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Z -
MNonaras = —gﬁ , YMHOXas Ha 2™ 'y HHTErpupys no 2 B npene-
nax or 0 1o h, HaXOAMM B NpPEANONIOKEHWH, uTO 2"'W H3Ye3aeT NpH
0o6OHX npenenax MHTErpHUpOBaHHS,

p— _gH {%(usinﬂ)+%}—-o—£—. (1)

asin

YnpolleHHbe ypaBHeHHS HMMEIOT Tenepb BUA

oP
— 2o co! 0 a—o—a,

pou o (12
t asinfogp ’

0!’
W + 2w cos

npuuem P navo dopmyaoht (11). Ecnu nonoxurs
P=—g%, Q=—g%, (13)

10 ypasHenus (11) n (12) Gyayr noxomu Ha Te ypaBHeHHs, KOTOPhie Mbi
Hamwau B § 214 ans cayyas BOASHOrO OKeaHa MOCTOSHHOR ray6uuum H,.
TlosTOMy TeOpH OKeaHCKHX MPH/IHBOB HAa BPALIAIOUIEMCH 3€MHOM liape,
u3joxeHHas B raase VIII, Moxer GHTb KaKk pa3 nMpHMeHeHa H K NPHAH-
BaM B arMocdepe pacCMOTPEHHOrO 34eCh BHIA, BHI3BAHHHIM CHJAOR TH-
KECTH.

PesynbraThi pacnpoCTPaHAIOTCA TaKkKe M Ha Cayuall H30TepMHYeCKOH
aTMocepu (C H3oTepMHueCKHM paciunpeduem), ecad B (10) Mb nosoxHM
*=gH.

HekoTophe BLIYHCAEHHS NEPHONOB CBOGONHHX KOJeGaHHN H3OTEPMHU-
yeckofl armocdepn Ouiin BhinonHeHW Mapryaucom ). OH Gpan Temnepa-
1ypy 0° C n (BO3MOXKHYIO) CKOPOCTb 3ByKa, PaBHYI0 ¢ = 2,84 - 10* cm/cex.
Tlepnoau, monydaoumecs B pe3y/nbTaTe €ro BHIYHCAEHHH, MOXHO pac-
CMaTPHBATh KaK MEPHOAH BOAAHOrO OKeaHa TAyGMHOR B 7980 M, ecnH
1peHe6peyb BSAHMHBIMH MPHTOKEHHAMH BOAAHMWX YaCTHIL.

Hns nepsuix Tpex xoneGaHu# 3oHanbHoro TtHma (S=0 B 0603Haue-
HuAX § 223), CHMMETDHYHBIX 110 OTHOLIEHHI0 K IKBAaTOPY, OH HaXOAWT

neproabl
12,28 17,88 6,37
3Be3[HBIX YacoB, a JAY NMEPBHIX TPeX ACHMMETPHUHHIX KoseGaHui

20,44 9,59 6,67.

1) Margules, Wiener Sitzber, Math. nat. Wiss. Classe, Cl, 597 (1892) n
CIl (1895). Arrop 06si3aK STHMH NUTEPATYPHHMH YKa3zanuaMH npod. UenMany.
Bo sropo#t u3 ykasaHAHX PaGoT BHUYHCAEHH CBOGORMLIE NMEPHOAN, OTAHIHHIC

OT 24 4acoBs, AAA pANA 3HAYEHHi ?a—,-, 31€eCh e CONEpPKATCA NPHMEPH TaKOro

THna, xoropuii paccmorpen B KoHue § 206. B o6enx paGorax HCCAeRYETCA BHA-
HHe CHA TPEHHS, NMPONOPUHOHANLHHX CKOPOCTH.
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Ins cCHMMeTPHUHHIX KOneGaHMR CeKTOpHaAbHOro THna (S = 1) pesyas-
TaThl MONYHAlOTCA B BUJAe Nap 3HaYeHHH, COOTBETCTBYIOWIHX BOJIHAM, KO-
TOpble ABHXYTCH Ha BPAMIAIOLIEMCA 3eMHOM Wape Ha BOCTOK H Ha 3anal;
TakuM O6Gpa3oM, HmeeM

13,87 } 9,22 ] 6,63 }

39,57 10,22 6,717
s TeccepanpHoro THma (§=2) BuuncreHus Mapryauca 13T 3Ha-
11,94
YeHUA 18,42 .

ITH peaynbTaTH MOXHO CPaBHHTH C TEMM, KOTOpHe noayuun Xod
(Hough) (cm. ctp. 440, 441) mns oxeana rayGunoft B 8 850 M, ¢ To# anmb
pasHHUEN, YTO NMpPH HX MOJYYEeHUH HE TPHHMMAJIOCh BO BHHMaHHE B3aWM-
Hoe nputsxkeHHe uyactHu. Cp. Takwe §§ 210, 212.

Ecau o6paTHTh BHHMaHHe Ha BO3MOXHOE YBEJXHUEHHe aMIAHTYAH BCIEACTBHE
»PE30HaHCa*, TO HHTEPECHO MOCTaBHTh BOMPOC O TOM, He MOXeT JAH armocpepa
MMETb CBOGOIHLIE NEPHOXAH MPHOAHIHTEALHO B 12 CONHEYHHIX MIH NYHHHX YacoB.
M:g)rynnc BaxOAHT AAA HaunGoaee BAXBHX CBOGORHHIX KOseOaHMH, HMEWUHX Ta-
xoil e, B O6lieN, XapakTep, KAK H NMOJAYCYTOYHble MNPHAHBHbHE BOMHH, TNEPHOR
11,94 3pe3mmoro vaca B npeiNONOXKeHHH NOCTOAHHON Temneparypw 0° C. C npy-
roit croponst, Xod 1} B CBOMX HCCAENOBAaHHAX MO TEOPHH TNPHIHBOB HAXONHT,
470 ray6uHa i OKeaHa, AAA KOTOPOrO NEPHOA B TOUHOCTH paBeH 12 3Be3HBIM
vyacaM, onpeaensercs 43 GopMyaH:

h
s =0,10049.
9ro paer 3Hauenne h=238895 m. Caexyer, oaHakO, 3aMETHTb, YTO NpPH 9THX
BHYHCICHHAX GLJIO NMPHHATO BO BHHMaHHWE B3aHMHOE NMPUTANEHHE YACTHIL BOIMY-
I{eHHOH XHIKOCTH, B TO BPEMA KaK B Ciyuyae BO3LYIHOIO OKeaHa BAHAHHE B3aHM-
HOrO NPHTSKEHHS JNOMKHO OHTb CcOBepileHHO He3amMeTHwWM. Ecau npumath 910

BO BHHNAHHE H NPOBECTH BBHIYHCJICHHA &n% NepHola B 12 CPEeNHHX CONHEUHBIX
4acoB, TO MOAYYHTCH

h
ng'—aT=°’°89”
nid h=7834 M %). Cpennsa remneparypa BO3jiyxa BOGAH3H 3eMHOH MOBEPXHOCTH
ouennsaerca o6wuHo B 15° C, uro naer H,=8425 m. He nenas caumkoM narexo
HAYUHX BHIBOJOB H3 TOH THHOTE3HN, 4TO aTrMOcepa Haja MOBEPXHOCTHIO 3EMJAH
ONHOPOAHA H NMPHONH3HTEALHO HAXOAMTCA B KOHBEKTHBHOM PaBHOBECHH, Mbi MO-
WeM Bce ke C AOCTaTOYHOH BEPOATHOCTHIO YTBEPXAATh, UTO CYLIECTBYIOT CBO-
6onnne KOneGaHHA aTMOChepH MOAYCYTOUHOTO THMA, NEPHOA KOTOPHX OYeHb
OAH30K K 12 CpenHHM COAHeYHLIM 4acaM, HO HECKOJAbKO MeHbLue.

HapecTHO H3 OnHT2, YTO B NMOKa3aHHAX SapoMeTpPa HAGNIONAOTCA NPaBHAbHEE
KoneGaHHsi C IEPHONOM B OXHH COAHEYHbE CYTKH M B TMONOBMHY COAHEUYHbLIX CYTOK,
MeXAY TeM KaK BAHARHE COOTBETCTBYIOINHX JYHHBIX MPHIHBOB ITOYTH HE3AMETHO 3).
Aunanryna nongg_;'rowux xoneGaHuH (MO COMHEYHHM CYTKaM) Ha SKBATOpe NMpH-
MepHO paBHa 0,937 mm, B TO BpeMA Kak aMMNAHTYRA, KOTOPYIO HaeT ,CTaTHue-

1) Hough, cM. Buuwe crp. 437.
3) Cm. pa6ory aBTOpa, yKa3aHHYO Ha cTp. 687.
%) Tak, Yenmar (Chapman) maxoaur amnantyay 0,00914 mm pryTHOro cronba

ANA NMOXYCYTOSHBX aTMOC(EPHHX NYRHHX NMPHIHBOB B prHBHue . J. R. Met.
Soc., XLIV, 271 (1918)]. P P Q-J
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cKaf® TeOpHA NPUAHBOB, pasHa Toabko 0,011 am. Hexoropnie uucaoBbie pesyan-
TaTH, KOTOpHe NPHBOAHT X0¢ ANA MAMOCTPAUHH NHHAMMUECKOH TEODHH OKeaH-
CKHX NPHAHBOB, NOKAa3WBAOT, YTO CBOGOAHHE MEPHOAN AOLKHHW OTAHYATLCA OT
BHIHYX/CHHHX NMEPHOAOB He Gonee yeM Ha 2 HAM 3 MMHYTH, YTOGH 9Ta aMnAH-
TyAa MOria BO3PACTH Oaaronaps AHHAMHYECKOMY BO3NEHCTBHIO B BOCEMbAECAT
H1H NeBSBOCTO Pa3. Tak xax pa3HOCTh MEXAY NMEPHOAAMH MOAYCYTOUHHX KOne-
6aRnii, BHI3BaHHHX COAHIEM H NYHOH, ROXOAMT 10 26 MHHYT, TO BO3MOXHO, 4TO
BAMAHHE COAHIA STHM NyTEM MOXET NepelaBaThCA 3HAYHTEABHO 6onee spdexTHBHO,
ueM BAHAHHE AYHH. [IpH 9TOM, ONHaKO, COXPaHAETCE TO 3aTrpyAHeHHe, UTO (Hasa
Ha6A0KaEMOTO HONYCYTOUYHOTO HECOOTBETCTBHSA 110 OTHOLIGHHI K IPOXOXAEHHIO
COJHNA ¥MeeT YCKOpPeHHe, a He 3ama3isiBaHHe (KaK 3TO JOMKHO ObO OH OHTH
6aaroaaps NPHAHBHOMY TPEHHIO).

Keabsun npunmrcan HabmonaeMbie koneGaHua JApyrol npHYHHE, a HMEHHO,
CYTOYHOMY KOAeGaHHIO TeMIeparype, KOTopoe, 6yAyuH pa3nOXKeHO Ha NpocTHe
rapuoml»mecxue cocraBasiomue, GymeTr WMeTb KOMIIOHEHTH C NepHojiamu 1,

1

5+ T g, COMMEUHWX CYTOK. B oco6eHHOCTH 3acaykuBaeT BHHMaHHA TO

06CTOATEABCTBO, YTO BTOpPOE (T. €. MOAYCYTOuHOe) KkoaebGanne Gapomerpa HMeeT
3HAYHTEAbHO GOAbLUIYI0 aMMAMTYRY, YeM nepsoe. KeabBHH mosaran, uTo 06bACHe-
HHe 9TOH ocoGeHHOCTH MOMeET OhHTb HailleHO B TOM, YTO NEPHOA MNONYCYTOUHOH

KOMMNOHEHTH JAy4Ylle COraacyerca co CBOGONHBIM NEepHoOAOM 3eNHO# amoccpepu.
yeM FMEPHOA CYTOYHOH KOMIIOHEHTH ?

Ilas Toro uTo6n OGBACHHTL TpeOyemylo cTeneHb H3GHPATEALHOrO PE3OHAHCA
1pu Toit H Apyroit runorese, Heo6xo0AHMO nocrynué)ona'rb CyliecTBoBaHHe CBOGOAHOTO
niepuoga, nourn paBHOro 12 conHeunnM yacam. CoBceN HelaBHAs onenka %), ocHo-

BAaHHAas Ha CPaBHEHHH clgaocm aTMOC(EPHLIX BOAH CO CKOPOCTHIO MO MPHAHBHOM
TeopHuH, OGHapyXKIa CBOOONHNE mepHOnB 60lee KPATKOBPEMEHHHE.

TJIABA OJIMHHAAUATAS.
BAI3KOCTD.

§ 317. Ota rnasa B OCHOBHOM NOCBAUIEHAa PACCMOTPEHHIO CONPOTHB-
NeHHd, BH3HBaeMOro ledopmaunefl M H3BEeCTHOrO NOA HAa3BaHHEM ,BA3-
KOCTH* HJIH ,BHYTPEHHEro TPEHH®“; 9TO CONpOTHBAeHHe B GosbineR Hin
MeHbllel CTeNneHH HMEeT MeCTO MPH NBHKEHHH BCeX XHAKOCTefl, HO Mu
WM 0O CHX mop npeHeGperans.

Ias yno6¢TBa OyneM CAenOBaTh NAAHY, KOTOPOro MH Yxe NpHAep-
KUBANHCh B PA3/THYHBIX CJY4asX, a MMEHHO CHayala AafMM 0630p oGuieft
TEOPHH NHHAMHYECKOH CHCTeMK, MNOJABEePXEeHHOR AeHCTBHIO AHCCHMNATHBHLIX
C#JI, KOTOpHE BHPAKAIOTCA JAHHEHAHHIMM (YHKUMAMH OGOGLIEHHHX CKO-
pocteit 3). 3To NO3BOJHT He TOMLKO CBECTH K ONHOH TOuYKe 3DeHHR

1) Kelvin, On the Thermodynamic, Aceeleration of the Earth’'s Rotation,
Proc. R. S. Edin., XI (1882) (Papers, 11, 341). O Gonee noppoOGHOM McCAeAOPa-~
HuH cMoTperb Chapman Q. J. R. Met. Soc., 1, 1656 (1923). BumyxaeaHne
I{PHAHBH, KOTOPHE NPOHCXOMAT BCAEACTBHE KoaeGaHMN TeMmepaTypH, OHAH uc-
crenosadl MapryauncoM, Wiener Ber.,, XCIX, 204(1890).

%) Taylor G. J., Proc. Roy. Soc., CXXVI, 169, 728 (1929—1930).

%) Boaee noaHOE H3AOMEHHE TEOPHH HaXOMHTCA B KHurax Rayleigh,
Theory of Sound, ra. IVHV; Thomson and T att, Natural Philosophy (2 usn.),
§ 340—345; Routh, Advanced Rigid Dynamics, ra. VI u VIL
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GonbLlyl0 4aCThb AanbHeRIUHX HCCAeROBaHHM, HO HHOTAA JHACT BO3MOX-
HOCTb YKa3aTh OOwMM Xapakrep OXuIaeMHX pPe3yabTaTOB B TeX C/ayvasX,

KOTODbie He NMOALAIOTCH BHYHC/ICHHAM.
Mui HauHeM ¢ PacCMOTpeHHS Cay4as C ONHOA CTeneHbio CBO6OAN. YpaBHe-

HHe NBHXXEHHS# HMeeT B 3TOM C/yuae BHI

ag+bg+cqg=Q. (1
3aeck ¢ ecTs 0606uIeHHas KOODAWHATa, XapPAaKTePU3YIOUIA# OTKJO-
HeHHe OT TOJIOXEHWS PaBHOBeCH#; 0 — KOIQHUHEHT HHePUHH U Tpea-
CTaBifeT COGOH# BEAHYHMHY CYIIECTBEHHO TNOJOKHTEAbHYIO; € — KO3dHu-
LHEHT BOCCTaHOBJEHHH, KOTOPH# NPH HAIUHX HCCIEAOBAHHAX AOJMKeH OHThb
TIONIOKHTENBHEIM; & — KO3GdHUHEHT TPEHHs H TOXe NOJOXHTeNeH. Tak
KaK NpH H3MEHeHHWH 3HaKa y { wieHH neBOA vyacTH ypasHenus (1) Beayt
ce6st pasAnYHHM OGpa3oOM, TO [BHXKEHHe CHCTEMLl, OMHCHBAEMOE 3THM
ypasHenueM, He Gyner OOGDATHMBIM,

Ecan noaoxurts

1 b 1 |
=5 ag?, V= > ¢?, F= 75 bl[’, (2)
TO ypasneune MOXHO Hanucathb B BHIe
L (T+V)=—2F+Qq. 3)

JT0 noKaswBaeT, YTO mnpupauienue sHeprun T 4V B eamnuuy Bpe-
MEHH OKa3bLiBaeTCA MeHbIUMM NPOM3BEJeHHON BHEIUHUMH CHAaMH paGOTH.
Pasnoctb 2F npeacraBaser paccesHHe 3HEPrHH 3a elMHHIly BPEMeHH; 3Ta
BE/IHUHHA BCETHa MOJOXKHTENbHa,

Ilpu cso600nom xoneGannu GyaeM HMEThb

ag+bg+cq=0. @

2
Ecnv Wb NPEANO/OXHM, YTO § NPONOPLHOHA/NLHO €', TO pelieHHe
NpHMET pa3nuyHunie GOPMB B 3aBHCHMOCTH OT OTHOCHTE/BHOH BeJHYMHH
Koaduumnenra tpenus. Ecan b2 < dac, ro

1L b o .fc 1 ps\*h
==z G-+ %) ®)

UAH, B HECKONbLKO HWHHX 0603Ha‘leHHﬂX,
—1
A=—1 Zio. (6)

CnenosatenbHO, NONHOe pellleHe B JeHCTBUTeAbHOH dopMe Gyner

MMETH BHA
i

g= Ae_ i cos (ot +¢), )

rae A n €& — [IPOH3BOJIbHYE NOCTOHHHNE. Hpenmasnﬂemoe 3THM YypaBHe-
HHeM JBHXeHHEe eCTh MPOCTOe rapMOHHYecCKoe Konebanune, AMNANTYya Ko-
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TOPOro ACHMNTOTHYECKH MPHOAMKAETCA K HyM0 no sakowy e . [Ipo-
MeXYTOK BPEMEHH 7, B TeueHHe KOTODOrO aMAAHTyAa yOuiBsaer 10

% ee NepBOHAYANbHOTO 3HAYeHH#, HA3BIBACTCA ,MOAY/NEM SQTYXBHKS[“

KoJeGaHHH,
b c \' 0
Ecav Beanuynna 5 Mana 1o CpaBHeHHio ¢ (T) » TO -~ €CTb Ma~
Jlas BTOPOro NOPAAKA, M TPEHHe B ITOM Clydyae NPAKTHYECKH HE OKa3hi-
BaeT BAHAHMA HA ,4acTOTy® 0. JTOT Ciyual MMeeT MeCTO TOfAa, KOTAA
NPOMeXyTOK BpeMmeHH (277), B TeueHHe KOTOPOro amiiMTyaa yOniBaer

Ha e~ 2" (=ﬁ) CBOEFrQ HAaYaNbLHOrO 3HAYEHHA, OKa3biBaeTCA 60.1bLIKNM NO

2n
CPaBHEHHIO C NEPHOLOM (—-&-)

Ecnn umeer Mecto HepaseHcrso b2 > 44¢, TO 3nayeHus A OKa3biBa-
I0TCA AeCTBHTENLHWMH M OTPHUATENbHBIMH, (O603HaYas HX depe3 — @,
¥ —ay, Gyaem uMeTs

g=Ae™™ 4 A, @®)

3T0 ypasHenHe NpeACTaBAseT ,alNePHOAHYECKOE [BHXKEHHE"; 3TO O3Ha-
YaeT, YTO CHCTeMa MOXeT He Go/biue OAHOrO pasa mNpPOHTH uepe3 CBOe
NONOXKeHHe DaBHOBECHS, K KOTOPOMY OHAa HOTOM [PHOIHKAETCH aCHMATO-
THYECKH.

B xpuruueckom cayuae d%=4ac o6a aHauesus A pasHb ApYT APYrY;
B ITOM CJy4Yae OGLIYHBIMH METONAMH HaXOAMM pellieHHe

g=(A+BHe™", )

KOTOpOe MOMeT OHTb HCTONKOBAHO B TOM XKe CMHC/Ie, YTO H B Npel-
LLIECTBYIOILEM Ciiyyae.

Yem Goabuie koadpuwieHT Tpeuna b, TeM Go/blle OTAHYAIOTCE APYr
OT Apyra BeIHUMHH @; M Gy, OAHA M3 HUX (HANpuUMep, a) CTPEMHTCH
K 3HAYEHWI0 —-, a 1PYras K 3HAYEHHIO % BansuHe BTOpOro wuiena
B (opMyne (8) GucTpo y6niBaeT, W pe3ynbTHDYIOlee IBHKEHHE OKa3bl-
BAETCA TAKHM, KaK ecau Obl KO3QHUHEHT MHepuus (@) Obii paBeH HyAl0.

§ 318. PaccMoTpum Teneph BAMSHHE NEPHOAHYECKOH BHEIHER CHAM.
Ecan mu noaoxum

Q=Ce'“*), (10)
TO ypasHenue (1) maer
— Q
q_c—a'a-l-icb : (1)
Beoan o6o3naueunns
1~Z8=Rcose;, 2 =Rsing, (12
rae & A0/MkHO Akath Mexay 0° w 180°, noayuaem
q = ~g—- e—i" . (13)

Rc
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Ecan BO3bMeEM neHCTBUTENbHbIE 4acTH, TO MOXEeM (CKa3aTb, HTO CHJA

Q==Ccos(ct+¢) (14)
OyleT TOANEPKUBATHL KOJeOaHus
C
9= g; cos (ot + & —¢;). (15)
Tax kak
o2a\2 . o2
Rz-_—-:(l——-—c—) +75. (16)
TO Nerko HaxoauMm, uto i b% < 2ac avmanrtyna Oyaer HawbonbiieHt
TOrAa, KOraa
o= ﬁ‘c..)llz (1 i_ »be )1/2
"\ 4« 2 a ; a7
310 vaudboablllee 3HaY€HUe aMIAUTYIbl OYy/ieT paBHO
C (ayh p Lo =
b (T) ( T4 ?{E> . (18)
IIpu cpaBHUTENLHO HeDO.IbIIOM TPEHHH, KOIJd BeAHUHHOI lt%} MOXHO

npene6peub Kak Manol BTOPOro nopsika, aMuanryiaa Oyiet nan6oabureit
B TOM CJyuae, KOI'la NepHOJ BO3MYLHAIOMIEH CHJbl COBMNAaeT ¢ MEPHOAOM
¢BoOOIHEX KoJaeGanuit (cp. § 168). dopmyna (18) noxaswiBaer nanee,
YTO OTHOIIEHHE MAKCHMAALHOH aMIUTYIH K €€ , CTATHYECKOMY 3HaYeHMIo
< PaBHO (_,,C)uz
¢ b
TOUHO BO0JbLIOH.
Ecau, naobopor, b>>2a¢, TO aMOIMTYIa ¢ yMEHbLIEHHEM 4acTOTH
HENPepPHIBHO BO3PACTAET, CTPEMHCh B KOHUE KOHLOB K ,CTATHUECKOMY

; 9Ta BEJIWYMHA COIdACHO NPEaNoa0KeHNnIo 6_\'116’1' oCTa-

3HAYEHUIO0 ¢

W3 dopmya (15) u (12) oxasbiaercs, UTO MAKCHMYM CMENIEHHS
HACTYNaeT NMO3AHEE MAKCHMYMa CHABI Ha Pa3HOCTbL (a3, PaBHYIO &, Tiae

tge =2, (19)
Ecan nepuon Bo3mywlaiome# cuitel 60sblle, UeM FEPHOL CBOGORHBIX
KoMieOaHHH TpY OTCYTCTBHH TPEHHA, TO 3TA PA3HOCTh (DA3 JIEKUT MEXAY
0° u 90°; B npoTuBHOM ciyuae OHa nexuT mexay 90° u 180°. Ecau
KO3(UUHMEHT TpeHus b OTHOCHTEALHO Ma/, TO PABHOCTh ()a3 OT/iHuaeTCH
odenb Maio or 0° wan 180°, B 3aBUCHMOCTH OT YKa3aHHOrO BHE Cay-

yasl, eCJH TOJbKO 3HAaYeHHe ¢ He OKasblBaeTCs OJIM3KMM K KPHTHueCKOR
17
¢ V2 X
yacToTe (3) . Jlnst KpuTHUECKOH 4acTOTh pasHocTn ¢as pasna 90°.

Paccesinne B ennHuuy BpeMeHu paBHO bg?; cpeinee 3Halenne 3TOR
BEHUHHB, KaK /erKo HaHTH, OKa3hBAeTCs DABHLIM
1 5C?

2 ‘Ga“.c:\)2 L ( )
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: i/g
¢
910 BHpaxenHe uMeeT HauGonbulee 3HAYeHHE, KOrIa a-——-(—a—) .
Kak u B § 168, dopmyna (11) mas ovewr GuCTPHX KOAeGanu# npm-
6/MKeHHO AaeT
Q . '
g==— oa ’ @1
B 3TOM CJyyae CyuIeCTBEHHOE BJIMSHHE OKa3HBaeT JHllbL Macca.
Ecau xe 3HaueHue ¢ Manao, TO CMeileHHe NPUOIHXEHHO PaBHO CTa-
THYECKOMY CMELEHHIO

g= —? . (22)

§ 319, Hurepecnnfi npuMep NpPeACTaBASIOT NPHAHBH B SKBATOPHA/b-
HOM Kanane?),
YpapHenHe ABMKEHHR, BHIOH3MEHEHHOe GMarOfapA BBEAECHHIO uJeHa,
COOTBETCTBYIOUIETO TPEHHIO, HMEET BHJ
o ) i
=Rt et X, m
rae o6o3HayeHMs coBnaaalT ¢ npuHaTeiMH B § 1813) u g o6osnavaer
paanyc 3eMaH.
B cayyae cBoGomunx Boan nonaraeM X =0 n npuHnmaem, yT0

£ nponopusonansio e*!tihe?. )
B Pe3yAbTaTe HAXOAHM
P pd K =0

H OTCioaa
M 1 . 1 1/
A= —fyit(k’c’—]«;ﬂ) . (&)

Ecm npere6pexeM KBapaTOM BeJIRYHHH -,:‘—c , TO H3 (2) nonyuum ans

nedcTeuTenbHOR yacTH § Bhipaxenue
1

— ot

E=Ae * coslk(ct+ag)+e). @

Moaynb 3aTyxaHws paseH 24, a cKOpOCTh BOAHM (B NEPBOM NPHG.IH-
WEHHH) He 3aBHCHT OT TPEHHus.

Yro6u HafiTH BHHYXACHHBE KO/Ne6dHHs, BH3BAHHBIE NPHTHXKEHHEW
JyHH, TIONOXHM B coraacku ¢ § 181

X =ife™ e, ®)

rie n o060o3Ha4yaeT YraAOBYI0 CKOPOCTH JAYHH N0 OTHOWEHHIO K ¢IMKCHPO-
BaHHOA Touke KaHana. TIpHHMMas TOT e caMbifl MHOXHTENb, 3aBcammil
OT BpPEM€HH, HaXOIHM
1 “ife i
§=7 1 ‘ ot (nttede) (6}
&—nta 4 3 ipnat

1) Airy, Tides and Waves, § 315 u nanee.
%) B uactHoCTH ¢* 000O3navaer Tenepn gh, TAe /i — rayOupa.
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OTtciona nJias BO3BHILICHHS NMOBEPXHOCTH mojay4yaeM

—_—p 0 1 Het % (nio+e)
n= a 0’, = 3 e ’ (7)

| I
ct—n%a?+ o3 iuna®
rae, kak u B § 180,
af
H=-".
g
Yro6ul NMPUBECTH 3TH BHIPAXKeEHHA K AeHCTBHTE/NLHOMY BHILY, TNO/OWHM

1 2
® 2% =5t ®

npuuem 0<y <90°. Takum o6pasomM, MK HaHAeM, YTO BO3MYILAlOuIeH
cune

X=—fsin2(nt+ ¢+49¢ ()]

COOTBETCTBYET FOPH3OHTA/NBHOC TEpEMelieHHe

5 f“" oosin2(nt+e+e—z)  (10)
{(c’ —nta)* + - untat }

f=—

7 BO3BLLICHHE MOBEPXHOCTH, BHpawaemoe dopmy.ot

ﬂ=% He R cos2(nt4- g+ e~ ). (i)

{ (A — nta®)? +_}T pintat f

Tak kak BenwunHa nf-F ¢- & B ITHX BHPAKEHHAX H3MEPSET 4acoBoO#
yros nyHH 1O OTHOWICHUIO K ME€pHAHaHY, MPOXOAfllleMy U4Y€pe3 npous-
BOJ/BHYIO TOUYKY (9?) KaHana, TO OKa3nBIeTCH, YTO MOMEHT BHICOKOH BOALS
HacTynaeT 1ocCjie NPOXOXIAEHHA JNYHH uYe€pe3 MEPHIHAH NO NPOIIECTBHH
AIPOMEYTKA BPeMeHH fy, ONpenenseMOro PaBeHCTBOM Nify =y.

h _n%a
Ecin e2 < n3a® nn ~a—<—g— , TO B Cly4yae GECKOHEYHO Malaoro Tpe-

Hun MBl uMead O6n y=90° T. e. NPWIMBH ObiiK O 06paUeHHU MU
(cp. § 181). Tlpu 3amerHoM TpeHun 3HaueHHe y JAexut Mmexay 90°
# 45°, ¥ MOMEHT BHCOKOR BOAMW YCKOPSAEMCR HA TIPOMEKYTOK BpPEMEHH,
KoTopsift cootBercTeyer yray 90° —y.
nia
g
npauwe, T0o 3uaueHne y newur meway 0° u 45°, u MOMEHT BbICOKOH BOAH
3ana30u8saem Ha NPOMEXYTOK BPEMEHH, COOTBETCTBYIOUIHH 3TOMy yray,

dur. 80 nokaswisaer o6a cayyas. Byksm M, M’ o6osHaualoT noaa-
KEHHA NYHH ¥ NPOTHBONYHBI (CM. CTP. 449), KOTOpLIE Mbl CYHTAEM HAXOAf -
HUMHCA B MUIOCKOCTH 3KBAaTOPAa; KPYyrable CTPe/KH YKa3bBaioT Hampasde -
HUsl BPALUEHHS 3eMiM,

OueBnaHO, 4YTO B OGOMX CJayuasx MNPUTAXKEHHE, TIPOH3BOAHMOE BO3 -
MYW@EIOWHM TE/JOM Ha DPHNOAHATHIE YAaCTH BOABI, 3KBHBANEHTHO mape

h
Ecan xe > , TaK YTO NPH OTCYTCTBHH TPeHHs MPUAHBH ObIH GHl



§ 319] Ilpusoxcernue x npususax 8 3xeamopuarbHOM Kanare 709

CHMl, KOTOpas CTPEMHTCH YMEHbWiuNMb MOMEHT KOJHYECTB JBHKEHHS
CHCTeMbl, COCTOfIIEH W3 3eMAH H TIOKPHIBAIOUIEro ee CJOs BOAH.

B paccMaTpHBaeMOM Cyyae MOMEHT 3TOH Naphl CHJl MOXET GHITb N1€rKO Bh-
yncaeH. M3 (9) m (11) Haxoaum ans CpeaHEro 3HavueHust TaHreHUHabHOR
CHNH, ReACTBYIOWIER Ha NOAHATYI0 4acTh BOJAL H OTHOCAIIEHCH K M-
HHIle NJIOIAAH, BHpaXeHue

2n
1 1
5—7;! eXn dp= — - ohfsin2y, (12)

rie h o6o3snavaer BepTHxanbHylo amnantydy. Tak Kak B KauecTse
IIOI0XKHTEALHOrO  Hanpa-
saenns ans X BHGpaHo
BOCTOYHOE, TO OK43HWBaeT-
s, uYTO B OO6IEeM wuTore
10/IyYaeTcss CHJa, Hanpa-
BNeHHas K 3anaay. Ecan
Mbl YMHOXHM CpelHee 3Ha-
yeHHe CHAB H4 NJOWAAb
BORHOK  MOBEPXHOCTH M
pamHyc G, TO HOJY4YHM
BEJHYMHY  3aMe/LIAIOILero
MOMeHTa, H*
O BAMAHHH DPa3HOCTH
$a3 npH cAOoKeHuM NpH-
JHBOB, NS KOTOPHIX 3Ha-
YEeHHA 4aCTOT JMllb He3Ha- ®ur. 80.
YHTENILHO OTJIHYAIOTCH APYT
OT Apyra, 6mno ynoMaHyTo yxe B § 224. UYroOGnl NPHMEHHTL NAAHHYIO
TaM (OPMYJy K PaCCMaTPHBAEMOMY C/yualo, MBIl JO/DKHL NIONOXKHTL ¢ = 21,
+==2y, Torna n3 ypasHenns (8) naftnem

de _ dy _ ua* (c*+ nta%) .
do = dn = 4(3— niad)i+ pontas (13)1)

Ecau uMeloTcs Haauuo aBa Tega, BO3GyXAalouMe NPWIHBH C TpUGAH-
HTeNIbHO DAaBHBIMM NEPHOAAMH, TO 3TO BbIPaXKeHHe HaeT NPOMEKYTOK
HPEMeHH OT MOMEHTa COBMelleHHs JjeHCTBUH Tea (MAM NPOTHBOCTOHHHMR)

"0 HACTYNJeHMst CcuAbHOrO npwiausa. OTHONIEHME 3TOrO0 3HAYEHHA ——
do

2n
K NPOAOAKHTEILHOCTH CYTOK (—'T) He MOXeT OunThb Ooabille, ueM

nta? - c*
ﬁ‘ n:az_‘-z'l .

1) Cp. Airy, Tides and Waves, § 328 n naaee.
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Ml npiBeaAH 3TO HMCCAENOBAHHE JiHillb PafH €TO TEOPETHYECKOro MHTEpeca;
AAf REHCTBUTENLHHX Xe OGCTOATeNbCTB, HMEILWHX MECTO Ha 3eMHOM Iuape, OHO
HMEeT JHMilb OrpaHH4YeHHoe mnpumedexne. Jawe B cayyae WHPOKOHl nonocu
BOAH, PACMOJOXKEHHOH BAOAL 3IKBaropa, ray6uHoii, ckawem, B 3510 w, pasnocru
(a3, KOTOpPLIC MOXHO MOAYHYHTH HAa OCHOBAHHH 3TOil TEOPHH, OKA3HBAIOTCA COBECP-
HIEHAO He3HauHTenbHLMH. U3 paBenctsa (8) u u3 § 181 noayuaercsa

i i 2n
‘gzx- — e e § e T —O,l:‘" 0
T g

rae 1=—?— 060o3HauaeT KOIpHUMEHT 3aTyXaHus cBoboambx xoaebauuii. [lpeacra-
BAAETCA €CTECTBEHHHIM MPHHATH, YTO KO3DHUHEHT -3aTyXaHHA B NOJOGHOM Cayuae
B 3NAYHTEABHOE YHCJIO pa3 NpPEeBOCXOAHT TYHHHE CYTKH (%:1), TOTAA H3MEHCHIC
BpeMeHH npHaxBa, OOGYyCJIOBieHHOE TpeHHeM, Obli0 Gbi CPAaBHHMO C BEJAHUHHOI
-,{:- - 22 MunyTH. CAeq0BaTENBHO, ITHM CHOCOGOM Mbl HE MOWeM OODBACHHTL yCKO-

peHne B ¢ase, 6oabiuee YeM H3 HECKOAbKO MHHYT.

MonoGHasi ke rpanuila MOAYYAETCA M AMA BEAHUMHB 3aNa3AbiBaHHA CHABHOIO
1PHAHBA, BHIYHCAAEMOro H3 ¢opMyau (13).

IpuauBHoie TeYeHHA B OTKPHITOM MOpe B JEHCTBHTEJALHOCTH TaK HE3HAUYH-
TeJAbHbl, YTO Bbi3nBaeMbiit HMH 3((PEKT TPeHUA OKa3biBaeTCA HECyueCTBEHHbIM
Jlake C acTPOHOMHMYECKOH TOuKil 3peHns. B meaxoii e Boae 1 B y3KHX MOpPAX
H YCIbAX peK 3TOT 9(¢EeKT OKA3LBAETCA OYEHb 3HAYHTENbHHM BCIEACTBHE
HHEPUHIl BOAH H CBOIHCTB MOpCKOro nma H GeperoB. B Hactosuiee Bpems, NoBu-
JHMOMY, MOXHO CYHTAaTh YCTAHOBJAEHHHIM 1), UTO B TaKHX obaacTax obuuee pac-
cefHHe SHEePruy¥ B KOHIE KOHUOB 32 CYET YHEPriUH BPALMEHHA 3€MAH CTAHOBHTCH
CcpaBHuMOii ¢ TOH, KOTOpas MO.aVYacTCA HA OCHOBAHHH  ACTPOHOMHUECKHX
Aanubx; oM. § 371 '

§ 320. Bossparumcs cHOBa K OGuledl TeOpHH; NYCTb §y, gy -+ §n
CyTh KOODAHHATH AWHAMHYECKOH CHCTeMbl, HAa KOTOPYI0 IeHCTBYIOT:
1) KOHCepBATHBHBIE CUIIbI, 3aBHCALLME OT KOHPUIyPALMK CUCTEMH, 2) CHiH,
BOBHUKAIOUIKE NIPH ABHIKEHHUH U NPONOPUMOHAILHBIE CKOPOCTAM, H 3) 3a1aH-
Hble BHEIUHWE CH/ibi. YPaBHEHHA MaAHX ABHXEHHA Jing TakOR cucTeMbl
fIPH CaMbiX OOLIMX NPEANONOXEHHSX HMElOT BHI

d oT . oV
L0+ Bugy+ Brufat ... = - O- +Q, o
dt og, oq,
T/1le KHHETHMYECKas H MOTEHUMANLHAS 3HEPIHH ONPeAeNsioTCsS BbipaKeHUAMH
BHIA

2T =a, ¢+ ool + - . . + 20130243+ - - - » )
2V =y @i+ Coe + .. -+ 26020102 +- - @A)

HyxHO HMeTb B BHAY, 470
Qs = Grs,  Crsg=Cyry C))

HO Mbl He Oy/neM npeanoiaratb, UYTO0 KO3pHUHeHTH B,, U B, paBHH
Apyr ApyTy.

) Taylor G., cm. Buwe, c7p.402. Jeffreys H. Phil. Trans. A, CCXXI,
239 (1921).
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Ecan nonaoxHM Tenepb

bre=bgr= ";‘ (Bys+ Bey) 6)
"
Bre=— B =5 (Br— Bu), (6)
TO THNOBOE ypamenue (1) npumer BHA
4T oV
m 0 + +ﬂr1q1 +ﬁr2ﬂ: oo — 07,- +Q, )
l‘ne . . - .
2F - bilq:+ b!iq: +- . "‘I" 2b1'q1qg + cos (8)
M3 ypasHenul Takoro BHAa BHBOAHM
£ (T+V)+2F = 3 6,4. ()

[ipaBas wacTL 9TOrO BHpaXKeHHs MNpeACTaBAseT paGoTy, NpoW3BelEH-
WYIO BHEIIHHMH CHAAMHM B eAHHuuy spemesd. Yacts 3Toft pabGoTh HAeT
Ha yseauueHue oObutefl sHeprum T 4V cHCTeMH; OCTanbHas *ke 4acTh,
¢ HameH TOYKH 3peHHd B HACTOAIMH MOMEHT, pacceHBaercds CO CKO-
pocrsio 2F. B npuaoxeHuax Kk peanpHhiM 3amayaM d¢yHkuus F oxa3u-
BaeTC CYUWIECTBEHHO [OJOXKHTeAbHOH; 3Ty GyHKuM0, caeays Paxewl),
KOTOpbif mepBLfi ee BBeJ, HAa3HBAIOT ,NHCCHNATHBHON (yHKuueh“.
Unennt 8 ypasuenmu (7), 3amucsigHe OT F, Mn OyneM Ha3uBaTh

tmeuamu TpeHHﬁ OcranbHuie xe YjeHb, B KOTOpbleé BEIHYHHH {,,

das e+ - s gn BXONAT C KO3QHIHEHTAMH, YAOBJIETBOPSIOUHMH COOTHOLIEHHIO
ra=="— B, MMEIOT BHA, KOTOPhH MH yXe BCTpeuanu B OOGLUMX ypaBHe-
HUAX ,THPOCTaTHuecKOR“ cHcTemb (§ 141); MX MOXHO MOITOMY Ha3HBaTh
. THPOCTATHUECKHMH UJICHAMH “
§ 321. Ecan rupocmmqecxux YNeHOB HET, TO YypaBHEHHe (7) NpH-
HOAWTCA K BUAY
LT 4 07 4 %Y Q. (10)
dt oq, 04,. oq,
Kak u 8 § 168, Mu MOxeM npeanonoxuth, 4to Bupawenus T u V
1ipeo6pa3oBaHHEeM KOODAMHAT mNpPUBENEeHH K CyMMe KBaApaTOB, TaK 4TO

2T =a,gt +ay + ... + angl, (11)
2V =6q+ ¢+ ... 4 Cagn. (12)

CnyuyaflHO MOXET O0Ka3aThCs, XOTA 3TO BOBCe He 00643aTenbLHO, YTO
70 e camoe NpeoOpa3oBaHye KOOPAMHAT MPHBOAMT Taxkxke M dyHkumio F
K ITOMY BHIy, T. €. K BHAY

2F=bl‘.li+bz‘i:+---+bn¢v (13)

1) Rayleigh, Some General Theorems relating to Vibrations, Proc. Lond.
Math. Soc (1), 1V, 357 (1873) (Papers, 1, 170); Theory of Sound, § 8l1.
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Tunoeoe ypasnenue (10) npunumaer TOorma RPOCTOH BHX

a,q, 4 brq,' +Crgr= Qr, (14)

KoTopui#i paccmarpuBanca yxe B § 317. B atoM ciyuyae Kaxaas KOopau-
HaTa qr MOXeT HU3MEHATHCH HE3aBHCHMO OT OCTa.1bHbIX.

Ecan ¢ynkupus F Re Mower 6WITb NpHBEIEHa K CYMMe KBagpatoB mnpu

NOMOINH TOFO e npeo6pa3oBanus, KaK dyakuun T u V, 10 ypasresus (10)
NPHHHMAIOT BHJ,

@y +0vigy+b1ggat - byt 0101 = Qe
a:ﬂ; =+ bzl‘.h -+ ”22‘.12 +.o+ bzn‘}n + Cofy = Q, (15}

a4, - h,nql -+ b,,‘_‘qz e e bnnqp T T Qn’
= by

JBH:KEeHHE OKa3biBAaCTCH B 3TOM cayuae Gojee CIOKHLINM; HATPHMEP, B Cayuae
CBOGORHLIX - KONieGaHitii 0K0.O YCTOHYHBOTO INOJNOMEHHA PABHOBECHS IBH)KEHHE
Ka#goH wvacTHub! (NMPH 1IPOH3BONLHOM HODMA.IbHOM KONeGaHHM) NpPenCTaBiIseT
€060 31INNTHYECKOE FapMOHHUECKOE Kone6GaHile, TIPHYEM OCH AIHACA YHBIBAIOT
1o 3axouy e %,

Bonpoc Heckoibko ynpouiaercs, KOTIa KOSGDHLHCHTH BA3KOCTH b,, OKa3dbi-
BaIOTCA MAAbLIMU, TAK KaK B STOM CJAy4yac HOPMajbHbie KONeGaHUA NHPOHCIOAST
JIOYTH B. TOYHOCTH B TOM BHJIE, KaK H NpH OTCYICTBUH TpeHusa. Tak, Hanpumep,
H3 ypaBHeHu#l (15) moayuaercs, 4TO CYMIECTBYeT CBOGOAHOe xoxeGaHie Takoro
THRA, TIPH KOTOPOM H3MEHAETCS DIABHWM OGPa30M 00HQ KOOPANHATA, CKAKEM g

TOrRa r-oe ypaBHEHHE NPHBORHTCA K BHAY

a4, -+breq, - ¢,4,=0, (16}
npiyeM GHIM OTGPOLIEHH WieRb, B KOTOPHX CPABHHTEILHO Maible Bemumm
Gy: G2 . - - q,, (kpome qr) YMHOKAI0TCA Ha Majble KO3DHUHENTH by, bg,. - ., b, Mur

Bufean B § 317, uTo 1an MaabiX 3HaueHni BeNHYHH b,, pewenue ypasHeHus (16}

HMeeT BHA
t

qr = Ae’— T oS (O't “f' 6'), (17)

—1 __1_ hl":_ — / c"
T = 3 —a‘r y G == (Er— . (]?‘)

CpaBHHTEILHO Maible H3MEHEHHA OCTaJbHbIX KOOPHHHAT ONPEREAATCs B ITOM
cayuyae M3 OCTajbHBIX YpaBHeHui ciictembi {15). C TOW xe CTENEHb TOYHOCTIHE
HMeeM, HanpuMmep,

rae

as;].s"L brsq.r"}_ 4= 0. (19}
OTKYZia CIEAYVeT
!
Ors T in (ot -
qg. ;z—;ja_@: 4 sin (ot - €). (20)

DITHNTHYECKHE TPACKTOPHN YaCTHI IPH HALIMX NPEANONONEHHAX 6YAYT OYeHDb
BHITAHY¥TBIMH, 3a HCK.1I0YeHlIeM TOro CJ1yyas, KOTAa NepHOAn OGOHMX HOPMAaAbHLIX
xoaebauui 6YANT npubansnreabHo paBebl. Eciau 66 MOAKHO GBIIO NPHHATH, YTO

g, = acos (at-te), (21)



§ 322} Bausnue 2upocmamutecKux “AeKos s

rjie BeIHYHMH2Z ¢ HMEEeT TO e 3HaYeRHe, KaK M NPH OTCYTCTBHH TpeHus, B 1O
BpPEMA KaK aMIJHTYHa @ MELJleHHO H3MEHAETCA C TeYCHHEM BPEMEHH, H ¥TO H3Me-
HEHHA JAPYTUX KOOPAHHAT OKa3biBalOTCA CPABRHTEAbHO MaALMH, TO NB NOJYYHAH
6 NPHOAHMERHOE ypaBHEHHe

) 1 1
T+V=15 a4} +5 (= o'a,e. (22)
llanee, pacceanne Bupaxanoch 66 GHOpMynoH
P =b,q%
Cpennee 3HaueHHe 3TOH BEAHYHHB 6hn0 Ob NPHUGIHKEHNO paBHO
1
5 o, .a. (23)

Otciopa, npHpaBHEBas YObAb SHEPrHM B €NHHHHY BpEMEHH CpPERHEMY 3Ha-
HERHI0 PaCCeANHA, MONYUYHM

rr
M, CAEAOBATENLHO,
t
a==aye ', (25)
ecan, xax B gopmyse (18),
e 19,
T T a (26)

I710T cnoco6 onpejeaeHus CKOPOCTH 3aTYXaHHA KoaeGaHHil HHOrma Gyaer mpu—
TONHBIM 1A TeX Clyd4aeB, B XOTODHX INONHOE ONpefeNeHHE BIHAHHA TPEHHUA
6bia0 Om 3aTpyAHHTeNbHBIM (cp. §§ 348, 355).

Ecan Ko3GHUHEHTH TPEHHs CPaBHHTENbHO BEJHKH, TO MacCa CHCTOMH NOYTH
He GyAeT OKa3WBaTh BAHSHHE Ha JBHXEHHE; Haubonee yROGHOH CHCTEMOR KOOpAH-
Hat TOfXa OyldeT Takas CHCTEMAa, NPH KOTOpoil dymkmun F H V npuBoaATca
ONHOBPEMEHHO K CyMMaM KBaJpaToB, T. €.

2F =b,g}+bagd + ...+ bgt, @n
2V=cgi+cagi+ ... +c,4% .
¥YpaBHeHRs CBOGOAHLIX NBHXKEHHW B 3TOM cayuae GYAYT HMETb BHL

br‘ir +¢,4, =0, €©8)
OTKYAa caepyet
t
g, =Ce °, (29)
CCaH
b,
T= -: . (30)

§ 322. Echu B ocHOBHHE ypaBHEHHS BXOMST KaK THPOCTATHYECKHE
uleHbl, TaK H WYJIEHH, COOTBETCTBYIOUIHE CHJAM TpPeHWs, TO TEOpHs
€CTECTBEHHO CTaHOBHTCH ewle Gonee cnoxHOH. JlocraTouno Gyaer 3pecs
paccMoTpeTh ciyyatt 98yx cremesefi CBOGOMB!, NPOAONNKAA HCCNEROBaHHE:
§ 2061).

1) 3a Gonee NOXPOGHHIM HCCIENOBAHMEM MOKHO OTOCAATh X pabore, MHTH-
posanno# Ba crp. 315.
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VPpaBHEHHA IBHIKEHWA HMEIOT B ITOM Caydae BH]
a,q; by + (bys 4+ B) 2 + 6,01 =Qu )
.43 + (021 = B) gy + basfs + €242 = Qe
Yrobst onpegenuts cBoGORHbE ABIKEHHsH, nonOXHM Q, =0, Q,=0 u npumem,
UTO KOOPAHHATHl ¢, §1 ¢y APONOPLUHOHITLHBI . o NPUBOJHT K YPaBHEHHIO
YEeTBEPTOH CTeneHil OTHOCHTEJILHO A
@,0:2% - (agbyy + ybys) 23+ (aye, 4 0,63+ B2+
+ byabye — ba) 22+ (b1aCq + b2ay) 2+ €42 =0, )
flpn nomomu kpurepus, ycrasosaewHoro Paycom!), mMoxHO Ges TpyAa moxa-
3aTh caeayioutee. Ecan, xak 37O 11 1MeeT MECTO B HalueM Cay4ae, BEIHYHHBI
@y ag, by, bay, b11bse — b3,
OKa3uiBAIOTCA BCC HOJNOKHTEALHBIMH, TO HEOGXONIMOE M JOCTATOUHOE YCI0BHE
#aR TOro, uTO6L NEHCTBHTENbHBLIE YACTH KOPHEH 3TOr0 VpPaBHEHHR 4eTBEpTOil

crenedn GbiaH Bce OTPHUATEABHBLIMIL, 3AKJIOYAETCA B TOM, YTO KOIPHUHEHTH
¢; 0 €q BOAKHD GbiTh 062 NONOKHTENALHBIMM.

Ecas mMbt 0T6pocHM 4/€Hb BTOPOIO NOPSAKA MO OTHOIMCHHIO K KOI(HUHEHTAM
FPeHHs, TO TO K€ 3aKjloueHHEe MOxeT ObiTb NOJAYyueHO 6onee HENOCPENCTBEHHO
cleaywouym obpazom. [lpn HauleM APEANOIOKEHHH KOPHH ypaBHeHus (2) MOryT
OuiTh BbIPaKEHH PABCHCTBAMH

A= —u tioy, A= —uytioy, 3)

1IpHYeM 3HauYeHHs i oy H o, B NEPBOM npn6mm(emm OKa3blBAlOTCA TAKHMH XKE,
KaK H mpH OTCYTCTBHH TPEHHA, T. €. OHH ABIAIOTCA KOPHAMI YPaBHCHHA

4,850% — (A1 + 8,62 + B*) 6* -+ €16, =0, )
MEKAY TEM KaK 3HAUCHHA «,. oy ONPENCAMOTCA VPABHEHHAMM
1 1by, bzz) th , Ye _ 1 (bu | bzz)
“t 2('a,+a, ' et Tef 2\e e/ 2

O4eByIHO, A1 TOrO 4TOOb G; M Op GLINH NEHCTBHTEAbHM, €5 H €5 NOKHB! HMETDH
OANHAKOBBIE 3HAKH, a IS TOTO YTOOB «, M «p GblA MOMOKUTENAbHb, 3HAKH ¥ ¢y
H ¢, ROAXKHB OHTH nooxureabHuiMu. Ecan, Hao6opor, 3navenus ¢, i ¢, 06a noao-
MHTEALHL, TO 3HAMCHHA 0} M 03 OKA3BIBAIOTCA AEHCTBHTCIbHBIMH H NOJOKHTENb-

4 [
HbIMH, K KOJHYeCTBa -—!-, —2 06a aewar B HHTCpBAJge, ONpeaeassieMOM 3Haue-

33 2 .
Huamn o} ¥ o}. U3 ypasuennit (3) nacee nerko moavuaercs, UTO KOpHIL o, M a,
GyAVT TOr1a 00a NOJORKHTEIbHbI ).

1) Ranth, Advanced Rigid Dynamics, § 287.

%) MpocToil NPHMEP H3NOKEHHOH 31€Chb TEOPHIl HPECACTABAAET MATEpPHAILHAS
4acTHUA B 9ITHNTHYECKOH yvalue, BpPaulaioHieicss OKOJNO BepTHKAJALHOMH raaBHOI
-oc. Ecan 6t noBepxHOCTL uawmy 6uiza aGCOMOTHO rAanKoil, TO paBHOBecHe
HACTHI{ B €€ CaMOM HI3IEM MOJOKeHHH Obl10 Obl YCTOHYHBBIM, 32 HCKIWOHE-
HHEM TOro Cayuas, KOTAa NEPHOJ BpALUCHHA JEKHT M e K 4y HepHoaamu 060X
HOPMaabHBIX KoOJeGaHuii (Kaknoe B COOTBETCTBYIOWEH TIJIaBHOH MIOCKOCTH)
¥aCTHUH!, HMEIOUMX MeCTO B CIyuae nokosutedics wawu. Ho ecam upusnmaercs
BO BHHMAaHile TpeHile MeXK1Y YacTHHEH I I0BEPXHOCTLIO Halll, TO PABHOBecHE
TONBKO A0 TeX nop Hyaer ,BeKOBHMM o6pa3omM* VCTOHUNBBLIM, ROKAa Yri0Bas CKO-
POCTL BpaLIeHHA OCTAeTCA MEHbIUE, YEeM YrI0Bas yacToTa 60aee MEeMNEHHOro
H3 ABYX Ha3BaHHHIX HOPMAa/JbHbIX KoaeGaHuii. A ecan BpalieHHe MPOHCXOAHT
6onee GbICTPO, TO HACTHLA LOCTENCHHO YAAadeTcs OT OCH it NEPEXOIHT B MOJO-
KEHile OTHOCHTEIHLHOTO PaBHOBECHH, B KOTOPOM OHa Bpauiaercs BMecTe C vauieh
AOAOGHO rPY3HKY KOHHYECKOTO ManTHHKa. B 3TOM COCTOAHHH clicTeMa, COCTOANLas
M3 YaCTHUH I YAWH, NPH TOM Ke M1aBHOM MOMEHTE KONHYeCTB JBHAEHHA 06aa-
RAET MEeHb Ll € H 3Hepried, uem B TOM Caydae, KOrlla 4aCTHiIa OCTaeTcA B CaMOH
HibkHeH Touke waww (cp. § 254). Hekoropuie naabseiiuite nATOCTPAUHH HMCIOTCA
B paGore: Lamb, On kinetik Stability, Proc. Roy. Soc. A, LXXX, 163 {1907).
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Ecan onnd n3 xosdpuuHeHTOB ¢,, ¢, (HanpsMep, ¢,) paBeH HYMO, TO ONHO H3
3HAYeHHH o (Hanpumep, oy) TOKe AOMKHO ObThb PpPaBHO Hymio, 6aaroaapsa uemy
OAHO M3 HOPManbHHX KoJeGanuit OGyner HMeTh OeCKOHEYHO GOJLIUOH mepHoA.
Mu Synem TOTA3 HMETH

2 6 ﬁ: —_-Ac_'_
o= a, +ﬂxaa y Oy a.cl_*_ﬂg . (6)
Kak u B § 206, nerko MOryT ObiThb HamHCaKbl BHIPAKEHHA AAS BLIHYXAEH-

HMX KoneGamuit B o6uwem cayuae, koria Q, ¥ Q, NPONOPUHOHALHH €'°'; M,
ONHAKO, HMccaeayeMm 3aecs Gonee noApo6HO uvacTHM cayvail, Korga cy=0
Q;=0. Ypassenus (1) gaior B 9TOM Ciyyae

(€1 — 6%, +ioby) g1 + (s + B) q:,=Q1.} M
io (bs —B) 1 +(ioay + b2s) ¢:=0,
OTKYRA cheayer
{odg + bag
h=_ @,8316° — (@1by; + A1D3e) 0% + (a3€, + B* + by 1bag — bls) [0+ byaCy % @&
370 paBeHCTBO MOXHO HAMHCATh TaKxie B BHAE
6= ioag+ byy Q. 9)

ayay {(io+ a,)* + 07 ) (io+ay)

FnaBHan mawa 3amaya COCTOMT B TOM, 4TOGHI HCCAEROBaTh Ciydyail BO3MY-
wgaouledt cuan GeckoHeyHO 6GONbLILOrO NepHOAA MO TOH NpHYHHE, YTO OR QHry-
pupyer B teopuy Jlamaaca ana ob6bACHeRHAs YeTHPHAXUATHAHEBHHX MPHIHBOB

\ [+ 3
1§ 217). Mul npeanOnOXKHUM MOITOMY, UTO KaK OTHOWICHHE Tl ., TaK M OTHOUIEHIIE

]
-L pennxa. Toraa qopmyna mpHBemeTca K BUAY

a4y
ioay + by, i0Gy + by
= Q= Q.. (10)
418,01 (io +as) bygts -ig-+l)
ag
Bce 3aBHCHT Temeps OT 3HaYeHHH OTHOWEHHI I % Ecan 3HaucHHE g Ha-

a b”
CTOALKO MaJoO, YTO 3HAUYEHHAMH OGOHMX OTHOIHCH“& MOXHO npe“e6pe'~lb, T0 B CO-
rJacHH CO CTATHYECKOH Teopﬂeﬁ noaxyyaem

Q
h="". (11)

1
ilpunaroe 3pecs AONyleHHe O3HAYaeT, 4YTO MEPHOX HPHIAOKEHHOH CHAN Be-
MK MO CPaBHEHHIO C MPOMEKYTKOM BPEMEHH, B TeYeHHE KOTOPOro aMIAHTYAH

¢BOGORHLX KOIeGaHHi yGHBAIOT BCAEACTBHE TPEHHA A0 —5— MX TiepBOHAYAMb-
e

ody

BeAH-
b

c
HpiX 3Haueruit. Ecan ke MB Apeanonoxum, 4TO M OTHOWEHIHA o n
XH, TO NONY4YHM, Kak B (8) § 206.

=ht g % ’
ql_‘bzzcl Ql a‘CL'+‘ﬁ‘Ql . (tz)
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BA3IKOCTD.

§ 323. Ilepexonnm Tenepb K PacCMOTPEHHIO CONPOTHBAEHHs ocoboro
pola, KOTOpPOe XapaKTepHO Jansd KuakocTefl. MeToam, XOTOpbie Mbi
6ynaeM NPHMEHATb NPH 3TOM, Heu3GeXHO OyAyT Temi e CaMbiMM, KaKue
APHMEHSAIOTCA NIPH  PAaCCMOTPEHHM CONPOTHBJIEHH H3MeHeHnio (OpMHI,
Ha3biBa€MOr0 , YAPYrOCTbIO“ M XapaKTepHOro JAMa TBepanx Ten. O6a aTux
Kiacca sBreHnH C ¢usnyeckOH CTOPOHLI ABAKIOTCA PA3TNYHBIMH, HEO
gocneAHuN 3aBHCHT OT NEHCTBHTENLHO TIPOM3BEREHHBX HameHeHHH dopMul,
TOr'AA KaK nepBuift 3aBHCHT OT ckopocmu 3TOr0 HM3MeHeHHMs, HO Npnme-
HA€Mbie NpPH 3TOM MareMaTHyeCKHe MEeTOAW OKa3biBaioTcs B 06OMX cny-
vMasx B 3HAYHTENILHOR CTENEHH TOXAECTBEHHBLIMH.

MpoBeaem uepes npoH3BOABHYI0 TOUKY P TPH RAOCKOCTH NepHeHIH-
KYJASPHO K KOODIHHAaTHHM OCAM X, ¥, 2 M 0603HaY¥M TpH COCTaBJ]SIO-
HiHe HanpsKeHWs, [AEHCTBYIOUEro Ha IIepPBYI0O M3 3THX IUIOCKOCTEA H
OTHECEHHOTO K eAWHHIe TUIOIAAH, Yepe3 Pxx, Pxy, Px:y COCTABARAIOUINE
HaNPSKEHUsA Ha BTOPYI0 NJAOCKOCTb — Y€pe3 Pyx, Pyy, Py: ¥ COCTaBAsIO-
NIME HANPSHKEHHA HA TPETHIO TIOCKOCTb -~ YePe3 D:x, Prys Pzzl).

Ecan Mbl Tenepb paccMOTpHM 3aeMeHT OX 8y 02, uMeiouH NeHTD B
TOuKe P, TO Ha#lleM, COCTaBAsA yPaBHEHHs MOMEHTOB M jens Ha dx dy dz.

Pye=Pzys Pex=Pxz; Pxy=Pyx;
HpH 3TOM Mbi OTGpAachiBdeM BHENIHHE CHMJIB M KHHETHYECKHE pPeaKlHH.
TAK KaK OHM TPEACTaBIKIOT Majibie BeJMYHHHE GoJiee BHICOKOTO ROPAAKA,
4eM NOBEPXHOCTHbie HanpsKeHus. ITH COOTHOILUEHHN NPHBOAAT NEBATH
COCTAB/ISIIOUINX HANPAXKEHHSs K HIeCTH; A8 Cayuas BA3KOH IKHAKOCTH
COOTHOILEHUS 3TH MNOJYYAIOTCA TaKie HeMOCPeACTBEHHO M3 BHIPDaXeHHA
AR Pyz, Puxs Pxy, KOTOpHe O6yayT mausi Hmke (§ 325).

§ 324. Vi3 § 1 u § 2 caenyer, 4TO OT/IMYHE TOrO COCTOSHHS HKHA-
KOCTH, KOTOPOE ONDEJleNISeTCs BeWUHHAMM Pxc, Pxy, ..., OT COCTORHMS,
1IpH KOTOPOM JaBJieHHe MO BCeM HANPABJIEHUWAM O/IMHAKOBO, OOYCAOBJECHO
TONBKO ABHKEHHEM OT nedopManuu B OKPECTHOCTH TOukn P. 3Jta nedop-
MaUMA  ONpeieiseTcs WIECThIO BeAwuyuHamu &, b, ¢, f, &, h, xak 6uio
nokasaHo B § 30. Mpexnae uyem mepefiTH K ONpPeneNeHHIO Prx, Pxys - - -
Kak (YHKUUH 3THX BeJWuyuH, YAOOGHO GyjieT YCTaHOBHTL 3/€Ch HEKOTO-
pbie GOpPMYAB NPeo6pa30BaHyA.

1) B cOraacHH ¢ OOWNHKMA OG03HAaUCHHSMH TEOPDHH YNPYTOCTH MH CHHTaeM
pacmaxcerue TONOKHUTEALRBM, 3 cocamue oTpunarelbHnM. B cayvae npeaasnol
KHAKOCTH MMEEM, TAKHM O6DA3OM, Py, =p, =p,,= —p.
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IMposeaem ocu Px’', Py’, PZ' no HanpasieHusaM TriaBHHX OcCeH Ae-
dopmaniu B Touke P; mycts a’, b, ¢’ 6yayt ckopoctn aedopmaumu
HQ 3THM HanpasiaeHusMm. [TycTb, Nasee, B3aHMHOe pacno/oxeHHe OGeHx
cucTem oceh: X, ¥, 2 u X', ¥', 2’ onpeaeneHo oGHuYHBIM CNOCOGOM npH
MOMOUIY NPHIAOKEHHOH 34eCh CXeMbl HAmpaBARioOWMX KocuHycos. Toraa
Oynem HMeTh

ou __ 0 9 0 P ’ "
e (110—x,+125y—,+135;) (L' + ' + Lw') =
ou” 2 00" g OW’
=% 4 p%  po¥
—llox'+l’ay'+l'oz' .
Or1Ciofa Caenyer
a=la +Rb +Lc,
b=mia" + mp’ + mic’, ()]
c=nia’ 4 nb’ + nic’,
rpuYeM MOC/eAHHe ABa COOTHOHIEHHS NOJAYYAIOTCH NPOCTO N0 aHAJAOTHH.
Mpl BHAUM, 4TO

a+b4c=a +b' 4, )

KaK M C/AeNOBA/MO OXHMAATH, TAK KaK KaXaan u3 obeux u4acre#t 3toro
paseHcTsa uamepser ,KyGuueckoe pacumupenne® (§ 7). Hanee nmeem

ow | ov 0 0 0 , ,
oyt o= (’"1 o T Magyr Mg 5;7) (" + ngv" + ngw") +
0 0 0 ’ .
- (nld? + Nagyi + "3-07) (myu’ 4 myv’ 4 mgw');
9TO COOTHOlLEeHHe BMeCTe C nBywms ApYyruMy, dHANOTHYHLIMH emy, Jaer

f=2(myma’ + myngb’ + mgnyc’),
g =2(mbla’ 4 ngled’ + nglyc’), 3
h = 2 (llmla' + Iamzb' + lsm ac,).

§ 325. M3 cooGpaweHnit CHMMETDHM ClJeAyer, 4TO HalPsKeHHus,
neficteyioutue 8 Touke P Ha miockoctd y'2', Z'x’, x'y’, RoakHBI GHITH
1eTHKOM HaNpas/ieHbl NMEepPNeHAUKYIaPHO K 3THM NAOCKOCTAM,

O603HauuM 3TH HanpsKeHHs uepe3 Py, Py, Pa.

Mycte ABC Ha ¢dur. 1 (§ 2) o6o3Hauaer Tenepb MIOCKOCTb, NPO-
XOAAULYI0 B HENOCPeACTREHHOH 6/M30CTH OT TOYKH P nepreHamky.spHO
K OCH X ¥ nepecekawougyio ocu x’', ¥, 2’ B toukax A, B, C; 4 nycts
ofo3Hauaer naowans tpeyrosbHuka ABC. [Ilnowaan octanbHuXx 60OKO-
Boix rpawedt Terpaeapa PABC 6yayt toraa L4, 4, 1,4. Ecan wu
COCTaBHM KOMAOHEHTY MO0 OCH X PAaBHOASHCTBYIOUIEH CH.I, AEHCTBYIOUIMX
Ha Terpaeap, TO Hakhuem

Pexd = pliA - I+ plad - 4 polsA - g,
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npuyYeM BHEIIHWE NPHJIOKEHHBE CHJIbl M CHJAH HHEPDUMH Ha TeX e
OCHOBaHHMAX, KaK M Bblle, oT6polenn. OTCI0a W M3 NOAOGHHX BHpa-
KeHufl, OTHOCALIMXCA K OCaAM Y, 2, MONYuuMm

Psx=pil} + paly -+ psls I
Pyy= pym; + paimy+ porti;, [ ()
Pz=pynt -+ panty -+ pyn;.
Mbi BuauM, uto
Pxx+Pyy + Pr: = py+ P2+ Ps. )

Takum 006pasoM, 3HaueHHe CPeiHero apHPMeTHYEeCKOro TPeX HOPMaib-
HBX COCTABJASIIOUIMX JJS KaXAOH M3 TpeX B3aWMHO TMepHeHANKYAsIPHbIX
INIOCKOCTEH B TOYKE OKa3biBaeTCH BCErda OJAHMM W TeM e, Mbl Gyiem
0603HauaTh 3TO CpejiHee AaBiaenue vepe3 pl).

Eciu MB cOCTaBHM Jajiee KOMIIOHEHTY, NapajlenbHyi® OCH ¥, TO
NOMYYUM TPETbE COOTHOILEHHE H3 CAeaAYiolled CUMMeTPHYHOH CHCTEMBI
PaBeHCTB:

Py: = Py Ny -+ paifially -+ P3iigh s,
Px=Piily -+ pattaly + pangls, 3
Pxy=pilymy + p,lamy + palamg.

Or1ciona caeayer, y4To
Pyz = Pzys  P:x=Pxzs  Pxy = Pyxs

4TO APYrUM CrnocoGoM OuJAo 1oKazaHo B § 323,

Ecau Mul Ha to#h e ¢wmr. 1 npumem, urvo PA, PB, PC napai-
JeJbHB ocaM X, ¥, 2 1 ABC ecrb NpOW3BOAbLHAA NJAOCKOCTb, NPOXOAs-
ian B HEMOCPEe/CTBEHHOH 6AM30OCTH OT TOUKH P M HMelouiass HanpaBasio-
mue KOCHBYCH [, m, n, TO NOROGHBIM e cnocob6oM HafaeM, uTO CO-
CTaBASOWNE Dix, Phy, Ph: HANPHKEHMA, HAeHCTBYIOMErO HA 3Ty MIOC-
KOCTb, OYAYT JIaHH BHPaXKeHWIMM BWJA

Pix= lp;xx"‘ mpaxy -+ NPa:, l
Pry= Ipyx +mpyy+ npy:, I 4)
Pu==lp:x + mp:y + np...

§ 326. 3uavenus BeMUMH Py, P,, Py OTANHAIOTCHA OT— P HA KONH-

YeCTBa, KOTOpLiE€ 3aBHCAT OT JiBMXKeHHd, O6YCACBAeHHOTO Aedopmanneh,
H NOTOMY 1OMKHM ObTb (yHKUMAMH TOAbKO Beawuynd a’, b’, ¢'.

1) Ocraercst OTKPHITLIM BORPOC, MPEICTABIACT AN CPeiHee 3HAUCHNE laBie-
HHS B CAyyae ra3a QyHKUHIO TOIbKO NIOTHOCTH M TeMmnepaTrypu (Kak npu cra-
THYECKHX YCJOBHAX, K KOTOPHM B NepBYI0 Oucpeib OTHOCHTCA 3aKoHn boiins
# JlaabTOHA), HAH OHO 32BHCHT TaKIKE Il OT CKOPOCTH KYOGIYECKOTo pactuupeHHs
B TouKe (X, y, 2); cmM. § 358.
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TpocTefiniee u3 BO3MOKHBIX 3/1€Ch NPEANONOKEHHH 3aKNIOUAETCS B TOM,
YTO 3TH GYHKUMM JuHe#Hble. Mbl HanuiieM nO3TOMYy

pi=—pHA@ +V )+ )
pa= — p+A(a@ +b +c')+2ub’, (1)
ps=—p+Ai(a 4+ +c')+2u, l
rae A M {4 — TNOCTOsHHbE, 3aBHCALIME OT NPHPOLB M (usudueckoro co-
CTOSHUSE MWAKOCTH] 3TH COOTHOIIEHHS B HauGosee obuled ¢opme npex-
CT4BJSIOT BBICKA3aHHBE BHIlE AONYIMEHHA ¥ COTAACYIOTCH C CHMMeTpHeh.

ToxctaBaas 3TH 3HAuEHHs Py, Pg, Py B pasencta (1) u (3) § 325 n
npumeHss pe3yabTaThl § 324, Haxoamnm

Prex= — p+A(a-+b-+c)+ 2ua,

Puw= — p+A(a+b+c)+ 2ub, (2)
Pro= — p+A(a+ b+ )+ 2uc,
Py:= 1], sz=ﬂg, Pxy= pho &)

Ha OCHOBaHMM ONpele/itHMs CpeiHero MAaBJIE€HHA P, BBENEHHOrO
B § 325, moayuyaeM COOTHOLIEHHE

34+ 2u=0; (4)

NpHHUMas 5TO BO BHHMaHME M TNOACTABAA# B DaBeHCTBa (2) 3nauenuz
a, b, c, f, & h n3 § 30, npuxoxuM K CHENYIOUHM COOTHOILEHHAM:

pes= —p— 5 u (G G+ 5) 250 |
pu=—p—se(pt5+e)+2us, )
Pzz=—l"‘§"‘(¥c+%+zl:)+2"37w’ v
Pvz=t“(§_;,+gg)=p"”’ i

prm () = ®

pxu'—‘ .“(g—z"" %l)___ Pyx-

[10CTORHHAS 4 Ha3HBAETCH ,XO3HIMEHTOM BA3KOCTH® WAH ,KOIDU-
HHEHTOM BHYTDEHHEro TpesHa“. $H3auuecKkoe 3HaueHHe STOro Ko3dwmumeHTa
MOJKHO HMCTOJIKOBATH, PaCCMaTpMBas TdK Ha3hiBaeMoe ,JlaMMHapHOe“ ABH-
wenne (§ 30); B 3TOM Cayyae KHAKOCTH OBHXKETCH KK CHCTeMa napan-
AeLHBX TJAOCKOCTeH, TpHYeM CKOpPOCTh BCIOLY HMeeT OJHO H TO Xe
Hampas/ieHHe M 1O BeJHYHHE NPONOPUHOHAJbLHA PACCTOAHHIO OT HEKOTO-
po#i HenOABMIXHOH NJOCKOCTH CHCTEMHI. Kaxuabifi cniofl XKHAKOCTH AEHCT-
ByeT NpH 3TOM Ha 6amxatiuiui coceqHHH CJAOH C TaHreHUHa bHOH CHIOH,
NPOTHBOAEHCTBYIOILEH OTHOCHTENLHOMY — IBHKEHMIO CJIOEB; UHC/ICHHOE
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3ua4enne ITOR CAABI, OTHECEHHOE K eAWHHUE IUIOWAAH, PaBHO KO3(w-
HMHeHTY U, )'MHO)KCHHOM)' Ha rpaaseHr CKOPOCTH B HANpasaeHud, nep-
NeHAUKYASPHOM K NAOCKOCTAM. Buipaxas 3T0 Qopmynamu H nonaras
u=may, v=0, w=0, noayynw

Psx=Ppy=p::= — P, Py: =0, Prx=0, Pey=pa.

Ecau (M), |L}, IT| 0603124207 eanuuust Macenl, JMAHHL M BPEMeHH,
10 Hanpakenve umeer pasmepsiocts [ML'T™?), a ckopoctn nedopma-
uny (a, b, ¢,...) pasmepHOCTH (T™'1, 1ak wro PasMepHOCTh BEJIHYN-
o p ectn (MLT'TTY).

Hanpsisenust 8 pa3anyHbIX KHAKOCTRX, ABHKYIUHMXCH OAWHAKOBLIM
00pa3oM, OTHOCATCH KaK COOTBETCTBYIOIMIHE 3HAYEHHH 4; HO €CAH Mi
XOTHM CPasHHThL BAHAHHE ITHX HANPMKEHHH HA BUAOU3MEHEeHHe cCylue-
CTBYIOWIETO ABHKEHHS, TO MB AOMKHB BBECTH B PAcCMOTPeHHE OTHOLUle-
HHE ITHX HANpsOKeHHH K HHepnun KuAKocTH, C 3TOR TOUKN 3peHus

XapaKTepHOoR BeJHYHHOH 6)'.&61‘ OTHOMIeHHe -g—-; NOITOMY MPHHATO 3ITY

BeHunHY 0603HauaTh 0COGHIM CHMBOJIOM, GYKBOIO ¥, H, C1eaya Makcseaay,
HA3LIBATH , KHHEMATHYECKHM KO3(PUUMEHTOM* BA3KOCTH. PasvepHoCcTL Besin-
unkn ¥ ects [LET1),

Caeayer 3aMeTHTb, WTO CAENaHHOE Bhillle APEANOIONKEHHE, COrAACHO
KOTOPOMY HAlPAXKEHNHA Dyv, Pxyy. .. CYTh sunelinne dynxkuuu ckopocreh
‘nepopmauun @, b, ¢,..., nMeeT YHCTO NPOGHLIA XapaxTep, B 4YTO XOTH
a prioti nveerca GoabHIAs BEPOATHOCTL TOrO, YTO 3Ta FMAOTE3a B CAyuae
$eCKOHEYHO MAIHX ABHNKEHHA HA CaMOM Jene COOTBETCTBYET JelCTBH-
TeNbUOCTH, BCE Ke y HAC NaJeKO HeT YBepeHHOCTH B TOM, 4TO Olld
upHaoKuMa BooGiue.

Pe#tnoabac 2), oanako, 06paTn1 BHHMaHHe HA TO, YTO OCHOBaiHblE HA
ITOM NPEANONOKEHHH YypaBHEHHS NOABEPIVIMCH O4eHb CTPOroH npoBepke
B ONBITAX, TOCTAaBAeHHLIX [lyaseftiem u Jpyrumm, CChAKa Ha KoOTOpbie
caeayer wike (§ 331). Ecam yuectn ROCTaTOYHO MIMPOKMA AHANA30H
H3MeHeHHs CKOpOCTeH nedopMauuu B yKa3aHHbIX ORBITaX, TO €ABA JH
MOXHO COMHEBATBLCA B TOM, UYTO 3T ypaBHEHHA BNOJHE [PEACTAB/MOT
3AKOHb BH3KOCTH. [las ciyyan ra3os 20noAHMTeNbHBE OCHOBIHHS 32KOH-
HOCTH 3THX YPaBHEHMH MOWKHO HafiTh B uccaemosauuax Makcsennad) no
KHHeTH4eCKOR TeOpHH ra3os,

l'lpaxnwecxoe OHpEIeNEHHC SHAUCHHA BEINYHBH & (1111 ¥) NpeiCcTaBaAseT HERO-
TOpHIC TpYAHOCTRA. He Bxoas B ACTaAN IKCMEPRMOUTANLHUBIX METO10B, TpIBEAEM

1) B cayuae CAHMACMBIX KHAKOCTEIi NPH HEKOTOPOM O0COGOM NOAXOAC K BO-
UPOCY MONXET BOITH BTOPOH KOIPHUHEHT BAIKOCTH, MMEGHHO B BIpaKCHUE NIR
CPEIUETO 1ABICHIA P, 33aBHCAWErO OT PHINUECKOTO COCTOAHUA M CKOPOCTH KYOH-
wecx:»)roRpacmuplc:nu; 6‘.\1.“;§§ 325, : XV

eynolds, On the Theory of Lubrication, etc., Phil. Trans., CLXXVII,
157 (1886) (Papers. il, 228) €6 T T

) Maxwell, Oa the Dvnamical Theory of Gases, Phil. Trans. CLVII,

19 (1866) (Papers, 11, 26). : ¢ e
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3gech REKOTOpHE H3 Haubfonee HajexHWX pesyabrtaros. [lpusenennnie Ieabm-
ronbuem 1) gabmonenun Ilyaselina paior pas BOAM 3HaueHue

_ 0,01779
B="130,033680 + 0,00022009 67 '

BHpaxennoe B cucreme CGS, rae 6 — temneparypa B rpaaycax lleascus.

Ins Bcex fo CHX MOP HCCIELOBAHHHIX HECHHMAaEMbIX MXHAKOCTEH BA3KOCTb
odeHb GHCTPO y6niBaeT NpH BO3PaCTaHHH TeMmepaTypu; mpu 1J° C, Hanpumep,
f10=10,0131. PeayabtaThi 6osee HOBHX OMHITOB XOPOWIQO COCAACYIOTCA C IPHBE-
ReHHOit Briuie popmyaoii ¥). Jaa pryru Kox %) namen yy=0,01697 u u,o=0,01633.

Mu nomkHbl NPHGABHTE K 9TOMY, YTO LA HEKOTOPHX HECKHMAeMBIX JKHA-
KocTeil, B OCOGEHHOCTH [N MHHEPaAbHHWX Maces], 3HaUeHHE u 3HAUHTENbHO
yBEIHYMBAETCA NpPH NABJEHHH NMOPAKKAa HECKOJALKO COT aTMocdep 4).

Ins ra3oB 6binO HaiileHO, YTO NpH H3MEHEHWH AABJEHHS B OYeHb LIHpO-
KHX TpaHHUaX 3HAYEHHE 4 HE H3MEHAETCA 3aMETHHIM 06pa3oM, IPH BO3PACTAHHH
He TeMNepaTypu OHO HECKOAbKO pacmem. [lna cnyuas BO3Kyxa SMNHpHYECKas
tdopmynas) uMmeer BHA

% =0,0001702 (1 + 0,00329  + 0 0000070 6%).

Sta dopmyna npu aTMOCHEepHOM NABIEHHH, €CIH MOAOKHTL o =0,00129, naer

Po=0,132.
3HayeHHe ¥ H3MEHAeTCH oﬁpa‘rﬂo NPOMOPUHOHANBHO XABJECHHIO.

§ 327. Ham HyXHO Temepb YCTaHOBMTb YCAOBHMS, KOTOpHE JO/KHHL
YAOB/JETBOPATLCH H2 TpaHMUAX.

Ha cBo60ozHO#i MOBEPXHOCTH HAM HAa MOBEPXHOCTH pasjena HBYX
PA3HYHBX MHAKOCTEA TPH COCTABJSIIOLIME HANPSKEHHS JOMKHH OHTh
HeNpepHBHH BAOAb NOBepxHOGTH ®). Tlonydalommecs OTCiOZa YCAOBHS
MOXHO JIerKO BhiBecTH npu nomoun Qopmyn (4) § 325.

Bonpoc 3HaYMTENBHO YCHOXKHAETCS NPH BHIACHEHHH MOJOXEHUs Bemiet
Ha NOBEPXHOCTH CONPHKOCHOBEHHS HECXKHMMAaeMOM XXHAKOCTH M TBEpPAOro
Tena. Kaxercsi oYeHb BEpPOSITHHM, YTO BO BCeX OOWYHHX CHAy4asX MKHA-
KOCTb, HaXOAALIAAICA B HENOCPENCTBEHHOM CONPHKOCHOBEHHH C TBEDALIM
TE/NOM, He HCNLTHBaeT OTHOCHTENBHOIO [ABHXKEHMS IO OTHOLIEHHIO
K 3TOMy Teday.

[IpoTHBONONOXKHOE mpeanosoXenue MPHBENO GH K TOMY, 4TO NDH
CKOJBEHHM ABYX XKHIKMX YaCTHIL OAHA MO APYroR moayyanoch Gul 3Ha-
YHTEeNbHO 6OJbiee CONPOTHBAEHHE, uYeM NPH CKOMAbXKEHHH IKHAKOCTH
BAONbL TBEPROro Tena?).

) Helmholtz, Uber Reibung tropfbarer Fllissigkeiten, Wiener Sitzungs-
ber., XL, 607 (1860) (Wiss. Abh., I, 218).

%) Hosking, Phil. Mag. (6), XVII, 502 (1909).

3) Koch, Wied. Ann. XIV (1881).

4) Hyde, Proc. Roy. Soc. A, XCVII, 210 (1919).

5) Grindley and Gibson, Proc. Roy. Soc. A, LXXX, 114 (:907).

%) Ecan npunnMaercs B pacueT kamuanspHOCTb, TO ITO 3aKAIOUEHHE JONKHO,
OYEBHIHO, HECKOABKO BHIOM3MEHHThCH.

) Stokes, On the Theories of the Internal Friction of Flulds in Motion,
etc., Camb. Tranms,, VIII, 287 (1845) (Papers, I, 75).
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OxaHaxo, €Cau MB Noxenann On CYUHTATh HA2 BPeMs STOT BOMPOC OTKPHTHIM,
TO HanOosee eCTECTBEHHHMM Oni0 Gn NPUHATb, YTO CKOJbXEHHE BHI3HBAET TaH-
reHUHaTbHYI0 CHAY, KOTOpas NMpOMOpLMOHa/lbHAa OTHOCHTENbHOH ckopoctH. Ecawu
MBl PacCMOTPHM JABHXXEHHE MaJeBbKOM KHMIKOH TUIEHKHM, TOJLHHA KOTOpoH Gec-
KOHEYHO MaJla B CPaBHEHHH C ee MonepeyHLIMH PasMepaMH # KOTOpas HAXOMHTCH
B CONPHKOCHOBEHHH C TBEpALIM TEJNOM, TO OUEBHJHO, UTO KacareabHOE YyCHiHeE,
TIPUJOXKEHHOE K €€ BHYTpeHHe#l NMOBepPXHOCTH, MOAXHO B KOHIE KOHLOB ypaBHO-
BEIUKBATLCA CHJIOHM, C KOTOPOH TBephoe Telo NeHCTBYET Ha €€ BHEUIHIOW NOBEepX-
Hoctb. lepBas cuaa MoxeT 6HiTh BHUHCAGHa npn nomowu Gopmya (4) § 325;
BTOpas xe GyJer HampasleHa B CTOPOHY, INPOTHBOMOJOMXHYIO OTHOCHTENbHOM
CKOpOCTH, M OyleT NpONOPUHOHANBHA OTHOCHTEAbHOH ckopocTH. [locrosHHas
(Hazosem ee ), KOTOpas AaeT OTHOLUEHHE TAHTEHLUHMAJbHOH CHAbI K OTHOCHTENb-
HOH CKOpOCTH, MOXeT GbiTb Ha3BaHa ,KOI(HLUHEHTOM TPEHHA CKOJbMEHHA®.

§ 328. YpaBHeHMs .NBHXKEHHS BSI3KOH XHIKOCTH MOXKHO NOJYUYHTb,
paccmaTpuBasi, kak B § 6, mpamoyroabHbifi napannenennnen 0x 8y 0z,
LIEHTP KOTOPOro HaxoAMTCs B Touke (X, ¥, 2). Haxona, Hanmpumep,
pe3yALTHPYIOLIYI0 B HanpasJeHWH OCH X, 6yJaeM HMeTb, 4TO Da3HOCTb
HOPMAJIbHBIX  HanpsDkeHMH, HEHCTBYIOLUMX Ha IUIOWIAAKH )2, paBHa

0
(—-52") 0x 0y 02. KacaTenphble e HampsikeHWs Ha o0e NJOWAAKH 2X

op.
BAIOT COCTaBASIONULYIO <7;’5) dy 62 6x; aHanornuHo o6e nAOWAAKH XY

op
RAIOT COCTaBasiolYyl0 — = 02 X Jy. TlosTOMy B OGLIuHBIX 06O3HaUeHHsX
Gynem umeThb

Du L] ‘)pyx -
0o =X+ '55C—+Ty-+ e
Dv _ OPxy | OPyy | OPzy
Dw __ 0pxz ()pyz opzz
epr=%+ 5ty T
TloacTaBnsin 3HAYEHMS Pyx, Pays .. W3 pasedcTB (5), (6) § 326,
HaXOlHM

Du _ op, 1 08
e pr=0X— st qug+urdu,

Dv 0 1 06
op;=0Y — 5—5+§#5§+#/—10, (2
Dw

Dw_ op 1 08
op; =L — gty s gt udw |

rae
ou , ov , OW
b=5tyta S

H A4 umeeT OGLIYHOe 3HAaueHwue,
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B cayyae HeCKMMaeMOH XXMAKOCTH 9TH YPaBHEHHs NPHUBOAATCA K BHIY

D 2
oy =0X— L4 du,

Dv op

QE=QY—0—J}+/"'—109 } (4)
Dw_ - 0p

g»E'---QZ“‘oz_}—ﬂAw'l

JTH ypaBHeHus JABHXXEeHHs B nepBbit pa3 Obiiu noayudedn Hapbe!) u
IlyaccoHoM %) Ha OCHOBaHMM DPa3NHYHHIX COOGpaXeHH# O B3aHMOAEHCTBHH
MexnRy Moiexynamu kuakocTH. Cnoco6, npuMeHeHHBIH Bhiue, CBOGOR-
Hbil OT NpPeAno/OXeHu# NoAOGHOro pona, NOBHAMMOMY, B CYyLIECTBEHHBIX
ueprax npunaanexnt Cen-Benany3) u Crokcy %).

YpaBHeHrHs1 (4) DONYyCKAlOT HHTEPECHOE HCTONKOBaHUe. lepBoe H3 HHUX MOMXeT
OhLITL HaNHCaHO B BHAE
Du 1 op
m— == X - — = v Au. 5
bt o ox TV ©)

[lepsoie nBa uneHa B NpaBOM 4acTH MPEACTAaBAAIOT H3MEHEHHE CKOPOCTH u
B ENMHHLY BPEMEHH, INPOHCXOAsAIEe BCAEICTBHE AeHCTBHA BHELUHMX CHA I
pacnpefeicHHs NaBjleHHA B NaHHbI MOMEHT, H MMEIOT TaKOH e BHA, KaK H
B Cayyae HMaeanbHOH xuAkOCTH. flocaeaHHH e ujeH, 3aBHCALMHA OT BASKOCTH,
NPEACTABIAAET, TAKUM 00pa3oM, NONONHHTe]bHOE H3MEHEHHE CKOPOCTH, KOTOpOe
CNIENYeT TOMY € 3aKOHy, KaKod MMeeT MeCTO Mis TEMNEPATYpPH B TEOPHH
TEMAONPOBOAHOCTH HIAHM JJIf TIOTHOCTH B TeOPHH AHG(Y3HH. DTO H3MEHEHHE CKO-
POCTH B CaMOM JeNe MNpPONOPUHOHAABHO (MOJOMKHTEALHOH HJIAH OTPHUATENBHOl)
PasHOCTH MEXAY CPEIHHM 3HAau€HHEM BEIMYMHH U Ha NMOBEPXHOCTH HeGOMbLILOH
cepH, OKpyxKalowWeH TOYKY (X, ¥, 2), U 3HAYEHHEM U B STOH TOUKe 5).

B cBa3n ¢ TepMHuecKo# aHalorMell HHTEPECHO OTMETHTb, 4YTO 3HaueHie
BEJMYHHB » JJIR BOABI MMEET TAKOH Xe NOpAROK, Kak 3HaueHHe (0,01249), nai-
AEHHOE DBEpPEeTTOM I TEMJIONPOBORHOCTH FPHHBHUCKOrO rpaBHs.

Ecau cuant X, Y, Z umelor notenuuan, To ypaBHenns (4) MOXHO HamucaTh

B BHAE
ou . I’ 3
S —pr. —_— Ay
of ~UsH wn ox » Au,
ov “ oy’
—_ & Pe—— L ]
o w-ku I + v dv, (6)
ow e i
or TWIAES = = by AW, ]
1ae
, 1
z=§+§¢+m m

1) Navier, Mémoire sur les Lois du Mouvement des Fluides, Mém. de
"’Acad. des Sciences, VI, 389 (1822). , i

®) Poisson, Mémoire sur les Equations générales de I'Equilibre et du
Mouvement des Corps solides elastiques et des Fluides, Journ. de 1'Ecole Poly-
techn., XIII, 1 (1829).

3) Saint-Venant, Comptes Rendus, XVII, 1240 (1843).

‘) Stokes, On the Theories of the Internal Friction of Fluids in Motion
lc., Camb. Trans., VIII, 287 (1845) (Papers, 1, 75).

%) Maxwell, On the Mathematical Classification of Physical Quantities,
Proc.” Lond. Math. Soc. (1), 11I, 224 (1871) (Papers, II, 257); Electricity and
Magnetism, § 26.
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¢ ofosnauaer 3hech abconoTHOE 3HaueHHE CKOPOCTH, a &, 7, { CyTb COCTaBAAL-
wue suxps. Micknouan y” nepexpecTHsiM AHEpeHIHPOBAHHEM, HAXOLHUM

D¢ L ou ou ou )

D= mt T TS |

Dy _ v, v, v !
‘5?'-—50—""{'775;'1'('0‘2-{‘7477' €))
Dt _ow

ow ow

IMepsnie Tpu ulena B nNpaBbIX YacTAX 3THX ypaBHeHHit jalot, Kak B (4) § 146,
CKOPOCTH, C KOTOPLIMH H3MEHAIOTCA 3HaueHHa &, 7, { Oad KAaHHOH 4YacCTHIH,
KOTJa BHXPEBHIC JIHHHH JBHXYTCA BMECTe C JXHAKOCTHIO M HalipsKEHHUA BHUXpeit
OCTATCA NOCTOSHHbiMH. [lo6aBOYHOE H3MEHEeHHe 3THX TPeX BeJHUHH, MPOHCXO-
Jnflee BCIEACTBHE BS3KOCTH, OIlpelenseTcs HOCAENHMMH 4YJIeHaMH H CiaelyeT
33KOHY TENJONPOBOAHOCTH. M3 3TOH aHaNOrHH cirepyer, YTO BUXPEBOE ABHMXEHHE
He MOXET BO3HHKHYTb BHYTPH BA3KOH MHIKOCTH; OHO RXO/IKHO PacnpOCTPaHATbCA
OT rpaHHYHOH MOBEPXHOCTH BHYTPb MXHMAKOCTH.

§ 328a. Ias naockoro cayuas ypasHeHus (6) npenuecTByioiero
naparpada npuBOAATCA K BUIY
o _ 00
0x oy'!

o A
W-}-HC—- oy + v

Orciona win u3 (8) npenmnyuiero naparpada mnosayuaercs

D
By = AL @

3eCb aHAJOruA C TEIVIONPOBOAHOCTHIO BIOJNIHE OUYEBHAHA.

13 ypaBHennit (1) MOXHO YCTaHOBHTb HPOCTOE BbIPAXEHHE AAS CKOPOCTH
H3MEHEHHA LHPKYJAUHH NO (HKCHPOBAHHOMY KOHTYPYy. TaknMm o6Gpa3om, Oyiaem
HMCTDb

of

%f (ud\‘+udy)=f(lu+mv) Eds+vfmds, 3)

rae (I, m) cyTb HanpasisIHEe KOCHHYCH BHYTpPeHHel HopMaau. [Tepsoe cnaraemoe
B NpaBoil 4acTH NPeACTaBAseT 9¢deKT nepeHoca BuxpeHd B 06JaCTb, OrpaHH-
YEHHYI0 IAHHBIM KOHTYPOM; BTOpOE ciaraemoe npeacrasiaser 3¢¢eKkT OT BA3KOCTH.

Hanpumep, B cliyyae ABHXEHHA IO KOHUEHTPHYECKHM OKPYXHOCTAM Gyaem

ou
oY=

)

HMETHh
o _ .. 0 (94 ¢
"ot =" o ("o?'*"r_)' @
HAU
%0 _ (%, V01 ¢
o= (5 ‘}‘57"7?)- ©)

Wuoraa 6wiBaeT ynoGHO MMETh MON PYKOH OCHOBHHIE (GOPMYJ]B B MOASAPHBIX
KOOpAHHATAX HA mAaockocTH. Ecau mbl 0603HauHM uyepe3 4, v paaHa’AbHYW KOMIO-
HEHTY CKOPOCTH M KOMMOHEHTY 1O MNEPNEeHAMKYAAPY K pafuycy, TO KHHEMaTH-
ueckHe (OPMYAH, Kak 9TO yKa3aHo B jomoaHeHuH k raase VIII, 6yayr
HMETh BMR

ou u ov

'a’,‘+ T‘f‘m:O, (6)
LA ou )

=t e a
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BuipaxeHrus 1 cOCTaBIAOIWMX YCKOPEHUA nipuBefeHn Ha crp. 199. Mosromy
YPaBHEHHs NBHMEHHA npeoGpa3yloTca B CAEAYIOL{HE:

ou v? 1 op o

atior e =R ] o m' )
ov ov ov uv
Aty Tt T =07 r06+

3necs R, O 06030a4ai0T PAAHAIbHYIO M TPAHCBEPCANLHYIO COCTABIAOIHE BHEILHER
CHJIBL.

Uro6nl HAaWHTH COCTAaBASIOLIHE HANPAKEHHA, Mbl OGO3HAauHM uepe3 (i;, v,)
COCTaBJIAOIIKE CKOPOCTH, OTHECEHHHE K HEeMOABHKHLIM JEKapTOBHLIM OCAM; TOrRa
6yaeM HMeTb

U, =ucos@—uvsin, v,=usino+vcoso, )

i=-==cos() 9 _ sinf —
0x, or r06 ' (10)

0 . [/ 0

— =5 — — .

oy in@ o ~+ cos@ 790

Ecan mu nocae audepeHuupoBaHMit nmpHMEM OCb X COBMajaloweil C MrHO-
BEHHHM TNOJOXKEHHEM pajiMyca-BeKTOpa, TO, moiarasa B ¢opmyaax (9), (10) 6=0,

nonyYHM
Ouy _ 0u v _|_
ox, or'’ 0y rd()
Ov, oy 0w ou v
+ oy, or +707)"T’
CaenomatensHo, uanpmxemw n3 (5) § 326 npencraBarca B BHAE
ou ov u
Prr=—P+28 5=, Pog=—P+ 2.“(;—0—(;4'7) )

ov ou v
Pro—”(w+7b‘o—7)'
Onpegensns peayapTHpPYIOIHE HANPAKEHUl B HanpasieHAAX r U 0 N0 rpaHaM
9J1€MeHTa r 00 Or, MBl BOCNPOH3BEAEM YpaBHEHHA (8).

§ 329. Yro6ul HailTH CKOPOCTb PaccesHust 3HepPriM, NPOUCXOASILErO
BCAEACTBHE BA3KOCTH, PACCMOTPHM NpEXAe BCErO 4acTb XXUAKOCTH, 3aHH-
MAiollyio NPAMOYTOMbHLIA aneMeHT O0X 0y 62 ¢ 1leHTpOM B Touke (X, ¥, 2).
Ecan mb BHuncanM pa6oTy, KOTOpas NPOM3BOAMTCA B €AMHUIY BPeMEHH
HANPAXKEHHAMH, JeHCTBYIOUIMMM Ha Tiapel NPOTHBOMOJMOXHLIX rpaHeit
anewema, TO MOAYYHM

'l 0x (Pxxt + PP+ PxW) + (Puxu + Py + PyW) +-
y ; (plel + P+ pzzw)} dx oy oz. H

(i1

Unenu

{ < apr: 0pyx op.,

+

+ g (Do g 2y Py g
+(0px,+0py~+ p“) }6x dydz (D
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BhipaxaioT coriacHo gopmyaam (1) § 328 pabory, KOTOpyi0 NMPOU3BOAAT
B CNMHHILYy BpeMeHH HanpsikeHus, AEHCTBYIOIUME HA I'DAHM 3JIEMEHTA MpU
JBHXKEHHH ero KaK TBepHOH 4aCTHUH; 3Ta paboTa MIeT Ha YBeaHuyeHHe
KHHEeTHYeCKOH SHepruy 3/eMeHTa M Ha BO3MellleHHe TO# paboTH, KOTOpas
cosepimaeTcs NpotB AeficTBus BHewHux cua X, Y, Z. OctanpHbie 4ienb
BEIPAXAOT PaboTy B eIMHMIY BpeMeHH, NMPOH3BOAMMYIO NPH H3MEHEHUH
o6bema H ¢dopMel dneMeHTa. X MOXKHO HamucaTh B BHIe

(Pxx@ - Pyyd + Dozt + Pyaf + Px8 + Pxylt) dx 8y 6z, A3)

rne a, b, ¢, f, & h wmeior Te xe 3HaueHus, Kak B §§ 30 u 324. Ilon-
CTaB/fis 3HaueHHs HanpskeHnlt nu3 dopmya (2) u (3) § 326, noayyum

—p(a4-b+4c)ox 6y6z+{—% p@4b+c3P+
+,u(2a2+2b“‘+2c2+f2+g°+h’)}6x6y6z. (4)

Iocratouyno 6yaer noka paccMOTpeTh TOT Cayuyall, NpHU KOTOPOM He
NPOUCXOAUT M3MEHEHHA NJIOTHOCTH, KOrAa, C/lel0BaTe/bHO,

a+b+c=0. (5)
Buipaxcenne (4) npuBOAMTCS TOFAa K BULY
#(2a%+2b>+ 2¢* - f2 + g2+ h?) x by oz (6)

M HPE/ACTAB/AAET BMECTE C TeM CKOPOCTb PACCeAHHA MeXaHUYEeCKOH Hepruu.
Ha OCHOBaHHH 3aKOHOB, YCTaHOB/MeHHhX J[xOyaem, 3Heprus, KOTOpas
Ka¥eTCsl NpH 3TOM TOTepAHHOH, HAa CaMOM JleJle J10KHA TNepexOAuTh
B TeNJOTYy, Pa3BHBAIOLLYIOCA BHYTPH 3JI€MEHTa.

Ecav My npounTerpupyeM mo BceMy o6beMy KHMAKOCTH, TO Haizem
IV NOJIHOTO pacCCesiHHs SHEPrHH B €MMHHMILy BpEeMeHW 3HayeHne

2F=fff¢dxdy dz, )
du\? o \? oW \2
o=u{2(G) +2(5) +2 (%) +
0 ov \2 0 ow\8 0 ou \2
+HG+5) HE+t) HeE+a ) @
BH‘IHTaﬂ oTCI0Ia Bupamemle
0 0 ow \2
2 (gn + 55+ 5r)
KOTOPOC ﬂpH CIHEJAaHHOM Bblile nonyuxeﬂun paBHO HyJIIO, IIOJI)"HIM
ow oy 2 0 ow \2 0 ou\2
o=u{(G—a) H%E 2 + (-2}~

4 (()v ow  ov ow ow ou ow ou ou ov ou 00). ()

rae

oy oz T 0z oy T oz ox — ox 02+5€-0}’ oy 0x

~ * Stokes. On the Eifect of the Internal Friction of Fluids on the Motion
of endulums, Camb. Trans.,, 1X (8) (1851) (Papers, 111, 1).
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[Tpounterpupyem 9To BHIpaxeHHe MO 061aCTH, Ha rpPaHHLAX KOTOPOH BeiH-
YHHB U, ¥, W TNOBCIOAY HCYE3a10T, KaK 9TO HMEeeT MeCTo AJf XHAKOCTH, 3amoi-
HAKEeA 3aMKHYTHI COCy[ COracHO IHIOTE3e NPHAHNAHMA; TOCA CKOJIbXEHHA
HET, WJIEHH BO BTODPO#f CTPOKe (1OCNe HHTErPUPOBAHHA MO YACTAM) HCUE3aloT,
H Mbl TOJy4aeM

2F=fff¢dxdydz=yfff(£’+n’+C’)dxdydz. (10) 1)

Bosee HemocpepcTBeHHOE HOKA3aTeNbCTBO STOH (OPMyAH Gyxem HMETb,
€C/H 3aMETHM, YTO NPH NPHHATHX NPEAMONOKEHUAX ypaBHeHHe 3Hepruu (5) § 10
3aMeHAeTCHA CAEAYIOUHM:

_g;(r_}.v):,‘ff (udu+vdv+wAw)dx dy dz =

=ﬂfff{u(%—%§)+u(%§_%§)+ W(%—g—g)}dxdydz=
== ff (8 +n*+ %) dx dy dz. (11)

B obuiem cayuyae, Korza Ha rpaHiyHeole yCJIOBUA He HaKAaABIBAIOTCH Orpa-
HiMeHHst, GopMyna (i) MPHBOAUT K BbIPAWEHHIO

2F=pff (8 + 72 -{)dxdy dz—
I, mn
u, v, w

0g? g
—”J]iETds+2”jj‘5,n,c,

on B MEpBOM MOBEPXHOCTHOM HHTerpane o603HavaeTr 3JeMEHT HopMaaw, a [, m, n
BO BTOPOM HHTerpajie CyThb Hafnpasisiolive KOCHHYCbi HOPMaiH; B OGOMX Clydasx
HOpMalb HAaNMpaBjieHa OT MOBEPXHOCTHOrO sjneMeHTa S BHYTPb.

Ecan paccmarpuBaemoe aBikeHnue CBOGOZHO OT BHXped, To sta ¢opmyna

NPUBOAHTCA K BHAY
2F " oqz_ das 13
on ) ( )

dan  vactHoro cayyas coepuyeckoit mOBEPXHOCTH 3TO BbIpaEHHE ClreAyer
HENocpeacTsenHo u3 ¢opmyant (5) § 44.

M3 dopmyant (6) caenyer, uTo BenuuyuHa F He MOXeET o6pamatbca B HyJb
©C.H paBeHCTBa

ds; (12)

a=b=(=0 u f=g=h=0

He UMEIOT MecTa Jiad KaxOnod ToukH xmuakoctH. OTcioga, npHHHMas BO BHHMaHHe
¥ 30, creayer, 4TO HBHIKEHHe MNHIAKOCTH 0e3 paccesHHs SHepPrud BCIeNCTBHE
BA3KOCTH BO3MOXHO TOJbKO B TOM Clyyae, KOTZa HHIAE B KHIKOCTH He MpO-
HCXOAMT yIVIHHEHHE H~H COKpalleHHe JHHEHHBLIX 9JeMeHTOB. JIpYrHMH ClI0OBaMH,
ABHXEHHE JXHIKOCTH JOMKHO COCTOATh M3 MOCTYMATEJNbHOrO H BpAaU{aTeAbHOTO
IBHWEHHA BCEH MacCHl Kak LEI0ro, Kak 3TO HMEeT MeCTO B Cilydae TBEpAOro
rena.

) Bobyleff, Einige Betrachiungen iioer die Gleichungen der Hydrody-
namik, Math. Ann., VI, 72 (1873); Forsyth, On the Motion of a Viscous Incom-
pressible Fluid, Mess. of Math., IX (1380).
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3ajaun ycTaHOBMBILEIOCA ABMKEHMS.

§ 330. ITepexona Temepb K PacCMOTPEHMIO YACTHHIX 3ajady, HeOGXO-
IHMO C CaMOro Hayana npeaynpeinTb, YTO XOTH YypaBHEHUSl ABVKEHUSA
BA3KOH XKHMAKOCTH M MOJyYeHbl HAIJIEKAUMM CIMOCOGOM, BCE Xe BBIYUC-
JIEHWSl, ONWPAIOLIMECH Ha HUX, NPUBOAAT K JOBOJBHO CHJIBHO OTpaHH-
YeHHBIM Dpe3yabTaTaM. [lpuuMHa 3TOrO JEXHT B TOM, 4YTO MBI, YTOGHI
YNPOCTHTh BBIUMC/IEHMS, OTOpachiBaeM B 3#aepoBO# (QoOpMe BbIpaXeHuH
sl YyCKODeHMst Majble BeJIMYMHB BTOPOrO IMOpAAKa, KOTOpHE, OIHAKO,
HacTO MMEWT, N0 MeHbiliefi Mepe, TaKyW e BaXHOCTb, Kak K UJEHHI,
3aBHCALME OT BASKOCTH. Jipyras npuumHa 3ak/aiouaeTcs B TOM, UTO jJaxe
MpY TOYHOM DPEIUeHHH 3a/ayM NOJyueHHble GOpPMbI JBHKEHHS YacTO OKashl-
BalOTCA HeycTOoRumBbiMH. Mul GyneM B nanbHelllueM HMeThb ciayua#f o6pa-
THTb BHHMAHME HA 3TO OOCTOATENLCTBO M UCC]AeJyeM ero MNoApobnee
B § 365 u aanee.

Ilepsoe npumeHenne ypaBHeHM} NIBHXKEHMS, KOTOPOE MBI Tenepb pac-
CMOTpHM, OyleT OTHOCHTBCS K YCTAHOBHBLIEMYCS JBMXXEHHIO >XUIKOCTH,
NIPOMCXOAALIEMY NOA JAEHCTBHEM JABJEHUS MEXY IBYMS HENOIBMXHBIMH
TIOCKOCTAMU. JlyCTh Hayano KOOPAMHAT JIEMHT B ONHOH M3 3THX IIOCKO-
CTe M OCb 2 Hampas/jeHa NepneHIuKyJspHO K 3TO# IJIOCKOCTH.

IMpeanonoxuM mnpexne BCero, UTO U ecTh (PYHKUMS TOJMBKO 2 M U=
=W =0. Tak xak Hanpsikesue, napanjesbLHOe OCA X M JAelCTByOllee Ha

ou
NPOU3BOJIBHYI0, NEPNEHAUKYAAPHYIO K OCH 2 TJIOCKOCTb, PaBHO W 2z ? TO
Pa3HOCTb HANpPHKEHUH HA NBe IPAHUYHBIE NTOBEPXHOCTH CJOS, C ILIOUIAALIO

0%u
OCHOBa2HMsI, DAaBHOM enWHHMLE, M C TOMWMHOK 02 OyHeT pasHa u o oz.

3Ta DPa3HOCTh HANpPSDHKEHUH HO/KHA YPABHOBEIUMBATHCH JIABJIEHHEM,

0
MMEIOLIMM Ha KAXAYI0 eIMHMLY o6bheMa CIos pasnone-ﬂcmyxomylo—o—i.
Orciona caeayer
0%u op
u 'w‘ = 'o? . (l)

Tax xax pnpanee JOBMXKEHHS B HanNpasJeHUH OCH & Her, TO [POHU3-

0
BOJHAA 0—’: JBOJKHA OBITh PaBHA HYA10. DTH Pe3yaLTaThi CAEAYIOT TAKKE

HEMOCPEeACTBEHHO M3 O6wWX ypasnenu#t § 328.
op

Orciona mony4yaeTcsi, 4YTO rpajaMeHT NaBJIeHHS % 8CTE a6comoTHAS
MOCTOAHHAS.
INostomy ypaesenne (1) maer
_ 1 o 0P, 92
u=A-Bz+ 30 ox 2)

€CJM Mbl ONpEleJMM IOCTOSHHME Tak, u4to OyleM uMeTb U =0 npH
2=0 un Z2=h, TO Haitzem

= Y g P
u= 2ﬂz(h ) 55 3
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Orciona moayuaercs
h

: h® op
[ude=— 3. 2
n

Ecan, xak 910 uMeno mecrto B onbitax npog. Xuab Lloy ), XHEKOCTH
Te4yeT B ABYX M3MEPEHUAX MEXAy ABYMA OJH3KO APYr K APYry PacHoOAOXEHHLIMH
MIJIOCKHMH IIIACTHHKAaMH, TO MBl MOXEM NOJOXHTb

2T HoE T oy

ecI TOMbKO NpeHe6peyb 3HAUEHHAMM NMPOM3BOAHBIX OT (GYHKUMHA U H U, B3ATHX
IO X H Yy, NO CPAaBHEHHIO C MPOU3BOXHBIMH N0 2. Ecim Aaiee NpPeRNONOXKHTD,

0%u _ op 0% op )

410 BClOAY W=20, TO moayuum %—’z’-=0, T. €. p ecTb (YHKUHA TOJLKO X H Y.

YcnoBue OTCYTCTBHS CKOJbXEHMs B MIOCKOCTAX 2=0 n z==h GymeT BHNOI-
HEHO, €CNH Mbl NOJIOXKHM

U= 22_(2'3:3)' u, v=§i”:2:9- v’. (6)

Bennunder 4’ w v’ npexcTaBafior 3jech CPeiHMe CKOPOCTH B ClO€ M Npenno-
NaraoTca QYHKUMAMH TOJXBKO X W y. Ecim Mbl ROXCTABUM 3TH BHIPaXeHHS
B ypaBHeHHs (5), To Haiizem

p_ 12, 0p 12, R
x- T EY = )

CnefoBaTeNbHO, BENHUHHBl 4 N U/ MOXHO PacCMaTpUBAaTh KaK COCTaBJAAIOUIHE
CKOPOCTH MNJIOCKOTO 6e3BHXPEBOTO ABHIKEHHS KHIKOCTH C NOTEHIHAIOM €KOpOCTeH

ph?
o=F - ®
Ecan muakocTb, HaxoAs14ascs NOJ XaBieHHEM, BbIHYXAeHa 06TeKaTb npensT-
CTBHE, KOTOPOE€ pACMOJ0KEHO MCKIY IJIOCKOCTAMH H HMeeT (QOPMY NJIACTHHKH
TONUMHONH /i, TO KHHEMaTHYECKHE yCHOBHA 60ablueil YaCcTbI0 OKA3bLIBAIOTCA TaKHMH
e, KaK W NPH MJIOCKOM JIBHXEHHII HAEANbHOM KHIKOCTH, OOTeKaolled LHIHHAD
C MOomepeyHLIM ceyenHHeM B (opMe MNAACTHHKA. 3TO 3aKIOUEHHE CHAPaBEATHBO
TONLKO € Te€M HEOONbIIMM OrpaHHYEHHCM, YTO yPaBHEHHs (5) Ha PaCCTOAHMM
NopAAKa fi OT NpensATCTBUA NepecTaT ObiTh FOXHBLIMH, TaK KaK BA3Kas MHEKOCTb
He MOMET CKONb3HTL BAOJb MOBEPXHOCTH INPENATCTBHSA, KaxK 3TO MMEET MecTo
AAS HACANbHOH KHAKOCTH.
Opnaxo, ¢urypsl auHuii TOKa B 06eMx 3amayax MOTYT OGbITH CAEHaHB Kak
YFOJHO MaJjo OTJIHYAKUMMHCA APYr OT APYra, €CAM TOJILKO PAcCTOSHHE MEMALY
MJOCKOCTAMH B3ATb JOCTaTOYHO MAaiabiM 2).

§ 330a. Ecan rpannunas niockocTh 2= 0 umeer ckopocts U, napan-
JeAbHYI0 OCH X, TO BMecTO opmyan (3) OyreM MMeTh

h—z 2(h—=z) dp (9)

U= —= — 23 .o

h 2u dx ’

1) ¥YKas3aHus JMTEPaTypHl CM. B NpuMeuaHuu wa ctp. 111.

*) S tokes, Mathematical Proof of the Identity of the Stream-Lines obtai-
ned by means of a Viscous Film with those of a Perfect Fluid moving in Two
Dimensions, Brit. Ass. Rep., 1898, crp. 143 (Papers, V, 278).
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H o0mMfi pacXold 4epes INOCKOCTh, HEPNEHAMKYAAPHYI0 K OCH X, Ha
eAMHALYY IWHPHHE 6yaeT paseH

h
1 h® dp
fudz=-—2—hU—~l—277£. (10)

0

Itn dopMyan npHUGIMKEHHO BEPHH TaKXke B TOM Cayyae, KOrjia
paccrosHHe /i Mexay OGeMMH IIOCKOCTAMH eCThb TIepeMeHHas BeJMYMHA,

dh
€CIK¥ TOJNBKO 3Ha4yeHHe rpaaveHta ax 6}’}.18’1‘ Mano, a TaKxke H TOria,

Korza o6e MOBEPXHOCTH KpDHBHIE, €CAH TOJNBKO 3HAueHHe /i BCIOAY Mano
MO CPaBHEHHIO C PaAMyCOM KpWBM3HH. B Ciyyae nuamnapuyecknx nosepx-
HocTell 32 KOODAWHATY X MOXHO B3AThb JJIMHY AYrd KPHBOH MONEPE4YHOro
CeYeHHd,

ITpuBeneHHbe BHILIE PE3yALTATHl C YKa3aHHHIM OGOGLIEHHEM HAXOAAT
BaXHOE NpHMEHEHHE B TEOPUM CMa3kH; 3Ta Teopus oCHOBaHa OcGopHoM
PeliHonbcOM B ero kiaaccuuecko#t pa6ore 1). To 06CTOATENBCTBO, YTO
JBe napaaienbHble WIH NPUOGIH3UTENLHO MapasiielbHble MJIOCKOCTH MOTYT,
HeCMOTPA Ha 60JbLIOE HOPMAJIbHOE AaBJAEHUE, C OYeHb HEGOJBIIMM COMpPO-
THBJIEHHEM TPEHHA CKOJb3HTh OAHA MO JAPYroit, ecan TONbKO MEXIy HHMH
HaXOMMTCA CAOH BABKOH XMAKOCTH, OblJIO, KOHEYHO, JABHO M3BECTHO,
3agaua 3akmioyanach TOJABKO B TOM, YTOGBI OGBACHHTb, KaK 3TO
B NMPAaKTHYECKUX CAy4asX aBTOMATHYECKH BHIMOJHAETCS, HECMOTPS Ha
naphenne., OKa3blBaeTCA, YTO PACMOJONKEHHe ABYX NOBEPXHOCTEH NOJ/KHO
OLITh TakuM, 4YTOGH NPOMEKYTOUHOE MPOCTPAHCTBO MEXKAY HHMH HMEIO
NepeMeHHYI0 TOJMIIMHY M 4YTOOB OTHOCHTENIbHOE JBHXKEHHE BCe Bpewms
CTPeMHJIOCH OBl MEPEHOCHTh CMa3siBaiollee BeleCTBO OT 60/ee TOJCTHIX
YacTe NMPOMEXYTOYHOrO CJOs K 6O/ee TOHKHM.

MNpocroft TunuyHe cayuyaid mpeacrasafeT coGoit CKONbKEHHE KONOLKH IO
niaockocTH. Tak Kak 3HaueHHE MMeeT TOJAbKO OTHOCHTENbHOE JBHMXEHHE, TO MHI
6yneM CYHTATh, UTO ABHKETCH MIOCKOCTh (2=0), B TO BpeMA KaK KOJIOAKA HaxXO-
aurcs B nokoe. Jlns mpocTOTH npHMeM jAajnee, 4TO 06e MOBEPXHOCTH B Hampasie-
HHH OCH y He OrpaHHYeHH, TaK UTO ABHXEHHE XHAKOCTH Gylaer miockuM. [Tyctb

HHIKHAS. MOBEPXHOCTb KOJNOKKH OrpaHHYeHa mpsaMuMH X=0 H X=a. Mu Gyzem
ee npejacTaBaaTh ceGe MIOCKOM, HO Clerka HaKJIOHEHHOH, H NMOITOMY NOJOKHM

h=hy+-mx, hy=h,+ ma, 1
rie m — BEAHYHHA Majas.
Tax xak pacxon uepe3 BCe IIOCKOCTH, MEPHEHAMKYXAPHBIE K OCH X, HOJKEH
6bITb ONHMHAKOBBHIM, TO Ha OCHOBaHAM paBeHcTBa (10) MMeeM

d
K8 Tx% = 6uU (h—hy), (12)

npiHyeM 3HaUeHHe fiy COOTBETCTBYET MAKCHMyMY BeanunHsl p. OTciofa ciaexyer
dp _6pU( 1 "_o) 13

drn T m ( B om) 19

U 1 hy 14

p=2 (=t t o). 9

1) CM. npumeuanue 2 Ha cr1p. 720,
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Ecan Mbl onpefeanM nocrosHHbie A, 1 C TakuM O6pa3oM, uTOOb HMENO MECTO
paseHcTso p=0 npu h=nh, u h=h, 10 Haigem

_ 2y,

o=ttt (15)
_6uUa _(y—h)(h—hy)

P=h—n e ' (1)

[TpubaBaeHHe NOCTOAHHOH K p, KOHEYHO, He MeEHAeT CyIIeCTBEHHO pe3yib-
TA4TOB.

Toruac e BHEHO cleXywoilee: ecan 3Hadenne U, kak Mm H Gyaem mpexno-
Nnarath, MOJOXHTENbHO, TO NONOKHUTENbLHOE JaBJCHHE B ClO€ BO3MOXHO TONLKO
B TOM Ciyyae, KOrZa Hh;>> hg; 3TO 3HAUUT, YTO NPOMEXYTOUHBHIH CHOH HOMKeH
CYXHBaTbCA B HANPaBJACHUH CKopocTH U, Kak 5TO M GbIO YKa3saHO BbLIE.

Ilna monHOro MaBAEGHHA MOJNYyUaeM BHIPaXeHHe

a hg
4]

k—1En kt1
rae k=~Z—1~ . ConporuBnenue xe OT BA3KOCTH HA ABHXYuleHca NIOCKOCTH Gyner

hy

2
HMETH 3HAYECHHE
h

a 2
_ du _ pU [ 4_3ho> _
F—*f" o=t [ (=)=
0 hy
_ ula ( _G(k—l)) 8
= Gnm k- ) (18)

Peitnoxbncom 6m0 Haiimeno, a Paneem nOmTBEpKIEHO!), 4TO pe3yabTHpYyoLlee
Hasaeune P, paccMaTpuBaeMOe KaK (YHKIuA OT Kk, WMEeT MaKCHMyM RpHOaH-
3uTenvHo npu k=2,2. [Ipu stoM noayvaerca

2
P=0,16 MU p_o754Y2 (19)
h3 hy
Kospuumenr tpenus ~5— HMeeT MOPANOK BENHIHHB —hal ¥ MOMET GHTh CAeiaH

NOITOMY OYEHb MalbiM.
Koopmunarta (x) uenrpa gasienus onpexensierca gopMynoi

a 1 ha kP 1 he d
~ _ 1 _ _ _kPa 1 8P 4 =
Px_fxpdx—mzf (h—hy) pdh= k—1 2m2f h.dh dh =
3 £ [
_ _kPa 3uUa® (_ 2k
=P k,_llnk), (20)
nnv
= 2% k*—1—-2kink 21) 2)
1~ k=1 (@—Dhnk—2(k—17
—z—a

1) Rayleigh, Notes on the Theory of Lubrication, Phil. Mag. (6), XXXV,
1 (1918) (Papers, VI, 523). _
?) Rayleigh, cum. Bome. Jaa k=2,2 sra ¢opmyna nacr x=0,580 a.
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IMpuMenenne ypaBHeHus (13) x caydaio Bana, BpAIAOWErocsi (HECKOAbKO
9KCLUEHTPHUHO) B HEMONBHXHHIX NOMIUHNHHKAX, HMeeTca B paboTax, YKasaHHbIX
B NPHMEYaHuu 1).

Ecin e TeyeHHe NPOMCXONMT KaK B HaMpaBleHHH OCH X, TaK
W B HampasleHHH OCKH Y, TO Kpome paseHCTBa (10) ¥meem emie paBeHCTBO

h
=1y _ B op,
fvdz—ThV 2 Oy (22)
0
ypaBHeﬂne HENPEPHBHOCTH B 3TOM cnyqae HMeeT BHu.A
h h
P 0
o udz+o—yfvdz=0 (23
0 0

HIH
52 (P )+ (B ) = o )+ - (W)} 24

Muyenn npUIOKHI 3TO ypaBHeHHe K CAYYalo NpPAMOYrOJBHOH KOJOAKH
KOHEYHOR IIMPHHE!, CKOMB3silIeH# N0 MIOCKOCTH 2).

§ 331. Paccvotpum aajee ycTaHOBHBLIEECS TeUEHHE MKHMAKOCTH TO
Kpyrjio#i uMAMHApHYEeCKOR TpyGe.

Ecim nanpaButh OCb 2 MO OCH TPyGH M MPHHNTH, YTO CKOPOCTDH
BCIONly mapajiiefbHa OCH 2 M eCTh (yHKUMs pacctosuus (r) OoT ocH, TO
KacarejibHOe HANpshkeHHe B MJIOCKOCTH, IiepNeHIMKYIsApHO# K r, Gyner

ow
paBHO K - PaccmarpuBas uMAMHADHYECKHMR CJIOH KMIAKOCTH C IpaHHy-

HBIMH paaMycami r ® r--6r u paudolt [, moayuum, YTO Ppa3HOCTD
KacaTeJbHHIX HanpsikeHUN Ha o0eMX LMIMHADUYECKHMX HMOBEPXHOCTAX naeT
TOPMOBHILYI0 CHIY
(/] ( ow )
———{ y = 27rl) or.
or \M 51 2nrl) or
Bcenenacrsue ycraHoBHBIIErocs XxapakTepa ABHIKEHMS 5Ta CHJIA HOJKHA ypaB-
HOBEHIMBATLCA PA3HOCTHIO HOPMAJbLHBIX AABJAEHHHA Ha MJIOCKHX KOHUIAX CIOf.
ow
Tak kak o = (0, TO pa3HOCTb 3THX HOPMAJbHHX JaBJeHHH NOMKHA
OLTh paBHa

(pL — py) 2nr Or,

rie p; M p, — 3HaueHUs BeJHuMHH P (CPelNHEro MAaBieHMA) Ha 050ouX
koHuax. OTciona creayer

O (. WY __ pPi—Ds
or r()r)— e M

1) Reynolds, cM. Bume; Sommerfeld, Zeitschrift f. Math.,, I, 97
(1904); Harrison, Camb. Trans., XXII, 89 (1913) u XXII, 373 (1920). Cm.
rake A. G. Michell, Mechanical Properties of Fluids, London, 1923,
crp. i34; Stanton, Friction, London, 1923, crp. 93. C6opuux ,['upponunamu-
yecKasa Teopus cMa3ku®, Mocksa, 1934.

%) Michell, Zeitschr f. Math., LIII, 123 (1905). W3sneyenns us 3TOrO
BeCbMa H3ALLHOrO HKCCHENOBAHHA HAXOJATCA B OGEMX TONbKO 4YTO Ha3BaHHLIX
KHHTaX.
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Ecnu Mpt 3atem G6yleM MCKaThb MIA CHJA, AEHCTBYIOLIMX Ha NpAMO-
YTOJbHYI0 TUIOIAAKY, De3yAbTHUPYIOUYI0 COCTAB/SIOULYI0 B HanpaBAEeHUH

paauyca, TO TOJY4HM -55 =(), 4TO 03HAYaeT, YTO CpeJHee HABJIEHWE MO

BCEMY IONMEPEYHOMY CEYEHHIO OKA3LBAETCA MM KaXAOro CeueHus TPyOH
NOCTOSIHHBIM.
Unrerpan ypasuenus (1) ecrs

p—P
we=—B-Pag Alnr4B. ®)

Tak KaK CKOPOCTb Ha OCH HO/MKHA ObiTh KOHEUHOH, TO MH JOMKHH HMETb

A=0; eciu Ml Temepb onpenenuM B M3 yCIOBHS, YTO Ha CTeHKe TPYOH
He JOMKHO OBITh CKOJbXKEHHd, TO NOAYUUM
Pi1—Pa @@ 2

=52 —ré). 3

w 4ul ( ) ( )

d1a popmyna naet Iis Pacxoad uyepes NMPOM3BOJBHOE IOMEPEYHOE CeueHue

3HaYeHHe

a

__®a* p1—p,

fw.2nrdr_8—”—-—l—. 4
0

MH TNPUHAAH AN KPAaTKOCTH, YTO TEYCHUE TIPOUCXOAUT TOJNBKO TOA

neficTBMeM masneHus. Ecau K aTOMy noGaBasiercs emie BHelmHas cuaa X,

JleﬂCTBlell.laﬁ napajinenbHO AJHHE prsKH, TO NOTOK OKaXeTCd PaBHLIM

_7185:_‘:_<P1[—Pa +QX). ®)

INMpaktuuecku cuna X NpPeACTaBAseT OGBIYHO COCTABMASIONIYIO CHIH TSKECTH
B HanpaBAeHHH IJIMHH TPYOHl.

dopmyna  (4) 3akmouaer B ceGe KaK pa3 Te SaKOHB, KOTOphie
aKCnepuMeHTanbHO Hawen [lyaseftnib ') npm CBOMX HCC/IeLOBaHHMAX, OT-
HOCAIIMXCA K TEYEHHIO BOAb MO KAaMWIIAPHHM TpyOKaM, a HMEHHO, uTO
BpPeMA HCTeYeHHs JAHHOH MacChl XMAKOCTH TNPAMO TNPONOPUHMOHANBHO
InuHe TPYOKH, OGPaTHO NPONMOPUHOHANLHO PpA3HOCTH HaBJAEHHH Ha
OGOHX KOHIQX ¥ O6pAaTHO NPONOPLUHOHANLHO YETBEPTOR CTenmeHH Aua-
MeTpa.

DTOT nocrenHH# pe3ynbTaT B OCOGEHHOCTH BaWEH, TAK KaK OH MpencTaBiaser
pelaolee NOKa3aTEAbCTBO TOTO, 4YTO NPH STHX ONHITAX HE NPOHCXOLHIO
HHKAKOTO 3aMETHOTO CKOJIbXEHHA XMIKOCTH BIOAb CTeHKH. Ecau G MW npuHamu
KOI(HIHEAT CKOJAbXEHHA paBHHM f, KaK yKkasawo B § 327, To ycnoBHe Ha
rPaHHIHOH MOBEPXHOCTH HMMeno OHhl BHI,

ow
il e
Han
ow
W=—1i-5-, ®)

) Poiseuille, Recherches expérimentales sur le mouvement des
liquides dans. les tubes de trés petits diamétres. Comptes Rendus, XI, XII
(1840—1841). Mém. des Sav. Etrangers, IX (1846).
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ecan TNOJOXHTD A= L . 3T0 COOTHOWEHHE onpenenser MOCTOAHHYIO B B

paBeHcTBe (2) TakHM 006pa3’oM, uTo

=P1=Ps 0 g
w il (a®—r2+424a). 7)

i
Ecan orBomenue —-&— Majio, TO 3TO PABEHCTBO AAeT NPAKTHYECKH TOT Xe 3aKOH

pacmpeXeneHHs CKOPOCTH, Kak B ciyyae TpPY6W paamyca a- A NpH THIoO-
Tese npuaunanug. COOTBETCTBYOLIEE e 3HAUEHHe PAacXOla OKa3HBAaeTCs PaBHBIM

7t pi—py L)
o ! (1+4 ). ®

Ecnn 6u1 B cayuae oueHb y3kux tpyGox B. onmitax Ilyaseitns (@=0,0015 cx)
3HayeHHe A OKasalocb GoJblle, yeM OYeHb Majas Jj0as pagMyca 4, TO He-
06GXOIMMO HOXKHO GHAO0 6l OGHapyKHUTbCH OTKIOHEHHE OT 3aKOHA UYETBEPTOH
CTENEeHH JHaMeTpa, MEeXAY TeM KaKk B AEeHCTBHTEJbHOCTH 3aKOH BHINOIHAETCH
OueHb TOYHO. ITOr0 JMOCTATOYHO, YTOGBI HCKJIIOYHTH BO3MOXHOCTb TAKHX 3Ha-
genuit A, Kak 0,235 cM, a TakHe 3HaueHHs ObuIH moayuedbl [eabMroabueMm u
[THOTpOBCKMM Ha OCHOBAHMH OIHCAHHLIX B Ha3BaHHHIX Yie paboTax ONMBITOB HX
Hajll KPYTHIBHBIMH KONEGaHHAMHM METaJHYEeCKOro apa, HaNOJHEHHOro BOAOH 1).

Taxk KaK runoTe3y NMPHIMMNAHHA MOXHO CYHTATh B HAaCTOfLiee BPEMsA BHONHE
YCTAHOBNEHHOH, TO cpaBHeHHe QoOpMyasl (4) C onNbTaMu JaeT NPAMOH cnocob
onpenenaTh 3HaYeHHe KO3MUMEHTA 4 IJs Pa3TUYHBIX WHAKOCTEH 2).

Us pasencts (3) u (4) cremyer, uTo CKOpOCTL ZAedopMaluu CABUra
w,
BGAN3M OT CTeHKH paBHa 4 T“ , TAe W, 0603HAYAET CPEAHIO CKOPOCTh

B TONMEPEYHOM CedeHUH.
B KauecTBe YHC/IOBOrO MpHMepa NMpHBedeM paccMOTpeHHb# Ilyasefiiem
cnyyait, korma B tpy6e amamerpom 0,01134 cM Gnina nosnyueHa CpenHss

ckopocts, pasHas 126,6 cM[cex. DTO naeT COOTHOLIeHHE 4‘:" = 89 300,

eC/M 33 eNWHHLY BDEMEHHM B3ATb CEKyHIy.

Jlas 3HaueHH# Wy, KOTOphle MPEBOCXOAAT HEKOTOPYIO TDaHHLy, 3a-
BHCSILLYIO OT OTHOIIEHHS MeXIy XMaMeTpOM TPYOGH H KO3(HIMEHTOM
BA3KOCTH, PACCMOTDEHHAas 3JeCb MNPAMOJNMHEHHas ¢opMa TeyeHus Cra-
HOBUTCS HEyCTOHYMBOR st BCeX BO3MYILUEHUH, NPEBOCXOAALMX HEKOTOpOe
3Hauenue (cM. § 365). Peaymbratnt §§ 330, 331, a Taxke MHOrme mno-
cledyloue BBYHCIEHHS MOABEPKEHB TEM Ke OrpaHHYEHHUSM.

§ 332. IlpuseneM Teneph HEKOTOPHE TEOPETHYECKHE PE3YAbTATH A
HeKPYTrOBHIX NONEPEYHHIX CeyeHHH,

1. Pewenne mis xaHala ¢ NONEPEYHbIM CEUEHHEM B (OPME KOLb4a MOKHO
JerKo NONYYKTb H3 BbIpaXeHHa (2) mpeaplAyulero mnaparpada, ecam yaepxarth

1) Bonee monHoe H3noWeHWe 9TOrO BONPOCa Haxomurcs B pa6ore Whet-
ham, On the alle%ed Slipping at the Boundary of a Liquid in Motion, Phil.
Trans., A, CLXXXI, 559 (1890).

%) lpu npakTHUECKOM NpHUMEHEHHH 9TOTO ClOco6a TpeGyerca mnonpasxa,

YUHTHBAKOWAA OTKIOHEHHE OT TEOPETHYECKOrO 3aKOHa BOAH3U KOHUOB TPYOKH; CM.
Stanton, Friction, ctp. 15. _
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kospuuuenr A. TakuMm 06Gpa3oM, HaXOAMM INPH CPaHHUHHX YCHOBHAX W=0
npu r=a u r==b

__P1—Py 3 _ b?—at Il. 1
w-——‘t,ul [a re4 - 3 in 2 } ; 1)
a
3TO JaeT AJA Pacxoja 3HayeHue
b
—_— 1 __ 22

wonrdr= 2 PP [ (B—a) %))

8u L In LA

@ a

2. I'pungHan 1) ykasan Ha TO, YTO aHAaAHTHYECKHE YCIOBUA paccMarpusaemoi
3aflayu OKa3BIBAIOTCA NMOJOGHBIMH TEM, KOTOpDHIE ONPENENAIOT ABHXKEHHE HIACanab-
HOH MHJKOCTH BO BpalllalolleMcs NPH3MAaTHYECKOM COCYAe C IOomepeuHHM ceye-
HHeM TOH e ¢opmul (§ 72).

Ecain HanpaBuM oCb 2 mapaanenbHo OCH TPYObl M NPEANONOXHM, ¥TO W
ecTh (QYHKUMA TOJABKO X H Y, TO yPaBHEHHA B CIyuyae YCTAHOBHBIIETOCH ABHME-
HHSl NMPHBEAYTCA X BULY

9P _o, 9P _o,
ox g; @
wAP=5

ripe
92 02
4=z + o5 -
O6o3Hayaa vyepe3 P nOCTOAHHbLIH TIpajiHeHT [aBIEHHSA (—--3—5), Bynem
HMeTb

AW= — — (€3]

npH yCJOBHH, 4TO Ha rpaHuue w=_0.

1
[MoncraBasa Tenepp BHIPaxKeHHE 9 — 5 (x*+4y?) BMecTO W H 2w BMECTO

P
7’ MBI BOCMPOH3BENEM YCJIOBHS Ha3BaHHOTO Bhille Maparpada. ITHM H ROK2-

3piBACTCA OTMEUYCHHAA BLILIEC AHAJXOTHA.
B Ciay4ae 3UIHNTHYECKOTO CeYECHHs C MONYOCAMH 4, b nonoxum

/ x2 y2
wec(1-% 2, ©
4TO YAOBJETBOPAET ypaBHeHHIO (4), ecaun
P o
=% IR (6)
OT1cioa CeKyHAHbIH PAcXOR XHIKOCTH OyjaeT paBeH
P ma*h®
= e e 7 2
ffwdxdy PR N @)

1) Greenhill, On the Flow of a Viscous Liquid in a Pipe or Channel,
Proc. Lond. Math. Soc. (1), XIII, 43 (1851).

%) DTO0T pe3yNbTAT U COOTBETCTBYIOLRME pPE3YAbTATH AAA LPYrHX ¢opM
MONMEePEeYHOro CeuYeHus, MOBHAMMOMY, moayuun B 1868 r. ByccHHeck; oM.
Hicks, Brit. Ass. Rep., 1882, crp. 63.
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dTa BeAHYAHA OTHOCHTCA K PacXoly IKHIKOCTH B Kpyrnoi Tpybe c Takoit
e IIOn{afbl0 TMOMEepevyHoro ceueHust, kKak 2ab:(a®+b%). Has HeGoapluux
3HAYEHHH 9KCUEHTPHCHTETA € 3Ta ApoGb OTAMUAETCA OT eOuHUL HA BEIUYHHY
nopsanka e, TlosroMy nonepeusbie ceyeHHA MOTYT HMeTb JIOBONbHO Pa3HoO6pa3-
uyio ¢opmy 6e3 Toro, uTOGH pPACXOX MEHAICA 3HAUHTENBHO, €CIH TOJNbKO
nIouans MONepeyHoro CeYeHHs ocraercAa HeusMeHHoil. Jlaxe ecan a:b=8:7,
TO H TOTAA PaCXON yMeHbIUAaeTCs MeHbuie, 4eM Ha 19.

§ 333. PaccmoTpum Tenepr HeCKONLKO MPOCTHX C/AYyYaeB YCTaHOBMB-
LLErocA BPALIATENLHOrO [BHXKEHHUS.

OGpatuMcs CHauana K CJAy4al0 BpallleHuss BOKPYT OCH 2, KOria
yri0Basg CKOPOCTh €CTh QyHKuma paccrosuus (r) or ocH. [onaras

=—o0y, V=X, (1)

HAaXOAUM, HTO CKOPOCTH PACTAMEHUS B HANpaBJCHUH palmyca-BexTopa H

B NepneHAUKyNdpHOM K paAnyCy HanpasdeHUd PpPaBHH HYJII0, B TO
do

BpeMA KAaK CKOPOCTb CABHra B I[IVIOCKOCTH xy paBHa r F . TOl'lIa MO-

MEHT KacCaTeJbHBX CHJI, IleﬂCTBleU.lHX Ha UHUIHHADHYECKYIO NOBEPXHOCTDH

paauyca I, OTHOCHTEJBHO €ro ocu Z Ha eIunuLy JIVIMHBI nociaenHei

Gyzer pasen ur %-27"'-!'. Tak Kak IBHXKEHHe YCTAHOBHBILEECS, TO

MUMAKOCTD, 3AK/IIOYEHHAA MEXAY IBYMA COOCHBIMH LMIHUHADAMH, HE MOMKET
HHYErO HH MOTEPATb, HH BHIMIPATH B OTHOLIEHNH MOMEHT2 KOJMYECTB
IBHXEHHs, 4 3TO 3HAYMT, YTO NMPHBEJAEHHOE 3[eCh BHIpAaXeHHE He JOJKHO
3aBHCETH OT I.

ITO naetr 3aBUCHMOCTH

A
=5 4 B. 2)
Ecnu ®uaAKOCTE MPOCTHPaeTCA B GECKOHEUHOCTh, a4 BHYTPEHHss T'DaHHIA

06pa3oBaHa MOBEPXHOCTBIO TBEPHOro LMIMHAPA paauyca @, BPAUIAIOIErocs
€ yrnoBoft CKOPOCTBIO @y, TO GyZeM HMeTb

w as
MowmeHT cun TpeHus mo3atoMy Oyner pasen
— 4muadw,. 4)

Ecau 6bl %MAKOCTb CHapyH OblIa OrDAHWYEHA IIOBEPXHOCTHIO He-
TNOABHXHOTO UM/IHHADA paauyca b, COOCHOro C MepBHIM, TO Mbl HAaLLIH GBI

az bz — r2
W= F . '—b—.__—aa— . wo; (5)
3TOT Pe3yabraT AdeT AAA MOMEHTa CHA TPpeHHUa
ath?
— 475[1 . —b'z_'-—-a—z— «Wgq. (6)1)

1) dra 3afiada B MePBHA pa3, HO He BOOAHE TOYHO, 6maa pemeHa Hbio-
ToHowM, Principla, 2-1 kuura, npennoxenne 51. [TpuBenendbie 3nech pPe3yib-
TaTH B CYWECTBEHHOM npuHagnexar CTOKCYy, CM. Boiue, cTp. 723, 726.
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Oty .popMyasl MOXHO MNPUMEHATh TaKke K TOMYy CJIyuaio, Koria
BHEIIHUH UMAMHAD BpaliaeTcs, a BHYTPEHHHH HAXOIMTCA B TOKOE, €C/IH
TONBKO HM3MEHUTb CMBICA BeaHuuH @ ¥ b. OnbiThl B 3TOM HanpaBleHUH
aposean Mannok 1), Kyrr 2) u apyrue, npuueMm MOMEHT CHJI TPEHMH Ha
BHYTDEHHeM LMWIMHADEe H3Meps/ACsa KpyYeHHeM TMOABEIIEHHOH NPOBOJIOKU
MM JPYTHMH 2HAJOTMYHBIMH CROCOGaMH.

O pesynbTatax 3THX OMBITOB Mbl CKaxeM nosasee (§ 3661) 9).

§ 334. Peuwenre, noao6HOe H3NOXKEHHOMY B INPeALIAYIIEM mNaparpa-
de, oaHako, ¢ TeM OrpaHHYeHHeM, YTO OHO JO/MKHO OTHOCHThCA K Gec-
KOHEYHO MajbiM [ABHXEHUSIM, MOMET GOBITh NMOJAYYeHO M I/ Ciayyas ycTa-
HOBHUBILETOCS IBHXEHHMS XHUAKOCTH, OKPYHKAloule# iiap, KOTOPHN paBHO-
MepHO BPAIUAETCA OKOJO OLHOTO W3 CBOMX JMaMeTpoB. Bosbmem Hauano
B lEHTpe ILIapa, HAnpaBuM OCb 2 IO OCH BPALIEHH M TMOJOKHM

u=—owy, v=owx, w=0, 1)
rie yrioBas CKOpOCTs @ — (YHKUMA TOJNBKO paauyca-Bekropa r. Ecau
MBI MOJOXKHM

P= J‘ wrdr, (2)
T0 Boipaxcenusi (1) MOryT 6biTh HANMMCAHH B BUAE
oP oP )
u=—_oil‘, U=—5k—, w=0; (3)

nocie MOACTAHOBKM 3THX Bhipaxcenu# B ypasHenus (4) § 328 oxaswi-
BAeTCH, YTO ITHM YPaBHEHHAM MOXHO YAOBJETBODHTH, IOJaras

p =const., AP=const., 4)

eCH TOABKO mnpeHeGpeub 4ieHAMM BTOPOTQ MNOPAAKA IO OTHOUIEHHIO K
ckopocTtaM. Bropoe u3 ypaBHenuit (4) MoxeT GbITb HanmMCaHO B BHIE

d;:: +_§_ Zf =const. umu r l‘ii—c:- +3w= const, (5)
Orciona caeayer
A

Ecan XHAKOCTH MPOCTHPAETCH B GeCKOHEYHOCTh M B GeCKOHEYHOCTH
HAXOMUTCA B TOKOE ¥ eCIM w, 0603HAYaeT YrAOBYI0 CKOPOCTH BpalIalo-
werocs Hapa (f =4), TO uMeeM

w a®
P M

1) Mallok, Determination of the Viscosity of Water, Proc. Roy. Soc.,
XLV, 126 (1888); Experiments on Fluid Viscosity, Phil. Trans., A, CLXXXVII,
?) Couette, Etudes sur le frottement des liquides. Ann. de chimie et
phys., XXI, 433 (1890).

3) Hekortopsie ciy4ad BHIOM3MEHEHHOH 3ajauu, CBA3AHHOH C BpalllEEHEM
Kpyrjioro nunxHmpa, paccmatpusanuch Jeffery, Proc. Roy. Soc., A. cl. 169
(1922) u Frazer, Phil. Trans., CCXXV, 93 (1925).

47 Mamo.
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Ecau ke BHelmHss rpaHyua npeicTaBaseT COGOH HeNOABHKHHIA wap
paauyca b, KOHLEHTDHYeCKHMH C mepBbHIM, TO DelieHHe NPHHHMAeT BHA

a bB—r

O=-F "o " Wg. (8)

Topmoasuuuéi MoMeHT, neHCTByIOMA Ha WAD, MOXHO NpPAMO Bbi-

uyucANTh Npu nomou GopMya § 326 wuau, noxany#i, ewe npoue no-

cpeactsoM GyHxkumu paccesnun § 329. [las paccesiHnst SHEPrUH B €HHHLLY
BpeMeHH Ge3 TPyla MojsyuyaeM BbipaXKeHue

b

7 fff(x2+y’) ) dxdydz=~— wu fr4 o dr=

'—‘-875/1, -7)8—_:‘1—3- (l)o. (9)

Ecnau o603uauutb yepes N Bpawaiouy#t MOMEHT, KOTODHIH nO/MXKeH
6biTh NPUAOKEH K Wapy, 4TOOB NOAAEPKHBATb €ro BPALIEHHE, TO Bbl-
paxenne (9) n0/mkHO ObiTh 3KBHBAJNEHTHO Nwy; OTCIONa ClexyeT
ah®

WM I8 CAyyas, COOTBETCTBYIWOUIEro BhIpaxeHulo (7), korga b= oo,
= 8nuaaw, (1))

OT6pacHBaHMe uYJiEHOB BTOPOrO MOPAAKA B ITOH 3aJaye yMmeHbluaer
ee NIPaKTHYeCKOe 3HAueHHWe B 60Jbllel CTeneHH, uYeM 3TO MOXHO G6BUIO
oxuaath. HeTpyZHO NOKasaTb, YTO MpPEAMNOJOXKEHHE, KOTOPOE JEXKHT B

2
OCHOBE 3ITOrO0 MpPHOMKEHHS, CBOAMTCA K TOMY, 4YTO OTHOLIEHHe @2
ROKHO ObiTh Maso. [Ilonaras »=0,018 (Boma) u a=10, Haxomum,
4TO CKOPOCTh Ha 9KBaTOpe AO/AWHA OBITb Maja N0 CPaBHEHHIO
¢ anavennem 0,0018 (cm/cex) 2).

Ecad npuHATH BO BHMMaHHE u/€HH BTODOrO MOPAINKA, TO YCTAHOBHMBIUEECH
ABHHEHHE PaCCMaTPHBAEMOTO pOJia CTaHOBHTCH HeBO3MOuHbIM. Lllap neiicteyer
IIpH 3TOM KaK UEeHTPOGekHbii BEHTHAATOP, T. €. ABHKEHHE Ha HEKOTOPOM pac-
CTOAHHM OT 1Iapa npeicTaBiser co6oil Teuenne HapyxKy OT 9KBAaTOpa M BHYTPL
M0 HANPABAEHHIO K FOJNIOCAM, HAaKJaAblBa€MOE HA BPAIYATENLHOE IBHKEHHE J).

B Ttom cnyuae, x xoropoMy oTHocarca ¢opmyasi (8) u (10), ycroBue npu-
MEHHMOCTH MPHGIMKEHHOrO MeTOla 3aKJAI0YaeTcs B TOM, YTO BHpaweHHe

a? b
2l (1 aa) (12)

1) Kirchhoff, Mechanik, aexkuns 26.

?) Cp. Rayleigh, On the Flow of Viscous Liquids, especially in two
Dimensions, Phil. Mag. (4), XXXVI, 354 (1893) (Papers, 1V, 78).

3) Stokes, CM. Buuwe, cTp. 723.
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AOJIKHO O6LITb MaabiM, npuyem npeanoaaraerca, 4ro 3HaYeHHd @ H b He OTJAH-
4al0TCA CHABHO APYr OT Zpyra 1)-

§ 334a. Hekoropsie npoCTble 334a4H HEyCTAHOBMBLIErOCH ABHXEHHs
MOXKHO PEIMTh NMPH MOMOWM AaHAJNOTHH ¢ TeopueHl TeMIONPOBOXHOCTH
(cm. § 328) 2).

1. PaccMOTpHM, Hanpumep, CayuaHl ,NaMMHADHOTO“ IBMXEHHS, KOTAa
TeyeHHe MPOMCXOMMT B MAPANNE/NLHLIX TIOCKOCTAX, CKOPOCTb BO BCeX
TOYKAX KAKAOH TAKOM TMIOCKOCTH HMeeT OJHO M TO e 3HAYEHHe H BO
BceM O6beMe XMAKOCTH OHa HMeeT OAHO M TO )Ke HanpaBiaeume. Ilpu
noaxogsueM BhGope ocelt Mbi Gynem umerb v =0, w=0, B 10 Bpems
KaK U — QYHKUMS TOJAbKO KOOpAMHAaTH 2. YpasHenna (4) § 328 ynos-
JAETBOPAIOTCA TOTAZ NpH p=const. u

ou 0tu
_o—t. =P .._—-_.ozz . (1)

Ypasuenue (1) no popme TOXKAECTBEHHO C ypaBHEHHEM ABHXEHHS Tellia
B MNpSAIMOJIWHEHHOM TPOBOIHHKE, TaK YTO M3BECTHHIE pe3YyJbTaTH 3TOH
3aJaud MOTyT ObITb TOTYAC K€ MepeHeceHbl Ha Hawl chaydah,
[IpeamonoxuM, HANPHMEP, YTO MKHAKOCTb B HANPABAEHHH OCH 2 B
o6e CTOPOHBl NPOCTHPAeTcs B 6ECKOHEYHOCTb W YTO B HAYAJNBHBIH MOMEHT
uMeeM U = -+ U, npuueM HyxkHO GpaTb BePXHHH WIM HHXKHMH 3HaK,
CMOTpS MO TOMy, GyNeT Ju KOOPAMHATA 2 MOJOXHTEJIbHOH WAM OTpHua-
TeAbHONR. ITO COOTBETCTBYET Cy4ald ABYX Cpefl, NPHJIEralIMUx APYr K
APYry, KOrd OHH B Ha4Ya/NbHHIA MOMEHT MMEIOT PA3/THYHhIE TeMIepPaTyphl.

Ecnu Mb BOCNOAL3YEMCH M3BECTHBIM peIlIEHHEM 3TOR 3azauym, TO ~oO-
JTYYAM
y [}

2U —62
= — |& d@,
u=1= f @
rie BepXHHH mnpenea eCtb
z
= -, 3
VY ant &)

Jlerko npoBepuTh, uTO peiieHHe (2) AeHCTBUTENLHO yIAOBJAETBOpSieT
ypasternio (1) v u » 4-U npu t—-0.

1) OnuiTH MO ONpeNeNeHHio BA3KOCTH BO3AyXa ObUIM NPOU3BENEHH B STOM
uanpasnenun Zemplén [Ann. d. Phys. (4), XXIX, 869 (1909) u XXXVIII,
71 (1919)] ¢ TeM TONbKO pa3nNHuMEM, ¥TO BPAANCH BHewHuil wap; Moment N
Bpaiyaiomeil napn U3MepAACA KPYYEHHEM TIPOBOJOKH, HA KOTOPO# GhJ NOXBeilleH
BHyTpennnit wap. LlemniaeHd Haxogut, 4ro GopMmyna, aHaioruuHas dop-

2
myae (10), zaer npurojsbie pe3yabTaThi AAA GOAbUIOH OGAACTH 3HAUEHHI w;a

H 3aM€YaeT NPH 3TOM, 4YTO TaKOro PORa KPHTEPHH MOTYT GHTh HCHONB30OBAHbI
TONBKO JJiA_YKa3aHWA MNOPAAKA BEIHYMH, HO He AJA YKa3aHuA TOYHHIX COOT-
HoweHHH. C 3THM CHEeJyeT COTIaCHTHCA; ONHAKO, HYWKHO 33aMETHTh, 4TO AJf
paccMaTpuBaeMOro ciydas Kpurepu# ymectHO GyneT B3ATh CKopee B ¢opme (12).

*) Jtoit aHanoruedl Bocmoab3oBaacs Rayleigh, Proc. Lond. Math.
Soc. (1), X1,57 (1880) (Papers, I, 474) u muorne G6ojee MNO3LHHE aBTOPH, Kak,
Hanpumep, G. 1. Taylor, Aeronautical Research Committee, R. & M. 598
(1918) K. Terazawa, Japanese Journ. of Phys., 1, 7 (1922).

4%

s
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orciona caeayer m=1, §= —n, r=2—n, TaK 4TO AONKHO OHTH

3 v \"
Prz MPONOPLHOHANLHO OWR ( T ) . 4

O6o6uias 3TOT pesynbTaT, noayuaeM (opMyay

pre=ew-f (25, 5) )

v

HMoacraeass n=1 B cooTHomenue (4), mnoayuum 3akoH Ilyaseins
s npsMoiHHeHHOro Teuenua. Ecam ke moacrasute n=0, To moayyum
dopmyay, KoTopylo OGHIYHO NPHMEHSIOT B THApABIAHMKe B cilyuae TypOy-
JIEHTHOTO TeueHMs B TpyGe, HMaMETP KOTOPOH NMPEBOCXOAUT H3BECTHYIO
rpaHHily, WMeHHO

© Prz= kQW:’ (6)

rae k — 4nCnOBAaA NMOCTOSHHAA, 3aBHCSAIUAA OT CBOMCTBA MNOBEPXHOCTH.

B kauectBe rpy6oro cpeaHero 3HaueHWs IJs CJAydasds BOMbI, JIBUXKY-
Hiefica N0 rna;ko#t keneaHo# TpyGe, Mbl MOxeM B3aTh k= 0,0025 ?%).

Bonee nonnyio smnupuueckyio bopMyny Mia Py, YIHTHBAIOUIYIO TaKKe
BAMSAHHE [HaMeTpa, xan JlapcH Ha OCHOBaHHM OuYeHb GOJBILIOrO YHC/AZ
HaGMIONeHHH Hal TeyeHHeM BOAL B BOXONPOBOAHHX TpPY6ax 3).

Hyxno sameTuTh caenyioutee: ecau Obl COMPOTHBAEHHE GHJIO TOYHO
NPONOPUHOHANBHO KBaAPAaTy CKOPOCTH, TO OHO He HOMKHO GuutOo Gbl
3aBHCeTb OT BHSKOCTM M OT ZAuMaMeTpa TPyOH. ITO HENOCPEACTBEHHO
creayer u3 Qopmyan (5) 4).

PefiHONBAC M HEKOTOpHe JApyrue Habiojatenn Hauumd, 410 Goiee
XOpollee COBNafeHHe C ONHITaMM NOJAYYHTCs, eciu B ¢opmyie (4) nate n

3Ha4Y€HHE, OTIHYHOE OT HYJs. Buito NpeAnoxKeHO 3HaUCHHe N= -, B TO

BpeMs Kak PefiHombac npunuMan 3savenne n=0,277. HauGoxree nox-
Xoisilee 3HAUEHHE I TOKa3aTelss 3dBHCHT, IIOBHANMOMY, OT CTeNeHH
rIafKOCTH TIOBEPXHOCTH TPYOH, M MO BceH BeposTHOCTH MioGas popmyaa
puza (4) ¥MMeeT JHUIb OrpaHHYEHHYI0 BO3MOXHOCTb MPHMEHEHHS.

1) Rayleigh, On the 8ggestion of the Stability of the Flow of Fluids,
Phil. Mag. (5), XXXIV, 59 (1892) (Papers, III, 575).

Popmyna (5) sKCNepUMEHTaJAbHO OHJAa NpoBepeHa Ajf OYEHb PA3NUUHBIX
YCIOBHii H JJS TaKMX DasAMYHHIX JKHAKOCTEM, Kak Boja H Bo3xyx. Ilpu sToM
0Ka3anoch, YTO CONPOTHBJEHHE NPOMOPUMOHAALHO @ W), eclH 3HaueHHe i;%z
octaetca TeM xe caMmuM. 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 Reibungsvorgédngen, Zeitschr.
d. Ver. deutscher Ingenieure, (1912}, ctp. 639. .

%) Rankine, Applied Mechanics, § 638; U n w i n, Encyc. Britann. 11-e u3x.
»-Hydraulics®. ,

3) Darcy, Recherches expérimentales rélatives au mouvement de I'eau
dans 'les tuyaux, Paris (1855). Popmysa J[apcw npuBoutcs B paborax P au-
XHHa H YHBHHA.

4) Rayleigh, cM. Bue.
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HO OH BCe ke pewancs 1) Ansg cayuas NMOCTOAHHOM CHAB, TaKOH, Kax
CWJa THXKECTH, NMpHUeM IIACTHHKA MpeanoJjaranach BepTHKaabHO#. Oka-
3LIBAETCH, YTO B 3TOM CJy4yae He CYIIECTBYeT ,KOHeuHOH mnpenenbHOR
CKOPOCTH“, ee acMMNTOTHYeCKOe 3HaueHHe Gyner

4 t
TV 8)
rae o --~MacCa eAMHHIbLI nACINaAAN NJNACTHHKMU. C.'lyllan NMJACTHHKH KOHeY-
HOH HIMpHHH B HANPABJACHUH ABHXKEHHA Obli OBl COBEPIIEHHO OTIHYHBIM
oT paccmarpunaeuoro cnyqaﬂ.

3. npelmOJIO)KHM, YTO 4YaCTHUH XKHUIAKOCTH .lleKyTCﬁ no Opr)l(HOCTﬂM
BOKDYr oOme#t ocH, NpHYeM CKOPOCTb ecTb (YHKLUHMA PaccTOsHUA I OT
3TOR OCH.

Ecan aty ock B3aTh 3a oCb 2, TO, OYeBHIOHO, OyleM HMETb

br_ o
Dt — ot

M BMECTe C TeM Ha ocHOBaHuM ypaBHeHuti (8) § 328

0
& =rad, ©
rae

02 02
=G+

Hnterpupys mo naowaau kpyra palmyca r, mojydaem
d - A o
@ [ eomrdr=v ” Laxdy=» % oar. (10)
0

Orciona, audepeHuupys no r, Gyaem HMeTh

o 0% 1 ot

—=Y [ — — —

ot ( or? r 0r> ?
a 310 ypaBHelme TOXAECTBEHHO C ypaBHeHHEM PaAHanbHOro pacnpo-
CTPaHeHWs TenJa B ABYX H3MepeHmsx 2).

Ipeanonoxum, Hanpumep, UYTO BHAYale Mbl UMeJAH H30JHPOBAHHBIH
BHXDb C HanpAXEHWEeM x, coBmagaiolMf c ocbio 2. TepMmuyeckas aHa-
A0OrHA NPeACTABASET B AaHHOM C/ydae DacHpPOCTPaHEHWe Telaa B HeOIpa-
HHueHHO# cpede 3) OT MIHOBEHHOrO JHMHEAHOr0 WCTOYHHKA; pellleHHe B
3TOM CJlyyae MMeeT BHI

__* 4vt
S=—mr € . (12)

') Boggio, Rend. dell. Accad. d. Lincei, XVI 1907); Rayleigh,
Phil. Mag. (6), XXI, 697 (1911) (Papers, VI, 29).

}) Carslaw, Conduction of Heat, Cambridge, 1921, crp. 113.

3y Carstaw, crp. 152
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YAOCTOBEDUTBCA B TOM, 4YTO 3TO pellieHHe YIOB/IETBODRET ypaBHe-
Huw (11), MoxHO nyreM nudepeHuuposanus. ITO peileHWe AaeT AN
UHPKY/ASLHA BAONL OKPYXHOCTH PamMyca r 3HaueHWe
r L
[tonrdr=n(—e *, (13)
0

KOTOpoe npu f-»0 cTpeMHTCR K npeneabHOMy 3HaueHHi0 ». CKopocTs
ke 6yaer paBHa

-
g=—5r (1—¢ ™). (14)
Koraa ¢ Bospactaer ot Q0 10 oo, TO 3TO 3HaueHue y6miBaeT OF
?"; no 0. 3nauenue Buxps, HaoGopor, Boapacraer (aas r>0) or

HYAA A0 CBOEro HauGobLILEro 3HAUeHHA M NMOTOM ACHMITOTHYECKH MpPH-
6nHXaeTCa K HyJo.

4. Tpennonoxum nanee, 4TO B MOMeHT BpeMenn f=0 Ha nomepx-
HOCTb MOKOSAIUEHCS KHAKOCTH raAyGHHH /i HauuHaer ReACTBOBaTHL PaBHO-
MepHOe TaHreHUHaAbHOe HanpsikeHue f.

Ecan nomecTHTh Hauano KOODAMHAT Ha OHE CJOA, TO YCHOBHS,
KOTOpHE RO/KHBl YIOBNETBOPATLCE NMOMHMO ypaBHenus (1), 6yAayT umets
BHIO

u=0 apu t—»O,

u %i;—=f npu z=A.

Moxowum |
Zz ’ -
=+, (135)
rae Nepsuit uJeH NPeaCTaBASET ACHMNTOTHYECKOe peuwenue (f-»oo).
Ypasuenne (1) n ycaosust 4’ =0 npu 2=0 u ooiz,=0 npH 2= ynos-
JIETBOPAIOTCA PAAOM
u' =3 Ansinmze™™, (16)
ecan
mh=—3 (25 +1) an

Ws=0,1, 2 3,... Mol no/mxubl Tenepb OnNpefenuTh KOIPUIUHEHTH A,
TaK, 4TOOH PaBEHCTBO

%—-}-2 Ansinmz=0 (18)

YIOOB/AETBOPANOCS TOXKIAECTBEHHO. [l 3TOr0 MOXHO MAH NPHMEHHTH
O6H4HLA CNOCOG Pypbe MM NPAMO BOCMOJIL3OBATHECA H3BECTHHIM Ppas3-
TOWEHHEM

0=%{sind—%sin%-}-?:;—sinw—...},- (19)
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1 1
KOTOpOe HMMeeT CHay OT 0= — 5 7 10 0= - 7. OKOHYaTeALHO ANs U
MOJYYHM BbIPaXeHHe

U= "7/ [ 2 sin kee™ ™ 4 35 sin3kal ™™ } . (20)

\
1 =
rae k=7 T .

BuIYHCTEHHSt TaKOro pOAA HEOAHOKPATHO MPOH3BOLHAHCE C UEMbIO
BLACHHTL BJAMAHHE BeTpa B O6PA30BaHMH MOPCKMX TeveHHH. Onuaxo,
€CAH Mbl MOACTABHM YMCJAOBBE 3HAYEHHSA ¥ M fi, TO YBHAMM, YTO CO-
r1acHO 3TOH (opMy/ie K OKOHYATEALHOMY COCTOSHMIO MOXHO NPHG/IH-
WATbCA YpesBblyaliHo memieHHo. Tak, Hanpumep, ana »=0,018, h=10°

Ko3buumeHT npu sin k2 B Boipakenud (20) yMeHbLUHTCA B OTHOLUEHHH
1
-~ /MUl 0 HCTEYEHWH MPOMEXNYTKA BPEMeH:

t=—l_ = _ 7140 ser!

B neHcTBUTEJbHOCTH COOTHOULIEHHS OYeHb CHJIbHO H3MeHSTCH Oaaronaps
TYypOyAeHTHOCTH. MbI nonyuum KapTHHY, Ayuile COOTBETCTBYIOLIYiO Heft-
CTBHTE/NBHOCTH, €C/IH 3aMEHHM K ,KO3(HULKEHTOM TypOYyNEeHTHOrO TPeHus
(cM. § 366Db) 1).

5. B xayecTse BHAOH3MEHEHMS 3TON 3aaud PACCMOTPHM YCTaHOBMB-
WiKecs TeyeHHs, KOTOPHie MOIMH Obl ObiTh Bbi3BaHBI, €C/IH NPUHATL BO BHH-
MaHue BpalleHue 3eMaH 2),

Bo3sbMeM Hauyano KOODAMHAT HA CBOGOAHOH MOBEPXHOCTH, a OCb 2
HAMpPaBHM 10 BepPTHKaJAM BBepX. ECAH @ — COCTaBASAIOWAA  YrIOBOH
CKOpPOCTH 3eMJIH B HATIPAaBJICHHH BEPTHKAMH, TO, peAno/aras, 4TO0 yCAOBHA
NO OTHOIUEHHIO K KOODAMHATAM X M Y ONHHAKOBBI M UTO ABHXXEHHE YHe
CIeafoCh YCTaHOBHBIUMMCH, OyleM MMeTh DaBeHCTBa

0%u %
— 200 =" o5, 20u=7 T (21)
O6a 3TH ypaBHEHHS MOXHO COeJHHHTb B OIAHO
0t . 2i , ,
55 Wt iny==2(u+iv). (22)
O6o3Hauas
- =P (23)

1) UckaoauTenbHas MEeLIEHHOCTh MHGQy3HH CTPOro NAMHHAPHOTO ABHKEHHS
6uina 3ameuena ewe Helmholtz, Uber atmospherische Bewegungen, Sitzb.
d. Berl. Akad., 1888, crp. 649 (Wiss. Abh., I, 292).

Cm. taxxke Hough, On the influence of Viscosity on Waves and
Currents, Proc. Lond. Math. Soc. (1), XXVIII, 264 (1896).

?) Ekman, On the influence of the earth’s rotation on ocean currents,
Arkiv f. matematik, II (1905). 91a paGoTa COAEpKHT TaKke Apyrue HHTEpPECHHE
HCC/IEROBAHAL,
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M cuuTas, 4TO rNyOuHa mpakTHyecKn GeCKOHEYHd, NOJYUHM
u+iv= A, (24)

yC.’IOBHe, 4YTO TIpH 2 =0 101X%HO MMETb MecTO PaBe€HCTBO

)
um o_lzl =f’
Aaet
(+ppa=-L;
OTCI0Ja ClaefyeT
. (=D} a+iys:
utiv=—5 e (25)
HIHU
N B R S
UﬁVEuﬁe cos(ﬂz 3 )
__1 Bz 1
v_nyﬂ e” sin (ﬂz— T n) . (26)

JiBrKeHHe TIPAKTHYECKH OrpPaHHYMBaeTCH CJXOeM, TrayGuHa KOTOPOro
—1
MMeeT MOPSNOK BeJMYHHH f§ .
Hanpasienue TeyeHns HA NMOBEPXHOCTH OTKJAOHfAeTcs Ha 45° Bnpaso
(B ceBepHOM noOJywlapuM) OT HanpaedeHus cuanl. OGuiee e KOJIMYECTBO
NBMXKEHUA Ha eIMHHIly IJIOIAJM NOBEPXHOCTH GYNeT DPaBHO

0
[ewrinde=— P = — o @0

4 HalnpapJ/ieHHE 3TOro BEKTOpa 6leeT NEePNEHANKYNAPDHO K HanpasAeHHIO

CHJIBI.
3zech ciaeayeT OniTb 3aMeTHUTh, YTO 3TH pPe3yJAbTaTH TOJbLKO TOraa

MMEIOT NPAKTHYECKOe 3HaueHue, KOrJd BENTMYMHA K 3aMEHeHa KO3(duuMeH-
TOM TypGyJeHTHOro Tpeusi. IIpM OOLIYHOM 3HaueHuM u Benmuupa B
a8 BOAB 6bi1a Gl TOALKO nopsika 20 cM.

§ 335. Ecan He npuHMMaTh BO BHMMAaHHE WJIeHbl HHEPUUH, TO MOXHO
UCCNeJOBaTh JABHIKEHHE BSI3KOH HECXKMMaeMOH XHIKOCTH B BeCbMa O6lleM
BHJle NpY MOMOIM ChepHueCKUX (QyHKUMH.

Ynobuee GyneT paccMOTpeTb CHauana ofllee pelleHHe Craefyloiledt
CHCTEMB! yPaBHEHHHR

Au' =0,
Ay’ =0, | m
Aw’ =0,

ou’ o’ ow
0X +'T},—+'Tz‘=0 (2)
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dyuxuuu 4, v', W MOXHO pasAOKUTH B PAALI MO OGBEMHBIM ChepH-
yeCKHM (yHkumaM. OueBMAHO, YTO B 3THX Pa3OXKEHHUAX MHOFOUJIEHbI
CTeneHH 1, KOTOpbie Mb GyldeM 060O3HAuYaTb U,, Up, Wy, Kaao# TpO#H-
KOH B OTHeNbHOCTH [OJ/KHBI VIOBIETBOPATL YypaBHeHHIO (2). YpaBHe-
HuA (1) MOryT 6niTh NMO3TOMY HAMMCaHbl B CJENYIOLIeM BHIE:

o [ov, Ou, o [Ou, ow,
oy (W—Ty')= 0z (T["‘o&“) ’
o [ 0w, ov,, 9 [0, ou,
o (=)= 5 =) 3

P (ou; ow;,> 0 <ow;l ou;>
ox \0z  ox ) oy \oy oz /"
Orciona cnenyer

ow, ov,, 0%n

oy oz ox
ou, _ ow, . 0% }
0z ox oy °®
o, o, ox, '
ox 0y 0z.°’

4

rae xn —GyHKIHA OT X, Y, 2; U3 ITHX COOTHOILEHM# Aajiee MOJMYy4aeTcs
#n=0, Tak u4TO Y, — Ob6beMHas cdepuueckasn QYHKUMS CTEMEHH .
U3z pasenctB (4) nonyuaem nanee
oy, 0%y ou,

ou, ou, a
2oy Vo =X TV 5 T2+

+u,— -f; (xun -+ yon +2wp) (5)

M jBa APYrHX aHAJOTHYHHIX YPABHEHHS.
U3 ypashenuit (1) u (2) GyaeMm. uMeTh Teneph

4 (xun+ yv, +2w3) =0, (6)
TaK 4170 MOXHO HamnucCaThb
XUp+ Y0+ 2Wn = @ny1, (M

rile @p+1 —ob6beMHas cdepuueckas ¢ynkuus creneHn n+4-1. TIlociae
3TOro ypaeHenue (D) MOXeT OHITb HANUCAHO B BUME

, 0¢n+] oZn oln
(nt+Dun=—p5r—+2 7= —y 5~ @®
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Muoxurens n -1 MOXHO, He ymeHbIasA OGILHOCTH, OTGPOCHTH, H TOTAA
Mbl TIONYYHM pellleHHe paccMaTpuBaeMOl CHCTeMbl YPAaBHEHHH B BHIe

op oy oy
u'=2<0xn +2 Oyn -y 0;:")’
, op Oxtn 0z,
v =2<0yn +x Ozn —z 0xn>’ ©
, 09, 0% Otn )
w=Y (5 o —x o),
rae coepuyeckue QyHKUMM @, U Jn NPOU3BOALHLL 1),

§ 336. Ecau oT6poCHTL ujeHH MHEPUHMH, TO YDaBHEHHS IBHXKEHUs
BA3KOH KHAKOCTH NPH OTCYTCTBHH BHEIWHHX CHJ NPHBEAYTCH K BHLY

0
udu= F}Icl )
0
pdv=3, 1))
0
udw= % )
ou ov ow
—_—t =4 = 2
ox + oy + 0z =0. 2
Tocne nudepeHUMPOBAHUA MONyYaem
4p =0, 3)
raK 4to QyHKuUMs P MOxeT ObITh PA3AOKeHa B PAQ no oObemubim Cde-
PHYECKUM (DYHKIMSM
p= 2 Pn “4

OtaenbHbe 4EHb DeUIEHUs, MPeACTaBasAs 43 cebsa cdepuyeckHe QyHKIHH
B BUJE Da3/MUYHBIX anrebpaMuecKHX MHOrOYJIEHOB, OYAYT He3aBHCHMH IDYr
OT Apyra. Yro6nl NOJyYuTh B pellieHHH ypaBHeHM#t (1) umeHH, 3aBHCHUIME
OT Dn, TOJOXHM

op o P
_ 2 n 2n+3 0 n
u=Ar b + Br 3% i
U=AI" E"}_ Br2n+3 0 Pn -
oy + oy eSS (3)
op o P
_ 2 n In+3 o n
w=Ar -, T Br oz AT

roe r2=x24+ y2+22. Ynensr, ymHOXeHHbie Ha B, Ha OCHOBaHHH
$§ 81, 83 npencraBaswT co6o 06BeMHble ChepuueckHe GYHKIMH CTe-
neHu n—-1.

1) Cp. Borchardt, Untersuchungen iiber die Elastizitit fester Korper
unter Beriicksichtigung der Wirme, Berl. Monatsber., 9 aus. 1873 (Gesammelte
Werke, Bepann, 1888, cTp. 245). MHccaemosaHne B TeKCTe B3ATO M3  paboTH
astopa, On the Oscillations of a Viscous Spheroid, Proc. Lond. Math. Soc.,
{1;, XTI, 51 (1881).
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Ianee, umeem

9p,, op o op,, , op,
A<r2 0—x>= r’Ao—;—{—‘l( 0x+y 0y+ 0x+ drt=

o,
=22n+ 1), -
YpasteHus (1) 6yayT ynOBAeTBOPATLCA, €CAH MONOKHTH

1
A=s@rrvu ©

Teneps, noacrasass (5) B ypasHenue (2), Hataem
2nA—(n+1)(2n+3)B=0,

OTKyZa caexyer

n
B=tGrv@mina+on 0

B Takom cayuae o6uiee pemeHne cHcTeMbl ypasHeHu#t (1) u (2)
MOXeT OHTb HAaMHCAHO B BHAE

____2 ” 0pn+ nrin+3 o Pn '
TEATD ox TEDERLDEnE3) ox A

r: opn "n+3 0 Pn ’
{2(2n+l) dy +(n—l—l)(2n+l)(2n+d) oy ,2n+1}+v 1 (®)

rs op, Pn nrint3 0 - Pn +w,
2@a+1) 0z " (n+-1)2n+1)(2n+3) 0z pntt

Il

.
-ty

’

rae ¢yHkuuu o', v, w
naparpaga 1),
dopmynsi (8) naior
1 nr? Y
xu+yv+zw=72mpn+znq’n. 9

Ecau o6o03xauum yeped &, 7, { KOMNOHEHTH BHMXDPA, TO AJAA HUX

Hafiaem
=_1_2(n+ (ap,, 0pn)+2( +1)
on n g
=%2(nil)<’3{’£"‘—)+a("+l)?}7’ (10)
op, n 0%n
“ 4 Sao (5 R S0

1) 310 WCCACHOBAHHE B3ATO C HEKOTODPHIMH - H3MCHEHHAMH M3 Pa3NHYHBIX
ucrounuxos, Cp. Thomson und Tait, § 736; Borchardt cm. BHne;
Oberbeck, Uber stationire Fliissi keits bewegungen mit Beriicksichtigung
der inneren Reibung, Crelle, LXXXI, 62 (1876).

Bbipaxatotca dopmyaamu (9) npenwlayuiero

\
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U3 atux seipaxeHuil nosaydaem
x§ +yn+28 = n(n+1)xn. an

KomnoHeHTHl HanpsbkeHMsi Ha MOBEPXHOCTH 1IApa Paauyca r Ha OCHO-
Banuk paeeHcTB (4) § 325 GyayT Beipaxarbc GopMynamu

prx=‘§‘ pxx+‘%‘ ny+—:—sz,---,---- (i2)

TToACTaBsIA 3HAYEHHAA BEAMYHH Pxx, Pxy, Px: M3 Gopmyan (5), (6) § 326,
HaliaeM

IDre= —xtH-u(r % ——1) u+p :—x(xu+yv+2W),
o= —yp+u(r o —1)utu g Gutw+aw), b a3)
rprz= —2p+u (r -;r— ——l)w+ﬂ5')z- (xu 4+ yv -+ zw).

Ot dopMyasl, KOHeYHO, ABIAIOTCA OOwMMH., B paccMaTpupaeMoMm ixe

31ech CJayvae, INOACTaBJss 3HadyeHus U, U, W u3 Gopmya (8) n nonb-
3yACh COOTHOLIEHHEM

0 9 n
r3 ( Dy _r_n+1 o P ) (]4)

XPn=onri\ox Bz pnti) !

NIOy4uM TIOC/Ie HECHOXHHIX Npeo6pasoBaxuit

_ n—1 ,0p, 2n*44n+3 s 0 Pn
rp’x‘z{an" % ThrDeninen+d’  ox ,2n+1}+

tou Y- —u Y-y —2). a3

COOTBeTCTBYIOLIME BLIPAXKEHHS A I'Ppy M TPy, NONYYUM B Deay/ibTare
KPYroBOH mepecTaHOBKH GYKB.

§ 337. Pesynbratei §§ 335, 336 MOXHO NPHMEHMTh K DeLIEHHIO
pfla 3a4ad, B KOTOPHIX TI'DAHHYHBIE YCJIOBHS OTHOCATCA K IOBEPXHOCTH
mapa. HawGonee HHTepecHbie 3aJaud OTHOCATCS K CJAEAYIOUMM ABYM
CAy4yasM: B MEPBOM MMEEM BCIOLY

Xu+y-+zw=0 (1
H NO3TOMY
Pn= 0, P == 0:
BO BTOPOM HMeeM
xt4yy+28=0 (2)

M TOTOMY
an=0.
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1. PaccMOTpUM YC1aHOBHMBIUEECH TeYEeHHE HECHHMAeMOH IKHAKOCTH BOKpYF
HenmoxBHKHOro wapa. Ecan Bo3bMeM Haua. 0 KOODAHHAT B LEHTPE 11apa H OCb X
napaniebHO HaNpaBleHHIO TEYEHHA, TO TPaHHYHBIE YCIOBHA GYAyT UMETh BHI

u=0, v=0, w=0 paa r=a (a— paauyc wapa)
3]
u=U, v=0, w=0 aaa r=oco.

Buxpesnle MMHMM TIPEACTaBAAKT COGOI0, OYEBHIHO, OKPYXKHOCTH C LEHTPAMH
Ha OCH X, MJIOCKOCTH KOTOPHX NEPNEeHIMKYIAPHH K 3TOH OCH, TaK 4YTO yCAO-
sue (2) 6yner sunoauarbca. Janee ypasHenne (9) § 336 B cBa3n ¢ ycaoBuem,
KOTOpOE JO/KHO BHINOMAHATHCH B GECKOHEYHOCTH, MOKA3HIBAET, YTO B OTHOLIEHHH
QyHKUMH p, M @, Mbl JOMKHH OFPaHHUMTHCHA CHEPHYECKUMH DPYHKUMAMH TOIbLKO

nopsaxos 0 u 1 M, cieposarensHo, caydasMu n=0, n=1, n= —2. Kpome roro,
OUeBHIHO, MBI LOMXHbI UMeThb py=0. [Tonaras sarem

x
P_z-'—‘AF,
¢, =Ux, 3)
x
7’—~2=B'r_3';
Mbl HalimeMm A oA )
r X
"=U+(B—67)a75+egr'|
- At e x {
v= (B a3y T ( *)
Ar*y 0 x| I
v= (B-F)amwi
3TH BHpa}KeHHﬂ JamT
2B A
xu+yv+zw=(U—-ra—+F)x. )

Hanee wu3 ¢opmyn (15) § 336 uam wenmocpencrsenHo u3 cdopmyn (13) § 336
nonyyaercs

x 6uB\ 0 x A
Prx= _Tpn-}—(Ar——T) T
6uBy 0 Xx
pm=—% Po+(Ar—'”7')o—y‘F', ©)
6uB\ 0 x
Ppy = — T p0+( - r )02 s’

¥cnosue OTCYTCTBHSA CKO.1bXXEHHS HA MOBEPXHOCTH I'=q KaeT ypaBHEHHA

2A

3 7)
p_A% =0, (
6u
OTKYy1a moayiacM
3
A=—75#Usg,
(©)]

1
B= —'4— Uasd.
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CocraBasouiie HanpaxeHHA Ha 3TOH NOBEPXHOCTH MOAYYAT NO3TOMY Cie-
RYOUHH BHA:

X 3 U )
p)‘;c::-Tpo_’_—ﬁ—z_nu_a_' H

el |
p}-yz .——a— pOI pr;= _—a_-po' ’

Ecan 0603Hauynth uepes S 31eMEHT MOBEPXHOCTH, TO MOJYYHM

ff Py dS=6nuUa, [[p,ds=0, [[p dS=0. (10)

PaBHOAeHCTBYOI asA, MPHUAOKEHHAS K ILAPY, MMEET MO3TOMY HaNpaBAeHHE NOJO-
XKHUTENAbHON OcH X H paBHa 6xual.

$®opmMynn (4) NDHHHUMAIOT Temepsh CACAYIOWMH BHA:

== ___a- _l_ 2 __q° 90 x
u*U(l ; )+ 2 Ua(r a)c)x )
. R 2 . 0 =
0 == T Ua(r®*—a )—Oy ok } (1)
4 2 gy O X
W= 3 Ua(r® —a?) 0z

Xapakrep ABHEHH# KOPOYE BCEro MOXHO BbLIPA3HTh IOCPEACTBOM QYHKIUGIR
toka Croxca (§ 94). Tak Kak CKOpPOCTh B pafMajJibHOM HalpaBleHWH paBHA

3 a 1 g3
u(1~7-r—+—2——ra—)cose, (12)

70 1OTOK (27yp) CKBO3b OKPYKHOCTb, HCPINEHAHKYAAPHYIO K OCH X H € LEHTPOM
Ha 3TOH OCH, PajMyC KOTOPOH CTArHBaeT yroa 6 c BeplWiMHON B uenrpe miapa,
6YJeT ONpelensaTscss H3 POPMYIbl

i 3 a 1 a .
p= g u(1 -ty F) 7 sin? 6. (13)

Ecau coo6muTh KHAKOCTH M Wapy CKOpPocTs — U B HANpaBieHHM OCH X, TO
Mbl TIONYYHM CHy4ail HKBHMEHHT lIAPA C NOCTOSHHOH CKOPOCTHIO B )KHAKOCTH,
10KOAmEHCA B GECKOHEUHOCTH. PYHKUHA TOKA B ITOM Ciyyae GyaeT HMeTb BHJ

3 2
w=-1 Uar -'(1 - % %) sin?. 14y

Ha ¢ur. 81 nokasaHol JHHHH TOKa (p==const.) B 3TOM cayuae Lis pana
pPaBHOOTCTOSIMX APYT OT ApYyra 3HaueHHit PyHKkuuH . O6pauiaer Ha ce6s BHHMa-
HME Pe3KOe OTAMYHE KAPTHHL 3TOr0 C/Ayyas OT Cl1ydyas HMAealdbHOH MXHIAKOCTH,
IIpeNCcTaBAeHHOro Ha crp. 138, HO He caexyer 3a6bIBaTh, YTO OCHOBHBIE MONOXE-
HusA B OCOHMX ClyyasX COBEPLIEHHO pa3iuyHH. B npexHeM ciyuae npeo6aanalo-
mee 3HaYeHHe HMeNa MHEepUWs, a BHYTPEHHEE TPEHHE He MPHHHMAJoch BO BHH-
MaHHe; B HACTOAIIEM K€ Ciyyae Bce OOCTOMT KaK pa3 HaoGopOT.

Pacgonox:el-me JHHMA TOKAa YKa3plBa€T Ha TO, YTO NPHCYTCTBHE TBEPROit
BHEL{HEH CTEHKH JaXKe Ha DACCTOAHHH MHOTHX [IMAMETPOB WIaPa B 3HAUHTEAb-

') Jra 3anava B nepsuiii pa3 6bina pewera CTOKCOM npu noMowH (yHk-
HHp Toka; cm. § 338.





