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PACYET TPEXMEPHOI'O PACIIPEAEJIEHUA MAT'HUTHOTI' O I10JIsA
MOIIIHOI'O TYPBOI'EHEPATOPA B PEXKUME XOJIOCTOI'O XOJA

Ilpeocmagneni peszynvmamu mecmogozo pO3PAXYHKY MPUGUMIPHO20 MAZHIMHO20 NONA MypooZenepamopa 6 pexcumi
Hepo6ou020 x00y. Po3paxynok npoeedeno uuceibHUM Menooom 3 YpaxyeanHam peanbHoi KOHCmPYKUii mypoozenepamopa npu

suxopucmanni naxema npozpam Maxwell 11.

Ilpeocmagnensl pe3ynbmamsl Mecmo6o20 paciema mpexmepHozo0 MAazHUmMHOZ0 oA mypbozeHepamopa 6 pexcume Xoi0cmozo
xo00a. Pacuem npogeden uucieHHbIM MEMOOOM C YUEeMOM PpeanbHOll KOHCMPYKUYUU mypoozeHepamopa npu uchnoab306anuu

naxema npozpamm Maxwell 11.

BBEJIEHUE

B Hacrosiiee Bpemsl IpU MPOEKTUPOBAHUU TYpPOO-
rereparopa (TT) GoiblIoe BHAUMAaHUE YAEISISTCS HCCIe-
JIOBAaHWIO €r0 MArHUTHBIX MOJICH. DTa 3ajada BechMa
cnoxHa, Tak kak TT mpencraBnser co00# CIOKHYIO TPO-
CTPAHCTBCHHYI0 KOHCTPYKIHIO C SIBHO TPEXMEPHBIM pac-
OpEIeeHHeM DJIEKTPOMAarHUTHOrO I10JisI, OCOOCHHO B
topueBoii 30me [1, 2]. TlosToMy Ha IpakKTHKE BCe damie
OPUMEHSIOT KOMIIBIOTEPHOE MOJIEIMPOBAHUE C IIPUMEHE-
HHEM MPUKJIAIHBIX IPOTPAMM.

JIist peleHnst TPEXMEPHBIX MOJIEBBIX 3389 HCIIONb-
3yIOT pa3jnyHble MATEMAaTHYECKUE METOABI, HO, KaK II0-
Ka3pIBaeT MPAKTHKA, ENeco00pa3Hee MPUMEHSTh METOJ
KOHe4HbIX d1ementoB (MKD).

Pe3ynbTaThl pacyeToB TPEXMEPHOr0 MArHHTHOTO
TOJISI IO3BOJSIET YCTAHOBUTH OCOOGHHOCTH €T0 IIPOCTPaH-
CTBEHHOT'O pacrpeelieHrs], Kak BO BCeM TypOoreneparo-
pe, TaK U B OTACIBHBIX €r0 3JIEMEHTax, UTO SBISETCS He-
MaJIOBaKHBIM ISl TIPOSKTHPOBAHKSL.

Llenpto maHHOM pabOTBI SIBISICTCS TECTUPOBAHHE
nporpammbl Maxwell 11 [3-5] wa Bo3MOKHOCTH ee TpH-
MCHEHHUSI IS pacdera TPEXMEPHOTO MATHUTHOTO IIOJIS
moiHoro TT.

PACYETHAS MOJEJIb TT'

OOBeKTOM [UISl HCCIIEAOBaHUS BHIOpaHA KOHCTPYK-
must TT momHOCcTRIO TIOpsinka 300 MBT. K ocHOBHBIM
napamerpam TI' orHOcsTca: pammyc poropa — 0,56 M;
HemarHuTHBIN 3a30p — 0,09 M; mmmHA — 5,8 M; BHEITHMIA
IMaMeTp cepledHnka cratopa — 1,34 M; cxema oOMOTKH
cTatopa — '"3Be3ma’’; OTHOCHTEIFHOE YKOPOYCHHE IIara
obmoTkwm cratopa 3 = 4/5.

CrtpykTypa TopIeBoit 30Hb Takoro TI" m3o00paxkeHa
Ha puc. 1. Jng ynpomeHus pacdyeToB, KOTOpPbIE, KaK BBI-
SICHAJIOCH, TPEOYIOT KOJIOCCAIBHOTO IPOIECCOPHOTO BpE-
MEHH U OO0NBIIOro o0beMa ONepaTHBHOW MaMsATH, Oblia
BBIOpaHa OrpaHWYEHHAs pacdeTHas mmHa moxemu 1T,
KOTOpasi COCTaBMIa 1 M OT ero TOpIEeBOi YacTH.

Mopnenb CHpOEKTHpOBaHA B CPEAe IPOTPaMMBI
Maxwell 11 ¢ ygerom peasbHBIX Ta0apUTHBIX pa3MepoOB
TI' B 1enoM, a Takke €ro oTAeibHbIX y3i10B. Kaxnoi ne-
TaJIl TPUCBOEHBI MapaMETPhl COOTBETCTBYIOIIETO Mate-
puana. s GpeppoMarHeTHKOB 3aaHBI HEJIMHEITHBIE KPH-
Bblc HamarHuuuBanus B(H), a Taxke yIUTHIBAICA KO3(-
(PMIMEHT 3a0MHEHNS INXTOBAHHBIX CEPACYHUKOB.

B MarmmTocraTHdeckod 3agade HET HUKAKUX Q-
(hEeKTOB M3MEHEHUS BO BPEMEHN ¥ MATHUTHOE TOJIE MPea-
Tojaraercsl CTalMoOHapHBIM. PelieHne MarHurocraTnde-

CKOM NOJIEBOM 3a/1a4Ml ONPENEIETCs AByMs YPAaBHEHUSIMU
MakcBenna:
VxH=J;V-B=0

C MCIOJIB30BAHUEM 3aBUCHMOCTH

B=po-(H+M) =pg-pr-H+pg-Mp,
rne H — HanpspkeHHOCTh MarHUTHOTO ToJs; B — mMarauT-
Hasl MHAYKIWS; J — IUIOTHOCTH TOKa mpoBomumocTw; M —
BEKTOp HaMarHWYeHHOCTH,; Mp — MOCTOSHHOE HaMarHHW-
YWBaHWE, | — OTHOCHTCIbHAS MAarHUTHAs IPOHHIIAC-
MOCTh (BCE ITH BEJIMYMHBI SBISIIOTCS (PYHKIUAMH TPEX
KoopmuHar X, Y, Z; n0 = 47107 Tn/m — MarauTHas po-
HUIIAEMOCTh BaKyyMa.

Puc. 1. Korcrpykiust Topuesoit 30ub1 TI': 1 — ctatop;
2 — HaxxumuOU (hianenr; 3 —0OMOTKa cratopa; 4 — Baj poTopa;
5 — obmoTKa poTopa

Jst manpHediuux BeluucineHud monens TIT mpo-
rpaMMHO pa30uBaeTcsl Ha SUEHKH, MPUYEM KaK 110 HapyX-
HOH TTOBEPXHOCTH MOJENH, TaK U BO BHYTPEHHEM e 00be-
Mme. IlpuMep ceTodHOH CTPYKTYpHl TOKa3aH Ha pHC. 2.
Kpome Toro, Bo3aynIHbINA 3a30p MEKIY CTATOPOM H POTO-
poM, a Takke pacuerHas obmacte BOkpyr mozenu TI 3a-
MOJHAETCS AHAJIOTUYHON CETOYHOM CTPYKTYpOH, HO JUIS
HaIJITHOCTH OHA He ObUTa Moka3aHa. Ha maHHOM stare
STYEHKN KOHEYHO-3JIEMEHTHON CETKH JTOBOJBHO OOJIBINIHE,
4YTO, COOTBETCTBEHHO, BIIMSET Ha TOYHOCTb PacdyeTOB, HO
JUIS TECTOBOT'O aHAIIM3a TOTO BIIOJIHE JOCTATOYHO.

Jlig Hauana OymeM paccMaTpUBaTh PEXXHM XOJIOCTO-
o X0/a, TaK Kak OH SBISieTCS HanOonee MpOCTBIM W
yIOoOHBIM AT WnTIocTpanmii. B oOMoTke portopa 3amaH
ToK Bo3OyxkmeHus |y = 7582 A, B obMoTtke craTopa ¢as-
HBlE TOKM paBHBI Hymo. [lociennee mo3BoiseT yopath
00MOTKY cTaTopa M3 pacyera, 4To eIie HEMHOTO yIpomia-
et mozenb TT" 10 ypoBHS, MMOKa3aHHOTO Ha pHC. 3.
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Puc. 3. Monens TI" st pacyera pexxuma X0oJI0CToro Xoaa

PE3VJIbTATBHI PACHETA MATHUTHOI'O T1OJIA
Kaptura marHuTHOrO TONS B BHJIE BEKTOPOB Mar-
HUTHOM MHIYKIUHU U1 paccMaTpuBaeMoro pexuma TT'
MIPE/ICTaBIICHA HA pHUC. 4 W PHUC. 5 B €ro MonepeyHoM U
MIPOJIONBEHOM ceueHusX. IIpu momade BEKTOPOB B €TMHOM
Mmacimrabe (puc. 5) CTpyKTypa moisi B TOPLEBOM 30HE He
nposiBisiercs. [103TOMy TONONHHUTENBEHO Ha PHC. 6 KapTH-
Hy TOBTOpWIN 0e3 coOmiomeHus Macmrada, TPOSBIISLA
MPOCTPaHCTBEHHYIO OPHUEHTAINIO BEKTOPOB.

Puc. 4. BextopHOe pacnpeneneHne MarHUTHOTO TTOJIS
B nonepeyHom ceueHuu TT°

Maruutnoe none TI' mpexncraBieHo Taxke Ha
puc.7-9 pacrmpenencHrIeM MOIYIS MarHUTHON WHIYKIUU
B BI0Jb KOHKPETHBIX TpexX JMHME a-a’, b-b’ u c-¢’, moka-
3aHHBIX Ha puc. 4 u puc. 5:

a-a’ — 9To Ayra OKPY>KHOCTH, ITPOXOSIIAs 1O Cpe-
HeW JMHWH BO3AYIIHOTO 3a30pa B IpEAeNiax IOJIIOCHOTO

JENEHNsI Tp B MAKCHMajbHOM OTHAJIE€HMU OT TOPLEBOM
gactu mogenu 1T

b-b’ — 5T0 pannanbHas TUHWS, HaNpABIEHHAS OT OCH
TI' k BHEIIHEMY IUaMETPy CeplleyHHKa CTaTopa U Mpo-
XOJISIIas IO CeperHe OOIBIIOro 3y0Ia poTopa, BO3IYyII-
HOMY 3a30py H 3yOIly cTaTopa TaKkKe B MaKCHMaJIbHOM
OTIAJIEHUH OT TOpLEeBOM yactu moaenu TT;

C-C’ — 9TO aKCWaNbHAasI TUHUS, TapauienbHast ocu TT
U MPOXOJAIIasl Yepe3 CepeluHy BO3AYLIHOI'O 3a30pa Me-
KAy OonbIIiM 3yO0oM poTopa U 3yOIioM craTopa.

Puc. 5. BexTopHOE MacmITabMpOBaHHOE PACIIPECICHHE
MarHUTHOTO IOJI B IPOJOJIBHOM cedeHun TT°

Puc. 6. HemacurrabrupoBaHHOE BEKTOPHOE PACIIPEICIICHHE
MarHUTHOTO TOJISl B IpoAobHOM ceueHun TT
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Puc. 7. Pactipenenenue Moyt MarHUTHON HHIYKIMA B 110
nyre "a-a’"' Ha cpemHeH JIMHUH 3a30pa
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Puc. 8. Pacnipeienenne Moyt MArHUTHON UHIYKIMA B
B10JIb JInHUM "'b-b’"
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Puc. 9. Pacnipeienenne Moyisi MArHUTHON UHIYKIMA B
BIOJIb JINHUH "C-C”"

OTMeueHHas Ha rpadUKax MarHUTHOW MHIYKIMH Ha
puc. 7-9 Touka "A" — 3TO TOUKa MPOCTPAHCTBEHHOTO Iie-
peceuenus JmHUM a-a’, b-b’, ¢-C’, T.e. oHa sBIsKETCA 00-
meit Ui Bcex Tpex rpadMkoB. JTa TOUYKA HAXOAWTCS Ha
CpenHel JMHUH BO3AYIIHOTO 3a30pa MEXKIY CTaTOpOM H
pPOTOPOM B MaKCHMaJIbHOM OTJAJICHHH OT TOPLEBOH dac-
1 Mozpenu TT. 3HadeHwre MOIyIsl MATHUTHOW MHIYKIIUU
B Touke "A" cocraBmio mopsinka 0,92 T, uro coBmamaer
C TIPOEKTHBIMHU JAHHBIMH U JA€T TPaBO TOBOPUTH O MpaB-
JIMBOCTH TTOJY9IEHHBIX BBIIIE PE3YIBTATOB.

Kpome Toro, npencraBieHHbIE pacpeeiIeHus] Mar-
HUTHON MHAYKIMN OKa3bIBAIOTCS TTOIOOHBI AaHAIIOTHIHBIM
pacIipesielieHusIM, KOTOpbIe MOIy4Jalich MPH KBa3HTPEX-
MEpHBIX pacyuerax MarHUTHBIX mojiei [2] Ha ocHoBe me-
TOJa IUIOCKO-OPTOTOHAJIBHBIX PacdeTHBIX MOJENeH, pas-
paboOTaHHOTO M U3JIOKEHHOTO B [6].

[ukm Ha TpaduKax MarHUTHOW WHAYKIUH Ha
puc. 7-9 — 3TO MOTPEmHOCTh B pacyerax, CBs3aHHAs C
rpy00if KOHEYHO-JIEMEHTHOM CTPYKTYpPO# CeTKH pa3zOue-
st Momenu (cM. puc. 2). JKematensHoe crymieHue ce-
TOYHOW CTPYKTYPHI B AAIBHEWIIEM ITO3BOJHT YBEIUYUTH
TOYHOCTH TOJTy4aeMBIX PE3YJIbTAaTOB, HO NPH 3TOM TaKXKe
3HAQYMTENBHO YBEIWYMBACTCS BPEMsI pacuera M CHCTEM-
HBIE TPEOOBAHUS BEIYUCINTEIBHON TEXHUKH.

BbIBO/]

[TpuMeHeHNEe TPUKIATHOTO MIPOTPAMMHOTO ObOecIie-
YEeHUS JUI KOMIBIOTEPHOTO MOJICITUPOBAHUS TPEXMEPHO-
T0 MarHUTHOI'O TIOJIA, B YACTHOCTH IMAKeTa MPOTpaMM
Maxwell 11, mo3BonsieT MONYyYHTh Ka4eCTBEHHBIE M KO-
JIMYCCTBEHHBIC JAaHHBIC O MAarHUTHOM Imojie. QYEeBHIHO,
YTO TAKWE PacdeThl MOTYT SIBIATHCS 0a30il I JajbHEH -
IIETO MCCIIENOBaHHUS MATHUTHOTO TIONIS B TOPIICBOM 30HE
TypOOreHepaTopoB.
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Milykh V.., Vysotchin A.l.

Calculation of 3d magnetic field distribution for a powerful
turbogenerator in the idling mode.

Results of test calculation of three-dimensional magnetic field of
a turbogenerator in the idling mode are presented. The calcula-
tion is made with a numerical method taking into account a real
turbogenerator design with application of Maxwell 11 package.
Key words — turbogenerator, butt-end area, magnetic field,
longitudinal section, transversal section, Maxwell 11
package, 3D calculation.
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