Jlexnus 2

I'PA®OUKU IJIEKTPUUYECKHUX HAI'PY30K

O6mue cBeJeHMs 0 rpaduKax Harpy3Ku

[Ipy mpOEKTUPOBAHMK M IKCILTyaTallil CHUCTEM SJIEKTPOCHAOKEHUS BBIJIE-
JIAIOT TPY BUJA JIEKTPUYECKON HArPy3KHU:

— aKTHUBHAsI MOITHOCTh HArpy3ku P;

— peaKTUBHAsI MOITHOCTh Harpy3ku QO

— TOK 1.

Kpusas, xapakrepusyroiiasi I3MEHEHUE Harpy3ku BO BPEMEHH, HA3bIBACTCS
rpaUKOM 3JIEKTPUIECKON HAarpy3ku (pUCyHOK 2.1).

[Tox BemMUMHOM HArpy3Ky B JaHHBIM MOMEHT BPEMEHU MMOHUMAECTCS €€ JICH-
CTBYIOIIIEE 3HAUEHHUE, MTOKA3bIBAEMOE M3MEPUTEIBHBIMUA MPUOOPAMHU C TOCTATOYHO
MaJIOM UHEPLUEH.

il o

a — HEMPEPBIBHBIN; O — TMCKPETHBIN
Pucynok 2.1 - ['paduku Harpy3ku

JIist petieHnst mMpakTHYECKUX 3a7ad AJIEKTPOCHAOKEHHUST HEIIPEPHIBHBIN T'pa-
(UK 3aMEHSAIOT JUCKPETHBIM (pUCYHOK 2.1, 6). OH MOXeT OBbITh MOJYUYEH MPHU I0-
MOIIM CUCTYMKOB IJICKTPHUIECCKON HATPY3KHU.

PasnuyaroT WHIWBUIAyaldbHBIE W TPYNNOBBIE TpadUKA DICKTPUUECKON
Harpy3Ku — COOTBETCTBEHHO, ISl OTJEIBHBIX AJCKTPOINPUEMHUKOB U JJIS TPYIIIbHI
AIIEKTPOTIPUEMHHUKOB.

3Hast UHAUBUAYaTbHBIE TPA(QUKHU HATPY3KH, MOKHO MOJTYYUTh TPYIIIOBOM:



Pw=3 .0, @1

Q(r)=ilql-<r), (2.2)
PP+ 00
10=""7 U= (2.3)

Beipaxkenne [(f)~ Y i (f) MOXKHO WCIOIB30BaTh TOTAA, Koraa Kod(duim-

€HTbl MOIIHOCTH JJIEKTPONPUEMHUKOB, (OPMUPYIOIIUX TPYNIOBON Trpaduk
Harpy3KH, IPUMEPHO PaBHBI.

HNuauBuayaabHbie rpapuKu HATPY3KHU

B mnpakTtuke s1eKTpOCHAOXKEHUS, KaK MPABWIIO, HMCIOJB3YIOT TPYMIOBBIC
rpaduku Harpy3ku (I'TH), HO yuuThiBas, 4To OHU (OPMHUPYIOTCA OTACIHLHBIMU
ANEKTPONPUEMHUKAMH, HEOOXOJMMO PACCMOTPETh WHAMBUAYaJIbHbIE TpaduKu
Harpy3ku (UI'H). Paznuyaror 4 Buna UT'H (pucynox 2.2):

— HepI/IO,Z[I/ILICCKI/Ie;
— IIUKJINYHEIE;
— HCIIUKJIMYHBIC,
— HEpEeryJIIpHbIE.
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a — IepuoANYECKre; O — UKIMYHBIE; B — HELIMKJIINYHBIE; T — HEPETYJISIPHBIE
Pucynok 2.2 — UnauBuayanbHble TpaduKi Harpy3KH pa3indHbIX TUIIOB



[lepunonuueckue rpaduku (pUCyHOK 2.2, a) OTBEYAIOT CTPOTrO PUTMUYHOMY
IPOM3BOJCTBY C OJMHAKOBBIMM TOKAMHU U BPEMEHEM [, ., [ 3a Pa3sHBIE LMKIILL

ty=t,=const, t, =t,=const, t, =t,=const, XapaKTePU3ylOTCs CTAOUJILHO-

B s

CTbIO ITOTPEOJICHUS IEKTPOIHEPTUHU 3a cpeaiHee BpeMs nukia W, =W, = const .

Takue rpaduku UMEIOT, HAIlpUMeEpP, OTACNbHbIE CTAHKA B aBTOMAaTUYECKUX
IOTOYHBIX JTUHUSX.

[Huknuunsle rpaduku (pUCYHOK 2.2, 0) XapaKTEepHBI ISl JIEKTPONPUEMHHU-
KOB IOTOYHBIX JIMHUH, I'I€ UMEIOTCS Py4YHBIE OINEepalM, HAalpuMep, YCTaHOBKa,
TIOJrOHKA JETANEH, X CheM U T. 1. Bpems may3 7, ¥ LUKIIOB /, y TaKuX rpaukoB

3a pasHble LUKIBI HE PaBHbl W M3MEHAIOTCA IO CIy4allHOMY 3aKOHY:
t,#t,#const,t B +#t,#const, W =W, =const.

Henuknuuneie rpaduku (pucyHok 2.2, B) UMEIOT 3JIEKTPOIPUEMHUKH, KOTJa
BBINOJIHIEMbIE MU OIEpali CTPOTO HE PErjlaMEHTHUPOBAHBI, HAIPUMED, CTAHKU
Ha PEMOHTHBIX y4acTKax. B sTom cmywae f,, f, W [, SBIAIOTCA CIly4alHbLIMHU,

MEHSETCS M BEJIIMYMHA HArpy3kd OT LMKJIA K LUKIy. IIpy 3TOM HEIMKINYHBIN
rpaduK, TOAOOHO MNEPUOAMYECKOMY U  LUKIWYHOMY, XapaKTepU3yeTCs
CTa0MIBHOCTBIO IOTPEOJIEHHUs] DIEKTPOIHEPTUU 3a CpPEIHEe BpeMs LUKIIA:
t,#t,#const,t #t,#const, W =W, =const.

Heperynsapusie rpaduku (pucyHok 2.2, r) BCTpedaroTcs penko. Mx umerot
JIEKTPONPUEMHUKH, KOTOPbIE OOCIYyKMBAIOT TEXHOJIOIMYECKHE IPOLECCHl C He-
YCTaHOBUBIIMMCSL XapakTepoM. [Ipu sToM ycinoBue CTaOMIBHOCTH MOTPEOICHUS

JIEKTPO’HEPIUU yXKe€ He colOuojaercsa: f, #t, #const, t, #t, #const,
ty %ty #const, W #W, # const.

Hanpumep, 37eKTporipuBoI yisi OypeHHsi CKBaKUH OOJIBIION ITyOUHBI OyAeT
co37aBaTh HEPETYJSIPHBIA TpaduK HArpy3KH, TaK KaK TBEPAOCTh TMOPOILI M €¢
TOJIIIIHA BCE BPEMST MEHSIOTCSI.

I'paduku rpynnoBoi HArpy3Ku
Jlist TpynmoBeIX rpadUKOB HArPy3KH CTEMEHb PETYJISPHOCTH ONPEIeIseTCs
HE TOJBKO THUIAMH COCTABJISIONIMX €ro WHAUBUAYAIbHBIX TpaUKOB, HO H
B3aMMO3aBUCUMOCTSIMU HATPY30K OTAEIBHBIX 3JIEKTPOIPUEMHUKOB.
[To mepuoaUYHOCTH pa3NUyaloT CJIEAYIOIIME TUIBI TPYNIOBBIX I'PaPUKOB
HArpy3KHu:
— HEpErYJIIPHBIC;



— MOYTH MEPUOTUIECKHE.

B OonpIIMHCTBE Ciy4aeB MMEIOT MECTO MOYTH MEePUOJUYECKUE I'PYMIOBBIC
rpaduku Harpy3ku (pUCYHOK 2.3).

['pynmoBble rpaduku Harpys3Ku, JUIsl KOTOPBIX XapaKTepHA MOBTOPSIEMOCTb
Harpy3kd B TEYEHHE pa3HbIX CMEH B OIpe/AeJCHHbIE BPEMEHHbIE HHTEpBAJbl,
Ha3bIBAIOT OYTH MEPUOANYECKIUMHU.

['pynmoBeie rpaduku Harpy3Ku, UCTOIb3yEeMbIE IS PEHICHHS TPAKTUUECKUX
3a7a4  DJIEKTPOCHAOXKEHUS, IeNATCS Ha CYTOYHble (CMEHHBIE), TOAOBbIe (10
MecsIaM), yIopsiA0YeHHbIE, TUIIOBBIE.
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Pucynok 2.3 — I'pynnoBoii rpaduk Harpy3ku NOTpeOuTeNs
AIIEKTPOIHEPTHH 32 CMEHY

Cyrounbie (cMeHHbIC) Tpaduku Harpy3ku (pUCyHOK 2.3) XapaKTepU3YIOT
M3MEHEHUE Harpy3KH B TeueHUe CyToK (cMeHsl). [Ipu 3ToM crenyer paznuyarh pa-
0oune CyTKM, a TaKK€ BBIXOJHBIE M IMpa3JHUYHBIC JHH, HArpy3ka B KOTOpHIE CY-
IeCTBEHHO Hike. OCcOOEHHOCThIO CYTOUHBIX TpaUKOB HATPY3KH SBIISETCS UX He-
PaBHOMEPHOCTb, KOT/Ia HAOMIOAAIOTCS YTPEHHUN U BeuepHUu MakcuMyMbl. Houbto
Harpy3ka CyIIECTBEHHO CHUKaeTcs. VICKIoYeHne COCTaBIIAIOT MOTPEOUTENH C He-
PEPHIBHBIM TEXHOJIOTHYECKUM MTPOLIECCOM.

['ogoBbie rpaduku HArpy3Kd XapakTepuU3ylOT U3MEHEHHE Harpys3Ku MO Me-
csllaM B T€YeHHE rojaa (pucyHok 2.4).

Pa3nuyatoT 1Ba BpeMEHHBIX epUOa:

- oceHHee-3uMHMH (1 1 4 KBapTasbl roja);

- BECEHHee-JIeTHH (2 1 3 KBapTaJibl rojia).
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Pucynok 2.4 - 'onoBoii rpaduk Harpy3ku NoTpeOUTest 3IEKTPOIHEPTUU

Jljis TOIOBBIX TpaKOB HArPY3KH XapaKTEPHO CHIDKEHUE HArpy3KH B Teue-
HUE JIETHETO NMEepHoJia U yBeIUYeHUe ee B 3UMHUM nepuo. [lanusie rpaduku uc-
MOJIB3YIOTCS JUIsl OTpEeNeTICHUs] CE30HHOTO (haKTopa Harpy3KH, YTO MMEET CyIle-
CTBEHHOE 3HAYEHUE MPU MPOCKTUPOBAHUM CUCTEM IJIEKTPOCHAONKEHUSI OTpeduTe-
JIEH 3JIEKTPOIHEPTUU CETBCKOXO035IMCTBEHHOTO ITPOU3BOICTBA.

YnopsigoueHHble TpauKyd Harpy3ku MOKa3bIBalOT BpeMsi pabOThl MOTPeOU-
TEJIA C ONPENECICHHON HArpy3KOW 3a IMPUHATHIA BPEMEHHOW IIPOMEXKYTOK, HAIPHU-
Mep, 32 CYTKH WIH 3a ToJ1 (pUCYHOK 2.5).
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Pucynok 2.5 — YnopsiioueHHsli rpaguk Harpy3ku noTpeouTess
AIIEKTPOIHEPTUU
VYnopsigoueHHble TpaUKU HMCIOJB3YIOT AJS ONpENeNeHusl pacxoja 3JeK-
TPORHEPIUU U BpEMEHH MakcuMyMma Harpys3ku Ty (BpeMeHH MaKCUMAaJbHBIX TOTEPh
T), @ TAK)KE JJIS1 YCTAHOBJICHHUS 3aKOHA paclpe/ieeHnsl BEPOSATHOCTH Harpy3KHu.



TunoBoit rpaduk Harpy3ku — YCpeIHEHHBIH M0 BpeMEHU U HA0Opy AJIEKTPO-
NPUEMHUKOB rpa UK Harpy3Ku aHAJIOTHYHBIX 10 PEKUMY PaOOThI OTPEOUTENEH.

[Tpu GONBIIOM KOJMYECTBE AJIEKTPONPUEMHUKOB, BXOASIINX B ITpynmy (LexX,
3aBOJI, KWUJIOW JIOM, paiiOH), UX TPYIIOBOM T'paduK HArpy3KH CTAaHOBHUTCSl YCTOM-
YUBBIM, [IOYTH HEPUOTUUECKUM.

Paznuuaor THNOBBIE TpadUKU CEIbCKOXO3SHUCTBEHHBIX MOTPEOUTENEH,
MPOMBIIIJICHHBIX MOTpeduTeneil (1Mo oTpacisiM) U MOTpeOuTeNneld KOMMYHaIbHO-
OBITOBOTO cekTopa. [laHHble THUMOBBIX TpadUKOB HArpy3Kd MPUBOJATCA B CIIpa-
BOYHOM JINTEPATypPE B OTHOCUTENBHBIX €AUHULAX W UCIOJIB3YIOTCS NPU IPOECKTHU-
POBAHUU CUCTEM DJIEKTPOCHAOKEHUS TOTPEOUTENEH.

Harpy3ka tumoBoro rpaduka, Kak HTpaBHJIO, HOPMUPYETCS OTHOCUTEIIBHO
MAaKCUMAJIBHOTO 3HAYEHHUS U TIPEACTABISAETCA B IPOLICHTAX.

B otnnuue oT mpOMBINIIEHHBIX TOTpeOUTENeH, BeUepHU MaKCUMYyHArpy3Ku
noTpeduTeneit KOMMYHalIbHO-OBITOBOTO CEKTOpA 0OJIbIIIE, YEM YTPEHHUH.

[Tpu paccMOTpeHUM THMOBBIX TPaUKOB HArpy3KH UMEIOT MECTO XapakTep-
Hble TpadUKy 3a JETHUI U 3UMHUNA IHU. [{7s1 paznuuus rpadukoB Harpy3KkH 1o ce-
30HaM TOJIa UCIIONB3YIOT KOI(PPUIIUECHT CE30HHOCTH (B OCHOBHOM, ISl TOTpeOUTE-
Jiel CeNTbCKOTO X035MCTRA).

KoadhdurmenT ce30HHOCTH - OTHOIIEHHE MaTEeMaTHYECKOTO OXKUIAHUS
MAaKCHMyMa HAarpy3Ky JaHHOTO MECSLA K MaTeMaTHYECKOMY OXKHAAHUIO TOJOBOTO
MAaKCHMYyMa HAarpy3KHu.

[Ipy TpPOEKTUPOBAHUU CUCTEM DJIEKTPOCHAOXKEHHS CIEYET YYUTHIBATh, YTO
BpeMs HACTYIUIEHUS] MAKCUMaJIbHOW HAarpy3Ky y pa3IMYHbIX IOTPEOUTENIEN pa3Hoe,
MO3TOMY TIPU COBMECTHOM 3JIEKTPONUTAHUU OSTUX MNOTpEOUTENe HEOO0XO0IUMO
YUUTHIBaTh 3(PPEKT HECOBMEUIEHUSI MAKCUMYMOB MX Harpy3KH.

O4eBUIHO, UTO CyMMapHasi MaKCMMallbHasl Harpy3ka noTpeOuTeNei MeHbIIe

CYMMBbI UX MAaKCUMYMOB: PMZ <Y P .

JlanHoe  sABJIIeHHME  XapakTepuzyercs  KOd(DPHUIIMEHTOM  COBMEIICHUS

Bs

MakcUMyMoB: K, = KZ = —=—. 3HaueHHUs 3TOro K03 QPUINCHTA TPEICTABICHbI
ZPMi

B CIIPABOYHOM JINTEpAType JUIS Pa3IUIHBIX MOTPEOUTEIICH AIEKTpOIHEpTHH. TaKKe

OH MOXET OBITh OMpENENICH B 3aBUCMMOCTH OT KO3 (UIIMEHTAa UCIOJIb30BAHUS U

BPEMEHU HCIIOIh30BaHUS MAaKCUMyMa Harpy3Ku IMOTPEOUTENCH 3ICKTPOIHEPTHH 110

crpaBoYHbIM HoMorpammam: K, = f(K ;7).

Takum oOpa3zoM, TUNoBbIE IpadUKu HArpy3ku (Kak IpaBUIIO, CYTOUYHBIC)



MIPUBOJSATCS B CIPaBOYHOM JIMTEpaType, IIE€ Harpy3ka IpeACTaBiIeHa B OTHOCH-
TeJIbHBIX euHUIaX. OJHAKO HA MPAKTUKE ONEPUPOBATH C IpaUKaMK Harpy3Ku He
BCerja yao0HO, IO3TOMY INPHU pacuerax AJIEKTPUUYECKUX HArpys3o0K, COTIacOBaHUU
TEXHUYECKUX YCIOBUM Ha 3JEKTPOCHAOKEHUE, PEIICHUH 33]1a4 HA JIMMUTUPOBAHUE
U YOPaBJIEHUE AJIEKTPONOTPEOJEHUEM IOJIb3YIOTCS MOKA3aTEIIMH, XapaKTepU3y-
IOLUMU IpaUKU HArpy3KH.

IMoxka3zarenu rpaguKoB HATPY3KH

[Ipu perieHNM MpakTUYECKHUX 3a7a4 AJIEKTPOCHAOKEHUSI OYEHb YACTO OTCYT-
CTBYIOT TpauKH JJIEKTPUYECKHX Harpy3ok. [loaToMy suisi ommcaHwsi pPeKHMMOB
AHEPronoTpeOIeHUs] B MPAKTUKE SJEKTPOCHAOKEHHUS HCIOJIb3YIOT CHUCTEMY IOKa-
3arenei, aJeKBaTHO OMUCHIBAIOIMUX ATH Tpaduku. [Ipu sTom pazmuuaror Guznye-
CKHE BEJTMYUHBI U O6e3pa3zmMepHbie KOG QUITMEeHTH TpauKOB HAIPy3KHU.

[Ipu paccmoTpeHnr WHIUBUAYATbHBIX TpadUKOB MX TOKa3aTeau 0003Hada-
I0TCSI CTPOYHBIMU OyKBaMHu (p, ¢, S, i, k), TpynmnoBbIxX - nponucHeiMu (P, O, S, I, K).

dusnyueckre BEIUYMHBI, XapaKTepU3YIIHUe TpahuKud DIEKTPUUECKHUX
Harpy3oK:

1) P. — cpennsia Harpyska (O, S, 1.).

2) P — cpennexBanpatuanas (dddexruBaas) Harpyska (Ock, Scks Lck)-

3) P, — MakcumanbHasi Harpy3ka (Qu, Sy, 1w):

a) P, - pacdeTHasd (MakcuMallbHas JJIUTENbHAsS) HATPY3Ka;

0) P - TUKOBas (MakCUMallbHasi KpaTKOBPEMEHHAs) HArpy3Ka.

Cpennsisi Harpy3Ka — MOCTOsIHHAsl, HEM3MEHHasi BO BPEMEHH Harpy3ka B Te-
YeHUE PAacCMATPUBAEMOI0 IMPOMEXKYTKA BPEMEHH, KOTOpPas BBI3BIBAET TAKOM Ke
pacxoji ANEKTPOIHEPTUH, YTO M peajibHas, M3MEHSIOIAsACS Harpy3ka 3a 3TOT XKe
IIPOMEKYTOK BpemeHHU (7):

T
[ P(t)dt
p=0 (2.4)

Ha npaxTuke cpenHsis Harpyska ompeaemnseTcs Mo MoKa3aTelsiM dJIeKTpude-
CKHX CUETYUKOB, OO0 IPYruxX MpruOOpOB, C MOMOIILI0 (POpMyII:

w

P= (2.5)
V

0.= (2.6)
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B mnpakthueckux nensx B KadyeCTBE CpPEAHEW HArpy3Kd HCIOJIb3YETCs
CpelHe4acoBasi, CpeIHsAs Harpy3ka 3a CMEHY, 32 CYTKH, CPEJHEr0[0Bas Harpys3Ka.
JUis omnpezeseHuss pacyeTHOW HArpy3KdM HCIOJB3YETCSl CpEeAHsisl Harpyska 3a
HamOoJee Harpy)XeHHYI0O CMEHY, B KauyecTBE KOTOpPOW BBIOMpAEeTCs CMEHa C
HauOOJBIIMM PacXoOM 3JIeKTpodHepruu. CpeHsss MOIIHOCTh HCIOJIb3YETCs
TaK>Ke U 715 ONpeIeTICHHsI pacXoa dJIeKTPOIHEPTUH MOTPEOUTENEH.

CpenHekBaipaTUUHasl Harpyska - Harpyska, KOTOpas HE U3MEHSAETCs B Te-
YEeHUE MPOMEKYTKAa BpEMEHHM 1 W BBI3BIBAET MOTEPH MOIIHOCTH U YHEPTUU B 3Jie-
MEHTaX CHUCTEMBl 3JIEKTPOCHAOXKEHHUs MOTpeOHUTENell Takue ke, KaK peajbHas
Harpy3Ka, U3MEHSIOLIAsACS 3a ITO )KE BPEeMS:

(2.9)
(2.10)

2.11)

CpennexBanpaTiyHasi Harpys3ka HCIIOJIB3YETCs I ONpPEACIICHUs IOTEPh
MOIIIHOCTH U SHEPTUH B 3JIEMEHTAX CUCTEMBI 3JIEKTPOCHA0KESHHUA.

MaxkcuManbpHas Harpy3ka - 3TO HauOoJiplIasi U3 CPEJHUX Harpys3ok 3a pac-
CMaTpUBAEMbI TMPOMEXYTOK BpemeHHu. [Ipm 3TOM pasznnyaroT MakCUMAJIBHYIO
JUINTEJIBHYIO 1 MAaKCUMAJIbHYIO KPATKOBPEMEHHYIO Harpy3KH.

MakcumanbHast JUIMTENIbHAS HArpy3Ka XapakTepU3yeTcs MEPUOIOM YyCpel-
HEHUS OT HECKOJIBKUX MUHYT JI0 HECKOJIBKHMX 4acoB (pUCYHOK 2.6). OHa UCIOIb3Y-
eTcst 11 BiOopa TokoBeaymux yacteit COC 1mo ycioBHIO Harpesa.

MakcumanbHasi KpaTKOBPEMEHHasi Harpy3ka XapakTEpHU3yeTCsl IEpHUOAOM
YCPEAHEHHUs OT JOJIA 10 HECKOJIBKMX CEKyHJI. Ee Ha3bpIBalOT MMKOBOM HArpy3KOM:

[ =21 21, 21,

[InkoBas Harpy3ka MCIOJIB3YETCS IS PACUETOB PEJEHHOM 3aIlMThl U aBTO-
MaTHUKH, BEIOOpA IPEIOXPAHUTENIEH U aBTOMAaTUUECKHUX BBIKJIFOUATENIEH.
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Pucynok 2.6 — ®usnveckue BeTUYUHBI IpauKa Harpy3Ku
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M3 makcuManpHOM JJIMTEIBHOW HATPY3KU BaKHEMWIIEE 3HAYEHUE UMEET pac-
yeTHas Harpyska. [lox pacueTHON MOHMMAaETCs Takasl yCJIOBHAs Harpyska, KoTopas
AKBUBAJICHTHA pPEAJIbHON HArpy3ke 1o HauboJsee TsxkeIoMy TerioBoMy 3ddexty. B
CBSI3U C 3TUM PACCMaTPUBAIOT CIEAYIOIINE 2 ONPEEICHUS PACUETHON HArpy3KHU:

1. PacuerHas Harpyska, onpeensionas HarpeB (M3HOC) U30JISLUU.

2. PacuerHas Harpy3ka, onpeaelisiionas HarpeB TOKOBEAYIIIUX YaCTEH.

W3 nByx 3Ha4Y€HMI pacyeTHOW MOIIHOCTH MCIOJIb3YIOT HAauOoJIbllee 3Haue-
Hue. Kak mpaBuio, 5TUM 3HaUYCHHUEM SIBIISICTCS HArpy3ka, KOTopas 00yCJIOBIMBAET
HauOOJIBIIIMI HArpeB MPOBOJIHMKA HAJl TEMIIEpATypo OKpyxarolmieil cpenbl. [1pu
3TOM 3HAYECHUE PACUECTHOW MOIIHOCTHU OINPEICIISIETCS KaK:

Pp = '\/glpUH COS @Lp.(ﬁ(s’ ’

COs = W
wan = Ja o
rae W, V' — pacxoabl aKTUBHOM U PEAKTUBHOW HArpy3KU COOTBETCTBEHHO.
Tak Kak HarpeB NPOBOJIHUKA ONPEACIISIETCS MPOAOKUTEIBHOCTHIO HATPY3-
KW, TO JIOJDKHBI CYIIIECTBOBATH ONPEIeNICHHbIC IEPUOBI yCpeIHEeHUS rpaduka
Harpy3ku. B kauecTBe Takoro nepuojia NpUuHUMAETCs BEJIMYNHA, paBHAsl YTPOCH-
HOMY 3HAYEHUIO OCTOSIHHOW BPEMEHU HArpeBa TOKOBEAYIIUX YaCTEW CUCTEMBI
3IIEKTPOCHA0KEHHUS, HA KOTOPBIE pACCUMTBIBAaETCA Harpyska: 71,., = 37y
[TocTrosinnass Bpemenu HarpeBa (T;) XapakTepuzyeT COOTHOIIEHHUE IMOIJIO-
IAIOIIEeH U TeTUIOOTAAIOIIEH CIIOCOOHOCTEN TTPOBOTHUKA:
G-c

T,=~". (2.13)

rane G — macca, Kr;

. 2
F — nnomanp oxnaxaaronien moBepXHOCTH, M”;



¢ — KO3(pPUIMEHT TETUIO0TAAuH.

T, 3aBHCHUT OT MaTepHalia MPOBOHHUKA, €0 CEYCHUS U CIIOco0a MPOKIIAIKU U
MOJKET U3MEHATHCS OT HECKOJBKHX MHHYT JIO HECKOJIbKMX YacoB. Hanmpumep, s
OTKPBITO MPOJIOKECHHBIX MPOBOJIOB C PE3NHOBOM M30JISIIIUEH TOCTOSIHHAS BPEMEHH
HarpeBa MIPUHUMAET 3HAYCHWSI, TPUBEICHHbIC B Ta0mIe 2.1.

Tabnuma 2.1 — 3aBUCUMOCTD MTOCTOSIHHOM BpEMEHU HarpeBa MpOBOJIHUKOB OT
CEUCHMS

F, MM~ |6 10 16 25 35 50 70 95 120

To, MuH 3 42 5 12 P 12 15 18,4 1,4

[TocTosiHHAas BpeMEHM HarpeBa TOKOBEAYLIMX YacTed OIpeAeNseT Mepuojl
YCPEIHEHUS CYTOUHBIX TPAPHUKOB HArpy3KH, KOTOPBIE UCIIOJIB3YIOTCS JIJIsl PELICHUS
3a/1lay 10 BBIOOPY TOKOBEAYIMX YACTEH MO YCIOBUIO MX JOMYCTHMOI'O Harpena.
[TosTomy B OOJBIIMHCTBE CIy4yacB B KadecTBe Takoro mnepuoaa mpuHsaT 30-
MUHYTHBIA UHTEPBAJI, YTO COOTBETCTBYET MOCTOSIHHOM BPEMEHU HarpeBa IMpOBO/I-
HHKOB cedeHneM 25-50 MM°, Hanbojee 4acTo UCIOIb3YeMbIX B IPAKTHKE IIPOCK-
tupoBaHus. OgHaKO HEOOXOJMMO OTMETHUTh, YTO MPHU BHIOOPE CEUEHHUS BIEKTPO-
IIPOBOJIKM O€3 ydyeTa ee pealbHOW MOCTOSTHHON BPEMEHU HarpeBa MPUBOJUT K TO-
My, 4TO B OOJIACTH MajbIX CEYEHHI 3HAaY€HUE HArpy3Ku 3aHIKEHO, M, CJIeI0Ba-
TEIbHO, UMEET MECTO TOBBIIICHHBIN N3HOC MPOBOAHUKOB. B obnactu Gonpiinx ce-
YeHUH 3aBBIIICHHOE 3HAUEHUE HArPy3KH MPUBOIUT K YBEIIMUYEHHUIO 3aTPaT HAa TOKO-
Benymue vactu COC. JlaHHbIE TOJIOKEHUS MOXHO MOSICHUTh Ha CIEAYIOIIEeM
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Pucynox 2.7 - O6ocHoBaHUE TIepHo/ia yCpeaHEeHUs Tpaduka Harpy3Ku

[Tpeanonoxum, 4TO MCHOJB3Ysd MAaKCUMAIbHYIO Harpy3Ky (/n.x), IpeacTaB-
JeHHYI0 Ha rpaduke (pucyHok 2.7, T, - yCTaHOBUBLIASCS TEMIIEPATypa), BBIOpaH
TIPOBOJHUK cedeHneM 35 Mm’. TTocToSHHAS BpeMEHH HAarpeBa JaHHOTO HPOBOIHH-
Ka T, = 9 MUHYT. DTO 03HAYAET, YTO TEMIIEPATYPA €r0 HAIPEBA CTAHET PABHOU Ty,



yepe3 Bpems 37, = 27 muHyT. B pe3ynbrare nepuoja HarpeBa MpakTHYECKH COOT-
BETCTBYET NIEPUOAY YCPEAHEHUSI rpaduKa HArpy3Kku, paBHOMY 30 MUHYT.

[Tpeanonoxum, 4To KUCHONB3YS 3Ty KE YCpPeAHEHHYIO 32 30 MUHYT MakKCH-
MAJIbHYIO HArPY3KY g, BBIOPAH IPOBOJAHHMK ceueHmeM 6 mm’. ITocTosiHHas Bpe-
MEHHU ero HarpeBa 1) = 3 MHHYTBI, [I03TOMY IEPHOJ HarpeBa A0 yCTAaHOBUBLIECICS
TEMIIEPATYpbl COCTaBUT 9 MUHYT (pUCYHOK 2.8). DTO 03HA4aeT, yTo AJs BhIOOpa
TaKOro MPOBOJHHKA I€71ecOo00pa3HO MCMHOIb30BaTh TpaduK C MEPUOIOM yCpPEIHE-
HUS 9 MUHYT.
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Pucynok 2.8 - MI3MeHeHue TeMnepaTypsl BO BpeMEHU IIPOBOJAHUKA
npu 1) = 9 MuUH

B urtore numeer MecTo 3aHMKEHUE pacueTHOW HArpy3ku (1. < I'.) U MO-
BBIIIIEHHBI U3HOC BEIOPAHHOTO MTPOBOHUKA.

Kosgpunuenrsl, xapakrepusywinne rpa¢ukn Harpy3xku

Hapsiny ¢ ¢usndeckumu BenWYMHAMU TpadUKH HArpy3KH OMHUCHIBAOTCS
6e3pazMepHbIMU KOdhurmenTamMu. It KO3PHUIIMEHTH yCTAHABIMBAIOT CBS3b
MEXJy OCHOBHBIMH (U3MYECKUMH BEIMYMHAMH, XapaKTEPU3YIOT HEpaBHOMEp-
HOCTh Tpa(hpMKOB HATPY3KH M MCTIOJIb30BaHUE DJICKTPONPHUEMHUKOB U MOTpeOUTEIeH
AJIEKTPOIHEPTUU IO MOIITHOCTH W BPEMEHH.

KoadurmenTsl, xapakrepusyronme CBsi3b MEXIY OCHOBHBIMHU (DH3NYECKU-
MU BEJIMYUHAMH TPaQUKOB HATPY3KU:

Koadpdunment makcumyma rpaguka:

P
K,="*(2.14
w=p 14

c

rae P, — MakCcuMalibHas Harpys3Ka;
rae P, — cpenHss Harpyska.
B mpaktuke sneKTpoCHAOXKEHUS TPU OMPEICICHUH PACUYCTHBIX HArpy30K



BMECTO KOd(p(uIMEeHTa MaKCHUMyMa HCIOJb3YIOT KO3(PPHUIMEHT pacyeTHON
Harpy3Ku:

Kk =L (2.15)

rae P, - pacueTHas Harpyska, OpeJCTaBIAoNas OO0 MaKCHMAabHYIO HAarpys3Ky,
HKBUBAJICHTHYIO PEalbHOU O TETIIOBOMY 3 PeKTy.

KoadpduimentT makcumyma OTHOCUTCSI K TPYNIOBBIM IpadukaM Harpy3Ku U
yCTaHABJIMBAET CBSI3b MEXIY CpeIHEeH W MakCUMalbHOW Harpy3kamu 3a Hauboiiee
3arpy’K€HHYIO CMEHY.

Koadduuuent pacueTHoit Harpy3ku ompenesisieTcs MO CIpPaBOYHBIM HOMO-
rpaMmaM B 3aBUCHMOCTH OT TPYNIOBOTO Ko3(dduimeHTa ucnoiab3oBanus, dpex-
TUBHOTO KOJIMYECTBA 3JIEKTPOIPHUEMHHUKOB U MOCTOSSHHON BPEMEHU HarpeBa TOKO-

Benymux vacrei: K = (K, ;n,;T,).

[Tpu 3TOM IPUHSATHI CIEAYIONIHNE IOCTOSTHHBIE BPEMEHH HArpena:

Ty = 10 muH - ana ceredd HampsbkeHueM 10 1 kB, BBINOJHEHHBIX pacrpe-
JEUTEIbHBIMU IITMHOTIPOBOIAMH U TITKa(amu;

Ty = 2,5 4 - ;s MarucTpajbHBIX HIMHOMPOBOJAOB, BBOJHOPACHPEIEITH-
TEJBHBIX YCTPONCTB U IEXOBBIX TPAHCPOPMATOPHBIX MOCTAHITUH;

Ty > 30 muH - nnsa kabeneit HampspkeHueMm 6-10 kB, nuTarommx 1exoBbie
TpaHCc(hOpPMATOPHBIE TOJCTAHIIMU U PaCIpEeACIUTEIbHbIE MYHKTHL. PacueTHas
MOIIIHOCTb HAarpy3KH UL 3TUX DJIEMEHTOB omnpezensercs npu K, =1.

Koadpunument o6patHbiil ko3 HUireHTy MakCUMyMa.

2. KoadunmeHT 3anoHeHUs:

P 1

3.2_PM _K_‘l

Koaddunment obpatupiii Ko3pHUIIMEHTY MaKCUMyMa.

3. Koadurment cnpoca:

K. = 5 (2.18)
‘P, '
K =K, -K,,

rae K, - ko3ppuuueHT ncnoab30BaHus;
K,, - Ko3ppuuueHT Makcumyma.

4. Koaddunment Gpopmsl rpaduka:

Lo
K, =-*>1

c



K,.= 1-1,2 — nns rpynnossix rpadukos;
K pe 1-3 — 11 UHIUBUYAJIBHBIX TPaUKOB.

Hampuwmep, pEeXKUM paboThI HACOCHOTO arperata  MPUBOJA
He(TeAOOBIBAIOIIETO  CTaHKa-Ka4yaJlKH  XapaKTepU3yeTcsl  MEePUOIUYECKUM
rpadukom Harpy3ku (pucyHok 2.9). Koadbdunuent ¢opmbl Takoro rpaduxa
COCTaBJISIET OKOJIO 2-X, YTO MPUBOJUT K BBICOKHM TIOTEPSM MOITHOCTH M DHEPTUU B
AJIEMEHTAaX 3JEKTPOCHAOKEHUs JaHHOW yCTaHOBKH. [103TOMY, C IIENIbI0O CHIKEHUS
MoTephb, K OJHOMY HWCTOYHUKY TUTaHUs (TpaHcPopMaTopy) MOIKIIOYAOT
HECKOJIbKO TaKWX arperaTtoB, B pe3yJbTaTe YEro BBIPABHUBACTCS TPYIIIOBOM
rpaduk Harpy3KHu.

0 42
Pucynok 2.9 - I'padux Harpysku arperara Hedrenoosruu tTuna [IT'H ¢
nsuraresniem mapku Asle (P, = 50 kBT, cospx = 0,85)

KoaddunmeHT dhopmbl XxapakTepu3yeT CTEIeHb HEPABHOMEPHOCTH I'paduka
Harpy3Ku, MpsSMO MPOMOPLHUOHANIEH BEJIMYUHE MMOTEPh MOUTHOCTU U SHEPTHH
B DJIEMEHTAX CUCTEMBI JIEKTPOCHAOKEHUS TTOTPEOUTEIS.
KoaddunmenTsl, xapakrepu3yomue peskuMbl padoThl 3JEKTPOIPUEMHUKOB
(motrpeduTenen IEKTPOIHEPTUN ):
1. KoadduimeHT BKIIOUCHHUS:
— tB
R
B 0 XX
i€ g — BpeMs BKIIIOUCHHS U paOOThI BIIEKTPOIPUEMHHUKOB;
ty — BpeMsI OTKJTFOUCHHUS dJICKTPOIIPUEMHHUKA,



by — BpCMs1 pa6OTBI B PCIKUME XO0JIOCTOrO X0/J14.

I[JI}I I'PYHIIOBBIX Fpa(I)I/IKOB KOB(I)(I)I/IHI/IGHT BKIIIOUCHHA OIIPCACIACTCA KakK
CPpCAHCB3BCHICHHOC 3HAYCHUC KOB(b(bI/ILII/IeHTOB BKIIFOUCHUA BXOIAIINX B T'PYIITY
QJICKTPOIIPHUCMHUKOB!

KB — ZKSiPI-ti

P,

KOB(i)(bI/IHI/ICHT BKIIFOUCHUA Kg XapaKTCPU3yCT HCIIOJIb30BAHUC 3JICKTPOIIPH-

CMHHKOB 110 BPpCMCHHU.

3. Koaddwumument 3arpysku:

K P

HOM

2.22
rae P, - cpemHss MOIIHOCTb HAarpy3Kd 3a BpEMs BKIIIOUEHUS (2.22)

QJICKTPOIIPUCMHUKA!

!, P
“ T
riae T, - Bpems 1MKIIa,
T, - BpeMsl BKIIIOYEHUS,
P, - cpennss Harpyska 3a LUKJ UIH CMEHY

:¥ (2.24)
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KoadduimeHT 3arpy3ku xapakTepu3yeT UCIOJIb30BaHNUE MIEKTPOTIPUEMHHU
KOB I10 MOIITHOCTH.

3. KoaddurmeHT ncnoap30BaHus:

L

K =

u

(2.25)

HOM

[Ipu 3aaHHBIX UHIUBUAYATBHBIX KOA(D(UIIMEHTAX UCTOIB30BAHUS TPYIINO-
BOI KOA(PUIIMEHT PACCUUTHIBACTCS KAaK CPEIHEB3BEIICHHOE 3HAYEHHE IO BbIpa-
KEHHUIO:

Ku — zKuiPmmi (226)
2 oo
Koadpduiment ucnonbp3zoBaHus XapaKTepU3yeT HCIOJIb30BaHUE JJIEKTPO-
IPUEMHUKOB IO MOILIIHOCTH U IO BPEMEHM - 3TO OJIUH U3 OCHOBHBIX KOX((UIIMEH-
TOB, MIPUMEHSIEMbIX MIPH ONpPEACIICHUN pacueTHOU Harpy3ku. Ero 3naueHnus npuse-
J€Hbl B CIIPABOYHHUKAX JUISl BJIEKTPOOOOPYAOBAHUS PA3IMUHBIX THUIIOB (HAapUMED,
Tt MeTaiiooOpabareiBaromumx ctankoB K, = 0,12-0,2).



K =K, K, (2.27)

Hapsiny ¢ kosdduuueHtaMu HCHoONb30BaHUS B CHPABOYHOM JMTEpaType

NPUBEACHBI Takke KOA(D(PUIMEHTHl MOIIHOCTH JJIEKTPONPUEMHHUKOB. ITH

mapaMCTpbl HCIIOJIB3YIOTCA JIsA OIIPCACIICHUA pacquHoﬁ Harpy3ku, pacxoaa

AIIEKTPOIHEPTHH, JIJIsl COCTABIICHUS DJIEKTPUIECKUX OamaHcoB (Tabmura 2.2).

Tabnuua 2.2 — XapakTepUCTUKU PEKUMOB PaOOTHI 3JIEKTPOIIPUEMHUKOB

HanmeHoBaHue 3JIeKTPONpUEMHUKA K, COS
Hacocel 0,7 0,8
BeHTHISITOPBI I KOMITPECCOPHI 0,6-0,75 0,75-0,85
Konseliepbl 0.4 0.4

- 510 10 kBt

- cepiaie 10 kBt 0,55 0,7

Kpanst 0,25 0,5-0,6

CymunbpHbId mikad 0,8 1

Merannopexyuue cranku (MPC) 0,12-0,2 0,4-0,65

CapouHble TpaHC(HOPMATOPEI 0,3 0,4

. UHOyKIIMOHHBIE TT€YH 0,7 0,75

[Teun conpoTuBIeHUs 0,6-0,75 0,95

KoHTpoOJ/IbHBIE BONIPOCHI.

1) Uro Ha3bIBalOT TpaMKOM 3JIEKTPUUECKON HArpy3KH, KaKue Harpy3KH BbI-

NENIAI0T?

2) Turbl THANBUAYATBHBIX TPAPUKOB HATPY3KH.

3) Tunsl rpynnoBbIx rpad)KOB HArPy3KHU.

4) Tlokazarenu rpadMKOB Harpy3KH.

5) KoaddurmenTsl, XxapakTepusyromue rpauku Harpy3Ku.

6) Koappuruentst, XapaKTEPHU3YIOLIUE PEXUMBI
AIEKTPONPUEMHHUKOB.

paboTHI




