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PACYHETHO-3KCMNEPUMEHTAJIbHOE UCCJIENOBAHUE
BNUAHNA HAOPOTOPHbIX YCTPOWUCTB JIABUPUHTHOIO TUNA
HA XAPAKTEPUCTUKU 3AMBIKAIOLLEA CTYNEHM KOMINPECCOPA

Bbicokne cTeneHn noBbIlEHWS AaBMeHUS B COBPEMEHHBIX OCEBbIX KOMMPeccopax MPUBOAAT K YMEHbLUEHUIO BbICOThI
NPOTOYHON YacTu U, CriefoBaTeNlbHO, K YMEHbLUEHWIO BbICOThI JIONATOK B NOCNEAHUX CTYMNeHsiX komnpeccopa. 3a3op Ha nepu-
epumn nonaTkm He MOXET ObITb CHUXKEH MO OTHOLLEHUIO K BBICOTE UMW ANWHE XopAbl NTONATKM Ha TaKyto e OTHOCUTENbHYIO Be-
NNYMHY, YTO 1 B NepBbIX CTyneHsx. bonee Toro, paboTta komnpeccopa Ha NepPexXOofHbIX PeXMMax MOXET NPUBECTM K yBenuye-
HUIO 3a30pOB Ha nepudepun, Tak YTO B NOCNEAHUX CTYNEHAX 3HAa4YeHMs 3a30poB OyayT 3aMETHO Bbille OObIYHbIX. ATO MOXET
NOBNUSTb Ha Auanas3oH pabounx PeXnMOB U XapakTEpPUCTMKM BCEro komnpeccopa. HagpoTopHoe yCTpoicTBO NabUpUHTHOIO
TUna mMoxeT 6bITb OAHUM U3 CPeCTB NapMpoBaHUs HEraTMBHbIX NMOCNEACTBUIA, CBSI3aHHbIX C yBENMYEHMEM 3a3opa Ha nepude-
pun poTopa.

O6bekToM uccrnenoBaHus AaHHon paboThbl sBnsieTcs ctyneHb O-77M — kpynHorabaputHas (1 M) Mogenb nocnegHen
ctynenn KB[, npeaHa3HavyeHHas Ans uccrieqoBaHus 0COOEHHOCTEN TEeUYEHNsT B OCEBbIX CTYNEHAX C BOMNbLUMM OTHOCUTENbHBLIM
avameTpom BTynku d = 0,925. OHa COCTOMT M3 TPEXIONATOUHLIX BEHLIOB: BXOAHON HaNpaBRsoWuii annapat ¢ YNCIIOM NonaTok
Zgnp = 90, KOTOpLIA CO3AAeT 3aKpyTKy, NOAOOHO 3akpyTke B pearibHOM Komnpeccope, paboyee KOMeco C YUCMOM NonaTtok
Zpx = 82 1 ABYXpSAHbIVA HANpaBnsoLWMiA annapar ¢ Ynucnom nonatok Zya = 134 + 134. CtyneHb [1-77M nmeeT cniegytoLine npo-
eKTHble napameTpbl: Gnp= 15,4 Kr/C; U, = 264 M/C; 7 =1,24.

Llenbto npoekTpoBaHusa 6oposgok HPY nabupuHTHOro Tvna 6biro BOCCTaHOBMTL 3anach! ra3ofgMHaMnyYeckon yCTonyu-
BOCTW, BENUYMHY CTEMNEHW MOBbILLEHUS NOMHOIO AaBMNeHUs 1 MakcumarnbHbln ypoBeHb K[, koTopble yMeHbLUMNUCh U3-3a yBe-
NMYeHnsa pagnanbHoro 3asopa. bbeinv paccMoOTpeHbl ABa 3HaYeHUs1 pagnanbHoro 3asopa: a) d, = 0,4 MM — NpoeKkTHas BbicoTa
pagvansHoro 3asopa u 6) d, = 0,8 MM — yBenuyeHHasi BennyvMHa paguanbHoro 3asopa.

KnioueBble crnoBa: 3ambikaloLlas CTyneHb KOMMNpeccopa, HagpoTOPHOE YCTPOUCTBO NabUPUHTHOrO TuNa, paguanbHbIi
3a3op, KM, rasoaMHamuyeckasi yCTOMYNMBOCTb.
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NUMERICAL AND EXPERIMENTAL STUDY OF THE EFFECT
OF CIRCUMFERENTIAL GROOVES ON HPC LAST STAGE PERFORMANCE

High pressure ratios in advanced axial compressors lead to a decrease in height of the flow path and, consequently, a
decreased blade height in HPC last stages. The blade tip clearance can’t be reduced relatively to the blade chord length or
height by the same relative value as in first stages. Moreover, HPC operation in transient conditions can cause an increase in tip
clearances, so that clearances in last stages can exceed normal values. This may affect the operating range and characteristics
of the compressor as a whole. Circumferential groove casing treatments can be used to compensate for negative effects asso-
ciated with an increase in tip clearances.

The test unit used in this work is a D-77M stage — the large-scale (1 m) model of the HPC last stage designed for stud-
ies of flow specifics in axial stages with a big hub-to-tip ratio equal to 0.925. It consists of 3 blade rows: inlet guide vanes (IGV)
with 90 vanes (ZIGV), which provide the same flow swirling as in an actual compressor, a rotor with 82 blades (ZR) and a tan-
dem stator with 134+134 vanes (ZSlIl). The D-77M stage has the following design parameters: mass air flow 15.4 kg/s; tip speed
264 m/s; total pressure ratio 1.24.

The purpose of the circumferential grooves is recovery the stall margin, pressure ratio and maximum level of efficiency,
which have decreased due to an increase in the tip clearance. Two values of the tip clearance are studied: a) 0.4 mm — design
value of the tip clearance, and b) 0.8 mm — increased value of the tip clearance.

Keywords: compressor last stage, circumferential grooves casing treatment, radial clearance, adiabatic efficiency, stall
margin.
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YciaoBHBIE 0003HAYCHUSA

TepMoanHaMuYeckne U ra30JMHAMHUYECKHE TTapaMeTpPhI:

P — naBJienwue, Ila;

T  —abcomoTHas Temmeparypa, K;

G — MAacCOBBIHA pacxoj] BO3Ayxa, Kr/c;

'  — CTeNeHb MOBBINIEHUS MOJTHOTO AaBIEHUS;

% o o *
Now — anMabaTuyecKui Ko3QOUUMEHT MONE3HOro NEHCTBHUS, M, = Ho/H;.

I'eomeTpuueckue napameTpbl:
D, R — nuamertp, paguyc, M;

d - OTHOCUTEIbHBIIA JMaMeTp BTYJIKH;

d, — paauanbHBIA 3a30p, MM;

Z — KoimaecTBo 6opo3aok B HPY;

VA — KOJIMYECTBO JIOMATOK.

KunemaTtudeckue mapaMeTpsi:

n — 9acToTa BpalleHus poTopa, 00/MuH;

u — OKpY>KHasi CKOPOCTh POTOpa, M/C;

C - abcooTHas CKOPOCTh MOTOKA (B HEMOJABUKHOM CUCTEME KOOPIUHAT), M/C;
W — oTHOcuTenabHast CKOPOCThH MOTOKA.

HNupexchl u cokpanieHus:

BHA — BX0HO HampaBisiouii anmnapar;

KII — ko3 duiimeHt none3Horo AeHCTBHS;

PK - pabouee xomneco (potop);

CA; — ABYXpsIHBIN BBIXOJHOW CHPSIMIISIONINN anmnapart (cTaTop);
HPY — nHanpoTtopHOE yCTpOICTBO;

CK - cucrema koopuHar;

n  — nepudepuitHbIii;
K  — KOMIIpeccop;

BT  — BTYJIKa;

np — NPUBEICHHBIN.

BBenenue

B cBs3u ¢ pa3paboTkoit HOBOTO cemelicTBa BhICOKOHAMOPHBIX KB/l ¢ yIbTpaBBICOKOH CTETIEHBIO
TIOBBIIIICHUS TTOJTHOTO JTaBJICHUS Ha nk = 23...27 npu uncne cryrmeHeit z = 10...1 [1-3] ocoboe 3navueHme

npuoOpeTaeT BIMSHUE paluaibHOro 3a3opa B rpymme nocneanux cryneneit KB [1, 4, 5]. YBennuenne
paguaIbHOrO 3a30pa OTHOCUTENBHO MPOEKTHOM BETMUYMHBI IPUBOANUT K 3HAUUTENBHOMY YXY/ILICHHIO Xa-
paxrepuctuk KB/I. JIns1 maprpoBaHus HETATUBHOTO BIMSHUS PaAHAIBHOTO 3a30pa HA BHYTPEHHIOKO I10-
BepxHOCTh Kopryca KB/ Hanocurcs jerko cpabarsiBaeMoe mokpbeiTe. OHAKO B MpOIecce SKCIUTyara-
mun KB/l n3-3a Hamuus epeXoAHbIX HECTAlIMOHAPHBIX PEKHMOB, OBAJIM3ALMK KOPITyCOB, BXOJHOH He-
PaBHOMEPHOCTH IIOTOKA TIPOMCXOIUT BBIPAOOTKa MOKPHITHS KOPITYCOB, KOTOpast IPHUBOINUT K YBEIUYCHUIO
BEJIMYHMHBI PAIMALHOTO 33a30pa U K NATbHEHIIeMy yXyImeHnto xapaktepructuk KB/ [6-8].

B pa6ote [9] uccnenopanocs Bausaue HPY naGupuHTHOrO THNA HA XapakTEPUCTUKH THUIIOBOH
cpennet crynenu KB/l mpu yBennyeHHOM paguanbHOM 3asope. IlokazaHo, 4To u3-3a yBenW4YeHUs
3a3o0pa Hax pabounM Koecom manatot 3amacekl I'J[Y, u mpumenenne HPY maGupuHTHOTO THIA TI03BO-
JSIeT YCTPAaHUTh 3TOT HETaTHBHBIA 3 QeKT. bopo3Ikn yMEeHbIIaI0T HOTOK Macchl Yepe3 paauanbHbINd
3a30p U PacHoiaraloT TPAGKTOPHIO BUXPS HEpPEeTEeKaHHUs IIyOXe B MEXIIONATOYHOM KaHaye, 4To IMO-
JIOKUTEIBHO BIUseT Ha 3anackl [ J]Y.

HanpoTopasie ycTpolicTBa JaOUPUHTHOTO THIIA MOTYT OKAa3bIBaThb CYIIECTBEHHOE BIMSHHUE Ha
XapaKTePUCTUKU KOMIIpeccopa, IIPH 3TOM OHHU JIOCTAaTOYHO IPOCTHI B M3roTOBICHMU. B mocnennee
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BpeMs ObIJIO MMPOBEACHO OO0JBIIOE KOJMUECTBO PadOT, HAMPABICHHBIX HA W3yYeHHE MEXaHW3Ma BIIHS-
Hus Takux HPY. Xopoio n3BecTHO, 4TO OOpO3/AKH MMO3BOJIAIOT BO3ZCHCTBOBATh HAa TeUEHHE IepeTe-
KaHUs Yepe3 paauaibHbli 3a30p, ocnabdisist ero ceepreiBanue [10]. Ilonesnocts npumenenuss HPY na-
OMPHHTHOTO THIA JUIs yBenuueHus 3amacoB [J[Y Obula mojTBep)kJeHa B YHUCIEHHOM HCCIeNO0Ba-
Huu [11]. B pabGorax [12-14] momyepkuBaercsi, 4To (U3MYECKUI 3PPEKT 0T OOpPO3TOK COCTOUT
B 3HAUUTEIHLHOM YMEHBIICHUH 3arpOMOKACHUS Ha mepudepuu u ocnaOleHUH CBEPTHIBAHHS BUXPS
MepeTeKaHus yepe3 paguaibHbIN 3a30D.

B pabore [15] uccnenoBano BnusHue GopMbl U MONI0KeHHU oHON 6opo3aku Ha KI1/] u 3amace
I'/1Y. Beineneno nsa tumna 60po3aoK: 00po3iKa TPEYroJbHOTO CEUYCHHUS ¢ YIJIOM CKOCa MPOTHUB MOTO-
Ka, pacroJiararomascsi B o0JacTu nepeJHeld KpOMKH JONaTKu padovero Kojeca, KOTOpasi MOJIOXKH-
TEJIBHO BIMSCT HA 3amachkl Npu He3HauuTenbHOM yMmenblnieHun KI1J[, u Goposnka TpamenueBuIHoro
ceueHwus, pacnonaramomuasics B 001acT 3aJHeld KpOMKH, KoTopast yBennuusaet KI1/, Ho mpu 5ToM He-
TaTUBHO BJIMAET Ha 3amachl yCTOWYMBOCTU. B TO ke BpeMs mokas3aHo, 4To 3 QeKTrl 0T Kaxkmoil u3 00-
PO3I0K HE3aBHCUMBI U HCIOIb30BaHNE KOMOMHAIIMH 3TUX OOPO3I0K MO3BONAET KOMIIEHCHPOBATH MO-
TEpU OT MCIOIB30BAHMS KaXIO0W U3 HUX 110 OTACIBHOCTH.

B pab6ore [16] nccnempoBanre NpoBOAMIOCH IIPH YBEITMUCHHOM 3a30pe Hall pabodriM KOJECOM.
Bruto mokazaHo, 9To M3-3a M3MEHEHUS OIS TeUSHUS MPH YBEITMYCHNH 3230pa HE COXPaHIETCs IOJI0-
XKUTEeNbHBIN 3P dexT HPY, KoTopsIi OBLT MOTyYeH P HOMHHAIBHOM 3a30pe. Taxke oTMeuaercs, 4To
B2)KHBIM TIAPaMETPOM SIBIIIETCS OCEBOE PACIIONIOKEHNE OOPO3IKH.

B pab6ore [17] uccnenoBanoch Biaustare nonoxerns HPY 1aOupuHTHOTO THIIA, COCTOAIIETO U3
IIeCTH MPSIMOYTONBHBIX 00po310K. PaccMaTpuBanock Tpu monoxxkenuss HPY: B mepBom cirydae Bce 60-
PO3/KHM HaXOIWIIUCh HaJ pabOYMM KOJIECOM, BO BTOPOM H TPEThEM BCS KOMOWMHAIms OOpo310K ObLia
CIABMHYTa BHU3 M BBEPX IO MOTOKY COOTBETCTBeHHO. Hambonpmmii npupoct 3anacos ['J1Y Obu1 momy-
YeH, KOT/la Bce O0PO3/IKH HaXOIMINCh B 00IacT Haj pabounm konecom (10,3 %).

B pa6ote [18] uccnemoranock Biustaue HPY mabupunaTHOTO THITAa M1 M3rnbda nepudeprn Jomnat-
Ku pabouero koneca Ha 3amacel [J[Y. Ilokazano, 4To ¢ mOMOIIBI0 H3TH0A JOMATKHA MOYKHO JTOTIOJTHHU-
TEJIHHO YBEIMYUTH 3aIachl.

B pabote [19] nccnenoBanace komOunaanus HPY menesoro u mabupuaTHOTO THTIOB. B 06MmacTh
TIepeTHe KPOMKH pacroyiaraiock meneBoe HPY, a B obmactu 3amgHedl KpOMKH — JaOMPHHTHOE.
B pesynprate pacdeToB W SKCIEPUMEHTOB IOIYYHIIOCH, YTO TPOSBISIOTCS 3ddexTsr odonx HPY.
ITokazaHo, 4yTO W3MEHEHHE 3alacoB YCTOMYMBOCTHU CBs3aHO C BiuaHueM HPY Ha Tpaektopuio
BUXPSA TICPECTCKAHUS. Yem MOIIHCEC BUXPb, TEM CHIIBHEC CI0 TPACKTOPUA CTPEMHUTCA K CTOPOHE
paspsokenus jonatkd. Ilorepu KIIJ| cBsi3aHbl Kak C YBEJIMYEHHEM MIPOU3BOJCTBA SHTPOMUU
B miensax u 6opo3akax HPY, Tak u ¢ morepsmMu, BRI3BAHHBIMH TEUCHHEM, WHIYIIMPOBAHHBIM ITICIIS-
mu HPY.

B Hacroseit pabote Bce pacueTHbBIE HCCIICAOBAaHMS ObUIH MIPOBENICHBI Ha OCHOBE MPOTPaMMHO-
ro xommiekca NUMECA Fine Turbo Bepcus 10.1 [20, 21]. [Ins Bepudukanum MaTeMaTn4eckoid Mo-
nemn u gucneHHoro merona NUMECA Fine Turbo 6pu10 mpoBeneHO comocTaBieHHME pacdeTHBIX
U JKCIEPUMEHTAIBHBIX XapaKTEpUCTUK cTyneHu [[-77M ¢ rmagkoil mpoTodHoM wactero. s mo-
CTPOCHHUS CETKH HCTOIB30Bajcs ceTounblid reHeparop NUMECA Autogrid 5.

OO0BeKT ucciaenoBanus

Crynenp I-77M (puc. 1) sBigercss kpynmHorabapuTHOW Monenbio mocnennei crymenun KB/,
IIPeHa3HAYEeHHOHN JUIsl UCCIIeI0BaHUsI OCOOEHHOCTEH TEUCHHS B OCEBBIX CTYIEHSX C OOJBIINM OTHO-
CUTEIbHBIM JUAMETPOM BTYJIKH d = 0,925, u cocTouT u3 TpeX JIONMATOYHBIX BeHIoB: BHA ¢ unciom
nmonatok Zpya = 90, PK ¢ uuciom nomatox Zpx = 82 u aByxpsiaHbiii CA ¢ 9HCIOM JIOMATOK
Zcan= 134 +134. Crynens uMeeT clieylomue pacyeTHbie napamerpel: G, = 15,4 kr/c; u,, = 264 M/c;
T =124
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Puc. 1. Crynens D-77M: a — pabouee koiseco crynenu J[-77M; 6 — BBIXOAHOM KOpITyC; 6 — ABYXpsiaHbiid CA

Konctpyxmus crynenu [I-77M paszpaboTana ucxo/is U3 TOTO, YTO OHa B OCHOBHOM TIpeHa3Ha-
4yeHa Juis ucclieioBanus BiusiHug HPY paznuuHoro Tumna Ha XapakTepUCTUKH TUIIOBOM 3aMbIKarolIeH
cryniean KB/] ¢ BO3BMOXXHOCTBIO H3MEHEHHUS PaHalibHOTO 3a30pa HaJl padOYHM KOJIECOM.

B macrosimiei paboTe OBITO MCCIIEIOBAHO 1B 3HAYCHUS PaIUAIBHOTO 3a30pa HaJ paboduM KO-
aecoM: paboumii 3a30p d, = 0,4 MM U yBenH4YeHHbIH 3a30p d, = 0,8 MMm. M3MeHeHne paauanbHOro 3a30-
pa Ha ctynenu J-77M nmpou3BOJUIIOCH C MOMOIIBIO U3MEHEHUS MaMeTpa Hapy>KHOro KOpIyca HaJ
pabo4rM KOJIECOM.

Jlnst u3MeHeHHs pajuaibHOrO 3a30pa U yuciia 00po3nok HPY Obuto M3roTOBIEHO HECKOJIBKO
CheMHBIX KopiycoB Hax PK, Bkirodas Kopmycsl ¢ Tiaakoi npoToyHoi yacteio U ¢ HPY nmabupunTtHo-
0 THIIA C YUCIIOM 00pO310K Z =4 1 7 = 6.

N3-3a TEXHOJOTUYECKUX OrPaHUYCHHUI MCIBITAHUS OBLIM MPOBEJCHBI TONBKO aiasi HPY ¢ uge-
ThIpbMsI 0Opo3aKaMu 0€3 BBIXOJHOIO JBYXPSAHOTO cTaropa cryneHu [1-77M. C BBIXOIHBIM CTATOPOM
UCTIBITaHUS OYIyT MPOBEACHBI Ha CIEAYIOMINX dTarax padoThl.

YucjeHHast Mojiejib

UncneHHOE MOJENWPOBAaHUE TEUEHHS BBITIOJHEHO C IIOMOIIBI0 IPOTPAMMHOTO KOMILIEKCa
NUMECA FINE TURBO 10.1 mis pemeHrst OCpeTHEHHBIX IO PeHHONBICY CTallMOHAPHBIX U HECTa-
nmoHapHbIx 3D-ypaBaenuit HaBre — Ctokca (RANS, URANS) [20, 21].

Pabora Obuta poBe/icHa B ABa 3Tana. CHaudana Jiist 0oJiee AeTaabHOIO UCCIICOBAHUS MEXaHU3-
Ma Biusaus HPY nabupuntHoro Tuna Han PK ucnons3oBanuck nsa Benna: BHA u PK. Ilocne atoro
ObUT OOABIICH B pacueT IBYXPSAIHBIA BBIXOJHOW CTaTOp W MPOBEJCHBI aHAIOTUYHBIC UCCIIEIOBAHUS
JU1s IoJiHOM ctynenu J[-77M.

Ha mepBoM 3Tame CKBO3HBIE pacdeThl BA3KMX TPEXMEPHBIX TEUYEHUIH B BEHIAX BBIIIOJHEHBI
B MPUOIMKEHUH mixing plane, Uit KOTOPOTO TEYEHUS CTAIMOHAPHBI BO BPALIAIOIIEHCS C KAKIBIM JIO-
MaTOYHBIM BEHIIOM CHUCTEME KOOpPAMHAT. TakKe JJis HEMOJIHON CTYNeHH OBLIM MOJIy4YeHbI HEeCTAIHO-
HapHBIC MOJIS TCUCHUS ¢ UCIOJIb30BaHUEM HelMHeiHOoro rapmonnueckoro meroaa (NLH). OcHoBHast
Ujest 3TOT0 METOIa 3aKIIF0YAETCs B TOM, YTO BO3MYIICHHS, JICJIAIONINE TCUCHUE HECTAIMOHAPHBIM, 3a-
MUCBIBAIOTCS OCPEJAHEHHBIMU IO BPEMEHM BEIUYMHAMHU M packialbiBaroTcs B psaabsl Dypee. [pen-
CTaBJISISL HECTAIIMOHAPHYIO cUcTeMy ypaBHeHul HaBbe — CTOKCa B 4aCTOTHOM BHUJIE, TOJIy4YacM ypas-
HEHUS TMEepeHoca i Kaxmoi yactotel. Ha mHTepdelice Mexay cTaTOpoOM M POTOPOM HEOOXOAUMO
YAOBJICTBOPHUTH YCIIOBUIO PAaBEHCTBA pelieHui ¢ 00eux cropoH. OCHOBHAs 1IeNib — MOJIYYUTh HENpe-
pPBIBHOE HECTAllMOHApHOE TeueHue uepe3 uHTepdeiic. [1ockonbKy 4YMCIO TapMOHHMK OTPaHHYCHO,
HENPEPHIBHOCTh HE MOXKET OBITh CTPOTO BOCHPOM3BEACHA, HO Pa3jMuus B YUCICHHBIX Pe3yJbTaTax
MaJar0T C POCTOM YHUCJIA TAPMOHHUK. B JTaHHOM HMCCIEIOBAaHUM YHCIO TapMOHHUK NMPUHUMAJIOCH PaB-
HBIM TPEM.

B kauectBe Mozmenu TypOYJIEHTHOCTH AJI UCCIEAOBAHUS BIUSHUS CETKH U HaIPOTOPHBIX YCT-
POWCTB HCIIONIB3YETCs ABYXIapaMeTpuieckas MoJelb TypOyeHTHOH Bs3koctu SST ¢ ucnonp3oBanu-
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€M MPHUCTEHOYHBIX (YHKIMH. Perenus nomydeHsl Ha OCHOBE KOHEYHO-Pa3HOCTHOM cxeMbl Jxelimco-
Ha BTOPOTO MOpPSAKA alPOKCUMAIIUH 110 IPOCTPAHCTBY M BPEMEHH.

Ha Bropom sTarme u3-3a ocobeHHOCTEeH 00TeKaHus cTaTopa B KA4eCTBE MOJIENIN TypOYIEHTHOCTH
UCIIOJIB3YETCS ABYXIapaMeTpUUecKasl MOZEIb TypOYIeHTHOH BSI3KOCTH k—€ C HCIIOJIB30BAHUEM IIPH-
CTCHOUHBIX (QYyHKUMH. IS MONHOW CTYNEeHW HCCIENOBAaHUE OTrPAHUYMBACTCA TOJNBKO IOAXOIOM
mixing plane.

[Ipn mpoBeaeHUH pacyeTOB HCIOJIb30BaHA OJOYHO-CTPYKTYPUPOBAHHASI CETKA, MOCTPOCHHAS
¢ moMoIIbio ceTouHoro reneparopa Numeca Autogrid 5 (puc. 2—4). Ha mepBoMm 3tamne pacueTHas o0-
JIACTh COCTOsIIa M3 16 CEeTOYHBIX OJOKOB B MEXKIONATOYHBIX KaHamax (1 627 508 sueek) u 4 win
6 6s1oxoB B HPY (121 841 siueiika Ha ogHy OOpPO3IKY YETHIPEXyroibHOro ceueHus, 104 673 sueiiku Ha
oIHy OOpO3IKY TpeyrojbHOro cedeHus). Ha BTopoM stame Bcsi pacueTHas oOnacTh paszeieHa MexXIy
28 ceTouHbBIMH OtokaMu (4 959 728 sdeek) B MEXJIONATOYHBIX KaHanax W 4 wim 6 O0mokamu B HPY
(121 841 siueiika Ha omHY OOPO3AKY YETHIPEXYTONBHOTO cedeHus, 104 673 sueliku Ha ofHY OOpO3IKY
TPEYroJbHOro ceuenus). Bennunna y'~1. OOmuil BU pacyeTHOM 061acTH M300paXkeH Ha puc. 2—4.

Puc. 2. PacueTtnas obmacts BHA + PK Puc. 3. Pacuetnas o6macts BHA + PK + CAy

NUMECA

Puc. 4. KoneuHO-pa3HOCTHAs CeTKa B CEYCHUU MEKIIONaTOYHOTO KaHala
crynenu [-77M

PacueTs! BS3KOro TeYeHUs BHIMIOJIHEHBI IO IPUBEACHHBIM MapameTpam: Ha Bxoae 7 = 288,15 K,
P =101 325 ITa npu o6opotax n = 100 %, uro cocrarnser 5042 06/MUH COOTBETCTBEHHO. B ceueHun
BBIX0JIa HUCIIOJIb30BaHO YCIIOBHE PaJMaIbHOTO PABHOBECHUS TCUCHUS, (PUKCHPYETCS CTAaTHYECKOE JaB-
neHre Ha nepudepun. Ha TBeppIX MOBEPXHOCTAX 3aJIaHbl YCIOBUS MPUIMIIAHUS M OTCYTCTBUS TEII-
noriepenayn. Bpu1o paccMOTpEHO J1Ba 3HaUEHUS paJUalibHBIX 3a30pa Ha nepudepuu pabouero kKonieca:
d, = 0,4 MM — IIPOEKTHAs BBICOTA PAJMAILHOIO 3a30pa U d, = 0,8 MM — yBeIMUCHHAs BEJIMYMHA PaJIu-
anbHOro 3a3o0pa [22].

Ha ocHoBe pe3ynbTaToB M3y4eHHBIX pabOT ObUTa BhIOpaHa TpeyroibHas (gopma cedeHus 0o-
PO3/IKH, KOTOPBIC B KOJUYECTBE 6 IITYK OBUIA PacIONIOKEHBI HaJl Bcel Xxopmoit momatku. [lupuna 60-
PO3/KH TPEYTOJBHOTO CEYCHUS — 3 MM, BBICOTAa — 2 MM, PacCTOsSHHE Mexay Oopo3akamu — 1 MM.
B nanbHeliieM, UCXos U3 TEXHOJIOTUYECKHX BO3MOXHOCTEH peanmsanuu Takoro HPY, Owuto crpo-
EKTHPOBAaHO ype3aHHOE ceueHHe OOPO3IKM M YMEHBLIEHO KonndecTBo 6opo3nok B HPY (puc. 5). 1u-
puHa OOPO3/KH YETHIPEXYTOIBHOTO CEUYEHUS — 3 MM, BBICOTAa — | MM, PacCTOSHHE MEXIy OOpo3Ka-
MU — 4 MM. CeTouHbIE OJIOKH, COOTBETCTBYIOIIUE OKPYKHBIM MPOTOYKAM, UMEIOT MEPHOAUYHOCTS,
PaBHYIO MEPHOAMYHOCTH JIONMATOYHBIX KaHAIOB paboyero kojeca (Z = 82 momarku).
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Puc. 5. Konpurypammu HPY nabupuHTHOTO THMA: @ — AT paCUETHOI MOJIENH;
0 — TocIIe y4eTa TeXHOJIOINYECKUX PeKOMEHIalui

PesyibTarhl pacyeroB

B pesynbrate cepuu pacyeToB ObLIM MONYYEHBI MHTETPAIbHBIC XapaKTEPUCTHKH, TIOKa3aHHBIC
Ha puc. 6-8. llpm Bemnumnae pammanpHOTO 3a30pa 0,4 MM BIUSHHE OOPO3IOK NPAKTUYECKH
OTCYCTBYET. YBeNWYeHHE pamuansHoro 3a3opa go 0,8 MM moBiekio 3a cobor mamenue KIIJ
npuMepHo Ha 1,5 % kak B ciydae BapuaHTa 0e3 craTopa, Tak M B clydae MOJIHOH cTyrneHu. OHaKo
MPH OCTYTCBHM CTaTOpa YyBEJIWYCHHE PAJAMAIbHOTO 3a30pa TaKXKe MPHUBENO K IMAaJeHHWI0 3aIllacoB
ra30JMHAMHYECKOW yCTOMYMBOCTH, YTO HE HaOIIOAaeTcs B cllydae IONHOH cTymeHn. B obowmx
BapmaHTax npuMmenenne HPY naGupumaTHOTO THma mo3poimio BepHyTs dacTh KIIJI, a B cmydae
cTyTieHu 0e3 cTaTopa TakKe BOCCTAHOBUTH 3aIachl YCTOWIHMBOCTH.

Ha puc. 6 mpoaeMoHCTpHPOBAHO CpaBHEHHE PACUYECTHBIX (CM. puC. 6, @), U dKCIIEpUMEHTATHHBIX
(cM. pHc. 6, 6) JaHHBIX 110 CTETEHH TOBBILIEHHUS MOJHOTO JABJIEHHS T U KOA()(QUIUEHTY HOJIE3HOrO

- *
JNCUCTBHUSA 1), B 3aBUCHMOCTH OT MPHUBEACHHOTO PacXo/a [Uis CTyICHH J-77M B KOMIIOHOBKe 0€3 BBI-

xonHoro cratopa CAIl. CpaBHEHHE pacUETHBIX U SKCIEPUMEHTAIbHBIX JAHHBIX MOKA3bIBAET BIIOJIHE
YAOBJIETBOPUTEIIFHOE MX COOTBETCTBUE KaK JUIS BApUAHTa CTYIEHHU C INIaJKONH MPOTOYHON YacTbio MpU
paguanbHbIX 3a30pax dp = 0,4 MM u d, = 0,8 MM, Tak u npu Hanumyuu HPY ¢ uncnom 6oposnok z = 4
IIpY paguanbHOM 3a3ope d,= 0,8 Mm.
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Puc. 6. laTerpaiibHble XapakTepUCTUKHU CTyIIeHu 6e3 BeixoaHoro cratopa (BHA + PK), mixing plane

B
B KOOpAUHATAX: a — na,u (

np

G, ); 6-m (an)

Ha puc. 7 moka3aHel WHTErpasibHbIE XapaKTEpUCTUKHU cTyneHu J-77M B KOMIIOHOBKe Oe3
BeIxogHoro craropa CAIl, nonydenHsle ¢ ucnons3oBanreM merona NLH. Takas moctanoBka Obuia
BbIOpaHa AJisl OATBEPKACHUS PE3yNIbTaTOB, MONYYSHHBIX C UCIOIB30BAHUEM MPHUOIMKEHUS Mixing
plane. Pacuersr metogom NLH TpeOyroT OGonblinx 3aTpatr BpeMeHH, IO3TOMY JAaHHBIM METOJIOM ObLia
HcclieIoBaHa TOJIbKO oaHa KomOuHama HPY nabupuntHOTrO THIA.

Mo
0,935

0,930 ’/I\
0,925

0,920

0,915 —(4175—%

0,910

0,905 \
0,900

0,895 \
0,890 \
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11,5 12;5 13:5 14,5 Gnp
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g 3a30p 0,8 MM, 6 Gopo30K

—— 3a30p 0,4 MM, 6e3 60po310K

a

1,23

"N

T T
12,5 1355 14,5 Gmp

=—— 3a30p 0,8 MMm, 6e3 Gopo3ok
=== 3a30p 0,8 MM, 6 60p0O310K

== 3a30p 0,4 MM, 6e3 60po3/10K

o

Puc. 7. nTerpanbHble XapakTepUCTUKH CTyHeHU 0e3 Bbixoaunoro cratopa (BHA + PK), NLH B koopaunarax:

a- n:ﬂ (an); 6-m (an)

Ha puc. 8 mnokasaHel HHTErpajibHbIE XapaKTepUCTUKU cTyneHu JI-77M B KOMIIOHOBKE
BHA + PK + CAy;, nonydeHHble B pacdeTe ¢ MCIOJb30BaHMEM NpHOIMmKeHuss mixing plane. Touno
TaK e, Kak M JUId CTyIeHu 0e3 craTopa, uccieayembie HPY maOupuHTHOTO THIIA HE OKa3bIBAIOT BH-
quMoro 3¢ dexra Ha HHTErpalbHbIE XapaKTEPUCTHKH CTYTIEHH B STOH KOMITOHOBKE MPH HOMHHAJILHOM
paguabHOM 3a30pe. Y BemudeHue 3a30pa B 2 paza npuBoauT k mageruto KII1J #a 1,5 %. Ilpumenenne
HPY noszsonser Bepayth 0,5 % KIIJI, HO 3T0 HEe mpuBOAUT K yBenudyeHuto 3amacoB ['JIY. Dkcnepu-
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MEHTAJIbHBIC XApPaKTECPUCTUKU MAJIA TOJHOMW CTYNEHH HE MOJIY4YEHBbI, TaK KaK HCXOJHBIA CTaTop
HE yI0BJIETBOPsIT TpeboBanusM. OH ObIIT EpenpOEeKTHPOBAH U HA JJAHHBIH MOMEHT M3TOTaBJINBACTCS.
CpaBHeHME XapaKTEPUCTUK MTOITHOW CTYIIEHH OyIeT CISAYIONIMM IIaroM JaHHOH paOoThlI.

Nk P
0,86 ’ ‘ ‘ 1,24
0,84 - 1,22 +—
3 .y
0,82 +—— == 1,20
RN
0,80 N 1,18
N N\ N
0,78 1,16
\ N
0,76 1,14 %
N N
0,74 1,12 ?
0,72 1,10
13,0 13,5 14,0 14,5 15,0 Gy 13,0 13,5 14,0 14,5 15,0 G,
—o— 3a30p 0,4 MM, Ge3 Goposok —+—3a30p 0,4 MM, 6e3 60po310K
—m— 3a30p 0,8 MM, Ge3 Gopo3nok —#— 3a30p 0,8 MM, Ge3 6opo310K
=t 3230p 0,4 MM, 4 G0pO3/IKK =~ 3a30p 0,4 MM, 4 60pO3IKHI
i 3a30p 0,8 MM, 4 GOpO3aKH e 3a30p 0,8 MM, 4 Gopo3KK
=== 3a30p 0,8 MM, 6 GOpO310K === 3a30p 0,8 MM, 6 GOPO3/10K
a o

Puc. 8. InTerpansHble xapakrepuctuky noiHoit crynenu (BHA + PK + CAp), mixing plane B koopauHaTax:
4= Nax (an); 6-m (an)

Ha puc. 9 npexcrasieHo paciipesielieHUe OCPeIHEHHOM paJuaibHON KOMIIOHEHTHI C LETbIO BbLIE-
JIUTH TMHUK ToKa BON3u rpanuisl Y. Ipu Bennuune paguansHoro 3a3opa 0,4 MM oOpaTHbIC TOKH 3a-
HUMAIOT Y3KyI0 00acTh Ha nepudepuu JonaTky OKke K nepeaneit kpomke. [Ipu yBennueHnn paananb-
Horo 3a30pa A0 0,8 MM 00J1acTh OOpaTHBIX TOKOB 3aMETHO pa3pacTaeTcs Kak B IIUPUHY, TaK U B TIyOHUHY.
Hacrynnenue cppiBa HapsIMyIo CBSI3aHO C pa3MepaMu M MOJIOKEHUEM 30HBI OOpPAaTHBIX TOKOB OT TepeTe-
KaHMsl 4Yepe3 pamuanbHbiii 3a30p. [Ipumenenne HPY naOupuHTHOTO THIIA MO3BOJISIET CYIIECTBEHHO
YMEHBLINTh pa3Mephl 3TOH 30HBL. BMecTo eIMHOro HeHTpa Tenepb MMEETCs] HECKOIBKO 0ojee MENKUX
00pa3oBaHuii, KOTOpBIE pacronaraoTcs moja 6oposakamu. TakuM 00pa3oM, KOHTPOJIUPYS POCT 30HbI 00-
PaTHBIX TOKOB NP YBEINYCHNH PAAUAIbHOTO 33a30pa, MOKHO JOOUTHCS MOBBIIeHMs 3anacos I'J[Y.

NUMECA ) NUMECA Ve

NUMECA vain) NUMECA Vi i)

6 2

Puc. 9. Pacmpenenenne paguadbHOW KOMIIOHEHTHI CKOPOCTH, OCPEIHEHHOH B OKPY)KHOM HaNpaBICHHH

(MepuanonansHOe cedeHue, rpanuna I'IY, mixing plane): a — BHA + PK, paagmanesii 3asop 0,4 Mm,

6e3 HPY; 6 — BHA + PK, pammanereii 3azop 0,8 MM, 6e3 HPY; ¢ — BHA + PK, pagmansnsiii 3a3op 0,8 mm,
HPYVY 4 60po3nku; e — BHA + PK, panuansasrii 3a3op 0,8 mm, HPY 6 6opoznok

96



PacuetHo-3KCTIepUMEHTaIBFHOE HccenoBanre BiasiHus HPY mabupuHTHOTO THITa Ha XapaKTEPUCTHKHA KOMIIpeccopa

B pab6oueii Touke (puc. 10) 06sacTh 00paTHBIX TOKOB MEHBIIIE U CMEIIEHA OJIMKE K LIEHTPY JIO-
naTku. boyee BbicOkuii mpupocT 3H(HEKTUBHOCTH OT MPUMEHEHHS IIECTH OOPO3/I0K OOBICHIETCS TEM,
9T0 OOPO3/KH, PACIIONOKECHHBIE KyUHEee, pa30MBalOT BUXPh HA HECKOJIBKO Oosiee MeNKuX. TeM He Me-
Hee MpUMeHeHue YeThipex 00po3nok HPY takke nmeeTr MONOXKUTENBHBIA P PEKT.

vz mis) NUMECA v (mis)

NUMECA ve i) NUMECA va o)

8 2

Puc. 10. Pacmpenenenmne paananbHOW KOMIOHEHTHI CKOPOCTH, OCPEAHEHHOH B OKPY)KHOM HAalpaBlICHUH

(MepuanoOHaANBHOE ceueHHe, pabodas nauHUs, mixing plane): a — BHA + PK, paguansnsiii 3a3op 0,4 Mm,

6e3 HPY; 6 — BHA + PK, pamguanensiii 3a30p 0,8 mm, 0e3 HPY; 6 — BHA + PK, paamansubiii 3a30p 0,8 mm,
HPY 4 6opo3znxu; e — BHA + PK, pagnansnsriii 3a30p 0,8 MM, HPY 6 6opoznok

Ha puc. 11, a, 6 B pacnpenenennn u3onuHuii yncen Maxa npu 3a3ope 0,4 MM HabmromaeTcs 3a-
CTOWHAs 30Ha C MaJlblMH OTHOCUTEIBHBIMH 4YHCIaMHM Maxa CcO CTOpPOHBI KOpBITLA JIOMAaTKH,
B 3aaHel ee yacTu. [Ipu yBenudenuu 3asopa a0 0,8 MM pa3Mepsl 3TOH 30HBI TaK)Ke YBEIMUMBAIOT-
csi. Ilpumenenne HPY nabupuHTHOrO THIa NO3BOJIIET MNPAKTHYECKH IOJHOCTBIO yOparh 3Ty
001acTh, cMATr4yasi HeraTUBHbIE ITOCIEACTBHS YBEJIMUEHHs paiuaibHOTO 3a30pa [23, 24], uro noka3aHo
Ha puc. 11, 8, 2.

Ha puc. 12 nokasana cTpyKTypa BHXps NEpETEKaHus depe3 paauanbHbli 3a3op. Ha puc. 12, a
B Bapuanrte 0e3 HPY ¢ nepenneil kpomMku cxoaut BUXpb OT neperekanus. Ha puc. 12, 6 B Bapuanre
HPYVY c yerbippMs 00pO31KaMi HHTEHCUBHOCTB 3TOI'0 BUXPS 3aMETHO HHMKE M €T0 TPAaeKTOpPHUs pacio-
jaraercsi ONMXe K CTOPOHE Pa3peskeHHs JIOTATKH, YTO XOPOIIO COINIACyeTcsl ¢ MPebIAyIIuMH HUcCTe-
noBaHusMH [9].

Ha puc. 13 noka3zaHo, Kak u3-3a MepeTeKaHus 4yepe3 paanaibHBIN 3a30p BOSHUKAET U U3MEHSET-
Cs1 3acTOHHAsi 30HAa Y CTOPOHBI JaBJIeHUs jJonatku Ha nepudepun. [lomoxenue 310l 30HBI coBIagaeT
¢ TpaekTopueil Buxps neperekanus. [lpumenerrne HPY mabupruHTHOTO THITA TTO3BOIISET TOOUTHCS 3HA-
YUTEIBHOTO YMEHBLICHHUS 3TOM 30HBI IIyTEM CHM)KEHHsSI MHTEHCHBHOCTH IIEPETEKaHUs Yepe3 paauaib-
HBIH 3a30p.

YBenudyeHue HMHTEHCUBHOCTH BHXpS IE€pETEeKaHMUsl NPUBOAUT K IIPOU3BOACTBY SHTPOIUU
(puc. 14) u renepanmu noreps. [Ipumeneane HPY mo3BomnseT 3aMeTHO CHU3UTH POU3BOJICTBO SHTPO-
MUY U, KaK CIeACTBHUE, MOTyIuTh mpupoct KITJI.
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Puc. 11. Pacnipenenenue uncen Maxa B OTHOCUTEIBHON CUCTEME KOOPJIUHAT (CEYSHHE MEXJIONATOYHOTO
kaHana Ha Beicote 0,97h, rpanuna I'JIY, mixing plane): @ — BHA + PK, paguanenstii 3a30p 0,4 mm, 6e3 HPVY;
6 — BHA + PK, paguansusiii 3a30p 0,8 mm, 6e3 HPY; 6 - BHA + PK, paguaneusiii 3a30p 0,8 mm,
HPY 4 6opo3nku; e — BHA + PK, paguanshsriii 3a30p 0,8 mm, HPY 6 6opo3nok

NUMECA

Relative Mach Number
[

NUMECA

Relaive Mach Number
3

b

a 0

Puc. 12. Pacnpenenenne uncen Maxa B OTHOCHTENFHON CHCTEME KOOPAWHAT (CEUSHHS B MEKIIOMATOYHOM
kaHane, rpanuna ['JIY, mixing plane): @ — BHA + PK, paguanbsnsiii 3a30p 0,4 MM, 6e3 HPY; 6 — BHA + PK,
pamuanbeHsii 3a30p 0,8 MM, HPY 4 6opo3aku
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Ralative Mach Number
o

Puc. 13. Pactipenenenue uricen Maxa B OTHOCHTENBFHON CHCTEME KOOPAWHAT (CEUCHHE MEKIONATOYHOTO KaHaIa
Ha BeicoTe 0,97h, rpanuma ['/IY, NLH): a —- BHA + PK, panuansnsiii 3a30p 0,8 MM, 6e3 HPY; 6 — BHA + PK,
paauanbHsiii 3a30p 0,8 mm, HPY 6 60opo3aok

NUMECA oy (4 0k ) NUMECA gy 4 hg )

Puc. 14. Pacnipenenenue sHTponuu (CEUeHUE MEKIIONATOUYHOTO KaHaia Ha BeicoTe 0,97k, rpanuna 1Y, NLH):
a —BHA + PK, paguansnsrii 3a30p 0,8 MM, 6e3 HPY; 6 — BHA + PK, pagnansasiii 3a30p 0,8 mm, HPY 6 6opo3mok

Ha puc. 15 nmokazaHo pacnpezeneHre OTHOCUTENIbHBIX Yrcen Maxa Ha nepudepun s MOJIHON
CTyNeHH. 3acTOMHas 30Ha B 3afHEH YacTH JIOMATKH pabodero Kojeca 3HAYMTENbHO MEHBILE, YeM
B Cllydae, KOIJla CTaTop He BKIIOYEH B pacueTHylo obnacte. Tem He MmeHee HPY naGupunTHOrO THIA
MPaKTUYECKHU TOTHOCTBIO YOUpaeT 3Ty 3acTOiHYI0 30HYy. B 0bnacTu nepenHeil KpOMKH 3aMETHO Tepe-
CTpanMBaeTCsl CTPYKTypa BHXps NepeTekaHus. Taikke CTOMT OTMeTHTh, uTo HPY mpaktnueckn
HE BIUSET HAa TEUCHHE B MIOCICAYIOINX BEHIIAX.

NUMECA Reatve Mach Humber NUMECA Reltive Mach Norber
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Puc. 15. Pacipenenenue uncen Maxa B OTHOCUTEIHHON CUCTEME KOOPJMHAT (CEUeHHE MEXKIIONATOYHOTI0 KaHaja
Ha BeIicote 0,97h, rpanuna I'1Y, nonHas cryneHp, mixing plane): a — BHA + PK + CAy, pagnansasrii 3a30p 0,8 M,
6e3 HPY; 6 — BHA + PK + CAy;, pagnansHsrii 3a30p 0,8 MM, HPY 6 60poznok
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OCOOEHHOCTBIO  3aMBIKAIONICH  CTYIICHH
BbICOKOHarpyxenHoro KBJl sBmsgercss moruHoe
CJIEZIOBOE BO3MYIIEHHUE, MPUXOSIIEEe OT IMpesbl-
Iymux cryneHed. HecraumoHapHoe B3aumojiei-
CTBHE 3TOr0 BO3MYIIEHHS M paboyero Komeca cy-
IIECTBEHHO MEHSET KapTHHY TedeHus, u 3(ek-
tuBHOCTh HPY B Takol cuTyaluu OKa3bIBAaeTCS
noJ1 BorpocoM [25]. B nanHol pabore ObUIO dmC-
JICHHO CMOJIETUPOBAHO CJIEJOBOE BO3MYIIEHUE
MyTeM I0/Ia4M Ha BXO/[| MpOBaja MOJHOIO JaBJie-
Hus Ha 10 % (puc. 16) u moka3aHo, YTO U B TAKOH
nocraHoBke HPY nabupunTHOrO THHIA HMEET

Prc. 16. ®opma BxojHoro cieza TaKOKe TOJIOKUTENBHBINA 3(deKT Ha Xapaxrepu-
CTHMKH 3aMBIKAIOLIENH CTYIIEHH KOMITPECCOpa.

Ha puc. 17 nokazaHo cpaBHEHHE UHTETPAIbHBIX XapaKTEPUCTUK CTyNeHH [[-77M B KOMIIOHOBKE
0e3 BeixogHOTO cTaropa CAy npu pamuansHoM 3a3ope Hax PK 0,8 MM, momydennsix merogom NLH
IIpYU 3aJaHUM Ha BXOJI€ PaBHOMEPHOI'O MOTOKA M NMOTOKA C MPOBAJOM IMOJHOTO JABIEHHSA, MOZIEIH-
PYIOLIETO OKPY>KHYIO HEpaBHOMEPHOCTH MOTOKA. [Ipy Hanu4uuy BXOAHOHM HepaBHOMEpHOCTH 3 dekT
HPYVY coxpanuncs: KII/l Bepoc He3sHaunTenbHo, a 3anacs! I'1Y yBennunnuce Ha 4,6 %.

N
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0,915 T

0,91 / \ 1,25 \ < \

0,905 N \
0,9 / P \

o 1,2
0,895 -—=—#== Ge3 6oposnok, NLH Al —— 6e3 6oposnox, NLH
, 6 6opo3znok, NLH == 6 6opno3nok. NLH

0,89 === Ges 6opo3nok, NLH, HepaBHOMEpHOCTE | | |
0.885 i 6 6OpO3110K, NLH, HEepaBHOMEpHOCTH
s T T T

11 12 13 14 15
a 0

Puc. 17. IHTerpansHble XapakTepUCTHKH cTyneHu 6e3 Beixoauoro cratopa (BHA + PK) B koopaunartax:

a— 71;1 (an ); 6-T (an) , panuanbHbIii 3a30p 0,8 MM, NLH, HepaBHOMEpHOCTH

BoIiBOabI

1. IlpoBenensr pacuersl 3D-BA3kuX TypOYJIEHTHIX T€UEHHWH B 3aMbIKaromied crymeHu [[-77M
C THAJKOW MPOTOYHON YacThl0 M HECKONBKUMH BapuaHTamu HPY maGupwHTHOTO THIA B CiydYasx,
KOT/la CHPSMIISIIOINAN amnmapaT ObIT OTOpOIIEH W KOTZJa OH BXOIMJI B pacdyeTHyio oOmacts. [lpm
BeJIMYMHE paanaabHOro 3azopa 0,4 MM HAAPOTOPHBIE yCTPOWCTBA JIAOMPUHTHOTO THIIA HE OKa3all
BIIUSTHYSI HA XapaKTEPUCTUKHU CTyIeHH B obomx ciydasx. [Ipu yBemmdaenun 3azopa a0 0,8 MM sdpdext
HPY cran 3ameren. Hanbonpmuit npupoct nana kondurypanus HPY maGupHHTHOTO THITA C TIIECTHIO
6opozakaMu TpeyronbHOH Gopmel. 3amace! /Y crynern 0e3 BEIXOIHOTO CIPSMIISIOIIETO anmnapara ¢
Takol KOoH}Hrypamueit 60po3nok Bo3pocau Ha 7 %, a makcumanbHbli KIIJ ma 0,8 %. B cmydae
TTOJTHOH CTYTICHH KOH(HUTYpAaITs ¢ mecThio Oopo3akamu najna npupoct KI1J Ha 0,4 % 6e3 n3meHeHus
3amacoB I'J1Y.
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