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Курсовое проектирование ставит своей целью закрепить умения и систематизировать знания, полученные по дисциплине «Средства коммутации электрической энергии» а также в смежных дисциплинах, научить студентов применять эти знания при решении инженерных задач, привить им навыки к самостоятельной творческой работе.
Целью курсовой работы является выбор и проверка средств коммутации электрической энергии на трансформаторной подстанции.
Основными задачами курсовой работы являются:
1. Определение расчетных электрических нагрузок.
2. Выбор сечений проводов линий электропередачи.
3. Выбор силовых трансформаторов.
4. Расчет токов короткого замыкания.
5. Выбор и проверка средств коммутации электрической энергии.
При проектировании электрической части подстанций переменного тока напряжением 35…750 кВ используются следующие нормативные документы:
1. Правила устройства электроустановок (7 издание). Москва: Издательство НЦ ЭНАС, 2003 г.
2. Нормы технологического проектирования подстанций переменного тока, с напряжением 35…750 кВ. Москва: Издательство ФСК ЕС, 2006 г., 96 стр.
3. Типовые схемы распределительных устройств принципиальные электрические 35…750 кВ. Москва: ОАО «ФСК ЕЭС», 2007 г., 132 стр.
4. Токи короткого замыкания. Руководящий документ 153-340-20.526-98, Москва: Издательство НЦ ЭНАС, 2002 г., 302 стр.
5. ГОСТ Р 52735-2007. Короткие замыкания в электроустановках. Методы расчета в электроустановках переменного тока напряжением свыше 1 кВ
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5. Выбор и проверка коммутационных аппаратов высокого напряжения
5.1. Общие положения
Коммутационные аппараты предназначены для присоединения отдельных элементов электрической части станций и подстанций, а также присоединения к ним линий электропередачи.
Коммутационные аппараты, изоляторы и токоведущие устройства работают в условиях эксплуатации в трех основных режимах: в длительном режиме, в режиме перегрузки (с повышенной нагрузкой, которая для некоторых аппаратов достигает значения до 1,4 номинальной) и в режиме короткого замыкания. Режим несимметричной работы в данном разделе не рассматривается.
В длительном режиме надежная работа аппаратов, изоляторов и токоведущих устройств обеспечивается правильным выбором их по номинальному напряжению и номинальному току.
В режиме перегрузки надежная работа аппаратов и других устройств электрических установок обеспечивается ограничением значения и длительности повышения напряжения или тока в таких пределах, при которых еще гарантируется нормальная работа электрических установок за счет запаса прочности.
В режиме короткого замыкания надежная работа аппаратов, изоляторов и токоведущих устройств обеспечивается соответствием выбранных параметров устройств по условиям термической и электродинамической стойкости.
Для выключателей, предохранителей и выключателей нагрузки добавляется условие выбора их по отключающей способности.
При выборе аппаратов и параметров токоведущих устройств следует обязательно учитывать род установки (в помещении или на открытом воздухе), температуру окружающей среды, влажность и загрязненность ее и высоту установки аппаратов над уровнем моря.
При составлении схемы для расчетов токов КЗ для каждого аппарата выбирают такой режим, при котором он находится в наиболее тяжелых, но реальных условиях работы. Не учитывают только такие режимы, которые не предусмотрены для продолжительной эксплуатации. В качестве примера можно привести режим кратковременного совместного включения рабочего и резервного трансформаторов.
За расчетную точку КЗ принимают такую, в которой через аппарат при КЗ проходит наибольший ток. Исключения из этого общего положения отмечены для каждого аппарата при рассмотрении методики выбора и проверки его.
Выбранные аппараты и другие устройства установок должны отвечать требованиям технико-экономической целесообразности.
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3. BbibOp ceyeHMA NPOBOAOB INUHWI 3MeEKTponepejayu Mo  YCIIOBUAM
3KOHOMMYHOCTH
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4.1. Nipouecc TpéxchasHoro K3 B LienM, NUTAEMOVi OT LIMH HEUIMEHHOTO HaMpsKeHUs
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175 TEXSHIKO-3HOHOMIECKOTO CONOCTASNEHHA UCCHEYEULIX S3pHaTOn 3C HEOBXOMMMO AnA KaXAOH NOTCTAHLYAM ONDENENWTS KOMMMECTEO 1
'MOUHOCTS TPEHCOPIATOPOE (3ETOTPHCOPWATOpOS).

Tpartnsecn Gecnepeboiioe anexTpociabenme noTpeGuTenci | W Il KaTeropWA OGECTEMEAIT MDA YCTRHOBKS Ha MOACTAHIYM ASYX
OmHaKORLX TPaHCOpIaTOpOS. Takoe PellcHME RENASTCA, Kax MPABAND, HAWGONSE SXOHOMMMECHA LENECO0GpasH=. T1pu OTKOuEHIN 0ZHOrD
TpaHChOpHATOPa (11ak0ROM W aSapWiHOM) OCTaBLLIACH & PaGOTE TPAHCBOPHTOP A0TTKE OBSCTGUHTE NHTaHAE BCEX NOTDEBHTENEl NOZCTaHLYM,
WCXODR 3 AONYCTWMOR neperpysiA TPaHC(OpUATOp NpA HanGonbwelt Harpyke Ha 40%. B GOMummCTEe Cyuace TaKoR peXAM ANA ABYX
TparchopuaTOpHEX NoACTaHA AocTwraioT npu 70% 3arpysre kaxaoro Tpa=chOPUaTOPa Ha EpeMA MarCHMyMa Harpya Toma HoMMHAneHyo
"MOUHOCTS TPaHCOPHATOPa MOXHO ONPEAENITS CRAYIOUM 0GPAI0N
Suose 720785 nazp. [c3))
Yeranosry +a NOACTaHYA TPEX  Gonee TPaHCOPIATOPOS AOYCKAIOT NPH KOHLSHTPUPOSAHHAX HATPYSKX, ECTIH MPEAENLHO CyLieCTEyiOueH
LUKane MOWHOCTA 5y TPAHCHOPMETOPOB HEOCTATOUHO, @ TAIKE NP HEOGXOMMMOCTH SHIGTVTS N0 PEXUMY HANPRXEHWR SNEKTPOCHABKEHHE
PeaKONEpeMEHHLX HAPYIOK Ha OTACTHLA TPEHCDOPUATOP. ECTU A7R ABYKIPGHCDOPMATOPHON MORCTHLMN KOODMLMGHT 3arpyatn
TpanchopuaTOpa MpmMaIoT passn 0.7 (AIMSHASTCR B 3aBUCAMOCTH OT XapaKTepa MEXTPONOTDEGNEHHS). TO ATA TPEXTPaHCHOPUATOPHOR
"MOCTaHYM OH MOXET BiTs NS 40 0.93 10 YCHOSHAM AOMYCTHMOR HATPY 3K TPaHCODWATOOS, KOTAA OTHTIKNEIOT OVH H3 HIX
s,

71 Syt
Bonee 050CHOB3HO HOMIHANSHYIO MOLHOCTS TPaHCDOPIIGTOPOS OIPEENAICT C UCIONS308aHeM TPAQVIKa HATPY3I! NOACTAHLYM
COOTEETCTEYK0UIAR XaPAKTEPHCTIKA SNEXTPONOTDEBNEHHR YTONHAETCA PYFOBOITENEM NOSKTUDOSAHHA.

k,

@2

Tpn ycrasosee TpeTsero TPaHCHOPUATOPA Ha ASYXTPAHCHOPMATOPHOR MOACTEHLIM, BSMIOTHEHHOR MO YTIDOUSHHOR CXEWE, COPAHROT
noeniouerste noacTarw « ceTy 35 220 ¥B ASywA nuwAU. [1nA NOACTAHUAR C MOURLIMM TpaCbopuaTopaw 63 1 Gonee MB-A uenecoobpaso
‘coopyxaTs oTaensHyi0 N0 35.. 20 ¥B AT MOMKTIONEHHS KAXIOT0 TPaHCDODUATOpa.

Ha IHOTPEHCOPMATOPHX NONCTEHLMRX, He WMEROUX NOTDEBATENei | KETErODWN, HOMWHENSHAR WOLHOCTS TPaHOhOPUATOpa AOMHHa
"MOKPLIEATS ECI0 NOTKTHOUEHHYH0 Ha EPEMA MBKCHMYM HATDY3KY. T€.

SurT2 Space 33

Tlocne pacuera o suuwenpHEeaeM OpUyNaM SSIGHaIT GVCKATILME GONLUINE CTaHIAPTHAE SHAYSHHR Syl
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Tp# HapywieH 3NEKTPHECKO NPONHOCTH HIONALYA NPOBOAOS W OGOPYAOSEHHA & INEXTPHECKD CETH BHEIANHO BOSHUKGET ABapHTHEI
[pexiA KOpOTXOrD sambikanws (K3), BLILIBEI0WH PEIKOS YBEHUEHHE TOKOB, KOTOPLE MOrYT AOCTHTTS OTPOMHSIX JHaueHI. 3TH TOKH NPEACTaEnoT
GONbLLYI0 ONACHOCTS ATA 3NEMENTOS IMEKTPHIECKOR CETH 1 OGOPYAOBAHHR, TaK KaK OWil SLGLBAIOT UPEIMEPHLII HATPES TOFOBEAYLYIX YaCTei W
CO3aIOT GOMLLLIME MEXBHIMECHHE YCUTNA, MOTYLLYE MPUEECTH K Paspywerso, nosTouy Y3 (n. 1.4.1) npeaycuaTpueaeT e60p 1 NpiMeHeswe no
Yenogwsm K3 3nerTpHNECIX annapaTos 1 NPOSOHHKOS & MEKTPOYCTaHOBKAX NEPEMEHHOrD TOka.

B Tpexbamoil ceTt paniaor Tpu ocvosux suaa K3 Tpexbamoe, Asyxbasuos i oaHodaoe (8 CTAX C myxosaseMnesHsiM
ediTpansum).

HauGonee uacrs oprodasmie K3 (30 60% oT i oBugro Konwecrsa). Asyxpaskeie Ha sewno (20%), Asyxpasmse (10%)  (5..10%)
TpexcbasHLIe 3aMKaHIA.

B 38BACHIIOCTH OT MOLLHOCTH HCTONHIKA THTaHA NPOMLINEHHOrO NDEANPARTIR NpH PACIETax Tox0e K3 Bwensior 4ea XapaKTeprsn cryuas:
K3 8 LeNAX, MWTBIOUYIXCA OF CACTEMS! GECKOMEAHOR MOLHOCTH W K3 SGTUAGH TEHEpaTOpa OTPaHIMEHHOR MOUMOCTH. CCTEMOR Gecromesort
MOLMOCTH YCTIOBHO CLMTAIOT WCTOUHK, HANPRREHHE HA UMMAX KOTOPOD, OCTASTCA MPAKTINECKH HEHOUEHHSIA pH TWOBSX USMEHEHWRX TOKa 8
'POAKTIONEHHOI K HeMy Lenk, 8 Tow ucne 1 npw K3.

115 CHCTel 3NeXTPOCHAGEHA NDEANDHATIIA THIMIHLIA CyaEHM RENAETCA MHTAHHE O WCTOSHAKA HEOrPAHIEHHOR WOUIHOCTH, TaK KaK Aa¥e
aEHLIE OAMTENLHEE NOACTAHLYM TUTAIOTCA N0 OTBETENEHHM OT OGLSIUHEHHON HEPFOCHCTEN, MOLLHOCTS KOTOPOW B0 MHOT Pa3 PESOCXORMT.
MOUMOCTS NOZCTaHLyM: [ITA CAYUGER NATaHWS MPOWSILINGHHLX NPEATPUATH OT Witk PY Hanpxeswen 6...10 kB COBCTBEHHOR INKTPOCTAHLA
‘CReRYET yUHTLIEATS ABNEHHR, NPOMCKOIALWE B FEHEPATOPaX CTaHLM

PaccuoTpun wamenenme Toka K3 B LN, MMTAOWEHCA T CHCTEM! HEOTPAHWEHHOR MOLHOCTH IpH HaWGOMee NPOCTOM MOBPEXaeHIN &
Tpexcbaon uenn Tpexnomockom K3 (cu picyMok 41). Tok K3 NePSLi MOMEHT HE MOXET MTHOBEHHO WIMEHHTLCA, Tak KaK JeMeHTs!
KOPOTKOSGMIYTOM LSHN W MCTOUMIIKA MITAHAR MMEIOT MHAYKTUEHOCTS, 3AACPHUBAIOUIYI0 YBEMIMEHIE TOKA W CHIDKEHME HANpRKEHMR 8 Leni. B
OCNERYIOUE MOMEHTS! PEIKO BOIPACTAET TOK. YBEMMHBAICTCA NIOTEPH HAMPRKEHHA B0 BCEX INEMEHTAX KOPOTKOSAMKHYTOM LEnW W HanpAXeHHe &
Toure K3 ymessumTcs.

Hopwaznsiii Vemanosusuuiics
pexcun npovecc pexcun
PucyHOK 4.1~ KDuesie USHEHEHUS MOKa KOPOMKOE0 SBMEIKGHUS O CUCTIEMS! HEOZDaHUNEHHOT MOUMOCTU (S, == )
1~ MEHOBEHHOR IHEEHU MOKE HAZDY3KU © MOMEHTT KODOTIKOZO SAMBIGHUS,
iy — MeHOBBHHOBSHaEHUE Y3aPHOS0 MOKS KOPOIOZO BUIKaHUR 4eDe3 NOrTepUOda (0,01 C) NOGe B0SHUKHOBSHUR KOPOTKOEO SaMSKEHU (10
SSTULUHE i POBSPRIOMCA SNEKTDULECKS SNN8PSM, WUHe! U U3GTATIODS! Ha OUNBULNECKYA0 YCOTuUEOGTs).
Dy sz In = COOMEEMITIERHHO MBHCUMATHOR U MEHOBEHHOR SHEMEHUS NEPUOBUNECKO] CRBERI0ULE MOKa KOPOKOE0 SBMEIKEHUS;
Lz Lo~ MBKCUMBNSHO U MEHOBEHHOE SHANEHUR BEDUOOUNECKO CRAEEKOUE] MOKS KOOTKOZO SAMBBHU: )
— Gelicmeyiouiee 3HauEHUE YGTIBHOBUELIEZOGS OK KODOTIKOZO SAMBIKEHUR (10 SNUYUHE I.. NPOBEDRIOM SNEXTDUYECKUE BNNaPaITS! U
MOKOBedyLILE UBCU Ha MEpMUECKYH0 YomOHUBoGS);
o~ HENATSHOS CEUCTIEYOUIEE SHENEHUE NEUODUNECKO GTaZaIOUIE] TOKS KOPOTIKOZO SaWBIKAHUR (CESPXNEpeXOdHSIl MOX KOOKO20.
samsinaHuz)

Iuaueswie Toka K3 33BUCAT OT CONPOTUENEHHA SEMEHTOB KOPOTKOSAMKHYTOR LEMH, HO W OT MOMENTA BOSHIKHOBEHHA GEAPHTHOTD PEXIIMA
HauBonsuero aHauesa urHoseHssi ToK K3 AOCTTAET & TOM CAYuae, KOTAA KOPOTHO JaMBIKaHHE BOSHHKAET & MOMEHT NPOXOKAEHHR TOKa HArPY3K
uepes Hyns (10K & 00 chaze).

Mriosersoe aHasesme nonHoro Toxa K3 iy, 8 0506 BPelR ONPEASTAETCA CONEHHEM CHYCOMAGNHOR KPHBO 1y W 3aTYXAKUWeEH No
‘IHCTIOHEHUANHOMY 3aKOHY KPHEOR fgr.

et g
Anepuogiiectan cocTaanAIowan Toxa K3 3aTYXAET N0 3aKOHY IKCMOHEHTHOR KPHBON, ONPEAENAEMON YPasHeHHEls

T,

0= Taxas € @y

0 Iy 3znc ~ MANMTYAHOR (MAKCHIATEHOR) SHAYEHHE ANEPHOTHNECKOR COCTABNAOUIEH TOKa K3
T~ NOCTORHHaR Bpeiies 3aTYXaHIA aNEPHOAUNECKOTi COCTaBNAICUEH, onpeaenAeian no opiyne:

A
3o

B8 7, X5 - PEaYTTHPYIOUIME AKTUEHOE 1 WHZYKTHEHOE ConpoTanews Lenn K3, O

'BpeMA 3Ty XaHIR GNEPUOTHNECKOTO TOKA JABACHT OT BenWHS! T, T, OT COOTHOLIGHIR JHaueHWh KTUEHOTO W WHYKTHBHOT CONpOTHENEHI
¥opOTHOSaMKHYTOR e, MMpaKTeckn 3TOT ToK WcuesaeT uepes 015,02 C C MOMeHTa BosHMHoBeHwA K3 W STOT nepuod cooTeercreyer
nepexaa-ouy npouecey K3.

Vs pucyska 4.1 BHIHO, UTO HAUANLHOR JHAYEHWE ANEPUOIUNECKOTD TOKA i, BCEFIA PABHO HAWGOMLLIGMY IHAYEHIO NEPHOIHUECKOrD TOKA
Ly sz 0 0¥ NPOTHEORONO4S 0 HaNpaBesho.

Mepuoguiectan cocraenAwouian Toka K3 i OCTAETCR HewaMeHHO & Teuehie B0erd nepHona K3 (2 YCTaHOBBLIGHCA 1 NEPEXOZHOM PEXHMAX),
HO B CACTEME C WIMEHSIOUPWMCA HANDAKEHWEM WCTOSMWKA MUTAMWA (FEHEPATODS! INEKTPOCTAHLYM) HAUANLHOE IHAYEHHE NEPHOOWIECKOR
cocTagnouet Toxa K3 Gobiue 1 YWeHSLIGETCH 40 HEFOTOPOrD HaWIIEHBLIETD YCTaHOSHELISTOCA JHaueHts. 3ToMy COCOBCTEYET WHAYKTWEHSI TOK.
K3, BL0iBaI0A PAIMATHINMEAIOLIR AACTEE B FHEPATOPaX. BCECTEH USrD YWHSIASTCA HaBOQHINaR 8 Hitx JIC.

HauansHoe RefiCTEYIOUje 3HAUEHE MEPHORHIECKOI COCTABNAIOLIEN 33 MepeLi NepHOR NOCNE BOMMKHOBEHIA K3 HASLIBAKT HAUANBHBIM
caspinepexogusm Toxow K3 (). a AefcTeyiouiee IHaeswe yCTaHOBMBWIEr0cA Toka K3 oBoawauaior . Tarum oBpasom, AefcTayiouise Mavesme
nepuoaueckoii cocTaenmouyeR Toxa K3 uameHAeTcA 8 3Toi cucteme ot I” 40 /..

HanBoneiues B0310¥408 3HaUEHHE MTHOSSHHOTO ToKa K3 HasisaicT yaapHui ToroM iy (Ci. picyHok 4.1), K0TopOS NoABNAETCA o uCTeueHsn
nepsoro nonynepnoaa (7 = 0,01 ¢) ¢ womenTa soskMoseH K3

= Tnsae + Tt
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YaapHoii Ko uuMeHT K, ~ OTHOWEHHE YAGPHOTO Toka K3 X HanGObLueMy 3Ha4eH0 NepHOZNECIOR CocTaanAuei Toka K3.

“2)
ECTM Iy BHPASHTS vepes AsiicTayuee SHaveHe:
iy = Ky Ry el 3)
VRapHLIA KOXDOULHEHT IOXHO BLIPSHTS USpE3 NOCTORKHYI BEMHY BPEIEHH SaTYXEHHA aNePHOIANECKO CocTaBnAIoLei:
K, )

117 pacienos Tokos K3 8 CeTAX NpOMSILNeHHLX NPSAPHATHA HaNpAXesen Bt 1 KB € MPSOGNARaI0LM WHAYKTWEHSIM CONpOTHENEHHEM
o0 MpUHAT, K, = 1,8: AR npOTAveHHu kabensie caTed Uy > 148 K, = 13,3 ana cered wanprveniem 20 1B Ky = 11,12

3uasene K, & TouuX PACIETaX OMpEASTAETCA 8 SaBHCHIOTH OT COOTHOWEHHA X,J7y KOPOTHOSAMHYTOR LS 10 pcyy 4.2

20
K,

Tipux/ 60)

L8
Tipu x|

16
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"Pucyor 4.2~ Saeucumocs y3apmozo KoxpxpuuUeH Ky O OmHoweHuR X

Ecu paceeT seaéTca Ges yu&Ta axTHEROrD ConpoTHENesA, T0 K., O¥H0 ONPeAenuITs 10 TaGmuue 4.1 8 saswcuocTy o wecra K3,
Tabinuuia 4.1 - BwaeHuR POCTIORHHO SpeMeU 33myXanuR anepuOdUecKo] GocmaanAwowed moka K3 T, u

ﬁwwwmﬁ

B3 ycnoxowTensHow oBMoTH 02 195

o0z senononocroro aporenepaTopa oo =
016..025 184,195

ypSoreneparopos

= e 04..054 1975..198

o015 1835

38 ot enepaTOp TpanCoOPUATop T 02 195

s 032 1877

002 1

33 sosayimam e ranpvEE - o

. 006 185

NOMICKAIOUIM TRANCDOPMATOPOM. 005 182

e 0045 18

Pacrpesenienise cemi6..1018 001 1369

‘Comaco MY3 . 1.4.5 8 kavecree pacuemoro ewga K3 cneayer npumars:

1. [1nA onpeaeneH#A ANEKTPOAMHAMIIECKOH CTOMIKOCTH ANNAPATOB, HECTINAX LUMH 1 NOAACPHUBAIOLINX UX OOPHSIE KOHCTPYKLM TpexdasHuie K3
().

Z.Hjmwuwwmmuwumwmw:mmymmmlJ

3. [1n% 85/60pa aNNApaTOB N0 KOWMYTaLHOHHOR CIOCOGHOCTH N0 BONLLUEMY 3 SHa4EHHT. TPEXPAIHOTO UM 0ZHOaINOTO K3 Ha 36N (8 CeTax ©
‘BonbiLIMI TOKaMM IBMEIKEHIA Ha JEMNO AFICTBYIOLISe SHaueHWe ToKa K3 A BPeMeH £, PaBHOTD CyMe Bpeweni CaBaTLiBaHIR peneiinoi
3aUHT! COBCTBEHHOT BpeMenit ASHICTEUR BulkiouaTens). MPAKTUNECK NPUHUMAETCR ANA BLCTPORHICTEYIOWX BsikniodaTeneil (¢ < 0,1¢) ;=
' ann weBeicTpoRelicTayiouyx BsikniouaTeneit 1, = Iy 5, Te. AnA pemen K3 0,2 ¢ 1 370 nparTiiecit Gyaer L.

1177 81/Gopa U NpoBEpAH CTABOK PENeHO SaLYTE W AETOATHII TDEGYETCA ONpEENeHMe W HECHUMETPIHEX T0k08 K3,

B 388MCHMOCTH OT HasHaveHWA paciera Tokos K3 Bw/GupaioT pacueryio Cxewy ceTw, onpeaenior sua K3, Mectononaxeswe Todek K3 va crewe
W CONpOTWENEHWA NeWEHTOR Cxews! 3amewiens. Pacier Toroe K3 8 CeTAx Hanpmxeswel 20 1 4B 1 BLILE IKEET PR OCOGEHHOCTEN, KOTOpS

‘paccuaTpEaIOTCR Aansue.
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4.2. PacueT TOKOB KOPOTKOTO 3aMbIKaHWS B YCTaHOBKaX HanpsXeHiem cabiwe 1 kB
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Tpu pacuere Tokoe K3 8 ycTanosrax Hanprxexmen casiwe 1 kB HeoGX0pMMO yuTLIBaTS Creayloupme 0CoGeHHOCT:

1. AKTUEHLIE CONPOTBNEHHA SEMEHTOB CHCTEME! INEXTPOCHATKEHI He YUTLISAIT, ECTM SLNONHATCA YCTOBHE:

rr<xs,

8 75 M X5~ CYUMADHLIE KTHEHIE W PEAKTHEHSIE CONPOTHENEHAR SIEMEHTOS CHCTEMS anexTpOCHaGKeHH 0 Tou K3

2. YUMTHIEEH0T MOAUTRY OT ASHTATENEli BLICOKOTO HAMPAXEHWA OT CHHXDOHHSX ASMTATENEii KaK & YAAHOM, TaK W 8 OTKMiOuaEMOM Toke K3
OZNUTHY OT ACHKXDOHHSX ABHTETENEli — TONsKO & YAApHOM Toke K3 ACHAXDOHHSIE IBUTATENM HE YUWTLIEIITCA NpH MouiocT 20 100 kBT &
enue, ecni 0w oTaANENS: OT MecTa K3 oM CTynesio TPaHCOPUALIM, @ Takxe npw oGO MOLLHOCT NP OTAGNEHMH ASyWA U Banee
CTynesAMM TPaHCHOPMALIM, MUGO, ECTI TOK OT HAX MOXET MOCTYNETS MecTy K3 TONsKO Yepes Te SMeMenTu, uepes KOTopse MpoxomuT
0CH0BHO T0K K3 U KOTOPSIE WIKSHOT CYLLECTBEHHOE CONPOTHENEHHE (VW TPEHCADODIATOPS: 1 T ).

3. PacueT T0K08 K3 BLIMONHAOT & WMEHOB3HHAIX W OTHOCHTENSH.IX SAUHNLAX. ECTU PACIET BSINOMKAIOT 8 WMEHOBGHHSIX SAMHALAX, TO BCe
SNeKTPUNECIHIE SNl NDHEOSAT K HAPRHEHI CTYNeH, 2 KOTOPO HideeT nacTo K3

Tph paCHETe B OTHOCHTENSHLIX SIUHWLEX BCE BEMUMHS CPABHEAIOT € BaIMCHLIMIA BEMUHAMN, & KaUECTEE KOTODSX NDHHINAIOT GasMCHyi0
MoupOCTs S GasmcHoe Hanpmkerme Uz 3a BANCHYI0 MOUHOCTS NHHAMAKIT MOHOCTS OO0 TpaxcopuaTopa MM urk yenossyio equLy
wmougiocTu, Hanpuwep, 100 wrw 1000 MB-A-

B KauecTse GascHOrD HaNPAXEHIR MPUHIIIEICT CPEAHEs HaNPR¥eHHE TOf CTYNeHH, Ha KOTOpoil uilesT ecTo K3 (U, = 6.3: 105 21 37, 115,
23018).

Cpenrine yaensHEIe SHaUEHIR MHAYKTHEHSIX CONPOTUENEHYIT BOIYLLMEN i KaBensHEX MU INeKTpONepenayy npuseaeHs:  Tabnuue 4.2
Tatinuua 4.2~ Cpedhue yOensuie 3HaeHUS UHOYKMUGHSX CONPOMUENEHUL 6030YLUMHSX U KEGENSHEX MyHuT

6.220 04
Ogrouenvas sosayuas 220330 (npw pacuennersn 2 253 nposona s Gase) 0325
‘T, 8 400_.500 (npw pacusennra 12 Tpw npososa & dase) 0307

750 (npw pacuennesun Ka seTuipe Mpos0Aa 8 base) 028

Toeomnrei xaters. 6.10 008
& 35 012

O wacnonanoTHere Katens 110,220 kB 016

‘CONpOTHENEHHR 3N1EMEHTOR CHCTEMS MEKTDOCHAGKEHHA TPUEOLAT K GESHCHSI YCTIOBHAM & COOTBETCTEM C TaGMLEi 4.3
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Tabruua 4.3 PacyémHsie 85/paxeHus n OMpedeneHus NPUBEJEHHLIX CONPOMUENEHU( AMEMEHTOB CUCMeMs!
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oy % g ey e
rounescaropes (M) Swouns MB- A Swout
5
Peaxrod (LR)  Xyopr (g, OM g = XHOM IR 55;
%9, OMiaH, g =0 152
L 73

lomez va
Xy - OTHOCHTENIHOE HOUMHATIHOE COTPOTHENEHHE SHEPTOCHCTENS
35 vanprxenme K3 TpaKCOOPNATODa;

T~ Gasweri ox,vA;

Uy - coesee nanprenve & wecre ycranos aawioro Sneventa, kB;

Pacuer Tox0s K3 HaMAMAIT C COCTABNeHWA PACNETHOI CXelsi IMOKTPOYCTaHOBKH. Ha PACHSTHOII CHEMe YKAJIEEITCA ECe napauerpsi,
SNMOLME Ha BNy TOKa K3 (MOLHOCTH HCTONHIKOB NTaHIA, CPEAHE HOMMANSHLIE SHAUEHHA CTYMEHEN HAMPAKEHIA, NACOPTHSIS AaHHSIe
aMeKTPOOBOpYAOBAHIR), W PACHETHEIE TOu, B KOTOpsIX HeOBXoRWIO onpesenTs Tow K3, Kak npauno, 310 cHopsie wisi 1M, PY, P wnw Kavano
nTatouyx k. Tousn K3 HyMEpYIOT 8 NOPAAKE UX PACCIIOTEHHA, HAUMHA C BBICLHK CTYNeHel

o pacieTHO Cxele COCTABNAETCA MEKTPHIECKaR CXeMa JaMeLIEHIA. CXeWOii IaMBLLSHIR HAIBAETCA CXEMa, COOTBETCTEYIOUIaR N0 COMM
NapaMETDaN PACIeTHOR CXewe, B KOTOPOii BCe INSKTPOMATHATHSIE (TPaHCHOPMATOpHSIE) CaRa 3ameHensi anexTpmuecka. Ha picyre 4.1
pHEEAEH TPHIMED PACHSTHOM CXEMSI, & Ha PHCYH 4.2 - COOTEETCTEYIOWaA ehy CXEWa IaMeLSHIA.

Pucywox 4.1~ Pacuémnan cxewa

TTpw CocTaRNeHMN Cxe! IaMEISHIA ANA INSKTPOYCTaHOEDK Bbie 1000 B YUMTLIBEIOT AYKTUEHLIS CONPOTHENSHHA MEKTPHNECKX MaLMK,
CANOBLIX TPEHCHOPMATOPOE W ABTOTPAHCIOPHATOPOS, PEAKTOPOS, EC3AYLMBIX 1 KABRNHbX TUH, CPERKHE YAGTGHEIE JHANEHHA MHAYKTHEHSIX
CONpOTHaNeK BO30YLUNEIX 1 KaBENsHLIX WA NSKTPONEPERHH MPABEAEHSI B TabnAe 3.2. AKTVBHIe CONPOTUENGKIA YUTIBAIOT TONSKO AT
B03YLUMBIX TUHIR C NPOBOAANM HEGOMBLLOTO COHSHA M CO CTANHLINA TPOBOAMM, 8 TAKKE ANA NPOTAXEHHIX KABSTISHLIX MU C HeGOMbLLMIA
couenen

/AKTHEHO® CONOTMENEHWE TPAHC(HOPMATOPOR YUMTLIEAIT 8 CRy|ae, KOTAA CPEAHEE HOMMHANEHOE HANPAEHHE CTYNeHN, e HAXOUTCA TouKa
£0pOTIorD sambkawA, (U S 500 B U HOLHOCTS TPEHCCDOPMATOPa Sy 7 < 1000 KBA WK TWITBIOLIGA W OTHORALER TWHI BEIMOTHEHE) U3
CranuHsx NpoBogos.

Mocne cocTasnewtn CxeMsl 3aMeLIGHNA HEOEXORMMO OTPEAGTMTS @ NapaueTpei. NapAMGTPEI CXBHE JaMGLIGHIR OTPERENAOTCA B

30BACAMOCTH O BHIGPAHHOND HETORA PACIeTa T0K08 K3 B WMEHOBAHHBIX W OTHOCHTEEHEX eAUHMLAX. GOpIYMLI ATA OMPEETIEHHH NapaUETpoa
CXeie 3aueLyeHIA TpyBeaens: 8 TabnLe 4.3,

[lance Cxewy 3aweweHAR NyTeM NOCTENeHHOrO NPeOGPal0BaHAR (TOCTEOBATENsHOR W NAPANMENsHOE CTOKSHE, NeoGpacoeaKMe
TpeyronbHKa @ 3863y W AP.) MPHEORAT K NPOCTERLUEIY SHAY TaK, UTOBs MCTOUHIK NMTaHA Gbin CanaaK ¢ TouKoM K3 ORHAM pesynsTupylouia
conpoTHeneken. MpeoGpaZ0EaHIA CXetis AIEUIEHHA TPOUIBOATCA ANA KaXA0H Tou K3 oTgensHo.
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5.2. BIBOp 1 NPoBepKa BLICOKOBONETHBIX BbIKMKOYATENEH (A4eeK) NEpeMEHHOND Toka

O%ua xaparTepcTIa suimo-aTensi BuG0p ewimiosaTensit
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5. BbiGop ¥ NpoBepka KOMMYTaLMOHHBIX annapaToB BbICOKOTO HaNpPsKeHUst

5.3. BbiBop pasbeAuHUTEne!
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PasbeqiTen npeaasHaUens! ANA COINAHMA BMAMMOTO PAIPIEA & BLICOKOBONLTHLIX CETAX NPH BHIE0QE INEKTPOOGOPYAOBAHHA B PEMOHT
PaskeaHiTen SKKUAIOT  OTKTIOAIOT Ge3 HATPy3KH (TPEASAPHTENHO el AOTHa GoiTs OTTIONEHA BuKMUaTENeN). B OTASNbHBIX CRyuanx
PASPELIGETCR PATLEAHATENAVM BEINOTHEHIE ONEPaL MR HANPFXEHHEN, UTO CTPOTO PErnaeHTUPYETCA MPaBNaM TeXHUMECKo KCInyaTaL.
PasbeauHiTeny BLIGHPAIOT TaK e, KaK BLICOOBOITHSIE BHIKTIONATEIN, HO HE POBEPAIOT Ha OTKTIONAKILYHO CIOCOBHOCTS,
VenosHoe oBosHadeHHe passemATenei
« PBO - pasbeauwTens (P) An eHyTpenHeit ycranoek (B), 0aHONOMOCHsii (O). HACTUTEN, — HoMWHANsHOE Hanprkene, KB, IHameHaTens —
HOMVHGRHIA TOK, A

= PTIBOM — 0aHONONIoCHIA pasLeaUHTENS C MHeliHe KouTaKkToM (T1) ANA BHYTPeHHER YCTaHoBKi (B), MoRepHMaHpOBaHHSI (M).
« PBO — pasbeauHiTens BHyTPeHHelt YCTaHOBKH, C GHrypHEIN MCTONHEHWEM TOKoNpoEoa (0).

« PB3 ~ passeqmuTens BHyTpeHHell yCTaosKu ¢ sasemnArouy wowow (3). PMIHIL ~ passeamirens ¢ nunelinsn kowTaktom (1), ana
HapyxHoft ycraHoee (H), ¢ agyw onowkany (1)

« PHI(3) - passeavsuTens Hapyssioii ycranoek (H), ¢ asywn Konowkan (1) 1 333N HOXOM (3).
107 ypasnewun ORHOMOMKOCHBIMIA PASHEAUHITENAMM BHYTPEHHEli YCTaHOBKH Hanpaxewiem A0 35 KB NpAMEHAETCA onepaTHeHan

30NVPYIOAR WITAHTa, Ha OAHOM KOHUE KOTOPOR YKPENNEH CTanHOR KPIONOK, BASEAEMSI NPH EKTIONEHII WM OTKTIOUEHMN B OTBEPCTHE Paara Ha
ero gany

1177 yNPaGeHUA TPEXTORIOCHSIMN PASLEAMHUTENAMI BHYTPEKHEIi YCTAHOBK MPUMEHAETCR pyuHofi NpuBon Tvna MP-10, uneloumii aea
WCTORHEHUA: C HOPMANSHOM 1 YKOPOUEHHOM PYUKOF. [ YIPAENIeHA PasLeMHITENAI Ha GONsILME TOK MDMEHRETCA YEPBAUHLIT NPHEOA THNa
450, [InA yrpasnesn passeqvHiTENAMI HAPYXHOR YCTAHOBKM MPUMENAITCR pyuisie Mpueonsi MPU3 (va wanpaxeswe 10 kB) u MP-10,
KOHCTPYKLIR KOTOPHIX YCTOXHAETCA MpM HAMMMWN B PASLERMHATENE HOXEl 3a3eUNEHNA.

1A% ACTaHLMOHHOTO SMEKTPUIECKORO YTIPABNEHUR PaSSEANHUTENAMI BHYTPEHHEN 1 HAPYKHO YCTaHOBKI MCMON3YIOTCR INEKTPORBHTATENbHLIE
npuBoas

[1nR YIDABNEHMA (MGEHSIMM W AIMTROLIMA HOXaWM PASHEQUHITENEA HPYXHO YCTAHOBKA NPHMEHAETCA SNeKTPOABHTATeNsHbi MPEOR
naH.

Buibop pasvenunuTenei
1. HommansHoe Hanprsene pasbeanHiTens:
U,

o2 U

78 Usose cenu — HOMMHANEHOE HApFKEHHE CeTh.
2. HouwHansHei Tk passeauirens:
lnav pacy
728 Zyon pacy ~ HAMBONLALI TOK HaTPY3KH yCTaHOBK
3. To AMHGMAYECKOT] CTOKOCTH PaseANHITEN (MHOBEHHOE SHadeHe):
fown 2 yo
€ fy5 ~ YAGPHLIA ToK K3 YCTaHOBKi (MrHOBEHHOS SHadeHHe ToKa).

4.Tox Tepmuueckoii CTORKOCTW pasweauHuTen I, (AeiiCTeyiowjee 3HaueHHe) B TeueHHe BPEMEHM TEPMMUECKOR CTOMKOCTH 1, AOMKEH
YAOBNETEOPATS HepaseHCTaY:

Lt 203ty,

e I, ~ AeiicTayloujes auavekme Toxa K3;
1, ~ Bpemn ero npoTexanis.

AHANOTH4HO MPOBEPAETCA TEPMUHECKaR CTOTKOCTL JAISMNAIOLYIX HOXER
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5.4. BbiBOp BbIKKouaTeneit Harpyski
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'BANTHOUATENM HaTDY 2K MPEIHAIHEUEHSI AT OTHTINEHHA H BXIIONEHWA ToKOS Harpyaat 40 400 A & cetax 6...10 kB, HO e oTiwouaior Tomn K3
(NO3TOMY NOCNEA0BATENSHO C HiMMI YCTRHABNWIOTCA NPEAOXPAHITENH).

‘BuwniouaTenw Harpya sGHpaT:
1. Mo Hanprxesitio
Usem S Unane:
78 Uy — HANPARXEHIE CETW, I8 NPEANONATagTCA YCTaHOBKa BIKNKUATENA,
Unyase — HOMAHANEHOE HANPAXEHAE BLIKTKHATENA(NO KaTanory)
2. Mo anuTensHowmy Toxy, opuyna (4.2):
Tpat max S Done
78 Ipg max ~ MAKCAMANSHB PaBOT TOK;
Ly — HOMMHANEHLEA TOK BLKNIOUATENS (1O KaTAnOTY).
3. Mo ommosaoused cnocoGHoCTH:
Toatimax S Uomez wase:
06 Zppxy xon — HOMAHANEHEIA TOK OTKIOEHWA BLIKTIONATEN (0 KATanory).
‘BuwniouaTenw Harpya sGHpaT:

1. Ha anexTpoausaneciyo yCToiweocTs K Toam K3
0 AeiicTEyIOWeMy HadeHIno ToKa:
I=hy,

e T~ HauansHoe MaseHne NepHOINECKoit cocTagnmiouei Tora K3;

Iy .. - RelicTayIoUEe 3HavEHIE NPERENEHOTD CrE03HOrD Tora K3 (1o Karanory),
10 UANUTYHOMY IHaEHO TOKa:
oS hpe

T8 ¢ — BMNNUTYZHOE IHauEHHE IPEENLHOTD CxB03HOrO ToKa K3 (o kaTanory).
2. Ha Tepumueckyio yCToRumMBocTs k Tokam K3:
Be=lhtn,
Tae B, — Tennosoi MMNYNLC N0 PACHETY.
Iy~ RONYCTHMSIi TOK TEPMUMECKOFi CTOAKOCTH BLIKTIONETENA (N0 KaTanory).
1y — BPEMR TEPMIUMECKON CTOMKOCTH BIKTIONATENA NPH NPOTEKaHM ToKa I,
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5.5. BiBOp KOpOTKO3aMbIKaTenel 1 OTAeNUTENe
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 KOPOTKO3aMSIATEM W OTISTWTENH YCTaHASTHEANHCS Ha TPAHCDOPMATOPHSX NOACTaHLpRX 35 220 KB, SLNONHEHHLX C UENSHO YSWeENewtA
63 BswnOuaTENel Ha SCOOR CTOPOHE. B HACTORUEE SPEMR Ha SHOS: MPOSKTVDYSWSX W DEXOHCTDYWYEWSX MONCTEHLMAX. CTASTTENM W
~KODOTKOSEMIKATENM 3aAMEHACT Ha SLHTTONATENH C LENSH0 NOBSILISHHR HAIEKHOCTH NEKTDOCHBGHEHMR

KOPOTKO3aMSaTeN SKTKONGETCR /17 COIAMA WCRYCCTEEHHOD KOPOTXOTD SAMSKAHIR B TWFAN, TGS NPH MOSPEKTEHWN TPAHCDOPATOPa
(WM Ha €10 BLB0NEX) OTHTHNHTICR BHIKTONATENS Ha FONIOSHOM YUACTKE MHTAOWEH THHM, TaK KaK PENeFHaR SAUKTE MHHWN HE WYBCTENTENSHE K

nospexesa 8 TpaHCOpUETOpe.

KopoTrosameatens cosnaet Aeyxcbacios K3 npu sanpmxersi 35 kB (weiiTpans cemv usonwposana) unw on-odasHoe npw Hanpaxerin 110
W 220 ¢8 (seiTpans cemh sasemnera Hamyxo).

Tlocne oTuoueHHA MTaIEA MM B GECTOKOSYI0 ayay BSTOMATHSECH OTKTHASTCH NOSPEXeHHLIA TPaHCbOpUATOp. ECin nMkaus muTaeT
HE Oy MOCTBHLYO, YEPEs HEKDTODSIA NPOWESYTOK Speles CPaBaT-EaeT ATTB (aSTOMATHHECK0S NOSTOPHOE BKTHONEHHE) SKTHOUATENEH! FONOSHOTD
YHECTKE W HENOBEIEHHAR YaCTS CETH S+08k BKTKNETCH 8 PaboTy.

Oraenvren sxGupaior:

1. Tlo wanpaxesio, popuyna (4.1).
2.Tlo Toxy. popuyna (42).

‘Oraenvrenn nposepmor
1. Ha anexTpoase-auiectyo yCTORME0CTS:
o peficTayiouewy sHauesuo Toxa, opuyna (47)
10 aunNUTY oMY 3HauesO ToKa, opiyna (4.8)
2. Ha Tepumieciyio ycrofueocts, dopuyna (4.9).

KopoTxosamsixareny s/GupaioT no Hanprxeswo, opuyna (4.1).

KoporxosameiaTenu nposepmoT-
1. Ha 3MexTpoavHaNIEcKyio YCTORMEOCTS:
npu Hanprxer 35 B
§ St
npu Hanprxer 110220 kB
5 S

2 Ha Tepumieciyio ycrouweocts, opuyna (4.9).
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5.6. BbIGOp PaspAAHMKOB M OTpaHUUTENeR NepeHanpsKeHUii
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[InA 3aupimel NUHEIHOR MSONALYM OT TMOCHEPHLX NEPEHANPAKEHWI MPUMEHAOTCA TYEATSIE PASPARHAN, BEHTUNEHSIE PaSPRIHIKA W
OTPAHHIHTENM NEPEeHANPAYEHMT (ANA JAUITS! OT ATMOCHEPHSIX 1 KOMMYTALHIOHHSOX NEPEHANPRKEHNT).

ToyGuaTuie paspAIMIN BHNYCKATCA Ha HOWMMANLHOE Hanpkewwe OF 3 20 110 kB, Paspagiwar copmn PEC (paspan senTwnswsi
‘CTaMORSIR) CIYXET ATA 3aUTHI OT BTMOCKHEPHLOX NepeHanprXerA. TexwiuecHe AamHsie paspaz0s (PBC), pasieps: i Wacca npusenews 8
‘cnpasowax. OB B3 HEKOTOPS:X PAIPAGHHKOS STOR Cepyt Aaw Ha pucywrax 3213 1 32.14 [22)

115 33UpTe1 OT TIAOCKHEPHLOX # KOMMYTALHOHHLX NEPEHATPREHA NAUEHITTCA BEHTHNLHESE PAIPABHIH Copi PEMK-30M u PBMK-5001
(PA3PARHIK BEHTUNGHBI, C MATHUTHEIM FaLUEHHEM RYTH, KOMBHHDOBAHHHN, C NOBLAEHHLIM HANPARXEHHEM rawwenis) Tex-weckie AanHeIe W 0BuMil
‘B PAIPARHHKOS NPHBEAEHSI B KATANOMaX W CNPABONHHKAX

Pa3paboTans  BLNYCKATCA PAIPAIHHIGN AN SAUHITS! YCTAHOBOK NOCTORKHOTO TOK C HOMMHATSHLIN HANPRKEHHEM OT SAUHHL FHNOBONST 20
80018

‘Co30ase HOBLIX BLICOKOMMHEMHLOX PEICTOPOR 5308 OKCHAHOLYHKOBLX MATEPHANOB NO3B0NMNO PasPaBOTaTS OTPaHIHTENH NepEHanpXeH,
‘BLIONMAOLYX Ty & BYHLYIO, TO W SSKTUTLHIE PAIPAZHWIL. B OTTIME O BEHTHNHSIX PaPAZHKOE OTTH He WMHEIOT HCKPOBLIX TPOEYTX0B W
"DACOBIUMAIOTCR HENOCPECTEEHHO K Tk Wk 3aUALaewOMY o5bexy. OTTH B5YCKEITER Ka WMpOKYIO ramay Hanpsaxessis o1 0,04 kB 20 500 k8.

Tpybuarsie paspanmim

1. HouuHane o8 Hanpaxeste PasPARNIKA Uscy, pasp, AOTAHO COOTETCTBOBATS HOMMKANHOMY HANPA¥EHO CeTH Ui, com
Unave pasp 2 Unae comu.
2. Tomn KOPOTXOD 3aMbkas, SOIMMKAOUME MpH CPICATSEAHMN PAIPATE, AOMHHSI HEXOTSCA 8 NPEAENaX TOROS, OTKTIONZEMsX
PaspRAHIKOM.
3 Vicxpoesie MpouexyTH S S, GepyTCA B COOTBETCTBIM ¢ AaHHIM TABTMY CIPABOSHIKOS.

'BeNTUNLLIe PASPAAHNKN W OTPAHMINTENK NEpEHANPREHHA

1. HOMWHans08 HaNpmeenHe Uz, PAIPAIHHKA WIH OfPAHIHTENA NEPEHANAXEHHA AOTIAHO GelTe PABHO HOMMHANHOMY HANPRXEHHO CETH
Unore comu

2 Paccros#e 20 3aUMLEUOTD 05EXTa BGUPIETEA B IABUCHIOLTH OT HOUWMANISHOTO HANPFKEHHA CETH, CXEM! YCTAHOBH U TWIA PASPAIANIE
& cooTsercrami c V3.
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5.7. BeIGOp NNaBKMX NpeAOXpaHNTENel Ha HanpsKeHue Bbille 1 kB
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B aMEXTPNECKX CETAX ELCOKOBOMSTHSE MPEIOYPAHHTENN NDWMEHRT ANA JAUMTH CANOBSX TPAHCHOPUATOPOB W WIMEPHTENSHLX
TPEHCDOPMETOPOS HATPRKEHHR

Ha wanprvessn 10 #B MOHICKAIOWYIX NOZCTAHU YCTaHABNWEBIOT NpeRoxpaswiTen Twnos MK (C ¥Eapueskin HanoMHTenew), a Ha HanpRKeH
35 ww 10 #8 ~ npeaoxpaswrenn Twnos MICH (CTpenmiouie). [1NA 3aUNTH CO CTOPOHS! BLICUIETD HANPRYEHHA TPAHCHOPUATOPOB HANDRXEHHA
pusessoT npenoxpasuTen MKT.

TpenoxpaHiTentt AnA 3aupTs! TPaHCHOPMATOPOE BEGHPAIOT

1. Tlo wanpaxesio, opuyna (4.1).

2. Mo HoMMMHALHOMY TORY. Ty . OPMIYNa (42).
3. Mo oTkmHOaIOWER CROCOGHOCTH, opuyna (4.6).
4.TIo HoMHaRSHOMY TOKY NSO ECTaBAN, Iy gy,

J AV - (28

Mnasiwe ecrasos MpesoXpawiTenc BHGHPAKT C YUETOM OTCTPOMM WX OT GPOCKOB HAMANWAMBAIOUEMO TOKA TPAHCHOPATOpa

Perouenayeuie 13 3HaueHiR HOMMHANLHLX TOKOB TABKIX BCTABOK NPEOKPAHHTENH B JABHCHMOCTH OT MOLHOCTH TPaHChOpUaTOpos 10/0.4 B
pueeges: 5 TaGuue 43

BuGpassaie no Tabniue 4.3 NnaEKe BCTABKH HEOGXODIMO MPOBEPHTS HA CENEKTHEHOCTS 3aUMTS! CO CTOpoks: 0.4 B HeoBxomumao oBecneunts
‘CNEXTWEHOCTS 33T CO CTOPOHE! BHICOFOMD HANPR¥EHMR C NPEAOXPEHHTENAIM I GETOMATHIECHAIW SKMIUATENAMMH 88078 0.4 KB WM, no
Fpaitieit mepe, ¢ oTvonAuMM muuAM 0.4 KB

T3 43~ Houusarswsse Mo M1aexux &5maso 1pedonpanumenel O 33w MpaHebopyarmonos

144
23
384
s17
925
145
21
361
578
25

1845

Bggasgssasy

Bggssgusson

TposepKa BCTaBxH Ha CeNEXTHEHOCTS C aNNapaTaH 3aUHTH! 82013 0.4 KB BSIMOMHAETCA § OBUIEM CNyae CONOCTAENEHHEM WX XBPaKTEpHCTHK
Ha KapTe CenexTHEHOCTH 3auT

inn TpascipopuaTopos 10/0.4 B ¥apTy CENEXTWEHOCTH MOXHO He CTPOMTS, @ BSIOMHMTS Credyiouie YCnoswA. CenexTigHocTs GyaeT
oBecnevena, eci

e “29)

mei,

‘epew nnaeness nnasKoii ECTas npegoxparuTens npi K3 va cTopose 0.4 B, ¢

£.3 = NONHOE BPeMR CPABATSIEHIR 3AUKTHI CO CTOPOHS! 0.4 KB, C KOTOPO OCYLLIECTENAETCA COMAC0BaHHe NPeoXpaHWTEns, 7, ; = 0024001 ¢~
ANR 3NEXTPOMATHHTHSX PCUENTENE GETOMATOS C YueTOM Padpoca CPAGATSEAHMR 1., ANA NPEAOXpaHTENeii ONElEnseTch no aunep-
‘cexynaHoi xapaxTepucTe;

41~ MAHAMANSHER CTYNEHS CENEXTUBHOCTH, NPHHHGETCR AR 3ETOMATOS — 0,3 C, AR npeoxpasvTeneii — 0.6 ¢

Ky ~ ¥03pMUEHT NDUBEIEHUR KATANOHOMD BPEMEHM NNGENEHWA NNASKOR ECTABKH W SPEWeHM ee Pasorpesa, K, NpHMGETCH pasksm
senanne 0.9

Ecni su/Gpasian NNaeran BCTAEka He 0GECTEwHEaET TPEGYSMOe 1, TO CTERYET MPHHATS MNAEKYIO BCTAEKY Ha GONUUMA HOMMHANSHSIR TOK. NPH
KoTOpow TpeByenoe Epen nnaznexs GyaeT 0BeCnedeHo, HO § 3TOW CNyuae HeOGXORMMO CIENATS MPOSEPKY N0 AONYCTHMOMY EPEIEH NPOTEXaHIA
Toxa K3 1,, 8 TPaHCOPMATOpE 10 YCTIOBHI0 €70 TEPMINECKOFi CTORKOCT.
Mposepxa ocyusecTenseTca no ycaoewo:
4, St <5 @30)
Dlonycrwmoe epew nporexars Toka K3 & TpanchopuaTope onpeaenaeTcs

_ 900 Ly _ 900 -
2 el (@31
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e & - oTHOWeHHe yCTaR0BIBLEr0CA ToKa K3 K HOMMHANHOMY TORY TPaKChopMaTOpa

Bo BCex Crywam 1, He AOMHHO NPEBLILETS 5 ¢

Buop nnasau crasok npenoxpauTenei wa cropowe 35110 B TpachopuaTopre noactanusi 35/10, 110/10 wam 3504 B
OCYIECTENAETCH BHANOTHO, HO BIIECTO TaGMML! 4.3 HOMHHANHLI TOK NNAEKO BCTAEKM B5/GWPAIOT COMACHO AMEKTHEHLIM MATEPHANAM C YUETOM

‘OTCTPOIiKH OT BPOCKOB HAMATHAUBAIOLEND TOKA TPAHCOPMATOPA N0 BLIPAXEHID:

Tonn 22 cnem

‘3aTem NPOBEPAIOT ECTABKY Ha CENEKTUEHOCTS PABOTS C GNIOKELIEH SUMTOR C HISKOR CTOPOH

I

ot

728 Iy e — PACHETHES TOK Ha CTOPOHE BSICLUETO HANpA¥EHIA TPaHCOpUATOPa npH K3 Ha CTOPOHE HSLIero Hanprxesis,
K~ KOSDULYIEHT HAAEKHOCTH, YHHTIBaI0L PaIBPOC aMNEP-CEKYHAHSX XaPAKTEPHCTIK NPEAOXPAHATENeH! 1 HEOEXORM 3anaC;
Koy, — Ko3mupenT TpaHcopuaLym TpaHcopmaTopa.

5~ yCTaHOBHEIMACA ToK K3 Ha CTOpOHE HISLUEO HaNPAXEHHA TPaHCHOPUATOpa

@3

(433)

110 708y I, poey Ha MNEP-CoryHAHON XBPAKTEPHCTIRE MPEACXPAHATENA OTPEETAIOT BPEItA NEPEropayts Mnaskofl BcTasai 7, 3ae

‘CPaBHMSAIOT 3TO PN C BpeMeHeM CPABATLISEHR SALYITL! C HIIKOR CTOPOHS TPAHCHOPUATOP 7, ;. ECTI CTyNeHs CEnexTHEHOCT

‘npedoxparumened muna MK

Texneciue nanHue NpeaOxpanTenei npHeeeHs 8 TaGnue 4 4.
T

200

200

200

200

200

200

200

200

K350 200

k3520 20 200

k3540 0 200

Ans

KSH0 30 200 He orparnien
MKA0H30. E 200 He orparinien
k20110 1 100 He orparnien
B (NCH)-10 100 75..100 200 He orparinien
B (NCH)-35. 100 75..100 500 He orparnien
B (NCH)-110 50 75.50 750 He orparinien

TIpHueanMe. LUxana Ho-ansreo: TOKOE NN3EKX SCTIEOK E5COROSONSTHE NPEAOKPaRITENt 2. 3.5, 75 10, 15,20, 30, 40, 50,
75;100; 150; 200, 300 A-
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1. OnpefeneHne pacyYETHLIX 3MEKTPUYECKMX Harpy3ok
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OBweKTom NPOSKTWPOBAHHA RENASTCA MOHMSATENbHaA TPAHC(OPMATOPHAR MOACTaHA 110/35/10 KB paiioHHO/ 3neKTpOHepreTIeckol
cncremst

Lient pacieTa 3NEXTPHECKHIX HarDY30K — ONPEAenewe TOKOB, MPOTEKAKUIK N0 TOKOBEAYILYM STIEWEHTANM, AR BLIACHEHI WX AONYCTUMOCTA
710 YCOBUAM HATPESa 3NeUERTOR. PACYET 3NEXTPHECKX HATPY30K NPOBOUTCR ANA ONPEAENeHVA BNMUMK IATPAT B CUCTEMAX INEKTPOCHABKEHHA
OMBLLTEHHLIX TpEANPUATHL

TIOTPEGHTENM 3NEXTPOSHEPTYIM HIEHOT Y36n HATPY3KH, C MOMHOTi MOLHOCTEAO & KOMTNEKCHOM chopive 3amici
Suon = P+ JQ, MBA,

e P~ axrviewan uoupocrs, Mer,
Q- peaktuesian woupocTs, Meap.

Moayns nonoi MolpiocTh & anreBpanieckoii dhophe 3anci

/ + 0%, MBA

B coCTag Harpys1 EXonAT NOTPEGATENH 1, 2 M 3 KATETODAN MO HAAEKHOCTA IMEKTDOCHAGHeHWR. TTPOROMAITENSHOCTS UCONL30BaHHA
HaUBONSIIEN HATDY3KI COCTABNAET Ty (YHE3SIBAETCH B 3aRAHWK).

s,

HouwsansHoe suicuiee HanpRKeHHe Usg,, Ha WAHAX MOACTEHUMM cocTaanAer 35.. 220 kB. YpoBeHs HANDAEHUR & nepHon HanBonsueh
Harpy31 paBeH Uy = 1,05, JITWHA S030y1USX MW SEXTPONEpeAas aska L, kit yrazana s 3anakim

Kak NpaBunio, 3NeKTPoSHEpTA K MOACTAHLIM U3 SHEPTOCHCTEM! TIOSOAUTCA 10 ABYM TWHMAM SMEKTPONEPEAGUH H3-3 HATUAIHA NDHEMHHKOS
COBCTBEHHLIX HyX NEPBOIA KATETOPUN HAAEXHOCTH.
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2. BbibOp ceuyeHMA NPOBOAOB IUHWI 3MeEKTpONepejayu Mo  YCIOBUAM
3KOHOMMYHOCTH
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‘BHOHOMMMECHN HAJHIEAIT CeueHHe, COOTBETCTEIOIER. HAWMEHSLUSMY SHAYEHIO PACHETHEIX (QUCHOHTWPOBaKHEX) ATPAT. JHOHOMIIECIHE.
‘CEEHMR MO0 BLIGHPATS 10 HODUDOBAHHSIA SHaNEHIAM HOHOUHSECKOR NIOTHOCTH TOKA WIV 10 JXOHOMIECKHA WHTEDEANEM HATPY .

BXOHOMHUECKYI0 TIOTHOCTS TOKA MDEACTAETAIIT B MPEAONEXeH NPHTIOKEHHOR THHERHOR SASHCAMOCTH CTONMOCTH COOPYXEHHA 1 104 TN
anEKTPHNECKD CETH OT Coerun.

C yBIUREHHEM CRUSHHA MPOBOHHIOB. YWEHSLIAKITCA NOTEpiH HSPIHH, HO OIHOBPEUEHHO BO3PACTAIOT KAMWTAMLHE ATPATS! W PACKORS!
BeTHOTO WeTanna. Bu/GpanHoe Ceuene NPoBOa Mk 3C ABTAETCA HKOHOMHAM, CIH OHO COOTBETCTEYET OTTHHAMISHOMY COOTHOLIEHHO MEXAY
FaNWTanHM SaTPATaM Ha COOPYXEHWE W FKCIUTYaTLYIO W PACXOREMY, CER3EHHLIMH C NOTEAU MSKTPOSHEPTHM. HTOBS! HaINTH 3T0 ONTHHALHOE
‘COOTHOWEHMe, HYXHO ONENENWTS KaKOE CEueHHE NPOBOOB COOTRETCTEYET HaWMEHSLUSHY SHAUEHHO PACIETHLX JaTpaT. ONPEEmHTS 3T CROKHO,
"HeOGKO YET MO DAKTOPOB B COBORYMHOCTH. [103TOMY Np NOKTWpOBaKM Nk 35...220 KB BLGAPAIOT CeuenwA NDOSOR0S He Ha 0CHOBE
TEXHIKO-JOHOMIECHAX CONOCTAENEHWH B KZXIOW KOMKDETHOM CTYae, A N0 WOPUATHEHSIM 0GOGUHHLM NOKBXATENA. B KavecTee Tanix
"NOKa3ETENe HCTONS IO HOPUMPOSHHLIE IHaUEHHA KOHOMHIECKOH IOTHOCTH TOKa.

3aUEHAR SHOHOMIECKOH MIOTHOCTH TOKA J, HOPUMDYIOT & ABHCHMOCTH OT FOHCTPYKTHEWOTO BLMONHEHMA MUY, MGTEpHGNa MPOSORa.

DOROTTENLHOCTI HCNON3083HHA HAWANLLLEH HATDY3KH  PAHOHA COODYXEHHA. PEXOMHIYEHLIS SHAUEHWR KOHOMIECKO NNOTHOCTH TORa ATA
B1135.. 220 kB, unonHenLX CTaNSaNIOMMHHESLIM NPOBORaMH, NpABEReH B TaGMe 2.1

Ts 21—  SHBUEHUR IHOHOMUNECKDU MTOMHOCTY MOKE 377 CMANEaMOWUHUEESIX
‘Esponeiicxan vacTs Pocom, Jakakasee, 3aGaiianse  fansr BocTox 13 11 10
LiewTpanas Crups 15 14 13

Ha 0cHOBe AaHLX TaGALEI 21 KOHOUHNECKOS CEuerHe ONPEENROT N0 BLParEHHO:

Spue 10°

Fy= . 1
T F U I3 @n

265,22 ~ NOMHER MOLHOCTS YNACTK CETH NI MAKCAMANSHLX KarpyaxaX, MB A
71y, = SHCNO NAPANNENsHSX MMHA YuaCTKa.

NpwiaTs & pacerax:

Tonyessioe Tarm oSpasow ceuexme F OpyrmaT,
'BuGpanHos Ceuenwe NPOBO08 MPOBSPAOT N0 TEXHHNSCIIN YCOBHAIK

+ ROMYCTMMOMY HArpesy TOKOM HATPy3KM1 & NOCTIEaBaPHIIHOM PEXMME;
10 YCNI0BHAM 0GPAIOBZHHR KOPOHS H MEXEHHECKOT NPOHOCTH
117 BnonHesun yrasasssix TDEGOBaHA BLOPAHHLIE CoUSHHA DTN YAORTIETEOPATS CEyIOLM YCTOBHM
ntas e < Taons
F2 o
F 2R
MaKCHMANSHIH TOK Ty g e 8 IOCTIEBBAPAIHOM PEXIHING. HEXOIAT COOTBSTCTEYOUMM PACueTauM. [lONyCTHUYIO TOKOBYIO HATPYY Lpon
PHHAMIOT 10 CTpaBOHsM AaHoM. NIPAKATS Iy g e = Iy

Housmansssie 1001 Jyg,, ;2 MpoTeraioupie & nasx B 110, 35 w 10 1 wmwax 11C, onpeaensmor no chopuyne:

Swon,23

Dout23= .
V2

16 U 1,2 3~ HOMMHANHOS HaNPAXeHWE CoOTEETCTEYIOweR crynesst 110, 35 w 10 kB Tpacbopuatopa

Anm nuinit snexTponepeaa 35 KB ceuenia NPo0g0s 0Biriwo ewbupaioT & npeaenax ot AC 35 20 AC 150, nuui 110 #8 — o AC 70 20 ACO
240, nuanit 150 kB — o1 AC 120 20 ACO 300 u i 220 ¥B - & npegenax o ACO 240 2o ACO. MMpit 3Tom wcno napannenswsi yeneit 3C Ha
KKROM HaNpagNeHINt Ke CneayeT NpUHMMaTL Banee TPex — YeTipex.

B cooreeTcrawM C M1V3 MimMaNsHLIe CEUEHHA NOBOROB N0 YEMOBHIO OrPAHANEHIA NOTEPs Ha KOpowy cocTaanAo 70 240, wie

1nA 0BSCEdEHHA FKOHOMIECKH NDASMIENOTO YPOSKA NOTeps NXTDOIHEprH Ha Kopowy & BIl Hanpmerswem ssuwe 35 kB HeoGxomo
BLGUPTS Cexerle CTANEANICHHHISESX NPOBOAOB HE UEHSE MIKMMANSHO RONYCTIMEX AT,

Yenoswe > S, ABNAETCA OfpasMBaILLYM NP BLG0E NPOOR0 & CeTAx 35 KB H HICKe C UANOH NNITHOCTA HaTpYIH.

‘Ceuenme MPOBOI0B N0 HOHOMIECKDH MMOTHOCTH TOka BxupaoT A7 BN Hanprekwem 20 500 18, Bxncuwenswo. [1na BN Hanpaxewnew
cobe 500 KB HKOHOMWIECKR NNIOTHOCTS TORA He HOPUWDOSaHa. MeTOR BG0DA Ceewun NDOSOIHHKDS N0 HOPMIDOSEHHLI HOHOUMECKHIA
"NOTHOCTAM ToXa 0GNARAIOT el HeZOCTATKOM, STO 3T MTOTHOCTH ONDEENEH NPH HKCHPOBEHHSIX HaNSHRX BMOPTHIBLAOHHLOX OTWHCIHHH AT
[PAINVHEX THIOB TWHA W © MDEANIONXEHHM TMHEFHOR IABHCHINOCTH YAENSHOR CTOAMOCTH NPOSOA0B OT CoueHN W HENDEPLBHOCTI Ceuenl KaKx
"HENPEMEHHOTO YCTIOBHA N0 OTHOLIEHHO K OTTHIMIHPYEME (XEPEHLIPYEMM) BPTYMENTaM — AHCKPETHSIM CEUEHHAM NPOBOAOE.

Hassansie HaKTOp, @ Takxe GoNbLMe AMANGI0H BPSMEH T PHBORAT K SHAUTENLHM NOTPELHOCTAM NP BG0PE SHOHOMINECKIX
cevenit




