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O HEKOTOPbBIX OCOBEHHOCTAX HOBEILEHHS CHJAOBbLIX
TPAHCH®OPMATOPOB B YCJNOBUSIX HHTEHCUBHOrO
OXJIA)KILEHHUA

B. M. BbiCOLlKAﬂ, A, A TYPUEHOK

(TIpefcTaniena coMHIapoM Kadeap 3IeKTPOMEeXaHHuecKoro (axyinTera)

Kak wusBectHo, B HacTodllee BpeMs Bo Muorux paiiosax Kpafinero
CeBepa OHICTPHIMH TeMIAMH PAa3BHBAIOTCH pa3/iMuHbBIE OTPACAH IPOMBILI-
JAEHHOCTH, B CBSI3H C 3THM BO3HHKJA4 HEOOXOJUMOCTH 3KCIJIyaTallduh Mac-
JSIHBIX TPAHC(OPMATOPOB B YCJAOBHAX HHTEHCHBHOTO OXJaMJEHHS.

[TpoBenenHee panee uccaenoBanus [l — 4] MOSCHAIOT NOBENEHHE CH-
JA0BLIX TpadHcOpPMAaTOPOB, YCTaHOBEHHLX B cpeaneil nosgoce CCCP, B
YCAOBHAX HHUSKHX Temmneparyp. Bausitupe BeTpa npu 3ToM, KaK NpaBUJO,
He yuursBaercs. OAHAKO NPH 3KCHIYaTAlH 3J€KTPOYCTAHOBOK B 00Jb-
HHHCTBE pafOHOB 3ano0gsapbhd, KPOMEe HHU3KOH TeMIepaTypsl OKpYyKaiolue-
rO BO3AYXa IIPHXOAUTCA yUUTHIBATD H €LIE OJAHY OCOOEHHOCTH — GOJLIIYIO
cropocts Betpa (10 30 4 cex). Tax, HanpuMep, OKasbiBAETCH, UTO NPH TEM-
neparypax nopsagka — 40 C u Hu:Ke W HAJIHYMM BeTpa, B TPYOGUATBIX pa-
AUATOPAX C TOUKHUMH CILTIOINeHHBIMH CTaHKaMu, rjie ca10ofi macia MeHee
30 aa, npexpam@eTcs UHPKYJSLUS Macaa, 4TO BbI3BIBAET Neperpes TpaH-
chopmaropa {5].

B cBa3K ¢ ykazaHHBIM [peACTaBJIdeT HHTEpPEC HCCJAeJOBAHHE 3aBHCH-
MOCTH OXJ2:K/IeHHsT TPaHCHOPMATOPOB OT HAPYIKHOH TeMmepaType H CKO-
pocti BeTpa. [Jas pCiueisl NOCTaBAeHHOH 3azayd GLlIM NPOBEEeHB pac-
veTw oxJjaxaenus . rpancopmatopa Ttuna TM 100/6 no cramzaprHomy
METOAY H ¢ MNpUMEHCHHEM KpPHTepDHAlbHHIX YPaBHEHHWI Terionepesaun.
[Tocaenyee JAHKTOBAJIOCH T€M, UTO VKA3AHHLIA METOJ MO3BOJSAET onpeje-
JSTh BEJAUYUHY TEIVIONOTEPH C YyU4eTOM CKOPOCTH BEeTpd, YTO HEe VUHTH-
BaeTCs MpH CTaHAAPTHOM pacuere.

CrangapTHbI PAcyeT TENJOBLIX HArpy3oK M TEeMIeparyp

Pesyantathl CTaugapTHOTO pacuerta Tpaucgopmaropa TM 100/6 cue-
J€HLL B PaCUeTHYIO 3anucKy. B 3anncke moxasanpl TeMmJIOBLIE HATPY3KH H
npepLenis TeMIepaTyp OpH HopMaawHofl uarpyske (100%). Ilo nan-
 HBIM 3aMHCKH TeMieparypa B Cepieunvke H OOMOTKaX TpaHchopmaropa
onpeeaseTcs H3 COOTHOMEHHH

t=c+484t, (1)
Temneparypa Macada U MOBEDXHOCTH OXJAAXKACHUA CUHTAIGTCH OJHHA -

- KOBHIMH H DPaBHBIMII
Ler — "l[‘ fn. (2)
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PACUETHAS 3AITMCKA
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1o JaHHBIM PacyeTHOH 3amuCKH HOJyuuM £ = 105 C, fer = 80 C. uro
SIBISIETCS. JONYCTHMBIM [0 HOPMAaM 3KCIJAYyaTallun TPAHC(HOPMATOPOB.

Pacyer oxnaxaeHus rTpanchopmarTopa 1o ypaBHEHHsIM TerJjonepeaavd

ITponece Tem100TIa4u OT TMOBEPXHOCTH OXA&XKAEHHA TpPaHChHOPMATO-
pa K OKPYXalOUIeMy BO3JAVXY MOXET NPOHCXOIHTb B YCJAOBHIX CBOOOJ-
110/l KOHBeKUMH [pPU PA3HBIX TeMIeparypax, B YCJIOBUAX o0AyBaHUA BO3-
JYXOM C OIpeLesJeHHOH CKOPOCThbIO. PacCMOTPUM 3TH YC/JIOBHSA.

a) Teunsoormadya B YCJAOBHAX CBOOOAHOH KOHBEKIHH

B ycaoBusax ¢BOGOLHON KOHBEKLHH NPOLECC OXAAXKIeHHsT OyAeT ckaa-
ABIBATBCS K3 TEIJIOOTAAUH KOHBEKLUHUCH M H3JIYUYEeHHEM

g = gx -+ ¢qa. (3)
TenaooTAa4a KOHBEKLHEH OnpefeasieTCsl H3 ypPaBHEHHSH
G = & (fex  L5)81IM%, . v (4)

Koa(ypuuueHnr renaooTrayu % HAXOAUTCA H3 KPHTEPHAABHOTO YpaBHe-
HUST
Nu = C- (Gr-Pr)™, (5)

rae — Nu, Gr, Pr—coorsercTBenHo kpurepun Hycceapra, ['pacroda,
[lpanaras; -
C, m — ko3(PULUHEHTH, BEJHUHHA KOTOPHX 3dBHCHT OT 3HAUYEHHS IIPOM3-
penenuss Gr-Pr [6].

TenaooTaaua UsNyueHHeM OHPEAEJAETCS U3 YypaBHENHS

tCT —l_ 273 4 t]; + 273)4 [
a=54s. || =22 - sm/m? 6
fa=0 H 100 )Jr( 0 )| | (&)

rAe € -— CTeHeHb YePHOTH NOBEPXHOCTH OXJaXKIEHHUS.

Ha puc. 1 (xpuBbie 1, 2, 3) npuBeJeHbl pe3yJabTaThl pdacyera 3aBH-
CHMOCTH TEILIOOTAAaYH OT TEeMIepaTypH BO3/AyXa HpH Pa3HbX 3HAYECHHAX
Harpepa CcreHkH Gaka. Pe3yabTaThl pacuera N0 yPaBHEHUAM TENJIOOTAAYH
COMVIACYIOTCSE C JIAHHBIMH, OOJYYEHHBIMH [0 CTaHIAPTHOMY METOLY pacue-
ta (kpuBasi 1, fe, = 80" C). [1ONOJHUTEABHO TpaQHKH MOKA3BIBAIOT, YTO
IpPH HH3KUX TEMIOepaTypax BO3JAyXa TeJd00oT]aua yBeJHuyuBaercs: IpH
ty=—14°C— B aBa pasa, npu f, = — 55" C - B Tpu pasa no cpapHe-
HHIO C TeNJ00TZauel Mpu pacueTHoH Temmepartype Bosayxa -+ 35° C.

Ecau Temneparypa cTeHkH 0aka CHHMKAeTCs, TO Ten100Tiaya yMeHb-
waercsa. [lpu f. =40 C Bujeagwoueecda Temio O6yaAeT OTBEIEHO, NPH
te=—20"C, upu tx =0 C, npu £, =—60" C.

fpu oxaaxaeduu creHok tpaHcdopmaropa 10 0 C IpOUCXOAUT TIpe-
KpallleHHe LHPKYJAALHH Macaa B HAPYXKHBIX TpyOax H3-3a 3aMep3aHus
B HeM BJard. B TensooTnpaue yuacTBYeT TOJAbLKO MNOBEPXHOCTH CAMOTO
Gaxa, 4YTO PE3KO COKpalaer MOBEePXHOCTb OXJaxaenus TpancopMaTto-
pa. FIpoucxoauT pasorpes Macaa B Oake. Pacuer mokaseiBaer, 470 B
5TOM cayuae IpHu fe, = 80° C BCce Tenao MOKHO OTBeCTH mpH f - — 45 C.
IMpu ¢, —20° C GyneT orBOAMTHCA 7HY%, HpH #y =0 — 50% rena,
BBLAEAAIOUIETOCA [P HOpPMaJbHOH Harpyske Tpaichopmatopa (kpusad b,
puc. 1). IDTHM 00DBsICHSIOTCA MMEIOUHECs CAyuaun neperpesa rpavcdop-
MATOPOB B VCJAOBHAX HU3KHX TeMIepatvp u serpa 5],

6) Tenmaooraava npH OOAYBAHHH BETPOM

Pacuer rensoorgaun 1npu OG/YBAHHMH BETPOM NPON3BOANTCH dHAN0-
ruubo pasgeay (a) no ypaBHeHHaM (3), (4), (6).

Kosddunuent rtemaooriayu 2 ounpeieasercs u3 CIeayiouero Kpure-
pHAJIBHOTO ypaBHEHHA:
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Nu = 018WRe™52, : (7}

rae ¥ — ko3 PULHMeHT, YUUTHIBAONIUI yMEHbIICHHE TEIJIOOTAAYH IIPH

HeMmepneHAuKy AIpHOM OOAYyBaHUH;

Re — kpurtepufi PeltHoabaca.

Ha puc. 1 (kpuBaa 4) npuBejeHbl pe3yibTaThl pacieTa TEIVICOTAAYH
NpH pa3iuyHBIX 3HAUEHHUsiX CKOPOCTH BeTpa. M3 rpaduka BHAHO, UTO NpH
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Puc. 1. Kpuprie 3aBHCHMOCTH TelJOOTAAYH OT

TEMOEPATYPHt BO3IYXa B VCIOBHSX CBOBOINOM

KOHBEKUUH Npu: l—7Fep-80°C, 2—40°C, 3—-0"C;

npu f.p = 80°C; 4—renaooTrava ¢ BETpPOM, H—

PH NPEKPAWeHu OUPKYARIHA B OXJAKAA0-
mux Tpy6ax.

Haauukd Berpa B 10 Jtfcex rtemsooTiaua yBeJaHuuBaeTcs 00Jee UEM B
ABa pasa, npn 20 a/cex — B TpU pasa.

Oxnaxpnenne TpaHcopmaropa npu padore ¢ neperpysxkoi

B upouecce akcaayatallid TPaHCHOPMATOPOB AONMVCKACTCST B aBapHi-
npix caygasx paGota TpaHcGopMaTopoB ¢ feperpyskoil. 3HaueHHd JOMY-
CKAEMBIX NMEPEerpys3oK ¥ UX JTHTRAbHOCTH NMpeicraBieHbl B Taba, .

Haubosaee nrurennHeIMi siBasioTes neperpyskn 8 1,3 n 1.6 pasa.
[lpriven, neperpyska 8 1,3 pasa MOXeT ACHYCKAThCA H B HEABAPHHHOM

Tadauna !l
|
Benuuuna neperpyskd, N/N, 1,3 k 1,6 2,0 } 2,4
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NOPsALKe MPH YCJA0BHH, 4TO KO2()(HLHEHT 3aN0JHEHHs CYyTOYHOIo rpadu-
xa TpanchopMaTopa MeHbINE eIUHHIILL.

PesyabraTthl pacueTa BeJMUYHHB YyAeNbHBIX TENJOBHIFENEHHA U AOMY-
CTHMO#W TeMIepaTypul Mac/ja BHYTPH TpaHcGopMaTopa NpH IePerpy3ouHbIx
pexumax padoThl NpejAcTaB/]eHH HA pHC. 2

Conocrap/eHne JaHHBIX 00 OXJawAe€HHH TpaHcdopMaTopa MO3BO.S-
€T OonpeAeauTh YCJOBUs, IDH KOTOPHX BO3MOKHA JJHTe/]bHasd pabora ¢
neperpy3kod. Tak u3 puc. 1 ¥ pHc. 2 nerko ycTaHOBHTh, UTO AJS PeXH-
Ma C neperpyskoit Ha 30% TemnepaTypa CTeHKH 0aka J0JKHA OLITh He
Boimie 66° C. 1o yc/JOBHSIM HAPYXKHOIO OXJaXKAEHHs B 3TOM CAydae BO3-
MOXHA AJdHTeJbHas paGOTa npu CJACAVIOIUX YCAOBHAX !

a) mpu reMneparype po3nyxa Huxe 0 C 6e3 BeTpa;

0) npu temneparype posayxa -i- 35 C ¢ BeTpoM B 9 a/cex u Gonee.

Hdag pexuMa paboTthl ¢ neperpysxoii 60% aHATOTHUHO TNOAVUAEM:
TEeMI€paTypa CTeHKH 0aka He pnoaxKHa fpeBwimarth 49° C. JlanTenbuas
patoTa BO3MOIKHA TIpH: -

a) temnepartype Bo3nyxa muuyc 407 u uuxke Ge3 Berpa;

0) npu Temuepatype Bozayxa -+ 35° C c BetpoM I8 #fcex u BhilIE.

ITo naHHEIM ONBITHOTO MCCJAELOBaHUsl NPH AAUTENbHOH paboTe TpaH-
cpopmaropa ¢ neperpysxodl 40% B yCJAOBHIX €CTECTBEHHOTO MOPO3a C
TeMneparypoil f; = -~ 30" C TemmepaTypa Mac/ia He MOzHNMManach BbIIIe
40° C, uTO XOpowo cONIacyercs ¢ HpPUBEACHHBIMM Ha pUC., 2 JAHHBIMH
pacyeta ({3]. Tam xe NpUBEAEHB JAaHHLIE 00 VYCTEGHOBHBIIEHCH TeMOepa-
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200 | 0 1
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Puc. 2. Kpusble 3aBHCHMOCTI: 1—yTeNsHBIX TEILAOBIM-
redenuii, 2—IONyCTHMOH TeMmepaTyphi Macia oT Be-
JAMUKIILD TEPErpyski Tpancgopmaropa.

Type Macaa BHYTPHU TpaHCOPMaTopa B YCJIOBHAX eCTECTBEHHOTO MOPO3d
¢ Ttemmeparypoil f==-—30 C npu AaauTesqnHoit paGote ¢ neperpyskoii
559%. [lo nauHbM ONBITA 3HAYEHHE TEMIEPATypPH Mac/aa B 3TOM DexHMe
IOAHMMAJ0Ch ¥ yCTAlaBA¥BaJOCh Ha ypoBie --53 C.

CrenoBaTeqbHO, MOXMCHO CA@AATh BHIBOA, 4YTO JJAHTe/]bHAs PaboTa
tpancdopmMaTopoB ¢ neperpyskaMu Ha 30 u 609% BO3MOXHA NMPH yCAOBHH
JOCTATOUHOFO HAPYXKHOTO OXJaMXKJeHHS.
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BbiBOBI

IlpoBenennsie TeopeTHUYCCKUE pacyeThl OXJAKACHHS H PE3y/abTd-
Thl OHBITHOTO HCCACAOBAHHA BKJIYEHHA I[IOJ HALPY3Ky TpaHcgopmaropa
B VCJAOBHSIX HH3KOH TeMIepaTypbl BO3AYXd MOKAa3aJiH BO3MOMXHOCTHE M II0-
JE3HOCThL pacueTa OXJANKAEHHS TPanchOpMaTOPOB MO KPHTEPHAABHBIM
VDABHEHHUAM, MO3BOJSIOIHM YUHTHBATL HAJAHUHE BETPA. '

2. llpn Hanuuuu BeTpa 3HAYUTEALHO VAYUINAIOTCS YCAOBHS OXJAKAL-
Hug TpaHCHOpPMATOPA CHAPYEKH H I[03BGAAIOT OTBECTH B 1BA - TPH Pasa
0oJabHle TelJa, 4eM HpIl pacuerTHoll MakCHMalblOoil teanmepartyvpe 6e3 006-
JIVBaHHs.

3. Ilpn BraAouenun 7panchopmartopa, HaXOAAUICIOCH B 3aMODOKEH -
JOM BHJLE, /I NIpH IPEKPAWCIHI UHPKYAALHE MACAA B HAPYKHBIX TPY -
Gax HEeOOXOIHMO TIPHJEPKHBATLCA CI€AyIolero npasuia: npu fz=0"C
tpaHcopvatop BKAwuaercst Ha H50%, npu £, = 20" C — wa 75%, npH
f, ——45 C — 100 MOWHOCTE.
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