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NMPUBJIH)KEHHBIE METOA bl TENJIOBBIX PACYETOB
JEKTPHYECKHX MAIIHH
C ECTECTBEHHbBIM OXJAXIEHUEM

M. H. YIAHHULIKHUM
(IpexcraB/ieHa HaydYHBIM CEMHHAPOM 3JEKTPOMEXAHHUYECKOro (haKyabrera)

B kpynHOcepHilHOM 3/1€KTpOMAallHHOCTPOEHHH 3aflaya olpegeeHus nepe-
TPEBOB_ 0OMOTOK OOBIYHO pellaercss myTeM pa3pabOoTKH METOMHMK TelJIOBOro
pacuera IMPUMEHUTEJBHO K OJTHOMY OINpeJie/JeHHOMY Ty MamuH [1, 2]. 1o
II03BOJISIET MOJHEee YYUTEIBATH OCOOEHHOCTH M 3aKOHOMEDHOCTH MalllMH pas-
JUYHBIX CEpHH, YTO CMOCOGCTBYET MOJNYUYEHHI0 HEOOXOAUMOH TOYHOCTH Tell-
JIOBBIX PaCUEeTOB.

B MHAWBH/YaJbHOM M MEJKOCEPHUHHOM MHKPOMAIUHHOCTPOEHHU B CBA3I
¢ MHOroo6pasueM THIIOB MAaIIUH ONpejaeleHHe MeperpeBoB OOMOTOK Tpe-
oyeT MeTo0B GoJiee 00llero xapakrepa.

Curenyer oTMeTHTh, uTO 0OJbIIAsi CJA0KHOCTH 00Ileil GU3UUECKO#l Kap-
THHBI pacrnpejeseHus TeNJOBbIX MOTOKOB B MalllMHe 3aTPYJHSET Yy4yeT BCex
VCJIOBHH, OT KOTOPLIX 3aBUCHUT TemaoBoi mpouecc. [lostromy Bbimosinenue
COBEpPLIEHHO TOYHOTO TEIJIOBOIO pacuera He NPeACTaBJSIeTCs BO3MOKHDBIM.
OpHako faxe NPUOJIHIKEHHBIII pacuer MO3BOJISIET OLEHHTb TEIVIOBYIO Ha-
NpPSIKEHHOCTh H30JISILUKM M 3HAUUTENbHO o0Jieryaer ¥ COKpallaer 1mno BpeMeHH
pa3paboTKy HOBOH MalIHHbI. B CBA3H C 3THM B HHXKEHEPHOH MpaKTHKe BIOJI-
He ce0sl ONnpaB/JblBAIOT YNPOLIEHHble MEeTOAMKH TEIJIOBBIX pPacyeToB, YYHTbI-
Bawllue HauboJslee CylleCTBEHHble 0COOCHHOCTH NMpoLecca HarpeBa, pesyJib-
TaThl aHAJUTHUECKHX HCCJAEJOBAHUN W 3SKCNEPHUMEHTAJIbHO CTATHCTHUECKHE
JIaHHBIE. :

duznyeckoil CTOpOHe Impolecca HarpeBa 3aKpBITHIX 3JIEKTPUUECKHX
MalluH HauboJjiee TOYHO COOTBETCTBYET TEOPHsl JABYXCTYINEHUAaTOro Harpe-
Ba [3], corjacHO KOTOPOH IleperpeB KaxKA0il OOMOTKH ONpefessieTcss Kak
cyMMa IleperpeBoB OOMOTKM HaJ KOPIYCOM H KOpIlyca Hajd OKpyiKarolleil
cpenon.

JlJs MaJOMOIIHBIX MAaUIHH C €CTEeCTBEHHBIM OXJaJIeHHEeM 3HAYeHHe
neperpesa Kopnyca (0;) MOXKHO NOJYYHTh, HCIOJb3YS XapaKTe€PHCTHKH
O« = f(g), npenBapuTeJbLHO IOCTPOEHHBIE JJIsi ONpPE/EJEHHON TeMIepary-
PHl OKPYIKAIOIEro BO3JAyXa fo MO CAEAYIOIMUM (hopMmyJ/iaM:
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g = Ba = Rt (1)

X = &, + % (2)
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Popmyab (1) u (3) ABIAOTCA H3BECTHBIMU 3aBHCHMOCTAMH. Bbipaxe-
nue (4) MOJAYYEHO aBTOPOM IPH HCC/IEJOBAHHHM TEMJIOOTAAYH CBOGOLHOIM
KOHBEKIHH TOPH30HTAJbHO H BEPTHKA/JIbHO OPHEHTHPOBAHHBIX TIJI4JKHX
KOPIYCOB 3/JEeKTPUUECKHX MAIIWH B JAHana3oHe 3HAUeHHl

GrPr = 105 — 10°,
l}(/ K o 1,1 AT 2,0.

Ha puc. 1 npencrasiensl Xxapaxrepuctuku O, = f(g), nocrpoexnsie
npu foc = -+ 35°C ang mupoxoft obsnactd 3HaueHuit Oy u di, BCTpeualo-
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Puc. 1. 3aBucumoctb Oy=f(q) npu Zfoc= +35°C. I—d;=(30—40) mm;
2—d,=(40—50) mM; 3—d=(50—70) mMM; 4—d—=(70—100) mm;
5—d—=(100—150) mm; 6—dy=(150—220) mM™M; 7—d, = (210—330) mm;
8 —d, = (330 — 500) mwm;

MUXCs B IpakTHKe. B ka» oM M3 yKa3aHHbHIX Ha puc. 1 auamasoHoB dx
xapakTepucTuka Oy = f(g) cTpousach mpH CpeJHEM 3HAUEHHH JHAMETPa.
B npHHATHIX [QHANa30HAX 3HAueHW#d dyx npeHeGpeXKeHHe 3aBHCHMOCTHIO
o OT BEJHUUHBI JUaMeTpa KOPIyca HEe OKA3hbIBAeT CYIIECTBEHHOTO BJAHSI-
HHSL H4 TOUHOCTL OmpeneaeHus Oy.

AHa/JUTHYECKHE H 3KCIePHMEHTa/JbHble HCCAeTOBaHHsS, TPOBEIEHHbIe
ABTOPOM, a4 TaKKe aHaJH3 PacCUYeTHBIX H ONBITHHX AaHHuX [1, 4, 5] mo-
3BOJISIET C/leNaTh BBIBOJ, YTO B ACHHXPOHHBIX JBHTATENsIX, CHHXPOHHBIX
HHIYKTOPHBIX TeHepPaTOpax, CHHXPOHHBLIX PEAKTHBHBIX H T'HCTEPE3HCHBIX
JIBUraTe/IsiX C HESBHONOJIOCHBIM CTATOPOM, a TaKXe B JPYrHX aHAJOrHY-
HBIX IO KOHCTPYKIIMH MAMIHHAX C €CTeCTBEHHBIM OX./aX(/EeHHeM 3HaUYeHHs
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®, cocraBasior npumepHo 70 — 90°/, OT CpeaHHX IEperpeBoB OOMOTKH
€TaTOPA.

He3nauutesnbHOe OT/IHUHE BeJHUYHHLI TleperpeBa CTATOPHBIX OOMOTOK
0T O, OOBIACHSETCA TeM, YTO pajuajbHble TEIJIOBBIE IIOTOKH B CTAaTOpe HE
BCTPEUAIOT CYIIECTBEHHBIX TENJIOBBIX CONPOTUBJIEHHH HA CBOEM NMYTH K KOp-
nycy. Tak, B nmponuTaHHbIX OOMOTKax CyMMapHBIH Inepenaj TeMIepaTyphl
110 BHTKOBOH M I1a30BOH H3OJSIIHH cocTaBjasier okKoio 5—89Y, B 3ybuax,
«NMHHKe H Kopmyce —5—79, u MexJy CTAaTOPOM H KOpmycoM —5—79 ot
BeJIMYHHBI NleperpeBa o6MOTKH CTaTopa.

Takum o06pa3oM, 4751 OLEHKH TelJOBOH Halpsa:KeHHOCTH CTATOPHBIX 00-
MOTOK YKa3aHHbIX THIOB MallMH B NPAKTHUECKHX pacyeTax MOMKHO HC-
II0/1b30BaTh CJe/yIolllee BhlpaKeHue:

0. = 1,2506«. (5)
IIpu xopomeit mponutke 06MOTOK COOTHOILeHHE (5) OyAer CIpaBelJHUBO

U B YCJIOBHSIX IIOHHXKEHHBIX JAaBJjeHuil. B 3Tom ciayuae sHauenuwe Ko3pdu-
1IMeHTa KOHBEKTHBHOH TeNJIOOTAauu Kophyca OInpejenasieTcss no (GpopmyJe

7\ 0,452
0l = o (f—;) , 6)

KOTOpasl NOJAYdYaercss ¢ IOMOIIbIO 3J€MeHTAPHLIX Peo0pa3oBaHuil U3 BbI-
paxenus (4).

3HaueHne Oy NpH NOHHKEHHOM JABJIEHHH MOXKHO HAHTH JHGO METOo-
JIOM IIOCJIe0BaTe/IbHBIX NPHOIMKeHH#i 1no dopmyaam (1) — (4) u (6), 1m0
W3 XapakTepucTHK Oy = f(¢), npeaBapuTenbHO NOCTpoeHHBIX Mg [17. Kax
BHIHO M3 PHC. 2, paCUETHHIC M ONBITHBIE 3HaueHuss O u B¢ xopouo co-
Taacyiorcd.
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Puc 2. 3aBHCHMOCTb CpPeJIHHX TeperpeBoB KOpIyca M CTaTOPHOIL

OOMOTKH CHHXPOHHO-THCTEPE3HCHOTO JBHraTelss OT aTMOCHEepHOro
JlaBJIeHHs NPH EPConst 3} »

I — neperpes kopmyca 1o (1)—(4), (6); 2 — neperpes craTopHOiI
o6MOTKH 110 (5); 0 — ONBITHBlE 3HAUEHMsI TE€PErpeBoB.
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OG6o6uieHHe pe3y/abTaTOB 3IKCIEPUMEHTAJNbHBIX HCCAEJOBAHHH Malllui
MOCTOSIHHOTO TOKA C €CTeCTBEHHBIM OXJaxKJeHHeM II03BOJIIeT PeKOMeHJI0-
BaTh JJIs ONpeJe/eHHs neperpeBoB OOMOTOK psiJi NPUOJIMAKEHHbIX 3aBUCH-
MoCTel: :

Uit 0OMOTOK MapaJijieJbHOro BO30yxKAeHKsi 0€3 H30JALHOHHBIX INpPO-
KJ1aJ0K MEX/y MOJI0CaMH, CTAHMHOH U KaTylIKaMHu

8,=14806, (7)

IJIst 0OMOTOK NapasienbHOro BO30YXKAeHHS C H30JAUHOHHBIMH MPO-
KJaJKaMi MeXKIy MOJI0CaMH, CTAHUHONH U KaTylIKaMH

8, =198, (8)

Kak mokasa/u ONBbITBbI, COOTHOLIEHHE MeXKy CPeIHHMH IeperpeBamu
Kopryca ¥ OOMOTKH $IKOPSI BO MHOTOM 3aBHCHT OT pacIpelesIeHHsl 3JIEKTPO-
MAarHUTHBIX Harpy3ok. B paluOHANbHO CIPOEKTHPOBAHHBIX 3AKPBITHIX Ma-
IUHAX MMOCTOSIHHOTO TOKa 0OMOTKa sIKOps HarpeBaercss 0oJiblie, yeM 00OMOT-
Ka moJiocoB. [Ipu sKcrepuMeHTaIbHOM HCC/A€J0BAHMM TAKHX MallHH B pe-
YKEMMe HOMHHAJIbHOH Harpyskh OblIM NOJY4YeHbl NPHO/JIHKeHHble Bbipa-
JKEeHHS:

a8 MauuH ¢ dy/d, =2 — 2,2

0, =2,250,; (9)
aad Mamud ¢ dy/d, =2 —1,8

0, = 1,90, (10)

JIist MalluH ¢ BHYTPEHHHM BEHTU/ISITOPOM 3HAUCHHUS Neperpeson oOMO-
TOK, ycranoBgenuble no (7), (8), caeayer ymenpumth Ha 15—20%, a 3ua-
YyeHHsI IeperpeBoB, ycraHosgenuble no (9), (10), —ua 10—159%.

G®opmyant (1) — (10) mo3BOJSAIOT ONpPeeJUTh NpeABAPHTEIbHbIC 3HA-
YyeHHsl TeperpeBoB OOMOTOK ellle B HA4ya/JAbHOH CTaJHH TPOEKTHPOBaHHSI
mMaiunbl. [Ipu 3TOM Heo6XoauMble sl MOJAYYEHHST ¢ CyMMapHble MOTepl
MOXKHO HAHMTH MO0 HOMHHAJbLHOH MOUIHOCTH H K.II JI., KOTOPBIH MpeaBapy-
tesibHO BhiOUpaetcst mo 'OCT uau TV, a muouiajib moBepxXHOCTH Kopryca —
ONpeIeJUTh HA OCHOBAHMM CTATHCTHYECKHUX JAaHHBIX O COOTHOLIEHHMH OCHOB-
HbIX ¥ TaOGapUTHBIX Pa3MepoB CYILEeCTBYIOUUX MalluH.

JI/ist MallliH TepeMeHOro TOKa NPUOJUKeHHble 3HaueHus: rabdapuTHBIX
pa3MepoB MOKHO NMOJYYHTb U3 BbIPazKeHH .

dK s 1 dCT
(1) . (1)

) lK - (2,2) lCT
[Ipn paccMOTpPeHHH COOTHOLUEHMH MeKAY OCHOBHBIMU M TraGapUTHBIMH

pasmepamu 00JIBLIOTO KOJHUYEeCTBA MAalIHH IMOCTOSTHHOIO TOKa ObLIU ycra-
HOBJIEHDbI CJCAYIOLIHE 3aBUCHMOCTH!

J/IsE MaluH 6e3 HU3O0JMSAUMHOHHBIX NMPOKJIAL0K MeK/AY TOJMIOCHBIMH KaTyIl-
KaMH, IIOJIOCAMH B CTaHHHOHN

d](:(177 "‘],9)dﬂ; (12)

JJId MallHH C H3OJALIHOHHBIMH NPOKJAaJAKaMH MEXKAYy ITOJIOCHBIMH Ka-
TyHLIKaMH, IHOJIOCAMHU U CTaHHHOH

dy = (2,022 d.. (13)
JIJuHy Kopryca MOXKHO ONpee/]UTh Kak
e = (1,35 — 1,75) d«. (14)

Huskuuil npees NOCTOAHHBIX Ko3hduuuenator B (14) coorBercTByeT
3HaueHuam [;/d,;, OGauskum k 0,7, BepxHHH mnpejaes — 3HaueHusM [,/d,,
oauskum x 1,1 —1,2.
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IlpenBapuresnbHble 3HaUeHHs] HeperpeBoB OOMOTOK YTOYHSAIOTCH IOC/E
IIPOBEJICHHUST 3JEKTPUUECKOrO pacuera W OKOHYATeJNbHOTo onpejesnenus raba-
PHTHBIX pa3MepoB MallHHBIL.

BriBO b1

[Ipeanaraembie 3aBUCHMOCTH TO3BOJISIIOT B TEPBOM NPHONHKEHHH Ole-
HHTb I[IeperpeB Kopryca elle B MePBOHAYAJIbHOI CTaJHH 3J1EKTPHUYECKOro
pacuera.

JIJ1s1 TOBbIILIEHHsT TOYHOCTH B OIIPeJeJIeHHH TeperpeBoB OOMOTKH SKOPST
MallMH MOCTOSTHHOIO TOKAa JKeJaTeJbHO HOJMYUHThb 3aBUHCHMOCTh Mexay O,
H O, c yuyeToM BeJHYHMHBl YJ€JAbHOTO TEIJIOBOrO IIOTOKa HAa MOBEPXHOCTH
STKOPSI.

[Ipunsitele 0003HAYEHUs

g — YJeJbHBIH TENJOBOH NOTOK HAa NMOBEPXHOCTH KOPIYyCa;
YP — cyMMa notepb B MaulHHE, BT;
S =38,-+ S, — nosHasg nmoBepXHOCTb OXJ/AXJEHHs MAIIHHBI, M?;
S, — moBepxXHOCTL Jam, M?;

S, = “2"' + = dylx — noBepXHOCTb KOpHyca, M?;
di — nuameTp Koplyca, M;
[y — moJiHas AJIMHA KOPIyca, BKJ/IIOUAs IOAUIMIHHKOBbIE IIUTHI, M:
o — CyMMapHblfi KO3(Q@HUUHEHT TEelOOTAa4l IIOBEPXHOCTH KoOpiyca,
BT/°C-M?; .
4y, O — KOIPOUUUMEHTH TENJIOOTAAYN H3JAYUYeHHeM H CBOOOJHOH KOHBEK-
uuu, BT/°C-M?;
=(0,85—cTeneHb 4ePHOTH NOBEPXHOCTH KOpHyca;
Cy = 5,77 — ko3 punueHT H31ydeHUs a6COMOTHO YepHOro Tesa, BT/ C-M?;
T,, T,— 3HaueHuss abCOIIOTHON TeMIepPaTypbl MOBEPXHOCTH KOPHyCa H OK-
pyxkarouero Bosnyxa, °K;
h — k03GhGdHUIHeHT TeIIONPOBOIHOCTH BO3ayXa, BT/ 'C-M;
£ — YCKOpeHHe CHJbl TSXKECTH, M/Cek?;
v— K03(ppuIMeHT KMHeMaTHYeCKO#l BA3KOCTH BO3AyXa, M?/cek;

(O]

8 = — — ko3apounuent o6beMHoro pacuupenus Bosayxa, 1/°K;

a
Pr= —— gpurepuii [Ipanmis;
vy

a — KO3(hpuUHEHT TeMIePaTypONpPOBOJAHOCTH BO3AYXa, M®/CeK;
P = £8dx B«

~r2

]
H =760 MM pT. CT. — HOpMAJIbHOE aTMOC(hepHOe jaBJeHHe;
H’ — nonuxennoe armocepHoe jgaBjieHHe, MM PT. CT;
dy; ler, — HApYXHBIA JHAMETP U JIMHA MAaKeTa CTaTopa.
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