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1 Ocnoenvie nonamus. Homunanvuoie HANPANHCECHUA

Du3uueckasa npupooa I1eKmpuyecmea

dusnyeckas IpUPOJa JIEKTPUIECTBA MOKET PACCMaTPUBATHCS B IBYX aCIEKTaX:
® KOPILYCKYJIIPHOM (MOJIEKYJIIPHOM), T.€. B BUJIE IIOTOKA 3JIEKTPOHOB;
® B BOJIHOBOM, T.€. B BUJIE JIEKTPOMArHUTHOTO MOJI, KOTOPOE UMEET Pa3IUYHbIE MPOSIBICHUS B JJICK-
TPOIHEPTETHUKE.
[Ipn MonekynsipHOM acneKkTe 3a €IMHHULY 3HepruM npuHuMaror 1 M»sB, npu BonmHoBOoM — 1
KBT 4. FIX cCOOTHOIIEHNE TaKOBO:

1 MoB =4,42-10° 1 xBru.

COOTHOIIIEHHE 3TUX BEIMYMH MMOAYEPKHUBAET, UTO SHEPreTUUECKUE 3a/1a4u JOJKHBI paccMaTpH-
BaThCsl HE B MOJIEKYJIIPHOM, a B BOJTHOBOM aCIIEKTE.

[lepenaua 37€KTPO3HEPTUU TOKE PACCMATPUBAETCA B BOJHOBOM acliekTe. JImHus snexktponepe-
Jla4 HEe TPAHCIOPTUPYET JIEKTPUUECTBO, KAK KaHAJIbI TPAHCIOPTUPYIOT BoAy. OHa sIBIISETCS BOJIHOBO-
JIOM, KOTOPBIM 3aCTaBIISI€T YHEPTUIO CIIEIOBATh IO ONPEJCICHHOMY NyTH. Takoil BOJHOBOA SIBISETCS
Han0oJiee MPOCTHIM CPEACTBOM IEpejaud SHEPTUH MIPH BOJHAX MAJIOH JUTHHBL.

Cesoiicmea r3nekmpoInepzuu

Ta orpomHas poiib, KOTOPYIO UTPAET HJIEKTPOIHEPTUsl B HAIICH XKU3HM OOYCIIOBIIEHA CIIETYIO-

IIIMMH €€ CBOMCTBAMU:

® JIErKOCTh Nepeiaur Ha OOJIbIINE PACCTOSHHS IO CPABHEHUIO C IPYTUMU BHJIAMH SHEPTHH;

® BO3MOXXHOCTb NPEOOpa30BaHU B IPYrHe BUBI SHEPTHH C BHICOKHM K.II.JI. HE3aBUCUMO OT €€ KOJIrue-
ctBa. [ToaToMy HEeT HEOOXOJJMMOCTH B €€ XpaHEHUH;

® DOJIEKTPO3HEPTHs IMPOSIBISLETCS B BUAE MOTOKA, KOTOPBIA Pa3ApoOMTh Ha YacTH Jierde, 4eM ApyTHe
SHEPTEeTHUYECKHUE TIOTOKH (yToJib, HEPTEIPOTYKTHI);

e TOTpeOsICHHE DIEKTPOIHEPTHH MOXKET IJIaBHO MEHSATHCA OT HYJS A0 MAaKCMMyMa B 3aBHCHUMOCTH OT
X07la caMoro Ipoliecca MPOU3BOICTBA WM HArPYy3KHU paboyero MexaHnu3Ma;

® BO3MOXHOCTb 3HAYMTEIbHON KOHIICHTPAIIMH MOIIHOCTH ITPH POU3BOJICTBE AIICKTPOIHEPTUH;

® IIOTOK DJIEKTPOIHEPTUH MOXKHO MPEJCTAaBUTh HENPEPHIBHBIM WM MEPUOJHYECKUM B BHJE CHHYCOU/IBI.
Taxoe npezacraBienne Haubosee ynoOHO i WHGOpMaUOHHBIX OTOKOB. [TosaTomy JIDII yacto uc-
HOJIB3YIOTCS M JUIS TIepeaddl HH(POPMAIIH;

® DJEKTPOIHEPrus SABJISIETCS HauOojiee YUCTHIM BUAOM DHEPIUU U HAUMEHbBIIEH CTETEeHU 3arps3HseT
OKPY’KaIOIIYIO Cpeay;

e OpHEHTAIMs Ha WCIOJIb30BaHUE TPEeX(Pa3HOTO TOKA MpHUaaa MCIOIb30BAHUIO JIEKTPOIHEPTHH OHO-
POIHOCTB.

dnekmpuueckasn cemov, KK 4acmsy 31EKMPULECKOU CUCMEMbL

[To TeXHUKO-3KOHOMHUYECKHM COOOPAKEHUSIM BCE DJEKTPOCTAHIIUU, KOTOPHIE PACIIOJIOKEHBI B
OJIHOM DPETHOHE, COCIUHSIOTCS MEXIy COO0O0M NI mapayjiebHOM pabOThl Ha OOIIYI0 HArpy3Ky MpH
nomotu JIDIT pasznuyHoro kiacca HanpspkeHus. OObeUHEHUE OTINYAeTCs] OOIIHOCTBIO peKuMa U
HENPEPBHIBHOCTHIO Tpoliecca MPOU3BOJICTBA, paclpeAesieH!s] U MOTpeOsIeHUsT TEIIOBOM U AJIeKTpuye-
cKkoi sHepruil. OHO HA3BIBACTCS IHEPZeMUUECKOoU cucmemoul. J[pyruMu CIOBaMH, IHEPZemuuecKas
cucmema — 3TO COBOKYITHOCTh BCEX 3BEHBEB IIEMIOYKHU MOydeHUs], MpeoOpa3oBaHus, pacipeleleHus 1
HUCIOJIL30BAHUS TEIJIOBOU U BHGKTpHHGCKOﬁ SHCPTHUHU. CxeMaTHYHO SHEPIreTUIYCCKAasA CUCTCMaA MpPCa-
craByieHa Ha puc. 1.1.

Dnekmpuueckas WIH INEKMPoOIHEPeMUYecKan cucmema TpecTaBiIsIeT cOO0H 4acTh dHEpre-
TUYECKOM cucTeMbl. 13 Hee HCKITI0ualoTCs TEIIOBBIE CETU U TEIIOBbIE OTPEOUTEIH.
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Pucynok 1.1 — YcnoBHoe 0603Ha4eHNE SHEPTETHYECKON U
BIIEKTPUYECKON CUCTEM

DneKTpuUecKas CUCTeMa MPEACTABISIET CO00M CIIOKHBIN 00BheKT. CII0KHOCTh 00yCIIOBJICHA Psi-
JIOM CIIeIU(UIECKUX OCOOSHHOCTEH:
MIOCTOSTHHOE COBIA/ICHHE 10 BPEMEHHU Ipollecca BHIPA0OTKH, Mepeaadu U MOTpeOIeHUs JIEKTPOIHED-
THUH;
HENPEPBIBHOCTH MpOIlecca BHIPAOOTKH, MEepeiadrl U MOTPEOICHUS IIEKTPOIHEPTUU  HEOOXOIUMOCTh
B CBSI3U C OTUM HETIPEPHIBHOTO KOHTPOJIIS 3a 3TUM TporieccoM. [Iporiecc nepenadyn 31eKTPOIHEPTUH TIO
LENH “‘TeHEePaTOp — IECKTPONPUEMHHUK BO3MOXKEH JIUIIb PU HAACKHOM AIEKTPUUECKON U MAarHUTHOMN
CBSI3M Ha BCEM MPOTSHKCHUH TOU 1EMH;
MOBBILIICHHAS] OMACHOCTh AEKTPUUYECKOT0 TOKA JUIsl OKPYXKAIoIIe cpelibl U 00CITyKHUBAIOIIEro Mepco-
Haua;
OBICTpOE MPOTEKaHHE MPOIIECCOB, CBA3aHHBIX C OTKA30M PA3JIMYHBIX AJIIEMEHTOB OCHOBHOW TEXHOIIO-
THYECKOMU I[CTTOUKH;
MHOT000pa3ue (QyHKIIMOHAIBHBIX CUCTEM M YCTPOUCTB, KOTOPbIE OCYLIECTBIISIOT TEXHOJIOTHIO MTPOU3-
BOJICTBA DJIEKTPOIHEPTUH; YIPaBIIEHUE, PETYINPOBaHUE U KOHTPOJIb. He00X0AMMOCTh UX MOCTOSIHHO-
r'0 ¥ Y€TKOTO B3aMMO/ICHCTBHS;
yaJe€HHOCTh YHEPreTHUECKUX 00BEKTOB JIPYT OT JIpyra;
3aBUCHUMOCTh PEKHUMOB PaOOTHI AJCKTPUUECKUX CUCTEM OT PA3NIMUYHBIX CIYyJalHBIX (HakTOpoB (TOTOM-
HBIE YCJIOBUS, PEKUM pabOThl JHEPTOCUCTEMBI, TOTpeduTENEi);
3HAYUTEIbHBIH 00beM pabOT MO0 PEMOHTHO-IKCILTYyaTallHOHHOMY OOCITY>KHMBAHUIO OOJIBIIIOTO KOJIHYe-
CTBa Pa3HOTUITHOTO 000PYAOBaHUS.

Ha snexTpuyeckux cxemax 3JeKTpUYEeCcKasi CUCTEeMa MPeICTaBIsSEeTCs CIEeYIOIMUM 00pa3oM (CM.
puc. 1.2).
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Pucynox 1.2 — O603HaueHNE 2IEKTPUUECKON CUCTEMBI Ha DJIEKTPUUECKHUX CXEMaX

Inexmpuueckan cemvp — 3T0 COBOKYITHOCTD JIEKTPOYCTAHOBOK JUIsl PACTIPEAETICHUS AIEKTpUde-
ckoii Heprur. OHa COCTOWT W3 MOJCTAHIINM, pacIpeIeTUTEIbHBIX YCTPOMCTB, BO3AYIITHBIX U KaOeb-
HBIX JIMHUH 3JIEKTpOIIepe1ay.

Junusa anekmponepeoau (JIII) — 510 >NEKTPOYyCTAaHOBKA, MpPEIHA3HAUYCHHAs IS MEpeaadyu
AJIEKTPOIHEPTUH.

Tak kak mnepemada 3JIEKTPOIHEPTHH SKOHOMHYECKH BBIFOAHA TOJIbKO 10 JIDIT BBICOKOTO
HATNIPSDKEHUs, TO SHEPrus, KoTopas BbIpabaTwiBaeTcs Ha DC, mpeoOpaszyeTcsi B DHEPTHIO BBICOKOTO
HanpspKeHus mpu nomoiu TpaHcpopmatopoB IC. IloacraHuuu, Ha KOTOPBIX MPOU3BOJUTCS 3Ta
TparcopMaIysl Ha3bIBAIOTCS nogblutaowumu (numatowumu). Ha 1pyrom KoHIE IEKTpOIEpeIadn
CTPOUTCS HOHU3UmMenvHas (npuemnasn) TOJACTAaHIMSA. BTopoe Ha3BaHHMe YCIOBHOE, T.K.
MOHU3UTENbHAS TTOJICTAHITNS MOXET ObITh OJTHOBPEMEHHO U MMHUTAOIIEH ).

DNEeKTPOYCTAaHOBKH, IPUEM U pacHpeesieHne 3JEKTPOIHEPTUU B KOTOPHIX BBIMOIHIETCA Ha O-
HOM ypOBHE HampspKeHus, T.e. 0€3 TpaHC(POpMalMH, HA3bIBAIOTCS pacnpedeiumenbHbIMU WIA nepe-
KI04amenabHblMU HYHKMAamu.

DHEProcCUCTEMbI, PaCOJI0KEHHBIE B PA3JIMUHBIX SKOHOMHUUECKUX palOHAX, CBS3BIBAIOTCS MEXKIY
co00i1 TMHUSAMHU 3JIEKTpOIIepeiad BEICOKOTO HaMpshKeHUs. T0 oOecreyrBaeT B3auMHbIM 0OMeH MOII-
HOCTSIMU U Ja€T CIIEYIOUIUE IPEUMYIIECTBA:

CHIDKEHHE CyMMapHOTO MaKCUMYyMa;

yYMEHbIIIEHHE CyMMapHOro pe3epBa MoutHocTH (12 —20% ot cymMapHO MOIITHOCTH);
MOBBILIAETCS HAJISKHOCTh M KQUeCTBO HEPrOCHAOKEHUS;

MOBBIIIAETCS] SKOHOMUYHOCTh UCIIOJIb30BAHUSI SHEPTOPECYPCOB;

yIIydIlIaeTcsi UICHoJIb30BaHUE MOIIHOCTU DC (MOKHO CTPOUTH MOIIHBIE arperaThl);
obneryaercs paboTa CHCTEM MPH CE30HHBIX U3MEHEHUSX HArPy3KH, IPH PEMOHTAX M aBapHUsX.

Ho B 00BeIMHEHHBIX CHICTEMaX YCIIOKHSCTCS peJieifHasl 3aluTa, aBTOMAaTHKA U YIIPaBICHUE pe-
KUMaMHU.

Homunanovuwie HANPAIHCEHUA

BripaboTtka, nepenadya u notpebieHre 3JEKTPOIHEPTUU BBIMOJIHACTCS MPU PA3TUUYHBIX HaAIps-
KEHUSX: TeHepauus npu HanpsbkeHuu 1o 30 kB, nepenada — npu Hanpsbkenuu 35 kB u Bble, no-
TpeOJeHHe — COTHU U THICSIYU BOJIBT.

HomuHanbHbIM HalpsHKEHUEM 3JIEMEHTOB JIEKTPUYECKON CETH (3JIEKTPONIPUEMHUKH, TEHEPATO-
pBI, TpaHCPOPMATOPHI) HA3BIBAETCS TO HANPSHKEHUE, HA KOTOPOM 3TH AJIEMEHTHI UMEIOT Haubosee 11e-
Jecoo0pa3Hble TEXHUYECKHUE M SKOHOMUYECKHE XapaKTePUCTUKU.

HomuHansHbIe HANPSDKEHUs YCTaHABIMBAIOTCS TocyaapcTBeHHBIM cTanaapTom (I'OCT).

Ta6muma 1.1 — Homunansabie Hanpspkenus (1o 1000 B) nepemennoro tpexdasnoro Toka, B
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HcTounuku u 42 230 400 690
peoOpa3oBaTeu
Cetn u 40 220 380 660
AIICKTPOIPUEMHHUKH

Ta6mmma 1.2 — Homunaneabie Hanpsokenus (6osiee 1000 B) nepemenHoro tpexdasHoro Toka, kB

Tpancdopmarops! U aBTOTpaHCHOPMATOPHI
Ceru n I'enepaTopsl u 6e3 PITH c PITH
PpHUCMHHUKH CK IIEPBUYHBIC BTOPUYHbBIE IIEpPBUYHBIC BTOPUYHBIE
00MOTKH 00MOTKH 00MOTKH 00MOTKH
(3) (3,15) (3u3,15) (3,151 3,3) — (3,15)
6 6,3 6; 6,3 6,3; 6,6 6; 6,3 6,3; 6,6
10 10,5 10; 10,5 10,5; 11 10; 10,5 10,5; 11
20 21 20 22 20; 21 22
35 — 35 38,5 35; 36,75 38,5
110 — — 121 110; 115 115; 121
(150) — — (165) (158) (158)
220 — — 242 220; 230 230; 242
330 — 330 347 330 330
500 — 500 525 500 —
750 — 750 787 750 —
1150 — — — 1150 —

HomunanbHble HanpskeHUs UCTOUYHUKOB (reHepatopsl U CK) 1o ycinoBusiM KOMIIEHCAIMH IO-
TEpb HANPSHKEHUS B TIUTaEMOM CETH NPHUHATHI Ha 5% BbIIIE HOMMHAJIBHBIX HAIPSHKEHUI CETH.
[lepBuuHble OOMOTKH TpaHC(HOPMATOPOB SBISIOTCS MPUEMHUKAMHU 3JeKTpodHepruu. IlosTomy

JUISL TIOBBIIIAIOIINUX TPAaHCHOPMATOPOB MX HOMUHAIbHBIE HANPSKEHUS paBHbI HOMUHAJIbHBIM HaIpsi-
KEHUSM TEHEepaTOPOB; /IS MOHIKAOIINUX TPaHC(HOPMATOPOB — HOMHUHAIBHBIM HAMPSKCHHUSIM CETH
wii Ha 5% Bbime. Bropuunble 0OMOTKHM TpaHC(GOPMATOpPOB MUTAIOT MOCIEAYIOMYIO ceTb. UTOOBI
CKOMIICHCHPOBATh MOTEPI0 HAMPSHKEHUS B TpaHCHOpMATOpax, UX HOMHHAJIBHBIC HAMPSOHKEHUS BHIIIC
HOMUHAJIBHBIX HarpshkeHui cety Ha 5 — 10%.

Kaxxnas snekTpuyeckas ceTb XapakTepHU3yeTcss HOMUHATBHBIM HAIMPSHKCHUEM DJIEKTPOIIPUEMHU-
KOB, KOTOpbIE OT Hee MUTAIOTCA. B NeHCTBUTENbHOCTH 3JEKTPONPUEMHUKH pa0dOTaIOT MPH HATpsKe-
HUM OTJIMYHOM OT HOMMHAJIBHOIO HANpsDKEHWs u3-3a notepb HampspkeHus. CormacHo 'OCT, mpu
HOPMaJIbHOM pexuMe paboThl CETH HANPSHKEHUE MOJABOJUMOE K 3JIEKTPOIIPHEMHHUKAM HE JIOJDKHO OT-
JIMYaThCs OT HOMHHAJIBHOTO OoJbiie, yeM Ha + 5%. T.e. nanpsbkenue U; He TOMKHO MPEBBIIATH HO-
MUHaNbHOE Oosee, yeM Ha 5%. Hanpsbxenune U, He TOKHO ObITh HMKE OoJibliie, yeM Ha 5% (cM. pHcC.
1.3). HomuHasibHOE HAIIPSIKEHUE CETH PABHO €€ CPEAHEMY 3HAUCHUIO:

U :U1+U2-
HOM 2



+5%

-5%

H01 ch HCB

Pucynok 1.3 — Onpenenenrne HOMUHAIBHOTO HANIPSIKEHUS CETH
Oéacme ucnonb308anus HOMUHANLHBIX HANPANHCCHUTL

Hanpspoxkenusa 220 B, 3, 20 u 150 kB cuuTtaroTca HeNmepCneKTUBHBIMA U HE PEKOMEHIYIOTCS JJIsI
BHOBB IIPOEKTUPYEMBIX CETEH.

B cetn no 1000 B mHanbonpiee pacnpoctpanenne noayuniio Hanpsbkerue 380 B. Mcnonb3yercs
JUlsl TUTaHWsI OCBETUTENbHON HArpy3KH BHYTPU U BHE NOMEUIEHUH, Ul MUTAHUS MEJKOMOTOPHOH Ha-
CPY3KH MPOMBIIUIEHHBIX TPEIIPUITUH.

Hampsokenne 660 B npuMmensieTcst B 3aBOACKUX CETAX [UIsl IUTAHUS JIEKTPOCUIIOBON HArpy3KHu.

Hanpspoxkenue 6 n 10 kB ucnonb3yrorcest 1iist pacpeaeTuTENbHbIX CETE B TOPOJCKOM M CEIbCKOM
MECTHOCTH.

Hampsioxenune 35 u 110 kB umeror Hanbonsinee pacnpoctpanenue. Hanpsokenue 35 kB ucnosns-
3YIOT B pacnpenenuTenbHbix cetax. Hanpsoxkenne 110 kB BeimonuseT nee pyHkuuu:
MUTAeT KPYIHBbIE LEHTPHl MOTPEOJCHUs] DHEPrHH, T.€. BBICTYMAE€T B POJM CHUCTEMOOOPa3yIoIEro.
Oco0eHHO 3TO OTHOCUTCS K CTapbIM HEPTOCHUCTEMAM;
MUTAeT MOJICTaHIMK HeOobmoi MomHocTu HanpsikeHreM 110/10 kB B 30Hax o0cCiTy>kUBaHUS TIOTpe-
oureneii 10 kB, T.e. BRICTyIaeT B poJiu pacipeAeIUTEIbHOTO.

Hanpspokenue 220 kB npuMeHSIIOT B SHEprocucTeMax ¢ BoicinM HamnpsbkeHueM 500 kB mpu 3Ha-
YUTEIHHOM POCTE HArpy30K, Kak Hanbosee MepCcreKTUBHOE M0 OTHOIICHUIO K HampspkeHuto 110 xB.

Hampsixenus 330 kB u BbIlie UrparoT pojIb CUCTEMOOOPA3YIONIUX HATIPSHKCHHI.




2 Knaccugpukayua snekmpuueckux cemeil

DJEeKTpUUECKUE CETH KITaCCUPUITPYIOTCS:
0 POAY TOKa;
110 HOMUHAJIBHOMY HaIlPsDKEHUIO;
10 KOHCTPYKTUBHOMY HMCIIOJTHEHHUIO;
10 PACIOJIOKEHHUIO;
10 KOH(PUTypaluu;
10 CTETIEHU Pe3ePBUPOBAHHOCTH;
0 BBITIONTHSEMBIM (DYHKIIHSIM;
0 XapaKTepy MoTpeOuTeNei;
110 HA3HAYCHUIO B CXEME AJIEKTPOCHAOKCHHUS;
0 PEeKUMY pabOThI HEUTPAIIH.

Ilo pody moxa pa3nuyaroT CETH nepemenHo20 U nocmosinio2o Toka. OCHOBHOE pacipocTpaHe-
HUE MOJYYHIIN CETH TpeX(a3HOro MepeMeHHOr o TOKa.

OI[HO(I)EBHBIMI/I BBITIOJIHAIOTCA BHYTPUKBAPTUPHBIC CCTH. OHHU BBIMOIHSIOTCSA KaK OTBETBIIEHUE
OT Tpex(ha3HOU YETHIPEXITPOBOIHOM CETH.

CeTH TOCTOSHHOTO TOKa HCIIOJIB3YIOTCA B HNPOMBIINIICHHOCTHU (BJIGKTpI/I‘-IeCKI/Ie ey, SJICKTPO-
JIM3HBIE LI€Xa) U JAJI1 TUTaHUS TOPOJICKOTO AJIEKTPOTPAHCIIOPTA.

[TocTostHHBIN TOK HCTIONB3YeTCs I Iepeaay SHepruu Ha Oosbiuue paccrostaust. Ho, Ha mocTo-
SSHHOM TOKe pabotaet Tosbko JIDII: B BHawane u koHnie JIDII cTpositcs mpeoOpa3oBaTeabHbIE TOJI-
CTaHLIMHU, HA KOTOPBIX MPOMCXOJUT IpeoOpa3oBaHUE MEPEMEHHOTO TOKa B MOCTOSIHHBIA M 0OpaTHO.
Hcnonp30BaHne MOCTOSHHOTO TOKa OOECeunBaeT yCTONUMBYIO MapajieibHYI0 paboTy reHepaTopoB
9C.

[TocTOsSIHHBINM TOK KCIOJIB3YETCS JUIsl OPraHU3alluU CBSI3U JIEKTPOIHEpPreTHueckux cucrem. llpu
TOM OTKJIOHEHHE YacCTOThI B KaXKJIOM CHCTEME MPAKTUYECKU HE OTPAXKAETCs Ha MEepeaaBacMoOMl MOIIl-
HOCTH.

CyIiecTBYIOT Mepeiayu MyJbCUPYIONIETO TOKA. B HUX 3IEKTpO’HEprus mepeaaercs mo oomei
JUHUM OJTHOBPEMEHHO MEPEMEHHBIM U MOCTOSIHHBIM TOKaMHU. Y TakoW Mepefaydd yBEIMUHWBaeTCs Mpo-
MyCKHasi CIOCOOHOCTH 1Mo oTHOIIeHUIO KJIDIT mepemeHHOro Toka u oberdaercs 0OTOOP MOIIHOCTH TI0
cpaBHeHUIO ¢ JIDII mocTosHHOTO TOKA.

Ilo nanpasxcenuro cornacuo 'OCT ceru gensitca Ha cetu HanpspkeHueM 0 1000 B u cetn Ha-
npspkeHueM Beime 1000 B.
B nutepatype BcTpedaeTcs U Takoe JIeJIeHHE:
ceTu HU3KUX HanpspkeHuit (220 — 660 B);
CETH cpeHMX HanpsbkeHuil (6 — 35 kB);
ceTu Bbicokux HanpspkeHuit (110 — 220 kB);
ceTu cBepxBbICOKUX HanpsbkeHuid (330 — 750 kB);
CETH yJIbTPaBBICOKUX HampsbkeHui (0onee 1000 kB).

Ilo KOHCMPYKMUBHOMY UCROJIHEHUI0 PA3TUYAIOT BO3YIIHBIC U KaOEIbHBIE CETH, TPOBOAKU U
TOKOTIPOBO/IBI.

TokompoBOJ — 3TO YCTAaHOBKA JUIsl MEpeaul U paclpeiesieHHs dJIEKTPOIHEPrUuu, KOTopasi Hhc-
MOJIb3YETCS Ha MPOMBIIUIEHHBIX MpeAnpusaTusax. COCTOUT U3 HEM30JIMPOBAHHBIX MIIM U30JIMPOBAHHBIX
MIPOBOJIHUKOB, U30JISTOPOB, 3ALTUTHBIX 000JI0YEK U OMOPHBIX KOHCTPYKIIUH.

DNEKTPONPOBOAKHY MPeIHA3HAYCHBI JISl BBIMIOJTHEHUS CeTel B 3JaHUSIX.



Ilo pacnonoscenuro cetn AenATCS HaHaApydiCHble U 6HympeHHue. Hapy)KHbIE BBIIIOJIHAIOTCS HE-
M30JIMPOBAHHBIMU (TOJIBIMHU) MPOBOJIAMHU U KalensiMu. BHyTpeHHHE BBIMOIHAIOTCS U30JUPOBAHHBIMU
IIPOBOJAMH.

Ilo kongueypayuu cetu nenstcs Ha pazomxkHymule (cM. puc. 2.1) u samknymete (cM. puc. 2.2).

PazoMKkHyTBIE ceTH MUTAIOTCS OT OJHOTO MCTOYHMKA MUTAHUS M MEpPEefaroT 3JIEKTPOIHEPTUIO K
HOTpC6I/ITCHHM TOJIBKO B OAHOM HaIlpaBJICHUH.

B 3aMKHYTBIX CETSIX JIEKTPONPUEMHHUKH MOJYYalOT 10 MEHBIIEH MEpe C JBYX CTOpOH. Paznu-
YaroT IMPOCTHIC 3aMKHYTBIC CCTH U CJIOKHO3aMKHYTBIC CCTH. HpOCTLIC 3aMKHYTBIC CCTU UMCIOT OOUH
3aMKHYTBI KOHTYp, CJIOXXHO3AMKHYThIE — HECKOJbKO. K MpOCThIM 3aMKHYTBIM CETSM OTHOCSATCS
KOJIbLICBAsA CCThb U CCTh C ABYXCTOPOHHUM IMUTAHUCM.

HIT HIT
JIOII L JISIIL,
= I
=II CIN] Z1Iz
a) 6)
% TITT ) JIAT1 9 i
T oI,
=) oI,

Pucynox 2.1 — pa3oMKHyThIE ceTH: a) paanaiibHasi; 0) MarucTpajibHasl; B) MarucTpajibHas C OTBETBJIE-

HHUEM
HIL, T, T30, mns Ml
7 -
0L Gl
Sl Sl 6)

a)

HIT;

B)

Pucynok 2.2 — 3aMKHYyTBIE CETH: a) KOJbIIEBast; 0) ¢ AByXCTOPOHHUM MUTAHUEM; B) CII0KHO3AMKHYTas

Ilo cmenenu peszepeuposannocmu CETU JIEIATCS HaHEPe3ePEUPOBAHHbIE N Pe3ePEUPOBAHHDbLE.
3aMKHYTBIE CETH BCETJa PE3ePBUPOBAHHBIC, TIOTOMY YTO MPHU OTKI0UeHUH 000 JIDIT unm moboro
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HCTOYHHUKA IMUTAHWUSA HU OJWH H3 HOTpGGI/ITeHef/’I HC TTOTCPACT IMUTAHUC. MaFI/ICTpaJIBHBIe CCTH, BBIIIOJI-
HCHHBIC O,HHOﬁ LEIMBIO, ABJIAIOTCA HECPE3CPBUPOBAHHBIMH, TaK KaK 4aCTb UJIU BCC l'IOTpe6I/ITCJ'II/I TEPAIOT
IMUTAHUC B 3aBUCUMOCTU OT MCCTA NOBPCKIACHUA U MCCT YCTAHOBKU KOMMYTaHHOHHOﬁ afrapaTrypbl.
MarI/ICTpaJIBHBIC CCTH, BBIMIOJIHEHHBIC ABYMSI LCIIAMU, SABIAIOTCA pE3CPBUPOBAHHBIMU.

Ilo evinonnaemvim ynKyuam pasianyvaroT cucmemoobpaszyiowjue, numawoowue U pacnpeoeiu-
menbHble CETH.

CuctemoobOpa3yrorue ceTd — 310 ceTu HanpspkeHueMm 330 kB u Beimre. Beimonasitor QyHKINio
dbopmupoBaHus dHeprocucteM, o0beauHsst MotHble DC U o0ecnieunBas UX (YHKITMOHUPOBAHHUE KaK
€IMHOr0 00BEeKTa YMpaBJICHUS. DTU CETH XapaKTepPHU3yIOTCS OOJBIIMM PaJilyCOM OXBaTa, 3HAUUTENb-
HbIMU Harpy3kamu. CeTH BBINOJHSAIOTCS MO CI0KHO3aMKHYTHIM MHOTOKOHTYPHBIM CX€MaM C HECKOJIb-
kumu UIL.

[Muraronue ceTn mpeaHa3HAYCHBI AJIs IePEeIayu JIEKTPOIHEPTUH OT MOJICTAHIINI crucTeMoo0pa-
sytomieid cetd U oT mmH 110 — 220 kB OC k paiioHHbIM mojcTaHiusM. [Iuraromme cetu 0ObIYHO
3aMKkHYThI. x Hanpsxenue — 110 — 220 xB.

PacnipenenurensHas ceTh nmpeqHa3HadeHa Ui Nepeqadyd 3JIEKTPOIHEPTUH Ha HeOOJbIINE pac-
CTOSIHHS OT IIUH HU3IIETO HanpspkeHus paiionHbix [IC HenmocpeacTBeHHO kK moTpeburensm. Takue ce-
THU BBITIOJIHAIOT TI0 Pa30MKHYTBIM cxeMaM. PaznuyaroT pacnpeenuTenbHble CeTH BHICOKOTO Hampsike-
Hus (6onee 1000 B) u Huskoro Hanpspxeruit (mo 1000B).

Ilo xapaxmepy nompebumeneii CeTH IENATCS HACOPOOCKUE, NPOMbBIULIEHHbIE U CEIbCKUE.

['oponckue ceTu XapakTEPU3YIOTCS BBICOKOW IUIOTHOCTBIO DJEKTPUUYECKUX HArpy3ok (mo 12
MB-A/kM”) 1 GONBIIAM KOTHYECTBOM Pa3HOPOIHBIX MOTPEOHTENCH.

K npOMBIIIIIEHHBIM CETSAM OTHOCSTCS CETHU TPOMBILUICHHBIX NPEANPUATHA. DTH CETH JENATCI HA
CETH BHEILITHET0 M BHYTPEHHETo 3JIeKTpocHab)eHus. HampspkeHne 3aBUCHT OT OJIM30CTH K MUTAIOIIEH
[1C. Ecnu oHa pacnonokeHa BOJIU3U MPEANPUATHS, TO HAMIPSKEHUE BHEIITHETO YJIEKTPOCHAOXKEHHS — 6
- 10 kB, a Buyrpensnero — g0 1000 B. Ecau nuraromas I1C pacnonokeHa naneko, TO HalpspKEHHUE
BHEIITHETO AJIEKTPOCHAOKEHUSI MOBBIIAETCS. J[JI1 TPOMBINTUICHHBIX CETEH CYIIECTBYET MOHSTHE “Tiy-
60Kkoro BBoja”, Koraa Beicokoe HanpspkeHue (220 —330 kB) 3aBoauTcs Ha TEPPUTOPUIO 3aBOA, MUHYS
JOTIOIHUTENbHBIE TpaHCchopmanuu. B 3ToM ciyyae B cxeMe BHYTPEHHETO AJIEKTPOCHA0KEHHS UCTIOb-
3yercs HanpsbkeHue 6 — 35 kB.

Cenbckue cetn — cetu HanpspkenueM 0,4 — 110 kB. Onu npennasHadeHsl 71 MATaHUS HEOOJb-
IIMX HACEJICHHBIX IYHKTOB, CEJbCKOXO3SHCTBEHHBIX MpeanpusaTHii. OTauyaroTcss OONbLIIOW MPOTH-
JKEHHOCTBIO M MaJIOM TUIOTHOCTBIO Harpy3ku (mo 15 KB‘A/KMZ). CenbCKHUE CETH BBIMOJIHAKOTCS, B OC-
HOBHOM, BOo3aylmHbIMU JIDIT 0 pa3oMKHYTEIM cxemam.

Ilo naznauenuio 6 cxeme 31eKMPOCHAOICEHUA CETU IETATCS HA MeCmHble U pAUOHHbIE.

MecTtHble ceTH 0XBaThIBAIOT IOy paauycom 10 30 kM. OHU UMEIOT MaIyl0 TUIOTHOCTh Ha-
Ipy3KH W HampspkeHue 10 35 kB BKIIOYHTENBHO. DTO CEIbCKHE, KOMMYHAlbHble M (haOpUYHO-
3aBoJickue ceTH. K MeCcTHBIM ceTsiM OTHOCATCS “TiyOoKue BBOABI HanpspkeHueM 110 xB.

PaiionHbIe ceTH OXBaThIBalOT OOJbIINE paiioHbl U MMetoT HanpspkeHue 110 kB u Beime. Ilo paii-
OHHBIM CETSIM OCYIIIECTBIISIETCS Mepeaada ekTpodnepruu oT IC B mecta ee nmotpednenus. K paitoH-
HBIM CETSIM OTHOCSITCS OCHOBHBIE CETH CHUCTEeMbl, MaructpaibHbie JIDII BHyTpuCcHCTEeMHON CBSI3U U
MEKCHCTEMHBIE CBSI3H.

Ilo pesxtcumy pabomul Helimpaau CETH NEIATCS:
Ha CETU C U30JIMPOBAHHON HEUTPAJIBIO;
Ha CETU C KOMIIEHCHUPOBAaHHON HEUTPAJIBIO;
Ha ceTH ¢ APPEKTUBHO — 3a3eMJICHHOM HENTpalIbio;

Ha CETH C IIyX03a3eMJICHHON HEUTPAJIbIO.
Pexxum paboThl HEUTpaIH OMpeaenseTcs: CrocoO0oM COeTMHEHUS HeUTpainu ¢ 3emiieid. B ceTsx ¢
M30JIMPOBAHHON HEUTPAIBIO IEKTPOYCTAHOBKU HE UMEIOT CBS3M C 3eMIIeH. B ceTsax ¢ KomMmeHcupo-
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BAHHOU HEWUTpPaJIbI0 UMEETCS CBSI3b Yepe3 AYTrOTacUTEIbHYIO KaTylKy. B ceTsax ¢ riryxo3a3eMieHHON
HEHUTpaJIbI0 — HEMIOCPEJCTBEHHAS CBs3b C 3eMiieil. B ceTsax ¢ adpexTnBHO-3a3eMICHHON HEUTPATBhIO —
4acTh HeWTpasiell TpaHnchopMaTopoB 3a3eMIIeHa, YacTh — pa33eMiieHa (B HEHTpalb BKIIOUEHBI pa3be-
TUHUTENb U Pa3psAIHUK).

Br16op pexxuma pabotsl HelTpanu B cetu A0 1000 B onpenensercs GezomacHocThiO padoT. B
ceru Boiie 1000 B — nBymst npuunHamu:
CTOMMOCTBIO M30JISIIMH 000pyI0OBAHUS;
BEJIMUMHOM TOKOB 0JTHO(A3HOT0 KOPOTKOTO 3aMbIKAHUS Ha 3€MJIIO.

B cootBercTBUM ¢ “IIpaBunaMu yCTpOMCTBA 3JIEKTPOYCTAHOBOK 3ekTpoycTtaHoBkU 10 1000 B
paboTaroT 1100 C IrITyX03a3eMJIEHHOMH, JIN0O C U30JIMPOBAaHHON HEUTPATIBIO.

B nepBom ciryuae nMeeM 4eTBIPEXTIPOBOIHYIO CE€Th. 3aMbIKaHKE JTF000M (a3bl Ha 3eMITIO TIPUBO-
JUT K KOPOTKOMY 3aMBIKaHHUIO B CETH (TOK MOBpexIeHUs OonbIoii). [Ipenoxpanutens moBpexaeHHON
(a3l Ieperopaert, a I8¢ 310poBbIe (Pa3bl ocTaloTCs B paboTe nmpu pazHOM HANPSIHKECHUH.

Bo BTOpOM Ccitydae uMeeM TPEXIpOBOJIHYIO CeTh. B Takoi cetu 3aMbIkaHue (a3bl HA 3EMITIO HE
IPUBOJUT K 3HAYUTEIILHOMY POCTY TOKa B MecTe MOBpexkAeHUs, (pa3a He oTkiouyaercs. Da3Hble Ha-

NpsHKEHHUS HEMOBPEXKICHHBIX (ha3 BO3PACTAIOT J0 JIMHEHHBIX 3HAUEHUH, T.€. BO3PACTAIOT B \/g pas.

B 00oux cioydasx U30Js11s pacCUMTHIBAECTCS HA TMHEHHOE HANpsKEHHUE.

Ceru HanpsoxeHueM 6 - 35 kB cunTaroTcs ceTsMU ¢ MaJbIMM TOKaMM 3aMbIKaHUS HA 3eMIIO (10
500 A). PabGoTaroT Takue ceTu MO0 ¢ U30JIUPOBAHHOM, THOO ¢ KOMIICHCUPOBAHHOW HEUTPAIBIO.

B cetu ¢ nzonupoBaHHON HEHTpabio pU KacaHUH (pa3bl 3eMITI0 HANPSHKEHHUE ATOH (a3bl CTaHO-
BUTCS PaBHBIM HYJIIO, a Ha 3JI0POBBIX (pa3zax Bo3pacTaeT J0 JIMHEWHOro 3HaueHus (cM. puc. 2.3 a). [lo-
9TOMY M30JISLMs AOJKHA ObITh pacCuMTaHa Ha JIMHEHHOe HanpspkeHue. EMKOCTHBIM TOK B MOBpEX-

JICHHOM (pa3e paBeH HYIIO, a B HEMOBPEXKAECHHBIX (pa3ax yBeIHMYUBACTCS B \/g pa3 (cm. puc. 2.3 0).
CyMMapHBIil eMKOCTHBIN TOK, paBHBIN 3 I, OyZAeT mpoTeKaTh 4epe3 MECTO 3aMbIKaHUs (a3bl HA 36MITIO
Y UCTOYHMK nuTaHud. Ecin BennunHa 3Toro Toka B cetu 6 — 10 kB npespimaer 30 A, a B cetu 35 kB —
10 A, To B HeliTpanb TpaHcHOpMATOPOB HEOOXOAMMO BKIIOYUTH JYTOraCUTEIbHYIO KaTymky. Ee nH-
JTYKTUBHBIA TOK CKJIQJIbIBAETCS C €MKOCTHBIM TOKOM 3aMBIKaHUSI Ha 3€MJIIO, KOTOPBIH MOXET ObITh
CKOMITEHCUPOBAH YaCTUYHO MJIU MOJIHOCTBIO.

Cetn 6 — 35 kB He TpeOyrOT HEMEIJICHHOTO OTKJIIOYEHHS U MOTYT pabOTaTh HECKOJIBKO YacoB.
Ho nospexaeHne MoxkHO 0OHApYKUTh TOJBKO MPH TO0YEPETHOM OTKIIFOUEHUN TIOTPEOUTEIEH.

”\EIEB

ﬁ s ‘VE Lizp

Pucynox 2.3 — BekTopHbIe tuarpaMMbl HAMPSDKEHWH W TOKOB: a) HOPMAJIBHBIN PEXHUM; 0) 3aMbIKaHUE
¢a3el a Ha 3eMITIO.

Ceru nanpsikerreMm 110 kB u BbIlie cuuTaroTcs ceTssMu ¢ OONBIIMMU TOKAMU 3aMBIKaHHS Ha
semutto (cBoimie 500 A). OHM He MOTyT paboTaTh ¢ U30JUPOBAHHON HEUTPaJblO, TaK KaK M3OJISIHS B
ATOM ciy4ae JOJDKHA PacCUMTHIBATHCS HA JIMHEWHOe HampshkeHue. A 310 goporo. Cetu paboTaior ¢
3a3eMJIeHHOM HelTpainbio. [Ipu 3TOM TOK 01HO(A3HOTO KOPOTKOTO 3aMbIKAHUSI MOXKET MPEBBILIATH TOK
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TpexdazHoro k.3. B 3ToM ciyyae KOMMyTallMOHHAs ammaparypa J0JDKHA BBIOMPATHCS MO OOIbIIEMY
TOKY, T.€. OTHO(pazHOMY.

B mecte noBpexieHUs] B TAKUX CETSIX BO3HUKAET AIEKTPHUECKas Ayra ¢ OOJbIIUM TokoM. Jlyra
racurcs MpH OTKJIIOUYEHUHU MOBpeXIeHUs. Tak Kak OOJBIIMHCTBO K.3 SIBJISIOTCS CaMOYCTPaHSIIOUIMMU-
cs1, TO JUIsl POBEPKH JIMHUS BKIItOYaeTcsi BHOBb o AeiictBueMm AIIB. Eciu k.3. camoycTpaHuiocs, To
JIDII ocraetcs B paboTe, eciiv HET, TO MOBPEKACHUE OTKIIOYACTCS BHOBb. B MepexoHOM pexuMe u
IpU KOMMYTAalUsIX B CETM BO3HUKAIOT BHYTPEHHHE NEpEHAIpsDKEHUsA. BennunHa mnepeHanpssKeHus
BJIIMSIET Ha BBIOOp M3OMSIMK. BennunHy nepeHanpsykeHUsl CTapaloTcsl OrpaHuduTh. i aToro 3a3em-
JSI0T HeTpanmu obopymoBanus. Ho yem Oomblie 3a3eMIIGHHBIX HEUTpasei, TeM MEHBIIEe BEITUYHHA
NepeHaIpsHKeHNs, HO TeM 00JIbIlle BeJIMUMHA TOKa OAHO(A3HOTO K.3.

B cersax 110 kB nocrynaror cnenyromum odpa3om. Yacte HeliTpanel pa33eMisitoT, 4ToObl BeNu-
YHHa TOKOB OJHO(A3HOTO K.3. HE MPEBBIIIANa BETNYMHY TOKOB TpeX(pazHOro K3. 3a3eMJIISIOT HEUTpaIn
TpaHc(OpPMATOPOB Ha HIIEKTPOCTAHLUAXK, Y3JIOBBIX MOJCTAHLUAX M HA TYMHKOBBIX MOTPEOUTENBCKUX
nojcTaHusax. HanpsokeHne Ha HEMOBPEXKICHHBIX (Da3ax MO OTHOLIEHUIO K 3€MJIe B YCTAHOBHUBIIEMCS
pexuMe He JOJDKHO ObITh Oombiine 0,8 Uy (TuHeiHOTro0). Takue ceTu Ha3bIBaOTCS ceTsaMu ¢ dddek-
TUBHO-3a3€MJICHHOW HEUTpPaJIbIO.

B cersix 220 kB u BbIllie IPUMEHSIOT TIIYX0€ 3a3eMJICHHE HeHTpanu Bcex TpaHcopmaTopos. B
STOM HalpsKeHHE Ha HEMOBPEXKIEHHBIX (hazax MO OTHOIIECHHUIO K 3eMJIe B YCTAHOBUBIIEMCS PEXHME
He npeBbliaeT gpasnoe. KommyranuonHas anmnapaTypa BbIOUpaeTcs o 00JIbIIEMY TOKY K.3.

3 OcHognble céedenus 0 KOHCMPYKUUAX TUHUIL I/1eKmponepeoay
Bo3zoywinvie nunuu snekmponepeoac (BJI3II)

DNEKTPUUECKON 8030YVWIHOU JuHUEU NleKmponepedayy Ha3BbIBAETCS YCTPOMCTBO s Tepeaadn
INEKTPUYECKOM PHEPrUM MO IPOBOAAM, PACIOJOKEHHBIM Ha OTKPBITOM BO3JyXE U NPUKPEIUICHHBIM
IpY MOMOULIM H30JSATOPOB M apMaTypbl K ONOpaM WIM KpPOHIUTEHHAM HMH)KEHEPHBIX COOPYXEHMI.
I'maBHbIe 3emMenThl Bo3aymHou JIOIT:

IIPOBO/IA, KOTOPBIE CITy KAt JUIs IEPEAaYu dJIEKTPOIHEPTUY;

IPO303alUTHBIE TPOCHI JUIS 3aLIUTHI OT aTMOC(EPHBIX MepeHaNpsHKeHU (Ipo30BbIX paspsno). OHu
MOHTHPYIOTCS B BEXPHEH 4acCTH OIOp;

OIIOPBI, NOJACPKUBAIOIINE IIPOBOAA U TPOCHI HAa OIPEIEIEHHOM BBICOTE HaJl IIOBEPXHOCTHIO;
U30JITOPBI, U30JIMPYIOLIUE IIPOBOJA OT TeJla ONOPHI;

apmarypa, IIpy IIOMOILIY KOTOPOM IPOBOJA 3aKPEIUIAIOTCS Ha U30JIITOpaX, a U30JATOPHI Ha OIOpE.

[lo KOHCTPYKTHBHOMY MCIOJHEHHUIO pa3InyaroT oaHouenHble u apyxuenssie JIDII. Ilox nensio
MOHUMAIOT TP TIPoBoJIa (TpexdaszHas 1emns) oxuoi JIDII.

Koncrpykrusnas yacte BJIDII xapakrepusyercss THIAMH OIOp, JIMHAMM TPOJIETOB, rabapur-
HBIMU pa3MepaMu, KOHCTPYKIMEH (a3bl U TUIIAMU TUPIISH]L U30JIATOPOB.

[To Tuny omopst BJIDII nenstcst Ha mpoMekyTOuHbIE U aHKepHBIE. [IpoMexyTouHbIE U aHKEp-
HbI€ Pa3JINYA0TCs CIOCOOOM MOJBECKU MPOBOIOB. Ha nmpoMexyTouHOM omope NpoBo MOABEIINBAET-
Csl C IOMOILBIO MOJACPKUBAOIINX TUPJIAHI U30ATOpOB. Ha aHKEpHBIX OIopax IMpoBOAA 3aKPEIUICHbI
KECTKO M HATSHYTHI J0 33aJJaHHOTO HATSDKEHHS MPU MOMOILM HATSHKHOW THUPIISHIBI M30JSTOPOB (CM.
puc. 3.1).

]
R

a) 6)
Pucynok 3.1 — Kperuienne npoBoza B daze Ha MpoMeXyTOUHOM (a) ¥ aHKepHO# (0) omopax: 1 — Tpa-
Bepca; 2 — FUpJsHAA U30JISATOPOB; 3 — 3aKUM; 4 — IPOBOJT
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[To Ha3HAUEHUIO PA3TUYAIOT OMOPHI YTIOBBIE, KOHIIEBBIE, CIICIMAIBHOTO Ha3HAUCHHUSL.

[To marepuany onop paznmuuaroT AepesHHbIC (10 220 kB), xene3zoberonnsie (35 — 330 kB) u
Metayunueckue (35 kB u Briie).

Ha BJIDII npuMeHsOT rosibie mpoBoia U Tpockl. Haxomsick Ha OTKPBITOM BO3AyX€, OHH TOABEP-
raroTcsi aTMocepHbIM Bo3feicTBUsIM. [l0aTOMY MaTepuan mpoBOAOB, KPOME XOPOIIEH MPOBOIUMO-
CTH, JIOJDKEH OBITh YCTOHYMBBIM K KOPpPO3UH, 00JIajaTh MEXaHUYECKOW MPOYHOCTHIO. J[J1s1 MpoBOAOB
MPUMEHSIOT CIIEIYIOIINE MaTepHAaIIbI:

MeJb;

AIIFOMUHUMN;

CTaJb;

CIUIaBbI AIFOMUHUS U MEJIU C IPYTUMH MeTaJlJIaMu (>KeJie30M, MarHUEM, KDEMHHEM ).

-3 .

Mezap UMeeT yaelnpHy mpoBoxumocTs = 53 -107° Cm-km/MM?. OT/IHYacTCs MEXaHHYECKOI
IPOYHOCTBIO. TIEHKa OKKMCH 3alMINAET €€ OT KOPPO3UH ¥ XUMHUUYECKUX Bo3jekcTauii. OOnamaer yc-
TOHYHBOCTBHIO KOHTAKTA.

y -3
AIOMIHIH nMeeT yuenbHyo mpoBoxumocts ~ 31,7 - 107 Cmxm/mMm?. MexaHndeckasi mpod-

HOCTb XyXe, yeM y menu. CrenoBaTenbHO, Yallle cleayeT CTaBuTh onopsl. [lneHka okucu 3amumiaer
ee oT Koppo3uu. I1I0X0 MPOTUBOCTOUT XUMUYECKUM Bo3zaeicTBUsIM. He oOnmamaer ycTONYMBOCTHIO
KOHTaKTa.

CranbHble NMPOBOAA HMMEIOT IUIOXYIO MPOBOAUMOCTh. OTIMYAIOTCA OOJBIION MeXaHHYECKOU
MPOYHOCTHIO. He 0071a1a10T YCTOMYMBOCTHIO K KOPPO3UH. AKTUBHOE CONTPOTUBIICHUE 3aBUCUT OT TIPO-
TEKAaIOILEro TOKa.

BBIIONMHAIOT MpOBOAA W U3 JBYX METAIJIOB — CTaqu U amoMuHUs. CTaiab HaXOAUTCS BHYTPHU
IIPOBOJIA U CIIY>KUT JUJISl YBEJIMUEHHUS] MEXAHMUYECKON MPOYHOCTU. AJFOMUHHUI HaXOAUTCS CHAPYKU U
SBJISIETCS. TOKOIIPOBOJSIIEH YacThIO.

B MapKHpoOBKe IPOBOJOB CHAYAla yKa3bIBAETCS MaTepHall, a 3aTeM cedeHue B MM°. MeJHble
MPOBOJIa MAPKUPYIOT OykBoi M, amoMHUHHEBBIE MPOBOAA — OYKBOMA, CTajdbHbIE MPOBOAA — OyKBaMHU
IIC u IICO u craneamomunueBsie — OykBamu AC. B MapkupoBKe CTaleaTIOMUHUEBBIX MPOBOIOB
CHaJaJia yKa3bIBalOT CEUCHHE aTFOMUHUS, a 3aTeM ctanu. Hampumep, AC-120/19. ITpoBoga mapku AC
BBIIYCKAIOTCSI C Pa3JIMYHBIM OTHOIIEHUEM CEYEHHUM aJIFOMMHHUSI M CTAJIHU IPU OJHOM U TOM K€ CEUEHUHU
aMIOMUHMS. B 3aBUCHMOCTH OT 3TOrO OTHOILIEHHUS Pa3IU4alOT MPOBOAA OOJEr4eHHONW KOHCTPYKIIHH,
CpeIHel, YCHIIEHHON 1 0C000 YCHIIEHHON MPOYHOCTH.

Jnst 3ammTel poBooB Mapku AC OT KOPpO3UU U XUMUYECKUX BO3JECHCTBUN UCIIOIB3YIOT CIie-
LIMAJIbHBIE 3AIIUTHBIE CPEACTBA. THII 3aIIUTHI OTPaXKaeTcs B MApKUPOBKE MPOBOJIA:

Mapku ACKC, ACKII — nipoBoj cTajiealFOMUHUEBBIA KOPPO3ZMOHHOCTOMKHI € 3allOJTHEHUEM CTallb-
Horo cepaeunuka (C) nim Bcero nporoaa (IT) cmaskoii;
mapka ACK — kak 1 ACKC, cTanbHOI cepAeUHUK N30IMPOBaH MOJIUITUICHOBOH IJIEHKOM.

3a pyOeXxoM NMPUMEHSIOTCS W30JUPYIOIIME caMoHecylue mpoBoja. [IpeacTasistor coboit cuc-
TEMY M30JIMPOBAHHBIX JKWJI, CKPYYEHHBIX BOKpPYT Hecymiero Tpoca. CKpyTKa BBIIIOJIHSAETCS TaKUM 00-
pa3zoM, YTO BCA MEXaHMYECKasl Harpy3Kka BOCIPUHUMAETCS TOJIBKO HECYIIUM TpocoM. Takue npoBoja
MPOKJIAIBIBAIOTCS 0e3 m3ossiTopoB. Ha omope MoryT ObITh CMOHTHPOBaHBI HecKObKo JIDIT pazmmu-
HBIX HAIIPSKEHUMN.

[To KOHCTPYKIIMH MTPOBOJOB PA3INYAIOT:

OJIHOIIPOBOJIOYHBIE, COCTOSINE U3 OJHON ITPOBOJIOKH CIUIOLIHOIO CEYEHNUS;

MHOTOMPOBOJIOYHbIE U3 OJHOTO METajlla, COCTOSIINE B 3aBUCUMOCTH OT CEUEHUS! MIPOBOJA U3 HEYEeT-
HOTO KOJIMYECTBa MPOBOJIOK (0T 7 110 61);

MHOT'OIPOBOJIOYHBIE U3 IBYX MeTal1oB. KonndyecTBO NpOBOAOB CTAIIBHOTO CEpJeYHNUKA — HeueTHoe (1,
7 unu 19). KonudecTBo MpOBOJIOK TOKOMPOBOIAIIEH YaCTH — YETHOE.

[TpoBona BJIDII pacnionararoT Ha ormope pa3IMdHbBIMU CITOCOOAMU:

Ha OJIHOIICTIHBIX ONOpax — TPEYroJbHUKOM HIIM TOPU30HTAIBHO (puc. 3.2, a, 0);

Ha JIBYXIIEIHBIX OMOpax — 0OpPaTHOM eIKON MIIM IIECTUYTOJILHUKOM B Buze “00uku’ (puc. 3.2, B, T).
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Pucynok 3.2 — pacnionokeHue npoBOI0B Ha OIIOpax:
a) TPEYroJbHUKOM; 0) TOPH30HTAILHO; B) OOPaTHOM €NKOM; T') OOUYKOH.

rOpHSOHTaHBHOC PACIIOJIOKCHHUE MIPOBOJAd — HAWJIYYIICC IO YCJIOBHAM I3KCIUTyaTalluu, T.K. I10-
3BOJISIET MIPUMEHATH OoJiee HU3KHE OTOPHI M MCKIIOYAeT CXJIECTHIBAHNE MPOBOJOB NpU COpAaChIBAHUU
rojosieqa Win Iisicke mpoBooB. [Isicka mpoBoIOB — 3TO KoJeOaHUs MMPOBOJIOB C MAJIOK YacCTOTON M
OOJIBIITION aMILUTHTYIOMN).

Tak Kak BO BCeX BapHaHTaX HECUMMETPUYHOE PACIIOJIOKEHHE MPOBOJIOB MO0 OTHOIIECHHUIO KIPYT
JpYTyY, TO A7l BBIPAaBHUBAHUS PEAKTHBHOTO CONPOTHBIICHUS M €MKOCTHOW MPOBOAMMOCTH IO (azam
IPUMEHSIOT TPAHCIIO3UIIMIO, T.€. MEHSIOT PacIoJI0KEHUE IPOBOIOB Ha onopax (puc. 3.3).

hasad pazal bazaB basad
dazaB hazad % thazal dasaB
hazal hazaB hasad hasal

Pucynok 3.3 — Tpancnozunus Ha BJIOII
Kabenvnvie nunuu 31exkmponepedac (KJI3I1)

Kabenvnas nunus anekmponepedayu — 310 JTUHUA JUIA IEPEAAYU DIIEKTPOIHEPT U, COCTOSIIAS U3
OJIHOTO WJIA HECKOJILKUX KaOeJeH.

Kabenv — 310 u3onupoBaHHas MO BCel IIMHE MeTalindeckas >kuia (MM HECKOJIBKO XKHIT), MO-
BEpPX KOTOPOI HAJIOKEHBI 3allIUTHBIE TIOKPOBBI.

[TpeumymectBa KJIDII no otHomennto k BJIDIT:
HETO/IBEP)KEHHOCTh aTMOC(EPHBIM BO3/ICHCTBUSM;
CKPBITHOCTb TPACChI U HEIOCTYMHOCTD JIJIs1 HOCTOPOHHMX JIUII.
Henocrarku:
noposke BJIDII Toro kiacca HanpsiKeHUS;
0oJiee TPYJ0EMKH B COOPYKCHUH;
TpeOyIoT OONBIIET0 CPOKa Il PEeMOHTA M OoJiee KBATM(UIIMPOBAHHOTO OOCITY)KHBAIOLIETO MEepCoHa-
na;
nepegavya OHOM U TOH ke MOIIHOCTU TpeOyeT MpoBoAa OOJBIIETO CeUEHUS.

Kabenpupie JIDII mmpoko MCHONB3YIOTCS B TOPOACKHUX CETSIX, HA TEPPUTOPHUSIX MPEATPUITHH,
IpH TiepeceueHu  OONBIINX BOJOEMOB, B 3aTPS3HEHHON aTMocdepe.

I'maBabIMU 311eMeHTaMu KJIOIT sBastores:
Ka0eJb ISl epeiauul dJEKTPOIHEPTUH;
COCIMHUTEIIbHBIE MY(THI,
KOHIIEBBIE MY(THI (33JIeTKH);
cToropHbie MyhThl. [IpUMEHSIOTCS Ha KPYTHIX y4acTKaxX TPacChl ISl MPEAYNPEKICHHS CTEKaHUS
KaOeJIbHOI MaccChl;
MOJAMUTHIBAIOIINE anNapaThl U CUCTEMa CUTHAIM3ALMU JIABJICHUS Macia JJisi JTUHUW BBIMOJTHEHHBIX
MacCJIOHATIOJTHEHHBIMU Ka0esIMH;
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KaOeNbHbIE COOPYXKEeHHS (KaOeNbHBIE KOJUIEKTOPBI, TYHHETH, KaHaJbl, IIAXThI, KOJOIbI), KOTOPHIC
MPUMEHSIOT Ha OTJAEIbHBIX Yy4aCTKaX TPACCHI.
K ocHOBHBIM "acTsM kabenst TI000r0 HAMPSKEHHS] OTHOCATCS:
TOKOITPOBOISAIIINE KHUIIbL;
M30JISIIMST WM U30JIMPYIOIINE 000J0YKH, OTAEISIONINE TOKOMPOBOASIIKE KIIbI APYT OT Apyra u OT
3eMJIN;
3amuTHAs 000J0YKa, MPEAOXPAHSIONIAs H3OJSIUIO0 OT BPETHOTO ACHCTBHS BJIaru, KUCIOT, MEXaHUYe-
CKHX ITOBPEXKICHU.
Koncrpykius kabens HanpspkenueM 10 kB mpuBenena Ha puc. 3.4,

Toxonpoeooswas s#cuna BBITIOIHAETCS U3 MEAU WIA aTIOMUHHS U3 OJHOHU (J10 16 MM2) WJIA He-
CKOJIbKUX MPOBOJIOK. [0 Komu4ecTBy kUil pa3nnyaroT Kabenu:
OJHOXWIbHBIE. [[pUMEHSIOT HAa TOCTOSIHHOM TOKE U Ha MEPEeMEHHOM ToKe npu HampsikeHuu 110 kB u
BBIIIIE;
JIBYX’KUJIbHBIE. [[pUMEHSIOT HAa MOCTOSIHHOM TOKE;
TpexkuibHble. [[pUMEHSIOT HA TIEPEMEHHOM TOKE MpU HanpsHKeHusx 110 35 kB;
YETHIPEX KWIbHBIC (TPU KUIbl U HYJIeBOM NpoBoj). [I[pUMEHSIOT HAa MEPEeMEHHOM TOKE NP HampsiKe-
Huu 10 1000B.

oo h e L] [

Pucynox 3.4 — Koncrpykius kabemns 10 kB:
1 ToxompoBoasas xuia; 2 dhasHast u30Ms1us; 3 mosicHas u3oJsius; 4 060109Ka; 5 OpoHs; 6 3aIuT-
HBIU TTOKPOB.

Da3znas uzonayus MpelHa3HayeHa UId M30JIALUU KW APYT OT Apyra. BeimonHsoT U3 crenu-
QIBHOM TEXHMYECKOW OyMaru ¢ BA3KOW MPOMUTKOHM, KOTOpas YBEIMYMBAET ANIEKTPHUECKYIO MpPOU-
HOCTb.

Toscnas uzonayus 0b6ecrieunBaeT OJMHAKOBYIO 3JEKTPUYECKYIO MPOYHOCTh MEXKAY KHJIAMH U
MEeXy JIF000H ¢azoi u 3emiield. ITo BaXKHO, TaK KaK B CETH C U30JMPOBAHHONW HEHUTPAIBIO TIPH 3aMbl-
KaHUM OJHOW M3 (a3 Ha 3eMJII0 [Be Apyrue (aspl M0 OTHOIIEHHUIO K 3eMJI€ OKa3bIBAIOTCS O] JIMHEH-
HBIM HaIpsHKEHUEM.

Paznenenue uzonsauu Ha Ga3Hylo U MOSCHYIO MO3BOJIIET YMEHBIIUTE TuameTp kademns. Ho mpu
HaJIMYHMH TOSCHOW HW3OJISAIUU JJIEKTPHUUECKOE T0JIE OTJIMYaeTCs OT paauanbHoro (puc. 3.5). B stom
CJIy4ae CHJIOBBIC IMHUU UMEIOT Pa3lIMYHbIE YIIIbl HAKJIOHA MO0 OTHOIICHHUIO K CIOSIM OyMmaru, 4to o0y-
CJIOBJIMBAET HAJIMYME B HUX TAHT€HLMATHHON COCTABISAIONIEH MOJIA. DJIEeKTpUUecKasi IPOYHOCTh BJIOJIb
cioeB Oymaru B 8 — 10 pa3 MeHbIIIe, 4eM TOTEepeK.

CB00OOHOE TTPOCTPAHCTBO KaOess 3amoHIeTCsl OyMaKHBIMH KryTamu. OHH 3aTPYAHSIIOT TIepe-
MEIlleHHE MPOIMMTOYHOTO COCTaBa, Y/UIMHSAS CPOK CIYXObl kKabems. OHM Takke MPUIAOT OKPYTIIYIO
dbopmy kaberro.
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Obonouka CIIYKUT IJId repMCTU3allU U30JIAIHUU U 3allIUThI €€ OT IPOHUKHOBCHUS BJIaru, BO3AYy-
Xa, XUMHUYCECKHUX MPOAYKTOB, HCKITHOYACT CTAPCHUE U3O0JIAINUN 101 HeﬁCTBHeM Teria u cBeTa. BeImon-
HAIOT U3 AJIIOMUHHSA, CBUHIIA, ITOJIUOTHIICHOBBIX MaTCPUAJIOB.

a) 6)

Pucynok 3.5 — Dnekrpudeckoe moJje B kaberne:
a) — C SKpaHUPOBAHHBIMH KUJIAMH; 0) — C TIOSICHOUW M30JISIUCH.

bpons ciyXut Uit 3aIUTH 000JOYKHA OT MEXaHUYECKUX MOBPEXKIACHUN MPH PACKOIKAX, CIIOJ-
3aHUU TPYHTA. BBIMOTHSIOT U3 CTAJIbHBIX JIEHT UJIM MPOBOJIOK.

Hapyoicnoiii nokpos 3ammimaer OpoHro ot kopposuu. [IpencraBnseT co0oii TKyTOBOE MOKPHITHE,
MIPOMMUTAHHOE OUTYMHOM MacCCOH.

[Ipu NoBBITIIEHUH HATIPSDKEHUS CTIOW U330 HY)KHO YBEJIIMYUBATH. ITO HE BHITOHO. [ToaTOMy
npu HanpspkeHuH 35 KB 1 Beilie kaGenu BBIMOIHAIOTCS C OTAEIbHO OCBUHIIOBAHHBIMU WITH YKPaHHUPO-
BaHHBIMH XWIaMu. W aniekTpudeckoe, U TeIIoBOe MO — paauanbHbie (puc. 3.5 0).

Kabenu ¢ BA3KOH MPOMUTKOW UMEIOT CYIIECTBEHHBIM HEJOCTATOK: IMOCJE CHATHUS TOKOBOM Ha-
TPY3KH, T.€. TP OCTHIBAHUH B KaOele MOSBISIOTCS Ta30BbIe BKIFOUEHHUS. DTO CBSI3aHO C TE€M, YTO KO-
3 PUIMEHT TUHEHHOTO pacITUPeHHsT KaOSIbHOW MacChl 3HAYUTEILHO 0OJIbIe KO3 PHUIIMeHTa JINHEH-
HOTO pacHIMpEHUs u3oaupyromieit Oymaru. J(usnekTpuueckas IPOYHOCTh Ta30BBIX BKIFOYEHUN MEHbB-
1€ B HECKOJIbKO pa3, yeM y Oymaru. [lpu moBbllIeHHH HAMpsHKEHHOCTH AJIEKTPUYECKOTO MOJI 3TO
MOJKET IPUBECTU K TPOOOIO H3OJISIUH.

YtoOs1 nzbexkats 3Toro npu HanpsukeHUsx 10 — 110 kB npuMeHsIoT ra3oHanoTHeHHbIE KaOemu.
D10 ocBHHIIOBaHHBIC Kabenu. Da3Hast H30MAIMS BBIOTHAETCS U3 00€THEHHO-IPOMUTAHHONW OyMarw.
Kabens naxoautcs mox HeOompmuM u30bITouHbIM faBienueM (0,1 — 0,3 MIla) nneptHoro rasa (azo-
Ta). DTO MOBHIIIAET M3OIUPYIOIIHE cBOMcTBAa Oymaru. IlocTosSHCTBO AaBieHus oOecrieunBaeTcs He-
MPEPHIBHOM MOJMUTKOM Tasa.

[Tpu nanpspxenun 110 — 500 kB ucnone3yroTes MacaoHanodHeHHbIe kabenu. JKuble BBITOIHS-
JOT TOJIBLIMU M 3aIIOJHSIOT X MaJOBI3KHM OYHILEHHBIM MacjaoM IToj AaBieHueM a0 1,6 MIla. 1305I-
TOYHOE JIaBIICHUE MCKIIFOYAeT BO3MOKHOCTh O0pa30BaHUS MyCTOT B U3OJISIMK KabOess, 4TO YBEIUYH-
BAET €ro AJIEKTPUYECKYI0 MPOYHOCTh. B 3aBUCUMOCTH OT BEJMYUHBI JaBJICHHS pa3nyar0oT MaclioHa-
MOJTHEHHBIC KabeIu BBICOKOTO W HHU3KOTO JaBJICHUs. MaclIonpoBOISIINN KaHAT Yepe3 clelraibHbIe
My(TBI Ha Tpacce COSAMHSIETCS C OaKkaMu JaBICHUSI.

MapkupyroTcsi Kabenu 1o HadalbHBIM OyKBaM 3JIEMEHTOB, KOTOPBIE XapaKTePU3YIOT X KOHCT-
PYKIIHIO:

XKuina — OyKBaA IJis ATFOMUHUS, 03 0003HAUSHUS ISl MEJIU;

obosouka — OykBa A st amomunust, C — aist cBuHIna, B — s monuBuHmIxnopuna, H — aiis pe3unsl,
II — n1s monuAaTHIICHA;

Opons — 6ykBa b ju1s ctanbHBIX JIeHT, Il — [71s mI0CKUX OCBHHIIOBaHHBIX MPOBOJIOK, K — 17151 KpyTiibix
OCBHHIIOBaHHBIX MPOBOJIOK, I' — 111 kabesneit 6e3 OpOHH U 3aIUTHOTO CIIOS.

Ecnu xabenu BBIMOTHSIIOTCS C OT/ICTHPHO OCBUHI[OBAHHBIMU KHJIAMHU, TO B MAPKUPOBKE YKa3bIBa-
ercs OykBa O.
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Jlnise MacnOHANoJHEHHbBIX Kabeneil HU3KOro JaBlICHHs Mepesl OCHOBHOM ab0peBHAaTypoil yKasbl-
BaroT OykBel MH, a myis1 kaGeneit Beicokoro nasnenns — MB/I.
[Tocnie a6OpeBUATYpHI YKA3BIBAIOT KOJIMUYECTBO KU U CEUCHUE KU B MM

Hampumep, AAB-3x 120 — TpexKuIbHBIA aTFOMUHUEBBIM KaOeah ¢ AIIOMUHAEBONW 000JIOYKON U
OpoHei u3 cBuHIIA ¢ cedeHuneM xun 120 MMZ; CB-3x 95 Tpex>kunbHBIA METHBINA Kabelb CO CBUHIIOBHI-

MH 06OJIOUKOM 1 GPOHEH CedeHIeM KT 95 MM,

4 Cxembt 3ameuieHua u napamempbsvl 3JiemMenmaoe IJ1eKmpudecCKux cemelil

B cocTaB 3eKTpUYeCcKOil ceT BXOJAT pa3jIMYHbIE MO HA3HAYEHUIO U KOHCTPYKLHH 3JIEMEHTHI
(JIBII, Tpancdopmarops! u T.1.). Ho Ha KaX10M U3 y4acTKOB €€ MOKHO OXapaKTepHU30BaTh OJIMHAKO-
BbIM Ha0OpPOM NapaMeTpoOB, OTPAKAIOIIMX CBOWCTBA 3JEMEHTOB M Pa3IHYaONIUXCS MEXAy coOou
TOJIBKO KOJIMYECTBEHHO.

Kaxaplil 2JIeMEHT 3JEKTPUUECKON CETH MPEICTAaBISAETCS B BUAE CXEMbI 3amenieHus. Pacuérnas
cXeMa JJIEeKTPUYECKO CeTH, TaKuM 00pa3oM, 0Opa3yroTcsi B pe3yabTare OObEeJMHEHUS CXEM 3aMellle-
HUS OTAEJIBHBIX 3JIEMEHTOB C YUETOM NOCIIEJOBATEIBHOCTH COEIUHEHUS X B CETh.

JIro6as JIDII, crporo roBopsi, 061asaeT OOMBIIMM KOJUYECTBOM PABHOMEPHO PACIIPENeIEHHBIX
BJI0JIb He€ OECKOHEUHO MAJIBIX aKTHMBHBIX M PEAKTUBHBIX CONMPOTHBIICHUH U TPOBOAUMOCTEH. TOUHBIN
ux yu€t HeoOxoaum npu pacuére JMHHBIX JuHui (BJIDII 60ombme 300 kM, ans KIIDIT Gonbie 50
KM). B mpakTHueckux pacdyérax orpaHUYMBAIOTCS YIPOIIEHHBIMU METOAaMH U cuuTaroT, 4yTo JIDII 06-
Ja/1aeT He pacipeeIEHHBIMU, a COCPEAOTOUYEHHBIMH COIPOTUBIICHUSMH U IPOBOAUMOCTSIMHU.

Axmuenoe conpomuejienue

Axmuenoe conpomugnenue 3aBUCUT OT MaTepUala, CEUEHUS U TEMIEPATypbl. AKTUBHOE COIIPO-
TUBJICHHE O0YCIIOBIMBAET TEIUIOBbIE MTOTEPU MPOBOJOB U Kabenel. Onpezensercs MaTeprualoM TOKO-
BEJIyIIHUX MTPOBOJIHUKOB M TUIOMIAIbIO UX CEUCHUS.

PasznuyaroT conpoTuBieHre MPOBOIHNUKA MIOCTOSTHHOMY TOKY (OMHUYECKO€) U MEPEMEHHOMY TOKY
(axTHBHOE). AKTUBHOE COTPOTHBIICHUE OOJIbIIE aKTUBHOTO (R, >R, ) U3-32 TOBEPXHOCTHOTO Y eKTa.
[TepemeHHOE MarHUTHOE 10JI€ BHYTPH MPOBOIHUKA BBI3BIBAET MPOTHUBOAIEKTPOABMKYIIYIO CUITY, Oa-
rojiapsi KOTOpOM MPOUCXOJUT TepepacnpeieICeHUE TOKa M0 CEYEHUI0 MPOBOAHMKA. TOK M3 LEHTpallb-
HOM €ro 4acTu BBITECHSETCS K MOBEpXHOCTU. Takum 00pa3oMm, TOK B IIEHTPaJIbHOW YacTW IPOBOJA
MEHbIIIE, YeM Y MOBEPXHOCTH, TO €CTh CONMPOTHUBIICHUE MPOBOAA BO3PACTAET MO CPABHEHHUIO C OMHYE-
ckuM. [ToBepXHOCTHBIN 3(PPEeKT pe3ko MPOSBIAETCS MPU TOKAX BBICOKOM YACTOTHI, a TAaKXKE B CTallb-
HBIX NMPOBOJIAX (M3-32 BHICOKOM MAarHUTHOM MPOHUIIAEMOCTH CTaJIN).

Jst JIDII, BBITIOJIHEHHBIX W3 IIBETHOTO METajlla, MOBEPXHOCTHBIA d(PPEKT Ha MPOMBINIICHHBIX
yacToTax He3HaunTeseH. CleoBaTenbHo, Ry = Roy.

OOBIUHO BIUSHUEM KoJieOaHUs TeMIIEpaTypsl Ha R, TPOBOHUKA B pacuérax npeHeoperator. Mc-
KJIFOUEHHE COCTABJISIIOT TEIJIOBBIE pacueThl MPOBOJHUKOB. [lepecuyeT BeTUUMHBI COMPOTUBIICHUS BbI-
TIOJTHSIIOT TIO (hopMyIIe:

Ry = Ry -[1+0,004(0 — 20)],

7€ Ry — aKTHBHOE CONPOTHUBJIEHKE TIpy Temmeparype 20°; 0 —Texyuee 3HaueHnEe TeMIEpaTypsl.
AKTHBHOE CONIPOTHUBIICHUE 3aBUCUT OT MaTepuaia MpOBOAHHUKA U CEUCHMUS:

R=p-—,
F
2
IZie p —ynenbHoe conpoTusieHne, OM MM /KM; / — JUTMHA IPOBOJIHUKA, KM; F' — ceueHHe MPOBOIHMKA,
2
MM .

COHpOTI/IBJIeHI/IC OHOT'O KMJIOMETpa NPpOBOAHHKA HA3bIBAKOT MMOTOHHBIM COIIPOTHBIICHUCM!

p_ 1

Ty =— ,
" F y.F
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rae Y — yZAelbHas IPOBOAMMOCTb MaTepHasa POBOJHUKA, KM Cm/mm>.

Hnst meau ye,=53- 107 kM CM/MMz, JUTSL aMIOMUHUSA YA=31.7- 10 kv Cv/mMm>.

Ha npakTuke 3Ha4eHHE 1) ONPEILSISIOT IO COOTBETCTBYIOIIMM TAOIHIIAM, TJ€ OHH yKa3aHBI JJIs
t*=20°C.

BennunHa akTUBHOTO COMPOTUBIICHUS Y4aCTKa CETH PACCUUTHIBAETCS:

R:I"o'l.

AKTHBHOE COMPOTUBJICHUE CTATBHBIX IMPOBOJIOB HAMHOTO OOJIBIIIE OMUYECKOTO HM3-3a MOBEPXHO-
cTHOTO 3] deKTa U HATMUUSA AOTOTHUTEIBHBIX IMOTEPh HA TUCTEPE3UC (IIepeMarHiYiMBaHNe) U OT BHX-
PEBBIX TOKOB B CTAJIH:

70 = Fonoer T Y0nons,
TJ€ ¥onocr — OMHUECKOE COMTPOTUBIICHUE OHOTO KUJIOMETpa MPOBO/IA;
Fonon — AKTHUBHOE COIPOTHUBIICHHE, KOTOPOE OMPENEISAETCS NEPEMEHHBIM MAarHUTHBIM TOJIEM BHYTPHU
IIPOBOJAHHKA, Fogon = 7 Onosepx.>d + YOrucrep. + 70Buxp.

M3meHeHre akTHBHOTO COMPOTUBIIEHHUS CTAIbHBIX TPOBOIHUKOB MOKA3aHO Ha pUCYHKE 4.1.

[Ipn ManbIx BenWYMHAX TOKAa WHAYKIHS TMPSMO MPOTMOpIHMOHANbHA TOKy. CliemoBaTeabHO, 7
YBEJIUYHMBAETCS. 3aTEM HACTyNaeT MAarHUTHOE HACBIIIEHUE: UHAYKIHS U 7y MPAKTUYECKH HE U3MEHS-
torcs. [Ipu nmanpHelneM yBETUYSHUH TOKA 79 YMEHBINACTCS M3-3a CHIDKCHHS MAarHUTHOW TpOHUIIAe-
MOCTH cTanu ().

o] o

const

o O

©

85

& ] ] 1 ] |
0 10 20 30 40 50 I

PI/ICyHOK 4.1 — 3aBUCHUMOCTH aKTUBHOI'O CONIPOTUBJICHUA CTAJIbHBIX NPOBOJHHUKOB OT BCIIMYMWHBI TOKA:
| — MOCTOSAHHOMY TOKY; 2 — IEPEMEHHOMY TOKY.

3aBucuMocTsb o= f{F) umeet Bup (cm. puc. 4.2):

o | Onvfrem

) e
70 T

Pucynok 4.2 — 3aBUCMMOCTD ITIOTOHHOTO aKTUBHOT'O COTPOTUBIIEHUS OT CEYEHHUS ITPOBOJHUKA.

W3 puc. 4.2 BUIHO, YTO MPU MaJIbIX 3HAYEHUSAX CEUECHUs ) UMeeT Ooublioe 3HadeHue. [lpu yBe-
JUYECHUH CEYCHMS BEIUYHMHA /') YMEHbBIIAETCS.

Hnoykmuenoe conpomuenenue
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[TepemeHHBII TOK, IPOXOAS MO MPOBOY, 00pa3yeT BOKPYT HETrO NMepeMEHHOEe MarHUTHOE IO0JIe,
KoTopoe HaBoguT B poBogHuke IJIC oOparHoro Hanpasnenus (DC camounnykuun). Conpomusne-
Hue moky, o0yciioBieHHOe npoTuBozAeiicTBueM DJIC caMOWHIYKIINH, HA3BIBACTCS PEeaKMUBHbIM UH-
OYKMUBHBLIM CONPOMUBTIEHUEM.

BennunHa peakTHBHOTO MHAYKTUBHOTO CONPOTUBIICHUS 3aBUCHUT KaK OT 3HAUYEHHUsS TOKa B COOCT-
BEHHOM IIPOBOJIE, TaK M OT BEMYMHBI TOKOB B COCEHUX MPOBoJax. UeM Janblie pacrnojokeHbl (ha3-
HbI€ MIPOBO/IA JIMHHUH, TEM MEHbIIE BIUSHUE COCEAHHUX MPOBOJIOB — MOTOK PacCesSHUS U UHIYKTHUBHOE
COIPOTHBIICHUE YBEIUUYHUBAIOTCS.

Ha BennuuHy MHAYKTUBHOTO COMPOTHBIICHUS OKA3bIBAET BIUSHUE JUAMETP IPOBO/IA, MarHUTHAs
IIPOHUIIAEMOCTb (4/) U YAaCTOTa IEPEMEHHOT0 TOKa. BennunHa NOroHHOro MHAYKTUBHOTO COIIPOTHUBIIE-
HUS pPaCCUUTHIBAETCS MO hopmyie:

D C
X, :co-(4,6lgR°p +0,51)-107* = x, + x,, (4.1)
mp

TAC O — yrJjioBasg 4aCToTa; (4 — MAarHuTHasd NpPpOHUIACMOCTD, Dcp — CPCAHCTCOMECTPUICCKOC PaCCTOA-

Hue mexay dazamu JIDII; Rnp —paauyc npoBoJa.

IToronnoe HHIAYKTHBHOC COIIPOTHUBJICHUEC COCTOUT U3 JIBYX COCTaBJIAIOIINUX XO u .XO . Bennuuna

'

XO HAa3bIBACTCS BHCIIHUM WHIAYKTUBHBIM COIPOTHUBJIICHUCM. OGYCHOBJICHO BHCIITHUM MAar"HMTHBIM I1IO-

n

JIEM M 3aBHCHUT TOJILKO OT reoMeTpudeckux pasmepos JIDII. Benmuuuna X, Ha3bIBacTCSA BHYTPEHHUM

WHIYKTUBHBIM conpoTuBieHueM. OOyCIIOBICHO BHYTPEHHUM MAarHUTHBIM TIOJIEM M 3aBUCUT TOJBKO OT
M4, TO €CTh OT TOKA MPOXO/SIEro MO MPOBOAHUKY.

CpennereoMeTpruecKkoe pacCTOSIHUE MeXAy (a3HbIMH MPOBOJAMH PAaCCUUTHIBAETCS Mo (popmy-
Je:

Dcp :%/DIZ Dy - Dy .

Ha puc. 4.3 nokazano BO3MOKHO€ pacroJIOKEHHUE MPOBOJIOB Ha OMOpE.
ITpu pacnonokeHUu NPOBOAOB B OAHON IIockocTH (puc. 4.3 a, 0) Gopmyna mia pacdera D,
yIpOLIaeTCs:

Dcp:3x/D-2-D-D:1,26-D.

Eciu >xe mpoBoza pacnoiokeHsl B BEPUIMHAX PABHOCTOPOHHETO TPEYTOJdbHUKA, TO D¢y = D.
Hns BJIDIT nanpsixennem 6-10 kB paccrosinie Mexay npoBoaamu coctasiser 1-1,5 m; Hanpsi-
xenueM 35 kB — 2-4 m; nanpsbxenuem 110 kB — 4-7 m; Hanpsokerunem 220 kB — 7-9wm.

_ 1 1 2

| Dy Iz
Tz @
Diz Dos
D13 2 H@ D13 D23
1 2

Das 3

al ) E)

Pucynox 4.3 — PacniosioxeHue mpoBoJI0OB Ha OMOpeE:
a), 0) — B OHOM IJIOCKOCTH; B) — B BEPIIMHAX TPEYTOJbHUKA.
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[pu = 50I' 3Hauenue ® =2-m-f = 3,14 1/c. Torga popmyna (4.1) 3anmceIBaeTCs CIEAYIOMIUM
obOpazoM:

DC
Xy =0,144-1g—2 + 0,016 - pu.
R,
J71s1 IpOBOHUKOB BBITIOTHEHHBIX U3 IIBETHOTO MeTaiia (Meb, amfOMUHUN) 1= 1.
Ha JIDII Beicokoro Hanpspkerus (330 kB u BeIe) mpuMeHsIOT pacierieHue (ha3bl Ha HECKOJIb-
Ko mpoBojioB. Ha Hanpsikenun 330 kB 00b19HO MCTIONB3YIOT 2 TTpoBoja B (pa3e (MHIYKTUBHOE COIPO-
TUBJICHHE CHIKaeTcsl npubnmusutensHo Ha 19%). Ha manpsoxkenun 500 kB 00br4HO MCHonb3yroT 3
npoBoja B (paze (MHAYKTHBHOE COMPOTHBIIEHUE CHIDKAETCS MpuOnm3uTensHo Ha 28%). Ha Hampsike-
Hun 750 kB ncnons3ytot 4-6 mpoBoaoB B ¢aze (MHAYKTHBHOE CONMPOTHUBIICHUE CHUKACTCS MPUOTU3U-
TenbHO Ha 33%).
BennurHa nMoroHHOro MHAYKTUBHOTO COMPOTHUBIICHUS MPHU PACIICIUIEHHON KOHCTPYKIUHU (ha3bl
paccUUTHIBACTCs KakK:

D .
o, 0016 1
n

x,=0,144-1g
TIp 9KB
IJIe 71 — KOJIMYECTBO MPOBOJIOB B (a3e; Ryp oxs — IKBUBAICHTHBII paJuyc IPOBOJIA.
Ipun=2,3

R_ . =za""-R

MIPOKB op
rJie ¢ — 1Iar paculeieHus (CpelHereoMeTPHYECKOE PAcCTOSHUE MEXly IpoBogaMu B (ase); Ry, — pa-
JIyC TIPOBOJA.
[Tpu GombIieM KOIMYECTBE MPOBOAOB B (haze UX pacroyiararoT 1o OKpyx HocTH ( cM. puc. 4.4). B
9TOM CiTydae BEIWYHMHA SKBUBAIEHTHOTO PaJHyca MPOBOJIA paBHA:

R

TP KB = pp )

rlie P, — painuycC paclIeneHusl.

Pucynox 4.4 — Pacniosioxxenue mpoBo1oB B (haze nipu n >4

BenudrHa MOrOHHOTO MHIYKTHBHOTO COTIPOTHBIICHUS 3aBHCHUT OT pajMyca MPOBOJA, U MPaKTHYe-
CKH HE 3aBUCUT OT ceueHus (puc. 4.5).

o | Omfkm

A0 0

mg =04

wnt

70 F
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Pucynok 4.5 — 3aBUCUMOCTD ITOTOHHBIX AKTUBHOI'O U PEAKTHUBHOT'O COIPOTUBIIEHUN OT CEUEHHUS

BenuunHa xo ymMeHbIIaeTCs MPU YBEIUYEHUU paauyca IpoBojaa. YeM MeHbIIe CpelHUN JuameTp
IpOBO/Ia, TeM OOJIbIIE Xo, TAK KaK B MEHbIIEH CTENEHU BIMSIIOT COCEIHHE MPOBOJA, YMEHBIIAETCS
O/C camoumnaykuuu. Bnusaue Bropoii nenu ans asyxuenssix JIOII nposiBisiercs mano, mo3ToMy UM
npeHeOperaror.

WHayKTHBHOE CONPOTHUBIIEHUE Kabeas HAMHOTO MeHblIe ueM y Bo3aymHbX JIDII n3-3a MeHb-
X pacCcTOSTHUM Mexay (azamu. B psige ciiyqaeB UM MOKHO TipeHeOpeub. CpaBHUM IMOTOHHOE WH-
JTYKTUBHOE KaOeNbHBIX U BO3AYIIHBIX JIMHUHA Pa3HbIX HAPSKCHUM:

HomunansHoe HanpsbkeHue, kB KJIDIT BJIOII
6 0,06 0,31
35 0,125 0,4

Bemnunna PCAKTUBHOI'O COMMPOTUBJICHUA YUIACTKA CCTHU PACCUUTBIBACTCA:
X =X()'l .
Axmuenasn npoeodumocmb

AxTtuBHas mpoBoauMocTh ((G) 00ycioOBI€Ha MOTEPSMHU aKTUBHOM MOIIHOCTHU B TUDJICKTPUKAX.
Ee BenmnunHa 3aBUCHT OT:

TOKA YTEYKH TI0 H30JISITOpaM (MaJibl, MOJKHO TIpeHeOpeyh);
[OTEPh MOLTHOCTH Ha KOPOHY.

AKTHBHAs MPOBOJUMOCTb MTPUBOAMT K MOTEPSIM AKTUBHOM MOIITHOCTH B PEKUME XOJIOCTOTO XOa
BJIDII. INotepu MomHOCTH Ha KOPOHY (A Pop) OOYCIIOBIEHBI HOHU3ALKEH BO3LyXa BOKPYT IIPOBOJIOB.
Korna Hanpspk€HHOCTD 3JIEKTPUUECKOTO MOJIs Y MPOBOJIa CTAHOBUTCS OOJIBIIE 3JIEKTPUUECKON MPOd-
HOocTH Bo3ayxa (21,2xB/cM), Ha MOBEpXHOCTH MPOBOJIA 0OPA3YIOTCS ANIEKTpUUYECKUe paspsiabl. M3-3a
HEPOBHOCTEW MOBEPXHOCTH MHOTOMPOBOJIOUHBIX MPOBOIOB, 3arpA3HEHUN U 3ayCEHHI] pa3psiabl MOSB-
JISIOTCSL BHAYaJIE TOJIBKO B OTAEIBHBIX TOUKAaX MPOBOJA — MecmHas kopona. 110 Mepe NOBBIIIEHUS Ha-
NpsDKEHHOCTH KOPOHA PacHpOCTpaHseTcss Ha OOJbIIYI0 MOBEPXHOCTh MPOBOJA U B KOHEUHOM CUETE
OXBATBIBAET MPOBOJI LIEIUKOM I10 BCEH JITMHE — 00u4as KOPOHA.

[Torepu MOILIHOCTH Ha KOPOHY 3aBUCAT OT MOTOJHBIX yciaoBuil. Hanbonpine notepy MOUTHOCTH
Ha KOPOHY MPOHMCXOAT MPHU PA3IMUYHBIX aTMOc(hepHBIX ocankax. Hampumep, Ha Bo3aymHbx JIDII Ha-
npspxkeaueM 330+750kB APy, mpu cuere nosbimarorcs Ha 14%, noxne — Ha 47%, U3MOpo3u — Ha
107% mo cpaBHEHMIO C MOTEPSAMU IpH Xopoliel norojae. KopoHa BbI3BIBAET KOPPO3UIO IIPOBOOB,
c03/1a€T MOMEXH Ha JIMHUSAX CBSI3U U PAJHOIIOMEXH.

BennuuHy notepb MOIUTHOCTH HAa KOPOHY MOKHO PacCYUTaTh 10 (GopMyIie:

_0I8 [R,
KOp
5 \D,
rae O —koddduument, yunTsiBarommii 6apomerpuueckoe nasnenue; Up, Ugop ¢ — COOTBETCTBEHHO
daznbie padbouee HanpspkeHue JIDI u HanpspKeHUE, TP KOTOPOM BO3HHKAET KOPOHA.
Hauanvnaa nmanpsascénnocms (B XOpOIIYI0 MOTOJY), MPU KOTOPOIH BO3HHKAaeT oOmas KOpoHa
paccuuTbiBaetcs o ¢popmyte IInka:

E,=303-m-5-(1+

(U, - UKopq))z, KBT/kM

0,3

JR,, S

e m — Ko>(GQUIMERT HETIIANKOCTH IPUBOJA; Ryp — PAAYC IPOBOAA, ¢M; O —KOd(DOUIHMEHT, yIuThI-
BAIOIIUI OapoMeTpHyecKoe JaBieHNE.

JUis TiagkuX UMIMHAPUYECKUX MPOBOJIOB 3HaYeHUE m = 1, UIs MHOTOIIPOBOJIOYHBIX MTPOBOJIOB
- m=0,82+0,92.

), xBl/em
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Benuunna § paccuuTsiBaetcs 1o Gopmyie:
5 0,386 - P
273+0°

rae P — naBieHue, MM pTyTHOTO cTo6a; 6 — TemnepaTypa Bo3ayxa, oC.

Ipu HOpMambHOM arMocdepHoM aBiaeHmu (760 MM pT. cr.) u Temmeparype 20 'CS = 1. Jlns
pPalioOHOB C YMEPEHHBIM KJIMMATOM CPeTHEro/I0BOe 3HaueHue O paBHo 1,05.

Pabouas nanpsasxcennocms npu HOpMaIbHBIX ycnoBusx padotsl JIDII onpenensercs no dpopmy-

JIaM:
JUTSl HEpacIIeTJIeHHOH (a3l
0,355-U
E = KE . kB/em
R,lg—*
1p
JUTSL pacIeTIeHHOM (a3l
0,355-U
E p= K¢ xB/em
noRylg 0
TIp 9KB

rae U, — cpeaHee dKCITyaTalluoHHOe (JIMTHEWHOE) HAIpsHDKCHHE.

Ecnu BenmunHa KCIUTYaTAIIHOHHOTO HAMPSIKEHHS] HEU3BECTHA, TO CUYUTAIOT, UTO Uy = Uy

Bennuuna pabodeil HampspKeHHOCTH Ha (a3zax pasHas. B pacuerax mpuHHMMAaeTcs BEIMYMHA
HanOOJbIIeH HANPSHKEHHOCTH:

Emax = pacn'kpaculEa
r1€ Kpacn — KOIPPUIMEHT, yYUTHIBAIOLUIMI PACIIONOKEHHE IIPOBOIOB HA ONOPE; Kpacny — KO DHULIMEHT,
YUUTBHIBAIOIINHA KOHCTPYKIHIO (Da3bl.

JIJist IpOBOIOB, PACTIOIOKEHHBIX B BEPIIMHAX PABHOCTOPOHHETO TPEYTOJIBHUKA WM OJIM3KOTO K
HeMY, kpaen = 1. JI1 IPOBOAOB, PACHON0KEHHBIX B TOPH30HTAIBHO MM BEPTUKAIBHO, kpaen = 1,05 —
1,07.

Jlns HepaciuemneHHOH (asbl kpaery = 1. [Ipn paciuennennoi koHCTpykuuu (asbl kodpdureHT
kpacuy pacCUUTHIBAETCSA 110 HOpMyIaM:

npun =2
2R
_ up |
k pacm= l+—;
a
npu n =3
3,5 Ry,
kpacm: 1+ .
a
Harmpsioxenue, mpu KOTOPOM BO3HUKAET KOPOHA, PACCUUTHIBAETCS IO opMyIie:
U _ U3KC -E 0
Kop E :

max

Y1066l NOBBICUTH Uyyp HY’)KHO CHU3UTD Epmay. JJIs1 3TOrO HYXKHO YBEJIMYUTH JINOO Pagnyc MpoBO-
na Ry, mi6o D¢p. B nepBoM ciydae 3¢(dekTuBHO paciuemiaTh npoBoja B Gase. YBenuuenue D, mpu-
BOJUT K 3HAYMTEIbHOMY M3MeHeHuto radaputos JIOII. Meponpusrue manosddekTuBHO, Tak Kak Dy,
HAXOJIUTCS MO/ 3HAKOM Jiorapudma.

Ecmu Enax>Eo, To padota JIDII sBisieTcs HEOKOHOMHUYHON M3-3a MOTEPHh MOITHOCTH HAa KOPOHY.
Cornacho I1YD, xopoHa Ha IpOBOJaX OTCYTCTBYET, €CJIU BBIIOJIHSETCS YCIOBUE!

Enax< 0,9 Ey (m=0,82,5=1).

[Tpu npoekTupoBaHUU BBIOOP CEUEHUI TPOBOIOB BHIMOIHAIOT TAKUM 00pa30M, YTOOBI KOPOHHI B

XOpOIIYIO 1oroay, He Obwt0. Tak Kak yBenuueHue pajnyca MpoBoJa SBISETCS OCHOBHBIM CPEICTBOM
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cHIKEHUS APyqp, TO yCTaHOBJIEHBI MUHUMAJILHO JIOITYCTUMBIE CEYEHHS 110 YCIOBUSAM KOPOHBI: IIPU Ha-
npsbkenun 110 kB — 70MM?, npu Hanpspbkenuu 150 kB — 120Mm?, npu HanpsibkeHuu 220 kB — 240MM°.

BenuunHa moroHHoI akKTUBHOM MPOBOJIMMOCTH PacCUUTHIBaeTCs 1o hopmyre:

80 = %, CMm/KM.
HOM
AKTHBHas MPOBOJIMMOCTD y4acTKa CETH HAXOJUTCS CIETYIOINUM 00pa3oMm:
G=g,-L

[Ipn pacuere ycTaHOBHMBIIMXCS PEKUMOB ceTell HampspbkeHueM 10 220kB akTuBHas mpoBoau-
MOCTb HE YUHUTHIBAETCS — YBEJIUYEHHUE pailyca IPOBOJIA CHUKAET NOTEPHU MOIIHOCTH Ha KOPOHY ITpakK-
tudecku A0 Hynd. [Ipu Uy 330kB yBenuuenue paanyca npoBojia MPUBOJUT K 3HAYUTEIBHOMY yI0-
poxkanuto JIDII. [ToaToMy B TakuX CETSAX paclIeIUISIOT (pa3y M yUYUTHIBAIOT B pacueTax aKTHBHYIO TIPO-
BOJMMOCTb.

B xa6enpnbIx JIDII pacyeT akTHBHOM MPOBOAMMOCTH BBITIOJIHSAETCS 1O TEM ke hopMysiaM, 4To U
Jutst Bo3aymHou JIDIL. ITpupona noteps akTMBHOM MOIIIHOCTH MHASL.

B xabenpHBIX TUHUSIX AP BBI3bIBAIOTCS SBJICHUSAMH, IPOUCXOASIIMMU B Kabese 3a cyeT Toka al-
copouuu. s KJIDII nusnextpudeckue MoTepy yKa3bIBAIOTCS 3aBOJIOM — HM3TOTOBHUTENEM. JMdmek-
Tpuueckue norepu B KJIDII yuntsiBarorest mpu U > 35 kB.

Peaxkmuenasa (émkocmnas npoeooumocmns)

PeakTuBHast mpoBOANMOCTH 00YCIIOBJIEHA HATMYUEM €MKOCTH MeXay (pasamu u Mexay ¢azamu
U 3eMJIeii, TaK Kak JI00yro napy NpoBOAOB MOXKHO pacCMaTpUBaTh Kak KOH/IEHCATOP.

Jnst BJIDII BennuuHa MOTOHHOM PEaKTUBHOM MPOBOJIUMOCTH PACCUMTHIBACTCS IO (hOpMyIIaMm:
JUI HEepaCILEIUIEHHBIX TPOBOIOB

-6
b, = 7,58-10

, CM/KkM;
cp

Ig
np
1A pacmeHHéHHHx IIpOBOJIOB
~7,58-10°°
T D,
lo—— P
SR

IIp KB

b,

Pacmennenue ypenmuuuBaet by Ha 21+33%.
s KJIDIT BenuvrHa MOTOHHON TPOBOAMMOCTH YaIlle PACCUUTHIBACTCS 1O PopMyIIe:
b() = Q}C().
Bennunna emxoct Co MPUBOAUTCS B CIPABOYHON JIUTEpAType ISl pa3TUYHBIX MAPOK KaOes.
PeakTrBHas MPOBOIMMOCTD YUaCTKa CETH PACCUUTHIBACTCS 1O (OpMYyIIe:
B= bol .
VY Bo3aymnbix JIDII 3HaueHue by 3HAUUTEITHHO MEHbIIE, yeM y kabenpHbIX JIDI, Masno, Tak Kak
Dep gom>>Dep ko
[Ton neiicTBUEeM HampsKEHUS B MPOBOJUMOCTSAX MPOTEKAET EMKOCTHBIN TOK (TOK CMEUICHUS WIIN
3apsIIHBIN TOK):
1=B-Uy.
BennuuHa 3T0ro TOKa OmnpenenseT MOTepU PEaKTUBHOM MOIIHOCTH B PEAKTHUBHOW IIPOBOJUMO-
CTU WY 3apsAaHyI0 MOIIHOCTH JIDIT:

AQC :Q3ap: \/5 U .Ic: B- UZ'
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B paiioHHBIX ceTsaX 3apsaHble TOKH COM3MEPUMBI ¢ padounMu Tokamu. [Ipu Uyoy = 110 kB, Be-
anunHa Q. coctanisieT okoyio 10% ot nepenaBaeMoil akTUBHOW MOIIHOCTH, MPH Uyoy = 220 kB — O =
30% P. IloaTOMy €€ HYKHO y4WUThIBaTh B pacueTax. B ceTm HOMHHaIbHBIM HampsbkeHueM a0 35 kB
BEITMYUHON (J. MOKHO TIPEHEOPEUb.

Cxema 3amewenun JIIIT

Urak, JIDII xapaktepu3yeTcsi akTUBHBIM COMPOTUBJIECHUEM R;, pEaKTUBHBIM COMPOTUBICHUEM
JMHWUM X;, aKTUBHOW IIPOBOAUMOCTBIO G, PEAKTUBHOW ITPOBOAMMOCTHIO B;. B pacuerax JIDII moxer
OBITH MpecTaBieHa cuMmMeTpuaHbIMA [1- 1 T- 06pa3ubIMu cxemamu (puc. 4.6).

A2
T M ST T
™

a) &)

Pucynok 4.6 — Cxems! 3amemmenns JIOII:
a) I1 — obpasnas; 6) T - oOpa3Has

IT — obpazHas cxema MpUMeHsIeTCs Yallle.
B 3aBHCHMOCTH OT KJlacca HANPSDKEHUsS TEMH WM WHBIMU IapaMeTpaMu IMOJTHON CXEMBI 3aMe-
IIEHUST MOYKHO TIpeHeOpeys (cM. puc. 4.7):
BJIDII nanpsxennem 10 220 kB (AP qp= 0);
BJIDIIHanpskenneM 10 35kB(APyp~ 0, AQ:=~ 0);
KJIDIT nanpspkeruem 35kB (peaktuBHOE conpoTuBieHuE = ()
KJIDIT nanpsokeruem 20 kB (peaktuBHOE conpoTuBiaeHUe ~ 0, AudekTprdeckue norepu = 0);
KJIDII nanpsikxenuem 1o 10 kB (peaktuBHOE comportuBienue ~ 0, audnexrpuueckue norepu = 0,
AQ= 0).
-_l_f\"V\_E_r. L T N —A
b2 b2
1

a) 6)

R
1 I B
—] |}
G2 1L 1

E) r) B}
Pucynok 4.7 — Ynpoiennsle cxemsl 3amerienus JIOII:
a) BJIDII ipu Uyoy 10 220 xB; 6) BJIDI nipu Uyey 10 35 kB; B) KIIDIT ipu Uy 35 kB; 1) KJIDIT npu
Uson 20 xB; 1) KJISII ipu Uyoy 6-10 xB.
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4 ITapamempol cxemol 3ameuseHus mpancPhopmamopos

Obuwue ceeoenus

Ha snexTpocTaHnusX U MOACTAHLUSAX yCTaHABIMBAIOTCSA Tpex(dasHble U ogHO]a3HbIE, TBYX00-
MOTOYHBIE U TPEXOOMOTOYHBIE CHIJIOBBIE TPAHCPOPMATOPHI U aBTOTPAHC(POPMATOPHI, U CHUIIOBBIE OJI-
HodazHbIe U Tpex(azHbie TpaHCHOPMATOPHI C paACIICTITIEHHONH OOMOTKON HU3IIETO HAMPSHIKESHUS.

B ab6peBuatype TpaHcopmaTopa MocieJoBaTeNbHO (CIeBa HANPABO) MPUBOJUTCS CIICTYIOMIAS
uHbOpMaIus:

BUJ yCTpOHCTBa (A — aBTOTpaHchopmarop, 6e3 0003HaueHus — TpanchopmaTop);

konudecTBO (a3 (O — omHodazuelii, T-Tpexda3ubrii);

HaJMYHe paclIeIUICHHOW OOMOTKH HU3IIIETO HanpspKkeHus — P;

cuctema oxyaxaeHus (M — ecrecTBeHHash LUPKYJISUs Macia W Bosayxa, | — mpunynutenbHas
HUPKYJISIUS BO3/yXa U €CTeCTBEHHas MUKy Macia, ML — ectecTBeHHast HUPKYISIUS BO3AyXa
U IIpUHYyAUTENbHAs LUpKYIAuus Macia, Ll — npuHynuTenbHast TUPKYJIALKS BO31yXa U Macia v JIp);
KOJIMYECTBO 0OMOTOK (0e3 0003HaYeHUs — IBYX0OMOTOUHBIN, T — TpeXx0OMOTOUHBIN);

HaJM4Ke YCTPOMCTBA PeryIUpOBaHUs HaNpspDKeHus o Harpy3koi (PITH);

ucnoaeHue (3 — 3ammrtHOe, I' — rpo3oymnopHoe, ¥ — ycoBepIIeHCTBOBaHHOE, JI — ¢ JTUTOM M30JISIIU-
en);

crienuduaeckas ob6nacts npuMenenus (C — i1 cucteM COOCTBEHHBIX HYXJI AJeKTpocTaHmmil, K —
JUTS DJIEKTPU(PUKAIIMH JKEIE3HBIX I0POT);

HOMHHAIJIbHAs MOIITHOCTh B KB-A,

KJIACC HATPSHKCHHSI OOMOTOK (HAIMPSKEHHS CETH, K KOTOPOU MOIKIItoUaeTcs TpanchopmaTtop) B kB.

JIByx0OMOTOUHBII TpaHCHOpMATOP

Ha snekTpuueckux cxemax ABYXOOMOTOYHBIH TpaHc(HOpMATOp MPEACTABISIETCS CIIEAYHOIUM
obpaszom (puc. 5.1):

EH

HH

Pucynok 5.1 — YcnoBHoe n300paxkeHne IByX0OMOTOYHOTO TpaHChopMaTopa.

B oOMoTKax yka3bIBaeTCsl CXeMbI COeIMHEHHUs] 0OMOTOK (3B€371a, 3B€3/1a C HYJIEM, TPEYTrOJIbHUK)
U PEXKHUM pabOThl HEHTpaIH:
3B€3/1a — C U30JIMPOBAHHON HEUTPAIIBIO;
3B€3/1a C HYJIEM — UMEETCs COSAMHEHUE HENTPAIIU C 3€MJIICH.

B cooTrBeTcTBUM ¢ mpUHATON cucTeMO oOo3HadeHuit abOpeBuarypa Tpancdopmaropa T/IH-
10000/110/10 pacmmudposiBaeTcs: TpanchopmaTop TpexdasHbIi, TByXOOMOTOUHBIN ¢ TPUHYIATEIb-
HOM LIUPKYJISALUEN BO3yXa U €CTECTBEHHON LUPKYJISALHUEH Maciaa U CUCTEMOW PETYJIMPOBAaHUs HaIpsi-
JKeHus noj Harpy3koil. HomunanpHas momuocTh — 10000 kB-A, Kitacc HanpsbkeHns 0OMOTKH BBICIIIC-
ro HanpspkeHus — 110 kB, Husmero Hanpskenus — 10 kB.

B mpakTuueckux pacuetax ABYXOOMOTOYHBIA TpaHchOpMaTop dYaiie Bcero mpeacrasisiercs I -
o0pa3Hoii cxemoii 3amerneHus (puc. 5.2).
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Pucynok 5.2 — I'-o0pa3Hast cxema 3aMeIeHus

AKTHUBHOE M PEAKTHBHOE COINPOTHBIEHHUS TpachopmaTopa (IPOA0IbHAS BETBb) MPEACTABISIIOT
co00l CyMMy aKTHBHBIX U PEAKTUBHBIX COIIPOTHBIIEHUH OOMOTKH BBICHIETO HANPSKEHUS U IPUBEJICH-
HOM K HEli 0OMOTKHY HU3IIETO HAMPSKCHHUS:

R, =R, +R;
X, =X, +X,.

[lonepeuynast BETBb CXeMBbl 3aMEILIEHUS NIPECTaBlIeHa aKTUBHON G U pEaKTUBHOM B; MpoBOAU-
MocTsMH. [IpoBOAMMOCTH OOBIYHO MOJKIIIOYAIOT CO CTOPOHBI IMEPBUYHOM OOMOTKHM: JJISl MOBBIIIAO-
MIUX TPaHC(HOPMATOPOB — CO CTOPOHBI OOMOTKH HU3IIETO HANPSIKEHMS, JJIs1 MOHIKAIOIIUX — CO CTO-
POHBI OOMOTKH BBICILIETO HAIIPSKEHHUS.

B Takoii cxeme 3amemieHUs OTCYTCTBYET TpaHC(OpMaius, TO €CTb OTCYTCTBYET HJI€abHBIN

%
Tpancopmarop. [TosToMy B pacyeTax BTopudHoe Hanpsbkenue U, oka3biBaeTcsi IPUBEICHHBIM K Ha-

NPSHKEHUIO TIEPBUYHON OOMOTKH.

AKTHBHasI IPOBOAUMOCTH OOYCJIOBJIEHA MOTEPSMU aKTHMBHOW MOIIHOCTH B CTalld TpaHc(opma-
TOpa Ha NEPEMAarHUYMBAHHE W BUXPEBBIE TOKH, PEAKTHUBHAs MPOBOJMMOCTh — HaMarHMYMBAIOLIEH
MOIIHOCTHIO. B pacuerax peXMMOB AJIEKTPUYECKON CETH MPOBOJMMOCTH 3aMEHSIOTCA HArpy3Koid,
PaBHOM ITOTEPSIM XOJIOCTOI0 XOa.

[TapameTpsl cxeMbl 3aMelleHus] TpaHCchopMaTopa ONMpPeNesIOTCS U3 ABYX OIBITOB — XOJIOCTOTO
X0J1a ¥ KOPOTKOT'O 3aMbIKaHMs. B OIbITax onpenensoT caeayonie BeJINYNHbI, KOTOPbIE YKa3bIBAIOT B
MacHOPTHBIX TaHHBIX TpaHchopMaropa:

MOTEpPH aKTHBHOH MOIIHOCTH B pexuMe xomnocroro xoxa AP, B kBT;
MOTEPH aKTHBHOH MOIIHOCTH B PeXKUMe KOPOTKOro 3ambikanust AP, B kBT;

HanpsHKeHHUEe KOpOTKOro 3ambIkaHust Uy, B %;
TOK X0JIOCTOr0 X07a Iy, B %.

BennuuHbl aKTUBHOTO M PEAKTUBHOTO COIMPOTUBICHUN HAXOASAT M3 OMNbITa KOPOTKOTO 3aMbIKa-
HUs (puc. 5.3). ONBIT BBIOJHAIOT CIEAYIOIINM 00pa3oM: OOMOTKY HU3LIETO HANpsOKEHUs 3aKOpadH-
BalOT, a HA OOMOTKY BBICIIETO HAMPSDKEHHS MOJal0T Takoe HampstkeHue (Uy), 9ToObl B 00euX mpoTe-
KaJl HOMUHAJIbHBIN TOK.

f1 m;r.: L-
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Pucynok 5.3 — OnbIT KOPOTKOTO 3aMBIKAHHUSI

Tak kak HampsyKEHHUE KOPOTKOIO 3aMbIKaHMSI HAMHOTO MEHBIIE HOMMHAJIBHOTO HANpPSKEHUs
TpaHcpopmaTopa, TO MOTEPU aKTUBHONW MOIIHOCTH B MPOBOAMMOCTH MPAKTHUYECKU paBHBI HyI0. Ta-
KUM 00pa3oM, BCE MOTEPU aKTUBHON MOILTHOCTH B peXHUME KOPOTKOT'O 3aMbIKaHHs UIYT Ha HarpeB 00-
MOTOK. MaTeMaTu4ecKu 3TO MOKHO 3alHCaTh:

AP.=3-1} . -R.. (5.1)

1HOM T

Ecnu B ¢popmysne (5.1) 3HaueHHe TOKa 3amucaTh yepe3 MOUIHOCTh U HOMHHAJIbHOE HANpPSIKEHHE
0OMOTKH BBICHIETO HANPSKEHUS

S

— HOM

Lyow =7,
1HOM \/g ] UBHOM

TO MIOJYYUM BBIPAKCHUC JIA PACUCTA aKTUBHOI'O COIIPOTUBJICHUA I[BYXO6MOTO‘IHOFO TpaHC(bOpMaTO-
pa:

B HOM
g2
HOM
Hampsokenne kopotkoro 3ambikanus Uy CKIaabIBaeTCs U3 MaJCHUS HANPSDKEHUS Ha aKTUBHOM
Ux 11 peakTuBHOM Uy , CONPOTHUBIIEHUAX. BpIpasuM nx B MPOLEHTAaX OT HOMUHAJIBHOT'O HAIIPSKCHHUA.
[Tagenue HanpspKEHUs! B aKTUBHOM COTIPOTHUBIIEHUH TpaHCchopMaTopa:

U o Yea 100-Y3 LB 100

Ka?

AP -U?
R:—KU

T

B HOM B HOM

IToncraBuM B BeIpaxkeHue 3HaueHue R;. [lomyunm:

\/g .IlHOM.R \/5 'IIHOM'APK ) UBZHOM .100 = APK

1100 = -
S S

B HOM B HOM HOM HOM

U, %=

Ka?

-100.

Takum 00pa3oM, BelWYHMHA MAJACHHUS HAMPSHKEHHUS B aKTHBHOM COTPOTHBIICHUH, BHIPOKCHHAS B
MMPOLCHTAaxX, NpONNOpHHOHAIbHA MMOTCPAM aKTUBHOU MOIIIHOCTHU B PCIKUME KOPOTKOI'O 3aMbIKaHH.

BeipaxkeHue Ui naJieHUs HAMPSDKCHUST B PEAKTUBHOM COIPOTHUBIICHHU B MPOICHTAX BBITJISIUT
CIIeIYIOIIUM 00pa3zom

U 3, X
Uyps %o=—"2--100="""lu =1 .10, (5.2)
B HOM B HOM
W3 Hero MokeM HalTH BEJIMUYMHY PEaKTUBHOT'O CONPOTUBIICHHS TpaHcpopmaTopa:
X = UKp ) UB HOM
T - .
100-~/3 -1,
YMHOXUM U pa3iesIiM NOJYyYEeHHOE BhIpakeHHE Ha U yoy:
2
X = UKp ) UB HOM UB HOM _ UKp ’ UB HOM
N .
loo.ﬁ'llﬂom UBHOM 1OO.SHOM

B coBpemeHHBIX TpaHc(opMaTOpax akTHMBHOE CONPOTUBJIEHHE ropa3fo OOJblLIE PEaKTUBHOIO.
ITosToMy B mpakTHYeCKHX pacyeTax MO>KHO HPHHATH, 4To Uy , = Uy. Toraa, popmyna ans pacdera
UHIYKTUBHOI'O COIPOTHUBIIEHUSI TpaHC(HOpMATOpa UMEET BUJL:

2
— UK ) UB HOM

"100-S,,,
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Tpancdopmaropsl UMEIOT ycTpoiicTBa peryiaupoBanus Hanpspbkenust (PITH umu [1BB), kotopsie
MO3BOJISIIOT MEHATh Kod(duimentsl Tpancopmanuu. [Tostomy Benmuunna Uy (ciaemnoBaTenbHO, U Be-
JMYMHA UHAYKTUBHOIO CONIPOTHBIIEHUS) 3aBUCUT OT oTBeTBIeHUs ycTpoiicTB PITH win I1BB. B pac-
YyeTax YCTAaHOBUBIIMXCSI PEXHMOB 3TOM 3aBHCHUMOCTBIO NpeHeOperatoT. Ee yuuThIBaroT npu pacuere
TOKOB KOPOTKOT'O 3aMBIKaHUs TIPU BBIOOPE YCTPOHCTB aBTOMATUKHU U PEJICHHOMN 3aIIUTHI.

[TpoBOAMMOCTH BETBM HaMarHUYMBAHUS OMNPEAEISAIOTCS U3 OIbITa XOJOCTOro xona (puc. 5.4),
KOTOPBIH BBIMOJIHSAETCS IPU HOMUHAJIBHOM HampspkeHuu. B aTom pexume TpanchopmaTop notpediis-
€T MOLIHOCTb, PaBHYIO IIOTEPSIM XOJIOCTOTO XOJa:

AS, =AP_+ jAQ, .
[ToTepn aKTUBHON MOIITHOCTH MTPOMIOPITMOHAIBHBI aKTHBHOM MPOBOAMMOCTH TpaHchopmaTopa

AP, =U?. .. -G

B HOM T"*
OTtcro1a MOXET OBITh OTpe/ieyieHa BETMYMHA aKTUBHON TTPOBOIMMOCTH:

Pucynox 5.4 — OnbIT X0JIOCTOTO X012 IBYX0OMOTOYHOTO TpaHchopmaTopa

[ToTepn peakTUBHOM MOIIHOCTH MPOIOPIIMOHAIBHBI PEaKTUBHON MPOBOAMMOCTH TpaHChopma-
Topa:

AQ, =Ul,.., - B,.

B HOM T
CrnenoBartenbHO, BETMUMHA PEAKTUBHOM NMPOBOANMOCTH TpaHc(opmaTopa paBHa:

B =29
T U 2 .
B HOM
BennunHa nmoteps peakTUBHOM MOIIHOCTH MPONOPIHUOHAIbHA TOKY HAMAarHU4YUBaHUS

AQ, =3-1,-U (5.3)

rae Uyou ¢ — a3HOE HOMMHAIIBHOE HAIpshKEHHE TpaHcdopmaTopa.
BennunHa TOKa XOJIOCTOTO XOJa CKJIAAbIBAeTCS M3 TOKAa HAMAarHMYMBaHWA [, U TOKAa B CTalIH

BHOM ¢ °

ICTaJ'II/I:
[x = [u + [CTaJ'II/I-
Tak kak BeTU4YMHA TOKA B CTAJIU COCTaBisieT 0kojo 10 % oT Toka HaMarHUYMBaHUs, TO BbIpaxe-
Hue (5.3) MOXKHO 3anucarh:

AQ, ~3-1 -U

B MacIIOPTHBEIX AAaHHBIX BCJIIMYMHA TOKA XOJOCTOI'0 XoAda HNPHUBOAWTCA B INPOLCHTAX OT HOMU-
HaJIbHOI'O TOKa. HOZ—)TOMy MbI MOXKEM 3aIInucCaTh:

3'[7(%'[ U [X%.SHOM

1HOoM B HOM
O 100 J3 100

C y4eToM MOJy4eHHOTO BBIpaXKEHHUs, GOpMyIIa AJisl pacueTa peakTUBHOM MPOBOJUMOCTH UMEET

BHOM (*

BUI:
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IX% 'SHOM
BT:—2
100-U

B HOM
Tpexoomomounwtiit mpancghopmamop

Ha snextpuyeckux cxemax TpexOOMOTOUYHBIN TpaHC(HOpMaTOp MPECTABIACTCS CICTYIOITIM 00-
pasom (puc. 5.5):

BH
CH

HH

Pucynok 5.5 — YcnoBHOe n300pakeHHe TpeX0OMOTOUYHOTO TpaHchopmaTopa

B cootBeTrcTBUU ¢ mpHHATON cHucTeMol oOo3HaueHui abOpeBuartypa tpancdopmaropa TJITH-
25000/110/35/10 pacumdposiBaeTcs: TpaHchopMmarop Tpex(das3Hblil, TPeXOOMOTOUHBIH ¢ MPUHYAH-
TEJIbHON LUPKYJSALMEN BO3yXa U €CTECTBEHHOW LMPKYJSLHUEH Macila U CUCTEMOU peryaupoBaHUs
HaIpsOKEHUs 1Mo Harpy3koil. HomuHanpHas momuocTh — 25000 kB-A, kimacc HanpspkeHHS 0OMOTKH
BbIciIero HanpsbkeHus — 110 kB, cpennero nanpsxenus — 35 kB, Husmero Hanpsbxkenus — 10 kB.

OOMOTKH TPeXxOOMOTOYHOTO TpaHC(hOpMaTOpa MOTYT UMETh Pa3IUYHBbIC MOIIHOCTH. 32 HOMH-
HAJIbHYI0 MOILTHOCTH TpaHc(hopMaTopa NMPUHUMAETCSI MOLTHOCTh, PaBHAsi HAMOOJbBIIEH U3 MOIIHOCTEH
ero ooMoTok. Ha 3Ty MomiHocTs TpanchopMaTop pacCUUTHIBAE€TCS MO YCIOBUSM Harpena.

TpancopMaTOpsl BEIMOIHSAIOTCS CO CIEAYIOIINUM UCTIOIHEHHEM 00MOTOK —

100 % / 100 % /100 %, 100 % / 100 % / 66,7 % u 100 % / 66,7 % / 66,7 %.

B pacderax TpexoOMOTOUHBIN TpaHCPOpPMATOP MPEACTABISACTCS CXEMON 3aMEIICHHS] B BHIEC
TpEXJIy4eBoi 3Be3/1bI (puc. 5.6).

Bce conpoTuBiieHus B cXeMe MPUBEACHBI K HAPSHYKEHUIO BBICIIEH 0OMOTKH.

Pucynok 5.6 —Cxema 3amerieHus: TpexoOMOTOYHOTO TpaHchopmaropa

Jlist onpenienieHus mapaMeTpoB CXEMbI 3aMEeIIeHUsT TPEX0OMOTOYHOTO TpaHchopmaTopa HYKHO
BBIMIOJIHUTH OJUH OMBIT XOJOCTOTO XO/Ja U TPU OMbITa KOPOTKOTO 3aMblKaHUA. W3 OmbITa XOJIOCTOrO
X0J1a ONPENEISAIOTCS JaHHbIE Ul pacueTa aKTUBHOW M pPEaKTHBHON NpOBOAMMOCTEH. OHU pacCUUThI-
BAIOTCS IO TeM ke (hopMysiaM, 4TO U JJIs IByXOOMOTOYHOTO TpaHchopmaTopa.

OnbITEl KOPOTKOTO 3aMBIKAHUSI BBIITOJIHSIOTCS CIEAYIOIINUM 00pa3oM — 0JJHa OOMOTKA 3aKOpadu-
BAEeTCs, BTOpPAsi HAXOJUTCS Ha XOJIOCTOM XOJy, a Ha TPEThbI0 0OMOTKY MOJaeTcsl HanpsHKeHHEe KOPOTKO-
ro 3aMbIkaHus. B PE3YIBbTATC ONBITOB ONPCACTIAIOT CICAYIOINEC MTACTIOPTHBIC JaHHBIC!

IIpU 3aKOPOYCHHON 0OMOTKE HU3KOTO HANPSHKEHUS U MUTAHUHM CO CTOPOHBI OOMOTKH BBICILIETO HAIPSI-
weHUA — Uy gy, APy gy
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IPU 3aKOPOUYEHHOW OOMOTKE HHM3KOTO HAMPSIKCHHS] U MUTAHUHU CO CTOPOHBI OOMOTKH CPEHEro Ha-
npsokeHus — Uy e, APk cns
IpU 3aKOPOYCHHONH OOMOTKE CpEIHEro HaMpsDKeHUS W MHUTAHUH CO CTOPOHBI OOMOTKH BBICIIETO
HanpskeHUs — Uy pe, APy ge.

YuuThiBasi ycIOBUS MPOBEJCHHUS ONBITOB, MOKHO 3aITUCATh CJIEAYIONTUE CUCTEMbI YPaBHCHU:

Ui =U,, +U. .5 |[AP. . =AP , + AP

K BH KH’
UKBC :UKB +UKC; API(BC AP +APKC’
UK CH = UKC + UKHC : APK CH AP + APKHC

Pemasi mepByro cUCTeMY ypaBHEHUH, ONpeIessieM 3HaUCHHE HanmeeHI/m KOPOTKOTO 3aMbIKaHHS
KaXKI0U OOMOTKHU;

UKB:O95'(UKBH+UKB UKCH)
UKC 2095 '(UKBC +UKCH _UKBH);
UKH 2095 '(UKBH +UKCH _UKBC)'

OpnHO U3 3HAa4YEHUH HaNpSYKEHUI KOPOTKOIO 3aMbIKAHUS 3HAUUTEIbHO MEHBIIE ABYX IPYIHX IO
abcomoTHOU BenmmunHe. Yame Bcero 310 Uy . i Uy ¢y DTO 00BSICHAETCS KOHCTPYKTUBHBIM HCTIONTHE-
HUeM TparcopmaTtopa. OOMOTKHM Ha MAarHUTOMIPOBOJIE TpaHCPOpPMATOpa PACTIONATAIOTCS KOHIICHTPH-
yeckd. [103TOMy MarHuTHOE MOJIe OOMOTKH, KOTOpasi HAXOIUTCS MEXTY IBYMS APYTHMH OOMOTKaMHU,
MPAKTUYCCKU IMOJITHOCTBIO KOMIICHCHPYCTCA MAIrHUTHBIMHU IHOJSIMU 3THUX O6MOTOK. B MPAKTUYCCKUX
pacderax BenuuuHa Uy 3TON 0OMOTKH MPUHUMAETCSI paBHOU HYIIIO.

WHayKTUBHBIE CONPOTUBIIEHUS OOMOTOK TpaHC(OpPMAaTOpa PACCUUTHIBAIOTCS 1O TOH ke Gopmy-
JIe, 9TO M JIJIs1 IBYXOOMOTOYHOTO TpaHchopMaropa:

_U,,-U;: U, U;? U, -U;

B HOM . B HOM . B HOM

B o C > H
100 “Shon 100 “Son 100 “Shon
Pemras nepByto cUCTEMY ypaBHEHUH, ONpENENsieM 3HAaYCHUE ITOTEPU aKTUBHOM MOIHOCTH B Ka-
JKIIOM OOMOTKE:

AP _05 ( KBH+APKBC KCH)
AP _05 ( KBC+APKCH KBH)
AP _05 ( KBH+APKCH KBC)

AKTHBHBIE CONIPOTUBIICHHUS 06MOTOK TpaHcopMaTopa PacCUUTHIBAIOTCS MO TOU ke (GopMmyre,
YTO | JUISl ABYXOOMOTOYHOTO TpaHcopMaropa:

R AP UB HOM . AP UB HOM . — AR(H ) UBZHOM
B 2 s fle S 2 > “Y'H S 2
HOM HOM HOM
OdeHp YacTO B CIIPABOYHOI JIUTEpaType MPUBOAUTCS TOJIBKO OJHO 3HadeHHE APy, OnpeaeneH-
HOE M3 OIbITa KOPOTKOTO 3aMbIKaHMs, BHIIIOJHEHHOT'O AJIsl HauboJsiee MOIHBIX 0OMOTOK. OOBIYHO 3TO
APy gc. TToTepu MOLTHOCTH B KaKJ0H OOMOTKE ONPEAEIAIOTCSA C yYETOM COOTHOUICHUS HOMHHAJIBHBIX

MOIIIHOCTEH 0OMOTOK IMPH PEIICHHUH CIICTYIOIIEH CUCTEMbI YPaBHEHUMN

AP .. =AP_ + AP

K BC KC’
QP 0
KB _ SCHOM A)
o/ "
APKC SBHOMA)

[ToTepn aKTUBHOM MOIIHOCTH B OOMOTKE HHU3IIETO HAMPSHKEHUS PACCUNTHIBAIOTCS U3 JIFOOOTO U3
COOTHOIIIEHUIA:

APKB SHHOM% A})KC SHHOM%
= 20044 = .
A])KH SBHOM% A])KH SCHOM%

[Tpu cooTHOMmIEHUsIX MOtITHOCTEH 0OMOTOK 100 % / 100 % / 100 %
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APKBzAPKczAPKﬂzoasAPKB07

a ipu cootHomenuu 100 % / 100 % / 66,7 % —
APy =APc=0,5 APin;  APxu=1,5 APys.

Jleyxoomomounsiii mpancghopmamop c pacujenieHHol 0O0MOMKOU HU3K020 HARPAIHCEHUA

JIByx0OMOTOYHBIE TpaHCHOPMATOPHI MOLTHOCTBIO 25 U Oosee MB-A BBINONHAIOTCS € paciien-
JIEHHOW OOMOTKOM HU3IIET0 HAINpPsDKEHUA. Y CJIOBHOE 0003HAYEHHE HA CXeMax MOKa3aHo Ha puc. 5.7.

O

Pucynox 5.7 — YcioBHoe nzo0pakeHue 1ByXoOMOTOYHOTO TpaHchopmaTopa

B cooTBeTcTBUUM ¢ mpUHATON cucTeMol o0o3HaueHui abOpeBuarypa Tpanchopmartopa T/PH-
25000/110/10 pacmmdpoBsiBaeTcs: TpaHchopMaTop TpeXpasHblid, TByX0OOMOTOUHBIN C paCHICTICHHOM
0OMOTKOM HM3IIETO HANPSDKCHHUS C MPUHYIUTEIBHOW MUPKYISAIMEH BO3AyXa M €CTECTBEHHOM IHPKY-
JSAUUENH Maciaa U CUCTEMOM PETyJIMPOBAaHUs HAIPSDKEHU OJ Harpy3koil. HoMuHanbHass MOIHOCTD —
25000 kB-A, xnacc HanpspkeHHs OOMOTKH BbIciiero HanpsbkeHus — 110 kB, Husmero HanpspkeHus —
10 B.

TpanchopMaTopsl UMEIOT TPEXIYUEBYIO CXeMy 3aMelieHus (puc. 5.8).

= Al UI'II'[].
YTy -
L By Ay
Y *
F Ay ir
lil f“\f‘}g\ﬂf‘“\_.mﬂ
| I
By G

Pucynox 5.8 —Cxema 3amenieHust AByX0OMOTOYHOTO TpaHCcpopMaTopa ¢ pacIieryieHHOH 0OMOTKOM
HU3IICTO HAITPAKCHUA

C moctatoyHOM JUIsl IPAaKTUKKA TOYHOCTBIO TaKOW TpaHC(HOpMATOp MOXKET paccMaTpuBaThCs Kak
JIBa HE3aBUCHUMBIX JIByXOOMOTOYHBIX TPaHC(HOPMATOpPa, KOTOPHIC MUTAIOTCS OT OOIIEH CETH.

Tpancopmaropsl ¢ pacuieryieHHOH OOMOTKOM BBIMOJHSIOTCS C COOTHOIIEHHEM MOIIHOCTEH
obmotok 100 % / 50 % / 50 %. OTkyna cienyert, 9To

RHH] = RHH2 =2 RB. (54)

OnBIT KOPOTKOTO 3aMbIKaHUS BBIMOJIHIETCS P NMapauIeIbHOM COEIUHEHUH OOMOTOK HU3ILErO
HanpspkeHus. [1o moay4eHHBIM JaHHBIM ONPEAETSIOTCS OOIIMe aKTUBHOE U MHJIYKTHUBHOE COMPOTHB-
neHus Tpanchopmaropa:

B HOM B HOM

AP, .U} U -U:
=V u =
06m SIfOM 06m 100 ’ SHOM

R
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B cootBeTcTBHH C YCJIOBUSAAMH BBIIIOJTHCHHSA OIBbITA KOPOTKOT'O 3aMbIKAHUA

R_.-R

R06H1 :RB + HH] HH2 : (55)
RHHI + RHH2
X, X

X =X, +— 10—z (5.6)
XHH] +XHH2

[ToacraBuB Beipakenue (5.3) B (5.5), momyqnm:

RHHI = RHH2 = ROGH.I 144 RB = 075R06H.1-

Jlna onpeneneHus UHAYKTUBHBIX COMPOTUBICHUH OOMOTOK, HY)KHO YYUTBHIBATh PACIIOJIOKEHUE
00MOTOK Ha MarHUTOMIPOBOJIC, TO €CTh BIUSHUE MATHUTHBIX MOJIEH.

Taxk, muist rpymnmbel o1HO(a3HBIX TpaHCHOPMATOPOB:

XB =0 mn XHHI =XHH2 =2 XOGH.I-
st Tpexda3Hbix TpaHCHOPMATOPOB MPHU PACTIOIOKEHUH OOMOTOK OJTHA HAJl APYTOM:
Xs=0,125 Xoomy 4 Xan1 = Xz = 1,75 Xoom.

[TpoBomumocTy TpanchopmaTopa ¢ pacuierIeHHONH 0OMOTKON ONPEEISIFOTCS TaK ke, KaK U JJIs
JIBYXOOMOTOYHOTO TpaHcgopmaTopa.

[Ipumenenue TpaHcHOPMATOPOB C PACHICTUIEHHBIMH OOMOTKaMH Ui pa3[elbHOrO MHUTAHUS
CEKIUU HU3IIETO HANPSDKEHHUS MO3BOJISIET CHU3UTH TOK KOPOTKOTO 3aMBIKAHUS MPAKTUYECKH B JIBA
pa3a 1 000UTHCH BO MHOTHX CIIydasx 0€3 TOKOOTPaHMYUBAIOIIUX PEAKTOPOB.

Aemompancgopmamop

Ha osnextpuyeckux cxemax aBTOTpaHC(hOpMATOp H300pakaeTcst cienylomuM o0pa3oMm (puc.
5.9).

B

—
@4 cn

Pucynok 5.9 — YcnoBHoe nzobpakenne apTorpanchopmaropa

B cooTBeTrcTBUM ¢ MpUHATONW CHCTe-MOW 00O03HaueHUN abOpeBmaTypa aBTOTpaHchOpMaTopa
ATALTH-125000/ 220/110/10 pacmmdpoBsiBaeTcs: aBTOTpaHchopMaTop TpexdasHbIi, TpexoOMo-
TOYHBIN C IPUHYAUTEIBHON HUPKYIISIIIUEH BO31yXa U Macjia U CUCTEMOW PEryJIMpOBaHUs HANPSKEHUS
noJ Harpy3koil. Homunanenass MmomHocTh — 25000 kB-A, kinacc HanpsokeHUss 0OMOTKU BBICIIETO Ha-
npsbkenus — 220 kB, cpegnero nanpsixenus — 110 kB, ausmiero nanpsoxkenust — 10 kB.

ABTOTpaHc(hopMaTOp OTIIMYAETCS OT TPEXOOMOTOYHOTO TpaHC(POpMAaTOpa TEM, UTO €ro OOMOTKH
BBICILIETO U CPEHET0 HANpPsHKEHUH, KpOME MarHUTHOM CBSI3M UMEIOT €IIe SJIEKTPUUECKYIO CBSI3b (pHC.
5.10). OOMOTKa CpeaHETO HAMPSKEHHUS SIBISICTCS YaCThI0 OOMOTKH BBICIIIETO HATIPSKCHHSL.
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Pucynok 5.10 — Cxema coequHeHust 0OMOTOK aBTOTpaHcopMaTopa: a) — mociaeaoBaTeIbHast 0OMOTKA;
0) obmras oOMOTKa

OOMOTKa BBICILIET0 HAIPSKEHUS] COCTOUT U3 JBYX YacTeil — MOCIe0BaTeNbHON 0OMOTKH U 00-
e OOMOTKH.

[Ipu pabote aBToTpaHchopmaropa B peKMME MOHMKECHUS HAMPSHKCHHSI B MOCIEI0BATEIHHON
00MOTKe TpoTekaeT TOK /. OH co37aeT MarHUTHBIA TIOTOK M HABOAHUT B 00IIIEeH 0OMOTKE TOK /o6y, TOK
HArpy3Kd B 0OMOTKE CPETHETO HAMPSHKEHUS PABEH CyMME dTHX TOKOB:

I. = I + Losu.

Toxk I, onipenensieTcst JIEKTPUUECKOH CBSI3bI0 0OMOTOK, a TOK /o6 — MATHUTHOM CBSI3BIO.

[ToHAst MOIITHOCTB, KOTOpAsl TIEpe1aeTCsa W3 OOMOTKH BBICIIIETO HAIPSKEHUS B OOMOTKY Cpe/IHe-
ro HaNpsDKEHUs, Ha3bIBa@TCS HOMUHAIBHOW MOIIHOCTH aBTOTpaHcopmaTtopa. OHa pacCUUTHIBACTCS
KakK

SHOM = \/g ’ UB HOM -IB HOM: \/g ) UC HOM .ICHOM'

3T0 BBIpA)KEHUE MOXKHO 3aMHCaTh CIETYIONIM 00pa3oM:
SHOM = \/g ) UB HOM .IB HOM: \/§ 'IBHOM.(UB HOM - UC HOM) =

= 3 ) [B HOM ) (UB HOM UC HOM) + \/g ) [BHOM ) UCHOM

TPAHCOOPMATOPHAA MOIII- OJIEKTPUYECKAS MOII-
HOCTb, IIEPEJABAEMAST MAT- HOCTbD, IIEPEJJABAEMAS
HUTHBIM IIYTEM U3 OBMOT- 3A CYET 3JIEKTPMYECKON
K1 BBICHIET'O HAIIPSDKEHW A CBS3U OBMOTOK. OTA

B OBMOTKY CPEJHEI'O HAII- MOIIHOCTb HE HAI'PY-
PSKEHUS. HASBIBAETCA TU- XKAET OBLIYIO OBMOTKY.

[TOBOY MOIL[HOCTBIO. PA3ME-
PbI MATHUTOITIPOBOJIA OIl-
PEJIEJISIIOTCSI DTOU MOIIHOC-
ThBIO.

TunoBasi MOIIIHOCTh MEHBIIIE HOMUHAJIBHONW MOIIHOCTH. BBISICHUM BO CKOJIBKO pa3. [ns storo
BO3HBMEM OTHOIIIEHHUE TUITOBOI MOIIIHOCTH K HOMUHAJILHOM:

STI/IH — \/g ’ IBHOM ’ (UBHOM B UCHOM) — UBHOM - UCHOM — 1 _ UCHOM
SHOM \/g ’ IB HOM UB HOM UB HOM UB HOM

Koaddumument o HazpiBaeTcss k03P GUIIMEHTOM BHITOTHOCTH. BBIroHOCTE aBTOTpanchopmaTopa
OTIpeICIIIETCS IO OTHOMICHHUIO K TPEXOOMOTOYHOMY TpaHC(hopMaTopy TOU ke MOITHOCTH.

OOMOTKa HHU3IIETO HAMPSHKEHUS UMEET C 0OMOTKaMH BBICIIETO U CPETHETO HAMPSHKEHUH TOJIBKO
MAarHUTHYIO CBSI3b. MOIITHOCTh 9TOW OOMOTKH HE MOXET OBITh OOJbIIE TUIOBOW MOITHOCTH aBTO-
TpanchopmaTtopa. MHade pasMepsl MarHUTONPOBOAA aBTOTpaHChoOpMaTopa OYAyT OMpPEneisAThCS
MOIIIHOCTHIO OOMOTKH HU3IIIETO HATIPSKEHUS.

=Q.
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Y4uuTteiBas U3M0KEHHOE, MOKHO 3aIHCaTh COOTHOIIICHWE HOMHHAJIBHBIX MOIIHOCTEH OOMOTOK
aBTOTpaHcopmaropa:

100 % / 100 % / o %.

Ipeumywecmesa aprorpanchopmaTopa 1Mo CpaBHEHHUIO ¢ TPEXOOMOTOYHBIM TpaHCHOPMATOPOM:
MEHBIIUN PacXxo]l MaTepUaJIOB (MEIH, CTANIN, U30JISAIUN);

MEHBIIIE Ta0APUTHI;

MEHBIIIHNE MOTePU aKTUBHOM MOIIHOCTH B peXUMaX X0JIOCTOr0 X0/1a U KOPOTKOTO 3aMbIKaHMS;
OosbIui KO PHUITUEHT TOJIE3HOTO JISHCTBHS;

0oJiee JIerKue yCIOBUS OXJIaXKICHUSI.

Heoocmamxku:

CJIOHOCTD BBITIOTHEHHSI HE3aBUCHMOTO PETYITUPOBAHUS HATIPSKCHHUS,

OTaCHOCTh TMepexoa aTMOC(HEPHBIX MEepPEHANPSHKEHUH 13 OOMOTKH BBICIIETO HANPSIKEHUS B OOMOTKY
CpEJIHEro HaMpsHKEHUS M 00paTHO M3-3a AJIEKTPUUECKOM CBSI3U OOMOTOK;

HEOOXOUMOCTh 00S3aTENIFHOTO TIYXOro 3a3eMJICHHS HEUTpanu. DTO MPUBOAUT K TOMY, YTO TOK
0JTHO()a3HOTO KOPOTKOTO 3aMbIKaHHUS MOXKET OBITh 0OJIbIIE TOKA TPeX(ha3HOTO KOPOTKOTO 3aMbIKaHMS.
Ecnu e pa3zeMiauTs HeHTpaib, TO U300 0OMOTOK HYKHO PAaCCUMTHIBATh Ha JIMHEWHOE HarpsixKe-
HUE.

ABTOTpanc(hopmMaTop UMEET TaKyl K€ CXEMY 3aMEIICHHs, YTO U TPEXOOMOTOUYHBINA TpaHCchOp-
matop. [lapaMeTpsl cXeMbl 3aMeIeHUs] PACCUUTHIBAIOTCS aHAIOTHYHO. [Ipy 3TOM clielyeT yUuThIBaTh,
YTO YaCTh MACMOPTHBIX JAHHBIX MOXKET ObITh MpUBEJeHA HE K HOMUHAJIBHON MOIIHOCTH, & K THIIOBOM.
OOMOTKa HU3IIETO HAMPSHKEHUS PACCYMTHIBACTCS HA THIOBYIO MOITHOCTH. [10ATOMY MpH KOPOTKOM
3aMbIKaHUM OOMOTKH HHU3LIETO HANPSDKEHUS HANpsOKEHHE MOJHUMAETCS 0 3HAUeHUs, OIpeessionie-
ro TOK B 3TOH 0OMOTKe. B aToM ciydae mapameTpsl APy wy, APy ey Ux sn B Uy oy OKAa3BIBAIOTCSI TIPHBE-
JEHHBIMU K TUIIOBOW MOIIHOCTH aBTOTpaHChOpMaTopa.

Eciu B macmopTHRIX JAaHHBIX OTMEUYAETCS 3Ta OCOOEHHOCTh, TO yKa3aHHBIC MapaMeTpPHI CIeAyeT
MPUBECTH K HOMUHAJIBHON MOIIHOCTH 1O (hopMyIiam:

* %k
AP _ APKBH - AP _ APKCH .
KBH 0(2 ’ KCH PR
ES %
_ UKBH UKCH
U u U
K BH K CH
(0 (0

3Hak “*” yKkaspIBaeT, 4TO MapaMeTphl ObUTM MPUBEICHBI K THIIOBOW MOIIHOCTH aBTOTpaHCQOp-
Maropa.

6Xapal<mepucmul<u OCHOGHbIX IJIEKMPORPUEMHUKOB
Xapakmepucmuku OCHOGHDbBLX IIEKMPONRPUEMHUKOB

DIIEKTPUUYECKHE CETH COOPYKAIOTCS JuIsl iepeaaun Hepruu oT DC k morpeduternsim. Tpedyemas
THUMH TOTPEOUTEISIMI MOIITHOCTh OTPEEIIIeT MIEKTPUISCKYI0 Harpy3ky cetu. OT Xapakrepa Harpys-
KU 3aBUCST TPEOOBaHUS, KOTOPbIE MPEIbIBISIIOTCS K JIEKTPUUECKON CETH.

Bce notpebureny 31eKTpOIHEPTHH YCIOBHO JEIATCS Ha CIEAYIOUINE TPYIIIbL:
KOMMYHAaJIbHO-OBITOBBIE;

MPOMBIIIICHHBIE;

ANEeKTpU(PUIIMPOBAHHBIN TPAHCIIOPT;
MIPOM3BOJICTBEHHBIE TOTPEOUTEIH CETHCKOTO XO3SHCTBA;
poyre MOTpeOnuTEeH.

Kxommynanvro-661mo6bim OTHOCATCS OCBELICHUE KUIIBIX JIOJIOB U OOLIECTBEHHBIX 3[aHUM, 1BU-
raTesy JUPTOB, XOJIOAWIBHUKOB, TEXHOJIOTHIECKOE 000pyI0BaHHE MPEANPHUITHI 0OIIECTBEHHOTO TTH-
TaHUS U yIPEKIEHUH OBITOBOTO 0OCTYKHUBAHMUS.
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K npomsiuinentvim 31eKTpOIPUEMHUKAM OTHOCSTCS JJIEKTPOJBUTaTENN, OCBETUTEIbHBIE TIPHUOO-
PBI, SJIEKTPOTEPMHUUECKHUE YCTAaHOBKH, BBIIPSIMUTENIbHbIE YCTAHOBKU JI IIPeoOpa3oBaHusl MepeMeH-
HOT'O TOKA B IMOCTOSIHHBIMN.

Harpyska TsroBeix [IC sxene3Hoit Joporu, TAToBbIX BbIIpsMuTenbHbIX [IC TpamBaeB, Tposuieii-
OyCOB, METPO OTHOCHUTCS K 21eKMPUPUYUPOBAHHOMY MPAHCHOPIY.

K npouszeoocmeenuvim nompebumensam cenbcko2o xo3icmea OTHOCUTCS 000pyI0BaHUE KUBOT-
HOBOJUYECKHUX (hepM, METTbHUIL, TPEANPHUATHIA IO IepepabdOTKe CENbCKOXO03IHCTBEHHOM MPOLYKIIH.

K npouum nmorpeOutensiM OTHOCATCS HACOCHBIE YCTAHOBKH BOJOIPOBOJA M KaHAIM3AIUU, KOM-
IIPECCOPHBIE CTAHIUH.

B 3aBucuMoCTH OT 2KCnIyamayuoHHO-mexHu4ecKux TMpU3HAKOB BCE HIEKTPOIIPUEMHHUKH Jie-
JSITCA:
10 peKUMaM padOTHI;
M0 MOIIHOCTH ¥ HANPSHKEHUIO;
110 POy TOKa;
110 CTENEHU HAJIEKHOCTH.
o pesrcumam pabomei pa3nuvaroT AMEKTPONPUEMHHUKH:
C TPOJOKUTEIIBHO HEM3MEHHOW WM MaJOMEHSIOUIEHCS Harpy3Kod. XapaKTepu3yrcCs TEM, 4YTO
JUINTEIBHO paboTaroT 0e3 MpEeBbINICHUs UIMTEIbHO NOMYyCTUMON Temmeparypbl. Ciojja OTHOCSTCS
AJIEKTPOJIBUTATEIN HACOCOB, BEHTHIISITOPOB;
C KpaTKoBpeMeHHOU Harpy3koil. [Ipu paboTe aeKTponprueMHUKOB X TeMIlepaTypa HUXKe JUIUTEIHHO
JIOIyCTUMOM TEMIIepaTyphl, a 3a BpPEMsl OCTAaHOBAa TOKOBEAYILME YacCTH OCTHIBAIOT JI0 TEMIEPATYPHI
okpyxatomien cpezpl. Cro1a OTHOCATCS OOJIBITMHCTBO AJIEKTPOIPUBOIOB METAIIOPEKYIIIUX CTAHKOB;
C TOBTOPHO-KPATKOBPEMEHHOW HArpy3koul. JIJIUTENbHOCTh LHKJIA “BKIIOUYCHUE—OTKIIOUYCHHE HE
npesbimaer 10 munyt. [Ipu paboTe 3MEKTPONPUEMHUKOB UX TeMIIepaTypa HUKE JITUTEIBHO JOMYCTH-
MOH TeMIIepaTyphbl, a 32 BPeMsl OCTAHOBA TOKOBEAYIIME YAaCTH HE OCTBHIBAIOT JI0 TEMIIEPATyphl OKpPY-
JKarouIien Cpebl;
HarpeBaTeNbHBIE anmapaTsl, padoTaIe B MPOJOKUTEIFHOM PEKUME C MPAKTUYECKU TTOCTOSTHHOU
Harpy3Koi;
AIEKTPUUECKOE OCBEILEHUE. DIEKTPONPUEMHUKH XapaKTEPU3YIOTCS PE3KUM NU3MEHEHUEM Harpy3KHu.

ITo mowHocmu u nanpsdicenuro pa3nugaloT MEKTPOTIPHEMHHUKH:
6onpbmoi MoutHocTH (80 — 100 kBT 1 60sb11e) HanpsbxkerneM 6 — 10 kB. Hanpumep, neun;
Masoi u cpeaneit momuoctu (MeHee 80 kBT) nanpsbxkenuem 380 — 660 B.

[To pody moxka pa3nuyaroT 371€KTPONPUEMHHUKU:
MEePEMEHHOTO TOKA TPOMBIIIUIEHHOW YaCTOTHI;

MEePEMEHHOT0 TOKA MOBBIIIEHHON MM MOHWKEHHON 4acTOThI;
MOCTOSIHHOTO TOKa.

Cmenenb HadescHoCcmu SACKTPOIPUEMHHUKOB YCTAHABIUBAETCS B 3aBUCUMOCTHU OT MOCJIE/ICTBUH,
KOTOpPBIE UMEIOT MECTO TPHU BHE3AITHOM TEPEPHIBE B AJICKTPOCHAOKEHUHU. PazmnyaroT 2JIeKTporprueM-
HHKH:

I kateropuu. IlepepbiB B 2IEKTPOCHAOKEHNN TAaKUX MOTPEOUTENEH CBSA3aH C OMACHOCTHIO TSI KU3HU
JOJIeH, 3HAYMTENILHBIM YIIEpOOM SKOHOMHUKH TOCY/IapCTBa, MOBPEXKACHUEM OOOPYIOBaHMS, MacCO-
BbIM OpakoM nponykiuu. K morpedurensm | kareropuu HaaeKHOCTH OTHOCSITCS IIAXTHI, JKEJIE3HBIC
JIOPOTH, JOMEHHBIC M 3JIEKTPOJU3HBIC 11€Xa, METPO, CTaJUOHBI, TOPOJICKUE MOTpedbuTenn olmiel Ha-
rpy3koii 6onee 10 MB-A. [Tutanue norpedureneii | kareropun HaEKHOCTH JTOJHKHO OCYIIECTBISATHCS
OT JIBYX HE3aBHCHUMBIX HUCTOYHHKOB NMUTaHUS. Hezagucumvimuy CUATAIOTCS UCTOYHUKHU TIOTEPS HAIPsi-
JKEHUS HA OJHOM U3 KOTOPBIX MO JIF00OOH MpUUYMHE HE MPHUBOJIUT K MOTEPE HAMPSHKCHHS Ha JAPYTrOM.
JIBe cucTeMBbI MMIUH CYUTAIOTCS HE3aBUCHUMBIMHU MCTOYHMKaMU nutanus. Cpenu motpeduteneit | kare-
TOPUH HAJIEKHOCTH BBIJCISIOT OCOOYIO TPYIITY JIEKTPONPUEMHUKOB. K HEll OTHOCST 3JIeKTpomnpreM-
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HUKH, JJIs KOTOphIX OecrniepeboifHoe 3neKTpocHa0keHue HeoOXoaumMo Jutst 6e3aBapHifHOr0 OCTaHOBA
MIPOU3BOJICTBA, CBSI3aHHOTO C BO3MOXXHOCTHIO BO3HHKHOBEHHS MOKapOB, B3PHIBOB, THOENbBIO JIOJCH.
Jist HUX HE00X0AUMO TPEAYCMOTPETh TPH HE3aBUCHMBIX MCTOYHHUKA MUTAHUS. DTO — ONEPalMOHHbIC
00JBHUI], XUMUYECKOE MPOU3BOACTBO. [lepephiB B anekTpocHab)keHnn notpeduteneit I kareropuu Ha-
JIEKHOCTH JIOIYCKAETCsl HAa BPEMsI aBTOMATHYECKOTO MEPEKITIOUEHNS HAa PE3EPBHOE ITUTAHUE;

IT xaTeropuu. [lepeppiB B 2JIEKTPOCHAOKEHUN TAKMX MOTPEOUTENCH CBSI3aH C MAaCCOBBIM HEIOOTITYC-
KOM IPOAYKIMH, IPOCTOEM pabodMX, MEXaHM3MOB, IIPOMBIIUIEHHOTO TPAHCIIOPTa, HAPYIICHHEM HOP-
MaJbHOM KU3HENEATSIbHOCTH 3HAYUTEIILHOTO KOJIMYeCTBa ropoackux skureneid. K morpedurensm 11
KaTeropuM HaJIeKHOCTU OTHOCATCS KPYIHBIE Mara3uHbl, TPEANPUSTHS JIETKOW MPOMBIIUIEHHOCTH,
3JIaHUsl BBICOTOM OoJiee 5 3Ta)kel, MHOTOKBapTUPHBIE JI0Ma C AJEKTPOIUIUTAMH, y4eOHbIe 3aBeICHMUS,
rpynmsl norpeduteneit ¢ odmeit Harpyskoit ot 300 1o 1000 kB-A. Pekomennyercss mutaHue oT IBYX
HE3aBUCHUMBIX UCTOYHUKOB MUTaHUA. JlomyckaeTcs muTaHue OT OJHOIO MCTOYHMKA MUTAHUS U OT O-
HOTO TpaHchopMaTopa MpU HATUYHH pe3epBa M0 BTOPUYHOM CTOpOHE. JomycKaeTcs nepepsiB B AJIEK-
TPOCHA0XKEHWU Ha BpeMs MEPEeKITIOUYEeHUN MO BBOJAY PE3EPBHOIO MUTAHUS JEKYPHBIM HEPCOHAIIOM.
JnuTeNnbHOCTh pEMOHTA HE JIOJKHA MPEBBIIATh OJTHU CYTKU;

IIT xaTeropuu. K HUM OTHOCSITCS BCE HEOTBETCTBEHHBIC MOTPEOUTENN: HEOOBIIHNE KIIIbIE TTOCETKH,
3aHus 10 MATH 3Taxell. [lepepbIB B 2JIeKTPOCHA0KEHUH TaKUX MOTPEeOUTENeH T0MyCKaeTcs Ha BpeMs
JI0 OJIHUX CYTOK.

I'paduku Harpy3Ku >7MEKTPOIPUEMHHUKOB

CBoiicTBa 2NEKTPONPUEMHHUKOB, BKIIOUEHHBIX B CE€Th, 00YCIOBIMBAIOT XapaKTep HArPy3KH U ee
TEXHUKO—)KOHOMHYECKUE IOKA3aTEI, OKA3BIBAIOT HEMOCPEACTBEHHOE BIMSIHHME HA KAa4eCTBO DJICK-
TposHepruu. Hampumep, 35eKTponpreMHHUKH, CO3AAI0NIIe HEpaBHOMEpHBIE 1O (a3aM Harpy3Kd, BbI-
3BIBAlOT HECUMMETPHIO TOKA U HAPsDKEeHUA. My 2JeKTpONPUEMHHKH C PE3KONIEPEMEHHON TOJYKOBOU
Harpy3Ko# CO3Jal0T B CeTAX KoJeOaHus HaNpsDKEHUsl. DTO BBI3BIBAET MUTAaHHE JIaMII, 0TKa3 OT pabOThI
JIEKTPOHHOM amnaparypsl, yXyAleHHe paboThl 3J1EKTPOIBUTaTENIEH.

Jlnist HopMaabHOM paboThl ceTei, YIyqIIeHUsI UX TEXHUKO — YKOHOMHUYECKUX MOoKa3aTesnen mpu-
HUMAIOTCS pa3jInyHble TEXHUYECKHE Mepbl. Harmpumep, pazienbHOe NMUTaHWE CUIIOBBIX U OCBETHUTENb-
HBIX JIEKTPONPUEMHHUKOB.

Taxum 06pa3om, 0cOOEHHOCTH PabOThI AIEKTPOINPUEMHHUKOB JOJIKHBI YUUTBIBATHCS MIPU MPOEK-
TUPOBAaHNU, aHAJIN3€E PEXKUMOB, B KCIUTyaTallUH CETEH.

[TorpebneHue 31eKTPOIHEPTUH 3aBUCUT OT Ha3HAUEHMsI IEKTPOIIPUEMHHKA, PeKUMa ero pado-
ThI, BpEMEHHU Pa0OTHl U MHOTHX Apyrux (GaxkTopos. [Iporecc moTpebiieHus 3EKTPOIHEPTUU BO BpEMe-
HU OTpaxkaeTcsi rpapukaMu Harpy3KH.

[To Buay ¢ukcupyemoro nmapamerpa pa3inyaroT rpaduku akTUBHOW, peaKTUBHOM, IMOJIHOM (Ka-
AKYIIEHCs) MOIHOCTU M TOKA 3JIEKTPONIPHUEMHUKA.

I'paduiku oTpakaroT U3MEHEHHE HArPY3KH 3a OMpeeleHHBIN mepruoa BpeMmenu. [1o aTomy npu-
3HAKy UX MOAPA3AEIAI0T Ha cymoyHvle (24 1), ce30HHble U 20008bie.

daxkTHueCKUi TpapuK HArpy3Ku JIEKTPONPHUEMHUKA MOXKET ObITh MOJTYYEH C MOMOIIBIO PErUCT-
pUpYOIUX TPUOOPOB, KOTOPHIE (PUKCUPYIOT U3MEHEHHE COOTBETCTBYIOIIETO MapaMeTpa BO BPEMEHH.
OuepTaHus CyTOUYHBIX T'papUKOB HArpy3KH OJHOTO M TOTO K€ IEKTPOIPUEMHUKA MEHSIOTCS B 3aBH-
CUMOCTH OT TOTO, pacCMaTPUBAIOTCS pabO4yMe CYTKH MM BBIXOJHBIE JTHH, OT BpeMeHH roja. Ha ero
OuepTaHHE BIIMAET U MHOXKECTBO CIy4alHbIX (pakTopoB. I103TOMY OAHMM CYTOYHBIM IpaUKOM Ha-
IPy3KH HENb3s 0XapaKTepru30BaTh paboTy JIEKTPONPHUEMHHUKA.

Jlns ynoOcTBa pacueToB peajbHO CHATBHIM IpauK 3aMeHSIOT cTyneH4aTbiM. OOBIUHO Ul Kax-
JIOTO TIOTPeOUTENs JAaeTCsl HECKOJIBKO CYTOYHBIX I'paUMKOB, KOTOPbIE XapaKTEPU3YIOT €ro paboTy B
pasHoe BpeMs roja W B pa3Hble JHU HeJeNu. JTO rpaduKu 3UMHUX U JIETHHX CYTOK JUIs paboumx
IHe, rpaduk BIXOAHOTO AHA. OCHOBHBIM SIBJISIETCS 3UMHUU rpaduk pabdodero qus. Ero makcumab-
Hasi Harpy3ka npunumMaetcs 3a 100%, a opuHATBI BCEX OCTAJbHBIX IPaQHUKOB 33aJ1al0TCS B MPOLEHTaX
MMEHHO OT 3TOT'0 3HAYEHUS.
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[To rpadukam OTHOTUIHBIX HPEANPHUATHNA TMONYYAIOT TUIOBBIE TpapUKH HATrpy3KH, KOTOpBIE
MPUBOJATCS B CIIPABOYHOM JINTEPATYpE.

[Ipu oTrcyTrcTBUU TPapHUKOB PEAKTUBHOM MOIIHOCTH, UX MOXKHO IOJIYYUTHh U3 Ipa(UKOB aKTHUB-
HOM MOIIHOCTH:

Qmax = Pmax tg (P max ’

rae 12Q, .. —ONPENENAETCS MO 3HAYEHUIO COSPmax, KOTOPOE 3aJa€TCS KaK MCXOJHBIA Mapamerp Ui
KaXJIOTO TTOTpeOnTEIISI.

[To cyTo4yHbIM TpadukamM Harpy3ku CTPOST I'OJIOBbIe IpaUKH HArpy3KU IO MPOJOJIKHTEIBHO-
ctu. Harpy3ku Ha rpaduke pacrosararoT B OPSIKE UX YOBIBAHUS OT Prax 10 Pin (CM. puc. 6.1).

Yo | F

I
[

0 2000 4000 6000 3760 u

Pucynox 6.1 — I'ogoBoii rpadguk 1Mo mpo0KATEILHOCTH.

['paduk 1Mo MpoOIKUTENFHOCTH HArPY30K MPUMEHSIOT B pacyeTax TEXHUKO — SIKOHOMHUYECKHX
nokasareseil YCTaHOBKH, pacyeTax MoTepb dJIEKTPOIHEPTUH, IPU OIIEHKE MCIIOJIb30BaHMs 000py0Ba-
HUS B TEUEHUU TO/A.

[Inomans, orpanndyeHHas KpUBOi rpaduka akTUBHOW HArpy3kKH, YHCJICHHO paBHA YHEPIUH, I1O-
TpeOJIEeHHON AIIEKTPONPUEMHUKOM 32 TOJ:

Wn = lez ) Ati ’
rze P; — MOIIHOCTS i-i cTyneHu rpaduka; Az; — IPOIOIKUTEIBHOCTD CTYIICHH.
Cpenansist Harpy3Ka 3a roj paBHa:
Pe, = W,/ 8760.

CreneHb HEPaBHOMEPHOCTH rpaduka pabOThl YCTAHOBKH OIICHUBAIOT KOA(DPHUIIMEHTOM 3aImosi-

HEHUS:

W _PCp

k,=— 1 =_
P.. 8760 P
Koaddumuent 3amonHenus rpaduka moka3blBaeT, BO CKOJBKO pa3 MOTPEOJICHHOE KOJIHMYECTBO
AIIEKTPOIHEPTUN MEHBIIIE TOTO KOJUYECTBA YHEPTUHU, KOTOPOe ObIJI0 OBl MOTpeOsIeHO, eciu OBl Harpy3-
Ka YCTaHOBKHU BC€ BpeMs ObLla MakcuManbHOH. OueBUAHO, YeM paBHOMEpHee rpaduk, TeM 3HaYEHUE
k02 unmenTa 3anoaHeHNus OJIMKE K eAUHUILE.
Jlnis XapakTepuCTUKU rpaduKa MOoIb3yIOTCS BPEMEHEM UCIOIb30BaHNs MAaKCUMAJIbHON Harpy3ku
Tmax. OTO BpeMsi, B TEUEHHE KOTOPOTO MpHU padoTe yCTAaHOBKH C MAaKCHMaJbHON HAarpy3koil M3 ceTH
HnoTpeOIIAeTCs TaKOe e KOJIMYECTBO NIEKTPOIHEPTHUHU, YTO U IO pealbHOMY rpaduKy Harpys3ku. 3Ha-
YeHUE Tmax MOKHO PACCUUTATH CIIEIYIOIIUM 00pa3oM:
Tmax: Wn/Pmax-
3Ha4yeHus Tax AT pa3IMYHBIX TOTpeOUTENEH MPUBOAUTCS B CIIPAaBOYHOM JIUTEpaType.

7H0mepu MOULHOCHU U ITIEKMPOIHepcUuu 6 yjiemenmax cemu
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Homepu MOULHOCMU 6 JJ1IemMenmax cemu

JI1s1 KOMMYeCTBEHHOM XapaKTePUCTUKU PabOThI DJIEMEHTOB JJIEKTPUUYECKOW CETH paccMaTpuBa-
I0TCSl ee paboume peKuMbl. Paboyuii pedicum — 3TO YCTaHOBMBIIEECS AIIEKTPHUECKOE COCTOSIHUE, KO-
TOPO€ XapaKTEPU3YETCsl 3HAYCHUSIMU TOKOB, HANPSIKEHUM, aKTUBHOM, PEAKTUBHOM U MOJIHON MOIIHO-
CTEH.

OCHOBHOH 1LI€JIBIO pacueTa PeKUMOB SIBJISIETCS ONpeAeNIiEeHHe ITUX MapaMeTPoB, Kak JUIsl IPOBEp-
KN OOIMMYCTUMOCTH PCIKUMOB, TAK U IJIA O6€CH€‘ICHI/IH 3KOHOMHNYHOCTHU paGOTLI 9JIEMEHTOB CETEHl.

Omnpenenenne 3Ha4YE€HUI TOKOB B 3JIEMEHTAaX CETH W HANpsHKEHUH B €€ y3J1ax HauMHaAeTCs C Mo-
CTPOEHHUSI KAPTUHBI pacIipeiesieHUs MOTHON MOIIHOCTH IO 3JIEMEHTY, T.€. C ONpPEAeNICHUs MOLTHOCTEMN
B HayaJie ¥ KOHIIE KaXKJ0ro AJieMeHTa. Takylo KapTUHY Ha3bIBAIOT OTOKOPACIIPEIETICHUEM.

PaccuntriBas MOIIIHOCTHU B Ha4aJIC U B KOHIIC 3JICMCHTA BHGKTpH‘IeCKOﬁ CCTHU, YUYUTBIBAIOT IOTEC-
PH MOIIHOCTH B CONPOTUBIICHUX 3JI€MEHTA U BIUSIHUE €r0 IPOBOJAUMOCTEH.

Pacuem nomeps MouitHocmu 6 j1UHUAX 3Jlel<mponepe0aq

[Torepu akTuBHON MomHOCTH Ha y4dacTtke JIDII (cM. puc. 7.1) 00ycioBIeHBI aKTUBHBIM COIPO-
TUBJICHHEM MPOBOJIOB M Kabemel, a TakKke HECOBEPIICHCTBOM HMX W30JISIIHH. MOIIHOCTD, TEpsieMast B
aKTHBHBIX compoTuBiieHusx Tpexdasznoi JIDII u pacxomyemas Ha ee HarpeB, onpeaessieTcss mo ¢Gop-
MyJIe:

AP =3I*R =3-[(Icos@)* + (Icos®)’]-R=

P 0
[(\@U) +(\/§U)]R
N N e
=3 (3U2+3U2) =

R = R
rae [, I,, I, —nonubtit, akTusHbii 1 peaktusublii Toku B JIDIL P, O, S — akTHBHAs, PeakTHBHAs U

=3-(I;+1})-R=3-

3U*? U

MOJTHAs MOIIIHOCTH B Havase win koHue JIOII; U — nuneliHoe HanpsbkeHne B Havase win KoHie JIOIT;
R — akTuBHOE comnpoTHBIieHHe 0HOM (a3l JIDII.

¥

—_—
L R+iX ,L
feasp

Pucynok 7.1 — K pacuery noreps mouiHoctu B JIDII

[Torepu akTuBHON MOIIHOCTU B npoBoaAuMOCTAX JIDIT 00ycIoBIeHB HECOBEPIIEHCTBOM H30JIs-
uuu. B Bo3aymneix JIDII — nmosiBieHreM KOPOHBI U, B OYE€Hb HE3HAYUTEIBHOW CTEIEHH, YTEUKON TOKa
no u3ossitopaM. B kabenpHbix JIDII — nosBneHreM Toka MPOBOJMMOCTH a ero abcopOrun. PaccunTsi-
BaIOTCS IOTEPH 110 hopMyIie:

AP=U’-G,
rae U — nuHeltHoe HanpsbkeHue B Hadale win koHile JIDI; G — aktuBHas npoBoaumocts JIDIL.

IIpu npoekTupoBaHnu BO3AyMHBIX JIDII moTepr MOITHOCTH HA KOPOHY CTPEMSITCS CBECTH K HY-
10, BBIOMpas TakoW AMaMeTp MPOBOJA, KOTZIa BO3MOXXKHOCTh BO3HHMKHOBEHHUS KOPOHBI MPAKTUUYECKU
OTCYTCTBYET.

[Torepu peaktuBHON MomHOCTH Ha yuyacTke JIDII 00ycnoBieHbl MHIYKTUBHBIMH COIPOTHBIIE-
HUSIMH TIPOBOJIOB U Kabeneil. PeakTuBHass MOIIHOCTD, TepsieMas B TpexdaszHoit JIDII, paccunTriBaeTcs
AQHAJIOTMYHO MOIIIHOCTH, TEPSIEMON B aKTUBHBIX CONPOTUBIICHUSAX:
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2 2 2
P+ S
2Q X="_X.
U U
I'enepupyemas €MKOCTHON MPOBOAMMOCTBIO 3apsiaHas MomHocTh JIDII paccuuthiBaeTcs mo
dbopmye:

AQ=31*X =

2
AQ, =U*-B,
rae U — nuHelHoe HanpsbkeHue B Havyane win koHue JIDII; B — peaktuBHas npoBoaumocts JIOTIL.

3apsiiHas MOIIHOCTb YMEHBIIAET PEaKTHBHYIO Harpy3Ky CETH M TE€M CaMbIM CHMIKAET MOTEPU
MOIITHOCTH B HEH.

Pacuem nomepo mowgnocmu 6 JIIII ¢ pagnomepno pacnpeoenennoi nazpy3kou

B munmsx mecteix cereit (U, <35 kB) norpeburenu oqunakoBoil MOIIHOCTH MOTYT pac-

M0JIaraThCs Ha OJIMHAKOBOM PACCTOSHUU JIPYT OT JApyra (Harmpumep, UCTOUYHUKHU cBera). Takue JIDII
Ha3bIBAIOTCS JIMHUAMHU C PABHOMEPHO PACIIPENEIEHHON HAarpy3Koi (cM. puc. 7.2).

- (d

Pucynoxk 7.2 JIDII ¢ paBHOMEpHO pacipeiefieHHON Harpy3Kou

B paBHOMEpHO HarpyXeHHOH JHMHUHU Tpex(a3HOro MepeMEeHHOIro TOKa JJIMHON LC cyMMapHOM
TOKOBOW HArpy3ko# / TUIOTHOCTh TOKAa Ha €IWHHUILY JUIMHBI cOCTaBUT I/L. IIpu MOrOHHOM aKTHBHOM
COIPOTUBIIEHUH F(IIOTEPU AKTUBHON MOIIIHOCTH COCTABSIT:

AP—3T(£Z)2 y-di=30 ?lzdl =
o L e

I’ r
L 2 2
:3_’/0_J_0:I 'ro'l:I 'R.
2
L3
Ecnu Ob1 Harpy3ka ObU1a cocpeioToueHa B KOHIIE, TO MOTEPH MOITHOCTH OMPEAEISUINCH Obl KaK:

2
AP=3-1"-R.
CpaBHuBas MPHUBEACHHBIC BBIPAXKEHUS, BUJUM, UYTO MOTEPU MOIIHOCTH B JINHUU C PAaBHOMEPHO
pacrpezesieHHON Harpy3koil B 3 pa3a MEHbIIIE.

Pacuem nomeps mowgpocmu é mpancgopmamopax

[ToTepu akTHBHOI M peaKTHBHOW MOIIHOCTH B TpaHCHopMaTopax M aBTOTpaHCHOpMaTOpax pas-
NENSIOTCS Ha TIOTEPU B CTAlIM U MOTepU B Melu (Harpy3ouHble otepu). [lotepu B cranu — 310 norepu
B MPOBOAMMOCTSX TpaHcpopmaTopoB. OHU 3aBHCIT OT MPUIOKEHHOTO HampspbkeHus. Harpysodnbie
MOTEPH — ATO MOTEPH B COMPOTUBICHUSIX TpaHCHopMaTopoB. OHM 3aBUCAT OT TOKA HArPY3KH.

[ToTepu akTUBHOI MOIIIHOCTHU B CTaJIH TPAHCHOPMATOPOB — ATO MOTEPU HA TIEpEeMarHUUMBaHUE U
BHUXpeBbIe TOKH. ONpeJeNsioTcs MOoTepsIMA X0ocToro xona Tpanchopmaropa AP, , KoTopsle NpuBo-

JIITCSL B €70 MACIOPTHBIX JAHHBIX.
[ToTepu peakTHUBHON MOIIIHOCTH B CTAIH OMPEACISIOTCS MO0 TOKY XOJIOCTOrO Xoja Tpancdopma-
TOpa, 3HaYeHHE KOTOPOTO B MPOIEHTAX MPUBOAUTCA B €r0 NAaCMOPTHBIX TAaHHBIX:

AQCT = AQX = 1[(;0 SHOM .

[Torepu MoLTHOCTH B 0OMOTKaxX TpaHC(POPMATOPA MOKHO ONPEACTUTh IBYMS MyTAMHU:
10 IIapaMeTpaM CXEMBI 3aMEIICHUS;
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TI0 MACMOPTHBIM JJAHHBIM TpaHchopMaTopa.
[ToTepr MOIIHOCTH MO TMapaMeTpaM CXEMbI 3aMEIIECHUsT ONPEICISIFOTCS 0 TeM ke (hopmyam,
uro u mia JIDII:
2 2
S S
AP =—2RT;AQMZ[ =—2X
U U

MJI T?

rae S — MourHoCTh Harpy3ku; U — MuHeitHOe HAanpsbKeHUE Ha BTOPHYHOM CTOpOHE TpaHcopmaTopa.

st TpexodMoToYHOTO TpaHchopMaTopa uin aBToTpaHchopMaTopa MOTEPU B MEAH OTNPEICIIs-
IOTCS KaK CyMMa TMOTEPh MOIIHOCTH Ka)I0H 13 0OMOTOK.

[TosryuuM BbIpa)keHUS Uil OINpe/ieSIieHHs] TOTePh MOIIHOCTH 0 MacCHOPTHBIM JaHHBIM JBYX00-
MOTOYHOT'O TpaHchopmaropa.

[ToTepn KOPOTKOro 3aMbIKaHUs, IPUBE/ICHHBIE B MACTIOPTHBIX JAHHBIX, OMPEAEIEHbI IPU HOMHU-
HaJILHOM TOKe TpaHcopmaTopa

g2
2
AP =3-1 . "R, :UH%RT. (7.1)
HOM
[Tpu nro60¥ Ipyroit Harpy3Ke MOTEPH B MeAH TpaHc(hopMaTopa paBHbI
g2
2
APMH=3-I ‘R = 3 R.. (7.2)
HOM
PaznenuB Beipaxkenue (7.1) Ha (7.2), noyuum
2
A})K — SHOM
AP, , S

Otkyna Haiigem APM)_.[ :

S
APM,ZL :A})K(S—)Z

Ecinu B BeIpaxkenue st pacaeta AQ, , MOJCTaBUTH BHIPAKEHHUE JUIS ONPEIEEHNS PEAKTHBHO-

MA °
r'O COMPOTHUBIIEHUS TpaHC(HOPMATOPA, TO MOTYUUM:
2 2 2 2
A _ 8 _ 8 U Upy U, S
MH UI-%OM ' UI-%OM 1 OO SHOM 1 OO SHOM

TakuMm 0Opa3om, MOJHEIE MOTEPH MOIITHOCTH B IByXOOMOTOYHOM TpaHC(hOpMaTOpe paBHBI:

S
2
AP =AP_+ AP (—)";
S
HOM
2
u, §
AQ. =AQ, + 10’2) I
HOM
Ecnu Ha moJacTaHIMU ¢ CyMMapHO# Harpy3koil SpaboTaeT mapajuieNbHO 7 OJJUHAKOBBIX TpaHC-
(opMaTopoB, TO X SKBUBAJIEHTHBIE COITPOTUBIIEHUS B 7Pa3 MEHbIIIE, a IPOBOJIUMOCTH B 1pa3 OOJIbILE.
Torna,

APT:n-APX+l-APK(—S )2,
n SHOM
1 U S?

AO. =n-AQ. +— —K . —

2 O n 100 S,

Jis nmapauiensHO padOTaoONIMX OJMHAKOBBIX TPEXOOMOTOUYHBIX TpaHc(opmaTopoB (aBTo-
TpaHchOpMaTOPOB) MOTEPH MOIITHOCTH PACCUUTHIBAIOTCS IO popMyItam:
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AP =n-AP, +1[APKB( S 2+APKC(i 2+APKH(—S“ )1
n SHOM SHOM SHOM
1 2 2 2
AO =n-NQO,. +—F——U_-S:+U_-S°+U_ -S7),
QT QX loo'n'SHOM( KB B KC C KH H)

rae Ss, S¢, Sy — COOTBETCTBEHHO MOIIHOCTH, IPOXOSIINE Yepe3 OOMOTKH BBHICIIIETO, CPEAHETO U HU3-
IIero HaNpsHKeHUH TpaHchopmaropa.

Ilpuseoennsvie u pacuemusvie nazpy3ku nompeoumerneil

PacyeTHas cxema 3aMeleHs] y4acTKa CeTH MPEJICTaBIseT COOON TOBOJIBHO CIOKHYIO KOH(DUTY-
palmio, eciiv yUYuTHIBaTh MOJHYIO cxemy 3aMerienus JIDII u tpanchopmaTopos. st ynpomieHus pac-
YETHBIX CXEM CETEN C HOMUHAJIbHBIM HampsbkeHueM 110 220 kB BKIIOUUTENBHO BBOAAT MOHATHE “TIpHU-
BEJICHHBIX, “pacueTHBIX HArpy30K.

[IpuBeneHHas K CTOPOHE BBICIIETO HAINpsDKEHUS Harpyska notpedurtensckor [1C mpencraBnser
co0oi CyMMY 3a/laHHBIX MOIIHOCTEH HArpy30K Ha IIMHAX HHU3IIErO U CPEAHEro HaNpsHKeHUH U MOTeph
MOIIHOCTH B COTPOTHUBIICHUSAX U MPOBOIUMOCTAX TpaHchopmaropos. [IpuBeseHHast K CTOpOHE BbIC-
mIero HampsbkeHus Harpyska DC mpencTaBiisieT co0Ol CyMMY MOIIHOCTEH TeHEepaTopoB 3a BBIUETOM
Harpy3Kd MECTHOTO palioHa M MOTEPh MOUIHOCTH B CONPOTUBIIEHUSX U MPOBOJUMOCTAX TpaHcpopMa-
TOPOB.

Pacuernas narpyska IIC unu OC omnpenensiercs kak anreOpandeckas cCymMma MpPUBEJICHHOW Ha-
IPy3KHM U IOJIOBUH 3apsAHbIX MolHoctel JIOII, mpucoeqMHEHHBIX K IIMHAM BBICILIErO HAIPSHKEHUS
I1C nm OC.

3apsHbBIE MOIIHOCTH OIPENEISIFOTCS 0 pacueTa peXxuma M0 HOMHUHAJIBHOMY, a HE peaJbHOMY
HaIPSKEHUI0, YTO BHOCHUT BIIOJIHE JAOMYCTUMYIO IOTPEIIHOCTh B pacyer.

B03MOXHOCT yNpoIIEeHUsI pacUeTHONW CXEMBI IIPU UCIIOJIB30BAHUM MOHATHI “TIpUBEIEHHBIX U
“pacyeTHBIX’ HArpy30K MOKa3aHo Ha puc. 7.3:

P, +jQHp =P +jO. +AP + jAQ_;
Pp +jQp :Pnp +anp _OasjAch _O,SjAQC2-
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Pucynok 7.3 — Ortamnbl ynpoueHus: pac4eTHON CXEMBI:
a) KCXOHAas cxema; 0) MoJTHasi cXxeMa 3aMelIeHHs; B) CXeMa 3aMeIeHUs C TPUBEICHHON HArpy3Kou; T)
CXEMa 3aMELIEHHUSI C PACUETHON HArpy3KOu.

Pacuem nomeps 31ekmpornepzuu

[Ipu nepenayve 31€KTPOIHEPTUH YACTh €€ PACXOAYETCSI HA HAIPEB, CO3AAHHUE DJIEKTPOMArHUTHBIX
nojei u gpyrue 3pQexTsl. ITOT pacxo] NPUHATO HA3bIBATh MOTEPSIMU. B 31eKTposHepreTuke TepMUH
“norepu’” UMeeT crierudrueckoe 3HaueHue. Ecnu B Apyrux mpou3BoICTBaX MOTEPU CBS3aHBI C OpakoM
IPOAYKIHMH, TO TOTEPHU DIIEKTPOIHEPTUU — ITO TEXHOIOTMYECKUH PacXol Ha €€ Iepenayvy.

BenuunHa notepb 3J€KTPOIHEPIUU 3aBUCUT OT XapaKTepa U3MEHEHUs Harpy3kH B paccMaTpH-
BaeMbIii epuoj; Bpemenu. Hampumep, B JIDII, paGoTaromeii ¢ HeM3MEHHON HArpy3KO#, MOTEPH dJIEK-
TPORHEPTUH 32 BPEMs [PACCUUTHIBAIOTCS CIIEAYIOIIUM 00pazoMm:

AW =AP -t,
rae AP — cymMapHbIe TOTEpH aKTUBHOM MOIHOCTH B CONPOTUBJIEHUH 1 TipoBoanMocTH JIDIL.

Ecin Harpy3ka MEHSETCs, TO MOTEPU DJIEKTPOIHEPTUU MOXKHO PACCUUTATh Pa3IMYHBIMH CIIOCO-
6amu. B 3aBUCHMOCTH OT UCIIOJIB3yeMON MaTeMaTHUECKOW MOJIENIM METO/IbI JIEIATCS Ha JABE TPYIIIL:
JETEPMUHUPOBAHHEIE;

BEPOATHOCTHO-CTATHCTUYECKHUE.

HanOosnee TOUHBIM U3 1€TEPMUHUPOBAHHBIX METOAOB SBISETCA METOJ] pacyera oTephb JIEKTPO-
SHEPTUU N0 2paguKy HATPy30K I KaXKI0T0 MOTpeOuTes.

[IpenmnonoxuM, 4yTo Harpy3ka MOTPEeOHMTENS B TOAY MEHSIACh MO CleAylolieMy Ipaduky (CM.
puc. 7.4).
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Pucynox 7.4 I'paduk Harpy3ku motpeOuTers.

Tornma,
8760 8760 SZ
AW =3-R- [I?-dt=R- | —Ldi=
0 0 t
8760 8760Q
=R (j—dr+ [ =5
up o o U;

WuTerpan — 310 (hakTHuecku IUIONIa/lb, OTPaHUYEHHAs rpa@UKOM HM3MEHEHMs KBajJpaTa TOKa.
Takum 00pa3oM, MOTEpPH AKTHUBHOM AJIEKTPOIHEPTHU MPOMOPIUOHANBHBI IUIOMAAN KBAAPATHYHOTO
r0JIOBOTO Tpaduka Harpy3KH.

Tak kak HanpspKEHHE Ha MIMHAX 3JEKTPONPUEMHUKA MEHSIETCSl HE3HAUUTENIbHO, TO €r0 3HAU€HUE
MOYKHO CUYUTATh HEU3MEHHBIM. 3aMEHSISl UHTErPaJl CYMMOM IIJIONIAICH MPSAMOYTOJIbBHUKOB C IIaroM Af;,
MOJIYYUM:

R & R &

_ 2 _ 2 2

AW =—=2 87 Aty =—> (P +07) At

U™ U™ o

[loTepy 31MeKTPOSHEPrUU B TpaHC(HOPMATOpax MpH 3aJaHHOM rpadyke HATPY3KH MPU HCIOIIB30-
BAHHH €ro MACIIOPTHBIX JAHHBIX PACCUHTHIBAIOTCA MO (GOPMYIIaM:

JUTSL TBYXOOMOTOYHBIX

AWT:[n-APerl-APK(SL)Z]-At
n

HOM

JUTSL TPEXOOMOTOYHBIX TPaHC(HOPMATOPOB (aBTOTPaHCHOPMATOPOR)

1 S S
AW, = {1 AP+ [AR, (Y +AB( 2)’
HOM HOM HOM

JIOCTOMHCTBO MeTOJa — BBICOKAsk TOYHOCTh pacueTa. HemoctaTok — 00JbIIOe KOJIHMYECTBO BbI-
YHUCIICHUM.

I'paduku Harpy3ok He BCerja M3BECTHBL. B 3TOM ciyyae MOTepH 3JIEKTPOIHEPTUU MOXKHO BbI-
YHUCIUTh JPYTUM JI€TEPMUHUPOBAHHBIM METOAOM — Yepe3 7, MeTo] OCHOBaH Ha JABYX JOMYIIEHHIX:
MaKCHUMaJIbHbIE TOTEpU B IJCKTPUUYECKOH CEeTH HaONIOJA0TCs B MEPUOJ MaKCUMyMa Harpy3kud B
sHeprocucTeMsl (YTpeHHUM MakcuMyM ¢ 9 1o 11 gacoB; BeuepHuii — ¢ 17 no 21 yaca);
rpauKy aKTUBHON U PEaKTUBHON MOIIHOCTH MTOJOOHBI, T.€. TpapMK PEaKTUBHON MOILIHOCTH IE€pPEeCUH-
TaH U3 rpa)uka akTUBHON MOIIHOCTH.

Bpemst MakcUMaJbHBIX TOTEPH 7, — 3TO BpeMsi, B TEUEHUU KOTOPOTO MpU paboTe moTpeduTens ¢
MaKCHUMaJIbHON HArpy3Kkoil U3 ceTH MoTpeOIsieTcsl TaKoe K€ KOJIMUYECTBO JIEKTPOIHEPTuH, 4TO U MpHU
pabote no peanrbHOMY rpaduKy Harpysku. Micxons usz onpeneneﬂn;{, 3aMuuIeM:

AW:%Z(BZ +Qi2)'Ati =5 ( max * Va +Q§1&X 'TP)’
i=1
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rae T,, T, — COOTBETCTBEHHO BPEMS MAKCHMMAJILHBIX TOTEPH JJIs AKTUBHOM U PEAKTUBHON HArpy30K.

p
Ha mpakTuke 3T 3Ha4eHUS YCPEIHSIOT U 3aMEHSIOT 00ImM — 7,,. Toraa,
R
AW = U Smax Ve
JIs1 TUITOBBIX I'Pa(PUKOB HAI'Py3KHU BCIINYHNHA T,, OOIPCACIISACTCA I10 I/I3B€CTHOI>'I BCIIMYHNHEC TMZ
p | 9% p
T
T, =(0,124+ —2 )% .8760. (7.3)
10000

B cooTBEeTCTBHM C 3TUM METOJIOM MOTEPH IEKTPOIHEPTHH B HIEMEHTAX CETH PACCUHTHIBAIOTCS
1o ¢opmysam:
B JINHWUU 3JIEKTponepeayd

AW =AP,

B IBYXOOMOTOYHBIX TpaHchopMaTopax

Aqun-Aggsnm+l~A34§§—f¢W
n

HOM
B TPEXOOMOTOYHBIX Tpchq)opMaTopax (aBTOTpaHC(I)opMaTopax)

AWTzn-APX-876O+1[ ( B) T, ( c) T, ( H) Ty -

HOM HOM HOM
Bennuuna t,,, paccuutsiBaercs no gopmyse (7.3) no senuuune 7, 3HaUEHUE KOTOPOU ompene-
JSETCS KaK CPETHEB3BEIICHHOE:

iPmaxz Ly
T _i=l

cp
z max i

AHAJIOTUYHO OTPEeEseTCs BETUYNHA T,, IS HBH, MUTAIONICH HECKOIBKO MOTPEeOUTENEH.

Meponpuﬂmuﬂ RO CHUJMCEHUIO nOmMepPb mouinocmu

[ToTepu MOLIHOCTH U JIEKTPOIHEPTUU JOCTUTAOT 3HAUYUTEIbHBIX BEJIMYMH U SABISAIOTCS OJHUM
U3 OCHOBHBIX (DaKTOB, BIUSIOIIUX HA IKOHOMUYHOCTh ceTell. VX BennumHa perinaMeHTupyercs rnocra-
HOBJIEHUAMHU HanmonanpHOro xommrera no peryinupoBanuio siekrpossHepruun (HKPO) B cersx nHa-
npsbkeHueM 10 35 kB U B ceTsax HanpsbkeHusM 35 kB u Bbiie.

Bonbmas yacte noreps snekTposnHepruu (60 — 70%) npuxonurca Ha ceTu Hampsbkenuem 6 — 10
kB. IlosToMy nepeuncieHHble HUKE MEPONPUATHS OTHOCATCSA K CETSIM ATHX HAIpPsDKEHUH U K AJIeK-
TPOIIPUEMHHKAM:
npuMeHeHne 0oJiee BRICOKOH cTyrnenn Hanpspkenus (10 kB Bmecto 6 kB);

MOBBILICHUE YPOBHS HANPSKEHUS B CETH IyTeM NMPUMEHEHHS YCTPONCTB PeryIupOBaHUS HATPSXKEHUS;
peryJivpoBaHNe MOTOKOB aKTUBHON M PEaKTUBHON MOILTHOCTEH B OTJENIBbHBIX 3BEHBSIX CETH;
NpUMEHEHHE PALIMOHAIBHBIX CXEM MUTAHUS OTpeOUTENeH, KOTOPbIE MO3BOJISIOT OCYIIECTBIATEH OoJiee
3KOHOMHUHYIO 3arpy3Ky JIDII u Tpanchopmaropos;

paroHaIN3aIus SHEPrOX03sIICTB NPEANPUATUIN — YIyUIIEHUE COS®, TPABUIBHBIN BEIOOP MOIIHOCTH U
3arpys3Ka AJIeKTPOJBUTATEIICH.

8 Bexmopmnute ouazpammol JIIT
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Bexmopuasa ouazpamma JI3II 35 kB ¢ oonon nazpyskoii

[Ipu nepenaue 37EKTPOIHEPTUH 110 CETU B €€ IEMEHTAX MOMUMO MOTEPU MOLIHOCTH IPOUCXO-
TUT ToTepsl HanpspkeHus. [loTepss HampskeHUs SBISETCS OJHUM U3 KOJIMYECTBEHHBIX IOKa3aTeseil,
XapaKTePU3YIOMINX PEKUM paboThl ceTu. [loTeps HampsHKeHUs MPUBOIUT K M3MEHEHHUIO YPOBHEH Ha-
NPSDKEHUST Ha 3aKUMax d3JIEKTpONpHEeMHUKOB. Eciu oHa mpeBsimaer gonyctumeie [IYD 3Hadenwus,
AIIEKTPOIPUEMHHKH PabOTaloT C yIepOooM.

[ToaTomMy BakHOE 3HAUEHUE MPHU MPOSKTHUPOBAHUH U IKCILTyaTalliu ceTel UMEeT pacyeT Hamps-
JKEHUH B y3J1aX CETH U IIOTEPh HAIPSKCHUS B €€ JJIEMEHTAX.

Paccmotpum mpocreitmyto cxemy JIOII nHanpsbkenneM 35 kB ¢ cMUMMETpUYHOW Harpy3kol Ha
koHIle (puc. 8.1). B aTom ciydae 10CTaTOYHO pacCMOTPETh OJIHY (asy.

Ly i E T
Sa=F+ 0k,

HIHS, cosps

Pucynok 8.1 — Cxema 3amenienust JIDII

3HaKk “Turroc” mepes peaKTHBHON MOITHOCTBIO XapaKTepu3yeT MOTPEOJICHUE AJIEKTPONPUEMHH-
KOM MHAYKTUBHON MOIIHOCTH (OTCTarollasi peakTHUBHAsi MOLIHOCTh Harpys3ku). Eciau nepen peakTus-
HOM MOIIIHOCTBIO CTOWT 3HAK “MHUHYC”’, TO 3TO COOTBETCTBYET MOTPEOJICHHUIO DJICKTPOTIPUEMHUKOM M-
KOCTHOW PEaKTUBHOM MOIIIHOCTH (Oneperkaroliasi peakTUBHAsI MOIIIHOCTh Harpy3KHu) WIX BblAAue JIEK-
TPONPUEMHHMKOM B CETh PEAKTUBHOW MHIYKTUBHOW MOIITHOCTH.

B 3agauy BxoauT onpezaenenue HanpsbkeHus B Havase JIDII npu n3BeCTHBIX TOKE, HAIPSYKEHUIO
U yriay Mexay Humu B kKoHte JIDII. Haunnaem nmoctpoeHne BEeKTOpHOU quarpaMmel (puc. 8.2).

+3

Pucynok 8.2 — BexropHnas auarpamma JISIT nHanpskenuem 35 kB

Ilo neicTBUTENBEHOM OCH OTKIaAbIBaeM Hanpsukenue Uyy. [lomydaem Touky a. Ilox yriom ¢, oT-
KJaJbpIBaeM TOK />. PackagpiBaeM €ro Ha aKTUBHYIO />, M PEAKTUBHYIO /o, COCTABIIAIOIIHE:
L=1,,-jI

2p>°

rae 1,, =1, -cosq,, I, =1, -sing,.

2p

Ot koHna Bekropa Usg MapasuiesibHO JIMHUM TOKA [ OTKIJIAABIBAEM BEKTOD MAJACHUS HANPSKEHUS
B akTHBHOM comnpoTusiaeHuu JIDII. Tlomydaem touky b. Ilox yrimom 90° k HEMY B CTOPOHY OINEpexe-
HUSL OTKJIAJbIBAEM BEKTOP IMAJICHUS HAMPSDHKEHUSI B PEAKTUBHOM COINpOTHBICHUH. [lomyyaeM TOuKy c.
CoenunsieM Ha4auo KOOPAMHAT C TOYKOM ¢ M nony4aeM Hanpsukenue B Havane JIOII Uyg. Yron mexay
HanpspkenueM U 1 TOKOM [ 0003HAYHM ().

BGKTOp AdC 4YHCIICHHO paBHBIﬁ MMPOU3BCACHUTIO ] : Z Ha3bIBACTCA MOJHBIM MAaACHUCM Hallps-

xennst. O6osnavaercs AU 4 . CripoennpyeM BeKTOp dC Ha JIeHCTBUTENbHYIO H MHUMYIO ocu. [Tory-
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giuM TOUKYy d. OTpe3oK ad — 3TO MPOJOJIbHAS COCTABISIONIAs MajeHus HampspkeHus. O0o3HavaeTcs
AU ¢ - OTPE30K cd — 5T0 nonepeyHas cOCTaBIOLAs NaJeHns Hanpsokenus. O6o3HauaeTCs oU 0

Onpenenum AUy u oU ¢ - U1 ITOTO CIPOELUPYEM BEKTOPBI ab u bc na npeiicTBuTenBHYO U

MHEMYIO ocH. ITomydum Touku e u f. Touky nepecedeHus otpeska bC ¢ nelicTBUTENBHOI ocko 060-
3Ha4YMM , OyKBO# k. B pe3ynbTare moiay4um oTpes3Ku:

ae = ab-cos ;= IR cos ¢;; be = df = ab-sin p,= IR sin ¢;

ed = bf =bc-sin ¢,= I, X sin @2; cf = bc-cos p=1,X cos ¢,.

[TpononpHas cocTaBiIsArONIAs MaICHUS HAPSKCHUS paBHA:

AUy =ad = ae + ed = I,'R- cos ¢, + I;"X sin ¢;.
[Toriepevnast coCTaBIISAIONIAS TTAJCHHUS HAIIPSHKCHUS paBHA!
AUy = cf—df=1>X cos ¢, — 'R sin ¢,.

Hampsokenue B Hauane JIDII onpenensiercs kak
Up=Us+1-Z,

a MOZYJIb —

Upy =/ (Uzy + AU, + 38U,

Tlaoenue nanpsiKeHUsT — 3TO TEOMETPUYECKas pa3HOCTh MEXK/y HANPSHXKEHUSIMU B Hayalle U KOH-
e JIOII.

Juarpamma, npuBeJieHHas Ha puc. 8.2, mocTpoeHa He B MaciTabe. akTHYEeCKH pa3HOCTh YIIIOB
@M ¢, Mana. [Toatomy, eciu He TpeGyeTcsi BBICOKasi TOYHOCTh, pacdeT BEAyT IO MOTepe HApsKEHUS.

Ilomeps HanpshKEHUS — 3TO anredpanyeckas pa3HOCTh MKy HAMPsDKEHUSIMH B HaYalle U KOHIIE
JIDIL. Onpenenum ee. [ 3T0ro M3 Havajia KOOPAUMHAT PAJAMYCOM OC JIETA€M 3ace4yKy Ha JIEUCTBU-
TenbHOM ocH. [Tomyuaem Touky ¢’. OTpe30k ac’ U ecThb NOTePs HAPSHKEHNUS.
Tak xak oTpe3ok dc’ mMall, TO ¢ JOCTaTOYHOW CTETIEHBIO TOYHOCTH, CYUTAIOT, YTO MOTEPS HATIPSKEHUS
paBHA TIPOAOIHHON COCTABIAONIEH TajeHus HanpspkeHus. Omubka OT IPUHATOTO JOMYIIEHUs B ca-
MOM XYAIIEM cilydae npu cos@, = 1 He npesbimaer 0,55%.

Cwmpicn umeeT (a3Has MOTeps HAMPSHKCHUS, HO IS YI0OCTBA PacueTOB UCIOIB3YETCS JIMHEH-
Has:

U, _ PR+0,X
U, U,
B npubmmkeHHbIx pacuerax HanpspkeHue B Hadane JIDII paccunteiBaercs mo dhopmyse:
U, =U, +AU.
B cersix nanpsbkennem 220 kB u BbIlIe pacueT cieayeT BBINONHAT, YYUTHIBAs 00€ COCTaBIISIO-

1IME MaJICHUS] HAPSHKEHUS.
JIuHeiHas nmonepeyHasi CoOCTaBJsroIIas MaleHUs] paBHA

AU =+3-AU, =31, - (Rcos g, + X sing,) x

8U=\/§-6U¢ =31, -(Xcosq, — Rsing,) x ZZ = PzXU_ QZR,
2 2

a HanpspkeHue B Havane JIDII B aToMm citydae paccuuTsiBaeTcs mo popmyse:

U, =(U, + AU + U™,

Bexropnas nuarpamma JIJII 35 kB ¢ HeckOJIbKMMH HATPY3KAMM

PacnipocTpanum nosydeHHbIE BBIBOJIBI HA JIMHHIO C HECKOJIBKUMH Harpy3kamu. Ilyctes ects JIDII
¢ AByMs Harpy3kamu (cMm. puc. 8.3).
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f, cosg) f, cosgg

Pucynok 8.3 — Cxema 3amemienus JIOII nanpsokenunem 35 kB

CrpouM BekTOpHYIO quarpammy (cm. puc. 8.4). Ha yuactke 1-2 mocTpoeHuUs BBITOJIHSIOTCS BbI-
niensnoxkeHHomy. [lonyyaem TpeyronbHUK abc — TPeyroiabHUK MaJeHUs] HapsDKeHUs: OT Toka [, B co-
npotusieHusxX R, u X». CoeaunseM Touky () ¢ TOUKOH ¢ U mosydaeM (a3zHOe HampspKeHue B Touke 1.
[Mox yrnom ¢ k Ui¢ OTKIaABIBaEM BEKTOP TOKA /).

4 i

Pucynok 8.4 — BexropHnas auarpamma JISIT nHanpskenuem 35 kB

ITo yuactky 0-1 npoTekaer cymmapHbIii TOK Harpy3ok /s. OH U CO3/1aeT MaJIecHue HANpsHKEHUS B
conpotuBieHusixR; u X;. Iloctpoum st1OT BekTtOp. [IOBTOpMM MOCTpPOEHHMS HA ATOM YYacTKE M
NOJYYMM TPEYTOJIbHUK NaieHus HanpsokeHus cdf-CoeaunseM Touky () ¢ TOUKOM fil modydaeM (a3Hoe
HanpskeHne B Touke 0. Crpoenpyem BekTop Uyg Ha BEMIECTBEHHYIO 0Ch. OTpe3ok af — NpoaobHast
COCTaBJIAIONIAs MOJIHOTO MaJeHUs HalpsbkeHUs Ha yyacTkax 1-2 m 0-1. Otpe3ok ae, mosy4eHHbIH 10-
ciie coBMeleHust BEKTopoB Uyg U Usg, — CyMMapHas noTeps HanpsbkeHus Ha ydacTtkax JIOIL.

Cuuraem:

ae = af = AUys Zkab’-i- b’c;-l-\c’d’+ df)
Uzq, Ul(b

Takum o6pazom,
AUy = Ir'Rscospr + 1 Xosing; + IsRicosg; + Is-Xsing.

IIpu n marpyskax —

n
AUy = z (lirRicosg; + I Xising,),
i=1
A Tpu 33JIaHHBIX MOILTHOCTSIX —
" PR +0.X.
AU:Z 17N Ql l-
- U

HOM

Bexropunas guarpamma JIJII 110 kB ¢ oqHoii Harpy3koii
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[Ipu nocTpoeHnn BEKTOPHOM AUarpamMmbl IPUMEM JIOMYLIEHHUE, YTO MOTEPU MOIIHOCTH Ha KOPO-
HY B CETH OTCYTCTBYIOT. B 3TOM citydae cxema 3amenienust JIDII npencraBnena [1-o6pa3Hoit cxeMoii:
aKTUBHBIM R M pEaKTUBHBIM XCOMPOTUBICHUSIMU U EMKOCTHOM MPOBOUMOCTBIO B/2B Havyalle M KOHIIE

JIDI (cm. puc. 8.5). B Hux mporekaror Toku [ C ul C B comporusienusx JIDII nporekaer Tok Iy.
Hyxwno onpenenuts Uiy, [Mcose;.

Iz, cosga

Pucynok 8.5 — Cxema 3amemienust JIDI1

Tok Iz mpencraBisieT cOO0H reOMETPUYECKYI0 CYMMY TOKa Harpy3kv M TOKa MPOBOJAMMOCTH B KOHIIE
JIDIT:

L=5L+1,.
Tok B mpoBogMMOCTH onepexaeT HanpspkeHue B koHue JIDIT Ha 90° u paccuuTbiBaeTcs o (op-
MyJe:
l e Qz(b'B/Z .
Hanpspkenue B Havane JIDII otiMyaeTcss OT HanpsKeHUs B KOHIIE HA BEJIMYMHY TAJICHHUS Ha-
NPSDKEHUS B CONPOTUBIIEHUAX U ITpoBoaumMocTsx JIOII:
Uiy = Uag + AUy,
[TageHnue HapsDKEHUS pACCYUTHIBACTCS CIEAYIOLINM 00pa3oM:

AU =1, (R+jX)=(I,+1,) R+ jX)=1.-(R+ jX)+1,-(R+ jX)=
=AUy + AUy,

T.€. IIOJIHOE a/ICHNE HalpshKeHue B HarpyxeHHoi JIOII cknaapiBaeTcs U3 najeHus HaNpsKEHUs pu

xonoctoM xoxe Uy, BBI3BAHHOTO TOKOM [ ., 1 majgeHust HanpsokeHnst AUy, BBI3BAHHOTO TOKOM Ha-

Tpy3KH Io.
HOCTpOGHI/Ie BGKTOpHOfI AuarpaMMbl HAYHEM C IOCTPOCHHA BCKTOpPA MAaACHUA HANPSXKCHUSA OT
TOKa MpoBOAUMOCTH. [lo nelicTBUTENPHON OCH OTKIaAbiBacM HanpsbkeHue Usg (cM. puc. 8.6). Ilomy-

yaeM Touky a. [log yrmom 90° oTKIIaIEIBAEM orepexaromuii Tox 1 .

Ort xoHI1a BekTopa Usg MapauienbHO IMHAK TOKa [ , OTKIIaBIBAEM BEKTOP MaICHHS HALPSHKCHHS

B akTuBHOM comnportusiernu JIDII. Tlomygaem touky b. Ilon yriom 90° k HEMY B CTOPOHY OIEpexe-
HUS OTKJIQJBIBAEM BEKTOP NMaJCHUs HAIPSDKEHUS B PEAaKTMBHOM CONpPOTHBIIEeHUU. [lomydaeM Touky c.
CoenuHsieM Hadajao KOOPAMHAT C TOYKOM ¢ U moiydaeM HanpsbkeHue B Hadaie JIDII B pexume xoso-
croro xona Ujgo.
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Pucynok 8.6 — BexropHasa nuarpamma JIDIT nanpsioxenuem 110 kB

CTOpOHBI TPEYroJIbHUKA MaCHHUS HATIPSDKEHHS OT TOKa X0JI0CTOro xoa (toka /) mpomopuuo-

HaJIbHBI:
ab=1 R, be=1 X, ac=1 . Z.

[Tox yrnom ¢, x HanpskeHuto Usg OTKIIaAbIBaeM TOK />. OT TOUKHM ¢ mapaijieabHO JTMHUHU TOKa />
OTKJIa/IbIBA€M BEKTOp MAJCHUs HANpsDKeHUs B akTUBHOM conportusienun JIDIL. [Tomyyaem Touky d.
ITox yriuom 90° k HeMy B CTOPOHY OIEPEKEHHS OTKIAIBIBAEM BEKTOD MAICHHS HAIPKCHHS B PEaK-
TUBHOM conpoTusieHnu. [loydaeM Touky e. CoenuHseM Ha4aao KOOPAMHAT C TOYKOU e U MOIy4aeM
Hanpspokenue B Hadaie JIDIT Uy,

CTopoHBI TpeyroJbHUKA MaIeHHs HAPSXKEHHUs OT TOKA Harpy3ku (Tokal,) IpOnopLHOHAIBHBIL:

cd=L'R; de=LX; ce=DLZ

Ecin coeMHUTB TOYKYa ¢ TOYKOM e, IOJydUM BEKTOP ITOJHOTO NNaJCHHs HAIIPSLKEHNS OT TOKa [7
npotekatonero B JIDII. Ero nmpoekunn Ha AeMCTBUTENBHYIO 1 MHUMYIO OCH JAIOT IPOAOJIBHYIO U IO-
NIEPEYHYIO COCTABJIAIOIINE MAJCHNS HAITPSOKCHUS:

AUp=af ;0Up=¢f .

Ha puarpamme BUIHO, YTO BEJIMYMHA TOKA [z MEHbIIE TOKA HATPY3KU. DTO OOBACHAETCS TEM,
YTO EMKOCTHBIA TOK IPOBOAMMOCTH B KoHIle JIDII, mporekast o JMHUM COBMECTHO C TOKOM Harpys3KH,
KOMIIEHCUPYET COOTBETCTBYIOIIYIO BEIMYMHY MHIAYKTUBHON COCTABIISIOIIEH TOKA HATPY3KH.

Yr1o06s! onpenenuTh ToK /1 B Hayaie JIDII, HeoOX0MUMO CIOXKHUTEH BEKTOpLI [z 1 [ ot
L=1I+1..

Bekrop toka [, B mpoBoanMoctu B Hawane JIDII omepexaer Hampspkerne Uy Ha 90°. Vrom
MeX Iy HanpsokeHueM Uy ¥ TOKOM [ 0003HAYHM @)].

OmnpezennmM U3 quarpamMmbl 3HaueHnst BekTopos AUy 1 0Uy.Cpoeunpyem Bektopsr 1R, [, -X,
LR wu I, X na o6e ocu. [Tomyuum Touku ¢, b ,du . OTpe3ok dd mpoa0oIDKUM JI0 IEPECEUCHHS C OTPE3-
koM bb . ITonyunm ToUKy k. PaccMoTpuM J1Ba TpeyroibHUKA - ckd 1 def . DT TpeyroabHUKU OJ00HBI
o neym yriam: Zckd m Zef d —upsamwie; Zedk v Zedf nononmsor Zcde no npsimoro yria.

W3 TpeyroapHUKOB NOJIY4HM:
cd = ck=ILRcosps; dk=bf = LyRsingy;
fd =df=LX sin s, ef =1LX cos ¢.
BennunHa TPOAONBHON COCTaBISIONIEH MAJeHHUsS HANPSHKEHHS PACCUMTHIBACTCS CIIEAYIOIIAM
obpa3zom:
AU¢=QZ’ +fd —ca=DLR cos ¢+ X sin ¢;— ICX

Benmununna HOHCpG‘-IHOﬁ COCTaBJISIIOH_Ieﬁ NMaaCHUs HAIMPAKCHUA ONIPCACIISACTCS U3 BIPAKCHUA:

49



SUp=ef —fi =ef —(bf ~bf)=ef —bf +bf =DrXcosp;— LyRsing>+ 1R
Haiinem dopmynel 11t pacyera BeTMUMHBI TUHEHHBIX 3HaueHui AU u oU. Jlnis 3TOrO mostyyeH-
U, )
HBIC BBIPAKEHUSI YMHOKUM Ha MHOKUTEIIb \/g —=.B pe3ynbTare npeodpa3oBaHuil, HOTY4UM:
2

LUy PR+(0,-A0)X

AU =+/3-AU, =31, - (Rcos@, + X sing, — [.X) :
UZ UZ
. : PX —(0, - AQ.)R
5U=\/§-5U¢=\/§-IZ-(Xcoscpz—Rs1n(p2+[cR)><U2 _BX-(0,-A0.) :
U2 UZ

W3 npuBeneHHBIX BBIpAXKEHUH CIEAYET, 4yTO 3apsAaHble MomHocTH JIDII ymeHbImaoT nposois-
HYIO COCTABJIIOLIYIO MaJeHUs] HApsHKeHUs (MOTEPI0 HAPSIKEHUsI) U YBEIMUUBAIOT MONEPEUHYIO CO-
CTaBJIAIOILYIO.

DTO MOKHO MMOKa3aTh U Ha BEKTOPHOU auarpamme. [Ipu yuere Toka [ C B IIPOBOJIMMOCTH BEJIH-
YMHA TTOTEPH HAMPSUKEHHS YMEHBIIACTCS HA BETHUYMHY OTPE3Ka dc , a MONMEpPEdHas COCTABIISIONIAS 11a-
JICHUS HAMPSDKCHHS! yBENMUHBACTCSA HA BEIMUMHY OTpe3ka b f. CIIeCTBHEM TOro SBISETCS yBEHUe-
HMe caBura Gas Mexay HanpsokeHuAMH Uyg 1 Usg,.

YMeHbIIIeHHE MTOTEPH HAMPSHKEHHs OJaronpHusTHO CKas3biBaeTcs Ha pexume padotsr JIDII, oco-
OeHHO Tpu OOJBIINX U cpeHuX Harpy3kax. [Ipu HekoTopoil HeOOIbIION HArpy3Ke JIMHUYU MOTEps Ha-
NPsKEHUs, BbI3BaHHAs TOKOM Harpysku /o, Oy/eT MOJHOCThIO CKOMIIEHCUPOBaHA OTPHUILIATEIBHOM IO-

Tepei HaIpsHKEHUsI OT eMKOCTHOIO TOKa MpoBoanMocTH /.. B aToM ciydae mepeada MoOIHOCTH Oy-
JIET BBITIOJIHATHCS MPU PaBEHCTBE HanpspkeHU B Havase u koHie JIDII. Ilpu nanpHelinemM CHIKEHUU

TOKA HAarpy3Kd OTPHIATENbHAs OTEPs HAPSDKEHHs OT Toka [ . craHeT OoJblie HOTepH HAIPSDKEHUS

oT ToKa Harpy3ku. Hanpsbxenue B Hauasne JIDII craHeT MeHbIlle HAIPSKEHUS B KOHIIE (CM. BEKTOPHYIO
Iuarpammy Mpu X0JIOCTOM xoje). Takoil pexuM HenomycTUM. MoIHOCTh, FeHeprupyeMas eMKOCTSIMHU
JIDII, HampaBieHa B CTOPOHY T€HEPAaTOPOB M OyNIET OKa3bIBaTh MOJIMAarHHUMBAIOIIEE ICHCTBUE HA UX
MarHUTHYIO cUCTeMy. B pesynbrare OyJeT yBeIMUMBAThCS HANPSKEHHs Ha IIMHAX T'€HEPAaTOpOB U B
CETH, KOTOPAs MMUTAECTCA OT ATUX MH. B CeTAX ¢ riyxo3a3eMIE€HHON HEUTPAIBIO B PEKUME XOJIOCTOTO
X0J1a HAIPSDKEHHUE B CETH MOXKET IIPEBBICUTh BEIMYMHY HAIPSHKEHUS, HA KOTOPYIO pacCUMTaHa U30JIs-
1usi 000pyIOBaHUS.

9 Pacuem PeHCUMOB IIEKMPUUECKUX cemeii

3aoaua pacuema pexcumos. Ocnognvle 0onyuieHus

3amaua pacdera peXMMa 3aKII0YaeTCsl B ONpPECIICHHH MapaMeTPOB PEXUMa, K KOTOPBIM OTHO-
CATCS:
3HAYCHUS TOKOB B 3JICMEHTaX CETH;
3HAYCHUs HAMPSHKCHUH B y3J1aX CETH;
3HAYEHUS MOIIHOCTEH B Ha4Yalle ¥ KOHIIEC AJIEMEHTa CeTH;
3HAYEHUS TIOTEPh MOIIHOCTH U 3JICKTPOIHEPTUH.
Pacuer aTux BenmnunH HEOOXOIUM JIJisi BRIOOpa 000pyI0BaHUSA, OOECIIEYSHUST Ka4eCTBa JIEKTPO-
SHEPTUH, ONTHMHU3ALNU PEKUMOB pabOTHI ceTeil.
VcXOMHBIMU TAHHBIMU JIJISI pacueTa pexuma siBIISIOTCS:
CXCMa JJICKTPUUCCKUX COC,Z[I/IHCHPIP'I " €€ MapaMCTpPhbl — 3HAUCHUA COHpOTI/IBHCHI/Iﬁ nu HpOBOI[HMOCTCﬁ €c
DJIEMEHTOB;
MOIITHOCTH HArpy30K WJIA UX TpapuKH MOIIHOCTH;
3HAYCHUS HANPSHKEHUH B OTZICIBHBIX TOYKAX CETH.
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TeopeTnueckn ceTb MOXKHO PacCUUTATh C MOMOILBIO METO/I0B, U3BECTHBIX B TOD, ocHOBaHHBIE
Ha 3akoHax Kupxroda. OnHako, HEOCPEICTBEHHOE UX MPUMEHEHHE 3aTPYyIHEHO T10 IBYM MPUYHHAM:
0O0JIBIIIOE KOIMYECTBO DJIEMEHTOB B PEAIbHOMN CETH;
cnenuduKa 3aJaHus UCXOIHBIX JaHHBIX.

Crneunduka 3aaHus UICXOIHBIX JaHHBIX 3aKJII0YAETCS B CIEAYIOLIEM — 3aJIal0TCS MOIIHOCTH Ha-
TPY30K U HAIPSAKCHUEC HA UCTOUYHHUKEC MMATAHUS. I[JIH TOro, ‘ITOGBI MMOCTPOUTH KAPTHUHY IMOTOKOPACIIPEC-
NEJIeHUs, T.€. HAUTH 3HAYEHHS MOIIHOCTEH B KOHIIE UM Hayayle Ka)JJ0ro 3JEeMEHTa, HYy)KHO BBIYUCIUTH
MOTCpU MOIIHOCTH. I[JIH UX BBIYHCICHUA HGO6XO,Z[I/IMO 3HATh TOK B KaXJIOM DJICMCHTC. Ero 3nadenne
MO>KHO BBIYHUCIUTH MPHU U3BECTHOM HANPSHKEHUU Ha IIMHAX HArpy3ku. A OHO B Hayalle pacuera Heus-
BecTHO. [loaToMy mpuMeHSTH 3aKoHBI Kupxroda HEmocpencTBEHHO M MOIXYYEHHUS OJHO3HAYHOIO
pelIeHus: HEBO3MOKHO.

OcHo8HbIM MemoooM pacuema PEKUMOB DIEKTPUUYECKUX CETEU SIBISETCS METOJ TOCieI0Ba-
TebHBIX NMPUOTMKEHUM — UTepallMoHHbIN MeToa. OH 3akioyaeTcs B TOM, YTO B Hayalle pacyeTa 3a-
JIAOTCS TEPBBIM MPUOIMKEHUEM HanpsHKeHUH B y3nax (HyseBas urepanust). OOBIYHO 32 HYJIEBYIO
UTEpaLMI0 TPUHUMAIOT JAOMYIIEHUE O TOM, YTO HAIPSHKEHUSI BO BCEX y3JlaX CXEMBI PaBHBI MEXIY CO-
00l 1 paBHBl HOMHHAJIFHOMY 3HA4YEHHUIO ceTH. [0 MPUHATOMY 3HAUYEHHUIO HAINPSDKEHUS W 3aJaHHOU
MOIIHOCTH MOTEOUTENE MOKHO pacCUUTaTh 3HAUEHUS MTapaMeTPOB PEKUMaA, B TOM UHCIIE U 3HAUCHUS
HaNpsDKEHUS B y37laX CETH. DTH 3HAUEHUs HAIpsDKEHHUs OyayT BTOPBIM NpUOIIMKEeHHEM(TIepBOi UTe-
parnueif). Pacuer moBTOpSIIOT A0 TeX MOp, MOKa Pe3ysbTaThl MOCIEAYIOMUX TPUOIIKEHUH He OyayT
OTJIMYATHCA IPYT OT APYTa C 3aJJaHHON TOYHOCTBIO.

Yamie Bcero qoctatoyHo 1-2 urepanuii. Ecnu e pemaroTcs 3aa4i ONTUMHU3AINKN PEXKUMA, CBSI-
3aHHBIC C MMOTCPAMH MOUIHOCTHU, TO HY?)KHO MHOTO HTepaHHﬁ.

Bo3MOXHOCTh Malloro KojJu4ecTBa UTEpalluii NpuBeNia K MOSBICHUI0 HECTPOTUX, HO JAIOIIUX
MMPUCMIIEMBIC PE3YyJIbTAThI, MCTOOOB. Takumu ABIAIOTCS:

METO/I pacyeTa pekuMa MpH 3aJJaHHOM HanpsbkeHud B KoHie JIOIT;
METOJI pacyeTa pe)XuMa MpH 3aIaHHOM HanpspkeHuu B Hadanne JIDII (Ha ucTouHMKe TUTaHus).

Memoo pacuema pexccuma npu 3a0annom nanpaxcenuu 6 konye JI11

Orarnsl pacyera NOKakeM IIPUMEHUTEIBLHO K CXEME, T0Ka3aHHOM Ha puc. 9.1.

HII
1 g 1 Wy-pg 2 Y‘I-R’{n-lj n-1 Wy-my, n
| t [

Patj Ca Pati G Fun) Vi Gunl) Pt/ Qum
Pucynok 9.1 — K pacuery pexuma npu 3aJTaHHOM HaIPsSKEHUHU

N3BecTHBI:
MOIIHOCTH Harpys3oxK;
COIPOTHUBIIEHUS ¥ IPOBOIUMOCTH ydacTkoB JIOII;
HaIpsDKEHUE B KOHIIE MTOCJIETHETO yyacTKa ( HAaIpsDKEHUE B y3IIE 7).
Pacuer 3axitouaercss B mociea0BaTeIbHOM OIPENEICHUH NpU ABMKeHUU oT koHua JIOII k ee
Havyay HEM3BECTHBIX MOIIIHOCTEH U HAIPSHKEHUH TTPH UCTI0JIb30BaHUH 3akoHOB OMa n Kupxroda.

[TocenoBaTenbHOCTD pacyeTa.
OnpenenstoTcst MOIHOCTH, BXOSIINE B OOMOTKY BBICILIET0 HAIPSHKEHUS TPaHC(HOPMATOPOB

PT :PHi +APM[[;QT :QHi +AQMZ[’
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10.

11.

12.

rae AP, ,AQ,  —nortepn akTHBHO i PeaKTHUBHOI MOIIHOCTH B ME/IH TPaHC(OPMATOPOB.

OnpenensroTcst MpUBEeHHBIC HATPY3KH BCEX MOTpeduTenei
P —P +AP,_; an =0, +AQ,.,

rne AP, ,AQ,, —norepu akTHBHON U PEaKTUBHOM MOIHOCTH B CTAIU TPaHCHOPMATOPOB.

OrnpeiensteTcst 3apsiiHas MOIHOCTD MOCIENHETO 71 y37a
_ 2
AQ. =05-U;-B,,
rae B, — peakTHBHas NPOBOAMMOCTb MOCIEHEr0 7#—T0 yyacTka JISII, paccunTaHHas C y4eToM KOJIH-
dectsa ueneit, B, =n, - by - 1.

Omnpenensiercst pacyeTHas Harpysxa nocnez{Hero y3I1a

npn > Qpn ann B Aan

OnpenenseTcss MOITHOCTh B KOHIIE nocnez[Hero n—To yqaCTKa JIDII

=P, 0,=0,,

OrnpegensieTcst IOTepU MOIIHOCTH Ha nocyienneM n—M ydactke JIOII

AS, = AP, + jAQ, = (P)J(Q) (R + jX,),

rae R,,X, —aKkTHBHOE M pPeaKTHBHOE CONPOTUBJICHHE TOCIeqHEro n—ro yyactka JIDII, onpeneneH-
HOE C yYeTOM KOJIMYEeCTBa IeNeil Ha yuyacTke

R

:ro'l xO'l

s X, =

"y ny

OnpenenseTcss MOITHOCTh B Ha4aJie MOCJIeIHEero n—To ydactka JIOIT
Pn =Pn +APn; Qn an +AQn.
OnpenensroTcs: COCTaBIISIIOLINE NTaJCHUS HANIPSDKEHMS Ha IociieqHeM n—M ydactke JIOIT

AU =
n
sy _ b X, ~OR,
" U
n
OnpenensieTcsi HaAMPsOKCHWE B Havalle MOCJIEIHEr0 7—TO ydacTKa WM HampspbkeHue y3na (n—1) mpu
YCJIOBI/II/I COBMCIICHUA BeKTOpa HaHpH)KeHI/ISI C OCBIO OTUECTA apryMeHTa

U,,=(U, +AU,)* +3U>
OnpenensieTcs 3apsigHas MOIIHOCTD (n-1) y3na
2
AQCI’I—I == 0,5 * Un_l * (Bl’l—l + Bl’l)'
Omnpenensiercs pacueTHas Harpyska (n-1) ysna
Ppn—l = Pnpn—l; Qpn—l = ann—l - Aan—l'

ITo I 3akony Kupxroda onpenensercs MOIHOCTh B KOHIIE #—T0 ydacTka JIDIT

Ijn—l = pn—1 + Pn’ Qn—l = Qpn—l + Qn
JHanee pacueT o myHKTam 6 — 12 BBIMOJIHSAETCS IO TEX MOP MOKa He OyeT Hal/leHa MOIIIHOCTH B
HayaJie MepBOro y4acrka.

(yuantsiBaercs npu U, = 220kB).

Pacuem pexcuma npu 3a0annom nanpaxcenuu 6 nauane JI3I1 (na ucmounuke numanus)
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DTanbl pacyera MoKaxeM NPUMEHHUTENIBHO K CXeMe, MMOKa3aHHOM Ha puc. 9.2.

RS 1 LS 2 Yy Bl -y fn

Fy B

Pty Cul PotiCw  Dalt Crnl) Fantf Qu
Pucynok 9.2 — K pacuery pexxuma npu 3aJaHHOM HANPSHKEHUN

M3BecTHRI:
® MOIIHOCTH Harpy3oK;
® CONPOTHUBIICHHS U TPOBOAMMOCTH y4yacTkoB JIOII;
® HanpsHKEHUE HAa UICTOYHUKE MUTAHUS.
B sTOoM cityyae HEBO3MOKHO MOCIE0BaTENIbHO OT KoHIa JIDII k Havaiy onpenenuTh HEU3BECT-
HBbIC MOIIHOCTH W HampshkeHus 1o | 3akony Kupxroda, Tak kak HampspKeHHE B KOHIE Y4acTKa HEU3-
BECTHO. B 3TOM cily4ae MCTHONb3yeTcss METO] TIOCIeOBATEIbHBIX MTPUOIMKEHNH. PacueTsl BBIMOTHS-
IOTCS B JiBa dTAalIa.
Ha nepsom srane npuHuMaeTcs TONMyIIEHHUE, YTO HAMPSHKEHUS BO BCEX Y3JIaX CETH PaBHBI U paB-
HBI €€ HOMI/IHaJIBHOMy HaHpﬂ)KeHI/IIO.

[TocnenoBarenpHOCTD pacueta | aTamna.

1  OmpenensitoTcs MOIIHOCTH, BXOJSIINE B OOMOTKY BBICIIETO HAMPSKSHHS TPAaHCHOPMATOPOB
P P +A}MH’QT:QHi+AQMZ[’

AQMZ[ —OTEePH aKTUBHOW U PEaKTHBHOW MOIIHOCTH B MEIH TPaHC(HOPMATOPOB.

rie AP

M[I 2

2 Ompenenstorcst MpUBEACHHBIE HATPY3KU BCEX MOTpeOUTENeH

P, =P +AP,_; O =0. +AQ,,,

AQ,, —noTepy aKTHBHOM U PEaKTUBHOI MOIIHOCTH B CTalIH TPAaHC(HOPMATOPOB.

roe AP

CT?
3 Onpenenstorcs 3apsIHbIE MOIIHOCTH Y3JIOB
- TIOCJIETHETO 11 y3I1a

2 .
AQC}’Z = 0’5 ) UHOM ) B}'Z >
- OCTAIIbHBIX Y3708 (I # 1)

AQci—l =0,5- U; (Bi—l + B,-)>

HOM
rae B;,B; | — peakTuBHble MPOBOANMOCTH y4acTKOB JIDIL, MPUMBIKAIOMINX K KaXKAOMY Y31y, PacCdu-
TaHHBIE C y4eTOM KOIMdecTBa uerneit (sanpumep, B; =n, - by - 1).
4 OnpenensitoTcsl pacyeTHbIE Harpy3Ku y3J1013
Pp npn ’ Qpn ann B Aan’
5 OmnpenenseTcss MOITHOCTh B KOHIIE nocnez[Hero n—To yqaCTKa JIDII
B 0, =0y
6 Omnpenensercs MOTEPU MOILIHOCTH Ha mociieqHeM n—M ydactke JIDI
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P2 "\2
AS, =AP, + jAQ, _ n)Ut (@) (R, + jX,),

HOM

rae R,,X, —aKkTHBHOE M peaKTHBHOE CONPOTUBJICHHE IOCIeNHEro n—ro yyactka JIDII, onpeneneH-
HOE C yYeTOM KOJIMYEeCTBa IeNeil Ha yuyacTke

R :—rO-Z;X =

n n

"y ny

7 OmnpenenseTcss MOITHOCTh B Ha4aJie MOCJIeIHero n—To ydactka JIDII
P =P +AP;0,=0,+A0Q,.

8 Ilo I 3akony Kupxroda onpenensiercs MOIHOCTH B KOHIIE #—T0 ydacTka JIDIT

P=F, 1+b;0,,=0,,1%0,

JHanee pacder mo myHKTaM 6 — 8 BBITIOHIETCS IO TEX MOP MOKa He OyJeT HalieHa MOIITHOCTh B
Hayajie MepBoro y4yacrka.

Ha émopom 3Tane paccuuThIBalOTCS HANPsHKEHHUS BO BCEX y3JIaX CETH M0 MOIIHOCTSM M Hampsi-
YKEHUIO B Hayaje KakJI0ro y4acTka.

xO'l

[TocnenoBarenbHOCTH pacyeTa Il aTana.

1 HampsiokeHue B Hayaje MepBOro yyacTka MIPUHUMAETCA paBHBIM HanpsbkeHuto UII

U =U,,.
2 OnpenenstoTces: COCTABIAIONIME MaIeHUs HAIPsKEHUs Ha epBoM ydactke JIOII
AU = I)IRI + QIXI .
1_ 1 2
1
B X, -OR
U = @ (yaureBaercs mpu U > 220kB).

1
3 Omnpexensiercss HampsDKEHWE B KOHIE MEPBOr0 y4yacTKa WM HampsbkeHue 1-To ysna Mpu yCIOBUH
COBMEIIEHUSI BEKTOPA HAIIPSIKEHUS C OChIO OTCUETA apryMEHTa

U, =U, =/(U, - AU,)* +8U}.

JHanee pacuer 1o myHkTam 2 — 3 BBINOJHSAETCS 10 TE€X MOP MOKa He OyIeT HalJIeHO HAMpsKeHHUE
B KOHII€ MOCJIEAHETO y4acTKa (HaIpsKEHUE MOCJIEIHETO y371a).

Pacuem cemeii pa3nvix HOMUHAbHBIX HANPAICEHUT

OnexTpornepenady YIpOLUIEHHO MOXHO MPEJACTaBUTh ABYMs 3JIEMEHTaMH — IOCIE0BATEIbHO
BKJIFOUCHHBIMH JIMHUEH dJIeKTporepenadn u Tpanchopmaropa (puc. 9.3).

STumeeroniea ITpuevnaa
ac c rc

JI3II
i @ Hazpyswa

Pucynok 9.3 —YnponieHHas cxema sjeKTpornepeayu

Pacuer cetn Pa3HbIX HOMUHAJIBHBIX HaHpH)KCHI/Iﬁ MOKHO TPOBOAUTH IBYMS CII0COOaMH.
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CyTb nepswvitl cnocod 3aKiIrOYaeTCsi B NMPHUBEACHUHM CETH K OJHOMY Oa3MCHOMY HaNpSHKEHHIO.
[Ipu 5TOM B cxeMe 3aMeIIeHUs] OTCYTCTBYIOT HJcabHble TpaHC(HOPMATOPHI, a BCE CONMPOTHBICHHUS
CXEMBl 3aMeIleHUs] TMPHUBEIEHBl K OJHOMY HANpsHKEHUIO 4Yepe3 Kod((UIMEHTHl TpaHChOopMaluu
tpancdopmaropoB. Hanpumep, npu npuBeaeHud K Uy yon TMPUBEICHHBIE COMPOTHBICHUS PACCUUTHI-
BaroTcs 1o gopmyre:

Z.=7- (M)Z,
HHOM

rae Z — AEUCTBUTENBHOE COIPOTUBJICHUE 3JIEMEHTA.

Pacyer MoxeT OBITH BHINOJIHEH U B UMEHOBAHHBIX €IUHUIIAX, U B OTHOCUTEIBHBIX €TUHUIIAX.

[IpuBenenue cetu K OJJHOMY HAIPSKEHUIO YaCTO UCIOJIb3YETCS MPU pacyeTe TOKOB KOPOTKOIO
3aMbIKaHUS U PEJKO MPU pacyeTe YCTAHOBUBIIUXCS PEXKUMOB JIEKTPUUECKUX CETEH.

Bo smopom cnocobe yauteiBaeTcsi ueanbHbI TpaHCHOPMATOP, T.€. YUUTHIBAIOTCS KOIPPUITH-
€HTBI TpaHC(hOpMAaLIUU MIPU ONPEEICHUN HAPSHKEHUH.

Tpanchopmarop mpeacTaBiseTCs B BUIE JIBYX AJIEMEHTOB — COMPOTHBIICHUS TpaHChopMaTopa
Z; v uaeanbpHOro Tpanchopmaropa (kodddunrenTa rpanchopmanun).

Pacuer pexnma ceTu ¢ HECKOJIBKUMU HOMHHAILHBIMHA HAMPSKCHUSIMA MOXET OBITh BBIIOJHEH
JUISL JTFOOBIX 3aJJaHHBIX YCIIOBHM M CBEJIEH K pacueTy JIMOO MpH 33JaHHOM HaIpsHKEHUU B KOHIIE Tepe-
nadu, MO0 — TPU 33JJaHHOM HAIPsDKEHUW B Havalle mepeaayn.

bonbuinii mpakTU4ecKuii HHTEpeC MPEeCTaBIsIeT pacyeT MpHU 3a/laHHOM HaNpsHKEHUU B Hayalie
nepenaud. B pe3ynbrare pacuera pexkuma ONPEAESIIOTCS HAMPSKEHUsI BO BCEX y3JaX CXEMBI CO CTO-
POHBI BBICIIIETO HANPsDKEHHUST TPaHC(POPMATOPOB. A jaiee Il Kaxa0l TpaHc(hOopMaTOPHOH TOJICTaH-
I[N PAaCCUYMTHIBACTCS HANPSHKEHHE HAa IIMHAX HArpy3kd (Ha CTOpoHEe HU3lIero Hampsbkenws). [loka-
’)KEM pacueT Ha MpUMEPE CXEMBbI, TPUBEICHHON Ha puc. 9.4.

JI5IL , T34 |

——
—

I

a)
FPri ] i

||H|_7_

Prei 5 P
Pucynok 9.4 — Y4acTok 37eKTpUYECKON CETH: a) HCXOAHAs cXxema; 0) MoJIHasi cXeMa 3aMeIICHHS.

Io MomHOCTH, BXOILIEH B BEICIIYI0 00OMOTKY TpaHcdopmaropa P + jO_ . (cM. onpenenenue

pacyeTHOI Harpy3KH) M HANPSDKCHUIO B TOYKE [ PACCUUTHIBAIOTCS COCTABIIIONINE MAJCHHUS HAIPsKe-
HUS B TpaHc(hopMaTope:

_ P”F'iRTi + Q"'[iXTi .
T1 U o

1

AU
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PT'iXTi B Q"'l“iRTi
U.

1

U | = (yuanreBaercs npu U, = 220kB).

anee paccuuThiBaeTCA HaANpsKEHHE Ha CcTOpoHE Hu3uiero Hamnpsbkenus [IC, nmpuBeneHHOe K
BBICHICMY HAIIPSKCHUTO:

Uy = \/(Ui ~AU,;)* +8U5,.

daxTHyecKoe HaNpspKeHUe Ha MuHax Hu3iiero Hanpspkenus [IC OyneT paBHO:

* % *
_ UHi _ UHi _ UHi ) UHHOM
HI - -
KTi UBHOM UBHOM
U

H HOM
Pacyer BbIMOJIHEH BEpHO, €cliM BeJIWYMHA (DAKTHUECKOTO HAMpPSOIKEHHS IMOJY4YHMIIach TOTO JKe
KJIacca HaIpsHKCHUsI, YTO U HOMUHAIBHOE HaNPsOKEHUE Ha HU3IIEH CTOpOHE TpaHchopMaropa.

10 Pacuem mecmuuix cemeit (cemeii nanpancenuem U < 35KB) no nomepe nanpancenus

ZlonycmuMble nomepu HANPAHCEHUA 6 TUHUAX MECHHbIX cemeii

K MecTHBIM ceTsIM OTHOCSTCSI CETM HOMUHAJIBHBIM HamnpsbkeHue 6 — 35 kB. MectHble cetu no
HPOTSPKEHHOCTH 3HAYUTENBHO IPEBOCXOAAT IMPOTSHKEHHOCTh CeTel palloHHOro 3HadeHus. Pacxon
IPOBOJHUKOBOTO MaTepHaia W M3OJSALHOHHBIX MaTepHANIOB 3HAYUTEIHHO MPEBOCXOIAT MX MOTpEO-
HOCTh B CETSAX PAOHHOTO 3HAYEHMs. ITO OOCTOATENBLCTBO TPEOYET OTBETCTBEHHO MOJIXOAUTH K MPO-
€KTUPOBAHUIO CETEH MECTHOI'O 3HAYCHMUSI.

[lepenaya 371€KTpOIHEPTrUM OT MCTOYHMKOB IUTAHUS K DJIEKTPOIPUEMHHUKAM COIPOBOXKAAETCS
HoTepel HaNpsDKEHUs B JIMHUAX U TpaHcdopMmaTopax. [loaroMy HanpsikeHue y nmoTpebuTesnei He co-
XpaHs€eT NOCTOSTHHOTO 3HAUEHUSI.

Paznuuaror omknonenus n konedanuss HAPSKEHUS.

Omxnonenus HaNpsHKEHUs OOYCIOBICHBI MEIJICHHO MPOTEKAIOIIMMHU MPOLeCCaMH M3MEHEHUS
Harpy30K B OTJEJIbHBIX 3JEMEHTaX CeTH, U3MEHEHUEM PEeXHMMOB HalpsDKEHHs Ha MCTOYHMKAX IMUTA-
Hus. B pe3ynprare Takux M3MEHEHUIN HANPsDKEHUS B OTAEJIBHBIX TOUYKAaX CETU MEHSETCS 10 BEJINYMHE,
OTKJIOHSSICH OT HOMUHAJIBHOTO 3HAYEHUSI.

Konebanus HanpspkeHHsI — 9TO OBICTPO MPOTEKAOIINE (CO CKOPOCThIO HE MeHee 1% B MUHYTY)
KpPaTKOBPEMEHHbIE U3MEHEHUs HANpsDKEHUs. BO3HUKAIOT IpU pe3KUX HapyIIEHUSX HOPMAJIHOTO pe-
XKHUMa pabOTHI MIPH PE3KUX BKIIOYEHHSX WM OTKIIOYEHHUSX MOIIHBIX MOTpeOUTENed, KOPOTKUX 3aMbl-
KaHUSX.

OTKIIOHEHNS HaNPSKEHUS BBIPAKAIOTCA B MPOLIEHTAX 110 OTHOLIEHUIO K HOMUHAJIBHOMY Hamps-
KEHHIO CETH
Ui =Yuou 100%.

HOM
Konebanus HanpskeHUs: pacCUUTHIBAIOTCS CIIEYIOIINUM 00pa3oM:

U, .. —U.
I/; — maz(] min 100%,

HOM

[AU,]=

rone U

Uro0bl 00ecriednTh HOPMAIBHYIO pa0dOTy IEKTPONPHUEMHUKOB, HA UX HIMHAX HEOOXOIUMO MOJI-
JIep>)KUBaTh HANPsDKEHNE, OJTM3K0e K HOMHHAIBHOMY.
I'OCT ycraHaBnuBaeT cienyonue J0MyCTUMbIe OTKIIOHEHUS! B HOPMAJIbHOM pekuMe paboTh:

Ha 3axumMax snexrpoasurareneii — = (5 —10)%orU

max ? Umin — HauOobllIee 1 HAaUMEHbIIIee 3HAYEHUS HAIpsPKCHUSA B O,I[HOI>'I H TOM XK€ TOYKE CETH.

HOM 2
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Ha 3@KMMax OCBETUTEJLHBIX NMPUOOPOB (BHYTpeHHee W HapyxkHoe ocsemenue) — * (2,5 —5)% or
U

Ha 30KMMax OCTaNbHbIX mpreMHnkoB = 5% otlU. . .

HOM °?

B nocneaBapuiiHbIX pexxumax J0MYyCKaeTcs JONOJHUTEIBHOE TOHMKEHUE HAIPshKeHUs Ha 5% K
yKa3aHHbBIM BEJIMYHHAM.

UroObl 00ecIeunTh JOJKHBINA YPOBEHb HAIPSDKEHUS Ha MIMHAX JIEKTPONPUEMHUKOB, TPUMEHS-
0T CIIEIYIOIINE MEpBI:

[Tpumensitor Tpancopmarops! ¢ kodppuIeHTaMu TpaHCHOPMAIH, KOTOPbIE YUYUTHIBAIOT I10-
TEpIO HANPsHKEHHUsI Kak B 00MOTKax TpaHchopmaTopa, Tak U B uTaromen cetu. Hampumep, (cM. puc.
10.1), nonycTuMm, 4TO HANPSKEHUE HA HU3KOM CTOPOHE MOACTAHLNH, IPUBEAEHHOE K BBICOKON CTOPO-

He U'2 pasuo 105 kB.

HODH-

Pucynok — 10.1

pu ko urmente Tpanchopmarmu k. =110/10 daxruueckoe Hanpsi-keHHe HA MUHAX HA3-
KOT'O HampsDKEHUs Oy/IeT paBHO:

U, 105-10
Yk 110

T

Ipu xo3ddunmente tpanchopmannn k =121/11 daxrideckoe HampspKeHHe Ha MIKHAX HU3-

=9,6kB.

KOT'0 HampspKeHHst OyaeT OJmke K HOMUHAJIbHOMY:

JEECERELCR LTI
k121

T

OO6MOTKH TpaHC(hHOPMATOPOB CHAOXKAIOTCS OTBETBICHUSMH, KOTOPBIE MTO3BOJITIOT MEHATH KOd(-
dunmeHT tpanchopmalnuu B HEKOTOPBIX Mpenenax. HampsbkeHue, B y37laX CXEMbl, pACHOI0KEHHBIX
OJIMKe K UCTOYHUKY MUTAHUS OOBIYHO BBINLIE HOMHUHAJIBHOTO, a B YIaJC€HHBIX — HUKE HOMUHAJIBHOTO.
UT0o0BI HA BTOPUYHON CTOPOHE TPaHC(HOPMATOPOB, BKIIOYSHHBIX B 3TUX Yy3JIaX, MOJIYYUTh HAPSHKEHUE
TpeOyeMoro ypoBHs, HEOOXOIUMO T01I00paTh OTBETBIICHHS B 0OMOTKax TpaHchopmaTtopoB. B y3max ¢
MOBBIIIICHHBIM YPOBHEM HAIPSIKCHHS YCTaHABIMBAIOTCSA KOd(DPHUIMEHTHI TpaHC(HOpPMAIIUK BBIIIE HO-
MUHAJIBHOTO, @ B y3/1aX C IMOHM)XEHHBIM YPOBHEM HampsyKeHHs] KOd(PQPUIMEHTH TpaHchopmanuu
TpaHc(hOPMATOPOB YCTAHABIMBAIOTCSA HIKE HOMUHAIIBHBIX.

CxeMy ceTy, HOMUHAJIbHOE HANPsHKEHUs, CEUCHUs MPOBOJIOB BEIOUPAIOT TAKUM 00pa3oM, YTOOBI
NoTepsl HAPSDKEHUS HE MPEBBIIIANA JOMYCTHMOTO 3HAUYEHUSI.

JlomycTumast moTepsi HalpspKEHHsT YCTaHABIMBAETCS C HEKOTOPOI CTENEHbIO TOUHOCTH, UCXOMS
U3 HOPMUPOBAHHBIX 3HAYEHUI OTKJIOHEHUN HANPSDKEHUS Ha IIMHAX AJIEKTPONPUEMHUKOB:

i cetel HanpspkeHreM 220 — 380 B Ha BceM MPOTSKEHUHM OT UCTOYHMKA MUTAHUA 10 NOCIE-
HEro 3JIEKTPONPUEMHHKA OT 5 — 6,5%;

JUTSL TUTaroIel ceTu HanpsbkeHueM 6 — 35 kB — ot 6 1o 8% B HopmasibHOM pexume; ot 10 1o 12
% B mociaeaBapuiiHOM PEKHUME;

JUTs ceNbCKUX ceTelt HanpsbkenreM 6 — 35 kB —1o 10 % B HopMalibHOM pexxuMme.

OTH 3Ha4YeHMsI OMYCTUMON MOTEPH HAIPsHKEHUS MOJ00paHbl TakKUM 00pa3oM, YTOOBI IpU Ha-
JIeKAIIEM PETyTUPOBaHUN HAIPSHKCHUS B CETH YJOBICTBOPSUTUCEH TpeOoBaHus [1YD B oTHOIIEHUHU OT-
KJIOHEHUH HaNPsDKEHUH Ha MIMHAX AJIEKTPONPUEMHUKOB.
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ﬂonymenuﬂ, ROJ10JC€HHbIE 8 OCHOBY pacuema MeCmHblX cemeil

[Ipu pacuere cereil HanpsbkeHUEM 10 35 KB BKIIIOUNTEIBHO NMPUHUMAIOTCS CIEAYIOLIUE AOIY-

LICHHSA:

e He yuuThIBaeTcd 3apsaHas MoutHocTs JIOIT;

® HE YYUTHIBAETCS MHIYKTUBHOE CONPOTHBIICHHE KabenbHbIX JIOIT;

® HE YYMTHIBAIOTCSA MOTEPU MOILIHOCTH B cTayiu TpaHc(opmaTopos. IloTepn MOLIHOCTH B CTaJll TpaHC-
(opMaTOpOB YUUTBHIBAIOTCA JIMIIb MPHU MOACUYETE MOTEPh AKTUBHOM MOILHOCTH M 3JIEKTPOIHEPTHH BO
BCEM ceTH;

® IIpy pacyeTe NOTOKOB MOIIHOCTH HE YYUTBIBAIOTCS NMOTEPH MOIIHOCTH, T.€ . MOIIHOCTb B Hadaje
y4acTKa paBHa MOUIHOCTH B KOHIIE Y4aCTKa,

e HE YYUTHIBAETCS MOINEPEYHasl COCTABIAIONIAS MAJACHHS HAPSIKEHUS. JTO 3HAUUT, YTO HE YUUTHIBAETCS
C/IBUT HAIIPSDKEHUS 110 (a3e MEXIY y3JIaMU CXEMBI;

® pacuer NMOTEPb HANPSKEHUS BEAETCSA M0 HOMUHAIBHOMY HAlPsDKEHUIO, a HE 110 pEaIbHOMY HampsiKe-
HUIO B y3JIaX CETH.

Onpeoenenue naudonpvuieil nomepu HANPAHCEHU

C y4eToM JonyIIeHUH, MPUHATHIX IPU pacdeTe MECTHBIX ceTel, HalpsKEHUE B JIFOOOM i-M y3Jie
CETH PACCUUTHIBACTCS M0 YIPOILEHHOU opMmyte:

Ui :UI/IH _AUI/IH-i :UHH _LZ(I)] 'Rj +Qj 'Xj)’

Hom Jj=l

rae PJ , 0 ; — COOTBETCTBEHHO aKTHBHAs M PEAKTHBHAS MOLIHOCTH, HPOTEKAIOLIUE 110 yIACTKY /;

R;, X ; — cOOTBETCTBEHHO aKTHBHOE M MH/YKTUBHOE CONPOTHBIICHNS Y4ACTKA .

HeydeT motepn MOIIHOCTH B MECTHBIX CETSAX MO3BOJISICT PACCUUTHIBATH MOTEPU HANPSKEHUS JIH-
00 10 MOIIHOCTSIM Y4aCTKOB, JINOO IO MOILITHOCTSIM Harpy3okK.

Ecnm pacder BegeTcst M0 MOIIHOCTSIM yYacTKOB, TO YYMTBHIBAIOTCS aKTHBHOE W PEaKTHBHOE CO-
NPOTHUBIICHHS 3TUX K€ y4acTKOB. Ecii pacueT BeAeTcsl Mo MOIIHOCTH HArpy3okK, TO HE0OXOAUMO YUH-
THIBaTh CYMMAapHbIE aKTHBHBIE M peakTHBHBIE comnpoTusiaeHus ot Ul 1o y3rma monkiroueHus Harpys-
ku. [IpumenurensHo k puc. 10.2 nmeem:

P Pt
| P¥e @ Po @///j
' PorrtiQus
I Regx | RtiXs
. Perrty Qe Rtix;
Pyt it Pt
Piich ’ £ @
RstX; |
Pt j Qs PeretiQurs

Pucynok 10.2 — Y4acTok 37€KTpUYECKON CETH

® 10 MOOIHOCTAM Y4aCTKOB

AUI/IH-i = L
UHO J

MN

(P ‘R, +0Q,-X,);

Il
—

® 110 MOLTHOCTSIM Harpy3ok

1 i
AUI/IH-i :U—Z(PHJ 'RI/In-j +QHj 'Xnn-j)'

J=1
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B HepasBeTBIeHHOH ceTH HanOOoIbIIas MOTEPs HAMPSDKEHUS — 3T0 notepst Hanpspxkerus ot UIT 1o ko-
HEYHOU TOYKH CETH.
B pa3BeTBneHHO# ceTn HaUOOJbINAS TTOTEPS HATIPSHKEHUS ONPEIeNieTCsl CIeayIoUM 00pa3oM:
e paccuuThiBaeTcs noteps HanpspkeHus ot UIT 1o kaxaoil KOHEYHOW TOYKH;
e Cpeau 3TUX IMOTeph BhIOMpaeTcs HambOonbmas. Ee BenmnuMHa HE JOJDKHA MPEBBINIATH JAOMYCTHMYIO
NOTEPIO HANPSKEHUS AJIS JaHHOM CETH.

Yacmmuvie cyuau pacuema mMeCmHblx cemeii

Ha mpakTrke BCTpeyaroTcsl CIEAYIONIUME YacTHBIC CIIy4aW pacuera MECTHhIX ceTeit ((popmyrs
MIPUBEJICHBI JIJIS1 pacdeTa 1Mo MOIIHOCTSM Y9aCTKOB):
e JIOII no Bceit AyIMHE BBIMIOJIHEHA MPOBOIAMH OJJTHOTO CEYEHHS OJIMHAKOBO PACIOJIOKEHHBIMU

FOZP/‘ 'lj +XOZQJ' 'lj
AU = J=1 J=1 .
HII-1 U 9

HOM

e JIOII no Bcell AnMHE BBINOJIHEHA IIPOBOJAAMU OJIHOTO CEUEHHUS] OJUHAKOBO pac-MoJjiokeHHbIMHU. Ha-
I'PY3KU UMEIOT OJJUHAKOBBIMCOS(Q

i
Z‘i Py -1
: J= .
AU, = (7 + jxg - 180) ;
UHOM
e JIOII, nuraromue ynucto akTuBHbBIE Harpy3ku (Q = 0, cosp =1), unu kadbenpHbIe JIDII HanpsoKeHUEM 10
10 kB (X =0)
i
Z‘; Py - R,
—J=
AUI/IH-i - .,
HOM
Homepsa nanpasxcenusn ¢ JIIII ¢ pasnomepno pacnpedenennoil Hazpy3Koul

Pucynok 10.3 — JIEII ¢ paBHOMEpHO pacrpeieI€HHOW Harpy3Koil

B GonblInHCTBE MPaKTUYECKUX CITy4aeB MPUXOJUTCS UMETh JIEJIO C YUCTO aKTUBHOM paBHOMEp-
HO pacrpejieieHHON Harpy3koil. Jlis cetu, npuBeaeHHou Ha puc. 10.3, umeem:
[Totepst HanpsKEeHUs, KOTOpas co37aeTcs TOKOM I Ha JJIMHE yJacTka /

d(AU) = \3(idl)r,l .

[Toreps HanpsixeHust Ha Bcer IMHE L
L 2
. |
AUzﬁ-ro-z-Ildl: 3-r0-l-—‘g=

0 2

12

= 3 .ro Z_

2

IIpu cymmapHoii Harpyske JIDII [ =i- L, toxki=1/L. Torna,
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AU:\/gorOol-é

W3 nonydeHHoN (GoOpMyIsbl BUAHO, YTO PABHOMEPHO paCIpEAETICHHYIO Harpy3Ky MOXKHO 3ame-
HUTh CyMMapHOH COCPEAOTOUYCHHOW Harpy3Koi, mpuiaoxkeHHo! B cepenune JIDII.
Ecnu pacder Bezpercs B MomHocTsX, T0 P=+/3-1-U, . Torna BennunHa MOTEPH HAIpsKe-
HUS paBHA
L P L P L
AU=B3r 1-Z=Bry — Z=py —— 2.
2 N3U,, 2 U, 2
ITonyyeHHBIM MPaBWIOM 3aMEHBI PABHOMEPHO PACHPEIEICHHOW HArpy3KH CyMMapHOW MOXKHO

MOJIK30BAThCsl B 0OJIee CIIOXKHBIX Cilydasx. Hampumep, Korja paBHOMEPHO paclpeleieHHas: Harpy3Ka
MMeeTCs TOJIbKO Ha OJJHOM M3 y4acTKoB (puc. 10.4):

Dt @ e @ B @
| | RERIIRRR l

P Fi3

Fua

Pucynok 10.4 — Y4acTok 371€KTpUUYECKON CETH

L,
2

Iy
AU =—"[P,-(Ly_, +
UHOM[ H3 ( 3—4

L,
)+ (By+F3) (L, "‘%)‘H‘(Pm + Py +B3) Lyl

11 Pacuem ceuenuil npoeo0ooe no 0OnyCmumoii nomepe HAnPAHCeHUs
Obuue nonoxceHus Memoooe

Ctporo roBopsi, METOJIbI BHIOOpA CEYCHHI MO OMYCTUMOW MOTEpe HAMpPsHKEHUS, pa3paboTaHbl
JUJIs1 IPOBOJIHUKOB, BBITIOJIHEHHBIX U3 I[BETHOTO METaJJIa B CETH HaNpsKeHUEM 10 35 kB BKIIrOUMTENb-
HO. MeTo/1p1 pa3paboTaHbl UCXOAS U3 JOMYIICHUN MPUHSITHIX B CETAX TAKOTO HATIPSKEHUSI.

B ocHOBY MeTOMOB OmpeaeseHrsl CEeYEHUsl MO JIOMYCTUMON MOTEepEe HANPSIKEHUS MOJ0XKEHO TO
00CTOSITENILCTBO, YTO BEIMYMHA PEAKTUBHOTO COMPOTHUBIICHHUS MIPOBOTHUKOB X( MPAKTUIECCKH HE 3aBU-
CHUT OT ce€YeHHUs mpoBoja I
qutst Bo3nymHbIx JIDI xp = 0,36 - 0,46 OM/kM;
it kabenpHBIX JIDIT Hanpspkeruem 6 — 10 kB xp = 0,06 - 0,09 Om/km;
it kabenpHBIX JIDIT HanpskenneMm 35 kB xp = 0,11 - 0,13 Om/kwm.

Benuunna nonyctumMoit notepu HanpsbkeHus B JIDII paccunThiBaeTcs Mo MOLTHOCTSM M COIIPO-
THUBJICHUSIM YYaCTKOB I10 hopmyJie:

n Z])i"”oz"li ZQi'on"li
'Z(Pi'Ri—‘_Qi'Xi):i:l +i:1 :AUzLona+AUp
1 U U

HOM HOM

1
AUI[OH ) UHOM

U CKIAABIBACTCA M3 ABYX COCTABJIAIOIIWUX — IMOTCPU HANPSAXKCHUA B AKTHBHBIX COIPOTHUBJIICHUAX

AU |, I IOTepH HaNPSDKEHHS B PEaKTUBHBIX conpoTusiennsax AU .

YuureiBas O6CTO$IT€JILCTBO, 4YTO Xp NPAKTHYCCKU HE 3aBUCUT OT CCUCHUSA NPOBOJA, BCIUYUHY
AUP MO>XHO BBIYHCIWTH A0 pacdye€Ta CCUCHHUA IMPOBOAHHKA, 3aAaBIIMCh CPECIHHUM 3HAUYCHHEM pPCaK-

THBHOT'O COIIPOTHUBJIICHUS Xocp B YKAa3aHHBIX JHANIa30HAX CT'0 H3MCHCHM:
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X n
_ 70cp
AU, =222.50, 1,
Hom  i=l
[lo 3amanHON BenuuuHE NOMYCTUMON HanpspkeHus B JIDII paccuuThIBarOT 10110 OTEPH HAIpsi-
JKE€HU B aKTUBHBIX CONPOTUBIICHUAX:

Jora

AUy =AU o, = AU,

B BBIPpaXXCHUU JJI1 pacdyeTa NOTEPH HANPAKCHUA B AKTUBHBIX COITPOTHUBIICHUAX

Jom a
U

HOM

AU :L'if;'rm'li
i=1

1

OT CEYEHHUs 3aBUCHT MapameTp 7o=——,
e
rae Y — yZAelbHas IPOBOAMMOCTb MaTepHualia poBOAaA.
Ecnu JIDIT cocTouT TOMBKO M3 OJIHOTO y4acTKa, TO BEJIMYMHY CEYEHHUS] MOKHO OMPEACIHUTh U3

Boipakennst 1 AU (o

~ Pl
VU, AU, o

J0IT a

[Tpu Gompirem komudectBe ydacTkoB JIDII, mis pacuera ceueHnid TPOBOJIHUKOB HYXKHBI JIOTOJI-
HUTCJIBHBIC YCIIOBUA. Nx TPHU:
IIOCTOSIHCTBO CEUYEHUI HA BCEX ydacTKax ['=const,
MHHHMMAJIbHBIA pacxo/1 MPOBOAHUKOBOIO MaTepuana V' — min;
MHUHHMMaJIbHBIE TIOTEPH aKTUBHON MotHocTH AP — min.

Pacuem ceuenuii npoeodoe U3 ycjiioeusn nocmoancmea ceueHuil Ha yuacmkKax

YacTto u3 mpakTHYEeCKUX COOOpakeHUH T OAHOTUITHOCTH TpoekTupyeMoit JIDII ee ywyacTku
BBITIOJIHSIOT MIPOBOJIOM OAHOM Mapku. B sTtom ciydae dopmyna ais pacuera BETHUMHBI MOTEPH Ha-
NPSDKEHUS. B aKTUBHBIX COMPOTHUBIICHUSAX MOXET OBITH MPe/ICTaBICHA CIAEAYIOUUM 00pa3oM:

1 1 7 u 1 U
AU, =——>SP-1,1.=—2-NP. | =— - NP-.[.
Jiom a U ; i r()l i U ; i Vi 'YFU ; it

HOM HOM HOM

OTKYZ[a HaAaXOOUTCA BCJIIMYHNHA CCUCHUS HpOBOI[a:
n
Pz‘ 'li
F — i=1
Y- UHOM ‘AU

J0IT a

[TomryueHHyI0 BEIMYUHY CEUYEHMsI OKPYIJISIOT A0 Onwkaiiiero cranpaptHoro. s Hero mo
CIPAaBOYHMKY OINPEAEISAIOT 3HAYEHHUS 79 U Xo. [[pOBEpOUHBIM pacueToM ONpeAestoT AeHCTBUTEIbHYIO
MOTEPIO HANIPSKEHUS

o~ Yo N
AU = 2B+ 2.0,
UHOM l=1 U l=1
U CPaBHUBAIOT ee ¢ aonmyctuMoil. Ecinu neificTBuTeNnbHas BeJIMYMHA NOTEPH HANPSKEHHs OOJIbLIe J10-
HyCTI/IMOﬁ BCJIMYHHBI, TO CCHCHUC YBCIIMYUBAIOT A0 CICAYIOMICTO CTAHAAPTHOTO U PaCyCT IMOBTOPSIOT.
[TpoBepouHBI pacueT HE BBIMOJHACTCS, €CIM CEYCHHE OKPYIIISIIOT 10 ONFKalImero OOJBIIETro
3Ha4YCHUs, a IIGIZCTBHTCHBH&SI BCJIMYHHA X 9TOT'0 MPOBOAA MCHBIIC X cp-

OkoHYaTeIbHO BEIOpAHHOE CEUEHHE MTPOBEPSIOT M0 HArPEBY:

I1<]

JoI11 *

HOM
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Pacuem ceuenuii npo60o0oe u3 yciosus MUHUMAIbHO20 PACX00d
nPOGOOHUK06020 Mamepuana

VYJIDII, KoTOpBIE MUTAIOT HECKOJIBKO MOTPEOUTENEH, Harpy3Ka yMEHBIIIAETCS IO Mepe YAaJIeHHS
OT ucTouHunka nutanus. [Ipumenenune Ha JIOII mpoBOAOB OJHOTO CEUYEHHUSI, XOTS M BBITOJHO B JKC-
IUTyaTallMOHHOM U CTPOUTEIHHOM acCIleKTaX, He BCEr/ia BBITOJIHO 3KoHOMHuYecku. Ha mocnennux yua-
CTKax MPOBOJI BCEr/ia HEAOTPYKEH. ITO MPUBOJMT K MEpepacxoay NPOBOJHUKOBOIO MaTepuaa.

TakuM 00pa3oM, HEOOXOAUMO 3HATh KaK JOJKHBI YMEHBIATHCS BEIMYMHBI CEYCHUU TIO0 Mepe

yYaall€Husa OT UCTOYHHWKA INHUTAHHA, yTOOBI HE IMPEBBICUTHL BCIWYHHY AU/:[OH 1 00ecneYnTh MaKCH-

MaJIbHYIO YKOHOMHUIO MPOBOTHUKOBOTO MaTepHUaia.
Paccmotpum JIDII ¢ aeyms Harpyskamu (puc. 11.1).

PLHO g Pati0
HIT | > >
! 3 l 3 l
P il P +ilha
Fl FE

Pucynok 11.1 — Yuactok JIDII ¢ AByMs Harpy3kamu

B npuBeneHHON ceTH U3BECTHBIMMU SIBIISIIOTCS:
MOIIHOCTH HArpy30K B y3JIaX;
JJIMHBI YYaCTKOB;
A0IMYyCTHUMAs NMOTCPA HAIIPAKCHU .
Heo6xoauMo OnpeenuTh Ce4eH s TPOBOJOB Ha yUacTKax U3 yciaoBus V —> min.
MomHOCTH y4acTKOB ceTH onpenenstores mo I 3akony Kupxroda, HaunHas OT KOHEYHOW TOYKH
(Touku 2):

P+ jO, =P, + jOuos
B+jO =P+ jO,+bP+jO, =P+ jO,+PF,+jOun.

3a7aBIINCh X(cp, PACCUNTAEM ITOTEPIO HANPSKEHNS B PEAKTUBHBIX CONPOTHBIICHUAX:

xOc 2
AU = P . L
p U ;Qz i

HOM

N OOJIIO MOTEPU HAIIPAKCHUSA B AKTUBHBIX COITPOTUBIICHUAX

AUy =AU o, = AU,

Jora
HpeI[HOJ'IO}KI/IM, YTO HaM M3BCCTHA BCIIMYMHA MOTEPU HANPSAKEHUA B AKTUBHOM COIIPOTHUBIICHHUU

1-ro yuactka AU Toraa BenMuuHa NOTEPU HANPSKEHUS B AKTUBHOM COIIPOTHBIIEHUHU 2-TO y4a-

nomal *
CTKa COCTaBUT:

AU o 5= AU on =AU

moma nomal

B 3TOM Cnyqae CCUCHHUA Ha yqaCTKaX 6y,HYT paBHbI:
Pl Pl
1 = 1 1 " F2 — 2 2
YU AU Y -Ugon - (AU
Pacxoa NpOBOAHMKOBOTO MaTepuaia B CETH Ha (pa3y COCTABUT:
Rl Pyl
Y 'UHOM 'AUnonal Y 'UHOM ’ (AUaona_AUnonal)

AU

nomal noma noma 1)
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B ar0ii popmysie Bee BennuuMHbl n3BeCTHBI, kKpome AU s onpeneneHus MUHUMYyMa pac-

momal *
X0J1a TPOBOJTHUKOBOT'0 MaTepHaia He0OX0AMMO B3STh YaCTHYIO TIPOM3BOIHYIO TIO HEU3BECTHOM BEIH-
YHUHC U HpI/IpaBHSITB €C K Hy.]IIOZ

ov B I} P, -13

=— + =0.
aAUZIOHal Y U A(]ﬂor{al ’Y'UHOM '(AUaona_AUﬂonal)z
[Tomyunm paBeHCTBO:
Rl P13
5 =
' UHOM ) AUﬂonal Y- UHOM ) (AUﬂona_AUﬂonal)

VYMHOXHUM U pa3liesiuM JIEBYIO 4acTh PaBEHCTBA Ha P), a mpaByro 4acTh — Ha P,. [lomyuum BbI-
paxkeHue:

Y iy . P -1
2 2
Pl Y- UHOM ’ AU,I[OH al P2 'Y HOM (AUz[on a_AUﬂona 1)
YMHO)UM 00€ yacTu paBeHCTBa HAa ———— . [Tomydaem:
y ’ HOM
1 P I} 1 P} 13 -
R UL, AULs Py 1P ULy (AU AU e
1Y HOM nomal 2 'Y HOM o1 a nomal
B sT0i popmyne BeipaskeHUs
P2 * 12 P22 * 122

y2 ) Uxfo Al]zlonal 'Y UHOM ’ (AU _A(]zxonal)2

o a

MIPEACTABISIIOT COO0M KBaApaThl ceueHnit ydacTkoB JIDII.
®opmyiy (11.1) MOXXHO IpeCTaBUTD CIIETYIOUIMM 00pa3oM:

EZ_FZZ Fi_FZ

?1—?2 nin ﬁ—ﬁ

TakuM 00pazom, MBI MONYYHIIH YCIOBUE, TPU COOIOJIEHUU KOTOPOTO TPU pacueTe CeUYeHUi
yuactkoB JIDII, moTepss HanpsKEHUSI HE MPEBBICUT JIOMYCTUMOW BEJIWYMHBI PU MUHUMAJIBLHOM pac-
X0/I€ IPOBOJIHUKOBOI'O MaTepuaia.

DTOT BBIBOJ MOYKHO PacIpOCTPAaHUTh Ha JIt000e KomrmaecTBo ydacTkoB JIDIT.

F

Benmunna kp = T SIBJISIETCSI OCTOSTHHOM Ju1st 3aaanHHoi JIDII u onpenensercs mo A0MyCTH-
P

Mot MOTEPC HANPANKCHUSA B AKTUBHBIX COIIPOTUBJICHUAX !

NG S S \F\/’zi—z\/’zj
i=1

rons Y'UHO i=1 F; Y.UHOM i=1 F; k

1

1
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P yU, AU

HOM Jiom a

3Hasi BeIMYHHY kp,, ONPEACIIAIOT cedeHne Kaxaoro yyactka JIOII:

F =k, -|/P;.

CedeHus: IPOBOJOB OKPYTJISAIOT 10 OMMXKAMIIMX CTAaHJAPTHBIX U MPOBEPSIOT MO MOTEPE HAIps-
KEHUS U HarpeBy. Eciin ceueHus He yl0oBIETBOPSIOT JOIMYCTUMOM MOTEpE HANPSKEHUS], TO YBEJINYH-
BAIOT CEUEHHUS Ha TE€X y4acTKaX, BEJIMYMHA IIOTEPU HANPSHKEHUS Ha KOTOPBIX HauOOJIbIIAs.

Pacuem ceuenuii I’lp080006 U3 YCJI06UA MUHUMYMA ROMEPL MOUWIHOCMU 6 cemU

CedeHus MpoOBOJIOB, BBIOPAHHBIE IO YCIOBUIO MMHUMYMa pacxojia MPOBOAHUKOBOIO MaTepHasa,
He 00ecreurnBaloT MUHUMAJIBHBIX TIOTEPh MOLTHOCTH.

HaiizieM cedeHus mpOBOIOB, KOTOPBIE OTBEYAIOT yCinoBu AP — min.

JnsaJIDII, nmpuBenenHoit Ha puc. 11.1, moTepu akKTUBHOM MOIIHOCTH PAaCCUYUTHIBAIOTCS MO (Hop-
MyJIe:

2 2 2 2
AP=Sl gy g oSt b 5 b (11.2)
UHOM UHOM UHOM Y E UHOM Y 'FZ

O603Ha4M 00BEM MPOBOAHUKOBOTO MaTepuaia oaHoi ¢a3sl Ha Beeil JIDII yepes V, Ha nepBoM
yuyacTke — V. Toraa BenMYMHbI CEYeHUH y4acTKOB Oy1yT paBHBI:

Z V-,
F=-l u F,="—"1
[ [
[MoncraBum >TH BbIpaxkeHus B popmyiy (11.2) u momyumnm:
2 2 2 2
S . ; S5 . l

AP =

+ .
2 2
UHOM ’Y.Vl UHOM ’Y.(V_Vl)
B a710i1 popmyne Bce BeTUUMHBI H3BECTHBI, kKpome V. s onpeneneHnss MUHUMyMa oTephb aK-

TUBHON MOIIIHOCTH HEOOXOJUMO B3SITh YACTHYIO MPOU3BOAHYIO 110 HEU3BECTHON BEJIMYUHE U MPUPAB-
HSTb €€ K HYJIO:

OAP _ S¢ . S; I I
aVl U;O YVIZ Ujo Y(V_I/l)z

M M

[Tomyunm paBeHCTBO:
Sf.Zf:Szz. I; |
Usw TV Uny v (V=11

HOM HOM

CokparuM monydenHoe Beipaxkenue Hay - U, .
2 2 2 2
vov-n?
Tak xak V,=F, -1, a V=V, =F, -[,, 10 dopmyiny (11.3) MOKHO IEpenucaTs CiIeIyOLIIM
obpa3zom:

(11.3)

Sl2 '112 Szz '122 Sl2 S22
I S R A
Fl 'll Fz 'lz Fl Fz F1 Fz

U
I
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BrIpa3zum MOLTHOCTH y4acTKOB 4Y€pe3 TOKM U HOMUHaJIbHOE HanpspkeHue JIOII:

3U,, -1, 3-U,, I I, I,
HOM — HOM :>

F F, F B

OTHomIeHnEe TOKa K CEYeHHEe Ha3bIBAETCS MIOTHOCTBIO TOKA [, p (A/MmM?). TakuM 06pa3oM, I0-

JIy4EeHO YCIIOBHE, ITPHU BBIMOJIHEHUH KOTOPOTO MPU BHIOOPE CEUCHUI, TOTEPH aKTHBHOM MOIIHOCTH OY-
AyT HANMEHBIIMMH:
Jap = const.
3HaueHHE TUIOTHOCTH TOKA ] ,p OHPENENeTCs MO JOMYCTUMOM 10JIe HOTEPU HANPSHKSHHS B aK-

TUBHBIX COIIPOTUBJICHUAX!

L \/g-UHOM -1, -cosQ, -/,

Ceuenns Ha ydaCTKax paCCUUTBIBAIOTCA IO TOKaAM Y4aCTKOB:

I
F=—t,

Jap

JR—
rac i
\/g.UHOM

CedeHus: IpPOBOJOB OKPYTJISAIOT 10 OMMXKaMIIMX CTaHJAPTHBIX M MPOBEPSIOT MO MOTEpE HAmps-
KEHUS U HarpeBy. Eciin ceueHus He yloBIETBOPSIOT JOIMYCTUMON MOTEpE HANPSKEHUSI, TO YBEJINYH-
BAIOT CEUEHHUS Ha TE€X y4acTKaX, BEJIMYMHA IIOTEPU HANPSHKEHUS Ha KOTOPBIX HauOOJIbIIAs.

Dmanwvt pacuema npu pazHvlx YCa08UAX

Br160op cedenunii mo JOMyCTUMOMN MOTEpe HAMPSHXKEHUS BBIMOIHIETCS O CIEAYIOIIEMY aJTrOpUT-
My:
3a1ar0TCA 3HAYEHUEM X(cp B YKa3aHHBIX JMANIa30HAX €ro M3MEHEHUS.
BBIYKCIIAIOT TOJIIO TIOTEPU HANPSKEHUS B PEAKTUBHBIX conpotusnenusax AU P

Brraucnsror AOIMYCTUMYIO IIOTEPIO HAIMPSXKCHUA B UMCHOBAHHBIX CAUHUIAX!

non [%
AU,E[OH[KB] - T ) UHOM'

BBIUKCIIAIOT JOMYCTUMYIO JIOJIO TIOTEPh HANPSUKEHHS B AKTUBHBIX conpotusienusx AU oma -

PaccuntreiBaroT ceuenme npoBoaa, uCXoas U3 3aIaHHOTO YCJIOBU.
5.1 MOCTOSIHCTBO CEYEHUI Ha BCEX ydacTKax: F'=...;
5.2 MUHMMaIbHBIN pacxo]l IPOBOAHUKOBOrO MaTepuana: k, = ... — F=..;

5.3 MHHMMAaNbHBIE TOTEPH AKTUBHOM MOITHOCTH: [ p = ... — F=....
Cedenns IpOBONOB OKPYIIISAIOT A0 ONMKAaWIIMX CTAHIAPTHBIX M IPOBEPSAIOT M0 NOTEPE HaNpsLKEHHs
(oOmast popmyna):
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1 n
AU :—Z(Pz Top L A0 xg; ) S AU -
Hom =1
Ecny cedyeHUs He yIOBIECTBOPSAIOT AOMYCTHMOM MOTEPE HANPSKEHMS, TO YBEIMYMBAIOT CEYECHMsS HA TEX
y4acTKax, BeTMYMHA OTEPH HANPKEHNUs HAa KOTOPBIX Hanbobas. IIpoBepKy HOBTOPSIOT.
OKOHYATEIFHO BHIOPAHHOE CEYEHHE IPOBEPSIOT [0 HATPEBY:

I<1

JI01I *
Cpasnumenvhan xapakmepucmuKka Memooos

Omnpenenenue cedyeHus MO JOMYCTHUMON MOTEpe HAMpPSLKEHHS MPUMEHSIOT K JIMHHUSM MECTHBIX
CeTe, CeYeHUsI KOTOPBIX HE BRIOUPAIOT 110 IKOHOMHUYECKOU TIJIOTHOCTH TOKA.

BrIOOp ceyeHus 0 YCIOBHAM MHHUMAIIBHOIO pacxojia MpoBOAHUKOBOro Matepuaia (V. —> min)
¥ MUHUMAJIBbHBIX TI0TEPh akTUBHON MomHocTH (AP —> min) narot 6osiee 5KOHOMUYHBIE PE3YJIBTATHI,
YeM IMpH YCIOBHUHU MOCTOSHCTBA CEUEHUH Ha BCeX yyacTKax (F=consf).

Bri6op cedyenust npu yciaoBud V' —>min NpUBOAUT K SKOHOMHUH KANUTAIbHBIX BIOKEHHH U T10-
CTOSTHHBIX JKCILTyaTallMOHHBIX pacxoqoB (oOciyxuBanue U peMoHT JIDII). Meton mpuMeHSIOT 1Ist
HOTpC6I/ITCHeI71 C MaJIbIM YHCJIOM HCHOJIL30BAHUS MaKCHUMaJILHOU HarpyskKu TM 1 MaJIbIX TOKOBBLIX Ha-
rpy3kax. s motpebuteneil ¢ OONBIIMMU TOKOBBIMH HAarpy3kamu U 3HAUUTEIbHOW BeTU4YMHON T,
JTydIIlE UCTIONIBb30BaTh METO BbIOOpa cedyeHuii u3 ycinosus AP — min. D10 NpUBOAUT K YMEHBUIEHUIO
MEPEMEHHBIX IKCIITyaTallMOHHBIX PACXOJOB, CBA3AHHBIX C MOTEPSIMU MOIIHOCTH (3JIEKTPOIHEPIHH) B
JIDII.

Br160op cedeHus mo 3KOHOMHYECKOW MJIOTHOCTH TOKA YUUTHIBaeT 00a (akropa. [ToaTomy meTon
ABJISIETCA OCHOBHBIM.

Ecmu nqmuna JIDII Benuka, To cedeHue, BRIOPAHHOE TI0 YKOHOMHUYECKOH MIIOTHOCTH TOKA J.,y, MO-
KET HE OGGCHG‘II/ITB JOMMYCTUMYIO IMMOTCPIO HAIIPAKCHUA. 910 IMPUBOJUT K HGO6XOI[I/IMOCTI/I nepecyeTa
CCUCHUHI. HO3TOMy HYXHO CHa4daJia OIIpCACIMTh INIOTHOCTH TOKA U3 YCJIOBHUA I[OHYCTHMOﬁ MOTCPU Ha-
NPSKEHNS. [, p. DTy IIOTHOCTh TOKA CPAaBHHBAIOT C HKOHOMHUUecKoH. CeueHne pacCuuThIBAIOT 10

IINIOTHOCTH TOKa, BEJIIMYHWHA KOTOpOﬁ MCHBIIIC.
12 Pacuem pescumos npocmuix 3aMKHYMbIX Cemeil
Pacuem nunuii ¢ 08yxcmopoHHUM RUMAHUEM
K IMPOCTBIM 3aMKHYTBIM CETAM OTHOCATCHA KOJIBLCBBIC CECTH U CCTH C IBYXCTO-POHHHUM IUTAHHU-

eM. KombiieByto ceTb MOKHO NMPEBPATUTh B CETh C ABYXCTOPOHHUM MUTAHHEM, €CJIU pa3pe3arh ee Mo
MCTOYHUKY MUTAHUS.

A B

i SN B S

e e e ] e
S S 83

Pucynok 12.1 — JIunug snexkTponepesay ¢ AByXCTOPOHHUM UTaHUEM

Paccmotpum JIDII ¢ neyxcroponanM nutanuem (puc. 12.1). 3BecTHBI:
® MOIIIHOCTH HATPY30K;
e compoTuBJeHHS ydacTKoB JIOIT;
® HanpsHKEHHs] Ha UCTOYHUKAX MUTAHUS.

66



HeoOxonumo HaiiTu pacripenenenue MomHocteid Ha ywyactkax JIOII. Pacuer BbImoiaHMM mpH
CIIEIYIOIINX AOMYIEHUAX:
B JIDII OTCYTCTBYIOT HOTEPH MOIIIHOCTH;
HaIPsDKEHUS BO BCEX y3JIaX HArpy30K OJAMHAKOBBI M PABHBI HOMUHAJIBbHOMY HAIIPSKCHHIO CETH.
[Ipenmnonoxum, 4TO HaM U3BECTHA MOIIHOCTh, MPOTEKaroIIas Ha roJoBHOM y4dacTtke A-1. Torma
MOITHOCTH Ha pyrux yuactkax JIOII onpenensitores no I 3akony Kupxroda:
8 =812 =81 - Sui;

§3=583=58 -8 =>51-8u - Sw; (12.1)

S4= 838 =85 - 83 = 81 - Su1 - Sz - Sus-
[Tanenue Hanpspkenue Ha moOom yuactke JIDIT paccuuTsiBaercs o popmyse:

AU, =~3-1,-Z;. (12.2)

U3 dopmynsr 11s pacdera MomHocTH Ha yyactke JIDII (S, = \/g i j -U ;) Haiinem Tok y4act-

Ka
__ B
- BU,
U noAcTaBuM ero B (12.2):
S’ S, .
Agi:\/g.——l*.zi ==z
\/§ ‘ Qi Qi
IIpu ydere BTOPOro HOMYyIICHUS MOJIYYUM:
S. *
AQ;‘ - _=! Zi .
UHOM
Haiinem nanenue Hanpsixenus Bo Beeit JIDI:
S -Zs S, Zyy SiZy S.-Z,
QA _QB: 21 £A1 22212 | B3°£23 | 24 £3B
UHOM UHOM UHOM UHOM
NN

* * * *
Ua-Up) U,u=81"Za+8S, Z,+83-Zy;+8,Zsp.
B 1oJ1y4eHHOE BBIPAKEHHE OCTABHM 3HAYCHNS TOKOB y4aCTKOB:

Upa=Up) Uy =81 Za + (8, =8u) Zin +(8; =84 —Sip) Loz +
+(8 =Sy — 8w —S3) Zsp-
BrimomaM nipeoOpa3oBaHus:

Ua-Up) Uy =8 EZp+Z13+Zyy+Z3pg) =Sy (L +Zy +Z3p) —

-8 '(Z; +Z;B) -8 'Z;B' (12.3)

CyMMBI COTIPOTUBIICHUHN TIPEACTABIISIIOT COOOM COTPOTHUBIICHHUS
* % % * * % % * *
(Za+Zis+Zy3+Zsg)=Z pp; (Z12+Zy3+Zsg)=Z;

(Z; + Z:B) = ZZB :
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Bripakenue (12.3) MoxkeM 3amucarh CIeIyIOIIIM 00pa3oM:
% * * k * 3 %
Ua=Up) Upou=81"Zag =Sy Zig =Su2 Zog —Su3 L =85, Las _ng L

B IMMOJIYYCHHOM BBIPAKCHUU TOJIBKO OJIHA HCU3BCCTHASA BCIMYHMHA — MOINHOCTH IICPBOIr0 Ir0JIOB-
HOT'O y4acTKa:

S (UA UB) U +i=1

Eronl —

=851=8A1=
ZAB ZAB
Ecim 651 Ml onpesiensing nagenne Hanpsokenns (U g — U , ) ¥ BBIIOJIHWIM aHATOTHYHBIE TIpe-
00pa30BaHMs, TO HAILTH O MOIIHOCTH BTOPOT'O FOJIOBHOTO y4aCTKAa:

3
'S, Zin

Up-Up) Upou . 5
SronZ_S4_S3AB_ b2
Zan Zan
IIpu n Harpy3kax:
S Z
Ur-Up) U, = 1_”’ -
Siom =81 =81 = * )
ZAB VAN
(12.4)
Zgﬂi ’ ZTA
§mn § :§ (U Q./*X) UHOM + i=1 .
AN Zag

[IpaBUIIBHOCTh TIOMYYEHHBIX PACUYETOB MOJTBEPIKIACTCS BBIMOJTHEHHEM OanaHca MOIIHOCTH —
PaBEHCTBOM IPOM3BEICHHON U TTOTPEOJICHHOM MOIITHOCTH:

n
51‘0111 + Sr0J12 ZEHZ

MOIIHOCTH Ha OCTAJIBHBIX YYACTKAX OMPENEISAIOTCS Mo BhIpakeHusM (12.1).

3HaueHUs] YaCTH MOIIHOCTEH YJacTKOB MOJYyYaTCsl OTPUIIATEIHHBIMU, T.€. OHH UMEIOT 00paTHOE
HaIpaBJIEHUE [0 OTHOIICHUIO K MPUHATOMY. TakuM oOpa3oM, B CXeMe OKaKeTCs TOYKa, K KOTOpOou
MOIIIHOCTH MOAXOMASAT C JIByX CTOpPOH. Takas TOYKa Ha3bIBaeTCsl TOYKOM pa3jena MOUTHOCTH UM TOY-
KOM MOTOKOpa3ena.

Touku pa3znesia akTUBHOM M PEaKTMBHOM MOIIHOCTH MOT'YT HE COBIaJaTh. Eciu TOUKM paszaerna
AKTUBHOM M PEaKTUBHOM MOIIHOCTH COBNAJAIOT, TO HAJ 3TOM TOUKOM cTtaBuTcsa 3HaK Y. Eciau He coB-
NajaroT, TO HAJl TOYKOM pa3jesia akTUBHOW MOIIHOCTH cTaBUTC 3HaK ¥V, a HaJl TOYKOM pazjena peax-
THBHOW MOLIHOCTH — 3HaK V (puc. 12.2).
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v
‘f§11§:2§33§4f
e e

S S

a)

A v
‘T§11§:2P3—f933§4f
e e e

Sa Sa Sa

Pucynok 12.2 — Pacnipenenenne MmomuocTtH B JIDII ¢ AByXCTOPOHHUM MUTaHUEM:
a) C OHOM TOYKOHM MOTOKOpasuena; 0) ¢ AByMsI TOUKaMHU MTOTOKOpa3aena.

(QB _QA) ) UHOM
%
Zap
HYIO MOIIHOCTb, MpoTekaronryto B JIDII, u3-3a pazHocTH HanpsHKEHUA HA UCTOYHHMKAX nuTaHus. [lpu
paBeHcTBe HanpsokeHUl Ux = Up (MM B KOJIBIEBOM CETH) YpaBHUTEIbHAS MOITHOCTh PABHA HYIIIO.

Bropoii unen ypaBaenwuii (12.4) nmpeacrasiser co00ii CyMMy MOMEHTOB Harpy30K OTHOCHUTEIHHO
JPYroro MCTOYHUKA MUTaHUsI, pa3felIeHHYI0 Ha cymMmmMapHoe conpoTtusienue JIOIT.

[Ipn 0nMHAKOBBIX HANPSHKEHUAX HA UCTOYHMKAX MMUTAHUS OYEBUIHO, YTO MAJECHHUE HAIPSIKEHUE
ot oboux UII 1o Touku pazmena MOIIHOCTH oAMHAKOBO. [loaTomy B 3TO# Touke JIDII mMoxer OBITH
pa3pe3aHa Ha JIBa MaruCTPaJIbHBIX y4acTKa.

[Tpu 3TOM Harpy3ka B KOHEYHON TOUYKE JIEBOTO MarucTpajbHOTO ydacTka Oy/AeT paBHATHCS MOILI-
HOCTH, NPOTEKAIOIIEH B UCXOJHOM CETH IO NEPBOMY YYaCTKy CJlIeBa OT TOYKH NOTOKopaszena. Ha-
rpy3Ka B KOHEYHOM TOYKE MPaBOr0 MATUCTPAIBHOIO Y4acCTKa PABHAETCS MOIIHOCTH, IPOTEKAIOLIEH B
MCXOJHOW CETH IO NEPBOMY YUYacCTKYy CIIpaBa OT TOYKH pazjerna MOIHOCTH. CyMMa MOIIHOCTEH ITHX
Harpy30K JI0OJDKHA PABHATHCS HArpy3Ke B TOUKE pasjiesia MOITHOCTH B 3aMKHYTOM ceTH (cM. puc. 12.3):

B BeIpakeHusix (12.4) cocrasnsromas NpeJCTaBIsieT co00i ypaBHUTEIb-

Sh + 85 =Sm0.
¥
‘f 5 1 S 2 £ 3 _ S f
I 1 i Z l & l Za
S Sa Sa
EY
1 : 2 2 ; '
S S S
Sa S 0§ S

6l
Pucynok 12.3 — Pacnpenenenrie MOITHOCTH HA YYacCTKE CETH:
a) UCXOJHAs cXeMa; 0) MarucTpaibHbIE YIaCTKH.
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Ecnu B cxeme qBe TOYKH paszienia MOITHOCTH, TO CETh MOXKHO pa3pe3arh IByMsl CIIoco0aMu:
M0 TOYKE pazjiesa aKTUBHOM MoIHOCTH (cM. puc. 12.4 a). Bo Bcex mampHEHUIUX pacdyeTax YYUTHIBaTh
3HaK “MHMHYC” TIepe/l peaKTUBHOI MOIIHOCTBHIO Ha OJJHOM U3 YYaCTKOB;

HCKITIOUYHUTh YYACTOK MEXKIY TOUYKaMH paszesia MOITHOCTH (cM. puc. 12.4 6). [IpenBapurensHo cienyeT
BBIUHCIIUTH MOTEPU MOIIIHOCTH HA YYACTKE MEKIY TOUKaMH pa3/iesia MOIIIHOCTH

P223 + Q223
U

HOM

APy + jJAQ); = “(Rys + jO»3)

Y YTOUHUTH MOIIHOCTH HArpy30K B TOYKax 2 v 3

Py + O = Py + jO,+jAQ,s;
P + jOY°" = Py + jO4+AP 3

B MOJTYYCHHBIX MAarucCTpaisixX BBIIOJHACTCA PaCUCT PCiKUMA IMPU 3aJJaHHBIX HAIIPSOKCHUAX Ha

UII.
¥ v
A . Pai B
p S 1 hte 2 DTS 5 S
e e e
Sa S Sa
a)
A ; B
l 1 2 2 3 |
e e e
Sa Py+j0:  P3-jh S
6)
A
1 1 2 3 B
£1 l Z2 l Z4 |
§ul P2HDB + J-QSDB PBHDB +J-Q§IDB

Rl
Pucynok 12.3 — PacnipeniesieHrie MOIIIHOCTH HA y4acTKE CETH:

a) ucxoxHas cxema; 0) JIDII pazpezana mo Touke paszziesia akTHBHON MOIIHOCTH; B) UCKIIIOUEH Y4aCTOK
MEXy TOYKAMU pa3jiesa MOITHOCTEH

Yacmmuole cjiydau paciema npocmbuvlx 3adMKHYMblX cemelil

B o0miem cinydae pacyeT pekuMa CeTH C JABYXCTOPOHHMM NHUTAHHEM MPOU3BOIUTCS B KOM-
iekcHoM hopme. Ho BOZMOKHBI CIEYIONINE YaCTHBIE CITyYaHu:
Oonopoonas JIOII.

B onnopoanoii JIDII otHomenue X;/ R; yaacTkoB oguHakoBo 1o Beeit muHe JIDII. O6o3HaunM
9TO OoTHOIIeHue OykBoi m. [yt Takoi JIDII peakTHBHOE COMPOTUBIECHNE YIACTKOB MOYKHO BBIPA3UTh
akTUBHOE - X; = R;m.

Torna BTopoe cimaraemoe BoipakeHui (12.4) MOKHO TIPEACTaBUTH CIEAYIOIIUM 00pa3oM:
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ng 'ZjB ng '(RiB _inB) zgm 'RiB '(1 —]m)
i=1

§ron1 =8,=8 = = * = ; == ; =
Z g (Rpg — JX ) Ryg-(1— jm)
ng ‘RiB ZPHi 'RiB ZQHZ 'RiB
— =l =iz + j 2 . (12.5)
Rap Rap Rap

TakuMm 00pa3oM, aKTUBHBIC U PEAKTUBHBIE MOIITHOCTH TOJIOBHBIX YYaCTKOB PACCUUTHIBAIOTCS HE-
3aBHCUMO JIPYT OT IpyTa MO aKTUBHBIM CONPOTHBIICHHUSM y4aCTKOB.
2. OomnopoornasaJIDIl ¢ oMMHAKOBBIM CEYCHHEM MPOBOJIOB HA yUACTKaX.
st raxoit JIDI Beipaskenue (12.5) 3anuieM TakuM 00pa3oMm:

2P R 200 Ry 2P 1o ln 2.0 7o
S 10n1=81=8 1= + j = = 4=l + j 2 -
Ryp R,g 7y Lag ro L

n n
sz' 'liB ZQHi 'liB
_ i=l + i=1
N Inn
Taxum 00pa3oM, aKTUBHBIE U PEAKTUBHBIE MOIIIHOCTH TOJIOBHBIX YYAaCTKOB PACCUUTHIBAIOTCS HE-
3aBUCHMO APYT OT JApyra IO JUIMHAM y4acTKOB.

3. Oouopoonas JIDII u OIUHAKOBBIN COS@HATPY3O0K.
st Taxoit JIDII Beipakenue (12.5) 3anumiem Tak:

P, Rpg ZPHi 180 R
1 i=1

. = . ] — / .
Pronl + .]Qronl - R + ] R ~ “ronl + ]f)ronl tg(P
AB AB
TaKI/IM O6p3_30M, peaKTI/IBHLIC MOIITHOCTHU T'OJIOBHBIX y‘-IaCTKOB MO>XKHO paCC‘II/ITLIBaTB I10 AaKTHUB-
HOU MOIMHOCTHU 3THUX YHYAaCTKOB.

13 Pacuem pexcumos C10:#CHO3AMKHYMBIX Cemell.
Memoowt npeobpazosanus cemu.

Cymov memooa npeoopazosanus

DNIEKTPUUYECKHE CETH KPYMHBIX JEKTPUUYECKUX CHUCTEM, TOPOJOB U MPOMBIIUICHHBIX MPEIIpH-
ATUN cojiepKaT OOJIBIIOE KOJUYECTBO OTAENBHBIX JIMHUN M HArpy3o0K, CBS3aHHBIX B OOIIYIO CXEMY.
Pacuetsl pexxMOB TaKUX ceTei MPEACTaBISAIOT COOO0M CIOXKHYIO 3a7ady. TpyAHOCTH B PEIICHUU BO3-
pacTaroT C POCTOM YHCIIa 3JIEMEHTOB. Takue ceTH, Kak MpaBUilo, PACCUYUTHIBAIOTCS ¢ TOMOIIbI0 DBM.
Ho npu pa3zoBom pacuere cereil HEOOIBIION CIOKHOCTU HAILIA MPUMEHEHHUE METOJBI YITPOIICHHBIX
pacuetoB. OTHUM M3 TaKUX METOJOB SIBISIETCS METOJ MOCTENEHHOro MpeoOpa3oBaHMsI CII0KHO3aMK-
HYTOU CXEMBI.

Wnes MeTona 3aKiIr04aeTcss B TOM, YTO 33/IaHHAs CIIOKHO3aMKHYTasl CETh MyTEM MOCTENEHHBIX
npeoOpa3oBaHuil MPUBOAUTCS K JMHUU C JABYXCTOPOHHUM NUTaHHEM. B mpeoOpa3oBaHHON cxeme orl-
pEeAeNsoTCS MOITHOCTH U TOKM Ha y9acTKaX. 3aTeM IyTeM IOCIIeI0BAaTeIbHBIX 00paTHBIX MPeodpas3o-
BaHUU HAXOAUTCA NECUCTBUTEIIBHOE pACHpPEICICHHE TOKOB U MOIIHOCTEW B UCXOHOM CETH.

B pe3ynbrare Takux rnpeodpa3zoBaHUil HAXOIATCS MPEABAPUTEIHHOE paCIpeIeICHIE MOITHOCTEH
¥ TOYKH pazjesia MOIIHocTel. Touek pasjiena akTUBHOW M PEaKTUBHOM MOITHOCTEH MOXKET OBITh He-
cKoJbKO. CIlI0KHO3aMKHYTasi CETh pa3pe3aeTcs M0 TOKaM paszesia akTUBHOM MOIIHOCTU. B momyueH-
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HBIX YNPOIIEHHBIX CXEMaX BBIMOIHIETCS pacyeT pekuMa MpHU 33aJaHHOM HAINpPSHKEHUHU HAa UCTOYHUKAX
MUTaHHUS.

MeTo/ia TTOCTETIEHHOTO TPEOOpa30BaHUsl CIOKHO3AMKHYTON CETH HCHONB3YET PSJl MPOCTHIX
npueMoB. Kaxxaplii U3 MpueMOB MO3BOJISIET BHIMOIHUTH PE0oOpa30BaHUe y4acTKa CETH ¢ MajbIM KOJIH-
YECTBOM 3JI€MEHTOB. [[Jis1 3TOr0 y4acTka MOXHO MPOM3BECTH HYXKHBIM pacder, a 3aTeéM C MOMOIIbIO
00paTHBIX MPeoOpa3oBaHUI BEPHYTHCS K UCXOTHOM CXEMeE.

Paccmotpum 5 npuemoB. HekoTopbsle U3 HUX BaM M3BECTHBI U3 Kypca ‘“TeopeTndyeckre OCHOBBI
ANEKTPOTeXHUKU . C HEKOTOPBIMU Bbl BCTPETUTECH BIIEPBHIE.

Ilpuem 1. 3amena nnowadu ceuenus npoeoo0e YUacmKa cemu IKGUBAIEHMHOU

[IpumensieTcst B ceTsX, B KOTOPBIX MOXHO MPEHEOpeYh MHIYKTUBHBIM CONMPOTUBICHHEM U YUH-
THIBATh TOJIbKO aKTUBHBIC COMPOTHUBICHHSA. Hampumep, B KaOCNbHBIX CETAX HampspkeHueMm 10 35 kB.
VYuuThiBasi, 4TO MHAYKTHMBHOE COMpPOTHUBIEHHE BO3AYHIHBIX JIDII m3MeHsieTcss B MasbIX Mpejenax,
IpUEM MOXKET UCIIOJIB30BATHCS U 71l IPeoOpa3oBaHus ceTeil 6oJiee BBICOKOTO HAMPSKEHHUS.

JIJist yIpoIleH!s pacueToB CEUEHUS BCEX MPOBOJOB CETH MPUBOIATCS ¢ OJHOMY 00IIeMy cede-
HUI0. B KauecTBe nmpuBeeHHOM (3KBUBAJICHTHOMN) ITUIOMIAIN CEYSHHS] TPUHUMAETCS TJIOMAAb CEUSHUS
MIPOBOJIOB, KOTOphIE HamboJiee YacTo BCTpPeUaroTcs B 3aaHHON ceTu. [locne mpuBeneHus riomaaen
CEUYCHHMI BCEX YYACTKOB K DKBHBAJICHTHOM pacueT MpeoOpa3oBaHHOW CETH BEACTCS HE MO COMPOTHUBIIC-
HUSIM YYaCTKOB CE€TH, a M0 UX JJIMHAM. DTO yNPOIIaeT pacyer.

B ocHOBY npuemMa moyioxkeHo ycosue, 94To AIEKTPUIECKOe COCTOSIHUE CETH JI0 U ocJe npeodpa-
30BaHUsl HE U3MEHSETCA. DTO 3HAUUT, YTO pacHpe/ielieHne MOIIHOCTUA U MOTEPs] HAPsHKEHUS OJIMHA-
KOBBI JI0 U TTOCJIEe TPeoOpa3oBaHusl.

YcnoBue co0ronaeTcs, €CIu aKTUBHBIE COMPOTUBIICHUS YUYACTKOB JI0 U MOCIE IPeoOpa3oBaHus
HE U3MEHSTCS.

[Ipenmnonoxum, 4TO y4acTOK JUTHHOH /| BHIMTOTHEH cedeHneM F|. CedeHne ydacTka Hy»KHO 3ame-
HUTH ceueHueM F. MatemaTuyecku ycaoBHe MpeoOpa3oBaHMsl 3aHCHIBAETCS CIEAYIOIIUM 00pa3oM:

R, =R, wm J =L.
v-F oy F

JI71s1 BBIMOJIHEHMS YCIOBUS OJDKHA M3MEHHUTRCS JJIMHA ydacTKa ceTu. Ee Bennunna onpenenser-
Csl U3 IPUBEICHHOTO BHIPAKEHUS:

=12
£
HpueM 2. 3amena napaiienbHblx JUHUIL npu omcymcmeuu Ha HUX Hazpy3oK IKBUBAICHMHOU N1U-

Hueu

Ipamas 3ad0aua. VI3BecTHBI MOIHOCTH S, S5,...5, HapameibHbIX IMHUN U UX CONPOTUBIIC-

u Za}(

n

it £y, Z,,...Z, (cMm. puc. 13.1 a). Heobxoxumo Haiiti 3HaueHnst S, B IpeoOpa3oBaH-

B B

HOIi cxeme (cM. puc. 13.1 0).

Z 8
R
I
- -
2 1150 ZoaS,
----- 0
— D 1 L
(-2) ety Sinl)
noo—s =

6)

Pucynox 13.1 — [losicHenus k mpuemy 2: a) HCXOHas cxema; 0) nmpeoOpa3oBaHHAs CXeMa.
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Ycnosue sxeusanenmnocmu cxem — OQUHAKOBOE HAIMps>KCHUEC B TOYKC 0B npeo6pa3013aHH0171 )51

HCXOJIHOU cXeMax.
ECHI/I HaHpH)KCHI/Ie B TOYKaAx 1 — n OJUHAKOBO, TO Mbl MOXXEM 3aIlluCaTb

Z _L 1 §3KB:z§i'
i=1

—OKB
Z31(B

DKBUBAJICHTHAS IPOBOUMOCTH CXEMBI PaCCUMTHIBACTCS 110 (hopMyJIe
no]
X3KB = Y
i-12Z;
¥ compoTuBieHue £, B NpeoOpa3oBaHHOM

O6pamnas 3a0aua.VI3BeCTHBI MOIIHOCTE S .

cxeme (cm. puc. 13.1 6). Haittu momuoct S, S,,...8, B HCxoaHO# cxeme (cMm. puc. 13.1 a).
Tax xak HanpspkeHue B TOuke 0 OJMHAKOBO, TO OJMHAKOBO IaJIE€HHE HAIPSHKEHHS HAa COIPOTHB-

JICHUSX B TPeoOpa30BaHHON U UCXOHOM CXeMax:
AU, =AU, =..=AU, =AU,
W
% * * *
§1'21:§2'22: :EH.ZHZEBKB'ZBKB
Uy Uy U, U,
U3 MoIy4eHHOro PaBEeHCTBA MOYKHO HAWTH 3HaYeHHs MomHocTed S, S,,...3 ,:
S _ §3KB 'ZaKB . S _ §3KB 'Z3KB . S __ —OKB .—3KB
21— % s Moy — * s My T * :
ZZ Zn

Z,

Ilpuem 3. 3amena ucmoyHuUKO8 HANPAIHCEHUSA, NPUCOCOUHEHHBIX K 0OHOU MOYKe cemu, 00HUM IK-
6UGAICHMHBIM

IIpsiman 3a0aua. VI3BectHbl 3Ha4eHus TOKOB [, [,,...[ , mapauieabHbIX JTHHUN, UX COMPOTUB-
newus Ly, L,,...£, u 3uavenns dasupix OJAC E,y, E,y,...E, 4 (cM. puc. 13.2 a). Heobxonumo

¢ B TIpeobpa3oBaHHOM cxeme (cM. puc. 13.2 6).

Haiiti 3Havenus [, u £
Venosue sxeusanenmuocmu cxem — OAMHAKOBOE HANpspkeHHe B Touke 0 B mpeoOpa3soBaHHON U

UCXOJHOU cXeMax.

c (D— 1
Li4 r i
E«'}!h# .
P — -
- (O——
Sl el WA !
O3 6)

a)
Pucynox 13.2 — [losicHenus k mpuemy 3: a) HCXOHAs cxema; 0) nmpeoOpa3oBaHHAS CXeMa.

3HaUYeHHE TOKOB B BETBSX PICXOI[HOﬁ CXEMbI PACCUYHUTBIBAOTCS 110 BBIPAXKCHUAM:
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I,= (El(i) _Qoq,)')_fl;

................................ (13.1)
3HaveHHEe TOKA B 9KBUBAJIEHTHON CETU PaBHO:
lSKB:(ESKB(b _QO(b)'ZaKB :ll +12 +"'+ln' (13'2)

[ToncraBum Beipakenne (13.1) B (13.2):

(Elq) _QOQ)) ) Xl +.o..t (En(i) _QOQ)) Xn = (EaKB(b _QOQ)) ')_73KB'
Takkak Y, =Y ,+Y,+...+Y , To momydeHHOE BBIpaXK€HHE MOXKHO 3aIHCaTh TaK:
(Eipg =Upp) Y+t (E,p ~Ugp) Y, =(Esup —Upy) X1 +..Y,).

Packpoem ckoOKM U BBIMOJIHUM IpeoOpazoBaHus. B pe3ynpTaTe moiyduM cieayrollee BhIpaxke-
HUeE:

Eip Y+ +E, Y, -Uypl +..4Y,)=E

NI

(X +.Y,) Uy (X, +..Y,)

9KB

n n
ZE;(I) 'Xi :ESKB(b ) 21—71
i=1 i=1
Otkyna BenmuunHa SKkBUBasieHTHOU (hasHoi DJIC Oyaer paBHa:
n n
ZEi(b Y, ZEi(b Y,
j=1 j=1
E3KB(1) = n = y
z Yi £ 9kB
i=1

Obpamnas 3adaua. Vizsecthpt 3nauenus [, u E, .. B npeoGpasosanHoii cxeme (cM. puc.

B
13.2 6) Heo6xomumo Haiitn TokoB 1, I,,..., B ucxomgHoi cxeme. (cM. puc. 13.2 a).
BenuuuHa najeHus HapsOKEHUs Ha CONPOTUBIIEHUAX B UCXOIHON CXEME ONPEIENAETCS KaK:

E _Q()q) =1,-Z,;

En(b B QOQ) :ln Zn .

AHaJIOrMYHOE BBIPaXKEHUE MOKHO 3aIIUCaTh IS IIPE0OPA30BAHHON CXEMBI:
EaKB(b - QO(I) = 13103 ’ Za

W3 nony4eHHbIX BBIPAKEHUH HalleM 3HaueHUe HallpspKeHUs B Touke 0:

Qoq) =Ey —1,-Z;;
.......................... (13.3)

KB *

QOQ) = EaKB(b - laKB ) Z3KB' (13.4)
[TpupaBuuBas moovepeaHo BeipaxxkeHus u3 (13.3) k Beipakenwnro (13.4), momyqnm:

El(’p _11'21 :Eaqu, —laKB L.

= D3KB?

En(p _ln Zn :ESKB(b _ZSKB 'ZSKB'
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W3 sTux PaBCHCTB MOXXHO OIMPECACIIUTE HCKOMBIC 3HAYCHHA TOKOB:

E _E3KB Z
ll :_l(b — b +13KB '_SKB;
Z, Z,
En _ESKB Z
ln:(l)—_q)—i_laKB'_aKB
Z Z,

YTo0OBI OMMpPEACIINTG 3HAUYCHUA MOIITHOCTEH B BECTBAX, HY)KHO COIPSXKCHHBIC KOMILICKCBI TOKOB
YMHOKHWUTH Ha 3HAUYCHUC HAIIPAKCHHUA B TOUYKE Ou KOPCHBb U3 TPEX:

Ilpuem 4. Ilpeoodpazosanue mpey2oapbHUKA CONPOMUBIEHUTL 8 IKCUBAICHMHYIO 36€30)Y

IIpsmasn 3a0aua. VI3BeCTHBI 3HAYCHHST MOIIHOCTEH B BETBSAX TPEYTOIBHUKA Oy, O3, D31, HX

conpotuBieHus £ 5, Ly, L3;- (eM. puc. 13.3). Heobxoammo HaWTH 3HA4YEHUs MOIIHOCTEH

S, §,, S5 Byuax 3Be3/bl U UX CONPOTUBICHUSA £, £L,, L.

Z3382

Pucynok 13.3 — ITosicuenus k npuemy 4

Yenosue akeusanenmnocmu cxem — pexuM 3a ToukaMu 1, 2 1 3 ocTaeTcs HEU3MEHHBIM J0 U T10-

ciie mpeoOpa3oBaHMs.
ComnpoTHBICHUS JTydeil 3Be3/Ibl PACCUYUTBHIBAIOTCS MO (OPMYJIaM:

7 Ly Ly

1 — s
AR A RS

Z, = Ly Loy ,
Zin+Zy+Zy

7, = L3 Loy .
L+ 2Ly + 25

MomHoCTH B JTydax 3Be3/bl onpenenstores mo | 3akony Kupxroda, coctaBieHHOT0 1715 y3710B 1,

2, 3. [Ipy npuHATHIX HAIPaBICHUSAX MOIIHOCTEHN MMOIyYUM:

§1=843-815:8,=81,-853 83=83-85.

O6pamnas 3a0aua. VI3BeCTHBI 3HAYCHUS MOIIHOCTEH S, O,, S5 B JIydaX 3Be3/bl H HX COIpPO-
tuBnenus £, Z,, Z5 (cm. puc. 13.3). Heobxoanmo HalTH 3HAYCHUs MOIIHOCTEH B BETBSX Tpe-
yrombHUKA S 5, 8,3, S5, UX CONPOTHBICHUS £ |5, Loy, L3-

ConpoTuBJIEHUS CTOPOH TPEYTOJIbHUKA PACCUUTHIBAIOTCS TIO (hOpMyIIaMm:

Zo=2,+2, 45222, -7, 4 2,+ 225,

£3 ~1
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ARV
Ly=24,+2; "‘%-

EZ%)
MomHOCTH B BETBSX TPEYroJibHUKa paccuuThiBatoTcs 1o Il 3akony Kupxroda, cocraBieHHOTO
JUISL 3aMKHYTBIX KOHTYpOB. [Ipy mpuHATOM HampaBieHUH 00X0/1a KOHTYPOB MTOYaCOBOM CTPENKH, UMe-
€M CIIeAyIolIue ypaBHEHUS:

§12 Ly +§2 -2, _§1 -Z,

UHOM UHOM UHOM
523 'Zz3 +§3 'Z3 _§2 'Zz =0:
UHOM UHOM UHOM ’
§31 'Z31 +§1 'Zl _§3 'Z3 —0.
UHOM UHOM UHOM

Pemaﬁ HOqueHHbIe ypaBHeHI/I}I, onpeﬂemleM 3HAYCHUA MOH.IHOCTGﬁ B TpGerJIBHI/IKeZ
* * % %
_§1'Zl_§2'zz. _§2'Zz_§3'z3.
* 95

§12 - > 223 7 *
ZIZ ZB

* %
§3 'Z3 —51 'Zl
- .
Zs
[IpssmMbiM MOKeT OBITH MIPeoOpa3oBaHKE 3BE3/bl B TPEYrodbHUK. Torma oOpaTHas 3amadya — mpe-
o0pa3zoBaHue TPEYTrOJIbHUKA B 3BE3/TY.

§31 =

Ilpuem 5. Ilepenoc nazpy3ok é opyzue mouxku cemu

Nuorpa 3ameny Heckodbkux JIDII oHON SKBUBAJIEHTHON WM HECKOJBKHUX MCTOYHUKOB OJIHUM
OKBHUBAJICHTHBIM HEJb3s BHITIOJTHUTH U3-32 MPOMEKYTOYHBIX HArpy3oK. [loaTromy cHavana HE0OX0IuMO
BBITNIOJHUTH MpeoOpa3zoBaHue, KOTOPOE Ha3bIBaeTCs NMEPEHOCOM Harpy3ku. Maes nanHoro mpeoOpaso-
BAHUS 3aKJIFOYAETCS B 3aMEHE CXEMbI C IPOMEKYTOUHOW HArPYy3KOM CXEMOM, B KOTOPOU Harpyska pas-
JIeJIEHa Ha YaCcTH U BKJIFOYEHA 10 KoHIaM yvactka JIDII.

PaccmoTpum ceTh ¢ nByxcTopoHHUM TmuTanueM (puc. 13.4 a). Cuuraem, 4TO HaNpsHKEHUS BO
BCEX TOYKAaX CETH PaBHHI 110 BEJIMYMHE M COBMAAAIOT 1O (aze:

QIZQZZ"':Qn:QA:QB'

[Ipenrnonoxum, 9TO BEIOTHEHUIO KAKOTO-TO TPeoOpa30BaHus MEIIaeT Harpy3ka B TOuke 1.

Ipamas 3a0aua.lleperHecTn Harpy3Ky U3 TOYKM | Ha MIMHBI KICTOYHUKOB MTUTAHUS U HAWTH pac-
npeJielieHre MOIIHOCTH B Ipeo0pa3oBaHHOM cxeme (puc.13.4 0).

Ycnosue npeobpaszosanus — pexxuM ceTH 3a TpaHUIAMH MPEOOPa30BAHHOTO y4acTKa OCTAeTCs
TaKUM XK€, KaK ¥ J10 mpeoOpa3oBaHUsl.
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Sa I Zn1 l Zn l 2 Zoe Se

Su1 Sw2 Suz

n
Z2n Zp ,, | Se

(A s 5 s (B)
SHMI ep =t = 23 S‘nlmp

2%

=
JL”
- by

Eﬁul EIZ

o

Pucynok 13.4 — IlosicHenusi ¢ npueMy 5: a) ucxoHas cxema; 0) mpeoOpa3oBaHHas cxema.

HaiineM MOIITHOCTH I'OJIOBHBIX yqaCTKOB B UCXOJHOU CXEME:

> Zi 2., Zin

Sp=—; Sp="—
ZAB ZAB

3HavYeHHs MOIITHOCTEHN TOJOBHBIX YU4aCTKOB B IPEOOPa30BaHHOMN CXEMeE:

n
(4) * (B) *
ZS "ZzB + Suinep " Zap + Suinep * £ pa

§VA — i=2 - ;
AN
n
(4) (B) *
ZEHZ' ) ZlB + SHlnep ZAA + SHlnep ZAB
S' _i=2
2B *
ZAB

* *
Comnporusnenus £ ,, =L gz =0.
VcoBre npeoOpa3oBaHus B MATEMaTHIECKOM BH/IE 3aIUCHIBACTCS CIEAYIOLMM 00pasoM:

Sy=84 Sp=Sp
ITpupaBHsieM BBIpaOXCHHUs s MoIHOCTeH S , 1 S

n %
(4) * (B) *
Zgﬂi'ZiB ZS ZIB+SH1Hep Z 5+ Siinep s

_ =2

* - *
Z AN
Brimonnum npeoGpa3oBaHus:
S Zip 38, Zn=8, ZstSP .7
1B ZiB ™ £iB T Oulnep "&£ A4B-
i=2 i=2
CokpaTuM OIMHAKOBBIE JIEMEHTHI PABEHCTBA U HAEM Ty 4acTh MOIIHOCTH Harpy3ku l, Koto-

past OblJIa IEpeHeCeHa Ha ICTOYHUK MUTaHUS A
g _ A Zis
Z ~ AB

Oglmep — Lnl

Eciy BBIIOIHATE aHAIOTHYHBIC IIPEOOpa30BaHus, IPHPABHAIB MOIMHOCTH S 5 U S 5, TO HaiizeM
Ty 4acTh MOIIHOCTH Harpy3ku 1, KoTopas ObUla mepeHeceHa Ha UCTOYHUK NMUTaHus B:

S(B) =S ZIA )

Oulnep — Lul’

£ 4B
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IIpaBUIBHOCTB PacyeTOB MOATBEPKIAETCA CIEAYIOIIEH IPOBEPKOM:

S(A) + S(B) _§

“ulnep Eulnep —

Jlnst ynoOcTBa BBITIOJIHEHHS TPE0OPa30BaHUS MBI BBITIOJHUJIN MEPEHOC HArPy3KH HA UCTOYHUKH
nuTanus. QaKkTHUECKH MEPEHOC HArpy3KH MOXET OBITh MPOU3BEICH B JIIOOBIC J[Ba y3/a JIMHEHHOTO
ydacTka ceTu. [Ipyu 3TOM MOIIHOCTH HArpy30K B 3THX Y3JIaX U3MEHSTCS Ha BEJIWYMHY MEPEHECEHHOU
MOIITHOCTH.

Obpamuas 3a0aua. BepHyTh Harpy3Kky B TOUKy | M HalTH pacmpeeneHrne MOITHOCTH B UCXO/I-
HOI1 cxeme (puc.13.4 a).

B ucxonHoM cxeMe MOIIHOCTh Ha ydyacTke A-1 paBHa MOITHOCTH MCTOYHUKA MTUTAHUS A:

Hl*

S,=5,. (13.5)
B npeobpazoBaHHO cxeMe MOIITHOCTh Ha y4acTke A-2 paBHa:
_qQ (4)
S =84—Siinep (13.6)

Breiutem u3 Beipaxenus (13.5) Beipakenue (13.6). [omyunm:

Su-8Sp=8,-(S, -8

Hlnep
Tak kak S , =S ,, 10

§A1 - §A2 = E(A)

Hlmep*

HckoMasi MOIITHOCTB OTIpeIeNsaeTcs Kak:
_ (4)
Sp=8p,+8

Hlmep*

Bbynem aBuratbcs OT UCTOYHMKA nUTaHUs B. B McXonHON cxeme MOITHOCTh Ha y4yacTke 1-2 paB-

Ha:
Si=—(85 - i&-)- (13.7)
B npeobpa3zoBanHoii cxeme MOH.[HOC";ozHa yuacTke A-2 paBHa:
S =~(Sy —f;,&- ~ Siutuep)- (13.8)
i=

Berutem u3 Beipaxenus (13.7) Beipakenue (13.8). [lomyunm:
n n
_ ' (B)
S =8p=-(8- Zgi) +8p— Zgi — Sl ep -
i=2 i=2

Cokparum Ha CyMMy | yunTbiBas S z = S 5, TOJYy4UM BBIP@XKCHHE
_ (B)
§12 - §A2 — " Rulnep>

13 KOTOPOrO HalJIeM UCKOMYIO MOIIIHOCTbD S»:

512 = §A2 - Q(B)

Hlmep *
W3 nmomy4eHHbBIX TpeoOpa30oBaHmii MOKHO 3aMMCcaTh CIEAYIOIIEE MPABUIIO BO3BpATa HATPY3KH.
Ecnu HanpaBieHue Bo3Bpara HArpy3Kd COBMAJAeT C HANpaBJICHUEM MOIIHOCTH Ha y4acTKE B
peoOpa3oBaHHON cxeMe, TO NI OINpeIeICHHs] MOITHOCTH B MCXOJHOM cxeMe HeOOXOAUMO CIIOKHUTh
MEPEHECEHHYI0 Harpy3Ky M MOIIHOCTh Ha y4acTKe B mpeoOpa3oBaHHOW cxeme. Ecnu HampaBieHue
BO3BpaTa HC COBIAAACT, TO AJId ONPCACICHUA MOIMHOCTU B HCXOI[HOﬁ CXCMEC, HY’KHO U3 MOIIHOCTH Ha
y4acTKe B TPeoOpa30BaHHON CXeMe BbIYE€CTh MOITHOCTh IEPEHECEHHOM HATrPYy3KH.
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14 Bananc mowinocmeit 6 snepzocucmeme

[lepenaya anexrposaneprun no JIOII 35eKTpOMAarHUTHBIMU BOJHAMM OCYIIECTB-JISIETCS CO CKO-
POCTBIO, OJU3KOIM K CKOPOCTH CBETA, T.€. MPAKTUYECKU MIHOJIBEHHO. DTO NMPUBOAUT K TOMY, YTO MPO-
U3BOJICTBO, pacrpeielieHne U NMOTpedIeHNEe dIEKTPOIHEPTHH MPOUCXOAUT OJHOBpeMeHHO. [TloaTomy B
110001 MOMEHT BPEMEHM YCTAHOBMBILIETOCS pPEXHMMa CHUCTEMbl JOJDKHBI BhIPAOAThIBATh MOIIHOCTb,
PaBHYIO MOIIHOCTHU MOTpPeOUTE-TIei 1 MOTepsSM MOIIHOCTH B 3JIEMEHTaX CUCTEMBI. J[pyrumu cioBamu,
B SHEPTrOCHUCTEME JOJKEH UMETh OalaHC BbIJaBa€MOM U OTPeOIIseMOi MOLITHOCTH

2P =3P, =2 B+ AP;
2.0, =2.0,=2.0,+2A0,

rae Z P — axTuBHas MOIIIHOCTB, KOTOPasi BEIPaGATHIBACTCS TeHEPATOPAMH JICKTPOCTAHIIHIA 3a BbIYe-

(14.1)

TOM MOIITHOCTH, PACXOAyeMON Ha COOCTBEHHBIE HY/IbI 3JIEKTPOCTAHIIHIA;
ZPH —cyMMapHas notpebseMasl akTUBHAsE MOLIHOCTb, KOTOpasl CKJIAJbIBA€TCsI U3 MOILIHOCTH Ha-

IPYy30K Z P, nnoreps momuOCTH Z AP

ZQF — peaKkTHBHAsI MOIIHOCTb, KOTOpPAsi BHIPA0ATHIBACTCS T€HEPATOPAMH AJIEKTPOCTAHLIMI 3a BbIYE-

TOM MOIITHOCTH, PACXOAyeMON Ha COOCTBEHHbIE HYXIbI SJEKTPOCTAHIIMIA, a TaKKe PeaKTHBHAs MOLI-
HOCTb JIOTIOJTHUTENIbHBIX HCTOYHUKOB PEAKTUBHOM MOIITHOCTH;

ZQH — cymMMmapHasi motpebisiemMas peakTUBHAs MOIIHOCTb, KOTOpas CKIAIbIBAECTCS M3 MOIIHOCTH

Harpy3oK ZQH Y [IOTEPH MOIIHOCTH ZAQ

[Torepu akTHUBHOW MOIIHOCTH BKJIIOYAIOT B €€0sl MOTEPU MOUIHOCTH BBO3AYIIHBIX U KAaOEIbHBIX
JIDII, aneKTpOMarHUTHBIX aNapaToB U YCTPONCTB yNPaBICHUS pEKUMAMH CHCTEMBI.

CymMapHbIe TOTepU PEaKTUBHOM MOIIHOCTH — 3TO anredpandeckas CymMma MoTepb MOIIHOCTH B
COTPOTHUBIICHUSAX U MPOBOAMMOCTSIX BO3AYIIHBIX U KabenbHBIX JIDII, Tpanchopmaropax, MOMHOCTH
HaMarHW4MBaHUs U PACCESHUS dJIEKTPOMArHUTHBIX annaparos.

[Ipn HeM3MEHHOM COCTaBE HArPY30K aKTHBHASI U PEAKTHBHASI MOIIHOCTH, MOTpedisieMas CUCTe-
MOH, siBIsieTcs (PYHKIIMEH Y4acTOThl M HANpPsDKEHHUS Ha IIMHAX morpedutenei. bamanc MomiHOCTH B
CHUCTEME OTBEYAET HEKOTOPHIM OMPEICICHHBIM 3HAYEHUSIM YacCTOThl U HamnpsbkeHus. [Ipu usmeHenuun
WX 3HAYCHHUI U3MEHSIOTCS B TOW WM WHOW CTETICHU MpaBas U JieBas 4acTH ypaBHeHUs Oamanca (14.1)
1 Ha00OPOT.

KonudecTBeHHYIO OIIEHKY M3MEHEHHS BEJIMYMH, BXOMAIINX B ypaBHEHHE OaylaHca, MOKHO BHI-
MTOJIHATH 10 CTATUYECKUM XapaKTePUCTUKAM Harpy3ku (rmotpedureneit) Py u Oy.

CraTtudeckue XapaKTepPUCTUKH MPECTABISIFOT COOO0M 3aBUCUMOCTH MOTPEOIsIeMO aKTUBHOU U
PEaKTUBHOM MOIIMHOCTEH OT 4acToThl U HanpspkeHus (Py, = F (U), Ph=F (f), On=F (U)u Oy =F (f) )
MPU TaKUX MaJbIX UX U3MEHEHUSX, YTO KaXKIbIii HOBBIM PEXXUM MOXKET CUMTAThCS YCTAHOBHUBIIMUMCS.
Ounu npuBeneHbl Ha puc. 14.1.

P, Q

E) 6)

Pucynok 14.1 — Cratndeckue XapakTepUCTUKNA MOITHOCTH:
a) 10 HAMPSHKEHHIO; 0) M0 YacToTe.
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op,(U,[f) 09,WU.,[f) oP,U.[)

IIpoananu3upyeM  BEJIMYMHBI  IIPOU3BOAHBIX , , of

oU oU
00,WU. f)
— . Ipu HC3HAYUTCJIBbHBIX HM3MCHCHHUAX HAIPSKCHUA M YaCTOTBI B OKPECTHOCTAX TOYKHU

of

(UHOMaf;—{OM):
0P WU.) | 0. 00uU. ) o, OPLUS) o 90U o 4
U oU of of
Hcxons U3 BuIa CTaTHUECKUX XapaKTCPUCTHUK, MOKHO 3aIlIUCaTh:
00,W.N|__|00,W.0)|  |oP.W.N|__[oP.WU.1)|

. (143
ou | o | "o 7w MY

[Ipenmonoxum, 4TO B IMEPBOHAYAILHOM pEXHME YpaBHEHHE OanaHca BBIMOJIHSIETCS MpU 3Hade-
HUSIX HaNpsDKEHUS ¥ 4acTOThl paBHBIX U U fo:

P.(Uy, fo)=F.(U,, fo);

QH(UO’fO):Qr(UO’fO)‘

[Ipy HE3HAYUTEIBLHOM M3MEHEHHH MOIIHOCTU HUCTOYHHKOB Ha Bemmauny AS . =AP. + jAQ.

(14.4)

M3MEHATCS U ypaBHEHHUs OanaHca.
[Ipu paznoxxennu B psa Ternopa ¢ynkuuit Py (U, f) u Oy (U, f) B okpectHOCTSIX ToukH (U, fo)
IPU YYeTe TOIBKO MPOU3BOIHBIX IEPBOTO MOPSAAKA, TOTYIHM:

PU.L) ryy o OPulU.)) Af = AP
oU 0 i

(14.5)
00Uy 22U 5o
0 "

oU

3anumiem B MaTpudHOi hopme cuctemy (14.5):
or,U,f)  opP,U.[)
oU of ‘AU _|AP,
00,WU.f)  200,U. 0N |Af] |AQ,
oU of

Pemaem ypasnenue (14.6) otnocurensno npupamennit AU, Af

Ayl _(agnw,f) ap —PU-1) AQF]; (147
A of of

1 ( 00,W.1) \p , PuUS) AQJ

. (14.6)

Af =

(14.8)

Al eu T U

TJI€ ONPEACIIUTENDL MATPULIBI PAaBEH

\_OP.(U.f) 80,(U.[) aP,(U.[) 00,(U.f)
ou of of ou
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[Ipoananu3upyem MOJy4YE€HHOE PEIICHHE C MOMOIIBI0 CTATHUECKUX XapPaKTEPUCTUK HArpy3KH.
JlonyCTUM, 4TO MPOUCXOJUT YBEJIUUYECHHE T€HEPUPYEMON aKTUBHOM MOIIHOCTH MPU HEU3MEHHOU pe-

aktuBHOI Momuocty, T.¢. AP. >0 u AQ. = 0. B stom ciyuae ypasrenst (14.7) u (14.8) umeror Bux:

AL 00U

" (14.9)
Ao
1 00,U.,[)
ANf =—— 1= 2. AP.. 14.10
\f A 50 : (14.10)

[Ipoananu3upyem MOJyuYeHHOE peIIeHHe. YUWUTBhIBasg 3HAKU MPOU3BOJIHBIX (CM. (opMyIibl
(14.2)), 3Hauenue onpeaenurens oyaer orpunareabubiM — A < 0.

Tak kax
aQn(Uaf)>O, aQH(U9f)<O,
oU of
TO IPUpPANIEHNs HATIPSHKEHHS ¥ 9acTOThI OyyT nonoxkutensasivu (AU >0, Af > 0).
Cormacao (14.3),

00,(U.0)| . [00uW.1)|
ou || o
[ToaToMy yacToTa yBenTU4IHBAETCS B OOJBIIEH CTEIIEHHU, YeM HaNpsKEHUE.
AnanmusupyeM naneiie. [IpoucxoauT yBeaudeHHE TeHEpUPYEMOW PEAKTUBHOM MOIIHOCTH TPH

Hen3MeHHO# aktuBHOW MouHocTH, T.e. AQ. >0 u AP. =0. B stom ciydae ypasreus (14.7) u
(14.8) umerot BuA:

1 6P (U, f)
AU =——.—1"22.A0 ; 14.11
A of 0. ( )
1 00P (U, f)
AN =— =222 A0 . 14.12
\f A U 0. (14.12)

Tak kak A <O,

aPHa(g,f) >0, 6PH(U,f) >0, to mpupamenne AU >0, a Af <0. A

P (U, 1)

IIOCKOJIBKY ‘ >> |

of

YeM 4acToTa.

W3 ananu3a GamaHca MOIIHOCTEH B DHEPrOCUCTEME CIIEAYET, YTO JUISl PETYIUPOBAHUS HANPSKeE-
HUS HYXXHO BO3/IEWCTBOBATh, B MEPBYIO OYEpEb, HA PEAKTUBHYIO MOIIHOCTh, a JUISl PEryIupOBaHUs
YacTOThI HY’KHO U3MEHSATh aKTUBHYIO MOLTHOCTb.

[ToaTOMY B 3a/1auy peryJIupoBaHus PEKUMa BXOIAT MOAPA3IEIbIL:
peryIMpoBaHie aKTUBHOW MOIIIHOCTH U YacTOThI B SHEPIOCUCTEME;
peryMpoBaHie PEaKTUBHON MOLTHOCTH M HAIIPSDKEHUS B SHEPTOCUCTEME.

Taxoe pa3aeneHue oObsACHAETCS U (UZUKOH MpoIecca MPOM3BOACTBA IEKTpodHeprun. Yacrora
TOKa OINPENENSIeTCS YaCTOTOW BpAIlEHHMs] CHHXPOHHBIX MAllWH, KOTOPAas 3aBUCUT OT COOTHOLIEHUS
BpAIAIOIIEro ¥ TOPMO3HOTO MOMEHTOB Ha Bally arperara TypouHa-reHepatop. /s usmMeHeHus ux co-
OTHONICHUS HY’)KHO MU3MEHUTH (YBEJIMYUTh WIM YMEHbBIINTh) BIYCK SHEProHOCUTENs B TypOouny. Ilpu
3TOM U3MEHSETCs BBIPa0OTKAa aKTUBHOW MOIIHOCTH, YacTOTa BPAIICHUS CHHXPOHHBIX MAIlUH H, Kak
CJIE/ICTBHE, YACTOTa TOKA B YHEPTOCUCTEME.

Kpowme toro cienyer yunTeiBaTh, 4TO
K U3MEHEHHIO YacTOThl B DHEPrOCUCTEME MPEAbSIBISIIOTCS O0Jee KeCTKUe TpeOOBaHus, YeM K U3MEHe-
HUIO HAPSHKEHMS;

oP, (U, f)|
U

, HampshKkeHue OyJeT yBeln4duBaeTcsl B OOJbIIEH CTeneHH,
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JUTSL KOKJTOW IEKTPOCTAHIIMH 33/1a€TCsl ONTUMATBHBIN Tpaduk paboThL;
KpOME TEHEPaTOpPOB CYMIECTBYIOT JIOTIOJHHUTEIBHBIE WCTOYHUKH PEAKTHBHOW MOIIHOCTH, KOTOpBIC
MO>XHO YCTaHaBJIMBATh B MeCTax 0oJiee OIM3KHUX K MOTPEOUTEIISIM.

15 Peakmugnasa mowgnocms 6 snepzocucmeme. Illompeoumenu peaxmuenoii
Mownocmu. Beipabomka peakmugnoi mouwgnocmu 2enepamopamu 3C

OO01111e MOI0KEHUA

W3 Gananca peakTMBHON MOIITHOCTH B HEPrOCUCTEME CIIEAYET, UTO B CIy4ae, KOrja reHeparus
PEaKTUBHOM MOIIHOCTH MPEBBILIAET €€ MOTpeOIeHne, HallpshKeHUe B ceTu Bo3pactaet. [lpu nedurmre
PEaKTUBHON MOLIHOCTU — HANpPsUKEHUE YMEHbLIAeTCs. DTOT BBIBOJA MBI YXKe IOJIydald, KOrja pac-
CMAaTpUBAJIM BEKTOPHYIO IMarpaMMy JIMHUU 3JIeKTporiepenadn HanpsbkenueM 110 kB. EMKocTHBIN TOK
JIDII, paboTaromieil Ha XOJIOCTOM X0y, WJIH, IPYTHUMHU CIOBaMH, MOIIHOCTb, reHepupyemas JIDII, mo-
BbIIIIAET HanpshkeHue B KoHue JIOII.

B otnmuue ot GanaHca akTUBHON MOIIHOCTH, 0aJlaHC PEaKTUBHOM MOIHOCTH HE MOXXET B IOJI-
HOM Mepe OIpeAeauTh TpeOOBaHUs, KOTOPhIE MPEIbSIBISIOTCS K UCTOYHUKAM PEaKTUBHON MOIIHOCTH.
Ecnu akTHBHYIO MOIIHOCTH BBIPAa0ATHIBAIOT TOJBKO T'€HEPATOPHI 3JIEKTPOCTAHIMNA, TO PEAKTHBHYIO
MOIIIHOCTh MO>KHO MOJIYYUTh OT JIONOJIHUTEIBHBIX MCTOYHHMKOB, KOTOPBIE MOTYT YCTaHAaBIIMBAThCS
BOJIM3M moTpeduTeneil. DTH JOMOIHUTENIbHBIE HCTOYHUKH HAa3bIBAIOTCS KOMIIEHCUPYIOIIUMH yCTaHOB-
KamHu.

[Ipu npoeKkTUpOBaHUM SIEKTPUUECKON CETH HYKHO MPOBEPATH OallaHC PEaKTHBHON MOIIHOCTH
KaK B II€JIOM IO SHEPrOCUCTEME, TaK U B OTIEIBHBIX €€ JacTax. [Ipu 3Tom cienyer yuuThiBaTh U He-
00X0AMMOCTb pe3epBa pEaKTUBHON MOIIHOCTH.

banaHc peakTUBHON MOIIHOCTH CJEAYET MPeyCcMaTpPUBaTh OTIEIBHO JUIS KaXJA0ro pexuma ce-
TU. XapaKTepHBIMU PEKUMaMU B CUCTEME SIBIISIOTCSA:
peKUM HAWOOJbINEH PEaKTUBHOW Harpy3ku. JlJis pexuma XapakTepHO HauOoJbllee MoTpedieHne
PEaKTUBHOM MOIIHOCTH U HauOOJbIIIasi MOIIIHOCTh KOMIIEHCUPYIOIIUX YCTPOICTB;
peXMM HauOONBINEH aKTHMBHOW HArpy3Ku. PekuM CBsi3aH ¢ HaumOOMBINEH 3arpy3Koll T'eHepaTOpOB
AKTUBHOW MOITHOCTH IIPU HAaMMEHBIIIEH BBIpaOOTKE PEaKTUBHOM MOIIIHOCTH;
pPEKUM HaUMEHBIIICH aKTUBHOW Harpy3ku. B 3ToM pexxume 4acTh T€HEPATOPOB OTKIOYaT. BeipaboT-
KA pEaKTUBHOI MOIIIHOCTH T€HEPATOPAMHU JIEKTPO-CTAHIUN YMEHbBIIIAETCS;

N0CJI€aBapUiHbIE U PEMOHTHBIE PEKUMBL. B 3THX pexknMax HauOoNbIINEe OrpaHUYEHHUs O Mepeayde
PEaKTUBHON MOLIHOCTH.

Ecnu B sHeprocucreme HabmonaeTcs AePUIUT aKTUBHOM MOIITHOCTH, TO OH MOKPBIBETCS 32 CUET
U30bITKAa aKTUBHON MOIIHOCTH B JIpYTUX cUCTeMax. JJisl OKPBITUS HEJOCTaTKa PEaKTUBHOM MOIIHO-
CTH €€ SKOHOMUYHEE I€HEPUPOBATh KOMIIEHCUPYIO-IIUMHU yCTPONCTBAMHU, KOTOPBIE YCTaHABINBAIOTCS
B JJAHHOM DHEProCUCTEME, a HE NepeaBaTh U3 COCEHUX CUCTEM.

Pezynupyrowuii 3¢ppexm nacpysxu
W3MmeHeHne akTUBHOW U PEAKTUBHOM OT HAIPSKEHUS IPOUCXOIUT IO CTATUYECKUM XapaKTepH-

ctukam (puc. 15.1). PaccmoTrpum, kakum 00pa3oM pearupyeT Harpys3ka Ha U3MEHEHHE PeXrMa B TIPO-
creimeit cucreme (puc. 15.2).
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o.e. o

Usp Usiom

Pucynok 15.1 — Cratuueckue XxapakTepUCTUKN

Py+jQ;

@

Pucynok 15.2 — IIpocTteiimias 35ekTpuyueckas CeTh

B HOpManbHOM pekume paboThl Ha IIMHAX HArpy3KH MOAEP)KUBACTCSI HOMUHAJIBHOE HaIpshKe-
Hue. [Torpedurens 6epeT U3 ceTu MOITHOCTH paBHYIO P + 0.

[Tpu nocrossHHOM HanpspkeHud B Havase JIOII, HanpshkeHrne Ha ee KOHIIE MOXKET OBITh paccyu-
TaHO CJICTYIOITUM 00pa3oM:

UrU, - AU,, =
P, -R,+0, 'XIZ.
U,

[Ipennonoxum, yto Hanpsbkenue B koHIE JIDII ymensinaercs. B cooTBeTCTBUU €O CTaTUUECKH-
MU XapaKTepPUCTUKAMM, aKTUBHASI U PEaKTHUBHAS MOIIHOCTH MOTPeOUTENsI, Oy IyT YMEHbILATHCS.

—U, -

CrenoBarenbHO, OyAyT yMeHbIIAThCS MOIMHOCTE B KoHue JIDII P, + jO,, u moreps Hamps-

xennst AU, , a Hanpspkenne B konue JIDIT U, Gyner yBennuuBaThCs.

DTOT BBIBOJ| CIIpaBeUINB, Koraa HampsbkeHue B koHie JIDIT Oyaer Oosbine KpUTHYECKOTO Ha-
HNPSOKEHUS:

U>U,,.

Kpurnueckoe nanpsixkenue coctasiusieT (0,7 — 0,8) oT Uyoy.

Takum oOpa3zom, Mpu HAOpsHKEHUSX OONBIIUX YeM KPUTHUECKOEe, Harpys3ka, HU3MEHss CBOIO
MOIIIHOCTb, CTPEMUTCS MOJJIEpKaTh HEM3MEHHBIM HAMpPSKEHWE HAa CBOUX IIMHaX. B 3ToM ciywae ro-
BOPSAT O MOJIOKUTEILHOM peryaupyroieM 3G heKkTe Harpy3KH.

[Ipu HanpspKeHUSIX MEHBIIMX YeM KPUTHYECKOE MPOSBIISIETCS OTPULIATENIbHBIN PEryiIupyIOInii
3¢ dexT Harpy3ku. AKTUBHAs MOIIHOCTb MOTPEOUTENSI B COOTBETCTBUM CO CTaTUUECKUMH XapaKTepH-
cTHKamMu yMeHblnaercs. [lorpe0ienne peakTHBHOM MOIIHOCTH HAYMHAET Bo3pacTatk. [Ipudem, 3Have-
HUE PEaKTHBHON MOIIHOCTH YBEIUYMBACTCS B OOJIBIIEH CTETICHH, YeM CHIDKeHHE akTuBHOU. CremnoBa-

TeJIbHO, aKTUBHAsI MOIHOCT B KoHIe JIDIT ymensmaercs B, {, peakTHBHAs MOIIHOCTD yBETHIHBA-
ercst O, ™. IloTepst HanpspkeHnst Ha ydactke ysenuuusaercs AU, T, a HAIpsHKEHME Ha IIMHAX

Harpysku cumxkaercsU, d. 210 NPUBOJUT K YBEIMUYEHHUIO MOTPEOICHUSI PEaKTUBHON MOITHOCTH U

HaHLHeﬁmeMy CHMIKCHUTO HAIIPAKCHU A U2 uT.AO. Bo3uukaer SABJICHUC, KOTOPOC HA3bIBACTCH JIaBUHOM

HanpsokeHus. [Ipu Takoil aBapuu TOPMO3SITCS aCUHXPOHHbBIE JIBUTATENU. PeakTHBHAs MOIIHOCTh aCHUH-
XPOHHBIX JBUTATeNel pacTeT, 0aiaHC peaKTUBHONW MOIIHOCTH HapyllaeTcs, MpuyeM MoTpediieHue pe-
AKTUBHOM MOIITHOCTH B 3HAYUTEIHLHOW Mepe MPEBHIMIAET BRIPAOOTKY:

ZQH >->-ZQF :
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OTO B CBOIO OYEpENb MPUBOIUT K MOHIDKEHUIO HANpsDKEHUs. OCTaHOBUTH CHUIKCHHME HAIPsDKE-
HUS [IPU 3TOU aBApUU MOXKHO, JIUIIb OTKJIFOYUB HArpy3Ky.

YroObl HaNpsKEHUE HE CHIXKAIOCh HUXKE KPUTHUECKOTO Ha F€HepaTopax M MOIIHBIX CHHXPOH-
HBIX JIBUTATEIISIX YCTAHABJIMBAIOTCS aBTOMATUYECKHE Perynaropsl Bo30yxaenus (APB). ITox ux neii-
CTBHEM I'€HEPATOPhl U CHHXPOHHBIE IBUTATENIN YBEIMUUBAIOT BBIPAOOTKY PEaKTUBHON MOIIHOCTH.

Ilompebumenu peakmugnou mouwiHocmu

Pabora motpebuTteneii eMKOCTHOrO XapakTepa OCHOBaHA Ha CO3/IaHUU AJIEKTPUUYECKOrO TOJIS,
SHEPrHusl KOTOPOro B HEYETHYIO YETBEPTH (TI€PBasi, TPEThsI) IEPUOJA OTAAETCS UCTOUHUKY, a B YETHYIO
4eTBEPTh (BTOpasi, YeTBEpTasi) mepuoja Oepercst oT HCTOUHUKA. J{1s1 moTpeduTenelt MHIYKTUBHOTO Xa-
pakTepa paboTa OCHOBaHA Ha CO3JJaHMM MAarHUTHOTrO noJjs. [Ipu 3ToM B HedeTHYIO 4eTBepTh (TIepBas,
TPEThs1) MEepUOIa IHEPTUs OepeTcs OT UCTOYHHKA, @ B YETHYIO YETBEPTh (BTOpasi, YeTBEPTAasi) MepHoIa
OTJIA€TCs] HICTOYHHUKY.

KonebGanus sHepruu B MarHUTHOM U JIEKTPHUUECKOM IOJISIX PA3IMYHBIX YCTPOUCTB MEPEMEHHO-
ro TOKa OOYCJIOBIMBAET MOTPEOICHUE UMM PEAKTUBHOM MHIYKTMBHON MJIM PEAKTHBHOM €MKOCTHOM
MOIIIHOCTU. B MH)KeHEPHON NpPaKTHKE TMOJ peakmugHOU MOUWHOCHbIO TIOIPA3yMEBAIOT UHOYKMUBH)IO
MOIITHOCTb, KOTOpPasi MOTPEOIIeTCS] MHAYKTUBHBIMH 3JIEMEHTAMHU JICKTPUUYECKON CUCTEMBI, U TE€HEPH-
pyeTcsi B €eMKOCTHBIX 3JIEMEHTaX.

OCHOBHBIMU TIOTPEOHUTENSIMU PEAKTUBHOM MOIIHOCTH B AJIEKTPUUYECKHX CHCTEMax SBISIOTCS
TpaHcGOpMaTOpbl, BO3AYIIHBIE JUHUH JIEKTPOIEepeady, aCHHXPOHHbIE JBUTATEIHN, BEHTUIIbHBIE Ipe-
o0pa3oBaTenu, UHIYKIMOHHBIE MJIEKTPOIEUH, CBAPOYHBIE arperarsl.

Ha npoMmbIlieHHBIX TPEeanpUsITUSIX OCHOBHBIMU MOTPEOUTENSIMU PEAKTUBHON MOILTHOCTH SIBJISI-
I0TCSl aCUHXpOHHbIE aBurarenu. Ha ux pomo nmpuxoaurcs 65-70 % peakTHUBHOM MOIIHOCTH, KOTOpas
notpebinsercs npennpustiueM. 20-25% noTpebieHns peakTHBHON MOIIHOCTH MPUXOAUTCS Ha TpaHC-
dopmaropsl npeanpuaTHii u okono 10 % — Ha Apyrue NpUEeMHHUKHU U JIMHUU 3JEKTpoIiepeiay.

CyMMapHBbIe TOTEPU PEAKTUBHOM MOIIHOCTH B CETH COCTAaBIAIOT 0KOJ0 50 % OT MOLIHOCTH, MO-
CTyHaroIei B ceTb. ITO ropasio 0osbliie, 4eM MOTepr aKTUBHONW MOUTHOCTH. J{J1s1 cpaBHEHHUS, CpeaHe-
CTaTHUCTUYECKUE ToTepH akTuBHOU MomHocTH B JIDII cocraBistor 3%, a B Tpanchopmaropax — 2%.
[Ipumepro 70-75 % Bcex MOTEph PEaKTHBHOW MOIIHOCTH COCTAaBISIOT MOTEPU B TpaHchopmaropax.
Hampumep, B TpexoomotouHom TpaHchopmaTope momHOocThio 40 MB-A nampsbkenuem 220 kB
(TATH-40000/220) mpu koadduurente 3arpy3ku, paBHoMm 0,8, moTepu peakTUBHOW MOIIHOCTH CO-
CTaBJISIIOT OKOJIO 12% OT HOMUHAJIBHON MOLTHOCTH TpaHchopMaTopa.

CyMmMapHbIe NOTEPU PEAKTUBHOM MOIIHOCTH B CUCTEME CKJIAJBIBAIOTCS U3 MOTEPH B CONPOTUB-

nernsax AQ, - u nposoaumocTsix AQ, IUHHMIA IEKTporiepesad U IOTeph B TpaHC(hopMaTopax:

ZAQ :Z AQnan - ZAQC + ZAQTp :

[ToTepu peakTrBHON MOMIHOCTH B conpoTuBieHusx JIDII paccunuteiBaroTcs o hopmyie

_ Mmn |
AQnan - X 310

Y COCTABJISIIOT IPUMEPHO S5 % OT MOLTHOCTH, npoxojsiieit mo JIDTIL.
I'enepanust peak TUBHOM MOITHOCTH B poBoauMocTsx JIDII onpenensercs tax:

AQC = UI?OM ) Bm

CpenHee 3HaYCHUE PEAKTUBHOM MOIIHOCTH, reHepupyemMon B JIDIT qmmnoit 100 kM, cocTaBmser:

Usow, KB 110 150 220

AQ., MBap 3 6,5 12,6

Jna Bo3nymnbix JIOII HanpspkenneM 110 — 150 kB motepu peakTuBHOM B CONPOTUBIEHUSX U
reHepanus B IpOBOJAUMOCTSIX MPUOIN3UTENBHO OJJTUHAKOBBI:

280,/ *[2AQ,|

JI3IT

o*
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B arom cinyuae no JIDII nepenaercsa HaTypanbHasi MOIIHOCTb.
[Torepu peakTUBHON MOIIHOCTH B COIPOTHUBICHUAX TPAHC(HOPMATOPOB PACCUUTHIBAIOT 1O (hop-
MyJI€:
2
Uu. §
~ o K .
AQ'rp ~ AQM,H - 100 S
HOM

Y COCTABIISIIOT puOIM3uTENbHO 10 % OT mepegaBaeMoil MOIITHOCTH.

I'enepayus peaxmuenoii mowgnocmu 2enepamopamu 3C

[TosHas MONIIHOCTB, KOTOpasi BbIpaOaThIBACTCS TEHEPATOPOM, BKITFOYAET aKTUBHYIO U PEaKTHB-
HYIO COCTaBJISAIOIINE:
S, =P +jO..
MotysTb TIOJTHOM MOIIHOCTH MOXET OBITh HaWCH Yepe3 aKTHBHYIO MOIIHOCTh M KO3 HIIHEHT
MOLIHOCTH TEHEPaTOpa:

P
S =——.
COs

M3MeHeHne peakKTUBHOW MOIIHOCTH MTPOUCXOIHUT HPH H3MEHEHHH TOKA BO3OYKICHHS [ I B Ho-

MHHAJIEHOM PEXHME IPH HOMHHAILHOM KOY(p(UIMEHTE MOIIHOCTH COS(, . TEHEpaTOp BhIpaOaThl-

BAa€T HOMUHAJIbHBIE 3HAUEHUS] aKTUBHOU Pjyoy U PEAKTUBHON (Jyyon MOITHOCTEH. ['€HEpATOp MOXKET YyBE-
JUYUTH BBIPAOOTKY PEaKTUBHON MOIIHOCTH CBEPX HOMHUHAJIBHOM, HO MPHU CHWKEHUHU BHIPAOOTKH aK-
TUBHOM MOIIIHOCTH IO OTHOIICHHUIO K HOMUHAIBbHOU. Takoe yBennyeHue JOMmycKaeTcs B mpeaenax, Ko-
TOpPBIE OTPAHUYUBAIOTCSI HOMUHAIBHBIMY 3HAYEHUSIMU TOKOB CTATOpPa U POTOPA.

VYcnoBus OorpaHUYeHHS 1O BBIPAOOTKE PEAKTHBHONH MOIIMHOCTH MOXHO ONPEIEIUTh UX BEKTOP-
HOM auarpammbl. Cxema 3aMellleHUs TeHepaTopa Uisl IOCTPOCHHS] BEKTOPHOM JAUarpaMMbl MPeCTaB-
JeHa Ha puc. 16.3. B Hee reHepaTop BXOAUT CHHXPOHHBIM HMHAYKTUBHBIM CONPOTUBICHUEM X U

S7CE,.
: o . 1—" !

Pucynok 15.3 — Cxema 3amenieHus

Irm

Bemnunna kommiekcHor 9JIC paBHa cymMme BeKTOpoB Uy U MaJieHUs] HANPSKEHUST B COMTPOTHUB-
JICHUU X

Eq:gr+j\/§.lH0M 'xd'
[Hoctpoum B/I (puc. 15.4).
ITo nmeiicTBUTENBbHON OcHU OTKJIaabIBaeM HamnpspkeHue Ur. Tlomywaem Touky a. Ilox yrimom @goy

OTKJIQ/ILIBAEM TOK [yoy. PacKiiazibiBaeM €ro Ha aKTUBHYIO [yova U PEAKTUBHYIO lyovp COCTaBIISAIOIIME. M3
TOYKHA OTKJIQJbIBAEM BEKTOP MAJICHHS HANPSIKEHUS B CONMPOTUBIICHUU X;0T PEAKTUBHOM COCTaBIISIIO-

e HOMHUHAJIBHOTO TOKa /3 - [ womp " Xd - OH coBmajaeT Mo HampapJIeHUIO ¢ HanpsbkeHuem Ur. Tlo-

JIydaceM TOUYKY C. W3 Ttouku ¢ OTKJIaAbIBACM BCKTOP MAaACHHUA HAIIPAKCHHUA B COMPOTHUBIICHUU X4 0T AK-

THBHOM COCTaBISIIOIIEH HOMHUHAJIBLHOTO TOKa /3 - [ * X;. OTOT BEKTOp NEPNEHIUKYISAPEH Ha-

HOM a

npsxkennto U,. Tlonmydaem Touky b. Bektop @b — 5To BEKTOp MONHOIO MajeHUs HANPSKEHUS OT HO-
MHHAJIBHOTO TOKa B CONPOTUBICHUN Xg: N3 - - x,. CoenuHseM Hayalo KOOPAHHAT C TOYKOIL b.
Bekrop 0b nponopunonanen 3JIC E, u TOKyBo30YK1eHHUS 1 Iz

W3 navama KoOpAMHAT paanycoM paBHbIM £, mposenem ayry. OHa onpenenser I0IyCTUMBIE
3HaueHus Toka Bo3Oyxaenus uau I/1C £, no yciaoBusAM HarpeBa poTopa reneparopa. M3 todykua pa-
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muycom 3 -1, -x, mpoBeneM ayry. OHa ompeJensieT JOMyCTHMbIE [apaMeTphl IeHepaTopa Mo
YCIIOBUSIM HarpeBa cTaTropa.

NG MoKy pomopa

no Mosy cmamaopa

Pucynok 15.4 — BektopHas quarpaMMa reHeparopa

CTOpoHBI TpeyroibHHUKA abc MPONOPIMOHATBHBI CIIETYIOIUM BETHUYNHAM:!
ac= IHOMp EQHOM bc = I EPHOM :

PaccmoTpum paboty reneparopa mpu yrie @ > @, ., TO €CTb Ipu COSQ; < COS®, - (mpu

HOM a

NOHMKEHHOM KocHuHYce). IlocTpoeHue BEKTOpPHOMN IuarpaMMbl BBINOJIHAETCS aHAIOTM4HO. [lonyunm
TpeyronsHuK ab,c;. JlomyCTHMEIi [yisi TeHepaTopa pexuM cooTBercTByeT 3HaueHnioo DJIC E,;. B
3TOM CJIy4yae UMEeM:

I, >1

Takum o0pazom, reHepaTop MOXKET BblJaBaTh PEAKTHUBHYIO MOIIHOCTH OOJIBIIYIO YeM HOMH-
HaJbHas

(oTpe3ok aci> ac), I, <I (otpe3ok abi< ab).

HOM P HOM a

Ql = \/5 ) UHOM ) [lp >QHOM’
HO IMPU CHWYKEHUH aKTUBHOW MOIIIHOCTH IO OTHOILIEHUIO K HOMUHAJILHOM
Pl :\/g.UHOM 'Ila <PH0M'
I'eneparop npu paboTe ¢ MOBBIIEHHBIM KOCHHYCOM ((y <@ U COS(, > COS(, . ) BbIpa-

0aTbIBaeT aKTUBHYIO MOIIHOCTH OOJIBIIYI0, YeM HOMUHaIbHas. [Ipu 3ToM peakTUBHAs MOIIHOCTH CTa-
HOBMTCSI MEHBIIIE HOMUHAJIbHOM!
P2>PH0M 144 Q2<QHOM-

3nauenne DJIC E,; orpaHUYMBAETCs HArPEBOM CTaTOpa.

PaGoTa reneparopa mpu OOJbIEH, YeM HOMHUHAJIbHAsI, aKTUBHON MOIIIHOCTH CBSI3aHA C Tepe-
Ipy3KOi TypOUHBI U HE BCEr/ia IOMyCTUMA.

B03MOXHOCTE yBEIMUYEHNSI PEAKTUBHOM MOIIHOCTH 33 CYET YMEHBIIECHNs aKTUBHOMN JTOIyCTHUMO
UCTIOJIb30BATh B CiTydae M30bITKAa aKTUBHOW MOIIHOCTH, TO €CTh B PEKMME MHHUMAJIbHOM Harpy3ku. B
3TOM Ciy4ae 4acThb I'€HEPAaTOPOB MOKET MEePEeBOAMTCS Ha PabOTy C MOHMKEHHBIM Ko3(duirenTom
MOII[HOCTH.

Pe3epB peakTUBHON MOIIHOCTH M BO3MOXHOCTH IEPErPYy30K MO PEAKTUBHOW MOUTHOCTH Ba)KHBI
IIPU aBapUITHOM CHW)XEHMM HanpsbkeHus. Bee reneparopsl umeroT ycrpoiictBa ABP, xotopsle npu
CHIDKCHUHU HAINpsOHKEHHS Ha 3aKMMax FeHepaTOpOB aBTOMATHUYECKU YBEIMUMBAIOT TOK BO3OYKICHUS U
BBIPAOOTKY PEaKTUBHOM MOIITHOCTH.
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16 Peaxmuenas MOULHOCHD 6 IHEepzocucmeme. Komnencauuﬂ
peaxmuenoﬁ MouilHocmu.

Obuwue nonosicenus

B ornnure oT akTUBHOM MOIIIHOCTH peaKTHBHAsi MOIIIHOCTh MOXKET T€HEPHUPO-BAThCSI HE TOJIBKO
reHepaTopaMu 3JEKTPOCTaHIMN, HO W YCTPOMCTBAMHU, KOTOPbIE HA3bIBAIOTCS KOMIIEHCHPYIOIIUMHU
(KY). O1u ycrpoiicTBa pacmoiaratoT B HETIOCPEACT-BEHHOM 0JM30cTH OT noTpedurteneid. K HuMm oTHO-
CATCS:
cuHxpoHHbIe kKommieHcaTtopsl (CK);
6arapeu koHaeHcatopos (bK);
cTaTu4yeckue uCToUHNKU peaktuBHOU MoutHOCTH (CTK nnu UPM).

OnBIT SKCIUTYaTaIMK MTOKA3bIBAET, YTO MPU HOMUHATBHOW Harpy3kereHepatopsl JC BbIpaOaThI-
BatoT okosio 60 % Tpebyemoil peakTuBHOM MoIHOCTH, 20 % TeHepupyeTcs JIMHUSAMU AJIeKTporepeaay
BBICOKOTO HampspkeHus, 20 % BeIpabaThIBAIOT KOMIICHCUPYIOIIHNE YCTPOMCTBA.

Bripabotka 1 kBap peaktuBHO# MomtHOCTH Ha DC CTOUT B HECKOJIBKO pa3 JCIICBIIE, YEM €€ BbI-
pabotka ¢ momombo KY. Ho TeXHHKO-dKOHOMUYECKHE pacCUeThl MOKA3bIBAIOT, YTO OOJNbIIAs YacTh
PEaKTUBHOM MOITHOCTH JOJKHA BhIpadaThiBaThcsi KY. DT0 00BSICHIETCS BHEAPEHUEM MOITHBIX TeHE-
paToOpOB C OTHOCUTEILHO BBICOKUM COS ¢, POCTOM MPOTSKEHHOCTH U HampspkeHus: nepenayu. [losro-
MY CHIDKAETCS] 9KOHOMHYHOCTh BBIPAOOTKH PEaKTHBHOM MOIIHOCTH TeHepaTopamu DC.

KomneHncanust peakTHBHOM MOITHOCTH MPUMEHSIETCS IS CIAEAYIOIMINX LEeTeH:

JUTSI BHITIOJTHEHUS OajlaHca peaKTUBHOM MOIIHOCTH;
JUISL CHUKEHHS TIOTEPh MOIIHOCTH U 3JIEKTPOIHEPIUH;
JUISL PETYJIMPOBAHUS HATIPSKEHHUS.

[Tpu ucnons3zoBannu KY HeoOX0IMMO yUUTHIBATh OTPAaHUYEHUS UX MOIIHOCTH 110 TEXHUYECKUM

U peXUMHBIM TpeOoBaHUsAM. MomHOocTh KY nomKHA YIOBIETBOPSTH:
HEO0OXOIMMOMY pe3epBY MOILIHOCTHU B y3JIaX HArpy3KH;
pacrojaraeMoi peakTUBHOW MoIIHOCTH Ha DC;

OTKJIOHEHUIO HAMPSDKEHUS HA MTMHAX OTpeOuTee;
npomyckHoi criocodHocTH JIDII.

Jlnist yMEeHbIIIEHUs TEPEeTOKOB peakTuBHOM MourHocTH 1o JIDII u tpancdopmaropam KY momxk-
HBI pa3MeIaThcs BOJIM3H MECT MOTPEOICHUs PeakKTUBHOM MOIIHOCTU. [Ipu 3TOM 37€MEeHTHI ceTH pas-
TPYXal0TCs 0 PEAKTUBHON MOIIHOCTU. DTO MPUBOAMUT K YMEHBUIEHUIO MOTEPh MOIIHOCTUA U HAMpPS-
KEHUSI.

CHHXpOHHBIE KOMITEHCATOPBI

W3 ananuza paboThl CHHXPOHHOTO T€HEepaTopa CJIEIYyeT, YTO YBEIHUUTh BHIPAOOTKY peaKTUBHON
MOITHOCTH MO>KHO TOJIBKO 32 CUET CHW)KEHHUS BBIPAOOTKM aKTUBHOW MOILTHOCTH. DTOT MPUHIUN pea-
TU30BaH B cHHXpoHHOM KomnieHcaTope (CK).

CUHXPOHHBIH KOMIIEHCATOP — 3TO CHHXPOHHBIN JBUraTellb, KOTOPHIH paboTaeT B peKUMeE XOJI0-
CTOTO X0J1a, TO €CTh MPAKTHYECKH Oe3 aKTUBHOW HAarpy3kw Ha Bany. Takum oOpazom, CK 3arpyxeH
TOJIBKO PEAKTUBHBIM TOKOM.

Cxewma 3amenenus CK npuBenena Ha puc. 16.1.

lI'T|

Pucynok 16.1 Cxema 3amemenust CK

87



Hampskenue cetu B Touke noakmoueHuss CK paBHo cymme obparHoit DJIC E, u najenus

HaANpPSDKEHUS B COMPOTHUBIICHUU X,
U Egtj3 - Lo - %,

3Hauenne M 3HaK peakTMBHOW MomHocTH CK 3aBucar or coorHomenus mexny OJC E, u

HapsbkeHueM cet U,. [lockonbky P, = 0, TO
U, -E,
QCK :SCK :\/E'Uc .[CK :Uc T

Bemmunna O/IC E, ompenensieTcss BeIMYMHOW TOKa BO30yxkaeHus. Pocty Toka Bo30ykaeHHs
cootsercByet yBenndyenue JJIC E,.

Kax u cuaxponnsrii qeuratenb, CK MoxeT paboTaTh B IBYX pekuMax: MepeBO30YKICHUS U HE-
noBo30yxnenus. [Ipu nepeBo30Oyxaennn IC CK Gomnbliie HAMpsKEHHs B TOUYKE €T0 IMOAKITFOYCHUS

EpU.

CHHXPOHHBIN KOMIIEHCATOp TEHEPUPYET B CETh PeakTUBHYIO MomHOCTh Tok CK omepexaer Ha-
npsoxenne Ha 90°. BektopHas quarpamma pexxuma nepeBos3oyxaenns CK npusenena na puc. 16.2 a.

YMeHbIasi TOK BO3OYKIEHUS, MOXHO TOJIYYUTh PEXKHUM HEI0BO30OYXKIeHUs. B aToM pexume
OJIC CK MeHblIE HaNpsKEHUs B TOUKE €ro nonakiarouenus £,>U. u Tok CK orcraer or HanpsikeHUs
na 90°. BekropHas quarpamma pexuma Henosos0yxaenns CK npusenena na puc. 16.2 6. B aTom pe-
xkume CK moTpebisieT peakTHBHYIO MOIITHOCTb, ITOJTydas €€ U3 CETH.

Irm

rm

T jN3- ’_{UN “Xg

Pucynok 16.2 — Bextopnsie quarpammsl CK:
a) — B peXKUMe TIePeBO30YKIeHUS; 0) — B pe)KUME HEJIOBO30Y)KICHHUS.

Homunansnas wmommuocte CK  ykassiBaeTcss mia pexkuma mnepeBo3OyxaeHus. B pexume
HEO0BO30YKICHUS

chz{lfn =0,5- QCK HOM *

3T0 CBA3aHO, BO-TIEPBBIX, C HATPEBOM B J1000BBIX yacTsx CK — B pexume He10BO30YKICHUS T10-
TOKH CKJIajbiBatoTcs (puc. 16.2 0). Bo- BTOphIX, M3-3a HapymieHuss yctoinunBoi padotel CK Henb3s
3HAYUTEIBHO CHUXKATh TOK BO30Y)KICHHS.

Hocrouncta CK:
BO3MOXXHOCTh YBEJIMYEHHUS T€HEPUPYEMOH MOIIHOCTU MPU CHI)KEHUHM HAIPSDKEHUS] B CETH 3a CYET
pEeryIupoBaHUs TOKa BO30YKICHUS;
BO3MO>XHOCTb IJIABHOTO ¥ aBTOMaTHYECKOI0 PETYJIUPOBAHMS PpEAaKTUBHOI MOIITHOCTH.

bamapeu xonoencamopos

barapeu koH1IeHCATOPOB MPUMEHSIFOTCS:
JUIsl TeHepallui peaKTUBHOM MOILIHOCTH B y3JlaX CETH — MolepeuHas komneHcanus. barapen koHeH-
catopoB Ha3bBaroT IIyHTOBbIMU (I1IBK);
JUTSE YMEHBIIIEHUS MHIYKTUBHOTO compoTuBienus JIDII — mpononbHas kommneHcanus. barapen kKoH-
JIEHCATOPOB HA3bIBAIOT YCTPONUCTBaMHU Mpoa0abHOM KommeHcanuu (YIIK).

[lIynroBeie bK Bkimtouaror Ha muHbl [IC mapannensHo Harpyske, YIIK BkiroyaroT B pacceuky
JIDII.
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bartapeu koHaEeHCATOPOB KOMILIEKTYIOTCS U3 OTACIBbHBIX KOHJIEHCATOPOB, KOTOPHIE COECTUHSIOT-
csl moclefoBaTeNbHO W mapauienbHo. KoHaeHcaTopsl BBIMYCKalOTCS B 0JHO(A3HOM M TpexpaszHoM
WCIIOJIHEHUU Ha HOMUHaJbHOE Hanpsbkenue ot 0,22 no 10,5 kB. Exuanynas MOITHOCTh KOHIEHCATO-
poB u3Mensiercs ot 10 no 125 kBap. YBenuuenue HanpsskeHUs: TOCTUTAETCS 32 CYET YBEIMUYEHUS YUC-
J1a TIOCJIEI0BATEIbHO BKIFOYEHHBIX KOHJIEHCATOPOB, YBEJIMYEHNUE MOITHOCTH — 32 CUET MapaieIbHOTO
BKJTFOUCHHS KOHJIEHCATOpOB (puc. 16.3).

T

b LS

Usk |

Qi o

a) 6)

Pucynok 17.3 — CoenuHeHue KOHIEHCATOPOB:
a) — TOCJeI0BaTeNIbHOE; 0) — MapaiebHOE.

Uwucno mocneaoBaTebHO BKIIOYEHHBIX KOHICHCATOPOB OMpeeIseTcs: o Gopmyoie:

UBK max
\/g ’ UK HOM kp ,

e Upk max — MAKCUMaJIbHOE JIMHEITHOE HanpshkeHue B Touke npucoeauHeus: bK; Uy yon — HOMUHAIB-
HOE HaNpsUKeHUE KOHJEHCAaTopa;k, — KOd((GHUIUEHT, KOTOPbIH y4UTHIBAET pa3Opoc mapamMeTpoB KOH-
JeHCaTopoB, k, = 0,92 — 0,95.

Uwcrno mocieoBaTebHO BKITFOYEHHBIX KOHACHCATOPOB PABHO:

Osx

n=———,
QK HOM
rae Opk — Tpedyemas mourHoCcTh BK; Oy oy — HOMHHATBHAS MOITHOCTH KOH/ICHCATOPA.
B ceTsax TpexdazHOro Toka KOHJICHCATOPHI BKIFOYAIOTCS 3BE3/I0M M TPEYTOJIBHUKOM (puc. 16.4).
MoiHOCTh 0aTapen KOHACHCATOPOB PACCUUTHIBACTCS IO (hopMyIie:
QBK = UZ/XBK’
rae U —HanpshKeHHe B MeCTe TIOKITI0YCHHS 0aTapeu KOHIACHCATOPOB.

u u u

n=

Up

2 ST

3)
i

0
-

Pucynok 16.4 — Coenunenne da3 bK:
a) — 3Be3/10i1; 0) — TPEYTOJILHIUKOM.

[Ipu coearHEHNN KOHACHCATOPOB 3BE3/101 MOIITHOCTH OaTapen paBHA

3.U; U?
Oix =—®=3-U(12,-03-C=U§0M-03-C:ﬂ.
X, X,

[Tpr coemuHEHUN BTPEYTOJHLHUKOM IPU HCIIOJIB30BAHHH TaKUX e KOHJICHCATOPOB MOIIHOCTH
BK oyner
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B TpU paza Oouiblile, 4eM IPU COEAMHEHUH KOHAEHCATOPOB 3BE310M.

[Ipu coenuHeHNN KOHIEHCATOPOB B 3Be31y pexkuM pabothl HelTpanu BK ompexnensercsa pexu-
MOM PabOThl HEMTpaJIU CEeTH, IIe OHA YCTaHOBJICHA.

Barapen koHpeHcaTOpOB OBIBAIOT peryivmpyemble U Heperyaupyemble. B Heperynupyemoit BK
YUCJIO KOHJEHCATOPOB Hem3MeHHo. Bperymupyemoit BK B 3aBucHMOcTH OT peknma paOOThI 4acTh
KOHJIEHCATOPOB MOYKHO OTKJIH0YaTh. OTKIIOYEHHE MOKET BBIIOJIHATHCA KAaK BPYYHYIO, TaK U aBTOMa-
TUYEeCKH. Tak Kak cpa3y OTKIIOYAEeTCs 4acTh KOHAEHCATOPOB, TO MOIHOCTh bK m3mensercsa He mnas-
HO, a CTymeH4aro. PerynupoBaHue ObIBaeT OJHOCTYNEHUATOE M MHOrocTyneHuaToe. OHOCTyIeHYa-
TOE€ PEryJIMpoBaHue — 3TO (pakTHUecKH HeperyiaupyeMas BK, Tak kak MOXHO BKJIIOUHUTBH WU OTKIIO-
YHUThb cpa3y Bce KOHAeHcaTopbl. [Ipy MHOTOCTYIIEHYaTOM peryinpoBaHuy Kaxaas cekius bK cHabxe-
Ha KOHTAKTOPOM HWJIM BBIKIIIOYATEIIEM.

IIpu oTKIIFOUEHNM KOHACHCATOPOB OHU aBTOMATUYECKU PA3PsKAIOTCA HA aKTUBHOE COIPOTHUBIIE-
Hue, npucoenuHeHHoe Kk bK. B xadecTBe pa3psgHOTO CONPOTHUBIEHUS I KOHIACHCATOPHBIX YCTaHO-
BOK 6-10 kB HCIIONB3YIOT aKTUBHOE COMPOTUBIICHUE TpaHCc(hopMaTopoB HanpsikeHus (puc. 16.5).

=9.-U; - 0-C=9-Ug -»-C

BK

Lod | b

—

[
I
Pucynok 16.5 — Cxema paspsiaku BK gepe3 Tpanchopmarop HanpsoKeHUS.

Jns BK nanpsbkenuneMm 10 1 kB MCTIONB3yIOTCS crieluaibHble pa3psiiHble aKTUBHBIE COMPOTHBIICHHUS.
Pazpsixkate BK HYy)XHO mOTOMY, 4TO IIpU €€ OTKIIOYEHUH OT CETH, B KOHAEHCATOpaxX OCTAETCA JJICK-
TPUYECKHH 3apsia U COXpaHSAETCs HaNpshKEeHHE OJNM3KOoe MO 3HAYeHUIO K HampspkeHuio cet. [Ipu 3a-
mblkanny BK Ha paspsiiHOe conpoTuBiIeHHe KOHACHCATOPHI TEPSIOT AIEKTPUUECKUH 3apsii, HanpshKe-
HHE CIajiaeT 10 HyJs. DTUM obecrieunBaercsi 0e3omacHocTh oocnyxuBanus bK.

[Ipenmyiiectna:
IPOCTOTA YCTPOHCTBA U €r0 00CTYKUBAHUS;
OTCYTCTBHUE BpAIAIOIIMXCS YyacTel 1aeT 0e30MacHOCTh 0OCITyKUBAHMUS,
MaJble TOTepu akTHBHO# MomHocTd - AP, =0,003 MBt/MBap.

Henocratku:

3aBucuUMOcCTh MolHocTH BK oT HanpsxeHus;

CTyNeH4YaToe perynupoBanue MoutHocTi bBK u ee HanpsikeHus;

YYBCTBUTEIBHOCTh K HCKAKEHHIO KPUBOH (DOPMBI HATIPSKESHUS;

HEJI0CTATOYHAs AJIEKTPUUECKasi IPOYHOCTh KOHAEHCATOPOB U MaJIbId CPOK MX IKCIUTyaTallUU.

IMonepeuynasi KoMIeHcaUM st
[Tonepeunast KoMIieHcaIUsl IPUMEHSIETCS JIIsl YMEHBIICHHsI IEPETOKOB PEaKTHBHON MOIIHOCTHU B
cetu. batapen KOHIEHCATOPOB B 3TOM Ciydyae MOJKIIOYAIOT Ha muHbI 6-10 kB moncranumii mapa-

JeTFHO Harpy3Kke. DTO MPHUBOAMT K YMEHBIICHHUIO TIOTEPh MOIIHOCTH M HANpPSHKEHUSI BO BCEH CETH 10
touku noakatoueHus: bK. Tlokaxem 310 Ha mpumepe npocteitieit cetu (puc. 16.6).
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EXH
Pucynok 16.6 — Yuacrok cetu

Cxempbl 3aMeIeHusT U pacupeesieHne MOIHOCTH 10 W mociie noakmodeHnss bK moka3zanel Ha

puc. 16.7.
Snman = »EHarp

Zen e

% §HEF|3 . Smrp

a)

0= Sham - J s

U z
= Lran —_— 5 I
5, 2Harps Hap
Sy LT
—_— U - Qey
bnan = Dharp.tJ e \j__

6} o
Jex

Pucynok 16.7 — Cxema 3amelieHus CeTH:
a)— 6e3 BK; 0)—c BK

BekTopHble quarpaMMbl TOKOB M MOIIIHOCTEM MOKa3aHbl Ha puc. 16.8

Qey

Twarp p
Quarp

Priam

6)

aj

Pucynok 16.8 — BektopHble 1uarpaMMsl:
a) — TOKOB; 0) — MOIITHOCTEH

BekropHas nuarpamma HanpsbkeHuW TnpuBeneHa Ha puc. 16.9. IloctpoeHune BeKTOpHOW Aua-
rpaMMBI JI0 UCTIOJIB30BAaHUS OaTapen KOHAEHCATOPOB BBIMONIHACTCS Takke Kak v UistJIDIT ¢ oqHOM Ha-

rpy3koii B cetu 35 kB.
IekXnsn

. -~
ClewZpsn s

"nsn'xﬂan i

a;lan'Rflsn

lnan

Pucynok 16.9 — BekTtopHas quarpaMma HanpspKeHHU
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Jlg nostydeHus 3Hau€HUs HaNpsDKEHUS B Haudaje Mepeladd K HalpsyKEHUIO B KOHIE Mepeaaydn
HY>KHO J100aBUTH MaJ€HUE HANPSIKEHHUS OT TOKA HArpy3KH B aKTUBHOM M PEAKTUBHOM COINPOTHBIICHU-
ax JIOII. Ha BekTOpHO# AMarpamme 3TO TPEYrojdbHUK agc. BennmuuHa ¢azHoro HarpspkeHUs B Havase
nepenayu 10 noakiarodeHus KY pasna Ui ¢. OTpe3ok ac’ YMCIEHHO paBeH NOTEPE HANPSKEHUS B CETH.

HocTpanBaem TpeyrojabHUK majaeHust Hanpsokenus oT Toka bK B compotunenusix JIDII. Oto
TpeyroiabHUK cde. CoeuHsIeM Hayaln0 KOOPAMHAT C TOYKOHN e W ompejenseM BequyuHy (a3HOro Ha-
npsbkenus B Hadaie JIDII nmocne ycranosku BK U ¢ ¢ k. ITo momyimio U ¢ ¢ skMeHbIIEe HanpskeHus Uy
cl).

Benuunna notepu HanpsbkeHus nocie yctaHoBku bK uncnenHo paBHa oTpesky ae’. CpaBHUBaeM
OTpE3KU ac'u ae' n BUAUM, 4TO NoAKI0UeHUE BK NMpUBOIUT K YMEHBIICHUIO IOTEPU HATIPSIKEHUS.

W3 ananu3a MOKHO clienaTh BBIBOA, YTO IIPH 3a/1aHHOM HAIPSKEHUM B Hayalle y4yacTKa CEeTH NpHU
ycraHoBke bK yiydiaercst pesxuM HarpsiKeHus B KOHIIE y4acTKa.

OueHuM BiIMSHHE BEJIWYMHBI MOIIHOCTH HArpy3ku. IIpym ManbIx Harpyskax yMEHbBIIAIOTCS pa3-
Mepbl TpeyroibHuKa agc. Ecnu ucnonb3yercs HeperynupyeMmas BK, pasmepsl TpeyrosnbHuka cde oc-
TatoTcst 6e3 M3MEeHEeHU. B 3ToM pexume HanpspkeHHE B KOHIIE Iepelayd MOXKET ObITh Oolblie Ha-
NpsDKEHUsl B Hadaje mepenadu. JTo HemomycTtuMo. CieqoBaTeNbHO, HYKHO HMCIOJIb30BAaTh PETYJIH-
pyembie BK. Dddext perynupoBanus Tem Ooinblie, yem Oombine MouHocTs BK 1 mHayKTHBHOE CO-
MIPOTHUBJICHHUE CETH.

Taxum 00pa3oM, Ha BEKTOPHBIX JUarpaMMax BHJHO, YTO BEJIMYMHA TOKA, MOLTHOCTH U MOTEPU
HANpsOKEHUS B JIMHUU DJIEKTpOIiepesiad, YMEHbIIWIACh MOCe MOAKIIOYEHHs] Ha IIMHBI MOTpeOuTeNs
Oaraper KOHJIEHCATOPOB. DTOT BHIBOJ CIEYET M U3 PACUETHBIX (POPMYIL:

[TapameTp bes BK CBK
MomzocTs Enan = §Harp = PHarp + jQHan §n3n = §Harp = PHarp + j(QHan B QBK)
Tox lnan :lHan :Iﬂarpa _jIHarpp lnan = Lyarp :Iﬂarpa + j(]Harpp _[BK)
2 2 2 2
PHarp + QHarp PHarp + (Qﬂarp B QBK)
AP = 3 ‘R AP = 2 ‘R
UHan Harp
[Toreps mor-
2 2
HoctH IDHzarp + Q]farp AO = F Harp + (Qﬂarp - QBK) X
AQ = 2 ’ JI311 Q - U2 JI31
UHarp Harp
})Harp ’ Rnan + QHan ’ Xnan PHarp ’ Rnan + (QHarp - QBK) ’ XJ'IBI'I
ToTeps Ha- AU = AU =
MMPAKCHUA UHarp UHan

Ilpooonvnas komnencayus

[IpononpHas KoMIIeHcalUsl TPUMEHSETCS AJI YMEHBIIECHUSI peaKTUBHOTO corpotuBieHus JIDIL.
Kommencamus obecriednBaeTcsi MoCIeI0BaTeIbHBIM BKIIIOUeHHEM B pacceuky JIDII emkocTHOrO CO-
IPOTUBJIEHUS B BHUJIE KOHJeHcaTopoB. IlocTtpouM BekTOpHYIO auarpammy HanpsbkeHuil ¢ YIIK g
cnenyromei cetu (puc. 16.10).
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Pucynok 16.10 — IIpumenenue YIIK B cetn

BekropHas auarpamma HanpspkeHuid 10 npumeHenns: YIIK aHanornyHa BEKTOpHOW auarpam-me Jist
JIDII ¢ onHoit Harpy3koil B cetu 35 kB (puc. 16.11). B pe3ynbraTe nocTpoeHus 1mojiydaeM BEIUYUHY
HanpsbkeHus B Havgane nepenauu Ujg. IIpu BBenenun VIIK B pacceuky JIOII ymenbmaercs MHIYK-
TUBHOE COTPOTHBIICHUE CETU M COCTABIISIONIAs MAJCHHUS B PEAKTHBHOM CONPOTHUBICHUH — OTPE30K bd
BMecTo bc. CoelMHUM Havyajio KOOPAWHAT C TOYKOM d U MOJYyYUM BEKTOp HANPSDKEHUS B Havyalle mepe-
nauu npu ucnoiaszoBanuu YIIK. Onenum Bnusaue YIIK Ha cocraBisioniye najgeHus HanpsHKeHUs.
[IpononbHas (0Tpe30K ac’ ) u monepeyHas (OTPE30K cc’ ) COCTABISAIONINE MaJCHHS HAIIPSIKEHUS

B UCXOJIHOW CETH PaBHBI:

AUy =1, - (Rcos@, + Xsing,);

dU,, =1, - (X cos@, — Rsing,).

[Ipu kommieHCauu:

. npooabHas (0Tpe3ok ad’)
AUG™ =1, -[Rcos @, + (X — X )sing,];
. noriepevHast (0Tpe3ok dd’)

U™ =1, -[(X — X)cosp, — Rsing,].

c

Pucynok 16.11 — BektopHast quarpamMmma HanpspKeHUM npu ucnosib3oBanuu YIIK

N3 BekTOopHOI nuarpaMmsl ciaenyeT npumenenre YIIK npuBoauT K yMEHbBIICHUIO HANPSIKEHUS
B HavaJie nmepcaayu, HpOI[OJIBHOfI u HOHCpG‘-IHOfI COCTAaBJIAOIINX MAACHUA HAIIPAKCHU .

Ecimm mogobpate YIIK Tak, uto X = X;, T.e 00ecneynTh MOJHYI KOMIICHCAIINIO WHIYKTHBHOTO
compotusienus JIDII, To majenue HampspkeHUs OyeT OnpelensiThCs TOJNBKO BETMYMHON aKTHBHOTO
conpotuBienus JIDII

AU, =1, -Rcos@,;dU, =1, - Xcosg,.

B sTOM cinydae HanpskeHHE B Hayalle iepeiadu OyJeT paBHO OTPE3Ky ob.
MosHO HailTu Takoe 3HadeHue X, 4YTOObI MOTepsl HANpPSHKEHUs B CETU paBHsJIAch Hymto. Eciu
npeHeOpeyb NONepeYHOl COCTABIAIOIIEH MaJeHHUs HAPSKEHUs, IMEEM

AUG™ =1, - [Rcos @, + (X — X )sing,]=0.
Haitnem Benmnunny X.:
Rcos@, =(X — X)sing,;
X=X + Rctgo,.
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[To Bennumne X, moaOMparOT MOIIHOCTh OaTapen KoHAeHcaTopoB. Ha mpakTuke yaiie Bcero He
MPUMEHSIOT MOJHYI KOMIIEHCAUUI0 U conporuBieHre YIIK paccunThIBalOT U3 MOTEPU HAIPSKEHUS,
KOTOpasi 00eCTeunBaeT KelaeMblil ypOBEHb HANIPSHKEHHS B CETH.

N3 dbopmynsl ms pacueTa morepu HampspbkeHus ¢ yuetom YIIK BuaHO, 9TO mpuMeHEeHHEe KOH-

JIEHCATOPOB 11€J1€CO00Pa3HO NPU 3HAYMTEIBHON PEaKTHBHOW COCTaBIAIONIEH TOKa, T.e. Korjaa Igo,

Onm30k K equnune. Ipu Manbix 3Ha4eHnsax g, noreps Hanpsokenus B JIDII onpenenserca B ocHOB-

HOM aKTHBHBIM COTIPOTHUBIICHUEM.
Hocrouncrra VIIK:

aBTOMATUYECKOE U OE3bIHEPIIMOHHOE PETYINPOBAHUE HAPSIKEHUS;

OTCYTCTBHE JIBUKYILUXCS YaCTeH JieaeT yCTaHOBKH MTPOCTBIMH U HAJICKHBIMH B SKCILTyaTallluu;

IpU OJIMHAKOBOM perynupytouieM s¢dekre mouHocTh BK, BBIOpaHHOI TOIBKO ISl PETyIUpOBaHUS

HaANpPsDKEHUs, MEHbIIIEe YeM MIPH MONEPEeYyHON KOMIIEHCAIIHH.

Henocrarku:

BO3MO>KHBI PE30HAHCHBIE SIBJICHUS, KOTOPbIE BBI3BIBAIOT KaYaHUsI pOTOPOB JABUraTeNe, MUTaHHUE JIaMIT

HaKaJIUBaHWUS;

yBEJIMYEHUE TOKOB KOPOTKOTO 3aMbIKAHUS;

IIPU KOPOTKUX 3aMBIKaHUSIX BO3HUKAET OMACHOCTbH MOSBIECHUS HA KOHIAEHCATOPAaX BBHICOKOTO HAIpsikKe-

Hus. [lostomy mist myaTHpoBaHuss bK nmpu KOpOTKHX 3aMBbIKaHUSX MPUMEHSIIOT OBICTPOACHCTBYIOIITHE

Pa3psIHUKHU.

Boioop mownocmu 6amapeii KoHOeHcamopoe npu nonepeuHoil KOMneHcayuu

KV, ycranaBnuBaembIx BOJIH3U MOTpEeOUTENCH B CUCTEME, B IIEJIOM OTPEENIeTCs Ha OCHOBE OanaHca
peakTuBHOM MomHOcTH. OgHAaKO, B pacnpenenutenbHon cetu 35-110 kB Bennunba O, onpenenser-

¢S TI0 BEJTMYMHE YKOHOMHUYECKOT0 TaHreHca. Ero 3HaueHume YCTaHABJIIMBACTCA 3HepFOCI/ICTeM0ﬁ B 3aBU-

=220xB 1g¢, =023 ,U,,., =110xB

CUMOCTU OT MUTANOMICTO HAIPSAKCHUA CCTH. I[JI}I U

tg¢,. =028, U, =35kB 1gp, =0.32.

3HayeHHe TAHT'€HCA HArPy3KU PACCUUTHIBACTCS CIIEIYIOIIUM 00pa3oM:

QHarp

tg(pHarp = p :

Harp

lHoM lHOM

Ecnu ero 3HaueHue 0oibIne 3HAYCHHUS] YKOHOMHUYECKOTO TaHTEHCA, MPUMEHSIOT KOMIICHCAITUIO
PEaKTUBHOM MOIIIHOCTH U MOHMKAIOT TAHT'€HC HATPY3KHU:

QHarp - QKy

Harp

18P =

BrimonauM npeoOpa3oBaHus MPUBEACHHOTO BEIPAXKEHUS:

QHarp QKy QKy
1gp,, = 2P =Y _y - _
8 =~ =8P

Harp Harp Harp

MoIIHOCTh KOMITIEHCUPYIONIEH YCTAaHOBKHU pPaBHA:
QKy = PHarp ) (tg(PHarp B tg(pax)
3HaueHHe P,rp BBIOUpaAETCA 10 TpaduKy y3i1a Harpy3ku. OTO HauOoJbIIas aKTUBHAs MOIIHOCTb

y3J1a Harpy3Kd B 4achl HAMOOIBIUX HATPY30K B dHEeprocucteme (¢ 9 mo 11 wmm ¢ 17 o 21 gaca). s
9TOTO )K€ Yaca BHIOMpAETCs U 3HAUCHHE PEAKTUBHOM MOIITHOCTH M OTIPENIEISIETCS] TAHTCHC HATrPY3KH.

OueBuHO, YTO €ClU 8@, < (g, , TO HEOOXOIUMOCTU B KOMIEHcauuu Q HeT.

Yamie Bcero Ha notpedurensckux [1C B kauectBe KY mcnonb3yroTest KOHIEHCAaTOpHBIE OaTapen
B BHJI€ KOMIUIEKTHBIX ycTaHOBOK Thna YK. B cetu 6 kB npumenstorcs YK mommnoctsio 300, 400,
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450, 675, 900, 1125, 1350, 1800 u 2700 kBap. B cetu 10 kB npumensitorcst YK, HaunHasi ¢ MOIIHOCTH
450 xBap.

Momnocts KV pacnpenensercs paBHomepHo Ha cexuuu muH 6-10 kB IIC, T.e. konudecTBo oa-
HOTUIHBIX YK ODKHO OBITH KPaTHO 2 MPH ABYXOOMOTOYHBIX M TPEXOOMOTOUYHBIX TpaHchopMaTopax
(tuma TM, TMH, TIH, TATH, AT) noacranumii u kpaTHO 4 — npu TpaHchopMaTopax C paciierieH-
HOM 00MOTKOM HU3KOTO Hanpspkerus (turma TPJIH).

Cmamuueckue ucmouyHuKu peaxmuenoﬁ MouiHocmu

barapen koHzeHCcaTOpoB 00JaaI0T CYIIECTBEHHBIM HEJOCTATKOM — M3MEHEeHHe MOIHOCTH bK
HOCHUT CTYyINEHYAThI Xapakrep. VICTOUHHMKH HOBOTO THIA — CTaTHYECKUE HCTOYHUKUA PEAKTHUBHOM
morHoct (MPM unu CTK) He ob6namarot atuM HenpoctatkoM. CTK coctouT u3 Heperyiaupyemon 0a-
Tapen KOHJIEHCATOPOB M PETYIUPYEMOro peakTopa. baTapes KOHIEHCATOPOB M PEaKTOp MOTYT OBIThH
BKJIFOUYCHBI U TIocieoBaTenbHO (puc. 16.12 a), u mapamwiensHo (puc. 16.12 6). IlnaBHOCTD perynupo-
BaHUs 00ecreurnBaeT THPUCTOPHBIN 010K yrpasneHus (TBY).

¥ . (p—

- - B

al B}

Pucynok 17.12 — Cxemsl CTK:
a) — TOCJIeI0BaTEILHOE BKIIIOUEHHE; 0) — MapajuieIbHOe BKIIFOUCHHE.

Crarnyeckue NCTOYHMKH PEaKTUBHOM MOIIHOCTH NPHUMEHSIOTCS Ha Pa3IMYHBIX HANpPSHKCHUSX.
OneIT 3KCITyaTalMy M MPOBEACHHBIE MCCIEAO0BAaHUS IO3BOJISIIOT YTBEP)KJIaTh, YTO B pAJE CIIy4acB
npumenenrne CTK a¢pdexTuBHEE MPUMEHEHNUS] CHHXPOHHBIX KOMITEHCATOPOB.

Bonbmmii uarepec npencrasimsitor CTK ¢ mapannensHbIM BKIIFOUEHHEM OaTaper KOHJEHCATOPOB
u peaktopa. Cymmapnas momHocTs CTK npu nmapanieasHOM COeIMHEHUU paBHA:

QCTK = QL - QC :
BennuuHbl peakTHBHOM MOIIHOCTH peakTopa U OaTaper KOHIEHCATOPOB OMNPEIEINSIOTCS Clie-
JYFOIITUM 00pazoM:
2 U2
Q, =—=var; ., = — = const.
L c
Junanazon n3menenus mouHoctd CTK (perynupoBouHbIi 1nuana3oH) ONpeaeseTcs COOTHOLIe-
HHEM MOILHOCTEH OaTapen KOHJEHCAaTOpPOB U peakTopa. Eciau GaTapest KOHIEHCATOp U peakTop UMEIOT
OJIMHAKOBYIO TI0 BEJIMYMHE MOIIHOCTb U MOIIHOCTH PEAKTOpa MEHSETCS OT HyJs /10 HOMUHAaJIbHOU
MottHocTH, To MommHOCTh CTK m3MmeHseTcs B 1uamasoHe:

OSQCTKSQC'

B stom ciiywae CTK reHepupyeT peakTUBHYIO MOIIIHOCT.

Ecnu momHOCTh peakTopa 60bIine MOMHOCTH OaTapen koHaeHcaTopoB, To CTK moxer pado-
TaTh U B PeXKUME TCHEPUPOBAHUS, U B PeKUME TIOTPEOICHUS peakTHBHOW MOoITHOCTH. [lepexon u3 ox-
HOT'O PEXXHMMa B IPYTOH BBIMOIHSIETCS IIaBHO.

Henocratku CTK ¢ napanienbHbIM BKIIOUEHUEM:
OTPHUIIATENIbHBIN peryaupyromuid 3GdeKT (Ipu yBEJIMUYESHUHU HANpPSDKEHHS HEOOXOIMMO YMEHBIIHUTHh
BBIPA0OTKY PEAKTHBHOW MOIIHOCTH, TPOUCXONT €€ YBEIUUCHHUE);
PE30HAHC HAMPSKEHUS MIPU MEPEX0/Ie€ U3 OJHOTO peKuMa paboThl B IPYTOM.
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17 Memoowl pezynuposanus HanpasCeHUsl.
Yempoiicmea pezynupoeanun nanpsasicenus

O01Ime moJI0KEHUS

Hanpsbkenue B y31max ceTd MOCTOSHHO MEHSIETCS M3-3a U3MEHEHHsI Harpy3Ku, peskuMa paboThl
VCTOYHUKOB ITUTAHMSI, CXEMBI CETH.

Pexum HanpsokeHUR B AJIEKTPUYECKOM CeTH JTOJDKEH ObITh TaKWM, YTOOBI OBLIM BBHITOJIHEHBI
tpeboBanusi 'OCT B OTHOLIEHHWHU JOMYCTUMBIX OTKJIOHEHHUH HAINPSDKEHUS IS AJIEKTPOINPUEMHHUKOB,
KOTOpBIE MUTAIOTCS OT 3TOM CETU. 3HAYECHMS] OTKIOHEHHM HAaNpsHKEHHS 4acTO MPEBBIMIAKOT JOMYCTH-
MBI€ 110 CJIEAYIOLUM IpUYNHAM:
00JIbIINE TOTEPU HAMPSKEHUS B CETHU;

HeTpaBWIbHBINA BEIOOp CEYSHUH TOKOBEAYIIMX IEMEHTOB U MOIIHOCTH CHJIOBBIX TPaHC(HOPMATOPOB;
HENPAaBUJIbHOE IOCTPOEHUE CXEMBI CETH.

OdeHb YacTO TH NPUYMHBI BO3HUKAIOT IIPU Pa3BUTUU CETH, NIPU €€ peKOHCTpyKuuu. IlosTomy
YTOOBI 00ECTIeUnTh HEOOXOIUMbIE OTKJIIOHEHHS] HANIPSDKEHUS HA IIMHAX AJIEKTPONPUEMHUKOM CJIeIyeT
IPUMEHATH PETYJIINPOBAHKUE HAIIPSHKECHHUS.

PerynupoBanueM HamnpshKE€HUs HA3bIBAETCS MPOLIECC M3MEHEHMS HANpPsDKEHUS B XapaKTEPHBIX
TOYKAX CETH C TOMOUIBIO CIEIMATBHBIX TEXHUYECKUX CPENICTB.

CrniocoObl peryiarpoBaHus HAPSDKEHUS BOSHUKIIM C BOSHUKHOBEHHEM 3JIEKTPHUECKUX ceTeil. Mx
pa3BUTHE IPOUCXOIMIIO OT HU3IIMX YPOBHEN yIpaBieHHs K BbiciinM. CHayasla HCIOJIb30BaJIOCh pEry-
JUPOBAHUE HANPSIKEHUS B LEHTPAX MUTAHUS PACIPEICIUTENBHBIX CETeH U HEMOCPEACTBEHHO Y IO-
TpeOuTesne n Ha dHeprodyIoKax AneKTpocTaHuui. Ceilyac TH METOJbI PETYIHMPOBAHUS HANPSIKESHUS
Ha3bIBAIOTCS JIOKaJbHBIMU. [10 Mepe pa3BuTHs ceTell 1 00beIMHEHUSI UX B KPYIHbBIE YHEPTOCUCTEMBI
BO3HHKJIA HEOOXOJUMOCTh KOOPIAMHUPOBATh pabOTy JIOKaTbHBIX METOA0B. KoopauHupoBaHHE OTHO-
CUTCS K BBICILIUM YPOBHSIM PETYJIMPOBAHUS HANPSIKECHHUS.

JlokanapHOE PETYIMPOBAHUE MOXKET OBITh IIEHTPAIM30BaHHBIM U MECTHBIM. LleHTpann3oBaHHOE
YIPABJICHUE BBINOJIHAETCS B LEHTpax NMUTAaHMs. MeCTHOE peryJMpoBaHHUE MPOBOJUTCS HEMOCPEACT-
BEHHO y noTpebuteneil. PerynupoBanue HampsoKeHHsS B LIEHTPaX NMUTAHUS NMPUBOJUT K M3MEHEHUIO
peXuMa HaIpsHKEHUs BO BCEH CETH, KOTOpasi MUTAeTCs OT HEro. MecTHOe peryaupoBaHUe MPUBOAUT K
W3MEHEHHUIO PEKMMa HANPSYKEHUS! B OTPAHUYEHHON 4acTH CETH.

PeI‘y.HI/IpOBaHI/IC HAIMPsKCHUA B HCHTPAX NUTAHUA

Hentpamu nutanus (IIII) mMoryT OBITH IIMHBI TEHEPATOPHOTO HAMPSIKEHUS AIEKTPUISCKUX
CTaHIIMN, HU3IIIETO HAMPSHKEHUS paHOHHBIX MOJACTAHIINKN WM MTOACTAHIINI TITyOOKOTO BBOIA.

PerynupoBanue HanpspKeHHs Ha TeHEpaTopax 3JIEKTPOCTAHIUK BBIMOJIHSAETCS 3a CUET U3MEHe-
HUS TOKa BO30YKIICHHUS C TOMOIIBIO YCTPOMCTBA aBTOMATHYECKOTO PETyJWPOBaHUS BO30YKICHHS
(APB).

PerynupoBanue HanpspKeHUs HA MIWHAX HU3IIETO HANPSHKEHUS MOHMYKAIOIINX MOACTAHITUHN TTPO-
HU3BOJUTCS C IOMOIIBIO:

TpaHc(hOpPMaTOPOB CO BCTPOCHHBIMH YCTPONCTBAMHM JJIsl PETYJIUPOBAHUS HANPSDKCHUS 110J] HATPY3KOU
(PIIH);

cUHXpOoHHBIX kKomneHcaTopoB (CK);

JIUHENHBIX perynaropos (JIP).

[Ipu sTOM perynupoBaHHe HANPSHKEHUS] MPOU3BOAMTCS aBTOMATHYECKH B Mpejeriax pacrosa-
raeMoro Juarna3oHa peryJupoBaHus. PerynmupoBaHue HaNpsOKEHUS MPOUCXOIUT OJHOBPEMEHHO IS
BCEX JIMHUI 3JIEKTpOIepeay CeTH, KOTOPbIE MUTAIOTCA OT IIWH LIEHTPa TUTaHUSL.

KadecTBo HanpspkeHHs1 06ecTieunBaeTCsl TOJIBKO B TOM ClIy4ae, KOT/la K IIMHAM IIEHTpa TUTaHUs
MPUCOEAMHEHBI OAHOPOIHBIE moTpeOuTenn. J{ns HuX rpaduk M3MEHEHUs HATPY3KH SIBISETCS OJTHO-
THUITHBIM.
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Ecnu snekTponpueMHUKH UMEIOT pa3Hble TpapUKH HArpy3Ku, TO B IIEHTPE MUTAHUS TPUMEHSIOT
CXEMBI IPYNIOBOr0 IEHTPAIN3OBAHHOTO PEryJMpOBaHus. B 3TOM ciydae 31eKTpONPUEMHUKU JENsAT
Ha IpyNNbl B COOTBETCTBUU C XapaKTEPOM UX Harpys3ku. JIMHUM aneKkTponepenay, KOTOPbIE IMUTAIOT
TaKue IPYMIbl JIEKTPO-NPUEMHUKOB, CTAPAIOTCS IPUCOEIUHUTD K Pa3HbIM CEKLUAM IIHH LEHTpa IH-
TaHUS U PEryJIMpoBaTh HANPSIKEHUE HA KaXA0N CEKIIMU OTIENBHO.

Ecnu Takoil BO3MOXXHOCTH HET, TO B LIEHTPE NMHUTAHHE BBINOJIHACTCS PEryIupoBaHHUE Kak IJis
IpYyMNIbl OJHOPOAHBIX MOTpeOuTenel. ¥ Tex moTpedureneld, KOTOPHIM ATOTO PEryIHMpOBaHUS HAIps-
AKEHHS 0Ka3aJI0Ch HEJOCTATOYHO, BBIIIOJIHACTCS U MECTHOE PEryJIMPOBAHUE HAIPSIKEHHSL.

B 3aBucumocTH OT Xapakrepa 3J€KTPOIPUEMHUKOB MOXHO BBIJECINUTH TPU MOATHUIA PETYIHPO-
BaHUs HAIIPSDKEHUS:
cTa0mIn3anus HanpsHKEHUS;

JBYXCTYIIEHYATOE PEryJIUpOBaHUE HAIIPSKEHHUS;
BCTPEYHOE PETyIUPOBAHUE.

Cmabunuzayus HANPSHDKEHUS TPUMEHSIETCs JUIsl TOTpeOuTesel ¢ MpakTUYeCKH HEM3MEHHOM Ha-
I'Py3KOH B TEYEHHE CYTOK (TPEXCMEHHBIE NPEATIPUSATHSA).

Leyxcmynenuamoe pe2ynuposeanue BbIIIOIHAETCS s JEKTPONPUEMHUKOB C IPKO BBIPAKEHHBIM
JBYXCTYIIEHYaThIM XapaKT€POM M3MEHEHHUs Harpys3Kku. (OJHOCMEHHBIE IpeanpusaTus). B atom ciaydae
HOJIEP’KUBACTCS [1BA YPOBHS HAIIPSKEHUS B CYyTKH B COOTBETCTBUU € Tpa)MKOM Harpy3KH.

B cinydae nepeMeHHON CyTOYHON HAarpy3KH BBIIOIHICTCS 6CHPeyHOe pe2yauposanue. ITOT NOJ-
THUII PETyJIUPOBaHUS HAIPSKEHUS CaMblil pacipOCTPAHEHHBIH.

MeTo BCTPEYHOTO PETyIMPOBAHUS

CyTp M€TOJIa BCTPEYHOTO PETYJIMPOBAHUS 3aKJIIOYAETCS B U3MECHEHUH HANPSDKEHUS B 3aBUCUMO-
CTH OT U3MEHEeHHMs rpaduKa Harpy3Ku AJIEKTPONPUEMHHKA.

CormacHO MeTOJla BCTPEYHOI'O PETYJIMPOBAHME HANPSHKEHUE HA HIMHAX HU3IIETO HAIPSKEHUS
PaliOHHBIX MOJCTAHIUI B NEPUOJ MAKCUMAJIbHON HAarpy3KH JIOJKHO NMOJAJIEPKUBATHCA Ha 5 % BBbILIE
HOMUHAJBLHOTO HANpsDKeHHs muTaemMou cetu. Jta mudpa npuseneHa B [1YD ([IpaBuna ycrpoiicTBa
AJIEKTPOYCTAaHOBOK). ONBIT 3KCILTyaTalluy MTOKA3bIBAET, YTO CIEAYET MOBBIIATh HanpshkeHue Ha 10 %,
€CJIM TIPU 3TOM OTKJIOHEHHE HaNpsDKEeHUs y OMpKalMX notpedureneid He MPeBOCXOAUT AOMYCTUMOIO
3HaueHus. B nepnoa MunuMmanbHON Harpy3ku (Pyyy < Pyakc) Hanpsbkenue Ha muHax 6-10 kB TIC no-
HWDKAETCA O HOMMHAJIBHOTO HAIIPSKCHHUSL.

Paccmotpum »TOT METO Ha MpuMepe ciaeayromen cetu (puc. 17.1).

nc
n p P (" o

A

Pucynok 17.1 — Cxema y4dacTka 31€KTpUUECKON CETU

B pexxuMe MakcuManbHOW HAarpy3Kd B IIEHTPE NMUTAHUS nojaepxkuBaeTcsa Hanpsikenue U g, Ha
mIMHAaxX Beiciiero HanpspkeHus [1C HanpsbxkeHne HUke u3-3a notepsb HanpsbkeHus B JIOI. O6o3Haunm
310 HampspkeHue U, g. HampspkeHne Ha MIMHAX HUBIIEro HAIPSsDKEHUsS STOM MOACTaHIUU MIPUBEACHHOE

3
K HalpsDKeHHIo Bbicmieid ooMoTku U, Huke HanpsbkeHus U, gHa BEIUUYMHY IOTEPH HANPSDKEHUS B
tpanchopmatope. Ecau 6v1 Ha [IC He Obl0 perynupoBanus HampsbkeHus (K =1), To daxTtuyeckoe
HaNpsDKEHUE Ha IuHaX Hu3miero HampspkeHus [IC B OTHOCHTENBHBIX €AMHUIIAX ObUIO OBl paBHO Ha-
*
npsokernio U, . DTO U ecTh HaNpsDKeHUe Ha IIMHAX dJIeKTponpueMHuka A. Ero BemnunHa ynosie-

TBOpseT HopMmaM ITYD. Hanpsoxkenne Ha muHax 351eKTponpueMHUKA b (Us 6es per.) MEHBIIE HAIPsKe-
HUS Ha [IMHAX JICKTPONpPUEMHHUKAa A Ha BelM4YMHYy noTepu HamnpsbkeHus B JIOII,. Ero Benuuuna He

cootBercTBYeT TpeboBanusam ITYD. Ilpu perynuposanuu Hanpspkenus (K # 1) nanpsbkenne Ha mu-

HaXxX HHU3IICTO HaHpH)KeHI/ISI HC HOI[IIep)KI/IBaeTCH Ha 5 % BBIINIC HOMHMHAJIBHOI'O HaHpH)KeHI/I}I CCTH.
[Toguars Hanpsokenue Ha 10 % Bblllle HOMUHAJIBHOTO 3HAYEHUSI HAIPSKEHUSI CETHU HENb3sl, TOTOMY
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YTO B 9TOM CJIy4ae HampsOKEHHE Ha LIMHAX MOTpeOHuTenst A He cOOTBETCTBOBaIO Obl HopMmam I1YD.
[Ipu perynupoBaHuM HanpsDKEHUS BEIMYMHA HAINPSDKEHUS Ha IIMHAX JIEKTpolpueMHuKa b BXoauT B
30HY JOMYCTUMBIX 3HaYEHHI.

Z Use 2 Uan Z, Us
b @ >
a T A

Uinm Uze .
Uy Ge3 per.

Ug Gea per.
\ >< 1,05 Uyong

Pucynok 17.2 — BerpeuHoe peryinpoBaHuE HaNpsHKEHUs

B pexxrMe MUHHMMAabHBIX HArPY30K HAIPSHKEHHE B LIEHTPE MUTAHUS BbIIIE, TOTEPU HANPSKEHUS
B 2JIEMEHTax ceTH MeHblIe. [loaTomMy 6e3 peryaupoBaHus HANPSDKEHUS U HANpsDKEHHE Ha MOTpeOuTe-
ne A, v HanpspKkeHue Ha notpedutene b Brie pekomengoBanubix [1YD. U3menennem kosddunrenrta
TpaHchopMmanuu 00eCIeYMBAETCs IOMYCTUMAsl BEIMYMHA OTKJIOHEHUS HAINPsDKEHHs HA IIMHAX 000MX
noTpeOuTeNeH.

Haubosnbiiee oTKIOHEHNE HANPSHKEHNUS HAOJIIOAaeTCs B aBApUIHBIX peXUMax paOOThl CUCTEMBI.
B sToMm cnyuyae moanep:kuBaTh HampshKEHUE Y BCeX MOTpeOuTeNel B 3aJaHHBIX Mpejaenax AJisi HOp-
MaJIbHOTO peXnMa paboThl 0e3 3HAUMTENbHBIX 3aTpaT Ha CIEIHaIbHbIE YCTPOHCTBA PEryIMpOBaHUs
HaNpsDKEHUsT HEBO3MOXKHO. [IoaTOMYy B aBapUiHBIX peXHMax Jomyckaercs OoJibliee OTKJIOHEHHE Ha-
IPSHKCHUS.

Pezy.nupoeaﬂue HANPANHCECHUA HA ITIEKMPOCMARUUAX

Ha SJICKTPOCTAHIUAX PCTYJIUPOBAHUC HAIMPSAKCHHUA IMPOU3BOAUTCA Ha I'CHEPATOpPAax U IIOBBI-
maroumx Tpancopmaropax.

N3meHeHne HampshKeHHs] TEHEPaTOPOB BO3MOXKHO 3a CUET PETyJIMPOBAHUS TOKA BO30YXKICHUS.
He meHsis akTUBHYIO MOIITHOCTh F€HEpaTopa HaNpsHKEHUE MOXKHO M3MEHSTHh B mpenenax 5 %. Ilo-
BBIIICHUEC HAIIPSKCHUA Ha 5% CBCPX HOMHUHAJIIBHOT'O COIMMPOBOXIACTCA YBCIMUCHUCM IMOTCPH B CTAIN
Y TIOBbIIIEHHWEM ee HarpeBa. [Ipu cHmkenun Hanpsbkenus a0 0,95 Uy HOMUHAQIBHBIM TOK CTaTopa
BO3pacTaer Ha 5 % M COOTBETCTBEHHO YBEIMUYUBACTCS HArpeB OOMOTKH.

Ha xaxnoii crynenu tpancopmaiuu tepsiercs npuodnuzurensHo 5-10 % nanpsokenus. [losto-
MY PETyJIMpPOBOYHOIO TUAMa30Ha TEHEPATOPOB SIBHO HEJOCTATOUYHO, YTOOBI MOIJIEPKUBATH HEOOXOIH-
MBI ypOBEHb HaIpskeHHs B ceTH. Kpome Toro, TpyAHO coriiacoBaTh TpeOOBaHUS K PEryIHMPOBAHUIO
HaNpsHKeHUs1 y ONMM3KUX U YAAJICHHBIX AJIEKTPONpUEeMHHKOB. [103TOMy TeHepaTophl 3JIeKTPOCTaHLIUI
SBIISIIOTCS BCIIOMOTATENBbHBIM CPEJICTBOM PETYIMPOBaHUs HampshkeHHs. Kak eJMHCTBEHHOE CPEICTBO
peryaupoBaHus FeHepaTOpbl IPUMEHSIOTCS TOJIBKO IS IIPOCTEHIIEH CUCTEMBI: MIEKTPOCTAHLIMS — HE-
pacnpezieieHHas Harpy3ka. B aToMm cinyuyae Ha IIMHAX AJEKTPOCTAHLIUNA OCYIIECTBIISIETCS BCTPEUHOE
PEryjinpOBaHUC HAITPAKCHUS. N3menenueM Toka BO36y)KI[eHI/I$I MOBBIIITAKOT HAIMPAKCHUEC B 4aCbl MaK-
CUMAaJIbHOM Harpy3Kd M CHUKAIOT B IEPUOJ MUHUMAIbHON Harpy3Ku.

HOBBIIHaIOIJ_II/IC TpaHC(l)OpMaTOpr Ha DJJICKTPOCTAHLUAX TOXKC SABJIAIOTCA BCIIOMOIaTCJIbHBIM
CPEJICTBOM PETYJIMPOBaHUS HampsukeHus. TpaHchopMaTopsl MOIIHOCTRIO 10 250 MBA HanpspkeHHeM
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110 u 220 kB umerot ycTpoiicTBo perynupoBanus HanpsokeHust Tuna [1BB (mepekmodenue 6e3 BO3-
OyXJIeHHsI, TO €CTh C OTKIIOUEHHEM OT CETH). Y CTPOMCTBO MMEET Ipeaell PEeryIMpOBaHUs HaMpsikKe-
HUsL £ 2 2,5 %. [loBsimaronue TpancopMaTopsl OOIBIIEH MOIIHOCTH BBITYCKAOTCS 0€3 YCTPOUCTB
I16B.

Pezyﬂupommue HANpANHCEHUA HA nOonUuIIIcarouiux nodcmanuuﬂx

Jlns perynupoBaHUsl HampsDKEHUs TpaHchopMaTopamMH MOJCTaHIMM MpeaycMOTpEeHa BO3MOXK-
HOCTh U3MEHATH K0d3(duuument tpanchopmanuu B mnpenenax 10 — 20 %. [o KOHCTPYKTHBHOMY HC-
MOJIHEHUIO PA3IMYaroT JIBa TUIA NEPEKII0YAtOIUX YCTPOUCTB:
¢ perynupoBanuem 6e3 Bo30yxaenus (I[Ib6B), To ects s usmenenns kodddunmenrta Tpanchopmanuu
TpaHcGOpMaTOp OTKIIOYAIOT OT CETH;

C peryJMpoBaHUEM HarnpsbkeHus noj Harpyskoi (PITH).

VYerpoiictBo PITH nopoxe yctpoiicta [IBB. CToumMocTs ycTpolcTBa Majo 3aBUCUT OT MOIIHO-
ctu Tpancpopmaropa. [loaTomy oTHOCcHTENbHOE ynopoxkanue Tpanchopmaropa ¢ PITH Oyner 3naun-
TEJILHO OOJIBIIMM JUTsSl TpaHC(OPMATOPOB MEHBIIEH MOIIHOCTU. B ¢BsA3M ¢ 3TUM TpaHchOopMaTOphl Ha-
npsokeHueM 6 — 20 kB OGonpiieit yacteio BemosHsIOTCA ¢ [IBB, a TpancdopmMaropsl HampsokeHHEM
Boimie 35 kB ¢ PITH.

VYerpoiicteo PITH, kak mpaBuio, ycTaHaBIMBAIOT Ha OOMOTKE BBICIIETO HANPSDKEHHS IO Clie-
JYIOIIUM IIPUYUHAM:

Ha CTOPOHE BBICILIETO HAMPSHKEHUS MEHBIINE TOKH, TI03TOMY YCTPOMCTBO UMEET MEHBIINE Ta0apuThI;
00OMOTKa BBICIIETO HAIpPSDKEHUSI UMEET OoJibliiee KOJIWYECTBO BUTKOB, MIOATOMY TOYHOCTH PETYIHUPO-
BaHMSI BBILLIE;

M0 KOHCTPYKTHBHOMY HCIIOJIHEHHIO OOMOTKA BBICIIETO HAMPSDKEHUS SIBISIETCS HAPYKHOUM (MarHuTO-
IPOBOJ — OOMOTKA HHU3IIEr0 HANpsHKEHUs: — 0OMOTKa BhICIIEro HampspkeHus ). [loaTtoMmy peBusnio yct-
poiictBa PITH BbIOJHATE TIpoOIIIE;

ycrpoiictBo PITH pacnonararor B HeiTpanu Bbiciieii oOMOTKH. OOMOTKH BBICIIETO HAIPSKCHHS
COCIMHAIOTCS B 3BE3]ly, @ OOMOTKH HU3IIETO HANPSHKEHUS! COSUHSIIOTCS B TPEYyrodbHUK. TpexdasHoe
peryJivpoBaHue MPOLIE BHITOJHUTH HA OOMOTKaX, COSJMHEHHBIX B 3BE31Y.

VY tpanchopmaropoB HampspkenueMm 110 kB momuocTteio 2,5 MBA u nHanpspokenuem 150 kB
MotrHocThI0 4 MBA ycrpoiictBo PITH pacnonokeHo Ha 00MOTKE HU3IIETO HAMPSHIKEHUS.

TpanchopMaTopbl UMEIOT Pa3HOE KOJIMYECTBO OTBETBIICHUN M Pa3HbIC CTYMEHU PETyIHpPOBAHUS
yctporictBa PIIH. ¥V tpanchopmatopoB ¢ IIbB pomonmHUTENbHBIX OTBETBICHHH Bcerma 4 -
+2x2,5%.

VYerpoiictsa PITH u ynpasisromye MMy CUCTEMBI aBTOMaTHYECKOTO PETYJIUPOBAHUS XapaKTEPH-
3YIOTCS:

BEITMYMHOWN HAMPSIKEHUSI CTYNIEHU PETYIHUPOBAHMS;
30HOW HEYYBCTBUTEIBHOCTH;

BBIIEP>KKOM BpeMEHH cpabaThIBaHUS;

TOYHOCTBIO PETYJINPOBAHUSA.

Cmynenvio pecynupoeanusi Ha3bIBA€TCA HAINPSIKEHUE MEXKJYy COCEIHHMH OTBETBIICHHSIMHU. Ero
BBIPAXKAIOT B MPOIEHTaX K HOMHUHAJILHOMY HAIPSHKCHUIO TOW OOMOTKH, KOTOpasi UMEET PeryIupoOBOY-
HbI€ OTBETBJICHUS. 30HOU HEYy8CMEUmMENbHOCMU HA3bIBAETCSI HEKOTOPBIM AUAana3oH W3MEHEHUs Ha-
MPSDKEHUs, P KOTOPOM HE TIPOUCXOUT CpadaThIBaHUE PETYIHUPYIOIICH ammapaTypbl. 30Ha HEUYBCT-
BUTEJIBHOCTHU PETyJSITOpa JOKHA OBITh HECKOJIBKO OOJbIIE CTYNEHH PETYJIUPOBAHUS: UHAYE PETYIIs-
Top OyneTr paboTaTh HEYCTOWYHMBO. BbidepocKa épemeru PETYIATOpa CIYKUT JUIsl MIPEJOTBPALICHUS
ero paboThl MPU KPaTKOBPEMEHHBIX U3MEHEHUSIX HANpsKeHHs. 30Ha HEUyBCTBUTEIBHOCTH U BBIACPK-
Ka BPEMEHM PETYISITOPA OIPENEISIIOT MOYHOCb PE2YIUPOSAHUS.

Yempoiicmeo PITH 08yxoomomounozo mpancgopmamopa
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Paccmorpum npunnunuansHyto cxemy ycrporictsa PITH ¢ peaktopom (puc. 17.3).
OBH
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Pucynok 17.3 — Cxema PIIH ¢ peakTopom

OO6MoTKa BBICIIIETO Hampsbke-Hus Tpanchopmaropa ¢ PITH co-ctouT U3 nByx HacTteid: HEperym-
pyeMoii uiIM OCHOBHOM () u pe-Tynupyemoit (0).

Ha perynupyemMoii 4acTi 00-MOTKH UMEETCSI PsIJT OTBETBIICHUM K HEMOABUKHBIM KOHTaKTaM 1, 2,
0, -1, -2. OtBerBieHus 1, 2 BKIIOYEHBI COTJIACHO BUTKaM OCHOBHOW OOMOTKH. [Ipu BKIIFOUEHUU OT-
BeTBJIeHUH 1, 2 koddurment tpanchopmanmu yBeauduBaercs. OTBeTBIeHUS —1, -2 COOTBETCTBYIOT
YaCTH BUTKOB, KOTOPHIE BKJIIOYEHBI BCTPEYHO MO OTHOIIEHUIO K BUTKaM OCHOBHOW 0OMOTKH. Ux
BKJTFOYCHHE TIPUBOJIUT K YMEHBIIIEHNIO K03 dUimeHTa TpanchopmaIum.

OCHOBHBIM BBIBOJIOM OOMOTKH BBICIIETO HAIPSDKCHHUS SIBISIETCS HYJIeBOU BbIBOA. C HEro CHUMa-
€TCsl HOMUHAJIbHOE HaNpsKEHUE.

Ha perynupyemoii yactu 0OMOTKM €CTh MEPEKITI0YaroNiee YCTPOHUCTBO. OHO COCTOUT W3 IMOJ-
BIDKHBIX KOHTAKTOB 6 U 2, KOHTakTopoB K| u K, u peaktopa P. CepennHa 0OMOTKH peaKkTopa COeIu-
HEHa C HEPeryaupyeMOi YacThi0 OOMOTKH BBICIIETO HANpsOKEHUs TpaHcopmaTopa. B HopMaipHOM
pexxume paboThl (0e3 MePEeKITI0UeHNUs) TOK Harpy3Ku OOMOTKH BBICIIIETO HAIMPSDIKEHUS MPOTEKAET Uyepe3
pEaKToOp U pacmpeeNseTcs MOPOBHY MEXIY MOJIOBUHAMH OOMOTKH peakTopa. [loaToMy MarHWTHBII
MOTOK MaJl U OTeps HApsHKEHUS! B peakTope TOKE Maa.

[TepexnrodeHrs BBHIIOTHSIOTCS CleAyromuM oOpa3oM. IIpennonoxxumM, 9To HEOOXOIUMO Mepe-
KJIFOUUTHCS C OTBETBIICHU 2 Ha oTBeTBIeHHE 1. /[ 3TOr0 oTKiIrouaercs KOHTakTop K, MepeBoauTCs
MOJIBMKHBIM KOHTAKT ¢ Ha OTBETBJICHHE | M BHOBb BKIIOUaeTcs: KOHTakTop K. B pesynbrare sTux
JIEUCTBUM CeKIus 1 - 2 OKa3bIBaeTCs 3aMKHYTON Ha peakTop. 3HaYWTeNbHAas UHAYKTUBHOCTh PEaKTOpa
OTPAaHUYUBAET YPABHUTEIbHBIA TOK, KOTOPBIA BOSHUKAET U3-3a HAIMYHUS HAIIPSKEHUS Ha ceKiuu 1 — 2.
3aTeM OTKJIFOYAETCs] KOHTAKTOp K>, MepeBOAUTCS MOABUKHBIN KOHTAKT 2 HA OTBETBJIEHUE | M BKIIFOUa-
ercst KOHTakTop Ko.

PeakTop 1 Bce MOABMXKHBIE U HEMOJBI)KHBIE KOHTAKThI MEPEKIIOYAIOIIET0 yCTPOWCTBA pa3Me-
nraroTest B 6ake TpancopmaTopa. KOHTaKTOpHI MOMEMIAIOTCS B OTACIBHOM Kokyxe. OH 3aIUT MaciaoM
Y pa3MeleH CHapy»Xu 0aka Tpanchopmaropa. ITo 00eryaeT peBU3UI0 KOHTAKTOB M CMEHY Maca.

[Tepekitouarenu ¢ peakTopaMu pacCUMTaHbl Ha JUIMTENIbHOE NMPOTEKaHue Toka Harpy3ku. Ho pe-
aKTOp SBJSETCS TSKENBIM U TPOMO3JKUM dieMeHTOM. [loaToMy mepekiodaroniye yCTpoicTBa TpaHc-
dbopmaTopoB HanpspkeHHe 220 KB 1 BBIIIE BRITOTHSIIOTCS Ha aKTUBHBIX CONMPOTUBICHUSIX. UTOOBI CHH-
3UTb MOTEPU AIEKTPOIHEPTUU B TAKUX YCTPOUCTBAX, X PACCUUTHIBAIOT Ha KPAaTKOBPEMEHHYIO paboTy.
YCTpoHCTBO TONMy4YaeTcsl KOMIIAKTHBIM, HO TpeOyeT MPUMEHEHHS MOIIHBIX OBICTPOJCHCTBYIONMINX
npuBoJoB. [IpuHIMN NeHCTBHUS TakuX YCTPONCTB pPacCMOTpPUM Ha NpUMEpPE aBTOTpaHchopmMaTopoB
HanpspkeHueM 220 — 330 kB.

Yempoiicmeo PITH aemompancghopmamopa

Yerpoiicteo PITH aBToTpanchopMaTopa pacmoiokeHO B JIHHEHHOM KOHIIE OOMOTKH CpEIHEro
HanpstkeHust (puc. 17.4). Ilpu Takom pacnonoxenun yctpoictBa PITH um3mensiercs koadduiment
TpaHchopMalMy MeXay 0OMOTKaMH BBICIIETrO U cpeaHero HanpsokeHuid. Koaddumment tpanchopma-
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IIUHM MEXITy OOMOTKaMH BBICIIETO ¥ HU3IIEro HamnpspkeHus He u3Mmensercs. CHavyana ycrpoiictso PITH
aBTOTPaHC(HOPMATOPOB BBIIOJIHSUIOCh BCTPOEHHBIM B HETpaib, Kak y TpaHchopmatopos. [Ipu pery-
JMPOBAHUU U3MEHsUICS K03(puumeHT Tpanchopmaiu Mexay BceMu oOMoTkaMu. IIpu TakoM BbITOI-
HEHMU TPYAHO OBLIO COINacoBaTh TPeOOBAHUS MO PETYIMPOBAHMIO HAINPSDKEHMs Y MOTpeOuTenei Ha
CTOPOHAX HU3KOTO U cpenHero HanpsukeHuil. Ilpu pacnonoxenun ycerpoiictsa PITH B nuHeliHOM KOH-
11e OOMOTKH CpPEJHEro HanpsHKeHHs OOMOTKA HU3LIETO HANpPsDKEHUS OKa3bIBAETCS HEPEryIHPYEMOM.
Ecnu Bo3HHMKaeT HE0OXOAMMOCTh PETYIMPOBAHUS OOMOTKH HM3ILETO HANpsDKEHUs aBTOTpaHchopma-
TOpa, MOCJIEIOBATEILHO ¢ OOMOTKOW HU3IIET0 HAIPSIKEHUS BKIIOYAIOT JIMHEHHBINA perynsaTtop. C 3Ko-
HOMUYECKOH TOYKH 3PEHHUSI TaKOe PelIeHHEe OKa3bIBaeTcs Ooiiee 1eaecoo0pa3HbIM, YeM BBITIOJHEHHE
aBTOTpaHchopmaropa ¢ nBymMs ycrpoiictBamu PITH.

BrimonHeHue 0TBETBICHUN CO CTOPOHBI HEHTpaJIU MO3BOJISET OOJIETYUTh U3OJSIUIO YCTPOICTBA
PITH u paccuuTtath ero Ha pa3HOCTh TOKOB OOMOTOK BBICIIIETO W CpeaHero Hampspbkenuit (Ig — Ic). Ho
perynupoBaHue OyJeT CBsI3aHHBIM. BBIMOTHEHNE OTBETBICHUN B TMHEHHOM KOHIIE OOMOTKH CPEIHETO
HAIPsDKEHUS YCTPOMCTBO JOJDKHO PACCUUTBIBATHCA HA IOJIHBIA HOMMHAIBHBIA TOK, @ €r0 U30JIALMS HA
HarnpspKeHne 0OMOTKHU cpenHero HanpspkeHus: Uc. Ho perynupoBanue OyaeT He3aBUCUMBIM.

CH

OBH

g

OHH

Pucynok 17.4 — Cxema PITH Ha akTUBHBIX COTPOTUBIICHUSIX

CormacHo puCyHKa, pabounii TOK MPOTEKAET Yepe3 3aMKHYTHIM KOHTAKT | W BCTIOMOTaTENIbHBIN
KOHTakKT 2. [lepexitoueHne npoucxoauT B ciaeayronieM nopsake. [Ipu nepexone co cTyneHua Ha cTe-
MIeHb ¢ CHavajia pa3MbIKaeTCsl pabodmii KOHTAKT 1, 3aTeM BCTIOMOTATEIbHBIA KOHTAKT 2. TOK HAarpy3Kku
MPOTCKACT 4ePe3 CONPOTHBICHHE R. 3aMBIKACTCs NyrOraCHTE/IbHbI KOHTAKT 3 Oo6pasyercst MOCT —
YPaBHUTEIBHBINA TOK MPOTEKAET Yepe3 06a aKTHBHBIX COMPOTHBICHHS R 1 R . PasMbikaercst Jtyroracu-
TENbHBIA KOHTAKT 3 W MEpPEBOJUT TOK HArpy3Kd Ha IpaBO€ IUIEYO. 3aMbIKAIOTCS KOHTAKTBHI 2 U 1.
Coznaetcst HOBoe pabouee MOI0KEHHE.

18 Memoow pecynuposanus nanpax;cenus.
Yempoiicmea pezynupoeanusa nanpasxcenus (npooiKeHue)

Buvioop omeemenenuit 08yxoomomounozo mpancgopmamopa

B cooTBeTCcTBMU ¢ METOOM BCTPEUHOTO PETYJIMPOBAHUS HAMpsKEHUs Ha muHax 6 — 10 kB paii-
OHHBIX MOACTAaHLUN MEHAETCS B 3aBUCUMOCTH OT pekuMa Harpy3ku. /lobaBka (7 %) k HOMUHaJIBHOMY
HANPSDKEHUIO MUTAEMOU CETH COCTABIISIET:

+ 5 % npu MakCUMaNbHON Harpy3ke B HOPMaJbHOM peXHMe pabOThI CETH;
0 % npu MUHMMaJIBHOM Harpyske, kotTopas He npesbimaeT 30 % oT MakCUMaIbHON Harpy3Ku;
0—5 % B nocneaBapuifHOM PEXUME B IEPUO]L MAKCUMaJIbHOW HArpy3KHu.
Ecnu MunumaneHas Harpyska npeBbimaer 30 % MakcUManbHOM, TO JOOAaBKY K HampsKEHUIO

MOKHO Pacc4MTaTh o popmyiie
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V%:O,O714-(Pi-100—30)
WJIM OTIPEJICNIATh U3 cieaytomero rpaduka (puc. 18.1).

% |V
LT .

=

30 a0 100 %
Pucynok 18.1 — K onpenenenuto V' %

Kemaemblil ypoBeHb HamnpsbkeHHs Ha muHax 6 — 10 kB palloHHBIX MOJACTaHIIMI B 3aBUCUMOCTH
OT peKUMa HArpy3KU PacCUUThIBaeTCs 1o popmyre:

V%
u. =0+ )-U
HX H HOM C€TH *
100
[Ipu orcyTcTBUM peryiaupoBaHus GaKTHUYECKOoe HampspkeHue Ha muHax 6 — 10 kB moacranumii
OTIpeNIeNIIeTCs C YUeTOM HOMUHAJIBHOTO KO3 pHIIMEeHTa TpaHChOpMAaIUK:

* sk
U Oe3per. __ UH _ UH
H) - - >
K T HOM UB HOM T
UH HOM T

*
rac UH — HalpsA’KCHUC Ha MIWHAX HU3HICTO HAIIPAKCHHUA MOACTAHLIUH, NPUBCACHHOC K HANPSAKCHUIO

BHOMT? UH HOMT COOTBCTCTBCHHO BBICHICC WU HU3IMICC HOMHUHAJIBHBIC HAITPIKC-

BBICOKOU cToponsr; U
HUs 00OMOTOK TpaHc(opmaTopa.

Ilpu ycmarnoexe ycmpoticmea PIIH 6 nelimpanu o6momKy BBICIIETO HANPsDKEHUS KOAGOHUITHEHT
TpaHnchopMamu TpaHchopMaTopa MOKHO 3aMHCATh CIEAYIOIINUM 00pa3oM:

T
UH HOMT

Torma xenaemoe HanpspKEHUE HAa MIMHAX HU3IIETO HAMPSHKEHUS TOJCTAHIMKA MPU ero peryiiu-

POBaHUHU MOXKET OBITh PAaCCUUTAHO 10 popMmyIie:

U: U:

U — H — H

e KT UOTB
U

HHOMT
U3 storo BBIPAXKCHUSA MOKHO OIPCACIUTD HGO6XOI[I/IMOG HAIpsKCHUC OTBCTBJICHUA YCTpOfICTBa
PITH:

*
— UH ) UH HOM T
OTB ¢
UH X

[lanee pacyeT BBIIIONMHAETCS B CAEAYIOLIEM MOPSAIKE:
1. PaccumThiBaeTCs HapsHKEHUE CTYIICHH peryaupoBaHus (B kKB)

AU, [%]

CT 100 BHOMT 2

rne AU ,[%]—crynens perynupoBanus ycrpoiicra PITH. ITpuHEMaeTCs 1O NaCHOPTHBIM AaHHBIM

U

Tparcdopmaropa.
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2. PaccuuTsiBaeTcsi HEOOXOJUMBII HOMEp OTBETBIICHUS

n UOTB - UB HOM T
“* AU, [KB]

3. Ilpunumaercs OmKalIIMii HOMEpP CTAHJAPTHOTO OTBETBIICHUS 1

OTB CT *
4. PaccuurtsiBaeTcs HAIPps>KECHUEC ITPUHATOr0 CTAHAAPTHOI'O OTBETBJICHUA

Uy oo =U, s + My o - AU [XB.

OTB CT BHOM T OTB CT
5. Ompenensercs GpakTUyecKoe HANPsDKEHUE Ha IMHAX HU3IIETo HaNpshKeHUs TpancdopmaTopa
U =U . UOTB
H) H XK :
OTB CT
Pacuer BrITIONHEH IMMPpaBUJIbHO, CCJIM BBIITOJHACTCA YCIIOBUC

Uy —U 0
Zux T 2ub | g0 < Aall]

H XK
Ecnu ycmpoiicmeo PITH ycmanoséneno Ha cmopone Husuie20 HAnpsxiceHus mpancgopmamopa,
TO ero KodhduIreHT TpanchopMaluu paBeH:

(18.1)

_ UB HOM T
K T U—a
OTB
a JKeJaeMoe HaIpsDKeHHEe Ha MIMHAX HU3IIEro HaNpsHKEHHs MOJCTAaHIUI MPH ero peryJiupoBaHUHU MO-

XKeT OBITh pacCUUTAHO MO GopMyIIe:

* *
H X
K T UB HOM T
UOTB
Heobxoaumoe HanpspbkeHne oTBeTBIIeHUs ycrpoiictBa PITH B aTom cirydae paBHO:
U — UB HOM T ) UH X
[ : *
U

H
Jlanee Bce pacyeThl BBIMOJIHIIOTCS MO MyHKTaM 1 — 4 1o HU31eMy HOMUHAJIbHOMY HaNpSKEHUIO

tpancdopmaropa U . @aKTHYECKOE HAMPSHKEHUE HA MIMHAX HU3LIETO HAIPSKEHUS MOACTaHIIUN

HHOM T

OyzeT paBHO

U
UH(b :U}m( ._omcr
U

OTB
[TpoBepka mpaBUILHOCTH PACYETOB BHIMOTHsAETCS 10 hopmyde (18.1).

Buvioop omeemenenuii mpexoomomounozo mpancgopmamopa u agmompanchopmamopa

Y mpexoomomounozo mpancgpopmamopa nns peryiupoBaHUs HANpSHKEHUS UMEIOTCS J[Ba yCT-
poucTBa:
yctpoiictBo PITH st perynupoBaHusi HaNpsDKEHUSI HA HU3LIEH CTOPOHE. Y CTAaHOBJICHO B HEWTpaiu
BBICIIICH OOMOTKHU;
yerpoiictBo IIBB (nmepekmtodenne 0e3 BO3OYXAECHUS) Ui PErylMpoOBaHUs HANPSHKEHHUS HAa CTOPOHE
CPEIHETO HaNpsKEHUs. Y CTAHOBJICHO B OOMOTKE CPETHETO HATIPSKEHHS.

B pesynbrate pacuerta pexuma pabOThl CETH ONPEIENIAIOTCS 3HAUCHUS HAIpsHDKEHUH Ha IIMHAX

* *
mmmero U, u cpennero U HanpshkeHM# NpUBECHHbIC K HATIPSKEHHIO OOMOTKH BBICIIETO HAIps-

xeHus. PacueT pexuma BBITIOJIHAETCS IPU 3a/1aHHOM HAIPSHKEeHUH Ha UCTOYHHUKE MUTaHUsL. DparMeHT,
Kacaroluicsl pacuera TpaHcopmaTopa, NMPUBEACH HUXKE. YTIPOIIEHHAs CXeMa 3aMELICHUs TpaHC-
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¢dopmaropa npusenena Ha puc. 18.2. KonudecTBo TpaHchopMaTOpoB MOJACTAHIIUN YUUTHIBACTCS TPU
pacdeTe CONpOTHUBIICHNIT 0OMOTOK SKBHBAJIIEHTHOTO TpaHC(HOPMATOPA.

. ‘;l% Sllla Z(
Ug U, )
A Sy s
- [:)++—) =H
Sﬂ Zy
AS yx

Pucynok 18.2 — K pacuety pexxuma TpexoOMOTOYHOTO TpaHchopmaropa

[To MOIITHOCTSIM B KOHIIE 0OMOTOK HU3IIETO U CPEIHET0 HAIPSKEHHUH
Sy=8,;
S, =5,
PacCYUTHIBAIOTCS MOTEPH MOILITHOCTH B 3THX OOMOTKaX:

"2 A2
AP, + jAQ, =TT (R 4 jx):

BHOM T

P20
AP+ jA0, =1 Ml (R 4 jx ),

BHOMT
MortHoCTH B Havajie 0OMOTOK HU3BIIETO M CPEAHETO HAIPsHKEHUS OyyT paBHBI:

P, + jO, =P, + jO. + AP, + jAQ,;

B+ jO.=F + jO. + AR + jAQ, .
Mo1HOCTh B KOHIIE 0OMOTKH BBICIIET0 HaNpspKeHUs onpeaensiercs no I 3akony Kupxroda
B+ JjOy=F +JjO. + B+ Q..
OnpenensiroTcst MOTEPU MOIIHOCTH B 0OMOTKE BBICIIIETO HAMIPSKEHUS

" 2 " 2
P +0
. _ 1y B .
AR3+JAQB_ 2 '(RB+JXB)
B HOM T
U BBIYUCIISIETCA MOUIHOCTE B €€ HaYaJic:

P+ jO, =P, +jO, + AP, + jAQ,.
HO HaHpH)KeHI/IIO 1 MOIIIHOCTH B Ha4yaJie 06MOTKI/I cpez[Hero HaprDKeHI/ISI paCCLII/ITBIBaIOTCH CO-
CTABJIAHOIIINEC MMAaACHUA HaHpH)KeHI/ISI B O6MOTK€ cpez[Hero Hal'IpH)KeHI/IHZ
IIPOJOJIbHASA

B-R,+0, X,

AU, =

U nipy HanpsibkeHuu 220 kB u BeIle nonepevHas

B-X,-0,-R,

SU, =
B
OnpenenseTcst HAPSIKEHUE B HYJIEBOU TOUKE

Uy =+/(U, —AU,)’ +8U,> .
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AHanoruyHo PACCUUTBIBAOTCA COCTABJIAIOMIUC TMAACHHUA HAIPSKCHUSA B O6MOTKaX HHU3IICTO U
CpEHEro HaIPSKEHUI:

NI AP PN AP Ol N3
UO UO

pu, =te Rt e Xe gy Lot Xem Qo K
0 UO

PaccuursiBaroTcs HAIIPAKCHUA Ha CTOPOHE HU3HICTO U CPCIAHETO HaHpﬂ)KeHI/Ifl, IMPUBCACHHBIC K
HaITPsSXKCHU IO OOMOTKH BBICIIIETO HaIpsIoKCHUA

U =+(U, - AU,)* +8U,*;

*
Ul =(Uy - AU,)* +8U 2.
[Ipu perynupoBaHuM HampsDKEHUsI CHayaja paccuuTbiBaeTcsi ycrpoiictBo PITH. Pacuer BbImosn-
HSIETCSl aHAJIOTUYHO pacyery yctpoiictBa PIIH nByxoOMmoTodHOro TpaHchopMaTopa Mpu yCTAaHOBKE
yCcTpoiicTBa B HeWTpanu. B pesynbTare pacuera onpeaensercss HanpsyKEeHUE OTBETBICHHS OOMOTKH

BeIciIero Hanpsukenus U . [lanee BoInonHsAEeTCS pacyeT oTBeTBICHUN ycTpoiicTBa [1BB.

OTB B CT
[Ipu xosddunmente Tpanchopmaun MexIy OOMOTKaMHU BBICHIETO W CPETHEr0 HaIpPsHKEHHH
PaBHBIM

— UOTB BCT
T B-C
UOTB C
’KellaeMOoe HalpsKeHNE Ha MIMHAX CPEJHErO HANPSKEHUs OyaeT PaBHO
* *
C XK
KT B-C UOTB BCT
U

OTB C
N3 sTOoro BeIpakeHUs HAWAEM HCKOMYIO BEIMYMHY — HAIPSOKEHUE OTBETBIICHMS YCTPONCTBA

ITbB:
U :UOTBBCT-UCX(
OTB C * :

U

C

Bennunna eTaeMoro HaNpsKEHHs B CETH CPEIHEro HampsbkeHus Beioupaercs U, HesaBucH-

MO OT PCKHMMa HArpys3Ku. I[JI)I CHUXCHUSA IMMOTECPHb MOITHOCTHU U IJICKTPOSIHCPTHUU B DJICMCHTAX CCTHU 11C-
Jgecoobpa3zHO B JIIOOOM pEKHMME Harpy3ok HOJAepKUBAaTh MaKCHMaJbHO TOIMYCTHUMBIH ypOBEHb Ha-
npsbkeHus. Ero BenmuunHa omnpenensercss BEIMUYMHOW HOMHHAJIBHOTO HANpsDKEHHUS 00O0pymoBaHHS (B
OCHOBHOM TpaHc(hOopMaTopaMu), KOTOPOE YCTAHOBJIEHO B CETH CpeaHero HampsbkeHus. CoriacHo
ITYD Ha 0OMOTKH BBICHIETO HANPSDKEHHS TPAHC(POPMATOPOB JOMYCTHUMO UIUTENILHO MOAAaBaTh HAIpPS-
KeHue Ha 5 % BbIlIe UX HOMUHAIBHBIX HanpspkeHui. Tak kak TpaHc(OpMaTOphl, KOTOPbIE MUTAIOTCA
OT CCTHU CPCAHCTO HAIIPAKCHHUA, UMCIOT PA3HYIO BCIIMYMHY HOMHUHAJIBHOTO HAIIPSXKCHUA, TO BEJIMYMHA
YKEJIaeMOT0 HAMPSKEHUS B CETU CPETHETO HAMPSIKEHUSI PACCUUTHIBAETCS CIIEAYIOIUM 00pa3oMm:

U, =105-Uumn

B HOM TpaHcgopmaTopoB ceti CH -

Jlanee pacuer BBINONHSETCA IO IyHKTaM | — 4 ¢ yueToM KOJIMYECTBA CTYIEHEN peryaupoBaHUs
Y BEJIMYUHBI CTYIIEHU peryiaupoBanus ycrpoiictBa [IBB. Pacuer Benercs mo HOMUHAIBHOMY Hampsi-

U
KEHHI0O OOMOTKHM CpE/IHEro HaIpsbkeHUs TpaHcdopmatopa — cHoMT . DakTHYecKoe HANpsDKEHUE Ha
LIMHAX HU3LIEr0 HANPsKEHMs MOACTAHLMY ONPEIENeTCs KaK U npu pacuere ycrporcrsa PITH, korga
OHO YCTaHOBJIEHO HAa OOMOTKE HU3ILIETO HAIPSKEHMSL:
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ch) :Ucm . UOTBCCT )

OTBC
Y aemompancgopmamopa nns perynvpoBaHus HanpspkeHusl umeetcs: yerporcrBo PITH, ycra-
HOBJICHHOE B JIMHEHHOM KOHIIE OOMOTKHU CpEJIHEro HampspKeHUs. Perynmpyercs HampspKeHUE TOJBKO
Ha cpeqHel cTopoHe. PacueT BeImomHsAETCS aHANOTHYHO pacuery ycrpoiictBa [IBB TpexoomoTrounoro
tparcopmaropa. [Tockonbky 0OMOTKa BBICIIETO HAMPsDKEHUS aBTOTpaHchopmaTopa Heperyimpyema,
TO Ha HEH eCTh TOJBKO OJHO OTBETBIIeHUE. OHO COOTBETCTBYET HOMHUHAJILHOMY HAIPSHKEHUIO BBICIIEH

oomotkn U, ap- T103TOMy HampsbkeHne oTBeTBIeHHMs ycrpoiictBa PITH aBrorpancdopmaropa

PaCcCUUTBIBACTCA TaK:

U :UBHOMAT U

OTB C *

U

c

C XK

OcranpHbIe pacyeThl BHITIOIHAIOTCS, Kak i ycTpoiicTBa [IBB TpexoOmorounoro tpanchopma-
TOpa.

19 Memoowl pezynuposanusn HanpaxceHus.
Yempoiicmea pezynuposanun nanpasicenusn (NpogaonKeHNe)

Pecynupoeanue nanpasxcenus npu nOMouiU TUHEHHBIX Pe2yIamopos

Jlunetinbie perymnsatopsl (JIP) npennasnadyens! s co3nanus B cetu ponoautenbHon DJIC. DTa
nononuutenbHas DJ]C ckiaapiBaeTcsi ¢ BEKTOPOM HANPSHKEHHSI CETH U M3MeHseT ero. Takum obpazom
BBITOJIHSAETCS PEryJIUPOBAaHNE HANIPSKEHUS CeTU. JIMHEHHBIE PeryIsTOpbl UCIIONb3YIOTCS B CETH, €CIIN
perynupoBoyHOro auanazoHa yctpoiictBa PITH cumoBoro Tpancdopmaropa He XBataeT Juisl odecrie-
YeHHUs HEOOXOJUMOI0 YpOBHS HampskeHHs B ceTH. OHHM NPUMEHSIOTCS TaKKe MPU PEKOHCTPYKIUH
CeTH, €CJIM TaM YCTaHOBJIeHBI TpaHchopmaTopsl 6e3 PITH. JInHeliHbie peryasTopbl MOTYT BKIIOYATHCS
MOCJIeIOBATEILHO OOMOTKE CHUIIOBOTO TpaHcdopmaropa (puc. 19.1 a) u Ha OTXOASIMIUX JIHHHUSIX DJIEK-
Tponepenay (puc. 19.1 6).

AP,
¥ T
— ﬁ‘;”z '%’ A3,
AP,

a) 6)

Pucynok 19.1 — Ycranoska JIP B cetn

Cxema JMHENHOTO peryisTopa mpeacTaBiieHa Ha puc. 19.2. JIMHEHHbIN peryisiTop COCTOUT U3
JBYX TpaHC(OpPMAaTOpOB: MUTAIOLIETO TpaHchopmaTopa | U mociuenoBaTeaIbHOrO TpaHchopmaropa 2.
[TepBuunast oOMoTKa 3 muTaromiero Tpanchopmaropa siBisercs nutaronieii. OHa MOXET OBITh BKITIO-
yeHa U Ha pa3Hoed — 0 u Ha nuHeiiHoe Hanpspkenue (4 — B, 4 — C). Bropuunas oOMoTka 4 nurarorie-
ro TpaHchopmaTopa UMEET TaKoe Ke MepeKIIoYaroIee YCTpOoUCcTBO 5 Kak u TpaHc-popmarop ¢ PITH.
OnuH KOHEI ePBUYHOW OOMOTKH 6 IMOCIIEIOBATEIFHOTO TpaHC(hopMaTopa MPUCOSTUHEH K CpeIHeH
TOYKE BTOPUYHON OOMOTKHM MHUTAIONIETO TpaHchopMaTopa. Jpyroi Kk mepexIovaroneMy YCTPOUCTBY.
Bropuunas oOMOTKa 7 TOCIE0BATENBHOTO TpaHC(hOpMATOpa COSAMHEHA MOCIEA0BATENFHO C 0OMOT-
KOM BBICIIIETO HAIPSDKEHUsS CHIIOBOTO TpaHchopmaropa. JJobaBounas DIC B 0OMOTKE 7 CKIIabIBaCTCs
¢ OJIC cunoBoro TpanchopmMaTopa U U3MEHSIET ee.
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Pucynok 19.2 — Cxema JIMHEMHOTO peryssTopa

O/1C, co3naBaeMas TMHENHBIM PETYIATOPOM 3aBUCHUT:

OT BEJIUYMHBI MUTAIOIIETO HAIIPSKEHUS;
OT (ha3bl MUTAIOIIETO HAIPSHKEHUS,
oT K03 duiineHTa TpanchopMaIuy JHHEHHOTO PerysaTopa.

Bxrouast mepBuuHyt0 0OMOTKY MHUTAIOMIETO TpaHCchopMaTopa B pa3Hbie (a3bl CETH, MOXKHO TIO-
JY4YUTh pa3Hble HANPsDKEHUs Ha BBIXOJE peryisitopa. B jauHeliHOM perymsrope BbIOMHSAETCS modas-
HOE peryJinpoBaHue. BoIMOIHUM MOCTpOeHUE BEKTOPHBIX AUarpamm JUist Gpas3sl A.

Korna nepsuunast oOMoTka BkiItoueHa Ha ¢a3y 0 — A, To DJIC 0OMOTKHM BBICIIEr0 HANPSKEHUS
CHJIOBOTO TpaHchOopMaTopa ¢ MOMOIIBIO TUHEHHOTO PETYJIsATOpa peryaupyeTcs mo Moayito (puc. 19.3
a). [Ipu TakoMm perynupoBanuu nob6asounas I/IC nmuneiiHoro perynsaropa AE coBmaaaer mo ¢ase ¢
(da3HBIMH HANpPsHKEHUSAMH CETH. Takoe peryJupoBaHWE Ha3bIBAeTCS npodonvHuiMm. KoadduimeHt
TpaHchopMaIMy — JeHCTBUTENbHAS BEIMYHHA.

Ecnmm o6MoTka 3 muTaromero TpancopmaTopa BKIOUEHA Ha JMHEHHOEe HanpspkerueB — C, To
pesynbrupyromas J/C 0OMOTKH CHIIOBOTO TpaHChOpMaTopa M BTOPUYHON OOMOTKHM 7 TOCIEI0Ba-
TEIBLHOTO TpaHchopMaTopa usmensercs 1o ¢ase (puc. 19.3 6). [Ipu sarom DJIC cumoBoro Tpanchop-
maropa u jgo6aBounas DJIC okaswbiBaroTcsi caABMHYTHIME Ha 90°. Takoe peryjiuMpoBaHHE Ha3bIBAETCS
nonepeuHbIM.

[Tpu BritoueHnn oOMOTKH 3 Ha (a3bldu B, BBINOIHACTCS NPOOOIbHO — NONEPEyHoe PETYIUpPO-
BaHue. Bektop mo6aBounoit DJIC HampaBlieH BIOJb JIMHEWHBIX HamnpspkeHud. Koaddunment tpanc-
dopmanuu sBISETCS KOMIUIEKCHON BeMTUYMHON. JIMHEWHBIe peryasTopsl OOJBIION MOITHOCTH BBINOJI-
Hst0TCA TpexdazHpiMu MomHOCTRIO 16 — 100 MB-A ¢ ycrpoiictBom PITH * 15 % nanpsokenuem 6 —
35 xB. Ha nanpsbxenue 35 — 150 kB JIP BemomnusatoTcs MouHocThio 92 — 240 MB-A. B cetsix 6 — 10

kB JIP BBIMIOJHAIOTCS B BUJIE aBTOTPAHC(HOPMATOPOB.
A

2a) 6) B)

Pucynok 19.3 — PerynupoBanue Hanpsixenus JIP:
a) 1Mo Moymo; 0) Mo ¢ase; B) Mo MoayIto U (ase.

Tak kak peryJupyronme yCTpOHWCTBa CHIJIOBOTO TpaHcpopMaropa M JUHEHHOTO peryisTopa
BKJTIIOYEHBI ITOCIIE0BATENBHO, TO CIEIYET BBIACHUTH pacnpeaencHue GyHKIMi Mexy HuMu. OHH MO-
TYT OBITh CIICTYIOITUMU:

CHJIOBOH TpaHC(HOPMATOpP MOXKET OCYIIECTBISATH PEryJMpoBaHHE HAINpPsDKEHHE MO OAHOM M3 TpyIm
nuHui. [Ipyu 5TOM KOHOMUTCS OJIMH JIMHEWHBIN peryisaTop. Ho nuamna3zoH perynupoBaHus TUHEHHOTO
peryisTopa A0JKeH OBITh JOCTATOYHO OOJBIITUM, YTOOBI 00€CTIeUnTh HEOOXOUMBIN YPOBEHb HAIPS-
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KEHUS y IIIEKTPONPUEMHUKOB. BBIIEPKKH BpEeMEHH PETyJIsSTOPOB CHIOBOTO TpaHcopmaTopa U JiH-
HEIHOTO PEryyiaTopa MOTyT ObITh OAMHAKOBBIMU;

CWJIOBOH TpaHC(HOPMATOP BHITOTHIET CTAOMIH3AIMIO HATIPSHKEHIS Ha IIUHAX MOJICTAHIIUN HAa CPETHEM
ypoBHE. /lnana3oH peryiaupoBaHUs JUHEHHOTO PErysTopa B 3TOM cllydae MOKET ObITh CHUXeEH. Ta-
KO€ pEeryJIMpOBaHUE MO3BOJISIET CYIIECTBEHHO CHU3UTh MOIIHOCTh JIMHEWMHOTrO perynstopa. Perymupo-
BAaHHME HANPSHKEHUS JOJDKHO BBINOJHATHCS B ONPENEICHHOMN IMOCIEN0BATEIbHOCTH. Tak Kak CHIIOBOM
TpaHcPOpMaATOP OCYIIECTBISET CTAOMIM3AIUIO HAMIPSDKCHUS, & JTMHEWHBIN PErysaTop — peryinpoBa-
Hue Ha otxosammx JIDII, To BeIepkKa BpeMEHHU JIMHEHMHOTO PETYJIATOpa JI0OJDKHA OBITH OOJIBIIE, YeM
y ycrpoiictBa PITH cunoBoro tpanchopmaropa. ITo MO3BOJISIET YMEHBIIUTh YUCIIO MEPEKITIOYCHUN Y
JUHEWHOTO PETyJsITOpa yCTpaHeHHeM o0IuX nepekitoueHuii mpu nomomtu PITH tpancdopmaTopa.

Pezynupoeanue nanpasxcenus npu ROMOwU yCmpoucmenpooonbHoil KOMREHCAyuu

Hanpspkenue y nmotpebuTenei 3aBUCUT OT BEJIMYUHBI MOTeph HampsbkeHus B cetu. [lotepu Ha-
NPsDKEHUST 3aBUCSAT OT CONMpOTUBIECHHS ceT. [loTeps HanmpspKeHUs Ha y4acTKE CETH, pacCUMTaHHAs
IIPU 33/1aHHOM HAIPsKEeHUH B KOHIIE, paBHA

P R+0 -X
o .

COOTHOH_IGHI/IG AKTHUBHOI'O U I/IHI[yKTI/IBHOI‘O COHpOTI/IBHeHI/Iﬁ B paCHpe,[[e.HI/ITeHBHBIX n IIUTAro-
IIMX CETAX Pa3JIMYHO. DTO HATJIAIHO BUAHO Ha puc. 19.4.

AU = (19.1)

n

Pa coip enem TeTBHE IR ITuraron; ue

Pucynok 19.4 — 3aBUCHUMOCTh CONPOTUBIIEHUS CETU OT CEYEHHUS MPOBOJIA

B pacnipeenuTenbHBIX CETAX aKTUBHOE CONPOTHUBIIEHUE O0JbIlIe MHAYKTUBHOTO. B moTepe Hampsike-

HUSI OCHOBHYIO POJIb UT'PAET COCTABIISIIOIIAS P" - R.B nuratomweii cetu WHAYKTHBHOE COIIPOTUBIICHUE
6onbie akTuBHOTO. [ToTeps HanpsKeHNs B 3HAUUTEIIbHONW CTETIEHHU ONPEeNAeTCsl PEaKTUBHBIM CO-
IPOTUBJIEHUEM y4acTKa CETH.

M3MeHeHne MHAYKTUBHOTO COMPOTUBIICHUS IPUMEHSIOT JUIsl pEryIMpOBaHus HanpskeHus. YToObl
U3MEHUTh NHAYKTUBHOE COIIPOTHUBIICHHE, HEOOXOIUMO BKJIIOUUTh B JIMHUIO JIEKTpoIiepead 6arapero
KOH/IEHCATOPOB. BO3MOKHOCTb perylIMpoBaHus HANPSKEHUS U IOMOIIM yCTPOWCTBA MPOJOJIBHOM
KOMITCHCAIIMH TIOKaKEM JIJIs TTpocTeiiiero yqactka cetu (puc. 19.5). ITorepst HanpshkeHUsT HA y4acTKe
onpexensercs BelpaxkeHueM (19.1). Jlomyctum, 4To HanpspKeHHE B KOHLE yYacTKa HUXKE JOIYCTHUMO-
ro:

U,=U =U,-AU<U

BxurounM mocnieioBaTenbHO B JIMHUIO 3JIEKTporiepesnad Oarapero KOHAEHCATOPOB TaK, YTOOBI

2 mom *

TIOBLICHTH HaIPSHKEHUE JI0 JTOMYyCTUMON Bennuuabl U HanpsbkeHue B KOHIE yyacTKa CeTH OyaeT

2 nom *
paBHO:

P -R+Q -(X-X,)
2 non = Ul - U s

2 non
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rze X; — CONpOTHUBIICHHE OaTapen KOHJEHCATOPOB.
Us

By Xn Xe
Y +—«:|—m~—||—1 i

In I3, cos @z

Pucynok 19.5 — Cxema Bximrouenust YIIK

3anuinem 3TO BhIpaXKEHHE Yepe3 TOK, KOTOPbIN MPOTEKAEeT B IMHUU JIEKTpoIiepeiay:

Uson =U, =31, (R, + jX, - jX)=U,~3-1, R, -

— B3I, X, + 31, - X, (19.2)
Hcnonb3yeM noiay4eHHOE BBIpaXKEHHE AJI IOCTPOEHUSI BEKTOPHOM JuarpamMmbl peryaupoBaHus
HaANPSOKEHUS TIPH MTOMOIIY YCTPONCTBA MPOJI0JIBHON KOMIICHCAIIHH.

Pucynok 19.6 — BekTopHas quarpaMma peryiaupoBaHus HanpsokeHus npu nomontu YIIK

N3 nayana koopAMHAT MO JEUCTBUTEIBHOW OCH OTJIOXHUM BekTOp Hampsbkenus U,. [lomyunm
TouKy a. [lox yriioMm ¢, K HEMYy OTJIOKMM TOK Ha y4yacTke [,. BekTop majaeHus HanpsKeHUs B aKTUB-
HOM CONPOTHUBJIEHUH MAapaJUIEIbHO JIMHUM TOKa OTJIOKHMM OT KOHIIAa BEKTOpa HanpsbkeHus Uy ¢ yueTom
3Haka B BeIpaxkeHuu (19.2). [Momyunm Touky b. M3 Touku b nepneHaUKYISIPHO JIUHUU TOKA OTIIONKHM
BEKTOp MAaJICHUsI HANPSKEHUS! B MHAYKTUBHOM coripotuBieHuu JIDII ¢ yuerom 3Haka B BhIpaXEHUU
(19.2). ITomyuum Touky c. CoeMHUM Ha4aJI0 KOOPJIMHAT C TOUKOH c. [lomydeHHBIN BEKTOp — 3TO BEK-
TOp HaNpsDKEHUS B KOHLE ydacTka. Ero BenMumHa MEHbIIE JOMYCTUMOIO 3HAUEHUS HANPSKEHUS

U

TUBJICHUU OaTaper KOHAEHCATOPOB C y4eTOM 3Haka B BelpakeHHH (19.2). Ilomyuum touky d. Coenu-

2 nom * N3 Toukm ¢ NEPNCHAUKYIAPHO JIMHUU TOKA OTJIOXUM BCKTOP MaJACHUS HAIPSKCHUS B COIPO-

HHUB TOYKY d C HAYaJIOM KOOPJMHAT, MOJYYMM BEKTOp HampshkeHus B KoHue yyactka U, Ero Be-

011 *
JINYUHA YIOBIETBOPSET TPEOOBAHUSM.

Bemnunny /3 -/, - X, MOXHO paccMaTpuBaTh KaK OTPULATENIBHOE MaJCHUE HAPSHKCHUS MU
Kak gonoiaHuTenbHyo IC.

U3 Boipaxkennst 1 U, | MOKHO ONPEENUT COMPOTUBIEHNE OaTapen KoHaeHcaTopos. 1o ero

J011
BCJIIMYMHC OIPEACIIUTDL KOJIUYCCTBO MOCIICAOBATCIIBHBIX U MapalJICJIbHO BKIIFOUCHHBIX KOH/ICHCATOPOB.
[Tpu >TOM HampspkeHue Ha OaTapee KoHeHcaTopoB Uy U TOK [ B HEW paBHBI

S
U.=N3-1, - X, I, =1 =—2—,
J3-U,
Ecnn HoMuHanbHOE HAIMpsKCHUE OJHOI'0 KOHACHCATOPAa MCHBIIIC (ba3HOFO HaIMpsKCHUA B MCCTC

ycraHoBku Oarapen konpencaropoB U, . <U_/+/3, 10 B (hase crapsrcst MOCIEIOBATENBHO He-
CKOJIBKO KOHJIEHCATOPOB. MIX KOJIIMUECTBO 71 ONPENEISETCS 110 BHIPAXKEHHUIO
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— UK
\/g ) UK HOM .

B nacnopre KoHAE€HCaTOpa yKa3bIBaeTCs €ro HOMUHAJIbHAs MOIIHOCTD (). 3Has 3Ty BEJIUYUHY,
MOYHO ONPEACTIUTh HOMUHAIBHBIN TOK KOHAEHCATOPA Ik o

L =2

n

KHOM
UI( HOM
Ecnm HOMHHaNBHBIA TOK KOHZEHcaTtopa MeHbmie Toka B JIOIT [, <[ , To cTaBaT mapain-
JIENBHO 7 KOHJIEHCATOPOB:
m= et
[K HOM
OTtHomeHne
X
c=—=-100

I

Ha3bIBACTCSI MPOIICHTOM KOMIEHcaIuu. Ha mpakTike mpuMEHSIOT YaCTHYHYI0 KommeHcaruio (¢< 100
%) unayktuBHOTO conpoTuBieHus JIDII. TlonHas komneHcanust He TPUMEHSETCS, TaAK KaK 3TO CBs3a-
HO C BO3MO>XHOCTBIO TIOSIBIICHUS IIEPEHANPSKEHUI B CETH.

[Ipumenenne YIIK no3BosseT ynydIuTh peKUMBl HapsKeHUs B ceTu. [loBblieHne Hampsixke-
HUS 3aBUCHUT OT 3Ha4ueHUs U (pa3bl Toka, KoTophix mpoxoaut depe3 YIIK. [loaTromy BO3MOKHOCTH pe-
rynupoBanusi HanpspkeHust uepe3 YIIK orpanndenst. Haubonee spdexrusno npumenenue YIIK s
CHIDKEHUS OTKJIOHCHUH HAIPSHKEHUS Ha MEePEerpyKeHHbIX paauaibHbix JIOII.

Pecynupoeanue nanpasxcenus npu noMowiu yCmpoicnmenonepeunoil KOMneHcayuu

B nuraromux cersx 3HaYUTENbHOE BIUSHUE Ha MOTEPIO HAMPSIKEHUS B CETH OKa3bIBAET COCTaB-
JIAromas QX N3meHsis NOTOK peakTUBHOM MOILHOCTH B CETH, MOKHO PETYJIMPOBATh BEJIMYUHY IIOTE-
pH HampspDKeHUs B ceTH. [[1s1 u3MeHeHUs! TOTOKOB PEaKTUBHOW MOIIHOCTH MPUMEHSIOTCS KOMIIEHCH-
pyrolue ycTpoiicTBa — 6aTapen KOHJIEHCATOPOB, CHHXPOHHBIE KOMITEHCATOPBI, CTATHYECKHE UCTOYHU-
KM peaKTUBHOW MOITHOCTH.

B03M0XHOCTB HCIIOIB30BAHMS KOMIICHCUPYIOIIMX YCTPOMCTB Ul PETyJIMPOBAHUS HANPSKECHUS
PaccMOTPUM Ha NMPUMEPE CHHXPOHHOTO KOMITIEHCAaTopa B IpocTeieit cetu (puc. 19.7).

Us

Pucynok 19.7 — BkitoueHre CHHXpPOHHOTO KOMIIEHCATOPa

Hanpspokenue B konue JISII 10 ycTaHOBKM CUHXPOHHOTO KOMIIEHCATOPA OMPEACIISIETCS BhIpaXke-

HHUEM
R Harp Rnan + QHan - X 31
UZ = Ul - .
U2

ITycte Hanpsikenune B koHue JIDII ke gomyctumoro. [locne BKIIOYEHUS] CHHXPOHHOTO KOM-
NEHCATOpa HAMPSHKCHHUE B KOHIIE JIMHUU DJIEKTPOIIePEIay ONPEACTISETCS CIEAYIONUM 00pa3oM:
PHarp R+ (QHarp - QCK)
2 non = Ul - .
U

U (19.3)

2 non
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Ecnu u3 Beipaxkenus misg U, ,op BBIYECTh BbIpaKeHU Uil Uy, MOKHO ONPENEIIUTh MOIIHOCTh

1 1
CUHXPOHHOI'O KOMIIEHCAaTopa. B mpakTuyeckux pacderax CUMTArT 4T0 —— ~ —— . [looTomy BbI-
2 mon 2
PaXE€HUEC AJId ONPEACTICHUA MOIMHOCTH CHUHXPOHHOI'0O KOMIICHCATOPA BBRITJIAAUT CICAYIOIMIUM 06p330MI
Q _UZILOH _UZ U
CK X 2 nom *

JI3I
CHUHXPOHHBIN KOMIIEHCATOP MOXKET paboTaTh B peXKUME MepeBO30YKICHUS U HEOBO30YKACHHUS.
[Ipu nepeBo3Oyxaenun CK reHepupyeT peakTUBHYIO MOIIHOCTh PaBHYIO €r0 HOMHHAJIBHOM

nepes

e = Qernon - Ipu HemoBo3OyxaeHnn CK moTpe6isieT peakTHBHYK MOIIHOCTH PaB-

moraocTd O

V) HEI0B
Hyto nonosune HomuHanbHOH MomHOCTH Qo =0,5 O,y hoy- PEKEM MOTPEOIEHNS IPUBOIUT B

CK
YBEJIMYEHUIO TIOTEPU HANPSDKEHHS B CETU U JaJbHEUIIEMYy CHIDKEHHUIO HAIPSDKEHUs y OTpeOuTenei.
Pexum HeoBO30YX/I€HHS CHHXPOHHOTO KOMIIEHCATOpPa MOXKHO HCIOJIb30BaTh B PEKUME MUHHUMAJb-
HOM HAarpy3KH, KOrJa Hy>)KHO CHU3UTh HAIPSKCHUE B CETH.

Jlst mocTpoeHUsT BEKTOPHBIX IUarpaMm 3amnuiieM BoipakeHue (19.3) dyepes3 TOk, KOTOPBIA Mpo-
TEKaeT B JIMHUM dJIEKTPONepeiay:

QZIIOH :QI _\/g' (lHarp +£CK) ) (Rnan +an3n) :QI _\/g'lﬂarp 'Rnan B
_j\/g'lﬂarp 'Xnan _j\/g'lcx 'Rnan _j\/g'lcx 'Xnan =

:Qz_j\/g'lm('Rnan_j\/g'lCK'Xnan' (19.4)

[TocTtpouMm BekTOpHYyIO nuarpammy npu padbore CK B pexxume nepeBo30yxkaeHus (puc. 19.8 a).
W3 Hayana KOOpAMHAT 110 IEUCTBUTEIILHONU OCH OTJIOKHUM BEKTOp HamnpsbkeHus U). Ilomyunm Touky a.
ITox yriiom ¢, K HEMY OTIIOKUM TOK HArpy3KH yarp. BEKTOP ManeHus HanpsHKEHUA B aKTUBHOM COIIPO-
TUBJICHUM HAIlpPaBJIEH MapajljIeIbHO JIMHUM TOKa Harpy3ku. OTI0XKHUM €ro OT KOHLIA BEKTOpa HaIpsiKe-
Hus U ¢ yuetom 3Haka B BeipaxkeHuu (19.4). [Tonmyuum touky b. U3 Touku b nepneHAUKYIIPHO JIH-
HUM TOKA Harpy3Kd OTJIOKMM BEKTOD NaJ€HUs HANpsDKEHUsI B MHAYKTUBHOM comnpotusiieHuu JIOII ¢
yderoM 3Haka B BeIpaxkeHuU (19.4). [lomyunm Touky c¢. CoemMHMM Hadajao KOOPJIWHAT C TOYKOH c.
[losny4eHHBII BEKTOp — 3TO BEKTOpP HAIpPsDKEHUS B KOHIE ydacTka 10 ycraHoBkM CK. Ero Bennumna

MCHBIUIC NOIMYCTUMOI'O 3HAUCHU S HAIIPSIKCHUA UZ oM *

B pexxume nepeBo30yKA€HHSI TOK CHHXPOHHOTO KOMIIEHCATOpa OmepekaeT Hampspkenue U, Ha
90°. U3 Touku ¢ mapamiensHo JuHud Toka CK OTI0XKHMM BEKTOP MaJeHHsl HANPSHKEHHUS B aKTUBHOM
conpotusnenuu JIDII ¢ yderom 3Haka B BeipaxkeHuu (19.4). Ilonyuum touky d. U3 Touku d mepreH-
TuKynsapHO TuHUK Toka CK 0T/IoKHM BEKTOp MaJeHUs HAPSHKEHUS B MHAYKTUBHOM COIMPOTUBICHUU
JIDII ¢ yuerom 3Haka B BelpakeHUH (19.4). Ilonyunm Touky e. CoelMHUB TOUKY € C Ha4aJoM KOOpIu-

HAT, TIOJIYUYUM BCKTOP HANPSKCHUSA B KOHIC YHaCTKa U2 Ero Beanumna YAOBJICTBOPSCT Tpe6013a-

Jo11 *
HUAM.

[TocTpouM BEKTOpPHYIO IuarpamMmy B pexxume HenaoBo3OyxaeHus (puc. 19.8 6). IToctpoenue
BCKTOpAa HAIPSKCHUA B KOHIIC JIDII A0 TOAKIKOYCHUA CHUHXPOHHOI'O KOMIICHCATOPa BBIIIOJIHACTCS
AQHAJIOTUYHO TPEABLIYIINM MOCTpOoeHHsIM. Ero BeiamuuHa OOJIbINE TOMYCTUMOTO 3HAYEHUS HarpsiKe-

.B PEKUME HepeB036y)Kl[€HI/I$I TOK CHHXPOHHOI'O KOMIICHCATOpPAa OTCTACT OT HAIIPSXKCHUS

U, Ha 90°. OcraibHbIe MOCTPOEHHS BBITIOIHSIOTCS aHAJOTHYHO. 3 TOUKHU ¢ MapajieNbHO JTMHUHA TOKA
CK 0TJ1I05)kMM BEKTOp NaJ€HUS HAMPSHKEHUS B aKTUBHOM comnpoTuBiieHnu JIDII ¢ yueToM 3Haka B BbI-
paxxenud (19.4). [lonmyuum Touky d. 3 Touku d neprneHAUKyIIpHO JuHuU Toka CK
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Pucynok 19.8 — BektopHas nuarpaMMa peryaupoBaHus HanpspkeHus npu nomouu CK:
a) pexxuM niepeBo30yxaenns CK; 6) pexxum HenoBo30yxaerus CK.

OTJIO)KMM BEKTOp MAaJICHUS] HANpsKEHUsT B UHAYKTUBHOM comnpoTtuBieHun JIOIIL. Tlomyyum Touky e.

CoeIMHUB TOYKY € C HAayaloM KOOPJWHAT, MOJIy4YHM BEKTOp HampsDKeHWsl B KoHue ydactka U, Jom -

Ero BennuuHa yaoBineTBopseT TpeOOBaHUSIM.
BekropHas quarpaMma peryJIMpOBaHUsl HAPSHKEHHsI TIPU UCTIOIb30BaHUH OaTapen KOHIEHCATo-
pOB aHaoru4Ha BeKTopHOU nquarpamme CK, koTopsiii paboTaet B pexxumMe nepeBo30yKISHHUS.

20 IKOHOMUUHOCID PEHCUMOB ITNEKMPUHECKUX CUCTEM
Obuwue ceeoenusn

ObecnieueHNe YIKOHOMUYHOCTH PEKUMOB PA0OTHI DIEKTPUIECKIX CHCTEM OTHO-CHUTCS K 3ajadaM
yrpaBiieHUs pexuMamMu. O0eceynTh SJKOHOMHUYHOCTD PEKMMA 03HAYaeT 00ECICUNTh KaueCTBEHHOE H
HAJIKHOE DJIEKTPOCHAOKEHUE OTPEOUTENeH MPH HAUMEHBIIIHNX 3aTPaTax MaTepUATBHBIX PECYPCOB.

DKOHOMHUYHOCTh PeXUMa JIOCTHTaeTCsI3a CUeT
HanboJee SKOHOMHYHOM PabOThI CTPYKTYPHBIX JIEMEHTOB;

HAWTYYIIETO paclpeIe/CHIS Harpy30K MEX 1y HICTOYHHKAMH TUTAHHUS,
BBIOOPOM HaMTyyIllell KOH(PUTypaluu CeTH;
BBIOOPOM HAWIYYIIIETO COCTaBa 00OPYAOBAHMUS.

3anmavya obecrnieueHrs SKOHOMHUYHOCTH PEKHMa OTHOCHTCS K ONITUMU3AIMOHHBIM 3a1adam. C mMa-
TEMaTUYEeCKOHW TOYKH 3PEHHUs 3aJlada CBOJUTCS K ONPEACIICHUI0 MUHUMAIBHOTO 3HAYCHMS IICJICBOM
(GYHKIINH, KOTOpasi BBICTYIAE€T B Ka4eCTBE KPUTEPHsl ONTHMAIbHOCTH. Ha mapamerpsl, BXOISIINE B
eJIeBYIO (PYHKIINIO, HAKJIQIBIBAIOTCS OTpaHuueHus. Hampumep, nmpu pacnpeeieHnd MOIITHOCTH MEX-
ny OC, 04eBHJIHO, YTO MOIIIHOCTh CTAHIIMH MOYKET U3MEHATHCS B TIPe/Ieax:

0<P <P

ycm :

Ha mpakTuke pemaroTcs 3aa4i ONTHMU3AIUHN C JIOKATbHBIMUA KPUTEPHUSIMHU 1IEJIEBON () YHKIIHH.
K HuM oTHOCATCS:
ONTUMAJIBHOE paCIpeeICHHe aKTUBHOW MOITHOCTH MEXIY DJIEKTPOCTAHIIUSIMH IO KPUTEPUIO MUHU-
MyMa 3aTpaT Ha MPOU3BOJICTBO AJIEKTPOIHEPTHH;
ONTHUMAJIBHOE pacHpenesieHne MOIIHOCTH B 3aMKHYTBIX CETSIX 10 KPUTEPUI0 MHHHUMYyMa IOTEPh
MOIITHOCTH;
SKOHOMHUYHBIN peKUM paboThI TpaHC(HOPMATOPOB M0 KPUTEPHIO MUHUMYMA ITOTEPH MOIITHOCTH

U JIpyTHE.
Onmumanvroe pacnpeoenenue aKMUEHOU MOWHOCIU MEHCOY MENI06bIMU IIEKMPOCHMAHUUAMU

EctecTtBennoe pacnpeaciiCHuC aKTUBHOU MOIITHOCTU MCXKAY TCIIJIOBBIMU JJICKTPOCTAHIUAMU
MIPOUCXOAUT OOPATHO MPOIMOPIMOHATBEHO KOA(D(UIIMEHTaM CTaTh3Ma PETyJISITOPOB CKOpocTH. Takoe
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pacrmpenienenue He OTBeYaeT TpeOOBaHUIO SKOHOMUYHOCTH pekuMa. B kauecTBe KpUTEpHs ONTUMAIb-
HOCTU IPUHAT MUHUMYM CYMMapHOI'O pacxojia TOIUIMBa B SHEprocucTeMe Mpu coOuoieHnu OanaHca
MOII[HOCTH.

Hns kaxaoit 9C 1 0TAEIBHOTO FeHepaTopa CyIIECTBYET pacXo/iHas Xxapakrepuctuka. OHa omnpe-
JIeNIeT 3aBUCUMOCTh pacxoja TOIUIMBa OT MOIIHOCTH Harpy3ku. Paccmorpum nBe OC. PacxoaHble xa-
PaKTEpUCTUKH MPEJICTAaBUM yNpomieHHbIMH (cM. puc. 20.1). Bynem cuurarh, 94TO pacxojHas XapakTe-
puctuka nepoit IC Oonee kpyTas, T.e. 3Ta DC yBETHMUMBACT PACXO] TOIUIMBA HA €IMHUILY POCTa Ha-
rpy3ku O6ombine, yem Bropas IC. Ho mpu oguHaKOBOW MOIIHOCTH Harpy3ku mepBasi DC pacxomyer
MEHBIIIE TOIUINBA, YEM BTOpAs.

8 g 8: A
,3 2 B! I
¢ L8, T
BE 1 ! Bl 5
) -
A \. B}
B,
"
B
p AP - I ) P
3 y ]
B B PP ~—
4
R=F
Ilepeas 3C Bmopas 3C Cucmema

Pucynok 20.1 — Ilepepacnpenenenre MOIHOCTH MEXAY TETUIOBBIMH 3JIEKTPOCTAHIMSAMHU

1
B pexume | mepBasi SI€KTPOCTAHIMS 3arpy:KeHa MOIIHOCTBI0 [ . IIpu 9TOM pacxon TOIUIMBa

1 o 1 1
coctaBisierT B) .Y BTOPOIi SIEKTPOCTAHINY [P MOILIHOCTH 3arpy3Ku P2 pacxoj TOIIIMBa paBeH B, .
CyMMapHas Harpy3ka B CHCTEME M pacXo/]l TOIUIMBA COOTBETCTBEHHO PaBHBI:
1_ pl 1. pl _ pl 1
Pl =P' +P; Bl =Bl +B!.
[Tepepacnpenenm Harpy3ky MeXIy dJIEKTPOCTAHIIUAMHU cleayromumM oopa3zom. Ha mepsoit OC
yMEHBIINM HarpysKky Ha Benuauny AP . Pacxon torumsa Ha otoit OC cuusurces Ha AB,| u craHOBHT-

Cs paBHBIM Blz . Bropas DC npunumaer Ha ce6s Harpysky AP u yBenmuumBaer pacxoj TOILIMBA Ha
AB, . Bo BTOpOM pexuMe ee Pacxojl COCTaBIIseT 322 :

1 2 .
Bajianc MOIIHOCTH B cucTeMe He m3MeHwics P = P a o0mmii pacxoj TOIUIMBA CHU3WICS Ha
Benmnunny ABy = AB| — AB,.
Otnomenue AB /AP sBnsercs BaxHbIM TeXHUKO-3KOHOMUUecKuM nokasatenem DC. IIpenen

AB _dB

—=—=¢
AP dP
Ha3bIBAETCSI OTHOCUTEIBHBIM MPUPOCTOM PaACX0/]a TOIUIMBA. DJIEKTPOCTAHLHUs, KOTOpasi UMEET MEHb-
11e€ 3HAUYEHUsl BEJIUYMHBI €, MEHBIIE YBEINYMBAECT PAacXo] TOIIMBA IIPU POCTE HAarpy3ku. OTY CTaH-
LU0 CIIEYET 3arpykaTh B IEPBYIO OYEPEb.

Haumensmmii pacxo TOILUIMBA B HEPrOCUCTEME WIIM ONTUMAJIBHOE PACIPENEICHUE HArPy3KU
OyZeT MpHu paBeHCTBE OTHOCUTENILHOTO MPHUPOCTa pacXojia TOIUIMBA Ha BCEX JIEKTPOCTAHIIUIX:

€ =€, =...=§, =const.
[Iepepacnpenenenre Harpy3o0K IO 3TOMY YCJIOBHIO BBINOJHSIETCS NMYTEM H3MEHEHUSI YCTaBOK
APC (aBTOMaTHYECKHE PETYISATOPHI CKOPOCTH).

hmAP—)O
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OnmumanvHoe pacnpe()eﬂeuue MOUHOCMU 68 3AMKHYMbBLX CemMAX

EcTtecTBeHHOE pacmpeneleHre MOIIHOCTH B 3aMKHYTOH CETH OMPEIENSIeTCsS COMPSIKEHHBIMU
KOMILIEKCAMH CONPOTHBIICHHI €€ YU4aCTKOB. DTO pachpe/iesieHHe He COOTBETCTBYET HAUMEHBIIIUM TI0-
TepsIM. BBIICHUM, IIPU KaKOM PacIpelesIeHUH MOIIHOCTH B 3aMKHYTOM CETH IIOTEPU aKTUBHOW MOILI-
HOCTH OyayT MHUHHMaJbHBIMH. Takoe pacmpenesieHHe MOIIHOCTH Ha3bIBACTCS SKOHOMHUYECKHUM HITH
OIITUMAJIBHBIM.

PaccmoTpum xonbIieByto cethb (puc. 20.2).

Hrt s, 1
| — >
| z,

[ S—Y
N
5
e —
N
1

Pucynok 20.2 — 3aMKHYTBII y4acTOK CETH

IIpy MOIIHOCTSIX y4acTKOB, paBHBIX S, S5, S5, HOTEPH aKTHBHONU MOLIHOCTU OLPECIISIOTCS

o ¢opmyse:
P2 402 P2 402 p2 102
AP =" 2Q1 R +-2 2Q2 R+ = 2Q3 R;. (20.1)
UHOM HOM HOM

Bripazum MOUTHOCTH BTOPOTO M TPETHErO YYACTKOB Y€pEe3 MOIIHOCTh MEPBOT0 ydyacTKa U MOIII-
HOCTH Harpy3ok. BemnuuHbl akTHBHOW W PEAaKTUBHOM MOIITHOCTH OYIYyT PaBHBI:
Ha BTOPOM Y4JacTKe

P2 :Pl_Pa; QZ :Ql_Qa;

Ha TPEThEM Y4YacTKe

P3 :Pl_Pa_Pe; Q3 :Ql_Qa_Qe'

[ToacTaBuM ATH 3HaYEHUS MOIITHOCTEH B BhIpaxkeHue (20.1):

AP =

RAQ p  (B-R) +(@=0) p  (B-P-P) +(@-0u=0) p
U; U; U
HOM HOM HOM

B sTom BBIPAXCHUNW HCU3BCCTHBIMU BCIIMYHMHAMU SABJIAIOTCA aKTUBHAA U pCaKTHBHAsA MOIIHOCTH
NIEpBOT0 T'OJIOBHOTO ydacTka. J[ist Toro, 4ToObl ONpeAenuTh MpH KaKUX 3HAUYEHHUSIX dTHX MOIIHOCTEH
IoTepHU aKTUBHOH MOIIHOCTHU B CE€TU 6y,I[yT MHWHHUMAJbHBIMH, HYKHO B34ATbh YaCTHBIC IIPOU3BOAHBIC I10
P n Q) v npupaBHATH UX K HYIIIO.

[IpousBoanas no P;

2P 2P - P 2(P-P,—-P
Pl UHOM UHOM UHOM
Y NIpou3BoAHaA 1Mo Q)
2 2(0, - 2(0,-0, -
MP_20, p AA-0)p 20=0,=0)p

2 2
Q1 Usion UHOM UHOM
W3 nonydeHHBIX BBIpAXKEHUN HAXOAUM BEIMYMHBI AKTUBHOW UM PEAKTUBHON MOIIHOCTH IIE€PBOTO
yuyacTka. Tak Kak OHM COOTBETCTBYIOT MUHUMAJIbHBIM IOTEPSAM MOIIHOCTU B CETH, TO 0003HAYUM HX

13137( H Qlak'
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P _Pa(R2+R3)+P6R3.Q _O0,(Ry + Ry) + O, Ry
loxk — > Zlok — .

Ri+Ry+ Ry Ri+Ry + Ry

Takum oOpa3zoM, MOTEpH AKTUBHOM MOIIHOCTH OYIyT HAaUMEHBITUMH, €CIH pachpeneieHue
MOIIHOCTEH Ha y4acTKaX OyJIeT BBIOTHATHCS TOJIBKO IO aKTUBHBIM COMPOTHUBIICHUSAM. Takoe pacripe-
JIEJIEHUE COOTBETCTBYET YACTHOMY CIIy4alO0 pacyeTa 3aMKHYTOW CETH — OJTHOPOJHOUN ceTh. To ecTs,
JIOTIOJTHUTEIbHBIE MTOTEPHU B 3AMKHYTBIX CETSIX BBI3bIBAE€T MX HEOJHOPOIHOCTh. HeoTHOpOIHOCTH ceTn
MPUBOJIUT K TOMY, YTO B 3aMKHYTOM KOHTYpPE€ JOMOJHHUTEIHHO MPOTEKAET YPABHUTEIIbHAS MOITHOCTD.
BennunHa 370N MOIIHOCTY paBHA Pa3HOCTH MOIIHOCTEHW YYaCTKOB IIPU €CTECTBEHHOM M 3KOHOMHYE-
CKOM pachlpe/ieICHUH:

_ gecm 9K
§yp_§i _§i .

[TpuOAN3UTE €CTECTBEHHOE pacHpeIeIeHHe MOIIIHOCTH K 3 KOHOMHUYECKOMY MOYHO 32 CYET:
HNPUHYIUTEIBHOI0 IIEpepacipeaeIeHNsI MOIHOCTH;
HaCTPOMKU CETH;
Pa3sMbIKaHUs IMTYTU MPOTCKAHUS YPABHUTCIIBHOTO TOKA, T.C. pa3MbIKaAHUA KOHTYPOB CCTHU.

Ilpunyoumenwvnoe nepepacnpedenenue MouHoOCmu
MepornpusTie BBIIOIHAETCS 3a CUET BKItoueHus gononHurenbHoi DJ[C B BeTBu cetu. s aTo-

T'0 UCTIOJB3YETCS TMHEHHBIN perysaTop (BOIbTO100aBOYHBIN TpaHCHOPMATOD).
HononnurensHas JIC E,,co31aeT KOMIEHCUPYIOLIMI YPaBHUTEIBHBINA TOK

IKOMn.yp = _Iyp .
Benuunua 3T0ro ypaBHUTEILHOTO TOKa PACCUUTHIBAETCS CIIEIYIOMIAM 00pa3oM:
; _ E, _ E, + JE,
Komn. yp ) ’
ZKOHm RKOHm + ]X KOHM

1€ Ryonm> Xionm — CYMMApHO€ aKTUBHOE U PEAKTUBHOE COIPOTUBIIEHHS KOHTYpa COOTBETCTBEHHO.

JerictBurenbHas coctapsitonias ponoautensHoi DJIC E, coBnamaer mo ¢asze ¢ HanpssKeHUEM
CETH B TOYKE MOAKIIIOYEHHS JIMHEWHOTO perynsaropa. Muumas cocrasisomas £, CiBUHyTa Ha 90° ot-
HocuTenbHO HampsbkeHus cetu. DJIC E, HaspBaercsa npoxonasnor OJIC, a D/IC E, — nonepeyHon
S/C.

[Tpoanamuzupyem, kakas u3 DJIC B O0JbINEH CTENEHN BIUSET Ha TIEpepaclpeeiCcHHe akTUBHOM
U peakTuBHOM MomHocTel. Y Bo3nymHbIX JIDII ¢ Gonbmmumu cedenusimu X>>R. [TosToMy MOXKHO 3a-
MMCATh, YTO YPABHUTEIbHBIM TOK PAaBEH

N E, +JE,
Komn. yp ]XKOHm

OT0 ypaBHEHHE MOKA3bIBAET, YTO BBEJICHUE B 3aMKHYTBIM KOHTYp npojaosnbHoi D/]C npuBoauT B
OCHOBHOM K TEpepaclpeieICHUI0 peaKTUBHON MOITHOCTU. A BBeaeHue nomnepeuynor DJIC — k nepe-
pacnpeneseHn0 aKTUBHOM MOIITHOCTH.

N3menenune pexuma paboThl ceTu TpedyeT u u3MeHenus (perynupoBanust) Benmnuunbl DJ[C. Tlo-
3TOMY I1€JeCO00Pa3HOCTh YCTAHOBKU JIMHEHHOTO pETyJsITOpa CleayeT MOATBEPKIaTh TEXHHUKO-
SKOHOMUYECKMMH pacueTaMH. ONbIT SKCIUTyaTallly MOKAa3bIBAET, YTO YCTAHOBKA JIMHEMHOTO peryJis-
TOpa Lenecoodpa3Ha Mpu HeOOJBIIONH HEOTHOPOJHOCTH CETH M OOJBIINX MOIIHOCTAX, MPOTEKAIOIINX
B HEW.

1
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53K

Pucynok 20.3 — 3amkHyTas C€Th pa3HbIX HOMHUHAIBHBIX HAIIPSKEHUI

B 3aMKHYTBIX CeTSAX NBYX pa3HbIX HampspkeHU# (cM. puc. 20.3) mis yaydimeHus pacupeneaeHus
MOIITHOCTEH MOXHO HCIOJIB30BaTh YCTAHOBKY Pa3HBIX OTBETBJIEHUI Ha TpaHCcopmaropax, T.e. pas-
HBIX K03 UIMeHToB TpaHchOopMaIIiy.

OTO COOTBETCTBYET BBEJIECHHUIO B 3aMKHYTBIH KOHTYp JOINOJHUTENbHOU HpojoiasHo DJIC. B aToM
city4ae Bo3MokHOCTH u3MeHeHus: DJ{C orpaHuueHsbl, Tak Kak u3MeHeHue ko3 duirenToB Tpancop-
MaIy TpaHcHOpPMaTOPOB MPOU3BOAUTCS, B IEPBYIO OUYepPeb, AJISl PEryJIMPOBAHUS HAMIPSKECHUS.

Hacmpouka cemu

[Ipu HacTpolike ceTu ee HEOAHOPOJHBIE YUACTKU IMPUBOJATCSA K OJHOPOJHBIM 3a CUET KOMIIEH-
callid MHAYKTUBHBIX COIMPOTHUBIICHHH C MOMOINBIO yCTpOCTBa mpoaoiasHoi kommeHcaruu (YIIK).
PaccMoTpuM 3aMKHYTYIO CETh, COCTOSIIYIO U3 ABYX HeoqHOpoaHbIX JIDII (puc. 20.4).

ﬂE'H-_: -‘?;_-X:

Pucynok 20.4 — 3aMKHYTBII y4acTOK CETH

Tak xak
Rl RZ
TO pacmpezeseHne MOIIHOCTU He Oyaer skoHoMuyeckuM. [lo JIDII ¢ MeHbIIUM ceueHHeM MPOBOAA
OyzeT mpoTekaTh OOJIbIasi MOITHOCTh, YEM COOTBETCTBYIOIIAs dKOHOMH4Yeckas. A mo JIDII ¢ Goib-
[INM CEUYeHUEM OYJEeT MPOTeKaTh MOIIIHOCTh MEHbIINAs, YeM dKOHOMUYeckas. [loTepu MolHOCTH B Ta-
KOM ceTu OyaeT O0JbIle, 4YeM B OJHOPOTHON CETH.

BremonauM Hactpoiiky cetu. Ilpeamonoxum, uro cedenue JIOII;, Gonbmie ceuenus JIOIL,. B
JTOM ClIy4ae

SO
Rl R2
Jns monmyyenust oqHopoaHOU cetu B pacceuky JIOII; HyxxkHo BKimtounTth ycrpoiictBo YIIK ¢ co-
IMPOTHUBJICHUCM Xyrﬂ(- BemuuuHa 3TOT0 CONIPOTUBJICHUA OIMPCACIIACTCA U3 YPABHCHUSA!

Xy =Xy _ X,
Rl RZ

KonmnuectBo konneHcaropos ycrpoiictBa YIIK, BKIIFOUEHHBIX TOCIEA0BATEIBHO U APAIIIENIBHO,
ONpeIeNsAeTCs TAKKE KaK U IIPU PETyJINPOBAHUU HAIIPSIKEHUSI.

HyxHo yuuTsiBaTh, UTO KONMUYECTBO KOHJAeHCAaTOpoB YIIK cooTBeTCTBYET TOKY, KOTOPBIM Mpo-
tekaeT B JIDII; B HOpMansHOM pekume paboThl. B aBapuitHom pexxume mocne otkmrodeHus JIDI1, ve-
pe3 ycrporictBo YIIK Oyner mporekarh OoJbIasi MOIIHOCTh, YeM B HOPMAJIBHOM pexuMe (TIoTHas
MormHocTh Harpysku). Konmencaropsr VIIK Oymyr meperpyxkensl. A 310 Hemomyctumo. [loatomy
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ycrpoiictBo YIIK crnenyer myHTHpoBaTh B IocieaBapuiiHoM pexume. Otkimouenue JIOI, u mryHTH-
poBanue ycrpoiictBa YIIK npuBeayT K 3HAUUTEILHOMY YBEIHMYECHHIO aKTHUBHOTO M OCOOEHHO peak-
TUBHOT'O COIIPOTUBJIEHUH. JTO NMPUBEAET K YBEINYEHUIO MOTEPU HANpsbKeHUs B ceTH. Hanpskenue B
koHile JIDI; MoxeT CHU3UTBCS 10 HEAOMyCTUMOM BennuuHbl. [Ipu aBapuiiHoM oTkimtoueHun JIOII; B
pabote ocranercs JIDII,. Tak kak ee ceueHune MmeHblne, yem cedenue JIOII; (R u X Oombiie, yem y
JIDI,), To moTeps HanpsbkeHust OyaeT eme Oonbmield. Hanmpsokenue B konue JIDII Oyner eme Huke.

Pacuer VIIK mo nosHoON MOIIHOCTH HAarpy3Ku CETH YBEJIMUYMBAET 3aTpaThl HA YCTPOHCTBO, HO
MOJKET He 00eCTIeUUTh HYKHBIH YPOBEHb HANPSKEHUS B CETH.

Kpowme toro, npu k.3. Ha JIDII; Ha yctpoiictBo YIIK noxwurcs Gonbinoe Hanpspkenue. [lostomy
qutst 3anuThl Y ITK mpuMeHstoT ObICTpOAEHCTBYIONINE PA3PSIHUKH.

W3 BbIIecKka3aHHOTO CleAyeT BBIBOJ, YTO IejecooOpasHocTh ycraHoBkd YIIK cnemyer mon-
TBEPAUTH TEXHUKO-DKOHOMHYECKUMH pacueTamu. OTBIT SKCILTyaTalliy MOKa3bIBAET, YTO HCIOIb30Ba-
Hue YIIK 5KOHOMHUYECKH BBITOJIHO JJISi CETEH OJHOTO HANPSHKEHUS MPU HEOOIBIIMX MOIIHOCTAX Ha-
TPY3KH CETH.

Pazmvikanue nymu npomeKanusa ypacHumesibHo2o0 mokKa,m.e. pasmbvlKaHue KOHmypoe cemu

B pacnpenenurenbubix ceTsax 35-110 kB Bo3MoOkHO pa3MblkaHue KOHTYpOB. OHAKO 3Ta Mepa
1esiecoo0pas3Ha JIHIb TOT/Ia, KOT/Ia TOYKH pasjiesia MOITHOCTEH MPH €CTECTBEHHOM M YKOHOMUYECKOM
pacnpezieieHuu He coBnanaT. Kpome Toro, morpeduTenu noACTaHIMi, MUTAIOMUXCS OT CETH, JOJIXK-
HBI UMETh OHOTHITHBIE rpauKN HArpy3KH. B MpOoTHBHOM cilydae TOYKa SKOHOMHUYECKOTO MMOTOKOpPa3-
JieJ1a MOIIHOCTH OyJIEeT MepeMeIaThes Mo CeTH B 3aBUCHMOCTH OT €€ Harpy3KHu.

[lenecooOpa3HOCTh pa3MbIKaHHUS TOATBEPKIACTCS CPAaBHEHHEM IOTEPh MOII-HOCTH BO BCEX
3JIEeMEHTax 3aMKHYTOI'O y4acTKa CETH JI0 U MOCJIe Pa3MbIKaHUS:

APyoq =AP,,,s +AF, 5.

JI9N
Pa3MmpIkaHu€e BBINOJIHSETCS IMyTEM OTKJIFOYEHUS BBIKIIOUYATENS B MEPEMBIUKE PACIIPEIETUTENb-

Horo yctpoiictBa [IC ¢ TOUKO# 3KOHOMUYECKOT0 MOTOKOpa3aena. [Ipu pa3MblkaHuH ceTH HEOOXOUMO
pPaccMOTPETH JIBA CIIydas:
COXpaHEHHE PKOHOMHUYECKOro pacripezesieHuss MoiHoctu B JIDII ceTn u HepaBHOMEPHYIO 3arpy3Ky
tpanchopmaTopoB Ha [1C ¢ Toukoit pa3zena MOITHOCTH;
COXpaHEHHE paBHOMEpHOU 3arpy3ku Tpanchopmaropos [1C ¢ Toukoil pa3aena MOITHOCTH M Hapyle-
HUE SKOHOMHUYECKOTro pacnpeaeneHus Mmomuoctu B JIDII cetu.

[TockonbKy Mpu pa3MBIKAHUU CETH U3MEHSIETCS 3arpy3ka ToJbKo Tpancdop-maropoB Ha [IC ¢
TOYKONH SKOHOMHUYECKOTO pazjieia MOIUIHOCTH, TO HEOOXOJUMO paccuuTaTh MOTEPH MOUIHOCTH B HUX
1o ¢popmynam

SMI(Z)

M X

AP, 1) =AP )+ AP o) - S
nomTI(2)

2
UK](Z) ) SM](Z)
100 SHOMTI 2)

AQ 12 =A0y ) +-

C y4eTOM H3MEHEHHS] MOIHOCTH Harpy3k (S, ; 2 )) KaXJI0T0 TpaHchopmaropa.

B nepBom cityuae MOIIHOCTh Harpy3Kku kaxaoro u3z tpancdopmaropos I[1C ¢ Toukoit s3koHOMU-
YECKOro paszjiesla MOIIHOCTH MPOMOpPIHOHANIbHA OTHOIICHUI0 MoiHocTer JIDII, mpumbikarommx K
stoit IIC. Ilpu 3TOM MOUIHOCTH HArpy3kKM MOXET paclpeAesMTbCs TakKUM 00pa3oM, YTO OJHH M3
TpaHc(hopMaTopoB OyIeT NeperpyxeH, a Apyroi — HejorpyxeH. IlosToMy nepen pacdeTom norepb
MOIITHOCTH CJIEYET pacCuuTaTh KOAPPHUIMEHTH 3arpy3KH TpaHCHOPMATOPOB O hopMyIam:
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S S
Ksp =<1 K -y 2
Hom T1 HomT2
Eciu koaddurmenT 3arpy3ku oHOTO U3 TpaHCHOPMATOPOB MPEBBIMIAET 1, TO pa3MbIKaHHUE Ce-
TH C COXpaHEHHEM YKOHOMHUYECKOTO pacipeeneHus Momuoctu B JIDII HeuenecoobpasHo.
Bo BTOpOM ciryyae MOIIHOCTH Harpy3kH Kaxaoro TpaHcdopmartopa OyaeT paBHa MOJIOBUHE OT

S ,, oroit IIC, T.e. moTepy MOLIHOCTH B TpaHcdopMaropax 1ot [IC GyayT TaKHMU XKe, 9TO H IIPH pa-

00Te ceTH B 3aMKHYTOM COCTOSIHUH.
[Motepu momuocTu B JIDII B 000MX ciaydasXx pacCUMTHIBAIOTCS MO AITOPUTMY pacuera IpH 3a-
JTaHHOM HanpsixeHuu Ha NI,

IKonomuunblil pexcum padbomet mpancghopmamopos

YcTaHOBKa Ha TMOJACTAHIMH JBYX OJMHAKOBBIX TpaHC()OpMATOpOB OOecredrnBaeT MHUHUMAIIBHO
HEOOXOUMYIO0 HAJICKHOCTh JJIEKTPOCHAOXKEHUS MOTpeOuTeneld | kareropuu u sBIsSETCS YKOHOMUYE-
CKHM HauOoJiee 11e1ecoo0pa3HbIM pereHueM. B nanpueiinemM 3¢ heKTHBHOCTh (PYHKITMOHUPOBAHUS Ce-
TH 3aBHCHT, B YaCTHOCTH, OT 3arpy3ku TpaHcopmatopoB [IC. B pesynprare pa3BuTus permoHa Ha-
rpy3Ka B y3J1ax MOXXET Bo3pactarh. [Ipy 3TOM 3HAYUTENTHHO YBEIMYUBAIOTCS HArpy304HbIC TIOTEPH, H
3arpyska TpaHc(hopMaTOpOB MOKET MPEBBICUTH SKOHOMUYECKH Lienecoo0pasnyto. C Apyroi CTOPOHBI,
ecim K cetu noakirouaetrcs HoBas [1C, To ee TpaHChOpPMAaTOPhl MOTYT OKa3aThCs HEIOTPYKCHHBIMH.
DTO Takke HelelnecooOpa3Ho, Tak KaK MOTEPU XOJIOCTOrO XOAa OKA3hIBAIOTCS HEMPOMOPIIMOHATHHO
OOJIBIITMH TT0 OTHOIIICHHUIO K HArpy3Ke, U K.I1.JI. TpaHcopmaTopa mnajaer.

Tpebyemas HOMHUHANBbHAS MOIIHOCTH TPAHC(HOPMATOPOB (STpe6) paBHsieTCS
Sipes =(0.6-0.8)-S,,,

rae Sy = ,/PNZI + Qf,I — IIOJIHAS MOIITHOCTH y3/1a Harpy3KH B PEXXUME MaKCUMAaJIBHBIX HAaIPy30K.

Onpenenys Benw4uHy S BBIOMPAIOT OJrpKaiiiiee OOJbIliee CTaHIAPTHOE 3HAYECHUE HOMU-

Tpeb °

HaJILHON MOIIHOCTH Tpancdopmaropa (S ). OHa 1OKHA YIOBIETBOPATH SKOHOMHUYECKHUM M 3KC-

HOM. T
IUTYaTallMOHHBIM YCIIOBHSIM, KOTOpPbIE TPOBEPSIOTCS MO KO3 PHUIIMEHTaM 3arpy3KH TpaHC(HOPMATOPOB
B HOPMAaJbHOM M TIIOCI€aBapUHHOM pekuMax (MpH OTKIIOUYEHWH OJHOTO TpaHc(hOopMaTo-

pa).Kosdduuuents! 3arpy3sku B HopmanbHOM K, U mocieaBapuilHoM pexumax K, paccuuTbIBa-
I0TCS 110 (popMyIIam:
Sy . — Swu
b 3AB T H
Ny - Spomr (ny =1 Shomr

rzie n; —KOJIMYECTBO TpaHc(hopMaTopoB, ycTaHOBIEeHHBIX Ha [1C.

K, =

Koa¢ppunmeHT 3arpy3ku B HOpMaIbHOM PEXHUME JOJDKEH HAXOIUTHCSA B SKOHOMHUYECKH IIEJIeCO-
00pa3HbIX Mpeaenax

0.5<K,<0.75,

a B MI0CJIeaBapuiHOM pexXUMe He JODKEH MPEeBBIIIaTh TEXHUUECKH JOIYCTUMOTO 3HAUCHUS
Ksag< 1.5, (20.2)

3TO COOTHOIICHHE CIEAYET U3 TOr0, YTO TpaHCc(hopMaTop, Kak U Jito0as NeKTpudecKkas: MallliHa,
o0aaeT onpeseNeHHON Meperpy304Hoi crocoOHOCThI0. Ee MOXKHO MCHONIB30BaTh B MOCIIE€aBAPHIA-
HOM pEeXHUMe, KOTJa OUH U3 TpaHCPOpPMATOPOB aBAPUITHO WIIM IIJIAHOBO OTKJIIOYAETCS, a BTOPOH Oe-
peT Ha ce0sl Harpy3Ky BCEro ysia. JTO MO3BOJIET YMEHBIIHUTH MOIHOCTH TpaHC(HOPMATOPOB, yCTa-
HaBnuBaembIx Ha [IC. BmecTe ¢ Tem, meperpy3odnas cnocoOHOCTh TpaHC(HOPMATOPOB HE OecTpeIesb-
Ha. CootHomenue (20.2), ycranoBieHnHoe B [IpaBunax ycTpoilcTBa 3JI€KTPOYCTAHOK, MO3BOJISET CO-
XPaHUTh CPOK CIYKObI H30JIALKHU TpaHCc(opmaTopa B mpeierax HOpMaTUBHOTO.

DKOHOMHUYECKH I1eJIecO00pa3Hblil pesxkuM paboThl TpanchopmaropoB Ha [IC oTHOCUTBCS K 3¢-
(EKTHUBHBIM MEPOIPHUATHSIM CHIKEHUS MOTeph MoltHocTH. OH onpenensercs Harpyskoi [1C u mapa-
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MeTpamu TpaHcopmaTopoB. B BeceHHe-eTHUN MEepHoa CHWKEHUS Harpy3ku TpaHcgopmaropsl 11C
OKa3bIBAKOTCS JUIMTEIIBHOE BpEMs HEIOTPYKEHHBIMH. DTO BBI3bIBAET B HUX OTHOCHUTEIIBHOE YBEJIHYE-
HUE MOTEPb JIEKTPOIHEPTHHU (32 CUET MOTEPH XOJIOCTOrO X0/1a).

B Takux ciydasx MOKET OKa3aThCsl 1€J1IeCOO00pa3HbIM OTKJIIOYEHHE YacTU TPaHCHOpPMaTOPOB.
[Ipu sTOM npu HanM4YMK NoTpeduTenel I kaTeropun HaJeKHOCTH HA BBIKIIOYATENAX Ha CTOPOHE BBI-
COKOTO HaIpsHKEHUs ATUX TpaHC(HOpMaTOpOB JOKHA OBITH YCTaHOBJIEHAa aBTOMaTnKa ABP.

YciioBHEeM OTKIIIOYEHHS YacTH TPAHC(POPMATOPOB SIBIISIETCSI PABEHCTBO MOTEPh MOIIHOCTH BH, H
(np —1) BKIIOUCHHBIX TPAHCHOPMATOPOB.

Jlie OTMHAKOBBIX JBYXOOMOTOYHBIX TpaHC(HOPMATOPOB 3HAYEHHE DKOHOMHUYECKONW MOILIHOCTH
ompenensercs mo Gopmye:

APy -ny-(ngp —1)
AP, '

Ecii MOIIHOCTh HArPY3KH B MHHUMAIIbHOM PEXHMME MEHbIIIe SKOHOMUecKo (S, < S, ), T0

S3K = SHOM ’

OJIMH W3 BKJIIOYEHHBIX TpaHC()OpPMATOpOB cienyeT OTKIYUTh. [Ipu 3TOM cymMMmapHbIe MOTEpU B
TpaHchopMaTOpax yMEHbIIAIOTCS.

3HaueHue SKOHOMHYECKONH MOIIIHOCTH MOXKET OBITh MOJy4eHO rpaduyeckuM myreM. s aToro
CJIeTyeT MOCTPOUTH rpapriK 3aBUCUMOCTH MOTeph MomHOCTH OT Harpy3ku [1C npu pabdote n, u (n, — 1)
tpanchopmaTopamu. Ha puc. 20.5 mokazano onpeneneHne SKOHOMUYECKONH MOIITHOCTH MPH YCTAaHOBKE
Ha [1C AByX OIMHAKOBBIX TPaHC(HOPMATOPOB.

APIMBT

0
) _MBA
JoHa pabomel odHumM JoHa pobomusl dayma

mpascdooMarmonom MpaHc QUUID.-';-‘.' amopamu

Pucynok 20.5 — I'padudeckoe onpeseneHne 3Ha4eHIs] SKOHOMUYECKONH MOIITHOCTH

Ecnu na I1C ycraHOBIEHBI TPeXOOMOTOUHBIE TPaHC(HOPMATOPHI, WIH TPaHC(HOPMATOPHI pa3HOU
MOIIIHOCTH, WM Harpy3ka MeXAy OJMHAKOBBIMH TPaHC(HOPMATOpaMH paclpejiesieHa HepaBHOMEPHO,
TO 3HaYEHHE YKOHOMMYECKON MOIIHOCTH MPOILE OMpPEaeieTCs rpaduIecKUM MyTeM.

C rtoukn 3penns [IC i OTKIIOYEHHS ONHOTO W3 TPAHC(HOPMATOPOB BHIOJHEHUE YCIOBHS

Sin <9, ABIsIeTCs JocTaTouHbIM. C TOYKH 3peHns paboThl ydacTKa ceTH HeT. IIpu oTKIoueHHH

OJIHOTO TpaHChOopMaTopa MPOUCXOUT MepepacipeaeneHue Harpy3ku u o ydactkam JIDII. [Toatomy
JUISl OKOHYATEJIbHOTO PELIEHUsI CIEAYET CPAaBHUTh MOTEPU DJIEKTPOIHEPTUU BO BCEX JIEMEHTAX CETU
IPU HOPMAIILHOM €€ COCTOSIHMH M TIPU OTKJIIOYeHUU ogHOro U3 Tpanchopmartopos I1C. Ecimu cymmap-
HBIE MTOTEPU TEKTPOIHEPTHH YMEHBIIATHCA, TO TpaHCHOPMATOp MOKHO OTKIIOUNTh. Eciin HeT, To Bce
TpaHc(hOopMaToOphI cIeTyeT OCTaBUTh B padoTe.
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