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Anerkcandp KAPTVIIN HHCKHH * Aunaronuü MYJIbGIH *

MOJEJIbHOE NPEACTABJIEHKE MOBEAEHMA TA)Ö>KEJIOHU

lIPHMECH B KAHAJIE C YHETOM OTCKOKOB HACTHUIL
OT CTEHOK

(llpedcraguan 10. 9lneenv6pexr)

CylllecTßylOlHlHe MaTEeMATHUECKHE MONEJIH TYpPÕYNeHTHbIX TEUEHHÜ ra3o-

- B KaHAJJAX pa;3paÕOTAaHbl JJIS MEJIKÕJUCMEPpCHbIX MNOTOKOB C MaJoO-

HHEpUHOHHbBIMH UacTHIaMH [°2], B KOTOpbIX paceMaTpHßaeTCA OAHOCKO-

POCTHOE H OJZHOTEMIIEpPaTYpHOe MpHÕJMXKEHUA, a BBAUHMONEÜCTBUE pa3 yYU-
TEIBAeTCA JHUIb B IYJbCaNMOHHOM JBH»X»XEHHH. C pOCTOM HHEpIIHOHHOCTH
YaACTHIL PaCTET CKOpoCTHOE H TEMIIEpaTYpHOE CKOJIbXKEHHE (ba3, YyBEJHUHBa-
ETCA B3AUMOJEÜCTBUHE CO CTEHKAMH KaHAJIA, a 3TO lIDHBOZAHT K MHTpallHoH-
HbIM SABJEHHAM. llocrexHHke JOCTATOUHO KaUeCTBEHHO ONHCbIBAIOTCA B Ja-

PrpaH>XXEBOM MIPeACTaABJIEHHH Ha OCHOBE aHAaJIH3a MOBEAEHHA ONUHOUHOÜ Yac-

THIIbI [> %*s%]. JSÜJNepoBo ONKHCaAHME HHEpIIMOHHOÜ ra3OB3BECH B KaHAJE 3a-

TPYAHEHO H3-3a OMpeAeIeHKHA IPOHEAYpbI OCpeAHeEHHA IO aHCaAMÕJIIO UYacC-

THII € lIEJIbIO MOJYUEHHA CpeAHKHX paAMAJbHbIX H YTJIOBbIX COCTaBJISIONIHX

CKOPOCTeEÜ JUCMEpCHOÜ Pa3bl, a TAKXKE OMNPexeNIeH“A BIAMHMOAEÜCTBHA JHC-

MepcHOÜ pa3br co crTeHKOH. B [°] MpußoagutTCs MaATEMATHUECKAA MOAEJIb, B

KOTOpoH YUHTbIBAeTCA MHEpIIHOHHOCTb UYUaCTHII, HX MHITpaIIHOHHOe JBHXe-

HHE, BBAUMOJEÜCTBHE CO CTEHKOÜ; IPEACTABJIEHbI YPpaBHEHHA MEpeHkHOCa KOP-
PeNAUUOHHbIX MOMEHTOB JHCHEpCHOÄ fa3bl. OIHAKO HEACHO «IPOHCXOK-
AEHKE»> KOpPpelNAallkÜ — TYPÕYJEHTHOE HJIH CTOJIKHOBHTEJIbHOE, HEACHa lIO-

CTaHOBKa INpaHMUHbIX YCJIOBHÜ JJIA CKOpoCTHbIX H KOHIIEHTpaIMOHHbIX Ila-

PaMETpoB JHCNEpCHOÜ hpa3bl Ha OCH OCECHMMETpHUHOFO TEUEHHA B CJYUYae
HHTEHCHBHbIX paAMaJIbHbIX NOTOKOB YUacCTHIL.

Mozerb Õa3upyeTca Ha NHMNOTE3e O CKaUKOOÕpa3HOM JBUXEHHH TBEp-
NbIX HHEpIHOHHbBIX UaCTHIL B KaHaJe [> %7]. Takoe ckauKkooõpa3Hoe ABH-

XKEHHE MOATBEPKAAETCA SKCNEPpUMEHTAJBHBIMH JAaHHbBIMH [Š]. B xoze 3KcC-

IIEpHMEHTA OÕHApy>eHO CYeCTBEHHOe CKOJIbXXEHHE hpa3 (pa3HOCTb CKO-

pocreü ra3a H UaCTHII) B OCeBOM HaIIpaBJJeHHH, KOTOpoe MOXEeT JOCTHTaTb

50% Ha yCTaHOBHBIIIEMCA YUaCTKE H KOTOpoe ABJIAETCA CJEACTBUHEM HH-

TEHCHBHOFO lOMEpeyukHOro JBHXEHHA UYaCTHIL B KaHalle. CKayuKooõpa3Hoe
—

NBHXKEHHE UACTHIL lIPOHCXOAHT MON AekcrßHeMm ckHJ Markyca Fm M cormpo-
>

THBJIeHHA Fy. CxeMaTHUHO KApTUHa TEUEHHA BbINJIAAHT CJEAYOUIHM OÕpa-
30M. B pesyJbTatTe yAapa UYUaCTHIIBI O CTEHKY OHa TEpAeT CBOÄ oceßod H

paaMaJbHblÜ MMMYJIbCbI H MIPMHOÕpeTaeT BpalllaTEJbHblx, T. e. MpOHCXOAHT

lepekauka UaCTH SHEpruH lOCTYMNaTEJIbHOTO ABMXEHHA BO BpaIIaTEJbHOE.
MexaHH3M CTOJIKHOBEHHA UAaACTHIIBI CO CTEHKOH H POPpMYJIbBI MepecuyueTa OCEe-

BOH, pazHaJNbHOÜ H YNrJJOBOÜ CKOpocTeÜü JO H locJe YAapa YaCTHHbI O

CTEHKY MlPpeAaCTaßJeHbli B [°]. llpu oõrekaHku Bpalmamrleäed YaCTHIIbBI Ha

Hee JeÜCTByeT cuJa MarHyca, HallpaßJJEeHHe KOTOpoH OMNpexelseTCa BeEK-

TOpPHbIM lIPOH3BEAeHHEM BpalllaTEeJlbHOro CKOJIbXXEHHA hpa3 (pa3HOCTb YTJIO-
BOH CKOpoCTH UaCTHIIBI H poTOpa HEeCYllero MNOTOKa) H MOCTYNaTEJIbHOFO
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CKOJIbXKEHHA a3 (pa3HOCTb JMHEÜHbIX CKOpocrTek bpa3). B 3aBHCHuMOocTH

OT BEJJHUHHbI BpalllaTeJJbHOTrO CKOJIbXKeHHA Pa3 H BEJIHUHHbI MOCTYMAaTEJIb-
HOrO CKOJIb>KEHHA B OCEBOM HalpaBJeHHH IPOeKUHA CHJbl Markyca B pa-
AMaAJJBHOM HallpaBJeHHH Fmy MOXET JOCTHFaTb CYHIECTBEHHbIX 3HAUYUEHHÜ,
HE OTJIHUaAACb OT OCEBOÄ MPpoeKIIHM CHJbI COIIPOTHBJIEHHA Fax. ITO IPpHBO-
JHT K HHTEHCHBHOMY palAMAaJIbHOMY CMEIIEHHIO UaACTHII, KOTOpbIe IIpH ONPpe-
JENEHHbIX VYCJOBHAX MOTNYT JOCTHITHYTb MPOTHBOMOJOXXHOÜ CTEHKH KaHAaNA.

IIepuozHuHOCTb TAKOrO CKaAUKOOÕpa3HOro JBMHXEHHA UACTHIL B KaHAJIE IIpPH-
BOJHT K BO3MOXHOCTH IIOCTpoeHHA MOZEJIH O ABMXKEHHH HHEpIIHOHHOÜ IIpH-
MECH B KaHAaJle.

TypõymJeHTHbIÄ MOrpaHMUHblX CJOÜ B KaHaJle paCceMaTpHBaeTCA B IIpH-
ÕJIHXKEHHUH 3-CNOÜHOÜ CXEMBbI: TYpÕYJeEHTHOe AAPpo, MIPOMEXYTOYUHbBIÜÄ COÜ

H BA3KHÜ mrozeslož. IIpomMexxyToyuHblü CJOX H BA3KHÜ MOACJOÜ TOHKH IO

CpaBHEHHIO C TYpÕYJeHTHbBIM AAZApPOM H JJIA pa3BHTOroO TYpÕYJeHTHONroO TE-

UEHHA COCTABJIAIOT He Goee 3—5% OT AApa MOTOKa, MpHUeM BA3KHÜ MOA-

COÜ H TOro MeHbllle — 0,5—1%. OzHaKo rpazaMeHT CKOpoCTH HecylleÄ
ba3bl B IIDHCTEHHOÜ OÕJaACTH OYUEHb BEJIHK, OCOÕEHHO B BA3KOM IIOACJIOE,

HOSTOMY IIDH yUeTe BpallleHHA OUeEHb MEJKHX (Jo0 10 MKM) yacTHIL HeOo6-

XOJHMO YUHTbIBATb HEpaBHOMEpHOCTb IOTOKa B 9TOHÜ OÕJaCTH TEUEHHA.

IIpeznaraemMas MONEJb OPHEHTHpyeTCA Ha KpylIHble HHEpIIHOHHbIe UaCTHIIBI,

pa3Mepbi KOTOpbIX COMOCTABHMbI C pa3MepaMH IPOMEXYTOYUHOFO CJOA H

MHOTro ÕOJIbIIIe pa3MEepoB BA3KOFo MOACJOA. KaKk BHAHO, pa3Mep UYUaCTHIIB|,
a TOUHEE, ee IPHBEAEHHbIÜ pa3Mep (OTHOIIEHHE pa3Mepa UYUaCTHIIBI K pas-
MEpy CJO%, B KOTOpoM OHa HAXOZHTCA) MOXET BbIIOJHATb KpHTEpHaJlb-
HYIO = polib. IIpH uHcleHHOM HCCJJEAOBAHHH, -/KOTAa IOJE CKOpo-
CTEÜ pacCuHTbIBAeTCA Ha CETKE, HEOÕXOZHMO, UTOÕbI IIaAr CETKH ÕBIJI ÕOJIbIIE

pa3mepa UYacCTHIIbBI; UaCTHIIa(b])) B PpaMKaX IIpPOCTpaHCTBEHHO-BpeMEHHOFO
ocpeaHeHHAa ['°] Kak Õbi «pa3MasblBae(l0)TCA» IO IpoOCTpaHCTBYy (IO CeT-

ke). JaHHoe ycJ0BHe AJA KpyMNHbIX UYUaCTHIL HapylllaeTCA B IpHCTEHHOÜ
OÕNnacTUH KaHAaJJa, B KOTOpoä CeTKa MHOFo MIJOTHeEe (Ha 2 MOpAAKAa) CETKH

B TYpÕYJeHTHOM AApe H CaMa OZHHOUHAA YUACTHIIA 3AHUHMAeET KaK ÕbI BCIO

IIDHCTEHHYIO OÕJJaCTb. IIo9TOMYy B 3aBHCHMOCTH OT COOTHOIIIEHHA pa3MEepoB
UACTHIIBI H INAroB CETKH JJA pa3JUYUHbIX CJOEB ÕYAEM MpeAMOJaraTb Ha-

JHUHE HJUH OTCYTCTBHE JHCMNEpCHOÜ a3b B NPHCTEHHOÜ OÕJaCTH KaHalia.

TaK, eCJJM 5TO COOTHOIHEHHE ÕOJIbIe EAHHHIIBI, TO B IPOMEXKYTOUHOM CJIOE,

a TEM Õ0J1ee B BA3KOM IOJCJOE YUaCTHIL HET, H BCEe MNapaMEeTpbl B IIpHCTEH-
HOH OGÕJACTH pacCUHTbIBAIOTCA JJIA UHCTOFO HEe3aNbIJJEHHOFrO MOTOKAa, JMC-

HepcHaa ba3a HAXOAMHTCA JUUIb B TYpÕYTeHTHOM jJ9Zpe. KpurepHasbHas
POJIb pa3Mepa UYacCTHIL IIPDOABJIAETCA H B YCTaAHOBJIEHHH CKaAUKOOÕpa3HONro
JBMXXEHHA B KaHAaJe. TaK, NO AaHHbIM [*], ckaukooõpa3HOe ABUXKEHHE UYAacC-

THIL B KaHaJJe HacTyMaeT Mpu d/D=2-10—3, T. e. 4em Kpylkee u4aCTHIIBI H

TAXKEJTEE, TEM OHH HHEpIIHOHHEe H TEM C ÕOJIbIIEÜ BEpOATHOCTbIO MOTNYT
JOCTHTaATb IPOTHBOMNOJOXXHOÜ CTEHKH, T. €. COBEpIIlIaTb CKaUKOOÕpa3HOEe
NBUXKEHNE.

Mozerb OMNMCbIBAeTCA CJEAYIONIHMH YpaBHEHHAMH, IpeACTraBJeHHbIMH
B CHCTEeMaX KOOpAHHAaT (A, B):
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Cucrema A: crnoumaa cpexza, OCeCHMMETpPHUHOE TEUEHHE, CHCTEMA KO-
> > >

OPpAHHaT (le,lx, ly) — OT OCH K CTEHKE.

Cucrema B: JNHCKperTHble UaCTHIIBI, MJOCKHÜ KaHAJ, CHCTEMAa KOOpAHUHAT
> > >

(le, ly, lx) — OT CTEHKH K OCH.

VMHzekc p XapaKTeEpH3yeT AMCMEpCHBIe MOTOKH YaCTHII, HHAEKC S —

CpexHeMacCCOBblÄ AHCMNEpPCHbIÜ MOTOK. SJaMbIKaAHME OCYILECTBIAJOCb I10

k—e-MOAeJIH, BKJIIOYalIOIIEÜ YUET MPHCTEHHOFO TYPÕyJeHTHOro MOrpaHHU-
HOTO CJOAF UYepe3 MPHCTEHOYUHBIe PYHKUUH Cpyt, Ce2t, CBASAHHBIE C TYPÕyY-
JEHTHBIM UHcJom Peäkorpzaca Re ['']. w, v — cocraBIsamume CKOpoCTH B

OCEBOM H palMaJbHOM HallpaBJeHHAX, X — OTHOCHTEJIbHAA MaCCOBaA KOH-

NEHTpaulkHAa, P — JNaBrekke Hecyledk pa3bl, k, e, vi v — TYpÕyJeHTHAA
JHEPTHA, CKOpoCcTb JHCCHNaAUKHH, TYPÕYJeEHTHAA H JAMUHAPHAA BA3KO-

CTH, (OOp — YTJIOBAA CKOpOCTb UYAaCTHII, Vst, Ds — KOIPPUUUEHTEI MCEBAO-
TYpÕyJeHTHOH BA3KOCTH H TYypõyneHTHOoÜ Jubhhysuu AMCMNepcHOÜ (asbi.
CBA3b MYJbCaANMOHHBIX MApaMEeTpoB ra30Boü H AMHcrhepcHok pa3 ocylecr-
BJJAJACb B paMKaX MpeAcTaBaeHHä ['°°], B UaCTHOCTH, BJIHAHHE MIPHMECH
Ha TYpÕYJEHTHOCTb OMPeAeNANOCb BblpaxXeHkem (7). OzHOTOUEUHBLIE KODP-
PeJAUKHH 2-ro MOpAAKA AUCMEpCHOÜ UaCTH ABYXPa3HOro MOTOKA 3AaNMCBI-

BAJIHCb B INpaAaHeHTHOM TIpPHÕJMXEHHH, IPHUEM KOIPPUUMEHTLI KOPpeNs-
UHÄ — Koa ppuuunekT aubpysum mprmeck D; (8), KoappuuunekT neeBAo-
TYpÕyreHTHOÄ BA3KOCTH JMcMNepcHOh pasbr (15) paccuuTbiBagukCb C YUETOM
TIpeacraBrekkä ['2]. KoappuuueHtT ConmporHkBJeHka uYacTHIIbi Cn B 3aBu-
CHMOCTH OT UHeJa Rep» 3azaBaJCA CTAHAApTHbBIM Bblpa>xxekkem []. Bsbr-
paxxeHHe AJJA CHJbl MarHyca paccMaTpHBaJoCb KaK MpelelbHaa popma
3aNkCH, B KOTOpoÄ mpekHeÕõperaJocb BIHAHHEM UHcel Rep, Repe. B Nporue-
HOM CJIy“ae KO9PPUHIMEHT B BbIPAXKEHHU JJIA DTOÜ CUJBL AOIKEH ÕI ÕI
ÕbITb paBeH He 2, a 3/4 |[['°]. Bennunna (16) xapakrepu30Basa yrnoBoe
CKOJbXKEHHE pa3. KoappuuneKTtb ki, kn ABIAIOTCA KOIOPPDUUUEHTAMU BOC-

CTaAHOBJIEHHA KaCaTEJbHOÜ H HOPMAaJIbBHOÜ COCTABJAIOIIEÜ CKOpoCTH UYac-

THIIbBI, ODT-BEKTOpD e HallpaBJeH BAOJIb JHHHH YAapa OT CTEHKH K IEHTPpY
UaCTHUIIBI.

B rpeanaraeMož MOAEJH HCMOJb3YIOTCA JBE CHCTEMBI KOOPAUHAT: CHC-
TEMa KOOpAHHAaT, CBA3AHHaAA C OCbIO CHMMETpHH (ckcTemMa A), B KOTOpoüä
ONNMCbIBaAeTCA OCeCHMMETpHUHOEe JBHXXEHHE CpexHEMACCOBbIX MapaMeTpoB
JNBYXPa3HOro TYpÕYJEHTHONO MOTOKA, H CHCTEMa KOOpPAHHAT, CBA3AHHAA CO

CTEHKOH KaHaJa (ckcrema B), B KOTOpoH OMNMCBIBAETCA MOBEAXEHHE JUID

NMCNEpCHOÜ UaCTH ABYXPfa3HOro MOTOKAa MO BCeÄ uMpHHe KaHara. Heo6xo-
NMMOCTb BBEAEHHA CHCTEMbI KOOpAHHAT, CBA3AHHOÜ CO CTEHKOÜ, OÕYCJOB-
JEHa HHTErpHpoBaHHEeM YypaBHeEHHÜÄ MepekHOCca HMIIYJbCa B OCEBOM HW pa-
AMAaJBHOM HaIpPaABJIEHHAX H YPaBHEHHA MEpekHOCa MOMEHTA HMMIYJIbCa JHC-

MepcHož pasbl No Bceä NIHpuke KaHaJja, TAK KAK HMEHHO KPpYyMHBIe HHEp-
IIMOHHBIE UaCTHIIBI BHEAPAIOTCA BO BCIO TOJINHHY JABYXPa3HOTO TYPÕYJIeHT-
HOrO TPYÕHOro NOrpaHMUHOro CJOA. B paecMOTpeHHE BBOJATCA TAKXKE ABAa

OJZMHAKOBbIX BCTpeuHO HallpaBJIEHHbiX TYDÕYJEHTHBIX MOTOKAa UYAacCTHII, T. €.

IIOTOKOB, IIPOTHBOMOJIOXKHO HaIlIpaBJEHHbIX MO palUMaJbHOÜ H YNJIOBOÜ CKO-

PoOCTAM JBHXEHHA H ONHO-HANPaBJEHHbIX MO OCEBOÜ CKOPpoCTH JBHXEHHA

yacTHII. Ilocre HHTErpHpoBaHKHA YpaBHEHHÜÄ MEepekOCa HMIIYJIbCa B OCEBOM

(12) n paznasbpHom (13) HanmpaBJekHAX H MepeHOCa MOMEHTA HMIYJIbCa
(14) IpoBoxutTea arreõpakueckoe OCpexHeHKe MOJYUEHHbIX JHHEÜHBIX H

YTJIOBBIX CKOpoCTeH OT O60HX paBHOIIPaBHbIX IOTOKOB IO BCeÜ IIHpHHE
KaHaJla C IEJJbIO OMNpexgenekKuA CpeAHHX OCEBbIX, paAMAJbHbIX H. YTJOBbIX
CKOpocTeÄ AHcCMNepcHON Pa3bil, HO yXE AJJA OAHOTFO IEJONro MOTOKA, XapaK-
TEpH3yIOIIeroCAd CBOHMH CpexHEeMaCCOBbIMH MapaMEeTpaMH H CHMMETpHUHONFO
IO cBoeR cyTH. IIoJyueHHble CpeAXHHe CKOpOCTHBbIE MOJIA HCMOJb3YIOTCA AA

HAXOXJIEHHA MOJJEÜ KOHUEHTPpallMM IpkMecH. McrorJb30BaHHe CHCTEMBI KO-

OpAHHaT (B) B MOAEJbHOM MPeACTaABIEHHH OÕYCIOBIEHO H TEM, UTO HEBO3-
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MOXHO 3AaXaTb KOPppeKTHO rpaHHUHOE YCJJOBHE JJIA YpaBHEHKHA MNepeHOca
MacCbl lipHmecHk (9) Ha ocH AJJA JIO6OrO H3 OÕOHX PpaBHOMNPaBHbIX AMHC-

MEPCHbIX MOTOKOB. ÖÕbeAKHHHB 9TH NOTOKH B OAUH C MPHCYLHMH EMY CpeA-
HEMACCOBbBIMH CKOpoCTAMH, MOXHO ÕYAeT MNOCTABHTb KOppeKTHble rpaHNU-
Hble YCJIOBHA AJIA MOTOKA MaCCbl TpHMeCH Ha cTeHKe (11) n Ha ocyu KaHana

— YCJIIOBHE Õe3rpaAMeHTHOCTH MOTOKA B 3TOÄ TOUKE (9). Tpeõoßakue paB-
HOIPaBHOCTH BCTpeyHO-HaIIpaBJEHHbIX TYPÕYJEHTHbBIX MOTOKOB JMCMEpCHbIX
JACTHII ABTOMATHUECKH lIDHBOJZHT K HYJIEBOMY 3HAUEHHIO MOTOKA MAacCCbl Ha

OCH, ECJH 9TOT lIOTOK paCcCMaTpHBaTb KaK EAUHbIÜ B CHCTEME KOOpAHHAT
CpexHeMacCCOBbIX CKOpocTeÜ (Us, Us, 0Os), T. €. B CHCTEMEe KOOpPAHHAT, CBA-

3aHHOÜ C OCbIO CHMMETPpHH.

YpaBHeEHHA JJA CpeAHEMaCCOBOro paCMpexenekks MNApaMETpoB B JBYX-
Pa3HOM TYPpÕyJeHTHOM TpyÕHOM MOTOKE (ckcrema A) n ypasHeHka (aüne-
poßa phopMma) AJA BCTpeuHO-HaAMNpaBJIEHHbIX MOTOKOB UaCTHIL (H3-3a MAEH-
THUHOCTH lIOTOKOB JOCTATOYUHO paCCMOTpeTb OAHH B cHectTeme B) 3amnnuCbl-

BaIOTCA B lIpMÕJJMXEHUH TYPÕYJEHTHOrO MOrpaHHUHOro CJOA (napaõosuue-
CKaA CHCTEMA YpaBHEHHÄ C ABYMA NrpaHKHUHbIMH YCJOBHAMHX). llopaaoK
YpaBHEHHÜ ONpeAxelAaeTCA MIPHCYTCTBHEeM JHPPy3UOHHBIX UJEHOB. VueT B

ZMCIEpCcHOÜ pa3e KOppenAauudü BTOporo MOpAgKa K<avs), «UpVUp), C«VUpUp),
<OpUp> C NpaaMeHTHOÜ PopmMoü Hx 3anmkek Uuepe3 AUpbhysuoHkble Koap-
PHIIMEHTBI OT HCKOMbIX PDYHKIIMÜ YKaASbIBAEeT Ha «CTOJIKHOBHTEJIBHOE» IMIPO-
HCXOXKAEHHE MONEJU, lIDaBAa, Õe3 yYyeTa MapllMaJbHOTO JABJIEHHA B 93TOÜ

pase. B uncenezogßaknax JI. B. Tapuka H corpyak4ykoe [!4] aumereperas
pasa paccMaTpußaeTCA KaK HAEaJbHbIÜ ra3 C TOUKUH 3peHKUA OMKCAHHA

aHAJIOTHUHBIX, 3a HCKJIIOUEHHEM C<4VUs;s)> KOpPpeNsuUUÜ, KOTOpble Bblpax>KaloTCA
Yepe3 TYPpÕYJeEHTHbIe XApaKTEpHCTHKH HECYILeÜ CpeAbl. BcaexcrßHe 3TOFo

YMEHbIIIaeTCA MNOpAAJOK YyPaBHEHHÄ JHCMNEpCHOÜ UaCTH, OHH MlPpeßpalllaloTCA
B rHlNepõorkueckke. HeorpezenekkoctTb B 3azakHKH NpaHHUHbIX YCJOBUHÜ,
a TYpÕYyJeHTHAA CTPYA ONPeAeNAETCA ABYMA rpaHMUHbIMH YCJOBHAMMYK, 803-

HHKaeT H B YpaBHEHMHM MlEepekoCa MOMEHTA MMIIYJIbCa JMCHEpCHOÜ a3bi.
KopperAauus <opVp)> Bblpa>KaAeTCA Uepe3 NrpaAKHeHT TYPÕYJEHTHOTO TPpeHHA

ra3a, a 3TO IpPHBOXHT K YBEeJHYUEHHIO MOpAAKA YpaBHEHHA (MOABIAETCA
UJEH C 3-Ü IpPoH3BOAHOÜ OT CKOpocTH ra3a). B mrpexsaraeMoü MOAEJU

CYIIECTBYET COOTBETCTBHE MNOpAAKA YpaBHEHHÜ KOJMUECTBY NpaHMUHbIX YC-
JOBHÄ. JJA YypaBHEHKÜ CHCTEMBbI Ä rpaHKUHbBIMH YCJOBHAMH ABJISIOTCA YC-
JJOBHA CHMMETpHH MNapaMETpoB Ha OCH (9), IpUJUNaHHA H HENPpOHKUaeMO-
CTH CTeHKH (10). Jlrs4 roroka 4acTHIl YCJOBKE HENpOHKIaAeMOCTH 3aANaeTCA
B BHze ycnoßua (11) Poõõunuka ['s]. /s 1 pemekua ypaßHekkäü OAXHO-Ha-

IPaBJIEHHOFO lOTOKa YaCTHIL AMCMeEpcHOX hasbr (12)—(14), mo popme cxo-

XKHX C YpaBHEHHAMH JBHXKEHHA OZHHOUHOÜ YACTHIIBI H OTJHUAIOIIHXCA OT

HHX JOMNOJHUTEJIBHBIM YUETOM lEpeHOCa HMIIYJIbCa 3a CUET lEpekHoOCa MacCCbl

IpHMECH H YUETOM AHPhPhy3Uu HEOÕXOAUMO 3aAJATb TPAHHUHBIE YCJOBUA Ha

OÕ6OHX CTEHKaAX KaHaJa. Ha Mmpaßok CTeEHKe CTaABHTCA YCJOBHE CBOÕOAHOFO
ABHXKEHHA UACTHIL K CTEHKE — MATKHE TpaHKHUHbIe YCJOBHA AJA CKOpocTeÜ
— ycnoßHa (18) rpaamektTHoro THNa Heümana, Ha JeBOÜ — CTABHTCA

TpaHHUHOE YCJOBHE C YUETOM IlepeCueTa JHHEÜHbIX H YTJJOBOÜ CKOpocreä
MOCJIE CTOJIKHOBEHHA UYACTHIL CO CTEHKOÜ, T. €. Ha STOÜ CTOpoHE CTEHKH

C'II?]BHTCH XKECTKHE NrpaHHYUHble yCJOBHA — ycnoßHAa (17) Turma Jupuxze
E'TE,

HauarJbHble yCJOBHA JJJIA ra3OBOÜ UYaCTH MOTOKA 3aAHMCTBOBAJIHCb H3

lIpPeABaApHTEJIBHOFrO pacueTa OZHOGPa3HOTrO TPYÕHOro TYpÕYyJeHTHONro MOrpa-
HHUHOTFO CJO%, KaK lOKa3aHO B ['°°], UTOÕbI Cr7aAMTb HETOUHOCTHY, CBA3AH-

Hble C aHAJJHTHUECKHM 3aJaHHEM MApaMETpoB B pa3JMUHbIX CJOAX 3-CJOOÜ-

HOH CXEMBbI B HaUaJbHOM CeyeHHH. lIOJA OCeBOÜ, paakuaJbHOÜ H YrJoBOl
COCTABJISIOIIHX CKOpoCTH JHCNEpCHOÜ Pasbl MO BCEMY CEUeHHIO KaHAJA

(cncrema B) OompexgenAanuecb H3 pellleHKkA YpaBHEHMÜ MEpeHOCa 3TUX BEJU-

HHH B paAMaJbHOM HaIIpaBJJEeHHH — YpaBHEHHÄ MEpßOro MNOpAAKA MO AJaH-



54

HOMY HallpaßJeHkllo (ypaßHeHHa PyHre—Kyrra). HauaJbHblMH YCNOBHAMH
IJA ypaßHeHkÜü PyHre—KyrTtra ABJAJUCb CTApPTOBbIe CKOpoCTH YaCTHIL (Ha
JEBOÜ CTEHKE OHH MPHHUMAJHCb PaBHbIMH MYJbCaANMOHHOÜ CKOpoCTH ra3o-

- ba3bl B 53TOÜ TOUKE). HauaJbHble YCJOBHA JJIA CpexXHEMacCCOBbIX BEJIH-

uuH (ckcrema A) MNOJYYAJMCb B pe3yJbTaTe MNpUHMEHEHHA MPOHEAYPpbI all-

reÕpaHueCKOro OCpezaHeHHA BEJIHYUHH Us, Us, (oOs IO BCeEMY CEUeHHIO JJA

O6OHX BCTpeuHO-HaMpaBJIEHHbIX MOTOKOB. BernMkukHa OTHOCHTEJbHOÜ MacC-

COBOH KOHIIEHTpaIIUH 3aBHCEJa OT BEJHUHHbI 3arpy3KM lIOTOKaA H OTHO-

IIEHHA CpegHEHHTErpaJIbHbIX IO CEYUeHHIO CKOpoCTEÜ UYaCTHIL H ra3a, a

popma IpopusAa KOHUEHTpaIIMH MPHHHMaJaCb paBHOMEpHOH.
YpapßHeHHya (2)—(4), (6), (12)—(14) 3arnucblßaJkecb B KOHEUHbIX

pa3HOCTAX B HEABHOÜ POpMe C HCIOJIb3OBAHHEM lIECTHTOYEYHOFO INaÕJIOHA.

ÄAIIpokeHMaIIHA CBOÕOAHbIX UJEHOB OCYHIECTBJAJACb C lOMOHIbBIO MOHO-

TOHHOH cxeMbl [!7], a anmpokekMaukAa KOHBEKTHBHBbIX CJJaraeMblX (TIIpoM3-
BOZHbIX 110 pagMaJJbHOMY HaIIpaBJEHHIO) — C MOMOIIbIO lIPOTHBONOTOUHOH
cXxeMbl ['B]. CTEIKOBKa CJIOEB C pa3JJHUHbIM CETOUHbIM lIAroM lIpoOBOZMJIaCb
C lIpHMEHEHHEM aMNNpoKCHMaukHä [s]. Aa HaXOMAEHHA pagMAJbHOÜ CKO-

POCTH ra3OBON (pa3bl HCIOJIbB3OBAJIOCb ee BbIpa>KEHHE, 3aNHCAHHOE B KBAaA-

parypax ['°]. OTO Bblpax>eHHe NOJYYaeTCA H3 COBMECTHOTFO pellleHKHA Ypaß-
HeHHÜ (1), (2) H B ABYXba3HOM lOTOKE MlpeßpalllaeTCA B HHTErpaJibHOE

ypaßHeHHe BoJlbTeppa BTOporo poza [2°%], KorTopoe TaK”XKE UHCJEHHO pellla-
ETCI.

Puc, 1,
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Pes3yJlbTaTbl HCCJEAOBAHHA MPEACTABIEHbI Ha puc. I—3. JaHkble Mpu-
BOJATCA B Õe3spa3MepHOM BHJe. Ha puce. 1, 2 ckopoctTH ba3 u, Us OTHECEHEI

K HaUaJIbHOH CKOpoCTH HCTEUEHHA ra3a H3 KaHAaJla, Ha pHC. 3 JUHEÜHEIE

CKOpoCTH JMCNEpCHOTO lOTOKA (Up,Up) OTHECEHbI K JHHAMHUECKOH CKO-

PpoCTH U,, a YTJIOBAA CKOpOCTb YaCTHII 0O» — K KOMIIJEKCY v,./R. Ha puce. ]

H 2 IpeAacraßJeHa JMHAMHKA pa3BHTHA MApaMEeTpoB ra3OBOÜ a3b (oce-
Ba CKOpoCTb U) H JHCIHEpcHOÜ pasbr (oceßaad CKOpoCTb Us H KOHILEHTPpa-
HA ) B TYpÕYJeHTHOM SApe, B MEpeXOAZHOM CJOE H B BASKOM lOACIOE

(puc. 2) AJA HaYaAJBHOrO CEYeHHA (MYHKTMPHbIe KPHBble) H JJA Mapa-

Päc, 3,
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METpoB Ha CTaAÕHJIM3HpOBAHHOM YYUaCTKE (CMIJONIHbIe KPHBble) B CHCTEME

KOOpAMHAaT, CBA3AHHOÜ CO CpexgHeEMaCCOBbIM paCMpexelekkeM BEJHYUHH.: BBEI-

XOJ Ha CTAÕHJM3HpPpOBAHHbIÜ YYUaCTOK, XapaKTEpH3yONHIMÄCA OTCYTCTBHEM
H3MEHEHHA MapaMETpoß MO OCeBOX KOOpAaMHHaTE x=o, BO3MOXKEH H OINIpe-
HENAETCA MapaMeTpaMH JHCNEpCcHOÜk pasbr (pa3MepaMKH UYaCTHIL H KOH-

IHEHTpaIIHK, PH3UUECKOÜ MJOTHOCTbIO MaTEpHaJa YacTHI), UHecnom Peä-

HoJlbzca Re H KO9PPUIIMEHTAMH BOCCTAHOBJIEHHA CKOpoctTeü k:; M kn.
B KOHKpeTHOM lIPHMepe CTaAÕHJH3aAUMA HaÕJIONANACb Ha paCeTOAHHAX
x/D=2so. CnezyeT OTMETHTb, UTO B MEpexXOZHOM CJOE H B BA3KOM lOA-

cJIOe UacTHIL HeT (pHc. 2). Ha pue. 3 Ipeacraßreko pacrpeaenekuke oCe-

BOH, paaMaJbHOÜ H YFJJOBOÜ COCTABJIAIONIHX CKOpoCTeÜ OAHOFO H3 AMUC-

IIeEepCHbIX lIOTOKOB IO BCEMY CEUEHHIO KaHAaJAaA (OT CTEHKH y=—UYs NO

CTEHKH Yy=Us B HaUaAJBHOM CEYUEHHH Xx=o (IYHKTHpPHbIe KPHBble) H Ha

YCTaAHOBHBIIIEeMCA YUaACTKE (CMJONIHBIE KpHßble). Pacrpexernekke CKopocreä
Up, Up, Op MOJIYYAETCA B pe3yJIbTaTE pellleHHA ypaßHeHkÄä (12)—(14) cuc-

TEMbI B. Ecuy Ha STH KpHßble HaAHECTH KPHMHBbIe OT BTOporo MOTOKa yYac-

THII, TIOJYUHM HCKOMOE paCcpeaenekHke CpegHeMaCCOBbIX IMapaMeTpoß
(Us, Us, 0s) B TYpÕyJeHTHOM AApe (puc. 1).
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Aleksander KARTUSINSKI, Anatoli MULGI

MUDELETTEKUJUTUS RASKE LISANDI LIIKUMISEST KANALIS,

ARVESTADES OSAKESTE PÕRKUMIST SEINALT

Mudel põhineb hüpoteesil inertsiaalsete osakeste hüppelisest liikumisest turbulentses
hiibses toruvoolus, mida on kirjeldatud Lagrange'ist lähtudes. Hüppelise liikumise euler-

likku liikumist on näidatud kahes etapis.
Dünaamilised parameetrid on: osakeste telg-, radiaal- ja nurkkiirused, mis on mää-

ratud impulsi ja impulsimomendi kaasamisega.
Kahefaasilise turbulentse piirikihi võrrandite integreerimine toimub seinast seinani,

arvestades piiritingimusi «igal seinal», mis määratakse üksikute osakeste seinapõrgetega.

Põrgelte vahel liiguvad osakesed takistusjõudude — Magnuse ja gravitatsioonijõu —

toimel.

Kontsentratsioonivälja on kirjeldatud inertsiaalse lisandi massi jäävuse võrrandiga.
Arvutus on tehtud seinast kanali teljeni, kusjuures tingimuseks on sümmeetria vooluse

teljel. Erinevalt impulsi edasikande võrranditest on massi edasikande võrrand esitatud

dispersse faasi keskendatud kiiruste kaudu, mis on arvutatud algebralise keskendamisega.
Sel moel on osakeste keskendatud radiaalkiirus 3—4 suurusjärku väiksem nende indivi-
duaalsetest radiaalkiirustest, mida on kasutatud impulsi ja impulsimomendi võrrandites.

Arvutusmudel kirjeldab asümptootilist lähenemist stabiliseeritud liikumisele torus
olulise faaside libisemisega.

Aleksander KARTUSHINSKY and Anatoly MULGI

MODEL OF HEAVY ADMIXTURE BEHAVIOUR IN A CHANNEL WITH

THE CONSIDERATION OF THE PARTICLE-REBOUND EFFECT FROM THE WALLS

The model is based on the hypothesis of saltating motion of inertial particles in

the turbulent field of a tube. The Eulerian description of saltating motion is two-staged.
Suppose that the motion admixture consists of two egual counter-flows of particles. The
momentum eguation and the momentum of momenta eguation are necessary for the

definition of the dynamical parameters, such as axial, radial and angular components of
the particles velocity. The eguations of a two-phase turbulent boundary layer are

integrated from one wall to another with specified boundary conditions on each wall.
The boundary conditions are formulated by the process of collision between the particle
and the wall. The formulae include two coefficients of k: and ka — the recovery coef-
ficients on the tangential and normal velocity components. The forces acting on the
saltating particles in the intervals between particle-wall impacts consist of the drag
force and the Magnus force. The latter aets on the spining particles in noneguilibrium
velocity fields. As a result of the algebraic averaging procedure over two counter-flows
one can get the averaged field of the discrete phase velocity. The values of normal and
angular components of the average velocity are 2—3 orders smaller than the same
velocity components of each particles flow. The motion begins with zero initial conditions
and therefore the model describes asymptotical behaviour with a lag of velocities and
eoncentration fields,
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