpoMarHiTamu kepyBaHHs. [Ipu miboMy enekTpuuHy cxemy poOmsiTh abo 3ara-

JBHOI 171 TphOX (a3, 3a0e3neuyrouu TpudaszHe KepyBaHHs, a00 PO3JIUIBHOI, SIKIIO
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noTpiOHO moda3He KepyBaHHsS. EneKTpoMarHitTt «yBiM» i «BUMK» 3'€/IHaHI Mapa-

JeNbHO. BIIOKU-KOHTAKTH pi3HUX (a3 y KOJIl BMMKaHHA 3'€ IHYIOTh IIOCIIIJIOBHO, a B

KOJII BAMMKAHHS — mapaJiCiIbHO. HpI/I ObOMY KCPYIOTHCA HACTYIIHUM ITPUHIOUIIOM:

IIPHU BIIMOB1 ME€XaH13MY SIKOT0-HEOY/ Ib OJIOKa-KOHTAKTY BIJIKIFOUCHHS OJTHAKOBO Bi-

I[6YIIGTBC$I, BKJIFOUCHHA B pO6OTy BHMMHMKa4a 3 HCCITIPaABHUM 0JJ0KOM-KOHTaKTOM He-

IIPUITY CTUMO.
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Puc. 6.17 Cxema AUCTaHIIIITHOTO KePYBaHHS MOBITPSHUM BUMHUKAYEM
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Tuck moBiTps B pe3epByapi KOHTPOIIOETHCS 3a JOTIOMOTOI0 EIEKTPOKOHTAKT-
Horo maHomerpa DKM. ¥V nporieci yBiMKHEHHs a00 BIIMUKAHHS TUCK 3HHIKYEThCH,
aJjie 11e He MOBMHHE BIUIMBATH Ha poOOTY. KO TUCK HIXKYE MPUITYCTUMOTO, TO Ma-
HOMETpP PO3MHUKA€E CBOT KOHTAKTH U 3a momomoror PIIJ] (pene koHTpotO 3a THC-
KOM) pO3pHUBAa€ KOJIO. SIKIIO MpH Mojadyl KOMaHIU KEPYBaHHS MOYATKOBUHN TUCK Y
pe3epByapi HopMallbHO, TO KoHTakTH DKM 3amknyTi; pene PIIJI, cnpampsoByroun
yepe3 napayieabHy poOoTy Puyu, yTpuMye B MIATATHYTOMY CTaH1 MOCIII0BHOIO 00-
MOTKOIO Prye (32 paXyHOK NpOXO/KEHHS 1O Hill CTPYMY BIAMOBIHOTO €JIEKTpOMar-
HiTa KEpyBaHH) JI0 KIHIIA OTeparlii, MOK! KoJIo He Oy/ie pO3IMKHYTa OJIOK-KOHTAK-
TaMH.

[Ipu po3peryntoBaHHI OJIOK-KOHTAKTIB BUMHKa4a a00 HEJJOCBIJYEHOCTI OIepa-
TOpa TPUBATICTH KOMAHIN MOKE BUSBUTHUCS HEJOCTATHBOI ISl 3aBEPIICHHS Orepa-
1ii. JIyist 3aBepIieHHs 1Mo4aToi orneparlii KOHTaKTH KOMaHIHOTO OpraHy IIYHTYIOTh
3aMHUKalOYUMH KOHTaKTaMH1 BIJTIOBIIHUX €IEKTPOMArHiTiB kepyBanHas DBA it DOA.

s 6oxkyBaHHS HEMOBHO()A3HOTO BKIIFOUEHHS BBOJUTHLCS IIPOMIKHE pelie He-
noBHO(DazHux pexxumiB PITH®. VY iioro koo BkIOUEHI OJIOKU-KOHTAKTH 3aMHKa-
1041 ¥ po3MukaibHi. [Ipu BiIMOBI sKOTO-HEOYAb MOTI0Ca BUKOHATH KoMaHy PITH®
CIIPaIlbOBYE ¥ 3 BUTPUMKOIO Yacy, I110 MEPEBUIIYE MAKCUMAIbHO MOXJIMBY PI3HO-
YaCHICTH J11i OJTOKIB-KOHTAKTIB Pi3HUX MOJIIOCIB, BIIKJIFOYAE BCl TpH (pa3u BUMHUKaYa.

Cucmema cuenanizayii va I[K

Po3pi3HAI0T HACTYIIHI BUM CUTHAIII3AL:

1. TTOJIOKCHHS;

2. KOMaH/IHa;

3. momnepeKyBagbHa — aHOPMAIbHUN PEKUM;

4. aBapiiiHa;

5. HarajyBajgbHa — O3HAHOMMTHCS 3 TUM, siKi PY cropairoBanu;

6. BUKJIMKY - 3alpOILIy€ NEPCOHAN Y LIEXH, JI€ HEMA€ YEProBOro NEPCOHATY.

[TosnoxeHHs1, BKa3ye MepcoHaly Ha CTaH armapartiB 1 peryJIioYuX MTPUCTPOIB.

Komannna, 3B'13ye 1Y 3 poOiTHHKaMU MICISIMH.
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Curnasnizaiiisi MOXe OyTH CBITJIOBA i 3BYKOBa.

ABapiiiHa TPUBOAUTHLCS B JIIF0 MPU aBTOMATUYHOMY BIJIKJIFOYEHHS BUMHUKAUIB
Bix P3. [Ipu boMy 3'SIBISETHCS 1IEHTPATBHIN 3BYKOBHI CUTHAJ 1 1HAWBI Ty JTbHHAM
CBITJIOBHII CUTHAII.

[Tpu poOoTI aBapiiHOT 3BYKOBOI CUTHAI3AIlT B IEPIITY YEPry poOIsSTh IEHTpa-
JbHE 3HIMaHHA 3ByKoBOro curHaiy. Lle poomsats knomnkoro KI[C. Cxema mae moBTO-
pHICTH 1ii. [HIUBIyallbHA CBITJIOBA aBapiifHa CUTHATI3AIlSl BUKOHYIOTHCS HA MUTO-

TIAUBOMY CBITJIL.

IlonepedorcysanvHa, cnogiuae npo aHOPMATbHULL peHcUumM pooomu (nepesanmaticents ceHe-
pamopis i mpancgopmamopie, nioguweHHs memMnepamypu Macia, 3aMukauts na semuo. Cuena-
Ji3ayin npueoouUmvbCs 8 0ito 8i0 IHOUBIOYAILHUX KOHMPOIIOIOUUX elleMeHmi8 (peie, KOHMAKMHUX
mepmomempis mowo). Ilpu ybomy 3'a6151€mvcsi 36YK0BULL CUSHATL, 036IHOK | 3A20PAEMbCIL CEIMN0GE

maono.

brokysanns 6i0 6acamopazo6020 6KIIOUEHH GUMUKAYA HA KOPOMKE 3aMU-
kanua. Tlogava 3aTsSXKHOTO IMITYJIbCY HA BMUKaHHSI BUMHKada ipu HasiBHOCTI K3 y
MEPBUHHOMY KOJII € HEOE3MEUHUM, TOMY 10 MPU LIbOMY Bi1I0yBarOThCs OGararopa-
30B1 BMMKaHHS T4 BAMUKaHHS, a HA 116 BAMUKA4 HE PO3paxoBaHUi. bioKkyBaHHS BiJ
Oaratopa3oBuX yYBIMKHEHb € MEXaHIYHUM, a00 enekTpuuHuM. Haitbinbiie momu-
pPEHHS 0JiepKallo eeKTpUuUHe O0KyBaHHS (puc. 6.18).

Y cxemi BHUKOPHCTAETHCS

= — 111
D npomixue pesie PBM 13 nocigos-
- HOIO ¥ mapajeIbHOI0 0OMOTKaMH
K11 - KIL o . .
—/—D—/ «3» U «1» — B1ANOBIAHO. [Ipu po-
+IIK . . .
—”14— —K 6ot P3 Ha BUMUKaHHS MICIs YBi-
e)\ PbEM 3 20 (XI
i N By [] MKHEHHS BMMHKada Ha K3 mo D0
3 - L
K 1 PbM3 mpotikae crpym. Cnpa-
PKB PBM, B |—|
™ N IbOBYIOUH, PEJI€ PO3MHUKAE KOJIO
PA PEMy  peM1
L]

BMUKaHHA. TakuM 4YHHOM, ITICIIA

Puc. 6.18 Cxema eIeKTPHYHOTro OJIOKyBaHHs — ICPEMHKAHHS  OJIOKiB-KOHTAaKTiB

IIOBTOPHOT'O BMHUKAHHS BHMHKa4da Ha BiIIGYI[CTBCH. Pene BTPUMYETBCA 0OMOTKOIO
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PBMIII y miaTarHyTOMY CTaHi J0 3HITTSI KOMaH/IX Ha BMUKAHHS, TICJIS 4OT0 CXeMa
MIOBEPTAETHCS Y BUXITHUHN CTaH.

Cuenanizayis nonosicents sumurxaya (puc. 6.19). B 0CHOBY CBITJIOBOI CUTHAITI-

3a1lii HOPMaJbLHOTO MOJIOXKEHHSI BUMUKa4a MOXke OyTH TTOKJIaIeHO ABA IPUHIIUIIH:
a) TOPIHHS JIAaMITH TIEBHUX KOJIbOPIB;

0) MOJIOKEHHS CBITHOT PYKOSITKH KIII0Ua KepyBaHHS (TIomepek abo y3/I0BXK Ji-

Hii).
M -1y
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Puc. 6.19 Cxema curnanizariii mojio)KeHHs] BUMUKa4da

Jlns cBITIIOBO1 CUTHAUTI3allli aBapiiiHOTO BUMIPY TOJIOKEHHS BUMHKa4a BHKO-
PUCTAIOTh NIEPEXiJ Bl pIBHOTO JO MUTOTIMBOIO CBIT/IA. SKIIIO MepeMUKaHHS BUKO-
HyeThesa KY, To curHanmbHa 1amIia miKII09aeThCs 10 IIIHHM, 0 Ma€ MOCTIHHHUM 110~
TeHIal. SKIo nepeMuKanHs BUKOHY€EThCS i Jie€ro P3 a6o PA, To curnanbpHa na-
MTIIa T KITI0YAETHCS 0 MTUHU, Ha SIKY TOJIA€ThCS IEPEPUBYACTUN TTOTEHITIa.

HopmanbHe 1mo1oxeHHs BAMUKa4a CUTHATI3YEThCS TOPIHHSAM PIBHUM CBITJIIOM
BIJIMOBIAHOT Jamnu. [Tpu aBapiiiHiii 3MiHI OJIOKEHHSI BUMHMKaya TacHE JiamIia, KO-
JHLOPH SKOTO BIATOBIIaB KOJUIITHHOMY CTaHY BUMHKA4a i MOYMHAETHCS MUTOTINBE
CBITIHHS JIaMIIH, KOJBOPH SIKOT BIJIMOBia€ HOBOMY IOJIOKEHHIO BUMHKaua. [lepe-
puBUYacTUil Mtoc noaaerhest Ha [1IM 3a qomomororo creniaabHO1 peIeHOT CXeMH -
«IYTBCY-TTapu». SIKI0 BUKOPUCTAETHCA KITIOU 13 TOBEPHEHHSM 1 3 (piKCAIlIEI0 PYKO-
STKH, TO B JIAHIIIO31 CUTHAJI3al1li1 BKJIIOYaI0Th CUTHAJIbHI KOHTAKTH KJII0Ya, 110 BiJ-

OUBAIOTH MOJOKEHHS HOr0 PYKOSTKH, 1 JONOMIXKHI KOHTAKTH BUMHUKaYa.
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Jlnst curHanmizarniii mojoxeHHs BuMukada B cxemi i3 MKB yBonuThcs pene ¢i-

kcauii komanau — POK. BoHo Mae 1B1 0OMOTKY i IIICTh NEPEMUKAIOYMX KOHTAKTIB.

[TonoxeHHsT KOHTAKTIB BiJIMOBIIA€ XapaKTepy OCTAaHHbOI KOMaHI! KITFOUEM.

SIk1io octaHHBOT OyJia KOMaHaa «BUMKHYTHY, 11e pesie PKO cBoimu 3aMmukaro-

YUMU KOHTaKTaMH CTBOPIOE KOJIO xKuBJIeHHS 00MOTKH 2 POK. Tlpu npomy #oro He-

NapHi KOHTAKTH 3aMUKAIOThCS, a TapHI pO3MUKAIOThCA (11€ Toka3aHo Ha cxemi). Cu-

THaJIBHI JJAMITK OCPKYIOTh JKuBJIeHHS Bij muH +1IY a6o +11IM 3anexHo Bij 1mo-

JIOKEHHS KJTF04a W OJIOKIB-KOHTAKTIB BUMHKA4a.
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Puc. 6.19 KonTpons ki kepyBaHHS
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Konmponv kin xepysamnsi.
[Tpu cBITIOBOMY KOHTpPOJII KOJia
KEpPYBaHHS 1 KOJIa ABOJAMIIOBO1
cUrHa3alli moJIoKEHHSI BUMU-
Kauda MoeaHYI0Th, BUKOPUCTOBY-
I0YM CUTHAJIbHI JIAMITH OJTHOYA-
CHO ISl KOHTPOJIFO IILJIICHOCTI
ONEepPaTUBHUX KiJI.

Jns uporo xuBnenHs JI3 3aBo-
JSTh 4yepe3 OJOK-KOHTakT Bi 1
koHTaktop KII BkiIroueHHs, a
JIK 4gepe3 B> i enmekTpoMarHit
BuMukanag 0. TakuM 4uHOM,
ropiaHs JI3 o3Hauae, M0 BUMHU-
Kady BHMKHCHHH, a KOJIO BMH-
KaHHS CIpaBHUN. AHAJIOTIYHO
JIK. TlocmimoBHO 3 JamMmamu
BKJIIOUYEHI PE3UCTOpPU I. 3Ha-
yeHHs1 iX migiOpaHe Tak, 100
npu K3 Ha mokosi He Bi0ynocs

IIOMMIIKOBOI'O CITpallbOBYBAHHA,



T00TO 1106 cTpyM nipu K3 OyB Mente crpymy cripaiboByBanHs D0 abo KII. Cxemy
31 CBITJIOBUM KOHTPOJIEM 3aCTOCOBYIOTh B EY 3 HEBEJIMKOIO KUTbKICTIO BUMUKAYIB.
Tam, ne BUMHUKauiB 0arato, 3aCTOCOBY€ETHCS 3BYKOBHM KOHTPOJb. [l KOHTPOIIO
KUT KepyBaHHS BUKOPUCTOBY€EThbCS JBa poMikHUX pesne PIIB (pene momosxkeHHs
«YBIMKHEHH»), 110 KOHTPOJIIO€ KoJio BinMuUKaHHS ¥ PIIO, 1m0 KOHTpOIIIOE KOIO
BMukaHHs. Koo 3amycky 3ByKOBO1 cuTHai3allii OOpUBY YTBOPUTHCS Yepe3 MOCIi-
JIOBHO BKJIFOUeH1 po3mukaibHi koHTakTH PIIB 1 PITO 060x pene. [Ipu cnipaBHOMY
CTaHl1 OMEpPaTUBHUX KT OOMOTKa OJHOIO pelie nepedyBae MmiJ CTPyMOM, a 1HIIOrO
3HecTpymiieHa. [Ipu oOpuBi Koy1a HACTYHOT ornepallii 0OMOTKH 000X pejie € 3HECT-
PYMJICHUMH U 3aI1yCKA€ThCS 3BYKOBUM CUTHAJL.
P®K - pene dikcariii komanau

PITH® - pene nenoBHOdazHUX pexxumiB.(kimtou cepii [IMOB®).
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