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AHJIATIIA

by nmunoMasik skymbicta 110 kB xeminepin ecentey oHE KyaT IIBIFBIHBIH
a3aiTy JKOIIapbel TaKbIPHIOBI OOWBIHINA OpBIHAATFAaH. JKYMBICTA KOCAJIKBI
CTaHIMSJIAPBIHBIH CaHbI MEH KyaThl TaHaanFaH. KepHey jkoHe KyaT IIBIFBIHIAPhl MEH
IIBIFBIHAAP apKBUIBI €CENTIK JKyKTemenep ecenTenreH. ColKeciHIe MeXaHHKAIIbIK
ecenTeysiep IKYPri3UIil KYITIK TpaHCHOPMATOPABIH peJellik KOopraHbic eceOi
KacaJlra.
JKyMBICTBIH apHaiibl OeiMiHAE KyaT IIBIFBIHBIH a3alTy >KOJIAaphl KapacThIPBUIBITI,
COFaH ecemnTeysep >KYPTi3Uidl, KOHE JJIEKTP TOpadbIH jk00anay >KOHE CHHXPOHIBI
KOMIIEHCATOPJIap/AblH PEaKTUBTI KyaTblH aBTOMATThI peTTeyi Kypri3uiai. TeHwko-
YKOHOMHUKAIIBIK KOPCETKIIITEpre €H alAbIMEH >KOOaHBIH ap3aHIbUIBIFBI, DSJCKTP
DHEPTUSHBI TapaTyAbIH KOFapbl CEHIMIUIITT KOHE OOEKTIHIH 631 MEH OHBIH KehOip
OOMJIKTEepIHIH Y3aK SKCIUTyaTalldsChl, XEIIHIH HOMHUHAJIABl KEPHEYIHIH IIamachl,
ChIMFa KETETIH TYCT1 METaJUIIaPbIH IIBIFBIHBI KIPT131JI1.



AHHOTAIUA

JlanHasi nurioMHast paboTa nocssiieHa pacuery Juaui 110 kB 1 cmoco6am

CHIDKEHMsSI »HepronorpedsneHus. KomnuecTBo M MOIIHOCTh MOACTAHIUMNA ObLIH
BBIOpaHbI B paboTte. PacueTHbIC HArpy3KH pacCUYMTHIBAIOTCS Ha OCHOBE HAIPSIKEHUS
W 3arparT Ha DdJIEKTPOIHEpPrut0 U 3arpar. I[IpoBoAsATCs COOTBETCTBYIOIIWE
MEXAHUYECKHME pacueTbl W PACCUMTHIBACTCS peElIEHAas 3alluTa  CUJIOBOTO
TpaHchopmaropa.
B cnemumanpHOM paszgene paboThl ObUTM  PACCMOTPEHBI CIIOCOOBI  CHUDKEHUS
DHEPrONmOTPEONICHHs,  MPOBEACHBI  pacyeThl, MPOBEACHO  IPOCKTHUPOBAHUE
AJEKTPUYECKOM CETH W AaBTOMATUYECKUH KOHTPOJIb PEAKTUBHOM MOIIHOCTH
CUHXPOHHBIX KOMIIEHCATOPOB. DKOHOMUYECKHE U AIKOHOMUUYECKUE MOKa3aTeIN ObLIH
00yCJIOBJICHBI, IPEXKJIC BCET0, HU3KOM CTOMMOCTBIO IIPOEKTA, BHICOKOM HAJCKHOCTHIO
pacrpeneseHus: JNEKTPOIHEPTUN U JUTUTEIBHOM 3KCIUTyaTalue HEKOTOPBIX 4acTeu
0JI0Ka, HOMHUHAJIBHBIM HaIPsHKCHUEM JIMHUH, TTOTPEOJIEHUEM IIBETHBIX METAJIJIOB.



ANNOTATION

This graduation paper is devoted to the calculation of 110 KV lines and ways to

reduce energy consumption . The number and capacity of the substations were
selected in the work. Calculated loads are calculated by voltage and power costs and
costs. Corresponding mechanical calculations are carried out and the relay protection
of the power transformer is calculated.
The special section of the work considered the ways to reduce energy consumption,
calculations were made, and the electrical network design and automatic control of
the reactive power of synchronous compensators were conducted. The economic and
economic performance was primarily due to the low cost of the project, the high
reliability of the electricity distribution and the long-term operation of some parts of
the unit, the nominal voltage of the line, the consumption of non-ferrous metals.
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KIPICIIE

DHepreTuka - Oy OapibIK KYpIeNll dHEPreTUKAIBIK pecypcTapAbl iC KY3iHIe
ailyra, TYpJACHAIpyre, TapaTyfa jKoHe MaijanaHyra apHaJfaH YJIKeH TaOWfu >KOHE
YKaCaH/Ibl Kyienep >KUbIHTHIFbI.

Dnektp Oepuiic xkeminepl. backa sHeprust TypJiepiHEH 3JIEKTP SHEPrUSICHIHBIH
TUIMJUTINT — OHBI MBIHJAFaH KWJIOMETP JKEepre ackaH >KbUIIAMIBIKICH JKETKi3y
MYMKIHAUTITIHIH 00Tybl. BYJT 5KYMBICTBI 2HEPTUs *KYUECIHIH HET13T1 Kypamibl 0eiri —
atektp Oepiic xkemiepi (ObXK) arkapapr.

Kaszipri yakpITTa 371€KTp SHEPTUACHIH TachIMAIJIAWTBIH OTKI3TIIITEP €Ki Type:
YKEPIH YCTIHE OPHATHUIFAH JIEKTP TOTBIH OTKI3ETIH JKEJIJIep JKOHE JKepJIe KOMbLUIAThIH
TOK OTKI3€TIH KaOenbaep OOJbIN jKacanaibl.

OXKb apamuapra Kayirnci3z OMiKTIKTe 00JTyJIapbl KEpeK. AyaHbIH TOK OTKI3TIIITIK
KAacHeTl aya pailblHa >KOHE METCOPOJIOTHSUIBIK Karnaniimapra OalaHBICTHI OOabl.
OBbX — 11 canmymibutap e KYIIiH, dKa3Fbl )KOHE KbICKBI TeMIlepaTypajap ailbpbIMbIH
XKoHe 0acKa /1a KenTereH »kaiap/ sl eckepyiepi KaxkeT. CoHapIKTaH ap0Oip sxaHa IBbXK
caly Ke3iHJe OJ OTETIH >KOJ MYKHUAT 3epTTejeNl, KONTereH KypIeil HHKEHEPIIK
ecenTeyliep xKacajajbl )KOHE OHbI Cally K€31HJI€ KYPbUIbICIIbIIApIaH acKaH 1eOepIIiK
Tajan eTuIeIl.

JKorapsl kKepHeyJl 3JEKTP TOTBI KaJladapAarbl TYTHIHYIIBUTAPFa )KEPAIH aCThIH/A
apHaipl JKacajFaH TYpJi KaHalJapra OpHAJACTBIPBUIFaH KaOelbaep apKbLIbl
KETKIZIE 1.

BapibIK WBIFBIHAAPIBI @3aUTY K0Pkl YII TONKA OeiHeaAl:

- YWBIMIACTBIPBIYIIBUIBIK, OYJI [Iapa S3JEKTp KEIUIEPIHIH CXeMallapbl, XYMbIC
peXIMIIAphl JKOHE JKCIUTyaTallMsHbl KaMTaMachl3 €TyiHe THICTi. by mapa mynzae
HIBIFBIHCBI3 OOJIBIN €CenTeneIl.

-TeXHUKAJIBIK I1apa-Oyil JKeNIiiepal PEeKOHCTPYKIMSAFa, MOJCPHU3AIMSIFA >KOHE
KYPBUIBICKA OaFbITTAJIFAH I1apa. byl mapa KockIMIla KamuTaJIbl KaXKeT eTe/Il.

- 3JIEKTP HEPIUSIHbI HIBIFBIHBIH HEMECE LIBIFBIHCHI3 OOJTYbIH €cenTey Hiapachl O0IbII
TaObLIABL.



1 TexHOJOrHJIBIK 00JiM

1.1 ACIIMK-519 :kaiijbl TOJBIK aKmapart

Kazakcran PecmyOnukacelHmarbl €H Ipl  TIriHEH  MHTErparusjaHFaH

KOMMaHUsJIapAbIH 01pi1 00T Ta0bLIaAbI, OYJT O1pKaTap OHEPKACIMTIK )KOHE CEPBUCTIK
KBI3METTEPIi OIpiKTipemi.
ASPMK-519 HapsirbiHga keTekmni opblH anagsl Kaszakctan PecnyOnmMkachIHBIH
AIIEKTP KEJJIepiH kobaiay, caiy, )KaHFBIPTY KoHE JKOH/IEY CalaChIH/A )KOHE KepHEY1
500 xB geitiari xocankel cranmusuiap. «ASPMK-519» KIIC kypy XoaauHTTIH
KYPBUIBIMBI MEH OHBI JKY3€T€ achIpyAbIH OacTalybl TIK MHTETPAIUSIIBIK CTPATETHSI.
ASPMK-519 6ackapymsr JKIIC enHminec KocimOpHBI HeTi3iHAe OacKapaibl.
TemipbeToH xenmiyiep YIIIH HeHTpudyTralaHFaH TeMipOeTOHbl BHUOpalUsIaHFaH
mKadTap eHIIpiCIH YUBIMIACTHIPAIBI 2JEKTP KyaThiH 0epy 0,4-220 kB xoHe KOCaIKbI
cTaHIusi TemipOeToH. KypbUIblc-MOHTaX >KYMBICTapbIH ICKE achlpyFa apHajlfaH
O1piHIII KOCIMOPBIHIBI YUBIMIACTHIPY - «dHepro-POMy XKIIIC.

«TK Metakon» XKIIC ennrinec yibIMbIH KYpy *oHE DJIEKTp >KeJUIepl YUIiH
MeTaj TIPEKTEpiH OHIIPYIl YHUBIMAACTBIPY, OETOH TIpEeKTepre apHaJIfaH MeTaJll
KOHCTPYKIUsIIap, METall KYIO TeMipOEeTOH ©HIMJIEep1 YIIIiH BICTHIK TEXHOIOTHUS
MBIPBIIITAY OHIMJEpl. DJIEKTP SHEPIHSACHIH CaThIl allyFa >KOHE caTyFa apHaJfaH
KYPBUIFBIHBI KYpy. bipkatap jkaHa KbI3MET TypJiepli JdaMbIl KeNedi: dJICKTP
XKaOJBIKTApbIH OHJIPY, OHBIH IIIIHAE KOMMYTAUUSJIBIK OHIMIAEP MEH Xacylajap
KypbUlraH eHmisiec yibimra  HerizgenreH «Mudpasnepro» KIIC  xoHe
«Kazunpectuzomnsatop» KIIC kocimOpHBIHAA ChIM KOHE ChIM OHIMIEPIH OHIIPY.
ASPMK-519 xone xo0anay KOMITaHUSUTApbIHAH TYPATHIH HHKEHEPITIK OPTAIBIK KYPY.
’KaHna KypbUIBIC-MOHTaXX KOMIAHUSJIAPBIHBIH KYPBUIBICH JKalFacy/ia. KOJIIaHbICTaFbI
KYPBUIBIC-MOHTaX YHBIMIAPBIHBIH KaTapblHa KOCBULABI. «HTEpHUHBECTU3OIATOPY
KIIC (P®) xaThICylIbUIapbIHBIH KaTapblHA KOCBUTY, MOJUMEpPI HU30JSTOPIap bl
OHJIIPYyMEH aiHaJIbICaAbl. XOJIUHTTIH KbI3METIH OpTapanTaHblpy MaKcaTbIHIA, OJ
JIaMBITI KeJIel skaHa OM3HEeC JKeJIicl - AJICKTP SHEPIHUSACHIH OHIIPY XKoHE Oepy.

ASPMK-519 xoprnopaTHBTIK CTpaTeTusira *oHE cajara Colkec OIpIKTIpIIeTIH
KOCIITOPBIHIAp KIPETiH XOJJIMHITIK KOMIAHUS OOJIBIN TaObLUIAIbI YIII cajaja - KbI3MET
KOPCETY, OHEPKACII, OHAIPIC JKOHE T.0. AJNEKTp PHEPrusicblH Oepy. bipiHii OarbITKa
Kipeai >ko0anay, KYpbLIbIC, PEKOHCTPYKIUS JKOHE MOICPHHM3AIMSIIAYIBIH TOJIBIK
KOJIEMIH JKY3ere achIpaThlH Ko0ajlay *oHE KYPBUIbIC KOMITAHUSIAPhI JIEKTp Oepy
JKEJJIepl MEH KOCAJKbl CTaHIMSIAp, COHJaM-aK >KaOJbIKTap, KOCAJIKbI KOCAJIKbI
CTaHUMsUIapJa >KaOAbIKTapAbl MOHTAXJay >KoHE Tainananyra Oepy. Kypsuibic
ko0amapel  apKbLIbI  OacKapblIaAbl OPTANBIKTAHIBIPBUIFAH  HHTETpaIUsIaHFaH
»)obanmapabl O0ackapy kyieci. Komnanusiiap apachlHIarbl HKEMI KapbIM-KaThIHACTHI
KaMTaMachl3 €TETiH xKO00aHbI iICKe achIpyFa KaThicabl. EKIHII OaFbIT: KYPBUIBIC KOHE
JIEKTPOTEXHUKANBIK ~ OHIMACPIIH KEH CIEeKTPIH OHIIPYMEH aiHaJIbICAThIH
KOCIMOPBIHAAP:  TeMmipOeTOH  OyWbIMAapbl MEH  KOHCTPYKIUSJIAphl, MeTajll
KYpbUIBIMAAPHI Kipell TIperimTep, COHAai-aKk >3JIeKTPOTEXHUKANIBIK OyHbIMaap,

10



OKIIaynaHOaraH ChIMJAp MEH [OJMMEpNl HW30JATOpiap. YUIHIN  OaFbITKa
reHepanusiay kesaepi (KbUTy JKOHE THIAPOIJICKTPCTAHIUIAP) KIpel, dJIEKTp KoHE
BTy DHEPTUSACHIH, COHJIal-aK JJIEKTp >KEJIepl MEH KOCAJIKbl CTaHIUsIap.ibl
KaMTaMachl3 €Ty TYTHIHYIIBUIAPAbl JKOHE KeTepMe cayJla HapbIFbIHA AJIEKTP
HHEPTUSACHIH Oepy.

2000-2001 sxox. Apanbeirbiaga «ASPMK-519» XKIIC kypsuibic, KaidTa Kypy
XKoHe keHJey canacbiHga 140-taH actaMm >K00aHbI Ky3ere achlpAbl. DHEPreTUKAIBIK
HbIcaHaap. 4,4 MBIH KM acTaMm dye Keniiepl caablHbl, oHbIH immiHae: 110 kB actam
1500 xm, 220 kB keprey ymiin - 1900 km-nen actam, kepreyi 500 kB KX - 900 km.
75-TeH acTaM KOCAJIKbI CTAHIIHMSUIAP CATIBIHJIBI KOHE KaiTa Kyphuiasl. COHBIH INTHIE:
110 xB - 52 PS, 220 kepney »xkone 500 kB - 20 PS. 3300 kM-/1eH acTaMm TaJlIbIKThI-
ONTHUKAJBIK KEJIIEp CalbIH/bl, OHBIH 1IIHAE: )KE€p YCTIHJET1 ChIMFa CaJbIHFaH JKOHE
031H-031 Kosiaaasl 3000 kM, xep 6eTine Bok3al - 300 kM-/IeH acTaMm.

XKobanapapl icke achlpy Ke31HJE aHa 03bIK TEXHOJOTHsIap MEH MaTepHraiiap
YKOFaphI Caralibl )KOHE KbICKA MEP31M/I€ OPbIHAAIATHIH )KYMBICTap/Ibl KAMTAMAaChI3 €Ty
YIIH MaiagaHbliajbl, MbICAJIBI: KEPHEY aCThIH/IA CHIMJIBI JKOHE KEpP aCThl ChHIMBIH
OpHaTy

Baitnanpic apHanapblH >KoHE TeleKOHGEepeHIMsIapAbl YUBIMAACTBIPY YIIIH
JKEpJIeri ChIMFa €HI131JIreH ONTHKAIBIK TAIIIBIKTEI KoJiaany: Siemens, ABB, Schneider
MUKPOIPOLIECCOPJIBIK ~ TEXHOJIOTHSIIApIbl TaijanaHa OTBIPBIT PENETiK KOpray
KyMelepiH eHaIpy

DnekTpIiiK: 6ackapy *Kyhenepin xxobanay, eHI1py KoHE ICKe KOCy
sHepreTHKaNbIK ka0apik (SCADA), ra3apl OKIiayjJaHFaH >KaOABIKTapabl OpPHATY,
ceiHay 500 kB nefiinri koca anranja

- kepHeyl 110 xB-ra pgeliHri KpOCC-NIOJMATWIIEH OKIIAYJIAFbIIbl  Oap
Ka0OesbIep/Il OpHATY KYPTi3UIIl.
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2 Heri3sri 0eJ1im

2.1 DuekTp OepiJic xketiciHiH cy10achbiH KYPY HYCKAJIaAPbI

OpTYpi 0OBEKTUIEPIHIH KYMBIC 1CTEY KaFAalIapbIHbIH aTyaH TYPJILIIT OJapabIH
ANIETPMEH  KaOJBIKTay CXEMAaChIHBIH adyaH Typil OodybiHa cebenin OoJajpbl.
TyTeIHYIIBUIAPBIH KOPEKTEHY CXeMalapbl SHEpPIusl Ke3iHIH KalllbIKThIFbIHA, OepiireH
ay/laHHBIH 3JIEKTPIHEPTreTHKA KaOABIKTAyIbIH >KalIbl CXEMAaChbIHA, TYTHIHYIIBLIIAPIBIH
TEPPUTOPUSIIBIK ~ OPHAIACYBIMEH  OJIAPIBIH  KyaThlHA, CEHIMIALIIIEH KOWBUIATHIH
TajanTapra >koHe T.0. Toyeml.

XKemni cxemachl MEH KOH(UTYpalUsChIHBIH (TILIIM YHJIECIMIUIII) TaHAAIl aly eTe
KYPACNL,OUTKEHI  JKelMl  CEHIMAUIK,  YHEMIUINK, [aijajaHyra  KOWbUIATHIH,
Kayirnci3IiKTepIMeH JaMy MYMKIHITITIH IapTTapblH KaHAFaTTaHBIPY THIC.

MeH ochl TUIUIOMIBIK KyMbicTa kepHeyl 110kB Oec Kocalkbl CTaHIUsUIApbIH
TYMBIKTAJIFaH JKOHE TYMBIKTAIMaFaH 3J1eKTp OepiiIic sKkemici OOMBIHIIA KapacThIpaMbIH.

Temenne onexTp Oepulic SKEMICIHIH TYWBIKTAJFAH KYHECIHIH CXEMachl
kepcetureH.(2.1-cyper)

15km

5Km

10KkMm

1 25Kkm
2.1 cypert - TylibIKTAJFaH 3J1eKTP OepiJiic :xeJicCiHIH cXxeMachl

[ToxcranmusTap apachIHIAFbl apa KAIBIKTHIKTHIH JKaJIbl Y3bIHBIFBI
L=10+15+5+5+25+10=70xm

Temene snexTp O6epiiic )KemiCiHIH TYWbIKTaTIMaFaH )KYHECIHIH CXeMacChI

KepceTireH. (2.2-cyper)
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2.2 cyper - TylibIKTAJIMAaFaH 3JIEKTP Oepliic sKediciHiH cxeMachl
[Toxcranmusiiap apachIHIAFBI apa KATBIKTHIKTHIH JKaJIIbl Y3bIHIBIFBI
L=42,5+25,5+17+8,5+8,5=102xm
Ocbl UIUIOMIBIK JKYMBICTA MEH €Ki cyii0a KapacThlpaMmblH. bipiHIirici

TYWBIKTaJIMaFaH, EKIHIIICI TYWBIKTaJFaH OOJBIN Keneai. bizre, 3KOHOMHUKAIBIK
JKarblHAH THUIMA1 KOHE TYTBHIHBIIIBIIAPFA DJIGKTP KyaTblH Y3UICCI3 TapaTy/ibl
KaMTaMachI3 €Ty, MJICKTP SHEPTUSHBI aliMaKTapFa CCHIMII JKOHE THIMJII TapaTy 0acThl
Mmakcat Oonbin keneai. OceiFaH OailiaHbICTBI O13re €H THiMAl cyiida TaHaay O0acThl
mapTTap/sIH OipiHe kipeai. CoOHbIMEH, €Ki CyJI0aHbl KapacThIpaMbI3. AUTHIN KETKEHIE,
TYWBIKTaIMaraH >kejiiepae OapiblK TyHiHAep Oip FaHa TapMaKTaH KOPEKTEHEl.
KapanaiiblM TybIKTaIFaH Kelijep alHaaMalsl xeminep 0onbin keneni. Omap 6ip Fana
KOHTYp Kypai/ibl. OHBbIH apThIKIIBUIBIFBI XKENIHIH O1p yyackeci y3UIreH e el 6acka
y4acKiieH KOpeKTeHe Oepeni, SFHH KOFapbl JTOpeXKeAe TYTHIHBIIIBIIApFa DJICKTP
TapaTyablH ceHiMautiri. CoHbIMEH KaTap KyaTThIH a3 IIbIFbIHAApbl. KopekTeHny kesi
AIIEKTPCTAHIIMS HEMECE KYHere KOChUIFaH KOCAJIKbl CTAaHIMSHBIH HIMHAJIAPbl PETIHAE
OOJIBII KeJel.

2.1.1 HJunnomowvix scymoicmoly bepineenoepi

Homunanaer kepueyi 110 kB OomarbiH TyHBIKTaNFaH »dJEKTp Oepuiic
JKEJIUIEPIHEH, TOpT KOCAJIKbl CTAaHUMACBIAAH TYpaabl, COHKECIHIIE OJap/bIH
y3biAbIKTape! |, =10, 1,,=10, 1,,=15, L, =5, I, =5, |, =25 , (xm). Kocamkp
CTaHIUSUTApIbIH MaKCUMalIbl )KykTemenepi P, =30,, P, =20, P, =15, P, =40 ,P, =10
(xBt). MakcuManaplK SKYKTEMEHIH OKbUIIBIK caFratbl Tmax=4000 cae. Kyar
koadummenti cos ¢=0,85. MunumManasl xKykreme ke3inaeri skykreme 40(%) maibis.
Myskaty aynansl II Gonassi.

2.2 DyekTp Oepiiic xKeTiCiHiIH HOMUHAJIbI KePHEYIH TaHaay

Keni NUHUACBHIHBIH HOMHMHAN KEpHEYIH TaHIay KypAell TEeXHUKO-
HKOHOMUKAJIBIK ecenl 0okl Tadbuiagbl. On KemnrtereH Qakropiiapra OalIaHbICTHI.
Mpbicanbl, KEpHEYIHIH MOHI TOMEH JIMHUSHBIH  JKaOJIBIKTapBIHBIH  JKOHE
KYPBUIBICTAPBIHBIH KYHBI a3 0otanbl. KepHeyaiH yiiFarobiHa OalIaHbICThl KyaT JKOHE
DHEPTUS IMIBIFBIHIAPHI a3asJIbl, AICKTPIIIK JKEJIiHI TaMBITy KaFJanaapel jkaKcapasbl.
Con ymria ©.Ctumn GopMyNackH KOJITaHAMBI3.

XKeni NUHUACHIHBIH HOMHHAJI KEpHEYIH TaHAay Kypleldi TEeXHUKO-
HYKOHOMUKAJIBIK ecern OoJybin Tadbutanel. On KemrereH QakTtopiiapra OallIaHBICTHI.
Mpeicasibl, KEpHEYIiH MOHI TOMEH JIMHUSHBIH  JKaOJBIKTApPBIHBIH  >KOHE
KYPBUIBICTAPBIHBIH KYHBI a3 Oosanbl. KepHeyniH yiratobiHa OailIaHbICTBl KyaT >KOHE
SHEPTUS MIBIFBIHIAPHI a3as]bl, MIEKTPIIIK KEIIHI JTaMbITy >KaFaaiaapbl jKakcapasbl.
Onextp TOpaObIH Jamy ko0anmaybl Ke3iHAe Olp yaKbITTa JJIEKTp TOPaObIHBIH
KOH(UTypanusichl CyparbIMEH OHBbIH HOMHHAJJIbI KEPHEYIH TaHAaybl Typajibl Cypak
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IS . DIEKTP TOPANTaphIHBIH HOMUHAJBI KEPHEY Y3BIHABIKTAPBIHBIH MTKAIACKI
MECT 721-77 aHbIKTaJIFaH KoHE KeJeciiel KepHey KaTapblH KypacThIpaJibl:
0,38; 3; 6; 10; 20; 35; 110; 150; 220; 330; 500; 750; 1150 kB

Besnek ChI3BIKTHI 31EKTp OepiiTic KeTICIHIH HOMUHAJIIBI KEPHEY1 €H aIbIMEH eKi
napameTpiii GyHKUMSMEH: EeIIMEH TapaThUlaThiH P KyaT, oHE e COJl Kyar
TapaTbUlaThiH L KambIKThIKKA. CoFaH OalaHBICTBI JKEJTIHIH HOMHUHAJJIBI KEpHEYIH
TaOyIbIH, 9P TYPJIi aBTOPJIAPMEH YCHIHBUIFAH OlpHEIIe SMITMPUKAIBIK (HopMysiatapbl
Oonanel. MeH ©31MHIH TUTIOMIBIK KyMbIichiMaa @.CTHi popMyaachiHa KYTIHAIM.
Ce06ebi, ocel dopmyna kepHeyl 35-ten 750 xB-ka aeilin HOMUHANIBI KEpHEYIIH
Oap IBIK IMIKaTachlHA KaHAFATTAHIBIPHUIFAH HOTHKE Oepei.

@.Ctumn popmynackl OOMBIHIIIA HOMUHAABI KEpHEY1 OCbl (hopMyJsia OOMbIHIIA
aHBIKTAJIA]IbI:

U,on = 4,34VL + 16P (2.1)
2.3 Kymtik TpancopMaTop/iapabIiH THIIH KOHE KyaThlH AHBIKTAY

Nel xocankpl CTaHIMS YIIIIH:

Sec Z L
CoS (2.2)

4

MyHJAaFbl P — akTHBTI Kyar.

TpancpopmaropiapablH  KyaThl MEH  CaHblH, TOMEHAETY  KOCAJKbI
CTaHIUsJIApbIHAA KeJecl TPUHIMI OOMBIHIIA TaHIAaW bl erep, €Ki TpaHchopMaTopIbl
KOCAJIKbl CTaHIUS KOJIJAaHCa, OHAA TpaHCPOpMATOPAbIH KyaTbl KeJecl IIapTIeH
TaHJaa/Ibl:

Smp =P-0,7 (2.3)
MyHAarbl P — akTUBTI )xyKTeme, KBT;
s. > -39 _a53mpa,
cos, 0,85

S,, =P:0,7=353-0,7=24,71
MYHJIarbl S,,;, — TpaHcpopmaropabiH KyaTel, MBA.

TPJIH-25000/110 TunTi TpaHchOpMATOpPBIH OPHATYABl KaObUIIAHMBI3.
(TPIH-25000/110 tunTi TpaHcopMaTopbiHbIH mapamerpiepi 2.1 sxoHe 2.2 -
KecTesepe KOpCeTUIreH).
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2.1 kecre — TPIH — 25000/110 TpancgopmaTopaapbIHbIH

Shom s Opamparsl kepHey, KB | AKTHUBTI mbIFpIHIAAD, KBT Ixos Ux,%
MBA
25 BH HH Px Px 0,7 10,5
115 6,3 27 120

2.2-kecte - TPIH-25000/110 TpancopMaTOpbIHBIH ecenTe/IreH
napamMerpJiepi

TpanchopmaTopablH aKTHBTI TpancdhopmaropablH peaKTUBTI AQx, KBap
keneprici;R,, Om keneprici; X, OM
2,54 55,9 175

No2 xocankpl CTaHIUS YIIIIH:
P

COS 0

S, 2

ec

MYHAaFbl P — akTHBTI Kyar.

TpancpopmaropiapablH  KyaThl MEH  CaHblH, TOMEHAETY  KOCAJKbI
CTaHIUsJIapbIHAA KeJecl TPUHIMI OOMBIHIIA TAHIAaW bl erep, €Ki TpaHc(hopMaTopIIbl
KOCQJIKbl CTaHIMS KOJIJAaHCAa, OHAA TpaHC(POpMATOPABIH KyaTbl KeJecl IIapTIeH
TaHAAIAbL:

S,, =P-0,7
MyHAarbl P — akTUBTI )xyKkTeme, KBT;
s. > - 29 _o353mBA,
cos, 0,85

4

S,, =P-0,7=2353-0,7=16,5

MYHJIaFrbl S,,;, — TpaHcpopmaropabiH KyaTel, MBA.
TP/IH-25000/110 TunTi TpaHchOpPMATOPBIH OpHATYABI  KaOBLIIaliMbI3. (

TPJIH-25000/110 tunTi TpaHchOpMaTOpPBIHBIH mapamerpiepi 2.3 xoHe 2.4-
KeCTellep/Ie KeNTIPiJIreH.)
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2.3 kecre - TPIH-25000/110 TpaHcpopMaTOpPbIHBIH MapaMeTpJiepi

Skom, | Opampaarsl kepHey, KB | AKTHBTI HIBIFBIHIAD, KBT Ixo% U, %
MBA
25 BH HH Px P« 0,7 10,5
115 6,3 27 120

2.4 xecte - TP/IH-25000/110 TpanchopMaTOpbIHBIH ecenTeIreH
napamerpJiepi

TpanchopmMaTopabiH aKTUBTI TpancdhopmatopablH peaKTUBTI AQx, KBap
keneprici;R;, Om keneprici; X, OM
2,54 55,9 175

Ne3 xocankpl CTaHIMS YIIIIH:

s > L
COS 0
MYHJaFbl, P — akTUBTH KyaT.
S,, =P-0,7,
MyHAarbl P — akTuBTI )XyKkTeme, KBT;
P 15
S, 2——=——-=17,65MBA,
cos, 0,85

4

S,, =P-0,7=17.65-0,7=12,4
MYHJIaFbl S, — TpaHcpopmaTopabiH KyaTsl, MBA.
TP/IH-16000/110 TunTi TpaHchHOPMATOPBIH OpHATYABl KaOBLIIaiMBI3. (
TPJIH-16000/110 TtunTi TpaHchOpPMATOPBIHBIH Mmapamerpiepi 2.5 xoHe 2.6-

KecTesepe KeJITIpiIreH.)

2.5 kecre - TPIH-16000/110 TpaHcpopMaTOpbIHBIH HapaMeTpJiepi

Skom, | Opampaarsl kepHey, KB | AKTHBTI HIBIFBIHIAD, KBT Ixos Ui, %
MBA
25 BH HH Px P« 0,7 10,5
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115 6,5 19 85

2.6 kecre - TPZIH-16000/110 TpaHc(pOpMATOPBIHBIH ecenTeJareH
napamerpJiepi

TpanchopmaTopablH aKTHBTI TpancdhopmatopablH peaKTUBTI AQx, KBap
keneprici;R,, Om keneprici; X, OM
4,38 86,7 112

Ne4 xocankpl CcTaHIUS YIIIIH:

S, = P

cos,,
MYHOArbI, P — akTtuBTH Kyart.

TpanchopmaropiapiblH ~ KyaTbl MEH  CaHbIH, TOMEHJIETY  KOCAJIKbI

CTaHIUsJIApbIHAA KeJIeCl TPUHIMI OOMBIHIA TAHIAW bl erep, €Ki TpaHc(hopMaTOpIIbl
KOCQJIKbl CTaHIUS KOJIJAaHCA, OHAA TpaHC(POpMATOPABIH KyaTbl KeJecl IIapTIeH
TaHAAIAbL:

S, =P-0,7
MyHAarbl P — akTuBTI )KyKTeme, KBT;
s > 2 _ 49 _4706MmBA
cos, 085

S,, = P-0,7=47,06-0,7=33

MYHJaFbl S, — TpaHchopMaTOpIbIH KyaTsl, MBA.
TPJIH-40000/110 tunTi TpanchopMaTOPbIH OPHATY/IBI KaObLTIANMBI3. (
TPJIH-40000/110 tunTi TpanchopMaTOpbIHBIH HapameTpiiepi 2.7 sxoHe 2.8-

KecTesepe KEITIPiIreH.)

2.7 xkecre - TPIH-40000/110 TpaHchopMaTOpPbIHBIH MapaMeTpJiepi

Skom, | Opampaarsl kepHey, KB | AKTHBTI WIBIFBIHIAD, KBT Ixos Ui, %
MBA
40 BH HH Px Py« 0,65 10,5
115 10,5 36 172
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2.8 kecre - TPZIH-40000/110 TpaHc(pOpMATOPBIHBIH ecenTeJareH
napamerpJiepi

TpancdopmaTopabIH aKTUBTI TpancdopmaTopabIH peaKkTHBTI AQx, KBap
keneprici;R;, Om keneprici; X, Om
1,4 34,7 260

No5 xocankpl cTaHIMS YIIIiH:
P

COS 0

S, 2

ec

MYHOArbl P — akTuBTH KyarT.

TpancpopmaropiapablH  KyaThl MEH  CaHbIH, TOMEHAETY  KOCAJKbI
CTaHIUsJIApbIHIA KeJIeCl MPUHITMI OOMBIHIIIA TaAHJIalU bl erep, €Ki TpaHCchOopMaTOPIIbI
KOCaJKbl CTaHIUsl KOJJaHca, OHJa TpaHCHOPMATOPABIH KyaThl KeJecl IIapTIeH
TaHJa1a/Ibl:

S,, = P07

MyHAarbl P — akTUBTI )xyKTeme, KBT;

P _10 _118mea

cos,, 0,85

S,, =P-0,7=118-0,7=83
MYHJaFbl S, — TpaHchopMaToOpIbIH KyaTsl, MBA.

S, 2>

ec

TPJIH-10000/110 tunTi TpanchopMaTopbiH OpHATYAbI Kabbuinaiimbis.( TPJIH-
10000/110 Ttunti TpaHchopMaTOpBIHBIH TapameTpiepi 2.9 xone 2.10-kecrenepue
KEJITIPUIreH. )

2.9 kecre - TPIH-10000/110 TpaHchopMaTOpPbIHBIH apaMeTpJiepi

Siom, | Opampaarsl kepHey, KB | AKTHBTI MIBIFBIHIAD, KBT Ixo% Ui, %
MBA
10 BH HH Px P« 0,7 10,5

18



115 6,6 14 60

2.10 xecre - TP/IH-10000/110 TpancdopMATOPBIHBIH eCENTEJreH
napamerpJiepi

TpanchopMaTopabiH aKTUBTI TpancdhopmatopablH peaKTUBTI AQx, KBap
keneprici;R;, Om keneprici; X, OM
7,95 139 70

2.3.1 Tpancgopmamopoviy opamacvinOagvl UbI2bIHOAPLIH AHBIKMAY

Nel kocankpl CTaHIIMS YIIIIH:
TpancpopmaropsiapblH aKTHUBTI KOHE PEAKTUBTI KyaThIH IBIFbIHAAPBIH KEJeci
dbopmya apKbUIbl TAOAMBI3:

AP, _P T
U . (2.5)
P’ +Q? |
AQmpn = U 2 ) men'
o (2.6)

MyHaarel U, — )KeTiHIH HOMUHAIIbI KEpHEY1, KB;
I'mp — TPAHC(OPMATOPABIH aKTUBTI MEHILIKTI Keaeprici, OM;
Xmp — TPAHC(OPUATOPABIH PEAKTUBTI MEHIUIKTI Keneprict, Om.

APXX - APX . 2 (2.7)

MeHn TagmaraH TpaHcGOpPMAaTOPILIH OpaMbl eKey OOJTFaHHAH KEi1H, COMKECIHIIIE
€K1 OpaMHBIH KyaT IIbIFbIHAAPBIH €CeNTeHMIH.

P2 +Q? 302 +18,6° 2,54

AP, e = ﬁ Ty = 15 o o 0,12MBm,
P2 +Q? 302 +18,8% 33,3

AQmplBH = % ) me = 1152 : 2 = 1, 6M6‘ap,

HOM

I, - S
A(gxx = = =+ 21
100 (2.8)
myH1arbel AP, — Tpancdopmatopasig 60¢ Kypic Ke31Her1 aKTHUBTI
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HIBIFBIH, KBT;

AQy,— TpaHchOopMaTOPABIH 00C KYPIC Ke31HET1 peaKTUBTI
HIBIFBIHBI, KBAP;

Ix — TpanchopuaTopaarsl 60¢ xKypic TOFbI, %.

AP, = AP, -2 =27 -2 =54xBm = 0,054MBm,
Lo Sy | 5 0725
100 100

AQ,, = -2 =0,35Masap,

TpanchopmaTopIpIH €CEenTIK TOMBIK KyaThIH KyaTbIH Keneci popmyra apKbLbl
TabaMbI3:

P +jQ =(30+-012)+ j(18,6 +1,6)=30,12+ j20,2
(2.9)
P’ + jQ" =(3012+0,054)+ j(20,2+0,35)=30,2 + j20,55

Temenne TPJIH-25000/110 exi opamisl TpaHchOpMaTOPHIHBIH
aJIMacTBhIPy CXeMachl KepceTiiareH.(2.3-cyper)

\\1@ P»=0,054

30,2+j20,55 I:I
30,12+j20,2
o 2 2 W—
Q.=0,42
[] Rip=2,54/2
AP,=0,12
AQ;,=1,16
Qo Xrp=33,3/2

304j18,6

2.3 cyper - Exi opamabl TpancGopMaTOPABIH aJIMACTBIPY CYJ10aChI

No2 xocankpl cTaHIIUS YIIIIH:
TpancpopmaropsiapablH aKTUBTI )KOHE PEaKTUBTI KyaThIH LIBIFbIHAAPBIH KeJeci
dbopmyIia apKbUTBI TAOAMBI3:

sp Bt Q

mpn U 2 mpn
HOM

20



2 2

_R QO

- 2 mpn?
U HOM

myHAaFbl U, — KeTHIH HOMHHAJIIBI KEpHEY1, KB;

AQmpn
I'mp — TPAHC(HOPMATOP/IBIH aKTUBTI MEHIIIKTI Keneprici, OM;
Xmp — TPAHC(OPUATOPABIH PEAKTUBTI MEHILIKTI Keaeprici, OMm.

AP, =AP, -2

XX X

MeHn TaniaraH TpaHCOPMATOPIbIH OpaMbl eKey OOJTFaHHAH KEiliH, COMKEeCIHIIe
€K1 OpaMHBIH KyaT IIBIFIHIAPBIH €CENTeHMIH.

P> +Q} 20% +12,4* 254
APmplBH = ZLJ 2 : ’ rmp = 1152 . 2 = 0,0SMBm,
P2 4+ Q2 202 +12.42 333
AQmplBH = 2U 2 =F me = 1152 : 2 = O,7M6’ap,

I, S
A — X% mp 2
Qo 100

myHaarbl AP, — TpancdopmatopabiH 60¢ Kypic Ke3iHer1 akTUBTI  IIBIFBIH, KBT;
AQ,— TpanchopmaTopAbIH O0C KYpIC KE31H IeT1 PEaKTUBTI
IBIFBIHBI, KBAP;
Ix — TpanchopuaTopaarsl 60¢ Kypic TOFbI, %.

AP, = AP, -2 =27 -2 =54xBm = 0,054MBm,

AO., = IX%.Smp '2_0,7.25
X 100 100

-2 =0,35Maap,

TpancpopMaTopibIH €CENTIK TOJIBIK KyaThIH KyaThIH KeJeci popMyia apKbLIbI
Tabambl3:

P + jQ =(20+0,05)+ j(12,4+0,7)= 20,05+ j131
P’ + jQ" =(20,05+0,054)+ j(131+0,35)= 20,104 + j13,45

Temenne TPJIH-25000/110 exi opamasl TpaHC(hHOPMATOPBIHBIH aIMAaCTBIPy
cxemachl kepcertiared.(2.4-cyper)
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\iﬂ Px=0,054

20,104+j13,45 I:I

20,05+j13,1
I "2 2 W—
Q:=0,35
[] Rip=2,54/2
AP.,=0,05
AQ;,=0,7
Qe % Xrp=33/2
\ 4

20+j12,4

2.4 cyper - Exki opamabl TpaHC(OPMATOPABIH AJIMACTBIPY CXeMAacChl

Ne3 KocanKpl CTaHITUS YIITiH:
TpancpopmaropyapablH aKTUBTI )KOHE PEaKTUBTI KyaThIH IIBIFBIHAAPBIH KEJIEC]
dbopmya apKbUTbl TAOAMBI3:

2 2
AP _R+Q r

mpn U 2 ) mpn’
HOM

P+ Q
AQmpn = U—Z ) mpn?

HOM

myHAarbl U,,,, — JKeNiHIH HOMUHAJIBI KepHEYi, KB;
I'mp — TPAHC(HOPMATOPABIH aKTUBTI MEHIIIKTI Keaeprici, OM;
Xmp — TPAHC(OPUATOPBIH PEAKTUBTI MEHILIKTI Kexeprici, Om.
AP, =AP, -2
Men Tanaran TpaHcOpMaTOPABIH OpaMbl eKey OOJFaHHAH KeWiH, COMKeCIHIIe

€K1 OpaMHBIH KyaT IIBIFbIHIAPbIH €CENTeHMIH.
22



_PP+Q) 157493 44

ST T A T
2 2 2 2
AQ,, = P tQ 15403 537\ 6onteap,

U2 " 115? 2

I, S
AQ =% —m 9
Qn 100

myHaarbl AP, — TpanchopmatopibiH 60C Kypic Ke31HIET1 aKTUBTI
HIBIFBIH, KBT;
AQ.— TpanchopmaTOpABIH OOC KYpiC KE31HJIeT1 PEaKTUBTI
HIBIFBIHBI, KBAP;
Ix — TpancdhopuaTopaarsl 60C Kypic TOFbI, %o.

AP =AP, -2 =192 =38xBm = 0,038MBm,

AO., = I o .Smp P 0,7-16
- 100 100

-2=0,23Msap,

TpancopmMaTopibIH €CeNTIK TOJBIK KyaThIH KyaThIH Kelieci hopMmysa apKbUIbl
TabaMbI3:

P + jQ =(15+0,05)+ j(9,3+0,62)=15,05+ j9,92
P’ + jQ" =(15,05+0,038)+ j(9,92 +0,23)=15,088 + j10,15

Temenne TPJIH-16000/110 exi opamsl TpaHC(hHOPMATOPBIHBIH aIMACTBIPY
cxeMachl kepceTiireH (2.5-cyper)

\iﬂ P.=0,038

15,088+j10,15 I:I
15,05+j9,92
L 7Yy ¥y
Q,=0,23
[] Rip=4,4/2
AP.,=0,05
AQ;,=0,62
Qe Xrp=53,7/2

23
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2.5 cyper - Exi opamabl TpaHcGOpMATOPABIH AJIMACTBIPY CYJ10aChl

Ned xocankpl cTaHIMS YIIIIH:

TpanchopmaropnapIeIH aKTUBTI )KOHE PEAKTHBTI KyaThIH IIBIFBIHIAPBIH KeJleci
dhopmyIia apKblUIbI TAOAMBI3:

P/ +Q’
AP, = EVER Foon
_BI+Q:

A(Dmpn - U 2 ) men'

Hox
myHAarbl U,,,, — ’KeliHIH HOMUHAJIBI KepHEYi, KB;
I'mp — TPAHC(OPMATOPABIH aKTUBTI MEHILIKTI Keaeprici, OM;
Xmp — TPAHC(HOPUATOPIBIH PEAKTUBTI MEHIIIKTI Keaeprici, OM.
AP, =AP, -2
MeHn TaaraH TpaHcQopMaTOpIbIH Opambl eKey OOJFaHHAH KEillH, COMKECIHIIEe
€K1 OpaMHBIH KyaT IIBIFBIHIAPBIH €CENTEeHMIH.

2 2 2 2
ap, =Pz tQ 40T T2A8 L4405y,
VI T 2
P? +Q 40% +24,8% 34,7
AQmp = ZUTOMZ-X'"” — [e? . > = 2,9Masap,
I, -S
A =X " 9
Qu 100

myHarbl AP, — TpancpopmaTopibIH 00C Kypic Ke31Her1 aKTUBTI
IIBIFBIH, KBT;
AQ.— TpanchopMaTopabIH O0C KYPIC KE31HIETT PEaKTUBTI
IIBIFBIHBI, KBAP;
Ix — TpanchopuaTopaars! 60c Kypic TOFbI, Y.

AP, = AP, -2 =362 =72xBm =0,072MBm,

I, - S :
AQMZM.ZZM

-2=0,52Masap,
100 100

TpancpopMaTopibIH €CenTiK TOJBIK KyaThlH KyaThIH Kesieci popMylia apKbLIbl
Tabambl3:

P+ jQ =(40+012)+ j(24,8+2,9)=4012 + j27,7
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P+ jQ" =(4012+0,072)+ j(27,7+0,52) = 40,2 + j28,22

Temenne TP/IH-40000/110 exi opamasl TpaHCPOPMATOPBIHBIH aIMACTHIPY
cxeMachl kepceTireH. (2.6-cyper)

110 P,=0,072
40,2+j28,22 I:I
40,12+j27,7

L —7 Y ¥y |
Q.=0,52
[] Rp=1,4/2

AP;,=0,12

AQ:p=2,9
Qe % Xrp=34,7/2

A\ 4
40+j24,8

2.6 cyper - Exi opamabl TpaHC(OPMATOPABIH AJIMACTHIPY CYJ10aChl

No5 xocankpl cTaHIUs YIIiH:
TpancopmaropiapabiH aKTUBTI )KOHE PEAKTUBTI KyaThIH IBIFBIHIAPBIH KeJeci
dbopmya apKbUTbI TAOAMBI3:

P +Q
APmpn = U—Z ) rmpn’
HOM
P> +Q?
A(Dmpn = U 2 ) men'

MyHaarel U,,,, — )KeIiHIH HOMUHAIIBI KEpHEYi, KB;
I'mp — TPAHC(HOPMATOPABIH aKTUBTI MEHIIIKTI Keaeprici, OM;
Xmp — TPaHC(HOPHUATOPIBIH PEAKTUBTI MEHIIKTI Keaeprici, OM.

AP, = AP, .2

Men TagiaraH TpaHC(OPMATOPIBIH OpaMbl eKey OOJTFaHHAH KEiliH, COMKECIHIIE
€K1 OpaMHBIH KyaT IIbIFbIHAAPBIH €CeNTeHMIH.

2 2 2 2
ap, =Pzt _10°%63° 79 4 040,
AV T
2 2 2 2
AQmp — L(?Z X = 107 + 6’3 . 87’3 = 0,44M3ap,

uz_ " 1157 2
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I, S
A — X% mp 2’
Qx 100

myHAarbl AP, — TpanchopmaTopabiH 00C KYypic KE3iH/IeT1 aKTUBTI
HIBIFBIH, KBT;
AQ.— TpanchopMaTopabIH 60C KYPIC KE31HIET PEaKTUBTI
IIBIFBIHBI, KBAP;
Ix — TparchopraTopaarel 60C Kypic TOFbI, Y.

AP, = AP, -2 =14.2 = 28xBm = 0,028MBm,

AQ :Ix%°smp.2:O;7'lo
. 100
TparcdOpMATOPIBIH ECENTIK TONBIK KyaThIH KyaThIH Kelleci GopMyiia apKbLIbI

TabaMBbI3:

-2 =0,14Meap,

P + jQ =(10+0,04)+ j(6,3+0,44)=10,04 + j6,74
P’ + jQ" =(10,04+0,028)+ j(0,14 + 0,6,74)=10,07 + j6,88
Temenne TP/IH-10000/110 exi opamasl TpaHC(HOPMATOPBIHBIH aIMaCThIPy
cxemachl KepceTuireH (2.7-cyper)
\id Px=0,028

10,07+j6,88 I:I
10,04+j6,74
L — 7Yy
Q=0,14
[] Rp=7,9/2
AP,=0,04
AQ;,=0,44
Qo X:p=87,3/2

10+j6,3

2.7 cypert - Exi opamabl TpaHcGopMaTOpabIH AJIMACTBIPY CYJ10achl

2.4 CeiMaapAbIH KUMACBIH KJHE NMapaMeTpJIepiH ecenrey

XKeninin opOip ydackeci OONBIHINIA TOKTAPIbI AHBIKTAWMBI3, OJ1 KETIHIH KyaTbl
MEH KepHEY1 apaKaThIHACHI apPKbLIbI TAObLIA b
| S
= 2.10
B3 U, (2.10)
1 - HycKa: TYHBIKTaIFaH >JIEKTp Oepiiic xeicl YIliH
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(o))

9,4

I, = =0,36x4 = 360A,
0 J3.110
45,84
.= : =0,24xA = 2404,
3110
l,, = 28,2 =0,15x4 =1504,
J3-110
I, = 18,9 =0,09x4 =904,
J3-110
., = 30,67 =0,16x4 =1604,
J3-110
= 05,97 = 0,35x4 = 3504.
J3-110
2 - HYCKa: TYMBIKTaJIMaFaH 3JIEKTp Oepitic xKemicl YIiH
I, .= 353 =0,18x4 =180A,
J3-110
I, = 23,5 =0,12xA=1204,
J3-110
I, 5= 17,6 =0,1x4 =100A,
J3-110
I\, = 47,06 =0,25xA4 = 250A,
J3-110
= 117 =0,06x4 = 60A,
J3-110
TOKTBIH 3KOHOMUKAJIBIK THIFBI3bIFbIHA OAMIaHBICTHI KUMAaHbl aHBIKTAHMBI3:
I
S, =", (2.11)

)k
MYHJIaFbl ], — ThI aHBIKTaMaJaH ajambI3, 0J1 (jo=1,4A/MM) TeH.
ConbIMeH 0071aTThl aMIOMUHWIL, SFHU AC MapKajbl ChIM/IbI TaHAAAbIM.
1-HycKa: TYMBIKTaJIFaH JIEKTP OepiiTic ®Keicl YIIiH ChIMAapIbl TaHIay
360

S,z =—— =257 1un’ AC240/56,
240
S, = 14 =171, 4 mm? AC?240/ 32,
150
83K3_4 = H = 107;2MM2 AC120/19,
90 )
Sg,<4_5 = a = 6413MM AC120/ 27,
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160

Sus1 =7, = 1143w’ AC120/ 27,
350
Spis =77 = 250.mm° AC?240/56.
2-HyCKa : TYMBIKTaJIMaraH 3JIEKTp OSpUTIC JKeJIicCl YIIIIH ChIMAAp/bl TaHday
180
Suaa =75 = 043w’ AC-T70/11,
120
wi2 =4 = 43w’ AC-T70/72,
100
VS 35,7’ AC-T70/11
250
i =g 89,3mm AC—95/16,
60
A5 = m = 21,4mm° AC—-70/11.

Kepueyi 110 kB 6ip Ti30ekTi oye Oepiiic KeMICIHIH CaJbICThIPMAaIIbI
napameTpiiepin anbikTaiiMbI3. Mapkacet AC 240/56 yin ceimra ¢aza >KapblUlybl MEH
daza chIMAApBIHBIH  OlpJield JKakThl YIHIOYPHINTHIH TOOECIHJE OpBIHJAJFaH,
apakanbIKTHIFRI 40 cM O0JIaThIHAANM CHIMAAP/IBIH OpHANacysl. XKemni mopTaiabpl MeTal
OaraHgapblHIa SKapbuly (a3a OPTACHIHBIH AapaKallbIKTBIFBl 12M TOpU30HTAIEMEH
OpHATBLIFaH.

AC 240/56 mapkaisl cbiM yiiiH, f, = 0,132 Om/kM, CBIMHBIH AuaMmeTpi 2r,, =8

CbIM

MM.
2.4.1 Coimnoly napamempiepi:

1-nycka: TYMBIKTaJIFaH JEKTP OepiiIic JKEeTICl YILIH op yJyacKeciHe OailsIaHbICThI
CBIMHBIH TTapamMeTpliepi
VYyackeci A-2

r, =01320m/ km
X, = 0,450Mm [ km
7,58-107°

b=
o(D,,./1..) (2.12)

CBIMHBIH apacbiHaarbl OpTa rCOMCTPHUAIIBLIK APpAKAIIBbIKTEIK OChbIFaH TCH

D,,,=3/35-35-7 = 4,4Lu

MYHJAFbl o — MEHILIKTI aKkTUBTI Keaepri, OM/kM;
X0 — MEHIIIKTI peakTUBTI Keaepri, OM/Km;
Do — MEHIIIKTI peaKTUBTI OTKI3rIIITIK, CM/KM;
Dopr — CBIMHBIH OpTallia AUaMeTpl, MM;
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I'sxs — CBIMHBIH DKBHUBAJICHTTIK PAJUYChI, MM;
a - 0ip (pa3amarel TaHAAIFaH 2 CBIMHBIH apa KalbIKTHIFBI (40cM);

-6 —6
788100 | 7BBA0° o nec s,
lg(D,,,/T,,) lg(4,41/0,004)

2-3 yJackeci:
2r. =189 mm; I, =0170m/ km, x, =0,40m/ km,; 1, = 2.9-10°Cum/ xm.

CbIM

3-4 yuackeci:
2r.  =152wmm; I, =0,270m/ km; x, = 0,370m/ km, by =3-10°Cu/xm.

CbiM

4-5 yyackeci:
2r =114mm: I, =0,460m/ ka; x, = 0,430m/ xm; by = 2,6-107° Cu/ xom.

CbIM

5-1 yuackect:
2r.  =154mm; I, =0,270m/ km; xy = 0,40m/ km; by = 2.8-10°Cu/ km.

CbIM

1-A yuackeci:
2r =22 4wnm; Ty =01320m/ xm; x4 = 0,0,380m/ xar; b, =3-107° Cul wom.

2-HyCKa: TYHWBIKTJIMaraH »JJIEKTp Oepuric JKelici YIIH op YYacKeciHe
OailJIaHbICTBI CHIMHBIH ITapaMeTpIiepl
A-1 ygackeci:

r, =0,4290m/ km, x, =0,290Mm/ km, b, = 4-10°Cul km.

A-2 yyackect:
r, =0,4280m/ km, x, =0,270m/ km, by = 4,3-10°Cu/ xm.

A-3 yuackeci:
r, =0,4290m/ km, x, = 0,290m/ km, b, = 4-10°Cul xm.

A-4 yyackect:

r, =0,3060Mm/ km, x, =0,280m/ xm, b, =4,2-10° Cu/ xm.
A-5 yuackeci:

r, = 0,4290m/ km, x, =0,290m/ km, by, = 4-107° Cu/ xom.

2.4.2 Yuacmokmap 6otiblHwa dHceiniy napamempiiepin aHblKmatimol3

XKeniniH akTUBTI KeIEPTiciH Keneci (opMyIia apKbLIbl €CeNTeMI3
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Ri=r-l (2.13)
Xi=xo-1. (2.14)

B, =D, I (2.15)

XKeniniH COHBIHIAFBI 3aPANTHIK KyaTThl Kejiecl (opMyIaMeH ecenTeei
K _112 .
Qci - UHOM Bi ' (216)

1-nycKa: TYMBIKTAJIFaH 3JIEKTP OEpiIIic KeMicCl YIIIH y4acTOKTap OOMbIHIIIA
el mapaMeTpiepi

A-2 ygackeci:

R,,=r-1=0132-10=1320m, X , , =x, -1 =0,45-10 = 4,50,
B,,=b,-1,=25107°-10=25-10"°Cm/«xm,
Qi,,=U’ .B,,=110°-25-10"° = 0,3Meap.

2-3 yJackeci:
R,,=r,-1=017-15=2550m, X, ; =x,-1=0,4-15=60ux,

B,,=b,-1,=29-10°-15=435-10"°Cm/ xm,
Qi ,=U2 -B,,=110"-435-10"° = 0,5Msap.

3-4 ygackeci:
R, ,=10,-1=027-5=1350m, X, , =x,-1=0,37-5=1850m,

B,,=b,-I, =3.10°.5=15-10"°Cm/ xm,
Qi,,=U2 B, ,=110°-15-10"° = 0,2Msap.
4-5 yyackeci:
R,s=r,-1=046-5=230m, X, =x,-1=0,43-5=2150m,
B, =b,l,= 2,6:10°-.5=13-10"°Cm/xm,
Qf,.=U2 -B, . =110*-13-10"° =0,15Meap.

HOM
5-1ygackeci:
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R, ,=r,-1=0,27-25=6,750m, X, , =x, -1 =0,4-25=100m,
B.,=b,-1,=28-10"°.25=70-10"°Cum/xm,
Qi ,=U2 .B., =110°-70-10"° = 0,8Meap.

HOM

2-HYCKa:TYWBbIKTaJIMaraH 3JeKTp OepuTic KeNicl YIIiH y4acTOKTap OoibIHIIIa
KEJIHIH apaMmeTpiepi

A-1 yuackeci:
R, =0,429-425=18,20m, X , =0,29-42,5=12,30m
B,=b,-1,=4-10"°-425=170-10"°Cm/ xm,
Qi,=U2 B, =110>-170-10"° = 2Meap.

A-2 ydackeci:
R,, =0,428-17 =7,30m, X ,, =0,27-17 = 4,60m
B,=b,1,=4310°-17=731-10°Cu/xnm,
Q.,=U’ .B,=110"-731-10"° =0,8Meap.

A-3 ygackeci:
R, =0,429-255=10,90m, X ,; =0,29-25,5=7,40m

B,=b,1,=410"°.255=102-10"°Cu/xm,
Qi,=U? .B,=110*-102-10"° =1,2Meap.

A-4 yyackect:
R, =0,306-85=260m, X, =0,28-85=2,4=23570u
B,=b,1,=42.10"°.85=357-10°Cu/xm,
Q.,=U? -B,=1107-357-10"° = 0,4Meap.

A-5 yuackeci
R =0,429-85=3,650Mm, X , =0,29-85=2,50m

Bs=b,1,=4-10°-85=34-10"°Cu/ xm,

2.5 /KeqiHiH KyMBIC pe:KUMACPiHIH AaHAJIN3] MeH ecenTeyaepi

KobanaynplH OackliHAa S>KCMIHIH JUHUS OeJKTepiHaeri kKeaepri Oenrici3
OOJFaHIIBIKTAaH, KyaTThIH IIIaMachl >XYbIK MOHJEPMEH aHBIKTaJajbl. Paauaibisl

XKeNMiHIH  OacblHAarbl  OONIKTepIHJAEri  KyaT JKEKeJereH  TYThIHYUIbLIapIbIH

KOCBIHJBICHIMEH aHbIKTaJaabl. TyYHBIKTaqFaH eli YIIH KyaTThlH TapaTbUIybIH
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OapbIK OemikTepAeri Kuma OipJeit TeT ajblii, €Ki )KaKThl KOPEKTeHIIPIICTIH JINHUSAIA
CHUSIKTBI aHBIKTAJIA]TBI.
TeMene aekTp Oepiiic JKeiCiHIH cXeMachl kepceTinred (2.8-cyper)

A 106 5 15w 3 Swm + Skm 5 25km 10w p
20+j‘1'2,4 15‘4:19,3 404jj'24,8 10::]6,2 301}18,6
2.8 cyper - DuekTp OepiJic xeaiciHiH cyJ10achl
g (S,) L +(S;) -, +(S,) - 1,5 +(Sg) -1, - (S)) -1,
’ o | (2.17)
g _ (S,) L +(S;) -, +(S,) s +(S5) - L, - (S) - 1., |
5 o (2.18)
MYHJIAFbI | — KeJHIH Y3bIH]IBIFBI, KM.
p - 20-(60) +15-(45) + 4(;840) +10-(35) +30(10) _59MBm.
Q, - 12,4-(60)+9,3-(45) + 24,87-0(40) +6,2-(35)+18,6-(10) _ 36.51BA.
P - 30-(60) +10(35) + 40-75)30) +15-(25) + 20(10) —56,07MBm,
Q = 18,6-(60) +6,2-(35) + 24,2;-0(30) +9,3-(25)+12,4-(10) —34.76MBm.

Tekcepy: 115 = 115,07MBT
71,3=71,26MBA

2.5.1 Kepneyoiy wviebiHOapuln ecenmey

MakcuMaibl peKuM Ke31H/1e JKeJiHIH OONIIBIK JKOHE KOJIJICHEH IIbIFbIHIapbIH
ecenrey

U, =121xB,

XKeninig OOMIBIK MIBIFBIHBIH efieci (OpMyJia apKbLIbl aHBIKTANMBbI3:
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«_ PR+ Q- X,
AU = U ’ (2.19)

UWUH.

MyHaarel Uy, — IIWHAJIaH MIBIFATBIH KEPHEY.

XKeniHiH KeeHEH MIBIFBIHBIH Kelleci GopMyiia apKbLIbl Ta0a IbI:

Ho_ PiH'Xi_jQiH'Ri
T (2.20)
U, =U,-AU" - U/ (2.21)
A-2 ydackeci:
AU, = PR+ 1Q% X, _ 59.1,32+36,5-4,5 _ kB
Umm—t. 121
St = Pl X, —1Q% R, _ 59-45-36,5-1,32 _18xB,
U 121

WUH.

U,=U_ —AU", —joU", =121-2— j18=119— j18«B,
U, =119 +18% =119«B.

2-3 yJackeci:
AUz =2 R23J Qs Xy _ 39'2’5151324’1'6 — 2,05¢B,
. P X,—JQs Ry, 39-6-241-2,55
UL = 23 zszJ 23" "t23 _ 1o —15kB,

WUH

U,,=U, AU — jdU%, =119-2,05— j15=117 — j15xB,

U, =4/117* +15° =117«B.

3-4 yuackeci:
P".R 0" . X . .
AUy, = Fas 34J 1Q54- X3, _ 24 0,38111;4,8 1,85 _0.3xB,
SU — P X5, — JQa Ry _ 24-1,85-14,8-0,38 _397xB
34 U 117 ’ )

WUH.

33



U, =U_ —AUJ,—joJ}, =117-03—- 39,7 =116,7— j39,7«B,
U, =+/116,72 + 39,72 =123«B.

1-A yuackeci:

., PBY-R,+1JQ X, 56,07-1,32+34,76-38
AU/, = _

=17xB,
U 121

WUH

H Plil ) X1A - leHA ) RlA 56,07-3,8—-34,76-1,32
&JlA = =

=14«B,
U,.. 121

U, =U_ —AU/ - o}, =121-17 - j14=1193— jL4xB,
U,, =119,3° +1,42 =119 3«5.

1-5 yuackeci:

., PIR.+jQ5 X, 2607-675+16,16-10
AU/ = _

= =2,83xB,
U,. 119,3

Ul = P Xis— JQis-Rig _ 26,07-10-16,16-6,75 _13¢B
U,. 119,3

U.=U_ —AU/.—jU =1193-283— j13=116,5— j13«B,
U, =+/116,5> +132 =1165«5.

4-5 yyackeci:

H P4HS : R45 + JQZ5 . X45 16,07 ° 2,3+ 9,96 : 2,15
AU = _

= 0,5«B,
U,.. 116,5

H P4Fif> ) X45 — JQZS : R45 16107 : 2,15_9,96 . 2,3
M 45 = =
Umull. 116-5
U,=U,,6 —AU;—jdJ,.=1165-0,5-j01=116,5- jO,1xB,

U, =+/116,52 +01% =116xB5.

Kepneyi 110xkB-Tan acbin TypraHIbIKTaH, 013 €MIKaHIali SJIEKTPIIIK
armaparrap TaHIaManuMBbI3.

=01xB,

2.5.2 Texnuko-3KOHOMUKANLIK ecenmeynep

TeHnK0-?KOHOMHKAJIBIK KOPCETKIIMITEPTe €H aJIIbIMEH KOOaHbIH ap3aH IbUIBIFHI,
AJIEKTP SHEPTUSHBI TapaTyABIH KOFaphl CEHIMIUTITI )oHE OOEKTiIHIH 631 MEH OHBIH
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Kenoip OeKTepiHIH Y3aK JKCIUTyaTalUsChl, KENIHIH HOMHMHAIABl KEpHEYIHIH
IIaMachl, CbIMFa KE€TETiH TYCTI METaUIAapAbIH IIBIFBIHBI.

Ocpinga AC mapkaiibl CBIMIap/bIH Oarachl XKOHE 3Jiera3 aXblPaTKbIILITaPbIHBIH
Oaracel kenripuireH. JKemniHiH TOJBIK KYHBIH KOHE KEJIIHIH OOBEKTUIEpIHE KETeTIH
KYPJeil calbIMIapbIH €CeNTeMI3.

XKemnini )keHaeyre )KoHE KbI3MET €TyTre, aMOPTU3ALUSAFa KETETIH TOJBIK JKbIJIIBIK
IIBIFBIHAPABI JKOHE JKEJiJeri 2JEKTp SHEPrusl IIBIFIHAAPHIH KOMIICHCAlUsIayFa
KETeTIH HIBIFBIHAAp/bl ecenTeriMi3. COHbIMEH KaTap KyaTThlH MaKCHMAJbl IIBIFBIH
YaKpITBI MEH OJIIEKTPIHEPTHSHBIH JKbUIABIK IIBIFBIHBIH ecenTeiMi3. TeXHuKo-
HKOHOMUKAJIBIK KOPCETKII OOMBIHIIIA €H TUIM1 JKEI1HI TaHTaMBI3.

Temenzeri kectene 9p ydacTikke OalIaHBICTBI CHIMHBIH Oarachl KOPCETIITeH
(2.11 kecTe)

2.11 kecre - Op y4acTikKe 0alJIAHBICTHI CBIMHBIH 0arachl:

Yyactok Aynan Tipek Typi CoiM baracel, Tr
A-2 11 Bonarte! Oip Ti36€kTi AC-300/39 8400
2-3 11 BounatTs! Oip Ti30eKTi AC-185/24 7740
3-4 11 bonartel Oip Ti30eKTi AC-120/19 6840
4-5 11 Bbonarter 6ip Ti36ekTi AC-70/11 7200
5-1 11 BonarTel Oip Ti30eKTI AC-120/27 6840
1-A 11 Bbonarter 6ip Ti30ekTi AC-240/56 8400

AJNJBIMEH JKEJIHIH TOJBIK KYHBIH €CENTeUMI3, OJ KEIIHIH Y3bIHIBIFBl MEH
YKEJIHIH ChIM Oarachl apaKaThlHACHI aPKbLIbI €CEnTeNe/Ii:

Ka=2K1, (2.22)

MyH1arel K, - )KeJHIH TOJBIK KYHBI,
Ko - J)KeJiHIH KYHBI, TT;
| - skemiHiH Y3BIHIBIFBL, KM.
1 — HycKa: TYHBIKTaJIFaH dJeKTp Oepiiic Kenict YIIiH

K, =84000+ 38700+ 34200+ 36000 +171000 + 84000 = 44 7900m.1r.me,

XKenini )xkeHaeyre >koHE KbI3MET €TyTe, aMOPTU3AIUSAFA KETETIH TOJBIK KBUIIBIK
IIBIFBIHAAPABI KEJIECieH ecenTemis
_ aaﬂ + apfz + aon

V] 100 ! (223)
MYHIAFbl 0, =2,4;
Opst0,,=0,4.
U = w 447900 =12541,2 marn.me | orcon,

a

XKemimeri o2meKkTp DJHEpPrus IIBIFBIHAAPBIH  KOMIIGHCAIMSUIAyFa KETETiH
HIBIFBIHIAPABI Kesiecl hopMyJia apKbLIbl €CENTenMi3
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a,.ta,.ta,.
an :Knc - !
100 (2.24)

MYHJAFbl 0n.—6,4;
Opne T Conc=3.

6,4+3

", =236400000- ’100 = 22,221600man.me [ scoin,

KyaTTblH MakcuMa bl HIBIFBIH YaKbITHIH KeJieCl opMysia apKbLUIbI €CenTenMis:
MakcUMaIIbIK )KYKTEMEHIH KBUIIBIK caraTbl 1, = 4000cae,
7 = 2405,3me [ scvin,

Op YYacCTIKKe OailIaHbICThI 3JIEKTP SHEPTUsl MIBIFBIHBIH €CENTENMI3!

P +Q?
AW=—7 7 (2.25)
P?+Q? 59° +36,5°
AW, , =———F17=——-—-132-2405,3=1263xBm - caz
U 110°
2 2 2
AW, =Tt Q ST Y e o 405~ 1065 kB - cas
U 110°
2 2 2 2
AW, , =PU%Q-M % 0,38-2405,3 = 60xBm - caz
2 2 2 2
AW, , = PU%Q- rr= 16’0711829’96 .2,3-2405,3 =163,4xBm - caz
2 2 2 2
AW, , = % r-r= 26,07 +:2l6'16 -6,75-2405,3=1262,4xBm - caz
U 110
2 2 2 2
AW, , = PU;ZQ- rr= 56’07112::’4’76 1,32-2405,3 =1142xBm - caz

DNEeKTp IHEPTUSHBIH KbULIBIK MIBIFRIHBIH Kellecifiel (hopMyaMeH ecenTenMis:

AW =AW, , + AW, . + AW, , + AW, . + AW, , + AW, , =4956,2xBm/ caz ,
B=3
u, =,3'ZAWH (2.26)

U =3-4956,2 =14869000.m11.me,
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M =12541,2+ 22,221600 +14869000=48,5MiH.TT

2 — HYCKa YIIIH: TYWBIKTaJIMaFraH JICKTP Oepllic JKeicl YIIiH
TemeHnperi kecrene op y4acTikke OailllaHBICTBI CHIMHBIH Oarachl KOPCETIITCH
(2.12 kecTe)

2.12 kecre - Op yyacTikke 0aAlJIAHBICTHI CBIMHBIH 0arachl:

VYyacTtox Aynan Tipek Typi CoiM baracel, Tr
A-1 11 Bomnartel exi Ti30eKTi AC-70/11 14760
A-2 11 BonaTTel exi Ti30eKTi AC-70/72 14760
A-3 11 BonarTel eki Ti30eKTi AC-70/11 14760
A-4 11 BonarTel eki Ti30eKTi AC-95/16 14640
A-5 11 Bomnartel eki Ti30ekTi AC-70/11 14760

K,, =627300+ 250920+ 376380 +124440 4125460 = 1504500 m11.me,

y  (24+04)
100

z

1504500 = 42126 man.me | orcoln,

1 = 236400000- 2213
100

= 22.,221600Mman.me [ ocoun,

1 >XBLIABIK KENTIPUITSH IIBIFBIHAAPABI €CeTTeMI3

5= P LK, (2.27)

3, =0,12-683+48,5=130,5man.me
3,=012-1740+105 = 314 mn.me

KopsiTa kenrenie, TeXHUKO-3KOHOMUKAJIBIK €CENTEY KYPri3reH Ke3ne, THIMAIC]
1-11i HyCKa, SIFHU TYMBIKTAJIFaH 3JIEKTp Oeputic xeicl 0onaabl.

2.5.3 Maxcumanow sxcykmeme Ke3inoe Kyammol ecenmey

4-5 ygackeci:
Sn =50 = 1Qan, (2.28)

Sy =S,— jQ,  =16,07+ j9,96— j015=16,07 + j9,81MBA,

2 2
AS :M.(Rn X)),

n 2
UHOM

(2.29)
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16,072 +9,817

AS
4 1102

-(2,3+ j215) =0,07 + j0,06MBA,
S/ =S¥ +AS,,
S/ =Sk +AS,. =16,07+ j9,81+0,07+ j0,06 =164+ 9,87 MBA.

(2.30)

5-lyygackeci:

S5 =S, — jQl, = 26,21+ j16,6— j0,8 = 26,21+ j15,8MBA,
2 2
ASg, = 26’211;215’8 -(6,75+ j10) =0,5+ jO,77MBA,

Si, =S¢, +AS;, =26,21+ j158+0,5+ J0,77 = 26,71+ j16,6MBA.

1-A yuackeci:

SK, =S, — jQX,, =57+ j36,43— j0,3=57+ j36,13MBA,

572 + 36,132
AS. , = !
1 1102

S/ =S/, +AS,, =57+ j3613+0,5+ jL,4 =575+ j37,53MBA.

-(L32+ j3,8) = 0,5+ jL4MBA,

3-4 yyackeci:

SE =S, — [Qly =24+ j14,8— 0,2 = 24+ 14,6 MBA,

2 2
AS,, = %-(O,S&L j1,85) = 0,03+ jO,LMBA,

Sa =S5, +AS;, =24+ j14,6+ 0,03+ jO1= 24,03+ j14,7MBA.
2-3 y4ackeci:

S5 =S, — jQr,, =39,118+ j24,65— j0,5=239,118+ j24,15MBA,
39,1187 + 24,157
1102
Sy =S5 +AS,, =39,118+ j2415+0,4+ j1=239,518+ j2515MBA.

AS,, = -(2,55+ jB) = 0,4+ jLMBA,

TemeHne anexTp Oepilic KeMCiHIH MAaKCUMAJIJIBI )KYKTEME Ke31HeT1
aJIMacThIPy cxeMachl kepcertinreH (2.9-cyper)
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JL &N 19790.1i2

A0 122+i39
59,622+38
1.39.518+i24

20.104+i1

39 518+i25.
11 20 11R+i24
IT2a 119Li92

[ ]—con

75 i

39+j24

15.088+i10.

7

7

1124 024114
W4 034014
L 24+i14
"Wonsinas
16,07+j9,8
(116 14+i9 8
'116,14+i9,7
|126.21+/16

0 1R

. 2. 2,1
24+j14,

16,07+j9,9

40,2+]28,

10.07+i6.

A7 1

26,07+j16,

11.26.71+j16

'26.71+i15.

07436 4
C741i2A 1

1 57 5+i27 B
87 5+ik7 2

—A
1.3 3.

56,07+j34,7

30.2+i20.

2.9 cyper - DuekTp OepiJiic xeJiCiHIH MAKCHUMAJIbI KYKTeMe Ke3iHaeri
AJIMACTBIPY CXeMAaChl

2.5.4 Munumanowl scykmeme Ke3inoe Kyammuol ecenme)y

’

TyTHIHYIIBUTAPIBIH MUHIMAJIJIBI )KYKTEME PEXUMI KE31HE DIIEKTPIIIK ecenTey

ChIMaapbIlH, KUMAChIH JJICKTPIIIK €CENTeyl TYTHIHYIMIBUIAPIABIH MaKCHMAJIJIbI
KYKTETy Ke3iHJe albIHAbl. bipak, Toymik OOWBl TYTHIHYIIBUIAPIBIH IKYKTEMeci
©3repreH CaifbIH, OHJIa MUHUMAJIJIBI )KYKTEME KEe31HIET1 ecenTey Il )Kypri3zy kepek. Ochl
PEXKUMJIC )KEKE KeTIep 031HIH )KYKTEMECIH azaiiTca, 0acKaiapbl KoTepyl MyMKiH. OChI
JKaraa ChIMAApP/bIH KbI3yblHA ajblll Keledi. KepHeymiH IeHreii MEH IIbIFBIHBI
e3repei, OapiblK >KeIuiepae MeH TpaHcdopmaTopiiapAa KyaT IIBIFBIHBI ©3repei.
ChIMaapaplH KbI3YbIH Oakpllay MaKCaTHIMEH JKOHE MUHUMAIIBI )KYKTEME Ke3iHJIe
KepHEY JICHTeHiH aHbIKTay YIIIH KOChIMIIIA ecenTeyyep »kyprizuiemi. Ecenrey

39



METOJIMKAChl COJl KaJMbIHAa Kana Oepenai. AMbIpMalIbUIBIFBI TEK KaHa 0i3re Oenrinii
TpaHchopMaTOpiap MEH ChIMAAPIbIH KHMACBhIHBIH MOJIiM OOJyBI, COHIBIKTAH
MUHHAMAJIIBI PSKUMJII €CeNTey Ke3iHae TpaHchopMaTopiIapablH OpaMIapbIHBIH KyaT
IIBIFBIHAAPEl  KaliTa ecenTesiHe/l, JKENHIH KeIepricli apKpUIbl aFaH TapaTybl
eCernTeMi3, KepHEeyaiH JeHreldl MEH IIBIFBIHBI KOHE KyaT IIBIFBIHBI €CeNTeNIHEI].
EcenreynepaeH keiiH KepHey ACHICHIH aHaIU3AeiMI3.

4-5 yyackeci:

Sy =5, = 1Qq, (2.31)
S, =S, — jQ%, s =6,5+ j45— j015 =65+ j4,35MBA,
P, +Q;
ASn UHZOM (Rn +Xn)! (232)
6,5° +4,35°

ASy === (23+[215) =0,012+ j0,01MBA,

S/ =SK+AS,, (2.33)
S/ =Sk +AS, =65+ j4,35+0,012+ j0,01= 6,512+ j4,36MBA.

5-lyvackeci:
Si, =95, - JQf,; =10,55+ j6,95— j0,8 =10,55+ j6,15MBA,

2 2
AS, = 10’5‘? 1326’15 (6,75+ j10) = 0,08+ jO.LMBA,

S! =S¥ +AS,, =10,55+ j6,15+0,08+ jO,1=10,63+ j6,25MBA.

1-A yuackeci:

SK, =S, — jQL,, = 22,704+ j1351— j0,3= 22,704+ j13,21MBA,

22704 +13,512
Adu = 110°

S/, =S/, +AS,, =22,704+ j1351+0,07 + j0,2 =22,8+ j13,41MBA.

.(1L,32+ j3,8) =0,07 + jO,2MBA,

3-4 ydackeci:

SK =S, — jQL, =9,61+ j6,6— j0,2=9,61+ j6,4MBA,

9,612 + 6,42
AS, =2 = T
3 1102

S =Sk +AS,, =9,61+ j6,4+0,004+ j0,02=9,614+ j6,42MBA.

.(0,38+ j1,85) = 0,004+ jO,02MBA,

2-3 yJackeci:
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Sk, =S, — jQL,s =157+ j10,3— j0,5=15,7+ j9,8MBA,

15,7% +9,8°
ST

Sy =S5 +AS,, =157+ j9,8+0,07+ j0,12=15,77 + j9,92MBA.

(2,55+ j6) = 0,07 + j0,12MBA,

A-2 yuackeci:
S, =S, —1Q5, =24+ j14,7— j0,3=24+ j14,7TMBA,

2 2
% .(132+ j4,5) = 0,09+ jO,3MBA,

A2~

S" =S* +AS,, =24+ j14,7+0,09+ j0,3= 24,00+ jI5MBA.

MuHuMaIabl peKUM KE31HJE JKEJiHIH OOMIIBIK JKOHE KOJACHEH HIbIFbIHIAPbIH
ecenrey

U, =110«5,
KeniHiH OOMIIBIK HIBIFBIHBIH KeJiecl (POpMyJia apKbUIbl aHBIKTAHMBI3:

. BYR+JQ" X,
AT =70 ’ (2.34)

WUH.

myHAarbl Uy, — IINHAIaH TIBIFATHIH KEPHEY.
KeniHiH KeJAeHEH MIBIFBIHBIH KeJecl (opMyIia apKblIbl TAOAIbI:

sur = R X ;JQ R (2.35)
U, =U;, —AU[ - joU;". (2.36)
A-2 yuackeci:
aur, - PR : QX _ 237 '1’321: 016’15'4’5 ~ 0,9¢B,
s P" . XAZU—WJ'HQZz ‘R, _ 237- 4,51—1%)6,15-1,32 _ 08B,

WUH.

U,=U_ —AU", - jdU" =110-09— j0,8=1091— j0,8xB,
U, =4/109,1° +0,82 =109,1xB.
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2-3 y4Jackeci:

PR, + jQp - X,,  1566-2,55+10,65-6

AU, = = =0,9«B,
v, 109,1

sy - Psr Xos—[Qg Rys 1566-6-10,65-255 .

2 U 109,1 B

WUH.

U,,=U, - AU — j8U%, =1091-09— j0,6 =108,2— j0,6xB,

U, =+/108,2% + 0,6 =108,2xB.

3-4 yqackeci:
AU3H4 _ P34 . R34 + JQ34 . X34 _ 9,61 0,38"‘ 6,6 1’85 _ 0,15KB,
Uz, = Do Xas = Qs - Roy  961:185-6,6-038 _ 5,
U 108,2

WUH

U, =U_ —AU - joJ%, =108,2—015— j0,14 =108,05— j0.14xB,
U, =/108,05% +0,14% =108xB.

1-A yuackeci:
AU - PRy + Q- Xy, _22,6-132+1525-38 _ 0,818,
U, 110
My, = Rl X - JQr Ry _226-38-1525-132 0,6xB,
U 110

WUH.

U, =U_ —AU/, - joJ!, =110-08— j0,6 =109,2 — j0,6xB,
U,, =+/109,2% +0,6 =109,2«B.

1-5 yuackeci:
AUl”S _ Pl; . R15 + JQ]}_LIS . X15 _ 10,53 . 6,75 + 712 -10 _ 1,3KB,
UmuH. 109’2
&JlHS _ Pllé . X15 — leHS . R15 _ 10,5310 - 7,2 : 6175 — 0,52KB,
U 109,2

WUH

U, =U,_ —AU.— joUL =109,2—-13— j0,52=107,9— j0,52xB,

U, =+/107,92 +0,52% =108xB.
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4-5 ygackeci:

PR, + jQL-X,. 65:23+45-215

AU = T - T —0,23xB,
U — Pit - X4s— iQis - Rys _ 65-215-4,5-23 _ 0.03¢5
4 U 108 ’ ’

WUH.

U,,=U, —AU— joU. =108—0,23— j0,03=107,77 — j0,03xB,

U, =+107,77% + 0,032 =107,8xB.

Kepueyi 110xB-Tan aceint TypMaraHbIKTaH, 013 3JIEKTPIIIK armapaTTap
TaHJalMBbI3.

TemeHne IeKTp Oepillic KeNCIHIH MUHUMAIbI )KYKTeME Ke31Her1
aJIMacThIpy cxemachl kepcertinaren (2.10-cyper)

o L n
- < . .q s . N (a1 Ha) - Q‘ <| -
; o I I =2 R N £ q3 4 3 e
o) S q + A 743 A < H+ 3 + < o=
¢ I A~ +d < H - T N o I92) ~ 4] -
< EED B 45« v: R I qr 9 <3< o [
€ F\l‘\"'_ra Fﬂoo 0‘(”“5 LC&CEE S 2 ;;
A

onn 2l 1o 2] I Lo Sl m\““’l“‘l_l onn

13 45 75 F 0. 1% 2. 21 r7 1 13 3.
23,7+j16.1 | 15,66+j10,6 9,61+j6, | 65+, 10,53+j7,2 | 22,6+j15,25

8.044+i5. 6.05+i4.06 16,1411, 4035+ 12.074+i8
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2.10 cyper - DurekTp OepiJic sKeJqiCIHIH MUHUMAJIABI dKYKTeMe Ke3iHaeri
aJIMaCTBIPY CYJI0aChI

2.5.5 Kocankpl cmanyusnbly MUHUMALObL PEXHCUMIH ecenmey

_8,044-(60) +6,05- (45) +16,1(40) + 4,035 (35) +12,074(10)

p - = 23,7MBm,
o,  55:(60)+4,06-(45) +11,037- 540) +2,74-(35)+8,06-(10) e n
p - 12,074 (60) + 4,035(35) +16,710- (30)+6,05-(25) +8,044(10) _ », cimye
o = 8:06-(60) +274-(35) +11,0730- (30)+4,06-(25) +55:(10) _ ¢ 551,

Tekcepy:46,3 = 46,03 MBT
31,4=31,AMBA
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Nel KocanKbl CTaHIIMSICEI

I::.min = 40%’
P+ jQ=0,4(30+ j18,6) =12+ j7,44MBA,

2 2 2 2
_ P +Q, r 127 +7,44 -2’54:0,02MBm

mpn U 2 -

HOM " ]-]-()2
2 2 2 2
_PPHQp | _12°4744° 333 o

A = r
Q’"p " Ufm e 1102 2
S, =(P+AP)+ j(Q+AQ) =(12,02+0,054) + j(7,71+0,35) =

ecen

=12,074 + 8,06 MBA.

AP

Temenne 40% xykremeni TomenaeTkeH ke3aeri TPJIH25000/110 exi opamabl
TpaHc(hOpPMaTOPBIHBIH aJlaCThIPy cXemachl kepceriired (2.11-cyper)

Ne 2 KocaJIKbI CTaHIIUSACHI
P, =40%,
P+ jQ =0,4(20+ j12,4) =8+ j5MBA,

2 2 2 2
ap, =2 tQ BTSN 298 6 61 0ipm
T R TT

P?+Q? 8> +5° 33
AQmpn = 2U 2 2. rmpn = 1102 : ? = 0,13MBm

HOM

S,en =(P+AP)+ J(Q+AQ) =(8,01+0,054) + j(513+0,35) =

ecen

=8,044+ j5,5MBA.

Temenne 40% xykremeni TomenaeTked ke3aeri TPJIH25000/110 exi opam b

Ne3 KocanKbl CTaHIIMSCEI

I::'min = 40%!
P+ jQ=0,4(15+ j9,3) =6+ j3,72MBA,
2 2 2 2
AP, - |32U+2 Q; . 6 1+13;,272 '454 _ 0.01MBm

HOM

P2 +Q? 6% +3,72% 53,7
AQmpn=—2U2 2 = 07 = OLMBm

HOM

S,... =(P+AP)+ J(Q+AQ)=(6,01+0,038)+ j(3,83+0,23) =

ecen

= 6,05+ j4,06MBA.
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Temenne 40% xykremeni Tomennerke kezneri TPJIH16000/110 exi opamabl
TpaHC(HOPMATOPBIHBIH aJacThIPy cXeMachl kepceriireH (2.13-cyper)

\\1@ P,=0,038

6,05+j4,06 I:I
6,01+j3,83
L 7Y vy
Q=0,23
[] Rip=4,4/2
AP,,=0,01
AQ.,=0,11
Qo Xrp=53,7/2

6+j3,72

2.13 cypert - Exi opamabl TpaHC(HOPMATOPABIH AJIMACTHIPY CXeMAChI

Ne4 KocanKbl CTaHIIUACHI
P., =40%,
P+ jQ =0,4(40+ j24,8) =16+ J10MBA,
2 2 2 2
_ P, J;Qz r :w-&:0,0ZMBm
” u:. v 110 2

P?+Q? 162 +10% 34,7
A(?mpn = U—2 ) rmpn = 1102 ) 2

S =(P+AP)+ j(Q+AQ)=(16,02+0,072) + j(10,51+0,52) =

=16,1+ j11,03MBA.

Temenne 40% xykremeni TomenaeTked ke3aeri TPJIH40000/110 exi opam bl
TpaHc(hOPMATOPBIHBIH aJlaCThIPy CXeMachl kepceTiirex.(2.14-cyper)

=0,51MBm
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__16,1+j11,03 |
16,02+j10,51 |

D Q,=0,52
Rep=1,4/2

Xp=34,7/2

AP=0,02

AQ.,=0,51

16+j10

2.14 cypert - Exi opamabl TpaHC(HOPMATOPABIH AJIMACTBIPY CXeMAChI

\iﬂ P«=0,028

4,035+j2,74 I:I

4,007+j2.6

L /7 v ¥y
Q=0,14
[] RTp=7,9/2

AP.,=0,007
AQ;,=0,08

Qe é X1p=87,3/2

A\ 4

4+j2,52
2.15 cyper - Eki opamabl TpaHcGoOpMATOPABIH AIMACTBIPY CXeMAaChI

No5 KocanKbl CTaHIIUACHI

P, =40%,

P+ jQ=0,4(10+ j6,3) =4+ j2,52MBA,
_PiAQ 474252 79

AP, = = 0,007 MBm
wteouE o™ 1100 2

HOM

47



P2 4 Q? 424252 873
AQuy =gz T =gz, O08MBm
S,en = (P+AP)+ j(Q+AQ) = (4,007 +0,028) + j(2,6 +0,14) =
_ 4,035+ j2,7AMBA.

Temenne 40% xykremeni TomenaeTked ke3aeri TPJIH10000/110 exi opam bl
TpaHC(HOPMATOPBIHBIH aJacThIPy cXeMachl kepcetiireH (2.15-cyper)

2.5.6 Anammuik pescum Ke3iHoe Kyammul ecenmey

AmNaTThIK peXHUMJIe TOpAaIThIH KaHAal ga Oilp ailMarbl aXbIpaThUIFaH Ke3[e
MbICaTBl A-2, oHa OWI aliMak COHMIpIIeAl KoHE >KYKTemenep Oip jKakTaH KOpeK
ayajipl, SFHU TOpan TYbIKTAJIMAaFaHFa alfHaIa bl JKoHE €Ki OKIIayiay cyj0achl CeKuIIl
KYMBIC icTeil: A koHe 2. byl Ke3/e Kyar MIBIFBIHBI dKOHE KEPHEY/IIH MaKCHUMAaJI b
IIBIFBIHBI YIIKee 1. EH Hammap »karaait 6osbin 4 HemMece 2 Heri3ri aiMakTapablH COHY1
caHaynanpl. byHnail anmaTelH pekuMAEp YIIH KEpHEY IIbIFBIHBIH, KyaT IIbIFBIHBIH
aHBIKTAY/IbI JKOHE KbI3JIBIPyFa TEKCEPY/Il OTKI3Y KEpEK.

VYyacki A-2 apalIbIFbIH/a anaTThIK >Karjgai TyFbi3aMbl3. OHBI KeIiJIeH Y3eMi3,
COJIaH KEHiH ecenTeyyep Kyprizemis.

TemeHneri cyperre amaTThIK PEXHM Ke3IHJIErl SJEKTp Oepilic KeTiCIHIH
cxemachl kepceTuires (2.16-cyper)

2 15Km 3

5Km

5Km
10Kkm

1 25km

2.16 cypert - AaTTBhIK Pe:KUM Ke3iH/er] KeJIiHiH cXeMachl
ANaTTHIK PEXXUM KE31HJI€ 9p YYACTOKKa OalIaHbICThI KyaTTap/ibl €CenTey:
4-5 yyackecit:
S1 =50~ JQa (2.37)
Si:=5,-1Q0, =754+ 52— ]015=754+ ]51,85MBA,
2 2
AS :LQ‘.(Rn + Xn)’

n 2
U HOM

(2.38)

48



75,42 +5185°

AS
4 1102

-(2,3+ jJ2,15) =1,6 + j1,5MBA,
S/ =S] +AS,,
Sis =S, +AS,. =754+ j51,85+1,6+ j1,5=77+ j53,35MBA.

(2.39)

5-lyygackeci:

Sk =S, — jQr, =87,07+ j60,1— j0,8=87,07+ j59,5MBA,
87,07 +59,5
110
S =S5, +AS,, =87,07+ j59,5+6,2+ j9,2 =933+ 68,7 MBA.

AS,, = -(6,75+ j10) = 6,2+ j9,2MBA,

1-A yuackeci:

SK, =S, - jQX,, =1235+ j88,45— j0,3=1235+ j8815MBA,

12352 +88152
Au=""11p

S¥ =SK +AS,, =1235+ j8815+2,5+ j7,2 =126+ j95,35MBA.

(L32+ j3,8) = 2,5+ j7,2MBA,

3-4 yuackeci:

SK, =S, — jQL, =35,2+ 23,6 j0,2 =35,2+ j23,4MBA,

2 2
ASy, = 35’21 1+o§3’4 .(0,38+ j1,85) = 0,06 + j0,3MBA,

Sz, =S5, +AS,, =352+ )23,4+0,06+ j0,3 =353+ 23,7 MBA.
2-3 y4ackeci:
S)s =S — Qs =50,4+ j33,65— j0,5=50,4+ j3315MBA,

2 2
AS,; = 50’41I0?;3,15 -(2,55+J6)=0,77 + j1,8MBA,

Sy =S5 +AS,, =50,4+ j3315+0,77 + jL8=5117 + j35MBA.

AMNaTTBIK PEKUM Ke31HAC >KEJIHIH OONJIBIK >KOHE KOJJICHEH IIbIFbIHIAPbIH
ecenrey
2-3 y4dackeci

U, =110«B,
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KeniniH OOMIBIK IILIFBIHBIH €J1ecl (opMyIia apKbUIbl aHBIKTANMBI3:

«_ B-Ri+1Q7- X,
AU = U ’ (2.40)

UWUH.

myHAarsl U, — IINHaJaH MIBIFATBIH KEPHEY.
XKeniHiH KeeHEH MIBIFBIHBIH Kelleci GopMyiia apKbLIbl Ta0a IbI:

Ho_ PiH'Xi_jQiH‘Ri
Mi=""4 ’ (2.41)

WUH

U, =U; -AU - joU". (2.42)

2-3 yyackeci:

Py Ry + JQys- X,  20,104-2,55+13,45-6

AU, = ; - o1 —11xB,
U — Py X5 — iQjs- Ry _ 20,104-6-13,45-2,55 _ 07¢B
23 U 121 e

WUH.

U,=U_ —AUL—jdl, =121-11- j0,7 =1199— jO,7«B,
U, =+/119,92 +0,72 =119,9«B.

3-4 yuackeci:

AU, = P, - Ry + Qs - Xy _ 35,2-0,38+23,6-1,85 _ 05¢B
U,.. 119,9

U, = Py - X5, — JQs, - Ry, _ 35,2-1.85-23,6-0,38 _ 0.47xB,
U 119,9

WUH.

U,, =U,,—AU/, — joU%, =119,9-0,5— j0,47 =119,4— j0,47«B,
U,, =+/119,42 +0,47% =119,4xB.

1-A yuackeci:

P" R, +jQl X, 1157-132+79,55-338

AU/, = = = 3,8«AB,
v, 119,4

U — P’ Xy, —JQ Ry, _1157-38-7955-132 >8R

14 U 119,4 T

U, =U_ —AU/ —joU;, =1194-38— j2,8=1156— j2,8xB,
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U, =+/115,6% +2,8% =115,6xB.

5-1 yuackeci:

P R+ jQg; - X5, 855-6,75+59-10
U 115,6

WUH

Ps-Xg — jQ4 Ry,  855-10-59-6,75
U 1156

WUH.

U, =U_ —AU{ —joUL, =1156-101— j4=1055— j4xB,
U,, =+105,5? + 42 =105,6xB.

AU, = =101xB,

ML = 4k B,

4-5 yyackeci:

AU, = PRy + 1Qus - X5 _ 75,4-2,3+52-215 _27xB
U 105,6

S = Pis- X, — Q45 Rys _ 75,4-215-75,4-2,3 — 0.4KB,
U 105,6

WUH.

Ug=U_ —AU/ - joUL =1056—2,7— j0,4=1029— j0,4xB,
U, =+102,9% +0,4° =102,9«B.

Temenne snekTp Oepulic KENICIHIH amaTThIK PEXUM Ke3IHJErl aaMacThIpy
cxemachl kepcetireH.(2.17-cyper)
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o) 7o) o % 'i'). | w
~ © | o~ .
ol 8 ez e <|lg 9 o =3 e g[S ol
ol F 9l o ] B S Qe JF ol & ¥l & ol (=28
TS AL & HE w2 ol 5 o Yl ey e
~| + <L FH] % +] = ~| ' 7 I RS B Y [ B Nl N
—f = Jq3 AR i A < T o & * = - A A
N o - A R N >
= - — = - — 4015 o— —= 08 == - 03 =
2.5 6 2 103 18 23 21 6.7 1 1,32 3.8
2l M1 o [l [ ] L[ 1 oo L[] o 1A
20,104+j13,45 | 35,2+j23,6 75,4+j52 85,5+)59 115,7+j79,55
20,104+j13 15,088+j4,06 40,2+j28,2 10,07+i6.8 30,2+i20,55

2.17 cyper - DJieKTp Oepiiic sKeJiCIHIH anaTThIK PeXUM Ke3iHaeri aaMacTbIpy
cXeMachbl
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2.5.7Kepneyoi pemmey scabovikmapvlh mayoay

MaxkcuMman >KyKTeMe Ke3iHJe KEpeKTI KepHey HOMMHAAbl KepHeyaeH 5 %
xorapbl 001y kepek. Mpicanbl Uy = 6,5 kB nenik. lIpiHaiibl kepHEy TOMEH, COJ YIIIH
013 KEpHEY/I1 KOTepy YIIIH KaXKETTI ka0 IbIKThIP KOJIIaHaMbl3. byt )karaiiia ;KyKkreme
Ke31HJer1 KepHeyl perreyal Konaanambi3 (PITH).

MuHuMan sl pexxuM YILiH:

U, 6,5

U,,=U.—m =1091.>2 =583,
121

BH

121: 1/118,85; 2/116,7; 3/114,55; 4/112,4; 5/110,25; 6/108,1; 7/105,95;
8/103,8;9/101,65

-
I

U, -2 _1001.2° _ 1010748

ome UM 6,8
U=U.Zm _1091._5° _gop
U,y 101,65
U,,=U- Y _1082.5° _58¢8,
121

) UBH

121: 1/118,85; 2/116,7; 3/114,55; 4/112,4; 5/110,25; 6/108,1; 7/105,95;
8/103,8;9/101,65

U —u,- 2 _1082.%° _10342¢8
U, 6,8
U=U.-Zm _1082. % _g7.p
Uy, 1038
u,,=U- Y _108.5° _588

U, 121

121: 1/117,97, 2/114,95;
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U, 6,5

U =U, . —H =108. = =104,7xB,
U, 6,7
U=U.Jm _108._5° _g6.p,
U, 114,95
u,, =U- Yuu _109.2.5° _580¢8
U,, 121

121: 1/118,85; 2/116,7; 3/114,55; 4/112,4; 5/110,25; 6/108,1; 7/105,95;
8/103,8;9/101,65

U =U,.- O _1092.%° _10594.8,
U, 6,7
U=U.Jm _1092. %° _geep
U, 105,95

U 6.5
U, =U.—m =108-— =58«B,
U,, 121

121: 1/118,85; 2/116,7; 3/114,55; 4/112,4; 5/110,25; 6/108,1; 7/105,95;
8/103,8;9/101,65

U 6,5

U, =U, —H =108. 22 =104,7«B,
U, 6,7
U=U.Zm _108._%° _g6ep
U, 105,95
U,.=U- You _107:8.-8° 57018
U,, 121

121: 1/118,85; 2/116,7; 3/114,55; 4/112,4; 5/110,25; 6/108,1; 7/105,95;
8/103,8;9/101,65

U —U,-Zm _1078.2° _1045¢5,
U, 6,7

U=U.Ym _1078. %2 _gexp
N 105,95

AmnaTTaH KeHiHT1 peKuM YILiH:
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Uy, =U T _1056. 22

B —— =5,67«B,
Usgy 121

121: 1/118,85; 2/116,7; 3/114,55; 4/112,4; 5/110,25; 6/108,1; 7/105,95;
8/103,8;9/101,65

U =U, .28 _1056.9° 102 44¢8,
U, 6,7
U=U.2m _1056. %° _g6.p,
Uy, 1038
U,.=U- You _1009.8° _55008
U, 121

121: 1/118,85; 2/116,7; 3/114,55; 4/112,4; 5/110,25; 6/108,1; 7/105,95;
8/103,8;9/101,65
U 6,5

U, =U,-—H =102,9. -2 =98 36xB,
U, 6.8
U=U.Jm _1029. 5° _geep
U, 101,65

DNeKTp DJHEprusi TYTHIHYIIBUIAP KEPHEYIHIH CamachlHBIH KOWBLIATHIH
TaJjanTapJsl OpbIHAAY VIIIH, >KOOajJaHAThIH KEJIHIH KEpHEy IamMasnapbl Oenriii
apasibikta 00nybl Kepek. KenmiHIH op HYKTECIHJErl KepHEyIl perTeyal MyMKIHIIK
OepeTiH apHaiibl )KaOABIKTAp PYYCaT €TUINeH KEPHEY PEKUMIH KAMTaMachl3 €Te/l.

Kepueyai perrey »kaOapIKTapblHa Mapajiedb >KaJFaHFaH KOMIIEHCAus,
KOJIJICHEH JKaJiFaHFaH KOMIIEHCAlusl, IIYHTTaylIbl KoHaeHcaTop Oartapesuiapsl (KbB)
Konjaneiaasl. Onap peakTuB KyaTblH OHJIpyre apHairaH. BoWibIK KommeHcanus
OBbX-HiH peakTUBTI KEJEPTICIH a3alTy YIIiH KOJAaHbUIa el ONap MIBIFBIH]IBI a3aUTY
yiriH (Ti30eKTel KanFaHFaH); OTKI3TIMITIK KaOUIETTLIITIH KOFaphUIaTy YIIIiH,
KepHeyi 6ackapyra apHajFaH.

KenneneHn kommeHcanusiay YUIIH LIYHTTaylIbl OaTtapess KOHJEHCATOpJIaphl
KOJIIaHBUIAAbl, PEAKTUBTI KyaTThl OHIIpyre apHaifaH. BoWIBIK KOMIEeHcanusiay
OBX-HiH peakTUBTI KeIEpTriciH a3alTy yuIliH Kojaanbuiaabl. 1) HIeFbHABL a3aiiTy
YIIiH (Ti30eKTel KanFaHraH), 2) OTKI3TILITI KaOlJIeTiH xorapaary yuuiH; 3) Kepueyni
Oackapyra KOJAaHbLIAIbI.

Y opamabl TpancopmaTopaap KOFapFbl KEpHEY OopaMachiHAa FaHa KepHey
peTTenyl jKacajaJpl, ajl opTalla KepHEYy OpaMachiHla KO3ABIPYChI3 TpaHChOpMaLIHs
K03 bunreHTI ©3repTill  OTBIpATBIH TapMakK Oap. TemeHri xkoHE OpTaHFBI
KEepHEYJEepAlH TOYIIKTIK >KYKTeMe TpaduKTepiHiH CcUIaThl ©3repMelTiH OoJca,
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opTaIia KepHEey opaMachIMEH Koca Ti30€KTeH ChI3BIKTHI PETTEY TpaHC(HOpMaTOpPIIaphI
JKaJFaHaIbl. byl jkarmaiiia skelli KepHeyiH peTTey YIIiH IMTYHTTAyIIbl peaKTopiap/Ibl
KojajmaHaMmbi3.  KenjieHeH — KOMIGHcamusuiay — YIIH — IIyHTTaymbl — Oarapes
KOHJICHCATOpJIapbl KOJIIAaHBUIA/IbI, PCAKTUBTI KyaTThl OHJIpYTre apHaJFaH. BOMIbIK
komneHcanusuiay DBJXK-HIH peakTUBTI KeepriciH a3alTy YIIiH KoJJIaHbUIaabl. 1)
[IpIFeIHABI a3alTY YIIIH (TI30€KTEH KaTFaHFaH),

2.6 CoiMaapabIH MeXaHMKAJBIK ecenreyJiepi

Ocel  ecenTeynepaiH MakKcaThl JKYWeJdl OpHAlaCKaH, oye IKeIUIepAiH
KOHCTPYKTHUBTI OOTIKTEpiH KaObLIIaHFaH TEXHOJIOTHsIMEH )o0anayra coiikec 00a bl
Ochl ecenreynepae, OojaT amOMUHHIII JKOHE Hai3aFall KOpFayIIbl TPOCTap.IbIH
ecenTeyyiepiH OpbIHAAY, KIMMATTHIK IIapTTapibl aHBIKTAy, TAPTBLIBIC METOJIbIHA
COMKeC OJIapAblH MEXaHUKAJIBIK OCpIKTITiH aHBIKTAy; KIMMATTBIK IIapTTapbiH Taoy,
CBIMJIAP/IBIH JKep OCTiHE €H YIIKEH calobIpay yKoHE JKaKbIHAaYTap bl TYFBI3aThIH, TETiC
XKepre OpHaJlacKaH OaraHHBIH MEXaHHKAJIBIK CUTIATTaMachI.

bazanoapovr manoay men ecenmey
AC-240/56 6ip Ti30eKTI

KimumaTThIK mapr:

- My3 Katy ayznassl II;

- 5)ken OoitbiHIIA aynaH II;

- MUHUMAJIZIBI TeMIepaTypa Oy, =-19°C;

Maxkcumanabl TeMneparypa Oya=+39°C;
OpTamma XbUIIBIK TemnepeTypa O.,=+10°C;
AC-240/56 ywin mipex manoay

2.13 kecre - YHU(PMUIUPJICHTeH TeMip 0eTOHABI KIHe 00JIATTHI aPAJIbIK
TipeKTepAiH eJiemaepi

Tipek H, m N, M hy-s,M hyn,M h,, M
I1110-3 25,0 2,0 19,0 4,0 -

YHuduupaeHreH Temip O€TOHIbI )koHE 00aTThI apajibIK TIPEKTEP/IIH 00JIIaHy
aiimaxrapsr: Tipek I1110-3, ceimubIg KuMackl 240MM2, My3 Katy ayaansl 11, raGapurTik
yiry medmepi 395 M.

AC-120 6ip Tiz6ekTi

Knumarteik mapr:

- My3 Katy ayzaassl I1;

- sken OolbiHIIa aynaH I1;

- MUHUMAIIZIBI TeMIepaTypa O,y,=-19°C;

Maxkcumanabl TeMneparypa Oya=+39°C;
OpTaima XbUIIBIK Temneperypa 0.,=+10°C;
AC-120 ywin mipex manoay
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2.14-kecte - YHU(UUIHPIEHTeH TeMip 0eTOHIbI :KdHe 00/1aTThI aPAJIbIK
TipeKTepaiH eJmemM/epi

Tipek

H,m

N, M

hys,M

hyn,M

h,, m

I1110-3

25,0

2,0

19,0

4,0

YuudunmpneHared TeMip O€TOHIBI KoHE OO0JATThl apajblK TIPEKTEPIiH
eoJiany amaktapsl: Tipek [1110-3, chIMHBIH KUMAaChI 120MmM>, My3 Katy ayaansl I,

ra0apurTiK yiry meiiepi 395 m.\

Y Tipekke e OKIIayJaMaHbIH CHUIIATTaMachl:
xyktemenid paspsabl 120 kH, canmaret 80 H, Owmiktiri 140 mm, 110xkB kepuey

KE31H/IeT1 TUPJIIHIAAaFbl OKIIAYJIaFbIIITHIH CaHbl / JaHa.

2.15-kecTe - BoJiaT-aJIlOMUHHM aya sKeJlijiepiHiH chIMAapbIHBIH PU3UKA-

MEXaHUKAJBIK CHIIaTTaMaJlaphbl

I[IC-120, MexaHUKAaNIBIK

CoiMubIH | CEIMHBIH CHUIIaTTaMasaphbl
Kumacet |H, MM | P, maH/km | E*¥10% | 0*10° | oy Opiac Gep
AC-120 | 15,2 471 8,25 19,2 13 13 8,7
1) CbIMHBIH ©31HAIK CaJIMaFbl:
_P.10°
ATTET (2.43)

MYH/JIaFbl P — CBIMHBIH CaJIMarbl, KI/M;
F — CBIMHBIH IIBIHAMBI HEMECE €CENTIK KHUMACHI, M

_ 471.10°
2= 120

¥y MeJiepiHiH MAKCUMAJIbl pYKcaT €TUITeH CTPEJIachl:
f=h ,-4-h.=19-13-7=10,7

Kenripinaren aysIpibIK IEHTIPIHIH OpHATAcy OUIKTITI:

> (h)
h =T 258 93 24072132
"7 m 3 3 3

h=h_+(h _,+h_)+(H-h,  )=19+23+23=65

2.
1

=0,0040aH | m- mm?,

2) My3KaTy JKHHaJIy CaJIMaFblHaH yaKbITIIA OPEKET €Tyl )KYKTeMe:

_ 7oK Ky -b(d +k; -k, -b) _314-09-10°°-1-1.15-(15,2+1-1-15)
F 120

Pan
=011
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MYHJIaFbl D- ChIMIarel My3KaTy MUIMHIPAIH KaOBIPFaChIHBIH €CENTIK KaJTbIH IbIFbL;

ki — Ty3ery koaddunmenti (10MM CBIMHBIH JUAMETPIH €CKEPE OTHIPHII);

Ki — KenTipiareH chIMaap >KYHECiHIH aybIpJbIK IEHTPIHE OpHAjJacy OHWIKTIriH
€CKepreH/Ier! albIpMaIIbUIBIK Ke31HACT1 TY3eTy K03 PUIIMeHT.

f — TipekTiH GeNrijal KOHCTPYKTHBTI ©JIIIeMi OOMBIHIIIA aHBIKTAIAThIH, CBIMHBIH YJIKCH
pyKcaT eTuIeTiH 11y 60iibl, 220 kB ymriH — 8 MeTp.

PL=Pon Vow Vo Vi Va =011-1-1,3-1,6-0,5=0120aH | m- mr’,

myHzaarsl /- 1 (110xB)

]/p _(1-113)1
Y+ — (1,11 ymin 1,6)
Va -05

3) ChIMHBIH ©3IHAIK CaJMarblHAH >KOHE MY3KATYy CalIMarblHAH CyMMAaJbIK
BEPTUKAJIb MEHILIKTI] )KYKTEME:

Ps= P P2 (2.44)
p; =0,004+012 =0,1240aH [(m- MMZ),
4) TaiffakTaH ©00OC, € KbICHIMBIHAH CBhIMFA YaKbITIIAa OPEKET E€TETIH
TOpU3aHTAIb KYKTEME:
_a,-k k,-C,-W-d-10°
Pa= = (2.45)

MyHJaFbl: Cyx — a3pOIMHAMUKAIBIK KO(PPUIHEHT, d > 20 MM OOJIFaHIBIKTaH OJ
-1,1-re TeH.
MEeHIIIKTI )KYKTEeMeE:
_0,71-1,2- 0,65-1,1-50-15,2-10°
Pe 120

5) TaiffakneH >kaObUIFaH, el KbICHIMBIHAH ChIMFA YaKbITIIA OPEKET ETETIH
TOpU3aHTaJIb KYKTEME

= 0,0030aH | m - mm®

_a,-k-k,-C, W, (d+2-k -k, -b)-10°
- F (2.46)

Psn

~0,71-1,2.0,65-1,2-12,5-(15,2+2-1-1-15)10°
PsH 120
W,. =W .0,25=125

Ps=Pat Yo Vp Vi Vg =0,003:1:1,3:1,3-0,5=0,0020aH | m- mat’,
Ps=Psiy VowVp Vs Vg =0,04-1:1,3-13-05=0,0340aH | n-

= 0,040aH | m - mm?
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6) CBIMHBIH 63 CajJMarblHAH JKOHE JKEJI KbICBIMbIHAH HOTHXKEIIK MEHIIIKTI
KYKTEME:

Ps = (,012 +,0§), (2.47)

ps =+/(0,004% +0,002%) = 0,0040aH | 1 mad’,

7) CbIM calMarblHaH, TalFaK caJMarblHAH JKOHE KeJl KbICBIMBIHAH HOTHKEIIK
MEHIIKTI )KYKTeMe:

p, =+(p} +p2). 2.48)
0, =p..  =+/(0124% +0,03%) =0130aH | m- mri.
3. ©=-5°C;
Oyaxe=13
C_Om t10° E10°-0-p,, ° 17 E10°
24-0'fm
c_13+192:10°-825.10°-(-5) 013" -3645°-825-10° _
2413 ’
A=a-E-O, —C=19,2-10°-8,25-10°-(~19)+4,7 =166
B -p -1?-E _—0,004-364,5°-8,25-10° _ 71
24 24
o +A-ch +B=0
ol +166-0% —731=0
Oin =8,

O,p OOMBIHIIA :
A=q-E-O,-C=19,2-10"°-8,25-10°-(85)+4,7=6
B= ~p’1?-E _ -0,004 -364,5%-8,25-10°
24 24
3 2
o,+Aoc,+B=0
3 2
ol +6-02 —731=0
o, =365

=—731

Oaxc OOMBIHIIIA :
A=a-E-O_ —C=19,2.10"°.825-10°-39+4,7 =11
q_—poc1"-E_—0004”-3645°-8,25-10°
24 24

=_731
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o2 +A-c2 +B=0

ol +11.¢2, -731=0
O .. = 0,47
2 2
oo p 17 0,004-364,5 _78
80 8-8,5
2 2
PP I~ _0,004-364,5 103

™ 8.0, 86,47
_p1?_0004-3645°

f, =
8-0 8-7,4

Keneci mapt opblHIaTy KEpeK:

h —A-f_ >h
19-13-103>7

2.7 KpIcKalia TYibIKTAJNY TOTBIH ecenrtey

110xB y @

Xgian = 0,02
I:I B X, = 0,430M/KkM

TPAH-40000/110

XTp.BH.=OI3
% % u,=10,5%
10,548 ¥ 10,5+B ¥

2.18 cypert - EcenTik skoHe aMacThIpy CyJ10achl

KpIcKailia TyHbIKTaTy TOThIH €CenTey
Kpickama Tty#bikTany (K.T.) TOTbIH €CeNTereHAe KeJeciedl Iamanap

AHBIKTAJIAIBI:
J" - K.T. TOTBIHBIH IIEPUOJITHI KYPAYBIIIBIHBIH aJIFaIlIKbl MOHI;
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i, - DIEKTp ammaparrapblH, OKUIayJlamalapibl, IIMHAJapIbl JMHAMUKAIIBIK

TYPAKTBUIBIKKA TEKCEPETIiH, K.T. COKKBI TOTHI;
I, - K.T. OIpIHIN KE3€HIHJErl OJJIEKTPJIIK amnmaparTapAbl AUHAMUKAIBIK

TYPAKTBUIBIKKA TEKCEPY YIIIH TOJBIK K.T. TOTBIHBIH YJIKEH 9Cep €Ty MOHi;
I, , - @XBIPATKBIITAPALI TEKCEPY YIIIH t = 0,2 ¢ KE31HAErT TOKTBIH MOHI;

I, - IEKTpIIK ammaparTapibl, OKIIayJlaMaiapbl, IIMHAIAp/bl, Kabeabaep/al

TEPMHUSUTBIK TYPAKTBUTBIKKA TEKCEPY YIIiH OPHBIKKAH K.T. TOTBIHBIH 9Cep €Ty MOHi;
CanpicThipMaibl OipiikTe 6a3ucTik Kyat petinae 100 MBA anambid. Op Kajgam
yurin 6a3uctik kepHeyim 110 xxone 10,5 kB TeH nen anasiM. ['eHepatop keaeprici:

X, o =20, (2.49)

TpancopmaropriapabiH Keleprici:

_ uK.3. 86
T 100 S,
105 100 _

" 100 40

(2.50)

0,3

MYHJAFbl U, - TpaHC(OPMATOPIbIH KepHeyl %0;
S ;7 - TpaHCHOpPMATOPABIH HOMHUHA KyaTsl, MBA.
bazucrik Tok keneci hopMyllaMeH aHbIKTaIaIbl, KA:

1, = (2.51)

6~ [~ ., .
J3-U,

PeakTuBTI KeliepriHi Keneciien ecentenmis:

=5-0,43- 100 =0,02.
11

02

X

*BJI

110 kB TopaGeinaarsl 0a3UCTIK TOK, KA

100

| == _052kA.
° 3110

10,5 kB TopabeiHaarel 0a3HCTIK TOK, KA

100

| ==  —55kd.
° J3.105
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K-1 HykTecinaeri KbICKalia TYHbIKTaTy TOTbIH AHBIKTAHBIK:

16
X 1

pe3.o*

I

K-1—

MYHAArel X . - K.T HYKTECIHE AEHIHTI HOTMKEIIK KeIepri.
¥ pes3.o

X peroe = Ko ¥ Xogy =014+0,02=0,16,

=—de 092 a4y
X, 016

K-2 HykTeciHeri KbicKalia TYHBIKTaTy TOTbIH aHBIKTalHMBI3:

Xm_ﬁ* =X,6e+ Xogy + X;5.=014+0,02+0,3=0,46,
1 55
I, ,= 6 = =12xA
XPM* 0,46

Kpickamma TyibIKTanyIbIH COKKbI TOTBIH aHBIKTAMBbI3:
i, =33-4/2-1,608 = 7,5¢4,
i, =12-/2-1,935 = 33«4,
2.8 DyieKkTp annmapaTTapbiH TaHJAQy
Kepueyi GoiibiHIa TaHAaraHga KeJIecl MapT OPbIHAATYBI KEPEK:

U, =<uU

Hy Ha *
Ipmax g
MyHjaii KaTblHAC KOPIIAFaH OPTAHBIH
TEMIIEpaTypachbIHIA TYPHIC.

(2.52)

(2.53)

(2.54)

+35°C (IIVD colikec) KaJbIIThI

2.17 kecre - Kepneyi 10,5 kB :xaKTarsl TOK TPaHC(POPMATOPBIH TAHAAY

Karanor monnepi
Ecenrenren
Tannay mapTsl MOHTE Eckepry
P TJII0-V 1
U,..<U, U, =105«B U, =105«B 0,5-momik Kiacsl
Ipa6.M akc S IH Ipaﬁ.,wakc’ = 2202A Iu = 3000 A 22H=1,2 OM
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(VAN
=~
~%

i, =33 x4

81

l,,=54

o
IN
—_

B, = 447,12 kA? | (k,-1,) t, =2977 kA’ ¢

Kyiiputran okiaysiamacsl 6ap
OTIIETI IIIMHAIBI

TemeH e alibIPFBINI ITEH aXKBIPATKBIIITAPBI TAHAAY KecTeci kepceTinreH. (2.18-

2.19 kecre)

2.18 kecrte - Kepneyi 110 kB kakTarbl aiibIpFbIII MeH AKbIPATKbIIITHI

TaHJIAy
Karanor monaepi
TarIay WapTsL Ecenrenren
tuiay tap MOHJIEp BI'B-110 axxp1patKpiiiib PH/-110/630T1

AWBIPFBITIBI

UycmSUH U, =110«xB U, =110«B U, =110«B

< =

Ipaﬁ.MaKc - IH IPa5-"””’<C 210’2A |H = 2000 A |” = 630 A

IK.3 < IomK.H Ix.a = 3’3 kA4 IomK.H =40 k4 -

by Shpe i, =7,5kd i, . =102 kA i, =80xA

B, <I7-t, B, =334xd’-c | 12.t, =422.5=4800k4% ¢ | I12-t, =3969 kA’ -c

2.19 kecre - Kepueyi U=10,5 kB xaKrarbl alibIPFbILI IIEH a’KbIPATKBIIITHI

TaHJaay
Karanor mannepi
Tannay Ecenrtenren
IapThI MOHJIED BK5-10-31,5 POH10K/5000Y2
QKBIPATKBIIIBI QMBIPFBIIIBI
U,.,.<U, U,,=105«x8 | U, =10xB U, =10«B
T | =2202 4
pabinaxc=Tu | pat: |, =630-3150 4 1, =5000 4
l,<Il, |1, =12k4 l,, . =315xkd -
i, <, i, =33x4 i, . =315 k4 i, =180 x4
B . <I2-t, B, =44712xA% - | 12.t, =992,25 kA? ¢ 12.t, =1156 kA4’ -

2.8.1 Onweyiu mok dcarne Keprey mpancoopmamopiapvln mayoay

Kepueyi 110 kB »xakra »xone 10,5 kB KWHAKTHI mMHUHAMA pENETiK KOPFAHBIC
YKOHE OJILIEYIII acManTapAblH OallIaHbIChl YIITH TpaHCPOPMATOP TOTHIH TaHAANMBIH.

Temennae TpanchopMaTop TOTHI YIIIH ©JIICYII aclanTapblH TaHAAY
kecreci kopceriiaren (2.20 kecte)
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2.20 kecrte - TpancopmaTop TOrbl YIIiH 6JIIIEYIlll ACHANTAPbIH TAHAAY

Acnan Typi A-B dasanapbinnars! xykreme
A B C
CA3VY680
CanaysbI1 4348
Barrmerp 11335
Bapmerp 4344
Amnepmerp 1335
Bart™merp
Kanmer: 6

AcnanTtapablH TOJBIK KyaThl.

S =./9,72 +65° =66 BA

bakpinay kabenbaepiH TaH1ay YIIIH CBIPTKBI TOPANThIH TOJIBIK pYKCaT €TIJIETIH
KEJIEPriCiH ecenTey KaXKeT:

ZIY = anu6+zd +Zl<omns OM (255)

MyHAarbl Zy = 1,2 OM — KajnFaHaThlH ChIMJAPAbIH PYKCAT €TUIETIH KEAEPrici;
Zionm = 0,54 OM — TyHicnienep/iiH Keneprici;
Zypus — TI30EKTEW KaJlFaHFaH aclanrap MEH peje OpaMaapbIHbIH
KeJlepruiep CyMMachl.
Snpu6

anu6 = I 2 ) OM, (256)

MYHJIAFBI 5,06 = 13,5 BA acnanTapablH CyMMapIibIK KyaThl;
Lo =5 A —TpanchopmMaTOpAbIH EKIHII OpaMbIHIaFbl HOMUHAJ TOK.

135 0,54 Oon,

npub = 52

Z
Z,=054+056+01=12, Owm.

BaKBIJIay ChIMJIApPbIHBIH KUMACHI:
P I pacy
Snpoe = 7 , MMZ, (257)

11
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myHAarbl p = 0,0283 — amromuHA1 KaOeNbIiH MEHIIIIKTI KeJEPTici;
lpace = 75 M — Gip OaFBITTaFbl KAOCTIb Y3bIHIBIFBL.

0,0283-75

npoe 056 Y MM2
AKBPI - 3x4 MM? THIITI KaOe/IbiH TaHIANMBI3.
TeMenae kepHey TpanchOpMaTOPBIH TaHaay KecTeci kopceeTinreH. (2.21 kecte)

2.21 kecre - 110 kB kepHey TpanchoOpMaTOPBIH TAHAAY

TYTBIHBIIATHIH TOJIBIK
. TyTbIHATBIH AcnanTap

Acnan Typi Cos ¢ Kyar

KyaT CaHbl P. Br Q. Bap
BoasT™erp 2-335 |2 1 1 2 -
Bartmerp H-335 |15 1 2 6 -
Bapmetp H-335 |15 1 1 3 -
AKTUB KyaTThbl E-829 |10 1 1 10 -
JaTYuK
PeakTuB KyaTTh! E-830 | 10 1 1 10 -
JaTYuK
CanayspInr n-680 |2 0,38 1 4 9,7
Barrmerp H-348 | 10 1 1 20 -
BonbT™merp H-344 | 10 1 1 10 -
JKanmesr: 9 65 9,7

AcnantapbiH TOJBIK KyaTbl MbIHA (JOPMYJIaMEH aHBIKTAJIA]IbI:

S =./P? +Q2 ,BA (2.58)

S =4/9,7% +65% =66 BA

Tonwik KyaT 60¥bHIIIAa HK®-110-25 xepHey TpanchopMaTOPhIH TaHIAHMBI3.
2.9 Kocaakbl crTaHuMsAaFbl TPAaHCHOPMATOPABIH peJie/iik KOPFaHbIC eceli

Tpanchopmaropnapasl CHIPTKBI 3aKbIMIAHYAaH KOPFay.

Tpanchopmaropnapasl  CHIPTKBI  3aKbIMJAHYJAaH KOpFay VIIIH  yaKbIT
YCTBIMBICHI3 9CEP €TETIH KOpPFaHbICTAp: TOKKecep KoHe OOMIbIK IudQepeHInsIIbIK
KOpFaHBIC.

Toxkecep. Kyarbl a3 perenne 4000 kBA TpanchopMaTOpbIHBIH KOpPEK K31
KarbIlHAa OpHaThlUIaAbl. KopraHbIC TYpakThl HEMece alHBIMAalbl ONEPAaTUBTI TOKTA,
Typa HEMece >KaHama dCep €TETIH PEJICHI KOJIaHy apKbUIbl OPBIHAATYbl MYMKIiH.
Kepnennipiniren Oeitapadbl 0ap TopanTaH KOPEKTEHETIH TpaHchopMaTopiapaa yIr
dazanma, an xxepaeHaipiiMereH OeiitapaObl 6ap TopanTta eki (a3achlHIa TOJBIK eMeC
KYIABI3IIA CYJI0achl OOMBIHIIA PEIEHIH KOCBLTYbIMEH OPHATHLIAIBI.
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Tpancgpopmamopnapovty ouppepenyuanovt Kopeaunwvicel. Kyatsl 6,3 MBa
OonatblH  TpaHcopmaropiapia KbiCKallla TYWBIKTAIYAbIH OapiblK  TYpIHEH
KOPFaHBICHI YILUIH oOpaMJapAbpl JKOHE IIbIKNajgapaa OoWiblK auddepeHusabl
KopraHblc Koianbuiaasl. Kopranbicta [I3T-11 Tunti pene KongaHbUIaabl.

Ymopamasl TpaHchopmaTopiiapia KopraHbic yin peneni oonsimn, sskan TT BH
xoHe CH »xarpiHna ymOypeinka, HH sxarplHna Kyjapl3liara jkajaFaHybl KEpek.
Kopranpic ymiiH konganeiaTelH TT, OChbIHIA OTETIH CBHIPTKBI K.T. aFybl Ke3iHJE
MEHIIKTI €celiK KUCBIFBIH KaHaraTTaHnplpy kepek. TT  Tpanchopmanus
KO3 GUIIMEHTIH TaHjaay OJapblH EKIHIIUIIK OopaMajiapblHbIH OailllaHbiCy CyJ10achl
MEH KOpFaHbIC OOMBIHJA EKIHIIUTIK TOKTBIH TEHECTIPUTyl KaXETTUIITiH eCKepreHe
opeiHganaael. COHBIMEH Oipre KOpFalbIHATBIH TpaHC(HOPMATOPIBIH OIPIHIILIIK
TOTBIHAH MIBIFATBIH |, , erep ockl xkaKTa TT sKyJIpI3IIara xKauranca, sKoHe Tek /3l
, €rep YIIOYpPBIIIKA JKaJIFaHca.

TPJIH — 25000/110; £9x1,78%/10,5kB;

UxkBu=10,5%;
Uxmin=9,82%; Uxmax=11,5%;

2 2
X emax = ;ka:’; - 1;(?0 =173, (2.59)
2 2
X ¢ = :kmp = 151000 =242, (2.60)
B ax =6x2,1%,
A =1+ B, =1+9x0,0178=1,16, (2.61)
A =1- B =1-9x0,0178=0,84. (2.62)
S,, 25
o = 30 =B o (2.63)
| pee = /Il’"” (2.64)
mex
o pes = lf% ~1133A
| minpee = /Il’"f (2.65)
min
I 1:%:‘ ~156,4A
K o e = Komons * A (2.66)
K e poe =110-1,16/10,5 =12
Kimin pee = Koon ™ Arin (2.67)
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K = 110-0,84/10,5=8,8

mmin pez
bepinren TpanchopMaTopabIH TapaMeTpIiIepiH ecenTeimis:
JXoraprel kepHey Kak YIIiH:

u,u,’ 105 115°

X = e =55,50m
AT 100 S, 100 25 !
U 2 115
X =X ke 4 =555.--"-.116° =82
m max mHoM U o max 10’5 OM,
Xmmin = anmu ) ijﬂ ) Amin ’ = 55’5 ) % ’ 0’842 = 36’3 OM)
krro 10’5
Ummax :UmI-K)M ) Amax .
U =110-116=127,6 B,
Ummin = UmHOM ’ Amax )
U _ =110-084=92,4 kB,

Tpancpopmatop apKbUIbl aFaThIH, MAKCUMAJIJIbI aBAPUSUIBIK TOK;:

u K

KHH mmin pez
\/g(xcmax + Xmmin ) ’
| _10500-8,8
e J3(17,3+36,3)
Tpancopmatop apKbIbl aFaThiH, IIBIHAWBI TOK:

masemax

=9935 A.

3
| (3)m.()max = Iag( ) +016' Imminpezl

19, omx =9935+0,6-156,4=1087,34, A.

HH >xarpiHOarsl TOK:

I m.Onmax. = Imamax ’ Kmminpee A;

I mommex =1087,34-8,8=9568,6 , A

)
MuHuManabl aBapUsIIbIK TOK:

U, -K

mmax pee

\/§(XC min + Xm max)

1 ® gomin = 10500-12 =685, A,
J3(24,2+82)

lAl

I asmin —

Tpanchopmatop apKbLIbl aFaThIH, HIBIHAWBI TOK:
67
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(2.69)

(2.70)

(2.71)

(2.72)

(2.73)

(2.74)

(2.75)

(2.76)



I m.omin = Imaemin

+0,6-1

| momin =685+0,6-1133=753 A.

110 kB »xarpIHgarsl MUHUMAJIIBI TOK:

moH Min

moux Min
CiHaipiay TOTHI:

"0 = E |

(0 °

mo min

*nyck

=753-12=9036 A.

mmax pez 1 Al (277)
) Km max pez » Al (2.78)
A (2.79)

Temenne kectene n3T eceOi OoMbIHIIA OacTankbl OEpUIrE€HAE >KOHE KYIITIK
TpaHchopMmaTopabiH audQepeHuanIbpl  KOPFaHbICBIHBIH ece0i  KepceTireH. (2.22

KecTe)

2.22 kecre - bacrankbl OepuireHjaep MeH KYHWITIK TPaHC()OPMATOPAbIH

AU pepeHIHnsAIIbI KOPFAHBICHIHBIH ecedi

OnmemMaepaiy aTamybl Ecenrik ¢popmyrna

XKoHe OenrijeHyi

TPJIH-25000 aBTOTpaHCHOPMATOPHIHBIH
opamMachl YIIIiH CaHIbIK MOH/IED

68

110xB 10,5xB
Homunanasr KyaTka
COMKeC KeJETIH
KOpFaJIaThIH B S, ., 25000 _13144 25000 _1376 A
TpaHc(hOopMaTOPIbIH wm = a0y 3 140 O J3:105
JKarbIHJIaFbl O1pTHIITUTIK \/é Ui \/5 110 ’
TOKTap, A
ExiHmrinik opamaHbiH
KaIFaHy CYJ10achl A Kex=v/3 Y Kex=1
TT . \/5 |
TpaHCFbOpMaHHHCBIHBII:I m= g J3-1314 4 1376 _46
ecenTik KodpUIUeHTI | 5 50

an =

TT tpancdopma-
HUACHIHBIH KaObLI- n, 800/5=160 8000/5=1600
JTaHFaH CTaHIapTTHI
KodpUITUEHT]




Kao6suimanran TT tami

TO3M - 220-V1

TIIB - 15

Kopranaten
TpaHcGopMaTOpabIH

COMKEC KEJETIH,
KOpPFaHBIC OOWBIHIAFBI
eKIHIIUTIK TOKTap, A

HOMUHAJIAbI KyaTbIHA I 2n.A

Kee L J3-31415
160

65608
34 1600

TemeHri pene TarailbIHIIAMACBIH OHE KOPFAHBICTHIH CE31MTaIIbUIBIBIFBIH
aHbIKTay KecTeci kepcetinreH (2.23 kecte)

2.23 kecte - Pesie TaFabIHIIAMACHIH KOHE KOPFAHBICTHIH Ce3IMTAJIIBIFbIH

aHBIKTAY

OnmemMaepIiy aTamybl

Ecenrik popmyna xoHe
Oenriienyi

Tpancdopmarop opaMsl yIIiH
CaHJBIK MOH

KykrenmereHn
TpaHcQopMaTOpibl KOCKaH
Ke3Jler’ MarHuTTeny
TOTBIHBIH JIAKTHIPYBIHAH
OTCpOIiKa mapThIHAaH
KOPFaHBICTHIH O1pIHILIIIK
€CETITIK ICKE achIpy TOFbI
(Heri3ri »akka KeJTipijires),
A

IC.3. 2 K. IH.m
(K=1.5)

15-131,4=1971

Heri3ri >xakTarsl peneHiy
icke acy Torbl (aca eKiHIIIIK
torsl 6ap 230 kB xarbl),A

l..-K

I — _cs. cx.ocu
cpY n
m

V31971 682
250/5

Heri3ri sxak opamacbiHa
apHaJIFaH KaHBIKTHIPATHIH
TpaHchopMaTop peseciHin
OpaMachIHbIH €CEITIK OpaM
CaHbl.

ocn I
cp.ocn
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20 = 36,66 = 37
6,82




Tekcepy: 4.5-37 = 4,6 - 36,
166,5 =~ 165,6.

Ir-Wp = Ky - I, - W, nemece L uconem ™ Wr 2 Ip = Lis * W,
_ Ku'1H6.3p'Wp

WT N Ik max'tga ’ t'ga = 0’87’ (280)
. _L5-1147-37 o
T=708734-087 7 meoice2iul mayOauMblH,
VVHe‘Z 2 WT'
37 >7.

I, "W, > I - Wr,
9036-37 =29036-7,
Ik.max ) WT =2 K- IH6 ) I/VHez' (281)
9036-7 > 1.5-114,7 -37,
63252 > 6365,85.

Ce3iMTaIBUIBIK KOA(DPHUITUCHTIH TEKCEPEMI3:

__ L5r.asmun _ 1.59036
lpmin = nrr  250/5 271, (2.82)
250
Ip.ic == % == 6,94,
K 271 39 > 7
ces — 6,94 - _— "

[TapT KaHaFaTTaHALIPBLIFAHABIKTAH, TUDPEpPEHITNATABIK KOPFAHBIC JKapaMIbl
Jen KaobUTJaHa bl.



3 OuaexkTtp TOpaldbIH :K00ajay :KOHEe CHHXPOHIAbI KOMIIEHCATOPJIAPABIH
PEaKTHBTI KyaTbIH AaBTOMATTHI peTTey.

3.1 KyaT mibIfbIHAAPbIH TOMEH/IeTYI'e APHAJIFAH 1IapaJjiap

KaOpgarpirap/ibl  KajgbllIThl >KYMBICIIEH KamMTamachl3 €Ty YIIIH aKTUBTI
KyaTIeH KOCca PEaKkTUBTI KyaT Ta KaxeT. PeakTHUBTI KyaT MarHuT ©piCTEPiH TYABIPY
YILIiH IIBIFBIHANAIIBI XKOHE SHEPTrOTACHIMANIAYIIBIHBIH (OTHIH) IIBIFBIHAATYBIH KAXKET
eTmeii. Anaiiia OHBI OKeJUIep apKpUIbl Tapary Ke3iHae, TopamnTapAblH
AIIEMEHTTEPIH/IET1 aKTUBTI KyaTTap blH IIBIFBIHIATYBIMEH OaiIaHbICThl Oonaabl. by
DIIEMEHTTEPJIE PEaKTUBTI KyaTTap JAa IIBIFBIHAAQNAIBI, OJ OHBIH TCHEPAIUsCHIH
xorapnaryasl Tanan erefl. COHABIKTaH PEaKTUBTI KyaTThl NMaiJalaHyJbIH a3arobl
AKTUBTIHIH YHEMJENylHE ajblll KeJell, COHbIMEH KOCa KyaTTblH IIBIFbIHJIAPbIH
azauTansl.

TopanTslH panMoOHANABl KYpacThIpyAbIH MakcaThl (KOH(UIypalusuiapbiH,
KUMaJlapblH, TpaHc(hopMaTopiapAblH KyaTTapblH JKoHE T.0 TaHaay) JKOHE
TOpanTap/blH OHTANIaHBIPYIbIH JaMybl TOPANThIH Oarachl MEH KyaT IIbIFbIHBIHBIH,
SFHU  KENTIPUITe€H HIBIFbIHAAPbIH MUHUMYMbBIH KAMTaMachl3 €TYIHIH, apachlHaFrbl
aca THUIMII KaThIHACThl yCTayFa OainaHbICThl Oonajpl. Anaiijila KapakaTThl Kell
YKYMCaMalThIH KyaTTbl TOMEHIETY/IIH OacKa Ja mapajgapsl 0ap: apHaiibl O1piHILI PETTI
(BOJIBTKOCKBIII TpaHchopMmaTopiap, KapbIMTalayllbl KYPbUIFUIAP *OHE T.0) JKoHE
€KIHILI PETTI KYPbUIFbUIAP/bI (ABTOMATHKA YKOHE PEJIENIK KOPFaHbIC KYPbUIFbUIAPBIH)
OpHaTy.

3.1 kecrteme TopanTaplblH Op TYpJdl WIApTThl TONTAapblHA apHAJIFaH Kyar
IIBIFBIH/IAPBIHBIH HET13T'1 TYpPJEpl KOPCETIIreH. O3 Ke3€T1H/I€ IbIFbIHAAP TEXHUKAIIBIK,
YUBIMJIBIK KOHE KOMMEPIUSIIBIK OOJIBIN OOJiHE/I.

TexHuKaIbIK- TOpanThl KalTa jkacay bl )KOHE KOChIMIIIA KOHABIPFBIHBI OPHATYAbI
HEMece aybICTBIpYIbl KapacThipanpl. Onapra Kkejeciiep jkaTaasl: 1) KapbIMTaiay
KYPBUIFBUTIAPBIH OPHATY; 2) JKETEKTEPJl YJIKEH KUMAJbl KETEKTEepPre aybICThIpy; 3)
ACaXYKTEIITCH YKOHE XKYKTEJIMEH KalFaH TpaHCc(hOpMaTOpIIapbl aybICThIPY;4) peTTey
Kypsutrbiapein opHaty (PIIH sxone IIbB 6ap Tpancdopmaropiap, BOJIBTKOCKBIII
TpaHchopmaTopiap, IIYHTTAylmIbl peakTopiap koHe T.0); 5) TpaHchopMmarius
KO3 PHUIMEHTIH aBTOMATThl peTTey; 6) KOHICHCATOp OaTapesChIHBIH KyaTbhIH
aBTOMATTBI PETTEY; /) JKOFApPFbI )KOHE aca )KOFapFbl KepHEYJl Oip Teric eMec TYHbBIK
TOpamnTapJarbl KyaT aFbIHIAApbIH PETTEUTIH KYPBUIFBUIAPIBI OpHATY (MBICAIIBI,
kouTypaa kapcbl DKC 6ap ITPT ti30ekTi perreyini Tpachopmaropiiap); 8) Topantap sl
aca JKOFapbl HOMHHAJIbI KEpHEyre aybICThIpy; 9) OOBEKTIICpAIH KOMHUTAJIbI
KYpBUIBICTApbIHAH ~ KEWIHI1  OHTainbl  cyillanmapabl  JKOHE  TOpANnTapbIH
KOH(pUrypanusicbiH Kypactoipy; 10) penmemik KOpFaHBICTBIH, aBTOMATHKAHbBIH,
TeJIeMEXaHUKaHbIH JKOHE T.0 OJIIeyIepIiH aca KETUIIPUITeH TYPJIEPIH SHT13Y.

TeMeHTi KecTeie KyaT KoHe SHEPIUs IIbIFbIHIAPBIHBIH TYpJiepi kopceTinren (3.1
KecTe)

3.1 xecrte - Kyar skoHe 3Heprus IIbIFIHIAPBIHBIH TYPJIEpi
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DHeproxyneHiy KEINIepiHiH tortapsl | ILIBIFBIHIAPABIH HETI3T1 Typiaepi
(waptTThl TYpIE)

Aca xoraprel  (330-750xB)  kome | boc xypic:
KOFAPFBI (110-330xB) KEepHEeYyJIi

xemnepl 10-750xB (aubIC (xyKTemeneH Toyencis)

KAIIBIKTHIKTAFbI AIEKTP Oepiyic | - To)k OOMBIHIIIA
KeIinepi; Kyeapanblk Oaitnansic; 110-

500xBxemninepskeri xKyie KypayIibl) “TpaHCHOpMATOp OoNaTTApLIHAA

-KK  KypbUIFBUIAPBIHBIH, — Mapaijieib
TI30EKTEpIHJIC

Opraima kepHeyni Tapary >keniuiepi 6-
Kykrenren:

35kB (kananbIK )KoHE aybUIIbIK)
(>KyKTemere Toyesi)
1000B neitinri ToMeHr1 KepHEYyi TapaTy “KeIiNepaC
JKeminepi -TpancdopmaTop opamaapbiHjia
-KK Tti30ekTenren Tiz0erinae
JKykrenreH:

- JKeIIepae

-TpancopmaTop opamaapbiH/ia
Bboc xypic:

-TpancopmaTop opamaapbiH/ia
JKykrenreH:

- JKeIIepae

-Qazanapmarbl  CUMMETPHSUIBI  €MecC
KYKKTEMEMEH

Y UBIMIBIK-KETUIIPUITeH KBI3MET KOPCETY/ 1, KeTIeP IIH OHTAMIIBI CYJI0aIaphiH
YKOHE OJIAPJIBIH JKYMBIC 1CTEY peKUMIEPIH KapacThipasl. Onapra Kenecijaep jKaTajbl:
1) peakTuBTI KyaT OOMBIHINA KeJl peKUMIEPiHIH opHBbIKTaFaH TuiMauiri (KY xone
Tparchopmarys KodhHUIMESHTTEPIHS OHTANIIBI PETTEY 3aHABLIBIKTAPBIH TaHIAY); 2)
6-35kB sxemninepaeri TYMBIKTaTyIbIH allbUIATHIH JKEPIH OHTAWIAHIBIPY (TOK Oemriin
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Hykrenepzae); 3) DC reHepaTopiapblH JKyHene peakTHBTI KyaT JKETICIIEreH Ke3Je
CHHXPOHJIbI KOMIICHCATOp PEKUMIHE ayBICTBIPY; 4) pajuaibl KEIICPIAIH OPTaIbIK
KOPEKTEPIHICTT JKYMBIC KEPHEYJICPIH OHTAMIaHIABIPY; D) a3 JKYKTEME PEeKUMI Ke3iHae
TpaHchopmaTopIapabl emripy; 6) skeainepaeri Ga3aHblH KYKTEMEICPiH TEHECTIPY; 7)
TI30EKTIH a3aiiopl JKOHE JKOHICYIIH camachl MEH KbI3METIH JKakcapry; 8)
IIBIFBIHIAP/IBI A3AMTYIBIH JKaHa [IapaliapbIH )Kacay jKoHE 3epTTey; 9) KbI3MEeTKepIiep i
BIHTAJIAHJBIPY >KOHE T.O.

KoMMepuusnbpIK-KeTUIAIPIIreH  KbI3MET  KOPCEeTYyAl  KapacThIpaabl  >KoHE
KOPEKTEHYIIIEP/l eCenKe ajla OTHIPHIN DHEProOaKplIayIIbl apKbLIbl OPBIH/IATA/IbI.
Omnapra kejecinep xarajsl: 1) caHaFbIITap bl OPHATY; 2) YPIBIKICH KYPEC; 3) €CeNTiH
KYHECIH KETUIIIpy KoHE T.0.

KyaT msIFeiHaapelH TOMEHIETY IIapajjapbl kodaiay Ke3iH/Ie J1e, COHBIMEH KOoca
OKCIUTyTAIMsUIay KEe3iHJEe NIe iCKe acabl. DKCIUTyaTalMsUIBIK MIapajiap pexuMaepal
OHTAMJIAHJBIPY KE31HIE YHEM1 OTKI3UIIN OThIpabl. JKOFapFel KepHEYIl JKeiaepaeri
(110xB »xomne xorapsl) mbiFbIHIAp mamamen 50-55% kypaiinbl, opramrana (6,10,20
xoHe 35kB) -25-30% sxone TemeHri kepHeynme-10%. Oman 0Oacka UIBIFBIHAAP
(koMMepUMsITBIKTEI KocKaHaa) 10% ety MymkiH. Kocallkel CTaHIMSHBIH, ©31HIIK
KOKETTUTIKTEpIHE KETETIH WIBIFBIHAAPABIH KOCBIHJBICH, SIFHU KOHIBIPFBHIHBIH,
KEJIETKIIITIH, KOMIIEHCATOP/IbIH, TOK KOHE KepHEY TpaHC(HOPMATOPIAPBIHBIH KbI3YhI
AJIEKTPOCaHAFBIIITAP/IA €Ieyci3 xkoHe onap 1-3% TeH.

Keninepaeri XKyKkTemelep >KOfapiiaFaH caillblH UIBIFBIHAAD KeOeleal >KoHe
JKETIHIH Oarachl MEH INBIFBIHAAPBIHBIH apaChIHAAFbl KaThIHAC HOMHWHAJIBIIAH
aybITKUbl. KaObUTgarblll SKeNuieperi aKTHBTI JKOHE PEaKTHBTI KYKTeMeJep.l
©3repTy O3[ITHEH SHEProXyhener: akTUBTI >KOHE PEAKTUBTI KyaTTapJblH aCKbIH
TOTBIHBIH ©3TePICIHE aJBIM KeJIeA1, COMKECIHIIIE OHAFbl IILIFBIHAAPABIH ©3TepICIHE JIE.
CoHbIKTaH WIBIFBIHAAPABIH JACHIEHIH YHEM1 Oakbuliam OTBIPY KaxeT, cebedl omap
OapmbIK SKETUIEPIH >KYMBICTAPbIHBIH YHEMAUNrH cunatTaiabl. LIsiFeiHaapasix
JIEHTeiiH OaKplIay MoceleciHe KYHeiK Typlie Kapay aca KUbIH OOJbIN TaObLIaIbI
’KOHE OHBIH KEIIECHIIK MIENIMI TeK KaHaJaHFaH DKOHOMHKA-MaTEMaTHKAIBIK MOJEIh
MeH DOBM kemeriMeH MyMKiH Oonanbl. by ke3me aca KUBIHIBIK OKEIIEPIiH
peXUMIEpl Typasibl aKmaparTapabl KailTa eHJAeyle KoHE KMHAKTayda OoJaibl, O
aKrapaTTap >KyKTeMe ©3repreH CaibIH Y31UTICC13 03repim OThIPAIbI.

[mKi »MeKTpMeH >KaOAbIKTay KETUICPIHIET] MIBIFBIHAAP MEH KYKTeMeIepIiH
e3repiCTepiHe ocep €Tyl eCemKe ally YIIH dHEProXKyHeHIH JXKelulepiHjae OIpiKKEeH
KO3 PUIIMEHTTEpMEH: YHEPTrOKYHeeri KejiepAe aKTUBTI KyaT IIBIFbIHBIHBIH ©CY1
KE31HJIeTT KOPEKTCHYIIII JKeIIJICPIHCT] aKTUBTI KyaTTapIblH e3repyi K,; akTuBTi Kyat
IIBIFBIHBI OCKCH KE3/IeTi PEaKTUBTI KyaTThIH ©3repyi- K,. K, Koo duimenTi peakTuBTi
KyaTThIH SKOHOMHKAJIBIK 9KBUBAJICHTI Jen aTaiaasl. Mbicanbl, kodddummuent K,=0.1.
On  KopekTeHyml xkedaepingeri Jkykremeni 1kBAP  TemeHmeTkeH Kkesje,
sHeproxyheneri mbeirsiHAap 0.1kBT ToMenneltiniH kepcereni. Erep, wmbicaisl,
K,=0.05, Oy ke3me OHAIPICTIK MEKEeMEAEri JKENJIepHiH PEaKTUBTI KYKTeMECiH
100kBap KoOEWTKEHJIE, DHEProXykeneri MBFBIHAAD SKBT KoFapiiaiThIHBIH
KOpCETEi.
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k., xome Kk, wmomHmepi cumarramanelk pexumaep ymiH OBM kemeriMeH
JHEPrOXKYHeIeri KbI3METTKEP apKbLIbI aHBIKTATY KaXKeT.

3.2 PeakTHBTI KyaT Ke3/1epi KoHe 0JIapAbIH epeKIIeJdiKTepi

PeakTuBTI KyaT TYTHIHYIIBIHBIH CHIIAThIHA OaiaHBICTHI Ooyajbpl. MbIcaibl,
JKapbIKTaHABIPY YimiH Q MoHI a3 »oHe onap OHbI kebOiHece ememeiimi. (3.1) kepiHim
TYpFaHJail TEeHepaTopJaH TYTHIHYIIBIFA JEHIHT1 ajbIC KAIIBIKTBIKTAFbl JKEJLIep
apKbLIBl PEAKTUBTI KyaTThl ki0epy IIBIFBIHHBIH JKOFapiIayblHa ajibll Keneml, cededi R
xoHe X MOHJEpI KOoFapaibl.

Temenne KK-cbI3 xemineri KyaTThIH ©3repy CXeMachl (a) KoHE TYTHIHYIIbIFa
KK opnary ke3inueri cxemacsl kepcertiires.(3.1-cyper)

A P+Q o
o —_— é 1) (Q'QK.y) l@ QK_y

P+jQ P+jQ
a) 6)

3.1 cyper - KK-cbI3 keJtiieri KyaTTbIH 63repy cxeMachl (a) :oHe
TyThinylibiFa KK opHaTy ke3inge

Q peakTuBTI KyaTThIH ©CYl aKTHUBTI, COHBIMEH KOCa PEaKTHBTI KyaTTapAblH
IIBIFBIHIAPBIHBIH  OCyIHE ambin Keneml. Onapabl TOMEHAETY VIIiH, KapbIMTajay
kypsutrbLIapsl (KK) Konmanpuiaapl, ojiap peakTUBTI KyaTThIH KO31 OOJIBIT TaObLIA b1
YKOHE TYTBIHYIIBLUIAPABI KyaTIeH ka0abIkTai e, JKemiepal aca korapbl peakTUBTI
KyaTIieH >KYKTeMey YIIH KOpeK Ke3jaepi KaKbIH JKepJieplAeH TYThIHYIIbUIAPIbI
opHanacteipazbel. Coraa (3.1 —cyper) Keniieri MIbIFbIHIap MbIHA MOHHEH

PZ +Q2 P2+Q2
AP = 7 *R xoHe AQ = - - X
KeJiecl MOHTE JIEHMIH TOMEHAEH 1
2 2 2
AP = w R wone AQ = (3.1)
(3.1) xepiHin TypraHmal, KapbIMTaJIayIIbl KYPBUIFBIHBIH KyaTbhl KaHIIAIBIKTHI KOII
OonFaH cailblH Q,%.y (Q,%.y < (), KyaT LIBIFbIHBI COHIIAJIBIKTHI TOMEHACHAl. Anaiiga

PZ_I_ QZ_QZ

U2

IIBIFBIH]IBI Q3aUTY KaphIMTAJIay KYPBUIFBICKIHA KOCHIMIIIA ITBIFBIHAAPIBI ATTBIT KEIe/],
COHJBIKTAH KYPBUIFBIHBIH KyaThIH TaHJAAy Ke31HJE€ OChl (PaKTOpAbl €CKepy KaKerT.
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PeakTuBTI  KyaTThl KapbIMTajay OJJIGKTPMEH  KaOJOBIKTayIblH  THUIMJIUIITIH
YKOFapIaTyJplH 0acTbl KYPBUIFBICHI OOJbIm TaObutanbl. On TeK KyaT IIBIFBIHBIH
a3aiiTyra FaHa eMec COHbIMEH KOCa DJIEKTP SHEPTUSCHIHBIH CalachIHbIH KOFapJiayblHa
JKOHE DJICKTPCTAHITUSACH MEH DJICKTP KEJJIEPIHIH )KYKCI3JIeHY1HE bl KeJe/Il.

AWiTa KeTeTiH XKalT, SJEKTp >KEJIUIepIH KapbIMTallay KYpbUIFbLIapbIMEH
KaOJBIKTAIFAaHABUIBIK Kazipimie kem emec. On MemuiekeT OOWBbIHIIA He Oaphbl
0.2xBap/kBT Kypaiiapl. COHBIMEH KaTap, €CenTep KOpPCETKEHJCH, SKOHOMHUKAIBIK
xarbiHaH (.5Bap/kBT MoHI THIMIIpEeK OOJIYIIIBI €Ii.

Mpeicansbl:

4-5 yyackeci:

K __ Hals
Sn - Sn o Jan’
S;s=S,-]JQF s =16,07+ j9,96—- j0,15=16,07 + j9,81MBA,
P’ +Q?
_'n n
ASn——U2 (R, +X,),
HOM
B 16,07% +9,81°
110°

AS,. -(2,3+ j2,15) = 0,07 + j0,06MBA,

S/ =S5 +AS,,
Sk =Sk +AS,, =16,07+ j9,81+0,07+ j0,06 =16,14 + j9,87MBA.

5-lyuackeci:

S& =S, — jQL, =26,21+ j16,6— j0,8= 26,21+ j158MBA,
26,212 +15,82
1107
S =S!,+AS,, = 26,21+ j158+0,5+ j0,77 = 26,71+ j16,6MBA.

AS,, = -(6,75+ j10) = 0,5+ jO,77 MBA,

1-A yuackeci:

S =5,-]Q¢, =57+ ]36,43— j0,3=57+ J36,13MBA4,

572 + 36,132
T

S/ =S/, +AS,, =57+ j36,13+0,5+ jL,4=57,5+ j37,53MBA.

.(1L,32+ j3,8) = 0,5+ jL4MBA,

3-4 yuackeci:

S¥, =S, — jQ%, =24+ j14,8— j0,2 =24+ j14,6MBA,
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24 +14,6°
71107
Sa =S5, +AS;, =24+ j14,6+ 0,03+ jO1= 24,03+ j14,7MBA.

-(0,38+ j1,85) = 0,03+ jO,LMBA,

2-3 yJackeci:

Sy =5 — ]Qp =39118+ j24,65— J0,5=39,118+ j2415MBA,
39,1187 +24,15°
110?
Sys=S,,+AS,, =39118+ j2415+0,4+ j1=39,518+ j2515MBA.

AS,; = -(2,55+ j6) =0,4+ j1MBA,

PeakTuBTI Kyar Ke3JepiHe TeHeparopiiap, KOMIIEHCATOpJap, CHHXPOH]IbI
KO3FaJITKBIIITAp, KOHJIEHCATOPJIAP KOHE Tarbla 0acKa CTaTUKAJIBIK PETTEYII KO3/ep
»atabl. COHBIMEH KOCa PEaKTHBTI KyaTThl OEplilic Kemiepl Ae mbirapaasl. by Kyar
Tek 110xB »xoHe o/1aH »oFapbl KEpHEYJep/il ecerTey Ke3iHjae FaHa ocep eTe/l.

['enepatopabIH HOMUHAIIBI KyaThl:

SHOM = V P2 + QZ (3'2)

On axktuBTi P = V3UIcosq xone peaktusti Q = V3UIsing Kyarrapisl eHipe
anaapl. Byn Kyatrap e3apa OalIaHBICTBI JKoHE Teme-aHbIKTanaabl (3.2). AKTHUBTI
KYaTThIH JKOFapJiaybl PEaKTUBTI KyaTThIH TOMEH/ICYIHE aJbIN KEeJe Il )KOHE KepiCIHIIIE.
Anaiia reHepaTopAbl AaKTHUBTI KyaT eceOIHEH pEeaKTHBTI KyaTleH KYKTereH
YKOHOMUKAJIBIK THIMCI13 00JbI Keneni. COHbIH apachlHIa KeJeciieh KarFaainap 00y
MYMKIH, >KYHeIeri peakTUBTI KyaTTbIH apTbUIybl >KYHedl Typae a3 YHeM/l
reHepaTopiapabl CHHXPOHIBIK KOMIIEHCATOP PEKUMIHE aybICTBIPAbI, SFHU OJlap TEK
PEaKTUBTI KyaTThl TYTHIHATBIH peKUMre. KypbUIBIMIBIK TYpAE, T€HEpPaTop apKbLIbI
OepiyieTiH HeMece TYThIHBUIATBIH, PEAKTUBTI KyaT YII IIapT OOWbIHIIA IIeKTenesi: 1)
CTaTOp TOTBI PYKCAT €TLINeH MOHHEH aclay Kepek; 2) pOTOPJAbIH KO3y TOTBI pyKcar
CTUINCH MOHHEH acray Kepek; 3) TeHepaTOPAbIH TYPAKThI )KYMBICH KaMTaMachl3 €Ty
KepeK. YIIIHII MIapT OpPbIHAANY YUIIH T€HEepaTOPIbIH PEAKTUBTI KyaTThl TYTHIHYBI
HIEKTEeYJI1 00Ty KaXKeT.

OJIETTE TeHEPATOP PEAKTUBTI KyaTThl Oepei, 5KOHE aHBIKTAYIIIbI PETIH/E SKIHIIT
mapT 0O0JIajbl, SFHU KO3y TOTBIHBIH MIEKTEYJILIITI.

Cunxponabsl Ko3rautkbill (CK) TyTeiHymibUiapaa opHatbiiafgsl. On Tek
pPEaKTUBTI KyaTThl OHIIPMEWIl, COHBIMEH KOCAa TYTHIHBUIATHIH aKTHUBTIHI JI€
konmanbiiaasl. Conrel ke3aepi CK aca ken tapasbim xaTthip. CK KpiMOaT O0JIFaHBIMEH,
KapbIMTaIayIIbI KYPBUIFBLIIAPMEH Oipre KOJITaHBLIaThIH ACUHXPOH/IBI
KO3FaJTKBIIITapFa KaparaHia ap3aHbIpak.

Cunxponnbl KapbiMTanaymbsl (CK) Texk TyThIHyHIbUIapFa KaXKETTI apHaubl
PEaKTUBTI KyaTThl OHAIPY YIIIH KOJAaHBUIAIbl. O31HIH alfHaTybIHA KEJ1JIeH TOyeICi3
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TYpZle aJaThlH aKTHBTI KyarThl maiganaHaapl. CK KaxkeTTiuTikke OailllaHBICTHI
PEaKTUBTI KyaTThl Oepe Jie ajiajibl (aca KO3y peKUMHUH/IE), COHBIMEH KaTap JKeJIiJIeH aia
na anaapl (KO3ABIPhUIMA KaJlFaH PEXKUMIIE).

TeMenne Ti30eKTell >koHE Mapajulellb KOCBUIFaH KOHJIEHCATOPJIap TOOBIHBIH
cxeMachl kepceTinreH. (3.2-cyper)

3.2 cyper - Tiz0ekTeil :x9He MapaJLie/ib KOChIJIFAH KOHICHCATOPJIAP
TOOBIHBIH CXE€MACHI

Konpnencarop Oarapesicel (KB)-Oyn Ti30ekteil jkoHEe Napayijiesib KOCBUIFaH
KOHJIeHCaTopiap TOOkI (3.2-CypeT), o1 *KeTnel KaJiFaH PeakTUBTI KyaTThl 5ka0y YIIIiH
apHaJIFaH.

T130ekTell KOChbUIFaH KOHAEHCATOPJIAPABIH CaHbI KOFapIJIaFaH CallblH OaTapesra
pykcar etuireH kepuey U mon1 ecexi. [lapamiens KocbUFaH KOHJEHCATOPIapIbIH
CaHbI YKOFapJlaraH cailblH OaTapesra pykcar eTinreH Tok | moni ecemi. Y ¢azansl
JKeNulep YIUIH Yyl Oarapes OpHAThUIA[bI, oap (a3zaiblK (KYIAbI3IIa) HEMece
CBI3BIKTHIK (YHIOYPBII) KEPHEYTE KOCHLIAIbI.

Kb tyTeiHymbUTapFa mapaiiiens KOCBUTy MYMKIH (KOJJEHEH KapbIMTasay)
(3.3,a-cypeT) Hemece xerire Ti30eKTel KOChLTy MyMKiH (OOMIBIK KapbiMTanay) (3.3,0-
cypert). Kb-ubig CK Ti36ekTeii Kocbutysl 3.3,B-CypeTTe KOpPCEeTUIreH.

—

o C @

a) 6) B)

3.3-cyper baTapesi KOH1eHCATOPBIHBIH KOCBLIY CXeMaJlapbl
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Barapesnapapl KambIIThl peXUMAC Mapauiellb KOCKaH Ke3ae Oarapesaarbl
KepHEY MOHI IIaMaMeH TYpakThl Oombilm Kanaael. byn kesne OarapesMeH
reHepalnsIaHaTbIH PEaKTUBTI KyaTThl KEPHEY apKblUIbl aHBIKTaFaH bIHFAMIIBI 001a1bl

Qry = UéwC (3.3)

(3.3) kepiHiI TypraHIail KyaT ChIMBIMABUIBIKKA MPOITOPIIHOHAIBI.
Tiz0ekTeil KOCKaH Ke3feri OatapesMeH TeHepalusIaHaThIH PEaKTHBTI KyaTThI
TOK apKbLIbl aHBIKTaFaH BIHFAUIIBI OOJIa IbI:

12

Qk.y = (@0) (3.4)

(3.4) xepiHinm TypraHmaii OyJI JKaFdaiyma KyaT TaFbl Ja ChIMBIMIBUIBIKKA
TTPOTIOPITMOHAIIIBI.

Te3 sxorapiiaii anMaiThIH KEpHEYTe KaparaHaa, TOK | KbIcKa TYHbIKTany Ke31HIe
Je3ne ecim Kery MyMKiH. byn kesnme op Oip koHumeHcaropaarbl kepHey Up MoHI
YKOFapJIaiipl, oJlap Teculy OOJbIpMay YIIIH PYKcaT €TIJIT€H MOHHEH acray Kaxer.
CoHppIKTaH KOHJIEHCATOPAbI Ti30ekTel KockaH kesne onerre Kb ymr ¢asBcbiHa
napajuiesib pa3psaITTayiibl KOChUIAbI, 0JIap KEPHEY JKOFapiiaraH Ke3/Ie TECII IIbIFa bl
YKoHE OaTapestHbl IIYHTTaAbl. byl Ke3/1e KypbUIFBIHBIH JKOHE OHBIH AKCILTyaTaIHsIChI
MOH/II TYPJE KUBIHAANIBI.

Konnencatop OartapesiapblHbIH THIMJIUIIN OJIapFa, KOCBUIATHIH JKEJIHIH
JKYKTEIIylHE Kell )Karaaiaa Typae Toyenal 6onansl. KebiHece of1 peakTUBTI KyaTThIH
HKOHOMHUKAJIBIK SKBUBAJICHTIMCH aHBIKTAJIABI K,.

backapeatein  (PBK) xone Oackappuimaiiteln  (HBK) konaencarop
OaTapesiapsl 0ap.

Bepimic kemici — Oyn peakTBTi (3apsaranraH) KyaTtel Q. = UZ?byl
reHEePalUSIIalTHIH JKYHEe DJIIEMEHTI.

['eneparopnap, el >KOHE KO3FAITKBIIITAp JKYWEHIH KaKETTl JJIEMEHTTEpi
OombIN TaOBLUIABI, KaphIMTANAYIIEI MEH KOHJEHCATOp — KOOlHE PEaKTUBTI KyaTThl
OH/IIPY YIIIH OPHATHUIATBIH, KOCAIKBI KOpeK ko31. COHABIKTaH, KapbIMTAJIAyIlIbl MCH
KOHJICHCATOP/IBIH ©3apa apTHIKIIBUIBIKTAPEl MEH KEMIITIKTEPIH Oaranay Kepek:

Konzaencaropnap KapeIiMTanayibigaH ap3an 00JIabl;

KoHnencaTopiarsl akTUBTI KyaT IIBIFBIHIAPHI KAPBIMTAIYIIBIAAH OipHEIIe ece
as;

Kongencaropael a3 KyaTka Ja J>KOFaphl KyaTKa Ja KoJJaHyFa Oomasbl.

KapsiMTanaymisl keI xaraaiia >korapbl KyaT Ke31H]1e FaHa KOJIJaHy THIM/II
0oJ1aIbI.

Konnencaropnapaa »xbUDKbIMaJIbI 06J1iT1 O0JIMaraHIBIKTaH, 0JIap CEHIM/I1 )KOHE
KBI3MET KOPCETY Ke31H/Ie KaparmaibiM.

Konnencaropnap kepHey KUCHIFBIHBIH MINIHIH KaKcapTaabl, ce0ebl Korapbl
TapMOHMKTI TOKTap YIIiH a3 Keneprire ve Oonaasl. COHABIKTAH KOFapbl TapMOHUKA
TOKTapbI K6O1HECe YKeJi apKbLJIbl EMEC, KOHJEHCATOP apKbLIbl TYIBIKTAIAIbI;
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Kem >xarnmaiiza KoHIEHcaTopjiap PEBU3US MEH JKOHJEY >KYMBICTaphl KE31HIE Y3aK
YaKbITTHI OIIPY/Il Tajam eTIeHIi.

ConbiMeH KaTap: 1) kapeIMTanaymibliap peakTHBTI KyaTThl *aThIK PETTEYl
MYMKiH, aJ KOHJeHcaTopap OaTapesuiapIblH )KEKe TONTaphIH KOCHII OIIPY apKbLIbI
TEK CEKipMeJIi TYpAe peTTeH anajibl. 2) KapbIMTajJaylibljiap peakTUBTI KyaTThl Oepe Je
(enmipeni), ama jga (TYThIHAQABI) ajajbl; KOHJEHcaTopjap Tek Oepe aajpbl.
KomneHcaTopabiH Oy CHIaThl KepHEYi peTTeyre KOMEKTece anaabl. A3 KYKTeMe
caraTrTapbelHa (MBICAJIBI, TYHJIC) KEPHEY KYPT ©Cyl MyMKiH, OVJI OKIIIayiamara Kayir
TyFbI3anbl. KepHeyni TOMEHIEeTy YVIIiH, KEpHEY IIBIFBIHBIH Keleci MOHIACPMEH
YKOFapiaTy Kepek

AU = PRTQX MOHIHEH
(3.5)
AU = w Teiiin

byn ymriH KapbIMTandyiibl peakTUBTI KyaTThl >KETiZCH TYTBIHYBI THIC, SIFHU
KO3IBIPbIIMAl  KaJFaH pexuae KyMmbic icteyli kepek (3.4-cyper). An
KOHJIEHCATOpJIap/ibl KEpHEY TYCIpY YIIIiH KeJiJeH TOOBIMEH HEMECe TOJIBIK OIlipyre
Tuic 60maabl. (3.5)-Kke coilkec KepHey TYCipy MaKcaTbIH/a JKeJiJer1 PEaKTUBTI KyaTThl
Ke0enTy, (3.1)-Ke cokec KyaT LIBIFBIHBIHBIH ApTYbIHA aJIbII KETyl MYMKIH. AJaiia Oy
ypaic y3ak OonaMaibl >KOHE OKIlayjiama cakTay YIIH A€ X1OepiaeTiH OOoJIbIn
CaHaJabl.
Temenne KapeiMTanaymbIHbIH PEaKTUBTI KyaThIHBIH [,,q KO3IBIPY TOTHIHAH
TOYEJAUTIK cXeMachl KepceTiareH.(3.4-cyper)

Q

6030

AB — ko3apIpbIIMai KanFaH (KapbIMTaIayIibl pEaKTUBTI KyaTThI JKEJIACH allajibl);
BC — aca ko3apIpbiiFad (KapbIMTaIaylibl pEaKTHBTI KyaTThl XKeire oepei)
3.4 cyper - KapbIMTaJIayIIbIHBIH PEAKTUBTI KYaTbIHbIH I .5 KO3ABIPY

TOTBIHAH TIYeJIIJIIri:
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KoHneHcaTop/iblH peakTUTI KyaTbIH KATBIK PETTEH aiy YIIiH, TUPUCTOPIbBI
CBIMBIMIBUIBIK ~ HEMECE HHIYKTUBTUIIKICH Ti30CKTeH JKalFaHaThIH  apHAMbI
KOHJIBIPFBIIAP OJIall Ta0buIFaH. bacTankpiaa KaThIK OacKapyablH Oacka jJa omicTepi
VCBIHBUIIBI. ByJI KOCBhIMIIIA KOHABIPFBLIAP KapbIMTalaylibl KOHIBIPFBIJIAH KbIMOAT
OOJFaHBIMCH, JKaJIIIbl aJFaHJa ojap KOHACHCATOPIAPJbIH apTHIKIIBUIBIFBIH CaKTal
OTBIPBIN, KEMIIIUIITIH KOS IBI.

3.3 Keutizeri akTUBTI ’K9He PEAKTUBTI KyaTTapbl TAPaTy/bl
OHTAMJIAHABIPY

BapabiK TYTHIHYIIBUIAPABI AKTHUBTI KOHE PEAKTHUBTI KyaTTapMEH KaMTaMachl3
€Ty >KEJIIHIH 3JIEMEHTTEP1 OOMBIMEH TYpPJIl TapaTy apKbUIbI )KY3€re aChIPbLTYbl MYMKIH.
Ocpiran 0alIaHBICTHI KyaT IIBIFBIHBI KOIT HEMece a3 00Jybl MYMKiH. MBICAIbI, OCHI
KOo3Kapacka OallIaHbICThl KON >Karjaija TYTHIHYHIBUIAPABI AJIEKTP SHEPrHUACHIMEH
YKAKbIH OpHAJIACKAH SJICKTP CTAaHIUSCHIHAH €H JKaKbIH >KOJIMEH KaMTaMachl3 €TKEeH
THIM/II.

bip Hemece oman na kem KOpeK Ke3i Oap, PKK OOJaThIH KETiAeri aKkTHUBTI
KYaTThIH MIBIFBIHIAPBI OIPTEKTI KeiJIer] KyaT TapaTyMeH CoMKec KeJel, sSIFHU Keecl
JKarmanaa:

tga = % = const. (3.6)

by MuHUMAaIb! MIBIFBIHAPFA COUKEC KEJIETIH KyaTTTap bl KAJIBITITHI TAPaTYHhI,

erep JKeJiHiH 0apIIbIK dJIeMEHTTepiH tgo Oipeit OoFaH xaraana oaap bl akTUBTI R
kenepricimen Hemece R + jR tga anmacTeipca maia 0omaabl.

KyaTTblH MUHUMAaNIbI IIBIFBIHBI, SIFHU KEN1IeT1 aKTUBTI KyaTThl TUIM/I1 Tapary,
TYPIl 9AiCTEPMEH aJbIHYbl MYMKiH. MBbICaibl, KOJNIEHEH PETTey JKacalThIH apHANbI
JKEUTIK PEeTTETITep KOJIAaHy apKbUIbl XKEJIHIH opTYpl TeHepaTopiapbl apachiHa
KyaTThl COMKECIHIIE Tapary, >KeJHIH KOH(QUTYpaUUsChIHBIH e3repTy (Keke
AIIEMEHTTEP/Il KOCY HEMECE OIIIPY apKbUIbl) KoHE T.0.

Kyar miblFbIHBIH TOMEH/ETy OOWBbIHIIA aTajfFaH Ic-mapanap Oacka na
dakTopmapra ocep etemi. TypOoreHparonap apachlHAAarbl KyaTThl KaWTa TapaTy
TYTBIHATBIH OTHIH OaFachIHBIH ©3TepyiHE aJbIN Kenesi, cebedi keibip renepaTopiap
EKIHIIIICIHEH YHEMJIIpEK, HeMece Olp TeHepaTop Kem HeMece a3 YHEeMJl PeKuM/Ie
KYMBIC icTeyl MyMKiH. CoWKeCiHIIIe TeHepaToJIapAblH KyaThlH ©3TepTy TYpil Ccy
KOWMaJapblHbIH Cy NIBIFBIHBIH KalTa ecenTeyre ajblll Kejemi, Oyl o3 Ke3eriHiae
OPTYPJIi THAPOPECYPCTAPABIH YHEMAUTITIH ©3repTyl MyMKiH. CBI3BIKTBI PETTETIIITEP 1
KOJIJIaHy K€31H/Ie OCBI PETTETIIITEePTe KETETIH KAaTUTAJIIbI IIBIFBIHIAP Bl €CKEPTEH KOH
XKoHE T. 0.

Ocpuraiimma, akKTHBTI KyaTThl PAIMOHAIABI TapaTy KapacThIPHUIBIN OTBIPFaH
YKaFIalJIbIH TYPJIl ®KaKTapblH €CKEPETIH, KypAeli KeIIeH 11 Macelie OOJbII TaObLIa Ibl:
KyaT HIBIFBIHBI, TeHEPATOPJIap )KYMBICBIHBIH YHEM/ILIIITT KoHE T. 0.
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XKocmapnanatelH pexumaep YIIiH akTHBTI KyaTrTel Tapatry DEM-ae apHaiibl
nporpammaniap OoibiHIIa ecenTenel. JKocnapiaHaThIH pekUMre OaisIaHbICThI Maiia
00Jly MYMKIHJIII1 >KOFaphl OOJIATBIH ayBITKYJIAp YIIIH ONTHUMAJILI PEXKUMICD e
ecernresnesl (Kocrap/iaH ThIC )KYKTEMEHI o111ipy, JKeJll AJIEeMEHTTEPIH oIIipy JKoHE T.0.).
EcenTenren ontumanabl peXuM OOWBIHINA JKEKE CTaHIMsUIapFa OJapiblH Oepin
OTBIpFaH aKTHBTI KyaTbl OOMBIHIINA TOYIIKTIK rpaduxtep Oepineni. bya rpadukrep
apHaiibl aBTOMATThl KOHBIPFBLIAP KOMETIMEH YCTAIBIHBIN TYpPYbl MYMKiH. JKeke
reHepaTopiajarbl aKTUBTI KyaTThl PETTEYIl THIMAI TapaTy aBTOMATThl Oackapy
YKaJTIBI XKYHeciMeH OalJIaHbICTBI 0OJTYBI KEPEK.

XKyite snemMeHTTEepIMEH PEakTUBTI KyaTThl TapaTy Aa ONTHUMH3ALUSHBI Talarl
ereni. PeakTHBTI KyaTTbl y3aK KalIbIKTBIKKA TapaTy OTBHIH IIBIFBIHBIH KeOeiTel,
YKEJIHIH O©TKI3TIIITITIH K9HE KOHJIBIPFBIHBIH KbI3MET €Ty MEP31MIH TOMEHJIETE1, SIFHU
OYK1J KeJHIH TeXHUKa-2KOHOMHUKAJBIK KOpceTKiliH ToMeHaeTeai. CoOHbIMEH Oipre
KEpHEY/IIH YJKEH aybITKybIMEH Olpre >kypenai, OyJ CTaTUKaJbIK IIapT OOMBIHIIA
OepisieTiH KyaTThIH WIETiH a3alTajbl, COMKECIHIIE SHEPTrOKYHUEHIH >XYMBIC 1CTEY
CEeHIMIUTITIH a3aiTajpl. TYTBIHYIIBIJAFBl KEPHEYIIH a3arobl ©3  Ke3eriHje,
MEXaHU3MJIEPAIH >KYMBIC 1CTEY OHIMILUIITIH a3alTajbl, SFHU OJIAJbIH JKYMBIC iCTEY
Mep3iMi Jie TOMEHACHII.

(3.1) kepin TypFaHBIMBI3/Iail, PEAKTUBTI KyaT KO3JCpPiH TYTHIHYIIbIFA >KAKbIH
OpHAJACTBIPy AaKTUBTI JKOHE PEAKTUBTI KyaT IIbIFBIHBIH a3alTajbl, SIFHU
HHEPrOXKYHUEHIH KaJIbl PEKUMIH KaKcapTabl.

3.4 KeuiHiH KeKe 3JJIEMEHTTEPiH KOCY MEH OLIIpy 3KOHE JJIEKTP
JHEPrUsCHIHBIH WIBIFBIHBIH 0aKblIAY

XKemigeri akTUBTI *KoHE PEAKTUBTI KyaTTapAbl THUIMII TapaTy YIIiH, KaXKeTTi
KepHEY JCHIeWiH OpHaTyJlaH, KOMIICHCAIMUIAYIIbl KOHJBIPFbUIApAA pPEaKTUBTI
KyaTThl ©3repTy/IeH koHe 0acKa Ja ic-mapaiap KojJaHyJaH 0acka, KyaT IIbIFbIHBIH
KEJTIHIH, JQJIIpEeK alTKaHaa TpaHchopmaTopiapa Keke dJIEMEHTTEPIH KOCy HeMece
OIIIIPY APKBLIIBI.

Tpancpopmamopnapowvr Kocy oicone owipy. TpaHchopmaTopiapiarbl Kyat
IIBIFBIHBIHBIH, €K1 Kypaylibichl 0ap: J>KYKTeMere Toyelal KbICKa TYWBIKTaIy
HIBIFBIHJIAPBI, XKOHE )KYKTEMEICH Tayelici3 00JIaThiH 00C KYpic IIBIFbIHBL. KyaTThl Ko
TYTBIHATBIH Ke3CHJepAe TpaHchopMaTOp CaHBIH KOl KOJIJIaHFaH IypbhIic. byr ke3ze
MBICTaFbl IIBIFBIHHBIH a3l0bl OOJaTTarbl MIBIFBIHHBIH KOOCIIHE albIl Kededi. A3
KYKTEeMe Ke31HJle, KepciHile, TpaHnchopmaTopiap O0eJiriH a3aliTKaH JKOH.

Temene TpanchopMaToOpIap/IbIH KaJIFaHy CXeMachl KOPCETIITEH.
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35% ~=55ﬂc s, l

3.5 cyper - TpanchopmaTopaapabIH KaJIFAHY CXeMacChl

TyTbiHBUIATEIH  KyaThl S OoiFaH  Ke3[eri ekl Oipiaed  mapajieib
TparcopmaTopiapsl 0ap KapamaibiM KOCAIKbl CTaHIMSHBI KapacTbIpalblK. Kpicka
TYHUBIKTATY HIBIFBIHBI OCPUIETIH KyaT KBaJpaThIHA MPONOPLIHUOHA,

Stp N2
APk = APK.HOM(S ) (37)

HOM

Boc xypic HIbIFIHAAPEI
APX = APX.HOM (3'8)

AP, o  XoHE AP o MoHAEP] [1.5.7 — [1.5.22 xectenepinne Hemece 6acka aa
aHbIKTaMasap/ia KOpCeTUIreH.

Exi Tpancdhopmarop KOCBUIFaH pexuMie, opOip TpaHchopMaTop apKbLIbI
OepineTiH KyarT:

Srp = 0.55y (3.9)

KyarThlH KOCBIH/IBI IIBIFBIHBI OYJI JKaF1aiia:

0.58

AP = Z(Apk + AP, ) - Z(APKHOM( )2+APHOM) (310)

Erep tpancdopmaropnapabiy 6ipi cenaipyJi 6oica (3.5, 0-cypeT), oHAa )KYMBIC
icTen TypraH TpaHchopMaTop apKblIbl OTETIH Kyar:

S =S, (3.11)

p:

Omnpa 3.5, 6-cypeTiHae KopCeTIITeH KaFaai YIITiH KyaTThIH KOCBIH]IbI IIBIFBIHBI
KeJeciaen 6omaapl:

AP = AP + AP, o (3.12)
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SrHu, erep ne 3.5, a, 6- cypeTiHae KeNTIPUIreH KaFaaiiap YIIiH MIbIFbIHIAP b
callpICTapFaH Ke3ze, Kelieci ImapTrap OpbIHAajlAca, OHAA TpaHChHOPMATOPIAPIbI
COHAIPY THUIM/I1 OOJIATHIHBI AHBIKTATAIbI:

AP, = P, (3.13)

(3.10) xxome (3.12) epuekTtepine (3.13) Kost OTHIPHIT, TCHCI3AIK KeTeCl KaFaaiiaa
KaHAaFaTTaHIbIPHUIATHIHBIH KOPEMIi3:

S < SHOM\/ZAPX/APK.HOM y (314)

Coiikeciniie, N TpancpopmaTopiap napamuiesibHO KOCBUIFaH KE31H/IE, OJIap/IbIH
OipeyiH COHJIIpY KeJieCl MApPT CaKTalFaH Ke3/1€ TUIMI1 OOJIbIN TaObLIa bl

S < Suom/ (M — VAP, ,10m/ APy sion (3.15)

Bip kocankel craHmusga OipHemie  TpaHcopMaropiapabl  pe3epBTEY
MaKcaTbIMEH OpHATy TEK apHalbl Karjaiyiapaa OoJlaThIHBIH eckepreH >keH. Erep
KOCAJIKbl CTAHIMSIIAFbl TpaHCHOPMATOPABIH THIMAI CaHbl KapacThIPBUIBIN KaTca,
KapacThIpbUIFaHHAH 0acKa KbICKa TYWBIKTATy TOKTAPBIHBIH ©3Te€py MOJIIEPIH >KOHE
KOCBhIMIIIa TpaHC(OPMATOP OpHATKAH KE3Jerl CEHIMJIUIIK JOPEKECIH €CKEpPreH »KOH.
Temenri kepHey kenmici  OOWBIHIAFBI  TYpJl  KOCAIKbI  CTaHIUSIIApaFrbl
TpaHcopmaTopiiapbl ©3apa pe3epBTey Ke3iHJe TeK TpaHc(hopMaTopIarbl FaHa eMec,
COHBIMEH KaTap eJiJIeT1 MIBIFBIHIAPbI Ja €CKETeH JKOH 00JaIbl.

Anaiiga pexxum e3repreH Keszeri TpaHchopmaropiapAsl KOChIN euIipy Kenoip
KUBIHJBIKTapFa Tam Oonaabl, cebedl opbip TpaHchopmaTop YUIIH KYKTEME
aKKBIPATKBIIIBIH OPHATY KAXETTUTITT TYbIHAAWABI. Erep KyaT NMIBIFBIHBIH a3aiiTaThIH
0osnca onapnapl opHaTy TUIMI1 O0onaabl. COHABIKTAHAA JKYKTEME aXbIPAaTKbILIbI Oap
YKOHE KOK OOJIFaH Ke3Arl KENTIPUITeH IIbIFbIHAAPbI CANBICTBII, €H THIMAI HYCKaHbI
TaHJIay Kepek Oojaapl. bip KocCalKbl CTaHIUsIAA Mapauielb >KYMBIC 1CTEHTIH,
alpFBINIBI 0ap JKYKTEME aXBIPATKBIIIBI KOK  TpaHchopMmaTopiapasH OipeyiHiH
KaOLIETTUIITH TeKCepy OOMBIHIIA KYMBICTAp Kypri3uireH. Erep a3z yakbITKa KOCAJIKbI
CTaHIUSHBI KOPEK KO31HEH aXKbIpaTca, OapIibIK JKaFmaiiia TpanchopMaTop bl alprbIIl
KOMETIMEH OIIipiI KocyFa 00Jajibl, Oipak o1 opAaiibiM MyMKiH O601a Oepmeri.

CoHbIMEH KaTap, KOCYy MEH COHAIPYAl aBTOMATThl OaCKapaThIH alpFBIIITAD MEH
KYKTEME aKBIPATKBIITAPhl OHAIpICTEe IIbIFapbuiMaiabl. COHABIKTAH TOYJIKTIKKE
colikec 00MaThIH PEXUMI TpaHCchopMaTopiiazga ycTam TYPy, TeK KOCATKbl CTaHIIHAIA
KbI3MET €Ty IIepcoHai O0JIFaH Ke3/e FaHa MyMKiH Oonaibl. Kyar mIbIFBIHBIH a3aiTy
YIIIH KyaT a>KbIpAaTKBIILITAPBIH OPHATY opIaiibIM aKTaja OepMen /.

KapeiMTanayiisl KOHIBIPFBUTIAIAFBl PEAKTUBTI KyaTThl e3repTy. JKykTreme
peXHUMI ©3repreH Ke3/le KapbIMTalayllbl KYPBUIFBUIAPIBIH THIMII KyaThl opIaibiM
e3repin Typaabl. MyHal e3repicTi )Ky3ere acblpy apHaiibl 0acKapyIlibl aBTOMATUKACHI
Oap KaThIK PETTENETIH KapbIMTaJIaylllbl KOHJBIPFbLIAP YIIIH FaHA KY3€re acajbl.
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Catbuibl peTTeNeTiH KapbIMTalayIibl KYPhUIBIFbIIAD KE31HAE OJapIblH KyaTblH
©3repTy, MbICaJIbl, Mapajuiesib Oip TapMaKTap/Abl OIIIpy HEMece KOCY KYKTEMEHIH TeK
oenruti 6ip MoHAEpiHAE THIMII 00TaIbl.

XKatbIKk perTeneTiH KapbIMTalaylllbl KYPbUIFbUIAD KE31HJI€ KyaT IIbIFbIHBIHBIH
a3alThbUTYbl KaMTaMachl3 €TuUIeNl, anaiiga Oyl KypbUIFbUIAp KbIMOAT TYPAJbl.
Kaiicbi0ip KapbIMTanzaylibl KYPhUIFbLUIAPIbI TAH 1Ay KENTIPUITEH MIBIFbIHAAP OONUBIHIIA
KYpriziaei.

DHeprus MbIFBIHBIH 0aKplIay, TYTHIHYIIIBI CAHAYBITITAPHI TIPKEHTIH YHEPTUSHBI
eCKEpMeii, CaHaybIlITap KOMETIMEH HSHEprusi MOHIH aHBIKTAY MAaKCaThIMEH >KOHE
SHEPrusl YHEMJIUTITIH KOFapiaTy YIIiH Xypri3uieai.

TyThIHYIIBI CaHAYBIMIBI TIPKEMEHTIH 3HEPTUSHBI aHBIKTAY, KOPEKTEHIIPYIIi
KOCAJIKbl CTAaHIUSAIAFbI ’KOHE TYTHIHYIIIBI CAHYBIIITAPBIH CATBICTHIPY apKbLIbI HEMECE
apHaiibl KOHABIPFBUIAP KOMEriMEeH JKy3ere acblpbUlybl MYMKiH. Keitbip
alBIPMaIIBUTBIKTAP JKEJIJEr] MIBIFbIHAapIad ga 6omaabl. Erep Oy ailbipManibUIbIK
JKEJIJIeT] €CENTIK MIBIFBIHApAaH KeN YJKeH 0oJjaThiH 0oJica, oHAa ceOern-cayiiapabl
aHBIKTAIl, OJIAP]Ibl KOO KEPEK.

OHeprusiHbl YHEMJIEYAIH Heri3ri BIHTAJIAHBIPYIIBICH  TYTHIHYIIBIIaH
aJlbIHATBIH DHEpPrusl YIUIH TejeMaep OoJbll TaOblIaAbl. DHEProkyie YIuiH
OHEPTUSHBIH O31HAIK KYHBI TOYJIK ME3TUIHEH (MUHUMYM >XYKTEME CaraTTapblHIa
©31H/IIK KYH TOMEH), )KbUI ME3T'UTIHEH >KOHE DHEPTHUs CUIATTaMaChlHAH (AaKTHUBTI JKOHE
PEaKTUBTI KyaTTapJblH KaTbIHACHI) TOYEN/l €KEHIH €CKEpEe OTBIPBII, YHEPrus YIUIH
TYTBIHYIIBIHBIH ~TOJIeyl Keml karmaiiaa auddepeHuuanganral Typae Kys3ere
acChIPBLIA/IbI.

DOHeprusi >KETICIEeYHIUNr Ke3lHAe KeHOlp TYTHIHYIIbUIAp JHEProKyheaeH
HIEKTEIE].
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4 JaexkTp Kayincizairi

DONeKTp Kayilci3airi, OHMIPICTIK >KOHE OJEYMETTIK-TYPMBICTHIK apHaJIFaH
FUMapATTaApAbIH JJCKTP KOHABIPFBUIAPHI JKOHE KAIMbl TEXHUKAJIBIK IIApTTap
ootipraia KPCT 1295-2004, 2006.01.01 xyHi eHT1315111.

Konnansuty canacel: Oy cTaHAapT FUMapaTTap IbIH JEKTP KOHABIPFbLUIAPBIHBIH
AIIEKTP KayIMCI3/ir ®KOHIH/IET1 Kbl TEXHUKAJBIK [apTTapabl Oenriaeimi.

CrangapT Tamantapbl OHIIPICTIK XOHE OJIEYyMETTIK-TYPMBICTHIK apHaFaH
MbIHaIail FUMapaTTap IbIH 3JIEKTP KOHJBIPFhIIApbIHA TaPaThLIAbI:

-TYPFBIH YHIIED;

-OHJIIPICTIK FUMapaTTap;

-cayJia KQCIIOPbIHIAPHI;

-KOFaMJIBIK FUMapatTap;

-ayblJ MIAPYaIIbUIBIK KYPBUIBICTAPHI;

-TYPFBIH aBTOQYProHAap KOHE OJIapFa apHalFaH TYpaKTap;

-KYPBUIBIC aJlaHJapbl, TamMalianay KYpbUIBICTAphl >KOHE Ji€ 0acka yakbITIIa
KYpBUIBICTAP.

ONeKTp TOFBIMEH 3aKbIMIATY JIOPEKECIHE COMKEC HJIEKTP KOHIBIPFbUIAPBIMEH
aOJbIKTAJIFaH FUMapaT KIAaChIH OENTIey KaxeT.

benrinenren kiacc HeTi3AeNTeH HBIIAHIAP bl KOPCETY KAKET.

DONeKTp TOFbIMEH 3aKbIMIANYAAH KOpPFAaHY IC-IapaiapblH, AJIEKTP KEJUIepIH/Ie
KbICKA TYUBIKTATY IbIH HOTHKECIH/IE JKapbUTBIC TIEH OPTTEP/IIH Maiia 00TybIHaH KOPFaHbIC
(apHaiibl OpBIHAAIFAH AIIEKTP KOHIBIPFBUIAPHIH MalAaIaHy; Kayilci3 KepHEYIIK, KYIITIK
YKOHE KAPBIKTAH IBIPFBIII KEJIIEPIIH TOK OTKI3T1II OOJIIKTEPIH OKIIIayay; oJapabl KOIMEH
ycTan KalyJlaH KETKUTIKCI3 JKepre OpHalIacThIpy; OJIOKTay/bl, €CKepPTy IaObLIIapbiH
KOJIZIaHy; KOPFaHBICTBIK >KEPCIHAIPY MEH OIIIN KATyJbl; KEKE KOPFaHBIC KypasgapbiH
naiiaigany T.c.c.).
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KOPBITBHIH/IBI

Ocbl  gurmmoMablK  JKyMbicTa KepHeyl 110 kB  Kocankel cTaHIMSHBIH
TYTBIHYIIBUIAPBIH ~ KOPEKTEHIPYIl  3JEKTp TopadbiH kobamanbiM. Kocamkbl
CTaHIUSJIAPBIHBIH, OepUIreH MOHJEpl OOWBIHINA AJIEKTPIiK eceOiH xyprizaiM. Ocbl
KOCAJIKbl CTaHIUSIapIaFbl SJIEKTP OCpUTiC KETICIHIH HOMUHAT KEPHEYIH TaHIAIbIM.
Kayrraperna Gaitnansictsl TP/IH-10,16,25,40/110 TpancdopmaTopiapblH TaHIAIbIM.

Ex angpiven Ctuin (opmyrnacsl OOHBIHINA KEMIHIH KEpHEYIH aHBIKTAIbIM.
XKobanay ke3iHJe KOCAIKbl CTaHIUA TpaHC(HOPMATOPIAPHIHBIH THUIIIH KOHE KyaThIH
TaHTAJbIM JKOHE OJapAblH KyaT IIBIFBIHAApBIH  ecentediM.  ChIMaapabiH
mapameTpiiepiH TaHJAay alIblHAa CHIMHBIH KHMAacChlH TaHIAJbIM, OJ YYaCTOKTBHIH
TOKTapbhIHA OaNIaHBICTHI AJIBIHAIBI.

CoHbIMEH KaTap OKENIHIH KEepHEY IIBIFBIHJIAPBIH, JKETIHIH TEXHUKO-
PKOHOMHUKAJIBIK THIMAUITIH ecentemiM. JKoHE 1€ €H MaHBI3Ibl HOpce, OJ KEeJiHIH
MaKCUMaJIJIbl )KYKTeME MEH MUHUMAJbI )KYKTEME KE31H/eT1 KyaTThl €CernTey, CoJaaH
KEeMIH KOCAJIKhl CTAHIMSHBIH MHHHUMAJJIBI PEKUMIH €cenTey OOJbl. AMATThIK
PeXUMIl €cenTey Ke3iHAe MEH Olp y4acTOKTBl KWBIN aJiJbIM, COJIaH KEWiH OHBIH
KYKTEMEJIEpIH KaJlFaH y4acTOKTapra KOCa OTBHIPBII OHBIH E€CENTIK KyaThlH >KOHE
KepHEY IIBIFBIHIAPBIH €CenTeNiM. EH COHbIHAAa MEH CBhIMIAPABIH MEXaHUKAJBIK
ecenTeyJepiH XKYPri3aiM.

TyTBIHYIIBI CaHAyBIIbl TIPKEMEWUTIH HEPTUSHBI aHBIKTAy, KOPEKTEHAIPYIIi
KOCAJIKbl CTAHIIMSIAFbl )KOHE TYTHIHYIIIBI CAHYBIMTAPBIH CATBICTRIPY apKbLUIBI HEMECe
apHailbl KOHABIPFBUIAP KOMErIMEH Ky3ere achIpbUlybl MyMKiH. Keitoip
albIpMalIbUIBIKTAP JKEJIJEr] bIFbIHAapAaH aa 0onaasl. Erep Oy ailbipMalbUIbIK
JKEJIIJIer1 eCeNTIK MIBIFBIHIApaH KoM YJKEH OoyiaThlH 0oJjica, OHAa ceOem-canaapabl
aHBIKTAII, OJIAP]IbI KO0 KEPEK.

DHeprusi S>KETICTIEYHIUTT Ke3lHAe KelOip TYTHIHYIIbBUIAp YHEProXyheaeH
mekreneai. KympicTa eHOeKTI Kopray >KOHE KOpIlaFaH OpTaHy KOpFray Macenernepi
KapacThIPbULIbI. OHAIPICTET1 KEIAETY MEH TaOUFH JKAPBIKTAHIBIPY KapacThIPHUIIBI,
YKOHE OChLIIapFa COlKeC ecerl KYprizuii.
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