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PaccMoTpeHo BmsiHMe 3aKOHA NPOQIINPOBAHNSA Ha IapaMeTphbl IIOTOKA B KOPHEBBIX I Ile-
prepUITHbIX CeYeHVSX PEIIeTKY JIOIATOK PeryIMpyeMoro COIUIOBOTO allllapaTa TYpOMHBI
TPAHCIOPTHOTO Ta30TYPOMHHOIO ABUTraTelsl. PacueT mapaMeTpoB IIOTOKA BBIIOJHEH IO Me-
TOJMKE, YUUTHIBAIOIEll HAK/IOH M U316 MepVINOHAIbHBIX JIMHWUIL TOKA U IIOTEPU IPY Tede-
HuM B crynenn. [TokasaHo, 4TO B CTyIeHsAX, CIPOGIIMPOBAHHBIX II0 3aKOHY R*tg O = const,
IIPY HEM3MEHHON CTEIIEHM PEAKTUMBHOCTM Ha CPEJHEM [IMaMeTpe C YBEINIEHUEM CTENEHU Z
MIOBBIIIAETCS CTENeHb PEAKTMBHOCTY B KOPHEBBIX CEYEHMAX JIONMATOK, YTO IMPUBOAUT K IIO-
BoimeHto KITJI TypOMHBI Ha pe>kMMax YaCTIYHON MOLTHOCTU. PaccMoTpeHbI TpeOoBaHNMs K
napaMerpaM peieTok PCA ¢ y4eToM TOPMO3HBIX PEXMMOB TYPOMHBIL.

KiroueBble cnoBa: TypOyHa, perynupyeMsblil COIIOBOII anmapar, Npo¢uIMpoBaHue, napa-
METPBI 110 BBICOTE CTYIIEHH, CT€IIeHb PeaKTUBHOCTH, ITOTEPH.

In this article the authors study the influence of the profiling law on the flow parameters
in root and peripheral cross sections of blade rows with variable-area nozzles in a
transport gas turbine engine. The calculations of the flow parameters are performed fol-
lowing a procedure that takes into account the curvature of the flow meridional lines and
the losses in the turbine stage. It is shown that in the stages designed with the application
of the R°tg ou = const law, when the reaction degree in mid-diameter is constant, the reac-
tion degree in root cross sections increases with the increase of the exponent z. It leads to
higher efficiency of the turbine when it is operated in part-load modes. The requirements
to parameters of the variable-area nozzle airfoil cascade with regard to the turbine braking
modes are considered.

Keywords: design law, gas turbine, turbine stage, variable nozzle assembly, profiling law, re-
action degree, losses.

OKCIUTyaTallMOHHBIE PEXUMbI CUTIOBOI TYpOUHBI
TPaHCIIOPTHOTO ra3oTypbunHoro asuratens (I'TII)
XapaKTepyU3yITCs LIMPOKMM [UANa30HOM N3Me-
HeHVs Ilepelajia JaBJeHWil M YacTOT BpalleHNs.
Kpome TOro, HeoOXOAMMO COXPAaHUTb BBICOKMII

KIIJI aToit TypOMHBI IpM yMEHbLICHNN YITIa yCTa-
HOBKM JIOIIATOK PEryIMPYEMOrO COIJIOBOTO allIla-
para (PCA) Ha 4aCTMYHBIX peXMMax fo 3...5° Ko-
TOpO€ TPOBOAUTCA /ISl IOBBIIIEHNS TOIIMBHOM
sxoHoMuyHOCTY I'T]] Ha aTux pexxumax [1].
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Ilenp paboTbl — MCCIeOBaHNMe BO3MOXKHOCTH
HOBBIIIEHN TOIUIMBHOM 3KOHOMMYHOCTM [IBUTa-
Te/ld Ha PeXMMAaX 4acTMYHOI MOIIHOCTU 3a CYeT
YCOBEpLIEHCTBOBAHUA METOfA IPOPUINPOBAHNUA
JIOTIATOK B KOPHEBBIX U MepUQepUitHbIX CeUeHMAX
IPOTOYHOII YacTy CUI0BOI TypOuHsbI ¢ PCA.

B cBA3M ¢ atM HeoOXOAMMO M3YUUTH 9peK-
TMBHOCTb PabOTBI CMJIOBOV TYpOMHBI IIPU pas3ind-
HbIX 3aKOHAX NPOPWINPOBAHN JIOIATOK IO BBICO-
Te CTYIIeH! Ha pa3/lINYHBbIX PeXMMaX, XapaKTepHbIX
ISt aKcIuTyatanyy Tpancnopraeix I'T [2-12].

B Hamboree TsDKENMBIX YCIOBUAX PabOTHI HAaXo-
ISITCSI KOpHeBbIe cedeHus crymenu. Ilpm gacro nc-
II0/Ib3yeMOM 3aKOHe NPOGIINPOBAHNA II0 BBICOTE
CTylleHu O = const MMeeT MeCTO 3Ha4yMTe/lbHOe
CHIDKEHJE CTelleHV PeaKTVBHOCTY CTYIeHU P K
KOPHEBBIM cedeHVAM. OOBIYHO IPUHATO, YTO HA
pacyeTHOM peXMMe CTeIIeHb PEAKTUBHOCTU Pyopn =
=0,05...0,10, a Ha cpenHeM guamerpe D., mpu ot-
HOILEHNY JUIMHBI JIONATKN [ K CpeflHeMY JVIaMeTpy
Typounsl I/De, = 1/3,5...1/4 - pg = 0,34...0,40. Ha
YaCTUYHBIX pexxuMax paboter I'T]l mpu ymeHbIe-
HMM CTeIeHV IOHVDKEHNUA JaBlIeHNA B TypOuHe T,
M YacTOTbl BpallleHNA 7, IPOMCXOAUT CHIDKEHNe
CTEIIeH) PeaKTUBHOCTY B KOPHEBBIX CEYEHUAX [0
OTPUIATE/IbHBIX 3HAYEHUI. DTO BBI3bIBAET YXYI-
IIeHue paboThl KOPHEBBIX CeYeHMil ¥ IajeHue
KII[] crynenu. KpoMe Toro, mpuMKpbITHE TONATOK
PCA npuBOAMT K CHIUKEHMIO CTEIIEHM PeaKTUBHO-
CTU IO Bcell BbIcoTe cTyneHu. Ilo JaHHBIM MCIIBI-
TaHuit Typ6uH ¢ PCA, ymeHbIleHNEe OTHOCHUTENb-
HoI1 Iromaay Ha Bbixofe n3 PCA nHa 5 % mpuso-
IMT K YMEHDBLIEHMIO CTEIleHM PeaKTMBHOCTM Ha
cpefHeM JyaMeTpe Ha 7...8 % ¥ COOTBETCTBYyIOLIe-
MY CHIDKEHMUIO CTENIeHY PEAKTUBHOCTU Y KOPHS.

/36e>xaTb OTPUILIATENBHON CTEIEeHN pPeaKTUB-
HOCTM B KOPHEBBIX CEUEHUAX C y4eTOM BJVMAHUA
YKa3aHHBIX (PAaKTOPOB MOXKHO ITyTeM YBeIN4eHMA
pacyeTHOl BeIMYMHBI CTEIIEH) PeaKTMBHOCTU Ha
CpefHEM AMaMeTpe, OFHAKO 3TO HPUBOAUT K IO-
BBILIEHMIO yTeYeK 4epe3 pajyuanbHbIl 3a30p Haf
pabourMu TonaTKaMim.

[/l IOBBIMIEHUA Pwopn IPU Pp= cONSt IpUMe-
HAT cTpenoBujHble nonatku PCA, Hak/loH Ime-
pudepuitHO 4acTM KOTOPBIX IO IIOTOKY IIPUBO-
IONUT K POCTy peakTMBHOCTM y KOpHsA. OFHaKo Ta-
KOJl CIIOCOO He HAaXOAWUT INPYMEHeHMsA B CIydae
perymupoBaHus COIUIOBBIX JIONATOK [7].

[ns ompepmerneHus rpajyeHTa M3MEHEHMA CTe-
IIEHM PeaKTUBHOCTU P IO pajguycy R u oLleHKH 1o-
Tepb B Pa3/INYHbIX CEYEHMUAX IO BBICOTE CTYIEHM
IIpOBefieH CpPaBHUTENbHBINI aHaMN3 IIapaMeTpOB
IOTOKAa IIPY Pa3INYHbIX 3aKOHaX IpodUInposa-

HVSI CTyIIeHU, HOFUYMHSAIOMINXCS 3aKOHY R°tg oy =
= const Ipu U3MeHeHuN z (Moboe 4ncio, onpene-
NsiIolIee 3aKOH NMpoduIMpoBaHus) B Ipefenax oT
-0,5 go 1,5.

[Tpu npodunmmpoBaHNM CTYIEHN 110 BBICOTE 3a-
flaeTcs CBA3h KaKOro-ambo IapameTpa IIOTOKA
(OKPY>KHOII COCTaBIIAIOLIEN CKOPOCTH, yITIa BBIXO-
fla TOTOKA 13 COIUIOBBIX JIONIATOK M Jp.),  TaKXe
YAeIbHOI paboThl OT pagmyca R cedeHns. Itu gBa
YCIOBUA IO3BOJIAIOT HAWTH pacIpefeNieHNe mapa-
MeTpoB noroka 3a PCA u pabounm xonecom (PK),
olpefieisieMOe M3 YC/IOBUSA PaBHOBECUs CUJ [aB-
TIeHMsI ¥ LIEHTPOOEKHBIX CUJI VHEPLUM B OCEBOM
3asope.

YpaBHeHMe paBHOBeCUA

dP + d]nep + d]on—x =0 (1)

BKJIIOYAET B ceOs:
* CWIBI JaBI€HUA
dp dpP
dP = ——dRdF = ——dV;
dR dR
* [[eHTPOOEXXHbIE CU/IBI MHEPLUYU TIEPEHOCHOTO
IBVDKEHNA
2 2

C C
A ey == dm=—"LpdV,
Jrep g Rp

Tie ¢, — OKPY)XXHas COCTaB/AIas abCOTIOTHON
CKOPOCTH C;

* EHTPOOEXHbIE CWIBI MHEPLUY B OTHOCH-
TEJIbHOM JBIVDKEHUM, CBSI3aHHBIE C M3TMOOM Mepu-
AMoHanbHbIX MuHMIT ToKa (VIMJIT) pagnycom r us-
3a Iepepacnpefie/eHs ITIOTHOCTY IMHUI TOKA IO
panuycy,

Cin C
A g =———dmcos®w=——"coswpdV,
r r
Ifie Cn — MEpUVIOHAIbHASA COCTaB/AKINAsg abco-
JIIOTHOV CKOPOCTH C; () — YIOJI MEX[Y KacaTeIbHOM
K JIMHUY TOKAa B OCEBOM 3a30pe U OCBIO TYPOVHBI.

CxeMa TedeHMs ra3a B OCEBOM 3a30pe TypOMHBI
IpuBeLeHa Ha puc. 1.

YpaBHenne (1) mpeobpasyeM K BUIy

ld—pzﬁ—icosw. (2)
pdR R r

B obuiem cimydae 3sHaK Iepep claraeMbIM, COOT-
BETCTBYIOIMM IIEHTPOOEXHON C1Ie WHepLuyu B
OTHOCUTENIbHOM [IBVDKEHIUM, OTIpefiefiAeTcs 3HaKOM
BTOpOJ IPOM3BOJHONM KPMBOI MEPUAMOHAIbHOM
nmvHuM ToKa (MJIT): mpu momoXXuTenbHOM 3Have-
HUM BTOPOJl NPOU3BOJHON — 3HAK «MMHYC», U
Hao0bopoT.
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d‘]nep

dR

dP

Puc. 1. Cxema nuHuM TOKa B 3a3ope Mexay PCA u PK

Ha ocHOBe COOTHOIIEHMs ITapaMeTpOB IOTOKA
IpY TE€YeHMM B COIUIOBON pelleTKe, Iepefs KOTO-
poit Temmeparypa Iy =const ¥ H#aBlIeHUe
Do = const, 1 3a KOTOpoi Temreparypa 1, = const,
nuMeeM

5 (n-1)/n

C .

_1 = CPT‘O>ﬁ 1_ pl 5
2

0

Ijie 1 — I0Kas3aTelb MOMUTPOIBI pPaclIMpeHUs B
petretke PCA; ¢; — abcomoTHasA CKOPOCTb IIOTOKA
Ha BbIxoge u3 PCA; ¢, — cpefHAA yhenbHaA Tel-
JIOEMKOCTb IIOTOKA Ta3a B IIPOTOYHONM 4YacTU Typ-
OVHBI.

[Tpopuddepeniuposas 9TO0 ypaBHEHMe, 3alll-
CaHHOE [/ CTPYMKMU TOKa, IOTyINM

=1/n

adc= —n—lcp To pi dp.
n Po o
C y4eToM ypaBHEHN: TOTUTPOIIBI
1/n
P
P Po
" YpaBHEHMS COCTOSTHIA
Po
HOTY4NM
d k-1 1
@P__nr adc=—-—cdc, (3)
P kn-1 m
rie
— E n-1 nnon ~ ("2
nk-1

rme k — mokasarenb aguabars;; M — KIII mo-
nmutponmdeckoro mnponecca B PCA; ¢ — xoadpdu-
uueHT ckopoct B PCA, ompependgeMslit Kak OT-

HOUIEHME CKOPOCTU ) K 3HaYEHUIO 3TON CKOPOCTU
B ITporiecce 6e3 yuera IOTePb SHEPTUM Ciay.

Bornee TouHO mOKa3aTeNnb # MOYKHO OIPefleNINTh
10 YPaBHEHUIO MIOJIUTPOIIBI

n-1_lg(% /T
n lg(PS/Plcp) ’

rnie Ty, M pi, — CTaTMYeCKue TeMIlepaTypa U
nmapnenue 3a PCA.

YpaBHenne (2) ¢ yderoM BelpakeHus (3) mpe-
obpasyeM K BUIY

, dR , dR
—cdc =mct, — —mct, —cos,
R r
7€ Ciu VI C1m — OKPY>KHAsl ¥ MEPUAMOHATbHAS CO-
craBsAIMe a6COMOTHOM CKOPOCTU ¢; COOTBET-
CTBEHHO.
[TomcTaBUB B ITOC/IeHee ypaBHEHMEe

Cla _ G SINOY

Ciy =€ COS0 U Cyyy =

Cos cos®

nonyuuM auddepeHIanbHOe YpaBHEHNE, CBA3bI-
Balolllee YITIbl BBIXOJA IOTOKA CO CKOPOCTBIO B
0CEeBOM 3a30pe MeXJy COIUIOBOJ M pabodeil pe-
HIeTKaMM:

sin? (0}

dc cos? o
—=m
C R
ITpounTerpnpoBaB ypaBHeHue (4) B Impefesax
OT cpenHero paguyca R, 0 TeKyljero pagmyca R,
HOTY49UM

dR. (4)
r cos®

R
cos® o
€ =Cpexp| -m | ——dR
b R
Rep

Xexp mI sin” o, —dR |. (5)
Ry T COS®

Boipakenne (5) Ipy B3ayIMOCBSA3M YITIOB BBIXO-
fla IOTOKa O C pagnycoM R 1o oOujeMy 3aKoHy
R°tg o = const 1MosBosAeT ONpenenuTh pacipepe-
JIEHV€ CKOpOCTell ITOTOKa IO BBICOTE JIOTIATKM B
0CEBOM 3a30pe MeX/Iy COIIOBOIT U pabodert pereT-
KaMM IS IPUHATO MOJeNy TedeHns (ocecuMMeT-
puuHOe, ycraHoBuBLIeecs) ¢ yuerom VIMJIT u =e-
PaBHOMEPHOIO pacIpefiefieH!sA MOTepb IO BBICOTE
peuterku. IlocnenmHee pocTuUraercs M3MeHeHMEM
CTeIeHN M IO BBICOTe, IpUYeM 3HAUeHUs m OepyT-
Cs1 paBHBIMI OCPEJHEHHBIM II0 pacXofly 3HaYeHMAM
OT CpefiHero [0 TeKYILEero pajuyca.

IlepBple [1Ba COMHOXUTENA B IIPABOMl YacTyU
BbIpaKeHMst (5) [JAlOT 3HaYeHMe CKOPOCTH ¢; 6e3
ydera VIMJIT, 4T0 MOXXeT cTaTh HepBbIM IPUOIN-
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KeHIleM B pacdeTe [eJICTBUTEIbHBIX 3HAYCHMII
CKOPOCTH C.

ITo pesynbraTaM pacyeTa MapaMeTpoB IIOTOKA B
3azope Mexxgy PCA n PK (ceuenne 1-1) Ha ocHOBe
ypaBHeHus (4) ompefenuM pacxoj Tasa duepes
IVIOIA/Ib OT KOPHEBOIO [I0 TEeKYIIero pajamyca u
IpOBEJleM COOTBETCTBYIOIee CMElIeHNe IO pafuy-
Cy CTpYeK TOKa.

Omnpepenenne paguyca kpususHbol MJIT BbI-
IOJTHMM Ha OCHOBE aIllIPOKCUMAINY 3TON JIVMHUA
MIEPUOANYECKO KPUBOM, YLOBIETBOPAIOLIEN I'pa-
HIYHBIM YC/IOBUAM B cedeHMsAX 1-1 m 2-2 (3a PCA
u PK) u uMmeromeit Bup

21X

>

Ry+R, Ry—R
= + cos
2 2 a

Ifie X — TeKylllee 0CeBOe PAcCTOsIHME OT CeYeHUs
0-0 (mepen PCA); a — paccrosiHMe MeXAy cede-
Husamu 0-0 u 2-2; Ry m Ry — paguychl CTpyVKu
TOKa B ceyeHnAax 0-0 u 1-1 cOOTBETCTBEHHO.
Papgnyc xpmsusapr MJIT, ompepensemblii 1o
YPaBHEHMIO
(1 +y? )1’5

rE—

y
IJIA MPUHATON alNIPOKCUMALMM IVHUM TOKa MMe-
eT BUJL:
* 11 cedeHuA 1-1 npu x = a/2

2

a
n=——-;
" 2m (R, -Ry)
* /1A CeYEHNA 2-2 IPU X = a
(12
Hh=——"-".
* (R -R)

Ornpepenenne TeKymUX 3Ha4Y€HUI pafinycoB 1
n r, MIIT B cedennsax 1-1 u 2-2 mposefeM IIO
YPaBHEHMIO pacxofa

Ro Ry Ry
[ vocouRAR = [ viciRAR = [ Y262, RAR ~ (6)

Rxo Ri1 Rg2

METO/IOM  IIOC/Ie[{OBAaTe/IbHbIX  NPUOIVKEHUI.
Y mapaMeTpoB Coa, Cias C2as Ruo, R, Riz MHIIEKCBI «0»,
«1» M «2» coOTBeTCTBYIOT cedeHMAM nepen PCA,
3a PCA n 3a PK; nHpiexc «a» — pacXOfHbBIM CKOPO-
CTAM IIOTOKa B YKa3aHHbIX CEYEHMAX; MHJEKC
«K» — pajmycaM y KOpHS JIOIATOK B YKa3aHHBIX
CEeYEeHMUAX.

ITonydennvle 3HaveHusa pagmyca VIMJIT nos-
BOJIAIOT OIpENeNNTb M3MEHEeHUe ¢ M JIPYTuX IIa-
paMeTpOB IIOTOKa IO BbICOTE JIOMATKMU.

Pacuer mapamerpoB motoka 3a PK c yderom
VIMJIT npoBopuics Ha OCHOBe:

* ypaBHeHMs pacxopa (6) mns cedeHuit 1-1 u
2-2;

* ypaBHeHMsI pabOThI, IIPUHIMAEMOI ITOCTOSH-
HOJI 10 pajnycy,

L, =ug (clu R, +c¢y, Rz) =L, =const

VIM M3MEHAEMO 110 R 110 3apaHee 3alaHHOMY 3a-
KOHY TaK, YTOOBI MHTeTrpalbHas Be/IMYMHA yHe/lb-
HOJ1 pabOTBI COOTBETCTBOBAIA OCPETHEHHOMY 3Ha-
YEHMIO 110 pacXofly. 3[ieChb U, — OKPYXKHas CKO-
pOCTb Ha CpeflHEM pajiuyce; C, — OKPY>XXHas
COCTaBsAOMas  abCOMOTHOM  CKOPOCTH (3
Ri =R//Riy,; Ra=R,/Ryy; Lugy — ymenbHOI pa-
6OTbI Ha CpeTHEM pajiycCe;

* YpaBHEHMsA pafuaJbHOIO PaBHOBECUA, KOTO-
poe B ceueHuM 2-2 U3 paBeHCTBA

c ) =
—c,dc =| my —+m, — | dR
R 15

npeo6pasyeM K BULY

R 5 R ,
3, +2m2J-Ci” dR=¢3, —c3, —2m2j%dR, (7)
1

163 1

rme R= R/Ry; n= 1 /Ryp;

ﬁnz_l
ny k-1

m, =N =

1y — II0Ka3aTeslb IOMUTPOIIbl pacllMpPEeHNs B Typ-
OuHe; R, — cpegHMil pagnyc IPOTOYHOI YacTu
TYpOVHBL

ITokasartenp 1, OIIpeNennM 13 ypaBHeHI/IH
m-1_1g(T/T)
no lg(pilps)

Ha ocHOBaHNMM ITONTy4eHHBIX YpaBHEHUII IpoO-
BefleH pacyeT IapaMeTpOB Ta30BOTO IIOTOKA C
yderom VIMJIT npm 3akoHax HpopuInMpoBaHUA
R?tg ou = const g4 3HaveHuii z = -0,5; 0; 0,5; 1,0;
L,5.

Yacto mpuMeHseMbll 3aKOH Inpoduimposa-
HuA c¢,R = const (3aKOH HOCTOSHCTBA LMPKY/IA-
IVIM) ABNAETCA OJHUM M3 YAaCTHBIX CITy4aeB 3aKO-
Ha R°tg o, = const, B KOTOPOM Benn4MHa Z 3aBU-
cut ot KIIJI monmmMTponmn4eckoro pacumpeHus B
PCA m, yrma o4 ¥ OTHOCUTENBHOTO pajuyca
R= R/R, m MoXxeT ObITh HajifjeHa U3 ypaBHEHNUA

(E)Z/(“m) cos’ay = 1.
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Cla
1,4 \
1,3

1,2
1,1

1,0 / %
0,9 é

0,8 |

0,7 =
0,8 0,9 1,0 1,1 R

Puc. 2. VIsmMeHeHMEe OTHOCUTENBHOI pacxo,uﬁ_oﬁ
COCTaBJIAIOIIEN CKOPOCTH Cj, IO papmycy R:
1—2z=-052—2=03—2=054—2=105—2z=15

\<5

3 ><’

r

2,0

1,5

Lo /
. /

0

N

——

™

AN

0,8 0,9 1,0 1,1 1,2 R

Puc. 3. VIsMeHeHME OTHOCUTENBHOI KPUBUSHBI
MIIT 1/r mo papuycy R:

1—2z=-0,52—2=0;3—2=0,5;4—2z=1,0;
5—2z=1,5

Ipu ou = 27° u m = 0,94 3axkony c.R = const
npu R =0,8...1,2 coorBercTByer z = —(1,2...1,3).

YBenndeHMne CTENeHU z IpY 3aKoHax Ipodu-
mupoBaHMA R*tg o = const IpUMBOAUT K CHMIKE-
HUIO yI7Ia O K Iepudepun, 4To Ipy BHICOKMX 3Ha-
YEHMAX Z MOXeT OBITh He)XXe/IaTe/IbHO I TypOuH
¢ PCA BcnefcTBre pocra KpOMOYHBIX OTEPDb IpK
«IIPUKPBITUN» COIJIOBBIX JIONIATOK Ha 5...7°.

C pocTom ToKasaTens z OTHOCUTENIbHAA PACXO]I-
Hasl COCTaBJIAIIIAsA CKOPOCTH (), B KOPHEBBIX Ce-
YeHMAX JIOIATOK yBemmumBaercs (puc. 2), 4To, co-
[JIACHO YpPAaBHEHMIO HepaspblBHOCTM, YMEHbIIAeT
TOJIIIVHY C/I0S1 IOTOKA B KOpHeBOM cedeHnn 3a PCA
IpY OfVHAKOBOM 3JIEMEHTApHOM pacxofieé B CJIoe
IIeEpEMEHHOV TOMMHBL B cedeHnsax ot 0-0 mo 1-1.

YMeHblleHne pagmyca R, CTpyWKM TOKa, CBS-
3aHHOEe C M3MeHeHMeM INpo(WIs PacXOfHBIX CO-

CTaBJLAIOLUX CKOPOCTY B ceuyeHuy 1-1, BbI3bIBaeT
uckpusienue MJIT npu TedeHUM CTPYWKU TOKA B
PCA. Ha puc. 3 noxasaHa 3aBUCHMMOCTb OTHOCH-
TenbHOV KpyBu3HbI MJIT 1o BbIcOTe TOMATOK B
3asope Mexay PCA u PK or oTHocuTenpHOro pa-
nuyca R v crenenn z.

W3 puc. 3 BUAHO, YTO C MOBBILIEHNEM ITOKa3a-
Tens creneny z KpususHa MJIT yBemmumpaercs.
ITpn z < -0,5 (z = -0,6) Teuenne B PCA mpowncxo-
OMT TOPaKTUYEeCKM MO LVIMHAPUYIECKUM IOBEPX-
HOCTSIM, TaK KaK pacIpeflelieHNe OCEBbIX COCTaB-
JIIIOIMX CKOPOCTU IIOTOKA Ilepef U 3a COIUIOBOIA
pelIeTKOMl OAMHAKOBO. BnMAHMe WUCKpUBIEHUA
MIJIT Ha BenmmumHy abCOTIOTHON CKOPOCTU €1 U ee
COCTABJIAIOIUX OOBACHAETCA IOSABICHNEM JOIOJ-
HUTE/NIbHO CUIBI d)orm, BBIPAKEHHO 9KCIIOHEHTO
B ypaBHeHun (5). Bnmusanue nckpusnenns MJIT na
OTHOCUTE/IbHYI0 CKOPOCTb
IIOKa3aHo Ha puc. 4.

CHIDKEHMEe CKOPOCTH € B KOPHEBBIX CEYEHMAX
(M COOTBETCTBEHHO MOBBILIEHNE ¢; B mepudepnii-
HBIX CeYeHMX) [0 CPABHEHMIO C BE/IMYMHOII ¢; 6e3
yueta VIMJIT Bo3pacTaeT c yBenudeHMreM CTelleH!
Z. 9TO NIPUBOJUT K IlepepaclpelieNIeHNI0 3HaUYeH NI
KIHEMAaTUNYeCKOI CTelleH! peaKTUBHOCTY CTYIEHU
Pram IO papuycy (puc. 5).

2
1,04

¢, = Gumnt / €16es vt

. L —
. >//
1,00

0,98 / ’ !
N

0,96 v
e
0,94 -
0,8 0,9 1,0 1,1 R

Puc. 4. VIsmMeHeHMe OTHOCUTENBHOI CKOPOCTH ¢

Ha BbIxofie 3 PCA no pagnycy R:
1—2z=-052—2=0;3—2=0,5;4—2=1,0,5—2=1,5

p /
"
0,4 —
2 3
0,3 //
0,2 - 7
/ }

0,1}

0 =4

0,8 0,9 1,0 1,1 R

Puc. 5. VIameHeHne KMHEMaTUYECKOV CTeIeHU

PEAKTUBHOCTY CTYIEHU Py IO PATAUYCY R:
1—2z=0;2—2=0,53—2=1,0
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30 = ~. 2M35 \ ///:/:——”’ - 90
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65 < - _ // //‘,/N 4
P / S 32 150 =27 \\ 75
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Puc. 6. VIameHeHue yII0B Bl_ (1-3) u B, (4-6) mo

papnycy R:
1,4—2=0;2,5—2=0,53,6—2z=1,0

YBenudeHne CTeNeHN Z IPUBOJSUT K BBIPaBHU-
BaHUIO M3MEHEHM 10 BBICOTE YIJIOB BXOJja IIOTOKA
B paboune jomnatku [ 1 yrIoB BBIXOfA IIOTOKA U3
pabounx nomatox 3, (puc. 6), mpu srom pabovas
JIoNaTKa IOJy4aeTcs MeHee 3aKpY4eHHOIl IO pa-
TUyCYy.

Wckpusnenne MJIT npuBoguT K M3MEHEHUIO
pacIiipefie/ieHNs CKOPOCTell IIOTOKa II0 Pafinycy B
cedyeHun 2-2. XapaKTep 3TOTrO M3MEHEHMUs IPOTH-
BOIIOJIOKEH TOMY, YTO MIMEN MECTO B cedeHun 1-1
(cM. puc. 4): CKOPOCTD ¢, TIOBBIIIAETCA Y KOPHA 3a
cuetr VIMJIT Ha 19 % m cHmKaercs k nepudepnn
pabounx nonarok Ha 11 %.

YMeHbllleHMe pafiiajJIbHOTO TI'PafieHTa peak-
TUBHOCTY TIPUBOJSUT K POCTYy HEPaBHOMEPHOCTH
BBIXOJJHOJ CKOPOCTM IIO PafiiyCy M COOTBETCTBY-
I0ll[eMy YBeIMYEeHUIO NoTepb. MMHMMYM IOTEPD C
BBIXOJJHOI CKOPOCTBIO (c2, = const, ¢;, = const 1o
BBICOTE JIOIIATKM) JOCTUIAETCSA TONBKO IIPY 3aKOHE
3aKpyTKM ¢,R = const. B cinydae sakona Rtg o =
= const ipu z = 0...1,0 ¢ yBenMueHneM CTeneHu z
TPajiieHT PeaKTUBHOCTU II0 PafjuyCy YMEHBIIAeT-
Cs1, YTO IPUBOAMUT K BBIPABHMBAHMUIO €} IO Pafuycy
U K MEeHbLIeMY M3MEHEHMIO 1, (BC/IefiCTBME pOCTa
0l1), HO K 60JIbIlIeMy MI3MEHEHMIO BeTIMYMHBI Cy;, TI0
panuycy.

YBe/nuueHne ¢ poCTOM CTeIeHM Z abCOMIOTHON
BEJIMYMHBI Cy, IPUBOJUT K CYILECTBEHHOMY OTKJIO-
HEHMIO IIOTOKa OT OCEBOTO HAIIpPaBJ/IeHN: Y KOpHA
U Ha nepudepur M K OONBIINM HepaBHOMEPHO-
CTAM YITIOB BBIXOZIa IOTOKA 13 pabodMx JIOMATOK
0, U cKopocreii Bbixoza noroka u3 PK ¢, (puc. 7),
KOTOpbI€ 3HAYUTENbHO BO3PACTAIOT C IIPEBBIIIEHN-
eM 3Hayenusd z = 1,0.

bornee BbIcOKMe OTKIOHEHN YITIOB O, HA BBIXO-
me u3 PK B kopHeBOM 1 IepuQepuitHOM Ce4eHnAX
OT OCEBOTO HAIpPaB/IEHUA IIPY 3aKOHEe IpOPIIN-
poBaHusA R tg o = const 110 CpaBHEHMIO C 3aKOHOM

Puc. 7. Vismenenue yrnos o, (1-3) u ckopoctu ¢z (4-6)

1o paguycy R:
1,4—2=0;2,5—2=0,53,6—2=10

0, = const IPUBOJAT K YBEJIMYEHUIO IIOTEPD C BbI-
XOJHOJ CKOPOCTBIO B 9TUX CeYEHUAX. Y MEHBIINTD
3TU NOTEPU MOXKHO ITyTeM BBEJEHNA IIepeMEeHHOM
paboThI IO papmycy cryneHn (YMeHbIIeHMe K KOp-
HIO Ha 5...7 % U COOTBETCTBYIOLIEE YBEIMYEHNE K
nepudepun).

OtreHKa IOTeph B COIUIOBOI 1 pabodyeit perer-
KaX IIpM Pa3INYHBIX 3aKOHAX NPO(UINPOBaHNA
Obl/Ia IIpOBefieHa II0 M3BECTHBIM OSMIIVPUYECKNM
COOTHOIIEHNSM [5]. YcTaHOB/IeHO, YTO C POCTOM
CTeIeHN Z IOTepU B KOPHEBBIX CEUYEHMAX COILIO-
BBIX 11 pabo4MX JIOIATOK CHIDKAIOTCSH, IIPU STOM
nosbitienne KIIJ] Ha okpyXHOCTU KojecaT|, Ipu
nepexoge or z = 0 Kk z = 1,0 gocTuraer npuMepHoO
3%. Ha mnepudepun, Ha060pOT, TPOUCXOAUT
yMeHblleHue 1), (mpumepHo Ha 1 %). Pacuer mo-
Tepb ObUI NpOBeleH TaKXKe Ha ABYX YaCTUYHBIX
peXumax paboThl: IpM CHYDKEHMM YacTOThI Bpa-
1eHns poTopa TypouHsI 71, =0,6 (pu oL = const
u T, = const) u npy npukpsITvn ponarok PCA Ha
7°. B 0boux pacCMOTpPeHHBIX C/y4asx IIOTepU Y
KOPH 1Ipy npodmpoBanuy R tg o = const 3Ha-
4UTENIbHO HIDKe, 4YeM Hpu Oy = const (mpu
Ny =#;/ny, =0,6 BBIUTPBIII 1), B KOPHEBBIX cede-
HUSAX COCTaBjAeT okono 4,5 %, a mpu Aoy = 7° —
0KO0J10 6,5 %). B mepudepnitHpIx cedyeHMsAX Ha TeX
K€ YaCTMYHBIX PeXMMax B cIydae Aoy = 7° Benmu-
9MHA 1), YMEHbIIAETCA Ha 5 % M OCTAEeTCs IPAKTH-
YeCKV HeM3MeHHO pu 1, = n,/n, =0,6. B obonx
cry4asax ocpefHeHHbIT KIIJI crynmeHu Ha OKpyX-
HOCTH Kojleca 1), Ipu mepexope or z = 0 K z = 1
Bo3pacTtaeT Ha 1,0...2,5 %.

Ilotepy ¢ BBIXOEHOV CKOPOCTBIO YMEHDBIIAIOT
Bpirpbil 1o KIIJ m,, HoTydeHHBII IpM 3aKOHe
npopwmpoBannsa Rtg o = const. OcobeHHO 3TO
CKa3bIBAeTCs Ha MOTEePsAX B KOPHEBDIX CEUEHMSIX, TTie
VIMeeTCs 3Ha4YMTe/IbHasA 3aKpyTKa IOTOKa (0, = 65...
75°), YBEeIMYMBAIOLIAACA C POCTOM Zz. B HekoTopoit
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CTeIleHM 3TO KOMIICHCHPYETCs CHVDKEHUEeM II0Tepb
Ha rnepucepyn crynenn. Crepgyer OTMETHUTb, 4TO
OKOHYATE/IbHbII BBIBOJ, MOXKHO JIeTIATb TOTbKO IIpU
OLIeHKe [I0Tepb B cucTeMe mypoura — ougpgdy3op.
OpHyuM U3 orpaHMYeHuil yria IoBopoTa jIoma-
Tok PCA Ha TOPMO3HBIX peXUMax SBJAETCA
YMEHbIIIEHNe «TOpJla» COIUIOBOJ peleTKM, KOTO-
poe ompefienAeTCss MUHUMATbHBIM BXOJHBIM ceve-
HueM KaHaja. IToBbicutb yron packpeitusa PCA 1,
C/Iel0BaTe/IbHO, BeIMYMHY TOPMO3HON MOILTHOCTH
MOYXHO BBefleHJeM HEKOTOPOTO ITO/IOKUTETbHOTO
yITIa aTaKM Ha BXOJie B COIIOBYIO pelleTKy. Takoii
nopxoy, TpebyeT sKCIIepUMEeHTaTbHO ITPOBEPKIL.

BroiBopabl

1. DKCIUTyaTaIIOHHbIe PEXUMBI CUIOBOIL Typ-
6unbl ¢ PCA, paboTtarolieit B cocTaBe TPaHCIIOPT-
Horo I'T]l, XxapakTepusyoTCsl IIMPOKMUM [AUaInaso-

JInuteparypa

HOM M3MEHEHUs IepenajioB U YacTOT BpallleHusd, a
Tak)Xe NpukpbiTHeM nonatok PCA no 3...5° B 1e-
JIIX MOBBIINIEHNA TOIUIMBHOM 3KOHOMWYHOCTU
ABUTaTe/NA Ha peXXMMaxX 4aCTMYHON MOLIHOCTI.

2. PacueTHble MccnefoBaHusA MOKasaau, 4T0 i
obecrnieyenns Boicokoro KIIJI cumoBoit TypOuHBI ¢
PCA Bo BceM paboueM pAmamasoHe ee PeXUMOB
11e71eCO00Pa3HO MCIIOIb30BATh 3aKOH NMPOPIINPO-
BaHMA THIa R tg o = const, KOTOpPBIL IO CpaBHe-
HMIO C 3aKOHOM INpOGMIMPOBaHMA O = const
obecrieynBaeT IOBBILIEHVIE CTEIIEHV PEaKTUBHOCTY
y KOpHA JIONAaTOK npuMepHo Ha Ap = 0,08 (cm.
puc. 5).

3. JlyiA yMeHbIIEHNA NTOTEPD C BBIXOJHO CKOPO-
CTBIO IIpY NPOPWINPOBAHUU CTYIIEHU IIO 3aKOHY
Rtg o = const Ieecoo6pasHO NPUMEHATH IIepe-
MEHHYIO yZIe/IbHYI0 paboTy IO BBICOTE CTyIeHu (c
YMEHbIIEHNEM €€ K KOPDHEBbIM CEYeHMAM Ha 5...8 %
¥ COOTBETCTBYIOLIMM POCTOM Ha Itepudepun).

[1] Tpounxuit H.V. IlpumeHeHe HAKOMMUTeENEN SHEPTUM — PAFUKAIBHBI CIIOCOO YIydIIEeHIs
TOIIVBHOI 3KOHOMMYHOCTY Ha3eMHBIX MAIIUH C Ta30TypOMHHBIM ABUTaTeneM. BecmHuk
MITY um. H.O. baymana. Cep. Mawunocmpoerue, 2014, Ne 3 (96), c. 110-119.

[2] MomnsikoB B.JI., Kynukees B.A. Ocobennoctu mpoektpoBanusi 3¢¢GeKTUBHBIX TypOUH C
y4eTOM BIIMSHUSA PafiUaNbHOTO 3a30pa. M3secmust svicuiux yueOHbix 3aéedenuil. Mauiuno-
cmpoenue, 2014, Ne 9 (654), c. 9-18.

[3] MomsikoB B.JI., Tymames P.3. Oco6eHHOCTM MpPOEKTMPOBAHMS MPOTOYHBIX YacTell TypOuH
ra3oTypOMHHBIX YCTaHOBOK B 3aBMCHMOCTM OT COCTaBa 1 IapaMeTpPOB paboueil cpefbl
Becmnux MI'TY um. H.9. baymana. Cep. Mawunocmpoerue, 2003, Ne 2 (51), c. 52-62.

(4] Tponnxuit H.J1. TopMo3Hble XapaKTepUCTUKY ABYXBalbHOro TpaHcrnopTtHoro I'T]l ¢ pery-
JMPYeMBIM COIUIOBBIM aIlllapaToM CUJIOBON TypOMHBL Tp. Bcecoios. mesneys. koHg. no ea-
30MypOUHHBIM U KOMOUHUPOBaHHbIM Yemarnoekam (1970), Mocksa, 1971, ¢. 182-191.

[5] Beneguxros B.[I., I'panoBckuit A.B., Kapermu A.M., Konecos A.H., Myxtapos M.X. Amnac
IKCNEPUMEHMATIDHBLX XAPAKIMEPUCHIUK NAOCKUX PEUEOK 0XNANK0AEMbIX 2A3068blX MYPOUH.

Mocksa, IIVIAM, 1990. 393 c.

[6] Babkuu B.J., IxoBpe6oB M.M., Cononns B.V., Jlantunu A V1. Paspurue aBuanmonssix I'T]]
U CO3JIaHlie YHYUKAIbHBIX TeXHooruil. Jeueamens, 2013, Ne 2 (86), c. 2-7.

[7] Cupornn H.H., HoBukos A.C,, ITasixkun A.I'., Cuporun A.H. Ocnosvr koHcmpyuposanus,
npou3eo0cmea U IKCNYAMAUUY ABUAUUOHHBLX 2a30MYPOUHHBIX 08uUeamernell U dHepeemu-
ueckux ycmanoeox 6 cucmeme CALS-mexnonoeuit. B 3 xu. Ku. 1. Mocksa, Hayka, 2011.

1087 c.

[8] ViBanoB M., ITouyes B.II. IIpo6membl co3faHMst BBICOKOTEMIIEPATYPHBIX TYypOUH COBpe-
MeHHbBIX aBUalIIOHHBIX ABuUrateneit. Konsepcus 6 mawunocmpoenuu, 2000, N 5, c. 34-46.

[9] Kysmenko M.JI., Harora I'II., Kapenun JI.B. Crioco6bl paspelienys IpOTMBOPEYMBBIX Tpe-
60BaHMII [IPU IIPOEKTNPOBAHIY BHICOKOTEMIIEPATYPHBIX Ta30BbIX TypOUH. Asuadsuzamenu
XXI sexa: mamepuanvt koHg. [InexTpoH. pecypc]. Mocksa, IIVIAM, 2010, 1 CD-ROM.

[10] Harora I'.Il., Kapenun [.B., Iunenko P.A. KoMmmpomuccHoe pellieHre MpOTUBOPEYNBBIX
TpeGOBaHMIT KaK IPUHLIUI MHOTO(AKTOPHOIO IPOEKTUPOBAHMS BBICOKOTEMIIEPATYPHBIX
OX/TaXJaeMbIX TypOuH. Tp. Hayu.-mexH. KoHepecca no dsueamenecmpoeruto (HTK/[-2012),

Mocksa, ACCA], 2012, c. 55-60.

[11] VHosemues A.A., Canppauxuit B.JL. I'asomypbunnvie osueamenu. Ilepmp, OAO ABuapnsu-

rarenb, 2006.1204 c.



#3 [672] 2016

M3BECTHMA BBICIIVX YYEBHBIX 3ABETEHNN. MAIIMHOCTPOEHNE 37

[12] Lattime S.B., Steinetz B.M. High-Pressure-Turbine Clearance Control Systems: Current
Practices and Future Directions. Journal of Propulsion and Power, 2004, vol. 20 (2),
pp. 302-311.

References

[1] Troitskii N.I. Primenenie nakopitelei energii - radikal'nyi sposob uluchsheniia toplivnoi
ekonomichnosti nazemnykh mashin s gazoturbinnym dvigatelem [Using Energy Accumu-
lators is the Radical Way for Improving Efficiency of Ground-Based Vehicles with Gas-
Turbine Engines]. Vestnik MGTU im. N.E. Baumana. Ser. Mashinostroenie [Herald of the
Bauman Moscow State Technical University. Ser. Mechanical Engineering]. 2014,
no. 3(96), pp. 110-119.

[2] Moliakov V.D., Kunikeev B.A. Osobennosti proektirovaniia effektivnykh turbin s uchetom
vlilaniia radial'nogo zazora [Designing efficient turbines taking into account radial clear-
ance). Izvestiia vysshikh uchebnykh zavedenii. Mashinostroenie [Proceedings of Higher Ed-
ucational Institutions. Machine Building]. 2014, no. 9(654), pp. 9-18.

[3] Moliakov V.D., Tumashev R.Z. Osobennosti proektirovaniia protochnykh chastei turbin
gazoturbinnykh ustanovok v zavisimosti ot sostava i parametrov rabochei sredy [Peculiari-
ties of Designing Turbine Flow Sections for Gas-Turbine Facilities]. Vestnik MGTU im.
N.E. Baumana. Ser. Mashinostroenie [Herald of the Bauman Moscow State Technical Uni-
versity. Ser. Mechanical Engineering]. 2003, no. 2(51), pp. 52-62.

[4] Troitskii N.I. Tormoznye kharakteristiki dvukhval'nogo transportnogo GTD s reguliruemym
soplovym apparatom silovoi turbiny [Brake features double-shaft turbine engine vehicle
with an adjustable nozzle assembly of the power turbine]. Trudy Vsesoiuznoi mezhvu-
zovskoi konferentsii po gazoturbinnym i kombinirovannym ustanovkam, iiun’, 1970 [Pro-
ceedings of the All-Union Inter-University Conference on gas turbine and combined in-
stallations, June 1970]. Moscow, 1971, pp. 182-191.

[5] Venediktov V.D., Granovskii A.V., Karelin A.M., Kolesov A.N., Mukhtarov M.Kh. Atlas ek-
sperimental'nykh kharakteristik ploskikh reshetok okhlazhdaemykh gazovykh turbin [Atlas
experimental characteristics of planar arrays of cooled gas turbines]. Moscow, TsIAM
publ., 1990. 393 p.

[6] Babkin V.I., Tskhovrebov M.M., Solonin V.I., Lanshin A.I. Razvitie aviatsionnykh GTD i
sozdanie unikal'nykh tekhnologii [The development of gas turbine engines and the creation
of unique technologies]. Dvigatel’ [Engine]. 2013, no. 2(86), pp. 2-7.

[7] Sirotin N.N., Novikov A.S., Paikin A.G., Sirotin A.N. Osnovy konstruirovaniia, proizvodstva i
ekspluatatsii aviatsionnykh gazoturbinnykh dvigatelei i energeticheskikh ustanovok v sisteme
CALS tekhnologii. V 3-x kn. Kn. 1 [Fundamentals of design, manufacture and operation of
the aircraft gas turbine engines and power plants in the CALS technologies: vol. 1]. Mos-
cow, Nauka publ., 2011. 1087 p.

[8] Ivanov M.Ia., Pochuev V.P. Problemy sozdaniia vysokotemperaturnykh turbin sovremen-
nykh aviatsionnykh dvigatelei [The problems of creating high turbines modern aircraft en-
gines]. Konversiia v mashinostroenii [Conversion in machine building of Russia]. 2000,
no. 5, pp. 34-46.

[9] Kuzmenko M.L., Nagoga G.P., Karelin D.V. Sposoby razresheniia protivorechivykh trebo-
vanii pri proektirovanii vysokotemperaturnykh gazovykh turbin [The ways of resolving
conflicting requirements when designing high-temperature gas turbines]. Aviadvigateli
21 veka: materialy konferentsii [Aircraft engines 21 century: conference materials]. Mos-
cow, TsIAM publ,, 2010, pp. 261-266.

[10] Nagoga G.P., Karelin D.V., Didenko R.A. Kompromissnoe reshenie protivorechivykh tre-
bovanii kak printsip mnogofaktornogo proektirovaniia vysokotemperaturnykh okhla-
zhdaemykh turbin [A compromise of conflicting claims as the principle of multi-factor de-
sign of high-cooled turbines]. Trudy nauchno-tekhnicheskogo kongressa po dvigate-
lestroeniiu (NTKD-2012) [Proceedings of the Scientific and Technical Congress on engine
building (NTKD-2012)]. Moscow, ASSAD publ., 2012, pp. 55-60.

[11] Inozemtsev A.A., Sandratskii V.L. Gazoturbinnye dvigateli [Gas turbine engines]. Perm’,
OAO Aviadvigatel' publ., 2006. 1204 p.



38 M3BECTWA BBICIIVIX YYEBHBIX 3ABEJIEHUI. MAIIMHOCTPOEHME

#3[672] 2016

[12] Lattime S.B., Steinetz B.M. High-Pressure-Turbine Clearance Control Systems: Current
Practices and Future Directions. Journal of Propulsion and Power, 2004, vol. 20, no. 2,

pp. 302-311.

Nudopmanus 06 aBTopax

TPOMIIKUI Huxonait MiBanoBua (MockBa) — KaHEMEAT
TeXHUYECKUX HayK, HOLeHT Kadenpbl «I'a30TypOuHHbIe ABUra-
MITY
um. H.9. Baymana (105005, MockBa, Poccuiickas ®epepanys,

Tenm n HETpaIVIIMOHHbIE 9HEPTOYCTAaHOBKI».

2-s1 BaymaHckas yi., fi. 5, ctp. 1, e-mail: niktrol7@rambler.ru).

MOJISAKOB Banepuit [ImurpueBnd (MockBa) — KaHgupar
TeXHMYECKUX HayK, HOLeHT Kadenpbl «['a30TypOuHHbIe ABUTA-
MITY
um. H.9. baymana (105005, Mocksa, Poccuiickas epepanys,

Tem n HETpaIMIIMOHHbIE 9HEPTOYCTAaHOBKI».

2-1 baymaHcKas yi., fI. 5, cTp. 1, e-mail: moljkov@bmstu.ru).

ACEMKVHA Mapus Bnagumuposna (Mocksa) — mmkenep
orgena OM 2.3 «['a30TypOMHHbIE JBUTATEIN M HETPAJUIIMOH-
Hble 3HeproycraHoBku». HYMVOM MITY um. H.9. baymana
(105005, Mocksa, Poccmiickass Pepepaumsa, 2-1 bayman-
cKasf yi., fi. 5, cTp. 1).

CraTbsa nocrynmna B pegakiuio 21.12.2015

Information about the authors

TROITSKIY Nikolai Ivanovich (Moscow) — Candidate of
Science (Eng.), Associate Professor, Department of Gas Tur-
bine Plants and Unconventional Power Installations. Bauman
Moscow State Technical University (105005, Moscow, Russian
Federation, 2" Baumanskaya St., Bldg. 5, Block 1, e-mail:
niktrol7@rambler.ru).

MOLYAKOV Valeriy Dmitrievich (Moscow) — Candidate of
Science (Eng.), Associate Professor, Department of Gas Tur-
bine Plants and Unconventional Power Installations. Bauman
Moscow State Technical University (105005, Moscow, Russian
Federation, 2™ Baumanskaya St., Bldg. 5, Block 1, e-mail:

moljkov@bmstu.ru).

ASEIKINA Mariya Vladimirovna (Moscow) — Engineer,
Department EM 2.3, Gas Turbine Plants and Unconventional
Power Installations, Scientific and Research Institute of Power
Engineering NIIEM. Bauman Moscow State Technical Univer-
sity (105005, Moscow, Russian Federation, 2°¢ Bauman-
skaya St., Bldg. 5, Block 1).

B Vspgatenbctee MI'TY nm. H.9. baymana

ArperaTbl perynuposaHusi
MAKOCTHBIX PAKETHbIX
ABUraTenbHbIX YCTAaHOBOK

BBIIIIO B CBET y4eOHOe Imocobue

noy;, pegakuueit [.A. AropHukoBa

«AI‘peI‘aTbI pPeErymmpoBaHNsA JKUTKOCTHBIX
PAaKETHBIX NBUTAaTE€/IbHBIX YCTAHOBOK»

V3no>xeHpl OCHOBBI TEOPUM, pacyeTa ¥ IPOEKTUPOBAHM arpera-
TOB PeryIMpOBaHNUA XUTKOCTHBIX PAaKeTHBIX IBUTATEIbHBIX YCTAHO-
Bok (OKPIY). IlpuBenena kimaccudnkaiysa XapakKTepUCTUK PeXXMMOB
paboter otenbHbIx arperatos u JKPIY B meoM. PaccMoTpeHbI 0CHOB-
Hble xapakTepuctuky JKPIY, naHbl mpuMepsl ompesie/ieHNs cTaTuye-
CKMX ¥ IMHAMMYECKUX PeXVMOB pabOThl IBUTATEIbHOI YCTAHOBKIAL.
Omnmcanpl cXeMbl 11 37IEMEHTbI KOHCTPYKIIVM aTPeraToB PeTyIMpOBaHMs
JKPIIY. IlpuBesieHa KOHCTPYKTOPCKas OlJeHKa IMHAMUYECKO YCTOM-
YMBOCTH CHCTeM perynnposanusa. Ha mpumepe peanbabix cxeM KPIY
PaccMOTPeHO MPaKTIYeCKOe IPYMEHEHE arperaToB peryaMpOBaHN.

JIns mpenogaBaTesnell, aCIMPaHTOB, Mar¥ICTPAaHTOB U CTYHEHTOB
CTapIINX KypcoB. Mo)keT ObITh MOJIE3HO TAK>Ke MHXKeHepaM, paboTa-
IOLIVM B o6macty Teopun perynuposanus XKPII.
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