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§ 91. I'uppocraTHKa HeCKHMAEMOH KHAKOCTH

1. Ecay ner maccouix cun (1. e. f=0), ro ypasuenus (90.6)

P dP aP
CBOMATCA K 0 = 5 = 5, =0. Orciofa c/epyer, yTo B 3TOM Caydae
IIPY PAaBHOBECHY JaBjiende P OfHO M To Xe 110 BceMy 00beMy KHIKOCTH.
Ecny 2KHAKOCTH HaXOAHTCS B TOJIe TAXKECTH, To f == pg. Hanpasum
och Z BepTHKAa/JIbHO BBepX. Torza OCHOBHEIE YpaBHEHHA DPaBHOBeCHS

HKHUAKOCTH HPHMYT BHJA

B
0P _P_, 0P

ax oy 9z = P8
M3 uux caepyer, yTo NpH MEXaHHYECKOM DABHOBECHH JaBJeHHE He
MOKeT 3aBHCeTh OT ¥ H . OHO JO/KHO OCTABATLCA IOCTOSIHHLIM B KaXK-
No#l TOpHU3OHTaNLHOH IIocKocTH 2z = const. TopHsoHTasnbHBIE MJIO-
CKOCTH CYTb RJA0CKOCMU pasHoeo Oasserus. B dacTHocTH, cBoGoaHas
HOBEPXHOCTb JKHUAKOCTH TOPH30HTAJbHA, TNOCKOJIBKY OHa HaXOIUECS
107l TIOCTOSIHHBIM faBienueM atmocdepbl. Takum obpasoMm, npu mexa-
HUYECKOM PaBHOBECHH JaBJIeHHEe MOXKET 3aBHCETb JIHILb OT KOOPJAUHATHI 2.
N3 Tperbero ypaBuenus (91.1) creayer mnostomy, 4TO MO MEXaHHU-
YeCKOTO paBHOBeCHS HeOOAOXMMO, 4YToObl TIpOM3BeleHHe 0g ObLIO
¢dyHKIMeHd ToNbKO 2. Tak Kak g He 3aBHCHT OT X H Y (3aBHCHMOCTLIO g
ot reorpadHyecKofl IIHPOTHL M JOJTOTBl MeCTa Mbl MpeHeGperaem),
TO, C/1€J0BaTeJbHO, H MJOTHOCTH O MOXMET MEHSATLCA TOJIBKO ¢ BBICO-
Toit. B cuny ypaBHenus cocrosins (89.4) naBjaesuem Py MJIOTHOCTBIO O
onpezfensietcss teMieparypa kuakoctd T. Urak, npu mexarnudecxom
DPaBHOBeCHU OasreHIEe, MeMNePAMYPA -t LACHIHOCHb HUOKOCIU S8AOMCA
PYHKLUAMU MOALKO 2 U He MO2YM 308uUcemb Om X U y.

2. JlomycTHM Tenepb, YTO XKHIAKOCTb OOHOPOOHA H €€ MOXKHO pac-
CMaTpuBaTh Kak Hecxcumaenmyio (p = consl). Kpome Toro, 6ynem cuu-
TaTb NOCTOSIHHBIM YCHOpPEHHE CHJIbl T5XKeCTH g, NpeHeOperas ero 3aBH-
CHMOCTBIO OT BBICOTBI 2. TOTHa JIErKO HHTETPHPYeTCs W Ioc/enHee
ypaBHenne cucrembl (91.1). B pe3syirerate Takoro HHTerpHpoOBaHiUs
NOJTYYHM

(91.1)

P=P,—pgz. 91.2)

Tocrosinnaa unTerpupoBanusi Py ecTh JaBjeHHe KHUAKOCTH Ha BHICOTE
2z =0, 1. e. aTmMochepHOe naBJeHHE, €CIM HauaJo KOOPAUHAT TOMe-
CTUTb Ha CBOOOAHOH mnoBepXHOCTH Xuakoctd. Popmyaa (91.2) onpe-
JelsieT TaKXKe JaB/jeHHe XKHJAKOCTH Ha JHO H CTEHKY COCYJa, a TaKMkKe
Ha TIOBEPXHOCTb BCSIKOTO Tena, NOUPYXKEHHOrO B KHUAKOCTL. OHa
OXBAThiBAeT BCIO FHAPOCTATHKY, M3JIATaeMylo B IIKOJbHBIX Kypcax
(PU3UKH.

3. OcranoBuMcsl Teneph Ha 3akoxe Apxumeda (ok. 287—212 .
I0 M. 3.) M CBA3AHHBLIX C HHM Bollpocax. Belles MM MBICIEHHO H3 XKHJ-
KOCTH TIPOH3BOJBHLIH O0BEM, OrpaHKHUCHHBIH 3aMKHYTOH NOBEPXHOCTDHIO .
S (puc. 232). Ecan XMAKOCTb HAaXOAHTCS B MEXaHHYECKOM paBHOBe-
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CHH, TO, pasyMmeercsl, JO2KEH HaXOJIUTHCS B PABHOBECHH H BbIJIE/JIEHHBIH
o6veM. IlosTomMy nO/MKHBI OOpamaTecsi B HYJb paBHOZEHCTBYIOIAS
H MOMEHT BCeX BHEIIHHX CHJ, JeHCTBYIOUIMX Ha paccMarpuBaeMbifi
o0beM XKHUAKOCTH. BHelHHE CHJBI — 3TO BeC @ BbIIETEHHOTO OObeMa.
MKHUJIKOCTH H JIaBJIeHHE HA TOBEPXHOCTb S €O CTOPOHBl OKPY2KaIoLIel
JKHAKOCTH. 3HauuT, paBHojeHcTBytoWass F CHJ THAPOCTATHYECKOTO
JaBJIeHHs, NeHCTBYIOLIUX Ha MOBEPXHOCTh S, JOMXKHA PaBHATbCH Q —
BECY JKHJKOCTH B 00beMe, OrpaHUYEeHHOM NOBEpXHOCTbIO S. Jta pas-
HOJleHiCTBYIOULasA JI0J7KHA ObITh HATIPaBJ€HA BBEDX H IIPOXOIHTH Yepes
ueHTp Macc A BbiieJIeHHOrO 06beMa XKUAKOCTH, UTOOBl MOJHBIH MOMEHT
BHEIIHHX CHJ, JeHACTBYIOLIHX Ha Hero, Obl1 paBeH Hymo. HomycTHm
Tellepb, YTO JKHAKOCTb M3 BHIIEIEHHOro HaMH o0beMma yjasneHa, M Ha
ee MecTo NoMmelleHo JioGoe TBepioe Teno. Ecin
3T0 TeJNO YIEpKUBAETCH B PABHOBECHU, TO
B COCTOSTHHH OKDYXKalOIleH KHAKOCTH HUKAKUX
usmenenuti He npousolicem. He wusMeHHTCA H
JaBJIeHHe, OKAa3bplBaeMoe XHAKOCTbIO Ha MOBepX-
HOcTh S. B pesysbraTe Mbl NPHXONHM K 3aKOHY
Apxumena. Ecau meno, noepyscennoe 8 Heud-
KOcmb, YOepoKusaemcs 8 MEXQHUMECKOM pasHo-
gecuu, Mo €O CMOPOHbL OKPYICarowel HtuorKocmu
OHO nodsepeaemcs Gvlmaixkugarowett cure audpo-
CMAMUYEcKo20 OOBACHUSA, HUCAEHHO pagHoll eecy
HUIKOCHU 8 06BEMe, BOIMECHERHOM meaoMm. Jma
BOUMAAKUBAIOWAR CUAQ HANPABAEHA B6EpX U NpPO-
xo0um uepe3 yenmp macc A acudkocmu, sounecrennol meaom. Touky A
6yneM Ha3wBaTh yeHmpom naasysecmu meaq. Ee mosoxeHueM, Kax
OyleT TIOKa3aHO HHXKe, ONpENeNAIOTCS PagHoGecue W YCmotuugocmy
TJ1aBalolllero Tena.

4. C noMoluplo 3aKoHa ApXHMeNa pellaercsl BOMPOC O PaBHOBECHH
TeJ, NJIABAIOIHX B KHAKOCTH. Jlasi pasHosecus HeoGxodumo, umobel
sec meaq Obid pagen 6ecy GbUMECHEHHOU UM HCUOKOCMU, a Yenmp naa-
sydecmu A aexas Ha 00HOU 8epMUKAAU C YEHIMPOM MQCC CAMO20 MeAd.
Urto KacaeTcsi yCTOHYMBOCTH pPAaBHOBECHs, TO IIpH pELIEHWH 3TOTO
BOIpOCAa HAJO PAa3/HYaTh JABa CJydas.

Cayuair 1. Il1aBaolliee T€10 MOrPyHEHO B XKHUAKOCTD LIEJTHKOM.
B 3ToM cnyuae npu Ji06bIX CMELIEHHsSX H MOBOPOTAxX Teda ero LEHTP
Macc C M LEHTP MJaBydeCTH A COXPAHAIT CBOE IIOJOXKEHHE OTHOCH-
TenbHo Tena. Pasnogecue yemotinueo, ecau yernmp mace mesa C aexcum
Hudce e20 yenmpa naasydecmi A, U Heycmotiueo, ecau o1 aexcum gouie A .
JleficTBUTENbHO, €CJH TEJIO CJerKa MOBEPHYThb OTHOCHTENBHQ IIOJIONKE-
HUS DABHOBECHSI BOKPYI TOPH30HTAJbHOH OCH; TO B @OOHX. Cayyasx
MOMeHT napel cul Q u F Gyler CcTpeMHTbCS ONYCTHTh TOuky C H IOf-
HATb TOUKYy A (puc. 233). B peayibrate 3TOTO T€O NMPHXOAUT B 110J0-
JKeHHe VYCTOHYHBOrO DABHOBECHS, B KOTOpOM Touka. C pacrosoxKeHa
HUKe TOUKH A,

Puc. 232.
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Canyuait 2. [lnaBaoiee Tejo NOrpy*eHo B KHAKOCTh He LieJNH-
KOM, a YaCTHYHO BBICTYNaeT Haj ee cBo60AHOH noBepxHocThio. Tlo cpas-
HEHHIO ¢ NPeAbLYIHM ITOT cayYall aBaserca Gojee CJIOXKHBIM, TaK Kak
NpH CMEIEHHH Tela W3 IOJOXKEHHA pPaBHOBECHS MeHsercs (opma
BBITECHIEMOTO HM o0beMa KHAKOCTH. BeJleficTBHE 3TOro HoOJIOXKeHHe
ILeHTPa MNJABYYeCTH OTHOCHTEJbHO IJ1aBAIOLIEro TeJla H3MEHseTCs, Yo
H YCJIOXKHSET HcclefoBaHHe. PaccmaTpuBaeMbifl caydail npejctaBiser

OCHOBHOH HHTepec IpH HCCJeHo-
BaHHH YCTOHYHBOCTH I11aBAIOUIHX .

KopaGsei. Ha puc. 234, a cxema-

THYECKH H300paxeH KOpMyC KO-

pab/isi B «KHJIEBOM» MOJIOMEHHH,

KOrja LeHTp Macc Kopabas C u

ueHTp maByvecTH A JjexaT Ha
4 .

OJHOH BepTHKaJH, COBNajJarollell
C BEPTHKAJBLHOH OChbIO CUMMETPHH
kopabas. Ilpu HaknoHe xopabas
Ha MaJabll yroa ¢ (puc. 234, 0)
LEHTP IJaBYYecTH CMelIaeTcsl OTHOCHTENbHO Kopafis B Touky A’,
OCTaBasicb NPAaKTHYeCKH Ha NpeXHeil BEICOTe. BhiTajxupalowas cuia
Tenepb NPOXOAHT Yepe3 TOUKy A’, ¥ JHHUA ee AeHCTBHS mepecekaer
BEPTHKAJIBHYIO OCb CHMMeTPHH KopabJsia B Touke M, HaswiBaemoll mema-
yenmpom. Ec/H MeTaueHTD JIEKUT BHIE LeHTpa macc Kopabis, To

Puc. 233.

Puc. 234.

MOMEHT napel cua Q, F Gyjner Bo3BpallaTh Kopabsab B HCXOAHOE I0JO-
meHde. B aTom caywae paBHoBecue Kopabasi ycroiuuBoe. Eciu
Xe MeTaueHTp M JleXHT HHXKe NeHTPa Macc Kopafuis, To mapa CHa
Q, F Gyger eme Oonblle OTKJIOHATbL KOpabib OT HCXOAHOTO MOJOMKe-
uus. B aToM ciyyae paBHoBecHe HeycToiuHBO. Paccrosnue h mexuy
toukamu C u M HasbBaercsl memayenmpuueckoil evicomoti. Ecau mema-
HEHNIPUYECKAA  GLICOMA  NOAONCUMEAbHA, MO PABHOGecUe  YCowuuao,
ecau ompuyameavia, mo seycmotuueo. Yem Gousblie £, TeM ycTOHYH-
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Bee paBHoBecHe. MoMeHT napwl cua Q v F, BosBpalialoliuii Kopabab
B HCXOJHOE TOJIOKEHHE, HA3LIBAETCH sunpamasiouum momermom. OH,
OYeBHJHO, paBeH

M =Qhsin . (91.3)

Benuuuua h cama 3aBHCHT OT @, Tak Kak IIpH U3MEHEHUH HaKJIOHA @
MEHSIeTCsl M MOJIOXKEHHe MeTaleHTpa OTHOCHTeIbHO Kopabuas. Haiinem
3TO TMOJIOXKEHHe M BLIYHC/IHM METaleHTPHUYECKYIO BLICOTY A B IIpefeiib-
HOM c/yuae 6eCKOHEYHO MaJjblX YIJIOB HAaK/OHA Q.

Taxk kKak BHITAIKUBaOWas CujJa NPOXoAuT yepe3 Touky A’ W Ha-
npaB/eHa BEPTHKAJIbHO BBEPX, TO €€ MOMEHT OTHOCHTENBHO TOHUKH A
6yner N = Q-AM sin @ unu (npu Manuix @) N = Q (h + a) ¢, riea —
paccTosiHHe MeXAy LeHTpoM Mmacc kopabas C M ero LEHTpoM ILiaBy-
YecTH B TIOJIOKEHMH paBHoBecHs. BesnuMHa a cuMrtaercs NOJOKHTENDb-
HOH, ecsid Touka C JeXHT Bhlille A, H OTpHLATENBHOH, €CliH OHA JIEXKHT
ke A. Bennunsa momeHta N, KOHEUHO, HE 3aBUCHT OT TOTO, B KaKo#
Touke JHHHH A’M BbiOpaHa TOYKa IIPHJIOXKEHHS BbITaJlKHBalOLIeH
cunol F. Pasnoxum cuny F Ha cocrabisioulyio F,, NapasenbHylo
ocH kKopabis AM, u coctaBasomiyio F |, K Heil nepIeHIHKYJsSPHYIO.
Ecnu Touky npunoxenus cussl F nomectHTs B A’, T0 cocTaBasiowasn £
He JacT MOMEHTa OTHOCHTENbHO UeHTpa NaBydecTd A, U BbYHCICHHS
ynpocrarcsa. Torna mnossblii mMomeHT N Oyjger co34aBareCA TOJNBKO
cocrapasiomeint F,. [ToHaTHO, uTO MOMeHT 3Toil cocTap/siomed Oyner
OJHHM ¥ TeM e OTHOCHTENbLHO BCeX Toduek, Jexaummx Ha ocu AM. U3
H3JI0KEHHOro cJjepyer, 4ro Beauunny N = @ (h + a) @ MOXHO pac-
CMAaTPHBaTh KAK MOMEHT BBITAJIKHBAIOWHX CHJ JaBAEHHA OTHOCHTEIbHO
NPOU3BOMBHON TOUKH ocH AM, ecnu M3 3THX CHJ BbIUECTb X COCTaB-
JsIoLHe, IepleH AnKY/IspHble K Tol 2Ke ocH. TToatomy MomenT N MOXKHO
BBIYHCJAHUTb MHade. Ecau Kopabab Hak/OHEH Ha yroJ @, TO BbITA/KH-
BaloUlHe CHUJbl JABJEHHA C [IPaBod CTOPOHB! yBeaH4arcs, a ¢ JeBod —
yMeHbInatcs. I1ps 3ToM Mbl HMeeM B BHAy He NOJIHbIE CHJIbL, 8 TONBKO HX
cocTaBJswIIHe, napasieinbusie AM. Ilyerb x — paccrosnne (Koopau-
HaTa) MPOU3BOJNILHOU TOYKHM HJockocTH HH or ocu Y, mpoxopsmei
yepe3 O meprneHAHKYJAPHO K IJIOCKOCTH prucyHKa. Torfa yseaHueHHe
JaBJeHHd B COOTBETCTBYIOWell Touke jnHa. Oyjer pgrg, a MomeHT N
NIpeICTABUTCS BbIpaxKeHHeM

N =pge {x2dS =pgIq,
rie I — MOMeHm uHepyuu nenepedHoro ceueHui KOpa6JIH BJ0OJ/Ib

BaTepJHHHH OTHOCHTENBHO OCH Y :1=Sx2 ds (cp. § 80, n. 1). Cpas-
HHBasA o0a BbIpaxenua ala N, nosyuaem

I
="[7—a, (914)

rae V = (Q/pg) — sofousmewierue Kopabas, T. e. oObeM BHITECHAE-
MOH UM BOJBL.
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5. PaccMorpuM Telnepp KHAKOCTb B COCYAe, DABHOMEPHO Bpauia-
[OIeMCst BOKPYT BEPTHKAJLHOH OCH € YIJIOBOH CKOpOCThbio ®. Byrem
npeanonarath, 4YTo XKHMJKOCTb BpallaeTcss BMeCTe C COCYlUOM, a cam
cocyl ob/ajaer oceBOM CHMMeETpHeH, HanpuMmep HMeeT UHMJIHHApHYe-
CKyl0 GopMmy. 3Ta 3ajaya CBOAMTCS K CTATHYECKOH, €CJaH NepeHTH BO
BPALAIOUYIOCS CHCTEMY OTCUETa, B KOTOPOH KHMAKOCTb MOKOHTCS.
Teneps B ypaBHeHHH (90 5) fcnaraeTc;{ U3 CHJIbI TAXKECTH pg U LEeH-
TPOGEIKHOH CHIB P®'F, Te # — PajuyC-BEKTOp, INPOBEJEHHbIH OT
OCH BpallleHHsl K paccMaTpHBaeMOH TOUYKe H NEePHEeHAHKYJ/SPHLIA OCH.
Ecsin nomMecTuTh Havyalo KOOPAHHAT HA OCH BpallleHHst TaK, YTobbl och Z
COBIaNa C OCbK BpalleHHsi, To ypaBHeHus (90.6) npuMyT BHA

aP aP
G¢ = PO, ag:pwzy, 52— P& (91.5)
CunTad p NMOCTOAHHOM M MHTErPHPYs, MOJYYHM

P= é‘@uﬂ **+ ) —pgz+ P, (91.6)
HJIH
P = é— pw?rt—pgz- P, (91.6a)

YpaBHeHHe CBOGOJAHOM moBepXHocTH P = const mpUHHUMaer BHA
1y 0% (x® + 4?) — gz = const. Jro — napaGosoun BpaleHusi, obpa-
IIeHHBIH CBOEH BBINYKJOCTHbIO BHHM3. ECIH Hauaso KOOpAHHAT MOMe-
CTUTH B BEpPLIMHY NapaGosiouaa, To NMOocTosiHHast Py GyIeT HMETh CMBICT
HapyKHOrO aTMOC(EpHOro AaBjeHHs. YpaBHeHHe CBOGOAHOH HOBepX-
. HOCTH XKHIKOCTH Oyger '/, o? (% + »?) = gz

KOHE'-IHO, pacCMOTpEeHHYIO 3a1a49y MOXKHO TDAKTOBAaTL H KaK YHCTO JHHAMHYECKYIO.
Ecau XKHJIKOCTL BpaljaeTcsl KakK lLieyioe, TO NPH TaKOM JIBHXKEHHH B HeH fie BO3HHKAIOT
CHJIbl BHYTPEHHETO TpPEHHS. E}],HHCTBEHHbIe IMOBEPXHOCTHBIE CHJIBI, ,u,eﬁcmy;oume

B XKHAKOCTH, CBOAATCS K CHJIaM HOpMalbHOro Jasiaenus. [lostoMy B 3TOM Citydae
MOJKHO MNOJIb30BaThCst ypasHeHneM Sillepa (90.7) HezaBUCHMO OT TOro, sIBASETCS JIH

. o . do
KHAKOCTL HJA€AJBHOH HJH BSI3KOH. HPH paBHOMEPHOM BpAall€HHH NPOH3BOJHAA Ef

CBOJIMTCS K LEHTPOCTPEMHTENILHOMY YCKopeHHIo —w?r. [TostoMy, mosarasi B ypaBHe-
sun (90.7) f = pg, noayduum

—po?r=pg—grad P,
2 3TO BEeKTOPHOE yDaBHEHHe 3KBHBAJIEHTHO TPeM YDABHEHHAM B NMpoekuusax (91.5).

Ecnu cocyn MMeeT mjockoe AHO, TO JIs ONpedeNeHHs JaBJeHHS

Ha JHo Hajo B (opmyJe (91. 6a) nojoxuTe 2 = — A, rie h — BricoTa

YPOBHS HMIKOCTH Hall IHOM Ha OCH BpAIleHHs (HANOMHHM, YTO OCb Z
. HanpasJeHa BBepx). ITomyunm

P—Py=pgh++ pw2r2 9L7)

[laBneHde B LEHTpe, TaKHM o0pasoM, MHHUMATLHO M MOHOTOHHO BO3-
pacTaer K KpasM. C 3THM CBsI3aHO, Hallpumep, C/elyiollee fBJEHHE.
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Ecan yaliHOH JIOXKKOH MNpHBECTH BO BpallleHHe BOjJy B CTaKaHe, TO
nocje NmpekpalleHus NOMeIHBaHHMS YAHHKH H TEeCUHHKH, HMelol[Hecs
B Hell, cobupatorcsl B LleHTpe ana. Jleso B TOM, YTO 3TH YaCTHIbl TsKe-
Jlee BOJBI H ONYCKAIOTCA Ha JHO. 37ech HX BpallleHHe 3aMelIsiercs
6aarojaps CH/IaM TPEHHA O JHO CTAKaHa, W INOJ BJIUSHHEM Pa3HOCTH
THAPOCTAaTHYECKUX NABJEHHH YacTHLbLI MEpeMellaloTes K LEHTpy AHA.

BriuncainM Tenepb MOJHYIO CHAY JABJIEHHS MXHUAKOCTH Ha JHO CO-
cyna. C sToél LEJbI0 BOCIONb3YEeMCSl YpaBHEHHEM CBOGOAHON MOBepX-
HOCTH XKHIKOCTH !/, o’r® = gz u nepenuiem dopmyny (91.7) B Buze
P — Py = pg (h + 2). UHTerpupys mo njomajny Ama, HaljeM HCKO-
MYIO CHJIy

F= pgS (th+2)dS =pgV, (91.8)

rie V — o6beM XKUIKOCTH B cocyae. Kak u cienoBaso oxujath, m0oJ-
Hasl CHJIA JIaBJeHUs paBHA Becy 3TOro oObeMa XKHIKOCTH.

3ADA4YH

1. )KunxocTb HaAHTa B Cocyl, uMelomufi GopMy NPAMOYTOJLHOTO Mapaliele-
mHnena. BEMHCAHTD MOMEHT CHJI THAPOCTAaTHUYECKOrO JaBJeHHsI, 1eHCTBYIOMIMX Ha GOKO-
BYIO CTEHKY COCY/Ad, OTHOCHTE/IBHO €€ HHIKHEr0 OCHOBAHHA.

OTBerT. M:T’f pgh®S, rae h — BbicOTA YPOBHA KHJKOCTH OTHOCHTENbHO

aHa, S — MmJowWaAb paccMaTpuBaeMoil GOKOBOH CTEHKH cocyna.

2. Tudpocmamuueckud napadoxc. Cuila JaBleHHs KHAKOCTH Ha JHO cocyia
HE 3aBHCHUT OT (OPMBI COCYAa, a TOJNbKO OT MJOLIaJAH AHA, PA3HOCTH YPOBHeH MOBEpX-
HOCTH XHAKOCTH H AHA, a TAKXeE OT NJOTHOCTH YKHJKOCTH.
Tak, sta cuna OyzeT oJHOH M TOH Ke I/s BCeX Tpex
COCYJIOB, H306pakeHHBIX Ha pHC. 235, eciw OHM HMeEIOT
OMMHAKOBOe JHO, a XHAKOCTb HaAWTa [0 OJAHOLO H TOTO XKe
ypoBHsi. [Ipu B3BeUTMBAHHH COCYIOB C MKHAKOCTBIO BECHI
JOJKHBI NMOKa3aTb OLHH H TOT e BeC, MOCKOJBKY [0Ka-
3aHHe BeCOB 3aBHCHT OT CHJBI, C KOTOPOH JHO cocyja

Puc. 235. Puc. 236.

JaBHT Ha YalIKy BeCoB. YKa3aTb, B YeM OMIMGOYHOCTb [PHBEEHHOTO PAcCyXACHHS.
Uto B AEHCTBUTENBHOCTH MOKAXYT BeChl?

3. HenocpeacTsennbiM BblUHCAEHHEM pe3YJBTHPYIOUEN CHI JaBJEHHS XHAKOCTH
Ha MOBePXHOCTb MOTPYMEHHOTO Tela M HX MOMEHTOB YOeIHThCSl B CIpaBelJHBOCTH
3akoHa ApxuMesa.

Pewenne Meiciedno pasofpeM NOrpy:keHHOe Tel0 Ha GeCKOHEYHO TOHKHE
BepTHKaJbHble CTONORKH (pHC, 236). JomycTuM AJS MPOCTOTHI, YTO KaABIH CTOJIGHK
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nepecekaeT MOBEPXHOCTh TeJ1a ToJbKO ABa pa3a. (Cayuai, Korja 3To yc/IoBue ke cobJ1i0-
JaeTcs, YHTaTeNI0 MpejlaaraeTcs pa3o6paTh caMocToATeNbHO.) [TycTs dS; v dS, — aie-
MeHTapHble IVIOWAJKH, Bbipe3aeMble OHUM M3 CTOJGHKOB Ha MOBEPXHOCTH Tesa. CUIl,
JeHCTBYIOLIHE Ha 3TH MJIOMAJKH, HOPMa/JbHBl K HAM M PaBHH COOTBeTCTBeHHO P, dS,
u P, dS,. Hx BepTHKambHble cocTaBjsiwmue 6yayt P, dS;cosay; u P, dS, cos a,,
umu P, do u P, do, rie do = dS, cos oy = dS, €0s ol — MJI0ILaJb HOPMAJIBLHOTO ceye-
Hus cToNGHKa. Pe3ybTupyiomwas 3THX ABYX CHJ, HanpaBJeHHas BBepX, paBHa dFf, =
= (Py — P) do = pghdo = pgdV, rie h — BhIcoTa cTO6MKa, a dV = hdo — ero
obveM. Mnuterpupys mo BceMy o6beMy Tesia, HaXoJHMM BHITATKHBawwWyio cuny F, =
= pgV. Tenepb HaJo HANTH MOMEHT BEDPTHKANbHBIX BLITAJKHBAIOWMX CHI, AeHCTBYIO-
UX Ha CTONGHKK, OTHOCHTEJIBLHO NMPOM3BOJbHOH ocH. Eciy ock BepTHKadbHa, TO MO-
MEHT, OYeBHAHO, paBeH HyJW. [T03TOMY JOCTATOYHO OrPAHHYHTHLCH BLIYHCJIECHHEM
MOMEHTa OTHOCHTEJbHO MpPOM3BOJBHOM TFOPH3OHTAJAbHOH ocH. [lpuMeM TaxoByio 3a

KOOpAHHATHYIO och X. McKOMEI MOMeHT Gyaer M, = S ydF,—g S pydV=g\ ydm,
rae dm — Macca MIKOCTH, BBITECHEHHAS COOTBETCTBYIOIIMM CTOJIGHKOM Tesa. AHalo-
THYHO, /IS MOMEHTA OTHOCHTENIbHO ocH Vi My =g S x dm. MoMeHT 06paTHTCS B HYJb,

Korjaa 3 x dm= S ydm=0, T. e. KOrja HayajIo KOOPAHHAT NIOMelIeHO Ha BePTHKANbHOH

OCH, MpOXOAsiiell 4Yepe3 LEHTP IVIaBYUECTH Tesa. TeMm CaMBIM JOKa3aHO, UTO JIHMHHS
JeHCTBHA BBITA/MKHBAKLIEH CH/IBI TPOXOJHKT Yepe3 UeHTp MaaByyecTu Tesa. JJs 3asep-
IeHHS J0Ka3aTe]bCTBA Halo ObIVIo Gbl ellle HCC/Ief0BaTh, KaKHe CHIbI 1aBJeHHUs AeHCT-
BYIOT Ha NOBEPXHOCTb MO PYIKEHHOTO TeJla B TOPH30HTAIbHBIX HanpaeaeHUusix. OfHaKO
5TOT BONPOC He HYXJaeTcs B CNeUHalbHOM HCC/eloBaHuM. Hampumep, Korza peub
HeT 0 CHJIax, JeACTBYIOLWMX MapalJIe bHO OCH X, TO JOCTaTOUHO Pa36uTh TeJIo Ha 6ecKo-
HEYHO MaJjbie CTOJIOHKH, NapajjieNbHble 3TOH OCH, a 3aTeM MOBTOPHTL BCe CKAa3aHHOE
BBILLE, C TOH TOJIBKO Pa3HHNEH, UTO BeJTHYMHY g HAJ0 TIOJIOXKHTH paBHOi HyJTio. Orciofa
clieflyeT, 4TO paBHOAEHCTBYIOLLAs TOPH3OHTAIBHBIX CHJI HNaBJeHHs, KeHCTBYIOMHMX
Ha TOrpy’KeHHOe TeJ0, H HX MOMEHT PaBHBl HYJIO.

4, Hafith ycioBHe YCTOHUHBOCTH OJHOPOJHOFO TPSMOYTOJBHOrO TNapaiele-
THnesa, NJABAOLIEr0 Ha MOBEPXHOCTH XKUAKOCTH B NMOJOXEHHH, KOT/a OJHO H3 OCHO-
BaHHUM ero ropu3oHTaNbHO. JIMHHE CTOPOH rOPH3OHTANTBHOrO OCHOBaHust A U B, BbicoTa
C (A > B). TlnotHoCTh MaTepualia Tella OTHOCHTEJIBHO KHAKOCTH P < I.

Otrser. B*>6p(l — p)C2

5. Ta e 3ajaya A5 OJHOPOAHONO UWIHHADA PAAHYCa r U BHICOTH [, MJ1aBaowmero
B BEpPTHKAJIbHOM MOJIOXKEHHUH.

OteeT. r2>2p(l—p) 2

6. Ta e 3ajava LIS OXHOPOLHOTO UMJIHHIPA pajuyca r W LJTHHB [, I14BAMOLIErO
B FOPU30HTAIBHOM TOJIOXKEHHH.

2

! . a
OTrBer. - > {2sin -5 ) , TAe YroJ & Ompeje/sieTcss W3 TPaHCLEHIEHTHOTO

\ 2
ypaBHeHHT & — sina = 2np. Hanpumep, npu p = Y, 43 Hero Mo JIyuaeM & = Ji,
H YCJIOBME YCTOHYHBOCTH NpHHHMaer BHA [ > 4r. TIpu 1pyrux sHaueHusix p paBHOBe-
CHE MOJKeT GLITh YCTOHUHBLIM H NIPH MeHBIIHX 3HaueHHsiX /. Tak, npua = n/2 u o =
= 31/2 nosyuaeM cooTBeTCTBeHHO P = 1/4 — 1/(2r) == 0,091 u p = 3/4 4 1/(2n) ==
= 0,841. Tlpn Takux 3HaueHHSIX P paBHOBECHe YCTOHYWBO, ecnu [ > 2r. Tlpu [ > 4r
paBHOBeCHe YCTOHYMBO, KakKoBo 6b! HH 6uI0 P < 1.

7. HaiiTh pacrnipegesieHHe naB/leHHs BHYTPH 3€MHOTO Wapa, CYUTas ero COCTOSILUM
H3 OJHOPONHOH HeCXKHMaeMOH XHIKOCTH H lpeHe6perasi OCeBLIM BpaieHHeM 3eMJH,
BoHCIHTL B TOM XKe IPHGIHXKEHHH AaBJjeHne B ueHTpe 3emiau P (cM. 3a1auy 5 K § 55).

OTBeET. P=2%§— (R2—r?), Pu—-:i PgR, r — paccrosiipe oT uenTpa 3emin,

2
R — panuyc 3emin. Ecnn 661 3eMHOM Wap COCTOSAN M3 HECHKHMAaeMOi BOMBI, TO GBIIO Gbt
P, =55 R (Py — B atmocdepax, R — B merpax). C yueromM NJOTHOCTH 3eM/1n
(p = 5,5)

Py=0,275R ~ 1,75 - 10¢ at™.
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8. OueHHTb CIUIIOCHYTOCTh 3€MJIH, 06YCJIOBJEHHYIO ee OCeBHIM BpallleHHeM, CYH-
Tas 3eM/II0 OJHOPOJHBIM HECXKHMaEMEIM JKHIKHM LIAPOM.
Pewen ne. Tax kax durypa 3eMiIu MaJo OTIHYaeTCs OT MAPOBOH, To yCKOpe-
- HHe CHJIBI TSXKECTH BHYTPH 3€MHOTO IIapa MOXHO CYHTaTh HAMpPABJEHHLIM K LEHTPY
3eMJiH H NPONOPLUHOHAIbLHBIM PACCTOSIHHIO 0 ee ueHTpa (cM. 3a1ady 5 k § 55). B stom
TpUGIHKEHHH C YUeTOM LeHTPOGEKHOM CHIb ypaBHeHus ruapoctaTHKH (90.6) npuHH-
MaloT BHI :

oP . X

e e A 2
% og Rs + ow?x,
oP y .
7 pg -RO-H)(O Y,
o

0z - bg Ro ’

rge R, — paguyc 3eMiu, @ — yIJoBas CKOPOCTb ee Bpauiennst. Hauano KoopauHat
MBI TIOMECTH/IH B LeHTpe 3eMJH, a 0Cb Z HanpaBHJIH BIOJb OCH ee Bpamenus. Mnrer-
PHDYA 3TH ypaBHeHHA, TOJYYHM

P==£ wﬁ-——«g x2-4 8 P& 224-C

2 RO ( y) 2R0 + *
rie C — MoCTOSHHASA MHTETPHPOBAHNA, ONpeesIOMaAcs 3HaueHReM 1aBJdeHUus P Ha
3eMHOH TIOBEPXHOCTH (€r0 MOXHO CUHTaTh PABHBLIM HYJMIO, TakK Kak atMocdepHoe
IaBJeHHe npeHe6pekuMo Mato). CIUIOCHYTOCTh 3eMJIH onpefenutcs K3 TpeGoBaHH:A
NOCTOSIHCTBA JaBJIeHHsl Ha 3eMHOi MoBepXHocTH. BrifpaB cHavana Touxky Ha 3KBaTope,

a 3aTeM Ha noJioce, nuuweM P (R,, 0, 0) = P (0, 0, R,), rae R, u R; — 3KBaTopua/b-
HbIY B NoJsApHBIA painychl 3emid. C yueToM siBHOro BHAa P oTcioga nojayuaem

<m2—— %\) Ri=— & Rz

0

H naJnee
2 2 2 P2
L RaRO © RO

By B

CrefoBaTebHO, LIS CIVIIOCHYTOCTH € 3eMHOro Wwapa nojyuaercs -

Ra_RH _ 0)2R0 »-\,_l__
R,  ~ 2g 580"

=

JleficTBHTEIbHOE CXKaTHe 3eMIH 3aMeTHO GoJsiblue, a HMEHHO Y/,9,. Pacxoxmenne o6b-
SCHSETCS TPYGOCTHIO MOAEH, MOJOKEHHOW B OCHOBY pacCyXKieHuil, a TakXKe Hecosep-
IIEHCTBOM MeToZa pacueTa. [TpH cTporoi nocTaHoBKe 3afaul HAfo YYHTHIBATD, YTO MoJle
TATOTEHHS CIJIOCHYTOTO I[1apa He fABAseTCS UeHTpPadbHHIM *). TeM caMbiM 3ajgaua
CHJIBHO YCJIOKHSTCS, TaK Kak TPaBHTAUHOHHOE TI0Jle YXKe HeH3BeCTHO 3apakee, a CaMo
3aBHCHT OT HeH3BeCTHOH (opMbl noBepxHocTH 3eMsu. [Toapo6uoe uccliefoBaHHe noKa-
3piBaer, 4To 3ajgava, chopMyJHpoBaHHAs TaKHM 06pa3oM, He HMeeT OAHO3HAYHOTO
pewenna. Bo3amMoxxHO HeCKOJbKO pasiHyHbIX GOPM PaBHOBECHOH NMOBEPXHOCTH, B TOM
ypcse W JNIHTICOMA BpalleHns ¢ onpeleientoli CTenenbio CXKaTHS, )

*) C yueToM 3TOro OGCTOATE/NBCTBA pacueT AaeT
5 %R, 1
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