§ 353] ITepuodudeckoe 08uMNcenue co ceputiecKumu 2paruyamu 801

CocTas/siollHe HATIPSOKEHUST HAa TMOBEPXHOCTH LIApa pajuyca r ompe-
Aeastorcs, kak 1 B § 336, dopmynamu

IPrx= --xp-{-,u(r%’;-——l)u-}-p%(xu—kyv—]—zw), i
Pry =-—yp+u(r—q——l)v+uoi(xu+yv+2u').} (12)
rpr;——ZP+ﬂ(f——l)W+ll (xu +yv + zw). l

B cnyuae pemeHuit nepsoro kKaacca Ge3 Tpyaa HaXoauM

0 0
IPrx== —xp+Pn(yﬁ‘—Z ‘é“)v

oy
0
roy=—yp+ P2 —x R2), a3)
0
rpre=—2p+ P..( > =¥ z")
rae
= p{lr ya (hr) 4+ (n— 1) pa (7). (14)

Y1o6bl MOMYYHTH COOTBETCTBYIOL(HE (POPMYIH A/ DeHieHHH BTOPOro
K1acca, 3aMETHM TNpexae BCero, YTO WIeHHW C Py AA0OT

)Op,, n Op“

1
—xp,.-f—h—;(rw =

={dn=y__r )% o b (15)
he 2n+t) ox " 2n+1 ox r™HL

IIna OCTa/NbHHX e Y/eHOB noay4yaem
= 09.
(r o 1) = 1) (hr goms (i) (1= 2) s () 222

(o () s () 1745 2 T (1)

55 (Xt + 30" +20) = n(n+ 1) @0+ 1) - o (hr) g =

=n(n+ 1){¢n_1 (hr) -2 +~p.‘+| (hr) B33 ;’ ;',’;;, } - an

51 nawme.
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Tlpu 3TOoM OHAM NPOM3BENEHH pAasiuYHbLE YNPOUIEHHS HA OCHOBaHHM
dopmyn (6), (7), (14) § 352. U3 nonyyeHHbx GOPMYJ U U3 COOGpaeHAH
CHMMETDHH cClieayer

o P og,
I'Prx = A + Bnron+1 0% 2:+1+ Ca n+
ont1 0 Pn
~+Dnr ox A
2nf1 0 Oy
’PW-A +B" i r2n+1+C" 5+
18)
2n4-1 0 ‘pn (
+ Dnr oy on+1 ’
o b o
rprz—' {3 oz +Bn At z ):+1+ Cn n+
ont1 0 Pn
+ Dﬂr '52— r2n+1 ' ;
rme
2(n—1) r2
A= o1
Bo=— 1
" 2n41! (19)

Cn=u(n+1){ hryn_s (hr)+2(n— 1) pn_s (A1) },
Dn = —/th’f“ { hr?{);;.{.]. (hr) —VPnt1 (hr) .
§ 354. IMocne Toro kak o6ue QOPMYJAL HAMH YCT4HOBJEHH, TNpH-
MeHeHNe MX K YaCTHBIM 3aayaM He NpeACTaBiAseT GOJABIIOrO TpyJaa.

1. PaccMoTpuM nmpelxiie BCEro 3aTyxaioliiee NBHIKEHHE BS3KOH XMAKOCTH, 3a-
Kaoyaoueiics B HEMOXBHXHOM COCyle cipepuueckoit ¢opMbl.
I'panuyHBIE YCIOBHA HMEIOT BHJ

=0, v=0, w=0 )

AnA r=ga, ecIn a— pagMyc mapa. B caiyuae xone6Ganuii NepBOro BHAA, BHIPaKaio-
wuxca popmynamu (8) § 353, oTH ycnoBus GyAYT YAOBAETBOPEHB!, €CJIH TMOJIOXKHTD

v, (ha)=0. )

Bce xopHH 5TOrO ypaBHEHHs NeHCTBHTENbLHbI, H COOTBETCTBYlOlME 3HAYEHMs MO-
Ayns 3aTyXaHHA T ONpeReNA0TCA q)opmynoﬁ
1 —~2
TE— = (ha) 3)

Tun xoneGanmit npn n=1 uMeer Xapakrep BPaIiaTeJbHOro IBHXEHHA. Y pas-
HeHue (2) MPHHHMAeT B STOM CaAyuyae BHX

tg ha=ha; “4)
HauMeHbIMH KODEHb STOrO ypaBHeHMs eCTb ha=4,493. Orciona cuepyer

7=0,0405 2
v



§ 354] Ilepuodudeckoe deudncerue co cepudeckumu 2panuyamu 803

B cayuyae Boxbl v=10,018 cu?/cex u
t=2,75 a® cex.,

€ClIH a BbiPaKE€HO B CAaHTHMETpaAX.

dopmbl KoneGaHuit BTOPOro Kaacca onpefenasorcs gopmyaamu (10) § 353.
YcuoBHs Ha MNOBEPXHOCTH B 3TOM CIAy4Yae PABHOCHILHH TOMY, YTO OJMHEI
B OTAENbHOCTH O0pamaThCd B HYJb HpH r=a Cclegyoluie TPH (YHKUHH OT

X, ¥y, 2

1 0p, 09, 43 0 Pn
u=@—0—’-c—|-(n—§—1)1pn_1(ha)o—x—mpn+l (ha) h?r a _'E;H-—l’
1 0pg 0Py, onts 0 Pn
V=Thendy +(n+1)p,_, (ha) Ty MWnt (ha) hor™" oy pntL’ (5)
1 9p, m+s 0 Pn

1 qun
w (1) yy (ha) 5 —ny, ., (ha) ber 0z prtt

0z

DTH QYHKLMM B TOM BHAE, Kak OHM 3JeCh HANMCAHH, NPENCTABIAIT COGOH
CYMMBl OGBEMHEIX C(lepHYECKHX (QYHKUMH M JOMKHH IMO3TOMY YAOBIETBOPATH

yPaBHEHHAM
Au=0, Av=0, Aw=0 ©)

H, TaK KaK OHH KOHEUHBI BHYTDil C)epbl M HCYE3al0T Ha rpaHyle, TO Ha OCHOBA-
HHH § 40 nomxMel Mcye3aTh BCOAY. A TOTJA, COCTaBAAA YpaBHEHHE

ou ov ow
xToy T =" ™
O YYHM
¥, 1y (ha) =0. )
Tax xaxk panee
Xu-;yv-4zw=0 )
s r=a, 10 6ygem uHmMeTh
1
@pn+(n+1)(2n+1)wn(ha)¢n=0, (10)

ecau BocnoabayeMcsa qopmyaramu (6), (7) § 352. ¥Ypasnenne (10) onpexenser or-
HOIIEHHE P, ¥y 3).
B cayuae n=1 ypaBHenue (8) umeer BuA

3ha
tgha= m ) (ll)

HaHMEHbIUMH KOpEeHb 9TOro ypaBHeHus ectb ha=>5,764, oTkyna crepyer
2
7=0,0301 £ .
¥4

Ilo noBoay MeToxa KOMGHHHPOBAHHs Pa3NHYHHX PEIUEHHI, HMEOIETO LEAbIo
NPeNCTaBHTh 3aTyYXaHHE IPOM3BOJBHOTO HAYAJIbHOrO JABHMKEHHS, Mbl OTCLL1aeM
K Ha3BaHHOH Ha cTp. 799 paGoTe aBTOpa.

2. PaccMOTpHM Temepn cayyail moxaoil chepHyecKoidl 060OMOYKH, KoTOpas 3a-
NOJHEHA MHAKOCTbIO H KonebieTcA OKOJO BEPTHKAJbHOroO auamerpa ?%).

1) Nipyro¥i cnoco6 npHMeHeHHs rpaHUYHBIX ycnosnii Guit nan B § 361,
2) 10T Ccayuait B mepBbiii pa3 Gbld MCCIEAO0BaH, HO ApyruM cnoceGoM, I'eabym-
roabueM, cM. Bole, cTp. 721.

51%
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BuHyxaeHHbe KOneGaHHA WHIKOCTH GYAYT, OUEBHAHO, KOICSaHUAMH NEPBOro
xnacca npu n=1. Ecan och 2 coBnaxaer ¢ BepTHKAALHLM XHAMETPOM 060A0UKH,
TO HaXOjAHM, NMOACTaBAAA ¥y =C2z B Bupaxenrus (8) § 353,

u=Cy,(hr)y, v=—Cyp,(hr)x, w=0. (12)

Ecau uepes w OGO3HAYHTL YrAOBY CKOPOCTh OGOMOUKH, TO FPIAHHINOE YCAO-
BHE RaeT

Cy, (ha) = — o. (13)
Oka3sniBaeTcs, 4TO BCE YaCTHUH, Nexauue Ha MOBEPXHOCTH cepH pafuyca r,

KOHUEATPHUECKOH ¢ rpanuuHOi cepoil, B KakAL# MOMEHT BPeMEHH BPaI[AOTCA
KaK Lenoe C YriaoBoil CKOpOCTbio

v (Ar) .
v: (ha) w. (14)
Ecan MH npuMeM, 9T0
o=ae 9, (15)
H MONOKHM

w=— o a-ipp, (16)

rae, xak B § 345,

o

=3 17

70 Bupaxende (14) nas yraoso#t CkOpOCTH NpH MOMOUH GOpMYant

_sin{ __c0sc
n()="5"—"5 (18

MOXeT GHTh Pa3NoOXEeHO Ha CBOH ACHCTBHTEALHYI0 H MHHMYIO HaCTH.

Ecau BA3KOCTb HaCTOABKO Mana, YTO BeaHuHHa Sa GyRer HAOBONBHO 3HAUH-
TENbHA, TO AAA TOYEK BGAH3H MOBEPXHOCTH NOJAYUHM, YACPKHBA TOALKO BAXK-
Helllupe yaeHH,

¥4 ()= — g EHOPT, 19

H noromy Bupaxesue (14) aan yraonoi ckopocTH GyRer MMeTh BHA

a Lr':_ e—Ble~n) j{attpr—a)+e} . (20)

Aeﬁcrnurenbnan YaCTh 9TOr0 BHIPAXKCHHA €CTh
]
a% 01 cos (ot 4+ B(r—a) +¢ ). @)

Kak m B caysae naMusaproro apuxenns (§ 345), 970 phpakenwe NPEACTaB-
NACT CHCTENY BOJH, ABHKYUIMXCA OT NMOBEPXHOCTH BHYTPH C OHCTPO yOnBaomeit
AMMHTYIOH.

Ecau, Hao60poT, BAKOCTh OWEHp BeAMKa, TO 3HaueHde $a GyXer Maxo, H
phipaxense (14) NpuGAMKenHo MOXer GWTH HaMHCAHO B BHRE

o cos (ot -}- &), (22)

ecax OTGPOCHTS MHHMYIO 9acTb. JTO NMOKAIKBACT, YTO KHAKOCTH B JAHHOM CXY-
Yae NBHXETCA BMECTE ¢ WIAPOM Kak OZHO TBEPAOE Telo.



§ 355] Bausnue ef3xocmu Ha Koaebayuf JHcuoxkoeo wapa 805

CocraBasiomue HanpaxeHHs Ha NOBEPXHOCTH cdepn onpenexsiorca ¢opmy-
aamH (13) § 353. B paccmarpupaeMOM cayuae (OpPMYNH 3TH NPHBOJATCH K BHAY

Prx=— % p+ uChy; (ha) y,

Pry=— % p — uChy; (ha) x, (23)
2
p1‘3= — —a— p.

Ecan o6o3sauuth uepe3 45 31€MEHT IPAHHYHOH NOBEPXHOCTH, TO 3TH CHJH
Ha ocHoBanusi ¢opmyant (13) u ¢opmyam (6) § 352 manyr Moment

N=— [ [ (xp,,—¥P,s) dS=Culy; (ha) [ [ (2+y)as=
hda*yp, (ha)
W——w. (24)

B cayuae maxnoil BA3KOCTH, KOrla 3HaueHHe fa BeaHko, HaiigeMm, oGpauiaschb
K ¢opmyaam (8) § 292 n nonaraa ha= (1 — i) fa, uto npubankenHo 6yneT HMETh
MECTO PaBEHCTBO

= %— nua®

) d \" e
2iy, (ha)= ( — ﬁé) T 25)
rae ¢{=(1—i)pa. 310 naer o
=— 3 npad (14 1) faw. (26)

Ecau Mu TnipuMeM BO BHHManHe B dopMyxe (15) MHOxHTENb, 3aBHCALIMH OT
BpeMenH, TO Bhpaxerue (26) GyleT PaBHOCHIbHO CAERYIOLIEMY:

4 1 d 8
N=— = aga* (fa)™ —d-t“i — - wpa (fa) w. @n

IMeppuiii YNeH 9KBHBaNEHTEH HEGOJBIIOMY YBEJHUEHHIO MacChi 1Iapa; BTOPOit
XKe uJeH JAaeT CHAY TPEHHSN, NPONOPUHOHaIbLHYIO CKOPOCTH.

§ 355. O6uwme ¢opmyan §§ 352, 353 MOKHO nHanee NPHMEHHTH
TaKXKe NS TOT0, YTOOH MCCAeNOBATh BIMAHHE BA3KOCTH HA Manble koneba-
HMSi KHAKOH MaCCH OTHOCHTeNLHO cBOelt chepiyecko#t ¢opmu, I'naBruif

peaysbTaT 3TOTO MCC/ENOBAHHA MONKHO, ONHAKO, MOMY4YHTh Gonee MPOCTO,
npuMensis Metox § 348.

W3 § 262 nonyuaercs, 4T0 ecam mnpeHe6peub BAIKOCTHIO, TO MNOTEHLHAN
cKopocTed MOXHO RamHCaTh B BHAe

rn
¢=A—(—F S,, - cos(at + &), 1)

rie 8, —noBepxHOCTHAA cdepHueckas QyHKIHA. ITO Raer AJaA yABOEHHOH KWHe-
THYECKOH SHEPrHH, 3aKTIOueHHOH BHYTPH cdepH paaMyca r, BHpaxeHHe

~ 2n+1 ~ )
eff¢ %% r*do =ena (-—;—) ffs:‘dw- A2 cos? (of 1 ¢), (2)

rae 6 w 0003HAYaET SAEMEHT TENECHOTO Yriaa; OTCIOAA AMA NOJHOH SHEPTHH MOJy-
yaeM BHIPaXEHME

T= —%* ena ff S do + A cos? (of -+ ¢). 3)



806 BAasxocms [Ta. X1
[MorenunanpHas SHEPrHA AOMKEA ObITb MOITOMY PaBHa
1 ~
V= enaff Sidaw+ Adsin?(ot+3), 03]
H MOJHAas 3HEPTHs MOJyYaeTcs paBHOM

1 ~
T+V=—2—gnaffsn2dw-A’. ®

Hanee Ha ocHoBaHuM ¢opmyast (12) § 329 paccesuue sHeprun B cepe pa-
AHyca r B NPENNOJOKEHHH, YTO ABHXKEHHe CBOGOZHO OT BHXpeil, OKa3nBaeTcs

PaBHBIM
2 ~ ~
“ff%l%r’dw=yr2—g—r—ffq’dw. 6)

~ 0 0¢ ~
2 2 - 3
rffq dwﬁor fftp orrdw, U]

TAK KaK KaXaada 4acTbh paBEHCTBA IOCTe YMHOXEHHA Ha gér npejacraBaser yABOECH-
HY10 KMHETHYECKYIO SHEPrHi0 MHAKOCTH, 3aKMIOYEHHOH MexAy HBYMA Cciepuue-
CKHMH NOBEPXHOCTAMH DPagHycoB r M r-|-6r. TlosTomy u3 dopmynwm (2) crenyer

2n—2 ~
[[pai= 22D (LN [[ sta-arcos o

[Moacrapass sTo Bupaxenue 8 dopmyay (6) ¥ monaras r=@a, MOJYy4aeM BHI-
paxeHHe AA MOJHOTO paccesHHs

3ameTuM, uTO

2F=2n(n—1)(2n+1) %ffsgaa. A2 cost (ot +¢); ®
CpeiHee 3HauCHHE 3TOH BEJAHYHHLI B €JIUHHIY BPEMEHH pPABHO
2F=n(n—1){2n+1) % ffs;ﬁa%- Az )

Ecau BaHsAHHE BSA3KOCTH NPEACTABJAACTCA NMOCTENEHHLIM H3IMEHEHHEM KOIH-
uHeHTa A, TO HKOMXKHO ObITH

4 (11 v)=—2F, (10)
OTCI0fa ToJydyaeM, MOACTaBaAa M3 dopmyxn (5) u {9),
dA ¥

G =—=Den+) A (11)

t

310 noKa3kBaer, 4To A NPONOPLUOHAILHO e . e
e 1 a
T (n—-1y@2n+1) v

Hau6onee 3amMeuaTenbHuiM ABIAETCA TO CBOHCTBO 3TOr0 pe3yabTata, 4TO
BA3KOCTh TAKOH BEJIHUMHH, KaK OHa OOLIYHO BCTpPEUYaercs B NPHPOAES, MHIUL B OMEHD

12y

) Lamb, Proc. Lond. Math. Soc. (1), XIII, 61, 64 (1881).



§ 355] Brusnite 633xocmu Ha KoaeGaHus dcudkozo wapa 807

MaNoi CTeneHH BaMseT Ha KoneGaHWA wWapa, pasMepnl KOTOPOrO He OYEHL Be-
auky. Jlaa wapa takod BeAMYHHB!, KaK 3eMif, M C KO(HUMEHTOM KHHEMaTH-
YeCKOH BA3KOCTH TAaKHM, KaK y BOZH, MOAYYHM B cucreme CGS

a=6,37 . 108, »=0,0178,

H, CIeIOBATeNbHO, 3HAYEHHE T AJAA TPABHTALHOHHHIX KodeGauuii HauGOAbUIEro
nepuona (n=2) okawerca PaBHLIM

=1,44 . 1011 jer.

Jawe npu 3Hauemnn p=1,3.108g, kortopoe JHapsuH!) Hamen HJIA BA3KOCTH
€MO:Ibl BONM3M TEMmeparyphl 3aMep3aHus, NMOAYYHM JAs MOALYJA 3aTYXaHHA CaMBIX
MENJEHHBIX KoneGamui, nonaras g=980, sHaueHue

T=180 vacam;

TIpH 9TOM HMEETCs B BHAY, 4TO LIAP MMEET pasMephi 3eMJH, IIOTHOCTh BOAB
H BA3KOCTb CMOJH. Tak Kak 3TO 3HaYeHHE BCe elle AOCTAaTOYHO BEJIHKO NO CPaB-
HEHHIO C HafiiewmsiM B § 262 mepmogoM koneGammit B 1734/, 10 noaydaercs, 410
TaKOro pofa wap koae6axca Obl MOUTH B TOYHOCTH TaK xMe, KaK HAealbHas
WHUAKOCTD.

9710 HCcAefOoBaHHE He COXEPKHT HUKAKHX CNELHaNbHHIX NMPENNONOXeHu#t OT-
HOCHUTENbHO Xapakrepa CHJ, KOTOphble 00yciaoBAHBalOT 06pa3oBaHHe ChepHueCcKOit
tdopmel. ITosTOMy moayueHHHB# pe3yAbTaT HMEET MECTO TaKXe B Cayudae koneba-
HHH KMIKOrO IIapHKA INOJ AeHCTBHEM NOBEPXHOCTHOrO HATSKEHWS TI'paHWYHON
nneHkn. Monyab 3aTyXaHHs nis HauGojee MeIAEHHOrO KoneGanus BOASHOrO
liapHKa, BHIPAXKEHHBIH B CEKYHIAaX, paBeH T=11,24%, ecau a u3MepeHO B CaHTH-
MeTpax.

[pumenas Tot e METOX K My3bIPbKY BO3AYXa chepHueckoi ¢dopMbl, HaiigeM

- 1 |
Twra@nrnlv {13)

CEe ¥ —KO3(HLHEHT BASKOCTH OKpYxaioulelh wHakocTH. Ecau sta wumKoOCTh —
Boda, TO HMeeM Iis n=2 rv=2,8a8,
Popmyna (12) ecTecTBeBHO BKIOYaeT B ceff cayyail BOJH Ha IIOCKOH MO-

2na
BepxHocTH. Eciu 3HaueHHe 11 oueHb BENHKO, TO, mojiaras A=T , HaxXOIHM B

cornacuu ¢ § 348 "
t=‘8?="’ . (14)

Bce noayuyeHHble pe3yAbTATHl MNPEANOJAraloT, 4YTO 24T MPEBOCXOAUT HEPHOX
B 3HAUHUTENbHOE YHCIO pas.

ITpaMO MpPOTHBOMOJOXHHK MpefeNbRbIfl ClHyuai, KOria BS3KOCTh HACTONBKO
BEJNKa, YTO ABHXEHHWE CTAHOBHTCA aNEPHOAMYECKHM, MOXHO WCCIEZOBATH METO-
zaxu §§ 335, 336, ectn nperne6Gpeub BausHHEM HMHepuuu. Has cayuas ouens BsA3-
KOTO 1Uapa, KOTOpbH mNOpx HeHCTBHEM TATOTEHHA ACHMNTOTHYECKH CTPEMHTCA
BO3BPATHTbCA K chepuueckoit dpopme, noayuaercs

c2nt vt v

h @ (15)

1) Darwin, Onthe Bodily Tides of Viscous and Semi-Elastic Spheroids. . . ;
Phil. Trans., CLXX, 1 (1878).



808 Baskocmo [Ta. XI

9TOT pe3yabTar Bmepshe 6na noayyer JHlapsunom (cm. Bbliue). B cayuae cuc-
TE€Mbl OJHHAKOBHX HapannelbHHX BOJAH Ha IIOCKOCTH NMONYYaeTcs

To= ) (16)
cp. (24) § 349.

§ 356. 3anaun mepHOAMYECKOrO MBHIKEHHS KHAKOCTH B NPOCTPAHCTBE
MeXN1y HBYMS KOHLEHTpHuecknmu cdepamn TpeGyloT 1as cBOero pastopa
elle NONOMHHTENbHHIX peuieHuit ypasHenuwit § 353, rae p umeer BuI
P—n-1, 1 Qyuxuun y, (hr), 3saxmoyaowMecs B AONOJHHUTENBHHX (QYyHK-
wnx ', v, w’, samenenn uepes ¥, (hr).

Ecan paamyc BTOpOro mapa GeCKOHEYHO BeNMK, TO 3ahaya yNpoOia-
eTcsi 6Jarogaps YC/IOBHIO, YTO XHIKOCTb B GECKOHEYHOCTH HOMXKHA Ha-
XORHTbCA B nokoe, B § 292 6uio nokasano, uto dyuxkmmn v, (£), ¥, (0)
06e CcOomepHarcs B BHPAKEHUU

14 ¢ '

B paccvatpuBaeMoM cayyae Mb MMeeM (== fir, rie h onpenensercs
dopmynow (4) § 353; npu 3TOM MH GydeM NpeanonaraTh paaM oOnpexe-
JIEHHOCTH, YTO AA }I HY)XHO B3ATH TAKOe 3HAUeHHMe, KOTOpOe NenaeT no-
NOXUTENBHON NeHCTBHTENBHYIO 4acTb ifi. YciOBHe, 4TO B GECKOHEYHOCTH
He JOMKHO OHTh XBMXKeHHH, TpeOyer, uro6u A=0, u noromy Mu Gy-
HeM HMMeTb Jefi0 TOJNbKO ¢ dyHnkiHeh

—i{

mo=(— ) 5 @

B HaspanHOM maparpade GbUIO P23BACHEHO, YTO PEKyppeHTHHEe ¢op-
Myas aas fn () ocTaiorca Temu ke, xak u s QyHkumuE v, (8) u ¥, (0);
N03TOMy ofLiee peliieBHe YpaBHeHHH MaabX NEPHOAHYECKHX MABHIKEHHA
BASKOH XHMAKOCTH IAs o6nacTH, JAexaimied BHe mapa, GyAeT NAHO Heno-
cpencreenno dopmynamu (8), (10) § 353, ecam HanucaTb p_.,_; BMECTO
Pn ¥ fn(hr) BMecto v, (hr).

1. BpauiateabHbie koneGaHus 11apa, OKPYKERHOTO HEOrPABAUEHHOH MHIKOH

Maccoif, COnepxarcs B pemeHHAx nepsoro xaacca npu n=1. Ionaras x,=Cz,
xax B n, 2 § 354, HaxonuM

u=Cf, (hr)y, v=~—Cf,(hr)x, w=0 3)
M yCAOBHE
Cll (ha)= — (4)

rie g -— P3AHYC HIaPa H @ —ero Yri0Bas CKOPOCTb, OTHOCHTENbHO KOTOPOH Ml
npeanonaraeM, YTo OHa 3ajkaHa QopMyAoi

o= qe* 1+, (3)

1/a
Moacrasana h=(1—i) B, rie f= (%) , HAXOZHM, YTO YaCTHIH, Jexauye

Ha KOHUEHTPHUeCKOl cdepe pajuyca r, ABHXKYTCA BMECTE KaK LEXOE C YrIOBOH
CKOPOCTbIO .
fa (hr) _ aa® 14-ihr —hBr—a), et {ot=B(r—a)+s } , (6)

. (ha) ®~ 7 T¥iha



§ 356] Bpawameavtie xoneGaHun wapa 809

rae 3Havuenus [ (hr), f, (ha) noncrasaenn n3 d¢opmya (15) § 292. Hdeiicrurens-
Haa uacThb BHpaxenns (6) ectb

— 4 & pe—0) —B(r— -
1T 26+ 2P 7 € [{1+B(a+r)+2B%r} cos {ot—B(r—a)+e]
—Blr—a)sin{ot—B(r—a)+e}l (7)
YTO COOTBETCTBYET YIJOBOH CKOPOCTH iuapa
w=acos (ot +&). (8)

MowMeHT naphi, AedcTByoOUleH Ha mIap, HAXOAHTCA TAKHM Xe ChOCO60M, Kak 1

B § 354
_h'a%fy " ha) 8 3-3iha — h*a®

=32 =38 e

=3 Wee gy = T g e 1+ iha @)
Honcrasasa ha=(1—i) fa u pasgeasna AefiCTBHTENbHYI0O H MEHMYIO HYacTH,
RaxonBM

_ (3+ 68a -+ 6p%a? + 2p%a®) + 2if*a? (1 + pa)

N=— 7T nuato 1T20a 1 20 . (10)

3710 BbipaxeHHe PAaBHOCHIBHO CIEAYIOLEMY:
_ 8 5 14 fa do 8 34 6fa+- 6p2a® + 283a®

N=— gty on e a1 — 3 ™ 1rzparopa  « 1D

HcronxoBaTh 9TOT pe3yabTaT MOXHO TaK xe, kak u ¢opMyay (27) §354. 1)
Koraa nmepuox in uMeer 6eCKOHeuHO O6OXbLIOE 3HAUEHHE, TO BLIPAXKEHHE
(11) B cornacun ¢ ¢opmyxnoit (11) § 334 npusomutcs K BHAY

N = — Bnudo. (12)

2. Paccmorpun Tenmephb caydvail chepHuecKOro MasTHHKAa, COBEpILIAIOILEro KO-
nebanna B Ge3arpaHHYHON XHAKOH Macce, KOTOpY Mb 6yjaeM CYHTaTh HECKH~-
Maemoit. ITomecTuM Hayano KOOPAMHAT B CPERHEM NONOXEHHH WEHTPA uiapa u
PaCnoNOKHM OCb X B HanpaBAeHHH KoJeGaHMil.

Toraa ycnoBHs, KOTOpHE NOMKHH BHIOAHATHLCA Ha TpaHHUE, NPHMYT BHI

u=U, v=0, w=0 ' (13)

npu r=a (paguyc), ecin yepes U 0603HauHM éxopocn wapa. OuesHgHO, 4TO
MH JIOJKHB GyleM HCIONb30BATh TOALKO PEIEHHA BTOPOro kaacca. Popmyan (10)
§ 353 npu aamene y, uepes f, mamyr

n+1

Xutyv+4aw=— -ﬁi[—l_

Py tnln+1)@n+1)f, (hr) @, (14)

M3 cpasuenus ¢ gopmyaamn (13) BuxHO, 4TO 9TO BHPaMEHHE AONKHO conep-
¥aTh ChepHUYECKHE QYBKUHH TOALKO nepeszo nopadxd. Hostomy npunumMaenm n=1
H nonaaraeM

Ax
p——2=—r;_ H] ¢]=Bx- (15}

!) Apyryto TpaKToBKY 970i 3afiaun naa K u p x r o ¢, Mechanik, aexuus XXVI,
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Orciona cnegyer

A o0 x | 0 x \
U=F’—‘Kjszh(hr)_B/:(h’)h'f‘o—xF, |
_ A o0 «x 0 X
U—ha‘ib—y-—; —Blg(hr)hzrso—y-r;‘) (16)
A 0 x 0 X
W= h’ﬂ. ‘o_z‘ F —st(hr)h’ﬁ '52 —F .

Ycaosua (13) 6yRyT, CresoOBaTeqbHO, BHINOAHEHH, €CAH MOAOKHTH

A= phta’f, (ha) B,
o (ha) B=U. | an

JIBHxeHHe, OYEBHIHO, 6yneT CHMMETPHYHLIM OTHOCHTEJIBHO OCH X H Jyulle

BCero MoxeT ObiTh NpeACTaBAeHO NMpH NOMOIK GYHKUHH ToKa. W3 dopmyn (14
i (16) HaxoauMm i bopuyx (1)

24
xutytaw=— "t % +6Bf, (hr) x =
Ux h%a®
=~ {T f2 (ha) —3f, (hr) }, (18)
£11H, NOC/e MOACTAHOBKH u3 dopmya (15) § 292,
XU yvo-+-2w=

o 3i 3\ & , i 1 a _ip(r—
= (15 —mw) w3 (G ) 70 o a9

ﬂoixaé-:ﬂ x=rcos B, mpugeM K cielylluieMy npeicTaBleHHI0 GYHKUHH TOKa
§
3i 3

_ b paegine (__ a 3 (., 1\ _hir—a)
= ) Ua?sin 0{ 1 ha W}"'_—-*--,—IE(I-*-F)C }(20)
Ecan no1oxHTb

U= aei (ol+¢) (21)

/g
, a .
i BMecte ¢ 1em h=(1—i)B, rue f= (_—21:) , TO HalixeM, 0OT6pacLBaA MHUMYIO

yacThb BHpaxenns (2J),
3

P = — —;—aazsinﬁﬁ[{(l+2E1>cos(o't—}—e)-'—

—{—2%21(1—:-1—315) sin (at-{—e)}%—z—;} fcos{ot—B(r—a)+s)+

+(1+%)sin{6t—ﬁ(r—a)+e}}e‘”"“”]- @2)

Ha nocratoyHo GOIbLIOM PAacCTOAHHH OT UIapa npeo6nanaionleil OKasniBaeTCs
-7a yacTh BO3MYIEHHA, KOTOPas BHIPaXKEHA 4JiEHAMH NEPBOH CTPoxu sToi (op-
Myasl, 3Ta yacTh cBOGOAHA OT BHUXPEl M OTAHYAETCA TOJBKO amnautTynoi u da-
30it OT ABHXEHHS, NPOHIBOIUMOTO WIAPOM, COBEPIIAKIMHM KoAeGaHHA B HAealb-
woii xuaxoctu (§§ 92, 93). Unensl Bo BTOpOH CTpPoKe HMeioT Ty e dopMy, ¢
xoropsc;ii MBl yXe BCTPEYaNHCh NPH PAaCCMOTPEHHH NAMHHADHOrO JBUIKEHHA
(§ 345).

UTo6H BHYHCINTbL pe3yiabTHpyoILyio cuay X, XeHcTByoliyo Ha wap, BO3-
BpaTHMCA Hasak K Gopmynam (18) § 353. Ecan mbt caelaeM MOACTaHOBKY B 3TH



§ 357] Koaedanus cgepudeckozo MasmHura 811
GopMyast u3 dopMya (15) H yAEPWHM B BLHIDAXEHHAX IAA P, TOJAbKO TOCTOAH-

Hble WIeHH, TaK KaK chepHueckHe (QYHKLUHH NOPAIKA, OTIHYHOTO OT HYAd, npu
HHTErpHPOBAHHH MO MOBEPXHOCTH Ilapa MAOT HYldb, TO NOAYYHM

X= f f PreldS =4 (B__2 % + ClBaz), (23)

rie Ha ocHoBaHuH dopmya (19) § 353
1

B_,=— = a?, C,=2uhaf,(ha). (29
[Tosromy Ha ocHoBanuu dopmya (17) nonyuaem
_2Uha o, pn Y g |
X= fo (ha) {2/0(’1(1) 3 héa ’2 (ha) ’ b
1 3i 3
= 2 Ut (3 — i — ) =
= —omeatoU ! (L1 3 \; i( LAY
Ymoa aUl( 5 +2ﬂa)l+2ﬂa 1+ﬁa)’. 25)
D10 BbIPAWEHHE PABHOCHJBHO CIELYIOILEMY
4 1 9\ dU 1 1
=—?71:9(13(-2—-}.‘W1>W — 3mpado (ﬁ —{-W)U. (26)

[lepsuit unen gaer monpaBKy Ha MHEpUMIO luapa. JTa I[ONpaBKa 10 Be.il-
YyuHe COCTaBISET

1 + 9
2 ' 4fa
o 1
4acTb BHITECHEHHOH L1aPOM XHIKOCTH, BMECTO —5-, KaK 3TO HMEJO MECIO B C1y-

vae ngeanpHol xuukoctH (§ 92). Bropoit uneH paer pe3yAbTHPYIOLULYIO CHAY Tpe-
HHA, NPONOPLHOHAIbHYI0 CKOPOCTH 1).

. 2n
Ecau nepuox - cnenaerca 6eckoHeyHo GoabluM, TO (opmyaa (26) upu-

BejleTca K BHAY
X = —6agvaU, 27

a . e
Tak Kak ﬂz-_»»,)v—; 9TOI pe3vaAbTaT HAXOIUTCA B coraacuu ¢ Qopmvaoi (13)

§ 337.
§ 357. llpubaBum eie HeCcKOJIbKO 3aMeualiuil 110 NOBOAY 33144 B ABY X
H3MEepPEHHAX, aHatorHunuX 3atauav §§ 354, 356.

1) Ir1a 3axaya B nepBuHH pa3 6u1a peuleia CTOKCOM, HO HECKOJILKO 1P -
THM crnocoboM, cM. Buiuie, ¢Tp. 726. Jlpyrue ciloco6ul pelieHHs MOXHO HaHTH
v O. E. Meiiepa, Uber die pendelnde Bewegung einer Kugel unter dem
Einflusse der inncren Reibung des umgebenden Mediums, Crelle, LXXIII (1871).
Kirchhoff, Mcchanik, XXVL

Bojee o6uni cayuad, KOrAa CKOPOCTb IAPA €CTb NPOU3BOJbHas (YHKIHA
BpeMeHH, Oba uccneaosan Basset, On the Motion of a Sphere in a Viscous
Liquid, Phil. Trans., CLXXIX, 43 (1*&7); Hydrodynamics, ra. XXII. Bompoc
9TOT NMONYYHA YNpouleHHe B HOBWX pabotax Plcciati mn Bogglo; cm. Bas-
set, Quart. J. of Math. XL, 369 (1910) 1 Rayleigh, cu. ue, ctp. 741,
Cwm. raxwe Havelock, Phil Mag. (6), XLII, 628 (1921).
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Ecau npeseGpeub uinenaMy BTOPOro NOPAAK3, TO YPaBHEHHS NPHMYT
BHI

ou 1 op
_oT__-_e_..o_x._l_ﬂdlu’ (I)
ov 1 dp
@ == oy T
H
ou o
ax + oy 0

ox oy’
oy ox
H
0
pP=e % ’ (3)
€C/IH NpeANnOJ0XHTb, YTO
Allp = Os 4)
0
—0% =:’1'A11p. } (

1. TakuM cnOCOGOM MOXHO HAaiTH, YTO 3aryxaioulee JBHXEHHE XHAKOCTH,
3aKAlOYeHHOH B HEMOABHXXHOM KPYTOBOM HHJAHHApPE, NPH NPOH3BOJAbHHX HAYaJbHEIX
YCAOBHAX MOXeET ObITh NPEACTABACHO B NOJAPHHX KOOPAHHAaTaX KOMGHHaumeii

P yHKIHH
{ .13 (kf) ré

=\

} (A cos 50+ B sin s6) =" | )

ecin ¥ — ¢pynkuus Toka § 59. ¥YcuaosHe, YTO HOPMaJibHas COCTABAAIOLAs CKOPOCTH
Ha rpaHAYHON NOBEPXHOCTH (r= @) paBHa HYMIO, 3MeChb YiKe BMMOABEHO; Kaca-

TEJAbHAA WKE COCTABAAKOLIAA CKOPOCTH or Oyner HCYe3aTh B TOM Ciayuae, Korja

ka J,(ka) —s ], (ka)=0;
9TO ycnoBHe Ha OCHOBaHHH dopMyian (5} § 303 paBHOCHIABHO YCAOBHIO
J 8+1 (ka)=0. (6)
IMocaeanee ypaBHeHHe OnpefelseT ROMYCTHMbIE 3HAYCHMA I Kk H  BMecTe
C TEM 3HAUEHHA AAA MOAYJAA 3aTyXaHHs 1=’—,i§ 1) .

B cayuae cuMmerpun nmeem $=0. Hanmemslunit xopesv ¢ymxumn J (ka)
ectb ka=3,832; sto naer

3
r=0,0681 & .
k4

1) 70T Pe3yAbTAT B3AT M3 pa6ot asTopa, On the Motion of a Viscous
Fluid contained in a Sphersical Vessel, ynomsnyroii Ha ctp. 799. Cayuait s=0
paso6pan Stearn, On some Cases of the Varying Motion of a Viscous Fluid,
Quart. Journ. Math., XVII, 90 (1880). _
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Toncrasnaa B cayuae Boaw 3HaueHHe »==0,014 CGS, Haxoxum v=4,9a%cex.,
TAe g BHPAXKEHO B CAHTHMETpPax.
Ina s=1 gauMeRbWIHH KOpeub ecTb ka=5,135; orcioga creayer

r=0,0379 £
v

WIH, NAA BOAM, Tv=2,7a%.
2. B cayyae NepHORMNECKOrO ABHMEHHA C MHOXHTENEM, 3aBHCAIMM OT

BpeMEHH, B BHAE '™ GymeM HMeTh Ha OCHOBaHHK opmya (4)

(4,+ 1) p=0, )
ecan

2 ic , o\ ,
== wwm h=(1-4)8, ﬁ=(g) . @)

Pewenrne ypaBReRus (7) B NMOAAPHHX KOOPAHHATAX COAepkHT Ppynxuuu Bec-
celn C KOMIAEKCHHN aprymedToM (1 — i) fr. BuGop noaxoaaumx Gpysxkyui B pa3-
AMYHHX CAYY3AX M NMPHUBENEHHE Pe3yJbTATOB K NMPAKTHYECKH YAOOHOMY BHAY Ha-
TaNKHBACTCA HAa HEKOTOpHEe TPYAHOCTH 1). BBHAY TOro uTO0 HeOGXOAMMBIE IJs
STOI'0 BHIYHCACHHA OYEHb JNMHKB, @ 3a%ayM 3TH NPEACTABJASIOT BCE e MeHbUIMH
HHTEpEC NO CPABHEHHIO C TEMH, KOTOPHE OTHOCATCA K TrpaHHlUamM cdepHYeCcKoi
$opMB, MB OTPAHHUYMMCA 37eCh TeM, YTO OTOIUNEM WYHTAaTeAd K OPHIHHANbLHBLIM
paboram Crokca 8).

BA3KOCTE B rasax.

§ 358. Ecnu npuHaTh BO BHUMAaHHE M3MEHEHHA [JIOTHOCTH, TO HaH-
Gosee oObliee NPeANONOKEHHE OTHOCHTENBHO ,CPEHEr0 NABAGHHA“ P, KO-
TOPOE MM MOXeM CAeNaTh B CJyyae WIeaJbHOrOo rasa, He Bhazas B npo-
THBOPeYHe C PaHee CHGJAHHHMH [HNOTE3aMH, MOXHO BHIPA3UTL B BUIE

p=Reb —p' (a+b+0), )

rae 0 —aGcomwoTHas Temnepatypa, R —NOCTOSHHAf, 3aBHCALAA OT MPH-
poabl rasa, u u' —BTOpO# KO3dHUMEeHT BA3KOCTH 3). Mui He HMeeMm, OA-
HaKO0, HHKAKHX OMBITHHX HAHHBIX A/l TOYHOrO ONpeneNeHHs 3HaueHus u';
COrIaCHO KHHETHYECKOR TEOPHH ra3os NOMKHO ObI0 O  HMETh MecCTo
paBeHCTBO £’'==0 4); MBl 477 NPOCTOTH M NPHMEM 3TO NPEANOTONEeHHE.
Ecnu e Mu 3aXOTHM yAepxath B $OpMynax u’, TO HyXHbie AAs 3TOrO
MCnpaBAeHus Nerko GyXeT clenats.

1) Uccaenosaaus § 194 Tpe6yioT HexOTOPOro mepecMoTpa B CAydae, koOraAa
apryment Komniaexcnoul. Popmynut (4), (5), (6) coxpamswoT CcBOW CcHAy, ecau
TONbKO REHCTBUTENbHAA YaCTh aPryMeHTa NOJOXHMTENbHA [YTO MOXHO O6ecnedHTs
suiGopoM 3HAVEHHA /i B ypaBHeHuH (8)], wo AHdepeHUHpOBAHUE PACTIONONEHHBIX
Mo HMCXOAAIHM H BOCXOAAU(MM CcremeHaM pAnoB (13) n (20) mpeacrasaser
RekoTophic OCOGeHHOCTH. B wacTHOCTH, peayabTaTh, KOTOpHE NMOAYHATCA OT
OpHPABHHBAKKA COOTBETCTBEHHO MAeHCTBHTENbHBIX M MHHMBIX 4YacTeH, Tpe6ywlT
NpPOBEPKH.

3) Stokes, cM. Boiwie, cTp. 726. CM. Takke Watson, Theory of Bessel
Functions, ctp. 201.

3) Cp. Kirchhoff, Vorlesungen iiber dle Theorie der Wirme, Leipzig
(1894), nexuun 11. Stokes (Papers, lil, 136). '

) Maxwell, cM. Bbimte, ctp. 720.
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B § 329 6niio noKasaHo, yTo paGoTa, IPOM3BeAeHHadA B NPOMexKyTKe
BpeMend Of BHYTPEHHHMH CHAaMH, KOTOPHe JeHCTBYIOT Ha TDaHH oie-
MeHTa 0X dy 62 M M3MEHAT Kak ero o6beM, Tak M ¢opMy, DaBHa

— p(a+b+c)dx dy 8z 6t + D 8x dy 6z dt, 2
rie
O =2 p(@tb+of+pQa+ 2+ 20+ PG+ 1), (3)
Ilanee Ha ocHoBaHuM ypaBHeHus (3) § 7 umeem
1 Do Dv

rze V-— 06beM eAMHMIBI MacCH.
Orciona, o6o3Hauas yepe3 E BHYTPEHHIOI SHEPrHI0 €IAMHHIB MacChHl
D
H uepe3 —D—? KOJIMYECTBO TeMa, KOTOPOe XUAKAs YACTHIA NMOJYYdeT B elu-
HHILy BpeMeHH OT COCeJHHX 4acTui, O/laroxaps TeNJIONMPOBOAHOCTH WIH
M3NYUYEHHIO, HMeeM Cleaylolee ypaBHeHPle 3HEpPruM eQMHUILI O0BEMA

DE =
Die=— pD, e+P+5 Q ®)

KonnuecTBO Tensia B €AMHHMIY BPEMEHH, KOTOpPOe B HeHCTBHTENbHOCTH
JOJKHO GHITH TOJYYeHO, YTOGH BHI3BATH COOTBETCTBYIOUIME H3MEHEHHs
IJIOTHOCTH M TEMIEPATypPH, II0 3aKOHAM TEPMOAMHAMHKM JOMKHO OBITh

paBHO
DQ’ Dv DE
o =p et 5 e Q

Wa cpasuenns gopmya (5) n (6) nonyuaem
DQ’ _DQ
Dr=pt t P M

Takum oGpa3oM, KpOMe NpPHPAILEHUs Telula BCIEJCTBHE TelIONPOBOX-
HOCTH M 0p., B HacTHLe BO30YxJaercs emie Temio B Konnyectse @ Ha
elMHULy O00beMa M eIMHHIy BPeMeHW, KOHeYHO, 3a CYeT APYrux <¢opm
3HEpruy.

Ecan Boipaxenue (3) HanuuieM B BUle

2 .
Q=5 pl(0—cP+(c—aP+@—b¢) +u(*+£8+h), @O
TO YBHIHNM, 4TO /1] CymieCTBEHHO NOJMOXKHATENIBHO H 4YTO, KpOMeé TOro, @
MOXeET OGpaTHTBCS B HyJAb TOJBKO B TOM Clyude, KOTId HMeeM
a=b=c n f=g=h=0,

T. €., KOrJa nedopMauns #MAKOCTH NPEACTABNAET OLMHAKOBOE IO BCEM
HanpaBjIeHHSM DaCuIMpeHHe HAM CKaThe. 3aKJIOUeHHe, YTO B ITOM CAy-
yae He NMPOMCXOMHT HHKAKOrO PACCEAHHA 3HEePruM, OCHOBHBAETCS €CTeCT-
BEHHO Ha TOM npelnonoxeHun, uro u4’ B ¢opmyae (1) pasHo Hymo.
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§ 359. Cnenaem Tenepr HeCKONBKO 3aMeuaHH#t O BAMAHHH BA3KOCTH
Ha 3BYKOBHiEe BOJHB. UTOGH GbITH NMOC/HENOBAaTENbHBIM, HEOOXOAHMO MpH-
HATb TaKXe OJHOBPEMEHHO BO BHHMAaHHE M TeNJONMPOBOAHOCTh, BIMSAHHE
KOTOpOH BHIPaNaeTCsi BeJHUYMHAMH TOTO ke mopsaAka !); OAHAKO CHauana
mbl no npumepy Crokca 2) uccienyeM BIHSHHE ONHOH TOJNBKO BABKOCTH.

B cayuae miIOCKMX BOJH B HEOTDaHHYEHHOH B NONEPEYHOM Hanpasie-
HHH cpelle GylZeM HMeTh Ha OCHOBaHMM ypaBHenu#t (2), (3) § 328, npex-
noJjarasi, 4T0 OChb X MMeeT HAmpaBjeHHe PacIpPOCTPaHeHws BOJMH, W IIpe-
He6Gperas YIeHaMH BTOPOrO NOPSAKA B BHIPAXKEHUH LN CKOPOCTH,

ou _ 1 op , 4 O

ST T T3 ek M
OGo3Hauas 4epe3 § KO3(HIMEHT YHJIOTHEHMS, MOAyyum, kak B § 277.

yPaBHEHHE HENPEPHBHOCTH
0s ou
o= T &

a ypaBHeRHe (HM3HYECKOrO COCTOAHHS MOXKHO HANMCaTb, NpeHe6peras
BANSHHEM TEINIONPOBOAHOCTH, B BHIE

P= Do+ €%0¢$, 3)

rie ¢ o603Ha4aeT CKOPOCTh 3ByKa NPH OTCYTCTBHH BA3KOCTH. VCKiaouas.
p ¥ S, NOIy4YuM
o*u Pu , 4 0%u
"t —2ld, 2,08 -
o8 = T3 ot &
YTo6bl MpUMEHHTh 3TO ypaBHEHHe K CAYYai0 BBIHYXKIEHHHLIX BOJH,
NPEANONOKNM, YTO B INIOCKOCTH X = 0 noanaepxupaercs Konaebauue

= aé*", 3)
Ecnu peienne ypaBHeHus (4) B3fiTh B Buie
U= aei""*‘""‘, %)
TO HaijaeM
m’(cﬂ-}- %iva)=——'a2; )
oTCI0fa Caeayer
. io 4 .y —1/2
m=tr(1-5i%) ®
lNpene6Gperas KBaApaTOM BeJMYUHHI -’c'; M HMMefl B BHAY HUMXKHUH 3HaK,
NOJNy4HM M3 NOCAeIHEr0 PaBEHCTBA
io 3 vot?
m=——g T &

QI dr0 6bi0 oTMeueHo B mepBuii pas Kmpxrodowm, Uber den Einfluss
der Wirmeleitung in einem Gase auf die Schallbewegung, Pogg. Ann., CXXXIV,
177 (1868) (Ges. Abh., I, 540).

?) Stokes, cm. Buue, crp. 33 (Papers, I, 100).
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Ecnu  mb NOACTaBMM 3TO  BbIpaweHHe B paBeHCTBO (6) H yAepxum
TOJABKO neﬂcmmenbuylo 4acTb, TO MOJAYYHMM IJA BOJIH, ABHXKYU{HXCH
B MOJIOKHTENLHOM HaNpPaBJeHHH OCH X,

x
-2 X
Uu==ae cosa(t-— -c—), (10)
rae
3 ¢
l=% —. (In

AmMnnuTyns, TakuM o6pasoM, yOblBaeT HO Mepe [JBHKEHHS BOJMH Kak
noKasarenbHas (yHKUMA, ee yOblBAaHHE NPOMCXOAUT TeM OnicTpee, ueM
6Goabile OKa3blBaeTcs 3HaueHWe o. CKOpOCTb BOAH, ecAH npexeGpeud

yo
YJeHaMH, NMOPAAOK KOTOPbLIX MO OTHOIUEHHIO K ol Bblli€¢ IEepBOro, He

NOABEPraeTCss BAHAHHIO BA3KOCTH.
Jlunefinan BeamunHa [ naer paccTosiHHe, HAa KOTOPOM aMIVINTYZAa yObi-

1
BAET JO ~;~ CBOErO MEePBOHAYANLHOrO 3HAUYEHHH. OGoanauan uepez 4

2n¢
ANUHY BOJHB (-—;) , TORYYHM

2 vo A . ‘
T T a2
B BBIYMCJEHHAX, KOTOpHie MPOH3BeNeHb BBHIIE, NPEANOJaraeTcs, 4YTO 3T
ApOOL —Maas BeTHYHHA.
B caydae BOAYUIHHX BOJMH Mbl HMeeM ¢=3,32 « 108, »=0,132 CGS u no-
TOMY

W=2:w_ -1 —5 g .
- 7,—(:-'"2'501 < 107, 1=95622. 103,

rae A BHPaXEHO B CAHTHMETpPAX. Banaune Ha AMNAATYNY OKasHBaeTCaA CoBep-
WICHHO HE3HAYUTENbHBIM, 32 HCKJIIOYCHHEM OYEHb MANHX JAJIHR BOAH.

Hto6u OnpenenuTs 3aTyXaHHwe C800600K&X BOMH C MPOM3BOJABHOH 3a-
naywHOR Hamepen AMHHOM BonHE 2% | nonomHM

%
uaaeihxﬂ-m; (13)

TOACTaBAAA ITO BHPameHHe B ypasHenue (4), mMoOayuuMm
n?4 —;— vk = — k33, (14)

Ecan npene6peus KBaAPAaTOM BeAHYHHE :—k, TO NOJYYHTCH
n=— 2 vk & ike. (15)

Orciona, yaepxusan NefiCTBHTENbHYIO 4acTh, GyleM HMETh
t

u=ae “cosk(x-tct), (16)
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rue
T an

=2k
§ 360. Ecau npuuats 8O BHHMAHHE TEMIONPOBOAHOCTH, TO yPaBHEHHE
aemxenns (1) u ypaBHenue HenmpepHBHOCTH (2) OCTaHyTCA TeMH ke, Gu-
3UYECKHE K€ COOTHOLIEHHS HOMKHBI GbITh U3MEHEHBI,
KosuuecTBo Temnorsl, HeOGXOZMMOe Aaf TOro, YTOOH BBI3BATH Majbie
u3MeHenns o6beMa U U (a6COMIOTHOM) TeMmepatypsl O eXMHHUB MacChl
rasa, omnpepeasercs popmynaoh

6,
0Q=pdv+C,00={(y — )2 dv+00 } C,, (18)

(]
rae C, —yZenbHast TEIJIOEMKOCTb NP NMOCTOSHHOM O6beMe. YMHOXad 3TO
BbipaXKeHHe Ha Qo 6x, Mmaccy €MHULB! IJIOWAAH TOHKOro CJo#s, ¥ pasie-

Jafs Ha Of, MBI MONY4YUM TO KOJAHYECTBO TEIVIOTHI, KOTOPOE HOMKHO IO~
BOIMTBCA K C/OI0 B €IMHUIy BpeMedd. IIpUpaBHUBAS 3TO KOJHYECTBO

020
Ter/IOTH BeanyuHe kK o 0x, rxe K —KO3(ULHEHT TerIOomPOBOAHOCTH,
nony4um 1) ‘

00 6y Ov , 020
’o—i'l‘(?—l)v—:")—t-:V Pl (19)
npuyem
r_ k
Vo= 20)

T. e. ¥ — , TePMOMETpPUYECKAsa“ TEMNONPOBOAHOCTE 2).
CootHowenue mMexny p, o, 8 ects

P ¢l
A= @0

Honaras Po &%
e=0o(1+438), 0=04(14%) (22)

¥ npede6peras y/JeHaMd BTOPOrO MOPAAKA OTHOCHTEABHO § U 7], yPABHEHHUS
(19) u (21) moxHO npuBecTd X BHAY

0 0s , 02
S —0—D5 =75k (23)
n
p=po(1+s+1n). (29
IMoacrasaas manee 3HaueHHe p B ypasuenue (1), moayuum
ou __ 0s on 4 0y
=l Tt (25

1) Tenaora, o6pasylomasca Grarogaps BA3KOCTH (KaK 970 pasbacHeno B § 358),
31eCh HE NPHHMMAETCAd BO BHHMAHHME, TaK KaK OHAa BBHIPAXAETCA MANBLIMH YACHAMH
BTOPOTO MOPAAKA.

%) Maxvell, Theory of Heat, rn. XVIIL Ecan 65 usnyvenue 66110 3HAUH-
TeAbHbIM, TO B ypasHenue (19) sowen Gu eue wneH, NpONOPUUOHANBHEIA 6 —0,.
Cp. 8tokes, Phil. Mag. (5), I, 305(1851) (Papers ,Ill, 142); cu. Taxxe Ray-
leigh, Theory of Sound, § 247.

52 nams.
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13
rae b=(—pl) ~— BbipaXeHue I8 CKOPOCTH 3ByKa, HdaHHoe HrioToHOM
(§ 278).
Tocne uckmiouenns § nocpeacTsoM GoOpMyan (2) Haxomum

u _ ,,0% (] 4 = 0u
w3 paar (26)
b4
0 ) , 08
==yl n

Mpl  noiyunmau, TakmM 0GDasOM, CHCTeMy [BYX COBMECTHHX RudepeH-
LMaNbHHX ypaBHEHHH A4 onpelelieHHs U M 1).

Ilpeanosaras Tenepb, YTO BENMYHHHI U M 7) 06e NPONOPHHOHANbHB
BBIPAXEHHUIO

eiat+mx,

NONYYHM 4
2 252 —_—] 2 —] 29 =
(o® -+ m2b? + 53~ vom®) u —iombn =0, } (28)

y—Dmu4(ico—vm¥)n=0; |
oTciona Ciaenyer

o34 {c’o + (% v 4 v’) ia’} m24-9' (ib’ —_ -g— m) m=0, (29)
ecnd MONCTaBMTH ¢? BMecTO Yb%.
M y6exxnaemcs, 4to m= i% ana v=0, ¥ =0, TouHo TaK e

io
m= + - I =0, v =00, Tak KaK YCIOBUl B AAHHOM CAyuae
npakTHyeckn GyayT usoTepMuueckuMH. Jlanee, eCiM 3HayeHHe O OYeHb
BeNMKO, B TO BpeMa Kak »==0, Mbl CHOBa OylleM HMeTb M= :l:%

He3aBHCHMO OT 3Hauenus »'; cp. § 278.
CornacHo KuHeTHYeCKOR Teopun raso MakcBenna umeem

v = % v, (30)

HO B AanbHefweM Mbl GyAeM TOABKO NPEANONaraTh, YTo ¥ M ¥ CyTh
BEeMHUHMHB ONHOI'O M TOFrO e Mnopanka.
Yo
Mut BHUIECIN, YTO OTHOUIEHHE —c—" B Cayuyae OOGBIKHOBEHHLIX 3BYKOBHX
BOJIH Mano. KOpHH TNIONYYEHHOTQ BhIlI€ KBaAPaTHOrO YPaBHEHUH OTHOCH-
TeAbHO M? MOTYT GHTbL NOSTOMY NPUG/MIKEHHO BHPAXEHH B BHIE
2 Ty ] 7
s___ G s doc® _ iy
m,=— ) m, = 708 —_1" . (31)

bonee TOuHOe 3HaYeHHE NEPBOTO H3 9TUX KOPHeH eCTh

e e T T




§ 360a] Boanw nocmoarno2o euda 819

OTCIOAa CJAeRyeT _
m=+ (Z+3), 33
rae
I= < :
(o7 (-a)7]e

(34

Hns nonHoro peiuenus HaxoamMm npu X >0 npuGamxeHHble 3Hauenus

U = A]. eiat+m1x + Aa eivt-}-mgw’

—_ iol-fmyx
ycl Alew+ 1

+ iﬂ; Age icH-mzx, @)

n =

rne 3HaueHus m1 H ms BH6paHbl TaK, 4TO HX neﬂcmmenbﬂue YacTH
orpuuatenbHs. TIpousBonbHEe nocroshube A; B Ag O30T BO3MOXHOCTb
npenCTame 34 aHHHE Hanepen nepuognyeCcKue H3MEeHEeHHd U ¥ nB
naockocTy X =0.

Jins OGLIKHOBEHHHX YACTOT OTHONIEHHE

mye
‘; BEJIMKO, M TNOTOMY OT-

A
HOUIeHHe —A—'- » KaK OHO oOflpenefeHO HAa OCHOBAHHM TEPMHYECKHX YCJOBHHA
1

B naockoctd X =0, OGHYHO OKa3HBaeTCd MaaHM. BTOpoH uied B Bupa-
MeHHM I I B STOM COyuae Jaxke BOAM3H OT Hauala KOODAMHAT He
NPeACTABAAETCA HOCTATOYHO BAXHEIM, 4 A8 NOBOJLHO GOJLIIMX 3Haye-
HUi X OH M B MOGOM CAyyae OKa3HIBAETCH COBEPIIEHHO HECYLIECTBEHHHIM
710 CPaBHEHMIO C MEPBHIM uaeHOM. HasHauenue 3TOro wieHa sak/oyaercs
B TOM, YTOGH NPEACTaBHTb YHCTO MeCTHOE BJAWSIHME TEPHOAUYECKOro
MCTOUHMKA TeNAd, HAXONAMIErOCA B Hatale KOOPAHHAT.

¢

Ecan soabMeM ans v 3navenne (30) ¥ nonoxum el =y=1,40, T0

u3 dopmyan (34) Oyzer BHAHO, YTO 3HaueHHe [ BCAGACTBHE TENAONPO-
BOJHOCTH yMEHbUIHTCH B oTHomeHun 0,65. v

Hccnenopanus 3TOro mnaparpada B CyWECTBEHHOM GBI BHINIONHEHB!
Kupxrogom ), KOTOpHH paccMOTpen TaKke BAHSHHE DAaCXOAALINXCA
cepuuecKux BOMH H PaCNpOCTPaHeHHe 3BYKOBHIX BOJH B Y3KOH TpyOke.
Tlocneausiss 3ajaya CTOHT B CBA3H C XODOWIO H3BeCTHHIMM ONHTAMH
Kynnra.

§ 360a. Panee yxe GHIO CHeNaHO 32MeYaHHe O BJAMSHHA BS3KOCTH B
TEOpHY 3BYKOBHX BOAH yCTaHoBuBIIerocs tuma, § 284. Ecam npumsats B
pacueT TOJBKO BSI3KOCTh, a TENAONPOBOAHOCTBIO INpeHeGpeys, TO
Teopua CTAHOBHTCS JAOBOJMBLHO MNpPOCTOH, M O HeR ClelyeT CKasaTh He-
CKONLKO C/IOB PaiH TpHMeHeHHs (TONBLKO ONMH Pas B STOH KHWre) NpHH-
HMIIOB, M370XeHHHX B § 358,

) Kirchhoff, cM. Buwe, cTp. 815. 3T nceaenopaEns BOCHPOM3BEACHH
B xunre Paaesn, Theory of Sound, 2-e nan., §§ 348—350.

52¢
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BleEM pacCMaTpUBaTh yCTaHOBHBUIEECR HBHKEHHE, TOrAa ypaBHeHUEe
JBHXKEHUA TMPHHAMAET BUI

ou ) 4 0%
U = — et a M

MMonaras, xkak u B § 284, pu=m wmm U=my, rie U—o06GbeM elu~
HHUUB! MacChi, MOXHO 3TO ypaBHeHHe NMPEeACTABMTL B BHIE

v _  0p 4 %
m o= —sE o um )

ox?
OTtciona uMmeeMm

4 0
P+ = pot- Mg+ 3 pm Gl = py o+ M+ 5w G, ()

dv
TaK KaK & ofpaujaercs B HyJdb Ha TPAHULAX BOJHEHL

CnenosatensHo, ecad Q —Temaora, IMOrJolaeMast eIWHHLEH MacChl
L8 Tepexofa K KakoMy-auG0o COCTOAHHMIO, TO GyleM uMeTh corsaacHo (12)

§ 284
(y——l)‘; =v~—+wJ
=y{po+m2uo—m2v +—4— mg—;’c}—g%—}—
+v{_ 2""+3 gx‘:}. @

Tennora, o6pa3ywomascs 64aronaps  BA3KOCTH B  eNHHHUIY BPeMeHH
Ha eIMHHUY MACCH, C ONHOH CTOpDOHH, cornacHo § 358, Oyzer pasHa

4 ou \? 0Q
- M (-07) C apyro#, —OHa fomkHa GuTb paBHA U - ,a MOTOMY

HMeeM

0Q o \2

= am (gz) ©)
Tak Kak U =mv. Toncrasasas B (4), Haltaem

¥ Pot-mivg) Sr—(+Dmw Se 44 um o (v 2)=0.  ®

ov
HUnrerpupys 3TO B npelenax, Aad KOTOPHIX 7)?::0’ ¥ pasgeiuB Ha

Uy — Uy, OyZeM uMeThb
1
7 (Do~+ mPvg) = —(v+ 1) m? (v +vy). M
CnegnosarenbHo, ypasHenne (6) MOXHO HanmucaTh B BHIe:

T GHDmEtn—0) FA g a0 H)=0 ®



§ 360b] Moenowgeriue 36yKa nopucmuiMy meiamu 821

TMepBeit mHTerpan 3TOro ypaBHeHust, BHIGpaHHHIA Tak, YTO6H  AJA

ov
U=vo UMETb a=o, NpeACTaBnfaeTCsd B BAUE

w2l D —1)@—v)=0. ©)

OTciona ¢ TOYHOCTBLIO OO AMAMTHBHOH NOCTOAHHOR Oynem uMeTh

= __8n
3ly+1)ym{vy—v,)

roe m onpeneaserca u3 (7). 34eck yxe HET OTpaHHYEHHH Ha BEJMUMHY

X {v,In (v —0vy) — vy In Ve — V)}, (10)

U,
OTHOWIEHHUS —vl H.
1

Ecan B (10) MH DmoxoXuM U= avy-+ fv,, rie a+ f=1, 10 3HaYeHHE X OTIH-
YaeTCH TOJBKO NOCTOAHBOH OT CAeAYIOHEero

8u . vyina—vying
3(»+1)m Up—Uy ’ an

Hanpnmep, ecan nonoxuts =09, g=0,1, a sareM a=0,1, B=09, to
Pa3HOCTb MeXIy ABYMs 3HayeHMAMH X Gyner

8u Vot
3(y+l)m vo—v, tn 9. (12)

Tax, ecam vg=2v,, T0 u3 (7) ¥ M3 APYrUX YHCIOBHX JAHHHX B KOoHue § 284

HaiineM m=68,3. INonaraa p=0,00018, 6GyneM nMerr 3HaueHHe BHpaxenus (12)
paBasiM 1,98.10~5 ¢M.

§ 360b. Pane#t 2) npumennn npunuunsl § 360 ana oGwacHenus no-
rIOLEHNs] 3BYKa TOPHCTHIMH Tenamu. [lns ueneft ofuiero HccrelOBaHHA
MBl MOXEM YNPOCTUTb BONPOC, YUHTHBAA TONBKO OIHY BASKOCT.

HMmes B Buny dopmyny (5) § 347, Ml 3akaiouaeM, YTO eCHH XM~
KOCTh HAXOIWTCA B KOJeGaTeNbHOM JIBIXEHHH BOJN3HM NAOCKOR CTEHKH
non ne#tcTeueM nepuonmvecko#t cuanl X, TO 3aRepKHBAIOLIAN KACATENb-
Had Cuia, HeHCTBYIOMIas HA MXMAKOCTb M OTHOCAWIAACS K eIMHMUe [IO0-
waan, 6yner pasHa

ou ~ uBf it ~ 4B
—u (oy Jyoo= — (=) LT B x. ()
STOT pe3yabTaT IMOAY4Y4EH B TNIPEeanoJOXEeHUN HECKHUMAEMOCTH XXHAKOCTH,
HO B KauecCTBe HpHGJIH)KeHHﬂ OH NPHUMEHHM K B paCCMaTpHBaEeMOM ciryuae,
KOT/[a JJIMHA2 BONHH OKaskBaeTca 00MkIOH B CPaBHEHHH C ADYTHUMH BXOAAILAMH
B paCCMOTpDEHHE JAHHeHHBIMH BeJHYMHAMH. OnHa ¥3 3THX JHHEHHEIX BeJHYMH

1) MccnenoBanne 3aMMCTBOBaHO W3 pa6oTel P9 a e s, ykasammo# Ha cTp. 601.

?) Rayleigh, On Porous Bodies in relation to Sound, Phil. Mag. (5),
XV1, 181 (1883) (Papers, 11, 220); Theory of Sound, § 351. Cm. Taxxe Lamb,
Dynamical Theory of Sound, London (1910), crp. 192,
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- 2 \'2
ectb B = (<) "; ona npencrasnmer Mepy TOro, HACKOMBKO AANEKO
" Yy

NPOHHKAET B XHUAKOCTL TOPMO3flllee BAUSHHE BAKOCTH 1),
Ecau dopmyny (1) mpumennts K TOMy C/Iyuaio, KOrZa BOJMHbl ABH-
KYyTCA B pr6e HIH MEXIYy AByMs napaiienbHHIMH CTEHKaMH, TO CPIJIYX

(Ha eAMHHLY Macchl) MOXHO 3aMEHMTh Yepes — . Mat paccmorpum

op
200X 1
cayuait TpyGhi WM NPEANONOXHM Ha MIHOBEHHe, YTO 3HayeHue S~ Mano
MO CPaBHEHMIO C PafMyCcOM d; BHUMCIAASA CHIY, AGHCTBYIOUIYIO HA MHA-
KOCTb, 3aHHMAOLLYI0 IMHHY OX CTEHKH, NMOAYYHM

ou op . v8 0p
3 = —q? - —) ¥ o
7o —5; na® —= 4+ =) % 2na,
FIe U, p 0603HAYAIT CPeNHUe 3HAUECHHS CKODOCTH M NAB/MEHHS B mOmeped-
HOM ceueHnd. Taxk kak o =2vf%, To 370 ypaBHeHHe MOXHO HAMKCaTh B
suie

o _ (i 1—i\ op
“ot (l Ba ] g,0x ° @
Mbl HMeeM Takxke
- - o5 ou
P = Do+ CPys, %= ——0% , 3

rae S— - KOSCbH[lﬂeHT YOIAOTHEHHA. Orciona nojay4aeM, HCKAO4asd E,
9% 1—i\ o 0%
w=(—) ¢ & “

Mu yie NPeNONOXHAH, Y4TO U NMPONOPUHUOHANBLHO '™, Tonaras mo-
ITOMY

U = Ce*"ttm=, o)
MOy 4UM
s 1—i\?
1 . % ({_._1=t
m=—% (1 5
Ui

ic 1 —i
m=i7(l+——m). (6)
TaK Kak 'ﬁla' MO NPEANOAOKEHHIO Mano, DTy (GOPMYAY MOKHO HAMHCAThH

B BHIE

m=£(F+7) ¢

1) [lonaras v==0,132 1 oGo3Hawan uepes N= %:; acTOTY  MOAYYHM
871 =0207 N8 cp.
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rje
V=%

¢ =c(l—gg) U=3%. ®

Orciona, ecad BO3bMeM HIKHAR 3HAK M HanuweMm paseHcTso (5) B
ReHcTBHTENbHOH dopMe, MOMy4UHM

— - F X
u=_Ce cos ¢ (t— ?—) . )
Has v" =0 dopmyna (34) § 360 naer 3HaueHue l=-g— vi;i . Or
CI0fla cAefyeT NPuGIMKEHHOE ypasHeHHue
I 2 ¢a_ 2 (2na\ 1
=5 =5 7)) (10)

rae A-—pnuua BoaHb., CKOPOCTb 3aTYXaHHWA BOAH [PH WX ABHIKEHUH B
TpyGe OKa3LIBaeTCHA, TAKHM OGPA30OM, 3HAYHUTENLHO GOJblie, 4YeM B OT-
KDHTOM NPOCTPAHCTBE, €C/H TOMBKO NIMHA BOJHB CPaBHHMA C JUIHHOIO
OKPYHOCTH TONEePeyHOro ceueHus Miau GoJaslie ee.

Ecnn tpy6a HAacTONBKO y3Ka, YTO PagHyC HMeeT TOT ke MOPAKOK,
ato u B!, TO XapaKTep ABMXEHHS OKA3WBAeTCA ADyruM. Tpemue
OKa3mBaeT Temeph 3HAYHTEALHO GOJbllee BIMAHHE Ha Koae6mio-
IMYIOCA KUAKOCTb, a4 HHEPUMA WKHIKOCTH CTAHOBHUTCA HeCYUIECTBEHHON.
Cpeanee 3HayeHne I CKODOCTH B JAHHOM Cjy4ae CBA33HO C rPafHEHTOM
CPeIHero RaBiMeHHs mpaktuuecku dopmynont (4) § 331; noatomy

U= — & 0P
= 8% ox ° (11

Orcoaa crefyeT, ecid HMeTb B BHAY dopmyas (3),

ou _ A3 o

ot T 8 ox® (12)
D70 ypaBHeHHE TOXIECTBEHHO MO (opme C ypaBHeHHEM JMHHEHHOro
PacnpoCTPaHeHHs Tenaa.

Moacrasaan 3Hauenne U u3 Qopmynst (5), moayuum

m=4(1+1i)g, a3)
ecny 0603HAUHTH 2t
4
0" = = s - 14

Orciona nas ReHCTBHTENbHON YACTH, NPMHUMAA BO BHHMAHHEe HHXHHMH
3HaK, MOAYYMM BHDAXEHHE

u= Ce % cos (ot —¢x). (15)

1) Feapmroasy 8 1863 r. gan (6e3 noxasatenncrsa) ¢GopMyas, PaBHOCHAB-
abie NPHBENEHHHLIM B Texcre; cM. Wiss. Abh., I, 484. B uurare, npusencasioi
Kupxrojom Hmeerca ouHbka.
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2
daza noBTOpSeTCA BCAKMH pas, Kaxk X BO3pacTaeT Ha T“,aunnmyna

—2n 1
e yOLIBa€T Ha ITOM PACCTOSHNWHM B OTHOLUEHHH € M OTHoute-

HHE 35TOr0 HWHTepBaZa K JJMHE BOJHH A B OTKPHTOM HNPOCTPAHCTBE
paBHO

2n _ _Pa_

A=V215 (16)
3Ta BeJHYMHA NPH CHENAHHBIX NPENNONOXKEHHAX TNPeACTABAAET MAayio
Ipobb.

Korza sBykoBas BOJHA NalaeT HA MOBEPXHOCTb TBEPHOTO Tena, Npo-
HHM3AHHOTO GOALUIAM YHCJIOM Y3KHX KaHA/JOB, TO YaCTh 3BYKOBOH SHEDruH
Tepsaercs 6Jarolaps ONMHCAHHOMY 3/eCh DACCEAHMIO B 9THX KaHanax.

TIpoMexyTOUHHE OTBEPCTHS B INOPTBEPAX M  KOBPaxX AeHCTBYIOT
MONOGHKM e 06Da30oM, M B 3TOM 3aKJ/IOYAETCS NMPHUMHA TOTO, TOYEMYy
TaKOrO pOAa MpeAMeTHl OCAa6AfAOT 3X0 B KOMHaTe; HEKOTOpas yacThb
3PEPruM TepAeTcs TaKKe NPH KaxiaoM oTpamenun. ClelyeT 3aMeTHTsh,
YTO TOABKO 6Jarofaps NeHCTBHIO HACTOSIUMX AWCCHMATHBHBIX CHJA, TaKHX,
KaK TPeHHe M TEeIUIONPOBOAHOCTb, OKA3BIBAETCS BO3MOMKHEIM, YTOOH 3BYK
B 3aMKHYTOM MOMELIEHHH COBEPILEHHO NPEKPaTHICH.

§ 361. B uccaenoBaHusix, KOTOPHIMM Mbl 6yleM Tenepb 3aHUMAThbCA,
MBI Ui TPOCTOTH OCT4BMM B CTODOHe Tema1oBe npoueccs. Ha ocHo-
BAaHWM TIPEALIECTBYIOLIMX MCCAELOBAHMR MBI MOXEM 3aK/IOUHTb, YTO OT
3TOr0 NOPAOOK BesutUHb YIEHOB, MPEACTABASIOWAX NeHCTBHE DACCessHus,
He M3MEHHTCH.

O6umne ypaBHeHHs 3BYKOBLIX BOJIH, MOABEPXEHHBIX NefiCTBHIO BA3KOCTH,
Ha ocHoBaHMM ypaBHenuit (2) § 328 Gyayr uMeTh BHI

%=—& -g—;}+vdv+—13—v —g%, )
rae
= T+ @

Ecnn  0603HauuTh uepe3 § KOIGDMIMEHT YMAOTHEHMs, TO ypaBHeHue
HENPEPHBHOCTH HOMYYHT BHI

0s ou ov ow
a ypaBHeHHe (H3NYECKOrO COCTOAHMA GyaeT
P=Ppo+ €4, ®

rre ¢—CKOpPOCThL 3ByKa npH OTCYTCTBUH BfISKOCTH.
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Hckmouas p u ¥, noayunm

ou 1 9\ 0s

-a—t—='l’Au—(C2+'—3— 14 E) %

ov 1 d\ 0s

_07=vAv-—(c’+—3—v3{>7y-, ()

ow __ ag 1, 0\ 0

F=raw—(a+ 5 v Ot) 0z

Hs ypaenenuit (5) u (3) nocne audepeHUUMPOBAHNA MOJyYaeM

% g, 4 . 0 .
W=(C +—3—‘£’—H)AS. (6)

ECM MHOMUTeNb, 3aBHCALMAH OT BDEMeHH, MONOXHTbL PaBHHM €, To
ypasuenne (6) npumer BHA

@+i)s=0, Q)
rae
o=, ®
&+ ive

B TO BpeMs Kak ypasHeHus (5) MOryT GLITh 3anHCaHH B BHAE

@+ u=—1 %, i
0
(A+1) v=(k*— 13) 3‘;1 ' (9)
A+myw=a— ) %, I
rue
ic
W= — > (10)
n .
o= — an
Otn YpaBHEHHsl YIAOBJIETBOPATCA PEIUCHHAMH BHIA
=09 = 9 = %
U——E;, V= oya W= o_z‘s (12)

eCaM @ — Kakoe-1n6o pewenne ypaeHenus (7).

B uwactHOCTH, B cCAyYae BOJH, pPacXONfAILUMXCA N0 NOBEPXHOCTH cdepH
papmyca r=g, KOria Ha CaMOil MOBEpPXHOCTH NOJKEPKHBACTCS 3ajaHHAA pajn-
anpHas CKopocTb €%, nMeeM

@ = Afq (kr) elot (13)
IpH yCIOBHA

—KkAf; (ka)=1. (14
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Orciona creayer o (k)
= _ _Jorr iat
A TH as
HNH, eciH Hamucate B Goiee NOJHOM BHIE,

a® ei (ot-kr+ha)
= 1¥ika r : (16)

?

Mot panesn B § 359, 9uT0 gaxe B cayyae 3BYKOBHIX 4YacTOT OTHOLICHHE
Y o
—= UPe3BbIYaiiRO Mano, TaK uTO C GonpmuM NPHGAMKEHHEM MOXHO HalHCaTh

o 2 ivo
k=2 (1 - -——-) . 17

¢ 3 an
HUcronkoBanue dopmyasr (16) Kak B OTHOWIEHHH He3HAUUTEILHOTO BAHAHHA
BA3KOCTH Ha CKOPOCTb BOJH, TAK H B OTHOWIGHWH OCIaGNEHHA CaMHX BOIH IO
Mepe CBOEro PacnpocTpaHeHHs Oaarofaps BASKOCTH B 9TOM CIy4ae TO XKe
caMoe, KaK M NPH ABHXEHHH B oxHOM M3MepeHnu, § 359. OxasmiBaercs, 4TO Ha
paccTOARMK OYEHb GONBIIOrO YHCAA JJAHMH BOJAH OCHaGieHHE BOJH BCIENCTBHE
BA3KOCTH HE3aMETHO IO CPABHEHHIO C TeM OC/Aa6GileHHeM, KOTOpPOe HPOHCXOAHT
Gnaropapa cpepHYEeCKOMY PACXOKIEHHIO BONH.

Ecan gsuieHve He CHMMETPUYHO OTHOCHTEJNBHO HAuyajga, TO pelleHHe
ypasuenuit (7) # (9) MOXHO HNONMOMHATL MCC/AELOBAHHEM, MOMELIEHHHM B
§ 352. Takum o6Gpa3oM, JAaa cCiayuad PAaCXOAAUIMXCA BOJIH MOJyYaeM
petuends Buaa

0 n
= __oo% + (4 1) fa (1) afe

43 0 In
—Nfagr (A1) BB 5 =5

0 n
= =%+ (n+1) fam (1) 50—

» (18)
— tfngr (hr) WO 2
0 n
W= —%%+(n+l)fn-1(hr) ;‘z -

43 0 X
—nfas1 (Br) BETT 5 =i

rape
@ = fn (KT) @n, 19

a2 QYHKUMH @n, Xn CYTb OGDbeMHbe ChepHueckHe QYHKUHH TMONONKHTEAb
Ho#t cremenu n ).

1) Peutedua ,LNEPBOro K1acca* ¢ pacCMarpHBaeMOl 31eCb TOYKH 3PEHHR
NPeACTaBAAIOT MEHbIUHA HATEpeC.



§ 361] BausHue 6askocmu Ha pacxoxcoeHue 0AH 827

3tu dopMyan maior
XU+ yo+4-2w=

= — {krfn (kr) 4 nfn (kr)} pn+n (0 +1) 204 1) fu (A1) gn  (20)

"
W =w=—fu (kr) (y 55 —2 %)"’"“‘

+@2n 4 1) {hrfa (hr) + (n+ 1) fu (hr)} (Y % —z 30;7) Ay
2 —xw =~ fa(kr) (2 2 —% o5) Pat

+@n+ 1) {hrfn (hr) 4+ (n+ 1) fa (hr)) (Z 5(?;—"%) Ay
XU —yu= —fn (kr) (x :—y—-}' ,,%) Pnt

+(2n+ 1) (hrfa (Ar) 4 (n 4+ 1) fa (A1)} (x 7;’7 “1"5‘;) Ams

N

2y

npuYeM B 3TOM Cayyae GuM OpUMEHEHH PeKypeHTHsle dopmyast § 292.
[To mpuuune, ykazaHHO# BbilIe, MB MOMEM C JOCTATOYHOH TOY-
g

HOCTBIO CYMTaTh K HEHCTBHUTENLHBIM HU PaBHBIM c

TO Mbl MOAOKHM, Kak u B § 345, .
h=(—i)8, e =) 2. 22)

Ynenw B Bopawenusx (18), comepxaumme Xn, GyAyT NO3ITOMY 3aKJIO-
4ath B ce6e MHOXHTENh € 7 M, CleIOBATENbHO, GYAYT O4YeHb Maik Ha

PACCTOAHMAX F, GOABIIMX 110 CPABHEHHIO C JHHeHHOH BeauuuHOR S~ 1
3Ha4YeHHe KOTOPOH /s BO3AyXa, HANPHUMED, DABHO NPHOAUIHTENBHO

0,21 I/_ﬁ cMm, ecmu N ofo3HauaeT uucHO KojaeGaHu#t B CeKyHAY
(§ 345). IBmxenue GyneT nM03ITOMy MPAKTHYECKH CBOGOXHHIM OT BUXpeH yxe
Ha PACCTOSIHMHM, PABHOM CDaBHHTE/NHHO HEeGONBIIOMY KpDaTHOMY Be-

1
avurHsl §, M MOTeHUWan ckopocTe#t Oymer onpemenatscs ¢oOpMYy-
ka
ao# (19). 3amerum Taxxe, YTO OTHOLIEHHE TR npuGNH3NTENLHO PaB-

B
Vo
HOE 3a ChenyeT CUYHTATh MaAJbIM.

Yro6u npuMeRHTs GOPMYJIH K CAY4Yalo IWIapa, KOTOPHt coBepumiaer koxe-
6aHKMA B HaNMpaBieHHH, NapalleNbHOM OCH X, CO CKOPOCTBIO

. YUto xe Kacaercq Hh,

U=é-, (23)
nopcrasuM B dopMyan (18) n=1 u morownm
P1=AX, 1=Bx (24)

¥Ycaosua
u=U, v=0, w=0 (25)
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KOTOpble NOMKHB BHIOJHATBECA Ha IMOBEPXHOCTH r=4, RalOT Ha OCHOBAHHH
coorpowenu# (20) u (21}

— {kaf, {ka)+ [, (ka)} A,+6f, (ha) B,=1, (26)
—f, (ka) Ay+3 {haf’y (ha)+2f, (ha)} By=1; 27}
OTCIona C.nenye'r
e haf; (ha) 1
17 Thafy (ha) {kaf; (ka) + , (ka)} + 2, (ha) kaf{ (ka)
- kaf; (ka) (28)
B,=

hafy (ha) {kafy (ka)+f, (ka)} +2f, (ha) kaf; (ka)
Ecan cpenaem mopctanoBky u3 gopmya {15) § 292, To nmoayuum

A (3+ 3iha — h?a?) k*aethe ]
177 Tkead (14 iha) + (24 2ika — k%a®) hPa®
. 9
% (3 3ika — K2a?) WoaPeh (29
B,= K2a® (1 +iha) + (24 2ika — k®a®) h*a® ’

B ynaJaeHHbIX TOYKAX JABHXCHHE TIPAKTHUECKH CcBOGOIHO OT anpeﬁ H HMeeT
NnoTeHnuan cxopocreﬁ

@ = A,fy (kr) xe'. (30)

Hna akycTuxkn Hambolee HHTEpeCeH TOT Ciay4ad, Korma pamuyc wmapa da

BEJUK N0 CpaBHEHHIO ¢ Beauumnod f . Eciu bl YAEPKHM TONBKO HAMBHICLIYIO
crenenb ha B gopMynax (29), To nmepBas M3 STHX GOPMYJ NOIAYYHT BHL

kaaaeika

A= S T RaE

(31)

T. €. TOYHO TaKOH, KaK eCiu Obl Mbl IpeHeOGpPEraH BJ3KOCTbIO C CaMOr0 Hauazia
(§ 295). dr10 moxaamiBaeT, uTO0 3akmoueHuss CTokca, Kacawwuecs BausAHAA 60O-
KOBOTO JBHIKEHHS NPH COOOLIEHHH KOjeOGaRu# rasy, B OCHOBHOM He MOJBEPralTcs
H3MEHEHHAM H3-3a BA3KOCTH. ClelyeT BIpOYeM 3aMETHTb, YTO GOKOBOE IBHKE-
HHe BO3[yXa, HaXOAALIEroCsA B CONPHKOCHOBEHHH C KOJNe6GM0LleiCs TOBEPXHOCTHIO,
H3MEHSET CBOH XapakTep M MOXET Jaxe W3MEHHTh HampaBieHHe Ha HpsaMo
TIPOTHBOMONOXHOE, HO 3TO BIHAHHE BA3KOCTH PAcCHpOCTpPaHAETCA JHIUIb Ha CJIOH,

TONUHA KOTOPOTO HMEET MOPSANOK BeMMUMHH § 3, M ecanm §) Mano 1o cpasHe-
HHIO C Pa3MepaMH TeX YacTeH, Ha KOTODble MOBEPXHOCTh Pa3NEeAAeTCs Y3IOBBIMH
JUHHMAMH, TO obumMe paccyxneHus § 294 coxpaHsAlOT CBOI0 CHAY.

C npyro# CTOpOHH, B Ciiyyae OuYe€Hb MEAJEHHBIX KOJAeOAHMA HAH KOTHa
panuyc NpenAaTCTEMA OYeHb Maj, T. €. B TeX CIy%asX, KOrfa 3Hauenue fa He
BEJUKO, 3HaYEHHE Ka HEOGXONMMO JOJKHO OGHITH Majl0, H NOTOMY Ha OCHOBAaHHMM
dopmyn (29) n (22) Gymem HMMeTh NPHGANKEHHO

A,:{% (1+7%;)__ 4‘;’(1 (1+ﬁia)} Koa. (32)

310 cornacyerca ¢ gopmynoi (22) § 356. Ha paccrosmuax r, Mannx mo
CPAaBHEHHUIO C JIMHOH BOJHH, HO JOBOABHO GOJBWHX 1O CPaBHEHMIO C %, nBH-
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MeHHe Ha CaMOM Jefe MPAKTUYECKH NPOUCXOAMT TaK, KaK eClH Ol KHIKOCTD
6bia HECHKHMaeMa.

§ 362. Mo Gynem Temepsr HCCIenOBATb OTPAXEHHE MAOCKMX BOMH OT
CepHUECKOro MPEeNmATCTBUA. ITO TOT Ke BOHPOC, uTO 6ul1 pa3obpan B
§ 297, TOnBKO Temeps MAOMKHA GbITh MPUHATA BO BHHMAaHHE BA3KOCTb.
Mu 6yaem npeamoaarath, YTO OKPYMXHOCTh IPENATCTBUA Maja MmO Cpas-
HeHHI0 C JUIMHOH BOJHBI, TaK 4TO 3HaueHue Ka Gymer manmm 1),

Ha oceosauun § 296 Mbl MOXE€M MOMOMHTb MOTEHLMAX CKOPOCTEH Mafaouiux
BOJH PAaBHBIM .

@ =eR*F =y, (kr) 4 3ikry, (kr)cos6+..., (1)

rie 0 o6o3HauaeT OGHIYHYI0 YLAOBYI0 KOODHHHATY, 3 MHOKHTENb €'°° HAH ethet
noppasymesaerca. M3 § 297 cneayer, yTO0 uneHsl, codepkaijHe chepHueckue
$YyHKLUU NOpPsAAKA Bhillle MEepBOro, MOryT ObiTh oTGpowmeHsl. Jasa Manbix 3Haue-
Huit kr paseHcTBO (1) mpuMHHMaeTr BHJI

iot

p=lm o Kbkt 2)

Mpt 6yaeM npeanmojiarath CHa4ana, 4To imap Henoxsmxesn. Ckopocts Ha
MOBEPXHOCTH I1apa, COOTBEICTBYWOWad TOJbKO MOTEHUMany ckopocreit (2),

CK/MaAbLIBAETCA IVaBHHIM O0Gpa3oM M3 pafHaAbHON COCTaBAAOLIEH 5 k%a u u3
cocrasasioulel — ik, nNapannenpHOH HampaBneHMio ocu X. Ecau  Mel  M3MeHHM

HanpaBiaeHUA STHX COCTABAAIIIHX HA MPOTHBOMOJMOXHEIE, TO MOTEHUHAN OTPAaMEH-

HbIX BOJH @' Ha PacCTOsHMAX r, 6OJbLIMX NO CPaBHEHHIO C B~ 1 noayyuM, cxiaa-
IniBag Beipawenus (16), (30) § 361, ymHOMeHHbIe HA MOAXOAAIUIHE KOIPHUMEHTH.
Takum o6pa3oM, MOXYy4HM

1 k3gtethe '

v'=—7 TFika o (kr) +{H+iK) f, (kr) krcosO4-. .., 3)
rae i
iha — h2a?) ik3qset?®

HtiK=iA,= —— 3t 3iha—la) ikiade @

Kta? (1 + iha) + (2 + 2ika — k*a®) hPa® °

FaaBHblE MHTEpeC HACTOAILEr0 HCCNEJOBAHHA 3aKMOYAETCH B TOM, YTOGH
ONpENENHTh TY CKOPOCTh, C KOTOPOHl 9HEprus OTHACTH pacCeHBaeTCs BCIEACTBHE
BA3KOCTH, OTYACTH OTAENAETCA OT MOCNEXOBAaTEALHOCTH NEPBOHAYANbHBIX BOJH
6narofaps MPHCYTCTBHIO NpenarcTBHA. UTo6bl MOCTHUb 3TOH LEAH, MBI JOJIKHB
BBPA3UTb @ H @’ B AeHcTBUTeAbHOH (opMe. TIpeanonarasn, 4To 3TO yKe CHEAAHO,
HanKueM
,_ 09’

0
=2, =7 (5)

or*
rae 4, q’-—HanpaBnemme BHYTPb pafgHalbHbIEe CKOPOCTH, NPOHCXOAAL{HE COOT-
BETCTBCHHO OT TMEPBHYHBIX H BTODHYHbLIX BOJH, HAa PpPAaCcCTOAHHAX, 3HAYEHUA

KOTODHX BEAMKH MO CPaBHeHHIO ¢ f 5 P, p’ nycth 6YAYT COOTBETCTBYIOL(HE
AaBACHUA, HUMEHHO
op’

—0 2, p=
P=8 57 P =0 —pr- (6)

q

1) J7a 3agavya H COOTBETCTBYIOUaA €if 3ajaya B ABYX HU3MepeHHAX GblIH
pasoOpaspt Sewell, On the Extinction of Sound in a Viscous Atmosphere
by Small Obstacles .. . , Phil. Trans.,, A CCX, 239 (1910).  mecxoabKO
H3MEHHI ¥ COKPaTH/d CHOCO6 HCCIEAOBAHHA.
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Pa6ora, NPOM3BEACHHARA B COHHHMIY BpEeMEHH Ha IOBEPXHOCTH 1lapa pa-

AMyca r RaBJIE€HHEM, JeHCTBYIOLIHM Ha 3aKIOYEHHBIH BHYTPH BO3AYX, BHIpAKaeTcs
NOBEPXHOCTHHM HHTErpajoM

[ p+p) g+0) as. m

Tak xak Mexannmyeckas SHEPrMa B 3aMKHYTOM IPOCTPAHCTBE OCTaeTcs Mo-
CTOSHHOH, TO CpefHee 3HAUEHHE STOrO MHTErpa’la NpeiCTaBASeT IHEPruK, pac-
CesHHYI0 6aarolapsa TPeHHIO WMAKOCTH. K aroMy noGaBHM emte pa6ory, M3pac-
XOJOBaHHYI0 Ha 00pa3oBaHHe OTPAMEHHbLIX BOJXH, HMEHHO

~ff pyas. ®)
[ paas ©)

npencrasaser paGoTy, M3PacXONOBaHHYK B OXHHX NMEPBOHAYaJbHHX BOMRHAX, NMPH
OTCYTCTBHH npenarcTus. [103TOMY o0lnee KOTHUECTBO SHEPIrHH NEPBOHAYANLHHIX
BOJH, Tepsiolieecss B eMHALY BPeMeHH 61arofaps NPHCYTCTBUIO NPENATCTBHA,
OKa3bBaeTcsd PaBHBIM CPEIHEMY 33 NPOMEXYTOK BPEeMEHH 3HAUEHHIO MHTErpana

[ o+ paras, (10)

PacnpocTPaHEHHOrO N0 MOBEPXHOCTH Ilapa OueHb GONBLIOrO pamuyca.

IIpn cocraBaeHHH CYMMH pg’ -} p’q HaM HYXHO OyjaeT HMEThb B BHAY TOAbKO
TaKkHe 4JeHbl, KOTOpHE CONEPXAaT MNPOCTPAHCTBEHHHE cdepuueckue QYHKUMH
ofuHakoBoro nopsaka. Kpome TOro, Tak Kak X JOMKHO 6bIThb HEHCTBUTENBHHIM,
TO OKOHYaTeJbHBIi Pe3yabTaT B WYaCTH, Kacawilefica cdepuuecknx ¢ynxuni
Hy.1e6020 NOPsAKa, HOMKEH OHTb TaKHM, KaK M NPH OTCYTCTBHH BA3KOCTH

CIM BHIPAa3uTh STOT Pe3yabTaT 4Yepe3 MNOTOK SHEPrHH B MEePBOHAYalbHHX BOA-
Hax, T0 OyAeM uMeTh Ha ocHoBamuM ¢opmya (7), (11) § 297

Hanee uxen

% kta*.ma. (11)

Mbl MOXEM I03TOMY OrDaHHYATBCH PacCMOTpeHHEM ChepHYECKHX PYHKUMK
nepsozo nopsaka. Ecin BosbMeM feilCTBUTenbHBE YacTH Bhipawenuit (1) u (3),

yMHOXEHHHE Ha €°!, TO moayunM Ha OCHOBaHHH opMyan (14) § 292
@ = — 3kry, (kr) cos 0.sin of, (12)

@’ = (H cos ot — K sin gt) kr'¥, (kr) cos 8 4-
~+ (H singt-+ K cos ot) kry, (kr) cos 8. {13)
10 Raer

p = —30,0kryp, (kr) cos 6.cos o, (14)
p’= —0,6 (H sinot+ K cos ot) kr'Py (kr)cos 6+
+ 0,0 (H cos ot —K sin at) kry, (kr) cos 6, (15)
= ~ 3k {kry; (kr)+ vy, (kr)} cos 8-sin of, (16}
g’ =k (H cos ot — K sin ot) {kr'P; (kr) ¥, (kr)} cos 64
4k (Hsinot+ K cos of) {kry; (kr)+4-v, (kr)} cos 6. (17
Orciona caepyer
PP }
=2 cakortH (i () P, ()= (k) %5 () costo b gy

+ ureny, 3asucamme or cos 20t, SN 2g¢,
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Tak xax f f cos? 6 dS = —‘;— ard, TO cpeiHee 3HaUYEeHHe TOH vacTH HHTe-
rpana (10), xoropas 3aBHCHT OT cdepHUecKHX GYHKIHE TNEpBOro nOpaRkKa,
pasno ‘

2ngyok®rtH {yy (kr) Py (kr) — v, (kr) W] (kr)} = 2mo,cH; (19)

npHYeM NpU NPHBENEHHH OLIIO MCNOJIb3OBAHO coOoTHOWeHHue (19) § 292.
Ecau 3pHauenue fa BEAMKO, TO Mbl MOXEM OXHIATh, UYTO BAHSHHEM B3~
XOCTH MOXHO npeHeGpeub. B camom nene, Ha OCHOBanmHM dopMyib (4) HMeeMm

. L
HH K= sk =T - (20)
OuennBas 5TO AJas MajabiX 3HayeHHi ka, noayvaem
1
H= T2— k‘a‘, (21)

a pesyabTat, 3akaovaomuiics B popmyae (19), uepes noTox sHepruu (—IQ— g,k’c)
NepBOBayaAbENX BOJH NPENCTABHTCA B BHIE

—}3' kta*-nat. (22)

CknaamBas Bwpawenns (11) n (22), Mn BocnponssemeM pesyabtar (12)
§ 297, xoTOpH# TaM GHA NOAyYeH 3HAUHTENLHO Gojiee NpPOCTHIM CHOCOGOM.

Ecan, ¢ apyroit CTOpOHH, SHaYeHHE @ HMEET NOPAROK f— 1 pam Menbuwmi,
ueM g !, 10 Bcaencrsue Manocth ka GymeM HMeTh

HtiK= i (1- 3 __3) ko=
= (1) + 1 (o) - (23

Morepa sHeprru, BHpaxeHHas 4Yepe3 NOTOK SHEPrMH B NEPBOHAYAALHHX
BOJHAX, OKa3LIBAa€TCA TOrA3 PaBHOM

4nctH 3ka 1
= (1+—ﬁ).na'. (24)

BupaxennueM (11) B cpaBHeHHH ¢ NONYYEHHHM BHIPaXEHHEM MOXHO BHOAHE
npeHe6peys.

Ecnk @ Mano B CpaBHeHHW ¢ %, T0 pe3yabrar NPHGHDKEHHO MOXHO
HanucaTh B BHAE 6
14

ot (25)

Yacre napgaiomeil SHEPrHH, KOTOpas TepPAETCA B STOM CiAy4dae, OKa3HBaercs
06paTHO NPONOpUHOHaJbHON panuycy mapa. O6mmee e KOAHYECTBO MOTEPSH--

HOU SHEPTHMM NPAMO NpPONOPUMOHANbHO paauycy 1). Jaa sosayxa npn 0° C
HMeEM
6v

—p 1
'E—a-=2,39'10 a -,

€CIH 3HaYeHHEe @ BHPAXEHO B CAHTHMeTpax.

1) YncnoBHe pe3yabTaTH Aas &ma 3HaueHnH fa, nonyyeHENe ¢ GOAbIIHM
NPHROIHKEAREM, HMEIOTCA B paGore UiBenna.
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§ 363. IonyueHHble TONBKO YTO Pe3y/bTATH NPEACTABAAIOT HHTEpEC
B CBA3H C DACMPOCTPAHEHHEM 3ByKa B TyMaHe. MOXHO CYMTaTb, 4YTO
BHCAIIAS B BO3AyX€ KameabKa BOAB! NPH TAZEHHH HA Hee BO3AYLIHBIX
BOAH NPAKTHYECKH, €CIM OHA He OYeHb Maja, HAXOAUTCA B MOKOe, TaK
Kak HHeDUWA ee BeJMKa 0 CpPaBHEHHIO C HHeplHel paBHOro oO6beMa
Bo3nyxa. Ecim ke panuyc ymeHsluaercsi, TO MHepuus yObiBaeT, kak d?,
B TO BpeMsi KaK IOBEPXHOCTb, Ha KOTOPYIO AeHCTBYeT TpeHHe, yObimaer,
KaK @(%; MOSTOMY HyXHO OXMIaTh, YTO B KOHIE KOHLOB GYyAeT HOCTHC-
HYTO TaKOe COCTOfIHHEe, NPH KOTOPOM Kanenbka OyleT MPOCTO ABHUTATHCHA
BMeCTe C KOJeGIIouMMCH BO3LAYXOM TyAa M CION3, W [OTepss 3HepruH
OyzerT MOITOMY OYEHb Maja MK ee COBCeM He GymeT.

Urobnl GiMXe HCCIeZOoBAaTh 3TO OGCTOATENbCTBO, MpepcTaBuM cebe, 4To wWaAp
MOMGET JBHraTbCA COBepLieHHO cBoGoaHO. CKOPOCTb Ha €ro MOBEPXHOCTH B

o 1
06.1aCTH OTpaeHHBIX BOJH C/araerca M3 PaiuaibHOH CKOPOCTH — —~ k%a, kaKk u

, d " o
padblie, H M3 CKOPOCTH 1k+71§ wim i {k+of), napanteasHoit ocu x, rme &

o603Havaer nepeMeleHHe HEHTPa 1Iapa M3 CBOEro CpPEefHero NnOJMOXEHHA. Mut
ROAXHBI MO3TOMY BMecTo (opmyn (24) § 361 manucath

pr=i(k+0f) Ax, }
n=i (k+af) B, (26)

rie Ay, B, HMeOT 3HayeHusd, onpegensemsie dpopMynamu (29) § 361.

Henocpeacreensoe BolyHcleHue HanpsXKEHHA Ha MOBEPXHOCTH I1iapa He-
CKOIbKO YTOMHTENbHO, HO €r0 MOXHO H30exaTb, paccMaTpHBaA KOJHYECTBO
asscenva. OxasplBaeTcsi, YTO NMPH STOM CHOCOOE Mbl BCTPETHMCA TOJNBKO C
cepruecKHMH QYHKUMAMH nepsozo mopsiaka. [TomoxuM MOITOMY AAA Majaiouiux
H OTPAXEHHBX BOJH Ha HEKOTODPOM YHQJICHHH COOTBETCTBEHHO

@=...+3ikrp, (kr)cos@+..., (27}

@' =...+i(k+0t) Ayf, (kr)cosO+. .. {28}

BolusCIHM CKOPOCTb M3MEHEHHA KOJHYECTBA [BHIKEHHA IKHIKOCTH, 3aK/IO-
YamoueHcs MeXAy LIapoM H KOHLUEHTPHYECKOH ¢ HHM cdepoH, paguyc KOTOpOH

BeNMK MO CcpaBHeHuio ¢ . IlepBuunbie BOJAHH HAOT

— icg, f f ‘35% dx dy dz=4mpyok {Fpy (kr) — a%p, (ka)}. (29)

Uro me KacaeTcd BTOPHYHLIX BOJH, TO INepPBif UJAEH B BHIPAXEHHH NAA U
B opmyne (18) § 361 naer

— iag, fff%’;—c-dxdydz=

—g- 700 (k+08) Ay (r°fy (kr) —a®fy (ka)}.  (30)

OcranpHas 4acThb COAEPKHT ¥; M JHAET

r
—20¢, (k+0%) B, f fo (hr) 4nr® dr =
0

= —8mpw (k+0&) By {r*f, (hr)— a%,(ha)}; (31)
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rae nepBul 4neH B QHrypHHX CkOOKax Moxer OnTh OTOpOINeH, TaK Kak OH

61arogaps BXOAALIEMY B HEro MHOXHTENO € ° B KOHIE KOHIOB CTPEMHTCH K
Hymo. CKOPOCTb H3MEHEHHA KOAHYECTBA JBHXEHHA CaMOro wapa 6yAer paBHa

—_ %— np,a%a2E, (32)

rae ﬁ 0603HayaeT MIOTHOCTH WIapa.
B

H)XeHHEe BOAH3M MOBEPXHOCTH Chepn GOALLIOrO PaAHYCa MOXKHO B KOHLE
KOHILOB PacCMaTPHBAaTh KaKk Ge3BHXpeBOe NBHXKEHHE, K PE3yJAbTHpYOliee AaBie-
fine Ha 9TOH NOBEPXHOCTH MOXHO NMOITOMY CYHTATh PaBHHIM

- j.j' (p+ p’)cosbdS= -—iue.,f (p+¢')cosfdS=
4
= dngywkriyy (kr) +—5- ageo (k+0§) Ayr®fy (kr).  (33)

MpupasuuBas O6LYI0 CKOPOCTb H3MEHEHHS KOAMYECTBA2 HBHUXEHHA PE3yib-
THpYOLLEMY AaBICHHIO, MMONYYHM

eoks (a) + - oo (k +08) Ay (ka) —

— 20y (k++08) Byfy (ha) + - e,08=0. (34

D10 paBeHCTBO BCAEACTBHE COOTHOIERHA (26) § 361 npuBoAMTCA K BHRY

eokys (ka) — - gq (k+08) (1+Kaf; (ka) A} + 5 eod=0; (%)
OTCI0Ja caeayer
__o§ =1 01— 30091 (ka) . (36)
k €1—00 — Qokaf; (ka) A, '
Dra ¢opMyna JaeT OTHOLIEHHe TNEpPEMEIeHHs WIapa K NepPeMelerRni0 BO3-

Ryxa, KOTOPHIH IPH OTCYTCTBHH 1Iapa 3aHHMaA GH €ro Mecro.

Ecan 665 MOXHO 61110 peRe6peus BA3IKOCTHI0, TO Mbl HMETH 6K fg=00. OTCI0Ra,
ecan ka Mano, HAXOAHM NPHGIHKEHHO

A,.-.--;— (ka)', — kaf; (ka)=3 (ka)™~*. (37)

Hassanuoe Bulle OTHOUICHHE 0Ka3biBaerTcs, TaKHM oﬁpaaou, PaBHLIM, KaK
B ¢opmyae (21) § 298, )
) - 21—Qo

i (38)
et -5

Ecau, ¢ Apyroil CTOpoHH, @ HMEET MOPAXOK f~' maM MeRbwmi, wem f1,
T0 Ha OCHOBaHHHM $opmyan (4) § 362 Gyzem uMers £

olh ()t (e

nupHYeM BHCLIHE CTENEeHH BeaHuHHn ka orTGpomenu. nsa Mannx 3sauenuit fa
9TO NPHUBOXMTCH NPHUGIHKEHHO K BHAY

3ikta®

A‘=—_4_ﬂ_'aT’ (40)

53 name.
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<popMyna (36) mMepexORHT Temeps B CAEAYIOILYIO:

o 1 f1_8 i 1\~
Tk ! {1 4 (e;—eo)ﬂ’a"} ’ ()

Ecnu f2a%, 6yayun caMo no ce6e MaibiM, BCEe K€ BEAHKO B CPABHEHHH C
Qo

o-os’ TO BHpaxenHe (41) Mano, H Wap ocTaeTca NPHOAHIHTEABHO B NOKOeE,
1 0

TaK KaX HHEpUHA B STOM Clyuae BCE eme HMeer npeoﬁnanaromee 3HAUYCHHE.

Ho ecan f%a® Mmaao mo cpaBHEHHIO C Qo » TO oOrtHomeHue (41) npnr6au-

Kaerca K edunuue, H LIapHK ABHXETCA B 3TOM Cayuae BMECTE C BO3LAYXOM.

Monaras -2& =0,00129, » = 0,132, nonyyaem B3 COOTBETCTBYIOWIETO YCIOBH,

1
4TO pajgHyC @ AOJXKEH GhiTh MaJ N0 OTHOIIEHHIO K BelHUHHE

1

1,10-1072.N M,

rae N o603HayaeT YacTOTy BO3AYIUHLIX BOAH. Jlna uacToThl 256 3Hauenue @
JOMKHO Obitb nostoMy nopsaka 0,001 mm.

UYro6bl BHIYHCAHTL NMOTEPI0 SHEPTHH, MBl JONKHH NMPEANONOKHTH, YTO BHIPA-
wenne (28) aHaJNOrHYHO BHIPaXXEHHIO (3) NMpHBENEHO K BHAY )

@'=...+(H +iK’) f, (kr) krcos6+ . .. (42

Torma pesyabrart, 10 TeX NOP NOKa Mbl OrpPaHHYHBaeMcA CdepHYECKHMH
$YHKUNAMHE NEPBOrO Nopsika, npumer smecrto (19) Bun

2np,cH’.

Jduasa onpenenenus H’ uMeeMm NpHOIHXKEHHOE YpaBHEHHE

s e s £ iA; {9, — 3oy (ka)}
H :K=t(l "—)A= 1101 900 =
+ T ) T o = oo—ookaf, (ka) A;
iA; (0, —00)

A
@1— 0o+ 3@y -kﬁ

{44)

Ecnu BA3KOCTBIO MOXHO npeHe6pedb HAH €CIH 3HaueHHe fa BEAHKO, TO
GyneM HMeTb NMPHOAHKEHHO

1 | B
A= 5 k3a3 — V) ikbas, (45)
H, cllefOBaTeabHO,
_ 2
H'=_l_ 010 JKk8qS. (46)
12 1
ot 5 Qo

DHeprus, BHJENEHHAaA OT NEPBHYHbLIX BOAH, GYAYUM BhHIpaxeHa yepes sHep-
THIO 9THX BOJH, GyneT paBHa

- 2
{_3_ +% i_lg_o_ kiab-mad, (47)
o+ 9 Qo
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npHYEM B 3TO BHpaXeHHe BOLLIA YaCTh SHePrHH, npeacraBagemas dopmynoii (11),

NPpOHCXOAAIAA OT CONPOTHBACHHA Wlapa CXKaTHIO, [Monaras —ZL=(X), NPpHXOAUM
0

CHOBa K peayabrary (12) § 297.

Ecan xe, Hao6opoT, 3HaueHHe fa Malo, TO NPHOAHKEHHHH cnoco6 cra-
HOBHTCH YYOMHTEJAbHHLIM, HO, OYE€BHAHO, UTO €CJIH PagHyC HACTOJIbLKO Maja, 4TO
WAPHK OPOCTO YBIEKAETCS BO3AYXOM B €ro Ko/ne6aTeabHOM JABUXCHUH, TO MOXHO
npeﬂeﬁpel!b paccesHHeM SHEprHH, NMPOHCXOJAIHUM OT YJACHOB NEPBOro NOpALka,
H [MOTOMY IOJHOE paccesiHue JHEPrHH MNPAKTHMECKH ONpeAenseTcs B 3TOM
cayuae yopmyroii (11) § 362.

§ 364. Yro6u mccrenoBaTh BAMSHHE BASKOCTH Ha KOJeGaHMS BO3-
AyXa, 3aKJAIOYeHHOr0 B cocyle cdepHuecko#f GOPMEI, HYXKHO 3aMeHHTH
dyHkunn [, Bxomsuwme B dopmyant (18) § 361, uepes w,, Tak Kax
CKODOCTb B Hauajile KOODAWHAT KOHeuHa.

Popmyas (20) 1 (21) § 361 nokasnBalOT B ITOM cAyvYae, YTO Ha TpaHHUE
r=a RONXHH HMETb MECTO PaBeHCTBa

— (kay;, (ka)+ny,, (ka)} ¢, +n (n+1) (2n4-1)y, (ha) X, =0 (1)

) —n (k0) g, + (20+1) (hay), (ha) (14 1) pp (h0)) 7o =0 @)
Vi3 sTHX ypaBHeHuit moayuaercs
kay;, (ka) ¢, +n (2n+ 1) hayy, (ha) x,=0. 3)
Orciona caenyer
kay, (ka)'+ ny, (ka) __ (nt 1)'wﬂ (ha) @
kayy, (ka) hay;, (ha)

Ecan MH nonoxuM, YTO 3HaYCHHE @ BEAHMKO NO CpaBHEHHIO ¢ f 1, 10 Ham
HyXHO O6yaeT TOJbKO ONpefeNHTh NONMPaBKYy, KOTOPYId CleAyeT BBECTH B
pesyabrath § 293, 1; TaM OHiO0 NOKa3aHO, YTO NpPH OTCYTCTBHH BA3KOCTH
3navenHe ka yXOBJIETBOPSET YPaBHEHHIO

Sy O+ ny, (§)=0. (5)
[lonoxuM B COOTBETCTBHH C 9THM
ka=:+e¢, . ©)

rae { yKOBieTBOpseT YpaBHeHHIO (5) M & Mpennoiaraerca MaanM. Jlesas uacrb
ypapHeHds (4) MOAYYHT TOrNA Ha OCHOBaHHM ypasHemma (10) § 292 cnesyo-
uait BRI

Sy Q)+ (n+1) v, (D) (n+1) 9, (0)+ Ly, ()
g ==
~ny, (£) ny, (£)

B =nnt+l

= nt .
Iipasas yacTb Ha ocHosauuu dopmyn (8) § 292 npuBoguTCA K BHAY
n+41
ha

tg (ha+ —-;— mz) ’
53¢
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TaK KaK COTacHO MpPEANONOXKEHHI0 3HavYeHHe ha Beauko. Kpome rtoro, etan
NONOXHTH
ha=(1—1) Ba,
TO GyAeT HMeTb MECTO NPHOIHXKEHHOe ypaBHEHHe
1 .
tg (ha+ 5" rm)= —i.
Orciona crexyer

nnt)¢  —1+i .
P—n@m+1) 280 ° Q)
Tax kak B Haii GOPMYJB HYKHO eule BBECTH 3aBHCALHUE OT BPEMEHH

mHOxutens e*t, To meiicTBHTENbHAA dYacTh BoipaweHun (7) yxasoiBaerT Ha He-
3HaYHTENbHOE yMeHbIIeHWe 4dacToThl. MHHMMas e wuacTe TNoka3wBaer, uto
MOLYNb 32TyXaHus KojxeGaHHH paBeH

g—nnt+l) 28a _ OB —n@mtl) /20
nn+1)¢ ¢ nin+1) ¢ -l/ ve '
TaK KaK NPUOJHKEHHO HMeeM

@)

T=

B cayuyae n=1 Mbl uMeeM KIS CaMOro0 MENJICHHOIC H3 HOPMAaJbHBIX KOae6a-
Huit {=2,081 1 BMecTe c TeM
aa

T=1,143 —.
ve

Ecan nonoxurs ¢=332.10%, »=0,132, TO0 u3 3TOH GOPMyAB NOXYYHM

r=0,0173 a’/ 2, Henb3n, oaHaxo, 3a6niBaTh, YTO 3ITH YHCIOBLIE OUEHKH JNEXAT
HAaMHOTO HHMX(€ HMCTHHHMX 3HaYeHHH, TaK KaK TemnAOBble INPOLECCH NMPH ITOM
OCTaBJAAHCh 63 BHUMAHHA,

lMpenwrecTByloiiee HCCAEHOBaHHE HENPHAOKHMO X CAYYAl0 paduasbHulx
xonebanuit. Ecan n=0, 10 umewr mecro dopmyas (12) § 361 Bmecre c dop-

MYa0i

@=Cyy (kr) (9)
¥ rpaHHYHOE YCIAOBHE AAET COOTHOLICHHE

o (ka)=0. (10)

Fcan ka—KOpeHb 9TOrO YpaBHEHHd, TO Ha OCHOBamHHM dopmyast (17) § 361
HMeeM NPHOMMKEHHOE PaBEHCTBO

2 ivk
= e 11
o=k (1 +5 ) (1)
Moxyanp 3aTyxamun B 9TOM ciaydae Gyaer papex
]
=%—.(kar’. (12)

Caexyer 3aMeTHTs, 4TO OTHOUIEHHE BHpPaweHHs (8) k Bupaxenuio (12) umeer
ROPRAOK V%— . €ecan He O6pamaTh BHMMaHWe HA WHCIOBHE MHOMHTENH.

Bo BCex CAy9asxX, AMA KOTOPMX HAUIM NPUOMHKEHHHE METOA HMEeoT
cury, 9T0 OTHOMEHHE BEAAKO, TaK 4TO GJaarofaps TOALKO ORHOH BASKOCTH
panwansHbe KOMeGaHWA TaCATCA HAa MHOrO MeJVeHHee, yeM Te KoneGaHmd, ans
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KOTOPHX 3HaueHHe 7 Goabiie Hyas. DTOT DPe3yabTaT MOKHO JErKO O6DBACHHTD.
B camom nene, B cayuae kKoneGaHuit MocIefHEro poaa To yCAOBHE, YTO XHHAKOCTH
He JIONXKHA CKOAb3UTDb BLONb CTEHOK COCYAA, JAE€T AJA CIOEB ra3a, pacCHONOXEeHHBIX
6aMKe K NOBEPXHOCTH, 6ojiee 3HaUMTEJbHYIO JAedopManMio YacTHI ¥ COOTBET-
CTBEHHO C 3THM 6oibllee 3HaueHHE AJA PacCEsHHA SHEPrHH.

Meron ¢yHkuuMm paccesHus, KOTOpPHlH Mbi npuMensan B § 348 x cayuaio
BOAH B BOJE, MOXMHO ObIO Ol NMPHIOXKHTH K BHIBOAY dopmyant (12) mas padu-
aabHelx koneGanuil; ogHaxo, Aas n>0 sTOT MeTOn npHBen OH K HEBEPHOMY
pesyabTaTy, TaK Kax Jexailee B OCHOBE €ro YCIOBHE, YTO ABIDKEHHEe JHIIb B
HE3HAUMTENbHOM CTENEHH 3aBHCHT OT BA3KOCTH, HE BHIIOJHAETCA BOJH3H OT
FPaHANHON NMOBEPXHOCTH.

Ji1a caMoro Mex1eHHOTO PajiHalpHOrO KoleGaHuAa MBI HMeeM ka=4,493
OTCI0Ad caenyer

3
7=0,0743 = .
v

B cnyuae mosnyxa npu 0° C sta dopmyna aaer z==0,56 q? 1).

TypOyneHTHoe ABH)KEHHe.

§ 365. Ocraercs Temepr 06paTHTL BHMMAaHME HAa  HEPACCMOTpEH-
HBIl 10 CHX NOp HanGojee TPYAHLIA BONIPOC HAWEro NpexMeTa

Yxe 6GHJIO yKasaHO, YyTO OTOpacHiBaHHE YJNEHOB BTOPOrO  NOpSAKA
ou

(u > BT n.) OYeHb OrpPaHUYHMBAET MPH/IOKHMOCTH MHOTHX H3 NOJydeH-
HBIX HaMM BHIILIE Pe3yAbTATOB K IKHUAKOCTAM, O6GnazaiomuyM OGHKHOBEH-
HOH CTemeHbI0 TMOJABHMHOCTH. B Tex cayudasx, KOraa CKODOCTH WM
JHHeAHEle DasMepH He OY€Hb MAajdbl, MOXHO YCT4AHOBHTb, HACKOJBKO
3TO MO3BOASAET HabMOJeHHe, 4TO JeHCTBUTEJNbHOE [BHXKEHHE 3HAYMTEJb-
HO OTK/IOHfIETCA OT TOr'O JMBHXKEHMS, KOTODPOE NPEACTAB/IAI0OT Hallw
¢opmyasl. Ecan, HanpuMep, TBepaoe Teno o6rekaeMoft GOPMH ABMMETCS B
XKHAKOCTH, TO B CJO€ XHAKOCTH, NPHJIETAIOIEM K Teldy, BO3HHKaeT He-
peryispHoe BHXpeBOe MBHXKEHHEe, H 33 TeJOoM oO6pasyercd uemouka
BUXpeH, TOrAa KaK Ha HEKOTOPOM pACCTOSIHMM IO CTOPOHAM ABHXEHHE
OKa3hlBaeTC CPaBHMTE/IbHO CNOKOHHLIM H OLHOOGDAa3HHIM,

YxasaHHast 34eCh HeJOCTATOYHOCTbL MATeMAaTHYECKOTrO aHANM33 He OTHO-
CUTCSE K CAYYasiM NpAMOAUHEH020 TeUeHHs, TaAKOTO, KaK Mbl MCCAEAOBAMH B
§§ 330, 331; Ho naxe u 3nech Ha6aOfEHME NOKA3HBAET, YTO TEOPETH-
YeCKH BOSMOXKHbIe JIBHXEHHSl NPAKTHYECKH IIPH H3BECTHHIX YCAOBHAX
CTAHOBSATCH HEyCTOHUMBHIMH.

Peftnonbac ?) npou3sen OueHb TIMaTeJbHHE SKCIEPHMEHTANbHbIE
HCC/IEIOBAHHS TEUEHHst XKHMAKOCTH MO Tpy6Ge C KPYFrOBHM CeueHHeM NO-

1) 3ror naparpad c HeGOABIIHMH M3MEHEHHSMHM B3AT U3 YKa3aHHOH Ha
cTp. 799 paGoTH aBTOpa.

3) Reynolds, An Experimental Investigation of the Circumstances
which determine whether the Motion of Water shall be Direct or Sinuous,
and of the Law of Resistance in Parallel Channels, Phil, Trans., CLXXIV, 935
(1883) (Papers, II, 51). Mcropuueckuit 0630p 9THX HCCAENOBaHUH K OTHOCSIUECH
K STOMY cQoOpaxenns Gojee pPaHHHX aBTOPOB MOXHO HaliTH B pa6ore K nu 6 G-
ca, Proc. Roy. Soc, N. S. W., XXXI, 314 (1897). B wuactHocTH B 3TOH
pa6ore ecTb CchaKkH Ha Iarema, Berl. Abh., 1854, crp. 17.
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CPeACTBOM BBENEHHS B TeUEHHE OKDAMEHHBX KHAKHX CTpyek. OmBITHI
PefiHonbAca MOKasanu, YTO INOKA CPeAHSA CKOPOCTb W, B CEYEHHH He
NPeBOCXOAHT HEKOTOPOH rpaHHibl, 3aBucAmed or amamerpa TPYGH H
CBOHCTB XHMAKOCTH, IABHXEHHE NPOTEKaeT CNOKONHO, B COrMacHM C 3a-
KoHoM [lyasefind; cayya#Hole BO3MylIeHHA OHICTPO CrAAXKHBRIOTCH, H
pedcuM TeyeHH OKa3HBAETCA COBepINeHHO ycroituuBbiM. Ecau xe w,,
NMOCTENEeHHO BO3pACTas, MNEPEeXOAUT YNOMSAHYTYI0 [rPaHHIY, TO Te4YeHHe
CTAaHOBHTCA BCe G6OJiee UYBCTBHUTENLHHIM K MAJIeHBKUM BO3MYL{CHHSM; HO
BCE ke, ecaH Cco6monaTh OGOJbUIYI0O OCTOPOXHOCTH M MPEAOXPAHATH
MOTOK OT BO3MYLleHHH, TO NJIAaBHBIA NPAMOAHHEHHHIH XapaKTep ABHKEHUS
ellle MOXET NOMAAEPKUBATHCH B TeUeHHE HEKOTOPOTO MPOMEKYTKA BPEMEHH,
M0Ka, HAaKOHell, He 6yJeT NOCTHFHYTO T4KOe HOJMOKEHHe, HOCAe KOTOPOro
CnoxofiHoe ABHXKEHHE CTAHOBUTCH Yxe HeBO3MOXHHIM. [locie Toro kak
NPAMONUHEHHBH pescumM OKOHYATENbHO MpPeKpalaeTcs, JABHXKEHHE CTa-
HOBMTCH COBEpINEHHO GecrnopAdOYHbLIM, TPy6a OKa3uBAETCH 3anOMHEHHOH
NepeneTIOmMMUCT CTPYHKaMH, KOTODHIE BCE BpeMsl MEeHAIT CBOW dopMy
¥ nepecexaloT TpyOy B Pa3iMYHLIX HANMpaBdeHHAX. PeHnonasac u3 coob-
paxeHuit pasMepHOCTH CHeNali 3AK/MIIOYEHHEe, YTO ,BEPXHAA KPUTHYECKas
CKOpOCTb“, T. €. BepXHsfd TrpaHHla CcpeAHed CKOPOCTH AR MJIABHOTO

fPAMOJIMHERHOTO ABHMEHHH, NOMKHA OGbITh NPONOPUMOHANLHA % , vae

D o6o3nauaer nauamerp TpPYOH M ¥ — KHHEMATHYECKUH KOIPULUUEHT
BA3KOCTH.

Tak kak pasMepHocTs ¥ pasHa L3T™', 10 3710 BhHpawenne u Ha
CaMOM Jle/e TPEACTaBAAET eAWHCTBEHHYI0 BO3MOXHYI0 KOMOMHAUMIO,
HMEIOILYI0 Pa3MepHOCTb CKOpOCTH. B pe3yabTate cBoMXx onbitos Peft-
HONMBLAC HAN IV KPHTHYeCKOH CKOpocTH dopMmyny

P
U=3gp" M

riae P — MHOXHTeNb, TMPEACTABIAAIOIMA H3MeHeHHe BA3KOCTH BOJL C
Temneparypo#t (Mo CTOrpajycHOR iukase) B TOM BHAE, KaK ero Hauen
ITyaseftab, uMEHHO

P =(1+0,03368 6+ 0,00022099 62)~*

A B =43,79; 3a eaunuuy AAHHEL 31€Ch B3AT MeTp.
Ecnu nepecyuTaTh STOT pe3yJbTAT HA CAHTHMETPH, MNOAOKUTH P =
v

= - H B3ATb 3HA4EHHE I/ ¥y, JAHHOE HA CTD. 721, TO ONA KPHTH-

(]
YeCKOro OTHOUIGHHS NOAYYHTCA 3HAaYeHHe

—“';—D- =12830. )

3aBHCHMOCTb  KDHTHYECKOH CKOPOCTH OT v OHhAa mpoBepeHa myTeM
U3MEHEHHS TeMmepatypH 1).

1) TIponopmHOHANLHOCTS MEKAY KPHTHUECKON CKOPOCTHIO H KHHEMaTHUECKHM
KOIpMOHEHTOM BA3KOCTH ¥ Oblla YCTaHOBAEHA JAJA IIHPOKOrO HHTEpBalla TeM-
neparyp Bapuecom ® Kokepowm, Proc. R. S, LXXIV, 341 (1904).
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TMosnHeimue HaGrOAATENH MNOAYYHAH AAS YHCAOBOH MOCTOAHHOH B
dopmyne (2) Gonee BHCOKHEe 3HAaYeHMs; MHOrOe 34eChb 3aBHCHT OT TOrO,
HACKONBKO yHaeTca H36emartb BO3MylieHH# 1),

§ 366. OnHoBpeMeHHO C WM3MeHEHHEM XapaKTepa MIBHXEHHS MpO-
HCXOMHT TAKKE H M3MEHEHHEe 3ABHCHMOCTH MeXAy rPafKeHTOM HABJIEHHN

(—%) H cpefiHe#t CKOPOCTbIO W.

[oka coxpausercs npsMoausefiHas (OpMa JBHXEHHA, TDalMEHT, Kak
ato 6ui10 HatiaeHo [IlyasefineM, nponOpuUMOHaleH W,, HO KaK TOJBKO
ABHMEHUE CTAHOBHUTCA OECHOPAZOYHLIM, TypOyneHTHbiM %), rpadueHt
Bo3pactaer OhiCTpee; BO MHOTHX CAy4asX OH BO3pactaeT, ¢ GOAbLIHM
HIM MeHbIIUM NPHOAMKEHHEM, nNpHMepHO, Kak W;. D10 Gonee OncTpoe
BO3pACTaHHE CONPOTHBAEHMs 6e3 COMHEHHs OGYC/OBJIEHO BO3JAeHCTBHEM
nyascauuit, 61aroaps KOTODHM K CTeHKaM TOAXOAAT BCe HOBHE H
HOBblEe MAacChi JKMIKOCTH, [BMKYHIMECH C CDaBHHTe/NbHO OGoabuie# CKo-

ow
pocThio, 6naroaaps 4yeMy pacreT CKOpOCTb aehOpMalMH (%—) , JalneKo

NPeBOCXOAf TO 3HAUEHHE, NPH KOTOPOM ellie BO3MOXHO NPAaBHIbHOE
»TAMHHApHOE* ABHXeHHe %),

PefiHONBAC Halen, 4TO nepexoj OT JMHeRHOrO 3aKOHAa COMPOTHBIE-
HHA K 3aKOHYy COMPOTHBIEHHA NPH TYpOY/NeHTHOM TeYeHHH MPOUCXOMHT

w,D
NMpH ONpeaeNeHHOM 3HAYEHHH ; . Tak Kak npu TaKOrQ poxa ONHTAX

€IB2 MM MOXHO H30Gexarh BO3MYIUAIOUMX BJHSHHH, TO COOTBETCTBYIOLlEe
3HaYeHHe W, ClellyeT pAaCCMaTPHBATH KaK HHXHIOID KPHTHUECKYIO CKO-
pOCTb ¥ OT/NHM4aTh ee OT TOH, O KoTOpoH wa peus B § 365. Pesynbrar
Pe#tHO/IbAIC2 PABHOCHJIEH COOTHOILLEHHIO

PP _ 2030. 3

3aBHCUMOCTb OT %, KakK M Bhllle, Obia MpoOBepeHa NyTeM H3MEHEHHs
teMneparyput %),

HekoTopne yxasanns Ha BO3MOXxHBE (OPMH 3aKOHA KacaTeAbLHOro
CONPOTHBACHHS HA eIHHHILY TOBEDXHOCTH CTEHKH TPYOH MOKHO MONYHHTH

u3 coobpaxenuft pasmepHocTH. [Ipesnonaras, 4T0 Py, NMPONOPLUHOHANLHO

o™ "W,a°, Mbl AOMKHH HMeTh

ML7 T = (ML) (LT (LT L,

!} Cp. Barnes and Coker (cw. swme) 1 Ekman_ Arkiv 6r Matem.,
VI (1910). Onurt JxMaHa GuaH TPOM3BENeHH NDH MOMOLIA OpPHIHHAAbHOM
anmmapatypst Peiivoangca.

%) 3ToT OYeHs BHpa3HTENbLARI TePMUH 6Ll BBeaeH hopaoM KenbsuuO M.

%) Cp. Stokes, Papers, I, 99,

4) 3HaveHuss 3TOTO HHKHETO KPHTHYECKOro uucaa PefiHoabaca, 61H3kHe
x 2000, GuinM NOXYYCHH H3 Pa3NUYHHX IKCIIEPUMEHTOB, CM., HanpuMep, Coker
and Clement, Phil. Trans. A, CCI, 45 (19(?2).
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orciona cneayer m=1, §= —n, r=2—n, TaK YTO HOMKHO OHTHL
v n
Prz TPONOPUHOHANLHO QW) (_w_a—) . 4)
(4

OGo6uias 3TOT pesy/nbTar, noayuyaem Gopmyny
pre=ewi-f (F25), 5) )

v
Moncrasnss n=1 B coornomenune (4), noayyum 3sakoH [lyaseias
IS NpAMONHHeRHOro TedeHHs. Ecau ke noactasuth n=0, T0 noayyum
dopmyay, KOTOpyio OGHYHO MPHMEHSIOT B THIPaBlHKe B caydyae TypOy-
JIEHTHOTO TeueHHsa B TpyOe, IMaMeTP KOTOPOH NPEBOCXOIUT H3BECTHYIO
TpaHuly, WMEHHO

Prz= kQW:, (6)

rne k — uucnoBas NMOCTOAHHAH, 3aBHCALIAA OT CBOKCTBA MOBEPXHOCTH.

B kauectBe rpy6oro cpeiHero 3HaueHHsi A/ CAyyas BOAbI, ABHXKY-
meHca Mo raaxko# ikeseaHod TpyGe, Mb MoxeM B3uTh k= 0,0025 2).

Bonee moaHyio sMnupuueckyio GOpMyay IS Py, YYHTHBAIOILYIO TaKue
BAMSHHE JHaMeTpa, nan JlapcH Ha OCHOBaHHM OYeHb GOJMBIIOTO 4HCHA
HaGmoNeHH# Hal TeyeHHeM BOAH B BOJONPOBOAHHX Tpy6ax 3).

HyxHo 3ametuTth cienyioumiee: ecau G COMPOTHBAEHHE GLIJIO TOYHO
TIPONOPUHOHANBHO KBaApPAaTy CKOPOCTH, TO OHO He HOMKHO O6bino Ol
3aBHCETb OT BA3KOCTH M OT IAHaMeTpa TPy6H. IDTO HENOCPEeACTBEHHO
cnenyer u3 dopuyan (5) %).

PeflHO/MBAC ¥ HeKOTOPHe JApyrHe HaGriogaTenu HawH, 4ro Gosee
XOpoulee COBMaieHHe C ONHTAMH NOJAYYHTCH, eCin B (dopmyne (4) nate n

3HaYyeHHe, OTJHYHOE OT HYa4. Buao NpenoXKeHO 3HaueHne n==—-, B TO

BpeMs Kak Pe#Hoapac npuHuMan 3uauenne n=—0,277. Hau6onee nox-
XOAflllee 3HAYEHHE 15 I10Ka3aTenss 3aBHCHT, MOBHAMMOMY, OT CTEMEHH
raaKOCTH TOBEPXHOCTH TPYOH, H MO BCeH BeposTHOCTH A106as dpopmyna
puna (4) UMeer JULIL OTPaHWYEHHYIO BO3MOXHOCTH MpPHMEHEHHS.

1) Rayleigh, On the Question of the Stability of the Flow of Fluids,
Phil. Mag. (5), XXXIV, 59 (1892) (Papers, III, 575).

Popmyaa (5) skcmepHMEHTaAbHO OhJa NpoBepeHa JJjd OYeHb PA3NHUHBIX
YCAOBMH H AAf TAKMX DasIMYHHX MKHIKOCTeH, Kak BOofa M BO3Ayx. [lpn sToM

v
0Ka3anoCh, YTO COMPOTHBIEHHE NPONODUMOHANBHO QgW§, €CIH aHaueHue -

0
octaeTcs TeM xe caMHM. CM. Stanton and Pannell, Similarity of
Motion in Relation to the Surface Friction of Fluids, Phl. Trans. A, C. X1V,
199 (1913); Blasius, Das Ahnlichkeitsgesetz bei Reibungsvorgingen, Zeitschr.
d. Ver. deutscher Ingenieure, (1912), ctp. 639.

2) Rankine, Applied Mechanics, § 638; U n w i n, Encyc. Britann. 11-e nax.
»Hydraulics®. . ,

3) Darcy, Recherches expérimentales rélatives au mouvement de l'eau
dans les tuyaux, Paris (1855). ®opmyaa Iapcw npusomurcs B paborax P au-
KMHa 4 YHEBHHA.

4) Rayleigh, cM. BHILe.
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Baasuyc, Ha OCHOBaHMM CONOCTABAEHHS TIATENBHO NPOBENEHHEIX
3KCNePHMEHTOB Hal TYypOyJNeHTHLIM Te4YeHHEeM B 2sadxkux Tpy6ax, naer

ANA TPAAMEHTAa AaBieHHs GOpMyay Buia ——;— A0 .'_"Di, rnel_—-.-0,316( ‘7%)‘[‘
o
n D— nuamerp. Tak kak R

nDprz= — 'o_lzl '::_ Dﬂ,
TO 3TO Aaer /
¥ \la

Pre=0,02Tewd (575) - 0

Pasneit o6patn BHHMaHnHe Ha TO, uTO Buid QyHxkuuH f B popmyie (5)

MOXHO OTNPEeJeNHTh NPH MOMOILH ONHTOB, B KOTOPHX H3MEHSieTCH TOMLKO ¥,
OnbiTe, MOBHIMMOMY, YKasHB2KOT HAa TO, 4YTO QYHKuHM# | C BO3pacTaHHeM

w, D
3HaYeHus °v CTPEMHTCSl K ONpelesieHHOMY NpPEeJeNbHOMY 3HAYEHHIO, TaK

4yt0 dopmysna (6) ecTb B HEKOTOPOM DOXE ACHMNTOTHYECKHMH 3aKQH:
conpoTusaesns 1).

Ecin mp Gynem paccmarpusath ¢opmyay (6) xax dopmyay, Bmpa-
HAIOWYI0 pe3yabTaTH HaGAIOAEHHH, TO CeHuac ke MOXHO HOJYYHTH OAHO
HHTepeCcHOe 3akaioueHue. Bo3abMeM OCb 2 B HanpaBiieHHH OO6LIEro Teue-

HUA ¥ O603HAYMM uYepe3 W C(pPedHiol (MO OTHOLIEHHIO K BPEMEHH) CKO-
POCTb B NPOH3BOJLHOH TOUYKE MPOCTPAHCTBA; TOTAA HA FPAaHHYHOR MOBEPX-
HocTi GyneM HMeTb

ow
w5, = kews,

ecin 0603HauMM yepe3 W, OGULYI0 CKOPOCTH TeuEHHs H Yepe3 67 sneMeHT
HopManu. Ecau Mp! BBelJeM JHMHEHHYIO BeJHUHHY [, onpeneseHHYIO paBeH-
CTBOM

Wy _ 0w

T " on’
10 | Gyner u3MepATb DPACCTOAHHE MEXAY ABYMS IJIOCKOCTAMH, NBHIKY-
IMMHCA C OTHOCHTENLHOIO CKOPOCTBIO Wy B YNOPAROYEHHOM JNAMUHADHOM
JBHIKEHHHM, TIPH KOTOPOM HROJKHH HMeTh MEeCTO T€ Ke CaMbieé Kacarelb-
Hble HanpsDKeHHs.

Takum 06pa3oM, HaXOOHM
4

Wol=—. ®)

Ecau monoxuwm, nanpumep, v=0,018, wy=300 cm/cex, k = 0,0025,
10 noayyum [=0,024 cm?). Manoctb nonyueHHOro aHauewus ans [
yKa3HBaeT Ha TO OGCTOATENLCTBO, YTO NMPH TYpGY/JAEHTHOM TEUECHHM KHI-

KOCTH 3HaYeHHE W HA OyeHb HEGOJBLIOM NMPOTAKEHHH OT CTEHOK GHICTPO
yOuBaeT A0 Hyas 3).

1) Stanton, Friction, Jloumon (1923), crp. 55.
?) Cp. W. Thomson, Phil. Mag. (), ))(xnf’, 277 (1887).
%) 910 H B AEHCTBHTEABHOCTH GHIO HAaHKEeHO sKCmepHMeHTanbHO JapcH, CM..
BbiLE.
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Pacnpenenenue cpeadeit cxkopoctd (W) MO nonepedHOMY CEYeHHIO
uccnenosan CraHToH ') NP NMOMOWM ONHTOB HAaJA TeyeHHeM BO3XyXa
B CJErKa IMEPOXOBATHX TPy6ax, AN KOTOPWX GO YCTaHOBNEHO, YTO
MMEeT MeCTO 3a2KOH MPONOPUHOHANLHOCTH COMPOTHBIEHHA KBAaApaTy CKO-
pocTH.

Ha He60AbIIOM NPOTAKEHHH OT CTEHOK CKOPOCTb H3MeHseTCs
NPUGIUNTENLHO NO NapAGOMHYECKOMY 3aKOHY

w=w,(1—85), ©

Tae W, 0603HaYaeT CPENHION CKOPOCTh HAa OCH U B-— HEKOTODas MOCTOSH-
Had. B HekOTOpHX H3 CBOMX 6o/ee NMO3AHHX OMHITOB 2) OH MOATBEpKAAET
CTPAaBEANHBOCTh TOrO MHEHHS, YTO B HEMOCPEACTBeHHOH 6/H30CTH OT
CTEHKH CyliecTByeT 0O6GAacTh CTPOrO JaMHHapHOro TteueHud. ToaumuHa
3TOTO CAOA B PACCMOTPEHHHX CHAYyYaaX OKas3ajachb PaBHOHR HEKOTODOH
AONE MUAJHMETpA.

§ 366a. B ykasauHo#t Ha ctp. 737 3KCMEPHMEHTAaNbLHOM YCTaHOBKe
Mannoka u Kyrra M uMenu apyryio npoctyio opMmy ycTaHOBHBLUErocs
ABUXKEHHS, KOTOPYIO 3HAYHTEALHO Jerdye MOXBEPIHYTh KCIEPHMEHTANb-
HOMY MCcaenoBaHuio. Koraa BHyTpeHuu# uuauHap Ouli B NOKOe, TO
Mannox wamen, yto npexncrasnsemoe dopmynoi (5) § 333 ycraHoBus-
ureecsi JBHXEHHE MO TeX NOp OCTaBAJOCh YCTOHYMBHIM, NMOKa YrioBas
CKOPOCTb BHEIUHErOo UHAWHAPA He MPEBOCXOAW/IA H3BECTHYIO lpaHHLY, H
ONPENR/IEHHO CTAHOBHIOCH HEYCTOMYMBHIM, KOTAa CKODOCTb Mepexoauna
uepe3 npyryio OGonee BHCOKYyi0 rpaHduy. B npoMexyTOUHOM HHTepBae
Ha6MONAaNACH YYBCTBUTE/ABLHOCTh K BO3MYyLIEHUAM, Goabluas, 4eM B Ciayuae
Tpy6H 8),

B ToM xe cayvae, Kkoraa BHeIIHWH UMIMHAD OCTaBaACA B [OKOe,
0Ka3aA0Ch, YTO YCTAHOBHBLIEECH ABHXKeHHe OBIIO HEyCTOHUMBHIM NPH BCe-
BO3MOXHBIX YIVIOBHIX CKOPOCTAX BHYTPEHHEro MHJHHIDA. DTH 3aKNIOUYEHHS
HYXAAIOTCH B YTOYHEHHH B CBeTe MOCHeNyIOMX Pa6oT, HO TeM He MeHee
Ha3BAHHEIE ONBITH HMHTEPECHH KaK MNepBas MOMLITKA 3KCNEePHMEHTaJbHOro
HCCNeAOBAHHA CNAYy4as TypOy/NeHTHOrO JIBHXKEHWS, NPOHCXOAAILEro He
B TpYyGe.

Bausuue HECHMMETPHYHOrO, HO MPOHCXOAALIEr0 B ABYX H3MepeHHAX
BO3MYIIEHAR GBIAO MCCAENOBAHO MaTeMarHueckH [appucoHoM %) meromaMu
Pefivonsaca u Oppa (§ 369). Ou onpegensn HauGoJIblllee 3HAYEHHE OTHO-
CHTeJBHOX YrAOBOH CKOPOCTH UHJIMHAPA, COBMECTHMOE C YCTOHYHBOCTBLIO
110 OTHOULIEHHIO K BO3MYIMEHHAM YKa3aHHOrO poia.

‘1) Stanton, Proc. Roy. Soc. A, LXXXV, 366 (1911).

”%OStanton, Proc. Poy. Soc. A, XCVII, 413 (1920); cm. Bume Friction,
crp. 30.

) CM. onMo muceMo K e s 8 i B a, xotopoe uurupyer Poned, Phil. Mag.
{6), XXVIII (1914) (Papers, VI, 266).

‘) Harrisow, Camb. Trans., XXII, 425 (1920) u Proc. Camb. Phil. Soe.,
XX, 455 (1921).
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Bonpoc 3TOT CHOBa Gbii HMCCHeOBaH MaTEMATHYECKH M 3KCMEPHMEH-
TaaeHo Taltmopom ), KOTOpHH H NOMydYHA BROAHE onpeleNeHHLEe Pe3y.b-
Tatel. OTNpaBARsCh M3 YCTOHYHBOrO COCTOAHHSI M MOCTEIEHHO YBENTHYHBas
OTHOLIEHHe YrAOBHX ckopocTe#t, Tanop Hawen, uTo HeyCTORYMBOCTH
npossaserca B ¢opMe TPeXpasMepHOro, BHaualle CTAUMOHAPHOrO BO3MY-
LeHHS, CHMMETPHYHOTO OTHOCHTEJIbHO OCH BPaILUEHHWA, HO MEePHOAHYECKH
NOBTOPAIOIIEroc BAOJAb NpAMOH, napannenbHoit ocu. Ecam cnpoexrtupo-
BaTh JMHHM TOKA HAa MJOCKOCTb MEpHAHAaHAa, TO 3Ta NPOEKUHd NacT
cucTreMy BHXpeff, DaCHONOXEHHHX B MNPAMOYTOJNbHHX -KJETKAX, MPHUYEM
HANPAaBACHHA BPAllleHUH NOMepeMEeHHO NPOTHBONOAOKHH. Ecau uuaunapu
BPAWAIOTCY B OXHOM H TOM Xe HAaNpaBJeHHH, TO KaWIasd TaKaA KJIeTKa
MPOCTHPAETCA HA BCe PAAUANBHOE PACCTOSIHHE MEXAY HHUMH; B NMPOTHBO-
TIOJIOXKHOM 1K€ CJIy4Yae OHA NPHMBIKAET K BHEIIHEMY LWIMHADY, ¥ CAMM
BHXDH MHOro ciaabee, Yyem B NepBOM ciyuae.

BHIO M0Ka3aHO KAaK TEOPETHYECKH, TaK H IKCHEPHMEHTaAbHO, 4TO,
€CMTH BHYTPEHHHM UWJIMHAD OCTaeTCd HENOABHXKHLIM, YCTAHOBHBIIEECH
ABHXEHHE OKAa3blBaeTCs YCTOHUMBHIM TPH BCEX TeX YIJOBBIX CKOPOCTAX
BHELIHEro UHIHMHADA, KOTOPHe HMeNIH MeCTO B OmnmTax. Koraa HemomBmk-
HHIM OCTaBaJCAi BHEINHHH NWIHHAD, TOrAa YCTOHYMBOCTL HAaGAIOAANACH
NMPH  JOCTATOYHO MAJBIX YTJAOBHIX CKOPOCTAX BHYTPEHHEro HHJIHHIDA.
Bo Bcex ciayyasx yrioBas CKOPOCTb, NPU KOTOPOH IBHIKEHHE CTaHOBH-
AOCh HeyCTOHUMBHM, GHJIA CTPOrO onpene/neHHOH.

§ 366b. HeomsokpatHo yka3mBanoCb, YTO B Tex C/Ayyaax, KOraa
CKOPOCTH He OYeHb Majdhl WJIH NPOCTPAHCTBEHHHIE pPa3MepH CHJLHO
COKpAILeHH, BHYUC/IEHHH, OCHOBHIBAIGLIHECA Ha TPEANOJOKEHHH TPAMO-
AUHEHHOrO TeyeHHs, Takwe, Kak B § 330, npuBOAAT K pe3yAbTATAM,
HAXOMAIUMCA B PE3KOM NpPOTHBOpeunH C onuToM. Ecim 6u, Hanpumep,
B cayyae, paccMotpenHoM B § 334a, n. 3, Mbl 3aXOTeaH NOACTABHTH
BMECTO 4 OGBIYHOE 3HaueHHe 3TOro KOo3(HIMeHTa AJIA BOAH, TO OKasa-
JA0Ch OB, YTO HOMKHO NPOHTH OYeHb MHOrO BpEeMeHH, MOKa AeHcTBHe
MOBEPXHOCTHH X CHUM PAaCMPOCTPAHHTCH HA CPABHUTENbHO HEGOMBHIYIO riy-
6uny. B neHCTBHTENBHOCTH e 6raroxaps BO3HHKHOBEHHIO TIyJAbCALMH
NPOHCXOAUT OOMEH KONUYECTB ABHIKEHHS MeXAY COCEIHUMH CHOAMH KHI:
KOCTH.

Kapruna 3jaech NMpHMepHO OKa3HBaeTCA TaKOH e, KAK U B MaKCBel-
A0BO# TEOpHH Tra3oB, C TOH TOJABKO pasHUilel, YTO 34eCh pedn HAET
O ,MOMAPHHIX“, a HE O MOJEKYNAPHBIX KOJHYECTBAX IABHIKEHHH, T. €.
O KOJHYeCTBAaX JBHXXEHHS 3/JEMEHTADHHIX YACTHU KHIKOCTH, PaCCMATPH-
BaeMOH KaK HempepHBHasg cpeja.

Haunnas ¢ PeitHoabaca %), MHOrHe aBTOPH MpeaJiarai, 4ToGH Y4YecTh

3TH OGCTOSITeNLCTBA, BBECTH BMECTO 4 KOI(DHIMEHT 4 ,MOMAADHOH“,
»MEXaHHUECKOR “, ,TypOyneHTHOHY BA3KOCTH. DTO 3HAUHT, YTO MBI LO/IKHBL

1) Taylor, Stability of a Viscous Liquid contalned between Two Rotating
Cylinders, Phil. Trans. A, CCXXIIl, 289 (1922).
?) Reynolds, cu. Bume, crp. 837 (1886) (Papers, 11, 236).



844 Basxocmy [Ta. X}

CUHTATh COCTaBJAIOIIHE TAHTeHUMANbHOrO0 HAanpsiKeHHs B TUIOCKOCTH,
nepneHguKyAapHORt K ock (02, paBHHMH

—-ou -

Koz Mo
rie U, U— cpeOHue 3HAYeHWs BeNHYMH U, U B PacCMaTPHBaeMOH Touke
3a HeGOJBIION NPOMEXYTOK BpPEMEHH. DTHM MLl OTKAa3bBAeMCH OT BCAKOH
TONBLITKA OTAENBHO HPOCHAEJUTh 33 HUMEIOIMMH MeCTO OBICTPHIMH H3MeHe-
HHAMH CKOPOCTH M OrpaHM4YMBAaeMCsl JHIIb YYeTOM CpeiHero, B yxas:m-
HOM BHIllIE CMEICTE, 3q)<bex'ra.

IJToT KO3(HUHEHT y, eCTeCTBEHHO, HeNb3s paccMaTpHBaTh Kak (u3u-
YeCKYI0 TNOCTOSHHYIO, XapaKTePHCTHUECKYIO IS KUAKOCTH, Ero 3Hauenue
B Goabluo# Mepe GyleT 3aBHCETb OT BHAA M MaciirtaGa paccMaTpHBAEMOrQ
IBHXEHHSI, H OyleT YacTO MEHATbCA JOBOJBHO 3HAYMTENBHO NPHU
nepexoje OT ORHOM YacTH MKMAKOCTH K JApyrofi. ITOT KO3(HLMEHT
Henb3fl, TaKMM 06pa3oM, 3H4ATh a priori, XOTA HWHOrIA OlEHKA €ro M BO3-
MOXKH2 Ha OCHOBAHHM aHAJNOTHH; ero HAXOLAT NMyTeM CPABHEHHS BHUUCTE-
HHt C onumTaMu. 3HaueHHe 3TOr0 KO3(HUMEHTa A0 HeKOTOPOH CTeneHy
MOXET CJAYXHTb MepOH CTelneHH TYpPOYJNEHTHOCTH NPH PACCMATPHUBAEMBIX
06GCTOATENbCTBAX.

Ecayu, Hanpumep, B onnirax CTaBTOHa, LMTHPOBAaHHWX Ha cTp. 842, paccMa-

TPHBATh CHAH, AEHCTBYIOIMHE HA €XHMHHLY AMHHHN BO3AYIIHOIO UHAHHAPA pamnyca r,
TO0 6yneM HMeTb

—_‘i‘; P s
”02.2:"':72‘”" (1)

rae o—e o6o3pavaeT FPajHEHT AABAEHHA BJOAb TPyOHl. Hanee u3 dopmyant (6)
eT

caeny R
g _ 9P o
2nakewi= — 5~ - wat, )
a OTCIOIA HMeeM
B ko
r or a " G)
CinenoBaTelbHo, NOnydaem
n lwia
£ 92 “)
e 2ﬂ We

9710 naer 3HaUeHHE Jis u, ONMHAKOBOE N BCEro NOMEPEUHOr0 CEeYeHHs M Npo-
NOPLMOHANbHOE CPEAHEMY 3HAUEHHMIO CKOPOCTH B cedeHuu M paauycy. [lomaras?)

W,=1500, we=1125, a=25 k=00025 f=05,
noJay4HM

=53 nan p=0,0068.

ml‘:]

1) [IpuBoauMbe 37€Chb HAHABIE HMEIOT TOT XK€ MNOPSJOK, KaK H B ONHTax
CranTona.
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3daudTeabHO GonbmMe 3HAYEHHS, ueM MOXHO OHIO OXHAaTh, MOAYYAWOTCH
8 TeX CAY9aAX, KOTAa IBHXEHHE COBEpWIaeTCs B JOCTATOYHO GOJBIIMX Mac-
mra6ax 1).

§ 366¢c. IMonoGHEMH e PpacCyMIEHUAMH MOXHO BOCIONB30BATHCH,
yTo6bl HaiTH 33aKOH, N0 KOTOPOMY M3MeHsercs 2) BeTep C HM3MeHeHUeM
BHICOTHl HAX MNOBEPXHOCTHIO 3EMJIH, €CAM, KaK M B aHAJOTHYHOH 3ajzave
§ 334a, n. 5, npuHaATh BO BHWMaHHe BpauieHHe 3emau. [Momoxum, yro
OChb 2 HampasieHa BBepX IPOTHBOMOROMKHO KaXYILEMYCH HampaBJeHHIO
CHABL TAXKECTH, M OCH X H ¥ Bpamaiorca BoKpyr ocu OZ c yriaoBoi
CKOpOCTHI0O @, PpaBHO# mnpoexumH Ha OZ yraoBOH CKOPOCTH BpAIEHHA
3eman. Ecnn Mbt OyfeM CUHTATh JABHXKEHHE OTHOCHTEJNBHO 3THX OCeH
YCTaHOBHBIUHMCS, MOMOXKUM W =0, U OTGPOCHM rOPH3OHTANBHEIE IPAAHEHTHL
Be/MUHH U ¥ U, TO Ha ocHosaHuu ypasHenutt (1) § 203 Gyaem umers 3)

—2wv==—- —0’;:’ ]
0p —d’u
2wu——e—o}-, el } )

rae v== % . Tipeanonoxum Temeps, YTO rpagMeHT AABNeHWs BGTH3H

Hayana MOCTOfHEH U Ompenenfercd paBeHCTBAMH

o _ o _
=0, — Ly ()
B Ttakom cllyqyae HmeeM
¥ U+ iv)— 2iw (a4 iv) = — if. 3)
Ecau moaoxurs
p=2, L=v, )

TO DellleHHe, KOHEYHOe MPH Z==co, GyAeT HMeTh BHA
U+iv=V 4 Ce~0HIe 5)
Ha Gonwmofi Bucote umeeM U=V, 0=0; 310 ects mapannensuuit

u3obapaM ,rpanueHTHHH Berep®, xoTOpHft nmpeobaazan 6w, ecnu Gu He
6HAO TPEMHs.

Jeffreys, On Turbulence in the Ocean, Phil. Mag. (6), XXXIX,
I. Yaylor, Eddy Motion in the Atmosphere, Phil. Trans. A, CCXV,

1 1915
( )lepro‘um REst 0603HAYCHHA CPEIHHX BO BPEMEAN 3HATCHHH U, v H P 31ech
onyuxeuu. TAK KaK B HHX HeT ReOGXOZHMOCTH.

578 ()l 92 )
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JlonycTHM, YTO HanpasneHHe BETPa y NOBEPXHOCTH 3eMiH (2= 0)
COCTaBAeT C TNOJNIOXHTE/NbHBIM HANpaB/leHHEM OCH X YrOA @, TaK uTo

g+ ivg =V, e®. (6)

B rakoM cayyae umeem
u=V +e %V, cos(a—p2)—V cos pz} !
v= e {Vgysin(a—p2)+V sinfz}. |

Mb MOXeM NPpHHATH, UYTO Y IIOBEPXHOCTH 3eMJIH TaHreHUHaJbHEIE
HanpsHKeHHs HMCIOT OXHMHAKOBLIE HANpas/IeHHA CO CKOPOCTAMH, HIH

9

ou _ dv
—o-z—.a——u.l) npu 2=0. 8
Orclona monyyaeTcs Nocjae COOTBETCTBYIOLIMX NpHBEAEHHH
Vo=V (cos a— sin a). 1Y)

IMoacrasass u3 dopmyant (9) B paBencrsa (7), moayuum

—5— =l—sina {cos (a— f2)+ sin (a—ﬂz)} e,

(10)
v . . —
v = sina {cos (a— Bz)— sin (a— B2)} e~
BLICOTH, Ha KOTODPHX BETEp IO HAMPABJIEHHIO COBNAJAET C , FPAAHENT-
HBIM BETPOM“, ONpeAensiorTcs ycaoBueM U=0 nau

tg(a—p2) = 1. an

1
VpaeHenne (9) nokasbiBaeT, 4TO JAOMKHO OHThb a <-4 %, TaK ¥TO
nepBoe 3HaYeHHe 2, ylHOBJeTBOpAoulee ypasHenuio (11), onpenmensercs

dbopmynoh
(-3

CpaBHeHHC TEOPETHUYECKHX H ONBITHHX De3yAbTaTOB HAACT AJA KHHe-

MaTHYECKOTr0 KOIQMIHEHTa ¥ TypPOY/AeHTHON BA3KOCTH 3HAYeHHe NOpAAKa
105 B cucteme CGS.

§ 367. Xors no sTomMy BONpOCy M OHIO MHOTO HAamKCaHO, OAHAKO
TeopeTHYeCKOe OGBACHEHHE [ HEeYCTOHYMBOCTH JIMHEHHOTO TedeHMs,
AMEIOLIE MeCTO B [AeHCTBHTENLHOCTH NpH YCTaHOBJAeHHHXx B §§ 365,
366 ycnoBuAx, paBHO, KaK H OODBACHEHME TOr0, Kakum oO0pasom Gec-
NOPAOYHBE NYJAbCAUMH TNONLEPIKUBAIOTCA HECMOTPA Ha AelCTBME Bsi3-
KOCTH, QCTaeTcsi BCe ellle He YCTAHOBJEHHBIM. MH MOKeM NONHTATHCH
JaTh 3MeCh JWLIb KPaTKHK 06G30p PA3MHYHEIX IONKITOK, KOTOPHe ObiaH
NPEJNPHHATE LIS BHIACHEHHS 3TOrO BOMPOCA.

2=
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Panet nccaenyer B pame paGor!) ycToRuMBOCTH PasAnuHbIX GopM
YyCTaHOBHBUIErOCH ABHXKE€HHs, MNONYCKaeMbiX BA3KOCTbLIO NPH 6eCKOHEYHO
MaablX BO3MYUIEHHAX. XoTd BA3KOCTHL B BO3MYLIEHHOM ABHXXKEHHH H He
NPpHHAMAETC BO BHHMAaHHe, BCE X€ MOXHO OXHAAaTh, YTO PE3YJAbTATHI
pa60T Panen TpOJBbIOT HeKOTOpHﬂ CBeT Ha 3TOT BONPOC, 32 HMCK/AIOUEHU-
€M, BIIpOYEM, Tex C/lyyaes, B KOTOpPHX npeo6na11alomee 3HAYEHHE HMEET
BJ/IMSIHHE TpaHHL. D10 MCKJIOYEeHHe TeM He MeHee OueHb CYiUIeCTBEHHO.

Tax xaKx MeTOA AOCTaTOYHO NPOCT, @ Pe3yAbTaTh MPEACTABAADT MHTEPEC
camMu 1o ce6e, TO MBI MOXEM H3NIOKHTH KOPOTKO 3ajaduy AJA ABYX H3MepeHwii.

npe,u.no.nomuu, YTO B pe3yJbTaTe HEGONbILOTrO BO3MYUIEHHS YCTaHOBHBILEIOCH
JAMHMHAPHOrO INBHIKEHHS

u=U, v=0, w=0,
rae U — GyHKLHUA TOABLKO Yy, MBI HMeeM

u=U+u’, v=v, w=0. (1)
Y paBHeHHe HENMPEPHBHOCTH NMOAYYHT BHJ
ou’ , o’
% -+ W =0, (2)

ﬂvgiammecxne ypaBHeBHs (4) § 146 npHBORATCA K YCAOBMIO NMOCTOAHCTBA
BHXDA 5 =0 uan

¢ N0l 00
o HU+u) 5= +v % =0, 3)
p: (1
_o o’ dU
EET Y T w @

Orciofa caepyer, ecin npene6peub uAeHaMH BTOPOTO MOPALKA OTHOCHTEAbHO

u', v,
0 0 o’ ou’ au ,
(51—+U77§)(0_x—7>7)_3'}72"=0' ©)

PaccmoTphM Temeph NepHOAUYECKOE OTHOCHTENBHO X BO3MYIMEHWE H TOTO-
XHM, 4TO 4, v’ mponopuuoHanbHu e*RstHidt
W3 ypanensnit (2) u (5) creayer

iku’ + %‘}’7 =0 (6)
H
. e OW U,
t(a’+kU)(zku —3“;)—‘%{0 =0. @
HUckawuan u’, nonyyaem
8,7
(0+ kU) (‘;—;’, —io’) — ‘%{lml =0; @

3TO €CTb OCHOBHOE ypaBHeHHe.

) Rayleigh, Proc. Lond. Math. Soc., X, 4 (1879), XI, 57 (1880), XIX,
67 (1887), "XXVII, 5 (1895); Phil. Mag. (5), XXXIV, 59, 177 (1892); (6) XXVI,
6001 (1913) (Papers, I, 361, 374, ill, 5 5,( 394, 1V, 203). (1892); ©
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dU
Ecan 7, HCUHTHBaeT paspws NpH K3aKOM-HUGYAL 3HAYEHHH Y, TO ypaBHe-
Hae (8) mOoAWHO OGHITH 3AMEHEHO Yepes

(a+kU)A(%;—’)—-A(%)ku’=O, ©)

rie 4 obo3Hauaer pa3HOCTb COOTBETCTBYIOUIHX BENHYHH Ha OOeHX CTOPOHax
MIOCKOCTH pa3pniBa. YpasHeHHe (9) noayuaerca M3 ypasHenus (8) uATerpupo-
BaHHEM 1O Y, MPHYEM PA3pHB PaCCMATPHBAETCA KakK Npefen 6eCKOHETHO GHCTPOro
V3MeHeHHA. JTO ypaBHEHHE MOXHO TaKKe MOAYUHTb M3 YCROBHA HENPEPHBHOCTH
HDaBJIEHHA HAH KaK yCIOBHE TOFO YTO Ha rPAaHHYHON TMOBEPXHOCTH (CMEllEeHHOI) He
HOJKHO OBITH CKOJNbXEHHSA.

Ha HenoasuxHO# rpaHuie XomxHO 6mTe 0’ =0,

1. [Ipennonoxum, 4YTO CAOH MHAKOCTH C PABHOMEPHOH 3aBHXPEHHOCTbHIO,
OrpaHHYEHHHH B HEBO3MYIIEHHOM COCTOAHHH MJIOCKOCTAMH Y == h, noMeilen
MEXAY JABYMA MAacCaMH XXHAKOCTH, HAXOUAUIUMHCA B OE3BHXPEBOM JBHXKEHHH;
CKOPOCTb NpPH STOM HpEANoNaraeTcs BCIOAY HenpepwBHoH. DTOT cayuail mpex-
CTaBJIAET HHTEpECHOE BHIOH3IMEHEHHE 3afauH, paccMorpennolt 8 § 234.

Monoxum, yto

U=u ana y>h,
U=—‘—'Ey- ama h>y>—h,

U=—u pan y<-—h,

dU
¢ 3aMeTHM, 4T0 —— =0 BCIOLYy, 3a HCKMi0OYeHHeM NOBepXHOCTeil pasgena, Tax

4TO ypaBHeHue (‘g’npﬂnenerca K BHLY
%‘;—’:—k’u'=0. (10)
CoOTBETCTBYION(HE PEUIERHA 3TOrO0 ypaBHEHHA GyXyT
v = Ae—hY Ky > h
V=B ML CM g h>y >~ a1
v’ =Det amay<-—h J

Henpepusaocts v’ Tpe6yer, 4T06H BHNOAHATHCDL YCHOBHA

A = Beth L b, } a2
De*h = peth 4 ceh,
fIpk nomomu STHX COOTHOWIEHHH ypasHenue (9) maer
2(d+ku)C¢""—-—:—(Be"”‘+Ce"")=0.
13)

2 (o — ku) Be”‘+—:-:— (Bt 1 Ce—™) = 0.
Hckaouan orsouwenne B:C, noayuum

ot = i';%a (2K — 1)8 — e—4", (19)
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Ins maabix 3HaueHuit kh sta dopMmyaa naetr o= —Kk2u?, KaK U B Cayuae
ORHOM MNNOCKOCTH paspwmBa (§ 234). Ina Goapwux xe 3HaueHHH kh moayyaio-
weecs 3HauY€HHEe ¢ = ku yKasbiBaeT Ha ycroifuusoctb. OTciona ciexyer, 4ro
BOMPOC OTHOCHTEJBHO YCTOHUHBOCTH MPH BO3MYLIEHUAX C NJIWHOH BONHH A 3aBH-
CHT OT OTHOIUEHHSA T Jan $yHkiun B (UTYPHBIX CKOGKAaX B NMPaBOM YacTH
topmyant (14) Posneit cocraBun Tabanupl. OkaspiBaeTcs, YTO HEYCTOHUHBOCTH

. A
HaCTyMaeT NpUMEPHO NpH o > 5 M CTAaHOBHTCA HamGoJblIeH NpH 2—h=8'

2. llanee Psneii uccnenoBan B Ha3BaHHHIX paboTax pa3iHUHbIE CAYYaH Teye-
Huil MeXAY MapajielbHBHIMH CTEHKaMH C [eNblo NMPOJHTH GOJAblle CBETA HA YCIO-
BHS YCTOHYHBOCTH [JIfA NPSAMOJHHEHAHOro TeyeHus B TpyOe. [naBHb pesyabrar

. au o

STHX HCCIENOBaHHH 3aKJII04aeTCd B CIELYIOLIEM: eC/H e He MeHseT CBOH 3HaK,
LPYTHMH CJIOBaMH, €ClM KpHBasf ¢ abCLHUCCOH y W ¢ OpAuHaTOH U BCIOAY MCKpH-
BJ€Ha B OOHY M Ty Xe CTOPOHY, TO ABHXKCHHE YycToiuuBO. Tak Kax, OgHaKo,
B BO3MYIIEHHOM JBHXEHHH INDEINOJNAraloCh HaMHUYHE CKOJbXEHHS Y CTEHOK, TO
BO3HHUKAET COMHEHHE, B KaKOH Mepe STH 3aKNOYEHHA CHpaBefJNBbH AAA Tex
cayuyaeB, IJasi KOTOPHX YCJIOBHE OTCYTCTBHS BCAKOTO CKOJMbXEHHA SABIAETCH
OCHOBHBIM.

3. Beenenne ypasuenns (10) Bmecto ypapHenus (8) B TOM Clyuae, KOrxa
auU

dy?
TaKAM XKe, KaK U IPH HEBO3MYLIEHHOM IBHXEHHH, TAK KaK NPH TaKOM HpPeRmo-
JOKEHHH UMEIOT MECTO paBEeHCTBA
ou’ _ o’
oy 0x

a 310 BMecTe ¢ paBeHcTBOM (16) M mpuBOmuT K ypaBHeHuio (10).
2

=0, PaBHOCHIBHO INpPEANONONKEHUIO, YTO BEKTOp BHXPA { JOMKEH GOhThb

=ikv’, (15)

HyxHo, oaHako, 06paTHTs BHHMaHUE Ha CleRyollee: em"%% =0, 10 ypas-
Hexue (8) npu HEKOTOPOM YAacTHOM 3HAYEHHMH Yy MOXET TAKXKe YIOBAETBOPATHCA
BcaeacTBHe paBeHcTBA o+ kU=0. M moxeM, HanpuMep, NpPeANONOXKHTh, YTO
fga naocKkoctH Yy =0 pacrnonoxeH TOHKHA CNO# C GECKOHEYHO MaJBIM JOMOJHH-
TeIbHBIM 33aBHXPEHHEM.

Tornxa, nmpefnonaras, 4To XHIKOCTb HE OrpaHHYeHa, GylneM HMeTh

v = AeThY+i (aH-hx)’ (16)

npHyeM HYXKHO B3ATb BEPXHHI HAM HHMHUI 3HAK, CMOTPA MO TOMY, IOJOMH-
TeJbHO Y WIH OTPHIATEAbHO. YcnoBue (9) GyleT TOTAA BHLIMOMHATHLCA BCACACTBHE
paBeHcTB

au

0+ kU, =0, A(d—y =0, a7

rae U, o6o3nauaer 3HaveHue U npu y=0.

Tak KaKk HanOXEHHE OJMHAKOBOW AJi BCEX YACTHI[ CKOPOCTH B HalpaBjeHHH
OCH X HE H3MEeHAeT 3ajayy, TO Mbl MOxeM MoJoXHTh Uy,=0 H BMecTe C TeM
¢ =0. BoamMyileHHOE IBHMEHHE OKA3bIBACTCA YCTAHOBUBIUMMCA; APYTHMH CIOBAMH
nepBOHAYaNbHAA (OpPMa TEUEHHA M0 OTHOMEHHIO K BO3MYIIEHHAM paccMaTpHBae-
MOTO BHIA HAXORHTCA (C TOYHOCTHIO RO MaNLIX BEIHYHH BTODPOrO NMOpsAXKa) B Ge3-
PA3AUYHOM COCTOSIHHH 1),

1) Cp. W. Thomson, On a Disturbing Infinity in Lord Rayleigh’s solu-
tion for Waves in a plane Vortex Stratum, Brit. Ass. Rep., 1880, ctp. 492
gsap%g,) IV, 186) u orBer Psaesn, Proc. Lond. Math. Soc., XXVII, 5 (Papers,

, .

54 jlamé6.
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§ 368. KeapBuH nocraBun nepea coGo#t TpyaHylo 3alady Henocpex-
CTBEHHO HCC/IeAO0BaTL YCTOHYHBOCTH JIAMHHAPHOrO MBHXEHHS, NPHHHMAaR
BO BHHMaHHe Bf3KOCTb ). OH paccMOTpen ClefyiouMe YacTHBE CAyuan:
1) TeueHHe NOA AaB/ieHHEM MeXJIy HeNOJBHKHBIMH MNMapaie/bHBIMH CTeH-
kamu (cM. § 330), 2) pasHOMepHOe IBHMIKEHHE CHABMra MEXIY ABYMS
napajiebHHME IVIOCKOCTSMH, M3 KOTOPHX OAHA ABHIKETCA C MOCTOAHHOM
CKOPOCTBIO OTHOCHTENILHO JPYTo#t, peanosaraeMol HeMOABHKHOIO, i 3) NBu-
JeHMe TII0TOKZ 0 HAaKJOHHO IIOCKOoMy JAHy. Ero ofulee 3ak/iouenne
TAKOBO: JaMHHADHOE TeuyeHHe BO BCEX CAy4YadX YCTOHYMBO MO OTHOMIEHMIO
K GECKOHEUHO MajJhM BO3MYINEHMAM, HO CTAaHOBHTCA HeEYCTOHYMBHM,
KOF4a BO3MYILEHH INepPeXOIfT 3a H3BECTHYIO T[DaHHIly; 3TH TpDaHHIb
YCTOHUMBOCTH OKAa3HBAIOTCA TeM TeCHee, YeM MeHbllie Bfi3KOCTh. Camo
UCCAelOBaHAe ABJAETCS HOCTATOYHO TPYAHHIM M B HEKOTOPHX YaCTAX OHO
BCTPETHJIO BO3paweHnss co cTopoHel Panesa 2) m Oppa. [locaenHemy mb
0693aHHl AETaMLHHM PacCMOTpPeHHeM Beelt 3afaun 3). BoablHHCTBO aBTOPOB,
KOTOpbl€ 3aHHMANHMCh 3THMH HPOG/JIEeMaMH, CKJOHA/IOCb, ONHAKO, CYMTATh
TIPHBEJIeHHOE BLIllle 3aK/IIOYeHHe BePOATHHIM, XOTS elle U CTPOro HexoKa-
saHHnM. ClelyeT OTMeTHTh, YTO OHO COBMaXdeT W C NMPHBEAEHHBHIMU
B §§ 365, 366 Habmonennamu Peitnonbaca u Apyrux.

B cnyuae paBHOMEPHOTO ABHMEHHA CABHIa MEXAY NapaiieibHBIMH TJIOCKO-

CTAMH y =10, y=h, H3 KOTOPHLIX NMepBasi HENOJABHXHA, HCCAeJOBAaHHE HAaUYHHAETCHA
€ TOro, 4YTO AJAA HEBO3MYUICHHOTO ABHXXEHHA NMPHHHMaETCA

u= gy, v=0, w=0, (¢))
4 JJ4 BO3MYWICHHOIO ABHXKCHHUA

% % L
u ﬂy oy ’ v—o—x H W—O- (2)
BHXpb NpH 3TOM NOAYyYaeTCss PaBHBIM
{=—f+4dy. (3)
Tperve B3 ypaBHennit (8) § 328 maer
oLl rog o
ot Tlget? 5, =7 4l )

MoncraBass B8 5T0 ypaBHeHHEe COOTHOLIEHHS (2) M NpeHeGperas YleHaMH BTOPOTO
NOPAAKA MO OTHOWIEHHIO K Y, NMOAYUHM

0
(57 + 8y 5% ) 4w =220, )

1) Kelvin, Rectilinear Motion of Viscous Fluid between two Parallel Pla-
mes, Phil. Mag. (5), XXIV, 188 (1887); Broad River flowing down an Inclined
Plane Bed., Phil. Mag. (5), XXIV, 272 (1887) (Papers, VI, 321).

3; Rayleigh, cu. Buwe, crp. 847,

3) Orr, The Stability or Instability of the Steady Motions of a Perfect

Liquid and of a Viscous Liquid, Proc. Roy. Irish. Acad., XXVII, 9, 69 (1906
ao 1907).





