NcTouHunkm 6ecnepebonHoro nutaHus 6e3 cekpeTon
A.A.JlonyxuH

OrnaBsneHwue:
Mpegucnosue
1. Tnaea 1

nmaBa 2. Tunbl UICTOYHUKOB 6ecnepeboMHOro NMTaHus

nasa 3. MBI ¢ nepekntoyeHnem (Off-line UPS )

naBa 4. VBl B3anmogencTeyoLwmni ¢ cetbto (line-interactive UPS)

maBa 5. PeppopesoHaHcHbiv BT

naBa 6. MBI ¢ aBorHbiM NpeobpasoBaHuem aHeprumn (Double Conversion UPS)

naBa 7. Tpexdastble NBI
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naBa 8. OcHoBHble anekTpunyeckne napameTpbl NBM

MpeaucnoBue

Moyt kaxabli, KTO MCMoNb3yeT B CBOEN paboTe KOMMbIOTEPbI, CTankuearncs ¢ noteper MHdopmauun B
pes3ynbTaTe OTKMNOYEeHUs anekTponuTanms. NctouHmkn 6ecnepeboriHoro nutanusa (MBI1), paccmaTprBaemble B
npepnaraeMoi Bam KHUre, npegHasHaveHbl 451l BPEMEHHOro nNoaaepaHust paboTbl komnbioTepa (Mnu Apyroro
obopyLoBaHWs) Npy aBapUNHOM OTKITHOYEHUM HanpshkeHus. [na anekTponutaHusa KoMnbioTepa Bo Bpems cbos
9NEKTPUYECKON CeTM UCNONb3yeTcs 3apsn akkymynatopHon ©Gatapewn, sanswowewnca 4yacteto MBI, Khura
OpWEHTMpPOBaAHa Ha Mornb3oBaTernen N pa3paboTYNKOB KOMMBLIOTEPHBLIX U KOMMYHMKALMOHHBLIX CUCTEM U BCEX
WHTEPECYIOLUXCA UCTOYHMKaMKU GecnepeboiHoro nutaHusa. HecMoTpsi Ha TO, YTO B KHUFe eCTb OnOK-CXembl
MCTOYHMKOB GecnepeboMHOro nuUTaHusl, B HEW, B OCHOBHOM, PacCMaTpMBalOTCS BHELUHWE XapaKTepUCTUKU
MBI, a He NpUHLMMBI X CXEMHOIO NOCTPOEHUA nnu, Tem bonee, NpuHUMNnansHble cxembl anemeHToB UBIT.

Mooxon K NCTOYHUKY BecnepebonHOro NUTaHKs, Kak K «4epHOMY SALLMKY», obnagatoemy Habopom M3BECTHBIX
nonesHblX (MM He NONe3HbIX) CBOMCTB, NO3BOMSAET, HE YrMyOnssach B €ro 3MEeKTPOHHYI0 HAaUYMHKY, OCMbICIIEHHO
MCMOMNb30BaThb €ro MNOOXUTENbHbIE CTOPOHbI AN 3aLUMTLI KOMMNBLIOTEPOB UMK APYroro 06opyaosaHusa oT cboes
anekTpuyeckon cetn. Ona 6opbbbl CO COOAMM 3NEKTPUYECKON CEeTU U co3daHuMm cuctem BecnepebGonHoro
nutanuss kpome WBIT ucrnonb3yloTcs M Apyrme YCTpoWcTBa: CTabunmsaTopbl HanpsbkeHus, unbTpsbl,
On3enbHble reHepaTopbl. HekoTopble U3 HUX Takke KpaTko pacCMOTPEHbI.

Mpn HanucaHun GbINK MCMONb30BaHbl PeKNaMHble U TeXHUYeckne matepwuansl, upm UHBepTop, Ctenpocc,
Cuetmaw (r. Kypck), Asea Brown Bowery, American Power Conversion, Best Power Technology, Bimex
Technic, Exide, Fiskars, Merlin Gerin, Novell, Oldham, Panasonic, Sonnenschein, Sola Electric, Stavolt, Tripp
Lite, Victron, F.G. Wilson, a Takke guctpmbbtotepamm dmpm Datron Products, Fairstone, Fiamm, Minuteman,
Varta, Yuasa.

Masa 1

OnekTpocTaHumMn Poccun oBGbeduHeHbl B doefepanbHyld SHEpProcUcTEMY, SABMSIOWYIOCA WUCTOYHUKOM
SMNeKTpUYecKon aHeprmM AnA Bcex ee noTpebutenen. lMepegada W pacnpedeneHve aneKTPosHeprum
OCYLLIECTBMNAETCA C MOMOLLBI0 BO3OYLIHLIX NUHWUIA BnekTporepenadn, nepecekawolmMx BClo cTpaHy. [Ons
YMEHbLLEHUSI NOTepb NpU Nepegaye dMeKTPOIHEPIMN B NTMHUSIX dNeKTponepeaay NpuMeHseTcsl O4eHb BbICOKOe
HanpspKeHue — AecCATKU 1 (Yalle) COTHU KUIOBOSbT.

B cuny cBoei 3KOHOMUYHOCTK Mpu Nepeaade sHeprum NpUMeHsieTca n3obpeTeHHas pycckum nHxeHepom M.O.
Honveo-[o6poBornbckuM TpexdasHas cucTemMa nepemMeHHOro Toka, Npu KOTOPOW 3NEKTPO3HEPrMs NepeaaeTcs
C MOMOLLbIO YETbIPEX NMPOBOAOB. TpU U3 3TUX NPOBOAOB HA3bLIBAKTCS MUHEWHLIMU UMK DasHbIMK, a YETBEPTHIN
— HeHTpanbHbIM NPOBOAOM UM MPOCTO HEeNTpasbto.

MoTpebutenn aneKkTpoIHEepPrUn paccynTaHbl Ha 6onee HU3KME HaMnpshiKeHUs,, YeM HanpshkeHue B
aHeprocucteme. [lOHMXEHWE HanpshkeHus npou3BoauMTcss B ABa 9dTana. CHayana Ha noHWXKawLwen
noAcTaHumn, SBMSIOWENCA 4YacTbl0 3HEProcMcTeMbl, HanpsbhkeHue noHwmxkaeTtca o 6-10 kB (kunosoneT).
[anbHenwee NOHWXEHWE HanpsiKeHMe NPOU3BOOUTCH Ha TpaHCOPMAaTOPHbLIX MOACTaHUMAX. MX 3Hakomble



BCEM CTaHAapTHble «TpaHCOpMaTopHble OyAKM» BO MHOXeECTBE pas3bpocaHbl MO NpeanpuaTUSM U XUIbIM
mMaccueam. [Nocne TpaHcopMaToOpHOM NoACTaHUMM HanpsXXeHne noHmwkaeTcsa go 220-380 B.

HanpsikeHne wmexagy JnuvHenHbIMM npoBoAaMy TpexdasHOW CUCTEMbl MEPEMEHHOr0 ToKa HasblBaeTcs
nMHerHbIM. HoMMHanbHOe 4encTByoLLee 3HA4YeHUe NMHENHOro HanpshkeHus B Poccun pasHo 380 B (BombT).
HanpsikeHne mexagy HenTpanbio u niobbiM U3 NMMHENHbIX NPOBOAOB Ha3biBaeTcsA a3HbiM. OHO B KOpEeHb U3
Tpex pa3 MeHbLUe nuHerHoro. Ero HommHaneHoe 3HayeHne B Poccumn pasHo 220 B.

McTouHMKOM TOKa [Ans 9HeprocuctemMbl SABNAKOTCA TpexdasHble reHepaTopbl MNEepeMEHHOro  Toka,
YyCTaHOBMEHHbIE Ha anekTpocTaHumax. Kaxgas us o6MOTOK reHepaTopa UHAyUMpyeT NUHEeNHOe HanpsikeHuve.
OOBMOTKM CMMMETPUYHO pacrionioXeHbl MO  OKPYXHOCTM reHepaTtopa. COOTBETCTBEHHO W JUHEWHbIE
HanpsXXeHUst cOBUHYTblI ApYr OTHOCUTENbHO Apyra no dase. ATOT (a3oBbI CABUM MOCTOSIHEH U paBeH 120
rpagycam.
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Puc. 1. TpexgasHas cucmema nepemMeHHo20 moka

Mocrne TpaHCcGOPMaTOPHOM MOACTAHUMM HanpshkeHWe 4epes pacnpegenutenbHble LWWMTKM unu  (Ha
NpeanpusTUSX) pacnpefaenuTenbHble MyHKTbl MOCTYNaeT K NoTpebuTensm.

HekoTopble noTpeGutenu (snekTpogsuratenu, npombilineHHoe obopyaosaHue, Gonbwmve OBM u molyHoe
KOMMYHUKaLMOHHOe 060pyZAoBaHWE) paccyMTaHbl Ha HEMOCPEACTBEHHOE MOAKMIOYEHWE K TpexdasHoii
anekTpuyeckoi cetu. K HUM nogsoasTca YeTblpe NpoBoAa (He cunTas 3alyUTHOro 3a3eMneHus).

ManomoluHble noTpebutenu (nepcoHanbHble KOMMbITepbl, ObITOBble Npubopbl, OoducHas TexHuka u T.4.)
paccymTaHbl Ha oAHOMAa3Hyl AnekTpuyeckyto ceTb. K HUM nogBoaaT ABa npoBoda (He cuuTasi 3awuTHOro
3asemneHus). B nopgaensioweM 4ucne criydyaeB OAMH W3 3TUX MPOBOAOB — JNWHEWHbIW, a Jpyrom —
HenTparnbHbIn. HanpsxeHne mexay HMMK Mo cTaHgapTy pasHo 220 B.

MpuBegeHHble Bbile AEUCTBYIOWME 3HAYEHUS HanpshKeHUss He UcHepnbiBaloT MOMHOCTbI0 MapameTpbl
aneKkTpuyeckon ceTu. epeMeHHbI 3NeKTpUYECcKUn TOK XapakTepusyeTcs Takke 4vactoTon. HomuHanbHoe
cTaHgapTHoe 3HaveHue JactoTbl B Poccum pasHo 50 My (Mepu).

PeanbHble 3HayeHus HanpsaXeHna wu 4acTtoTbl SHGKTDMHGCKOVI CeTNU KOHEeYHO MOryT oTnuyaTtbCAa OT
HOMWHAsbHbIX 3HAYEHUN.

K ceTn MOCTOSIHHO MOAKIMIOYaloTCsl HOBble MOTPEGUTENW 3MEKTPO3HeprMn (TOK UMM Harpyska B CETu
YBENUYMBAETCS) WM OTKMOYaloTCA Kakue-nubo notpebuTtenu (B pesynbrate TOK WNW Harpyska cetu
yMeHbLuaeTcs). [py yBEeNUMUEHWM Harpysku HanpsbkeHue B CeTU MafdaeT, a Mpu YMEHbLUEHUM Harpysku
HanpsPKeHWe B CeTu Bo3pacTaerT.

,D,J'Iﬂ YMEHbLUEHUA BITUAHNA N3SMEHEHUA Harpy3kn Ha HanpsaxeHue, Ha NoOHMXanLwnx nogctaHumMax cywecrtsyeT
aBTOMaTMYecKasl cucTema perynmpoBaHus HanpshkeHusi. OHa npegHasHayYeHa Ans nogaepKaHus NOCTOSIHHOIO
(B onpepeneHHbIX Npegenax u ¢ ONpeaeneHHon TOYHOCTBIO) HaNPSXKEHUs! NPU U3MEHEHUU HAarpy3ku B CETWU.
PerynupoBaHne  ocylLlecTBnsieTcs 3a CYeT  MepekoMMmyTaummM  OBMOTOK  MOLUHbIX  MOHMKaOLWMX
TpaHcopMaTopoB.

YacTtoTa nepeMeHHOro TOKa 3ajaeTcAa YacToTon BpalleHnAaA reHepaTopoB Ha 3NeKTpocTaHuudax. |_|pI/I
yBEJITMYEHUN Harpys3kum 4actoTta CTPEMUTCA Crerka yMeHbLUUTbCA, CUCTemMa perysimpoBaHUA 3INeKTpoCTaHunn
yBenu4nBaeT pacxo pa6oqero Tena vyepes Typ6|/|Hy, 1 4acToTa BpalleHnA reHepaTtopa BOCCTaHaB1MBaeTCA.

Pa3ymeeTC;| HW O4Ha cucTtema perynmpoBaHusA (Hal'lpﬂ)KeHVlﬂ nnm ‘-iaCTOTbI) HE MOXeT pa6OTaTb naearnbHO, U B
nobom cnyyae nonb3oBaTento SﬂeKTpI/NeCKOIZ CeTN HYXHO CMUPUTBCA C HEKOTOPbIMU OTKITOHEHNAMMU
XapakTepucTuk CET OT HOMUHAlbHbIX 3HaveHun.

B Poccun TpeboBaHMa K KavyecTBY 3MeKTpU4eckon 3Heprum crtaHgapTtusoBaHbl. FTOCT 23875-88 paer
onpegenexHus nokasatensaMm kKadectBa anektpoaHepruu, a NOCT 13109-87 ycraHaBnuBaeT 3HayeHMs1 3TUX



nokasatenen. ATum CTaHO4apTOM yCTaHOBJIEHbl 3Ha4YeHNA nokasaresnen B TOYKax NOAKMYEHMUS I'IOTp66I/ITeJ'Iel7l
SNEKTPO3IHEPIrnun. [Ona nonb3oBaTens 3TO O3Ha4yaeT, YTO OH MOXeT Tpe6OBaTb oT SHepFOCHa6)KalOLU,el7I
opraHusauuu, YTOObI YyCTaHOBJTIEHHbIE HOPMbI cobnogannce He rge-To B dHeprocmucrtemMme, a HenocpegCrtBeHHO
B €ro po3eTKe.

Haunbonee BaxHble nokasaTenu kadecTtsa ANEKTPOIHEePrnn — 3TO OTKIOHEeHME HanpsaXXeHna oT HOMUHalrlbHOro
3Ha4YeHud, KOSCb(*)VILI,VIeHT HeCuHyconaanbHOCTU HanpsAXXeHUd, OTKIOHeHne 4YacToTbl OT 50 lNu.

CornacHo cTtaHgoapTy B TedeHne He MeHee 95% BpeMeHu KaxablXx CYTOK (ba3HOEe HanpsbkeHWe [AOIMKHO
HaxoauTbea B AmanasoHe 209-231 B (oTknoHeHue 5%), Yactota B npegenax 49.8-50.2 Ny, a koacpdpuumeHT
HecnHyconaanbHOCTU He A0MKeH npeBbiwath 5%.

OctanbHble 5 nnyM MeHee NPOLEHTOB BPEMEHMW KaXObIX CYTOK HanpsKeHue MoXeT UaMeHsTbes oT 198 go 242
B (otknoHeHue 10%), yactoTa ot 49.6 o 50.4 Iy, a KO3cpHULMEHT HECUHYCOMAANBHOCTA OOMMKEH ObITb HE
oonee 10%. OonyckatoTca Tawkke 6Gornee cunbHble M3MeHeHust vactoTbl: oT 49.5 Iy go 51 lu, Ho obLas
ATNIMTENBbHOCTb TakKNMX M3AMEHEHUI He AormkHa npeBbiwaTtb 90 Yacos 3a rog,.

ABapVIFlMM 3ﬂeKTpOCH86)KeHVIFI Ha3blBAKTCA CUTyauun, Korga nokasaterqim KadecTBa 3J1IEKTPO3Heprn
KpaTKOBpPpEMEHHO BbIXOOAT 3a YCTAHOBJIEHHbIE npeaernbl. Uactota MOXeT OTKMoHATbCA Ha 5 [y ot
HOMUHAINbHOIoO 3Ha4eHuA. Hanpﬂ»(eHme MOXET CHWXaTbCA OO0 Hyn4A. B panbHenwem nokasatenu kadecrtsa
KayecTBa OO0JDKHbI BOCCTAaHaBITMBATLCA.

Fpynnbl noTpebuTenen

CornacHo [Mpasunam Yctponctea AnekTpoyctaHoBok (1Y) Bce noTpebutenn anekTposHeprum Oenstcs Ha
TpW KaTeropmu.

K nepBon kaTeropum oTHOCATCA OTBECTBEHHbIE NOTpebuTtenn. VIx cHabxeHne anekTpoaHeprien npon3BoanTcs
OT ABYX HE3aBUCMbIX MCTOYHWKOB nuUTaHusA. [pyM MCYE3HOBEHWUM HanpPsHKEHWs Ha OAHOM U3 UCTOYHWUKOB
Npou3BoANTCS aBTOMaTUYECKOe NMEepeKnioyeHne Ha NUTaHne Harpy3kum oT BTOPOro MCTOYHMKA. HesaBucumbIMun
MCTOYHMKaMK MOryT BbITb pacnpefenuTenbHble YCTPONCTBA ABYX SMNEKTPOCTaHLUMI UMK He CBSA3aHHbLIX ApYr C
ApyromMm noactaHumi. MNepeknoyeHne NpoM3BOAUTCSH aBTOMATUYECKUMK BbiKModaTensamu pesepsa (ABP). MNpu
cpabaTbiBaHUM 3TUX MEXaHW4YeckMx (a WHorga W TUPUCTOPHbLIX) Nepeknoyatenen, Bpems OTCYTCTBUSA
HanpskeHust (Nepuop, B TEYEHME KOTOPOro Harpyska octaeTtcsi 6e3 anektponuTanus) coctasnsieT 10-3000 mc.

7] HepBOVI KaTteropum Bblaendetcda rpynna 0c060 OTBETCTBEHHbIX I'IOTpe6VITeJ'Iel7I. Nx QneKTponnTaHune
npon3BoanTCcA OT TpexX He3aBUCUMbIX WUCTOYHUKOB. B kauectBe TpeTbero WCTOYHMKa [onycKaeTcA
NCNoNb30BaTb AN3ENbHbIN reHepartop Unn akKkyMmynaTopHbIe 6aTapeV|.

Ko BTOpoli kaTteropmm OTHOCSTCA MEHee OTBECTBEHHble noTpebutenun. WX anekTpocHabXeHue [OMKHO
Npon3BoOANTCS OT ABYX HE3ABUCUMbIX UCTOYHUKOB NUTaHMs. Ho Anst aton kaTeropun notpebutenen gonyctum
bonee ONUTENbHBLIA Pa3pbiB ANEKTPONUTAHWUSA, AOCTATOYHBLIA ANS NEPEKIOYEHUS BPYYHYO OMepaTUBHbLIM
nepcoHanoM WUnu Bbl€34HON aBapuinHow Bpuragon.

Bce ocTanbHble noTpebutenun OTHOCATCA K TpeTben kateropuu. WX anekTpocHabXeHue MoXeT
OCYLLECTBNATLCA OT OOHOr0 WUCTOMHMKA MUTaHUSA, MpW YCrOBMM, YTO MepepbiBbl 3MEeKTPOCHabXeHus He
npesbIaDT OAHMX CYyTOK. B a9TO Bpems BkMwyaeTcd M PEeMOHT WM 3aMeHa BblleAwero K3 CTpos
obopynoBaHus.

K notpebutensim nepBoi kaTteropum OTHOCATCA dhefdepanbHble U perMoHaribHble opraHbl Bnactu, Gonblune
cTapble 6aHKku, GOMbHUUBI, HauMHas C OOMacTHbIX, HEKOTOpble MNPEANPUATUS C HEMPEpPbIBHLIM  LIMKIOM
Npou3BOACTBA, KPYMHbIE Y3rbl CBSA3U U T.4.

Ko BTOpOI1 kaTeropum NoTpeGuTenein oTHOCATCA GONMbHULbLI U Y3Mbl CBSI3W, KPYMHbIE NPEAnpUsaTAS 1 Ap.

3asemneHue

Mpu ycTaHOBKE MPOMBILLIIEHHOrO 0OOpPYAOBaHUSA ANst NPEeAOTBPALLEHUSI NMOPaAKEHUS SMEKTPUYECKMM TOKOM,
npuMeHsieTCcs 3aliMTHoe 3a3eMreHne. 3allnTHbBIM 3a3eMeHneM HasblBaeTCs NpeaHaMepeHHoe coegnHeHne ¢
3emner MeTannuMyeckmnx Yacter obopynoBaHus (06bIMHO pambl, KOPNyca UK 3aLUTHOIO KOXyXa), HopMasbHO
He Haxogswmxcs nog HanpskeHuem. [Jaxe ecnu npou3ongeT NOBpeXAeHWe 3aneKkTpuyeckom msonaumun (u
Jaxe, ecnv npu 3ToM He cpaboTatoT 3alnTHbIE NPEAOXPAHUTENN), TO HAMNPSXKEHNE HA 3a3eMIIEHHbIX YacTaX
obopynoBaHua 6Gygetr 6esonacHbIM, Tak Kak CONPOTUBMEHWE 3a3eMiieHus Mo CTaHgapTy He [AOIMKHO
npesbiwaTe 4 Oma. Mpu opraHM3aumm nokanbHbIX KOMMbIOTEPHBIX CETE pekoMeHAyeTcs elle bonee HU3koe
COnpoTUBreHne 3aszemrneHnst — He 6onee 0.5-1 Oma. Bnpoyem, B aTOM crniyyae 3a3emneHue rnaBHbIM 06pa3om
CMYXWUT ANA YMeHbLUEeHWs NoMex, BO3HMKalowmx npu paboTe pasnuyHoro obopypoBaHus. [ns ycTpownctea
3a3eMfeHnss B TpyHTe pasMelLarT MeTannuyeckne npeameTbl C pa3BUTOW MOBEPXHOCTbH W HadEeXHOo
COeaMHAIOT ero C LUMHOW 3a3eMreHuns.

PaHee B Poccun gna nogkntodeHms ObiToBbIX U OUCHBIX MPUOOPOB HE NPUMEHSINOCH 3a3eMrieHne. B ObiTy n
odhmncax MCnonb30BanMCcb ABYXNPOBOAHbIE PO3ETKU, paccynTaHHble Ha HanpsbkeHne o 250 B u tok go 6 A.



OfQuWH 13 KOHTaKTOB B 3TON PO3ETKE COEAMHEH C NMMHENHBbIM MPOBOAOM TpexdasHoW Lenu (Mnum, Kak roBopaT
ANEKTPUKN C «bas3ony), a Opyron — C HeWTpanbto. VcknoyeHne genanocb TONbKO Afs MOLWHOM OblTOBOM
TEXHUKW, TUNA KYXOHHbIX NIAUT U HEKOTOPbIX CTUPanbHbIX MalUUH. 3T NPpMOOPbLI NOAKMOYANUCh K cneumnansHOn
poseTke C 3a3eMneHneM (KOTOPbIM YacTo CryXXuna «HewTparnb» 3NeKTPU4ecKkon uenu).

C nosiBNeHMeM nepcoHarbHbIX KOMMNbOTEPOB M BOMbLIOTO KONMMYECTBa UMMOPTHOM OcMCHOW M BbiTOBOW
TEXHUKW, Ha4vana LWUPOKO MPUMEHATLCA pO3eTka C PacrnofioXeHHbIMW B NepudepuinHOM 4YacTu po3eTKu
3a3eMMALLMMUN KOHTaKTaMu. 3Ta po3eTka paccuutaHa Ha HanpshkeHne ao 250 B n Tok go 10 A (nHorga oo 16
A). O6bl4HO ee Ha3blBalOT «KOMMbIOTEPHOWY, «EBPOMNEWCKOM» WMAM «eBpopo3eTkon». B cTtpaHax EBponbl
NPUMEHSIIOTCA HECKOMbKO TUMOB PO3eTOK (B YacTHOCTW, paccMaTpvBaeMasi po3eTka MpuMeHsieTcs B
FepmaHuK), 1 BKNOUYNTL NPUMEHSIEMbIA CKaxkem B LUBeriuapuy KOMNbIOTEP B aHIMMUCKYID PO3eTKYy Tak Xe
HEBO3MOXHO, KaK 1 B AINOHCKY10. [oaToMy B AanbHewnwem Mbl 6yaem HasbiBaTb 3Ty PO3ETKY MPOCTO PO3ETKOMN C
3azemneHneMm. OBGbIMHO MMEHHO Takasi po3eTka MpUMEHsieTCA AN NOAKIMI0YEHUS KOMMbIOTEPOB U ApYroro
oducHoro obopyaoBaHnsa MoLHoCTbIO Ao 2 KBA (MHorga go 3 kBA).

B Poccunm dawe Bcero npuMeHsieTCa 4YeThlpexnpoBogHas TpexdhasHasa anekTpuyeckass ceTb  C
rNyxo3a3eMIieHHOW HeWlTpanbi. HelTpanbHbll NPOBOA B TAaKOW CETUM 3a3eMileH B HECKOSIbKMX MecTax (Ha
3NEKTPOCTaHUMSAX, MOACTAHUMAX, B JNIMHUSX 3neKkTponepeaad). B anekTtpuyeckon cetu C rnyxo3as3emMreHHON
HeWTpanbio BMECTO 3alUMTHOrO 3a3eMSIEHUsI [OMyCcKaeTcs WCNosfb30BaTb 3aliMTHOE «3aHyrneHne» —
COeIHEHNE Kopryca YCTPOWCTBA C HelTpanbHbIM NPOBOAOM (@ He ¢ 3emrien). B npoMbILWNeHHOCTM 3TOT BUA
3alUNThI OT NOPAXKEHNS ANEKTPUYECKUM TOKOM SIBIISIETCSH OCHOBHbLIM.

B HekoTOpbIX CTpaHax MNpUMeHsieTca NATUNPOBOAHas TpexdasHas ceTb. B Hell nposog 3asemneHus u
HelTpanb oTAeneHbl Apyr oT Apyra. MaTunpoBogHas ceTb Aopoxe (Gonblue pacxodbl Ha kabenb U ero
npoknazaky), Ho 6onee ycToiuMBa K noMexam, 0Co6eHHO Npu paboTe KOMMbIOTEPHOro 060pyA0BaHNS.

Kak yctpoeHo o6opynoBaHue

OnekTpoobopyaoBaHue, uM3roTaBnMBaemMoe B PoccuM, eCTEeCTBEHHO pacCyMTaHO Ha  POCCUMICKYHO
ANeKTpMYECKyto ceTb 1 06593aHo paboTaTb Npu HanpskeHnn oT 198 o 242 B u yacToTte ot 49.5 pno 51 lNu. Kak
NpaBuIIio AnanasoH HanpsPKeHW 1 4acToT, B KOTOPOM MoXeT paboTtatb o6opygoBaHue, eLe HECKONbKO Lunpe
(xapakTepHbl Hanpumep 187-242 B). [Ona 6GonbwuHcTBa paboTarowmx OT CeTU YCTPOWUCTB LOMNYyCTUMbI
N3MeHeHMs YacToTbl Ha 2 'y (Mnu gaxe Gornee) No cpaBHEHUIO C HOMUHASBHBIM 3HaYEHNEM.

Bonblwas yacte npumeHsemoro B Poccumn ogurcHoro obopyaosaHusa — aTo obopyaoBaHue umnopTtHoe. OHO He
BCerga paccyvMTaHo Ha Hawwu ctaHgapTbl. Hanpumep vacto BcTpedaetcsa obopyaoBaHue, npegHa3HayeHHoe
ans paboTtbl Mpu HOMUHaNbHOM HanpsbkeHun 230 B n paccumtaHHoe Ha [OMNycKaemble OTKIOHEHUsI
HanpsbkeHns 10%. Takoe obopygoBaHve vMMeeT npaBo He paboTaTb MpU BMOMHE CTaHAApTHbIX B Hallewn
CTpaHe yCroBusX.

Cys3um gmanasoH paccmaTprvBaemMoro o6opyioBaHWs 10 KOMMbIOTEPOB 1 KOMMbOTEPHOW nepudepun. Takoro
poda npubopbl 0ObIMHO OCHALLEHbl MMMYMbCHBIMW Brokamy nNuTaHusi, KOoTopble MOryT pabotatb B O4Y€Hb
LUMPOKOM AnanasoHe HanpshKeHun. JKCnepuMeHTbl MokasbiBatoT, YTo ctaHgapTHeld K (cnctemHbin 6nok ¢
OOHMM LMCKOM M OMCKOBOAAMW M MOHWUTOP) C HE CIULIKOM MfOXMM GNOKOM MuTaHusa MoxeT paboTtatb npwu
OYeHb HU3KUX HanpsikeHusix. He xoTenockb Obl 4aBaTb KOHKPETHbBIE YMCNA, NOCKOMbKY OHWM KOHEYHO Xe pasHble
ONsi pa3HbIX KOMMbIOTEPOB, HO MOXHO YBEPEHHO cka3aTb: 99% nepcoHanbHbIX KOMNbIOTEPOB, NPoAaBaeMbIX B
Poccuun, moryT ctabunbHo paboTtate npu HanpshkeHuax 170-180 B. lNMpu ymeHbLUeHMM HanpsbkeHud, and
nony4YeHus TOW e MOLLHOCTU, TpebyeMon Ans paboTbl KOMMNbIOTEPA, UMMYNLCHBIN GIOK NMTaHUA NoTpebnsaeT
6onbLUMiA TOK. OTO 3HAYUT, YTO €ro Pecypc MpU MEHbBLUMX HaNPsPKEHUSX MOXET YMeHbLUNTbCS. Kpome Toro,
€CIN KOMMbIOTEP OCHALLEH MHOMMMW YCTPOWCTBaMM, NUTaeMbIMK OT ero 6rioka NuTaHust (guckamm, Mogemamm
1 ap.), TO MMHMMarnbHOE HanpsXXeHue, NPy KOTOPOM MOXET paboTaTb KOMMbIOTEP, BO3pacTaeT.

B Poccun unmeetcs crtangapt (FTOCT P 50628-93), onpegenstoowuin TpeboBaHMs K NepcoHanbHbIM
KOMMbOTEPaAM MO YCTOMYMBOCTM K 3NIEKTPOMArHUTHbIM nomexam. OTOMY CTaHAApPTY OOJKHbI COOTBETCTBOBATL
BCE KOMMbIOTEPLI, MPON3BOAUMbBIE UM UMMNOPTUPYEMble B Poccum.

KomnbloTepbl 1 nepudepuiiHble  YCTPOWCTBA MNOAPA3nenalTca Ha [f[Be rpynnbl B 3aBUCUMOCTM  OT
YCTOMYMBOCTM K nomexam. [pynny onpeaensieT npov3BoauTenb KomnbloTepa. [locrne cooTBETCTBYHOLLMUX
MCNbITAHUA N CepTUdUKALMM OH MMEET NpaBo OObSBUTL O COOTBETCTBUM €ro Kommnbtotepa rpynne | wunu Il
FOCT P 50628-93 no ycTOMYMBOCTM K 3neKTpOMarHuMTHbIM nomexam. B Tabnvue npvBegeHbl napameTpbl
3NEKTPUYECKON CETU, KOTOpble AOMMKHbI BbIAEPXUBATL KOMMbIOTEPLI U nepudepuintHoe obopydoBaHue B
COOTBECTBUU C 3TUM CTaHOAPTOM.

Tabnuya 1. TpebosaHusi K Kadecmsy afiekmpudeckol cemu
pynna
Bua BHELWWHe nomexm | 1]

SﬂeKTpOCTaTVI‘-IeCKVIe paspAabl:



- KOHTaKTHble 2-4 kB 4-6 kB
- BO3AYLUHblE 2-4 kB 4-8 kB
HaHocekyHOHbIE UMNYNbCHbIE MOMEXM:

- B Lensix nuTaHuns 0.5«B 1«B
- B Lensix BBoAa-BbIBOAA 0.5kB 0.5kB

OunHamuyeckme N3sMeHeHUst HanPSHKEHNS MUTaHUS:

- NpoBarbl HAaNPSPKEHNS 154 B Ha 200 mc 154 B Ha 500 mc
- MpepbIBaHMs HaNpsHKeHnst 0 B Ha 20 mc 0 B Ha 100 mc
- BbIOpPOCHI HANPSHKEHUS 264 B Ha 200 mc 264 B Ha 500 mc
MukpoceKkyHAHbIe UMMYNbChbl GOMNbLLON 3HEPTUn 500 B 1000 B
PagunoyactoTHble anekTpomMarHMTHbIE Nong 1 B/m 3B/m

CO6o0u anekTponuTaHus

OnucaHHass B Havane rnaebl 6naroctHas kapTuHa SMNEKTPUYECKON CeTU BCTpPevaeTCs, KOHEYHO, TOMbKO B
KHWKKax. Ha camom [fgene B anekTpuyeckor ceTu ObiBaldT pasHoro poga cbou. B Poccum nonyuunm
M3BECTHOCTb [JaHHble uccnegoBaHwui, npoBedeHHbix B CLUA dupmamn Bell Labs u IBM. CornacHo
nocrnegHemy, Kaxabli nepcoHanbHbI KOMMbIOTEP nogsepraeTca Bo3genctemio 120 HewTaTHbIX CUTyauun ¢
anekTponutaHnem B Mecsay. o gaHHbiM Bell Labs B CLUA HabniogatoTca cnegyowme Hanbonee vacto
BCTpeyvatoLmecst cbom nutaHms.

1. TlpoBamnbl HanpspkeHWs — KPATKOBPEMEHHBIE TMOHWKEHUS HanpsKeHWsi, CBSA3aHHbIeE C  PE3KUM
yBEMMYEHNEM HArpyskm B CETU B CBA3N C BK/OYEHMEM MOLUHBIX MOTpebutenen, Takux, Kak
NpoMbILLNIEHHOE ObopyaoBaHvue, nudTbl M T.4. fABnseTca Havbonee 4acTonm Henonagkom B
anekTpuyeckon cetn, BctpeyaeTcd B 87% crnyyaes.

2. BbICOKOBOMbTHbIE MMMYMNbCbl — KPaTKOBPEMEHHOE (Ha HaHOCEKYHObl WM eOuHWLbl MUKPOCEKYHA)
OYeHb CUIbHOE YBENUYEHWE HanpsbkeHWsl, CBs3aHHOE C OnM3KMM rPO30BbIM  Pas3psigoM  unm
BKMOMEHMEM HanpshKeHUs Ha noacTaHuum nocne aBapun. CoctaBnsieT 7.4% Bcex cO0eB NUTaHWS.

3. [MonHoe oTknioYeHe HanPSXXeHUs CornacHo 3TOMy MCCNeaoBaHUI0 ABNSETCA CNeaCTBUEM aBapui,
rPO30BbIX Pa3psioB, CUITbHbLIX MEPErpy3oK anekTpocTaHuun. BetpevaeTcs B 4.7% cny4aes.

4. Cnvwkom 60MbLLOe HanpsXXeHne — KpaTKOBPEMEHHOe yBenuYeHne HanpshXeHnst B CeTu, CBA3aHHOE C
OTKIMIOYEHNEM MOLLHBLIX NOTpebuTenen. Betpevaetca B 0.7% cniyyaes.

3Ty KapTuHy BUOANMMO MOXHO CHUTaTb TMNU4YHOM Ansa GoNbLUNMHCTBA Pa3BUTbIX CTPaH. (3aMeTI/IM B ckobkax, 4uTo
N NCTOYHUKN 6ecnepe60|7|Horo NMNTaHNA, Npon3BognMbie B 3TUX CTpaHax, B OonbLUMHCTBE cny4yaeB
OpueHTnpoBaHbl MMEHHO Ha TaKylo 3NTIeKTPUYEeCKYyH CeTb).

K coxaneHuto n aTa kapTMHa He Bcerga CoOOTBETCTBYeT Halwlen gencrautenbHocTn. dupmon «A n T Cuctemol»
no 3akaszam pasHbiX KMMEeHTOB NPOBOAWMMCL 06CneaoBaHWs ANEKTPUYECKON CeTN Ha NPeanpUATUSX B pasHbIX
mectax Poccumn n 3a pybexxom. Kpome Toro, K Ham Takxke mocTynana KocBeHHast MHopMauust 0 COCTOSIHUM
ANEeKTpUYEeCcKkon cetn B pasHbix mectax GbiBwero CCCP. Takux obcnegosaHvin 6bino He Tak MHOrO, YTOObI
MOXHO 6bINo AenaTtb nNpodeccuoHanbHble CTaTUCTUYECKUE BbIBOAbI, HO BCE e KOe-4To NpocTo GpocaeTcs B
rnasa.

Ha prManeEHDE HINMPAHEHWS

! MoHM*EHHO: HANFAKEHHE

MNoBELIWEHHOB H3anMmpAMHAEH 18

BblcoKOBONBTHBIH HMNYNbE

B bl coKeYaACTOTHEIF LY

FapMoHHYEC KHE HECEAME HHA

Puc. 2. Budbi cboes aniekmpornumaHusi



Haunbonee yacto BCcTpevaroLencst HENOMNaakon B MEKTPUYECKON CeTU, Tak xe, kak u B CLUA, MoxHo cuutatb
MOHWKEHHOe HanpsbkeHne B ceTu. OpgHako 3TOT BuA cOOA NUTaAHMS BOBCE He Tak [OOMUHMPYET Haj
OCTallbHbIMX BUOaMU cboes.

HauyHeMm c TOro, 4TO NOBLILLIEHHOE HaMpsXXeHWe B CETW BCTPeYaeTCs MOYTM TakK Xe 4acTo, Kak Y NMOHUXEHHoe
HanpsbkeHne. [MpuyeM Ans pasHbiX MecT (TOPOAOB, PaWOHOB, MNPeanpusTMin) OBbIMHO XapakTepeH
onpeferneHHbI YpoBEHb HanpshkeHUs B CceTW. [Ae-TO OHO MOXET OblTb B OCHOBHOM MOHMXKEHHOE, B ApYrux
MecTax B OCHOBHOM HOpMasibHOE MMM B OCHOBHOM MOBbILUEHHOE. JTOT YPOBEHb COXPaHSAETCsl MPUMEPHO
oOMHaKoBbIM Bce Bpemsi. Ha ero cdoHe npoucxodsiT LMKIUYECKUE U3MEHEHMWS HanpshKeHWs, CBSI3aHHbIE C
N3MEeHEeHNEeM Harpy3ku B aNEKTPUYECKON CeTw.

CaMbIll KOPOTKUMA LMK M3MEHEHUS HanpskeHus — AHeBHOW. Ha puc. 3 npvBedeHbl peanbHble rpadoumku
N3MEHEHUS HanpshkeHus B ABYX Toukax Poccum (OTCToALWMX ApYr OT Apyra Ha MonTopbl ThiCAYM KUTOMETPOB) B
TeYeHue CYTOK.

230 4
240 4
270 1
220 1
210 4
200 4
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170 4
160 + + 11

HanpAXeHHS, B
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Puc. 3. CymouHbIl YUK USMEeHEeHUSs HanpsikeHuUs1 8 cemu

HwxHAs kpyuBasi Ha puc. 3 nonyyeHa B CETU C MOHMKEHHbIM HanpsikeHneM. CTabunbHOE HOYBIO HamnpshkeHne
oKomno 215 B cHWxaeTcs ¢ Hayarnom OHA M BHOBb BO3pacTaeT Beyepom, korga GomnblUMHCTBO noTpebuTeneit
oTknioyatoTcsl. CpedHsis KpUBasi Ha puc. 3 MOMyYyeHa B 3MEKTPUYECKOW CETU C MOBbLILUEHHEIM HAMNPSHKEHUEM.
3pneck Habnogaetcs Gonee xapakTepHas 3aBUCMMOCTb HaMNPsHKEHWUss OT BPEMEHU CyToK. CTabunbHoe HOoYblo
HanpshkeHWe MOHWXaeTcs YTPOM, AOCTUras MUMHUMyMa B cepefuHe paboyero AoHs, v NiaBHO HapacTaeT K ero
koHUy. OGa onucaHHble rpaduka noslydeHsl B pabouve OHWU Hepenu. BepxHui rpadmk Ha puc. 3 nomnydyeH B
Npa3gHWYHbLIA [eHb B TOM € MecTe, YTO W cpefHuit rpacduk. B aTom crnyyae HanpspkeHue ocTaertcst
CTabWbHO NOBLILIEHHBIM B TEYEHWE CYTOK. ECnv BKIMOYUTL B pACCMOTPEHME U HanpsikeHUe B BbIXOAHbIE OHM,
TO Mbl MOSlyYMM Creaylowmnin No OANUTENBHOCTU LUK U3MEHEHUS! HamnpspkeHUs B 3NeKTPUYecKon cetn —
HedenbHblA. BMOMMO CywecTBYOT LMKNbl M3MEHEHUs HanpsikeHus Gonbluer OnuTenbHOCTU (Hanpuwep,
rofoBOV LIMKIT) HO OHWM HaMK HUKOTAA He OTCIEXMUBaruCh.

B Poccuun, un ocobenHo B apyrux ctpaHax CHIT, Habniogaetcs Bua c6oa nuTaHMs COBEPLUEHHO HEU3BECTHbIN
Ha 3anage. 3710 HecTabunbHas YactoTa. CambiM XapakTepHbIM Mpumepom siBnsinacek Mpysus B 1992-1994
rogax. QHeprocuctema py3un B LenomMm BMOUMO Gblna 04eHb CUNBHO neperpyxeHa. [1oaTomMy yacTtoTa B ceTu
Morna onyckatbcs o 42 Ny. Camo no cebe M3MeHeHNe 4YacToTbl He NMpeACcTaBnseT CyLLEeCTBEHHOW ONacHOCTH
ans obopygoBaHWs, OCHALLEHHOr0 WMMYNbCHbIM OBMOKOM MUTaHUSA, HO OYeHb HU3Kas 4YactoTa OObIYHO
COMNPOBOXAAeTCsA CUSbHLIMA FAPMOHUYECKUMU UCKAXKEHUSIMU, KOTOpble MOryT OTpuuaTerbHO MOBMUSTL Ha
paboTy He TOMbKO KOMMbKOTEPA, HO U BOMbLIMHCTBA UCTOYHMKOB GecnepeboriHoro nutanus (UBIM). Kpome
Toro, MmHorne UBI cpepHero knacca BOCNPUHUMAIOT CUITbHOE MOHMXKEHME YacTOTbl Kak aBapWUiHbIA criyyqan u
HauMHalT pacxogoBaTb 3apsag 6atapeun. batapes paspspkaeTcsi Yepes HEeCKONbKO MUHYT U Bca paboTa Ha
9TOM 3aKaH4YMBaeTCS.

B Poccun noHwxkeHHas yacToTa BCTpevaeTcs AOBONbHO peako. TeM He MeHee, faxe B Mockse coTpyaHMKamu
dupmbl Merlin Gerin 6bina, Nno mMx crnoesam, oAHaXAbl 3aperMcTpupoBaHa yactota Hwke 45 u. B Hawwux
n3mMepeHusix Yactota Hmke 49.5 Ny He BCTpevanach.

Ewe ogHon oTnmnumutenbHon ocobeHHoCTblo Poccumn ABnaTCs NpuuMHbl (M, COOTBETCTBEHHO, KONMYECTBO)
MOSMHbIX OTKIMHOYEHUI HaNpPsPKeHUs. ABapum U CTUXMUHble OedcTBMS, SABMAKOWIMECH MPUYMHAMMU MOJTHOTO
OTKIMIOYEHNST HaNpPsKEHUS B PasBUTbIX CTpaHax, Cry4atTcsl Y Hac NPUMEPHO C Takow e 4acTOTON, YTo U TaMm.
Ho B Poccuu aTu cny4anmHOCTM He SIBMSIOTCA €AMHCTBEHHbIMW, WM AaXe [MaBHbIMW, NPUYMHAMMK MOMHOMo
NcYe3HOBEHUS HanpspkeHusi. CBoe yBepeHHOe CIOBO FOBOPUT YerioBeyeckuin dpaktop. [eno B HegocTaTtke
3HaHUN. JneKTpukM, obcnyxuBawlwme odUCHOE 30aHME C MHOXECTBOM KOMMbHOTEPOB, OObLIMHO HE UMEIOT
HWKaKOro MpeacTaBfeHNsl O TOM, Kakve NOCneacTBUS UMEET OTKIOYEHUE HanpshiKeHUst Onsi KOMMbITEPOB U
OaHHbIX. NoaToMy OHM BeayT cebs coBepLUEeHHO TakK Xe, kak n 20 net Hasag. Npu BO3HMKHOBEHUN Kakon-nnbo



npobnembl C 3NEKTPONUTAHMEM Ha 3Taxe (Hanpumep, OTKMHYMIICA aBTOMaTUYECKWUiA BbiKNoYaTenb —
npenoxpaHuTenb), ANMEeKTPUK HauyMHaeT UcKaTb aBTOMAaTUYECKWA BbIKMOYaTeNb, OTBEYAKLWMA 3a 30HY, B
KOTOPOM BO3HMKINa npobnema. Vet oH pasymeeTcs He No cxeMe (3To AOMro, 4a U CXEMbl Y HEr0 BO3MOXHO,
unm ckopee Bcero, HeT). OH NPOCTO NocneaoBaTeNbHO OTKIOYAET U TYT XKe BKIOYaeT BCe aBTOMAThl Ha LLWUTKE
W CMOTPUT Ha pesynbTaT. B MOMEHT, Koraa B Hy>kHOM MOMELLEHNN NOSBNSETCH CBET, OH CYUTAET CBOK MUCCUIO
3aKOHYEHHON. ECnn Hy>XHbIN aBTOMAaT OKaXKeTCsl MOCMeAHNM, TO B TeYEHMe MUHYTbI Kaxaas anekTponaMna u
KaXXObIi KOMMbIOTEP HAa 3TaXe NOABEPrHyTCSA KpaTKOBPEMEHHOMY (MEHEee CeKyHAbl) OTKITHOUYEHNIO HAMNPSKEHUS.
[nsi ocBelleHUss HUYero CTpaLIHOro He npoucxoauT, nan O0ObIMHO [axe He ycrneBalT uchnyraTbes,
OKasaBLUMCb HA MIHOBEHME B TEMHOTE. HO CEKyHOHOro OTKIMIOYEHNsT BNOSHE AOCTATOYHO AN NOTEPU OaHHbIX
Ha komnbtoTepax. OcobeHHO 4yacTo Takue criydyam ObiBatOT BECHOW UM OCEHbIO, KOrga 3akaH4MBaeTCs Unu
HauYMHaETCsl OTOMUTENbHLIA Ce30H. Ecnn oTonneHve yxe OTKMIOYMNN UMM elle He BKAYWAM, U BAPYr
noxonogano, TO JoAW pearvpylT CTaHOAPTHO: OHW BKIKYAKT aNekTpudeckue nogorpesatenn. Ecnu
areKkTpuyeckasi CeTb CWUMIbHO HarpyXeHa, TO MOAKMOYEHUE [OOMONHUTENBbHBIX (M MOLLHbLIX) noTpebutenen
MOXET NPUBECTU K cpabaTbiBaHWO aBTOMATUYECKOrO NpefoXpaHnTens. Takom LMK BKIHOYEHWUIA U OTKIHOYEHUN
MOXET B HEKOTOPbIX OpraHM3aunsix NOBTOPSITLCS MO HECKOMbKO pa3 B AeHb. B ocTtanbHOM anekTpuyeckasi ceTb
B Poccuu BegeT cebs npumepHo Tak xe, kak u B CLUA.

OTMeTMM elle OAWH BUA WCKaXKEHWIA 3MeKTponuTaHusi, He paccMoTpeHHbin Bell Labs. Peub nget o6
NCKaXXeHMaX opMbl CUHYCOMAbI, CBA3AHHbLIX C paboToN KOMMNLIOTEPOB M APYINX HENUHENHbIX Harpy3ok. MNpu
paboTe MMMNYNbCHbIX OMOKOB NMUTaAHWSI B CUJIbHO NEPErpy>KEHHOW CEeTU MOTYT BO3HWKATb MCKaXKeHUs hopMbl
CYHYCOMAANbHOIO HanpsbkeHusi. 3TO MOXKET BblpaXaTbCs B CpPe3aHWM BEPLUMHbI CMHYCOMAbLI M NOSBIEHUN
rapMOHWK — KonebaHu KpaTHbIX YacTOT. DTN UCKaAXKEHUS MOTYT NMPUMBOAMTL K Hemnonagkam B paboTe Apyroro
YYyBCTBUTENBHOrO 0OOPYAOBaHWSA, HaNpUMeEpP M3MepUTEnbHbIX NPMOOPOB UNKU BUAeoannapaTypbl. MckaxeHus
OpMbI KPMBOWM HanpsXXeHus ycyrybnsoTca cneumduyeckumm CBOMCTBaMmM Tpexda3HoW dMeKTpUYeckon ceTu,
M3Ha4anbHO NpefHas3Ha4YeHHOW AN paboTbl TONBKO C CMHYCOMAANbHBIMU HANpPskeHNsMU 1 Tokamu. PaboTa
KOMMbIOTEPOB B TpexdasHOW 3MeKTPUYEecKkon ceTu paccmoTpeHa B pasgene «OcobeHHocTn TpexdasHbix
UCTOYHMKOB BecrnepebonHOro NMTaHmsa» rnasbl 8.

Ons niobuteneit SMOLMOHaNbHOTO OCMbICIIEHUSI HEMPUATHOCTEN C 3NEKTPUYECTBOM, a TaKKe TEM, KTO CKITOHEH
4acToO >KanoBaTbCA Ha Ka4YeCTBO INIEKTPUYECKOW SHEPruKM, MOXHO PEKOMEHAOoBaTb OAMH W3  NyyLInX
TEXHOMOrMYecknx pomaHoB Aptypa Xewnu: «[Meperpyska». Yutass ero, Bbl B TEYEHUU HECKOSIbKMX 4acoB
CMOXEeTe NOCMOTPETb Ha CUTYaLMI0 CO CTOPOHbI MPOU3BOANTENS NEKTPOIHEPTUN.

Tabnuya 2. Budbi cboee ariekmpornumaHusi

Bug cbos

MpnynHa BO3HMKHOBEHNSA BoamoxHble crnencTans
3MEeKTPONUTaHNs
Meperpy3ku 6GNokoB NUTaHUs
MeperpyxeHHasi ceTb, HeycTon4MBas 3NEKTPOHHbIX NPUBOPOB U
MloHKEHHOS paboTa cucTeMbl perynupoBHams YMeHbLLEHVe 1x pecypca.
HanpsXeHus ceTun, NoaKnoveHne OTkntoyeHne obopynoBaHvs npu
HanpskeHne, Nposarbl o
HANPSIKEHMS noTpebuTenen, MOLLHOCTb KOTOPbIX HeJoOCTaTO4HOM Ans ero paboTsl
CpaBHMMa C MOLLHOCTbIO yyacTka HanpsikeHun. Beixoa n3 ctpos
3ANEKTPUYECKON ceTn anektpogsuratenen. MNMotepu
AaHHbIX B KOMMNblOTepax.
HeporpyxeHHas ceTb, HeAOCTaTO4YHO Bbixoa 13 cTpost obopyaoBaHus.
[MoBblLwEeHHOE acpdekTmBHasA paboTbl CUCTEMbI ABapuInHOe OTKIoYEHNE
HanpsikeHve perynupoBaHus, OTKITIO4YEHNE MOLLHBIX obopyaoBaHus € NoTepen AaHHbIX B
notpebutenen KOMnbloTepax.
ATMOCHEepHOe 3MeKTPUYECTBO, BKIIOYEHNE
BbicokoBonbTHbIE 1 OTKIIOYEHME MOLLHBIX MoTpebuTenen, Bbixoa 13 cTpost 4yBCTBUTENBHOTO
MMNynbChbl 3anyck B aKCnnyataumio 4yactm obopyaosaHus.

SHEepProcmncTeMbl nocne aBsapun.

BknitoyeHne 1 oTkMoYeHne MOLLHbIX C6ov npu BbINONTHEHUN NPOrpaMMm 1
. notpebutenen. BsaumHoe BnusiHme nepepave AaHHbIX. HectabunesHoe
OneKTpPUYECKU Lym
paboTaloLmx Henoganeky n3obpaxkeHne Ha akpaHax
aneKkTponpubopos. MOHUTOPOB U B BUAEOCUCTEMAX.

CpabaTtbiBaHue npegoxpaHuTenen npu
MonHoe oTkMoYeHne |neperpyskax, HenpodeccuoHasbHbIe

HanpsiXeHus [EeNCTBUS NepcoHana, aBapum Ha NHUAX
anekTponepenay.

MoTepun aaHHbIX. Ha o4eHb cTapbix
KOMnbtoTepax — BbIX0A U3 CTPOs
YKECTKUX ANCKOB.

3HauMTanbHyo JOI0 Harpy3ku ceTu
Momexu npu pa6oTe

FapMoHMueckne  |COCTABMISIOT HEMMHENHbIE NOTpebuTeny, :
VCKAKEHMS OCHaLLEHHbIE UMMYNbCHLIMY BrioKaMu {yBCTBUTENLHOTO 0OOPYA0BAHMA
HanpsKEHMS! ANTaHUS (KOMMbIOTEP], KOMMYHMKaLMOHHoe |(PAAVYO 11 TENEBUSNOHHbIE chCTeMb,

OGOPyD,OBaHVIe). HenpanmbHo n3mMepuTesibHble KOMMNJEKCbl U T.,El.)

CNpoeKTnpoBaHa afiekTpuyeckas ceTb,




pa6oTatoLas ¢ HenMHENHBIMU Harpyskamu,
neperpyxeH HeiTparbHbIi NPOBOA.

MeperpeB TpaHchopmaTopos. Ans
KOMMbIOTEPOB camo no cebe
N3MEHEHWe YacTOoTbl He CTPALLHO.
CunbHas neperpyska 3HeprocuctTembl B HectabunbHas YacToTa sBnseTcs
uenom. MoTeps ynpaBneHusi CUCTEMOMN. NyYWnM UHAUKaATOPOM
HenpaBurbHOW paboTbl
3HEeprocmcTeMbl Unu ee
CYLLECTBEHHON YacTu.

HectabunbHas yactoTa

Meperpys3ku

I'Ionpo6yeM cnerka cucreMatmsmpoBaTb YyXe CKa3aHHOe OTHOCUTENTbHO WU3MEeHEeHUA Harpy3km B CeTwu.
I'Ieperpy3|<14 (T.e. CUTyauun, Korga 1ok B Ce€TU BbilLle HOMUHaNbHOIO Unn npeaefibHo 4onyCTUMOro Ana yyYactka
SJ'IeKTpVIL-IeCKOVI CeTVI) MOTyT NPONCXOANTb Ha pa3HbIX YPOBHAX CUCTEMBbI SJ'IeKTpOCHaG)KeHVIFL CooTBETCTBEHHO
pa3Hble N nocneacTeuA.

JNlokanbHas neperpyska — 9TO nMeperpyska ceT Ha YydyacTke OT noTpeGuTenei no Gnwkanwero
aBTOMaTU4ecKkoro npegoxpaHutens. Meperpysku Ha ydyacTke CeTW MOryT Bbi3blBaTb cpabaTbiBaHWe 3TOoro
npenoxpaHuTens U, cnefoBaTenbHO, JIoKarnbHOe OTKIIOYEHNE HaNPsHKeHUs.

MecTHasi neperpyska BO3HMKaEeT, €Crnu MNeperpyxeHa BCA JIMHWUSA OT nNoTpebuTenern [0 MNOHMKaKLWEro
TpaHcdopmaTopa. MpoUCXoanT CHIKEHUE HaMNpsKeHUsl B ceTu. MNpu cunbHbIX Neperpyskax 1 BbiIXode 13 cTpos
NoKanbHbIX  CUCTEM  3aluTbl, BO3MOXHO cpabaTbiBaHWe CUCTEMbl 3aluUTbl  NOACTaHUMM, Takke
COMPOBOXAAEMOE BPEMEHHBLIM MOSHLIM OTKIIOYEHMEM HaMNpPsHKEHUA. DTO OTKIIOYEHWE pacnpoCTpaHsaeTcs Ha
BCex noTpebuTenen, NUTaeMblx OT 3TOro TpaHcgopmaropa.

O6Lasn neperpyska BO3HMKaET, ECMU Neperpy’xeHa BCA 3HEProcMcTemMa Mnu CyLLecTBEHHas ee YyacTb. B aTom
crnyyae, NMOMWMO CHWKEHWSI HAmNpsDKEHWS MOXET MPOUCXOOWTb U YMEeHbLUEHWE YacTOTbl CUHYCOMAANbHOrO
HanpspkeHust. Mpu rnyBokux obLMX neperpyskax BO3MOXHO cpabaTbiBaHWe 3alUMTbl Ha 3MEKTPOCTaHLMU U
OTKIIOYEHNE HanpshkeHWUs1 B cucTemMe B LenoM. B Poccuu neperpysku Takoro poga He BCTpevaloTcs Unu
BCTpevaloTcs KpaiiHe peako. OCHOBHbIM MPENSTCTBMEM A1 BO3HWUKHOBEHMWSI TaKoW Mneperpysku siBnsieTcs
rpaMoTHOEe ynpaBrieHWe Y4acTKOM 3HEProcucTembl (BPEMEHHOE, B TOM YMCIe MaHoBOe, OTKMHYeHUe YacTu
noTpebutenei n gpyrme cnocobbl yMeHbLIEHUS! Harpysku).

Knaccuueckum crnyqyaem obLuen neperpysku sIBASIETCS LUMPOKO W3BECTHLIN Cryyain, npousoweawmi B Hito-
Vopke nontopa aecatuneTus Hasag. B pasrap pabouero gHs 13-3a aBapum Ha OHOM W3 NOACTaHLMIA ropoaa,
BCe NMTaemble el notpebuTtenu Gbinn OTKMAYEHbI. ABTOMaTMyeckass cuctema ynpaBrieHUs 9HEeprocucTemon
HeMeAIeHHO BOCCTaHOBWNA MNWUTaHWe noTpebuTenen, MNOAKMYMB KX K ApyrMMm noacTtaHumsm. OpHa w3
noAcTtaHumi Gbina HarpyxeHa noYTW MOSIHOCTBIO, HE BblgepXana AOMOSTHUTENBHON HAarpyskn 1 OTKMOYMIIach.
Ee notpebutenn onatb GbinM aBTOMATMYECKM pacnpefeneHbl Mexay Apyrmu noactaHumsamu. Havanacb
LenHas peakuus OTKIIOYEHWS MOACTaHLMIA, oxeBaTuBLUas Becb MaHXaTToH — fenosoii ueHTp Hbto-Vopka.
PesynbTaToM Menkow aBapum B COYETaHWM C HedopabOoTaHHOW CUCTEMOW yMpaBrieHWs U HedoCTaTOYHOMN
Bbly4YKOM AncneTtdyepoB 6bIno norpyeHne Bo TbMy 0OUCOB COTEH KPYMHEALWNX hrpM Mupa.

CoBepLueHHO 0COBEHHbIM Crnyvyaem neperpysku sBnsieTca BpeMeHHas neperpyska, CBsid3aHHasi Co CTapTOBbIMMU
TOKaMu, BO3HMKAKOLWMMWU MpU 3anycke no4vtu noboro obopynoBaHusi. CTapTOBLIA TOK MOXET npeBbillaTb
HOMMVHAanbHbIA TOK NOTPEONEHNsT ANEKTPUYECKOro NpMbopa B eAnHULbI, AECATKM U (K CHACTbI0 OYEHb PEKO) B
COTHM pa3. B 3aBMCMMOCTU OT BENMYMHbBI CTApTOBOrO TOKAa, BPpEMEHHAs Neperpyska MoXeT pacrnpocTpaHUTLCS
Ha OOMbLWA WM MEHbLUMIA Y4acTOK ceTu. Yaule Bcero BKM4YeHWe 0O0OpyooBaHWsi BbI3bIBAET MECTHbIE
neperpysku, HO M3BECTHbI Crlyvau, Korga BKIOYEHME OQHOro OYeHb MOLLHOMO arperarta Bbi3blBaeT neperpysky
3HEpProcucTeMb! Lerion CTpaHbl.

Hanpumep, B MoHronum ectb KpynHoe ropHooboratutenbHoe npeanpuatne «3pasaHaT», ObiBlIad «CTpoKka
counanmamMay, a cerdac COBMECTHOE MOHIOMbCKO-POCCUMIACKOE MpeanpusatTve. ITO NpeanpuaTne ABnseTcs
KPYMHENLWMM B CTpaHe U noTpebnsaeT npuMepHO TPeTb BCEM MOHIOMbCON 3MEKTPOSHEPTNM (COOTBETCTBEHHO
npumepHo 120 m 300 MBT). OCHOBOWM TEXHOMOrMYECKOro npouecca SBMSOTCA LIApOBble MeNbHULbI,
nepemMarbiBatolime pyay B Menkyk Mbiib. bapabaH Takon menbHuUbl MMeeT avameTp 6 MeTpoB M ANuHY
okono 18 meTpoB. AnekTpoaBuratenb, KOTOpPbIN KpyTUT 6apabaH — ToXe He ManeHbKUM — ero MOLHOCTb 5
MBT. MenbHuubl paboTatoT KpyrnocyTo4uHO, Mecsaubl Hanponet. Kaxaas octaHoBka gnst NpounakTm4eckoro
peMoHTa (Mnu, HaobopoT, BKIIOYEHME) — KPyMNHOe cobbiTue, NnaHupyloLleecs 3a MHOro mecsues. [leno B Tom,
4YTO ABUraTernb MenbHULbI 3anyckaeTcsa Nof Harpy3Kkoun (HYy>KHO NpeofoneTb OrPOMHYI0 MHepuuo GapabaHa), u
CTapToBble TOKM MOryT npeBblwaTe HOMUHaMbHble B 10 pa3. A 50 MBT — 310 noyt 20% OT MOLLHOCTU
aHeprocuctembl MoHronuu. Ynpaensembin 3anyck (Hanpumep € MOMOLLbIO TUPUCTOPHOrO NpuMBoAda) Takoro
ABuraTens noka HeBO3MOXeH — CMMLWKOM Gonbluasa MolwHocTe. OgHaxasl MHE 4OBENOCh C ocumnnorpadom B
pykax cneauTb 3a Takum 3anyckom. OH npoluen oYeHb yAayHO — HanpshkeHue (BMAMMO MO BCEW CTpaHe)



npoceno Bcero Ha 12 BonbT. Cka3anocb BpeMeHHOe NOAKIMIYEHNE SHeprocucTteMbl MOHIronmum K poccunCcKom —
YacTb NMMKOBOW Harpysku B3sino Ha cebs VIpKyTckaHepro.

B TpexdasHomn ceTn, Harpy>xeHHOM B OCHOBHOM KOMMbIOTEPAMU, MOXET BO3HMKATb eLle OAWH BUA neperpysku:
neperpyska HeWTpanbHOro npoBoda W3-3a MWCKaXXEHHOM ()OpMbl KpUBOW Toka Harpysku. Ero ocobeHHas
onacHocTb 0o6ycrnoBreHa B OCHOBHOM TeM, 4YTO He MOXeT ObiTb OOHapyxeHa OOblYHbIMU LUMTOBbLIMU
npubopamMm ”M NOYTU BCerga OCTaeTCqd He3aMevYeHHOW, a Takke OTCYTCTBUMEM npedoxpaHuTene Ha
HenTpanbHOM NpoBoae.

HenTpanbHbI npoBOA

HenTpanbHbii NnpoBog, B TpexdasHon CUCTEME NEPEMEHHOIO TOKa BbIMOMHAET OYEeHb BaXHYK yHKUMIO. OH
CMYXWT ONS BblpaBHUBAHMA (Pa3HbIX HANPsSXKEHUI BO BCex Tpex chasax npu pasHbIX Harpyskax das (Mnu, Kak
rOBOPAT AneKkTpukn, — nepekoce as). B cnyyae obpbiBa HeWTpanbHOro npoBoda NpU HeoAUHAaKOBbIX
Harpy3kax B (hasax hasHble HanpsbkeHus 6yaoyT pasnuyHbiMu. B haszax ¢ Gonblion Harpy3kom (MeHbLUMM
CONpOTUBIEHNEM) HanpskeHne ByaeT HuKe HopMarnbHOro, Aaxe ecnu ata ha3a o4YeHb garneka ot neperpysku.
B dasax ¢ meHbller Harpy3kon (OonbLIMM COMPOTMBIIEHWEM) HAMPSKEHUS CTAHET BbIWE HOPMAaribHOrO.
OcobeHHO oOnacHbIM SIBMSIETCS KOPOTKOE 3aMblkaHuWe nocrie obpbiBa HenTpanbHoro nposoga. [lpu aTom
HanpsXeHWe Ha OCTaBLUUXCA He3aKopo4yeHHbIMU dhazaMu Bo3pacTaeT B KOPEHb M3 Tpex pa3 (C HopMarbHbIX
220 B po 380 B). Onsa ucknoyeHnsa obpbiBa Ha HEMTpanbHOM NPOBOAE He YCTaHaBNMBAIOT NpefoxpaHutenen
1 BblkMoYaTenen. AToT BMA cbos anekTponuTaHna SBAseTCs OAHUM U3 CaMblX ONacHbIX, HO NPW NPaBUILHOM
NPOEKTUPOBAHUUN U JKCMyaTauny dNeKTpUYEeCcKon ceTn unmn cuctemol 6ecnepeboriHoro NMTaHmsa BCTpedaeTcs
OYeHb peako.

B Poccun npuMeHdeTCAa 4eTblpexnpoBogHasA TpexcbaaHaﬂ aneKkTpunyeckaa CceTb. OHa ewe HasbiBaeTcs
SJ'IeKTpVI‘-IeCK017I CeTblo C I'J'IyXO-3a3eMJ'IeHHOl7I HeVITpaJ’IbPO. 3a aTMmn cnosamu CKpbIBaeTCA BMOJIHE I'IpOCTOVI
(baKTZ HeIZTpaJ'IbeII;I nposoa Ha noactaHuuu 3a3emMiieH 1N NpakTn4eckn He TOJIbKO BbIMOJTHAET CBOKO (byHKLI,IMO
«CUMMETPUpoOBaHUA» TpeXdDaSHOVI CeTUn, HO N NCNONb3yeTCA KakK 3allMTHOE 3a3eMIieHune.

B EBpone 06bI4HO NpuMeHsieTca NATU-NPOBOAHANA arekTpuyeckasa ceTb. B Takol anekTpuyeckon cetn nmeeTcs
OTAEeNbHbIN (NATBIN) NPOBOZ, 3a3EMSIEHNA N HENTParbHbIV NPOBOL, BbINOMHAET TOMNbKO OA4HY dyHKUMio. KctaTtu
ckasaTb, Bce 3anagHble TpexdasHble WBI npegHasHayeHbl ANs MCMOMb30BaHUST WMEHHO C  Takon
3NEKTPUYECKOI CETbLIO.

HenTpanbHbin npoBoA paccyntaH Ha 9dEKTUBHYIO KOMMEHCauMilo TOKOB B pasHbix (asax B cnyyae
CMHycouaarnbHbIX TOKOB B TpexdasHOW dneKTpu4eckon cetn. Ecnv B anekTpuyeckylo CeTb BKIIOYEHO MHOMO
KOMMbIOTEPOB, TO pOpMa KPUBOW TOKa MckaxkaeTcsa M 3hdeKTMBHOCTL paboThbl HEWTpPanNbHOro NpoBoda Pesko
cHuxaeTcs. [py 3TOM BO3MOXHbI OMacHble NeperpyskM HeMTpanbHOro NpoBoda M UCKaXKeHUs hOpMbl KPUBOWA
HanpsikeHust. NogpobHee 06 aTOM pacckasaHo B rnase 8.

MnaBa 2. Tunbl NCTOYHUKOB GecnepeboMHOro NUTaHusA

MepBoe 1 camoe rnmaBHOe HasHayeHMe UCTouHMKa BGecnepeboliHoro NUTaHus — obecneynTb JNeKTPonMTaHne
KOMMNbIOTEPHOW CUCTEMBI UNKU Apyroro obopyaoBaHMSA B TO BPEMSsl, KOrda areKkTpuyeckasi ceTb Mo KaKMM-TO
npyyYnHam He MoXeT 3To genaTb. Bo Bpemsa Takoro cbos anektpuyeckon cetn UBI nutaeTtca cam un nutaet
HarpysKy 3a CYeT 3HEpPruu, HaKOMJIEHHOW ero akkyMynaTopHon 6atapeen. Kaxabiin 4enoBek, CTankuBatoLwunincst
C KOMMbOTEPAMM, PaHO UM NO34HO Y3HAEeT O BenukonenHon naee 6ecnepebonHOro NMTaHUsE KOMMNbIOTEPOB.
Ecnn aTOT 4YenoBek MMeeT MHXEHepHOe 00pasoBaHWE M TBOPYECKYH KWUIMKY, OH HEMEANEHHO HavMHaeT
n3obpeTtaTtb «Benocuneny», Npuaymbieas, kak 6bl MOXHO Obino caenatb Takyt WTyKy. Kak npasuno, niogn B
3TON CMTyauuu NpuaymbIBalOT OOHY M Ty XKE CXEMY, KOTOpasi UM KaeTcs Hanbonee eCTeCTBEHHOM M MPOCTON.
OTa cxema TpaguuUMOHHO Ha3blBAETCS CXEMOW C ABOMHbIM Npeobpa3oBaHNEM SHEPTUN.

MBI c gBoMHbIM NpeobGpa3oBaHmeM aHeprum (aHrn. — Double conversion UPS)

OcHoBHas naest aTol CXembl AENCTBUTENBHO 04YeHb NpocTa. KoMnbioTep NMTaeTcs OT CETUM NEPEMEHHOIO TOKa.
3HaunTt Ha Bbixoge MBI gomkeH BbigaBaTb nepemeHHbIn Tok. M Ha Bxoge MBI Toxe gomkeH noTpebndatb
nepemMeHHbIN TOK, MOCKONbKY OH MMTAeTCs OT TOW e anekTpudeckon cetu. Ho BHyTpu UBIT (rge-To B cepenke)
OOIMKHO ObITb MOCTOAHHOE HanpshkeHue, MOTOMY YTO OHO HeobXxoauMOo AONA NUTaHUS akKyMYnsaTOPHOM
OaTapewn.
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Puc. 4. MBI ¢ ds8oliHbIM npeobpa3ogaHuem sHepauu

Takum 0bOpas3om Mbl MOMy4yaem Hally nepByk0 CXeMy UCTOvHMKa BecnepebonHoro nutaHus. Bca MoOLHOCTS,
notpebnsemas WBIT ot ceTn, cHavyana npeobpa3yeTcd U3 NEePEMEHHOr0 TOKa B MOCTOSIHHBLIA C MOMOLLbIO
BbinpaAmuTens. Mocne atoro B AencTBue BCTynaeT npeobpasoBaTtenb MOCTOSHHOrO TOKa B NepemMeHHbI —
MHBepTOp, obecneunBatowmii Ha Boixoae MBI HeobxoamMmoe nepeMeHHoe HanpsiKeHne.

AKKyMynaTopHas GaTapesi, Kak el U MONOXEHO, HaXOAUTCA B LIeN NOCTOSIHHOTO TOKa, MeXAy BbiNpsMUTENEM
1 nHeepTopoM. Ecnu B ceTn HopmarbHOe HanpsPkeHWe, BbIXOAHOMO ToKa BbINPSAMUTENS XBaTaeT aAns paGoTbl
WHBEpPTOpPA U ANda noasapsiaa 6atapeu.

Korga HanpsixeHue B CeTM CTAHOBUTCS TakKMM MarneHbKUM, 4YTO BbINPSIMUTENb YXe He MoXeT
obGecneuntb NONHOLEHHYIO paboTy MHBepTOpa, aKKyMynsTOpHasi 6aTapes 3ameHsieT BbINpsAMUTENb U
nuTaeT MHBePTOP TpeGyrLMMCH eMy NOCTOsIHHbIM ToKoM. UHBepTop, B CBOIO o4yepeab, NPOAOIKaeT,
KaK HM B 4eM HM GbIBano, nogaBaTh HanpsikeHUe K KOMNboTepy.

Ho 3ameHa BbINpAMUTENA 6aTapee17| He COBCEM MNOJIHOUEHHa: 6aTapes| MOXET NnUTaTb MHBEPTOP TOJIbKO
orpaHn4eHHoe BpeMA, KOTOpoe 3aBUCUT OT HaKOMSIeHHOro e 3apsaga U MOLWHOCTU KOMI'IblOTepHOﬂ CUCTEMbI.
Kak npaBuno, 3To BpeMsa NCHNCNAeTcda MMHyTaMn nnn gecAatkamm MMHyT.

MpuaoymaHHaa Hamm cxema MBI TpaguumMoHHO Ha3biBaeTcs (MO MOHATHLIM Ternepb NpUYMHaM) CXEMOW C
OBOMHLIM npeobpasoBaHuem 3aHeprun. OHa u3obpakeHa Ha puc. 4. OTa cxema (ToXe TpagWUMOHHO)
HasblBaeTCs elle cxemou on-line (OH nanH). OTOT aHIMUNCKUIA, UMK, BEPHEE, aMEePUKaAHCKUIN, TEPMUH MNNOXO
noppaetcs nepesoay. byksanbHo on-line 03HayaeT HeYTO, MOCTOSAHHO NOAKMIOYEHHOE K CETH.

Kak Mbl yBUOMM Oarnblue, He TOMbKO CXema C ABOMHBLIM NpeobpasoBaHMeM SHeprm NpeTeHayeT Ha NnoYyeTHoe B
KOMIMbIOTEPHBIX Kpyrax 3BaHuWe on-line. MoaToMy B AanbHeillleM s MocTapalcb He 3roynoTpebnsaTe 3TUM
TEepMUHOM 1 Byay HasbiBaTb MBI Mo 1x XapakTepHbIM CXeMHbIM OTAIUYMAM.

CoBpemeHHble MBI ¢ aBoWHLIM Npeobpa3oBaHMEM 3HEPrMM MOCTPOEHbl HAMHOTO CIIOXHEE MpuayMaHHON
Hamu cxeMbl. [logpobHee 0 HUX Mbl MOTOBOPMM B FfaBe, NMOCBSALLEHHON 3TUM YCTPOMCTBAM.

B03MOXHO Bbl y)Xe 3amMeTunvM Of4HO XapakTepHoe CBOMCTBO 3Tou cxembl UBI, koTopoe, B 3aBUCMMOCTU OT
TOYKWN 3PEHMUS, MOXHO CYMTATb HEQOCTATKOM MU MpenMyLLecTBOM. Peyb nget o Tom, 4To Hambonee BaxHble
yactn WUBI — BeINpsMUTENb U MHBEPTOP WHTEHCUBHO paboTalT faxe Torga, Korga B CeTUM ecTb BroSHe
HOpMarnbHOE HanpsbkeHWe, OT KOTOpPOro Mor Obl MMTaTbCA Ball KOMMbOTEP. JTO BMOUMO MNPUBOAMT K
YMeHbLUEHNIO pecypca aTux 4Yacten WMBII, ycnoxHeHutio cxembl n GecrnonesHomy pacxody aHeprun (Bedb
ctonpoueHTHoro KM He 6biBaeT).

- He 6epa — ckaxem mbl, 1 npuayMaem Apyryt cxemy UCTOYHMKa GecnepeboiHOro NMTaHmns.
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Puc. 5. BT ¢ nepekntoyeHuem

TETapen

Korga B ceTv HopmanbHoOe HanpsikeHue, komnbloTep (Mnu apyrasa Harpyska VBIM) pabotaet HenocpeacTBEHHO
OT ceTn. B 310 Bpemsa ManoMmoLHbI BbiNpAMUTENb Noa3apshkaeT Gatapeto WBI. Ecnu HanpsbkeHue
CTAHOBUTCS «KHEHOPMarbHbIM» UMM COBCEM MUCYE3aeT, MoKa3aHHbIA Ha CXeme nepeknioyatens cpabaTbiBaeT,
BKMoyaeTcs uHBepTop, 1 VBl HaunHaeT nutaTtb Harpy3ky oT cBoew 6aTtapewn. MBI ¢ nepekniovyeHnem nmeet
Bbicokmn KIM[, nockonbKy npu HopManbHOM paboTe NOTpebnseT TONbKO SHEPruo, HeoOBXoaANMYI AN NUTaHUS



CBOEl cxembl W, ecnn Gatapes paspsbkeHa, To AnsA ee noasapsga. O Apyrvx NpeumMyLlecTBax, a Takke o
MHOFOUYMCNEHHBIX HegocTaTkax, KoTopble (Kak 1 Bce Ha cBeTe) umeeT UBIM ¢ nepeknioyeHneM, Mbl Nnoapo6GHo
NMOroBOPUM B COOTBETCTBYIOLLIEV IMaBe.

MoxeT OblTb CaMbiM Cepbe3HbiM W3 HEeAOCTaTKOB SABNSAETCS To, 4To npu nepekmodeHun UBI ¢ pexuma
paboTbl OT 6aTapen Ha pexum paboTbl OT ceTn, Ha Bbixoae VBT MoryT Bo3HUKaTb CKaykm HanpsbkeHus. [Npu
HebnaronpuaTHOM dhase HanpsKeHUs B MOMEHT MepekntioyeHns Onok nutaHus KoMMbioTepa HE CMOXET KX
noracutb. B 3TOM cnyyae Ha 4yBCTBMTENbHBIX 3MEKTPOHHBLIX KOMMOHEHTAaX KOMMbKTEPa BO3HWKAKOT
MMNYrbCHble HanpskeHnst. Camy No cebe OHM He OMacHbl, HO B COYETaHUM C APYTMMKU NOMexamu B nNpuHumMne
MOryT GbITb NpuynHON cbosi npu paboTe kKoMnbloTEpPa.

Y ckaukooOpasHOro N3MeHeHMs HanpsXXeHUs HECKONbKO NpuynH. Bo Bpemsa paboTbl oT GaTapeu, HanpshkeHne
Ha Bbixoge MBI ¢ nepeknoveHneM HecuHycomaanbHoe (OHO MMEET BUA YepenyrLMXcs NpsiMOYrofibHbIM
MMNynbCcoB € naysamu). Bo Bpems nepekntoyeHnst (koTopoe 3aHumaeT oT 2 Ao 20 MUNNUCEKYHA ANst pasHbIX
mogenen VIBM) Ha Boixoge MBI otcyTcTByeT HanpshkeHne. CregoBaTtenbHO, MeeTcs HebonbLUOW paspbiB B
HanpsKeHUW, NuTaLem koMmnbloTep. MNoutn eguHcTBeHHasa dyHkumnsa UBI ¢ nepekntoyeHnemM — nogaepxaHue
paboTbl KOMMNbIOTEPA, KOrAa B CETU HET HanpshkeHus. Ho oH He MoxeT adhdpekTBHO B3anMoOencTBoBaTb C
3NEKTPMUYECKON CETbLIO M CNeanTb 3a OTCYTCTBMEM MCKAXXEHWUIA CETEBOrO HanpshKeHusl, a Takke perynuposaTb
HanpsbkeHne, Korga OHO CTaHOBUTCS CIMLLKOM MarieHbKUM Uiv Yepecydyp 6oMbLUMM.

Hawum oTBeToM Ha 9Ty HenpuATHOCTb OyaeT crnegywowas cxema. OHa Tak u HasbiBaetcs: WBIT,
B3aMMOAeNCTBYOLWNIA ¢ ceTbto (aHrn. — Line Interactive UPS).

MBI, B3anmogencTBylowmi ¢ cetbto (aHrn. — Line Interactive UPS)

YnpoueHHas 6nok-cxema VBI1, B3aMmogencTByoLLero ¢ ceTbio, NpeacraBneHa Ha puc. 6. Ecnu pasobpaTtbces,
OHa O4YeHb Noxoxa Ha npefLecTByloLLyto cxeMy. lNepekniovaTens nepeexan 6rvke K BXody, MHBEPTOP 3TOrO
MBI nocTosAHHO NoAkmoYeH K Harpyske. Kpome Toro, B Hallen HOBOW cxeMe MNosiBUNcs asToTpaHcdopmaTop.
YecTHO roBop4, OH, kak npasuno ectb U B MBI ¢ nepeknioveHnem, Ho ans VB, BsanmogencTsytoLlero c
CeTbio, ero Hanuyme NPUHUMNUansHo.

Y atoro aBTOTpaHccopMaTopa eCTb AONONMHUTENbHbIE OTBOAbI, K KOTOPbIM MOXeT ObITb NOAKNIOYeHa
Harpy3ka npu pabote UBI1 ot ceTn. B peaynbTaTe HanpsixxeHue Ha Bbixoge MBI nHoraa ctaHoBuTCA He
TakuM, Kak Ha Bxoge. C nomoubio aBTOoTpaHcdhopmaTopa ¢ otBogamu UBI perynupyet HanpsikeHue
(yBennumBaeT BbIXOOHOE HanpskeHue, Koraa HanpsikeHUe Ha BXoAe Marno U yMeHbllaeT HanpsiKeHue
Ha BbiXxoAe, ecriv BXOAHOE HanpsixeHue CrIULLIKOM NOBbICUMIIOChH).
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Puc. 6. B[, cuHXpOHU308aHHbIL C CEMBIO

Bsanmopgenctayowmin ¢ cetbio MBI NocTossHHO creauT 3a HanpshXeHuem: ero BenuyMHon n cdopmon. Ons
atoro ynpaerneHve WBI1, B3aMmogencTByloLlEero C CeTblo, MOPyYeHO Mukponpoueccopy. OBbIYHO
MUWKPOMPOLLECCOP Harpy>atoT MHOXECTBOM AOMOMHUTENbHbIX PYHKUNA, HE CBA3AHHbIX HEMOCPEACTBEHHO CO
CrnexeHVeMm 3a ceTbio U ynpasneHuem, n Hekotopble U3 aTux MBI ctaHoBATCA AOBOMBHO «YMHbIMU»: OHM
MOTYT permcTpupoBaTb HanpsXXeHue B 3NEKTPUYECKON CeTu, Cneadar 3a BpeMeHeM M 4acToTOW, 3arnoMuHalT
CBOW aBapuiiHble coobLLEHUSs, BKNOYAOTCA MO pacnucaHuio u 1.4. Pabotaet MBI, B3anmogencTByowmun ¢
ceTbio, MPUMEPHO Tak xe, kak n UBI ¢ nepekniovyeHnem. Korga B ceTu «HoOpMarnbHOe» HanpsikeHue, OH nutaeT
Harpysky oT ceTu.

Ecnu HanpsikeHue oTCyTCTBYeT WUIIM UCKaXX€HO, TO UHBEPTOP MFHOBEHHO HayMHaeT NUTaTb Harpysky,
paspsixxan 6artapeto, a BxogHou nepekntovaTtenb MBI pasmbikaeTcsa. Ecnu HanpsixkeHue B ceTu eCTb, HO
3aMeTHO MeHblue (unu 6onblue) HopMbl, TO B3aMmoaencTByowWMn ¢ ceTbio MBI nepekntovaeT oTBOAbI
aBTOoTpaHcdopmaTopa M perynupyet HanpsbkeHue, He nepeknioyvasacb Ha OGartapet. Kak m UBI ¢
nepekntoveHnem, UBI, BzanmoaencTByowmm ¢ cetbio, umeet Bbicokuin KMNO n HekoTopble apyrue
npeumylliecTBa.



MpuHUMNManbHbIM, HO HE CaMblM BaXHbIM, HELOCTATKOM 3TOM cxembl (kak u WBI ¢ nepeknioyeHnem)
ABNAETCS pa3pblB ANEKTPONUTaHNS B MOMEHT nepeknioyeHns Ha paboTy oT 6atapeun n obpaTHo. STOT paspbiB
ABNAETCS CNeAcTBMEM MCMNOMb30BaHUSA MEXaHUYEeCKMX nepekniovaTenein. Bpemsa ux cpabatbiBaHUsi JOBOSBHO
Marno (HeCKOMbKO MWIIIMCEKYHA), HO OTNMYHO OT Hyns. Kak 6eino Obl 3gopoBo, ecnu 6bl BHYyTpy WBIT BO
BpeMsi, Moka cpabaTbiBaeT MepekniovaTenb, HanpsbkeHue Ha Harpyske noaaepXuBanocb Obl Kakon-HUbyab
O4YeHb YMHOW LWTykon. OTa wryka Obina m3obpeteHa amepukaHuem [hkoszedom Conon B 1938 rogy, m
HasblBaeTCs heppope3OHaHCHBIM TpaHCHOPMaTOPOM.

®Peppope3oHaHcHbIM UBI (aHrn. — Ferroresonant UPS)

®deppope3soHaHcHbI MBI B kakon-To cteneHu siBnsieTcs pasHosugHocTbio MBI, B3anmoaencTByowmx
c ceTbi. TeM He MeHee ero o6bI4YHO BbIAENAT B oTaenbHylo rpynny UBI. [leno B Tom, YTo B cxemy
atoro UBI BBeaeH 3anemeHT, NPUHLMNUANBLHO MEHSAOWMUA ero paboTy, U AaBWWW Ha3BaHUME 3TOMY
npubopy. 3T1o cheppope3oHaHCHbLIN TpaHchopmaTop. OH BKIOYEeH B cxemy deppope3oHaHcHoro MBI
BMecCTO aBTOoTpaHccopmaTopa ¢ otBogamu B cxeme UBI1, B3aumopgencTeyrowero ¢ ceTbio.

KopoTko roBops, ero doyHkumn 3akntodaroTca B criegytowiem. OH ctabunuampyet HanpsikeHue Ha Bbixoge VBIT.
9710 nos3eonseT paboTatb B LUIMPOKOM AMana3oHe CETEBbLIX HAMpsKeHU 6e3 nepekntoyeHns Ha baTapeto. Het
HUKaKnx nepekntoyeHnin wun BHyTpu camoro WBI (dpeppope3oHaHCHbI TpaHcdopmaTop perynupyet
HanpspkeHve, He HYXXOAasChb B NepekrnioyYeHnn 0TBOA0B).
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Puc. 7. ®eppope3oHaHcHbIlt BT

®deppope3oHaHCHbIA TpaHCcdopMaTOp UMeeT 3HaYUTENbHY UHOYKTUBHOCTL. Bo Bpemsa pa6otbl UBI
OT ceTM B MarHATHOM none TpaHccopmaTopa HakannusaeTcs Oonbluasi 3Heprusi, Kotopasa nuTaeTt
Harpy3ky BO BpeMsl Nepeknio4YeHUss Ha paboTy ot OGartapeu. [MoaTomy BbIXOoAHOE HamnpsiKeHue
ceppopesoHaHcHoro MBI He umeeT pa3pbiBa B MOMEHT UCYE3HOBEHUA HaNpPSAXKeHUs1 B aNEKTPUYECKOMN
cetu. JTO CBOWCTBO p[aeT BO3MOXHOCTb u3rotoButensm deppope3oHaHcHbix WBI BnonHe
060CHOBaHHO peKnamMmupoBaTtb UX, kKak on-line UBI.

Kpome oTcyTCcTBUS pa3pblBa HanpsXXeHUs ¥ NaBHOMO perynupoBaHus HanpskeHus, eppopesoHaHcHbI NBIT
umeeT M Opyrne CBOWCTBA, xapakTtepHble ans WBI ¢ gBonHbiM npeobpasoBaHuem 3Hepruv. Mbl 3anmemcs
UMW No3aHee, B COOTBETCTBYIOLLEN rMaBe.

Opyrue UBI

Kpome paccMOTpeHHbIX YeTblpeX OCHOBHbLIX CXEM, B XW3HW CYLLEeCTBYIOT W gpyrue pasHosugHoctu WBIT,
MnHorga o4eHb 3K30TU4ecCKume. B Hawen ﬂeVICTBVITeJ'IbHOCTVI OHU NOYTU HEe BCTpEeYarTCA UIN ABNAKTCA BCETrO
nnib pa3HOBUOHOCTbLIO O,D,HOI71 N3 PacCMOTPEHHbIX CXeM. r|03TOMy paccmaTpuBaTbCA B 3TON KHUIEe OHM He
OynyT.

B nocnegHue rogbl HEKOTopoe pacnpocTpaHeHue nonyyunu UBIM ¢ gensTta-npeobpasosaHneM. OHU Takke He
paccMaTpuBaloTCS B HACTOSILLEN KHUMe, XOTS, BOBMOXHO, U 3aCIyXXMBatoT ero.

A Tenepb paccmoTpum nogpobHee VBT OCHOBHbIX YeTbIpex TUMOB.

Maea 3. UBI c nepekntoveHnem (Off-line UPS )

Ha pucyHke 8 npeacraBneHa 6nok-cxema pearnbHOro (Unu, no KpamHewn mepe, 6onee NOXOXEro Ha peanbHbIR)
MBI ¢ nepekntoyeHneM. B Hen NOSIBUNUCH HOBbIE ANIEMEHTLI, MO CPABHEHUIO CO CXEMOW, NPUAYMaHHON HamMu
BO BTOpOW rnase. BxogHon ounbTp MmMnynbCoB 1 UNbTP LYMOB yry4llaloT hOpMy KPUBOKW HanpshXeHus npu
paboTe oT anekTpuyeckon cetn. Cxema aHanmsa ceTu U ynpasrieHUs onpegensieT MOMEHTbI NepeknoYeHns
pexumoB paboTel NBI, cnegnT 3a paspsaom 6atapen v BbINOMHAET Apyrne nosiesHble yHKUMK.
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Puc. 8. «PeanbHbili» UBI ¢ nepeknovyeHuem

Pexumbl pa6oTbl MBI ¢ nepekntoyeHmnem
MBI c nepekntoyeHMeM MOXeT HaXOAUTLCA B ABYX OCHOBHbIX pexumax padboTbl

PaboTa oT ceTn
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Puc. 9. Paboma UBI ¢ nepeknoyeHuem om cemu

Ha pexume paboTtbl OT ceTn (HopmanbHaa paboTa) HanpsbkeHue oT Bxopa MBIl noctynaet Kk cunbtpy
UMMYNbCOB, LIYHTUPYIOLWEMY OYeHb KOPOTKME, HaHOCEKyHAHble BbICOKOBOSbTHbIE WMMMYMNbCbl (OHW MOrYT,
Hanpumep, BO3HMKATb MNpW ydape MOMHMM psgoM C NUHMEN anekTponepegad). [danee OCHOBHOW MOTOK
MOLLHOCTW cneayeT K hmnbTpy WymMoB, ocnabnsiowemMy npucyTcTeytowme B cetn paguodactoTtHele (100 klu-
10 Mlu) konebaHusa. MNocne dunbTpa HanpsXxeHWe 4Yepes nepeknoyatens noctynaet Ha Bbixog MBI, k
Harpy3ke. OT dwunbTpa UMNYNbCOB 4acTb MOLLHOCTM MOCTynaeT K BbiNpsaMUTENto, KoTopbii B atom WBI1
BbIMOMHAET TONbKO OAHY (PYHKLMIO: 3apsgHOro yctponctea. batapes Ha pexunme paboTbl OT ceTu nonydvaet
3apsaHbIN TOK, eCnn OHa paspskeHa, UMK NoAAepXKMBAETCS B 3apsHKEHHOM COCTOSIHUM MOA, Tak Ha3blBaeMbIM
nnasawwyMm noteHunanoMm. MHeeptop MBI ¢ nepekniodeHnem Bo Bpemsi paboTbl OT CeTM HaxoauTcs B
COCTOSIHUM OXMOaHWUa KOMaHAbl Ha BKroyeHue. Ero nogknioyeHve kK pabote NoaroTaBnnBaeTCsl HENPepPbIBHbIM
cnexeHvem 3a asoi ceTeBoro HanpsbkeHus. Korga 6nok aHanmaa HanpsbkeHUs CoOuTeT CETEBOE HarnpshkeHue
«HenpaBwibHbIMY (@ 3TOT KpuTepuir, BoobLie roBopsi, pasHbll Ans pasHbix mogenen WBIM), WBI
nepekno4aeTcs Ha pexum paboTbl oT Gatapen. MueBepTop UBI HaunHaeT nutaTb Harpysky HanpsikeHWeM,
paspsbkasa G6atapeto. [Anga pabotbl nogkntoyeHHoro k MBI o6opyaoBaHnsa o4eHb BaXKHO, YTOObI HaNpsbkeHue,
reHepvpyemMmoe MHBEPTOPOM, BbIno cuHgasHo (T.e. coBnagano no gase) ¢ HanpsKeHMeM CeTu.

L.
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Puc. 10. lNepeknrovyeHue VBT ¢ nepeknoyeHuemM ¢ pexxuma pabombsl om cemu Ha pexxum pabomsi om
bamapeu (a-8) u obpamHo (e)

Ha puc. 10 npuBegeHbl ocumnnorpaMmmel nepekntoderms (ans xopowero UBI) ¢ pexxuma paboTbl 0T ceTn Ha
pexum paboTbl oT 6aTapen n obpatHo. Ocununnorpamm ceTb-6aTapesi HECKONbKO, MOCKOMbKY NepeknioveHne
NpPOUCXOQUT B CryYaiHbli MOMEHT BPEMEHM (Korga nponagaeT HanpsbkeHue B CETU), a BUA4 OCLUIIOrpamMmsl,
KaKk BUOHO Ha PUCYHKe, 3aBUCUT OT (hasbl HaMNpsbkeHUs B MOMEHT nepekntoveHuda. Ocumnnorpamma 6atapes
CeTb MNpuvBEAeHa TONbKO OfHa, MOCKOMbKY 3TO MEPEKIoYeHne MnpoucxoamT BCerga npu ogHon chase
HanpsbkeHnsi. Ha pucyHke BMAHO, YTO HAMPSPKEHWs 4O W MOCMe MepeknoyeHnss cHdasHble: ANIMTENbHOCTH
nonynepuoaoB Nocre MepeksioYeHnst paBHbl ONIMTENBLHOCTAM MONYNepuModoB nocre nepekntodeHus. bonee
TOro, gaxe nonynepuog, BO BpeMs KOTOPOro MPOM3OLUIO CaMO MEpPeKYeHne, KMMEET Takyl Xe
ANUTENBHOCTb.

Pab6oTa ot 6aTapeu
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Puc. 11. Paboma UBI1 ¢ nepeknoyeHuem om 6bamapeu

Ha pexume paboTbl OT 6aTapeun nepekntoyatens nogknoyaeT K Bbixogy MBI nHBepTop, KOTOPbIV 3anyckaeTcs
no komaHge 6noka aHanusa cetu. 3anyck MHBEpPTOpa MPOMCXOAUT Taknum obpasom, 4yTobbl dhasa konebaHun,



BblpabaTbiBaeMbIX MHBEPTOPOM U hasa CUHYCOMAbI TOSIbKO YTO MCHE3HYBLUEN ceTu coBnaganu. MNoasapsiaka
HaTapeun Ha 3TOM pexuMe Kak NpaBuIio He NPOUCXOAUT (ECNU Aaxe B CETU €CTb HaNpshkeHUe, TO OHO CIIULLKOM
Marno, 4Tobbl 3apsxaTb baTapeto). Cxema aHanm3a ceTy NOCTOSIHHO HaxoaMTcs B paboTe W, eCcrnv HanpshXeHne
CeTu CTaHOBWUTCH HopManbHbIM, nepekntovaeT UBIM Ha pexum pabotbl oT ceTu. batapes nopaepxvBaeT
paboTy Harpysku B TEYEHME HEKOTOPOro BPEMEHU, KOTOPOe 3aBMCUT OT MOLLUHOCTU Harpysku, HOMUHArbHOWN
emkocTu BaTapeun, ee Bo3pacTa M 3apsbkeHHocTW. [Nocne vcyepnaHus 3apsina 6atapeun, cxema ynpaBreHus
MBI, koTopas cneaut 3a paspsgom Gatapen, nojaeT KOMaHZy Ha OTkMoYeHue Harpysku. Ecnun uvepes
HEKOTOpOe BPEMSs HanpsiKeHne B CeTW CTaHOBUTCS HopManbHbiM, VBl ¢ nepekntoveHvem BO3BpallaeTcs B
pexuMm paboTbl OT CETU U HauvMHaeT Noa3apsn cBoel batapeu. MepeknioyeHre Ha pexum paboTbl OT ceTu
NPONCXOAUT He cpasy Nocrie BOCCTAHOBIEHUS HANPSKEHUS.

BcnomHum, uTto nepekntodeHne MBI Ha pexum paboTbl oT GaTapen Npoucxoauno Tak, YToGbl HanpsKeHUs
MHBEpTOpa U ceTu Bbinn cuHdasHbIMK. ONs aToro HavanbHas dpasa MHBepTOopa «MoAroHanacb» nog dasy
CETEeBOro HarnpshkeHUst B MOMEHT ero nponagaHus UM yYMeHbLUEeHUS HuKe npedenbHoro ypoBHs. [Mpu
NnepeknioyYeHnn ¢ pexuma paboTbl OT 6aTapen Ha pexunm paboTbl OT CETM TOXE HY)XHO nocTapaTbcs caenaTtb
HanpsKeHUsA cuHasHbIMU. HO Mbl MULLIEHbI BO3MOXHOCTM perynmpoBaTtb a3y CeTeBOro HanpshkeHus (Mnw,
BepHee, 3TO CIULIKOM CMOXHO M Aoporo). Mo3aToMy CUHXPOHMU3ALMA CETEBOro HamnpsiKeHUs C BbIXOOHbLIM
HanpshkeHnem MHBEpTOpa MPOMCXoaUT Mo Apyromy. 3a cYeT TOro, YTo YacToTa MHBEPTOpa He coBnajaeT C
YyacToToi ceTu (MycTb Aa)Ke Ha COTyl 4acTb [epua), NpoucxoauT HenpepbIBHOE U3MeHeHWe pasHocTu a3
MeXay HanpshkeHMeM MHBEpPTopa W HanpshkeHnem ceTu. B MOMEHT, korga gasbl HanpskeHuii coBnaayT, cxema
aHanusa ceTu nogaeTt KOMaHAy Ha nepekniodeHne. CpabaTtbiBaeT nepekrnovaTenb, NOAKMOYaloLWMIA HarpysKy K
ceTu, a MHBEPTOp OTKMYaeTCs.

Tenepb paccmoTpuM noapobHee paboTy otaenbHbIX anemeHToB UBI

BbinpamuTtenb

®OyHKUMN BbINPAMUTENS Yy 3TOrO TWnMa WCTOYHUKOB ©OecnepeboMHOro nuUTaHWs OrpaHMYMBalOTCA TOMbKO
aBTOMaTMYeckum 3apsaoM Gatapen n nopgaepxkaHuem ee 3apsaa. Kak npaBuno 3apsigHble YCTpoWcTBa
peanuayloT TpaguuuoHHbii |-U anroputm 3apsga. [py nonHoCcTblo paspskeHHow OaTapee BbinpAMUTENb
3apshkaeT ee NoCTOAAHHBIM TOKOM. BenuumHa atoro Toka (B amnepax) obbl4HO BbIGMpAEeTCs YMCNEHHO paBHOW
oT 1/4 po 1/15 HomuHanbHOM eMkocTK BaTapen (B amnep-yacax). [locne JOCTMXKeHNs HanpskeHNs Ha baTapee
npumepHOo 2.27 B Ha anemeHT akkymynaTopa unu 13.8 B Ha 12-Tn BONbTOBLIN akKyMynsaTop (4515 CBMHLOBbIX
BaTapeit) BbiNnpAMUTENb NEPEXOAUT Ha PEeXUM cTabunuaaumm HanpsxeHus. Mpu aTom HanpskeHun baTapes
He paspskaeTca W He 3apskaeTtcs. [logaepxaHve 6atapeus nof  «nnaBaloOWMM  MOTEHUMANoOM»  WUnu
KHanpspkeHVeM nnaeatoLlero 3apsija» no3BossieT KOMMEeHCUpoBaTb caMmopaspsaa 6atapen n He JOMyCcTUTb ee
nepesapsiga. HanpshkeHve nnasatoLLero 3apsga nogaepxusaetcs Ha 6atapee NOCTOSIHHbIM BCE BpeMs, noka
MBI BkntoyeH. MHorue UBIT npogomkatoT 3apsaa 6atapeun, gaxe ecnv ux CeTeBOW BbIKMOYaTeNb HAXOAUTCS B
nonoxeHun «BblkntoyeHo». JTO NO3BONSET NOAAepXMBaTL BaTapeto B 3apshkeHHOM coctosHuK, ecnu VBT He
UCMornb3yeTcsl.

TemnepaTtypHas KOMMNEHcaUWsi HanpshKeHWs NiaBatollero 3apsga, kak npasBuio He npegycmoTpeHa. JTo He
SABNSAETCH cepbe3HblM HegocTaTkoM ans MBI atoro Tuna no gsym npuynHam.

Bo-nepBbix MBI ¢ nepekntoyeHnem mmetoT Hebonbllyto MOWHOCTL (He Gonee 1.5 KBA) n HU3kun ypoBeHb
wyma. [Moatomy wux, Kak MpaBuIo, YCTaHaBMMBAKT B HEMNOCPeACTBEHHOW 6nmM3ocTv OT  3aluMLLaeMOro
KoMnbloTepa (T.e. B MOMELLEHUN C HOPMaribHOW TeMnepaTypon).

Bo-BTOpbIX, OHM uMetoT Bbicokun KIO. Bcnegcteme atoro TemnepaTypa HaxoAswencs BHYTPWU Kopryca
faTapen nNoyTM He OTNUYaEeTCs OT KOMHATHOW M TemMnepaTypHas KomneHcauus B GOMbLUMHCTBE CriydaeB He
HyHa. Bpems 3apsiga paspsikeHHon Ha 50% 6Gatapen po goctukeHus 90% 3apsiga mameHsietcst ot 6 go 15
YyacoB Ans pasHbix mogenen UBI. Heckonbko nogpobHee napameTpbl 3apsiAHbIX YCTPOWCTB pacCMOTPEHbI B
rnase 9.

BaTtapes

MBI c nepeknioyeHnem ocHawaiTcsa baTtapesmyn Ha ocHoBe HeobcnyXumBaeMblX CBUHLIOBbLIX KUCHOTHbIX
aKKyMynaTopoB. Tonbko oTdenbHble obpasubl WBI 3toro Tmna (B OCHOBHOM  MarioM3BECTHbIX
npoussoauTenen) umeroT gpyrme Oartapewn (Hanpumep Hukenb-kagmueBble). Hanpsikenvne 6Gatapen ans
pasHbix mogenen WMBIT nameHsetca ot 6 go 48 B npu emkoctn oT 6 go npumepHo 20 amnep-4acos.
YBenuyeHne BpeMeHn aBTOHOMHOMO pexuma 3a cYeT YCTaHOBKM AOoMNonHUTenbHbIX 6atapen ana WBIT atoro
TUMNa KakK NpaBuIio He NPeayCMaTpmMBaETCs, XOTS €CTb U UCKITIOYEHMS.

3apsgHble ycTporicTtBa xopowwmnx MBI oveHb akkypaTHO obpawatoTca ¢ 6atapeen. MNoatomy pecypc 6atapen
MBI BegyLwmnx npomM3BoAMTENEN 3aBUCUT TOMNbKO OT YCINOBUI aKcnyaTauum (cMm. rmasy 9) n usmeHsietca ot 3
0o 6 ner.



UuBepTOp

B MBI c nepeknoyeHneM UCNONb3YTCS TPaH3UCTOPHbIE MHBEPTOPbLI. BbixogHoe HanpsxeHue uHBepTopa
umeeT BUO NPSAMOYrofibHbIX MMMYNbCoB € naysamu. O6blMHO npoussoauTenu MBI HasbiBalT 3TOT TN
konebaHun «cTyneH4aTbiM NPUBAMKEHMEM K CUHYycOMAE» W 3asiBMSAIOT, YTO AN BCEX TWUMOB Harpysku Takoe
HanpskeHWe MNpakTUYecKkn 3KBMBANEHTHO cuHycoupansHomy. [ns Toro, 4tobbl 31O ObINO Tak (UNKM XOTHA Obl
MoyTM Tak), HEKOTOPbIE MapaMeTpbl MPAMOYronbHbIX KonebaHui, onpefensowme nx BenuyuHy u opmMmy,
AOIMKHbI coBMagaTb C COOTBETCTBYIOLIMMY napaMmeTpamu cuHycomgpbl (cM. rmasy 8). MpakTtuyeckn 310 NoyTu
HUKoraa He cobniogaetcs. OnuTenbHOCTb Nay3bl MEXAY MONOXUTENBHBIM U OTpULATENBHBIM UMMYNbCAMU U
aMnnuTyda HanpshkeHus MoXeT ObiTb coBeplleHHO pasHon ana MBI pasHbix npoussoguTtenen. Kpome toro
OHa ellle MOXeT U3MEHATLCH Y 0AHOro 1 Toro xe VBl npu nameHeHnn HanpsxeHnst Ha GaTtapee 1 Harpysku.
[Ons KOMMbIOTEPHBbIX Harpy3ok W Ans 3NeKTPOnuTaHWs APYrux SMeKTPOHHbIX YCTPOWCTB, OCHAaLLEHHbIX
UMMYNbCHBIMW BNIOKaMU MUTaHUSA, HEMpaBUIbHAsA ANUTENbHOCTb May3bl HE UMEET HUKAKOro 3HAYEHWs.

BoamoxHocTe npumeHenus MBI ¢ nepeknioyveHneM Ans 3awuTbl Apyrux notpebutenen (Hanpumep ¢
TpaHcdopmaTopHbiMK  Briokamy nNuTaHusl) BoobLle roBops He COBCEM OYeBUAHa 3apaHee U Tpebyer
noapo6bHOro aHanmsa B KaX4oM KOHKPETHOM criyyae. Ho 06bI4HO STOT BONPOC pellaeTcst NONOXUTENbHO.

Cxema ynpasneHnusa UBI n ananusa cetn

B ocHoBHOM WBIT ¢ nepekniovyeHnem ynpaBnsalTCA YMCTO aHanoroBbiMM CXeMaMu, XOTA B nocrefHue rogbl
nageT npouecc MOCTEMNEHHOro Mnepexoda Ha MMKPOMPOLLECCOpPHOE YMpaBlieHne Aaxe TakuMu MpOCTbIMU
npnbopamu, kak UBI ¢ nepekniovyeHnem. Cxema aHanusa cetn n3aMepsieT cpegHee BbINPsIMIEHHOE 3HaYeHne
HaMpsPKeHNs1 ceTM U BblAaeT KOMaHAbl Ha MNEPEKIYEHME C pexuMa Ha pexuMMm B 3aBMCMMOCTU OT €ro
BenunyuHbl. Korga HanpspkeHne ceTv nagaeT unm nponagaeTt COBCEM, CXemMa aHanmsa ceTu nogaeT KomaHay Ha
nepekntodeHme MBI Ha pexum paboTbl oT 6aTapen. Ecnu HanpsikeHue crtaHoButca Bbiwe, MBI cHoBa
HaumHaeT paboTtaTb oT ceTn. [Ana yctonumsoctn pabotel NBI Ha pexume, UBI gomkeH nmete HeGOMbLUON
(0ObIMHO  HEecKonbko  BOSbT) TUCTEPE3NC  XapaKTEPUCTUKM  nepekntoyvenns. CrepoBaTenbHO,  ecnu
nepekrnoyeHme ¢ pexmma paboTbl OT ceTn Ha pexmm paboTbl OT GaTapeu NPoOu3BOAMTCS, Hanpumep, npu
HanpsxeHun 185 B, To obpaTHoe nepeknioyeHne [OMKHO MNpoucxXoauTb MNpu HanpsbkeHun 188-192 B.
HekoTopble ctapbie poccunckue WBI B cnny cxeMHbIX OCOGEHHOCTEN B Criydyae HenpaBWUilbHOW perynmpoBKn
Ha 3aBoge (T.e. Opaka) MOryT He MMeTb TaKkoro rmcrepesuca. OTO MPUBOAUT K TOMY, YTO €CNUN CETEBOE
HanpsbkeHne NpuMHUMaeT rpaHuMyHoe 3HadeHne, To UBI HauMHaeT HenpepbiBHO MepekniovaTbCa C CeTU Ha
OaTtapeto n obpaTHO. HeckonbkMx MUHYT paboTbl B TAaKOM pexume AOCTAaTOMHO AN paspyLlUeHUs! KOHTaKTOB
nepekntoyvatoero pene. bonbwuHcTBo VBl ¢ nepeknioyeHmem pearvpytoT TOMbKO HA CHUKEHWE HanpshKeHus,
T.e. NepeknyaTcs Ha paboTy oT GaTapen Mpu SOCTMKEHUWU HaMpPsKEHWEM CETU HEKOTOPOro rpaHM4YHOro
3HavyeHusa B amanasoHe 200-160 B. Tonbko HekoTopble UMBI ¢ nepeknoyeHneM pearmpyloT Takke M Ha
NMOBLILIEHNE HaMPsKEeHWUsl, T.e. MNepeknyalTca Ha paboty oT 6atapenm npu OOCTUKEHUM CETEBLIM
HanpsKeHMeM HEKOTOPOro rPaHNYHOro 3Ha4YeHus B gnanasoHe 250-290 B.

Ota pyHkuusa NBIT 6e3ycnoBHo nonesHa. OgHako ecnu Bbl ucnonb3yete VIBI ¢ nepeknioyeHmem ons 3awmThbl
nepcoHanbHOro KoMmmbloTepa C UMMYfbCHbIM BrOKOM NUTaHWs, TO OHa He Bcerfa sAensetca 6e3ycrioBHO
Heobxoaumon. XOopoLO CNPOEKTUPOBAHHbIE WMMYNbCHble OMnoKM nUTaHWst paboToCcnoCOOHbI MpU OYeHb
BbICOKMX HanpsbkeHusix. Cxema ynpasneHua WBI cnegut 3a coctosiHuem Gatapeu MBI, Korpa 6artapes
paspskaeTcsl MOMHOCTbI0 (HanpsbkeHWe Ha 3nemMeHTe CBUHLIOBOWM KMCNOTHon Gartapeu 1.7-1.75 B) 6Gnok
yrnpaBreHus CHUMaeT HanpskeHue C Harpysku. 3To Heobxogumo Ansd npefoTepalleHus rnybokoro paspsga
batapen. K coxaneHuo 6onbwnHcteo MBI gaxe nocne OTKMOYEHWUsI HArpy3kvM NpoAoSKalT pacxo4oBaTb
3Hepruo 6atapeun Ana nuTaHMa HebonbLLOW YacTn cBoen cxembl. Tok pa3psga 6atapen B 3TOM cryvyae oYeHb
Man, HO ecnu paspsif NPOAOIPKAETCs OO0Nro, To GaTtapesi 4OCTUraeT COCTOsiHUSE rNybokoro paspsiga, nocne
KOTOpPOro ee MOXHO TorbKo BblibpocuTb. MNoatomy, ecnn UBI cam oTknoumn Harpysky B pesynbTaTe paspsga
baTapewn (a HanpsikeHue B ceTu He nosiBunocsk), NBI cnegyetT HEMeANEHHO BbIKMOYNUTb, U BKIOYATb TOSNBKO
nocne nosiBfeHNs HanpsXKeHUs B CeTu.

XKenatenbHo BbIKNOYaTL KOMMbIOTEP unM Apyryto Harpysky MBI nioboro tuna 3apaHee, He A0BOASA A0
aBTOMAaTUYECKOro OTKIYEeHNUs. 3TO MO3BONWT 3aMeTHO YBenuuuTb pecypc BaTapeu u (4TO elle BaxHee)
COXpaHWTb YacTb 3apsifa 6atapeun onsa cnegyowero cbos NUTaHus.

Mepekntoyartenb

Ona nepekntoyenna WUBI ¢ pexunma paboTbl OT ceTm Ha pexum paboTbl OT 6atapen MCnonb3yTcs
ObicTpoaencTByoLme pene. Bpemsi cpabaTbiBaHWs Takux pene cocTtaBnsieT npumepHo 2-5 mc. 3To no3sonsieT
obecneunTtb nonHoe Bpems peakumm MBI Ha cbGon anekTpuyeckon cetn 3-6 Mc, BKNoYas cioga M Bpems
06HapyxeHus c6os.

Bnokn nutaHua nepBbiXx NEepCcOoHarnbHbIX KOMMbOTEPOB (M 0cobeHHO nepBbiX kroHoB [1K) Obun goBOMLHO
YyBCTBUTENbHBI K Pa3pbIBy 3NEKTPONUTaHWS. [ns 3aWwmuTbl HEKOTOPBIX M3 HUX MOTMM UCMONb30BaTLCSA TONBbKO
on-line MBI, He nmetowme paspbiBa anekTponutaHus. CoBpeMeHHbIe KOMMbIOTEPBI HE TaK YYBCTBUTENMbHbI.



CornacHo He3aBUCUMbIM MccneaoBaHusM (B TOM 4YMCNE NPOBEAEHHBIM KOMMBIOTEPHBIMU XypHanamm)
KOMMbIOTEPLI Bedywnx npoussoauTenen, Takux, kak IBM, Compaq m™oryT BbligepXxuBaTb paspbiBbl
anekTponutanusa anutenbHocTbto 50-100 mMc wm ©Gonee. Accoumauuss npousBoauTENER KOMMbOTEPOB
npon3BoACTBEHHOro HasHayeHuss (CBEMA) pekomeHngoBana npon3BoanTensamM KOMMNbOTEPHOro obopynoBaHms
npenycMoTpeTb BO3MOXHOCTb PaboTbl CBOEW TEXHWMKU C paspbiBamMU INEKTPONUTAHWUS OJIMTENbHOCTBIO He
MeHee 8.3 mc. OTa pekomeHgaums gencteutenbHa ansa CLUA, roe HanpsbkeHne B ceTn nmeeT vactoty 60 My
(8.3 MC paBHbl ANUTENBHOCTM MONIOBMHbI Nepuoga cuHycouabl 4dactotonm 60 Iu). CooTBeTcTByHOLLAA
pekomeHgauma ana Eeponbl (B Tom uucne ans Poccun) pormkHa npegycmatpvBaTh  LONYCTUMYHO
ANMTENbHOCTL paspbiBa NMTaHusa 10 mc.

CornacHo poccuickoMy cTtaHgapTy (CM. rmaBy 1) KOMMbOTEPbLI OOMKHLI BbIAEPXMBATL MOSTHOE OTKIOYEHUE
HanpsbkeHnss Ha Bpemsi He MeHee 20 MC (KOMMblOTepbl rpynnbl | MO YCTOMYMBOCTU K BO34enCTBUO). Ecnu
npon3BoAnNTENb KOMMbIOTEPA NPETEHAYET Ha COOTBETCTBME ero obopyaoBaHua rpynne |l Toro xe craHgapTa,
TO KOMMbIOTEP AOIMKEH BbIAEPXMBATb MOSTHOE OTKMOYEHWe HanpsbkeHus anuTtenbHocTbto 100 mc. OnbIT
aKkcnnyaTaumm MHorux Tbicad MBI ¢ nepekntoyeHnem B Poccum nokasbiBaeT, YTO KOMMbLIOTEPOB, KOTOPbIE He
BblaepxuBanu 6bl pa3pbiB anekTponuTanuns 2-4 mc B Poccumn HeT mnn, BO BCSKOM criyyae, kpalHe mano. Bo
BCSIKOM Cry4ae s 0 HUX HMKOr4a He cribiwarnl.

Hekotopble WBIT ¢ nepekntoyeHnem, paspaboTaHHble B Poccuu, MMET paspblB  3MNeKTPonUTaHus
anutensHocTblo Ao 15-20 mc. TeM He MeHee MHEe TOMbKO OfHaXAbl NPULLNIOCH BUAETbL KOMMbLIOTEP, KOTOPbIN
He MOr BblaepaTb TakoW pa3pbiB.

q)Mﬂpr nmMnynbcoB

0Ons yMmeHblUueHUss amMnnauTyAbl BbICOKOBOMbTHLIX uMMnynbcoB B WBI1 ¢ nepeknoyeHnem uMcnonb3ytoTcs
UNbTPLI, OCHOBHOW (a Yallle BCero eAMHCTBEHHOWN) YacTblo KOTOPLIX SBMASETCH MeTann-OKCUAHbLIN BapucTop.
BapucTop BkntovatoT napannensHo sxogy WBM. Ecnu HanpsxeHve Ha Bxoge MBI Haxogutca B npepenax
AonycTUMoro, BapucTop umeet 60mblLoe BHYTPEHHEE COMpoTMBIEHME U He BnuseT Ha paboty UBI u ero
Harpy3ku. lMpakTuyeckn oH paboTaeT kak koHAeHcaTtop Hebornblon emkocTu. Ecnu Ha Bxoa VMBI noctynaet
UMNynbC W HanpsbkeHne Ha Bxoae WBIT npeBbilwaeT HekoTopoe npegenbHoe (06b14HO 400-600 B), BHYyTpeHHee
COMNpPOTUBIEHNE BapuCTOpa Pe3Ko YMEHbLUIAeTCs 1 OH LWYHTUpYeT (3ambikaeT) Bxogd WBI. MNMpu atom 6onblune
(OO HeckomnbKUX Kuroamnep) UMMyMbCHblE TOKW MpOTeKalT 4Yepe3d BapucTtop, He noctynas B MBI n He
noBpexaas NOAKMYeHHoe K HeMy obopygoBaHue. HenocpeAcTBEHHO Ha BbIXo4e BapucTopa BO Bpems
nofaBneHns MMnynbca MOryT BO3HMKaTb NepexofHble MpouecChl C MMMNYMbCHLIMW Hanps>KeHWAMW nopsiaka
HECKONbKNX AECSATKOB BOMbT. DT MMMNYNbChl 3aTeM OCrabnsanTca (punbTPOM LYMOB, @ B HEKOTOPbIX MOAENAX
MBI cneunanbHON Lenblo.

MakcumanbHoe HanpsiKeHue MMnynbca, KOTOpPOoe BblAEpXMBAET BapucTop, 06bl4HO npesbiwaeT 3000 B (T.e.
cooTtBeTcTBYeT cTaHaapty IEEE 587 kateropusa A) u ons HekoTopbix Mogenen MoxeT npesbiwaTte 6000 B (B
COOTBETCTBUM C kKaTeropuewn B Toro xe craHgapTa).

MakcrmanbHble UMNYNbCHbIE TOKK, KOTOPbIe MOryT 6e3onacHo npoTtekaTb Yepes3 Bapuctop coctasnstoT 2000-
6000 A. EcTecTBEHHO BapuCTOop pasMepoM CO CPEAHIO MOHETY He MOXEeT [ONro BblAepXUBaTb NpoTeKkaHue
Taknx Gonblunx TokoB. Hanbonee BaXXHOW XapakTepUCTMKOW BapUCTOPHOM 3alUnThbl ABASETCA MakcumarnbHas
3HEpPrns Umnyrnbca, KOTOPYK BapucTtop MoXeT 6esonacHo nornotutb. lpomssoautenun WBI He Bcerga
yKasbiBaloT 3Ty BenunyuHy. O6blMHO OHa mameHsieTca oT 80 go 500 Ik ana MBI pasHbix MOLWHOCTEN M
npoussogunTenen. CoOTBETCTBEHHO ANMTENbHOCTb UMMYSbCA, KOTOPbIA CNOCOOEH MOornoTUTL BapucTop, nNpwu
MakcumanbHom Toke 6000 A cocTaBnsieT eauHuubl UNn OecATKM MUKPOCEKyHA. BapuctopHas 3awmrta ot
MMNYbCOB OTHOCUTCA K yacTam WBI, nmeowmm npuHUMnuansHO orpaHuyeHHsIn pecypc. Mpyu HopmanbHon
paboTe BapuCTOPbI MOCTENEHHO «BbLIFOPAOT» B pedynbTaTe NOrnoweH1sa gaxe HebonblumMx nMynbcoB. Pecypc
BapMCTOPHOW 3allMTbl HEBO3MOXHO OnpeaenuTb oAHo3HayHo. OH 3aBUCMT OT Tuma MCMNOMb3yemMoro
BapucTopa, Konuyectsa U CyMMapHOW 3HEPrum MOrmnoLeHHbIX UM UMMNYbCOB, UCNonb3oBaHus B cxeme WBI
OOMNOMHUTENbHbLIX CPeACTB NoAaBEeHUs NMMYNbCOB U T.4.

XapakTepHbI CPOK CINyObl BApPUCTOPHONM 3aLLMTbl BUOUMO MOXHO onpedennts B 1-4 roga B 3aBUCUMOCTU OT
mogenu MBI u ycnoswid akcnnyatauun. Cnepyet mmetb B Buay: MBI ¢ BapuctopHon 3awmton u 6e3
ranbBaHNYEeCKOW pPas3BsA3KM He npegHasHadeHbl (4TO Obl He 3a\BNSANM MX npoussBoguTenun) gnst paboTtbl B
AENCTBUTENBHO XECTKMX YCNOBUSIX (Ha 3aBogax C MOLUHbIM 00OpyAoOBaHMEM, MOAKMYEHHBIM B OAHY CETb
BMECTE C KOMMbKOTEPAMM, B MONEBLIX YCMOBUSIX, OCOOEHHO Mpu paboTe C MAOXMMWU OU3ENbHbIMU
reHeparopamMu, B NOKasnbHbIX CETSIX GONbLIOK NPOTSHKEHHOCTU, PACTIONOXKEHHbIX B Pa3HbIX 34aHUAX U T.4.).

B cny4yae, ecnn Ha BapucTop MOCTyrnaeT MMMNYMbC, 3HEPrus KOTOPOro npeBbIlaeT npegenbHoe 3HaveHue,
XapakTepHoe Ans TeKyLlero COCTOSHUS BapucTopa, BapucTop BbIXOAUT U3 cTpos. lMocne aTtoro BxoAHas Lenb
MBI moxeT ocTaTbCs 3aKopouyeHHOW. JTO uMHOrga NpUBOAMT K paspbiBy kopryca Bapuctopa. Paspbis
COMPOBOXAaeTCqd POMKMM  XFIOMKOM (M KOPOTKOEe 3aMblkaHWe uHorga CcHumaeTcs).  KOHKypeHThbI
npoussogutenen MBI ¢ nepeknoyeHnem pagocTHo 3nopagcteytoT: nx MBI B3opsancs!



duUnbTp WymoB

Onsa dounbTpauun wymos mcnoneaytotcst R-C nnu L-C dounbTpel, cBOOOAHO nponyckaloLlme HU3KOYaCTOTHbIE
konebaHua ¢ yactoton 6nmskonm k 50 Iy n okasbiBalOLWMe 3aMeTHOE COMPOTMBIIEHUE PACMpPOCTPaHEHUIo
konebaHun HamHoro 6onee BbICOKOW 4acToTbl. Kak npaBuno npousBoauTenn He NPUBOAAT MNOAPOOHbIE
XapakTepucTnkn uUnbTPOB, a WMHOr4a MpocTo ykasbiBalT: «MBIT npov3BoanT MOCTOSIHHYH (PUnbTpaumio
wymoB». Mo pa3po3HeHHbIM AaHHbIM UPM NpousBoAUTENEN MOXHO caenaTb BblBOA, YTO Ang nydwux UBI ¢
nepeknoveHmemM nogasnexue wymos gocturaet 30-45 ab anga yactot 1-10 MIL.

[ns 6onblIMHCTBA YCTPOWCTB BUANMO XapakTepHo nogasneHune wymos 8-30 ab Ha yactoTtax 100 ku-10 MIw.

MopT ANA CBA3U C KOMNbIOTEPOM

MHorne UBI ¢ nepekniovyeHnem, MOLWHOCTb KOTOpbIX npeBbiwaeT 300 BA, umeloT ognH nopTt Ans CBA3W C
KOMMNbIOTEPOM. DTW NOPThI NpeaHasHayYeHbl Ana nepeaadyn NnpocTeENLLNX CUTHAMNOB K KOMMbIOTEPY U NOMyYeHus
aHanornyHblx curHanoes oT Hero kK WBI. TununyHelh Habop curHanoB (KOTOpPbIM AErno, Kak MNpaBuiio, u
orpaHuuymBaetcsl) cooTtBeTcTByeT ctaHgapTy Novell unn IBM AS400. OH BkntovaeT crieylowime CurHanbl,
nopasaemble VBIM:

e VBl paboTtaeT oT ceTu;
e VBl paboTtaeT oT 6atapeuy;
e bGaTapes paspsikeHa.
Ot komnbtoTepa k MBI MoXxeT NocTynuTb TOMBbKO OAMH CUTHan: Ha BbIKMOYeHe Harpy3ku u camoro MBIT.

B nocnegHee Bpemsi HekoTopble VMBI umetoT nocnepoeatenbHbli nopT USB BmMecto RS232. Xapaktep
nepegaBaemblX B MOPT CUrHANOB NPU 3TOM HE U3MEHSAETCS.

UHpukatop pexmma paboTbl U cUrHanusaumm

Ha naHenun UBI1 ¢ nepekntoyeHreM npu paboTe OT ceTu 0ObIYHO CBETUTCA 3efeHbln cBeToamod. NHoraa oH
nmeeT mapkmpoBky «CeTby» nnm «Line». B HekoTopbix Mmogensax VBl oH BCTpoeH B KnaBuLly BkOYeHUd. Ha
MBI c Xuakokpuctannumyeckum aucnneem pexum pabotel UBIT wnHoMuupyeTca Takke Ha Aucnnee.
MepekntoveHne UBI Ha pexum paboTel OT BaTapen y HEKOTOPbLIX MOAErNen CoONPOBOXAAETCA NpeKkpalleHnem
CBEYEHMS 3eNeHOro cBeToaMoaa Unv U3MeHeHMeM ero LBeTa Ha KpacHbin. Kpome Toro Bo Bpemsi paboTbl OT
6aTtapen B nepuogmnyeckn (pa3 B 5-30 cekyHa) M3garoT 3BYKOBOW curHan. Y 6onblimHcTBa mogenen UVBI
ecTb KnaBulia OTKMYEHUS 3BYKOBOro curHana. Pabota aTon knasuwm kak npasuno 6nokupyeTcsa (T.e.
3BYKOBOW CWUrHam cHoBa BkroyaeTcs), ecnu 6atapea MBI nooxoauTt Kk onpedeneHHon cteneHu paspsga. Y
HekoTopblx Mmogenen WBI aTy cTeneHb paspsga  MOXHO U3MEHWUTb C  MOMOLUBIO  HACTPOEYHbIX
nepekntovaTtenen. MNpu JOCTUXEHNS YNOMSAHYTOW cTeneHn paspsaa 6atapen HekoTopble mogenu VMBI meHsioT
TOH WM AONUTENbHOCTL 3BYKOBOMO CUrHana (Hanpumep OH MOXeT HayaTb 3ByvaTb HENpPepbIBHO).
OpHoBpemeHHO WBI, ocHalleHHbIi MOPTOM AN CBA3WM C KOMMNbIOTEPOM, MoJaeT KOMMbIOTEPY CurHan
«baTapes paspsikeHar». B cnydae, ecnu k MBI nogkntoyeHa cnvwkom 6onblias Harpyska, 6onswmnHcteo UBI
nodarT NPOJOIPKUTENBHLIA 3BYKOBOM CUrHam W OTKIOYAKT HanpshkeHue oT Harpysku. Ha Hekotopbix WBI
UMeeTcs aBTOMaTUYeCKUn NpeaoxXpaHuTenb, ABMSIOWMIACS CReaytoLen CTYNeHbo 3aWwuTbl OT neperpysku. U,
HakoHeu, ecTb WBIll, KkoTopble pearnpyloT Ha neperpysky MonYanuebiM MeperopaHuemM MnnaBKoro
npepoxpanutens. K cuyacTtbio y 6OnbUMHCTBA M3 HUX OH AOCTYNEeH nornb3oBaTtento (Hanpumep MoOXeT
HaxoaMTbCA BO BXOAHOW PO3eTKe).

BonbwnHcTBo MBI ¢ nepekntoveHnem molHocTbio 250 BA nnoxo paboTatoT ¢ KoMMbloTepaMu U MOHUTOPaMK,
umelowmnm BonblIoN CcTapToBbIi 3abpoc Toka (bonee 3-5 gna pasHbix mogenen WBIT). BknodeHune
KoMMbloTepa, noakmnodeHHoro k VBl MoxeT Bbi3BaTb CcUrHam neperpyskum (a y HeEKOTOpbIX MoAenew
neperopaHve npeaoxpaHnUTens), CONPsKEHHbIA CO CHATUEM HanpsbkeHus ¢ komnbtoTepa. Kopode roeops, Ba
KOMMbIOTEP HE BKIOYaeTcsl C NepBoro pasa. B aToM cnyuyae Bbl JOMKHbI BbIKMOYUTL KOoMNbioTep u UBIT n
NOBTOPUTL BKItoYeHME. BTopoe BkmoueHne komnboTepa (eCnm OHO criedyeT 3a NepBbIM C Nay3on He Gonee
cekyHAbl) 00bIYHO ObIBaAET yCneLwHbIM.

MynbT ynpaBneHus

Ha nepegHeit naHenun 6onbwmHcTBa VMBI ¢ nepeknoyeHneM pacnonoXeH OAuH CeTeBOW BbikNovaTenb. B
nopgasnstoLiemM 60MbLINMHCTBE CryYaeB 3TO €AUHCTBEHHbIA 3NeMeHT nynbTa ynpasneHus. Ha HekoTopbix VBT
UMEIOTCA TaKkKe KHoMka «TecT». Ee HaxaTue npuBoauTt K npuHyantensHomy nepekntodeHuto UBI Ha paboTy
oT GaTtapen. OTa knaBuwa o4yeHb nonesHa. Ee Hanuuve oyeHb ynpolwlaeT perfaMmeHTHYK MpoBepKy
paboTtocnocobHocTn 6aTtapen WBI. Takyio npoBepky (0€3 knaBuWKM «TECT» €€ MOXHO MPOBOAUTb, BbIHMMAas
BuUnky MBI n3 ceteBoM po3ETKU) HYXXHO MpPOBOAUTbL MpumMepHo 1 pa3 B Mecdau. KnaBuwa oTknoYeHus
3BYKOBOIO CUrHana, nmMetrowlasica Ha Hekotopbix MBI, nossonset nocne nepeknioveHus UBI Ha paboty oT
6aTapen HekoTopoe Bpems nopaboTaTb Ha KOMMbIOTEPE He OTBMEKasACb MOCTOSHHO M3-3a nucka UBI.



Ha HekoTopbix UBIT umeeTcs Takke KnaBuwa, MHULMUPYOLWAA «XxonoAHbii» 3anyck WBI (cm. pasgen
«[JononHnTenbHbIe BO3MOXHOCTH ...»).

XapakTtepuctuku UBI1 ¢ nepekntovyeHnem

MoLwHocTb

Kaxpasa ns conuagHbix donpm-npounssoautenen VBI ¢ nepekniodeHmem BoinyckaeT psg UBI ogHon n Ton xe
cepumn pasHbix MoliHocTen. HammeHee mowHble UBI umeroT mowHocTe 250 BA, Haubonee MolHble —
mowHocTe 1250 BA. Kaxpasa 13 cdvpm BbiOMpaeT CBOW psifi MOLLHOCTEMW, UCXOAs BUOUMO U3 COOBpaxeHui
MapKeTuHra cBoer npogykuun. Hanbonee yacto BcTpevaetca psg 250, 400, 600 BA. B nocnegHue rogpl
MHOrme ompmbl YyBENNYNNM MUHUManNbHY MowHocTb Bl ao 300 BA. OrpaHnyeHne makcumanbHOW MOLLIHOCTH
atux WBI obbAcHaeTcs TPYAHOCTSAMM, CBA3AHHLIMW C MEpPeKnioYeHNeM 3NEKTPONUTaHUS YyBCTBUTENbHOMO
obopynoBaHusa nog Harpy3kon. B MOMEHT nepeknoyeHns BO3MOXHO 0Opa3oBaHue oyrn Mexagy anekrpogamu.
Bopbba c aTum aBneHnem TpebyeT cneumnanbHbIX U He OeLleBbIX Mep.

Kna

MBI c nepekniovyeHnemM nmelT MakcumarnbHO BO3MOXHbIM Ans MBI koadduumeHT nonesHoro gencteng. Ha
OCHOBHOM pabouem pexume (pabota ot cetn) UBI pacxogyeT aHeprmio TonbKO AN nogsapsiga 6atapen u
NUTaHMA CxeMbl ynpaereHus. Cxema notpebnsetr He Gonee 1-2% HoOMMHanbHOW MolHOCTW. Ha 3apsg
NOMHOCTbI0 pa3psikeHHon BaTapen pacxogyetcs elle 5-10% HomuHanbHoW MowHocTn MBI, Takum obpasom
npu Harpyske 100% OT HOMMHanNbHOW K 3apshkeHHon 6aTtapee UBI ¢ nepekntodeHnem umeet Ko 98-99%.
Mpw Harpy3ke 50% OT HOMUHaNbLHON U pa3psbkeHHon 6aTapee ero KM npumepHo paseH 90%.

Bpems paboTbl oT 6aTapen

MBI ¢ nepekntoyeHremM 06bIMHO OPUEHTUPOBAHBI HA KpaTKOBpEMEHHY0 paboTy oT 6aTtapen. BpemeHu paboTbl
oT 6aTapen JOMKHO BbITb A4OCTATOYHO Afs KOPPEKTHOro 3aBepLueHns paboTbl NporpamMmm 1 3akpbiTuS ainnos.
OOGbI4HO MpWU NOMHOW (HOMWHanbHOW) Harpyske VB[, nMelowmii NONMHOCTLIO 3apSKEHHYO HOBYKO GaTtapeto
paboTtaeT oT 6atapen 6-15 muHyT. ECnn Harpyska MeHbLle HOMUHaNbHON, TO BpeMs paboTbl MBI ot 6atapen
yBenuuuBaeTcs. 3aBUCMMOCTb BpPEMEHU paboTbl OT Harpy3kM HenuvHenHas: Bpems paboTbl yBenvyMBaeTcs
ObicTpee yMeHblUeHUs Harpysku. 3OTa 3aBWCMMOCTb HecCKonbko nogpobHee ob6cyxgaetcs B rnase 8
NpYMeHUTENbLHO Ko BCeM Tunam UBIT.

MoakntoyeHne AoONONHUTENbLHLIX akKymynaTopoB K Takum WUBI He npeaycmaTtpuBaeTtcsa. TennoBoun
pexxum UBI ¢ nepekntoyeHMem paccyuTaH Takum obpasom, 4tobbl UBI Mor paboraTb paboTtaTtb oT
GaTtapen TonbKo orpaHu4yeHHoe Bpems. [oNbITKA NOAKMIOYEHUA BHELWHUX aKKyMyNsTOpPOB MOryT
npuBecTu K Bbixoay UBI1 ns ctpos.

XonopHbIn cTapTt

BonbwuHcTBo MBI ¢ nepekrnoyeHMeM BKIHOYAIOTCS TOMbKO, €CNW Ha UX BXOAE eCTb HanpsKeHue, U OHO
HaxoguTca B npedenax gonyctumoro. Ecnn Ha Bxoge MBI HeT HanpshkeHus, unu OHO HaxoguTcs BHe
ponyctumblx npegenos, UBIM He BkntovaeTca. Hekotopble UBI MMEOT Tak HasblBaeMbIN «XONOAHbBIA CTapTy,
T.€. UMEIOT BO3MOXHOCTb BKITHOYEHMS NPWU OTCYTCTBUM HanpshkeHuss B cetn. OBbIYHO Anst peanusauun 3Ton
YHKLUUN HYXKHO HaxaTb Kakylo-nnbo knasBully OAHOBPEMEHHO C BKMOYEHUEM ceTeBoro Bbikntovartensa VBI.
OTa yHKUMS He Bcerga onucaHa B pykoBoacTBe Ans nonb3osatens WBI. Hanpumep ans odeHb
pacnpocTpaHeHHbix Back-UPS dupmbl APC (kpome mogenu Ha 250 BA), BbinyckaBwmxca go 1998 roga, ans
«XOFMOAHOr0 cTapTa» HYXHO BKMIOYMTbL CeTeBOW TymMbGrep, oAHOBPEMEHHO YAEPXUBasA KnasuLly OTKMOYEHUS
3BYKOBOIO CUrHana (OTMEeYEHHYH KOMOKOMNbYMKOM). Hanunume aTon pyHKUMM BeCbMa MomnesHo, Tak Kak aaeT
BO3MOXHOCTb 3anyCTUTb Ha HECKONbKO MUHYT Balle obopyaoBaHue (KOMMboTeEpP, TenedoH Unu dakc) gaxe
€CNN B CEeTU HET HanpsXeHusi. «XonodHbIM CTapTOM» He cnegyeT 3noynoTpebnsitb, MOCKOMbKY 3TOT PeXuM
ABNSETCS BecbMa HanpshkeHHbIM ans UBIT.

PekomeHayeTcsi MONb30BaTbCs  «XOJNOOHBbIM CTapTOM» B MpaBWiIbHOW MNOCNeLoBaTENbHOCTU: CHavana
3anyctuTb MBI, u Tonbko Yepes 5-10 cekyHA nocre 3Toro BKM4YMTL Balle obopygoBaHune. 3a 3TO BpeMs Ball
MBI BbINOET Ha pexuMm, Haxogscb B LAOAWMX YCMOBUSIX Xomoctoro xopa. bartapes 3a 310 Bpems
NpaKkTUYECKN He paspsanuTcst MO TOW XKe npuymHe (HEeT Harpysku) M nonHoe Bpems paboTbl oT GaTapewn
OCTaHeTCs NpakTUYeCKn TeM Xe, kak bbino Obl B criyyae, ecrniv Bbl BKITHOUMAM BGbl KOMNBIOTEP UKW APYTYO Bally
Harpysky cpasy.



Mpeumyuiectea UBI1 ¢ nepekntovyeHnem

OCHOBHOE, U NOYTN eQUHCTBEHHOE, NpenmyllectBo VBT ¢ nepekntoveHnem — ato Hu3kas ueHa. Llena MBI ¢
nepeknodeHmem B MockBe uameHsetcs ot 0.1 go 0.3 pgonnapa 3a BonbT-amnep MowHocTU. [pyroe
npeumyLiectso VBl ¢ nepekntodeHnem — Boicokuin KM, camo no cebe He nMeeT onpeaenstoLlero 3HayeHus,
nockonbky KO gpyrux tunos WBI1 Toxe pgosomnbHO Benuvkn. W Boobwe, KM4 ana WBI He rnaBHas
XapakTepuctuka. Tem He MeHee eCTb OAHO uMmetrollee 3HadveHue cneactsme Bbicokoro K — aTo Huskoe
TennosblaeneHve BHyTpu kopnyca. M3-3a Huskoro Tennosbligenenns atu UBI He TpebyioT npuHyamTensbHOro
oxnaxaeHus (C NOMOLLbI BEHTUMNSITOPOB) U, CriefoBaTeNbHO, MeHbLUEe WYMST. Ha pexume paboTbl OT cetu
xopowuune VMBI ¢ nepeknioveHnem npaktnyecku 6ecymHbl. LLlym oT paboTbl MHBEpTOpa NPUCYTCTBYET TOSbKO
BO Bpems paboTtbl Bl oT 6aTapen (T.e. BCEro HECKOMBbKO MUHYT) U TOXE HE CIULLKOM CribieH (OnsATb Xe y
xopowmnx MBIT). Hu3kun ypoBeHb Liyma no3sonsieT ycraHaesnueatb VBl ¢ nepekntiovyeHmem HenocpeacTBEHHO
PSIAOM C 3aluLLaeMbIM KOMMbIOTEPOM.

HepocTtatkmn UBI1 ¢ nepekntovyeHnem

MBI ¢ nepekntodeHmem Bo BpeMs paboTbl OT ceTn obecnedmBaloT KOMMbOTEPAM 3aLLUTY TOMBKO OT crnabbix
BO3MYLLIEHUI 3MEeKTpU4Yeckon cetn. MoXHO ckasaTb, YTO UX (PUNBbTPbI «YUCTAT YUCTOE». DTa OCOBEHHOCTb
MBI ¢ nepekntoyeHnem genaeTt BO3MOXHbIM UX MPUMEHEHNE TOMbKO B YCITOBUSX «XOPOLLENY» 3MEKTPUYECKOM
CETU, B KOTOPON BpeMS OT BPEMEHMW CMy4aloTCa OTKIMIOYEHMS 3neKkTponutaHus . Booble MOXHO ckas3aTtb (He
CWUMbHO Morpewmns nNpoTnB UCTUHbI): UBI ¢ nepeknoyeHneM 3awmwialoT TOMbKO OT ogHoro Buaa cbos
ANEKTPONUTAHNS: MOJIHOTO OTKIOYEeHUs HanpsxeHusi. He cnegyet mcnonb3oBaTe 3Tn MBI npu pabote B
YCIOBUSIX MPOMBILUNIEHHOIO NPEeanpuUATUS UNu B APYrMX Criyyasx, Korga B €OUHYI0 SMEeKTPUYecCKyto ceTb
BKIOYEHbl KOMMbIOTEPBI M MOLLUHOE MpOMbIWNEHHOe obopygoBaHue (CTaHku, nudTel, gaxe OGonblune
KonupoBanbHble annapatbl). Bo3amoxHocTb npumeHeHnsa MBI ¢ nepeknoyeHnem B GOMbLUMX NOKambHbIX
CeTAX, pacnonoXeHHbIX B HECKOSbKMX Pa3HbIX 34aHUsX, Kaxabli pa3 TpebyeT cneunansHOro NoaTBepXaeHus.

Kak npaBuno B Takux ycnosusix Tpebyetcsa wucnonb3oBaTb WBIT ¢ ranbBaHuM4eckor pa3Bsi3KOW, KOTOPOW
nvweHsl WBI ¢ nepekniovyeHnem. M3-3a HeCcMHycOMAanbHOCTW BbIXOAHOMO CUrHama u Hamnmuums paspbiBa
anekTponutaHus, npu nepeknoveHun VBl npy ¢ pexuma paboTbl oT 6aTtapeu Ha pexum paboTbl OT ceTu
Bcerga HabnogaeTcsa He CAMLWIKOM rnagkuii nepexoaHein npouecc (cMm. puc. 10). Mpn HebnaronpuatHon dase
CETEBOr0 HanpsXXeHWss B MOMEHT MepekrnioveHns, 6nok nUTaHus nepcoHanbHOro KOMMbTepa He CMOXeT
NMOMNHOCTBIO CrMaauTb CKavyoK HanpsbkeHusi. B pesynbTaTe Ha mMaTepuHCKYlO nnaTy KomnbioTepa GyaeTt nogaH
UMMNYNbC, aMnnNnTyga HanpsbkeHus KoToporo MoxeT pfdocturHyte 400 mB. BcnegctBue 3Toro  He
pekomeHayeTcs ucnonb3oBatb 3TM VB[ B OTBETCTBEHHbIX Criyyasax: ANs 3awuTbl (pannoBbiX CEepBEPOB,
Y3MOBbIX KOMMYHWKALMOHHbBIX KOMMbIOTEPOB, KOMMbIOTEPOB C OYeHb [OPOrMMU  AaHHbIMKW, [OPOrux
nepndepuinHbiX YCTPOMUCTB TUNa LBETHbIX CKaHepOB GornbLIoro hopmaTa v T.4.

Cdpepa npumeHenusa MBI ¢ nepekniovyeHnemM — 3alimta oTAeNbHbIX NEepPCOHanbHbIX KOMMBIOTEPOB, paboumnx
CTaHUMN HebOonbLUMX NOKamnbHbIX CeTeln, AelleBbiX NepudepunHbiX YCTPOMCTB, paboTalolwmx B YCOBUSAX
06blyHOro ocuca. MBI ¢ nepeknoyeHMemM XOpoLUUX NPOM3BOAUTENEN OTNMYHO paboTalT B 3TUX YCIOBMUSX.
CotHu Thicay VBT ¢ nepekntodeHmeM, yxXe yCTaHOBIEHHbIX B Poccum, gokasbiBatoT 3TO.

Mnaea 4. Bl B3anumopgenctBylowmi ¢ cetbio (line-interactive UPS)

Ha pucyHke 12 npegcrtaBneHa cxema VB[, B3aumogencTsytowero ¢ cetbto. N onate, kak u ana UBIT ¢
nepeknyeHnemM, No CPaBHEHUIO C YNPOLLEHHON CXEMOMN Y Hac NOsSBUNUCHE OUMbTPbI LYMOB U UMMYbCOB Y
6nok aHanM3a ceTu 1 ynpasneHus.
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Puc. 12. bniok-cxema UBI, 83aumodelicmayrouieao ¢ Cembio

Kak BngHo, aTta cxema o4veHb noxoxa Ha cxemy UBI ¢ nepekntoyeHnem. OCHOBHbIE OTNNYUSA: TpaHcopmaTop
NMOCTOSIHHO MOAKITHYEH K Harpyske (M NoCTOsHHO paboTaeT), 1 No APYromMy pacnosioXeH nepeknoyaTens.



MBI, B3aumogencTByOWMA C CETbI0 MMEET [ABa OCHOBHbIX pexuma paboTbl: paboTta OT cetTu n paborta oT
baTapewn..

PaGoTa OT ceTu 1 nepekrnio4yeHne

Ha pexvme paboTbl OT 3NEKTPUYECKON CETU HanpshkeHne PUNbTPyeTCs OT LUYMOB M UMMYJIbCOB M NOCTYMNAaeT K
Harpyske. YacTb MoLHOCTU pacxopyeTcsi Ha 3apsiaky 6atapeu MBI unu nogaepxaHue ee B 3apsbkeHHOM
cocTosHuN. Brnok aHanusa HanpshkeHust KOHTponupyeT opMy U amnnuTygy HanpsbkeHust cetu. B cnydae,
€Cnn HanpsXXeHne CeTU CTAaHOBMUTCS CMAMLLKOM HU3KUM (Hanpumep Hwxke 195 B) unu (ans HekoTopbiX Moaenemn)
CMMLLKOM BbICOKMM, ONOK aHanmusa ceTu MbITAaeTCs CKOPPEKTUPOBATb BEMUYMHY HAMpPsSKEHUs, nepekntovas
OTBOAbI aBTOTpaHcopMaTopa. HanpsikeHne Ha Bbixoge VBl noBbilwaeTcs nnm noHnxaeTcs, npubnukasce K
HOMMHaNbHOMY 3HauyeHuto. Ecnn HanpsikeHne CTAHOBWUTCS HACTOMbKO HU3KUM, YTO MepeknYeHne OTBOOOB
yxxe nnoxo nomoraeTt, To MBI nepekntoyaeTtcs Ha paboTty oT baTapew.

Ecnu Ha Bxog VIBI nocTynaeT HanpsikeHue MCKaKeHHoW hopMbl, 6ok aHanmns3a ceTv Takke nepeknoyvaeT
MBI Ha pexum paboTbl oT 6aTapewu. Mpouecc nepekntoveHns ¢ pexmnma paboTa OT CeTU Ha pexnm paboTbl OT
batapeun (u obpatHo) ana UBIT ¢ cuHyconaansbHbiM BeIXOOHBIM HANPshXeHNEM NPeACcTaBneH Ha pucyHke 13.

WY

B)

W

Puc. 13. Ocyunnoepammbl nepeknoveHuUsi «cemo-bamapesi» (a, 6, 8) u «bamapesi-cemb» (2) 0na VBT,
g3aumodelicmsyowe2o ¢ cemsoto

MepekntoyeHne «ceTb-b6atapesa» (cMm. puc. 13 a, 6 1 B) NponcxoguT 3HaumTensHo 6onee rmagko, yem y UBI ¢
nepeknyYeHnemM npexae BCEro noTtomy, YTO coBrnagatoT (POPMbl KPMBOW HAMPSKEHMS Ha O0DOUX pexmnmax
paboTbl. CaM npouecc nepekntoseHns (BMecte ¢ BpemeHeM obHapyxeHus cbos) 3aHMMaeT MeHee YeTBepTr
nepuoga cuHyconabl ( npumepHo 3-4 mc). B 3aBucMMocTu OT hasbl HanpsbkeHWss B MOMEHT cbos ceTw,



COMyTCTBYHOLLME NEePEKTOYEHNI0 NepexofHble NPoLecchl MoryT npogomkaTtbest 4o 20 MC, T.e. Ha NPOTSKEHUN
nepuoga cuHycouabl.

Ona B3aumopgencteyownx ¢ cetbto MBI, Mmelowmnx BbIXOAHOE HaMpsikeHwe B BuAe MPSMOYrOSfibHUKOB C
naysamu (Unu, Kak CTbl4fIMBO MX Ha3biBalOT NPOU3BOAUTENN — CO CTyNeH4YaTbiM NPUBAMXKEHNEM K CUHYycounae)
npouecc nepexoga OT OOHOIO pexuma K ApYyromMmy HM4YeMm He oTnudaeTcsa oT pabotel MBI ¢ nepekntoveHnem
(cm. puc. 10).

Pexum paboTbl oT 6aTapen

Mpu nepekntoveHnn Ha pexunm paboTbl oT Gatapeun, uHBepTop MBI, NOCTOAHHO MOAKMIOYMEHHBINA K Harpyske,
HeMeJIEHHO HauuMHaeT BblpabaTbiBaTb NEpEMEHHOEe HamnpshkeHne, cuHgasHoe HanpsbkeHuto cetn. CeTb
OTKIIOYaEeTCsl OT Harpy3ku nepekrniovaTeneM, HO ocTaeTcsd noA KoHTporem 6rnoka aHanusa cetu. MHBepTop
noaaepXvnBaeT HanpshkeHWe Ha Harpys3ke B TeYEHMEe HEKOTOPOro BpPEMEHW, 3aBUCALLEro OT 3apsaa batapew.
Ecnu ceteBoe HanpsikeHMe 3a 3TO BPEMS HE CTaHOBMTCHA HOpManbHbIM, nocne paspsga 6atapeu WBI1
OTKNIoYaeT Harpy3ky. Ecnn Bo Bpemsa paboTbl oT 6aTapeun, ceTeBoe HanpsiKeHWe CTaHOBMTCA HOPMAaIibHbIM,
MBI roTtoBWUTCA K MNEpeKniovyeHuto Ha OaTtaper: HauMHaeT CUHXPOHU3aLMI0 NEPEMEHHOro HanpshKeHus
MHBEpTOpa C CEeTEeBOW CUHycOoMAoW. YacToTa HanpsbkeHus Ha BbIXOAE WMHBEpTopa M 4actoTa ceTu He
COBMajalT COBEPLUEHHO To4HO. [1o3TOMy pasHOCTb a3 Mexay HanpshkeHMeM CeTU U HanpsbkeHUem
MHBEpPTOpa NIaBHO MeHseTcs. Harpyska B 9TO Bpems NpoAormkaeT nuTaTbCs OT uHBepTopa (NMTaemoro B
CBOI oyepenb baTapeert). /I Tonbko B MOMEHT, Koraa dpasa HanpsiXeHus nHBepTopa € 3a4aHHOW TOYHOCTbIO
(He xyxe 2-5 rpagycoB) coBrnageT C (pason CeTEBOro HanpsiKeHus, npoucxoauTt nepekntoderHme MBI Ha
paboty ot ceTwu. NepekntoyeHre (0T MOMEHTa BOCCTAHOBIEHNST HANPSXXEHUS B CETU) MOXET 3aHATb HECKOSBbKO
cekyHn. Takas crnoxHas npoueaypa fnepeknioyeHns XoTs U 3aTarnsaeT caMo nepekrodeHve, Ho ans MBI ¢
CYHycOMZanbHbIM BbIXOAHBIM HaMpsKeHMeM No3BONseT NPoM3BOAUTL €ro oveHb MArko (cm. puc. 13 r). B
MOMEHT NepPEeKnioYeHns He BO3HMKAET HMKakMx PasoBbiX MM aMNAUTYAHbIX CkaykoB. KomnbioTep BO Bpemsi
nepeknioveHns pabotaeT HopManbHO, 60K NUTaHMSA Ha UCMbITbIBAET MMMYbCHbLIX HArpy3okK.

Mpeabligywnin naparpad OTHOCUTCA K B3aMmogencTBylowmm ¢ ceTbio UBI, ¢ cuHycouganbHbiM BbIXOAHbBIM
HanpsbkeHneM. MomeHT nepekntodeHns ans MBI ¢ BbIXOAHBIM HanpsbkeHuem B BuAE MPSIMOYrOfbHUKOB C
naysamu HU4eM He oTnuyaeTcs ot paboTtsl VBl ¢ nepekntoyeHnem.

Tenepb paccMoTpUM YyTb NoapobHee paboTy oTAeNnbHbIX anemeHToB UBI

Beinpsamutensb

Beinpsamutens WBI ¢ perynupoBaHMem HanpsKeHUs BbINOMHAET (PyHKUMIO aBTOMaTU4YecKoro 3apsifHoro
yctpoictBa. OH 3apspkaeT 6GaTtapeto, ecnu OHa paspsikeHa, W NoadepXuBaeT Ha Hel HanpskeHue
nnasarwwero 3apsaa, ecnu ee 3apsa 6nvM3ok K MakcumanbHOMy. B Lenom XxapakTepucTukm n dyHKLUn
BbinpamMutenen 6onbwnHcTBa aTux MBI Takne xe, kak y BoinpsmuTtenen UBI ¢ nepeknioyeHmem.

Haunbonee pacnpocTpaHeH pexum 3apsga 6atapeu, npy KOTOPOM cHavana 6aTtapes 3apskaeTcsl NOCTOSHHbIM
no BenMYnHe (CTabunmanmpoBaHHbIM) TOKOM, a 3aTeMm, NPWU SOCTUXKEHUM HEKOTOPOro 3afaHHOro HanpsXeHus,
cTabunmanpoBaHHbIM HanpsbkeHneM. Nocne Toro, kak 6aTapes OyaeT 3apshkeHa, OHa NoaAepXKMBaeTcs nog
NMOCTOSIHHBbIM HanpsbkeHnem (T.H. MraBalLMM NMOTEHLMANOM UMW HanpskeHMem nnaBatollero 3apsga — T.e.
HanpsbkeHneM, npy KOTOPOM TOK yepe3 bGatapeto paBeH Hynw). 3apsaHble ycTpomctBa HekoTopbix MBI
peanuaytoT HECKOSbKO Bonee CrnoXHbIN anroputm 3apsaga 6atapen — uMnynbCHbIA. Mpu MMNYNbCHOM pexnve
3apsifa 3apsigHOe YCTPOWCTBO OTKIHOYAETCs MOCre OOCTWXKEHWS MONHOro 3apsiaa Gatapen u BKM4daeTcs
BHOBb TOSbKO MOCre TOro, kak 6atapes paspagutca (HanpsbkeHne Ha Heln ynaget). [NMpous3BoanTenu Takmx
MBI yBepstoT, 4TO MMNYMNbCHbLIA anropuTM 3apsiga Mo3BONISIET HECKONbKO MPOAnUTbL KM3Hb OaTtapee.
MponsBoamTenn GaTapei 3Ty TOYKY 3peHus O0OblMHO He MoJAepXKMBalOT, 3asABMsAs, YTO MX OTMMYHbIE
aKKyMYnsiTOpbl MOXXHO 3apsikaTb CaMbIMU NPOCTbIMU METOAAMMU.

Boinpsamutenun WBI, cneumanbHO npegHasHayYeHHbIX Ans AAWTenbHOW paboTbl, oTnuyarTcs GonbLunm
3apsgHbiM TOKOM. OTO MO3BONAET UM daxe B cnydae nogkntodeHus k UBIM gononHuTenbHonm Gatapewm
OOonbLLION eMKOCTU 3apaauTb 6aTapeto 3a NpUeMNemMoe Bpemst.

HekoTtopble npoussoantenn WBI, B3aumMoOeWCTBYOLWMX C CETbO, ANS  MNOMyYEHUS MapKeTUHroBbIX
npeumyLLecTB 3asBnsAloT 06 O4YeHb Manom BpeMeHM Mnoa3apsga akKyMynsaTopoB (Hampumep 5- 6 vacos).
MakcumanbHbI - 3apsigHbI TOK, @ WHOr4a W  MakcumanbHoe HanpshkeHune Ha ©Oatapee Takux WBI
OEeNCTBUTENBHO NPEBLIWAT MaKkCUMarbHble 3Ha4YeHUsl, YCTAHOBMEHHbIE MPOW3BOAMTENEM aKKyMYyISTOPOB.
OTO Henb3si Mpu3HaTb MPEUMMYLLECTBOM, MOCKONbKy Gonee ObICTpbIA 3apsi MOXET MPOUCXOAWUTb 3a cyeT
yMeHbLUEeHUS pecypca baTapewu.



BaTtapesn

Mcnonb3yloTcsl  CBMHLOBbLIE  KUCIOTHbIE TEPMETUYHbIE HeOobCnyXnBaemble akkyMynsiTopHble Gartapew.
HanpskeHne 6atapen ot 6 o 48 B, emkocTb oT 4 amnep-yacoB. MakcMmanbHas emkocTb Gatapen ans
06blyHbIX UIBI, ¢ perynupoBaHvem HanpsikeHusi, (C BpemeHeM paboTbl OT OaTapen npu MakCMMarbHON
MOLLHOCTM 5-15 MUHYT) MOXeT gocturatb npumepHo 20 amnep-4acos.

CywectBytoT mogynbHble UVBI, cneunanbHO npegHasHayYeHHble Ans AnuTenbHon paboTtbl oT 6atapeun ( B
TeYEeHMEe MHOMMX YacoB MMM Jaxe HECKONbKMX CYTOK). OHM cocToAT M3 6a30BOro afekTpoHHoro 6noka, K
KOTOPOMY MOXET MOoAKM4aTbCs OAMH Gnok 6atapen WMnm HecKomnbko Takux 6rmokoB. CymmapHas eMKOCTb
DOaTtapewn, cocTosiLLier M3 HECKOMbKMX MOAYNEen, MOXET AOoCTUraTb COTeH amnep-yacoB. COOTBETCTBEHHO U
anutensHocTb paboTel MBI oT 6aTtapen MOXeT A0CTUraTb HECKOSbKUX CYTOK.

UuBepTOp

NHBepTOpbl B3aumoaencTytowmx ¢ ceToto MBI MoryT umeTtb CuHycomaanbHOe BbIXOOHOE HanpsikeHue unu
BbIXOAHOE HanpshxeHve B Buae meangpa c nayson (kak y Bl ¢ nepekntoveHvem).

MonHbIN KO3PPULNEHT rAPMOHUYECKNX UCKKEHN BONBLUMHCTBOM NMPOU3BOAMTENEN HE yKa3blBaeTCA. TeM He
MeHee B Crydae CMHycoMaanbHOro BbixoAa, Npu He NpeaerbHbIX NapameTpax, UCKaXXeHWUs CUHYCOMUabl BMOJSHE
npvemnemsl (T.e. He npesbiwaoT 5%).

Bnok ynpaBneHus UBI n aHanusa cetn

OT1OT BnOK ABNAETCS NoXanyn rnasHbIM aneMeHToM WBIT ¢ perynvpoBaHMem HanpsikeHusl, OTNnYaoLWwmm ero
oT UBI c nepekntoveHnem. [ns ynpaeneHus B3aMMogencTByowmnx ¢ cetbto MBI obblyHO ncnonb3ytoTcs
HeJoporMe MWKPOMPOLIECCOpPbI, MPUMEHEHUE KOTOPbIX MO3BONSET BO3NOXWMTb Ha WBI maccy HOBbIX,
gononHuTenbHblx dyHKUMi. [lpexage Bcero, 6rok aHanuMsa MOXeT He MpOCTO U3MepsTb AencTBylollee
3HayeHMe HanpsbkeHus ceTu (kak genaet ynpaenswowasi cxema WBI ¢ nepeknioyeHnem), HO MOCTOSHHO
cneguTb 3a hopMon cMHycouabl. [na aToro B coctaB 6rioka aHanmsa ceTu BKNOYaloT cneuuanbHbli aneMeHT
— aHarnoro-undgpoBoi npeobpasoBartens (ALIM). Heckonbko pas 3a nonynepuog AL nponssBoanT namepeHune
MIFHOBEHHOTO 3HAYEeHUS HanpsXXeHus ceTu (cm. puc. 14).

Puc. 14. UBTI, e3aumodelicmgyowuli c cembto, U3MepPSiem HarpsixeHue cemu

AUM npeobpa3syeTr pesynbTaT uM3MEpPeHUss B UudppoByld OpMy W nepegaeTr ero Ans  aHanmsa
mukponpoueccopy WBI. B namatu  mukponpoueccopa XpaHuTca o0pas  waeanbHOW  CUHYyCOMAbI.
MwukponpoLeccop HeNpepbiBHO CpPaBHUMBaET €ro C pe3ynbTaTtOM W3MEPEHUS MIHOBEHHOTO 3HaYeHus
HanpsbkeHus. [nga ynpaenenunsa WBI (a nmeHHo gnst Bbibopa MOMEHTa NEepeKoYeHns ¢ pexnma paboTbl oT
CeTU Ha pexmm paboTbl OT BaTapeun 1 06paTHO) UCMONb3YIOTCA AOBOJSIBHO CIIOXHBIE KPUTEPUUN KA4YeCcTBa CETHU.

Hanomuum, yto ana UBI ¢ nepekntoyeHnem eguHCTBEHHbIM KPUTEPUEM, OTNIMYAKOLWNM «XOPOLUYHO» CeTb OT
«MroXon» ObINO AENCTBYIOLLEE 3HAYeHNe HanpskeHus. BaanmopencTeyowmn ¢ cetobto MBI TOXe npuHumaeT
BO BHMMaHue [AEWCTBYHLLEE 3HAYEeHWe HanpskeHWst ceTu, paccuyuTaHHoe Mukponpouecoopom WBIT Ha
OCHOBaHMM pe3ynbTaTOB M3MEPEHWss MIHOBEHHbIX 3HadeHun HanpsbkeHus. Ho  xopowwn  UBIM,
B3aMMOAENCTBYIOLUNA C CEeTbl, MOXET CreAuTb He TONbKO 3a BENIMYMHOWM [LOEeNCTBYIOLLEro 3HayeHus
HaMNpPsPKEHNs1 CeTU, U ellle 3a HECKOMbKMMW NapameTpamu cuHycouabl. Hanpumep, OH MOXET nepeksiiounTbCs
Ha paboTy oT GaTapewu, ecnu:

e yacToTa CeTu HaxoOWuTCsl BHe AuanasoHa AOMYCTUMbIX 3HAYEHWUIA; OTKIIOHEHWE MIHOBEHHOMO 3HAYeHMUs
BXOOHOTO HamnpsPKeHUs OT MaeanbHOW CUHYcoMabl, UMeoLLel HOMUHaNbHOE HanpsKeHUe, NpeBbiaeT
80 B;

e hasoBbIN COBUT MEXAY CUHYcOMAaMM (MaeanbHOM 1 peanbHow) npesbiwaeT 2.5 rpagyca;



e UMeeTCsl KOMOMHALMSA OTKIOHEHWSI MIHOBEHHOIO 3HaYeHWs HanpsbkeHus 1 pa3oBOro casura, ecnu
3Ha4veHue BbipaxeHus {(0.4 x cdasosbii casur B rpagycax) + (0.025 x OTKNoHeHue HanpsikeHus B
NpoueHTax OT HOMWHana)} NpeBbILLAET eanHULY;

° ,D,eVICTByI-OLIJ,ee 3Ha4YeHne HanpsaxeHna ceTu BbIWIO 3a npeaenbl nNporpaMmMmHO  YCTaHOBJIEHHOIO
AnanasoHa BXOAHbIX;

e MIHOBEHHOE 3HayeHWe HanpsKeHUs OTKMOHUIIOCb OT MIHOBEHHOro HanpsbkeHus wugeanbHon
CUHycouabl, XxpaHsLencsa B namatu MBI, Ha BenuunHy 6onbLue AonyCcTUMOW;

. ,D,eVICTByPOU.lee 3Ha4YeHune HanpsxeHnd ctano MeHblle Unmn 6onbLie 0onycTtuMoro;
° B C€TU NoABUIICA UMNYTIbC, HE norawleHHbIN 40 KOHUa dC)VIJ'IprOM nMmnynbcoB.

MpuBegem Hanpumep nepeyveHb YCMNOBWIA NepeknioyeHust Ha paboTy OoT Gatapeu Ans OOHOrO U3 CambixX
pacnpocTpaHeHHbix B Poccun UBI, B3ammogencteyowmx ¢ ceTtbto. UBI nepekntovaeTtca Ha paboty oT
OaTapen, ecnu:

e  OTKIIOHEHME MrHOBEHHOIO 3HayeHUs1 BXOAHOrO HanpshkeHus OT uaeanbHOM CUHYycOouAbl, MMeloLLen
HOMUWHanbHOE HanpsikeHue, npesbiwaeT 80 B;

e ha3oBbIN CABUT MEXY CUHYcoMaamu (ngeanbHOM 1 peanbHow) npesbiwaeT 2.5 rpagyca;

e yMeeTCs KOMOMHAUMSI OTKIMOHEHUSI MIHOBEHHOrO 3HAYeHWs HanpsbkeHus u pa3oBoro casura, ecrnu
3HayveHue BblpaxeHusa {(0.4 x dasosbii casur B rpagycax) + (0.025 x OTKNoHeHue HanpsikeHust B
npoueHTax OT HOMUHanNa)} NpeBbILaeT eaANHULLY;

° D,eﬁCTByFOLIJ,ee 3Ha4YeHne HanpsXXeHnda ceTu BbIWIO 3a npedesnbl nporpaMmMmHO  YCTaHOBJIEHHOIO
Anana3oHa BXOAHbIX Hal'lpﬂ)KeHI/IIZ.

TwaTtenbHbIA aHanu3 anekTPUYeckon ceTun, NPOM3BOAMMBIN B3anmogencTByowmum ¢ ceTeto MBI nveet He
TONbKO [OOCTOMHCTBA. [N KOMMbIOTEPOB, OCHALUEHHbIX WMMMYMbCHbIM GrIOKOM NUTaHUS (@ MMEHHO OHU
ABNATCA Hambonee pacnpocTpaHeHHon Harpyskon WBIT) dopma cuHycomabl He umeeT OCOBGEHHOro
3HayeHusa. OHM MoryT Gonee unu meHee HopManbHO paboTaTb MMes Ha BXO4Ee OaXe HEeCUHycouaarbHbIV
curHan (Hanpumep HanpsbkeHue, BbligaBsaemoe UBI ¢ nepekntoveHnem). Ho nonpobynte nogkmnounTb BXO4
XopoLuero B3anmopaenctaytowlero ¢ cetbto UBI k Beixogy MBI ¢ nepekntoveHnem, paboTatoLlero ot batapeu.
Bbl yBngnte, uto WBI, B3aumMogencTByOWMiA C CeTblo, OTKaxeTcs paboTtaTb. Takas, ¢ NO3BONEHUs ckasaTb,
«CeTbY», CINMLLUKOM Nfioxa Ansi ero YyBCTBUTENbHOIO 1 YMHOro 6noka aHanusa cetun. OH HeMeaneHHo nepenget
Ha paboty ot 6atapen. Ho komnbloTepbl HopManbHO paboTatT, nutasice oT UBI ¢ nepekntodeHmem. CTtano
ObiTb MHOrga TpeboBaHua aTux MBI k ceTu MOXHO cuuTaTb 4Ype3mepHbiMu. Hanpumep B [py3un, roe
anekTpuyeckasd ceTb B nNepBble oAbl He3aBUCUMOCTM Oblna CUNbHO UCKaxeHa, HekoTopble WBI,
B3aMMOAENCTBYIOLUNE C CETbIO, HE paboTanu B pexume paboThbl OT CETU, U Cpa3dy nepeknyanucb Ha paboTy
oT 6aTtapeun. Komnbtotepbl n VBI1, nOCTpoeHHbIE MO ApyrnM cxeMaMm, paboTann HopmarsbHO.

BaxHon dyHKUMen OGroka ynpaBrneHus SBMSETCS OTKIOYEHME Harpysku nocne AnuTensbHonW paboTel OT
6atapen, korga 3apsa 6atapen ucdepnaH NoOYTU NOMHOCTLID. JTO NO3BONSET COXPaHUTL PaboTOCNOCOBHOCTL
Hatapen. Mukponpoueccopbl B3auMOAENCTBYOLWMX C ceTbio MBI MOryT BbINOMHATL Maccy OOMONHUTENbHbIX
YHKLUUIA, TakuX, Kak M3MepeHne HanpshkeHus B ceTu, pernctpaumto cboes u 1.4. O6 atom, U Apyrux BeLuax
peyb novaeTr B pasgene «[ononHuTenbHble BO3MOXHOCTWU ...». [lepekntoyatenu, UNbLTPLI LWYMOB W
umnyrnscos WBI1, B3aMMoOencTBylOWMX C CeTblo, YCTPOEHbl COBepleHHO Tak xe, kak y WBIl ¢
nepekntodeHneMm. OHU MMEIOT NMPUMEPHO Takue e XapakTepuctuku. NoaToMy s oTcbinar MHTepecyloLerocs
yuTaTterns K COOTBETCTBYIOLWUM pasgenam rnasbl 3.

MopT Ans cBA3M C KOMNLIOTEPOM

Bce B3anmogencTeyowme ¢ cetbto VIBI umeroT nopT onga cBA3v ¢ KOMMNbIOTEPOM. ITOT MOPT NpegHasHayveH
Ona nepefadn M nNpuema CUrHamoB penerHoro tvna (OHW oBbl4HO peanu3oBaHbl C MOMOLLbI OTKPbLITOrO
Konnekropa) u curHanos npotokona RS232.

Habop «penenHbix» curHanos cooTBeTcTByeT cTaHaapTy Novell unu IBM AS400:
e VBl paboTtaeT oT ceTu;
e VBl paboTtaeT oT 6atapeuy;
e bGaTapes paspsikeHa.
Ot komnbtloTepa K VBl MOXeT NOCTYNUTb TONbKO OAWH CUrHam: Ha BbIKIIOYEHNE HarpysKku.

OcHalleHHble Mukponpoueccopom VMBI, B3aMoaencTByOLWME C CETbIO, 00raaatoT BO3MOXHOCTBIO Nepeaayn
1 npuema UnpoBbIX CUrHaANOB B COOTBETCTBUM C NpoToKonomMm RS232.

MOFyT nepenaBaTbCA CUrHasbl:



e pesynbTaTbl U3MEPEHNS HaMNPsXKeHUs, TOKa U YacTOoThl;
e cogepxumoe sveek namaTtu MBI (aBapuiiHbie coobLLeHns, Bpems 1 AaTbl aBapynHbIX COOBLLEHNI).
MoryT npuHMMaTbLCa curHansl:

e  CcurHanbl Ang NporpamMmmHon HacTponku napameTpoB UBI (HanpsXeHns nepeknioveHuns,
YyBCTBUTENBHOCTU, MMeHn VBl n 1.4.);

e KOMaHga oTkntoyeHus UVBIT;
e CcurHanbl gnsi nepesanucu cogepxmmoro ayeek namstn VBMM.

HekoTopble coBpeMeHHble VBl kpome pazbema A58 NOoAKMYEHNs K KOMMLIOTEPY MMEIOT B KOpMyce oTcek And
YCTaHOBKM AOMNOSMHUTENBHbIX MfaT, BbiNOAHAKWMX dyHKuum agantepa SNMP,.pacwmputens konuyecTsa
nopToB U T.4. Heckonbko noapobHee aTU yCTPOMCTBA paccMmoTpeHsbl B rmnase 10.

NHan KaTopbl U CUrHanunsauusa

Ha nepegHen naHenu MBI, B3anmogencTBytowero ¢ cetbto, Npyu paboT oT ceTu 0ObIMHO CBETUTCS 3€NeHbIn
csetoguogd. lepeknioyeHne Ha paboTy OT CEeTM BbI3bIBAET €ro BbIKIMKOYEHME. BknoyaeTcs KpacHbid unu
XenTbl cBeToAMOAHbIN MHAaMKaTop (pabota ot Gatapeu). MHorne WUBIT umeloT cBETOAMOAHBLIN MHOMKATOP
neperpysku (BkrnovaeTcs ecnu Harpy3ka VMBI npeBbiliaeT HOMUHAaNbHY0) U COCTOSHUA GaTapen (BknoYaeTcs
BO Bpemsi paboTbl oT GaTapeuw, ecnu Gatapesd crtapas unu paspskeHa). CBeToaMOAHbLIN UK LMdPOBON
nHavkaTop 3apsiga 6aTtapeun Takke OOBOMBHO pacnpocTpaHeH y WBI, B3aumogencTByoWwmnx ¢ CeTblo. JTOT
nHAMKaTop MoxeT paboTaTb MOCTOSIHHO WNWM BKMOYaTLCA MO KOMaHAe nofb3oBaTtens. TOYHOCTb nokasaHwui
nHamkaTopoB GonblnHcTBa MBI HeBenuka B CBSI3U CO CIIOXHOCTbIO yyeTa COCTosiHuS GaTapen. 3BykoBas
CUrHanu3aums BKINOYaeTcs npu nepeknoyeHMn Ha paboty oT Gatapen. Kak npasBuno, oHa MoXeT ObITb
OTKIMtoYEHa, HO BKIIOYUTCS CHOBA nocrne notepu 6atapeen 6onblien Yactu 3apsiaa.

3BYKOBOI CUrHan (Apyroro ToHa UK ANIMTENIbHOCTM) MOXKET Takke cpabaTbiBaTb NpU Neperpyske.

PerynMpOBaHMe Hanps>xeHns

MBI, B3aumogencTBylolME C CeTblo, MOFYT perynMpoBaTb HanpsbkeHne Ha CBOeM Bbixode. 3TO
perynupoBaHue OCYLIECTBASETCA 3a CYeT MepekniovYeHns Harpyskm Ha paboTy OT noBbialoWwen wunm
noHwxatoLern 06MOTKM aBToTpaHcopmaTopa (COOTBETCTBEHHO NMPW CHUXEHUWN UINN NOBLILLIEHUN HaNPSXKEHUs
ceTn). Takoe nepekntoyeHne y UBI, B3anmogencTByoLmx ¢ ceTblo, NponcxoauT B ABa aTana. Nocne Toro, kak
Onok aHanusa cetu OOHapyXWT, Hanpumep, YTO HamnpshkeHWe CTano CIULWKOM MarieHbkUM (OencTBytollee
3Ha4YeHMe HanpshkeHus ceTu MeHblue xpaHsuweroca B namatn MBI npegenbHoro 3HaveHus), npoucxoaut
nepekntodeHne MBI Ha pexum paboTtbl oT GaTapen. Bo Bpemsi pabotel MBI ot 6atapeun, npoucxoguT
nepekrntoyeHme obmoTok TpaHcdopmaTopa. Yepes 1-2 cekyHabl MBI cHoBa nepexoguT k paboTte oT ceTu, HO
3a 3TO Bpems yxe npousowsio nepekntoveHne, n MBI HaunHaeT BblgaBaTb MOBLILWEHHOE C MOMOLLbIO
aBTOTpaHcdopmaTopa HanpskeHue. YCNoXHeHne anroputMa nepeknioveHns Heobxoammo And Toro, YToObl
npv NePeKnioYeHnn He BO3HMKaNM MMMysbCHble Harpy3kn. Begb nepekniovyeHne B3aMMOLENCTBYOLLNX C CETbIO
MBI ¢ pexuma paboTbl OT CETU Ha pexmm paboTbl OT GaTapen n obpaTHO MPOUCXOAUT OYeHb rnagko, 6es
3HaYMTENbHbLIX MMMYMbLCOB, Aa)Xe Npu HebnaronpuATHON dase CeTEBOro HaMNpPsHKEHUS.

o710 ncnonb3yeTca Ana perynmpoBaHUA HaNpsaXeHua W, HeCcMOTpA Ha MHOroYMUCrieHHble nepekniYeHnda
oTBOAOB aBTOTpchcbopmaTopa BO BpeM4A pa60TbI OT CeTn, NMNyJibCHblE HAarpy3kn Ha NOAKITIHOYEHHbIE K Z15
KOMMNbKOTEPbI, HE BO3HMKAIOT.

Xapaktepuctuku UBI B3anmoaencTayroLlero ¢ ceTbio

MoLwHocTb

Kaxpasa cdpvpma npoussogutens WBI BbinyckaeT Heckonbko mogenen WBI B3aumMogencTByOWUX C CETbIO
pasHbIX MOLLHOCTEWN.

MakcumanbHaa mowHocTb VMBI B3aMmogencTByiowero ¢ cetbio BMAMMO He npeBbiwaeT 12000 BA. 3710
HaMHoro Gonblue mMakcumansHol molwHoctn UBI ¢ nepekniodeHneM. YBenMyYeHne MOLLHOCTM OKasbiBaeTcs
BO3MOXHbIM 3a CHET TOro, 4YTto nepekntoyeHne MBI B3anmogencTBytowero ¢ ceTblo Ha paboTy oT 6atapeun u
obpaTHO npoucxoouT ropasgo MnaBHee (3a CYeT MOCTOAHHOM CUHXPOHM3ALMUM WMHBEPTOpPa C CEeTbl U
CMHycOMAarnbHOro BbIXOOHOrO HanpshkeHust). [Mpu TakoM MNEPEeKnoYeHUun He BO3HMKalT das3oBble W
aMMMTyaHble cKaykn. OTO NO3BOMSET u3bexaTb CUITbHOM 3p03MK KOHTAKTOB NepekniovaTenen.



Kna

KoathpmumeHT nonesHoro AencTBusa B3avMmogencTByowwmx ¢ ceTbto MBI umeeT npumepHO Takyio xe
BenuuuHy, kak n y MBI ¢ nepekntoyermem: ao 99%

Bpems paboTbl oT 6aTapeu

O6bluHble oducHble VMBI B3aumopgenicTByowme ¢ ceTbld MOryT pabotaTb oT 6arapev mpu HOMWHArbLHON
Harpy3ke 5-15 MuHyT. py ymeHbLIeHMn Harpysku Bpems paboTbl yBENMYMBaETCs HECKONbKo BbicTpee, Yem
yMeHbLUaeTCs Harpyska.

HekoTopble dupmbl BbinyckatoT MBI B3anmogencTsytowme ¢ ceTblo, creumanbHO npegHasHadeHHble Ans
anutensHon paboTbl oT 6atapen. MakcumanbHasi ANUTENBHOCTE PaboTbl OT GaTtapen Mpu NOMHOW Harpyske
ang Takux UBI moxeT gocturatb HECKONMbKUX AHeN. B aTom crniyvyae egUHCTBEHHbIM OrpaHuYyeHvemM BpemeHu
aBTOHOMHOW paboTtbl VBl aBnseTcs 3apsgHoOe YCTPOWCTBO, KOTOPOE HE B COCTOSIHUM 3apsiguTb OrpOMHYHO
BaTapeto 3a pasyMHoe BpeMsi.

[dononHuTtenbHble BO3MOXHOCTU HEKOTOpbIX moaeneun UBI, B3amMmoaencTByOWUX € CeThbiO

MBI, B3aMMOOeNCTBYIOWMIA C CETbIO — 3TO JOBOJSIBHO CMOXHbIA NPMBOp, ynpaBnsembiii MUKPONPOLECCOPOM.
OH MOXeT BbINOMHATbL MHOrO He CBOMCTBEHHbIX bonee ctapbim Mogensm WBI dpyHkumn. Hanpumep mHorne
B3aumogencTteyowme ¢ cetbto WBI, ucnonb3yss BO3MOXHOCTM CBoero 6noka aHanusa ceTu MoryT
NPOM3BOANTb 3fIEMEHTAPHbIA MOHMTOPWHI aNeKkTpuyeckon cetu. [na aton onepauun, kpome MBI TpebyeTca
crneumanu3npoBaHHoe MaTeMaTtudeckoe obecrneveHne (CM. COOTBETCTBYIOLMA pasden) U KOMMbHTEP.
PesynbTaTbl M3MepeHUn HanpskeHus, Toka Harpyskum WBI, 4acToTbl M wuHorga AOpyrux napameTpos,
Npou3BeAEHHbIX B TEYEHNE HECKONMbKMX YaCoB MMM axe AHEW 3anvCbiBalOTCS HA BUHYECTEP KOMMboTepa. ATn
AaHHble MOryT B JarnbHelweM MCnonb3oBaTbCA AN NOCTPOEHUS rpadmkoB, aHanm3a 3NeKTPUYecKon cetu U
nogbopa obopyaoBaHus Ansi cuctembl 6ecnepeboHoro NUTaHus.

MHorve WBI1, B3anmogewncTBylowme C CeTbto, MOryT ObiTb OcHalleHbl agantepom SNMP, ¢ nomoLubto
KOTOpPOro MOXHO YynpaBnsTb paboton MBIl cpeactBamy nokanbHOM ceTU. OTW BO3MOXHOCTM noapobHee
paccMmoTpeHbl B rase «Baanmopgenctame MBI ¢ BHELUHUMU yCTpONCTBaAMUY.

Mpeumyuwiectea UBI, B3anmoaencTByOLWUX € CETbIO

Mo cpaBHeHuto ¢ NBI ¢ nepekniodeHnem, UBI, B3anmogencTeytome ¢ CETbI0 MMEET MHOrO NPenMyLLECTB.
Bonbwas vactb atux MBI nmeeT crvHycompanbHOe BbIXOAHOE HanpsbkeHue. 3TO MO3BOMSET paavKkanbHO
YMEHbLUNTb UMMYSbCHBIE HArpy3kyM Ha GroK NMTaHus KoMMboTepa Npu nepekntodeHun VBT ¢ pexnma paboThbl
OT CeTu Ha pexum paboTbl oT GaTtapen. Bnok nuTaHMsa KoMMblOTEpa He npornyckaeT K MaTepuUHCKOW nnaTe
KOMMNblOTEPA HUKaKMX uMMynbcoB npu pabote oT UBIl ¢ cuHycompanbHbIM BbIXOOHLIM HaMpshKeHUEM.
PerynupoBaHue BbIXO4HOIO HanpshkeHus oveHb nonesHas dyHkums MBI, B3anmogencTByoLwero ¢ ceTblo.

[axe cTyneHyaTasi cTabunusaums HanpskeHUst No3BonseT nogknoveHHomy k MBI obopyaoeaHuio pabotaTb
0e3 neperpysok B [OBOMIbHO LUMPOKOM AManal3oHe BXOAHbIX HanpshkeHui. [lepekntoyeHne o0OMOTOK
aBToTpaHcgopmaTtopa MBI ¢ cuHycompanbHbIM HanpsXKEHMEM NPOM3BOAUTCS HE HEMOCPEACTBEHHO, a Yepes
pexunm paboTbl oT 6aTapen. 3a cHeT HEKOTOPOrO YCITOXHEHUST NPOLIEAYPbLI NEPEKMOYEHNS YAAETCS YMEHbLLUNTD
UMMYIbCHbIE Harpy3ku Ha nopknodeHHoe k MBI obopygoBaHve B MOMEHT nepeknioveHus. Hanuuune
MUKpornpoLeccopa no3sonseT cuntatb nydwue UBI B3aMMopencTBylowmMe ¢ CeTbio OOHMMU M3 Haubonee
bYHKUMOHANBHO COBEPLUEHHBIX C TOYKM 3PEHWUSI BBLIMOMHAEMbIX WMW  OOMONHUTENbHBLIX (YHKUMA. [lo
KONMYECTBY CEPBMUCHbLIX BO3MOXHOCTEN (perMctpauns napameTpoB, OUCTAHUMOHHOE ynpaBrieHne, Nogaepxka
npotokona SNMP u gp.) um He MHOro paBHbIX cpean apyrux tunos UBI.

HepocTatku UBI, B3aMmoaencTByOLWMUX C CETbIO

Kak n UBIT ¢ nepekntoyeHnem, UBI1, B3aumogencTeytowmne ¢ ceTbio, obecnedmBaloT TONbKO crabyio 3almTy
OT MMNYMNbCOB W LWYMOB. ECnn B 3NeKTpUYeCcKkon CETU BO3MOXHO MOSIBNEHME CUMbHBLIX LLUYMOB, MMMYMbCOB,
UCKaXXeHU hOpMbl UMK CKAYKOB HanpsXXeHus, NpuxoanTces mucnons3osatb VIBI agpyrux Tunos.

Kak yxe oTMeuvanocb, TLWaTemnbHbI aHann3 3NeKTPU4EeCcKon ceTu, MPOBOAUMbIA HeKoTopbiMu K13 3aTux UBIT,
MHOr4a okasblBaeTcs Ype3mepHo cTpornm. KomnbtoTepbl 1 gpyroe obopygoBaHue paboTatoT OT CETH, KOTOPYHO
MBI, B3anmogencTByOWMIN C CETbI0 CYerl He COOTBETCTBYHOLLEN €ero BbiCOKMM TpeboBaHWsM, U, B TO Xe
BPEMSI, HE CMOT UCNPaBUTb.

Yem oTtnuyaercs Back-UPS ot Smart-UPS

Kaxgbin npoaasey, MCTOYHUKOB 6ecnepe6017|Horo NMNTaHNA OTBEYaeT Ha 3TOT BOMPOC NO HECKOJIbKO pa3 3a
O€EHb. HeCMOTpﬂ Ha MOpe UCTOYHUKOB 6ecnepe60|71Horo NNUTaHnAa, npogaBaeMbiX B Poccuun, nmeHHo ato age



MoZenun ncnonb3ytTcs Hambonee YacTo, u Hambonee YacTo SBNAIOTCA NPEAMETOM BONPOCOB MONb30BaTenen.
Moatomy oBoWTK STOT BOMNPOC MPOCTO HEBO3MOXHO. Pasnuunsa mexay asyma MBI npusegeHsl B Tabnuue.
OHa oTHOCMTCSl TOMbKO K YNOMsHYTbIM Mogensam cdupmbl APC, HO MOXeT (OCTOPOXHO M C OroBOPKaMm)
ncnonb3oBaTbCs U Npu cpaBHeHumn apyrux UBIM ¢ nepekntoyennem n NBI, B3anmMogencTeyoLmX C CeTbHO.

CBoWcTBO Back-UPS

dopma BbIxogHoOro HanpsixeHue B Buge NpAMOYrosfibHUKoB

HanpsbkeHus C naysamu
Peakums Ha

H MBI nepekntoyaeTcs Ha paboTy oT
YMeHbLUEeHNe

baTapeun

HanpspkeHus
Peakuus Ha He pearvpyet
yBENUYEHUE
HanpsbkeHus

HecMoTps Ha xopoluyto
CMHXPOHU3aLMI0 MHBEPTOPA C CETbIO,
npu NepeKItoYeHNN BO3HMKaET
CTyNneH4YaToe U3MEHEHME HanpsXKeHUs,
KOTOpOe He Bcerfaa MoXeT ObiTb

MepeknioyeHne Ha
paboTy oT 6aTapeu

n obpaTHo
MONHOCTLIO MoraLleHo 6rokoM NuTaHust
KOMMNblOTEPA UMK OPYroro,
nogkntoyeHHoro k UBI yctporicTtea
Bo3moxxHoCTU
nporpaMMHomn OTcycTByIOT
HaCTPOWKN
ABTOMaTuueckoe

OtcycTByIOT

TecTMpoBaHue

HapgexHocTtb VIBI  HagexHbln 1 HenpuxoTnuBbIi Npuoop

HapexHocTb
KoMmnbtoTepHor  [Mpu ncnonssosaHum UBI noBbiwaeTcs
CUCTEMBI, 3a CYET BO3MOXHOCTU paboTbl BO
NOAKIIOYEHHOM K BpeMS OTKIMHOYEHUI HanNpsKeHUs
BN

BaszoBble yHKUUM — NOgAeT cUrHanbl
0 NepeKrnioyYeHnn Ha paboTy oT
6aTapew, paspsige 6atapeu,
NMPUHUMAET CUrHamn Ha OTKMHYEHUE
MBI. PeructpupyeT OCHOBHble
COGbITUS B 3NEKTPUYECKOI CETU Ha
OVCKe KoMMbloTepa

B3aumopgectsue ¢
KOMNbOTEPOM

Bawmwaet OGOpy,ElOBaHVIe OT noTepu
OaHHbIX NPU OTKIMKOYEHUN nnun
3Ha4YUTEJIbHOM KpaTKOBPEMEHHOM
YMEHbLUEHUN HanpsaXeHna

3awuTa
obopynoBaHus

,D,ﬂﬂ 3aLlUTbl OTAENbHbIX HE40POrnx
KOMNbIOTEPOB, NoTepda AaHHbIX UNn
BbIX0[ U3 CTPOA KOTOPbLIX HE NPUBOOAT
K KpUTU4ECKUM ONA nonb3oBaTena
nocneacTenam

HasHaueHune

MpyvmeHeHne B
OY€eHb MIIOXMX
ANEKTPUYECKMX
ceTax

He pekomeHngyeTtcs

Smart-UPS

CuHycomngansHoe HanpsikeHve (ans mogenen

MoLuHocTbio 700 BA u 6onee)

Mpun ymeHbLIeHUN HanpsxeHns Hwke 196

BonbT MBI nogHuMaeT HanpsbkeHue Ha 12%,

nepeknioYvascb Ha Apyron OTBOA
aBToTpaHcgopmartopa. Mpu ganbHenwem
YMEHbLUEHUN HanpsixxeHns Hke 176 BonbT
MBI nepekntoyaeTcs Ha paboTy oT baTapeun

Mpu yBenuueHumn HanpsixeHus Bble 257
BonbT VMBI noHwxaeT HanpsikeHne Ha 12%,
nepeknioYascb Ha Apyron oTBOA
aBTOTpaHcdgopmartopa. [Mpu ganbHenwem
yBenuyeHun HanpshkeHns Bbiwe 280 BonbT
MBI nepekntoyaeTcs Ha paboTy oT baTapeun

MepeknioyeHne ceTb-6aTtapes NponcxoauT
bonee rnagko. BosHukatowmii nposan
HanpsKeHWsl kak NpaBuIio racutcst 6rnokom
NUTaHWS KOMMbIOTEPA, N HA MaTEPUHCKYHO

nnaTty nogaeTca NoCTOAHHOE HanpsXXeHne 6e3

MMnNynbCcoB.

MepekntoyeHne GaTapesa-ceTb NPOUCXOAUT
NpaKkTUYECKN HE3aMETHO

HacTtpavBatoTcst npeaenbl NepeknioveHms,
3a1eP>KKM BKITOYEHUS U BLIKIIOYEHUS U T.4.

Mpu kaXXAOM BKITHOYEHWUN UK Kaxkable 7 (unu
14) cyTok npu HenpepbiBHOM paboTe

HapexeH, 4yBCTBUTENEH (MHOMAA U3NULLHE) K
(pa30BbIM U YACTOTHLIM UCKAKEHUSIM
HanpshkeHust

Mo3BonseT co3gatb 6onee HagexHyto
KOMMbLIOTEPHYIO CUCTEMY 3a CYET
NpUHYAUTENbHOro Tectuposanusa UBIT,
yyscTBUTENBLHOCTM MBI K Maneiwmnm
UCKaXXeHMSIM HanpsixeHusi. B nnoxux
3MEKTPUYECKMX CETSAX YacTo NepexoanT Ha
paboTy oT 6aTapeu (3awmLias npu aTom
obopynoBaHue) u paspsikaeT ee

Kpome 6a30Bbix hyHKLMI, MMeeT maccy
[ONONHUTENbBHbIX: BKIIOYEHNE U BbIKNoYeHne
Mo pacrnmcaHuio, PerncTpaumsi HanpsHKeHns B

3NEeKTPUYECKOW CeTu U T.4.

Kpome dbyHkumii Back-UPS 3awmiwaet
KOMMbIOTEP OT BbIXOAa U3 CTPOS Npu
3HAYUTENBHOM MOBbILLEHUN HANPSKEHWSI.
Brok nuTaHus komnbloTepa 3almwaeTcs ot
neperpyskn NMpy HU3KMX HaMPSHKEHUSIX U OT
YacTy MMNYbCHBIX Harpy3oK

[ns sawuTtbl 6onee goporux (NPUMeEpHo 40
5000 gonnapoB) paboTatoLmx OTAENbHO
KOMMbIOTEPOB NN HEAOPOrNX PaNNoBbIX

cepBepoB, paboTalLLMX B YCIOBUAX XOPOLLEW
ANeKTpUYECKon ceTn

He pekomeHayeTtcs



MaBa 5. ®eppope3oHaHCcHbIN UBI

deppopesoHaHcHble VB npepctaBneHbl B Poccun eanHcTBEHHOW cepuen npubopoB. 3To Ferrups cupMbl
Best Power Technology. Taknm obpasom, 3agaya paccmoTperusa atoro Tuna MBI ynpouwaeTtcs u cBogmTes K
pasroBopy O CXxeme 1 XapakTepucTtukax aton cepum UBIT.

Ha pucyHke 15 npegcraeneHa 6nok-cxema deppopesoHaHcHoro VBT,
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Puc. 15. briok-cxema gpeppope3oHaHcHoz20 BT

CpaBHute 3Ty cxemy co cxemown UBI, B3anmogencTaytoLero ¢ cetbio. Bbl yBuante mHoro obuero. Mo cytu
€CTb OOHO [MaBHOE OTNMYNE — BMECTO aBTOTpaHcdopmartopa ¢ oTBogamu B cxeme peppopesoHaHcHoro MBI
nosBurca eppopesoHaHcHbIn TpaHcdopmaTtop. Ho ero Hanuuve pagukanbHO MeHsieT paboty UBI un
nosgonsetT otHectu Ferrups K gpyromy knaccy yctponcTs, obecneumBatolemy 6oree BbICOKMA YpPOBEHb
3alWnThbl Harpy3ku. Nockonbky MMEHHO TpaHCcopMaTop B 3HAYUTENbHOW CTENEHU onpeaenseT CBONCTBa 3TOro
MBI, paccmoTpum cHavana nogpobHee paboTy deppope3oHaHCHOro TpaHcgopmaropa.

CBouncTBa heppope3oHaHCHOro TpaHcdopmartopa

BenukonenHoe mn3obpeteHne [xoseda Conbl — heppope30oHaHCHbIM TpaHcopmaTop — ObIflo M3HaYanbHO
npeaHasHavyeHo ang paboTbl B kayecTBe ctabunusatopa HanpskeHus. [NepBbin nateHT (1938 roga) Ha aTo
YCTPOWCTBO Tak W HasblBancs: «TpaHcOpMaTop MOCTOSAHHOrO HanpsxeHusy. ®eppope3oHaHCHbIN
TpaHcdopmaTop npeacTaBnseT cobovi COBOKYNHOCTb ABYX MarHUTHLIX Lenen co cnabomn CBA3bI0 MeXay HUMU.
BbixogHasi Lenb cooepXvT napannenbHblii konebdaTenbHbIN KOHTYP, NOAMNUTLIBAEMbIN OT NEPBUYHOW Lienu Ans
KOMnNeHcauun MOLLHOCTW, nocTynawolen B Harpysky. Cam npouecc deppoMarHUTHOrO pe3oHaHca BrMOSHe
aHanornyeH pe3oHaHcy B NIMHENHbIX Lensax, COCTOALMNX U3 MHOYKTUBHOCTEN U eMKoCcTeln. B HenuHenHon uenu,
Takon Kak (heppope3OHaHCHbIN TpaHcopMaTop, PEe30HaHC WCNOoNb3yeTcs ANs YMeHblleHus KonebaHuin
HanpsbkeHUst BO BTOPUYHOM Lienu.

Jlloboe marHMTHOoe YCTPOMCTBO MpeacTaBnser cobon npubop € HenMHENHOW XapakTepucTukon. Ecnm
MarHMTHbIA MOTOK MEHbLUE HEKOTOPOW FpPaHWYHOM BENWYUHBLI, TO MarHUTHOE COMpPOTMBMEHUE npubopa
NpOMNopUMOHanNbEHO MarHUTHOMY MOTOKY. Ecnm ke mMarHuTHbIV NOTOK NpeBbillaeT npefernbHoe 3HadveHue, TO
MarHMTHOE COMpoTMBIEHME MNpubopa ckaykoobpasHO Bo3pacTaeT (rOBOPAT, YTO HACTynaeT HacbileHue). B
eppope3oHaHCHOM TpaHcdopmaTope OfHa W3 MarHWTHbIX Uenen (BbIXogHas) HaxoguTcs B pexume
HachblleHus1, a apyras (BxogHas) He LOCTUraeT HacbiweHusl. BonbluMe N3MeHeHUs BXOOHOIO HanpshKeHUs He
MOTyT MPUBECTU K 3HaAYUTENbHbIM WM3MEHEHUSM HanpsKeHWst Ha BbiIXOO4E W3-3a HAaCbILLEHUs BbIXOAHOW
MarHMTHOM Lenn . Bce MOMHSAT, KOHEYHO, COBETCKME CTabunuaaTtopbl HanpsKeHus, Ucnonb3oBasBLlUnecs ANns
NUTaHWA TeneBM3OPOB B CENbCKOW MECTHOCTM, a 3ayacTyio M B ropogax. OHM NOCTPOEHbl Ha OCHOBE
deppope3oHaHCHOro TpaHcdopmatopa. OTn ctabunusatopbl MMenn (M MMeKT A0 CUX NOpP) OTAWYHBIN
AnanasoH BXOOHbIX HanpsbkeHun (oT npumepHo 130 B npu HenomnHow Harpyske). MIMET OHM U MHOXEeCTBO
HepgocTaTkoB. [MaBHble M3 HUX — 3TO OrPOMHblE FAPMOHWYECKME WCKAXKEHWS BbLIXOOAHOMO HaMpPSXXeHUs wu
HebnaronpuUsITHLIN TENNOBOWN PEXUM MPU OTCYTCTBUM Harpy3ku.

CoBpeMeHHble heppope3oHaHCHbIe TpaHCOPMaTOpbl YCTPOEHbI HECKOMBKO CMOXHEe, YeM M300peTeHHbIN B
1938 rogy. OHM uMeT HeWTpanuaylowy OOMOTKY, chneumanbHO npeaHa3HaYeHHy AN yMeHbLUeHUs
rapMOHUYECKMX WNCKaXEHWA BBLIXOAHOrO HanpshkeHus. HenTpanuaywowas obMoTka yCcTpoeHa Tak, YTO B HeW
reHepupylTCa rapMOHWKW, Haxodswmecs B nNpoTuBodpa3e K rapMoOHMKaM B OCHOBHOMW BbIXOAHOW 0BMOTKe.
MpaBunbHLIM Nogbop YMcna BMTKOB M MarHWTHBIX COMPOTMBIEHMI MO3BONSET 3a CYeT NocneaoBaTenbHOro
coeanHeHNs HeNTpanuayoLwwen 1 OCHOBHOWN BbIXOAHOW OBMOTOK NOMIHOCTbIO KOMMEHCMPOBaTb rapMOHMYeCcKne
nckaxxeHusi. bonee Toro, faxe ecnu Hanps>keHWe Ha BXOAE UMEET CUMbHble FrapMOHUYECKUE UCKaXKEHUSs, TO
npMMeHeHne  eppope3OHaHCHOro  TpaHcdopmartopa MNo3BOMSeT  MOYTU  MOMHOCTBIO  YMEHbLUUTb
rapMOHMYECKME  UCKaXEHUS  BbIXOOAHOro  HanpskeHus. Tok, noTpebnsembin  eppope3oHaHCHbIM
TpaHcOpMaTopoM NOYTN CUHyconaanbHbIN. KoadUUNEHT rapMOHUYECKNX UCKaXKEHUIN TOKa OYeHb HEBEMUK.



Haunbonee BaxHO TO, YTO KOI(DULMEHT rapMOHUYECKNX MUCKaXKEHWUA OCTaeTcs HeOOMbLIMM HE3aBMCUMMO OT
TOro, Kakasi Harpysaka nogknitodeHa K TpaHcdopmaTopy: NUHENHas wnuv HenuvHenHasd. Takum CBOWCTBOM
deppope3oHaHCHbIN TpaHcdopmaTop 06s3aH criabow CBA3M Mexay BXOAHOW M BbIXOAHOW MarHUTHOM LiensMu.

Ha pucyHke 16 npefcTaBneHa ocHoBHas Ans No6oro ctabunmsatopa HanpskeHUs XapakTepucTmka —
3aBMCUMOCTb BbIXOAHOMO HaMPSXKEHWS OT HaMpPsPKEHUs! Ha BXoae.
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Puc. 16. Xapakmepucmuka «8x00-8b1x00» 05151 heppope3oHaHCHO20 mpaHcghopmamopa

Cob6CTBEHHO Ha pUCYHKe npuBeAeHa MOMOBUHA CUMMETPUYHOW XapakKTEPUCTUKW: MNpPW  NOBbILLIEHUN W
MOHWKEHUN BXOAHOIO HarnpsiKEeHWsi B OKPECTHOCTU CpedHen TOYKM (beppope3oHaHCHLIN TpaHcdopmaTop
BegeT cebsa aHanormyHo. [lpum nonHOM Harpyske ¢eppope3oHaHCHbIM TpaHcdopmaTop obecnednBaet
CTabmnmsauunio HanpsHKeHUs1 C MOrpeLlHOCTbLI0 OKoMo 1% npu M3MeHeHUM HanpsbkeHust Ha Bxoge Ha 15%
OTHOCUTENBHO HOMWHanbHoro.HanbonbLune BO3MOXHOCTM deppope30HAHCHbIN TpaHcdopmaTtop
npenocTaBnsieT, ECNK €ro Harpy3ka MeHbLle HOMUHAanNbHOW. Tak, npu Harpyske okono 50%, AnanasoH BXOOHbIX
HaNpPsPKEHNA HEBEPOSATHO paclumnpsaetcs: Gonee, yem o 50% OT HOMWHANbLHOIO BXOAHOIO HaMpPsKEeHMus.
OcobO€eHHOCTbIO BXOOQHOW XapakKTepUCTUKKM TpaHcdopmMaTopa SIBNSETCS TO, YTO JaXe Ha peXxume XOrocToro
xo4a (OTCYTCTBMS Harpysku) pesoHaHcHas Luernb eppope3oHaHCHOro TpaHcdopmMaTopa HaxoauTcsl Mofg
HanpsbkeHnem n notpebnsiet okono 10% HOMWHaNbLHOW MOLUHOCTM TpaHcgopmaTtopa. Boobue B Tennosom
OTHOLLEHUN PEXUM XONOCTOro Xoga sBNsieTcs Hambonee HanpsikeHHbIM ans  eppope3oHaHCHOro
TpaHcdopmaTopa. Peppope3oHaHCHbIN TpaHcdopmaTtop cnocobeH BbigepxuBaTb Niobble neperpysku. lMpu
YMEHbLUEHMN COMPOTMBIIEHNS HArpy3km BbIXOQHOE HamnpsiKeHWe YMeHbLlaeTcsi M TpaHcdopmatop He
neperpesaetcs. [laxke npy KOPOTKOM 3aMblKaHWUM BbIXOOHOW TOK TpaHcdopmaTopa orpaHn4nMBaeTcst MpUMEpPHO
150-200% OT HOMWHanbHOro Toka. CymMmapHasi MOLLHOCTb, noTpebnsemas TpaHcdhopmaTopoM OT CeTu BO
BpeEMSI KOPOTKOro 3amblkaHusi, He npesbiwaeT 10% oT HomwuHanbHOW. HepoctaTkom heppope3oHaHCHOro
TpaHcgopmaTopa SABMASIETCA 3aBUCUMOCTb BbIXOAHOMO HanpsiKeHWs OT 4YacToTbl anekTpuyeckon cetu. pum
N3MeHeHMM 4acToTbl Ha 1% BbIXOOHOE HaMnpsPKeHne nameHsieTcs npumepHo Ha 1-1.5%. YBennyeHne 4acToThbl
NPUBOAMT K YBENMUYEHNIO HAMNPSDKEHUS.

B deppopesoHaHcHoMm WBIT kpome cTabunmnsaumm HanpsbkeHus ¢eppope3oHaHCHbIN TpaHcdopmaTop
BbIMOMHAET WM HECKONMbKOo Apyrux dyHkumii. B cnyvae cbos anektpuyeckonm cetu heppope3oHaHCHbIN
TpaHccopmaTop CHabxaeT KOMMbIOTEP ANEeKTPUYECTBOM 3a CHET 3HEepPruu, HaKoMfEeHHOW B ero MarHUTHOM
none. OTo npopormkaetca 8-16 munnucekyHd. OTOro BpeMeHW [AOCTaTOMHO Ans Bcex HeobXoamMmbix
NepekiYeHNin 1 BbIXO4a UHBEPTOPA HAa HOMUHANbHLIN pexuM paboTbl. Takum obpaszom heppope3OHaHCHbIN
MBI obecneunBaeT gencteutenbHo OecnepeboiHoe nuTaHMe KoMnbkoTepa, obragas ceoncTBamu on-line
MBI, deppopes3oHaHCHbIM TpaHcopmaTop Takke obecneunBaeT adpekTBHOE NOOABMEHME LUYMOB W
UMMYNbCOB, YTO AAeT BO3MOXHOCTb He MCMofb30BaTb APYruX, CreuuarnbHbiX, CXeM AfS UX NoAaBleHUs.
deppopes3oHaHCHbIM TpaHchopmaTop, ncnonbdyemsbin B VBI, nmeeT He3aBUCUMbIE NEPBUYHBLIE N BTOPUYHbIE
0o6MOTKK, T.e. obecneymBaeT MOMHYK rarnbBaHNYECKYD M3OMALMI0 HArpyskm OT 3NEKTpUYeckon cetu. JTo
CBOWCTBO MOBbILWAET HaOeXHOCTb cuctem 6GecnepebonMHOro nuUTaHWa W MNO3BONSAET  UCMNOMb30BaTh
deppopesoHaHcHble VBT anga 3awuTbl KOMMbIOTEPHBLIX CETEW, B TOM 4YWUCRE PACMOSIOKEHHbIX B PasHbIX
3gaHusax. TpaHcdopmatop gnsa deppopesoHaHcHoro UBI aBnseTca M BXO4HbIM YCTPOMCTBOM: Ha BXode
Ferrups HeT ya3BUMbIX NONYNPOBOAHUKOBLIX 3NEeMEHTOB. [103TOMY MNpM CUNbHBIX KONebGaHWsX BXOLAHOro
HanpsXXeHWs, B TOM Yncrne 3HavynTernbHbIX UMMYIbCHBIX Harpy3kax, aToT MBI He BbIXoAWT 13 CcTpos.

CywemcTBytoT mogndukauum Ferrups, npeaHasHayYeHHble AN NOAKMIOYEHNIO He K ha3HOMY, a K JIMHENHOMY
HanpsbkeHuto (T.e. HanpshkeHuto 380 B). BeixogHoe HanpsikeHune atux UBI pasHo 220 B. MogknioveHue VB k
OBYM JNMHEMHbIM MNPOBOAAM MMEET HECKOSNbKO MpPeumyllects u npubnumxkaetr 3Tm  Moaudumkaumm
deppopesoHaHcHbix BT k UBI ¢ TpexdasHbiv Bxogom. Cpean npenmyLLecTs: OTCyTCBUE nepekoca a3 npu
MOAKIMIOYEHNN 3HAYMTENBHOWM OAHOMAa3HOM Harpysku, bonee LWMPOKWI AnanasoH ycnosui akcnnyataummn MBI
3a CYET MEeHbLUEro U3MEHEHMS NIMHENHOro HanpshKeHUst No cpaBHENt0 C PasHbIM HanpsXXeHWeM, OTCyTCTBME
neperpysku HeuTpanw.



Pexunmbl paboTtbl heppopesoHaHcHoro VBT

deppopesoHaHCcHbIM UBIM MoxeT paboTaTh B O4QHOM U3 TPEX PEeXMMOB

Pexunm KOHAUUMOHepa NUTaHusA

MpocTtenwun cnydanm ucnonb3oBaHusa deppopedoHaHcHoro VBN — aT1o nepeBog ero B pexum KOHAMLMOHepa
anekTponutaHus. B atoT pexum pabotel NBIT nepeBoantcst B 9TO COCTOSIHNE MPUHYOUTENBHO, C NMOMOLLBIO
nepekntoyaTens Ha naHenu ynpaeneHus. Kak cnegyet n3 HaseaHusl pexuma, B 370 Bpemsi MBI BbinonHseT
YHKLUUN KOHAMLMOHEPA 3NEKTPUYECKON CEeTU: CTabunuanpyeT HanpsbkeHve u uUnbTpyeT 3rekTpudeckue
Wwymbl 1 umnynecel. MiHeeptop MBI 3abnokmposaH. CTporo roBopsi, B 9ToM pexume paboTbl npubop He
ABMNSIETCA MCTOYHMKOM OecnepeborHOro nuTaHus, MOCKOMbKY B Crlyvyae WCYE3HOBEHWUS HamnpshkeHus B
3NEKTPUYECKON CETU OH HE CMOXET noaaepkaTb paboTy CBOEN Harpysku.

PaboTa ot ceTu

B pexume paboTtbl oT cetn VBl paboTaeT Tak e, Kak U B peXnme KoHAWLMOHepa NUTaHus, ctTabununampys un
dunbTpyst ceTeBoe HanpsbkeHne. BeinpsmuTtens VMBI aBTomMaTuueckun nogsapsikaet 6atapeto NBI. NHBepTop
n 6atapesa MBI NocTosiHHO HaxOAATCA HaroToBe, M Kak TONbko OMoK aHanu3a ceTn obGHapyxuT cbon ceTw,
KOTOPbIA He MOXeT ObiTb YCTpaHeH C MNOMOLbI (DEeppOpPEe3oHAHCHOro TpaHcdopmaTopa, HeMeaneHHO
BKMoyaeTca nieeptop u VMBI nepexoaut Ha pexnm paboTbl oT 6atapen.

Pa6ora ot 6aTapeu

Mo komaHge 6noka aHanu3a ceTu, NpM BO3HMKHOBEHUM COOS 9MeKTpPOnUTaHus, BknovaeTca uHseptop UBIT.
BkntoyeHne nponsBogunTcs Tak, YTobbl HanpsbkeHne MHBepTopa ObiNo B hase ¢ HaNPsKEHNEM 3MEKTPUYECKON
ceTn. JnekTpnyeckast ceTb Mocne 3TOro OTKMYaeTcss OoT BXxoga heppope3oHaHCHOro TpaHcopmaTtopa, HO
ocTaeTcs Nof KOHTporieM 6roka ynpaBneHus 1 aHanusa cetu. B MOMEHT nepeknioveHns Ha pexxnm paboTbl OT
Oatapen WBIT npogomkaeT cHabxaTb 9SNEKTPOSHEPrnen Harpysky, MWCMOMb3ys MarHUTHYH 3HEepruto,
HakonmneHHyo B obnagatowem 60nbLION WMHAYKTUBHOCTBIO (deppope3oHaHCHOM TpaHcdopmaTope. B atoT
MOMEHT (peppope3OHaHCHbIN TpaHC(OPMaTop BLINOMHAET (QYHKLUUIO «MaxoBukay», nomorawowero MBI
«MPOCKOYMTb» MOMEHT MepekNioYeHns, He npepbiBas NUTaHWs Harpysku. Ha npoTskeHun BpemeHu Bbixoaa
MHBEPTOPA Ha PEXMM BbIXOOHOE HamMpsiKeHWe ycneBaeT YMEHbLUMTCA Ha HECKOMbKO MpoueHToB. Ha pexnme
paboTtbl ot 6atapen VB, nuseptop UBI npogomkaeT nogaBaTh HanpsbkeHUe K Harpyske, pacxodys 3apsg
OaTtapen. lNMocne uvcuyepnaHusa 3apsga, korga HanpsbkeHwe Ha GaTapee CTAHOBUTCA MeHee MWHUMAarbHO
ponyctumoro, BT BeikntoyaeT MHBEPTOP M Harpy3ka obectounBaeTcs.

Ecnu HanpsikeHMe B CeTM BOCCTaHaBMMBAETCA paHblie ucyepnaHust sapsaga Gartapeu, WMBIM HaumHaeT
MOAFOTOBKY K MepeknioyeHunio Ha pexumM paboTbl oT ceTun. B aTo Bpemsi Grok ynpaeneHus crneguT 3a
M3MEHeHWEeM pa3HOCTU ha3 Mexay BbIXOAOM WHBEpPTOpa M ceTblo. B MOMeHT, korga pasHocTb a3
OKasblBaeTCS paBHOWN Hymo, eppope3oHaHCHbLIN TpaHcdopMaTop MOAKMoYaeTCs K aNeKTpUYeckon cetu, a
MHBEpTOp npekpallaeT paboTy.

Bnok ynpaBneHus

Ferrups ynpaensieTcd MMKpPOMPOLLECCOPOM, KOTOPbIA MOCTOSIHHO KOHTPOMMpyeT MHOXeCTBO napameTtpoB. K
nobori mogenn Ferrups MOXHO NOOKNIOYMTL MaHenb ynpaereHns ¢ andaBUTHO-LMAPOBLIM OUCNIIEEM.
Mopgenun, HaunHas ¢ mowHocTn 4.3 kKBA, ocHalleHbl el CcTaHgapTHO. B NMpOM3BOMbHLIM MOMEHT BPEMEHM Ha
naHenb ynpaBfieHNsi MOXHO Bbi3BaTb OOy n3 npumepHo 130 BENUYUMH, XPAHSALLUXCA B OCHOBHOW MaMsiTu
Ferrups. HekoTopble 13 aTux BENUYUH N3MEPSAIOTCA NpubopoM: HanpskeHne Ha Bxode u Bbixoge MBI, Tok
Harpysku, Temnepatypa B Tpex mectax MBI (BHyTpn Kopnyca, paguatop n TpaHcdopmartop) u T.4. Opyrue
BEMMYUHBI PaCcCYMTBLIBAOTCA Ha OCHOBAHWM W3MEPEHHbIX: Bpemsa paboTbl oT Oartapen, KoapuuneHT
MOLLHOCTW, MOLLHOCTb Harpyskum B BA un BatTax. TpeTblo rpynny BENUYUH COCTaBNSANT YCTAHOBIIEHHbIE HA
3aBode npegernbl oNYCTUMOrO M3MEHEHWNS OCHOBHBIX NapameTpoB: NpeAenbHble TemMnepaTypbl, HaNpsXKeHus
N TOKW, BEPHUIA U HWXKHUI npegenbl YactoTel U T.4. B namsatu UBIT xpaHsaTtca Takke: Tun u Homep npubopa,
HapaboTka nHBepTOpa, pe3ynbTaTbl NOCNEAHEro TECTUPOBAHWS, aBapUNHbIE COOBLLEHNS, @ TaKkKe HECKOSbKO
napameTpoB, KOTOpble cnyxaTt Ana HacTtponku WBI. Hekotopble M3 BenuMYMH MOryT ObiTb HE TOIbKO
NPOCMOTPEHbI, HO U U3MEHEHDI.

[ns 3aWwnTbl OT NPON3BOSMBHOrO M3MEHEHUSI MAPaMeTPOB HEKBANMMULMPOBAHHBLIM NEPCOHANIOM CyLLeCcTByeT
TpexypoBHeBas cuctema naponen. Hanpumep naponb nonb3oBaTens NO3BOMSET YCTAHOBUTL BpeMs U AaTy Ha
Yacax MUKpoMpoLeccopa, CEPBUCHLIV Naposib MO3BOMNISAET HACTPOUTL N3MepSeMble BENUYMHBI U T.4. B cnyyae
BbIXO[A pEerucTpMpyeMbix napameTpoB 3a ycTaHOBMeHHble npefensl VIBI BblgaeT aBapuiiHoe coobLueHue.
OHO peructpuypyeTca B NaMaTh WM COMPOBOXOAETCA 3BYKOBbIM curHanoMm. [ns kaxgoro u3 19 Buagos
aBapuiHbIX COOOLLEHU KMMeeTcsi CBOW 3BYKOBOW CWUrHam, npeacTaBnsaoowmm cobon nepunogmnyecku



nostopsiowniics kog asbykm Mopse. ABapuiiHble COOOLLEHWSI BbIOAOTCA HanpuMep B CcryyYae paspsga
OaTtapen (oBa ypoBHSA paspsga) unu ee nepesapsiga, a Takke (OTAeNbHbIA curHan), korga 4o McvepnaHus
3apsina 6atapen ocTtaeTcs Mano BPEMEHW, BbIXOA4A HaMpsiKEHWIW, TOKOB, TemrnepaTyp 3a YCTaHOBMEHHble
npegen. KoHTponupyetca Takke paboTocnocobHOCcTb Heckonbkux yxnoB WBI: GaTtapew, uvHBepTOpa,
onepaTuMBHOMN NaMATW, 4ATYUKOB TEMMepaTypbl.

C nomoLubto naHenu ynpaenexus Ferrups MoxeT BbiTb NepeKnioyeH B PEXUM KOHAMLMOHepa NUTaHUS UNn Ha
paboTy oT 6aTtapen. OgHow M3 BaxHbIX PyHKUMIA Bnoka ynpaBneHust Ferrups siBNsSieTCA pacyeT HanpsiKeHus,
npy KOTOpOM npou3BoauTcs nepekntodeHme MBI Ha pexunm paboTtbl oT 6atapen. HeobxoaMMocTb Takkoro
pacyeTa cBA3aHa C TEM, YTO AManasoH BXOAHBIX HaMNpsKeHUn cheppope3oHaHCHOro TpaHcdopmaTtopa CurbHO
3aBucuT oT Harpysku MBI (cm. puc. 16). MNpu HebonbLlon Harpyske deppopesoHacHbIi VBl nepekntoyaeTca
Ha pexum paboTbl oT 6aTtapen npu HanpsikeHun 140-150 B. Ecnwn Harpyska WBI 6nmska kK HOMUHaNbHoORM,
nepekn4yeHne Ha paboTy oT 6aTapen NnpoucxoauTt npu 3ameTHo 6onee BbICOKOM HanpsikeHuu (170-180 B).

B uenom MukponpoueccopHblii Brok ynpaBneHusi Ferrups sBnsieTcss ofHWM M3 HauGoree COBEPLUEHHbIX
YCTPOMCTB Takoro HaasHauyeHus.. Kpome yxe OTMeYeHHbIX OCOBEeHHOCTel, OH peanusyeT WMMYMbCHbLIN
anropuTMm 3apsa GaTapen U cuuTaeT oxuaaemoe Bpemsi paboTbl OT GaTapeun ToYHee APYrMX UBECTHBIX MHE
WBIT.

MopT Ans cBA3M C KOMNLIOTEPOM

deppopesoHaHcHbIi MBI ocHaweH nopTom Ansd CBA3WM C KOMMbIOTEPOM MMM APYrMMU YCTPOWCTBaMU. JTOT
nopT NpeAHasHayvyeH Ansa nepegayvy u npMemMa CUrHasoB penevHoro tmna u curHanoe npotokona RS232. Onsa
KOMMYHUMKaumi ¢ Ferrups MoxeT UCNonb30BaTbCA HE TOMbKO KOMMbIOTEP C Marematmdeckum obecrneyeHnem
CheckUPS, Ho un niobor TepmuHan (unm KOMNbIOTEP B pexume aMynsauum TepMumHana). To no3sonseT, gaxe
He umes MaTemMaTudeckoro obecnevyeHus unu nynbTa ynpaeneHusi, npoussectu Hactponky WBI. Ons
obwenns ¢ MBI ncnonb3yetca cneumanbHbii (Mpu4eM nogpobHO AOKYMEHTMPOBAHHbLIA B OMMCaHMKU) A3blK,
coctoawmn mn3 npumepHo 40 6as3oBbix komaHg (kntoyeBblx crnoB). [locbinka KOMaHObl WUCTOYHUKY
6ecnepeboHOro NUTaHMA BbI3BAET PeakLMio: BbIBOA 3aNpOLUEHHbIX AAaHHbLIX Ha 3KpaH TepMuHana, u3MeHeHue
OaHHbIx B namaty MBI nnn nepekntodeHne pexxumoB paboTbl Ferrups. Ha skpaH TepMmnHana unm kKomnbtotepa
MoXeT OblTb Bbi3BaHa nobas uHdopmaumsa n3 namsatn MBI, B Tom uncne aBapuiiHble cooblleHus, niobon ns3
napameTpoB, CNMCOK napameTpoB. C MOMOLLLID TepMUHana MoxHoO nepeknounTe VBl B gpyron pexunm
paboThl, U3AMEHNTL BpEMS UNu aaTy, CTePETh 3anMcaHHble aBapuiiHble COOBLLEHNS U T.4.

MHorga B KOMMbIOTEPHOW KOMHAaTe MOXET OblTb yCTaHOBMEeH oOWwuMn pyOunbHUK, NpegHasHa4yeHHbln Ang
OTKMIOYeHNst ( B TOM YuUCNe aBapuHOro) Bcero obopyaoBaHWs OOHOBPEMEHHO. [OHATHO, YTO ecrin 4acTb
obopynoBaHusi nuTtaeTcss 4vepe3 WBI, TO oTknodeHne pybunbHWKa He MpUBEAET K  OTKMHYEHUHO
obopynoBaHus. Bl oTpearnpytoT Ha 3TO, Kak Ha 0OYHbIA COOM NUTaHMA U NpoJoIKaT nogaepxmeaTh paboTy
obopygoBaHusa oT 6atapeun.

Mopt Ferrups MOXeT MCNONb30BaTbCsA AN NOoAayYM UCTOYHUKY 6Gecrnepe®onHOro nuTaHusi cneumanbHoro
CUrHana oT [JOMOMHUTENbHbIX KOHTakToB pybunbHuka. Mocne nomyyeHus 3TOro curHama M MCHE3HOBEHWS
HanpsbkeHns, Bl cHMMeT HanpsikeHue ¢ Harpy3ku. BknoueHne pybunbHMKa BbI3OBET Nofady HanpshKeHust K
obopygoBanuto, 3awmwaemomy UBIT.

XapakTtepuctuku cdeppopesoHaHcHoro UBI

MoLwHocTb

Cepwst MBI Ferrups coctont 13 19 mogenen mowHocTbio oT 500 go 18 kBA.

Kna

KoadhdmumeHT nonesHoro gencteusi ceppopesoHaHcHoro MBI mnamensietca ot 85 go 92 npoueHToB, B
3aBMCUMOCTU OT MOLLHOCTH.

ManbBaHM4ecKkas pa3BA3Ka

FerrUPS He Tonbko MMEET MOMHYH ranbBaHWYECKYlD PasBsi3ky MeXAy BXOOOM W BbIXOLOM, HO U uUMeeT
YHUKanbHO Maryto NMpoxoaHyH eMKOCTb He Gonee 2 nd v cornacHo HaumoHarnbHbIM cTaHgaptam CLUA moxeT
paccMaTpuBaThCs, Kak MOMHOCTBI0 M30NMPOBaHHBIA UCTOYHUK 3MIEKTPONUTAHNS.

Bpems paboTbl oT 6aTapeun

deppopesoHaHcHbIi UBI B cTaHaapTHOM (MMHMMAaNbHOW) KOMMNeKTauum nMmeeT Bpems paboTel oT GaTtapen
npy NOSHOW Harpy3ke okomno 6-12 MuHyT. Bpemsi paboTbl 0T GaTapen MOXET HapalmBaTbCs MPaKTUYECKN



HEeOorpaHM4YeHHO 3a CYeT YCTaHOBKM Oonee emkux Gatapen B TOT e KOpPMNyC UNnM NPUMEHEHUS OTAENbHOro
kopnyca gnst 6atapeun. B otnmune ot 6onbumHcTBa apyrux UBI, npu yBenvyeHnm emkoctn 6atapen Ferrups
MOXHO 3aMeHUTb U 3apsigHoe YCTPOWCTBO. OTO MO3BOMNSET MMeTb HebonbLloe Bpems 3apsaa 6atapeun gaxe
ansa 6atapen 6oNbLUION EMKOCTMU.

BxogHoe Han psXxXeHue

Kak yxe rosopunocb, teppopesoHaHcHbli MBI He 4yBCTBUTENEH K neperpyskam Ha Bbixogde. Haxe npu
KOPOTKOM 3aMblKaHUM Ha BbIXOAEe OH He BbIXOAUT U3 cTpos (Mpuyem paxe 6e3 npegoxpaHuTenen unm
3NEKTPOHHOM 3awwmnThl). OgHako, kak u nbor ogHodasHbI UBI, Ferrups MoxeT ObiTb BbIBEAEH U3 CTPOS MpU
3Ha4YUTENbHOM MOBbLILIEHUN HaMNPSXXEHUs Ha ero BxoAe (HanpvMep npu aBapyvinHOM MOBBILLEHUW HAMPSXXEeHNs B
cnyyae obpbiBa HelTpanu). bonblias Yactb mogenen Ferrups (npeaHasHaYeHHbIX ANS HALe 3N1eKTpUYeCcKom
ceTn) umeeT HOMUHanbHoe BxogHoe HanpshkeHne 220 B. K HMM-To (kak u Ko Bcem Apyrum ogHodasHbim MBI,
M OTHOCMTCH npeabiaywmn naparpad). Ho mogenu, HaunHaa ¢ mowHocT 4.3 KBA, mMoryT ObiTb OCHALLEHbI
crneumnanbHbiM aBTOTPaHCOpMaToOpoOM, MEHSIIOLNM HOMUHaNbHOe BXogHoe HanpsbkeHne MBI Ha 380 B. 3T1o
3HauuT, 4yTo VMBI c aBTOTpaHCHOPMaATOPOM MOXET ObITb NMOAKMIOYEH He K ba3HOMY HanpsbkeHuto (220 B), a k
nuHenHomy HanpspkeHuio (380 B). JlnHenHoe HanpsikeHue B TpexdasHOW 3MeKTPUYecKoW ceTu ropasgo
MeHee, YyeM asHoe, NoABEPXKEHO MbbIM U3MEHEHUAM, faxe B Criyyae cepbesHblx aBapuii. Bo3amoxHOCTb
3HauutenbHoro (bonee, yem Ha 25%) BoO3pacTaHus NUHENHOrO HaMNPsPKEHWUS MNPaKTU4eCKn OTCYTCTBYET.
Moatomy deppopesoHaHcHbii MBI ¢ Bxogom Ha 380 B nomyyaeT oO4yeHb BbICOKYID YCTOMYMBOCTb K
M3MEHEHMAM BXOOHOrO HanpsbkeHus: T.e. 3Ty mogenb MBI noytm HEBO3MOXHO Cke4Yb He TONbKo npwu
KOPOTKOM 3aMblKaHUM Ha BbIXOAE, HO U MPU N0BbIX N3MEHEHUAX HanpPshKeHUs Ha BXoAe.

Bonee Toro, ara pasHoBugHoCTb Ferrups nornyyaeT HekoTopble cBoucTBa TpexdasHbix WBI1. Tlpn
nogkntoyeHnn atoro UBIM K nMHEMHOMY HanpsbkeHuto, He 3afeNcTBYeTCs HenTparbHbIi NpoBoA. JTO
pasrpyxaeT HelTpanb, yMeHbLUAeT rapMOHNYECKNE UCKAXKEHUSA HaMNPSXKEHUS.

3awmTa OT MMNYNbLCOB

FerrUPS ucnbiTbiBaeTca Ha cooTBeTcTBUE KaTeropum B cooTtBetcTBytowero craHgapta ANSI/IEEE (mmnynbec
6000 B, 3000 A). KoathduumeHT yMmeHblUueHnss amnnuTyabl umnynbca paseH 1:2000. OcnabneHne nmnynbcos
OCHOBaHO Ha CBOWCTBax (beppope3oHaHCHOro TpaHcdopmaTopa, KOTOpbIi B OTMMYME OT BapUCTOPHbIX
UNbTPOB MMMYIbLCOB HE U3HALLMBAETCS.

3awmTa oT WymoB

Ferrups He wumeeT cneumanbHoro dwunbTpa wymoB. [Ona  dwuneTpauum WYMOB  MCMOMb3yeTcs
(beppope3oHaHcHbIN TpaHcdopmatop. OcnabneHne wymoB obwero Buaga pocturaet 120 gb, wymos
HopMarnbHoro Buga — go 60 gb.

¢opma ocuumnnorpamMmmMmbl HaNnpAXeHunsA

MonHbIA KO3 PUUMEHT rapMOHUYECKUX WMCKaXEHUN BbLIXOOHOrO HanpsbkeHus deppopesoHaHcHoro UBIT He
npesbiwaet 5% Ons nNUHeNHon Harpysku. MckaxkeHns cbopmbl BXOAHOMO HampspkeHusi okasbiBatoT criaboe
BMNMSHME Ha (hOPMY BbIXOLHOMO HaMPSXXEHWs: OHO OCTaeTCs CUHYCOMOANbHbIM.

Muk-cpakTop (koacdbcbMumMeHT amnNUTyAbl) Harpy3ku

deppopesoHaHcHbIi MBI (onaTb-TakM B Cuy CBOWCTB CBOEro TpaHcdopmaTtopa) MMeeT 0COBeHHOCTU npwu
paboTe ¢ UMNynbCHbIMK BrIOKaMK NUTaHWS KOMMbIOTEPOB Y APYIMMU HEMNMHENHBLIMW Harpy3kamu. [Npu nuTaHum
oT Ferrups 6rnokv nuMTaHWsi KOMMbIOTEPOB paboTalT C YMEeHbLUEHHbIM KO3(MULMEHTOM amMnnuTydbl TOKa
notpebneHus (T.e. aMnNNUTygHOE 3HayeHWe ToKa NOTPebneHns yMeHbLUaeTCsd, a LMpyMHa WUMMYMbCOB
yBenuuuBaetcs). Takum obpa3om TOK MnOTpebneHns KommbloTepa npubnmxaeTcs K CUHYyCOMAArbHOMY.
KoadpdbmumeHT amnnuTyasl Toka notpebneHuns camoro deppopesoHaHcHoro UBIT npaktuyecku He 3aBuUCUT OT
Xapaktepa Harpysku, No3TOMY UCKaXeHWUsi, BHOCUMbIE KOMMNbIOTEPaMU B SMEKTPUYECKYIO CETb YMEHbLUIAOTCS.

MpeumyuiectBa heppopesoHaHcHoro UBTI
K nonoxurensHelM cBoncTBam heppopesoHaHcHoro UBIM cnegyeT oTHeCcTu cnegyoLume.
e [anbBaHM4eckasi pa3Baska.
e OueHb xopoLlas 3almTa OT WYMOB U HAHOCEKYHAHbIX MMMYIbCOB.
e  3awuTta oT UCKaKeHU (POPMbI KPUBOWM HANPSKEHNS Y1 MUKPOCEKYHAHbIX MMMYIbCOB.

° MnasHasa ctabununsauus Hanps>XeHus.



e VHTennekTyanbHbIN UHTEPdENC N BO3MOXHOCTb HACTPONKM NapameTpoB.

e Bbicokaa HagexHocTb. ECTb Beckne ocHoBaHus cuntatb Ferrups Hambonee HagexHbIM U Hanbonee
NpUrogHbIM K paboTe B 04eHb XecTkux ycnosusix NBIM.

° Hannune BO3MOXHOCTW MNOAKITHOYEHMS K J'IVIHel7IHOMy Hanps>XeHnto TpexcbasHon SJ'IeKTpI/I“IeCKOVI ceTn.

HepocTtatkm cheppopesoHaHcHoro UBI

HeMHoroumcneHHble HegocTaTku Ferrups Tak xe, Kak ¥ ero nperMyLLecTBa CBA3aHbl C HalMunem B ero cxeme
heppopesoHaHcHoro TpaHcgopmaTopa.

YyBCTBUTENBHOCTL K YacToTe. BbixogHoe HanpspkeHue Ferrups ns-3a pesoHaHCHbIX CBOWCTB TpaHcgopmaTtopa
3aBMCUT OT YacCTOTbl: M3MEHEHWe YacToThl Ha 1% NPMBOOUT K M3MEHEHMIO HaNpsKEHNUA NpuMepHo Ha 1-1.5%.

OrpaHuyeHne BbLIXOOHOMO TOKa heppope3oHaHCHOro TpaHcdopMaTopa MOXeT ObiTb U HeJoCTaTKoM W
NpeumyLLecTBOM, B 3aBUCUMOCTU OT 06CcToATeNnbCTB. BbixogHOM TOK TpaHcopmaTopa He MOXeT npeBbilaTh
HOMUVHanbHbIN Bonee, Yem Ha 50%. [MoaTOMy OT BblaepXXMBaeT KOPOTKOE 3aMblkaHue Ha Bbixoge. Ecnu ans
3anycka kakoro-nnbo ycTponcTBa KpaTKoBpeMeHHO TpebyeTcs 6onblumii TOK (CTAapTOBbIA TOK), TO BO3MOXHbI
OBa BapuvaHTa: nMbo 3anyck yCTpoWcTBa OyaeT pacTsHyT MO BPEMEHU (MSIKMIA 3amyck), YTO 4acTo O4YeHb
XOpoLo, nNMbo YCTPOMCTBO He 3anyctutcs, He nonyynB oT WBIT HyxHOro crapToBoro Toka (Hanpumep
anektpogsuratenb). [pu npoekTnpoBaHun cuctembl BecnepebonHOro nuTaHwst Ha 6ase Ferrups HyXHO
o6sA3aTenbHO NpoaHanuM3npoBaTb CTApTOBble TOKM BCEX Harpy3ok M NOCnefoBaTerNibHOCTb WX BKIOYEHMS,
4yTOObI 3aMyck OAHOrO M3 MOLLHbIX YCTPOWUCTB HE MPMBEN K PE3KOMY CHUXEHWIO HampsiKeHus Ha ApYrnx
yctponctBax. OGblMHO ONA TaKMX CUCTEM PpeKOMeHAyeTCs 3alumuiatb Kaxgoe YCTPOWCTBO (Mnu rpynny
YCTPONCTB) CBOMM aBTOMaToOM C MEXaHWU3MOM MIHOBEHHOIO AEeNCTBUS.

nasa 6. Bl ¢ gBOMHbLIM Npeo6pa3oBaHuem 3aHeprum (Double Conversion UPS)

Ha pucyHke 17 npegcrasneHa 6nok-cxema UBIT ¢ oBoMHbIM NpeobpasoBaHNEM 3HEPrvu.

Bnok  apsimesss

i
¥ ¥
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Puc. 17. MBI ¢ d8oliHbIM npeobpa3osaHueM sHepauu

Ha Bxoge WBIl c p[BOMHBIM nNpeobpasoBaHMEM 3JHEPIMM HaxoaWTCA BbINpAMUTENb. B oTnnume ot
BbINPAMUTENEN PacCMOTPEHHbIX Hamu paHee TunoB MBI — 310 mowHoe ycTpoincTBo. Beab BbinpsimuTenb
OOIMKEH He Tonbko noasapsikatb 6aTapeto MBI, Ho, npexae Bcero, cHabtxaTb uHBepTop MBI nocTosiHHLIM
HanpsxeHneM. WHBepTop npeobpasyeT BeCb MOTOK MOLUHOCTM M3 HamnpskeHWs MNOCTOSHHOMO Toka B
HanpsxeHne nepemMeHHoro Toka. BbawWnac — 37O chneumanbHas nNWHWSA, KOTOpas MNo3BofseT B cryyae
HeobXoOUMOCTM MUTaTb Harpy3Ky HanpsMytlo OT anekTpuyeckon ceTw. [na nepekrntoveHns Ha paboTty uvepes
Bannac cnyxuT ctaTuyeckuin (T.e. HE MMELWUN OBUXKYLUMXCA 3NEeMEHTOB) nepekntovaTtens. NMoatomy atoT
fannac 4acTo Ha3bIBalOT cTaTu4ecknum 6annacom.

MBIl ¢ apBoMHBLIM Npeobpa3oBaHMEM IHEPIrUN MOXET paboTaTb B TPeX pexunmax

PaboTa oT ceTn

Ecnn B ceT ecTb «HOpMarnbHOE» HanNpPsXXeHWe, To BCS MOLLHOCTb, NoTpebnsemas Harpy3kow, NPOXOAUT Yepes
Boinpamutens WUBIM. Beinpamutens npeobpasyeT HanpsbkeHWe aMeKTPUYeckon ceTu B CcTabunmampoBaHHoOe
HanpsXeHne nocTosHHOro Toka. OHO ucnonb3yetcs Ana 3apsga 6atapen u Ons nNUTaHWs MHBEpTOpa.
NHBepTop npeobpasyeT HanpsbkeHue MNOCTOSIHHOrO TOKa B HanpsbKeHWe MepemMeHHOro Toka, KOTOpbIM U
NUTaeTCs Harpyska.



Pab6oTa ot 6aTapeu

Beinpsimutens WBI ¢ gBOVHBIM Npeobpa3oBaHNEM BblgaeT CTabunmManpoBaHHOE HanpsikeHWe MOCTOSHHOMo
Toka. T.e. HE3aBUCUMO OT BENUYMHBI HaMNps>KEHUS NepeMeHHOro Toka Ha BXOAEe BbINPSMUTENs HanpsKeHue
MOCTOSIHHOTO TOKa Ha €ero BbIXOOE COXpPaHAeTCs MOCTOAHHbIM. EcCTecTBeHHO, HanpsikeHue ocTaeTcs
CTabunbHbIM TONbKO €CNM BXOAHOE HanpskeHWe He BbIXOAWT M3 HEKOTOpOoro AuanasoHa AonyCcTUMbIX
HanpsbkeHWn. JTOT AManas3oH HasbiBaeTCcs [ManasoHOM BXOAHbIX HanpsbkeHun WMBI. [OQuanasoH BXOAHbLIX
HanpsbkeHn UBI ¢ aBOMHBIM Npeobpa3oBaHNEM He OCTaeTcs MOCTOsIHHbIM. Ero BenuumHa (Mnm BepHee ero
HWKHAS rpaHuLa) 3aBUCUT HEe TOMbKO OT KOHKpeTHow mogenu WBI, Ho n ero Harpy3ku. Ecnu HanpsipkeHne ceTtn
CTaHOBUTCA MeHbLUE HWXKHEW rpaHuLbl AnanasoHa BXOAHbIX HaNpsbkeHWn (T.e. BbINPAMUTENDb YXe He MOoXeT
CTabunmManpoBaTtb HarnpshkeHWe), HanpsXKeHNe MOCTOSIHHOTO TOKa Ha BbIXOA4E BbINPSMUTENS YMEHbLUIAETCS U
CTaHOBUTCS HUXe HanpshkeHus 3apsbkeHHon 6atapen VBT,

Hukakoro nepekntoyeHus He npoucxoguT. MNMpocTo MHBEPTOP HauMHAeT YacTMYHO nNuTaTbca OT Gartapeu, a
DOaTapess HaunHaeT paspsbkatbcd. [Mpy OanbHEWWEM YMEHbLUEHUN HaMNpPsPKEHUS WM eCnn  HanpsbkeHue
nponagaeT COBCEM, MHBEPTOP HAYMHAET MOMHOCTBIO NuTaThesa oT Batapeun. oBopsT, yto UBI nepelwen Ha
pexum paboTbl oT GaTtapen. Pabota MBI oT 6atapen npogormkaeTcsas HEKOTOpoe BpeMsi, onpepensemoe
3apsgom 6atapen n Harpyskow. Mocne Toro, kak 6atapes paspsauTcs A0 HanpsbkeHus npumepHo 1.7 B Ha
anemeHT, wuHBeptop WBI1 OygeT oTknoveH aBTOMaTMKOW, 3awuuwawowen 6atapeto oT HeobpaTumoro
nepepaspsga. Ecnu HanpsikeHne Ha Bxoge MBI cHoBa nmogHMMeETCA A0 HOPMarbHOrO, BbINPSMUTESNb OMNSATb
Ha4HeT 3apskaTb baTapeto 1 NUTaTb UHBEPTOP.

Pexum paboTbl Yyepe3 cratuyeckun 6amnac

OcHoBHble anemeHTbl MBI ¢ aBoiHbIM npeobpa3oBaHMeM npu paboTe OT CeTM MOCTOSIHHO HaxXoAsTcs nog
Harpy3kon. Ecnn 66l UBI1 ¢ aBoviHbIM nNpeobpasoBaHWeM Obinl MOCTPOEH MO CXeme, NpuaymMaHHOW Hamu BO
BTOPOW rMnaBe, TO OH uMen Obl HU3KYD HagexHocTb. Begb npu BbIxoge M3 CTpOs MHBepTOpa, nodaya
HanpsbKeHUs1 K Harpyske npepeanacb 6bl n MBI He ToONbKo He BbINOMHUN Obl CBOEro npegHasHayeHus, HO
Aaxe cam u13-3a CBOeW MNOMOMKM Mor Obl CTaTb NPUYMHOW MOTEPU AaHHbIX B MOAKMIOYEHHBIX K Hemy
KOMMbIOTEPAX WNN OTKMOYEHUS] KaKUX-NMMOO MOOKIMIOYEHHBIX K HEMY BaXHbIX YCTPOBWCTB. [nsi TOro, 4toObl
atoro He npoucxoguno, B WBI1 BBegeHa elwle ogHa NMHMSA 9MEKTPOCHAGXEHUS Harpy3km — CTaTU4eCcKun
Oannac. Npu BbiIxoge M3 CTPOSA MHBEPTOPA WK €ro neperpyske, cpabartbiBaeT nepekntoyaTens (pasMblkaeTcs
NNHWA «MHBEPTOP-Harpyska» 1 3amblkaeTcs nNuHus «barnac-Harpyska») u Harpy3ka npogosrkaet nutatbcs OT
cetun. K coxanenuto He Bce VBl ¢ nepekntoveHnem nmetot ctatudeckun bavnac. Ha mon B3rnsg takve UBI
BoOOLe He cnefyeT UCMNofb30BaThb, MOCKOSbKY OHU HE HaAEXHbI.

PaccmoTpum Tenepb paboTy oTaenbHbIX 3nemeHToB UBI

BbinpamuTtenb

BeinpamuTtens UBIM ¢ OBoiHbIM NpeobpasoBaHMeM A0MKeH UMEeTb MOLLHOCTb, AOCTATOYHYIO AMsA ABYX ero
OCHOBHbIX (PYHKLUMIA. Ero MakcumanbHbIii BbIXOAHOW TOK AOSMKEH OblTb He MeHblle CyMMbl MakCUMarbHOro
BXOJHOrO TOKa MHBEPTOpa M MakKCUMarbHOro 3apsaHoro Toka Gartapeu.

Ons npaBunbHOro 3apsina 6artapen BbINPSMUTENb OOMKEH OYEHb TOYHO (C TOYHOCTbIO He xyxe 1%)
noaaepXxmBaTb HaNpsKeHWe nnasatoLlero 3apsiga Ha 6aTtapee. MHorga B VBT ¢ gBoviHbIM Npeobpa3oBaHNeEM
SHEPIUM NPUMEHSIIOT PerynupyemMble TUPUCTOPHLIE BbIMPSAMUTENN.

B HekoTopbix cnyvasx B WBIT ycraHBoneHbl naccuBHble (OUOOHLIE) BbLINPAMWTENW, a ANs TOYHOrO
perynupoBaHus HanpsbkeHWs Ha akkyMynaTtopHon OGaTapee wucnonb3yeTcsa npeobpasoBaTternb HanpsXeHus
noctosiHHoro Toka. WHorga WBI, NocTpoeHHble MO Takon cxeme ux npoussoguTenu HasbiBawoT UBIT ¢
TPOWHbIM Npeobpa3oBaHNEM.

MHBepTOp, CUHXPOHU3aUuuA C CeTbo N nNepeKnvYeHne Ha cTaTnyeckum 6amnac

NuBepTop UBI ¢ ABoWHbLIM Npeobpa3oBaHMEM 3HEPTrY MMEET BO3MOXHOCTb U3MEHEHUSI BbIXOQHOW 4acToThl
MHBEpTOPa AMS CUHXPOHW3aLMWN BbIXOAHOMO HanpshkeHWs nHBepTopa C ceTbio. ATa PYHKUUS MCNOomMb3yeTcs B
MBI ¢ paBoviHbIM npeobpasoBaHMEM MNOCTOSHHO WM NPOCTO Heobxoauma Ana nepekntoyveHnsa WBIT Ha
cTaTudeckun bamnac. PaccMoTpyum 3TO nepekntioveHne HeckorbKko nogpobHee.

Ons Toro, 4tobbl MBI ¢ ABoiHbIM npeoGpasoBaHMeM WMEN HenpepbiBHOE BbiXoOHOE HanpshkeHue 6es
CKayKoB U pa3pblBOB Ha BCEX pexumax paboTbl, Hy)KHO 06ecneunTb rmagkoe NepeknioyeHne Ha cTaTu4eckuin
Galinac npu BbIXo4e M3 CTPOSi UHBEPTOPa UK ero neperpyske.

[ns aToro Heobxoaumo, 4YToObI ha3a M YacToTa CETEBOro HanpshkeHus (T.e. HanpsbkeHus B Lenu Gavinaca) B
MOMEHT NePEKITYEHNA ObINK TaknMun e, Kak dpasa U YacToTa BbIXOOHOMO HanpsiXeHus nieBepTopa. Ho mbl He
MOXeM ynpaBnsTb da3on 1 YacToToW ceTu, crnefoBaTerlbHO Mbl AOMKHbI 4ODUTLCS XKenaeMon Lenu 3a cyeT



HacTpoukn uHBepTopa. Mbl He Moxem, kak B MBI, B3aMmogencTBylOWMM C CETbi, MNOACTPOUTL a3y U
YacToTy WHBEpTOpa nepen camblM nepekndeHneM. Beab Mbl, K coXaneHuto, He 3HaeM, B Kakoh MOMEHT
WHBEPTOP BbLINAET W3 CTPOA WNM  ucnbltaeT neperpysky. [loatomy wHBepTtop WBIT ¢ OBOMHBIM
npeobpasoBaHveM JOrkeH Bcerga ObiTb CMHXPOHM30BaH C CeTbio. ToYHee roBops, AofmkHa 6biTb OCTUrHYTa
CMHXPOHM3aUMN WHBEPTOpPA C NWHUEN cTaTudeckoro Gannaca, kotopas B oOlWeMm crnyvyae MOXeT ObiTb
NOAKMYEHa K ApYron NMHNM anekTpocHabxeHust, Yem Bxog BbinpsamuTtensa UBI.

MocmoTpum Tenepb, 4To npomsonaet ¢ MBI ¢ aBoviHbIM Npeobpa3oBaHMEM 3HEPrUM, €criv YactoTa ceTu
BOPYr Ha4yHeT oTnunyaTbcs oT ctaHgapTHon (50 Iu). MBI ¢ aBonHbIM npeobpasoBaHMeEM UMEET HEeKoTOpble
npegenbsl AOMNYCTUMbIX U3MEHEHMI YacToTbl CEeTU (3Ta XapakTepuCTUKa yka3aHa B MacrnopTe unu onucaHum).
CkaxxeM MUHUManbHas gonycTumas yacTtota paBHa 49 Iy, a mMakcumanbHaa gonyctumas yactota — 51 Iy
(T.e. Nnpegenbl 4ONYCTUMBIX U3MEHEHUI YacTOThl paBHbl + 2%) . Ecnn yactoTa B nuHuM Garinaca HaxoguTcs B
npegenax AoMycTMMOro, TO 4acToTa MHBEpTOpa akKypaTHO criegyeT 3a Hel. Yactota u ¢asa mHBepTopa
paBHbl yactoTe u dase B nuHum Gannaca. CnegosatensHo VMBI B nobori MOMeHT (Mpu Bbixoge U3 CTpos
WHBEPTOPA UMK ero neperpyske) MoXeT NEPEKITYNTLCA Ha CTaTU4eckuin Barnac, He UCMbITbiIBas UMMNYJIbCHbLIX
Harpy3ok. Ecnn >xe vactota B nuHum Garninaca crtaHeT paBHon 48 [, TO yacToTa WHBEpPTOpa HE MOXET
cnegoBaTb 3a Hel, 4ToObl He nUTaTb Harpysky HanpskKeHMemM C 4YacTOTOW, CWUMbHO OTNMYaloLencs OoT
HoMMHanbHoW. Kak Mmbl yxxe 3Haem, MBI, B3anmogencTeytoLwme ¢ ceTblo, B 3TOM Crydae NepexogsaT Ha pexum
paboTbl oT 6aTapeu, a nocne ncuepnaHusa 3apsina 6atapen otkniovatotcs. MBI ¢ ABONHBIM Npeobpa3oBaHNeEM
3Hepruun oTpabatbiBalOT 3Ty CuUTyauuto ropasgo nydwe. bnok ynpasneHus npocto paspeluaeT uHseptopy UBI
NpekpaTuTb CUHXPOHM3AUMIO C NUHWEN Oannaca M NeperTM Ha pPexuMMm HesaBucuMon paboTbl. YacTtoTa
WMHBEPTOpA CTaHOBUTCA paBHoW poBHO 50 L n ocTaeTcs Takon 4O TEX Mop, Noka YactoTa nvHuM Barnaca He
BepHeTCca B npegenbl gonyctumoro. Bo Bpemsi HesaBucumon paboTbl MHBepTOpa, nepekntodeHne WBI Ha
cTtatudeckun Bamnac GrnokupyeTcs, MOCKOMbKY NMPU TakOM MEepPEeKntoYeHUn BO3MOXHbI CUMbHble (Pa3oBble U
aMNNUTYaHbIE UCKaXKEHWUsl, KOTOpble MOryT HaHecTu yuwlepb 4yBCTBUTENbHOW Harpy3ke. bonee Toro,
nepekrityeHne B OTCYTCTBME CUHXPOHU3aLMM onacHo ans camoro UBI.

Hekotopble VMBI uMeloT BO3MOXHOCTbL HACcTPOMKM MpedenoB OONYCTUMbIX U3MEHEeHWW yacTtoTel. Hanpumep
OHW MOTyT ObITb HacTpOeHbl Ha gonyctumble konebanusa vactoTbl 0.5, 1 unu 2 Mepua B Kaxayk CTOPOHY.
Kasanocb Obl, 4eM yxe AuanasoH AONYyCTUMbIX KOonebGaHWM 4YacToTbl, TEM Myywe AN YyBCTBUTENbHOW
Harpy3kn. Ha camom pene ynydlwleHue kadectBa cTabunm3aumu 4acToTbl MpoucxoauT 3a cuyeT obuien
HafeXHoCTM cucTembl. Begob ecnn gmanasoH [OMYCTUMbIX WM3MEHEHUMIM 4acToTbl YCTAHOBMEH MEHbLUE
peanbHOro AuanasoHa M3MEeHeHWUs YacToTbl ceTn B MecTe yctaHoBku MBI, To NBI 6onbLuyio YacTb BpeMeHu
paboTaeT 6e3 CUHXPOHM3AUMM UHBEPTOPA C NHMEN Gannaca. OTO CHWXaeT OOLLYy HaLeXHOCTb CUCTEMBI,
s3awmwaemon ¢ nomowpbto UBI, nockonbky BO BpeMsi He3aBUCUMOW paboTbl MHBEPTOpPA HEBO3MOXHO
nepekrnYeHne Ha ctatuyeckmin Gavinac.

B cnyyae ecnu MBI nmeeT BO3MOXHOCTb HAaCTPOMKM [uanasoHa AONYCTUMbIX WM3MEHEHUM 4acToThl,
nonb3oBaTefNlb MMEEeT BO3MOXHOCTb BblOMpaTb BbIrogHbIn Ansg ceba komnpomucc. OH MOXET yCTaHOBUTb
O4YeHb Y3KWUIA guanasoH 4acToT Ansl YyBCTBUTENbHOW Harpysku, CO3HATeNbHO MONAS Ha HEKOTOPOE CHUXEHUE
HaEXHOCTU CUCTEMbI, UMM PacCLUMPUTL 3TOT AManas3oH AN MNOMyYeHUs MakCMManbHOW HaOEeXHOCTU, ecnn
Harpyska He CIWLLKOM YyBCTBUTENbHA K U3MEHEHMAM 4acToTbl. Kak Mbl BbISICHUIM, OCHOBHOE Ha3HayeHue
crtatmdeckoro bannaca — ato yeenuueHme HagexHoctn VBl n KomnbloTepHOM cUCTeMbl B LIEIOM 3a CYeT
OpraHm3aLmm pe3epBHOr0 MCTOYHMKA JNEKTPOCHaOXEHUs, KOTOpbI BCTyNnaeT B OEWCTBME MNpPU BbIXO4e M3
CTpOsi MHBepTOpa. B paccMOTpeEHHOM MPOCTENLIEM CryYae TakKMM UCTOYHUKOM SIBISIETCS Ta XXe 3NeKTpuyeckas
ceTb, koTopasi nutaeT Bobinpsmutenb UBI. (3ametum B ckobkax, YTO 3TO HE €OUHCTBEHHbIV BO3MOXHbIN
NCTOYHMUK).

Bbixog 13 ctpos kakon-nmbo mn3 cuctem UBI Belyb, B 00LLeM-To, AOBOMbLHO ManoBeposiTHasn. Xopoiume MBIT ¢
OBOVHbIM NpeobpasoBaHNeEM UMEIOT cpeaHee Bpemsi HapaboTku Ha oTka3 ao 10 net. Ho ctatuyeckuin 6annac
UMeeT elle oaHy PyHKUMIO, KOTOpas UCMonb3yeTca ByKBanbHO MNPU KaXX4oOM BKIMHOYEHWUU CUINBHO Harpy>KeHHOro
MBI, NHBepTOp €CTECTBEHHO UMEET OrpaHNyeHne no AonycTMmon Harpyske. [pu NOCTOSHHOW Harpyske 3Town
rpaHuuen sBnseTcd HOMUHanbHas MolwHocTb WMBI. KpaTkoBpemMeHHO WHBEPTOpP CnocobeH BblAepXMBaTb
Bonbwre Tokn. OBbIMHO AonyckaeTcs neperpyska okorno 50-150% Ha Heckonbko MunnucekyHa v okono 10-
50% Ha HecKonbKO CekyHO Wnu JecATkoB cekyHd. [NpakTnyecku nwbomy notpedbutento aneKTposHepruu
M3BECTHO TaKoe siBNeHWe, Kak CTapToBbi TOK. [log 9TMM MOHUMMaEeTCs TOK, BO3HWUKAMOLWWA MPU BKIHOYEHUN
NnoTpedbunTenst 3aNEKTPO3IHEPIMM B OTNINYME OT TOKA Ha YCTaHOBMBLUEMCH pexume paboTbl. [Ins KOMNbOTEPOB U
apyrmx vacto nutaemblx oT UBI yCcTpoWCTB xapaKkTepeH AO0BOSIbHO OOMbLUION CTapTOBbIA TOK. [pn kaxgom
BKJIIOYEHMMN KOMMbIOTEP MOTPEONSAET B HECKONbKO pa3 Gonblunii TOK, Yem Mnocne 3anycka (kak Mbl YBUAUM
Janee, CTapToBbIM TOK f1ErKO MOXET MPEBbICUTb HOMMHAIbHBIN TOK B 10 pas).

Takum obpas3om npu 3anycke NOTpeduTenemn, MOLHOCTb KOTOpbIX cocTaBnsieT xoTa 6bl 10% HOMWHaNbLHON
mMoLuHocTn MBI, Bo3amoxHa neperpyska nHBeptopa. Ecnu neperpyska BosHukna, VBl ang npegoxpaHeHus
CBOEro MHBepTopa OT Nneperpysku nepekmnovaetcsa Ha paboTy yepes Gavinac. Yepes Heckonbko cekyHa VBT
CHOBa MnepekntovaeTca Ha paboTy OT MHBepTOpa. ATOT pexum paboTbl NPeaoxpaHaeT NHBEPTOP OT Bbixoda M3
CTPOSi U yBenuMuMBaeT OOLLYI0 HaAEXHOCTb KOMMBbIOTEPHOW CUCTEMbI, 3awuwieHHon ¢ nomolbio UBI ¢
[OBOVIHbIM Npeobpa3oBaHNEM SHEPTUN.



Opyrve anemeHTbl UBI ¢ ABOMHBLIM Npeo6pa3oBaHuemM

CpaBHum ewe pa3 cxembl MBI ¢ gBonHbIM Npeobpa3oBaHNeEM U B3aumogencTBytowero ¢ cetolo. Y MBI ¢
OBONHbIM npeobpa3oBaHMeM OTCYCTBYIOT (XOTA U He y BCEX MOAenew) HekoTopble 3dneMeHTbl: UNbTPbI
WwymoB n mmnynscos. B MBI aTtoro Trna umnynscbl 1 Wymbl (PUNLTPYIOTCA B pesynbTaTe BbINPAMEHUs
Hanps>keHWs NepemMeHHOro ToKa: Ha BbIXOAe BbINPAMUTENS WUMEKTCS CXeMbl ModaBreHus nynbcauui
HanpsbkeHWs, BbINOMHsOWME ponb ¢unbTpoB. B npouecce BToporo npeobpasoBaHWsi 3HEpPrun LyMbl Y
UMNYMbChl eLe pa3 YMeHbLIalTCa U Harpyska nMTaeTcs YMCTbIM CUHycomaanbHbIM HanpsbkeHvem. Moatomy
OTCYTCTBME B CXeme (puUAbTPOB MOXHO cuuTaTb cBoero poga dokycom: BHyTpu WMBIT ecTb anemeHThl,
BbINOMNHSAOLWMNE 3TN (PYHKLMK, HO HasbiBawwmecs no gpyromy. Kpome Toro, B HekoTopbix MBI ¢ ABOMHBIM
npeobpas3oBaHMeM SHEPIMU YCTAHOBMEHbI BAPUCTOPHDLIE LUYHTHI.

Bnok ynpaenenusa VBl ¢ gBoHbIM Npeobpa3oBaHNEM 3HEPrMU HEe aHanmM3upyeT COCTOSHWUS 3NeKTPUYECKOn
ceTu (Bbl BUAMTE, YTO Ha BIOK-CXEMe HET COOTBETCTBYIOLLEN CTPENKM). B 3ToM HET HeobxoaMMocCTH, BeAb Ham
HE HY)XHO YNpaBnAaTb nepekrndeHveM (uMnu, BepHee, nepexogom) MBI ¢ gBonHbiIM Npeobpa3oBaHWEM Ha
paboTy oT GaTtapen — 3TOT Mepexoa NPOM3BOAUTCH UMK, BEpHee, NpoucxoauTt, 6e3 yyactus ynpasnstoLen
ANEKTPOHUKM.

HeT Heobxogumoctn wu npon3BoanTb aHanm3 QDOprI Hanps>XXeHnda nepemMeHHOro TokKa Ha BXxo[e MBI:
BbINPAMUTENb WBIT ¢ ABOMHbIM npeo6pasoBaHmeM QHEeprMn MoOXeT NUTaTbCA HanpsaXeHunem nepemMeHHOro
TOKa MNPakKTn4eCckn nobon (*)OprI — BCe€ paBHO Ha BbIXOAE BbINPpAMUTENA 6y/J,eT CTa6VIJ'IVI3VIpOBaHHOe
HanpsxXeHne NoCToOAHHOIO TOKa, a Ha BbiIXxoae MHBEpPTOpa — YnUctaa cmHycomnaa.

3apava 6rnoka ynpaBneHus — perynmpoBaTth HanpskeHWEe Ha BbIXOAE BbIMPSAMUTENS, HANPSHKEHNE Ha BbIXoAe
MHBepTOpa (Kak U y OpYyrmx, pacCMOTpeHHbIX paHee WMBIT) u He nponycTuTb MOMEHT, Koraa noHagobuTcs
Npou3BECTU NepeknoyeHne Ha paboTy yepes ctatnyeckui bamnac.

BaTtapes

Batapesa UBI1 c gBoiHbIM npeobpa3oBaHeM He MMeeT HUKaknx otnmumi ot 6atapen UBI gpyrux Tnnos. Bee
cunosble anemeHTbl VBl ¢ ABOMHBLIM Npeobpa3oBaHMeM 3Heprv paboTaloT NoA Harpyskon Bce Bpems, Moka
MBI BkntoveH (B oTnuuMe, Hanpumep, OT MHBepTopa M Bbinpamutensa MBI ¢ nepeknioyeHnem, KOTOpble
npoctamBatoT, noka VBl pabotaeT ot ceTtn). MMoaTomy BCe NONynpoBOOHUKM U Apyrve CUMOBble 3fIeMEHThI
MBI c gBolHbIM npeobpas3oBaHMEM paccuuTaHbl Ha ANUTEeNbHY paboTy Mo MOMHOW Harpyskon. 37O
NO3BOMSET, He BHOCH 3HaYMTenNbHbIX nameHeHui B MBI, nogkntovaTe K HEMy AOMNONHUTENBHBIE aKKyMynaTopbI
ONs yBenuyeHus AnuTenbHocTu paboTbl oT H6aTtapeun. BonbwwmHctBo MBI ¢ ABOMHLIM npeobpas3oBaHueM
NMEIOT Takyto BO3MOXHOCTb.

Xapaktepuctuku MBI ¢ gBOWHbIM Npeo6pa3oBaHUeM 3Heprum

MowHocTb

MBI ¢ gBoliHbIM npeobpasoBaHueM MMelT Hambornee LUMPOKUA Auana3oH MOLLHOCTEW MO CpaBHEHWIO C
apyrumu UBIM. MunmmansHas mowHocTb — 500-700 BA anst pasHbix cepuin Hebonbwmnx UBIM. Cxema WBI ¢
OBOMHbIM npeobpasoBaHMeM MO3BONSET CO34aBaTb YCTPOWCTBA OYeHb 6Gonbwon MowHocTU. OBObl4HO
MakcuMmarbHas MOWHOCTb eanHnyHoro MBI orpaHnymBaeTcs BennymHon okorno 300-500 kBA. Ho Bo3amMOXHO
HapawwmBaHme MowHocTn WUBI 3a cyeT napannenbHo paboTbl HECKONbKUX MOAYNEW Ha OLHY Harpysky.
HauuHas ¢ mowHocTtn okono 10 kBA MBI obblyHO npenHasHayeHbl ans paboTbl ¢ TpexdasHbiM BXOOHbIM
HanpsbkeHneMm. MNMoTomy Bce, 4To cBsizaHo ¢ VMBI cpegHei 1 6ONbLUON MOLLHOCTM, paccMaTpuBaeTcsa B naBe
«TpexdgasHblie UBMM».

KoadcpmumeHT nonesHoro aencreus

MBI ¢ gBonHbIM Npeobpa3oBaHNeEM IHEPTUM UMEIOT He crmwiKoM Bbicokuin KM, no cpaBHeHuto ¢ VBT gpyrux
TvnoB. Tem He MeHee, nx KN4 gosonbHo Benuk. OH cocTtaBnsieT npumepHo 90% npu nonHom unu 6nuskon K
NonHon mowHocTu. Mpu ymeHbweHun moliHocTn KO ymeHblaetca. Ha npumepHo 50% mowHoctn KI4
MOXeT cocTaBnaTb okorno 70%. Mcxoas mn3 KM, MoXHO oueHuTb MakcumanbHoe TennoBbiaeneHne UBI. OHo
npumepHo paBHO 10% OT HoMmuHanbHoW MoliHocTn UBIT. TennosbigeneHne UBI 4omkHO yunTbiBaTLCS Npwu
pacyeTe TennoBOro pexuma nomelleHus, rae yctaHosneHol WBI. MNMogpobHee aTo paccmoTpeHo B rnmase
«TpexdasHbie MBIy, NoCKomnbKy TEMMOBON PEXUM KPUTUYEH UMEHHO Ansa 6onbnx UBIT.

MpuBegeHHas Bbiwe BenuyuHa K[ He yynTbiBaeT MCNONb30BaHWS 4acTu BXOOHOW MOLLHOCTWU AnS 3apsja
©aTapen. NoTomy onsa Toro, YTobbl faxe NPUMEPHO ONpPeaennTb MakCumanbHbIn BXogHow Tok VBT, BennmunHbl
KMO He goctatoyHo. HyxxHO cmoTpeTb 6onee nogpobHble TexHuYeckue xapakrepuctuku MBI, a ans ToyHoro
pacyeTa MakCMMarnbHOr0 BXOAHOIO TOKa, HYXXHO paccyMTbiBaTb 3Ty BENMYMHY, UCXOLA MX eMKOocTu BaTtapew,
ycTaHoBneHHow B VBIT.



Bpems paboTbl oT 6aTapeu

MBI Hebonbwon mowHocTh (8o 1 kKBA) nmetoT Bpemsi paboTbl OT 6aTapen npu NomHOWM Harpyske NpUMepHo 5-
15 mMuHyT. Ho noutn gnsa sBcex MBI 6onblien mowHocTn hvpma nponssogmTens oOblMHO npegycmatpusaeT
BO3MOXHOCTb HapallMBaHWUsa eMKOCT BaTapeun No CpaBHEHUIO CO CTaHAAPTHOM.

MBI cpeaHen n 6onblion mowHoctn (6onee 10-30 KBA) yacto He umeloT «cTaHgapTHon» 6atapeun. batapes
ans Hux nogbupaetcs, ucxogd m3 TpeboBaHuM 3akasyuka. Haumbonee pacnpocTpaHeHHbIMY BapuaHTamu
aBnsaTca 6atapen Ha 3-5 MMHYT aBTOHOMHOW paboTbl — anga conpsxeHusa MBI ¢ ansenbHbiM reHepaTopoMm 1
batapes Ha 10-30 MUHYT — ona aBTOHOMHOM paboTkl VBT,

MpeunmywecTBa UBI ¢ ABOMHLIM Npeobpa3oBaHMeM
K nonoxurensHeiM ceoncteam VB ¢ gBonHbIM Npeobpa3oBaHmeM criedyeT OTHECTU CreaytoLume.
e Xopoluas 3alimTa OT LWYMOB U HAHOCEKYHAHbIX UMMYbCOB.
e OueHb xopoLuas 3aluTa OT UCKaXXEeHUIN (OPMbI KPUBOW HaNPSPKEHUSI U MUKPOCEKYHAHBIX UMMYNbCOB.
e Bo3amoxHOCTb paboTbl B ceTSX C HECTabUNBbHOW YaCTOTON.
e Cawmas nydwas nnaBHas cTabunmaaums HanpsKEHUS C BbICOKOW TOYHOCTLIO.

e Bo3moXHOCTb HapallMBaHuUst 6aTapen npakTudecku ans Bcex moaenen UBIT.

Hepoctatkn MBI ¢ ABOMHbLIM Npeobpa3zoBaHMem

Kak u gna apyrux MBI, HegoctaTtkn UBI ¢ aBoviHbIM npeobpa3oBaHMeM BbiTEKAOT M3 0COBEHHOCTEN CUNOBOM
cxembl UBI (1, kK coxanexuto, Bpaad v moryT ObiTb OTAeneHbl OT npeumMyllecTB). bonee Bbicokas ueHa, no
cpaBHeHuto ¢ apyrumn tunamu UBI (kpome deppope3oHaHcHoro). lMoBbiWeHHOe TennoBbigeneHne, no
cpaBHeHuto ¢ apyrumn Tunamm VIBM (kpome dheppope3oHaHCHOro). ..

Maga 7. TpexdasHbie UBI1

MpomblwneHHasa TpexdasHas ceTb UCnonb3yeTca Ansg nutaHusa TpexdasHoro obopyaoBaHUs (CTaHKOB,
anekTpoaBuraTenen, 6onbLINX KOMNBLIOTEPOB U T.4.), paccyYnTaHHOro Ha HanpsbkeHne 3x380 B n ogHodasHbIx
notpebuTenen aHepruum, paboTtarowmx npu Hanpsixernn 220 B.

Ecnv nonb3oBaTenb 3axo4eT UCMONb30BaTb LIEHTPanvM3oBaHHyl cuctemy OecnepeboiiHOro nutaHus
MoLlHocTeto 10-20 kBA unu Gonee n BKMOUAT B ceTb oAHodasHbii MBI Tako MOLWHOCTM, TO MOXET
BO3HWKHYTb HEepaBHOMEPHOE pacnpeferneHve Harpysku no dasam TpexdasHon anekTpudeckon cetn. Ecnn
ogHa n3 a3 cetn HarpyxkeHa Ha 100% MoLLHOCTW, @ ABE APYrMe He HarpyXeHbl COBCEM, TO HanpsiKeHWs B
TpexdasHon anekTpudeckon cetn byayT UckaxkeHbl. B cnbHO HarpyxeHHoW chase HanpsixeHne byaeT MeHbLue
HOMMHAnNbHOrO, @ B HEHArpy>XeHHbIX hasax HanpsbkeHns OyayT Bbille HOMWHANbHOMO. JNEKTPUKU Ha3biBakoT
3Ty cuTyaumio «nepekoc das». lNepekoc a3 MMeeT HeKoTopble CONyTCTBYHOLWME HenpusTHocTu. Ecnn k
CUIbHO HarpyeHHomn gase (ckaxem ¢ase A) NOAKNIOYEHbI HENMHENHBIE HArpy3ku, BpOAe KOMMbIOTEPOB, TO B
370N (pa3e BO3HUKAIOT rapMOHMYECKME WUCKaKeHWs HanpskeHus. [ockonbKy ocTanbHble dasbl TpexdasHon
CETU HarpyxeHbl cnabo, TO TOK Harpy3ku ¢asbl A 3aMbIKAeTCs MO HeWTpanbHOMYy nposody. B Hem Toxe
BO3HMKAIOT FapMOHMYECKME WCKaXKEHUS HanpshkeHus, KoTopble BAMAOT Ha paboTy ob6opyaoBaHus,
NOrAKMIOYEHHOIo K He4Orpy>XeHHbIM dhasam.

Onsa Toro, 4tobbl nsbexartb atoro, MBI Gonbwon mowHocTM (HaunHas npumepHo ¢ 10 kBA) kak npaswuno
npegHasHadeHbl ANA MOAKMOYEHMS K TpexdpasHom anekTpudeckon cetu. [QuanasoH mowHocTten 8-25 kBA —
nepexoaHbin. [na TakoW MOLHOCTM genarT umcto opgHodasHblie VMBI, uncto TpexdasHbie UBIM n MBI ¢
TpexdasHbiM BXOA4OM U ogHodasHbIM BbixogoM. Bece VBT, HaunHasa npumepHo ¢ 30 kKBA nmetoT TpexdasHbin
BXO4 M TpexdasHbin Bbixof. TpexdasHole MBI umeloT n gpyroe npeMmyliecTtso nepes ogHodasHbimmn BT,
OHU 3¢hhEKTUBHO pasrpykatoT HENTPanbHbIA MPOBOA OT rAPMOHMK TOKa 1 cnocobcTByloT 6onee GeszonacHom n
HagexHon paboTe GONbLUMX KOMMbIOTEPHBIX CUCTEM. 3TU BOMNPOCHI paccMoTpeHbl B pa3gene «OcobeHHOCTH
TpexdasHbiX UCTOYHMKOB BecnepebonHoro nutanusay rnaebl 8. TpexdasHbie UBI cTposaTcsa o6bIiYHO No cxeme
C OBONHbIM Npeobpa3oBaHuemM aHeprun. MoaTomy B aToN rnase Mbl Byaem paccmaTpuBaTb TOMLKO 3Ty CXEMY,
HECMOTPA Ha TO, 4YTO wuMmetoTca TpexdasHole WBI1, nocTtpoeHHble no cxeme, noxoxen Ha WBII,
B3aMMOLENCTBYHOLLUN C CETHIO.

Cxema TpexdasHoro VBl ¢ gBoriHbiM Nnpeobpa3oBaHnem aHeprum npMBedeHa Ha pucyHke 18.
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Puc. 18.TpexgpasHbili IBIT ¢ d8oliHbIM npeobpa3osaHuem aHepauu

Kak BugHo, atoT VBl HEe nMeeT NOoYTM HUKAKMX OTIIMYUIA Ha YPOBHE BITOK-CXEMBbI, 3@ UCKITIOYEHNEM HanNM4nsi
Tpex ¢as. Ons Toro, 4Tobbl yBUAETb OTNN4YMA OT ogHodpasHoro VMBI ¢ aBorHbIM npeobpasoBaHnem, Ham
npuaeTcs (MoYTW BrnepBble B 3TOW KHUre) HECKONbKOo nopapobHee paccmoTpeTb anemeHTsl VBl Mbl 6ygem
NpOBOAUTbL 3TO PacCMOTPEHUE, OPUEHTUPYSACh Ha TPagULMOHHYI0 TexHonoruio. B HekoTopbix cnyyasx OyayTt
OTMeYaTbCs CXEMHbIE 0COBEHHOCTW, NO3BOMSIOLLME YIYULLNTL XapaKTEPUCTUKM.

BbinpsamuTtenb

Cnesa Ha puc 18. — BxogHasa anekTpuyeckasa ceTb. OHa BKNtoYaeT NATb NPOBOAOB: TpU (Pa3HbIX , HEWTpanb U
3emnto. Mexay cetbio n UIBI — npegoxpanuTteny (nnaeBkue nnm aBtoMaTndeckme). OHM NO3BONSOT 3alUTUTD
ceTb OT aBapum MBI, BeinpamuTens B 3TOM CXxeMe — perynmpyemMbli TUPUCTOPHbIA. YNpaBnsoLwas uMm cxema
M3MeHsIeT BpeMsi (OON0 nepuoga CUHYCouAbl), B TEYEHNE KOTOPOro TUPUCTOPbI OTKPbITHI, T.€. BbINPSIMASIOT
ceTeBoe HanpsbkeHne. Yem Gornbluas MOLLHOCTb HYyxHa ansa pabotsl MBI, Tem gonblie OTKPbITbl TUPUCTOPBI.
Ecnu 6atapes UBI1 3apsikeHa, Ha BbIxoAe BbINPSAMUTENS NOAAEPXKUBAETCS CTabUNN3MPOBAHHOE HaMpsXeHne
MOCTOSAHHOrO TOKa, HEe3aBUCUMO OT HBENWYUHBLI HanpsbkeHWs B CeTW U MOLLUHOCTW Harpysku. Ecnn 6atapes
TpebyeT 3apsaku, TO BbINPAMUTEMbL perynupyeT HanpsbkeHue Tak, 4Tobbl B GaTaperl Tek TOK 3afjaHHOW
BEMNYMHBI.

Tako BbLINPAMUTENb Ha3bIBAETCA LUECTU-MMMNYNbCHLIM, MOTOMY, 4YTO 3@ MOSHbLIA UMK  TpexdasHon
3NEKTPMUYECKON CETU OH BbINpAMMSeT 6 nonynepuogoB CUMHrycomabl (No Ba B kaxaol m3 ¢as). Moatomy B
Lenu NnoCTOSIHHOTO TOKa BO3HUKAeT 6 MMMNYNbCOB TOKa (M HaMpshKeHWs) 3a KaKabIv LMKN TpexdasHou ceTwu.
Kpome Toro, BO BXOLHOW 3NEKTPUYECKON CETU Takke BO3HMKAOT 6 MMMNYNbCOB TOKA, KOTOpPbIE MOTYT Bbi3BaTb
rapMOHNYECKME WUCKaXKEHUSI CETEBOr0 HanpshkeHusi. KoHaeHcaTop B LEnU MOCTOSHHOrO TOKa CIYXUT AN
YMEHbLUEHMA MNyNbCaUMA HaNPsSKEHUS] Ha akKymynsitopax. OTO HYXXHO Ansi MOfHOW 3apsgku 6atapen 6e3
NpoTeKaHWsa Yepes akkyMynaTopbl BpeOHbIX MMMYMbCHBIX TOKOB. MIHOraa kK koHaeHcaTopy gobaenseTcs elle u
apoccernb, 06pasyoLnini COBMECTHO € koHaeHcaTopoMm L-C dounbTp.

KommyTaumoHHbIM gpoccenb P ymeHbllaeT MMnynbCHble TOKW, BO3HWMKaIOLWME MPU OTKPbITUM TUPUCTOPOB U
CNY>XUT ANS1 YMEHbLUEHUSI NCKaXXEHUIN, BHOCUMbIX BbINMPAMUTENEM B 3NEKTPUYECKYO ceTb. [1na ewe 6onbluero
CHWKEHUSA UCKaXXeHWI, BHOCUMBIX B CeTb, ocobeHHo ansa VMBI 6onbwon mowHoctn (6onee 80-150 kBA) yacto
NPUMEHSAIOT 12-MMNyNbCHbIE BbINpAMUTENNU. T.€. 3a Kaxabl LMKN TpexdasHon ceTu Ha BXOoAe U BbIXOAe
BbINPAMUTENS BO3HMKAIOT 12 nMnynbCcoB Toka. 3a CHeT yABOEHMS Yncna MMMyfbCoB TOKa, yAaeTcs NpUMepHo
BABOE YMEHbLUUTb UX aMnnnTyay. OTO NOMNE3HO 1 AN akKKyMynsiTOPOB U AN 3NEKTPUYECKON CeTu.

[BeHagUaTU-MMNYNbCHBIA BbINPSIMUTEND (DAKTUYECKM COCTOMT U3 ABYX 6-MMMNYNbCHbIX BbinpsiMutenen. Ha
BXOA BTOPOro BbiNpAMuUTEnsa (OH un300paxeH Hwxke Ha puc. 18) nogaetca TpexdasHoe HanpsKeHue,
npowlegwee Yepes TpaHcopmatop, casuratowmnin asy Ha 30 rpagycos.

B HacTosilee BpemsA MPUMEHAINTCA Takke WU Apyrne cxembl Bbinpamutenen TpexdasHbix WBIM. Hanpumep
CXemMa C MnacCuMBHbIM (AMOAHBLIM) BbiNpAMUTENeM W npeobpasoBaTenem HanpsXKeHUs MNOCTOSHHOIO TOKa,
NPYMEHeHNe KOTOPOro No3BonsieT NPUbNM3nTbL NOTPEONAEMbIN TOK K CUHYCOMAANbHOMY.



Hanbonee coBpeMEHHbBIM CUYMTAETCH TPAH3UCTOPHbLIA BbLINPAMUTENDb, PEryNMPYEMbIA  BbICOKOYACTOTHOM
CXEMOW LUIMPOTHO-UMNyNbCcHOW moaynsauun (LUMM). MNMpumeHeHne Takoro BbiNpAMUTENS NO3BONSAET caenatb
ToKk notpebnenuss MBI cMHycomaanbHbIM M COBEPLUEHHO OTKa3aTbCA OT 12-MMNyNbCHbLIX BbINpsMUTENEN C
TpaHcopmaTopomMm.

Batapes

Onsa dopmupoBaHua Gatapen TpexdasHbix VMBI (kak n B ogHodasHbix WBI) npumeHstoTcs repMeTudHble
CBUHLOBblE akKymynsatopbl. O6bIYHO 3TO caMble pacnpoCTpaHeHHble MOAENU akKyMymnsTOpPOB C pacyeTHbIM
CpokoM cnyxbbl 5 net. MHorga ucnonb3ylTcsa u Gonee JoOporne akkymynsitopbl ¢ 60MblwvMM Cpokamu
cnyx06bl. B HekoTopbix TpexdasHbix MBI nonek3oBaTtento npegnaraetcsa UKCMpoBaHHbIN Habop GaTapen unm
faTapeiHbIX WKadoB, pacCCYMTaHHbIX HA pa3nUYHoe BpemMsi paboTbl HA aBTOHOMHOM pexwume. MNokynas VBl
apyrux cpmpm, nonb3oBaTtenb MoXeT bonee nnn meHee csoboaHo BbibupaTe GaTtapeto csoero VBl (Bkntoyasa
€e eMKOCTb, TWM U KONMMYEeCTBO 3NeMeHTOB). B HekoTOpbIX cnyyasx 6aTapes yctaHaBnueaeTcsa B kopnyc VMBI,
HO B BornblMHCTBE crny4vaeB, ocobeHHo npu Bonbwon mowHoctn MBI, oHa ycTaHaBnuBaeTcsi B OTAENbHOM
Kopnyce, a UHorga v B OT4ENIbHOM MOMELLEHNN.

MUHBepTOp

Kak n B WBIl manon mowHoctn, B TpexdasHbix MBIl npumMeHaTca TpaH3UCTOPHbIE WHBEPTOPHI,
ynpaensieMble CXeMOW LUMPOTHO-UMMYnbCHOW moaynsauum (LLUM). HekoTtopblie MBI ¢ TpexdasHbiM BbIXOAOM
umeloT ABa uHBepTopa. Mx BbIxogbl NOAKMIOYEHbI K TpaHcdopmaTopam, caBuralwmm dasy BbIXOAHbLIX
HanpsbkeHWA. Jaxe B criyyae nNpuMMeEHeHMsi OTHOCUTENbHO Hu3koyacToHow LLUMM, Takas cxema COBMECTHO €
npuMeHeHuemM unbTpa NepeMeHHOro Toka, MOCTPOEHHOro Ha TpaHcdopMaTope U KoHAeHcaTopax, No3BonseT
obecneynTb oYeHb Marnbii KOAMUUMEHT rapMOHMYECKNX nckaxeHmin Ha Bbixoge WUBI (ao 3% Ha nuHelnHon
Harpy3ke). [lpuMeHeHne OBYX UHBEPTOPOB yBenuuMBaeT HagexHocTb MBI, nockonbky Aaxe npu Bbixoge w3
CTPOsi CUMOBbLIX TPAH3UCTOPOB O[HOTO U3 MHBEPTOPOB, APYror UHBEpTOop obecrneunt paboTy Harpysku, NycTb
Aaxe npu 6onbluem KoadULMEHTE FaPMOHUYECKUX UCKAKEHWIA.

B nocrnegHee Bpemsi, N0 Mepe pasBUMTUSA TEXHOMOrMM CUMOBbLIX MOMYNPOBOLAHUKOB, Hayanm NPUMEHSATbCS
Oonee BbICOKOYACTOTHbIE TpaH3ucTopbl. YactoTta LUMM moxeT coctaenath 4 u 6onee klu. 310 no3sonsieT
YMEHbLUNTb FAPMOHMYECKME WUCKaXXEHUS BbIXOLHOMO HanpshKeHust M OTKasaTbCA OT MPMMEHEHUs BTOpPOro
uHBepTopa. B xopowwux WMBI cywecTBylOT HECKONbKO YPOBHEW 3aliuTbl MHBEpTOopa OT neperpysku. [Npu
HebonbLWNX neperpys3kax WHBEPTOP MOXET YMeHbluaTb BbIXOAHOE HanpshkeHue (NbiTasCb CHU3UTb TOK,
NPOXoAsLMN Yepe3 CUIoBble MNONynpoBoAHWKKM). Ecnn neperpyska o4veHb Benuka (Hanpumep Harpyska
coctasnsieT 6onee 125% HomuHanbHon), NBI HauymHaeT oTcueT BpeMeHu paboThbl B YCIOBUSX NEPErPY3KU U
Yepes3 HEKOTOPOE BpeMs (3aBUCSLLLEE OT CTEMEHN NEPErPY3KN — OT AONEN CEeKyHAObI 4O MUHYT) NepekoYaeTcs
Ha paboTty uepe3 cTatmyecku 6avinac. B cnydae 60nblON neperpysku unu KOPOTKOrO 3aMblKaHus,
nepekritoyYeHne Ha cTaTmydeckuii 6arnac NpomcxoauT cpasy.

HekoTopble coBpemeHHble BbicoKoknaccHele WBI (¢  BbicokoyakcToTHOM LWWM) wmetoT fgBe uenwm
perynvpoBaHus BbIXOAHOMO  HanpsiKeHus. MepBas M3  HWUX  OCYLLEeCTBNSET  perynupoBaHue
cpeaHeKkBagpaTUYHOMO (OEWCTBYIOLLEro) 3HAYEeHMST HaMnpsbKeHUs, He3aBMCUMO ANs Kaxaon m3 ¢as. Bropas
uenb M3MepsieT MIHOBEHHbLIE 3HAYEHUS BbIXOAHOrO HanpsiKeHWUst U CpaBHMBAET MX C XpaHsLWencs B NaMsitu
6noka ynpaenenus MBI ngeansHon cMHycomaon. Ecnn MrHoBeHHOE 3Ha4YeHne HanpsPKeHUsA OTKIOHWUIOCH OT
COOTBECTBYIOLLENo «uaeanbHOro» 3Ha4yeHus, TO BblpabaTbiBaeTCA KOPPEKTUMPYHOLLIMA UMMIyNbC U dopma
CUHycouabl BbIXOAHOIO HamnpsikeHWs ucnpaensieTcs. Hanuume BTOpoK uLenn obpaTHOW CBsi3WM NO3BOMsieT
obecneyunTb Marnble UCKaXeHNs1 hOpMbl BbIXOAHOTO HaNpsikeHUs gaxke Npy HENMUHENHbIX Harpyskax.

Crtatnyeckuin 6amnac

Bnok cratuyeckoro ©Gamnaca cocToutT u3 ABYX TpexdasHbix (Mpu TpexdasHoM BbIXOAE) TUPUCTOPHBIX
nepeknoyvaTenemn: cTaTuYeckoro BblknoyaTens uHeeptopa (Ha cxeme — CBW) n ctatuueckoro Beiknoyatens
bannaca (CBBE). MNpu HopmanbHon pabote WBIT (oT cetm unu ot Gatapeun) cTaTUYECKUn BbIKMOYaTENb
MHBEPTOPA 3aMKHYT, a CTaTUYECKUA BbIKMNoYaTens barnaca pasoMkHyT. Bo Bpemsi 3HauMTenbHbIX Neperpy3ok
Unu BbIXOAa U3 CTPOsl MHBEPTOPA 3aMKHYT CTaTUYeCKMI NepekntovaTens H6arinaca, nepekntoyvaTens MHBepTopa
pasoMKHYT. B MOMEHT nepeknioyeHns oba ctaTu4ecKknx nepeknovaTensi Ha O4eHb KOPOTKOE BPEMST 3aMKHYThI.
OT0 no3BonsieT obecneuntb 6e3paspbiBHOE NUTAHWE HArpy3Ku.

Kaxpas mopenbs WBI wnmeeT cBOW 1OrMKy YynpaBreHWs W, COOTBETCTBEHHO, CBOW Habop ycnoswui
cpabaTbiBaHNA cratmdeckux nepekntoyatenen. MNpu nokynke MBI GbiBaeT nNonesHo y3HaTb 3Ty FOTMKY W
MOHATb, HACKONbKO OHa COOTBETCTBYET Ballen TexHomnorum pabotel. B 4yacTtHoctM xopowwne WBI1
CKOHCTPYMPOBaHbI Tak, YTo6bl Aaxe ecnu 6annac HegoCTyneH (T.e. OTCYTCTBYET CMHXPOHU3aLMsa nHBepTopa u
fannaca — cM. rnaey 6) B toboM criydae nocrapatbcs 0b6ecneunTb 3NeKTPOCHAOXKEHNE Harpy3ku, NyCcTb gaxe
3a CYeT YMEHbLLEHUS HanpsbkeHWs Ha Bblxoge MHBepTopa.

CraTtunueckuin 6arnac UBI ¢ TpexdasHbiM BXOAOM M 04HOMA3HbIM BbIXOOOM MMeeT 0cobeHHoCTb. Harpyska,
pacnpegeneHHas Ha Bxoge VMBI no Tpem ¢dasHbiM NpoBoAaM, Ha BbIXOA4E UMEET TOMbKO [Ba NPOBOAA: OOMH



asHbIf U HewTpanbHbln. CTaTnyeckuin HGanac Toxe KOHEYHO OAHOMA3HbINA, U CUHXPOHU3ALUS HamnpsKeHUs
MHBEpPTOpa NPOM3BOOUTCA OTHOCUTENBHO OAHOM U3 a3 TpexdasHon cetn (nwbon, no Bbibopy
nonb3oBatens). Bca uenb, nogBoaswian HanpsbkeHWe K Bxody cTaTtudeckoro Gawnaca OorkHa BblAepXuBaTb
BTpoe Oonbwnii TOK, Yem BxogHou kabenb Bbinpamutensa WBI. B page cnyyaeB 3TO0 MOXET Bbi3BaTb
TPYAHOCTU C MPOBOAKOMN.

CepBuCHbIN 6annac

Tpexdasuble UBI mnmetoT Gonbluytd MOLHOCTb M OObIMHO YCTaHaBMMBAKTCA B MecTax AeWCTBUTENbHO
KPUTUYHBIX K 3nekTponutaHuio. Mo3dToMy B criydae Bbixoda M3 CTPOs Kakoro-nubo anementa WBIT wnnn
HeobXxoOUMOCTM NPOBEAEHUS perfiaMeHTHbIX paboT (Hanpumep 3ameHbl Gatapeu), B BonblIMHCTBE cryyae
Henb3s NPOCTO BbIKNUMTL MBI nnn noctaeBnTb Ha ero mecto Apyroi. HyxHo B noborn cutyauum obecneunts
anekTponutaHue Harpysku. Ons atux cutyaumn y Bcex TpexdasHbix VBl nveetcs cepsucHbin 6avnac. OH
npegcrTaBnseT coboW pyyYHOM nepeknovaTens (MHOrAa Kak-To 3abnoKMpOBaHHLIN, YTOObI ero Henb3si 6bino
BKNMIOYNTb MO oOwwKBKe), NO3BOMSAIOWMIA MEePeKnNiounTb Harpysky Ha nuTaHue HemnocpeacTBEeHHO OT ceTu. Y
6onbwmHcTBa WBIT gna nepekntoveHuMs Ha CepBUCHbIM Gannac cylwecTByeT chneuvanbHas npoueaypa
(onpepeneHHasa nocrnefoBaTenbHOCTb AENCTBUI), KOTOpasi No3BonseT obecneunt HemnpepbiBHOCTb MUTaHUA
Npu NepeKnoYeHnsaX.

Pexxumbl paboTbl TpexcaszHoro UBI ¢ aABOMHbIM Npeobpa3zoBaHueMm
TpexdasHbin MBI moxeT paboTaTb Ha YeTbIpex pexmmax paboTbl.

e [lpy HopMarbHoW paboTe Harpyska NUTaeTcs Mo Lenu BbINPAMUTENb-MHBEPTOP CTaGUNU3NPOBAHHBIM
HanpshkeHWeM, OT(UNBbTPOBAHHLIM OT WMMMYIbCOB U LUYMOB 33 CYET OBOMHOrO npeobpa3oBaHust
3Hepruu.

e Pabota ot 6atapen. Ha ato pexum MBI nepexoaut B cnyyae, ecnu HanpshkeHue Ha Bbixoge VBl
CTaHOBUTCA TakMM ManeHbKMM, YTO BbINPAMUTENb OKa3blBaeTCs He B COCTOSIHUWM NUTaTb UHBEPTOP
TpebyembiM TOKOM, UMW BbINPAMUTEND HE MOXET NUTaTb MHBEPTOP MO APYron NpuUYMHe, HanpuMmep us-
3a nonomku. MNMpogomkmtensHocTb paboTbl MBI oT 6aTapen 3aBMCUT OT eMKOCTU 1 3apsiga bGaTapew,
a TaKxe oT Harpysku UBIT.

e Korpa kakoW-HMOyab MHBEPTOP BbLIXOAWUT M3 CTPOS UMW UCMbITbIBAET neperpy3ky, NBI 6e3pa3pbiBHO
nepexoamT Ha pexum paboTbl Yepes cTaTuyeckuin bannac. Harpyska nutaeTca NnpocTo OT ceTu vepes
BXO[ cTaTnyeckoro bannaca, KOTOpbI MOXET CoBMnaaaTe UMM He COBNafaTb CO BXOAOM BbINPSAMUTENS
WBIT.

e Ecnn tpebyetca obecnyxmeaHue VMBI, Hanpumep ana 3ameHbl 6atapeun, To VBl nepekntoyaloT Ha
cepBUCHbIM Gannac. Harpyska nutaetca oT cetu, a Bce uenu WUBI, kpome BXOOHOrO BbIKNOYaTENS
cepBuCHOro Gavinaca v BbIXOAHbLIX BbIKIHOYATENEN OTAENEHbl OT CETUM U OT Harpysku. Pexum paboThbl
Ha cepBUCHOM bGannace He siBnsieTcs obsasatenbHbiM Ans Hebonbwnx ogHodasHbix MBI ¢ ABOMHbIM
npeobpasoBaHuem. TpexdasHbli MBI 6e3 cepBrcHoro 6annaca HeEMbICIUM.

HapexHocTb

TpexdasHblie VBl 0bbluHO NpegHasHavaTes ANst HENPEpPbIBHOW KPyrnocyToyHon paboTbl. PaboTta Harpyskm
JormkHa obecnevmBaTbCs NPaKTUYECKU NpuU MobbIx cOosix NUTaHus. MNoaTomy K HagexHocTH TpexdasHbix NBI
NpeabsaBAsaTCA O4eHb Bbicokne TpeboBaHus. BoT HekoTopble NpueMbl, C MOMOLLbIO KOTOPbIX NPOU3BOAUTENN
TpexdasHblx WBIM moryT yBenuumBaTb HaAeEXHOCTb CBOeW npoaykuuwn. [pumeHeHve pasgenuTenbHbIX
TpaHcdopmaTopoB Ha Bxoge n/mnu Bbixoge UBI yBenuumneaeT yctonumsocTb MBI K ckadkam HanpsbkeHus m
Harpy3ku. BxogHow ppoccenb He Tonbko obecneumBaeT «MSArkUiA 3anyck», HO u 3awmwaetr WMBI (n, B
KOHEYHOM cyeTe, Harpysky) oT o4deHb ObICTPbIX M3MEHEHMI (CKAaYKOB) HaNpsXXeHusl.

O6bIuHO hmpMma BbinyckaeT uenbii psg VB pasHon mowwHocTU. B AByx nnu Tpex «CoceaHuX Mo MOLLHOCTMY
MBI atoro psiga 4acTo MCNOMb3YHTCA OOHWU U TE Xe NONynpPOBOAHMKN. Ecnn aTo Tak, TO MEHee MOLLHbIN 13
aTmx AByx unu Tpex MBI nmeeT 3anac no npegenbHOMY TOKY, U MO3TOMY HECKONbKO Oornee HadexeH.
HekoTopble TpexdasHbie MBI nmetoT NoBbILLEHHYHO HA4EXHOCTb 3a CYET pe3epBUPOBaHUSA KakMX-NTMBO CBOMX
uenen. Tak, HanpumMep, MOryT pe3epBMPOBaTbCS: CXxeMa ynpaBneHust (MMKponpoleccop + MnaTtbl «KeCTKON
NOrMKNY ), LEenn ynpaeneHus CUNoBbIMU MONYNPOBOAHMKAMU N CaMy CUIOBbIE NONyNpoBoAHWMKK. baTapes, kak
yacTtb MBI Toxxe BHOCUT CBOWM BKNag B HagexHocTb npubopa. Ecnun y VBl nveetcss BO3MOXHOCTb MMBKOro
Bolbopa 6artapeu, TO MOXHO BblbpaTb 6onee HagexHbli BapuaHT (GaTtapes 6onee W3BECTHOrO
npom3BoANTENSs, C MEHbLLMM YUCITIOM COEANHEHUNR).



Mpeobpa3oBatenu 4YacToThbl

YacToTa HanpspKkeHWst NEPEMEHHOrO TOKa B 3NEKTPUYECKMX CETSIX pasHbiX CTpPaH He 0bsi3aTenbHO O4MHAKOBA.
B GonbwunHcTBe cTpaH (B ToM 4dncne n B Poccuun) pacnpoctpaHeHa vactota 50 'y. B HekoTopbIX cTpaHax
(Hanpumep B CLUA) yactoTa nepemMeHHOro HanpsikeHuss paBHa 60 u. Ecnu Bbl kynunm obopyanoBaHue,
paccuntaHHoe Ha paboTy B amepukaHckon anektpudeckonm cetu (110 B, 60 lu), TO Bbl AOMKHbI KaKMM-TO
06pa3om npucnocobuTb K HEeMy Hally anekTpuyeckytlo ceTb. lNpeobpas3oBaHue HanpsKeHUs He SBNsSeTcs
npobnemon, gns 3Toro ectb TpaHcdopmatopbl. Ecnv obopygoBaHue OCHAWEHO WMMNYIbCHBIM  GrIOKOM
NUTaHUS, TO OHO He YYBCTBUTENbHO K YaCcTOTE U ero MOXHO MCNonb3oBaTh B ceTu ¢ YactoTon 50 'y. Ecnuv xe B
coctaB 00opyAoBaHMA BXOAAT CUHXPOHHbLIE 3MekTpoABuratenu WNu WHoe YyBCTBUTENbHOE K 4YacToTe
obopynoBaHve, Bam HyxeH npeobpasoBatenb 4actoTbl. WBI ¢ [BOMHbIM nNpeobpa3oBaHWEM 3SHepruu
npeacTasnseT cobow NoYTN roToBbIN NpeobpasoBaTenb YacToThI.

B camom pene, Begb BbinpsamuTens atoro MBI moxeT B npuHuMne pabotaTb Ha OAHOM 4YacToTe, a MHBEPTOP
BbldaBaTb Ha CBOEM BbIxode Apyryt. ECTb TONbkO OAHO MpUHUMNMAaNbHOE OrpaHnyeHne: HEBO3MOXHOCTb
CUHXPOHU3aLUMN MHBEPTOpa C NUHMEN cTaTudeckoro Garinaca m3-3a pasHblX 4YacTOT Ha BXOAE M Bbixode. ATO
nenaet npeobpasoBaTenb 4acTOTbl HECKONIbKO MEHee HageXHbiM, Yyem cam no cebe WMBIT ¢ gBoiHbIM
npeobpasoBaHveM. [pyras 0cobeHHOCTb: npeobpa3oBatenb 4acTOTbl [JAOMMKEH WMETb  MOLLHOCTb,
COOTBETCTBYIOLLY MaKCMMarnbHOMY BO3MOXHOMY TOKY Harpysku, BKNHOYad BCe CTapToBble U aBapUNHble
3abpocbl, Beab Yy npeobpasoBaTensd 4acToOTbl HET cTatudeckoro barnaca, Ha KOTOpbIA cuctema morna Obl
nepekniYNTLCH Npu neperpyske.

[ns nsrotoBneHust npeobpasoBartens YactoTbl U3 TpexdasHoro MBI Hy>kHO pa3opBaTb Lienb CUHXPOHMU3aUNK,
ybpaTtb ctatudeckmin 6arnac (unu, BepHee, He 3akasbliBaTb €ro NP NocTaeke) N HacTpouTb uHBepTop VBI Ha
paboty Ha 4yactote 60 u. Ona GonbwwuHcTBa TpexdasHbix WBIM aTto He npeacrtaBnser npobnembl, u
npeobpasoBaTerib YacToTbl MOXET ObITb 3akasaH NPOCTO NPW MNOCTaBKe.

MBI ¢ ropsumm pesepBrMpoBaHuemM

B HekoTOpbIx cry4yasix HagexXHOCTU Jaxe camblx nydwux MBI HegoctatouHo. Tak ObiBaeT, korga cbowm
NUTaHMA NPOCTO HEeLOoMNyCTUMbl M3-3a HeobpaTMMbIX MOCNEACTBMI UMK oveHb Gonblwmx notepb. O6bIMHO B
Taknux crnydasx B TEXHUKE MNPUMEHAT AybnupoBaHue wunu MHOroKpaTHOe pesepBupoBaHve 6nokos, OT
KOTOpbIX 3aBUCUT HaAEXHOCTb cucTembl. ECTb Takas BO3MOXHOCTb W AnA TpexdasHbIX WCTOYHWUKOB
becnepebonHoro nutaHusa. Oaxe ecnn B koHcTpykumto UMBI cTaHgapTHO He 3anoXeHo pe3epBupoBaHue
y3noB, 6GonblwKMHCTBO TpexdasHbix WBI pgonyckaloT pesepBupoBaHWe Ha 6ornee BbLICOKOM YpOBHE.
Pesepsupyetca uenukom UBIT. Mpoctenwmm cnyvyaem pesepsupoBaHus VBl aenaeTcs ncnonb3oBaHue AByX
06bI4HbIX cepuiiHbix MBI B cxeme, B koTopor oavH MBI nogkntodeH k Bxoay 6arnaca gpyroro VBI.
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Puc. 19a. NocnedosamenbHoe coeduHeHue 08yx mpexghasHbix UBI

Ha pucyHke 19a npuBegeHa cxema ABYX nocrefoBaTternibHO coeanHeHHbIM TpexdasHbix VBT, Onsa ynpoweHns
Ha pUCYHKe MpuUBEAEHa, Tak HasblBaeMasi, O4AHONMMHENHAs CXeMa, Ha KOTOpPOM TPeM NnpoBogaM TpexdasHon
CUCTEMbI NMEPEMEHHOro Toka COOTBeTCTBYeT ofdHa NuHMSA. OOHOMMHENHbIE CXEMbl 4acTO MPUMEHSIOTCS B



cnyyasix, koraa oCO6eHHOCTU TpexdasHoW CEeTU He HaknaabiBalT OTNEYaTOK Ha CBOMCTBA pacCcMaTpMBaeMOro
npnbopa. O6a WBI noctosHHo pabotatot. OcHoBHoM WBI1 nutaeT Harpy3ky, a BcnomoratenbHbii UBI
paboTaeT Ha xomoctom xopy. B cnyyae Bbixoga m3 cTtpos ocHoBHoro MBI, Harpyska nutaeTcd He oOT
crtatudeckoro 6arnnaca, kak B obeldHOM WBI, a ot BcnomoratensHoro VIBIM. Tonbko npu Bbixoge w3 CTpos
BTOoporo VB, Harpy3ka nepekrnoyaeTcsa Ha paboTy oT cTaTudeckoro 6annaca.

Cucrtema u3 ABYX nocnegoBatesibHO COeANHEHHbIX MBI moxeT paGOTaTb Ha WeCTn OCHOBHbIX peXXnmax.

A.HopmanbHas paboTta. Beinpamutenu 1 u 2 nutatoT nieepTopsbl 1 1 2 1, Nnpu Heob6XoANMOCTM 3apsKatoT
faTtapen 1 1 2. luBepTop 1 NOAKMIOYEH K HArpy3ke (CTaTuyeckuin BelkrnovaTenb nHeepTopa 1 3amkHYT) u
nMTaeT ee CTabuMnU3MpoBaHHbLIM 1 3alLMLLIEHHBIM OT COOEB HanpsbkeHneM. ViHBepTop 2 paboTaeT Ha XOnoCcToM
X0y M rOTOB «NOAXBaTUTL» HArpy3ky, ecnv uHseptop 1 BeingeT u3 ctpod. Oba craTudeckyx BblknoyaTens
fannaca pasoMKHYyTbI.

[ns obbiyHoro MBI ¢ ABONHBIM Npeobpa3oBaHNEM Ha pexume paboTkl OT ceTn AoNyCTUM (NP COXpPaHEHWN
rapaHTMPOBaHHOIO NUTaHWs) TOMbKO 0auH cbor B cucteme. Atum cboem moxeT BbiTb MMbO BbIXOA 13 CTPOS
anemeHTa VMBI (Hanpumep uHBepTopa) nnv cOomn anNeKTpUYecKon ceTu.

[ns aByx nocnenoBaTenbHO coeanHeHHbIx MBI ¢ Ha aTom pexvme paboTbl 4OMYCTUMBI ABa CO0S B cMCTEME:
BbIX0J U3 CTPOsi Kakoro-nmbo anemeHTa ocHoBHoro MBI n cbon anekTpuyeckon cetu. Jaxe npu
nocrnefoBaTensHOM UM OQHOBPEMEHHOM BO3HWKHOBEHMM ABYX C60OeB NuTaHue Harpysku 6yaet
NpoAoMKaTbCa OT UCTOYHMKA rapaHTUPOBAHHOTO NMUTaHWS.

B. Pabota ot 6atapeun 1. Beinpsmutenb 1 He MOXeT NuTaTb MHBEPTOpP M GaTapeto. Yalle Bcero ato
NPOUCXOOUT M3-3a OTKIMIOYEHUSA HaNPSXKEHUS B ANEKTPUYECKON CETU, HO NMPUYMHON MOXET ObiTb 1 BbIXOA U3
cTpos BeinpsMuTens. CocTosiHne nHBepTopa 2 B 3TOM Cllyyae 3aBuCUT OT paboTel Beinpsimutens 2. Ecnu
BbINpAMUTENb 2 paboTaeT (Hanpumep OH NOAKMOYEH K APYrON 3NEKTPUYECKON CETU UNN OH UCMpaBeH, B
oTnn4mne oT BeinNpsAMUTens 1), TO MHBEPTOP 2 Takke MoXeT paboTaTtb, HO paboTaTb Ha XONOCTOM XOAY, T.K. OH
«He 3HaeT», 4YTo ¢ nepsbiM VBl cuctembl 4To-TO cnydmnocs. [ocne ncyepnaHusa 3apsiga 6arapeu 1, nHBepTop
1 OTKMIOYMTCHA U CMCTEMA NoCTapaeTcs HanTU APYroi UCTOMHUK 3NeKTpocHabxeHns Harpy3ku. ViM, BeposaTHo,
oKaxeTcsa nHBepTop2. Torga cuctema nepengeT K Apyromy pexvmy paboTbl.

Ecnun B ocHoBHOM VB[ BO3HUMKaET elle ogHa HEUCNPaBHOCTb, UM 6aTapest 1 NONHOCTLIO paspskaeTcsd, TO
cucTema nepekntoyaeTcs Ha paboTy ot BcnomorartensHoro UBIT.

Takmm obpasom gaxe npu AByx c6osAx: HemcnpaBHOCTM ocHoBHOro MBI n cboe ceTn Harpyska npogormkaeT
NUTaTbCA OT UCTOYHMKA rapaHTUPOBAHHOIO MUTAHUS.

B. Pa6oTta ot nHBepTopa 2. B aToM cny4yae nHBepTop 1 He paboTaeT (U3-3a BbIxOA4a U3 CTPOS MU MOSTHOrO
paspsga 6atapeu1). CBU1 pasomkHyT, CBB1 3amkHyT, CBW2 3amMkHyT u uHBEpPTOp 2 nuTaeT Harpysky.
BbinpsiMuTens 2, ecnv B CETU eCTb HanpsikeHuwe, a caM BbINpSIMUTENb WCMpaBeH, NUTaeT WMHBEPTOP W
baTapeto.

Ha atom pexume paboTbl gonyctum oguH cbonm B cucteme: cbon anekTpuyeckon cetu. MNpu BO3HUKHOBEHUN
BTOpPOro cbosl B cnucteme (BbIXOAE M3 CTPOS kKakoro-nubo anemeHTa BcnomoratensHoro MBI) anektponutaHune
Harpyskv He npepbiBaeTCsl, HO Harpyska NMTaeTcst y)ke He OT UCTOYHMKA rapaHTUPOBaHHOIO NUTaHWS, a Yepes
cTaTuyeckuin 6annac, T.e. NONPOCTY OT CETU.

. Pabota ot 6Gatapeu 2. Haubonee 4acto Takas cuTyauuss MOXET BO3HUKHYTb MOCME OTKIOYEHUS
HanpsbkeHnss B CETM W MonHoro paspsga Gartapen 1. MoxHO npuaymatb M Bonee  3K30TUYECKYHD
nocrenoBaTtenbHOCTL coObITUA. Ho B ntobom cnyyae, MHBEPTOP 2 NUTAET Harpyrky, NUTasCb, B CBOK OYepenb,
oT 6aTapen. ViHBepTop 1 B 3TOM criyyae oTkntoyeH. BeinpsimuTens 1, ckopee Bcero, Toxe He paboTaeT (xoTs
OH MOXeT paboTaTb, eCrn OH UCNPABEH U B CETU ECTb HanNpsiXXeHue).

MNocne paspaga 6aTapeun 2 cucTeMa nNepeknounTcs Ha paboTy oT cTaTudeckoro Gaiinaca (ecnu B ceTu ecTb
HOpMarnbHOE HanpsKeHne) UM 06ecToUnT Harpysky.

. PaboTta 4epes cratudeckuii 6avnac. B cnyyae Bbixoaa u3 ctpos 060Mx MHBEPTOPOB, CTaTUYECKUE
nepekntovatenu CBN1 n CBN2 pasmbikatoTcs, a ctatndeckue nepekntovatenn CBb1 n CBB2 3amblikatoTcs.
Harpyska Ha4YMHaeT nuTaTbCs OT ANEKTPUYECKON CeTH.

Mepexop cucTeMbl k paboTe Yepes cTaTudeckuii Ganac NPoMCXoanT Npu neperpyske CUCTeMbI, MOMHOM
paspsie Bcex 6atapei Unu B criydae BbIXo4a U3 CTPOS ABYX MHBEPTOPOB.

Ha aTom pexrme paboTbl BbINPAMUTENN, €CNN OHM UCNPaBHbI, NoA3apshxkatoT 6aTapen. MHBepTopbl HE
paboTatoT. Harpyska nutaeTcst yepes ctatuyeckuin barvinac.

MepekntoyeHne cuctemel Ha paboTy Yepes ctaTnyeckun barnac npovncxoamT 6e3 NpepbiBaHUSA NUTaHUS
Harpysku: npu HeobXxoaAMMOCTM NepPEKYEeHNs cHavana 3aMbikaeTcs TMPUCTOPHbIV NepeknoYaTenb
cTaTuyeckoro bannaca, v TONbKO 3aTEM pa3MblKaeTCH TUPUCTOPHBIN NepekntioyaTenb Ha BbIXode TOoro
WHBEPTOPA, OT KOTOPOro Harpy3ka nutanack nepen nepekntoveHmeM.



E. PyuHol (cepBucHbI) 6arinac. Ecnu MBI Bbiwen 13 cTpos, a 0TBETCTBEHHYIO Harpy3ky Henb3s 06ecTounTb,
T0 06a UBI cuctembl ¢ cobnogeHnem cneumnansHom npoueaypsl (kotopasa obecnednBaeTt 6e3paspbiHoe
nepeknYeHne) NepeKoYalT Ha py4YHor Garnac. Nocne 3Toro MOXHO NPou3BoAnUTbL peMoHT VBT,

MpeumyLLecTBOM pacCMOTPEHHOM CUCTEMBI C NocregoBaTenbHbIM coeanHeHnem asyx UBI sensaetcs
npocTtoTa. He HyXHbl HUKakue OONOMHUTENbHbIE 3NeMEHTbI, Kaxabi 3 VBl paboTaeT B CBOEM LUTATHOM
pexume. C TOYKN 3peHNs HAOEXHOCTH, 3Ta CXeMa COBCEM He MIoxXa:- B HEN HET HUKaKOW NULLHEN, (CBA3aHHON
C pe3epBrMPOBaAHNEM) 3NEKTPOHUKM, COOTBETCTBEHHO M MEHbLLIE Y310B, KOTOPbIE MOTYT BbIATU U3 CTPOSI.

OgpHako y Takoro coeguHerusa VBl ectb 1 HegocTaTku. BOT HEKOTOpbIE U3 HUX.

1. Tlokynas Takyto cuctemy, Bbl MOKynaeTe BTOpow bannac (Ha Hawel cxeme — OH nepBbii — CBB1),
KOTOpbI, BOOOLLE rOBOPS, HE HYXEH — Be[b BCe He0OX0auMbIe NePEeKYEHNss MOryT ObITb
nponsseneHsl 1 6e3 Hero.

2. Becb BTOpou VBl BbiNnoNHseT ToNbKo 0AHY yHKUMIO — pe3epBupoBaHue. OH noTpebnser
3MNeKTPo3Hepruto, paboTasi Ha XONoCTOM XoAy M BooOLLe He AenaeT HMYero NonesHoro (pasymeeTcs
3a VCKIYeHneM Toro BpemeHu, korga nepsbii VBl oTkasbiBaeTcs nutatb Harpysky). HekoTopble
npovsBoanTENV npegnaratT «roToBble» cuctemsl UBI ¢ ropsaymm peseperpoBaHMeM. 3TO 3HAYWT,
YTO Bbl MOKyMaeTe CMCTEMY, crneLuunanbHo (eLwe Ha 3aBofe) UCMbITaHHY B PEXUME C ropayYnm
pesepBupoBaHneM. CxemMa Takon cuctemMbl NpuBegeHa Ha puc. 196.
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Puc.196. TpexgpasHbili MBI ¢ eopadum pesepsuposaHuem

MpuHUMNManbHBIX OTAIMYMI OT CXeMbI C nocnefoBaTenbHbiM coeamnHernem VBI HemHoro.
1. Y BTOporo VMBI otcyTcTByeT Gawnnac.

2.  [Ans cnHXpoHu3auun mexagy MHBepTopom 2 n 6arinacomM nosBnsieTcs cneunanbHbli
MHGOPMaLMOHHbIV kKabenb mexay MBI (Ha pucyHke He nokasaH). MNoaTtomy Takon VBT ¢ ropsunm
pe3epBnpoBaHMEM MOXET paboTaTb Ha TeX XKe LLUECTU pexumax paboTbl, YTO U cucTtema c
nocnegosartenbHbiM nogkntodeHnem asyx UBMT. MNMpeumyectso «rotosoro» UBIT ¢
pe3epBUPOBaHNEM, NOXanyi TONbKO OAHO — OH UCMbITaH Ha 3aBO4E-NPOM3BOANTENE B TOM Xe
KOMMJeKkTaunm, B KOTOPon ByaeT aKCnnyaTMpoBaTbCS.

[Ins pacMOTPEHHBIX CXeM C pe3epBUMPOBaHWEM MHOrA4a NMPUMEHSIIOT OJHO BaXKHOE ynpolleHve cucTeMbl. Begp
MOXHO OTKa3aTbCs OT PE3epPBMPOBAHUSA aKKyMYIsiTOPHOW GaTtapen, COXpaHUB pe3epBUPOBaHNE BCEW CUINOBOW
aneKkTpoHukn. B atom cnyvae o6a MBI 6yayTt pabotatb oT ogHon Gatapen (06a Bbinpamutens GyayT ee
3apsbkatb, a 06a MHBEpTOpa NUTaTbCA OT Hee B crnyvae cbos anekTpuyeckorn cetu). MNpumeHeHne cxembl C
obwen 6eTapeen No03BONAET CIKOHOMUTbL 3HAYUTENBbHYIO CYMMY — CTOMMOCTbL BaTapew.

HepoctaTkoB y cxembl ¢ 06Len 6aTtapeen MHOro:
1. He Bce NBI1 moryT paboTtaTh ¢ 0bwen 6atapeen.

2. barapes, kak n gpyrve anemeHTbl VIBI obnagaet KOHEYHOW HadeXHOCTbI. Bbixod 13 cTpos ogHoro
aKKymynaTopa Mnu noteps KOHTakTa B OOHOM COeAMHEHUM MOryT cgenatb Bcto cuctembl VMBI ¢
ropsiinm pesepBupoBaHne 6ecrnonesHom.



3. B cnyyae Bbixoga 13 cTposi 04HOro BuiNpAMUTENS, obasa 6aTtapes MoXeT ObiTb BbiBeAEHA U3 CTPOS.
3TOT nocrnegHuWii HELOCTATOK, HA MOV B3rNsA, SIBNSETCS peLlalowmm ansa oblei pekoMeHaauum — He
NPUMEHSITb CXEMbI C 00LLel GaTapeel.

MapannenbHasa pabota Heckonbkux UBI

Kak Bbl Mornun 3ameTuTb, B cinyyae ropsdero pesepsupoBaHusa, UBI pesepsupyetcs He uenuvkom. bawnac
ocTtaetca obwum ans obomx MBI, CywecTtByeT gpyras BO3MOXHOCTb pe3epBUpOBaHMSA Ha ypoBHe WBIT —
napanneneHaa pabota Heckonbkux WBI. Bxogbl n Bbixoabl Heckonbkux MBI nogkntodaTcs K obwmm
BXOAHbIM U BbIXOAHbIM WwnHaMm. Kaxabin VBl coxpaHsaeT BCe CBOWM 3neMeHTbl (MHOr4a KpOMe CEPBMCHOMO
bannaca). [oaTtoMy BbIXO4 W3 CTpos cTatuMdeckoro ©Oamnaca pgns TakoW CUCTEMbl MPOCTO  MenkKas
HEeNnpUATHOCTb.

Ha pucyHke 20 npuBeageHa cxema napannensHon paboTel Heckonbkux VBIT.
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Puc.20. NapannensHas paboma B[

Ha pucyHke npuBegeHa cxema naparnnenbHOW CUCTeMbl C pa3fenbHbiMUM CepBUCHbIMKM Bannacamu. Cxema
cuctema ¢ obwum Gawinacom BronHe sicHa M 6e3 uepTexa. Ee ocobeHHOCTbIO sBNSeTcs TO, 4TO ANA
nepeknyeHns cCUCTEMbl B LLleNIOM Ha CepBUCHbIN Barnac Hy>XHO ynpaBnaTb OOHWM Nepeknioyatenem BMecTo
Heckonbknx. Ha pucyHke npegnonaraetcs, yto mexay UBIM 1 n MBI N Moryt pacnonaratecs gpyrve WBI.
PasHble npousBoauTento (M Ans pasHbiX MOAENen) YCTaHaBNMBAlOT CBOM MaKCMMallbHble KOnu4ecTBa
napannebHo paboTtatowux UBIM. Hackonbko MHe M3BECTHO, 3Ta BennynHa nameHsietca ot 2 go 8. Bce MBI
napannenbHo cuctembl paboTarT Ha 06wy Harpy3ky. CymmapHasi MOLLHOCTb MapannernbHON CUCTEMBbI
paBHa npou3BegeHuio MowHoctu opgHoro WBI Ha konuvectBo WBIT B cucteme. Takum oGpasom
napanneneHasi pabota Heckonbkux VBIMT MOXeET NPpUMEHSITBCS (M B OCHOBHOM MPUMEHSIETCH) HE CTOMbKO AN
yBENUYEHUS HaeXHOCTH cucTeMbl 6ecnepeboHOro NUTaHUs, HO ANS YBENMUYEHUS €€ MOLLHOCTH.

PaccmoTpum pexnmbl pa6oTbl NapannenbHON cUCTEMbI
HopmanbHas pa6ota (pa6ota oT ceTn). HagexHocTb

Korpa B cetu ecTb HanpsxeHne, OoCTaTovyHOe And Hopmaanoﬁ pa6OTbI, BbINpAMUTENN BCeX MBI
npeoGpaswa nepeMeHHoe HanpaxeHne ceTun B MNOCTOAHHOE, 3apsXad 6aTapeM n nutaad WHBEPTOPDbI.



MHBepTOpbl, B CBOK O4vepedb, NpeobpasytoT MOCTOSHHOE HanpsikeHWe B MEpPEMEHHOE W NUTaKOT Harpysky.
CneuvanbHaa ynpaBnsowas 9neKkTpoHWKa napannenbHoW CUCTeMbl Ccregut 3a  paBHOMEPHbLIM
pacnpegenenvemMm Harpyskm mexgy WBI. B HekoTtopbix WBI1 pacnpegeneHve Harpyskun wmexgy WBI
npoussognTcs 6e3 Mcnonb3oBaHMsA cneumanbHON napannenbHOW 3NeKTPOHUKK. Takue npubopbl BbinycKaloTcs
«rOTOBbIMM K MapannenbHon paboTe», U ANS MCNOMb3OBaHUSA WX B NapannenbHOW cucTemMe OO0CTAaTOYHO
YyCTaHOBUTb MnaTty cuHxpoHu3aumn. Ectb n UBI, paboTatwme napannensro 6e3 cneunanbHON 3NEKTPOHNUKM.
B Takom cnyyae konunyecTBo napannensHo paboTatowmx NBIM — He 6onee aByx. B paccmaTtprnBaemom pexnme
paboTbl B cucteMe [OMyCTMMO Heckonbko cboeB. WX konuuyectBo 3aBucut oT uucna WBI B cucteme wm
OEVNCTBYIOLLEN HarpysKku.

Myctb B cucteme 3 UBIT mowHocTeio no 100 KBA, a Harpy3ka pasHa 90 kBA. Npn TakoM COOTHOLLEHWUM Ymcna
MBI n nx moLwiHocTen B cucteme AoNyCcTUMBI cregytoLmne cbon.

C6o1 nuTaHus (MCYe3HOBEHMEe HamnpsKeHUs B ceTH)

Bbixogq 13 cTpos nwboro n3 WHBEPTOPOB, CKaxem pAns onpegeneHHocTn, wuHBepTopa 1. Harpyska
pacnpegensietca mexay asyms gpyrumu UBM. Ecnu B ceTn ecTb HanpsbkeHwe, BCe BbINPAMUTENU CUCTEMBI
paboTatoT.

Bbixog 13 cTpost MHBepTopa 2. Harpyska nutaeTcs OoT MHBepTopa 3, MOCKOMbKY MOLLHOCTb, noTpeGnsemas
Harpy3kom MeHblle MoLHOCTM oaHoro MBI, Ecnu B ceTu ecTb HanpshkeHue, BCE BbIMPAMUTENMU CUCTEMBI
npogomnxarT paboTaTb.

Bbixog n3 ctpos nHeBeptopa 3. Cuctema nepekntovaeTca Ha paboTy yepes ctatudeckun bawvinac. Harpyska
nuTaeTcs HanpsMyto oT ceTu. MNpy HanNUYUM B CETU HOPMASIbHOTO HaMPSKEHWsI, BCE BbINPSAMUTENN paboTatoT u
npogonkaroT 3apsxatb 6atapeu. Mpu ntobom nocneaytoem cboe (Nonomke ctatnyeckoro bannaca unu cboe
CETW) NUTaHME Harpy3ku npekpawlaeTcs. [ina Toro, 4Tobbl NapannenbHas cuctema gonyckana 60sbLoe Y1Cno
cboeB, cuctema gomkHa bbiTb CUNBHO HELOrpy)XeHa U OoIkHa BKYaTh bonblwoe yncno MBI, Hanpumep,
€CInn Harpyska B NpuBedeHHOM Bbille npumepe OyaeT coctaenaTb 250 kBA, To cucTtema AonyckaeT TOMbKO
ofuH cboli: cbor ceTn nnm NonomMKy MHBepTopa. B oTHOLWeEHMM KonuyecTBa JoNyCTUMbIX COOEB Takas cuctema
aKBMBaneHTHa oguHo4HoMy WBII. 310, KCTatu, He 3HA4uT, YTO HALEXHOCTb TaKOW MapannenbHOW CUCTEMBI
Oynet Takas xe, kak y oguHoyHoro MBI, OHa OygeT Huke, MOCKOMbKY MapannenbHasi cuctema HaMHOro
cnoxHee oguHouyHoro WBIT wn  (MpM nodtM npegenbHOW Harpyske) He WMeeT  OOMOfHUTENbHOro
pe3epBUPOBAHUSA, KOMNEHCUPYIOLLLETO 3TY CITOXHOCTb.

Bonpoc HagexHocTn napannensHon cuctemsl MBI He moxeT 6biTb pelleH ogHO3HaYHO. HagexxHoCTb 3aBucut
oT 6onbloro yncna napameTpoB: konundectBa UBI B cucteme (npuyem yBenuuenve komnudectea MBI go
B6eCKOHEYHOCTU CHWKaeT HaAEeXHOCTb — CUCTEMa CTaHOBMUTCH CIIULLKOM CIOXHOW W CMOXHO yrnpaBnsiemMon —
BMPOYEM MaKCMMasribHOE KOMMYECTBO NapanmnenbHo paboTarolwmx Moaynen Ans m3BecTHbiX MHe WMBIT He
npesblwaeT 8), HarpyskM cCUCTEMbl (T.€. COOTHOLUEHWS HOMWHANbHOW CYMMapHOW MOLUHOCTU CUCTEMbI Y
OeVCTBYIOLLEN Harpyskun), MPUMEHEHHON CXEMbI NapannensHon paboTsl (T.e. eCTb NM B CUCTEME CrieLnanbHas
3NeKTpoHUKa anga obecneyerns pacnpegenerHns Harpy3km no MBIT), TexHonornm paboTel Npegnpuatns. Takum
06pa3om, ecnu eOMHCTBEHHOWN LIENblo ABMSETCS YBENMYEHUE HaOEeXHOCTU CUCTEMbI, TO crneayeT CepbesHo
paccmoTpeTb BO3MOXHOCTb MUcnonbs3osaHue VBl ¢ ropsaumm peseperMpoBaHueM — ero HagexXHoCTb He 3aBUCuT
OT OBCTOSTENBLCTB U B CUMY OTHOCUTEMbHOM MPOCTOTHI CXEMbl MPaKTUYECKU BCEraa Bbille HaAeXHOCTH
napannenbHOW CUCTEMbI.

HeporpyxeHHasa cuctema m3 Heckonbkux napannensHo pabotawowmx WUBI1, koTopas cnocobHa peanv3BaTb
OMMCaHHyl0 Bbllle [IOrMKYy yhNpaBneHWs, 4YacTo Takke Ha3blBaeTca napanfenbHOM CUCTEMOW C
pesepBupoBaHMEM.

PaboTta c YacTu4HOM Harpy3Kom

Ecnun Harpy3ka napannenbHOM CUCTEMbI TakoBa, YTO C HEW MOXET CNpaBMTbCA MEHbLUEe, YeM €CTb B CUCTEME
konuyecteo MBI, To nHeeptopbl «nuwHUx» UBIT MoryT GbiTh OTKNoYeHbl. B HekoTopbix VBl Takas norvka
ynpaBneHns Nogpa3yMeBaeTcs MO YMONYaHUIo, a Apyrve moaenu BoobLle NULWEHbl BO3MOXHOCTU paboThl B
Takom pexume. VHBepTOpbl, OCTaBLIMECH BKIIOYEHHbIMW, MUTaOT Harpysky. KoadduumeHT nonesHoro
OEencTBMA CUCTEMbI NPU 3TOM HECKONbKO Bo3pacTaeT. O6bIYHO B 3TOM pexume paboTbl npegycmatpuBaeTcs
HekoTopasi M36bITOMHOCTb, T.€. KONMYECTOB paboTatowmx MHBEPTOPOB Borblue, YemM HeOBXoANUMO OIS NUTaHUA
Harpy3ku. Tem cambiM obecnednBaeTca pesepBupoBaHMe. Bce BbInpAMUTENN CUCTEMbI NPOOOIDKAKOT
paboTaTb, BKMo4as Bbinpsamutenu Tex MBI, nHBEPTOPbLI KOTOPbIX OTKITHOYEHbI.

Pa6oTa ot 6aTtapeu

B crnyyae MCYE3HOBEHUSI HANpsHKeHUs! B NEeKTPUYecKol ceTu, napannernbHas cuctema nepexoguT Ha paboTy
oT Gatapeu. Bce BbinpsAMUTENN cUCTEMbl HE paGoTaloT, MHBEPTOPbI MUTAIOT HArpysky, nomnydyas SHepruo ot
GaTapen. B aTom pexvme paboTbl (€CTECTBEHHO) OTCYTCTBYET HanpsKeHUe B 3MEeKTPUYECKON CeTU, KoTopoe
npyu HopmanbHoi paboTe Obino Ans MBI He TONMbKO WMCTOYHUKOM SHEPrMW, HO U UCTOYHWKOM CUrHamna



CMHXPOHM3aLMN BbIXOAHOTO HanpshkeHus. MoaTomy pyHKUMIO CUHXPOHM3auun GepeT Ha cebsa cneumansHas
napannenbHas 3NeKkTpoHWKa unu BbixogHasa uenb WBIT, cneunanbHO OpMeHTUMPOBaHHAs Ha NOAAepXaHue
BbIXOOQHOM 4acToTbl U pasbl B COOTBETCTBMM C 4acTOTOM M (ha3oM BbLIXOAHOrO HaNpPsKEeHWA napannenbHo
paboTtatowero NBI.

Bbixoa us CTpOA BbiNnpaAMutTens

OTO pexvM, Npy KOTOPOM BbILLMY U3 CTPOS OAMH UMM HECKOIbLKO BbinpsAMuTenei. MBI, BeInpAMUTENN KOTOPbIX
BbILLMM M3 CTPOS, NPOAOIKAIT MUTaTb Harpysky, pacxogys 3apsg cBoen 6atapen. OHu BblgaeT curHan
«HeucnpaBHOCTb Bbinpsamutensay». OctanbHble WBIT npogomkatoT pabotaTe HopmanbHo. [locne Toro, Kak
3apsg paspskatowmxcs G6atapevt ©yaeT MOMHOCTbIO McyepnaH, BCe 3aBUCUT OT COOTHOLUEHWS MOLLHOCTY
Harpyskm n cymmapHon mowHoctu MBI ¢ ucnpaBHbIMKM BbinpaMuTenamu. Ecnu Harpyska He npesbiiaeT
neperpysodHon cnocobHoctn atux MBI, TO nuTaHWe Harpysku nNpogosmkutcs (ecnn y cucTembl ocTancs
3HAYUTENbHbIA 3anac MOLLHOCTW, TO B 3TOM pexume paboTbl JOMYCTMMO €eLle HEeCKOnbKo cOoeB cuctemsl). B
cnydae, ecnun Harpyska WBI1 npeBblwaeT neperpy3oyHyto crnocobHocTb octaBwmxca WBI, 1o cuctema
nepexoauT K pexunmy paboTbl Yepes cTaTudeckuin bannac.

Bbixo4 U3 cTpos MUHBEpTOpa

Ecnn ocrtaBwvecs B paboTocnocOGHOM COCTOSIHUM WHBEPTOPbI MOMYT MNWUTaTb Harpysky, TO Harpyska
npoposkaeT paboratb, NUTascb OT HUX. Ecnv mowHOCTM paboTOCnOCOOHBbIX MHBEPTOPOB HEOOCTATOYHO,
cucTeMa nepexoauT B pexum paboTbl OT ctatudeckoro 6annaca. Beinpamutenn scex UBI moryT 3apsixaTtb
batapen, nnm MBI ¢ HeucnpaBHbIMW MHBEPTOPAMU MOTYT ObiTb MOSHOCTBIO OTKIHOYEHb! AN BbINOMHEHMUS
peEMOHTa.

Pab6oTa oT ctatnyeckoro 6annaca

Ecnu cymmapHOi MOLLHOCTU BCEX WCMpaBHbIX WHBEPTOPOB MapansenbHOM CUCTEMbl He [OCTaTOYHO ANS
noaaepxxaHua paboTbl Harpysku, cuctema rnepexogut k paboTe uyepes ctatuyeckuin Baiinac. CtaTudeckue
nepeknioyaTeny BCex MHBEPTOPOB PasoMKHYThI (MCMpaBHbIE MHBEPTOPLI MOTYT MpoaomkaTte pabotaTth). Ecnu
Harpy3ka yMeHbLUaeTCsl, Hanpumep B pesyrbTaTe OTKMoUYeHUs YacTu o6opyaoBaHus, napannenbHas cuctema
aBTOMAaTUYECKM NepekroyaeTcs Ha HopMarbHbIA Pexrum paboThbl.

B cnyuyae ogmHouHoro WBIT ¢ gBoriHbiM npeobpa3oBaHvem paboTa yepe3 cTaTudeckuin Gawnac senserca
npaKkTU4eckn nocrnefgHer BO3MOXHOCTbIO nogdepxaHus paboTel Harpysku. B camom gene, BeAb JOCTaTOYHO
BblXO04a M3 CTPOS CTAaTUYECKOro nepeknoyartensd, n Harpyska byaet obectouveHa. Npu paboTe napannensHowm
CUCTEeMbl 4epes3 cTaTudeckuii Bannac [onMycTUMO HekoTopoe KkonuyectBo cboeB cucTembl. CraTuyeckui
fannac cnocobeH BblgepxmnBaTb HaMHOro GOMbLUMI TOK, YeM MHBepTOp. [MoaToMy Aaxe B criydae Bbixoda U3
CTPOSi OOQHOrO UMM HECKOSbKUX CTaTUYeCcKUX Mepekniovatenen, Harpy3ka BO3MOXHO He ByaeT obecTouyeHa,
€CInn CyMMapHbIA AONYCTUMBIN TOK OCTaBLUMXCA paboTOCNOCOBOHBIMU CTaTUYECKMX NepekroyaTenel okaxeTcs
poctatoyeH ansa pabotbl. KOHKpeTHOe KonuyecTBO AONYCTUMbIX COOEB CUCTEMbI B 9TOM pexume paboTbl
3aBucut oT Ymcna MBI B cucteme, 4OMyCTUMOro Toka CTaTUYEeCKOro nepekniovaTens n BermynHbl Harpysku.

CepBucHbIN 6annac

Ecnn HyXHO npoBecTVM C napannenbHOW CUCTEMOW PEMOHTHbLIE WIM pernameHTHble paboThbl, TO cuctema
MOXET OblTb OTKMOYEHA OT Harpyskm C NMOMOLLLIO PYYHOro nepekntoyartenst cepBucHoro Gawnaca. Harpyska
nuTaeTcs OT CeTu, BCe 3NneMeHTbl napannenbHon cuctembl VBI, kpome Gartapen, obectoudeHbl. Kak u B
crny4ae CUCTEMbI C FOpsyYMM pe3epBMpOBaHMEM, BO3MOXEH BapuMaHT OAHOro obLiero BHELWHEro CepBMCHOIO
fbannaca unu HecKkonbknx cepBuCHbIX HGannacos, BCTPOEHHbIX B oTaenbHble VBI. B nocnegHem cnydae npwu
MCNoNb30BaHWM CEPBUCHOro Barinaca Hy>XHO UMEeTb B BUAY COOTHOLUEHWE HOMMHAIbLHOrO TOKa CEPBUCHOrO
fannaca n LENCTBYIOLLEN MOLLUHOCTM Harpy3ku. [OpyrMMu CrnoBamu, HYXXHO BKMYWTL CTONIBKO CEPBMUCHBIX
Oannacos, YTOOLI Harpy3ka He npeBbilana Ux cyymMmapHbI HOMUHanNbHbIX TOK.

naBa 8. OcHOBHbIe anekTpuyeckue napametpbl UBI

AnekTpuyeckune konebaHUsi U UX XapaKTePUCTUKN

Knaccuyeckne AneKTpnyeckne konebaHusi, BO3HUKaKOLLME HanpuMmep B konebatenbHOM KOHTYype Wi Ha
BbiIXOo4e reHepaTtopa nepemMeHHOro TOoKa, 4ABNARTCA rapMOHUYECKUMN. 3OTO 3HA4MT, 4YTO 3aBMCUMOCTb
WHTEHCMBHOCTU KonebaHus (MI'HOBeHHOFO 3Ha4YeHUA Hanps>XeHuna wunm TOKa) OT BpPEMEHU MOXeT ObITb
npeacrtaBrieHa rpa(bmquKM B Buae cuHycouabl. B peaanoﬁ XU3HU BUAO ocuuUniorpaMmbl HaNpsaXXeHna unu
TOKa MOXEeT HECKOSIbKO OTKMOHATbCA OT  YMCTOM cuHycounbl. nOCMOTpVIM, KakKmMn napamMeTpamu
Xapakrtepusyetca GHGKTpVI‘-IeCKMI;I konebartenbHbIN npouecc.



L aMMnTH

I 1
Puc. 21. Napamempsbi annekmpuyeckoz2o KorebaHusi

AMI'IJ'IMTy,EI,HbIM 3Ha4vYeHnem wunun aMI'IJ'II/lTy,EI,OI;I Ha3blBaeTCsl MaKCMMarbHOe OTKIOHEHWE Kkonebnouencs
BEJTMYNHbI OT HYJ1€BOIro YpOBHA.

[encTBytoLee 3Ha4YeHNe ToKa UM HanNpPsXKeHMs YNCNEHHO PaBHO TakOMy MOCTOSIHHOMY TOKY WUITN HaMNpPsbKEHWUHO
NMOCTOSIHHOIO TOKa, KOTOPOE NPOM3BOAMT B MPOBOAHMKE TaKow e TenrnoBomn acdekT. [elicTBytolee 3HavYeHne
HaNPsKEHUs1 UMW TOKa paBHO CPegHeEMY KBagpaTU4eckoMy 3Ha4YeHMI COOTBECTBYHOLLEV BENUYUHBLI 3a NEpUOL
koneb6aHui.

KoadhduumeHToM amnnuTygbl UM MNUK-OaKTOpPOM HasbiBaeTCsl OTHOLIeHWe amnnuTyAdbl konebaHus k ero
fdevictBylollemy 3HadeHuo. OH Bcerga Oomblie wnmu paBeH 1. [Ana  rapmoHuyeckoro konebaHus
(cMHycoMaanbHOro HanpPsPKEeHUst UNK Toka) koadpuumeHT amnnutyabl paseH 1.41 (TouyHee KopeHb M3 OBYX).
Muk-cpakTop HecuHycodanbHbIX KonebaHnin MOXeT CUIIbHO OTNIMYATECS OT ATOW BENNYMHBI.

KoachdhmumeHT amnnntyabl xapakTepusyeT HecMHycouaansHoe konebaHme He ogHO3HaYHO. PasHblie no gopme
konebaTenbHble NPOLECChl MOTYT UMETb OAUHAKOBbIE KO3(MULIMEHTBI aMNNUTYAbI.

Ons Toro, 4Ttobbl MOMHOCTBI OXapakTepu3oBaTb CIOXHOE nepuoaudeckoe konebaHue, ero MUCKyCCTBEHHO
NpeacTaBnaloT B BMAE CYMMbl HECKONbKMX FapMOHMYeckux KonebaHnui kpaTHbIX 4YacToT (rapMOHMK). Tak,
HanpumMep, 4ns Toro, YTo6bl ONUCaTb HECUHCOMAANBHbIM NPOLECC C OCHOBHOW YacTOTOM (MepBOM rapMOHMKON),
pasHon 50 Iy, ero npeacTaBnslT B BUAe CyMMbl KonebatenbHbix npoueccoB ¢ Yactotamu 50 Iy, 100 My
(BTOpasa rapmonuka), 150 'y (TpeTbs rapmoHuka) u 1.4. [NpoBoaMMbIN TakMM OBpa3oM aHanm3 CrOoXHOro
konebaHusa HasbiBaeTCs rapMOHMYECKMM aHanu3oMm unM aHanusom Pdypbe (N0 MMeHM paHLy3CKoro
MaTemaTuka u ¢usmka). Pe3ynbTtatoM rapMOHMYECKOrO aHanusa $SBNAeTCA Tak Ha3blBaeMbIi  CreKTp
konebaTtenbHOro npoLecca — 3aBUCMMOCTb MHTEHCMBHOCTM KaXKO0W rapMOHMKKN OT ee Homepa.

Ha puc. 22 npepcraBneH Npon3BosibHbI konebaTenbHbI NPOLECC U HAYarno ero cnekTpa.
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Puc. 22. 9nekmpudeckoe KonebaHue U e20 crekmp

[nsa To4Horo npeacrtaBlieHnA CrioXXHOro konebaHus HY>XHO yYUTbIBaTb NO MeHbLUEN Mepe HEeCKOJ1bKO OEeCATKOB
rapMOHUK.

B kayecTBe WHTErpanbHOM XapakTepUCTUKM CTeneHn oTnuuus dopmbl KonebatenbHoro npouecca oOT
cuHyconabl B Poccum 4acto Mcnornb3yoT KO3OUUNEHT rapMOHNYECKMUX UCKaXEHUI (kO3 ULIMEHT rapMOHUK)
— Kr. OH nokasbiBaeT kakasi 4oNnsi SHEPrMn CoaepPXKUTCS B CTapLUMX rapMOHUKaX, MO CPaBHEHUIO C SHEpPruen,
cofepxallenca B nepBOM rapmoHuke. B pgpyrmx cTpaHax pns 3Toro 06blMHO MCMOMb3YHT  MOSHLIN
KO3(hPMLUMEHT rapmMoHNYecknx mnckaxxkeHun (aurn.: total harmonic distortion factor — THDF). OH nokasbiBaer,
Kakasi OoNns 3HEpruuM COLAEPXMTCA B CTalleil rapMOHMKE, MO CPaBHEHMIO C MOJIHOW 3Heprven konebaHus.
[MoHATHO, 4TO Npu NoYTU cnHycomaaneHbix npoueccax Kr u THDF npaktnyeckn paBHbl. HO Npu 3Ha4YMTENbHbIX
NCKaXXeHMAX OHW pasnuyatotcd. B Tabnuvue npyBeneHbl HECKONBbKO TOYEK, XapakTepuayoLwmx 3TO pasnuyve.



Kr,% THDF,%
0 0
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70 57

KOSd)(*)MLIMeHT rapMOHUYECKNX UCKaXXEHUI YNCTO cunHycounaanbHOro konebartenbHoOro npouecca paBeH Hynio
(BCH QHEeprna coaepXxnTcAd B OCHOBHOW I'apMOHVIKe). O6bIYHO cumTaeTcs, 4YTo KonebaHue crnabo oTnmMyaeTcs oT
CunHycounganbHoro, ecnm KOSd)d)VILI,MeHT rapMoOHNYEeCKNX UCKaXKEHUI He npesBblillaeT 5%.

JInHeHbIe U HENWHENHbIe Harpy3ku

Ecnn mbl nogknioumm K NCTOYHUKY HanpsaXXeHUsa MNOCTOAHHOIo TOKa pe3nctop u 6yﬂ,eM MEHATb BEJINYUHY
HanpsaxXeHuna, TOK, npOTeKaI-OLIJMVI B Uenu, 6yp,eT MEHATbCA NPONOpPUMNOHANbHO HaNpsAXeHuto. Ecnn mbl
NOAKMKYMM K UCTOYHWKY CUHYyCcOMOAlbHOro nepemMeHHOro HanpsaxeHud (Hanpmmep K cetn umim k UBIT ¢
CuHycounganbHbIM  BbIXOAHbIM HanmeeHmeM) pe3nctop, MrHoBeHHOe 3Ha4deHue TOKa B Luenu 6y,u,eT
nponopunoHanbHO  MrHOBEHHOMY  3HAYEeHUK0  Hanps>XeHus. CnepoBatenbHo TOK B Uenu 6y/J.eT
CuHycouganbHbIiM, Npuyem CMHdDa3HbIM Hanpsa>XeHu (T.e. MakcumarbHble 3Ha4YeHuA TOKa 6y,qu
HabnogaTbCa TOYHO B T K€ MOMEHTbI BEPMEHU, YTO N MakCUMallbHbl€ 3Ha4YEeHUA HanpsaXxXeHna.

L

Puc. 23a. Tok nompebrneHusi pe3ucmopa 8 Uernu rnepeMeHHo20 moka

Ecnu Mbl NOAKIMIOYMM K MCTOYHMKY CUHYCOMOANbHOIO HanpsPKeHNs eMKOCTb, MHAYKTMBHOCTbL unu nioboe
coyeTaHue nx C pe3nuctopamu, TOK B Lienu no-npexHemy 6yaet cuHyconaanbHeiM (CM. puc 2306).

Puc. 236. Tok nompebrieHusi eMKOCMHOU Ha2py3Ku 8 uernu rnepeMeHHo20 moka

Ho B aTom cnyyae, MakcuMyMbl Toka GydyT onepexaTb MakCUMyMbl HanpsbkeHusl (Kak Ha PUCYHKe) Wnu
oTCTaBaTb OT HUX. B 3aBUCMMOCTM OT NpeobnafjaHusi B LENM eMKOCTEN UN MHOYKTUBHOCTEN, TaKylo Harpysky
Ha3blBalOT EKOCTHOM UMW WHOYKTUBHOW. A B COBOKYMHOCTU BCE Harpysku (MoTpeGuTenu arekTposHeprum) ¢
CUHycOoMAanbHbIM TOKOM NOTPeGNeHNs (Mpy cUHycouaansHOM HanpsiKeHUN) HasblBaOTCS NIMHENHBIMU.

MMnynbcHbI BNok nutaHua (HanpuMep KOMMboTepa) SABNSETCS HENMWMHEWHOW Harpyskol. Ecnn komnbtotep
NOAOKMIOUYNTE K MUCTOYHMKY CUHYCOMAANbHOIO HamnpshkeHusl, TO 3aBMCUMOCTb TOKa, noTpebrnsemoro
KOMMbIOTEPOM, OT BpeMeHu ByaeT MMeTb BMA, NOKa3aHHbIN Ha pyc. 23B.



Puc. 238. Tok nompebiieHus HenuHelHOU Haz2py3Kku 8 uenu nepeMmeHHo20 moka

Ha pucyHke xopoLlo BUAHO, YTO KOMMbIOTEP NOTPEDBNSET TOK TONIBKO B MOMEHThI, KOrga HanpsbkeHne 6nmsko kK
CBOEMY MaKCUMyMy, MU He MoTpebnsaetr TOK Npu HU3KOM HanpsbkeHun. Popmy TOKa, noTpedbnsiemoro
HENWHENHON Harpy3koM MOXHO OXapakTepu3oBaTb TEMW Xe mnapameTpamu, 4To UM nbon konebaTenbHbIN
npouecc.

KoadcdomumeHT amnnutyabl

KoadhdpmumeHT amnnntyabl (MMK-gpakTop) Toka NoTpebneHnsa MMnynbCHbIX G6M0KOB MUTaHWs BCerga HamHoOro
oonblwe eguHuubl. OBLIYHO OH HaxoauTCsl B Ananas3oHe oT 2 Ao 3, HO MoxeT n ObiTb bonee 5. NcTouHumk
becnepebonHOro NuTaHMsa OOmMKeH ObITb paccunTaH Ha paboTy ¢ Takumu nuk-cpaktopamun. T.e. MBI gomkeH
He Tonbko obecneyvBaTbh OENCTBYIOLLEE 3HAYEHME TOKA, COOTBETCTBYHOLLEE MaKCMMarbHOW Harpyske, HO M
MakcumarnbHoe (amnnuTygHoe) 3HayYeHne ToKa, CyLLEeCTBEHHO NpeBbllatolee amniantyayy CMHycouaanbHOro
TOKa C TakMM e [EeWCTBYHLWMM 3HavyeHuem. BenuumHa nuk-cpaktopa He ABMAsieTCA MNOCTOSAHHOM
xXapaktepuctukon 6noka nutaHuda. OHa — NpoayKT B3anmogencTemsa 6noka nutaHus, ero Harpysku (Hanpumep
KOMMblOTEPA) U UCTOYHMKA TOKA, K KOTOPOMY OH MOAKMOYEH. Tak, Mpu NMTaHUM OT CETU OH MOXET ObITb paBeH
2 vim 3. Ecnun komnbtotep nutaetca ot UBI ¢ nepekntoyeHneM, NMEOLLEro BbIXOLHOE HanpsikeHne B Buae
MeaHApa C nayson, TO nuk-daktop YymeHbwaeTtca po 1.8-2. [logkniodeHne  KomnbloTepa K
dheppope3oHaAHCHOMY TpaHcgOopMaTopy MO3BONSET YMEHbLWMWTb MUK-akTop ewe Gonee 3HauntTenbHo. 3TO
YMEHbLUAET Harpy3ky Ha 6ok NMTaHus KOMMNboTEPa M YBENWYMBAET €r0 OONITOBEYHOCTb.

C ppyron CTOpOHbI, ecnv GNoK NUTaHWA KOMMbioTepa OCTaBUTb paboTaTb Ha XONMOCTOM XOA4Y WU C OYeHb
ManeHbKOW Harpyskon (Hanpumep B3ATb OMok nuTaHust mowHocTbio 400 BT M mocTaBuTb €ro B MPOCTYHO
nepcoHanky MWHUManbHOW MOLUHOCTU), TO KO3(PUUMEHT aMnnuTydbl Toka MoxeT OblTb OYeHb Benuk
(Hanpumep 5). Ecnn TOT e GNoOK NUTaHWst Harpy3vWTb MOSMHOCTbI0 (CKaXXeM YCTaHOBUTbL €ro B (harnoBbIi
cepBep C GonblWMMKU AMcCKkamMu, MogeMaMu U Ap.), TO KOIPMUUMEHT amnnnTyabl YMEHbLUUTCA (M COCTaBuT
Hanpumep 2.5).

FapMOHUKKN

Ha puc. 24 npeacraBneH NpMMeEpHbIA BUA, CnekTpa Toka MMnynbcHoro 6noka nutaxHus. BepHee ckasaTtb, 4YTO
3TO Havano cnekTtpa. [NonHbIM CNEKTP TOKa MMMNYNbCHOrO BrioKa NUTaHWA BKIOYAET MHOMME AECSATKA rapMOHUK.
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Puc. 24. Havarno cnekmpa moka umnyribCHo20 brioka numaHusi

B Toke noTpebreHust MMMyNbCHOTO Groka NUTaHUst MPUCYTCTBYET Habop HEYeTHbIX rapMOHUK, amnnuTyaa
KOTOPbIX Gonee UM MeHee MOHOTOHHO YMEHbLIAETC C HOMEPOM rapMOHUKU. Ecrnin koMnbloTepbl NOAKMOYEHbI
K ONieKTPUYECKOM CeTU, B KOTOPYK BKMOYEHbl M aApyre (U, B OCHOBHOM, INMHENHbIE) noTpeduTenu
3NEKTPO3IHEPTUK, TO OTNNYME (DOPMbI TOKa, NOTPEGNSAeMOro GrIOKOM MUTaHKS! KOMMbIOTEPA, OT CUHYCOMAbI He
OKasblBaeT BMUAHUS HM Ha cCaMU KOMMbIOTEPbl, HU Ha Apyroe oGopydoBaHWe, MOAKMOYEHHOe K TON ke
anekTpuyeckoi ceTu. Ecnm B ceTb BKMOYEHbl B OCHOBHOM KOMMbIOTEPbI M WX CyMMapHasi MOLLHOCTb
COMOCTaBMMa C XapaKTEPHOW MOLLHOCTbIO 3MIEKTPUYECKON CETU, TO HanpsPKeHWEe B CETU MOXET nepectaTb
OblTb CUHycoMaanbHbIM. JTO SIBMSIETCS MPU3HAKOM MEPErpy3ku 3NeKTPpUYeckon CeTV  HeSIMHENHbIMU
Harpy3kamu, 1 MOXeT CNy>XWTb NpU4YnHOl cboeB B paboTe YyCTBUTENBHOrO 060pYyAOBaHUS.



lMepBbIM NPU3HAKOM nNeperpyskn CeTu KOMMbIOTEPHBIMU Harpy3kamun SBASETCA MPOsBrEHUe Ccamom
WHTEHCWBHOW — TpeTben rapMoHukW. Ee nosiBneHne MoxHO onpeaenvTb, faXe He MMes aHanu3aTtopa CnekTpa,
CnocobHOro MOCTPOUTbL KpacuBYK KapTUHKY, BPOAE TOW, YTO mpuBedeHa Ha puc. 24. [Ina anemeHTapHOro
aHanu3a [JoCTaToOMHO npocTenwero ocuunnorpada. Ecnu y cuHycomabl nosBnsieTcs nnockas BeplumHa (Kak
Obl «BblegeHHas» OOoNbLIMM VMMMYMbCHBIM TOKOM), — 3TO MEPBbLIA MPU3HAK: B CETWM MNOsiIBUNAacb TPeTbs
rapMoHVKa, CeTb Crerka neperpyxeHa HenuvHewHbIMW Harpyskamu. Ecnu BeplunHa cuHycomabl HadvHaet
380CTPATLCS, 3HAYUT KpOME TpeTbel B CEeTU MOsIBUMNAcb W NATas rapMoHMKa: CeTb CUMbHO neperpyxeHa
HenvHeHbIMY Harpyskamu. Ecnun Ha cuHyconae nosiBUNMCh BOMHbI — 3HAYUT yXKe U cefibMas rapMOHVKa BUaHa
HEBOOPY)XEHHbIM B3rNS40M: HYXXHO NPUHUMAaTh Kakue-To Mepbl.

dopma BbIxogHOro HanpskeHua UM

UcTtouHnk 6GecnepebonHOro nuTaHus SBMASIETCA BPEMEHHbIM 3aMEHUTENEM 9fIeKTPUYEeCKOW ceTu angd
NOAKIIOYEHHOTO K HEMY 060pyaoBaHus. KayecTBO 3TOWM 3aMeHbl CUIbHO 3aBMCMT OT Tuna u mapku UBM. B
3NEKTPUYECKON CETU HaMpshkeHne umeeT cuHycouganbHyo dopmy munm dopmy, 6nmskyto kK cuHycomge. Bece
BblcOKOKNaccHble VMBI Toxe MMelT cuHycoupanbHylo ¢OpMy BbIXOQHOMO CurHana, T.e. obecneuyvBaroT
3NEKTPONUTaHMe MNpPakTUYEeCKU He oTnuyaroleecss oT OObIYHOM CeTM unu gaxe UMeT cuHycougy Oonee
BbICOKOIO Ka4yecTBa.

Ha Bbixoge WBI1 (kak u B ceTn) cuHycomaa MoxeT ObiTb He COoBCeM uvaeanbHow. [Ona onpegeneHus
Koa(hpMLUMEHTA TFapMOHMYECKUX WCKaXEHUN OObIYHO HYXHO cheumnanbHoe obopyaoBaHne. Ho  MOXHO
NpUONN3NTENbHO OLEHUTb BENUYUHY MOSHOMO KO3(UUMEHTA TAPMOHUYECKMX WCKaXXEHUN MNpPOCTO MO
ocumnnorpaMmme HanpsbkeHusi. Ecnn Bbl BuguTe cnabble uckaxeHusi, TO KOIUUMEHT rapMOHUYECKNX
nckaxeHuin okono 5%. Ecnn nckaxeHus o4eHb XOpPOLUO 3aMeTHbI, KO3(hULNEHT rapMOHNYECKMUX UCKAXKEHUN
npumepHo paBeH 10%.

Puc. 25. HanpsixeHue ¢ K0aghghuyueHmMom 2apMOHUYECKUX UCKaxXeHUl 5%

Mpun KoadhprLUMEHTE rAPMOHUYECKUX UCKaxkeHWIn Bonee 20% y Bac «He MOAHUMETCSI pyka» Ha3BaTb chopmy
KPVMBOW HanpsiKeHusi cMHycomaon. OTOT crnocob, kak u nboe ynpolieHne, MMeeT CBOW orpaHudeHus. B
4YacTHOCTK, YeM BornbLue HOMEP rapMOHWKKU, TEM NPY MeHbLUEM KO3DPULNEHTE FAPMOHUYECKUX UCKAXKEHWI ee
xopowo BuaHo. CuMHycomaanbHoe BbIXOOHOe HanpshkeHue mmetoT Bce MBI ¢ gBovHbIM npeobpasoBaHuem,
deppopesoHaHcHble NBIM n 6onbwmnHeTeo VBT, B3anmogencTaytowmx ¢ ceToto. Onsa Bcex atux VMBI nonHbIn
KO3(h(PMLMEHT rapMOHNYECKUX NCKAXKEHUIN BbIXOOHOIO HAMNPsiKEeHWUs, paBHbIn 5%, aBnseTca rpaHuyHbIM. Ecnn
KO3(PPMLMEHT rapMOHMYECKNX UCKaxeHu Ha Bbixoge MBI meHblwe 5%, 1o MBI no atomy napameTpy MOXHO
cuntaTb «xopowum». Ecnu ata BenunumHa Gonbwe 5%, TO dopma BbixogHoro curHana MBI octaenser
XenaTtb ny4wlero.

OOGbIYHO MPOM3BOAUTENM YKA3bIBAKOT CTENEeHb FapMOHUYECKUX MCKaXKEHUA B OOLLEeM MnepeyHe TeXHUYECKUX
xapaktepuctuk MBI, Moyt Bcerga ykasbliBaeTCsi TOMbKO OAHA BenuyMHa KoadpduuMeHTa rapMOHUYECKUX
UCKa)XEHWI, OTHOCALLASACA K HEKOTOPbIM CpeaHuUM (ecnu He ckasaTb uaeanbHbIM) YCIIOBUSIM — Hanpumep npwm
nuHenHon Harpyske. CrnegyeT MMeTb B BUAY, YTO Hanbonee 3HaAYUTENbHbIN UCKaXeHUss popMbl BbIXOOHOMO
HanpsbkeHWst MOryT MPOUCXOAWUTb B Pa3NMYHbIX TPAHUYHBLIX YCMOBMSAX, a TakkKe Mpu napameTpax He
XapakTepHblX Anst o6biyHoOM paboTtbl MBI, Takumu npegenbHbiMM ycrioBusiMm (Ux Habop unm coyetaHve
MOXeT OblTb pasHbIM Ans pasHblx Moaenen WMBI) moryT OblTb MakcMmanbHas Harpyska WMim XONOCTOW XOn
(oTcyTCcTBME HArpy3kuW); NpeaenbHbI UK 3anpefernbHblil KOIPMUULNEHT MOLLHOCTU (HanpumMep MEHbLUUIA, YeM
0.5), cnvwkom Gonblon nuk-gakTop. CepbesHble NCKAXKEHUS BbIXOAHOE HanpshkKeHue MOXeT npeTepneBaTb
Takke Npu pasnuyHbIX NepexoaHblx npoueccax (Hanpumep Npu CTyneH4aToM U3MEHEHUN Harpyskm).

Ha pexume pabotbl oT ceTn MBI ¢ nepekntoyeHnem u B3aMMOoLENCTBYIOLLMIA C CETbIO NMUTAKOT CBOK Harpysky
OTUNBbTPOBAHHBIM CETEBBIM HaMpsKeHneM. TO eCTb OHM B 3TOM Clflydae He SBMATCA He3aBUCMMbIMU
WCTOYHMKAMWN MUTaHUS. TakuM UCTOYHMKOM SBIISIETCS 3NeKTpuyeckas ceTb. OTO 3HAYMT, YTO KOIhUUNEHT
rapMOHMYECKNX UCKaXXEHMI Ha BxoAde Bnoka nuTaHust KomnbloTepa byaeT NpMMepHO TakuMm xe, kak n 6e3 NBI.
970 TaK, nockonbKy unbTpbl aTux MBI He npeaHasHaveHbl And ounbTpaumMm HU3KOYaCTOTHBLIX FAapMOHKK, U
cB0o6OAHO KX nponyckatoT. COOTBETCTBEHHO, €CNU B CETU ObINM CUIbHbIE FAPMOHMYECKME WUCKaXKEHUS OO



yctaHoBkun UBIT (13-3a o6Lern neperpysku cetv unm G0MbLUION OONN MOLHOCTM HENMHENHBLIX Harpy3ok), OHK
TakuMu 1 ocTaHyTcs. Ecnn aTux nckaxxeHui He 6bIno, OHW U HE NOABATCS.

MHaue obctont ageno ¢ dpeppopesoHaHcHbiM MBI n UBI ¢ gBoiHbiM npeobpa3oBaHnem aHeprun. OHU
ABMNSAIOTCA B paccMaTpMBaeMOM CMbICIie HE3aBUCUMbIMU WUCTOMHUKaMKW nuTaHudA. [loaToMy Bce ckasaHHoe
BbILLE OTHOCUTENBHO UCKaXEHWIA hOpMbl CETEBOrO HaMpPsPKEHUS HYXXKHO B 3TOM Clydae OTHECTM K BbIXOOAHOMY
HanpsbkeHnto UBIM. Ecnn atn MBI cnnbHO (NOYTUM OO HOMMHAMNbHOW MOLLHOCTW) HarpyXeHbl HEeNMMHEWHbIMU
Harpy3kamu, TO Ha BXOAE 3TUX Harpy3ok MOryT NOSIBUTbCA UCKAXXEHUS OCHOBHOWM rapMOHWKW, KOTOPbIX HE ObIno
6e3 UBI. C gpyron CTOpoHbI, ecnin npu paboTe OT ceTu Habnwaanncb rapMOHMYECKUE UCKAKEHUS, TO OHU
MoryT nponacTtb nocne yctaHoBkun WUBI, ecnn MBI HegorpyxeH. Ecnn HenuHenHasa Harpyska on-line VBI
coctaensieT bonee OByX TpeTel ero MosIHOM MOLLHOCTW, TO HanpshkeHue Ha Bbixoge MBI mMoxeT ObiTb
3aMeTHO uckaxeHo. He onacHoe camo no cebe Ans KOMMbIOTEPOB UCKaXeHne PopMbl HANPSHKEHNS SBNSeTCA
HEXOpOoLUUM Mpu3HakoM Toro, 4to Harpy3ka WBIT cnuvwkom Benuka. Jlydwe yctaHoButb WBI 6Gonbluen
MOLLIHOCTW MIN OTKIIOYUTL OT Hero kakoe-nubo obopyaoBaHue.

HekoTopble BbicokoknaccHble MBI ¢ aBoriHbIM npeobpa3oBaHMEM OCHALLEHbl CreunanbHON ynpasnsoLlen
Lenbto, Ha3Ha4YEeHNEM KOTOPOW SIBNSAETCA KOPPEKTUPOBKA POPMbI BLIXOAHOIO HanpshkeHus gaxe npu pabote ¢
HENUHEHbIMN Harpy3kamy Gonblon mowHocTn. Ha Bbixoge atmx UMBI HanpshkeHue He MMeeT 3aMeTHbIX
rapMOHMYECKNX UCKabKeHWW, faxe B crniydae, ecnu WBI nuTaetr HenuHerHble Harpy3kM 3HaYMTEerbHOW
MOLLHOCTWN. PasymeeTcsi Bce KOMMbIOTEPLI 1 Apyroe obopyaoBaHue, NpegHasHavyeHHoe AN MUTaHUS OT CeTu
nepeMeHHOro Toka, paccyMTaHO Ha CUHycouganbHoe HanpsbkeHue. Bpsa nm kakon-Hubygb npousBoauTenb
3TOM TEXHUKM FOTOB rapaHTUpOBaTb HOpMarsibHyto paboTy ero obopydoBaHWst C CUNIbHO HECUHycouganbHbIM
HanpshKeHNeM.

Tem He MeHee, OGONbLIMHCTBO NOTPEOMTENEN SMNEKTPUYECKOW 3IHEpPrMv MOryT MUTaTbCs HanpshKeHUem
nepeMeHHOro Toka HecuHycomganbHon dopmebl. Npuyem gna pasHoro obopyaosaHus 6onee BaxHbl pasHble
XapaKTepUCTMKN  CUHYCcOMAANbHOrO  HanpsbkeHus nuTaHusa. Hanpumep o6opygoBaHue, OCHaLLeHHoe
UMNYMbCHBIMKU BriokamMun NUTaHUA (CKakeM, NepcoHasbHble KOMMNbIOTEPbLI) NOTPEONSAeT TOK TONbKO B MOMEHTbI
BPEMEHM, KOra HanpshKeHne o4eHb 6nn3ko K MakcumyMy. NoToMy Anst MMTaHUs Takoro o6opyaoBaHUSA BaXKHO
npaBunbHOE amMnNTygHoOe 3HayeHwe HanpsbkeHus. ObGopyaoBaHve, MMmetolee HenocpeacTBEHHO NUTaemble
anekTpuyeckue ABuratenu MU HarpesaTenu, TpebyeT HOMMHANbHOrO OEWCTBYHOLLErO 3HAYEHUST HamnpsbKeHUs.
CuHyconpanbHoe HanpsbkeHne oTBevyaeT TpeboBaHusM MbOOM M3 3TUX Harpy3ok. Ho no4vtu Bce BuAbI
Harpy3ok (obopynoBaHusi), B TOM YMCNEe KOMMNbIOTEPbl, MOXET Gornee nnvM mMeHee HopManbHO paboTaTtb C
HanpsPKeHNeM, KOTOpPOe OYE€Hb CUSIbHO OTMMYAETCs OT CUHycOoMOanbHOro. OTMM OGCTOATENBbCTBOM LUMPOKO
none3aytotca npoussogutenu UBIT ¢ nepeknioyeHnem.

PaHbLue (o4eHb gaBHO) HekoTopble MBI ¢ nepekniovyeHmemM MMenn BbIXOQHOE HanpsiXeHre B oopme MeaHngpa
(NpsiMOYronbHBIX MMNYNBCOB Pa3HOWM NOMSAPHOCTK).

Puc. 26. MeaHOp

Korgoa Mbl 3amMeHsieM CrHycovaanbHOe HanpshkeHne TeM UK UHbIM ero NpubnmkeHneM, Mbl AOMMKHbI BbIOpaTh
napameTpbl 3TOro NpPUBNMXKEHUS TakMMK, 4TOObl OHM ObinM Hambonee 6nu3ky napameTpaMm 3ameHSeMOW
cuHycomabl. Ho y MeaHgpa amnnuTygHoe W [OeWCTBYIOLEe 3HauyeHVsl HanpskeHus paBHbl APYr Apyry
(koadbbuumMeHT amnnuTyabl paBeH eauHuue). No3ToMy Mbl HE MOXeM caenaTb HanpsXKeHue NPAMOYrosibHON
opMbl TakuM, YTOGbI OHO OOHOBPEMEHHO YAOBMETBOPSANO TpeboBaHUSIM pasnUuHbIX Harpysok. B nonbiTkax
HanTn Komnpomucc npomssoauTenn Takmx WBI ycTaHaBnuBanu npaMOYronbHOe HamnpsXeHne paBHbIM
HEKOTOPOMY 3HauyeHUIo, nexalleMy Mexay amnnuTyOHbIM WU AedcTByoWmMM. B pesynbTate nony4vanocb, 4To
HekoTopble Harpy3ku (Tpebyolme npaBUNbHOrO AENCTBYHOLLErO 3HAYEHUS HanpsbkeHWsl) MO BbIATU U3
CTPOS1 13-3a M3OLITOYHOrO HaMpsXeHWsl, B TO BPEMS, Kak OPYromy obopyaoBaHMIO (MOTpebnswowemy ToK npu
HanpsbkeHnax, OMM3KMX K MakCMMyMy) 3TO HanpsbkeHvwe Obino cnuvwkom mano. [Ona Toro, 4ToGbI
cpefHekBagpaTMyeckoe W aMnnUTygHOe  3HavyeHve  MPSIMOYrofbHOrO  HampsbkeHusi  ObiMM  paBHbI
COOTBETCTBYIOLLMM 3HAYEHUSIM CUMHYCOMAAMNbHOrO HanpsbkeHus, npoussoauTenn coBpeMeHHbix WBIT ¢
nepekrnYyeHemM cnerka uaMeHunu opmy MeaHapa, BBeasd nay3y Mexgy NpsiMOyroflbHbIMWA MMMynbcamu
pasHoN NONAPHOCTMW.



Puc. 27. MeaHOp ¢ naysol

HanpsxeHue Takon copmbl nponssoautenn MBI HasbiBalOT «CTyneH4YaTbiM NpubnmXeHneM K CUHycouaer
(aHrn. — stepped approximation to a sine wave). 3ta bopma Kp1BOW NO3BOSSET, MPU NPABUIIBLHO NOA0OPAHHBLIX
aMnIMTY4e HanpsbkeHUs M ANUTENbHOCTU nays, BbINOMHWUTL TpeboBaHMA pasHbIX Harpy3ok. Hanpumep npwu
AnuTenbHOCTM nay3sbl okono 3 mc (ans JactoTtel 50 L) gencTBylollee 3HaYEHWE HanpshKeHus coBnagaeT C
OENCTBYOLWMM 3HAYEHNEM CMHYCOMAASNIBbHOTO HanNpPsXXeHUs TOW XXe aMnnTyAabl.

BbixogHoe HanpspkeHve Bcex nonagaswimxca MHe MBI ¢ nepeknioyeHvem, NpUCYTCTBYIOLWMM Ha PbIHKE
Poccun, nmeet Bug ctyneHyatoro npubnumxeHns k cuHycomge. NMokasaHHas Ha puc. 27 ¢opma BbIXOAHOMO
HanpsXxXeHns — 3To naean, K KOTOpoMy AOMKHbI MO uaee ctpemuTbes npoussoauTeny UBI. PeansHas dopma
BbIXxoAHOro HanpsbkeHusa UBI ¢ nepeknioyeHnem KOHEYHO e oTnnyaeTcsa oT ugeana. iHorga npoussoguTenu
MBI cobniogatoT geknapypyemoe paBeHCTBO AEWCTBYHOLLEro 3HAYeHUs HanpsbkeHuss Ha Bbixoge WBI
OENCTBYIOLLEMY 3HAYEHUIO HamnpsKEHUS CeTM BeCcbMa MnpubnuautenbHo. OnuTenbHOCTb nays, U amnnutyaa
NPSAIMOYrOfbHOIO HanpsXXeHNst 3aMeTHO OTKMOHSAKTCH OT pacyeTHbIX 3HaYEeHUA. DTN OTKNOHEHUS BUOUMO He
MOTYT CINY>XWUTb OCHOBaHWEM AN TOro, YTobbl 06bABUTL TOT Unu uHow MBI nnoxmum. Beab Bce OHM HOpMarnbHO
paboTaloT C nepcoHarnbHbIMU KOMMbOTEPaMK, Ans paboTbl C KOTOPbIMU OHU COBCTBEHHO Y NpeaHa3HaYeHbI.

PeanbHasa cdopma BbixogHOro HanpsikeHus MBI ¢ nepeknioyeHnem npueegeHa Ha puc. 28.

l

Puc. 28. Ocyunnoepammbl HarnpsxeHUst U moka rnepcoHanbHo20 KoMrbomepa, nodkmodeHHoz2o K MBI ¢
repeknyeHuem

Ha Ttonm xe ocuunnorpamme npuBegeHa M KpuBad noTpebnsemoro KOMMbITEPOM Toka. OTO MO3BonsAeT
OLEHWTb, HACKOMNbKO «Hecnagko» NpuxoauTcs komnbetoTepy, 3awmwaemomy UBI ¢ nepeknioyerHnem. Ho, kak
HA CTPaHHO, CUIbHble WMMNYMbCHblIE TOKW, MOTpebnsemble KOMMbIOTEPOM B MOMEHTbI Havana WU KoHua
NPSIMOYrofnbHOro UMMyrnbca, He BNUSIOT Ha paboTy komnbioTepa. OHM MOMHOCTBIO MOAaBnsaTCA B6roKoM
NUTaHWA KOMMbIOTEPA, Ha BbIXOAE KOTOPOro HabnwaaeTca MOCTOSIHHOE HamnpshkeHue C OBblYHbIM YPOBHEM
nynscauuii. He cneayet Takke 3abblBaTb, YTO KOMMbIOTEP, 3awmwaemslnn Bl ¢ nepeknoyeHnem, nutaeTca
HecuHycouaanbHbiM  HanpsbkeHWemMm TONMbKO B MOMeHTbl paboTtel WBIT ot 6GaTtapeu (T.e. 0O4eHb
KpaTkoBpemeHHo). MNpu pabote VBl oT ceTn, KOMNbIOTEP NMUTAETCA CETEBLIM HanpsXKEHWEM, CriaXeHHbIM C
NMOMOLLbI0O BCTPOeHHbIX B WBI dwunbTpoB wWymMoB M uMnynbcoB. Bo3amoxHocTb npumeHeHuns WBI1 ¢
nepeknyeHnemM ang nutaHusa gpyroro obopyaosaHus (He KOMMNbIOTEPOB) TpebyeT, BoobLe roBopsi, NPOBEpKY
B Kaxxgom nogobHom cnydvae. M3BecTHbl cniydaum, korda ¢ Takumu MBI oTkasbiBanMcb pabotate HEKOTOpble
npuvHTepbl. C Opyro CTOPOHbI, U3BECTHbI criyyanm npumeHeHus UBI ¢ nepekntoveHnem Ans 3awutbl TakMx
HeTPaaMLUMOHHBLIX Harpy3ok, kak TenedoHHble CTaHUMM WMKM KacCOoBble annapaTtbl C TPaHCHOPMAaTOPHbLIMU
6rnokamun nuTaHus.

K npumeHenuto MBI ¢ nepekntodeHnem ans nutaHns npubopoB ¢ TpaHCHOPMAaTOPHbIMKU Gnokamu nUTaHusi
cnepyeT nogxoAuTb C OCTOPOXHOCTbIO. [leno B ToM, 4To 06blYHblE Ans TpaHcdopmaTtopa 5-10% noTepb B
NPUCYTCTBMM TAPMOHUK YBENWYMBAKOTCA MPOMOPLUUOHANBHO KBagpaTy HOMep arapMoHuku. [loatomy pecypc



CUIbHO Harpy>XeHHbIX TPaHCGOPMaTOPOB NPU NMUTAHWUN HaNPsHKEHWEM B BUAe MeaHapa MoXeT yMmeHbLwaTbes B
[ecaTku pas.

Kak n y noboro uctoyHnka nutaHus, opma BbiIxogHOro HanpspkeHust MBI ¢ nepeknoveHnem 3aBuUCKT OT
BENUYMHbI U xapakTepa Harpy3ku. [na WBI, BbinyckaeMbiX n3BeCTHbIMM B MUpe dupMamMu 3Ta 3aBUCUMOCTb
0bbl4yHO HeBenuka. OgHako HekoTopble MBI MMeT cunbHyo 3aBUCMMOCTb POPMbI (@ MHOTAa Y aMMnUTYAbI)
BbIXOAHOIO HamnpsXXeHWst OT Harpy3ku. HekoTopble M3 HMX HEe MOryT UCMOMb30BaTbCHA MPU MarnbIX Harpyskax,
MOCKOMbKY WMMENT Ha BbIXOAe MWMMyfbCHOE HanpsbkeHue amnnutygorn go 800 B. [dpyrne nposepsioTcs
N3roTOBUTENEM TOMBKO Npu paboTe ¢ NMHeNHbIMK Harpy3kamu. Takne VBl npu paboTte ¢ KOMNbLIOTEPOM MOTYT
ObITb HeycTOMYMBBEI B MOMEHTHI nepekntodeHns. CkasaHHOe nokasblBaeT: He criegyeT nonb3osatbes VBl
Mano3HakoMbIX Npou3BoaMTenen unm nokynatb tTakne MBI y HecneumManuampoBaHHbIX (hupm.

Ctabunusauus 1 perynupoBaHue HanpskeHUs

CornacHo pgewicteyolemy B Poccun ctaHaapTy, HanpskeHWe B 3MEKTPUYECKOW CETUM AOIMKHO HaxoaMTbCs B
npegenax +10% un -10% oT HoMmwHanbHOro HanpshkeHusa. Ona Hanpsbkenma 220 B atv npegensl umelot
abcontoTHble 3HaveHus 198 B n 242 B. B aToM gvana3oHe HanpshKeHUW OOMKHO HopMarnbHO paboTtaTb Bce
nuTatoLeecs oT ceTu obopyaoBaHMe, OT AMEKTPUYECKON NaMnoyvku A0 komnbloTepa. K coxaneHuio nHorga
HanpsxeHWe BbIXOAMT 3a npefenbl, YCTaHOBMNEHHbIE ANS Hero HavanbHuMKamu. B HekoTopbIxX panioHax Takue
nepuoabl NOBTOPSAKTCA C PErynsipHOCTbI0 BOCXOAOB COMnHuUa. BnagenbLbl KOMNbIOTEPOB, paboTalowmnx B 3aTUX
YCIOBWSIX, KOHEYHO X€ CKITOHHbI TpeboBaTb, 4YTobbl VB[, 3awmwatowime nx Komnolotepbl, ctabunmanpoBanm
HanpsxeHue.

[1Ba 3 paccCMOTPEHHbIX HaMU TUMOB UCTOYHWMKOB GecrnepeboHOro NMTaHns CTabunNM3npyoT HanpsXkeHus, Tak
ckasaTb, No onpegeneHunto. 3710 on-line VIBI: ¢ ABoWHbLIM NpeobpaszoBaHneM 1 heppPOPE3OHAHCHbIN.

To4HOCTb cTabunusauuym nepeMeHHoro HanpshkeHust Ha Bbixoge VBl ¢ gBoiHbIM Npeobpa3oBaHnemM 06bIYHO
okono 1-3% npwu ctaTuyeckon (T.e. HE U3MEHsIOLENCa BO BPeEMeHM) M cbanaHcMpoBaHHOW (paBHOMEPHO
panpegeneHHon no dasam gna 3-x dasHbix WBI) Harpyske. B cnyyae peskoro m3ameHeHusi Harpysku
(Hanpumep ee MOMHOrO WM HEMOSIHOTO BKITHOYEHMS WU BbIKIIOYEHUSA) MNOrPELUHOCTb  CcTabunusauun
Bo3pactaeT Ao npumepHo 10% pana xopowwux WBIl. He Bce npoussogutenn WBI ykasbiBaoT 3Ty
xapaktepuctuky. B cnydae, korga oHa He ykasaHa, HYXHO OblTb OYEeHb OCTOPOXHbLIM, €Cnu Ansi Bac
npyHumnuaneHa pabota VBl npu gnHamunyeckon Harpyske. [Npu pasbanaHcMpoBaHHOW Harpyske (T.e. ecnu
Harpyska HepaBHOMEPHO pacnpegeneHa no ¢asam 3-x dasHoro MBIT) norpewHocTb cTabunusaumm takke
BO3pacTaer.

CyuwiecTBytoT npaeaa TpexdasHbie VBl ¢ He3aBUCUMbIM PEryNMpOBaHUEM HaMpPSHKEHUs] B KaXOOW U3 Tpex
(pas. PaszbanaHcmpoBaHHOCTb Harpy3ku ansa takux MBI He umeeT 3HayeHus. [uanasoH BXOOHbIX HanpshXKeHWH,
B KOTOPOM npoucxoauT ctabunusaumus HanpsbkeHus, ans WBIM ¢ aBolHbIM npeobpasoBaHveM Bcerga
coBnagaeT C AMana3oHOM LONYCTMMbIX BXOAHbLIX HaMpsiKeHWh (T.e. Anana3oHOM HanpsbKeHWW, npyv KOTOPOM
WBI paboTtaet ot cetn). Takum obpaszom UNBIT ¢ ABONHEIM Npeobpa3oBaHNEM HE MOXET He CcTabunuanpoBaTb
HanpsbkeHne. OH BblgaeT unu ctabunbHoe BbIXOAHOE HanpshxkeHue (Npu paboTe oT ceTu unu ot 6atapen) nnm
He BblJaeT HUKakoro. [uManasoH BXOAHbLIX HanpskeHun ans pasHbix MBI o4eHb CunbHO pasHUTCSA.
XapakTepHbIM sBNsfeTca 3HaveHwe nnoc MuHyc 10-15% OT HOMUHanbHOro HanpspkeHus. HekoTopble
manomouuHesle MBI MoryT umeTtb ananasoH BxogHbIx HanpskeHun ot 100 go 280 BonbT u Aaxe wupe (Npaega
yacto pabota UBI npu MUMHUMAnbHbBIX 3HAYEHUAX HanpshkeHus obecnedmBaeTcs TONbKO MPWU HEMOMHON
Harpyske).

Ecnun nonb3oBaTtens He ycTpamBaeT AManal3oH BXogHbIX HanpsxeHuin VMBI ¢ aBonHbIM npeobpasoBaHmeM, TO
Anst HekoTopbix Mogenew MBI oH MoxeT ObiTb pacluMpeH 3a cHeT cneuvanbHbIX yXULpeHui. Paclumpexve
amanasoHa BXOAHbIX HaMpsbKeHWM (B TeX penkumx crnydasx, Korga OHO BO3MOXHO) OOSMDKHO NPOM3BOAUTLCS
OYeHb KBanMUUMPOBAHHLIM CMELMannMCTOM, KOTOPbIN OYeHb YETKO MpeAacTaBnsieT, YTo OH Aenaet. HyxHo
MMETb B BMAY, YTO HMYTO He paetca GecnnatHo, u BMOOM crnydae, 3a pacluMpeHne auvanasoHa BXOOHbIX
HanNpPsKEHUN NPUOETCSA YEM-TO 3annaTtuTb — Hanpumep HagexHocTbio WBI mnu kavyectBOM HanpshkeHus,
NOCTynNatoLLEro K Harpyske.

Ons 6onbwmHcTBa UBI ¢ ABOVHBIM Npeobpa3oBaHMeEM Auana3oH BXOAHbIX HANPSPKEHWUIA 3aBUCUT OT Harpysku.
Mpn MeHbLUEeR Harpyske AnanasoH BXOAHbLIX HANpPshPKEHUIN HECKOMbKO pacLumpsieTcs.

®eppopesoHaHcHbii Bl cTtabunuanpyetr  HanpsbkeHue 3a CH4eT CBOMCTB  peppOpe3OHaHCHOro
TpaHcgopmaTtopa. MNorpelHocTb cTabunmusaumm HanpsbkeHusa coctaBnseT 1-5% n 3aBUCUT OT Harpysku: npu
MEHbLUEN Harpyske MOrpeLlHOCTb yMeHbluaeTcs. Peppope3oHaHCHbIM TpaHCopMaTop OYeHb YCTOMYMB K
nobbiM  nepexoaHbIM  npoueccaMm. [loaTomy norpewHocTs cTabunusaumm cnabo uM3MeHseTcsa  npu
OnHamunyeckon Harpyske. [nanasoH BXOOHbIX HanpshkeHnun deppopesdoHaHcHoro MBI cunbHO 3aBucuT oT
Harpy3ku. [pu manow Harpy3ke OH MoxeT HauuHaTbcs oT 145 B. WBI1 c nepeknioyeHvem He obnagatoT
dyHKUMEN cTabmnmsauumn HanpsKeHns.

MBI, B3anMoaencTeytoLMe C CeTbo, MOTYT CTYNEeHYaTo perynupoBaTh BbIXOAHOE HanpspkeHue. CTyneHyatoe
perynvpoBaHne HanpshkeHWs peanusoBaHo 3a CYET NepekniovyeHnst Harpysku Ha paboTy oT Apyroii o6MOTKu
aBTOTpaHcopmaTtopa. B npocTeiiem crnyyae cywecTByeT TONbKO OfHa CTYNeHb MOBLILIEHUSI HaNpsKEHWs,



cpabaTbiBaloLLasa Npu yMEHbLUEHUN HanpshkeHust ceTu. bonee coBpeMeHHble B3aMMOOENCTBYIOLLME C CETbIO
MBI perynupytoT HanpsixeHue u npu ero nosbilweHun. Hanpumep UBIM Smart-UPS dumpmbl American Power
Conversion nepeknoyaeT Harpy3ky Ha paboTy OT noBblwawlien obmoTkM aBTOTpaHcdhopmaTopa, ecnu
HanpsbkeHne ctaHoBUTCA MeHblue 196 B. lNosbiwatowas obmoTka no3BonsgeT NOAHATL HanpskeHue Ha 12%.
MNpwn panbHenwem nageHnn BXOLHOIro HanpPsKEeHUS BbIXOAHOE HanpshkeHue nuHenHo nagaet. Korga BxogHoe
HanpsbkeHne gocturaeT 176 B (3aBogckas yctaHoBka) Smart-UPS nepeknitovaeTtca Ha paboTy oT Gatapew.
Mpu NOBbIWEHNM BXOOHOIO HanpsbkeHus Bbille 264 B Harpy3ka nepekniodaeTcsa Ha paboTy OT obMOoTkM
aBTOTpaHcdopmaTopa, noHwxawlen HanpskeHne Ha 12%. lNocne [OCTMXEeHWs BXOOHbIM HamnpsKeHuem
3Ha4veHuda 296 B, VBl nepekntoyaeTcs Ha paboTty ot 6atapen. B 6onbwmHcTBe BI, B3anmogencTeyowmnx ¢
CETblO, UMEETCA TONMbKO OHAa CTYNEHb PErynMpoBaHns HanpskeHUs (B KaXKayrt CTOPOHY, ecrnv perynupoBaHue
aByxctopoHHee). Ho HekoTopble VBl nmetoT age 1 6onee ctyneHen ctabmunmsaummn B KaXKayto CTOPOHY.

NMopaBneHue wymoB

[Onsa 3awmtbl oT MMnynbcoB B MBI pasHbix TMNOB NPUMEHSAOTCS pa3sHble TexHonormun. MBI ¢ nepekntoyeHem
N B3aUMOZEMNCTBYIOLNIA C CETbIO NMOAABNSAT NPUXOOSALLUA NO CUMOBOK ceTu WwymM ¢ nomowpto R-C nnn L-C
dunetpoB. B deppopesoHaHcHom WBIT dunstpom saBnsetcs  eppopesoHaHCHbIM  TpaHcgopmaTop.
MopaBnenne wymoB B WBI ¢ pgBoiHbIM npeobpa3oBaHWeM  OCYLLIECTBNSETCS B Mpouecce ABYX
npeobpasoBaHuin aHeprun. Kpome TOro, B Lenu MOCTOSIHHOro Toka 3tux MBI oBbluHO CTOAT cneumanbHble
€MKOCTU W ApOCcCenn AN CriaxuBaHus nynbcaumi 3apsgHoro toka. 9t L-C dunbTpbl oveHb adpekTnBHO
No4aBnsOT U NPOHUKaKOLLME Yepes BbINPAMUTENb LLIYMbI.

OpureHTNPOBOYHbIE YPOBHM NodaBneHus nomex B gnanasoHe 4yactot ot 1 go 10 My ans BT pasHbix Tunos
npveegeHbl B Tabnuue.

MopaBneHve nomexun obLLero MopaBneHne nomexu HOpMalbHOro

Tun VBN Buaa, b Buaa, b

5-30

C nepekrnoyeHnem
(4acTo He HopmMupyeTcst)

OO6bI4YHO He HOpMUpYeTCst

B3anmopencTsyoLbIn ¢

5-80 40-100
ceTbio
deppope3oHaHCHbIN 60 100-120
C ABOMHBIM 060 0100
npeobpasoBaHMeEM A A

NMopaBneHne nMnynbLcoB

B Mupe cyliecTByloT HECKOMbKO CTaHAapToB, onucbiBatowmx TpebosaHmsa k NBI, oTHOCUTENbHO 3aWuThl OT
umnynecoB. Ob6blMHO amepukaHckue WBIT TecTupytlotca Ha cooTtBeTcTBue cTanHgapty ANSI/IEEE C62.41,
onvcblBaloLeMy napameTpbl MMMNYNbCOB, KOTOpble MOXET BblAepXuBaTb KOMMNblTEp WM obopydoBaHue,
npegHasHaYyeHHoe Ans 3awWwuThl OT MMMNynbcoB. CTaHAApTOM OMUCHIBAKOTCA HanpsbkeHne n popma nmMnynbca.
CraHpgapT npegycmatpusaeT aBe kateropun: A n B. Kateropust A 0THOCUTCS K TUNUYHBIM OPUCHBIM YCIOBUAM
1 nogpasymeBaeT ucnbitaHue UBI nytem nogauun Ha ero Bxog umnynbca HanpsxeHvem 3000 B. Kateropus B
OTHOCUTCHA K Bonee TAXenbiM YCMOBWSAM (Hanpumep Afs KOMMbOTEPOB, MOAKMOYEHHbIX K ceTu BOnu3n K
CMINOBOMY BBOAY B 3[aHME) U NpeaycMaTpuBaeT UcMbliTaHWE MMMyNbcoM HanpsbkeHvem 6000 B. OB6bluHO
npoussogutenu WBI1 rapaHTUMpyloT COOTBETCTBME WX NpoAyKuMM Kateropum A 3Toro cTaHgapta wnu
aHanornyHomy ctaHgapTty. Hekotopble MBI Takke cOOTBETCTBYIOT KaTeropum B ctaHgapTa.

B MBI pa3HbIX TMNOB UCMONb3YIOTCA pasHble TEXHOMOrMW NnodaBrneHus MMnynscoB. BapuctopHas 3awwmra ot
nmnynecoB ncrnonedyetcs B UBI ¢ nepekntoveHnemM 1 B3anMOAeNCTBYIOLWNX C CEThIO. [pensaTcTeBmMem Ha nyTu
umnynbca 4vepe3 MBI ¢ gBoHbIM Npeobpa3oBaHWEM aHeprnn SABMsieTCd caMo ABOWHOe npeobpasoBaHue,
ranbBaHM4yeckoe pasgeneHune (B TeM MOAEnNsX, rAe OHO eCTb) M coveTaHne emkocTten u 6aTapeu B uenwu
nocTosiHHoro Toka. OpHako B HekoTopbix Mogensx WBI c ABoiHbIM npeobpa3oBaHWeM YCTaHOBMEHbI
OOMONHUTENBHO Y BAPUCTOPHBIE LUYHTHI.

B deppopesoHaHcHom WBI  dyHKuMio dunbTpa WMMIYNbCoB BbLINOMHAET caM  eppope3OHaHCHbLIN
TpaHcopmaTop, XOTS BapucTopbl Takke umetotcda Ha Bxoge WMBI. OdeHb npocton n 3ddEKTUBHLIN
BApPMCTOPHbIN LUYHT MOXET NoAaBnsaTb MMMYNbCbl C TOKAMM OrPOMHOM amnnuTyabl (kunoamnepbl gna MBI ¢
nepekniovYeHnemM n 0o OeCcATKOB Kunoamnep ansa nyywux mogenen MBI, B3anmogencTByowmnx ¢ CeTbio).

[1na BapuMCTOPHOW 3aLUUTLI, KaK yKe 0TMeYarnocb, MMeeTcsa NpuHLMNnanbsHoe orpaHuyYeHme aHeprm nMmnynbca,
KOTOPbIA MOXET BbiepXXaTb BapuCTOpPHbIn WyHT. OB6bI4HO 3Ta aHeprus pasHa 80-500 [Ox. MNMpu noctynneHun
Ha BapuCcTop WMNynbca OOnblUE 3HEpPrMM, OH MOXET BbIATM U3 cTpos. [lpn 3TOM BapUCTOpP MOXET



MEeXaHWYEeCKN pa3pyLInMTbCs. OTO OrpaHMYMBaET B OCHOBHOM ANUTENBHOCTb UMMYMbCA, Tak Kak amnnutyaa
nMnynbca MoXeT BbiTb AOBOSNbHO OOMbLLION.

Opyrum orpaHuYeHneM BapUCTOPHOWM 3aliuThl siBMsieTcs ee pecypc. Npy noAaBrneHuM MMnynbCOB BapuUCTop
NocTeNneHHO U3HALUMBAETCS U, B KOHLE KOHLIOB, BbIXOAMUT U3 CTPOSI.

[Be opyrne TexHONormn 3almTbl OT UMMYNbLCOB HE UMEIOT MPUHLIMNNANBHOIO OrpaHUYeHnst pecypca 1 aHeprum
nMmnynbca. OTO KOHEYHO Xe He CBMAETENbCTBYET O TOM, YTO OHWM MOryT paboTaTb BEYHO U 3(PEKTUBHO
nofaensiTb MMNynbCbl MOOON amnnuTyabl 1 gnutensHocTn. 3agaden VBl aBnseTca He TONbKO BblaepXaTb
UMNYNbC, HO WU YMEHbLWMTb €ro amnauMTyay OO npueMnemMon gns KomnbioTepa BenuuuHbl. B Tabnuue
npviBegeHbl OPUEHTMPOBOYHbIE 3HAYeHWs KoadpduumeHTa nogaeneHusd umnynbca Ana pasHeix WBM. 370t
KO3(p(PMLUMEHT paBeH OTHOLLUEHMIO aMNnTy4 umnynbca 6e3 3awmuTbl U NPU UCNONb30BaHMKU 3almTbl. MHe He
n3BecTHa aTa BennyumHa anga UBI ¢ gBonHbiM npeobpasoBaHneMm.

Tun NBMN KoahduumeHT nogasneHns nMnynbLcos
C nepexnoyeHnem 30-50
B3anmoaencTByoLLbIN C CETbIO 30-100
deppopesoHacHbIf 2000

KoadcpmumeHT nonesHoro aencreus

KoadbpmumeHT nonesHoro pAencTBua — He camas rnasHas xapakrepuctuka WBI. Ecnn komnbioTepsl,
sawmwaemble VBl genctButensHo paboTatoT, TO noTpebnsemas ummn anNeKTpodHeprnsi CTOUT CyLLEeCTBEHHO
MEHbLLE, YeM XpaHsimecs B HMX AaHHble. [oaTomy cam no cebe koacpdUUMEHT MOME3HOro AEWCTBUA He
MOXET paccMaTpuBaTbCs Kak napameTp, MO KOTopoMmy cregyeT Bbloupate MBI, Tem He meHee ecTb
HECKOINbKO BaXHbIX MapamMeTpoB, cBaA3aHHbiXx ¢ KI1[, koTopble ecTb cMmbicn obcyauTb. KoadhduumneHT
Mones3Horo AencTBMA — 3TO OTHOLUEHME MOLLHOCTK, noTpebnsemon Harpyskon VBl k nonHon notpebnsemon
MBI mowHoctn. Yem Gonbwe KM, Tem meHblwas yactb npoxoadwen yepes MBI mowHocTM BhigenseTtca
BHYTPM €ro kopnyca.

BbigeneHue Tenna gononHuTenbHoro BHyTpu kopnyca UBI npuBoanT K pagy HenpusaTHbIX nocneactsuni. Ecnu
He npuHUMaTb OOMONMHUTENbHBLIX Mep ANA yaaneHus Tenna u3 kopryca (Hanpumep BEHTURATOPbI), TO
TemnepaTtypa BHyTpu MBI noBbicutca. 3TO NpuBeaeT K YMEHbLUEHWNIO pecypca akkymynatopHon 6atapeu VBT
(ecnn oHa ycTtaHoBneHa BHyTpu). 10 AaHHLIM NPOU3BOAMTENEN aKKyMynsATOPOB, MOBbILLEHWE TemnepaTypbl
akcnnyaTaumm Gatapeu Ha 10 rpagycoB NpMBOAWT K YMEHbLUEHUIO ee pecypca BABoe. [Moatomy Bce VMBI
cpegHenn M 6onbLIOA MOLIHOCTM, KOTOpble He MOryT OXnaxgaTbCs 3a CYeT eCTeCTBEHHOW KOHBEeKuMW,
OCHallleHbl MpUHyAMTENbHbIM oxnaxgeHnem. WBIT manon MOLWHOCTU, NOCTPOEHHbLIE MO CXeMe C OBOVHbIM
npeobpasoBaHveM 3Heprun, u eppope3oHaHCHbIe, Takke MNPUXOAUTCA NPUHYAMTENbHO oOxnaxaatb,
MOCKOSbKY OHU UMetoT HaumeHbLluunin KM, no cpaBHEHUIO ¢ ApYrMMU pacCMOTPEHHbIMU Hamn Tunamu VBT,

Benuuvna KM gns WBM ¢ georHbiM npeobpasoBaHneM u  deppope3doHaHcHbix WBI (no gaHHbIM
npoussoauTenen) coctasnsiet 85-94% npu NONHOM MOLWHOCTU. ECnv MOLWHOCTb Harpy3kuM ymeHblUaeTcs A0
70-80% oT HomwuHanbHow Kl coBpeMeHHbIX UCTOYHMKOB BecnepebonHOro NUTaHus NoYTU He U3MeHseTCs.
OH HauyMHaeT 3amMeTHO NafaTb TONMbKO NPW €eLlle MeHbLuelr MOLIHOCTU Harpy3ku. B nocnegHee Bpems
nosisunucob UBIM ¢ KM He meHee 70-80% paxe npumolyHocTax okono 30% HOMUHANbHOMN.

MBI ¢ nepeknoyeHnem, B3aMMOLENCTBYOLLME C CETbI0 MMET NpubnunsmtensHo oguHakosble KIM, nockonbky
npyn paboTe OT CeTU OCHOBHas MOLLHOCTb npu pabote atux MBI noctynaet k Harpyske npaktnyecku 6es
npeobpasoBaHus. Vx KM npu paboTe oT ceTn paBeH He MeHee 96% Ha pexxMMe MOSTHOM MOLLHOCTM U MMaBHO
YMEHbLUAETCS C YMEHbLUEHMEM MOLLHOCTUN Harpysku.

Bpems paboTbl oT 6aTapeun

Ons GonblwmrHCTBA 06bIYHBIX OduCHbIX WBIT Hebonblow MowHocTh Bpemsi paboTbl oT 6GaTtapen npu
MakcumarnbHOW Harpy3ke coctaenseT 4-15 muHyT. Ecnm Harpy3ka UBIT mMeHblle MakcMmarnbHOW, TO Bpems
paboTbl OT baTapeun yBenuumBaeTcs. M3-3a HENMHENHOCTUN pa3psaHON KPMBOM akKyMynaTOpHOW GaTtapen aTo
yBenuyeHve He MponopLMOHanibHO YMeHbLUEHUO Harpysku. Ecnn Harpyska ymeHblumnachk BABoe, TO BpeMs
paboTbl MOXeT yBenuuuTbca B 2.5-5 pas, ecnu BTpoe, TO Bpems yBenuumaeTtcs B 4-9 pa3 u 1.4. TOYHO
onpenenutb, ckonbko ByaeT pabotaTtb MBI npn HenonHoW Harpyske, MOXHO TOSbKO 3KCMEePUMEHTanbHO Unm
nonb3yscb AaHHbIMKM UPMbI NpousBoAaMTENs. Ha crnepyloleM pucyHke npuBedeH rpaduk, no KOTopomy
MOXHO NPUBNN3NTENBHO OLEHUTb 3TY BEMUYMHY.
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¥eenudeHue BpemeHy paboTel oT GaTapen

Hamyska MEM B NpaUugHTEY OT HOMMHANEHON MO WHOCT I

Puc. 29. Bpemsi pabombl UBIT om 6bamapeu npu Hagpy3Ke MeHbWe HOMUHabHOU

Mo ocu abcumcc oTnoxeHa Harpyska MBI B npoueHTax oT HOMUHanbHOW. 1o ocn opAanHaT — KONMYECTBO pas,
B KOTOpOe Bpemsi paboTbl OT 6aTapen 6onblie BpeMeHu paboTbl OT 6aTapen Npu HOMUHANBLHONM Harpyske. Ha
pucyHke npvBeaeHbl AaHHble dupm npoussogutenent ana WBI 6onee 50 pasHbix Mogenen MOLHOCTbIO OT
250 go 18000 BA. lMNonb3oBaTtbcs rpadmMkoM o4eHb MPOCTO. Ecnn MOLLHOCTDL BalLero KOMMnbTEpPa COCTaBNAET
50% HomuHanbHOW MowHocTM Bawero WBI, To, HaWga cooTBeTCTBylLlee AeneHuwe Ha ocu abcumcc
(ropu3oHTanbHOW OcK), NOAHMMaNTEeCh BepTUKanbHO BBepX. Ha nepeceyeHunn ¢ cepeamHon obnaka Tovek Bbl
HangeTe HyXHoe BaM 3HadeHue: Bpemsa pabotel UBIT ot 6atapen ysennuutcs npumepHo B 3.5 pasa. JaHHble
0 BpeMeHu paboTbl OoT GaTapenm OObLIMHO NPUBOAATCA AOJ1T HOBOW M MOSIHOCTbK 3apsbkeHHou Gatapew.
XapakTepuCTUKN ANs U3HOLLIEHHON GaTapen ByayT coBeplUeHHO UHbIMU. MOXHO TOMNbKO cKasaTb, YTO Bpems
paboTbl OT N3HOLLEHHOW NN HE NOSTHOCTBIO 3apsKeHHon 6aTapen OygeT MeHbLue.

MBI 6onbLwion MowHocTM 1 HekoTopble MBI mManoi MOLHOCTM MMEKT BO3MOXHOCTb YBENUYEHUS BPEMEHMU
aBTOHOMHOW paboTbl 3a cyeT 3ameHbl 6GaTapenm Ha 6Gatapeto 6onblie eMKOCTM UMW YCTaHOBKM
pononHuTtensHon Gatapen. Batapes 6onblueli eMKOCTU MOXET YCTaHaBnMBaTbCA B TOM Xe KOoprnyce umu
MOXET YyCTaHaBnuBaTbCA LONOMHUTENbHBIA KOopnyc Aana GaTtapen. Ecnu  emkoctb Gatapen WBI]
yBENUYMBAETCS, @ MOLHOCTb €ro 3apsaHOro yCTPOMCTBa OCTaEeTCsl MpexHeNn, To Bo3pacTtaeT Bpems 3apsga
Batapen. lNpu yBenuyeHnn emkoctn 6atapenm B HECKONbKO pas, NMPMMEpHO BO CTOSbKO Xe pa3 BospacTtaeT
Bpems 3apsga. Hekotopble npoussogutenu WBIT npegycmatpmBaloT BO3MOXHOCTb 3aMeHbl 3apsifHOro
ycTpoicTBa Ha 6onee moliHoe. OTO NO3BONSAET COXPaHWUTL NMpuvemnemMoe Bpems 3apsga nNpy HapalimMBaHun
emMKocTu batapem.

TpexdaszHbie MBI nmetoT 06bI4HO BO3MOXHOCTb perynmpoBaHus 3apsagHoro Toka B 3aBUCTUMOCTU OT €MKOCTU
YCTaHOBIEHHON aKkKyMynsATOpPHON GaTapewu.

MBI manon mowHoCcTK, cneumanbHO npegHasHadeHHble AN AnuTenbHOW aBTOHOMHOM paboThl, Kak NpaBusio
UMEIKT MOAYIbHYK KOHCTPYKLUMIO. OTO 3HA4UT, 4YTO Monb3oBaTeNnb camM BbliOMpaeT Tun GaTtapen wunm
KONMMYeCcTBO OOHOTUMNHBLIX OnokoB 6GaTapel, COOTBeTCTBYOLWEee Tpebylowemycs BpemeHn paboTbl.
HapawuBaHne emkocTn 6Gatapen OOHOTUMHBLIMKA MOZYNSMW OO €EMKOCTM, COOTBETCTBYIOLLEW BpPEMEHMU
aBTOHOMHOW paboTbl (NpM NOMHOM Harpy3ke) Oonee HEeCKONbKMX 4YacoB, MPUBOAUT K MNOSABIEHWUIO
AKKYMYNATOPHOW CTaHLUMU C OTPOMHBIM YMCIIOM aKKyMyIsSITOPOB. Y TakOW CUCTEMbI €CTb MO MEHbLUEN Mepe
OLMH HepocTaToK: BONbLUOE YNCINO KOHTAKTOB, CKIMOHHLIX OKUCNATbCA. MMoaTomy obcnyxumBaHue Takoro MBI
MOXeT NpeacTaBnaTb cobol npobremy, a MOUCK HeucrnpaBHOCTM B GaTapee 3aHMMaTb HECKONbKO AHEW.
O6biMHO pgna  Gonee  ANWTENLHOrO, YEeM HECKOSIbKO 4acoB, MOAAepXaHusa paboTbl obopynoBaHMA
PEKOMEHAYIOTCS AN3ENbHBIE UMM UHBIE 3NEKTPUYECKME TeHepPaTophI.

HekoTopble MBI nmeloT nHamkaTop, No KOTOPOMY MOXHO onpedenvTb, HAackonbKo 3apsikeHa baTtapesa VMBI n
CKOINMbKO BpeMeHn MoXeT elle npopaboTate MBI ot 6aTtapeun. MamepeHne 3apsga 6atapen UBIM goBonbHO
CNoXHas 3ajadva U oyeHb HemHorne npoussogutenu VMBI gencteutensHO ymetoT ee pewatb. MHoraa MBI
npeaHasHa4valoT 458 OTHOCUTENbHO AnutenbHoW paboTel oT 6aTapen (Hanpumep Ans 3aBepLleHus Kakux-nnbo
BbIYMCNEHWUI NNK Nepedayn AaHHbIX). B aTom cnyyae o6bl4HO HYXXHO Bonee unu meHee TOMHO 3HATb CKOMbKO
BpPEMEHM OCTanocb A0 MOMHOro paspsga 6atapen. B aTom cnydae nydwe He [OBEPATbCH 3asiBNEHUsIM
npogasuoB unu npoussogutenen UBI o nmelowenca B BaweM pacrnopsXeHun yHKUMU, a NpoBeputb ee
BO3MOXXHOCTM CaMomy.

Bcero moryt ObiTb TpM BapuaHTa OLIEHKM BpEMEHM, OcTaBLlerocd Ao paspsga 6atapen. Cambii npocTom
BapuaHT. UBI namepseT npoTekawwwmi Yepe3 Hero TOK M Mocne nepekntoyeHns Ha paboty oT Gatapeu
HauMHaeT OTCUUTbIBaTb BpEeMs, OCTaBlleecss A0 paspsga Gatapeu, Monb3yscb 3anuUCcaHHOW B MOCTOSIHHOW
namsTM nHpopmaumnen o paspsigHoM uumkne. PacyeT npousBoauTcs, Mcxodst M3 MOMHOro 3apsiga Gartapew.



CnepoBatenbHo, ecnuv Balwla batapes HECKOSbKO paspsiKeHa Uiy U3HoLLeHa (Bbl MOXETe 00 3TOM U He 3HaTb),
Bbl MOXeTe OblTb HENPUATHO YAMBIEHbI, OCTaBLUMCL 6€3 HanpsKeHWst B CaMblii OTBETCTBEHHbIA MOMEHT.

BTopow BapuaHT. Bl nsmepsieT HanpsikeHne Ha 6atapee u, ncxogs U3 3anMcaHHOW B MOCTOSIHHOW MamsaTu
WHpopMaLmen o paspsgHOM uMKne uHauumpyeT (Ha uMdpoBOM UMM CBETOAMOAHOM WHAMKATOpE) 3apsg
batapewn. B aTom crniyyae Bam NpefoCcTaBnseTCst BO3MOXHOCTb CAMOCTOATENBHO NPUBNN3MTENbLHO onpeaensTb
MoMeHT, korga UBI oTkntouunTes.

TpeTuit BapuaHT ABNseTCa (akTUYeCKM codeTaHmem nepBbix ABYX. Ha ocHoBe gaHHbIX O 3apsge 6artapeun u
notpebnsemom Harpyskow Toke, Ha uudpoBoe Tabno BblAaeTCA YUCMO, COOTBETCTBYIOLLEEe OCTaBLUEMYCH
BpeMeHn paboTbl OoT 6aTapeu. Kak yxe roBopunocb, 3TM AaHHble MOMyT 0OKa3aTbCs HE COBCEM TOYHbIMMW.
Jlyywe Bcero (u3 3Hakombix MHe WBIT) aTa dyHkuus peanmsosaHa y VIBI Ferrups.

KoadcpuumneHT MowHocTu. BaTThl M BonbT-amnepsbl

OpHum 13 Hanbornee NonynspHbIX BOMPOCOB, KOTopble 3agatoT nokynatenu VBI, aensetcs Bonpoc 0 TOM, Yem
OTNMYaloTCA BaTTbl OT BOMbT-amMnepoB. B Lenu nocTosiHHOro Toka Aeno o6CTOMT [AOBOMBbHO MpPOCTO.
OnekTpuYeckuii ToK, MOCTynasi U3 UCTOYHMKA NOCTOSIHHOrO TOKA B HAarpys3Kky, NPOU3BOAMT B HEWN MOME3Hyo (Mnu
BecnonesHyo) paboTy MO nepemMelleHuo 3apsaoB B HanpaBrieHuu anekTpudeckoro nons. Paccuutatb
MOLLHOCTb B TaKOM LLENU O4YeHb MPOCTO: HYXXHO YMHOXUTb TOK Ha NafieHVe HanpshkeHus Ha Harpyske: P[BatT] =
I[Amnep] * U[BonbT]

B uenu nepemeHHOro TOKa, C KOTOpPOW HaM NpMxoauTCA MMETb Aeno, paccmaTpusasa paboty WBI, Bce
HEeMHOro no-gpyromy. [Ans nepeMeHHoro Toka BBOAUTCA NOHATUE MIHOBEHHOW MOLLHOCTU — 3TO NpoussefeHune
MFHOBEHHbIX 3HAYeHWN MepeMeHHbIX HanpskeHWs U Toka. AKTMBHAs MOLLHOCTb (CpedHss Mo BpemMeHu
MOLLHOCTb, BblaensemMas B Harpy3ke) paBHa cpegHemy 3a nepuof 3Ha4yeHW MrHOBEHHOW MolHocTu. Ecnum
HanpsxeHne nMeeT CMHyconaanbHyo PopMy, U Harpyska B Lienu akTuBHas (UNn, nHave roBops, oMuyeckas —
Hanpumep, namnbl HakanuMBaHWus), TO akTMBHAs MOLUHOCTb paBHa MPOU3BEAEHUI0 OENCTBYHOLLUMX 3HAYEHWU
HanpsxeHns 1 Toka. T.e. OHa paccynTbLIBAeTCs NPUMEPHO TakK Xe, Kak U MOLHOCTb B LeMW NOCTOSAHHOMO TOKa:
P[BatT] = Ugeticts * |lgencTs.

D AN
A
a) =] =]

Puc. 30 . MeHOB8eHHas MOWHOCMb 8 Uuernu rnepemMeHH20 moka

a) cuHycouaarnbHbIi TOK B aKTUBHOM Harpyske; 0) CMHycouMaanbHbii TOK B Harpyske C peakTUBHON
COCTaBnsoLLel; B) HECUHYCOMAANbHBIV TOK (HEMUHENHas Harpyska).

Ha puc. 30a BMAOHO, 4TO B 3TOM Criydae HanpsbkeHue U TOK BCerga UMEKT OAMHAKOBLIN 3HAK (CTaHOBSATCS
NONOXUTENMbHLIMX 1 OTpUUATENbHBIMU  OAHOBPEMEHHO). [103TOMy MrHOBEHHas MOLUHOCTb Bceraa
nonoxutenbHa. Pu3anyeckn aTo 03Ha4aeT, YTo B 060N MOMEHT BPEMEHM MOLLHOCTb BbIAENSIETCSA B Harpyske.
MHauve roBops, Tak e Kak B Lienu NOCTOSIHHOIO TOKa, 3apsiibl BCeraa OBWXKYTCA B HanpaBrneHun OencTBus
anekTpuyeckoro nons. Ecnv HanpshkeHne M TOK MMEHT CuHycoupanbHyt ¢opMy, HO Harpyska umeet
€MKOCTHYI0 MIMU MHOYKTUBHYH (PEaKTMBHYIKO) COCTaBMSALLY0, TO TOK onepexaeT no dase HanpshkeHue unm
OTCTaeT OT Hero. B 3ToM cny4ae MOLWHOCTb, Bblaensiemas B Harpyske, ymeHbluaetcsi. Ha pucyHke 306 BugHo,
4YTO M3-3a Pa30BOro CABUra, B HEKOTOPbIE MOMEHTbI BPEMEHW, HANpPsKeHWe N TOK UMEKT NPOTUBOMONOXHbIE
3Haku. B 310 BpeMsi MrHOBEHHasi MOLLHOCTb OKa3blBaeTCs OTpULIATENBHOM U YMEHbLUaeT CPeHIo 3a nepuos
MIHOBEHHYIO MOLLHOCTb. OMNEKTPOTEXHUK CKaXEeT, YTO B 3TV MOMEHTbl BPEMEHM TOK TEYeT U3 Harpyskus B
MCTOYHUK TOKa. C TOYKM 3peHUst puanka, B 3T MOMEHTbI BPEMEHU 3apsiabl MO MHEPLIMU OBWXKYTCS NPOTUB CUN
anekTpudeckoro nonsi. dopmyna Ond cpegHen 3a nNepuod aKTUBHOW MOLLHOCTM ANs CryyYasi Harpysku C
peakTUBHOM COCTaBNALWEN HECKONbKO M3MeHsAeTcsl. B Hel nosensetrca koaduUMEHT MoLwHOCTM. [Ons
CUHyconaarnbHbIX HanpPsPKEHWUST U TOKa OH YMCIEHHO pPaBEeH 3HAKOMOMY CO CPELHEW LLKOMbl «KOCUHYCY hny:
P[BaTT] = UgeiicTte * lgencts * Cos (P). 3aecb ® — yron casura dasbl Mexagy Hanps>keHMeMm 1 TOKOM.



lMpousBedeHne [AeWCTBYIOWMNX 3HAYEHUN HanpsikeHuss U TOKa HasbliBaeTCs MOSIHOM MOLLHOCTBbIO  Lenu
nepeMeHHOro Toka u namepsietcsa B BonbT-amnepax (BA). MNMonHaa mowHocTb Bcerga Gonblue unm paBHa
aKTUBHOW (BblAenseMol B Harpy3ke) MOLLHOCTW.

Ecnn Harpyskon sBnsietca komnbkoTep, TO Aeno obCcTouT elle HEeMHOro crioxHee. Tok, noTpebnsembin
KOMMNbIOTEPOM, MMEET HeCMHyconaanbHyto cdopmy (cm. puc. 30B). MoLwHOCTb, Bbliaensiemas B Harpyske, npu
Takon hopMe ToKa Takke MeHbLUEe, YeM NMPon3BeAeHne AENCTBYHOLNX 3HAYEHMI HanpshXeHns 1 Toka. Ha puc.
30B BMOHO, 4YTO MNpPUM HEKOTOPbIX 3HAYEHUSIX HaMpPsKEHUS (KOrda HanpshkKeHue Maro) KOMMbHTep He
notpebnseT Toka. MrHOBEHHass MOLLHOCTb B 3TV MOMEHTbI BPEMEHWN paBHa HYM — HanpshkeHue «nponagaet
3ps», He npousBoad paboTbl. AKTMBHAsA (Bblgensiemas B Harpyske) MOLHOCTb AfS criyyasd HennHerHon
Harpy3ku Belpaxaetcs coopmynon. P[BaTT] = Ugeiicte * lgencts * K, rae K — koadhduumeHT mMoLHOCTU.

TOK «KOMNbIOTEPHOW» Harpysky Kak MNpaBUO HECKOMbKO onepexaeT HanpsixeHwe. Ho casur a3 oyeHb
HeBenuk (10-20 rpagycoB), NO3TOMY KO3(PIULMEHT MOLLUHOCTM ANS KOMMbIOTEPA He paBeH KOCUMHYCY yrna
hasoBoro casura, a 3HaunTenbHO MeHblle. Ecnn nocuntaTth cpefHiolo 3a Nepuof MOLHOCTb MMMYMbCHOMO
Onoka nuWTaHWs W pasgenuTb Ha npou3BedeHVe [OEeWCTBYHOLIMX 3HAYEHUN HanpsbkeHuss U Toka, TO
Nony4MBLUMICS KO3 PULMEHT MoLiHOCTM ByaeT npumepHo paseH 0.6-0.8.

Mo pgaHHbIM dupmbl American Power Conversion koadduumneHT MowHocTn paBeH 0.6 Ana nepcoHanbHbIX
komnbtoTepoB 1 0.7 AnNs MuHWM KomnbloTepoB. Ha camom gene, Ko3pdULMEHT MOLLHOCTU KOMMbIOTEPHOW
Harpy3ku cBsidaH C KO3(pMUMEeHTOM aMnnuTydbl TOKa W, Aaxe Ans OOHOro M TOro e umnynbcHoro 6roka
NUTaHWs, 3aBUCUT OT TOrO, HACKOMNbKO 60K MUTaHWUSA UCMOMb3YeT CBOK HOMWHANbHYK MOLLUHOCTb. Tak, ecnu
UMMYNbCHbIM ONOK MUTaHUA HarpyxeH cnabo (K HeMy MNOAKMOYEHO Mano notpebutenen — OUCKOBOAOB,
npoLeccopoB U T.4.), TO KO3(PPUUMEHT amnnutydbl yBenuuuBaeTcs, a KoO3MULMEHT MOLLHOCTH
yMeHbLUaeTcs.

3HaTb MOLWHOCTb nogknioyeHHoro k MBI obopynoBaHus HeobxogMMo Ans TOro, 4tobbl He MNpPeBbICUTb
npeaenbHylo gonyctumyto Harpysky VIBI. Ho HarpyxeHHoCTb (Mnn neperpyxeHHocTb) VIBI onpeaensietca He
TONbKO TeM, Kakasi MOLHOCTb BblAenunacb B Harpyske, a ewe U Tem, kakoi Tok TeveT Yepes UBI. Moatomy
npu ykasanuu npegenbHon ans UBI Harpysks OObIMHO yKa3biBalOT MakCUMasbHYH MOSIHYO MOLLHOCTb B
BOMbT-aMnepax M MakCMManbHYH aKTUBHYHO MOLUHOCTb B BaTtTax. Beibupate MBI HyxHO Tak, 4TOObI
MakcumaribHasi MOLHOCTb Harpy3ky He npeBbllwana makcumanoHon mowHoctn WBI. BosHukaeT Bonpoc:
Kakasi MOLLHOCTb — nonHasa unu aktueHaa? OTeeT: obe! NonHas MOLWHOCTL Harpy3ku AofmkHa ObiTb MeHbLue
HOMWHanNbLHOM nomnHon MolHoctn MBI (HyxHO cpaBHuBaTb BonbT-amnepbl — BA). A akTMBHasi MOLLHOCTb
Harpy3ku He OOJKHA MpeBblaTb HOMUHANbHOM akTMBHOW MolHocTu UBIT (HyXHO cpaBHMBaTb BaTThl — BT).
BaTTax, Bbl AOIMKHbI ObITb FOTOBbI K TOMY, YTO MOLUHOCTb B BOnbT-amnepax Oyget Ha 20-40% 6Gonblie, n
Bblbupate VBl cooTBeTcTBYIOWEN MOLWHOCTU. [Nnda pasHbiX Harpy3ok n pasHbix MBI orpaHuyeHnem moxet
ObiTb MMM MOMHAs MNU aKTMBHas MOLLHOCTb. Yalle Bcero (anst KOMMbKTEPHbIX HArpy3ok) orpaHuyYeHueMm
SABMNsSeTCa nofnHas MOLWHOCTb. Kak npaBwno MOLWHOCTb KOMMNbilOTepa wnuv nepudepuinHoro ycTponcTea
ykasblBaeTcs B BofbT-aMnepax. Ecnv oHa ykasaHa B BaTTax, Bbl JOIKHbI ObITb FOTOBbI K TOMY, YTO MOLLHOCTb
B BofbT-amnepax 6yaet Ha 20-40% Gonblue, n BbibupaTts NBI cooTBeTCTBYIOLEN MOLLHOCTH.

Oco6eHHOCTU TpexdasHbIX UICTOYHUKOB becnepebonHOro NnuTaHuA

Mouyemy TpexdasHbie MBI BbigeneHsl B oTAeNbHY rpynny? Beab npuHUMn AeicTBrUst GONbLUMHCTBA U3 HUX (M
BCEX, OMMCbIBAeMbIX B 3TOW KHWUre) — ABOMHOE npeobpasoBaHMe JHEepPrMn — TakoM Xe, KaK y MHOXecTBa
oaHogasHbIX NpUBopPoB.

Kpome o4eBMAHbIX OTAMYMIA OT ogHodasHbix npubopos, TpexdasHble MBI nmeoT HEKOTOpble He CAWLLKOM
3aMeTHble Ha NepBbI B3rnsa nonesHble ocobeHHocTU. Kak npaBuno, TpexdasHbie VB obecneynBatoT HoBoe
Ka4yeCTBO 3aLUMThbl NPOCTO 3a cyeT Toro, YTo MBI nmeeT TpexdasHbii BXxod.

PacnpepeneHue Harpy3ku no ¢asam

OpHow n3 npobrnem npu ucnonb3oBaHum opHodasHbix WBI (Mnn paxe npocto nobbix noTpebutenen,
noaknioyaeMblx K ceTu) SBNSeTCca pacnpegeneHue Harpyskv no cgasam. Ecnv notpebutenu anektpoaHeprum
HepaBHOMEPHO pacnpeerieHbl No dasaMm 3eKTpUYecKon CceTu, To, MPM 3HAYUMTENbHOW Harpyske ceTw,
BO3HUKalOT ABa adydpekTa: ogHa u3 a3 ceTn okasbiBaeTCsa neperpyXeHHoun, B To BpeMs, Kak apyrue gasbl He
NCNONb3YIOT CBOU BO3MOXHOCTU MOMHOCTBIO; NepeKkoc a3 — HepaBeHCTBO (Pa3HbIX HaMPsXKEHUN B pasHbIX
daszax ceTu, (HanpskeHne B NeperpyxeHHon ase MeHblle HOMUHANbLHOMO, @ HanpsbkeHWe B HEOOTPY>KEHHbIX
asax 6onbLle HOMUHaNbLHOIO).

CneacremMemM HepaBHOMEPHOrO  pacrpedeneHnss Harpysku no dasam sBfseTca Tawkke neperpyska
HeWTpanbHoro npoeoaa. TpaauLMOHHO B OTEYECTBEHHBIX SNEKTPUYECKUX CETSIX HEUTPasibHLIN NPOBOA UMEET B
1.5-2 pasa MeHbllee ceyeHue, 4Yem hasHble npoBoga (Bedb OH NpefdHasHayeH Ans npoTekaHus
KOMMEHCALMOHHBbIX TOKOB, KOTOpble [OSDKHbI GblTb MEHbLUE TOKOB B NMHEWHLIX MpoBogax). Mo3aToMy Tokw,
BO3HMKaloLLMe B HeWTpanu npu nepekoce ¢as, MoryT NpMBOAMTL K Meperpyske HerTpanbHoro npoeoga. 1o
Kak npaBusio ckasblBaeTcs Ha 3dEeKTMBHOCTM paboThl 3a3eMNeHUs U MOXeT NpUBECTM K cbosim B paboTe



obopynoBaHus. TpexdasHble MBI pewatoTr npobnemy nepekoca ¢as aBTomaTmdecku. Ha Bxogme MBI
Harpy3ka Bcerga paBHOMEpPHO pacnpefeneHa no gasam 3a cyeT TOro, YTo BbiNnpsMuTens U nHBepTop UBI
paboTaloT He3zaBucumo. [103TOMY HeWTparnbHbI NPOBOA HarpyeH MeHblue (KOMMEHCAUMOHHbIE TOKW,
cBA3aHHble ¢ gucbanaHcom das, oTcyTCTBYIOT). 3asemneHne pabotaeT MakcumanbHO 3PEeKTUBHO, NOMEXU
Anst paboTbl komnbloTEPOB Manbl. Ha Beixoae MBI npobnema HepaBHOMEPHOro pacnpeneneHus Harpy3sku no
¢aszam koHeuvHo ocTaeTtcda. C ogHon dasbl TpexdasHoro MBI mowHocTbio 30 KBA Henb3sa cHATb 6onblie 10
KBA. Ho paxe ecnu Bbl Harpy3ute ogHy uM3 a3 NomHOCTbIo, a Apyrne OyayT HedorpyKeHbl, TO XOPOLUWiA
TpexdasHbin MBI ¢ HesaBnCUMBIM perynnpoBaHneM HanpsikeHust no gasam Oyaet HopmanbHO paboTtaTb, U
BMNVSHWE HEePaBHOMEPHOro pacrnpefeneHns Harpysku CKakeTCsl TONbKO BO BpeMms MepexodHOoro npouecca,
BO3HMKAIOLLErO MNpUM PEe3KOM W3MEHEeHUW Harpysku. Takum obpa3oM pasrpy3ka HeWTpanbHOro nposoja
NPVBOAMUT K 0BLLEMY «O3[0POBIEHUIO» ANEKTPUYECKON CETU.

FapMOHMKM B TpexdasHOW INEeKTPUIECKOMN ceTu

TpexgasHas anekTpuyeckas ceTb Oblna n300peTeHa ANs MCNOSMb30BaHMS CUHYCOMAAmnbHbIX TOKOB, U
naeanbHO MNOAXOAMT ANns Hux. [puMeHeHMe HemnuHelrHbIX noTpedutenen (Hanpumep KOMMbIOTEPOB) B
TpexdasHom 3NeKTPUYECKON CeTH (@ BCe HaLLM 3NEKTPUYECKME CETU Takne) MMeET OYeHb Cepbe3Hble (M OYeHb
HenpuaTHbIe) 0COBEHHOCTH.

MpenctaBum cebe ocuunnorpammy TOKOB B TpexdasHom anektpuyeckom cetn (cMm. puc 31). lyctb B
3NEKTPUYECKON CeTU NPUCYTCTBYIOT TOMbKO fMHEWHble Harpysku. CrnegoBaTenbHO BO BCEX MpoBoAax
NpoTEeKarKT TOSbKO CUHYCcOoMAarnbHble TOKW. [lonyCcTuM Takxke, YTO 3TU TOKM NPUMEPHO PaBHbI.
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Puc. 31. CuHycoudarnbHbie moku 8 mpexghasHol arekmpuyeckol cemu

B aTtoM cny4ae Harpyska B 9MeKTPUYECKOW CeTu pacnpeferieHa npuMepHO paBHOMEPHO: TOKM B Kaxdou u3
a3 npMMepHO OAMHAKOBbLI (CpeaHeKBagpaTM4Hoe v AenCTByloLlee 3HaYeHne Toka nameHsietcs ot 70 go 85
A). B HenTpanbHOM nNpoBoAe nNpoTeKkaeT TOK, SABMSIOLENCS reoMeTPUYeckon (BEKTOPHOW) CYMMOWN BCEX TOKOB B
nHenHbIX npoBogax.ToOKM YacTUYHO KOMMNEHCUMPYHT ApYr Apyra, W pe3ynbTUPYIOWWMIA TOK B HENTparbHOM
NpOBOAE HaMHOIO MeHblle TOKa B KaXAOM W3 fMHENHbIX NpoBodoB. B gaHHOM cnyvae pencTsylollee
3HavyeHWe ToKa B HeWTpanbHOM nposoge paBHO 12 A. HenTpanbHbid MPOBOA HYXeH AN KOMMeHcauuu
OTNNYUIA TOKOB NMMHENHBIX NPOBOAOB. B cnyyae, korga Bo BCeX NMHENHbIX MPOBOAAX NpOTeKalT oAMHaKOBble
TOKM, KOMMNeHcauma He TpebyeTca: TOK B HeMTpanbHOM npoBoAde paBeH Hyno. Criyyan, korga BCs Harpyska
ceTu cocpefoToyeHa B OHOWM u3 das, camblil NSIOXON: TOK B HEUTPANbHOM MPOBOAE paBeH TOKY B hasHOM
npoBofe. Ho 0BblYHO 3NEeKTpuKU CneasaTt ecnu He 3a PaBHOMEPHOCTBIO pacrnpefeneHnst Harpy3km no dasam,
TO, NO KparHen mepe, 3a TeM, YTOObI HM ogHa 13 a3 He Gbina neperpyxeHa MoaTomy, Kak NpaBuIIo, Harpy3ka
B TpexdasHon ceTu pacnpegeneHa 6onee nnm MeHee paBHOMEPHO, U TOK B HEWTParisHOM NpoBoAe Mar.

Mpn NpoeKkTMpoBaHMU 3SMEKTPUYECKUX ceTel ITOT yAoOHbIM hakT LMPOKO WUCMOMb3YT AN 3KOHOMUM
maTtepuana. B oTeyecTBeHHbIX TpexdasHbix kabensax oauH M3 NPOBOAOB (HEWTpamnbHbIN) 4YacTo uMmeeT
HaMHOro MeHbluee cedeHve. Hanpumep B kabene, paccuuTaHHOM Ha Tok okoro 100 A (MOLYHOCTb
TpexdpasHom cetn okono 70 kKBA) nuHerHble NpoBoAa UMEIOT MNroLwaab NonepeyHoro cevenns 35 unu 25 k..
MM, a HeWTpanbHbI NpoBoA — Bcero 16 kB. MM. [pu cuHycoupanbHbIX TOKax M MPUMEPHO PaBHOMEPHOM
pacnpegeneHun Harpysku no pasam 9TO He WMeeT 3HaYeHUsA: HeWTpanbHbIl MPOBOA OYeHb Adanek oT
neperpysku.

MocmoTpuMm Tenepb, Kak BegeT cebs TpexdasHas anekTpudeckass CeTb NpW NPOTEeKaHun B Hen
HecuHycomaarnbHbIX TOKOB, XapaKTepPHbIX AN «KOMMbIOTEPHbIX» Harpy3oK, OCHALLEHHbIX WMMMYNbCHLIMA
brnokamn nutaHus. Ha pucyHke 32 npuBegeH BWA OCUMIIIOTPaMMbl TOKOB HENUHEMHbIX Harpy3ok B
TpexdasHoun anekTpudeckon cetn. Bce Tpu dasbl ceTM O4MHAKOBO Harpy>eHbl «KOMMbIOTEPHONY» HArpy3kon co
3HaYMTENbHLIM KO3(PEPULNEHTOM rapMOHUYECKNX UCKaXKEHUI N KOIPDULMEHTOM amnnnTyabl (M1k-cpakTopom)
paBHbIM 3.
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Puc. 32. HenuHeliHas Haepy3ska 8 mpexghasHol srrekmpuyeckol cemu

[encTBytollee 3HayeHWe ToKa B Kaxgonm u3 Tpex a3 paBHo 85 A. OHO npumepHO Takoe e, Kak u
OeNCTBYIOLME 3HAYEHMS TOKOB Ha puc 31. HecmMoTps Ha NOMHOCTbI0 CUMMETPUYHYIO Harpysky, B HEMTpanbHOM
nposoge HabnogaeTca oyeHb Oomnbwon TOK. Ero gencteylowlee 3HayveHne paBHo 120 A. AmnnutygHoe
3HayeHMe ToKa paBHO 226 A. OTO 3HAUUT, YTO HENTparnbHbIA NPOBOA HEe BbIMOMHAET (MW NNOXO BbINOMHSAET)
CBOIO (DYHKUMIO KOMMEHCaumMM TOKOB NpU HENWHEWHOW Harpy3ke. Ha pucyHke BMAHO, YTO aMmnnuTyda Toka B
HeWTpanuM Oaxe HEeMHOro MeHblle amnauMTyabl Toka B NUHeNHbIX npoBogax. [louemy xe AencTeylollee
3Ha4eHue nonyyaetcd HamHoro 6onbwe? lMpurnageBwncs BHUMaTenbHee K puc. 32 (M cpaBHMBasi ero ¢ puc.
31), Bbl yBMAMTE OTBET — YACcTOTa TOKa B HEWTpanu He COBnNagaeT C YacTOTOM TOKa B NIMHENHbIX npoBogax. B
HenTpanu Te4veT Tok ¢ Yactoton 150 y. OTKpbIB CIPABOYHUK MO INEKTPOTEXHUKE Mbl NIETKO OBHAPYXUM, YTO
Berocunega He usobpenu. MNpu NpoTekaHWM paBHbIX HeCMHycouAarnbHbIX TOKOB B JIMHEMWHbIX MPOBOAAX
TpexdasHon ceTn AeNUCTBYHOLLEE 3HAYEHNE TOKa B HEMTPanbHOM MPOBOAE CKIaAbIBAETCA U3 TOKOB rapMOHUK,
HOMEp KOTOpbIX KpaTeH 3. VHTEHCUMBHOCTb [EBSATON W NOCNEAYHOLUX TFApPMOHUK B TOKe noTpebneHus
UMMYINIbCHOIO WCTOYHMKA MUTAHWUA He CMAWLWIKOM Benuka. Ho TpeTbs rapMoHuKa siBnsieTcs rmaBHow (nocne
nepBOI) rapMOHMKOM B TOKe NoTpebrneHus komnboTepa — ee MHTEHCMBHOCTL MOXeT gocturatb 60%, 1 MIMEeHHO
ell B OCHOBHOM 00513aH neperpyskon HerlTpanbHbIn npoBog. (BoT oTkyaa B HenTpanu 150 My).

YeM ke 3T0 onacHo? PaccMoTpum nNpocToi npumep.

Bosbmem Hebonblloe 3gaHue, K KOTOpoMy noasefeH TpexdasHbli kabenb. [ycTb Tpu M3 NpOBOAOB UMEKT
cevyeHue 25 KB. MM, a YeTBEPTbIN (KOHEYHO Xe — HeMTpanbHbIi) npoBod — 16 kB. MM. Ha Bxoge B 3gaHue
yCcTaHoBrneH TpexdasHbin astomat Ha 100 A, NpMMepHO COOTBETCTBYHOLLMI NpeaenbHOMY TOKY JIMHEMHbIX
nposodoB. [lpedenbHbIi TOK HenTpanbHOro nposoga paBeH 80 A, HO Ha HeWTpanbHOM NPOBOAE He
yCTaHaBnMBaloT NpegoxXpaHuTenun M3-3a onacHOCTU CUMbHOro nepekoca TpexdasHoW CUCTEMbl NEPEMEHHOro
TOKa npu 0bpbIBE HeWTpanbHOro npoeoaa. [pu NuUHeHoW Harpy3ke, paBHol NnpuMepHo 80% OT MakcMMarbHON
(cm. puc. 31) nuHerHble MPOBOAA XOPOLIO HArpyXeHbl, HO He neperpyxeHbl. HenTpanbHbI NpoBoa,
paccyuTaHHbIN Ha Tok Ao 80 A HaxoAMTCH NPaKTUYECKM B PEXMME XONOCTOro xoaa.

Mpwn HenuHenHon Harpyske, paBHoW 85% OT HOMMHanNbLHOW (puc. 32), NMHENHbIE NPOBOAA HarpyXXeHbl Tak Xe,
KaK MnpyM npoTekaHuM B CETU CUHycouganbHbIX TOKOB. TOK B HeWTpanbHOM MpoBoAe MpeBbillaeT TOK B
NVHENHBIX NPOBOAAX NMOYTM B Nontopa pasa. BcnoMHUM: HeMTpanbHbIA NMPOBOA paccyMTaH Ha TOK He bonee
80A. OnacHasa neperpy3ka Hanuuo. Camoe nnoxoe B 3TOW CUTyauum TO, YTO 3Ty Meperpy3ky HWUKTO He
3ameTuT. Ha Hee He oTpearvpyeT HM ofuH npubop 3awmTbl. Beab Ha HenTpanbHOM nNpoBoAe OObLIMHO He
yCTaHaBnMBaT U3MepuTenbHbIX NpnbopoB.

YT0 e genatb? Kak 3almnTnTb CeTb OT HEMMHENHOW Harpy3kn?

EcTb ABa BapuaHTa: co3gaTb HOBYIO SMEKTPUYECKYIO CeTb C ABYX WM TpexKpaTHbIM 3anacom no MOLLYHOCTU
unu yctaHosuTb TpexdasHbin VBI.

MBI ¢ TpexdasHbiM BXO4OM MMeeT B KayeCTBe BXOOHOrO YCTPOWCTBA BbiNpsAMUTENb. Bbinpsamutens —
©e3ycrnoBHO HenvHenHas Harpy3ka. Ho B cnektpe Toka, noTpebnsemoro TpexdasHbiM BbINPAMUTENEM, HET
TpeTbel rapMOHNKM U BCEX BbICLUMX FAPMOHMK, HOMEP KOTOPbIX KpaTeH TPEM.

Yto xxe OyaeT, ecnu u3 cnektTpa TOKOB, NPUBEAEHHbIX HA pUC. 32 UCKIMIOYMTb TPETLIO N AEBATYIO rAPMOHUKY (M,
nycTb nmetoLme HebonbLUY MHTEHCUBHOCTb, ApYre rapMOHUKN C HOMEPOM, KpaTHbIM 3)7? [ponsongeT noyuTtu
4yyOo: OEeNCTBYLLEee 3HayYeHue TOoKa B HEMTpanbHOM MPOBOAE CTaHET paBHbIM HYMO. JneKkTpuyeckas ceTb
Hallero NpMMepHOro AoMa crnaceHa oT neperpysku, a 4oM — OT noxapa.

UJGCTVI-VIMny.ﬂbCHbIe U gBeHaguaTn-umMmnylnbCHble BbiNpAMUTENn

OObIYHLIN OBYX-NOMYNEPUOLHbIA BbINPSIMUTENb B OAHOGA3HOM 3NEKTPUYECKON CETU MMEET CMEKTP BXOAHOro
TOKa, COCTOSILLMA W3 FapMOHMK C HOMepamu 2i1 (T.e. U3 MHOXECTBA HeYEeTHbIX rapMoHuMK). AmMnnuTyaa



rapmMoHuku 0Oonee WM MeHee MOHOTOHHO YMEHbLUaeTCs C YBenuyeHuem ee Homepa (cm. puc. 24).
TpaguumoHHo B TpexdasHbix MBI npumeHsoTes 6-mmnynbcHble (Mnn WecTU-nonynepuogHbie) BoiNpsiMUTENN.
HasBaHve nogpasymeBaeT. UTO 3a nepuod TpexdasHoOW CeTU Ha BbIXOAE Takoro BbINPSMUTENS BO3HUKaeT 6
MMNYnbCOB TOKa. MpocTenas cxeMa Takoro BbinpAMUTENst — TpexdasHbIn MocT (cM. puc. 33).

—

Puc. 33. TpexghasHbIli Mocm

CnekTp rapmMoHMK TOKa 6-MMNYNbCHOrO BbLINPAMUTENS BKMAOYaeT (KPOMe MepPBON FapMOHMUKW) FapMOHUKU C
Homepamu 61 — cMm. puc. 34.
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Puc.34. Cnekmp moka 6-umrnysibCHO20 8bINpsamMumers

TeopeTundeckn amnnutyga Nn-M rapMOHVKM paBHa aMnnuTyae nepBov rapMOHWKW, AerneHHonm Ha n. T.e.
amnnutyga 5-n rapmoHukn coctasnset 20%, a amnnutyga 11-in rapmMoHukM — okono 9% amnnuTyabl nepBow
rapMoHukn. COOTBETCTBEHHO, TEOPETUYECKUN KOIPMULIMEHT FapMOHUYECKUX WCKaXEHUn BXOAHOMO ToKa
LIEeCTUMMMYNbCHOro BbiNpsiMuTenst paBeH npumepHo 30%. [Ons yMeHbLUEeHWS FapMOHUYECKUX MWCKaXKeHWUi
NPUMEHSIIOT  12-uMnynbCHble BbiNpaMuTenu. [IBeHaauaTu-UMMYNbCHLIN  BbINPAMUTENb COCTOUT U3  ABYX
TpexdasHblXx MOCTOB. Ha oauMH M3 HUX nopaeTcs HanpshKeHue HenocpencTBEeHHO OT TpyxdyasHou ceTu, a
BTOPOM MOCT MMTAeTCs OT cneumansHoro TpaHcdopmaTopa, casuratowero gasy Ha 30 rpagycos.

TeopeTnyeckn crnekTp Toka 12-MMnynbCHOro BbINPAMUTENST BKMAOYaeT (KPOMe NepBOM FapMOHMKW) TOJbKO
rapMoOHuKu ¢ Homepamm 12+1 — cm. puc. 35.
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Puc. 35. Teopemuyeculi cnekmp 8xo0HO020 moka deeHaduyamu-umnyibCHO20 8bINPAMUMEss

COOTBETCTBEHHO TEOPETUYECKUI KOIPPULMNEHT rapMOHUYECKUX UCKAKEHWUI BXOOHOro ToKa 12-MMNynbCHOro
BbINpAMUTENS nNpuMepHOo paseH 14%. [lpakTuyecku, M3-3a HEMONIHOrO COBMAaAeHWs XapaKTepucTuK ABYX



BbINPAMUTENEN, FTAPMOHWKM C HOMepamu 6+1 MOnHOCTbIO NogaBuTb He yaaeTtcd. [loaTomy kKoadpuumeHT
rapMOHNYECKMNX UCKaXeHU ABeHaauaTu-MMnynbCHOro BbIMPSAMUTENSA MOXET HECKOMNbKO OTNMYaTbCA OT CBOEro
TEOPETUYECKOro 3HaveHus. [na eule 6onee 3Ha4YMTENbHOrO NOAABMEHUS FAPMOHMK TOKA MPUMEHSIOT (OYeHb
peaka) 24-uMnynbCHble BbIMPAMUTENN UK (HECKONBKO Yalle) hnnbTpbl FapMOHUK.

24-yMNYNbCHBIN BbINPAMUTENb UMEET B CNEKTPE rapMOHUKKN C HoMepamun 24+1. TeopeTndeckmin koaduumMeHT
rapMOHNYECKMNX UCKaXXEHWUIN BXOAHOrO TOKA TaKoro BbinpaMuTens meHee 7%. ®unbTpbl rapMOHMK Yalle BCero
npeacTaensaoT cobon pe3oHaHcHble L-C uenu, npegHasHavyeHHble Ansa dunbpauuy onpeaeneHHbIX rapMOHMK.
Tak ans paboTbl C LWECTU-UMMYMbCHbIM BbINPAMUTENEM MNPUMEHSIOT UNLTPbI, MNPaKTUYECKN MOMHOCTbLIO
norrowjatowime 5-t0 n 7-10 rapMoHukuU. B aTom cnyyae KoapdhULMEHT rapMOHNYECKUX UCKaXKEHWA BXOQHOMO
TOKa yMeHbluaeTcsa npumepHo 4o 18%.

B nocnegHwe rogbl, N0 Mepe NosiBrieHnst ObICTPbIX CUINOBbLIX NONYNPOBOAHNKOB B BnaropogHom aene 6opbobl ¢
rapMoHMKammn Toka npousollen npopbiB. Tenepb B HekoTopbix UBIT BeinpsaMUTenb NOCTPOeH Ha GUNonsipHbIx
TpaH3nCcTopax C M30SIMPOBAHHbLIM 3aTBOPOM (MK, no-aHrnuicky, IGBT). BxogHowm TOK Takoro BbINpsSiMUTENS
nmMeeT cuHycougansHyo dopmy. T.e. KOdIDDULNEHT rapMOHNYECKNX UCKaxeHun paseH 0.

FapMOHUKM M 3neKTpuyeckue reHepaTopbl

Mpn cosgaHum cuctembl GecnepebonHOro nuTaHuMs wuHorga Ans obecneyeHust ONUTENbHOW paboThl
o6opynoBaHMs 60NbLIOM MOLLHOCTU NPUXOAMTCA yCTaHaBNMBaTh AN3enbHble reHepaTopbl. [eHepaTop B 3TOM
cny4ae MMeeT MOLLHOCTb COMOCTaBMMYH C MOLLHOCTbIO 060pyaoBaHuS B LiernoM (a He HamHoro 6onbLuyto, Kak
B Cfnyvae MnuUTaHUsA OT 3NEeKTPUYECKOW CETU WK, K KOHEYHOM cuYeTe, OT SJIeKTPUYECKOro reHeparopa
anekTpoctaHuun). [lpy TakoM COOTHOLIEHUW NapaMeTpPoB reHepaTop CWMbHO B3aMMOAEWCTBYEeT C
rapmMoHVKamMmn TOKa, BO3HMKAKOLMMM B 3NEKTPUYECKOM CETU C HEeNMHENHbIMW Harpy3kamu. B reHepaTope
BO3HMKAIOT OnacHble 4S9 ero COXPaHHOCTU TOKW, KOTOpble OTCYTCTBYIOT Npu paboTe reHepatopa Ha JIMHENHYo
Harpy3Kky TOW & MOLLHOCTM. OTW TOKM BbI3bIBAlOT NEPErpeB reHepaTtopa N yMeHbLUAKT ero pecypc. Moatomy,
npu paboTe reHepaTopa Ha KOMMbIOTEPHbIE Harpy3kn Heobxoamm OOMbLION 3anac MO MOLWHOCTU (CM. rnaBy
11). TlNpumeHeHne TpexdasHoro WMBIT nossonseT nNMKBMAMpPOBaTb TPETbI FAPMOHUKY B CMEKTpe TOKa,
noTpebnsemMoro reHepaTopoM, U 3HaUNTENbHO YMEeHbLINTbL Tpebyemblt 3anac no mowHocTu. [nsa ewe 6onee
3HAYMTENBHOIO YMEHbLUEHWUs] 3amnaca MOLLHOCTU MPUMEHSIOT BCE OMNMUCaHHble Bbllle Mepbl Anst 6opbObl C
rapmMoHVKammn, HO 4Yalle BCero — crneuuanbHble GunbTpbl rapMoHnKk u TpexdasHoie VBl ¢ 12-umnynbCHbIM
BbINPAMUTENEM.

Ceopgka xapaktepuctuk UBI

HekoTopyto yacTb yxe ckasaHHoro o corcteax MBI pasHbix TMMOB MOXHO MOMbITaTbCA CBECTM B Tabnuuy. B
Tabnvue Ha crnegyowen CTpaHuue Hanmume Toro unu mHoro ceonctea y VBl oTmeyeHo 3Befgoykamu. Yem
Oonblle 3Be3004€EK B A4elike Tabnuupbl, TEM CUIbHEE Pa3BUTO paccMaTpuBaemoe kadecTBo. Hanuune B rpadpe
3BE3404KN He 03Ha4aeT, YTo aToT Bna VBl obnagaeT ykasaHHbLIM CBOMCTBOM MO OnpeaeneHnto, a 0THOCUTCSA K
nyywnm mogenam MBI ykasaHHOM rpynnbl.
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