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YCTOUYUBOCTb MOTOKA B NOCJIEAHUX CTYNEHAX
UWHMIMHAPOB HU3KOIo AABJIEHUA NMAPOBbIX TYPBUH

G.G. Shpenzer, A.V. Zakharov, A.M. Tyukhtyaev

STABILITY OF THE STEAM FLOW IN LPC LAST STAGES

BrimonHeH aHaM3 YCTOMYMBOCTH MTOTOKA B MOCJEAHUX CTYNEHSIX Ha TIPUMeEpPe HECKOJIBKUX OTCEKOB
MapoBbIX TYPOUH, 000OIIIEHBI PEe3yJIbTaThl SKCIIEPUMEHTAIBHBIX UccienoBanuii. [IpoaHann3upoBaHo
BJIMSTHUE PA3IMYHBIX (haKTOPOB KaK MCTOUHWKOB BO3MYIIIEHUsI OCHOBHOTO IMOTOKA MPUBOASIINX
K CPBIBHBIM pEXHMMaM TEUCHMUSI.

MMAPOBAS TYPBUHA; [TIOCJEAHAA CTYIIEHD; OTPBIB [IOTOKA; KI1; VCTOMYMBOCTb [TOTOKA.

The article has examined an issue of flow stability at last stages of low pressure cylinders. The paper reviews
experimental investigations of LPC last stages. Different factors, such as low specific mass flows, negative
root reaction, number of stages, supersonic Mach number and others, which influence the flow stability
and energy losses, have been analyzed. The article has considered important regularities, including stabil-
ity zones, flow fluctuation and dynamic stress while changing the operational mode. In order to sort out
these problems the authors have proposed the re-designed large diameter last stage, which consists of
two sections. This approach will allow organizing the optimal structure of the flow and improve the ef-

ficiency of the last stage.

STEAM TURBINE; LAST STAGE; FLOW SEPARATION; EFFICIENCY; FLOW STABILITY.

Poct sHepronorpebieHust TpeOyeT HapallinBa-
HUSI BHEPTOreHEPUPYIOLINX MOILITHOCTEH 1 ompee-
JISIET TEHACHIINIO Pa3BUTHS TYPOOCTPOECHUSI: 0C000e
BHMMaHME HaMpaBJIeHO Ha CO3IaHKE TTapOBbIX TYP-
OMH IMOBBILLIEHHOH MTPOIMYCKHOU CITIOCOOHOCTY C BbI-
COKMMU TEXHUKO-3KOHOMUYECKMMU TTOKA3aTEISIMU.

Ha ocHOBHbIE TEXHMKO-3KOHOMUYECKUE XapaK-
TEPUCTUKU MOIIHON MapOTypOMHHON YCTaHOBKU
CYILIECTBEHHO BJIMSIET YPOBEHb COBEPIIEHCTBA 11U~
JuHapoB HusKoro naieHust (IIH). Ecau KITI
LIUJIUHAPOB BBICOKOTO U CPEAHEro JaBJCHUS J0-
cruraior 90—94 %, o KIIJ LIH/ cyumecrBeHHO
HIKe — oKojio 85 %, a paboTa Typboarperara Ha
YaCTUYHBIX HAarpy3Kax IMIPUBOIUT K €111 00JIbIIeMY
ero cHuxkeHuto [1]. C yBennyeHrueM eTUHUYHON
MOIIHOCTH TYPOWHBI 3HAYWTEJbHO TMOBBIIIAETCS
BiussHue LIH]I Ha cyMmMapHBIe TEXHMKO-3KOHOMM -
yecKue MmokasaTesiu Beeil TypOuHbI. TloBbIiIeHME
YPOBHSI 5 KOHOMUYHOCTH 1 HagexxHocty LTH I mpu-
BOJUT K yBEJIMUEHUIO OO111eH 9KOHOMUYHOCTU U Ha-
JIEXKHOCTU BCero Typboarperara.
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B cBs13u ¢ 3TMIM pa3paboTKa M MccaenoBaHTe
[TH/I moBBIIEHHO MPOITYCKHOMW CITOCOOHOCTH —
aKkTyaJbHas M NpakTUYecKu BaxkHas 3amada. Co-
3ganue nocienHux cryneHeil IIH/ ¢ pabounmu
JIoNaTKaMu MpeAebHON JUIMHBI TIPEACTaBIsET CO-
00l CITOXKHYIO MHXKEHEPHYIO 3a/1a9y, YUY THIBAIOIIIYIO
BECb KOMILJIEKC YCJIOBUI, B KOTOPBIX OHU pabOTAIOT.
OTU CTYIIeHU OTIIMYAIOTCS CIOKHOCThIO KOHCTPYK-
TUBHOTO UCIIOJHEHMSI, XapaKTepU3yIOTCS MaJbiM
3HAYEHMEM CTEIIEHN BeepHOCTU d/[, pe3KuM pac-
KPBITUEM ITPOTOYHOI YaCTU, 3aKpyIEHHOI (hopMoii
pabouuxionaTok. Takue cTyreHH paboTaloT B yCI0-
BUSIX BJIAXKHOTO Mapa, U UX 3KOHOMUYHOCTb BO
MHOT'OM 3aBUCHUT OT MOTEPb, BbI3BAHHBIX MPUCYT-
CTBHEM BJIaT B TTOTOKE.

CeromHS CYIIECTBYIOT METOIBI pacdyeTa 1 Mpo-
€KTHPOBaHUS MAPOBBIX TYPOUH C UCTIOJb30BaHUEM
COBPEMEHHBIX ITAKETOB ITPOTrPaMM MOIETUPOBAHUS
IOTOKA B IIPOTOYHBIX YACTSIX TYpOOMAIITWH, HO HET
000CHOBaHHOI METOAUKU pacyeTa MoTepb SHEPTruu
BO BJIaXKHOMAPOBBIX cTyneHsX. [TonodHoe Moaeu-
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pOBaHUE U Ta30AMHAMUYECKUE pacyeThbl C JOCTa-
TOYHOM CTENEHbIO TOYHOCTH MO3BOJISIIOT OIUCHIBATh
Mpo1eCChl B 00gacTu neperpetoro mapa. Hanuuue
BJIary B ITIOTOKE, MPOLIECCHI KOHAEHC AU, MyJIbca-
LIMY TTapaMeTPOB BJaXKHOMAapOBOI'0 MOTOKA 3HAUYM -
TEJbHO UCKAXal0T KAPTUHY T€UEHUS U ONIPENESIOT
KauyeCcTBEHHOE pa3jinuue MpolecCcCoB B Ieperpe-
TOM M BiaxkHoM mape [2]. [IpenyioxxuTs 1 cipo-
€KTUPOBATh BICOKORKOHOMMWYHYIO BJIa>KHOIapO-
BYIO CTYIN€Hb BO3MOXHO TOJbKO Ha OCHOBE
aHaJin3a 9KCIMepPUMEHTAIbHBIX JaHHBIX, OTPaXKaro-
KX CIen(UKY BJIaXKHOTO Mapa, B COBOKYIMTHOCTH
C TEOPETUUYECKUMMU pacueTaMM.

Llenb Halei pabOThl — U3bICKAHWE TEPCIIeK-
TUBHOTO HarpaBJeHUs MOBbILIEHUS SKOHOMUYHO-
ctu riociienHux cryneHeir LIH] 3a cuet mpumeHe-
HUsI KOHCTPYKIIMU MOCAeAHEN CTYIeHHU ¢ AeICHUEM
Ha sipychl. PellieHre 000CHOBaHO HEOOXOAMMOCThIO
MOBBILIEHUST YCTOMUYMBOCTY MOTOKA U YCTPAHEHMUSI
CPBIBHBIX SIBJIEHUI B MOCJeIHEM pabodyeM KoJiece
NpeaebHOM BEEPHOCTU, UTO MO3BOJIUT YBEJIUUUTh
KIIJ crymiern. [iis1 moaTBepKAeHMSA 1ieJiecoo0pas-
HOCTH TTPeIJIOXKEHHOM KOHCTPYKIIMY B paboTe Mpo-
AHAJIM3UPOBAHO BJIMSHUE KOHKPETHBIX XapaKTepU-
CTUK CTYNEHW Ha YCTOWUYMBOCTbH MOTOKA, B TOM
Yyyclie CTeNeHn BeepHoCcTU d/[, opMbl MEpUANO-
HaJIbHBIX 0OBOMIOB, CTEMIEHU PEaKTUBHOCTHU, a TaK-
Ke orpefiesieHa X B3aMOCBSI3b.

Anamm3
PACYETHO-IKCIEPUMEHTAIBHBIX MCCJIeI0BAHMI

IIpu uccinenoBaHum nociaenHux orcekon ITH]T
[3, 4] OBLIO BEISIBIEHO, YTO OIIPEACIISIONIee BIMSHIC
Ha YCTOMYMBOCTH BJIAXKHOMAPOBOTO MOTOKA B HUX
OKAa3bIBAIOT BHI3BAHHBIE Pa3IMYHBIMU (haKTOpaMU
MyJIbCAIlN IIOTOKA, KOTOPKIE B 3HAUNTEIILHOM Mepe
yXyIIIaloT YyCTOWYMBOE TEeUeHME, YBEIUUYMBAIOT
CPBIBHBIC 30HBI, B UTOTe TIPpUBOAS K cHIKeHMT0 KT
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cTyreHu. BMecte ¢ TeM ObIJI0 OTMEUEHO, UTO MYhb-
calluy MPOBOLMPYIOT POCT AMHAMUYECKUX HaIpsi-
KEHUI B pabodux JiomaTKax MocjaeaHeNl CTYINeHH,
YTO MOXET IMPUBECTHU K MX IToj1oMKaM. HafgexXHOCTh
TaKUX CTyMeHeil 3HaYUTeJIbHO CHIKAETCSl. XapaKTep
JUHAMMYECKUX HAIPSLKEHUI B pabouMX JIoMaTKax
B IIMPOKOM JUAaria3oHe HArpy30K IPeICTaBlIeH Ha
puc. 1 [4].

N3 rpaukoB BUIHO, YTO HA ONPENETECHHBIX
pexumMax mo Gv (OTHOCUTENbHbBIN 00BEMHBII MPO-
MYCK Tlapa) HaOJII01at0TCs 3HAYUTEIbHbIC MyJIbca-
LIMY TApaMETPOB MOTOKA U COOTBETCTBYIOIIUIA POCT
OTHOCUTEIbHBIX TMHAMWYECKIX HATIPSDKEHUI B pa-
0O0YMX JIOTMaTKax.

PaccmoTpuM oTCeKr mapoBBIX TYpPOMH C 103U~
LI YCTOMYMBOCTH MOTOKA U OIPEIeIUM CTEIICHb
BJIUSTHUS pa3IMYHbBIX (PaKTOPOB Ha 5KOHOMUYHOCTh
rnocieaHux cryneHeii. [To MmeToauke pacuera Kpu-
TUYECKUX PEXXUMOB pabOThI CTYTIeHU [5] ObLTM ompe-
JieJIeHbl 3HaYEHMST Havyalla OTPhIBa ITIOTOKA B KOPHE-
BOI 30HE CTYIEHU, YTO COOTBETCTBYET BEIUYMHE
GVygo, a TaKXKe pexXuM TopMoxeHuss GUk3, IIpH
KOTOPOM CTYIMEHb IIepecTaeT BbIpabaThIBaTh MOJIE3-
HYIO MOLIHOCTb (CM. Ta0/IMILy).

3HaueHue G k7 orpeessieT Ha4yajlo MHTEHCUB-
HOTO OTpbIBA ITOTOKA B KOPHEBOM CEUEHMU, HO TTpU
5TOM B CTYIlEHU He HAOII0HaeTCsl CYIeCTBEHHBIX
MyJIbcallii ¥ SIBHO BhIpaxkeHHoro mameHus KIT/I.
OHa MOXeT HaJIe:KHO M 9KOHOMUYHO padoTaTh 0e3
OrpaHMYEHUs JJIUTETLHOCTH.

3HayeHne GV g3 XapaKTepu3yeT Hauyajo MHTeH-
CHUBHOTO Tepexojia OT TYpOMHHOTO pexkrMa K KOM-
MPECCOPHOMY, KOT/1a MPOVCXOIUT OTPHIB MOTOKA HE
TOJIBKO OT TOPIIEBOM ITOBEPXHOCTH, HO W OT IPO-
(buns nonarok. PazBuTue oTpbiBa CONPOBOXAACTCS
HAaCOCHBIM PeXMMOM paboThl cTyneHU. B aToit
YCJIOBHOI TOUYKE OTPBIBHAS 30HA 10 BEICOTE JIOMAT-
KM MOXET JOCTUYb OOJBIIMX pa3MepoB. byaem
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Puc. 1. 3aBUCUMOCTb OTHOCUTEIbHBIX TMHAMUYECKUX HAMTPSIKEHU I
B paboYMX JIOTIATKAX IMOCJIEAHEI CTYIICHN OT Harpy3Ku TypOUHEL: | — oguHOYHAas cTyreHb XI11U;
2 — crynenb K-200B Skoda (d//=2,9); 3 — ctynenb KWU (d/I=2,83)
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Xapakrepuctuku nocjaeaanx cryneneid ITH/I,

Howmep HauMeHoBaHuE TYpOUHBI O6o3Ha- Gvka | Gvis Zc(Tqu/ll'[CeH—O P’ d/l n MI:;;‘;}II)I/—IK
oTceka yeHue Heit) g AL
1 K-300—240(M1:3) T 0,33 | 0,28 2 0,02 | 2,58 | 0,69 6
2 K-200B Skoda K 0,31 0,24 4 0,23 2,9 0,75 7
3 K-300 4-as cTyneHb I 0,40 | 0,20 4 0,07 | 3,46 | 0,80 10
4 T-60—130 H 0,50 0,24 4 0,05 3,07 0,80 11
5 K-500 @] 0,60 | 0,27 5 0,125 | 2,86 | 0,76 8
6 K-200-130 O 0,66 0,25 4 —0,13 | 2,74 | 0,76 12
7 K-300—240 mmocne MmogepH \Y 0,80 0,28 5 0,02 2,58 | 0,695 13
8 K-300—-240 (M1:3) v 0,90 0,28 3 0,017 | 2,58 0,66 14
9 K-300—240 no MmonepH » 1,07 | 0,29 5 0,02 | 2,58 | 0,60 2
10 BK-100—5 nocne monepH = 0,95 0,31 5 —0,175| 2,77 0,63 15
11 |TIBK-200 0 0,85 | 0,24 4 | -0,13| 2,74 | 0,78 1
12 K-160 (%) 1,15 0,29 6 0,04 2,72 0,55 16
13 |CBK-150 (M 1:3) 0 0,70 | 0,34 3 0,05 | 3,01 | 0,80 17
14 | K-200A Skoda (O] 0,60 | 0,28 4 0,01 2,4 0,72 7

XapaKTepM30BaTh 3Ty «30HY OTPBIBa» (puc. 2) ma-

_ b4 _
paMeTpoM (so = %, a o6mactb 1— /5, OymeMm Ha-
2
3bIBaTh «30HOM YCTOMYMBOCTU ITOTOKAa», OHA Ha-

XOAMTCS Ha iepudepru pabodero Koueca, u yepes
Hee MPoTeKaeT OCHOBHAs Macca ITOTOKa, B KOTOPOit
e1le BO3MOXXHO U3MEPUTh PACXOIHYIO COCTABIISIIO-

Puc. 2. 3oHa oTpbIBa ¥ 30Ha YCTONYMBOCTH
MOTOKA B MOCIEIHEM JBYXCTYIIEHIATOM
orceke LTH/T

56

Y0 CKOPOCTH ¢, (mpakTnyecku ~0,1c,,, tne ¢, —
pacueTHasi CpefaHsIsi CKOPOCTD IO BCEii BBICOTE pa-
Ooueil jomatku 0Oe3 ydyeTa OTphiBa IIOTOKA).
Pa3BuTHE KOPHEBOTrO OTpbIBa COMPOBOXIAETCS
YBEJIMUYEHUEM BBICOThI {30 , 3ATIOJTHEHHOI MyJIbCU-
PYIOLLIMMU CTPYSIMU.

YcroitunBas odnactb 1— /5, TEM OOJIbIIE, YEM
OoJiee CoBepIlIEeHHA HE TOJILKO ITOCIEIHSS CTYIIEHD,
Ho U npoToyHas yacTb LIH/I B iesiom. CaBur Bropoii
ToUKM GUK2 OTHOCHTEILHO TpeThell B CTOPOHY
yBEJIUYCHUSI 00BEMHOI'0 pacxo/ia rapa mporucXoauT
MO/ BIMSIHUEM CTUMYJISITOPOB OTPHIBOB. YeM Jyuiiie
MOCJEIHSISI CTYIIEHb IPOTUBOCTOUT BO3MYILICHUSIM,
MOPOXKAEHHBIM B MTPOTOYHOM YacTH, TEM MEHbIIIe
pacCcTOsIHUE MEXAY YKa3aHHBIMU KPUTUYECKUMU
ToukaMu [5]. BenrnuuHa Gv K3 MOXET ObITh YMEHb-
IIeHa B OCHOBHOM 3a CYET COBEPIIIEHCTBA MOCEI-
HEU CTYIICHMU.

Orcex 1 oTmuaeTcs oT oTceka 8 TOJIBKO YMCIOM
cryneHeil (cMm. tabi.). Ilepexonm ot Tpex cTyneHei
K IBYM IIPUBOIUT K PE3KUM NU3MEHEHUEM CTPYKTY-
PBI TTOTOKA B 00J1aCTU MaJIbIX OOBEMHBIX PACXOIOB
napa Gv. DTO CyIIECTBEHHO OTpaXkaeTcsl Ha I10-
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JIOXKEHUU TpeTbell KPUTUUYEeCKOM TOUuKu GUk3.
B ombITax B oTceKe 8 HaYalIo OTPHIBA ITOTOKA B IO~
CJIeHEW CTYyTIEHU GVk2 BO3HHKAIO npu Gv= 0,9,
a Ha pexxrMe TopMoxXeHust Guk3 TepudepuitHas
30HAa YCTOMYMBOTO MTOTOKA, TIepeceKaroIero pabo-
yee KOJIeCo, COCTaBJIsia 1= V30 = 0,57. B xopHeBoii
30He HalIIoaIach Majasi pacXomHasl ¢, ¥ OoJbLIast
paguaibHasi ¢, COCTaBJISIIOLIME CKOPOCTU CPIBHOTO
noroka. [Ipuuem HeopraHM30BaHHOE TeUeHNE B pa-
6oueM KoJiece COITPOBOXKAAIOCH CUILHBIMU MYJTb-
calMsiMM (KaK MOKa3blBalOT UCCIEI0BaHUS
[6, 7], ocobenHO y epudeprun CTYIIEHH ) U PE3KUM
cHmkenneMm KIIJII pabouero koneca. YcTpaHeHue
B TPEXCTYIIEHUYATOM OTCEKE OHOM CTYIICHU KOPEH-
HBIM 00Pa30M ITOBJIUSLIO HA CTPYKTYPY B TTOC/IEIHEM
pabouem Konece. [IprunHa mepecTpoiikKu IOTOKA
00BSCHSIETCS TIPEXe BCEro BBEIEHUEM BMECTE
C TPEThE CTYIIEHBIO JOTIOIHUTEIbHBIX CTUMYJISITO-
POB OTpbIBa MOTOKA.

Ortcek 1 xapakTepusyeTcsl 0JIU30CThI0 KPUTH-
yeckux Touek Gvgr = 0,33 u Gugs = 0,28. 3oHa
OTpBIBA CTYIIEHM COCTaBIISIET £30 = 0,15, T. €. ycTOii-
qyBast 30Ha 1— (30 = 0,85. C HauajioM KOPHEBOTO
OTpBIBA ITPU Gukr = 0,33 mocneaHss CTyIEeHb e
nmeet KIT okono 50 %. I1pu aToM uccaenyemast
CTYIIeHb, UCTIBITAHHAS U30JIMPOBAHHO (C TTOATOTO-
BUTEJBbHOI pEeIIeTKON Ha BXOAE U TEM Xe YIJIOM
pacKpBITUS IIPOTOYHOM YacTtu), umenaa KIIJ Ha
20 % HiKe. DTO yBeIMIEeHUE TTOTePh SHEPTUH IIPO-
M30IIIJI0 M3-3a TOTO, YTO pe3Koe CHIKEHUE TypOoy-
JICHTHOCTH Ha0erarolero moToka rpuBeJio K CPhIBY
(230 = 0,45), npu 3TOM YCWIWJIUCh paluaibHbIe
TEYEHMSI OT KOPHEBOTO CeUeHUsI K epudepun, Bbl-
3BIBAOIIME MOATOPMAKUBAaHUE pabodero KoJjeca.
OTMeTUM TaKKe, 4TO paccMaTpuBaemasi CTyIeHb
COJEPKUT XapaKTepHBIE CTUMYJSITOPEI OTPHIBOB
B BUAE M3JIOMOB B MEPUAMOHAIBLHOM CEYECHUU
y KOpHS U Tlepudepun, a TakKe MMeeT OJIU3KYI0
K HYJIIO CTeNIeHb PEaKTUBHOCTU Y KOpHs. Tem He
MeHee B IBYXCTYIIEHUAaTOM OTCEKE YCTOMUYMBOCTh
MOTOKAa — YAOBJIETBOPUTEIbHA.

Orcexu 2, 314 — 1OCTaTOYHO YCTOMYUBEIL. JIJ1st
HUX XapaKTepHbI CPaBHUTEJILHO MaJible 3HAUCHMUSI
Havajla oTpbiBa GVg2 U COOTBETCTBYIOIIME UM

0O0JIbIIIME 30HbBI YCTOMYMBOCTH | — /30 . BaTOM cly-
yae laxe MOBBIILIEHHbIE MyJIbCAllMX HE OTTaCHBI IS
JIOMATOK, MOCKOJIbKY MaJibl AEHCTBYIOIIE CUJIbI.
Taxke y oTcekoB 2 U 3 COMMXKEHbI KpUTUYECKUE
TOuKu GVg2 U GVk3, YTO MOJOXKUTEbHO BIUSET

Ha UX paboTy. YBeIMUeHNE CTETIEHN PEAKTUBHOCTH
B KOPHEBOM ceueHmnu orceka 2 ¢ pr = 0,01 (oTcek
14) no p7 = 0,23 pacIIMPUIO YCTONYMBYIO 30HY
1-/50 ¢0,6 100,85 1 MOIKAJIO IIOTOK K KOPHEBOM
OTpaHMYMBAIONICH TTOBepXHOCT. OTHOBPEMEHHO
KII[ cryrenu noBbicuiics Ha 3 %. OTMETUM TakKe
MOBBINICHHOE 3HAYeHUE CTETICHN BEEPHOCTH OT-
ceka 2 (d/!/=2,9) no cpaBHEeHMIO C OTCEKOM 14, Trie
d/l=2,4,9T0 NMOJOXUTEIbHO OTPA3UIOCh HA YCTOM-
YUBOCTH CTYMCHU.

Hauano oTpsiBa 1oToKa B OTCeKe 5 BO3HUKAET
mpr Guks =0,6, a PeXIM TOPMOKEHHUSI COOTBET-
ctByeT Gug3z =0,27 . B cTtyneHn HabIoJaIuch CUIb-
HBI€ TIY/IbCALINN JABJICHUS A , KOTOPbIE JOCTUTAIH
BEJTMYMHBl A = 0,4 npu Gv =~ 0,2 [8]. B ananorny-
HBIX CTYTICHSIX TOTO e Kjlacca ObUIM OTMEUEHBI 3Ha-
YUTEIbHO MEHbIIIE MyJibcaliui. CHUXeHMEe yCTOM -
YUBOCTU MOTOKA CBS3aHO C HAJIMYMEM OOJIbIION
TTOJIOKUTEIBHOM TTePEKPHIIIN MEXITy HaIIpaBIsIO-
1AM arlapaToM U paboyrM KOJIECOM.

CreneHb BeepHOCTH OTceKa 6 d/l = 2,74 no-
CTaTOYHO BEJIMKa JJIs1 TOTO, YTOObl MOXHO ObLIO
JIOCTUTHYTB BEICOKUMX TTOKa3ateleit 3(h(heKTUBHOCTH
ctyrneHu. Bee octanbHbIe TOKa3aTen, KpoMe Kop-

HEBOH CTETIEHU PCAKTUBHOCTU p% , MO2KHO CUMUTATb
YAOBJICTBOPUTECIbHBIMMU. Hanuune OTpHL[aTCJILHOfI

CTEeNEeHU peakTUBHOCTH ( p7 =—13 %) B couetaHun
¢ IpYr'UMM MeHee 3HAYMMbIMU CTUMYJIAMU OTPbIBa
B IPOTOYHOI YaCTU MTPUBEJIO K CPABHUTEILHO paH-
HeMy OTpbIBY roToKa ( Gk = 0,66 ).

B oTcexe 7 Hayasio OTpbIBa BOBHUKAET Ha PEXKU-
Me Gk = 0,8, HecCMOTps Ha OTPabOTAHHYIO MPO-
touHyto yacth [IH/. ITpruurHaMu CTOJIb paHHETO
OTPbIBA SIBJISIIOTCS] €IMHCTBEHHbII PE3KUiA TTepexo
B KOPHEBOI 30He, Majioe 3HaueHue d/[= 2,58 v nsITb
cryneHei B orcexke LTH/I.

Crynenu 9, 10, 11 1 12 uMeroT HU3KME MOKa3a-
tenu apPpekTuBHOCTU. OTpULIATEIbHAS WIIN OJIN3-
Kasi K HYJIIO CTeleHb PeaKTUBHOCTU B KOPHEBOM
CEUYEeHUMU, M3JIOMbI B MPOTOUHOM YacTH, ycTapeBIIne
MpodUIU JIOMATOK SIBJISTIOTCSI OCHOBHBIMM CTUMY-
JISTOpaMy OTPBIBOB MOTOKA B CTYTMEHH.

HeobnaronpusiTHbIe MOKa3aTe I yCTOMYUBOCTH
cTyneHu 13, HeCMOTPSI Ha CPAaBHUTEbHO BBICOKYIO
(OTHOCUTENIBHO JIPYTUX CTyMNEeHei) cTerneHb Beep-
HocTu d//= 3,0 BEI3BaHBI B OCHOBHOM HU3KMM YHC-
70oM Re U 6OJIBIIMM OCEBBIM 3a30POM d 5 TEpel
MocJIeAHe CTYMEeHbIO, YTO XapaKTepHO JJIsl TPo-
TOYHBIX YacTell co cTyneHblo baymana.
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Puc. 3. 3aBucuMOoCTb HayaJla OTPbIBA MTOTOKA OT YCTOMUMBOI 30HbBI
CTYTIEHU

Hcxonst n3 pacCMOTPEHHBIX JaHHBIX MOXHO
cieaTh BBIBOJ, UTO JIJIsI PACLIMPEHUS] YCTOMUMBOI
o0s1acT pabOTHI ITOCIEIHEN CTYIIEH HEOOXOAUMO
CO0JTIOIaTh MEPHI [JISI OpraHU3aLK 0€30TPHIBHOTO
TEUYEHUSI 110 BCeil MPOTOYHOM YaCTU, 8 UMEHHO: U3-
Oerath OOJIBIINX YIJIOB PACKPBITUS IPOTOYHOM Ya-
CTH, HAJIUUMSI M3JIOMOB U MEPEKPHIII, Pa3pbiBOB
TBEPbIX OrPAaHUYUBAIOIINX TOBEPXHOCTEM.

W3 nomyyeHHOM 3aBUCMMOCTH Ha PUC. 3 BUIHO,
YTO CPaBHUTEJLHO MaJibIM 4yuciaaM GUk2 COOT-
BETCTBYET OOJIbllIasl YCTOMYMBAsA 30HA IO BbICOTE
pabouero kojeca, KoTopas u cocTasiser 0,83—
0,87, uyTO XapakTepHO IS CTyneHei 1 u 2 ¢ 6iaro-
NPUATHBIMU TIOKa3aTelsIMU ycToiiunBocTu. [1pu
CMEIIEHUU KPUTUYECKOU TOUKU GVk2 B CTOPOHY
YBEJTMYECHUST 00BEMHBIX PACXOAO0B Mapa 30Ha YCTOM -
YKMBOTO MOTOKA |— £, yMEHbBIIAETCS, & OTPHIBHAS

30Ha B paboueM KoJjiece yBenuuupaetcs. CiaenyeT
0o0paTuTh BHUMaHUE Ha POJib IMJIOTHOCTHU Iapa

B MyJbcUpyIollel oTpbIBHOU 30HEe. [Iporopiino-
HaJIbHO 3TOU TUIOTHOCTU MEHSIETCS Macca KoJie-
OJro1IeTOCs CTOJI0OA Mapa, a COOTBETCTBEHHO, U Ya-
CTOTHbIE XapaKTePUCTUKU ITON 30HBI.

Ha puc. 4 npuBeaeHa 3aBUCUMOCTb 3(PPeKTUB-
HocTtu nocienHux cryneHeit ITH/I ot koadduim-
€HTa BeepHOCTHU, KOTOpasi OTpaxkaeT TeHAEHLIUIO
3HauuTenabHoro cHvxkeHus KITJI crymenu rmo mepe
yBeJIMYEHUS BeepHOCTH pabouero Koseca B 001acTh
d/[< 3. IIpu onMHAaKOBOM YPOBHE Meperaga SHTalb-
Muii Ha cTyneHb B auarnasoHe d/l = 2,4—3 KIIJI
CTyneHU cHuXkaercs Ha 6—7 %. CTyneHHU ¢ OTHO-
CUTEJIbHO OOJIbIIUMU 3HaYeHUsAMU d/! (Oosbliie
3) umetot Beicokue KITJI, uTo siBisieTcst gocTaTou-
HBIM YCJIOBMEM JIJISI UX YCTOMYMBOI paboThl. B cTy-
MEeHSIX IIpeaeabHoi BeepHOCTH (d// < 3) 3aMeTHYIO
POJIb UTPAIOT CYILIECTBYIOIIME B TPOTOUYHOM YacTu
CTUMYJIITOPBI OTPHIBOB MTOTOKA.

Takum oO6pa3oM, ycTpaHEeHUE CTUMYJISITOPOB
OTPBIBOB OTOKA MTO3BOJIUT 3HAYUTETHHO MOBBICUTD

K A
00| L {1
I i S A
0,76 I I .l °
H 1] Kk .
n\ l\‘\ N~
0,72 \“ \'\| M - 5‘
1r T T ~
i i 3
77 716 1,5 74 35 3431 30 29 28 2,7 26 2,5  d/i

Puc. 4. 3aBucumocts KI1JI mociaenHux cTyneHel OT BeepHOCTU paboyero Kojaeca
(® — /T K-200 (BepxHuii sipyc); M — /T K-1000; p — /T K-1200)

58



DHepreTuka

KITJI mocnegnux cryneHeii. CHU3UTD ITyIbCcallun
Ha BXOJI€ B CTYIeHb BO3MOXKHO 3a CUET ONTUMAJIb-
HOTO MEPUANOHATLHOTO podMInpoBaHus (Orpa-
HUYEHME YTJIa PACKPBITUS MPOTOYHON YacTU Ha
nepudepry U B3aNMOCBSI3aHHBIX IIapaMETPOB P7-
u My}, ), a TaKxKe pacKpbITUSI B KOPHEBYIO 00J1aCTh
ctyrnienn | 6]. [IpuMeHeHNe 3aKpYTKU ITOTOKA 3a Ha-
TIPaBJISTIONIMM amIiapaToM, KOTopasi 00ecTieunBaeT
CHUXXKEHUWE T'paJueHTa JaBJieHUsl BIOJb paauyca
1 COOTBETCTBYIOILIEE YMEHbIIEHUE M), , TO3BOIUT
YaCTMYHO KOMIIEHCUPOBaTh BpeIHOE BIUSIHUE Ma-
JIOTO OTHOLIeHUS d/! .

HpezularaeMoe TEXHHYECCKOE pCIICHUE

[Tockoabky B objactu d/l < 3 motepu 3HEPTUn
OT BEEPHOCTU CTAHOBATCS 3HAYUTEILHBIMU, CIICIY-
€T UCKaThb MPUHUMITUAIBHO HOBbIE KOHCTPYKTHB-
HbIe pelIeHUS IJIs TIOCeAHEN CTYIIeH!, YCTpaHsI -
IolIMe 3TOT HeAocTaToK. B kauecTBe mpumepa
BO3MOXHOI KOHCTPYKIIMU HA PUC. 5 TIpecTaBIeHa
CTYIIEHb C BbleJICHHEeM KOpHeBoro sipyca. Cieayer
OTMETUTh, YTO BIIEPBBIE 11€JIECOOOPA3HOCTD MPU-
MEHEHMUsI HUXKHETO sipyca Oblla JoKa3aHa UCCIea0-
BaHUSIMU, BBIIIOJTHEHHBIMU IIOJ PYKOBOACTBOM
npodeccopa A.M. KupuiiiioBa Ha BO3IYILIHOM CTEH-
ne. MccnemoBaHus pa3aelsionieil MOTOK MOJIKU Ha
paboueii JomaTke CTyNeHu MoKa3aau XOpoIlue pe-
3yJILTAaTHl HE TOJIbKO HA HOMUHAJIBHOM peXXMMe, HO
Y Ha MepeMeHHBIX pexxumax [9].

IIpencraBneHHas Ha pUC. 5 KOHCTPYKLIUS MO-
KeT 00ecneYnTh HeOOXOAUMYIO YCTOMUMBOCTD ITO-
TOKa B ITOCeTHUX cTyneHs x MoinHbx ITH/I, ckiioH-
HBIX K OTPBIBHBIM TeueHUsIM. [IpenMyiiiecTBo Takoi
KOHCTPYKLIMM — BO3MOXHOCTb MCITOJIb30BaHMUS
HUXXHETO sipyca Ha yXe OTpabOTaHHBIX U XOPOILIO
3apEeKOMEHIOBABIINX Ce0sI MOCIEIHUX CTYIEHSIX
tuna PJI-1200. B ciyyae yBeanueHus eAMHUYHOMN
MOIITHOCTH TYPOMHBI U JaJIbHEHIIIETO YBEIUUCHUS
JJIAHBI TTOC/IENHNX padbodux joraTok a0 1400 MM
1 00JIee UCTIOJIb30BaHUE ABYXbIPYCHOM TTOCeTHEN
CTYMEHU OTKPbIBACT MPUHLUMITUAIBHO HOBbIE BO3-
MOXHOCTH IT0 CPAaBHEHMIO C TPAAUIIMOHHBIMU Me-
ToAaMM MPOEKTUpOBaHUs. BBeneHue sipyca pac-
uUpsieT 00JIacTh YCTOMYUBOCTU TIpU paboTe Ha

> (d/l); — ocHOBHOI1 sIpyc

} (d/1), — HXHUI sipyC

Puc. 5. [Tocnennsist crynens LIH]L
¢ BbIIEJIEHNEeM KOPHEBOTO sipyca

pexXuMax Majibix GU 3a CYET Pe3KOro YBETUYEeHUS
OTHOLIEHU d/[BepxHero u HuxHero sipyca. YToobl
noayyuThb Beicokuii KITJI ocHOBHOTrO sipyca cTyIie-
HU, HCOOXOIMMO BEIOMPATH CTEIIEHb BEEPHOCTH Ha
3TOM yyacTke B npezenax (d/l), 2,8—3,0. CornacHo
puc. 4 cryneHb Takoro kiacca (K-200B Skoda) ume-
et KITJI mopsinka 73—75 %. B aToM city4ae cteneHb
BEEPHOCTU HWXHeETo spyca (d/[), cocraBut donee
(d/), > 3 u nozsoaut noayuuts KI1Jl Ha ypoBHe
80 %. TakuM 00pa3oM, yCTpaHEHUE BCEX CTUMYJISI -
TOPOB OTPHLIBOB ITOTOKa B MpoTouHoit yactu 1TH/I
U TIpUMEHEHNE IBYXBIPYCHOU KOHCTPYKIIMH TT0-
CJIeHEN CTYTIEHU ITO3BOJISIT 3HAUMTEIbHO MTOBBICUTh
KITJ ctynenn (Ha 4—5 % m Gomee) o CpaBHEHUIO
C INOCTUTHYTBIM Ha CErOOHSIIIHUA NeHb (OKOJIO
65—67 % c PJ1-1200).

[NomyueHHBIE pe3yIBTaThl IO3BOJISIOT IIPY JAJTh-
HelllleM YBEJIMYEHUM BHICOT pabO4YMX JIOMATOK
MOIIHBIX NapOBBIX TypOWH, pabOTaIOIINX B YCIOBU-
SIX BO3MYILIEHHBIX IOTOKOB BJIaXKHOTO Mapa, MOBbI-
CUTh 3KOHOMHWYHOCTh MPOTOYHOM YaCTU HU3KOTO
JIaBJICHUS 32 CYET OpraHU3alM B CTYIIEHU OOJIBIIION
BECPHOCTH HIDKHETO sipyca. Hanuume sipyca 1moBbI-
1IaeT YCTOMYMBOCTh OTOKA B MOCJEIHEN CTYIIEHU
W YBEJIMYMBACT €€ SKOHOMMWYHOCTh KaK HA HOMU-
HaJbHOM pacYeTHOM peXMMe, TaK U Ha IepeMeH-
HBIX peXrMax pabOTHI CTYIICHM.
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