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AHAJIN3 B3ANUMOCBA3U TEIIJIOBBIX 1
ABPOJIMHAMMYECKHUX MOKA3ATEJIEA
OXJIAXKJIAIOUIEN CPEJIBI C IOKA3ATEJISIMA MACCHI M
TABAPUTOB HEAKTUBHOM YACTHU KOHCTPYKIIUH
TYPBOTEHEPATOPA

IMpoBenen ananu3 TeOGU3MIECKUX H A3POANHAMUIECKIX CBOHCTB OXJIAXAIOIINX
cpen TypOoreHepatopos; c(hOpMyJIMPOBAHBI MPSAMBIE U KOCBEHHBIC B3aHMOCBS3H
HoKa3aTesield Macchl U TabapuTOB HEAKTHBHOW 4acTH KOHCTPYKLMHU TypOoreneparo-
pa ¢ mapaMeTpaMy ero OXJIaXJAoIel cpe/pl.

KnroueBbie cioBa: TypOoreneparop, Bec, rabapuTHbIe pa3Mephl, HEAKTHBHAs
9aCTh KOHCTPYKIUH.

BBenenue. K qucity orpanudeHnii, KOTopble HEOOXOIUMO COOIOIATh
MPU TIPOCKTHPOBAHWKM MOIIHBIX DIICKTPUYECKUX MamuH (TypGoreHepaTo-
POB), HapsAy ¢ MaKCUMAaJbHO JOMYCTUMBIMU MEXAaHUYECKUMH U DIIEKTPH-
YECKHMHU HArpy3KaMH, YPOBHEM JOMYCTHMBIX TEMICPATyp aKTHUBHBIX 3Jic-
MEHTOB KOHCTPYKIMH U BO3MOKHOCTBIO OCYILECTBIICHHS TEXHOJIOTHYECKUX
oreparyi, ciexyeT OTHECTH M MaccorabapHTHBIC IapaMeTpbl KOHCTPYK-
i, Oco00 Ba)XKHBIM acIeKTOM, Ha CETOAHSIIHUN JIeHb, SBISIETCS BBIAEIE-
HHUE U HUCCIICIOBAaHNE B3aMMOCBSA3EH TEIUIOBBIX U a3POAMHAMHYECKUX Iapa-
METPOB OXJIAKIAIOIIEH Cpenbl, NCIOIb3yeMOH B KOHCTPYKIMU TypOoreHe-
paropa (TT) ¢ mokasarenssMu Macchl U ra0apuTOB €ro HEAKTHBHON 4acTh
KOHCTPYKIIMH W OLCHUBAETCS, KAK OJIUH M3 OCHOBHBIX KPUTEPHEB KOHKY-
peHTOCIocoOHOCTH, [1].

Leabio HACTOSIIET0 MCCJIEAOBAHMSA SBIIICTCS MPOBEACHUE aHATN3a
TETIOU3NYECKUX W adpPOAMHAMHUYECKHX CBOWCTB OXJIAXKIAIOUMIEH Cpeibl
TI'. Heobxomumo chopmynupoBaTh (hYHKIHMOHAJIBHYIO B3aUMOCBSI3b HX
moKazartesieii ¢ mapaMeTpaMH Macchl U Ta0apUTOB HCAKTUBHOW YacTU KOH-
crpyxuuii TT.

OcHoBHoii MaTepuas. Haubonee pacnpocTpanéHHOI cpenoi oximax-
JeHUs B coBpeMeHHBIX TT' SBISIOTCS BO3MYX, BONOPO U BojA (TOCTEAHSS —
B OOMOTKE cTaropa W B TpyOKax ra3zooxjaauTeiei). B mepByro ouepens
HEOOXOIUMO YUYHUTHIBATh (DH3MUECKHE CBOMCTBA XJIaJJareHTa M TEXHUICCKHE
mapaMeTpsl YCIOBUH €ro SKCIUTyaTanuu (T.e. AaBJIeHHE, PasHOCTh TEMIIepa-
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Typ, HampaBliCHHE MOTOKOB W Jp.). IIpH 3TOM TJIaBHBIMH TIOKa3aTEISIMH
cucrtemsl oxaaxaeHus T1 sBistoTcs:

— TEOMETpHs BEHTIISIIIHOHHOTO TpakTta Bcero TI' (T.e. cxema BeHTH-
JISIIIAK);

— KOHCTPYKIHSI HarHETaTeNILHOTO yCTpOoiMcTBAa (BEHTHISATOPA, KOM-
IIPECCOP H T.1.);

— KOHCTPYKIIMS TEIIOOOMEHHHUKOB (ra30- W BO3IyX00XJIaAUTENeH).

JIBa mocneIHUX IMOKa3aTelsl MaTeMAaTUYeCKH CBS3aHBI TCPMOTHIPAB-
JIMYECKON BETHYHHOM pacxoia oxmaxaromero rasa Qa, (M%/c) i 3HaueHH-
eMm ob1ero mpeBbleHus Temmeparypsl raza B TT, At, (°C), [2].

Jus TT, paboTaromiero B HOMUHAIIBHOM peXHMe, HEOOXOIUMO obec-
neynth, [3]:

* TOIyCTUMOE 3HAUEHHWE INPEBBIIICHUS TEMIEpaTyphl aKTHBHBIX JJie-
MEHTOB ¥ OXJIa)KAAIOIIETO ra3a WiIH KUIKOCTH,

* ONTHMAaNbHBIC YCIOBUS TEIUIOOTHAYH W MUHHMAIBHBIA KO3 Quiu-
€HT HEPaBHOMEPHOCTH MECTHOTO paclpeieIeHIs TEMIIEPaTyp,;

* COOTBETCTBHE OOIIETO THApaBINYECKOTO comportuBieHus 11, ompe-
JIETSIIOIIETO PAacXo/l OXJIAXKIAIOIIEH Cpe/ibl, C HAOPHBIMHM XapaKTepUCTH-
KaMU HarHETaTeIbHBIX YCTPOUCTB;

* repmernyHocTh TT', TepMoMHaMHUYECKast CTOWKOCTB U JIp.

B [4] u3noxeH cpaBHHUTEIbHBIM aHATM3 MAaCcCOrabapUTHBIX TMOKa3are-
neit TT' ¢ Bo3aymHON U BOXOPOAHON cucTeMaMu oxyaxaeHus. [Ipuopurer-
HBIM HAIIPABJICHHEM COBCPIIICHCTBOBAHUS CHUCTEMBI OXyaxnaeHus aius TT
cpennero knacca momHocTH (150-350MBT) sBiseTcss 0TKa3 OT BOAOPOI-
HOTO OXJIQXICHUS W 3aMEHA €r0 BO3IyXOM.

PaccmorpuM  Goee TOAPOOHO TEPMOTHAPABIMYECKHE TTapaMeTpPhl
MpUMEHsIEMBIX XJiazareHToB B TI' U mpoaHanusupyem CBs3b IoOKazarenen
Macchl M Ta0apHUTOB ¢ MIPUMEHSAEMON cpefiol oxnakneHus. PacueT xapakre-
PHUCTHK XJIaJIaTEHTOB B TIEPBOM MPHOIMKEHUN MOYKET OBITh IIPOBE/ICH:

JUTS BO3AyXa!
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rJie p — IIOTHOCTh TEIUTOHOCHTENS, Kr/M>, H — JIaBIeHHe OXJIaKIaiomero
rasa (BOJbI), 0.€.; V — KHHEMATHUECKas BS3KOCTh OXJIAXAOIIEH Cpelsl,
M2/c; B — KO3 duIHEeHT 00BEMHOI0 paCIIUPEHHS OXJIAKIAIOIICH CpEebI,
0.e.; A — yJenbHas TemIonpoBoaAHOCTh, BT/M: °C; Cp — yienbHas TemaoeM-
kocTh nipu noctostuaoM nasnennu, JIx/(kr-K); Tepyx — cpenusist TeMmepary-
pa xnangarenra K-ro y4gactka, °C.

Hupkynupyrouuit B TT xy1ajareHT uMeeT HECKOJIBKO MPSIMBIX U KOC-
BEHHBIX CBS3€M C IMOKa3aTEIsIMH MaccorabapHWTHBIX IapaMeTpoB TypOo-
YCTaHOBKH. DTH OTHOIICHHUS OMPEACISIOTCS (PU3MUECKUMH XapaKTEPHUCTH-
KaMU OXJIQKJAIOIIeH cpesibl, mapaMeTpsl KOTOPOH pacCMOTPEHBI BHIIIIE.

[IpoBenem OLEHKY B3aWMOCBS3H TEIIO(PH3MIECKIX M adpOTUHAMUIC-
CKHUX CBOMCTB /JI BO3AYIIIHON U BOJAOPOJAHON CPE OXJIAKICHHUS.
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IIpsimbie cBs3U:
— TEIJIONPOBOAHOCTh BOAOPOJa OOJBIIE TEIIOMPOBOJIHOCTH BO3IyXa

Ha 30-35 %.CnenoBare/bHO, MOBEPXHOCTh TEIUIOCHEMA MPH BO3IYIIHOM
OXJIKJIEHUU HEOOXOUMO YBEJIMUNBATh, UTO TPeOyeT yBeJIMdeHHs rabapu-
TOB MallIMHBI WJIA KOMITCHCAITUHN 3TOH pa3HUIIBI 3a cdeT Oosiee 3 (HEeKTUBHO-
IO MCIIOJIb30BAHMSI CUCTEMBI OXJIaXKEHUS HeakTUBHOM yactu TI', npumene-
HUSI KOHCTPYKTHBHBIX MaTepPHAaJIOB ¢ O0Jiee BBICOKMMH MOKA3aTeISIMH TETI-
JIOTPOBOJHOCTH (B TOM YHCJIE U U3OJSIIUH 0OMOTOK);

— yIenbHas TEINIOEMKOCTh BO3JlyXa MpUMEpHO, B 14 pa3 MeHbIIIe, YeM
Yy BOJOpPOZa, YTO YBEIHUYHUBACT MPEBBLIINICHHE TEMIICPATyphI Ta3za, W, Kak
CIEJICTBHE, TUKTYET HEOOXOUMOCTh HCIOIh30BAHUS YBEIMUCHHOTO KOJIH-
yecTBa TPYOOK B OXJAAMTENsAX (MO0 YHCIO caMHX OXJIaAuTeNeir). ITo
TaKKe BJICUET 3a co00H yBenmueHue rabaputoB u Beca ctaHuabl TI'. OnHa-
KO HCIIONIb30BaHMEe 00Jiee COBEPIICHHONH KOHCTPYKINHU TETIIO0OMEHHUKOB 1
KOMITOHOBKH TOPIIEBOM 30HBI (KOPOOOB, HAPYXXHBIX IMUTOB W mp.) TI mo-
3BOJISIET JOOWUTHCS ONTHMANBHOTO COOTHOIICHHUS MaccorabapHTHBIX ITOKa-
3aTejiell HeakTUBHOM Jactu 11,

— KHHEMaTH4YeCKasl BS3KOCTh BOJOPOAA NPH IIOCTOSHHOW BEIWIHHE
TEMIEpaTyphl U JaBIICHUS MPUMEPHO B 7-7,5pa3 Ooiblle, YeM KHHEMATH-
Yeckasi BA3KOCTh BO3AyXa. DTa 0COOCHHOCTH MOJOXHTEIBHO CKa3bIBACTCS
MpU KOHBEKTUBHOM TEILUTOOOMEHE W CO3JACT JIyYIIHe MOKA3aTeIu JJIs BO-
Iopona, kak oxiaautens. OIHAKO KOHBEKTUBHBIN TermooOmeH B TI' co-
craBnsieT okono 10-12 %ot oOmied gou TeI00OMEHHBIX HPOILIECCOB U
MeHbIas 3()(HEeKTUBHOCTh 32 CUYET KOHBEKIIMH MPH BO3IYIIHOM OXJIaXKIe-
HUY BBIpaBHUBACTCS MpUMEHEHHEeM Oojiee 2P(GEeKTUBHOTO BapuaHTa Opeod-
peHnst TpyOOK BO3AYXOOXJIaAWUTENeH U c1ocoba MPOX0oKICHUS OXJIaKAato-
mero rasa. Ilpu sToM He HabOIrOmaeTCs yBETMUEHHUS MaccOradapuTHBIX Ia-
pametpoB TT;

— IJIOTHOCTH BO3IyXa MpUMEpHO B 14 pa3 mpeBhIaeT IOTHOCTD BO-
JIOpoJia, 9TO, B CBOKO OYepElb, BRIPABHUBACT BEIMYMHY MPEBBINICHHUS TEM-
MepaTyphl Ta3a M3-3a MCHBIICH BEIHMYUHBI YICIBHOW TeruioeMKocTH. [Ipe-
BEIIIICHHE TeMItepaTypsl Taza B TT cocTaBmser:

T=—P ;
Cylpy@Qnp

rae P — KOJNMYECTBO OTBOAMMEIX MOTeph, KBT; C4 — yAenbHAs TEIioeM-
xocth, JIx/(kr-°C); p; — IIOTHOCT raza, Kr/m>; Qa — pacXoJ| OXIaIarome-
ro rasa, M/c.

A3pOoITMHAMUYECKOE COMPOTUBICHHE MOTOKA Ta3a MPsSMO MPOMOPLHO-
HaJbHO ero ImioTHocTH. OTCIONA CIEAyeT, YTO CHCTEMa KaHAaloB M Iepe-
MYCKOB B CIIOXHOI TEpPMOTUApaBIHYECKOW cucTeMe BeHTWinuu TI, mpu

(16)
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HCTIONB30BaHUH BO3AYITHON Cpeibl OXJIaKACHHUS, TOJDKHA OBITh KOHCTPYK-
THBHO HECIIO)KHOHU M (QYHKIIMOHAILHO TOYHOH.

Pemenne Takoit 3a1a4i BOZMOKHO Peai30BaTh MyTeM 3((HEeKTUBHOTO
MIPOEKTHPOBaHMS HeaKTUBHON dacTu TI', KoTopas TIaBHBIM 00pa3oM BIIHS-
€T Ha KOHCTPYKIHMIO M MapaMeTpbl BO3AYIIHOW cucTtembl BeHTW s TT.
OmHOBpEMEHHO HEOOXOIUMO OCYIIECTBIISITh ONTUMH3AIUI0 MaccorabapuT-
HBIX TIOKa3aTesel MPOEeKTUPYEMBIX Y3JI0B B COOTBETCTBHH C COBPEMEHHBIMU
KpUTEPUSIMH KauecTBa, MPEAbIBIIEMbIMU K SKCIUTyaTallHOHHBIM MOKa3aTe-
JIsIM TypOOTeHepaTopa,

— HEoO0XOIUMOCTh OOECIeYCHUsT M30BITOYHOTO IaBICHHUS BOJOPOIA
(0,3-0,4MI1a) B cucreme oxmaxaeuust TI'. DT0 06CTOATEIBCTBO BBIHYK/1a-
€T BBINIOJHATh KOHCTPYKLHIO KOopmycHbIX Aetanedt TI' ¢ BomopoaHo# cuc-
TEMOW OXJIaXACHUS C OOJBIINM 3aIIacOM MO0 MEXaHWYECKOH MPOYHOCTH, a B
HEKOTOPBIX CITydasX KOHCTPYKIHMA CTaTOpa MMeEET NaXke ABYXKOPIYCHBIN
BHUJI WCIOJHEHUS. B CBSI3M C 3THUM KOHCTPYKIHS HeakTuBHOM wactu TI
HUMeeT BBICOKHE MaccorabapuTHEBIE MOKa3aTend, U KoHCTpyKiust TI' crano-
BHTCS] HEKOHKYPEHTOCTIOCOOHOM.

TI' ¢ BO3AyIIHON CHUCTEMOW OXJIaXKIECHUS MMEIOT OoJiee JIETKYI0 KOp-
MIyCHYE KOHCTPYKIHIO M IO MacCOTa0apUTHBIM MOKA3aTeJIsIM 3HAYUTEILHO
MIPEBOCXOJISAT BOJAOPOIHBIE MAIIUHBI.

K KOCBEHHBIM CBS3SM HCIOJBE3YEMOT0O XJaJarcHTa ¢ Maccoradapur-
HbIM nokazarensiMu T ciieyet oTHecTH:

— 0COOCHHOCTH TMPOU3BOACTBA M TEXHOJIOTHYHOCTh JIEMCHTOB KOHCT-
pykuuu. Tak, HarpuMep, MpU pacuere MexaHudeckou npoyHoctu TI ¢ Bo-
JIOPOTHON CHCTEMOH OXJIaKICHUS C YIeTOM BEPOSTHOCTH B3pBIBA, A Je-
TaJled BBIMOJIHAIOTCSA M3 MOKOBOK M3 BBICOKOJIETUPOBAHHOM YIJIEPOAMCTOMN
cranu (BTyJIKH, OaHTaXH, OMOPHI W Jp.), YTO 3aMETHO YBEIHUYHBACT BEC
KOHCTPYKIIMH U TIOBBIIIAET TEXHOJOTHUECKYIO TPYIOEMKOCTh H3TOTOBIIE-
uust. Kpome T0T0, 3TH IOKOBKH UMEIOT BBICOKYIO CTOMMOCTD, YTO YBEIHYH-
BaeT cebecronmocth TT .

TypOoreHepaTophl ¢ BO3AYIIHOW CHCTEMOM OXJIaXICHHUS HE COICPIKAT
TaKUX MAaCCUBHBIX U TPYJOEMKHUX JIEMEHTOB KOHCTPYKLUH,

— MacisiHOe "XO03SAHCTBO", obecneunBaromiee (GyHKIIMOHUPOBAHUE BO-
JIOPOJTHOM CHCTEMBI OXJIaXJICHUS, YBEIMYUBACT Ta0apUTHI MAIIUHBI, ¢€ BEC
Y TIOBBIIIAET CIOKHOCTh KCILTyaTalluy,

— vy TT' ¢ pa3oMKHYTOM BO3AYIIHON CUCTEMOU OXJaXKICHHS 4acTo He-
000CHOBaHHO 3aBHIIICHBI FaO0apUTHI MOIYJIEH BO3IyXOIMOATOTOBKH M KaMep
GUIBTPOB OTYHMCTKH. Takyr0 OCOOECHHOCTh KOHCTPYKIIMM HEOOXOIUMO pe-
IIaTh IMyT€M MPUMEHEHHS 3aMKHYTOW CHCTEMBI OXJIAXICHHUS M ONTHMH3a-
LMeH CUCTEM OTYUCTKH BO3yXa B PA30MKHYTOW CHCTEME.
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BriBoabl. 113 BBIIIEU3I0KEHHOTO CIEAYET, YTO IPUMEHEHUE BO3YIL-
HOM CHUCTEMBI OXJIAXKICHUS TIO3BOJISIET ONTUMHU3UPOBATh IMOKA3aTEI MaCChl
TypOOT€HEpaTOPOB W CHHU3UTH YPOBEHb MAaTCPHAIBHBIX 3aTpaT Ha IPOU3-
BOJICTBO KOHCTPYKIMH. B Oymymiem BeposiTHa BO3MOXXHOCTh HNPUMEHEHHUS
BO3/IYLIHOM CUCTEMBI OXJIaXK/IeHHs B TypOOoreHepaTopax MouHocth 1o 450-
500MBT, 4TO MpUBEAET K MOJIYYEHHIO BHICOKOTO SKOHOMHUUYECKOTO 3 dek-
Ta TPU U3TOTOBJICHUH U KOMILICKTanuu 1T, CHIKEHUIO MaTEpUATIOEMKOCTH
KOHCTPYKIIUHU 1 Ta0apUTHBIX MOKa3aTeICH.
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YaCTH TEHEPATOPOB

Illepyenko BanenTtuna BiaaaumupoBHa, KaHIUIAT TEXHHUYECKHX
HayK, JOLEHT, JNoueHT Kadenpsl "Onexrpuueckue mamunsl” HTY
"XII1". B 1977r. B XIIN 3amuTuia AWIUIOM MHXKEHepa-pusnka. B
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AHaJIN3 B3aHMOCBSI3HM TEIUIOBBIX U a3POJIMHAMHYECKHX MOKa3aTeJeil 0Xx-
JIasKIaomeil cpeabl ¢ MOKA3aTeJsiMH MAcChl U ra0apHTOB HEAKTHBHOW YacTH
KOHCTpYKUuH TypOoreHeparopa / Muuko A.H., lllesuenxo B.B. // Bichuk HTY
"XTIII". Cepist: [Ipobnemn yaockOHaAJICHHSI €IeKTPUYHNX MalluH i araparis. Teopis i
npaktuka. —X.: HTY "XIII", 2013. -Ne 51 (1024). -C. 59-65.bi6miorp.: 4 Ha3B.

IIpoBeneHo anami3 TerIoQi3MYHUX i aepOAMHAMIYHUX BIACTHBOCTEH OXOJIO-
JDKYIOUHX CepelIoBHII TypOoreHepaTopiB; cOpMyIIbOBaHI IPsAMi i HETPsIMi B3aEMO-
3B'I3KM IIOKa3HUKIB MacH i rabapuTiB HEaKTUBHIN YaCTHHU KOHCTPYKIII TypOoreHe-
paropa 3 napaMmeTpaMH Horo 0XoJ0/LKYIUOro CepeloBHILA.

Kurouosi ciioBa: TypOoreneparop, Bara, rabapuTHi po3mipH, HeaKTHBHA Yac-
THHA KOHCTPYKIII.

The analysis of thermal and aerodynamic propedigbe media, which cool
turbogenerators, is carried out. Direct and indiredicators of the relationships of
mass and dimensions of inactive part of turbogeoei@design with its coolant pa-
rameters were formulated.

Keywords: turbogenerator, weight, dimensions, inactive padonstruction.
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