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ANEKTP TAMUHOTU TUSUMU ULLOHYTTUNUTUHU
OWMPULLOA PEPPOPE3OHAHC XXAPAEHITIAPHU
BAPTAPA® 3TULL OMUITTIAPU
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YHUBEPCUTETM.

AHHOTaumMA. Y1LOy Makonaga anekTp TaMMHOTU TusMMmuaa beppopes3oHaHC xoaucacu siHMm amacnurira
Ba YHUHr ©Oapua Haszapui >xuxatnapu kynnab maHbGanapga TacBuMpnaHraHura kapamaw, acoCuMd,
CybrapmMoHuK 9bHU KyriuM rapMoHMKa Ba OKOPW rapmMoHukanap TebpaHuwnapuga kysatunagu. LWy 6ouc
ywby uwmpaa cybrapmMoHuK vactoTagarn eppopes3oHaHC Xoaucanapu Hasapui, maTemaTuk (yptaya)
ycynnapga, 9KCnepuMeHTda, sSbHM AvHaMuk Ba  u3nk mogennapga Ba  deppope3oHaHcnv
TeOpaHWLLNAPHUHT SMEKTP CXEMACUHM MWINad Yymknw ypraHunrad. Ywby nwaa kypmd dvkunraH sHa éup
Macana, 3aneKkTp TabMWHOTW TU3UMIapuaa KydnaHuw TpaHcdopmaToprnapuga marHuT Y3aknapuHWHP
TYAMHULWIK BunaH 6ofnnK xaBny cheppope3oHaHC XOAMCaNapVHWHT to3ara Kenvm ypraHuiraH Ba loKkopu
KyunaHuwnm xamaa cybrapmoHuK heppope3oHaHCnapHuHE XxaaaaH Talkapy KydnaHUWMHW ONAMHN ONnLL
Ba NYK Kunuw 6ynuya Tascuanap 6epunrat.

Kanut cy3nap: deppope3oHaHC, (eppope3oHaHC HKOPU Ky4ynaHuw, aHTUPECOHAHCNN KydnaHuL
TpaHcdhopMaTopu, Pe3UCTUBIM HENTPANHW epra ynail, rapMOHUKa, Ky rapMOHUKa,lOKOPU rapMOHMKa

AHHoOTaumsa. B aTon ctatbe sBneHne peppopesoHaHca B cucTeme anekTpocHabxeHus Habniogaetcsa B
6a30BbIx, CybrapmMoHM4eckux konebaHusix, T.e. B KonebaHusax HWKHEN 1 BEPXHEN rapMOHUK HECMOTPS Ha
TO, YTO OHO HE HOBO W BCE €ro TeopeTUYecKMe acnekTbl OnucaHbl BO MHOMMX WCTOYHMKax. [losTomy B
AaHHOW paboTe ABNeHus deppopesoHaHca Ha CyOrapMOHNYECKOW YacToTe N3y4atTCs TEOPEeTUYECKNMMU,
mMaTemMaTu4eckuMmn (MPOMEXYTOYHbIMW) MeTodamW, 3SKCMEePUMEHTOM, TO eCTb B AMHAMUYECKUX |
dU3nNYeckmx moaensax, n paspaboTKon NeKTpUYecKom cxeMbl heppope3oHaHCHbIX konebaHui. dpyrum
BOMPOCOM, paccMaTpvMBaemMbiM B [JdaHHOW paboTe, SBMNAETCS W3yYyeHWe BO3HWKHOBEHWUSI OMAaCHbIX
heppope3oHaHCHbIX ABMEHWN, CBA3AHHbIX C HaCbILEHMeM MarHWTONpoBOAOB B TpaHcdopmaTopax
HanpshKeHns B cCUCTeMax 3rnekTpocHabxeHus, n Obinn AaHbl pekoMeHZauuu no npeaoTBpalLeHuio U
YCTPaHEHMIO NepeHanpPsXXeHns BbICOKOBOSIbTHBIX M CyBrapMOHUYHbIX (heppope30HaHCOB.

KnioueBble cnoBa: deppope3oHaHC, (eppope3oHaHCHbIe MepeHanpsXXeHns, aHTUPe30HaHCHbIN
TpaHcpopmaTop HanpshkeHus, pes3ncCTMBHOE 3a3eMIieHWe HeuTpane, rapMOHUKa, HWU3LWasi rapMOHMKa,
BbICLUAs rapMOHUKa.

Annotation. In this article, the phenomenon of ferrorezonance in the power supply system is observed in
basic, subgarmonic i.e. lower harmonica and upper harmonica oscillations, despite the fact that it is not
new and all its theoretical aspects are described in many sources. Therefore, in this work, the phenomena
of ferroresonance at a subharmonic frequency are studied by theoretical, mathematical (intermediate)
methods, experiment, that is, in dynamic and physical models, and the development of an electrical circuit
of ferroresonance oscillations. Another issue considered in this paper is the study of the occurrence of
dangerous ferroresonance phenomena associated with saturation of magnetic circuits in voltage
transformers in power supply systems, and recommendations were given to prevent and eliminate
overvoltage of high-voltage and subharmonic ferroresonances.

Keywords: ferroresonance, ferroresonance overvoltage’s, antiresonance voltage transformer, resistive
neutral grounding, harmonic, lower harmonic, higher harmonic.

Kvpunw

Xo3vprn KyHga unMmuin agabuétnapga KentupunraH MabiymoTrapra Kaparanga,
Ky4naHuw TpaHcgopMaTopfiapMHm TapMoknapaa 3apapiaHuwngad XMMos KU yYyH
Xyda Kyn TadkvkoT wvwnapu onub 6GopunMokga. YpraHuwnap acocuaa  anekTp
TabMUHOTU TU3MMW  ULIOHYNUIUra TabCUp KypcaTyBuYM XKapaéHnap cudartuga
on cybrapMoHUK TabpaHuLnap TagakMKoTW ypraHunMaraHnmri Taxaun KNnuHam Ba Kynmaaru
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nnMun TagkmkoTnap onmd Gopmngun. YyHkn xap nmnun 6-35 kB KyunaHvw Tapmoknapuaa
6-8 % Ky4naHuLw TpaHcopmMaTopnapHUHI UWAAH YUKW Ky3aTunaau. Ywoby 3apapHUHr
cababun kyunaHuw TpaHcopmaTopnapHUHr Gvpnamuyn ypaiwim opkanu OKUMMaPHWUHE
y30K MyAdatnv okuwu 6ynmb, YHUHr KuAMatu ypam U3OSNAUUACUHUHT  UCCUKIUK
Gapkapopnurn waptn 6GunaH pyxcat 3TWAraH Makcuman KaamaToaH cesunapnu
Aapaxaga owagun. Ywby Toknap geppope3oHaHC XapaéHnapu naituaga mabnym ovp
TapMoK LapoutMaa xocun ©OynraH cxemaga, €M nacawraHgaH CyHr, KydnaHuLl
TpaHcopmaTopnapy uYyrnFamnapuHUHT  UHOYKTUBAUIA  OpKanu CUFUMNKU  3apsanap
"okmmn" cogmp Oynagn. bBupok, Taknud KuUnNMHaéTraH ycynnap y3ura Xoc
Kamuunuknapura ara 6ynub, KyynaHuw TpaHcdopMaTopflapuHUHE deppope3oHaHc
XapaéHnap TabcupmaaH XMMOsi KUNMw MyaMMOCUHU TYNUK Xan kuna onmangu. byHaaH
Talwkapu, KyynaHuw TpaHcgopmaTopnapu bunaH TapMoK KMCMnapuaa tosara Kenrad
cybrapmMoHuK beppope3oHaHC XapaéHapuHN Ty3aTULLHUHT UMKOHUATA NYK.
Acocunin KMCcM. OHeprus eTkasmb GepaguraH TalWKUNOTMAPHUHE 3MEKTP TabMUHOTKU
TUSUMMAAPUHUHT  3NEKTP TapmMmoknapugarn deppopes3oHaHc Xxoaucanap xucobuaaH
TEXHUK NYKOTULLNApW Kynngarm yd Xun KydnaHuw opanusmga xmcobnanraH. bynap:
- 35 kB Ba yHAaH OKOPW Ky4SiaHULWIW 3MEeKTP TabMUHOTM TapMoKiap1aa;
- 6 - 10 kKB Ky4naHuwnu ypTta TapMmoknapaa;
- nacT Kyynanmwnm 0,38 kB TapkaTuw Tapmoknapuga.
OHeprus UCTEbMOSYMCUra INEKTP IHEPrUACUHU eTKa3nb OGepULHUHT OyTyH 3aHXup
6ynnab nykotuwnapwu ynywm 0,38 - 6 - 10 kKB Takcumnall TapMOKMapUHUHT KaTTa KUCMHN
Tawkun atagn. Ywoy Typaarn TapMOKHM KypuLl, MUWNaTUL, 3KCnnyaTtaums KUNUWHUHT
y3ura xoc xycycuatnapu 6unaH 6ofnuk. Kyn COHNU anemeHTnap, TapMoK cxemanapu,
ynyaw  mocnamanapu  6unaH @ eTapnm  gapaxaga — TabMWHNAHMaraHnuru,
3NeMeHTapHUHI HUCBaTaH KaM HoKaHuwmM Ba bolwwkanap bunaH xapakrepnaHagu.
Mabnymku, nsonauns KUINHraH HenTpan TapMmoknapaa Ky4naHuL
TpaHCHOPMATOPSIAPUHUHI ULLOHYIMANTMHK owmnpuwl MOX mamnakatnapuHuHr 6-35 kB
9NEKTp TapMoKnapu Wu30NAUNSa KWUNUHFaH HenTpan 6unaH amanra owuvpunagu.
Hatwkaga Tapmoknap Mabnym LWapouTha epra TyTawyB XapaéHuaa HOoMMHan
KydnaHuwra HucbataH U, = 35 kB 6ynraHga Tokn 10 A; U, = 10 kB 6ynraHga Tok 20 A;
U, = 6 kB 6ynranga tok 30 A 6ynaawn, ogataa, HEMTpan peakTop EKM pe3ncTop opkanu
KOMMeHcauusanaHrad 6ynuwm kepak.
M30naumsa KUNnMHraH HemTpaniv TapMoKapHUHE acocuin ad3annuri, ynapHu yamacaaH
Tapmokaa "epra ynaHran" 6ynca, u"CTebMon4mMnapHu y30K BaKT 31EKTP SHeprusicun bunax
TabMUHNALW kobunuatn xucobnanaaw. Wy 6unaH Gupra, acocun kamuunnuknapgaH oupu
Oy 9nekTpoMarHuT  KyuynaHuw  TpaHcdopmartopnapura  3apap  eTkasaguraH
deppope30HaHC XapaéHNapuHUHI Nango 6ynuwn xascu 6ynub, epra Kucka TyTallys
TOKNApPUHUHI KN4k  kmmatnapm  0,5-3,5 A ra TeHr. byHgoam Tapmoknapaa
deppope3oHaHC XapaéHnapu Oopacmga onmnb GopunraH uvwnaw Ba TagkukoTnap
Taxpubacu KypcatunranHgek, Tapmokaa "ep" ra Tytawys navgo 6ynraHga Ba y3unuil
nanTunga, SbHU paspsaHUKNapHU Uwnawm, gapaxTiapHuHE Wwoxnapura Terum, anekTp
y3aTuw JNUVHUSNApUHUHE ba3a TPOCMAPUHWUHT  Y3UNULIKW, U3onaToprapra LWyapuHr
TyWWWK, anHuKca, wudocnaHraHga, xamga 6ab3n  koMmmyTauusa  Kanuvtnapuga
TapMoKaarm CUFMMHUHT y3rapuwimra onmb kenaam Ba Xokaso.
deppopesoHaHC xapaéHnapy nango OynuULKNHUHE yuTa cababu:
1. TapMOfUHUHT Coxe  CUFUMWHWHI  KMMMATWM  KyyrnaHuw  TpaHcgopmaTopnapm
WHOYKTUBAUTMHWUHT Y3rapuiv Yyerapanapv bunaH 6enrmnaHagurad guanasodga oynuwm
Kepak, SbHW.

1 1

O y2xLyy < Gy, < W2 L, (1)
o
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Oy epoa Lxx Ba Ls HaBbaTy GunaH canT uwnaw Ba TYMUHTaHINK MHAYKTUBIIMKAPW; W -
TapMOK KyuSflaHULLIMHUHI Bypyak YacTtoTacu.

Apabuétnapga 6epunraH xmcob-kutobnap wyHwn kypcatamkn, 3HOM-35 Ttunugaru
Ky4naHuw TpaHcdopmaTopnapu ydyH 4 A ékn yHOaH OpTUK CUFUMITM TapMOK TOKM BunaH
deppopesoHaHc coaup Gynmanan. bupok, xaBo nuHuanapu GynraH Tapmoknapaa,
arHukca 6-10 kB KyunaHuwga, CUFUM TOKM KaMpok BYnNLLIN MYMKUH.

2. ®eppopesoHaHc xoamcacu bup dasanu epra ynab yumpunrard nantaa Ug ydyH Un gaH
KydnaHuw KeckuH cakpab ysrapuwimaaH KennH pe3oHaHC napameTprnapu ounaH 6up
asaga coamp Oynagn. KydnaHuw TpaHcdopmartopnapy 6unaH Tapmokaaru
deppopesoHaHc 0,9 Tn ra TeHr HoMMHan nHAaykuuaaa coaup 6ynmvanan. Xosmpru Baktaa
nwnab ymkapunraH KyynaHuw TpaHcopmaTopnapUHUHT MHAYKUMOH Kuimatn 1,5 Tn Hu
TalKun aTagu.

KyunaHuw TpaHcdopmatopnapy WHAYKTUBIIMIMHUHT  xap ©Owvp y3rapuwmn ©unaH
deppopesoHaHC 3aHXupura KupaguraH SHeprust MUKOOPW  yHAarn nykoTuwinap
MUKOOpMOAaH KaTTa 6ynuwmn kepak. by KypcaTkuy JnekTp KypunmanapuHu ypHaTuLl
Kovganapuga KypcaTunraHugek, OumK Yyybypyak KyynaHuw TpaHcdopmatopnapu
cxemacuga rer = 25 OM KapluMnvKka ara pes3ncTOPHU KUPUTULL camMapagopivrnHu
BGaxonawra uMkoH 6epagun. Pe3ancTopHuHr kapwmnuk knnmatmn 100 B kyunannwaa 400
BA ra TeHr 6ynraH y3ok MyggaTtnv pyxcaT eTuiraH KydnaHuw TpaHcdopmaTtopnapu
KyBBaTuU OunaH GenrvmnaHagn. Mabnymotnapra MyBOMMK, TapMOKHUHI 3KBUBANeHT

KyBBaTh (2) ndogagaH aHuKnaHagu:
1

CBKB. = W*_R1 (2)
6y epaa: Ri- rer pe3uctop kuimatura Moc GMpnamMym TOMOHra KENTUPUIraH KapLUMnK
6ynnb6, kynnaarm (3) ndpoganaH aHMKNAaHraH:

Ry = 1gr * Kfp 3)
By epaa Kz,- KydnaHuww TpaHcdopMaTopnapyHUHT TpaHchopMaLmns KoadULMEHTH.
OneKTp KypunMmanapuHu ypHaTuw kouaanapura kypa, rsr=25 OM Cske HUHI CUFUMMU
npoaanaH aHWkKNaHraH TapMOKHUHI CUFUM TOKUra TyFpu kenagu: 35 KB TapMOK YYyH
Ic=0,013 A, Oy xakukmi Ic kunmatnapugaH cesunapnu gapaxaga kam. 10 kB Tapmok
y4yH 1c=0,044 A, 6y xam xakukun Ic knimaTnapvuaaH ceannapnu gapaxaga kam. Lyngan
KMNuno, o4mkK y4bypuak KyunaHuw TpaHcgopmaToprnapm cxemacuaa 25 OM pe3mCTOPHUHT
KAPUTUANLLM  aManuin  TabCcup KypcaTMamgn Ba YHUHT KaPLUWAUIMHUHE  Nacanmiuim
Ky4naHuw TpaHcdopMaTopnapu yv4yH KyBBaTHUHT Kabyn KUMHULWIKM MYMKUH BynmaraH
owmwwmra onmb kenaaw.
KynrmHa xonnapga, ywby deppope3oHaHc xapaéHnap 17 Ba 25 [y 4dactotaga
Ky3fanagu Ba KydnaHuw TpaHcdopmaTopnapu ydyH pyxcaT aTunraH ToknapaaH katta
KnAMaTaa €Ku KOpM rapMOHMK TapTubga namgo 6ynrannurn cababnu KydnaHui
TpaHcopMaToOpnapMHUHE acocui YyrFamnapyM OpkanuM OpTMKYa TOK OKMMKM to3ara
Kenagw, WyHWHI Y4yH Bupnamuum yynFamnap Ku3mnam Ba bup Heya gakuka ndanga nwaaH
yukagu. Nwnaw nantunga 6up, MKKM €k yd4 MapTa anMawtvpunraHgaH kemvH 35 kB
KyYnaHULWWM KyynaHuw TpaHcopMaTopriapn KOPU KyYnaHuwnm dynfamm  €Hmb
KeTaguraH xonatra kenagu. YnapHUHT HOMUHAN ULWYmn Tokn 2 A ra myrkannaHraH, SbHu
KyynaHuw TpaHcdopmatopnapun dupnamum YynfFamuHUHE pyxcaT aTumnraH Tokm 60 mA
AaH owmacnurmra kapamaun, OyHgan xonatha KyydnaHuw  TpaHcdopmaTopnapu
LuMKacTnaHaau.
®eppopesoHaHc TebpaHuwnap cybrapMOHMK 4acTtoTaga, acoCui rapMoHvkaga Ba
IOKOpY rapMoHMKanapga tosara Kenuwm MymMkuH. ACOCUIA Ba HOKOPW rapMOHMKanapgarm
deppope3oHaHc TebpaHuwnap wybxacms xaBdnvm aBapusa xonatm xucobrnaHagw.
i CybrapmoHuk yactoTagarn Tebpanuwnap, abHu cybrapMoHuK dheppopesoHaHcnap 6up
o hasanu Kucka Tytawys bynraHga, nuHua yaunraHga, ep bunaH Kkucka TytawiraHga, ynao-
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yaunraHga Ba Oowka komMmyTauusa nantnapuga to3ara  kenagu. CybrapMoHMK
deppope3oHaHC TebpaHuwnap to3ara kenraHga ToK HucbataH Kuumk 6ynraHnurm
cababnu pene XMMOSICU HOTYFpU ULINALIN Ky3aTUAMWKM MYMKUH. By aca cybrapMoHumk
yactotaga, abHM 25 U, 16,5 My Ba OGowka WyHra siKMH YacTtoTanapga KydsaHuul
TpaHcopMaTopNapMHMHE KN3ULLIM HaTuxkacnaa NwaaH Ynkiwmra onmb kenaaw.
WyHgan kmnub, KyynaHuw TpaHcdopmaTopriapyn 4ynFamm opkanu pyxcaT 3TUnraH
TOKOaH OpPTMKYa KaTTa TOKMapHUHI Takpopuin Toknapu maexya 6ynunb, ynap acta-cekuH
NYKN KUCMITapHUHI Xag[aH Tawkapu Kusmwn Tyannm nsonsaumsiHUHI SpoKCU3 xonatra
Kenuwura Ba KyynaHuw TpaHcdopmaToprnapvHn WwnkactnaHuwmra onmd kenagu. Ly
HyKTan HasapfaH, ¢oeppopesOHaHC >XapaéHnapuHu CYHOUPULLHUHI SHI camMapanmu
ycynnapugaH ©Ovpu, BakT Ba MypgaTHu Tyfpu Oenrvnaw xucobnaHmb, 6y 4dopa
Tagbvpnapra kKaTbUW aman Kunuw, 3nekTp Tapmoknapw 6ynMmuga tosara Kenrad
deppope3oHaHCHM 6OCTUPULL UMKOHUHN Bepaan.
Y4 asann KyydnaHuw TpaHcdopmaTopnapn €ékum ydta 6up dasanu  KyynaHuil
TpaHcgopmMaTopiapu rypyxm "ouumk yubypyak" ynaHraH Jvynramnapuga eppopesoHaHc
coagup BynraHga, Hon keTMa-ketnukaa 3U, = 100 B kyunaHvwn cybrapMoHuK (KynvH4a
17-+25'y) vactotara ara 6ynagn. CybrapmMoHuK YacToTanum KydnaHuw namngo éynraHgaH
CYHI, TaBcusira kypa pyxcat 6epunraH BakT yTuwm bunaH 6up mapta deppopesoHaHC
XapaéHnapHu cyHaMpuw mMakcaguaa benrunaHrad BakT ydyH "o4nk y4bypyak" vynramm
knemmanapura 50+-60 Om kapwunuknmn 100 BT KyBBaTNM pe3anctop ynaHagu. YnaHraH
peauctop T=0,3 ¢ nunga peppopesoHaHc TeBPaAHMLLNAPHUHT CYHULLNHN TabMUHNANAN.
By oaca y3 Hasbatmpa eppope3oHaHC KapaéHnapu OunaH  KyydynaHuLl
TpaHcchopmaToprnapy  KOPU  YyfFam  YyfFamMImapuHUHT  KM3ULWKW - HaTuxacmaa
LUMKaCTNaHULL 3XTUMOSTIUHN NYK Knaau.
KyynaHuw TpaHcdoHpMaTopiapvra kaTta 3apap eTkasunuwmHnHr cababnapugaH 6upum
Oy YynapHWHI XUMOSICUHWUHI Tynuk etuwmacnurngmp. Macanan, MNKHO001 Ba [KT
caknarmdnapugaH donganaHil Makcagra MyBOMMK 3Mac, YYHKM YNapHWHE uwira
TyLWMpu1LL ToKnapu 6 kKB KyuynaHuwnm KyuynaHuw TpaHcgopmatopriapm yuyH 0,115 A, 10
KB KyuynaHuwnu kydynanuw TtpaHcdopmaTopnap ydyH 0,109 A Ba 35 kB kyunaHuwwnm
KydnaHuw TpaHcdopmaTopnap yvyH 0,049 A 6ynraH KyynaHuw TpaHcdopmartopnap
OvpnamMmumn dynFamnapuvHMHE  pyxcat 3TufaraH Makcumarn ToknapugaH cesunapnu
Aapaxapga owaan. deppopes3oHaHc xapaéHnga Toknap 6up Heya yHnab amnepnapra
etagn. LWyHWMHr y4yH, wMwnab® YMKAPYBUMHUHI TaBCUACUra Kypa, Ky4dnaHuuw
TpaHcgopmatopnap Hu 0,7 A gaH owmanguraH uvwnaw TOokM O6unaH ypHaTunraH
xaBdpcm3nuk mocnamacu o6unad 20-30 coHusigaH kyn OynmMaraH uvwnawl BakTU YYyH
nwnaTtuw kepak, macanaH, 3x3HOJIIM Typaarn aHTMpesoHaHcnm 6-10 kB kyunaHuwnm
Ky4naHuw TpaHcopmaTopnap napHu nwnatuw makcagra MyBouk.
deppopesoHaHc 3aHxupnapuga Ky4ynaHuw TpaHcopMaTopnapuHUHL
LWMKACTNaHULLMHW ONAMHM onNuwl Bynnya Kynngaru TascusnapHn 6epul MyMKUH.
KyunaHuw TpaHcdopmaTopu 4dyrnFamnapura 3apap eTKasUiUWWMHUHT ONIAMHM onuLura
KkapatunraH Jopa-tagbupnap onguHgaH yTkasunraH TagkMkoTnap Ba  MaBXy[q
eppope3OHaHC CXemManapuHu Taxun KU HaTuxanapm acocuga mwnatd ynkunuwm
kepak. Taxnun XapaéHnapu ydyH MaTeMaTuk MoAennawTvpuw ycynnapuaaH
donganaHmw cxemaHn 6atadpcun OGaxonawra WMMKOH GepaguM Ba YHUHT amanui
camapagopnuruHn owmpaau. by anoxmupa vopa-tagbvpnap vwnaHmacu 6ynub, aHuk
cxemarnap yyYyH anoxmuaa TabMUHMawWw NMKOHMHK Bepaan.
AmMannéT xapaéHmga Kyd TpaHC(OPMATOPVHUHI HEenTpanuHu epra ynaw Ba
KOHAeHcaTop GaTapesnapuHu LuMHanapra ynaw opkanu TapMOKHUHI epra HucbataH
N CUFUMUHM OLLUMPULL YoparnapuHu KynnaHmnuw Tascus 6epunagu.
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HenTtpanHu epra ynaw ceppopesoHaHc xogmcanapuHuHr nango éynuwmra cesvnapnm
Tabeup Kunagu. Ywby TagbupHu amanra OLWMPULLIHUMHE UKKM NYyNn maexynd: Oy kaTTa
KMAMaTNN KapLWMK OpKanu epra ynaw Ba epra mycTtaxkam ynaw. KOkopuaa caHab
YTUNraH MKKuTa ycyngaH bupu épgammaa HeuTpanHu epra ynawpga deppopesoHaHc
CXeManapuHUHI Nango 6ynu SXTUMONUHM KaManTUpuLL ékn ByTyHRamn nyK kunuw (epra
MycTaxkam yrnaw 6unaH) MMKOHWHWM Gepagn. AMMO LUYHW TabKuarall XOU3KW, epra
MyCTaxkam ynawl nwnaTtunradia pene XMMOSICUHUHI camapajopsivri nacasgu.
Ternwnu xoamcaHu TaHnaw 6unaH 60FNMK MyaMmMo TapMOKHUHT CUFUM TaLLKWUM 3TYBUYNHN
OLWMPULL OpKanM KUCMaH WYK KAMUMHUWKM MYMKMH. Mabnym ycynga, KydnaHwuil
TpaHccopmaTopnap LuHanapura KoHaeHcaTop 6GaTapeanapu Kywumya CUFUM
cupaTnga ynaw opkanm.

ByHaoan Tapnbup acocaH TapMOKHUHI CUFUM BunaH TabMuHnanam, 6y aca y3 HaBbaTuaa
pene XxMMOSICMHM CO3Mall Ba ypHaTtuwra Tabeup kunmanau. Ywby Typaarnm tagbupnap
bowka TapgbupnapgaH KWECUM YCTYH Oynub, 6y TagOMPHWUHE SIroHa KaM4unuru
deppope3oHaHc cxemanapu maexyd 6ynraH xap 6up TMaum ydyH anoxuga xucob-
KMTOBnapHn amanra owmpul maxéypuat 6opnurnamp.

TaBcusiga 6enrnnaHraH BakTAaH KeMyWH Takpopumn Tanéprapnvk bunaH 6enrmnaHrad Bakr
AaBoMmaa siHa 6up MapTanuk ydmpuiwira KynnaHunraHnurn cababnu ysok myggatnm
deppope3OHaHCHM  CYyHAMPULL  XKapaE€HMHUM Takpopuh Oup MapTanuk  uwnawm
TabMUHNaHaau, 6y aca peppopesoHaHc bapTapad aTUNryHra kagap CyHWUL NyNbCUHUHT
TaKUKNaHULWIMHM TabMUHNAHaaMW.

ByHoaH Tawkapu yd4 asanu deppopes3oHaHCnn  3aHxupnapga cybrapMoHMK
TebpaHMLWNapHUHT Ky3fanuil WapTNapuHU ypraHvw 3nekTp TabMUHOTU TU3MmMmnapuaa
eppope3oHaHCNN yTa KyuNaHUWHUMHT 6ab3n XyCYCUSATNApWHW aHuKnawra WMKOH
Oepagn, 4YyHKM Y4 (pasanu eppope3oHaAHCN  3aHXuUpnap aNekTp TabMWUHOTH
TUSUMUHUHT Y €kn By 3KBMBANEHT anMawTupul cxemanapu xmcobrnaHub, ynapHWUHT
acocu anemMmeHTnapu —Oymnama Ba KyHOanaHr KOMMeHcauusi KoHgeHcaTopriapw,
peakTopfiap, KydnaHuw TpaHcdopmaTtopriap Ba KyvdamTuUpyBYM €KUM MNacanTupyByum
TpaHcgopmMaTopapanp.

Xynoca

XanaaH Tawkapw IoKopuy KydnaHuwHu 6aptapad aTULW y4yH KynmaarnniapHi TabMyHNaLl
3apyp:

-35 kB Tapmoknapga- HoKopu Ky4naHULWn pe3mcTopriv Kyd TpaHcopMaTopuHUHr 35 kB
HeuTpanura ynaHuul,

-10 kB TapMmoknapga-nact KyuySaHuWnM pPe3nCTOPHUHI epra ynaw HeuTpanuHu
TpaHcopmMaTopnapuHUHE 04Kk y4bypyarura ynaHui.

deppopesoHaHcHM BapTapad aTuLW yYyH hasanu yTkasrmynapu Ba ep ypracuga kammaa
4 A TOKKa MyrpkannaHraH Kepaknum KyBBaTharm KOHLEHCATOPHM YpHaTULL TaBCuS
aTunaan.

WnkacTnaHnwaaH XMMOSA KUMMLW yYyH KyynaHuw TpaHcdopmartopnapra ypHatumiraH
xaBcua3nuk Mocnamanapum 6unaH, macanaH, 6-10 (kB) kydnaHuwnu 3x3HOIJIM
TMNMAarn aHTMPEe3OHaHCIM Ky4YnaHuw TpaHcdopmaTopnapugaH doorvganaHuil Kkepak.
N3onaumaHm 6owkapuw Tanab kunMHMmanauvraH usonsuusi Hasopatfnapuaa HeuTpanm
epra ynaHmaraH KydnaHuvw TpaHcdopmMartopnapuaad dponganaHuwl TaBcus aTunagu.
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