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BBenenue

OJ1Ha U3 OCHOBHBIX 33J1a4 METOJANYECKUX YKA3aHUN — Pa3BUTUE Y CTYJICHTOB
TBOPYECKOTO MOAXO/0B K TEOPETUUECKOMY Marepuaty, (pU3n4ecKuM TpaKTOBKaM
SBJICHUA M TPOIECCOB, MPOUCXOMAIIUX B 3JIEKTPOCHAOKEHUU MPOMBIIIIIEHHBIX
IPEANPUATUN.

HucrumuinHa ~ «ONEeKTPOCHAOKEHHE  MPOMBIIUICHHBIX — MPEINPUSTHI
OTHOCUTCS K 0a30BbIM MPOPMIMPYIOUUM JUcUUIIMHAM Hanpasienus 13.03.02
DIIEKTPOIHEPreTUKa M JNEKTpoTeXHUKA. CoAepKaHHEe MNPAKTHYECKUX 3aHITUU
COOTBETCTBYET MpOorpamMme AUCIHUIUIMHBI «DJEKTPOCHAOKEHUE MPOMBIIUICHHBIX
MPEINPUITUI JJIs1 CTYJICHTOB, IEPEUMUCICHHBIX BBIIIE CIEIIUATbHOCTEH.

B ngene coBepuIeHCTBOBaHMS IOATOTOBKM CTYAEHTOB 1O JaHHOU
JUCLUUIUIMHE BaXXHYIO pOJb UIPAET MOJYYEHUE MPAKTUYECKHX HABBIKOB
MHXEHEPHBIX PACUYETOB. DTO JOCTUTAETCS B MPOLECCE BHIMOJIHEHUS MPAKTUYECKUX
3aHATUH, KOTOpBIC SBISIOTCS CaMOCTOSTEILHOHM pabOTOM CTYIEHTa TMOJ
PYKOBOJCTBOM MPENOAABATENS, U MPECICAYET CIAECAYIOIINE 3a/1aUH:

° 3akperuieHue 3Hanusa cxeM KTII, BKTII u TII; BeimoJiHEHNWE TEXHUKO-
SKOHOMHUYECKHX PACUETOB;

o yMEHUE IPOU3BOIUTH BHIOOP 000PYI0BAHUS;

o O3HAKOMJICHUE C  TEOPETHYECKMMH  OCHOBaMH  pabOThl U
KOHCTPYKIIMEHN 3JIEKTPUUYECKUX aAIapaToOB;

o OCBOCHHE METOJUKH BBIOOpA  DJIEKTPUYECKHUX  allapaToB U
TOKOBEIYIIMX YaCTEH.

Yacte 3amau B mporecce paboOThl HaJ JAUCHUILNIMHOW  CTyAEHTaM
PEKOMEHyeTCsl U3y4YUTh CaMOCTOsITeNbHO. [laHHas aucruiuinHa o0o0IaeT Bech

HSY‘ICHHBIﬁ paHeC MaTCprall U TOTOBUT CTYACHTA JUIINIOMHOMY ITPOCKTUPOBAHUIO.



Ilpakmuueckan pavoma Nel

Tema: DnekTpuuecKre Harpy3Ku MPOMBIIIICHHBIX MPEANPUITHI

Ilenv: TlpuoOpecTr  HaBBIKM  pacyeTa  JJICKTPUYECKUX  HArpy30K
MPOMBIIIICHHBIX TPEATPUSITHIA.

3nanua u ymenus, npuodopemaemvie 00yuarOWUMCA 6 pe3yibmame
0CBOCHUS MEMbL:

OO0y4arouuiics T0IKeH:

3Hamb:

— BUJIBI TPAPUKOB IEKTPUUECKUX HATPY30K;

ymemb:

— PaCCUUTHIBATH JICKTPUUECKHE HATPY3KU TPOMBIIUIEHHBIX ITPEAPUSITUH.

AxkmyansHocms memol:
3akmrogaeTcsi B HEOOXONMMOCTHM pacueTa U OINpEJECHHE CYTOYHBIX

HAarpy30K IeXa NPOMBIINIIICHHOTO IIPCATIPUATHA.

Teopemuueckan uacmo:

Pacuer  9JEKTpUYECKHMX  HArpy30K  TPOM3ZBOAMTCS  JUIA  Ka)XJO0To
IEKTPUUECKOTO Y374, OT KOTOPOTO MHUTAIOTCS AJIEKTPONPUEMHUKH. B ceTsax
HampspbkeHueM 10 1 kB Ha pa3snuyHBIX CTYNEHSX pachpenelieHuss B KadecTBE
AJIEKTPUYECKOTO y3JIa MOTYT pPAacCMaTpUBATHCS pPaCHpECTUTEIbHBIC ITYHKTHI,
mkadpl, CcOOpKH,  pacmpeneiTuTeNbHbIC,  TPOJUICHHBIE,  MAarucCTPaIbHbBIC
IIMHOMPOBOBI,  IIEXOBbIE  TpaHCc(OpMaTOpHBIE  MOACTAaHIMH.  Harpysku
OTIPEETISIOTCS O LIEXY, KOPITYCY, IPEAIPUITHIO B IIETIOM.

Meron koaddunmenta pacuetHoil Harpy3ku. CoriacHo YKa3zaHUSIM TIO
pacyeTy OJJICKTPHUYECKUX HArpy30K pacueTHas aKTHUBHAs Harpy3ka TpPYIIIbI

SJICKTPOINIPHUCMHHUKOB, IMOAKIHOYCHHBIX K QJICKTPUYCCKOMY Y3y

Pp :KpZKHiPHi

i=1



rie K, - k03(p(pUIHEHT pacyeTHON HArpy3Ky;

Pui 1 Kyi - HOMUHaNbHas AaKTUBHAs MOIIHOCTh M CpEIHEE 3HAUYECHUE
ko3¢ puLeHTa UCIOJIb30BaHUS OTIEIBHOTO 3JEKTPONPUEMHHUKA; N- KOJUYECTBO
AIEKTPOIIPUEMHHUKOB B IPYIIIIE.

O dexTuBHOE YUCIIO FTEKTPOIPUEMHHUKOB

_ G P’
’ ?=1P Hi2
rae PHI - HoMHHanpHas MOIIHOCTH OTIEIBLHOTO 3JCKTPOINPHEMHHKA B
rpy1mmne.
[TonydyenHoe pacueToM OKpPYTJSieTCs A0 ONMXKAWIIEro MEHBIIETO IEI0ro
qucia.
[Ipy OGonbIIOM KOJWYECTBE DJEKTPOINPUEMHUKOB B  Tpymmne s
MarucTpajibHbIX I[IMHOMPOBOJOB, COOPHBIX IIMH IIEXOBBIX TpaHC(HOPMATOPHBIX
noactaniuii (TII mexa, xopmyca, MPeaNpUATHS B IEJIOM BEJIMYMHY N, MOXKHO

OIMPCACIUTDb TAKKC 110 YHPOIICHHOMY BBIPAKCHHUIO!

2 Xi=1 Pui
n,=——

PH Haub

rae Py yau - HOMAHAJIBHAS! MOIITHOCTh CAaMOT'O MOIIIHOTO 3JIEKTPONPUEMHHKA
B IpyIIIE.

Ecnu HaiimeHHOE MO TOCIEAHEMY BBIPAKEHHUIO N, OKAXETCS OOJIbIIE N, TO
MPUHUMAIOT 71, = 1. JTO K€ YCIOBUE NS JI, COXPAHSIETCS, €CITU

P
H Hauo6 < 3

PHMI/IH

JIns rpynmbl, COCTOSIIEN U3 JIEKTPOIPUEMHHUKOB PA3IMYHBIX KaTEropuii (¢

paznuuHbiMUA K1), cpeiHeB3BelIeHHbINH KO (DUIIMEHT UCTIOIb30BaHUS

_ Yt Kyi Py

K, m p
i=1*' Hi

a) VI MUTAIONIKX ceTel HanpsokeHueM 10 1 kB B 3aBUCUMOCTH OT N,

npun, < 10



n
Qp =11 z Ky Py tan ¢

i=1

npu n, > 10

n
Qp = Z Ky Py tan ¢
i=1

6) AJI1 MAaruCTpajbHbBIX IMMHOIIPOBOJAOB W HAa MIMHAX IEXOBBIX TH, a TaK¥KC

IIPU OTPEACIICHUH PEAaKTUBHON HArPY3KH MO 1EXY, KOPIYCY, MPEAIPUITHIO

n
Qp = KPZKHPHtan¢)= Pp tan ¢

i=1

K pacyeTHbiM aKTMBHON M pEAKTHMBHOM HAarpy3kaMm CHJIOBBIX DJIEK-
TponpueMHUKOB 10 1kB momxHbl ObITh A00aBJEHBI MPU HEOOXOIUMOCTHU
OCBETHUTEIIbHBIE HATPY3KH Py, 1 Qpo

Pacuer snexkTpuuecKkux Harpy30K 3JIEKTPOINPUEMHUKOB HANPSHKEHUEM BBIIIIE
1 kB ocymecTBiasercs B LEIOM aHAJIOTMYHO pacyeTy, HPHUBEACHHOMY JUIS
3JIEKTPONIPUEMHHUKOB HamnpskeHueM 10 1 kB, ¢ yueTom HEKOTOphIX 0COOEHHOCTEH.
Jnsa smekrtponsurarenei HampsbkeHueM Bbimie | kB Bmecto K, nmpuHMMaercs
3HayeHue Kod(pdunrenTa 3arpy3ku K3 1 HAaXOAUTCS pacueTHasi Harpy3Ka

Fon = KsFug

rne  Ppyy - HOMHUHalIbHas AaKTUBHAs MOIIHOCTb  BBICOKOBOJIBTHOTO
AIIEKTPOBUTATES.

IIpn ompeneneHuM pacyeTHOW HArpy3KH MPEINPUATUS IOJACUUTHIBACTCS
KOJIMYECTBO NMPUCOETUHEHUM K cOopHbIM mMHaM 6 - 10 kB pacnpenenurensHoro
nyHkta (PII) unu rnaBHoil monumsutenvHou mnoactanuuu (I'TIIT), oT koTOpBIX
NUTAETCA MNpeanpusThHe. B 3aBUCHMOCTH OT KOJMYECTBA IPUCOECIMHEHHN U
cpenner3BemieHHoro K, mo tabn. 113 ompenensiercss 3HaueHue koddduimeHTa
oxHoBpeMeHHOCTH K,,. IIpu sTom nmpuHuMaercsa BennuuHa K, = 1. AHanoru4noe
3HayeHue K, NPUHHMAeTcs M B TeX CllydasX, KOIJa pacueTHas Harpyska

onpenensercs g Beidopa kadens 6-10 kB, nuraromero nexoryro TII.



Pacuernas Harpyska CWJIOBBIX JJIEKTPOIPUEMHMKOB 10 1 kB xapakrtepHbIX

IpyII, NpUBEICHHAS K BBOY MPEAIPUITHS, ONpeAeseTcs no Gopmyie

n
b, =K, z Ky Py
i=1

n
Qp = KOZKHPH tangp = Pptan ¢
i=1

PesynbTupyromas Harpyska TOpeANpuUsATHS OINpEAeNsaeTcs C  Y4YeToM
OCBETUTEIHPHONH W BBICOKOBOJIBTHOH HArpy3oK, a TakKe CPEICTB KOMIICHCAIHH
peakTUBHOM MOITHOCTH QQ ¥ TOTEPh MOITHOCTH B TpaHC(hOpMaTOpax.

Meron koaddunuenta cnpoca. Ha mepBoil cTaguu TPOEKTHUPOBAHUS
CHCTEMBI JJIEKTPOCHAOKEHUSI MOTYT OBITh HEM3BECTHBIMU MOIIHOCTH OTHEIHHBIX
AIIEKTPONIPUEMHHUKOB XapaKTEPHBIX TPYINI U PEKUM HUX paborbl. PacuerHas
MaKCUMaJbHasl HAarpy3ka Al TaKuX TPYII DJIEKTPONPHUEMHHUKOB OIMPEACIAETCS
CJIeAYIOIUM 00pa3oMm:

Pp = K. Py
Qp = Pptang
3nauenuss kodpduureHtoB copoca KuCOSOAiA  yKazaHHBIX — Tpynn
3IIEKTPONIPUEMHHUKOB OIPEAETISIOTCS U3.
PacueTHas Harpyska y3jia CUCTEMBbI JIEKTPOCHAOKEHUS ONPEENSIeTCS B 3TOM
cillyyae € ydeTroM KO3(p(UIHEHTa pPa3HOBPEMEHHOCTH MAaKCUMYMOB Harpy3oK

OTJAEJBHBIX TPYIIN JIEKTPOIPUEMHHUKOB:

n

2 n 2
Sp = z Ppi + Z Qpi KpM
i=1

i=1
IZI€ 71 - KOJIMYECTBO XapPAKTEPHBIX MOATPYII 3JIEKTPOIPUEMHHUKOB.
3Hauenue K, MOKHO MPUOIHKEHHO NPUHATH paBHbIM 0,9.
Meron ynenbHBIX IUIOTHOCTEW Harpys3ku. Eciv MMETCs CBEAEeHUSA O

BCIIMUMHAX IMPOMU3BOACTBCHHBIX HHOI].[&I[GIZ OTJACJIBbHBIX IEXO0B, HaAIIPUMEP,



MalIMHOCTPOUTENIbHBIX MPEAIPHUITHI, TO paCUETHYIO aKTUBHYIO HAarpy3Ky MOKHO
ONPENIENNUTD, UCIOJb3YS BEIPAKECHUE
By =bys- F

e F- miomans pa3sMemeHns IPHEMHAKOB FPYIIIBI, M7,

Pyx - YACIbHASA IUIOTHOCTh Harpysku Ha 1 M° TIPOM3BOCTBEHHOI IIOMIA/H,
kBt/™M®. 3nauenns YAEIbHBIX IUIOTHOCTEH HArpy30K Py, NPUHUMAIOTCA II0
CIIPaBOYHOM JINTEPATYPE.

Meron yaenapHOTO pacxona d3JeKTposHepruu. [Ipy Hanuuumu NaHHBIX MO
YAEIBHOMY pacxoly 3JIEKTPO’HEPIMU Ha €AUHMIYy MPOAYKLIHMH pacyeT Harpy3ok
10 OT/AEJIbHBIM II€XaM, MPEANPHUATHIO B LIEIOM MOYKHO BBIIIOJHHUTH, HCIONb3YS
BBIPAKEHUE

b M- 3,y,
p T

rae M - BBIIYCK NPOAYKIMH B HATypajJbHOM BBIPAKEHHH 3a Bpems 13
Ha3HAYEHUE yIEIbHBIX PACXOJ0B JIEKTPOIHEPTUU HA €AUHUILY MPOIYKLIHH.

DeKTpUYecKre Harpy3Kku oJHO(Pa3HBIX 3JEKTPOIIPUEMHHUKOB.

OpnHodazHble  AJIEKTPONPUEMHUKH  YUYUTHIBAIOTCS TPU  ONpPEACIICHUU
CYMMapHbIX Harpy3oK Kak Tpex(a3Hble, €Clii OHM PaBHOMEPHO pacIlpeaesieHbI
Mexy ¢azamu TpexdazHoil cetu. CUMTAIOTCS HEPAaBHOMEPHO pPACIpeeICHHBIMU
Te oJaHO(Aa3HBIE AIEKTPONPUEMHUKH, HOMHUHAIbHAS MOIIHOCTh KOTOPBIX
coctaBiser Oomee 15 % cymmapHOil MomrHOCTH Tpex(aszHbIX W OJHO(MA3HBIX
IPUEMHUKOB, NPHUCOCAUHEHHBIX K JJEKTpUYeckoMmy y3ay. [l Takux
AIIEKTPONIPUEMHUKOB  OmpefensieTcss Tpex(azHas HOMHUHAJIbHAs  YCJIOBHas
MOUIHOCTB:

U BKITIOYEHUHU 0JTHO(A3HBIX AJIEKTPONPUEMHUKOB Ha (Da3HOE HANPSKEHUE

I Hy — 3-P HM$
I HY — \/§ * Ban
Mo1HOCTh OTAENBbHOM (ha3bl B ATOM cllyyae ONpeaessieTcs Kak Moy cyMMa

HOMMWHAJIbHBIX MOHIHOCTCﬁ IJICY, MPpUWJICTAr0IUX K ,HaHHOﬁ (1)336.



[Ipu GonbiioM KoJWYECTBE OMHO(DA3HBIX AJIEKTPONPUEMHUKOB B TPYTIIIE,
BKJIIOYEHHBIX Ha (ha3HOE U JIMHEHHOE HamNpsHKEHHEe M HE pPachpeaesICHHBIX
paBHOMEPHO, HOMHUHAJIbHASI MOITHOCTh OTIEIBHOU (pa3bl OMPEASIACTCS C YIETOM
K03 (PHUIIMEHTOB MPUBEICHUS JUHEHHBIX HArpy30K K JTaHHOU ¢aze u (dazHOMY
Hanpsbkenuro. Hanpumep, s daser A

PH(a) = Pabp(ab)a + Pcap(ca)a + Py
QH(a) = Pabp(ab)a + Pcap(ca)a + Quo

7€ p, - oaHO(a3Has Harpy3Ka, BKIoueHHas B miedo AB Tpexdas3Hoii ceTu;

P, - To x)e B mieuo AC;

P, 1 Qa0- Harpy3KHU, BKIIIOYCHHBIC HA (ha3y A U HYJIEBOU MPOBO/I;

Pabye Prajar Yabya- K0OPPUIUEHTHI IPUBENEHNS JINHEHHBIX

HArpy30K, OTpeesieMbIe U3 CITPABOYHBIX TAOIHII.

PacuerHple aKTMBHYIO M PEAaKTHUBHYIO HArpy3ku s OaHO(a3HBIX

AIEKTPONPUEMHUKOB, BKIIOYEHHBIX B TpeX(a3Hyl0 CEThb, MOKHO OMNPEIEIUTH I10

dbopmynam
n
Py =K, z Ky Pyy;
i=1
npun, < 10
n
Qpy = 1.1 Z K, Pyyitan @
i=1
npu n, > 10

n
Qpy = Z K, Pyyitan @
i=1

Jlist y3ma, MOJKITIOUYEHHOTO K TpeX(a3HOU 3JIEeKTpUYECKON CEeTH, UMEIOIIeH
Tpexdaszubie u OmHO(MA3HBIE HIEKTPOIPUEMHUKH, pPACUYCTHBIC AaKTUBHAs U

peaKkTUBHAsI HATPY3KHU OMPEIEISIFOTCS 10 (popMyIaMm:

mil m2 m3 m4
Ppy3=Kp ZKI/IPHi+zKI/IPHyi +ZKI/IPHi+ZKI/IPHyi
=1 i=1 i=1 i=1

npun, < 10



ml m2 m3 m4
Qp ya = 1.1 (Z Ky Py tan @; + Z Ky Py tan (pl-) + Z Ky Py tan @; + Z Ky Py; tan @;
i=1 i=1 i=1 i

i=1
npu n, > 10

ml m2 m4

3
Qp vz = Z Ky Py tan @; + Z Ky Py tan @; + Z Ky Py tan ¢; + Z Ky Py; tan @;

=1 =1 =1 i=1

rae Mu M, — KOIU4ecTBO TPEX(Pa3HBIX U OJHO(DA3ZHBIX ATEKTPOINPUEMHUKOB
C IepEeMEHHBIM I'pauKOM Harpysok;
M3 My - KOTUYECTBO TPEX(Pa3HbIX U OJHO(DA3HBIX IEKTPONPUEMHUKOB C

MaJjio MEHSIFOIITMUMCS TpauKoM Harpy3oK.

3aoanue:

3aoaua Nel

Onpenenuts n, 1A DJIEKTPOINPUEMHUKOB MEXAHMUYECKOTO y4dacTKa
MHCTPYMEHTAJILHOTO 11€Xa CO CIAEAYIOUMMHU TAaHHBIMHU:

a) Ttokapuble ctanku: 4 x (7 + 1,1 + 0,25) xkBrT;

06) crporanbhble cTaHku: 2 X (4,5 +0,5) kBt; 2 x (5,5 +0,75) xBT;

B)  cBepauibHble cTaHku: 3 X (7,5 +0,25) kBT; 3 x (3 +0,25) xBT;

r) 3arouHble cTaHku: 2 X 2,8 kBT; 2 x 4,5 kBT;

)  MexaHmdeckue HOKOBKHU: 3 X (3,2 + 0,3) kBT.

3aoaua Ne2

B Tpexdasznyro snexrpuyeckyro cetb 380/220 B BkitoueHbl oaHO(]a3HBIE
AIIEKTPOIPUEMHHKH:

a) meuu conporuBieHus: P, = 12 kBt, cos®=0,95, n = 2, Uy= 220 B;

0) cBapounbsle TpaHchoOpMaTOpel: Sc= 75 kBA, IIB = 45 %,cos¢p= 0,55,

n= 1, Uy =380 B; Onpenenuts Tpex(azHyro yCIOBHYI) HOMUHAIBHYIO MOIIIHOCTb.

3aoaua Ne3
OT muH BTOPUYHOrO HampsbkeHus nexoBod TII muTaroTcs cieayrouye

rpynnsl TpexpazHbIX IEKTPONPUEMHUKOB:

10



a) 35 snexTpoaBUraTeneil MpoAOKUTENBHOTO peKuMa paboThl OT 5,5
10 10 kBt cymmapHoi MontHOCTRIO L Py= 265 kBT; K, = 0,18; cose = 0,75;

0) 8 anekTpoaBUraTesieil MOBTOPHO-KPATKOBPEMEHHOI'O peKuMa pado-
T 0T 4,0 10 7 xBT; " 2Py = 42 xBT; [IB = 50 %; Ky= 0,15; cosep= 0,55;

B) 20 snexTpoaBUraTeae MpoaOIKUTEILHOTO peKUMa paboThI OT 3 10
15 kBt; 2Py= 175 kBm, K, =0,2; cosp = 0,7;

r) 15 snexTponBurareneii MpoaOJKUTEIHHOTO PEXKUMa pabdOThl OT 5
1o 7,5 xBt; ¥Py = 100 kBT; K, = 0,3; cos¢= 0,65.

OnpenenuTs Uisl HUX MOJIHYIO PAaCUETHYIO HATPY3KYy.

3aoaua Ned
I'pynmna 11exXoB TPaKTOPHOI'O 3aBOJIa UMEET CJICAYIOIINE YCTAaHOBJICHHBIC

MOIIHOCTH SJICKTPOIIPHUECMHHUKOB!

a) arperatnbiii iex Py= 3000 xBT;

0) npeccoBo-mramMnoBouHsiil iex P, =4000 kBT;
B) Mexanndeckui 1ex Py = 3500 kBrT;

r) nokpacouHslii 1ex P, = 1800 kBr.

OnpenenuTs 1Uisl HUX MOJIHYIO PAaCUETHYIO HArpy3Ky.

3aoaua Ne5

TexHoIOrMYeCKHe YyYacTKU PEMOHTHO-MEXaHHMYECKOro I[eXa HMEIOT
CJIEYIOIINE HOMUHAIBHBIE MOITHOCTH AJIEKTPOIPUEMHUKOB:

a) y4acTOK CTaHKOB YHHUBEpPCaTbHOTO HazHaueHus: 6 x (4,5 + 1 + +
0,25) kBt - HopMmanbHBIN pexuM; 5 X (7 + 1,5 + 0,25) kBT - HOpManbHbIN pexuM;
5x (14 +2+0,75) kBT - TSXKENbIi pexuM;

0) Y4acTOK CHEIHAIU3UPOBAHHBIX CTAHKOB C DJIEKTPOJABUTATENSIMUA OT
0,25 no 5,5 kBt cymmapnoit montHocteio P, = 87 kBT;

B) AJIEKTPOCBAPOYHBIN y4aCTOK, CBAPOUHBIE TPaHC(HOPMATOPHI:

Siacn1 = 37xBA; TIB = 40 %; cose=0,5; U,= 380 B;

Siaen2 = 32 kBA; T1B = 40 %; cose= 0,5; U,= 380 B;

11



Shaems =22xkBA; TIB = 60 %;cosep= 0,5; U,=380 B,

OnpenenuTp MOJHYO0 PACYETHYIO HArpy3Ky JIEKTPOIPUEMHHUKOB LI€XA.

3aoaua Neb

['pynna mexoB aBTOMOOMJIBHOrO 3aBojAa NuTaercs oT otnaenbHoro PII Ha
HanpsbkeHnd 10 kB 1 uMeer ciieiyroiiye TaHHbIe:

- cOopounslii nex; P, = 1800 kBT; cosp=0,7; K, = 0,2;

- 1ex 3aaHux MoctoB: P, = 2900 kBt; cose=0,75; K,, = 0,25;

- nex kabun: P, = 2300 xBt; cosep=0,7; K,= 0,3;

- nokpacounslii nex: P, = 1500 kBt; cose= 0.65; K,,= 0,4;

- ranibBaHnueckuit uex: P, = 1700 kBt; cose= 0,8; K, = 0,5;

- KOMIIPECCOPHAsL: JJIEKTPONPUEMHUKH HanpsbkeHueM ao 1 kB: P,=
1300 xBT; cosep= 0,7; K, = 0,35, snekrponsuratenu HampsikeHuem 10 kB: P, =
4000 kBT; n= 3; cosep=0,75; K5 = 0,85.

KomnuectBo mnpucoenunenuit k PII n = 10. Camblii MOUIHBIN
ANEKTPONPUEMHHUKOB B Tpynne HanpsbkeHuem 380 B - snekTpoaBurarelnsb, y

kotoporo P, =15 kBt. OnpenenuTs NOIHYIO pacyeTHYIO Harpy3Kky Ha mmHax PII.

Konmponwvhuie eonpocwt:

1. Kakum oOpa3oM cBsi3aHbl pacueTHbIE aKTHUBHAsT M PEaKTHUBHAs
MOIITHOCTH?

2. B kakmx ciydasx HE0OXOOUMO HKCIOJIB30BaTh CHCTEMY OOIIETO
OCBEIICHUS?

3. B kakom ciiyyae HEOOXOJIHUMO MPOBECTH KOPPEKTUPOBKY pacuETHOM
AKTUBHOM MOIITHOCTHU?

4, Kak 3aBucutr HOpMHpyemass OCBEHIEHHOCTb AOPOr W MPOE3I0B OT
WHTEHCUBHOCTHU JIBHKECHUS aBTOMOOMIICH?

5. OxapakTepu3oBaTh  CIOCOOBI  YCTAHOBKH  IPOKEKTOPOB  JJIst

OCBCHICHUA OTKPBITBIX ITOIIA/I0K.
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6. Kakne pnaHHbBIE SBIAIOTCA HUCXOAHBIMM IIPU pPACUETe YIUYHOTO

OCBCIICHHS TOUYCUYHBIM MeTOILOM?

Cnucok 1umepamypel’

Ilepeuenv ocnognoll TUumMmepamypul:

1. Cubukun, IO.JI. OCHOBBI NPOEKTHPOBAHUSA SJIEKTPOCHAOKECHHS
o0BekToB : yueOHoe mocobue / FO.Jl. Cubukun. - MockBa ; bepnun : {upexr-
Menua, 2015. - 357 c. : wi., cxeM., Tabiu. - bubmuorp. B kH. - ISBN 978-5-4475-
3979-5 ; To xKe [DneKTpOHHBIH pecypc]. -
URL: http://biblioclub.ru/index.php?page=book&id=469117

2. Hanunos, M.W. HMuXeHepHbIE CHUCTEMBI 3JaHUA U COOPYKEHUU
(37IeKTPOCHAOXKEHNE C OCHOBAaMH DJJICKTPOTEXHHKH) : YyuyeOHoe 1ocobme /
M.U. Nanunos, W.I'. Pomanenko ; MuHucTepcTBO 00pa3oBaHWs W HAyKH
Poccuiickonn ~ @enepannu, dDenepanbHOE  FOCYJApCTBEHHOE  aBTOHOMHOE
oOpa3oBaTeIbHOE YYPEKICHUE BBICIIETO MPOQPECCHOHATLHOTO 00pa30BaHUS
«CeBepo-KaBkasckuii ¢penepanbHbiii yauBepcuret». - CraBpomnons : CKOVY, 2015.
- 223 c¢. : un. - bubmmorp. B kH. ; To ke [DnekTpoHHBIA pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuens oononnumenvHol numepamypoi:

1. Cubukun, FO.JI. OCHOBBI TMPOCKTHUPOBAHUS DIICKTPOCHAOKCHHSI
IMPOMBIIUICHHBIX U TpaxkaaHcKux 37aaHuit : yaeOHuk / FO.Jl. Cubukun. - 6-¢ u3z.,
nepepad. - Mocksa ; bepnun : lupexkr-Menua, 2016. - 508 c. : cxem., Tabi., ui. -
bubnuorp. B kH. - ISBN 978-5-4475-8608-9 ; To xe [DnexkrpoHHbIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckan paboma No2

Tema: Pacuet ocBelieHUs Liexa

Ienw: — 3aKpenuTh TEOPETUUECKUE 3HAHUS 10 TEME;

— IpUOOPECTH MPAKTUYECKUE HABBIKK 110 pAcueTy OCBEIICHNS,

— npuoOpecTH TMPaKTUYECKUE HABBIKK TMOJb30BAaHUS CIPABOYHOU U
METOAUYECKOU JIUTEPATyPOH.

3HaQHUA U yMeHus, npuoodpemaemvie O00YUAIOWUMCA 6 pe3yibmame
0CBOCHUS MEMbL:

OO0y4aromuicst T0IKeEH:

3Hamov:

— METOJIUKY pacdeTa OCBEIICHUS.

ymembw:

— paCCUYUTBIBATD JICKTPHUYCCKOC OCBCIICHUC.

AKmyanvHocms memboi:
3akmrogaeTcsi B HEOOXOJUMOCTH TPUOOPETEHUS HABBIKOB II0 pacyeTy

OCBCIICHHA U MCITIOJIB30BaHU

Teopemuueckasn yacmo:

B coorBerctBun co CHuIl 2-4-79 myis ocBemieHUs MPOW3BOACTBCHHBIX
MOMEIIICHNUH, KaK MPaBWIIO, CIEIyeT TMPeayCMaTPpUBATh Ta30pa3psaHbIC JIaMIIbI
HU3KOTO W BBICOKOTO JaBieHus. Jljig pacuera oOIero paBHOMEPHOIO OCBEIICHUS
IIPY TOPU3OHTAITBHONW MTOBEPXHOCTH OCHOBHBIM SIBJIICTCS METOJ CBETOBOT'O TOTOKA
(ko3(ppuruenTa MCIONB30BAHUS), YUWUTHIBAIONIUN CBETOBOM TMOTOK JIAMITBI TIPHU
OCBEIIIEHUHU JYTOBBIMUA PTYTHBIMH JIAMITAMHU.

Pacuer mo merony ko3 duimeHTa MCIONB30BaHUSI BEACTCA B CIEIYIOIIEM
TOPSIKE:

1. Omnpenensiercs Tpedyemas HOpMaMu OCBEIIEHHOCTH (Ta0:1.2.1). Beioop

HOPMHUPYEMON OCBEIIEHHOCTH OCYILECTBIISIETCS B 3aBUCUMOCTH OT pasMmepa
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00BEKTa Pa3NMYCHUs, KOHTpacTa 00bekTa ¢ GOHOM U KOA(D(UIIMEHTA OTPaKEHUS
pabouyeil MOBEpXHOCTH.

2. Omnpepensercs rpyIna 1 MpeABapUTEIIEHOE KOJTUIECTBO CBETUIILHUKOB
OpUd WX BBITOJHOM pacrnojoxeHuu. BeiromHoe paccrosaue L mexnay
CBETWJIbHHUKAMHU WJIM DPsIaMU CBETHJIBHUKOB BBIOMPAIOT HUCXOJS W3 OTHOIICHUS
(L/h) s momydyeHUsT  HAMMEHBIIEH  HEPABHOMEPHOCTH  paclpeeicHust
OCBEUICHHOCTH, B 3aBHUCHUMOCTH OT KJIacCU()UKAIMOHHBIX TPYMN CBETHJILHUKOB
(tab61m.2.2).

3. OmnpenenseTcss HHACKC ITOMEIICHUS.

4, Omnpenensiercss Ko3(Q(PUIMEHT MCHOIB30BaHUS CBETOBOIO IOTOKA.
3nauenus KI1J[ cBeTmnbpHUKA BBIOMpaeTcs U3 Tabm.2.

5. OnpenensieTcs HEOOXOAUMBIA CBETOBOM IMOTOK KaXXJI0ro psaa
CBETUJIbHUKOB M CBETOBOM MOTOK OJHOM jamrbl. [lo mosydyeHHOMY 3HAYEHHUIO
BeIOMpaeTcs cranaaptHas siamna ([Ipunoxenne: Tadn.2.3).

6. Omnpenensiercs 00111ast MOIITHOCTH OCBEIIEHUS.

3aoanue:

3aoaua Nel

1. [Ipou3BecTH CBETOTEXHUYECKHUM U DJIEKTPUUECKUM pacyeT OCBEILICHUS
1exa.

2. OnpeaenuTs THUM, MOITHOCTh M KOJHWYECTBO Jamml JJisg oOIero
OCBCILICHHUS IICXAa.

3. Haueptuts 11aH pazMelieHus CBETUILHUKOB.
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Tabmnma 2.1 —

Hopwmer

IMPOU3BOACTBCHHBIX IOMCIICHUAX

OCBEILIEHHOCTH pabouyux MOBEPXHOCTEH B

Haunmenspimmi
Xapakrep KonTpacr Hopwma
pasmep Pazpsn XapakTepucTuKa
3pUTEIHHOM 00BEKTa C OCBEIICHHOCTHU
o0beKTa pabot dboHa
paboThI dboHOM Kom6. O6m.
pazTuYCHUS
TemHbIi 5000 1500
Maunblit Cpennuii 4000 1250
Csetiblid 3000 1000
TemHbIi 2500 750
Haussicmiass | Menee 0,15
1 Cpenunii Cpenuuii 2500 750
TOYHOCTH MM
Caetiblid 1500 400
TemnbIi 2500 400
Bonbioi Cpenuuii 1500 300
Caetbrit 1250 300
TemublIi 4000 1250
Manbrit Cpennuii 3000 750
CeTiblit 2000 500
Ouenb TemHbIi 2000 500
Ot 0,15 no
BBICOKAs 2 Cpennnii Cpennuii 1500 500
0,3 MM
TOYHOCTh CaeTublit 1000 300
TemHbIi 1000 500
Bomnpmoit Cpenuuii 750 300
CaeTublit 750 200
Mamnsrit TemHbIi 2000 500
Cpenuuii 1000 300
Bricokas Ot1 0,3 10 0,5 3 Caetnbiit 750 300
TOYHOCTh MM Cpennuit TemubIit 1000 300
Cpennuit 750 200
Cetmbiit 400 200
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Bonpmoit TemHubIi 600 200
Cpennuit 400 200
CBeTJbIi 400 150
TeMubIi 750 300
Maunsblit Cpennuit 600 200
CBeTJbIi 400 150
TemHBIN 500 200
Cpennsisa 010,510 1
Cpennuii Cpennuii 400 150
TOYHOCTH MM
CaeTrnbli 300 100
TemHBIH 400 150
Bonbioi Cpenuuii 300 100
CaeTrnbli 200 100
TemHBII 300 200
Manbiii Cpennuit 200 150
CaeTrnbli - 150
TemHBIN - 150
Maimas
Ot 1 no 5 Mmm Cpennuit Cpennuit - 100
TOYHOCTH
CBeTJbId - 75
TemubIi - 100
Bbonbmoit Cpennuii - 100
CBeTJIBId - 75
He 3aBucumo ot
['py6as
bonee 5 mm XapaKTepUCTUK (pOHA U - 150
pabota
KOHTpacra
Pabora B
rOpAYNX He 3aBucumo ot
exax co Bbonee 5 mm XapakTepucTuk GoHa u - 200
CBETALIUMUCS KOHTpacTa
MaTepHaIaMu

17




Tabmuua 2.2 — OCHOBHBIE XapaKTEPUCTHKU CBETUIILHUKOB

I'pynna Lih KIIJI mpu mHAeKce moMeneHus 1
CBETUJILHUKOB 0,6 0,8 1,25 2 3 5
11 1,3 36 48 o7 66 76 85
2 0,96 42 51 65 71 85 90
I'l 0,91 45 56 65 76 78 84
2 0,77 55 66 80 92 98 99
I'3 0,66 63 72 83 91 96 99
4 0,57 68 73 81 87 91 94
K1 0,49 70 78 86 92 96 98
K2 0,42 72 80 91 96 99 99
Tabnuua 2.3 — OCHOBHBIE XapaKTEPUCTUKH JIAMIT
Jlamnipl HaKanMBaHUS JIFOMUHHCLIEHTHBIE JIAMIIbI
MOIIIHOCTh THUI CRETOBOH MOIIIHOCTh THUI CRETOROH
MOTOK MOTOK
15 B 105 20 JIALL 780
25 B 220 20 JI 870
40 BbK 400 20 JIb 1120
40 BbK 460 30 JIILL 1375
60 b 790 30 JI 1560
100 r 1350 30 JIb 1995
150 I 2000 40 JIILL 1995
200 I 2800 40 JI 2225
300 I 4600 40 JIb 1850
500 I 8300 80 JIILL 3380
750 I 13100 80 JIA 3865
1000 I 18600 80 JIb 4960
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KOHmPOJZbele 80ORPOCHL.

1. Merozasl pacuéra OCBETUTEIIBHBIX HAarpy30K.
2. OcBellieHus MPOU3BOACTBEHHBIX MTOMEIIICHH.
Cnucox n1umepamypet’

Ilepeuens ocrnosnoil numepamypoi:

1. Cubukun, FO.JI. OCHOBBI TPOEKTHPOBAHUSA DJIEKTPOCHAOKECHHUS
0o0bekToB : yueOHoe mocoodue / FO.Jl. Cubukun. - MockBa ; bepnun : upexrt-
Menna, 2015. - 357 c. : w1, cxem., Tabi. - bubmmorp. B kH. - ISBN 978-5-4475-
3979-5 ; To xKe [ DJIEeKTPOHHBII pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117

2. HanunoB, M.W. HHXeHepHbIE CHCTEMBI 3JaHUA U COOPYKEHUMU
(37IeKTpOCHAOXKEHHE C OCHOBaMH DJJICKTPOTEXHHKH) : YyueOHoe Tmocobue /
M.U. lanunos, W.I'. Pomanenko ; MuHHCTEpCTBO 0Opa30BaHUs U HAyKu
Poccuiickon ~ @enepaumu, @DenepanbHOE  rOCYJapCTBEHHOE ~ aBTOHOMHOE
0o0pa3oBaTeIbHOE YUPEKIACHUE BBICIIETO MPOQPECCHOHATLHOIO 00pa30BaHUs
«CeBepo-Kaska3zckuii ¢henepanbubpiii yauepcuteT». - CtaBponons : CKOY, 2015.

- 223 c¢. : un. - buOmmorp. B kH. ; To ke [DnekTpoHHBI pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuens oononnumenvHoil 1umepamypol:

1. Cubukun, FO.JI. OcCHOBBI NPOEKTHPOBAHUSA DJIEKTPOCHAOKECHMS
MPOMBIIIUICHHBIX W TpakIaHCKuX 3aanuit : yuyeonuk / FO.Jl. CubukuH. - 6-¢ uzm.,
nepepad. - Mocksa ; bepnun : Jupexkr-Menua, 2016. - 508 c. : cxem., Tabiu., ui. -
bubmuorp. B k1. - ISBN 978-5-4475-8608-9 ; To ke [DneKkTpoHHBIA pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckan paooma No3

Tema: KoMMyTallMOHHBIE U 3alIUTHBIE anmapatsl 10 1 kB.

I]ens: VI3yunTh BHIOOP M pacyeT KOMMYTALMOHHBIX M 3AIIUTHBIX alapaToB
no 1 kB

3nanua u ymenusa, npuodpemaemvie 00yUAIOWUMCA 6 pe3yibmame
0CBOCHUA MeMbL:

OO0y4arouuiics T0IKeH:

3Hamb:

— BUJBI 3aILNT, IPUHIUIBI JEHCTBHS, TApaMETPhl PEICHHON 3aIUTHI.

ymemb:

— BBIOMPATH AJIIEMEHTHI PEICHHOMN 3aIUTHI.

AxkmyansHocms memol:
3akmrogaeTcsi B HEOOXOJMMOCTH BBIOOpa M pacyeTa KOMMYTAIIMOHHBIX H

3alIIUTHBIX AIlIIapaToB 0 1 xB.

Teopemuueckan uacmo:

VYrpaBicHue pekuMamMu padbOThI AJICKTPOIIPUEMHUKOB HanpsbkeHune 10 1 kB
OCYIIECTBIISIETCS KOMMYTAIlMOHHBIMH ammnaparamu: PyOHUIbHUKAMH, MMaKETHBIMU
BBIKJTIOUATEISIMM, MAarHUTHBIMU TyckaTedsiMu. [lpu »sToM, pyOWMIBHUKH U
MAaKETHBIC BBIKIIOYATENIM OOECMEeUMBAOT TOJBKO HEABTOMATHYECKOE (PydHOE)
YIPaBJIICHUE, 2 MATHUTHBIE TTyCKATEH TMO3BOJITIOT 00ECIIEYUTh U JUCTAHITMOHHOE
yIpaBJICHHE.

3ammTa 37eKTPo0OOPYIOBAHHMSI, SIEMEHTOB dJEKTpHUECKux ceTeit 10 1 kB
OT KOPOTKHMX 3aMBbIKaHHUW OCYIIECTBIISIETCS TUJIAaBKUMHU MPEAOXPAHUTEISIMA U
aBTOMATHYCCKUMU BBIKJTIOYATCIISIMU (aBTOMAaTaMH). Jtst 3aIUTHI
IEKTPOOOOPYIOBAHUS OT TEPETPy30K HCIOIB3YIOTCS TEIUIOBBIE JJIEMEHTHI

MAarouTHBIX HYCKaTCHGﬁ NN aBTOMATOB.
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IIpu BBIOOpPE IUIABKUX MPEJOXpPaHUTENIEH HEOOXOAUMO OOECHEeYHTh
BBITNOJIHEHHE CIIEYIOIINX PACUETHBIX YCIOBUM:
- HOMUHAJBHBIM TOK IUIABKOW BCTaBKHU MNpenoXpaHuTens l,. JoykeH ObITh
PaBHBIM HOMUHAJIBHOMY TOKY 3JIEKTPONPHUEMHHMKAl, WM TpEeBBIIIATH €T0, T.€.
e 2 1,
-  IUIABKUA  NpPEJOXpaHUTENb  HE  JIOJDKEH  cpabaTeiBaTh  [pHU

KpPpaTKOBPCMCHHBIX YBCIMYCHHUAX TOKA B BaHIHHIeHHOﬁ LCIIK, HAIIPUMCP BO BPCM:A

IycKa 3JIeKTpo-ABUraress. B atom ciayuae

[Ipy  3ammre  OpegoOXpaHUTEIEM  OTBETBIECHUS K  OAMHOYHOMY

AJIEKTPOJIBUTATEIIO KPATKOBPEMEHHBIM MAKCUMAJIbHBIN TOK JINHUU
IKp = Il'IyCK

Ecimu npemoxpaHutesieM 3allUIIACTCS Marucrpaib, MUTAIOMIAS TPYIILY

AJIEKTPOIIPUEMHUKOB, TO
IKp = Inm( = InyCK.HaH6 + (Ip - kI/IIH HaI/I6)'

r1€ Inycknans — IYCKOBOW TOK OJHOTO WM TPYIIBI  OXHOBPEMCHHO
3aIlyCKaeMbIX 3JICKTPOJBUTATEIICH, IPU BKIIOUYEHUN KOTOPBIX B JIMHUM BO3HHUKAET
HanOOJIbIINHI TyCKOBOM TOK;

I, — ITATEbHBIA PACUCTHBIH TOK JIMHUH,

Iy yang — HOMHUHANBHBIM TOK »3iekTponpueMHuka (mpu IIB = 100%),
MMEIOIIET0 HauOOIBIIINNA TyCKOBOM TOK;

k., — xordpuieHT UcoNb30BaHMs, XapaKTEPHBIN I JIEKTPOIPUEMHUKOB

cl MyCK.Hau6

Kosddumment kpaTkoBpeMEeHHOW TEMJIOBOM meperpy3ku a = 2,5 — s
JIETKUX YCIOBUM; @ = 1,6...2 — 1Sl TSKENBIX YCIOBHM ITyCKa.

N3  1aByX  pacCMOTPEHHBIX  pPAaCUETHBIX  YCJIOBHM  mpu  BbIOOpE
NPEIOXPAHUTENST IPUHUMAETCA TO W3 HHUX, KOTOPOE OOECrevyrBaeT HamOoJblLIee

3HA4YEHHUeE ;.
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HoMuBanpHpli TOK IIJIABKOM BCTAaBKM IPENOXPAHUTENS, 3AIIMINAFOLIETO
OTBETBJICHUE K CBAPOUYHOMY aIlapary:

I, = 1,21,NTIB.

rae I, — HOMUHaJIBHBIA TOK CBAapOYHOrO amnmnapara IpUd MNaclOPTHOM
MPOJIOJIKUTEIBHOCTH BKJIIOUCHUS.

VYcnoBus celeKTUBHON pabOThI MpeAoXpaHUTeNeld JBYX MOCIEI0BaTEIbHO
COCIMHEHHBIX YYaCTKOB CETH OyIyT 00ecneYuMBaThCs, €CJIM HOMHUHAIBHBIA TOK
BCTABKM MPEJOXPAHUTENA IPEAMIECTBYIONIET0 Y4YacTKa CETH Ha JIBE€ CTYIICHU
MPEBBIIIAET TOK BCTaBKU MPEJAOXPAHUTENS MPEANICCTBYIONIEr0 y4acTKa CETH Ha
JIB€ CTYIICHU MPEBBIIIAET TOK BCTABKU MPEAOXPAHUTENS, CICAYIOIIErO 32 HUM IO
HaIpaBJICHUIO MOTOKA MOIIHOCTH Y4acTKa CETH.

Bri0op aBTOMaTHUECKUX BBIKJIIOYATENIC U MATHUTHBIX MyCKaTeleil OCHOBaH
Ha BBITIOJIHEHUM CJICIYIOIINX PACYETHBIX YCIOBHM:

-  HOMHUHAJBHBIA TOK pacuenurens JoOoro Tuma (TEIIOBOTO,
AJIEKTPOMArHUTHOI'0) aBTOMAaTa, a TAKXKE HAarpeBaTEIbHOIO 3JIEMEHTa MAarHUTHOTO
MyCKaTelsi BRIOMpAeTCs MO0 IJTUTEILHOMY PacdeTHOMY TOKY JINHHH:

Iy = I,

- TOK  cpa0aTbiBaHMsl  aBTOMara C  JJICKTPOMAarHUTHBIM  WJIU

KOMOMHUPOBAHHBIM  paclenuTeaeM MPOBEPSIETCA o MaKCHUMaJbHOMY

KPAaTKOBPEMEHHOMY TOKY JIMHHUU COTJIACHO YCJIOBHUIO

rie I, — KpaTKOBPEMEHHbIN MAKCUMAIIBHBIN TOK JIMHHH.
Koapduunenrom 1,25 yunTbiBacTCs HETOYHOCTH B ONPENENEHUH TOKA Iy,

npu pa3dpoce XapaKTepUCTUK AIEKTPOMATHUTHBIX PacleNuTeNe aBTOMATOB.

3aoanue:
3aoaua Nel
BriOpate npepoxpaHuTenu g 3alUTBl  OT KOPOTKUX 3aMbIKaHUU
AJIEKTPOJIBUTATEICH TOKAPHOIO CTaHKa, UMEIOIIET0 MHOTO/IBUTaTEIbHBIA MPUBO/I;
Py1=7,5xBr; U, = 380 B; cosp =0,8; 1 = 87%; Ky = 7.
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P, =4 xBT; U, =380 B; cosp =0,78; n = 83%; kyyc = 6,9,

P,3 = 0,75 xBt; U, = 380 B; cosg = 0,75; n = 82%; kpye = 6.
3aoaua Ne2
BreiOpaTe MarHWTHBIA IyCKaTellb JJIS  yIpPaBIEHUS ACHHXPOHHBIM

ABUTATCIICM, HOMHUHAJIBHBIC ITApaMCTPbI KOTOPOTO CIICAYIOIINC:

P,=11«Bt; U, =380 B; cosp =0,85; n = 87%;

3aoaua Ne3
BriOparh aBTOMATHYECKUH BBIKIIOYATEIb JUIS 3alIUThl ACHHXPOHHOTO
JIBUTATENS ¢ (Pa3HBIM pOTOPOM, HOMHHAJILHBIE TIApaMETPhl KOTOPOTO CIICTYIOIITHE:

B, = 11 xBr; U, = 380 B; cose = 0,86; n = 88%; kyycc = 2,5.

3aoaua Ned
BriOpate mnpemoxpaHuTenb, 3alUINAIONIUA OTBETBICHHE K CBApPOUYHOMY
anmnapaTry, HOMUHaJIbHbIE TapaMeTPhbl KOTOPOTO CIETYIOIINE:

S. =32 kB*A; U, = 380 B; [1B = 45%.

3aoaua Nes
BriOpate mpegoxpaHuTenb ISl 3alUTHI OT TOKOB KOPOTKOTO 3aMBIKaHUS
ACMHXPOHHOTO 3JIEKTPOJABUTATENISI C HOMUHAIBHBIMHU TTapaMeTPaMHu:

P, =22 xBT; U, = 380 B; cosep = 0,85; n = 89%; knycK =6,5.

3aoaua Neb

K pacnpenenurensHomy muty nexa HanpsbkeHueM 380 B, BbIMOTHEHHOMY
nanensmu  cepuu Il (tabn. I17), moakiodYeHbl pagHaIbHBIMU MUTAIOIIUMU
muausMa  mmHOTIpoBO, [[IPA-4 w mkadg [HP-11. Pacyernsle Harpysku
MPUCOEANHEHHBIX JJIEKTPOIBUTATENEN COCTABIISAIOT:

Jist munonposona: Sy, = 12 kB*A; Py yaus = 10 kBT kpyee = 6,55 cosp =
0,76;
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n = 85%; nus mkada S, = 96 kB*A; Py yaus = 22 KBT; kyye = 6; cosp =
0,78;
n = 86%.
PaccraButh mpenoxpaHUTeNy s 3aIUTHl MUTAONINX JIMHUMA, OMPEICIUTh
HOMHWHAJIBHBIC TOKH UX IUIABKUX BCTABOK.
Koumponvnsie sonpocot.
1.  VYcnoBus BeIOOpa 3aIIMTHOW ammapatypbl B SJCKTPHUYECKUX IICTISX

HarpsbkeHuem 1o 1kB.

2. PexxuMbl paboThI AIEKTPOTEXHUIECKUX YCTPOUCTB.

3. Knaccuduxanus 3neKkTpruuecKux anmnapaTos.

4. TokoBenymie 1 KOHTAKTHBIE I€TAIH IEKTPUUECKUX aIlapaToB.
Cnucox n1umepamypot’

Ilepeuens ocnoenoll numepamypol:

1. Cubukun, FO.JI. OcCHOBBI NPOEKTHPOBAHUSA DIEKTPOCHAOKECHMUS
0o0bekToB : yueOHoe mocoodue / FO.Jl. Cubukun. - MockBa ; bepnun : upexrt-
Menmua, 2015. - 357 c. : mi., cxem., Ta0i. - bubmmorp. B xH. - ISBN 978-5-4475-
3979-5 ; To xKe [DeKTpOHHBIM pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117

2. HanunoB, M.U. HHXeHepHbIE CHCTEMBI 3JaHUA U COOPYKEHUMU
(37IeKTPOCHAOXKEHUE C OCHOBAMM JJICKTPOTEXHHKH) : YyueOHoe rmocooue /
M.U. lanunos, W.I'. Pomanenko ; MwuHHCTEpCTBO o00pa3oBaHUs W HAyKH
Poccuiickon ~ ®epepaumnu, DenepanibHOE  rOCYIAapPCTBEHHOE  ABTOHOMHOE
o0pa3oBaTeIbHOE YUPEKIAEHUE BBICIIETO MPOPECCHOHATBHOIO 00pa30BaHUs
«CeBepo-KaBka3zckuii ¢henepanbubiii yausepcutet. - CtaBponons : CKOY, 2015.

- 223 c¢. : un - bubmworp. B kH. ; To e [DJIeKTpoHHBIM pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuens oononrnumenvHoil Tumepamypol:
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http://biblioclub.ru/index.php?page=book_red&id=469117
http://biblioclub.ru/index.php?page=book&id=457214

1. Cubukun, FO.JI. OcCHOBbI TIPOEKTHUPOBAHUS IIIEKTPOCHAOKEHUS
MPOMBINIJICHHBIX U TPpaXJIaHCKUX 31anui : yueOHuk / FO.J[. Cubukun. - 6-¢ uzj.,
nepepad. - Mocksa ; bepnun : {upexkr-Menua, 2016. - 508 c. : cxem., Ta0i., ui. -
bubmuorp. B kH. - ISBN 978-5-4475-8608-9 ; To xe [DnexkTpoHHBIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckasn pavoma Ned

Tema: BHYTpULIEXOBBIE JJIEKTPUUECKHUE CETU HaAIpshKeHneM 10 |1 kB

Ileny: V3ydynTb OCHOBHBIE BHYTPHULIEXOBBIE DJIEKTPUYECKHE  CETH
HanpspkeHueMm 1o 1 kB.

3nanua u ymenusa, npuodpemaemvie 00yUAIOWUMCA 6 pe3yabmame
0CBOCHUA MeMbL:

OO0y4arouuiics T0IKeH:

3Hamb:

— OCHOBHBIE CXEMBI

ymemb:

— PacCYUTBHIBATh BHYTPULEXOBYIO IJIEKTPUUYECKYH) CE€Th IPOMBIIIIEHHOIO

npeanpusitusa 1o 1000 B.

AKmya]leOCmb memaolt:
3aKro4aeTcs B HCO6XO}II/IMOCTI/I HN3YUCHUS OCHOBHBIX CXEM BHYTPHUIICXOBBIX

ANEKTPUYECKUX CETEH HanmpshDKeHueM 1o 1 kB.

Teopemuueckaa uwacmao:

[lexoBble RJIEKTPONPUEMHUKH HampsikeHuem 110 1 kB Ha OOJBIIMHCTBE
IMPOMBIIIUICHHBIX ~ TPEANPUATHA  SBISIOTCS  OCHOBHBIMH  MOTpEOUTENSIMU
anekTpodHeprum. llepenaya u pacnpeneneHue ee MeXIy JJIEKTPONpPHEMHUKaMU
OCYIIECTBIISIETCA C TMOMOIIBIO BHYTPHUIIEXOBBIX JJEKTpUUECKHX cerer a0 1 kB
Pa3IMYHOrO0 HA3HAYCHMUS.

DIIEKTPOOOOPYIOBAHUE MHOTOYUCICHHBIX TEXHOJIOTUYECKUX YCTaHOBOK
MIOJKJIFOYAETCSl K CHJIOBBIM CeTsM Iexa. [1oabeMHO-TpaHCIIOPTHBIE YCTPOMCTBA
1exa IMUTAITCA C TIOMOIIbI0 CETeH TNEepeABMKHBIX YCTAaHOBOK (TPOJUICHHBIX
JIUHUN).

OcBeTUTENbHBIE DIEKTPUYECKUE CETH MNpPEeIHA3HAYEHbl IS Iepeayu

MOIIHOCTH K  IIEXOBBIM  3JIEKTPOOCBETUTENIBHBIM  Tpubopam. Haubomnee
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pPacCIpOCTPAHEHHBIM HAIPSHKEHUEM BHYTPHIIEXOBBIX CETE€M BCEX Ha3HAYEHUU
apisietcss 380/220 B, unorma 660 B. KOHCTpYKTHMBHOE BBINOJHEHHUE I[€XOBBIX
ANEKTPUYECKUX CETEH  OCYIIECTBISETCI B  OCHOBHOM  HM30JHMPOBAHHBIMU
MPOBOJIaMHU, KaOeIsIMH, KOMIUIEKTHBIMUA IIIMHOMPOBOJAMU. PacyeT 1eXOBBIX
DIEKTPUYECKUX CETEeW HE3aBUCUMO OT MX HA3HAYCHUS IPOU3BOJIUTCS IMPEKIE
BCETO I10 JIOIMYCTUMOMY HAarpeBy TOKOBBIMHU

Harpy3kamu mNpomOKUTENBHBIX PEKUMOB  pPabOThl  MPHUCOCTUHEHHBIX
AJIEKTPO-TIPUEMHUKOB. BBIOOp ceueHMii mNpoBOJOB U Kabenell 1o 3ToMy
MOKA3aTeN0 i1 CWIOBBIX CeTeld HampsbkeHueM a0 1 kB 3akmtouaercs B

CO6JII-0,Z[CHI/II/I PaCuUCTHOTO YCIIOBUA

I
p
IAOH 2 K
nomnp

rne Ip — JUTATEbHBIN PACUETHBIN TOK JINHUY,

1o — JOIYCTHMBIM TOK IIPOBOAHUKA,

Knonp — KOI(DQUIMEHT, yUYHMTHIBAIOIIMK yCIOBHS TPOKIAIKH (TIpH
HOPMaJIbHBIX YCIOBUAX Kponp = 1).

BBI6paHHBIC CCUCHUA IIPOBOIAHHUKOB HGO6XOI[I/IMO IMPHUBECTH B COOTBCTCTBUC

C TOKaMM UX 3allIUTHBIX allllapaToOB, UCII0JIB3Y: CIICAYIOIICC YCIIOBHC!:

I > 13k3
Jom = k )
nomnp
raie [, — HOMUHAIBHBIM TOK 3alUTHOTO ammapaTta WIA TOK €ro
cpabaThIBaHUS,
k, — OTHOmEHWE IUTETHLHO JOMYCTUMOTO TOKa TMPOBOJHUKA K

HOMUHAJIBHOMY TOKY 3alllUTHOTO ammapaTta WM TOKY €ro cpalaThiBaHus,
onpenensemoe no tadm. [110

CunoBele cetm 10 1 KB oOTAENbHBIX 1EXOB MOTYT  BBIIOJIHATHCS
KOMIUJIEKTHBIMU ~ PacIpeeIMTEIbHBIMU W MAarucTpPaJIbHBIMU  IIMHOIPOBOJIAMU
(tabn. I111 u [112). PacyeT Takux CETEBBIX 3JEMEHTOB MO JOIIYCTUMOMY HAarpeBy
TOKOM IPOJOJIKUTEIBHBIX PEXHMOB CBOJUTCS K BBIIOJHEHUIO CIEIYIOLIETO

YCIJIOBHSL:
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I, > I,
Tac IH — HOMUHAJIBHBIN TOK IMUHOIIPOBOAA,

I

p — pvaeTHBIﬁ TOK TI'PYIIIbI 3JCKTPOIIPUECMHHUKOB, INPUCOCINMHCHHLIX K

IIMHOIIPOBOTY.

Jist MarucTpaabHOTrO MIMHONPOBOJAA B KadecTBe [, MOXKeET OBITH TPUHST
HOMUHAJIbHBIA TOK I[EXOBOTO TpaHcpopmaropa, €clid K HEMY MOJKIIOYEH TOJIBKO
IAHONPOBOI. PacnpenenurenbHblii IMHONMPOBOI MOXET UMETh MPOMEKYTOUHOE
MECTO TOJKJIIOYEHHUS K DJIEKTPUUECKOU CEeTH IO BCEW JUIMHE. B 3TOM ciydae 3a
[,ipuHAMaETCs  TOK HanOoyiee HArpy’>KEHHOro IUIeYa, JJIMHA KOTOPOTO
ompeAensieTcss OT MeCTa MPUCOCAUHECHUS MUTAIONIEH JIMHUM JI0 KOHIA
IIAHOTPOBOIa. PacyeTHBIN TOK Mjieya MIMHOMPOBOA

Ly = ipmfp,

rie fp — JUTMHA PACUYE€THOTO y4YacTKa MIUHOMPOBO/A;

[pm — pacyeTHas yJesbHas TOKOBas Harpyska Ha | M JUTMHBI IIUHOIPOBO/IA.

VY ienbHas TOKOBasi Harpy3Ka IMIMHOIPOBO/IA ONPEIEIISIETCA U3 BBIPAKEHUS

oy = __Oeu
pu \/§ ] UH ] {m:

rae S,y — MHONHAS pacueTHas MOIIHOCTh TPYIIBI 3JICKTPONPHEMHHKOB,
MIPUCOEIUHEHHBIX K IIIMHOMPOBOY;

£, — INTUHA BCETO pachpeeIUTeIbHOTO IITUHOIIPOBOIA.

[IpoTskeHHBIE YYAaCTKH IIMHOMPOBOJOB MPOBEPSIOTCA AOMOJHUTEIBHO Ha
JOMYCTUMYIO TOTEPI0 HampsbKeHus. J{Jis MarucTpajabHBIX HIMHOINPOBOJOB MPHU
OJIMHAKOBBIX 3HAYCHUAX COS() OTBETBJICHUMN

U - V3-102-21,; - ¢;
Uy

(ry " cos@ + x, * sing),

Tac Ipi.'gi_ G)JICKTpI/I‘ICCKI/Iﬁ MOMCHT OTACJIBHOI'O YHaCTKad HIMHOIIPOBO/JA,

T Xg — VyHOCNbHbIE AaKTHBHOE ¥ HMHIYKTHBHOE CONPOTHBIICHUS
IIMHOTIPOBO/A;

cos( — K03 (HUIMEHT aKTUBHON MOIIHOCTH MPUCOEANHEHHBIX HATPY30K;
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N — KOJIMYECTBO YYACTKOB.

ITonyuenHoe pacuerHbiM nyTeM AU He JOIKHO NMpPEBBIILIATH JOMYCTUMBIX
3HaueHuit AU s mmHonpoBoja, paBubix 1,5 — 1,8 %. Jlns pacnipeaenuTenbHbIX
IIMHOIIPOBOJIOB ~ PAaBHOMEPHO  pacHpelesieHHas  Harpy3ka  3aMeHseTcs
COCpPEIOTOYEHHOM W TNPUKIAIBIBAETCS B CEPEIUHE PAaCYETHOIO ydyacTKa
mUHONpoBoAa. Beipaxenue s onpenenenuss AU mumHOmpoBoga umeer
CIEYIOIIUN BU:

0,5-v3-10%1,-¢
= U

AU

P (ry - cosg + sing)

PacueTtnas BenmnunHa AU pacupenenuTeIbHOTO LIMHOIIPOBOIA
cpaBHuBaeTcs ¢ qonyctumoit AU non= 2...2,5 %.

DIIEKTPUYECKHE  CETU  MOJbEMHO-TPAHCIOPTHBIX  YCTPOMCTB  4acTO
BBITIOJIHAIOTCS. B BHJIE€ TPOJUICHHBIX JIMHUA U3 NpO(UIBHON CTaau WU
KOMIUIEKTHBIMU TPOJUICMHBIMHU IIMHONIpOBOAaMHU. VX pacueT CBOAMUTCS K BBHIOOPY
pasMEpOB  CTaJbHBIX YIOJKOB WM TPOJUIEMHOIO KOMIUIEKTHOTO  MOHO
muHonpoBoaa (IIIMT) mo HarpeBy pacdeTHbIM TOKOM M JOIMYCTUMOM IMOTEpe
HaMpsKEHHUS.

[Ipu BBIOOpE MIMHONPOBOJA TO TIEPBOMY YCIOBUIO TPOU3BOJAUTCS
CpaBHEHHME TPHUIIATUMUHYTHOM TOKOBOM Harpy3kd KpaHOBOM YyCTaHOBKHlzy ¢
JOMYCTUMBIM TOKOM JUIsI  OMPEACNIEHHOTO TpOodWiIs YrioBOW CTaldl WA

mmHonposoaa IIIMT. 3uauenue |3y onpenenseTcst U3 BhIpaKEHUS

\/ Prorp - k30)? + (Pao - tg0)?
Iio = ,
30 \/§ ] U

Tac PHOTp — HOTpe6JI$ICMa$I MOIITHOCTD KpaHOBOP'I YCTAHOBKH,

Ko — K03 purpeHT cripoca, onpeneasieMpiid o rpadukam.

Benuuuna notpe6sieMoit MOITHOCTH KPAHOBOW YCTaHOBKHU

P
Pl'[OTp = _H'
n

rae P, — cymmapHas HOMUHaJIbHasi, mpuBeqaeHHas Kk [IB = 1 momHocTh

AIIEKTPOABUTATENEN KPAHOBOW YCTAHOBKHU;
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N — KO3 GUIUEHT MOIE3HOTO JEHCTBHSL.

Bri6panHbii IIMHOIPOBOJ] TPOBEPSAETCS HA AOMYCTUMYIO MOTEPIO HAMIPSIKEHUS
(zns IOMT) no popmyue:
AU = \3(Rcosp + Xsing)l L,

rae L — nimHa pacueTHoro yyactka TpoJsuies;

Ru X — akTUBHOE M PEaKTUBHOE CONPOTUBIIEHNE PACUETHOIO Y4aCTKa;

Iy — TAKOBBIA TOK KPAHOBOM YCTaHOBKH.

Bennunnaa nukoBOro Toka

S IIIyCK nane T (y — Iuky),

I1€ lyyex waws — ITYCKOBOM TOK €aMOrO MOIIHOTO JBUTaTels KPaHOBOM
YCTaHOBKU;

|,— MaKCUMaJIbHBIA pacueTHBIN TOK, TpUHUMaeMbIil paBHBIMI30;

|,— HOMMHaNbHBIM, npuBedeHHbI kK I[IB = 1 Tok camoro MoIHOro
AIEKTPOABUTATENS;

Ky— KO3 GUIMEHT MCTIOIb30BaHUS.

IIpu pacuere TpoyIeeB PEKOMEHIYETCS MPUHUMATh 3HAYEHHE COSQ=
=0,45...0,5 gnsg KpaHOB Majoll Tpy30NOABEMHOCTH C ACHUHXPOHHBIMU
KOPOTKO3aMKHYThIMHU JBUrateiasiMu. [[ns KpaHoB OOJbIION TpPy30MOJIBEMHOCTH
3Ha4yeHue cos@ = 0,6 mpu UCIOIIb30BaHNH ABUTATENEH ¢ (ha3HBIM POTOPOM.

PacueT ocBETUTENBHBIX AIEKTPUUECKUX CETEH BENETCA MO ABYM YCIOBHUSIM:
JOMYCTUMOMY HarpeBy TOKOM MPOAOKUTENIBHOIO PeKUMa U AOMYCTUMOM NOoTepe
HarnpspbkeHusl. OTKIOHEHUE HANpsHDKEHUST B OCBETUTENBHBIX CETSAX COIJIACHO HE
JOJKHO MPEBBIIATH 2,5...5 % HOMUHAJIBHOTO HAIIPSKEHUS.

PacueTHass MOIIHOCTH OCBETUTENBHBIX JIEKTPOITPUEMHUKOB

Pyo = kco " Bpo * kn,

rie By, — cyMMapHas yCTaHOBIICHHAsI MOIIIHOCTb JIAMI,

Keo — K03 pHIIMEHT cITpOCcCa OCBETUTEIBHOM HATPY3KH;

ke —  xoddpduument,  yuyuTHIBaMOIMKA ~ TOTEPU  MOIIHOCTH B

nyckoperyJupyromux ycrponcrsax (IIPA).
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Benuunna koadduimenta crnpoca OCBETUTEIBHONW HArpy3Kd IMPUHUMAETCS
paBHoii ot 0,6 mo 0,95 B 3aBUCMMOCTM OT Ha3HAYCHUS IPOU3BOIACTBEHHBIX
MOMEIIEHHH, B KOTOPBIX MCIOJb3YIOTCSI OCBEeTUTENbHbIE NMpuOopbl. Koaddpuuuent
Kt MoXXeT UMeTh 3HaYCHHSI, PABHBIE:

— 1,1 — nnsa mamn APJI, IPU, THAT;

— 1,2 — nns TIOMUHECLIEHTHBIX JIAMIT TIPU CTApPTEPHON CXEME BKIIIOUCHUS;

— 1,3 — 17151 TIOMMHECLIEHTHBIX JIaMIT IPU OecCTapTepHOIl cXeMe BKIIOUYCHHUS.

PacueTHblii TOK TIpymnmoBoil ceTu omnpexpenserca mo Qopmynam: Iis

Tpex(ha3HbIX JTUHUMN:

L _Ber10°
P? 3:Uy - cose’
1 (ByX(Da3HBIX JHHHUI ¢ HyJIEBBIM IPOBOIHUKOM
3
L _Rot10°
PO 2-Uy - cose’
JU1s1 OTHO(Da3HBIX JIMHUHN
_ By - 103 .
Pe Uy cose’

PexomeHnmyeMbie 3HadeHHS KOA(DQPUIIMEHTAa AaKTHBHOW MOIIMHOCTH IS
JIFOMUHECIHEHTHBIX JaMN U nuTaromux auHauit — 0,9...0,95; nng namn JIPJI, JIPU,
JHAT - 0,5...0,6.

HarpeB mnpoBOJHHUKOB T'pyNIIOBBIX OCBETUTEIBHBIX CETEH HE MPEBBICUT
JIOTTyCTUMOTO, €CITU OYJIET BBIMOJHATHCS CIAEAYIOIIEE PACUETHOE YCIOBHUE:

Ipo < Lyop-

OcBeTuTenbHas CeTh, BhIOpAaHHAsl MO YCJIOBUSIM HarpeBa, MpoBEpsieTCs Ha

JOTTYCTUMYIO TTOTEPIO0 HANPSHKEHUS, PACCYUTAHHYIO TI0 popmyie:
AUZ[ = Uxx — Upyr — AU,

raie Uy~ BTOpUYHOE HaNpsKEHUE XOJIOCTOTO Xoja TpaHcdopmaTopa,
npuHIMaemMoe paBHbIM 105 %;

U — HalpspbKeHHUE Yy caMOW yAaJICHHOM JIaMITbl, TPUHUMAEMOE TI0 HOpMaMm

95 % OT HOMHUHAJIBHOTO HAIIPSYKEHHUS JIAMIIBI,
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AU — noTepu HanpspKeHUs B TpaHchopMaTope.

AUy = Br(Uqcosg + Upsing) + %(Upcosq) + U,sing)?,

rae Pr — koaddunment 3arpy3ku Tpaachopmaropa;

U, u U, — akTHBHas U pEaKTUBHAsl COCTABIIAIONINE HANPSKEHH KOPOTKOIO
3aMbIKaHUs TpaHcpopMmaTopa;

cos( — K03 HUIIMEHT aKTUBHOM MOIITHOCTH HArpy3ku TpaHchopmaropa.

[Ipu ucnonb3zoBaHuu TpaHchopmaTopoB, st KoTopbix S, < 1000 xBA,
dbopmyrna nmpuodperaet 6osiee MPOCTON BU/I;

AU = ,BT(Uacosq) + Upsin(p).
AP,

Ua = ~ n U, =/UZ-UZ
H

rae AP,— noTepu KOPOTKOTO 3aMbIKaHUsI TpaHCHOpMaTopa;

S;— HOMHHaJIbHASI MOIITHOCTH TpaHchopmaTopa.

CeueHue mpoBOJIOB OCBETUTENIbHBIX CETEH onpeaensercs no popmyie:

M
CAU,

q:

rae M,y — IPUBCICHHBIA MOMEHT HATrPy3KH.

3HA4YE€HHE 3TOr0 MOMEHTA!
My = ZM + Za - m,

rae XM — cyMMa MOMEHTOB pPAacCyeTHOTO M BCEX MOCIEAYIOUIUX 10
HaITPaBJICHUIO MOUTHOCTH YYAaCTKOB C OJMHAKOBBIM YHCIIOM IPOBOJOB B JIMHUU;

Xa'm — cyMMa NPHUBEACHHBIX MOMEHTOBYYACTKOB C JPYTMM YHCIOM
IIPOBOJIOB B JINHHY;

a— K03(QPUIMEHTIPUBEICHUS MOMEHTOB, MPUHUMAEMbId MO CIPABOYHON
JUTEpaType.

CeueHue TPOBOJOB, paccUUTaHHOE 10 (opmylsie, OKpyrisgercs o
OJMMKalIIero  CTaHJapTHOro, C  Y4Y4E€TOM  KOTOpPOro IO  ONpEHeNsieTcs

JCUCTBUTENIbHAS TIOTEPs] HANPSDKEHUsS Ha  pacyeTHOM  yyacTtke. Pacder

32



NOCJIEAYIOUIMX YYaCTKOB C MEHBIIMM KOJMYECTBOM IIPOBOJOB IPOU3BOIUTCS
aHAJIOTMYHO MO0 OCTATOYHOM IOTEPE HAIPSKEHUS:
AU,, = AU, — AUy,
W3 nByX pacyeTHBIX YCIOBUH OCHOBHBIM CTaHOBUTCA TO, IpPU KOTOPOM

CEUYEHHE NMPOBOJIOB OCBETUTEIBHOM CETU OKAXKETCS OOJBIINM.

3aoanue:

3aoaua Nel

JIBa aCHMHXpPOHHBIX 3JEKTPOJBHUraTessl, HMCHOJB3YIOIIMXCA I MPUBOAA
BEHTWJIATOPOB, MpPEANOiaraeTcs MOAKIIOUNUTh K pacHpeleUTeIbHOMY ILIKady
[IIP-11. BriOpaTh HOMHHAJIbHBIE TOKM MX 3alIMTHBIX allapaTtoB, BCTPOCHHBIX B
mkad, CeYeHHE M MapKy NPOBOJOB OTBETBICHUN K JBUTATENIO, OINPEACIUTH
cnoco0 U MecTo UxX npoknajaku. HoMuHanbHble apaMeTpsl aABuratenei: Py = 11
kBT; U, = 380 B;n = 87 %; cos@ = 0,86; Kyyex = 7; Pia = 15 kBT; 1 =89 %; cosp =
0,88; Kiyex = 7.

3aoaua Ne2

ACHHXpOHHBIN JIBUTaTeb, WCTIOJIb3YEMBIN st MpUBOA
MIPOU3BOJICTBEHHOTO MEXaHW3Ma MOBTOPHO-KPATKOBPEMEHHOTO pPEKUMa PabOThI,
npeanosiaraercd MOJAKIIOUNTh K pacnpenenutenbHomy mkad ITP8501. BreiOpath
napaMeTphl 3allIUTHOTO afnmnapara, BCTPOSHHOTO B IIKad U IpeaHA3HAYCHHOTO IS
3alUTHl OTBETBJICHUS, CEUCHHE U MapKy MPOBOJOB OTBETBJICHUS, U CIIOCOO €ro
MPOKJIAJIKU B IIEXE.

Homunanbubie nannsie asurarens: Py, = 7,5 kBt; U, = 380 B; n = 87,5 %;

cos® = 0,88; Knyex = 7; [1B = 45 %.

3aoaua Ne3

OnpenenuTs CeYCHHWE NPOBOJHMKOB MW CHOCOO TPOKIAAKH JIUHUH,
nuTarpmiein pacrpenenutenbubiii mkadg I[IP-11 or mexoowt TII. Pacuernas
TOKOBasi Harpy3Ka IPUCOEIMHEHHBIX DJIEKTPOIPHEMHMKOB K IIKady paBHa |, =

120,5 A; U, = 380 B. Jlunuto npeamnonaraercsi NOAKIIOUUTh K COOPHBIM IIMHAM
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nexosoil TII uepe3 aBromaTuueckuil BbiKIrOuaTenbBAS51-33; I, = 160 A; I, =

1600 A.

3aoaua Ned

['pynny »ieKTpOonpuUEMHHMKOB € pacyeTHOM Harpy3kod B 15 kBA
IpeanoiaraeTca NOAKIIOYATh K pacnpeaenurensuoMy muHonpooayllIPA-4, I, =
250 A, nnuna 75 M. [lutanue mumHOTIPOBOJA OYJET OCYIIECTBIATHCS OT IIEXOBOM
TII momHOCTRIO 1X630 KBA Ha Hanpsixenuu 380 B.

HaunGonpmmii ITyCKOBOM TOK OJHOTO u3 [IPUCOEIUHEHHBIX
anekTpoaBuratened paBen 195 A. BroiOparh ceyeHue, MapKky MU MECTO
IPUCOCIMHEHUS MHUTAIOUIEro Kabens K IIMHOMPOBOAY, a TaKXKe MapameTpbl

ABTOMATH4YCCKOI'O BBIKIIFOYATCJIA, YCTAHOBJICHHOI'O B HA4a4JIC HI/ITaIOHleﬁ JJMHHUHN (Ha

TI).

3aoaua Ne5

DJIEKTPONIPUEMHUKH  MEXaHUYECKOro  I1e€Xa TMOJKIIOYEeHBl K  ISITH
pacnpenenuTenbibiM - mMHONIpoBOogaM [HIPA-4 pgnuuoit mo 30 M KaxkIblil.
[[InHOMPOBOIBI YCTAHOBJIEHBI MOMEPEK 1iexa Ha paccTosiHuu 10 M Apyr ot npyra.
PacueTrHas TokoBasi Harpyska aJig NEPBBIX JABYX MIMHOMPOBOAOB 10350 A, s
Tpetbero — 220 A, nmns derBeproro u msroro — mo 110 A. Koaddunuent
MOITHOCTH AJISI BCEX TPYII AIEKTPOIPUEMHUKOB cosP = 0,8.

[Turanue pacrpeeauTeIbHbIX IMHOIIPOBOJIOB npenoiaraeTcs
OCYIIECTBUTh Uepe3 cuioBble smmku (Ttabn. I[118) or wmarucrtpambHOTO
muHonpoBoaa [IIMA-4, nponoXeHHOro BIIOJb II€Xa Ha BBICOTE 5 M OT IoJja U
MOJKJIFOYEHHOTO K IIEXOBOMY TpaHchopmaTopy MomHOCThIO S; = 1600 kBA
aBTOMAaTHUYECKUM BBIKITHOYATEIIEM.

CaMbIM MOITHBIM 3JIEKTPONIPUEMHUKAMH 11€Xa SIBIISETCS AJIEKTPOJABUTATEh
(Py = 22 xBt, U, = 380 B, n = 90 %,cos¢ = 0,79, Kuyex = 6,5). BoiOpats THI

MAaruCTpajJbHOro MmMHHOIIPOBOJAa H rOJIOBHOM aBTOMAT K HCMY, THIIbI
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pacrpeeuTeNbHbIX IUHOMPOBOJOB W MUTaronMe ux oTBerBieHus oT [IIMA.

HpOBCpI/ITB HAIIPSPKCHUC HA BBIBOAAX CAMOTO YAAJICHHOT'O 3JICKTPOABUT'ATCIIA.

3aoaua Neb

BriOparh Tpoiiien U3 YrioBOM CTajad Al MOCTOBOIO KpaHa, HMMEIOIIETO
ISITh ACMHXPOHHBIX AJIEKTPOJABUTATENEH C (ha3HBIM poTopoM HampskeHuem 380 B.
[Tapametpsl aBurareneit npu [1B = 25 % npuBenens B Tabm. 3.1. Pexxum paboThl
KpaHa cpenHuil. PacuerHas qyiMHa HamOoJiee Harpy>KeHHOro 1uieya TposuieeB = 40
M OT MECTa MOAKIIOYEHUS MUTAIOLIEro OTBETBIEHUs. PaccTosiHue mMexnay (aszamu
TpoJuieeB cocTanisieT 250 MM, KO3 PUIIMEHT MOIIIHOCTH BCEX DIIEKTPOABUTATENEH

kpana cos@ = 0,55.

Ta6mmma 3.1 — [lapameTpsl ABUTATENSA

Mexanu3m KpaHa [TacnopTHasgs MOIIHOCTH JBUTATENEH,
KBT

I'maBHBIN HOaBEM 22

BcnomorareabHBIN OABEM 11

MexaHu3M nepeIBUKEHUS MOCTa 2x16

MexaHu3M NepeIBUKECHUS TEIICKKU 3,5

Bcero 68,5

3aoaua Ne7

BriOpath TpoJUICHHBIA IWHOMPOBOJ JUISI MOCTOBOTO KpaHa CO CPEIHHUM
pexumMoM paboTel. Ha kpaHe ycTaHOBJIEHBI ACMHXPOHHBIE 3JIEKTPOJBHUTATENHU C
KOPOTKO3aMKHYTBIM POTOPOM, MACIOPTHBIE JaHHBIE KOTOPBIX: moabeM — 15 kBT,
nepeaBuxkenne mocta — 2x11 kBt, nepensmxenue tenexku — 2,2 kBt, [1B = 30 %.
[Iuranne kpaHa ocyuiectBisiercss Ha Hanpsbkenuu 380 B or umexoson TIL

Pacuernas JutnHa TpOIeeBL pycq = 50 M.
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3aoaua Ne8

BriOparb cedyeHue MPOBOJOB MUTAIOIIEH JMHUKA JUIMHOW 25 M
OCBETUTEIBLHOU ceTu 1exa Ha ydacTke oT PII mo ocBerutenbHoro murtka(lllO).
Ocsemenue  mpeanoJsiaraeTcsi  BBINOAHUTH — jgamnamu  JIPJI,  cymmapHas
YCTAHOBJIEHHAs] MOIINHOCTh KOTOpbIX P, = 15 kBr. [lonmyctumas mnoreps

HanpsokeHust AU, = 2,5 %.
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Konmponvnuie 6onpocut:

1. DNIEMEHTHI, BXOJISAIIME B CUCTEMbl BHEIIHETO 3JIEKTPOCHAOKEHUS, UX
Ha3HA4YEHUE.

2. Buasl cxem BHyTpuzaBoacoit cetn COC, ux mnpeumyiiectBa u
HEJOCTaTKH.

3. B dem 3aknroyaeTcsi 0COOCHHOCTh HCIOJIB30BAHMSI CXEM IIIyOOKOTO

BBoza [ TII1 mpOMBINIIEHHBIX PEATPUATHH.

4, OcHoBHble xapakTepucTukd COC mpu HamuyuM 3aBOACKUX OJIOK-
CTaHIINH.

5. Omnpenenenust Mecrononoxenus ['TII npeanpusitus.

6. [Toctpoenne BHyTpuIexoBbix COC.

1. OcHOBHbIE BUJbBI BHYTPHUIIEXOBBIX ceTeil. Kiaccudukamus 1exoBbIX

ceTel HanpspkeHueM 10 1 KB o KOHCTpYKTUBHBIM MPU3HAKaM.

8. DNEeKTPONOMEIIEHUS U UX KIacCU(pUKALIHS.

Q. Oco0o0 omacHble MOMEMIEHUsT U TPEOOBaHUS K DJIEKTPOYCTAHOBKaM,
pa3MEIleHHbIM B HUX.

10. Kakwue momemnieHusi OTHOCAT K BJIQXKHBIM MOMEIIEHUSM, U KaKHe K
HKAPKUM.

11. bnox «rpaHcopmMaTOp-MarucTpaib» M  €ro  HCIOJIb30BaHUE.
PacnpenenurenbHbie IIMOMPOBOABI M pACIPEICIUTEIbHbIE TyHKTHI.

12. Hasnauenue, xapakrepuctuku KPY nanpsbxenuem g0 1000 B.

Cnucox ntumepamypel:

Ilepeuenv ocnoenoit numepamypoi:

1. Cubukun, FO.[I. OCHOBBI MNPOEKTHUPOBAHUS DIECKTPOCHAOKEHUS
00bekToB : yueOHoe mocooue / FO.Jl. Cubukun. - MockBa ; bepnun : Jlupekt-
Menua, 2015. - 357 c. : w1, cxem., Tabin. - bubnuorp. B kH. - ISBN 978-5-4475-
3979-5 ; To xKe [DneKTpOHHBIH pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117
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2. Jannnos, M.U. HMuxeHepHbIE CUCTEMBI 30aHUA U COOPYKEHUU
(27IeKTPOCHAOXKEHUE C OCHOBAMH DJJICKTPOTEXHHMKH) : YyueOHoe mocobue /
M.U. lanunoB, W.I'. Pomanenko ; MuHHCTEepcTBO 00pa3oBaHUs U HAyKu
Poccuiickon ~ @enepaunun, @DenaepanbHOE  FOCYJAPCTBEHHOE  aBTOHOMHOE
oOpa3oBaTeIbHOE YUPEKICHUE BBICIIETO MPOQPECCHOHATBHOIO 00pa30BaHUS
«CeBepo-KaBka3zckuil (penepanbHbiii yauepcutet». - CtaBponons : CKOY, 2015.

- 223 c¢. : nn - bubmmorp. B kH. ; To ke [DIEKTpoHHBIM pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuenv oononnumenvHou aumepamypol:

1. Cubukun, FO.JI. OcCHOBBI NPOEKTHPOBAHUSA DJIEKTPOCHAOKEHHUS
MIPOMBITIUICHHBIX U TpakIaHckux 3manuii : yuyeonuk / FO.J]. Cubukus. - 6-¢ uzm.,
nepepad. - Mocksa ; bepnun : upexkr-Menua, 2016. - 508 c. : cxeM., Tabi., ui. -
bubmuorp. B kH. - ISBN 978-5-4475-8608-9 ; To ke [DmeKTpoHHBIA pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckasa paboma Ne5

Tema: 1luraromas u pacupeaenurenbHas cetb 6 — 10 kB npeanpustuii

Ilens: VI3yunTh OCHOBHBIE CXEMBI IIMTAIOIINX U PACHPEACIUTENBHBIX CETEU
6 — 10 kB npennpustus

3nanua u ymenus, npuodopemaemvie 00YUAIOWUMCA 6 pe3yibimame
0CBOEHUA MeMbl:

OO0y4arouuiics T0IKeH:

3Hamb:

— MUTAIIUE W pacnpenenuTenbubie cetu 6 — 10 kB mpombllieHHOTO
peAnpUsATHS;

ymemp:

— paccuuThIBaTh pacrnpenenurenbabie ceth 6 — 10 kB mpombilieHHOro

PEAIPUATHSA.

AKmyaJleOCmb memaol:
3aKIro4YacTcs B H€O6XOI[I/IMOCTI/I HN3Y4YCHUA OCHOBHBLIX CXCM IUTAOIIUX H

pacnpeaenuTenbHbIX ceTeit 6-10 kB.

Teopemuueckaa yacmo:

Ilepenaua u pacnpeleneHue 3JeKTpOdHEprun Ha HanpstkeHun 6 — 10 kB
OCYUIECTBIISIETCS B TE€X CIIy4asix, KOTJa NpeAnpUsITHs pacloiaoKeHbl Heaaneko (1 —
3 KM) OT UCTOYHHMKA MUTAHUS U UMEIOT CPABHUTEIBHO HEOOJBIINE IIEKTPUUECKHE
Harpy3KHu.

Cucrema »snektpocHaOxeHus Ha HanpsbkeHuu 6 — 10 kB rtakux
NPEANPUATANA BKIIOYAET B Ce0sl HECKOJIBKO COCTABHBIX 3JIEMEHTOB: MHUTAIOIIYIO
cetb 6 — 10 kB, pacnpenenuTenbHbId MyHKT U paclpeaeIUTEIbHYI0 CETh TOTO Xe
HANPSHKEHUS C IPUCOSTUHEHHBIMU K HEH IIEXOBBIMU TpaHC(HOpMATOpaMH.

Bces cets nanpsbkenuem 6 — 10 kB takux npeanpusiTuii BHITIOJIHSETCS, Kak

npaBuio, kabemsmu. VX mpomyckHasi CmOCOOHOCTh OMpPEAEseTCs HECKOJIbKUMU
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pPaCUETHBIMU KPUTEPUSIMHU B 3aBUCUMOCTH OT MCIHOJIb3YEMBIX CXEMHBIX PEIICHUN:
YKOHOMMUYECKOM IUIOTHOCTBIO TOKA, HAIPEBOM TOKA HAarpy3Ku IPOJOJDKUTENBHOTO,
MOCJIEABAPUUHOTO PEXMMOB U TEPMUUYECKOW YCTOMUYMBOCTBI) TOKAa ABAPUHMHOIO
pexuMma.

Ceuenue *)ui Kademst Mo SKOHOMHYECKOM MIIOTHOCTH TOKA OINPEAEIIIeTCs 1o

BBIPAKEHUIO

Tac Ip - paC‘IeTHBIﬁ TOK JIMHUHU B ITPOAOJIZKUTCIIBHOM PCKUMC pa6OTLI;
j3 — OJOKOHOMHYCCKAA IUIOTHOCTb TOKa, IIPHHHMACMasd B 3aBHCHUMOCTH OT

YUCJIa YacoOB HCIOJb30BaHUA MAaKCHMaJIbHOM HAarpy3ku, poja H30JsUUU U
MaTepuaia mpoBojgHuKa. [1o cpaBoyHOM JTUTEpaType MpUHUMAETCS OnrbKaiiiiee
CTaHJApTHOE CEUECHUE U YKa3bIBACTCS IONyCTHMas TOKOBAsl Harpy3Ka.

Tox IPOJOIKUTENHHOTO peKUMa PabOThI IMHUU

I, = I,
rae |, — HomMuHanNBHBIA TOK KaOens, mpuHUMaeMbld mo Ta6n. [120 u
KOPPEKTHUPYEMbIA €  y4€TOM  YCIOBUM MPOKIAJKH  COOTBETCTBYIOIIMMU
kodhpurreHTamu.
[TocneaBapuitHbIN PEKUM MOMXKET BO3HUKHYTh B TEX CIIydasX, KOTJia OJIHA U3
JIMHUNA, MUTAIONIMX 3JEKTPOYCTAaHOBKY, oTkitouaerca (mpu K3 unm pemonrte), a

oCTaBIIasACA B pa60Te HCCCT YJABOCHHYIO HArpy3KYy. Ceuenne xun kabens JIIA

TaKOro pexXxruma ONpeIeIIeTCs 0 YCIOBUIO

r7ie B — TEIIOBOW UMITYJIBC OT TOKA KOPOTKOTO 3aMBbIKAHUS;
C — pacueTHbIi KO PUITUESHT.
BennunHa TEII0BOro UMInyJibca
B, = Ic%o (torxn + To),
rae l, — nedicTByroliee 3HaueHWE ycTaHoBHBIIErocss Toka K3 B Hauane

JINHUU;
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torn — BpeMs OoTKIIrOueHU K3;
T, — mocTosiHHAs BpEMEHU 3aTyXaHUs allepuoIMYeCKON COCTABISAIONICH TOKa

K3, onpenensiemas o BbIpaXKEHUIO
Xy
T, = :
w Ty

IZI€ Xy U Iy — PE3yNbTUPYIOIINE HHIYKTUBHOE U aKTUBHOE COIPOTHUBIICHHUS
KOPOTKO3aMKHYTOH LIETIH;

® — YIJIOBAasI 4acTOTA.

N3 nepeuyncneHHbIX KPUTEPUEB ONMPEAEISIONIMM B KOHKPETHBIX YCIOBUAX

CTaHOBHTCS TOT, KOTOPBII 00yCIIOBIUBAET HAaNOOJIbIIIEe CEYCHHE KT Kabersl.

3aoanue:

3aoaua Nel

OnpenenuTs Ce4eHHE pagUalbHBbIX KAOENIbHbIX JMHUN, MPOJOXKEHHBIX B
36MJISIHOM TpaHIIee M NUTAOIMX ABYXCeKUMOHHBIM PII nHanmpsoxenmem 10 kB.
PacueTHas Harpys3ka HIpUCOEIMHEHHBIX moTpedutenei S, = 8,5 MB-A. Bpewms
WCIIOJIb30BaHusl MakcumanbHON Harpysku 7y = 4000 4, ycranoBuBmmiics Tok K3

Ha MHWHaX UCTOYHUKA nuTanus |, = 9 kA, T, = 0,01 c.

3aoaua Ne2

IIBe nByxtpancopmaropubie TII momkmOYeHBI K JBOMHOW CKBO3HOM
Maructpaiau.  HomuHanmbHas ~ MOHIHOCTE U KO3 HUIIMEHT  3arpy3Ku
tpanchopmaropos S, = 1000 kB-A, k, = 0,7. Tokx KOpOTKOT0 3aMbIKaHHUS Ha IHHAX
PII nanpspxkenuem 10 kB, kyna noakmtodeHsl maructpanu, |, = 5,8 kA, 7, = 0,01 c,

T,, = 3500 4. BeiOpaTh kabenu MarucTpaliei ¢ yueToM nmotepb B TpaHchopMaTropax

TIIL.

3aoaua Ne3
Bribpars kabenu paauanbHbIX JuHUA Hanpspkenwem 10 kB, murarormx

neyxtpanchopmatopuyto TII mommuocteio 2x1600 kB-A u xosddunmertom
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3arpy3ku k3 = 0,7. Tok K3 Ha mmnuax PI1, kyna nmoakitoueHsl Juaud, |, = 6 KA, T,

=0,01 ¢, 7\, = 3000 4. KabGenu OyayT MPOJIOKEHBI B 3eMJISTHON TpaHIIIee.

3aoaua Ned

Onpenenuth ceueHue kabenbHOW JMHUU HampsbkeHueMm 10 kB, nuraromeit
0 CXEM€ OJMHOYHOW MarucTtpaiu Tpu opHoTpaHchopmaTopueie TII ¢
tpanchopmaropamu S, = 630 kB-A, k; = 0,85. Tok K3 na mmuax PII, kyna
NPUCOEIMHEHA MAarucTpalb, A IBYX BapuaHToB: a) |, = 12 kA, 0) |, = 5,5 KA.

Jns o6oux Bapuantos T, = 0,01 ¢, 7,, = 3000 u.

Konmponwvuwvie éonpocor:

1. [lepeuncnute TpeOoBaHUS, NMPEABIBIAEMbIE K PACIPEACTUTEIbHBIM
CETSAM Ha MPEINPUATHH.

2. Kakne cymecTByrOT CXeMbl MUTAHUSA TPOMBIIIJICHHBIX MPEANPUAITHI?

[TpuBeauTe MpuMepsI.

3. JIns 4ero CeKMOHUPYIOT CUCTEMBI LIUH?
4, [Tepeuncnuth THUMBI HEXOBBIX TPAHC(HOPMATOPHBIX MOICTAHIIHUI.
S. VYka3arb 0COOEHHOCTH paclpeesieHUs] JIEKTPOIHEPTUU BHYTPH IieXa

Ha Hanpsbkenuu 1o 1000 B.

Cnucok numepamypuot .

Ilepeuens ocnosnoil numepamypol:

1. Cubukun, FO.JI. OCHOBBI TPOEKTHPOBAHUSA DJIEKTPOCHAOKECHHUS
00bekToB : yueOHoe mocoodue / FO./. Cubukun. - MockBa ; bepnun : dupexrt-
Menmua, 2015. - 357 c. : mi., cxem., Ta0i. - bubmmorp. B kH. - ISBN 978-5-4475-
3979-5 ; To xKe [ DJIEeKTPOHHBI pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117

2. HanunoB, M.W. HHKXeHepHbIE CHCTEMBI 3JaHUA U COOPYKEHUMU
(27IeKTPOCHAOXKEHHE C OCHOBAMH DJJICKTPOTEXHHMKH) : YyuyeOHoe Tmocobue /

M.U. NanunoB, W.I'. Pomanenko ; MuHuctepctBO 00pa3oBaHUs U HayKu
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Poccuiickon ~ @enepaunu, @DenaepanbHOE  rOCYJAPCTBEHHOE  aBTOHOMHOE
o0pa3oBaTejIbHOE YUPEKICHUE BBICIIETO MPOQPECCHOHATBHOIO 00pa3oBaHUs
«CeBepo-KaBkasckuii ¢penepanbubiil yauepcure». - CraBpomnons : CKOVY, 2015.

- 223 c¢. : nn - bubmmorp. B kH. ; To ke [DIEKTpoHHBIM pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuenv oononnumenvHoll 1umepamypol:

1. Cubukun, FO.JI. OcCHOBBI NPOEKTHPOBAHUSA DJIEKTPOCHAOKEHHUS
NPOMBIIUICHHBIX U TpaxkaaHckux 3aanuit : yaeOnuk / FO.Jl. Cubukus. - 6-¢ u3.,
nepepad. - Mocksa ; bepnun : upexkr-Menua, 2016. - 508 c. : cxeM., Tabi., ui. -
bubnuorp. B kH. - ISBN 978-5-4475-8608-9 ; To xe [DnexkTpoHHBIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckan paboma Ne6

Tema: CuiioBble TpaHcQOpPMATOPbI MOICTAHLIUN

Ilenw: 1103HAKOMUTHCS C KOHCTPYKIIMEH CHIIOBBIX TpaHC(HOPMATOPOB M UX
BBIOOPOM Ha MOJICTAHIUIO

3nanua u ymenus, npuodopemaemvie 00YUAIOWUMCA 6 pe3yibimame
0CBOCHUS MEMbL:

OO0y4arouuiics T0IKeH:

3Hamb:

— KOHCTPYKIIMIO CHUJIOBBIX TPpaHC(HOPMATOPOB;

ymemb:

— paccuMThIBaTh CHJIOBBIE TpaHC(OpMATOpbHl M NPOU3BOAUTH BHIOOP Ha

IMOACTAHIIHIO.

Axmyanvhocmo memol:
3aknroyaeTcss B HEOOXOAMMOCTH  pacyeTta M BbIOOpa  CHIIOBBIX

TpaHchOpMaTopoB

Teopemuueckas uacmep:

OcHOBHBIM U HauOoyiee AOPOTOCTOSIIIMM 3JIEMEHTOM JI000H CHCTEMBbI
AIIEKTPOCHAOKEHUS TIPEANIPUSATHS SIBIISIFOTCS CUIIOBBIE TPaHC(HOPMATOPHI 1IEXOBBIX
W TJaBHBIX TOHWXAKOIMMX MojAcCTaHIUN. Od(EeKTUBHOE  HCMOIH30BaHUE
CyMMapHOW TpaHC()OPMATOPHON MOIIHOCTA HAa MPEATNPUITHH  TIO3BOJSET
MPOEKTUPOBATH Han00JIee SIKOHOMUYHYIO CUCTEMY €ro 3JIEKTPOCHAOKEHNS.

DKOHOMUYHOCTh TMPUHUMAEMBIX TEXHHUYECKUX pEHICHUH TMpu BHIOOpE
MOIIIHOCTH TPaHC(HOPMATOPOB U HMX KOJIUYECTBA OIpPEACNICTCS B pe3ybTaTe
CpaBHEHHMs TIPUBEICHHBIX 3aTpaT, HalpUMeEp, JIBYX BapUaHTOB (HE YUYUTHIBAS
BIIMSHUS KOMIICHCAlIUM PEAKTUBHOM MOIIHOCTH Ha BBIOOp TpaHCHOpPMaATOpPOB,

BCJIMYMHBI IPUBCACHHBIX 3aTpPaT AJIA KAKI0T0 BapI/IaHTa):
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2 -

[ S
3T1 == EKTl + APXXl + <_) " APHI - Co,
| SHl

_ S 2 -
3T2 = EKTZ + APXXZ + <_> - APHZ b Co,

SHZ

rae K u K, — KanuranbHbIe 3aTpaThl 10 TpaHchopmaTopam;

S u S, — cpenHsis Harpy3Ka U HOMUHAJIbHAS MOIIIHOCTh TPaHC(HOPMATOPOB;

APy m AP, — moTepu akTUBHOM MOIIHOCTH B TpaHc(opmaTope NpH
XO0JIOCTOM XOJI€ U IIPU HOMUHAJIBHOU HArpy3Ke;

Co — yaenbpHas CTOUMOCTb AKTUBHBIX IOTEPb.

MoOXHO Takke BOCIHOJB30BaTbCA pPa3HUIEH NPUBEICHHBIX 3aTpar

CpaBHHUBACMBIX BAPHUAHTOB!

2

S
A3, = 3,, — 3,; = EAK, + |AP, + (5—) AP, |- C,,
H1

APy,

rae AK, = K5 — K;1; APy = APy — APyyq; AP, = —AP; K =

2

S A3 .
SLZ; E= P, + v KOA(PUIIMEHT TOMOTHUTEIBHBIX KaUTAIBHBIX BJIOKEHUH.
H1

Beibop komumdecTBa W MOIIHOCTH TpaHchopmaropoB 1exoBbix TII
OTIpEETSETCS PSIAOM OOIIMX TOJIOKEHUN (BETMYMHA HATPY3KH, pacrpeiesieHue
AIEKTPONPUEMHHUKOB 10 TIJIOMIATHU 1[€Xa, PEKUM UX pabOoThl); a TAK:KE MECTHBIMU
yCIOBUSIMU  (YCJIOBHS ~OKpYJKAalOIIeW cpeapl, HalIW4Yhe CBOOOJHOTO MecTa
YCTaHOBKH TMOJICTAHIINH ), B KOTOPHIX TpaHchopmaTop Oymer paboTaTh.

[TockonmbKy B 3THX CIIy4asX CPaBHHUBAIOTCSI B OCHOBHOM TpaHC(POPMATOPHI
MomtHocTer0 630, 1000, 1600 u 2500 xB-A, TO mpHW yIEIbHBIX IUIOTHOCTAX
HAarpy30K Ha €IMHHIy IPOM3BOJACTBEHHOH mtomaan Sy, < 0,2 kB-A/M, Syp =
0,2...03 kB-A/M® u Syv > 0.3 kB-A/M® PEKOMEHIYeTCs HCIONb30BATH
TpancopMatopel HOMUHANIBHOW MoOMIHOCTRIO 630...1000 xB-A, 1600 kB-A wu
2500 xB-A cootBerctBeHHo (Tabn. [121). CocrtaB >JEKTPONPUEMHHUKOB
KOHKPETHBIX I[€XOB C yYETOM KaTerOpUU HAISKHOCTH HX DJICKTPOCHAOKEHUS
perJaMeHTHpyeT 1eJ1IeCO00Pa3HOCTh MCIIOJIb30BaHUs OJIHO- WIH

neyxtpanchopmaropubix TII. Ilpu BeiOOpe TpaHncPopMaTopoB Ha TJIaBHBIX
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NOHU3UTEIBHBIX MOJACTAHLMIX, OT KOTOPBIX MPEAIONaraeTcs 3JIEKTPOCHA0KEHUE
OPEeANPUATUNA, CIEAYeT YYUTHIBATh TO OOCTOSITENBCTBO, YTO CBOMX IMPOEKTHBIX
MOIIIHOCTEN NPEeANpUsATUsS JOCTUTAIOT MO MPOIIECTBUU HECKOJBKUX JIET paOOThI.
[ToaTomMy ¢ yuyeToM peanbHBIX Harpy30K M JUHAMHUKU UX POCTa CIEeAyeT BbIOUpaTh
Takhe MOIIHOCTU TpaHchopmaTopoB, 4ToObl ciyctss 10 — 15 jer paGoTel ux
MOXXHO OBLJIO 3aMEHUTh Ha Ooyiee MOIIHbIE, a CYUIECTBYIOUIME IepeaaTh B
HKCIUTyaTalHI0 APYTUM MOTPEOUTEISIM.

[Ipyu nOpoekTHpoBaHMM U  HSKCIUTyaTallkd MOJACTAHLIMK  HEOOXOIUMO
npeaycMaTpuBaTh HKOHOMHUYECKHU 1e1eco00pa3HbIi pexXuM  paboOThI
TpaHchopmaropoB. CyIIHOCTh €r0 COCTOMT B TOM, UYTO MPU HATHUYUU HECKOJIBKHUX
TpancopMaTtopoB, pabOTaOIMIMX HAa OOIIUE IIMHBI, KOJIUYECTBO BKJIIOUEHHBIX
TpaHc(OpPMATOPOB OMpeneIsieTcsl YCIOBUEM MHHMMYyMa IPHUBEACHHBIX IOTEPb
MOIHOCTH. [IpuBeIeHHBIE TOTEPH BKIIIOYAIOT B C€0s1 MOTEPU aKTUBHOMN MOIIHOCTH
B caMux TpaHcopmaTopax, a TakKkKe IMOTepU B JJIEMEHTaX CHUCTEMBbI
3IIEKTPOCHA0KEHMSI TIO BCEH LN MUTaHHUs OT UICTOYHUKOB J0 paccMaTpUBAEMOI0
TpaHchopMaTopa Mnpu nepeaade K HeMy peaKTUBHOM MOIIHOCTH, T.€.

AP! = APy, + k2AP,.,

rae APy, = AP, + k,;AQy, - TPHUBEICHHBIE IOTEPH XOJOCTOTO XOja
TpaHchOpMaTOpPOB;

AP, = AP, + k,;AQ,, — IpUBEICHHbBIC IOTEPU HAPY30UYHBIC;

k., — xoaduiueHT Harpy3Ku;

k,, — kxodbdumeHT W3MEHEHHS TOTEepPh, KOTOPBHIM  3amacTcs

sHeprocuctemoit B peaenax 0,02-0,05;

_ Iyx % .
AQyy = ~00 Syr — PEaKTUBHAS MOIITHOCTH XOJIOCTOTO X0/1a TpaHchopmaTopa;

I
AQy; = :T%SHT — peakTHBHas  MOUIHOCTb TpaHcpopMaropa MpH

HOMMHAJILHOW HarpyskKe.

r ’ APK3 2
AP, = APy + 5= 5%

rae S — 3HaueHue Harpy3ku Tpanchopmaropa.
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[TomydyenHnoe ypaBHEHHE MpeacTaBIseT coboi mapabomy. s KonmuecTBa
paboTatomux TpaHC(HOPMATOPOB OJMHAKOBOM MoOIIHOCTM N U N — 1 mpwu
HEM3MEHHOW Harpy3Kke MoJCTaHlIuu 00e napalosibl, MPEACTABICHHbIE IPAPUUECKH,

OyIlyT UMETh OOIIYIO TOUKY IEPECCUCHHs, B KOTOPOI CIIpaBeIJINBO PAaBEHCTBO

3aoanue:

3aoaua Nel

OnpenenuTs KOJWYECTBO W MOITHOCTH IIEXOBBIX TpaHCHOpMaTOpOB ISt
JIBYX BapuaHToB. CpaBHUTh 3KOHOMHUYECKHE IMOKA3aTeld BapUaHTOB C YUYE€TOM
3atpar Ha ycraHoBky bBHK-0,38 B (tabn. I122). B 1uexe wumMerTcs
AIEKTPONPUEMHUKHU BCEX KATETOPUI MO HAJIEKHOCTHU AJIEKTPOCHAOKEHUS.

Bapuanr a. PacueTHble Harpy3ku nexa Pp = 4300 BT, Qp = 5000 xBap, Sy)I =

2
0,3 kBA/m . Komniencarus peaktuBHoi MomHOCTH B cetu 0,38 kB oTcyTCcTBYeT.
Bapuant 0. VcxoaHble pacueTHbIe JaHHBIE T€ K€, HO B IIEXOBOWM ceTU

ycranoBiersl bBHK-0,38 kB cymmaphoit MomHOCTIO Q s — 2000 xBap.

3aoaua Ne2
I'pynna w3 Tpex unexoB mnpeanpustus umeer norpedutenern I u III

KaTeFOprI. Pacuernbie HAarpy3kKu ICXOB:

Ppl = 2500 kBT, Pp2 = 1800 kBT, Pp3 = 2000 kBT,
Qpl = 2000 xBap, Qp2= 1900 xBap, Qp3 = 2100 xBap

Paccrostnue mexay nexamu 50 m.

OnpenenuTs KOJIMYECTBO K MOIIHOCTh IEXOBBIX TpaHCHPOPMATOPOB,
npexycMoTpeB s motpebuteneir Il kareropum nByxtpanchopmartopubie TII
(BapuaHT a). [[ns BapuanTa 6 nmpexycMmarpuBaroTcs ogHoTpanchopmaropusie TII ¢
pesepBupoBanreM B 20 % 1o BTOPUYHOMY HANPSDKEHUIO MEXIy LexaMu. /laTb

9KOHOMHNYCCKOC CPABHCHUC BAPHUAHTOB.
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3aoaua Ne3
I'pynma u3 yeThipex NpOMBIIUICHHBIX 00BEKTOB UMeeT norpeouteneit I, I u

III xaTeropuii. PacueTHbie HArpy3KH KaXKA0ro 00ObEKTa:

Ppl = 3000 kBT, sz = 3500 kBT, Pp3 = 2500 kBT, Pp4= 5000 BT,
Qp1 = 2800 kBap, szz 3200 xBap, Qp3 = 3000 kBap, Qp4= 4500 xBap.

bmwxkaiimuit  sHeprooobexT (TOIl) HaxomuTcs Ha paccTOSHUU 6 KM.
OnpenenuTh KOJIWYECTBO U MOIIHOCTh CHJIOBBIX TPaHC()OPMATOPOB MOJCTAHIIUH,
OT KOTOpOW MpeAnojaraercsd MUTaTh MPOMBILUIEHHbIE 00beKThl. Koadduiment

Pa3HOBPEMEHHOCTH MAaKCUMYMOB Harpy3Ku kpM =0,81.

3aoaua Ned

OnpenenuTs KOJIUYECTBO M MOIIHOCTH TpaHC()OPMATOPOB Ha MOJICTAHIIMU
rryookoro BBoga 110/10 B, oT xoTopoil mpenmonaraeTcs OCYIIECTBUTH
AIIEKTPOCHAOKEHNE MAIIMHOCTPOUTEIIBHOTO 3aBoja. MakcumanbHas CyTOYHas

Harpys3ka 3aBOJla B TCYEHUE JBYX 4acCOB SM =23 MB-A.
KosddumumenT 3amonHenus: rpaduka k3r = 0,7. Harpy3ka motpebureneii I

KaTEerOpuu COCTABIISIET Sp =4 MB-A.

Konmponvnuie 6onpocut:

1. Chopmynupyiite  o0mme  MOJOKEHUS MO  BBIOOPY — yuciaa
TpaHC(HOPMATOPOB HA MOJACTAHIUH.

2. [To kakuM KpUTEPUSIM BBIOUPAETCS MOIIIHOCTH TPAHC(POPMATOPOB?

3. Kak mnpousBoautcss mnpoBepka TpaHchopmaTopa C Y4E€TOM €ro

Neperpy304HO ClIOCOOHOCTH?

4, Ykaxure nopsaok pacuéra TII.
5. Yem 00ycCIoBIIEH CYIIECTBYIOIIUM psn MOIITHOCTEHN
TpaHchopmMaTopoB?
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Cnucox numepamypot’

Ilepeuenv ocrnoenoll TUumMepamypul:

1. Cubukun, HO.JI. OcCHOBBI NPOEKTHPOBAHUSA DJIEKTPOCHAOKEHHUS
0o0BekToB : yueOHoe mocobue / FO.Jl. Cubukun. - MockBa ; bepnun : Jupexrt-
Menua, 2015. - 357 c. : wi., cxeM., Tabu. - bubmmorp. B kH. - ISBN 978-5-4475-
3979-5 ; To xKe [DmeKTpOHHBIHA pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117

2. Janunos, M.W. HMHKeHepHbIE CHUCTEMBI 3JaHUA U COOPYKEHUU
(37IEKTPOCHAOKEHUE C OCHOBAMM DJJIEKTPOTEXHHKH) : YyueOHoe mocobue /
M.U. JauunoB, W.I'. Pomanenko ; MuHucTepcTBO 00pa3oBaHMs MW HAyKH
Poccuiickon ~ ®epepauuu, DenepanibHOE  rOCYIapPCTBEHHOE  ABTOHOMHOE
oOpa3oBaTeIbHOE YYPEKICHUE BBICIIETO MPOPECCHOHATBHOTO 00pa3oBaHUs
«CeBepo-KaBka3zckuil ¢penepanbubiii yausepcutet». - CtaBponons : CKOY, 2015.
- 223 c¢. : un - bubmmorp. B kH. ; To »xe [DIekTpoHHBIN pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuenv oononnumenvHoi numepamypoi:

1. Cubukun, FO.JI. OcCHOBBI TPOEKTHPOBAHUSA DIEKTPOCHAOKECHHUS
MPOMBIIUICHHBIX U TpaxkaaHcKux 37aHuit : yaeOHuk / FO.Jl. Cubukun. - 6-¢ u3.,
nepepald. - Mocksa ; bepnun : Jlupexkt-Menua, 2016. - 508 c. : cxem., TabI., UiI. -
bubnuorp. B kH. - ISBN 978-5-4475-8608-9 ; To xe [DnexkrpoHHbIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckan paboma Ne7

Tema: Ilotepy MOIIHOCTA M DHEPIrMU B JJIEMEHTAX  CHUCTEMBI
AIEKTPOCHAOKEHUS

Iens: V3yunth pacyeT MOTEPh MOIIHOCTU B CHCTEMax d3JIEKTPOCHAOKECHHS
MPOMBIILJIEHHOTO MPENPUATHS

3nanua u ymeHus, npuoopemaemvie O00YUHAIOUWUMCA 6 pe3yibmame
0CBOCHUSL MEeMbL:

OO0y4aromuiicst JOIKEH:

3HaAmMbv:

— TMOTEPHU MOIIHOCTH U SHEPTUHU B JIEMEHTaX CUCTEMBI JICKTPOCHAOKEHUSI.

ymembw:

— OIIpCACIIATDb ITIOTCPU aKTUBHOMN U peaKTHBHOﬁ MOITHOCTH.

AKmya]leOClnb memol>

3aKkiroyaeTcs B HCO6X0)II/IMOCTI/I pacucTra nmoTepb MOMIHOCTHU U SHCPI'UU.

Teopemuueckasa yacmo:

PaboTa TakMx JJIEMEHTOB CHCTEMBI JJICKTPOCHAOKCHHS, KaK JIMHHH
AJIEKTPOTIEpPEIaur, CUIIOBBIC TPAaHC(HOPMATOPHI, TOKOOTPAHUIHBAIOIINE PEAKTOPHI,
COTIPOBOXKJIAETCS MOTEPSIMU MOIITHOCTH M SHEPTHH.

3aBUCUMOCTH OT HMCXOJHBIX MAHHBIX WX MOXKHO ONPEACITUTH ISl JIMHHMA
AJIEKTpONEpeaay:

— IO CPEHEKBAIPATHIHOMY TOKY | ,
— [0 MaKCHMaJbHOMY TOKY | .

CpGI[HCKB&I[pEITH‘-IHBIﬁ TOK OLICHMNBACTCs BBIPAKCHHUCM
ICK == k(l)ICp'
CpeI[Hee 3HAUCHHC TOKa npu N3BCCTHOM pacxozac AKTUBHOU

AIIEKTPOIHEPTHHU 3a BpeMs Ty

50



P V3 UuCOSPes Td,

rae T; — BpeMs JelCTBUTEILHON paboThl TMHUY;

I

J, — pacxoJ aKTUBHOW dHEPruu 3a Bpems 14;

COSQ.; — CPEIHEB3BEIICHHOE 3HaueHuWe KoddduimenTa axKTUBHOU
MOIITHOCTH.

Koo duuuent popmbr rpapura kg = 1,05...1,1 1 37€KTPONPUEMHHUKOB
NPOAODKUTEIBHOTO peXHMa pabdoThl Tpu N > 2 W DICKTPONPUEMHUKOB
INOBTOPHO-KPaTKOBPEMEHHOT0  pexuma paborel npu n > 20. s

3IIEKTPONPUEMHUKOB TTOBTOPHO-KPATKOBPEMEHHOTO pexkrma paboTs! pu N < 20

rae 11B — mpomomKuTeIbHOCTh BKIIOYEHHUS 3JIEKTPOIPUEMHUKOB;
N3 — 3 PeKTUBHOE YUCIIO IIIEKTPONPUEMHHUKOB.
[Torepu akTUBHOWM MOIITHOCTH U SHEPTUU B JINHUU:
AP = 3I2R,1073;
A3, = AP - T,.
[ToTrepu peakTUBHOM MOIIIHOCTH:
AQ = 313x,1073;
A3, = AQ - Ty,
rae R, v x;, — akTUBHOE U HHAYKTUBHOE CONIPOTUBJIEHUS JINHUH.
IIpr wn3BECTHOM pacxoAe AaKTHUBHOM DJHEPIUM 3a ONPEACIICHHOE BpeEMs
(CyTKH, TOM), a TAKXKE W3BECTHON BETUUMHE MAKCUMAJIbHOW aKTUBHOM Harpys3kupy,
MOXHO HallTu BpeMms 7,, B TEUEHHE KOTOPOIro JIMHHUS, padoTasi ¢ HEU3MEHHOMU

MaKCHMaJbHON Harpy3Ko, epeiaeT 3Ty SHEPIHI0 NOTPEOUTENIO:

[To wu3BecTHBIM 3HaueHWsIM I, U T, ONpEHeNaeTCs MaKCUMalbHbIN

TOK 32 pacCMaTPUBAEMBbII IEPUO]] BPEMEHHU:
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V3- Uy COS(pCBTM.

ITorepu akTUBHOW U pEAKTUBHOU MOIHOCTH B JIMHUSX:

Ly

— 272 -3,
AP, = 3I;R,1077;
— 72 -3
AQ, = [;x,107>,
Jns ompexneneHus MOTEPb SHEPTUM B 3TOM CIIy4ae YYUTHIBAETCS BpEMS

MaKCHUMAJIbHBIX ITIOTCPb T. Ero 3naucHue HaxXxoauTcs I10 Fpa(l)I/IKaM 3aBUCHUMOCTHU T

f (Ty, cosp). Ilpm orcyrcTBHHM TpapuKOB I ONPEOCICHUS T MOXKHO

BOCIIOJIB30BaTbhCA HpI/I6JII/I}K€HHI)IM BBIPpAKCHHUCM:

T= (0,124 + &)2 - 8760
' 104 '
[loTepu aKkTUBHOM U pEAKTUBHOW SHEPTUU B JTUHUSX:
3, =AP - 1
Ip =40 T.
B tpanchopmaTopax morepu MOIIHOCTH U DHEPTUU OMPEICISIIOTCS MO UX
KaTaJ0>KHBIM JJAHHBIM, €CJTM U3BECTHA (paKTUUYEeCKast Harpy3ka S.
CyMMmapHbI€ aKTUBHBIE U PEAKTUBHBIC MIOTEPU MOITHOCTH:

S
APy = AP, + (S—)2 - AP,;

HT

Sur .. S
AQr = WHB [ixx + (S_HT)Z - Uy
[Torepu 3HEprUM:
2

SHT . S
A3p, = 100 [ixx " Ts + Uy <S_HT) T,

S
A3 = AP, T, + APK3(—S )2 -1
HT

rae T — BpeMsl BKIIFOUEHUs TpaHcopmartopa.
B

B TOKOOrpaHMYMBAIOIIUX pEaKTOpax NOTEPU AKTHUBHOW M PEAKTUBHOU

MOIIHOCTH:

I
APp = 3APH¢ (Z)Z;
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I
_ 2
AQp = 38Qup (1)
H
rae APH(I)I/I AQHq)— IOTEPU AKTUBHOM M PEAKTUBHOW MOIIHOCTH B OJHOU

(a3HOl 0OMOTKE peakTopa Npu HOMUHAJIBLHOM TOKE [9];
| — pakTHueckas TokoBas Harpy3ka gazHOW 0OMOTKH peakTopa.
[ToTepu akTUBHOM W pEaKTUBHOM YHEPTUH B TpeX(ha3HOM PEaKTOpeE:
A3, = AR, - T,,
A3, = AQ, ' 7.

3aoanue:
3aoaua Nel
exoBass TII c¢ Ttpanchopmatopamu 2x1600 kBA mnoakiodeHa AByMs

paguanbabiMu TuHUsAMU (1 = 0,8 kM), BeimoaHeHHBIME Kabenem AAB-10(3x70).

3
I'010BO# pacxXox SNIEKTPOIHEPTHH dIEKTponpHeMHuKa-mu uexa O = 9000-10
kBTt-g mpu cosep = 0,87. Bpems neicTBUTENbHONW pabOTHl JIMHUU Tu = 5500 u.

OHp@I[CJ'II/ITB IMoTCpH AKTUBHOM U pCaKTHBHOfI MOIIHOCTHU U SHCPTHUH B JIMHUAX.

3aoaua Ne2
OnpenenuTs TOJOBBIE MOTEPU AKTUBHOM M PEAKTUBHOW 3JIEKTPOIHEPTHHU B

Tpancpopmarope S = 1000 kBA ¢ xospdurmentamu 3arpysku k3 = 0,85. Yucno

4acoB UCIIONB30BAHMA MaKCHMaibHON Harpysku ' = 3500 4, cos¢ = 0,8.

3aoaua Ne3
JIByxcekumonubli  PI1 muraercs paauanbHBIMU JIMHUAMH, [|=1,5 KM,

BbINIOTHEHHBIMU KaOeneM AAIBY-10(3x185). 'omoBo#l pacxon 3J€KTpOIHEPTUU

3
npucoenuuenubix norpedutenerr 40000-10 xBt-y. mpu cos¢ = 0,88. Bpems

JNeHCTBUTENbHOU paboThl MMHUNA T W 7500 4. OnpenenuThs MOTEPU AKTUBHOU H

peaKTHBHOﬁ MOIIIHOCTHU B JIMHUAX.
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3aoaua Ned
OnpenenuTs roAOBbIC MOTEPU aKTUBHON SHEPTHHM B Tpex(a3HOM PEeaKTope

PBA-10-630-0,56Y3, makcumanbHasi TOKOBas Harpyska koroporo | = 520 A,

noTepy B (ha3HOU OOMOTKE IIPU HOMHHAIBHOM ToKe KBT. 4P, ;,=4.6 kBt

Konmponvuwie éonpocuwr:
1. [ToTepu anekTposHEPruu B TpaHchopmaTopax, NPUUUHBI U CIIOCOOBI
VX CHUKEHHUS.

2. [ToTepu 2JIEKTPOIHEPTUU B JINHUU U IIyTH UX CHUKEHUSL.

Cnucok numepamypuot.

Ilepeuens ocnogHoll Tumepamypol:

1. Cubuknn, FO.JI. OCHOBBI TPOEKTHPOBAHUSA DJIEKTPOCHAOKECHHUSI
0o0bekToB : yueOHoe mocoodue / FO.Jl. Cubukun. - MockBa ; bepnun : upexrt-
Menna, 2015. - 357 c. : w1, cxem., Tabi. - bubmmorp. B kH. - ISBN 978-5-4475-
3979-5 ; To xe [DIEeKTPOHHBI pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117

2. HanunoB, M.W. HHXeHepHbIE CHCTEMBI 3JaHUA U COOPYKEHUMU
(onmexkTpocHaOXXEHHE C OCHOBaMHU DJJIEKTPOTEXHHKH) : YydeOHoe mocobue /
M.U. lanunoB, W.I'. Pomanenko ; MuHHCTEpcTBO 00pa3oBaHUs U HAyKu
Poccuiickonn ~ @enepaunu, @DenepanbHOE  rOCYJAapCTBEHHOE  aBTOHOMHOE
o0pa3oBaTeIbHOE YUPEKICHUE BBICIIETO MPOPECCHOHATBHOIO 00pa30BaHUs
«CeBepo-KaBka3zckuil ¢penepanbubiii yauepcutet». - CtaBponons : CKOY, 2015.

- 223 c¢. : un. - buOmmorp. B kH. ; To ke [DnekTpoHHBI pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuenv oononnumenvHoll 1umepamypol:
1. Cubukun, HO.JI. OcCHOBBI NPOEKTHPOBAHUSA DJIEKTPOCHAOKEHMS
MPOMBIIIUICHHBIX M TpakIaHCcKkuX 3aanuii : yuyeonuk / FO.J]. Cubukun. - 6-¢ uzm.,

nepepad. - Mocksa ; bepnun : upexkr-Menua, 2016. - 508 c. : cxem., Tabi., ui. -
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bubmuorp. B kH. - ISBN 978-5-4475-8608-9 ; To xe [DmeKkTpoHHBIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckasn paboma Ne8

Tema: KommeHcanus peaKTUBHON MOIITHOCTH

Ileny: V3yunTh OCHOBHBIE KOMIICHCHUPYIOIIME YCTPOWCTBA pPEAKTUBHOMN
MOIITHOCTH

3nanua u ymenusa, npuodpemaemvie ooOyuarOwuUMca 6 pe3yibmame
0CBOEHUSL MEeMbL:

OO0y4arouuiics T0IKeH:

3Hambp:

— OCHOBHBIC THITHl KOMIICHCHPYIOIIUX YCTPOUCTB.

ymemp:

— PaCCUUTHIBATH PEAKTUBHYI) MOIIHOCTb.

AxkmyansHocms memol:
3akrogaeTcsi B HEOOXOAMMOCTH pacueTa U BbIOOpa KOMIICHCHPYIOITUX

YCTPOUCTB PEAKTUBHOW MOIIHOCTH.

Teopemuueckasn uacmeo:

DKOHOMUYECKOE 3HAUYCHHUE peakTuBHOU MomHOCcTH (PM), moTpebisemoit u3
SHEPrOCUCTEMBI B 4achl OOJIBIIMX HArPy30K €€ CETH, OMPEACNSIETCS C YYEeTOM
CYMMapHBIX pacueTHbIX HArpy30K (aKTMBHOW U peakTUBHOM) moTpeouTens [10]:

A3, = P_p "tgPs.
MaremaTudeckoe 0KuaHue PacCUETHBIX HArpy30K MOTpeOruTes
P, =B, ko, Qp==A40Q," ko,
rie Ko — ko3 durreHT npuBeIeHNs pacueTHBIX HArpy30K, paBHbIi 0,9.
HopmatuBHoe 3Hauenume kodpdurmenta tge,,, KOTOPHIM TOJIb3YETCS

BHGPFOCHaG)KaIOHIeﬁ opraHusanuu, OIpecacCisICTCA 110 BBIPAKCHUIO

L 240
9u = T d, o + 50b

tg(pB ) kll
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rae Oyae — OTHOIIECHUE IMOTPEOJICHHUS SHEPrUM B KBapTajie MaKCHMyMa
Harpy3kd SHEProCUCTEeMbl K MOTPEOJICHUIO €€ B KBapTajle MaKCUMyMa HarpysKu
NPEINPHUITHS, P OTCYTCTBUU HEOOXOIUMBIX TAHHBIX Uyae = 1;

@ — OCHOBHasI cTaBKa Tapuda Ha aKTUBHYIO MOIIIHOCTh, py0./(kBT-ron);

b — monoyHUTEIbHAS CTaBKa Tapuda Ha aKTUBHYIO SHEPruto, pyo./KBT-u;

tgos — 0a30BbI KOIDUIIMEHT PEAKTUBHON MOIIHOCTH, MPUHUMAEMbIN
paBubiM 0,25; 0,3; 0,4 mnsa cereit 6 — 20 kB, npucoeauHEHHBIX K HIMHAM
MOJCTAHIMHU C BhICIIUM HanpsikeHueM 35, 110 u 220 — 330 kB cOOTBETCTBEHHO;

Ky — K03 (GUIHMEHT yIOpOoXKaHUsS KOHIACHCATOPOB, MPUHUMACMBIH PaBHBIM
KPaTHOCTH TOBBIIICHHS Taprda Ha dJIEKTPOIHEPTHIO:

_a'kW1+b'kW2'10_2'TM
B a+b-Ty 1072 ’

k1=kw

rne 1, — 4YUCIO YacoB WCHOJB30BaHUS MAaKCUMAaJIbHOM Harpys3KH,
OTpEeNIeNIIEMOE XapaKTePOM U CMEHHOCTBIO pabOThl MOTPEOUTENIS B TOJI, U:

U1 oHOCMEHHBIX npeanpustuii — 1800 — 2500;

U1 AByXcMeHHbIX npeanpustuii — 3500 — 4500;

i TpexcMeHHbIX npeanpusatuii — 5000 — 7000.

kwi 11 Kz — KO3 GUIIMEHT yBeTUYCHNST OCHOBHOH U JIONIOJHUTEIILHON CTaBOK
Tapuda Ha BJIEKTPOIHEPIHI0 (OMPEACSIOTCS JIeJICHUEM JEeUCTBYIOIIMUX CTaBOK
tapupa Ha 60 m 1,8 - 10-2) coorBercTtBeHHo. Ecnu B pesynbTaTe pacuera
OKa)keTcs, 4To tge,,> 0,6, To ero 3HaueHue npuHumaercs paBHbiM 0,6. Takoe xe
3Ha4YCHHE tgQ,, MPUHUMAETCS U JIJIsl IIMH FeHepaTOpHOro HanpsikeHnus 6 — 20 kB.

Br16op cpencts komneHcaruu PM ocyIiecTBIsSIeTCS B 1Ba PACUETHBIX JTara:

npu notpediennn PM u3 sHeprocucteMsl B mpejenax 3KOHOMUYECKOTO €€
sHaueHus Q,;

npu notpediaeHuu PM 13 sHeprocucTeMsl, MPeBHIIAIONIEM YKOHOMHYECKOE
3HaueHue Q.

Ha mnepBom »sTame ompeaensercs MOIIHOCTh OaTapeld HU3KOBOJBTHBIX
kougeHcatopoB (bHK), yctanaBnuBaembix B ceTsix 10 1 kB mo kputeputo Beioopa

MUHHMMAaJIBHOTO YHUCJa IIEXOBBIX TpaHC(HOPMATOPOB.
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JUIst KakJI0M rpymibl [EXOBBIX TPaHC(HOPMATOPOB OAMHAKOBOM MOLIHOCTH

OIIPEAEISIETCSI MUHUMAJIBHOE UX KOJIMYECTBO 110 BBIPAXKEHUIO
Ny = =2
TMyuH — ﬁT ] STH’

rae P,y — cyMMapHas pacyeTHas aKTMBHAs Harpyska HanpsbkeHueM nol xB
JAHHOM TpyMIbl HEXOBBIX TPaHC(HOPMATOPOB;

BT — Ko3pHULHMEHT 3arpy3Ku TPaHCPOPMATOPOB, 3aBUCALIUN OT KaTErOpUU
noTpeduTesel 1o HaJIeKHOCTH JIEKTPOCHAOKEHNUS;

STH — HOMUHaJbHAas €IMHMYHAs MOIIHOCTH II€XOBOI0 TpaHc(opmaTopa,
3aBUCAIIAs OT YJIEJIbHOW IUIOTHOCTM HArpy3Kd Ha €IMHMIYYy IPOU3BOACTBEHHOMU
Iomaau [7].

ITosrydeHHOE 3Ha4YeHHE OKPYIVIAETCS 1O OvKalmero OOoJbIIEr0 LENOro
YyuCa.

HauGonbmas PM, koTopyto MOKHO niepenath B ceTh 10 1 kB nmpuzagaHHoM
B, onpenensercs:

JUTst TpaHc(OpPMATOPOB, 3aMOJTHEHHBIX MACJIOM MJIM HETOPIOYEH KUIKOCThIO:

QT = \/(1'118TSTHNTMI/IH)2 - PIZ)HJ

JUTSL CyXHUX TpaHC(HOPMaTOPOB

QT = \/(LOSIBTSTHNTMHH)Z - PIZ)H-
MOoOIHOCTh HU3KOBOJIBTHBIX KOHJIEHCATOPOB
QHKl = QpH = QT:
rire Q,n — cymMMapHas pacdeTHass peakTHBHas Harpyska 1o 1 kB
paccMaTpuBaeMOl TPYIIIBI 11eX0BBIX TpaHchopmatopoB. [Ipu ycrnoBuu, 9T0Q;y <
0, BHK B cetu 10 1 kB He ycTaHaBIMBarOTCS.
B 3aBucMMOCTM OT HOMHMHAJbHOW MOIIHOCTM M 4YaCTOThl BpaIlllCHUS

CHUHXPOHHBIC JJICKTPOABHUIATCIIM PACCMATPUBAIOTCA HMHAWNBHUAYAJIIBHO B MLCIAX

HCIIOJB30BaHUA UX peaKTI/IBHOI\/’I MOIIHOCTHU OJId KOMIICHCALlNH.
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Pacrionaraemasti peakTHBHAasT MOIIHOCTb CUHXPOHHBIX JBHUTAaTENEH, Yy
1

kotopbix P> 2500 kBt wim n >1000——, ucnosb3yercss s KOMIICHCALUU
MHUH

PEaKTUBHOM MOIIHOCTH Y TOTPEOUTENEH:

Q= ) (Qup = Q) = ) 0.2- Qs

Y4actre B KOMIEHCAMU PEAKTUBHOW MOIITHOCTH CUHXPOHHBIX JIBUTATENIEH,
y KoTtopeix Py, < 2500 xBt umu n < 1000 M—;H, 11e71eco000pa3HO TOJBKO MPH
COOTBETCTBYIOIIEM TEXHUKO-3KOHOMHYECKOM 00OCHOBAHUMU.

J{1st 3TOTO ONMpeAesAeTCs] COOTHOIIECHUE
_ Lo

Cor

R

VYaenbHas CTOMMOCTh NOTPEOJICHUS] PEAKTUBHON MOILIHOCTH U SHEPTUU U3
HHEPrOCUCTEMBI, HE IPEBBIIIAIOIIETO SKOHOMUYECKOTIO 3HAUCHHSI

JUISL TOTpeOUTENICH, UMEIOMIUX TPUOOPHI yueTa Q,yaxc:
Cos = (€1 + 1Ty, - 1072) - 1,6 - Ky,
rae C;— turata 3a 1 kBap moTpeOJIeHHON peakTUBHON momHocTH, C1= 1,2
py0./kBap- roxm;
d;— mmata 3a 1 kBap: 4 morpebieHHON peakTUBHOW sHeprum, d1 = 0,03
KOIL./KBap- 4;

Ty ,.— rOOOBOE YHUCIO 4YacCOB MCIIOJb30BAHUSA MAKCUMAJIIBHOM pPEAKTUBHOU

Q3

MOIITHOCTH TIPU NOTPEOJIECHUN U3 SHEPTOCUCTEMBI (.
3nauenue Ty, 0,OTIPEIENIACTCA B 3aBHCHMOCTH OT COOTHOLICHHS M Ky o

BBIPA’KCHUAM:

Tr(Ky —2¢ +1
mpu Y < KyTy,, = r(Ku Ld ):

21-y)
Tr(1 -
npu Y < KMTMQS = H

rac y — CTCIICHb KOMIICHCALIMK, BCIIMYHMHA KOTOpOﬁ MOJKET OBIThH I[IpUuHATa

pasnoi 0,7; 0,6; 0,5; 0,25 nns I'TIHI ¢ nepBuunsiM Hanpsixenuem 35,110, 220, 500
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KB COOTBETCTBEHHO M TpH NMOTPEOICHUH U3 dHEprocucTemMbl QD, P MUTAHUU OT
IIMH F'eHepaTOpHOro HanpsikeHus y = 0,25;

Ky — OoTHOLIEHHME HaTypanpHOM MHUHHMMAIbHOM HAarpy3kd K HaTypallbHOU
MaKCHUMaJIbHOW Harpys3ke, MpUHUMaemoe s 1-, 2-, 3-CMEHHOWU HEeNpepbhIBHOU
pabotsl paBabIM 0,9; 0,8; 0,7; 0,8 COOTBETCTBEHHO;

Tr — romoBoii ¢oHm pabodyero Bpemenw; mis 1-, 2-, 3-CMCHHOW U
HenpepbIiBHOM padoTsl mpuHuMaetcs 2000, 4000, 6000, 8500 4 cOOTBETCTBEHHO.

VYaenpbHas CTOMMOCTH TIOTEPh AKTUBHOM MOIIHOCTA B CHHXPOHHBIX
JIBUTATEIAX U KOHJIEHCATOpax MPHU TeHEPUPOBAHUU UMU PEAKTUBHOU MOIIHOCTU:
Cpr=a’-KWl+b-TF-10_2-KW2.

ITocne onpeneneHus BeIWUUHBI cooTHomeHUs R mo ta6a. [123 mHaxomurcs

kod(ppunneHT o. CyMMapHasi peakTUBHAsI MOIIHOCTh OT CUHXPOHHBIX JBUTATElNeH

HOMMHAJIBbHOU MOIIHOCTBIO Py, < 2500 kBT u ckopoctn

Qup2 = Z“'Qm{-

PeaktuBHas MOIITHOCTD oT CHMHXPOHHBIX I[BPIFaTCJ]CfI, KOTOPYIO

n<1000—:

1
MHUH

PKOHOMHYCCKH  IIEJI€COO0pa3HO  MCIIOJIB30BaTh IS  KOMIICHCAIIMM  TIPH
OJIHOBPEMEHHOM TIOTpeOJICHUH U3 dHEpProcucTeMbl Q,, onpenensercs mo ¢popmyJie
Q;,[ = Qal + QaZ-

[Tocne  ompenenenus @1, Quy, Q;ICOCTaBnﬂeTCH OaJlaHC  pEeaKTUBHOM
MOIITHOCTH Ha TpaHMIle OAIIAHCOBOTO pa3rpaHUYEHUs C SHEPTOCUCTEMOM:
AQ" = Qp — Qua — Q5 — Qs
Ecimm AQ’ < 0, To peKoOMeHIyeTCs yMEHBIITUTE 3HaueHue Q- 10 obecrneueHus
ycnoBust AQ' = 0. Ilpu AQ’' > 0 paccmaTpuBaeTCsi BO3MOKHOCTH TOTYUYEHUS

JTIOTIOJITHUTEIIbHOM PEAKTUBHOM MOIIHOCTH OT CJICIYIOIINX UCTOYHUKOB:

. 1
1) cunxpoHHbIX aBUrarenei MomHoctbio 10 2500 kBt u n <1000 —, eciu

paciojaracMasa MOINHOCTb 3THX I[BHFaTeJIeﬁ HC HCIIOJIB3YCTCA IIOJIHOCTBIO IIPpH

NOTPEOJICHUH U3 SHEPTOCUCTEMBI IKOHOMUYECKOTO 3HaUeHUs Qx;
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2) BHK, nomomHUTENbHO yCTaHABIHBAEMBIX CBEPX Qp;

3) BBK, ycranaBnuBaembIX B y3iax Harpy3ku 6 — 10 kB;

4) D2HEProcUcTEeMbl, BEJIMYMHA KOTOPOW TMPEBBIIMIAET HDKOHOMHUYECKOE
sHaueHue Q, = AQ’.

[enecooOpa3HocTh Oosee MOTHOTO MCTOIB30BAHUS PEAKTUBHON MOUTHOCTH
. 1
OT CUHXPOHHBIX JBHUraresnei MomHocThio 2500 kBt u n < 1000 —omnpexaensercs
MHUH

no 1a6:. [123 ¢ yyeTom cneayromumx moJIoKeHUH.

st npennpusituii ¢ 1-, 2-, 3-cMeHHON paboTOM 3aTpaThl HA T€HEPUPOBAHHE
PEAaKTUBHOW MOIIHOCTA CHHXPOHHBIMM  JBUTATEISIMH  COIIOCTaBIIIOTCS  C
3aTpaTaMd Ha TNOTpPeOJIeHHEe pPEaKTHUBHOM MOIIHOCTH U3 DHEPrOCHCTEMBI,
IIPEBBIIAIONIECE YKOHOMUYECKOE €€ 3HAYCHHE, U Ha TECHEPUPOBAHUE PEAKTHUBHOU
MomHocTh ycraHoBkamu BHK. Ilpu »3TOM  HCHONB3yrOTCS — CIIEAYIOLIUE

COOTHOIIICHUA:

% HR:%_

Cor Cor

R =

Jlns  mpeanpusTUid ¢ HENPEpPhIBHBIM  PEXUMOM pPabOTHI 3aTpaThl Ha
F€HEpUPOBAHUE  PEAKTUBHOW  MOIIHOCTH  CUHXPOHHBIMM  JBUIATEISIMU
COTIOCTABIISIIOTCSL € 3aTpaTaMu Ha TMOTpeOJieHue pPEaKTUBHONM MOIIHOCTH U3
SHEPrOCUCTEMBI, MTPEBBIIIAIONIEE SIKOHOMUYECKOE 3HAUYCHUE, U HA TEHEPUPOBAHUE
peaktuBHOW  MomHocTH  yctaHoBkamMu bBBK. CoorBercTBylomue 3TOMY

COOTHOIIICHUA:

C 3
R=-2 yR =22

Cor Cor

B ykasanupix cooTHomieHusx Cp — ylenbHas CTOMMOCTb MOTPEOIEHUs
PCAKTUBHOM MOIITHOCTH M DSHEPrUM W3 DSHEprocucreMbl Q,, IIpEBHIMIAIOINICE
SKOHOMHYECKOE 3HAUCHHUE;

3ux U 35 — YACHBHBIE 3aTPaThl HA KOMIIEHCAIIUIO PEAKTUBHON MOIIIHOCTHU
ycranoBkamu BHK u BBK, py6./xBap.

Yaenvbhas BenuuuHa (g Juii TOTpEOMTENEH, MMEIONMX NPUOOPHI ydera
MaKCHUMaJIbHOW PEaKTUBHON MOIIHOCTH:
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- ZKle
Co, = (Cz + dzTMQH -10 2) "1+ K. K,

rae C, — miuara 3a 1 kBap NMOTPeOJICHHONM U3 SHEPrOCUCTEMBI PEAKTHUBHOM
MOIITHOCTH, TIPEBBIMIAIONIEH YKOHOMUYecKoe 3HadeHue, C, = 3,6 py0./(kBap: Tox);

d2 — mutata 3a 1 kBap-4 peakTUBHOM SHEPTUU JJIs MOTPEOUTENICH, UMEIOIINX
npuOopsl yuera Q,uxe, d2 = 0,09 kom./(kBap-4);

Ty, - TOJAOBOE YHUCIO YaCOB MCIIOJIB30BAHHUS MAKCUMAIBHON PEAKTUBHOMN

Qn

MOIIIHOCTH TPHU €€ TOTPEOJICHHMM W3 DHEPrOCUCTEMBI,  IMPEBBIIIAIONIEM
PKOHOMMUECKOe 3HaueHue. Bennuuna onpenensiercs no dopmynam (7.12) u (7.13)

IIpHU 3HAYCHUAX

Qn
y=1- 0
p
rae Q, — morpebieHME M3 DSHEPrOCHCTEMBI PEAKTHBHOM MOIIHOCTH,

MPEBBINIAIOIIECE SKOHOMUYECKOE 3HAUCHUE.
VYaenpHble  3aTpaThl HAa  KOMIIGHCAIIMIO  PEAKTUBHOM  MOIIHOCTHU
KoHieHcaTopHbIMH yctaHoBkaMu bHK u bBK:
Buk = 0,22C,« + 3pu0
Bk = 0,22(Cy + Cp) + 3pr
rae Cy, Ci, Cs — yaensHas ctoumocts 6atapeit BHK, BBK u Briktouarens
6 — 10 xB. Vx 3HaueHns MOKXHO MPUHSATD:
Cux = 7,5—10,5 py6./kBap,
Cux = 3,7 — 4,9 py6./kBap,
C, = 0,5 — 3 py6./kBap — aua kamep KCO,
C, = 0,9 — 5,1 py6./kBap — aJig kamep KPY.
3HaueHust Cyy, Cu, €, NOIDKHBI OBITH OTKOPPEKTUPOBAHBI B CBS3H C
YBEIIMYEHUEM CTOMMOCTH KOMIIEHCUPYIOIIMX YCTPONCTB Ha TEKYIIUM TEPUOJ
BPEMECHH.
3HaueHHs 3y U 3y ONPENEISAIOTCS CIEAYIONIMM 00pa3oM:
Bpuc = Cpr * AP,y
Bpex = Cpr " APy,
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rae APy m AP — yAenbHbIE NMOTEPU aKTUBHOW MOIIHOCTHM B YCTaHOBKax
BHK u BBK, npunumaembie paBubiMu: AP = 0,004 xBt/xBap; AP, = 0,002
kBT/kBap.

[To maiinenHOMy HamMeHbIIEMY 3HaueHHIO R ompenensercs m3 tadn. [123
KO3 (ppULIHEHT a.

C yyeToM HOMUHAIIBHOW PEAKTUBHON MOIIHOCTH CUHXPOHHBIX JBHUTATEIICH

Qz[3 = Z a-: mel-

Ecnm 3HaueHune R okaxkercs MeHbIIE paccuuTanHoro o gopmyie (7.10), To
BenuunHa Qp, = U, -

PesynpTHpyroniee 3HaY€HHE HCHOJIB3YEMOM PEAKTUBHOW MOIIHOCTH OT
CUHXPOHHOTO JIBUTATES

;l, = Qﬂ1 + Q[[3-
CHoBa cocTaBisieTcst 6ajlaHC peaKTUBHOM MOIIHOCTH
AQ" = Q_p + Qux1 — /,1, — Q.

Ecim AQ" > 0, To mns mpenmpusituii ¢ 1-, 2-, 3-cMeHHOUW paboTOi
paccMaTpuBaeTcs  1esecooOpa3HOCTh  omojHUTeNbHOM  ycranoBkM — BHK
MOITHOCTBIO Qyn. C 2TOM 1IENbIO ONpENeNsIeTCd 3HAuY€HUE SKOHOMHUYECKU
1eaecoo0pa3Hoil peakTUBHOM MOITHOCTH (., KOTOPYIO MOXHOIEpeaaTh 4epes
1exXoBble TpaHchopMaTopsl B ceTh A0 1 KB 10 KpuUTepUsIM MUHUMAIbHBIX
aKkTUBHBIX MOTEPh B ceTn 6 — 10 kB, croumoct BHKu croumoctu notpedisiemoit
PEaKTUBHOM MOITHOCTH (PHEPTUHN) U3 SHEPTOCUCTEMBI.

[Ipu mnoTpeGieHMH W3 DHEProcUCTeMbl MOIIHOCTH Q, MPEBBIMIAOIIEM
SKOHOMHUYECKOE 3HAYEHHUE,

3ux — Co,

QT3 2A

3aoanue:

3aoaua Nel
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[Ipennpusitue ¢ JABYXCMEHHOW pabOTOM TUTaeTCsl OT NOACTaHIUU

Hanpspbkenrem 110/10 kB u umeer pacueTHy10 aKTUBHYIO Harpy3Ky P,=4.5 MBr.

OnpenenuTs Ui TPEANPUATUS 3HAUCHUE Qa'

3aoaua Ne2

OHpGI[GJ'II/ITI) MOIDHOCTh HHU3KOBOJIBTHBIX 6aTapeﬁ KOHICHCATOPOB QHK JIIA

TPYNIIBl  LEXOB MAIIMHOCTPOUTENBHOIO MPEANPUATHS, PACUCTHBIE HArpy3Ku
KOTOPBIX COCTaBIIAIOT:
BAPUAHT A

— MEXaHUYECKUH 1IEX: PP = 2200 xBT, QP = 3100 xBap;
— arperatHerii ex: P, = 1800 xBt, Q= 2000 xBap;

— Tepmudeckuii gex: P, =2300 kB, Q = 2600 xBap;
— cbopounsrii nex: P, = 1300 kBr, Q,= 1500 xBap

BapUaHT O

— HHCTpyMeHTasbHbli nex: P =800 kBr, Q= 900 xBap;
— pemoHTHBIH 1ex: P, =400 xBt, Q= 500 xBap;
— DJIEKTPOJIU3HBIN 1[EX: PP =450 kBT, QP =250 xBap;

— Hokpaco4Hblii nex: P, = 600 kBt, Q = 500 xBap.

3aoaua Ne3
Ha npeanpusitiu ¢ AByXCMEHHBIM PEKUMOM PAOOTHI HCTIOIB3YIOTCS YEThIPE

CUHXPOHHBIX 3JIEKTPOJIBUTATENS (Pm1 = 1600 kBt, n = 1000 mun", U =10 kB,

cos¢= 0,88). Omnpenenuth CyMMapHYI0 pEAKTHBHYIO MOIIHOCTb, KOTOPYIO
IKOHOMUYECKH  IIeJIeCO00pa3HO TMOJy4aTb OT CHHXPOHHBIX  JIBHTATEJCH.

DnextpocHabxkenne npeanpusatus ocymectsisercs ot [ TITT-220/10 xB.

3aoaua Ned

64



Ha npennpusituu ¢ TpEXCMEHHBIM PEKUMOM padOThl HUCIIOIb3YIOTCS YEThIPE
CUHXPOHHBIX AekTpoasurarens. OIUH U3 HUX MMEET HOMHUHAIBHBIE TIapaMETpPHI:

P =3 MBr, n = 1500 mun?, U = 10 kB, cos¢p = 0,89. Ocranpheie
3JIEKTPOJBHUIaTeIN UMCIOT OJMHAKOBBIC apameTpsl: P = 1,25 MBT, n = 500 Mux
' U =10 kB, cosh = 0,87. DnekTpocHaOKEHHE TIPEAIPHUATHS OCYIIECCTBISACTCS OT

TOIl na Hanpsxkenun 10 xB. Onpenenuts CyMMapHYI0 PEaKTUBHYIO MOIIHOCTb,
KOTOPYIO JKOHOMHYECKH LieJecoo0pa3HO ToJydyaTh OT BCEX CHHXPOHHBIX

DJIEKTPOJABUTATEIICH.

3aoaua Ne5
Ha mpeanpusituu ¢ JBYXCMEHHBIM PEXUMOM pabOTHI YCTAHOBJICHBI JBa

CUHXPOHHBIX 3JIEKTPOJABUIATENsl ¢ HOMUHAIBHBIMUA [apaMETPaMu: PH = 1,25 MBrT,
-1

n =500 mur~, U = 10 kB, cos¢ = 0,89. DnexrpocHaO)eHHe NPEANPHATHS C

pAacYEeTHOM PEAKTUBHOM HArpy3Kou QP = 4,5 MBap ocyuecTBiasiercss OT

noactanmmu 110/10 kB. CoctaBuTh M TPOAaHATU3UPOBATH OaJaHC PEaKTUBHOU

= 1,2 MBap.

MOIIIHOCTH TI0 TIpeaNpuATHIo, 11 koToporo Q_= 1,3 MBap; Q
pEALIp p 5 P> ¥y

3aoaua Neb

Pe3ynbTaThl aHanmuza OanaHca PEaKTUBHOW MOIIHOCTH MO MOPEANPUSITHIO
nokaszanu, yro Q'A> 0. OnpenenuTh BEIMYUHY TOTOJHUTEIHLHOW PEaKTUBHOU
MOLTHOCTH Qj3, KOTOPYIO MOTYT TI'€HEpUpOBaTh JIBa CHHXPOHHBIX JBUTaTEJs
(ucxonnble maHHble U3 3amadu S5). CoCTaBUTh M TMPOAHAIM3UPOBATH OajaHC

peakTuBHOM MoutHOCTH Q"'A MO MPEeANPUATHIO.

3aoaua Ne7
Pacuetnass Harpyska NOpennpusTvs ¢ ABYXCMEHHBIM PEXKUMOM pPadOTHI,

nuraromerocs ot I'TIIT-220/10 kB, cocraiser: PP = 3,5 MBr QP = 4,3 MBap.

AHanu3 OanaHca peakKTMBHOM MOLIHOCTH IO NPEANpUATHIO MoKazad, yto Q'A =
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870 xBap m Q"A = 630 xBap. Omnpenenutp BEIUYUHBI JTOTOTHUTEIHHON

peaKTHBHOﬁ MOITHOCTHU HHU3KOBOJIbTHBIX 6aTapCﬁ KOHICHCATOPOB U QZHK' 141 QHK'
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3aoaua Ne8
Hpennpusitue ¢ pacueTHpiMu Harpyskamu P, = 6000 kBT, QP = 7000 xBap

UMEET HENpPEepBIBHBIN pexkuM pabotbl um mutaercs ot ['TII1-220/10 xB. Anamus
OaJIaHCOB pEeaKTUBHOM MOITHOCTH mokasair, 4to AQ' = 1200 xBap, Q'AQ"”A = 900
kBap. OcyniecTBuTh  JONOJHUTENIBHBIE MEPONPUATHA IO  KOMIIEHCALUU

peaKTHBHOﬁ MOIIHOCTH Ha IMPCAIIPHUATHH.

Konmponvhnuie 6onpocut.

1. Jns yero mpoM3BOAUTCA KOMIIEHCAUMs PEAKTUBHOM MOIIHOCTH Ha
npeanpusiTun?

2. [lepeuncaure METOABl ECTECTBEHHOW KOMIICHCAIIMM PEAKTUBHOMN
MOITHOCTH.

3. Kakum  00pa3oM  TPOMCXOMUT HMCKYCCTBEHHAs  KOMIICHCAITUS
PEAKTUBHOW MOIIIHOCTHU?

4, VYKaXuTe  TUIBI  KOMIICHCUPYIOIIMX  YCTpOMCTB.  OTMmeThTE
JIOCTOMHCTBA U HEJOCTATKHU KaXKJ0ro BUAA.

S. Omnpenenute NOpsiIOK BEIOOPA KOMIIEHCUPYIOIIETO YCTPONCTBA.

Cnucok numepamypuot.

Ilepeuens ocnosnoil numepamypol:

1. Cubukun, FO.JI. OcCHOBBI TPOEKTHPOBAHUSA DIEKTPOCHAOKECHHUS
o0bekToB : yueOHoe mocooue / FO.Jl. Cubukun. - MockBa ; bepnun : Jdupexrt-
Menmua, 2015. - 357 c. : mi., cxem., Ta0i. - bubmmorp. B xH. - ISBN 978-5-4475-
3979-5 ; To xKe [ DJIEeKTPOHHBII pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117

2. HanunoB, M.W. HHXeHepHbIE CHCTEMBI 3JaHUA U COOPYKEHUMU
(27IeKTPOCHAOXKEHUE C OCHOBAMH DJJICKTPOTEXHHKH) : YyueOHoe Tmocobue /
M.U. lanunos, W.I'. Pomanenko ; MuHHCTEepcTBO 00pa3oBaHUs U HAyKu
Poccuiickon ~ @enepaunun, @DenepanbHOE  rOCYJApCTBEHHOE  aBTOHOMHOE

o0pa3oBaTeIbHOE YUPEKIACHUE BBICIIETO0 MPOPECCHOHATBHOIO 00pa30BaHUs
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http://biblioclub.ru/index.php?page=book_red&id=469117

«CeBepo-KaBkasckuit penepanpubiii yauepcure. - Ctaspomnoins : CKOVY, 2015.
- 223 c¢. : un - bubmmorp. B kH. ; To e [DJIeKTpoHHBIM pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuenv oononnumenvHou aumepamypol:

1. Cubukun, IO.JI. OCHOBBI NPOEKTHPOBAHUSA SJIEKTPOCHAOKECHHS
MIPOMBIIIUICHHBIX W TpakIaHckuX 3manuii : yuyeonuk / FO.J]. Cubukun. - 6-¢ uzm.,
nepepad. - Mocksa ; bepnun : Jlupexkr-Menua, 2016. - 508 c. : cxewm., Tabiu., ui. -
bubmumorp. B kH. - ISBN 978-5-4475-8608-9 ; To ke [DmeKTpoHHBIA pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckasa paooma Ne9

Tema: OnpeneneHue MECTOIONOKEHHS EXOBOM NOACTAHIUU

Ilenb: — 3aKpenuTh TEOPETUUECKHUE 3HAHUS 10 TEME;

— TpUOOpPEeCTH MPAaKTHUYECKHUE HaBBIKM MO pacyeTy U  BBIOOPY
MECTOTOJIOKEHUS LIEXOBOM MOJCTAHINY;

— TpUOOPECTH TMPAaKTHUYECKHUE HABBIKM TIOJI30BAaHUS CIPABOYHOU W
METOANYECKOU JIUTEPATYPOH.

3nanua u ymenus, npuoopemaemvie 00yUAIOWUMCA 6 pe3yabmame
0CB0EHUA MeMbl:

OOGyuaronuiics 10KeH

3HaAMmMb:

— TIOCIIEIOBATENIbHOCTh BBIMOJIHEHUS pacuera W YCJIOBHUS BbIOOpa
MECTOTOJIOKEHUS LIEXOBOM MOJCTAHINY;

ymemp:

— PpaCCUYUTHIBATh U BBI6I/IpaTB ICHTP HArpy3KH Ha IIIAHC IPCAIIPUATHUA.

AKmyaJleOCmb memot.
3akioyaeTcss B HCO6XOI[I/IMOCTI/I ONpCACICHHUA MCECTOIIOJIOKCHUA LICXOBOU

IHoACTaHIIUH.

Teopemuueckas uacmp:

Teopuss omnpeneneHuss MECTOIOJIOXKEHUS HCTOYHUKA IHUTAaHUSA, MOXHO
CKa3aTh, OCHOBaHa Ha 3aKOHAaX KJIACCHYECKOM MeXaHUKM (OINpeiesieHHs] LEeHTpa
TSXKECTH). XapaKTepHa OOLIHOCTh MOJX0/a: OT BbiOOpa mecta s mkapoB 2YP,
tpanchopmaropoB 3YP, moacrannuit PII-10 kB u I'TII no pacnonoxenus TOL,
YPII u apyrux UCTOYHUKOB NMUTAHUSA SHEPIOCUCTEM. Y POBHU MMEIOT Pa3IMYHbIC
orpannuenus. Hampumep, nns TOLl BaxkHbl motpedutenu ropsyeil BOAbI H
pa3MellleHHe MapoBbIX BO3AyXoayBoK; miusg [TIII — BO3MOXXHOCTE pa3MeEIlECHHUs

BOJM3M DHEProeMKux arperatoB u ocobeHHoct BBoja JIDII Beicokoro
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HanpspKeHus; g nojactaHuuid 4YP — HeoOXOoIMMOCTh TEXHOJIOTMYECKOTO
YIPABJICHUS BEICOKOBOJIbTHBIM 000PYIOBaHUEM WIIM pa30pOCaAaHHOCTh MOJICTAHIIUN
3VYP, onpenensieMbix, B CBOKO OYEPEAb, XapAKTEPOM HAarpy3Ku U CTPOUTEIbHBIMU
pEIICHUSIMU TI0 OTJICJICHUIO (COOpYKEeHUI0); il 2YP — KoIudecTBO, €IuHUYHAS
MOIIIHOCTh, PEXHUMBI  PAaOOThl  AJEKTPONPUEMHUKOB U  TEPPUTOpHUATbHAS
BBIJICJIEHHOCTD YYaCTKOB U T. 1.

Jlnuaa nuHUA OT 1-TO moTpeduTens a0 ucroyHuka nurtanus WIT B
IPsIMOYTOJILHOM CHCTEME MOKET ObITh BbIpaxeHa uepe3 koopaunatsl UII x, y u
KOOPJIMHATHI OTpeOuTeneil x;, y, (3nexkTponpueMHukoB it 2YP; mkapoB 2YP u
ANEKTPONPUEMHUKOB,  MUTAIOIIMUXCS  OT  I[IUTAa  HU3KOTO  HANpPSHKEHUS
tpancopmaropa qnsa  3YP; TtpanchopmaropoB 3YP U BBICOKOBOJBTHBIX
anektponapurarene g 4YP; arperatoB u TII, nutaromuxcas ot SYP, u

pacrpeeauTeIbHbIX MocTaHui 11t SYP):

L= J—x P + =y wm §=|x—x|+|y-|.
Teopust BbIOOpa MecTa pacrojoKeHUs UCTOYHUKOB MUTAaHUs ObLIa CO3/1aHa,

Koraa JJist pvaCTOB HCIIOJIL30BaAJIM BCJIMYHNHLBI HpI/IBe):[eHHbIX 3anaT 3,. I[J_DI
OT/IENILHOM JIMHUK 3JIEKTPOIIEPENaYH 3. ONPEICIISIIN 10 YPaBHEHHIO
3i = (EKi + P28(0tK g + B ))/VU§OMFi|i = 3il;

CyMMapHBIe HpI/IBeJICHHBIe 3anaTBI I 11 JII/IHI/Iﬁ (paJII/IaJIBHO-JIyIIeBaSI
CETh) TEOPETUYECKH ONPEIETUMBI, €CIIHM B3ATh 32 OCHOBY JIETEPMHUHUCTCKYIO TOYKY
3peHI/I$I, COrJ1aCHO KOTOpOﬁ CyHICCTBy}OT OJHO3HAYHBIC HCXOJHBIC AdAHHBIC JIs
KEl)K}IOﬁ JIMHUU K MOMeHTy HpHHHTI/IH peHIeHI/ISI (0] paBMeIIIeHI/II/I I/IH,
COOTBCTCTBYIOHIHC PCAJIBbHOCTH IIOCJIC 3aBCPIICHHA CTPOHUTCIBCTBA M BBIXOA4 Ha
IPOEKTHYO IPOU3BOJIUTEIBHOCT.

HMeeTCH pﬂﬂ MAaTEMATHYCCKUX MCTOOJO0B, ITO3BOJIAIOMINX AHAJIMTHYCCKU
ONPENENUTh YCIOBHBIA LEHTP DJIEKTPUYECKMX HArpy30K IPOMBIILIEHHOTO
MNpCaApUuATUA UIN OTACIBHBIX €0 ICXOB. HpI/I OTBICKAHNH OCHTPA SJICKTPUICCKUX
HArpy30K, HAIpPUMEp, Lexa IS Pa3MEILeHHs pacIpeaeUuTeNbHON MOICTaHIMuU

4VYP, ucnonw3zyercs TuiaH 1exa ¢ pacrnoioxenuem TII 10/0,4 xB (3YP) u
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OTJICJIbHBIX BBICOKOBOJBTHBIX 3JIEKTponpueMHUKoB 1YP, a mnpu oTbickaHUU
IIEHTpa DJICKTPUYECKUX HArPy30K MPEANPUATHS CPEIHEH MOITHOCTH (s
KPYITHOT'O TMOUCK LIEHTPa HE UMEET CMbICIIA) UCIIOIb3YETCs €ro I'eHepaIbHbIN IJ1aH,
a B KauyecTBE OTAEIbHBIX IMOTPEOUTEIEH pacCMATPUBAIOTCA 1ieXa MPEANPUSITHUS.
Haubonpiiee pacnpocTpaHeHHE TMOJAYyYWSI METOJ, COIVIACHO KOTOPOMY €CId
CUMTaTh HArpy3KU li€Xa PaBHOMEPHO PACHPENCICHHBIMU MO €ro IUIOAau, TO
neHtp Harpy3ok (II9H) MOXXHO TpHHATH COBHAJAIONIMM C IIEHTPOM TSIKECTH
burypsl, n3o0paxaronieil ex B miaHe (puc.). B 1eficTBUTENBHOCTH Ke HArpy3KH
1[exa pacnpeAesieHbl 1Mo ero MIOoaaAu HEPaBHOMEPHO, MOATOMY IIEHTP HArPY30K HE

COBIIAAACT C ICHTPOM TAKCCTH LICXA B IIJIAHC.

L3H
- _’Tepumecmn
Harpyaka

s

1
|
|
; QcBelUeHue
|

[ S M N N R
60 70 S0 90 100 X, M

Hamnuue MHOTO3TaXHBIX 31aHUN LIEXOB 151 pacIOIOKEHUE
AIEKTPONPUEMHUKOBHA PA3IUYHBIX OTMETKaX OOYCIOBIMBAIOT Y4YeT B pacuerax
TpeTbell koopauHaTel. Koopaunatoit 2I'miist AByX- M TPEXA3TAXKHBIX 3/1aHUN HE
UMEET CMBICIIA TTOJB30BaAThCSI, B YACTHOCTH YUUTHIBATH TPEOOBAHUS O Pa3MEIICHUHN
o0opyi0BaHUs BhIIIE HYJEeBOM oTMeTkU. KoopnuHaroit 2 MOXHO TipeHeOpeys U B
cilyuyae, KOrjJia pacCTOsSIHUE OT LIEHTpa Harpy3ku norpedutens, Hanpumep, KTII, no
nentpa WII, mampumep, PII 10 kB, B 1,5 pa3a Ooiblie BBICOTHI 37aHUA.
[IpakTnyeckn yd4er TpPETbEM KOOPAMHATBI B PEAIBbHOM IPOCKTUPOBAHUU
MPOMBIILJICHHBIX TPEANPUITUN HE TpeOyeTcs.

[Tpu pa3paboTke cxeMbl dIEKTPOCHAOKEHUS TPOMBIITUICHHBIX MPEIIPUITHIA
PEKOMEHIYETCsl pa3MeIlaTh ICTOUHUKU MUTaHUS ¢ HAMOOJIBIIUM MPUOIMKEHUEM K
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LEHTPY NHUTAEMOM HAarpy3Kd, MOJ KOTOPBIM IIOHMMAETCSA YCIOBHBIA LEHTP.
[IpoBens aHanorul MeEXAy MacCaMM UM DJIEKTPUYECKMMHM  Harpys3kamMu
IIPOU3BOJICTB, LIEXOB, OTIEJIEHUN, Y4acTKOB, Pp KoopaMHAaThl MX LIEHTpA s
pasmMenieHnss ~ WUCTOYHMKA  INMTaHUsA  CIEAYIOIIETO  YPOBHS  CHCTEMBI

AIIEKTPOCHAOKEHHSI MOKHO OTPEIEIUTD 10 (HOopMyIam:

Xy =§Rxn/f§f:, Yo __"_g;:‘c:y;‘ Z‘R

i

OnucaHHBIM METOJI OTBHICKAHMS IIEHTpa dJIeKTpuueckux Harpys3ok (IIOH)
OTJINYAETCS] TPOCTOTOM W HArJSAIHOCTBIO, OH JErko peanmu3yerca ma OBM.
[TorpemHOCTh pacyeToB MO 3TOMY METOAY He mpeBbimaeT 5-10 % u onpenensercs
TOYHOCTBIO UCXOJHBIX JIAaHHBIX

B obmiem ciyuae Tako# moaxoa He obecredyuBaeT MUHUMYMa MTPUBEICHHBIX
3aTpar Ha ceTb. [lpM ABYX HEOJMHAKOBBIX HArpy3kax LEHTp OyAeT Mexmy
Harpy3kamu, Onke k Haubomwineil. Ecinu ctona nomectuts U1, To npuBeneHHbie
3aTpaThl Ha CETh CIOXATCS M3 3aTpaT Ha Y4YacTOK CETH, MUTAIOIIMK MEHBIIYIO
HArpy3Ky, ¥ 3aTpaT Ha y4YacTOK CETH, MHUTAIMK Oonbmryio Harpy3ky. Ecmum
CTPOTr0 UCXOJIUTh U3 MUHMMYyMa NIPUBEICHHBIX 3aTpat, To UII cienyer coBMecTUTh
C HauOOJIbIIIEH HATPY3KOH, UYTO 0OECIIEYNBACT SIBHO MEHBIIIME 3aTPaAThI, TAK KaK BCS
CeTh OYJIET COCTOSITh TOJIbKO M3 OTHOCUTEIBHO JEHIEBOrO MPOBOJA, MUTAIOIIETO
MEHbIIIYIO Harpy3ky. [Ipu uyucie Harpy3ok Oojbllie JBYX B O0OIIEM ciyyae
BO3HUKACT aHAJIOTUYHAS CUTYaIUsl.

[Ipu pewmenun Bompoca o pasmewenuu UII u onpenenennn nx MOmHOCTEN
BO3MOKHBI TP CITydasi:

1) MECTOIOJIOKEHHE OMpPEICIICHO YCJIOBUSIMU TEHIJIaHa
WU TpeOOBAHUSMH TEXHOJIOTOB;

2) MECTOMOJIOKEHHWE MOXKHO BapbUPOBaTh B OTPaHUUYEHHBIX MpeEjesiax, HO
W3BECTHBI HArpy3KH, KOTOPBIE IpeAnoiaraercsa nurath ot kaxaoro UII;

3) HE W3BECTHBI YHUCIIO0 I, pacripeneneHue Harpy3oK

o otaeibHeIM UIT.
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Jns vekotopsix UMII Ha MecTOmONOXKEHUE HAKIAABIBAIOTCS OrPAHUYCHUS.
D10 Hanbosee oOMUA ciydail, OTBEYAIOIUNA peaabHON MPAKTUKE U XapaKTePHbBIN
JUISl BCEX YPOBHEHN CHUCTEMBI AJIEKTPOCHAOKEHUS.

B nepBoM cnydae 3amada CBOAMTCA K pacCHPEAEICHUI0 HArpy3oK IO
OTZI€JIbHBIM UCTOYHMKAM MUTAHUS U K OolpeaeneHuto momuocrei 111

Bo BTOpoM ciyuae 3amaya MoOXeT OBITh pelIeHa METOJIOM JIMHEHHOTO
IPOrpaMMUPOBAHMS, €CITU OrpaHnueHus Ha pazmenienue MII moryT ObiTh 3a1aHbI
B BUJIC CHCTEMBI JIMHEHHBIX HEPABEHCTB:

¢, =aqxthytc=0, k=12, m

LlenTp 25eKTpUUECKUX HATPY30K OINPEIEIIETCS KaK HEKOTOPAsi OCTOSHHAS
TOYKAa Ha TECHEPAIbHOM IUIAHE  MPOMBIIUICHHOTO  mpeanpusitus. B
JNEUCTBUTEIBHOCTH  IIEHTP CMEIIAeTCsl, UTO OOBACHSETCA: HW3MEHEHUSIMU
noTpeOIsIEMO MOIIHOCTH OTIEIbHBIM MPUEMHHUKOM, IIEXOM W TMPEANPUATHEM B
I[EJIOM B COOTBETCTBHUU C TpauKOM Harpy3ku (Ha CTaAuu TMPOEKTUPOBAHUS
rpaguKk W3BECTEH MNPUOMIKEHHO, a Ha CTaaud DJKCIUIyaTallud TOCTOSIHHO
MEHSIETCS); U3MEHEHUSMH CMEHHOCTH M JIPYTHX COLMAIbHO-DKOHOMUYECKUX U
DKOJIOTMYECKUX YCJIOBUM; pPa3BUTUEM NpPEANpusTusa. B CBI3M C 3TUM ULEHTP
ANEKTPUYECKUX HArpy30K OIKUCBHIBAET BO BPEMEHM HA TE€HEPAJIbHOM IUIAHE
MPOMBINIJICHHOTO TIPEANPUATHS (QUTYPY CIOXKHON (OpMBI MOITOMY MpaBUIbLHEE
TOBOPUTH HE O IIEHTPE KaK HEKOTOPOM CTAOMIIBHOM TOYKE, a O 30HE PACCESTHUS.

3ajgaun,  CBSI3aHHBIE C  IIOCTPOCHHEM  PAlMOHAIBHBIX  CHUCTEM
AIEKTPOCHAOKEHUS
MMPOMBIIUIEHHBIX NPEANPUATHN, OTHOCATCS K YHCIY ONTHUMHU3alWOHHBIX. B
ANEKTPUKE BBIACIWIOCH JBa MOAXOJAa K PEHICHUIO 337ad ONTHUMH3AIUU:
CTaTUYECKUN M JUHAMUYECKui. IIpum cTaThudeckoM TOAXOAE K PEIICHUIO
IPOEKTHBIX 3aJlad HE YYUTHIBACTCS WU3MEHEHHUE OJIIEKTPUYECKUX HArpy30K BO
BpemeHd. [Ipu JOUHAMHUYECKOM TIOAXOJI€ YUWUTHIBAECTCS JUHAMHUKA CHCTEM
AJIIEKTPOCHAOKEHUS BO BpeMeHU Ha nepcnektuBy S, 10, 20 ner, 0coOEHHO B 4acTu
U3MEHEHUS DJIEKTPUUYECKHUX HArpy3o0K, [I03TOMY IIPUHHMAEMbl€ PpELICHUSA

noJTy4yaroTcst 6ojiee 000CHOBAHHBIMH.

73



[Ipu mepexone K KOHKPETHOMY MPOCKTUPOBAHUIO CIIEAYET MOMHHUTH, YTO
MPOCKTUPOBIIUKH IIMPOKO MPUMEHSIOT TPOo(HEeCcCUOHATBHO-IOTHYECKUI METO/I.
CyTb ero NpuMEHUTEIHLHO K BHIOOPY MECTOIOJI0KEHUS MOACTAHIIUU 3aKII0YACTCs
B TOM, YTO ONBITHBIA MIPOECKTUPOBIUIUK YaCTO MPUHUMAET PEUIEHUE, HE TTpuderas K
BBIUMCIICHUSAM KoopauHaT. OH TOJIb3yeTCsl XOPOUIMMHU 3HAHUAMH OOBEKTOB
MPOCKTUPOBAHUS, OOBEKTOM-aHAJIOIOM, YYUTHIBA€T pEajbHbIE OrpaHUYECHUS U
npyrue HedopMau3yeMble CBEJCHUSI.

3ajgady BBIOOpa MECTOIOJIOKEHHUS TMOACTAHIIMM TPUXOIUTCS peliaTh Ha
pPa3IUYHBIX YPOBHSIX CHUCTEMBI JJIEKTpOCHAOKeHUA. ONBIT MNPOESKTUPOBAHUS
MOKa3bIBAET, YTO BBIOOp MecTomosioxkeHus: 1exoBbix TII ocymiecTBisiercs, Kak
npaBuio, 0€3 TOCTPOCHMS KapTOTpaMMbl HArpy30K II€XOBBIX MOTpeOuTenen
anekTpodHeprur. OOBACHACTCS 3TO TEM, YTO pacHoJiokKeHHe IeXoBbix TII B
LHEHTPE NUTAEMbIX HMMH HAarpy30K 4YacTO OKa3bIBAETCS HEBO3MOKHBIM H3-3a
Pa3IUYHBIX OTPAHUYCHUM (TEXHOJOTMYECKUX, TPAHCIOPTHBIX U T. 1.). [loaTomy
JUTSI OTBICKAHUS IIEHTPA [EXOBOM CETU MCIONIB3YIOT MPUOIMKEHHBIC METOABI. J[Jis
YIIPOIIEHHOTO OMPEACICHUS KOOPIMHAT B IIEXOBOM CETU MOKHO BOCHOJIb30BaThCS
METOJINKOW, TPHUMEHSIEMOW NPU TMPOKIANAKE YYAaCTKOB CETH MO B3aMMHO
NEPHEHINKYJIIPHBIM HAMPABJIECHUSM, KOTOpas 3aKJIFOYAETCS B CIETYIOLIEM:

1) uroObl HaiiTn koopauHaTy X0 IIeHTpa Harpy3oK, HE0O0XO0JIUMO
NEpPEeIBUTATh TApaJUICIbHO caMol cebe TPOBENEHHYIO MPOW3BOJILHO Ha IIIAHE
1[eXa BEPTUKAJIBbHYIO JIMHUIO 10 TEX MOP, MOKA Pa3HOCTh CYMM HAarpy3oOK JIEBEE U
MPaBEE 3TOW JIMHUM MOMEHSAET 3HAK WJIM CTAHET PABHOW HYJIO, T. €. HATPY3KH
CTaHyT PaBHBIMU;

2) mepeaBuras napauiesibHO caMoil ce0e TOPU3OHTAIBHYIO JIMHUIO, HAXOJST
TaKO€ €€ MOJIOKEHUE, ITPU KOTOPOM PA3HOCTh CYMM HArpy30K BBIIIE U HUXKE 3TOU
JUHAUA W3MEHUT 3HAK WJIM CTAHET PaBHOW HYJIO. DTO MOJOKEHUE JIMHUM JACT
KOOpJIMHATY Y] LIEHTpa Harpy3o0K.

OntumansHoe mnonoxenue PII oObiuHO OyleTr He B ILIEHTPE Harpysok,
MOJIYYAIONINX MUTAHUE OT HErO, MOCKOJbKY 3TO MPUBOAUT K OOpAaTHBIM MOTOKAM

9HCPIruM, BBISBIBAIOINHUM YBCIWMYCHUC pacxolda IHIPOBOAHHMKOBOIO Marcpuaga H
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notepb 3nekTpodHepruu. Kak npasuio, PII cmeniena k HanOombiiel Harpy3ke u
pacronaraeTcss Onue K HCTOYHWUKY mnuTaHus. Beibop mecta PII 1! mepByro
OYEPENb ONPENCISIETCS HAIUMYUMEM JBUraTelie HanpsbkeHueM Bbeie [ kB
(KoMIpeccopHbIE, HACOCHBIE, BO3AYXOAYBHBIE U T. I1.) U 3JEKTPOTEXHOJIOIMUECKUX
YCTaHOBOK, HallpUMEDP, MU3-3a B3PBIBOOIIACHOE, TO COOPYKAETCSI OTAEIBHO CTOSILIAs
pacrpenenuTenbHas MoACTaHINS.

Oco0eHHO BaykeH BOIIPOC O pasMmelieHuu mojacrannuii SYP u 4YP, kotopeie
JUISL CPENHUX M KPYNHBIX NPEANPUATHNA ONPEACISIOT cXxeMy. B aTom ciyuae
IPOEKTUPOBAHUE CUCTEM 3JIEKTPOCHAOXKEHMS MPEANPHUITHI OCYIIECTBIAECTCS Ha
OCHOBE TE€HEpaJIbHOTO IJlaHa OO0BEKTa, Ha KOTOpPBI HAHOCATCS  BCE
IIPOU3BOJICTBEHHBIE 1I€Xa M OTAEIBHBIE YYacCTKH Mpeanpusatus. PacnomoxeHue
LIEXOB HAa TIEHEPAIBHOM IUIAHE OIPENEIAETCS TEXHOJOTMYECKUM IPOLECCOM
IPOM3BOJCTBA, a4 TAKKE APXUTEKTYPHO-CTPOUTEIIBHBIMUA U SKCIUIyaTallUOHHBIMU
TpeOOBAHUSIMU.

Boibop THMma u MecTa pacmoyIOKEHHS MOJACTAHIUN OCYIIECTBISIOT
CIIeIyIOIUM 00pa3oM: Ha TeHEpalbHbIA IUIAH MPEANPUATHS HAHOCAT Harpy3Kd
LIEXOB, OTACJICHUA WM YYaCTKOB C YTOYHEHHEM HAIpPsHKEHUs, poJa TOKa WU
OYEpPETHOCTH BBOJA B AKCIUIyaTalUIO; BBIBIISIOT COCPEAOTOUYECHHBIE HAarpy3Ku U
HAXOJAT UEHTPbI TPyNn pacnpeneneHubix Harpy3ok 3YP (2YP); npeaBapurenbHo
HaME4YalT MECTa pPACIOJIOKEHUS NOACTAHUMN W IPOU3BOIAT paCIpEleICHUE
Harpy3okK MEXKTY HUMH. YuuteiBas BO3MOKHOCTH MPUMEHEHHUS
YHU(QULUHUPOBAHHBIX CXEM UM KOMIUIEKTHBIX pPACHpPENEIUTENbHBIX YCTPOUCTB,
HAMEUYalOT TUIbl MOJACTAHIMN (3aKpbITas WJIM OTKpBITas, OTAEIbHO CTOSIIAs,
IPUCTPOEHHAs, BCTPOCHHAs, BHYTPHUIIEXOBAsI), ONPEIEISIIOT UX OPUEHTUPOBOYHbIE
rabaputsl. BplOpaHHOE MeCTO pacHoJOXKEHHUS MOACTAHIIMU COTJIACOBBIBAIOT C
IEHIUIAHOM, TEXHOJOTaMHU, CTPOUTENSIMHU. JlJIsi OTBICKAHUSI MECTOIOJIOKEHUS
noactaniui SYP u 4YP mmpoko npuMeHsIIOT KapTOrpaMMy Harpy3okK.

Kaprtorpamma mpencrasisier co00il pa3MelIeHHbIE Ha TEHEPAIbHOM IJIaHE
KpPYTOB, IUIONIaJM KOTOPBIX B MPUHATOM MaciiTabe paBHbBI paCUETHBIM Harpy3kam

LEXOB. AHAJOTMYHO HAa IUIAHE LI€Xa MOYKHO PAa3MECTUTh HArpy3Ku OTIEJICHUM,
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YYaCTKOB, KPYITHBIX 3JIEKTPOIPUEMHHUKOB. Kaxxaomy 1exy, OTACIbHOMY 3/1aHUIO,
COOPY>KEHUIO COOTBETCTBYET OKPYKHOCTb, LICHTP KOTOPOW COBMEUIAIOT C LIEHTPOM
Harpy3oK Iiexa, T. €. C CHMBOJIMYECKOM TOUKOM TOTpeOJeHUus MU
anekTpodHepruu. [loaToMy pacronoXeHue TIIABHOW IOHU3UTEIIBHOM  WIIH
pacnpenenuTeIbHOM TOJICTaHIMKA BOJIM3M MUTAEMBIX MMM HArpy30K MO3BOJISIET
NpUONU3UTh BHICOKOE HAMPSDKEHUE K ILEHTPY MOTPEOJICHUS SJIEKTPOIHEPIUU U
COKPATUTh NPOTSIKEHHOCTh KaK CETEN BBICOKOI'O HANPSIKEHUS MPEANPUATHS, TaK U

LHEXOBBIX JJICKTPHYCCKUX CETEH.

—_ | f:'“]
y=— :
m T
Kaprorpamma AIEKTPUUECKUX Harpy3oK JaeT BO3MOYKHOCTh

MPOEKTUPOBIIMKY HArJSIHO TMPEACTAaBUTh pACIpPENENICHUE HArpy3oK IO
TEPPUTOPUM TPOMBILUIEHHOrO0 mpeAnpudatus. OHa COCTOMT M3 OKpPYKHOCTEW,
IpUYeM IUIOIAAbL Kpyra nrl, orpaHudeHHas KaXIOH M3 3THX OKPYXXHOCTEH, C
y4eTOM  TpPHUHSATOrO  Maciitaba  paBHa  pacdyeTHoW — Harpyske  Pp(/)
COOTBETCTBYIOILIETO 1I€Xa, YTO OMNpEAENIeT PaauyC OKPY>KHOCTH: Harpy3Ku J0 U
BbilIe 1 kKB. Bee 310 aet npeacraBieHue 0 CTpyKType

Kaxnpiii kpyr MoXeT OBITh pa3feieH Ha CEKTOPbI, COOTBETCTBYIOIIHE
CWJIOBOM Harpy3ke, Harpy3ke Ha TEXHOJOTMYECKHUE MPOIECChl (INEKTPOILIaBKa,
CBapKa, HarpeB MW Jp) W OCBETUTEJIBHOW Harpy3ke. MHorga Ha KapTorpamme
pasnensioT Ha Harpy3kd A0 M Bbimie 1 kB. Bce 310 maer mpencraBiieHue o
CTpPYKType Harpy3ok. lLlexa, KOoTopble IOJKHBI OBITH IOCTPOEHBI BO BTOPYIO
ouepe/lb, WJIM HArpy3kd II€XOB, CBSI3aHHBIX C PACIIMPEHUEM MPOU3BOCTBA,
rpaguuecku n300paxkaroT pazanyHoO (LIBETOM, IyHKTUPOM).

AHanornyeH noaxoj K IMOCTPOEHUIO KapTOTpaMM PEaKTHUBHBIX HArpy3ok U
NOCTPOEHUI0O MX LEHTpa. PeakTuBHBbIE Harpy3kd MOTYT MHTaThbCsd OT
KOHJIEHCATOPHBIX YCTAHOBOK, KOTOPBIE PACIOJIAraroTCs B MECTaX MOTPeOIeHUs
PEaKTHUBHOM MOIIHOCTH, a TAKXKE OT CHHXPOHHBIX KOMIIEHCATOPOB M CHUHXPOHHBIX

AJIEKTpOABUTaTeNied. B CBA3M ¢ 3TUM Il OTBICKAHUS ONTUMAIBHBIX YCIOBUU M
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MCCT YCTAHOBKH MCTOYHHUKOB peaKTHBHOﬁ MOIIHOCTHU HYKHO HaxXOJUTb OTACJIBHO

ICHTPBbI HOTp€6J'I€HI/IH peaKTHBHOfI MOITHOCTHU IIPCAIIPUATHA.

3aoanue:

3aoaua Nel

OHpCI[eJII/ITB MECCTOIIOJTOXKCHHUA IIOACTAHIIMK - 3TO HAWTU KOOPpAWHATBL

LEHTpa Harpy3o0K.

[To uCXOAHBIM JaHHBIM MOCTPOUTH OCH X U Y T'€HIUIAHA U HAHECTU LICHTPHI

QJICKTPUICCKUX HAIPY30K KaXXJAO0I'0 cXa.

C yueroM pa3MepoB TEpPpUTOpUM BbIOpaTh MacmTad HArpys3ok,

OPUEHTHUPYSICh HA HAMOOJBIIYIO U HAUMEHBIYIO.

I'ennnan 3x2 KM ¢ CUJIOBBIMM Harpy3kamu 11exoB (5 Mm=0,1 km)

Tabmuua 9.1 — McxoaHble JaHHBIE 1S pacyeTa

Hapaserp Howmep nexa
11 112 13 114 L5
P, kBt 100 160 1000 400 25
X, KM 0,6 1,45 2,4 1,55 0,4
Y, kM 1,45 1,25 0,9 0,55 0,4
COSQ 0,7 0,75 0,9 0,8 0,6
Konmponwnvie 6onpocut:
1. Uto Takoe «kapTorpaMmma Harpy3ok»? Jljist uero oHa crpourcsi?
2. Kakum o0pazom omnpenensieTcst eHT Harpy30K?
2. Urto Takoe «30Ha paccesHus IeHTpa Harpy3ok»? Kakum oOpazom eé
HalTH?
3. Kak u3MeHstoTcst ro0BbI€ 3aTPaThl IPU CMELIEHUH MECTOIOIO0KEHUS

I'TIIT ot 30HBI paccessHUA LIEHTPa HArpy30K?
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3979-5 ; To xKe [DmeKTpOHHBIHA pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117

2. Janunos, M.M. HMHKXeHepHbIE CHUCTEMBI 3JaHUA U COOPYKEHUU
(37IEKTPOCHAOKEHUE C OCHOBAMM DJJIEKTPOTEXHHKH) : YyueOHoe mocobue /
M.U. JauunoB, W.I'. Pomanenko ; MuHucTepcTBO 00pa3oBaHMs MW HAyKH
Poccuiickon ~ ®epepauuu, DexepanbHOE  rOCYIapCTBEHHOE  ABTOHOMHOE
oOpa3oBaTeIbHOE YYPEKICHUE BBICIIETO MPOQPECCHOHATBHOTO 00pa30BaHUS
«CeBepo-KaBka3zckuil ¢penepanbubiii yausepcutet». - CtaBponons : CKOY, 2015.
- 223 c¢. : un - bubmmorp. B kH. ; To »xe [DIekTpoHHBIN pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuenv oononnumenvHoi numepamypoi:

1. Cubukun, FO.JI. OcCHOBBI TPOEKTHPOBAHUSA DIEKTPOCHAOKECHHUS
MPOMBIIUICHHBIX U TpakaaHCKuxX 37aaHuit : yueOHuk / FO.Jl. Cubukun. - 6-¢ u3f.,
nepepald. - Mocksa ; bepnun : Jlupexkt-Menua, 2016. - 508 c. : cxem., TabI., UiI. -
bubnuorp. B kH. - ISBN 978-5-4475-8608-9 ; To xe [DnexkrpoHHbIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckasa pavoma Nel()

Tema: Pacuyer KOHTypa 3a3eMIIEHUS

Ilens: — 3aKkpenuTh TEOPETHUECKHWE 3HAHUS 1O TEeME 3a3eMIISIOIINE
YCTPOWCTBA;

— TOpuoOpecTH NPAKTHUUECKHWE HABBIKM MO OMNPEACIICHUI0 KOJUYECTBA
3a3eMJIMTEIICH;

— TpuoOpecTH TMpaKTUYECKUE HABBIKK TIOJb30BAaHUS CIPABOYHOU U
METOIMYECKON JINTEPATYPOI.

3HaHuA u ymeHus, npuoodpemaemvie 00yUAOWUMCA 6 pe3yibmame
0C60EHUA MeMbl:

OOyJaronuiics T0KeH

3Hamb:

— Ha3HAYCHUE U BUJbI 3a3€MIIUTEIEH.

ymemp:

— OIpeacisiTh KOJIMYCCTBO 3a3eMJINTEICH.

AKmytlJleOC”’lb memol.
3akioyaeTcss B HCO6XOI[I/IMOCTI/I ONpCACIICHUA MW pacdeTa KOJIHMYCCTBA

3a3eMJIIIOLUX YCTPOMCTB.

Teopemuueckas uacmp:

[Ipu pacuere 3a3eMIIAIOLIETO YCTPOMCTBA OMPEACIIFOTCS TUIT 3a3E€MIIUTENEH,
UX KOJMYECTBO M MECTO pPA3MEIICHHUS, a TaKXKe CEYEHHE 3a3eMIISIOIINX
IPOBOJHUKOB. OTOT pacyeT IPOU3BOAMTCS JUIsl 0XKHAAEMOrO COMPOTUBIICHUS
3a3eMJIAIOIIET0 YCTPOICTBA B COOTBETCTBUU C CYIIECTBYIOIIMMH TPEOOBAHUSAMU
[IYD. PacyeTtHOE 3HayeHHWE YACIBHOTO CONPOTUBICHUS TpPyHTa B MECTE

YCTPOMCTBA 3a3€MJICHUS:
P=Pusm’ ¥,

TAC Pysy~ UIBMEPCHHOC COIMMPOTUBJICHUC I'PYHTA,
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VY — KO3 (UILIMEHT MOBBIIIEHUS COMPOTUBIICHUS.
[Tpu oTCYTCTBMM JAaHHBIX U3MEPEHHS YACIHHOTO CONPOTUBIICHUS IPyHTA IS

pacyeToB MOJIb3YIOTCS MPUMEPHBIMU 3HaYeHHsIMH (Ta0s1.10.1)

Tabnuna 10.1 — Y nenbHbIe CONPOTUBICHUS TPYHTOB

['pynT VY nenpHOe conpoTuBiieHue p, OM M
ITecok 700
Cymnech 300
['nmuna 40
CyrauHok 100
UepHozem 60
['paBuii, mebeHb 200
KamenucTpie mouBbI 400

PacueTtHpie 3HaYeHUS K03(1)(1)I/IHI/I€HTOB IMOBBINICHUA COIIPOTUBIICHUA JIA

pa3IMYHBIX TPYHTOB IpUBEIeHBI B Ta061.10.2

Ta6muma 10.2 — KoadduimeHTs! NOBBIIEHUS COTPOTUBICHUS

['myOGuna PacueTtHbie k03 puImeHTsI

Xapakrtep rpyHra
3aJI0’)KEHUS. M V1 Vo Vs
CyrnuHox 0,8-3,8 2 1,5 1,4
I'paBuii, mebeHb 0-2 1,8 1,2 1,1
ITecok 0-2 2,4 1,56 1,2
I'nmuna 0-2 2,4 1,36 1,2
Cynech 0,7-1 2,2 15 1,1
UepHozem 0-3 2,4 14 1,3
KamMmeHucTele MO4YBHI 0-2 2,5 1,51 1,2
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Y 1 — YHIEJIBHOE COIIPOTUBJIIEHHE TI'PYHTA COOTBETCTBYET MHUHUMAIBHOMY
3HAYEHUIO, TPYHT BIIAXKHBIM.

Y 2 — YHOEIBHOE CONPOTUBIEHUE TIPYHTAa COOTBETCTBYET CpPEIHEMY
3HAYEHUIO, TPYHT CPEIHEN BIIAJKHOCTH.

Y 3 - YJAEIbHOE CONPOTHUBIIEHUE TPYHTAa COOTBETCTBYET HauWOOJbIIEMY
3HAYEHUIO, TPYHT CYXOM.

COHpOTI/IBJ'IeHI/Ie OIHMHOYHOI'O 3a3CMJIMTCIIA:

o MPYTKOBOTO 3JIEKTPOIa TUaMeTpoM 12 MM, ITMHOM S5 M
R,=0,00227p

o yIJIOBOU cTanmu pazmepoM 50x50x5 mm, jymHOM 2,5 M
R,=0,0034p

o TpyOBl TuaMeTpoM 60 MM, TJIUHOMU 2,5 M
R,=0,00325p

o YHUCJIO BEPTUKAIBHBIX 3a3EMJIIUTEIICH:
n=R/(11'R;),

rjae 1 — Ko3(QQPUUUEHT UCIOJIb30BaHUSI.

3a3eMIIUTENIN COCAUHSAIOT MEXAY COOOM IMOCPEACTBOM TOPHU3OHTAIBHBIX
nosioc. Ilo Qopme pacmonoxeHuss 3a3eMiuTeNei pa3IUvarOT BBIHOCHOE U
KOHTYPHOE 3a3EMJICHUE.

Cnoco0 pa3MeliieHus 3a3eMiIMTeNei (B psll WIM 10 KOHTYPY) ONpeneseTcs
no miany yctaHoBkH. [losocoBast crainb, mpuMeHsiemas JUisl JIEKTPUUYECKOM CBSI3U
MEXIy OJJICKTPOJaMH, SBISETCS JOMOJHUTEIbHBIM 3a3emMieHueM. Bauny
CPaBHUTEJIBHO OOJIBIIOTO COMPOTHUBJICHUSI COCAMHUTEIBHBIX IOJIOC OHO MAaJio
BIIUSICT HA OOIIIEe CONMPOTHUBIICHHUE 3a3€MJISIOIIETO YCTPOUCTBA.

[TosToMy B MpakTUYECKUX pacueTax MPOBOAUMOCTh COEIUHUTEIBHBIX MOJIOC

MOHO HC YUYHUTbHIBATb.
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3aoanue:

3aoaua Nel

Paccuuratse

KOJINYCCTBO

3a3eMJIUTENIEN

3a3eMJIEHUS  ITOACTAHINU

Hanpsbkenuem 6/0,4 kB. Ha ctopone Hanpsbxkenus 6 kB HeliTpanb m3onupoBaHa,

Ha ctopoHe 0,4 kB — riyxo 3a3zemiieHa.

Ta6mmma 10.3 — MicxoaHble JaHHBIC 1) pacuera

Bapuant o L 3a3eMJIUTEIb Bnaxxnocts rpyHTa
HECOK
1 10 20 TpyOa
BJIQJKHBIN
MPYTKOBBIN CyTech
2 15 5
3JIEKTPO] CpEeHEN BIAXKHOCTH
TJIMHA
3 20 10 TpyOa
cyxas
CYTJIMHOK
4 12 2 YIJIOBas CTalb
BJIQYKHBIN
YEepHO3EeM
3) 14 4 yIJIOBasi CTajlb
CyXxoi
MPYTKOBBIN rpaBHil
6 18 6
AIEKTPOJ CpeIHeH BIaXXHOCTH
7 10 8 TpyOa KaMCHHCTBHIC TTOUBBI BJIAYKHBIH
CYTIIUHOK
8 20 15 yTJIOBas CTaNb
CyXxou
IIPYTKOBBIN CyIech
9 15 20
BJIEKTPOL BJIAJKHBIN
10 12 5 TpyOa KAMEHUCTHIE TTOYBBI CYyXOH
YepHO3EeM
11 18 15 yIJIOBas CTajlb
CpEOHEN BIAXKHOCTH
12 14 10 MIPYTKOBBIN rpaBuid
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BJIEKTPOL BJIQYKHBI
MIPYTKOBBIN
13 10 4 [JIMHA CPEAHEN BIaXKHOCTU
AIEKTPOL
14 15 6 TpyOa MECOK CPeIHEN BIaKHOCTHU
MIPYTKOBBIN YEpPHO3EM
15 20 8
AIEKTPOL CyXou
Konmponvhnuie 6onpocwt:
1. UTO MpUMEHSIOT B KAYECTBE 3a3EMIIMTEIIEH.

2 Bupl 3a3emMiieHrs IO PaCOTI0KEHUIO 3a3eMIINTENECH.
3. TpeboBanus [1YD k 3aHyseHUIO.
4

TpeboBanus [1YD k 3a3eMieHUIO.

Cnucox n1umepamypet’

Ilepeuensv ocrnosnoii numepamypeol:

1. Cubukun, FO.JI. OCHOBBI TIPOEKTHPOBAHUS JIICKTPOCHAOKCHUS
o0bekToB : yueOHoe mocoodue / FO.Jl. Cubukun. - MockBa ; bepnun : Jdupexrt-
Menna, 2015. - 357 c. : w1, cxem., Tabin. - bubnmorp. B kH. - ISBN 978-5-4475-
3979-5 ; To xKe [ DJIEeKTPOHHBII pecypc]. -
URL: http://biblioclub.ru/index.php?page=book&id=469117

2. HanunoB, M.W. HHXeHepHbIE CHCTEMBI 3JaHUA U COOPYKEHUMU
(27IeKTPOCHAOXKEHUE C OCHOBAMH DJJICKTPOTEXHHMKH) : YyueOHoe mocobue /
M.U. lanunoB, W.I'. Pomanenko ; MuHHCTEpCcTBO 00pa3oBaHUs U HAyKu
Poccuiickon ~ @enepaunu, @DenepanbHOE  FOCYJAapCTBEHHOE  aBTOHOMHOE
0o0pa3oBaTeIbHOE YUPEKICHUE BBICIIETO MPOQPECCHOHATBHOIO 00pa3oBaHUs
«CeBepo-Kaskasckuii ¢henepanbupiii yauepcuteT». - CtaBponons : CKOY, 2015.

- 223 c¢. : un. - buOmmorp. B kH. ; To ke [DnekTpoHHBI pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuenv oononnumenvHoul 1umepamypol:
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1. Cubukun, FO.JI. OcCHOBBI NPOEKTHPOBAHUSA 3JIEKTPOCHAOKECHHS
MPOMBINIJICHHBIX U TPpaXJIaHCKUX 31anui : yueOHuk / FO.J[. Cubukun. - 6-¢ uzj.,
nepepad. - Mocksa ; bepnun : Jupexkr-Menua, 2016. - 508 c. : cxewm., Tabi., ui. -
bubmuorp. B kH. - ISBN 978-5-4475-8608-9 ; To xe [DnexkTpoHHBIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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Ilpakmuueckaa paboma Nel 1

Tema: Pacuer u BbIOOp »HJIEMEHTOB pEJIEHHOM 3alIUTBI LIEXOBOIO
Tpanchopmaropa

Ileny: — 3aKpenuTh TEOPETHUECKUE 3HAHUS IO TEME peJieiHas 3alluTa B
CUCTEMaX 3JIEKTPOCHAOKEHUS;

— MPHOOPECTH MPAKTUYECKHE HAaBBIKM MO BBIOOPY 3JIEMEHTOB peNeHHON
3AILNTHL;

— TpUOOPECTH MPAKTUYECKHE HABBIKM HCIOJIb30BAaHUS CIPABOYHOM U
METOANYECKOU JIUTEPATYPOH.

3HaHua u ymeHus, npuoodpemaemvie 00yuUarOWUMCA 6 pe3yibmame
0CBOCHUA MeMbl:

OO0yuaromuiics TOJKEH:

3Hamb:

— BUJBI 3aILUT, IPUHLUIBI IEUCTBUS, TAPAMETPHI PEJIIEMTHOMN 3aIUTHI.

ymemp:

— BBIOMPATh AJIIEMEHTHI PEJICUHON 3aIUTHI.

AKmyanvHocms memoi:
3akmrogaeTcss B HEOOXOAMMOCTH MPUOOPETEHUS HABBIKOB 110 BBIOOPY

anemMeHToB P3A 1 HCnosib30BaHMs CIIPAaBOYHON M METOANYECKON JTUTEPATYPOH.

Teopemuueckaa yacmo:

3amuTa, yCTaHaBJIMBAaeMas Ha CUJIOBOM TpaHchopMarope, AODKHA WM
o0ecreunBaTh €ro OTKJIIOUYEHHUE NPU KOPOTKUX 3aMbIKaHUSAX, WM MOJaBATh CUTHAJ
O HEHOPMAJIbHOM pexume paboThl TpaHchopMaropa. YCTaHOBJIEHHAs Ha
TpaHCc(OpMaTOpe 3allMTa BHIOJHEHA Ha ONEPAaTUBHOM IEPEMEHHOM TOKE C
IIPUMEHEHUEM peiie npsamoro aevicteusa tunoB PTM u PTB, pene xocBeHHOro
nencrteud tana PT-80 u razosoro peise. 3ammra OT BHYTPEHHUX MOBPEXICHUN B

TpaHc(opMaTope ocyiecTBiIseTcs ra3oBeiM pene [117-22.
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3aoanue:

3aoaua Nel

BeiOparh TUIBI 3alIUT U ONPEAEIUTh YCTABKUA CpabaThiBaHUS peie IS

3allIUThI CUJIOBOT'O TpaHC(bopMaTopa B COOTBCTCTBHH CO CIICAYIOIMMMHA JaHHBIMU.

Tabmuua 11.1 — UcxonHble faHHbIE U1 pacdyeTa peiaeiiHOM 3aluThl

Ne /| Dnexkrponpuemunk | Cxema P3 I o KA 5
1 T™M — 100/10/0,4 H3 0,2 0,04
2 T™ — 250/10/0,4 H3 6 1,2
3 ™™ — 250/6/0,4 Pa3h. 12,5 2,4
4 T™ — 250/10/0,4 PazH. 12,5 2,4
5 T™ - 160/6/0,4 H3 0,3 0,06
6 T™ — 250/6/0,4 H3 0,4 0,08
7 T™M - 1000/10/0,4 H3 2,5 0,5
8 T™ - 160/10/0,4 H3 3 0,6
9 T™ - 160/10/0,4 Pasn. 4 0,8
10 T™ - 630/10/0,4 H3 1 0,2
11 T™M — 400/10/0,4 H3 0,7 0,14
12 T™ — 160/6/0,4 H3 0,8 0,16
13 ™™ - 160/6/0,4 Pa3H. 2,5 0,5
14 T™M — 400/10/0,4 Pash. 2 0,4
15 T™ - 630/10/0,4 Pasn. 3,2 0,64

Konmponwvuwvie éonpocuwr:
1.
2.
aBTOMAaTHKHU B CUCTEMAX 3JIEKTPOCHAOKEHHUSI.
3.
4,

Ha3nauenue peneiHoM 3aluThI.

Bunbl peneitHoi 3amuThl U OCHOBHBIE TPEeOOBaHUS K YCTPOMCTBAM

[Mpunnun gevictBus quddepeHranpHas TOKOBas 3aluTa.

[TpyuHUMIT TENCTBUA MaKCUMAJIbHAsI TOKOBAs 3allUTa.
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o. [IpuHIUIT TEUCTBUS TOKOBOM OTCEYKHU.
6. Kakue mokazarenu y4duTBIBAIOTCS MPU PACUYETE ONEPATHUBHOIO TOKa

pENEeUHON 3aIUThI?

Cnucok numepamypuot.

Ilepeuens ocrnosnoil numepamypoi:

1. Cubukun, FO.JI. OcCHOBBI TPOEKTHPOBAHUS IIICKTPOCHAOKECHUS
0o0bekToB : yueOHoe mocoodue / FO.Jl. Cubukun. - MockBa ; bepnun : upexrt-
Menua, 2015. - 357 c. : nn., cxem., Tabn. - bubmauorp. B kH. - ISBN 978-5-4475-
3979-5 ; To xKe [ DJIEeKTPOHHBII pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=469117

2. HanunoB, M.W. HHXeHepHbIE CHCTEMBI 3JaHUA U COOPYKEHUMU
(37IeKTPOCHAOXKEHUE C OCHOBAMH DJJICKTPOTEXHHKH) : YyuyeOHoe Tmocobue /
M.N. lanunoB, W.I'. Pomanenko ; MuHHCTEpCTBO 00pa3oBaHHUs U HAyKu
Poccuiickon ~ @enepaumu, @DenepanbHOE  rOCYJapCTBEHHOE ~ aBTOHOMHOE
0o0pa3oBaTeIbHOE YUPEKIACHUE BBICIIETO MPOQPECCHOHATLHOIO 00pa30BaHUs
«CeBepo-Kaskasckuii ¢henepanbubpiii yauepcutet. - CtaBponons : CKOY, 2015.

- 223 c¢. : wnn - bubmmorp. B kH. ; To ke [DJIeKTpoHHBIM pecypc]. -

URL: http://biblioclub.ru/index.php?page=book&id=457214

Ilepeuens oonoanumenvHoil 1umepamypol:

1. Cubukun, FO.JI. OcCHOBbI NPOEKTHUPOBAHUS DJIEKTPOCHAOKEHUS
MPOMBIIIUICHHBIX W TpakIaHCKuX 3aanuit : yuyeonuk / FO.Jl. CubukuH. - 6-¢ uzm.,
nepepad. - Mocksa ; bepnun : Jupexkr-Menua, 2016. - 508 c. : cxem., Tabiu., ui. -
bubmuorp. B kH. - ISBN 978-5-4475-8608-9 ; To ke [DnekTpoHHBIA pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=459494
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IPUJIOKEHHUE

Tabmuua 111 — Kosadgduuuentsl pacuetHol Harpy3ku Kp i IDUTarOLIUX

ceTel HampspbkeHueM 1o 1 kB

Koapdunuent ucnonpzoBanusaKy,
" 01 | 015 | 0,2 0,3 0,4 0,5 0,6 0,7 0,8
1 2 3 4 5 6 7 8 9 10
1 8,00 | 533 | 400 | 2,67 | 200 | 160 | 1,33 | 1,14 | 10
2 6,22 | 433 | 339 | 245 | 198 | 160 | 1,33 | 1,14 | 10
3 405 | 289 | 231 | 1,74 | 145 | 134 | 1,22 | 114 | 10
4 324 | 235 | 191 | 147 | 125 | 121 | 1,12 | 1,06 1,0
5 284 | 209 | 1,72 | 1,35 | 1,16 | 1,16 | 1,08 | 1,03 1,0
6 264 | 19 | 162 | 1,28 | 1,14 | 1,13 | 1,06 | 1,01 1,0
7 249 | 186 | 154 | 1,23 | 112 1,1 1,04 1,0 1,0
8 2,37 | 1,78 | 1,48 | 1,19 1,1 1,08 | 1,02 1,0 1,0
9 227 | 1,71 | 1,43 | 1,16 | 1,09 | 1,07 | 1,01 1,0 1,0
10 2,18 | 165 | 1,39 | 1,13 | 1,07 | 1,05 1,0 1,0 1,0
11 2,11 | 1,61 | 1,35 1,1 1,06 | 1,04 | 10 1,0 1,0
12 204 | 15 | 1,32 | 1,08 | 1,05 | 1,03 1,0 1,0 1,0
13 199 | 152 | 1,29 | 1,06 | 1,04 | 1,01 1,0 1,0 1,0
14 1,94 | 1,49 | 127 | 1,05 | 1,02 1,0 1,0 1,0 1,0
15 1,89 | 1,46 | 1,25 | 1,03 1,0 1,0 1,0 1,0 1,0
16 1,85 | 1,43 | 1,23 | 1,02 1,0 1,0 1,0 1,0 1,0
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17 1,81 | 1,41 | 121 1,0 1,0 1,0 1,0 1,0 1,0
18 1,78 | 1,39 | 1,19 1,0 1,0 1,0 1,0 1,0 1,0
19 1,75 | 1,36 | 1,17 1,0 1,0 1,0 1,0 1,0 1,0
20 1,72 | 1,35 | 1,16 1,0 1,0 1,0 1,0 1,0 1,0
21 1,69 | 1,33 | 1,15 1,0 1,0 1,0 1,0 1,0 1,0
22 167 | 1,31 | 1,13 1,0 1,0 1,0 1,0 1,0 1,0
23 1,64 1,3 1,12 1,0 1,0 1,0 1,0 1,0 1,0
24 162 | 1,28 | 1,11 1,0 1,0 1,0 1,0 1,0 1,0
25 1,6 1,27 1,1 1,0 1,0 1,0 1,0 1,0 1,0
30 1,51 | 1,21 | 1,05 1,0 1,0 1,0 1,0 1,0 1,0
35 1,44 | 1,16 1,0 1,0 1,0 |10 1,0 1,0 1,0
40 1,4 1,13 1,0 1,0 1,0 1,0 1,0 1,0 1,0
45 1,35 1,1 1,0 1,0 1,0 1,0 1,0 1,0 1,0
50 1,3 1,07 1,0 1,0 1,0 1,0 1,0 1,0 1,0
60 1,25 | 1,03 1,0 1,0 1,0 1,0 1,0 1,0 1,0
70 1,2 1,0 1,0 1,0 1,0 1,0 1,0 1,0 |10

80 1,16 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
90 1,13 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
100 1,1 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0

Tabnuua 112 — Koadduiments pacuernoit Harpy3ku Kp s mMH 11€X0BbBIX

TpaHc(hOpMATOPOB U MAruCTPaIbHBIX IIMHOMPOBOJIOB HaNpskeHueM 10 1 kB

Ny

Koadpunuent ucnonszopanusKy,
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0,1 0,15 0,2 0,3 0,4 0,5 0,6 0.7

Oonee

1 8,00 5,33 4,00 2,67 2,00 1,60 1,33 1,14

2 5,01 3,44 2,69 1,9 1,52 1,24 1,11 1,0

3 2,94 2,17 1,8 1,42 1,23 1,14 1,08 1,0

4 2,28 1,73 1,46 1,19 1,06 1,04 1,0 0,97

5 1,31 1,12 1,02 1,0 0,98 0,96 0,94 0,93
6-8 1,2 1,0 0,96 0,95 0,94 0,93 0,92 0,91
9-10 1,1 0,97 0,91 0,9 0,9 0,9 0,9 0,9
10-25| 0,8 0,8 0,8 0,85 0,85 0,85 0,9 0,9
25-50| 0,75 0,75 0,75 0,75 0,75 0,8 0,85 0,85
Bo;)ee 0,65 0,65 0,65 0,7 0,7 0,75 0,8 0,8

Ta6muma I13 — Koadduimentsl omHoBpeMeHHOCTH Ko aJis ompejeneHus

pacueTHoOU Harpy3ku Ha mmHax 6 — 10 kB PII nnu I'TITT

Cpennes3BenieHablid | Yucno npucoeaunenuit 6 — 10 kB Ha cOOpHBIX mMMHAX
kKod(pdunreHT PIT u I'TIIT
HETIOMLSOBATI 2-4 5-8 9-25 Gonee 25
K, <03 0,9 0,8 0,75 0,7
03<K,<05 0,95 0,9 0,85 0,8
05<K,<08 1,0 0,95 0,9 0,85
K,>08 1,0 1,0 0,95 0,9




Tabmuua [14 — TexHUUecKUEe XapaKTEPUCTUKH IUIABKUX IMPEJOXpPaHUTENEH

no 1 kB
Tun Homunans Homunanbnslii TOK, A IIpenenbHel
HPEAOXPaHIT Hoe penox I1;maBKOM BCTaBKU "
eIt HaIIpsHKEHU OTKJIXOYaeM
paHuTe
e, B BIH TOK, KA
1
HITH2-63 500 63 6; 10; 16; 20; 25; 31, 40; 63 10
ITH2-100 380 100 31,5; 40; 50; 63; 80; 100 100
[TH2-250 380 250 80; 100; 125; 160; 200; 250 100
ITH2-400 380 400 200; 250; 315; 355; 400 40
ITH2-600 380 630 315; 400; 500; 630 25
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Tabmuua

I15

—  Texuunueckue

XapaKTCPUCTUKHU

BeIKITIOUaTeneit cepuit BAS1 u BAS52 ¢ koMOMHUPOBAHHBIM pacleUTEIEM

ABTOMATHU4YCCKHX

Tun HomuuanbHbIl TOK, A KpaTHOCTB TOKA
BBIKJIFOUaTes | BPIKIIOUATeIA pacuenurens, | OT}?OT;:{I;HIOHE |
Hp
OIIHOTOJIOCHEIE
BAS51-29 63 6.3: 8: 10 12.,5: 16: 20: 25: 31.5: 63 ]
BA51-31-1 100 6,3; 8;10; 12,5; 16; 20; 25; 31,5; 40; 50; 63; | 3; 7; 10
80: 100
TpexmnontocHbie
25 0,3;0,4:0,5;0,6;0,8:1,0; 1,25;: 1,6; 2; 2,5; 14
BASIT-25 3,15, 4; 5, 6,3; 8; 10; 12,5; 16; 20; 25
BASL-25 25 6.3: 8: 10: 12.5: 16: 20: 25 710
BA51-31 100 6,3; 8; 10; 12,5; 16; 20; 25; 31,5; 40; 50; 63; | 3;: 7; 10
80: 100
BA52-3L ) 100 16; 20; 25; 31,5; 40; 50; 63; 80; 100 1
BASII-31 | 100 16: 20: 25: 31.5: 40: 50° 63: 80: 100 3,710
BA51-33
160 U 10
e 80: 100: 125: 160
BAS51-33
160 S 14
TS 80: 100: 125: 160
BA51-35
BAs2-35 | 220 80: 100: 125: 160: 200: 250 12
BAS51-37
400 . 10
T 250: 320: 400
BAS51-39 . 10
630 400: 500: 630
BA52-39 10

250; 400; 500; 630
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Tabmuua 116 — TexHuueckne XapaKTEpPUCTUKUM MArHUTHBIX ITyCKaTeleu

Tpexdasznoro Toka cepuu [IMJI manpspkenuem 10 1 kB

THUn MarHUTHOTO IMyCKaTEIIA

B 3aBUCHUMOCTH OT CTCIICHHU 3alllUThI

Homunanensliil Tok, A, B pexxume AC3
IIPY CTETIEHU 3aLIUThI

IPOO IP54 IPO0 IP54
IIMJI 110004 I[IMJI 121002 10 10
IIMJI 210004 [IMJI 221002 25 22
IIMJI 310004 [IMJI 321002 40 36
IIMJT 410004 [IMJI 421002 63 60
IIMJI 510004 [IMJI 521002 80 80
IIMJT 610004 [IMJI 621002 125 100
I[IMJT 710004 [IMJI 721002 2001 60

Ta6mumna I17 — [Tanenu pacnpenenurensusie cepuu 1 (LLIO 70)

Tun HoMuHaIbHBIN TOK, A, KoMMyTaIlMOHHBIE U 3aIUTHbIE
MaHenu KOJI-BO IIPHCOETUHEHUI ANTApATHI
1 2 3
JInHelHbIe TaHeIn

PyOMIBHUKY € IPEJOXPAHUTEISIMU

1101-94 10x2+250x2
ITH2-100, ITH2-250

PyOUILHUKY C IIPEJOXPAHUTENIEM

[102-94 250x4
[TH2-250

PyOUIBLHUKY € IIPEJOXPAHUTEISIMU

[103-94 250x2+400x2

[TH2-250, TTH2-400
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PyOunsHuKY ¢ IpeoXpaHUTEISIMU

1104-94 600x1
I[TH2-600
Pazbequnurenu (oauH Ha 3
[106-94 100x2+250x4 IPUCOETUHEHNS ), aBTOMAaTHYECKUE
BheIKIIOUaTenu BAS1-35
Pazbwenunurenu (oauH Ha 2
1108-94 250x4 MIPUCOCIMHEHHUS ), aBTOMATUYECKHUE
BhIKIIFOYaTenu BAS51-35
Pazvenunurtenu c
1109-94 630x2 aBTOMAaTUYECKUMH BBIKJIIOUATEISIMU
BAS52-39
24.94 1000x1 Pa3zpequHUTED C aBTOMATUYECKUM
BEIKIIIOUaTeneM BAS5S3-41
BBoaubie manean
PazbenuHuTENb C MPEAOXPAHUTE-
1130-94 600
mssmu [TH2-600
[131-94 1000 Pasbenunnrens
Pa3nenuHUTENL, aBTOMATHUECKUM
1134-94 1000
BBEIKJIIOUaTenb BAS53-41
Pa3bequnuTesb, aBTOMAaTUUECKUM
T137-94 1600
BBIKJTFOUaTer BAS53-43
Pa3bequuuTesb, aBTOMAaTHUECKUM
1140-94 2000
BBIKJTIOUaTenp BAS3-44
Cex1MOHHEIE TTAaHEIN
[171-94 1000 Pasbenunurens
PazbequHnTen, aBTOMaTHYECKUN
1172-94 1000

BbIKJIFOYaTenb BAS3-41
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1600 PazbenquuuTenu, aBTOMaTHUYCCKUN
I173-94
BbIKITIOUaTeah BAS53-43
Tabmuua 118 — JlomycTumble AauTENbHBIE TOKM JUIsl HPOBOJOB C

AJIIOMHMHUCBBIMU KHUJIaMH U HOHHBHHHHXHOpHI{HOﬁ HBOH}IHHeﬁ

Ceuennue Tok, A, 1711 IPOBOJIOB, MPOJIOKEHHBIX
TOKOIIPO | OTK B OJTHOM TpyOe
BOZAMICH | phiT JBYXOJHO | TPEXOJHO | YETHIPEXOJ | OAHOTOJBY | OJHOTOTPE
)KHJH;’ O | KHIBHBIX | oo IbHBIX | HOKUIBHBIX | XOKHJIBHOTO | XJKHJBHOTO
MM
1 2 3 4 5 6 7
2 21 19 18 15 17 14
2,5 24 20 19 19 19 16
3 27 24 22 21 22 18
4 32 28 28 23 25 21
3) 36 32 30 27 28 24
6 39 36 32 30 31 28
8 46 43 40 37 38 32
10 60 50 17 39 42 38
16 75 60 60 55 60 55
25 105 85 80 70 75 65
35 130 100 95 85 95 75
50 165 140 130 120 125 105
70 210 175 165 140 150 135
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95

120

150

255

295

340

215

245

275

200

220

255

175

200

190

230

165

190

Ta6muma 119 — Jlomyctumble AiuTeNbHBIC TOKU IS KaOenel HalpssKeHHEM

10 1 kB ¢ antOMMHHEBBIMH KWJIAMU C PE3WHOBOM WM IIACTMACCOBOM M30JISIIUEH

B CBUHIIOBOW, MOJTUBUHWIXJIOPUIHON U PE3UHOBON 000JI0UYKaX, OpPOHUPOBAHHBIX U

HEOPOHUPOBAHHBIX
Ceuenue Tok kabeneit, A
TOKOIPOBOISAIICH
OJTHOKUJTBHBIX JBYXKHIIbHBIX TPEXKHIIBHBIX
JKIITBI, MM
IIPH MIPOKIIAIKE
B BO3/yXE B B 3eMJIC B B 3eMJIC
BO3/YyX€ BO3/yXe
2,5 23 21 34 19 29
4 31 29 42 27 38
6 38 38 55 32 46
10 60 55 80 42 70
16 75 70 105 60 90
25 105 90 135 75 115
35 130 105 160 90 140
50 165 135 205 110 175
70 210 165 245 140 210
95 250 200 295 170 255
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120 295
150 340
185 390

230 340
270 390
310 440

200

235

270

295

335

385

Ta6muna 1110 — KpatHocTH JIUTENBHO TOMYCTUMBIX TOKOB IMPOBOJHUKOB K

HOMHUHAJIBHOMY TOKY HJIM TOKY CpaOaTbIBaHUs 3alIUTHOrO ammapata (IUisi ceTew,

He TpeOyIOUIUX 3alIHUThl OT MEPErPY3KH)

Twun 3amuTHOTO anmapara

I3

ks

I naBxkui

IPEAOXPAHUTEID

HomuuaneHBIN TOK

IJIABKOW BCTAaBKH

0,33

ABTOMaTHYECKUI
BBIKJTIOUATEIb, IMCIOIHUI
TOJIBKO MaKCHUMaJIbHBIM
MTHOBEHHOJCUCTBYOIINI

pacuenurelb (OTCEUKY)

Tok ycTaBku

0,22

ABTOMaTHYECKUI
BBIKJTFOYATEIb C
HEpEryJINpyeMOn
00paTHO 3aBUCUMOM OT
TOKa XapaKTePUCTUKOU
(HEe3aBHCUMO OTHAJIMYMS

WJIU OTCYTCTBUS OTCEUYKH)

HoMmuHaNbHBIN TOK

pacuenurens

1,0

ABTOMAaTHYECKHUI
BBIKJIIOYATEND C
peryiaupyeMoi o0paTHO
3aBHCHMOM OT

TOKaxapaKTEePUCTUKON

Toxk Tporanus

pacuenurens

0,66
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Tabmuua 111 —  OcCHOBHBIE  TEXHMYECKHE  XapPAKTEPHUCTUKH
pacrnpenenuTeIbHbIX ITMHOPoBOA0B [IIPA4
Ner/im IToka3zarenu [IIMA4- | IIMA4- | IIMA4- | IIMA4-
1250 | 1600 | 2500 | 3200
1 HomuHnanbHbBIN TOK, A 1250 1600 2500 3200
2 HomuuansHoe 660 660 660 660
HanpsbkeHue, B
3 DJIEKTPOIMHAMUYECKas 70 70 70 70
CTOMKOCTB, KA
4 ComnpotusneHnue Ha ¢a3y, 0,0338 0,0297 0,0169 0,0150
Om/icn: 0,0161 | 0,0143 | 0,0082 | 0,0072
aKTHUBHOE
HHYKTHBHOE
5 [TomHOE compoTHBIEHUE 0,0862 0,0872 0,0822 0,053
nemm (aza-Hynb, OM/KM
6 Jluneiinas 8,93 9,13 9,7 9,0
norepsHanpsbkeHus B,Ha
100 M mipu |y,C0S¢= 0,8 1
Harpy3kKe,coCcpeIoOTOYEHHOU
BKOHIIE JTUHUHA
7 Crenenb 3amuTel 1o 'OCT 1P44 P44 P44 1P44
14254-80
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Tabmuua 1113 — OCHOBHbIE TEXHUYECKHE XapPAKTEPUCTUKH TPOJUIEHHOIO

muHonpoBoaa HIMT-AY2

Homuuanpabid TOKk HIMT-AY?2

Neri/n [Tokazarenn
250A 400A

DIIEKTPOMHAMUYECKas
| 10 15
CTOMKOCTH, KA

HomuHaneHBINA TOK
2 TOKOCHhEMHOM KapeTKH, 40 =

A

HomMuHanpHBIN TOK
CIIAPECHHBIX

TOKOCHhEMHBIX KapeToK,
A

1P21 1P21

4 CreneHs 3a1mThl

Tabnuna [114 — 3nauenue kordduimenta C Ay pacyera ceTu 1o norepe

HaIpPsHKEHUS
3HaueHue
Homunanenoe Cucrema cetu 1 poJ
koaduirenta s
HanpspKeHue cetu, B TOKa
AJUTFOMUHHUEBBIX
Tpexdaznas c HynEM
380/220 Tpexdaznas 6e3 Hys 44
220 Tpexdaznas 6e3 Hys 14,7
36 JIByx(a3nas ¢ HyJIem 0,396
380/220 19,5
JIByxnpoBoHas
220 EPEMEHHOT OUJIU 7,4
MOCTOSTHHOT'O TOKa




Tabnuma I115 — 3nayenns kospdunrenta npuBeeHNUS MOMEHTOB O

Koaddumment
Jlunus OtBeTBIICHUE
IPUBEACHUS MOMEHTOB O
Tpexdaznas c Hynem OTBeTBIEHUE 1,85
Tpexdaznas c Hyem JIByxda3Hoe c HyJIeM 1,39
JIByx(da3zHas ¢ Hyjnem Opnnodasznoe 1,33
Tpexdaznas 6e3 vy JIByX1IIpOBOTHOE 1,15

Tabmuua [116 — kads! pactipenenurensubie cepun [P-11

Hucio TpexXnomoCHbBIX
HomunanbHbIi
rpynn npeaoxpaHuTesieu
Tun mkada TOKBBOJHOTO
Ha OTXOAIINX JUHHUAXH UX
pyownbHuKaP18, A

HOMHHAJIbHBIC TOKH, A
[IP11-73701 250 5x63
[IP11-73702 250 5x 100
[IP11-73703 250 2x63+3x100
[IP11-73704 400 8 x 63
[IP11-73705 400 8x 100
[IP11-73706 400 8 x 250
IIP11-73707 400 3x100+2x250
111P11-73708 400 5x 250
IIP11-73709 400 4x63+4x100
[IP11-73710 400 2x63+4x100+2x250
[IP11-73711 400 6x 100+ 2x250
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Tabmuua [117 — ITynkTel pactipeaenurensubie cepun [TP8S501

Ne cxembl Yucno aBTomMaToB
C Homunanenoe
¢ apromatom | HAUPKEHUC, | OnpomomrocHsIX | TPeXmOMIOCHBIX
SR BAS51-33 Ha B BAS51-29 BA51-31
Ha BBOJIC ssore
001 045 380 3 -
002 046 380 6 -
003 047 380 3 1
004 048 660 - 2
005 049 380 12 -
006 050 380 6 2
007 051 660 - 4
008 052 660 18 -
009 053 380 12 2
010 054 380 6 4
011 055 660 - 6

IIpumeuanne. Homunaneueiii Tok BBoma 160 A, pabouuit tok pis [P21 —

128 A, msa IP54 — 120 A.
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Tab6muua I[118 — Smmku cuioseie

HomMmuHanbHEBIH
No Twun cunosoro HomuHanbHEBIH
TOK
/11 AIIIKa TOK anrmapara, A
MpEeIOXpaHUTENEH
1 SBIIBVY-1m 100 100
2 SBIIBY-2 200 250
250 315
3 SBIIBY-4
315 400
160 200
4 SIBI-2
200 250
5 SIPII-20 20 20
6 SIPTIII-311 100 250
7 SPIIII-351 250 250
8 SIIII-15 16 16
9 SIB3-33 300 300
10 SIB3b-32 200 200
11 SIB3-32-1 250 -
12 SIB3-34-1 400 -
13 JIB3b-31-1 100 -

Taomuna 1119

AJTFOMHUHUCBLIX ITPOBOJHUKOB

3HaueHUs HSKOHOMHYECKOM IUIOTHOCTH TOKa JJIsL

DKOHOMUYECKAs TIOTHOCTh TOKAa, A/MM2, IpUYHUCIe

4acOB MaKCMMyMa Harpys3Ku B TOJl

[IpoBonHMKM
oosiee 1000 1o ooitee 3000 o
6o0m1ee 5000
3000 5000
HewuzonupoBanusie
1,3 11 1,0
MIPOBO/IaM IIIUHBI
Kabenu ¢ Oymaxknoit u 1,6 1.4 1,2
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MIPOBOJIA C PE3UHOBOM

HOHHBHHHJ’IXJ’IOpHI{HOﬁ

)51

N30JIIAEN

Kabenu ¢ pe3nHOBOI 1

JIaCTMAacCOBOU

N30II0uEeN

1,9

1,7

1,6

Tabmuua I120 —

AJIIOMMHHUECBBIMU  KUJIaMHU

aJTIOMHHUEBOM 000JI0UKE

OyMaXHOM  H3OJIAIHUCH

B CBHUHIIOBOW WJIH

JlomyCTUMBIN  JUIMTENBHBIM TOK JJIsi  Kabenedl ¢

Ceuen Tok kabenei, A
W€ | OIHOXWJ | IBYXKWJ | TPEXKUJIbHBIX HaNpsiKeHuem, kB YEThIpEX
JKUIIBL, | BHBIX O | BHBIX 10 KUJIbHBIX
MM 1xB 1 xB o3 ° 10 1o 1 kB
6 - 60/42 55/35 - - -
10 110/75 80/55 75/46 60/42 - 65/45
16 135/90 110/75 90/60 80/50 75/46 90/65
25 180/125 | 140/100 | 125/80 105/70 90/65 115/75
35 220/155 | 175/115 | 145/95 125/85 115/80 135/95
50 275/190 | 210/140 | 180/120 155/110 140/105 | 165/110
70 340/235 | 250/175 | 230/155 190/135 165/130 | 200/140
95 400/375 | 290/210 | 260/190 225/165 205/155 | 240/165
120 | 460/320 | 335/245 | 300/220 260/120 240/185 | 270/200
150 | 520/360 | 385/290 | 330/255 300/225 275/210 | 385/230
185 | 580/405 - 380/290 340/250 310/235 | 345/260
240 | 675/470 - 440/330 390/290 355/270 -

Ipumeuanue. Ilepen yepToli ykazaHbl TOKU KaOenei, MPOKIaIbIBAEMbIX B

3eMJIE; 3a YEPTOM — MPOKJIAIBIBAEMBIX B BO3yXE.

103




Tabmuma [121 — Texauueckne xapakKTepUCTHKU TPaHCHOPMATOPOB TS

KOMIUJIEKTHBIX TPaHC(HOPMATOPHBIX MOACTAHIIUMA

Tun Homunanbnas ITorepu, kBT Hanpsioxenue Tox
TpaHcdopmaropa | MomHOCTE.KBA | XX K3 K3, % XX, %
TM3-630/10 630 1,31 7,6 5,5 1,8
TM3-1000/10 1000 1,9 10,8 5,9 1,2
TM3-1600/10 1600 2,65 16,5 6,0 1,0
TM3-2500/10 2500 3,75 24,0 6,0 0,8
TMBM3-630/10 630 1,2 8,5 5,9 0,4

TMBM3-

1000/10 1000 1,65 11,0 5,9 0,4
TC3J1-630/10 630 1,65 7,1 5,9 1,4
TC3J1-1000/10 1000 2,0 10,2 5,9 1,0
TC3J1-1600/10 1600 2,8 15,0 5,9 0,7
TC3J1-2500/10 2500 4,6 20,5 6,0 0,65

Tabnuua [122 — KoMIIeKTHbIE KOHAEHCATOPHBIE YCTAaHOBKU

0,38 kB 10,5 xB
Tun Tun
KOHJICHCATOPHOM | MOIIHOCTB, KBap | KOHAEHCATOPHOW | MOIIHOCTB, KBap
YCTaHOBKH YCTaHOBKHU
JUISl OCBETUTEIIbHBIX CETEN

VYK2-0,38-50 50 VYKIJI-10,5-450 450

VYK3-0,38-75 75 VYKIJI-10,5-900 900

YK4-0,38-100 100 YKIJI-10,5-1350 1350

JUISI CUJIOBBIX CETer

VKBH-g638-100- 100 VKJI-10,5-1800 1800
YKBbT-0,38-150 150 VYKIJI-10,5-2700 2700

VKT-0,38-150 150
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VKb-0,38-150 150
YKBH-0,38-200-
200
50
YKJIH-0,38-300-
300
150
YKJIH-0,38-450-
450
150
YKJIH-0,38-600-
600
150

O0o3navenusi: b — 6ecrukaduoro ucnonuenus; H, T — perynupoBa-Hue no

HaIpsHKEHUIO, TOKY; JI — 1eBoe pacnonokeHrue BBOJHOU STUEHKH.

Tabmuua 1123 — 3HadyeHuss Ko3(pPUUMEHTOB o I CHUHXPOHHBIX

anekTpoaBurareneit 10 kB

Yacrora MunumansHOe 3HaueHnue R mpu HOMUHAIbHON
BpAIICHHUS, a momHoctr CJI, kBT
1/mMun 1250 1600 2000 2500
0,2 0,016 - - _
0,6 0,025 - - -
250
1,0 0,03 0,02 - -
1,2 0,035 0,025 0,02 -
0,2 0,015 0,015 - -
0,6 0,025 0,025 0,02 -
300
1,0 0,3 0,3 0,025 0,02
1,2 0,035 00,035 0,03 0,023
0,2 0,015 - - -
0,6 0,025 0,02 0,02 0,2
375
1,0 0,3 0,27 0,025 0,022
1,2 00,035 0,03 0,028 0,025
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0,2 0,015 - - _

0,6 0,025 0,02 - -
500

1,0 0,3 0,027 0,02 -

1,2 00,035 0,03 0,022 0,02

0,2 - - - -

0,6 - - - -
600

1,0 0,02 0,02 0,02 -

1,2 0,025 0,025 0,022 0,02

0,2 - - - -

0,6 - - - -
750

1,0 0,02 0,02 0,02 -

1,2 0,025 0,025 0,022 0,02

0,2 - - - -

0,6 0,017 - - _
1000

1,0 0,022 0,02 - -

1,2 0,025 0,022 0,018 -
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