2. benasaes, B. [I. Dnekrpomexanuka. DIeKTpoMexaHUYeCKoe NMpeoOpa3oBaHue IpH Ya-
CTOTHOM yIIpaBlieHuH 3jekTpuueckumu Mamnnamu / B. I1. Bensies, JI. M. [laBunoBud. — MuHCK:
BI'TY, 2004.

3.bpacnaBckuii . . AcuHXpOHHBIH TOTYIPOBOAHUKOBBIA 3JIEKTPONPUBO] C Hapa-
MeTpuueckuM yrpasienuem / U. 5. BpacnaBckuit. — M.: DHeproaromuzaar, 1988.

4.Cnoco0 IHUPOTHO-UMITYIIECHOH MOYJISIAH BBIXOJHOTO HAIIPSDKEHUS IIEPEMEHHOTO TO-
Ka: a. ¢. 764096 (CCCP) / B. II. benses, I'. U. I'ynekos, B. I'. Cumopos; 3assn. B 1979 / b. U. —
1980. — Ne 34. - C. 38.

JUTEPATVYPA

1. h tt p://www.artesk.ru/softstarter_siemens

2.Belyaev, V.P. Electrical Engineering. Electrical Engineering Transformation at Vari-
able Frequency Control of Electric Machinery / V. P. Belyaev, L. M. Davidovich. — Minsk:
BGTU, 2004.

3.Braslavsky,l Ya Asynchronous Semiconducting Electric Drive with Parametric
Control / I. Ya. Braslavsky. — M.: Energoatomizdat, 1988.

4. Method for Pulse-Width Modulation of A.C. Output Voltage: Inventor’s Certificate
764096 (USSR) / V. P. Belyaev, G. I. Gulkov, V. G. Sidorov; Invention Application in 1979 //
B. 1. -1980. — No 34. - P. 38.

IIpencrarneHa kadenpoit
nosrpaduyecKoro 060pyI0BaHUs
U cucteM 00paboTku HHpopManuu Hocrymmna 04.03.2013

YK 621.314

Ob YJEJBHBIX ITIOTEPAX
MOIIHOCTHU TPAHC®OPMATOPA
Kanpa. texs. nayk, nou. FTOHYAP A. A.
Benopycckuii Hayuonanvuslil mexHuyeckull yHugepcumem

E-mail: bntu.epp@yandex.ru

ON SPECIFIC LOSSES OF TRANSFORMER POWER
GONCHAR A A.
Belarusian National Technical University

BbinonHeH nonck 30HbI ONTUMAarnbHOM 3arpysku TpaHcdopmaTopa no MUHW-
MYMY CYMMapHbIX MOTEPb aKTUBHOW MOLLHOCTM.

KniouyeBble cnoBa: MOLHOCTb TpaHcdopmaTopa, yaenbHble notepu, Koad-
rLMEHT 3arpysku.

Zone searching for optimum transformer loading according to minimum of total
active power losses has been carried out in the paper.

Keywords: transformer power, specific losses, loading factor.
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B nutepartype, cBA3aHHOH ¢ BEIOOPOM M IKCILTyaTanueil TpaHcopMaTopos,
He IpeKpallaeTcs MOMCK 30H MX ONTHMAaNbHOH 3arpy3ku. Ilpu atom xpurepun
Ha3bIBalOTCs paszHble. OIUH U3 HUX — MTOMCK 30HBI 3arpy3KH TpaHcopMmaropa 1o
MUHUMYMY CyMMapHBIX IMOTEph AKTHBHOW MOIIHOCTH. I JOKa3aTenbCcTBa
SIKOOBI CYIIECTBOBAHHS TAaKUX 30H M0 YKa3aHHOMY KPUTEPHUIO aBTOPOM paccMar-
puBaetCs 3aBucumMocTh KITT ot ko3 durmenta 3arpysku: 1N = f(K).

[punsitoe Beipaxkenue anst KI1/] tpanchopmaropa MOKHO PUBECTH K Clie-
JAYIOLIEMY BULY:

n= KS, cos g, _ 1 1 (1)
KS, cos@,+AP, +K2AR,, ;AR +K?AR, 1+3AP,
KS, cos @,
A 2A
TAP AR, +K?AR, _sap, )

KS, cos @, KS, cos @,

rae K — xoadduument 3arpy3ku tpanchopmaropa; S, — HOMUHaIbHAs MOII-
HOCTBb TpaHc(hopMaTopa; coSQ, — KOIPPUIMEHT MOIIHOCTH HArPy3KH;
AP, AP, — COOTBETCTBEHHO IOTEPH MOITHOCTH B CTaJIM W MEIH, ITacIIOPTHEHIE
NaHHbIe TpaHcdopmaropa; AP — cyMMapHbIe TIOTEPU MOIIHOCTH B MMEHOBAH-
HBIX eAnHMIAX; XAPy,; — yielbHble IOTEPU MOIIHOCTY, T. €. IOTEPU MOIIHOCTH,
MPUXOJIAIINECS Ha EIUHMIIY NepelaBacMOi MOIHOCTH TpaHchopMaTopa, Kak
U CIEIOBAJIO OXKMIATh — Oe3pasMepHas BeanunHa, kak u KITJT (1).

®DaKTHYECKHU 1| COCTOUT U3 CICAYIOIUX QyHKIUI:

P, = KS;coS¢®, — akTUBHAasT MOITHOCTh BTOPHUYHOW OOMOTKH. DTO JHHEWHAs
3aBucUMOCTb P, = f(K), mpunumas S,cosS@, = const;

AP = AP, + KzAPMH — CyMMapHble notepu MolHocTH. [IpeacrapisdioT co-
00# mapaboIMIECKyI0 3aBHCUMOCTD: KPHUBast, CHMMETPUYHAS OTHOCHUTEINBHO OCH
abcrucce;

P; = P, + ZAP = KS;cos@; + AP, + KZAPMH — aKTHBHas MOILLIHOCTb NIEPBUY-
HOW O0OMOTKH. DTO mapaboiuyecKass KpuBas, HE CUMMETPHUYHAS OTHOCUTEIHLHO
BEPTUKAIILHOM OCH.

Kaxnast dyHKIus, cocraBmusionas 1, U3MEHsETCs 1Mo cBoeMy 3akoHy. C of-
HOH CTOPOHBI, HAJTUYME aKTUBHOW MOIIHOCTH B BhIpaxkeHuu KIIJ[ 3HauuTensHO
OTPaHWYMBAET €r0 NMPUMEHEHHEe, TaK KaK XapaKTep Harpy3kH H3MEHSIETCS BO
BpeMeHH (coSP, # const). C mpyroii CTOpoHbI, HarpeB TpaHchopmaTopa orpeje-
JISIETCS TIOJITHBIM TOKOM, & HE TOJIBKO €ro aKTUBHOW COCTABJISIOINICH.

KITJL, Tak >xe KaK U yJAeJbHBIE IOTEPU MOMIHOCTH XAPy,, KaK KPUTEPUU JIJIs
OIICHKH KadyecTBa NpeoOpa3oBaHHs DHEPIHU, HEOOXOIUMO MPH3HATH HCKYC-
crBeHHbIMH. OHHM HE BBITCKAIOT W3 HUccienoBanus QyHKuui (P, XAP, P»)

HaIlpsAMY1O. B cBs3u ¢ aTuM nHorjga H606X0,Z[I/IMO JOKa3bIBaTb HX OOBEKTHB-
HOCTB.
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Uccnenys M = f(K) ma makcumyMm, kKak mojackaseiBaer (1), pakTnyeckn pas-
HOCUIBbHO HccrnenoBaHuio APy, = f(K) Ha mMunuMym. OdeBHOHO, 4TO ueM
MeHble APy, TeM Oonblie OyaeT 1.

Iposens uccienoBanus Gpyukmii 1 = f(K) n AP, = f(K) Ha sxcTpemym,
MPUXOANUM K BBIBOAY, uTo Makcumymy KITJ[ (1) ¥ MUHUMYMY yIeIbHBIX TOTEPh

MOIIHOCTH (XAPy,;) COOTBETCTBYET KOI(D(DHULUEHT 3arpy3KH

K, = |~ 3)

TpakroBka (3) cnenyromas: makcumyMm KII/[ B Tpancopmarope Hactymaer
npu TakoM Kod(puuuente 3arpysku K, korna nepeMeHHble IOTEpU MOLIHOCTH
(B Menm) paBHBI MOCTOSHHBIM (B cTanu). CooTHOmEHHE Ke MEXTy APy 1 AP,y
yCTaHaBIMBAETCSl Ha 3Talle MPOESKTUPOBAHUS TpaHCPOpMaTopa, T. €. BETMYUHA
K, — dbukcuposannas.

[oxcTansist B COOTBETCTBYIOIIME BhIpaKeHUs 3Ha4eHue K|, onpenensem se-
JUYUHBL:

¢ YAETbHBIX IOTEPh MOLIHOCTH

2,/AP, AP,
AP =1 = " 4)

LTS cosq,
. CYMMapHBIX HOTepB MOIITHOCTHU
SAP = 2AP... ®)

C napyrodf CTOpPOHBI, WCCICIOBaHWE HCXOAHOW GyHKIMH XAP = AP +
+ K?AP,,, Ha SKCTPEMYM MOKa3bIBACT, YTO MUHUMYM CYMMAapHBIX MOTEPh MOIII-
HOCTH paBeH XAP = AP, xorma K = 0. Takum o6pazom, makcumymy KIIJI co-
OTBETCTBYET MUHUMYM CYMMApPHBIX YJEIbHBIX MOTEPh MOIIHOCTH, HO MUHUMY-
Ma CyMMAapHBIX OTE€Pb MOLTHOCTH HET.

ABTOpBI IOMCKA 30H ONTHMAaJIbHOMN 3arpy3Ku TpaHchopMaTopa Mo MakCUMY-
My KIIJI 1o HEMOHATHBIM IPUYMHAM HE yUJIH 3TO 00CTOSATENHCTBO. B pe3yinbra-
T€ JIOCTOBEPHOCTHh ITONyYEHHBIX WMH pPEKOMEHNAIMii W BHIBOJOB BBHI3BIBACT
000CHOBaHHBIC COMHEHHS. BO3HHKAaeT TPOTHBOpEUHE: MHUHHUMYM yACITBHBIX
MIOTEPh UMEETCS, a MUHIMyMa CyMMAapHBIX TIOT€Ph MOITHOCTH HET. B mepBoM
clly4ae CyMMapHbIE TIOTEPH MOIIHOCTH paBHbl XAP = 2AP., a BO BTOpOM —
AP = AP,

HNwmeetcs i mpoTUBOpEYNE B IEHCTBUTEILHOCTH WM OHO KaXXyIleecs, B pe-
3yJbTaTe YEro BOZHUKIIO 3TO MPOTUBOpeune?

Cremuduka KIIJI, kak u npyrux xo3dduireHToB, 3akiodaeTcs B TOM, 4TO
OH, TIO OTPEJENICHUIO, TIPEJCTABIISET COOOW OTHOIICHNE ABYX BEIMYWH, HMEFO-
X OJWHAKOBYIO Pa3MEpPHOCTh, (PUTYpHpyeT Kak YWCio, T. €. BeNWYhMHA 0e3
pasmepuocTu. CiemnoBaTeabHO, CYMMapHBIE OTEPH MOIIMHOCTH XAP B cocTaBe
KIIJ] npencraBinstor XAPy,. OTo KacaeTcd U UTOrOB UCCIENOBaHUS (PyHKLIUH
N = f(K), B ToM 4yuciie u Ha 3KCTpeMyM. B CBSI3M C M3II0KEHHBIM COBEPIICHHO

22



JIOTMYHO 3BYYHT BbIBOA: MakcuMyM KII/l cooTBeTCTByeT MUHUMYMY yIEJIBHBIX
HOTEPb MOIIHOCTH ZAP,,.

PaccmarpuBast K°AP,,,, B BbIpaskeHHH YAP, HEOOXOIMMO YYHTHIBATH CIE/y-
oliee:

TeKyIIee 3Ha4eHNEe MOITHOCTH MOTePh B 0OMOTKax

AP, = I°’R,, (6)

rae Ry — conmpoTuBiIeHnE KOPOTKOTO 3aMbIKaHUS,;
TeKyllee 3Ha4eHHe MOLITHOCTH TI0Teph B 0OMOTKaX MPU HOMHUHAILHOM TOKeE |,

AR = 1ER. ()
U B pe3ynbTaTe nosyyaeM
AP, = K’AP,, (8)
rae K= IL — ko3 dUIHEHT 3arpy3Ku TpaHchopmaTopa.

u
3aBucHMOCTH BHJA (8), Kak M3BECTHO, HE MMEIOT MAaKCUMyMa, a MUHUMYM
HactynaeT npu K = 0. dakTudecku pedsb UIET O MOHWCKE ONTUMYyMa BhIpake-
Hus I°R, KOr/1a He3aBUCHMOi TIEPEeMEHHOM SBISAETCS TOK Harpy3ku |.
Hanuuue B (1) ynenpHBIX TOTEPh MOIIIHOCTH B BUJIE

AR,
ZAPyZ[ = T + KAPMH (9)

MIPUBOJUT K HEONPEAETICHHOCTH CIIEYIOIIEro poja.
Cuwmraem, 1 = const. IIpu a3Tom APy, = CONSt, 4TO O3BOJIAET 3aIMCaTh COOT-

HOIIICHUC
AP, AP
< 4+ KAP,, =—<+K,AP, . (10)
1 KZ

Pemaem 310 ypaBHEHHE OTHOCUTEIBLHO KO3(PQPHUIIMEHTOB 3arpy3KH U MOJTY-
Jaem
AP

KK, =—=. 11
K= (1)

i
Ipu K; = K; = K 310 Beipaskenue npespamtaercs B (3). Eciu koaddpunuenTst
3arpy3KH CBsI3aHbI JaHHBIM COOTHOILIEHHEM, TO TpaHcdopmaTop Oyner padoraTh
¢ oquHakoBeIM KIT/I.
Iepexonss kK cyMMapHBIM TIOTEpPSIM MOIMHOCTH JUI KaXJOTO CiIydas
YAP =AP, +K?AP,, u ZAP, =AP_ +K3AP

MH *

yuauTtbiBast (11), momydum coot-
HOILIEHHUE
AR ZAP,

12
KK, (12)
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KOTOpPOE IMPEICTABISET YACIbHbIE TOTEPU MOILHOCTH.

ITomyuaetcs, uTo TpanchopMaTop ¢ pa3HBIMHU KoddduineHTaMu 3arpy3ku K,
a Taxke pa3HBIMHA CyMMAapHBIMHU MOTEPSIMA MOIITHOCTH OyJIeT padoTaTh C OMHA-
koBbIM KIIJI, 4To NpUBOAUT K HEONIPEAEICHHOCTH.

Jlaxke MpH HAJMYUHU TOCTPOEHHBIX 3aBucuMocTeit 1 = f(K) umu HeBO3MOXK-
HO BOCTIOJIb30BAThCS, TaK KaK KaKAOMY 3HAYEHHUIO T| COOTBETCTBYIOT JBa 3Ha-
yenns K. Mckmrouenue cocraBmser cimywail, xorma KIIJ[ nMeer makcumym,
T. e. npu Ko.

DTa HeolpeIeIeHHOCTh 3all0’KeHa B MCXOJHOM BbIpakeHUH (1), B ero mep-
BOH YacTu

P KS, cos
n=-2= u CO8P2 , (13)
P, KS, cos@, + AP +K2?AP,
rjae Hanuuue XAPy, B ABHOM BUJIE HE IPOCMATPHBAETCS.
Btopas momosuHa BeIpaxkeHus (1)
1
= ""AP_ T K?AP, (14)
14— —
KS, cos @,

noareepxaaet, 9ro ¢pyHkuus 1 = f(K) ects daxtnueckn dynkmms 1 = f(ZAP,,)
co Bcemu nocieacTBusiMu. Ciemyer Takxke 3aMeTuts, uto N = f(ZAP,,) — 310
3aBHCHMOCTh OJHOM BEJNMYMHBI B OTHOCHTEIBHBIX EIMHHUIAX T| OT APYTOH
(XAPy,) B TakHX K€ €AMHULAX, T. €. 6e3 pasmMepHocTH. C METOJUYECKOH TOUKH
3penwus, (13) momHOCTRIO cooTBeTcTBYeET omnpexaeneHuio KII/I. durypupyer ax-
THBHAS MOIIHOCTh, TaK KaK B AJIEKTPOTEXHUKE TEPMHH «IIOJIE3HAsI MOITHOCTHY
HE UCIIONb3YEeTCs.

Takum oGpaszom, mpusieuenne KIIJ] k omeHke kadecTBa NpeoOpa3oBaHHS
SHEPTruM B TpaHc(opMaTope BHI3BIBAECT ONpEAeICHHBIE TPYIHOCTH. B0o3MOXHO,
U TI0 3TOH NpUYMHE JUIS UCCIEAOBAHUS SHEPreTUUECKUX XapaKTEPUCTHK TpaHC-
(dhopmaropa HCIIONB3YETCS 3aBUCUMOCTh XAP = AP, + K?AP,,, B €CTECTBEHHOM
Buze. MccienoBaHue 3TOM 3aBUCUMOCTH CBUJETENIBCTBYET O TOM, YTO OITHU-
MaJILHOHU 3arpy3kd Tpanchopmaropa 1mo KpUTepHi0o MUHUMYMa CYMMAapHBIX I10-
TEPb MOIIHOCTH HET U OBITh HE MOJKET.

BBIBOJ

VYuuThIBas XapakTep COCTABISAIONINX, BXOAAMMNX B AP, a TakKe UX 3aBUCH-
MOCTB OT Ko3(duuuenTa 3arpy3ku K, HeoOX0auMO MpHU3HATH, YTO MOCTAHOBKA
BOIIPOCA IO ITOMCKY 30HBI ONTHMAJIBHOW 3arpy3Ku TpaHcdopmaTopa 1o MHUHU-
MyMy CYMMapHBIX TOT€Ph MOIIHOCTHA XAP SBIsIeTCS HEKOPPEKTHOH.

[Ipencrasnena kapenpoit
ANIEKTPOCHA0KEHHUS IToctynuna 01.07.2013

24





