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TpaHcdopmMaToOpoB Ha 06bLEeM Macrna B rfaBHOW U3onAuumn
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ABTOpCKOe pestome

CocTosiHue Bonpoca: B HacTosiee Bpems B nutepaType OTCYTCTBYIOT AaHHbIE MO aHanu3y nsmeHeHus obbema
Macna B rmaBHON U30NSLUM U €ro CTaTUCTUHECKUX XapaKTEPWUCTUK 3MEKTPUYECKON NMPOYHOCTU B 3aBUCMMOCTU OT HOMMU-
HanbHbIX TEXHUYECKMX NapameTpoB AENCTBYIOLMX CUMOBbIX TpaHcopmaTopoBs. [103aToMy B LIeNsiX MNOBbILLEHWS JKCnnya-
TaUMOHHON HaAEXHOCTU CUMOBLIX TPAHCAOPMAaTOPOB MCCNeOOBaHNe BMMAHUS MOLLUHOCTM M HOMMUHANbHOIO HanpshkeHust
OEeNCTBYIOLIMX CUMOBLIX TpaHCHOPMaToOpPOB Ha OObEM Macna B rMaBHOM U30MALMKN SBMSETCH BECbMa aKTyarbHbIM.

MaTepuanbl 1 meToabl: Ha ocHoBe cobpaHHOW 6asbl AaHHbLIX N0 TEXHUYECKUM napamMeTpaM OevCTBYIOLMNX Cu-
NOBbIX TPAHCOPMATOPOB B LUMPOKOM AMana3oHe UX 3HAaYEHU aHanusmpyeTcs 3aMeHeHne o6bemMoB Macna B rnaBHOMN
N30MsLMKU B 3aBUCUMOCTU OT MOLLHOCTY M HOMUHAMbHOMO HaMpsXXeHnUs TpaHCOPMaTOpPOB, a TaKkKe NX NOBPEXAAEMOCTb
B 9KcnnyaTaumun. [Ina oueHKN U3MEHEHUS CTAaTUCTUYECKMX XapaKTEPUCTUK SNEKTPUYECKON NPOYHOCTM TpaHcdopMaTop-
HOro Macna B rnaBHOM M30MsUUK B 3aBUCUMOCTU OT ero obbema Ucnonb3yeTcs TpexnapameTpuyeckoe pacrnpenerneHue
"HeneHko-Benbynna, koTopoe oTpaxaeT dumanyeckme npoweccol npyu npoboe macna.

Pe3ynbTaTthl: YCTaHOBMNEHA KOppENsSLUMOHHAs CBA3b 0O6bema TpaHcopmMaTopHOro Macna B rfaBHOW U30nsuum
OENCTBYIOLMX CUMOBbLIX TPAHCOPMATOPOB C X HOMUHAIBHLIMU MOLLHOCTAMU U HAMNPSPKEHUSIMU, N3MEHSIOLLIMMUCS CO-
OTBETCTBEHHO B AmnanasoHax 25—-1000000 kBA n 6—1150 kB. Mony4yeHo, 4TO C yBENUYEHNEM MOLLHOCTEN TpaHcdopma-
TOPOB B Npefenax Uccrnegyemblx AnanasoHoB UX 3HAaYEHU Npu 3aAaHHOM HanpshKeHWWM KpaTHOCTb BO3pacTaHms obbe-
Ma macrna B rnasHon msonsaumm gocturaet 10-12, a npu 3agaHHON MOLLHOCTM TpaHcdopMaTtopa KpaTHOCTb Bo3pacTa-
HMa oObemMa macna c yBenM4eHueM Knacca HanpsaxeHusa — go 3,5.

BbiBoabl: [NonyyeHHble pe3ynbTaThl cregyeT yuuTbiBaTb Npy pa3paboTke YTOYHEHHbIX pernameHTOB 3JKcniya-
Tauum rnaBHON N30NSLUN AENCTBYIOWLUX TpaHCHOPMaTOPOB.

KnioueBble cnoBa: TpaHchopMaTop, MOLLHOCTb, HanpsbkeHue, TpaHcopMaTopHoe Macno, o6kemM macra, cra-
TUCTMYECKNE XapaKTePUCTHKN SNEKTPUYECKOHA MPOYHOCTU.
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Abstract

Background: Nowadays there are no data in literature regarding the oil volume changes in basic insulation and its elec-
trical strength statistical characteristics depending on nominal technical parameters of working power transformers. As a
result, the research of the influence of power and rated voltage of working power transformers on oil volume in main iso-
lation is very important.

Materials and methods: Using the data base of working power transformers technical parameters in a wide range of
meanings the author analyzes the oil volume change in basic insulation depending on transformers capacity and nominal
voltage, and also their damage rate while exploiting. To evaluate the change of electrical strength statistical characteris-
tics of oil volume in basic insulation depending on its volume the author uses Gnedenko-Weilbull's three-parameter dis-
tribution, which shows physical processes during oil testing.

Results: The author describes the correlation relationship between the oil volume in working power transformers in their
basic insulation and their nominal capacities and voltages in a range of 25—-1000000 kVA and 6—1150 kV. It is proved that
when the transformers capacity rises in certain limits and voltage is fixed, the oil volume in main insulation is reaching
10-12, and if the transformer capacity is fixed, the oil volume with increasing of voltage class is reaching 3,5.
Conclusions: The received results are very important for the development of the specific exploitation limits to the basic
insulation of the working power transformers.

Keywords: Transformer, power, voltage, transformer oil, oil volume, electrical strength statistical characteristics.

[ns noBblleHWs 3KcnnyaTauuoHHON Ha- 3an, 4To HabnogaeTcs NoBbILLEHWE UX YAENbHON
OEXHOCTU CUIOBbIX TPaHCOPMAaTOPOB BaXHO noBpexJaemMocTM C yBeNMYEHUWEM CpoKa 3KC-
BblSIBUTb BMWSIHWE BO3AENCTBYIOLWUX (PaKTOPOB, nnyatauuu (tabn. 1).

UMELNX MECTO B YCMOBMSAX 3SKCMnyataumu.
AHanua akcnnyaTtauMoHHbIX AaHHbIX MO MOBPEX-
[aeMoCTu cuUnoBbIX TpaHcdopmaTtopoB [1] noka-
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Tabnuua 1. NoBpexaaeMocTb TpaHCPOPMATOPOB B 3aBU-
CMMOCTM OT CpOKa 3KCnylyaTtauuu npy pasfniMyHbIX Hanps-
XKeHusax

ﬂOBpe)Kﬂ,aeMOCTb npun HanbonblLeM
Cpok akcnnyata- HanpsbkeHun, %
LM, rozb! 100-300 kB 300-700 kB
0-5 1.7 1.9
>5-10 1,9 2,5
> 10-20 2,2 3,2

CornacHo gaHHbIM (Tabn. 1), oTmevaeTcs
BO3pacTaHMe MOoBpeX4aemMocTn TpaHcdopmaTto-
pPOB C POCTOM Kracca HanpsbkeHusl, npuyemM ata
TEHOAEHLMSA COXPAHSETCS Ha MPOTSHXKEHUN BCEro
CpoKa Ux aKcnnyataumn.

PesynbTatbl akcnnyatauuMmM MacnoHanon-
HEHHOTO 3NEKTPO3HEPreTUHECKOro 00opya0OBaHUSA
CBUOETENLCTBYIOT O TOM, YTO OCHOBHOW NPUYNHON
€ro OTKa30B SABIISIETCS CHWXEHUE 31EeKTPUYECKON
NPOYHOCTM MacnocogepXallen nsonsaumm [2, 3].

C pocTOM HOMMWHaMNbHOrO HanpPsXXeHUs mno-
BblLIAOTCA TpeOOoBaHNA K M30NALUKN anekTpoobo-
pyaoBaHusa. OTo 0OyCroBMEeHO TeMm, YTO Mpu ne-
pexofe Ha 6onee BbICOKME CTYNEHU HOMUHAMbHO-
ro HaNpsPKEHUS B 3HAYUTENBHOW Mepe Bo3pacTa-
0T rabapuTbl, Macca n CTOMMOCTb TpaHcdopma-
TopoB. [Ana acpeKkTMBHOrO peLleHns aTmx Bonpo-
COB Ha MpakTUKe YMeHbLIaloT W30NSAUMOHHbIE
paccTOsiHUA, YTO MPUBOAMWT K MOBbIWEHMIO pabo-
UYNX HanpPsHKEHHOCTEN arnekTpuyeckoro nons. B
cuny aToro ans obecneveHnsi 3a4aHHOIo YPOBHS
3NEKTPUYECKON NMPOYHOCTU M3oNsaumMm TpaHcdop-
MaTopa ee Ka4eCTBO COOTBETCTBEHHO MOBbILLAET-
cq. MNoareepxgeHnemM 3Toro ABRASeTCA TOT oakT,
YTO, B COOTBETCTBMM C HOPMATMBHBIMU OOKYMEH-
Tamu', NpobuBHbIE HanpskeHns TpaHcdopma-
TOPHOro Macna B CTaH4apTHOM MacronpobonHu-
Ke yCTaHaBnuBalTCA C Y4Y4eTOM Krnacca HOMMU-
HamnbHOro HanpspkeHus (Tabn. 2).

Tabnuvua 2. NMpobuBHble HanpskeHUs TpaHcopMaTOpHO-
ro Macna Ans 3nekTpoo6opyAoBaHWUS pas3NUYHbIX Knac-
COB HanpsixeHusi, KB

lMpobuBHOE  Hanpsxke-
KaTteropus anekrpoobopynoBa- HMe Macna nocne 3a-
HUs NBKU B 3nekTpoobopy-
noBaHue, kB
00 15 kB BKMYNTENBHO 20
0o 35 kB BknounTensHoO 25
ot 60 go 150 kB Bkno4nUTENBHO 35
ot 220 po 500 kB BkntounTeENnbHO 45
750 kB 55

OnbIT aKkcnnyaTauum 1 NPOEKTUPOBaHNUS Cu-
nosbIX TpaHcdopmMaTopos [1, 4] nokasan, 4YTo yBe-
NMYeHNe MOLLIHOCTU TpaHcdopmaTtopa B OAHOM
obpasue ABnsieTcs 9KOHOMUYECKU BbIrOAHBIM, Tak
Kak nMpuBOAMT K YMEHbLUEHWNIO yAernbHOro pacxoga

! P 34.45-51.300-97. O6bem 1 HOpMbI UCMBITAHWUI 3MEKTPO-
obopypoBaHusa / nog pen. B.A. Anekceea, ®.J1. KoraHa,
J1.I. MamukoHsaHua. — U3g. 6-e, ¢ uam. 1 gon. — M.: HL| SHAC,
2004. - 355 c.

mMatepvana Ha eguHULy MOLLHOCTM U K MOBbILLe-
HWUIO KO3(hhMUMEHTa NONE3HOro AENCTBIS.

C poctoM MOLLIHOCTM TpaHcdopmMaTopa
BO3pPaCTaloT ero NMHerHbIE reomeTpuyeckme pas-
mepbl. CBA3b Mexagy STUMKM  napamMeTpamu
TpaHcdopmaTopa onpeaenseTca U3BeCTHbIM 3a-
KOHOM, ccpopmynupoBaHHeiM M. Bugmapom [5]. B
cnyyae cepwvu, BKIOYawLlwen psg TpaHcdhopma-
TOPOB PasnNMYHON MOLLHOCTU C FeOMETPUYECKHU
nogoBHbIMK burypammn, a Takke HenaMeHHbIMU
3MIEKTPOMArHUTHLIMU Harpy3kamu akTUBHbLIX Ma-
Tepuanos, NMHeNHbIE pa3Mepbl TpaHcopmaTopa
BO3pacTalT NpPONopLMOHanibHO €ro MOLLHOCTM B
ctenenn j-¢=S" [4, 5]. 310 obBycnoenueaeT
BO3pacTaHue obLero Beca TpaHcdopmaTtopa.

YBenuyeHve MOLLHOCTU TpaHcdopmaTopa
npu 3agaHHOM HOMWHaNbHOM HanpsKeHWU Brie-
YyeT 3a COOOM yBenuMYeHne AuameTpa CTepXKHS
MarHMTonpoBoAa, YTO NPUBOAWUT K BO3pacTaHuIo
rabapuTtoB 3NEKTPOU3ONALMOHHOW KOHCTPYKLUUU
BHyTpu 6aka TpaHcdopmMaTopa [4].

Bo3spacTtaHne rabaputoB TpaHcdopmaTopa
C yBENWYEHNEM €ero MOLLHOCTM COMpPOBOXAaeTcs
pocToM 06bema TpaHcOopMaToOpHOro Macna B
rmaBHOW M3onsAUUK, TO ecTb B ero b6ake. BaxHo
OTMETUTb, YTO yBenuyeHve obbema macna npu-
BOAUT K CHWXKEHUIO CTaTUCTUYECKUX XapakTepwu-
CTUK 3NEeKTPUYECKON MPOYHOCTU TpaHcchopMaTop-
Horo macna.

OTO sBNeHve oOYCNOBNEHO CTaTUCTUYe-
CKOW Mpupoaon hopMMpoBaHUs NPeanpoOUBHbIX
npoLeccoB B TpaHcopmaTopHOM Macne [6], 4To,
B CBOK o4vepeb, oOycrnoBnvBaeT pacnpegerne-
HMe NPOBUBHBIX HAMPSHXKEHU Macna B COOTBETCT-
BUM C 3akOoHOM [HeaeHko-Benbynna. B aTtom cny-
Yae BEPOSATHOCTb TOro, YTO obpasel, COCTOALMMN
N3 M OfMHAKOBbIX 3NeMeHToB obbemMa, NpodbbeT-
cs npu HanpsbkeHun U, onpepenseTtca cnegyto-
wmm obpasom [7]:

(04
u-u
F(mU)=1- -m| ——Zu | |
( ) exp m( — HJ

rae Uy, Uy, o — napameTpbl pacnpegeneHus.

CornacHo JaHHOMY BbIP@XEHWO, C POCTOM
obbema Macna (napameTpa m) yHKLMSA pacnpe-
aenenus F(m,U) coBuraeTcsa B 0611acTb MEHbLUMX
3Ha4YeHW NPOBMBHBIX HANPSKEHWIN, NPUONVXKasACh
B Npederne K HKHeMY 3Ha4yeHuio NpobrBHOro Ha-
npskeHus U,,.

Takum obpasom, HanpspkeHue, Bbi3blBalo-
wee npobor macna npu 3agaHHOW BEPOATHOCTMH,
YMEHbLLAEeTCs ¢ poCTOM ero obvema. 310 Heob-
XOAMMO Y4YMTbIBaTb MPU MPOEKTUPOBAHMM U 3KC-
nnyatauun cunoBblX TpaHcopmMaTopoB Ha pas-
TNNYHBIE HOMUWHArbHbBIE MOLLHOCTU U HanpshKeHUs.
[ns aToro HyHo 3HaTb 0bbeMbl Macna B rna.-
HOW M30MAUMMN KaXKOOro KOHKPETHOro TpaHcdop-
mMaTopa.

[Mpn NpoekTMpoBaHUN HOBLIX TpaHcdopma-
TOPOB M3MeHeHne o6beMOB Macna B [MaBHOM
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M30MSUUN B 3aBMCMMOCTU OT MX TEXHUYECKUX Na-
pameTpoB onpeaenseTca pac4eTHbIM nyTem [8].

Ons  pgencrteylowmx  TpaHcdopMaTopoB
OLEHKY M3MeHeHMs obbemMoB Macna B [flaBHOM
N30MALUN MOXHO NPOM3BECTM HA OCHOBE aHanuaa
NacnopTHbIX [aHHbIX 3TUX annapaToB BO BCEM
OunanasoHe U3MEHEHNsT X TEXHUYECKMX napameT-
poB. C yyetom 3Toro 6Gbina mocraeneHa 3agada
no onpeaeneHnto n3MeHeHuss obbema macna B
OencTByloWNX TpaHcgopmaTopax M aBTOTPaHC-
dopmaTopax B 3aBUCMMOCTU OT UX HOMUHAIbHbIX
MOLLHOCTEN N HaNPsKEHWIA.

[nsa pelueHna aTon 3agadv npegBapuTenb-

n3MeHeHne obbema TpaHCGOpPMaTOpPHOro macna
ONsl pasnunyHbiX TUMOB TPaHCOPMaTopoB Ha HO-
MUHarnbHoe HanpshkeHne 110 kB.

AHanns3 nony4eHHbIX AaHHbIX (Tabn. 4) no-
KasblBaeT, 4YTO C BO3pacCTaHWEM MOLLHOCTU
TpaHcopmaTopoB (pasnuyHbIX TUNOB) Habnwaa-
eTca yBenvyeHne obbema macna B 3TUX TpaHC-
cdopmaTtopax. OTa TeHOeHUMs OTYETNUBO MposiB-
nsetcs Ha 3aBUCUMOCTAX obbema macna ot
MOLLIHOCTM TpaHcopmaTtopos (puc. 1)

Tabnuua 4. N3ameHeHne ob6bema macna Ans pasfUYHbIX
MOLUHOCTEN TpaHchopMmaTopoB Ha HanpsixkeHue 110 kB

HO Ha OCHOBe aHanusa HopMaTWBHOW Gasbl OaH- Tun Vi, M°

HbIX? OMpefeneHbl MOLHOCTH TPpaHCOPMaToOpOB, mlfg&?/ 118 33’1 i'gg

Ha KOoTOpble OHM pa3pabaTbiBaloTCs, a Takke pac- TMH-6300/110 Y1 10

CMOTpeHa knaccudukaums TpaHcopmaTopoB no TMTH-6300/110 171

rabaputam c y4eTOM UX MOLLHOCTM U HOMMWHarsb- TAH-10000/110 13,1

Horo HanpsbkeHna (tabn. 3). CormacHo 3Tom TATH-16000/110 23,33

KnaccuduKaumm, MMeeT MecTO LUMPOKUI auana- %LH{égggmg% 13’2;

30H M3MEHEHMSI MOLLHOCTM TpaHCcOpMaTopoB, B TPOH®-16000/25000/110 V1 1889

TOM 4uclne n gna ogHoro 3agaHHOro Krnacca Ha- TATH-25000/110 26,22

npskeHnst. TPOHC-25000/110 Y1 18,56
TOH-25000/110 Y1 18,56

Tabnuua 3. Knaccudmkaumsa cunosbix TpaHcoOpmaTopoB TAUR-25000/110 Y1 18,89

no raGapuram TOTH-40000/110 30,78
TPOHC-40000/110 Y1 21,33

FaGapnt TOH-40000/110 Y1 21,22

TpaHChop- MOLLHOCTb, KBA Hanpsbxetne, TATHX-40000/110 Y1 25,89

maTopa kB TOTHXKY-40000/110 Y1 25,89

1 TPOH®-40000/63000/110 Y1 20,67

1-2 Ao 20 25...100 fo 10 TOTH-63000/110 41,1

11 TOH-63000/110 Y1 26,89

-2 160...250 400...1000 Ao 10 TPAHM-63000/100000/110Y1 23,78

= TPOLIHM-63000/100000/110 Y1 26,94

1l-2 Ao 1000 Bonee 10 ao TOLTH-80000/110 31,11

e 1600...2500 4000...6300 35 TRTH-80000/110 4244

IV-1, IV-2 10000...32000 Bonee 32000 | [o 35 TPOH-80000/110 22,22

V-1 Mo 16000 110 TAH-80000/110 Y1 26,67

V-2 25000...32000 TPALIH-80000/110 Y1 26,22

VI-1 40000...63000 110 TPALH-125000/110 33,33

VI-2 o 63000 150

%31 'ggo?)%oog 00006 ﬁg' 330 AHanormyHo HabnwopaeTcsa  Bo3pacTaHue

VII-2 80000...200000 150 obbema Macna oT HanpshkeHus TpaHcpOopMaTopoB

V-1 Boree 200000 220...330 npu 3agaHHon nx mowHoctn 63000 kBA (puc. 2).

VIII-2 HesaBncrMMO OT MOLLHOCTM Bonee 330 AHanuns pe3ynbTaTtoB BbIMOJTHEHHbIX

Bbina cocTtaBneHa 06asa [aHHbIX CUMOBbLIX
TpaHCOpPMAaToOpOB M aBTOTPAHCOPMAaTOPOB B LUMW-
POKOM AMana3oHe M3MEHEHUS] UX TEXHUYECKMX Na-
pameTpoB. [Npu 3TOM Onana3oH M3MEHEHWUs HOMU-
HanbHbIX MoLLHocTer cocTtasun 1000—1000000 kBA,
a HOMUWHarnbHbIX HanpshkeHun — 6—1150 kB.

MonyyeHHasa 6a3a AaHHbIX BKOYaeT B cebs
Maccy TpaHcoOpMaTOpPHOro Macrfa B Kagom Cu-
NoBOM TpaHcdopmaTope, KoTopasi oTpaXkaeT 00b-
€M Macna B rnaBHou nsonsumm. Ha ocHose 3Toro ¢
y4eTOM MNJIOTHOCTM TpaHCcOpMaToOpHOro Macna
HaraeH obbeM Macna B Kaxaom TpaHcdopMaTo-
pe. B kauecTBe npumepa B Tabn. 4 npeacraBneHo

2 rocT 9680-77. TpaHcopmaTopbl CUMOBbIE MOLLHOCTBIO

0,01 kBA n 6onee. Psg HoMuHanbHbIX MOLLHOCTel: Been.
1979-01-01. — M.: U3p-Bo craHpapTos, 2007. — 4 c. (Hauuo-
HanbHble cTaHaapTbl Poccuiickon ®enepauum).

pacyeToB W MOCTPOEHHLIX rPadMKoOB NO3BOMNNI
caenatb BblBOAbl O TOM, YTO C yBeNMYEeHUEM
MOLLHOCTM TpaHcdopmaTopa B npegenax uc-
crnegyemblX AvManasoHOB NpW 3agaHHOM Hanps-
XeHun Bo3spacTaeT obbem macna B TpaHcdop-
maTope. 3HavyeHua KpaTHOCTW BO3pacTaHus
obbema macna B TpaHcopmaTopax npeacTas-
neHol B Ta6bn. 5. lpu 3agaHHOW MOLLHOCTU
TpaHcdopmaTopa 3Ha4YeHus KpaTHOCTU BO3pac-
TaHma obbema macna c yBenvMyeHuem Kknacca
HanpsKeHWust npuBeaeHbl B Tabn. 6.
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VAV 100

Tabnuua 5. 3HaYeHUss KPaTHOCTU U3MEHEeHUsA o6bema mac-
Jla B 3aBMCMMOCTU OT MOLUHOCTU TpaHCcdopmMaTopoB

10

C_ ML)

" 103 104 S.kBA

a)

v.vs 100

10

1 03 10 4 1 05 S,KBA
6)

1000

100 .

10

103 104 105 106 S.kBA

B)
Puc. 1. 3aBucumocTn o6bema Macna B TpaHcgopmartopax oT

MX MOLLIHOCTY NPW HOMUHAINbHbIX HanpsbkeHusix: a — 35 kB; 6 —
110 kB; B — 220 kB

V,m* 100

10

10 100 UxB

Puc. 2. 3aBucumoctb obbema macna B TpaHcgopmMaTopax oT
VX HanpspKeHns npy 3agaHHon molHocTn 63000 kKBA

Knacc HanpsixeHus, KB | KpaTHOCTb Bo3pacTaHusi oGbema
macna

35 11,6

110 9,8

220 10,7

500 1,4

Tabnuua 6. 3HaYeHUss KPaTHOCTU U3MEHEeHUA o6bema mac-
na B 3aBUCUMOCTM OT Kflacca HanpskeHusi TpaHccopma-
TOopOB

MolHocTb TpaHcdop- KpaTHocTb Bo3pacTaHusi obbema
martopos, KBA Macna

63000 2,6

80000 2,9

125000 3,5

3aknroyeHue

Ha ocHoBe BbINOMHEHHbIX WCCNefOoBaHUN
YyCTaHOBMEHA KOppensduMoHHas cBA3b obbema
TpaHcopMaTOpHOro Macrna B raBHOW M30NALUMM
OEeNCTBYIOLNX CUMOBbLIX TpaHCopMaTopoB C KX
HOMWHANBbHLIMW MOLLHOCTAMU U HanpshKEHUAMU.
Mpn STOM YCTAHOBMEHO, 4YTO C YBENUYEHMEM
MOLLHOCTEN TpaHcopmaTopoB B npegenax umc-
cnefyemMblX uanasoHoB MX 3HAYEeHUn Npu 3agaH-
HOM HanpsPKeHWM KpaTHOCTb BO3pacTaHusl obbe-
Ma macrna B rmaBHOM usonsaumn gocturaet 10—12,
a npu 3afjaHHOW MOLUHOCTU TpaHcdopmaTopa
KpaTHOCTb BO3pacTaHua obbema macna ¢ yBenu-
YeHVEeM Kracca HanpsbkeHust Bo3pacrtaeT go 3,5.
Takas KpaTHOCTb W3MeHeHWsi O0O6bemMOB TpaHC-
dopmaTopHoro macrna oOycnoBnvMBaeT COOTBET-
CTByIOLLEE M3MEHEHUE CTAaTUCTMYECKUX XapaKTe-
PUCTUK 3NEKTPUYECKON MPOYHOCTU rfaBHOM WU30-
naumMmn TpaHcopMaTopoB.

MonyyeHHble pesynbTaTtbl criegyet y4uTbl-
BaTb Npu pas3paboTke YTOYHEHHbIX pPernameHToB
aKcnnyaTaumm rnaBHOW U30MAUUN LENCTBYHOLNX
TpaHcdhopMaTopoB.
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