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PO3PAXYHOK ITPOCTOPOBOT'O TYPBYJIEHTHOI'O IIOTOKY
B KAHAJIAX ABIAIIIMHUX T'A30TYPBIHHUX JIBUT'YHIB

Incmumym mexuiunoi mexaHixu
Hayionanvroi akademii nayk Yxpainu i Jlepocasnoeo kocmiunozo acenmemesa Yrpainu,
eyn. Jlewxo-Ilonens, 15, 49005, Juinpo, Yrpaina,; e-mail: yukv@i.ua

Po6ota npucBsiueHa PO3BUTKY MiAXO/IB 0 YMCETLHOTO MOJCIIOBAHHS TPHUBUMIPHHX TypOYICHTHUX HOTO-
KiB ra3y B pi3HHMX KaHajJaX aBialilfHUX ra3oTypOiHHHX JBHIYHIB, 30KpeMa B KaHalaX BXiTHHUX IIPUCTPOIB IBUTY-
HiB. i npucTpoi noBuHHI 3abe3MeuyBaTH BEIHKI 3HAUCHHS KOe(illieHTa BiHOBJICHHS IIOBHOTO THUCKY i PIBHOMI-
PHICTB OTOKY Ha BXOAI B KOMIIpecop ABUryHa. Mera poGoTH — mepeBipKa Mpare3faTHOCTI METOAMKH, sKa Oyia
po3pobiieHa paHile i npH3HAYeHa Ul PO3PAXYHKY MapaMerpiB MPOCTOPOBOrO TYPOYIEHTHOrO IMOTOKY rasy B
KaHaJaX CKJIaaHOI (hopmu. SIK OCHOBHHH IMifIXi/l 32CTOCOBYETHCS YHCEIBHE MOACIIOBAHHS IPOCTOPOBHX TypOyJIe-
HTHHX Ta30BHX TEYili HAa OCHOBI MOBHHX ycepeqHeHuX piBHsiHb HaBpe—CTokca 1 JBOXMapaMeTpu4HOI Mojemi
TypOyIeHTHOCTI. BHKOHAHO TECTyBaHHS 3alPOIOHOBAHOI METOAMKH YHCEILHOIO MOJCIIOBAHHS IPOCTOPOBOTO
ra3oBOro MOTOKY IULIXOM PO3paxyHKy TPUBHMIpHOI JamiHapHOi Tedil B TpyOi KBaJpaTHOro mepepisy, 3irHyTid
i/ MPSIMUM KyTOM. B pe3ysbTaTi bOro TeCTyBaHHS OTPHMAHO 3a0BIIbHE y3rOMKEHHS PO3PaXyHKOBOI KAPTHHU
Teuil 3 HASSBHUMH B JIITEPATypi eKCIIEPUMEHTAIBHIME JaHHUMH PO CTPYKTYPY IMOTOKY B Kouini Tpy6u. Ha ocHOBi
YHCEIIBHOTO MOJISITIOBAHHS [IPOCTOPOBOTO TYPOYJIEHTHOrO IMMOTOKY B IPOTOYHIN YaCTHHI OZHOTO 3 BapiaHTIB IOBi-
Tpo3abipHHKa aBialiifHOro TypOOrBMHTOBOIO JIBUIYHA OLIHEHO e()eKTUBHICTH IbOTO MOBiTpo3abipHHKa. BusHa-
4YeHy B pe3y/lbTaTi po3paxyHKy HEpiBHOMIPHICTh IapaMeTpiB HNOTOKY Ha BHXOZI 3 HOBITpo3abipHHKa, TOOTO Ha
BXO/li B KOMIIPECOP ABUTYHA, 3ICTABICHO 3 AHAIOTIYHUMH Pe3yJIbTaTaMH [UIs HIIOrO BapiaHTy MOBITPo3abipHUKa
LOTO X JIBUI'YHA, SIKI OTpUMaHi paHiie. Bin3HaueHo, mio iHIIMA BapiaHT MoBiTpo3abipHuKa 3abe3mnedye Habara-
TO GiNbLI PIBHOMIPHHI PO3MOALT MApaMeTPiB MOTOKY Ha BXOJI B KOMIIPECOp ABUTYHA. Y LiTOMY B pOOOTI MOKa-
3aHO MOXKJIUBICTB OLIHKH SIKOCTI O3BYKOBHX HOBITP03a0ipHUKIB aBialiffHUX ra30TypOiHHHX ABUTYHIB Ha OCHOBI
3aIIPOIIOHOBAHOT METOMKH YMCEIBHOTO MOJIEIIIOBAHHS POCTOPOBUX ra3oBHX Tediil. OTpuMaHi B poOOTi pe3yiib-
TaTH MOXKYTb OyTH BHKOPHCTaHIi IIPH aepOJMHAMIYHOMY BJIOCKOHAJICHHI BXiJHUX IIPUCTPOIB aBiallifHUX JBHUTYHIB
pi3HoOro BULIY.

Kniouosi cnoga: uucenvre mooentosanis, npocmoposuil NOMIK 6 KAHALAX, medis 8 KOoAini mpyou, nogim-
PO3a0OIPHUK, HEPIBHOMIPHICMb NAPAMempPI8 NOMOKY.

This work is devoted to the development of approaches to the numerical simulation of 3D turbulent gas
flows in different ducts of aircraft gas turbine engines, in particular in inlet device ducts. Inlet devices must pro-
vide large values of the total pressure recovery factor and flow uniformity at the engine compressor inlet. The aim
of this work is the verification of the operability of a technique developed earlier for the calculation of the pa-
rameters of a 3D turbulent flow in complex-shape ducts. The basic approach is a numerical simulation of 3D
turbulent gas flows on the basis of the complete averaged Navier—Stokes equations and a two-parameter turbu-
lence model. The proposed technique of numerical simulation of a 3D gas flow was tested by calculating a 3D
laminar flow in a square pipe bent at a right angle. The calculated flow pattern is in satisfactory agreement with
the experimental data on the flow structure in a pipe elbow reported in the literature. Based on a numerical simu-
lation of a 3D turbulent flow in the air duct of one of the air intake configurations for an aircraft turboprop engine,
the efficiency of that configuration is assessed. The calculated flow parameter nonuniformity at the air intake
outlet, i. e., at the compressor inlet, is compared with that obtained earlier for another air intake configuration for
the same engine. It is pointed out that the air intake configuration considered earlier provides a much more uni-
form flow parameter distribution at the engine compressor inlet. On the whole, this work shows that the quality of
subsonic air intakes for aircraft gas turbine engines can be assessed using the proposed numerical technique of 3D
gas flow simulation. The results obtained may be used in the aerodynamic improvement of inlet devices for air-
craft engines of different types.

Keywords: numerical simulation, 3D duct flow, pipe elbow flow, air intake, flow parameter
nonuniformity.
3BUYAHHUMH €JIeMEHTaMH aBialliiHuX ra3otypOinHux nsuryHiB (I'T/) € ka-
HaJIK Pi3HOT (OpPMHU MiXK CTYIEHSMH KOMIIpecopa 3 HasBHICTIO B HUX pedep jxopc-
TKOCTI, TepeXiiHI KaHAIW JUIsl 3'€IHAHHS KaMepH 3TOpsiHHS 1 TypOiHHOI YacTHHH
I'TA, mixTypOiHHI NIepeXiiHI KaHai, KaHAIW BX1JTHUX 1 BUXIJIHUX [IPUCTPOIB JIBU-
ryHa. OCHOBHI piBHSHHS 1 TpaHUYHI YMOBH NP PO3PAxXyHKY MapaMeTpiB MPOCTO-
POBOI0O MOTOKY B TAKMX KaHAJIaX MAlOTh 0arato CIUJILHOIO i MOXYTh OyTH chop-
MOBaHI B paMKax €JMHOTO MiAX0.Iy.
B mporeci npoexTyBaHHS JBUTYHIB 3HAYHWI 1HTEpeC pO3POOHUKIB BUKIHKAE
MPOTHO3YBaHHS CTPYKTYpPH Tedii i HOTro iHTErpabHUX XapaKTEPUCTHK CTOCOBHO
© 10. O. KBamia, 2020
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kaHamB Bxigaux npuctpoiB ['T/I. Lli mpuctpoi moBuHHI 3a0€3medyBaTH BEIHKI
3HauYeHHsS Koe(illieHTa BiIHOBJICHHS IOBHOTO THCKY 1 PIBHOMIPHICTh IMOTOKY Ha
BXO/Il B KOMIIpECOp ABUTYHA. B manwii yac aist OMIHKY MipH aepoauHaMIdHOI J0C-
KOHAJIOCTI BXIJTHUX MPUCTPOIB BUKOPUCTOBYIOTHCS KOMEPIIiiHI IPOTpamMHi MpoIy-
ktr, Taki sk FLUENT, pe3ynsTatn 3acTocyBaHHS SIKOTO omucaHi B podorax [1] i
[2], COMSOL (y [3]), ANSYS CFX (y [4], [5]) Ta iami. bararo mocnigHuUKIB BH-
KOPHCTOBYIOTh TaKOX BJIACHI METOAWKH PO3PaxXyHKY MapaMeTpiB Tedii MOBITPS y
BXIJHUX TPUCTPOSX, IO BimoOpakeHo, Hampukiazd, y podorax [1], [4], [6], [7].
UncneHHICTh BKa3aHUX MiIXOIIB, Cepell SIKUX HEMae€ SIBHO MEPEBaKHOTO, HE yHE-
MOJKITUBITIOE PO3POOKY allbTEPHATUBHUX METOTUK.

B Incturyti TexniyHoi Mexaniku HamionampHoi akamemii Hayk Ykpaind i
JepxaBHOTO KOCMIYHOTO areHTCTBa YKpaiHH po3po0IeHO METOAMKY PO3paxyHKy
MIPOCTOPOBOI TypOyJeHTHOI Tedii ra3dy B KaHamax ckiaagHoi popmu [8]. 3 ypaxy-
BaHHSM ii lepe10aTyBaHOTO BUKOPHUCTAHHS JIJIsl a€pOITMHAMIYHOTO BJIOCKOHAIEHHS
JO3BYKOBHX BXiTHUX TpuCcTpoiB aBianidaux ['T/] mpencraBnseThcss MOMITBHAM
MIPOBEJICHHS TOJIATKOBOTO TECTYBAaHHS I[i€] METOIUKH.

Merta nmaHoi poOOTH — mepeBipKa IMpare3aaTHOCTI METOJUKH YHUCEITBHOTO MO-
JIETFOBAHHS ITPOCTOPOBOTO Ta30BOTO TIOTOKY B KaHAIAX CKIaIHOI (PopMHL.

OnumieMo 3arporoHOBaHUH MMIAXiA 0 PO3paxyHKY TPHBHMIPHOTO TIOTOKY B
KaHajax.

PiBHSHHA MaTeMaTHYHOI MOJENI Tedii 3amucaHo y KPUBOJIHIHIX HEOPTOTO-
HaJTBHUX KOOPJIWHATAX, SK OCHOBHI 3MiHHI MPUHHATO KOHTpaBapiaHTHI CKJIaTOBi
IIBUIKOCTI TIOTOKY.

PiBHsIHHS HEpO3pHUBHOCTI 1 ycepenHeni piBHsHHSI HaBbe—CTOKCa mpencTaBie-
HO Y BUTJISI

op

v div (pV) =0, )
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v' — KOHTpaBapiaHTHi KOMIIOHEHTH BEKTOpa MIBUIKOCTI HOTOKY V ; T —uac; p —
TYCTHHA; P — THCK; W= + L — Koe]imieHT cyMapHOI B'SI3KOCTI (TypOyJIeHTHOT 1
MoJieKysipHoi); A =-2u/3; ' — KpuBomiHiliHI KOOpIMHATH; i, — MCTpHYHHIL
TeH3op; A= 1/det”giyu ; Fll(y — cumBosin Kpicroderns; K — kiHeTu4Ha eHepris Typ-

OYJIEHTHOCT!I.
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Buxopucrano HacTynHy (3pydHinTy B IOPIBHSIHHI 3 IpUBEACHOIO B [8]) dhopmy
3amUCy PIBHSHHS CHEPTil

9 (pi*)+div (pVi*) = div| X gradi* | +SE, 3)
ot Co
2
e SE=-2_C Il uPg,,pe + X g ALY 2l i"=CpT +V?/2
A 5q* Cp oqP

(Cp — TEIJIOEMHICTH Ta3y IpH CTAIOMY THCKY, | — TeMmmepaTrypa); Kk — Koediri-

€HT TETUTONPOBITHOCTI.
3acTocoBaHO piBHAHHS cTaHmapTHOI K — €& Mozeni TypOyieHTHOCTI

%(pk)miv (PVK) = div (er grad k) +S&, (@)
8 . ( . ) . €
E(ps)+dlv pVe) = div (uef'g grad s) +S¢, (5)

2
ne SE=G-pe; S =Q§G—czp%;
ov’ k OV ovP k |
G=u|9,,| —+TLvP ||x| gP* =+ g ——+v™gP*r% +g“TP? )|;
t| Jay an Bp aqk aq| ( m ml )

€ — HMIBUAKICTh AMCHMANIi KIHETUYHOI €HEpPril; Hery =Ly 5 Hefe =Mt /135 Cp =
1,44; C, =1,92.

VY piBHsHHI (2) WieHH 3rpyHNOBAaHO TAaKUM YMHOM, IO KOHTpaBapiaHTHI KOM-

MOHEHTH IBUAKOCTI MMOTOKY B KOHBEKTUBHOMY 1 TU(Y3iHHOMY UYJIeHaX MpeacTaB-
JICHO SIK CKaJISIpH, TOOTO

(APViV“), div(ugradvi):l 0 A ayﬁ

i (pvv') = rog*\ Y ag

A og*

PizHuneBi ananoru piBasAHb (1) — (5) OTpUMaHO HAa OCHOBI METOJY KOHTPOJIb-
HOro 00'eMy 1 3alMcaHO Ha MIAXOBik citii. [TiBUINCHHS MOPSAKY arpOKCHMAIlii
PI3HUIIEBUX aHAJIOTIB 3AIMCHEHO IUISXOM 3alMCy KOHBEKTHBHUX YJICHIB 3a CXe-
Moo MLU [9].

JIMCKpETHI aHAJIOTH OCHOBHUX PiBHSHB MOOYJOBaHO HA OCHOBI MOBHICTIO HEs-
BHOI 32 4acOM CXeMH, MPOTEe NMPH YKCEIBHOMY PO3B’SI3KY BKa3aHHMX PI3HHUIIEBUX
PIBHSIHB KPOK 32 YaCOM BHKOPHUCTOBYETHCS SIK peaKcalliiHui mapaMeTp JJisl 3Ha-
XOJIKCHHSI CTAI[lOHAPHOI'O PO3B’A3KY.

CrinbHU Po3B’SI30K Pi3HHUIIEBUX aHAIOTIB piBHSIHB (1) — (5) MpoBOAUTHCS 11O
JIBOKPOKOBOMY ~&JITOPUTMY KOPEKI[ii THCKY 1 IBUAKOCTI. [lpu 1poMy JuIst
PO3B’si3aHHsI PI3HUIIEBUX aHAJOTIB piBHSIHB (2), (4) 1 (5) 3aCTOCOBYETHCS METO]
cyMapHoi anpokcumaiiii, a piBHsAHB (1) 1 (3) — MeToJl OMIHIKHOTO CKAaHYBaHHS 3
HIKHBOIO PEJIaKCalli€ro.

I'pannyni yMOBU CHOPMYIILOBAHO TaKUM YHHOM. Y Iepepi3i Ha BXOJi B KaHal
3aJ1a€THCSl IOBHUI THCK, TeMIIepaTrypa rajJbMyBaHHs, HAPSM TMOTOKY 1 mapaMeTpH
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TypOyeHTHOCTI. | paHWYHI YMOBHM Ha CTIHKaX KaHAIy CTaBIATHCS 3 BUKOPHUCTAH-
HAM MeTOoxy HpHuCTiHHMX (QyHKMiH. 1[I QyHKIIT 3aCTOCOBYIOTRCS TSI pO3PAXyHKY
CWJIM TEPTA Ha CTIHII KaHAIy i mapaMeTpiB TypOyJIEeHTHOCTI B HAHOIMKINX JIO CTi-
HKH BY3JIaX PO3PaxyHKOBOI CITKH. Y BHXIHOMY Iepepi3i KaHaIy 3aJaroThCs HY-
JHOBI 3HAYEHHS MOXiTHUX MMapaMeTpiB MOTOKY y HampsiMmi Tedii. Burpara razy ue-
pe3 KaHall BU3HAYAEThCA (PIKCOBAHOIO BETMIMHOIO CTATHYHOTO THCKY B OJHINA TOY-
11l BUX1THOTO TIepepizy.

OrniHKy mparne3aaTHOCTI TPONOHOBAHOI METOIMKH YHUCEITFHOTO MOJIEITIOBAHHS
MIPOBEJIEHO Ha OCHOBI PO3paxyHKY IMPOCTOPOBOI IaMiHAPHOI Tedii B TpyOi KBajpa-
THOTO Tiepepi3y, 3irayTii mig kyrom 90° [10]. Po3paxyHkoBy 001acTh MoKa3aHO Ha
puc. 1, e BBeZIeHO HACTYIHI MO3HAUeHHA: O — KyT MMOBOPOTY Tepepidy, MepreH u-
KYJSIPHOTO JI0 YTBOPIOIOYHX CTiHOK TpyOwu; 1, 2 u 3 — mepepisu, e poOWIncs BUMIpH

napameTpiB MOTOKY; (ji = qi /a (i = 1,2,3). [HI1i MO3HAYEHHS SICHI 3 PUCYHKA.

q 15a

Puc. 1

PosrnsiHyTOo pexxum Tedii, 10 BiANOBiIae 3HaYeHHIO yucia PeliHombaca 792,
s sikoro B [10] € neTanbHi excrieprMeHTallbHI AaHi. Po3paxyHKu mpoBeJeHo Ha
ocHOBI piBHAHB (1) — (3), cmiBBigHOEeHHS (4), (5) ANt mapaMeTpiB TypOyIIeHTHOC-
Ti HE BUKOPHCTOBYBAIUCS Y 3BSI3KY 3 JaMiHAPHUM PEKUMOM Tedii. Y mepepisi Ha
BXOJIi B TpyOy 3a7aBajocs cTajie 3HaUeHHS IIBUAKOCTI TIOTOKY, 1HII TpaHWYHI YMO-
BU BIJNOBiNaIK NpUBeIeHOMY Bulle (GopmymoBaHHIO. [loBkKHA NpsAMOI YacTHHU
TpyOH 10 HAanpsIMy MOTOKY /10 OBOPOTY cKianaia 15a , micist moBopoty — 7a.

[lopiBHAHHS PO3PaxXyHKOBHX 1 EKCIEPUMEHTAIBHUX PO3IMOMLIIB BiJHOCHOI
LIBUIKOCTI MOTOKY Yy mepepisi, mo Bixnosigae 6 = 90°, mokazaHo Ha puc. 2. Bin-
HOCHA IIBUJIKICTh BU3HAYANACS SAK BiJHOMICHHS MIBUIAKOCTI IOTOKY B JaHIA TOYII
70 cTayiol MIBUAKOCTI Ha BXoji B TpyOy. Ha puc 2, a) npuBeseHO eKcriepuMeHTa-
JBHI [aHi, HA pHUC. 2, 6) — pe3yabTaTH PO3paxyHKy. IIpOCTEKYEThCS 3aM0BITBHE
Y3TOJDKEHHS PO3PaXyHKOBOT KAPTUHH Tedii 3 JaHUMH €KCIIEPUMEHTY TIPU PO3BHUTKY
CKJIaJTHOT TPUBUMIPHOT CTPYKTYPH MOTOKY B KOJIiHI TPyOH.
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Puc. 2

OCHOBHHM €JIEMEHTOM BXiJHOTO mpHcTporo aBiauiiiHoro I'T/] € moBiTpo3adi-
pHEK. [ ogHOrO 3 BapiaHTIB MOBITPO3abipHUKA aBiamiiHOTO TypOOTBHHTOBOTO
JBUTYHA BUKOHAHO PO3PaxyHOK MPOCTOPOBOTO TypOYIEHTHOTO MOTOKY MPH HOMi-
HAJILHOMY 3HAa4Y€HHI BUTpATH TMOBITPs 1 0e3 ypaxyBaHHs CKOCY MOTOKY Ha BXOJI,
IO CTBOPIOETHCSI TBUHTOM.

BxigHuii mepepiz kaHaly MOBITpO3a0ipHUKA € €JIEeMEHTOM KUTbLS i3 CKpYT-
JICHHSIM TI0 Kpasix, a BUXiJHUH — Mali)Ke 3aMKHYTe Kijblie. Pe3ynbraT po3paxyHKy
MIPHUBEJICHO HA PHC. 3, JIe MO3HAYCHHS “‘a)” BIAMOBIA€ PO3MOLITY THCKY Ha BXOJI B
MOBITPO3abipHUK, “0)” — pO3MOALTY THCKY Ha BHXOAI, “B)” — PO3MOJiTY YHCENT
Maxa nmoToky Ha BXOi, “T)” — po3moaily unuces Maxa noToky Ha BUXOi. [3ominii
napameTpiB Tedii Ha puc. 3 MOKa3aHO /IS TIOJOBHHH NMPOTOYHOT YaCTHHHU MOBITPO-
3a0ipHUKa, PO3TAIIOBAHOI ITPABOPYY BiJI TUIONMMHNA CHMETPIi.

SIK110 BU3HAYUTH Mipy HEPIBHOMIPHOCTI PO3MOIiTY SIKOTO-HEOY b TTapamMeTpa
MOTOKY y BHOpaHiii 00JIacTi sIK BiTHOLICHHS PI3HUIII MAKCHMAJIBHOTO 1 MiHIMallb-
HOT'O 3HAYEHb MMapaMeTpa JI0 HOTO CepPeHHOTO 3HAYCHHS, TO Mipa HEPIBHOMIPHOCTI
MOJISl THCKY Ha BHXOJII 3 MOBITPo3a0ipHUKa (TOOTO Ha BXO/i B KOMIIPECOP JBUTYHA)
ckiaamae mpubmmsao 8 % (puc. 3, 6)). Mipa HepiBHOMIPHOCTI OIS IMBUAKOCTEH B
SApi TIOTOKY Ha BHXOi 3 moBiTpo3abipuuka — 6auseko 40 %. (puc. 3, r)). Cuix
3a3HAYNTH, 11O IHIIMKA BapiaHT MOBITPO3a0ipHUKA JJIsl IOTO K TypOOTBUHTOBOTO
JIBUTYHA, 1[0 Ma€ 1CTOTHO iHIIY (OpMy MPOTOUHOT YACTHUHH 1 JOCIIJPKEHU HAMH B
[8], 3abe3meuye Habarato OLTBII PIBHOMIPHHE PO3MOJNIN MapaMeTpiB IMOTOKY Ha
BUXOJIi (Mipa HEpIBHOMIPHOCTI ITOJISI TUCKY B IIbOMY BUIIAJKy CKJIaJa€ MPHOIN3HO
1,5 %, momiB mBuakocTei — 10 %).
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Puc. 3

BucnoBku. Ha ocHOBI po3paxyHKy TpHBHMIipHOI JlaMiHapHOi Teuii B TpyOi
KBaJ[paTHOTO Tepepisy, 3irHyTiH M NPsIMUM KyTOM, BUKOHAHO TECTYBaHHS IMpPO-
MOHOBAaHOT METOJMKH YHCEIBHOTO MO/JICIIOBAHHS MTPOCTOPOBOTO Ta30BOTO MOTOKY
B KaHanax ckiajHoi ¢popmu. OTpuUMaHO 3aJI0BUIbHE Y3TOJDKEHHS PO3PaxyHKOBOI
KapTHHU Teuil 3 HASBHUMH B JIITEPaTypi eKCIEPUMEHTAILHIMHU JaHUMH TIPO CTPY-
KTypy TIOTOKY B KOJIiHI TPyOH.

Ha ocHOBI 4ncensHOrO MOZETIOBAaHHS MPOCTOPOBOTO TYpOYJIEHTHOTO MOTOKY
B MPOTOYHIN YacTHHI OJHOTO 3 BapiaHTIB MOBITpo3abipHUKa aBialiifHOTO TYpOOT-
BUHTOBOT'O JIBUT'YHA OIlIHEHO €(DEKTHBHICTH LLOTO MOBITPO3abipHKKa. BusHnaueny
B Pe3yJIbTaTi po3paxyHKy HEpiBHOMIpPHICTh MapaMeTpiB MOTOKY Ha BXOJi B KOMII-
pecop IBUTYHA 3iCTaBICHO 3 AHAIOTIYHHMH PE3yJIbTaTaMu JJIsl iHIIOTO BapiaHTy
MOBITPO3adipHUKA LLOTO K JBHI'YHA, OTPUMaHMMH paHimie. BijgszHaueHno, mo iH-
M BapiaHT MOBiTpo3abipHuKa 3abe3nedye HabaraTo OLIBII PIBHOMIPHHIA pO3MO-
T TapaMeTpiB MOTOKY Ha BXOJi B KOMIIPECOP JABUTYHA.

OtpumaHi pe3ynbTaTy HependadaeTbCs BUKOPHUCTOBYBATH HaJali IPH aepo-
JUHAMIYHOMY BJOCKOHAJICHHI BXIJHHX IPUCTPOIB aBialliiHUX ra30TypOiHHUX JIBH-
TYHIB.
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