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NIPUCOEAMHEHHBIE MACCBHI C2KATOTO .
QJLJIATICOUIA BPAIIEHWI Y BBJIU3HY IIJIOCKOW CTEHKHU
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Caunxr-TlerepByprexuit rocysapcrseHHbIil yHHBEPCHTET,
Poccuitckas ®enepanns, 199034, Cauxr-Ilerepbypr, Yuusepcurerckas mab., 7/9

B mepsom pasjieste paccMATPHBAGTCS JBHYKEHHE CIKATOrO DJUIHIICOMA BPALIEHHs B GearpaHi-
HO JKHIKOCTH. BBIMHCAAIOTCH TMOTEHUHANBI CKOPOCTell M NPHCOeHHHEHHbIE MACCHI IIPH ABHKEHHH
TeJa BIOJHL M IIOTIEPEK OCH CHUMMETPUH Tena. Bo BTopoM paszese pacCMaTPHBACTCS MPHOITHKSHHbI
METOJ{ IIOCTPOCHHs! TIOTEHIMANA CKOPOCTEl Tesia, Npy HaJNHuMH Iiockoii cremxu. s aroro ¢ apy-
roif CTOPOHBI CTEHKH MOMEIIAIOT TOUHO TAKOE K€ TENO H 3aCTABIAIOT Cro JABHIATHCS CHMMETPHYHO
IepBOMY. BBIMHCIAIOTC IPHOIHNIKEHHO TTOTEHIHAIIBI CKOPOCTEH ¥ IPHCOEUHEHHBIE MACChl, COAEPIKa-
e HEM3BECTHLIE CKOPOCTH B UEHTPE «H30DpakeHust», B TpeTheM paszielie BLIMHCIISIOTC CKOPOCTH B
HEeHTpe «H300PaKeHHs» [IPH PA3JIMUHOM PACIIOJIOMKEHHI TeJTa OTHOCHTeILHO crerkn., ITomyyenst rpu-
BJIDKEHHBIE BLIPAYKEHHS /st IIPHCOEAMHEHHBIX MAcC IPH JBHXKEHUH BIOJL BCEX ocelt. Pesymbrarn
BLIMHCeHuil npuseiennt B Tabuunax. Bubauorp. 12 wass. Tabua. 5.

Kmouesoe caosa: MAealbHAs MKHIKOCT, IIPHCOSIHHEHHbBIE MACChI, CZKaThIH JLIHIICON, Bpaile-
HHS, TUIOCKas CTEeHKA. s

B TeopHH IPHCOETHHEHHBIX MacC 0cof0e MECTO 3aHHMAIOT BOIPOCHL 3aBHCHMOCTH HX
BEJIUTHHDI OT PACCTOSIHIS JO IJIOCKON CTEHKH. B HIealbHON KUJIKOCTH 9TH 3aJa9H SBJId-
IOTCS JACTHBIM CIyUaeM ABIDKEHHs JBYX DABHBIX TeJl B GesrpaHmaHON KuaxocTd. [lep-
BOif 6BLIA pelleHa 3a7ata O NBUYKEHHH IIapa BOJIU3N CTeHKH. JToH 3amatell 3aHIMAIHCH
I". Croxe [1], B. Tomcon u Tat, B. Xuxc [2], A. B. Bacce [3], P. lepman [4], H. E. 2Kyxos-
ckuit m 1p. B pa6ore [1] I'. Croxc HaxomuT crapiimit €ieH 13 6eCKOHEUHOTO HHCIa, TICHOB,
0BYCIIOBIEHHEIX HAJTMIHEM cTeHKH. BB paborax [2-4] npuseieHbl TOYUHBIE BBIPAYKEHHS [JIs
KHHETHIECKOH SHEPrHH KHAKOCTH B BHAE DANOB. 3ajaduell O JBUXKEHWH JIBYX KDYIJIBIX
MAIMHIPOB BecKoHe Hol JHHE 3afuMaauck B. Xukce [5], Tpuaxun, A. B. Bacce u ap. B
pabote [5] maHO TOUHOE BBIPAXKEHHE ISl KMHETHIECKON SHEPIUy >KUAKOCTH B BHUMIE DAAR.
IIpomwio okoso 70 JIeT 10 IOABIeHNS TePBbIX PaboT, HOCBAMIEHHBIX IPHCOCIUHEHHBIM Mac-
caM IIPH JBHUYKEHHH OKOJIO CTEHKH, KACAIOMINXCS TeJl APYTol GOPMBI, & HMEHHO Y [IMEEHHO-
£O DJUIANICOH A Bpalerns. Do padors: ©. Eitsentepra [6], T. Xasesoxa [7] u asropa [8, 9.
B paborte [6], B gacTHOCTH, TT0JIyUeH NPUG/IH/KEHHO IOTEHIMAI CKOPOCTEH DX JIBIKEHIT

IUIAIICOX I BIOJL GONBIION OcH mapaJnesnbho creake. B pabore |7] nprbrrkerHo Haiine-

HBI IPUCOEIUHEHHBIE MACCHI ISl YAJIHHEHHOTO SJUIALICORLA BPAEHH MaJIOro Y IMHEHH.
B pabote [9] npubirpkerno nosygessl K03 OUIHEeH T IDHCOEIUHEHABIX MaCcC yAIHHCHHO-
T'O SJLIHTICOR A BPAIIEHHS, ABUKYIIETOCS B HACAILHON XKUAKOCTH BOIHU3N CTeHKH, IPHIEM
TOYHO HAMNEHBI JBa CTAPIINX TIEHZ Pa3JIOKCHHA, YINTHIBAIOIINX BIUAHAEC CTEHKA. Co-
BPEMEHHOE COCTOSHIE BOMPOCA OTPAYKEHO B CHpaBotHuKe [12].

B nammoil cTaThe BEITHCISAIOTCS TOYHO MPHCOSAMHEHHbBIE MACCHI CXKATOIO JI/IHIICOH:
12 BPAIIEHHS B Ge3rpaHmIHON NAeaMbHON MKUIKOCTH IPH HOCTYIATEIbHEIX JBIKEHHAK, &
TaKKe IPHOJIMKEHHO IPHCOSIHHEHHBIE MACCHL TAKOTO YK€ Tella B YKHIKOCTH, Orpamuder:
HOH TIOCKOH CTEHKOH HPH MOCTYIATENbHBIX ABIKEHAIX U PAsINTIHOM PaCIOJIOKeHH! 0CH
CUMMETPHN TEJIa OTHOCUTEJIHLHO CTEHKH.

1. CoxaThiil SJUIAICOU BPAINCHUS B Ge3rpaHuaHOM »KuAKoCcTH. BpexeM ABE
CHCTEMBI KOODAMHAT ¢ HAYAJOM B LEHTPE PACCMATPHBACMOTO TeJa: JeKapToBy M KPHBO-
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.TIHHGI‘/‘IH}/IO. Eemn ocn Oz HAIIpaBuTh 10 OCH CHMMETPHH JIINOCOHOR, TO 9TH CHCTEMBI
KoopumaT 6y;gy'1‘ CBA3aHbI COOTHOIICHU SIMIA

T = cug, 0< (¢ <oo,
Y = @cosf, -1<u<l,
z = @wsind, 0<60 < 2m,

w=c (C2 -+ 1) 12 (1 — /_L2) vz,

B Boibpammoii cucreMe KOOpAuHAT TOBEPXHOCTH = const ABJISIOTCST CKATHIMU SJIITHTI-
COMJIAMH, ¥ KOTOPBIX JUIHHA OCU BPAIEHUA PaBHa 2¢(, a PaAyC 9KBaTOPHAILHON IIIOCKO-
CTH DaBEH C (C 24 1)1/ %, [Ipu ¢ = 0 paccmaTpuBaeMOe TEJIO IPEBPANIACTCS B JICK, a IIPH
¢ — oo Tedio npuHUMaeT GOpMy IIapa.

B aroif cucreme KpuBOMMHEHHBIX KOOpAUHAT Kod(dunuents Jlame paBHbL

He = (¢4 41) 7
Hy=c(¢+p?) " (1—p2) 2,
Hy=c(2+1)"7 (1- )"

I/I3B6CTHO, ITO ITOTEHIIHIAJ CKOpOCTGﬁ JOJI2KEH YIOOBJIETBOPATL YPaBHEHUIO Jlamnaca,
BO BCEM IIPOCTPAHCTBE, 3aHIATOM KUAKOCTHIO, PPAHUYHOMY YCJIOBHIO Ha IIOBEPXHOCTH TeJia
H YCJIOBHIO IIOKOA KMOKOCTH Ha BGEeCKOHEUHOCTH.

OI‘pa,HH‘IHMCH PaCcCMOTPEHHAEM IIOCTYIATEIbHLIX ABHXKEHITI DIITHUIICON A, B srom CIy-

i

qae MOTCHITHAJI CKOpOCTGﬁ MOYKeT OBITH IIpeacTaBJieH B BH e

Do = Ul(Ploo + UZ(PZOO + U3<P3oo;

tze U 1, Uz, Us —npoexnum CKOpOCTH Tella HA OCH JEKAPTOBOH CHCTEMbI KOODJIHUHAT, 2
 Pico ~~TIOTEHIMAJIBI CKOPOCTEH IIPH JBYKEHHIHI TeJla BIOJIb i-i OCH ¢ 6 IHHNTHON CKOPOCTLIO.

Kaxpiit n3 MOTEHIMANOB Qi HOJDKEH YIOBIETBOPATL ypapHeHHo Jlamnaca, yciio-

";BHIO IIOKO: 2KHIKOCTH Ha OEeCKOHEYHOCTH 1 I'PAHIIHOMY YCJIOBHIO Ha IIOBEPXHOCTH DJLJIHII-

conna S (¢ = Co):

Y100 _. Oz —-

6|, = 8| = o

OP200 O . —1/2 . 1/2

oo .= 5 .= o (¢5 +1) (1= p?)"" coso, (1.1)
O0s0e | -1/2 1/2

25| = Bl = 0 (@ + )77 (1 pt) P sin

W3 maremarmyaeckoii CI)I/IBI/IKH H3BECTHO, ¥TO ypaBHEHUEe I_[an.naca, 3alluCaHHOEe B KO~
OpIEHATAX C2KaTOI'0 JJIIUIICORTA BPAIICHNY, UMEET DEHICHWI B O [1 0]

A P (1) QT (i) { cosmf

sinm@

e Pp*(u) — mprcoenunennbie (ymxnun Jlexammpa I poma TOpsmKa n W PAHTa m,
-

w (i¢) — npucoenuuentsie Gynaxnuu Jlexxammpa I poma TOro e HOPSIKa 1 pamra, n
M — IeJIble HEOTPHUIATEIbHBIE THCHA, IPIIeM m < 7.
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JIIsT HAXOXIEHHs TIOTEHIHANOB Pioo JOCTATOUHO HOAOOPATH BHAMEHHS N M 1M TaK,
KON 0/, — .
GTOBLI MOYKIHO GBIIO VAOBIETBOPHTS I'PAHITHBIM yeroBuaM. [ockombky PP(p) = p, nis
Voo ClEIyeT BHIOpaTL 1 = 1, m = 0, rorma [11]

! Proo = A10pQl (i€), (1.2)

e
QY(i¢) = =4} (¢) = Carcetg ¢ — 1.

Koaddurment Ajp JIErKO HAXOIUTCS U3 IPAHUUHOTO yCIOBH:
L [40 -1
Ayg = —c[d ()] -

1/2 , .

Anagoruaro, Tax kax Pi(p) = (1—p?) "7, mis o namo subpars no= m = 1,
rorga {11]

1/2

200 = A1y (1 — 1%) " Q1(ic) cos 0, (1.3)

rae

.

. 1/2 ¢
Q}(II’C) = (I%(C) = (4-2 + 1) / 6.2*_—[—_1 — arcctg{ .
KoadppummenT A1 HAXOLHTCH M3 I'PAHHTIHOrO YCIOBHS:
—-1/2 . -1
A =cGo (GG +1) 7 ar ()] -

HOTGHHH&JI (P300 OTIHIACTCH OT Y200 TOJIBKO TE€M, ITO BMECTO cos 6 HaI0 B3ATbh sin 4.
3Haga ITOTEHITHAJIbL CKO]\')OCTGI'/JI7 MOYKHO HaWTH HIPHCOEIUHEHHbIE MaCChI 110 (l)OpM_YJIG

0 100
AZ =P / / Pico gn ds, (1.4)
S

Tae p— IIOTHOCTD KUIOKOCTH.

Hepexo,zm B 9TOH CI)OI)MyJIe K KOOpPJHHATaM CXKaTOT0 3JIJIAIICON A BpaIIgHusd, 101y 9a-

€M
1 27

Opico e
AP = —pc (¢§ + 1) //(,Dioo”(g—gdlll de. (1.5)

~10

Honpcrapnsaa B (1.5) cOOTBETCTBYIOMNE BEIPAKEHIA JJIT TOTEHIAANA cxopocreit (1.2)
u rpaspgEOro yesosws (1.1), IpH ABUYKEHAN BLOJIb OCH CUMMETDH TeJIa (ocm Ox) HaxooAM

4 QO(CO)
o 3 2 1 1 = oV o]
= = rc’Co (Co + ) T 5| T PV
3 ¢o 41 (Co)
rme V — obbeM Teita, 55 — KoapuaerT MIPHCOEIAHEHHON MacChI.
Tlomarasa (g — ©o # PacKphlBad HEOIPEIeJIEeHHOCTD, MOy 1aeM W3BECTHBIN pe3ynpTaT

JIJISL IHapas

1
X ==—pV.
11 2P

Inst mrcka (o = 0) TaxdKe MOJIydaeM H3BECTHBIH DE3yIbTar
2
co £
A =—pV
11 T ?

e V* — obbem cepbl pammyca IHCKa.
[pu mpmxennu Broas ocn Oy, menonbsys (1.3) u (1.1), maxonum

Co (I%(Co)
1

(o @ — (o'}
5 =pV T 1 e = p V.
G +14y (CO)
TTonaras (g — 0O U PACKPHIBAS HEOHPEIENEHHOCTD, Oy aeM H3BECTHLII pesyabTaT
JJIsT TIapas

1
,\g‘gzépv.

B apyrom npepesbaoM ciyuae o = 0, pacKkpbIBas HEOIIPEIEIeHHOCTD, HOIyaeM OXKHAA-
eMbIHl pe3ynbTaT HJId IHCKa:

59 =0

22 = V-

B cuny cummerpun A\§3 = N33, 259 = 359. Uncienple 3HaMeHI A 1 A3 npuseje-
HBI HIRKE B Tadur. 1-3.

2. MpubnmKkeHupii MeToH HAXOXKISHUS TOTEHIIUAJIa CKopocTell B »KuaKo-
cTH, orpanngeHHoll miuockoi crenkoii. PaccMoTpuM JBIDKEHHE CXKATOrO DJIHICORIA
BPAILCHUS B JKHIKOCTH, OTPAHVNEHHON IJIOCKOH cTeHKOU. Bynem mpenmonarars, 970 0Cbh
CHMMETPHHE HAIIEro Tejia, MApajielbHa creHKe. ['paHmdroe yclioBHe Ha CTEHKE CBOIHT-
csl B MIEaJbHON JKHMAKOCTH K YCJIOBHIO HempoTekamus, T.e. 00*/dn = 0 B moboil Touxe
ILUIOCKOCTH. HEeTPYyAHO MOHITH, YTO €CJIX IIOMECTHATE ¢ APYroil CTOPOHLL CTEHKH 36PKAJIBHOE
«u306pasKeHres Teja U 3aCTaBHTh €ro ABATATHCI CHMMETPHIHBIM 06pasoM, To B Joboil
TOUKE CTEHKH HOPMAJLHDBIC KOMIIOHEHTHI CKOPOCTH, BHI3BAHHbIE [BIIKEHVEM 9THX Tel, 6y-
OyT PaBHBI W TIPOTHBOIOJIOMXKHE IT0 HAMIPABJIEHAIO, & KOMIIOHGHTEI CKOPOCTH, JIEXKATIHAE B
[IJIOCKOCTH CTEHKH, OyIyT PaBHbI U coHanpasiers. ClieI0BaTeNbHO, B LIEATbHOM MKHIKO-
CTH PACCMATPHBAEMAS 38a598 SKBHUBAJEHTHA YaCTHOMY CIydalo 3aJa9H O ABIKEHHN JABYX
CHAMMETPHIHEIX Tel B Oesrpamumaroil xuakoctn. HacTHbill ciaydail obyciosien TpeboBa-

HIEM CUMMETPHYIHOCTH OBVKEHUI TEJI OTHOCHUTEIbHO CTEHKH.
Vexombiit TOTEHIaJI CKOPOCTH b* IIGJIBCOO6P&3HO OpeACTaBHUTL B CIACAYIONIEM BHILC!

" = o+ b,

rae ® — moTeHIEAN CKOPOCTH, BOZHUKAIOUIHH [IPH IBIDKEHUH 1-T0 Tesa B IIPeITONI0XKCHIH,
aro 2-e Tejo («H306parKeHnes ) HOKOUTCH, a $ mveeT aHANOIHMUHBIN CMBICIL

3aMeTHM, 9TO Taxoe IpeicTapierne P* mMeer CBOM MOJIOXKHATENbHBIE U OTPANATEb-
uste cropoHEl. C OMHOM CTOPOHBI, OHO OTPAXKAET IOJIHYIO0 PABHOMIPABHOCTEL 000X Tel, C
Jpyroil cTopoHbl, oTeHIEan $F oxa3piBaeTCs BRIPaXKEHHBIM B Pa3HBIX CHCTEMAX KOOD/H-
HaT. [lefCTBHTENbHO, IOTeHIIAI ® msBecTeH B KOOpIAMHATAX, CBI3aHHBLIX ¢ 1-M TeaoM, a
O — B KOOpPAMHATAX, CBIZAHHBIX CO 2-M TEJIOM.
[oremmuanst ¢ u o MOTYT GbITH IPEJCTABACHBl (KaK U B Ge3rPAHUIHON XKIIKOCTH)
B Buje JiHeHHON (hopMBbI OTHOCHTEILHO IIOCTYIATEALHBIX CKOPOCTEH, T. €.

® = Uiy + Uaipa + Usgs,
O = Urpy + Uspo + Usps.

s}
A
T

= X x2 0 x




Tlorerruanst ¢; U @; ByIEeM UCKATH METOJIOM MOCHeNOBATE/ILHBIX IPUO/IHKEHIIT. 3a
[epBOE IIPUOIKEHHe [1eJIeCO00PA3HO IIPUHATD COOTBETCTBYIONMIH MOTEHIUAI B Besrpa-
HIYIHOM JKHJIKOCTH, T. €. 9051) = Qioo. LIOTEHIHAT Pioo YAOBIETBOPACT TPAHIIHOMY yCIIO-
BHIO HA MOBEPXHOCTH 1-T0 TeJia 10 OlPeleNen o, HO He GyieT yIOBIETBOPATL TAKOBOMY
Ha MOBEPKHOCTH 2-T0 Tesia. [yt Toro 4Tobbl yIoBIETBOPATS MPAHIIHOMY YCIOBHIO Ha 2-M
Teste, HeOGXOMMMO BHIPAZHTD CKOPOCTH Ha TIOBEPXHOCTH 2-T'0 Tesa (B KOOpIHHATAX, CBI-
SAHHLIX ¢ 1-M TEJIOM) ¥epes KOOPAHHATEI, CBAZAHHBIE CO 2-M TeJOM. XOTs CBA3L MEXKIY
JIEKAPTOBBIME KOOD/WHATAME LBYX TEJl BEChMa [POCTa, CBIA3L MEXY KDPHUBOJMHECHHBIME
KOOPUHATAME [OCTATOUHO CJI0XKHA. VIMEHHO 3T0 00CTOATENBCTBO COBACT BoaIbIHE TPY/I-
HOCTY Ha TYTH HOJIYUCHHS TOTHOIO PEIICHII 38,

PaccMOTPHM TOTOK MKUIKOCTH, CO3IaBACMBIi JBIDKEHIEM 1-ro Tena BOJIU3H TIOBEPX-
HOCTH 2-TO Tesa. DToT NOTOK Oyner KpHBOJMHGHHBIM i HepasroMepnbiM. OpiHaKo, ecim
TeJIA, HAXO/ATCH Ha GOJIBIIOM PACCTOSHUE IPYT OT JAPYra, TO STHMH (PaKTOpaMH MOXKHO
perebpetn o TPUOITIKEHHO CYUTATE, 9TO JABIDKEHUe 1-10 Tema 6yIeT B OKPECTHOCTH 2-T0
TeJia CO3JABAThH MOCTYIATEILHLIN MOTOK CO CKOPOCTLIO (—AU;) ormocuresnpHO oceil KO-
OPAMHAT, CBIBAHHBIX CO 2-M Tenom. [Ipu arom oz (—AU;) cremyer HOHEMATL CKOPOCTD,
cO3JABACMYIO IBHyKeHmeM 1-ro Teia B merrpe 2-ro Tesa. lerepb MOXKHO TIPUOIMKEHHO
YIOBJIETBOPHTD FPAHUUHOMY YCJIOBUIO Ha 2-M TeJe. JlJ1s1 9TOT0 JOCTATOUHO HAJIOXKHUTD I10-
oK +AU;Pico, T. €. BTOpoe NpubmILKenze Oyner PaBHo

Pico + AUiPico-

Teneph TPAHITHOE YCIOBHE HA LOBEPXHOCTH 2-r0 Tena Oyxer NpUOJIMKEHHO BBIIIOJIHEHO,
HO GyeT HADYIICHO IPAHUYHOE YCIOBHE HA MOBEPXHOCTH 1-TO Tena. HanoxxeHHsl#l HOTOK
6yneT B OKPECTHOCTH 1-T0 Teja Co3/1aBaTh MOCTyIaTeNLHbIH TIOTOK CO CKOPOCTHIO (—AU?)

u T.JI.
TIpomoJzKas 9TOT LPOLECE, IOy aeM

@i = Pico + AlUiBico + AU pico + .- - (2.1)
Amanormaso,

Bi = Pico + AUiPioo + AU Pico + - - - (2.2)
CrnemoBaTenbHO,

. ico + D1
s+ = Di0 T Pico

1 - AU;
Viepxkanne GeCKOHETHOIO YUCHA "WIEHOB B PANAX (2.1) u (2.2) He HOBBIITACT TOTHOCTH

pelleHnsi, HO II03BOJIFAET 3allicaTh er0 B KOMIIaKTHOM BHALE:
Ter[epb BBIYUCIAM HNPHCOCHUHECIHDbIE MaCChl Opy IIOCTYIaTEJILHBIX JIBIPKEHUAX 10

dopmyse (1.4):
L —p ‘ . OPico
Aig = ‘—‘*—‘1 ~AU; // (‘ono + ‘ono) on ds

o
M
2
= pV ——r.
1—AU;
Jljist  HAXOMKJNEHHs 2-T0  CJIATaeMOro HeoOXOJUMO HDHMEHHTDH dopmyny Taycca—
OcCTpOrpajicKoro, T.e. IepeiTH K OOBLeMHOMY HMHTErpajly W BOCHOJIB30BATHCH YIKE pH:

HATHIMHA IIPEATIOJIO?KEHAAMI

Ilepsoe cnaraemoe gaer
A

#
i

IP100 = AU, ?_(pﬁ'i = —AUy, % = —AUs.
Jr |y 9y o 0z o

B pesynprare nomydum

AU;
= pV —.
PYTTAT,
CrieroBaresinHo,
250 - AU;
)\/,',,; = —7—L--——7
i = pV NG (2.3)

¥ O : o
Tax xak My Y2KE BBIMHCICHDI, OCTaeTCs HalTH AU«L P Pa3JIAIHLIX DACIIONOKEHUAX
paccMaTpUBACMOI0O TCJA OTHOCHTEILEO CTCHKI.

3. IlpucoeMHEHHbIE MACCHI CXKATOr'O JUIUTICOMIA BPAINEHUS B YKUIKOCTA
orpaHu4vennoii mirockoii cremkoit. ITycrs och cummerpuu rena Ox mapasienbia ccreﬂ—,
ke, a ocb Oz neprenmuxynapna eif. C «n300paskeHHeM» Tejla CBAXKEM JIEKAPTOBY CHCTEMY
koopiuraT Oz, cummerputryio cucreme OTyz. DTu CHCTEMBI KOOPIHHAT 6y;ryfir CBsI3AMbI
COOTHOTIEHHSIME

A

T=& yYy=419, z-+2Z=2h,

rae h — pacCTosIHEe OT LEHTPa SJLIHICONIA, 10 CTeHKH.

JleKapTOBBI KOODJMHATE! HEHTpa, «H306parkeHusy O bymyr x =0,y =0, 2 = 2h. B
KPHUBOJIMHEHHBIX KoopauHaTax 6ygem umers ¢ =1, 4 = 0, 0 = 7/2. Benmuuuny 1 maiizem
73 BBIPAYKEHHUS JJist OONBIION OCH DIIIHIICOMIA, ' \

c(n®+ 1)1/2 = 2h,

2h\?
n? = (——3> ~1.
C

Bgtmcmm CKOPOCTh, CO3JaBaeMyIo IOTEHIHANOM 10, (1.2) B menTpe «m3obpaske-
musty O:

OTKYIa

N7 PCL ) Y ( (O (),
Huouly  Hudd(o)ly  nd2(Co)
Herpynmo ybemarnes, 9T0 KOMIOHEHTE! cKopocTd 1o ocsam Oy u Oz obpamaiores B 0.
TeHepb Haﬁ,ueM CKOPOCTDL, CO3MaBaeMyYIO IIOTEHITUAJIOM Y200 (13) B TOYKE O:

(3.1)

1
_ 0 qi(n)
6 VG L2+l HON

(3.2)

N c G qal), . <
AUy = 22200 = SV A1\ _
>7 THe00|;, H, gg+1q'%<co>( sind)

. Ocranbabie KOMIIOHEHTDHI CKOPOCTH B TOYKE é 06pam,a,10TcsI B 0.

I“I&.KOHGH,, HaulIeM CKOPOCTD, CO34aBaeMyIO NOTEHIIHAJIOM (P35, B TOUKE é:

e I G i1 (9) sin g _ SoV/*+1 i)

HdClo  HeJ@+1d () |, n/@+1 o)

. R
3amMeTuM, UTO CKOPOCTh TouKH O, CO3JaBacMas MOTEHITHAIOM (P30, OYIET OO

—~AUsz =

(3.3)

. TeJIbHOM OTHOCHTEJbHO ocH O n, CJIeIoBaTeJIbHO, OTp[/IH‘H,TeJ]LHOfI oTHOCUTENIHHO ocu OZ.

Ocrampmble KOMIOHEHTBL ckopocTd Touxkn O GyxyT pasus! 0.

Mogperapisasa (3.1) B dopMyny (2.3), HaxomuM MPUOTIKEHNHOE 3HAUCHHE LIPUCOSLH-
HeHHOH MAaCChl C2KATOTO JIIUIICORLA BPAMIECHHS HPH €0 ABIDKEHWH BJoJbL ocu OT Ipu
aymrapn crerku (Tabu. 1).

A

5

[}

== 8 s




Tabauye 1. 3paenns 3] 1 %f‘f

h/a Suauenus a/b
1 1,25 1,75 2,5 4 8
1,125 | 0,644 | 0,660 | 0,995 1,63 | 2,66 | 6,12
¥ 1,5 0,558 | 0,655 | 0,973 | 1,47 2,48 | 5,33
2 0,524 | 0,653 | 0,964 | 1,44 | 2,42 | 5,07
5 | 0,502 | 0,652 | 0,959 | 1,43 | 2,38 | 4,92
o |05 0,652 | 0,959 | 1,43 | 2,38 | 4,91
Tabauua 2. 3HAYEHUS 3oz M 355
h/a Suauenus a/b

1 T35 [ 1,75 |25 |4 )
1,125 | 0,560 | 0,463 | 0,374 | 0,279 | 0,185 | 0,0972

1,5 | 0,528 | 0,446 | 0,357 | 0,267 | 0,178 | 0,0944
2 | o512 | 0,441 | 0,349 | 0,263 | 0,176 | 0,0933
5 | 0501 | 0,434 | 0,344 | 0,259 | 0,174 | 0,0926
oo | 05 0,434 | 0,343 | 0,259 | 0,174 | 0,0925

Tabruya 3. 3HAYEHUS 333 W 35

h/a Suauenns a/b
1 1,25 1,75 2,5 4 8
1,125 | 0,569 | 0,496 | 0,416 | 0,302 0,197 | 0,103

1,5 | 0,528 | 0,459 | 0,372 | 0,276 | 0,183 | 0,0965
9 | o512 | 0,443 | 0,355 | 0,266 | 0,178 | 0,0941
5 | 0501 | 0,435 | 0,344 | 0,260 | 0,174 | 0,0926
o |05 0,434 | 0,343 | 0,259 | 0,174 | 0,0925

AmanormaHo HaiiieM 3HaYMEHUs [TPHCOSIUHERHON MaCcChl SJNIATICO A BPAIICHI IPH
ero JBYKEHH: BI0Jb ocu Oy NP HAJMYHN CTeHKH. PesyIsrarsl pacieTos JaHbl B Tabir. 2.

Hoxcrasnss (3.3) B dopmyy (2.3), HAXOAAM IpubJIFKEHHOE 3HAYMEHHE IPUCOE/TH-
HEeHHOH MACCHI CIKATOTO DJIMIICOMIA BPAIICHU DK €r0 JBHXKEHUH BIOJb oca Oz mipn
HAJIIYHA CTeHKA. PesylbTaTsl PACTIeTOB IPHBEIeHB! B TabJL. 3.

[ycrs Temepsb och cumMerpun Tesia O OyIneT HepleHgnKy/apHa CTEeHKE. C «u306-
paYkeHHeM» TeJjia CBSXKeM JNEeKAPTOBY CHCTEMY KOOpIHHAT O%fZz, CHMMETPUTIHYIO CHCTEME
Ozyz. DTu cucTeMbl KOOPAUHAT OYIyT CBA3AHLI COOTHOMEHUAMI

-+ % = 2h, y =1, z =2z

N

JleKapTOBbI KOOPMHATEI IIEHTPA «H300PasKeHus» O 6ynyrz=2h,y=0,2=0,a8

KPHBOJHHEHHBIX KOODAKHATaX Oylem HMeTh ¢ =n* p=1,0 = 0. Bemuaumy 1" maiiseM
W3 BBIPAYKEGHHS [JIsl MaJIOf OCH JIIHIICORLA: '
en® = 2h.

a

BorumemM CKOPOCTh, CO3MaBAEMYI0 MOTEHIHAIOM Pico B HEHT e «I300paKEeHHA» 0
’

dpro _ ¢ Q)| _d (") (3.4)
Hed¢  Hedi(Go)ly  d1(%)

~AU} =

OTMeTHM,qT0 CKOpOoCcTh ToUKK O, co3haBacMasl NOTEHIHANIOM Pico, Oymer moJoKH-
TeIIbHON OTHOCHTEILHO ock O H, CJICIOBATEILHO, OTPHIATEIHHON OTHOCHTENLHO OCH ot.
OcTanbpEbie KOMIOHEHTH ckopocTr Touku O 6yxyT pasust 0.
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Terieps HalIEM CKOPOCTh, CO3MABACMYIO NOTEHIHAJIOM P00 B TOUKE 0

~AU} = =

_Opaco % ai (1) (3.5)
H,on VG 121 i (o)

Hogcrasnaa (3.4) B dopmyiy (2.3), maxomuM HPUOJIMPKEHHOE 3HATEHHE IIPUCOC/H-
HOHHON MACCHI CKATOTO SJUIHICOWIA BPAIISHUS IPU €ro ABIKeHu# BIoML ocu O mpu
mammumn crenku (Tabir. 4).

Tabauwya 4. SHAUEHUA 3] W 7]

h/b Buauenns a/b

I 195 [ 1,75 |25 |4 g

1,195 | 0,644 | 0,006 | 1,85 | 2,87 | 6,80 | 25,9
,5 0,558 | 0,756 | 1,21 2,09 | 4,60 | 16,6
2 0,524 | 0,695 | 1,07 1,74 | 3,50 | 11,6
5 0,502 | 0,656 | 0,965 | 1,45 | 2,48 | 5,87

©0 0,5 0,652 | 0,959 | 1,43 | 2,38 | 4,91

Haxoren, nogcrasias (3.5) 8 (2.3), HaxoQuM 3HAMEHHA NPHCOEHHEHHON MaCChl Pac-
CMATPUBAECMOTO TeJIa IIPU ero NBIDKEHHE BIOJb ock Oy IpH HAIMTHN CTEHKH (Tabi. 5).

Tabaruua 5. BHAYEHUS 35, W 359

h/b 3uauenus a/b

1 195 [ 175 | 25 |4 g

1125 | 0,560 | 0,484 | 0,459 | 0,394 | 0,303 | 0,178
1,5 | 0,528 | 0,456 | 0,413 | 0,333 | 0,261 | 0,164
2 0,512 | 0,443 | 0,369 | 0,297 | 0,228 | 0,149
5 0,501 | 0,435 | 0,345 | 0,262 | 0,180 | 0,0950

co | 05 0,434 | 0,343 | 0,259 | 0,174 | 0,0925

O TouyHOCTH IIOJTY Y€ HHBIX 3HAYUEHUNH MOXKHO CYOUTh TOJILKO KOCBEHHO. Tak xax w3~
BECTHO TOYHOE PEIIeHMEe IJd Iapa B BULE PALa 10 CTEIICHAM CL/ h, CpaBHEHHE ero ¢ Ipum-
B IIHYKEHHBIM PeHIeHneM IIOKa3aJio COBIIaeHNIe IIEPBBIX TPEX WIEHOB PAga, OBa U3 KOTODBIX

JURTHLIBAIOT HaJmdne cTeHKu [9].
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ADDED MASSES OF AN OBLATE SPHEROID NEAR A PLANE WALL

Valentin S. Sabaneev

St.Petersburg State University, Universitetskaya nab., 7/9, St. Petersburg, 199034, Russian Federation;
vssabaneev@gmail.com

In the first part of the paper, the motion of an oblate spheroid in unlimited liquid is considered. Velocity
potentials and added masses are calculated in the cases the motion is along and across to the body
symmetry axis.

In the second part the approximate method of the velocity potential calculating in the case the
motion near a plane wall is presented. It is shown that the motion near a plane wall is equivalent to t“.he
symmetric motion of two identical spheroids in an unlimited fluid with the symmetry plane coinciding
with the plane wall. Approximate formulae including the unknown velocity of the second body center (the
“image” center) are given for the velocity potentials and added masses.

Calculating the “image” center velocity in cases of parallel and orthogonal direction of the symmetry
axis to the plane wall has been done. The results are compared with the exact solutions for the sphere
and presented in tables. Refs 12. Tables 5.

Keywords: ideal fluid, added masses, oblate spheroid, plane wall.

170

MBI

2014

AC

YTk

OoC
BL
110

T H

Can
Pocc

K II¢
Heb
ocet
¢ B[
JIIT

IBH
TEJTE
0CK)
JBIL

NeG.

HEB3OPOB B. b.,
TOBMACHH C. A.

O MAKCUMATIBHOM
3HAHEHWW CPEOHETO
HYNCNA PEKOPOOB

AKOBNEB A. B.

O MOTPYXEHUW
YHUBEPCAJIbHO
COIMACHOro
2-PACLUVMPEHWNSA

B YHUBEPCANBLHO
COITIACHOE

APYTIOHAH P. A.

PAOVIALINOHHOE
CTAPEHWE W PA3PYIUEHNE
METAJUTMHECKKX CIMNAABOB

KAGAHOB C. A.

ONTUMUN3ALINA OUHAMUKIN
CUCTEM C KOPPEKLIMEN
NAPAMETPOB CTPYKTYPbI
YMNPABJIEHUA

MMeioTea 1 He3aBUCKUMbIX CIyvaiHbiX BENUYUH ¢ 06WEeR HenpepLiBHON
dbyHkumelt pacnpegenenns. PaccmartpueaeTcs npobnema kak, nonyyas no
oYEpEeay 3HaYEHUs ATUX BENNHUH, BbIOPATL OAHY N3 HUX B KAYECTBE Hayana
arcyeTa, 4Tobbl MAaKCUMUINPOBATL MPU 3TOM MaTeMaTUMECKORe OXUAAHuE
4ycna PeKopaoB CPeAM OCTABLUMXCS CAYHANHbIX BENUYNH, 3HAYEHWS KOTO-
PbIX HAM HE U3BECTHBI.

PacwupeHne Manya HaaeiBaeTCa YHUBEPCANbHO COFNACHbLIM Nepuoaa ¢,
ecnu ans nioboli 3apadn NOrpyxXeHus aToro paciumpenns ¢ adenessim
AOPOM 1eproaa g BuINONHABTCS ycnosue cornacHoctu. lNyctb K - Takoe
yHUBEpcansHo cornacHoe nepuoaa 2™ paciumpenne nonsa anreGpanieckux
uncen k, 4To 2 NoNHOCTLIO packnagbisaeTcs 8 K, 1 nycts (K/k,$) — HekoTo-
pas 3agava norpyxenusa ¢ abenessiM AAPoM nopaaka 2. JlokassiBaercyd, 41o
(NP HEKOTOPKIX TEOPETUKO-TPYMMNOBBLIX OFPAHUYEHUSAX) CYLLECTBYET YHUBEP-
canbHo COrNacHoe nepuoaa 2n peluexsue 310 3agadn NorpyxeHns.

MHOorouvcneHHsble 3KCNEPUMEHTANbHBIE UCCNELOBAHWUS NOKAZKIBAIOT, YTO
104 BO3LEUCTBUEM BLICOKUX TEMNEpPaTyp ¥ paaualllioHHOro obayuenna
MEXaHWYECKME XapaKTepPUcTUKY METANIMIECKUX CrIaB0oB NPeTepnesaioT
CYLECTBEHHbIE U3MEHEHWS, BbI3BaKHbBIE, B YHACTHOCTH, MPOUECCaMN pac-
naga TBEPLOro pacTteopa vt 0bpasoBaHua BTOPUYHLIX has. B paGorte atn
NPOUECChl OMUCHIBAIOTCH B PAMKAX MEXaHWKW MaTepuanos C rMomMoLbio
napameTpoB MNOBPEXAEHHOCTN C YHETOM NEPBOro 3akoHa TePMOANHAMUKN,
CcbopmynmpoBaHsl ypasHeHWsl TeOPU MOA3YHECTV U KPUTEPUWIA AANTENbHOR
MPOYHOCTU. BLIMONHEH CPaBHUTENILHBIN AHANNS TEOPETUNECKUX W ONbITHBLIX
KpWBbIX NonN3y4yecTy. o AaHHLIM OLEHOYHLIM PACHETAM W COMMACHO OfibITam
B Cny4ae pasvauyoHHoro BoaaeicTsns Habniofaetcs sHavunTebHoe CHU-
KeHVe ANUTENbHONU NMPOYHOCTY Marepunana.

B craTtbe npeanaraercs MeTon, BoIMUCAEHWS ONTUMANLHOrO YiPasneHus,
OCHOBaHHbIN Ha KOPPEKLMY NapaMeTpoB CTPYKTYPLI YIIPasIeHus, B, KOTo-
poii onpepenseTcs U3 MpUHUKMNAa makcumyma. Koppexkuus napamerpos
MOXET NPOU3BOANTLCA U3 YCIIOBUS MUHIUMYMA KaK (DYHKUMOHANA G [0Nos-
HUTENbLHOW MHTErPaNbHOM YacTbIo, BKAIOYAIOWEN 3aTpars Ha ynpasreHne
C NPUMEHEHWeM NPUHUMNA MaKkCUMyma, Tak u kputepusi Kpacosckoro ¢
MCMONL30BAHMEM AITOPUTMA C NPOrHO3UPYIOLLEH MOAGNHIO.




