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OCHOBBI TEOPUH BEHTWIAIIMOHHBIX ITPOLHECCOB
B ITAPOBBIX TYPBUHAX TIOC

Kann. Texn. nayk HEYMMHUH B. M.

00O «HIIO «3nepeobezonacnocmovy
u 000 «Texnonocuweckue cucmemul 3auumusix nokpvimutly (Mocxea, Poccus)

E-mail: neva333@yandex.ru

IIpensoskeHbl OCHOBBI TEOPHUH BEHTWISLIMOHHBIX MPOLECCOB, BO3HUKAIOLIMX M MPOTEKa-
IOLIMX B CTyMEHAX HapoBblx TypOouH TOC Ha pexumMax paboTsl ¢ MaJbIMH O0BEMHBIMH pac-
XO/laMi Tapa B IWIMHIpPE HU3KOTo aaBieHUs. OCHOBEI TEOPHH BKJIIOYAIOT HOBEIE (DPU3UKO-
MaTeMaTHIeCKHe MOJENHN IS pacdeTa BEHTWIIIHOHHBIX MOTEPh MOITHOCTH W BEHTHJISIIIUOH-
HBIX Pa30TpeBOB Iapa M MPOTOYHON YacTW TYpOWHBI, MOMCK M HCCIEJOBaHUE (AaKTOPOB,
BBI3BIBAIONIIX MOBBIICHHBIE U3THOHBIE HArPYy3KH Ha pabodHX Kojecax MOCIEeTHHUX CTyHNeHeH
U CIIOCOOHBIX IMPUBECTH K MOJIOMKE pabodnx JomaTok. [IpiBeneHs! IpakTHIecKne pe3yibTa-
TBI HCTIONB30BAHHS OCHOB TEOPHH BEHTUISILIHOHHBIX MPOIIECCOB.

[TonmyueHa HOBas MaTeMaTHYeCKas 3aBUCHMOCTH Ul BBICOKOTOYHOH OIEHKHM BEHTHJIA-
LIUOHHBIX NOTEPb MOILIHOCTH, YUUTHIBAIOLIAs BCE MHOT000Opa3ue napaMeTpoB, ONPeIeIsIONMX
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YPOBEHb 3THX IMOTEPh (YCTAHOBIEHO, yTo cuia Kopuonuca BHOCHT BABOoe OOJBLIMK BKIAL
B BEHTWJIALMOHHBIE MOTEPH MOIIHOCTH, YeM IeHTpoOexxHas cuna). Ha ee ocHOBe momyueHsl
CeMb NPOCTHIX (HOPMYJ UIS ONEPATHBHON OIEHKW BEHTHJLIIMOHHBIX MOTEPh B OTAEIBHOM
CTYIIEHH (C HEepacKpYy4MBAIOIIMMHUCS OT BPAIEeHUS pabOYMMH JIONAaTKaMHU ITOCIEAHEeH CTyTie-
HH, C PAaCKPY4YHBAIOIIMMUCS OT BpalleHHs pab0OYMMHM JIONATKaMHU MOCIeqHEN 1 MPOMEXyTou-
HOMW CTymeHeil), B obecnapeHHOH TypOMHE B ILIEJIOM, B TOM YHUCIE MO MOKA3aHHUAM IITaTHBIX
puOOpPOB, PACTIOI0KEHHBIX HA pa3beMax BBIXJIOITHOM 4acTH HUIMHAPA HU3KOTO JaBIECHHS.

B ocHOBe HOBOI cHCTEMBI pacueTa BEHTHIIHOHHBIX Pa30rPEBOB 3AJIOKEHBI [JBA IKCIIe-
PUMEHTAJIBHO YCTAHOBJICHHBIX (paKTa: BEHTHJIALIHOHHBIC ITOTEPH MOIIHOCTH HMOYTH MOCTOSH-
HBI IPH O4YEHb MaJIbIX OOBEMHBIX pacxoJax pabouero napa; CHMMETPHYHbIE BEHTUIISLIHOHHbIE
MOTOKH B MEXJIONATOYHOM KaHajle 0 MOMEHTa MX Pa3leNIeHUs Ha nepu(epuH MOIHOCTHIO
CMEIINBAIOTCA. JTO HO3BOJISIET ONPEAEIUTE MOIHOE NPHUPAIIEHNE YHTAIBINN cOPachIBaEMOTO
W3 CTYNCHM Mapa [0 OTHOIICHWIO K SHTAJBIINH II0JCACHIBAEMOT0 B MEKIIONATOYHBIA KaHAT
pabouero koseca U3 MapoOBOrO MPOCTPAHCTBA KOHAEHCATOPA. Y CTAHOBIECHO U MOATBEP)KACHO
BJIMSAHUE HIUPOKOTO CIIEKTPa MapaMe€TpoB Ha YPOBEHb BECHTIIOTEPHh MOIIHOCTU U BEHTUIIALIN-
OHHBIX Pa30IPEBOB B TYPOMHHON CTYNEHH, IEPEUHUCICHBI Mepbl OOpPbOBI ¢ HUMHU. Pe3ynbraThl
pacdeToB BEHTIIOTEPh M BEHTPA30TPEBOB OJIM3KH K SKCIIEPUMEHTAIBHBIM JaHHBIM Pa3HBIX HC-
clie1oBaTenei.

KnroueBble cioBa: mapossie TypOuHs! TOC, IUIMHAP HU3KOTO IABIICHHUS, TEOPHUS BEH-
TWIALUOHHBIX IIPOLECCOB, MATEMATUYECKasl 3aBUCHMOCTb.

Tabu. 2. bubnuorp.: 26 Ha3B.

FUNDAMENTALS OF THE THEORY OF VENTILLATION
PROCESSES IN THE STEAM TURBINES TPP

NEUIMIN V. M.
LLC ‘Energobezopasnost’ and LLC ‘TSPC’ (Moscow, Russia)

The article proposes the theoretical framework of ventilation processes emerging and go-
ing on in the stages of TPP steam turbines during the operating regimes with small-quantity
volumetric flow rates in the low-pressure cylinder. The basic theory includes new physico-
mathematical models for estimating the ventilating capacity losses and ventilation heatings-up
of the steam and the air-gas channel of the turbine; search and investigation of the factors
causing the increased momental loads on the blade wheels of the finale stages which are likely
to lead to destruction of the rotating blades. The paper renders the practical results of utilizing
the theoretical framework of ventilation processes.

The author obtains a new mathematical relation for high-accuracy assessment of the ven-
tilating capacity losses accounting for all the diversification of parameters defining the level of
these losses (it is established that the Coriolis force contributes twice as much to the ventilat-
ing capacity losses as the centrifugal force). Seven ordinary formulae obtained on its basis
provide a separate stage ventilation-losses immediate evaluation (with rotation blades of the
finale stage not unwinding from the turning, with rotation blades of the finale and intermediate
stages unwinding from the turning), in the turbine altogether-vapor-evacuated including by
readings of the regular instruments located at the connecters of the exhaust part of the low-
pressure cylinder.

As the cornerstone of the new ventilation heating-up evaluation system the author lays
two experimentally established facts: the ventilating capacity losses are practically constant at
working steam negligible volumetric flow rates; symmetrical ventilating flows in the blade
channel mingle entirely to the moment of their split up at the periphery. This renders possible
estimating the complete enthalpy increment of the steam being discharged from a stage in re-
lation to the enthalpy of the steam being drawn into the blade channel of the blade wheel out
of the vapor space of the condenser. The research establishes and acknowledges the influence
of a wide spectrum of parameters on the ventilating capacity losses level and ventilation heat-
ings-up in a turbine stage, indicates the measures for them. The estimation results of ventilat-
ing losses and ventilation heatings-up are close to the experimental findings of different re-
searchers.

Keywords: the CHP steam turbines, low-pressure cylinder, the ventilation processes
theory, mathematical relation.

Tab. 2. Ref.: 26 titles.
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Beengenne. Ha pexumax mycka-oCcTaHOBA, XOJIOCTOTO XOJa, aBapUHHOIO
cOpoca Harpysku, TEIIOQUKAIMOHHOM, BKJIIOYAsi MOTOPHBIM M TOpsiYEro Bpa-
LIAIOLIETOCs pe3epBa, XapaKTEPUCTUKU PadOTHI JIONATOYHOIO ammapara Iapo-
BbIX TypOuH TOC ompenensioTcsi BO3ICHCTBUEM Ha HEro BEHTUIISILIMOHHBIX
SBICHUH (BeHTWISIUUOHHBIE ToTepu MommHoctd (BII) [1] u BeHTHMIALMOHHBIE
pazorpess! (BP) [2], uHTeHCHBHOE BO30YXIEHIE aKCHATbHBIX M3THOHBIX PE30-
HAaHCHBIX KoJieOaHWH OONOMaYeHHOTO IMCKa BHUHTOBBIM IOTOKOM pabouero
napa, IyJbCHPYIOLIMM C 4acTOTOH, paBHOM 4acTOTE BpallleHHs BEHTUISALUOH-
HOTO IIOTOKa B 3a30pe Mexnay auadparMoil © pabodyuM KOJECOM, BCIIEACTBHUE
PEryispHOro BO3JEHCTBHS HEPaAaBHOMEPHOCTH BPAIAIOIIErocs MOTOKAa IyTeM
MONIEPEMEHHOr0 PACTSKEHUS U CHKATHUSI €ro MPOXOAHOTO CEYEHUSI U CIIOCOOHOTO
MIPUBECTH K IMTOJIOMKE pabouux sonatok [3, 4]). PesynsraTel nccnenoannii BlI,
BP, pazpaboTka mpesioKeHH, HANpaBlieHHBIX Ha CHU)KEHHE MX HETraTHBHOTO
BO3ACHCTBHA, a TAKKE YCTaHOBJIEHHE (DAaKTOPOB, BBI3BIBAIOILIMX IOBHIILICHHBIE
n3ruOHbIE Harpy3Kkd Ha pabodeM KoJiece MOCIeIHUX CTyNEeHEH LIIMHIpa HU3-
koro jgaenenus (I{HJI) Ha ManopacxogHBIX PeKHUMax U CHOCOOHBIX. IMPUBECTH
K IOJIOMKE paboy4uX JIONATOK, COCTaBJISAIOT OCHOBBI TEOPUH BEHTHIIALMOHHBIX
nporneccos B Typounax TOC.

Knaccudukanmusa 3aBucumocTeil 1/l OLeHKH BeHTUJISLHHOHHBIX NOTEPh
MOIIHOCTH B cTyneHsix nmapoBbix TypOouH TIC. IlpuBenem pesynbraTsl pac-
yetoB BII mns paGounx nmomarok LIHJI TypOun npousBoacTBa JIeHMHrpanckoro
MeTaunaeckoro 3asoza (JIM3), TypoomaTtoproro 3aBoaa (TM3), English Electric
(EE). B XX B. mnst ouenku BII B cTyneHsx 0ceBbIX TypOOMAIIMH HAIILIO MPHMeE-
HEeHue OOJIBIIOE YMCIO MaTeMaTHYecKuX 3aBHCUMOcTed (Tabiu. 1, rpada 1) [S].
B Tabn. 1 mpuBeneHsl Takke MOITY4YEHHbIE PACYETHBIM IyTEM IO aHAIU3UpYe-
MBIM 3aBUCHMOCTSIM BEJIMYMHBI CPEAHEKBAIPATUYHBIX OTHOCHTEIBHBIX OTKIIO-
HeHuill 3HaueHnit BII, nMmeromux MecTo B MOCIEIHUX CTYNEHSIX MOIIHBIX Mapo-
BbIX TypOouH TOC Ha OGecrmapoBBIX peXMMax, B CPABHEHHH C IKCHEPUMEHTAIb-
HBIMH JTAHHBIMH.

B ocHoBe OONBIIMHCTBA MpEACTaBIEHHBIX B Taba. 1| MareMaTHyeckux 3a-
BHCHMOCTEH JIS)KUT MOJIENb, peyIoKeHHas B Hadane XX B. Aypernem Cromo-
na [6] (1859-1942 rr.), cormacHo KOTOPOH BEHTHJISIIMOHHBIC TEUEHHs pabouero
TeNa Ha HEaKTHBHOM Ayre BOSHUKAIOT BCIIEACTBUE 3aXBaTa ra3a KpOMKaMH pabo-
YMX JIONMATOK. 1Ipu 3TOM pacxon rasza NpoNOPLHOHANIEH OKPYXHOM CKOpOCTH,
a Hamop OmpelesieTcsl U3 ypaBHeHHs Dinepa ans yaenbHou paboTsl; BIT mpo-
MOPLMOHATIBLHBL CPeIHEMY AUaMeTpy pabodero Koiieca, BBICOTE PabOvMX Jioma-
TOK, TUIOTHOCTH Ta3a u Ky0y OKpyXHOHU ckopocTu. Pe3ynbrare pacueroB BII mo
Pa3IMYHBIM 3aBUCHUMOCTSIM CYIECTBEHHO Pa3In4aloTCs.

CornacHo [7], MaTemMaTH4yecKasi 3aBUCHMOCTH (21, Tabim. 1) ams BEIYHACICHHS
MOIITHOCTH BEHTWJISLIUH TIO3BOJISIET YUECTh MIPAKTUUYECKU BCE MHOrooOpasue ma-
paMeTpoB, OTpPENEeAIOMIUX YPOBEHb BEHTUIISAILMOHHBIX MOTEPh SHEPTHH B TYp-
OMHHOH CTymneHH. DTO reOMETPUYECKHE XapaKTepPUCTUKU pabodero Kojeca, pa-
IUaJbHBIN 3a30p, pa3Mepbl KaMepbl BEHTUIMPOBAHU, YaCTOTa BPALLEHHUs KoJie-
ca, TUIOTHOCTh cpenbl. [ MpuOIMKEHHON OICHKH BEHTWJISALMOHHBIX MOTEPh
SHEPTUHU B TypOUHHBIX CTYNEHSIX C OTHOCHTEJIBHO JUIMHHBIMHU paOO4YUMH JIOMNAT-
KaMu 3 oOmiel (GpopMyIbl MOTydeHa YNpOLICHHAs 3aBHCUMOCTb. OTMedaeTcs
XOpolIee COOTBETCTBHE OMBITHBIX W PAaCUYETHBIX BEJIWYMH BEHTHIALMOHHBIX
MOTEPb PHEPTUH B MApOBBIX TYpOMHAX Majod M cpeaHel momHoctd. Ha ocHo-
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BaHUH 3TOHU e MOAENH B [§] mpeniokeHa 3aBUCHMOCTD AJIs1 BEIYUCICHHS MOIL-
HOCTH BEHTHJISIIMU CTyreHed MukpoTypOuH. Ilpm 3ToM oTMmeuaercs xoporiias
CXOIMUMOCTh ONBITHBIX BeaMuMH BII M pacuyeTHBIX 3HA4YEHUH, NOJTYy4EHHBIX
C IPUMEHEHHEM YHHBEPCaJIbHON MaTeMaTHuecKol 3aBucuMocTH (21, Tadm. 1).

Cornacno [9-12], xoporliee COBMaJCHUE C IKCIIEPUMEHTAIBHBIMU TAHHBIMH,
MPEXe BCEro Ipu OONBLIMX 3HAUYEHMSX py, AaeT pacueT BII mo 3aBucumoctu
U. YcaueBa — B. Heyiimuna, no [13, 14] — pacuer BII B cTyneHnsx, B rpymnmne
CTyHEeHEeH, UWIMHAPaX, TypOMHAX, BBIIIOJHEHHBIH C HCIONb30BaHHEM YHUBEp-
CaTpHOM MaTreMaTHdecKoi 3aBUCcHMOCTH (21, Tabn. 1), KoTopas MCIOJIE30BaHA
NpY OLICHKE ycloBui mepexoaa Typoun T-250 B pexum paboThl 6e3 mocneaHei
crymenu [15, 16].

WzBecTHBIE 3aBHCHMOCTH, MpUMEHsseMble st oneHKH BII, xmaccudumimpo-
BaHbl B [5]. PesynmpraTel pacuetoB BII mo matemarmueckum 3aBUCHUMOCTSIM
(tabn. 1) ana pabounx nomarok I[HJl TypOun mpoumssoxcrtBa JIM3 u TM3
(T-50-12,8 (masa n = 50; 60 T'm); IIT-60-12,8; K-100; ~K-200; T-100;
I1T-135/165-12,8/1,5; TK-450/500-5,9 (mpoext), T-250-23.,5; K-1200-23,5),
a Taroke A paboumnx Jonarok nocienneit crynenn Typouasr K-500 (EE) mpu-
BejaeHbI B [17].

Tabruya 1
Astop CpenHeKkBaIpaTd- Astop CpenHekBaapaTiy-
N HbIE€ OTHOCHUTEIIb- . HbIE€ OTHOCHUTEIIb-
MaTeMaTHIECKOM MaTeMaTHIECKOM
ABHCHMOCTIH HbIE OTKIIOHCHUS N . W HBIC OTKJIOHCHUS
3Hauenuit BII, % 3Hauenuit BII, %
1. A. Cromona 176,0 12. Metro Wicker's 35,0
2.T. ®morens 98,0 13. P. 3yrep u B. Tpaynens 28,5
3. Kazanckuil aBuaniuos- 14. 1. Kepp 27,5
HbIi nHCTUTYT (KAU) 89,0
4. JIM3 — A. lllernsic 83,5 15. B. I'enpux 25,1
5. C. llly6oBuu, Tomckuii 16. I'. ®opuep 24,6
TTOJIUTEXHIUYCCKUN HH-
cturyt (TIIN) 77,0
6. I". MarBees 17. H. Mapkos u U. Tepen-
u A. PeukoOiut 75,0 TheB, LlenTpanbHbIit
KOTJIO-TypOUHHBIN UH-
crutyt (UKTH) 17,5
7. A. Mexepuukuii, Llenr- 18. English Electric 16,3
paJIbHbIM HAy4HO-HUC-
CJIeI0BATEIILCKUN UH-
CTUTYT MOPCKOro ¢io-
ta (HHUUMD) 60,0
8. Brown Bovery Company 53,6 19. 1O. lansman, Lient-
paJIbHbIM UHCTUTYT aBHa-
IMOHHOTO MalInHOCTPO-
enns (LIUAM) 13,5
9. General Electric 46,7 20. 0. Hlaneman (LIUAM) 7,5
10. B. Ilonomapes, Xapsb- 21. 1. Ycaues — B. Heyii-
KOBCKHUH ITOJIUTEXHUYC- muH (TM3) 2,5-2,9
ckuit mHCTHTYT (XTIHN) 424
11.T. 3ans¢ u 0. Kauypu-
Hep, Hesckuii 3aBoj
(H3JD) 41,5
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Ipumep. Tlpu p, = 9,8 Mlla u nmotHocTH pabouel cpenbl, PaBHOM
0,067 xr/m’, BII, Harpumep, Ha 31-if crymenn Typounst T-250/300-23,5 (T-250),
coctaBaT: 4711,8 kBt (pacuer mo 3aBucumoctu 1, tabm. 1), 3088,7 kBt (pac-
yer 1o 4), 1612,1 kBT (pacuer mo 21).

CooTHOIIIEHNE TIPUBEACHHBIX pacdeTHBIX 3HadeHwil BIl Npro, ompeme-
JICHHBIX 1 mapoBeix TypouH K-25-8,8; T-50-12,8 (TM3), IIT-60-12,8;
K-200-12,8 (JIM3) no 3aBucumoctr (21, Tabm. 1), u psmga ONBITHBIX JAHHBIX,
MOJTyYEHHBIX PA3HBIMH UCCIICJOBATEISIMH, IPUBEJCHO B Ta0M. 2.

BII B crynensx mapoBbeix TypOuH TOC MOryT ObITH YMEHBIICHBI 3a CUET:
MPUMEHEHUS MOJIOYHOTO OO0aHMKUBAHUS (peanu3amys MEpOTPHUSITHS, HAIPH-
Mep, Ha TypOuHe T-250 mpuBenet k cHwkeHuto BII nmpumepno Ha 25 % u mo-
BBITIIEHUIO dKoHOMUYHOCTH Ha 0,11 %); meneHnst mpoXoIHOTO ceueHus 00JIoma-
YUBAHHUS HAa MEHBIINE YacTh (Pa3feiUTeNIbHOE KOJIBIIO YMEHBIIAET PACKPYTKY
pabouux JIOMATOK, YTO TOBBIMIAET adPOJUHAMUYECKYIO d(P(PEKTHBHOCTE Pado-
yux kaHaioB). Cymmaphsie BII pabounx jomaTok B pa3IeleHHOM JIOMATOYHOM
KaHajie MCHbIIIE MTOTePh B €IUHON 30He. MakcuMalbHbI 3 (EKT HocTHTaeTCs
MIpH IEJICHUN MEXJIONATOYHOTO KaHaia pabovnX JIONATOK HAa MPUMEPHO PaBHBIC
gactu: BII camxkarores Ha 30 %.

Tabauya 2
Pacuetnoe OnbITHAs
N Hccneno-
OO0wekT uccnenopanuii | 3Hauenue (P3) | Benmmumnua (OB) | (P3 - OB)/P3, %
BaTelb

Ngro, KBT Ngro, KBT
K-25 (JIM3) 276,7 266,2 0,36 I'. Hlamupo
YUH/I T-50 (TM3) 530,1 517,8 2,38 »
T-50 (TM3) 626,0 623,8 0,35 »
YHJ IIT-60 (JIM3) 890,0 863,8 2,94 »
OHA IIT-60 (JIM3) 938,8 912,2 2,83 »
IIT-60 (JIM3) 947.,6 921,8 2,72 »
K-200 (JIM3) 3904,4 39294 0,64 A. Maposia

OnrtumanpHas YCTaHOBKA OJHOIO pa3AeiMTENLHOIO Kojibla U mepude-
puiiHoe oOaHmaXMBaHWE PadOUYMX JIONMATOK Ha Kaxkmod crymenw L[HI Typ-
oun IIT-135, T-175, T-250 (TM3) noBeiciT cpeaHeronoBoe 3HaueHue KIIJ]
TypOuH coorBeTcTBeHHO Ha 0,20; 0,31; 0,30 % 3a cuet cHmwkenus BII; pa3o6io-
naunBaHus poropa — npoctaBku LIH/I mommnoit Typounsr TOL nepen nnanupy-
€MBIM JUTUTEIHHBIM PEXUMOM €€ pabOoThI C 3aKPBITOH peryupyromei quadpar-
MOW (BBIHYXIEHHass Mepa); PEKOHCTPYKLHMH peryjupyrouied auadparmsl,
HaIlpaBJIEHHOW Ha MOBBILIEHUE €€ IJIOTHOCTH, C LENbI0 CHUKEHUS BEHTHJISALIU-
OHHBIX pacxozoB mapa (Hanpumep, B LUHJ] TypOunsr T-250 pacxon mapa uepes
PEKOHCTPYHPOBAHHYIO peryiupyronryio auradparmy [IHJ] MokeT OBITh CHIKEH
B 10 pa3: ¢ 55 go 5 1/4); cuarus nocneanux crynened [IH/ rerutoduxanmon-
HBIX TypOWH (BEIHYXIeHHas Mepa) [18]; moapesku «Imoa KOpeHb» padodux JIo-
naTok pabouux KoJec MOCIeTHUX CTYNEeHEeH TemIo(UKaHOHHbBIX MapOBBIX TYpP-
OuH (BRIHYXACHHaS Mepa); pekoHcTpykiuu L[H/I, cBs3anHON ¢ peamu3ammeit
MIPUHITUTIA PA3CeIBHOTO YIPABICHHS peryaupyromen nuadparmoi Typoun TIL]
¢ neyxnorounsiMu [{HJ (o ouenke criermanuctoB TM3, JIM3, BTU, B atom
CIy4ae BO3MOXKHO MOBBIIIEHHE 3KOHOMHYHOCTH MAapOTYpPOMHHON YCTaHOBKH
npumepHo Ha 1,5-2,0 %); npumenenus pacuenHoit mydrer LHIH/{ (moporocros-
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1iee MepONpHUATHE); OJAEPKAHNS TapaMETPOB Tapa cO CTOPOHBI KOHJIEHCAaTOpa
Ha YPOBHE HACBHIIICHHUS.

K BBIBOAY MaTeMaTH4yeCKO#l 3aBMCUMOCTHU [JISi BHICOKOTOUYHOI OLIEHKH
BECHTWJISIHMOHHBIX NOTEPh MOLIHOCTH. YCTAHOBUBIIMUKCA BEHTWISLIMOHHBII
MPOIIeCC B MEKJIOMIATOYHOM KaHajle 0CeBOM TypOWHHOW CTYIIEHW B JUarpamMme
«H — S» onucan B [1]. CymmapHBIi mporiecc BEHTHIISIUHA OJU30K K U30XOPHO-
My: 6€3 CyIIecCTBEeHHBIX TIOTPENTHOCTEH B pacdyeTax IIIOTHOCTh ra3a MOXKHO IpPH-
HATH MOCTOSHHOM [19], 9TO ympormaer BeruncieHus. Ha ocHOBe KiaccHueckoro
dbopmanmzma K. JI. Jlarpamka B [1] nonaydena 3aBucuMocts (21, tadm. 1) mis
BBICOKOTOYHOI oneHku BIT.

PackpyTka pabodmx JIOMATOK TMOCIACAHUX CTYIEHEH MOIMHBIX TypOuH TOI]
NoJ| AeHCTBHEM LEHTPOOEKHBIX CHII (IIPU OTCYTCTBHUHM LEIBHO(QPE3EPOBAHHOTO
Oangaxa) npuBoguT K pocty BIT mpumepno na 25 %: IIT-135 — 1785/2250;
T-175 — 3600/4520; T-250 — 3980/5190; K-800 — 10490/13390 xBt/xBt
(roe nemumoe — BII pabouero xoneca ¢ nepudepuitHpiM OaHAAKOM, TEIUTETh —
BII paboudero xoneca 6e3 nmepudepuitHoro 6angaxa).

K ouneHke BeHTHJISHMOHHBIX Pa30rpeBOB B CTYNEHSX MApPOBBIX TYp-
oun TIC. B [19] nano o0bsicHeHne mpoliecca 00pa30BaHUs OTPBIBHBIX SIBICHUM
B pabouem kojece Typomabl TOC (IpHKOpPHEBOTO, MPUKOPHEBOTO U Tepude-
pUITHOTO OTPHIBOB MOTOKA ¢ OOBEMHBIM PACXOAOM BEHTHISIIOHHBIX ITOTOKOB),
NpPUBEACHA 3aBUCUMOCTh OTHOCHTEIBHOTO TIONOKEHHS HIKHEW paanalib-
HOW TpaHUIBI pabodero mapa Ha BBIXOAE W3 MOCIETHEH CTYNEHH MPHU Pa3HBIX
OTHOCHUTENFHBIX 3HAYeHHSIX OOBEMHBIX pacxomoB mapa GV u . YMmeHblieHHe
00BEMHOT0 pacxo/ia mapa 4epe3 MeKIOMATOYHBIN KaHall COMPOBOXKIAETCS YBe-
JUYEHUEM PAaCKPYYMBAIOIIEro AeHCTBHA pabouux jonatok. CoriacHo 3aKOHAM
MEXaHUKH TepeXoJ B PABHOBECHOE COCTOSHWE Ta30JUHAMHYECKON CHCTEMBI
JIOJDKEH TPOXOAWTH B COOTBEeTCTBMHU ¢ mpuHiunom Jle-lllatense: B cucreme
«MOTOK pabouero mapa — MEXJIONATOYHBIA KaHajd» M3MEHEHHE BPEMEHH Mpo-
XOXICHUS MOTOKa JOJDKHO COIMPOBOXKIATHCS NEHCTBHEM, YMEHBINAIONINM €ro
m3meHenue [20]. DToil HeIMCCUNATHBHON CHIIOHN Tap B MEKJIONMATOYHOM KaHaje
YCKOPSIETCS, BCJICACTBHE HEr0 YMEHBIIAETCS PACXOJHOE CEYEHHE €ro IMOTOKa
1 o0pasyeTcsl TPUKOPHEBOW OTPBIB. YMEHbIIIEHHE OOBEMHOIO pacxoja Imapa
CBS3aHO C COOTBETCTBYIOIIMM TaJICHUEM €T0 PAcXOIHOTO HAIopa M COMPOBOXK-
JlaeTcsl pOCTOM IUIOTHOCTH Mapa K nepudeprn padbodnx jomnatok. B abcomoTHO
AKTUBHOW CTYICHW TYpOMHBI HAJMYWE TAKOTO POCTa O3HAYAET CYIIECTBOBAHHE
MPUKOPHEBOTO OTPHIBA MOTOKA, & MPEBOCXOACTBO HA mepudeprn MexIonaroy-
HOrO KaHalla paJualbHOrO Hamopa HaJl PacXOIHBIM YKa3bIBae€T Ha TIOSBIICHUC
MIPUKOPHEBOIO OTpPHIBA MOTOKA. V3MEHEeHHE IUIOTHOCTH Cpelsl B PagraibHOM
HaIlrpaBJICHUHN MPCHATCTBYCT YMCHLUICHUIO BXOHHOﬁ CKOpPOCTH IIOTOKA IIpH I1a-
JICHUU ero 00bEeMHOI'0 PacXoja, YTO BBI3BIBAET COKPAIICHUE 30HBI IPUKOPHEBO-
ro orpsiBa. llpu orcyrcTBuu pacxoma pabodero mapa nepud)epHiiHbIA U MPU-
KOPHEBOH OTpBIBBI TIOTOKA COCTaBISIOT PaJUaIbHO CHMMETPUYHBIE 30HBI
BEHTWIALIMA MEXaHWYeCKd HHEPTHOTO Tapa WM MapOBO3AYIIHON CMeECH.
Jist MpaKTUYeCKUX pacueToB, B KOTOPHIX 00BEMHBIN pacxoi pabouero napa sis-
nsieTcs: 0a30BOM BENWYMHOW, 3ajada CBOAWTCS K ONPEAENCHHIO COOTBETCT-
BYIOIIMX pPaTUabHBIX TOJOXEHHH W PACXOJHBIX CEUEHHWH MapoBOTO IOTOKA
B MEXJIONIATOYHOM KaHaie. Ecii M3MEeHEeHHsMHU 3THX BEJIHMYMH NpEeHeOperaror,
TO pelIeHre 3aa9i OTPAaHUYMBAETCS YCIOBUSAMH TMOCTYIATEIHHOTO JIBIKEHHS
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TUIOCKON PEHIeTKH pabounX JOHNAaTOK CO CKOPOCThIO, PABHON CpeHEH OKPYKHOM
CKOPOCTH COOTBETCTBYIOLIEW KojbleBoW pemieTku [21]. Peanusamus B raszo-
nuHaMudeckoi cucteme npuHnmma Jle-lllatenbe BeIpakaeTcs KOMOWHAITHEH
TpaHCIEHACHTHBIX (PyHKITHI. CpaBHUBAs JBIKCHHE MTOTOKA pabodero mapa oj-
HOBPEMEHHO B OCEBOM M PaIMIbHOM HAIPABICHUIX, MOXXHO BBIYMCIUTH H3Me-
HEHHME TIOJHOM Harpy3ku MOTOKa Ha paboueM Kojece CTYyNEeHH U ONpeaeiUTh
30HBI BeHTWISAUH [1]. [leTansHOoe mpeacTaBieHne 3aadu CBOAUTCSA K aHAIH3Y:
IIPUKOPHEBOI'O OTpPbIBA IOTOKA; ABOHCTBEHHOCTH XapakTepa €ro T€YeHUs Npu
MalblX OOBEMHBIX pacxojax, OOyCIOBIMBAIOLIETO OTHOCHUTEIBHO ILIOXYIO
YCTOWYHBOCTH €T0 MaJbIX BO3MYILEHHH B JIIOOOM U3 JBYX BO3MOXKHBIX TIOJIOXKE-
HUM; BIMSHUS OCEBOM LIMPUHBI [UIMHHBIX Pa0OYMX JIONATOK Ha (JOPMHUPOBAHUE
BEHTWJISILIMOHHOI'O U paboyero noTokKoB mapa.

B ocHoBe npezyiaraeMoil cucteMsl pacdera 3aJ0KEeHbI JBa IKCIEpPUMEHTaIIb-
HO yCTaHOBJIEHHBIX (pakTa: BIl mouTH mOCTOSHHBI IPH OYEHb MAJIBIX 00BEMHBIX
pacxogax pabouero mapa; CUMMETPUYHbBIC BEHTWISILMOHHBIE IOTOKH B MEXK-
JIONIATOYHOM KaHajle JO MOMEHTa WX pa3lelieHHs Ha HEepU@EpHH MOTHOCTHIO
cMemnBaloTcs. [laHHOE OOCTOATENBCTBO MO3BOJISET ONPENSINTH MOJHOE TPH-
pallleHre >HTalbINH cOPachiBaEMOr0 M3 CTYNEHM Tapa M0 OTHOLICHHIO K JH-
TaNbIIUH TOACACBIBAEMOr0 B MEXKJIONATOUYHBIH KaHal pabodero Kojieca u3 mapo-
BOT0 MPOCTPAaHCTBAa KOHIAEHcaTopa. sl 3TOro HOCTATOYHO BBIYHCIUTH OTHO-
LICHUE IIOJTHOTO IPUPALLIEHUS SHTAJIBIMU K OJHOKPATHOMY €€ NPHPAIlEHHIO
(32 omuH 00OPOT BaJOMpPOBOAA TYPOMHBI) MPU HPOXOXKACHUH (DUKCUPYEMOM
BEHTWJINPYEMOM Maccoii mapa MeXJIONaTOUYHBIX KaHAJIOB paboyero koneca [2].

PesynpTathl pacuera CBHUAETENLCTBYIOT: B YCTAaHOBUBIIEMCS! BEHTHJISLIMOH-
HOM pexnme B obecriaperHoM L[IH/] Typomasr T-100 BII mo cpaBHeHuto ¢ uc-
XOJHBIMU 3HauYeHUsAMHU ymeHblnatcs Ha 21,1 %. Yposens pazorpesos B L[H/I
Typounsl T-250 B 3,3 pasa Beimre, yem B I[HJ] TypOounsr T-100. Ilpu wyme-
BOM pacxofie paboyero mapa MaKCUMAaJbHBI pa30rpeB BO3HUKAET Ha IEpH-
¢depun nepseix cryneHeit [IH/] u TeopeTrnueckn MOXET JOCTHYh B CyXOM Tape
163 °C (T-100) u 542 °C (T-250). Pesynbrarel pacueToB ypoBHel BP mapa
B MEXJIONMATOYHOM KaHaiue padouero xoneca [[H/] typbun T-100 u T-250 [2],
TypOWH JpPyruX TUIOB Ha paccMaTPUBACMBIX PEKUMaxX COOTBETCTBYIOT JKCIIe-
PUMEHTAITLHBIM 3HAYESHHUSIM.

IloMumo pazuanbHOTO Hepenaga TeMIepaTyp B KOPHEBBIX CEUEHHUsIX pabo-
YUX JIONATOK IOCJIEAHMUX CTYNEHEH MapoBBIX TypOWH, Ha TEIUIO(PHKALNOH-
HBIX PEXHMaxX BO3HUKAIOT 3HAUYMTENbHBIC IEpenaabl TeMIepaTyp B OCEBOM
HarpaBlIeHNH. B 3KCIyaTallMOHHBIX YCIOBUSX STOT Mepemnaj 0OCOOCHHO BENHK
Ha mocieAHed cTyneHd TypOuHbl. Hampumep, B KOopHE padoymx JIOHNAaTOK Ha
31-ii (40-i1) crymemn LHJ Typ6unsr T-250 mepemax nocturaer ~200 °C.
Ha temnodukanmoHHbIX pexxnmax pabouuil map NpakTUYeCKH BCETa OXJIaxaa-
et npotounyio 4yacte LIH/I. CnepxuBaromuMu GakTopaMu B IKCIEPUMEHTAIIb-
HOM OmpezesieHnH JonycTUMbIX pasorpeBoB LIH/I mapoBeix Typoun TIC sBis-
FOTCSI: CTEJUTUTOBAS 3alllMTa BXOAHBIX KPOMOK pabouuXx JjonaTok [22]; nemmdep-
HbIE TUTAHOBBIE CBS3M; IEpEnaabl TeMIlEpaTyp MO CTYyNHMLAM HAaCaAHbIX IHC-
KOB U II0 CEYCHHIO MaTpyOKOB, 0COOEHHO IJIsi LMJIMHIPOB CO BCTPOCHHBIMH
MOJIIIMITHAKAMH; Pa30TPEBBl OMOPHON YacTH MOAMMITHUKOB. ObecnieueHune 10-
MYCTUMOTO TEIUIOBOTO COCTOSHUSI JIOMIATOYHOTO armapaTa M BBIXJIOITHOTO Iia-
tpybka LUHJ mommubix Typomn TOC mocTturaercss pa3nuiyHbIMH CHOCOOaMH,
OTIMYAIOIIUMHCA TOJBOJUMBIM pabouuM TEJIOM sl OXJKICHUS HpPOTOY-
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HOW YacTH, MECTOM TMOJBOAA OXJAJUTENsA, XapaKTEPUCTHKAMU OXJIaJWUTeNs.
U36exaTh HexenaTenbHBIX 3(PQPEKTOB, BBHI3BIBAEMBIX MEPErPEeBOM MPOTOYHOM
gacty [ITHJ TypOunst T-250, BO3MOXXHO 3a cUET MPUMEHEHHUS CaMOpETyupye-
MOTO OXJIaXaaromero ycrpoiictBa [23]. TlocrmeaHee cTayio MPOTOTHIIOM 3alia-
TEHTOBaHHOW 3asBKU Ha M300peTeHue «YacTb HU3KOTO AaBJICHUS MApPOBOH TYyp-
ounby No 2013 148259/06 (075051) (oTMeTMM, YTO MPOTOTHII HE YCTyMaeT
n300perenno). MckimounTh NpUMEHEHHE OXJIKIAOUIMX YCTPOWUCTB IOJDKHO
[O3BOJINTh OCBOEGHUE TEXHOJIOTHH Ja3€pHOM HAIUIaBKU MOPOIIKOBOTO CTEJUINTA
Ha MOBEPXHOCTh BXOJHON KPOMKH paboymx JonaTok [24].

Iouck u uccaenoBanmne (GpaKTOPoOB, BHI3HIBAIOLIUX NOBbILIEHHbIE H3TN0-
Hble HATPY3KHU HA padouue KoJeca MOCJeJHUX CTyleHeil MOUIHbIX NapOBbIX
Typoun TIC, 3xkcniayaTupyeMbiX ¢ MaJIbIMU 00beMHBIMH pacxoaamMu pado-
4ero mapa U cnocoOHbIX MPUBECTH K MOJOMKe padounx JionaTok. B nepsoe
JECSITUIIETHE IKCIUTyaTallik HOBBIX MOIIHBIX TypOouH TOL| Ha TermodukamnnoH-
HBIX PEKUMax OTMEYaJICsl pOCT aBapUHHOCTH MPEUMYIECTBEHHO 3a CUEeT ycTa-
JIOCTHOTO pa3pylIeHusi pabounx jomatok mocueannx crymenerd [IH/I. Ilossu-
J1ach HEOOXOJMMOCTh YCTAaHOBUTH (DaKTOp pa3pyIINTeNIHOW BUOPAIINU U OTIpe-
nenuth ero mapamerpsl. B IO «Typbomotopusiii 3aBom» (MuHsHEpro-
mami CCCP) moa pykoBOACTBOM HayalbHHKa OIOPO BHOpAllMA M MPOYHOCTH
CKBb 1o maporypboctpoenuto M. Maruna Obu1a pazpaboTana creraibHast TIpo-
rpaMMa MCCIICAOBAHMS, CIPOECKTHPOBAaHA M H3TOTOBJECHA COOTBETCTBYIOLIAS
ocHacTka; B 1973—1978 rr. mpoBeneHa cepus peXKUMHBIX MCIIBITAHUN Ha psfe
Typoun: T-50 (Kuposckas TOL-4) u T-100 (Cpenneypanbckas [ POC); [1T-135
(ITepmckas TOL-14), T-250 (TOL-22 OAO «MocarHEepro») u Ipyrux, a Takxke
Ha CTeH/Ie HaTypHBIX ucnbiTanuii 3aBoja (Cpennreypanbckas [ POC). B ncmbita-
HUSX COUYETAHCh: TEH30METPUPOBAHHE HE MEHEee IIeCTON 4acTH paboyuux Jiomna-
TOK B TPYIIIE OAHA 32 JPYroH, YTO NABAIO BETMYNHBI HANPSHDKEHUH U UX S0P
0 BBICOTE pabovMX JIOMATOK, yKa3bIBAOIINE GOopMy KOJIeOaHHW 9acTOTHI U CO-
OTBETCTBYIOIIUE AaMIUIMTYIbl OTHACNBHBIX (hopM KoneOaHU, COCTABIAIOMINX
BUOpAINIO; TUCKPETHO-()A30BbIE M3MEPEHUS C MOMOIIBIO 3JICKTPOHHO-ITYYEBBIX
PETUCTPATOPOB aMILTUTY/ KOJICOaHUH BEPIINMH Pab0vHX JOMATOK OJHOBPEMEHHO
mo BceMmy pabodemy Kosecy (9To mokasbiBajo (Gopmy konebaHuil BeHIa pado-
YHX JIONATOK B CHCTEME C JHCKOM pabouero Koyeca M 1o Heil — KpaTHOCTb OcC-
HOBHOW 4YacTOTHI KOJeOaHWH 4acToTe BO3OYAMTENS M (UKCAIUIO PEKUMHBIX
HapaMeTpoB, MO0 KOTOPHIM OHpEeNsIn pacxol pabodero mapa uyepes HOCHE-
oo cryneHs [[HJ[ TypOunsr). [ImoTHOCTE Tapa ompeneNsuii 1Mo aBICHUIO
u TeMmnepatype. PesynbraTsel ucnbiTaHuid [3, 4] CBUAETENBCTBYIOT (BIIEPBbIC
B MUPOBOI MPAKTHKE): MpH paboTe TypOUHBI IO Mepe POCTa 0OBEMHOTO pacxo-
Jla mapa MmpH pe3oHaHce 3-il KpaTHOCTH 00opoTaM Baja Ha (OHE IUIaBHO 3aTy-
XarOIETr0 POCTa U3TMOHBIX HANPSHKEHUHM PadOvMX JIOMATOK MOCIEAHEN CTyNeHH
BBIJIEJIICTCSI BBIOET IPU MaJIBIX Pacxojax IMapa, YKa3blBaIOLUIMHA Ha JONOJIHHU-
TENbHOE CYOpE30HAHCHOE BO30YKICHHWE BEHTHIISIIMOHHOW 30HBI (KOTOpasi BbI-
HYX/IaeT MyJIbCUPOBATh MPOXOSIIUIA padouee KOJIECO MOTOK Mapa), CIIoCOOHOE
MPUBECTH K TIOJIOMKaM pabouux JIOMATOK MocieqHuX cTyneHed. [Ipu atom
YCT@HOBJIEHO, YTO OCHOBHOE PE30HAHCHOE BO3AEHUCTBHE HJET OT aCUMMETPUHU
NnoToKa padoyero mapa, a JOMOJHUTENBHOE — OT MyJbCALMH 3TOTO IMOTOKA IO0J
panuaibHBIM BO3JICHCTBHEM Bpalaromieicss Mexay auadparmoid U pabodnm
KOJIECOM BEHTHJIMPYEMOU cpefibl co ckopocThio 40—50 % oT ckopocTH Bpaiie-
HUs paboyero KoJieca Mo yIBOCHHON KPaTHOCTH BO3IEHCTBUSI.
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BbIB O I bl

1. TlpennoxxenHas duzndeckasi MOJCIb BEHTHIISIIIMOHHOTO IIPOIiecca, COMpo-
BOXaromero padory Typounsl TOC mpu 3KCILTyaTalui ¢ MaJbIMH 0OBEMHBI-
MH pacxomaMu pabodero mapa, ¥ HCIOJB30BaHME KIACCHYECKOTO (hopMaims-
ma K. Jlarpamxka mMO3BOMWIM TOJNYYHTh HOBYIO MaTeMaTHYEeCKyl0 3aBHCH-
MocCTh (1. 21, Tabm. 1) 1T BEBICOKOTOYHOM OIEHKH BEHTHIIIITHOHHBIX ITOTEPh MOIII-
HOCTH, KOTOpas JaeT BO3MOXXHOCTh Y4E€CTh BCE MHOTOOOpa3ue mapaMeTpoB, OIpe-
JETSIFOIMX MX YPOBEHb: TEOMETPUYECKHE pa3Mepbl pabodero Kojeca W KaMepsbl
BEHTWJIMPOBAHMSI, YaCTOTY BpAIEHHS BAJIONPOBOAA, IUIOTHOCTH pabodeil cpempl.
YBenm4ueHne TOYHOCTH PacyeTOB BEHTHISIIMOHHBIX MTOTEPh MOITHOCTH M BEHTHIIS-
IIMOHHBIX Pa30rPEBOB BIMSACT HA PE3YJILTAThl MPOSKTHPOBAHUS pabodero koyeca
TypOUHHOW CTYTICHU M BBIOOP PEIKUMOB IKCILTyaTalluy TypOOyCTaHOBKH.

2. Ha ocHOBaHMH HOBOI 3aBUCHUMOCTH TIOJY4YeHBI CeMb Hamboyiee MPOCTBIX
(hopMyI JUISI OTIEPaTHBHOM OLIEHKH BEHTWISAIMOHHBIX MOTEPh MOITHOCTH B OT-
JICJIBHOM CTyIeHU (C HEePaCKPYUYMBAIOUIUMUCS OT BpalleHHUs PabOYUMHU JIOMaT-
KaMH TIOCTICHEH CTYICHH, C PACKPyYMBAIOIIUMUCS OT BpalllCHUs pad0YNMH
JIOTIaTKaMH TIOCTIETHEH M IIPOMEKYTOYHOH CTyTIeHeH ), B 00eCapeHHO TypOuHe
B Ie7oM (MOTOPHBIN PEXHUM, PEXXHM BpAIIarOIIErocss pe3epBa), B TOM UHCIE
IO TIOKA3aHMSIM IITATHBIX MPUOOPOB, PACIIONOKEHHBIX Ha pa3heMaX BBIXJIOITHOM
YaCcTH IWIMHAPA HU3KOTO JIaBJICHUS.

3. OCHOBBI TEOPUHU MOTYT OBITH IPUMEHEHBI B KOCMOHABTHKE, PAaKETHOH TEX-
HUKE, aBHAlll{, HaJBOJHOM U TOABOJHOM TPAHCIOPTE IPU CO3MaHUU TypOUH
C MapIUAIEHBIM TOJIBOJIOM pabovero Tea.

4. Vcrionp30BaHUE MPEUIOKCHHON (PU3UKO-MAaTEMAaTHYSCKON MOJEIN 03~
BOJISIET OIIEHWBATh BEHTHIISIIMOHHBIA PAa3orpeB B MPOTOYHON YaCTH IFITUHAPOB
coBpeMeHHbIX TypouH TOC mpu ux pabore ¢ MabIMH OOBEMHBIMU PACXOJIAMH
pabodero napa. BeHTHISIIMOHHBIE Pa30rPeBhl MPUBOJIAT K CHUKCHUIO BEHTHIIS-
IIMOHHBIX TOTEPh MOIIHOCTY B CTYIICHH, IMIINHAPE, TYpOUHE.
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