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HaWMEHOBaHWMsI, / JTUCTOB uepTexei popmara Al

B BoimyckHOW  KBaM(UKAIIMOHHOW paboTe TMPEACTaBI€H MPOEKT
AIIEKTPOCHAOKEHHSI TPYIIIBI LIEXOB MEJIE-3JIEKTPOIUTHOTO 3aBO/IA.

Ha ocHOBaHmMM pacuera DJJIEKTpUYECKHUX HArpy30K M  TEXHHUKO-
HPKOHOMHUYECKOTO aHalin3a pa3padOTaHbl cCXeMa BHEITHETO 3JiekTpocHaoxkeHus 100
kB u cxema BHYTpHM3aBOJCKOTO OJJICKTPOCHaOkeHUs HampsikeHuem 10 kB.
[IpousBenen BBHIOOPp W pacdeT CUIIOBBIX TpaHchopmaropoB, tuma TPJIH-
2500/110/10, nexoBeix TII u kaGeabHBIX JIUHUIN HANIPsKEHUEM BhIIIe U 10 1 kB.

C yuderoM pacuera TOKOB KOPOTKOI'O 3aMbIKaHUSI BEIOPAHO 00OpYIOBAHUE:
MOJCTAHIMS OTKPBITOrO TUMA C 3JIETa30BbIMU BBIKIIIOYATENAMU HanpsbkeHuem 110
kB; KOMIUIEKTHBIM  3aKpThli  TOKONpOBOA Ha  HanpsbkeHne 10 kB,
pacupenenutenbabie sueikn K-104M ¢ BakyyMHBIMU BBIKJIFOUATEIISIMU; CHUIIOBBIC
TpaHnchopmaropsl Tuna TM3.

[IpousBeneHa onTumu3anyss MOIIHOCTA  YCTPOWMCTB  KOMIICHCALUU
PEAKTUBHOW MOUIIHOCTH, BBIIIOJIHEHA OLIEHKA KA4eCTBA AJIEKTPUYECKOU SHEPTUU B
CUCTEME AJIEKTPOCHAOKEHHS 3aBO/IA.

PaccMmoTpensl BONPOCHI pENEMHOM 3alllUThl M aBTOMATUKU CHUCTEMBI
AIIEKTPOCHAOKEHHSI, BOIPOCHI O€30MACHOCTH KU3HEAESITEIbHOCTH U SKOHOMUKHU U
yIpaBJIEHUS NPEANPUITHEM.
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BBEJIEHWE

YckopeHne HAy4HO-TCXHHYECKOTO Mporpecca ITHKTYeT HEOOXOOHMOCTE CO-
BEPIHEHCTBOBAHNS IIPOMBIILICHHON JNEKTPOIHEPIeTHKH: CO3JaHHe JKOHOMHYHEBIX,
HAJAESKHBIX CHCTEM JJICKTPOCHAOKEHHSA [TPOMBINUISHARIX IPERIPHATHH, OCBEIICHES,
ABTOMATH3NPOBAHHEBIX CUCTEM YIIPABACHHUA TEXHOJOTHYECKAMHA ITPOLECCAMY.

CoBpeMeHHBIC CHCTEMBI 3NEKTPOCHA0XKEHHS FOJKHEI OTBEHATh CJIETYHOIIUM
TEXHHKO-3KOHOMWIECKUM TPeOOBaHUSIM:

1 ObnagaTe MEHUMANLHBIMY 3aTpaTaMy OpH 00eCIeYeHUH BCEX TEXHONOIHYSCKIX
TpeboBanui,

2 O6ecrIeudBaTh BRICOKYIO HaIEKHOCTE INEKTPOCHA0KEHIS;

3 BuITh yAOOHBIME B 9KCILTyaTalul K Oe301aCHbIMI B 00CTYXKMBAHUU;

4 ObecrieunBaTh HALJEKAIEE KAYE€CTBO DIIEKTPOIHEPTHH;

5 O6nagats TMOKOCTEIO, o0ecHeHNBAIOMIEH ONTUMAIBHBIA PEKHM 3IIEKTPOCHA0-
KEHUS,

6 T103BOATE OCYIISCTRICHHE PEKOHCTPYKIINH O€3 CYIIECTBEHHOIO YAOPOKAHHSL
[ICPBOHAYAIBHOTO BAPHAHTA.

Aucin
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TEXHUYECKWI ITACITOPT ITPOEKTA

1 Cymmapnast ycTaHOBISHHAs! MOIIHOCTE JIEKTPOIPUEMHUKOB IPEATIPUITHS
Hanpsorennem ke 1 kB-29942 xBr.

2 CymmapHasg YCTAHOBAEHHAs MOIMHOCTh 3IEKTPONPUEMHUKOB NPEANPUSTHSL
HanpspkerreM oBbiie 1 kB — 19320 kBt (4xCJl o 630 xBr, 3xCJ] no 1600 xBt, 4xIT4
o 1000 kB, 4xIT4 no 2000 xBt).

3 Kareropust OCHOBHBIX ITOTpeOuUTENIeH 110 HAME)KHOCTH ieKTpocHabxeHus — 1.

4 PacueTHas aKTWBHAaS MOMIHOCTE HA MIMHAX ITIABHON TOHU3UTEINBHON
moacTanuuu: 27357 kBT.

5 Kos¢hdrupeHT peakTUBHON MOIITHOCTH: ecTecTBeHHbIl tgp = 0,72; pacyeTHbIif
tg@, = 0,5; 3ananusiii sneprocucremont tg@ = 0,5,

6 Hampsikenue BHEMIHETo 31eKkTpocHabkeHna: 110kB.

7 MoOmHOCTE XOPOTKOTO 3aMBIKAHHS B TOUKE IPHCOSTUHEHUS K SHepTOCUcTeME:
380 MBA, tun u ceuenue nuraromux auuui BJ1 110 kB — AC-70/11.

8 PaccrosiHre OT IpenpusTUs A0 MUTAIONIEH 10ACTaHLHU 3HEPrOCHCTEMbI

3,0 kM.

9 Konu4ecTBo, THII 4 MOIHOCTh TPAHCQPOPMATOPOB IIABHOH TOHU3UTEIBHOU 110 1~
crannp: 2xXTPAH-25000/10/10/10.

10 Hanpspkerve BHyTpEHHET0 djleKkTpocHadxenus npeanpuatus 10 xB.

11 Tyl NpUHATEIX SYEEK PACIPEACIUTENBHBIX YCTPOUCTR Ha ITIABHOM
ronmzrrensHol noacraduun KPY K-104M.

12 Ha TeppuTOpHN yCTaHABIMBAIOTCS TPaHCHOPMATOPHBIE IIOACTAHIHH
¢ Tpanchopmaropamu Tunor TM3, momoceTero 160, 400, 630, 1000; 2500 xBA.

13 T'pyHT: KOPPO3UOHHASI AKTUBHOCTDL — CPeRHss, DIy Iaroue TOKY eCTh,
€CTh 3HaUUTENLHBIE PACTIIHBAKONINE YCUNHS.

14 Yucio 1acoB UCITOTB30BaHUs MaxCuMyMma Harpysku 4355 4/roga.

15 Twum u ceuensie xabenbHbIxX nuumii: AAIIN-10 70,120 Mmm2.

Auem
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CPABHEHHME OTEYECTBEHHbBIX 1 TIEPEJOBBIX 3APYBEXHBIX
TEXHOJIOI'MA X PEILIEHWH

B macTosmiee BpemMs NPOH3OHIEN KAaYECTBCHHBIN CKAa4OK B TEXHOJOTMH BBHIYC-
KAeMEIX BEICOKOBOJBTHRIX KOMMYTAIIHOHHEBIX alapaToB HA CMEHY MACJIfHBIM H BO3-
AVIHHBIM BRIKITIOUATENIAM NPHUILIHE aIllIapaThl ¢ UCTIONb30BAHHEM B Ka4€CTBE M3OISIITH-
OHHOM M JAYroraCHTENBHBIX CPer 2JIeTasa.

CoOBepIICHCTBOBAHNE TAPKa SKCIUIYaTHPYEMbIX KOMMYTALHOHHBIX allapaToB B
MHpPE [BISKETCS [0 I[YIM HapalldBaHusd [JOIH 3IEra3oBblX H  BaKyyMHBIX
BBIKJIIOUATENEH.

B nepByio odepend 3TO CBA3aHO ¢ BBICOKOH CTENEHBIO HANEKHOCTH H HH3KUMH
IKCILIYATAIIMOHHBIMU 3aTPaTaMy JaHHOTO BUa obopynosanus. [lpumenenue Ha cpen-
HUE KIACCHI HANPSOKSHUA 3JICTa30BOM MIX BaKYyMHOW anuapaTypbl OIPEAenseTcs Kak
UCTOPHYECKUME  YCIOBHAMH CO3[aHHS TEXHONOTHYECKMX 083, Tak H TEXHHKO-
IKOHOMMYECKMMH MOKA3ATEIBIMY TIP¥ ITPOU3BO/CTBE H dKCItyaTauuy. Kaxaoe U3 yka-
3aHHBIX BUIOB 000pYyI0BaHUS 001aJaeT CBOUMHI ITPEUMYIIECTBAMH.

Ecnu BakyyMBBI€ anmapaTs! TpeOyIoT MeHee MOIHBIC TPHBOAA K HMEFOT, KaK Ipa-
BHIO, GoNlee BBICOKHMET KOMMYTAUMOHHBI pecype, TO 2IETa30BBIE BRIKIHOHYATEIH NPHU
KOMMYTAIIUSIX CO3JAI0T MEHBIINE IIePEHanpPIKEeHHs H, COOTBETCTBEHHO O0NErJaroT pa-
00Ty H3OJAHUH APYTOro dHeprermieckore obopynosanus. B pemoM MoxHO cuMTath,
qTO JOAA IEra30BOT0 OOOPYAOBAHMs HA CPEAHHME KJIACCHI HAIPAXKEHMS HA MUPOROM
phiake yeroiunso cocTasnseT 20-30% ot Bcero gucna TpedYEMBIX KOMMYTalHOHHBIX
aInnaparoB.

Ha BEICOKHX, CBEPXBBICOKUX K VIBTPABBICOKHX HampsokeHuH (o1 110 xB mo 1150
kB) rocrnoJcTBO MpakTHYECKH MOMHOCTBIO IPUHALIEKHT 3JIEra3oBoi annaparype. Oc-
HOBHBIE JIOCTOMHCTRA 3NEra30BOre 000pyRXOBaHKS OUPEACIAIOTCA YHHKANBHBIMA (PH3H-
KO-XMMUMYECKHMH CBOHCTBAMH 3Jerasa: IIpH aTMOCHEpHOM NABICHMH 2ICKTPUYECKas
IPOYHOCTH DJIeraza B 3 pa3a BBILIE, 4EM Y BO3IYXa, a YKe Mpu AasieHun sinerasa 0,3-
(0,4 Mna ero >MeKTpUUYECKas MPOTHOCTH BHIIE, 9YEM Y TPaHC(HOPMATOPHOIO Macia; QT-
KJIIOYAONIas CIIOCOOHOCTD 2JIEra30BbiX KOMMYTAIMOHHBIX aIlilapaToB IIPU OJUHAKOBLIX
YCIOBUAX HA 2 IIOPsAKa BBIUIE, YEM Y BO3AYILIHbIX.

[IporpaMMa TEXHHYECKOrO IIEPEBOOPY/KEHHA H PEKOHCTPYKUMH ExuHoi mamwo-
HaJIBLHON DIEKTPHYECKON CETH UpedyCMaTpUBAeT 3aMEHY BBIKIIOYaTesei, oTpaborap-
mux csoi pecypce. [Ipexae Bcero, JoMKHA IPOU3BOAUTLCS 3aMEHa BO3AYIIHAIX U Mac-
mIHEIX BeIKMovarened cepuit: BBH, BB, ¥V, MKII, MMO. B nepsyro ouepens npu 3a-
MEHE JOJDKHEI MCIIOAB30BATLECA DNIETa30BbIe BEIKII0UaTeNH. [IpH 3TOM Hano MCIeAb30-
BaTh HOBBIE OTEUCCTBCHHBIC PaspalOTKKH KOMOHKOBBIX U OAKOBBIX 3JEra30BLIX BBLIKIIIO-
gatenel Tunoe BI'T, BI'K, BI'b BOB u ap., a Takke BRIKIOYATENN BEAYIIMX 3apy0ex-
muix GupMm @ ABB, Siemens, AREVA.

ITo magmem SIGRE — Conseil Internationale des Grandes Reseaux Electriques a
Haute Tension (MexIyHAPOIHEHI COBET 110 OOJBIINM 3IEKTPHHECKHM CHCTEMAaM BBICO-
KOTO HANPSOKEHMsST) B 3apyOEKHBIX CETIX HOIIS MICIa30BhIX BHIKIIOYATENEH COCTaRLIET
56% oT 0DIIEro KOJMICCTRA YCTAHOBACHHBIX BHIKIIOYATENSH.

Aucm
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- Cpeau BBIKTIOUATENEH, YCTAHOBICHHBIX 3a nocneauue 10 mer, Ko 371erasoBhIX
BeIkIrouareneii cocrapiser 100 %. BuerazoBoe KOMMYTAIIMOHHOE 000PYAOBaHHE MO~
HOCTBIO OTBEHaeT TpeboRaguaM MOTPpeOUTEIeH B IUIaHe KOMIIAKTHOCTH, HaJEKHOCTH,
Coxpallenuss BpeMeHH 00CIyxuBaHus, Oe30IIaCHOCTH IEPCOHAla M CPOKa CIykObl.
CHrXeHue MEXaHAICCKON 3HepIruy (MTO IPUBOAAT K 00ISe BBICOKOH HaAEKHOCTH) LIS
OTKIIFOUEHHUS BRIKIXOYATENI MOXKET OHTHL HOCTUTHYTO UPHUMEHEHHEM HOBBIX CIIOCOOOR
raiieHns Jyry (BpalieHue U OyThe Jyru).

B BRINYCKHOH KBATH(UKAHMOHHON padoTre OpUIO PacCMOTPEHO NPHMEHCHUE JAH-
5, Horo o6opynoanus Ha nojacrannmio 110/10 xB MexesnekTpoauTHOro 3aso/a.
JlaHHBIA BBIKIOYATENS OTBEYACT BCEM COBPEMEHHBIM TPeOOBABMAM, Y NOHagaer
II0J] IIPOTrPaMMy UMITOPT 3aMEINEHHA.

B manHo# padore OBUI IpHHAT HAa YCTAHOBKY 2MIETa30BBIH BRIKMOYaTeNb: BOb-
1106/1000-YXJI1.
BrIKIIO4aTeNb [IPEAHAZHAYMEH 1A JKCIUIYATALlHM B OTKDPBITBIX M 3aKPBITBIX PAC-
IPENENUTENBHBIK YCTPOHCTBAX B CeTAX MepeMenHoro toxa uacrorok 50 I'm ¢ Homm-
sanpHeiM HanpspxerdeM 110 kB B pafioHax ¢ yMEpEHHBIM ¥ XOJOAHBIM KNMMaTOM (J0
muHyc 55°C). BexrouaTenn ycrnemso MPOILIK NOIHBIH KOMILIEKC MCIIBITAHWA HA CO-
OTBETCTBHE TPeOORAHMIM POCCHUCKUX CTAaHAapTon. TeXHHYECKHe YCJIOBUA COIacoBa-
4 wel ¢ PAO «EXC Poccuny» 1 MIIC P®. BeknrouaTeny UMEOT CepTU(HUKAT COOTBET-
ctBusgs NoPOCC RU.AHMI6. BO7961 u canuTapHo 3MHACMHOIOTHMYECKOE 3aKIIIOUYCHHE
No 66.01.04.341.T.000377.08.05.

Brionouareib CHaOXeH YCTPOHCTRAMHM 3JISKTPONOAOIPEBa IIOAIOCOR, KOTOPHIS
IPU HDOHIKEHHH TEMIIEPATYPBl OKPY)KAIOIIETO BO3AyXa 10 MUHYC 25°C aBTOMAaTHIECKH
BKJIFQUAIOTCS W OTKIIHOYAIOTCS IPH TeMIiepaType Munyc 19 :22°C.

OCHOBHBIE OCOOCHHOCTH U PEUMYIIECTBA

Hanuure BCTpOEHHBIX TPAHC(HOPMATOPOB TOKA ¢ BHICOKMMH KIACCaMH TOYHOCTH,
4TO JOCTHFAeTCs HCIIOTB30BaHMEM CEPJCYHUKOR M3 HAHO KPUCTALIMYCCKOIO MarHuT
MSATKOTO CIIIaBa.
bt KomMmrekranys npyXuHebIM puBooM THIa [HMIpK2400C ¢ yseanyeHHbIM KOTH-
JecTBOM cHrHanbHbIX KoutakTos (11 HO,12 H3 u 2 uMOynbCHEIX ), JNUTETHHO IPOHyC-
% Kaomux Toku Gosec MHUPOKOro auamnasoHa (0T 5 10 25 A); aBToMaTHYeCKUM YIIPaBIC-
HueM 2 CTYTeHIMH 00orpeBa mKada i KOUTPOJIEM WX HCIIPABHOCTH.

VHubunupoBagHas ¢ 2Iera3oBbIMH KOJIOHKOBBEIMH BBIKIIOYATCIAMU cepuy BI'T
KOHCTPYKIIAA AYTOTaCUTEINBHOTO YCTPOMCTBa, pabOTAIOMIET0 Ha OCHOBE ABTOTEHEpa-
K, IPUMEIEHHE YUCTOrO 3Iera3a BO BCEM JHAlla30He TEMITCPATYP.

Hcrnons30BaHyue B COSIMHCHMIX IBOMHBIX YIUIOTHEHHH, 8 TaKXe <«CKUIKOCTHOTO
3aTBOPA» B Y€ YIUIOTHEHMS IIOABIDKHOIO Bana. ECTECTBEHHBIN YPOBEHD YTEYEK — HE
Gonee 0,5% B TOX
s CoBpeMeHHBIC TeXHOJOTHYECKHE U KOHCTPYKTOPCKHUE DPCILCHHS H OPUMEHCHHUE
HAIEHKHBIX KOMIUIEKTYIOHINX, B TOM YKMCJIe BRICOKONPOUHBIX H3OJIATOPOR 3apyOeiKHBIX

pupm.
YepTrexk KOHCTPYKTHUBHBIA IpexcTaBuM Ha opmare Al.

o
E i
H

£
o

Fakv RO

i
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1 PACYUET DJEKTPHUECKIX HAI'PY30K
1.1 Pacuet Harpys3oK 1o uexy

JIns OLIeHKH 0KUAAEMBIX 3ICKTPHHECKHX HAaIPY30K B MEXAHHYECKOM
Ilexe (pucynok 1.1) GyzeM HCTONB30BAaTh YCOBEPIISHCTBOBAHHBIA METOJA YIOPALO-
yeHybeIX gquarpamm /1. COTNIacCHO ZaHHOMY METOAY CHCTeMa BJIEKTpoCcHabxenus, ¢ Tou-
KH 3PEHMS PAcueTa INCKTPHUECKUX HATPY30K, Pas3/eNieHa Ha HECKOJBKO YPOBHEH,
CHayana npoeeaeM pacdeT Ans cucTemMsl [{ ypoBHSA, K KOTOPOH OTHOCATCS PacIpe-
JCNUTENBHBIE HIMHOOPOBOABL M IOUTHI, ¢ KOTOPBIX HENOCPEACTBEHHO IMHTAKOTCS OT-
HENbHBIE 3JIEKTPONPUEMHUKOB RanpaxerreM Ao 1000 B.

wP-1 717 #P-2

Mexoriveckar MExoHeCRoS

omgenedise 1 omoenere 2
{Eopoaroe Kyaresnoe Teprumeckoe | Mowmaxmsd
ombenenue omgeneHe omienesyR YHOTmOK

_— __ - =

TDOHCDGIMAMODHAR ROGCMARUUS

Wum pacnpadenumessrii

B Wmonpodod pocrpedenumens s
Pucynox 1.1 — Ilnan MeXaHHYECKOTO LeXa

PaccMoTpuM IOIPOOHO MEXaHMYECKOE OoTAelenne 1. B JaHHOM OTAENCHHH HaXo-
apTes 37 SHEKTPONpPHEMHHKOB o0niell HoMUBanbHOH MowmocTho 361,8 kBr. g ux
HUTAHNA B OTHCHCHUN yCTaHapuBaeTcs | pacnpeaenuTensHed mmHonposoy IP-1

3navcnus kodQOUIMEHTa HCIONB3OBAHMS TI0 AKTHBHOH MOIIHOCTA Ha Xk 1 K03 (-
prIMenTa MOUIHOCTH COS@ A KaXkIOH U3 IPYNIl BJICKTPOTIPUEMHUKOB OHpeenaeTcs
no cnpasouHuKy [2]. 3Has cos@ , onpenenseM tg ¢.Jlanee A KaXI0U TPyNs OTHO-
THITHBIX ANEKTPOTPHEMHHKOB HaXOJUM CPEIHHE MOIHOCTH

PHOM = kua "0 " Puomy (11)

Qcp = Kya " 1" Dyou * 189, (1.2)

Aucm
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FAE N — YUCJI0 ICKTPOIPHEMHUKOB;
L Phom - BOMHHAIBHAS MOLIHOCTE OJHOIO 2NEKTPOIIPUEMHMKOB, KBT,

B kadecTRe mpumepa NPHUBEACM PacdeT AN FPYHIBl JJIEKTPCIPUEMHUKOBR B
COCTaBe 6 METALIOPEXYINUX CTAHKOB, oxyyarommx matarne ot [1P-1 cornacHo Gop-
mymam (1.1 — 1.2)

Byow = 0,12-6-1,0 = 0,7 kBT
| Qep = 012-6-1,0-1,98 = 1,4 xpap
OnpeenuM 3GGHEeKTHBHOE YUCHO SNEKTPOIPHEMHUKOB!
if n 9
_ (Zi:l pHOMi)

n,
P n 2
=1 Puomi

: (1.3)

IZIE NI — PEANBHOE YHUCIO 3IEKTPOIPHEMHUKOB;
Duoni — HOMHHATEHAS aKTHBHAS MOIIHOCT i-T0 21eKTPOIpUeMHAKa, KBT;

Hampumep, 11 paciperenuTeasHoroe upHonporona HIP-1,cornacHo BeIpaXkeHHUIO
(1.3)
5 361,82
" T 8836
Tfanee ompeaeuM CpeIHeR3BEUICHHOE 3HaYeHUe KO3PPUIINEHTA UCTIOIb30BAHUA

n
i=1 kuai " Puowmi

Kia = ) (1.4)
" Zin=1 Puomi
rie K, .- K02(bPHIHESHT HCMONB30BaHMS 1-F0 3JIEKTPOITPHEMHHKA;
K 8 015
“a T 361,8 T
X Cpe/THeB3BeIIeHHOE 3HaYeHHE tE( ONpENeiAeM 110 BhIPAKESHIIO!
nok .- D
i i=1 Kuai " Promi * t8Pj
j=g Mmal Piomi
o rae tg@; — kKodQPUIUEHT MOLIHOCTH i-I'0 BNEKTPOIPHEMHUKA.
93,3

tgp = I 1,70.

[To momyueHHOMY 3HAHCHUIO tE( HaXOQUM 3HAUCHUE COS.
Pacueribie MOIIHOCTH JUIS CHCTEMBl BTCPOI'Q YPOBHS ONpPEdEIAIOTCA M0 popMmy-

naMm;
¥ n
Pp - Kpa : Z Kyai * Prowmis (1.6)
i=1
n
f szKpp ’ Z Kiiai " Priomi * t8P1 _ (1.7)
Auvem
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rae Kp,- koo(hdumuent pacdeTHON HATPY3KH IO aKTUBHOH MOITHOCTH, IPOBOIMTCI B

[1]8 3aBucuMOCTH OT 3(Q(EeKTHBHOIO YUCHa 3IEKTPONPHEMHUKOB H CPEIHEB3BE-
UIEHHOTO KO3 (HITHEHTa UCHOIB30BAHNS FI0 AKTHBHOH MOUIHOCTH,

Kpa = f(1,, Kypa);
— KO3 QUIHSHT PACYETHON HArpy3KH IO PEaKTHBHOHM MOIIBOCTH.
1

60,

P, =1,46" 54,8 = 80,0 xBT.

I<PP

Kpp = 1+ (1.8)

Ko, =1+

1
PP 6+ V15
Qp=1,04-54,8-1,70 = 97,3 kBap.
[Tonnas pacyeTHasd HATPy3Ka FPYHOBI TPeX(asHbIX 3ACKTPONPHUEMHHKOR ONpese-

JIACTCA BRIPAKEHHUEM!
Sp = |P2+ Q2. (1.9)

Sp = /80,02 + 97,32 = 126,0 xBA.

= 1,04.

Pacuetubld TOK:

I p (1.10)
? \E ) UHGM’ .
rie U, - HOMUHAJIEHOE HAIIPDKEHHE B CETH, B.
I = 1260 _ 191,5 A
P /3-038 T

OnpeznenuM MHKOBYIO HArPY3KY MO OTASICHUIO
Britepem D11 ¢ HaubONBIIMM IYCKOBEIM TOKOM-CTAHOK METaIVIOPEKYLinil ¢ mna-
paMeTpaMu:

Puom = 40 kBT — HOMMHa/AbHAsS aKTUBHAA MOLIHOCTD
n = 0,9 - KIIJ
cosgp = 0,5

Kpyex = 5 — KO3QhHIHEHT ITycKa.
[IycxoBOI TOK :

Koo - P
— NyCcK HOM ‘ (111)
\/§ ' UHOM "7 - COSP
- > 40 = 6752 A
V3:0,38-0,9-0,5 o

TTUKOBBIH TOK TIO OTIEJICHHAO:

]uyct{

Inycrc

Tnpe = Loy + I, (1.12)

rae Iy - pacueTHBI TOK 110 OT/AENEeH IO Oe3 CTAaHKa MCTANOPEKYINLTO, A,

Mucm
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I = 675,2 + 174,1 = 849,3 A.
Tak xaK B mexe uMmertcsa ogHodasusle aekTponpueMuuku (DOII), BrkmoueHHEIE
Ha nuueiinoe w QasHoe HANpsHKEHHE, TO U HUX CHEAYET IPOBECTH pacyer OTAENBHO
(tabana 1.1). Bee O3], BrimodyeHHbIe HA JINHEHHOE 1 (DAa3HOE HAIPSDKEHME, pacipe-
JEIAEM 110 BO3MOXXHOCTH PAaBHOMEPHO 110 (hazaMm.

OGimast cpeHss HaTpy3Ka M0 OTACABHBIM (pa3aM H TPyl oAHoGa3HbIX HarPy30K C
OJIMHAKOBBEIMY K, U COS(, BKIIOYEHHRIX Ha JIMHEHHOC HANPSKEHHE C COOTBETCTIBYYO-
MM IPUBEICHAEM 3THX HAIPY30K K Harpyskam ofHOH (a3sl U (asHOMY HanpsHKEHUIO

[2].
3anuienM BBIPAXEHHS HJis OOPEACNCHNUA CPeAHCH aKTHBHOM M PEAKTHBHOM MO
HOCTH COOTBETCTBCHHO!

PcpA = kna ’ P(AB) ) kAB(A) + Ky P(CA) ) kCA(A) + k;ia ) P(AO)» (113)
Qepa = Kya * Pramy " dasay + Kua " Preay " deag) + Kua  Pao) “tgp, (114)
roe k,, 1k}, -~ coorBeTCcTBYIONME KO3DPUIMEHTEH! UCIIONB30BaHMNS,
P(ap) — Harpyska mexkay (asamu A u B, xBT;
P (cay — marpyska mexay daszamu A u C xBr;
P(ao) — HArpyska, NpUCOSRMHEN A HA HaNpshKeHne A, KBT;
Kapeay Kcaca) Qapay Qeagay — KO3(OOUIMERTE IPUBENCHUA HAIPY30K, BKIOHMCH-
HBIX Ha muHelHoe Hanpsxenue AB u CA k dase A.
Hanpumep, paccunTaeM Harpy3Ky OQHO(A3HBIX 3NEKTPONPHEMHUKOB Ha (asy A B
CBAPOTHOM OTAEICHWH:
Pepa = 0,4-30,0-1,0+0,4-30,0-0,0+04-31,5+0,4-10,0 = 28,6 kBr,
Qepa = 0,4-30,0-0,58+04-30,0-1,16+0,4-31,5-1,74+0,4-10-1,74

= 49,8 kBap.
Venosnas tpexdaszuas MoutaocTs ot 3011 ansa nanbonee 3arpyxeHHoN (asbi:
P.=3- Pc.¢.maxr (1.15)
Q.=3" Qc.cb.max- (1.16)

JIi1st paccMaTpHBaEMOTo OTIeNICHIA Haubosiee 3arpy keHHoN faszoi okasanack Qa-
3a A, Torga 1o seipakenuaM (1.5-1.16)

P. = 3-28,6 = 85,8 xBr,
Q. = 3-49,8 = 149,4 xBap.
Torma xo3QQUIMEHT HCIIONB30BARMS , eClIH Haubo/ee 3aIPYKEHHOH ABngeTcs da-
3a A

Pa
Kua = 7 , (1.17)
? (p(AB ‘!‘ P(AC)) + +PA0
28,6
Ky, = = 0,33.

2+(30,0 +60,0) + 41,5
Tanee onpenensOTCes pacieTHbIe MOITHOCTH 110 BeIpaxkenusM (1.6) — (1.10).

Aucm
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Tabmmia 1.1 — Pacuer ogHo@asHbiX 3JICKTPONPUEMHUKOR
Cpeanne MOUTHOCTH 3a HanGoNee 3arpy-
JKEHHYIO CMEITy
VeTaHOBNEHHAs Y CTaHOBIEHHEEIE
b o . | mommocts Ol mon- | Kosbduunentss npu- | mowrocts I noa-
2 i 2 | KIOYCHHBIX HA JTU- BEICHHUA KITIOUCHHDIX Ha ()as-
Haumenosanue yzmos C2C u DI1 I L3 n A, . ks cosp | tgo
z 2 s | HefiHOe HalpsKeHHE HOC HallpshKeHHe
-9 At ~ P, kBt Qe, KBAp
ab be ca | kdaze k g a b ¢ a b ¢ a b c
CeapouHoe oTjeAenne
O3] noknwouennsiec Ha Ujy:
28 IpancQopMarop CBAPOTHETL 0= | 30 | 200" 4 | 3600 a | 1,00 | 0,58 | 30,0 1 12,0 7,0
BoGasubd Uuay = 380 B
30,0
b 0,00 | 1,16 0,0 0,0 13,9
b 1,00 | 0,58 60,0 0,40 1 0,50 | 1,74 24,0 13,9
60,0
N c 0,00 | 1,16 0,0 0,0 27,8
E ¢ | 1,00 | 0,58 30,0 | 12,0 7,0
& 30,0
" a | 000 1,16 00 0,0 13,9
i v :
B = 120,0 | 4 { 3600 | 30,0 | 60,0 | 30,0 120 | 240 | 12,0 | 20,9 | 27,8 | 348
L Hrore no O31 nojxi. Ha U, ! _
.
£ OOII moxmouenubie Ha Ug:
29 TpancthopMaTop CBAPOUHBIH OJI-
a BroQaszHbIl Uyey = 220 B '
= 10,5 420 | 4 | 441 31,5 0,0 | 1051040 | 0,50 | 1,74 | 12,6 | 0,0 | 42 | 21,9 | 0,0 | 7.3
- g
N
10,0 20,0 | 2 | 200 10,0 | 0,0 | 10,0 | 0,40 | 050 | 1,74 | 40 | 00 | 40 } 7,0 | 00 7,0
o 32 TpancthopMarop CBapOIHBIN O/1-
5 Hodazusil Unoy =220 B
& 62,0 | 6 641 41,5 | 0,0 | 20,5 16,6 0 8,2 | 289 0 14,3
& Hroro mo O3] noaxi. Ha Uy: _
10,5-30,0 | 182,0 | 10 | 4241 | 30,6 | 60,0 | 30,0 41,51 0,0 | 20,5 | 0,33 | 0.50 | 1,74 | 28,6 | 24,0 | 20,2 | 49,8 | 27,8 | 49,1
Beero no Q311
5
13.03.02.2019.749.00.00 /73 e
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IIpu pacueTe HArpy30K MO IeXy B LEIOM TAKXES HEOOXOIMMO OTpeleHutsr (-
b dEKTUBHOE YUCIO JNCKTPOIPHEMEIKOB, CPEIHEB3BEHICHHBIE KOSDGHIIMEHTEl HCIOIb-
zopanusg U tge no Gopmynam (1.3)-(1.5) COOTBETCTBEHHO LONYYAEM:

18973
b= a1
Ko = o = 0,41
ma T 18973
632,1
! 189 = g = 081

PacyeTHBIC aKTHUBHAA ¥ PeAKTUBHAA MOIITHOCTH 11€X4a!

oo
Pon = Kpa* ) Kot Paowis (1.18)
L i=1
n
Qp.u = Kpa ) Z Kyai * Paoui ~ 18Ps) (1.19)
i=1

rae K, — kooddunuenT pacueTHOH Harpy3sKky 110 aKTHBHOR MOLIHOCTH.

P,y =075-777,8 = 583,4 kBr.

£
§ :
E.

Qpy = 0,75+ 632 = 474,1 ksap.

UToB5! TOIMYyUUTh HONHYIO PACYETHYIO MOIIHOCTD I[eXa, HeOOX0AUMO YUECTh OCBE-
te THTENLHYIO HATPY3KY. PacueTHas Harpyska OCBETUTENbHBIX SJICKTPONPUEMHHKOB OTIpe-
JengeTcs 110 yAeIbHOM OCBCTUTENLHON HAIPY3KE HA €MMHULLY NPOW3BOACTBEHHOH IIO-
P BEPXHOCTH I10Jja C y4eToM KO3 dHIMEHTa CIIpoca:

.F (1.20)

Pp.OCB = Keoes * Py.DCB 1
1€ K. pop — KOSPOUIEEHT CTIpOCa O AKTHBHOH MOIIHOCTH OCBETHTENBHON HATPY3KH;

P, ocs — YAETBHAS OCBETHTENbHAS HATPY3KA 1 M ? IPOU3BOLCTECHHOM TOBEPXHOCTH

mona uexa, Bt
F, — MOBEPXHOCTH TONA Iexa, M °.
PacueTHas PEaKTUBHAsL MOUTHOCTE OCBETHTEIBHON HArPy3KH

Qp.ocxa = Pp.OCB " T8 Pocs (1.21)

rixe tg oo — KOIpDuIment peakTHBHOH MOIMHOCTH OCBETHTEILHOH HarPy3KH.

ucm
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Jl1s paccMaTpUBaeMOro 1IeXa noJlydaeM

P ocs = 0,9 0,015 - 5150 = 69,5 kBT,
Qp.ocs = 69,5 0,33 = 22,9 xBap.

IMonuas PacyCTHAaA HU3KOBONXbRTHAA HAPY3Ka ICXa

Spay = J (Posc + Proes)” + (Quas + Qpocs) (1.22)

Spay = \/(583,4 + 69,5)% + (474,1 + 22,9)? = 820,5 kBA.

Ha 3ToM pacyeT JeKTPUISCKHX HArPY30K 110 PEMOHTHO-MEXaHHYECKOMY LEXY 3a-
KAHUUBACTCS, BCE PE3YIILTATH pacyera, MoNydeHHsle u3 soipakenu# (1.1) — (1.22) mpn-
BeNeHs! B Taomune 1.2

1.2 Pacuer 3haekTpUYeCKHUX HATPY30K 110 NPEAPHATHIO

Pacuer HAYMHACTCA C ONpeiesesysa HU3KOBOIBTHBIX HAIPY30K IO LEXaM, TO €CTh
MBI JONKHEI OIPEJSNATh PACICTHYI0 MOHIHOCTB Ha cOopHBIX mMHax 0,4 kB nexopeix
TpanchopMaTOpHEIX HoAcTaduuMy [1]. PacuerHble akTuBHas W PCAKTHBHAS MOUIHOCTH
onpenesores o gopmyiiam (1.18) u (1.19) cooreeTCTBEHHO.

PacuerHast OCBETHTENbHAS AKTURHAS W PEAKTHUBHAs Harpy3ka lexa OIpencnsercs
no seipakeHnaM {1.20) u (1.21) cOOTBETCTBEHHO, MOCHE HEro HAXOIMM IIOAHYIO pac-
YETHYIO HH3KOBOJIBTHYIO HArPys3Ky Lexa Sy,

[Tpu ompenenenyy pacueTHOH HATPY3KH BBICOKOBOIBTHLIX 3JIEKTPONPHEMHHKOB
MBI YYUTBIBACM, YTO KO3Gh(QHIMEHT pacueTHoH Harpyskn Ky, = 1, Torma pacueTHbie
AKTHUBHAS M PEaKTHBHas MOIIHOCTH OyAYT paBHbI COOTBETCTBEHHO CPEAHHUM aKTUBHOHN
1 PCaKTUBHOW MOITHOCTAM, AJA HAXO0XKACSHHA KOTOPLIX HMEIOTCS BCE IaHHBIC.

PesynpraThl pacyeTa npeicTaRuM B Tabmuie 1.3

BbIBOX 110 pa3aciy OQuH
B naHHOM pasfpcne, UCIONb3YA METOM YIOPSAOUCHHEIX JHAIPaMM, OCYIICCTBICH
pacueT HIEKTPHIECKUX HArPY30K 10 PEMOHTHO-MEXaHHICCKOMY HEXY, a TakXKe [0 BCe-

MY NPEAIPUATHIO B LIETIOM.

Acm
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Mear. » parta

WHB. Ne gy6n. =

Baam. une, Ne

Noan. v paia

VIRB. N2 noast.

Tabmuna 1.2 Pacger narpysok 1mo mexy

Hexonnrie pamusie

PacueTHnie BeTHYMER]

[To 3a0aHHIO TEXIIOIOrOR

Copapoyiiple JaHHBIS

Pacqcmaﬂ MOIIIHOCTE

. 3
= o &
5 : : g | =
3 Honunanpnag smonr £ ; £ z 2
S OM 1 - = ; g 3 Kpa Kpp g s Ip. A
g‘ & | HOCTh PHBEICHHAS K é & h " P b A 5 Sp, KBA ¥
3 > [ § .ﬁ ; Q.(
Haumenopanke sk TPOIPHEMHAKOB 4 Y3108 % g ATHTEIRROMY PERHUMY Kua CosQ tgo j A ol F
B N ; =
Y,
,‘;: PH Ay
§ Puoms kBt 1(_§T
1 2 3 4 5 6 7 8 9 10 11 | 12 | 13 | 14 | 15 16 17
PGMOHTIIO-M EXAHUYEeCKUIT BEX
Mexannmaecoe ornenenue 1 (1IP-1)
| CtaHOK MeTamIopeRyIIMi 6 1.0 6.0 0,12 0,45 1,98 0,7 1.4 6
2 CTaHOK METAIOPEKY LK 3 5,5 16,5 0,13 0,50 1,73 2.1 3,7 91
3 CTa"oK MeTay0pexKyuH 3 14,0 42.0 0,14 0,45 1,98 5,9 11,7 588 (Knym . pmm)
- P i o
4 CtaHoK MeTAROpeXy UK 4 40,0 160,0 0,12 0,50 1,73 19,2 33.3 6400 nycK (\/§ Vo * Nsrone * cosq;HOM)
> CTAHOK TORMIBHO- 5 3.9 195 | 013 | 050 | 1,73 | 2.5 44 76 = (5 40)
NMLTA(OBAIEEEIH (\/g 0,38-0,90, 5)
6 Cranox muTHGOBANEHEL 3 20,0 60,0 0,14 0,45 1,98 8.4 16,7 1200 = (75,2 A
_ o Lk, = Liyex. + 1, = 675,24+ 174,71 = 849,3 A
7 Cranok auus nensimanis a6 2 11,0 220 | 013 1050 | 173 | 29 5.0 247 e e
PasHBHEIX KPYIOB
8 bax nng npuroroBIcHUs 3 1,3 3,9 0,14 0,50 1,73 0,5 0,9 5
IMYILCHE
7 AATperar peupKyJIsIHOH- ] 1.5 L5 | 070 [ 08 | 075 | 1,1 0.8 2
HBEH
10 Bentmmsarop 4 1.6 6,4 6,70 0,80 | .0,75 4,5 3.4 10
11 Kpan 2 10,0 20,0 0,30 0,50 1,73 6,0 104 200
12 Tanb snexTpuyeckas ] 4.0 4.0 0,25 0,50 1,73 1,0 1.7 16
Hroro cunosoi Harpysku oo J11P-1 37 1,0-40,0 361,8 3,15 0,51 1,70 54,8 933 8836 15 146 | 1,04 | 80,0 | 973 126,0 191,35
Pacyer nuKkoBOro ToKa OTNeNCcHAS
II1 ¢ HanGoMbIINM JTYCKOBBIM TOKOM CTAHOK METalnope-
KYIWHH Doy = 40 ¥BT; Kiiyo= 5; 1=10,9; cos ¢ = 0.5
36 1,0-40,0 3218 | 0,16 0,51 1,70 50,0 §5.0 7236 14 1,45 1,04 72.5 88,7 114,6 174,1
PacueTHan Harpyska 6e3 CTaHKa METANIOPEHKY RIETO |
— 13.03.02.2019.749.00.00 /73 et
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Ipopomwxenne Tabaunss 1.2

i 2 3 4 5 6 7 3 9 10 11 12 - 13 14 15 16 17
Mexanpaueckoe oraeaeune 2 {(HIP-2)
13 CraBox Metamnopexyllul 4 1,6 0,4 0,12 0,45 1,98 0,8 1,5 10
14 CraHOK METAMIOPEKY LMK 3 7.0 21 0,15 0,50 1,73 32 5,5 147
15 CTanOK MeTaTIopoxy it 3 10,0 30 012 | 045 | 1,08 | 36 71 300 . (Kayer * Poons)
16 CTaHOK YHUBEPCATBHHIH 2 12,0 24 0,17 | 0,65 | 1,17 4,1 4,8 288 T (V3 Unton * Mirons * COSQutone)
17 HosHUIL(H 3 15,0 45 0,13 0,50 1,73 59 10,1 675 B (5-60) - 6331 A
18 Cranok mIu@oBanbHBIH 5 7,0 35 0,13 (,50 1,73 4.6 7,9 245 _] B (ﬁ 0,38-0,9 - 0,5) '
19 Cranox TOYHILHO- 5 1.6 3.2 014 | 045 1,08 0.4 0.9 5 b, = lnye, + Ip = 633,1+268,9 = 902,0 A
B ORANBHBIH
20 Manmsa nucrornGomas 4 15,5 62 020 | 065 | 137 | 124 14,5 961
TPEBATIKOBA
21 Memanka JByXBanbHas i 2,8 2.8 0,24 0,65 1,17 0,7 0,8 g
22 KpaH noaeecHol 2 2,5 5 0,20 0,50 1,73 1,0 1,7 13
23 [ATPETAT PEApIILLION: 1 15 1,5 | 070 | 08 | 075 | 1. 08 2
24 BenTHIATOD 3 1,5 4,5 0,70 0,80 0,75 32 2.4 7
25 Hacoc 2. 1,5 3 0,70 0,80 0,75 2,1 1,6 5
26 Kanopudep 3 60,0 180 0,65 0,80 0,75 117,0 87,8 10800
Vitoro cumosod marpysku mo HIP-2 38 1,5-60,0 4234 0,38 0,74 0,92 159,8 1473 13465 13 1,04 1,05 166,2 154,0 226,6 3443
PacueT MHKOBOTO TOKA OTASNEHNA '
11 ¢ HanBoNBMHM IYCKOBEIM TOKOM KaIOPU(ED Pron
= 60 kBT; Kiyer=3; 1 =10,9; cos ¢ = 0,8
o PacuetHas narpyska 0e3 xanopudepa 37 1,5-60,0 363,4 0,33 0,72 0,98 120.8 118,0 9865 13 1,05 1,05 126,9 1234 1770 268,9
3 Caapounoe otaenenne (U1P-3)
= 28,29 32 OpnnodasHas Harpyska 10 10,5-30,0 182 033 | 050 | 1,74 | 858 1494 10 | | | |
= 27 ABTOMAT JJIS CBAPKU ! 0,9 0,9 040 | 0,50 | 1,73 0,4 0,6 1 i (Kopex Paon)
o I =
. 30 ITonyasToMAaT MINAHTOBHIA 4 0,5 2 0,40 0,50 1,73 0,8 1,4 1 nyck (@  Upons * Nston * COS(Puom)
& 31 Cron ans cBapouHbIX paboT 4 0,8 3,2 0,40 0,50 1,73 13 2,2 3 (5-25)
& 33 Tuna otpessan 3 7 21 0.15 | 045 | 198 | 32 6,3 147 = V3-036.09.06) 351,74
= ¥ ¥ 7
L 34 Mammna 31eKTpocBapodast 3 25 75 0,35 | 0,60 | 1,33 26,3 35,0 1875 e, = lnyee + I = 351,7 + 343,6 = 695,3 A
= 35 BenTuasrop 2 4,5 9 0,70 0,80 0,75 6,3 4,7 41
36 Kpan-Ganxa 1 3,2 3,2 0,30 0,50 1,73 1,0 1,7 10
= Wrtoro cunogol Harpysky mo HIP-3 28 3,2-30,0 296,3 0,42 0,53 1,61 1249 201,3 2087 42 1,00 1,03 124,9 206,4 241,3 366,6
= PacueT IHKOROTO TOKA OTIIEICHNA
=
- DI ¢ HapboNbIIMM IYCKOBRIM TOKOM MalllHAa ek~
TPOCBapOUHAL Puox = 25 KBT; Kuyer= 55 1=0,9; cos ¢
: =(),6
5 . 127 3,2-30,0 2713 0,43 0,52 1,63 116,2 189,6 1462 50 1,00 1,02 116,2 194,0 226,2 343,6
i= PacueTyad Harpy3ka 6e3 MaluHel 3IeKTPOCBAPOYHON
5
2 I
= 13.03.02.2019.749.00.00 //3 -
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[Tpogomxenue Taduuusl 1.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Kysneunoe otaenesgue (111P-4)
""" 37 Drexrponeds 1 110,0 110,0 0,60 | 095 | 033 66,0 21,7 12100
38 MOJOT KOBOUHLIE 3 30,0 90,0 0,24 | 0,65 1,17 21,6 25,3 2700 (K p )
[nycﬂ — OyCK HOM
39 CTadoK TOYRIBHO- 3 0,5 1,5 0,12 | 045 1,98 0,2 0,4 1 (V3 Usiom " Nstom ;OSB‘ESIOM)
IITA(OBATEHEIA = T ( 065) =389,6 A
" 3 1,5 4,5 0,70 | 0,80 | 0,75 3,2 2,4 7 3:0,38-0,9-0,
40 Annapat peHpKyIAUHOHHRI L, = lngee, + Ip = 389,6 + 239,7 = 629,3 A
41 Kpas oaBecHO 2 2,2 4.4 0,25 (0,50 1,73 1,1 1,9 10 - '
42 Berrnuarop 4 0,8 32 0,70 | 0,80 | 0,75 2,2 1,7 3
!
{ Hroro crrosofi narpy3ki ro 11IP-4 16 0,5-110,0 213,6 0,44 | 0,87 | 0,56 94.3 533 14820 3 1,41 1,069 132,9 58,3 145,1 220,5
Pacuer muKkoBoro Toxa QOTACIICHHA
31T ¢ HarOOMBIIHMM TYCKOBBIM TOKOM MONOT KOBOH-
HBIH Puon = 30 KBT; Knyex= 5; 1 =10,9; cos ¢ = 0,65
15 0,5-110,0 183,6 0,47 0,89 | 0,51 87,1 44.8 13920 2 1,72 1,11 1498 49.6 157,8 239,7
. PacueTHas Harpyska 63 MONIOTA KOBOYHOI'O
Tepmuaeckoe orxenenne (HIP-5)
& 43 KamepHas evs 4 81,0 324 0,60 1 0,95 | 0,33 | 1944 63,9 26244
5| | |44 Bana vacnsmas 2 4,0 g | 0121045 | 1981 19 L9 32 (Kaper * Pro)
45 Cranok 0a1aHCHPOROYHEIH 6 2,0 12 0,15 0,50 1,73 1,8 3.1 24 I“Y“‘ o (ﬁ Usior * Nwvone * CUS(PHOM)
g 46 DnexcTponens KaMepHas 4 45,0 180 | 060 | 095 | 033 | 1080 | 355 8100 _ (5-75) ~ 1266 A
2 i 3 10,0 30 0,60 | 090 | 048 1 180 8,7 300 (V3:0,38-0,9-0,5)
z 47 CraBOK 3aKaJO4HBIH , ; ) ' s , e, = Ingere + l;, = 126.6 + 550,2 = 676,8 A
= A8 Bexrunarop 1 5,0 5 0,70 0,80 | 075 3,5 2,6 25
P 49 Kpar-6anxa 2 7,5 15 {035 [os0 | LB 53 9,1 13
= Wroro cusrosolt narpysku no [LIP-5 22 2,0-81,0 574 0,58 0,94 | 0,38 3319 1249 34838 9 1,03 1,05 341,9 131,6 3606,3 556,6
P&
R PacueT MHKOBOTO TOKA OTACICHH
311 ¢ ranbonpiinM IIYCKOBEIM TOKOM KpaH-Oanxa
r . Puoxe = 7,5 1BT; Kiyew= 5; 1= 0,9; cos 9 = 0,5
g
[ § PacuerHas Harpy3ska 63 xpaH-6ajku 21 2,0-81,0 566,5 0,58 0,94 0,37 3293 120,3 34731 9 1,03 1,05 3392 126,9 362,1 550,2
IE
2 Nuer
o 13.03.02.2019.749.00.00 /73
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[Tpomomxenue Tabnunp! .2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
MonTaxusii yuacrox (PII-1)
50 Cra"ox nis HAMOTKH 4 1,0 4 0,15 0,50 | 1,73 0,6 1,0 4 i _ (K“YCK ' PHO-‘")
nycK ] . .
51 Cranoxk DaHNaKUPOBOIHBIH 2 1,5 3 0,14 0,45 | 1,98 0,4 0.8 5 (\/§ Uvon T]IHOM( SCIZS%HO:«)
52 Bauna mia NyAKCHUs 3 1,6 48 0,60 0,95 | 0,33 2,9 0,9 8 = (\/§ 038 .’0 9.0 5)
53 Arperat peuMpKyisALEOHEEH 2 1,5 3 0,70 0,80 0,75 2,1 1,6 5 = 79,3A
54 Kpau noagecHoi 2 4,7 9,4 0,35 0,50 1,73 33 5,7 44 e, = bnyex. T I{, =793+222=10154A
55 BeHTHISTOp 4 1,0 4 0,70 080 ! 075 | 238 2,1 4
HWroro cuioBoif Harpysku no PIH-1 17 1,0-4,7 28,2 0,43 0,70 | 1,01 12,1 12,2 |- 69 12 1 1,04 | 1,05 12,6 12,8 17,9 27,3
Pacuer MHKQOBOI0 TOKA OTASIICHUA
O11 ¢ HarbONLIUM HYCKOBLIM TOKOM KPaH Iojsec-
HOA Prow = 4,7 KBT; Knyew=5; 1 =0,9; cos ¢ =0,5
PacyerHas Harpyska KpaHa NOJABECHOIO 16 1,0-4,7 23,5 0,44 0,75 | 0,89 10,4 9,3 47 12} 1,04 | 1,05 10,9 9.8 14,6 22,2
PeMOHTHO-MEXAHHYECKHA HEX
1 Mexaunueckoe oraencane 1 (HIP-1) 37 1,0-40.0 361,8 0,15 0,51 | 1,70 | 54,8 93,3 8836
2 Mexaunueckoe otaenenune 2 (I1P-2) 38 1,5-60,0 4234 0,38 0,74 1 0,92 | 1598 147.3 13465
3 Cpapoguoe otaenenue ([11P-3) 28 3,2-30,0 296,3 0,42 0,53 1 1,61 1249 | 2013 2087
© 4 Ky3ueynoe oraencuune (I11P-4) 16 0,5-110,0 213,6 0,44 0,87 1 0,56 | 94,3 53,3 14820
§ 5 Tepmuuecxoe otaenenue (1LIP-3) 22 2,0-81,0 574 0,58 0,94 | 0,38 | 331,9 | 1249 | 34838
& 6 Moutaxusiit yuactok (PII-1) 17 1,6-4,7 28,2 0,43 0,70 | 1,01 12,1 12,2 69
—
Bcero crioBoi Harpy3xu 1o uexy 158 0,5-110,0 1897.3 0,41 0,78 | 0,81 | 777,8 | 632,1 74115 |49 0,75 | 0,75 { 5834 | 4741 751,7 1142,1
e _
1% Ocsemenue Pyr=1 5B1/n?%, Keo=0,9 F=504103=5150 77.3 0,90 095 | 0,33 69,5 | 229 | 732
= HToro ¢ yuyeToM 0CBEHIEEH 158 0,5-110,0 19746 0,41 0,78 0,81 | 7778 1 632,1 74115 | 49 - - 652,9 | 497,0 | 820,5 1240,6
- PacueT nuxoBOro TOXa 114 1exa
: i 311 ¢ HaubHONMBIINM HYCKOBBIM TOKOM CTAHOK Me- Lo = (Knycx ] PHOM) — (5-40) — 6752 A
| 3 TANTOPEXYIIMH Puoy = 40 KBT; Knyer= 5; 11=10,9; cos fycx (ﬁ Usiom * Nitons ° COS‘PHom) (\/g 0,38-0,9 - 0,5) ’
®=0,5 Low, = loyex, + 1p = 675,2 + 1056,4 = 1731,6 4
% 157 0,5-110,0 1934,6 0,40 0,78 t 0,81 | 773,0 | 6238 72515 | 52| 0,70 | 0,70 | 341,1 | 436,7 | 6953 1056,4
= PacueTHas Harpysxa 6€3 cTaHKa METAIIOPEIKYIIETO
g
¥
g
g Nuer
s 13.03.02.2019.749.00.00 /713
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Tabnuna 1.3 — Pacyer 3neKTpruveckix Harpys30K L0 NPEANPHATHIO

Mogn. v pata

Wna. Ne gybn. .

B3am. vHe. Ne

Moan. u pata

WHa. Ne nogt.

HaumeHOBaHKC IEXOB U Y3/IOB Puionas Prom, ) Y Qe, Py, Qp, .9 Pyx oca., ‘ tgp Poocas | Qpocss | Ppt Ppocs, | Qpt Qp.aces Sp,
CaC kBr | 0| By | Sm | COSO | t8 | Pe kBT KBap Kps kBr | xmap Fi, M «Brag? | P | 1 Kool «Br | keap kBT KBap KBA
Harpyska 0,4 kB
" y
(‘bi‘igl SNIEKTPOIH3A ME/IHOR 415 | 4000 {075 | 0,80 | 0,75 | 3000 | 2250 | 0,80 | 2400 | 1800 | 4205 | 0,020 | 095 | 03 090} 76 | 23 2476 1823 | 3074
égﬁ fﬁ BNEKTPONIH3A MCTHOM 635 7750 {075 | 080 | 0,75 | 5813 | 4359 | 0,80 | 4650 | 3488 | 8410 | 0020 | 095 | 03 | 090 | I51 | 45 | 480l 3533 | 5961
3 MeennaBuibHE Hex 353 | 3800 | 075 | 0,80 | 0,75 | 2850 | 2138 | 0,80 | 2280 | 1710 | 8526 | 0,020 | 095 | 03 | 090 | 153 | 46 2433 1756 | 3001
4 BONONOATOTOBKA 178 | 1700 | 0,83 | 0,80 | 0,75 | 1411 | 1058 | 0,80 | 1129 | 847 | 1734 | 0,010 | 095 | 03 | 080 | 14 4 1143 851 1425
5 TpannpHa 5 | 100 |0,75| 085 | 062 | 75 46 | 1,02 77 47 928 0,010 | 0,95 | 03 | 060 | 6 2 82 49 96
6 CTaHNKs HERTPaNHEAIY 57 | 1350 | 0,70 | 0,80 | 0,75 | 945 | 709 | 0,80 | 756 | 567 | 3016 | 0,015 | 095 | 03 | 080 | 36 | 1l 792 578 981
7 Crasiups LupKyISIas 56 | 850 | 075 085 | 0,62 | 638 | 395 | 0,80 | 510 | 316 | 2268 | 0,015 | 055 | 03 | 080 | 27 8 537 324 627
8 Hex KMIInA 14| 60 | 040 0,65 | L,i7 | 24 28 | 1,02 24 29 348 | 0015 | 0,95 | 0,3 | 080 | 4 1 29 30 41
9 DieKTpolEX 37 | 305 | 040 | 0,65 | 1,17 | 122 | 143 |1,00] 122 | 143 | 754 | 0015 | 095 | 03 | 080 | 9 3 131 145 196
10 Korensuas 154 | 1200 | 0,70 | 0,85 | 0,62 | 840 | 521 080 672 | 416 | 185 | 0010 | 095 | 03 | 080 15 4 687 421 806
11 TpaHCHOpTHRIH ex 24 | 235 | 040 065 | 1,17 | 94 | 110 | 100 94 110 | 1392 | 0,010 | 095 | 03 | 0,80 | It 3 105 113 155
12 Mexanmscerii ex 49 | 1897 | 041 ] 0,78 | 0,81 | 778 | 632 |0,75| 583 | 474 | 5150 | 0015 | 095 | 033 | 090 | 70 | 23 653 497 821
13 Cxotaz Tonnmea 12 | 182 | 045 | 0,76 | 0,86 | 82 70 | 1,04 85 73 1206 | 0,005 | 095 | 03 | 060 4 1 89 74 116
{4 Kommpeccoprar 36 | 435 | 080 ] 0,75 | 088 | 348 | 307 |085| 296 | 261 | 1206 | 0,005 | 095 | 03 | 080 5 1 301 262 399 |
15 Cronosan 27 | 200 | 0,30 | 0.65 | 1,17 | 60 70 | 1,00 | 60 70 1508 | 0,015 | 095 | 03 | 085 19 6 79 76 110
11( gpﬁfﬂ“HCTPMBHO'GHTOBOH 131 105 {040 080 | 075 | 42 | 32 |085| 36 27 | 2000 | 0,015 | 095 | 03 |085| 26 8 61 34 70
17 Lex mpomsogerna broxon o 2351 5730 | 0,75 ] 0,75 | 0,88 | 4298 | 3790 | 0,80 | 3438 | 3032 | 9094 | 0,015 | 095 | 03 {080 | 109 | 33 3547 3065 | 4688
CRITYYHX MATCPHAIOB
18 JEaboparopus 15 43 0,30 | 0,80 | 0,75 13 10 1,03 13 10 880 0,015 0,95 0,3 | 0,75 11 3 24 13 28
OcgellieHne TEPPHTOPHH 140645 0,001 0,95 0,3 1,00 | 141 42 141 42 147
Hroro 1o marpysxe 0,4 kB 29942 | 0,72 | 0,79 | 0,78 | 21431 16667 17225 | 13419 886 | 268 | 18111 13687 | 22701
Harpyzka 10 xB
1 ex Nol 3nexTponusa MEIHOH
thonsru
[ peeOpasaBaTee BENTHISEIR | 5600 | 4 | 8000 | 0,65 | 0,80 | 0,75 | 5200 | 3900 | 1,00 | 5200 | 3900
2 Hex Ne2? snexTponuza MegHOH
thonsru
g{’i‘;‘ﬁpama’rm’ BEMTHIBHLIN ) 4000 | 4 | 4000 | 0,65 | 0,80 | 0,75 | 2600 | 1950 | 1,00 | 2600 | 1950
6 Cranuus Helitpanysaniu
CI1 630 | 4 | 2520 | 0,80 | 0,85 | -0,62 | 2016 | -1249 | 1,00 | 2016 | -1249
14 Komnpeccopras
R 1600 | 3 | 4800 | 0,80 | 0,90 | -0,48 | 3840 | -1860 | 1,00 | 3840 | -1860
Hroro mo Harpyske 10 kB 15 119320 10,71 | 0,98 020 113656 | 2741 13656 | 2741
VITOTO 110 TIpeATpHATIIO 49262 1 0,71 ] 0,88 | 0,55 | 35087 | 19408 | 0,85 | 30831 | 16160
13.03.02.2019.749.00.00 /73 et
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2 PACUET KAPTOIPAMMBI DJIEKTPUUECKHUX HAI'PY30K

Kaprorpamma 3IeKTpU4eCKHX HAIPY30K TIpercTaBiieT co0oH pasMelleHHbIE Ha
FEHePATbHOM IUIAHE NPEINPUATHS OKPYKHOCTH, UEHTPHl KOTOPLIX COBHAAIOT ¢ HEH-
TPAMH HATPY30K LIEXOB, a TIIOMIAIH KPyTOB IPOIOPLUHOHAILHb AKTHBHEIM Harpy3KaMm.

Kaxapiii Kpyr AeIUTCA Ha CEKTOPHI, MIIOMAMH KOTOPBIX NPONOPIHOHANBHEL Pac-
YEeTHBIM AKTUBHGLIM HATPY3KaM 3JIEKTPONpUeMHNKOB Hanpspkenuem 2o 1000 B, snek-
TponpreMHUKOB BEHe 1000 B 1 31eKTprYecKkore OCBEICHMS.

ITpy TOM pPazKyC OKPYKHOCTH M YIVIBI CEKTOPOB Ui KaXZOTO IeXa COOTBET-
CTBEHHO OIPEASIIAIOTCH:

Ri =

P, u/Bi

aH/Bi = 360 ____pl-) /‘Bl,
pi

P .

(xB/Bi — 360 pE.JBf-BI’
m

P .

Kocp/si = 360 p;(_:m;
8]

i€ Pui, Pou/sir Ppessir Ppocsi — PACUCTHBIC aKTHBHBIC HArPY3KH COOTBETCTBEHHO BCE
1exa, 3MEKTPOIPUEMHUKOB HampsxenrdeMm 1o 1 kB, snekrponpueMHHKOB Hamps-
>xeHueM Buie 1 KB v 3JIeKTPUUeckoro OCBENICH S, KBT,
m — MacmTad mromaneil KaprorpaMMEl Harpy3ox, KBt/ MM?
Macrurab OHpeACHuM U3 YCIOBHA, UTO PALUYC OKPYKHOCTH, COOTBEICTBYIOIISH
MuHUMaNBHOR PacIeTHOM HArpy3Ke OpLI paBeH 3 MM:

P
_— p/n;m}
T['Rmin
29 _#086I{BT2
=143z %% ym

Tanee onpeneiieM paJuychl OKPYKHOCTEH H YIIbi COKTOPOB LI KOKAOTO 1exXa:
Hanpumep, s nexa Nel snexrponusa Mexno# Goisru

7676

314.086  O0 MM

Aucm
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P

.
5
i
s

2400

Ay/mi = 360m =112".
5200 s

CLB/Bi = 360m = 244 .
76 .

Xoce/Bi — 360%—7-6 = 4,

PesyapraTs! pacyeros ¢BOAUM B Tabmuily 2.1.
['MaBHYI TOHHU3UTENLHYIO NOACTAHUMIO CHEAyeT pacloiiaraTh B HEHTPE DEK-
TPUYECKUX HATPY30K WM KK MOXKHO OJDKe K HEHTPY.

Lenrp 37eKTPUUYECKHX HAIPY30K UPEANPHUSTUS SBIACTCA CHMBOJHYECKHM IEH-
TpOM TIOTPeGIICHNS 3TEKTPUISCKON SHEPIUH (AKTUBHOH MOIIHOCTH) NPEIIPUITHS, KO-
OPJUHATE] KOTOPOro HAXOAATCS 10 BeIpakeruaM (2.1 — 2.2)

n p.-X.
=1+pl 1
Xu; = — n P.. ’ (2’1)
i=1"p1
P Y
=1 ' pi i
V=S 22)
i=1"pl

rae X;, Y; — xoopauHaTH [-T0 11exa Ha TUIase IpeIIpHATHS, M.

PesympraTsl pacyera HPEACTaBIeHS! B Tabirue 1.1, KOOpAMHATEL HEHTPa 3IEKTPH-
yeckHX Harpy3ok: X, = 357 M; 1 Y, = 279 M COOTBETCTBEHHO.

I1pu BeOOpE MECTONOI0KEHHA IIABHON IOHU3UTENBHON MOICTAHIINY, TIPH
PACIIONOKEHHS ICHTPA DICKTPUHECKUX HATPY30K ObIIN yUTEHEI CICAYIOMME (aKTOphI:

- I1oi1aas, Heodxoxqumas g pasmerenus HIT;

- penped) MECTHOCTH;

~ HAJIMYKE KOPUAOPOB IS MPOKIAJKHM BO3IYIIHBIX U KaOeIbHBIX JIUHUA C YIETOM
OXpPaHHOH 30HEL.

C yieroM AaHHBIX (aKTOPOB, BBLICIUM MPHOPUTETHBIE: HATHIHE KOPHAOPOB I
ITpoKnafiky BO3LYIIHEIX U KAOCIbHBIX JIMHUMA C YYETOM OXPAaHHOW 30HEI, IOAXOMA IUTa-
rormx BJI, minomanes, HeoOX0auMol A pasMEIlicHHs INTaBHOW [IOHM3UTENLHON IOA-
cTannuy, npuanMaeM : Xp; = 385 M; Y, = 254 M COOTBETCTBCHHO.

Bripoab! 110 pa3neny Aga

Ilpu pacuere KapTOrpaMM SNEKTPHUCCKUX HAIPYy30K IPOM3BEHEH PACyeT, BHIOPaH
CHUMBOJIHYECKHUH TEHTP SIEKTPUUECKHX HAIPY30K, a TAK JKe ONPEACNICHO MECTO Pacmo-
JIOYKEHHS IJIABHOM TOHUSHTENBHON MOACTAaHURH.

Aucm

13.03.02.2019.749.00.00 /73 ”
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Tabnuua 2.1 — Pacuer kapTorpamMmsbl 3JIeKTPUYECKAX Harpy30K

B HanmeHoBanue Py Ppwmi | Ppocs | Ppomi | Xy | Y Ri, | Owsi | Oocosi | Clafei
; exa BT kBT ; kBt M M MM | rpax | rpam | rpax
' BT
1 mex Nel snek- 7676 2400 | 76 | 5200 | 300 | 268 | 53 | 112 4 244
E " TPONIA3a METHOH
e (dhONBETH
- 2 Hex Ne2 osmex- 7401 4650 | 151 | 2600 | 383 | 424 | 52 | 226 7 126
E '_: TpON3a MEAHOH
" honbru
' 3 Menennae.uex 2433 2280 | 153 74 | 200 | 30 | 337 23 0
f 4 BomonoxroToBka | 1143 1129 | 14 544 1 276 | 21 | 356 4 0
5 T'payapHs 82 77 6 553 [ 3251 6 | 336 24 0
¥ 6 Cranuus 2808 756 36 | 2016 | 530 | 394 | 32 { 97 5 258
» HEWTPATH3AIAN
7 Craunus nupKy- 537 510 27 430 | 347 | 14 | 342 18 0
¥ JAHAH
8 llex KUIIm A 29 24 4 350 {347 | 3 | 308 | 52 0
9 DaexTpouex 131 122 9 196 ¢ 163 | 7 | 335 25 0
| 10 Kotenpras 687 682 15 205 | 113 | 16 | 352 8 0
11 TparcnopTHBIN 105 94 11 284 | 107 | 6 | 322 38 0
2 nex
i 12 Mexagndcckuii 653 583 70 369 | 147 | 16 | 322 38 0
ex
- 13 Cxnay tonnHBa 89 85 4 443 96 6 345 15 0
S 14 Kommpeccop- 4141 296 5 3840 {294 | 179 | 39 | 26 0 334
Has
Q 15 Cronoras 79 60 19 200 | 408 | 5 | 273 87 0
16 AxvunmcTpa- 61 36 | 26 179 | 309 | 5 | 210 | 150 0
TURHO — OBITOBOR
KOpIyc
17 Ilex nponzBOA- 3547 3438 | 109 519 | 134 | 36 | 349 11 0
cra GIIOKOB U CBI-
IIY4MX MATEPUAJIOB B
18 Jlaboparopus 24 13 11 92 | 306 | 3 | 197 | 163 0
Wroro 31627 | 17225 | 745 | 136536 | 357 | 279

=
g

Mucm
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3 BbibOP TPAHCOOPMATOPOB HEXOBBIX TPAHCPOPMATOPHBLIX
L HOJCTAHIIHN

Yucio ¥ MOHIHOCTH TPaHC(OPMATOPOB 3aBHCAT OT PACHPEHENICHHS HAaTPy30K II0
NINOTHIAAH 11eXa, HAMMUMs MecTa /Il PaclOIOXKEHN EXOBBIX [IONCTAHIUH, XapakTepa U
peXkumMa PabOThI HTEKTPOIIPHEMHHKOB.

CyIHeCTBYET CBS3b MEKAY SKOHOMHYECKH LenecooOpa3sHoN MONHOCTBIO OTACHb-
noro TpanchopmaTtopa S,y HexoBo# TIl U MAOTHOCTRIC 0 NMEKTPHUECKONH HATPY3KH IIe-
Xa, 9Ta CBA3b NpHuBexena s Tabnuue 3.1

Tatmuna 3.1
TInOTHOCTE 3JEKTPUYECKOH Harpy3KH [1eXa, 0,05 0,08 0,15 0,25 0,35
KBA/M?

BKOHOMHYECCKH IlenecoodpaszHas MOIMHOCTE 400 630 1000 1600 2500
: OnHoro TpaHC(OpPMAaTopa IEXOBOH IOJ-
cTaHuuy, KxBA

[T10THOCTE DIEKTPUUECKONA HATPY3KH IIeXa ONIpeenseTcy 1o GopMye:

o=22, (3.1)

1

rzie S, — pacyeTHas dleKTpUYeckas Harpyska nexa, KBA;

F, - ILIomank Hexa , M°,

MouIHoCTh TPaHchOPMATOPHON [IEX0BOM NOACTAHIIMU KOPPEKTUPYETCA B 3aBUCHU-

MOCTH OT BEIWMHWHBI HATPY3KM 1i€Xa, 4 TaK K& €€ KATEIOpHH, YHCIA THIIOPasMEpOB
TpaHcOPMATOPOB Ha IPSANPUATHY K paja Apyrux PaKkropos.

3‘ -

e

[ Komugectso TpaHC(l)OpMaTOPOB BCEX IMOACTAHIMH Hexa onpeac/sACM I10 (bopmyne:
b

PP
£ No = 1’—'5_"’ (32)
; *3,4010 H.r

rue Py, — pac4eTHas akTUBHAs HArpyska nexa, kBt

N S,.r — BeIOparHas HOMHHAIbHAS MOIHOCTE TpanchopMaTopos iexoBeix TII, kBA,
\ - Haufonsmas peakTHRHAS MOIIHOCTH, KOTOPYIO TPaHC(HOPMATOPEL MOTYT IIPOITY-
ctuth w3 cetr 10 kB B ceth 0,4 kB

le = \[(Nl ) k3.}101‘£ i SH.'r.i)Z - pp%: (33)

rue Nj — uncno tpancGopMaTopoB HEXOBOW TPAHC(HOPMATOPHON [TOJCTAHLINM.

Bemuuuna Q,p,, sABASETCS PacyETHOH, MOITOMY B obieM ciayyae peakTUBHAA
HATPY3Ka TPaHC@OpMaTopoB Q4 , He paBHa eil.

Auvem
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[N

¥ <
P

£
‘ i
L3

oo

Q _ {lei: eC/In lei < Qli
L Qpuecnn Qqpi 2 Qg

rae Qpj — pacyeTHas PEaKTHBHAS HATPY3KA TPAHC(HOPMATOPHOH MOLCTAHIIMH, KBAD.

(3.4)

Ipr Qqpi < Qq; Tpanchopmaropsr TI1 He MOryT HPONYCTHTb BCIO DEAKTHBHYIO
HATPY3Ky M MO3TOMY 4acTh ¢ OOIDKHA OBITh CKOMIIEHCHPOBAHA C IIOMOINbIO Oatapei
KOHAECHCATOPOB Ha CTOPOHE HHU3ILEr0 HANpPMKeHHS NaHHOW TPaHCHOPMATOPHOH ITO J-
cTasuuH. MOIIHOCTE 3THX KOH/ICHCATOPOR OYIET COCTABIATE:

Qi = Qpi — Q11 (3.5)

Koadh]rupenTs 2arpy3ku TpanchopMaToOpoOB B HOPMAJBHOM M HOCIEaBAPUHHOM

pexumax OyAyT COOTBETCTBEHHO PaBHLI
JP& + Q%
e —— (3.6)

r
n; - SH.T.E

_ Sp.Ti
> (ni - 1) ’ SH.T.i.

Kiw =

Ini

K

(3.7)

[Mpuseaem npumep pacaera TH jum cTaHuuu HEATPATUSAHHA, COTTACHO BHIpaXKe-
ausm (3.1) - (3.7)

Kareropust no HaAEKHOCTH 3JIEKTPOCHA0KEHNA BTOpA.

ITHOTHOCTH HATPY3KU COCTABISET:

981 _033KBA2
%3016 7w

[TooTomMy B COOTBETCTBHH C TaOnmue# 3.1 MBI HOJKHSI NPHHATH eUHIIHYIO
MOIHHOCTE TpaHcdopmaropor 1600 kBA, Ho Torzga rpanchopMarTopsl OyayT HelOrpy-
JKEHBI, JIOITOMY CKOPPEKTHPYEM MOIIHOCTS TPAHC(POPMATOPa [10 HATPY3Ke paccMaTpH-
BaeMoro nexa. JUif 3Toro ONpeiciuM MHHHMAJIBHYIO MOLIHOCTH TPasc(opMaropa c
yYeTOM KaTeropuy HAJeKHOCTH U JOMYCTHMOrO Ko3(puuuenra Harpysku Tpanchop-
MaTopa

Py;
Sirmin = Nk’ (3.8)
i 3100
792
SH.T.min = m = 4-95 KBA.

3HAYWT, YCTAHABIMBACM OIHY ABYX-TpanchopmaropHyr n/cr: TII-8, ¢ momm-
HanbHOH MOILHOCTEIO TpaucdopMaropos 630 xBA.

Ham

Aucm

Ne dowii

flodnucs

Hama
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Haubonpmuas peakTHBHAS MOIUHOCTb, KOTOPYIO TPaHC(HOPMATOPHI MOTYT Ipo-
mycTuth u3 cetr 10 kB B ceth 0,4 kB:

Qip = /(20,8 630)% — 7922 = 623 Kaap.

- Tak kak Qppg = 623 > Qpg = 578 KBap, NOITOMY HET HEOOXOAHMOCTH HA CTO-
’ POHE HU3IUEro HalpsKEHHs AaHHOU uexosor TII ycranaBnueats yCTPONUCTBA, KOMIICH-
CAPYIOIIHE PEAKTHBHYIO MOILTHOCTb.

KoappunmuenTst 3arpy3xe TpaHCHOPMAaTOPOB B HOPMAIBHOM PEXIME

V7922 +5782

K., = = 0,78.

4 58 2630 ’

B nocneapapuiiHOM pexuMe KOI(QODUIMEHT 3arpy3ku TparcdopMaropa cOCTABUT
1,4, BBHAY OTKIFOUEHHUA YacTH Harpy3ky I xaTeropHM nmo HageXHOCTH 3JIEKTPOCHAD-
' KEHUS.

[ TpauchopMaTOpHEIE MOACTAHIIMK HCIIONL3YIOTCS BHYTPUIICXOBBIC BCTPOSHHEIE.

L PacnonaracM MX Kax MOXKHO OJHKe X IMEHTPY AEKTPUYUECKUX Harpysok, e 2TO
BO3MOXKHO, TAK KaK 3T0 S3KOHOMHYHO, C TOYKHK 3PEHMS PACcXofia IPOBOAHHKOBOIO Marte-
E _ prajia, MOTEPh HIEKTPodHepruM. JLns JaHHOTO NMpeIPHATUS TPUMEHATCS Tpanchop-
matopsl THiia TM3 moimsoctsio 160; 400; 630; 1000; 2500 xBA.

AHanorgyaeiM obpaszoM WCronbaysa Beipakernus (3.1 — 3.8) nposoamrcst pacuer
7715 OCcTalbHbIX HeXoBhIX TI1, koTOPHIH ipeacTasneH B Tabaune 3.2

DKOHOMMUYECKH BBITOJHBIM fABJsETCS OOBEAMHECHHME HAIPY30K, U YCTAaHOBKA
TpaucGOpPMATOPHBIX NOACTAHIME He B KaxioMm lexe. [Iutanue nexos MOXKeT oCy-
IIECTRIIETCSA OT COCERHEH TpaHchopMaropHod NOACTAHIUU. Y CTAHOBKA HU3KOBOABT-
HBIX. PACTIPEACIUTENBHBIX IIYHKTOB B 1IEXE IKOHOMUYECKH BBITO/IHA, €CIIU BBITIONHSICTCA
COOTHOHICHHE:!

S, - L < 15000 kBA - M

.. A€, Sy, — TOMHAA PAacyeTHAsd Harpyska uexa, kBA;
T L. — paccrostaue ot PIIH nexa 1o coceprell NOACTAHIAH, M.

[TpoBepKa BRIMTOJHEHMS 3TOF0 COOTHOLIEHUA NPH YCTAHOBKE HH3KOBOILTHEIX Pac-
npeaciarensubix nysxros (PITH) npencrasnena B Tabmuue 3.3.

[T

BriBogbl o pasfeny TpH

B maEHOM pasjene mo pe3yiansTaTaM pacyeTa DIeKTPHYECKUX HATPY30K BhIODAHLI
TpanchopMaTopHBIe MoAcTaHIuK Ha 6a3e Tpanchopmaropos TM3. Hipunsro 1 Komuve-
CTBO M MOINHOCTEL TPaHC(HOPMATOPOB, YCTAHABINBACMBIX B EXAX IPEAIPHATHS, ¢ TOY-
|, KU 3pEHIst SKOHOMUYECKON 3P PEXTHBHOCTH.

KpoMe ycTaHOBKH TpaHchOPMATOPHOH MOACTAHUMY PACCMOTPEHA BO3MOKHOCTH
YCTAHOBKH PACTIPEICIUTEIBHEIX HE3KOBOILTHBIX TyHKTOB

; Aucm
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Tabnuia 3.3 - ObocHOBAHHCE YCTAHOBKY HHU3KOBOAERTHBIX PACHPEICINTENbBHEIX TYHKTOB

Howmep 1niexosoit THT Howmep PITH IIpoussegenne S, - 1 KBA - M
7 1 96 - 24 = 2304
9 2 4126 = 1066
10 3 196 - 29 = 5684
11 4 155-58 = 8690
12 5 11672 = 8352
13 6 1310-94 = 10340
13 7 28-108 = 3024
Aucm
13.03.02.2019.749.00.00 /73 28
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Tabnuua 3.2 — BprOOP yuCna U MOUIHOCTH TPAHC(OPMATOPHBIX IIOICTAHITHIT

KO-
HO : AP
| . | Po+A +A
HAIMCHOBAHHE KaTt. Pp, Qp, Sp, Fi, " S'a'r, ME THIT Smm, 5O Kom s mo Qip, Q_]., QK)’, Kyrn/a APxx APM) Ix.\', Usks Ts AQT: 0 Ql SP:
HOXOB, TR on. | %BT | xBap | xBA | KBAM | pA Tp-pa | kKBA | PRHC | BO xeap | xnap | kpap | ° kBT | % % | KB | xsap Py, Qo | BA
pazaenennit ' b 2 TpH PP -B TII " P p P ° | xBr C | kBT | xBap
B TII _
| 2 3 4 5 6 7 8 9 10 11 12 13 | 14 | 15 | 16 | 17 18 19 | 20 | 21 | 22 |23 |24 | 25 | 26 27 | 28
1 Ilex Nel .
HICKTPOTHSA 2 | 2476 | 1823 | 3074 | 4205 | 073 | 2500
MEAHOH (oib-
' g
Wtoro: 2476 | 1823 | 3074 | 4205 | 0,73 | 2500 | 1-2 | T™M3 | 1000 | 2 2 | 07 [1308 1308 515 | 0,70 | 140 | 245 11 | 1.4 | 55|31 ] 164 | 2507 | 1472 | 2907
2 Tlex Ne2 '
SIERTPOIT3A 2 4801 | 3533 | 5961 | 8410 | 0,71 | 2500
MeaHoH ¢oib-
TH
Utoro: 4801 | 3533 | 5961 | 8410 | 0,71 | 2500 |3-4 | TM3 |2500| 2 2 | 07 [509413533] 0 | 0,60 | 1,19 3,85 (23,5 1 |65 49 | 331 | 4850 | 3864 | 6201
3 Mejerna- 2 | 2433 | 1756 [ 3001 | 8526 | 035 | 2500 -
BHIRHERIH HCX i
Wroro: 2433 | 1756 | 3001 | 8526 | 035 | 2500 {5-6 | T™M3 |1000] 2 2 | 0,7 138511385 371 | 0,70 | 1,40 | 245 | 11 | 14 |55 31 | 164 | 2465 | 1549 | 2911
4 Bomomomro- || a3t g5y | 1425 | 1734 | 082 | 2500
) TOBKA
| 5 Ipaappns 2 | 82 | 49 | 9 | 928 | 0,10 630 PITHI1 |
: Wroro: 1225 900 | 1425 | 928 | 0,82 | 2500 | 7 | T™M3 | 1000 | 2 1 | 08 11030900 0 | 076 | 1,40 | 245 11 | 1.4 |55] 18 1 92 | 1242 | 991 | 1589
_ rl 6 Cragnms ;
] HelfTpamsa- 2 1792 | 578 | 981 | 3016 | 033 | 1600
& HRH
s Wtoro: 792 | 578 | 981 | 3016 | 033 | 1600 | 8 | TM3 | 630 | 2 1 | 08 [ 6235781 0 | 078 [140| 2 | 73 | 15 |s55] 131 61 | 805 | 639 | 1028
']§ 7 Crampa > | 537 | 324 | 627 | 2268 | 028 | 1600
- LHPKYITALIITH
B Slex KMImA | 2 | 29 | 30 | 41 | 348 | 0,12 630 PIIH2
|5 Uroro: 566 | 354 | 668 | 2268 | 028 | 1600 | 9 | T™M3 | 400 | 2 1 | 08 | 299 | 299 | 55 | 0,80 | 1,40 | 13 | 54 | 3 |55[10] 52 | 575 | 351 | 674
]f 9 dnexTpomex | 2 | 131 | 145 | 196 | 754 | 026 | 1600 PIIH3 |
g 10 Koremsman | 2 | 687 | 421 | 806 | 1856 | 043 | 2500
I~ Hroro: 818 | 566 | 995 | 1856 | 0,54 | 2500 | 10 | T™M3 | 630 | 2 1 | 08 | 589 | 566 | 0 | 079 |140| 2 | 73 | 15 |55 13 62 | 831 | 628 |1042
| o 11 Tpanc- 2 | 105 | 113 | 155 | 1392 | 0,11 630 PITH4
I " IIOpTHBIH noex
. r; t4 Kownpee- |5 1301 | 262 | 399 | 1206 | 033 | 1600
LB copHas
N Hroro: 406 | 376 | 553 | 1206 | 033 | 1600 | 11 | T™M3 | 400 | 2 1 | 08 | 495 | 376 | 0 | 069 | 138 ] 13 | 54 | 3 |55| 8 | 45 | 414 | 421 | 59
- '
.|§
g
1’8
2 et
| @ 13.03.02.2019.749.00.00 /73
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VHe. Ne gy6n.

WHs. No noan.

Ipoaomxenne Tadanus 3.2

L

2
1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

{2 MexaHnyeckui 2 653
Lex

497

821

3150

0,16

630

13 Cxnaz Tonnmea

74

116

1206

0,10

630

PITHS

742
Htoro:

571

936

1206

0,10

630

12

T™M3

630

0,8

571

0,74

1,40%

7,3

1,5

5,5

12

57

754

628

981

15 Cromosast

76

110

1508

0,07

400

PITH-6

16 AgMuRucTpa- 3 61
THBHO-DBITOBOH
KOpIIyC

34

70

2001

0,04

250

18 Jlaboparopist

13

28

980

0,03

256

PIIH-7

165
Hroro:

124

206

2001

0,04

250

13

T™3

160

0,8

196

124

(0,64

1,29

E

0,8

33

3,7

5,5

19

169

143

221

Mogn. ¥ pata

17 Llex mpon3ROL-
cTBa OIOKOR M ChI- 2 3547
IIYYUX MATEpHATOR

3065

4688

9094

0,52

E

2500

3547
Uroro;

3065

4688

9094

0,52

2500

14-
16

M3

1000

0,7

2249

2249

816

0,70

2,45

11

i,4

5,5

47

246

3594

2495

4375

TTorepn B
3J/TeXH.YCTAHOBKAX

1 Iex Nel anek-
TpOAU3a MEAHOM
OB

TC3II

2500

3,85

23,5

6,5

15

100

Baaid. WHE. Ne

2 I{ex Ne2 amex-
TPOIU3A MEAHOM
donnru

TC3II

1600

2,45

11

1,4

5,5

16

56

Hroro:

261

1448

18206

13180

Hsm.

Nuer

Mo BOKYM.

Mogn,

flata

13.03.02.2019.749.00.00 /73
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4 BBIBOP HAIIPSDKEHWA 1 TPAHCOPMATOPOB T'HIT IIPEAIIPHUATIANA

BemruuHa HAOpHKEHWs MUTAHHS VIABHON NOHH3WTENBHOM NOACTAHIIHH TIpE -
OPHSTHS ONpEeAendeTcs] HAIWYMeM KOHKPETHBIX MCTOYHHKOB INUTAHUSA, YPOBHSIMH
HANpsKeHUN Ha HUX, paccrogaueM oT I'TIl] ao 3THX HCTOYHUKOB, BO3SMOMXHOCTLIO CO-
OpYyXEHHUS BO3MYIHHBIX JIMHAN A% Iepelayy AIEKTPOIHCPTHN U IPYTHMH (axToOpaMu.

Bermuuny panmoHansHoro HanpsxeHus nuradus [Tl moxHo ouenuts no npu-
ommwxernoN popMyne Crumna:

Upay = 4,34\/L + 0,016 P,

e,

rie P, — pacuerHas akTUBHAs HAIPY3Ka NPSANPHATHS Ha CTOPOHE HM3LIETO HalpsDKe-
% uus UTII, kBT,

L — mnuwaa nuramed T muunu, Kk,

Coopusie munsl 6 — 10 xB T'TIII oTHOCATCA K CHCTEME NATOIO YPOBHA, TOTAA IO
METOIY YIOPSIOUCHHBIX AUATPAMM pacdeTHas aKTHBHASL HAIPY3Ka IPEANPHATH

b m M N L n

3 4

i Pp.n = KO.M Z P;Ei) + Z 1(Hai ) pHOMi + z Péi ) + Z AP’Fi + Z pp.ocsi + POCB.TEp:
i=1 i=1 i=1 i=1 i=1

rae K, — koahduimesT 0IHOBPEMCHHOCTH MAKCHMYMOB;

R

£
[

3
i Péi ) _ cymMMapHas pacteTHAs aKTHBHAS MOIHOCTH Y37TOB CHCTEMBI HIEKTPO-

cHaOxeHHs 3 — VPOBHA, HEMOCPENCTREHHO MHTAINUXCA OT COOPHBIX IUHMH HM3ILIEro

nanpsaxenus [T, xBr;

M Kyai * Pugwi — CYMMapHA® pacycrHas aKTHBHAS MOIIHOCTH BRICOKOBOJIBTHBIX

: IEKTPOIIPHEMHEHKOB, TUTAIINKHXCA OT COopHuiX WMH Hu3miero Hanpsxenns [TIII
kBT

N (4) . , .
> P‘pi — CYMMapHasl pacdyeTHas aKTWBHAA MOIIHOCTL PaCIPEeNAeIHTENbHLIX

i=1
YCTPOHCTB HarpspkeayeM 6 — 10 kB, xoTopeie MATArOTCA OT JAHHOIO y3J1a 3-TO YPOBHA,
KBT;
P ) {;1 APp; — cyMMapHBIC TTOTEPH AKTUBHOM MOIHOCTY B TPaHC(OPMATOPax IIeXO-
BrIX T1I, xB7;

iy Py ocei — CyMMapHasi pacueTHas aKTHBHas MOUIHOCTS HeXOROH OCBETUTENLHOMN

T

Harpy3kH, KBT;

- P{JCB.Tep — PacHeTHasA aKTHBHasZ MOINHOCTL OCBCTHTCIHLHOM HATI'DY3KH TCPPHUTOPHH,

kBT.

Koadpduinent oJHOBPEMEHHOCTH MAaKCUMyMOB K, sMBIgeTcA QYHKIMEH YHCIIa
: apucoerunenyit K cOopabM mmHaM [1III n w cpenHeB3BEIIEHHOrO KOYQQHIHEHT
HOIE30Banust o npeanpustuio Ky, u npasogures B /3/.

Yucno npucoenunenuit n = m + M = 18+15 = 33; Ky, = 0,72, torma Koy =

0,85.

P Mycm
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[ ATy

suicinero Hanpspxenus I, noTpebisemast IpeAIpHUATHEM OT SHEPFOCHCTEMBI, KBap;

Qaei = pp.n " I8 WPuopm
rae AQ. rpm — noTepy peakTUBHOM MontHocTd B Tpascdopmaropax I'THI, keap;

cHabxenue notpeburenel naXxe IpU aBapUMNHOM OTKIIOUESHHMH OMHOTO M3 HUX.

TaxprM 00pazom, IonnysaeMm
P, =085" (17225 + 13656 + 261) + 886 = 27357 kBT.

Torna PalIOHATBHOE HATIPKEHNE COCTABUT!

u

pan

=4,34+,/3,0 + 0,016 27357 = 91 kB,

Tax xak Upay = 91 >> 35 ¥B, noatomy, He IPOBOAS TEXHUKO — SKOHOMHYECKOTO

CPaBHEHHs BapUaHTOB BHELIHEro 3fekTpocHaOxxenma Ha 35 m 110 kB, npuHuMaem
HANPSKEHUE BHELIHETO 3IeKTpocHa0xenns pasHoe 110 kB.

Ionuas pacyeTHas Harpyska NpeAupHUaTHs, HeoOXxoanmMas 41 BEIOOpa TpaHCchOop-
maropos Ha ['TIII, naxomurcs:

Sp.l‘l.i = \/ppz.n + (Qaci - AQTFH]‘[i)Z:

rie Que — SKOHOMMUECKH TMenecoo0pazHas PeakTHBHAS MOINHOCTE HA CTOPOHE

B Pnopm — HOPMUPYEMBIH g I JaHHOTO YPOBHS HANPAKCHHS (3amaercs 3HEp-
TOCHCTEMOM).

Quc110 = 27058 - 0,5 = 13529 kBap.

AQrrpn = 0,07 sz.n + Qgci'

AQqrumrio = 0,07 - /273572 + 13678% = 2141 xsap.
Spa11o = v 27357% + (13678 — 2141)% = 29690 kBA.

Ha TTI[I ycramaBnusaeMm IBa CHIOBBIX TpaHchopmaropa. B 3Tom ciywae mpa-
BUJIBHOM BBIOOpE MOIIHOCTH TPAaHC(HOPMATOPOB OOCSCHEUHBACTCA HAIECKHOE BIEKIPO-

HoMrHaMbHAS MOIHOCTE K&XKA0r0 TpauchopMaTopa oIlpeaesseTcs i3 COOTHOIe-

~ HUH:

Sp.rl.i

h n: k3.H.
HT =2 STi

rae n =2 — qucno tpancopmaropos ITII,

k

3.4

= 0,7 — x03bOUIHEECHT 3arpy3Ku TPaHcHOPMATOPOB B HOPMAILHOM PEXHAME.
29690

St = 5707

= 21207 MBA.

ITpunumaem tparcpopmarop TPAH-25000/110/10/10.

TIpu aTOM KO3IPPUIMEHT 3aTPy3KU

Spn

2
n- Sy

Ham.

Auem

Ne Fowyr

fodnuce

Hama
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BriBojip! TIO paszaeny 4eTspe
B nanHOM pasngene

Kpy = ———
3 T 25000

29690
= ,59.

OTPENICTICHO ONTHUMANBHOE HANPSKEHUE
AEXTPOCHAOKERHS NPEAIPUITHS, a TaK K€ BBIOpaHb! TpaHCHOPMATOPE] MNIaBHOH MoK H-~
3UTEIIBHOU ITOACTAHIMU.

BHCIHECTO

Ham.

Aucin

M oy

flodnucs

Hama
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PU1-110/1060-40YXJL1

B3B-110-40/2500 YXJI1

PI'2-110/1000-40¥ XJI'

5 PACUET CXEMBI BHEIHHEI'O 3JIEKTPOCHABXEHWA

5.1 Omnpepenenye NoTeps MOITHOCTH B CHIOBEIX TpaHchopMaropax ['TINT

BapwadT cxeMBl BHEIIHEro auekTpochabxenus na HanpsokeHwe 110 xB npen-
CTaBJIeH Ha pucyHke 5.1

BJi-110 AC-70/11

1=3.0 kM

Pr2-116/1000-40Y XT]

PT1-110/1600-40YXJTH

3x3HOT-110V1

PI'1-110/1000-40V X T

B3B-110-40/2500 Y XJ11

OINH-1106/77

TPOH-25000/110/10/10-Y 1
30H-110
OIlH-110/56

Pucynox 5.1 — BapuaHT cxeMbl BHEIIHEro aieKkTpocHatxenus Ha 110 kB

110 kB BI-IGPI“OCHCTGMa
]
| — I
¥ -

2CI0

10 xB

3C1I 7 4CI1

[ToTepr axTUBHOM MOILHOCTYU B TpaHC(phopMaTopax:
AP, = n(APyy + k3, + APg),
rge n = 2 — qucio Tpanchopmaropoes [ TIHT;

AP, — IOTEPH XOI0CTOr0 X04a, KBT;

AP, — TIOTEpU KOPOTKOTO 3aMBIKAHUsA, KBT;
AP, = 2-(22 + 0,592 - 120) = 129 xBr.

Hanm,

Aucm
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Tty

fean

one

Ilorepr peakTUBHON MOIIHOCTH B TpaHc(opMaTOpax:

I U
AQ, =n (% Sur + k%.l-l 'ﬁSH_T),

rae Iy, — TOK X0JI0CTOTO X0/a TpaHchopmaropa, Yo;
U, — HanpsxkeHue KOPOTKOTo 3aMblKanus, %o.

A =2 (0’3 25000 + 0,592 10,5 25000) = 2001
Qri10 = 100 , 100 = KBap.

5.2 Pacuer JIDII o1 noacrasuiny 3HEProCUCTEMEL O IIOACTAHIUN IPEAIPUATHS
Harpyzka B Hadaje JIMHUA:

2
Sp.n = \/(Pp.n + &PT) + Qgc ,
Som110 = v (27357 +129)2 + 136782 = 30701 kBA.

PacueTHnii TOX ONHOH 1eny TUHHH:

I = A_ (5.4)
P \/§ 0. UHOM» .

I 30701
A110 = =TT
P V3-2-110

Tox B ocaeaBapuiitoM pexuMe (B CIydae [MUTAHUS BCe HATPY3KU 10 OZHOW Lenu
JTUHAM ):

= 81 A.

Ip=2" Ip..rn.:
II'[110 = 2 * 81 = 162 A-

Ceuerye TPOBOAOB HAX0AUM 110 3KOHOMUYECKOH MIoTHocTH ToKa j, = 1,1 |71

I
F, = % (5.6)
3
81
F3110 = ”]':""i’ = 73 MMZ.

¥

(5.5)

Ipunwmaem aas Hanpspxernus 110 kB nposox AC-70/11 (g = 0,43 Om/Km,
ro = 0,43 Om/km 3/} ¢ 1 1o = 265 A, 4T0 BOIIBIIE YeM TOK IOCHEABAPHIHOTO PEKHU-

val, =162 A.

5.3 Pacuer TOKOB KOPOTKOIrO 3aMBEIKaHUSE B Havyajle OTXOMAIMX JUHHUA OT NUTAr0-
el oacTaHIMy JHeprocucTeMsl U Ha Beogax I T
Wcxoanas cxema JUJlsl pacdeTa TOKOB KOPOTKOT'O 3aMBIKAHKs JIPEACTABNISHA HA PH-
cyHke 5.2:

Aucm
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TR

115 k8B
¥
G110 k8
[ | 158
4y

Pucynok 5.2 — Cxema A7 pacdera TOKOB KOPOTKOIO 3aMbIKaHK

MomHocTs KOpoTkoro 3ameikapus S, = 3800 MBA, a OasnucHag MOIHOCTH

Se¢ = 1000 MBA n Ug = 115 kB. Onpeaennm CONPOTHBICHAE CXEMEL

ConpoTHBIIEHHE CUCTEMBI:
X = Xy = 28
C - 1 - SK'
1000

X, = ——
173800
Tok KOPOTKOTO 3aMBIKaHHS B TOUKE K, :

X, = = 0,26 o.e.

et = T = gy = =8

k1 ntl nd1 \/§ ] Ug X, 7
1000

T V3-115-0,26

Iy = Inpp = Lot = 19,1 KA.

VY gapubli TOK KOPOTKOTO 3aMBIKAHHUA B TOUKE 1:

iy}.{l = \/E : ky;],l : lkl’

i =V2-1,72-19,1=46,4 xA.
Conporueinesue BO3IyUIHON nuuuy 110 kB:
Xp - 1- Sﬁ
Ky = =,
B Ug
0,43-3,0-1000
Yor T2

Tox KOPOTKOro 3aMbIKagud B TO4kH Kj:

= 0,10 o.e,

Se
V3-Ug- (% + Xz)}

ey =1 0 = 1y = 1009 = 13,9 A
kz 7 imtz T n02 T 3115 (0,26 4+ 0,10)

Ik = Inep = o2 =

(5.8)

(5.9)

(5.10)

(5.11)

13.03.02.2019.749.00.00 /73
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3

E .
[

;e
ko
5
.

T=0,01+0,04=0,05cC

Cornacso (5.18) uMeem:

_0,08
i,c=V2:19.1 e 00% = 77 KA.

3380l — M3TOTOBUTEIb FAPAHTHPYET BHIKTIOUATEIIO ANEPHOLHMYECKYIO COCTABIIS-
IOIIYIO B OTKIIOYAEMOM TOKE JIIS BPEMEHH T :

ia,HOM = \/E ’ BH " Lo sioms (519)
fanow = V20,4040 = 22,6 KA.
IEKTPOIHHAMHYECKAS CTOWKOCTE TIPOBEPAETCS IO YCHOBHAM:

Il'[,O < Inp.cma. = ]AHH? (5-20)
Iy < ir[p.cm. = I,E[I-‘IHJ (5.21)
rae lpp.ccs.s inp.cxs, — ACHCTBYIOINEE U AMIUIMTYIHOC 3HAYCHHE IPEAEHHOIO CKBO3HOTO
ToKa K3, A;
TEPMUYECKas! CTOHKOCTE HPOBEPAETCA 10 TEIIOBOMY HMILYILCY TOKa K3:
Bk = I'%ep *Lreps (5.22)
rie By — nonusii Temnopoi uMiyise K3, kA% - ¢ ;
By = lg.o " (Lo T Ta), (5.23)
r€ tope — BPEMS OT Hadatdd KOPOTKOIO 3aMbIK&HNs JIO €10 OTKAIHUEHHUS, C;
tork = tpas T ton (5.24)

rae t,; — BpeMs IeHCTBHA OCHOBHOM 3alTHL TPAHCHOPMATOPA, C;
o5 — IOIHOE BPEMSI OTKIIOYEHNUS BEIKIIOUATENS, C;
tore = 0,14+ 0,05 =0,15¢c.
Homasi Tennosol uMmyiase K3 cormacHo (5.23)
By = 19,1% - (0,15 + 0,04) = 69,2 kA - c.
ITo xaranory [&]
- fIpeAenbHBIA TOK TepMudecko croifxoctd lIypp = 40 Ka |
« JNIATEIBHOCTD [POTEKAHHSA 1 1g, COCTABIACT trg, = 3 C.
Bce pacuéTHbIE U KaTAIOKHBIC JaHHBIE CBOJUM B TabamIty 5.1
PazbeaunuTeny BeIOUpArOTCS:
- 10 HOMUHAJBEHOMY HanpsKeHHIO
Uyr:T = UI—IOM; (525)
- [I0 HOMHHAJIBHOMY TOKY

> Inaxi (5.26)

IHOM
- 110 KOHCTPYKUHH, POLY YCTAHOBKH.

- 110 3NCKTPOAMHAMUUYECKOH CTOHKOCTH.
Ino < Inp.cms. = I,g,uﬂ.: (5.27)
iy S il'[p.l'.‘KB. = [,E(HH.; (528)

Aucm
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Bemens
i

P e T
i

3
|95

- TI0 TEPMUICCKOHN CTOMKOCTH:
2z, :
By = ITep tTepr (5-29)
JlanHoe BRIpaKeHHE UCIIONR3YETCS B KAYECTBE IIPOBEPOYHOTO.

B pesymbrare BRIOWpaeM IO CHpPaBOYHHKY pasbeausuress Tuma PI'-110/1000-
40VXJIl — pa3seAMHUTENs TOPH3OHTANBHO — MOBOPOTHOro THNA. BCe kaTonoxHEbie
JAHHEIE PA3heIMHUTENA CBOAUM B Tabnmmy 5.1.

Jna sangarer o6opynosanus ['TIIT oT nepeHanps:KeHUil BEIOHpacM OTPAHHUKMTE b
niepenanpspkesns OIIH-110/56 {9].

Tabmuna 5.1 — PesyinsTarsl BRIOOPA ¥ IPOBEPKU aniaparypsl g cxemsl 110 kB

Katanoxnbie Zangsie
PacuetHLie TaHHES Brixnrouatens PasvennauTens
B3B-110-40/2500 YXI11 PI-110/1000-40Y XJ11
Uger = 110 kB; Uuon = 110 KB; Uuow = 110 KB;
Imax = 160 A; Lyom = 2500 A; Lyom = 1000 A;
Ine = 19,1 Ka; Iyre = 40 KA; ' -
iar = 7,7 x4 fawom, = 22,6 KA; -
B [o = 19,1 KA; [pcnd0 KA; -
iy = 46,4 kA; iy = 102 KA; iy = 100 KA; ]
By = 69,2 xA® - ¢; 12ep " trep = 4800 KA? - ¢; 1ep * trep = 4800 KA® - ;
lep = 40 KA; Lrep = 40 KA;
trep = 3 C; trep = 3G N

C 11eMBI0 YUETa MOTEPh ISKTPOIHEPTHN B CHIOBBIX TPAHC(POPMATOPAX IIaBHOH
MOHHU3ATEIBHOH ITOCTAHIINY NPEANPHATHS IPUHAMACM PEIICHNAE YCTaHOBUTH HPHOOPE
y9eTa Ha CTOPOHE BBICOKOTO HAIpsKeHus. CYSTUHKH IEKTPOIHEPIHYE NOAKIIOUAIOTCS]
KO BTOPMUYHBIM OOMOTKAM TPaHC(GOPMATOPOB TOKa U TPaHCHOPMATOPA HATIPSDKEHIS.

Br160p TpanchOpMaTOpPOB HAPSDKEHHUS IpEACTaBHM B Tabure 5.2.

Auem
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Tabnuna 5.2 — BEIOOp TpaHcQOpPMATOPOB HATIPSIKEH IS

Mom.ogu. | Yncno | cosg | sing | Yuaeno | Odmas MOLI~
[Tpubop n MecTo Tun 0OM-KH, 0bM-x npud- | HOCTh
YCTAHOBKY BA OB P, Bt Q2 sap
v 3-335 2,0 | i 0 1 2 -
Per. CoopHsie
BOJLT [IHHED H-393 10,0 1 1,0 0 1 14,0 -
MO VM®-3P 1,5 1 1,0 0 1 1,5 -
W J-335 1,5 2 0 1 1 3,0 -
Var Ienm nu- HA-335 1,5 2 0 1 1 - 3,0
Wh/ TAFOTHX, CaT-
Varh maH#EA | 4TM.03M 1,5 2 10,80 0,60 1 0,8 0,6
110/
UMD UM®-3P 1,5 1 1 0 1 1,5 -
Hroro 16,8 3,6
3HOI - 110V1/1Y/ S,y = 17,2 BA
Ujuon = 110 KB
Szxnramo,s = 300 BA Sosenrunos = 3+ 100 =300 > Spp

BsIrob1 110 pazgeny NMaTh
B namHOM pasfiene BeiOpaHBI KOMMYTAIlHOHHAs U HM3MEPHUTECHABbHAsA amHiapatypa
CXEMpbt BHEIUHETO 3IEKTPOCHAOKCHYA.

Uam § Auvem NE dowym
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B KagecTBe OCHOBHOTO crocoda NpOKAafku BrIOMpaeM NPOKIaAKy Kalenel B
Tpapinee ( B oxuoil TpaHmiee JOIycKaeTcs NPOKIAIKa He Donee mecTu kabenen [7]).
ITOCKOIBKY FPYHT HPEANIPUATHA HMEET CPEAHION KOPPOSMOHHYIO aKTHBHOCTE, B TPYHTE
3aBOJIA MPHUCYTCTBYIOT OMIYXAKIAIOIIME TOKH, a TaK k€ KoaeOaHust H PpacTITHBAIOLIIe
yewids, TO BeiOMpacM kabemu tuna AAID-10: A — amroMuHHEBAsS TOKONPOBOAAIIAL
KU, A — amioMuHueBas obosouka; I — 6poHS U3 CTANBHEIX OIMHKOBAHHBIX IIPOBO-
J0K; 1 — B MOXYIIKE HOJ OPOHEH UMEETCd CIIOH U3 IIaCTMACCOBBIX JICHT.

BriBoap! 110 pa3ieny mMeCTh
£ B rannoM pasjgelie IPHHATO PelieHHEe BHYTPU3aBOACKYIO CXEMY TPEIIPHATHS BEI-
HOIHSTE CMENIAHHON panyaibHON U MarucTpansHON HanpsxenueM 10 kB.

P
£

Aucm
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7 PACUET HUTAIOUINX JIMHWUM

Ceuenue xabenedl wnanpsoxenmem 10 xB onpegpenseTcs MO 5KOHOMHYECKOH
IIOTHOCTH TOKA ¥ NPOBEPALTCH 10 JOUYCTHMOMY TOKY xadess B HOPMAalbEHOM peXnMe
paboThHI ¢ YIETOM YCIOBHH ero NPOKIaikH, 10 TOKY Heperpy3ki, NOTepU HaNpPsOHKeHUS B
IIOCHEaBEPHIHHOM PEXKUME B TEPMUUYECKOH CTONKOCTH K TOKaM KOPOTKOIO 3aMBIKaHKisl
(7]

B xauectse npuMepa rprusenem pacyer kadensuott nuaun ot LTI no T — 1.

PacueTnbilt TOK B KaOenbHON TMHUN B HOPMaNbHOM PEXUME!

S
[, = b 71
D.K \/§ UH ( )

p.x — MOIUYOCTB, KOTOPAs HOMKHA [IEPENABaThCH 10 KAOENLHON NUHUY B HOPMaJb-

HOM pexnMe, KBA.
B paccmaTpuBaeMOM IpUMepe IIPH TUTAHWUM JABYXTPaHC(HOPMATOPHOW NOACTAH-

JE3GA% N
-

2507\ /1472:\°
= (—-2—~) +(——~2~—~) = 1563 kBA.

K

o gopmyne (7.1)
1563

| R
D.K
V310
CequHe KaﬁeJTBHOﬁ JHHHH, onpenenﬁeMoe IO 9K0HOMI/I‘IGCKOIL/'I IIHOTHOCTH TOKA.

I
F, = =, (7.3)
ja

1€ }, — 9KOHOMIYecKasd INIOTHOCTE TOKa, —; [7].
oz L
84

F, = —— = 75 MM?,
> 14
[Tosromy npuauMaem kabenb tuna AAI-10 (3x70), ¢ AMHTENBHO AOITYCTHMBIM
rokoM Lpon = 215 A [13].
HonmycTMBIN TOK Kabesnst ¢ y4eTOM YCIOBUH ero IIPOKIIaZIKyY PaBeH:
I,;I,OI'[ =K, K;- l,qom (7-4)
rae K, — nonpasodnsi koadOUIMEHT Ha HUCIO NAPaNIeNsHO IPOKHaRbIBaeMbIX Kabe-
Jen
Iion = 0,85: 0,99 215 = 181 A

Avem
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[IposepuM kabeisb 110 JOIFYCTUMOMY TOKY B HOPMAJNBHOM peXxuMe paboThl:

§ L,
- Do = =, (7.5)
L Ny

rmue 1'1]{ — YHCIIO BaﬁapaﬂﬂeHGHHLIX Ka6eﬂei71.
, 90
ion = 181> — = 90 A

[Toxn mocreaBapuiiHOM pekrMOM KabeNbHOW NWHUK OyIeM NOHUMATh PEXKUM, KO-
YJla BEIXORUT U3 CTPOs OAHA U3 ABYX KaDeNbHBIX JUHUNA, MHTAMMK ToTpedrTeny nep-
BOM ¥ BTOpOM Kateropuu. [Ipu aToM Harpy3ka Ha TUHUIO YABAUBACTCS, TO €CTh

Lie =2 1hs (7.6)
I, =2-90 = 180 A
HorrycTumas neperpyska kabess B ociIeaBapuiiHOM pexumMe:

L = Kap I,:.umi (7.7)
rae K,p — KO3(MQHIUIEHT Heperpy3Ky.

K, = I‘j-“ , (7.8)
Jitals|
90

K3 = “i*é‘l“ = 0,50.

Torpa, coraacuo [7] K, = 1,25.

I}, = 1,25-181 = 226 A.

Ocy1ecrBUM IPOBEPKY [0 TOKY IIEPETPY3KH:

!

I;B > _‘35’ (7.9)
K

=226 =100 190

: as i HK - 1 — M

3uaunT, BRIOpAHHBIHA Kabedb MPOXOAHT MPOBEPKY 110 TOKY MEPETPy3KH B PEKUME.
[loTeps HafpsuKesus B KabenbHOM MHHUE B HOCASaBAPUHHOM PeXHUME (epe/iens-
eTcst 1o (hopmyie:
Pyorg 1+Q,-%5'1
AU =2 Uz" +100% < AU, = 5%, (7.10)
Oy Uy

e I'p ¥ Xy — YAENBHBIE aKTUBHOE U HHIYKTHBHOE COpOTHBICHKE Kabend, OM/Km;

L | — munaHa KabesHOM THHEN, KM,
Hdnsa paccmarpupaemoit kabenwsuoit muuun AAIIN-10 (3x70) ¢ rapamerpamu:
o ro = 0,44 OM/xMm; xg = 0,09 Om/xm; | = 0,028 xm.

1338+ 0,44 - 0,028 + 807 - 0,09 0,028

— . 0/ — 49 0.
u o 100% = 0,04% < 5%

Aucm
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Crour oTMeTHTh, 910 B Tabnuie 7.1 moMumo BHIOOpa cevenus xabeneil B ceTu
10 kB no axonomMudeckod tmotHoctH F, mpousBencHa npoBepka AaHHBIX KaOened mo
B TEPMUUCCKON CTOMKOCTH K TOKAM KOPOTKOT'O 3aMBIKAHHMS Frepw (MABHHBIA pacuer Oyaer
. npexcraBnen Hwke). OxoHUaTenbHOE cedeHne kabend F.. Boibmpaercs xak HanbOIIb-
IHee U3 PACCMATPHBACMBIX CeueHHi Fy 1 Fropy.

BriBoAkI 110 pa3Aety ceMb
BHyTpu3aBoACKas cxema DICKTPOCHAOXKEHMS BBUIONHCHA CMCINAHHOH. paiu-
anpHON M MarucTpansHoi. Ipu 31oMm ncnons3oBancs kabens AAILI-10, nponoxernsiit

B TPAHIIEAX ¥ B acOOeMEHTHBIX TPYyDax.

R TTETYrN

E Aucm
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Tabnnua 7.1 — pacuer KabeNbHBIX THHHHA ‘
E‘ Harpyska ma kabenb, :
Koueunsie nyHk- ‘ Pp, Qp, Spxs LA E,, F., Fer, THI H KOI-BO Cnocob mpo- A Laon, Ku, Ki, I I som, Kams | 1 ag, 1 KM Io, Xo, Au,
o1 KJI kBr | xsap | kBA | P° MM® | MM? | M xabenei KJIAIKH BHOpM. | B T/aB. A | oe | oe i+ A o, | A ’ Om/xm | OMERM | %
PCKHME | penHME [
10 xB
1 2 3 4 | s | 6| 7] s 9 0 |1 12 B4 ] s |16 | 7] ] o 20 21 2
IXAATIN-10 | !
[IIT - T 1338 | 807 | 1563 | 90 | 75 | 120 | 120 G120, B Tpaiee 90 180 | 310 | 0.85 | 099 | 261 | 125 | 326 | 0,028 | 026 | 008 | 0,02
TIL - TI2 711 | 439 | 836 | 48 | 40 | 35 | 120 2}‘(‘;‘333310 k TpaHIICe 48 97 | 150 | 0,851 099 | 126 | 1,25 | 158 | 0,066 | 026 | 008 | 0,03
TIZ - TI13 85 | 71 {11 | 6 | 5 | 16 | 120 2"{;‘:‘1{%10 s TpaniIee 6 13 | 95 | 093|099 | 87 | 125|109 | 0,106 | 026 | 008 | 00l
' 2xAATIn-10
[T - TIT3 1213 | 966 | 1550 | 90 | 75 | 150 | 120 G120 & Tpanmes 90 179 | 355 | 0,85 | 099 | 209 | 1,25 | 373 | 0,02 | 026 | 0,08 | 0,08
[T - TIT4 1213 | 966 [ 1550 | 90 | 75 | 70 | 120 | ZAAIDEI0 o amee 90 179 | 215 | 087.| 099 | 185 | 125 | 231 | 0,144 | 026 | 008 | 0,11
(3x120) |
IXAATLI-10 - ;
[T - TIIS 1648 | 1089 | 1975 | 114 | 95 | 95 | 120 20 o tpammee | 114 228 | 265 | 0,93 | 0,99 | 244 | 125 | 305 | 0268 | 026 | 008 | 028
2xAAITI-10 ' : '
TII5 - TII6 1032 | 701 | 1248 | 72 | 60 | S50 | 120 (120, B TpamHues 7 144 | 180 | 093 | 0,99 | 166 | 125 | 207 | 0,128 | 026 | 008 | 0,08
TII6 - TI110 415 | 314 | s21 | 30 | 25 | 25 | 120 2"("’3“?]2}8')10 Brpammee | 30 60 | 120 | 093 | 099 | 110 | 125 | 138 | 0,126 | 026 | 008 | 003
[T - TII7 1024 | 815 | 1309 | 76 | 63 | 35 | 120 2"8:&8')10 B Tpamee 76 151 | 150 | 0.85 | 0,99 | 126 | 1,25 | 158 | 0206 | 026 | 008 | 0,14
2 TIT7 - TT18 403 | 319 | 514 | 30 | 25 | 25 | 120 | BAAII0 e 30 59 1120 | 085 | 099 | 101 | 125 | 126 | 0074 | 026 | 008 | 002
= (3x120) 5
=t . 2xAAIInN-10 _' ;
& [T - TEO 415 | 314 | 521 | 30 | 25 | 185 | 120 1200 B Tpamuee 30 60 | 400 | 0,86 | 099 | 341 | 125 | 426 | 0118 | 026 | 008 | 0,03
L o 207 | 210 | 205 | 17 | 14 | 16 | 120 zxéfgg')m B Tpaimmee 17 34| 95 | 086 | 099 | 81 | 1,25 101 | 0,104 | 026 | 008 | 001
g ) *
., [T - TIT12 377 | 314 | 491 | 28 | 24 | 25 | 120 2}‘{;;:‘3}5310 5 1pamee 28 570 | 120 | 087 ] 0,99 | 103 | 125 | 129 | 0,128 | 026 | 008 | 0,03
=
s | SxAATII-10 g
E: [T - TIT14 1797 | 1247 | 2188 | 126 | 105 | 120 | 120 G20, B Tpanmee | 126 253 | 310 | 087 | 0,99 | 267 | 1,25 | 334 | 0,135 | 026 | 008 | 0,5
| IXAAI-10
= TIT14 - TITIS 1198 | 832 | 1458 | 84 | 70 | 70 | 120 x120) £ Tpammes 84 168 | 215 | 093 | 099 | 198 | 125 | 247 | 0057 | 026 | 008 | 004
g . 2xAAIL-10 ?
B TILLS - TIUG 599 | 416 | 729 | 42 | 35 | 35 | 120 x120) & Tpammee 4 84 | 150 | 0,93 | 099 | 138 | 125 | 173 | 0,057 | 026 | 008 | 0,02
! fea) ., AATIn-10 '
I - f14] 1300 | 975 | 1625 | 94 | 78 | 70 | 120 5120 B TpammIee 94 ; 215 | 0,851 099 | 181 | - | - | 00481 026 | 008 | 004
AAITT-10 -
e I - 1142 650 | 488 | 813 | 47 | 39 | 35 | 120 120 B TpammIee 47 ; 150 | 0,851 099 | 126 | - | - | 02461 026 | 008 | 0,10
(&
Z [T - G 504 | 312 | 593 | 34 | 29 | 35 | 70 | AAII-10 (3x70) | B rpanmee 34 - 215 | 0,86 | 0,99 | 183 | - | - | 0238 | 044 | 009 | 0,09
3 __ |
- [T - G2 1280 | -620 | 1422 | 82 | 68 | 70 | 70 | AAILi-10(3x70) | B rpanmee 82 i 215 | 0,86 | 009 | 183 | - | - | 0092 | 044 | 009 | 0,09
. : ]
g
2 flne
g 13.03.02.2019.749.00.00 /13
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Mogn. v paia

Ve, Ne oybn. .

Baam. WHe, Ne

Moan. u gata

UiHe, No nogn.

[Tponomxenne Tabmaner 7.1

0.4 kB
I 2 3 4 5 8 9 10 11 12 13 14 15 16 17 1 18 19 20 21 22
"lIT[?- PIIH1 41 25 48 69 35 2xAATIn (4x35) B TpaHiIce 69 138 175 0,93 0,99 161 1,25 | 201 0,024 0,89 0,06 0,57
TIIS - PITH2 14 15 21 30 16 2x AATD (4x16) B TpaHuiee 30 60 85 | 0,85 0,99 72 1,25 | 89 0,026 1,94 0,06 0.47
TII10 - PIIH3 66 73 93 141 70 2XAAL (4x70) B TpaHlliee 141 282 265 | 0,90 (0,99 236 1,25 | 295 0,029 0,45 10,06 0,61
TTitt - PITH4 53 57 77 112 70 2x AATIn (4x70) B TpaHulEee .l 12 223 265 0,93 0,99 | 244 1,25 | 305 0,058 0,45 0,06 0,97
TII12 - PIIHS &9 74 116 | 167 50 AAi'In (4x50) B TpaHIIce 167 - 215 0,93 .99 198 - - 0,072 0,63 0,06 2,70
TII13 - PIIHG 79 76 110 § 158 50 AATIn (4x50) B Tpanuee 158 - 2154 1,00 0,99 213 - - 0,094 0,63 0,06 3,18
TII13 - PIIH7 12 7 14 20 16 2x AAXm (4x16) B Tpaulliee 20 40 8 1 093 0,99 78 1,25._' 98 0,108 1,94 0,06 1,62
13.03.02.2019.749.00.00 /73 i
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8 PACUHET TOKOB KOPOTKOI'O 3AMBIKARIA

Pacuer TOKOB KOPOTKOIQ 3aMBIKAHMS [(POM3BOAUTCSA JUIsL BHIOOPa BLICOKOBOIET-
HBIX B HU3KOBOJBTHBIX ANMApaToOB, LIMH, Kabeleld um ApYroro snexTpoodopy1oBaHs
COC npemnpusitust. [Ipu 3TOM A0CTATOUHO paccMOTpeTh TOK Tpexdasnoro K3 B xa-
pakTepHbix ToKax COC gpeanpusitia U OUPEAeIuTs NIEPUOAHYSCKYIO COCTABISAIOULYIO
3TOr0O TOKa A1 Haubosee TSHKEAOTro pexxuMma paboTsl ceTH. TakMM XapakTepHBIM pe-
KUMOM sBNseTcs coctosuue COC, koraa oaun u3 rpancopmaropos ' otkmroded n
BKJIIOUEHB! CeKUHOHHBIC BpumrouaTtenn B PY 10 kB T, T.e Bce 2aeKTpOnpHEeMHNKH
IATAXOTCS OT OJHOTO TpancdopmMaropa. Cxema Ans pacuera ToKos K3 npecTasneHa ua
pucynke 8.1.

K1 Iy 8/

Kz

1 Iz

Hi 17 «8
10 kB

1 10 kB /0
W0 kB ’

[10]

v ¥ N W N Y g By

Fi\y FiLY Fi oY FiLY iy ¥ iy iy
1S, © © O © © © ©O
oy e i o o o

Pucynok 8.1 — Cxema Ana pacueTos TOKOB KOPOTKOrO 3aMbIKaHM S

Pacuer ToxoB K3 npou3s0iuM B CHEAYIOLIUX TOYKAX:
- K, 1 K; — B cxeme BHEHIHEro 3)CKTPOCHA0KEeHU (PaCCYUTaHbl B 11.5)
-Ks -8 PY 10 kB I'TIl;

- K4 — B cern Hanpsxenuem 0,38 xB.

Aucm
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YeCTBE HMCTOYHHKA pacCMaTpusacTCAa

aus (prcyHoK 8.2).

ITpu onpenenenuu TokoR K3 Kk rouykax K; v K; NOAIHTKY OT CHHXPOHHBIX JBHIa-
Tenel MOXKHO HE YUHTHIBATh, B moamutke Todxku K3 yIyBCTBYIOT BCE CHHXPOHHEBIE JBH-
raTeNy, TOAKITIYEHHRIC K IBYM cekaM. 1lpu onpenenenun roxa K3 B T04ke K4 B xa-
TONBKO DJHEPIOCHCTEMa, & TMOAOUTKA OT
snexTpoasurarenci HanpsokenueM 10 kB we yunteisaercd. Jing pac4eros Tokos K3 no
cXeMe DIEKTPOCHaOKeHu npeanpusaTus {(pucyHok 8.1) cocraBngercsa cxema 3aMerte-

i
il
B
X1
O 53
12
Fo . “

Pucynok 8.2 - Cxema 3amenrienus aAmsa Tokos K3

Hajizem mapaMeTphl CXeMBI 3aMENICHUSA B OTHOCHTENBHBIX euHunax npu Sg~1000
MBA wu, npuaEMas 3a 6a3pcHOE HalpsDKEHWE TOH CTYIICHH, HA KOTOPOH IIPOU3OULIO
KOPOTKOE 3aMBIKaHHE.
CorpoTHBIEHUE CHCTEMEI

rae S, — MONTHOCTH KOPOTKOTO 3aMBIKAHMA B IMHAX cHCTeMbL, MBA

Ss
Xlzxczs_cr
__1000_026
3800 7

Ham,

fucm

e g

flodnuce

Aama
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a8

Conpotusicaue BJI
L5
2 7
Ucpl

rae Ug,yq —~ cpeatiee HANPSIKCHKE BO3IYINHON MHHANY 110 xB;

Xo =X, =Xg' 1

1000
X, =X, = 0,43+ 3,0- 11z = 0,10. -
Conpotusiyienue Tpaschopmaropos I
Ux  Sg
7100 S,
rae Uy — nanpsxeHue KOPOTKOTO 3aMBIKaHus, Yo;
10,5 1000
X HTO“‘O*'"'E5— == 4‘,20
ConpoTHBIEHHE 0OMOTKH BBLICOKOI'O HAPDKESHUA
x4 = 0,125 x,

X; = 0,125 4,2 = 0,53,
ConpoTuBieHIe 00MOTOK HH3KOIO HAIPDKEHHUS
Xy = xe = 1,75 %,
X, = Xg = 1,75 - 4,2 = 7,35.
ConpoTuBieHye KabeIbHBIX TUHUH, MUTAIOINUX (BUTATENHN:

1 1 Sg
Xep = " Xg 'L 75
s Uzpz
1 S
Fyp ="7""'Ty~ "ﬁ_ﬁ-ﬁr
K1 sz

rae Uy, = 10,5 KB — cpeaHee HanpsuKeHne xkabenpHOU nuauy 10xkB

1 1000

Xe =7 0,09-0,238 - 05z 0,19;
1 10060

Xg = 1 0,09 - 0,092 - 1052 0,07;
1 1000

e =7 0,44 -0,238 - 1052 = 0,96;
1 1000

g =7 0,440,092 - e 0,37.

CoOnpOTHRIIEHHE BEICOKOBOJIBTHBIX ABHAFATETIECH:
1 1 Sg-cos¢g-y
X, = - :

A
N, Ipyex P

i
7€ Ipyex — KPAaTHOCTH IIYCKOBOTO TOKa JIBATATEIIA;

P, — HOMIHABHAA AKTUBHAA MOLHOCTD ABHITEN, KBT.

13.03.02.2019.749.00.00 /73
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Ty

T 1 Sgz-cosg- M
X, = —- : .

Ao, Loyex Py
11 1000- 10%-0.85-0.95 — 641
78S 630 - o
1 1 1000-10°-0.85-0.95 _
735 1600 Rt
Conporueiense kabeasnod nuxauu ot ['TIT no TII-12:
1 1000
Xio =7 0,08-0,128 - 1552 = 0,09;
1 1000
X190 =7 0,26-0,128 - 10.52 = (,09;

B cern HanpspkenweMm Hibke 1000 B neoOxomumoO ydWTHIBATL AKTHBHBEIE COIIPO-
THBIICHHS.
IHonnoe comporusienne Tpanchopmaropa nexoson TII:

U Sq
‘= m - SH.TJ
55 1000103
le:lOO‘ 630 = 87,30.

AXTHBHOE CONPOTHBICHUE TparchopMaTopa

S¢
= APK '@,
1000
ry, =7,3-103%- = 18,4.

6307
VHAyKTUBHOS COIIPOTUBIEHHE TpaHchopMaTopa

X =+/22 — 12
X1 = /87,32 — 18,42 = 85,3,
CornacHo [12, n.8.6.1] ams pacrpelenuTenbHsX YCTPOUCTB 1exoBbix TII mepe-

XOJHOE CONPOTHUBIEHHE KOHTAKTOB MOXKHO IpMHATS Iy = 0,015 OM. Dro conporusie-
HIE B OTHOCHTENBHERIX €IUHHIIAX

S¢
I'ig = Ik * e
6

1000
r1z = 0,015 5 = 938.

Jli1g pacueTa TOKa KOPOTKOIO 3aMbIKaHud B TOYKE K3 IIpUBe/eM CXeMy 3aMeHICHUA
(pucynok 8.2) K BULY PACYHKa 8.3.

X1z = X4 +X2 +X3+X4,
%13 = 0,26+ 0,10 + 0,53 + 7,35 = 8,24,

Auvcm

13.03.02.2019.749.00.00 /73 51
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i,

LT
e F

Pucynox 8.3 — Cxema 3amernenus ans pacuera K3 B Touke Ky

Zi4 = /0,962 + (0,19 + 64,1)2 = 35,7.

Z15 == Jrg =+ (XS -+ Xg)z.

7.5 = /0,372 + (0,07 + 35,6)% = 35,7.

bazucHLIA TOK:
Sg

Ig = ,
° \/§'U6
~1000-10°

(= ——
V3105
Ha‘laﬂb}lbIe 3HaA4YCHMUA cBepxnepexongoro TOKa Ka}Kl{Oﬂ BETBH
E

C
[.=—"1
X2

= 55 KA.

1
IC:@‘55~6,7KA.

1
lepn = — I,
A Z14

B

Iepy = ——+55 =09
CAL ™ 4.3 ’

1
lepg =—"1s,
A Z15

r

Ty = ——+55 =17
LA2 ™ 357 ’

HauansHoe 3Ha4eHue TOKA KOPOTKOrQ 3aMBIKAHNA B TOUKE K3Z

lis jo; = Lc + Icnazoy + Ienzyo/0
Lo jo; = 6,7+ 09 + 1,7 = 9,3 KA,

Har,

Aucar Ne okt flodnuce | Aama

A
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Y napHBIH TOK KOPOTKOTO 38MBIKAH IS
lyp = V2 LRR Y
rae ky, = 1,9 — ynapupi kospduument.
o =V2-19-9,3 = 25,0 KA.
MoLIHOCTEL KOPOTKOrO 3aMbIKaHUSA
Saz = V3 Us " Ino,
Sz =V3-10,5°9,3 = 169 MBA.
OmnpeaenumM TOK KOPOTKOI'O 3aMbIKanks B Touke Ky.
CymmapHoe aKTHBHOE COIIPOTURICHHE!
[y = Tyg +T1q + T2
ry = 0,30 +184 + 938 =1124.

i

T ey

T

CymMapHOoe UHAYKTHBHOE CONIPOTURICHHE
Xy = Iyp Ty T3,
x5 = 0,09 + 85,3 + 8,24 = 93,7.

[Honnoe conpotusnenie

5 25 = |12 +x2,

zy = 112,4% + 93,72 = 146,3.
MOIHOCTE KOPOTKOTO 3aMBIKanus B Touke Ky
S
Siaa = —
K34 Z4
£ NI 1999 6,8 MBA
¥ Kt 1463 '
- Tox KOpOTKOTO 3aMbikanus tipy OasucHoMm HanpshxeHuu Ug = 0,4 xB
: [, = Skck
. k4 \/g . UGJ
e = 2220 g9
) k4 \/’g . 0}4‘ ] -
Y JapHBI# TOK COCTaBUT:
i, =V2-1,6-99 = 22,3 KA.

Aucm
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Tabmua 8.1 — Pe3ynpTaTsl pacdera TOKOB KOPOTKOIO 3aMBIKAHHS

Pacuernas Hanpsuxenne Ug, Toxu, KA MomnocTs K3
TOoHKa pacueTHoN ToyKH,KI3 crynend, MBA
E lno lya
.. K; 115 19,1 - 464 3800
K, 115 13,9 35,4 2769
Kz 10,5 9,3 25,0 169
f K, 0,4 5,9 22,3 6,8

BRIBOASBI IO pa3aeny BOCEMb

Jins ocylIecTBIICHHSA BEIOOP2 U [POBEPKM KOMMYTALIMOHHOH, H3MEPHUTEILHON arn-
naparypsl, @ Tak e KaOenbHbIX NTHHUI Ha TEPMUYECKYI0 U THHAMUYECKYIO CTORKOCTE
OCYUIECTBIICH PACUET TOKOB KOPOTKOTO 3aMBIKAHYIA.

Aucm
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e ey

9 TEXHHUKO-D5KOHOMUWYECKOE CPABHEHHUE CXEMbBI BHYTPEHHEI'O
SHEKTPOCHABXEHW A

IlyTeM TEXHHKO-3KOHOMHAYECKOTO CPABHEHMs] BAPMAHTOB, OIPENENUM MENeco0n-
Pa3HOCTL ABYX BAPHAHTOR [OAKIIOUEHHUS TPanCHOPMATOPHBIX HOACTAHIMH, 8 IMEHHO:

1 MarucTpansHas cxeMa HOAKIIOYEHHs [EXOBHIX TPaHC(OPMATOPHBIX MOACTAH-
i [T — TT1E — TTI2 — TII13, n3oopa}{<eHHaﬂ Ha pucyske 9.1.

BCUJ 10 KB ACHL 10 kB
g .
= g
g{ $ . g[f
#="—[b1
i L3

Pucynok 9.1 — MarucrpansHas cxema (I BapHanT)

2 PagmanpHas cxeMa MOAKAIOYEHHS HEXOBBIX TPaHCGHOPMATOPHBIX IOACTAHIMI:
[IIT — TT12, T — TT13, THIT - TH0, I/I306pa}I{GHHaH Ha pucyHke 9.2.

3C1 50 k8 ' = 410 10 kB
Ty 8T8 ¢ 1
A A B A A
'E N U NS
(&;15. - .4 ‘?c%{;f oy

i 3
@ . m 8 1Mz
LRGSR i B o v [1

Pucviok 9.2 — panuansiag cxema (11 apuant
Y p P

9.1 Botbop xabensHbIX THHHH

KaGenpubic manun A | BapuanTta Osutd onpejenensl panee B rabnune 6.1. npo-
pepUM BBIOpaxHble KaOeqH 110 TEPMUYECKOH CTOMKOCTH K TOKAM KOPOTKOIO 3aMbIKa-

HHAL.

fAuem
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rae AA — noTepu sHEePryuM B Kabe/IbHON AWHUY;

CB - yﬂeﬂbHaH CTOHMOCTR HOTepb BHEKTPOBHepFHH.
E ; o K
L ' Cg =90

— 4 ), (9.6)
" rae § — nompaBoussyi K0d(hdHIEHT,
o — OCHOBHag cTaBka Tapuda [15];
B — crouMocTh 0HOTO KBT * 4 snexTposneprun [15].

K, = 1 — oTHOIIeHUE TOTEPh aKTUBHOH MOIHOCTH NpeAnpuatus AP, B MOMEHT
HauOOJLIIeH AKTHBHOM HaTPY3KH SHEProCHCTeMb] K MAKCUMANIBHBIM noTepsam AP, ak-
THBHOM MOLIHOCTH IIPEAIIPHATHS.

. (664,4- 12-1
0 27472

Torna cCTOUMOCTE TOTEPS DIEKTPOIREPTHH B KaOEILHOM JUHMK nutaromeh TTI-1
- (BapuanT I) cocTaBut

+ 1,726) = 4,87 py6/KBT - 4.

empem
: 3

CI"t = 975 . 4,87 = 4,74 ToIC. py6/TOA.
AHaNOrHYHLIE PACYCTHI IO BhIpaskeHMAM (9.3) — (9.6) uposoauM I Beex

paccMaTpHUBAeMbIX KaOeIbHBIX MHFH, MPEACTABICHHBIX B BapHAHTAX I u II (raGamiza
9.2).

N CToMMOCTb KaOEJILHBIX JIMHHUH, TPOJIOKEHHBIX B TPAHINEAX, IIpHHuMaem us [16].

Tabnuma 9.2
=

£ E-K, | AA, C,, |
P Hawmenosaune | En. | Kon-so | Croum.en, K, E, teic.pyd/ | kBT | THIC.pY
KJI H3M. TBIC.PYO./KM | THIC.pYD. | 0.e4 TOA -y 6/
/rog rog
Bapwuanrt | |
' - TII1 kM | 2x0,028 | 334,0 18,07 0,152 | 2,84 975 4,74
TII1 - TI2 kM | 2x0,066 | 334,0 44,09 0,152 | 6,70 658 13720
i I'TIT] — TII13 kM | 2x0,106 | 334,0 70,81 0,152 | 10,76 19 0,09
Bceero - - - 133,60 - 20,31 1651 | 8,03
Bapyanr 11
I - THI km | 2x0,028 | 334,0 18,70 0,152 | 2,84 211 1,03
[TIIT —~ T112 kM | 2x0,094 | 3340 62,79 0,152 | 9,54 708 3,44
; TIII - TIT13 (kM | 2x0,200 ! 3340 133,60 | 0,152 120,31 35 0,17
Bceero . - - 215,10 |- 32,69 954 4,64

9.3 BuiGop 31ekTpoobopy/roBaHusa

9.3.1 BbIGop AUCeK OTXOIANIMX KaOeIbHbIX TUHIH

YCoBHA BRIOGOPA, PACYETHEIC TapaMeTPhl CETH U KATalOXHbIE JaHHbIE sueek KPY
npencTaBneHr B Tabnuie 9.3 Ha npuMepe BeIbopa sueiKu oTxonsuieH kabenbHoH
munuy FITI-TTI (BapnanT 1).

Aucm
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£
i
[

T

Tabmuna 9.3 — Beibop KPY

Ycrosus BelOOpa PacyerHrie mapameTpsl CeTH Karanoxusie gagnsie K-104 l
Upom 2 Uyr:'r Uycr =10 kB Ugow = 10 kB
Tsan = Imax Imax = 180 A [gow = 630 A
lyn = Iy iy = 25,0 kA i, = 81xA
IZep * trep 2= By By = 76,3 kA% - ¢ 12, = 1200 kA* -

Ananornufsie guciikn KPY npuruMaroTCs At 0CTanbHBIX oTXoasux ot ['TITT
xabenbHBIX THHHUH Kak A7 BapuaHTa I, Tak u 114 sapuanTa II

9.3.2 Bribop BeIknoyarene KPY
TIToxpoGuprii BEIGOp BEIKITIOYaTeNs Ha BBoRy KPY paccmorpen B Tabmuie 9.4.
B sueiixax KPVY tuna K-104 YCTaHABTUBAIOTCA BAKYYMHBIC BBIKIIOIATENN THILA

BB3-10-20/630 V3.

AneprosuuecKoil COCTaRNAIOMIEeH TOKa KOPOTKOTO 3aMBIKAHHUA B MOMEHT PaCcXOK-
NEHHSA KOHTAKTOB BHIKIFOUATEIS T, ONPeaeNaeTcs 110 (opMye:

T
= \E ' I11,0 e Ts,

I&T

TAC T- BpeMs OT Hadalla K3 no npeKpamienis CONPUKOCHOBERHNA AYTOMACHTCIIBHBIX

KOHTaKTIOB, C;

T,- TOCTOSIHHAS BPEMEHN 3aTYXaHHA amepUOIHICCKON cocTapitolleit Toka K3, ¢.

=+/2+9,3+e 004 = 3,8 KA.

0,05

3ar0 H3rOTOBUTEID rapantTapyeT BBIKIKOHATC/IIO AICPHOIHYUYCCKYHY COCTaBIAIO-
IIYH0 B OTKIIOYAIONIEM PCXKHME HJIA BpCMCHH T, COTTIACHO BBIPAKEHHIO!

ia,HGM = \/E BH -1
igmom = V20,520 = 14,1 KA,

OTK,1I0OM?

Tabimua 9.4 — Beibop BrikirogaTenei a spoje KPY

Yenopus BEGOpa PacueTHble NapaMeTphl CETH Karanoxueie JaHHbe
BB32-10-20/630 Y3
Ugom = Uyer Uyer =10 KB Uiom = 10 kB
lyom 2 Imax Inax = 180 A lyow = 630 A
Lyomorx = buo [10 = 9,3 KA I]—‘[QM ore = 20 KA
Fom = lat I,y = 3,8 KA o = 14,1 kA
lyy = ly Iy = 25,0 xA i, = 81 KA
LZep * Lrep = Bic Be = 76,3 KA® - ¢ 12, = 1200 kA? - ¢

fladnucs
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9.3.3 Bribop BHEIKIIOUATEIICH HAMPY3KH ¢ HPEHOXPAHUTENSMH, YCTAaHABIMBAEMbIX
yCTaHaBIIMBAaEeMbIX Ha BBOJAX LEXOBBIX TTI

BrixmouaTeny Harpyskd U IIpeJOXPaHUTENH

nexossix TII opy MUTAHAN OCIEAHUX 110 MATUCTPAIBHBIM CXeMaM (BapuaHT I).
Jlns mpumepa, paccMOTpuUM BHIOOP yKasaHHBIX annapartos g TI1-1, ga xoropo#n
yCTAHOBIECHB JBa TpaHchopmaTopa Thia TM3-1000.
Venosus  BBIOOpA,
BBIKITIOUATENSE HATPY3KH C TIPEAOXPAHUTEISIMU IIpejcTaBles B Tabmuuax 9.5 u 9.6
COOTBETCTBCHHO.

pacyeTHBIE MapaMeTPh

Tabauna 9.5 — Berbop BEIKIIOUaTENSH HArPY3KH

YCTAaHaBJIHUBAIOTCA Ha BBOJAX

CeTH H KAaTaJlOXHBIE [aHHBIC

Y¢aoBus BEIOOpa

Pacuernric TapamMeTpbl CETH

KaTanokHpIe JAHEEIC
BHAR-10/630

Upom = Uyer Uyer = 10 kB Uyou = 10 kB
liou 2 Imax Inax = 80,8A Loow = 630 A
i;um 2 iy iy = 25,0 kA i'{,'HH =80 kA

2 .
I-rep t'rep = Bk

By = 76,3 kA% - ¢

2, * trep = 1200 kA% -

C

Tabnuna 9.6 — Beibop npejoxpaHurenci

Yecnoue Bribopa

PacueTnple rrapaMeTprl CeTH

KaTanoxHbie JaHHbIe
TIKT103-10-100-20VY3

Upow 2 Uycr Uyc-r = 10 xB Uyom = 10 KB
Lo 2 Imax Thax = 80,8 A Loy = 100 A
Liomory 2 Ik .= 10,2 KA lhomerx = 20 KA
Pabouwii TOK B YTSOKEICHHOM pexpmMe st TpanchopmaTopa TM3-1000:
I 1,4-S,;
max \/§ . UH ]
I 1,4-1000 80.8 A
max \X—,_g . 10 » .

AHanornypsle BRIKIIOUYATENH HATPY3KU BRIOWPAKOTCA Ha BBole Apyrux TI1

9.4 OupeeNcHAS TEXHHKO-FKOHOMUHECKHX [IOKa3aTered BapHaHTOB
CXEM BHYTPEHHETO IEKTPOCHADKEHHA NP EANIPHITHSA

[I'onoBsie OPUBCACHHBIC 3aTPaThl HAXOAATCA U3 BhIPAKCHHA

n
BZZEi'ki+C3!
i

rae E; — 00mue exerofnbie OTYMCIEHNs OT KaIUTANBHbIX BIIOKEHUH,
K; — cyMMa KanuTalibHbIX 3aTpaT 1-0H rPYyIIbl OAHHAKOBBIX 3JCKTPOIPHEMHHKOB;
C, — CTOUMOCTB TOAOBLIX JIOTEPH IMEKTPOIHEPTHH.

(9.7)

Har,
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Ob1mme eXeroiybie OTUHCICHHS OT KaIlMTaldbHbIX BIOKCHWN, HAXOAWTCA I10

tdhopmyue;

Ei = Ey + Eg; + Eop
rae E, = 0,12 — vopmaTuBHEI Kod3hduuuerT >QHeKTUBHOCTH;

E.; — OTUNCHEHNS Ha aMOPTU3AIHIO.

E,; — pacxoasl Ha 0OCHyKNBAHHE.

(9.8)

CTouMOCTE 3MEKTPooGopyRoBaBMs 1 KaOEIBHOH NPOAYKIMM NPHHUMaeM u3 [16,
17], a pe3ynbTaThl TEXHHKO-3KOHOMHHECKHX pacdeToB no opmyaam (9.7) — (9.8) cae-
aeM B Tabmury 9.7 u 9.8.

Tabnuma 9.7 — TeXHUKO-9KOHOMHUYECKUE NIOKA3aTeNH | BapHaHTa

Cr-cTh ki, E;, k; - Ej, | Ilore- C,, ITpus.
Haumemosanne | En. | Kon- | en-um Te1C.py6 | l/rox | Teic.py pH THIC.PY | 3aTp.,
u3M. | BO | TeIC.pYD 6/ AA o/ TBIC.PY
roxu kBT/ro FONI 6/
i TOX
Sueika 0TXO-
OSEX THEWA | TOT 2 313 626 0,193 121
10 kB K-104M
€ BBRIKITEOTATe-
nem BBD-10-
20/630
Brikmouarels
HATPY3KH ¢ | WT 6 21 126 0,193 24
IPEOXpaHu-
Tenamu BHAT-
10/630
KabGe;rpHbIe 134 0,152 20 1651 8 J
JJHHHHA
Bcero no Ba- 886 165 1651 8 173
pHAHTY
Tabnuna 9.8 — Texuuko-sKoHOMUYecKUe oKasaTeny 11 sapuanra
Cr-c1B ki, Ei, k; - E;, | Hote- Css IMpue.
Hasmenosanue | Ep. | Kon- | eg-usl | Teic.py | l/rog | Teic.py® pH THIC.D | 3arp.,
¥M3M. | BO | THIC.PY 6 / AA y6/ | TeIC.pYE
5 rox kBT1/TO ron /
i\ romg
STyeika oTXO0s-
mux muani 106
kB _ HIT 6 313 1878 | 0,193 362
K-104M c BBI-
KIE0UATEIEM
BB3-10-20/630
KabGessarie  JH- 215 0,152 33 954 5
HHH
Beero 1o Bap-Ty 2093 395 954 5 400
Aucm
13.03.02.2019.749.00.00 //3 60
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[Ipuscaeuubie 3aTpaTsl Bo Il BapuanTe O0bIUE, 4EM B HEPBOM HA !

3 200 —175 . 00% = 56.6%
400 0= 2oL

| [TosToMy IpHUHUMAEM BApuaHT [, 2 MIMEHHO MaTHCTPANBHYIO CXeMY COCIMHEHMA
- [EXOBLIX TPAHC(POPMATOPHBIX HOICTAHIHH.

BrIBOABI 10 pas/eny AeBATh
C nOMOIIBI0 TEXHUKO-3KOHOMHYECKOro CpaBHCHM, 000CHOBAHA d(P(PEKTHUBHOCTE
£ IPHMEHECHUS MaIHCTPaIbHON CXeMBl BHYTPEHHErO 2IEKTPOCHA0KEHNS.

H
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£
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B
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10 BBIBOP OJIEKTPOOLOPY JIOBAHUS CBC ITPEATIPVIATIAS
10.1 Beibop sryeex KOMIIEKTHOTO pachpeIe nTeasHOro ycrpoicrea TTITNT

Tlepen BEIGOPOM M IPOBEPKOH KOMMYTANMOHHOM 1 H3MEPHTENLHOA annapaTypat
OCYNIECTBUM BEIGOP KOMILIEKTHOrO obopynosanus CIC.

Pacipegenutensroe yerpoiictso PY 10 kB Bemosmsiem KoMILIekTHEIM (KPV) co
mxapamy Tina K-104M, Tun seikmowartens Ans Jansbix sdeex BB 2-10Y, tun
TparchopmaTopos Toxa TTIIK.

YcioBust BeiGOpa, pacyeTHbIE NAPAMETPEI CETH M KATANOKHAIE DaHHble sueek KPY
[18] mpencrasnens 8 Tabumme 10.1.

Tabmuna 10.1 — Beibop KPVY

Yenopus Beibopa Pacuernsie mapaMerprr ceti Karanoxunie gapmbie
K-1064M
Uson = Uyeq Uyer = 10 kB Uyom = 10 xB
Liow = Loy [nax = 962 A Liow = 1000 A
Lgn = 1y i, = 25,0 KA Lun = 81 KA
[Zep * trep = By By = 145,7 kA2 - ¢ [Zep “ trep = 1200 KAZ -

Paboumit TOK B yTsXeneRHOM pexuMe BBOIHON sueiiky OfIPEIENINM, HCXOIOs K3
NEeperpy304HO# CIIOCOOHOCTE CHIIOBLIX TpaxchopmaTopos ['TIIT:

I 148,
s Tz U,
1,4+ 25000
V3-2-10,5
Tennoso#t ummynse Toka K3 onpenensercs mo hopmy.e:
By = Irzi.D ) (tp.a +top + Ta):
rae ty 5 — BpeMs FelCTBHS MaKCHMANBLHOM TOKOBOM! 3ATI{ATh] JIUHUH, C,

max

= 962 A

Lo.5. — MOJIHOE BPEMST OTKNIOUESHHUS BRIKIIOYATEN], C;
Ty — Bpems IpoTeKaHI anepHOIMYECKOl COCTABIAIONICH TOKA K3, c.
By = 9,32+ (1,5+ 0,06 + 0,12) = 145,7 kA2 - c.

10.2 Beibop ssiximouarenei KPY

HonpoGuerli BeIGOp BBIKMIOYATENs HA BROmE KPV paccMoTpeH B Tabiaune 10.2,
CEKIMOHHBIN BBIKNOUATENb IPUHEMAETCS TOTO e THIIA, YTO H BBOIHOM.

B aueitkax KPY tuma K-104M ycraHasmmsaroTcs BAKYYMHBIE BBIKITHYATENN THIIA
BB3-10-20/1000 Y3 [191.

ATIEPHOHYIECKON COCTABIIMONIEGH TOKa KOPOTKOIO 3aMBIKAHHUS B MOMEHT pacxox-
ACHHA KOHTAKTOB BBIKIMIOYATENIS T, ONPEAEHITCS 110 QopMyITe:

T
ia,-c = ﬁ- In]ﬂ - e Ta,

TAe T- BpeMs 0T Havana K3 10 npexpamenus conpHKOCHOBEHMA 1Y TOTaCHTE IbHbIX
KOHTaKTOB, C;

Aucm
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T, - TOCTOSIHHA BPEMEHH 3aTyXaHUA allepUOJUHecKON cocTasisomed Toka K3, ¢

3,05

iar = V2:9,3-¢ 00% = 3.8 KA.

33130;1 H3TCTORUTESIL TAPAHTHUPYET BRIKIHYATEAIO aNePHOIARYCCKYIO COCTaB-
JSIIOINYIO B OTKNIOYAROTHEM PEXUME A BPpEMEHH T, COITIACHO BBIPAXKCHRIY,

ia,HOM = \/i . BH . IGTK,HOM!

ianow = V2-0,5-20 = 14,1 KA.

Tabmuna 10.2 — BeIOOp BRIKAKOYaTENEH Ha BBOAE B KPY

KarajoxHbie NaHgbie
Ycnosug Beldopa PacueTHBIE TapaMeTphl CeTH BB2-10-20/630 V3
Uson = Uyer Uyer = 10 xB U,on = 10 KB
Liom 2 Imax lmax = 962 A lyow = 630 A
IH(JM orx = oo Ijo =93 kA Lioworx = 20 KA
Liow 2 laz I, =3,8KA o = 14,1 KA
Imm = Iho = 9,3 KA I,,][HH = 20 kKA
L = Iy i, = 25,0 KA = 81 kA
Zep * teep = By By = 145,7 kA% - ¢ o * trep = 1200 kA -

OcTanbHBIC BBIKIHOYATEIN 131)161«1pa}0'r05{ @HAIIOTHYHO, pC3VILTATEL IIPCICTARICHLL

B Tabmuie 10.5

10.3 Bribop TpanchopMaTopos ToKa B suenkax KPY

B suetikax KPVY tuma K-104M ycramaBIMBAIOTCS TPAHC(OPMATOPHl TOKA THIIA
TIDIK-10-1000-0,5/10P-Y3 [20]. Paccmorpum moapoOHO BeIGOD TpaHCPOpMATOPOB
Toka Ha Beoge KPVY, tpancdopmarop ToKa B HEIH CEKLMOHHOTO BHIKIIOTATEIA TOIO XKe
THNA, a TpauchOpPMATOPH! TOKA Ha JAPYTUX [PUCOCAUHEHUAX PACCUMTHIBAKOTCS aHalo-
THYHO, HX THIIBI IpeAcTaBiaeHbl B Tabmune 10.5.

Yenopud BIGOpA, PACUETHLHIE TAPAMETPE CETH M KaTAI0XKHBIE JaHHEIE TpaHChOp-
maropoB Toka Ha BBogAe B KPY ykazans! B Tabiuie 10.3.

Taonuma 10.3 — Buibop Tparcdopmaropos Toka Ha BBoge B KPY I'TIII

Ycnosua BBIGOpa PacueTHBIC napaMeTpsl CETH Karanoxubie H3HHBIC
K-104M
Uson = Uper Uyer = 10 kB Ugony = 10 kB
Ligu 2 Loy Lnay = 962 A Liow = 1000 A
fgun = 1y i, = 25,0 kA g = 81 KA
Fep “ Trep 2 Bk By = 145,7 kA% - ¢ Ifep * trep = 1200 KA? - C

Tl IpoBEpKH BHIOPAHHOTO TPAHC(HOPMATOPA TOKA [0 BTOPHUYHOH HATPY3KE CO-
CTABIIIEM CXEMY BKIIOUCHHUS TPaHCHOPMATOPOB TOKA H H3MEPUTENBLHEIX IPUOOPOB (pu-

cyHOK 10.1)

Ham, | Aucm Ne dowrym flodnucs
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Tabnuma 10.5 — Berbop BriurouaTencH 1 tTpaHcHOpMaTopoB ToKa

Kabembhee | Upows | lmaxs | lwes |y Twn Tun
- H:;*E‘:{é‘:i‘ig kB A KA KA BBIKITEOUATEIL TparchopMaTopa ToKa
é TTIIE-TTI1 10,5 | 180 93 | 25,0 ! BBD-10-20/630 V3 | TIVIK-10-200-0,5/10P V3
THI-TI3 | 10,5 179 9,3 | 25,0 | BB2-10-20/630 ¥3 | TIUIK-10-200-0,5/10P V3
s ITII-TII4 | 10,5 179 9.3 | 25,0 | BB®-10-20/630 ¥3 | TIUIK-10-200-0,5/10P V3
T'THI-TIIS | 10,5 220 | 93 | 25,0 | BBD-10-20/630 V3 | TIUIK-10-300-0,5/10P V3
I'THI-TT7 | 10,5 137 93 {250 | BB3-10-20/630 ¥3 | TIIJIK-10-150-0,5/10P V3
(" ITHI-TTI9 | 10,5 53 93 | 250 | BBD-10-20/630 ¥3 | TIIJIK-10-150-0,5/10P V3
TTHI-TIIIT | 10,5 34 93 | 25,0 | BB®-10-20/630 V3 | TIIJIK-10-50-0,5/10P V3
TTII-TIII2 | 10,5 31 9.3 | 25,0 | BBD-10-20/630 V3 | TIDIK-10-50-0,5/10P V3
TTIF-TII 4 | 10,5 253 93 | 25,0 | BB2-10-20/630 ¥3 | TTUIK-10-300-0,5/10P V3
i T | 10,5 94 93 | 250 | BB3-10-20/630 V3 | TIUIK-10-100-0,5/10P ¥3
T2 10,5 47 93 | 250 | BB3-10-20/630 Y3 | TIIIK-10-50-0,5/10P V3
TTHI-CAl | 10,5 34 93 | 250 | BBD-10-20/630 V3 | TIDIK-10-50-0,5/10P V3
Mn-ca2 10,5 82 93 | 25,0 | BB®-10-20/630 ¥3 | TILIK-10-100-0,5/10P V3

10.4 Bribop TpascdopMaTopoB HANPSHKEHUS

TparcdopMaTop HaNPAKSHHUS YCTAHARBIBASTCA OJMH HA KAXAYIO CEKHuI0 ¢OOp-
HBIX I0MH, BO BTOpHUHYKH OOMOTKY HAIpPSKEHHA BKIIIOYACTCA KaTYIIKK HAUPSOKCHH
A3MEPHUTENLHABIX PHOOPOB BCEX IPUCOSIMHEHNH JAHHOM CEKIMH U COOPHBIX HIVH.
TpauchopMaTOphbl HAIPAKEHNS BEIOUPAIOT [0 CIEAYIONIMM YCIOBHAM:

1) 1o HANpPOKEHUIO

UHGM Z Uy'CTJ

2) IO KOHCTPYKIHH M CXEME COETMHEeHMS 0OMOTOK,

3) Mo KjIaccy TOYHOCTH.

B sueiikax tuna K-104M K ycTaHoBKe IpHHHMaeM TpaHCHOPMATOp HAUPAKEHH
una HAJIM-COUI-10, Tak kak gauusii TparchopMaTop HalpstKeHUA o00nanaet psaiom
IPEerMYLIECTB NEPel AHATOIMYHBIMU aHTHPE3OHAHCHBIMH TPAHCHOPMATOPAMU HAIIPsI-
‘s sxenms [217:

- I7IaBHOE MIPEMMYILECTBO IIepPe MACISHBIMH TPaHCHOPMATOPAMH HANPAKEHHSA —
HOXKapo- ¥ B3PHIBOOE30IIaCHOCTE; |

- HMEeTCs BO3ZMOXKHOCTH 3aMEHE! OJHOTO WJIH HECKONBKHX TpaHcHOPMAaTOpOB,
v BXOISIUIMX B Tpex(PpazHyIo Py ¥ BRIHICAINKX U3 CTPO 10 KaKoi-mubo mpu4nHe,

s - coxpansterca paboToCHOCOOHOCTs M IAPaHTHPYETCs HOMHHANBHBIH KIACC, TOY-
HOCTH Ipy 0OpaTHOM YepenoBaHuU (a3, a TaK Ke HMCETCH BO3MOKHOCTD 1IPOBEPKY pa-
HOTOCIOCODHOCTH TOTONHUTENBEHOH 0OMOTKY, COSTMHEHHON B 3aMKHYTBIH TPEYTONb-

HHUK TIO CPAaBHEHMIO ¢ TPex(hasHuIM MACHIHBIM TPaHCPOPMATOPOM HALPHKCHAS THIIA
HAMMN.

Aucm

13.03.02.2019.749.00.00 /73 -

Mz, | Aucm Ne doxyrm flodnurs | fama



userpc
Текстовое поле
13.03.02.2019.749.00.00 ПЗ

userpc
Текстовое поле
65


5

[

- 3a3emMileHve HEeUTpalu BBICOKOBOJBTHOH OOMOTKHM BBIIOJHEHO Yepes WHIYK-
tuBHoe conpotusierne oOmorku TITH, aro Gomnee a(pdexTUBHBIN METOA 3allUTBI OT
(heppope30HAHCHBIX IMPOLECCOB, IO CPABHEHHIO C MHIMPOKO W3BECTHOH Tpex(asHO

rpynnodt 3x3HOJL, 3aszemnnemMon yepes pe3sucTopsl.

Cxema BKIOUeHUs TPaHC(HOPMATOPOB HANIPSLKEH S — «3Be3/a ¢ 3eMIei — 38e31a ¢

3eMrell — pasoMKHyYTHIH TpeyronpHuK (pucyHok 10.2).

Ler comenyvun LS LN Ly gaeens
gm0 fore T

ey e
%y bob
IR g
T -

fiarmy RepemyIEOR
wonaus

Pucynok 10.2 - CxemMa mofKMOYeHNAS TPaHCPOPMATODE HANPSHKEHAH

Tabsuna 10.6 — Beibop TparchopMaTopos HaNpKEHUs

Morr-T Odmas
ITpuGop u mecTo ero THIL onuoit | Hume- | cosg | sing | Ymcno MOUIHOCTD
YCTAHOBKH 00M-KH, 7o npubo- | P, Bt | Q,, Bap
BA 0OM-K poB
PV | Cexums CIH 3-335 2,0 1 1,00 | 0,00 2 4 -
PW Llens cuno- J1-335 1,5 2 1,00 | 0,00 | 3 -
BOFO
Tp-pa
PIK | Ilens cuuio- | COT4.T 3,0 2 0,38 | 0,93 10 5 20
BOTO M
TpaHchOopmMa-
TOpa
U OTXOSIIIX
JHAH
Hroro 15 20
| HAJIM-COI-10V3 Tpexdazaett TpaHchopMaTOp HALIPAKSHAY Sz =25 BA |
Uyou=10xB |
SZ,l(ﬂ.qu-l.O,S =75 BA SZHOM =3-75=225> SZE

Hare § Aucm e dorym

flodnuce

Hama
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Yrobsl TpanchopMmaTop HanpspkeHus padoTan B 33aJaHHOM KIAcCe€ TOYHOCTH,
JTOTKHO BBINTOJTHATCS YCIIOBHE:

>S5

SZHOM Harp

TAE Syarp — MOHIHOCTH BCEX M3MEPHUTENBHBIX NPUOOPOB M penie, IPUCOSAMHEHHBIX K
TpaHcOpMaTOpy Hanpspkenust, BA;
Souoy — HOMHHANBHAS MOIIHOCTH BTOPHYHOH OOMOTKH TpaHC(OPMATOpa HAIIpsi-
SKEHHS B 3aJaHHOM KJacce TOUHOCTH, BA.
TpaucdopMaTop HaUPSLKEHHS NPUCOEAMHSIETCS K COOPHBIM IIHHAM YEPE3 NPefo-
xpanutens Tana [TIKH001-10Y3 1 BTEIMHON pasheAHHUATEND.

10.5 Bribop coemunenus cuiaosoro tpaschopmaropa [T ¢ PY HH I'THI

B KauecTBe TOKOBEHYINEH 9acTH, COSAMHSIOIEH CHUIIOBBIE TPAHC(HOPMATOPHI C
KPV, nenone3yeM KOMIUIeKTHRH Tokomporox Tina T3K-10-1000-81YXII3 [22]

Bribop ToKONpoBoAa npeacTasuM B Tadbmanue 10.7.
Tatnuna 10.7 — Berbop Tokonposo/a

Yenopus Bribopa PacueTHRIE HAPaMETPh CETH KaranoxHste Jannee
| K-104M
Unom = Uyer Uyer = 10 kB Uiom = 10 xB
Loy 2 Imax Imay = 962 A lyon = 1000 A
L 2 by i, = 25,0 xA bam = 81 KA

10.6 Brioop BeIxtoUaTenel Harpy3Ki B OpeNOXpaHUTeNIeH,
YCTAHABJIMBAEMBIX Ha BBOAAX HexoBsIx TII

Brixmouareny Harpy3ku ¥ NpefoXpaHHTENy YCTAHABIMBAIOTCSA HA BBOJAAX LIEXO-

Boix TTI npu nUTaHWH HOCIEAHHX 110 MArUCTPATBHBIM CXEMaM.

Jns nprMepa, pacCMOTPUM BHIOODP YKa3aHHBIX anIaparos Al TII-5, ga xoTopOH

ycTanosieHs! 8a Tpancdopmaropa Tuna TM3-1000.
Veinosua BeIOOpa, pacueTHRIC TapaMeTphl CETH M KATal0KHbIe JaHHBIC BBIKIIOYa-

Tels HAIPY3KHM W TIPEAOXpaHHTens mpeacTabnens! B tabmurax 108 n 10.9 coorser-

CTBEHHO.
Tabnuna 10.8 - Beibop BeIKIIOUATEIEH HATPY3KH

Yenosua Beroopa PacueTHbIE TapaMeTphbl CETH KaTtano:xHble JaHHbIE
K-104M
Unon = Uyer Uy, = 10 kB Upor = 10 KB
liom 2 Imax Imax = 80,8 A Lyow = 630 A
w2 1y iy = 25,0 kA Iy = 81 KA
1Zp " trep = Bx By = 76,3 kA* ¢ I2ep  trep = 1200 kA% - ¢

H3.

Aucm A dokyrt
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Tabnuna 10.9 - Beibop npenoxpanurenest st TI1-5

Yemorusa BeIOOpa

Pacyernsie HapaMCTPRI COTH

Karanoxuoie JanebEe

K-104M
UHOM 2 Uyr:'r Uyci' =10 kB UHGM = 10 kB
Liom 2 lmax [nax = 80,8 A fiow = 100 A
lnomork = Ik I = 9,3 xA Liouomne = 20 XA

Paboumii TOK B YTSIKEIEHHOM pexuMe it Tpancpopmaropa TM3-1000:

max —
1,4-1000
Imax = ﬁ 10

1,4-S,.
V3-2-U,

= 80,8 A.

AHanoruiHo BRIOWPAIOTCS BHIKIIOYATEIM HArpy3KH W IPEAOXPAHNUTENH Ha BBOJE
npyrux TI1. PeaymeraTsl pacueTa ceefeM B Tabnuny 10.10.

Tabmana 10.10 — BeOOp HpegoxpaHuTeNeH

Homep Usoms Inax, | - Tun Tun
TH xB A KA NPEHOXPAHNTENA BBIKITKYATEIS
HaIrpy3KH

TI1-1 10,5 80,8 9,3 ITKT102-10-100-20Y3 BHAR-10/630 V3
TI1-2 10,5 80,8 9,3 MKT102-10-100-20¥3 BHAR-10/630 ¥3
TII-5 10,5 80,8 9,3 TIKT102-10-100-20Y3 BHAn-10/630 V3
TI1-6 10,5 30,8 9.3 MMKT102-10-100-20V3 BHAD-10/630 V3
TIH-7 10,5 80,8 9.3 [TKT102-10-100-20V3 BHAn-10/630 ¥3
TII-8 10,5 50,9 9.3 [TKT102-10-80-20Y3 BHAn-10/630 ¥3
TI1-10 10,5 50,9 9,3 TIKT102-10-80-20Y3 BHAR-10/630 V3 |
TII-13 10,5 12,9 9.3 IIKT102-10-16-20VY3 BHAR-10/630 V3
TII-14 10,5 80,8 9,3 TIKT102-10-100-20¥3 BHAR-10/630 V3
TIH-15 10,5 80,8 9,3 IKT102-10-100-20Y3 BHAR-10/630 V3
TI-16 10,5 80,8 9,3 IIKT102-10-100-20Y3 BHAD-10/630 V3

TEPHBIX TEPMHUUCCKHUK cederMH kabeneil ceeneM B Tabmuiy 10.11.

10,7 lIporepxa kabenel HanpsuxeHueM 10 kB Ba TepMHYECKy10 CTOHKOCTD

K TOKaM KOPOTKOT(Q 3aMBIKaHH3I

Kabenn manpsoxeaneMm 10 xB cxembl BHYTPEHHETO 3NIEKTPOCHAOKEHHS IPOBEPS-
JOTCA Ha TEPMUYECKYIO CTOMKOCTD K TOKAM KOPOTKOTO 3aMbIKanMsA. Pacuer Bcex xapak-

Ham.
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Prucynox 11.3 — xapra CeleKTUBHOCTH

B tabiuie 10.11 obo3raveno:

9 A-c1/?
C- koadduupmesT, 3aBUCAIMH OT BHa MeTala il kabens, — 114/
M

By —TemnoBoil uMmyasc Toka K3, kA2 - ¢

Tabnuua 10,11 — npoBepka Kabesel Ha TEPMUUECKYIO CTOMKOCTE

Hayano n kosen I Upar C Lonc T, ¢ By, kA% - ¢ C Fo e e
 KaGenpsol nuanu KA
I'THI-TTI 9,3 0,7 0,06 0,12 76,3 75 117
['TIN-TTY 9.3 0,7 0,06 0,12 76,3 75 117
ITH-CA 9,3 0,1 0,06 0,12 243 75 66

paboThl, 10 TEPMUYECKH YCTOHUNBOTO CEYSHUS.

Tepmugecky CTOHKOE CEUeHHE ONPERAESTUM 10 BLIPAKEHMIO!

TN —
FT.C -

/76,3106

75

= 117 MM?.

B tabsmue 10.12 3anucansi Bee kabenu, A KOTOPBIX NPOU3BOAUTCS YBEIUUEHUE
TUTOIAIN CEUCHMUsI, BEIOPAHHON 110 YCIOBUSAM HOPMAaNbHOTO ¥ YTSIKEIEHHOIG PEKUMOB

Hara, | Aucm

e dori

flodnuce

Aama
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Tabmuua 10.12 — Tepmuueckn ycToifauBeie cedeHns kabenei

Havano u xo=en {Ipexnas momans ce- [omass TepMudeckd | W v momais cede-
KaGensHOoM nnamy YeHds Kadels, MM~ YCTOHYHBOTO CEUCHHA HUS
' xaberis, MM~ HOBOTO Kaberss
I'TIIT - TII1 70 120 AAIIn-10 (3x120)
TII1 - TII2 35 120 AATIn-10 (3x120)
1112 - TII13 16 120 AATIn-10 (3x120)
' - TII3 70 120 AATIN-10 (3x120)
I'TIII - Ti14 70 120 AAlIn-10 (3x120)
[T - TTI5 95 120 AAIIn-10 (3x120)
TIIS - TII6 50 _ 120 AATIR-10 (3x120)
1T16 - TI110 25 | 120 _AATI-10 3x120)
I'THT - TTI7 50 120 AATIT-10 (3x120)
TH7 - TII8 25 120 AAIT-10 (3x120) |
I'TIT - T119 15 120 AAILn-10 (3x120)
PIT - TTI1 1 16 120 AAlTn-10 (3x120)
I'TII-TH 2 10 120 AAlR-10 (3x120)
['TIY - TI114 120 120 _ AATIn-10 (3x120)
TII14 - TII15 70 ~ 120 AAIl-10 (3x120) |
TITi5 - T1116 35 120 AAIla-10 (3x120)
['TIIT - 1741 70 120 AAIL-10 (3x120)
11T - 1142 35 120 AATT-10 (3x120)
I'TIIT - CH1 25 L 70 AATIR-10 (3x70)
I'TIIT - CJ32 I 70 70 AATIn-10 (3x70) |

10.8 Buibop Tpancdopmaropos coOCTBEHHBIX HY K]

[Totpeburei COOCTBEHHBIX HYXKZ MOACTAHIUH JETSITCSA HAa OTBETCTBEHHBIX U HE-
OTBETCTBEHHEIX. OTBETCTREHHBIMI MEXaHUAMAMU SABJISTFOTCS CHCTEMa OXJIAXKISHUSE CHi-
JIOBEIX TPAHCGHOPMATOPOB, CETH aBAPUIHOrO OCBEIHEHHS, CHCTEM& [OXKApOTYILEHWS,
CHCTEMA IIOAOrpesa IPHUBONOB pasbenuuuTencid nogorpesa kahos KPY, cucrema
OFfePaTHBHOIO YIIPABICHHS, CBA3H ¥ TENeMEeXaHHKY.

Kpome Toro, rorpeGureny coOCTBEHHBIX Hy¥J NOACTAHIWH SBISIOTCH OCBEUe-
Hue, ororuienne, seaTuranua 3PV, oceemernne OPY Takke OTHOCUTCS K nOoTpeOUTeN M
coberBennbIX HYxi. Ha aByxTpancdopmaropusix noacradiwsix 35 — 750 kB ycranas-
JAUBAETCS HE MEHEe ABYX TPaHC(HOPMAaTOPOB COOCTBEHHBIX HYKI.

MornHocTs Tpasc(opMaTopos coOCTBEHHBIX HYKI HOKHA BOHpATCHS B COOTBET-
CTBHM C Harpys3kamy COOCTBEHHBIX HYKJ B PasHBIX pexrMax padoThl NOACTAHIHH C©
yaeToM KO3(QOHUIMEeHTa ONHOBPEMEHHOCTY U 3aTPY3KH, a TAKKE ¢ YYETOM NEePerpy3ou-
HOM cHoco0HoCTH TParchOpPMATOPOB B HocheaBapuiiHoM pexumMe. JIOMycTUMO IpHEU-
MaThk MOILIHOCTE TpaHchopMaTopa COOCTBeHHEBIX HYX /I, paBHoi 0,5% oT mMouHocTy cu-
soBoro TpanchopmMaropa [23]:

0,5
STCH = 100 . SIET%FI’
0,5
Sren = o 25000 = 125 KBA. -

Aucm
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HMcxoas »3 YCIOBHH HHTAHUA BCHOMOTATEIBHBIX MEXaHW3MOB IIPEANPHATHS,
BoIOupaeM asa TpaHcdopmaropa tria TM-100/10, koTopblie MOAKITIOIAIOTCS K OOMOTKE
HH cmossx Tpanchopmaropos I'IIIT gepes npepoxparurenu tuna [IKT101-10-16-
12,5 V3.

10.9 Bribop BBOAHBIX ¥ CEKI[MOHHBIX ABTOMATHYECKHX BBIKJIIOUaTene PY

HH TII1

BriGpanHble UEXOBBIC TPAaHC(HOPMATOPHBIE NOJCTAHIME YKOMIIEKTOBAHE! aBTO-
MATHYECKMMH BBRIKIHOUATESISME CEPHH «DIEKTPOH» Ipou3BoacTBa 3aBoja «KoHTrak-
TOp» T. YIbpanosck [24]. BerOOp BBOAHBIX ¥ CEKIHOHHBIX aBTOMATHYCCKUX BBHIKIIOUA-
TeNnel Ha CTOPOHE HHBIIETO HANPMKEHWS [EXOBBIX TPAHCHOPMATOPHLIX HOACTAHITNH
npeacTapuM B Tabaune 10.13.

Tabnuma 10.13 — BeiOop BROAHBIX M CEKLIMOHHBIX aBTOMATHYECKHX BhIKIIOYaTeneH PY

HH TII
Homep MecTo Tyram, fr, iya Tun
TTI YCTAHOBKH A XA KA BBIK/FOUATES
BEIKTIOUATEIS
1 2 3 4 5 6
TH-1 Beoanoii 2020 9,7 22,0 925C-2500YXJ13
CerMonHbIi 1010 9,7 22,0 525C-1600VXJI3
TI1-2 Broguoi 2020 9,7 22,0 325C-2500VXJI3
CekIHOoHHbIH i010 |- 9,7 22,0 225C-1600VXJI3
TII-3 Beopuori 5052 9,7 22,0 340C-6300YXJI3
CeKIOHHLIA 2526 9,7 22,0 2340C-4000V X3
TTI-4 BBoaHO# 5052 9,7 220 D40C-6300YXII3
CekInoHHbLIHA 2526 9,7 22,0 340C-4000VXJI3
TII-5 Beoaxoit 2020 9,7 22,0 D25C-2500VXJI3 -
Ceriuonnpit 1010 9,7 22,0 225C-1600YXJI3
TII-6 BrogHoi 2020 9,7 22.0 D25C-2500Y X3
CeXIHOoHHbI 1010 9,7 22,0 D25C-1600YXII3
TII-7 Broanoi 2020 9,7 22,0 D25C-2500Y X3
CexnponHasIi 1010 9,7 22.0 925C-1600Y XJI3
TII-8 Beoguoii 1272 9,7 22,0 216B-1600VXJI3
CeKIMOHHLIA 636 9,7 22,0 216B-1000¥XJI3
TI1-$ Beoauoi 308 9,7 22,0 P16B-1000YXJI3
CeKIMOHHLIR 404 9,7 22,0 206B-800YXJI3
TII-10 Beoxnoi 1272 9,7 22,0 216B-1600VXJI3
CeKUHOHHDIM 636 9,7 22,0 316B-1000Y XT3
TI1-11 Broguoii 808 9,7 22,0 316B-1000YXJI3
CexnoHELIH 404 9.7 22,0 216B-800Y X JI3 ]
TII-12 Brongoii 1272 9,7 22,0 D16B-1600YXJI3
CexumnonHsi 636 9,7 22,0 316B-1000VXJ13
TIE-13 Beoroi 322 9,7 22,0 306B-400Y XJI3
CeKIHOHHBIH 162 9,7 22,0 D06B-250¥YXJ13
Ti1-14 BeonHoii 2020 8,7 22,0 D25C-2500Y X3
CeKIHOHHDLIN i010 9,7 22,0 225C-1600YXJI3

Aucm
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ITponomkenue Tabmume: 10.13

1 2 3 4 5 6

TII-15 BozHoH 2020 9,7 22,0 225C-2500Y X3
CeKiIHOHHBH 1610 9,7 22,0 225C-1600YXJI3

TII-16 BaogHo# 2020 9,7 22,0 225C-2500Y XJI3
CeKnuOHHLIH 1616 8,7 22,0 325C-1600Y XJI3

BrIBOABI IO pasfeny AeCATh _
B maHsoM pasziene IpOor3BEACH BRIOOD KOMMYTAHHOMHOH anmapaTyps! B ceTh 10 u
0,4 xB peanpustng

Ham, § Aucm

Ne doxym flednuce

fama
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11 KOMITEHCAITS PEAKMBHOM MOIITHOCTU

OnTnMa bHEIH BEIOOp CPEICTB KOMIICHCALME PEaKTHRHON MOIHOCTH SBISIETCS
- COCTABHOHM YACTHIO MOCTPOSHUS PAITHOHANLHON CHCTEMEL 3IEKTPOCHAOKEHHIS MPOMBIILI-
JIEHHOTO IPEATIPUSTHSL.
Ha pucynxe 11.1 npuBemeHa cxema 3aMEILEHHS CHCTEMBI DNIEKTPOCHAOKCHHS
‘. NPEAIPUATHS AT TPOBESACHHMS PACISTa KOMIICHCALMY PEaKTHRHON MOHTHOCTH.

4z M4t FILH (a2 (m (o P &s:
0= =]
; " ? R T;’n iw
1 10«8 1 ’
3 10 68 ' ¢ " - 1
2 : — 1
L Fi e gy R E' g I ) e
e ' ( Q ) *
E: Fe ._@_‘-—w G e Lo g.s
3 LE e s )| 6. R a6 || Ge
0 i | T EI
L [ b0 iF i B s g R it i B E o f2383
b ms o [ ?I G f 1716 Et I
o o oo g:':i‘

57
ii - Pucynox 11.1 — CxeMa 3aMeliesus] CHCTEMBI DAEKTPOCHAOKEHUS NPENPUSTIS s
- NPOBEJCHUS PacyueTa KOMIICHCAUUH PEaKTHBHOH MOUHOCTH

AKTHBHLBIC COIPOTHBIACHUSA TpaHC(hHOPMATOPOB, MPUBEACHHBIE K HaNpPDKEHUIO
10 kB, onpenensrorcs 0o gopMyne:

AP - U2
T Tz
Hampumep, mius TII-1:
11-10% . 102
T~1 _ _
Ry = —— 5505 = L100m.

AKTHBHBIC COTIPOTUBIEHHUS KaOETBHBIX THHUN HafeM Io QopMye:
Ry = Trom - Ly,
R = 0,26- 0,028 = 0,01 Om.
- ABpanoryuHele pacueThl NPOBOAATCA A ocTallbHBIX T1I numHu#, pe3ynbTaTs pac-
4yeToB ¢Bedennl B Tadauiy 11.1.

¢
¢
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‘. Tabmuua 11.1 — WMcxonusle nanHble A1 pacueTa KOMICHCAIUN PEAKTHBHOH MOIIHOCTH

TpancgopmaTopras Stris Qij;KBap AQrs, R, Rt

TOACTAHIHA kBA KBap Owm Om

P TII-1 1000 327 41 1,10 0,01
' TII-2 1000 327 41 1,10 0,02
TII3 2500 883 83 0,38 0,03

TII-4 2500 883 83 0,38 0,04

TII-5 1000 346 41 1,10 0,07

TI1-6 1000 346 41 1,10 0,03
2 TIT-7 1000 339 41 1,10 0,05
e TII-8 630 194 26 1,84 0,02
. TII-9 630 177 19 1,84 0,03
L TII-10 630 163 26 1,84 0,03
TTI-11 400 188 23 3,38 0,03
TII-12 400 151 21 3,38 0,03
£ TI1-13 160 62 10 12,89 0,03
TI-14 1000 375 41 1,10 0,04

TIT-15 1000 375 41 1,10 0,01
9 TII-16 1000 375 41 1,10 0,01

Taxske B cOCTaBE ICKTPOIPHEMHUKOB HMCIOTCSL CHHXPOHHBIE IBHraTeny. Janusie o
JIBUTATENSX NIPUBEeHBI B Tabmuue 11.2,

Tabmuua 11.12

A Tun Uu P,B,.HOM.i Q,ﬂ.lwm.i Ni 1 ﬂ-li ﬂ2i
. HAaUMCHOBAHHKEC | IBHTATCILA

CIl CTA 10 03 032 |2 3000 1207 |34
CJ12 CTH 10 0,5 0,32 2 3000 2,07 3,44

[Iprmenm, ato Bee CJI MMEIOT 3arpy3Ky 1O aKTHBHOH MompoctH B, = 0,8, Torma
xoaddunuent gomycramoit neperpysku Cll o, = 0,60.
PacnonaracMas peakTupHas MomuocTs C/I:

cmeepTal

— 2 2
QC,[LMi = Wy ° Ni ' \/PC,H.HOM.I: + QCﬂ.rlUM.i’

Qenmi = 0,60 - 4+/6302 -+ 3202 = 1,70 Msap.

3 Qeamz = 0,60 - 3-+/16002 + 8102 = 3,22 Meap.
V@enpHas CrOUMOCTH MOTEPb AKTHBHOM MOIIHOCTH OT NPOTEKAHHS PEAKTHBHOH
MOITHOCTH:

T,

CO:(S(C('KM‘}‘B'T),

6
Co = 1,05 (12 664,41 + 1,726 - 2742) = 13341 %.

Avrcm
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HameTuM BCe BO3MOXKHBIE MECTA YCTAHOBKHA JOVIOJIHHUTENBHBIX KOMICHCHAPYIOIINX
YCTPOUCTB — GaTapeit kouaeHcatopos (BK): Hu3koBosmbTHBIE COOPHBIC IIHHB! (€. 1L )

nexosbrx TI1 (Qgy); ¢ pacipenenurensHsix ycrpoictB (PY) HanpsxeHuem
10 xB  ITHI (Qp). KpoMme Toro, peakTHBHAS MOIIHOCE MOKeT OBITH I[MONyYeHA U3
sHeprocucTeMs! Q.. ).

3aTpathl HA TeHEPallHIO PEAKTUBHON MOIIHOCTH HU3K0BOMBTHEIME BK (0,4 xB):

3irgui = B Ky T Co - APgin,

- 1
rae B — sopmarugHeie oTancneHns ot croumocty bK, E = 0,223 —
Jer

Kgiy — yAenpEas CTOMMOCTE HH3KOBOJIBTHBIX DaTapeil KOHIEHCATOPOB;

APgrp — yenBHEIE IOTePH B HU3KOBOJIBTHEIX KOHIeHcaTopax, APgy = 4 T\:'I{f;p;
3irxui = 0,223 500000 + 13341 - 4 = 164865 byo :
A MBap

3arpaThl HA FeHepallvio PeaKTHBHONW MOUIHOCTH BEICOKOBONBTHEIMI BK (10 xB);
3irxei = 310 = E - Kpkp + Co - APgks,

rae KBKB — YiaelleHad CTOMMOCTE BEICOKOBOJIBTHBIX 6&Tapeﬁ KOHACHCATOPORE;
xBT

APgrp — YACIBHBIC TIOTEPY B BEICOKOBONLTHBIX KOHACHCaTopax, APgxg = 2 v
Bap

3arpaThl Ha IEHEpalK PeakTHBHOH MOIHOCTH BbicoKOBOALTHbIMU BK (10 xB)
COCTABHT;

py6
34rupi = 310 = 0223 - 300000 + 13341 - 2 = 93582 :
3aTparsl Ha FeHEPalUIO PeaKTHBHOU MOIIHOCTH CHHXPOHHDBIMA JBHIaTEAAMHU:
B ST
31F.C,[[.i - Co : ’
Qe
_ Hai
32F.C,B,.i = Co '*“—”*—*“““N Y )
i QC,ZI,.H.i
rae 1y, [o; — mapamMeTpsl, XapakTepuU3yIolue NOTepU akTHBHON MoinHoCTH B C/I;
Qe = 310 — 31rcai
cai = )
AT 22 Cor Ryep
RO Rocai N 3ar.cai
3C,ﬂ|l N1 a . CO 4
Pesynprathl pacueta cBeAeHs! B Tabuuimy 11.3.
Tabnuua 11.3
Qepmis 31r.csis 3arcais Ry cis Qcuis
Hammenosa- Msap py6/Meap py6/Mgap? Om Maap
1HHE
CHl1 1,70 84216 105857 0,82 (0,04
C2 3,22 70435 43028 0,34 0,26
Utoro 4,92 1030

Harm,

Auem N dowym

flodnuce

Hlama
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B tis

ThE a=

paxenuto (11.15):

R:—}Z:(

1+0’05 (0,02 + 1,84) = 2,000
0,69) ’ ,B84) = 2,00 Om.

AHAJOTHYHO PACCYNTHIBAEM COIPOTHUBICHUA Aad ocTajsblx TII, pesynprarsl
pacdera npezacrasneHsl B Tabaune 11.4.
OuTHMANLHEIE PEeAKTHBHBIE MOIIHOCTH HHU3KOBOMLTHEIX bK, HOAKIIYEHHBIX X
TI1, onpeaensgeM B npexnnogoxeruy, ato K muHaM [T noxxnodeHa HH3KOBONETHAS
BK ( upu s1oMm xo3ddunuent Jlarpamxka A = 315);

1000 1000 _

107

93582 — 164865

10xB™

z
ch = Qli + AQ’ri T 5

2
R:—:i '

310 - 31F.KH

7=

Z'a'CO

Y A—

2+10+-13341

= —0,267 Msap * Owm.

OntuMansHas peakTHBHas MomuocTs bK, noaxmouennad k TII-1, cornacuo sel-

Qee = 0,327 + 0,041 —

¥

7
—— 2= (,129 Mgap.
137 0,129 Mgap

PesynbTaThl pacuera MOIHOCTEH Q. OCTANBHBIX HM3KOBOJBTHBIX bK cBommM B
rabmaiy 11.4. Buibop cranmaptabix BK npoussoamm us /25/.

Tabmuna 11.4 — Pacyer Momuoctd BK

Mecro | Qg Msap Quyi Quyi T Qui Tum upHHATOH Qeri
YCTAaHOB- Om KBap KBap crapgapTHOl BK KBap
KH pacu. MpHH.
BK

1 2 3 4 5 6 7 3
TII-1 1,12 0,129 0,129 129 6 KPM-0,4-250-25 250
TII-2 1,13 0,132 0,132 129 257 KPM-0,4-250-25 250
TIE-3 0,40 (0,303 (0,303 0 261 KPM-0,4-300-50 300
TII-4 0,41 0,320 0,320 0 303 KPM-0,4-300-50 300
TTI-5 1,28 0,178 0,178 93 271 KPM-0,4-250-25 250
TII-6 1,34 0,187 0,187 93 280 KPM-0,4-300-50 300
TIE-7 1,19 0,270 0,270 0 270 KPM-0,4-250-25 250
TII-8 2,00 (0,186 0,186 0 186 KPM-0,4-200-25 200
TI1-9 4,59 0,117 0,117 28 145 KPM-0,4-150-25 150
Tii-10 2,27 0,197 0,197 it 197 KPM-0,4-200-25 200
TII-11 3,40 0,132 0,132 0 132 KPM-(,4-125-25 125
TI1-12 1,39 0,122 0,122 0 122 KPM-0,4-125-25 125
TII-13 13,32 10,051 0,051 0 51 KPM-0,4-50-5 50

| TII-14 1,20 0,194 0,194 136 330 KPM-0,4-350-50 350

13.03.02.2019.749.00.00 /73
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Tand

RN

3irKHi » O1rex

— 3aTpaThl, OTHOCALIHAECCH TONBKO K HCTOYHHKAM pCaKTIfIBHOI\;I

MOIIHOCTH, MOAKII0UeHHEIM K ¢.HLI TIIT, MOI{BOCTH KOTOPBIX 0KAa3aauch OOIbIIe HyTis.

2-.10-13341 3,101 +(

1 1

Q = (8939 o 2001) — 513678 = 3101 keap.
164865 164865\ 84216 84216
S VR WA ) 082 T 034

o=

= 78340

pyo

(1,112 to 1,125) + (o,jéz + 0,134)

Mgap

IepecuntacM peakTHBHBIE MOIMHOCTH MCTOYHHKOB, moakmouennbix K CHI T'TIIT

Qen = 577513341 0,82

Qc,u,zzl

A— 311".(:,[\

!
ar- CO b RS.C,B,

78340 — 84216

= —0,03 Mgap.

ARANOTUYHEIE PACYESTH IPOBO/INM U1 OCTANIBHBIX CHHXPOHHBIX JIBUTATENEH, 4 pe-
3yJBTATH pacdera npejcrasuM B Tabmuue 11.5.

Tabapua 11.5

Qeamis 3ir. ex;, 32r.cn; Ra. cg;, Qenis
Maap Py6/Meap Py6/Meap Owm Mpap

CAal 1,70 84216 105857 0,82 0{-0,03)
CA2 3,22 70435 43028 0,34 0,09
HTOTO 492 0,09

OnTrManbible PEAKTHBHLIE MOIIHOCTH HHU3KOBOISTHBEX BK, MOAKIIOUEHHBIX K

TII:

OnruMansHas peakrusHas MoutHocTs bK, moaxmrouennas k TII-1

_ 78340 — 164865

Zq
Qc: = Qqi + AQpms + R
ai
A— 3111.&{11
2 i CU‘ '

21:

Z =

Q. = 0,327 + 0,041 —

2-10-13341

1,12

= —0,324 MBap - Om.

0,324
—— = 0,077 Mgap.

(11.22)

(11.23)

Pesymsrarst pacuera no gopmynam (11.22) — (11.23) ana ocranbHbIX HU3KOBOMBT-
uoix BK ceognM B Tabnumy 1.6.

vam § Aucm

N dori

flodnurs
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Tabnmua 11.6 — Ckoppextuposannbie MomHoctd BK o koagdrmmenty Jlarpanxka

Mecro Rai') Qci ()L)v MBap QKyi& QKyi + Qo Q(.'I'is
ycTaHoB- | OM KBap KBap Tun npuHATOH KRap
KH Pacu. IpHH. cTanaapTHoi bK
BK
TII-1 1,12 | 0,007 | 0,007 129 206 KPM-0,4-200-25 200
TII-2 1,13 | 0,082 | 0,082 129 211 KPM-0,4-200-25 200
TII-3 0,40 | 0,160 | 0,160 0 160 KPM-0,4-150-25 150
TTI-4 0,41 0,182 | 0,182 0 182 KPM-0,4-175-25 175
TII-5 1,28 | 0,133 | 0,153 93 246 KPM-0,4-250-25 250
TII-6 1,34 | 0,145 | 0,145 93 237 KPM-0,4-250-25 250
TIL-7 1,19 | 0,222 | 0,222 0 222 KPM-0,4-225-25 225
TII-8 2,00 | 0,157 | 0,157 0 157 KPM-0,4-150-25 150
TII-9 459 | 0,105 | 0,105 28 133 KPM-0,4-125-25 125
TII-16 | 2,27 | 0,172 | 0,172 0 172 KPM-0,4-175-25 175
TII-11 3,40 | 0,115 | 0,115 0 115 KPM-0,4-125-25 125
TII-12 1,39 | 0,081 0,081 0 81 KPM-0,4-80-25 80
TII-13 13,32 | 0,047 | 0,047 0 47 KPM-0,4-50-10 50
TI1-14 1,20 | 0,146 | 0,146 136 282 KPM-0,4-300-50 300
TII-15 1,24 | 0,153 | 0,153 136 289 KPM-0,4-300-50 300
TII-16 1,25 | 0,157 | 0,157 136 293 KPM-0,4-300-50 300
Hroro - - 2,312 878 3033 KPM-(,4-300-50 3055

ITposepuM Gananc peakTHBHBIX MomHocTer Ha CLI 10 kB T'TIII
1
5
Qpl = QE;]) + E " AQ g

1
Qp = 8939 + 5 2001 = 9940 xBap.

m m
er = Z QCT.H.i + Z Qc,qj + Qacl'
i=1 i=1

2 1
Q. = 3055+ (0 + 3 90) + 7 13678 = 9954 kBap.

Hebonbiioe oTKIOHeHHEe B OalaHce PeakKTHBHBIX MOINHOCTEH OOBICHAETCA AHC-
KPETHOCTBIO IHKAN KOMIUIEKTHBIX KOHJIGHCATOPHBIX 0Garapei, ycTaHABIMBACMBIX Ha
CTOPOHE HH3KOTO HATIPSHKEHUA IIEXOBBIX TPaHCHOPMATOPHBIX IOACTAHIHH,

CTOUT OTMETHTbH, YTO 3ajada npeAnpuarus obecrmeduTh Tpebyemoe 3HAYCHHE
tgg, = 0,5, koTopoe 3amaercs sHeprocucreMoi, Ha Beoze I'III, noaTomy Her neodxo-
JMMOCTH OTACHBHO OHPENenarh tg, ams kaxaon cexuun CII I'TII. Torma pacyeTHsrit
ko>}duIHenT peakTuBHOH MoIuBocTy Ha BBoAe I'TIII, Ges yueTa MOITHOCTH, NOCTYNA-
IOIIMH OT SHEPrOCHCTEMBI, ONIPELETIMM O (PopMyne:

1 m n
QI(JSI) + A(21'1‘1'11'1 - ZQCT,HJ - ZQCHH
i=1

2 i=1
tg(ppl = P(f;) (11.24)
13.03.02.2019.749.00.00 /73 0
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e
T

89394 1.2001-3055— .90

2 3
top . = —0.50.
EPp1 0.5-27357

Pesepn peakTUBHON MOINHOCTH

Qs = 1 (Qeami ~ Qczi)
pes% — (5)

Qp1
0,5 (4920 - 90)

QUpeats = 8939
Kax BUJHO pes3epB MOIIHOCTH OGECIIEUEH 3a CYeT HeQOMCIOMb30BaHHON peakTun-
HOH MOIIHOCTH CHHXPOHHKIX JBUTATEICH

- 100%. (11.25)

-100% = 27,0%

BRIBOIB! IO pa3feTy OAUHHAXUIATE
B nanmoM pasjaerne peureHa mpodleMa KOMISHCAUMH PEakTHBHOM MONIHOCTH Ha
{IMHAX ITIABBOM TOHU3UTEIRHOHN HOICTAaHIHH.

Ham.

fAucm

N Bokym

fladnucs

Hama
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2
¥
B

THE AT

12 OLIEHKA ITOKABATENEN KAUECTBA HAIIPSDKEHUS B V3JIAX C3C
12.1 PacyeT xo>dPHIIMEHTA HCKAKCHIA CHHYCOHAAIBHOCTH HAIPDKECHUA

PaccMOTpHM IPHMHOUNUATEHYIO CXeMY [AS pacdera Ko3(MUIMEHTa HCKaKeHHS
CHHYCOMIANBHOCTH HAIPSDKEHNU, IIPeCTAaBICHHYIO Ha pucyHke 12.1

=

{7

0w @ a3 w
@ H
74 t

Pucynox 12.1 - [Ipunnmnuaneuas cxema

Hzobpasum nHa pucyHke 12.2 cxemy 3aMenieHus NI NPHHIMUIHATHHONW CXEMBbI,
npeicTaBIen ol Ha pucyske 12.1

l
? Xen 4 A

Pucynok 12.2 — Cxema 3aMelieHus

[IpousBeieM pacyuer NapaMeTpoB DIEMEHTOB CXEMBI 3aMEIICHHA, M300PaKCHHON
Ha pucyrke 12.2
Haiiaem napaMeTpsl CXCMBL 3aMEICHA.
DuepreTHYSCKas cucTeMa /26/
Xey = 0,65 %, v, (12.1)
rue X, — couporusienye K3 Ha mMHax OACTaHIMM, IIPHBECACHHOE K HATIPHKEHUIO

Auem
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crynreru Uy , Ui KOTOPOH NPOBOAUTCS PacyeT BRICIIHX TAPMOHUK;

L. Ve
= (,65 - (12.2)
L Sk
- rae Sy- haxtmueckas MomHOCTs K3 mis pacemarpusaemoii crynenn C3C, BA.
065 (10,5 - 10%)? 0.02
. Xy = 0,65 v =0,02"v.
¥ v 3800106 Y
CunoBoi TpaHcGopMaTop
Uy U(::ZT
v = 100 - S¢ pom b (123)
rie - Up- nanpsokenune K3 tpancdopmaropa, %,
Se.som — HOMUHATBHAS MOITHOCTE TpaHCGopMaTopa, BA;
e _10,5-(105- 0% 046
v = T00-25-106 0 Y
e ConpoTHBIeHEE 0OMOTKH BBICOKOTO HATIPI/KCHHUS
Xeguy = 0,125 - %o, (12.4)

%o = 0,125 0,46+ v = 0,06 - V.
ConpoTusieHre 0GMOTKH HU3KOTO HANPKSHHS
Xrpw = 1,75 Xy, (12.5)
Ry = 1,75 0,46 v.

ConpoTHUBIEHHE CHHXPOHHBIX ABUTATENCH
17 v
Xepe = 5 (12.6)
cnx
e Seys — CYMMApHAs MOIMHOCTH CHHXPOHHBIX Apuratenci, MBA;
17+ v
Xenw =063 15 o0V
20857209
ConpoTuBIeHHE CIOKOHHOW» Harpy3ku «H»

UZ
. —S“ -y, (12.7)
H

10,52
fav T
2

MCTOYHHKOM HCKAXEHHs ABIAOTCI NIpeobpa30oBaTellH qacToThl, KOTOPRIE TeHEPH-
PYIOT B CETB MPEALIPUTHA ClieAyromue rapyonunku 5,7, 11,13,

v = 15,79 .

13,72-2,72

DKBUBANIECHTHEIC TOKM TApPMOHHUK, I'CHEPHPYEMBIC HECKOIBKMMIE IpeobpasoBare-
P JISIMH YaCTOTHI

{
i Auem
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Py

[ = Sz~ Koz
’ \[_3_ “Ugr V‘
T7e - Spy — CyMMapHas MONHAg MOLIHOCTE peoOpazosarenci, BA;
Kys — k0o(OUIHEHT, yIHTHBAONME Hanuyue casura $as MKy TapMOHUKAMH
TOKA OTAENBHLIX Tpeobpaszopareneil, ;1 v =5 n v = 7 npunumaem Kyy = 0,9, mns
v = 111 v = 13 npunaumaem Ky = 0,75 ;
(2-2,0-10°+2-10-10%) - Ky _ 330Ky
V3:10,5-10% v v

(12.8)

vZ

TIpeoGpasyem CxeMy 3aMeIeHns, H300paXKeHHYIO Ha pucynke 12.2.

€ o

Pucynok 12.2

Pucynox 12.3

Xty = Xy + Xrnuvs (129)
Xazy = Xev + Xrpavs (1210)

¥m g

TEN

i A

Pucynoxk 12.4

Aucm
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_ Xary " Xs2v

Xagv = , 12.11
> X33y + Xaav ( )
Yo A 13
Pucynox12.5
X34y = Xranv + X33v.2 (1212)
Wi Xz
Pucynok 12.6
Kogv " Xeay
X5y & (12.13)
Y X34y + Xcav
Hanpsoxeane #a CHIT u CII3 HaxoauM cOOTBETCTBEHHO IO (HopMyIam:
Uciv = Loz * Xasvs (12.14)
e RREE,
e Uemzy = Ucnny * ———, (12.15)
E\ Xa1v " Xsqy
KoadduiHenT uCcKaKeHAI CCHHYCON/IaIbHOCTH HANPSOKCHIUS!
13
> U2
Ky =02 100%, (12.16)
i U
ik (b
¢ Pesynpratsl pacuera mo Gopmyaam (12.1) — (12.16) mpencrapum B Tabimme 12.1.
i Tabnuna 12.1
v Ly Xa1y Xazv | Xazv Xaay X35y Uenny YUenay Kfjmla% K%m?,’%

s 5 15938 83,00 | 0,38 | 038 | 4,43 351 | 20844 | 1708
4242 111620 0,54 [ 053] 621 491 | 20844 | 17,08 6,33 0,52
c 11 | 2249 | 182,60 0,84 | 0,84 | 9,75 772 | 173,70 | 14,23
» 13 119,03 | 215,80 1,00 ] 0,99 | 11,53 | 9,13 [ 173,70 | 14,23

W3 Tabmauer 12.1 BujIHO, 9TO 3HAUCHUA KO3Q@UIMEHTa HCKAKEHH CHHYCONIATb-
HOCTH HANpPsDKEHMS JIeKaT B paMKax JOTYCTHMBIX 3HAYCHUH, peTyIaMEHTHPOBAHHBIX
npen.non npeja.ano
[27], a umerno : K& = 6,33 < KIP4 = 89, K™ = 0,52 < Ky " = 5%.

12.2 Pacyer npoBaa HANPDHKSHUS [IPYU MYCKe ABUIaTEIIeH

AKTUBHMMH conporaBierusmu srxeMenToB COC mpeneGperaeM, NoITOMY BCE
snemenTsl COC npencTaBisgeM CBOAMH MHIYKTHBHBEIMHI CONPOTHBICHUSMH, IPHUBEACH-
HEIMH K Oa3MCHBIM 3HAYCHHAM:

Aucm
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- i KaOenpHOHN nauuny, nuraomed CJ

X, = TR (12.17)
rae X, — YASIbHOe PEaKTHBHOE CONPOTHRICHUE JIHHNHN, OM/KM;
| - mIuaHa IMHHK, KM,
Sg — Oazucuag MomygocTs, MBA;
Ug — 6azucHoe HanmpsokeHue, kB;
0,09 - 0,092 - 1000
X, = 1052 = 0,08
- JIJIsl IBUTATENed yUacTBYIOIIMX B ITyCKE
Sg - UﬁOM
Xy = W, (12.18)
rae S, — pacueTHas nyckosas mowHocTs CH, MBA
_ Bron B (12.19)
COSP M

e Pygy — HOMHHAIBHAS MOITHOCTL /;
K, — KpaTHOCTB IIyCKOBOT'O TOKA;
COS(P, 1| — HOMUWHANEHEIE TTapaMeTpsl I /;

s = 0% 4 oMBA
TT0,9-09 7 '
N —1000'10’52~—250
AT 41052

Kpome CJI, yaacTByrolUX B ILyCcKe, K IIHHAM IOJAKIIOYEHa IPyras HarpysKa, Ty
HATPY3Ky OyZeM yUUTHBATh YCIOBHBIM IIOHATHEM «ITYCKOBOM HATPY3KU»

Spn =+ P2 +Q3, (12.20)

rae - P, — aKkTrBHAas Harpyska apyrux Sl

Q,, — peakTHBHAs Harpyska Apyrux Jll;

S, =+ 61882 + 16802 = 6412 kBA.

CymMmapHast DKBUBAJIEHTHaS ITyCKOBasg Harpy3Ka y3ia OyAeT paBHa:

Sup = J(Z ) + O lsa+> Q). (12.21)

S, =/6188% + (6412 + 1680)% = 10,2 MBA.

Aucm
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e

13 PEJIEHHAS 3AILIUTA X ABTOMATHKA COC
13.1 PacueT TOKOB KOPOTKOTO 3aMbIKAHUA

PacyéT TOKOB KOPOTKOTO 3aMBIKAHHS IIPOM3BOJUTCA JUIS BEIOOpa BEICOKOBOIBT-
HAIX W HU3KOBOJBTHBIX AUMAPATOR, IIWH, Kabenedl u Apyroro amMeKTpooOopyRoBaHus
C3C npennpusaTua. [Ipy 3T0M 10CTaTOYHO PAcCMOTPETh TOK Tpéxdasnoro K3 B xapax-
Tepublx ToKaX COC NpeanpHsTHs ¥ ONPEASIUTh MEPUOIRISCKYR) COCTABIAIOIYIO 3TO-
ro TOKa s Haupbonee THKENOTo pexuma padoThl ceTH. TakuM XapaKTEPHBIM PEXUMOM
asngercsd cocrogune COC, xorna oaun uz tpanchopmaropos I'TII oTrimrouer 1 BKArO-
geHs! CexUpoAnbIe Beikmodarenn B PY 10 kB I'TI, T.e. Bce anekTponpuéMHAKY NUTAa-
10TCA OT oguoro Tparcdopmaropa. Cxema aas pacuéra TokoB K3 nmpeacrasneHa Ha pu-

cyrke 13.1
70 k8 0«8
A1 Y 8/
Nz
77 2
11 10 18 / 1 — 12 10 kB
W 1 KB - 4 = j |EZE
L4
o 0O ] []
4 N4 N4 % ¥ N4
A & A A 4 N
© © O O © ©
iz g2 or /Y Y7

Pucynox 13.1 - CxemMa ans pacueroB TOKOB KOPOTKOIO 3aMBIKAHH

Pacuét toxoB K3 pou3BOiuM B CHEIYIOMIUX TOUKAX!
-K3 -8 PY 10 kB I'TIT];

B mDOAIMMTKE TOYKKM YYacTBYIOT BCE CUHXPOHHLIE [IBHUIATENH, IIOAKIIOYEH-HEIC K
JIBYM CCKIIHSIM.

Harm

Aucm

e dowrye

{lodnucs

Hama
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Jua pacuera TokoB K3 1o cxeMe 3NeKTPOCHAOKEHHS NPEANpHATHA (PHUCYHOX

13.1) cocTasisiercs cxeMa 3aMenicHus (pUCYHOK 13.2).

k1 f2

Pucynox 13.2 — Cxema 3amemienys 14 Tokos K3

HafineM mnapaMerphl CXeMBbl 3aMELCHHsA B OTHOCHTENBHBIX CIUHULAX IpH
Se =1000 MBA IpHHMMas 38 Ga3HCHOE HANIPSKEHUE TOH CTYNEeHH, Ha KOTOPOH IIpo-

H30MIT0 KOPOTKOE 3aMBIKAHHUE.
CoIpoTHUBIACHUE CHCTEMBI:

rae S - MOOIHOCTH KOPOTKOTO 3aMbIKAHUA Ha MIHHAX CHCTEMbI, MBA;

X, =X, :10—0-920,26.
3800
Comporusnenue BJI:
X, =X, =X, -1-*—825—,

cpl

13.03.02.2019.749.00.00 /73
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Hagannaeie 3HaUCHHA CBCPXIICPEXOJIHOI'O TOKA Kay 0y BETBH:

I :L-55=6,7 KA.
4

C
3

Hauanproe 3HageHMe TOKA KOPOTKOrO 3aMbIKaHus B Touke K !

Ilw’(}f = Ic + I +I

I w=67+0,9+1,7=9,3 kA.

Chal Ch2/0/ 2

Y napHBIi TOK KOPOTKOTO 3aMbIKaHHS:

1, =~2-x, I,

rae Ky, = 1,9 - yvoapuabii KoddGUOHCHT.
VA yAap

i,=+2-1,9:9,3=25,0 kA.
i, =v21,9-9,3=250 xA.
MoOIHOCTE KOPOTKOI'O 3aMBIKAHNA!
Sz = \E Us g
S, =+/3-10,5-9,3=169 MBA
Tox mByxha3HOro KOPOTKOTO 3aMbIKaHMs B TO4YKE Kj:

I(Z} — SK33
k3 min3 H
2 Ucm
o 169

xrmin3 7. 10’5

=&, 0 KA.

13.03.02.2019.749.00.00 /73
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|

Tabnuua 13.1 — PesynsTarsl pacyera TOKOB KOPOTKOIO 3aMbIKaHNS

. ) _ MomigocTs
Pacuernas Haripsixenne Ucp IE:) , Iis_)min, Lyas K3
Totka paceTHON ToUkY, KB KA KA KA CTYHCHH,
MBA
K3 10,5 9.3 8,0 25,0 169

13.2 Penejigas 3ammura Tpancdopmaropa TPAH-25000/110/10/10

Cornacao [IIYD 7] mns tpancdopmaropos TPAH-25000/110/10/10 momxHs!
OBITH TPENYCMOTPEHBl yCTPOHCTBA PENEHHON 3aIUUTLl OT CHCAYIOMUX BHUAOB NOBPE-
KACHUH 1 HEHOPMAJIbHBIX PEXUMOB PabOTHL:

~ MHOTO(}Aa3HBIX 3aMBIKaHHH B 06MOTKAX W Ha BLIBOZAX;

— BHTKOBBIX 3aMBIKAHUN B 0OMOTKAX;

— TOKOR B 0OMOTKaX, 0OYCITOBNEHHBIX BHSIUHHMMH KOPOTKHMHU 3aMBIKAHUIMHY,
~ TOKOB B 0OMOTKaX, 00YCIIOBIEHHBIX IEPErpy3Koi;

— TIOHPDKEHHSI YPOBHA MAcHa.

COOTBETCTBEHHO YCTAHABIMBAKTCS CAEXYIOMIMUE BU/bl 3ALTHT:

— muddepeHIHaTbHAs 3a1IUTa OT PA3IMYHbLIX BUIOB KOPOTKOIO 3aMbIKaHHS ;]

— MakCHMaNbHas TOKOBAs 3ALIUTA KaK PEe3ePBHAS 0T BHEUIHHX MHOTO(asHbIX KO-
POTKMX 3aMEIKAHUH;

— 3a[lpITa OT Ieperpysa;
— Ta30Bas 3aIHTA.

13.3 Nuddepenunansyas 3a1iura
Cornactao ITYD ma asyxTpaHcGopMaTOPHEIX NOACTAHIHAX ITPY MOLHOCTH TPAHC-
dopmaTopa 4 MBA u Oonee ycramapimBaercsa auddepeHnmanbHas 3aumra Oe3s Bbi-
ICPIKKHU BPEMEHH.
3amyTa BEUIONHAETCSA ¢ nOMOIBI0 Kuddepenunanbroro pene PCT 15,
Homuranpabsie TOKu 00MOTOK TpaHChOPMATOPa.
BBICHICTO HAIIPSKECHWMS;
IBH . ST]
HOM . *
Bu,

rie S | — HOMUHANbHAL MOIIHOCTh TparchopMaropa T1, BA;
U, — HanpsnKeHHe BRICOKOH cTopoHsl Tpanchopmaropa T1, B.
6
- 25-10

= =131,2 A;
" J3:110-10°

Aucm
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HH3IICTO HAPsKCHNS

P S,
HOM W ?
rae U = — HanpspkeHHe HA3KOH cropons! Tpancpopmaropa T1, B.
- 25.10°

=721,7 A;

HOM =
J3-2-1010°
Jla BRIOOpa TpancHOpMaTOPOR TOKA HAHAEM MaKCHMANLHEIE paboyHe TOKH!

Ha cTopore BH;
IBH

max.pab

=1,4-131,2=183,7A.

=1,4-1"

HOM ?

IB!I

niAx.pad
Ha cropore HH;
IIII—I

max .pad
I pas = 1,4+ 721,7=1010,4 A.
Ha ctopone BH nprHuMaeMm K yCTaHOBKE COTIACHO TpaHCHOpMATOp TOKA THIIA
TB-110-300-0,5/10P: I,,, =300 A, L, = 5 A.
Koadduunent Tparcdopmaninu TpanchopmaTopa ToKa

— 1, 4 . IHH

HOM ?

BH __ Tln

1 L,
w300
I 5 -
Ha cropone HH sribupacw tpauchopmarop Toka tura TIIIK-10-1000-Y3-
0,5/10P: 1;, = 1000 A, L, = 5 A.
KoadguimenT TpanchopMauuy TpaHchopMaTopa ToKa
o Ly
| 12H s

K" :@ =200

3

60,

X

I
Cunosoit Tpanchopmarop T1 umeer cxemy coepuHeHHs oOMOTOK Y/A — 11,
CIEIOBATENLHO Il KOMICHCANWM caBura a3 TpaHchOpMAaTOpEl TOKa Ha BBICOKOM
_ EH ‘\/—
CTOpPOHE BKIKOYAIOTCA HO CXeMe MOJINOro Tpeyronsuuxa (K., =3 ), a Tpancdopma-

TOPBI TOKA HA HU3KOH CTOPOHE — IO CXeMe HEelloNHOH 3Be3anl (K., =1).

Bropuussie TOKH TPaHCHOPMATOPOB TOKA IPH HOMHHANLHOH MOIHOCTA CHIIO-
BOTO Tpancpopmaropa:
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Ha BH

BH

IBH — ch . IBI-l
2

BH HOM *
3

K
=" 131,2=3,8A.
60

na HH

HH
HH K Hif
I —_— X .
2 HH HOM ¥

I

|
™= 721’7 = 3,3 A.
2200

3a OCHOBHYIO CTOpPOHY npuHHMaeMm BH, Taxk xak I3 > I5".

OmnpezenseM Toku HeGananca, BHI3BAHHBIE TOTPEIIHOCTAMH TPAaHCHOPMATOPOB
TOKA [l ¥ PETyJMpOBAHAEM HampspKeuus noj Harpysko# (PITH) Ify;. Ilpu srom Bce

TOKHA TIPHBOJIMM K CTYTICHM HAIIPSAKCHN OCHOBHOH CTOPOHBE

[ =x K &l

izl oM a max 3 s
e K., — k03O GUIMEHT ONHOTANHOCTH TPAHC(HOPMATOPOB TOKA;

K, — KO3(pPHIMeHT allepHOAHYECKOH COCTABIIAIOICH;

&= 0,1 —~ 1onyCruMas TIOTPELIHOCTh TPanCcHOpPMaTOPOB TOKE;
13

max 3

—MAaKCHMaJIbHEIH CKBO3HON ToK, A (Tabmuua 13.1).

I, :1-1-0,1-9,3-103-£:84,5.
110

Its =(Au, + Aug ) 19

max3?
rae Au, — mpelensl peryIMpoBanya HalpsoKeHua na cropone BH;

Aug = ( — npesemnsl perylapoBaHus HanpshikeHus Ha cropore CH.
I =(0,09+0)-845=76,1 A.

Hpeﬂ,BapHTeHBHOE 3HaJvdeHHue TOKd Cpa6aTBIBaHHSI 3aHIMUThI IIO YCJIOBHIO OT-
CTpOﬁKH OT TOKOR He6aJIcha
o ! 1
1c:s - Kcrrc ) (11-16 + IHG)

rae K — Ko3(hdunueHT OTCTPOUKH
I,=12-(84,5+76,1)=192,7 A.

[IpenBaputreiibHOe  3HA49eHHE KOMDQMIHEHTA UYBCTBUTEHLHOCTH 3alllMTEI

OIIpefieNseM 0 TOKY ABYX(Aa3HOTO KOPOTKOIO 3aMbIKAHUA
1(2‘}
— .3
Kq — PLLIN]
|

<3
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3
a2

8,0-£-103

=0 38152,
192,7

Tox ¢cpabaThIBaHIs pelie Ha OCHOBHOH CTOPOHE:

B
IOCH . ch; '_[

cp.p  _.BH
Ky

oCH _\/5

o = gq 1927=5,6A.

3

Tox cpabaTeiBanus pesie Ha HEOCHOBHOM CTOPOHE:

HA

- K
HEQCH [+ .
Icp.p - KHH Ica KT
1

Kosdduuuent tpanchopmanny tpagcopmaropa:

UBH
K =
UHH
K, = 1o_ .
10
[7597 = L 192,7-11=10,6 A.
PP 200

[puMeM YuCIO BUTKOB OCHOBHOM 0OMOTIH Wocy = 12.
Pacueraas MJIC ocHOBHOM 00MOTKM
F = Wy, I

P.OCH

F =12-5,6=67,2 A-BHTKOB

potH
[TpuanmaeM Omrkaiiuree aelicTeuTenbHoe sHavenne MJC F = 65 A - BHIKOB.
PacuycTHOS YHCI0 BUTKOB HEOCHOBHOUM OOMOTKN HAXOAUWTCS H3 YCIOBHA

mp]eocn.pacq - Incocn
cp.p

O)‘HCDCH Act - ﬁ = 651
P 10,6

OCIl

IIpusumaem =6.

HEOCH,

I
COCT&BHSII‘DLU,&H TOKa »gedanaHca IHE H13-3a HGP&BGHCTB& pacquHOFO H I[IPHHATOTO
YHCIa BHTKOB!
Im _ (Dncocn.pa(:q _(01-160611.1113 1(3)
wb " dmax3

(3}

HCOCHL. TP
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. 6,16
IHG :—"'—6"""—845:14,1 A.

Tox CpﬁGaTBIBEiHI/Iﬂ 3aIHHUTHEL C YHCTOM BCCX COCTABIIAIOIHHX TOKA He6aﬂcha
. ' " ]
Ic3 - KO‘I‘C ) (Iﬁﬁ + IHG + IHG)

1, =L12-(84,5+76,1+14,1)=209,6.

Koa(hduIiuenT yyBCTBUTENHHOCTH OHPEACHsieM II0 TOKY ABYX(Aa3HOTro KOPOTKOIrO
3aMBIKAHMSA:
(@

K. = min 3
K Ies
0,73-10°
Kq z*‘“‘*z*a*é—“é—:3,4'8>2.

3HAUUT, 3aIIUTA YAOBICTROPSET TPEOORAHUAM TyBCTBUTEBHOCTH.
Tox cpabaThiBaHMS pelic Ha OCHOBHOU CTOpPOHE

V3
=75 2096 =61A

Tox cpabartpiBaHms penc Ha HEOCHOBHOM CTOPOHE

1
oy = 500" 209,611 =115A.

13.4 MT3 ¢ Beiaepxkol Bpemendn Ha HH

MaxcumanbHas TOKOBas 38UTUTa BEIMOIHACTCS B KAUECTBE PE3CPBHOM 3aUIUTHI OT
Mexay(pasaeix kopoTkux sambikanuil wa pene PCT 11 ¢ xosdpduimenrom Bo3EpaTa
K, = 0,9.

Pejie BKMOYAIOTCA BO BTOPHYHBIE OOGMOTKH yxke BLIOpaHHBIX TPaHC(POPMATOpOB
Toka Ha cropore HH Ttpancgopmaropa T'TIIL, 10 ecTh cxeMa BRIIOUEHNS TpaHchopMa-
TOPOB TOKA K pelic — HeloNHas 38e3/1a (Ko3(QPUIMEHT CXeMbl Ko, = 1), koadhbuipment
TpaHchopMaluu TpadcopmaTopoB Toka K; = 200.

Tok cpabaTeiBadus 3aIHATHI 10 YCIOBHIO OTCTPOMKM OT pabovero Ttoxa HpH BO3-
MOZKHOH 1Cperpy3Ke TpaHcopMaTopa:

Korc gy
max.pat

IC3
8

1,2
I, = =75 10104 = 13472 A,

Koshpuiuenr 9yBCTBUTENLHOCTH ONpeienseTcs N0 TOKY ABYX(asHOro KOpOTKO-
IO 3aMBIKAHUS 32 TPaHCPOPMATOPOM:
2)
K(;CH — _nl]-n“l

I

C
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3
roer_ 8,0:10

o= =596>15
1347,2
Tox cpabaTbIRanus pene:
K
I =% .1
cp.p KI c3
1

I, =—-1347,2=6,7 A.
200

op.p
IIpuaumaem x ycramoske peme PCT 11-24, y xoToporo Tox cpaOaThIBAHHSA
naxoautes B mpezaenax I, = (5 + 20)A.
OnpeaenumM cyMMY YCTaBOK:

min

6,7

20 = —1=0,3.

IpunrmvaeM ycrarku 0,2; 0,1; cnenosarensro, 20 = 0,2 + 0,1 = 0,3,
Hajiiem TOK ycTaBKH pele:
IycT = (1+26) iy,
Lyer = (1+03)-5=65A.
Bpewmsi cpabaTeIBaHKs 3all{UThI IIPHHNMACTCA MO YCIOBHIO OTCTPOHKH OT BPEMEHH
cpabarpanysa MT3 Ha CEXIMOHHOM BEIKIIFOUATENE!
tes = tes cexcmmr T AL
rae At = 0,4 ¢ — cTyleHs CENCKTUBHOCTH [Tl CTATUYECKOr o pPee.
te =1,14+04=15c
Beibupaem pene spemenn PCB 01, npenensl peryaupoBaHHus BPeMEHU KOTOPOIo
ot (,1 7o Sc.

13.5 MT3 ¢ Beiiepxko# spemcHy Ha BH

MaxkcHManbHas TOKOBas 3allMTa BBRIIONHAETCS B KaUeCTBE PE3EPBHOM 3alllUTHL OT
Mesxayhasupx KOpoTKMX 3aMbikanuit Ha penae PCT 11 ¢ xoaddunuentom Bo3Bparta
K, = 0,9. '

Pene BKIIoYaeTcs BO BTOPUMYHBIE OOMOTKH yike BBIOpaHHBIX TpaHC(HOpMaTOpOB
TOKA CO CTOPOHDL MUTAHHA, TO €CTh CXEMa BKIIHOYCHNA TpaHChopMaTOpPOR TOKa H pene —
TIONEBLE TPeyroNbHUK (Ko3hOHIMENT CXeMBl Ky, = V3), koshduupent tpancdopma-
HUH TpanchopmaTopos Toka K = 60.

Toxk ¢pabarsiBanys 3aINUTEl 1O YCIOBHIO OTCTPOMKH 0T pabouero Toka MpH BO3-
MOKHOM IEperpysKe TpaHchopMaTopa:

l — I{{}TC . IBH

c3 max.pal

K

B

Aucm

13.03.02.2019.749.00.00 /i3 08

Hzp. | Auem N daxym fTodnucey | dama



userpc
Текстовое поле
13.03.02.2019.749.00.00 ПЗ

userpc
Текстовое поле
98


1,2

Ics -
bl

Kosddunuenr ayBCTBUTEIBHOCTH:
1@

Kq e RIN3
ICS
0,73-10°
Kq = m = 2,98 > 1,5,
Tok cpaGaThiRaHUS pele COCTABUT:
V3
lepp = 0 - 245 = 7,1 A

TlpruumaeMm k yeranoske pene PCT 11-24, y xoToporo Tox cpabaThiBaHHA HAaXO-
awTes B mpemenax Iy, = (5 + 20) A,
Ornpejenum CyMMY YCTaBOK:

so="11-04.
5

TIpuuumaem yerasku 0,4; cnenosarensho, 20=0,4.

HaijizieM TOK yCTaBKU pene:
+={1+04)-5=70A.
Bpems ¢pabaThIiBaHus 3AILUTHl IPUHUMASTCS O YCIOBHIO OTCTPOHAKU OT BPEMEHH
cpabareisanns MT3 #a seiknodatene Ha HH
tes = teann + AL,
rae At = 0,4 ¢ — CTYyIIEHb CEACKTUBHOCTH 7IJ CTATUYESCKOTO pene.
te=15+04=19c

Bri6upaem pene spemenn PCB 01, npcaenst perynuposanus BpeMeHu kotoporo ot 0,1
a0 S c.

13.6 3anmra oT neperpysa na HH

Bri6upaem pene PCT 11, xoadduruerT Bo3BpaTa KoT0poro K, = 0,9.

3alUTa BBIIOIHAETCS C TIOMOMIBIO OJHOIO pene, BIIIOUEHHOTO BO BTOPHTHYIO
0OMOTKY TOTO € TpaHCHOpMATOPa TOKA, 9TO 1 PEJIe MAKCUMAIBHOM TOKOBOH 3alIUTHI,
Ha ToK a3kl A ¢ nelicrsreM Ha oTkmodeHue. KoadumueHT TpanchopMaiy TpaHC-
¢opmaTopa Toka K; = 300, ko3P PUIIEHT CXEMBI K¢ = 1.

Tox cpabaTsiBaHWs 3aIIKUTH ONPEACHIETCA U3 yCHOBUS OTCTPONKHA OT MAKCHMATb-
HOro pabouero Toka rpadcdopmaropa Ha cropore HH

Kore HH
K, max.pab

IC3

1,05
I = 55 1010,4 = 11788 A

Aucm
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Ilpm pacuere 3amwuTel OT HEpeTpy3a KO3(POHHHMECHT 4yBCTBATCILHOCTH HE ONpe-
AEIACTCAL.
Tok cpabaTpiBanus pere HaliIeM 110 BRIPAKEHUIO,
I _ e I
cp.p K 3
1
2 = 300 1178,8 = 5,9 A.
Ipunumaem k ycraroske pene PCT 11-19, y xotoporo Tox cpabarslBanus HaXxo-
mures B npeaenax I, = (1,5 + 6,0) A,

I

OnpeaenuM CyMMY YCTaBOK:

29:_5’_9_]_:239

[Mpunumaem yerasky 1,6; 0,8; 0,4; 0,1 cnenosarensHo,
260=1.,6+0,84+0,4+0,1=2,9.
Hatinem TOK yCTaBKH pee:
yer = (L + 2,9)-1,5=59A
Brifepskka BpeMeH# 3aiUHThi OTCTPAUBAeICA O KPaTKOBPEMEHHBIX NEPErpy3oOK.

Hpumewm t., = 9¢. Beigepxky spemenu obecneuusaet pene spemenn PCB 01, npenenst
perypopanus BpeMeru xotoporo ot 0,1 xo 50 .

13.7 I'asoBas zaniura

["azoBas 3aliMTa SBJBIETCS OCHOBHOM 3aIlMTON TPaHC()OPMATOPOB OT BHTKOBBIX
3aMBIKAHKMH M JAPYTHX BHYTPEHHMX MOBPEXKACHWI, COIPOBOMKIACMBIX pA3i0XECHHCM
Macia M BBIACICHMEM Ta3a. B KauecTBe pEarupyroulero opraHa BBIOMPAEM peie THIIa
PI'T 80 ¢ ycTaBKoil cxopocTHOro 3ieMenTa (HmkHero) 0,65 m/c. Bepxmsis mapa KOH-
TAKTOB JEHCTBYET Ha CHFHAI IIPH Cy1a00M Fa30BBIICICHAN U ITOHMKEHHY YPOBHA Macia,
HUGKHSIS [Iapa KOHTAKTOR NeficTBYeT Ha OTKIIOYSHHE Npu OypHOM 1a3000pa3oBaHyuy U
JATbHEeHNIeM TIOHUKSHIH YPOBHA MAaCHa.

13.8 3amura PITH

Ha tpancdopmaropax ¢ PITH jus samwrsl yerpoiicrsa PIIH ot nmospexienui
BHYTpH ero 0aka npumensierca ctpyiinoe pene PCT80. Ono umeeT OAUMH OTKIIOYAKO-
WM 20EMEHT, PearupyioliiM OpPraHoM KOTOPOTO ABIAETCS IIOBOPOTHAs INIACTHHA,
YCTAaHORJIEHHAS TIONEPEK ITOTOKa Maclora3oBoil CMECH, MOBOPOTHAs IIACTUHA TP Cpa-
GaThiBaMY pelie NePeMeIaeT TOCTONHHBI MarHAT, KOTOPHIH IIEPEKIIOYacT FEPKOH.

ITpu cpabaThIBaHiK pene HOBOPOTHAS IUTACTHHA (PUKCHPYETCA B cpafoTaBlieM Io-
NOXKCHHMH 10 BO3BParTa BPY4YHYIO, DTO He Haér BO3MOXKHOCTH BKIIOUMTL B PaboTy
TpaHCcQOPMATOP, OTKIIOUHBINUHCS ra30BOH 3aIUTOH, 10 HPUHATHI HEOOXOAUMBIX MEp
¥ PYYHOTO BO3BpaTa CIPYHHOro pexe.

Jns Bo3BpaTa OTKIIOYAIOIIETO JIEMEHTa pelie NPEUyCMOTPEHO YCTPOHCTRO, KOTO-
POE CIYKUT TAKXKE U s onpobopanus paboTocnocoOHOCTH pee.
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BriBogei 110 paspeny TpHUHAALATD

B mangom pasjaene npou3BeCH pacueT pefieiHoN 3auuTsl Id TparchopMaTopa
TPIH-25000/110/10/10, seiopansr muddepenrmansraasn 3ammra 1 MT3 ¢ BBIIEPKKOH
spemenu va HH u BH. Paccmotpen BoiGop razoroi 3amuTst # 3amura PIIH ot nospe-

AKACHUA BHYTpH Daka.

Ham, | Auem N2 Gowem Hodnucs | dama
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SAKJIFOYEHUE

Pa3paboTUyMKOM BHIIYCKHOM KBanU(pUKAIMOHHOH paboTsl ObI1 HpOM3BE/CH
aHAJIN3 JUTEPATYPhl 1O JaBHOU TeMaTuKe. BBIIONHeH pacyeT 3MeKTPHIECKHX Harpy30K
IPYNIB IEX0B MEAE3NEKTPOIUTHOTO 3aBOA.

s penieHus Bompoca 0 ¢XeMe BHYTPEHHEr0 31eKTpOCHA0KECHH ObLIO NPOU3-
BEJIEHO TEXHUKO-IKOHOMUYECKOE CPABHEHME BAPUAHTOB CXEM IIUTAHUA LIEXOBEIX TPAHC-
(opMaTopHBIX nmoacTaniuil. [TponsseséH BeIGOD 3MEKTPOOOOPYHOBAHUS It BHELIHErO
U BHYTPEHHETO 3JIeXTPOCHAOKEHNS TPYHIIEL [I€X0B, PACUET U BBIOOD CPEeACTB KOMIIEHCa-
1M} PeaKTUBHON MONTHOCTH HPeIHOpHATHA. '

B pesynsTare mpoBeneHHRIX pacdeToB ObUia CIIPOEKTHPOBAHA CHCTEMA DIIEKTPO-
CHaDKeHUs TPYIINGL [IEX0B MEIEdIEKTPONUTHOTO 3aBO/d, OTBEHAIONIAs BceM TpeboBa-
HUAM JI0 KAYECTBEHHOMY U HaJEKHOMY 371€KTPOCHAOXKEHUIO.

Pacripenienenme arieKTpuaeckoll SHEPTUY BHYTPH IPEANPUSTHS OCYLIECTBIAETCs
na Hanpsxenwn 10 kB mo cMemannol cxeme,(MarucTpasbHON, paguantbHOR) odecre-
YUBAKOLIEH OIITUMAaNnbHLIE PEXHMEL PaGOTEl BNIEKTPUYECKOR CeTH, Hajjexalnee Kavue-
CTBO BJIEKTPOIHEPTHY ¥ HANEKHOCTE. YYHUTHIBAS KIUMaTUUIECKUE YCIOBH, XapaKkTepy-
CTHKHM IPYHTA ¥ [JIOTHOCTH 3aCTPONKH OBIIO HPUHATO PEILeHUe NPOKIAALBaTh Kabeb-
HEI€ JIMHWY NPEeMMYyTIIeCTBEHHO B TpaHllesx. B kadecTse NPOBOAHUKEA UCIOIL30BAIMCE
xabenu mapxn AAITDI-10 cegenmem oT 16 1 120 mm.

B npoekte yaeneHo BHMMAaHHE BOIPOCY KOMHEHCAITMHY PEAKTUBHON MOLLHOCTH,
D710 0OBACHICTCA HAZKUM 3HAYCHUEM CPEAHEB3BCIUCHHOTO KO(HDHIUEHTa MOIHOCTY
HA [PeNNpPUSTHH, BHICOXON CTOMMOCTEBIO DIEKTPOIHEPIHA ¥ 3HAYHATENHHBIM HoTpedire-
HUEM PEaKTHBHON MOITHOCTH. BrIGOp ONTUMaNbHOIO MECTONOJIOMEHUS U MOIIHOCTH
KOMIICHCUPYIOLIMX YCTPOFCTB MTO3BONMANO ONTHMH3HPOBATE PEIKUMbI PAOOTHI BIIEKTPH-
uecKol ceTH M, KaK ceJCTBHE, YIyUIINTh 3KOHOMIYECKHE TTOKa3aTesy ee paboThl.

B paznene penelinas 3amiMTa APUBEACHO HOAPOOHOE OIMCAHUE U PACYET YCTABOK
penefnoi 3allHThl CAA0BOI0 TpaHc(hopMaTopa, YCTAHOBICHHOO Ha [IABHOH MOHW3HU-
TeNBLHON mozcTaHuuu, Tdna TPAH-25000/110/10/10V 1. Ha yeprexe IpencTaBieHBI
NPUHIHITHATLHAS W ONIEPATHRHAS CXeMa peleHHOH 3aimuTh TpaHc(hopMaropa u eé xa-
PaKTEpPUCTHKH.

Ocoboe BunMaHme B pabore yAeneHo BOIpocaM OXPaHbl TpYyda B 3JIEKTPOYCTAHOB-
kax. Taxxke B palote paccMaTpUBAIMCh BOIIPOCH] IKOHOMUHECKON JEATEIBHOCTH Ipei-
NPUATHSI.

B grore cripoeKTUPOBEHHAS CHCTEMA SIIEKTPOCHAOKEeHUs 0DCCEUHBACT BLICOKUA
YPOBEHD HAZEXKHOCTH MIEKTPOCHAOKEHMs, HalIeKalllee KaueCTBO JNIEKTPODHEPT 1K,
OTITUMAITHLHBIE PEXUMEI PAOOTEI IMEKTPUUECKOH ceTh 1 6e30MacHoCTs 00CTyKUBAHUS B
TEUEeHUE BCEro CPOKa CIYKOBI IIPU MUHUMAIBHBIX KAIUTAIBHBIX 3aTparax
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