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B po60Ti po3rnsgaeTbca NMTaHHA NPO 0COBGMMBICTb PO3PaxyHKy mapamMeTpiB NPOCTOPOBOI Tedii B 6araTo-
KOMMOHEHTHOMY HaJ3BYKOBOMY CTPYMeHi Ha OCi LMAiHAPUYHOT cucTeMy KoopamHar. Lis ocobnmBicTb nos'a3aHa
3 HasABHICTIO YMEHIB TUNY [Kepena B PIiBHAHHAX, B 3HAMEHHUKY SIKMX MICTUTbCA pafiaibHa KOOpAuHaTta, fka
3BEPTAETbCA B HYMb Ha OCi LMNIHAPUYHOT CCTEMU KoopamHaT. MeTolo poboTu € po3pobka anropuTMy BU3HA-
YeHHS rpaHNYHNX YMOB Ha OCi LIMNIHAPUYHOT CUCTEMU KOOPAVHAT NPU PO3paxyHKy Teuii B HaJ3BYKOBOMY Mpoc-
TOPOBOMY CTPYMeHi B HaGMMKEHHI «B’A3KOrO Wapy». [ns BUPiLLEHHS PiBHAHb «B’S3KOrO LUapy» BUKOPUCTOBY-
€TbCH MapLUOBWIA MeTOA pO3paxyHKY Nons Tedil B3LOBX OCI LMAIHAPWUYHOI CUCTEMU KOOPAWMHAT. O6YMCNeHHs
napameTpiB NOTOKY B BY3/i, L0 PO3TaLIOBaHMIA Ha OCi LMIHAPUYHOT CUCTEMU KOOPAMHAT, 34iACHIOETbCS 3a
SBHOI CKIiHYEHO-PI3HULIEBOIO CXEMOIO B [EKApTOBIl cucTeMi koopauHat. CKiHYeHO-pisHMLEeBa AVCKpeTM3aLlis
PiBHAHb B A€KapTOBIil CUCTEMi KOOPAMHAT Yy BY3/i Ha OCi POGUTLCA 3a CXEMOK XPeCT 3 BUKOPUCTaHHAM napameT-
piB NOTOKY B BYy3/1aX, pO3TalOBaHNX HABKO/IO OCi B MepuAaioHanbHUX nnowwmHax 0, /2, i 3m/2. [Ana 3aBfaHHS
napameTpiB NOTOKY B BY3/lax HaBKO/O OCi B MEPUAIOHIbHIX NOLLMHAX, L0 3HAXOAATHCA 328 MeXaMu PO3paxyH-
KOBOI 06/1aCTi, BUKOPUCTOBYETLCA 3aMOBHEHHS NapameTpiB NOTOKY, BUXOAAYM 3 FPaHUYHOI YMOBU CUMETPIT Ha
rpaHNYHili MepuAaioHaNbHI NnowmHi. OTpUMaHi NapamMeTpu NOTOKY Ha OCi Ha HOBOMY LUapi BUKOPUCTOBYHOTLCA
N9 3aBfaHHA TPaHNYHUX YMOB Ha OCi LMAIHAPUYHOI CUCTEMM KOOPAMHAT Y BCIX MEPUAIOHIbHUX MAOLMHAX
pO3paxyHKOBOT CiTKW. 3anpOornoHOBaHWiA MifXif YCyHeHHs 0CO6AMBOCTI NMpW po3paxyHKy mapamMeTpiB NOTOKY Ha
OCi LMNIHAPWYHOI CUCTEMI KOOPAWHAT A1 CTPYMEHEBMX MPOCTOPOBUX HaA3BYKOBUX Tediil € HOBUM. Bukopumc-
TOBYHOUM 3aMpoOrnoHOBaHWIA NiAxif, MOXHa AOCUTb MPOCTO y3aranbHIOBaTV anropuTMu po3paxyHKy 0CecuMeTpu-
YHMX CTPYMEHEBMX Teuili Ha BUMAafOK [OBINbHWUX MPOCTOPOBUX HEOCECUMETPUYHMX Teuili B CTPYMeHi. Takum
YMHOM, PO3p06IEHO anropuTM PO3paxyHKy MPOCTOPOBOI HECMMETPUYHOI Teuii B CTPYMEHi 3 BUKOPUCTaHHAM
LMAIHAPUYHOT cucTemmn KoopauHaT. OTpuMaHi B poboTi pe3ynbTaTi MOXYTb BYTW 1erko BNpoBa/iKeHi B anropu-
TMU pO3paxyHKY Teuii B MPOCTOPOBUX CTPYMEHSIX.

B paboTe paccmartpvBaeTcs BONpoc 06 0cO6eHHOCTW pacyeTa napamMeTpoB NMPOCTPaHCTBEHHOrO TeYeHus B
MHOTOKOMMOHEHTO/ CBEPX3BYKOBOW CTpPye Ha OCU LMMHAPUYECKON CMCTEMbl KOOpAMHaT. 3Ta 0CO6EHHOCTb
CBfA3aHa C Ha/IMYMeM Y/IEHOB TUMA UCTOYHUKA B YPaBHEHUAX, B 3HaMeHaTene KOTOpbIX COAEPXXMUTCA paananbHas
KoOpAWHaTa, KoTopas 06pallaeTcs B Hy/lb Ha OCY LIMVHAPUYECKOW CUCTEMbI KOOpAUHAT. Llenbio paboTsl fBns-
eTcs pa3paboTka anroputMa onpegeneHns rpaHNYHbIX YCMOBUIA Ha OCK LMAVHAPUYECKOW CUCTEMbI KOOPAWHAT
Mpun pacyeTe TeYEHWs B CBEPX3BYKOBOV NMPOCTPAHCTBEHHON CTPpYye B MPUBIMKEHNN «BA3KOrO cnos». [na pelue-
HUS ypaBHEHWIA «BA3KOTO CNOS» UCMONb3YeTCA MapLLUEBbIA METOZ, pacyeTa Nons TeYeHWs BAOMb OCY LINHAPUYe-
CKOI CMCTeMbl KOOPAMHAT. BbluncneHne napameTpoB NoTOKa B y3/ie, PacrofiOXeHHOM Ha 0CU LIMHAPUYECKON
CUCTEMbI KOOPAMHAT, OCYLLECTBNSAETCA MO ABHON KOHEYHO-Pa3HOCTHO CxeMe B [jeKapTOBO/ cucTeMe KOOPAMHAT.
KOHe4YHO-pa3HOCTHasA AMCKPETU3aLWA YPaBHEHWIA B [jeKapTOBOW CUCTEME KOOPAMHAT B Y3/l Ha 0CU NMPOU3BOAUT-
Al MO CXeMe KPecT C UCrno/b30BaHVeM NapamMeTPOoB MOTOKa B Y31aX, PacnooXeHHbIX B OKPECTHOCTM OCU B Mepu-
[MoHanbHbIX naockocTax 0, /2, m v 3n/2. Ans 3agaHus napaMeTpoB MOTOKa B y371aX B OKPECTHOCTY OCU B Mepy-
[MOHa/bHbIX MIOCKOCTAX, HaXOAALLMXCA 3a Npejenamn pacyeTHoi 06nacTu, UCMONb3yeTca BOCMONHEHWE Napa-
METPOB MOTOKA UCXOAA U3 FPaHNYHOTO YCI0BUS CUMMETPUN Ha FPaHNYHON MepUANOHanbHOR nnockoctu. Mony-
YeHHble MapameTpbl NMOTOKA Ha OCY Ha HOBOM CNOE WMCMOMb3YHTCA ANA 33faHWA FPaHUYHbIX YCMOBUIA Ha OCK
LIMIMHAPUYECKON CUCTEMBI KOOPAWHAT BO BCEX MEPUANOHASBbHBIX NIOCKOCTAX PACHETHON CETKM. MpefioKeHHbINA
MOAXof, yCTpaHeHNs 0CO6eHHOCTY NP pacyeTe NapaMeTpoB NOTOKA Ha OCK LIMAMHAPUYECKOW CUCTEMbI KOOPAY-
HaT [/19 CTPYMHbLIX NPOCTPAHCTBEHHbLIX CBEPX3BYKOBbLIX TEUEHWI SBNAETCA HOBbIM. MCnonb3ys NpefiokeHHbINA
MOAX0f, MOXHO [OCTAaTOYHO NPOCTO 0606LaTh anropuTMbl pacyeTa OCECUMMETPUYHBIX CTPYWHBIX TeYeHWA Ha
CMlyyail MPOU3BOMbHbLIX MPOCTPAHCTBEHHbBIX HEOCECHMMETPUYHBIX TEYEHWIA B cTpye. Takum 06pasom, paspaboTaH
anropuTM pacyeTta NPOCTPaHCTBEHHOTO HECUMMETPUYHOTO TeYEHWS B CTPYe C MCMOb30BaHWEM LMANHAPUYECKON
cUCTeMbl KOOPAMHAT. MonyyeHHble B paboTe pe3ynbTaTbl MOTYT ObITb JIEFKO BHEAPEHbI B aropuTMbl pacyeTa
TeYeHWs B MPOCTPAHCTBEHHBIX CTPYAX.

This paper addresses singularities in the calculation of 3D flow parameters in a multicomponent supersonic
jet on the axis of a cylindrical coordinate system. This singularity is due to the presence of source-type terms in
equations whose denominator has the radial coordinate, which becomes zero on the axis of a cylindrical coordi-
nate system. The aim of this paper is to develop an algorithm for boundary condition determination on the axis of
a cylindrical coordinate system in the calculation of a 3D supersonic jet in the “viscous layer” approximation.
The “viscous layer” equations are solved by marching to give the flow field along the axis of the cylindrical coor-
dinate system. The flow parameters at a node situated on the axis of the cylindrical coordinate system are deter-
mined by an explicit finite-difference scheme in a Cartesian coordinate system. The finite-difference discretiza-
tion of the equations in the Cartesian coordinate system at a node on the axis of the cylindrical coordinate system
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is done by a cross scheme using the flow parameters at the nodes situated in the vicinity of the axis in the 0, 1/2,
n, and 3m/2 meridional planes. The flow parameters at the nodes in the vicinity of the axis in the meridional
planes beyond the computation region are specified using the boundary symmetry condition in the boundary me-
ridional plane. The obtained flow parameters on the axis in the new layer are used in boundary condition specifi-
cation on the axis of the cylindrical coordinate system in all the meridional planes of the computational mesh. The
proposed approach to singularity elimination in the calculation of flow parameters on the axis of a cylindrical
coordinate system for 3D supersonic jet flows is new. Using this approach, one can rather simply generalize axi-
symmetric jet flow calculation algorithms to the case of arbitrary 3D non-axisymmetric flows in a jet. So an algo-
rithm is developed for the calculation of a 3D asymmetric flow in a jet using a cylindrical coordinate system. The
results obtained in this work may easily be introduced into 3D jet flow calculation algorithms.

Kntoyesble cnoBa: LMAMHAPUYECKaa CMCTEMa KOOpPAMHAT, AeKapToBas cuc-
TEeMa KoopauHaT, OCb CTpywH, 0COBEHHOCTb, MPOCTPaHCTBEHHOE TEYEHNE, a/lro-
pyuTM, rpaHN4YHOE YCNOBKUE.

Mpy pacyeTe MPOCTPAHCTBEHHBIX TEUEHWIA C UCMOMb30BAHWEM LMAMHAPUYE-
CKOIi CUCTEMbI KOOPAMHAT BO3HMKAET 0COGEHHOCTb Ha ocu r=0. [N ocecum-
METPUYHBIX TEYEHWIA 3Ta 0COBEHHOCTb YCTPaHMMAa, T. K. pafinanibHas KOMMOHEHTa
CKOPOCTW V, paBHa HY/II0 Ha OCKM CUMMETPUU. Hannume B ypaBHEHWUU HepaspbiB-

HOCTW Cnaraemoro, COAepXallero V,/r, MpuBOAWT K MOSBNEHUIO OCOGEHHOCTU
Tvna 0/0, T. K. npn r — 0 1meeM v, — 0 1 OTHOLUEHWE V, /I 3aMeHseTCs Npou3-
BOAHOM ov, /or mpu r=0. Mpu pacyeTe MapaMeTpoOB NPOCTPAHCTBEHHBIX CTPYi C

MCMO/b30BaHNEM YPaBHEHUI Fa30BOI AMHAMMKM, 3aNUCaHHbIX B LINHAPNYECKOIA
cucTeMe KoopamHat Ozrg , BO3HMKAET HeyCTpaHWMasi 0COGEHHOCTb, CBS3aHHas C
TeM, YTO 1 pajnanbHas V,, U OKPYXXHas V, KOMMOHEHTbI CKOPOCTU He PaBHbI Hy-

N0 N ABNAIOTCA PYHKLMEN OKPY>KHOW KoopauHaTtbl g npu r=0. B pa6oTax [1, 2]
ObIIN NPOBefieHbl pacyeTbl NPOCTPAHCTBEHHbLIX TEYEHWI B KaHanax v CTpysx, Of-
Hako 06 YyCTpaHeHUW OCOBEHHOCTM Ha ocM r=0 TaM HW4Yero He ckasaHo. AN
NPeoLoNeHns 3To OCOOGEHHOCTU NPOCTPAHCTBEHHbLIX CTPYW LefecoobpasHo npu
onpegeneHny napameTpos CTpyu Ha ocu Oz UMINHAPUYECKON CUCTEMBI KOOPAU-
HaT Ozrq WCMOMb30BaTb Pa3HOCTHYHO anmnpoOKCUMALMIO YpaBHEHWIA ra3oBOM Au-
HaMWKW, 3ar1CcaHHbIX B 4€KapTOBOW crucTemMe KoopauHat OXyz .

Llenbto faHHON paboThbl fBNsieTcs pa3paboTka anropMTma pacyeta napameTpos
MPOCTPAHCTBEHHOI0 MOTOKA Ha MPOAO/bHOW OCU LWMIMHAPUYECKON CUCTEMBI KO-
OpAMHaT MpW pacyeTe TEYEHUs B CTPye C WCMO/Mb30BaHWMEM MapLUEeBOro MeToja
pacyeta [3] 415 yNpoLLeHHbIX ypaBHeHWI A HaBbe—CTOKCa B NPUOAMKEHUN «BA3KO-
ro cnos».

YpaBHEHUs CBEPX3BYKOBOIO TeUYeHMs BA3KOrO rasa B MPUOGIMKEHWUN «BA3KOIO
CNos» 3anuCcbIBatOTCA B BULE ABYX CUCTEM YPaBHEHWIA: BTOPOIO M NepBOro Nnopsjka.

CucTeMy ypaBHeHUIA BTOPOro Nopsifka MOXHO 3anvcaTb B YHUMULMPOBAHHOM
BUJE B [leKapTOBOM cucTeMe KoopauHat Oxyz ¢ ocbto Ox, Hanpas/ieHHON BLO/b

ocn Oz UMIMHAPUYECKOR cucTembl koopanHaT Ozrq [3]

k k k k k
aaf_+baf_+caf_:£ akaf_ +£ akaf_ +dk’ (1)
oy oz oz
rpe f={uv,wH,X,} ana k=1234,..,(4+K); a=ru; b=rv; c=rw;
a* — koaduumentol  auddysun; at**=m; a‘=mPr; a>*"*=mnm/Sm;

dlz—ca—p; dzz—i@' dsz—la—p, d*** =0; m - KoathPuLMeHT auHa-

ox coy’ c oz

12,3
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MUYECKO MONEKYNSPHON BASKOCTU; Pr — TypbyneHTHoe uncno MpaHaTns; Sm —
TypbyneHTHoe uucno LUmmATa; C — KOI(MULMEHT perynspusaumu; u,v,w —
KOMMOHEHTbI BEKTOpa CKOPOCTU B [IeKapTOBOW CWUCTEME KOOPAMHAT, P —
[aBNeHne; r — NIOTHOCTb ra3oBoii CMecu; H — MonHas sHTanbMus ra3oBoit cMme-

cn; {X,} — KOMMOHeHTbI rasoBoit cmecn, n=1,..,K; K —KoiM4ecTBo Kommo-

HEHT B ra3oBoli CMecH.
MpymMeHum K ypasHeHuaM (1), 3anucaHHbIM Ha ocv Ox npu y=0, z=0

(ysen i=0, j=0), pa3HOCTHYIO annpoKCcMMaLnio no y nmno z.

Mpy BbIYMCNEHUM NPOM3BOAHBIX MapamMeTPOB NOTOKA B Y3/1e, NEXaLLEM Ha OCK
Ox [eKapToBOW cuCTeMbI KoopamHaT (Mnm ocn Oz LMAMHAPUYECKOWA CUCTEMBI

k
KOOP/AWHAT), UCMO/b3yoTC NapameTpbl motoka f*(, B y3ne Ha ocu Ox 1 napa-

meTpbl notoka f'y, f4,, f)\, f, 13 y3nos, cocefcTBytolmx c ocbto OX W Mo-

Ka3aHHbIX Ha puc. 1.
f=m7

=+ 1,0

(0,0 : 7z

+(-1,0)
6=0
Puc. 1

MapaMeTpbl MOTOKA C HKHUM MHAEKCOM (1, 0) BbI6UPAtOTCS 13 Y3/I0B C HO-
Mepamy j =2, pacnonoXXeHHbIX B MEPUAMOHANBbHBIX MIOCKOCTAX g =p ¥ g =0

LMIMHAPUYECKON CUCTEMbI KOOPAMHAT, a NapaMeTpbl NOTOKA C HXHUM UHAEKCOM
(0, £1) BbIGUpAIOTCA N3 Y3/10B C HOMEpPaMK j =2, PacnoOXeHHbIX B Mepuano-

Ha/IbHbIX MMOCKOCTAX =P /2 1 q =3p /2. 3HaYeHUs NapaMeTPOB NOTOKA B Me-
PUAMOHANBHBIX MIOCKOCTSX, NEXallyX 3a npeaenamum pacyeTHoi o6nactu (Ha-
npumep, B NIOCKOCTW ¢ =3p / 2), BOCMO/HSAOTCS NCXOAS W3 YCOBUIA CUMMETPUN
MOTOKa OTHOCUTE/NIbHO FpaHuL, pacyeTHOI 06acTv Mo ¢ . Bo Bcex BapuaHTax Liar

Aq =q"/(NG| —1) BBOAMMOIA PaCHETHON CETKM JO/MKEH BbiTb KpaTHbIM P /2, T. €.
YacTHOE OT fieNleHNst P/2 Ha AQ [O/KHO 6biTb LIEMbIM YNCIOM, 3aeck N, — KO-

JINYECTBO MEPUAMOHA/IbHBIX MMOCKOCTEN pacyeTHOW CETKU, q° — MaKCUManbHoe
rpaHNYHOE 3HAYeHMe Yrna  PacyeTHOI CeTKW. B aTOM crydyae MepuanoHa/bHbIe
nnockocTM q=p /2, q=p n q=3p /2 Bcerga 6yayT coBnagatb C yyamu pac-
YETHOW CETKN NGO UX CUMMETPUYHBLIMW OTPAXKEHUSMM MPU 3aM0IHEHUN MOMHOTO
cekTopano q .

Mcnonb3yeTcs annpoKCcUMaLms KOHBEKTUBHBIX NPOM3BOAHbBIX LIEHTPabHbIMM
Pa3HOCTAMMU:

of _ hn-1 fnl,o B fnfl,o . ﬂ_ n-1 fno,l B fno,fl

b—=b)y —=——>; c—=¢,
ay o0 2Ayl/2 az o0 2Azll2

)
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JuccunatuBHble cnaraemble TakXke anmnpoKCUMMPYHOTCA LIeHTpalbHbIMU pas-

HOCTAMMW:
i akaf_k _ 1 ak fk1,o_fk0,0 _aX fko,o_ fk-l,o . ©)
oy ay AYys 12,0 Ay, -1/2,0 Ay, d
2 akaf_k _ 1 ak fk0,1_fko,o _ak fko,o_fko,—l (4)
a2\~ ez ) Az, | M Ay o Az, '

MopacTaewme (2), (3) 1 (4) B (1) 1 NpnBOAA NOAOGHbIE YNEHbI, NOMYYUM

n n-1
f 0,0 f 0

C=AfY+BY foo +CYf5, + AT f S + By +C* fi +d* . (5)

AX
1 1 1 (af ak
rpe A =-— bgal"'_alk/zol BY = _ v20 w20 |.
28y, Ay, Ay, \ Ay Ay,
1 n- 1 . z 1 n- 1 .
c’ ' a—kl/Z,O ) = . ag,yz ;

2Ay1/2 o0 Ayfl 2AZ1/2 o0 AZl
1 (af,, af
Bz _ 0,1/2 + 0,-1/2 ’ Cz — 1 b361+ 1 afl/zo-
Az, \ Az, Az, 2Az, T Az, '
3aecb BBEAEHbI 0603HAYEHMS

Ay, =S, ,Ah; Ay, =S, Ah; Ay, =(Ay, +AY,)/2;

Az, =S, ,Ah; Az, =S AN Az, =(A7,+Az,)/2,

q=p/2 — Yq=3p/4

rae S,., — PaavanbHas KOOPAVHATA YC/IOBHOW IPaHMLibl CTPYW B MepUAVIOHa/Ib-
HOW MAOCKOCTU  =0;; Ah — Liar pacueTHON CeTKM ANA HOPMMPOBAaHHOI paau-
aflbHOM KoopauHaTbl h =r/S, ., Ah =]7/( N, —1), N, — KOMMuecTBO Y3108 pac-

UETHOW CeTKW B pajuasibHOM HanpasneHnu.
W3 cooTHoLweHus (5) cnenyet

fno,o(ao,o —AX(BY +B*)) =

=a,0f ", +(Ay f+CY ¥, + AT +CH ), +d" )Ax.

(6)

B nnockocTax Npu g =p 1meem

Vip = (Vr )2,NCI 1 Voo = _(Vr )2,1; Vou = (Vq )2,(NCI 2 Vo1 T _(Vq )2,(Nq 1241 (7)

Wy = _(Vq )2,Nq v Wy = (Vq )2,1; Wo1 = (Vr )z,(Nq yzenr Wor = _(Vr )2,(Nq /2’

B 06Lem cnyyae Ha OCY LUMHAPUYECKON CUCTEMbI KOOPAMHAT pajuabHas 1
OKPY>XHasi KOMMOHEHTbI CKOPOCTU He PaBHbl HY/HO 1 ONPeAenstoTcs COOTHOLLE-
HUAMM

V, 1; ==V, COSQ; +w0,05inqi; Vg1 =voyosinqi + W, , COSQ; ,

r
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rae i=1,2,..,N,; g =({-1Aq; Ag=p/(N

B 37O/ NOCTaHOBKE NP YMC/IEHHOM PELLEHUM YPaBHEHWIA ra30BOM AYHAMUKY
NCMONb3YeTCA PasHOCTHas annpPOKCUMALIMA YPaBHEHWIA ra30Boii AUHAMUKK, 3anii-
CaHHbIX B LMIMHAPUYECKO CUCTeMe KOOpAuHaT, npu j=2,.,N,, i=1..,N,.
[N TOro uto6bl KOOPAMHATHbIE MNOCKOCTW B JEKapTOBOI cUCTEME KOOpAMHAT
y= const 1 z= const COBMNaJanM C MepUAVOHAILHLIMA MNOCKOCTAMM ¢ =0,

g=p/2, q=p, q=3p/2, KONMYECTBO MEPUAMOHANbHbIX NAOCKOCTEl q =g,
[OMKHO GbITb HEUETHBIM YMCIOM NpK ¢ =p . [1s OnpeseneHns napamMeTpos Mo-
TOKa Ha OCY LUNVMHAPUYECKOW CUCTEMbI KOOPAMHAT Npyu j =1 MCnonb3ytoTcs co-

OTHOLLEHMA (6). STV NapameTpbl UCMONb3YHOTCS B KAYECTBE FPaHNYHbIX YCIOBUIA B
pasuanbHOM Hanpas/eHW B MEPUAVOHANbHBIX NIOCKOCTSAX g =(; .

B npuGamKeHNN «BS3KOTO COS» K YPaBHEHWSIM NMEPBOro NopsiaKa 0THOCATCA
ypaBHeHWe HepaspbIBHOCTY W YPaBHEHWS| KOMMYECTBA ABVKEHWS B MPOEKLMSX Ha
rnonepeyHble KOOPAMHATHbIE HAMpaB/eHNs, OnpeaesisieMble 0CSMU KOOPAUHAT Oy

noz.

'ﬂru+‘|1rv+‘ﬂrw:

8

ix Ty 1z ®)

ruﬂ+rvﬂ—+r v_ ia_p 9)
Mx Ty ﬂz c oy

uﬂ—W+rvﬂ—+r Tw —1@ (10)

fx Ty Mz C oz
Vicnonb3ys ypaBHeHWe cocToaHma p=F-r ,F :(g—l)h/g NS coBepLUeH-

X
Horo raza u F = ROZ—kT N1 XMMUYECKN pearvpytoLlein cmecu rasos, bygem
k=1

paccmaTpuBaTh ypaBHeHMe HepPa3pbIBHOCTM (8) KaK ypaBHEHME OTHOCUTENIbHO P
fu-p/F +‘ﬂrv+ﬂrw=
X Ty 19z

Mpw peLLeHUM ypaBHEHWIA NEPBOro NMopsaKa MOryT KCMOMb30BaThCS ABa Baph-
aHTa pacueta.

(11)

BapuaHT 1. C 1cno/b3oBaHNEM LiEHTPa/bHbIX PA3HOCTEV MO Y M MO Z pasHo-
CTHOE COOTHOLLIEHWe 418 ypaBHeHUs (11) 3annchbiBaeTcs B CReAyHOLLEM BUfe

(u/F)OOp00 (u- p/F)
(o (o)

Ay, + Ay,

Takum 06pa3oM, B 3TOM MOAXO0AE 3HAUEHUS BCEX KOMMOHEHT BEKTOPA CKOPOCTH,
MO/HON 3HTANLMUM N KOHLEHTPALMIA KOMMOHEHT CMECU Ha OCU LANMHAPUYECKOI
CMCTEMbI KOOPAWHAT OMPeAenstoTCs COOTHOLLUEHMSAMM (6), KOTOpblE BbITEKAOT U3
Pa3HOCTHOM annpoKCMMaLMKM YpaBHeHUIA BTOPOro nopsiaka (1), a AaBneHue onpepae-

2AX (12)

—((r Wl (W) ) o

AZ1/2
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NseTcs M3 COOTHOLLEHMA (12), KOTOPOe SBNSETCA CEACTBMEM YpaBHEHMS HepaspbiB-
HocTu B Buge (11).

BapuwaHT 2. Wcnonb3ytotes Tpu ypasHeHust (8), (9), (10). Mcnonb3ys LeH-
Tpa/lbHble Pa3HOCTVM NO Yy U MO Z, 3anuwiem COOTBETCTBYHOLLME PA3HOCTHbIE COOT-

HOLLIEHWS B ClleyHOLLIEM BUAE

(u/F)00 Poo =(u- p/F)

n-1 n-1 AX n-1 n1\ 2AX . (13)
_((r V)l,o - ( r V)—l,O )m - ((I‘ W)o,l - (I’ W)o,l)FM’
Nl o AX e
(ru) (ru) N Voo = (p1o _p-1,%))
Ayl/Z (14)
AX n n n— AX n n n-1Y.
- M. (r v)0 01 (v1 o =V ) - Az, (r W)o 01 (Vo Iy —Vo,fl),
n n ne AX
(ru),ol\NO,O (ru)oolWO,ol A (p01 _po 1)
Zyj,
AX -1/ n-1 n-1 AX -1/ n-1 n-1 (15)
_Ay1/2 (r V)oo (Wl,o W 10) Az, (r W) (WO,l Wo 1)

CootHowieHus (13), (14), (15) cnyxar ans onpefeneHns aasneHna p°y,

KOMMOHEHT BEKTOPa CKOpocTn V', 1 W'g, Ha ocm Oz LMANHAPUYECKOI cucTe-
Mbl KOOpAMHAT. 3amMeTuM, YTO ypaBHeHue (13) coBnagaet ¢ ypaBHeHuneM (12), a
ypasHeHus (14) v (15) BbiTekatoT 13 (6) npu a* =0, To ecTb AnA

1 1

AY=——— p"t: BY=0; CY= b t:
2AYy, v 27, ”?

AZ=—L Coo s B?’=0; C’= Lb(',‘;)l.
2Az,, 2Az,,

B LUMNMHApUYECKOii cucTeMe koopamHat Ozrg pacCcMaTpUBatOTCS MIOCKOCTM
q=0,9=p,q=p/2, g=3p/2. B 3TUX NIOCKOCTAX, KaK y>ke 0TMe4anocb, Bbl-
MOJSTHAKOTCA COOTHOLLEHNS (7).

3HaueHNs CKanspHbIX NapameTpoB (4aBNeHWs, NIOTHOCTU, SHTANbMAN U KOH-
LleHTpaLmii KOMMOHEHT CMeCK), MO/yYeHHbIe B y3M1ax B [1eKapTOBOI cUCTEME KO-
opauHat OXyz , UCMOMb3YHOTCS A pacyeTa 3HauYeHU 3TUX MapameTpoB B y3nax

KOHEYHO-Pa3HOCTHOW CETKM B LMIMHAPUYECKON CUCTEMe KOOPAMHAT, Mpuerato-
wmx Kk ocn Oz.
B vacTHocTW, Ans LaBneHns umeem

Poio = Po1s P = pz,Nq i Por = Py N, 2 Poa = pZ(N ~1)/241

Ha npogonbHoii ocu Oz nmeem P = Popo-
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B 06LuemM cnyyae Ha 0CK LIMMIMHAPUYECKOI CUCTEMbI KOOPAUHAT paguanbHas v
OKPY)KHasi KOMMOHEHTbI CKOPOCTW He paBHbl HY/IH0 W OMpPeaensoTcs COOTHOLLE-
HUSMU

(v, )111 =V, COSQ + Wy, Sinq ; (V, )1,1 =Vy,SiNQ + W, ,€0Sq .

BbiBogpbl. PaspaboTaH anropuTM pacyeTa napameTpoB MPOCTPaHCTBEHHOrO
MOTOKa Ha NPOLOMbHOM OCK LIMNMHAPUYECKOW CUCTEMbI KOOPAMHAT NpK pacyeTe
TeueHus B CTPpye C MCMO/Mb30BaHNEM MapLUeBOro Metofa pacyeta [3] Ans ypasHe-
HUIA «BA3KOTO CMOs». VICMO/b3yeTca anroputM, B KOTOPOM CHayasla paccymTbiBa-
l0TCA NapameTpbl MOTOKAa B Y3/1€ Ha OCK LWIMHAPMYECKON CUCTEMbI KOOPAWHAT
ON1S CUCTEMbI YPaBHEHWIA, 3anMCaHHON B LeKapTOBON CUCTEME KOOpPAMHAT. 3aTeM
MPU PeLLIEeHNN YPaBHEHWIA «BA3KOTO COS» B LIM/IMHAPUYECKON CUCTEME KOOPAMHAT
Mo/lyYeHHble MapaMeTpbl MOTOKa Ha OCU UCMOMb3YKTCA B KauyecTBe FPaHMYHbIX
3HaueHWii B MEPUANOHA/IbHBIX NIOCKOCTAX PaCUeTHOW CETKM.
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