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TNpennonoxunm, 4ro f(X) o6pamiaercs B Hyab 45 BCeX He GECKOHEYHO
MalbiX 3HAYeHMA X, a AN OGECKOHEYHO MajeIX 3HaueHu# obpaufaercs B
6eCKOHEUYHOCTb TaKMM 006pa3oM, 4To

}of(x)dx——-P; (15)

3TO HAdeT HaM aelCTBHE NOJHOIO AaBJEHUA P, KOTOpPO € KOHLEHTPHUPYETCH
Ha GeCKOHeuHOo Manyl INoJ0oCy NOBEPXHOCTH OKOJO Hauyaxaa. 3amensin C

B ypaBHeHun (12) uepes % ok w wnterpupys no k mexay npenenamu O
W 0O, MONYYUM

(o]
__#xP  (k—%)cos kx— u, sin kx
V=T | T w—mra
0

(16)

Ecan nonoxurs {=Kk-im, rne k 1 m 0603HayaloT NPAMOYTOJbHBIE KOOP-
AHMHATHl NEepPeMEeHHONH TOYKH Ha INIOCKOCTH, TO cBOicTBa BHipasenus (16) conep-
#aTCA B CBOHCTBAaX KOMILIEKCHOTO HHTerpaja

il
e
f . dt. a7

Kak n3BectHO, sTOT MHTErpan o6paujaerca B Hylb, €CIH HHIEIPHPOBATh
no KOHTYPY NpOH3BOJbHOH o6aacTh, He 3axaoyawoued ocoboit Touku ({=¢).
B paccmatpuBaeMoM cayuae c=x#- iy;, Th€ % H Yy 06a NOJOKHTEJbHH.

IMpeanonoxum, 4TO X NOJOKHTEJBEHO, H MPHMEHUM BHIUEYKA3aHHYIO TEOPEMY
K 06JacTH, KOTOpas OrpaHH4YeHa CHapyxH nmpaMoi m=0 n 6eCKOHEYHO 6OJibIIHM
NONYKPYTOM, HMEIOINHM LEeHTD B Hauajde M AJif KOToporo m>0, a H3HYTPH MaJbiM
KPYroM BOKPYT TOUKH (¥, u;). VIHTerpan, B3aThiii N0 GeCKOHEYHO GONBLIOMY NOXY-

4
XpYyry, OUYEBHIHO, HCYE3aeT, M JIETKO NMOKa3aTb, MOJOXHUB { —(C==re , YTO HHTE-
rpal1, B3ATHI MO MajOMy Kpyry, paBeH

—2mig “TIVE,

npHyeM HanpaBieHHE HHTErpUPOBaHHs BuiOpaHo B corxaciu ¢ § 32. Takum obpa-
30M MBI noayyaem

0 o
eikx eka R
e dk ——— dk — 27ie =0,
fk~(x+m1) +Jk_(z+%) "
—00 1]

2 370 PaBHOCHJILHO
(s

e @ i) N

————dk=2ni LT J———-——

Jk~w+mo mie RN TICEST)
0 0

— {hx

(18)

. Ecam e X OTpHUAaTEAbHO, TO MBI MOXeM HHTerpaa (17) B3sTb BIOMb 3aMKHY-
TOM KpuBOH, 06pa3oBaBHOM ApAMOl M =0 u GeCKOHEYHO 6OJbLUIHM NOJIYKPYTOM,
Jexamum Ha TOH CTOpOHE, AAA KOTOpoil m < 0. DTo jmaer Takoi pe3yabTaT, KaK
Pannwe, c 71Ol pasHHueif, 4TO Tenepp HCYe3ae€T uieH, 3aBHCAWUH OT ocoboit
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‘TOYKH, TAK KaK STa TOYKA JNEXHUT BHE KOHTypa. Takum 06pa3oMm Aid OTPHLATENb-
HOTO X moJyyaercs
(=< [e o]
ikx — ikx

j._e__dk_ e
k—Getip) ) k+(et+ip,)
0 0

Ipyras dopma nocienHero uiseHa ¢opmyast (18) moayuaercs, ecid HHTErpu-
poBaTh BJOJIb 3aMKHYTON KPHBOH, KOTOpas 06pa3soBaHa M3 OTPHUATENbHOH 4acTH
ocH k, NoNOMMTENbHOH YacTH OCH m H GecKOHeuHO O6ONBWOH JAYyrd YETBEPTH
kpyra. Takum 06pa3oM MBI HaxOAUM

dk. (19)

0 <)
e‘lhx e-—mx
- k ; — i dm=0,
J k—(e+ipy) a +J"""‘("+'I‘1)'dm
—00 0

4 3TO PaBHOCHUIABHO
oo

~ e—ihx e—mx

—t  _ _gk=|— _im 20
J ket Jm—ﬂﬁrm dm 0
0 0

3710 rogurcAa IAA MOJOXHTENBHOrO X. LN OTPHLATENLHOrO X MBI JOJKHBI
B3ATb B KaueCTBe IYTH HHTErPHPOBAHUA OTPHUATENbHblE YacTH OCel kK M m H
GeckoHe YHO 6OJbLIYIO AYTY YeTBEPTH Kpyra. JTO HaeT

[oe]

e—ikx emx
— ek = | ————— dm, 21
Jk—k(x—l—lm) a f m-py —ix% dm @b
0 [}

4TO ABASETCH MpeoGpa3oBanueM npasoil uactH (19).
[pn 9ThHX BbIBOJAX u, GblIO HONOXKHTENAbHO. COOTBETCTBYIOIHE PE3yAbTaTh!

nna mnerpana
eixc
— e d 22
JC—(x—lm) ¢ 22)

IAA HAUIMX HAaCTOAIMHX LeneH He HYXHbl, OJHAKO MBl UX AaJHM, 4TO6B HMETH BO3=
MOXHOCTb HMH MOJb30BaThCA BNOCAEACTBHU. A MONOKHTENLHOTO X Mbl HAXOLHM

[=o] (o] oo
ezkx e—ikx e—-mx
——e— = | ———— k= | — —————dm, 23,
fk—-(x—-wx)d fk-i-(x—ml)d j m--p, +ix @3)
0 0 0
4 LIt OTPHUATEIBHOIO X
o0 [oe)
e i (% — up)x ¢ T
J ety = — i + e
0 0
(o]
. N mx
- —27!1'81 (x—ipg) x +J ,__e___ dm; (24)
m—p, —ix
0

MOoBEPKY Mbl MPENOCTaBiAsieM uuTaTeNdo ).

1) Jlpyryio TPakTOBKY STHX MHTErpasoB MOxHo Haiitu y Dirichlet, Vor-
lesungen iiber die Lehre’ von den einfachen und mehrfachen bestimmten Inte-
gralen (u3n. Arendt), Braunschweig, 1904, crp. 170.
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Ecan B3ath nAeiicTBuTennHbule wact dopmyn (18), (20), a takxke (19), (21),
TO NMOAYYHM CHERYIOI{HE PEe3yAbTATH.

Popmyna (16) aas MoNOKUTENHHOrO X PABHOCHABHA BBIPANKEHHIO

oo
:rrge wp V= —2ne " sin ux_;.J (k+#z:(j:’l:;:7ésmkx die =
>* —mx
— _
=~ et [SEte (25)
0

3 oA OTpUUATEeNbHOTO X

;e [(m+w) & dm
P VT | Tmruy e (26)
0

VcronkoBanue 3TMX Pe3yJbTaTOB HOCTATOYHO mpocToe. IlepBuift uieH
B dopmyne (25) npeacraBisieT psX NPOCTO rAPMOHMYECKMX BOJH, MPOCTH-

paromuxcs OT Hayajna B Hanpas/JAeHHH Te4YeHHs; AJHHA BOJHLI pPaBHA
27c?

T 2 aMIAHMTYAB! yOLIBAIOT MOCTENEHHO 10 32KOHY ¢ ", Dononuurens-
Has uyacTe AedopManuH CBOGOIHO#t NOBEPXHOCTH, KOTOPas BHpaxaercs
onpeje/eHHHMH HaTerpajamu B dopmynax (25) u (26), 6yayun oas Manabix
3HaueHHMH# X OueHb 6O/bLIONH, O4eHb GLICTPO y6bIBAET MO Mepe BO3PACTAHHSA
a6COMIOTHOrO 3HAYeHHs X, Kak Obl HH GBI MaX KOS(HUMEHT TPEHHR 4.

Ecan u, GeckoHeuHo Majao, TO HAIIH Pe3y/AbTaThl MPHMYT CACRYIOULYO
Gonee npoctyw dopmy:

oo
ngo . _ o coskx .
“p V= —2nsmdx+_’ T Tx dk =
" 27
=——2nslnxx+rm,+xs dm, (27)
ANA TONOXKHTENBHOTO X H
g oo k ©o memx
nge ., [coskx ‘
x_tfy'_.’k—i-x - J i dm (28)
0 0

ona OTPHHATEJNBHOTO X. Ta wacts BO3MYUICHHA YPOBHA, KOTOpas mnpen-
CTasNeHa B 3THX BHIPD2XEHHAX OnpeAe/eHHbIMA HHTErpanamMu, SABJIAE€TCA
Tenepb CHMMETPUYHOR MO OTHOINGHHIO K Haualy, M OHAa OeCIpepHBHO
yﬁbIBaET C BO3pacCTaHdeM pAaCCTOAHUA OT Hauasaa. Ecau XX He CJIULIKOM
BeHHKO, TO OGBIYHBIMH METOAAMH MOXHO YCTAHOBHTL MNMOJAYCXOAALIECECH
pasnoxenne

PO —mx

me 1 3 5!
Frroppr dm = — 4x4+x,x°~—... (29)
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Torna oxa3sbiBaercsi, 4TO Ha PpaCCTOSHUM TPHOMH3UTENBHO TONORUHBI
JAMHB BOJHbH B HAanpaBJeHHH Te4YeHHsd, CUYHTAas OT Hayana, Mbl Oyiem
UMETb BIOJHE YCTAHOBHBIUMHCH rapMOHHYeCKHH NPOGdHIL BOJHHL.

OnpenenenHbie uHTErpasnl B (27) u (28) MOXHO CBECTH K M3BECTHBIM (yHK-
uusaM. [Noaoxus (k4 %) x=u, Aas NONOKHTEALHOrO X 6GyaeM HMeETh

[eo] k (e o]
cos kx s (#X — U
. k+2 u
xX
. 1 . .
= —Cixx cosxx+4 (—2~ 7 — Si nx) sin xx, (30)
TAe B COriacHH ¢ ynoTpeGHTeNbHBMH OOO3HaYCHHAMH Mbl IOJaraeM
o] u
. cosu . sinu
Ciu= — f du, Siu= f du. 31)
u . u
u 0

Pyukuun Ciu n Siu tabyanposansi ['nesepom ). OxaspiBaercs, YTO OHH,
HauHHas OT Hyas, OYeHb OHCTPO NPHOAHKAIOTCA COOTBETCTBEHHO K CBOMM nipe-
neabHbiM 3HavewuaM O M 1/, # ¢ Bo3pacTaHuHem u. [na MajnbiX 3HaueHHH U Mbl
uMeeM

. u? ut
Clﬂzy—}‘lnu"z—.z-r-}-m!—— ey
us ub
T33r s T
rae y o6o3Hauaer 3haepoBy mocrosHHyw 0,5772...

Siu=u

W3 (25) u (26) nerko BuiaeTh, 4YTO AAs OGECKOHEUHO MafblX 3HAye-
HHUR W, NIONHOe ONYCKaHHWe NOBEPXHOCTH GyleT PaBHO

r P
—fydx= £, 33)

TaK Xe, Kak ecad Obl XKHMIAKOCTb Obljia B NOKOeE.

§ 244. Buipaxenus (25), (26), a Taxxe (27), (28) naor GeckoHeuHO
60/b110e BO3BhILIEHHE B Hayajie, OJHAKO 3TO 3aTPYAHEHHE OTNajaer,
€CAM pacnpereNuTb NaBJeHHE NO IOJOCE KOHEUHOH! LIMPHHBI, BMECTO TOrQ
yto6Hl, KaK MBI Jelanu, KOHUEHTPMPOBaTh €ro Ha MAaTEeMaTHYECKOH JIHHHH
TIOBEPXHOCTH.

1) Glaisher, Tables of the Numerical Values of the Sine-Integral, Cosine-
Integral and Exponential-Integral, Phil. Trans., 1870; u3Bieuenus orciona GuuIH
naunl Dale n Jahnke und Emde. Buuncienus nocaessero uarerpaia B (27)
yepes MHTETPAaAbHBIE CHHYC M MHTErpaibHbiii KOCHHyC Oblno nposezeno I ae-

MHIbXOM HHHM CHOCOGOM, ueM H3IOXKeHO 3jech, Sur lintégrale définie
Lo o]

"ﬁ% ¢—*%, Crelle, XXXII1 (1846); cm. Takxe De Morgan, Diiferen-

0
tial aggslntegral Calculus, London, 1842, crp. 654, 1 Dirichlet, Vorlesungen
crp. 208.
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Yr1o6bl BLIYHCAMTH AeHCTBHE DpacnpeneseHHOro NaBJeHHs

Po=[(x) (34)

Mbl JO/KHB TOJbKO NMocTaButh B (27) u (28) x — a BMecTO X, 3amennTh P
yepe3 f(a)da u nonyyeHHOe 3HaueHHe Y NMPOMHTErPHPOBATH 10 & MEXAY
COOTBETCTBYIOIMMH TnpefefaMH. U3 H3BECTHBIX TeOpeM MHTErpajabHOro
HCYMC/IEHH CJlelyeT TOrAd, YTO J/AS KOHEYHOro p, HHTerpan Oyner
KOHEYHHM AJs BCeX 3HayeHuit X.

Ecnu Ha vacTb NMOBEPXHOCTH, NPOCTHPAIOWIYIOCS OT — 00 A0 HAyasia,
1IPHIIOKEHO TOCTOAHHOE JaB/leHHe, TO C MOMOLUBLIO HKHTerpuposanus (25)
a1 x>0 MOXHO JIerKO YCTaHOBHTb

- Mmx

goy = — 2p, cos xx -+ %fe——d—m (35)
0

mi

npuyeM gy OBIIO NONOXKEHO paBHHM Hymo. Ecnu xe nasneswe p, pac-
fpelneneHO MO TOH 4YacTH INOBEPXHOCTH, KOTOpas npocTHpaercs oT 0
10 40, T0 Ana X <0 Halmem
o mxd
__xp, [ € m
gQ}"— 7T m!+,‘l . (36)'
'0 .

W3 aTux pesynbTaTOB /1€rKO MOXHO BHIBECTH COOTBETCTBEHHbE (BOPMYIL
LS Caydasl, KOrja JaBleHHe PDaBHOMEPHO pachnpeneseH0 10 NOJOCe
KOHeuHOH wHpuHb. Onpenenenubie uuterpaan B (35) u (36) moxno

BupasuTh uyepe3 dyskuun Ciu, Siu; wanpumep, nns unrerpana s (35)
NOJyyaeM BhIPaXKeHHe '

x re ™ dm _ ( sin kx dk =
J m4x® = | k+= =
0 0
= (—;—n —Si xx) cos %X -+ Ci %x sin xx. @37

STum cnocobom noctpoena ¢mr. 59, KoTopas npencraBaser cayuah,

koraa nonoca (AB) uMeer mupuny %! uam 0,159 uacTH ANMHE CTosyedd
BOJIHbI.

lono6uuft cyualt NPUGIH3HTENLHO OCYLIECTBAACTCH, eC/iM TIOFPYy3HTh
PeGpo nerko HAK/OHEHHOM NOCKH BHYTDh IOBEPXHOCTH NOTOKA; Pa3iuuMe
Gyzer cocToATh B TOM, YTO NaBNeHHE HA CMOYEHHYIO YaCTb HOCKH HE
Gyner paBHOMepHEIM, OHO GymeT yGHBATh OT CDEHHX YacTel K KpasM.
"T06b 06ecneunTs paBHOMEpHOE pacnpefeseHHe AABAEHHS, AOCKA AOMKHA
OhTb HCKDHBNEHA y KDaeB M HMEHHO IO ¢dopme Tex uacTe#t npoduas
BOJHbI, KOTOpHE NPUMBIKAIOT K TOYkam A, B dwur. 59.
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CnenyeT 32METHTb, YTO eCJH IIMPHHA NOJAOCH €CTb TOYHOEe KpPAaTHOe
27
JJIHHB BOJIHbBI (—”—), TO Ha HEKOTOPOM DACCTOSSHHH OT HUCTOYHHKA BO3-

MYyteHHs NMOTOKa KAakK B HanpaBsjieHHU TeUEeHHs, TaK W TMPOTUB TeuyeHHUsd
BO3BbLILUIEHHE TTIOBEPXHOCTH 6ylleT PaBHO HYJIO.

dyr. 59.

dur. 59 BisBAgeT B TOYKax A, B HeKOTOpHE OCOGEHHOCTH, MPOUCXO-
IfdMe OT Pa3phiBa NMPHJIOKEHHOrO HaBienus. Bosee ecTecTBeHHHIH cro-
€06 npenCTaB/EHHS JOKANLHOTO HNABJeHHst GyJIeM MMeTb, €CAH TOJIOXKUM

P b
Po=— Pix (38)
Ml MOMeM NpeACTaBHTH 3TO B BHIE
(o]
_P 1 P ( —kbtikx
Po=rpm=m | €, (39)

0
MPH YC/IOBHH, YTO B KOHUE GYRET COXPAHATHCH TOJBKO JEHCTBUTETbHAA
yactb. Ilonb3ysacs dopmynamu (9) u (10) § 242, Buaum, uto coorser-
CTBYOLIee BO3BHIIEHHEe CBOGOAHOM MOBEPXHOCTH OyHeT NPeACTaBAATHCH
B BUIE

@ __kb+ik
"”J e k. (40)

g@)’=7;e k—x—ip
0

Metonom § 243 mu Haxomum, uyTo nias X > 0 3TO paBHOCHABLHO
xP ki Gty (€T ] 41)
ggy:_f; 27![8 +f mdm ‘»’ (
0

a s x<0

goy =P f _emtms . (42)

m+ﬂ1—i’¢
0
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Orciona, Geps neficTBuTenbHble vuacTd M nmonaras u, =0, moayuum

g0y = — 2xPesin xx +

(o]
+£:f mcosmb—xsmmbe_mxdm’ [x>0]’ (43)
0

me 4 »

gey=—”£ r mcost:l:;:zsinmbemxdm [x<0]. (44)
0

—xb

MHoxuTteas e B mepsoM 4iaeHe mnpaBo# uactH (43) mokasniBaer
BJMAHHE TOTO OGCTOATENbCTBA, UTO AABJEHHE PACIpPese/leHO HA KOHEYHYIo
o61acTh. Jlerko nokasare, 4YTO 3HayeHWa Y, AaHHHe (opmyaamu (43) u

{44), a TaKke 3Ha4YeHHs % g x=0 cosnanaior 1),

§ 245. Ecan B 3anaue § 242 M mpumeM riayGuHY KOHEYHOR M paB-
HO# M1, TO, NMpM OTCYTCTBHH CHN TpPeHHsl, 3aKaya GyleT HeonpeneneHHOR
WM ONpeneNeHHOH, cMOTpA MO ToMy, OydeT JM CKOPOCTb MOTOKAa C
MeHbllie HIH GOJbuie, yeM (gh)”’, T. €. MaKCHMaJbHOH CKOPOCTH BOJIHBI
Ansl jaHHO# ray6unn; cM. § 229. B nepsoM cayuae noayyaiouecs
3aTPyOHEHHs MOryT ObiThb HM3GerHYTH BBeJE€HMEM MaJIBX CHJ TDeHHH;
HO, COT/IACHO NPEXHWUM MCCHAEJOBAHHAM, MBI MOXEM yXe 3apaHee mpel-
BUAETb, YTO IAaBHHH 3GdeKkT 3THX CuA TpeHHs OyNeT COCTOATL B TOM,
YTOGH YHHYTOXMTL BO3BHILIEHHE IIOBEPXHOCTH H2a HEKOTODOM PacCTOSHMH
B HanmpasieHuH, OGPaTHOM TEYEHWIO, OT 0GJACTH pacmpeleNeHHOro LaBje-
HUA; MOSTOMY, €CJM MBI IIPHMEM 3TO C CaMOTO Hayala, TO He Oyaer
HEOOXONMMOCTH YCJOXHATh HAUIM YDABHEHWs COXPaHeHHeM 4JIEHOB, 3aBH-
CAWHX OT TpeHHs 2).

Ons cayuas mpocTo rapMOHHYECKOrO paclpefeneHHA aBieHHA MBI OJaraeM,
Kax B (3) § 233

%. = —x+pchk(y+ h)sinkx,
1)
+ = —y+Bshk(v+h)coskx.
Ha nosepxuoctn
y =B sh kh cos kx 2)
Ms 6yaeM MMETb TOTAa
B — gy — 5 (4"~ %) = B (ke* ch kh— g sh kh) cos kx, )
TAK YTO HaJOKEHHOMY AaBIEHHIO
Po=C cos kx C)

1) Jpyro#i cnoco6 TpaxkToBKH mpoGremn § 243, 244 MoxHO Haiith B pabore
Kelvin, Deep Water Ship-Waves, Proc. R. S. Edin, XXV, 562 (1905)
[Papers, IV, 368).

%) Ins MannX CHA TPEHHs He OCOGEHHO TPYMHO GyHeT BHAOH3MEHHTH HCCle-
XoBauus TaKkHM 06pa3oM, YTOGHl ITH CHIB GLUIH yYTEHHI.
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6yjaeT COOTBETCTBOBATH (opMa NOBEPXHOCTH

< sh kh
@ kc2chkh—gshkh

‘Tak xe, xax B § 242, naBreHne Ha BNajWHaX BOAHB 6yner HaHGOJABIIHM, a Ha
rpe6HaX BOJHb HAHMEHbLIHM, UIH OGPaTHO, B 3aBHCHMOCTH OT TOro, Gyaer am
Ja¥Ha BOJHB GoJbille HIH MeHbllle, YeM JJIMHA TOH BOJHBI, KOTOPAs COOTBETCTBYET
CKOPOCTH ¢; 3TO HaXOAMTCH B COTJACHH ¢ o6uteit reopueii.

O6o6mwas dopmyay (5) no merony Pypse, noayyuMm opmyry

o0
P sh kf cos kx
= dk 6
y ,,ef ®)
0

y cos kx. (5)

kedchkh—gshkh

NpeacTaBasoyo 3¢g@exT TOro jJaBAEHHA, KOTOpOEe pacnpeleieHO No y3KOi mno-
Jloce NOBEPXHOCTH OKOJO Hayaja M MOJHAs BEJAHYMHA KOTOPOro pasHa P. Jro
BHpaxeHHe MomxeT ObITh HAaMUCaHO Takxe H B dopme

xu
X cos—
0¢? h
V= f oh du. (N
< uctgh u—5
PaccMoTpuM Tenepb KOMIIEKCHBI HHTErpai

it

" eh

gotgh ¢ — 81

daz, )

rae {==u-+iv. PyHKUHS NOJX 3HAKOM HHTerpaia OygeT HMerb B Touke { = Fjco
0co6yI0 TOUKY HJIH HET, CMOTPsi NO TOMY, O6YAEeT N X MONOXHTEIbHHIM HJIH OTPH-
HATEJbHBIM; OCTaJlbHble OCOOLIE TOYKH JAIOTCH KOPHAMH ypaBHEHHSA

ltght _ ¢
L= ©)

Tax kak (6) ectp uerHaa ¢YHKUHA OT X, TO JOCTATOUHO pPacCMOTperb Cay-
4yaH NOJOMHMTENbHHX X.

TpeanoxoxumM cHauyana c2> gh. Kopuu ypapuenns (9) Gymyr Toria BCe
YHCTO MHUMBIMM, BHAA 4 if, rie B ecTb KOPEHb YypaBHEHHSA

2
B gh
HanMenblimii TONOKHTENBHHH KOPEHb 9TOrO YpaBHEHHA JexHT Mexay O
H f,m, a G6GoJbLIME KODHH CTPEMSTCA cO Bce Golee pacTymiuM HRpuOamxeHHeM
K 3HauYeHmo (s--1/,) =, rne s ectb uedoe uHcAO. Mbl 0603HauHM 3TH KOpBH
uepes Py, P1» P - - -» PACUONAras HX 1O BeawumHe. Pacmpocrpammm uurerpai (8)
110 32aMKHYTOH KPHBOH, 06pa30BaHHOH OCbI0 I, GECKOHEYHO GOJBIUHM NOXYKPYFOM
Ha TNONOXHTENbHOH CTOPOHE 9TOH OCH H pANOM MaJbiX KpPyros, OKpYxalolHX
oco6bie TOUKH §==if,y, ify, if,, - . - YacTs, cooTBercTByOIMas Geckoneyno Goib-
WIOMY MONYKPYry, OYeBHIHO, Oyjner Hcue3arb. Jlajee, H3BECTHO chaepyloulee:
ecad a €CTh mpocToit xopewb f({)=0, TO 3HauYeHHe MHTErpana

F ()
Jo %
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B3ATOrO B MOJOXKHTEILHOM HanpaBleHHH BAOAL MaJOro Kpyra, 3aKiioyaioumero
TOYKY {=a, paBHO

. F(a) _
i ——f' @’ (¢93)

B Hawem cayyae pas (8) mmeer MecTo

r@=cge—atgnta—= { £ (1-f)+a }i

OTCIAA CAEAYET, €CAH NMONOKUTL a= if;, uto BHpaweHue (11) npunuMaer BUR

x

...ﬂ —_
2uBe oW a3
rie
8,
B 14
B (g 0
8 c2 cl

Teopema, uto mHTerpan oGpamaercsi B Hynb, KOra OH PACHPOCTPaHeH MO
3aMKHYTOMY KOHTYPY OOGNacTH, BHYTPH KOTOPOH NOAMHTErpaabHas (yHKUHMs
KOMIMIEKCHOrO NepPeMEeHHOro He HMeeT OCOOHX TOueK, Aaer

0 ixu i
P ebh—— % eT b -—ﬁs-%
S — U -2 B =0.
[t o e B e 0o
S u cigi H—F ° uctg ll—'—c‘; [+

Ecau s MEPBOM HHTErpaje HaANKUCATh — U BMECTO U, TO MOJYYHM

b - © 8
f L ghdu=n233e *E (16)
0 0

(o]
P —Be 7,
=G ZBse . 17
- ,

OkaswiBaercd, UTO BO3BHILLEHHE NOBEPXHOCTH (KOTOPOE CHMMETPHUHO OTHO-
CHTE/ILHO Hayana) Ha M3BECTHOM PACCTOSHUM OT MECTa BO3MYyU[eHHs yxe Oyxer
He3aMeTHBIM.

C npyroit cropomsi, ecau 2 <gh, To ypaBHenne (9) Gyxer umerh napy Aei-
CTBUTENLHBIX KOPHEH (ycTb OHH PaBHM = a) COOTBETCTBEHHO HAMMEHBLIMM KOD-
HAM (+f,y) ypasnenus (10), KoTOpHe caMi Temeph MEPECTAIOT GHITh AEHCTBHTEND-
HbiMu. Murerpan (7) CTaHOBHTCS TOrJa HeCOGCTBEHHBIM, TAK KAk (YHKIMA IOX
SHaKOM HHTerpana BHYTPH OGJMACTH HMHTEIDHPOBAHWA CTAHOBHTCA GECKOHEYHOH.
-AHO H3 3HaYEHWH STOrO HHTErpana, HUMEHHO ,T[NaBHOE 3HAYCHHE® B CMbiCie

OWH, MOXHO, OHAKO, ONpPENENHTh TEM XKE CaMBIM METOZOM, Kak paHblue, MPH-
IeM TOuKHM { = 4 @ HCKIIOYAIOTCA H3 NMYTH MHTETPHPOBAHHA C NOMOLIBIO MAlbBIX
TONyOKpyKHOCTEH pagMyca e Memauux Ha TOi CTOPOHE, Tie U MOJOXKHUTENbHO.
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YacTn KOMILIEXCHOro ®RTerpana (8), COOTBETCTBYIOLIHE STHM MOXYOKDPYXKHOCTAM,
6ynyT

25
T ES
rae j/ (a) naercs dopmynoit (12); ux cymma, clenoBarenbHo, 6yLeT paBHa
27 A sin g’—lx— , (18)
rne
A= ¢ ) (19)

a? — if (c’ —l)

Ypaaﬂenne. cootBeTcTByloutee (16), npuHMMaeT Tenepb BHA
s Xu .
h —pgs
+ ———— 5 du=—nAsin 5~ +,, Be "R, (20)
tgh u — ﬂ
ate uclg 1
TaK UTO €CIH Mbl BO3bMEM TIJaBHOE 3HaueHHe HHTerpana B Qopmyre (7), 7o

dopMa TNOBEpPXHOCTH Ha TOH CTOPOHE, HA KOTOPOH X MONOXKMTENbHO, OYRET
AdaHa ypaBHEHHEM

y=—Lasin & 4 2‘3 & @)

Takum 06pa3oM Ha HEKOTOPOM DACCTOSHMH OT Hayada JAedOpMauus NOBEPX-
2nh
HOCTH 6yHeT COCTOATh M3 NPOCTOr0 FapMOHHYECKOTO PALA BOJH JIMHE — »pen-

CTA4BAEBHOTO NEPBLIM WIEHOM; 3T2 JIMHA BOJHBI COOTBETCTBYET cxopocm pacnpo-
CTPaHEHHA ¢ JIO OTHOIUEHHIO K CIIOKOIHOH BOXe.

Tak kak ¢yukuus (7) CHMMETPUYHA IO OTHOUWIEHHIO K Hayajly, TO COOTBET-
CTBYIOUIMH PE3yAbTaT AJs OTPHHATENBHBIX 3Haqemﬁ~’x X HanUuleTcs B BHIE

P
y=paAsn G+ g 23 @2

OG6uiee pelleHde Hauweil HeompegeneHHOH 3anaqu Mbl IIOJNYYHM, €CIK. DpPH-
6aBuM K BuipaxkeHHsM (21) u (22) uneHsl BHia
ax
C cos ——+Dsm = (23)
h h
ecan Mbl BhifepeM 3TH WleHbl TakHM 06pa3oM, 4T0 Jedopmalys NOBEPXHOCTH Ha
HEKOTOPOM PpacCTOSHHM HPOTHB TeYEHHA CTAHET He3aMeTHOH, TO nonyudnM
NPAaKTHYECKH TrOXHOE peilleHHe, B KOTODOM NPHHATO BO BHHMaHHE BIHAHNE

6eCKOHEYHO MaJbIX CHI TPEHHA. Takum NyTEM Mbl B KOHLE KOHLOB AJs NOJOXN-
TeAbHBLIX 3HaYEHHH X NOJAYYHM

(=] x
__2p ax , P —Bs 3 4
y= QCZA in h+QFlEBse N (2)
a Ajafa OTPHMHATEC/ADbHLIX 3HAYEHHH
(2] X
_P Ps (25)
~am ubBe "
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3a apyruM cnoco60M H3yYEHHA ONpeJeNeHHOr0 MHTerpajia B Hawed 3anaue
Mbl ROJKHBI OTOCIATh K yiKe Ha3BamHOH paGore KeabBHHa.

§ 246, Tor xe caMuii Merol MOxer OHTb NPHMEHEH IJS HCCAEROBaHRA
BAHAHHA HeGOMBILNX HEPOBHOCTEH JHA Ha PaBHOMEPHOE TeueHHe !).

Has cayuas mHa, roppHPOBAHHOIO 110 FAPMOHMYECKOMY 3aKOHY:

y=— h+ycoskx, )

npHYeM Hayalo, Kak OOLIYHO, JIEXHT HA HEBOSMYIICHHOH NMOBEPXHOCTH, MBI TpH-
HMMaeM

;L = — x (a ch ky+ B sh ky) sin kx,
= — y+(ash ky+ 8 ch ky) cos kx.
Ycaosue toro, uro (1) n0mxHO GHTb JHHHEH TOKa, HalMIIETCA B BHAE
y=—ashkh+ §chkh. )
dopMyJa RaBlieHHs B NPHOIHXXKEHHOM BHie Oyraer
—Z— = const. — gy + k¢? (a ch ky - f sin ky) cos kx, 6);

¢1€10BaTelbHO, BAOAb JHHHH TOKa =0 OyxeM HMeTb

% = const. + (kc2a— gB) cos kx,

T4K YTO YCJIOBHE AJA CBOOOLHOH IIOBEPXHOCTH JA€T
keta=gh=0. (5)

Ypasuenus (3) u (5) ompepensior a u f. Ilpoduar cBoGomuo# nosepxuocTa
laeTcA YPaBHEHHEM
4

g
ch kh i sh kh
Ecan ckopocth nmoroka OyAeT MeHblle, 4Ye€M ONpeleleHHas ¢opMmyaoi (4)
§ 229 cxopocThb BOJH, PacHPOCTPAHAIOLIHXCH B CHOKOHHOH BOZE IOCTOAHHOM ray-
6MHBl A, BJIMHAa KOTOPHIX B TOYHOCTH DPaBHa PacCTOfHMIO Trodp ApYyr OT ZApyra,
TO 3HameHaTelb OyleT OTpHUATeNbHBIM. B 9TOM ciyyae BO3BHIUEHHS H ONyCKa-
HHsi cBOGOIHOH NOBEPXHOCTH 6YNYT KaK pPa3 COOTBETCTBOBATb ONYCKAHHAM M BO3-
BHIUEHHSAM RHAa. B NPOTHBOMOJOMKHOM Ciyyae BO3BHILICHHA H ONYCKaHHA cBOGON-
HOH NOBePXHOCTH OYAYT COOTBETCTBOBATb BO3BLILIEHHAM M OINYCKaHHAM RHa,
HO C pa3JHYHLIMH IO BeJHUHHEe aMmaurynamd. Ecam ¢ uMeer B TOUHOCTH 3Haue-
Hue, nasaemoe ¢opmyaoit (4) § 229, T0 peunieHue CTAaHOBHTCS HEBO3SMOXHMM, KaK
M ClefoBalO OXHAATh, TAK KaK 3HaMeHaTeJb oGpamaercd B Hyab. YToOw moay-
UHTb H JJIA 9TOrO CAyuyas PEe3yNbTAT, HMEIOLHH CMBICH, Mbi NPHHYXIEHH npH-
HATb BO BHHMaHHE OCO00 AHCCHIATHBHHE CHJIB TpPEHHA.
BrinlensnoxeHHOe pellleHHe MOXHO N0 TeopeMme Pypbe 0600uUTh TaK, Y4TO6H
OHO rogujOCh L&A CiAyyas, KOrja HEPOBHOCTH AHA CJIEAYIOT IPOM3BOJALHOMY 3a-
KoHy. Tak, ecnin mpoduab jHa BaeTCA ypaBHEHHEM

y=pcoskx=

cos kx. (6)

y=—h+f(x)=—h+-1;f dkff(&)cosk(x—&)d&, @
0 ———C0

)Sir. W. Thomson, On Stationary Waves in Flowing Water, Phil.
Mag.'(5). XXV, 353, 445, 517 (1886); XXIII, 52 (1887) [Papers, IV, 270]. Baus-
g;l; gt(e)alxoro H3MEHEHHA YPOBHA JHa HccaegoBanoch Wien, Hydrodynamik.
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T0 opMy CBOGOAHOH MOBEPXHOCTH MBI NMOAYUYHM C MOMOU(bI0 HANOXKEHHS YIEHOB
tuna (6), COOTBETCTBYIOUIHX PAa3NMYHbLIM 3JMEMEHTaM HHTerpana ®Pypbe; TakuM
0o6pa3oM M 6GyneM HMETb

© (oo} k
y= l”f‘”‘f [E)cosk(x—8) ;e (8)
T4, cnkn— L shin

B cayyae eIMHCTBEHHOH HM30MMPOBAHHOH HEPOBHOCTH Ha JAHE B TOYKE, Je€Xa-
e BePTHKAaNLHO IO HauaJoM, 3TO NMPHBOIHTCA K

Q > cos kx Q ® i Cos xu
y=7f : dk:—nf A O
o Chkh—k-c—z' sh kh ¢ llChll——'§2~Shu

rae Q mpencTaBAfeT BEAHYMHY NJOWALH, OTPAHHYEHHON NPOdHIEM HEPOBHOCTH
d o6umM ypoBHeM gHa. Hia cayyas MOHHXKEHHA @, KoHeyno, OyHeT OTpHia-
TeAbHBIM.
HUccnenoBanne uHTerpana
ixd

f ge M d¢ 10)
teng—Et she

MPOBOAUTCH B TOUHOCTH, Kax B § 245. [IMopuHTerpanbHas GyHKUMA OTJIHYAETCHA

TOAbKO MHOXHTCIEM ;ocoéue TOYKH, CIE€X0BATEIbHO, CYTb TaKHe Ke,

sh ¢
KaK H paHbllle, H Mbl MOXEM IO3TOMY CPa3y HanucaTb Pe3yabrar.
Takum 06p™30M Aaa ¢ > gh ¢hopMa NOBEPXHOCTH OyneT

o

ﬂs Iﬁsf
y=%23—e m an
0

s sin

mpUYeM BEePXHHH MAM HMXKHHH 3HAK CTaBHTCA, CMOTPA MNOTOMY, 6yiaeT au X
MONOX HT €AbHBIM WIH OTPHHATENbHBIM.

Ecan xe ¢2<gh, T0 mpakTHYeCKH yAOOHOe pellleHHEe IIf NOJONKHTENLHOrO
X HANHIIETCS B BHIE

2Q Qv , Bty
=Ry 2 G, Q P R
y= hAshasmh—l_hZBssinﬁse ' (12)
1
a AN OTPHHATEJbHOIO X
&
_ 9_ B B W
V=% 283 sin B, ¢ ) (13)
- :

Cumsoan a, f, A, B, nmewT 10 ke 3HaueHHe, Kak B § 2457).

1) OueHb MHTEpPECHBIH PHCYHOK NPOGMAA BOJHB, OGYCIOBAEHHOrO M30JAHPO-
BaHHOMH HEPOBHOCTHIO Pycna, BCTpeuaeTca B pabore Kenb Buna, Phil. Mag. (5)
XXII, 517 (1886) [Papers, IV]. Bausnue pasauuHoro poxa HepoBHOCTel Hccae-
nosano Uusortu B HoBHX TOMax Rend. della R. Accad. dei Lincei B mpeamnono-
WEHHH, YTO ¢® HACTONbKO Gosblie gh, YTO MOXHO NMpeHeGpeub BAHAHMEM TH-
wWecTH. DTH 3aau¥ MMEIOT TaKO# e Xapakrep, kak B § 73.
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§ 247. IonoGueiM ke O0O6pa3OM MBI MOXEM BBIUUCIHTB TO BO3-
MylileHHe, KOTOpOe BO3HHKaeT B PaBHOMEDHOM IOTOKe BCJAelACTBHE MO-
rpyXeHusl UMIMHAPUYECKOro TMPEeNATCTBHUSI, OChb KOTOPOro TOPH3OHTaIbHA
W NEepNeHIAMKYJISPHA K HAMpPaBJeHHIO MOTOKA, NPH yC/IOBUH, uTO paguyc |
UMJIHMHAPA Manl) cpaBHHTeNbHO € IIyGUHOH f morpyxenus ocw.

Mul nuueM

p=—cx(l+ )+ 0)

rle ¢, KaKk W paHblie, 0603Hayaer OGLIyH CKOPOCTbL MOTOKA, 4 F — pac-
CTOSIHME OT OCH UWJIMHAPA, WMEHHO

r=Vx3+y+H% 2
HauyaJd0o JAeXHUT 34eChb Ha HeBOSMyIﬂeHHOM ypOBHe HOBerHOCTH H KakK
pa3 BEPTHKANbHO HAaX OCbK, DTO BBIpaMeHHe HAeT

og
5o = JIst =
or 0 ans r=~0,
eC/u TMPEANONOKUTh, YTO 3HAUEHHEM X B OKPECTHOCTH HHUJAHHIApPA MOXKHO
npexe6peys.
[Tonoxum
Q0
p= | ale™ sinkxd, 3)

o
rie a(k) ecTb QyHkuus K, KoTopas AO/KHA ObITh ONpeneneHa 6onee
touro. [list ypaBHeHusi CBOOGOJHOH MOBEPXHOCTH, DaccMaTpHBaeMON Kak
£TaUMOHAPHAA, MOJONKHM

7= fﬁ (k) cos kx dk. )
0

Feomerpuueckoe ycnoBHe, KOTOpOe MOMKHO OBITH BHITOJHEHO Ha
C280000HON TOBEPXHOCTH, HMeeT BHI

o9 __ .dy
—W =C dax’ (5)
rae nano nmotoxuth ¥ =0. Tax kak Bepawmenue (1) Ons nonoxurtenb-

HHIX 3HaueHu#t Y-+ f PaBHOCHIBLHO BHIPAKEHHIO
[ee]

¢=—CxX — bche—k WD sinkex dic + 5, (6)
0
70 ycnosue (3) OydeT BBIMOMHATHLCA, €CJaH

bece™™ 4 a (k) =cB (k). )

_ ) 10 uccaenoBaHHe 3aUMCTBOBaHO u3 pabornl Lamb, On Some cases of
Wave-Motion on Deep Water, Ann. di matematica (3), XXI, 237 (1913). §I ycra-
HOBHI, 4o 3ta mpoGaema Gmiia npegnoxeHa KeaosuHom. Phil. Mag. (6), IX,
733 (1905) [Papers, 1V, 369 (1904)].

33 Taws.
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Danee, nns nepeMeHHO# 4yacTH HaBleHHs HA CBOGOAHOH NMOBEPXHOCTH
nMeeM

P o9 2,
o= 8~ 2(ox) ;
P
)

- _gn_%cﬂ— bzcﬁf "Mcoskxdk—}-c
0

ox’
s @®)
5 - _g,)__;_cﬂ_ bﬁc’fe"h’coskxdk-}—

0

+c f a (k) cos kxk dk,
[

L

rae yjeHbl BTOPOro NOPsiAKa OTHOCHTEJIBHO BO3MYILEHHS OIYILEHHI. 310
BbhIpAXXE€HHE He 6)’}13'1‘ 3aBHCETH OT X, €CAH

g8 (k) +kb*ce™ — kea(k)=0. ©
Orciona n u3 (7) 6yneM uMeTh
a(y=5t% e, pg=-2 (10)
rae, xak B § 242,
%= —55 . apn

Ciie10BaTeNBHO,

o0 [ o]
" po— M Y oM

77=2baj ke coskxdk _ 2% + 2Mb5j e~Mcos kxdk (12)
0 o

k—=x x4 fr k—2x

WUnterpan OyneT HeCOGCTBEHHHM, ONHAKO AJA IIONOXKHTENLHOFO X €FO
r7aBHOE 3HAaYenHe DABHO NeHCTBHTENbHON YACTH BHaXKEHHS

(o8]
me= f i;%’:Tmidm. a3)
0
Ecau Mbl 3TMM BOCNOAb3yeMcd, TO Oynem HMeTb
=;,2b%f; - 27xbe ™ sin xx —
°
— Ob? [ (x sin mf —’;:n+c:: mf) e~ ™= . (14)
°

JIlnsn GonbluMx 3HaveHu#t X OyneT Hmerh 3HaueHWe TONBK@ BTOPOH
YyjeH.
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Tax kax 3Hauenne 7 B (12) ecTb veTHas ¢YHKUMA OT X, TO AIA
OFPHUATENBHOIO X Mbi JOXHBI MMEThb

n= x—f% + 2mxb?e™ sin sx —
ool

— O | e sin mf—m cos mj) e

s dm.  (15)

0
Ha BosMyulleHHs, nNpeicTaB/ieHHble 3TUMH (OPMYJNAMH, MOXHO Ha-
27
N0XHTh HNPOH3BOJIBHYIO CHCTEMY CTaUHOHAPDHLIX BOJH IJIHHO# ;, TaK

KdK OHM MOTYT COXpaHaTb CBO€ IOJIOKeHHWe B MPOCTPAHCTBE W MNpPH Ha-
JUYAH TeYeHHs; eCu BblﬁpaTb noGaBoquy}o CHCTEeMYy B Bule

n=— 2nnb?e” ™ sin xx, (16)

70 61ar0faps STOMY Ha HEKOTOPOM DAacCTOSHHM BBEDX IO TeuenHio (x < 0)
BO3MYIUEHHE CTAHOBMTCS He3aMEeTHHIM, KaK 3TO M Heo6XOZHMO if
(PM3NYECKH NPHTONHOrO pelieHusi. Pesyabrat Torma Gyzer
‘ - .
17=’—:beF — daxb? ™ sinex+ w 1. 1. [x>0],
== e T. . .
1=myapt HT A [x<O]

Honyuaercs, TakuM 06pa3oM, UTO HENOCPEACTBEHHO Hal NpensT-
CTBMEM BO3HHKAET JIOKAJIbHOE BO3MYILleHHe, 32 KOTODHIM BHH3 IO TeYeHHIO

2nc?
clenyeT PpsAL BOJH IJAHHOR — 1),

g
lannoe uccnefnoBaHHe Jerko NPUCIOCOGHTD K CIY4al0, KOTKA CeYeHHe LHAHR-
Apa NMEET NPOM3BOJbHYI0 (opmy. [IpunaTOoe BMINE KONyIneHHe O3HauaeT B mep-
BOM NpHOMKEHHH TO, YTO Ha AOCTaTOYHOM DACCTOARHH BIMAHHE LHIHHADA
IKBHBANEHTHO BIMAHHIO COOTBETCTBEHHO TOROOpanHoro aunons. OO6pawasch
K § 72a, B obuieM cayuae Mbl MOXEM IPHHATDH

= —xX+g1+ 2% (18)
rae
- _(A+Qx+HE+])
A T B UEY) 9
Yno6hee umers RENO C KOMIUVIEKCHHMH BECJIHYHHAMM, TI03TOMY MOJOXHM
(o]
p=C [ehWintiz g (20)
0
I'ze
_ (A+Q—H
C=-—->"— 2 ¢ (21)

) Ecnv_ M HMCCIelyeM acHMNTOTHYECKOE pPasfoneHHe ONpeleNeHHOTQ HH-
Terpana B (13) ana Goabiuoro sHaueHHs xf, TO MW HaiileM TNOCIe MOACTAHOBKM

3
B (12), yro BaxHeHmHH 4leH Raer supamenne—ﬂ—_-*_—l—a; H OH Oymer cokpa-
Wathed ¢ NepBBIM YAEHOM BHILIEHANMHCAHHOTO BHpPAMEHHs 7. DT0 NpPHOIHKEHHE
Gbisio NpoloMKeHo, Jaiee, AAs CPeRHHMX 3navennd kf Havelock, Proc. Rov.
Soc. A, CXV, 274 (1927).
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B xoHlle BHIUMCIAEHMII JNOJiKHA GHITb COXDaHEHA, KOHEYHO, TOJbKO HeHCTBH-
tenpbHan yacTh GYHKOHH (20). OTAenbHble BBLIYHCICHHA MOTYT OBITH MPOBELEHSHI
camuM uurtateneM. KoHeuHsit pesyabtar gas GONbLIMX 3HaueHHH [X| Gyxer

nzw_{z(A.}_Q)xsmzx.Tu

7 (f2 4 x?)
+ 2xHcosxx )} e~ + u 1. 1. [x>0), (22)
A+Q)f—Hx
=i—;(fqz+l—x2)—+ Tt a [x<0]

MecTHoe BOo3MyllueHue BGAM3UW Hayana He OyXeT CHMMeETPHUHBIM, eciu H OTIHYHO
OT Hyxs,

N CAydyas SITHOTUYECKOrO CcedeHHsA, 6Oablias OChb KOTOPOrO COCTaBAAET
yrol a ¢ HampaBieHWeM TeueHus, Mbl Gydem uMeTb

A=un (a®sin® a+ b cos’a), Q=mab, H=n(a>~b%)sinacosa. (23)
B sToM ciyuae KBagpaT aMIIHTYIH BOJH Gyaer
4x? (A + Q)2 4 4x2H*® = 4n®e* (a 4 b)? (a2 sin* a + b* cos® a). (24)

§ 248. Ecamn mu B 3amavax §§ 243, 245 HanoxuM Ha NOTOK B LETOM
CKOPOCTb — €, MApPAJIENbHYI0 OCH X, TO NMOAYYMM CAydalh BO3Myulaomie-
ro /JaB/ieHUs, TEPEeMEeIUaioerocs C OCTOSHHOM CKOPOCTBIO ¢ MO MOBepX-
HOCTM B OCTaJbHOM CMOKOHHO# BOAM. IIpM TaKOH nNOCTaHOBKe 3amauu
JIErKO TIOHATh B OGLIEM BHIe NMPHYMHY OOGDPAa3OBaHMs PAAa BOJH, ClAenye-
MOro 3a BO3MYLIEHHEM.

Hanpumep, eciu Ha psa 6eCKOHEYHO GIU3KHX PABHOOTCTOSIMX napan-
AeNbHHIX TPSMBIX HA TOBEDXHOCTH uepe3 DaBHLie NMPOMEXYTKH BpeMeHH
IeHCTBYIOT MOC/TEe]0BaTeNbHO OIWHAKOBHIE GECKOHEUHO MaJjbie HUMMYJbChI,
TO KaWABIE MMOYJbC caM Nmo ceGe NPOH3BOAUT CHCTEMY BOJMH HCC/AENO-
BaxHoro B § 239 Tuna. CucTeMbl, BO3HHKIUME OT Da3IHUYHBLIX HUMIYJIbCOB,
HAKJ2ALIBAIOTCA APYr Ha Apyra, H pe3y/abrar, OUeBHIAHO, OyleT TaKo#:
OTHeNbHbIE YACTH, C AIHHOM BOJIHBI, COOTBETCTBYIOWIEH CKOPOCTH C, C Ka-
KO BO3MYLIEHHE pACNPOCTPAHAETCS 1O TNOBEPXHOCTH W HAMpaBleHHe
pacnpocTpaHeHHss KOTOPHIX COBMajaeT C HampaB/eHHeM BO3MYLIEHHH,
6yayt ycunusath apyr apyra. Miccinenosanus §§ 236, 237 noxaswiBaior,
YTO rPYynnbl BOJH PAacCMAaTPUBAEMOH 4YaCTHOH [JMHB OYAYT NOCTOSHHO
OCTaBaThCA C3aAM BO3MyiueHust. [loc/enHee 3ak/ioueHHe 1O HEOGXOAM-
MOCTH OYNeT BHIOM3MEHEHO, KOrja OyayT pacCMaTpUBATHCA KalMAIap-
HHE BOJHbI.

ITpo6nemMa MOXeT TPaKTOBATbCH TaKke C OOweHd TOUKM 3peHHs He-
33BHCHMO OT OCOGOro pOJa PAacCMOTPEHHHX BOJIH, HMMEHHO C/eayIOLUM
o6pasom 1),

3a Hayamo Mbl BO3bMEM MrHOBEHHOe IIO/IOXKEeHHe BO3MYILIAIONIEro
BO31€HCTBHS, OTHOCHTE/BHO KOTODOro NpeANoAaraeM, YTO OHO JBHKETCH
CO CKODOCTBIO € B HanpaB/JeHHd OTpHUATeJLHON ocH X. Dbdekr wum-
nyabca Of, KOTOpHI# Gb1 coOGuieH B npesluecTBYOUMHE MOMeHT {, Gymer
npeactaBanThCst Qopmyno#t (7) § 241, ecan 3ameHnts X uyepes ¢f —x U

!) Lamb, Phil. Mag. (6), XXXI, 386 (1916).
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yMHOXuTb Ha 6f. BBoAs Majioe TpeHHe, NMPONOPUMOHAILHOE CKOPOCTH,
unrerpupys ot =0 no {=oco, noayuum

) = Q‘Iff{f‘p(k) gt =ik =) gy
1] 1]

uE j @ (k) e T iR =) dk}e“ Wz bt gy )
[¢]

Vinterpuposanue no ! maer

i @ (k) e™** dke _1_ ©, @ (k)e~h* gk @
“o2a +2 :
f— —i(o—ko) f 5 p=—1i(o+ ko)
0

Beanunsa p no npeanonoxeHuio Mana M B npenene obpamaercs
B Hyab. I'1aBHas yacTb pesyabraTa TakuM o6GpasomM Gyner 3aBHCeTh OT
TeX 3Havenu# k B nepBOM HHTerpane, Iisi KOTOPHIX NPUG/HIKEHHO

ag=ke. 3)
Ecan monoxurs K==x-k’, rie % eCTb KOpeHb 3TOTO YpaBHEHHS, TO
npn6anenso OyleM HMeTh

o—ke=(G—c)k'=U =0k, O)

rie U o0603HauaeT FpyNIoOBYX CKOPOCTb, COOTBETCTBYIOLLYIO JJIHHE
2n
BOJAHb — . I'nasnas uacrb (2) 6yner pasHa, ClHefOBATeNbHO,
Fq
eih'x ok’

n=rgene™ | ®)
_ — _ T ——

2n fzi,u‘i(u—c)k’
—c0

#60 CyWeCTBEHHHX M3MEHEeHHH He NMPOM30OHAET, eCAM MHTErpaa pacnpo-
CTpanuTh 10 k'= 4- co, Ilns nonoxurenbnoro @ 6ynem nmerhbl)

~+co
é™ dm _ (27e”%  [x> 0],
f—_a—}-im =10 x< 01,} (©)
2 TO Bp€Mﬂ KakK
+oo 0]
™ dm 0 [x>0],
f a—im ={2neax [x<0].} M
-0

1) TlpuBenennbie pe3yabTaThi PABHOCHUIBLHE C M3BECTHBIMH GOpMYylaMH

+co -+oo
cosmxdm __ f msinmxdm _  Faz
a4+ m? =T 5 az+me
— —c0

(rie Hamo B3ATb BEPXHMIT HAH HHXKHHI 3HaK, CMOTPA NO TOMy, GyJer JH X MOJO-
WHTETbHbIM HIAM OTPHIATENbHBIM); HX MOXHO, OLHAKO, MOJYYHTb H NPAMO MyTEM
HHTETPHPOBAHHA 110 KOHTYPY.
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Orciona caenyer amsi U<<¢

- B

— ?’(“)eiu e 2 c=lU

O w5 =0, ®)

1

cMoTpst no toMy X ==20; man U >c¢ Gynem umeTsb
. 1 px
@ (x) ¥ g U= (9)
U—c¢
B COOTBETCTBYIOILMX Ciydaax. Ecau g 6yneT CTPEMHTbCE K HYMIO, TO

AAsi psAa BOJIH, BbLI3bIBAEMBLIX MepeMelarIUMCH BO3MYLIeHHUEM, MOJY4YUM
NPOCTOE BHIpAXKEHHE

n=0 nm n=

_ (p(x)eixx
==

ST0T psa BOJH ChAeAyeT 3a BO3MyLIGHHEM WM TPEAILECTBYET eMmy,
cmoTps no tomy U ==c¢. TlpuMepamu 3THX C/y4aeB SABASIOTCH COOTBeT-
CTBEHHO TSXKe/Mble BOJIHBI HA BOJAe W KanmuanspHeie BoaHB (§§ 236, 266).

IMpunsitoe npubiamkenwe B (4) TONbLKO TOraa OyaeT 3aKOHHLIM, KOTIa
OTHOUIEHHE:

(10)

d*c
mk':(U—-C), (Il)
6yneT MaiuM nHaxe Toraa, Koraa K’'x ecth HeGoJblIOe KpaTHoe 27.
Ina atoro Heo6xomuMo, uTOGH

d%

W:(U—c)x (12)

6bl10 Mao. 3a MCKJAIOUeHHeM cnydas, koraa B TouHoctH U=¢, 370
yClOBHe BCerga G6y/aeT BBIMOMHATbCA A/ JAOCTATOUHO OGonbiinx X. Mo-
KeM TpubGaBUTH K 3TOoMy, 4TO pedyabtaTel (8) u (9) GyayT TouHHMH
B TOM CMBIC/Ie, YTO OHM MPENCTABJARIOT IVIABHBIE WIeHb MNpPH BHIYUC/IE-
Hun (2) no merony BeiueroB Komm; cp. § 242.

B cayuae BoaH Ha rayGoko#t Bode, 06GpA3OBABIIMXCA BCJAEACTBHE
KOHIIEHTPHPOBAHHOTO [IaBJEHHs, TOJHas BeMMYMHA KOTOporo pasHa P,
MBI TOJIaraeM Qs CoryiacoBsanust ¢ dopmyaoi (28) § 239

icP
¢(k)—§- (13)

Tak kak U==1/, ¢, 10, B35IB JeACTBUTENbHYIO YACTb, MOAYYUM B COTJIACHH

¢ (27) § 243

2Px .
oo Sinwx (14)

Ecai MMeeTCs HECKO/IbKO 3HaueHnH K, yA0B/IeTBOPsIOUnX yciiosuio (3),
TO JJIs KaXKAOTO TAKOro 3HayeHust cyutecrsyer uied tuna (10). IroT

1) U3 (2) MOxHO 6e3 Tpyma MOJNYUUTH YMOMAHYTYK NONHYIO (OPMYJY.
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clyyaii MMeeT MeCTO IJiA BOJH BOABl, BO3HMKAWOLMX OT COBMECTHOrO
AeHCTBUA TMKECTH M KanmuaapHoctH (§ 269), o uem mul Gynem ceftuac
rOBODHTb B CJIydae, KOMa XHAKOCTH PAacCHONOXEHbl APYr Hal APYTOM.

§ 249. Ipensinyue pe3yabTaTH HMEOT 3HAaYeHHe I MPOGIEMbI
, BOJIHOBOTO CONMpOTHBJeHHs “, PaccMaTpuBas WIOCKYIO 3a1auy, NMpeaCTaBUM
/Be HENOIBHKHbIe BePTHKAJIbHble MJIOCKOCTH, NPOBEIEHHble OJHA mepen,
a BTOpas nosaau Bosmyujaiomero tesa. Ecim U <C¢, 10 o6nacte Mexay
MJOCKOCTAMH TIOJyYaeT B €XHHHIY BPeMeHM NpUpOCT dHepruu cE, rme E
eCTh CpeflHfs 3Heprus eJHHMLBl TUIOWaAW CBOOGOIHOHM MOBePXHOCTH. ITOT
NPHPOCT YaCTHYHO OOyCIOBJMeH paboTOH CHA NaB/eHHs HA 3alHel maoc-
kocti ¢ mowHocteio UE (§ 237), a 4acTHYHO BOCHOJHSAETCA peakiuei
gosMyulaoiero Teia. Takum o6pasoM, eciH R ecTb CONPOTHBAEHWE,
MCTIBITHIBAEMOE BO3MYLIAIOLUIMM TeJAOM  BCHAeACTBHE 06pasoBaHud BOJH,
To Mbl OyIeM HMeThb

c—U
c

Rc+4UE =cE, uwm R= E. ¢))

Ecan we U>¢, 1. e. psal BOJH ONMEpewaer Te10, T0 06MaCTh MEXIY
MVIOCKOCTAMH TepsieT dHepruio B exuuHuuy Bpemedun CE. Tak xak noreps
Ha nepsolt rnockoctu ecth UE, To 6yneM uMerh

U—c
¢

Rc —UE == —cE, win R=

E. 2)

TakuM cnocoGoM Mbl HalneM, uCOOAL3ys peaynapTarhl § 237, nas

Ciyyas BO3MYLIEHHS, MepeMeLIaioerocs o CKOPOCThIO ¢<V gh no cro-
KOHHOH BODe rayOuHbl A:

1 2xh
R=z g@aﬂ(l_mg_ﬂ), 3

rie g o603HauaeT aMIVInTy Ly BoJiH. Ecan ¢ Bospacraer ot O 1o VEI, TO %h

yObiBaeT oT oo n0 0, Tak uro R yGuiBaer ot 1/48ea? no 0. Ecau ¢ > ]/giz,
10 3p¢dext GyAeT YHCTO MECTHBIM, H Mb OyleMm umets R =01). Oxunaxo
HeO5X0/MMO 3dMETHTb, YTO AMIVIUTYIA @, BbI3BaHHAA BO3MYlleHHWeM [aH-

HOro Tumna, 6yneT TaKXe 3aBuCeTb OT (. HanpnMep, B C/lyyae mnorpy-
—xb

RenHoro wuamHApa (43) § 244 a OGymer NPONOPUMOHANBHO xe

e z—_-C%, a ray6uHa Gepercs GeckoHeuxwoft. B aTom cayuae

_. b 4
R mponopuuoHansHo ¢~*e %), *)

1y Cp. Sir. W. Thomson, On Ship Waves, Proc. Inst. Mech. Eng.,
3_asrycra 1887 [Pohular Lectures and Adresses, London, 1889—1894, IiI,
50]. dopmyna, paBHocHiabEas C (3), umeercs B pabore Toro xe asropa, Phil.
Mag. (5), XX11, 451. [Papers, IV, 279}

*) BepruxanbHas CHia Ha IMAMHAD Obita Bhiunciena Havelock, Proc.
Roy. Soc. A, CXXII, 387 (1928).
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HutepecHuit BapuaHT o6liero cayyas Mbl OYLeM HMeTb, KOTAa CIOH XHI-
KOCTH HalOXeH Ha APYyroi cXo#, HeMHOro 6oablier niaoTHOCTH. Ecau g, ¢’ o6o3Ha-
43T COOTBETCTBEHHO IMOTHOCTH HHXHEH M BepXHeH XKHAKOCTH H ecan raybura
BEpPXHEH XHUJIKOCTH DaBHa h’, B TO BpeMA KaK ray6HHa HHXHeH npaxTHuecKH
6eckoHeuna, 1o paccMorpeHHbie B § 231 pesyabrathi CTOKCa MOKa3uWBaioOT, 4TO

2
MOTyT OnThb OOpa30BaHbI JBE CHCTEMHl BOJH, AJAMHB KOTOPBIX 5 CBA3aHn (O

CKOPOCTbIO BO3MYILEHHS (GOPMYIaMu

s—8 o, 00— g 5)
e=_,c sCighan T o % (5)

Jlerko mOKa3aTh, YTO ONpeleASEeMOE BTOPHIM YPABHEHHEM 3HAUEHHE % TOJLKO
Toraa Gymer NEHCTBHTEILHBIM, KOTAa

A< 9——6-9— gh’. (6)

Ecxn ¢ npesocxopur nanHOe 3iech KPHTHYECKOe 3HAaueHHe, TO o6pa3yercs
TOJbKO ONHa CHCTEMa BOJH, M, €CJTH Da3HMIa NAOTHOCTeH Oyner Manoi, TO CO-
NpPOTHBJEHHE BOJH OyAeT MNPaKTHYECKH
TE€M Xe€ CaMbiM, KaKk B ciaydyae TO.IbKO
opHo# mmakoctv. Ecam wxe, wnaobopor,
¢ 6yneT MeHble XKPHTHYECKOro 3HaueHHs,
TO MOXET BO3HMKHYTb BTODOH THII BOIH,
NIPH KOTOPOM AMILUIATYAA Ha NOBEPXHOCTH
pa3sjiena 3HaYHTEJNLHO NPEBOCXOANT aMILIM-~
TYRy Ha BepxHeH mnoBepxHOCTH. C sTHMH
BOJHAMHM CBA33aHO ,CONPOTHBIEHHE MEpPT-
BOH BOALI“, Ha XOTOpoe OblIO YKa3aHo
B § 231 1),

3agaua O NOTPYXEHHOM LMIHHADE
(§ 247) npencraBaser npuMep, B KOTOPOM
MOXeET OBITb BbIYHCJIEHO BOJHOBOE CO-

Pur. 60. NPOTHBJEHHE JBIKEHHIO TBEPAOTO Tena.

CpexHss SHeprHs BOJH, NpeACTaBAEHHLIX

BTOPHIM uyiaeHoM B (14) § 247, oTHeceHHas K €NMHHIE NJONAAM MOBEPXHOCTH
BOIbl, 6yner paBHa

R

E=—; go (4nxbe=)3.

Tax xax U=1/,¢, T0 3 (1) crepyer

R= 4n’ggb4a¢2e"2"’ . (7)
Ons nannolt rayGuunl norpyxenns (f) R uMeer Haubonbluee 3Hauenue,
eci xf=1 uan
c=VYgf. 8)
Buipaxas 370 uyepe3 CKOpPOCTb ¢, NOAYYUM
2
R=4ntgight (%¢ . 9)

®ur. 60 noxasniBaer HaM R, xax QyHKumio c2).

1) Ekxman, cM. npuMeuanse Ha CcTp. 464; CM. TaKK€ UMTHDOBAKHYIO TaM
#e pabory Jlam6a.

) Lamb, Ann. di Mat., cm. npumeuanue Buiue. TOT ke caMuil 3aKOH,
KOTOPHi NaeT CONMpOTHBJEHHE KaK (PYHKLHIO CKOPOCTH €, NONYYUN XaBelIOK AJIA
pa3IHYHNX THNOB BO3MyLIEHHH nmoBepxHocTH B pabore Ship Resistance, Proc.
R. S., LXXXIX, 489 (1913). YkaxeM Takxke Ha G6ojee paHHIOW paboTy 3TOrO
asTopa, The Wave-Making Resistance of Ships . . ., Proc. R. S., LXXXII, 276 (1909).
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BojHbl ¢ KOHEYHOH aMIIHTYJOM.

§ 250. IlonoxenHoe B OCHOBY wuccienosanuit § 227 orpannuenue

a
. 6ECKOHEUHO MasbIMH“ IBHXEHHSIMM TpeGyeT, YTOOLI OTHOLIEHHE - Hau-

607bILEr0 BO3BLILIEHHA K JUIMHE BOJHH Obl10 Mano. Onpexenenue BUAa
BOJIH, YAOBJETBODPAIONUX YCJHOBHSAM DABHOMEPHONO PACHpOCTpaHeHHs Ge3
u3MeHeHUsI POpPMBI, ecau OTOPOCHThL YKa3aHHOe OrPAHHYEHHE, COCTAaBJseT
COlepXaHHe KaacCuuecKoi pa6oter CTokcal) ¥ MHOTHX ApYrHX Gonee
TO3AHUX HCCIeNOBaHMM.

3ty npoGiemy HaubGoJsiee yAO6HO PAacCMATPMBATL KAK 3a4auy YCTaHO-
BUBIIEroCs ABMXKeHHs. Paneii 2) ykasan, 4to ecau InpeHeGpeub MasibiMy

a3
BeJUYMHAMH MOOpAIAKa A‘—s, TO BHIPAXKEHHA

£=—x+ﬂekysinkx, i
¢

ky 1 M
¥ = — y+pe coskx ’

c

CYTh pelleHds IAs caydasi 6eCKOHeuHOH riyGuHHL.
[Toab3ysach METONOM TIOCHeNOBAaTENbHLIX HPHOMKeHH#H, HaHdem, urto.
vpaBHeHHe npoduas Bonsn (p = () uMeer BUI

y=ﬁekycoskx=/3(1+ky+ %kzyﬁ-{- ...)coskx=
= é— kp*4-p (1—}—821\52/32 )cos kx+—;~kﬁ2cos2kx+

+ 3k cos3hxt.... (@
WM, TIONOXKHB
8(145 kp?) =0,
y— % ka®=a coskx—}—§1 ka2c032kx+%k2a30053kx+ RN )

BrinncanHoe 31eCch BhIpakKeHHe COBNANAET C yPaBHEHHEM TPOXOWIb,

an 2n
A5 KOTODOH IJIHHA OKPYHOCTH KaTfLUerocss Kpyra pasHa - haw A,

2 AJMHA mieva Bbmepqnsa}omeﬁ TOYKH paBHa d.

e

') Stokes, On the Theory of Oscillatory Waves, Camb. Trans., VIII (1847)
[Papers, I, 197]. Ero MeTox CBOZHTCH K MOCTENOBATENbHOMY HPHOIMKEHHIO,
KOTOpoe OCHOBBHIBaeTCH Ha TOUHHX ypaBHemusax § 9 u 20. B ponondnrtennsoit
Pabote, orHocswelica k 1880 ., KOOPAMBATH X M Y PACCMATPHBAITCA KaK PyHK-
UHH He3aBHCHMBIX NepeMeHHBIX @, v [Papers, 1, 314].

®) Rayleigh, cm. npumeuanue Ha cTp.328. MeTOX 6BLI BHOCASHCTBHH Ha-
;TOJTBKO paspa6oraH, 4yTo OH OOHiMaeT Bce pe3yaprTarhl Croxca, Phil. Mag. (6).

X1, 183 [Papers, Vi, 11].
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MH 10JKHBI eulle [OKa3aTh, YTO YCJHOBHE MOCTOAHCTBA JABJEHHA
BOOAL STOH JIMHHMH TOKA MOXeET OHITh BBLIMOJHEHO MPH NMOAXONALIEM MOA-
Gope 3navenus ¢. VI3 (1), He mpuGeras x NpuOAHXKEHHSM, MOXyuaeM

P = const. — gy — -;—cz {1—2kBe™ coskx + k2B2ev )  (4)

d, C1e10BaTeNbHO, S TOYeK Ha NMuHHMH Y == ™’ cos kx

ZL =const. + (k¢? — )y — % k2c2f2e™ =
= const. + (k2 — g — K32y ... 3)

Taxum obpasom ycaoBue ans cBOGOAHOH TIOBepXHOCTH Gyder BHIMOA-
HATLCS NPH OaHHOH CTeneHH NMPHOMHXKEHUS, eClTH

=% 1 pep =2 (1+10). (6)

D70 ypaBHeHHe onpelenseT CKOPOCTb NPOrPecCHBHBIX BOJMH HeH3Me-
HAEMOTO BHAA W INOKa3blBaeT, YTO 3Ta CKOPOCTb HEMHOr0 BO3paCTaeTr
C BO3PaCTaHHEM aMIVIMTYAH d.

®ur, 61 mnokasniBaer npoduab BOMHB, naBaeMo#t dopmyaot (1)

ans ka=1/, wam %:0,0796 n.

Bua BOAHH, mpubanmxaloWuiics K TPOXOWZe, MMeeT oyepTaHue, Gojee
ocTpoe Ha rpe6Hax M Gosee MoJOroe BO BNAAWHAX, YeM 3TO ObUIO
B C/y4yae NPOCTO FApMOHMYECKHX BOAH C GEeCKOHEYHO MaJoi aMnIMTyHOH,
uccaenosannbix B § 229, u atH
oco6eHHOCTH fenaioTcs eue 60-
Nlee 3aMEeTHLIMH, eC/IM aMIINTYAd
6yner pactu. Ecau O6br BHA

&ur. 61. BOJIHbl He TONbKO MPHOJIHKEHHO,

a B TOYHOCTH sBJsACH Ob TPO-

XOHAOH, 70 3TOT NpeleNbHH BHIA BOJIHBI HMea OBl B rpe0HAX 3aocTpe-

HHA, KaK W B Cayuae BoaH ['epCTHepa, O KOTOPHX Mbl cefiuac GyneM
rOBOPHTb.

B paccmatpuBaemol 3ajaue, B KOTOpOR IBHXeHMe TNpeanonaraercs
6e3BuxpestiM, Crtokc?) mokasan oueHb MPOCTHIM crioco6oM, uTO IIpe-
NenbHHt BHI BOJHH MMeeT 3aocTpeHue ¢ yraom B 120°. 3amauy MOXHO
BCe elle pacCMAaTPHBAaTh KAK 3alayy OO YCTAHOBMBIUEMCS JBHEHHH,
ABMNEHHE ke BGAM3M yraa onpeneisercs ¢dopmynamu § 63; ecan MH,
C/1e[10BaTe1bHO, BBeJAeM MOMSPHHE KOOpAMHATH r, 0, Hayano KoopAWHAT
BO3bMEM Ha rpe6He W MOMAPHYI OCh HATPABAM BEPTHKAILHO BHU3, TO
Mbl 6yneM HMMeTh

p=Cr" cosmb ™

1) MpuGanenne B (3) exBa au GyieT YAOBACTBOPHTEIbHbIM Aaf TaKOW
Goabwoli seanunnn ka; cM. ypaBuerne (17). Purypa 58, onHako, MOXET cay
KHTB A18 TOro, YroGhl JaTh NpeicTaBieHie 06 o6uieM BuAe MPODHIL BOJIHb -

%) Stokes, Papers, I, 227 (1880).
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¢ ycnosuem, uto =0 aag 6 4 a, Tak uro ma=1/,w. Ira dopmy.a
naet

g=mCr"™, ®

rie g o6o3HayaeT aGCOMIOTHYIO BEIMUMHY CKOPOCTH xuakoctdH. Ho Tak
KAK CKOPOCTh Ha rpebHax OOpaud@eTcss B HYJb, TO €e 3HaueHue B COCel-
HeHl TO4YKe Ha CBOGOJHOH MMOBEPXHOCTH onpelensercs, kKak B (2) § 24,
H3 ypaBHeHus

q2==2gr cos a. ()

Ecan cpasuum (8) u (9), TO yBuimM, uto m=3/, n, creroBarenbHO,
a=1lam).

g BOJH, pacnpoCTPAaHAOUIUXCA HA CNOKOHHOH BOXe, 4YaCTHULI Ha
rpebHsIX, €CAM TOCAeAHHE HMEKT mpeledabHyl0 (opMmy, IBHXKYTCS € Ta-
KOW e CKOPOCTBIO BHepel, KaK cama BOJHA.

Hpyroe uHTepecHoe CBOHCTBO 3THX BOJH YCTaHOBUBIIEeHCH (OpPMEI
COCTOMT B TOM, YTO OHM HMEIOT 10 OTHOLIEHHIO K HeBO3MYIUEHHOH BO.e
HEKOTOpOe KOJNHUECTBO [BHXKEHHA B HANpaBIeHWM PACIPOCTPAHEHHS BOJH.
KoauuecTBO ABMXKEHUsI KUAKOCTH, HAXONALIEHCH Mexay CBOGONHOH TO-
BEPXHOCTBHIO M TIyOMHOH fi (HMXKe YDOBHA Hauanaa), npuyeM A mpeamnona-
raeTcqd 6OJBLLIAM N0 CPaBHEHMIO C A, OTHECEHHOe K HIJIHHE BOJIHbI, GyHeTr

i)
—foo—';: dx dy =gcha, (10)

Tax KaK MO TPeanonoxeHuro Ha mosepxHoctd w=0 u cornacuo (1) Ha
Hoqbwol ray6une h w=ch. Ilpu OTCYTCTBHH BOJH ypaBHeHHE CBOOOL-
#OM TIOBEPXHOCTH coraacHo (3) uMeno 6u BHI

y=—;—ka2
i COOTBETCTBYIOIEE 3HAUEHHE KOIMYeCTBA IBHKEHHA DaBHANOCH Gbl
oc (h-}-%ka?) . (11)
Pa3nocTe 3THX 3HaueHuit, pasHas
npa’c, (12)

¥ olTh KOJMYECTBO JBHMXKEHHS Ha JUIMHY BOJIHBI A/ CHCTEMBl nporpec-
CHEHBIX BOJH YCTAHOBHMBILEHCH GODMH, KOTOpDBIE JIBIXKYTCA Ha BOIe,
fokonwiedcs Ha 6oJablwoOHK riayGune.

Hro6n HalTH BepTHKANbHOE pacrnpelesieHHe STOrO KOJHYECTBA JIBH-
WEHUA, 3aMETHM, YTO YDaBHEHWE JIMHUM TOKAa Y==Cfi’ MOMXHO TNOJNYYUTb

1) Mpoduab BOAHBI Gbii HCClefoBaH u Bhiuepued Michell, The Highest
Waves in Water, Phil. Mag. (5), XXXVI, 430 (1893). On mnaxoaur, 4TO HaH-
Soavuras swicora pasua 0,142 A 1 4TO CKOpOCTH BOJH GoJiblie, YeM COOTBETCTBYIO-
U7 cKopocTh NMPH 6ECKOHEYHO MaNOH BbICOTE B OTHOLIEHHH 1,2 K 1; CM. TaKike
Wilton, Phil. Mag. (6), XXVI, 1053 (1913).
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3 (2), nonaras y4 i’ sMecro y u e Bmecto B. Cpemuuit ypo-
BEHb 3TOW /IHHUM TOKA ONpeMeNseTcs, C/e10BaTeNbHO, YyPaBHEeHHEM

y= --Iz’+7;- kpre™ " | (13)

IloaToMy B Cyyae HEBO3MYUIEHHOIO TEYEHHS KOJIHYECTBO ABHXKEHUS,
OTHECEHHOe K IJIMHe BOJHBI C/I0f, 3aK/IOYEHHOro Mexay npoduiev 1o-
BEPXHOCTH M COOTBeTCTBYIOlEeH nuHued TOKa, 6hi;10 6Bl PaBHO

och : WA kB3 (1 — e"""")}. (14)

Tak Kak AedcTBMTENbHOE KO.JHYECTBO JBHXKeHMN paBHO och'A, 10
/IS BOJAH, PAcNPOCTPaHAIOWMXCA HA CNOKOHHOM BOJMe, KOMMYECTBO .lEH-
JKEeHNs 3TOTO CaMOro CJA0s PAaBHO

npazc (1 — e~ M), (15)

Mp BHAMM, C/1e10BaTENBHO, YTO ABHXKEHHE OTAENbHHX YacTHW i1pH
39THX MPOTPECCHBHBIX BOJHAX YCTAHOBUBLIEHCH (OPMH €CThb HE TO.ILKO
unCcTOe KosebGaTenbHOe IBHMKEHHe, HO YTO eile MMeeT MeCTO MelseHHOoe,
HO MOCTORHHOE [ABHXXEHHe BCEX YACTHL, BIeped B HANMpPaBAEHHH paciipo-
cTpaHeHus BoaHl)., IlndepeHuupys (15) no h’ w pasmenus Ha gA, Mbi
NONY4YUM NPHOAMKEHHO BEJHYHHY 3TOrO NOTOKA B eIMHMLY BPEMEHH Ha
rny6une h'; oHa pasHa

kazce™** (16)

n yOnBaeT OyeHb GHICTPO OT CBOGOAHOW NOBEPXHOCTH BHH3.

HanvHefimee npuGanmmenne CTOKCa, KOTOpoe G6HAO NOATBEPHKIEHO
He3ABHCHMBIMH BHYHUCAEHUAMH Pajes u ApYyrux, Aaer Anf NPOPuS BO.IHH
cnenylotllee ypaBHeHHe:

y = const. 4- a cos kx — (—%ka2 + ;—z k’a‘) cos 2kx +-
+ 3 k2a? cos 3kx — + k%at cos dkx +. . ., a7
a /s CKOPOCTH BOJIHbI
c’=%(l+k2a2+ %k‘a‘+ ) (18)

Bonpoc o cxoaumocTd psma, KOTOpHH 06pasyercd npH NpOAO.IKe-
nuu npubanKeHust M3 KOI(DHUMEHTOB MPH KOCHHYCaX KpPaTHHX Ayl
a TaKXe W pe3ynbTHPYIOLLEr0 KOCHHYCOMAANLHOro psaa, Oblsl NOCTABJEH
Bypucaitniom2), koTopu#t Aake COMHeBanCs B CYLUIECTBOBAHHM BOJH
cTporo ycraHosusuiefcs Gpopmbl. 10 06CTOATENLCTBO NOGYAMIO Pasesn %)
APEANPHHATL NeTanbHOe HCC/Ael0BaHHEe, KOTOpOe TNOKasbiBaer, 4To YCA0°

1) Stokes, cm. npumeuanne Ha crp, 521. Ipyroe oueHb mpocroe ROKa3d~
TeALCTBO 9TOH Teopembl 6uin0 gaHO P3aneeM, cM. npuMmeuvanue Ha crp. 328.

?) Burnside, Proc. Lond. Math. Soc. (2), XV, 26 (1916).

3) Raylelﬁ h, Phil. Mag. (6), XXXIII, 381 (1917) [Papers, VI, 478). Yxa-
wem takke Ha Havelock, Proc. Roy. Soc. A, XCV, 38 (1918).
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Bi{€ DABHOMEPHOCTH A4B.JIEHHN HA CBOOOAHOH 1IOBEPXHOCTH JLI 10CTd-
TOYHO MajbLX 3HauyeHuH Kka 4oxer ObITL BHLIMOMHEHO BMJIOTH /10 OYEHb
BHICOKOH CTeneHu TOuHOCTH. OTCI0Aa OH 3aK/l0uaeT, YTO CYilleCTBOBAHNE
yCTaHOBMBILErOCS THMA BO.H, BMIOTh JO BLICOKMX BO.JH Muruesa, c.e-
Lyer paccMaTpHBaTh MPAKTHYECKH, €C.TIH He TeOPEeTHYECKH, KdK BIOJHe
loctosepHoe. HakoHel, cyulecTBOBaHHE YKa3aHHbIX BO.IH O6blIO CTPOro
yCTaHOBJIeHO HcciaenoBaHuem npod. Jleu-Yusural), KOTOpHH no.J0MKIMLI
KOHEIL HCTOPHUECKOMY CIIOpY.

Hekotophic npocTsie CBOHCTBA 3THX YCTAHOBUBIUHXCH BO:AH MOMKHO JI€CKO
Y¥C13HOBHTH Ha OCHOBAHMH H3laraeMblX BHaua.le NMPHHUHMNOB ?). 3agaya CBOIHTCSH
K 3alaye 06 ycraHoBHBIUeMcsi JBHweHuH. Hauaio suiGupaercs Ha cpejueii
VPOBEHHOIi TNOBCPXHOCTH, Hanpumep, noj rpe6ueM. [inna Boans 0603Hauaercs
uepes A, O603Hauas BO3BLILICHIIE TIOBEPXHOCTH Had CPEIHHM VPOBHEM ueped i,
6vieM HMeTh

2
f’l dx==0. (19)
0
Takum obpasom, ecat ¢ ecTb CKOPOCTb Hd ¢BOBGOIHON MOBEPXHOCTI, a g, €CTh
/d iK€ CKOPOCTb Ha CpelHeM YpPOBHe, TO HMeeM

g =g5—2gy,
H o CeJ0BATC.ILHO,

’
f q® dx=q3A; (20)
0

‘latee, paccMOTPHM MacCy IKHAKOCTH, Haxomsuleiics Me#Ay BepTHKAIbHLIMHU
¢ TCHKaMH, NPOXONALHMI 4Yepe3 JBa MOCIef0BarelbHbLIX IpebHd, H OrpaHHUYeHHOIl
{113y ILIOCKOCTbIO y= —fy, rje CKOPOCTb INOYTH TOPH30HTalbHA M PAaBHA (.
7lerKo BHIeTh, YTO MOJAHOE B2PTHKANLHOE YCKOPEHHE MacChl ecTh HY.1b, TaK Kak
licT MIEPEHOCa uYepe3 TPAHHMIbI KOJHUECTBA JBHMKEHHA 10 BepTHKamt. A TOria,
¢S p eCTb JlaBiA€HHE Ha CBOGO/IHOII MOBEPXHOCTH, a p; — AaBicHHe Ha ray6u-
He hy, TO 6viIeM uMeTh

i 2

f(pl - p) dx = ggj (hy--n) dx = gohy 2. @n

0 [

A UDaBHHBAA 1aB.IEHNHS 110 OIHOK M TOi ke BepTHKANH, MOAYUHM

1
Pi—p=go(l+n)+5(g*—c),

i, ¢.1I€10BATEIbHO,

p

[ g dx = . (22)

0
[ vyerumii pe3yabTaT Mbi MOAKCM BLIPA3HTL C10BAMH TaK: CPCIHCE OT KBal-
T4 CKOPOCTH Ha NOBEPXHOCTH, OTHECEHHOC K ONHHAKOBLIM MpPHPALUEHHAM X,
basno ¢ M3 (20) Takxe caciyeT, uTo go=¢, T. €. CKOPOCTb B TOYKax nepe-
LLMeHUS Npoguas BOJHBI CO CPEAHHM YDOBHEM paBHa C.

, W Levi-Civita, Détermination rigoureuse des ondes permanentes
d"sriplear finie, Math. Ann., XCIIl, 264 (1925). Pacnipoctpaneniic 370ro MeTola
Y+ BOIHBI B KaHale KOHEYHOIl ravOHHL 6bi10 cienano Struik, Math. Ann.,
XCV, 595 (1926).

B Levi-Civita, cMm. Boime.
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§ 251. CucreMa moynsx ypaBHeHHH, KOTOpHE JalOT BO3MOXHYIO
¢hOopMy BOJIHOBOTO HBHXEHHS A1 GeCKOHeUHOH TIyOMHEI KHAKOCTH, Ghl1a
yCTaHOBJEHA euie OuyeHb pasHo, umenHo B 1802 r. TepcrHepom 1),
a nosaHee He3aBHCHMO PankunoMm 2). du3nyeckoe 3HAUEHHe ITHX pe3y.ib-
TAaTOB, OLHAKO, HECKONBLKO YMEHbILaeTcsi B BHAY TOrO OGCTOATENbCTBA,
YTO ABHXEHHE NMPH 3THX BOJNHAX SBJASETCA BHXPEBHM.

Ecau 83T OCb X ropu3oHTanbHOR, a OCh Y NPOBECTH BePTHKAIbHO

BBEpX, TO GOpMyaH A% paccMaTpuBaeMOH 3aiayd MOTYT GOHITb Hanu-
CaHbl B C/IeNYIOLIEM BHIE:

x=a+-}7 e"bsink(a+ct),

)
y=b——'k— P cos k(a4 ct),

rie oGo3HaueHMs BBeNeHH B COrIacHH ¢ MetoaoM Jlarpanwa (§ 16),
T. e, @, b 0603HavaIOT IBa MapaMeTpa, CAyXKaliue AAs OnpeaeeHusi CaMoH
YACTHUB, @ X H Y CyTh KOODAMHATH 3TO# yacTHUH B MOMeHT f, [TocTosH-
Has Kk ompenenseT AMMHY BOJAHB, a €—CKOPOCTb BOJH, KOTOpHe pac-
APOCTPAHSIOTCA B HAmNpaBJeHHH OTPHUATENLHOH OCH X.

YTo6H NMPOBEPHTbL 3TO pellleHHe M ONpeAeNHTh 3HayeHHe ¢, 3aMETHM
CHayaja, 4To

0(x. y) __ 2hb
san =17 @

TaK YTO ypaBHeHMe HePaspPHBHOCTH B dopme Jlarpamwa [§ 16 (2)] Gyner

ynopnerBopathca. [lanee, noacraenss M3 (1) B ypaBHeHHS ABHMXEHHS
(§ 13), natimem

o (p Rb
2 ?_}.gy): ke* e sink (a - c),
_o% (ig’_ + gy)= — kc®e® cos k (a+ ct)+ kc’e™; (€))

H OTClojAa

—Z— = const.—g {b - —,1‘— e® cosk(a+ ct);} -

—c2e™ cosk(a+cH)+ —;— 3™, 4

I yacTHUM Ha CBOGOXHOH NOBEPXHOCTH .AaBieHHe AOMKHO GHTb
TOCTOSIHHLIM; 3TO Tpebyer

2= '% ’ (5)
kak B § 229. Orciona nonyuaercs
—Z— =const. —gb 4 —;— 2%, ®

1) Tepcraep Gua mnpodeccopoM Marematnkn B [lpare, 1789—1823. Ero
TpaKTar ,TeopHs BOXH* Gbla onyGaukoBad B Abh. d. k. bohm. Ges. d. Wiss.
(1802) [Gilbert's Annalen der Physik, XXXII (1809)].

%) Rankine, On the Exact Form of Waves near the Surface of Deep
Water, Phil Trans., 1863 [Papers, crp. 481].
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Coraacno (1) TpaexTopus mpoM3BOBHOH uacTuLbl (@, b), oueBuuHO,
eCTh OKDYXHOCTh ¢ pamuycom Kk 'e®.

Mb yxe ckasanH, YTO JABHXKEHHMe XHIKOCTH TIPH 3THX BOAHAX OyIHeT
puxpeBbiM. UTOOB 3TO NOKa3aTh, 3aMETHM, YTO

. 0 . o . . o
udx+vdy=(x = +y —O—Z—)éa-}-(x Z 4y 0—3’-)61):
=3[P sink(@a+ ct)) + ce™ oa, Q)
k

a 3TO He ABIAETCA HONHBIM ﬂH(bepGHllH&JIOM.

LiMpkynsius 1O  KOHTYpY Napajienorpama, BEPLIMHH KOTOPOro
COBNAJAIOT C YACTHUAMH

(a, b), (a+da, b), (a, b+ 6b), (a+da, b+ ob),

OyleT paBHa, CJEeIOBATENBHO,
- -;-b— (ce™® da) ob,

a BeJqMUMHA IJIOWAZM 06JaCTH, OrPaHMYEHHOH MApalesorpaMoM, PaBHA

0(x,y) _ 2kb
3a.b) 8adb=(1—e"")dadb.

CaenoBaTenbHO, MOAYJIb BHXDs (w) snementa (@, b) Gymer pased

2kce?R®

ViMess HauGOJBILYIO BeNMYMHY HA& MOBEPXHOCTH, OH YOHIBAET O4eHb
6HCTPO ¢ yBeauueHHeM riayOunel. Hanpagaenue e BHXPS NPOTHBOMO-
7OKHO HANpPaBAEHHIO NBHXEHUS YaCTHI MO HX KPYTOBHIM TPAeKTODHAM.

CucreMa BOJH PacCMaTPMBAEMOrO THIIA He MOXET OHITh paspylueHa
uiM o6pa3oBaHa M3 COCTOSHHA NOKOA MNOJA OefiCTBHEM CHJI BHAA, TNpel-
nojaraemoro B obuieit Tteopeme § 17, 33. Mu MOxeM, OZHAaKO, HOMyC=
THTb, YTO MXHIOKOCTb NOX HeHCTBHEeM BHIGPAHHBLIX TNOAXOAAIUUM OOpa3oM
1aBJieHMH, pacrpele/ieHHbHX Ha CBOGOIHOH IOBEPXHOCTH KHUAKOCTH, IO~
CTeNeHHO NPHBOAMUTCH B TaKOe COCTOsHHE, KOrja TeyeHHe NPOHCXOANT
N0 TOPH3OHTAJLHOM NPSMOH KaK pa3 co ckopocrbio (4'), 3aBucAwe#

7
ToAbKO OT opauHaTl (y') 1). Ilpu atoM cocTosinuu GyldeM MMeTh % =1,

B TO Bpems kax Y’ Gyner dyHkuueH ot b, u sta dyHkums ompenensercs
H3 yC/IOBHS

d(x’,y) _0(xy)
o(a,b)  o0(ab)’ &)

HAn

oy’ 2kb
5 =1—¢

. (10)

1) Boaee mONHOE H3NOXEHHE MOKasaTelbCTBa MOXHO HaiithH y Crokca,
Papers, 1, 222.
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Orciona no.ayuvaercs

W 20 = 2hce™, (11)

W, C.1e10BaTe’abHO,
2hi
u' = e, (12)

Takum obpasoM, uToOb 00pa3oBaTh BOJHBI C NMOMOLLBID OOLIKHOBEH-
HbIX CHJ, HAM HeoGXOOWMO B KayeCTBe HAYa/JIbHOFO COCTOAHUS MMETh
rOPH30HTA.1bHOE IBHXKEHHe, HMMeloluee HANpPaB/IeHHe, NPOMUBONOAONCHOE
HAMPaBJIEHHIO PACHPOCTPaHeHHs OGPa30BABUIMXCA B KOHLle KOHLUOB BO.H,
H TaKoe, KOTOpOe OueHb OHICTPO YObiBaeT OT CBOGOAHOH TNOBEPXHOCTH
8HM3 00 3akoHy (12); b npu 3toM ecTh ¢yHKuMs OT Y’, onpeieisevas
yDaBHeHHEM

Yy =b— o kTl (13)

Heo6xo0aumo OTMETHTb, YTO 3TH BHXPEBbie BO.JHbI, Pa3 OHH 06[3830-

BAIHCb, HUMEIOT KOJMYeCTBO ABHXEHHs, PaBHOE HY.IO.
dur. 62 nokasbiBaeT JHHMH Pas-

HOro naejeHust b==const. ana ps-
Na paBHOOTCTOAUIMX 3HaueHutt b 1).
Kpusble cyTb TPOXOMAB, MOJyHal0-
LIHeCs TIPM KauyeHWH Kpyros c pa-
auycamu kK~ 1O HuKHeH CTOpOHe
npaMeix ¥ =b-+ k™', a paccTosuus
MPOU3BOAALIMX TOYEK OT COOTBET-
CTBYIOLIMX UEHTPOB OyAyT paBHH
k'e®. Kawnas w3 3THx nuumd
MOXET paccMaTpHBaTbCS Kak CBO-
Pur. 62. 601Has MOBePXHOCTb, NMpHYEM Mpe-
lenbHas aonycTuMaa ¢opma npea-
cTaBasieT OGLIKHOBEHHYIO UMK/AOMAY. IIyHKTHpHblE JIMHMH TpeacTaB/siOT
f0C/eiOBaTebHbIe TOJOXEHUs TeX YacTHLl, KOTOphle HAXOAWIUCh Ha
BEPTHKANH NPH NPOXOXAEHHH uepe3 rpeGeHb WK BNAAUHY.

§ 252. Tpu CBOKMX MHTEPECHBIX IKCMEPHMEHTANbHBIX MCC/eI0BAHUAX %)
Ckotr Pycceab BbIHYmIeH Gbl1 06paTHTh 60/1bLIOE BHHMaHue Ha Crie-
UMaJbHLIE THI BOJH, KOTOPHIH OH Ha3Ba1 ,ONHHOYHBIMH BOJHaMu“, ITO
€CTh BO/HA, COCTOAWas M3 ONHOTO eIMHCTBEHHOrO BO3BbLillIeHHs, BHICOTA
KOTOPOTo He NO.KHA OHITh OOGM3aTeabHO Mana CPaBHUTENbHO C FiyGH-
HOM KHMAKOCTH, M KOTOpas, eCIH OHAa COOTBETCTBEHHHM 00pa3oM BO3-

) PUCyHOK OuYeHb NOX0X Ha TOT PHCYHOK, KOTOpbi NepBOHayaibHO A3l
[CepcTHep H KOTOpBI 3aTeM NO3AHeHIIMMH aBTOpaMHM NOBTOPsAca Gojee HIH
MeHee NOXOXHMM Ha opuruHan. Bepcua uccnenosanms [epctHepa ¢ BKAIOYEHHEM
B OZHOM NYHKTE HEKOTOPOH MonpaBkn O6wina NpHBEeNeHa BO BTOPOM H13aHHH
9Toro Tpysa B § 233.

) Scott Russel, Report on Waves, Brit. Ass. Rep., 1844.
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HHMKTd, MOKeT pPACHPOCTPaHATLCH HA 3HAYMTE!AbHblE pacctodnns 0e3 u.au
¢ Ma’IbIM H3MenenneM GOpMbl BIOJIbL KaHatla MOCTONHHOIO ceuerinsi. BoJHbL,
KOTOPHIE COCTOST M3 OAHOH BNAAMHBL TAKOH e OTHOCUTEILHON aMILIH-
[y b, Kak Ob10 HalaeHo, He 00.13a4al0T TakoW e NPpoYyHOCTLIO H pac-
Ha’1awTCa na psil 60Jee KOPOTKUX BOJIH,

,,OJ.HHO‘IH_\'IO BO.IHY “ Pyccedst MOKHO PAccMATPUBATL KAK  [IPe1edb-
Hy10 opmy Ko.1eH6aTe1bHON BO.THLI CToKCa yCTaHOBHMBILErOCs BUA, npu-
HeM, TdK Kaxk JUIMHA BOJHLL  j10.KHA  ObITh  OOJIBIIOH CPABHUTEILHO
¢ riyOMHON Kawnaqa, Ja.1eKO JexalMe APYr OT Jpyra BOSBBIULIEHUS 1IPaK-
THUECKH OyayT He3aBuCMMBl Jipyr OT apyra. [lpuvenennnie CTOKCOM
NPHOIMZKeHHbIe  METOAB  OKa3biBAKOTCA, 0/IHAKO, HENDHUIOAHLIMH, eC.dH
JUIHHA  BOJIHBL HAMHOTO  TIPEBOCXOJMT IN1yOHHY, MO3TOMY jadbHeuine
HceqaeaoBatnsg 00 OJMHOYHBIX BOJHAX YCTAHOBMEIUETOCH BHIa pa3BHBa-
JHChb B JIPYI'OM HanpaB/IeHHH.

[Tepspic 10100HBIE HCCACIOBAHHA OLIMHM MPOBCACHD HE3aBHCHMO APYL OT
Apyra Bycenneckosm 1) u Paxces 2). [Tocaennuil, paccMaTpHBas 3ajauy Kak 3a1auy
00 VCTAHOBHBIICMCH JIBHKCHHH, HCXOAHT B OCHOBHOM H3 Q)Op!\l_\'ﬂbl

pip=Fx+iyy=c F(x), (1)

re F(x) ectn GyHKunsg AeiicTBHTEILHOIO NEpCeMEHHOTO.
D10T npHeM B OCOBEHHOCTH MOLXOAMT AJf CAYYdeB, HOAOOHLIX paccMartpi-
BAUMOMY, B KOTOPBIX OJHa M3 NHHHH TOKa cCTh npsiman. M3 (1) Oviem umers

P R T 1
1:3 y5 (2)
A [N S ~Y 274 v
yp=yF 3!F +5!F e,
Cv HHAGKCH YKa3biBalOT HA AudepeHuypoBaHue mo Xx. Jluuua roxa =0 obpa-
'VeT 31eCh 1110 KaHada, a Ma cBOOORUOH MoBepxHOCTH w= —ch, ric h obGozna-

el rayOuny, a € — NOCTOAHHAA CKOPOCTL TCX YACTHY KILLKOCTH, KOTOpBIC
1OCTATOYHO OTJA.ICHBl OT BO.HbBI If BIEPEL H Hasal.
MCI0BHC 1718 JIOCTOAHCTBA J4B.ICHHs BJO.1b CBOGOIHOH [1OBCPXHOCTII 15CT

Wt —=2g (y—h) 3)
iLiH, noacTaBass 13 (2),
F2—y R F/ - y2F"" . =2 — 2 (y —h). (1)
“.OUTACHO (2), BIOIL TOif /KC CAMOH LOBEPXHOCTIH 1IMeEM

3

)'F'ﬁ%! L~ —ch. 3)
Hewnowns Foms ypasuennii (4) u (3), noavuusm  andepeHuHaanHOC YpaBic-
Hite, onpeaeasioilee OpanHaty y ¢pofoaHoi nosepxHocT. Ecint (kak Mul W np-
Mes) pvagmpst F7(X) Hoee IIPOM3BOIHBIC MCHSIOTCH HACTOALKO MCICHHO C X,
Y0 OHIL H3MeHATCH TOALKO Ha MAJyVIo 10410 CBOHX 3HAYeHuii, xorjga X Bo3pac-
Ha Beartiiny nopsiika riayOudnl /i, To wicHsl B vpasHenusax (1) u (5) 6vavt
CUCieienHo - vOMBATH, I YKA3aHHOC HCKTOUCHHC MOZKHO BBITOJIHHTL € [OMOLIbIO

SO TOBATCALHBIX TPHOIDKCHIHA,

i) Boussinesq, Compte Rendus, 19 mons 1871,
) Ravlcigh, cM. npumeuanne Ha ctp. ...

9
4 Tavs.
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Tak, H3 ypaBHenHsa (5) 6yaeM HMeTb
, c-h 1 , { 1 1 1y ) .
F'= —— "4 — y2F""" 4, .= —ch{— 4 — 2(_)_'_,” i (6
y T8 y T8 T\ IR

I, €CIH Mbl COXPaHHM TOJIbKO YJeHbl JIOPAAKA BBHIMHCAHHBIX B KOHue (6), 170
vpaBHeHHe (4) npuMer Buj

A2 AN LYl 20—=h
y’—3y(y>+y(y)_h’— R

HIH, noc.ae HCKOTOPOYO anBeneHHﬂ,

2y _ by 1 2ou—h .
FITE Y TE ST e @

Ecan ymHOxuM (7) Ha y’ M NPOHHTCIPHPYEM, TPHUYEM ONPELEIHM 1IPON3-
BOJIbHYIO MOCTOAHHYIO TaKHM oGpasom, uTo y'=0 pas y=~h, TO noayumum

b, tyr 1 y—h_ gly—h?
y TRy ST TR T
HIH ( h)'l
},/3=3 y—fF_ (1—%—). (8)
Orcioga cieayer, uto y’ obpauaerca B HYIb TOALKO 1A Y=h H =_ci'

. c?
#l TaK Kak MNOCACHHHI MHOMKHTeNb JOMKEH ObITh NOACKHTEABHBIM, TO —

¢CTb, OUE€BHJIHO, MAKCUMAABHOE 3HAMEHHE Y. C.'ICILOBaTCJbHO, BOJHAa HEeO6XOMHMO
6yIICT COCTOATb TOJIbKO M3 OfHOro BO3BbiLICHNS, M, 0603HAUHB yepes a Han6o.b-
uiee BO3BLILICHHE Hajl HEBO3MYIUECHHbBIM YPOBHEM, 6}'JC‘M HMETH

c=g(h+a); 9)

3TO BhIPaXXEHHE NPENCTABAAET B TOUHOCTH 3MIHPHYECKYI0 (OPMYNY, KOTOPYIO
YCTaHOBHA Pyccenb Risi CKOPOCTH BOJH.

[penenvHas ¢opMa BOAHBI NOAXHA HMETb, Kak B § 250, octpuiit rpe6enn
B 120°, H TaK KakK XMAKOCTb 3Z€Cb HaXOAHTCA B JIOKOe, TO OyleM HMEThb
¢*=2ga. Ecin 65 ¢opmyna (9) 6bina NPHMCHNMA K TaKOMY NpefeNbHOMY C.y-
4aw, TO MOJYYHJIOCL Obl, 4TO @=A.

Ecan paa KpaTKOCTH MOJOXKHTD

y—h:ny ]l
K (h+a) ., ¢ ¢10)
3a -0 ’
10 H3 (8) MOayuyHTCA ypaBHEHHe
1)
ey 1Y
w=x 4 (1--1) ", an
MHTCTPak KOTOPOro paBcH
7= g sech? % —’;— , (12)

np# YCJAOBHH, YTO HA4a’10 B3ATO B TOYHOCTH HOA I‘pCﬁHCM.
OnpeneneHHou »JAJIHHBL  BOIHBI® He CYWeCTBYeT, HO MOXHO B KayecTBe
HpHGJIHSHTeJIbHOl‘O YKa3aHHS OTHOCHTEJBLHO TNPOTAXEHHS BOJHB OTMETHTDH, Y70

x .
BO3BLILICHHE HMEET ACCATYK YacCTh CBOEr0 MaKCHMyMa, €CaH —b—=-3.635-
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dur., 63 npeuncraBaser H300paKEHHC KPHBOH

! i 1
you b sech? 5 X

3 paer npoduab BOIMBL AT Cayuay @=1!/,h 1A 601ec HU3KHX BOAH Bal0
YMEHBHIMTL MacHiTab 2% X M VBCIHUNTD MacHiTa® 17i Y COOTBCTCTBCHHO Npl-

o - . a
JOKEHHOH TH()JHLL(‘, B KOTOPOH LI pPasiuuHbIX 3HAYeHHH —— J13aHO OTHOWIC-

b
HHC —= H, CIEIOBATEILHO, JaN TOPHIOHTATbHLI

ajh hih MaciTa0.
L0 1,915
P02 1,414
03 1,202 ; 7
04 1,080 z 0
‘ 0,5 1,000
{ 0,6 0’943 dur. 63.
C 07 0,900

0,8 0,866 [Ip#H  paccCMOTPCHHH H3.10KCHHONO Bbuille Jic-

0,9 0,839 CA€lOBAHHS MOWKHO VCTAHOBHTB, UTO HPHOIIKC-
L0 0,816 HIC CKA3a710CL B TOM, 4TO Mbl lpeHebperaeM ucj-
; | -

" h-+a
BCPTOH CTEMNEHLI0 OTHOWEHUSA -Q%ﬂ 1),

Ecan cooBuiTh KHIKOCTH CKOPOCTh —— € NMapallIc;IbHO OCH X, TO NOJYUHM
cayuall IPOrpecCHBHON BOJHLI HA CHOKOHHOH Bome. JIerko nokasartb, uTO Torla

. d .
S MaabiX 3HAYE€HHH OTHOUICHHSA T TPAEKTOPHA KaWA0H YaCTHULI €CTb Ayra

1apab0asl, OCb KOTOPOHl HampaBieHa BepPTHKaILHO H BEPLIHHA KOTOpPoH oGpa-
iieHa BBepx %).

C nepBoOro B3risa MOXKET Ka3aTbCsd, YTO 3Ta TEOPHA HECOBMECTHMA C pe-
syapratamp § 187, rae Obld0 JI0Ka3aHO, YTO BOJHA KOHEYHOH aMIIMTYAbI, IJIHHA
KOTOPOH BeNHKAa CPaBHHTEJIbHO € IyOMHOH, JOJukHa O0€3YCJIO0BHO HCHBITHIBATH
IIOCTOAHHOE H3MeHeHHe (GOPMbI YIDH 1IOCTYIATEALHOM €€ IBHMXCHHH, IPHYEM 3TO
H3MEHeHHe NPOHCXOAHT TeM O6nicTpee, yem 0Oabile BO3BLILIEHHE HAal HEBO3MY-
illCHHBIM ypoBHEM. OJHAaKO TaM Mbl NPEINOAATANH, YTO HIJIMHA BO.IHbLI SIBIACTCS
HACTOAbKO GONLIIOA, UTO BEPTHKAJbHBIM YCKOPEHHEM MOMHO TupeHebpeyb M,
CACAOBATEILHO, CYHTATh TOPH3OHTANbHYI0 CKOPOCTb OT IIOBEPXHOCTH [0 JHA
noutn nocrosHHod (§ 169). BuuueunpusegeHnasa uuciaosas T1abauna IOKasbiBaet
TdKKe, YTO ,ONHHOUYHAS BOJHA“ TeM HIIKe, YeM OHa jgnuHHee. [pyrumi cioBaMmu:
JeM Gonee oHa NpHOMMKAETCst ¥ XapaKTepy ,AAHHHOH“ BoaHbl, B cmbicae § 169,
TeM Jierue NpeioTBPallaercs niMeHeHHe (OpMbl HE3HAYHTEbHBIM [PHCNOCO6.1e-
HHEM CKOpOCTEH yacTHIl 3).

IBnxeHne B KpaHHHX YacTsX OJMHOUHOIl BOJHLI MOXkeT OblTh 1IPeICTaBjieHo
0AHOW oueHb npocroil gopwMy.oil. PaccMaTtpusas nNporpeccHsHylo BOJHY, pacnpo-
CTPAHSAIOINYI0CA B HalipaBlelHH IOAOKHTEIbHOH OCH X, M BbOHpas HAYaJl0 KOOp-
JHAT H3 JHC KAaHajla, HMEHHO B TOUKE Ha TepeiHell CTOpPOHe BOJHDI, MOJOXHM

g AT ED cog my. (13)

1) Teopus OAMHOUHOI Boanuw Onita usyuena Weinstein, Lincei (6), 1,
463 (1026), metogom Jlesu-UwBHTa, Ha KOTOPHIA Oblia ceulaka B § 250. On
Hawes. uto Gopumyaa (9) npeicraBifeT OueHnL XOpoilee NpHOIHEeHMC.
®YBoussinesq, CM. BbIHIC.
%) Stokes, On the Highest Wave of Uniform Propagation, Proc. Camb.
Phil. Soc., 1V, 361 (1883) [Papers V, 140].

34*
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Vpasucnne Ap=0 npn 3TOM YIOBICTBOPAETCH, A4 YC.IOBIE Hd [OBCPXHOCTI

o , 09
o TE gy =0 (14)
ransic 6yieT YAOBIGTBOPHTLCH 118 V=M1, cCau
tg mh
2 __ SO
c'=zh mh (15)

Jlerko BHACThL, HTO 3TO llpllﬁ.‘ll!SHTCJhHO COBNIaAacT ¢ HCCICAOBAHHCM p:-:.’l(!ﬂ,

ecan noaoxuTE m=5b"".

Bullens;io#eHdoc saMeyaHiie, KOTopoe G6bl10 COOGUEHO ABTOPY TNOKOIHBIM
capom Ieoprom Crokcom 1), 6bi10 BuidBaHO HccicloBaHieM Kosaua 2), kotopwiit
oKa3a.1, uTo ¢Gopmy.a

9 iy
[

YOBJAETBOPAET YCIOBHHM npu6.1umcmlo Jl0 BBHICOKOiIl CTereHnu TO'YHOCTH, CCIH
IPHHATH

= —(X+1iy) + u tgh%m(.\' S iy) (16)

€2 ==

tg mh (17

S gln

mo =: - sin=m(l|+_§_a ),

1 (18)
a:atg—2 m (I --a),

ric @ o603HauaeT M4KCHMA.JIbHOC BO3BbLIIICHHE HAI HEBO3MVIUEHHBIM YPOBHEM,
a g ¢CThb HEKOTOpas BCNOMOraTeaIbHasi NMOCTOAHHas. B 6Goaee nosaueii paGore
6bina uccaenoBaHa ) npejeibHas iopMa BOJH, rae vroa npu rpebxe pased 120°.

a
ITpexensioe 3HaueHie OTHOUIEHHA —;~ NIOAYHAETCA paBHUIM 0,78; ckopocTh BOJH

B JTOM Clyyae ONPERCAACTCA M3 pascHCTBA 2= 1,56 gh.

§ 253. Hccaenosanue Panesi u ByccuHecka MOXHO Clerka BUAOH3-
MeHUTh TaKMM 00pa3oM, 4TO OHO OyAeT NaBaTh TEOPHIO Ko1e6amesbHbx
BO.TH KOHEYHOH BHICOTH B KaHa.ie orpaHuueHHOR r1yGuHbl %),

PaccmatpnBan 3afauy Kak 3aaauy 06 VCTAHOBHBINCMCS IBIKCHIM, NOXYYHM
JiI5 KOTIYECTBA ABIKCHHA HA JAHHY BOIHb (A) Buipaxenue

jl[ oudxdy:= —ojfg% dxdv- gy, (19

1) Stokes, Papers, V, 62.

2) Mc. Cowanmn, On the Solitary Wave, Phil. Mag. (5), XXXII, 45 (1891).
) Mc. Cowan, On the Highest Wave of Permanent Type, Phil. Mag.
(5), XXXVIII. 351 (1894).

‘) Korteweg u. De Vries, On the Change of Form of Long Waves
advancing in a Rectangular Canal, and ona New Type of Long Stationary Wa-
ves, Phil. Mag. (5), XXXIX, 422 (1895). Mertol 3Tux aBTOpOB ClerKa OTJH-
NAETCA OT BBILCHIIOKCHHOrO. Kak vKasnBaeT sariasuc, 37a paGoTa CONEPKHT
TAKKC HCCAEI0BAHHC O TOM, KaK MCHseTCH NPOoduaL BOIHB B HEKOTOpHIH MPOH3-
BO1bHBIl MOMEHT, CCIIl HC BBIMOJHCHI YCJOBHA 118 1IOCTOAHCTBA (OPMH.

Jlpyroe m3McHcHuc Meroaa Psics MowHo maiirw v Gwyther, Phil.
Mag. (5), L, 213, 308, 319 (1900).
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1Ay COOTBCTCIBYVET CBOOOAHOII lHOBepXHOCTI. Ecan fi o6osiauaer CpeIHIon iiy-
GHHY, TO 9TO KOJNHYECTBO JBHACHHA MOMNKET ObiTh I10I0XKEHO PABHBLIM o ch 4,
¢ € O3HAMAET (110 CMBICIY) CPCIHIOI CKOPOCTb HOTOKA. 31ech Ha NMOBEPXHOCTH
MICeM, KAK i paHbuwe, w;=- - - cfi. TIPON3BOALHYIO 1OCTOSHAYIO B (3) OCTaBIfeM
WK HEONPEACACHHON, TOM1d MOWEM HANNCaThL

u? o-v?== C - 2gy. (20)
b JaKOM Caydae Bmecro (8) noayumum
n_ R
Yy o= -cg,ig (}’_l) (/’l 'y) (y 7”2)! (21)
s Ny, hy, oGo3navawl BepxHHil 11 HIXEHHE npegeas ¥, u
e A
Cghyhy 22
CVICIOAd caeayer, uto [ ne momer ObiThb 60.LILC ueM fiy.
Ecan tenepn noaosnrn
y —hycosty-. hysin®y, (23)
1o OvaeM HMCTb
B Ok YT K, (24)
S VAR YT e ;
ﬁ—VB(h.——l)’ =31 29

- 1ICNOBATEALHO, (1N Mbi BO3LMCM Ha4yalo N18 X Ha l‘})CGH(‘, T0 G_\','l(‘.\i
HMEeTL

3
‘ dy .
X:= - ——— = F ‘,k (2())
ﬁ,’ ]/1 — k?sin? g AF(n B
[H]
vty (hy - hy) cn'—‘—;- [mod k. Q@7
Aanna Boanu onpeacaseics Gopmy.ioi
)
PRy ( - STV Y 28)
J o VI —kisin?y,
0

dance s (23) u (24) caeaver
A ' n .
* © hycos?y-Lhysin®y . :
dx=:2 — ALy 2B{IF (K - (hy— D) E,(K). (2%
J y ﬂ" Vi Kisinig x B {IF, v D E (R (

Y 0

F UK KaK 3TO AOJKHO OblTb PABHO fiZ, 1O HMeesm

(h--D)F (K)y=(h,-- DI, (k). (3t

1) Boanw, unpeactaBasesuie gopmy.aoii (27), vkasamHule aBiopul HaJuBaiol

-unoidal waves*. UT0 Kacaercs MeTO1d 10AyueHHs 607ec BLICOKOI CTEHCHI
HPHOaNAENHs, 10 MLI L0AKHLL OTOCTATL UHTATEAR K OPHTHHAIY.
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Ypasuenus (25), (28), (30) mnpencTaBAAIOT uETHIPE COOTHOMWEHHA MEXAY
ecTpio BeAHUYHHAMM hy, Ry, [, k, A, B. CaenosaTelbHO, KOTAa ABE H3 9THX
BeAHYHH OyAyT HaHB, OCTanbHbie MOXHO O6YyIeT ONpeleNHTh AHANHTHYCCKH®
CkopocTb BOJIH ¢ onpejensercs torga u3 (22) ). Hanpumep, ¢opma Boan n ux
CKOpPOCTb MOTYT ObiTb BHPAKEHH 4Yepe3 JAIMHY A M BHICOTY h; rpe6Heit
OTHOCHTEJIbHO AHa.

OnunouHas BonHa § 252 ciona BkaAOYaeTcs Kak dacrtHelit caywad. Ecaw
NOIOKUTh I=Hh,, T0 k=1 u dopmyast (28) u (30) mokasnBawT TOrjJa, 4TO 4=
=00, hl=h'

§ 254. Tenbmronsu 2) mpusen TeOPHIO BOAH YCTAHOBHBILEHCH (OPMBI
B CBA3b C OOLMMH NPHHIUMNAMH AHHAMHKH.

Echu B ypasHeHMSX IBHKEHMS ,THPOCTaTHYECKOH® cucremn (23)
§ 141 noaoxuts

oV

U= o
oV

Qe = =5, )
oV

Qn= bz;r

rne V o6o3HauaeT MOTEHUHANbHYIO 3HEPIHIO, TO B KauecTBE yC/J0BHH ycTa-
HOBHBILIErOCSH ABHXEHUS MPH TOCTOAHHBIX ¢y, oy« -., o TIOMYUUM

0

sV +K=0,
0 ——
ba(v—}- K)=0,

0
E(V+K)=O'

)

3aecb K eCTb 3Heprus TOro ABHXKEHHs, KOTOPOe COOTBETCTBYeT NPOH3-
BOJILHO NAHHBIM 3HAYEHWAM KOODAMHAT ¢y, {g, ..., Jn, €CAH 3TH TNOCHAEA-
HHe BC/IE[ICTBHE TIPUMEHEHHss COOTBETCTBEHHLIM OOpa3oM  BLIGPAHHBIX
BHEIIHHX CHJI COXPAHAIOTCS MOCTOSHHBIMH.

Mu ppennonaraeM, YTO 3Ta 3HEPrUs BLIPAXKEHA HePe3 NOCTOSAHHbLIE
00006uleHHble UMNYALCHI, COOTBETCTBYIOM{HE CKPHITBIM KOOPAMHATAM ¥,
2'y-.., W uepes siBHblE KOOPAMHATH! @y, fa, ..., n. HO OHa Takke

MOXeT OBITb Bbipaxena uepes ckopoctv %, X',... W KOODAHMHATH ¢y,

1) Ecan ray6una 6yieT KOHeuHOH, TO BO3HHKAET BOIPOC, YTO HMEHHO Cle-
JlyeT TMOHHMAaTh MOJ CKOPOCTbIO pacnpocTpaHeHus. To, YTO HAa3bLIBAMOCH B TEKCTE
CKOpOCTbI0, €CTh CKOPOCTb NMPOQHAS BOJHBL 10 OTHOLICHUIO K HEHTPY HHEPUHH
TOH MacChi XHAKOCTH, KOTOpafA 3aKJAOUCHA MEKIY IABYMA BEPTHKAJbHLIMH ILIO-
f,xo2cg2ﬂmn, OTAAJIEHHLIMH JAPYT OT Apyra Ha Aanuy Boausl. Cp. Stokes, Papers,

’ 5
%) Helmholtz, Die Energie der Wogen und des Windes, Berl. Monats-
ber., 17 uions 1890 {Wiss. Abh., 11, 333).
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Gov -+ Qny B 3TOH ¢dopMe Mbl OOGO3HAUMM ee uepes T, Touno tak,
Kak 5 § 142, MOXHO NOKas3aTh, 4TO
0T, _ __ 0K
0, 0g, "’
FA4K UTO yCa0BHS (2) PABHOCHABHBL YC/OBHAM
0 0 0 .
56;‘(‘/ —Ty=0, b‘q;(v ~Ty=0,..., m(v —Te)=0. (3

CrezoBarebHO, YC/IOBHE JAst CBOGOQHOTO YCTAHOBHMBIIErOCs IBMME-
HUA ¢ TIPOM3BOJBHO 3a@HHLIMH NOCTOAHHBIMH 3HAYEHUAMH (4, g, - -, (n
COCTOHT B TOM, HTO COOTBeTCTByloulee 3Hadedne V-+K wm V —T,
A0MKHO ObiTh CraunoHapHuM; cp. (7) § 203.

A%
Iaaee, ecau Mbl HanuineM B ypaBHeHusx § 141 —b_+Q’ BMeCTO Q,,

9
ra4K 4TO Q,. npeacTaB/igeT Tenepb KOMIOHEHTY BHEWHHUX CHJI, TO HaﬁﬂeM,

YMHOXas NOCJIeI0BATENLHO HA (), (s, ..., (n W 33T€M CKAQJHBAS,
d ,~ N M M
r R+V+K =Qq+ Qg+ ... +Qngn. (4)

rae € ecTb TR YACTh 3IHEPrHH, KOTOPAs 3dBMCHT OT CKOPOCTEH ¢y,
oo+ vy gu. C MOMOUIBIO TAKOFO Xe paccyxeHus, kak B § 205, wmul
[0JYUHM, YTO eC/HM HMeIOTCA HaJHUO [IUCCHMIATHBHbBlE CHJBI, KOTOpbie
BANSIIOT Ha KOODAHHATHL i, (g, ++.,{n, HO HE Ha CKPLITHie KOODIAHHATHI
% %'s..., TO yCJAOBHE I/s ,BEKOBOH“ yCTOHYHBOCTH GyZeT COCTOSTDH
8 TOM, 410 V -+ K L0MKHO GBITH MHHHMYMOM.

[pit ipuMeHEeHHH K 3ajgaue 00 YCTAHOBHBLIHMXCH BOJHAX Mbl JOCTHTHEM
Hoablied SICHOCTH, €CIH yIAajJHM H3 PacCMaTpHBAEMOrO BONpoca Bce GeCKOHEYHOoe,
IPHHHMASA, YTO HHAKOCTb LHPKYAHPYET B KOJbLEOOPa3HOM KaHane MOCTOSHHOTO
FIPAMOYTOJBLHOTO HOMEPEYHOro CeueHHs (CTOPOHLI KOTOPOTO IOPH3OHTAAbHBI H BEp-
THKaJbHb) OYeHb 6oJbuIOro pammyca. 3a 0600LEHHYI cKopocrb %, COOTBeT-
CTBYIOU(YI0 CKPBHITOH KOODNHHATE, MOXHO B3fTh MOTOK Yepe3 eXHHHLIY LHPHHLI
Kadajga, a MOCTOAHHOE KONHUECTBO [BHKEHHA LHUPKYJISAUHH MOXKHO 3aMEHHTH
uepes HMKAUECKYo KoHcTauty ». KoopauHatst ¢, ¢, ..., g, oOuweid reopun
HPEACTABATCS 31€Ch Yepe3 3HaYeHHS BO3BBLILICHMs MOBEPXHOCTH 7, KOTOpas pac-
cvaTpuBaeTca Kak (YHKUMA MPOCTPAHCTBEHHOH KOOPIHHATH [POLONBHOTO Hampa-
g1edisd X. COOTBETCTBYIOLHE W€ KOMIOHEHTHl BHEUIHEH CHJBLI NPEACTaBJIAITCSH
HPOH3BOJABLHEIMH HAaBIECHHAMH, KCHCTBYIOLMMH Ha MOBEPXHOCTH.

Ecan obo3nauntbh yepe3 [ o6yl AJHHY KaHala, TO Ha €IHHHLY LIHPHHBI
GvaeM HMeTh

!
1 s
V=—2—ggfn~dx, )
0
F1e 1 YA0BJIETBOPAET YCIOBHIO
L

f i dx =0. (6)
v
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Ecan 6bl Takie nerKo MBI MOIAH HAaHTH obulee Bbipa:kCHHE & KHHETHYC-
CKOH 9HEPrHy CTAalHOHAPHOTrO JBHiEHIst, COOTBETCTBYIOUIETO IPOH3BOJILHON 3a-
DAHHOH (popMe TNOBEPXHOCTH, TO NMPHBEJCHHOE Bbille YCJIOBHE B KakoH-1160 us
JAAHHBIX (POPM NO3BOJILIO Obl C MOMOUIbIO OOLIYHOrO NPHEMA BAPHAIHOHHOIO HC-
YHCICHHSA ONpEeAeaHTh BO3MOMKHBIE, €Clli TAKOBbie CYWECTBYIT, (OPMbl CTALHO-
HapHbIX BOJH 1).

[TpakTHYeCKH 9TO MOXHO YCTAaHOBHTb He HHauye Kak METORaMIl MNoC1e10-
BaTeNbHBIX NPHONHMKEHHH; HO AN H3BECTHOTO YACHEHHA BONPOCAa Mbl MOXEM BOC-
NPOU3BECTH, MOJIb3YACh HACTOALUiel TeopHeil, pe3yabTarbl, KOTOPbIE Mbl HOMYUH.IH
448 ,JJIMHHBIX" BOAH ¢ GE€CKOHEYHO Maaoi aMNauTyLoH.

Ecau o6o3HaunM uepe3 h ray6uHy Kavana, TO CKOPOCTL B J00OM nonepeuy-
HOM CEYEHHH, KOrJa NOBEPXHOCTb C NPOHM3BOJBHBIM BO3BLILIEHHEM 7 HAXOAHTCH

B nokoe, 6yxeT paBHa —h—:?, rae x o6o3Hauaer notok. CiegoBareibHO, 111
UHK.THUYECKOH uocrommoi’x npHbaHAEHRO 6yneM uMeTb
n=% J ot ) dx = i"‘—(1+i pax), ™
h h2l
U

TRe UJeHb NMEPBOrO MOPsAka OTHOCHTEILHO » B CHay YpasHeHua (6) omyuwenbt.

Knnernueckass oHeprua 1/, guz MOxkeT GbTb BhlpaxeHa Kak uepe3 £, TaK
it uepe3 ». Takum o6pa3oM Mbl mMoayyaeMm oGe (popmu B Bije

1 oly®
To“——'z—ghl‘( Thglj "’dx) (R)
1 phx? 1 :
LI L .
K== (' h’lfnzdx)' )

Y
MMepemennas uactb o1 V — T, Gyner pasHa

l
1 PAY I
Te( —‘ha—).} )/"dx, (l
(1]

1
1 2 o
5o (e—gw) [rex an

0

a or V-+ K pasHa

OueBuaHo, 06¢ 3TH BEJIHYMHBI CTAUHOHAPHH Aas =0 1 OCTaKTCA TaKHMH
18 A100brx 6€CKOHEYHO MAJbIX 3HAueHHil 7, €C.IH TO.JbKO

P=gh® wan  x=ghl®.

1) OTHOCHTEABPHO HEKOTOPHX OO6UINX HCCAelOBaHui 3aiayu 06 yCTaHOBMB-
IIMXCA BOJHAaX Ha MOBEPXHOCTH pa3feNa JABYX TNOTOKOB YKawxeM Ha paboTy
eapmroabua. OHa COREpKHT B KOHLE TAaKKe HEKOTODHE, OCHOBAaHHbLlE Ha BHIYH-
CIEHUH SHEPTHH H KOJNMYEeCTBA [BHMKEHHS pPACCYKICHH OTHOCHTENBHO JJIMHBE
TeX BOJH, KOTODbie BLI3bIBAIOTCS B NepBbli MOMEHT Gnaromaps BeTpy RaHHOH
CKOPOCTH. IJTH MCCIEAOBaHHA, NMOBHIMMOMY, CONEpKaTr AONYlUlEHHE O TOM, YTO
BOJMHHW NpEANONaralTca 06513aTEBHO VCTAHOBHBLIETOCA BHA3, TaK KaK TOJbKO
Ha OCHOBaHHM NOAOGHOrO NONYUIEHHS MOXKHO MOJNYYHTb ONpeleleHHOe 3HayeHHE
ANSl KONMYECTBA ABHXKEHHMS PHAA BOJNH MAaNOH aAMILIHTYAbi.
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Ecan 10J0mHTL x=Cch W »=¢l, TO 3T0 ycioBie jaer B coriacun ¢ § 175
12)

Boaec TOro, oxasblBaercs, uTO MNpeano.o:kchue =0 oOpamaer V--K
B MAKCHMYM HIH MHHIMYM, CMOTPA 1O TOMY, OvIACT Jii ¢ 60abiie I MEHBLIE.
leM gh. JpyruMmH caosaMi, miIockas (opMda NOBEPXHOCTH TOrjd i TOJAbKO
10r4a BEKOBLIM 00pa30oM YCTOHUMBA, €CIH € << Vgh . Heo6xonumo, oanako, oi-
METHTb, YTO PACCMOTPEHHbIE 3ieCb NHCCHIIATHBHBLIE CHIBI HMEIOT OCOObli Xapak-
TEP; OHM BAUAIOT HAa 6ePMUKAAbHOE JBHXEHHE IOBCPXHOCTH, HO He (fpsMbIM
06pa3oM) Ha TeycHUE HUAKOCTH. B mpoTuBHOM cayuae u3 § 175 oueBHIHO, uTC
¢CIH JIIS COXpaHEHHA KaKOoH-1M6O0 jJaHHOH ycTaHopuBlueHCs (OPMBI MOBEPXHOCTH
IPHIOXEHbI AaBICHHSA, TO TOrJa 9TH JAaBjaeHHs Aas ¢® > gh BOoaxiubl OLTb HanOOIb-
ILHMH B BO3BBLILIEHHAX H HaHMeHbIUUMH BO Bnaauxax. OTciloja, eCiH 3TH JaBie-
HHA YAAIHTh, 7O HCPOBHOCTH HOBEPXHOCTH OVAVT HMETh CTPEMJEHHE YCHIMBATLCS.

—

¢2=gh.

PacnipocTpaHenne BONH B JABYX H3MepeHHUsIX.

§ 255. Paccmorpum Tereph HeKOTOpHlE CJAYY4aH pPAaCIpOCTpaHeHHs
BOJH B [BYX TODH3OHTAJbHBIX M3MepeHMAX X W Y. HampaeuB ocb 2
HEePTHKAJIbHO BBEPX, Mbl OyleM HMeTb, INPEANo.1aras [BHXEHHs GecKe-
HEYHO MATBIMH,

P99 _ ,
o = ot 8z F (1), (1t
i.1€ @ YAOBJETBOPSET YPaBHEHHIO
Op

fIpouspoiabnyo @ynkuuio F (f) MOXKHO BK.IIOYUHTH B 3HAaueHHe or
Ecan M BO3bMEM HAauano KOODAMHAT HAa HEeBO3MYILIEHHOH moBepx-
HOCTH M 06O3HauuM yepe3 { BO3BBILUEHHE HAad 5TUM YPOBHEM B MOMEHT [,

0 M3 YyCJOBHA NOCTOSIHCTBA /AA4BJ1€HHA HA TNOBEPXHOCTH MOJAYUYUM

et [ 99 (3
> g Lot] Y
« KVHEMAaTHYeCKOE YCJIOBHE HA IIOBEPXHOCTH NPEICTABHTCS B BHIE
ot op ;
G=—1%]_ )
vp. § 227. Caenosatenbno, aas 2=0 10.DKHO HMETb MeCTO
0% o .
o 85, =0 %
I, B Cyyae NPOCTHIX IaPMOHHUECKMX Ko.adebauuit,
o .
024,: g e ? (S

CCAN MHOKHTeNb, 3aBHCALLMA OT Bpemeny, papen e 7%,
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[Mpeanonaras XUAKOCTb MPOCTHPAIOIEACH N0 GeCKOHEUHOCTH B rOpH-
30HTA/NLHOM HAaNpaBJIeHWH M BHM3, PaCCMOTPUM BKpatie 3¢ddekT A0Kaab-
HOCO HAYanbHOrO BO3MYILEHHs, CHMMETPHYHOTIO OTHOCHTEJIbLHO Hayana

KOOpAHHAT.
CornacHo § 100 nerxko BuaeTh, UTO THNOBOE pellleHHe IR CAyuas
HayaJbHOFO COCTOSHMA PaBHOBecHs GyJer

inot g ~
Q= g _S_!_ﬂ_o'_ e (kw),
‘ ’ (M
{=cosat [, (kw),

rne, Kak B § 228,

Yro6bi OGO6GIINTE 3TOT pPE3yasbTaT, COXPaHAA CHMMeTPHIO, npubernem
x teopeme (12) § 100, a umeHHo K dopmyne

f@)=[ JotkeYkdk [ f(a) Jo(ka)a da. 9
0 0

{IpHHHMas BO BHMMAHWe Haya/ibHble YC/IOBHs

t=f(®), go=0, (10)

vl OyneM uMeTh

p=g [ S5 Jyka) kak [ 1@ Jykoa da,
o 0

<;=f°°cos ot Jo (kw)k dk _T'of(a)jo(ka)ada. an
0 0

Eciu HayanbHOe  BO3BBbILIEHHE OorpaHlyuBaeTcs HCI’IOCD&ACTBBHHOR
GIH30CTBIO C HAuYaAoM KOOPAWHAT U €CJMH Mbl TNOJOXUM

o]
f f(a)2rnada=1, 12)
0
ro 6yaeM HMeTb
©
p= [ TG otk kak. (13
v

Pizrarag B paa H NpuMeHas ypasHenue (8), moayuum

t [ 2 %) Ty N AL
¢=§;J {k—%k"i-(%‘,)*ka—---}eh o (ko) dk. (14)
0
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Ecnu nonoxutb
2= —7r c0sf, td:rsm(), (15)

+0, cornacuo (9) § 102, 6yiaem umerh

f & Jo (ka3) dk = L. (16)
0
i1 fanee 1)
0? kz -~ T () " 1 P'\(u)
j (4 jo(k(l))k dk:—(—o'z—) T’—'—-—n! RS ' (17)
0
rae w=cos @ (cp. § 85). Orciona mosnyuaercs
Pi(w) _ gt* 2'P, () , (g1*)? 3!Py(w !
271{ TR T3T s g ey U8

3Hayenne { BHIYHCASETCS OTCIOAA C moMOuLIo dopuyan (3). Uz §§ 84,
35 caeayer, 4TO

Pun =0, Pu(@)=(—1yL2@D (g

i, CJ1eA0BATENbHO,

1 12 gt“ 232 /N2 1. 32,52/ gf2\5 1 2
= { 5T T~ “6'."* <7v> -+ - o1 <‘(’~> - g (200 3

e

2m0) [ w

Orcrona caexyer, uto Kawiaas ocobas (pasa JBHXKeHHs C(BA3aHA € OCO-
. gt?
OnIM 3HAYeHWEeM BeJIMYMHBL - U uToO, CJEeNOBATENbLHO, pPA3JiHYHbIE 4)83“
w

PACHIPOCTPAHSIIOTCA OT HAuajda KOODAMHAT 7110 PALMYCAM HAPYKY, Kaxjas
¢ IMOCTOSIHHLIM YCKOPEHHeM.

o cux mop He ynajaoch HalTH BhipaceHde, 3KBUBaJseHTHOE paay (20),
noaotHoe dopmyte (21) § 238, xoropas Onljia YCTaHOBJIeHA AAst MIOC-
KOO CIyyas W KOTOpasi, CJef0BaTeldbHO, OGbina Gbl MoOAXOAsied B Coy-

2
aae, Koraa gé Beauko. Metonom Keawnsuna (§ 241) moxno, onaHako,
w
HOY4uThL npuGiMkeHHOe 3HaueHde. Tak kax Jy(2) ecTh Kosed.uouascs
OVHKUMS, CTPeMsILascs C BO3pACTAHMEM 2 CTAaTh MEePHOAHYECKON C TepHO-
oM 27, Kak sinz, To 3ieMenThl uHTerpana 8 (13) Goabure#t uacthio
OYAYT B3aUMHO COKDAIATHCH 33 HCK/IIOUEHHeM TeX, JUIS KOTOPBIX JIpH-
SAHKEHHO
t2

t——-_cu win ko = = . (21
dk o )

) Hobsomn, Proc. Lond. Math. Soc, XXV, 72, 73 (1893). 3ra ¢opmy.a,
N1Hako, He oénsaTeana, cM. cTp. 482, cHocka 1.
%) 10T peaynbTaT MPHHANJIEKHT Kown u Iyaccony.
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Jlas Goabwmx sHauennd ko, cormacuo ¢opmynre (15) § 194, umeen
ApNOIMIKEHHO

~ 1 ~
Jo (kw)= /~2;) zsin (kw+—%— n>; (22)
\ nko
caeloBatenbto, dopmyay (13) MOXKHO 3aMeHHTL uepes
1/a Py
— 4 k= ~ 1 \ ,
¢~WI e cos (ot——kco ————4—73) dk. (23)

0

CpasuuBas ¢ ¢opmynamu (7) u (9) § 241 wu nonaras 3arem 2=0,
nafileM 0451 3HaYeHHs @ Ha TOBEPXHOCTH

= sin (ot —kw); (24)

NI,ZV |tda

dk2

BXOASULIME CIONA BEHMHL k v o Boipaxaiorcs npn nomoun (8) u (21)

yepe3 @ M {. 31eCh UPHHATO BO BHWUMAHKE, UTO e 6yneT OoTpHLATeNb-

HuiM. Tak xak

of = (gktd)'* = 2ko,

@ 1 apg-sn 20 0=
tdk2 - —_‘1« g tk - gtz b ("‘o)
TO nMeeM
gt gt? :
—= Sin < . 26
Fo= 28277092 40 (<0)

Boasshilienue 1nosepxuoctd onpegensiercs toraa ¢popmynaoit (3). Ecam mbl
B COOTBETCTBHH C NPEALIECTBYIOWIWM COXPAHHM TOJbLKO HauGojee Bask-
Hbie YJeHbl, TO TNOJIyYHM

-

{=- 5Igt2~3 cos 2= gt* (27)
272 4w

YTO COBRMAaAdeT C pe3yJbTaTOM, noayyeHHolM Koumn wu IlyaccoHom npy-

I'HM NyTeM.

HeT Hano6HOCTH OCTaHABAMBATBCS HA MCTONKOBAHHH 3TOrO pe3y.ib-
raTta; ero MOMXHO BMOJHE OCMBICAMTbL M3 TOro, 4To 6bN0 cKazawo B § 240
Ans AByXMmepHoro cayuas. Chienctsus ObAM Da3o0paHbl OGCTOSITENLHO
IlyaccoHom ans cayuasi HauanbHOR nenpecchuu B ¢opMe mapaGoaouza.

Ecau B kauecTBe HayajbHBIX YCJAOBHH NdaHBI HMMYJbCHl, TO THIOBHIM
peillennem 6yiet

op =cos ate™ J, (kw), )
~ (28)
{= — —ggé— sin ot J (kw). '
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O6o6mas 370 pemienue JIisi HAYATBLHBIX YCTOBHH

0gy = F (@),
¢ =0, } 29

HOAYUMM

[ee)

@ == -%— J cosate"™ J, (ko) k dk f F(a) Jo(ka)ada,
S0 0

je)

C:“g%f o sinot J, (ko) k dk fF(a)jo(ka)ada. (30)
0 0]

B 4aCTHOCTH, Ing Chayuas COCPeAOTOUEHHOro OKOJ0 iaydana KOOpIaH-
Har UMINyJabcCa, nMpH KOTOPOM

fF(a)Qnada:l, (3H
0
panaeM
90:2—}@ I cos ate™ J, (kw)k dk. (32)
0
Tax KakK 3TO MOXKHO HANHCATL B BHIE
p=pe L f snot gk J, (kas) k d, (33)
b 0

7, MPUMEHssl ONepanuio —g%g—t k Boipaxennsv (18) u (20), noayuum

_ 1 [ Pi(y) _ gt® 2Py (p) 4 (88 (ﬂf »? 3Py ) )
¥ 2mp {17 2! r3 rs e l
‘e ¢ {l 1z. ';2<(,12 2+ 2, ~,g,zx(ggzw ) ‘ (34)
- 27:9?)3 5! P ) 9! o ) B I
- . /s gt? &
Janee, ecam —2— Beauko, 10 BMecTo (27) Gyaem HMeTy
(2]
3 542 -
e 88 infE (391

7
27! 2ot 4o

§ 256. Paccmotpuy Teneph 3PQdeKT A0KAALHOrO BO3MylleHMa dasle-
1%, MpeAnoJiaras, 4YTO 3TO BO3MYIIEHHE TepeMEellaeTcsi C NOCTOSHHOM

') Boanbl, 06YCIOBACHHLIC PA3IHYHOLO POJa B3PHLIBAMH IO MOBEPIHOCTHIO,
Auiau meeaegosausl Terazawa, Proc. Roy Soc. A, XCII, 57 (1915) s aBropow,
‘M. npumeuaune Ha ctp. 513 u Proc. Lond. Soc. (2) XXI, 359 (1922).
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CKOPOCTDLIO 110 NOBEPXHOCTH 1), DTUM nyTeM Mbl MONYUHM, XOTs Gbl B OCHOR-
HLIX uyepTax, OOBsICHeHHe TOR YacTHOH CHCTEMbI BOJIH, KOTOpas COnpo-
BOXaeT KOpabap, NMJILIBYLIMH NO KOCTaTOYHO Tray6OKo# Boze.
IToanoe uccnenosanue, nogo6xoe uccnenosannio §§ 242, 243, 66110 b
LOBOMBHO 3aTPYAHHTENbHO; HO O6LLYI0 XapaKTEPHCTHKY SBJEHHS MOXHO
‘1€I'KO NOJY4YUTh Ha OCHOBe NPEeNlLIeCTBYIOUHX pe3yJbTaTOB C MOMOMULbIO
Merona, nonoGHoro meroay § 249.
[peanonoxuM, 4TO UEHTD HABJAEHHSI ABHMETCHA CO CKOPOCTBHIO € BAO.Ib
OCH X B OTPHLATE/NbHOM HaNpaB/eHHH; TYCThb B PACCMAaTPHBAEMbIH MOMEHT
7 o noctur Toukn (. Bossbiwenne { B
Kako#-nn6o Touke P (¢ur. 64) MOXHO
£ paccMaTpUBaTh KAK  MPOMCXOAAllEe OT
{4 77 psana GeCKOHEYHO MasblX TOJYKOB, TNPO-
0 g M3BOAMMBLIX uepe3 paBHHe GeCKOHeuHO
Mazible MPOMEXYTKH BPEMEHH Ha TOYKU
P OocH X, nexamue HanpaBo ot (. M3 Ttex
®ur. 64. KO/bLEOOpasHbiX CHCTEM BOJIH, KOTOpbie
6naronaps 9THM  TOMYKaM INOCTENEHHO
o0pasylorcs, 3aMerHbit 3ddexr B Touke P 1alT TONLKO Te, KOTODHE
BOBHHMKAIOT BO/MHM3M HeKOTOPHIX Touek Q. dtu Touku Q onpenensorcs u3
TOro cooGpaxenus, yro (asa B Touke P nomkHa ObTb ,CTAHOHAPHOH*
10 OTHOIUEHHI0 K H3MeHeHHsM nonoxenus Touek Q. Ecam { oGosnauaer
BpeMsi, KOTOpOe HEOGXOAMMO MCTOYHHKY BO3MYILEHHs IAS TOro, 4TOOH
nepemecTuThca M3 Q B 0, TO dasza BO3HMKWHX B Touke Q BOAH Oyaer
paBHa B Touke P

gt? 1
4:; +—2—7l, (])

rae w=QP [(35) § 255]. CrenosaTeasHo, ycnosue, 4TO ¢asa CTanHo-
HapHa, Oyner

~ 20
w="", (2
4
Tak kax npu 37OM Andepenunposannu O i P caeayeT CuMTaTh HKCH-
POBaHKHBIMH, TO 6yleM HMeTb

® = ¢ cos 0,
rie
6= £ OQP,
OTKylla cnenye'r
0Q =ct=2wsec. %))

Hanee #CHO, YTO TOUKH, JexaulHe B HeNOCPeACTBEHHOM GAH3OCTH
K P, a1 KOTOpHX pe3yabTHpylouwlas ¢$asa Takas ke, Kak u B Touke P,

1) Boaee Q6uiyl0 TPaKTOBKY NOAOGHOro poja 3agay MOXHO HaliTH B pa6ore
aBTopa On Wave-Patterns due to a Travelling Disturbance, Phil. Mag. (6)
XXXI, 539, 1916.



i

(3]
W
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OyAYyT JlexaTb Ha TNpPAMOM, mnepreHiukyaspHod k QP. Barnsnys na
¢ur. 64, yBHIMM, YTO KpuBas MOCTOSHHOH asbl XapaKTePU3YeTCs TeM
¢BOMCTBOM, 4YTO KacaTeihHas MEJHT IIONOJNAM OTPE30K Mew]y HauaioM
KOODAMHAT W OCHOBaHueMm Hopmalteft. Ecan o6osnaunts uepe3 p nepnek-
CMKYJISp, ONYLUEHHB M3 HAauana KOODAMHAT HA KacaTelbHYI0 H uepe:
f/— yron Mexay p v OCblo X, TO COIVIACHO W3BECTHOH ¢opmyiae Oy.eu
1MeTh

—__4ap.
PZ = R
oTCIONd Caenyer
2p= -~ %‘g ctg 0, (3,
p=acos?f. {51

DopMbl KPUBLIX, ONpeleaseMblX ycaosues (5), nokasann Ha ¢ur, 63 1).
KOTOpas HayepueHa COMIACHO yDPABHEHHSIM
dp . 1 =
X=p cos@—w sin = - a(5cosf— cos 30),

d

(0}
y = psin 0+-d%c050= ~-—era (sin 6 4 sin 36).

PasHoCTh a3 OT OAHOH KpWBOH 10 COOTBETCTBYIOWIEH Y4acT Clenyioulel
2mc?
KPHBOW paBHa 27, 3ITO COOTBETCTBYET DPAa3HOCTH e 3HaueHn# mnapa-

werpa da.

Tax kak uepe3 KaxAyl 3alaHHYIO
rOYKYy P, Jlexalryio BHYTPH TI'DaHHI
CHCTEMBl BOJIH, TIPOXOJAT ABe NMOR0G-
Hbie KDHBHIE, TO B PacCMaTPHBAEMOM
lipUMepe CylMeCcTBYIOT, OUYeBHIHO, ABa
COOTBETCTBYIOIMX AEHCTBUTE/bHBIX 110~
aomenna Q. OHu ompenensiorcs cie-
AYIOIMM OueHb TPOCTHIM TOCTPOE-
liieM: pasjgendM oTpe3ok OP nonoaam
Touko#i C M MNOCTPOUM HA AUAMETpE dur. 65.

CP  OKDYXHOCTb; 3Td OKPYKHOCTh

nepeceyer oCb X B TOuYKax R;, R,; rtoukn nepecevenus Q, h @,
(ur. 66), B xoTopeIXx nepreHaukyaspsl PQ; u PQ,, BOCCTaB/IeHHbe CO-
OTBeTCTBEHHO K PRy n PR,, nepecekaioT 0Cb X ¥ ABSIOTCH TOIJA HCKO-

. 9 Cp. Sir W. Thomson, On Ship Waves, Proc. Inst. Mech. Eng.
© asrycra 1887 {Popular Lectures, III, 482]; tam jaerca aHaJOrHYHbld pHCY-
lox. MccienoBanue, Ha KOTOpOe MBI COCIAIHCh, HECOMHEHHO, OCHOBLIBAETCS Ha
ICOpHH IPYNNOBOH CKOPOCTH, HO 3TO He 6bl10 ykasaHo; cM. Takxe Froude,
On Ship Resistance, Papers of the Greenock, Phil. Soc., 19 susaps 1894. Moxno
HUTIOCPeNCTBEHHO NOKa3aTh, YTO MEKAY ABYMA BETBAMH, CXOASI{HMHCS X OCTPHIO,
CYUlecTByeT pasHocTh ¢as, TaK YTO PUCYHOK He B TOUHOCTH NepegaeT KOHPHTY-
pauxio 60po3n BOJHBI.
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vsiMM TO4YkamH. B camom nene, CR, mapannenvho PQ; , crelosartenn-
Ho, paBuo !/, PQ,; nepnenaukynsp, onyuweHsbnit w3 O Ha PR,, 6yaer

pased toraa PQ,. AHamoruyso, nepne-
¢ ___RkRA 4 ¢ auxynsp, onywenuo# u3 O Ha PR,,

/ G6ynet paBeH PQ,.
/ Touku Q, v Q, OyayTr coBnasarte,

ecan OP coctaBasieT ¢ OChIO CHMMETPHH

yroJs, BeJMYHHA KOTOPOro paBHa arcsin !/,,

dur. 66. wiy 19°28’, Tpu Gosapliux yriax Ha-

knoHa OP Ttouku Q, u Q, craHoBATCA

muumpiMu. M3 dopmyan (6) caenyer Taxke, uTO 3HaueHHs X, Y AIA

sin? @ =1/ 3 6yAyT CTAUMOHAPHLI; 3TO IA€T PAN YIIOBHIX TOYEK, AEKAUHX Ha
MIPAMBIX

x 4 L 008"

_y...—:t 21/_2__itg19 28", 1)

Uto66l MMeTb BO3MOXHOCTbH TPHOIMXEHHO OlEHHTb NeHCTBUTENbHYIO

3bICOTY BOJH B PAasnuuHBIX YaCTAX CHCTeMbl, BepHeMmca K dopmyne (35)

§ 255. Ecan P, o6o3Hauaer noaHOe BO3MYIlAOllee 1aBleHHe, TO BO3BbIlle-

HHe B TOYKe P, 06yc/iOBIeHHOEe KOJAblLeOGPa3HOHf cHCTEeMOM BOJH, HCXO-
ASWMX U3 TOYKH Q, nexaulelt HanpaBo oT (O, Gymer paBHO

_ g .ogt
= = Vamar o Fodh ®

t1e o= PQ, t=o—?- . OTO HaZoO MPOMHTErpHPOBaTh MO {, HO, KaK yxe

ObLIIO CKa3aHO, TONLKO Te YacTH HHTerpasta GyayT HMMeTb CYLIeCTBEHHOe
3HaYeHHe I/ OKOHYATENbHOrO pe3yabTaTa, IS KOTOPbIX ! mpubausu-
TeNbHO DPABHO 3HaueHuAM (T, Tp), COOTBETCTBYIOL{MM KaK pas ynoMsHy-
THIM 0COOBIM TOUKaM @y, Q.
Yro kacaerca (a3, TO, €Can MonoxuTh =11, Gydem nvers
] 2 2 ’2 2
ft £ ]'H ["gT ('g“t‘)]'*'lt.—z[dta gt ]+ ®
) 4o 4w 40
rae 8 4/JeHaX, 3aKJIOYEHHBLIX B KBaAPATHLIX CKOOKax, ! CilelyeT MONOXHUT,
CMOTPSi MO HeOGXOAMMOCTH, PaBHLIM T, HIH T,. BTopo# useH ucuesaer
BCJEACTBHE HALWMX NPEAno/NomeHHH, TaK Kak ¢asa B Touke P /15 BOJH,
BO3HHUKalOWMX BGau3Nn Q, nIn Q,, ,,crauuonapua“. Ianee, Mbl HaXORHM

a2 (gP g g ~ gt“( w* 8 \
i =*::“TC+ _~— = .
dr? 4w) 2w w? 4 \ s ot/
Tax kax
~ I 25in2 0
w=¢cosf, w=c——le—, (10
w
"0 ¢ MOMOLIBI ypasHeuus (2) no.ayunm

t2
[ ()= & (z~=0)- ah
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Benencrsie KoseGaHuit TPUFOHOMETPHUECKOTO MHOXHTEAs He 6yier
60abliOA OWKMOKK, ecii B Bhlpaxenuu (8) npeHeOGpeub M3MeHeHHeM mnep-
BOrO MHOXWTENS WJIH eclM 3aTeM B3fATh B KauecTBe NpelesoB HHTErPH-
poBaHus 11a t' 3HavyeHust --oco. Mbl Oylem uMeTh TOraa NPHGMKEHHO

Sp . gt% 9 47 '
fomm e 8000 fsm(—~ m‘tz)dt
8V 2mow: 0 4w1+ !
o0
g‘Ca Po f . (gT% 9472 ’ 12
— Sifl | =< mat dt s ( )
8]/2 ”mw, o 4c')2+ 2 )

mf=7g(1 —tg26,),

mi= \tg262 2,>’

i sz

} (13)

A MHIEKCHI OTHOCATCS K Toukam Q,, Q, ¢ur. 66. Tak kax

oo o0

fcosm2t’2dl’=f sinm?t"2dt’ = V/M, (14)

—co e

©le HAHLO B3ATh TNOJOXKHUTEJIbHOE 3HaueHue m, TO Mbl HaWgeM

gti P, . (gr% 1 )
= —=2 L sin( St ) —
8V 2 alpntm, 4w, + 4
afzﬂ___mn(ﬁ_Ln) (15)
8]/2 7 Izﬂwzmg 4w, 4

IlBa useHa 3TOrO BHIPAXEHUS MNPeACTaBAAIOT YACTH, OOGYCIOBJIEHHBIE
COOTBETCTBEHHO TNONepeuHbIMH OGOKOBbLIMM BOMHaMH. Tak kak

®, = PQ,=—-¢7; cos 0,

7
1

2

70 NOJMyyaeTcst, UTO eCJAM Mbl OyleM DAacCMaTpHBATL KAaXIAb# OTHeNbHbIH

'leH cam 1o cebe, TO (asa BAOJbL COOTBETCTBYIOWIEH 4aCTH KPUBOH
p=w==qacos*0

fyY/leT MOCTOAHHOW, B TO BpeMsl KAK BO3BLILEHHE W3MEHSETCS MPONOP-
U1OHATBHO BBHIPAXKEHUIO
V2 g2 p, sec? 6
nrecratlr )/ TT=3sin?0]
B ,ocrpuax“, rae o6e cHCTeMEI COQJIMHAIOTCA, MEXAY HHUMH CyUIeCT-
BYeT pasHocTh (a3 B 4eTBEPTh NEpPHOMA.
85 JTawmo.

(16)
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B ,octpue“, rae sin?@=1/,, dopmyasi naoT GeCKOHEUHOE 3HAYeHie
anst §, HO 3TO OOCTOATENBCTBO YKa3wBAaeT CKOpee BCEro Ha HENOCTAaTOK
Haiero npHO/HXKEHHOro npueMa. YTO BO3BbHIIEHHE B HEKOTOPO# TOuke
P B6au3n ,oCTpHsi“ GyfeT CPaBHHTENbHO GOJbIUNM, MOXHO GH.IO M Npea-
BHIETb, TaK Kak M3 ypasHenu# (9) u (11) cieayeT, 4TO MHOXKeCTBO
TOYEK Ha OCH X, MOCHIIAIOMMX B TOYKY P BOJHbB NPUOIHSHTENLHO O/H-
HakoBo# ¢asbl, 6yner Torza HeoGniua#iHO oGmupHbIM. Hanportus, Gecko-
HEYHOCTb, KOTOpas BCTpeyaeTcss npu 0 =1/y 7, MMeeT HECKONLKO APYrof
XapaKTep: OHa MIPOMCXOAUT OT HCKYCCTBEHHOrO NOMYLUEHHSl, YTO AaBJeHHe
CKOHUEHTPHPOBAaHO B OXHOR moure. TIpH pacnpeie/leHHOM [aBJIEHHH 3Ta
TPYAHOCTb Hcuye3na 6wl 1),

KpoMme TOro, Heo6X0AMMO 3aMeTHTh, YTO BCE 3TO MCCAENOBAHHE HMEeT
2

gt .
MECTO TOJBKO LIS TeX TOUeK, A KOTOPHX “~ BeamuKo; cp. §§ 240,

255. Ipu Gojee OGCTOATENHHOM HCCHENOBAHHH MOXHO HAaHTH, 4TO 3TO

OrpaHMyeHHe PpAaBHOCHJIbLHO NPEANOJIOKEHHIO, YTO NapaMeTp @ BeIMK
8

CP4BHHTENBHO C 2% . CnenopaTe/ibHO, HAalUM PacCyXAEHHs HeMb3s pac-

NPOCTPAaHATL HEMOCPEACTBEHHO HA YaCTH CHCTEMbl BOJIH, Jexaliue BOAU3H

Hayana KOODIMHAT.

§ 256a. Kak yxe OBIO yKa3aHO, CHCTeMa BOJH PacCMaTPHBAEMOro
Bbillle THMA MOXeT GBITh 00pa3oBaHa W APYrMMHM BHAAMH IepeMellaiolie-
rocs Bo3MyuieHus. HexOTOpHe M3 3THX C/lydaeB LOCTYMHH IJs PaCyeTOB«
Hanpumep, ABMKeHHe NOIDYMXEHHOro Iuapa paccMOTpeHo XaBelokom 2),
H I 3TOrO Ciayuas TNOJCYHTAHO BOJHOBOE CONMpOTHBJAeHHe. ABTOp 3)
LD3HHOH KHWMH MCCJeN0BaN JADYFMM MeTONOM JBHXKEHHE TOrPYXEeHHOro
Tenda, He npuGeras K OPPaHAYEHH M KaK (QOPMEI Tena, Tak M €ro OPHEH-
Tauun. Pe3yabTaThl, eCTeCTBEHHO, MOJAYYaJIHCh HanGoJee MPOCTHMH B TOM
cayuae, KOrla HanpaB/eHHe ABHXEHHS COBNANaio C OAHHM M3 TpeX BO3-
MOXHHX HanpaB/jeHU# YCTAHOBHUBILErOCS JBHIKEHHs, DacCMaTpHBAaeMbiX
B § 124. B aToM cayyae BOJNHOBOe CONpPOTHBJEHME BHIpaxaercs ¢op-

MyJAoH A .
R=LALU], amn

3necb A 0603HauaeT COOTBETCTBYIOMLYIO NMPHCOeAMHeHHYI0 Maccy (§ 121),
Q ectb 06beM Tena, ¢ —ero CKOpPOCTb, a
e _ 2t
I=| secd@e Aseczofp, (18)

1) Bonee noapoGubie uccnenoBaHus 6ol nposeieHs! Xon G oM B €ro AHC
ceprauun B Mionxene B 1909 r. ¥ Ho gner'om, Arkiv for Matem., XVIl (1923).
INocnenuuit aBTOp, B YaCTHOCTH, HCCAeROBajd BHJ BOJH BGAM3H ,OCTPHA®, TAE
cxoasiTcA 06e CHCTEMbL.

) Havelock, Proc. Roy. Soc. A, XCHI, 520 (1917); XCV, 354 (1918);
cm. Takxe Green, Phil. iag. (6), XXXVI, 48 (1918).

3) Lamb, Proc. Roy. Soc. A, CXI, 14 (1926).
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riae f ectb ruy6una morpyxenus. Hpyras dbopma aroro uxrerpana (yno-
Tpebasemasi XaBelOKOM) eCThb

1=} c'“{KO(a)+<l+§1;>K1(a)} (19

B O6bluHbIX 06o3uauenusix (pyHkuufl Becceas 1), riue a=»c£—. Lot mapa

Mbl umeem A =2/,7m0a%, Q=1%/,7a3, rae a ectb pammyc. Orciona, ecan
M’ ecTh BbITECHeHHAs MACCA XKMUAKOCTH, NOJYYUM

Resu (4 (41 0

WTO HAXOUMTICA B COrJIacMM ¢ pesyJibratamu Xaseioka. B kauectse npu-
mepa nonoxum ¢= 1) gf, Torza

a \3
R=0,365 Mg ().

Ipadpux R Kak QYHKUMM OT € TIpHBeleH XaBeJOKOM; OH MMeeT 00-
ee CXOACTBO C KpuBo# dur. 57.

B nocieaywoueit paGore %) XaBe/OK TOT e METOH IIPHMEHHI K NO-
JIBMXKHOMY MCTOYHHMKY BO3MYIlIeHHA, COCTOSIIEMY M3 Pa3IMYHBIX KOMOK-
HaUUW OMnojdeH, M Jajs BaXHble NPUMEHEHMs K IMOJACYETY BOJHOBOTO CO-
HPOTUBJIEHHsT KOPabJs,

YMecTHo Gyner HaTh 3JeChb AaibHefilllee KPaTKOE H3JIOXKEHHE TEOPETHYECKOH
JHTEPaTyphl O BOJJHOBOM COMPOTHBIEHHH. XOTS XapakTep BO3MYUleHHA H Oyaer
PAa3dNYHbIM, BCE € MOXHO CpaBHHBATh BJAHAHHE HOCAa Kopabias € BIHSHHCM
TOYEYHOTO HMCTOYHHKA AaBJeHUA. PUr. 65 BHIABISET ABE CHCTEMbI ONEPEYHBIX U 60~
KOBHIX BOJIH, KOTOpPble HA0MONAIOTCHA B AEHCTBHTENBHOCTH, H 0CO6YI0 3aMETHYIO IpyIi-
ity BOJH BOJHM3H OCTpHs, Ile CXONATCA 3TH ABe cucreMbl. Ecau mbl Boo6pa3um no-
MOJHHTENbHBIH OTPHLATENbHBIH MCTOYHHK JIAaBACHHA Ha MecTe KOpMbl Kopab6.s,
10 M nmoayyum rpy6oe mnpencraBieHHe o AeHcTBUM KOpaOas kak uedoro. Flpn
H3MeHsLeHcA CKOPOCTH KOopa6.s KOPMOBble BOJHBI MOTLYT YacCTHYHO MOTacHTh
HIM YCHAWTH BJHAHHE HOCOBLIX BOJIH, B PE€3yJdbTaT€ MOXHO OXHAAaTb, YTO rpa-
K conporuBieHnss OymeT MMeTb rOpOBl M  BIaAHWBI C BO3PaCTaHUCM
AJIHHBL KOPabasi HIH C M3MEHEHHEM €ro CKOpocTH 4). B melcTBHTENbHOCTH, OKa-
$hIBAETCA, KPHBAas CONPOTHBJEHHS B 3aBHCHMOCTH OT CKOPOCTH 001ajaeT HECKOID-
KUMH MAdKCHMyMaMH (MaH ,rop6aMi“) H COOTBCTCTBYKIHMH MHHHMYMaMH.

Honyuur, yayuuleHHOe IpeAcTaBieHHe O TOM, YTO NPOHCXOXHT B HEMOCpe-
CTBEHHOH O0:H30CTH KOpPa6Jjsg, H BHIYMCIHTH COOTBETCTBYIOLee CONPOTHBIEHHE
ITPCACTABASACT, KOHEUYHO, TPYAHYIO 3ajlauy, HO BCE e NOMLITKH OblIH CHenaHst H

1) Watson, crp. 172.

2) Or1a ¢opmysa B paGore aBTOopa Obija NPHBELEHA HENPABHABLHO.

3) Proc. Roy. Soc. A. CXVIII, 24 (1927).

4) W. Froude, On the Eifect on the Wave-Making Resistance of ships of
length of Parallel Middle Body, Trans. Inst. Nav. Arch., XVII (1877); raxxe
R. E. Froude, On the Leading Phenomena of the Wave-Making Resistance
of Ships, Trans. Inst. Nav. Arch., XXII (1&81), rae naHsl pPHCYHKH HeHCTBHTENb-
HbiX 00pa3loB BOJH, KOTOPbIC B CBOHX IJaBHLIX YePTaX HAXOAATCA B yAHBHTEIb-~
HOM COTJIaCHH C pe3yabTatamu [pejllecTBYIoIeH Teopud. Hexoropeie H3 3THX

pHcynkoB Bocnpou3sefennl B pabore Kelvin'a, Proc. Inst. Mech. Eng., untspo-
BAHHOH BbIUIC,

35*
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He 6c¢3 3nmaunTenbHOro ycnexa. Havano 6bin0 nonoxcHo Mutucaiom ) aas nuea-
AM3HPOBAHHOH (OPMBI KOPA6As, KOTOpas OTAHYAETCA OT (HOPMBI KEHCTBUTENBHOrO
Kopabas TOAbKO TEM, YTO AJA Hec NpeANnonaraercs yroj HaKjIOHa MOBEPXHOCTH
K CPeXMHHOH NJIOCKOCTH BCIOLY ManbiM. JTOr0 JONYUICHHS NPHIEPKHBAETCH H
Buraeit 3) B CBOMX HemaBHHX paGoTax, B KOTOPHIX OH HCCJIENOBal pa3iHuHbIe
¢$opMbl (MONUMHEHHBIE TOMY € OrPaHHYEHHI0), BHIYHCIHT HX CONPOTHBIEHHSA H
CPaBHHA C SKCMEPHMEHTANbHLIMM De3yabTaTaMM A8 MojcicH, NOAYYHB Xopoluee
KauyecTBEHHOe coriacHe. XaBenok 3) B uenOM psAXe CBOMX pafOT HCCAEN0BAN BaxHA-
HHE Pa3THYHbIX AeTanell B KOHCTPYKUuM KOpabas Takux, KaK JLJMHA ,CPENHHHOIN
napanjienbHoil NAOCKOCTH®, cpenHssa ocaaka M T. A Ero meroa 3axmoyaercs
(4acTHUHO) B monGope COOTBETCTBEHHOI KOMOMHALMH IBHXYIHXCH HCTOYHHKOB
H, C1EN0BATENBHO, cBOGOMEH OT TO.ILKO YTO YMOMAHYTOTO CACLHATbHOrO Orpatu-
yenusa 4).

O6was ¢opmyna Aas BOTHOBOTO CONPOTHBJEHHS TI'€OMETPUYECKH 1iO-
NOGHHX M NOAOGHO MOTPYXeHHBIX (LeJMKOM MAM HYacTHYHO) Ten Oblaa
JlaHa emie oyeHb naBHO Ppynaom. Tak Kak COMPOTHUBJIECHHE MOMET 3aBH-
ceTh TOJMBKO OT CKOPOCTH, NJOTHOCTH XHUIAKOCTH, YCKOPEHHS CHIBLl Ts-
WeCTH W HEKOTOPOH /MHeHHOH Be/MnuMHbl, KOTOpas crnpenenseT MacmiTa,
TO W3 PacCMOTpeHHsl PasMepHOCTeH MOMHO IO0Ka3aTh, YTO OHO JIOMKHO
NPeNCTaBAATLCA BbiPAXKEHHEM

R=obc {( %), 1)

rae C ectb CKOpocth M [ — XapakTepHas JuHeHHad BeanunHa. MoxHO
3aMeTuTh, 4TO0 ¢dopmyna (17) ecrb uvactHmi#t cayua#t (21). U3 ¢opwmy-
aui (21) crenyer, 4TO BOJHOBOE CONPOTHB/EHHE KOPab/si MOXKHO BbIBECTH

{
M3 JKCMepUMEHTOB Hal MOACIAMH NpH YyCJAO0BHH, UTO 3HaYeHHe e 6yz1er

ONHO M TO Xe IS MOReIH H HaTypHL.

§ 256b. YroGu mccnenosaTh u3MeHeHue (UIYp BOMH, YUMThiBas Tiy-
GMHY BOABI, MBI JOMKHBI paccyxnesuaM B § 256 npunate Gosnee ofuiyio
¢opmy. O6osHauas yepe3 !, Kak W paHblue, Bpems, KOTOpoe Tpebyercs,
4yTOGHl LEHTP [AB/AEHHS mepelies OT TOUkA Q 10 Touxu O, MOXHO mo-
Kas3aTb, 4TO (ha3a BO3MYLUEHHS B TOuke P, BO3HMKWIErO OT HMMNyJbCa,
nepeiaHHoro M3 TOukH Q, OTIHYaercs OT 3HAYEHHA

k(Vt—a) (22)

2n
&
o6nanaouyio B6ausu P, a V — COOTBETCTBYIOLIAs CKOPOCTH BOJH 3), dra
npeo6/anaoumas JUIMHA BOJHLL ONpefle/IfieTC TeM YcJIoBHeM, uTo (hasa

TOIBKO AMJIMTHBHLIM NMOCTOAHHLIM, rOe o6o3Havaer AJIKHY BOJIHBI, MNpe-

1) Phil. Mag. (5), XLV, 106 (1898).

2) Trans. Inst. Nav. Arch., LXVIIL, 124 (1927); LXIX, 27 (1927); LXXII (1930).

8) Hauyunas ¢ 1909 r. B wypuanax Proc. Roy Soc.

4) Mpepocxonnbie NAOKNasl O Pa3sBHTHH PacCMaTpHBAEMOro BONPOCa OblaH
cacaansl Hognerom, Proc. Congress Ap». Moth. Delft, 1924, ctp. 146, u
Wigle y'em, Congress for techn. Mechanics, Stogckoim, 1930.

) CuMBOJ ¢, KOTOpPHIi paublue ynoTpeGasics B 9TOM CMbICIC, 0603HavacT Te-
Hepb CKOPOCTb UEHTPA NaBAEHHA OTHOCHTENbHO BOIBI.
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ABJAAETCS CTAUMOHADHON OTHOCHTEALHO M3MEHEHWH JLIMHLL BOJIM, T. €,
4yTo
0 ~ . ~ e
~’-)-A,—/C(Vt—w)_0 wm - o=Ul, (23)

= d(kV)

rae U =

Hanee, mis sddexTnsHOM uacTM BO3MyLleHMHd B Touke P dasza (22)

JA0KHA OBbITh CTALMOHAPDHOH OTHOCHTENLHO W3MeHeHWH 10J0XeHns @
C/eZ0BATENLHO, B3SAB UACTHYIO [POM3BOAHYIO MO f, MBI NOJYUHM

o=V 1w V =ccos0, (24)

o6osuauaeT rpynnoByio cxopocts (§ 236).

TaK Kak @ ==¢cos 0. Tenepp, obpautasice xk ¢ur. 61, Oylem HMeTh
p=ctcosf—ow=Vt—o. (25)

Taxum 06pasoy LIt AQHHOTO rpefHa BOJMEI jasaeHue p Oyjlei Haxo-
JUTBCS B NOCTOSIHHOM OTHONIEHMH K JUTHHE BOJHb A M HOpH Iiepexoje OT
OnHOro rpelHs BOMIbL K C/eAYIOIEMYy 3TO OTHOLIeHHe OyaeT BO3-
pacraTe Ha eamnuuy (uau yowisarb). Tak xak A, cornacHo (24), onpe-
Aensercss Kak QyHkums or 0, TO 3TUM CaMbiM  YCTAHABIMBAETCSl COOTHO-
meHue Mexay p u 0.

I cayvas GeCKOHeuHOR rayduHsl dopmyna (24) naer

eost0=Ve=$" (26)

U HCKOMOE COOTHOIIEeHUuC 6y11e'1‘ uMerh, KaxK U patoplile, Bui
p==acos?f. 27)

Ipu xoneunoft rayGuue (/1) uyeem
; 2ah
c2cos?h=V2= t h=5-, (28)
i COOTBETCTBYIOLIEE COOTHOIeHHE MPEACTABUTCH B Bujle

Loven- =2 cos? 0, (29)
a p gh
rje 3HAueHMst @ JLid CUIelyIoWMX APYr 3a Jpyrom rpeduel Bosinbl o6pa-
3VIOT apUMeTHYECKYI0 1IDOIPeCCHIO. JKMIHOM 1) HayepueHbl KPHBbHIE 1l
pasiuyHBIX CJydaeB. Taxk Kak BHIpAXKeHHe B JIEBOH YACTH He MOXET mpe-
BOCXOJUThL CUMHHLY, TO OKa3biBACTCSH, 410 NPH c“">gh CYLIECTRYET HUM~
unil npexes jasi 3gadenws 0, onpeaeaseMblit U3 YDPaBHeHHst
oh -
cos? = = (30)

2

HPH KOTOPOM KDHUBAs NPOCTHPACTCA B 0eCKOHEUHOCTD.

1) Ekman, cM. upiMeuanie Ha crp. 464.
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O1crona cienyet: ecad CKOPOCTh BO3MYIHAIOUIero AeHCTBHS NpPeBOCXO-

nut sHauenwe )/ gh, TO MCue3aOT nomepeuHLie BOMHLI M OCTAIOTCH TOMLKO
60KoBEE, DTO OGCTOATEILCTBO MPHUBOAMT K YMEHbILIEHHIO BOJIHOBOIO CO-
npotusnenus (cp. § 249) 1).

Wamenenne koHdpurypauuu Buaa BOJAH NpPH  yBEJTHYEHHH OTHOIIEHHS
3

2 OT Hyns 10 6eCKOHeYHOCTH 6biI0 mpocnexeHo XaBenoKoMm 2),

Crosure BONHLI B OTPAHUYEHHOM KHAKOCTH.

§ 257. 3anauy o cBOGOAHBIX KO/MEGAaHMAX B NIBYX TOPH3OHTATLNLIX
uaMepenusix (X, y) Aas cayyas, KOra FayGHHA NOCTOAHHA M JKHAKOCTh
OrpaHuyeHa MO CTOPOHAM BEPTHKAJLHBIMM CTEHKAMHM, MOXHO M3M0XHThH
B TaKoh e MatemaTHuecko# dopme, kak 3amauy § 190.

Ecny B3ATH HAYaNO KOOPAMHAT Ha HEBO3MYILEHHOM MOBEPXHOCTH U
0603HaunTh Yepe3 { BO3BHILIEHME HAd 3THM YPOBHEM B MOMEHT f, TO
yCNOBUS, KOTOPHIE HO/DKHBI GhITb BLIMOJIHEHH HAa CBOGOAHOM NMOBEPXHOCTH,
6ynyt Takumu xe, Kak (3), (4) B § 255.

YpaBHEHHIO Hepa3phIBHOCTH

A(p=0

W yCNOBHIO, YTO Ha TraybuHe 2= — lI BepTUKANhHAN CKOPOCTb OOpa-
I{@aeTCi B HYJb, Mbl YIOBJETBODHM, MnoOJaras

@=g@; chk (24 h), (1)

rie ¢y ecThb PYHKUMA OT X, Y, YAOBJAETBOPSAIOIIAS YPABHEHHIO

%, | 0%,
—r- 2 _—
o+ =0 @
BH}I q)yHKU.HH ¢y H LONYCTHMbIE 3HAUYCHHA k onpeaeafTCa  ITUM
ypaBHeHHeM H ycihoBueMm, YTO HAa BEPTHUKAAbHLIX CTEHKAX JAOMKHO HMCTh
MCCTO

——==0. 3)

CoOTBETCTBYIOLIME 3HAYEHHS 4acTOTH (0) KoaeGanuh OGyayT Toraa on-
peneastThes  ycaosuem Ha mnosepxHoctd (6) § 255; uMeHHO, MB GyldeMm
UMeTh

o2=ghthkh. 4)

Orciona nosyuaercs

¢ % shkh g,. (3)

1) HaiineHo, 4TO MOUIHOCTDL, MOTPE6HAA A5 NPOIBIHKCHHA TOPNELHOIT 101KH
B CPaBHHTENbHO MENKOil Boje, BO3pacTaeT ¢ YBeIHYEHHECM CKOPOCTH A0 HEKOTO-
poro ee KPHTHUECKOro 3HaueHHsd, 3aBHCAWETO OT Tay6uusi, a 3aTeM yObiBaer H,
HakoHel, CHoBa Bo3pacraer. Cm. paGoret Rasmussen, Ttans. Inst. Nav. Arch.,
XLI, 12 (1899); Rota, Tam xe, XLII, 239(1900); Yarrow 1 Marriner, T1am
we, XLVII, 339, 344 (1905).

%) Havelock, Proc. Roy. Soc., LXXXI, 426 (1908).





