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10. I1. KYXTHH, B. M. JIAIIOTKO, C. A. XOMBUIEB

YUCJEHHOE UCCJIEJTOBAHME BJIUSHUS OKPYKHOM HEOJHOPOTHOCTH
IIOTOKA HA CHJIOBOE HAT'PYKEHME JIOITATOK TB/J

AHHOTAILTHA Oonum u3 cnocoboé cHudicenus OUHAMUECKUX HanpadliceHull Ha pabouue 10namxu, npu YCioeusax dKCniya-
mayuu, OIUZKUX K PE3OHAHCHBIM, MOdcem Oblmb YMeHbUleHUe GHEWHUX 6030yocoarouux cul. B pabome npugedenvl pe3ynb-
Mamol YUCTEHHO20 UCCIe008AHUSL GIUAHUSL OKDYICHOU HEPABGHOMEPHOCIU NOMOKA neped padoyuum KoJlecoM HA YPOBeHb He-
CMAYUOHAPHBIX A3POOUHAMUYECKUX CUTL, NPUTOACEHHBIX K pabouum aonamxam mypounvl. [lpu uucienHom mooenuposanuu
meueHus 3a0a6anacb HeOOHOPOOHOCMb NOJIA NOTHOU MeMNepamypsl Ha 6x00e 8 mypouH, a Mmaxice NieHOuYHoe OXAAXHCOeHUe
connogozo annapama. Ilpogedenvt pacuémul HECMAYUOHAPHBIX MeYeHUll 8 CmyneHu mypounbl 8b1COK020 0asNIeHUs: Ol mpex
8APUAHTNOG 2e0MempUlY CONL08020 annapama:l — ¢ ucxooHou zeomempuetl, umeroujell 0OUHAKO8ble NAOWAOU 2eoMempuye-
CKO20 20pIa 8 KAHCOOM MENCIONAMOUYHOM KaHane, 2 — ¢ ceomempuet, NOIyYeHHOU uepedoganuem 08yxX munog cekmopos, no
MpU KaHAA 8 KAXCOOM, UMEIOWUX YEeTUUEHHYIO a2 WU YMEHbUEHHYIO a] NIowadb 2opaa,; 3 — ¢ eeomempuetl, NOIYYEeHHOU
uepedosaHuemM KAHaL08, UMEIOWUX YEeTUUeHHYIO a2 ULU YMEeHbUIeHHYTO a1 niowads copaa. Ilo pezyrsmamam @ypve-ananusza
HECMAyUuOHAPHBIX CUL NPOBEOeH CNEKMPAIbHbIL AHAU3 OUHAMUYecKol cocmasasiioujell smux cul. ITlonyueno crudcenus
VPOBHSI HECIMAYUOHAPHBIX AIPOOUHAMUYECKUX CUTL HA pabouell tonamke no wacmome z:fn, 20e fit — uacmoma épawjeHust po-
mopa, z — Koau4ecmso J0Namox CoOniogo2o annapama.

Knrwuesvle cnosa: necmayuonapnoe meuenue, 6030yxrcoarouas aspoouHaMuyeckas cuud, cmyneths mypOouHbi.

Yu. P. KUKHTIN, V. M. LAPOTKO, S. A. KHOMYLYEV

NUMERICAL INVESTIGATION OF THE INFLUENCE OF CIRCUMFERENTIAL FLOW
INHOMOGEINITY ON THE POWER LOADING OF HPT BLADES

ABSTRACT One of the methods used for the reduction of dynamic stresses in turbine blades when operating conditions are
close to resonance conditions can be the reduction of external exciting forces. This scientific paper gives the data of numeri-
cal investigation of the influence of circumferential inhomogeneity before the turbine wheel on the level of nonstationary
aerodynamic forces applied to turbine blades. With regard to the numerical flow simulation the full temperature field inho-
mogeneity was specified at the turbine inlet including the film deposition of the nozzle diaphragm. Nonstationary flows in the
high pressure turbine stage were calculated for the three geometrical options of nozzle diaphragm: 1 — the initial geometry
has the same area of geometric throat in each blade channel; 2 — the geometry obtained by the interlacing the two types of
sectors, each includes three channels that have the enlarged area az or the reduced area ar of throat; 3 — the geometry ob-
tained by the interlacing of channels that have the enlarged area a: or the reduced area ai of throat; Using the Fourier —
analysis data for nonstationary forces the spectral analysis of the dynamic component of these forces was done. A decrease
in the level of nonstationary aerodynamic forces of z‘fn frequency was obtained for the turbine blade, where fn is the rotor
speed, z is the number of blades in the nozzle diaphragm.

Key words: nonstationary flow, exciting aerodynamic force, and the turbine stage

BBenenue

[Tporpecc B pa3BUTHM COBPEMEHHBIX TYypOO-
MaIlliH XapakTepusyeTrcs INPUMEHEHHEM BBICOKO-
Harpy>KeHHBIX CTYIEHEH C BBICOKUMH YJEIbHBIMU
napaMeTpamMH, MaiblMH pa3MepaMu M BecoM. llpum
CO3JJaHWM TaKHWX JBHUraTeieil CyIecTBEHHO 000CTps-
eTcst mpobiieMa obecriedeHust UX HaJeKHOCTH H JI0N-
roBedHOCTH. OKpYy)XHast HEOIHOPOIHOCTh HaOeraro-
[IETO TOTOKA Tasa SIBISETCS OCHOBHBIM HCTOYHHUKOM
HECTallMOHAPHBIX a’3POJUHAMHUYECKHX CHJI, IEHCTBY-
oIMX Ha paboune nomatku. HepaBHOMepHOe moine
mapaMeTpoB Ha BeIxonxe u3 kamepsl cropanusa (KC),
00yCTIOBIICHHOE TUCKPETHBIM KOIMIECTBOM (DOPCYHOK
U KOHCTPYKTHBHBIMH OCOOCHHOCTSIMH, B3aUMOJICH-
CTBYET C HIMKECTOSAILINM COIIOBBIM ammapaToM (CA),
HUMEIOIIUM TUCKPETHOE KOJIMYECTBO JIOMATOK. Takum
oOpasoM, B cedeHuu mnepes pabounm konecoMm (PK)
TypOuHbl BBICOKOTO maBieHuss (TBJI) monyuaercs
CYLIECTBEHHO HEOJHOPOAHOE paclpelesieHHe Mapa-
METpPOB. OTa HEOJHOPOAHOCTb, NpU €€ B3aUMOJEH-

ctBun ¢ Bpamaromumcs PK, BeI3piBaeT mymscanuu
a’pONMHAMHYECCKON CHIIBI Ha pPabOYMX JIOMMaTKax C
9acTOTaMH, OOYCIIOBICHHBIMH KOJIHMYECTBOM (hopcy-
HOK 1 jjonatok CA.

[Ipu poeKTHPOBAHUH U AOBOJIKE ABUTATEIS HE
BCErJa BO3MOXKHA II0JIHAasE OTCTPOWKa OT pe30HaHca,
TaK KakK CIEKTp COOCTBEHHBIX YacTOT pabO4MX Joma-
ToK (PJI) MOXeT OBITh TOCTATOYHO IIUPOKHM IO OT-
HOIIICHHUIO K JUANa30Hy pabodux 0OOpPOTOB POTOpA.
OfHUM W3 HampaBIEHUH CHIDKCHUS JUHAMUYECKHX
HanpsbkeHud B PJI mpu ycnoBuSIX 3KCIUTyaTallMH,
OJM3KUX K PE30HAHCHBIM, MOXKET OBITh YMEHBILICHHE
BHEIIHUX BO30YXIaromux cui [1].

Jns ocnaGreHMss MHTEHCHUBHOCTH BO30YKaa-
IOIINX CHJI, MPAaKTUYECKH O€3 MOTepH a’poIuHaMUIC-
ckoif 3¢pdexkTuBHOCTH CTYNEHH TYpOWHBI, BO3MOXKHO
npuMeHeHne pasHomaroBeix pemerok CA [1, 2]. B
pabote [3] OBLIO MOKA3aHO, YTO HEOAHOPOIHOCTH IT0-
75 ToHO# TemmepaTypsl 3a KC sBisieTcs MCTOYHU-
KOM cHJIOBOro HarpyxeHus Jonatok PK. IToaromy,
JUIl TIPAaBUJIBHOTO OIPEIEJICHHUs] IOJHOTO CIEKTpa
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cui, aeiictByromux Ha PJI, HE0OX0qMMO Takke yqu-
THIBATH 110JI€ NOJIHON TemnepaTyphl T 3a KC.

JlonoNMHUTENBHBIM (JAKTOPOM, BIHAIOMIIMM Ha
HEOJ/IHOPOJHOCTh TOTOKA, SIBISICTCS MaJCHHE TOJHON
TeMmIepaTypsl B 3akpoMouHoM ciieie CA, BcieacTsue
BbIyBa OXJIajaromiero Bosayxa. IIpum uuciaeHHOM
MOJICTIMPOBAHMH, IJISI MAaKCUMAJILHOTO IMPUOJIMIKCHUS
K peaJIbHBIM yCIIOBHAM pabotsl sonatok PK, cnenyer
YUUTHIBATh U 3TOT (aKTop.

Heab padoThl

Ilenpto wmccienoBaHMs SBISIETCS YMCIICHHAS
OLIEHKA BIHSIHUSI OKPY)KHOW HEPaBHOMEPHOCTH ITOTO-
ka nepea PK Ha ypoBeHb HeCTaLlMOHAPHBIX a3POAU-
HaMHUYCCKUX CHJI, TPUIOKCHHBIX K pa60th Jonar-
kam TB/I.

H30:keHne 0CHOBHOIO MmaTepuaJja

Ob6vexm uccredosanuii

B kauectBe 00BeKTa Ul MCCIeNOBaHUN ObuIa
BBIOpaHa CTyNeHb TYpOMHBI BBICOKOTO JaBJICHUS
ABHALMOHHOTO JIBUTATENS, coAeprkammasi 29 COIIOBBIX
1 82 paboYmX JIOMATKH.

Ha Bxozme B pacueTHyro o0yacTe 3a/aBajioch
HEPaBHOMEPHOE B paJWalbHOM U B OKPYKHOM
HaNpaBJICHUSX MOJIE TIOJIHON TemmepaTypsl I° u MoJ-
HOT'O JaBJICHUA P*, a TaKiK€ MOCTOSAHHBIC YIJIbI BXO4a
MOTOKA.

[TapameTpsl Ha BXoze B TypOMHY OBLIM IOJY-
YeHBI B Pe3yJbTaTe YHCIEHHOTO pacdeTa CeKTopa Ka-
MepHBI CTOpaHusl, CoJeprKaIero onHy u3 16 gopcyHok.
[TonHast oxpy»Hasi dMIOpa 3aTOPMOXKEHHOH TeMmIepa-
TYpHI NOJyYaJach KOIMMPOBAaHUEM CEKTOpa B OKPYX-
HOM HampasieHuu. [lomydenHoe TakuM 0Opa3om moie
TEeMIepaTyphl Iepe] TypOMHOW OBUIO TEOPETUYECKH
OKHJIAEMBIM, U CYLIECTBEHHO OTIIMYHBIM OT PEAIbHOMN
AMIOPBI, KOTOpasi UMEET 3HAYUTENILHO OOJIbIIKE Tepe-
nmaJbl TEMICpATYyp.

Ha mepe momatku CA MomenupoBayioch Iijie-
HOYHOE OXJIQKAEHHE, a Ha BTYJOYHOW U mepudepuii-
HOW 00pa3yroIIUX MPOTOYHOW YaCTU TYPOWHBI — BBI-
JyB OXJIaXJAIOIIET0 BO3AyXa M YTEUKH IO CTHIKaM
ook (puc. 1).

I'eomerpus xananma CA ¢ yBelIMYeHHOW IIIO-
Iagpi0 TOpJia IOJy4YeHa YMEHBIICHHEM XOpPIbl HC-
XOIHOMW JIOTIATKM ITyTeM MOAPE3KH BBIXOAHONW KPOMKH
0e3 m3MeHeHns1 (POPMBI MPOGUIA B OCTATFHOW YacTh

(puc. 2).

1-51 obnactb

2-51 obnactb

Puc. 1 — I'eomempus pacuémmoii ooaacmu

-
a,
Puc. 2 — I'eomempus npogpunetl 6 obnacmu 6bix00HOU
KpomKu, oopasyrowux kananel CA ¢ ucxoowotl (ap) u
VBeNUdeHHOU (d3) niowadsro eopra

Pacuémuvr nposodunuce ons mpéx eapuanmos
CA:

1) ¢ mcxoqHOH TeoMeTpueii, IMEIoIIeH OInHA-
KOBBIE IUIOIIAN TEOMETPUYECKOTO Topia B KaKIOM
ME)XJIOTIATOYHOM KaHaJe;

2) ¢ reomMeTpHel, MOITYYeHHOH YepenoBaHUEM
JIBYX THIIOB CEKTOPOB, IO TPH KaHala B KaXKIOM,
HUMEIOLINX YBEJIMYCHHYIO @ WJIM YMEHBLICHHYIO @)
IUTOIIA b TOPJIa;

3) ¢ TeoMeTpueH, MOTYICHHONW YepeToBaHHEM
KaHaJoB (9Yepe3 OJMH), UMEIOIINX YBEIUUCHHYIO )
WJIN YMEHBIIEHHYIO ¢| TIJIOIIAAb TOpJIa.

Tak xak MacmTad HCCIEIyeMOro SIBICHHUS ObLT
paBeH MOJHOMY 00OpOTY, @ TAKXKE COOTHOILICHUE YHC-
Jla JIOTIATOK MEPBOTO M BTOPOTO BEHIA HE SBISIOTCA
B3aUMHO NPOCTHIMH YMCIIAMH, TO B pacyeTHble 00ja-
CTH OBUTM BKIIIOUEHBI BCE MEXKJIONATOYHBIC KaHAaJbI
BEHIIOB (TIOJHEI 000pOT).

Mamemamuueckas mooenv U YUCIEHHBII MEMOO

JUisl MOzieTMpOBaHysI TEUSHNUS Ta3a B MCCIIETy-
€MOH 00JacTH YHCIIEHHO Pelaiich OCPEAHEHHBIE 110
Peitnonbicy ypaBuennst HaBee-Crokca (RANS) 3anm-
CaHHBIC B NPUOIMKEHUM TOHKOTO CIOS JUIA ILMJIMH-
npudeckoil cuctembl koopawHaT [4]. Ilpm pacuére
BSI3KHMX TypOyJICHTHBIX TEUEHUH OCHOBHBIC YPaBHEHUS
3aMBIKAJINCh CTAHNAPTHOW k—& MOJENBI0 TypOyIeHT-
Hoctu Jlaynnepa-Crnonnunra. I'paHudHbIe yCIOBHS Ha
TBEPIOH CTEHKE I KMHETHYECKOW sHepruu TypOy-
neatHoctd (TKE) u ckopoctu muccumammu TKE
OIIPEEIUTICH C TOMOLIBIO TIPUCTEHOYHOM (PyHKLIMH.

Pemenue cucreMsl ypaBHEHUH NPOBOJMIOCH C
nomolteio uncinennoit cxemsl C.K. T'omyHoBa, nmero-
el 2-M nopsaoK TOYHOCTU MO NMPOCTPAHCTBY, C HC-
MOJIb30BAaHUEM TIPOLEAYPHl pacnajza MpPOU3BOJILHOIO
pa3psiBa. Bs3kne KOMIIOHEHTHI allpOKCUMUPOBAIICEH
LEHTPATBHBIMH PA3HOCTSIMU.

[Ipn BBITOTHEHWH PACYETOB HCIIOJIB30BATACH
ceTka Tuna H conepskamias Ajs MEpBOro BeHua 3,3
MJTH. ST9€eK U JUII BTOPOTro — 8 MIIH. stueek (puc. 3).

O0cy:kaeHne pe3yJibTaTOB

B paccmarpuBaemoii reomeTprueckoi obmactu
ObUTH TIpOBEZICHBI pacyéThl 1uisl Tpex BapuaHTtoB CA ¢
pa3nuuHbBIMH  TeoMeTpusMu. OTHOIIEHHE IOJIHOTO
JIaBJIEHUS Ha BXOJIE K IOJHOMY JIaBJICHUIO HA BBIXOJE
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nocturano Po’/P, = 3,4. CpenHeMaccoBas TeMIEpary-
pa rasa Ha BXOZ€ B TypOHMHY ISl IIEPBBIX TpeX pacué-
ToB coctaBisuia 1455 K. Yucao PeiHonbaca, mocyu-
TaHHOE IO MapamMeTpaM Ha BBIXOZE U MIMPUHE MPOoH-
1s1 PJI, Re =4,5-10°.

Ha puc. 4 npuBeneH gparMeHT pacyeTHOH 00-
JIaCTH C MCHOBEHHBIM 3HaYCHHEM IIOJTHOHM TeMIepary-
psl B abcomotHOM mist CA ¥ B OTHOCHUTENIHLHOM JUIS
PK nBmxkenunu.

Heonnopoanocts Haberaromero Ha paboune
JIONAaTKU T0TOKa 00YCIIOBIICHA, MIPEX/E BCETO, 3aKpO-
MouHBIMHU ciieiaMu oT CA. DTa HEOTHOPOTHOCTH JI0-
MIOJTHUTENBHO YCYTyONseTcsl TeMIepaTypHbIMU IIepe-
naJlaMi MEXTy TOPSYUM SAPOM IOTOKA U XOJIOJHBIMH
CTPYSIMH OT IJIECHOYHOTO OXJIXIICHUS [Iepa JIONIAaTKU 1
BBIJYBOB Ha BTYJIOUHOW M nepudepuiiHoit obpasyro-
IIUX TPAKTa.

Ha puc. 5 u 6 npuBeneHo pacnpenencHue Ha
cpemHeM panmyce Oe3pa3MepHO ckopoctd M U mmoi-
Holl TemnepaTypsl T s a6COMOTHOTO (@) U OTHOCH-
TEJILHOTO (O) NBIKECHUSL.

Puc. 3 — Pacuémnasn cemxa 6 nepgom
U 80 BMOPOM 6EHUAX

T
J1389

Puc. 4 — @paemenm pacuemnoii obracmu ¢ MeHO8eHHbIM pacnpedenerue abcorromuo ¢ CA
u omnocumenvhou 8 PK nonnoti memnepamypoi

a o
Puc. 5 —Ilone uucia M na cpeonem paduyce:
a — 6 abCoNIOMHOM OBUINCCHUU,
0 — 6 OMHOCUMENLHOM OBUNCEHUU

1550

Puc. 6 — Ilone nonnoii memnepamypul Ha cpeOHem
paouyce: a — 8 AOCOTIOMHOM OBUNCEHUU,
0 — 8 OMHOCUMENTLHOM OBUNCEHUU
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Ilepemag B OKPY)KHOM HAIPaBIEHUH OCpE-
HEHHOM I10 BBICOTE IIOJIHOM TeMIIEpaTypbl Ha BXOJE B
TypOHHY cocTaBisieT Bcero 55°. B ceuenun ke nepen
pabounm xonecoMm oH gocturaet 370° B aOCONMOTHOM
JBIKEHUU U 235° B oTHOCcUTEenbHOM. Ha puc. 7 npu-
BEICHBl [HAarpaMMbl OKpPYKHOTO  pPacIpeeNeHUs
OCPEIHEHHOM IO BBICOTE IIOJIHOM TeMIEpaTypbl AJIs
cedenus nepex Typounoit (0) m ceuenms mepex PK
JUIsL TpeX TeoMeTpui cormoBoro ammapata (1-3).
Temneparypsl n300pakeHbl B OJIHOM Macuitade, AJs
IMOJIOBUHBI OKPYXHOCTH BCHIIA. HpHMLIMI/I JIMHUSMH
OTMEUYEHbI 3HAUCHHsI CPETHEMACCOBOI TeMIlepaTyphl.
AHaNorn4HbIe TMarpaMMBbl JJsi 6e3pa3MepHOl CKOpo-
cti M n3o0paxkeHsl Ha puc. 8.

ITocne nocTmkeHus pexuMa yCTaHOBUBILETOCS
TEUEHHMs, U1 KaXXKJOro BapHaHTa IMPOBOJWICS pacyér
B TEUEHHE JBYX 00OPOTOB POTOpPA, YTO COOTBETCTBO-
Bano (usmdeckomy BpemeHu ¢ = 0,00663 c. Yepes
OIIpEJIETICHHOE KOJMYECTBO UTEPAIMi TPOM3BOANIACH
3aMyCh 3HAYEHUH KpyTsmero MomeHta M., [HMm] u
oceBoil coctapistomier cuisl Fy [H], npunosxeHHbIX K
paboueii tonatke. DMOPBI UX U3MCHCHHUS 110 BPEMCHH

AN

npuBeaeHsl Ha puc. 9 u 10. Ha puc. 9 BuaHo, yto am-
IUINTY/1a U3MEHEHUs] KPYTSIIET0O MOMEHTA, 3HAUYCHUE
KoTopo#t cocraBister 22,4 H-m, cocraBmser 53 % ot
CPEIHEro 1o BpeMeHH a0COIIOTHOTO 3HAYCHUS TAHHO-
ro napamerpa (42 H-m).

IIo pesynpraTam @Dypbe-aHanu3a HECTALMO-
HapHBIX CHJI TIOJYYEHBI CIIEKTPAIbHBIE IHarpaMMBI,
npencrasiaeHHele Ha puc. 11 u 12. Ha Hux B kadecTBe
apryMeHTa B3siTa BEJIMYMHA, ONpEAEIIoNas HoMep
TapMOHMKH, I = fIf,, THe f—dacTroTa HCCIETyEeMON
(yurkmn, 1/c; f, — 9acrora BpamieHus poropa, 1/c.

Ha mmarpammax oTdeTnuBO BBIACHSETCS 29-5
rapMOHMKAa W MEHee 3aMeTHa, KpaTHas ei, 58-1 rap-
MOHHKa, 00yCIIOBIICHHbIE KOMHYecTBOM Jonartok CA.
Hapymenne cTpororo uepenoBaHusi MEXIOMATOYHBIX
KaHaJlOB C OJMHAKOBOHM IUIONIAJIbI0 TOpiia, KOTOPOE
6])1.]'[0 IIPUMEHCHO BO BTOPOM U TPETHEM ClIydasdX reo-
Metpuu CA, BHECIIO AMCTapMOHHUIO BO BPEMEHHOM
pacmpeneneHuy Bo3MmyIaromei cwisl (puc. 9, 10),
YTO BBIPA3WIIOCH B CHIIKEHUH aMIUTUTYIBI IO OCHOB-
HOW TapMOHHUKE M POCTE aMILUIUTYbl TAPMOHUK B HU3-
KouacToTHOH obxactu (puc. 11, 12).

1285

1100
® ®

0 1

® ®

2 3

Puc. 7 — Pacnpedeneniue 6 0Kpy#CHOM HANPABGIEHUU OCPEOHEHHOU NO 8biCOMe NOTHOU MeMNepamypul.
0 — ceuenue nepeo mypounoti; 1 — ceuenue neped PK ons nepsoii ceomempuu CA; 2 — ceuenue neped PK ons
emopoti ceomempuu CA; 3 — ceuenue neped PK ona mpemveii ceomempuu CA

0,95

0,65

?
1

@ ¢
2 3

Puc. 8 — Pacnpedenenue 6 OKpys#CHOM HANPABLEHUU 0CPeOHeHHOU no gvlcome ckopocmu M 6 ceuenuu neped PK:
1 — nepsas ceomempusi CA; 2 — smopas ceomempusi CA; 3 — mpemvs ceomempusi CA
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64,7 64,5
A 4“1 51 1 1" 21 3 H“ 51
i i
2 3

Puc. 12 — Cnexmpoepammel ocesoti cocmasnaoujell Cuibl, NpUI0X*CceHHou k nepy PJI:
1 - — nepsas ceomempus CA; 2 — emopaa ceomempus CA; 3 — mpemvus 2eomempusi CA

75 67,2
=
> 375
<
0 .__—“.L-.__l
1 " 21 oA # 51 1 1
|
1
Bcnencrsue OTHOCHUTCJIBHO paBHOMepHOﬁ

BXOJIHOM D3MIOPHI IIOJHOM TEMIIEpaTypbl OT KaMephl
CrOpaHus Ha CpeiHEM Auamerpe 16-1 rapMOHUKa cia-
60 HaOmomaeTcs Ha puc. 12 BO BTOPOM U TpPETbEM
ClIydasx.

Kak BuaHO W3 pe3ysnbTaToB, AN BTOPOTO H
Tperbero BapuantoB reomerpun CA Habmomaercs
CHIDKEHHE JUHAMUYECKON COCTaBIAIOIIEH CHIBI C
4acTOTON z'f,, NEWCTBYIOIEH Ha paboyue JONaTKu
TypOuHBI, TA€ z — uyncio yjomnatok B CA. 3HaueHue
aMIUIMTYZAbl KPYTALIEr0 MOMEHTA AJIi BTOPOM U Tpe-
Thel reomerpun CA camsmiiochk Ha 7,1 % u Ha 6,3 %
COOTBETCTBEHHO. /J[JI1 OCEBOM COCTABISIONICH CHIIBI
CHIDKEHHE aMIUIUTyAb! cocTaBuio 3,7 % u 4 % coot-
BETCTBEHHO.

CHuxeHue ypoBHsI HECTAI[IOHApHBIX a’3poju-
HaMHYECKHUX CHJ BO3MOXKHO OCYIIECTBISITh U ITyTEM
BhIMONHEHNs pemeTkn CA ¢ HepaguanbHO PacIiolio-
JKeHHBIMH JiortaTkaMu [ 1]. D¢ deKTnBHOCT prMeHe-
HUS TaKuX KOHCTPYKTHBHBIX OCOOEHHOCTEIl reomer-
pUM TUIAHHPYETCS PacCMOTPETh B JATbHEHIINX HC-
CJICIOBAHUSX.

BruIBOABI

[To pe3ynbTaTaMm 4YHCIEHHBIX HCCIEIOBAaHUI
BIMSIHUSA OKPY>KHOM HEpaBHOMEPHOCTH IapaMeTpoB
MOTOKAa Ha AMHAMHUYECKUE Harpys3ku, JeicTByloIue
Ha paboune somatku TBJI, MOXXHO clienath CIeayro-
1I1€ BBIBOJbBL:

1) s Goree MOHOTO MOJCTUPOBAHUN HECTa-
IMUOHAPHOTO HArpyXeHUs paboumx JIOMATOK TypOWH
HEOOXOMMO YUYHUTHIBATh BCE (DaKTOPHI, BIUSIONINE Ha
KOH(QHUTYpauo a’poJIuHAMUYECKHX CHII: HEepaBHO-
MEpPHOCTH IIOJII TeMIepaTyphl 3a KaMepol CTOpaHws,
CIIEZIOBYIO HEPaBHOMEPHOCTH OT Jiomatok CA, Hepas-
HOMCPHOCTHL TEMIICpATypbl BCJICACTBHUEC BbIAYBOB
OXJIXKAIOIIETO BO3/IyXa Ha Iepe JIOMAaTKU U I10JI0Y-
HBIX TTIOBECPXHOCTAX.

2) [IpuMeHeHre COIUIOBOrO ammapaTta C mepe-
MEHHBIMH TI0 OKPY>KHOCTH TUIOIIASIMU KPUTHUECKUX
CEUEHHUI KaHAJIOB MPUBOJUT K CHIDKEHHIO a3pOJUHA-
MUYECKMX BO3MYULIAIOMIMX CHJI Ha JIONATKU C 4YacTo-
TOM z'fy. IIpr 3TOM HEOOXOAMMO CIICANTH 33 TEM, YTO-

OBl HE MPOM3O0IILIO YPE3MEPHOr0 POCTa TapMOHHMK B
HU3KOYaCTOTHOM 00JIacTH.
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AHOTALIA Oonum i3 cnocodie 3HUdCeHHs OUHAMIYHUX HANPYICEHb Ha poOOoUi TONAMKU, 3a YMO8 eKCHIYyamayii, O1U3bKux
00 PE30HAHCHUX, MOJice OYymuU 3MEeHUeH S 308HIHIX 30Y0ocytouux cun. Y pobomi HasedeHi pe3yromamu YUceIbHO20 O0Ci-
0ICEHHsL 6NAUBY OKPYICHUL HEPIBHOMIDHOCTI NOMOKY neped pobOYUM KOLeCcoM HA Pi6eHb HeCMAYIOHAPHUX AePOOUHAMIYHUX
cul, npukiadenux 0o poboyux aonamox mypoinu. Ilpu uucervHomy modentoganni meuii 3a0a6anacs HeoOHOPIOHICMb NOJs
noeHoi memnepamypu Ha 6x00i ¢ mypOiH, a MaKoxc NIIBKOGe 0XON00HCEHHS CONN08020 anapamy. IIpoeedeno po3paxynku
HeCmayioHapHux meyiti ¢ cmyneHi mypoiHu UCOKO20 MUCKY Olsi MpboX eapianmie ceomempii connogozo anapamy: 1 — 3
BUXIOHOT 2e0Mempi€lo0, Wo MAE 0OHAKOGI NIOWI 2e0MEeMPULHO20 2OPAA 8 KONHCHOMY MEHCIONAMOYHOM Kanani; 2 — 3 2eomem-
pi€io, ompumanoi uepeyeanHHam 060X Munieé cekmopis, no mpu Kauauu 8 KOJICHOMY, ujo maioms 30invuteny A2 abo 3menuiery
al nnowa eopra; 3 — 3 2eomempicio, OMPUMAHOL YepeYBaAHHAM KAHANI8, wo marome 30invuieny A2 abo 3smenuieny al niowa
eopna. 3a pesynomamamu Pyp'e-aHanizy HeCMayioHaApHUX CUl NPOBEOEHO CHEKMPATbHULL AHANI3 OUHAMIYHOI CKI1A0080I Yux
cun. Ompumano 3HudICeHHs Pi6HA HeCMAYIOHAPHUX AePOOUHAMIYHUX CUL Ha pobouoi ronamyi no yacmomi z:fn, oe fn - uac-
moma obepmanhs pomopa, z - KilbKicmb JONAmMoK COnI08020 anapamy.

Knrouogi cnosa: necmayionapne npomszom, 36y01usa aepoOuHamMivHa cuia, cmynine mypoinu.
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