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PEDEPAT

[losicHioBasibHA 3amucka 10 KBamidikamiiiHoi poboTH OakamaBpa Ha TeMy
«MopepHizariisi cucteMu enekrpornocradanis crnoxkusadie TOB IITP3»: 109 apk., 8
puc., 16 Tabm., 29 BUKOpPUCTAHUX JKEpeT.

O6'ext mpoekTyBaHHA — KommeHcyroul mpuctpoi YKH-0,38-75V3 Ta
tpanchopmaTtopHa mijactaniis 10/0,4 kB B ymoBax TOB IITP3.

Merta npoeKkTy — MiABHUIIEHHS KOEQIIi€HTY MOTYXHOCTI MiJIPUEMCTBA IUIIXOM
BIIPOBA/DKEHHSI KOMITEHCYIOUHMX MPHUCTPOIB, a TaKoXX 3abe3medeHHs  Oe3rnevyHoi i
HafiitHOI poboTtu TpancopmaTopHoi miacraniii B ymoBax TOB IITP3 3a paxyHok
BUKOPHUCTAHHS CY4aCHOTO €JIEeKTPOTEXHIYHOTO 00IaIHAHHS.

MeTto1 AOCTIIKEHHS — PO3pPaXyHKOBO-aHATI THYHHIA.

VY npoueci BUKOHAHHS TUIIIIOMHOTO MPOEKTY BUKOHAHO:

— PO3paxyHOK MapameTpiB CUCTEMHU EIEKTPONOCTadYaHHS;

— PO3IISIHYTO MUTAHHS MiIBUIIECHHS KO€(IIIEHTY MOTYKHOCTI Ha MAMPUEMCTBI;

— oOpaHuii TUN 1 BUJ KOHJIEHCATOPHOI YCTAHOBKH;

BHOpaHO Bce HEOOX1aHEe 00MaHAHHS I HAIIMHOTO €JIEeKTPOTIOCTauYaHHs;

— oOpaHa cxemMa eJIeKTpOoNoCTauaHHs TpaHC(HOPMaTOPHOI MMiICTAHIIII;

— PO3IISHYTO MUTAHHS €KCILTyaTallli i peMOHTY elIeKTpOooOIaIHAHHS;

— PO3MISIHYTO THUTaHHS O€3MeYHOr0 BHKOHAHHS POOIT MiJ Yac eKCIuTyaramii i
PEMOHTY €NeKTPOOOIaTHAHHS,

— BUKOHAHO PO3paxyHOK 3a3eMJICHHS TpaHc(hopMaTOpHOT MiACTaHIII.

Kirouosi CJIOBA: HAJIIMHICTH EJIEKTPOIIOCTAYAHHA,
KOHJEHCATOPHA YCTAHOBKA, CTPYM, TPAHCO®OPMATOPHA
[MIACTAHLIA, HAIPYT'A, EJEKTPUYHE HABAHTAXEHHS, I[1IOBHA
[NOTYXXHICTb, KOMIIEHCALISI PEAKTHMBHOI TIIOTYXHOCTI, CTPYMMU
KOPOTKOI'O 3AMHUKAHHS, KOMYTAIIMHE OBJIATHAHHS, 3A3EMJIEHHS.



ABSTRACT

Explanatory note to the qualification work of the bachelor on the topic
«Modernization of the power supply system for consumers of Company «PTRZ»: 109
sheets, 8 figures, 16 tables, the list of 29 references.

Design object - compensating devices YKH-0,38-75V¥3 and transformer substation
10/ 0,4 kV in conditions of Company PTRZ.

The purpose of the project is to increase the power factor of the enterprise by
introducing compensating devices, as well as to ensure the safe and reliable operation of
the transformer substation in the conditions of Company PTRZ by using modern
electrical equipment.

Method of the study is calculated analytical.

Carrying out graduation project following calculation were made:

— calculation of parameters of system of electricity;

— the issue of increasing the power factor at the enterprise was considered;

— selected type and type of condenser installation;

— all necessary equipment for reliable power supply is selected;

— the scheme of electricity of the transformer substation;

— 1issue of exploitation and repair of electrical equipment is considered;

— 1issue of safety during exploitation and repair of electrical equipment is
considered;

— calculation of grounding of transformer substation.

Keywords: ELECTRICITY RELIABILITY, CONDENSER INSTALLATION,
CURRENT, TRANSFORMER SUBSTATIONS, VOLTAGE, ELECTRICAL LOAD,
FULL POWER, REACTIVE POWER COMPENSATION, SHORT-CIRCUIT
CURRENT, SWITCHING EQUIPMENT, GROUNDING.
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BCTYII

VY Hamii aep:kaBl MOCTIHHO BEAYThCA POOOTH MO MOJAATBIIOMY PO3BUTKY €JIEKT-
pudikarii BCix ragy3eid HapOJHOIO TOCIOAAPCTBA, MOKPAIEHHS €KCIUTyaTallil eIeKTpo-
TEXHIYHOTO W EHEepreTMYHOro OOJaJHAHHSA, MIABHUILEHHIO HAAIMHOCTI €JIEKTPOIoCTa-
YaHHS 1 PaIllOHAIBHOMY BUKOPUCTaHH] TATMBHO-CHEPTETUIHUX PECYPCIB.

Ponb enekTpoeHepreTuky B chepax AisUIbHOCTI JIFOJAWHYU B 3HAYHIN Mipl BU3HAYA-
€THCSI TAKUMH (PaKTOpaMHu:

-  MOXIMBOCTSIMU 1 MEXaMU HaJlaHHS BUCOKOSKICHMX €HEProHOCIiB /IS BCiX 00JIa-
CTe! TPOMAJCHKOIO KUTTS;

- ITlocTiifHUM MiBUILEHHSAM €JIEKTPOO30POEHOCTI Mpalll B YCIX BUPOOHHYHUX 1 TO-
OyTOBUX Tpoliecax, HAMpaBJICHUX HA MOKPAILEHHS YMOB Mpalll Ha BUPOOHHUIITBI
(ckopodeHHST BaxKoi (hI3MYHOI TIparli, BIPOBAKEHHS aBTOMATH3aIlii, TOIIO) 1
KUTTEBUX YMOB MOOYTY (B JOMAIIHROMY TOCIOJAPCTBI, B cepax oOCIyroBy-
BaHHS, HA TPAHCIIOPTI, TOILIO);

- IligBUIIEHHSM KIJIBKOCT1 KOPUCHOI CIIOXKHUTOI €IEKTPUUHOT €Heprii 1 BUPOOHUYIHNX
NEPBUHHUX EHEPreTUYHUX PECypCiB Ha OJHOTO >KHUTEJS 1 POCTOM KamiTaJbHHUX
BKJIQJICHb B PO3BUTOK €JIEKTPOCHEPT€TUKH.

[To mum mpuyrMHaM JOBrOTpUBAJE MJIaHYBAaHHS MOMUTY HA €JIEKTPOCHEPTiI0 € OC-
HOBHOIO MEPEAYMOBOIO JIJIsl MOCIIOBHOIO 1 ONITUMAJIBHOTO PO3BUTKY €KOHOMIKH 1 KHT-
TEBOT'O PIBHS HE3aJEKHOI YKpaiHH.

VY 3B’43Ky 3 NOCTIHHUM POCTOM IOMUTY Ha €JIEKTPOEHEPTIIO 1 3MIHOI CTPYKTYpPH
€HEProHOCIiB, BEJMKE 3HAUCHHS Ha €JEKTPONOCTaYaHHS Ma€ 3MiHa CTPYKTYPH CIOKHU-
BayiB.

Enextpoenepris 1ie He 3aBXIU BUKOPUCTOBYETHCS TEXHIYHO 1 €KOHOMIYHO, HaMi-
OuTbII e()EeKTHBHO, SIK MPU CIOXKUBAHHI B MPOMUCIIOBHUX MPOIIECax, TaK 1 MpU Hepeaadi
criokuBaviB. ToMy CrmocoOu CHOKMBaHHS 1 TIEpeadl eIeKTPUYHOT eHeprii MOBUHHI PO-
3BUBATUCS LUISIXOM MOJAJIBUIOTO MiJABUIIEHHS TEXHIYHOTO PIBHS €HEPreTUYHOro roc-
MOJIapCTBa 1 BIOCKOHAJICHHS CXEM €JIEKTPONOCTaYaHHs 3 METOIO MiJABUILEHHS 1X Haii-

HOCTI 1 EKOHOMIYHOCTI.
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OpHuM 13 JKepelt BTpaT eJeKTPUYHOT eHeprii € HepallloHaJIbHE CIIO’KMBaHHS pea-
KTHUBHOI €Heprii B cepax BUPOOHMIITBA Ta )KUTTEMISUIBHOCTI.

B xBamidikariiHiit poOoTi 6akanaBpa poO3TJISHYTUM OJIUH 13 OCHOBHMX 3aXO/IIB IO
HOJIIIICHHIO SKOCTI €JIEKTPUYHOI Heprii 1 11 eKOHOMIT UIIXOM IiIBUILIEHHS KoediLie-
HTa MOTYHOCTI €JIEKTPUYHUX YCTAHOBOK KOCUHYCHUMHU KOHJIEHCATOPAMH.

Jlis mpuiHATOI MTYYHOI KOMIEHCAIll MPpH 3HAaYHUX KOJMBAHHAX PEAKTUBHUX
HAaBAaHTa)XCHb BHUKOPUCTOBYIOTHCS KOHJEHCATOPHI YCTAHOBKH 3 aBTOMAaTHUYHUM BMHU-
KaHHSIM 1 BUMUKAaHHSM 1X B 3aJISKHOCTI B1J] PIBHS HAIPYTH B MEPEXKi 1 OTpeOH mianpu-
€MCTBA B PEAKTUBHIN €HEpPTii B pi3HUHN yac AOOM y BIAMOBIIHOCTI 10 BUMOT €HEpreTHy-
HOI CUCTEMH.

Tomy po3po6i11i JaHoi poOOTH 3HAYHA yBara NmpualUIeHa MiBUILEHHIO €KOHOMIY-
HOCTI 1 HAQJIHHOCTI CUCTEMHU €JIEKTPOIOCTAYaHHs MUISIXOM BHOOPY HAaMOIIBIN paifioHa-

JBHUX PEXKUMIB pOOOTH €IEKTPOOOIIaIHAHHS Ta 3HU)KEHHS BTPAT €JIEKTPOCHEPTii.



1. TEOPETUYHA YACTHUHA
1.1 IToHATTHA NPO PeAKTUBHY NOTYKHICTH

Enextpuyna eHeprisi BUpOOISETHCS, PO3MOMIISETHCS 1 CIIOKUBAETHCS B OCHOBHO-
My y BUIJISIA1 3MIHHOTO cTpyMmy. [locTiiiHuii cTpyMm, sikuii Ma€e CBOi mepeBard i 00JacTi
BUKOPHUCTAHHS, OTPUMYETHCS IIJITXOM MEPETBOPSHHSI 3MIHHOTO CTPYMY B IOCTIHHUIA.

OCHOBHMMH CTHIOKMBa4aMH €JIEKTPUYHOI €Heprii Ha MPOMHCIOBUX MiAMPUEMCT-
Bax € IHAYKTHUBHI CTPyMOIIpHiiMaui, TOJIOBHUM YMHOM aCMHXPOHHI JABUTYHH 1 TpaHcho-
pMaTopH, SKi 3A1MCHIOIOTh HAHO1IBIIINI BIUIMB HA BEJIMYMHY KOeQili€HTa MOTYHOCTI.
Jliisa poboTH KX cTpyMonpuiiMadiB HEOOX1JHO CTBOPEHHS 3MIHHOTO MarHiTHOTO MOJIs,
JUTSl 90TO HEOOX1THUHM TaK 3BAaHWN HAMAarHi4yrounii a00 peaKTUBHUN CTPYM.

ToMy B eJEKTpHUHUX MEpekax 3MIHHOTO CTPYMY, KpiM aKTHBHOI MOTY>KHOCTI,
HEoOX1IHOT /uia 3a0e3nedeHHs poO0OTH CTPYMONpPUIIMAayiB, MO BCIM JIAHIFOIaM Mepexi
BiOyBa€ThCs TMepeaya peakKTUBHOI MOTYXKHOCTI. [TOKpHUTTS sKOi, HApsAy 3 aKTHBHOIO
HOTY>KHICTIO, 3/11CHIOETHCS TeHEPATOPaMH €NIEKTPUYHUX CTAHIIIH.

HasiBHICTh 3MIHHOTO €J€KTPOMArHiTHOTO MOJIsl Y MPOBIIHUKIB MIPH MPOXOKEHHI
3MIHHOT'O CTPYMY CTBOPIOE JIOJJATKOB1 OTIOPU B TIOPIBHSHHI 3 MOCTIMHUM CTPYMOM, KOJIH
B JIAHITIOTaX MAIOThCS TUIBKW aKTWBHI omopu. L{i 701aTKOBI omopy HA3UBAIOTHCS pPeak-
TUBHUMHU, BOHU OOYMOBJICH] 1HIYKTUBHICTIO 1 EMHICTIO IIPOBIJHUKIB. 3 POCTOM YaCTOTH
IHIYKTUBHUN OIMIp 30LIBIIYETHCS, & EMHICHUH — 3MEHIIYEThCS. B peanbHI Mepexy
MalOTbCsl AKTHUBHI, 1HIYKTHUBHI 1 €MHICHI omopu. [[ns Takoro mnaniora 3akoH Owma
npuiiMe Burs 3a ¢opmyinoro (1.1) 13 [3.,¢4.7.5,¢.258]: (s MOCIiIOBHOTO 3’ €HAHHS

aKTUBHOTO, 1HTYKTUBHOTO 1 EMHICHOTO OIOPIB):

U U
2 r+(x—xc) (1.1

Jie Z — MIOBHUM OTip;
r — akTUBHUH omip, Owm;

(XL — X¢) — peaKTUBHHI OITip.



CtpyM B aHuory I Mo>kHa mojiaTu y BUTJISAIL ABOX CKJIAJI0BUX: aKTUBHOI CKJla-
10BOi cTpyMy I,, 00yMOBJI€HOI aKTHBHMM OIIOPOM, 1 PEAKTHBHOIO CKJIaJI0BOIO CTpyMy I,

00yMOBJICHOIO peakTUBHUM oropoM. [Ipu nromy 3a hopmynamu (1.2) 1 (1.3):

I, =1-cosy; [, =1-sing; (1.2) (1.3)

Sk mokaszano Ha puc.l.l MoxHa MoOyayBaTH TPUKYTHUKH HAIMPYT, OMOPIB 1 MO-
TYKHOCTEHN.
AKTHBHA OTY>KHICTh, a00 CEpeHs BeIMUMHa NoTyKHOCTI P, BT 3a nepiox (moc-

TiHA CKJIaJI0OBa TIOTYXXHOCTI1) BU3Ha4aemo 3a ¢popmyioro (1.4) 13 [15.,$.2-17,¢.20]:
P =U-1I-coso, (1.4)

EnexTpuyHi MalmHy, anapaTy i yCTAaHOBKH XapaKTEePU3YIOTHCS TAKOXK IMOBHOIO iX
noTyXHIcTIO S. L[ MOTy>XHICTh BiJiNOBIAa€ HAWOIBIIINA BEIMYNHI aKTUBHOT MOTY>KHOC-
Ti, SIKY MOXHa OTPUMATH IIPU 3aJlaH1il Hampy3i 1 CTpyMmi mpu cos ¢ = 1.

BigHomieHHs akTUBHOT TTOTY>KHOCTI JI0 TIOBHOI Ha3UBAEThCSA KOE(PIIIEHTOM IOTY-

YKHOCTI COS @, 1 BU3Ha4aeThes 3a popmynoro (1.5) 13 [15.,4.5.7,¢.136]:

=——=C0s @,

P U-I-cosg (1.5)
S U-1

[Ipu po3paxyHKax €IEeKTPUYHUX JAHITIOTIB 3HAXOIUTh MPUUMAHHS BEJIWYMHA 32
dbopmynoro (1.6):
Q=U-I"sing, (1.6)

Slka HOCUTB Ha3BY PEAKTHBHOI MOTY>KHOCTI.
AKTHBHA, peaKTHBHA 1 TTOBHA MOTYXHOCTI TOB’sA3aH1 Mk COOOI0 CIiBBIHOIICH-

HsM 3a popmyoro (1.7) 13 [15.,$.3.16,¢c.116]:
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§? = P2 + Q7 (1.7)

Benuunny peakTuBHOI MOTYXHOCTI Q, KBap MOXHA MOAATH y BUIISAAL POPMYITH

(1.8):

Q=5-y1—(cosg)?, (1.8)
a60 Bu3HAuUMTH 32 popmyoro (1.9):

Q=P-tge. (1.9)

Benuunna tg ¢ Ha3uBaeThCsl KOeQIIEHT PeaKTUBHOI MOTYXHOCTI. BiH xapakre-
pHU3YE CITIBBIAHOIICHHS aKTUBHOTO 1 PEaKTUBHOTO HAaBaHTAXEHHS B Oy/Ib-sKil MEpexKI.

Tpeba matu Ha yBas3i, 1m0 NOTpeda EHEPreTUYHOI CUCTEMH B PEAKTUBHIN MOTYX-
HOCTI 3MEHIIYEThCS MPU MIABUILCHH] PIBHS HANIPYTHU 1 30UIBIIYETHCS MPHU 11 MOHWKEHHI.
Oco0MBO pi3KO 1€ TTO3HAYAETHCS MPH KOPOTKOYACHUX 3HMKCHHSIX HANPYTH B €HEpre-
TUYHINA CUCTEMI — IIPH aBapisiX, KOJIU 3MEHIIIEHHS! PEaKTUBHOI MOTYKHOCT1, PETeHEpy€-
MO1 KOHJIEHCATOpaMH, HEraTUBHO BIUIMBAE HA HAIMHICTD €JIEKTPONOCTaYaHHS.

Huzbkuit koediieHT NOTY>KHOCTI MPU OJHIN 1 Tii K€ aKTUBHIM MOTY>KHOCTI HpH-
BOJIUTH JIO TIBUIICHHS CTPYMY, a OT)KE, 1 0 301JbIICHHS BTPAT HAMPYTH, 110 BUKIHKAE
BIIXUJICHHSI HAIIPYTH BiJl HOMIHAJIBHOI BEJIMYMHU B CUCTEMI €JIEKTPOIOCTaYaHHs 1 MOT'-
pIIye pexxuM poOOTH CTpyMmoIlipHuiiMadiB. B Mepekax 13 3HaUHUM 1HAYKTUBHUM HaBaH-
TaXEHHAM 1 KoediieHToM nmoTyxHocTi 0,4 + 0,5 magiHHg HanpyTyd MOXKE J0CITaTH
20 + 30% HOMIHATIBHOI BEIMUMHU. AJIe HAIPYTY B €IEKTPUYHIN Mepexi, 10 AKOi MijK-
JIOYEHI CTPYMOIPUIIMaYi, MOYKHA TTABUIITUTH IUISIXOM ITIKTIOYSHHS 10 Hei KOMITCH-
CYIOUOTO TPUCTPOIO.

Taxum uHOM, HU3BKUN KOE(DILIEHT NOTYKHOCTI € HETAaTUBHUM (PAKTOPOM SIK JAJIs
CHepreTHYHOI CUCTEMH, TaK 1 JUIsl IPOMHUCIIOBOTO MiAnpueMcTBa. ToMy HE0OXiaHO Mpa-

THYTH JI0 TIJBUIICHHS KOe(]illieHTa MOTYKHOCTI Ha MPOMHUCIOBUX IIMPUEMCTBAX
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IIJISTXOM BIPOBAKCHHS KOMIICHCYIOUMX TMPUCTPOIB, sIKi TEHEPYIOTh PEAKTUBHY MOTYX-
HICTb, IK HAWOIMKYE 0 CIOKUBAUIB €JIEKTPUUHOI €HEPTii, K1 MOTPEOYIOTh PEaKTUBHY

NOTYXHICTb /puc. 1.1/.

/ ot
o ’YF {1 o
|
|
Ur Uk
- UZ —
. U —-—
/a P
f>]
; —
% Ua P
os @ = > os@=y  OSPs=¢

Pucynok 1.1. — TpukyTHHKN apaMeTpiB enekTpuaHoro yanmtora 3 L, R 1 C.

1.2 ®dakrTopwu, AKi BILIMBAIOTH HA 0a1aHC PEAKTHBHOI MOTYKHOCTI

B cucremax enekrpornocrauaHHs MaioTh MepeBary 1HAYKTHBHOCTI, SKI OOYMOB-
JIeHI:

- TPUHITUIIOM Jii IepEeTBOPEHHSI JICKTPUYHOT €HEPTii B MEXaHIUHY;

- TPUHLMIIOM Aii TpaHcopmarlii;

- IJIECTIPSIMOBAHMM BHUKOPHCTAaHHSIM 1HAYKTHUBHOTO OMOPY (HAMIPHUKIIA[, PEaKTO-
U TS 3HIDKCHHS CTPYMIB K.3.),

- TpoBiIHUKaMHU (Kabel, TOBITPSHI IPOBITHUKN).
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B pe3ymnbTaTi 1150T0 CTpYM BificTa€e 1o (a3i BiIHOCHO HAPYTH.

Tinbku mpy aKTUBHIN CKIIAA0BIM MOTY>KHOCTI BiAOYyBa€eThCs HaMpaBiieHa Mepesa-
4a eJICKTPUYHOI €Heprii 1 MepeTBOPEHHSI KOPUCHOT MOTYKHOCTI. B mpoTHBary akTUBHIM
HNOTY>KHOCTI, HEOOX1IHA /JIsi CTBOPEHHSI MAarHITHOTO TOJIsI PEaKTHBHA CKJIAJ0Ba € HEOO-
X1HOIO, aJie EHEPreTUYHO He 0a)kKaH1 KOJMBAHHSAM €HEeprii 3 MOJIBIHHOI0 YaCTOTOK MIXK
JOKEPEIIOM 1 CTIOKHMBAYEM.

[IpomyckHa 31aTHICTh IPOBO/IIB 3HAYHO 3HIKYETHCS Y BUIAJIKY MaJloro Koediri-
€HTa MOTYKHOCTI cos ¢. [Ipu boMy CKOpoUyeThCS HEOOX1/IHA Mepeaadya aKTUBHOT MO-
TY>KHOCTI (Masuii Koe(ilieHT KOPUCHOI il nepenadyi), 00 3MIHIOIOTHCSI BTpaTH HANPYTU
B MEPEXKi, SIKI CYTTEBO 3aJIeKaTh BiJl KO€(iIlIEHTA MOTYHOCTI.

[TpuHIMIiaabHI B3a€EMO3B’SI3KM MK KOE(DIIIEHTOM MOTYXKHOCTI Ta IHIIUMH Ta-
pameTpaMu Mepexi Moka3aHi y rpadiuHiil yacTuH1 KBaJi(ikaliitHoi po6oTu.

Cepen psaay (hakTopiB Ha BEIMYMHY KOEdIIEHTY MOTYKHOCTI CYTTEBO BILJIMBA-
I0Th:

- TIOraHoO 3aBaHTaXCH1 aCMHXPOHHI JBUTYHU, HENPaBWJIbHUIA BUOIp HAmpyru B
J1ara3oH1 MOTYKHOCTEH ABUTYHIB CepeIHbOI 1 HU3bKOT HAIIPYTH;

- BHUKOPHUCTAHHS JBUTYHIB Ta IHIIOTO €JIEKTPOOOIIaJHAHHS 3 TIOTAaHUM Koeillie-
HTOM MOTY>KHOCTI.

[ToripmenHns: koedilieHTa MOTYKHOCT1 BiJIOYBA€ThCsI Yepe3 MOoraHe 3aBaHTaKeH-
HS JIBUTYHIB, PEAKTOPIB, L0 MPAIIOIOTh B XOJIOCTY, TPaHCHOPMATOPIB 1 BUIIPSIMIISIIOUUX
YCTAaHOBOK, a TaKOX 1HIIOTO €JIeKTPoOoOIaJHaHHs, 00 B IIMX BUIIAJKaX MiJABUILYETHCA
CIOKMBaHHS PEAKTHUBHOI €HEPrii.

Hacnigkamu noripiieHHs KoedilieHTa MOTYHOCTI €:

- 3MEHIICHHS BUPOOHMIITBA aKTUBHOI IMOTY>KHOCTI T'eéHepaTopamMu 1 O1IbII BUCO-
K€ 3aBaHTAXEHHS MMOBHUM CTPYMOM CUHXPOHHHX JBUTYHIB;

- MiJBUILNECHHS NAIHHS HAIPYTH MIXK JKEPETIOM 1 CIIO)KMBaUYEM;

- 3HIDKCHHSI TIEPe1aBa€EMOi aKTUBHOI MOTY>KHOCTI Yepe3 TpaHchOopMaTopH 1 mpo-
BITHUKH, [0 CKOPOUYE iX MPOMYCKHY 3/1aTHICTh 110 aKTUBHOMY HaBaHTaKEHHIO; 00 Me-

KOBC HABAHTAXXCHHA I10 HarpiBy 3aJIC)KHUTh Bi,[[ COS @,
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- 3pOCTaHHS BTPAT MOTYKHOCTI B MEPEXi MO BIAHOMIEHHIO JI0 TIEPEIaBaAEMO] aK-

TUBHOT MOTY>KHOCTI.
1.3 BusHayeHHs Koeili€eHTAa MOTYKHOCTI

BusnauenHs koedilieHTa MOTYKHOCTI 311HCHIOIOTH 3a TIOTIOMOTO0I0 (ha3oMeTpa.
[Ipu #oro BinCyTHOCTI KOE(ILIEHT MOTY>KHOCTI BU3HAYAETHCS OJHHUM 13 TaKHUX
CIOCO001B:

JIBoma Tpuda3sHUMU BaTMETpaMu a00 OJHUM BAaTMETPOM 3 TEPEMHKAYEM BHMi-
) . o Q .
PIOIOTH y BIAMOBITHUN MOMEHT 4acy P; Q; BU3Ha4arOTh tg ¢ = —» & TIOTIM 33 TaOIHIIS-

MU 3HAXOJSTh BIJIMOBIAHE 3HAUYCHHS COS

JIBoma BaTMeTpaMu BUMIpIOtOTh Py; P,; Bu3Havatots 3a hopmyioro (1.10):

_ (Py — Pq) (1.10)
[V3: (P, + Py)]

tg o;

ne Py i P, — moka3zuukm BatMeTpa BignoBigHo 10 a3 A 1 C;
AmniepMeTpoM, BOJIBTMETPOM 1 Tpu(]a3HUM BaTMETPOM BUMIPIOIOTH CHIy CTPY-
My, HAlIPYTy 1 aKTUBHY MOTY>KHICTb.

BusznagaioTs koeiieHTH TOTYKHOCTI oS ¢; 3a hopmyroro (1.11) 13 [15.,c.118]:

P; (1.11)
COsQp; = ——,
W3-U-I
ne I, U, P — BiAnmOBIHO 11104l 3HAYEHHS CWJIM CTPYMY, HAIPYru 1 MOTY>KHOCTI,
SIK1 OJTHOYACHO BU3HAYAIOTHCS 32 TIOKA3aMH MPUJIA/IIB.
Ha mpakTuii mmpoko 3acTOCOBYIOTH YMOBHY CEpEIHBO3BAKECHY BEJIMYHUHY KOe-
¢iieHTa MOTYXXHOCTI COS (O 3a 100y, THXKIEHB, MICAIb, KBapTaid ab0 pik. 3HAYCHHS

COS (; BU3HAYAIOTH 3a ITOKA3aMH JIYMIbHUKIB akTHBHOI W, 1 peakTHBHOI W), eHeprii 3a
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BU3HAYCHHI MTPOMIKOK Yacy JIJIs IFOYUX MIMPUEMCTB 1 PO3PaXOBYIOTHCSA 3a (popMmyia-

i (1.12) i (1.13) i3 [15.,0.3.21,¢.119]:

w, (1.12)

(1.13)

[Ipu mpoekTyBaHHI, 3a3BUYal, CEPEIHHO3BAKCHUN KOE(ILIEHT MOTY>KHOCTI 3Ha-
XOJSITh IUIIXOM BU3HAYEHHS PO3PaXyHKOBHUX CHIJIOBHX HaBaHTaXEHb METOJIOM Koeilli-
€HTa MAaKCUMYMY.

B ocHOBy BH3Hau€HHs TaKMX HaBaHTAaXEHb BiJl TPYNU CTPyMONpUKMAUiB 3 Bpa-
XYBaHHSAM KoeQillleHTa MaKCUMyMy MOKJIaJE€HUI METOJl YHMOPSAAKOBAaHUX Jlarpam, II0
Jla€ MOKJIMBICTh IO HOMIHAJIBbHIN MOTYXHOCTI 1 XapaKTEPUCTHULIl CTPyMOIIpUIiMayiB

BU3HAYNUTHU pO?;p&XYHKOBI/Iﬁ MAaKCHUMYM HaBaHTAXCHHS:

- aKTHBHOT'O Pyake = Kuaxe * Ks " Puom s (1.14)

1€ Kyaxe — K0eDilliEHT MAKCUMYMY;
K; — Koedi11eHT BUKOpUCTaHHS;

P.om — HOMIHANBHA MOTYXHICTh TPYIIU CTPYMOIIPHIIMauiB, A.

- PEaKTHUBHOTO Quaxe = 1,1 Qcy (1.15)

ITpu neg, < 10, 260 Qyaxe =Qem TPH Ne g, > 10,
ae Q. — 1000Ba peakTHBHA MOTYKHICTh B HAWOUIbII 3aBaHTAXEHY 3MiHY, KBap;

ey — €QEKTUBHE YHCIIO CTPYMOIIPUIIMAYiB, IIT.
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- ITOBHOTO Smaxe = Kuaxe * K * Prom s (1.16)

[Tics BU3HAYCHHS aKTUBHOT'O 1 ITOBHOI'O HAaBAaHTAKCHHS 3HaxXO0dATb CCPCAHbO3-

Ba)KeHUU Koe(iIieHT moTy>kHOCTi 3a popmyoro (1.17) 13 [15.,¢.3.18,¢.118]:

Praxke (1.17)

COS Ppsp = S
Makc

Haii6ipm BUrigHU KOE(ILi€HT MOTYKHOCTI €JIEKTPOYCTAaHOBOK BU3HAUAETHCS 3
YMOB JIOCATHEHHSI HAalO1IbII01 pI1YHOT €KOHOMIT €JIEeKTPOCHEPTii B 3B’ A3KY 13 3H)KECHHSAM
BTpAT €JIEKTPOCHEPTii BiJ] PEAKTUBHUX HABAHTAKEHb EJIEKTPUUYHOI JiHII a00 BUKOpHC-
TaHHS 301IBIIEHOT MPOITYCKHOI CIIPOMOXKHOCTI €JIEKTpoMepesxi (JIiHIH 1 TpaHchopMaro-

piB) y 3B’SI3KY 3 KOMIICHCAIII€I0 PEaKTUBHOTO HABAHTAYKEHHS.
1.4 />xepeJsia peakTUBHOI OTYKHOCTI HA MiANMPHEMCTBI

B npomucioBux eaekTpoycTaHOBKAaxX MPU HOPMaJbHUX yMOBax poOOTH y Oulb-
IIOCT1 CHOKMBAYiB MepeBaka€ aKTUBHUH 1 1HAYKTUBHHH OITip, @ 3HAYHOI €MHICTIO Xa-
paKTepU3yloThCS Majla KUIBKICTh CTpyMolpuiiMadiB. ToMy CIOKUBaHHS MTPOMHUCIOBU-
MU TIAMPUEMCTBAMU PEAKTUBHOI MOTYXKHOCTI B IPUPOJIHIX YMOBAX BEJIMKA 1 HAOIMXKa-
€TBHCS 1O CBOiM BENMYMHI O CMOKMBAHHS aKTUBHOI MOTY>XHOCTI. CepenHbO3BaXKEHUMN
IPUPOJIHIN COS (P Ha Oaratbox mignpueMcTBax mae 3HadeHHs 0,8 + 0,7 1 Hikye.

JIyist koMnieHcalli CoXUBaHO1 B MEpeKax MPOMHUCIOBUX MiANPUEMCTB PEAKTHUB-
HOI MOTYXHOCTI BUKOPHUCTOBYIOTH 1i JKepena (reHeparopu). [xeperamu peakTUBHOI
MNOTYXKHOCTI Ha IPOMHUCIOBUX MIJMPUEMCTBAX € TF€HEPATOPU EJIEKTPOCTAHIIINA, CHHX-
POHHI KOMIIEHCATOpU, CUHXPOHHI JBUTYHHU, KOHJCHCATOPHI OaTapei, TUPUCTOPHI KOM-
NEHCATOPH.

HaliGinpm mommpeHuMy JKeperaMu peakTUBHOI MOTYXHOCTI Ha MPOMHUCIOBUX
HIANPUEMCTBAX € CHHXPOHHI JIBUTYHHU 1 OaTapei KOHAEHCATOPIB MOMEPEYHOrO BKIIIO-

yeHHs. CHHXPOHH1 ABUTYHH € MIPUBOJAMHU MEXaH13MIB Ta MaIIMH 1 OJHOYACHO MOXYTb
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OyTH BUKOPHUCTaHI B SIKOCTI1 JIXKEPEJ peaKTUBHOT MOTYKHOCTI. B 1bOMYy 1 € 1X OCHOBHA

nepeBara B MOPIBHSIHHI 3 IHIIUMH JHKEpEIaMH PEaKTHUBHOI MOTY>KHOCTI, SIKI BCTaHOB-
JIIOIOTH CHEIIAJIbHO 3 METOI0 KOMIIEHCAllli peaKTUBHOI MOTYKHOCTI. HalO1bI mmupoke
BUKOPHUCTAHHA B SIKOCTI JDKEpENa peaKTHUBHOI MOTYKHOCTI Ha MPOMHUCIIOBUX MIAIPUEM-

CTBax OTpUMAaJIM KOHJAEHCATOPHI OaTapei.

1.5 XapakrepucTiKa CIOKMBAYiB eJJeKTPUYHOI eHepril

CrnioxxuBauaMu €NeKTPUYHOT eHeprii Ha 00’€KTI € B OCHOBHOMY aCMHXPOHHI JIBH-
ryHu. J{ns HopMaabHOI poOOTH aCHHXPOHHI JBUTYHU MOTPEOYIOTH K aKTUBHY TaK 1 pe-
aKTUBHY €HEeprii, ikl BUPOOJISIOTh CUHXPOHHI T'eHepaToOpyu. AKTUBHA 1 peaKTUBHA €HEP-
rii TmepealoThCsl MO0 CUCTEMI eNEKTPONOCTa4aHHs TpU(Pa3HUM 3MIHHMM CTPYMOM BiJ
€JICKTPOCTAHIIIN JI0 CTPYMONPUMMAaYiB.

PeakTuBHA MOTYXHICTb, SIKA CIIO’KUBAETHCS MIAMPUEMCTBOM, POMOALISIETHCI MIXK
OKpPEMUMH BUJIAMU CTPYMOIIPUIMAYIB TakKuM 9uHOM: 65-70% TPUXOAUTHCS HA aCHHX-
ponHi aBurynu, 20-25% na tpanchopmatopu 1 6151 10% Ha MOBITPSHI €JIEKTPUYHI Me-
peXi Ta 1HII CIOXKKUBaul (JIIOMIHECLIEHTHI JIAMITH, PEAKTOPH, 1HIYKTUBHI IPUIAAH, TO-
110).

Tomy roctporo mpoOJIeMOI0 € 3HMKEHHS B CIIOKMBAaHHI PEaKTUBHOI eHeprii, abo
il KoMmeHcarlist Ha 00’ €KTI MUISTIXOM PO3MIIIICHHS KOMIIEHCYIOYH TIPUCTPOIB.

B nisioMmy enekTponocTadaHHs CIOKMBaviB €JIEKTPUYHOI eHeprii 00’ e€KTa MOBUH-
HO OyTH HaJIIiHUM, Oe3nepebiiiHuM 1 ekoHOMIYHUM. [1o HaAiHOCTI eneKkTporocTayaH-
Hs IPOMUCIIOBUM 00’ €KT BITHOCUTHLCS JI0 CIIOKMBAYiB 2-i KaTeropii.

Bignosigno 1o Bumor I[TYE cniokuBaui enekTpoeHeprii 2-1 kareropii moBUHHI 3a-
0e3rneuyBaTHCh €JIEKTPOCHEPTIEI0 Bl ABOX HE3AJNEKHUX JIKEPes KHUBJICHHS Tak, K IO-
PYILIEHHS €JICKTPONOCTaYaHHs MOKE MPHU3BECTH 0 HEJOBUITYCKY MPOAYKIi 1 TOpy-
[ICHHS TEXHOJIOTTYHOTO MPOLECY, PO3TaAUTH LIeH TEXHOJOTIYHHM Ipolnec, abo nmpuBec-
TH JI0 aBapiifHOiI CUTYaIlli.

TakuMm 9MHOM Ha TEPHUTOPIi MiAIpPHEMCTBA OyJe CIIOPYAKEHa TOHIKYIOYa TiJC-

tanuis 10/0,4 kB 3 n1BoMa cuinoBuMu TpancpopMaTopamu, MOTYKHICTb SIKUX Oyne BU-
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3HayeHa Ha OCHOBI TEXHIKO-€KOHOMIUYHOTO PO3paxyHKy, BUXOISUU 13 PO3paxyHKOBOI
HNOTY>KHOCTI MiAIpUeMCTB H cTopoHi 0,4 kB 3 mependaueHHsIM KOMIIEHCYIOUH MPUCTPO-

1B.

1.6 Cnoco0u nmixBumeHHs KoedinieHTa NOTYKHOCTI HA 00’ €KTI

[ToxpamieHHst KoediieHTa MOTYKHOCTI HA MPOMHCIOBOMY MIANPHUEMCTBI MOXKHA
JOCATHYTH TUIBKH MPH MPaBWIBHOMY HO€JHAHHI PI3HUX CIOCOOIB MOro MiABHUILEHHS,
KOXKHHMM 13 SIKUX MOBUHEH OYTH TEXHIYHOI'O 1 €KOHOMIYHO OOIpYHTOBaHUM. 3aX0olu 3
MIBUIIEHHS Koe(]iieHTa MOTY>KHOCTI MOKHA PO3IIITUTH HA TaKl TPYIH:

- BIPOBAHPKCHHS KOMIICHCYIOYHM TIPUCTPOIB 1 yCTAHOBOK. 3aX0/IM 1O 3MEHIIICHHIO
CIIOKMBaHHSI CTPyMOIIpHIiMadyaMy pPEaKTHBHOI MOTY)KHOCTI TMOBHWHHI pPO3MJISIATUCH B
nepiry uepry, 00 s iX BIPOBAHKCHHS, 3a3BUYaid, HE MOTPIOHO 3HAYHUX KamiTaIbHUX
3aTpart. Jlo HuX He0OX11HO BIAHECTH:

- YHOPSAKYBaHHS TEXHOJOTIYHOTO MPOLIECY, IO BEJE /10 MOKPAIICHHS €HEepPreTu-
YHOT'O PEXXUMY OOJIaTHAHHS;

- 3aMiHa MaJj03aBaHTAXKCHUX aCHHXPOHHHX JBUTYHIB, IBUTYHAMH MEHIIOI TIOTY-
’KHOCTI;

- 3HIDKCHHS HAlpyTW HA 3aTHCKAadax €JIEKTPOJIBUTYHIB, SIKi CUCTEMAaTH4YHO IIpa-
IIIOIOTH 3 MaJIUM HaBaHTAKECHHSIM;

- 0OMEKEHHS X0JI0CTOI pOOOTH EJIEKTPUYHHUX ABUTYHIB;

- BIPOBAPKCHHSI CHHXPOHHHX JBUTYHIB 3aMiCTh ACHHXPOHHHUX TaKO1 X MOTY>KHO-
CT1 Y BUIAJKaX, SKILO 11€ MOXKIMBO 32 YMOBAaMH TEXHOJIOTIYHOTO MIPOLIECY;

- MABUILIEHHS SKOCT1 PEMOHTY €JIEKTPUYHHUX JIBUTYHIB;

- 3aMiHa 1 IepecTaHOBKa Majl03aBaHTAXXEHUX CUJIOBUX TpaHC(OPMATOPIB.

PosrisHeMo eeKTUBHICTD X 3aXO/I1B.

1.6.1 3amina MaJ103aBaAHTAKEHUX ABUT'YHIB IBUTYHAMH MEHIIOI MOTYKHOCTI

Benuunna criokuBaHHsI peaKTUBHOI MOTYXHOCTI AJl 3anexuTh BiJ KoedilieHTa

3aBaHTAXXECHHS 1 HOMIHAJIBHOTO KoedillieHTa MOTYKHOCT1 ABUTYHIB. [Ipn HOMIHATEHOMY
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3aBaHTKECHHIO 1 HOMIHAJIbHIN Hanpy3i A/l crokuBae peakTUBHY MOTYKHICTh (Q,;, KBap

3a ¢opmyioro (1.18) mo [15.,¢.5.7,¢.136]:

P
0. =" tano, (1.18)

JIB.H

1€ 1) — K.K.J. IBUTYHA IPU TOBHOMY 3aBaHTAXKECHHI.
PeakTuBHA MOTYXXHICTh, IO CIMOKMBAE JABUTYH 13 MEPEX1 MPU XOJIOCTOMY XOAl,

Q. «, KBap Moke OyTu 3HaieHa 3a Bupazom (1.19) mo [15.,0.5.8.,c.136]:

Qxx = V3- U, I,, =cosg, (1.19)

ne I x. — CTpyM XOJIOCTOTO X0/1a ACHHXPOHHOIO JIBUTYHA, A.

JUis BUTYHIB 3 HOMIHAJIBHUM KOE(IIIIEHTOM MOTYXHOCTI cos ¢y = 0,91 + 0,93
peaKkTHBHA MOTYXKHICTh XOJOCTOTO Xxoay ckianae 01 60% peakTHBHOI MOTY>KHOCTI
IIpU HOMIHAJBLHOMY 3aBaHTa)XEHH1 JABUTYHA. |1 1BUTYHIB 3 cos ¢, = 0,77 = 0,79 BoHa
nocsrae 70%.

30UTbLIEHHSI CIOKMBAHHS PEAKTUBHOI MOTYXHOCTI MPU MOBHOMY 3aBaHTa)KEHHI

JIBUTYHA B TIOPIBHSHHI 13 CIIOKMBAHHSM MPU X0JIocTOMY XoA1 AQ, CKiaaae, K BUTIKAE

13 popmynu (1.20) 13 [15.,¢.5-9,¢.136]:

(1.20)

H

tan(pH - \/§ UH Ixx ’

AQH = QH - Qx.x. =

JI.H

[Ipn 3aBaHTa)XeHHI ACHHXPOHHOIO JBUTYHA, MEHIIE HOMIHAJIBHOTO, MPUPICT
CHOXXMBAHHS PEAKTHBHOI MOTY>KHOCTI B MOPIBHSAHHI 3 XOJOCTHM XOJIOM IPOIOPIIiOHA-

JBHUM KBaapary koedilieHTa 3aBaHTaXkeHHS ABuryHa AQ 3rimHo ¢gopmynu (1.21) 13

[15.,d.5-10,c.137]:
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AQ =K3-Q,, (1.21)
ne K,=P/P, — koedilieHT 3aBaHTa)XKEHHS JIBUTYHA.

Taxum unHOM, peaKTUBHA OTY>KHICTb, IO CIIO’KUBAETHCS IBUTYHOM IIPU JIOBI-

JHLHOMY HaBaHTaXEHHI @, kKBap ckianae 3a popmymnoro (1.22) 13 [15.,d.5.11,¢.137]:

Q =0Q.x +4Q, K, (1.22)

KoeimieHT noTy>KHOCTI aCHHXPOHHOTO JBUTYHA NP JOBUILHOMY HaBaHTaXECHHI

cos ¢ Bu3HA4YUTKCS 3a popmymoro (1.23) 13 [15.,d.5.12,¢.137]:

P 1 (1.23)
cosp =< = :

K2
1+ (QX.X. ;_HA}Q(: Ks)

To6T10, KOe(iliEHT MOTY>KHOCTI IBUTYHA 3MEHIITY€EThCS MPU 3MEHIIIEHHI Oro Ha-
BaHTAKEHHSI.

Hampukinaz, Ko s sKorock KoHKpeTHoro apuryHa npu 100% HaBaHTaKeHHI
cos @, = 0,8, To pu 50% cos @y =0,65, npu 30% cos @y3 =0,51. 3Biacu cuigye, 1o
3aMiHa CUCTEMATUYHO MaJIO 3aBAaHTAXEHUX JBUTYHIB JIBUTYHAMU MEHINOI MOTY>KHOCTI
CIIPHSIE MIIBUIIICHHIO KOS(DII[IEHTA MOTYKHOCT1 €JIEKTPOYCTAHOBKH.

JlocnmipkeHHsT TToKa3alnu, 110 IPU CepeHhOMY HaBaHTaKeHH1 JBUTyHa 10 45%
BiJl HOMIHAJILHOT BETMYMHU HOTO MOTYXKHOCTI, 3aMiH MOTO MEHIIIOI0 TOTYKHICTIO 3aB-
KT JTOLIJIBHA 1 TIepeBipKa po3paxyHKamu He notpioHa. [Ipu 3aBanTaxkeHHs x AJl Oiib-
e 70% HOMIHANIBHOI TOTY>KHOCTI MOYKHA paxyBaTH, 1110 3aMiHa ioro He AouiasHa. [Ipu
3aBaHTakeHH1 AJ] B Mexax Big 45 mo 70% MOIiabHICTh 1X 3aMiHM MOBUHHA OYTH ITIAT-
BEp/DKEHA JI0CTATHIM 3MEHIIEHHSIM CyMapHUX BTpaT aKTUBHOI MOTY>KHOCTI B €JEKTPHY-

Hil CUCTEeMI 1 aCHHXPOHHOMY JIBUTYHI.
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Tpeba BigMITUTH, 110 A IPOMUCIOBHUX MIJIPUEMCTB PO3TISAATH MUTAHHS 3a-
Miad AJl MEHIIOT TOTYXHOCTI, MOIIIBHO TITBKH 171 AJl, He BOY/IOBaHUX B MEXaHI3M.
3aMiHa MaJl03aBaHTKECHUX JABUTYHIB, BOYJOBaHHWX B MEXaHI3M, HACTUIBKHU Jopora i

CKJIaJilHa, 10 BOHA IMPAKTUYIHO HC aouiana.

1.6.2 3HMKeHHS HANIPYTH Y MAJI03aBAHTAKEHUX JIBUTYHIB

[Ipu HEeMOXIHMBOCTI 3aMiHM Majio3aBaHTaKEeHUX AJ] HEOOXiTHO MepeBIpUTH JI0-
LIJIBHICTh 3HUKEHHS! HANpyry. 3HUKEHHS HANpyry Ha 3atuckadax AJl 10 Bu3HaueHOl
MIHIMaJbHO JOMYCTUMOI BeMUYUHHU Uy, TPUBOAUTH 10 3MEHIICHHS CIOXHBAHHS HUM
PEaKTUBHOI MOTY>KHOCTI (32 paxyHOK 3MEHIICHHsS CTPyMYy HaMarHi4yBaHHS) 1 3017b-
IIEHHIO KoedilieHTa MoTyXHOoCTi. [Ipyn ogHOYaCHOMY 3MEHIIIEHHI BTpaT aKTUBHOI IO-
TY>KHOCTI 1, BIATOBITHO, 3pOCTa€ K.K.JA. IBUTyHa. Ha mpaxkTHili BUKOPUCTOBYIOTH TaKi
CNOCOOM 3HMKEHHSI HAMPYTH Y MaJI03aBaHTAKEHUX aCHHXPOHHUX JBUTYHIB:

- TIEPEeKII0YEHHS CTaTOPHOI OOMOTKH 3 TPUKYTHHKA Ha 31pKY;

- CEKLIOHYBAaHHS CTaATOPHUX OOMOTOK;

- 3HIDKEHHSI HAnpyru y pabpruyHO-3aBOICHKUX Mepexkax IUIIXOM MePEKII0UEHHS
BIJraTy>K€Hb MOHIKYIOUHX TPaHC(HOPMATOPIB.

[lepexstoueHHs CTaTOPHOI OOMOTKH 13 TPUKYTHUKA HA 31pKY PEKOMEHY€ThCS
JUIs1 ABUTYHIB 3 Harpyroto 10 1000B, cuctemaTnyHO 3aBaHTaKEHUX MEHIIIE YUM Ha 35
+ 40% HoMiHaNBHOI OTY>XHOCTI. [Ipu nepekitoyenHi 3 A Ha * 3MeHITY€eThCS MaKCHMa-
JHHUM MOMEHT B 3 pa3u, TOMy HEOOX1IHO MPOBOJIUTH MEPEBIPKY HA CTIMKICTh JBUTYHA.

['pannunuii koeQilieHT 3aBaHTAXKEHHS MPUOIN3HO PIBHUM:

K. (1.24)
4,5

Ksr. =

ac, Kmm - KpaTHiCTB MaKCUMaJIbHOI'O MOMCHTA Ha Bally JABHUI'YHaA IIO Bi,Z[HOIIICH-

HIO 1O HOMIHAJILHOTO.



21

SIK110 ABUTYHHM BUTOTOBJICHI 3 MapajiebHUMHU PO3Taly>KEHHSIMHU B CTATOPHI 00-
MOTIIl, TO CEKLIOHYBaHHS POOUTHCA MPOCTO, ILISAXOM MEepenaku J000BUX 3’€IHAHb
O0OMOTKHU.

CkiagHinie MEpeKIoYUTd CTATOPHY OOMOTKY JBHTYHAa Ha IHIIY CXEMY
3’€IHAaHHS, SKIIO0 BOHA BUKOHAHA OJUHOYHHMM MPOBOAOM. B Takmx ymMoBax mMmepekiio-
YeHHs CeKLI OOMOTKHM MOKJIMBE JIMILE MPHU KamiTaJbHUX PeMOHTax IBUTYHIB. Ilepe-
MUKaHHS BIATraly>K€Hb 3HMKYBAaJILHOTO TpaHCcpopmaTopa ISl 3HIKEHHA poOouoi Ha-
IPYTd ACUHXPOHHUX JABHUIYHIB TaKOXX € HOPMAaJbHUM EKCIUTyaTalliiHUM HpPUHOMOM,
AKIIO JaHUH TpaHc(OopMaTop HE KUBUTH OJHOYACHO 1HIII CTpyMONpUMaYi, 1110 He J0-

IIyCKarlOTb 3HM)KCHHA HAIIPYT' Ha 1X 3aTUCKaYax.

1.6.3 O0MexeHHSI X0J0CTOr0 X0y NPANIIYMX ACHHXPOHHUX ABUT'YHIB

PoGoTa OUIBIIOCTI aCHHXPOHHUX JBUTYHIB XapaKTepHa THUM, III0 B TIepepBax Mix
HAaBaHTA)XCHHAMM BOHU OOEpPTAIOTHCA HAa XOJOCTOMY Xoni. g pAxy CHoOXUBadiB yac
poOOTH IBUTYHIB Ha XOJ0CTOMY X0l mocsirae 50 + 65% Bcboro wacy pobotu. SIKimo
MPOMIXKKH POOOTU Ha XOJOCTOMY XOJI1 JIOCTaTHHO BEJIMKI, TO JOLUIBHO Ha II€¥ yac Bij-
KJIIIOYaTH ABUTYH BiJl Mepexi. CroKUBaHHA aKTUBHOI 1 0COOJMBO PEaKTUBHOI €HEPrii
pHU I[bOMY 3HAYHO 3MEHIIUTHCS. Y BHIIAJIKy BHKOPHUCTaHHS OOMEKyBadiB XOJOCTOTO
X0y, PO3PaxXyHKH MO €KOHOMII BeIyThCs 3a rpadikaMy aKTUBHOI 1 pEaKTUBHOT MOTYX-

HOCTi, CIOXKHUBAEMOI ACMHXPOHHHWMH JIBUT'YHAMMU.

1.6.4 ITixBMIIIeHHA AKOCTi PEMOHTY ACHHXPOHHMX IBUTYHIiB

[Ipu BUKOHAHHI PEMOHTY JIBUTYHIB HEOOXI1JTHO BPaXxOBYBaTH 1 TOYHO JOTPUMYBa-
TUCh HOMIHAJBHUX JAHUX JIBUTYHIB. B MpOTHIEKHOMY BUNAAKY i3 PEMOHTY MOXYTh
OyTH BUITYIIEHI ABUTYHH 3 MIJABUILIEHUM CIIOKHBAaHHIM PEAKTUBHOI MOTY>KHOCTI, BEJIH-
KOI0 HEPIBHOMIPHICTIO HaBaHTaXXE€HHSI OKpeMuX (a3, 301JIbIIIEHUM CTPYMOM XOJOCTOTO
XO0Jly, 3HAYHUM BIIXUJICHHSM BiJ 3aBOJACHKUX OOMOTOYHHMX JAHUX Ta HIIMMH CEPHO3-
HUMH HelodiKkaMu. Bee 1ie cTBOpro€ miIBUILEHH1 BTpaTH €HEPrii 1 MOTIpIIye TpUpOIHiit

KOe(]iIIEHT MOTYKHOCTI M1MPHUEMCTRA.
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1.6.5 3amina i nepecTaHOBKa CHJIOBHMX TPaHchopMaTopiB

EdexTuBHOrO pe3ynbTary B IMiJABUINEHHI PUPOJHBOTO Koedili€eHTa MOTY>XKHOCTI Mpo-
MUCJIOBOTO MiIMTPHUEMCTBA MOKHA JIOCSTHYTH 3a paXyHOK palioHajizaiii poOoTu TpaH-
chopmaTopiB, sgKa MPOBOAUTHCA LUIAXOM iX 3aMiHM 1 IeperpynyBaHHs, a TAaKOX LUIA-
XOM BIJIKJIFOUEHHS ACIKUX TpaHCPOPMATOPIB B TOJUHHU MaJIUX HaBaHTaXEHb. SIKIO npu
[IUX 3aX0/1aX 3HUKY€ETHCS CIOKMBAHHS PEAKTUBHOI MOTYKHOCTI 1 3MEHIIYIOThCS BTPATH

aKTUBHOI MTOTY>KHOCTI, TO BIPOBA/KEHHS iX O€3YMOBHO JOIIJIBHO.

1.6.6 IlixBuieHHsI Koe(ili€HTA MOTYKHOCTI B OCBITIIOBAJIbHUX Mepexax 3

PO3PAIHUMH JIAMIIAMHU

VY cTaHOBKH 3 Ta30pO3PATHAMH JIAMIIAMHU € CYTTEBUMH CITOKMBAYaMHU PEAKTHBHOL
NOTYXHOCTI. ['a30po3ps/iHI JamMnu MaroTh Najarody BOJbT-AMIEPHY XapaKTEPUCTHUKY.
ToMy BBIMKHEHHSI Ta30pO3PSAIHUX JIaMIT MPOBOJUTHCS MOCHIIOBHO 3 OaJacTHUM OIIO-
pom. Hampyra 3amaneHHs JIFOMIHECIIEHTHOI JIAMITH, SIK MPABUJIO B 2 pas3y MEPEBUIILYE
po0oYy Harpyry JIAMIIH 1 COS (¢ 17151 TFOMIHECIIEHTHHX J1aMI 3 Apocenem ckiaaae 0,5.

s namn tumy JAPJI 3 npocenem koedilieHT NOTyXHOCTI ckianae 0,57 1 peakTu-
BHA TMOTYXHICTb, II0 CIIOKUBAETHCS OCBITVIIOBAJIbHUMHU yCTaHOBKaMu 3 jJamnamu JPJI,
0e3 BpaxyBaHHs KOMIIEHCAIIli y>Ke BeJIMKa.

[Tyckoperymtoroua anaparypa (ITPA) mias razopo3psaHux jgami 3 KOHAEHcaTopa-
MU B SKOCTI 0aJacTHOrO OMOPY MAa€ MEHIIY JOBrOBIYHICTb, 00 KOHAEHCATOPU MAIOTh
MEHIINNA CTPOK CIYXKOU, UMM IPOCETi.

BOynoBani KoHJeHCATOPH IS 1HAMBIAYalbHOI KOMIIGHCAIlT PEaKTUBHOI MOTYX-
HOCTI BUKOPUCTOBYIOTbCSI B Aesikux Tumax [IPA st ra3opo3psaHUX Jiamm, MiBUILY-
10Th KoedirieHT noryxHocti 10 0,92 + 0,95.

Bunyckaemi [IPA po3paxoBaHi Ha BKJIFOUEHHS 1 PETyJIIOBaHHS OJIHO-IBOX ra3o-
O3PS AHKX JlaMIl. TOMY Ha MIANMPUEMCTBAX ISl OCBITJIFOBAILHUX E€IEKTPOYCTAHOBOK 3
ra30pO3PSTHUMH JIAaMITAMH BUKOPHCTOBYETHCS TPYIIOBAa KOMIICHCAIISI PEaKTUBHOI TO-
TyxHocTi. Jyis mamn JIPJI moTyXHICTh TpyNmOBUX KOHJEHCATOPHUX OaTapeil BHOUpa-

€ThCS 13 po3paxyHKy 1,1kBap Ha 1kBT BCcTaHOBIEHOI MOTYXHOCTI, JJIS JTFOMIHECIICHT-
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Hux jJamn 1,2 + 1,3 kBap Ha 1 kBT 3 po3paxyHkom 301bleHHST KOoe(ili€HTa NOTY>KHO-
cti g0 0,95. EnekTpoTexHi4Ha MPOMHUCIOBICTh CHEIIaIbHO JIJISi OCBITIIOBAILHUX yCTa-
HOBOK BHITYCKalOTh KOMIUIEKTHI KoHJieHcaTopHi yctaHoBku (KKY) tuny YK-0,38, mo-
TyXHICTIO 36, 54, 72, 108 1 144 xBap, 3MOHTOBaHI B MeTaJIeBUX Mmadax, Mpu MbOMY J0-
CATAETHCSI OUIBII €eKOHOMIYHE PIIICHHS.

[TigBumeHHs KOePIIieHTa MOTYKHOCTI €IEKTPOYCTAHOBOK — 11€ BaXKJIMBE 3aBJIaH-
Hs1, 00 HU3BKHIA COS () IPU3BOJUTH JI0 IEPEBUTPATH METATy Ha CHOPYKCHHS €JIEKTpU-
YHUX MEPEeXK, 30UIBIICHHIO BTpPAT €JIEKTPOCHEPrii, HEJOBUKOPHUCTAHHIO MOTYXHOCTI 1
3HIKEHHIO KOe(iIlieHTa KOPUCHOI /i MepBUHHUX JABUTYHIB 1 T€HEPATOPIB €IEKTPOCTa-

HIIIH 1 TpaHCHOPMATOPIB €ACKTPUYHUX TT1JICTAHIIIN.

1.7 O0rpyHTyBaHHS BUOOPY THITY KOMIIEHCALil peaAKTHBHOI MOTYKHOCTI

Ak ye BIIMIYAIOCh Y MYHKTI 1.5 po3paxyHKOBO-TEXHIYHOI YaCTHHH J0 MEPEK
Harnpyroto 380/220 B TOB IITP3 npueanana Benvka 4aCTHHA CIIOKUBAYiB PEaKTUBHOT
notyxHocTi. KoedimieHT moTy>kHOCTI HaBaHTaXKeHHS sAKuX He nepesurye 0,8. Mepexi
TOB IITP3 nanpyroto 380 B 3HauHO BijganeHi Bij JpKepesa )KUBJICHHS, TOMY Iepeja-
ya pPEeakTHBHOI €Heprii B MEpexy HHU3bKOi HANpyru MnoTpedye 30UIbLICHHS Mepepizy
CTPYMOTPOBO/IIB, MiJABUIIIEHHS MOTYKHOCTI CUJIOBUX TpaHCHOPMATOPIB 1 CYIPOBOIKY-
€ThCSl BTpaTaMH aKTUBHOI 1 pEaKTHUBHOI €Heprii. 3aTpaTy, 00YMOBJIEHI TIEPEUNCIECHUMU
(dakTopaMu, MOKHA 3MEHIIUTH, SIKIIO 3A1MCHUTH KOMIIEHCALII0 PEAKTUBHOI MOTY>KHOC-
T1 0€310CePeTHBO B MEPEXkK1 HU3bKOI HAIPYTH.

Komnencariisi peakTHBHOT MOTY>KHOCTI €JIEKTPOYCTaHOBOK IPOMUCIIOBUX HIANPH-
€MCTB MPOBOAMUTHCS 3a JAOMOMOTOI0 CTaTUUYHMX KOHJIEHCATOPIB, SIKI BKJIIOYAIOTh Mapa-
JICTIBHO CIIO’KMBayaM eJIEKTPUYHOI €HEprii /monepeuna KoMIeHcarisy/.

KonzaeHncaropHi ycTaHOBKH — II€ CHeliaibHI €EMHOCTI, SIK1 TPU3HAYEHI 17151 BUPOO-
JICHHSI PEaKTUBHOI MOTY>KHOCTI. 3a CBOEIO J1€0 BOHHM €KBIBAJICHTHI IMepe30yIKEHOMY
CUHXPOHHOMY KOMIICHCATOPY 1 MOXYTb MPAIIOBATH JIUIIE SIK T€HEPAaTOPU PEaKTUBHOI
eHeprii. 3a3Buyaii 0aTapei KOHAECHCATOPIB BMUKAIOTh B MEPEXKY TpU(a3HOTO CTPYMY IO
cxeMi TpuKyTHUKA. [Ipy BiAKIIOUEHHI KOHACHCATOPHUX YCTAHOBOK HEOOXITHO, 1100

HAaKOMMYEHA B HUX €HEPTisl po3psiKanacs Ha aBTOMaTHUYHO BMUKAEMUI aKTUBHUH OIIIp.
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Bennunna sikoro moBuHHa OyTH Takolo, 00 MpU BIAKIIOYEHHI HE BUHUKAJIO MEpPEeHAIl-
PYT Ha 3aTHCKavax KOHJIEHCATOPIB.

KonpneHcaTopHi yCTaHOBKH Y MOPIBHSHI 3 1HIIMMHU JHKEPEIaMU PEaKTUBHOI eHep-
rii MalTh Taki mepeBar, sK Majil BTpath akTuBHOI noTyxHocti (0,0025 + 0,005
kBT/kBap), mpocToTa ekcrutyararlii (4epe3 BIJACYTHICTh OOEpPTOBUX YAaCTHH), MPOCTOTA
BUKOHAHHS MOHTQXXHHMX POOIT, JJisi BCTAHOBJIEHHS KOHJIEHCATOPHUX YCTAaHOBOK MOXKE
OyTH BUKOpUCTaHE OyIb-Ke CyXe MPUMIIIECHHS.

J1o He0JIIKIB KOHEHCATOPHUX YCTAHOBOK CJI1JT BIIHECTH 3QJICKHICTh T€HEPYEMOT
eHeprii BiJ HaNpyrd, YyTJIMBICTb 10 MiJBHUIIEHHS HANPYTHd XKUBJICHHS 1 HEIOCTATHIO
CTIMKICTh, OCOOJIMBO MPU KOPOTKUX 3aMHUKAHHSIX 1 IEpeHANpyrax.

3axHUCT KOHJEHCATOPIB 3A1HCHIOETHCSA IJIABKUMH 3ar001KHUKaMHU 1Moda3Ho.

Po3MimenHs koHaeHcaTopiB B Mepexax Harpyrowo a0 1000 B 1 Bumie moBuHHO
3aJI0BOJIbHUTH YMOBY HAMOIIBIIOTO 3HIKEHHS BTpaT aKTUBHOI MOTY>KHOCTI BiJl peaKkTH-
BHUX HaBaHTaXeHb. [Ipu IbOMY pO3pI3HAIOTH TP OCHOBHI CXEMHU PO3MIIICHHS CTaTHY-
HUX KOHJIEHCATOPIB I KOMIICHCAIlli PEaKTUBHUX HABAaHTAXKEHb: 1HIUBIAYyaJbHY, IPY-
MOBY 1 IIEHTPaJII30BaHy /MHUCT TpadidyHOT YaCTUHH/.

[HauBiTyanmpHa KOMIIEHCAIIS 3aKIII0YAETHCS B PO3MIIIICHHI KOHJIEHCATOPIB O€31o-
cepeHbo Ol CTpyMOINPUHMAUIB /€IEeKTPOJBUTYH, TOIIO/ 1 € HalOUIbII €(hEeKTUBHOIO,
00 po3BaHTa)XCHHA 0€3 PEaKTUBHUX CTPYMiB MPOXOANTH HA BCbOMY IIIISIXY CTPYMY Bij
TeHepaTopiB €JIEKTPOCTAHIIIN 10 eNeKTPOoCIoKuBaua. AJle TPU BIAKIIOUEHHI CTPYMOII-
puiiMada IpU3YIUHSIETHCS i KOMIICHCAIlli, TOMY 1HIWBIAyallbHY KOMIIEHCAIIII0 BUKO-
PHUCTOBYIOTH JJIsl CTPYMOCIIOKHMBAUIB, SIK1 JOBI'HIA Yac MPAaIoloTh 0€3 BIIKIIOYECHb.

['pymoBa KoMIIeHcallisl XapaKTepU3yeThCsl IPUETHAHHIM OaTtapei KOHACHCATOPiB
JIO IIIMH CUJIOBUX PO3MOJUIBYMX MyHKTIB a00 muUTiB. [Ipu 11boMy crioco61 mokpanty€eTh-
Csl BUKOPHUCTaHHSI KOHJECHCATOPIB, ajeé HE PO3BAHTAXYETHCS Bl PEAKTUBHUX CTPYMIB
PO3IOIIIbYa CUIIOBA MEPEXKa BiJl CHJIOBUX ITYHKTIB 1 IIUTIB J0 €JIEKTPONPUIMAaYiB.

[lenTpanizoBaHa KOMIIGHCAIliSl XapaKTePU3YEThCS PO3MIIIEHHAM OaTapel craTu-
YHUX KOHJIEHCATOPIB Ha IIKMHAX TpaHc(hOopMaTOpHOI MiACTaHLIi 3 00Ky BUCOKOI a0 HU-

3bKOi Hanpyru. [Ipu TakoMy crioco61 KoMIIeHcallli Mepeka B Mexkax MiAIpPUEMCTBA Bl
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PEaKTUBHUX CTPYMIB HE PO3BaHTaXyeThcs. KommneHcallisi peakTUBHOT MOTY>KHOCTI BiJI-
OyBa€eThCsl MOYMHAIOYM BIJ JIIHINA BUCOKOI HANpYTH, sIKA KUBUTH IMIJICTAHIUIO 1 Jaii J0
reHepaToOPiB €JICKTPOCTAHIII].

Buxoasun i3 BUIE3a3HAYCHOTO JONUIBHO B YMOBAX MiANPUEMCTBA BUKOPUCTATH
[IEHTPaJli30BaHy KOMIIEHCAIiI0 PEAKTUBHOI MOTYXHOCTI 3 PO3MIILEHHSIM CTaTUYHUX
KOHJICHCATOPIB Ha MIMHAX MOHUXKYI0U0i Tpancpopmaropuoi miacranmii 10/0,4 kB 3 6o-

Ky HU3BKOI Hanpyru, To0TO B po3noaiuibuomy murty PIT — 0,4 kB.
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2. PO3PAXYHKOBO-TEXHIYHA YACTHUHA
2.1 Bubip poay cTpymy i HAPYIH KU BJIEHHSA

Bubip Hanpyru ajisi MpOMHUCIOBUX 1 CIIbCHKOTOCIIOAAPCHKUX MIAMPUEMCTB AYKE
0oOMeXEeHHI1: BIAMOBIAHO A0 IMIKAIMA CTAHAAPTHUX HAMNpyT B MEpPEKax HU3bKOI HAMPyru
MOXYTh BUKOopucTtoByBaTuch 127, 220, 380 1 660 B, B Mepexax BUCOKOI Halpyru — 6,
10120 kB.

B Mepexax 3araapHOTO KOPUCTYBAaHHS HU3bKOI HANPYTH MMOBUHHA BUKOPHUCTOBY-
BaTUCS SIK B HOBUX MEpEKax, TakK 1 MPU PEKOHCTPYKIIN CTapux Mepex cuctema tpuda-
3HOTO cTpyMy Hampyroto 380/220 B 3 riyxo 3a3eMIIEHOI0 HEUTPaILTIO.

[TepeBaru cuctemu 380/220 B y mopiBHsHHI 13 cuctemoro 220/127 B B 3HauHIi
€KOHOMIi KOJIbOPOBOTO METaly B IMPOBIJHMKAX MEPEKi HU3bKOI HANPYrd 1 Ha YUCII
TpaHcOpMAaTOpiB, IO B CBOIO YEPTy JA€ EKOHOMIIO KOJLOPOBOTO METAly Ha TpaHC)o-
pMaropax; 3arajibHa eKoHoMist MeTany ckiagae npu 380/220 B npubauzno 40% B mopi-
BHSTHHI 3 cuctemoro 220/127 B.

[Ipotu Bubopy cuctemu 380/220 B yacTo BUCYBalOTh Takl JIOBOJM: ITiJIBUILEHA
HeOe3MneKka YCTaHOBKM 1 BEJUMKHH PO3XiJ EJICKTPUYHOI €HEeprii B JlaMIiaXx po3Kapro-
BaHHSI.

Hamnpyra 660 B mae cBOIO, BU3HAUEHY TEXHIKO-€KOHOMIYHUMH PO3paxyHKaMH
obnacth BUKopucTaHHs. EdekTuBHICTh BUKOpUCTaHHS Hanpyru 660 B HeogHakoBa Jist
BCIX raiy3eil mpomucioBocTi. Hanpyra 660 B B mepury uepry pekomMeHioBaHa AJisl IiJI-
MPUEMCTB 3 OLIbII BUCOKOIO CEPEAHBOIO OJJUHUYHOIO MOTYXHICTIO CIIOXKUBAYIB €JEKT-
puuHO1 eHeprii. ToMy OCHOBHOIO Hampyrow cTpyMonpuiiMayiB 3a octanHi 70 pokiB 3a-
aumraeTbest cucreMa Hanpyroro 380/220 B He nuBnsuuck Ha Te, IO 3a [IEW Yac MpOuII-
JIM KOPIHHI 3MIHM B XapaKTepi CIIOKUBAUIB €JICKTPUYHOT EHEprii.

Hampyra 10 kB mMae nepeBaru nepen Hanpyroto 6 kB, 60 1ae ekoHOMIIO B BUTpaTi
MeTaJly MPOBOJIIB, a MO BapTOCTI crnopykeHHs: mepexi 10 kB He Habarato Biapi3HI-
IOThCS B1J1 BApTOCTI Mepexi 6 kB (Ipu ogHUX 1 TUX TIepepizax MPOBOAIB BapTICTh CaMHX

kabeniB 10 kB Buie BaprocTi kabeniB 6 kB npubnuzno Ha 10%, a B moBITpsIHIN Mepexi
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pizHuIi Maitxke He Mae). [lepepi3 mpoBoaiB 1 kabeniB npu 10 kB menmuit Hix npu 6 kB,
NPAaKTUYHO MPUOIN3HO B 1,5 pa3u mpu oAHIM 1 TiH ke mepenayi NoTy>KHOCTI.

BpaxoByroun BCTaHOBJIEHY MOTYXHICTh CIIOKUBAYIB €JIEKTPUYHOI €Heprii 1 BijC-
taub ix Big [[PII eneprocuctemu, MOIiNBHO B IIEHTPI HABAHTAXKCHHS CIIOPYIUTH TPaH-
chopMaTopHUil MyHKT 3 MepBUHHOIO Hanpyrow 10 kB.

Bropunny nanpyry npuiimaemo 380/220 B mis poGoTH NMPUBOIHUX JIBUTYHIB,
OCBITJICHHS Ta 1HILIOTO €JIEKTPOYCTATKYBAHHS.

JI71s1 cTalioHapHOIro MICIIEBOT'O OCBITJICHHS arperartis 1 IOBEPXOHb, a TAKOXK IS

PYYHUX TIEPEHOCHUX JIKEPENT CBITJIa BAKOPUCTOBYEMO Hanpyry 36 B.

2.2 Po3paxyHoOK eJIeKTPMYHUX HABAHTAKeHb

OCHOBHUM METOJOM BH3HAYCHHS €ICKTPUYHUX HABAHTAKEHb MPUUHATUNA METOJ
yHopsiAKOBaHUX JiarpaM. Lle meTon mae MOXIMBICTh 32 HOMIHAJIBHOIO MOTYXKHICTIO 1

XapAKTEPUCTHIII CLIOKUBAYIB, BASHAYUTH PO3PAXyHKOBUM MAKCUMYM HaBaHTAXEHHs P,

kBT 3a ¢popmynoro (2.1) no[3.,$.(2.43),c.56], sk:

P, = Ky Kg " Pyow = Ky Pep (2.1)
ne, Ky, — koedilieHT MakCuMymy;

K; — KoediiieHT BUKOPUCTAHHS;

P, — cepeIHbo aKTHBHA ITOTYKHICTh, KBT;

Pyonw — HOMiIHAJIbHA AaKTHUBHA MOTYKHICTh CIIOKUBAYa €JICKTPUYHOT eHeprii, KBT.
HominansHa mOTYXHICTh P, BU3HAYAETHCS, SIK CyMa HOMIHAJIBHUX IMOTY>KHOC-

Te OKpEeMHX TpyN CHOXHBa4iB 3 OJIHAKOBUM Koe(ilieHToM BUKopucTaHHsA. CepenHi

akTHBHI P, KBT 1 peakTrBH1 HaBaHTakeHHA Qp, KBAp 33 HAWOUIBIL 3aBaHTAXKEHY 3MIHY

CKJIaTatoTh 3a popmynamu (2.2) 1 (2.3):

P, = Ki " Puow (2.2)

cp
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Q. =P -tan g, (2.3)

7ie, tan (¢ — BIJIMIOBIIA€ PO3PAXyYHKOBOMY KOE(DIIIEHTY COS (.

KoedimieHT MakcuMyMy aKTUBHOI MOTY)HOCTI K, BU3HAYa€ThCA 3a CEPEIHIM T10-
Ka3HUKOM Koedirienta BukopucTaHHs K, 1 epekTuBHOMY (pO3paxyHKOBOMY) YHCITY
CTPYMONPHHMAYUIB Neg.

PeakTuBHa MakcuMasnbHa PO3paxyHKOBa MOTYKHICTh g, KBap BU3HAUA€ThCA 32

dbopmyroro (2.4) o [3.,0.(2.44),c.56] sk:
Qcp =Ky Qcpx (2.4)

ITicns BusHaueHHs P, 1 Q, BU3HAYaIOTh NMOBHY PO3PaXyHKOBY IIOTYKHICTB S, 3a

dbopmyroro (2.5) o [3.,0.(2.27),c.51], sx:

(2.5)
S, = /Pg- 2,KkB - A

Tak, 175 TpyNU CMOXKUBAYIB €JEKTPUUHOI eHeprii , 1o miakaoueni go TII-I'PII
TOB IITP3:

- 2-80=160 kBT, 2-:50=100 kBT, K;=0,4, cos ¢=0.,8;

- 1:40=40 BT, 6-15=90 kBT, K;=0,6, cos ¢=0,8;

- 14 gBuryHiB pi3HOi mOTYy>XHOCTI BiA 7 1o 15 kBT, 3aransHoro notyxHicTio 170
kBT, K;=0,2 1 cos ¢=0,65 BHU3HauaeMo, 1110 HOMIHAJIbHA aKTHBHA MOTY>KHICTh CTaHO-

BUTH:
z P,.., = 160 + 100 + 40 + 90 + 170 = 560 KBT.

EdextuBHe uymcno enexTpompuiiMadiB BHU3HadaeMo 3a (opmynoro (2.6) 1o

[3.,0.(2.38),c.56], sk:
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I 2 Y Puon r (2.6)
E(b PH.MaKC ’
Toni:
2-560
ned, = 30 = T

I 3a popmynamu (2.7) 1 (2.8) BU3HaUYaEMO cepeiHI aKTUBHI Ta peaKTUBHI HaBaH-

TAXKCHHAA .
P, =0,4-260+0,6-130 + 0,2 - 170 = 216 KBr;
Qe =104-0,7 + 780,75 + 34 1,2 = 177 ksap.

CepenHio BemMuuHy Koe]illieHTa BUKOPUCTaHHs BU3HAYA€EMO 3a Gpopmyioro (2.9)

o [3.,0.(2.28),c.52], sik:

Pop (2.9)
Z PHOM ’

KB.cp =

Toni:

2 -560
Kcp = —g9— = 0,39

3a BenMuuHaMU Ne=14 1 K, ,=0,39 3naxoaumo mo [3.,$.(2.13),c.54] koedimient
Makcumymy, K,=1,3.

Toni 3a dopmynamu (2.10),( 2.11) 1 (2.12) BuU3HaUYaeEMO pO3paxyHKOBI MOTY>KHOC-
Ti:

P, =1,3-216 = 283 kBr;
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Q, = 1,3-177 = 232 kBap;

S, = /2832 + 2322 = 366 kB - A.

3aranbHi pO3paxyHKOBI MOTYXKHOCTI Ha muHax HU3bKoi ctoponu TII-I'PIT TOB
I1TP3 cknamaroTh: Y, P, = 558,8 kBT; > Qp, = 493,07 kBap; D S, = 740,35 kB A.
Po3paxyHkoBuii cepeHbO3BaKEHNUN KOE(IIIEHT MOTY>KHOCTI BU3HAYaEMO 3a ¢o-

pmysoro (2.13) mo [3.,0.(2.51),c.69]:

» P, (2.13)
cos (pCp.BB = Z_S;
p
Toni:
558
COS Pz = 740 35 0,755.

BignosigHo koedimientu 3cyBy a3 Ha Hu3bkid croponi TII-I'PIT TOB IITP3

CTaHOBJIATE: SiN Py, 55 = 0,666 1tg @Yy = 0,874.

2.3. Po3paxyHOK MOTYKHOCTi CTATHYHUX KOHIECHCATOPIB

BpaxoByroun, 110 cepeaHbO3BAKEHHN KOEQIIEHT TMOTY>KHOCTI  CKJIaJae
COS Pepsp = 0,755, BHU3HAYAEMO MOTYKHICTH KOMIIEHCYKOUOTO TPUCTPOIO 32 (opmy-

7010 (2.14) mo [6.,c.64]:
Q. = a-(tan@, —tan ¢,), kBap (2.14)
ae a =0,9 — koedilieHT, sIKuii BpaxoBy€e MOXJIMBE MiABUIICHHS KOoedilli€HTa Io-

TY>KHOCT1 METO/IaMH, SIK1 HE TOTPEOYIOTh PO3MIIIEHHSI KOMIIEHCYIOUU IPUCTPOIB;

P,=558,8 kBT — po3paxyHKOBa akTUBHA IIOTYKHICTb;
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tg ¢,= 0,874 — Tanrenc kyta 3mimieHHs (a3, BIAMOBIIHO CEPETHO3BAXKECHOMY Koeilli-
€HTY IOTYKHOCTI (COS Q¢p 55=0,755);

tg ¢,=0,426 — TaHreHc KyTa 3MimieHHs ¢a3, BIAMOBIIHO KOSDIIEHTY MOTY>KHOCTI, SIKHM
MOBUHEH OYyTH MicIsl KoMITeHcarii(cos (¢,=0,92).

Toni:
Q.,=0,9-5588-(0,874 —0,426) = 225, 3 kBap.
[IpuitmaemMo 10 pO3MIIIEHHA TPU KOHACHCATOPHI YCTAaHOBKHM MOTYKHICTIO 75

KBap KOXHaA.

Buznauaemo Tenep po3paxyHKOBY MOBHY HOTYXHICTh Ha HU3bKiM cropoHni TII-

['PIT TOB IITP3 3a popmyinoro (2.15) mo [3.,.(2-45),c.58]:

5p=\/ng+(zQp—Qx)2»KB'A -

Toni:

S, = \/Z 558,82 + (z 493,07 — 225)2 = 619,8 kB - A.

Po3paxyHnkoBuii MakcuManabHUM cTpyM Ha HU3bKiN ctoponi TII-I'PIT TOB IITP3

3a (popmymoro (2.16) mo [3.,0.(2.46),c.58] cknanae:

S 2.16
Ip — —p‘A ( )
\/§' U2 HOM
Toni:

I, = 619,8 =941,72 A
P~ V3-038 '
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Up

/7

Up = 220 B
Sp = 74035 kBA
/1= 11249 A
l2=94172 A

bk = 225 kbap
Ic=3479A

01° = 40%

92" =217

my =15 B/t

m=75A/tM

Pucynok 2.1. — BextopHa aiarpama eJIeKTpuyHO1

MEpEexXi 3 KOHJAEHCATOPHOIO YCTAHOBKOIO

[Tpu migkiIrOUeHi KOHACHCATOPHOT YCTAHOBKH MAPAIEIbHO 13 CIIOKUBAYEM EJICKT-
pu4HO1 eHeprii /puc. 2.1/, 10 Mae HEAOCTATHHO BUCOKUH KOEPIIIEHT MOTYXKHOCTI, pe-
3YJABTYIOUHUM KYT 3CYBY (pa3 @,, sIK BUAHO 13 BEKTOPHOI Aiarpamu /puc 2.1./, 6yne MeHIa
KyTa 3cyBy (a3 ¢, cTpymomnpuiimMada i peakTHBHA CKJIaJ0Ba CTpyMy [, B Heposramyxe-
HOMY JIAHI[IOTY, MOJJaHa TEOMETPUUHOI0 CYMOIO CTPYMIB KOHAEHCATOPHOI YCTAaHOBKH I,
1 peaKTUBHOI CKJIaIoBOi cTpyMmy I; cTpymomnpuiimaya, Takox OyJie MEHIIO, a Koediri-
€HT MOTYKHOCTI Oy7le BUILIUH.

TakuM 4MHOM MpUENHAHHA KOHACHCATOPHOI YCTAHOBKHU MapajielbHO CIIOXKHUBAUY

€JIEKTPUYHO1 €Heprii MiABUIINYE HOTo KOe(ILIEHT MOTYXHOCTI.
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3acToCcyBaHHS KOHJCHCATOPHHUX YCTAHOBOK, HE TiJIbKH JAa€ MOKJIHUBICThH ITiJBH-
IIUTH KOC(IIIEHT MOTYKHOCTI 0 HEOOX1AHOT BEJIMUUHM 1 3MEHIIIUTH BTPATU €IEKTPOE-
HEprii B eIeMEHTaX MEPEK1 €JIEKTPONOCTaYaHHsI, a TAKOXK, HAPSAAY 3 1HIIMMHU 3aX0JIaMH,
€ 3acO000M pEryJrOBaHHs HAMPYTH B PI3HUX TOYKAX MEPEXIi 1 MIJABUILCHHS SKOCT1 €JIeK-

TpOEHeprii.

________ 1

/71 /[ |

(roxubay | K |

EJIEKITIDUSHO! EHEDENT | 1

/2 U — b
—_— ) C————

| £ |

[ | I |

| | |

Pucynok 2.2. — Cxema eJIeKTpUYHOT Mepexki 3 KOHJACHCATOPHOIO OaTapeero.

2.4 Bu0ip TMIIy KOHIEHCATOPHOI YCTAHOBKH

BpaxoByroun O1b11 HU3BKI MUTOMI BapPTOCTI KOHJACHCATOPHUX YCTAHOBOK 1 Malli
BTpaTH B MOPIBHSIHHI 13 CHHXPOHHUMH KOMIIEHCATOPaMHM, a TAKOXK MOXKIIUBICTH iX BCTa-
HOBJICHHS MPAKTUYHO B OyAb-sKiM TOYIl Mepexi 1 Ha Oyab-sAKy HEOOXiHYy aBTOMaTH4-
HO PEryJIoldy MOTYXHICTb, CIi BpaXOBYBaTH, 110 KOHJIEHCATOPHI YCTAaHOBKU 3HAXO-
JSTh IIMPOKE BIPOBAIKEHHS SIK HA 1F0YMX, TaK 1 HOBUX MIPOMHUCIOBHX MIANPUEMCTBAX.

[Tpu BuOOpPI MOTY>KHOCTI KOMITEHCYIOUH TPUCTPOIiB B YMOBAxX BIPOBA/KEHHS aB-
TOMATUYHOTO PETYJIOBAHHS CIIiJl BPaxOBYBaTH, IO HAaIMIpHE APOOJIEHHS MOTYKHOCTI
KOMIUIEKTHUX KOHJIeHcaTopHuX ycTaHoBOK (KKYVY) npuBoauTth 10 3Ha4HOT0 301JIbIIIEH-

HS HEOOXI1JTHO1 arapaTypy KepyBaHHs, BUMIPIOBaHHS TOIIIO.
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3aBojaMu BITUM3HSHOTO BUpOOHMIITBA i Hanpyru g0 1000 B HoMmeHknaTypa
KKY cranoButs B ogunuii 75, 100, 150, 200, 250, 300 kBap 3 anapatyporo JUCTaHIIN-
HOT'O KEPYBaHHS.

Buxoasauu 13 Q=225,3 kBap npuiiMaemMo 10 PO3MIIICHHS IS MIIBUIICHHS KOe-

¢iieHTa MOTYKHOCTI TpH KOHAeHcaTopHi ycTtanoBku Y KH-0,38-75V3.

SkH - 038 - 75 - Y -3

LOmaHobKa KOHOBHCAmopHa

3 dOmoMamusHUM pezl/i-

barHsr 1o Hanply3r.

HOMHI/ILHA HAaLY2a
038 kKB

HOMIHQ/IbHA I0ITILXHICTTIE,
75 kban

K/IMATILIIHE. BUKOHaHHE,

Kame2ap15 POIMIUIEHHS

Yceranorku YKH-0,38-75Y3 npunatHi a1 ekcrutyaTaliii BCepeInHi MPUMIIICHHS
3 HEe BUOYXOHEOE3MEYHUM CEpEeOBUIIEM, SIKE HE MICTUTh arpeCHBHHUX IapiB 1 Ta3iB B
KOHIICHTPAITISAX, 0 PYWHYIOTh METAJIH 1 130JISI1i10 1 HE HACUYEHI CTPYMOTIPOBITHUM ITH-
JIOM, TIPU TEMIIepaTypi 0Touyro4doro nopitps -40 + +40 °C Ha BUCOTI HaJl piBHEM MOPS
10 1000 m 3 BigHOCHOIO BosoricTio 80% mpu Temnepatypi 25 °C, B MicIsX, sIK1 HE M-
JSATal0Th MOIITOBXaM, yiapam 1 BiOpamisM. KoHaeHcaTopHi yCTaHOBKHM BUITYCKAIOThCS Y
BianosigHocTi 10 JACTY 1 mpuaatHi s poOoTH mpu mijaBuileHH1 Hanpyru Ao 110%
BiJ U,,,=380 B. Ha aBepsx madu Bkazana ¢pakTuyHa MOTYKHICTh YCTAHOBKH, SIKa MO-
K€ BIJIPI3HATUCH BiJl HOMIHAJIBHOI HA BeMWUYUHY BiJ -5 10 +10%. Jlomyctumuii Makcu-
ManbHHM cTpyM aocsirae 130% HOMIHaIBHOI BETMYMHU 33 PAXYHOK IIJBUIICHHS Ha-

NPYTH 1 BUIIUX TAPMOHIK.
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2.5 Po3paxyHoOK BeJIMYUHHU PO3PSIAHOIO ONOPY

OpauH 13 HEAOMIKIB CTATUYHUX KOHACHCATOPIB B TOMY, IO B MOYaTKOBUNA MOMEHT
miCiIsl BIAKITIOYEHHS] KOHACHCATOPHOT OaTapei Bl Mepexi BHACIOK 3aJUIIKOBOIO eJe-
KTPUYHOTO 3apsily Hampyra Ha ii IMHaX MO>K€ MaTH BETMYMHY B MEXaxX aMIUTITYI1 Ha-
IPYTH MEPEXIi.

[Ipu moBTOpHOMY BKJIFOUEHH] HE3apsKeHOi 0aTapei B MEpexky CTPyMOM BBIMK-
HEHHSI MO’K€ 3HAYHO MEPEBUIIUTH JOIMYCTUMUN CTPYM BKIIOUEHHS HE 3apsKEHOTO
KOH/IeHCaTopa.

Jlns mikBiganii mboro sIBUINA, a TAKOXK JIJIs1 3a0e31eueHHs 0€3MeUYHOCTI 00CITYTOB-
yI04OTO TIEPCOHANTy KOHJCHCATOpHA OaTapes MiCis BIIKIIOYCHHS MOBHHHA OyTH aBTO-
MaTHYHO PO3PSIKEeHA Yepe3 pO3psAHUN OMip, IKUM BMUKAETHCS MapajesibHO KOHIEHCa-
TOpaM.

B sixocTi po3psianux onopiB B yctaHoBkax 10 1000 B BukopucToByroThCs: 00MO-
TKU €JICKTPUYHUX JABUTYHIB IIPH 1HAMBIAyaTbHIA KOMIICHCAIlT, JIAMIIN PO3’KapIOBaHHSI
IIpU TPYIOBIM ab0 LEHTpaIi30BaHIi KOMIICHCAIlli, a TAKOX CIeIliajJbHI KepaMiuHi OIo-
pu.

Pospsiaauii onip noBuHeH OyTH BUOpaHUU Tak, 1100 MpU HOPMAaJIbHIN €KCILTyaTa-
111 KOHJEHCATOPHO1 OaTapei BTpaTH B HhOMY He nepeBuinyBanu 1 Bt na 1 kBap nmoTyx-
HOCTI OaTapei 1 mo6 yepe3 30c micis BIAKIIOYEHHS Hapyru Oyiio O He OuTbIne HiXK
65 B.

Beimuuny pospsaHoro onopy Ry, , OM MoxkHa BuzHauutu 3a popmyioro (2.17)

13 mo [3.,¢.(3-31),c.131]:

U2 2.17)
=15-105- -2 ;

Rpo3p. QK

ne, Uy — dasHa Hanpyra Mepexi, kB;
Qy — IOTYXXHICTh OaTapei CTaTUHYHUX KOHJACHCATOPIB, KBap.

Jlist konneHcaropHoi yctaHoBku YKH-0,38-75Y3
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2

0,23
R =15-10° g = 10580 Owm.

po3p.

Po3psiani onopu 3’€IHYEMO 3a CXEMOI0 “TPUKYTHUK . B pa3i po3puBy KoJia OJTHO-
O 13 OIMOPIB OMOPH SK1 3ATUIIUIUCH OyIyTh 3 €IHAHI 32 CXEMOIO BIIKPUTOTO “TPUKYT-
HUKA” 1 TAKUM YHMHOM 3a0e31edaTh po3psaaKy KOHACHCATOPHOT OaTapei.

JInst HalifHOCT1 PO3PSAHI OMOPH MiJIKIIOYAIOTh 0 IIMH KOHJACHCATOPHUX OaTa-
pelt Harmyxo, 0e3 PO3MIIIeHHST B KOJII BIIMUKAIOUUX arapaTiB Ta 3amoODLKHUKIB. s
KOHJIeHcaTopHOi OaTtapei Hanpyroto 10 1000 B pekoMeH1yI0Th B LIUJISIX €KOHOMIT €JIeK-
TPUYHOT €HEeprii MIIKIIYaTH PO3PSAIHI OMOPU aBTOMATUYHO B MOMEHT BIJKIIOUYCHHS

KOH/ICHCATOPIB BiJI MEPEXI.

2.6 IlpuHuun aii i KOHCTPYKILisE KOHJIEHCATOPHOI YCTAHOBKH

JUis IPOMHUCIIOBUX HIANPUEMCTB €HEPreTUYHOI CHCTEMHU 3BEPTAEThCS yBara Ha
HEOOX1THICTh 3MEHIIICHHS PIBHS BIIXUJICHHS HANPYTd €JICKTPUYHOT MEPEXi BiJ ONTH-
MaJIbHOI BEIMYMHU. TOMY JAOLIIBLHO HA MPOMHUCIOBUX MIJIPUEMCTBAX BIPOBAIKYBATH
KOHJIEHCATOpHI OaTapei 3 aBTOMAaTUYHUM PETyJIIOBAHHAM PEAKTHUBHOI MOTYXHOCTI IO
Hanpy3i.

HeoOxiaHO BpaxoByBaTH, 110 PETyJIIOBaHHS MOTY>XHOCTI TIIbKU OJHI€T KOHJICH-
caTopHO1 OaTapei nae He 3HA4YHI pe3yJIbTaTU B SIKOCTI HANpYTH, aje PEryJtoBaHHS I0-
TY>KHOCTI BCiX 200 OUIBIIOCTI KOHACHCATOPHUX OaTapeil B 3a3HAauYCHIN MEpeXi Harpy-
roto 380 B Moske natu 3HaUHUM €PEeKT MO PEeryOBaHHIO HAMIPYTH II€ € I11e
OJIMH apTyMEHT Ha KOPHUCTh LIMPOKOTO0 BIPOBAKEHHS aBTOMATUYHOIO PEryJIOBaHHS
MNOTY>KHOCTI KOH/IEHCATOPHUX YCTaHOBOK.

AJie BUKOPUCTaHHS IOPOTUX CUCTEM PETyJIIOBaHHS MOTYKHOCTI KOHJIEHCATOPHUX
yctanoBoK 70 1000 B 1 Bullle HeBETMKOI MOTYKHOCTI, 1[0 BCTAHOBJICHI HAa MPOMMCIIO-
BUX MIIMPUEMCTBAX, HE MOKE OyTH €KOHOMIUHO BHIIPABIAHO.

Ha nucti rpadgiuyHoi YacCTHHU MpHBEACHA CICKTPUYHA CXEMa CHUJIOBUX JIAHITIOTIB,

CJICKTPUYIHA CXCMad ABTOMATUYHOI'O PCTYJIIOBAHHSA HOTY)KHOCTi KOHI[GHC&TOPHO'I‘ yCTa-
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HOBKH I10 Hampy3i Ta ii rabaputHo-ycranoBui po3mipu (YKH-0,38-75VY3), ne 3a mycko-
BUI OpraH MPUIHATO OJIHE pesie MiHIMalbHOT Hanpyru Tumy PH-54/320.

Kpim Toro, B €eKTpUUHii cXeMi BUKOPUCTOBYEThCS pene yacy PMVYT, npoMikHe
pene PITY-0-561, rpancdopmartopu ctpymy TK-20-300/5A.

VYcranoBka 3abesneuena konaeHcatopamu KM-0,38. [le kocuHYyCHI KOHAEHCATO-
pH, 110 MPOIMUTAH1 MIHEPaIbHUM MACIIOM, Il BHYTPIIIHEOTO BCTAHOBJICHHS.

Kongencaropni ycranoBku YKH-0,38-75Y3 MoxxyTh MaTu BBiJ 3BEpXy a0b0 BBiJ
3HU3Y, 10 pOOUTH ii YHIBEPCATBHOIO TP MOHTAXY 1 €KCIUTyaTarlii.

B po6oTi nepenbadeHo miAKIIOUEHHS KOHIEHCATOPHUX YCTAHOBOK JI0 IIMH HU3b-
KOi HampyTH, PO3MOAUIBPYMX IIUTIB Yepe3 3a001KHUKY 1 €JIEKTPOMAarHiTHI MycKadul.

Po3psin xonnmeHcaTopHux Oatapeil 31HCHIOETHCSI aBTOMATUYHO TICIs KOXKHOTO
BIJIKJTFOUCHHSI Ha 0€3M0CcepeIHRO MPUETHAHHI OMIYHI OTTOPH (JIaMIH PO3KAPIOBAHHS).

IIpu Takiit cxemi po3MillleHHs KOHJICHCATOPHUX OaTapei € 3a0BIJIbHUMH YMOBH
HANOUTBIIOrO 3HI)KEHHS BTPAT aKTUBHOI MOTYXKHOCTI BiJl pEaKTUBHUX HaBaHTAKEHb B

mepexi Husbkoi Hanpyru 0,38 kB.
2.7 Bubip cmiioBux Tpancpopmaropis

Buxonsuu 13 po3paxyHKkoBoi HOoTy:kHOCTI S, = 619,8 kB-A 1 kareropii cnoxusa-
YiB €JIeKTPUYHOI €Heprii mpuiiMaeMo /iBa BapiaHTHU I1[0JI0 BCTAHOBJICHHS CUJIOBUX TPaH-
copmaropiB Ha TTI-I'PI1 TOB IITP3 a1t TeXHIKO-€KOHOMIYHOT'O TIOPIBHSHHS.

1" BapiauT: nmpuiiMaeMo 1Ba TpaHC(OpMATOpa MOTYXKHIicTIO 110 400 KB-A KoX-
HHH, TOa1 Sp<2-Sy 1p; 619,8 kKB-A <2-400 = 800 xB-A.

VY BumaaKy BUXOAY i3 JIady OAHOTO i3 TpaHC(HOPMATOPiB, IPYTHIA 3MOKE B3STH Ha
cebe HaBanTaxkeHus 1,4-400 = 560 xB-A, To6t0 9,6% cnoxuBauiB 3 kareropii OyayTh
BIJIKJTIOUEHI Ha MepioJ1 JIKBiAalli aBapii.

2" BapianT: npuitMaeMo TpH TpaHC(OPMATOPA MOTYXHIiCTIO 1o 250 KB-A K0X-
HUH, Toal S, < 3-S;,, = 3:250 = 750 kB-A. ¥Ypasi Buxony i3 poO0OTH OZHOTO 13 TpaHC-
dbopmaTopiB, aABa TpaHcHOPMATOPH, K1 3aAJTUMIUIUCA B POOOTI 3MOXKYTh 3a0€3IMeUnTH

Oe3nepeOiitHe eneKTPONoCTauaHHs B MICHsI aBapiiHOMY pexkuMi, 00:



38

S,=619,8 kB-A<1,4-2-S,,,=1,4-2:250="700 xkB-A.

2.7.1 TexHiK0-eKOHOMIYHi PO3PaXyHKH 10 NEPUIOMY BapiaHTy

KoeoimienT 3aBanTakeHHs1 cuiioBux TpaHchopmaropiB K, BuzHauaemo 3a ¢op-

my1oro (2.18) mo [3.,0.(5.7),c.222] cknanae:
Sy (2.18)

Toni:

Tabmuus 2.1 — Texniuni gaHi cunoBux Tpanchopmaropis [2.,tadi. 3.3.,c.120]

Tum 1 HOMI- Hanpyra | Brparu aktuB- | Hanpy- | Ctpym | Brparu peaktu- | 3aBoachka
HaJbHA TO0- oOMoTOK | HOT moTykHOC- | Ta kKO- | Xomoc- | BHOI MOTYyXHOC- BapTICTh
TY)KHICTh CHJIOBOTO Ti pPOTKO- TOTO Ti, CHJIOBHX
Tpancgop- | tpanchop- kBT ro 3a- Xo1y, KBap Tpancgop-
Maropa Maropa mukaH- | Iix % MaTopiB,
kB-A kB HA, THUC.TPH.
BH HH APx.x. APKS UK o A(Qx.x. AQKS
TM-250 10 0,4 | 0,78 3,7 4,5 2,3 7,25 10,6 69,30
TM-400 10 04 | 0,62 5,5 4,5 2,1 8,4 17,1 101,40

[IpuBeneni Brpatu B TpaHchopmaropax TM-400/10 kB 3 BpaxyBaHHSAM 3aBaHTa-

x)eHHs 3a popmyioro (2.19) mo [15.,0(4.10.),¢c.89]:

API = Z[Apx.x. + K, AQXX + Kg (APK.3. + K, 'AQK.3)]: (219)

ne, K, — koedirmienT BTpart.
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Toni:

AP, = 2[0,62 + 0,05-8,4 + 0,755%(5,5+0,05-17,1)] = 9,71 kBT.
Piuni BTpatu enexrpoeneprii AW 3a T; = 7000 romgun 3a dhopmynoro (2.20) mo

[15.,c.102] cknanae:
AW, = AP; - T}, kBT (2.20)
Toni:
AW, =9,71-7000 = 67997,6,kBT - 1.
[I{o ipu BaptocTi 1 KBT-T - 2 rpH ckiiagae:
Cy =67997,6 -2 = 135995, 2 rpH B pik.

2.7.2 TexHiK0-eKOHOMIYHMII PO3PaxXyHOK 110 IPYroMy BapiaHTy

Busnagaemo mpuBeneni BTpatu B Tpancpopmaropax TM-250 3a dopmymnamu

(2.21)i (2.22):

~ 619,8
"~ 3:250

K, = 0,8264,

AP, = 3[0,78 + 0,05 - 7,25 + 0,8264%(3,7 + 0,05 - 10,6)] = 13,915 kBT.

Piuni BTpatu enexrpoeneprii 3a popmynoro (2.23) npu T; = 7000 roaunu ckia-

JaI0Th:

AW, =13,915-7000 = 97405 kBt - 1,

o mpu BaprocTi 1 kBT — 1 — 2 rpH cknanae:
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C; =97405 -2 = 194810 rpH B pik.

2.7.3. TexHiKO-eKOHOMiYHe MOPIBHAHHSA BapiaHTIiB

Buienaseeni po3paxyHKH MOKa3ylOTh, IIO:

K,=3-69,30>K;,=2-101,4

207900 rpu > 202800 rpH

C, =194810 rpu > C; = 135995,2 rpu

TakuM 4uHOM, HpHitMaeMo 1" BapiaHT, To6TO po3MmilyeMo Ha TpaHC(hOPMATOP-
Hii migcranmii 10/0,4 kB I'PIT nBa cunoBux tpanchopmatopu TM-400/10 moTyXHICTIO
400 kB-A.

2.8 Po3paxyHoOK cTpyMiB KOPOTKOI'0 3aMHUKAHHS

Jl7i BU3HAUEHHS CTPYMIB KOPOTKOT'O 3aMUKAaHHS CKJIAJJAEMO PO3PAaXyHKOBY CXe-
My, SIKa BiJIIIOBia€ HOPMAIBHOMY PEKHUMY POOOTH CHCTEMHU €IEKTPOIIOCTauyaHHs, BBa-
JKaeEMO, IO BCl JpKepesa >KUBJICHHs BKJIIOYEHI THapajiesibHo. B po3paxyHKOBIH cxemi
BPaxoBY€EMO OITip TpaHC(HOPMATOPiB, BUCOKOBOJBTHUX TOBITPSIHUX 1 KaOCTHHUX JIHIMN.
[To po3paxyHKOBIM CXE€Mi CKJIaJIaEMO CXEMY 3aMIIEeHHsI, B SIKI BKa3yeMO OIIIp JKEpen i
CIOKMBAaYiB, a TAKOXXK HAMIYA€MO TOYKH JJIS1 PO3PAXYHKIB CTPYMIB KOPOTKOTO 3aMHUKaH-
HSI.

Po3paxyHOK cTpyMiB KOPOTKOTO 3aMUKaHHS BEJIEMO Y BIJIHOCHUX OJIMHULISX.
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@ Sexe = 1800 MBA @ Sese = 2000 MBA

ST - 710 kKB ==
l1=27 kM {2 =21KrM
N\ S+ = 63 MBA AN S = 63 MBA
@ Us =105 % @ e =105 %
' K/T- 10 kB '
(3= 4 Kkr L,/\/7 li = 4 kM
A\ S = 400 /(BA 2\ Su = 400 /(BA
Us = é/‘/ Uk =
>
I / |

Pucynok 2.3. — Po3paxyHkoBa cxema

CxirajaeMo cxeMy 3aMileHHs I TOY0K KopoTkoro 3amukanHs K 1 K, 1 3amae-

MO 0a3MCH1 YMOBH JJIsI ITUX TOUYOK /puc 2.3/.

SG =100 MBA, U61 = 10,5 kB iU62 = 0,4 kB

Busnawaemo Benumuuny OasucHux cTpymiB lg, kKA 3a dopmynow (2.24) no

[1.,9(6.2) c.142]:

S, (2.24)

Tomi:

100 100

ly=——  =55kA i I, =
17 3-10,5 27304

= 144,3 kA

[IpuBoMO omopu cxemi 3aMilieHHs 10 Oa3UCHUX YMOB.
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Omnopu cucremu X, BU3Ha4aeMo 3a hopmyroro (2.25) o [1.,rabm. 6.1., ¢.140]:

Tomi:

029 LK1 428
/

71125 LKz 7125
/

Pucynox 2.4. — Cxema 3amimieHHs

(2.25)

Omip nositpsiHoi JIEIT — 110 kB 1 kabenpHOi KJI — 10 kB X, n1iH1# BU3Ha4aeMo 3a

dbopmyroro (2.26) mo [1.,1abm. 6.1., c.140]:

e, Xo — IHAYKTUBHUM omip 1 kM miHii, OM/KM;
[ — TOBXKMHA JIHIT, KM;

Uepn — cepenHs HOMIHAAbHA HaNpyra JiiHii, kB.

Tomi:

(2.26)
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100
X3 =x4=0,4211152

=0,064;

100
x7=x8=0,08-4-10 =2

=0,29.

Omip cuioBux TpaHcdopMaTopiB X,, BHU3HayaemMo 3a (opmyinor (2.27) mo

[1.,rabm. 6.1., c.140]:

. - U% Ss (2.27)
™ 100% Sy
Toni:
155 100_1 7
s =% =700 63 0
4,5 0
X9 = X190 =m'ﬁ= 11,25

3F0pTa€MO CXEMY Bi,Z[HOCHO TOYOK KOPOTKOI'O 3aMHUKAaHHA:

X11 = X1 +x3 + x5 + x5, (228)

x11 = 0,056 +0,064+1,67 + 0,29 = 2,08.

X12 = X3 + X4 + xX¢ + Xxg, (2.29)

x11 = 0,05 + 0,064 + 1,67 + 0,29 = 2,074.

X11 " X12 (2.30)

X = X2 =
pe3 Kq 13 ’
X12 T X12
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2,08-2,074

Yresks = *13 T 57081 2 074

=1,038.

X9 " X10 2.31
X4 =—T— > ( )
Xg + X10

_1125:1125
Y4 = 1125 111,25 04

X15 = Xpesk, = X13 T X14, (2.32)

X15 = Xpes, = 1,038 + 5,625 = 6, 66.

3ropHyTi CXeMU NPUAMYTh BU/I, SIK TOKa3aHO HA pHC. 2.6 1 puc. 2.7.

®

% AXpeaki

e Xpezk:

4 3 i

. LAz
P — il
% 5625
LKz Pucynox 2.6. — Cxema 3amilieHHs BiTHOCHO

—4 T.K.3. K,

Pucynok 2.5. — Cxema 3amilieHHs BITHOCHO TOUYKH K.3. K|

CtpyMm kopotkoro 3amukanHs B Toukax K; 1 K, Busnauaemo 3a popmynoro (2.33)

o [1.,6.(6.3),¢.142]:
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Ias = , KA (233)
xpe3
Toni:
55
Ixsk, 1038 5,34 KA
144,
Ik s, 6 66 = 21,7 KA

[ToTyxkHicTh KOpOTKOTO 3amuKaHHs B Toukax K; i K, Buznagaemo 3a gopmyioro
(2.34) mo [1.,d.(6.2),c.142]:

S 2.34
S = =2 A (239
xpes
Toni:
100
SK.S Ky = m = 96, 34 MB - A;
100
SK.3K2 = m = 15,0MB'A.

Y napuuit ctpyM KopoTkoro 3amukaHHs B Toukax K, 1 K, Buznauaemo 3a ¢popmy-
joto (2.35) no [1.,0.(6.4),c.142]:

iy, = 2,55 [, KA (2.35)
Toni:

ik, = 2,55 5,34 = 13,62 KA;

ik, = 2,55 21,7 = 55,34 kA
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CrtpyMu TepMidHOI cTiiikocTi as Touku K; Bu3Hagaemo 3a opmynoro (2.36) o

[3.,0.(6.87),c.248]:
(2.36)
Ly
It = IK.3 . T,KA

Ha ctoponi Bucokoi Hampyru 10 kB OyayTe posmimieHi BakyyMHI BHUMHKadi
BB/TEL — 630/10 3 yacom BiakitoueHHs t, = 0,12 ¢ 1 4acOM BUTPUMKH peJIeHHOrO 3a-
XUCTY ty = 0,5 c.

3a nilficHUN Yac NPOTIKaHHS CTPYMY KOPOTKOTO 3aMUKaHHA t, IpUIMaeMo cymap-
HUIl 4Yac All 3aXMCTY ty,x 1 amaparypu BIAKIIIOUEHHS t,, PO3paxoBYeEMO 3a (POpPMYIIOH0

(2.37):
£, =ty + Loy C (2.37)
t,=0,12+0,5=0,62c.
[lepiognuny CKIAOBY 4acy ty CTpyMy KOPOTKOTO 3aMHKAHHS BHU3HAYAEMO TIO
KPUBHM t, = (t,; B )i P =1 i3 [3.,puc.6.12,c.244], sixa cranoButs t, = 0,55 c.
[IpuBenenuii 4ac t; BUBHAYAETHCA CKIAIOBUMU 4acy mnepioamynoi t; = 0,55 c 1
anepiognyHoi t, = 0,05 ¢ popMyBaHHIMH CTPYMY KOPOTKOTO 3aMHUKAHHSI.

top = by + Ly, C (2.38)

top = 0,55+ 0,05=0,6c.
Toni:

Ilc.K.s.K1 = 5,34 V0,6 =4,14 KA ;
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)

10

IlOC.K.B.Kl = 5; 34 ' == 1; 34‘ KA.

Po3paxyHOK CTpyMiB T€PMIYHOi CTIMKOCTI JJisi TOYKA KOPOTKOro 3amMukaHHs K,

BEJIEMO aHAJIOTIYHO 1 Pe3yJIbTaTh BHOCUMO B TaOHIIO 2.2.

Tabnuusg 2.2 — [lapameTpu KOPOTKOTO 3aMUKAHHS

[TapameTpu Ctpymu
Toukn KOPOTKOI'O TEPMIYHOT
KOPOTKOTI'O 3aMUKaHHS CTIMKOCTI
3aMHUKaHHA
IK.S; l .9 SK.3.9
xpe3 KA IZHA MB-A Ilc.K.s. ISC.K.3. IlOc.K.s.
K, 1,038 5,34 13,62 96,34 4,14 1,85 1,3
K> 6,66 21,7 55,34 15,0 16,8 7,52 5,32

2.9. Bubip esekTpoodaagHaHHs TPaHCHOPMATOPHOI MiACTAHIIT
2.9.1 BuOip BUMHKa4a HABAHTAKECHHS

Bumukaui HaBanTaxxendass BHA — 10/630 B xomIuiekTi 13 3al00DKHUKAMA — 1€
BHCOKOBOJIbTHUH MaJIONOTY>KHHM arapar, IpU3HAYCHUH IS BIIKITFOYCHHS 1 BKITFOUCH-
HS KUJI, SIK1 3HAXOAATHCS IT1J] HAaBAHTAKCHHSIM.

[IpuitmaemMo yMOBHO, IO MPH BIJKIIOYEHHI OJHOTO 13 TpaHC(HOPMATOPIB, IPYTUil

MO>Ke MpaloBaTH 13 epeBanTaxxeHHsM Ha 40%

I . 1,4 SH.Tp.
Makcq \/§ ] U ) (2 39)
HOM .
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1,4-400
IMaKC1 == ﬂ == 32, 33 A.

Bulip BuMukaua BeieMO IIISXOM MOPIBHIHHS PO3PaXyHKOBUX 1 MaCOPTHUX Be-
JMYHH.

Tabnung 2.3 — YMoBu BuOOpy BUMHKaua [2.,1a611.5.3.,¢.252]

[TapameTpu mopiBHIHHS Po3paxyHkoBi gaHi [TacriopTHi maHi
Lyvaxe < Tyow Lvaxe = 32,33 A Lvon = 630 A
Upos. < Unowm Upos = 10 kB Uson = 10 kB
IK.3. S [K.3. non IK.3.K1 :5;34 KA IK.3. gom 14;5 KA
fynposp < dyaon iyt = 13,62 KA fypnon = 25 KA
IlOc.K.3.po3p < IIOC.K.3.£l01'I IlOc.K.3.po3p = 1,3 KA IlOC.K.S.Z{Ol‘I =6 KA

[TopiBHIOIOYH PO3paxXyHKOBI 1 MACMIOPTHI JaHI BUMUKaua, IPUIMaeMO 0 YCTaHO-
BkH Ha TTI-I'PIT Bumukaui HaBanTaxxenus BHA—-10/630.

JI1s1 BBOJIIB 1 B SIKOCTI IIMHHOTO PO3’€IHYBava mpuiiMaemo po3’eanyBaui PB3 —
10/630.

Posnoainpuy yctanoBky PY—10 kB TpancdopmaTopHOi MmiICTaHIIT KOMIUIEKTY€E-

Mo koMipkamu KB 2001.
2.9.2 Bu0ip 3ano0i:kHUKIB

[Tpu BuOOpPI1 maBkoi BcTaBku 3anoodixkHuka 10 BHA—10/630 HeoOxigHO KepyBa-
TUCH TUM, 1[0 HOMIHATBHHUIA CTPYM BCTaBKH |, TOBUHHA PIBHATHCS POOOYOMY CTPYMOBI
I, abo Oyrm OinpmmMm 3a Hboro I, > I,. Buxomaum 13 I, = Iyuer = 32,33 A 1o
[1.,1a0:11.5.4.,c.254] npuiimaemo 3ano6ixHuk [1K1-10-8/2-20Y1 3 HOMIHAJIBHUM CTpY-

MOM IIJIaBKO1 BCTaBKM , I, = 32 A.

2.9.3 Bu0ip esexkTpoodaagHaHHs TpaHcGopMaTOpPHOI miacTanuii Ha ctoponi 0,4 kB

Buxoasuu 13 MakcuMallbHOTO poOo4oro crpymy Ha ctopoHi 0,4 kB
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[ =] . 1'4"SH.Tp.
pz — fmakcy — \/§ UHOMZ ’ (2.40)

~1,4-400

Ipz =IMaKC2 - J3-0 4 = 808,3 A.

A Takox mapameTpisB K.3. B Toulll K, nmpuiiMaeMo 10 po3MileHHS:

- aBTOMAaTHYHI BUMHKaY1 JUIsl CEKIIHHUX BBOMAIB 1 podotu ABP Tumy ABM-10C 3
Lipos. = 800 A, a nna Bigxomauux miHid ABM-4H 3 I,,,, = 120; 150; 200 A mo
[2.,7a0671.6.9.,c.374];

- TpaHchopMaTOpH CTPYMY IS CeKLIMHUX BBOIB 1 podoTtn ABP tTuny TII-10, a

st Bigxoasuux JiHid TK-10 Ha HominansHy Hanpyry 0,5 kB mo [18].

2.9.4 Bubip muH Ha cToponi 10 kB

Buxons4u 13 po3paxyHKOBOIO MAaKCHMaJbHOIO cTpyMy Ha ctopoHi 10 kB, I, =
32,33 A npuiimaemo muHE LIIAT-15x3 Mm® 3 momycTumuM ctpymMoM 165 A 1o
[2.,1a01.7.3.,c.395].

[TepeBipsieMo BHMOpaHi IIMHU HA TEPMIUHY CTIHKICTh CTpyMaM KOPOTKOI'O 3aMH-

kaHHs 110 hopmymi (2.41) 13 [3.,.(6.83).,c.245]:

C (2.41)

ne C = 88 — ms anroMiHIEBUX ITHH 110 [2.,¢.245].

5
=)}

Smin = 5,34+ 10° -~ = 47,0 mu?

BubpaHi mimHu He 3a/10BOJIBHSAIOTH YMOBY BUOOpY. ToMy 3ynuHs€MOCh Ha IMHAX

IIAT-20%3 MM° 3 Iop = 215 A.
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[lepeBipsieMmo BUOpaHi MIMHU HA JUHAMIYHY CTIHKICTb CTpyMaMU KOPOTKOTO 3a-
MUKaHHS.

[Tpuiimaemo, 1110 BiJICTaHb MK ITUHAMH, a = 40 cM 1 Mix 1301sTOpamu 1 = 60 cm.

Takum ymHOM, cuia Jil04ya Ha UIMHY CEPEAHbOI (Pa3u BU3HAYAETHCS 3a (HOpMYy-

joto (2.42) 13 [3.,$.(6.72).,c.243]:

P
F=017-i, -~ H

(2.42)

0,6
F=017-13,622-— =473 H.
0,4

)

3ruHaloYuii MOMEHT IIUHU MPU KOPOTKOMY 3aMHUKaHHI BHU3HAYa€EMO 3a (HOpMy-

joto (2.43) 13 [3.,3.(6.73).,c.243]:

m=Ely
=——,H'™m
10 (2.43)

MowmenTu onopy muHU BUu3Ha4aeMo 3a popmynoro (2.44) i3 [3.,0.(6.75).,c.243]:

b-h
W=— M
6 (2.44)

0,022-0,003
W =

c =1,2-10"% m3,

MexaHiuyHy Hampyry npu KOpOTKOMY 3aMHKaHHI B IIMHI BU3HAYAEMO 3a (HOpMy-

joto (2.45) 13 [3.,3.(6.74).,c.243]:
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M
—, Mmlla

Cror =7 (2.45)

2,83

Gp03p = W = 2, 35 MHa;

G = 2,35 mlla < Go; = 68 Mlla.

posp
Bu6pani muau IITAT-20%3 MM” 3a10BOJIBHSIOTE YMOBH BUOODY.
Buxonsum 13 MakCMMaJbHOTO CTPYMOBOTO HABaHTA)KEHHS Ha HU3BKIA CTOPOHI
TII-T'PII TOB IITP3 I,, = 808,3 A 1 mapaMeTpiB KOPOTKOro 3aMHuKaHHs B Toull K;

npuiiMaemo Ha croponi 0,4 kB mman [IAT-60%6 MM” 3 JOMYCTHMHM CTPYMOM Lo, =

870 A mo [2.,a6m.7.3.,c.395].

2.10 Bu6ip BumiproBajabHuX TpanchopMaTopis

BumiproBanibHi TpanchopMaTopu 3aCTOCOBYIOTH B YCTaHOBKAX 3MIHHOTO CTPYMY
IUIs KUBJICHHS OOMOTOK BUMIPIOBAJIbHUX MPHJIAAIB, peje 3aXUCTy Ta 1HIIUX MPUCTPOIB

1 TOAUIAIOTHCS HA TPaHCPOPMATOPH CTPYMY 1 TpaHCHOPMATOPH HATIPYTH.

2.10.1 Bubip Tpancdopmartopis cTrpymy

Tpancopmaropu cTpymy CIIyKaTh JJI IEPETBOPEHHS 3MIHHOTO CTPYMY BEITUKOI
BEJIMYMHM B TIEPBUHHINA OOMOTII J0 BEIUYMHU 5 A y BTOPUHHIA OOMOTII, B SIKY BMH-
KalOTh BUMIPIOBAJIbHI MPUJIAJIN 1 PEJI€ 3aXHUCTY.

Tpancopmaropu cTpyMy BHOMpPAEMO MO HOMIHANBHIA HAMpPy3l, HOMIHATLHOMY
CTpyMy TIEPBHHHOTO JIAHIIOTA, KJIACY TOYHOCTi, HOMIHAJIBbHOI MOTYKHOCTI JIAHITIOTa 3
ypaxyBaHHSAM €JEKTPOAMHAMIYHOI 1 TEPMIYHOI CTIMKOCTI MPH MPOTIKAHHI HACKPI3ZHUX
CTPYMiB KOPOTKOTO 3aMHUKaHHS.

Bubip tpancopmaTtopiB cTpyMmy ajisi cTopoHu Bucokoi Hanpyru 10 kB (BBoawu 1
Binxonsui pimepu) I'PII-TII i nnst croporn HU3bkoi Hanpyru 0,4 kB moganuii y Tadmui

2.4.
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2.10.2 Bubip TpancopmaTopiB HANPYru

Tparchopmaropu HapyTu CiIyKaTh JIJIsl TIOHMKEHHSI BUCOKOI HAIlpyry B TIEPBUH-

Hil oOmoTtii A0 100 B y BTOprHHIM 00MOTIII, 11T0 HEOOX1AHO JJIs )KUBJICHHSI BUMIpIOBa-

JBHUX MPUIIAAIB, 3aXUCHUX MPUCTPOIB, JIAHLIOTIB aBTOMATH3AIll1 1 CUTHATI3a1li.

Tabmuus 2.4. — TexHiuni gaHi Tpancopmaropis cTpymy [2.,1a61.5.9.,¢.294].

[VTOCKUX UWH

1IPOXIOHIT TV KN 7—

JIEHHST HA 1IaKEITI

3 SUNTIOND 130/759LYIERT
avis LICITaHOGOK

Harpyzow 70 K5
V157 KOMIVIEKTTIHLX

L0700V X [YPUCITIZOIE

Bropunne
HAaBaHTAKCHHS
Micue Tun Tpan- . Howminans- | Tepmiuna | Enexrpo- Knac ToocTi
Hominains- oy o . . 0.5
yCTaHOBKH | chopma- Ha Hiit mep- CTiIHKICTh, | AMHAMIYHA 2
Tpancgo- TOpa HALDVEa BUHHUN KpaTHICTh | CTIHKICTB
pMaropa CTPyMY pyr cTpyM, A K;, kA/c Kn
Om B-A
B N ok 10 600 27/4 745 | o6 | 10
2
Buxonsil | ppyyp 1o 10 5+400 35/4 52 0,6 | 10
binepu
7 — 70K
[ T  mpaHC@opraTion
LIy
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Tpanchopmaropu Hanpyru BUOHPAEMO 110 HOMIHAJIbHIN HAIPY3i, KJIacy TOYHOCTI

1 BTOPMHHOMY HaBaHTa)XEHHIO, BHUKOPHUCTOBYIOYM ¢opmynu (2.46) 1 (2.47) mo

[21.,0.(18.38).,c.243 i § (18.39),c.214]:

UT.H1 = UT.yCT (2-46)

ST.HZ = SZ (247)

Jlo TpaHnchopMaTopa Hampyry MiJIKI0Ya0ThCS KOTYIIKH JIYWILHUKIB aKTUBHOI 1
pPEaKTUBHOI €HEPTii, a TAKOK BOJIBTMETPH JUIsl KOHTPOJIIO HAIIPYTH 130JIS111.

Ckiagaemo TabmuIfio 2.5 HaBaHTaKEHb Ha KOXKHY (asy.

Tabmuus 2.5. — HaBantaxkenns TpaHchopmaTOpiB Hampyru Ha KOXHY (Hazy

[2.,12071.6.26.,c.386].

Mo i . Knac | [HotyxHicTh xkuBnenus, Bt
WJ1au HII )
prial TOYHOCT! | daza A | dasaB | daza C
1.BonbeT™meTp 2378 1,5 10 10 10
2.JliunnpHuk akTuBHOI eHeprii | U-672M 2,0 1,5 1,5 1,5
3.JliunnpHuK peakTuBHOI eHeprii | U-673M 2,0 3,0 3,0 3,0
4.Pazom 14,5 14,5 14,5

Ha ctoponi 10 kB Bubupaemo a0 ycranoBku Tpanchopmaropu Harpyru HAMU-

10 3 TeXHIYHUMH JaHUMH BHECEHUMHU B TAOJIULIIO 2.6.

Tabmug 2.6. — Texniuni gani Tpancdopmaropa Hanpyru [2.,1a61.5.13.,¢.336].

Tun HoMiHaIbHa Hamhyra HowmiHanbHa NOTYXHICT
TpaHcdopma- Pyt B KJIaci TOYHOCTi, B-A. MakcuManbHa mo-
TOpa BH, HH, TYXHICTb, B-A
HADYTH <B B 0,5 1,0 3
HAMMU-10 10 10/100 120 200 500 960
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[lepuia ymoBa BUOOpy TpaHncpopMaTopa Hapyru BUKOHYEThCA, 00:
Uyrp =10kB = U, = 10 kB
[TepeBipsiemo BuOpanwmii TpaHchopmMaTop HAMIPYTH 332 IPYTOK YMOBOIO:
S, =3"14,5<S,,, =120B-A

Takum yuHOoM BHOpanuii TpanchopmaTop Hanpyru HAMMU-10 B kiaci TOUHOCTI
0,5.

HAMY - 10

L ITPAHC@OPMATION HAY2L

AHITILPEIOHIHCHL]

MAC/IFHLL
ang naHuIt Gurprlaris
— 3 [1800UHHOK Harplzow 70 KB
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3. OPTAHIBAIIIMHO-TEXHIYHA YACTHUHA

3.1 Opranizanisi TeXHIiYHOr0 JOIVISAY TA MOTOYHOI0 PEMOHTY €JIEKTP000.ja-

aHanHa B ymoBax TOB IITP3

[IpaBuiibHA Ooprasizailisi eKCIUTyaTalli 1 pEMOHTY €JIeKTPOOOIaIHAHHS CKOPOUY€E
MIPOCTOI MAIIIMH 1 MEXaH13MIB 1 3MEHIITye BUTpaTH Ha peMoHT. [1[006 enexTpoobaasHaHHs
Oy710 B IPUAATHOMY 70 pOOOTH CTaHi, HEOOX1THO CBOEYACHO BUSIBUTH NE€(PEKTH, OIIHIO-
BaTH CTYIIiHB X PO3BUTKY, YCYyBaT a00 0OMEXYBaTH iX MOJAIBIINI PO3BUTOK.

TexHiuHMil AOTIAL Ta PEMOHT €JIEKTPOOOIaJHAHHS MOBUHHI HE TIJIbKU 3amo0ira-
TU BUXOJy €NEKTPOOOIaHaHHS 3 Jay, ajie i He JOMyCKaTh HOro poOOTH 3 MOHMKEHHU-
MU TEXHIKO — eKCIUTyaTaliiHUMH TTOKa3HUKaAMHU.

[IpaBuiibHA TEXHIYHA EKCIUTyaTallisl €IeKTPOOOIaJHaAHHSI ITepen0adae:

IIOJICHHUI TEXHIYHUHN HArJIsA 32 POOOTOI0 EIEKTPOOOIaITHAHHS;
CBOEYACHE MPOBEACHHS TEXHIYHUX JOTJISIIIB;
CBO€YACHE MPOBEACHHS MOTOYHUX PEMOHTIB y TOBHOMY 00Cs31;

HaJICKHUN ONepaTUBHUMN 00JIIK TEXHIYHOTO CTaHy €JIEKTPOO0OJIaIHAHHS;

A S A e

OOJIIK HECTIPABHOCTEM, SIK1 YCYBaIOTh IiJ Yac JOTJISIB 1 MOTOYHUX PEMOHTIB.

KamiTanpHUI peMOHT €JIEKTPOOOIIaIHAHHS TPOBOIATH Y CIEIiali30BaHUX IexXax
CJIICKTPOPEMOHTHHUX ITiITPHUEMCTB.

TexHiuH1 AOTNIAIN CKIAAAIOTHCS 3 KOMIUIEKCY TEXHOJIOTTYHUX ONepalii mo oris-
1y, OUYHWIIEHHIO, MallEeHHIO, HAUMPOCTINIOMY PETYJIIOBAHHIO 1 3aMiHl JEAKUX JeTalleH
eJIeKTpooOIagHaHHs 0e3 HOoro po30upaHHs Ta 3HIMaHHS 3 (yHIaMEHTy a0o MaHemi.

JIo MOTOYHOTO PEMOHTY HaJeXaThb BCl omeparlii, ki MPOBOJATHCSA MPU TEXHIY-
HOMY JOTJISI/II , @ TAKOXK pO3OMPaHHS eJeKTPO0OIaIHAaHHS, YACTKOBA 3aMiHa BiAIIpaIbo-
BaHMUX a00 TMONIKO/KEHUX JIeTajieil, yCYHEHHsI HeCITPaBHOCTEH Ta MPOBEJCHHS MiCIsIpe-
MOHTHHUX BUIPOOYBaHb 1 pEryJIIOBaHb.

Sk npaBuI0, TEXHIYHI AOTJISIM Ta MOTOYHI PEMOHTH MPOBOSATH HAa MICIIl BCTaHO-

BJICHHSI €JIEKTPOOOIIaTHAHHS.
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TexuiyHl AOTMIAIM 1 MOTOYHHMIA PEMOHT EJIEKTPOOOIaHAHHS MPOBOASTH EJIEKT-
pomonTepu TOB IITP3 BinnoBigHO A0 rpadikiB, 3aTBEPIKEHUX TOJTOBHUM 1HKEHEPOM.

PoGoTH, moB’s13aH1 3 TEXHIYHUM JOTJISJIOM 1 TIOTOYHUM PEMOHTOM €JIEKTPoo0Ia-
JTHAHHS, TTOBUHHI BUKOHYBATH €JIEKTPOMOHTEPH, IO MPOUIIIA IEPEBIPKY 3HAHD 3 TEX-
HIKK O€3MEeKU Ta MarOTh KBaji(PikaliiiHy rpyny He HUKYE TPEThOI.

KoHTposb 3a CBOEUaCHUM 1 BUCOKOSIKICHIM BHKOHAHHSIM POOIT MOKJIAJAETHCS HA

oco0y, 110 BIAMOBIAAE 32 KCILIyaTaIlii0 €IEKTPOOOIaTHAHHS.

3.1.1 diarHocTyBaHHS €JEeKTPOOOJAJHAHHS NMPH TEXHIYHOMY 00CJIYrOBYBaH-

[TepioguunicTh Ta 0OCSITH POOIT MPU TEXHIYHOMY OOCIYrOBYBaHHI Ta PEMOHTI
SJIEKTPOOOIIaTHAHHS BCTAHOBIIOIOTHCS cructeMoro [I3PEO Ha OCHOBI cTaTHCTUYHOTO
aHai3y MPUYUH 1 YACTOTHU BIJIMOB CKJIaJJOBUX YACTUH €JIEKTPOTEXHIYHOTO O0IaIHAHHS.

JliarHOCTYBaHHS, SIK TEXHOJIOTTYHUN POLEC BU3HAYCHHSI TEXHIYHOTO CTaHy 00-
JaJHaHHSA (CIpallOBaHHs MOro JeTajeil, 3aIuIIKOBOr0 pecypcy Ta 1H.), € 3acO00M Mij-
BUILICHHS HAJIHHOCTI HOTO pOOOTH Ta CKOPOUYCHHS 3aTpaT Mpaili Ha TEXHIYHE 0OCIyro-
ByBaHHS Ta peMOHT. Ha OCHOBI aHamni3y TEXHIYHOTO CTaHy KOHKPETHOT'O OO0JIafHAHHS
JIarHOCTYBaHHSI 1a€ MOKJIMBICTh BU3HAYUTH 4acC MPOBEACHHS TEXHIYHOT'O OOCIYTOBY-
BaHHS YM PEMOHTY 1 00csr pobiT. ToOTO MiarHOCTYBaHHSIM BCTaHOBJIIOKOTH CTPOK, MPH
SIKOMY CITPAITIOBaHHS OKPEMHX JeTaliel JOCATHE KPUTUYHOTO 3HAYCHHS, 34 SIKUM Ha-
cTaHe BigMoBa oOnanHaHHs. Lle aye BaxIMBO, TOMY IO BUXIJ 3 JIAy OAHOTO €JIEKT-
PUYHOTO JIBUTYHA UM arapara MOXKe MPU3BECTH JO MOJOMKH OOJaJHAHHS TEXHOJOTIY-
HUX JIHIH.

[Ipy BUKOpPHCTAaHHI JIarHOCTYBaHHA, €Kl pOOOTH mepeadadyeHi CUCTEMOIO
[I3PEO 1 3B’sa3aHi 3 YacTKOBUM a0O0 TMOBHUM po30WpaHHSM OOJaJHAHHS, HE
000B’s13k0BI1. [Ipy IbOMY CTPOK MPOBEACHHS PErVIAMEHTHUX POOIT BU3HAYAIOTH MPH Jlia-
IHOCTYBaHHI, SIK€ POBOIATH, SIK IPABUII0, 0€3 po30UpaHHs eJeKTPOooOIa HAHHS.

JliarHoCTyBaHHS HEOOX1AHO MPOBOAUTH Pa30M 3 TEXHIYHUM OOCIYyrOBYBaHHSM (B

ctpoku, Bu3HauyeHi [I3PEO), a moTounuii peMOHT — 3a pe3yibTaTaMu JA1arHOCTyBaHHSI.
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Jlesike o0naiHaHHS OCTIHHO JIIarHOCTYIOTh, 3aCTOCOBYIOUM aBTOMATUYHI J11arHOCTUYHI
IPUCTPOI, HATIPUKIIAJ], €JIEeKTPOOOIaAHAHHS 3arTMOHUX HACOCIB.

B mporeci poGoTu CKiIamoBi YaCTHHH €JIEKTPOOOIaTHAHHS CIIPAIIbOBYIOTHCS 10
KPUTHUYHOT BEJIMYMHH, MIPH sIKi HacTynae BiaMoBa. BigmMoBu OyBarOTh KOHCTPYKIIiIHI,
3YMOBJICHI TIOMHJIKAMHM TPU TMPOEKTYBaHHI OOJaHAHHS; TEXHOJOT14HI, NMPUYUHAMHU
AKUX € TOPYIIEHHS TEXHOJOT1i MPU BUTOTOBJICHHI 00JaIHAHHSA; €KCIUTyaTalliiiH1, CIIpH-
YUHEH] MOPYIICHHSIM MpPaBUJ TEXHIYHOI eKCIUTyartalii eleKTpooOaJHaHHS;, BIJIMOBH,
3YMOBJICH1 CTApPIHHAM KOHCTPYKILIMHUX MaTepiaiiB.

Haniiinicth poOOTH OIIHIOIOTH 32 IHTEHCUBHICTIO BiIMOB. [louaTok ekcrimyararii
eNeKTpooOaHaHHs (TIEpio CHpAIOBAHHS) XapaKTEPHU3YEThCS MOPIBHSHO BHCOKOIO
IHTEHCUBHICTIO B1JIMOB, CEpEJl AKX MEPEBAKAIOTh TeXHOIOT14H1. OCHOBHOIO MMPUYUHOIO
MOJIOMOK TIICJIA TEePIOAy TMPHUIIPAIIOBAHHS € eKCIUTyaTalliiHl BIJIMOBH. |HTEHCHBHICTh
B1JIMOB 301JIbIITYEThCS Y JIBA Pa3H B KiHIII CTPOKY CIY>KOHU eleKTpooOiafHaHHS, 110 3Y-
MOBJICHO BiIMOBamH crpaitoBanHs. CiiJl BIIMITUTH, 110 Hal4acTille IpUYUHAMH BU-

XOJy 3 JIaJly €JIEKTPOOOIaTHAHHS € eKCIUTyaTaIliiiH1 BiJIMOBH.

3.1.2 TexHiuHe 00CIyrOBYBAHHA Ta PEMOHT CHJIOBUX TPpaHcopmaTopis
3.1.2.1 Orasiau TpancopmaTopin

Benuke 3HadueHHsS TpW MPaBWIBbHIN eKCIUTyaTallii CHJIOBUX TpaHC(HOPMATOpiB €
CBO€YACHUM orJIsi] TpaHchopmaTopa 1 BUSBICHHS 1e(EKTIB.

Ornsig cunoBux TpanchopmaropiB 6e3 iX BIIKIIOUEHHS B PO3MOAUTFYHMX IMyHKTaX
HEO0OX1THO MPOBOJUTH HE MEHIIIE OJTHOTO pa3y B 6 MICSIIIB.

[I[o6 momepenuT MOKIMBICTh HEIIACHOTO BHUIAKY, OTJISIAI0Th CHIIOBI TpaHC-
dbopmMaTopu 4eproBuii mepcoHai 3 MOPOTy KaMep, CTOSTIU Tiepen 6ap’epom.

[To3zaueprosi orsiin TpaHchOPMATOPIB MIPOBOJASITH, SKIIIO PI3KO 3MIHUIACH TEM-
neparypa 30BHIIIHBOTO MOBITPS. A TakOXX MPU KOKHOMY BIIKIIIOYEHHI TpaHcpopmaro-
pa B1JI 3aXUCTY YU MOSBI CUTHAJY BiJ] Ta30BOI0O pejie.

[Tpu ornsiai criioBUX TpaHCPOpPMATOPIB NEPEBIPAIOTH:



58

- CTaH mix’i3A41B 1 MiAX0/IB, 30€PEXKEHICTh 1 CIIPABHICTh OTOPOXKEHHS, JIBEpE,
BIKOHHUX 1 BEHTHJIALIMHUX OTBOPIB, CTAH BCHOT'O MPUMIIICHHSA 1 BIACYTHICTh Teul Yepe3
MOKPIBJIIO;

- CTaH KOXyXiB TpaHC(GOpPMaTOpiB 1 BIACYTHICTh Te€ul Macjia 4epe3 KpHUIIKY,
dbnaHI 1 CIyCKHI KpaHu;

- BIANOBIJHICTH PIBHA Maciia B pO3LIMPIOBayl TEMIIEpaTypHiil mo3Haulll 1 Has-
BHICTh MacJjia B Macjio HallOBHEHUX BOJIaX;

- CTaH MacJio 301pHUX IIPUCTPOIB;

- TeMIeparypy Maciia B Tpancopmaropi mo TepMoMeTpy a00 MaHOMETPHUYHO-

My TE€pPMOCHUTHaNII3aTOpY;

CTaH 130JIATOPIB 1 PO3PSIHUKIB, 3aMMMJICHICTh 1 3a0pyAHEHICTh 1X MOBEPXHI;

CTaH IIMHOIMPOBO/IIB 1 KaOeiB, BIICYTHICTh HArPiBy B KOHTAKTax;

CIIPaBHICTh OCBITJICHHSI, CUTHAJII3alli1 B TPOOMBHUX 3aM001KHHKIB;

CTaH MEPEX1 3a3€MJICHHS 1 CIIPABHICTh MPOTUIIOKEKHUX MTPUCTPOIB.

HecnpaBHocTi, sIK1 BUSIBIIEH] M1/ Yac OTJIALY TpaHCHOPMATOPIB, JIKBIAYIOTh IPH
NepIIii MOXKJIMBOCTI, @ Y BUIMAJAKY aBapii a00 HEIIACHOTO BHUIIAJKy — HETallHO BIIKIIIO-
yaroTh. CHII010 TpaHc(hopMaTopu BUBOIATH 13 pOOOTH, SIKIIO:

- CWIbHUN HEPIBHOMIPHUH IITyM 1 MOTPICKYBaHHS BCEpEIMHI TpaHCHOpMaTOpa;

- HEHOPMAaJILHMM 1 MOCTIHHO 3pPOCTal0YUil HAarpiB TpaHchopmMaTopa Npu HOMiHA-
JHHOMY HaBaHTAKEHHI;

- BUKHJ Macla i3 po3IIMpIoBaya;

- Tedyl Macia 3 TOHKEHHSIM HOT0 PIBHS B MaCJIOMIpHOMY CKIIi;

- Ppi3Kiil 3MiHI KOJILOPY Maca;

- CKOJIM 1 TPIIIMHY Ha 130JI9TOpax, CIU3bKI pO3psiau ab0 CIiu iX IEPEKPUTTS;

- HAasBHICTh B MAaCJIl BYTULJIS, BOJM, BEJIUKOI KITBKOCTI MEXaHIYHHUX JOMIIIIOK;

- KBacCHY PEaKIlio Macla;

-  TOHWXEHHS NMPUOWBHOI HANMPYTH 1 3HIKEHHS TEMIIEpaTypu Clajaxy macia
outem yuM Ha 5°C mpoTu momnepeAHiX BUIPOOYBaHb, a TAKOXK MOHMWKEHHS OIMOpY 130-
asinii 61111 yuM Ha 50% HiX mepIie mo4aTkoBe 3HaUYeHHs a00 B MOPIBHIHHI 3 3aBOJICh-

KHMMH JaHUMU.
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3.1.2.2 ExcnityaTanis TpancpopmMaTopHOro MacJja

Oco0smBe 3HAaYEHHS NpPH EKCIulyaTallii TpaHcpopmaTopa € CIHOCTEPEKEHHS 3a
cTaHOM Macia. Macio B TpaHcpopMaTopl CIYXHUTb SK JJIs 130J1011, TaK 1 AJI1 0XO0JIO-
JIKEHHSI OOMOTOK, 1 BiJl HOTO CTaHy 3aJie)KUTh HaIIMHICTh poOOTH TpaHchopmaTopa.

[Tig gac excrutyaTaiii TpancgopmaTopa IpOXOJUTh CTApIHHA Maciia 1 BOHO BTpa-
4a€ CBOI MOYATKOBI BIIACTUBOCTI.

Kpim TOro moripmryerbcsi BJIaCTHBOCTI Macja 13-3a CTapiHHSI, CIIOCTEPIrae€ThCs
3MiHAa HOT0 BIACTHBOCTEH MpPU HEHOPMAJIBHUX pekuMax podotu. Tak, mpu MiCLEBUX
HarpiBax, MOIIKOMKEHHI 130JI1[11 MK CTAJIbHUMU JIUCTAMU MarHiTOIPOBOTY, TOTAHOMY
KOHTaKT1 B TIepeMUKadi BiAraay>KeHb a00 Ha BUBOJIaX 0OMOTOK ITiJT KPHUIIIKOIO TpaHC]o-
pMaTopa 1 Ipy BUTKOBUX 3aMKHEHHSIX B 0OMOTKaX MPOXOJIUTh PO3KIIaJ] Macia.

CrtaHIapToM BCTAHOBJIEHI HOPMH Ha CTaH TpaHC(hOpPMATOPHOIO Macia SK CBIKO-
ro, sike He OyJI0 Y BUKOPUCTAHHI, TaK 1 €eKCIUTyaTalliitHOTrO.

B HOpMax Bu3Hau4€HI TaKOXK TEPMIHM BiIOOpY Mpobd Mmacia i3 TpaHcpopMaTopis.
3HaHHS IIUX HOPM Kpail HEOOX1IHO I TPAMOTHOIO BEJIEHHS eKCIuTyaTalii TpaHcgop-
MaTOpIB.

TpanchopmaropHe Maciio MOTPiOHO MijAaBaTH J1a0OPaATOPHUM BUIIPOOYBAHHSM B
TaKi TEPMIHH:

- 13 TpancopmaropiB Hanpyroio 10 kB BkIOYHO CKOpOYeHOMY aHami3y — HE
plauIe 0JJHOro pa3y B 3 POKH;

- 13 TepMETU30BAHUX TPAHCPOPMATOPIB HA E€JIIEKTPUUHY BUTPUBATICTb — OJUH
pa3 B 2 poKu;

- MICJA KamiTaabHOTO PEMOHTY TpaHC(HOPMATOPIB — CKOPOUCHOMY aHAIII3y.

VY BumnpoOyBaHHS 130JIALIIHHOTO Macjia Ha eEKTPUYHY BUTPUBAIIICTH BXOJIUTH I1e-
peBipKa MPOOMBHOI HANMPyrd 1 BU3HAYEHHSI HASBHOCTI B Macil B3BIIIIEHOTO BYTLLIA i
MEXaHIYHUX JOMIIIOK.

B 00’eM ckopodeHOT0 aHasi3y 130JSI1HHOT0 Macja BXOAUTh:

- BHU3HAYEHHS TEMIIEpaTypH CKIady;

- @JEKTPUYHOI BUTPUBAJIOCTI;
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- BU3HAUEHHS KUCJIOTHOTO YHUCIA;

- sAKICHE BU3HAYEHHS 3MICTY B3BIIIEHOT'O BYT'ULIS, MEXaHIYHUX JOMIIIOK 1 HasiB-
HICTH BOJIH.

1106 3MEeHIUTH CTapiHHA Macia 1 MATPUMATH HOTO 130JIS111HI BIACTUBOCTI, Ma-
cio B TpaHchopmaTopax motyxkHicTio 100 kB-A HeoOXiIHO MmijmaBaTH pereHepariii,
TOOTO BCTAHOBJICHHIO HOTO BJIACTHBOCTEH 3a JOMOMOIrOI TEPMOCHU(POHHHX (PLIBTPIB
abo abcopOepiB. Ilo mipi moripmieHHS TOKA3HHWKIB SKOCTI Macjia WOro TMepiogudHO
OYMIIYIOTh 32 JOITOMOTOI0 (UIBTPIIPECIB, cenapaTopiB 1 abcopOepiB..

Crapinas macia B TpaHcopmaropax MPOXOIUTh HIBUAKO MPU MOTO MEPErpiBy.
Ctpok ciyx06u macia B TpaHCchOpMaTopax CKOPOUIYETHCS B 2 pas, SKIIO HOTo Temrie-
patypa niaBumyetbest Ha 10°C Bue Hopmu. B ekcmutyaraitii TpaHcdopMaTopiB rpaHu-
YHa TeMIiepaTypa BEpXHIX CIIOiB Macia JomyckaeThes 10 95°C mpu temmneparypi 0To-
gyro4oro nositpst 35°C, Tinbku 100 TepMiH IPUAATHOCTI TpaHC(HOPMATOPHOTO Macia

OyB JOCTaTHBO JOBIUH, TEMIIEpaTypa BEpXHIX CJIOiB HE MOBUHHA nepeBuiyBaT 85°C.

3.1.2.3 CywiiHHs CHJI0BHX TPaHcdopmaTopis

Crioci6 cymriHHS CUJIOBUX TpaHC(hOpPMAaTOpiB CTpPyMaMH HYJIBOBOT MOCIITIOBHOCTI
NpUIATHUN U1 TpaHchOpMaTOpIB BCIX MOTY)KHOCTeH /puc. 3.1./. Yac cynriHHS 3HAYHO

MEHIIUM HIK TPH 1HIIMX crioco0ax. 3aTpaTu €HEprii Ha CYIIHHS HEBEJIHKI.
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Pucynok 3.1. — Cxema cymiHHS 130515111 CHIIOBOTO TpaHC(hopMaTopa CTpyMy HY-
JILOBOT HOCI1OBHOCTI.

[ToTyxHicTb, sika HeoOXiaHa Jyisi cymriHHS P, kBT BU3HauaeTbes 3a (GoOpMysior0

(3.1)mo [11., c. 36]:

S, 3.1)

P=1+100,

ne, Sy =400 kB A — HOMIHa/IbHA MOTYXHICTh CUJIOBOTO TpaHcpopmaropa, kB-A.

Tomi:

P—1+400—500 B
= 100 KBT.

Hanpyry cyminns U, B Busnauaemo 3a gpopmysoro (3.2) mo [11., c. 36]:
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U— PZO].OS
~ |/ 3-cosg,’ (3.2)

ne cos @y = 0,2 + 0,7, npuiimaemo cos @y = 0,6;
Zo = 0,05 Owm, - omip HyILOBOI MOCIIIOBHOCTI BU3Ha4aeMo 3a popmyoro (3.3) mo [11.,

c.36]:

Z, = (3+3,5) UK'Utb.H.H.
0 C T Ty, 100° (3.3)

ne, Ugpun =220 B — (a3zna Harpyra Ha HU3BKiH CTOPOHI;

I un — QasHHI CTPYM Ha CTOPOHI HU3BKOI HANIPYI'H, AKUI BU3HAYAETHCA 3a (OPMYJIOO

(3.4)mo [3.,c. 58]:

AW
I(l).H.H. ==
V3 Uy, (3.4)
Toni:
Lo, = 20107 _ g
&.H.H. \/§ 380 ’
Toni:
70 =3 227220 0 oc ou
0= °"608-100
Toni:

U - 5-0,05-103_12B
B 3:0,6 '
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da3Ha cuia CTpyMy CYILIIHHS AJs TpaHcpopMaTopa BU3HAYAETHCS 3a (HOPMYIIOI0

(3.5)mo [11.,c. 36]:

I,=10+0,35-S,, (3.5)

Toni:
I, =10+ 0,35-400 = 150 A.

BumiproBatu omip i305s11ii 0OOMOTOK MOYKHA TIJIbKU MPU BIAKIIOYEHOMY TpaHC-
dbopmatopi, 60 y dhazax 0OMOTKH BUCOKOI 1 HU3bKOI Hanpyru HaBoauthes E.P.C. 3Hau-

HO1 BEJIMUYMHHU BiJ] TOTOKIB HYJILOBOI ITOCII1JOBHOCTI.

3.2 ExcrutyaTanisi KOHIEHCATOPHOI YCTAHOBKH

OO6cyroByBaHHSI KOHJEHCATOPHUX YCTAHOBOK TIOBMHHO BECTHCS y BIJAMOBIAHOCTI
10 ,,IIpaBui 6e3reuHoi ekcIuTyararlii e1eKTpoycTaHOBOK BBeaeHUX B jito 3 01.03.98p.

[lin yac ekcrutyaTamli KOMIUIEKTHMX KOHJEHCATOPHUX YCTAHOBOK HEOOXITHO
CHIJIKYBaTH 3a TEMIIEPATypoOl0, CTPYMOM 1 Hampyrorw, siki He MOBUHHI MEPEeBUIILYBAaTH
MaKCUMaJIbHUX BEJIMYUH, TAPAaHTOBAHUX 3aBOJAMU-BUPOOHUKAMHU IIMX YCTAHOBOK.

[Tpu nanaromxenni KKY i npuctpoiB aBTOMaTHYHOTO KEpyBaHHS HEOOXITHO Ta-
KO CJIIJIKYBaTH 3a TUM, 100 MPH HEOTHOPA30BUX BUNMPOOYBAIBHUX BKIIOUEHHSAX KOH-
JIEHCATOPHO1 OaTapei mij Hapyrow po3psaH1 OMOPH 0O00B’SI3KOBO OYJIM MiAKIIOYEHI 10
Oatapei 1 MOBTOpPHE BKIIIOYEHHS OaTapel micis 11 BIAKIIOYSHHs IPOBOAUIIOCH HE paHillie
guM depe3 3-5 xB. Ilicns pospsany 6atapei. B mpoTUBHOMY BUMaAKy BKJIFOYEHHS B Me-
pexy He3apsKEeHOi 0aTapei MoKe MPU3BECTH J0 BUXOY 13 Jaay BUMHKaya a00 KOH-
JIEHCATOPIB.

Excrutyaraiiito KOHJEHCATOPIB MPHU3YIUHSIIOTh 1 YCTAHOBKY BIJIKJIIOUYAIOTh Bij
MEpPEXKi, SKIIO CIIOCTEPIra€ThCs: MIABHUILEHHS HANpPYr'W HA IIMHAX >KUBJICHHS Olblie
110% Big HOMIHAJIBHOT HAIPYT'H KOHJIEHCATOPIB; NEPEBUIICHHS TPAHUYHOI TeMIepaTy-

pY KOHJEHCATOPIB; CIyYEHHS CTIHOK KOHJEHCATOPiB; HEPIBHOMIPHICTh HABAHTAXKCHHS
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okpemux a3, nepepuiryroda 10%; 301IbIIEHH] CTPYMY KOHJEHCATOPHO1 OaTapei moHa
15% Big HOMiIHANBHOT BeMMYUHU. T0OTO, OOCITYrOoBYBaHHS KOHIEHCATOPHOI YCTAHOBKH
3BOJIUTHCS JIO CTIOCTEPIraHHs 3a MPHIadaMH, SIKi XapakTepu3yroTh i podoTy (ammepme-
TPH, BOJIBTMETPH 1 TEPMOMETPH).

IIpu excrutyarariii 6arapei KOHJIEHCATOPIB MEPIOIUYHO OTrJISAAal0Th 0e3 iX BiJIK-
JOYEHHS (Yepe3 CITKOBY OTOPOXKY) B Taki CTpoku: mpu Hanpy3i g0 1000 B 1 moTyxHOC-
Ti 70 500 KBap — HE piALIE OJHOTO Pa3y B MICSIIb.

[Tix yac orisiy KOHIEHCATOPHOI YCTAHOBKH MEPEBIPSIIOTH:

- CHpPaBHICTh OTOPOJKEHbB 1 3aCyBiB, BIICYTHICTh B IPUMIIIEHH] 1 HA YCTaHOBIII
CTOPOHHIX MPEIMETIB, MUY, CMITTS 1 TPIIIKMH HA 130JISTOPAX;

- TeMmIepaTrypy OTOYYIYOTo MOBITPS, SKa HE MOBHHHA MEPEBUIILYBATH TPAHUIII,
JOMYCTUMI JIJISl LIbOTO THUITY KOHIEHCATOPIB,;

- BIJCYTHICTh BUIMMUX MOIIKOI)KEHb KOHJCHCATOPIB — CITyYEHHS CTIHOK KOPITY-
CiB, CJTI/IIB BUTIKaHHS Macia, a00 CHHTETHYHO1 P1INHH;

- BEJHMYMHY CTyMY 1 HAIIPyTH 1 pIBHOMIPHICTh HaBaHTa)KEeHHS (a3;

- CIPABHICTH KiJI PO3PSTHOTO MPUCTPOIO;

- CHpPaBHICTb BCIX KOHTAaKTIB, HASIBHICTh 1 CIIPABHICTh 3aCO0IB 3aXUCTY 1 OJIOKY-
BaHHS 0€3IEKH, HAABHICTh 1 SIKICTh 3aXMCHUX MPUCTPOIB 1 3aCO0IB raciHHS MOXKEXK1 (po-

3psIIHI IITAHTH, PyKaBUIll, BOTHETACHUKH, SIITUK 3 TIICKOM Ta 1HIIE).

3.3 PeMOHT €JIeKTP000/1aJHAHHA KOHAECHCATOPHOI YCTAHOBKH

Jlis 3MEHIIeHHS MMOBIPHOCTI BUXOAY OaTapeil KOHJEHCATOpiB 3 Jany, KpiMm
OTJISI/TIIB TIPOBOSITh TIOTOYHI PEMOHTH 3 BiJIKJIFOUEHHSIM KOHJICHCATOPHOI YCTAHOBKH Bi
MEpeX1 He 4YacTille OJHOro pa3y Ha pik. B ckiaj mOTOYHHMX PEMOHTIB KOHJIEHCATOPIB
BXOJISITh: TIEPEBIPKA 3aTATHEHHS TalOK B KOHTAKTHUX 3’ €THAHHSIX 1 IIUTICHOCTI 3amo01K-
HUKIB B KOJII PO3PSAIHOIO MPUCTPOIO; JeTajdbHAa OYMCTKA MOBEPXHI 130JATOPIB, OaKiB
KOH/ICHCATOPIB, amapaTypH BiJ MWy Ta 1HIIMX 3a0pyIHEHb; BUMIP €MHOCTI KOXKHOTO
KOHJICHCATOpa; MEepeBipKa KOHIEHCATOPIB METOMMETPOM Ha BIJCYTHICTh 3aMKHEHHS
MiX 3aTHCKa4aMH Ta KOPITyCOM; 30BHIIIHIN OTJISIT AIKOCTI TPUETHAHHS PO3Tay)KEHb 10

343CMJIIOFOY0T'0 ITPUCTPOIO.
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B pa3i HeoOXiAHOCTI AOTUKY 10 KOHAECHCATOPIB MPU PEMOHTI MICHA iX BLAKIIO-
YEHHS BiJl JUKEpelia Hampyru Tpeba MPOBECTH PO3PsAl KOHIECHCATOPIB 3aMKHEHHSIM BHU-
BOJIIB MK COOOI0 1 Ha KopItyc (Ha 3€MJII0) HE 3aJI€KHO BiJl aBTOMATHYHUX PO3PSITHUX
npuctpois. [Ipu MOCTIIHO BKIIIOUEHUX PO3PSATHUX OMOpax KOHAECHCATOpHI O6arapei Mo-
’KHA TOBTOPHO BMUKATH TUIbKH 32 AESKUM 4acoM, JIOCTaTHIM Ui po3psiay OaTtapei.

HoBa xoHneHcaTOpHa yCTaHOBKA MEpe] MEPIIUNM BKIIOUEHHSIM MPOXOAUTH MOIIe-
penHe BUIIPOOYBaHHS, 10 SKUX BXOJIWThH: BUMIPIOBAHHS OIOPY 130JIA11l1 METOMMETPOM
npu Harpy3i 2500 B; BUMiproBaHHS €MHOCTI KOHJIEHCATOPIB; BUIIPOOYBaHHS ITiIBUIIIE-
HOIO HANpPYTOI0 3MIHHUM CTpyMOM 4acTtoToro 50 ',

Benuunna Hanpyru BunpoOyBaHHs IpuBeaeHa B Taomuii 3.3.1.

Tabnuusg 3.3.1 — Bennunnu Hanpyru BUNpoOyBaHHS KOHIEHCATOPHUX YCTAHOBOK

Hanpyra BunpoOyBanus, kB HowmiHanbHa Hampyra KOHIEHCATOPiB
BurnpoOyBanHs MiXK 00KJIaIKaMu 0,72 xB
BunpoGyBanHs Ha Kopmyc 2,1 kB

Yac aii npuknaaeHoi BunpoOyBanbHOi Hampyru 1 xB. BunpoOyBaHHS 3MiHHUM
CTPYMOM MOK€ OyTH HpPH BIJCYTHOCTI HEOOXIJIHOTO JKepesa 3aMiHEHO BHUIIPOOYBaH-
HSIM BUIIPSIMIICHOIO HAMPYTOIO MiABUILEHOT BEIUYMHH.

[To 3akiHUeHHIO BUIPOOYBaHb KOHJIEHCATOPHOI YCTAHOBKM BOHA JOJATKOBO BH-
pOoOOBYETHCS TPUPA30BUM MIJKIIOUEHHSIM Ha HOMiHaNbHY Hanpyry. [Ipu oMy KOHT-
POJIIOIOTHCSA BETMYMHU CTPYMiB BCixX ¢a3. CTpyMmu B pi3HUX (pa3ax HE MOBUHHI Bipi3-

HSTHUCH OJUH Bl OJHOTO OUIBIIE HIK Ha 5%.

3.4 IlinBuIIeHHSI HAAIMHOCTI B pO0OTi KOHJIEHCATOPHOI YCTAHOBKU

Hapniiina po6oTa KOHJIEHCAaTOPHOI YCTaHOBKHU 3a0e3MeuyeThCsl TMepll 3a BCe IMpa-
BUJIBHUM iX BHOOPOM 32 MOTYXKHICTIO, PEKUMOM pOOOTH, BUKOHAHHSM, CTYIIEHEM 3aXU-

CTY BiJ il HABKOJUIIHBOTO cepeaoBuiia. [lopsn 3 uuM Aayxe BaKJIMBO TEXHIYHO Ipa-
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MOTHO PO3pOOUTH CXeMy KEpyBaHHS KOHJIECHCATOPHOIO YCTAaHOBKOIO, BUOpATH MyCKO3a-
XUCHY amapaTypy, IpPOBIIHUKOBI MaTepiani. He MeHIe 3HaueHHS Ma€ TaKOX JIOTPH-
MaHH$ JIIF0YMX HOPM 1 ITpaBUJI IPU MOHTAXI Ta €KCIUTyaTallli KOHAEHCATOPHOI YCTaHOB-
KU.

3axoau MO MiABUIICHHIO HAJAIMHOCTI POOOTH KOHJIEHCATOPHOI YCTAHOBKM MO>KHA
MOJIIJTUTH Ha OpraHi3aliiiiHi Ta TEXHIYHI.

Opranizaiiiini nmepeadoavaroTh OpraHi3ami0 BUCOKOKBaJI(hIKOBAHOTO TEXHIYHOTO
00CITyroByBaHHS Ta PEMOHTY €JEKTPOO0IaIHAHHS KOHIEHCATOPHUX YCTAaHOBOK.

Bucokoro piBHs HaAIHHOCTI HE MOKHA AOCATTH 0€3 J1arHOCTYBaHHS.

J10o TeXHIYHUX HaJieKaTh BCTAHOBJICHHS IPUCTPOIB y CXEMY KEpyBaHHS Ta KUB-
JICHHSI KOHJIGHCATOPHO1 YCTAHOBKH, SIKI CJIIJIKYIOTH 3@ il TEXHIYHUM CTAHOM, MOCTIMHO
JIarHOCTYIOTh 1 BIAK/IIOUAIOTh a00 HE J03BOJISIOTH BMHUKATH ii MpHU 3arpo3l aBapiiHUX
PEKUMIB.

[lepcieKTUBHUM HANpPSIMOM B PO3BUTKY CHCTEM 3aXMCTy KOHICHCATOPHUX YyCTa-
HOBOK € 3aCTOCYBaHHS €JIGKTPOHHUX pelieé Ta MIKPOMPOLECOPHUX MPUCTPOIB 3aXHCTY.
BoHu HaniiiHO 3axUIIAIOTh KOHJEHCATOPHI YCTAHOBKU BiJi HE HOPMAJIbHHUX PEKHUMIB.
MikponpoiecopHi NPUCTPOI 3aXUCTy MAIOTh Maly €HEPro€MHICTh, IIUPOKI MEXi pery-
JIIOBAHHS, MOKJIMBICTh AUCTAHI[IMHOTO ynpaBiiHHSA. KpiM 3axucTy, BOHM MOXYTb pery-
JIOBATH CTYI1Hb HABAHTAXKEHHSI KOHIEHCATOPHOI YCTAHOBKH.

[TigBUIIMTH CTIHKICTh KOHTAKTHUX EJIEKTPUYHHUX arapaTiB, pO3MIIEHUX B 3aKpH-
T 00OJIOHIII, MOYKHA TaKOX 1HT101TOpaMH, SIK1 BUTIAPOBYIOTHCS TP 3BUYANHIN TeMIle-
patypi npoTarom 0aratb0X pOKiB, 3aIIOBHIOIOYM OOOJIOHKY CBOIMH MapamH, 10 MaroTh
AHTUKOPO31iH1 BJIACTUBOCTI. [Ipy 1bOMYy 3HAYHO CHOBUIBHIOIOTH MIBHUAKICTH KOPO3ii
CTPYMOBEIyYHX YaCTHH, €JIEMEHTIB KPIIIJICHHS, €IeKTPUYHUX KOHTAKTIB. JIUCT KapTOHy
IPOCOYYIOTh 1HT10ITOPOM 1 MPUKJICIOIOTH Ha BHYTPIIIHIO TOBEPXHIO 000JIOHKH anapara.

3abe3reunT HaJiIiHE BUKOHAHHS (PYHKINN 3aXUCHUX amapaTiB MOXKHA TUIbKU
IpU MPABUIBHOMY iX BUOOp1 Ta MPOBEAECHHI BUCOKOKBaIi(hiIKOBAHOTO HAIATOJKEHHS Ta
peryioBaHHs. AJKe 3aXHMCHI XapaKTEpPUCTUKU arapariB i €0 PI3HUX TPUYUH MO-
KYyTh 3MIHIOBATHCh, TOMY IMOTPIOHO PEryJsiPHO NEPEBIPATH Ta PEryJOBATH YCTABKU

PO3YITUTIOBAYIB.
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OCHOBHMMH €KOHOMIYHMMH MOKa3HUKAMU TE€XHIYHOTO OOCIYyroBYBaHHS, AlarHo-
CTYBaHHS 1 PEMOHTY € MOYaTKOBI KamiTajdbH1 BKJIAJEHHS 1 pIYHI €KOHOMIYHI 3aTpaTH Ha
eKCIUTyaTaIlil0 Ta PEMOHT 00J1alHaHHs KOHACHCATOPHOI YCTAHOBKH.

OnTumalnibHe pillleHHS NPUAMalOTh MPH MOPIBHSIHHI KUIBKOX BapiaHTiB, fKi 3a-

0e3IeuyoTh OJIHAKOBUM €(EKT.
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BUCHOBOK

VY kBamigikariiiHiii po6oTi 6akanaBpa MopylieHa ofHa 13 MpoOJeM MiIBUILEHHS
KoedilieHTa KOPUCHOT J1i pOOOTH CUCTEMH €JIEKTPONOCTAaYaHHS 1 MOKPAIIEHHS SKOCTI
MOCTAYa€EMOI CIIOKHMBAUy €JICKTPUUHOT €HEeprii IIJISTXOM MiJBUIIEHHS KoedilieHTta mo-
Ty>kxHOCT1 B ymoBax TOB IITP3.

[TinBumiennsa koedimienta notyxHocTi Ha 0,01 B MacmTadi KpaiHu ga€ MOXKIIH-
BICTb JOJATKOBOTO KOPUCHOTO BIAMYCKY enekTpoeHeprii 10 80 muH kBT T pik.

Tomy B IIpOEKTI 3alIpONOHOBAaHA CHUCTEMa EJIEKTpOINocTayanHs croxuadiz TOB
[1TP3 nuisxoM cHOpY/KEHHs TOJIOBHOI PO3MOAUTBYOI MICTAHIIT 3 BCTAHOBJICHHSIM CH-
JIOBUX TpaHC(POpMATOPIiB 1 KOMIEHCYIOUU NPUCTPOiB Ha cTopoHi 0,4 kB B eHTpi enex-
TPUYHHUX HABAHTAXKEHD IM1IMPUEMCTBA.

Po3rnsHyTi nUTaHHS TPUPOJHOTO 1 MITYYHOTO MiABUINEHHS KOE(IIIEHTa MOTYX-
HOCTI Ha JUIBHUII TMOTY>KHHUX CITOKMBAYIB, 1[0 PO3TAIIOBaHI MOOJIM3Y TOJOBHOI PO3IO-
JIBYOI MiIcTaHIi. 3a BeTHYMHAMU PO3PAXyHKOBUX aKTHBHOI, PEaKTHUBHOI 1 TOBHOT T10O-
TY>KHOCTI JIJIBHUII BU3HAUCHUN CEPETHBO3BAXKEHHU M KOe(ILIEHT MOTY>KHOCTI.

3 BpaxyBaHHSM BEJIIMYMHU CEPEIHBO3BAKEHOI0 KOe(illl€eHTa MOTY>KHOCT1, BU3HA-
YeHa MOTY>KHICTh KOMIIEHCYIO YOT0 MPUCTPOIO, BIAMOBIIHO 0 BUMOT, II0JI0 KOMIIEHCA-
11i peaKTUBHOI €HEPrii B CUCTEMI PO3NOIUIBYNX MEPEkK MIPOMHUCIOBUX MiIMTPUEMCTB.

Bubpani xonnencaropui yctanoBku YKH-0,38-75VY3 miis komneHcaiiii peakTug-
HOT MOTYHOCTI Ha BKa3aHOMY 00’ €KTI.

Kpim Toro, B po0GoTi mpoBegeHui BUOIp CUIOBUX TpaHC(OpMATOpiB Ha OCHOBI
TEXHIKO-€KOHOMIYHOTO pO3paxyHKYy, siki BctaHosneHi Ha ['PI1.

BuxoHaHuii po3paxyHOK CTpyMiB KOPOTKOTO 3aMUKaHHS, BUOpaHE €JIEKTPOTEXHi-
YyHe 00JIaJHAHHA.

3anponoHoBaHa cuctema enekTponocrayans B ymoBax TOB IITP3 6yne naniii-
HOIO 1 eKOHOMIYHO. MOHTaX 1 pEMOHT €JIEKTPOTEXHIYHOI0 00JIaIHaHHs OyJie TPOBO-
JTUTHUCHh B MAKCUMAJIbHO KOPOTKI CTPOKH 1 IIPU BUCOKIH SKOCTI.

Excrutyarariiss €IeKTpOTEXHIYHOTO OOJIaJHAHHS CHUCTEMHU EJICKTPOIMOCTadYaHHS

crioxxuBaudiB TOB I1TP3 Oyne 3pyuHoro 1 6e3neyHoro.
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Jlopatoxk A
1. THEORETICAL PART

1.1 The concept of reactive power

Electricity is produced, distributed and consumed mainly in the form of
alternating current. Direct current, which has its advantages and uses, is obtained
through the conversion of alternating current into direct current.

The main consumers of electricity in industrial enterprises are inductive current
collectors, the main forms of induction motors and transformers, which provide the
greatest impact on high power factor. For the operation of these current collectors you
need to create an alternating magnetic field, which requires a so-called magnetic or
reactive current.

Therefore, in electrical networks of alternating current, in addition to the active
power required to ensure the operation of current collectors, reactive power is
transmitted through all networks. Coverage of which, along with active power, is carried
out by power plant generators.

The presence of an alternating electromagnetic field in the conductors during the
progression of alternating current creates additional resistances compared to direct
current, when the circuits contain only active resistances. If additional supports are
called reactive, they are used in the inductive form and capacity of conductors. As the
frequency of inductive resistance increases, and there is a mine - decreases. In the real
dimension, there are active, inductive and variable supports. For such a circuit law, Om
will take the form of formula (1.1) from [3., £.7.5, p.258]: (for sequential combination of
active, inductive and smaller resistances):

U U

I=—= )
z 12+ (x, — x¢) (1.1)

where z is the impedance;

r 18 the active resistance, Om;
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(xL - xC) - reactive resistance.
The current in circuit I can be supplied in the form of two components: the active
component of the current Ia due to the active resistance, and the reactive component of

the current Ir due to the reactance. The formulas (1.2) and (1.3):

I, =1 cosy; I, =1-sing; (1.2) (1.3)

As shown in Figure 1, you can build triangles of voltages, resistances and
capacities.
Active power, or the average value of power P, W for the period (constant power

component) is determined by formula (1.4) from [15., £.2-17, p.20]:
P =U-1I-coso, (1.4)

Electric machines, devices and installations are also characterized by their full
power S. This power corresponds to the largest value of active power that can be
obtained at a given voltage and current at cos ¢ = 1.

The ratio of active power to full is called the power factor cos ¢ and is

determined by formula (1.5) from [15., £.5.7, p.136]:

P _U-I-cosp (1.5)
S= o =

When calculating electrical circuits finds acceptance value by formula (1.6):
Q=U-I"sing, (1.6)

Which is called reactive power.
Active, reactive and full power are related by the ratio of formula (1.7) with [15.,
£.3.16, p.116]:
S? = P? + Q?, (1.7)



75

The value of the reactive power Q, kvar can be given in the form of formula (1.8):

Q=S-yJ1-(cos)?, (1.8)
or determine by formula (1.9):

Q=P-tge. (1.9)

The value of tg ¢ is called the reactive power factor. It characterizes the ratio of
active and reactive load in any network.

It should be borne in mind that the demand of the power system for reactive
power decreases with increasing voltage level and increases with decreasing voltage.
This has a particularly sharp effect on short-term voltage drops in the power system - in
accidents, when the reduction of reactive power regenerated by capacitors, negatively
affects the reliability of power supply.

Low power factor at the same active power leads to an increase in current and,
consequently, to an increase in voltage loss, which causes voltage deviations from the
nominal value in the power supply system and worsens the mode of operation of current
collectors. In networks with a significant inductive load and a power factor of 0.4 +~ 0.5,
the voltage drop can reach 20 + 30% of the nominal value. But the voltage in the mains
to which the current collectors are connected can be increased by connecting a
compensator to it blowing device.

Thus, the low power factor is a negative factor for both the energy system and the
industrial enterprise. Therefore, it is necessary to strive to increase the power factor in
industrial enterprises by introducing compensating devices that generate reactive power,

as close as possible to electricity consumers who need reactive power / Fig. 1.1 /.
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Figure 1.1. - Triangles of parameters of an electric circuit with L, R 1 C.

1.2 Factors affecting the balance of reactive power

In power supply systems have the advantage of inductance, which are due to:

- the principle of action of conversion of electric energy into mechanical;

- the principle of transformation;

- purposeful use of inductive resistance (for example, reactors to reduce short-
circuit currents),

- conductors (cables, air conductors).

As a result, the current lags behind the phase relative to the voltage.

Only at active component of power there is a directed transfer of electric energy
and conversion of useful power. In contrast to the active power required to create a
magnetic field, the reactive component is necessary, but energetically undesirable

fluctuations of energy with double frequency between source and consumer.



77

The bandwidth of the wires is significantly reduced in the case of a small power
factor cos ¢@. This reduces the required transmission of active power (low efficiency of
the transmission), because the voltage losses in the network change, which significantly
depend on the power factor.

The basic relationships between the power factor and other network parameters
are shown in the graphic part of the qualification work.

Among a number of factors, the value of the power factor is significantly
influenced by:

- poorly loaded induction motors, incorrect voltage selection in the power range
of medium and low voltage motors;

- use of motors and other electrical equipment with poor power factor.

Deterioration of the power factor occurs due to poor loading of engines, idle
reactors, transformers and rectifiers, as well as other electrical equipment, because in
these cases the consumption of reactive energy increases.

The consequences of the deterioration of the power factor are:

- reduction of active power generation by generators and higher full load of
synchronous motors;

- increasing the voltage drop between the source and the consumer;

- reduction of the transmitted active power through transformers and conductors,
which reduces their capacity for active loading; because the limit heating load depends
on cos O;

- increase in power losses in the network in relation to the transmitted active

power.

1.3 Determination of power factor

Determination of the power factor is carried out using a phase meter. In its

absence, the power factor is determined in one of the following ways:
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Two three-phase wattmeters or one wattmeter with a switch are measured at the
appropriate time P; Q; determine tg ¢ = %, and then find the appropriate value in the

tables cos o;

Measured with two wattmeters Py; P,; determined by the formula (1.10):

_ (Py — Pq) (1.10)
[V3: (P, + Py

tg ¢;

where P; 1 P, — indicators of a wattmeter according to phases A and C;

Ammeter, voltmeter and three-phase wattmeter measure current, voltage and
active power.

Determine the power factors cos ¢; according to the formula (1.11) from

[15.,c.118]:

cos @; = P; , (1.11)
W3-U-I

where I, U, P — respectively, the current values of current, voltage and power,
which are simultaneously determined by the readings of the devices.

In practice, the conventional weighted average value of the power factor is widely
used cos @, per day, week, month, quarter or year. Value cos ¢, determined by the
readings of active meters W, and reactive W, energy for a certain period of time for
existing enterprises and are calculated by formulas (1.12) and (1.13) from [15., £.3.21,
p-119]:

w, (1.12)
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w
COS QP ; = /1 - (WZ)Z- (1.13)

When designing, usually, the weighted average power factor is found by
determining the calculated force loads by the method of the maximum factor.

The basis for determining such loads from the group of current collectors,
taking into account the maximum coefficient, is the method of ordered diagrams,
which makes it possible in terms of rated power and characteristics of current

collectors determine the estimated maximum load:

- aKTUBHOT'O Prake = Kuaxe " K * Prom » (1.14)

where K, ... — maximum coefficient;
K, — utilization factor;

P.on — rated power of the group of current collectors, A.

- reactive Quaxe = 1,1 Qcy (1.15)

At ne(b < 109 or QMaKC :QCM at N ed > 109
where Q. — daily reactive power in the busiest shift, kvar;

ngy — effective number of current collectors, pcs.

- full SMaKC = KmaKc ) KB ) PHOM ’ (1-16)

After determining the active and full load find the weighted average power factor
according to the formula (1.17) from [15., £.3.18, p.118]:
Piakc (L.17)

COS Ppsp = S
Makc
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The most favorable power factor of electrical installations is determined from the
conditions of achieving the greatest annual energy savings due to reduced electricity
losses from reactive loads of the power line or the use of increased network capacity

(lines and transformers) due to reactive load compensation.

1.4 Sources of reactive power at the enterprise

In industrial electrical installations under normal operating conditions, most
consumers are dominated by active and inductive resistance, and a significant capacity
is characterized by a small number of current collectors. Therefore, the consumption of
reactive power by industrial enterprises in natural conditions is large and is close in
magnitude to the consumption of active power. The weighted average natural cos ¢ at
many enterprises has a value of 0.8 + (0.7 and below.

To compensate for the reactive power consumed in the networks of industrial
enterprises, its sources (generators) are used. Sources of reactive power at industrial
enterprises are power plant generators, synchronous compensators, synchronous motors,
capacitor banks, thyristor compensators.

The most common sources of reactive power in industrial enterprises are
synchronous motors and batteries of transverse capacitors. Synchronous motors are the
drives of mechanisms and machines and can at the same timebe used as reactive power
sources.

This is their mainadvantage over other sources of reactive power, which are
installed specifically to compensate for reactive power. Capacitor batteries are the most

widely used as a source of reactive power in industrial enterprises.

1.5 Characteristics of electricity consumers

The consumers of electricity at the facility are mainly asynchronous motors. For

normal operation, induction motors require both active and reactive energy produced by
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synchronous generators. Active and reactive energy are transmitted through the three-
phase alternating current power supply system from power plants to current collectors.

Reactive power consumed by the enterprise is distributed between certain types
of current collectors as follows: 65-70% is accounted for by induction motors, 20-25%
by transformers and about 10% by overhead electrical networks and other consumers
(fluorescent lamps, reactors, inductive devices, etc).

Therefore, an acute problem is the reduction in reactive energy consumption, or
its compensation at the facility by placing compensating devices.

In general, the electricity supply to the facility's electricity consumers must be
reliable, uninterrupted and economical. According to the reliability of electricity supply,
the industrial facility belongs to the consumers of the 2nd category.

According to the requirements of the Rules of arrangement of electrical
installations, category 2 electricity consumers must be supplied with electricity from
two independent power sources, as power outages can lead to underproduction and
disruption of the technological process, disrupt this technological process, or lead to an
emergency.

Thus, a 10 / 0.4 kV step-down substation with two power transformers will be
built on the territory of the enterprise, the capacity of which will be determined on the
basis of technical and economic calculation, based on the calculated capacity of

enterprises on the side of 0.4 kV with the provision of compensating devices.

1.6 Ways to increase the power factor at the facility

Improving the power factor in an industrial enterprise can be achieved only
with the right combination of different ways to increase it, each of which must be
technically and economically justified. Measures to increase the power factor can
be divided into the following groups:

- introduction of compensating devices and installations. Measures to

reduce the consumption of reactive power by current collectors should be
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considered in the first place, because their implementation usually does not
require significant capital expenditures. These include:

- streamlining of the technological process, which leads to the
improvement of energy

equipment mode;

- replacement of lightly loaded asynchronous motors with motors of lower
power;

- voltage reduction at the terminals of electric motors that systematically
operate with low load;

- limitation of idling of electric motors;

- introduction of synchronous motors instead of asynchronous ones of the
same power in cases if it is possible under the conditions of technological
process;

- improving the quality of repair of electric motors;

- replacement and rearrangement of light-loaded power transformers.

Consider the effectiveness of these measures.

1.6.1 Replacing low-load engines with lower power engines

The magnitude of the reactive power consumption of the AM depends on the load
factor and the nominal power factor of the engines. At rated load and rated voltage, the

AM consumes reactive power @, quart by the formula (1.18) on [15., £.5.7, p.136]:

Py 1.18
QH = 'tan‘pﬂt ( )

D e.n

where 1), ; — Coefficient of performanceengine at full load.
Reactive power consumed by the engine from the mains at idle, Q,,, kvar can be

found by expression (1.19) on [15.,£.5.8.,p.136]:

Q:x = V3- U, I,, =coso, (1.19)
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where I, — idling current of an induction motor, A.

For engines with a nominal power factor cos on = 0.91 + 0.93, the reactive power
of idling is about 60% of the reactive power at nominal engine load. For engines with
cos oH = 0.77 = 0.79 it reaches 70%.

Increased reactive power consumption at full engine load compared to idle
consumption AQ,, is as follows from the formula (1.20) on [15.,£.5-9,p.136]:

(1.20)

H

AQH = QH - Qx.x. = ] tan Py — \/§ ) UH ) Ix.x. ,

JI.H

When loading an induction motor, less than the nominal, the increase in reactive
power consumption compared to idling is proportional to the square of the engine load

factor AQ is as follows from the formula (1.21) on [15.,£.5-10,p.137]:

AQ =K2-Q,, (1.21)

where K,=P/P, — engine load factor.

Thus, the reactive power consumed by the engine at an arbitrary load Q, kvar is

according to the formula (1.22) from [15.,£.5.11,p.137]:

Q =0Q.x +4Q, K, (1.22)

Power factor of an induction motor at arbitrary load cos ¢ determined by the

formula (1.23) from [15.,£.5.12,p.137]:

P 1 (1.23)

S Q.. +AQ, - K2
1+ XX. H N\3
( P. K, )

cos @ =
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That is, the engine power factor decreases with decreasing load.

For example, if for a particular engine at 100% load cos ¢n = 0.8, then at 50% cos
¢ 0.5 =0.65, at 30% cos @ 0.3 = 0.51. It follows that the replacement of systematically
low-load motors with lower-power motors increases the power factor of the electrical
installation.

Studies have shown that with an average engine load of up to 45% of the nominal
value of its power, its replacement by lower power is always appropriate and
verification by calculations is not required. When loading AM more than 70% of the
rated power, it can be assumed that its replacement is not appropriate. When loading
AM in the range from 45 to 70%, the feasibility of their replacement must be confirmed
by a sufficient reduction of the total loss of active power in the electrical system and
induction motor.

It should be noted that for the industrial enterprises to consider questions of
replacement of AM of smaller capacity, it is expedient only for AM which are not built
in the mechanism. Replacing low-load engines built into the mechanism is so expensive

and complicated that it is almost impractical.

1.6.2 Voltage reduction in low-load motors

If it 1s impossible to replace low-load AM, it is necessary to check the integrity of
the voltage reduction. Reducing the voltage at the terminals of the AM to a certain
minimum allowable value Umin leads to a decrease in its consumption of reactive
power (due to a decrease in the magnetizing current) and an increase in the power
factor. At the same time reducing the loss of active power and, accordingly, increases
the efficiency of the engine. In practice, use the following methods to reduce the voltage
in lightly loaded induction motors:

- switching the stator winding from triangle to star;

- sectioning of stator windings;

- voltage reduction in factory networks by connecting branches of step-down

transformers.
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Switching the stator winding from triangle to star is recommended for motors
with voltage up to 1000V, systematically loaded less than 35 + 40% of rated capacity.
When switching from A to *, the maximum torque is reduced by 3 times, so it is
necessary to check the stability of the engine. The maximum load factor is
approximately equal to:

Ko = Kinm. (1.24)
3.I. 4, 5 -

where, K, ,, — the multiplicity of the maximum torque on the motor shaft relative
to the nominal.

If the motors are made with parallel branches in the stator winding, the
partitioning is done simply by soldering the front connections of the winding.

It 1s more difficult to switch the stator winding of the motor to another connection
scheme 1if it is made of a single wire. In such conditions switching of sections of a
winding is possible only at capital repairs of motors. Switching the branches of the step-
down transformer to reduce the operating voltage of induction motors is also a normal
operation, if the transformer does not supply other current collectors at the same time,

which does not allow voltage drop at their terminals.

1.6.3 Restriction of idling of running induction motors

The operation of most induction motors is characterized by the fact that in the
intervals between loads, they rotate at idle. For some consumers, the idling time of
engines reaches 50 +~ 65% of the total operating time. If the idling intervals are large
enough, it is advisable to disconnect the engine from the mains at this time. The
consumption of active and especially reactive energy will be significantly reduced. In
the case of idling limiters, savings calculations are made according to the graphs of

active and reactive power consumed by induction motors.



86
1.6.4 Improving the quality of repair of induction motors

When performing engine repairs, it i1s necessary to take into account and strictly adhere
to the nominal data of the engines. Otherwise, engines with increased reactive power
consumption, large uneven load of individual phases, increased no-load current,
significant deviation from factory winding data and other serious shortcomings can be
released from repair. All this creates an increase in energy loss and impairs the natural

capacity of the enterprise.

1.6.5 Replacement and rearrangement of power transformers

An effective result in increasing the natural power factor of an industrial
enterprise can be achieved by streamlining the operation of transformers, which is
carried out by replacing and regrouping them, as well as by turning off some
transformers during low loads. If these measures reduce the consumption of reactive
power and reduce the loss of active power, then their implementation is definitely

appropriate.

1.6.6 Increasing the power factor in lighting networks with discharge lamps

Discharge lamps are significant consumers of reactive power. Discharge lamps
have a falling volt-ampere characteristic. Therefore, the gas discharge lamps are
switched on in series with the ballast resistance. The ignition voltage of a fluorescent
lamp is usually 2 times the operating voltage of the lamp and cos ¢ for fluorescent
lamps with a choke is 0.5.

For DRL lamps with a choke, the power factor is 0.57 and the reactive power
consumed by lighting installations with DRL lamps, without taking into account the
compensation, is very high.

Starting control equipment (PRA) for gas discharge lamps with capacitors as
ballast resistance has less durability, because the capacitors have a shorter service life

than inductors.
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Built-in capacitors for individual compensation of reactive power are used in
some types of ballasts for discharge lamps, increase the power factor to 0.92 + 0.95.

Produced ballasts are designed to turn on and adjust one or two gas-discharge
lamps. Therefore, at enterprises for lighting electrical installations with gas-discharge
lamps, group compensation of reactive power is used. For DRL lamps, the power of
group capacitor batteries is selected at the rate of 1.1 kvar per 1 kW of installed power,
for fluorescent lamps 1.2 + 1.3 kvar per 1 kW with the calculation of increasing the
power factor to 0.95. The electrical industry produces complete condenser units (CCU)
of the UK-0.38 type, with a capacity of 36, 54, 72, 108 and 144 kvar, mounted in metal
cabinets, especially for lighting installations, while a more economical solution is
achieved.

Increasing the power factor of electrical installations is an important task, because
low cos ¢ leads to overconsumption of metal for the construction of electrical networks,
increased electricity losses, underutilization and reduced efficiency of primary motors

and generators of power plants and transformers of electrical substations.

1.7 Justification of the choice of the type of reactive power compensation

As already noted in paragraph 1.5 of the calculation and technical part to the
networks with a voltage of 380/220 In «PTRZ» connected most of the consumers of
reactive power. The load power factor of which does not exceed 0.8. Networks «PTRZ»
voltage of 380 V is significantly distant from the power supply, so the transfer of
reactive energy to the low voltage network requires increasing the cross section of
power lines, increasing the power of power transformers and is accompanied by losses
of active and reactive energy. The costs due to these factors can be reduced by
compensating the reactive power directly in the low voltage network.

Compensation of reactive power of electrical installations of industrial enterprises
is carried out by means of static capacitors which include in parallel to consumers of
electric energy / cross compensation /.

Capacitor installations are special tanks designed to generate reactive power. In

their action, they are equivalent to an overexcited synchronous compensator and can
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only operate as reactive energy generators. Usually capacitor banks are connected to a
three-phase mains according to the triangle scheme. When disconnecting the capacitor
units, it is necessary that the energy accumulated in them is discharged to the
automatically switched on active resistance. The value of which must be such that when
disconnected there is no overvoltage on the capacitor terminals.

Capacitor systems in comparison with other sources of reactive energy have such
advantages as small losses of active power (0,0025 + 0,005 kW / kvar), simplicity of
operation (due to lack of rotating parts), simplicity of performance of installation works,
for installation of condenser installations can be used. any dry room.

The disadvantages of capacitor installations include the dependence of the
generated energy on voltage, sensitivity to rising supply voltage and insufficient
stability, especially in short circuits and overvoltages.

Capacitors are protected by fuses in phases.

Placement of capacitors in networks with voltage up to 1000 V and above should
satisfy the condition of the greatest reduction of losses of active power from reactive
loadings. There are three main schemes of placement of static capacitors to compensate
for reactive loads: individual, group and centralized / sheet graphic part /.

Individual compensation is the placement of capacitors directly near the current
collectors / electric motor, etc./ and is the most effective, because unloading without
reactive currents takes place all the way from the power generators to the power
consumer. But when the current collector is disconnected, the effect of compensation is
suspended, so individual compensation is used for current consumers who work for a
long time without disconnection.

Group compensation is characterized by the connection of a capacitor bank to the
busbars of power distribution points or shields. This method improves-

The use of capacitors, but not discharged from reactive currents distribution
network from power points and shields to electrical receivers.

Centralized compensation is characterized by the placement of batteries of static
capacitors on the busbars of the transformer substation from the high or low voltage.

With this method of compensation, the network within the enterprise from reactive
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currents are not discharged. Reactive power compensation occurs from the high voltage
lines that supply the substation and further to the generators of the power plant.

Based on the above, it is advisable in the enterprise to use centralized reactive
power compensation with the placement of static capacitors on the buses of the step-

down transformer substation 10 / 0.4 kV from the low voltage, ie in the switchboard -

0.4 kV.
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JoaraTtok b
4 EKOHOMIYHA YACTUHA
4.1 Criaj peMOHTHOI'0 rOCIOAAPCTBA MPOMUCIOBOI0 MiIMPUEMCTBA

[Ipu3HaueHHS PEMOHTHOIO I'OCIOAApPCTBA MIJNPUEMCTBA — CBOEYACHE M y IMOB-
HOMY 00CS31 33JOBOJICHHS MOTPEe0 BUPOOHUUMX MIAPO3IALIIB MIANPUEMCTBA B TEXHIU-
HOMY OOCIIyrOBYBaHHI Ta PEMOHTI yCTaTKyBaHHS 3 MiHIMaJIbHUMH BUTpaTamMu. BupoO-
HUY1 MAPO3LIN MiANPUEMCTBA, 10 OepyTh y4acTh y BUITYCKY MPOAYKIlIi, BHKOPUCTO-
BYIOTh PI3HOMaHITHE TEXHOJIOTIYHE YCTaTKyBaHHA. Y MpoOIlIeci eKCIUTyaTallii ycTaTKy-
BaHHS MIAJAETbCA (PI3UYHOMY 3HOIIYBAHHIO, YEpEe3 IO 3HMKYIOThCS MO0 TOYHICTD,
IPOAYKTUBHICTb H 1HII XapakTepUcTUKU. e MoXke cTaTh NpUYMHOIO 3HUKEHHS SIKOCTI
OPOAYKIIil, MOTIPUICHHS TEXHIKO-EKCIUTyaTallliHUX XapaKTepUCTHK YCTAaTKyBaHHS Ta
TEXHIKO-€KOHOMIYHUX MOKa3HUKIB BUPOOHMIITBA. JIJIsi KOMIIEHCallil 3HOIIYBaHHS Ta Ii-
IATPUMKH YCTaTKyBaHHS B Mpare3aTHOMY CTaHl Ha HEOOX1THOMY piBHI HEOOX1JHO Bya-
CHO 3aMIHSITM YAaCTHHHU, 10 3HOCHWJIMCS, YCTATKyBaHHS, BIJHOBIIOBATH iXHI MEpPBICHI
BJIACTUBOCTI i pO3MIpH, IPOBOJUTH PETYJIIOBaHHS 1 HACTPOIOBAHHS OKPEMMX arperaris,
BUKOHYBATH 1HIII BUAU POOIT 3 TEXHIYHOTO OOCIyTOBYBaHHS H PEMOHTY YCTaTKyBaHHS.
OckiIbKM Ha MANPUEMCTBI 0arato pi3HOMAHITHOTO TEXHOJIOTYHOTO YCTaTKyBaHHS,
BUHUKA€E IMOTpeda B CUCTEMAaTMYHOMY BHMKOHAaHHI BEJIMKOIO 00OCATY PpPEMOHTHO-
npodiTaKTHYHUX pOOIT YUHHOCTSIMH CIIEIiaNi30BaHuX miapo3autiB. Taki crenianizoBa-
H1 M1APO3/IUIN Ha MiANPUEMCTBI MOETHYIOTHCS B €JUHE PEMOHTHE FOCIIOIAPCTRO.

Jlo ckiazy peMOHTHOTO IOCIOAAPCTBA MiAMPUEMCTBA BXOSATh 3arajJbHO3aBO/ICh-
Ki ¥ 11€XOB1 PEMOHTHI MIIPO3/1IH, 10 3a0€3Meuy0Th PEMOHT 1 OOCITYyrOByBaHHS TEX-
HOJIOTIYHOTO YCTaTKyBaHHS: PEMOHMHO-MEXAHIYHUL YeX, OE3MI0CEPEAHbO  MMIAIETIIN
TOJIOBHOMY MEXaHIKOBI MIJIPUEMCTBA, 1 yexosi pemoHmui 6a3u, 1Mo NepedyBalTh y
BEJICHHI MEXaHIKIB LiexiB. /[0 3araiabHO3aBOJCHKOIO PEMOHTHOIO T'OCHOJApCTBA CTaB-
JSITHCSI TAKOXK MAacCTUIIbHE M €eMyJIbCIiHE TOCTIOapCTBO, CKIAJAN YCTATKyBaHHS M 3amya-
ctuH. KoopaunHaiiro AisSUIbHOCTI 1O TEXHIYHOMY OOCIYyTOBYBaHHIO i PEMOHTY YCTaTKYy-
BaHHS Ha MIJNPUEMCTBI BUKOHYE BI00il 20/106H020 MexaHika. J1o CKilaly peMOHTHOTO

rocrnoaapCTtBa BCIIMKUX IIPOMHUCIOBHUX HiI[HpI/IGMCTB MOXYTb TaKOX BXOAWUTHU PCMOHT-
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HO-Oy/IIBENTbHUI 1IeX, 1[0 BUKOHYE PEMOHT OYAMHKIB 1 CIIOPYIKEHb HAa TEPUTOPIT Ii/III-
PUEMCTBA, TIUIETINN BIIAUTY KamiTaJIbHOTO OyIiBHUIITBA,eleKMPOPEMOHMHUL YeXx,
10 BUKOHY€E PEMOHT €HEeProyCcTaTKyBaHHS U MiAJIETIINi TOJIOBHOMY eHepreTukosi. Oc-

HOBHI (DYHKIII PEMOHTHOTO TOCIIOapCTRA:
* MACMOPTHU3ALliA U aTecTallisl yCTaTKyBaHHS,
* pO3pOOKa TEXHOJIOTIYHUX MPOIIECIB PEMOHTY 1 iIXHBOT'O OCHAIIICHHS;

* Oprasizamisi Ta IUIAHYBaHHS TEXHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTY YCTaTKyBaHHS,

po6OTa PEeMOHTHOTO MEPCOHATY;

* BUKOHAHHS POOIT 3 TEXHIYHOI'O OOCIyrOBYBaHHS M PEMOHTY, MOJEpHI3allll yCTaTKYy-

BaHHA.

PeMoHnTHE TOCIIONAPCTBO MiAMPUEMCTBA BUKOHYE TEXHIYHE OOCIIyrOBYBaHHS Ta PEMOHT
ycTaTkyBaHHA. L{171b TEXHIYHOTO 0OCIIYyTOBYBaHHS T4 PEMOHTY YCTATKyBaHHS € MIATPH-
MKa HOro B MOCTIHHIN mpare3aaTHocTl. JIoCSTHeHHS 1€ MeTH HalO1ITbIIT €KOHOMIYHUM
CrocoOOM MpUITycKae MiHIMI3AIIlIO 3aralbHUX BUTPAT BHACIIOK BUXOJY 3 JIaay ycTaT-
KyBaHHS ¥ Ha MIATPUMKY HOTo B poO0OYOMY CTaHi. ¥ TEXHIYHOMY OOCIyroByBaHHI MO-
JKJIMBI1 JBa PI3HUX MIAXOAU: pearyBaHHA Ha (aKT MOJOMKH i 3amobiranHs QaxkTy mojo-
MkH. Konu 3a yMoBaMu BUpOOHUIITBA JOIYCTUMO KOKHOI 3 HUX, PIICHHS TPUIMAETHCS
Ha OCHOBI KpUTEPIIO0 MIHIMYMY 3arajbHUX BUTpPAT: 3 OJHOTO OOKY, BUTPAT BiJl IPOCTOIB
1] yac aBapiiHMUX (HEMJIAHOBUX) PEMOHTIB ¥ iXHBOI BapTOCTI, 3 1HIIOTO OOKY — BHTpAT
B1JI TPOCTOIB i1 4ac MpodiIakKTHIHUX (TJIaHOBHX) PEMOHTIB 1 IXHBOT1 BapTOCTI, HA OJI-
HUX TEXHIYHO OOTPYHTOBAaHUX [TOBrOTEPMIHOBUX THMYACOBUX IHTEepBajax (3BHYAWHO
MOPIBHSAHHUX 3 TEPMIHOM CITy>KOU YCTaTKyBaHHS).

VY OUIBIIOCTI BUMAJKIB 3YITMHKA BUPOOHUIITBA Yepe3 BIIMOBY YCTAaTKyBaHHS HE
npurnycTume abo BKpail He 6akana. Tomy y BUPOOHHIITBI MepeBakae MpoQimakTHUHUN
MIJIX17, HAIlIJIEHUWH Ha 3amoOiraHHs (akTiB BIAMOBHU YCTAaTKyBaHHS BHACJIJOK TEXHIY-
HUX HecnpaBHocTed. Ha mpakTuii 4acto BUSBISETbCS TEXHIYHO HEMOXIIMBO I €KOHO-

MIYHO HE JIOIUIBHO 3a0€3MeYnTH MOBHY O€3BIIMOBHICTh POOOTH YCTAaTKyBaHHS 3a pa-
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XYHOK 3aX0/1B MPO(IIaKTUYHOTO XapaKTepy, TOMY BOHH JOMOBHIOIOTHCA MipaMu, IIO
nependavaroThesl Ha BUNIAAO0K BIIMOBH (aBapiitHOTO BUXOMy 3 jdamy). [Ipu BHCOKiH op-
raHizaiii cucteMu npodigakTUYHOTO OOCIyrOBYBaHHS MMOBIPHICTh BIJIMOBH YCTaTKy-
BaHHS PI3KO CKOPOUYYETHCS, MOXIINBI JpiOHI HECIPABHOCTI MOXKYTh YCYBaTHCS B MOTO-
yHOMY TOpsiIKy. [Ipu mbomy 3a06e3nedyeTbesi 0agaHc MiXK BUTpaTaMu Ha MPO(LITaKTUKY
BIIMOB 1 BTpaTaMH BHACHIIOK BiIMOB. [IpakTHuHOIO peanizalli€ro Takoro miaxoay € Cu-
cTeMa TeXHIYHOTrO OOCITyrOBYBaHHS 1 PEMOHTY yCTaTKyBaHHS.

Cucmema mexuiuHo20 00CIY208Y8AHHA | PEMOHMY YCMAMKYB8AHHA — TI€ CYKYTI-
HICTh 3aIUTAHOBAHMX OPTaHI3aIIMHUX 1 TEXHIYHUX 3aXOJlIB MO0 JIOTJIAIY, HATISATY 3a
yCTaTKyBaHHSAM, HOro oOCIyroByBaHHIO M peMOHTY. L{ib 1UX 3axo0/iB - 3armoOiraHHs
MIPOTPECUBHO HAPOCTAIOYOTO 3HOIITYBAHHS, MOMEPEIKEHHS aBapiil 1 MiATpUMKa ycTaT-
KyBaHHSI B MOCTIHHIA roToBHOCTI A0 podotu. Cuctema TOP mpumyckae mpoBeneHHs
npodIIaKTUYHUX 3aXOJIIB MO0 TEXHIYHOT'O OOCIYrOBYBaHHS 1 TJIAHOBOTO PEMOHTY
yCTaTKyBaHHS 4Yepe3 MEeBHE YHCIIO TOJIMH HOro podOoTH, MpU I[bOMY YEpryBaHHs Ta Iie-
PIOIMYHICTD 3aXOJ[IB BU3HAYAIOTHCSI OCOOJIMBOCTSIMU yCTaTKyBaHHS W YMOBaMH HOTO
eKCILTyaTallii.

Cucrema TOP Bkitouae TexHidyHe 0OCITYrOBYBaHHS 1 IJIAHOBUM PEMOHT YCTaTKY-
BaHHS. Texuiune 0Oc1y208y8anHs — 11€ KOMILUIEKC onepaliii mo migTpUMIll Mpaie31aTHO-
CT1 yCTaTKyBaHHS MPU BUKOPHUCTAHHI HOTO IO MPU3HAYCHHIO, IPHU 30epiraHHl # TpaHc-
nopTyBaHHi. TexHIYHe OOCIYyroBYBaHHS BKJIIOUA€ IMOTOYHE MIXKPEMOHTHE OOCIyTrOBY-
BaHHS 1 NeploANYHI NMPpoUIaKTUYHI PEMOHTHI onepailii. [lomoune midxcpemonmue 00-
C/1Y208Y68aHHSA YKIIAAETHCA B MOBCAKICHHOMY CIIOCTEPEKEHH] 3a CTAHOM YCTaTKyBaHHS
W JMOTpMMaHHI MpaBWJ HWOTr0 eKCIUTyaTallli, CBOEYaCHOMY PETyJIIOBaHHI MEXaHi3MIB 1
YCYHEHHI BUHUKAIOUUX JpIOHUX HecrpaBHOCTEH. [l poOOTH BUKOHYIOTHCS OCHOBHUMH
pOOITHUKAMU ¥ YEPrOBHM PEMOHTHUM TIEPCOHAJIOM (CIIOCApSIMU, MaCTHUJIHHUKAMH,

eJIEKTPUKAMU ), 3a3BUYall, 0€3 MPOCTOI0 YCTATKyBaHHS.

4.2 Tlo6ynoBa CTPYKTYPH PEMOHTHOT0 HIMKJY €JIEKTPO00JIaIHAHHS

CTpyKTypa PEeMOHTHOI0 NMKJY — BH3HAYA€ TOCIIOBHICTh BUKOHAHHS PI3HUX

BU/IIB
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PEMOHTY 1 POOIT MO TEXHIYHOMY OOCIYTOBYBAaHHIO y MeXaX OJHOTO PEMOHTHOIO ITUK-
Ty.

PeMOHTHMIT MK — TPUBATICTh POOOTH, 110 BUPAKAETHCS Yy POKaX KaJleHAapHO-
ro 4acy MiX JBOMA IUVIAHOBUMH KaliTaJbHUMHU PEMOHTaMHU. A JIsl HOBOTO OOJIafHAHHS
— TPUBAIICTh pOOOTH BiJl BBEACHHS B €KCILTyaTallll0 /IO MEPIIOTO KarmiTalbHOTO PEMOH-
Ty.

Mi:xkpeMoHTHMIi nepioa — TpUBAIICTh POOOTH 00JIaTHAHHSA 1 MEPEXK, BUPAKEHA Y
MICSIISIX KaJICHIAPHOTO Yacy MiX JBOMa NOTOYHUMH PEMOHTaMH. A JUis HOBOTO 00ja-
HAHHS — BiJ] BBEJICHHS B €KCIUTYaTAaIlIf0 /IO TIEPIIOTO TOTOYHOTO PEMOHTY.

Po3paxyHOK €KOHOMIYHOI YaCTMHU BHKOHYEMO Ha 0a3i JaHMX PO3PaxyHKOBO-
TEXHIYHOT YaCTHHH.

Bce o6nannanns rpymyemo 3rigHo HopMaTuBiB cuctemu TOPEO 1 3aHocuMo 110

tabmui 4.1

Tabmuus 4.1 — Buxigni mani s po3paxyHKy

HaiimenyBanHs 00siaHaHHS P, kBt , iH1mi Beau- KinpkicTh, mT.
YUHU
1.CuiioBi Tpanchopmaropu 400 2
2. Tpanchopmaropu Hanpyru 960 2
3.TpanchopmaTopu CTpymy 600-800 18
4. KomrieHcyroui mpucTpoi 75 3
5.BucokoBoIbTHI BaaKyMH1 BUMHKaYi 630 7
6.BrcokoBONIBTHI po3’€qHYBaY1 630 16
7.BUCOKOBOIBTHI 3aIT001KHUKH 630 12
8.BHCOKOBOJIbTHI pO3PSTHUKH 630 6
9.BuMukaui HaBaHTaKEHHS 630 2
10.Hu3bKOBOJILTHI aBTOMATU4YHI BUMHU- - 8
Kaul
11.Hu3pKOBOIBTHI PyOMITBHUKHI - 10
12.BUCOKOBOABTHI HINHU 215 2
13.HHU3bKOBOJIHTHI IIMHU 870 2
14.Anapatu  KepyBaHHS  BYJIUYHUM - 1
OCBITJICHHSIM
15.3a3eMi0104nid KOHTYP - 1
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3rigHO 3 HOPMATUBHUMH JAHUMH BU3HAYA€MO MEPIOJAUYHICTh PEMOHTIB JIJIs eJie-
KTpooOagHaHHs, BkazaHoro y Tabmuii 4.1 HopmatuBHi nani OyayTh BBaxkaTucst 0azo-
sumu BapiantoM (B) pospaxyuky. IIpoextruit Bapiant (II) BuGupaemo camocriiino. Mo
IO CYyTHICTb MOJISATAE y 301JIbLICH] TPUBAJIOCTI PEMOHTHOTO LIUKITY 3aB/ASIKM OKpAICH-
HIO CUCTEMHU TEXHIYHUX OTJISJIIB 1 MOKPAIIEHHI0 YMOB YTPUMaHHS 1 eKCILTyaTali oosa-
JTHAHHSL.

[TepiognunicTh peMOHTIB (0a30BUIA Ta MPOCKTHUH BapiaHTH) 3BOJUMO JI0 TAOJIHIII
4.2.

Opnpasy micins Ta0auil HaAArTHCS MOCHJIAHHS HA HOPMATUBHI IOKYMEHTH YH JIi-

TepaTypy, 3 SKUX OyJ0 OTpUMAaHO JaHi.

Ta6muis 4.2 - [lepioguyHICTh PEMOHTIB

TpuBamicTs peMOHT- | TpHuBaNiCTh MIKPEMOHTHOTO
HaliMenyBaHHs 00J1a{HaHHS HOT'O IUKITY, POKH nepioxy, Mic.
b I1 b I1
1.Cunogi Tpanchopmaropu 12 15 36 36
2. Tpanchopmaropu HanpyTu 3 5 12 12
3. Tpancdopmaropu cTpymy 3 5 12 12
4. KomnieHcyro4i TpUCTpOi 6 7 12 12
5.BHCOK9B0HLTHi BaKyyMHi 6 . 12 12
BUMHUKaY1
6.BucokoBoibTHI Po3’eqHyBaul
P Y 4 5 12 12
7.BrcokoBOIbTHI 3aIT001IKHUKHI 6 2 12 12
8.B i
HMCOKOBOJIbTHI PO3PSTHUKH 6 g 12 12
9 .Bumukaui HaBaHTaKEHHS 3 5 12 12
10.Hu36K0BONBTHI aBTOMATHYHI 6 8 12 12
BUMUKAY1
11.Hu3pKOBONBTHI pyOUIBHUKH 6 8 12 12
12.BHCOKOBOJIBTHI IIINHU 15 18 36 36
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[Tponosxeuns tadmum 4.2
13.Hu3bK0BOJIBTHI LIIMHA 15 18 36 36
14.Anapatu KepyBaHHsS BYJIW4- 10 12 12 12
HUM OCBITJIEHHAM
15.3a3eMi0104nid KOHTYP 15 17 - -

/22,¢.91, Taba. 4-1/, /22, ¢. 106, Tadn. 5-2//22, c. 174, Tabn. 11-1/

Ha ocHoBi HaBeneHux y Tabmuii 4.2 JaHUX CKJIAJAEMO CTPYKTYPY MI>KPEMOHTHOTO
UKJTYy Ta PO3PaXOBYEMO KOCPIIIEHTH LHUKIIYHOCTI OKPEMO JIJIsi 6a30BOTO 1 JIJIsl IPOEKT-

HOT'O BapiaHTIB.

ba3oBuii BapianTt

1) Byayemo cTpyKTypy MI>KpEMOHTHOTO LIUKITY JUIsl CUJIOBHX TpaHCc(hopMaTopis:
I11-I12-I13-K1

( To6TO 1 pa3 Ha 36 Mics1iB BUKOHYeThes notouHuit pemont (I11,I12,113....), a Ha
6-11 pik eKcIuTyaTallli BAKOHY€eThCs KamiTanpbHui peMoHT (K1).

KoedinienTn uukiaivyHocTi 32 BUIaMu peMOHTY BU3HAYAEMO 32 (POPMYIIOFO:

n 4.1
K= (4.1)

7Ie N — KIJTBKICTh PEMOHTIB BIITIOBITHOTO BUTY B ITUKJIL;
T — TpuBaIiCTh PEMOHTHOTO IUKITY , POKH.

KoedimieHT HUKITYHOCTI TOTOYHUX PEMOHTIB:

3
=—=10,25a60 25%,

I-<L[.H. 12

KoedimieHT HUKIIYHOCTI KamiTalbHUX PEMOHTIB:
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1
Ku = 75 = 0,08 a60 8%,

2) bynyemMo cTpyKTypy MI>KPEMOHTHOTO LIUKITY JJIsl TpaHC(OPMATOPiB HAIIPYTH:
I11-I12-K1

(To610 1 pa3 Ha 12 MicA1iB — TOTOYHUN PEMOHT ; uepe3 3 POKIB — KalliTaJbHUI )

KoediuienT nukmvHOCTI 17151 TpaHC(HOPMATOPIB HAIIPYTH:

2
Kin = 3" 0,66,

KoedinienT nukmivHOCTI 17151 TpaHC(HOPMATOPIB HAIIPYTH:
LK.

K —1—033
=3=0,33.

3) Bynyemo cTpyKTypy MIKPEMOHTHOTO LIUKITY JJisl TPaHC(OPMATOPIB CTPYMY:
[T1-112-K1

KoedimienT mukaigHOCTI 1)1 TpaHC(HOPMATOPIB CTPYMY:
2
Kin = 3= 0,66,
KoedimieHT HUKITYHOCTI ISl TpaHCHOPMATOPIB CTPYMY:
LK.

K —1—033
=3 =033

Koedinientn nukiaigHocTi 6a30BOT0O BapiaHTy Il OOJaJHAHHSA, SKE 3aJUIIHIOCS

PO3paxoBy€EMO 3a aHAJIOTIEIO Ta 3aHOCUMO pe3yJIbTaTH B Tabnuiito 4.3
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[IpoekTHuii BapiaHT
1) BynyeMo cTpyKTypy Mi>KpEeMOHTHOTO LIUKJTY JJIsi CHJIOBHX TpaHC(OPMATOPIB:
I11-I12-I13-I14-K1

KoeiieHT NUKIIYHOCTI 151 CUJIOBUX TpaHC(HopMaTopiB:

K, = * =0,26
u.n._ls_; )

KoedimieHT HUKITYHOCTI ISl CUIOBUX TpaHCHOPMATOPIB:

1
Kix ====0,06.

I.K. 15

2) bynyemMo cTpyKTypy MI>KPEMOHTHOTO LIUKITY JJIsl TpaHC(OPMATOPiB HAIIPYTH:
I11-I12-I13-I14-K1

KoedimieHT nukiIigyHOCTI Jy1sl TpaHCHOPMATOPIB HANIPYTH:

K. =

111

4-—08
5_ Y

KoedinienT nuKI4HOCTI 17151 TpaHC(HOPMATOPIB HAIIPYTH:

3) Bynyemo cTpyKTypy MiKPEMOHTHOI'O LIUKITY JJisi TpaHC(HOPMATOPIB CTPYMY:

IT1-112-113-114-K1
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KoedimienT nukmigaOCTI U1 TpaHC()OPMATOPIB CTPYMY:

KoedimieHTH MUKITIYHOCTI TPOSKTHOTO BapiaHTy Il 0OJIaJIHAHHS, SIKE 3aJIUIIH-

JIOCSI PO3PaxOBYEMO 33 AaHAJIOTIEI0 Ta 3aHOCUMO Pe3yJbTaTH B Tabmmio 4.3.

Ta6muig 4.3 — CTpykTypa MDKPEMOHTHHX LIUKJIIB 1 EP10/IiB

) KiIbKiCTh PEMOHTHHX IIMKJIIB KoedilieHTH MKIIIYHOCTI
HaiimenyBanHnst 06- " ; = i i i
ITorou-umii | Kamitayib-Huii IloToynun Karniraib-Huii
JaHAHHS
b I b I b I1 b 11
1.CunoBi  TpaHcdo- 3 4 1 1 0,25 0,26 0,08 0,06
pMaTopu
2.Tpancdopmaropu | 4 1 1 0,66 0,8 0,33 0,2
HaIpyru
3. Tpanchopmaropu ) 4 1 1 0,66 0.8 0,33 0,2
CTpyMy
4.K0Mn§§cqu1 5 6 1 1 0,83 0,85 0,16 0,14
pUCTpPOi
5.BucokosonbTHI 5 6 1 1 0,83 0,85 0,16 0,14
BaaKyMHI BUMHKaYi
6.B£/ICOI<OBOJI.BTH1 3 4 1 1 0,75 0,8 0,25 0,2
po3’eHyBavi
7.BHCQKOBOHLTH1 5 7 1 1 0,83 0,87 0,16 0,12
3aro01KHUKH
8.BHCOKOBOJIBTHI 5 7 1 1 0,83 0,87 0,16 0,12
PO3PSAHUKH
9.Bumukaui P 4 1 1 0,66 0,8 0,33 0,2
HABaHTAKCHHS
10.Hu3bK0BOJIBT-HI
aBTOMaTW4HI BUMH- | 5 7 1 1 0,83 0,87 0,16 0,12
Kaui
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11.Hu3pK0BOIBT-HI 5 7 1 1 0,83 0,87 0,16 0,12
PyOMITBHUKH

12.BucOKOBOIBT-HI 4 3 1 1 0,26 0,27 0,06 0,05
TUHA

13.Hu3pK0BOIBT-HI1 4 3 1 1 0,26 0,27 0,06 0,05
TUHA

14.Anapatu  kepy-

BaHHA  ByamuHEM | 9 11 1 1 0,9 0,91 0,1 0,083
OCBITJICHHSIM

15.3a3zemntoroun-i ) ) 1 1 . - 0,06 0,05
KOHTYD

4.3 Bu3HayeHHS TPYAOMICTKOCTI peMOHTIB
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Tpyoomicmkicmes pemonmy TOKa3ye BUTPATH TMpalll Al IPOBEACHHS TOTO Y 1H-

ro 00CITyroByBaHHS KOXHOI OJMHULI 00JaIHaHHS, KOKHOT AUTTHKA MEPEX.

IIIOTO BUJy PEMOHTY, OIJISAIB, IEPEBIPOK, BUIPOOOBYBAHD , JJIs 31MCHEHHS TEXHIYHO-

Hopmu TpyaoMICTKOCTI JUisl pi3HUX BUJIB PEMOHTY BHU3HAYA€MO 3a JOMOMOTOIO

HOPMATUBHUX JIOKYMEHTIB Ta JITEPATYPH.

Otpumanni gani 3BoauMo 10 Tadmmii 4.4, Oxgpasy micis Tabauill HaJalThCs T0-

CUJIAHHSI Ha JIITEpaTypy, 3 IKOi OyJI0 OTPUMaHO JaHi.

Tabmuis 4.4 — Hopmu Tpy1OMICTKOCTI pEMOHTY.

) TpynomicTkicTh OMHULI
. [ToryxHicts, kBT,
HaI/IMeHyBaHHH oOJaHaHHS . . 00JIaJHaHHS, JIIOJI. - TOJI.
1HII1 BEIMYUHU
I1 K
1.Cunosi Tpanchopmaropu 400 45 220
2.TpanchopmaTopu Hanpyru 960 10 32
3. Tpancdopmaropu cTpymy 600-800 7 23
4. KoMIieHCy1o41 pUCTpoi 75 10 30
5.BHC9KOBOJH>THi BAaaKyMHI BH- 630 9 25
MUKayl
6.BrcokoBoNIbTHI pO3’€qHYyBaY1 630 6 20
7.BUCOKOBOJIbTHI 3aMTO01KHUKH 630 2 4
8.BHCOKOBOJIbTHI O3PS THUKA 630 2 4
9.BuMuKkavi HaBaHTaXCHHS 630 4 12
10.Hu3bKOBONIBT-HI aBTOMAaTHYHI1 800 11 30
BUMMKAY1
11.Hu3pKOBOIBT-HI pYyOMIIBHUKH 800 1,4 4
12.BuCOKOBONBT-HI IIUHU 215 4 14
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13.HHU3bK0BOJILT-HI IIMHA 870 5 18
14.Anapatu KepyBaHHsSI BYJIMY- - 8 25
HHUM OCBITJICHHSM

15.3a3emimtor0unii KOHTYp - - 50

/22,c.92, tabxn. 4-2 /, /22, c. 106, Tadn. 5-3/, /22, c. 139, Tabn. 7-2/, /22, c. 174,
tabmn. 11-2/
Ha ocHOBi 0OTpuMaHUX HOPM TPYIOMICTKOCTI PO3PaxOBYEMO CyMapHY TPYIAOMIC

TKICTb 110 0230BOMY 1 IPOEKTHOMY BapiaHTax. Po3paxyHKH MpoOBOIMMO y BUTIIS1 Ta0-

b 4.514.6

Ta6mug 4.5 — CymapHa TpyAoMICTKICTb (0a30BHi1 BapiaHT)

P Ki TpynomicT- Bepo-
. ’ s | APYA 3aranb-Ha Koedi- . ro
Haiimeny- | xBT. ; - KICTb OJIU- . . Tpyno-micT-
.. ) TPY-JAOMICT- | I[IEHT IUK- - : TPpyI0-
BaHHA 001a- 1HII kict | HuLb 001a- . ) . KICTb 3a P1K ’
KICTB JIY-HOCTI MiCT-
JHAH-HA BEJIU- b, IHAH-HSA i
KiCTb
YUHU | I0T.
IT K I1 K I1 K IT K
1.Cuitosi
Tpancdopma- | 400 2 45 220 90 440 1 0,25 1 0,08 | 22,5 35,2 57,7
TOpH

2. Tpanchopm
aTopu Hampy- | 960 2 10 32 20 64 10,66 033 | 13,2 | 21,12 | 34,32
TH
3.Tpanchopm

aropnerpy- | S0 | 18 | 7 | 23 | 126 | 414 o6 [ 033 | 8316 [ P00 [ 21978
My
4.KomnieHncy

. .| 75 3 10 30 30 9 10,83 10,16 | 24,9 14,4 39,3
1091 MPUCTPOI

5.BucokxoBon

bTHL 630 | 7 o | 25 | 63 | 175 | 0,83 0,16 | 5229 | 28 | 80,20
BAaKyMH1

BUMMKAYl
6.BucokoBo

bTHI 630 | 16 | 6 | 20 | 96 | 320 J 0,75 025| 72 80 152

po3’€eHyBaul

7.BucokoBo
bTHI 630 12 2 4 24 48 0,83 10,16 | 19,92 | 7,68 27,6
3alI001KHUKA

8.BucokoBoi
bTHI 630 6 2 4 12 24 10,83 10,16 1 9,96 3,84 13,8
PO3PSIAHUKHA

9. Bumukaui
HaBaHTaxeHH | 630 2 4 12 8 24 1066 ] 0,33 ] 5,28 7,92 13,2
i
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10.Hu3pko0BO
MRTHL 800 | 8 11 | 30 | 88 | 240 | 0,83 | 0,16 | 73,04 | 38,4 | 111,44
ABTOMATHUYH1
BUMUKaYl
11.HuspkoBO
JIBTHI 800 10 1,4 4 14 40 0,83 ]0,16 | 11,62 6.4 18,02
pyOMIIEHUKH
12.Bucoxoso | 5,5 | 4 |14 ] 8 | 28 |o26)006] 208 | 1,68 ] 3,76
JIbTH1 HIIMHNU
13.Humsoxoso | o0 1o | s | g | 10 | 36 026006 26 | 216 | 476
JIbTH1 HIIMHNU
14. Anaparu
KCpYBaHHi ; 1 s | 2s | s l2sloolot ]| 72| 25 | 97
ByJII/I[IHI/IM
OCBITJIEHHSIM
15.3a3emitro
N - 1 - 50 - 50 - 0,06 - 3 3
FOUYU KOHTYD
Beboro ] N D
5 2
Meroanka po3paxyHKy JaHUX JJIS 3alIOBHEHHS TaOJINIII:
3arajbpHa TPYJOMICTKICTb:
T3ar. = Ti "n, (42)
ne T; — TpyAOMICTKICTh Ha OAUHUIIIO O0JIaIHAHHSI, JIFO. — TOI.;
N — KUTBKICTh 00JIaJHAHHS 1-TOTO BUY, IIIT.
TpynoMiCcTKICTh 3a PiK:
Tpi}c. = Taar Kw (4.3)
Bcboro TpyaoMiCTKICTb:
T=TH.TKI (44)

Tp, Tk — BIAMIOBIAHO TPYAOMICTKICTh MTOTOYHOTO 1 KaMiTaIbHOT'O PEMOHTIB JIFOJT. —

rona

AHAJIOTIYHO CKJIAJAEMO 1 3aIIOBHIOEMO TaOIUITO 4.6 (TPOCKTHUI BapiaHT).



Tabmuis 4.6 — CymapHa TpyIOMICTKICTh (IIPOSKTHHUI BapiaHT)
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. . Bcro-
. P, | Kins | Tpynowmict- 3araib-Ha Koeoi- . ro
Haiimeny- kBT. ; - KICTh OJHU- . . Tpyno-mict-
panns ooma- | immi | xier | Hump o6ma- | TPYAOMICT- | IUEHT K= KiCTh 3a piK TpyAo-
KiCTh Ji4Y-HOCTI MicT-
THAH-H BemH- | b, JHaH-HA CiCTE
TN T K o] kK o] K| 0 | K
1.Cuosi 400
TpaHcdopma- 2 45 220 90 440 1 0,26 | 0,06 | 23,4 26,4 49,8
TOpH
2. Tpaunchopm | 960
aToOpHU HaIpy- 2 10 32 20 64 0,8 0,2 16 12,8 28,8
™
3. Tpanchopm | 630-
aTopH CTPy- 800 18 7 23 126 | 414 0,8 0,2 100,8 82,8 183,6
My
4.Komnency 75 15 1 19 | 30 | 30 | 90 o085 ]o1a] 255 | 126 | 38.1
104l IPUCTPOI
5.BucokxoBon | 630
bTHI BaaKyM- 7 9 25 63 175 1 0,85 | 0,14 | 53,551 24,5 78,05
H1 BUMHKaul
6.Bucokxoson | 630
bTHI 16 6 20 96 320 0,8 0,2 76,8 64 140,8
po3’€THYyBavl
7.Bucokoson | 630
bTHI 3a100i- 12 2 4 24 48 0,87 10,12 J 20,88 5,76 26,64
JKHHUKU
8.BucokoBon | 630
bTHI pO3PSI- 6 2 4 12 24 0,8710,12 ] 10,44 | 2,88 13,32
HHUKHN
9. Bumukaui 630
HaBaHTa)KeH- 2 4 12 8 24 0,8 0,2 6,4 4.8 11,2
Hi
10.HuzskoBo | 800
/IbTHIL aBTo- 8 | 11 | 30 | 88 | 240 | 0.87]0,12] 7656 | 28,8 |105.36
MAaTH4Hi BU-
MHKaui
11.HuzskoBo | 800
JBTHI pyOu- 10 1,4 4 14 40 0,87 10,121 12,18 4.8 16,98
JIBHUKHN
12.Bucoxoso | 215 |, 4 |14 ] 8 | 28 Jo27]005] 216 | 1.4 | 356
JBTHI MIUHA
13.Huseoso | 870 15 5 1 15 | 10 | 36 027|005 27 | 18 | 45
JIBTH1 IIMHN
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14.Anapatu

KepyBaHHS 0,08

By _ 1 s |25 | 8 | 25 [oor |77 ] 728 | 2075 | 9355

OCBITJICHHSM

15.3azemmo _ 1 1ol - | so] - Joos| - 2.5 2.5

109U KOHTYP

Bcboro ] ] ] ] ] ] ] ~ | 4346 [ 2779 [ 712,56
5 15 5

4.4 Po3paxyHOK cO0IBApPTOCTi peMOHTIB 32 0a30BMM Ta NMPOEKTHUM BapiaH-

TaMH

Po3paxyHok co6iBapTOCTI pEMOHTHUX POOIT BUKOHYEMO IO JBOM BHJIaM PEMOH-

TiB 1 BOM BapiaHTaM (0a30BOMY 1 IPOEKTHOMY) 1 BKJIIOYAIOTh TaKl BUTPATH :

D)IIpsima 3apo6iTHa m1aTa;

2) IlpemianbHi Ta 1HII JOTLJIATH;

3) OcHoBHa 3apo0iTHA I1J1aTa;

4) lomatkoBa 3apo0iTHa IjaTa ;

5) €auHui coriaabHUM BHECOK;

6) Butpatu Ha matepianu;

7)ButpaTti Ha yTpuMaHHS Ta €KCILTyaTallil0 YCTaTKyBaHHS,
8)LlexoBi BUTpaTH ;

9)3aranbHO3aBOJCHKI BUTPATH;

1) Buznauaemo npsimy 3apoOiTHY TU1aTy:

3= CIV - Ti' (45)

ne, Cry — roguHHa TapudHa ctaBka poditHuka (37,5 rpH);

T; — TpyAOMICTKICTb BiAMOBIAHOTO BUIY PEMOHTY, JIFOA.-TOJ.
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35 = 37,5-399,75 = 14990, 62 rpH. ;

35 = 37,5 388,92 = 14584, 5 rpH.;

3 = 37,5 - 434,65 = 16299,37 rph. ;

3k = 37,5-277,915 = 10421, 81 rpH.

2) BuznauaeMo nmpemiaiibHi Ta 1HIII JOTJIATH:

3AOHJI. =0,6-3, (4.6)

3,0mn5m = 0,6 - 14990, 62 = 8994, 37 rpH.;

3,0mn5x = 0,6 14584,5 = 8750, 7 rpH.;

30mnn = 0,6 16299,37 = 9779, 62 rpH.;

3 omnnk = 0,6 10421,81 = 6253 rpH.

3) BuzHayaemMo OCHOBHY 3ap0oOiTHY ILIATY:

30c1—1 =3+ 3,q0n11.l (47)

3.eunn = 14990,62 + 8994,37 = 23984, 99 rpH. ;

3oenpi = 14584,5 + 8750,7 = 23335,2 rpu. ;
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Boeni = 16299,37 +9779,62 = 26078,99 rpH. ;

3ok = 10421,81 + 6253 = 16674, 81 rpH.

4) BuzHauaeMo J0JaTKOBY 3apO0iTHY IIaTy:

3 o ' 0,1, (4.8)

nop. =
3060 = 23984,99-0,1 = 2398,49 rpH. ;
3ron5Kk = 23335,2:0,1 =2333,52 rpH.;
3ponnn = 26078,99-0,1 = 2607,89 rpH.;
3ponnk = 16674,81-0,1 =1667,48 rph.
5) Buznayaemo e1MHUHN COIllaJbHUM BHECOK:

€CB = (3ocn. + 3101) - %ECB, (4.9)

ne, % €CB — BiIcOTOK BipaxyBaHb Ha €IMHUI COIlaJbHUM BHECOK (BCTAHOBIIIO-

€THCSI Y 3aKOHO/IaBUYOMY TOPSAY 1 HA TaHUH MOMEHT CTaHOBUTH 22%)

€CBg = (23984,99 + 2398,49) - 0,22 = 5804, 36 rpH. ;

ECBgx = (23335,2 +2333,52)-0,22 = 5647,11 rpH.;

€CB; = (26078,99 + 2607,89) - 0,22 = 6311, 11 rpx.;
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€ECBpx = (16674,81 + 1667,48) - 0,22 = 4035,30 rpH.
6) BapTicTe MatepialiB i1 BUKOHAHHS PEMOHTHHUX POOIT MpHUIMaEMO y BiJICOT-
kax (II) o mpsamoi 3apoOiTHOT MIaTH:

- JUTA IOTOYHOTO PEMOHTY — 75%

- 715 KamiTtanbHoro pemonty — 110%

M=3-T], (4.10)

Mg = 14990,62 - 0,75 = 11242, 96 rpH. ;

Mgy = 14584,5-1,1 = 16042, 95 rpH. ;

Mpg = 16299,37 - 0,75 = 12224, 52 rpH. ;

Mk = 10421,81-1,1 = 11463, 99 rph.

7) Butpatu Ha yTpuMaHHs Ta eKcIuTyaraiito ycrarkyBanus (P.) cknamarots 617%

B1JI OCHOBHOI 3apO0ITHOI IJIaTH:

Pe = 3ocu. 6,17, (4.11)

P.sn = 23984,99 - 6,17 = 147987, 38 rpH. ;

P.sx = 23335,2-6,17 = 143978,18 rpH.;

P, = 26078,99 - 6,17 = 160907, 36 rpH.;

P,k = 16674,81- 6,17 = 102883,57 rph.
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8) Llexoni Butpartu (1) cranoBnsate 108% Bim cyMu OCHOBHOI 3apO0iTHOT TIJIaTH 1

BUTpAT Ha YTPUMAHHS 1 €KCIUTyaTallll0 YCTaTKyBaHHSI:

o= (BOCH. + Pe) - 1,08, (412)

Ugn = (23984,99 + 147987,38) - 1,08 = 185730, 15 rpH.;

gk = (23335,2 + 143978,18) - 1,08 = 180698, 45 rpH.;

Unn = (26078,99 + 160907,36) - 1,08 = 201945, 25 rpH.;

Ik = (16674,81 + 102883,57) - 1,08 = 129123 rpx.

9) 3aranbHo3aBochbki BUTpatu (B,) cknanators 514% Bin cyMu 0CHOBHOT 3apo0i-

THO{ IJIATH 1 BUTPAT Ha yTPUMAHHS 1 €KCIUTyaTallil0 yCTaTKyBaHHS:

B, = (Boeu. + Pe) * 5,14, (4.13)

B, = (23984,99 + 147987,38) - 5,14 = 883937,98 rpH.;

B,k = (23335,2 + 143978, 18) - 5,14 = 859990, 77 rpH. ;

B, = (26078,99 + 160907,36) - 5,14 = 961109, 83 rpH.;

B,k = (16674,81 + 102883,57) - 5,14 = 614530 rpH.

PesynbTaTu po3paxyHkiB 3aHOCMMO Yy Ta6muil 4.7 1 4.8 (6a30Buii 1 MPOSKTHUIA

BapiaHT)



Tabmuus 4.7 — ButpaTtu Ha miiaHoBiI peMOHTH (0a30BHi BapiaHT)

CratTs BUTpaT

[ToTounuii peMOHT

Kanitansauit peMOHT
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Hopwmarus, % | Cyma,rpH. HOpl:;aTHB’ Cyma,rpH.
0
OcHoBHa 3apo0iTHa T1aTa - 23984,99 - 23335,2
JonaTtkoBa 3apo0iTHa miaTa 10 2398,49 10 2333,52
€UHNNA coLiaIbHAI BHECOK o») 580436 22 5647 11
Martepianu 75 11242,96 110 16042,95
Butpatu ua yrpuMans 1 617 147987,38 617 143978,18
SKCIUTyaTaIlil0 yCTaTKyBaHHS
IlexoBi BUTpaTu 108 185730,15 108 180698,45
3aranbHO3aBOJICHKI BUTPATH 514 883937,98 514 859990,77
IToBHa BapTiCTh - 1261086,31 - 1232026,18

Ta6muig 4.8 — Butpatu Ha M1aHOB1 peMOHTH (IIPOECKTHUN BapiaHT)

CratTs BUTpaT

[ToTounuii peMOHT

Kanitansauit peMOHT

Hopmarus,

Hopwmarus, % | Cyma,rpH. o, Cyma,rpH.
OcHoBHa 3apo0iTHa maTa i} 26078,99 - 16674,81
JlogaTkoBa 3apo0iTHa miaTa 10 2607,89 10 1667,48
€IuHNNA coliabHUN BHECOK 22 6311,11 22 4035,30
Marepiaiu 75 12224,52 110 11463,99
Butparu Ha yrpuManHS 1
eKCTUTYaTaIiio YCTATKYBAHHS 617 160907,36 617 102883,57
Lexosi surpatu 108 201945,25 108 129123
3aranbHO3aBOJICHKI BUTPATH 514 961109,83 514 614530
IToBma BapTicTs - 1371184,95 - 880378,15

4.5 TEII i BucHOBKH

Ha ocHOBI OTpMaHMX JaHUX CKJIAJAEMO MiACYMKOBY TaOJMIIIO JUIsSl TOPIBHSIHHS

0a30BOro 1 MPOEKTHOTO BapiaHTIB:
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Taomurs 4.9 — TexXHIKO-€KOHOMIYHI TOKA3HUKA

(@35120:020101 BennunHu nokazHUKIB
IToxazuuku .
BHMIDY bazosuii IIpoekTHHUIA
1  Piynawmii 06car peMOHTHHUX POOIT JOJ1.-TOJ. 788,67 712,565
[Torounuii peMOHT JIIOI.-TOJI. 399,75 434,65
KamitanpHuit peMoHT JIFOJ1.-TOI. 388,92 277,915
2 BapricTb peMOHTHHX POOIT IPH. 2493112,49 2251563,1
IToToyHM1 peMOHT TpH. 1261086,31 1371184,95
Kamitansauit peMoHT TpH. 1232026,18 880378,15
3 BapricTk 01HIET HOPMO-TOAMHHI TpH. 3161,16 3159,8
[ToTounuit peMOHT TpH. 3154,69 3154,69
Kanitansauii peMOHT TpH. 3167,81 3167,80

BucHoBku:
[TopiBHIOIOYH OTpUMaHi JaHl MOkeMo Bu3HaunTu ekonoMiro (E) 3a hopmymoro:
E = B — B, (4.14)
ne Bg, B — BapTocTi peMOHTHHX poOiT 6a30BOT0 1 MPOEKTHOTO BapiaHTIB.
E =2493112,49 — 2251563,1 = 241549,39 rpH

CyTHICTb pO3paxyHKIB €EKOHOMIYHOI YaCTUHU KBaTi(iKaIIHHOI pOOOTH TOJIATAE y
TOMY, 110 MHOIO 0YJI0 3alIPONIOHOBAHO MPOEKTHUI BapiaHT MPOBEACHHS TEXHIYHOTO 00-
CIIYyrOBYBaHHS 1 PEMOHTIB €JEKTPUYHOTO OO0JIaJHAHHA, B SKUX OyJ0 30UIBIIEHO Kijb-
KICTh POKIB JI0 KalTaIbHOTO PEMOHTY OOJIaIHAHHS, Yepe3 TOKPAIICHHS YMOB €KCILTya-
Talii 00J1aIHaHHS 1 BIAMOBIAHO, 3aBAaHHS MOJISITAI0 B OTPUMaHHI €KOHOMIT, SIK PE3yIlb-
TaT 1bOro pimeHHs. OCKUIbKH, €KOHOMIsI MPOEKTHOTO BapiaHTy ckianae 241549,39

T'pH., 00MpaeMO MPOESKTHHI BapiaHT.
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