§ 3371 Ipamoauneiinoe dsuxcenue wapa 751

HOH CTENEHH H3MEHHNAO Obl pedyabTaThi. CONpPOTHBAEHHE NPH 3TOM KOHEYHO BO3-
pocao 6ul 1).

Ecan yepe3 P 0603HauHTh CHIY, KOTOpas JOJKHA JEeHCTBOBaTH Ha 1uap
B OTPHLATEAbHOM HAMpPaBJEHHH MO OCH X, YTO6W YpPaBHOBECHTb COMPOTHBJAEHHE
KHIKOCTH, TO GyxeM HMeTb

P =6nual. (15)

Caenyer 3aMeTHTb, 4TO Ha OCHOBaHMH ¢opMyan (14) xak KOJM4YeCTBO ABH-
MEHHA, TaK M IHEPrHs KHAKOCTH OKa3blBaloTca 6eckoHeuHo Goabwumu %). Pac-
CMOTPEHHOE 3[eCh YCTaHOBHBIUIEECA ABHXEHME MOXHO ObI0 6b MOITOMY NOJ-
HOCTBIO MOJNYYHTH B PpEe3YJbTaTe JHEHCTBHA IOCTOAHHOH CHJAB, ecaM Onl 9Ta
cuia JAelcTBOBaJza Ha 1ap

Ha BCEM- NYTH GECKOHEYHOH v
JAHHB .

Bce uccaenoBaHne GbIIO
OCHOBAHO Ha MPENNOJOXEHHH,
UTO B OCHOBHBIX YPAaBHEHHAX
(4) § 328 moxHO 6bIIO mpe-
He6peuyb MHEPLHOHHBIMH wuie-

HaMH u ou no CpaBHe
o

HHIO C BeauyumHamu vAu. ..
W3 pasencts (11) nerko roraa
NoAY4YuTh, 4YTO 3Hauerue Ua
JAOJKHO GbITh MaJO MO CpaB-
HeHHio ¢ ¢ 3). 3TO ycaoBHe
MOXHO BCerga BBINOJHHTS,
ecan 3Havenusa U uiM a cie- - /A

1aTh JOCTaTOYHO MAaJbIMH; —

O/HAaKO, B CIy4ae JErko MOJi-

BHI(HBIX IKHAKOCTEH, TaKHXx, ®ur. 81.

Kax BOJA, 3TO YCJIOBHE CHJIBHO

OrpaHMYMBAET CKOPOCTH MJH PA3MEPH, KOTOPHIE NPAKTHYECKH NOLKHb OHTH Upes-
BhiuaiHO ManwiMH. Tak, B cayuae wapa ¢ paauycoMm B 1 mm, ABHXYLIerocs B Boae
(r=0,018), ckopoctb nOMKHA OBITb 3HAUMTENLHO MeHblue, yeM 0,18 cm/cex 4).

i

1) MejaneHHoe [ABHMXEHHE Iuapa BOAM3H TBEPAOH NNOCKOK CTEHKH OO
uccaenosano Jlopenuowm, Abhandlungen tber theoretische Physik, Leipzig,
1907, 1,23. Buabamc B unrepecHodi pabore pa3o6pal NpH NOMOLM METONA,
H3noxeHnHoro B § 338 sTOM KHMrH, cryyail BHEIUHEH TPAHHLLI B BUIE KOHUEGHTpPH-
YeckOH 1apoBOH TOBEPXHOCTH M CPABHMA pe3yabTaTel ¢ onmtoM (Phil. Mag.
(6). xgux, 526 (1915)]. [lamenve wapa no OCH BEPTHKaNbHOH TPYOKH, Hamol-
HEHHOH HECKMMAaeMOM MMIKOCTbIO, Hccaenosan Jlageun6ypr, Ann. d. Phys.,
XXIII, 447 (1907) u Paxcen, Arkiv. f matematik, XVII (1923). Tlocnexnuii
M3 Ha3BAHHHIX aBTOPOB Pa3006pal TAKKE Ciydad NBHMEHHA HWapa MEXAY NAOCKHMH
napannenbHbiME cTeHKamu. Ann. d Phys,, LXVIII, 90 (1922).

480)2) Rayleigh, Phil. Mag. (5), XXI, 374 (npumeuanns) (1886) (Papers, 1I,

Ua
3) Beauunna - KOTOpasi MpEANoJdraercs 3gech MaiaoH, sBigercs 6e3-

pamMepHOM M CJEIOBATENBHO, He 3ABHCHT OT BbI6OPa OCHOBHHX elHHHL. OHa
MOMET ObITh Ha3BaHa ,uucioM PeiHoabxca“ paccmatpuBaeMolf 3agaum; CM.
B KoHle § 366.

%) Rayleigh, cM. Bhie, crp. 738. OTHOCHTENbHO SKCNEPHAMEHTAJIbBRX
lCCrenoBanuit 10 3TOMy Bompocy cM. Allen, The Motion ot a Sphere in a
Viscous Fluid, Phil. Mag. (5), L, 323, 519 (1900); Arnold, Phil. Mag. (6),
XXIH, 755 (1911); Williams, cM. Bbiue.
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Mpbr morau 6bl npuMeHnTb GopMyay (18) k BeluHCAEBHIO ,NMpPEAEIbHOH CKO-
POCTH“ BEPTHKANbHOIO MNaleHHs wWapa B XHIKOCTH 1). Cuaa P B 3TOM ciyvuyae
paBHa pa3HOCTH MEX]y BeCOM Iapa H THAPOCTATHYECKOH NOABEMHOH CH.IOH,
UMEHHO

4 , s
P= -5 n(o'—0)a%, (16)
rae o 0603Hayaer IOTHOCTb KHUAKOCTH, a @' — CPEJHION MJIOTHOCTH Wapa. JTo
Kaer
2 o' —
U= 2 e =0
9 u

Kax yxe 61710 YCTQHOBJECHO, 3TO PABEHCTBO CIIPABEAJIHWBO TOJBKO B TOM Cayuyae,

ga’. 17

Ua .
KOrxa 3HAa4Y€HHE T MaJao. ﬂJIﬂ YaCTHIBI TIeCKa, MajalolieH B BOJEe, Mbl MOXKEM

NpUOIHAKEHHO NPHHATH
0'=2, v=0,018, g=981,

OTKYyHAa CleAyeT, YTO 3HaueHHE a AO0.#HO 6LiThb Majo no cpaBHeHuio ¢ 0,0114 car.
ITpH 3THX YCJIOBHAX s NpEAeIbHOH CKOPOCTH MajeHHss O6yieM HMETb 3HaucHie
U= 12100q2

HOas xanny BoOjbl, najamoumeil B Bosiyxe, uMeeM o'=1, 0=0,00129, u =
=0,00017. B 3toM cayuae npejgenbHas cxkopoctb Gviaer U =1280000a% npu
YCJI0BHH, UTO 3Hau€HHE g Mano no cpasuensio ¢ 0,006 cu.

2. B cayuae mcudxo20 wapa Mbl XOJHHBI NPHHATH BO BHHMaHHE KaK BHeLUHec,
TaK # BHyTpeHHee jBHxeHHe %). [1penno.oxHM Npexae BCEro, YTO Ha XHAKOCTHL
OKPYXKAOIYI0 LIap, HE REHCTBYIOT BHEUWHHE CHJABI, B TO BpPeMs KaK Ha XHIKOCTE,
3aKNIOUEHHYI0 B LIape, feiicTByeT cHia-— K Ha eauHuny ob6bema.

dopMyant (.) § 336 O6yayr mMerb cuay mas o6JacTH BHYTPH 1uapa, €can
TOJIOXHTD

p=p’'+ Kx, (18)
rie p’ —UCTHHHOe AaBjeHue. Ecau gajee NOKOKHTL
pi=A4A%, ¢,=B%, (19)
10 ¢opmyasl (8) HasBaHHOro maparpada AT s BHYTPEHHErO KBHMKEHHS

AP 0 x , AT
u=30y’Fx—F+6‘u'+B’

_AF 0 x "
—50[1, oy rs! (-)
At 0 x|
VT30 0 P '
Or1C11a Caeayer
xu+}r'v+zw:(£—:7+ B') X. (€2))

1) Stokes cm. Bhue, cTp. 7 6.

?) Jra 3ajaya Obiia pemwena Pu6unnackum, Bull. Acad. d. Sciences de
Cracovie, 11 , crp. 40, u, He3aBucumo oT sero, Agxamapoy, Comptes Pen-
dus, CLIIL, 1735 (1911). DTt aurepatypHble ykasaHus B3sitbl U3 pabotst C M o0-
anyxoBckoro, On the Practical Applicability of Stokes’Law of Kesistance. ..,
Proc. of Math. Congress, Cambridge (1912), II, 192.
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Tak kax | .
0 x
2 _ 2 80 X 5 1
e LA P + 3™
1 .0 x
Xy = —'-3—1' 7}7”'—3"; (22)
ire L s 0 X
=73 0z r3’
T0 HAaXOAUM Janee
x 3 ., 1 0 x 1
Pra=— 7 pot (1 A= K) g o5 g K I
y 3 ., 1 0 x
P;y=—"‘.“po+(—m4 '—’g—K)f‘o—y—r;y } (23)
F4 3 ., 1 0 x
Pe= = put (A =g K)o

CooTBercTByOIHE (DOPMYJNBI A BHEWIHEr0 NPOCTPAHCTBA MMEIOT TAaKOH ke
Buf, kak dopmyast (4) u (6).

Ecan Myl BHIpPasuM TO OGCTOATENBCTBO, YTO PajuadbHad CKOPOCTh HCYe3aeT
NpH r=d, TO NOJYYHUM

A 2B A'a®

m_F+u=o, —10”,4-3 =0. (24)
HenpepsiBHOCTE cKOpOCTH TpeGyeT, Kpome TOTO, YTOGHL
Aa? A'a®
-—6_,;+B = T (25)

Ecau cpaBuutb ¢opmyant (6)  (23), TO HenPepHIBHOCTL HANPAKEHHSA NO-
tpebyeT BHINOJHEHHA PABEHCTB

_6uB__ 3
a 10

1 )

T . ——— 3,

A 3 Ka

Aa Alat — % Kat,

(26)

. Mot Gynem uMerh, TakWM 0o6pa3oM, ecin 3Hauenne K 1aHO, NATb ypaBHe-
HHH Jnd onpejeneHust NMOCTOAHHMX A, B, A’, B’, U. Pewasn 3TH ypasHeHus, Ha-
XOmUM:

2 K& ptp
U=, 28
3 B 2u+3u
TMonHaa cuna, KOTOPas [NOAXHA [edCTBOBATL HA AP B OTPHUATENLHOM HA-

MPaBJAEHUH MO OCH X, A1 TOrO YTOGH ILAP OCTABAACA HENOABHKHHM B [OTOKE,
JOoNnxHa GbiTh PaBHa

(27

4 2u-4-3p’
5 na'K =6napU - TEE_?Z— . (28)
BuyvTpeHnee ABHXEHHE Ompejeiserca (GOpMynoi
| r? .
tp=—TB(l—~a—,)r3sm’0, (29)
rae
’ Ka®
T 6utout @0

48 JTamo.
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Ecan noxoxum u4’=o00, TO ONATh NPHIEM K pPe3yjlbTaTaM, KOTOPbie Mbl
NONYYHMAH AJAS CAyYas TBEPIOro iapa.

Y0661 cenaTh Pe3yiabTaThl NPHAOKHMBIMH K TOMY C1yualo, KOFJa IBHKEHHE
MIPONCXOXUT TMOR AeHCTBHEM CHJbI TSKECTH, HanpaBJIEHHOH MO OCH X B OTPHUATEAb-
HYI0 CTOPOHY, Mbl ROJKHBl NONOXKHTh

K=g(e’—o) @1
rae o’ o603Hayaer NMAOTHOCTb HKHIKOCTH, 3ano.rmmomeii wap. [IpegeabHas cko-
pocTbs jaetcs Toria ¢opmynoi (28). Ecan ¢’ < g, 1o 3nauenne U orpuuarenasHo;
STO MOKA3LIBAET, UTO AP NOMIKEH NOOHUMAMbCA B OKPYKAOWEH €T MKHAKOCTH.
Jna nyseipbka rasa, NMOJHMMAIOIIEroCs B BOLE, MBI MOMEM C JIOCTATOYHOH TOY-
HOCTbI0 nonoxutbh ¢’ =0, u#’=0, OTKyRa cieayer paBeHCTBO

1 gga2

3 »u

3. Mbl noayuuM BHIOH3MEHECHHE 3aJlauH, OTHOCAINEHCA K TBEpIOMY iapy,

€CaH MPeANOA0KHM, YTO KHAKOCTb CKONb3HT DO NOBEPXHOCTH, CJAEAYS 3MIUPH-
4eCKOMY 3aKOHy, yka3aHHomy B § 327.

®opMyasl (6) AT LIA HOPMAJTbHBLIX HANPMXKEHHH HA NOBEPXHOCTH cidepn
pamuyca r BblpaXeHue

(32)

— Po— 3A + 12,uB - (33)

TPU COCTaBAAOIIHE 3TOH BEJHYHHbI Ha OCHOBAHMH d)opmyn (14) § 336 moryT GHITL
HanucaHbl B BHAE

x 4uB\y 0 x 4,uB
—p ()
¥y 4uB\ 0 x 34
_p°r+(Ar r)dy FO @9
2 4uBy, 0 x
—n (a5 5 % i

BouKTas 3TH BENHMUHMHBI M3 BhipaweHuil (6), HalineM IaR COCTaBAAIOWIHUX Kaca-
meAsHozo0 HanpaxeHHs 3HaueHHsA
ZuB 0 X 4uB

r ox 8 v’

2;18 0 x

r W ';3_ ’ (35)
2,uB 0 x

r o0z r®

Ha rpaHuyHOM NMOBEPXHOCTH =@ CKOPOCTb B HaNpaBJEHHH Paguyca AONKHa
HcYye3aTh, a BhHIpaXeHHd B QopMynax (4) 6yAyT TOraa npeicTaBiAATb KOMHOHEHTDI
TAHTEHIMANbHOR CKOPOCTH. MBI JOMIKHH NMOITOMY HMEThb

2
_2uB _ (3_‘4_‘1)

a (Y
B _p(y . 24), o)
at ( 3ua
rae f o6o3Hauaer KOI(MIUMEHT Tpenus ckoabxenus. OTCiola mMoaydaem
__ 3 2u+ pa _ pUa* |
A=— ulUa - 3utpa’ B=— 9u+4pa ’ 37

eciM NpUMeEM BO BHHMaHHe DaBeHCTBO (D), TO YBMIHM, UYTO 3TH BHpPaNeRHA
YROBNETBOPSIOT TOMY YCIOBHIO, YTO PajHajlbHas CKOPOCTb PaBHA HYJIO.
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Pesyabtupylomas ciia, ieHcTByomas Ha iiap, Ha OCHOBaHMH ¢opMyx (6)
6yneT pasHa

_ o _ . 2u -+ a
mefpmdS- 4nA=6np Ua utfa (38) 1)

Jna f=oco noayuendas ¢opmyaa coraacyercsa ¢ (15). Ecan 6m f Ghaa paBHa
MYAI0, TO pe3yibTHpYyIoOLias cuaa 6blna Gbt paBHa 4zu al.

4. 3ajaya O BpaueHHH lIapa B HEOrPAHHYEHHOH KHIKOCTH GyleT pemleHa;
€CIH MOJOXHM

. 0x_y 0%y
U=z dy —-—Yy 3z
0x_s Oy
V=X ——oz— -_2 —52— s (39)
0x_s 0x_»
Y=Y 5% * ay '’
rae
Az
2= 5 (40)

M OCb Z-—O0Cb BpauleHHs. Ha rpaHHYHOI NOBEPXHOCTH Fr=a NONMKHB HMETb
MEeCTO PaBeHCTBa

U=—owy, v=wx, w=0,
ecay uepes o OGO3HAaYHTL YIA0BYI0 CKopocThk wapa. OTciofa noayuaeM A= wad;
cp. § 334.

§ 338. 3anaun, OTHOCAIIMECS K TOMY C/Ay4alo, KOrd TeueHHe OKOJIO
i1apa NPOUCXORUT B IJOCKOCTAX, MPOXOAAIMX 4Yepe3d OCh CHMMETpHH,
peluasuch OGBIYHO, KaK 3TO CHelas B mepsui#t pa3 CTOKC, NpH NOMOIIM
“¢yHkunn Toxa . CregyeTr mMO3TOMY KPaTKO H3JIOXKHTb 3TOT CROCOG.

Moaoxum N N
y=wcos?, z=psind
H COOTBETCTBEHHO
v=vycosd®, w=wsind, } n
(
£=0, y=—owsind, {=wcosd;
Torga Gymem HMeTb
02 02 1 0
a4 =-—[—"— - —~ T—]U siné=
7 9.3 + Ow? + w 0w w? 002 ?
. 02 02 1 0 1|
=—Slﬂ0[— 7 T R TR =
0x2 +0w’ + w 0w ot | *
sind [ 02 02 1 01~
% mrE-T gl @
aHANOTHYHO 81 a8 " Lo
cos ~
AC=—;—[-— -.v—r—,c] wo. 3
® Lox? + 0w? o Jw @)

1) Basset, Hydrodynamics, II, 271.
48*
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Ias cnyyasm ycTaHOBHBLUErocs JABHMeHHS Ha OCHOBaHHM ypaBHenuit (1) § 336

NOJAYUHM
Ap=0, 4{=0
H, CleJ0BaTeIbHO, \
0 02 1 0]~
R A @
HAH, €CAM MOICTaBHTb 3HaueHHe w u3 (opmy.as! (2) § 161,
107
[ox2+ ~ [)2,—] y=0. )

Hdna rex Cly4aeB, KOrga rpaHHYHbie MOBECPXHOCTH CYThH ccbepbl, MbI ONa-
racm

x=rcosf, w=rsing. (6)
%:sin@—o——l—cose
Pt or

[,2 +sx;10 0 (E:(;) %]'p=0' )

4 3TO H eCTb ypaBHeHHe, gaHHOe CTOKCOM.
YpaBHEeHHE 3TO YAOBAETBOPUTCA ¢ yHKIHEH

Tak xax

0
rog ’
TO MoayyaeMm

y=sin20 f(r), (8)
ecau
27
[‘”7—7] f(=0; ®
pelleHne NOCAENHEro ypaBHEHHA eCTb
f(r)=i:‘—+Br+ Cr: 4 Drt. 109)
B cayuae paBHOMepHOro TeueHus B 6eCKOHEUHOCTH JOMKHO ¥AOBJAETBOPATHCH
PaBEHCTBO p= — 5 Ur?sin? 6 npu r=o00, oTky1a caeayer
D=0, c=—-Ltu (1)

2
Ecnn 06o3HauuM COCTaBAAOUIME CKOPOCTH B HAMPABAEHHH PAXHYyCa-BEKTOpA
H B NMEPUeHIHKYIIPHOM K HEMY HAaNPaBAEHUH COOTBETCTBLHHJ 4e€pes U, M Uy, TO
6yaeM HMetb
1 oy

B A B )
o= = roing o9 = U €03 0-2 (5 + - ) cost, !

12)

1 oy A B (

po— L __OY _ o (A _ By,

" rsin or U sind (r3 r)smo ’
CKOpOCTH YJIMHEHHA B HANPaBReHMAX r W 0 M B HaNpasneHuw, _mepneniuu-

KyJIApHOM K ITHM JBYM HaNnpaBACHHAM, HaHIEM CAOMEHHEM CKODOCTEH yHimHe-

HHi, COOTBETCTBYIOUHX COCTABANIOWMM U, K Uy B OTACABHOCTH B pesyabtare

TOJY9HM

v, -9 (3A

r

+ = )cosﬁ,

i
,T()@+—r"=—/r4+r2 cos 0, i (13)
J
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CKOPOCTb X€ CABHra B MJIOCKOCTH r, 6 6yner paBHa

ov, O0vg Yy _ 6A
—rp e 8 04 e,
rof + or r re sin (14)
Ias 3nauenMs BMXpS NOJydyaeM BbIpaxeHHe
ouy Ug ov,, 2Bsin 0
O=or T TreT T T (15)

Cuny, neMcTBYOILYI0 Ha IIap, MOXKHO OMNPEXENHTh HIHX HENOCPEACTBEHHO M3
$OPMYN JAA HanpsiKeHHH MaM, 4TO GyNeT elle npoule, W3 BRIPAXEHHA AN CKO-
POCTH paccesnus 3Hepruu. M3 gopmyn (13) m (14) crenpyer, 4t0 dyHkuusa @
B dopmyae (8) § 329 npuHnMaeT B JaHHOM Cliyuae BHJL

34 B \? A?
¢=12“(7+r_“> cos”6+36,u—r,—sm”6. (16)

Yro6pl HaHTH NOJHOE 3HaYeHHE CKOPOCTH pACCeSAsHHA SHEPrHM B KHAKOCTH,
Mbl KOJKHB g'nmox(mb 9TO BhipaxceHHe Ha 2mrsin @ - ré or W MPOUHTErpHPOBATH

or 6=0 a0 M HOT r=a 10 r=00.
B pesyaprate noayuum
3A%  2AB B?
16n/4(F+—aT+T). an
CornacHo runotese NPHIHNAHUA AJA 7 =@ noayuyum H3 gopmyn (12)
1 3
o - —— 3 —_ .
A==~ Ud B=-Ug (18)
CleA0BaTEIbHO, ANsi y GYNeM HMETb BHIPAaWEHHE
3
¢=—%U(l—%%+—;——?—a-)r’sin‘0 (19)

MIH, €CAH NPeANOJOXHTE, YTO AP JABHXKETCH CO CKOPOCThI0 — U B XHIKOCTH,
noxosuielica B 66CKOHEYHOCTH, TO BhIpaXeHHE

2
.,,=—2—Uar (1-%%) sin?6, (20)
Kax M B dopmyie (14) § 337.

Cuny — P, XOTOpas ROJAXH2 GBITh NMPHJOXKEHA K WIAPY, YTOOH NOAREPKHBATH
€ro JBHIKEHHWE, Mbl HaliileM, eciM npUpaBHAEM CKOPOCTb PacCesHHA SHEPrUM 3Ha-
wennio PU. Tloncrasnss B Bupawenne (17) 3nauenus A u B ua dopumyn (18),
NOAYYHM Jasd CHJIBL P, Kax u BhilI€, BhipaXeHue

P =6ap aU. @1)

Ecau nmeer MeCTO CKOZbKEHHE U B — KOS(HLUHEHT TPEHHS NPH CKOIbMXEHUH,
TO NPH NEPBOHAYANbHOH NMOCTAHOBKE 3ajayH, KOTAA INap ABNAETCH HEMOABHKHBIM,
YCJIOBHS, KOTOpBIE€ NOJUKHBI BLITONHATHCA NPH 7 =g, NMPHHHMAIOT BHA

_0 _fovg S Ov, v,
Ur— s ﬂUo—[l W—'—r—o—a——T . (22)

Moxcrapsins B 3T PaBEHCTBA COOTBETCTBYIOI(HE BbIDAXKEHHA u3 popMya (12)
n (14), BaxoAUM

A:._TUa“I(l-I-%’g)r (23)

B= %Ua(l %’g-) :(1+§’i) :
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B sToM ciyyae NMPOHCXOAMT eulie NOHOJHHTEILHOE PacCesHHe IHEPrHH BCIER-
CTBHE TPEHHS CKOJBMEHHA HAa MOBEPXHOCTH [U1Apa; 3HaYEHHE 9TOr0 pPacCesHHH,
OTHECEHHOE K eNHMHHUE Niowand, pasHo Svi. MHTerpupys no noBepXROCTH wapa,

MONYYHM Ha OCHOBaHHH paBeHCTB (22) u (14)
96mu2 At
fa*

Ecan croxum Buipamenns (17) u (24) u noacraBnm 3HaueHus aad A 4 B us
dopmyan (23), To Haltaem, nonaras nojHoe paccesHie pasupiM PU,

24

_  Ba+2p
P =6npualU Ba<t3u’ (25)

41O corxacyerca ¢ pesyabratoMm bacce [(38), §337].

§ 339. Pewenne 3anayn 06 yCTAHOBMBUIEMCH [BHIKEHHH SNAHNCOMAA
B BA3KOM KMAKOCTH MOXHO BBHIPAa3HThb NpPH MOMOLIM NOTEHUHANA TIPUTANeE-
HHMS TBEPABLIX TeJ; NMPH 3TOM NPEANOJAraeTcs, UTO SANMNCOHA OAHOPOA-
Hol U MAOTHOCTL €ro paBHa edunuye.

Boasmem YPaBHCHHE 3JAHNCOHAA B BHAEC
X2 y? 22 .
FtEta=t o

TOrAa MOTEHLHaA MPHTAXKERHA NAf BHelwHeH TO4KU no ¢opmyvre Jupuxae 1) 6y-
JeT paBeH

oo
di
Q= nabc fatsll 2
zf ’+A b‘+1+c’+/’l 1)D ' @
rae
D={(a+2)(*+A) (2 +4) )", (3
1 HHXHHMA Npexe’ ecTh MOJOKHTENbHHH KOPEHb ypaBHEHHA
a‘+l+b’+l+c=+4 @
dr1a dopmyna gaer
—3—'@ =2nax, )
082
o =27y i ®)
02
—o———-27t'yzy J

richlet, Crelle, XXXII, 80 (1846) (Werke, II, 11); cm. Takwe
hhoff, Mechanik, nexuns 18, m Thomson und Tait (2 usn.),
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rae
-y )
a=abcf ._l"_,
g (@*+4)D
[« ]
= abc __d ,
f gr F+ob | ®
(o]
y=abe [ 92 _ .
(@+4)D
i L,
Moaoxum apanee
o]
=abc | 9% 7
veae [ 4, ™

A

B § 114 6uno nokasano, uto 3Ta GyHKUMA YAOBAETBOPAET ypasHeHHiO Ay =0.
Ecnn HIKOCTL ABHXETCA OTHOCHTENBHO S/IHICOMRA, NPEANONAraeMoro He-
JIOABHIKHBIM, B HanpaBi€HHH OCH X ¢ obuieit cxopoctbio U, TO MH MOJOXHM 1)

00 ox
u=2A oxd +B (xa —z)+U,
. 02 oy
v=A b—x—o}j + Bx -o—-y- » (8)
00 ox
w-A———-dxdz—i-on—z. !
A4 Bblga)l(eﬂﬂﬂ YAOBACTBOPAIOT YPABHCHHIO HENPEPHLIBHOCTH BCACACTBHE COOT-
HOWEHHH
A9=0, Az=0

H B GeCKOHEYHOCTH, OYEBHAHO, AAOT 3HaueHus u=U, v=0, w=0. daree us
HHX NOJy4aeM

—og %1
du=28B o

—og 9%

- 0%
Aw—235§_0_i’ )

TaKk 4t0 ypasHeHna (1) § 336 6yayTr yxoBaeTBOpeHs!, €CaAH NONOKHTH
—9Bu 9%
p=2Bu F I -+ const. 0)

Ocraerca elfe NOKa3aTh, YTO NPH NOAXOAAUIEM BHIGOpE NOCTOAHHLIX A H B
Ha noBepxHOCTH (1) 6Gyxyr uMers MecTo paBeHcTBa U, ¥, w=0.
Ycaosua v=0, w=0 tpebyior, 4robbt

da dy A
[QnAﬁ-kB-d—l 1-o=0 HAH 2"F+B=O' 1)

1) Oberbeck, cm. suwe, crp. 747.
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MMpu moMowH 3TOr0 COOTHOMIEHHA yCioBHe U= 0 NPHBOIHTCA K BHLY
2nAay— By, +U=0, (12)

FAE 3HaYKH BHH3Y 00O03HAYaIOT, YTO HHXKHHE npejeabl B HHTerpanax (6) u (7)
HOMKHBL 6bITh paBHb Hymo. OTCIOa NOMYYaloTCs paBEHCTBA

1 4
A= — — Ba? = 13
7A ) Ba®, B Yot aod® (13)
Ha 60apuioM pacCTOSHMM r OT Hayana KOOpAMHAT 6yneM HMETb
Qz_inabc, _ 2abc :
3 r r

OTCIOfla NyTeM CpaBHEHHA C ypaBHenuamu (4) § 337 noayuaercs, uro BO3Myule-
HHE TaKOBO, KaK eciH OBl OHO ObliO BHI3BAHO WapOM paauyca R, nphnuem R
onpeneaserTcs paBeHCTBOM

3 8 abc
TUR—QG()CB HaM R—Tm (14)
CO“pOT“BﬂeHHe » HCHBITHIBAEMOE 3S/IHINCOBACOM, OKa3blBaeTCA TAKHM 06paSOM
paBHLIM
6xuRU. (15)

B cayyae xpyrosoro mMCKa, HKBHIKYWIErocs B HAaNpaBACHUH, NepPHEHAMKY.isp-
HOM K NAOCKOCTH juCKa, 6yxem nMetsb a=0, bd=c H, CNeJOBaTelNbHO, ag= 2,
Yo = 7AC, TAK YTO

8¢

=——=0,85¢.
R 3n A
Ecan e RHCK RBHKETCA B CBOeil MAOCKOCTH, TO MOAYYHM

16¢
R= O =0,566 ¢ 1).

§ 340. Kax BuaoM3MeHeHHMe 3ajaud NpeMWIECTBYlOLIEro naparpada
Mbl MOXEM HCC/]EJOBaTh YCTAHOBHBLIEECH JBMXEHME IKHAKOCTH B nOje
3aJaHHBIX CHJ, He M3MEHSIOUMXCS C BPEMEHEeM.

Onyckas uyleHbl BTOPOTO NOpsiAKa, 6yaeM HMETh

op =
— a—}-X—H}Au—O,

e
1 dp

—TT)';'+V+ vdv =0, (1)
1 op _

—7 —o?+z+vdw_0

H

ou ov ow .
‘ag+§;+7;=0- (2)

1) JIpyruMu npefenbHHIMA CJAYYaaMH GyAyT KPYroBoil LHAMHAD H GECKOHEUHO
JUIHHHOE [UIOCKOE Jie3BHE; KawA0e H3 3THX Tel MOXeT GbiThb PACMONOXKEHO NPOTHR
TeyeHns NH60 KOHLOM, AHGO GOKOBOM CTOPOHOH, TR CAyuaW GbiAH HCCIEROBaHbI
A. Berry n Miss. L. M. Swain, Proc. Roy. Soc., A, CII, 766 (1923).
CkopocTb B 6eCKOHEYHOCTH B 9TOM CAyuae He O6pawaeTcss B HyAb, a CTaHO-
BUTCA JOFapH({Muyeckd GeckoHeuno Goabwmoit. Cp. § 3 3.
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Orciona moiyuaeM YpaBHEHHe

p _0X , 0 | oz
Ag-0x+0—y+ 0z’ @)
KOTOPOMY MOXHO YAOBJIETBODPHTb, IONaras
p _ Vv 0X’ |, oY’ | 0Z'\dx'dy’d2’
e 4n fff(Ox’-‘Ldy’_*_W) r “)
rae
r=VE—xP2+@—y)P+@e—2)" ©)

Ecan cuapl orpanMueHbl onpefeleHHOH 064acTbi0 CBOero aeHcTpusa, TO NpH
HHTErPHPOBAHHH TIO YAaCTAM HOJAYYHM

p___]__ , 0 /_o__ li__l_ 2 das? Aoyl
o ~ix fff(x Y 57 t2 02’>r dx’ dy’ dz’=

N L (R R S L
- 4nfff(x-a}-+y 5+2 oz)r dx’ dy’ dz". 6)
B uactHOCTH, B cayyae Hsonuposauﬂoi'l CHAbl B Hayaixe KOOPAHWHAT, IOJjaras
P:efffx/dxldyldzl, Q=0 fffyldxldyidzt,
R=e¢ [ffz'dx dy’ az, )

6yaeM HMeThb
1 0 0 0 1
p=—E(P—53—c-+Q-0_y+R'EZ)_r_' @

K 3ToMy MB QOMKHH NPHCOEXHHHTb KaKOe-TO pelleHHe ypaBHeRus Ap=0.
Bciony 3a HCKIIOYeHHEM Hayana MbBl Tenepb OyAcM HMETD

1op 4l . 10p

Au=?-5;, —‘u—oy, W=—"—-‘§-. 9
Ecan mbl noacraBuM 3Hauerue p u3 (8), TO MOXeM NPHMEHHTb CnOco$ HHTErpa--
uun § 336, nonaraa n=—2. Torna noayyum
9 0 (] o\ 1 p
mu=ggr 5% (P 3% +Q 35 +R 5) v + g 10

H aHaaornynbne GOpMyaH xas v, w.
Ecan x npasoit 4actu (8) NMPHCOEIHHHTH ClaraeMoe

Ax+ By +Cz, 11)
TO COOTBETCTBYIOLEE CAaraeMo¢ B BHpaweHHH uu, coriacio § 336, npn n=1,
Oyner UMeThb BHA

,. 1 1 .0 9 0 ay 1
At 5 Art 30'5?)?(‘4 x T8 7)7"‘03?)?'
MonHoe pelieHHe TOrAa MONYYHTCA ClOXeHHeM Bupawxenni# (10) n (12).
Tak, Hanpumep, €CIH Mb HMEeM HeMOABMKHYK cdepy pamuyca r==>, 10

12

=G’ N w8 (13)
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", CNeA0BaTEAbHO,
P or3
ompu= 11— +35) +

rn rny d 2 2 o\ 1
+ 5 (1-5) 3 (P +Q5+R )
Ecan M nonoxum b=o00, T0 noAyuuMm

P, P o[y, , .0 501
bruu= L+ 0 2 (P r@ R 5) T (1)

Moaaran P= —6znu Ua, Q=0, R=0, noayuum ¢opMyab, CONMacCyolHecs
¢ pesyabratamu § 337 s GoabuMx 3uaqeum‘-’| r/a.

§ 341. Anasoruusyio 3ajmayy Ha NIOCKOCTH yaoGHee GyleT paccmo-
TpeTs € NOMOWBbI0 (QyHKUMM TOKA.

Tonaras
- _% %
U= oy’ v=— 4Y)
B YPaBHEHHAX
1 op - __1 op - 9
X < ox +vd,u=0, Y e +vA10 0 2)
¥ uckmoyas p, 6yneM HMeTb
0X oY
vA4, 4,9 = 7)7 -5 (3)
cae .
0 0
=gt “4)
Orciona nonyunm
OX i’ 0Y
dy=5_ ff lnrdx’ dy’+y, (%)
rae
r=V&E—xW+u—y)" )

H ¥ ecTb peuienne ypasHenus 4,y =0.
Ecnu Mut gomyctuM, uto cuist X, ¥ obpawmaiorca B Hyab BHe HEKOTOPOil
061acTH, TO, HHTErPHPYA MO YACTAM, MOJYUYHM

, , 0 _
dp= —— ff (x W—Y ox )mrdx ay’ +x=

2-E,ff(x 55 a)lnrdx dy’ + 1. s

B yacTHOCTH, B cayvae cuAM, CKOHUEHTPHPOBAaHHOH Ha Manoh niowanke
B8 HaYane KOOPAHHAT, mojaras

P=o [[X'ax'dy’, Q=g [fY ax' dy’, ®)
6yaeM HMeTb '

dp= ,.(Py Qx) + 1. ©)

2ru
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HanpuMep, NpeanoNoOXKHM, YTO MHIKOCTh 3aKMOYEHA B HENMOABHIKHOH rpa-
HHUE =@ W MOABEepXeHa XeHCTBHIO CHIH B Hauaxe. CoOTBETCTBEHHAA ¢OpPMa
vpasienus (9) B NMOAAPHLIX KoOpauHATax Gyxer

%y 1 oy I 0% Psind .
ot ¥ o +_r_’-06’ = Sar + Arsin 6. (10)

Orcona nocJae HHTETPHPOBAHHA MONYUYHM

,,,=4_’;_”(rmr+A'ra+Br)sino. an
Ha rpaunue r=ga MB [OMKHBH HMeTb @=const, %:o; CeI0BaTENLHO,
Ina4-A'a®4+B=0, 1+Inad-3Aa*+B=0, (12)
HAW
. 1 . 1
A--—2—~a,~, B*—lna-}-—?—«. (13)
Taxum 06pa3oM, OKOHYATENbHO
Pr r 1 e X
w—‘m—”{ln ~a—-+—2—(l—-~a?)}sm6. (14

Heo6xoauMo 3aMeTHTB, 4TO NOJYyuYeHHaA (JOPMyla HE MOMKET NaThb ONpPENeJCH-
HbIX Pe3yAbTaToOB ANA @ == 0O.
Bo3Bpamasnce x o6weit dpopmyne (7) u nonaras

F=e [fX'Inrdx'dy’, G=e [[Y Inrdax'dy’, (15)
AON Y UHM il
F oG
A;'P=m(o—y-5§)+l- (16)
Tak KaK HMeEIOT MecTO PaBeHCTBa
A,F=2mpX, 4,G=2npY, (17)

T0 H3 (2) GyxeM HMETb

o 1 0 (OF , G b Y%
= w(FEta) e |

oy :
B_ Lo oF 00y o | a9
oy ~ 2m 0y \ox ' oy oy '
rae x’ —QYHKUHA, COMPSIKEHHAA C ¥, T. €.
ox' _ _ % ox'_ Oy
ox oy’ oy ox a9
Toraa noayuaem
1 (OF , oG .. ) N
p"'i;('éf +—07)+z - const. (20)

HMmeer MecTO 3aMeuaTeAbHas aHAMOTHS MEHAY TEOpPHeH MJIOCKOrO YCTaHO-
BHBLIETOCA JBHMEHHA BASKOH XHAKOCTH H TEOPHEH H3rHGa ynmpyro# maacTHHKH !).
Ecau w o6osHauaer HOpMallbHOE CMeleHHE B MOCHCAHEH HA3BaHROW 3ajave, TO
umeem 2)

oL

oy

) Rayleigh, On the Flow of Viscous, Fluids, especially in Two Dimen-
sions, Phil. Mag. (5), XXXVI, 354 (1893) (Papers, 1V, 78). B nawem TexcTe
9Ta aHAKOrusA HECKONbKO PacilHpeHa.

%) Lamb, Proc. Lond. Math. Soc., XXI, 77.

oM
S W= — —
AA; w=Z -+ )
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rie Z npeicTaBiseT HOPMalbHYI0 CHAY Ha €JHHHLY nuolagu, a L, M cyTp xomno-
HEHTH MOMEHTa BHEWIHEH Naphl, OTHeCEHHOH K eJMHMUE AJHHLI, BAOJb NPSMBIX,
napannenbHbX X, y; HAKOHEL, A ecTh IIOCTOAHHAsA, 3aBUCALIAA OT YIPYTrHX CBOHCTB
n toamunbl. Ecan Mbl monowmum Z =0, To aHalorus c ypaBHeHHeM (3) Gymer
noJHOH; MoMeHTH L, M coorBercTBylOT cuiaM X, Y, a CMellenue w— yHKUHI
TOKA %, TaK YTO JMHUM DAaBHBIX CMeuieHHH HKeGOPMMPYEMOH NAKACTHHKH OYAYT
TOXNECTBEHHb! C JHHUAMM TOKa. Tak xax B rugpoAMHAMHYECKOH 3ajave Ha He-

NONBHIKHOH TpaHHLE Mbl HMeeM y = const., %% =0, TO NJIaCTHHKA B yApYroi 3a-

Jaye JIOMKHA NPENNIONAraThCs HEMOABUNHO 3alleMIEHHOH Mo Kpaiwo. Tax, Hanpu-
Mep, dopmyna (14) cooTBeTcTBYET Caydarw KPyriaoH MIAaCTHHKHM, 3alEMJCHHOH no
KpasM M TOJBEPXKEHHOH NeHCTBHIO MapHl, CKOHIEHTPHPOBAaHHOA B Hauane, ILIOC-
KOCTb KOTOPO# MepNeHRHKYAsSpHA NAaCTHHKE.

3drta aHANOrHA JaeT BO3MOXHOCTb COCTaBHTh XOpowlee NpeACTaBieHHE 06
obuieM XapakTepe pacmpefelieHHs CKOPOCTH B TeX ClyyasaX, KOrAa HeHCTBHTENb-
HOe BHIYHCIeBHEe OblNo Gbi OYEeHb TPYAHEM 1),

Mo He MOweM Gonblile 3a4ePXHBaThCA HA 3a4ayax TOrO THNA, KOTO-
PHHA 1O yKa3aHHLIM Bbille NPUYHHAM HMEET OrpaHHueHHOe IpPHMeHeHHe,
KpOMe cayyast ®HAKOCTeH C 60JAbHION BA3KOCTbIO. I103TOMY MBI MOXeM
30eCh JIMIIbL yKa3aTh HAa MaTeMaTHYeCKH OueHb W3ALIHBIE HCC/ENOBaHMA,
KOTOpHE ObiM BHINO/MNHEHB! VI CTALMOHAPHOrO BpPAIEHHs 3JIHnconaa ?)
H JJIS NIOTOKA B KaHajle, OrPaHHUYEHHOM OXHOMOJOCTHHM TrHUNep6OJOHIOM
BpaieHus 3).

§ 342. dopmyna Crokca ansi COMPOTHBAEHUS, HCHHITHIBAEMOrO Mel-
JAeHHO JBHXYIUMMCS 11apoM, MOJyyuna MpHMeHeHue B (PH3HUeCKHX HC-
CTeN0BAHHMAX, HMMEIMX (yHIaMeHTaNbHOE 3HAYEHHe, HCCACNOBAHHA 3ITH
HMEeNIH Ue/bI0 ONpelNeNIHTh BEMMYMHY MajNeHbKOH BOAYHOW KamiM M Ha
OCHOB2HWM 3TOrO OUEHHTb YHCJO Kanesiek, COAepwamuxcs B oGnake 3a-
naHHOR Maccul %), o 3ToM mpuumMie yCiOBHS NPHMEHMMOCTH 3TOR ¢op-
Myasl OuM TOAPOGHO DPa306paHEl KaK C 3KCIEepUMeHTanbHOM 8), Taxk H
C TEOPETHYECKOH CTOPOHHI.

Mu Bugean (§ 328), uto TouHble ypaBHeHHs ABHXKEHMS MOTYT OuiThb
HAMHCaHbl B BHJe

ou . o’
= =V +wn=X—2+vdu, M)
rie
' 1 (
K=t @)

1) Hexkorophe nHTepecHble MpuioxeHuss Gbly yxasans PoneeM B Hassan-
Ho# BHIe pa6ore.

?) Edwardes, Quart. Journ. Math., XXVI, 70, 157 (1892); Jeffery, On
the Steady Rotation of a Solid of Revolution in a Viscous Fluid. Proc. Lond.
Math. Soc. (2), XIV, 327 (1915).

3) Sampson, cM. Buuie, cTp. 158. X

‘) Townsend, Camb. Proc., IX, 244 (1897); J. J. Thomson, Phil.
Mag. (5), XLVI, 528 (1898); cm. raxwe ero Conduction of Electricity through
Gases, Cambridge (1903), crp. 120. BsaumoneiicTBHe yacTul B O6xaxe 6blio ne-
caenosaio Cunningham, Proc. Roy. Soc., A, LXXXIII, 357 (1910)u Sme-
luchowski, cm. Boie, crp. 752,

5) CMm. yxas3aunble Ha cTp. 751 paGotsi Allen u Arnold.
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Orciona MOXHO 3aK/MIOYHTh, YTO pacnpeleneHHe CKOpPOCTel, ynosie-
TBOpAIOLIee ONpeJe/eHHBIM YCIOBHAM PacCMaTpHBaeMOl 3aJ4a4yd B INpeano-
JIOXEHHH, YTO WJIeHB BTOPOTO MOPAAKA OTGPOLIeHH, OyleT TaK XKe UMEThb
MECTO M B Clyyae COXpaHeHMsl 3THUX Y/IEHOB, eCHH TOJbKO BBECTH MH06a-
BouHbe (DUKTHUBHBIE CHJIBI

X1== wn —UC,
Zl = UE —u’],

M B TO Xe BpeMs HONYCTUTb, 4YTO JaBJEHHE YMEHbIUEHO HAa BEAHYHHY
1

—z—ng. dTn [00aBOYHHE CHIBI BCIOLYy HanpaB/ieHbl MEPHEHAHKYNAPHO
K JMHMAM TOKa M K BHUXPEBHIM JIMHHAM, a MX HanpsnKeHHe DPaBHO

R, =qwsind, “4)

roe ¢ 00603HayaeT yroJ MexAy HanpaBleHHEM CKOPOCTH § H OCbiO
suxps o 1.

Ha ocnoBaHuu cpaBHeHus BeJdMuMH (QUKTHBHHIX NOGABOYHBIX CHJI C CH-
AaMH BA3KOCTH

vAu, vAv, vAw, %)

MOXHO CIENaTh HEKOTOPOE 3aK/IOueHMe O 3aKOHHOCTH TOrO TPHGTMKe-
HHUA, MIPH KOTOPOM HHEPUHOHHLIE Y/IEHBI 0T6paCbIBa!0TCﬂ.
B cayuae dopmyn Crokca (11) § 337, nnm ycranoBHBIUEroCsi Teue-
HUA KUAKOCTH OKOJIO HENOABHMKHOTO ILIapa, MB HMEeM ‘
3 Uaz 3 Uay
=0, N=—= —J> C=—*2—*——r, s (6)
a, crefoBartesbHO, s Gosee yJatieHHbIX Hacte# kuakoctd, rae u="U,
v=0, w=0, GyneM HMeTb B KOHIle KOHIIOB
3 Uty

X1=0, yl=“‘“2"‘—r3'—‘,

3 2
Zl=_—'2‘"lj?3£?. (7)

C apyro#t CTOpOHBI, Iuisi CHA BABKOCTH (5) MBI HAXOAMM CaAelyolle
BB{DAKEHHS

3
2

0% 1 3 0? 1 3 0? 1 .
an(—,—x—z o 3 va oxoy r * 2 vUa oxoz r ° ®)

OTHowEHNE NEepBHIX CWI KO BTOPLIM HMEET HNOpPALOK —L—Jf- H Heorpa-
v

HHYEHHO PACTeT BMeCTe C F, Kak Ob HH ObiIO Mano 3Hauenwe UU. Ha
3TOM OCHOBaHUH (POPMY/Nbl PACCMATPHBAEMOIO DEUIEHMS He TPHMEHHUMBbI
Ans TOYeK, KOTOpPHIe 3HAYMTENBHO yJaleHsl OT wapa. Tak kak, OQHAKO,
KaK Xo6aBousHble (PUKTHBHLIE CHAB, TdK H CH/JB BS3KOCTH B 3THX 4acTsX

) Rayleigh, On the Flow of Viscous Fluids, especially in Two Dimen-
sions, Phil Mag. (5), XXXVI, 354 (1893) (Papers, IV, 78).
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WHAKOCTH CaMH no ce6e OTHOCHTENBHO MaJibl, TO OTCIOAA e€lle C He-

06XOAHUMOCTHIO He C/lenyeT, UYTO XapakTep IABHMKEHHA B HENOCPEACTBEH-

HOM GnU30CTH OT 1mapa O6ylderT CylMeCTBEHHO pasauyathed. [lna Touex

BGAM3M Iapa (HKTHBHbLIE CHJAK MPHOMMIKAIOTCA K HYJMI0, B TO Bpems
vUa

r

KaK CHJbl BS3KOCTH HMEIOT MNOPSAOK

dTo KpPHTHYECKOE HCCAefoBaHHe npuHamiexur mnpod. Oseeny?l)
(¥Yncana), KOTOpHH# BBead B HCC/AENOBaHHE 3TOTO BOMPOCA HOBHIA HHTe-
pectibii MOMeHT, nosaras U -y BMecTo U W OTOpachIBasg YIEHH BTOPOro
NOpAAKa OTHOCHTENBHO U, U, W. IDTH MOCNeXHHE CHMBOJH 0003HAYAIOT
Tellepb COCTABJAIOUIME CKOPOCTH, KOTOpDHIe OCTaHYTCH, eC/Ii BCell CHCTeMe
coo0UMTL CKOpOCTh — U. YpaBHeHHS THAPOAMHAMHKH NPHHHMAKOT TOrAd
BHA

ou 1 op )
Usx=—7 ox Tt

ov 1 op
U gp=— o4y, )

ow 1 op
UF;— Q'O—Z+VAW,

ou ov ow
Fx"+o—y+'o—z=0' (10)
VHepuHOHHbIE 4/IEHBl OKA3bIBAIOTCS, TAKAM 06PA30M, A0 HEKOTOPO#H cTe-
neHH NPUHATBIMM BO BHHMaHMe; CJAeldyeT, OMHAKO, 3aMETUTh, YTO XOTH
B OecKoHeuwHOoCTH, rae U, v, w=0, npuGamxenHe 6Graroaaps 3TOMY
HECOMHEHHO YaYYIUHJAOCh, 3aTO Ha MOBEPXHOCTHM 1Iapa, rie Tenepb
= —U, OHO HeCKO/NLKO YXYAIIHAOCh. Mbl pPaccMOTPHM 3TOT BONpPOC

nosaHee.

Wnrerpaumio ypasHemu#t (9) u (10) B paccmatpuBaemoM cCiyuae
MOXHO BHIMOAHHTHL NpOcTo 2), [Mpexne BCero umeem

Ap=0; (11
Mbi NOJMy4YuM vacTHoe peitenue cucteMsl (9), (10), ecan nonoxum
0
p=oU3Z, (12)
=% ,__ % .__ 9%
U= —5-) V= oy,w- oz 13)
riae (GyHKUHMS @ KOMKHA YAOBIETBOPATH YPABHEHHIO
Ap=0. (14)

1) Oseen, Uber die Stokes'sche Forme! und iiber eine verwandte Aufgabe
in der Hydrodynamik, Arkiv fér matematik,..., xu. VI, Ne 29 (1910). 3to xe
3ameyanue He3aBucuMo oT O3seena caeran u ®. Hérep, Uber den Giltig-
keitsbereich der Stokes'schen Widerstandsformel, Zeitschr. f. Math. u. Phys.,
LXII (1911).

%) TlpuBefeHHbIi B Texcre CMOCO6 MHTErpailMd OTIHYAETCAs OT MeTona
npod. O3eeHa; CHOCO6 3TOT BMeCTe C OTHOCAILEHCA K HEMy MHTEpIpeTalueit
B3AT M3 pa6oTl aBTopa: On the Uniform Motion of a Sphere through a Viscous
Fluid, Phil. Mag. (6), XXI, 112 (1911).
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Peutenue 6y119T MOJIHBIM, €CIH NOJTOXHM
—_— _0_2 + u' .
v=—% 1y, (15)

rae ¢yukuuu u', v’, W HOMKHH YEOBJETBOPITH YPAaBHEHHAM

(A—-Zk—o%)u'=0,
(A—2k—%)v'=0, (16)
(A-—Zk%) W =0

M ypaBHEHHIO
,,x + + ,,z =0. an

Mbnl noaoxuau 3zech Ans Kpamocm

k=1 (18)

Tax xak BHXpeBHIE JIHHHH CYThb OKPYXHOCTH, HMEIOUIHE OCh X B Kave-
cTBe Oofuielt ocH, TO MOXeM l'lOIlO)KHTb

£=0, ’7——--— {= (19

rie GyHKUMS ¥ 3aBHCHUT TOABKO OT nepemeHmex nw (w—paccrosmue

or ocu X). Ys ypasuenuit (16) caemyer, 4T0 HOMKHO YRXOBJIETBODPATLCA
ypaBHeHHe

(A 2k—) 2=0, (20)

NpH4yeM Mbi MOXKeM, OYEBHIHO, NPUGABHTE K (PyHKUMM ) (YHKLMIO, 3aBH-
cAuyio ToabKo ot X. Ortciona crexyior -ypaBHemm

Zk%L_'Au *%_%=_g;£+dz“ Ox' 2k0x
2
WS ay % @
X
Mu NONyUYUM TaKHM cnoco6oM peleHHe B Bule
vk
V=g 3 22)
ek

B YeM Jerko MOMHO y6eauthcs.
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Vpasuenue (20) MOXHO HamucaTb B BUle
@—k) e x=0; (23)
peillexMe 3TOrO YpaBHeHUA XOpOWIO M3BECTHO, ApocTeRumias ¢opma ero
eCcTh e—k'“x= C £

r
TO OKOHYATE/NIbHO NOJy4YuM

; cp. § 289. Ecsu Mbl BOCIONb3yeMcst 3TOH OPMOH,

v=—7%y 2% 3 (24)

rae
r=—"F". (25)

Tak kak QyHKONS @, OYEBHUIHO, NOMIKHA COJEPXKATb TOMBKO 30HAMb-
Hble (YHKUMH OTPHMUATENBHON CTENeHH, TO IoJaraeM

p=qallif 2l Ly (26)

Hnst mansix 3HaveHu#t kr Gynem wMeThb
2=y —k+ Tt )
410 Jaer

eSS e Sty
?‘k_% - _zc—k( —%%+—;-kr2o—fo7—:—+...), L (28)
I L e
CoOOTHOILIEHHS

u=-—U, v=0, w=0,
KOTOpBlE NOMKHB HMEThb MeCTO NpH r=4d, OyAyT npHONHXKEHHO YyIO-
BNETBOPATHCH, €CJaAH TNPUHATH

=-%-Ua, Ao=-g—va, A1= —%Ua:’; (29)

HeoO6XQ4MMO 3aMETHTh, YTO YCJIOBHE NPHMEHHMOCTH 3TOFO MNPHO/MKEHHUs
3aK/M0YaeTCA OMATL B TOM, YTO 3HaueHue Kd, wam uucino Pefinoabaca

U
-—vg-, NOMKHO ObiTh Maso.
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Yro6ul HaWTH pacripeseneHHe CKopocTed BGAM3M 11apa, Mbl MOXeEM
BOCNONBL30BaThCst opmynamu (26) 1 (28) co 3HaueHHAMM NOCTOSHHBIX,
naunbiMu B dopmynax (29). PesyanTar OKa3WBAETCA TOMAECTBEHHBIM
¢ ¢opmyaamu (11) § 337, ecain TOALKO MBI NpHMEM BO BHHMAaHHe M3Me-
HeHHLI# CMBICA KOMMOHeHTH #. CONpOTHB/IEHHE, MCNLITHIBAEMOE IIAPOM,
HMeeT TNO3TOMYy TO e camoe 3HaueHne (6mual), xak u B Teopum
Crokcal),

Te e caMble pe3yAbTATH MOJMYHaTCH W3 PAaCCMOTPEHHMA YHKLUM
TOK4 ¥, KOTOpas MMeeT CPAaBHHTENLHO MpocTo Bui. Ecam mpennonoxum,
YTO AP ABWKETCH, A KMAKOCTh B GECKOHEYHOCTH HAXOIUMTCA B IOKOe,
TO CKOPOCTbL B HAnpap/ieHuH pagumyca Gynaer paBHA

dp , 1 oy
—5;—‘+ﬁ—0';——xcoso, (30)
rae § o6o3Hauaer yron Mexiy paanycOM-BeKTOpOM H ochio X. Orciona
cnegyet

0
.,I,:raf(%:l__ﬁg—f-}-xcose)sandﬁ. @D
o

Ecan Mbl moacrasuM COOTBETCTBYIOlHEe 3HaueHns u3 dopmyn (25), (26)
# (29) ¥ BHOOAHUM HMHTErpaLMIO, TO NOJNYYHM

=3 va(l4cost) { 1 —e 00} L Va1, (32)

Ins wmanbix 3HaveHu#t Kkr otcioma noaydyaercd B coryacuu C ¢op-
mynon (14) § 337

3 1 at
p=3 Ua(r—5 ) smo. (33)

B Ipyrux OTHOLIEHHSIX ABHXEHHE CUILHO OTIMYAETCH OT TOrO, KOTOpOe
Jgaerca ¢dopmynoit Crokca. Bo-mepBhix, JIHHMH TOKa, KaK BrepBbie 3a-
metun O3seeH, yxe He GyAyT CHMMETPHUHBIMH OTHOCHTEJBHO IIOCKOCTH
x=0 u camo ABMKeHHe mnepecTaer ObITbH OOGPaTHMHIM. BO-BTOpHIX, 3Ha-
YeHHe BMXDS OKa3bIBAeTCH PaBHHIM

3 ; ®  —k(r—
w=— 2L =3 Ua(l+kn) 4 et (34)

W TIOTOMY, €CA¥ MPHHATb BO BHUMAHHE MOKA3aTeNbHHH MHONHTENb, Mepe-
cTaeT ObiTb 3aMETHHIM BCIOJY 33 MCK/IOYEHHEM TOH 06racTH, KOTOpas
orpanuyeHa Gojiee MM MeHee OTYETAWBO TNOBEPXHOCTHIO napaGosouaa
¢ dokycom B Touke O, rie BennuuHa K(r —X) HMeeT CPaBHHTENbHO
He6onbIIOe MOCTOAHHOE 3HaueHHe. DTy O6GAACTH MOWKHO B NAHHOM Cly-
yae Ha3BaTh ,XBOCTOM“, XOTH OHAa 3aK/IOuAET B cebe TaKKe HEKOTOPYIO

1) Bonee TouBHE MNpPHONHKEHHBE CNOCOGH HaxoAsarca B pabore O3eeHa
Arkiv. f. matem., IX (1913) n B paGore Amer. J. Math.,, XXXVII, 81 (1916).

49 JTam6.
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yacTh 06nacTy M snepemu wapa. CkopocTb (U, v, W) B yIaNeHHHX 4acTAX
HUAKOCTH AN GOJNBbIIMX 3HaUeHHK r M 1A TOHEK, JeXKalMX BHe XBOCTa,
uMeeT CTpeM/eHue NMPUHATh YHCTO pPaAHaibHOE HANpaBieHHe, KaK ecau Gbl
ABHXKEHHE TONY4YaNnoCh OT HCTOYHHKA MOWHOCTH 47A, unu Gnva, nome-
[IIEHHOTO B Hauajle KOODAMHAT. ITOT HCTOYHHK KOMIIEHCHPYeTCs Hanpa-
BJIEHHBIM BHYTPb NMOTOKOM B XBOCTe; TakuM o6pasoM, AJs TOuek, Je-
MalUMX BLOJAL OCH XBOCTa C NPaBoH CTOPOHHI, Tie X==1r, UMeeM

3 Ua 1 Ua® =
U= — —+— 7 (33)

Srta ¢opMmyna TNPEACTaBASET CKOPOCTb, HANMpPaBIEHHYI0 MO IBHXEHHIO
wapa (ecnmu NPeACTaBAATH WIAD ABUNKYUIMMCH); 3HaueHHe 3TOA CKOPOCTH
OKa3bBaeTCss B KOHIE KOHINOB OGPaTHO TPONOPUHOHANbHBLIM NEPBOH CTe-
NMeHH PacCTOAHHUSI BMECTO TOTO, YTOGH OBIThb OOPATHO NMPONMOPUUOHATHLHBIM
KBAaApaTy pPacCTOSIHHSA.

OcTaercsi Temnepb elle ONEHHTb CTeNeHb TOYHOCTH NPHGIHKEHUS,
KOTOpOe [IAIOT NOJy4YeHHble pPe3yJbTaThl B Pa3JMyHbIX 4acTax noas. s
3TOr0 HaM HYXXHO ONATh CPAaBHUTh A002BOUHHE CHMJB, KOTOPBIE GbIIH Gbi
HeO6XOAMMH A/ TOro, uTOOB CHeJATh peuleHHe TOYHBIM, C CHJIaMH
paskoctu. Ilepsuie onpenensiotrcs dopmynamun (3), HO yxe C HOBHIMH
3HAYeHHAMH INA U, U, W, a2 M3MEHeHHe JaBJeHHs DPaBHO

5 (0 W), (36)

1
310 BHIpaXeHHe OYAeT MOCTOSHHBIM ( = gUz) HA TMOBEPXHOCTH Iapa

M He OKa3pBAeT MO3TOMY BJUAHHA Ha Pe3yJAbTHPYIOLLYIO CHIY, AeficTBYyIO-
Llyl0 Ha mDiap.

s ynaneHHBIX TOUYeK, JiewaluluX BHe XBOCT2, Mbl MOXeM npexeGpeyb
y/leHaMH, 3aBUCSLIMMH OT % B BeIPaxxeHuAX (24), ¥ NOTOMYy OKOHYATETbHO
6yneM HMeTb

3 X Y 3
U=, v—-—fva T W= r3 . €

Hanee u3 dopmyas (34) noayuaem

§= 0, n= —g—Uka—;— e—k (7‘—3&‘)’ !

3 Yy _—R(r—x) (38)
c = — —-2—Uka?,- e .
Orciona creayer
9 @? _pr—
X1= —S—U’aZFe tr x),
Y,= —3 Uta? % eh o), (39)

Z1 = — __ U202 xZ —h (r—x)
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Pe3ynbTupyiomias 3THX COCTABAAIOUMX €CTh
R . 9 U2a2 z —h(r—x)
iy e , (40)
OHa JEXHT B MJOCKOCTH, MPOXOAflie# yepe3 OCb X, W HampaBlieHa nep-
NEHAMKYASPHO K pamuycy-BeKTOpy. CHibl Xe BASKOCTH ONPENeAsioTCH M3

dopmuyn (24) n (25). Ecan MB yHEPXHM TOMBKO T€ 4JIEHH, KOTOPHE
HMEIOT HauGoIbIIWHA TOPAAOK NpPH GONbWHX 3HAYEHMAX 1, TO NOJYYHM

vhu= —wk?C 2 hO,
vlp = —r2C XUTX h 0, (41)
vAw= —vk2CETX (r': ) ho—,

W3 dopmya (29) caeayer, uto OTHOLeHWe 3HaueHutt (39) Kk 3Haue-
1 a

HuaM (41) MMeeT NOPSIOK BEMTHYMHBI T IMpubanxkenne B ITOH

4aCTH NOTOKA OKA3bIBAETCA, TAKHM OGPA30M, BNOJHE YIOBIETBOPHTENbHEIM,

Ins Touek, Mexamux BHYTPH XBOCTa, rie 3HaueHue K (r —x) mano,

r
ua dopmyan (32) ans GoOMbIIMX 3HAYeHHH OTHOLIEHHS -~ Tonyyaercs

3 Ua
U= ——= ——, v=0, w=0, 42)

a n3 dopmyanl (34) Gynem umeTb npuUGAHKEHHO
- =3 z =3 ¥
£§=0, n=3Uka—, {=—5Ukay. (43)
DTy 3HaYeHHs HAOT
9 9
X,=0, YV,=U%atL, Z,=U%a%. (44)
Cuanl e BA3KOCTH nNPHOAMKEHHO GyAyT BHIPAXATbCA B BHIE
Wu=2kC 2, vo=2kCY, w=2kC5.  (45)
OTtnomenne BeanunH (44) u (45) umeeT mOpAIOK BeauuuHbl Ka.

B6au3H ROBEPXHOCTH 1iapa npuGawXKeHHO wuMeeM Y= —U, 0=0,
w =0, a noromy, Ha OCHOBaHux paseHcTB (3) u (19),

0
Xl=0’ y1=-—U0_§, Zl=—U%§‘ (46)
uan, nMea B BuAy dopmyan (27) u (29),
X,=0, i=5U%%, Z,=3U%?%. @7

49*
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OTH BeJIUYHHBI HMET MNOPAKOK —[aj—z. Cunpl BASKOCTH MOJIYYAIOTCH U3
dopmyn (24) u (27); oun Gyayr pasubl

3 3x2—rt

‘VAU=’2— Ua“—'r‘g‘—'a

vdv =3 vUa 32 48)
3 3xz

'VAW= 5 'VUdT .

wU
Ot COCTaBASIONME MMEIOT De3yABTHPYIOULYIO MOPAAKA BETHYHHB —o—.

CnenoBaTenbHO, OTHOIIEHHE PACCMATPHBAEMBIX BeJHUHH OKa3bIBAETCHA
Ua
PaBHEM —=, 2 5T2 BeJHYMHA NpPeInoNaranach mano#t. Mbl BUAMM, TaKHM

06pa3oM, 4TO XOTH NpPHOGAMKEHHEe 3HeCh W MeHee COBEpPIIEHHO, YeM no
Teopun CTOKCa, BCE e OHO MOXET CUMTATHCH HAOCTATOYHBIM.

§ 343. Ecau 6bl Mbl NOMBLITANHCL Teneph OMPeAENNTh HAa OCHOBAHHH
ypasHenuit (1) § 336 ycraHoBuBIIeecs HABHXEHME, BHI3bIBaeMOe ABHXe-
HHEM K{UARHOP@ C TIOCTOSHHOH CKOPOCTHIO B HEOrDAHHYEHHOM MKHMAKOCTH,
TO 0Ka3aJ0Ch Gbi HEBO3MOXHHIM YIOBAETBODHTHL BCeM yc/josuamt). Crokc
O6paTHN BHMMAaHHME HA 3TO OGCTOATENLCTBO M [Jald eMy CJjenylouee
obbAcHeHHe: ,JlaBieHwe, NPOH3BOAUMOE LWJAMHAPOM Ha KHAKOCTB,
MOCTOAHHO CTPEMHTCS YBEAMYHTh TO KONHYECTBO HKHAKOCTH, KOTOpOe
HUMAMHAD 3aXBaThiBaeT C COGOH, B TO BpeMs KaK BHYTPeHHee TPeHWe
WHUIAKOCTH HA HEKOTOPOM DACCTOSHHM OT WMJAMHADPA, HAOGOPOT, CTPEMHTCS
YMEHBIIHTh 3TO KOJNMYECTBO XHUIAKOCTH, B Ciyuae miapa o6a 3TH BAUSHHSA
B KOHUE KOHUOB HEHTPANH3YiIOT ApYr ApYyra, H ABHXEHHE CTaHOBHTCA
YCTaHOBMBWIMMCA. B ciayuae e uMAMHADAZ nNpHpaleHHe KOJNMYECTBA
WUIAKOCTH, YB/NEKaeMO# LMAMHADOM, NOCTOSHHO NpEBHIIZET NOTEPIO,
BHI3BAHHYIO TPEHHEM OKpYyKaloulel XKHUAKOCTH, W KOJHYECTBO yBJIEKaeMOH
KHIKOCTH MOCTOAHHO pacTeT MO Mepe TOr0, KaK LMAMHAD HBHXETCH
Jaansuwe 3),

Ecnn e no npumepy Oseena (§ 342) yuecTb 4aCTHUHO UHEPUUOHHbBE
Y/eHbl, TO paccMaTpHBaeMast 3aJaya CTAHOBHTCS BO3MOXHOH, M I/ CO-
TIPOTHB/IEHUA TONYYHTCA OMNpeleNeHHOe 3HaueHue 3),

CuapoauHamuueckue ypaBHeHHS YIOBNETBOPHIOTCA B 3TOM Cayuae
pelIeHHAMH BUAa”

=09 1 0x

U= — otk ox — % )
0= ﬂ’i+,‘_ﬂ_

= oy T2k oy

1) Cm. 3ameuanue, crepywouee 3a ypasHennem (14) § 341.

%) Stokes, Camb. Trans., IX (1850) (Papers, II, 65).

3) [pogd. Bapcroy Bocmoab30BaNCH OOLIYHON NPHUGIHKERHOH TeopHel H LI
TOrO ciyyas, KOTAa KpDYyroBoH WHAMHAD JBHXKETCS B KaHale C MapanielbHHMU

CTEHK3MH, TONYUUN onpejeleHHylo ¢opMmyay jias comporusaerusa. Proc. Roy.
Soc,, A, C, 394 (1922). Y P
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n
2
p=eU _o% s (2)
NpH YCAOBHH, YTO QYHKUMH @ U X YROBIETBOPHAIOT yDaBHEHHAM
4p=0 3)
¢
0
(4, —2k 5z )z=0. )
TlpuroaHoe B 3TOM CAyuyae pelleHHe ypasHenus (4) mMeeT BHI
[es]
4= e f kb e g ®)
0

[aa onpeaeneHHOrO0 HHTerpaina MMeeM pasaoKeHud )
rs 1 k2 : ]
—Rkr ch r
fe reho o, = ~—(y+ln? kr) Lo (kr) + -+
0

k*rt kere
i o) 2"-4’+832’-42-6’+"'=

& 12 12.32 .
=V“z—k7‘-’ {1—87+—1.z.(sw—~-}' ©)

nocaenHsas ¢opMa pasjioxeHHS NPeNCTaBAsEeT MNOAYCXORAUMMKCA DSX ¥
npyuMeHserca a8 GOAbIIMX 3HaueHu# Kr.

Hna maneix 3HaveHuit kr GyaeM uMeTb

x=—C(+kx) (y+in5kr) 0]
OTKyla NOJyYnM
’21,;%"‘%’—'-‘—“%{" %wy-—ln—%-kr)—}—
-}-%lnr—-;—krz—‘%lnr-l-...}, ®
_2%%’}% =_§CE o%lnr-——;—kr?%?lnr—i----}
Ecan eme nonoxure
g=Agnr A Slor+t..., ©

1) BuiBOj 9TOrO Pa3NOXEHHs aHANOTHYEH COOTBETCTBYlouleMy BHBORY § 194;
cp. Watson, crp. 80, 202. Onpenenensnii unterpan ectb GecceneBa QPyHKUuA
»BTOPOrO pOXa“ OT MHHMOro aprymenrta. B pykosozcrse Barcona Hmelorcs
Ta6nHubl AaA 3TOH (GyHKLUMH, H 06o3mauena oHa uepe3 K, (kr).



774 Basxocms [Ta X1

TO Hafinem, uto ycaosus u= —U, v=0, w=0 npu r=a Gyayr
yAOBAETBOPEHH!, €C/IH NOMOXHUTb NPHOAHKEHHO
2U Cc 1
C= —— Ay=—g, A=—Ca®%  (10)

1
> —y—In (—E—ka)
IMoatoMy BG6/MHM3KM UMAMHADA MMEIOT MECTO PABEHCTBA
1 1 1 1 02
u= 7 C{y— —2—+ll’l ? kr+—2—(r’—a2)-5—x—, lﬂr} ,

‘ (11)
v=%C(r2-az) % Inr.

ox 0y

BHXPbL ONpeieNuTCs TOTAA BHIPAMEHHEM
w9 o r
v u —hrc
ta 2008 =Cekz _b_fe hy Chwd(f),
y
9

KOTOpOe Jasi GOo/bluMX 3HaueHu# Kr nmpuHuMaer BuI

{=—kc L ]/—21,:7 eThe), (12)

O6uee wucTonKoBaHHe 3THX (JOPMYnT B OCHOBHHX 4YepTax COBMadaer
C TeM, YTO MH uMeau B cayuae mapa (§ 342).

Yro6H BHYHCHHTD CHAY, C KOTODO# XHIAKOCTh NeHCTBYET Ha UMHHAD,
MBI JO/KHB TPOMHTEr PHPOBAThL BBIPAXKEHHE

IPrx = —-P+2#%%)x+u(g—; +%;’7)y:

ou ou ov
= —prbur g balc G4y ) (1)

no yray @ or O no 2n. Ilpu 3TOM HHTerpai OT NpoM3BelAeHH# pas-
NHYHBIX TPHIOHOMeTpHYeCKHX ¢yHKuu#i OyayT obpamaThCi B HyJb.
Tlepsuift xe uned B Bupakenud (13), ecau nonoxuts r=4a, Oyaer
naBaTh

2
—eUAofcos20d0= —noUA, = muC. (14)
9

Bropoft 4feH noc/ie NOACTAHOBKM BHIPaweHus s U u3 dopmyas (11)
Haet TaKwe 3HaueHue muC. Hakoweu, Tperu#t ujged mpH Hawmeir CTemeHH
NpUOMKEHN NaeT pesyabTaT, DasHHM Hymo. OkoHuaTeapbHOe 3HaueHHe
COMPOTHB/ACHUA HA €IHHMLY IOAUHH TI0Jy4aercs, TaKHM oGpasoM, PaBHLIM

ompC = —— A (15)

7 —v—n (5 ka)
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DTH pacyerhl NOJYMHEHH, KaK M B cayyae § 342, ycnoeuio, 4to 3Ha-

Ua 1
YeHHS BeJHYMHB Ka unu % JOJKHB ObITh MaJAbLIMH 1),

Cnenyer 3amMeTHTh, YTO 3HaueHue Buipawenus (15) He oueHp GmCTpO

MSMEHSeTCa npH u3MeHeHHu d. Tak, Hanpumep, npu ka = 3HaueHHe

10
aToro BeipaxceHus pasuo 4,31 pU, a npu ka = % 3TO 3HAYEHHE PABHO

3,48 uU.

§ 343a. Jluneapuaupomanunie ypasHenud O3seena (9) § 342 nocay-
WHAM OTNPABHOM TOYKOH MHOrMX HccrenoBauui. HeoGxomumo TOABKO
3aMeTHTb, YTO, €CIH NaXe W CUUTATh 3TH YPABHEHWs IPHEM/IEMHLIMH BCe
Me TIDaHAYHHE YCAOBHS NPH I3TOM YAOBJAETBOPHIOTCH TOMBKO NPHG/H-
wenno. O3seeH, NMPONOMKasA NPHGIHKEHHE, YCTAHOBHA Clelyiouyio ¢op-
mMyny?) nas conpoTHsiaeHus wiapa

67uUa (1 + + R), (16)

Ua
rae R=T. OH TaKkxe HCCIemOBAN W Caydalt annunconnaa), npu

9TOM Hawen nonpasky K pesyastaty OG6epbexa (§ 339). ITocnennss
3ajaya BKMOYaeT B cefe CAyyal 3MMHOTHYECKOrO UMIHHAPA, PACCMOT-
peHHLIft He3aBucMMO B3pcToy4) ® ApyrMMH, a Takke XapPHCOHOM H
®attnonom 5). dopmyna mIA CONPOTHUBIEHHS HA EAHHHLY AJIHHEI, HAHHAs
MOC/AeIHUMH dBTOPAaMH, HUMeeT CAeAyIoWMH BHA:

4rulU
4wl Lk@rn)
avre Y { ) }

an

[Ipu 3TOM UMAMHAD NPEANOAArajACs NOMeH[eHHHIM CHMMETDHYHO H @
0603Hayaer Ty NOAYOCh, KOTOpasd NapajienbHa HANMpPABAEHHIO IIOTOKA.
Ecin Mbl monoxum b=a, T0 BOCnpOM3BeAeM pe3yaAbTAT AAA KPYrioro

1) npggenenuoe B TEKCTE HCCIEXOBAHWE B3ATO U3 paboTH aBTOPA, YKa3aHHOH
Ha cTp. 766.

Ua
®opmyaa (15) npH AOCTATOYHO MAJNBIX 3HAYEHHAX e XOpOILO COTRACYeTCsH

c onvitamu; cM. Wieselsberger, Phys. Zeitschr. (1921), crp. 321.

?) Oseen, Arkiv f. matem., IX (1913); rakxe Burgess, Amer. I. Math,,
XXXVIlI, 81 {1916). [TpubammeHHOe pelleHHe NPOROMXKEHO B BHIE lp;uxa no cre-
neHaM wucna Pefiroasnca, Goldstein, Proc. Roy. Soc., A, CXXIII, 225 (1929).

%) Oseen, Arkiv f. matem. u. phys. XXIV (1915). Hanomenue STOroO
BONPOCa M MHOTHX HKPYTHX HCCIEXOBAaHHH B 3TOH CBA3H gaHO B ero I'mxponuHa-
mike, Leipzig (1927).

4 L. Bairstow, B. M. Cave, E. O. Lenz Phil. Trans, A, CCXXIII,
383 (1923). B sroit ke paboTe paccmMaTpMBAjACA H CAyYail LMAHHAPA NPOM3BOJb-
HOro ceueHus. B Helt e NMpoOBeJEHO CpaBHEHHE C IKCHEPHMEHTAJIbHBIMH PE€3YJb-
TaTaMH AJA clydyas KpPYTJOro CEYEHHA B TOM CTENEeHH, B KaKOH 9T0 OblIO BO3-
MOXHO CIenath.

5) Harrison, Camb. Trans, XXIII, 71 (1924); Filon, Proc. Roy. Soc.,
A, CXIII, 7 (1926) u Phil. Trans.,, A, CCXXVII, 93 (1927).



776 Bsaskocms [Ta. X1

cevenus. Ecan ke b=0, 1o Gynem uMeTb Cay4yalt RIaCTHHKH, Pacnoio-
XeHHO# mapajienbHO NOTOKy. TouHoe pelleHHe AAS KPYraoro LUIHHAPA
aHanmuTHYeCKn Obio uccaenoBaHo Paxcesom!). Tor xe asrop wuccae-
nosan 2) Ha ocHoBe ypasHeHuit OseeHa IBHXEHME LIAPA KAaK BAOAL OCH
TPyOH, TaK M NapanjeNibHO HENMOXBHXHOH INIOCKOCTH M MeXAy napa-
Ne/bHBIMH CTEHKaMH, a TaKKe CPasHWI B TOH Mepe, B KOTOPOH 3TO Guiio
BO3MOXHO CAenaTh, MOJYy4YeHHble pe3yJAbTaThi € 3KCIePHMEHTaIbHBIMH
pe3y/bTaTaMH,

HekoTtopnie apyrue Goaee npoGaeMaTHuHble MCCAeNOBaHHA, -OCHO-
BaHHble Ha TeX Je YpaBHeHHAX, OGyayT npopedepHpoBaHH TNO31HEE
(§ 371b).

§ 344, Teapmroanu u KopTeser YCTAHOBHIM HEKOTOpbie HHTEPECHbIE
oflipe TEOPEMBI, OTHOCAHIMECS K PAacCesHMIO SHEPrHM NPH YCTaHOBHB-
HIEMCH HBMXKEHHM XUAKOCTH TMOX AeHCTBHEM IOCTOSHHBIX BHEIUHHX CHII,
STH TeopeMbl BbIBENeHH B NPEANOJONKEHHH, UYTO HHEPUHOHHBIE UJIEeHB
B YpaBHeHUSIX HBHXKEHHS OTOpOILLEHH.

1. PaccmorpuM aBuKenne B 061aCTH, OTPaHHYEHHOH IPOH3BONBLHON 3aMKHYTOH
NOBEPXHOCTbIO X; NMyCTh U, U, W OGO3HAYaiOT COCTABIALIME CKOPOCTH STOTrO
ABHKEBHA H u-+u’, v+v’, w4+ W —CoOTBETCTBYIOIHE KOMIOHEHTH APYroro
NPOX3BOJLHOTO JIBHXEHHSA, KOTOPOE MOAYHHEHO TONLKO TOMY YCJIOBHIO, YTO 3Ha-
ueHHs u’, v’, W’ Ha nOBEPXHOCTH X ROMKHH oO6pawathcs B Hyab. Ha ocmo-
Bauun Bbipawenns (3) § 329 3HayeHHe paccesnHs B BapbHPOBAHHOM [BHIKEHHH
OKa3HBAETCA PAaBHHM

fff{(!’xx+p;x)(a+a')+,,‘+. o

+(py+ Py (f+i’)+...+...}dxdydz; )

WTPUXH B OGO3HAUEHHMAX YKa3blBalOT Ha TO, YTO HYWHO 6paTh Te 3HaueHHd,
KOTOphie NDHHHMAIOT COOTBETCTBYylOLIHe (YHKIHH, €CiH BMECTO U, U, W NOA-
crasneHs u’, v’, w. Popmyas (2) u (3) § 326 noxasHiBalT, YTO AAA HECKH-
MaeMOH MXHIKOCTH HMEEeT MECTO PaBEHCTBO
Pux@ + Pyyb + P2y’ + Pyal’ + Prx’ + Py’ =
=Prxl+ Pyyb+ P12+ Pyl + Pox + Pyt 193]

TaK KaX Kakias 4acTb 9TOr0 PaBEHCTBA — CAMMeTpHYecKasas (YHKUHA BEXHYMA
a, b, ¢ f,ghuna,b, c,f,g,h. Orcoma uus §329 sugHo, 4TO BHIPa-
KeHHe (1) MPHBOINMTICA K BHAY

fff¢dxdydz+2ff (Pxx@’ + Py’ + Ppt’ +

Pl + P+ bt sty et [ [ [0 axay iz
Bropoi MHTErpai MOXHO HamucaTb B BHIE

ou’ ou’ ou’ .
[[] (e 2y 245 S s

1) Faxén, K. Soc. d. Wiss., Upsala (1926).
) Faxén, Dissertation, Upsala, 1921; Ann. d. Physik (4), LXVIIl, &9
(1922); Arkiv f. matem., XVII (1923), XVIII (1924), XIX (1925).
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ecau Oo6paTHM BHHMaHHe Ha TO, YTO 3HaudeHusa u’, v’/, W’ 06pamalTCA B HY1b
Ha rpaHule, TO B pe3yabTaTe HHTErPHPOBABMA NO YaCTAM TOXYUHM

_Uf{u,<opm TR TN FRRE, P

fff pAu)—}- +.. }dxdy dz. )

Ho cux mop Ha u, v, W He HAKIaJWBAJOCh HHKAKHX OTPaHHYEHHH, KpoMe
TOr0, UYTO OHH JOMKHH ObliM YAOBIETBOPATb YPABHEHHIO HENPEPHBHOCTH.
Ecau xe 3maueHus 4, v, W yAOBIETBOPSIOT YPAaBHEHHAM ABHKEHHS, B KOTOPHIX
MHEDIHOHHbIE YJIEHBI oeromex-m, 2 HMEHHO ypanuenum BHJIa

+ pdu— Q =0, “4)

rae 2 —OXHO3HaYHHH NOTEHUMa/ BHEIIHHX CHJ, TO HHTerpaix (3) Ha OCHOBaHHU
thopmyan (4) § 42 obpamaercd, B CHly ypaBHEHHSA HenpepHBHOCTH, B Hyab.
Ipu stnx ycnoBHAX 3HaueHHe pacCesHHS B BADbHPOBAHHOM ABMMERHH 6yner

paBHO
fffdbdxdydz—}-fff(b'dxdydz ®)

uis 2(F-+F’). A 310 noxa3biBaeT, 4TO 3HaY€HHE pPAacCeAHHA NPH BapbHPO-
BaHAOM JIBAXEHHH NPEBOCXOAHT paccesHHe YCTAHOBHBLICrOCS JBHXEHHA Ha
CYIeCTBEHHO HNOJOXHTENbHYI0 Beluundy 2F’, NpexcTaBifloIyi0 paccesHHe
B JasuxeHuu (u’, v’, w*).

HpyruMu cioBaMH: ecAM HHEDPUMOHHBIMM WIeHaMH MOXHO npeHebpeun, TO:
yCTaHOBHBILIEECA XBHEHHE MXHIKOCTH, BO3HHKaoLlee MOJ NeHCTBHEM MOCTOAHHAIX
CHJI, HMEIOUIMX OXHO3HAUHBIE MOTEHUHAN, XapaKTepH3yeTCs TeM CBOHCTBOM, 4TO:
paccesHHE B STOM [BHXKEHHH i KaxJoH 061acTH OKa3biBaeTCs MEHbHle, 4YeM
paccesHHe BO BCAKOM JAPDYroM ABHMEHHH C TEMH K€ CaMbIMHM 3HAUEHHAMH U, U, W
Ha rpaHHue.

Orciopa cnepyer, 4TO NPH 3aJaBHOH Ha rpaHHIE CKOPOCTH NPH ONHHX H
TeX € NPEeANOoJOXKERHAX B JAHHOH 064aCTH OKa3biBAETCSA BO3MOXHBIM TOJbKO:
00uH BH] yCTAaHOBMBUIErOCs OBHMERHA1).

Paneit ®) o6paTun BHMMaHME Ha TO, 4TO HHTerpaa (3) o6paitaercas B Hyab
H COOTBETCTBEHHO 9TOMY 3HayYEHHE paccesHHs o6paufaeTcs B MHHHMYM TaKkKe
NpH HeCKOAbKO PaCIIHPEeHHBIX YCHOBHAX.

B camom mene, unrerpaxn (3) MOXHO 3aMEHHTb MHTErpaioM

-—pff (U’ Au+v’ Av +w’ Aw) dx dy dz, ©)
a 3TO BBIPAXEHHE HCUE3aeT, €CIH MMEKT MECTO PaBEHCTBA
OH oH OH
Aﬂ-—"o"x—, AU—-—b—y—, Aw-—‘)?, (7)

rae H —oONHO3HaYHAA (YHKUMA OT X, ¥, 2. DTO YCJIOBHe, ABJIAIOIUIEECA YHCTO
KHHEMATHYECKHM, HMEET CIeACTBMEM PaBEHCTBA

A£=0, An=0, AL=0, 8)

1) Helmholtz, Zur Theorie der stationiren Strome in reibenden Flﬁssi -
keiten, Verh d. naturhist-med. Vereins, 30, Okt. (1868) (Wiss. Abh., 1, 223).

?) Rayleigh, On the Motion of a Viscous luid, Phil. Mag. (6). XXVl
776 (1913) (Papets Vi, 187).
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H HaoGopoT. [lpH TakHxX ycioBHAX ciofa Gyler OTHOCHTHCA CAy4YaH YCTaHOBHB-
Werocs RBHXEHHA MEXIy MapaanedbHHMH NJIOCKOCTAMH, npx xoropom (§ 330)
UMEIOT MECTO (OPMYJibl

u=A+Bz+C22, v=0, w=0 ()

¥ TAKXE CayYali KDYroBOrO IBMIKCHHA MEXAY COOCHHIMH UHIHHApaMH (§ 333).
Crefyer 3aMeTuTsh, 9TO AAS CHOPABENIMBOCTH BHICKA3aHHOH TEOpEMbl HE SBARETCH
HEOGXONUMBIM, UTOGH XBHXEHHE, NMPEACTABAAEMOE KOMNOHEHTaMH U, U, W, GbliO
MEINCHHBIM HAN 4YTOOH STO ABHKeHHe 60 BOOOLIE JHHAMHUYECKH BO3MOXHO
KaK YCTaHOBHMBIIEECS JIBHXEHHE; HEOGXONHMO TOJAbKO, YTOOBI ObLIH BBHIUTOMHEHb!
cooTHomekHs (7) um ypaBHeHHe HenpepwBHOCTH. Hampumep, ans Kawaoro Asu-
HKEHHA MEXNY KOHUEHTPHYECKHMH cepamMH pacCefnHe HeOOXOAHMO OKa3HBaeTCs
GOnbiMM, yeM HalizenHoe B § 334 3HayeHHe, u NMOTOMY HEOGXOXMMHI Aas MOA-
JAEPMaHUs ABHIXEHHA MOMEHT Bpamawineil maps N H0MKeH NPeBOCXOAHTh JAHAROE
TaM 3HaYeHHE.

2. EcnH BeJHYHHM U, U, W OTHOCATCA K NPOH3BOJLHOMY HBHMXEHHIO B 3a-
naurofi o6nacTH, T0 HMeeM

2F‘=fff<i)dxdydz=

=9 f f f (Peca+ pwb +P.C+ Py.f + Puf+ Pyyh) dx dy dz, (10)

TaK KaKk ¢opmyaa (2) cOXpaHseT CBOW CHIY, €CIH WITPHXH OGYAYT 3aMeHEHbl
TOYKAMM,

DTOT HHTErpal MOXHO [PEO6pa3OBaTh TaK ke, KAK H B NpPeRWECTBYOMWENM
clydae.

Ecan My npemnonoxus, w0 4, v, W o6pamiaioTcs B HyAb Ha TpaHHUE
Z, T0 mas ciydas MeANEHHOTO NBHKEHHA MONYUHM

F= ——fff{u (02’;" + o:;‘” + 05:’)4-... +...}dxdydz=

= —fo (a2 + 0t + we) dx dy dz +

+eff (Xu+ Yu-+Zwydxdydz. (1)

B rom cayuae, koraa BHEIUHHE CHUJBI MMEIOT OXHO3HAUHBLIH NOTEHUHAN, BTOPOIl
‘narerpax B gopmyne (11) oSpamaerca B Hyab, mosToMy OyneM HMeTb

F= ——gff (22 + 02+ w?) dx dy dz. (12

10 BbIpaXeHHE CYIECTBEHHO OTPHUUATENLHO, TaK 4YTO (yHKUMA F NOCTOSHHO
yGuiBaer. 10 ybnBaHHE NPEKPATHTCA JHLIbL TOrAA, KOTAa GyAYyT HMETb MECTO
paBeHCTBa u =0, 0 =0, w=0, 1. €. KOra ABHKEHHE CAeNAEeTCH YCTAHOBHBIIHMCH .

CrepoBarenbHo, ecnM CKOpPOCTH Ha TPaHAYHOH NOBEPXHOCTH Y yAEPKH-
BAIOTCH NMOCTOAHABIMH, TO XByXEHWE BHYTDH NMOBEPXHOCTH CTPEMHTCH CAENaTbCA
ycraHosuBmuMcA. [loayvaomeecs B KOHLUE KOHIOB YCTaHOBHBUICECS NBHMEHHE
OKA3HBAeTCH MO3TOMY YCTORUHBHIM MOCTOABKY, NMOCKONBKY OHO €MHHCTBEHHOE 1).

!) Korteweg, On a General Theorem of the Stability of the Motion
of a Viscous Fluid, Phil. Mag. (5), XVI, 112 (1883).
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Paaeii ) noxasan, 410 370 npenjOXeHHe MOxKeT ObiTh pPacHPOCTPaHEHO Ha
BCAKYI0 NHHAMHYECKYIO CHCTEMY, He OOnajawiiylo NOTeHUHaAbHOH SHepruei,
eci ee XuHeThHueckas OSHeprus T H QyHKuuA paccesHus F mnpeacTaBaAfiorT
KBafpaTHYECKHE (YHKUUH OGOGWIEHHHX CKOPOCTEH C NOCTOAHHBIMH KO9(it-
NUEHTaMH.

B TOM cayyae, KOria BHElIHHe CHUJAH He HMEIOT ONHO3HAYHOIO NOTEHUHana
WA KOrxa MBl Ha rpaHu4HOA NOBEPXHOCTH 3aJaeM BMECTO ONpEeAeNeHHHX 3Ha-
ueHH{ CKOpOCTelf onpenejeHHbE 3HAUYEHHs HANPAKEHHH, BHICKa3aHHbE TEOPEMB
JOMKHEL GbITh HECKOAbKO BHIOH3MEHEHH. M3OHITOK paccesHHA Hajy yABOEHHO#M
padotoil, NMPOH3BONMMOH# B ENMHWIY BPEMEHM BHEIIHHMH CHIaMH (BKMOYas H
HANpPAXEHHS Ha TrpaHHLe), CTPEMHMTCR K ONpPeleleHHOMY MHHHMYMY, KOTOpbIi
GyReT NOCTHTHYT TOABKO TOTAA, KOria ABHMKEHHWE CReNaeTCA YCTaHOBHBILHMMCH 3).

TlepHORMUECKOE NBHYKEHHE.

§ 345. Hccnenyem Temepb BiusiHHe BA3KOCTH B DPAas/HYHBIX 3a4ayax,
OTHOCHIMXCA K MaibiM KONeGanusmM.

Mbl HauHeM C PacCMOTPEHHs CaAyyasd ,JAMHHADHOrQ® NBHXEHHs, TaK
KaK OH MO3BOAMT OGDBACHHTH HEKOTOPHE BAXKHHLIE BOMPOCH 6e3 CAOMHBIX
MaTeMaTHYeCKHX BuuucieHuft. Ecau Mbl npeanonoxum, uto v=0, w=0

M U eCTb (YHKUHA TONBKO KOOPIMHATH Yy, TO ypaBHeHusn (4) § 328
noTpebyIor, 4TOObH HMEAH MECTO PpaBeHCTBa

p = const
“ 0 02
u u
ot T ”oy—s . Q)

Mocnennee ypasHeHHe MMEET TOT Xe BHI, KaK M yDaBHeHHe JHHEl-
HOTO PacnpOCTPaHEHHs Tenaa. B caydae npocTOro rapMOHHYECKOro KoJje-
6anun ¢ mHOWuTenem Bpemenn e 't®) Gymem umers

?®u o
peuieHHe 3TOr0 YpPaBHEHHA €CTh
U= AP | g~ UV 3)
rae
a \ls
f= (W) ’ 4)

Mut npeAnONONUM Mpewae BCEro, YTO MUAKOCTH HAXOAMTCA C MOJO-
WHTEJBHOH CTOPOHB IUVIOCKOCTH X2 M JBHXKEHHE BHI3HBAETCA 3aAAHHBIM
Ko/eGaHHeM

u=aett? ()

TBEPAOK CTEHKH, COBMajamioilelt ¢ MAOCKOCThIO X2. Eciu XuIKOCTb B M0-
MOWHATENLHOM HANPABJACHHM NO OCH Y TNPOCTHPAETCS B GECKOHEUHOCTD,

1) Rayleigh, cm. Buume, crp. 777.
2) Cp. Helmholtz, cm. Baue, crp. 777.



780 Basrxocms [Ta. X1

TO NMPHCYTCTBHE NEPBOTO YJeHA B BhpaxeHHH (3) MOMKHO GHITH HCKMO-
YeHO, M MH TNOJy4aeM, ONpelne/ss MOCTOSHHBIA ko3duument B u3 rpa-
Hu4Horo ycnosns (5),

U = ge— (- Bk (otke) ©)
MM, eCIH BO3bMEM TONbKO AeHCTBHTENBLHYIO HaCTh,
u=ae"? cos(ot —fy +¢); )
3T0 COOTBETCTBYeT 3aJaHHOMY HA TDaHHIe ABHXKEHHIO 1)
u=acos(ot+é). )]

dopmyna (7) npexnctaBaser BOJHY TONEPEUHBIX KoJeGaHu#, KOTOpas
]
PACHIPOCTPAHAETCA OT FPaHHUb BHYTPb CO CKOPOCTBIO —- M aMIIM-

[
TyJa KOTOPO#H OYeHb GHICTPO yGhiBaeT, yMeHbIIAACH HA MPOTHKEHHH OXHOR
JJIMHE BOJIHBI B OTHOLLUEHUH e-’", T. €. a2
Jluse#inas Benuumna S MMeeT GoablIOe 3HAaueHWe BO BCEX 3a]auax,
OTHOCAIUHXCA K Kone6a'renbﬂomy JABHXKEHHIO, NPH KOTOPOM HE IMPOHCXO-
AWUT HW3MEHEHHs IMJIOTHOCTH, TaK KaK OHa MOKa3LBaeT, KaK AAa/NeKO B Xui-

KOCTb NPOHHKAeT AeHcTBMe BA3KOCTH. B cmyuae Boanyxa (v=0,13) ana-
1
ueHHe 5TOH Beawumusl pasuo 0,21 P'* cm, rme P —nepnox xoneGanus

B cekyHnax. Jlas BoAM COOTBETCTByiolee 3Hayenne pasHo 0,072 P,
Mbl GymeM HMeTh CKOpO Apyrue mnpuMepsl Toro ¢akra, 4YTO BIMAHHE
BASKOCTH PAacnpoCTPaHAeTCs JHIIbL Ha HeGOAbIIOE PACCTOSHME OT NOBepX-
HOCTH TOFO Teja, KOTOpPOe COBEpIIdeT Majble KOJe6aHM C AOCTATOUHO
Goapmo#t yacrorofh. ITOXOGHHM ke Pe3yabTAT MOXHO BBHICKAa3aTh H OTHO-
CHTeNIbHO CBOGOAHOH NOBEPXHOCTH XKHMAKOCTH, HaXoAdileficA B BOJHOBOM
IBHIKEHHH.

3amemgiomas cuna, HeHCTBYOIIAs HA €IMHALY I[UIOLIANH TBEPLOH
CTeHKH, OynerT paBHa

— WU —g—: ]y=0= upa [ cos (of + &) —sin (ot s)] =
= ov'/%"*q cos (ot +e+ % ). ©

Ceoero Ham6OJbIIEr0 3HAYEHHMA 3Ta CHAA OOCTHraeT B TOT MOMEHT
BPEeMEeHH, KOTOpH# npeauIeCcTByeT MOMEHTY NPOXOXACHHS Kosebaomenca

1
IJIOCKOCTH vYepe3 ee CpeaHee NOJOXeHHe Ha g nepuoxa 2).

1)Stokes, cM. Buiue, cTp. 726.

2) UccaenoBauua, OTHOCAUHECA K TOMY Ciay4alo, KOTia NAaCTHHKA HCIBITH-
Ba€T HE TOJbKO NPOCTHE rapMOHHUECKHEe KoneGamus, MMeloTcs B paGorax 8to-
kes, cM. Buiuie Basset, Quart. Journ. Math. (1910) 1 Rayleigh, On the
Motion of Solid Bodies through a Viscous Fluid, Phil. Mag. (6), XXI, 697 (1911)
(Papers VI, 29). Cm. taxxe Havelock, Phil. Mag. (6), XLII, 620 (1921);
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Ha paccMoTpeHHOe Bbiiie BHHYXACHHOE KOJXeGaHHE MOMXHO HaNOXHTL J0Goe
csoGonHoe koaebamue, ROmycxkaemoe cHCTeMOH. Ecau monoxurh

u TPONOPUHOHANLHO A cos my + B sin my (10)

¢ 10i1CTaBuTh B ypasHeHue (1), T0 moayuurca

_do% = — ymiu; an
OTC10Ja TOAYYHM pellucHHe
u=3) (Acos my+ Bsinmy) e ™. (12)

HonycTumeie 3HaueHus m W 3HaYEHUs OTHOWMEHHA A: B ompesensiorcs, Kax
NnpaBuio, M3 TrpaHMYHbLIX ycaoBHH. OcTanapHbie M€ MNPOH3BOAbHbIE MOCTOSHHbIE
MOXHO ONpeRenHTh MO MeTORY Pyphe uepes HayadbHbE HAHHBIE.

B cnywae xunxoctu, mpoctupawileics oT y=-—00 J0 ¥ =+ cO, JONyCTH-
MBIMH OKa3HBalOTCS BCe JNEHCTBHTENbHME 3HAueHHA m. PeuleHue, BHpaxeHHOe
4epe3 HavuanpbHble JAHHBIE, B 9TOM ClAyYae MOXHO ceifiac e MOJyuHTh Ha OCHO-
BaHuu Teopembt Pypbe [(4) § 238]. Takum nyrem Gymnem uMeTh

[eo] [on)
u-——% f dm f { (A cosm(y—24) e ™"a4, (13)
0 —00
eca
u=f(y) (14)

€CTh NPOU3BOJILHOE PACIpEfeNeHse CKOPOCTeil B HayalbHbIA MOMEHT.
WHTerpupoBaHHE MO M1 MOXHO BLIIOJHHTbL Ha OCHOBaHHH H3BECTHOH (hop-
My st

o . 1 g3
—ax2 1 ({m\7 " i
fe cosfxdx= 5 (a) e . (15)
[
Takum 06pa3oM HaxONUM
L _ e
u= — e ™ 1@)da (16)

2(nvt)l/”'°°
Orci04a MOXHO NMOAYYHTH petense (2) § 334a.

§ 346. Eciu XuIKOCTb He MPOCTHPAETC B GECKOHEUHOCTh, 4 Orpa-
HUYeHA HeNONBHXHOM TBepIOH CTeHKOH Yy =FHh, TO, 4TOGH HaHTH ABH-
keuue, KOTOPOE IOAYYHTCH B De3y/abTaTe BHHYXAEHHHX KoneGaHu#
nrockoctd y==0, HeoGxommmbl GynyT o6a uneHa B Boipaxesun (3);
rpaHuyHble YCJAOBHA JNAIOT B 9TOM Cayuae

A+B=a, Ae(l'H)ﬁh + Be™ a+i)ph _ 0, {! 7)
oTKyza

sh(1+i) B(h—y)
sh(141) ph

e’l (6!+8)’ (18)
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YTO JIerkO MOXHO NPOBEPDHTH. Orciona ana 3amepisiowes CH/Ibl, nelcT-

BylOUleA Ha eNHHHIY MOBEPXHOCTH KO/eGMOWwencs NAOCKOCTH, MOaydyaeM
BLIPaXKEeHHe

~a[ 5] =n(+Dfacon(t+DpR-E . (19)

JleHCTBHTENbHYIO YACTh 3TOTO BLIPAXKEHHA MOXHO NPHBECTH K Cre-
AyiouleMy BULY:
1
sh 28h cos (ot + e+% n) + sin 28h sin (ot + e+—4— )

I/Zu pa ch 2fh — cos 28h ' (20)

Ecau 3HaueHuwe fBfi CPAaBHMTENLHO BEJIMKO, TO 3TO BHpaxeHne Oyner

5KBHBAICHTHO BHIpaxenuio (9), B TO BpeMs Kaxk /s Majbix 3HaueHuit Sh
OHO TNIPHBOOMTCA K BHAY

%a cos (ot + ¢), (21)
KadK 41 CnaexoBaJO OXHAaTh.

3TOT npUMEp COXEPHHT KaK 4HaCTHBit cayuait TeOPHIO BHAOH3MEHEHHOTO
Maxceeaiom 1) Metoga Kynona 3) ans HcCaeJOBAHHA BA3KOCTH MKHAKOCTEH NpH

TOMOIH BpawWaTeJbHbIX KoxeGaHuii Kpyrosoro aucCka B €ro COGCTBEHHOH (l‘OpH-
JOHTaJleOH) TIOCKOCTH .

[pucoenuHeHne HEMOABHKHBIX NMapajieNbHHX AMCKOB Ha HeGOJbIIOM pac-

CTOSIHHH OT MEPBOHAYAJbHOTO KHCKA BBEPXY H BHH3y 3HAYHTENLHO YBEAHUHBAET
BIHAHHE TPEHHA.

THnbt cBOGOXHBIX KONeGaHMH BHIPANKATCH q)opmgnoﬁ (12) npu ycaosnu, 41O
=0 npu y=0 u y=Ah 310 ycaosue paer A u mh=sn, rae s — ueaoe
1
i1C10. COOTBETCTBYIOLNE KOI(DHIMEHTH 3aTYXaHHA TONYYaTCA, NoJaaras 7= e 0
§ 347. B kauectBe ciepyiolero mpuMepa pacCMOTDHM Cayualt ropu-
30HTaNbHOH CHJIBI

X =fcos(at+e), %))

JeHcTBylOled BCIOLY ONMHAKOBO HA HEODAHHYEHHYI0 MAacCy BOAM NO-
CTOSIHHOH TayGMHH h.

Ypasuenne (1) § 345 sameHHTCA Tenepb ypaBHEHHEM
ou *u 2
5{ = ‘l'o? + X. ( )
Ecax noMecTHm Hayano KOOPHMHAT B KaKOH-1u60 TOUKe HAa LHE, TO

du
IPaHHYHBE YCAOBHA mnofydaior BHA U=0npu y=0 u 55,=0 npu y = h;
f1loc/ieqHee yCIOBHE BHpaXaeT TO OOCTOATENBLCTBO, YTO Ha cBOGOARYIO

') Maxwell, cM. Bbie, ctp. 720
) Coulomb. Mém. de l'lnst., i (1800).
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NOBEPXHOCTb He JAeHCTByeT KacaTeabHas cuja. 3aMmeHds Boipaxenue (1)
BbIDaXXEHHEM
i (at+¢)
X=fe , 3
NoMyYHM

u-_-_:_l{l_ ch(1+D)B(h—y) | ictro @

ch (141)ph J

2
Ecan snauenne Bh Beauxo, TO BblpaxeHHe B (QUIYPHHX CKOOKax
NPAaKTHYECKH NPHBOIAMTCH K OXHOMY IIeDBOMY uJeHy LS BCeX TeX TOoueK,
BHICOTA KOTOPHX OT AHA NMPEBOCXOMMT CPAaBHHTEJbHO HeGoAbIOe KpaT-

HOe OT ﬁ—l. Mu 6ynem umeTh, TakuM 006pasoM, eclid BO3bMeM HeHCT-
BUTEJILHYIO YaCTb,

o \/2
eCcNM, Kak H Bhile, = .

U= % sin (o1 - ¢€). 3)

3TO mnOKasbiBaeT, YTO BCA Macca JKHIOKOCTH, 33 WCKITIOYEHHEM Clos
y MOBEPXHOCTH IHA, Kkone6JeTCs B TOMHOCTH TaK Ke, KaK CBOGOAHas
MaTepHaibHas TOYKa, NMPHYEM BJANSAHHE BA3KOCTH OKA3HBAETCA He3aMeT-
HeiM, J{as Touek, mexaimx B6JIMSH OT NOBEPXHOCTH [OHa, Gopmyraa (4)
NPHHAMAeT BHA

U= — % (1 — =+ Byy g (et i) (6)
Wian, eClH 0T6p0CHM MHHMYI0 44CTh,
u="Lsin(ot4e)—L e Psin(ot— py+e). 0

3TO BHIpaNeHHE MOXKHO 6BIO Ob NMPAMO HAaHTH KAK peleHHe ypas-
HeHns (2), yIOBMeTBOpAIOlee YCTOBH- o
aM, 4T0 U=0 Ans y=0 u ¢ g £ F

U= % sin (ot 4 €)

njs GOJIbIIMX 3HayeHuit SY.

Kpusne A, B, C, D, E, F na
dnr. 82 npencTaBAsiOT NOCHeLOBA-
TeabHbie GOpPMHI, KOTOphEle NMpHHHMaeT
O/HAa H Ta Xe XHIAKAs# JHHHA uepea

NPOMEXYTKH B %nepnona. Yr061 RO~

MOJHATb 3TOT PHAN KPUBHX, HYNHO i =~
elle NPHCOEAHHHThL 3epKanbHble H306-

paxenns kpuBhix E, D, C, B no Pur. 82.
OTHOWIEHHIO K BepTHKa/lH, NpPOXous-

e# uepe3 Touky O. BClO CHCTeMy KpPHBBIX MOXKHO NpeACTdBIATH cefe
Kak 1nociefoBaTe/]bHble NPOEKUMH HeKOTOPOH, NOAXONALMM OGPA3OM BH-
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6paHHO# cnupanu, KOTOPas PABHOMEPHO BpALIAETCH OKOJIO BEPTHKAaNb-
HO!t ocu, mpoxonsueli yepes Touky (. Pasmep durypsl nmo BepTHKaau

2n
paBeH IUIHHE BOJHBI (7) JAMHHAPHOrO BO3MYLIEHHUS .

B KayecTBe 4HC/IOBOrO nHpuUMepa oOTMeTHM, 4To mpu »=0,0178 u
2

= =12 vacam noayuutcs B =15,6 cm. D10 eme pa3s nokaseBaer,
HaCKOJIBKO MalJl0 JO/KHO ObIThb HEMOCPeACTBEHHOE BJMAHHE BA3KOCTH Ha
MODCKHe NpuauBbl, K He MOANEXHT HUKAKOMY COMHEHHIO, YTO TO pac-
CesiHue 3HEPrHH BCACACTBHE ,TPHIMBHOrO TPeHHs“, Kakoe Habmoaaercs
B IefiCTBHTENLHOCTH, CHEAYeT OTHECTH, TJAaBHHIM O06pasoM, 3a CYeT
BUXPEBOr0 [BHXEHMs, BO3HUKAIOIIEro GNaroxaps mpeyBeqMYEHHHM NpH-
NUBHHIM TEYEHHsM B Y3KHX KaHaiax W B Meaxkof#t soxe (cp. § 365).

Ecnn suavenne S mMano, TO ZAeHCTBHTENLHAs 4acCTh BHpaweHus (4)
naet

u=Ly@h—y)cosot+e). @®)

Ckopocrb HMeeT Takum 006pasom omuHaxoByio ¢asy ¢ cunoft H o6partHo
NPONOPUMOHAIbHA .

§ 348. Yro6u onpexenuth BAMSHME BABKOCTH Ha CBOGOANbIE BOJHBI
B rIy6OKOH BOZE, MBI MOXEM MOCTYMHTH CJAeAyIOLIHM O6pasoM.

Ecan BA3KOCTBIO mNpeHe6Gperatb, TO B KauecTBE peLIEHHA M MO-
NYUHM

@ =ace™ cosk (x — cf), )
u = kace™ sink (x — cf), v= — kace® cosk(x —ct), )
n=uasink(x— cf), ®))

Tae 7 -— BO3BbIlIEHHE MOBEPXHOCTH, a € — CKOPOCTH BOJMHKI. toT BMI
ABHXKEHHUS MOXET HMMETb MECTO Haxe W IpPH HAAHYHKH BA3KOCTH, €CJIH
TOMBKO Ha NpeAnoJaraeMyio CBO6011HYl0 NOBEPXHOCTh 6y.lIYT JeHcrBoBaTh
CHUJTbI

pw=—p+2yg%=—-p—2,uk2accosk(x—ct), ] @
pwc=,u(%c+g;)=2,uk2ac sink (x — ct). ’

Pa6oTa 3THX CHJI B eIdHuily BpeMeHu OYJAeT DaBHa
Pl + Puxtl = pkac cos k (x — cf)+ 2uk3a®c?; )

cpenHee 3Hauenue 3TOH paGoTh pasHo 2uk3a?c®. Tlocnenuee Bbipaenue,
OUEBHIHO, AOMKHO NPEACTABASATh CKOPOCTh PacCesHHst 3HEPruH B CBOGOI-
HOM [BMIKEHUH, BHpaxaemoMm Qopmynamu (2), KAK B 3TOM MOXHO yGe-
AWTBCS, MPOM3BOLS BBLIYUC/IEHMA MO KakoH-n1u6o dopmyne § 329. Cpen-
‘Hee e 3HAYGHHE KHHETHYECKOH OSHeprud Ha eNMHHIy TOBEPXHOCTH
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r a
paBHO - okc*a*. Tlonuas 3Heprus paBHA YABOGHHOMY CpefHeMy 3Haue-
HHIO 3HEPrHH, T. e.

1 242
OKC“a*®,

CJIEAOBHTC.’H)HO, ipd OTCYTCTBHY CHU HA NOBEPXHOCTH NOJYUUM

_‘_l _l__ - o2 2)_.__ 302,32
di<2 okcta? )= — 2uk3cta (6)
HWIn
da_
@ = — 2k, O]
OTKy/12 Caexyer
a= aoe‘z'kzt . )
IIns ,MORYAR“ 3aTyXaHHA T MOJAYYdeM OTCIONA BhipaXkeHue T= 5171325‘* ,
WK, eCnH BBeAeM AMHHY BOAHb (),
;.2
T gy O

Jns cayvas Boast 3ta dopmyna Aaer
v=0,712 A% cex.,

ecnv 3HaueHwe 2 BbPaXeHO B cauTuMeTpax. OTClona crenyer, 41o Kanui-
AAPHLIE BOAHL OYeHb GHICTPO 3aTYyXalOT G1aroaaps BASKOCTH, MEXAy TeM
KaK A9 BOJH NLTHHOH B ONHH MeTD 3HAaueHHe T OKA3BIBAETCH PaBHbIM
NIpHOAH3UTEILHO ABYM 4acamM,

3TOT MeTO] OCHOBbLIBAETCS HA NPEANOJOWEHHH, UTO 3HAueHUEe 6T HO-
CTaTOYHO BeAHKO; @ (= Kk¢) 0003HauaeT 3dech 4acrory. B nerkonomsuw-
HbIX KHAKOCTAX, K4dK, HANPHMEP, BOAA, ITO YCJIOBHE BBINOAHAETCA Misl
BCeX [JHH BOAH 33 MCK/IIOYEHHeM 4pe3sbluyaHo Manbix. Ecan rayGuua
WUAKOCTH MeHbile MOJIOBHHLl JUIMHBI BOJIHBI, TO HaHHbLIH METOX OKas3bi-
BAETCS HEMPUMEHWUMBIM 10 Apyro#l npuuuHe. Tak Kak conpoTumieHue
CKOJNbKEHHIO MO TIOBEPXHOCTH JHA NPAKTHUECKH OKa3hlBAETCH GeCKOHEYHO
60abUIKY, TO PACCEAHHE IHEPrUH HeNb3s GOMbIe BLIUMCASTH TaK, KaK
ecan Obl sBMKeHHe ObLIO CBOBGOAHHIM OT BUXpei ?),

Y1o6el HAIIOCTPHPOBAThL 06pa30BaHHE M NOALEPKAHHE BOAH BETPOM,
npuBejleHHble Bblilie BHIYHCJACHHUS MOTYT GBITh BHAOW3MeHeHbl. OueHb Ma-
N0 BEPOATHO, UTOOH nefCTBME BETPA NaXKe HA MPOCTO IapMOHMYeCKHH

1) Stokes, cm. Buime, crp. 723 u Papers 111, 74. (Tlo nexocmotpy 8 opu-
THHAILHLIX BbIYHCIEHHAX 3HAYEHHE T OKa3aN0Cs BABOE MEHbIMM).

%) Mo Toii e NPHYHHE METOX OKa3LIBAETCHA HENPHIOMMHMBLIM H K HCCIEA0Ba-
HMO KOJe6aHHH AHAKOCTEH, Haxeraouwux Apyr Ha apyra (§ 231; cp. Harri-
son, Proc. Lond. Math. Soc. (2), VI, 396. VII, 107 (1908). ,Moayas* 3aryxa-
HUSA OKA3LIBAETCA MNPONOPUHOHANLHEIM ¥ /2 BMeCTO TOrO, UTOGH! GbITH nponop-
umoHa sHuM ¥ ! (cp. § 364).

50 ITam6.
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HPOPHAL BOJTHB MOT10 Obl 1IPEICTABAATLCH KaKOH-HHOyab npocroit ¢op-
syaon?). OaHako, npededperas taHreHUManibHuIM neHCTBHEM, KOTOpoOe,
NOBHANMOMY, HMEET BTOpPOCTeNeHHOe 3HAYEHHE, Mbi MOXeM HOpMajabHOe
iapJieNne NpeiacTaBuTb B Buie psaaa Pypbe no CHHyCcaM H KOCHHyCaM kpai-
HbIX OT K (x—ct), n Toraa Oyier O4YEBHAHO, UTO TOJIbLKO T4 COCTaB/sIO-
masi OyAer BXOAHTb B HTOr BCeX padoT 33 NOJHbIA nepuon, KoTopas
JMeeT BHJL

Ap=C cosk (x — ct). (10)
Vpasnenne (6) Toraa sameHnTCs ypashenieM
3‘2(; okc2a? )-_- 3 keaC — 2uk¥a2, (11
nan
da _ C Sulr2
Ft"z?‘?'_z”l‘ a. (12)

A.\m:xn'ryna 6y11€T, CJeA0BATE/ILHO, BO3PACTATP NJIH YMEHbLLIATHCA B
3aBMCUMOCTH OT TOrO, 6y11€'l‘ JH

C Z 4uk*ca. (13)

B oanoii paGore3) n-p Kedpeh npemnoasaraer, UT0 IaBICHHE OTHOCHTEdb-
HOI'O BeTpa Ha nepeMeltalonica 1poduib BOIHE MOXET ObTh rpyHO npescras-
JEHO BhIpAKCHHEM

0y R
LYY 5 A Y Il
Be' W—a)* s (14)

rae J — CKOPOCTb BETPa, 0 — ILIOTHOCTL BO3AYXA H B == UlC.IOBOH KOIPHUIEHT,
aexaigun Mexny O u 1 1, BepoATHO, MCHbIINH 1/,. 70 IKBHBA.ICHTHO IONYIICHITIO

C=p0" (U—c)ka
B8 dopmyse (13). Ecan mbl npenebpeixeM KanHIIAPHOCTBIO, TO cz=-§ M KpHTE-

pHil NpUHKMAECT GopMy
4
U—epe= -‘-ﬂf-,g- . 15
" 1
Mpit JaHHOM BETPE HaHMeHbIUCE 3HaYEHHE 1eBOMH vacTH 6vier mpR ¢= 3 U; ta-
KuM 06pa30M, HAHMEHbIUHI BETEP, KOTOPHIH MOMWET MOIAEPAKHBATL BONHBL NpH
Halwewm AOMYyHIeHHIT, OY1eT HMETh CKOPOCTS

: LYE)
190 N
U=3(ﬂ—§‘—, ) ) (16)

Ecait mpt npumem p=90,0178, ¢=981, %:0,00]29, £=0,3, TO noayumm

U'=107, 2==8,1 B caHTUMeTpax M cexkvHxax. Hexoropuie HabaiopeHus Redpen
HIOLTBCPIKIAIOT TIOPALOK BEAMMMHBL HIHMCHbLICH CKOPOCTH BETpa.

1) 4 HapewCb, 4TO GYIYT ONY6.1IKOBaHb KPAaTKO Pe3y1bTaThl TEX SKCHEPH-
MenToB, KOToppe Oblal HauaThl fOKOITHLIM CT3HTOHOM M KOTOPbIE OTHOCATCA
K paccMaTpiBaeMoMy BOJIDOCY.

7N Jefireys, Proc. Rov. Soc., A, CVII, 189 (1924); CX, 241 (1925).
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§ 349. HenocpercrBeHHoe BLIYHCAEHHE BIMAHWA BA31:IOCTH HA BOJHHI
B BOjJ€ MOXHO BLITOAHUTH CJEAYIOWMM CTOCOGOM.

Ecim ocb Y HanpaBHTb BEPTHKAJbHO BBEDPX M NPEANOJIOKHTb, YTO
IBAXEHWE NPOHCXOANT B ABYX H3MEDEHHAX X, y, TO OydeM HMeThb ypas-
HEHHS

ou 1 9p
Ei-=—"9—a‘x'+VAu, '

M

()_x+b}= . (2)
OTH ypastieHHsi YAOB/ACTBOPAIOTCA DEINCHHAMH BHAA

% __ %
ox oy’

U = o

&)

p_Jd¢
g«__o—t_gy’ “4)

ecan GyHKuMH @ u y GyAYT YAOBJAETBOPATL YPABHEHHAM

49=0, N=vdy, ®)
rae 2 ] .
Mh=gatas-
Y106 onpeaennTh ,HOPMajbHbie KOXNeGaHWA“, fABAAIOLIHECE TNO OT-
HOINEHHI0 K X NEePHONHYECKHMH C 3a1aHHOH RAKWHOR BONHB .2_’%' N
MHOXHTE/Ib, 3aBHCALMA OT BpeMeHHW, B BHIe e’“, a MHOXMTeNb, 3aBHCH-

uwfl or AauHu, B Buae €™° . Torza peiewns ypasHeHuh (5) 6Gyayr
UMeTh BWJI

BO3bMEM

o= (Aehv+ Be-—hy) e'ihx-f-nt’

(6)
— i t
p=(Ce™ + De™ ") ™
rie
n
mr=k 4 D
Ycaosun Ha TpaHule RAAYT YPaBHeHMs, HOCTATOYHLIE 1151 onpeaedne-
HAAl XapaKTepa PasiIvuHBiX (opM KoneGaHuit u [Qns onpeneseHns COOT-
BeTCTBYIOLIMX 3HaYeHWH n.
B cayuyae GeckoHeuHOH rayGMHH OMHO W3 9TMX YCIOBHi TpedyeT,
uTobL  ABHMKEHHE OHINO0 KOHeYHHIM NpH Yy = — co. Ecan mbl cHavaaa

Vg
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HCKJIIOUMM Te CJY4Yau, KOriad /M HMEeT YHCTO MHMMble 3HAUEHUH, TO He-
o6xonumo Oyaer nonoxute B=0 u D==0, npuuem noa m Oyaem
Tenepb MOAPa3yMeBaTh TOT KOpeHb ypasHenus (7), ReHCTBHTENLHAA 4acTb
KOTOPOTO MOJOXHTebHa. Torma GyseM HMeTsb

u= —(ikAe"’ - mCe™") ™ ¥, l

. (8)
V= — (kAeky _ ikCemy) elkx-(-nl. l

Ecnu uepes # 06031adnts BO3BbilueHHE CROGOAHOH MOBEPXHOCTH, TO

0
HO/MCHO HMEThb MECTO COOTHOIUEHHE bt’:-v. U3 3toro ypasuenus, npen-

noJtaraf, YTO HayaJo OTCYeTd P HAXOAWTCA HA HEBO3IMYILEHHOM YPOBHe,
MONAYHHM BHIPAXEHHE LR 7]

N = — ,’; (A _— lC) eik.\‘-{-nl. (9)

Ecan o6osnaunte uepes T, noBepxHOCTHOE HATANKEHHE, TO YCAOBHS
IOl HATIPAXKEHKHH HA NMOBEPXHOCTH B MEPBOM TPHOTHKEHUH, OYEBHIHO,
OyAyT UMETb BHI

o2
Pyy= T1 5}%! Py =0, (10)

TaK KaK HAK/JIOH MOBEPXHOCTH MNHAKOCTH K TOPHU3OHTAABHOH I1LIOCKOCTH
MOXHO CYHTaTb OECKOHEUHO MaJibiM.
Humeenm

H OV ov , ou\ ,
Pyy=—p+ 2.“'0"}~ ple:"‘(o}+’o}“,>v (l 1)
orciona # u3 dopmya (4) u (9) caeayer, uro HA CBOGOAHOH [IOBEPXHO-
CTH OJ/UKHBI MMETh MeCTO DPaBelcTsa

v

P = =+ TR 2 =

o T 9 y
= —-’11- {(Iz'z + 2vk2n4-8k +T'k% A — i (gk + T' k34 2vkmin) C], (12)

px' .

.n;!= —{ 2“”52A+(n+2rk’)C}, (13)
vae T'= 1,;" , TIPHYEM CiedyeT elle MOAPA3yMeBaTh MHQMKMTeAb ' T,

<

[Moncrasass Beipaenns nas py, v po, B ycaosus (10) u uckIoyas
otHowenne A: C, noayyaem

(n-+ 20k2)2 + gk - T'K® = 42k, (14)

Ecan uckniounm m mnpu nomown ¢opmy.si (7), To npunem k Gukxsa-
ApAaTHOMY YDABHEHHIO OTHOCHTENBHO /1, HO AOMYCTHMBLIMH MOT'YT OBITb
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NpH 3TOM TOAbBKO T€ KOPHHM, KOTOpbie 130T NOJOKHTEAbHOE 3HaueHue
A8 AeHCTBHTEIbHON vacTH .1eBOH noaoBuHH  ypaeHeHust (14) um Bumecte
C TeM OCTaBJAIOT NOJOXKHUTEILHOH AeHCTBHTEILHYIO 4acTh M.

ITo1aras A8 KPaTKOCTH

4 "1 = g2 vk? =
g+ Tho=o2, g | a5)
n-+ 2vk?=xo, i
npHBeaeM Ha3BaHHOE 6MK83;1])3THOE ypasHeHue K BUAY
(x24-1)2= 16 63(x — 6). (16)

Jlerko nokasarb, 4TO 3TO ypaBHeHue BCerna HMeer aBa KOpHs (06a
KOMILTEKCHbIE), KOTOpble He NOAYMHAIOTCH TO.IBKC YTO YCTAHOBJIEHHOMY
OTPAHHYEHHIO, ¥ ABA JIPYrHUX AOMYCTHUMBIX KOPHA, KOTOpbie OyAyT Aeit-
CTBUTEJIbHLIMH WM KOMILIEKCHBIMM, CMOTPsL 1O BeJHYMHE OTHONIeHus 6.

P g
Ecan 0603Hauynm uepe3 A jiMHY BOJHBL H uepe3 c( ,=—,~;) CKOPOCTH BO.IH
A2

AP OTCYTCTBUH TPeHUst, TO NOIYUMM

1k 2ay
0=~ e="" 7
¢ cA a7y
O603Hauas uepes ¢,, MMHUMAIBHYIO CKOPOCTL BOAH (§ 267), moayunm
27y
ANS  BOJBI E——=O,0048 CM, TaK 4TO, eCliM HCKJIOUHWTh OYEHb Madbie

m
AMHBL BOJIH, § Oyaer npeactaBasth Maayw Beauunny. TIpeneGperas
KBaaparoM f, noayuum X=--i u

= — 2vk? -+ o, (18)
Ycaosue p, =0 noxasoiBaeT, 4ro
C 27 vk2 — 2vkE
A= e T T o (i9)

3Ta BEJMHYMWHA NPH TeX XKe YCI0BHMAX OKa3biBaeTCA QUeHbL MaJIo#, Takum
06paso.\i, anﬁJlH)KeHHO ABUIKEHHE MOXXHO CUYHTATH HEBHXPEBbIM C MNOTEH-
‘IHMAJIOM CKOpOCTe#H
A ,—2rk2L 4 Ry i(hx ool
(P=A€ rk2l 4 l/+i(.\.,_ q)' (20)

. kA
NMonarass o= -F “, » MOXeM npuSmukeHHO HanucaTh ypasuenne (9)

CBOGOJIHOM MOBEPXHOCTH, €CM BO3bMEM 1eHCTBHTEJbHYI0 YacTh R BHAE

y= ae” % cos (kx + ot). (21)

~ o , s\ C 90
CKOpoOCTh BOJIH eCTh e —I(’;—f- T k> ® KaK B § 267, u 3akod

3aTyXaHHst COBMANAET ¢ TeM, KOTOPLIH B npensiayimem naparpade ObLi
1N01y4eH ApYruM cnocodoml),

1) AxajornuHeie pesy.ibTaTel noayyna Basset, Hydrodynamics, I,
8§ 520--522 (1888), xotopmit mccrexoBan TaKke cayyald KOHEUHOM TayGHHBL
Otcwaaem Taxiae x pa6ore Hough, ev. Baue, cTp. 743, rae HcCaepyercs.
€1y4ai BOISHOTO C.10f, OTPaHHUYEHHOrO ABYMS KOHUEHTPHYECKHMH CdepaMu.
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Yrodot GauMe HCCAeHOBars XapakTep ABHAEHHdA, BOSHHKAOUEro ol BJIA-
HHEM BA3KOCTH, BHIUHCIMM 3HaYEHHE © BUXPA IAA MPOU3BO.ILHOH TOUKH 1K~
KOCTH. 3TO 3HaYeHue onpeaeserca GopMmyaoi

0=l g
YZox T oy W=y

Ha ocnosanuu gopmyva (7) u (18) npudauwento 6yaeM HMeTh

:_? ce™ +ikx + i 9

2v

nO.-'lhB}‘HC& TeMIL e 0003HayeHHAMIl, KaK ¥ BbiLe, HOIYUHM

1/3
m=(l = i), rae ﬁ:(-p‘ ) .

o =T 20kae™* R cos {kx & (ot 1 By) | 23)

D10 BuIpaKeHHe OYeHL OblCTPO YOLIBaeT B HaNP4BIEHIH OT [OBEPXHOCTIH
AKHIKOCTH BHH3 B COrZacHil C TepMMueckoii aHanorueii, ykasaHHoil B § 328.
B cootBetcTBHH ¢ KOJIeGaTeIbHBIM XapaKTepOM ABHAEHUS 3HAK BHXDA, pacnpo-
CTPAHAOIETOCH OT MOBEPXHOCTH BHYTPb, OyAeT TO H JE10 MEHATHCH, TAK UTO

27
KO1e6aHli{ OKa3x(BAOTCH HE3aMETHbIMII Ha TiavOHHE 10pHiKa B TaK #e K4k

KOJEOaHist TeMIeparypel Ha JEMHOIl NOBCPXHOCTH HE3AMETHM Ha rayOuue he-
CKOMBKIIK METPOB.

B ciayude OueHb BA3KOW KHAKOCTH, TAKOH KAK NATOKA HAM CMOAA,
0 MOXKeT NPHHHMATL GO.blUHE 3HAUSHHH JAKE H [PH 3HAYHTENbHOH Naune
Bo.Hb. Jlonycrumbie Kopuu ypasueunss (16) npu srom 06a okassi-
BaloTes  AeHcrBuTeabHbiMKM, OAHH W3 HHX, OHEBHAHO, NPHOGAHKEHHO
paget 20, a ecau Mul NPOAODKHM NpubinKende, TO Halnem
=26 — ;
Xx=20—5+...;
orcioaa Ha ocuosauuu dopmya (13) caeayer, ecau npeHedpeus Karui-
JAAPHOCTLIO,

= £ ‘
= — 5. (24)

Lipyro#t pedcrButeanHbitt  Kopewbh npuOmmkewno pasew 1,096, u
B 3TOM CAyuae NoJMyYaem BbIpPdiKeHHe

n= — 0,91 k2 (25)

[lepsoift M3 3TMX KOpHe# OKaabiBaetvcsa Go.ee BaxHbiM. O npeacras-
asieT MeldeHHOe BO3BpaLleHHe HKHUAKOCTH K COCTOSHMIO PaBHOBECHS,
KOr1a TOBEPXHOCThL XKUAKOCTH TOPHIOHTAMbHA. DBHICTPOTA 3TOr0 BO3BDa-
UIEHMA 3ABUCHT OT COOTHOLIEHMS Mewkay CH/AoM Tamectd (KoTopas 1po-
HOPUHOHA/I6HA Z0) M BS3KOCTbIO MHAKOCTH M, TaK KaK BlIMsHME HHep-
UMK OKa3eBaeTcss NpH 370M HesamerTwid. M3 coorHowenut (7) # (13)
C/EAYET, HTO BPUOAHNKEHHO MOKHO MOJIOKHTL M=K, TdK 41O C HEKO-
TOPLIM TPHOAMKEHHEM JBHKEHHE MOXHO CUHTATH CBOGOLHKM OT BHXpeit ).

1) Cp. Tait, Note on Ripplesin a Viscous Liquid, Proc. R. 8. Edin., XVII,
110 (1890) (Scientific Papers, Cambridge (1898 -1900), U1, 313).
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Xapakrep nBHxeHus, orsedaiouero dopmyae (23), ¢ apyro#t cropo-
Hbl, 3aBHCHT fl0 CBOEM NPOAO/IKHTENLHOCTH W OT COOTHOLIEHHA HHep-
uud (p) M BR3KOCTH (i), BAHAHHE XKe TAKECTH OyJeT He3HAUHTENbHBIM.
OHo 3amupaeT ouenb GHICTPO.

TpuBeaenHoe 31eck HCCACHOBAHHE AaeT CaMbli TIaBHbI BHI HOPMa’bHbX
KoJeGaHHit ¢ 3alaHHOii RAMHOM BOJHBL, HONYCKaeMblil ciicTeMoil. Mbt 3HaeM
a priori, 4YTO JOJIKHO CYILECTBOBaTh eufe GECKOHEYHOE YHCAO APY¥THX BHAOB
KoJeGaHuik. DTi K01e6aHUA COOTBETCTBYIOT YHCTO MHHMBIM 3HAYCHHAM M H HMET
MeHee MNpPOROTKHTEAbHbH xapaxktep. Ecan BMecto Bripaxenuii (6) Bo3bMem
peuleHys B BHIe

— ARy oihxtnt
p=Ae"Ye , . } .
v =(C cos m’x + D sin m’y) e**+nt
BMECTe C PaBEHCTBOM
mi= —— @7

P

H 1IpOBEAEM HCCACROBAHHE TEM XKe CMOCOGOM. Kak 910 6bli0 CAeMAHO Bbille, O
Haiiaem

(1 4- 2vk*n - gh -+ T'k%) A — i (gk + T"k%) C — 2irkm’nD = 0, } %)

2ik2A +(k* —m?) C=0.

Kaxgoe geiicTBiire1bHOE 3HaueHye m’ OKasblBaCICH B 3TOM Ciydae AONYCTH-
MBIM, H ypasueHus (28) onpegeasior otHoweHus A:C:D; cooTseTcTBywOL(EE
3HayeHHe N ecTh

n= —vr(k*+m"*). (29)
B Kammﬁ 13 STHX (bOpM ABIKEHHA [JOCKOCTL XY OKa3biBaeTCsaA pasfAeneH-
HOii B FOPU3OHTAIHHOM [f BEPTHKAIBHOM HANpaBieHHAX Ha PALb Ao U3BECTHOI
CTCIEHH MPAMOYIOJAbHBIX A4EEK; B Ka)KllOﬁ H3 3THX AveeK XHAKOCTb COBepIUaeT
UHPKVIANHOBHOE ABHAKEHIE, NMOCTEHEHHO NPHIXoAd B COCTORHHE MNOKOo#A, MO MeEpe
TOr0 KaxK HEPBOHA4YAJIbHOE KOJHYECTBO ABHKEHIA pAacxoayerca BCJACACTBIE
BA3KOCTH.
an TMOMOUlH COOTBETCTBYIOUIEro HANOKEHHA PAIUUYHBIX HOPMAABHLIX Koae-

GaHuil BO3MONWHO MPEACTABHTH 3aTyXaHie AI0G0ro MPOH3BOABHOTO HAYAALHOTC
BO3MYLUEHHH.

§ 350. Ypasuenus (12) v (13) npenpiaywiero naparpada AanyT Ham
BO3MOXHOCTH 1IDH MOMOUM COOTBETCTBEHHO NOAOGPAHHBLIX CH/ HA MOBEPX-
HoctH 6oiee 6aH3KO paccMoTperTh BORpoc 06 06pa3oBaHUM BONH B BOAE
M NOAAePXKAHHK WX NPOTHB NEHCTBHA BI3KOCTH.

Ecan BHelllHHe CHIBL Dyy, Pry, OYyAyuu 3aNaHHBIMM, COHAEPKAT MHO-
wutens eF*T™  rne k v n MMEOT wWanepeXl 3alaHHBIE 3HAUEHWH, TO
Ha3BaHHHIE ypaBHeHus onpemensmior 3Hauewus A u C, a crelOBaTeNbHO,
Ha ocHosaHuu (opuyas (9)  3HaueHHs 7. Mol HAXOMUM, TaKuM OGpa3oM,

Pyy _ (M4 29k*n+0%) A —i (a*+ 2vkmn) C

wn gk(A—iC) ?
Pry _ n 2ivkA4-(n4-2vk*) C
gon = gk A—iC ! @

rie BeqMuuHa O%, KaK u Builue, noacrasieHa Bmecto 2k + T3,
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Hccaeayew npexie Bcero JeficTBHE HUCTO TAaHI€HUMATLHON CHIW.
Ecan noaoxnrs py, =0, 10 noayuns

Py _in (n-20k%) —0* - 4°k%m

gen " k™ A2k dvkm S

Mo NPpHUHHAM, Yi/Ke U3 T10/KEeHHBLIM Bbillle, Mbl (’)yllEM CIHTATh 3Haye-
vk®  rkm =

HUA Iy H o MdIbIMH; B 3TOM (ayvyde BO3Bbili€HWE oOydeTr 60able

BCEro TOrja, Koraa npubimxeHHo GyaeM umers = -- ig. YTo6b HakTi
ChAy, HeOGXOAMMYIO /A TOAIEPKAHHA PAldd BOJIH 321aIHOH aMIIMTYAM,
ABHNYULIXCA B [10JI0XKHMTEAbHOM HANPaB/IeHHNI OCH X, MOJOKUM N = — [0.
3710 npeanoioKeHne AAeT TPHUOTHIKEHHOE DPABEHCTBO

Py  dvko
xn _TThT
goy

wam py, = 4ukoy, “)

Cnaa, rtakum oOpasoM, Ha rpeGHax jeHcTByer B HANPAB.IEHHH ABH-
KEeHHf, 2 BO BUAAWHAX B NPOTUBOMOJOKHOM HaNpaBlIeHHUU, MeHAA CROH
3Hak B ysaax. Cuaa, pacnpeleneHHas TaknM ke O6pa3oM, HO C MeHb-
weH MHTEHCHBHOCTBIO MO OTHOLIEHWIO K BLICOTE BO/JHBI, YeM 3TO Tpedyer
dopmyaa (4), TonbKo 3aMeannaa OB NMPOUECC 3aTyXaHus BOJAH BCaeld-
CTBHe BA3KOCTH, HO He yCTpauuaa 6wl ero noasocthio. Cuaa npotusono-
7I0KHOTO 3HAKa YCKOpMaa 6Bl NpOUecC 3aTyXaHHs.

Cayya#t 4uCTO HODMaNbHOM CHABW MOMET OLITh HCCAEA0BAH NO00HLIM
we cnocoGom. Ecau piy=0, To GyaeMm uMers COOTHOlieHWe :

Pyy  (n+20k*)+6*—42km
Ton - )
gen gk

Yutateab Nerko MOXeT yOeaurbCst <aM, UTO NPU OTCYTCTBHH BA3KO-
CTH 3TO DaBeHCTBO COrJaacyercA ¢ peayabratamu § 242. Ecau nmonoxutb
N== — i, TO C TeM Xe CaMbiM NPHOAMKEHHEM, KAK M BLlIe, MNOJYYHM

Pw= —4&ipkon. (6)
CnenoBaTenbHO, CHCTEMa BOJH
7 = a sin (kx —af) U]

MOXeT NOoAAePKHUBATHCH Ge3 BO3PACTAHKA HAU 3aTYXAHUA AABJEHHEM, pacC-
npeaeNeHHBM NO NOBEPXHOCTH MO 3aKOHY

p’ = const. 4-4ukao cos (kx— at). 8)

Flpu 3TOM OKa3wBaeTcs, 4YTO AaBAeHHe KMeeT HauGo.biiee 3HayeHHe Ha
3aAHEM CKJIOHE BOJNHbHl M HaHMeHbliee 3HAUEHHE HAa NMepelHeM CKIOHe!),

Ecan mbl 06paTiM BHHMaHMe HA da3pl YaCTHIL KHAKOCTH, ABHKYUINXCH
IO KPYTOBHM TP2eKTODHAM M NEXALUWX B PA3HLIX YacTAX NPOGUASA BOIHH,

1) 10 COraacyercs C pe3yabTaTOM, AABHHM B KoMLe § 242; Brpouen, Tam
AMCCHNIATABELE CHAH GHJAX RPYroro poxa.
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TO CPa3y e YBHAHM, 4Y4TO PacCMOTPeHHble BhIINE CHJH, BCE PaBHO, GyayT
AH OHW HOPM3aAbHBIMM MIH TaHTeHHHAJbHLIMH, AeACTBYIOT HA BCE YAaCTHIIM,
Jexauine B AaHHLIA MOMEHT H2 NOBEPXHOCTH, B OCHOBHOM B HanpaBiA€HWUM
€aMoro MX IBHKEHHS.

Baaroiaps HeperyaspHoMy BHXxpeo6pasylouleMy XapakTepy BeTpa,
AylOoLleMy HalX HePOBHO!l MOBEPXHOCTBIO BOAbI, TPYAHO BBLICKA3aTh KaKHe-
au6o coobpaxenus, KpoMe (aMbiX OGIIMX, OTHOCHTEIbHO TOrO, KaKHM
o6pasom BeTep BO30y}IaeT W noaaepxusaer BoaHul. Herpyawo, oaHaxo,
BHAETH, YTO BETEP CTPEMHTCA BHI3BATb NOBEPXHOCTHbIE CHJIbI KaK pas
PacCMOTPEHHOrO Bhille poxa. ECAH BO3AYX IBHKETCH B TOM XK€ Hanpa-
BAI€HHH, B KaKOM JABHXKETCA (GPOHT BOJAH, HO C GOALUIEIO CKOPOCTHIO, TO
HA 34HHX CKJI0HAX BOJAH Oyler HaGRIOAATbCA W3OLITOK AaBJeHHA, 4 Ha
BHICTYlIAIOUMX rpebHaX Oyaer npeoGiaasaTh TAHTEHLUHANbHOE YCHAHE,
Ob6uee aeficTBHE 3THX CHJA MPOABUTCA B BUIE MOBEPXHOCTHOrO TEYEHHs,
a OCTaJbHas 4acCTb pe3yabTHPywOueft CWibl, Gyler AW OHa HOpPMaAbHOHK
HAH TaHreslUMaAbLHOR, B OCHOBHOM OyleT HMeThb TOT Xe Xapaktep, Kako#
Mbt npeanonoxuau Boiine. Takum o6pa3om, mut OyleM HMeTh HeKOTOpoe
CTPeMIeHHe K YBE/IHYEHHIO AMIVINTYAH BOJH B TaKOH, ONHAKO, CTeneHH,
yTo6bl paccesHne MO0 MOJHOCTbIO KOMNEHCHPOBaTbCsi paboToH, Npous-
BeJeHHOH ITOBEPXHOCTHHIMK CHAaMH. JTOAOGHMM e 0O6pasoM aMnIMTya2
BOJH, ABMAKYLIMXCA OHICTPee BeTpa MM NPOTHB BeTpa, OyaeT BCe Bpems
yMeHbHIaThCsH ).

Boime (§ 267) 610 NOKa3aHO, YTO NPH COBMECTHOM ACHCTBHH CHJ
TAXKECTH H KaNWWIAPHBLIX CWJ IS BOJHOBOH CKOPOCTH HMEETCH MHHUMYM,
pasubt#t 23,2 cm/cex, unu 835 mfuac. T103TOMYy CKOPOCTH BETPa AOMKHA
BO BCAKOM CJydae npeBblIaTh 3TO 3HaueHHe, YTOOH OHTh B COCTOSHHK
NOLAEPKMBATL BOJNHB MPOTHB NeHCTBUSI BAKOCTH 2),

Tpuseiem 3aech HeKOTOphe HabGaloaenua Ckotra Pécceas 9).

»JIONYCTHM, 4TO HaGaoRaTeNb HaYHHAET HaGaIONCHHS NMPH NOJAHOM 6e3BETPHH,
KOrZa NOBEPXHOCTb BOALI CROKOHHA H OTPaXaeT OKpYKaoiuHe npeaMerH, kKak.
3epka’o. 3TO COCTOAHHE TNOBEPXHOCTH He HM3MEHAETCA NpH JerkoM AyHOBEHHH
BO31yXa; NpPH CKOPOCTH, MeHbiueif, ueM NOAOBMHa MHAM B uac (8!/, moiiMoB
B CEKYHAY), FMaaKOCThb OTpaxawoulell NOBEPXHOCTH HE HAPYWAETCA 3aMETHHIM
o6pa3oM. MOXHO XOpOILIO BHAETb, 4YTO JErKHi NOPHB BeTpa, NPOHOCAUHIHCA
BIOAb NOBEPXHOCTH, Ha OfHO MIHOBEHHE KOPOGHT MOBEPXHOCTh 3€pKala; RO
MoCle TOrO, KaK STOT MNOPHB 3aMper, MOBEPXHOCTh CTAHOBHTCA TAKOW ke
riajkolo, Kak ¥ npexne. Ecan xe BO3AyX HABHMKETCH CO CKOPOCTBIO OKO:10 OXBOIL
MHAH B 4aC, TO NOBEPXHOCTh BOJAW OKa3HBAaeTCA yXe He B COCTOSHIH OTPaxaTh
BROJAHE fICHO; NPOBOAA HAGAIONEHHA B STHX YCIOBHAX, MOXKHO 3aMeTHTh, %TO
yMeHbUIeRHe OTPaxaTe’bHON CMOCOGHOCTH 3aBHCHT OT HAaaMuHs TOH Meaxoii pabu
NOBEPXHOCTHOTO CIOf, KOTOPYIO O6Gpa3yioT BOJHM mMpemeez0 nopadka (Kanui-
AfpHBEe BOJRb)... JTa NepBas CTaAHA BO3MYIIEHHA OTAHYAETCA TOW OCOGeH-—
HOCTBIO, 4TO ABJEHHE NPEKPallaeTCA IOMTH ORHOBPEMEHHO C NpeKpaiteHHEM
BO3MYyLIAOWei NPHYHEH; MOSTOMY MECTO, 3alMIIEEHOE OT HemoCPeACTBEHHOTO
IeHCTBHA BETPa, OCTaeTCA CHOKOWHBIM, TaK KaK BOJHK TPETbero NOpaxka He

1) Cp. Airy, Tides and Waves, §§ 265—272; Stokes, Camb. Tranms. IX,.
62 (Pagvrs, 11l, 74); Rayleigh, cm. Buwe, crp. 328.

%) W. Thomson, cm. Bume crp. 574.

?) Russell, cw. Bume crp. 528.
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oénanalor CNOCOGHOCTHI0 CAMOCTOATEABHO ABHTATHCA HA 3HAYHUTENbHOE DPACCTOA-
HHE, eCjad TOAbBKO HA HHX HENpEepoiBHO HE nei’icrnyer NEepBOHAYATbHAA BO3MY-
wawuaa ciaa. Takoe cocrosHHe YKa3pBaeT Ha lleﬁCTByIOU.lle B NaHHBIH MOMEHT
CHIY, a HE HAa Ty CHIY, KOTOpas Yyime npekpartu:ia csoe aedcrsue. Jo tex nop
f0Ka TMPOJONKAETCH ITO COCTOAHIE, OHO NPHAAET BOAE TEMHYIO OKPACKY, KOTO-
Pylo MOPAKH MDPHBLIKIH PACCMATPHBATH KAK [MPH3HAK NPUCYTCTBHA BETPA H 4acTO
KaK MPeaBeCTHHIY YCHJACHHA BeTpa.

,.BTOPOC COCTOAHHE BOJHOBOrO JABH:KEHHA HabawiaeTcs TOraa, Koraa CKo-
poCTL BE€TPA, AVIOLIEro Haja CMOKOHHOH X0 TOro MOBEPXHOCTLIO BOALl, BO3pACTaeT
IO ABYX Mil.‘lb”B yac. B stom Cilyuyae HavdHHaeT A 06pa3osamle Ma.biX BOJIH pPaBHO-
MEPHO Mo BCeH MOBEPXHOCTH BOABI; 3TH BOJHL! CYTh BOJIHBI BTOPOro nopsika, OHH
NOXPHIBAKOT NOBEPXHOCTH BOABI C 3HAYHTEAbHOIH 33aKOHOMEPHOCTBIO. Kanu.mnpm,le
BOJNIHBI PAa3MbIBAIOTCH FPCGHHMH 3THX BOJIH, HO OHI elye WTATCA BO BHNAAHHAX K
H3 NEPEIHHX CKIOHAX BO.H. ﬂpanunhﬂocu pacnpegeacHua No MOBEPXHOCTH 3THX
80.i# BTOPOro MOpPAZKA €CThb HEUTO 3aMeyaredbHOC; BOJIHbLI HAYHHAITCA € aMILIH-
TyAsi NPUOIN3HTEAbHO B OAHH MI0IM M C NJNHHHL BOJHBI OKOJIO ABYX H10HMOB;
OHiI geaaloTcA Bce Goasuie no Mepe BO3paCTAHHA CKOPOCTH H.IH NMPOAONAKHTEIb-
HOCTH BeTpa; NMPHMbIKAWILHE APYr K IPYTY BOJHH COEXHHAIOTCA B OJHY BOJHY:
l'pC5HH pacTyr, H €CIH BeTep YCHIHUBACTCA, BOJHBI JI€J1310TCA OCTPOKOHEUHBIMH
H o6pasytorcs, TAKHM 0OpPa3oM, BOAHH ,6MOP020 NOPAOKa* (rpaBHTALHOHHbLIE
BOJHb) 1), Pa3mepnt 9THX BOJH BCE BO3pAacTalorT, ONHOBPEMEHHO C HX pa3MepaMH
pacrer ¢ va TAyOHHZ, HA KOTOPYi0 PACNPOCTPAHAETCA 3ITO ABHMEHME; BCe 60ib-
WaR H GOJblUast YacTh MOBEPXHOCTH MOKPHIBAETCA BOJAHAMH NPHOIN3HTENLHO
OAHHAKOBOH BETHUHHBI®.

Jrta uuTata COXPaHeHd M3 HALUMX MPEXHUX U3AAHUH NO TOH MPHuMHE,
4TO OHA OYEHb SIPKO OMNMHCHIBAET SABJEHHS, HO UUC/JEHHble OLUEHKH, OTHO-
CAUIHECH K MePBOMY MOMBJEHHIO BOJH, TPeGYIOT HEKOTOPOTO YTOUHEHHS.
B 4acTHOCTH, HAYAAbHAA MJIMHA BOJIHBL HECOMHEHHO CJHIUKOM BEJIHKA JLIs
TOrO, 4TOGL BOJIHA MOr/a MONOHTH IIOA HA3BAHME ,KANWUIAPHOH®.

§ 351. Ycnokausawoulee AeHCTBHE MACAZ HA  BOJIHBl, [TOBUAUMOMY,
HpoUCXoanT 6.1arodaps U3MeHeHUAM B MOBEPXHOCTHOM HATAMEHHH BCJeA-
CTBHe pPaCTAEHHH M COKpaleHHH 3arpa3HEHHOM MOBEPXHOCTH BOAHI 2).
(ToBepXHOCTHO® HATAXKEHHEe UHCTOH BOABLI OKa3blBaeTcs O6O/biue, ueM
CYMMa HATSWEHHH Ha NOBEPXHOCTAX DPa3fe/a Mexiy MacioM W BO3AYXOM
W MEW/y MacioM W BONOH, T4K 4TO OpoHieHHas Ha NOBEPXHOCTb BOILI
KAUNA Macaa NOCTeNeHHO pacTAriBaercss B TOHKY naenky. Koraa cao#t
Macna fOCTaTOYHO. TOHOK, CKaMeM, KOrad €ro TOMIUIHHA He NPEeBOCXOMMT
NMBYX MHAIHOHHBIX JOJeH MHJNUMETPA, TOTAA OKAa3LIBAETCH, YTO HATAKe-
HHe He ABafeTCA OGO/blie TNOCTOSHHLIM; HATAMEHWE BO3pacTaeT, KOraa
TOAWMHA 6A4r0apA PACTSKEHHIO yMeubuiaercs, W HaoGopor. M3 dwr. 51
Ha crp. 438 MOXKHO JNerko ycMoTpers, 4YTO B CJAy4ae BOJNH KojeGaHHH
fPOU3BOIBHAA 4ACTh CBOOOAHOW MOBEPXHOCTH OyNeT HMeTb CTpeM/IeHHe
f10 Ouepefil COKPAMATBLCH HAH PACTATMBATBLCH, CMOTPA 1O TOMY, HaXo-
HAMTCH /4 3TA YacTh MOBEPXHOCTH BblLie CPeAHEr0 YPOBHA HAM HHXe
ero. Bosunkaiomne Gaaronaps ITOMY H3MeHEHWS B HATSIKEHHH BLI3LIBAIOT
HaMeudsiiotieecst 0 HANpPaBAeHHIO KacareApHOE YyCwiMe, jeHCTBYIOLlee Ha
rony, 0GaaroJaps 4YeMy CKOPOCTb PacCefHWA IHEPTHU YBEJMUHBACTCA.

1) Boauu ,nepsoeo nepadka“ Ckotrra Pécceasn Gsna paccmoTpeHa B § 252
HOA, Ha3BaHifeM ,ONHHOYHOIH BOJIHHI®.

2) Revnolds, On the Effect of Oil in destroying Waves on the Surface
of Water, Brit. Ass. Rep. (1880) {Papers, I, 409]; Aitken, On the Eifect of
Dil on a Stormy Sea, Pro¢. Roy. Scc. Edin, XII, 56 (188%).
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BoiBenessle Buille GOPMY.int HAOT BO3MOKHOCTH A0 HEKOTOPOit CTEmeHit
(IOATBEPAHTE ITH PACCYyHACHHA BHIUHCIAECHHEM.

Ipewae Bcero ACRO, YTO AEHCTBHE KBA3MYMPYrOro CIOS MAacla OKa3nliBaeIcA
TeM 60abuie, yeM KOpoue AIHHA BOAHLI; €CTH AJMHA BOJAHH ROCTAaTOYHO Maia,
TO MOBEPXHOCTb IPAKTHYECKH HEPACTAKHMA, ¥ TOPU3OHTATHLHAA COCTABAAIOUIAN
CKOpOCTHI Ha MNOBEPXHOCTH OaarogapA 9ToMy Oyier pasBHa Hymo. Mst Gyzesm
npeinoiaratb, 4T0 3TO YCJAOBHE BHIMOJIHAETCH.

BryTpenuee ABikeHie BOAb ompexeaserca ¢opmyaamu (8) § 349, Ho onpe-
JeaeHie MOCTOAHHLIX B 3TOM Cily4Yae MPOH3BOAHTCA H3 APYFHX ycoBuil. ¥Ycaosue
B HOPMA.IbHOTO HANPAKEHHA OKa3biBAETCA TAKHM Ke, Kak B HalBaHHOM flapa-
rpage, H 1aeT COOTHOUIEHNE

(a2 4-2rk3a + 6%) A — i (o? + 2vkma) C =0, M)
ot =gk+T'k? (2

K T’ OTHOCHTCH FXKe K NOIHOMY HATAXKEHHIO C.J0A Macia. Bwmecro YCIOBHA, YTO
KaCaTeAbHOC HAMpPAMKEHIE ROJKHO oGpamaTbcx B HYJAb, HMeeM Teneph yCIoBHE

rae

Um0 npu y=0; 3
9TO yCAOBHE AaeT
ikA+mC=0. )
HUckaoyan otHowenie A: C, noavuaem
m(a? 4 0%) — ko® = ()
HAH, €CIH HCKIOUYHM m nocpencnom ypasHaenus
m=k4 2, ()
(&4 ) (2% + 0% — Kot =0 )

D10 ypaBHeHHe HMEET HeCYIeCTBEHHH KopeHo a=0, a ApyrHe KOPHH OKa3bi-
BAIOTCA TaKwe HENPHIOAHBLIMH, TaK Kak, GyAyuH ROACTAaBIEHH! B paBeHCTBO (5),
OHM HAIT ANA AEHCTBHTEABHOH uacTH M OTPUMATENbHbie 3HaYeHuA. Jna Mannix

k2
3HAYEHHH BHIPAKEHHA ”7 ‘9TH KODHH B MEPBOM MNPHOAHKERHI MOKHO NPHHATH
PaBHBIMK = -Li¢, 2 BO BTOPOM NPUGIMMEHIHM PaBHBIMK

a= tio— —=:— 8)

npiyeM TMONMPaBKa HA YacToTY o KoneGammit or6GpouieHa. Moayas 3aTyxaHus
OKa3biBACTCA UPH ITOM PaBHBIM

2V2

e 2VE ®
yHiggtls

. 1

OTHOUIEHHE STOF0 IHAYECHHA K 3HAUCHHIO .2;’—1(—’— , KOTOpOE Oniao MOJAYUYCHO

v

—(vk3\1/q
B IPEANONOKEH HH, YTO NOBEPXHOCTHOE HATSIKEHHE NOCMOAHHO, PaBHO 4 V2 : a")

a 9Ta BEMIYHHA MO NPEANONOKEHHIO Manal).

1) 910 HCcCTEAOBAHHE COKPAUWICHO MO CPABHEHUIO C TeM, KaK OHO Ouwao
BLIIONHEHO BO BTOPOM H3XAHHH ITOH KHMIM.
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§ 352. 3azaun O nepHOAMYECKOM ABMKEHHHW B TpeX M3MepeHusx,
OTHOCSIIMECS K Chepusteckum nosepxXHoCmsalM, MOXKHO HCCIeI0BaTh B 06ILEeM
BUAE CleAyIOUUM 00pasoM.

Buipa3um ppexie Bcero ofulee pelieHHe CHCTEMBI ypaBHeHWH

A+h)u =0,

(A+h)v =0, ()
A4+ hz) w =0,
Ou + o +0w’= 0 2

B cdepuyeckux cpym(mmx. 3Ta 3ajaua npeiaciasiaser ob6o0uleHHe 3aAaYH,
pasobpanHo#t B § 335. Paccmorpum cHauaja TOJABKO Te Ciayuau, IS
KOTOPHIX 3HaueHWs U, v', W' B Hauaie KOODPAMHAT KOHEUHHI.

Penrennss ecreCTBeHHO pacnajaloTcs Ha ABa pa3nauyHbix Kiacca. Ecam
0003HauuM uepe3 r pamUyC-BEeKTOp, TO TUMMYHOE pelieHHe nepBoro
KJacca npeacTaBuTcs B BUie

) 1]
u' = Yo (hr) (y ’;—z —2 —> Ay

v =, (hf)( z_()__ 92 )/{m (&)
=y ,L(Ilr) (x vl K) y 4 i

flie xn— o6beMHas cdepuueckas (QYHKIHA TNONOKHUTEABHON CTeneHwu n,
a y, onpeneasercs kax B (7) § 292, Jlerko nokasath, YTO BeIpa}eHus (3)
AeHCTBUTENBHO YIOBJETBOPSIOT ypasHenusMm (1) u (2).
Chenyer OTMETHTb, YTO 3TO pEIEHHE NAET 33BHCHMOCTD
xu' L yv' 42w =0. 4

Tunuunoe peiueHne BTOpOl‘O Kaacca uMeerT BuI

0 ¢
u = (n + 1)'1’11—1 (hr) - r“p'n—}-] (hr) hnzr'l‘il-i-:; ox 2—7::_—}- N
0 ¢
v’ =(n+1)pn~s (hl)— — s () R2rHH oy ,27:—:-7 ’ ®)
3 0 Pn
W= (n-+ Dyn(hr ) oo — Mpns (hr) 2t T

Tie @n — 00beMHas ccpepnqecxaﬂ $YHKUMA TOJOXKHUTENbHON CTENEHH n.
Kosuunentsr npu 9,y (hr) w ¢,q1 (hr) B 9THX BbIpaKeHHsX — 05 beMHble
cdepuueckne ¢yHkuuu crenevel -1 W n -1 COOTBETCTBEHHO, TaK
yTo ypasHeHus (1) ymoenersopsiorcs. UYro6ul NpPOBEpHTH, 4TO ypaBHe-
Hue (2) Takxe OynAeT yIOBAETBOPATLCH, BOCHOAL3yeMC (QOPMY/IaMu npu-

Bedenns § 292
¥n ()= —{¥ni1 (), (6)
Syn )+ @A+ D ya @)= pni (D). ™
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ITepuoouieckoe o8uxncerue co cepuieckumu zpaHuyamu

dopmyast (3) Ha ocuosammu dopmyn npusenenus (6) u (7) nawor
COOTHOIIeHHE '

xt' +yo’ 2w’ =n(n+41)2n+4 1) u (hr) gre

)
TMonaras
oW
oy 0z
r Ou oW
=% o ©)
y 00 o
¢ 5% "oy
HAXOAMM B C/yuyae PelIEHUA MEPBOro KJacca
E = 1 3,2 o 2
= 2' e L )1pn_.1(hr)——-—nw,.+,(hr)h 0x e RE?
, 0 7z,
o = "33“1"{ {( +1 )w.,_l(hr) — (k)™ — % - '2‘174?1‘}’ (10)
o= n41) hr) — hryrerAs 2 o]
- —2 N+ 1 ( 'pﬂ—l( . m/"n+l( dz in-{»-l’
3TH BHIpAKEHUS AAIOT
xE -y 428 = —n(n+1)y.(hr) g (1)
B ciyuae ke peuieHuHt BTOPOTrO Kaacca GyldeM HMeTh BhIPANEHHA
’ 9 (/] )
£ =—(2n+1) k% (hr) (}’*5;' - 3‘5}7) Pns
’ ; 0
n = —(2n4-1) Iy, (hr) (Z —ox—-—x—)%, (12)
&= —(@n+ 1) Ry () (X 5=y 55 ) @
¥, CleJ0BATE/NbHO, COOTHOMIEHHE
xE +yy' 420’ =0. (13)

Ilpu BbiBOZe 3TMX pe3ynbTaTOB OblIH HCMOAL30BaHb ypasHennus (6)
¥ crenymoume GOpMyIb, UMEILIHE CUAY AN KAKIAOH QYHKUMH gy

x B rt 07( T 9 0 Xy
Xn= a1 ox rantl
re oxn 2n4-1 0 Xn
= — —r —_ 14
Y=ot (oy ay r‘""")’ (9
ZZ . rt 0xn r2n+1 0 Xn
n = D — - .
2n+1\ oz oz rirtl
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Y1066 NOKasaTh, YTO Mbl NOJYYHM MOAHOE DeuleHne CHCTENbLI \'PaB-
venuii (1) u (2), ecan crnokum pewenns Tuna (3) 1 (5) a9 BCex ueTsX
3HaYeHUH N n AN BCeX BO3IMOXKHBIX QOpM cdepHuecKnX PYHKUUA @, H
#ny 3aMETHM NpexJie BCEero, YTO Ha3BaHHble YPABHEHHA HMEIOT C/1eACTBHAMM
COOTHOIIEHUs

(A+h?)(xu’ +yo’ +2w’)=0, (15)
A+ (xE +yn' +28)=0. (16)

M3 § 292 wenocpeacTseHHO cielyeT, 4TO MNOJHOE peumieHne o6oux
3THX ypaBHeHwHH, NPH YCJIOBHH, YTO CKOPOCTH B Hauase KOODAMHAT
AOMKHBL OHTh KOHEUHBIMH, OyHeT conepxaTbC B pasencrax (8) u (11),
ec/ii Mbl O0O0OWMM 3TH PAaBEHCTBA TeM, UTO OyleM noIpa3yMeBaTh
B O0eMX uYacTAX 3HAK CYMMHDOBawWs 3, N0 OTHOWeHHi0 K 1. Ecan

Tenepb 3HaYeHHUA Bbfpa)KCHHﬂ
xu' -+ yv' + 2w’
"

x& +yn' 2t

3a4dHbl BHYTDH NPON3BOJBLHOH 061acTH, TO 3HaueHuws U', v’, W' snoune
onpeaensioTcs M3 ypaBHenus (2). B camom nese, ecaum npeanonomurh,
YTO CYMIeCTBYIOT IB€ Pa3inuHble CUCTeMbl 3HauennA u', v', W n u’, v”, w’,
YIOBAETBOPSIOUIME BCEM 3aJaHHBIM YCJIOBUAM, TO, TIONAras

ul=ur__u”’ U1=v,—'v”, W1=W'—-W”,

NOAYUHM
xuy -+ yvy + 2wy, =0,
xEy -+ yn + 28, =0, | (7
ou, , ov ow
7x£+'()7}:'+—02—1 =0. ’

Ecin noa #;, Uy, Wy MH OyneM TIOHWMaTb COCTABISIOLME CKOPOCTH
YacTHl KMAKOCTH, TO nepBoe M3 ypasHenuH (17) nokaswsiaer, uTtO
JIHHHU TOKA 00pasyloT 3aMKHYThle KDHBbHE, .I€XaulHe HA CHCTeMe KOHLEH-
TPUYECKHX CdepHuecKHX mnoBepxHocTed, A Toraa ,uupkyasumua“ (§ 31)
ANS KawaO0H TAKOH JMHUM HMeeT KOHeuHOe OT/JH4YHOe OT Hy/sn 3HauYeHue.
Ho, ¢ apyro# CTOpPOHB, BTOpPOe ypaBHeHHe Ha OCHOBaHun § 32 mnokasbl-
BAET, 4TO LMPKYJAlMA JUI KaXKAOHK 3aMKHYTOH KDHBOH, Jexaued Ha
ONHOH M3 HA3BAHHHX cdepuyeckux noBepXHocTe#t, paBHa Hymo. O6a 3Tu
3aKNI04EHHL TOMBKO B TOM CJyuyde COBMECTHMBl ApYr C JIPYroM, Koria
uy, Uy, Wy DaBHH Hy.O.

Taknum o6pasom, B paccMaTpuBaeMOHM 31eCh 3ajaue BCaKHH pas3, xoraa
&YHKUMH @n U ¥, GynyT onpeleneHsi M3 coorHouwenuit (8) u (11), 3ma-
yenns u’, v’, W' GylyT omHO3HauHO onpenensiThes M3 dopmya (3) u (5).

Ecau paccmarpusaemas o6nacTh orpaHnueHa usHympu cdepuyeckoh
MOBEPXHOCTLIO, TO YCJIOBUE KOHEYHOCTH npu r=0 He IOMKHO Goable
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MMEeTb MeCTO, B Mbl MMEeM elle JONOJHUTENbHYI0 CUCTEMY pelueHuH,
B KOTOpOA B cornacun ¢ § 292 ¢yukunn yy (§) 3amenens yepes ¥y, (£)1).

§ 353. YpaBHenus ManbiX ABHMEHHH HECHKHMAEeMOH KHAKOCTH B Cly-
4ae OTCYTCTBMS BHEIIHHX CWJ MMEIOT BHJI

ou 1 op
oF = ¢ ox YA,
o 1 op
of =~ oy T AU, (1
ow 1 op
o= —?5_1-+vAw,'
ou ov ow
E+W+g=0- (2

Ecau Mb nmpemnonoxuM, urTo u, U, W BCE HIMEHFIOTCH CO BPEMEHEM
N0 3aKOHY ™, 10 ypashenus (1) MoryT GuiTb HamucaHel B BHAE

1 op
(A+n1)u=-2E,

@+ =%, 3)
_ 1o
(A+h2)W—“- or !
rae
=3 “

vy
M3 ypasnenut (2) u (3) nonyuaem
Ap: 0. (5)

1) 3pech 6BI0 HCNOJB3OBAHO YCOBEPLIEHCTBOB3HNE, BBEAECHHOE JIsiBOM,
The Free and Forced Vibrations of an Elastic Spherieal Schell containing a given
Mass of Liquid, Proc. Lond. Math. Sec., XIX, 170 (1888).

CaMO HCCAe10BaHHE ¢ HEKOTOPHMH HE3HaYHTEIbHLIMH H3MEHEeHNnsMH B 060-
3HaYEHMAX B3ATO M3 creaylowux pabor aBropa: On the Oscillatisns of a Viscous
Spheroid, Proc. Lond. Math. Soc., XIII, 51 (1881); On the Vibrations of an
Flastic Sphere, Proc. Lond. Math. Soc., XIII, 189 (1882); On the Motion of
a Viscous Fluid contained in a Spherical Vessel, Proc. Lond. Math. Soc., XVI,
27 (1884). PaccmatpuBaeMbiii 37eCh METOX € TEX MOP NPHMEHAICH aBTOPOM 3TOH
KHATM H JIPYTHMH aBTOpaMH K PEIIEHMI0 MHOTHX ¢H3myecknx 3anay. Joaro ne
3ameuain, 4to Kie6m B cBoel paGore, ykasaHHoii Ha ctp. 138,641 Uber die
Reflexion an einer Kugelfliche, B OcHOBHHX ueprax jaax TOT ke MeTol. To
06cToRTenbCTBO, UTO K e 6 w (10 COGCTBEHHOMY NPH3HAHMIO) HE JOCTHT T1aBHOH
LenH CBOEro MCCIENOBAHHA, KOTOPAadA 3aKIoYanack B TOM, uYTOObBl pacCMOTpETh
ondy 3agauy (H3HYECKOH ONTHKHM He3aBUCHMO OT NIPEANONOKEHHH ,TeOMerpH-
4YeCKO#*® TeopHH, BEPOATHO CHOCOGCTBOBANO TOMY, YTO 37a pa6oTa HECNPaBELIHBO
6biia OCTaBieHa 0e3 BHUMaHHA. AHAINTHYECKHE TPYAHOCTH, Kotopmie Kaebuw
CYHTaJ HeNnpeojOIHMBIMH B Ciydyae, KOMAa IJHWHA BOJHB Maja 110 OTHOLIEHHMIO
K 6oabWIOMY KPYry cdepbl, TOXIECTBEHHE C TEMH, KOTOpHE OLliM yKasaHbl Ha
ctp. 653.
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Hoaromy paBeHCTBa

_ 1 op
U= jap ox
1 dp
U"—'-‘th'l'b';, (6)
. L op
w-hz,u?;’;

MPEeACTAaBASAIOT YacTHOe pewieHHe ypasHenu#t (3) u (2), a obuiee pemienue
HMeeT BHI

. 1 dp ,
”_Fﬁﬁ"‘“’]

— 1op ,
V= o TV (M
1 op ,
w h 0z +w,

rae BeqMuHHbL 8, v', W' OupeAensnoOTCS M3 YC/HOBHH, YKA3aHHLIX B Mpe-
NpLAyweM naparpade.
[oaromy pelresns B chepuuecKnx (PyHKUHAX, NMONYMHEHHbIE YCIOBUIO
ObiTh KOHEYHBIMH B Hayane KOOP/JHHAT, PacnajaloTCR HA JBa KJjacca.
PeleHust nepeoro KJacca HMEIOT BHI

p=const.,

0 0
u=1y, (hl’) (y i 2 b-y‘) Xns

9 0
v_—.%(hr)(za_x.ﬁ)xﬂ, ®
0 0
W=y, (hr) (x by =Y 5;) s |
npyrueM
xu -+ yv 42w =0. ©)
Pewsenusi Broporo knacca umeior BWi
p=pn,
1 op, op ) v
u =E‘°‘_/; o +(n+ l)v’n—l (hr) 70—’? — MYn 41 (hl’) h2r2n+3 = rzn’,:_l ,
1 op, o 5
P==- - — n 1 - I g, 43 0 ?,
K2 oy +( + Y¥n 1(hr) o 4 (hr)h r > et (l())
0P, o,’, 0
W= i J_ . 2n+3 0 ¢n
hu 0z + (1 Dy (hr) o2 Ny (hr) B?r by TR
npuyem

xE+yn+25=0, (1
rae & 7, { 0603HauaT COCTABAAIOUHE BMUXpA B Touke (X, ¥; 2). Cum-

BOMBL Jn, Pn, Pn 0003Ha4aOT OGDBEMHbe ChepHuecKre QYHKUHH COOT-
BETCTBYIOUIMX CTeneHeH,





