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MeTtoa KONJIOKALMH AJIsl yPABHEHHS 3a0a4UH IBHUKEHHSI

AHHOTALHA

B pabote mpuBeacHa MaTeMaTHUYSCKas MOJCHb 3a4a49d JBHKCHHUS B OCCCHMMETPHUYHOM
kanane. YHCICHHOS PCIICHHE YPABHCHHS AT 33Ja4M ABMIKCHHUS IMPCAJIOKCHO BBIYHCIATH C
MOMOIIBIO METOA KO/UTOKaumu. Jast 3Toro B O0NACTH WHTCTPHPOBAHUS B KAUCCTBE V3JI0B
KoJLToKauu OepyTes ya3mel YeObimesa mepBoro poxa. [IpuBOIUTCS BRIMUCTUTEIBHAS CXEMa
METOJa KOJUIOKALIMK, MPUBOMAIIIAS K CHCTEME JIMHCHHBIX MATPUUYHBIX YPABHCHUM, KOTOpas
PEIIACTCS METOIOM MATPUYHOM MPOTOHKH.

KaroueBbrie cioBa: mnpHOIMKCHHBIC METOJbI, BBIYHCIUTCABHAS CXEMa, 3a1a4a
JBYDKCHUA.

Beeaenne

MarteMaTuieckoe MOACTHPOBAHHEC B HAYYHBIX HCCACAOBAHUAX SIBJSICTCS OJHUM W3
MCPCIICKTUBHBIX HATPABICHHUN PCHICHUS (PU3HUCCKUX 3a4a4.

CyIecTByeT HECKOIBKO CIIOCO00B MOACTHPOBAHHSL.

IMpeameTHOE MOACTUPOBAHME XAPAKTCPHU3YSTCS TEM, HYTO OCYIICCTBSICTCS HA MOIC/H,
BOCIPOM3BOIICH OCHOBHBIC TCOMETPHUCCKUE, (DU3UUCCKHE, TUHAMHYCCKUS U (DYHKIIMOHAIBHBIC
XAPAKTCPUCTUKH opuruHaia. Puznueckoe MOICTHPOBAHHE OCHOBBIBACTCS HA TOM, YTO OOBEKT U
MOJICTb UMCIOT OJHY U Ty K¢ (pusmueckyro npupoay. B ocHOBE (pu3MUeCKOro MOASTHPOBAHUS
JACKHAT TCOPUS MOAOOMS W aHAIM3 PAa3MECPHOCTH. AHAJIOrOBOC MOJACIHMPOBAHHUEC OCHOBAHO HA
n3oMopduaMe  SIBACHUH, HMCIOIIMX PAIMUYHYI) (PUIMUCCKYID NPHPOAY, HO OIMHUCHIBACMBIX
OMMHAKOBBIMH MATCMATUYCCKUMU  ypaBHCHUsSMH. KHOCPHETHYECKOS MOACIUPOBAHUE JACNACT
AKICHT HA MOJCTHPOBAHUM (DYHKIHMOHUPOBAHHUS H3YyYACMBIX CHCTEM, aOCTParupysch OT HX
cTpykTyphl. CTOXaCTHYICCKOS MOACIMPOBAHKUE OCHOBAHO HA YCTAHOBJICHUH BEPOSTHOCTH TEX WM
HHBIX COOBITHH (HampuMep, H3YYCHHE TYPOVICHTHOrO TEUCHHS >KUAKOCTH). Maremaruueckoe
MO/JICTUPOBAHUEC SBIISICTCS YHUBEPCAIBHBIM BHIOM MOJCIUPOBAHHS, OHO MO3BOIICT MOICIHPOBAT
KaK BECh OOBCKT IICIMKOM, TaK W MO YacTsAM. 33Ja4aMH MATCMATHUYCCKOTO MOACITHPOBAHUS
SIBJISIFOTCS . COCTAB/ICHUE MAaTCMATHICCKON MO/ICITH MPOLIECCa, HAXKACHHE PELICHHSI, ONITHMHU3ALINS
MOTYYCHHOTO PELICHUS, TIPOBEPKA aICKBATHOCTH MATEMATHYCCKON MOJICTH PEaIbHBIM MPOLICCCAM.

MareMaTHIeckoe MOACTHPOBAHNES SKOHOMUYIHES (PU3MUCCKOTO, TAK KAK OHO HE TpeOyeT
JOTIOJIHATEIIBHBIX ~ PACXOJ0B, CBI3aHHBIX C MPOBSACHUEM (DU3MUYCCKOrO OKCICPUMCHTA.
OPPeKTHBHOCTP MATECMATHYCCKOTO MOJCIUPOBAHUS 3aBUCHT OT TMOJHOTHI  OTPAKCHUS
M3y4acMOr0  MOPEAMETA, OCHOBOH  3TOrO  SIBJSICTCS  JOKA3ATCIBCTBO — HACHTHYHOCTH
(amexBatHOCTM) Maremaruueckoit moienu. [IpoBepka ameKBATHOCTH OCYIICCTBISCTCS MYTEM
CpPaBHCHHS PE3YJIbTATOB JAHHOTO MOJCIUPOBAHUS C Y)KEC UMCIOIUMHCS YaCTHBIMH
pesyapTaTamu. MHOrHE HCCICIOBATCIH MPCAMOYUTAIOT VIPOINATh MATCMATHUCCKYIO) MOJCb.
OaHaKO OPOBEPKA AJACKBATHOCTH MOJC/H MPHU STOM TPEOYET AOMOTHUTCIBHBIX UCCICIOBAHUMH,
B TOM YHCJIC W DKCICPUMCHTAIBHBIX, T.K. VIPOUICHHAS MOJCIh HE MOXKCT B IOJHOH MEpe
OTpaXkaTh PeaNbHbBIN 00BEKT. BCe 3TO BEACT K YBEIMUYCHUIO BPEMS MPOBEACHUS HCCICIOBAHUS,
a B HCKOTOPBIX CIYYasX, K JOMOJHUTCIBHBIM KAUTATOBIOKCHUSM.

B nacTogmeit crtaTee MpeATOKCHA MATEMATHICCKAS MOACTE IS 3a1a4u ABIDKCHUSA [1],
peiiacMas B TPAAMIMOHHON MOCTAHOBKS, B TEPMHHAX CKOPOCTh-AaBicHue. IlIpeomoscHus
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HeMUHEHHOCTH — cucteMbl  auggepenumansabpix  ypasHeHud — Haebe-CTokca — Beaercs
HUTECPALMOHHBIM TporieccoM. [ Haxox aeHus MPUOTIKEHHOTO PELICHHS HCIIOMb3YIOTCS METO
KOJLTOKAIIHH COBMECTHO C METOJOM MATPHYHOU HMPOTOHKU. AHATH3 MONYYCHHBIX PE3VIbTATOB
Cormacyercss ¢ paHee mojaydeHHbIMH pesyaptatamu [1]. Takum oOpasom, mannas padora
ABIACTCS MPOJOJDKCHUEM Pa0OThl, HA4aTOH B [1], ¥ cyuT A7 000CHOBAHUS UCIONb30BAHHUS
MPEATOKEHHOTO B CTaThe MPHOIMKCHHOT'O ammapara Uil PELICHHs 3a1ad THAPOANHAMHKH B
boJee CIOKHBIX KaHAmax.

Heo6xoauMo oTMETHTB, YTO HHTEPEC K MPUMEHEHUIO METO2 KOJMITOKANN K YPaBHCHHAM
JBIDKCHHS TPOSIBJISICS U paHee (cM., Hamp. [2]), ogHako, momo0HBIC HMCCICAOBAHUS HOCHIIN
OOoJBIIEC TCOPETUUCCKUH HHTEPEC W MPOBOJWINCH HA TECTOBBIX 3amauax. beuto mokazano, uTo
Pe3VIbTaThl PELICHUS TECTOBBIX 3a4ad ObLTM ONU3KA € W3BECTHBIM TOYHBIM PCILICHHEM U
MOJICTIBHBIX 3324 O TCUCHHUH BI3KOU KHIKOCTH B KABEPHE U 00 OOTECKAHUH BA3KOW KHIKOCTHIO
VCTYNA, YTO MO3BOJHMIO OLICHUTh KauecTBO AuckpetHod moaenu. I[locienyromee pemenne
KOHKPCTHBIX 3aJad, AaHaldH3 TMONYYCHHBIX PE3yAbTaTOB M CPABHCHHE € H3BECTHBIMH
pe3vibTaTaMy, ONyONMKOBAHHBIMH B HAVYHOW ITUTEpaType, MO3BOISIOT CYAHTH 00
3¢ dexTrBHOCTH u MPUMEHUMOCTH  Pa3pabOTaHHBIX  YHCICHHBIX  AITOPUTMOB.

ITocranoBska 3agauyn
HMzBectHO [3], uTO 337a4a JBWKCHHS BI3KOM SKHIKOCTH B 33JaHHOM KaHAE OMHUCHIBACTCS
ypasaeHusiMu HaBre-CTOKCA, KOTOPBIE ¢ YUSTOM OCECHMMETPHUYHOIO TCUCHHUS 3AMUIIYTCS B BU/IC:
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I[J'IH UCKITIOUCHUA AABJICHUA U3 CUCTCMbI BBCACM YPABHCHUC OamaHca CHI TPCHUA U
JAAaBJICHUA TIPU YCTAHOBUBLICMCA ABUXKCHUN BSI3KOH JKHUOKOCTH!
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paccMOTpYM  CTALTHOHAPHYIO JIMHCAPH30BAaHHYIO cucreMy ypasHenuidi Hasre-Ctokca ang
0C3pa3MEPHBIX COCTABJSIONINX CKOPOCTH M JaBicHus. Jlast 3TOro mpeacTaBuM mapameTpsl

ckopoCTet, XaBaeHus cneayst [4]: v, = u, f(2.7) v, = org(z,r)> v, =uoH(z.r)> p = po = pulF(z,7)
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Obosnaumm N = @r/up — 9ucno 3akpyTku, R(z)=1+(-1)"zigy /}TO , rae n=0 B cayuae

muddysopa u n=1 B cayuae koHpy30pa.
Torzaa umeeM CICAYIOMYIO CUCTEMY YPABHCHHH!
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B, =L(a,), v, =L(«,), 6,=L(a,,B,.7,), k=0N, j=0,N.
31eCh HEU3BECTHBIC KOI(PODHUIMECHTH PA3TOKCHHUS Q;; HAXOMITCSH MCTOAOM MATPHUIHOH

MMPOrOHKH, Ami — U3BCCTHAA MaTpULA, NOIYyUCHHAA ITOCJIC MPUMCHCHUA MCTOAa KOJUIOKAIIUU.
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zasocabketue u ocsemetine

IMocnemoBarcnpHO peImas MOMYUCHHBIC CHCTCMBI, HAXOAWM MApaMeTPHl  BEKTOPA
CKOPOCTCH M JaBICHHUC B MPOTOYHOM YACTH BPAIAMOIICTOCS KaHAjga THna «KOHGY30p-

nuddyzop» (puc. 1-4).
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1) xpyrasiit kaHam, N=2;
2) xaHaj Tuna «koHpy3op-muddyzop», N=2
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1) xpyrasiit kaHam, N=2;

2) xaHaj Tuna «koHpy3op-muddyzop», N=2

Puc. 1. Pazsurne npodust 0e3pa3MepHON OKPYKHOH KOMITOHEHTHI BEKTOPA CKOPOCTH @
TIPH PA3THYHBIX 3HAYCHUSX APAMETPA 3AKPYTKH MO JUIMHE TPYOBL: ) 2/, = 0,45m . 0) z/L.=0,95m

r'R

1 — kanan Tuna «xkoHpy30p-muddyzop», N=0,
2 — xpyrnsiil kanan, N=0;

3 — kaHan tumna «koH(py30p-Tuddyzop», N=2,
4 — xpyrasri kaHam, N=2
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1 — kanan Tuna «xkoHpy30p-muddyzop», N=0,

2 — xpyrasii kaHama, N=0,

3 — kaHan tumna «koH(py30p-Tuddyzop», N=2,

4 — xpyrasri kaHam, N=2

Puc. 2. Pazsutne npouns 6¢3pa3sMepHOI paanaIbHOH KOMIIOHCHTHI BEKTOPA CKOPOCTH f
TPH PA3THYHBIX 3HAYCHHSX [IAPAMETPA 3aKPYTKHU 1O JMHE TPYOBL: ) z/L = 0,45m» 0) z/L =0,95m
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1 — kanan Tuna «koHpy30p-mudPyzop», N=2,
2 —Kpyrabii KaHat, N=2,

3 — kaHan tuna «koH(py30p-muddyzop», N=0,
4 — xpyrasri kanan, N=0
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1 — kanan Tuna «koHpy30p-mudPyzop», N=2,

2 — kpyrabIi KaHam, N=2,

3 — kaHan tuna «koH(py30p-muddyzop», N=0,

4 — xpyrasri kanan, N=0

Puc. 3. Pa3surne npoduna 6e3pa3sMepHOI 0CCBOH KOMITOHCHTHI BEKTOpa CkopoctH H
TPH PA3MTHYHBIX 3HAYCHHSX MAPAMETPA 3aKPYTKHU 1O JIIMHE TPYOBL: ) z/L = 0,45m» 0) z/L =0,95m
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Puc. 4. Xapaxrep m3MeHCHHS O¢3pa3MEPHOTO JTABICHUA F B MPOTOUHOI YACTH
BPAIIAIOMICHCS BOJTHUCTOW TPYOBI IIPH PA3IMYHBIX YTJIOBBIX CKOPOCTSIX.
udpsr — HOMEpa ceueHUH B PaJHATEHOM HAIIPABJICHUHN

Kax creayer u3 pe3yapTaToOB YHCACHHOTO PCIICHUS, TTOMYUCHHBIC 3HAUCHUS CKOPOCTCH M

JABJICHHS COTJIACYIOTCS C PE3VJIBTAaTAMH PAHEC MPOBCACHHBIX HcciacaoBanui [1]. Pacxokacame
coctaBsier 10...12 %, uTo ompemenseT UEIeCOOOPa3HOCTh €€ HCITONB30BAHUS JUTS PCIICHHUS
3a1a4 THAPOANHAMUKN TCUCHUA BA3KOU KUAKOCTH BO BPALAOIMUXCA U HCTIOABIKHBIX KaHAJIaX.
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Method of collocation for equations of the problem of motion

Resume
This work contains a mathematical model of the problem of motion in the axisymmetric

channel. Numerical solution of equations for the problem of motion is proposed to calculate
using the collocation method. For this purpose in the field of integration as a collocation nodes
Chebyshev nodes of the first kind are taken. Given the computational scheme of the method of
collocation, which leads to a system of linear matrix equations, which is solved by the method
of the matrix is constructed. The results of numerical solutions in the form of the distribution
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graphs of velocity vectors and the pressure of a flowing part of the study of the channel are
resulted. It is shown that the results of this study are consistent with the results obtained earlier
by the author with the help of other computational methods. Together with differential methods
it is expedient to use a collocation method for the solution of problems of hydrodynamics of a
current of viscous liquid in rotating and motionless canals.

Keywords: approximate methods, computational scheme, the task of the movement.
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