Семинар.
Равновесие жидкости в движущихся сосудах
Отосительный покой.

Ранее было рассмотрено в основном равновесие жидкости под действием лишь одной массовой силы – её веса. Этот случай имеет место тогда, когда жидкость покоится в сосуде, неподвижном относительно Земли, а также  в сосуде, движущемся равномерно и прямолинейно.
Если же сосуд с жидкостью находится в неравномерном или непрямолинейном движении, то на частицы жидкости кроме силы тяжести действуют ещё силы инерции, причём если они постоянны по времени, то жидкость принимает новое положение равновесия, т.е. относительный покой.
При относительном покое СП жидкости и прочие повехности уровня (ПУ) могут отличаться от горизонтальной плоскости. При определении её формы и положения следует руководствоваться следующим условием:

- равнодействующая массовых сил всегда действует нормально к поверхности (ПУ).

1. Равновесие жидкости в движущемся сосуде.
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[image: image2.jpg]e AM — macca snemerTapiofi wactaik wikocTit; AD — cymap-
HaR MACCORYR G, ACTITBYIONLA 13 PACCHTPHBICNYIO HACTILY.

TIpi ABiwicuinn CoCYAa B.1MOT G TRCETI BEKTOp SISO
MAaccoBoi CHUIBl § B KaXI0H TOUKE KWIKOCTH MpeacTamnset coboit
CYMMY CAMHHAHO CHITSL THKECTH § 11 CAMMHUHON CHITH MICPUHT ]
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[image: image3.jpg]o o e i meamesnatouul st g ing o e ol gl
M Tex, KOTOPHIE HOPMATSHEL K BEKTOPY GAUHHANON NACCOBOT CHIb;
HOBEpXHOCTH ypoBHA (TOBCPXHOCTH PABKOTO. AQBACHHA) B KiAZON
cRocii TouKe HOPMATbHEI HATPABICHHIO BEKTOPA EAMITIION MACco-
8o citas, AcHicTayiouteH 5 5TOf Towke. HHdCPEHIHAILIOC YpaBiie-
s MoBepXHOCTEiE YpOBS (8 Y4CTHOCTH, CBOGOTHON TOBEPXHOCTH
WIKOCTIE 3 TOBEPKHOCTH PASAETA HECMENBAIONIINCA KHIKOCTCH)
et B

(4.3)




2. Равновесие жидкости в сосуде, движущемся прямолинейно с постоянным ускорением.
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Рис. 5.1
[image: image5.jpg]Tlone MaccoBo#t CTB MPEACTARAACT COGOR ceMeHCTBO OMMHA-
KOBBIX IO MOZYTIO # HANPARTENHIO BeKTOpOB g (pH. 5.1). Vpas-
HEHMe TIOBEXHOCTH YpoBHsi, B Tom uucne CII, mpoxonsuueh we-
PEa TOIKY X, 2, HMCET BHL
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[image: image6.jpg]Bce TMOBEXHOCTH PABHOTO MARTEHNA (p = cOnSt) HaK7OMEHs!
X ropusoHTy noa yrom B

a-cosa
t2p

gra-sina
3KOH PACTIPEAENCHHS NABICHHSH BHIDAKAETCH YABHCHHEM

P = po - pacosalx - x) - plg + a-sinafc - 1),




[image: image7.jpg]TAC py — JaBICHME B TOUKE C KOOPAMHATAMH Xy, J; p — HABTEHUE
B DOHIBOILHOF TOUKE KIIKOCTH ¢ KOOPIMHATAMH X, Z.

Ecin T04Ka (X, Z0) pacmoioxena ta CTT XHIKOCTH B OTKPI-
TOM COCYIE, TO 2 = Pary.

M3 NHBEACHHOTO BhilIiC YPABHEHMS CTENYET AMHEAHOCTS 3a-
KOHZ MIMEHCHMWS IABICHWA B KHIKOCTH N0 MOGOMY Hanpamic-
w0, Hanpumep, B 1060it TotKe, Haxousueficn Ha LiyGuie
(10 BEPTHKATH) MOA MOBCPXHOCTBIO YPOBHS C JABICHMEM Py,
MOXHO HaliTH JGWICHHE 110 BHPAXEHHIO

= 5o +olg +a-sinah

B 32MKHYTLIX COCYAAX C WIGLITONHBIM LAMICHAEM (Dy > Pene)
M BAKYYMOM () < pyr) HaX CTI MOXHO TaKKE OTCHNTHIBATS
sarnybree hy TIOGOH TONKH OT MbeXOMETPHICCKON MOBEpX-
worw (M) mnoms sexropa ¢. Torna amaucHme MIGHTONHOO
ABTEHWS P, MOXKHO ONPEAETHTS 110 hopMyNe

Py =0Gh,.

CHIs TamICHUS XMIKOCTH HA CTCHKI B PACCMATPHBACMOM
Clyuae papoBecHs 6TArONaps ONHOPOIHOCTH MOMA MACCOBAIX
CIUT OTIPEACTAIOTCH SABHCHMOCTSINH, AHATOTHSHbIMH TEM, KOTO-
PHIC MCTIOTHIYIOTCA B CAYSAE PABHOBECHA JKUIKOCTH B TIONE CHIL
TikecTH (oM. §§ 3 i 4). OcoSeHHoCTEIO B aTOM Cnydae ABLTCTCH
YHCT O BeNUYMHE ¥ HANPAMNEHHIO BEKTOR EAMHINHON Macco-
50/ cunhi g
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[image: image9.jpg]Cwia BaRAEHUs, BOCMPUHUMAEMAA TLIOCKOM CTEHKOM, Ha He-
CMONEHHO/ CTOpOHE KOTOPO ZaBACHME PaBHO aTMoCHeEpHOMY.
(puc. 5.2), BbipcrseTcs no dopmyse

P=p-F

fae F— mnowans CTeRKo; pe — WIBHTONHOE JABTCHAC B LEHTPE
TaKeCTH cTelKH €, ONPEAETACMOM 110 GOPMYTaM, MPHBEICHHbIM
B (HaxoXACHHE W A, Wik o).

Paccrosmue mexay nosepxsoctamu CI u TN onpexe-
JRETCH WIBHITOUHBIM JABACHHEM Py, IIOTHOCTSIO KHIKOCTH p
W BeARIHHOR g

Cina namncHits P Hanpasnesa no HOPMATH K CTCHKE H M1po-
XOIUT Wepes UeHTp TamncHus D, NOTOXEHHE KOTOPOTO A1A K-
HOf CTCHKH 33BUCHT OT MO W HANpARICHMS BEXTOpa & nc-
PEHOCHOTO yoKopeHIs. CMellicHKE UCHTPa Japieris D omiock-
TenbHO leHTPR TokecTH C OPEIETACTCA MO Y MPHBOMMMOR
panee B § 3 Gopuyie
J,

ahhy ko= T




[image: image10.jpg]Crla JABIEHHS KUAKOCTH H2 KPHBOMHHEHHYIO CTCHKY Bbi-
HCIACTCH CYMMHDOBAHHEM COCTABTSIONUAX N0 ABYM G3IAMHO
MepIEHAMKyYIAPHEIM Hampasnermam (cm. § 4). Hanpuwmep, ws
ONpefieNieHMA COCTARMMONMX CHI AABACHUS HA morycheph-
eckylo Kpbuuky (pitc. 5.3) Py # P, (npH pewietitn rpacoanani-
TUIECKHM METOIOM) HEOGXOLAMO IOCTPOHTS H ONIPEEHTS COOT-
BeTCTBYIoUIMe OObeMbl Tena Nasenut Vo, u Vo, . i storo

npensapuTensHO HaxomsT monoxerne T Mo HalieHHoMy 3a-

Tay6aenuio ko wn hog. Citna Nannenis Py TOIIA onpedenseTca
10 dopmyne

s AeHcTSMA TOM CILTH MPOXOIHT NEpe3 CHTp THKeCTH
YKA3AHHOTO OGBEMa, T.€. Tepe3 UEHTD TIKECTH Tonycdepsi.
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[image: image1.jpg]1. Tlpn pasHOBECUR B ABIDKYINEMCA COCYAC JKHAKOCTS, 3amOf-
B COCY, ABIKCTC BMECTE © MM Kak Thepaoe Teno. Judde-
PEHIVIATL OC YPABHERHE PaBIOBECIHH MMECT BILL

dp =plg,dx+q,dy +,d2), @n
£€ p = (x, Y, 2) ~ RQBICHIE B KHIKOCTH;  — IIOTHOCTS KIAKOCTH;
9o Gy G. — TPOSKINH CANHIION MICCOBOH CHIN T 12 KoOPIAHAT-
HAC OCH; X, Y, 2 ~ KOODIMHATS! TOUEK AWIKOCTI B CHCTCME OTCHeTa,

camAIION ¢ CoGyToM.
Bexrop emmramol macconof st





[image: image12.jpg]Cymmapnan cwia mamneHus P XAIKocTH Ha momychepu-
“EcKyio KpHILIKY B STOM CIySac pasHa

P= P2+ P}

Ciuny Ramncnn P, MONHO ONPENETHTS TAXKE MCTOTOM Cele-
Huit (M. § 4), PacCMaTPUBAR YCIOBHE OTHOCHTENBHOTO PABHOBC-
cus oBLema ¥ XHIXOCTH, IAXTIOIEHHOTO MEXAY KPHBOTUHERHOR
CTeHKOR ¥ MIOCKHMM cedcHHeM L—L, MpOBENCHHIM 9epe3 rpa-
HIYHLIR KOKTYp CTEHIKH (pHc. 5.5). DTo ycroBue Bmpaxactcs
BCKTOPHAIM YpABHCHHEM

P=N+G+T=N+D,




[image: image13.jpg]me N — cura namienns na niockoe cevenne AE, nposeaentios
Hepes IPaHKIHbIR KOHTYp cTenxu, N = p. - Fyp; G — sec ofb-
ema V xuakocTH, G = pgV; J — CHia MHepUMH KWIKOCTH, 3a-
KIKOUeHHOM B 0bbeme ¥,

=paV; Q — cymmapHas maccosan

cwna, pasan Q=G +J u onpenensieman no dopmyne Q = pg¥.

Puc. 5.5




[image: image14.png]3anaqa Ne 19. Lwmrapuyeckuit cocyn ¢ muametpom D = 0,5M
u mHoU L = 2 M (puc. 5.7), UMEIOIMA KOHHYECKYIO KPBILKY
pbicoTOoR & = 0,5 M ¥ IUIOCKOE IHO, 3aIlOJHEH XHAKOCTHIO &=
= 0,85) 1 DBUXETCS MOJ YIIOM o = 45° K TOPU3OHTY C TOCTOfH-




[image: image15.png]HbIM ycKopeHueM a = 30 m/c2. Tlokasanue MaHomerpa M paBHO
140 xITa. Onpenenurs:

1) maBneHue py XUIKOCTH B TOUKE A;

2) cusl Pg " Pc, Harpyxalomue 6onroBylo rpynmy B u C.

— P S L |
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[image: image17.png]Pemenme. 1) OrnpenensieM no BEJWYMHE M MO HalpaBleHHIO
ENMHUYHYIO MaccoBylo cuy ¢ (puc. 5.8). U3 paccmorpenus nps-
MOYTOJIBHOTO TpeyroibHuka MON:

ON =g .cosa =981 g = 6,94 M/c?

MN=j+g-sina=30+9,81~—\/§-= 36,94 M/c*

g = 6,947 +36,94? = 37,58 m/c%;

g cosa 6,94

— = 0,187 =10°42’
j+g-sina 3694 T

gy =
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[image: image19.png]Monoxenue IIT Haxoqum mocse onpeneseHus hg:

iy = Pu 140000

ol Y L
pq 8503758 %

JasneHue B 060 TOYKE XKHUIKOCTH B COCyne (B TOM YHCiIe B
Touke A) onpenessercs sarnybiaeHueM atok Touku non ITIT. Tak,
IULST TOYKH A:

Puy = Pghs

Paccrosinue hy = 1,92 M MojyyaeTcss U3 pacCMOTPEHMA HBYX
MONOGHBIX TPSMOYTOJIBHBIX TPEYTOJIbHUKOB C Katetamu hy U hy.
Toraa

Pu, = 850.3758-192 =61331 la; p,, = 61,331 kTla.

2. Cwia B GonTogoit rpynmne C ompenensercss CHIOH NaBJIeHUS
Ha HMKHIOIO TUIOCKYIO KpBILIKY o ¢opmyie




[image: image20.png]P =p, -%D’ = 140000 - % -0,25 =27475 H = 27,475 xH.
Borrosas rpynma B nogsepraeTcs HeHCTBUIO OTpBIBAIOLIMX
PB, M cpelaiomx Py -cHJl, OOYCTOBNEHHBIX M30bITOYHBIM JaB-

JIEHHUEM XUIIKOCTH Ha KOHUYECKYIO NMOBEPXHOCTh BEPXHEH KpBILI-
KH. [l onpeneneHust STUX CJaraeMbIX MONHON CHIIBI RABIEHHS
Ha KpBILIKY rpaQOaHaNUTHYECKHM METOLOM HEOGXONUMO HAiTH
Vip m V. Torma

Py = pziVT’J1 -siny =850-37,58- - —. 0,25-0,5-0,1857 = 776 H,

" n 0,5 =
PB, =pgVii -cosy = 850-37,58.- e 0,25(2,46 - —3~) -0,9826 =

= 56423 H = 56,423 xH.




[image: image21.png]ITpumeqanue. Cuisl B 601TOBOH rpynme B MOTYT GbITh ONpenesieHbl
TAKXE METONOM CeYEeHHIA. Paccmarpmaax YCIIOBHMC OTHOCHMTENbHOTO pas-
HoBecus obbema Vxumkoctu (puc. 5.9), nomydnm:

Py, =G-cosa; P,y =N-J-G sina.

Cwibl, BXONAIIME B 3TH YPABHCHUS: CHIA MHEPIHHU XKHIKOCTH B O6b-
eMe V (o6bem konyca) J = pal ; Bec obbema ¥ xumkoctu G =pgl;

CHla  [aBfeHMS Ha IUIOCKOe ceyeHue BE N = Puc ~Fap's

Puc = Pu~— p(g +asin u)hc , TOe Ac — PacCTOAHME OT MeCTa MOCOEMH-

HEHMA MaHOMeTpa M ¢ laBlieHHeM p, 10 LieHTpa ceueHus BE.
Bes nocrpoenns T1I1 MOXHO Take HaitTH H3GBITOYHOE NaBieHME U
B TOUKe A:

Puy = Py —p(g+asina)h,’(.
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[image: image23.png]PABHOBECHE XHUAKOCTH B COCYIE, PABHOMEPHO
BPAIIAIOIIEMCSI OTHOCUTEIBHO BEPTHXKATIbHOM OCH

BleMeHTapHbIe YaCTHULbl XUAKOCTH, BPALUAIOUIMECs] BMECTE C
COCYIOM € IIOCTOSIHHOM YIJIOBOM CKODOCTBIO ©, HAXONATCSL B

CIIOKHOM CHJIOBOM Tojie. BeKTOp eJMHUYHOM MAacCoBON CHIIK g
MpeAcTaBIseT coboil CyMMY BEKTOpa g M BEKTOPA LEHTPoGexHO'

CHJIBL MHEpUMH J = @r. TTOBEPXHOCTH PaBHOTO AAaBICHMS Npel-
CTABISIIOT CcOBOM KOHIPYIHTHbIe MapabGosouabl BpaleHMs, OCb
KOTOPBIX COBIANAET C OChbl0 BpaiieHust cocyna (puc. 5.10). 3akoH
pacnpeneeHus: JaBleHUs] B XKUOKOCTH JUIS 3TOrO Cilyyasi BbIpa-

XaeTcsl ypaBHEHUEM

(1)27'2

p=po-pglz-2)+p 0

rme py — HaBleHHe B Toykax rapabonouma Ha cBoGOXHOHN ro-
pepxHoctu (CIT), BEpTHKANBHAS KOOPAMHATA BEPLUMHBEI KOTOPOTo
paBHa zy; p — HABJICHHME B MIPOU3BOJIBLHON TOUKE KMIKOCTH € KO-
opauHaTaMu r 1 Z (Ha puc. 5.10 aTo TouKa A).
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[image: image25.png]W3 npuseneHHOro Bbllle 3a3KOHA CEyeT JMHHEHHOCTH pacupe-
AeNelus NABNCHHS B JKWIKOCTH IO BEPTHKANBHOMY HANPABJIEHMIO.
B yactHocTH, naBieHue B TouKe A Ha DIyGuUHe hy4 non CIT ¢ pap-
JIEHUEM py:

P =Dy +pghy.

M3 atoro xe 3akoHa cienyer mapabosmdeckuii 3axon pacmpe-
AeNneHns JaBieHnsi N0 rOPHIOHTAILHOMY HANDARJICHHIO.

IMonoxenne CII xuakoctu B cocyme (xoopnuHara 7y BeplIu-
HBI napa6ojouna) Npy 3aJaHHOM ero yrmoBoi CKOPOCTH oIlpene-
JAETCA OOBEMOM HaXONAUEHCS B HEM XUAKOCTH. IIpn sToM mc-
TIOJIB3YIOTCSL CIENYIOLIHE PACHeTHbIE GOPMYIBI:

s ’R?

— BbICOTa napabonouna BpALUCHUS;

Ve %‘HRZ -H — obbeM napaGosionsa BpalleHus.

IMpu pemennn psna 3amay HeoBXOLUMO MOMHHMTH CBOWCTBO
napaGosionia BpaleHNs: NApaBoIonT BPAlIEH S, IOCTPOCHHBI B
UWIMHIpE, Ne T 00beM MOC/eHET0 Ha [BE PABHbIE YACTH.




[image: image26.png]Ipumesanne. B cnyuae, xorna CIT (wan ITIT npu oTkpsIToM cocyie)
TIEPECEKAaCT HO COCYNa, O6BEM XMIKOCTH BO BPALIAOLIEMCS LIMTHHADH-
4eckoM cocyae (pHc. 5.11) onpenensiercst No BHIPAXEHUIO

v = ofR? —R3)§= =z
()
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[image: image28.png]Korna CII orcyrersyer, nonoxenue 11T Haxonsar u3 yCJ10BHS,
4TO OHA MPOXOIMT Yepe3 TOUKY XMIKOCTH, DaBIeHHEe B KOTOPOK
paBHO atMocepHOMY. B Kaxmoft 3amaue WMEIOTCS rpQHLYHbIE
YCJIOBUS [UISt 3TOO OTIpeleseHUs.

Ipu aHAIMTHYECKOM OMpENCAEHHM CHJI OABICHUS XHUIKOCTH
Ha CTeHKM (ILUIOCKME U KDHBOJNMHEHHBIE) B DacCMAaTPHBAEMOM
CJIy4ae paBHOBECHS XMIKOCTH HEOOXOLHUMO MOTYYUTh BYHKUMIG,
BBIPAXKAIOIIYIO 3aKOH pAaclIpeleieHus NABJIEHUs IO 3aJaHHOM
NOBEPXHOCTH, W IIPOU3BECTH OINEPALMIO MHTErPUPOBAHMS 3TOM
$yHKUMH MO fUIOWANM CTeHKH. PaccMoTpeHHBIN paHee rpacdo-
AHAIUTHYECKMI CMoco6 orpeleeHUs] CH JABNEHUST XUIAKOCTH
Ha cTeHKM (cM. § 4) ynoGeH U B 3TOM Clyyae, €CH HAXOLUTCS
BEPTUKAIbHAA CHJIa NABICHUS HA CTEHKM BOOJb OCH BpallleHMs
COCYNa, TaK KaK WHEPLUMOHHBIC CUJIBI HE MPOEKTHUPYIOTCS Ha 3TO
HAIpaBleHHe:

g P, =pgV,,




[image: image29.png]roe ¥, — obbeM Tena NaBIEHHMS, NOCTPOEHHOTO C OOPA3YIOLMMU
napajuieJibHBIMUA HalpaBIeHUIO 7, MeXay creHkoi u ITIT.




[image: image30.png]3amaga Ne 20. Llpmnapudeckuii co-
cyn nuamerpoM D = 1 M Beicotoil B =
= 1 M (puc. 5.12), 3aKpBITBIA KOHM-
YECKOM KPBIUKOH ¢ BBICOTON b = 0,5 M,
BPALUAETCS] BOKPYT CBOEH BEPTUKANb-
HOH OCH C INOCTOSIHHOM YIIOBOH CKO-
pocteio @ = 10 pan/c. Cocyn npensa-
PHTENIBHO 3aMOJHEH XUOKOCTHIO p =
= 800 xr/M3. JlaBneHwe B Bepxmeit
TOYKE KPBIKM COCYNa 110 MaHOMETPY
M pasro 10 xIla. Haitti MakcumansHo
BO3MOXHOE [aBJIEHHUE XUIOKOCTH B
COCYE Pmax- KakoBa mnpu 3toM Gymer
CHJIaf pacTATMBaowas 6oiToByIO Ipyn-
my Kphlikd  ? Becom camoit Kpblluky
NpeHebpeyb.

Pemenne. IIpn pemennn samaum
rpaoaHaTUTHYECKHM CITOCOGOM Heo6-
XOIMMO OIpeNeNUTh monoxeHue ITIT.
Bepwmna mnapaGonouna  BpaeHus
3TOM IMOBEPXHOCTU OMpPENENseTCs T0C-
Jie HaXOXIeHHs hg:

= e L0000
pg  800-981°

1,27 m

MakcnMaibHOe TaBlIeHue XHAKOCTH BYNCT B TOUKAX HHA CO-
Cyla, PachoJIOKEHHBIX HAa OKDYXHOCTH pajiMycoM R, Tax Kak
OHM WMMelT Haubonpluee 3arnybienuwe nox ITTI, pasHoe
h=H+hy+b+B. ’

2R 100-025

Mpu H=ng .—W: L27m u h=404nm




[image: image31.png]Paax = P2h = 800-9.81-4,04 = 31706 ITa = 31,706 kTTa.

Cuuta, pacTsiruBaroliast GOTOBYIO TPYIITY KPBILIKH, oByCIORIe-
Ha [aBeHHEM XUIKOCTH HAa KOHIYECKYIO IIOBEPXHOCTE KDPBILUIKH:

P=pgV, = pg(Vuun et Vmp) 54

- pg[nR2(b +ho) = SnRb+ %"RIH] s

= 2 O
_pg:tR[b+h0 3+ s =

=800-9,81-n-0,25-3,96 =24371 H = 24,371 xH.




[image: image32.png]3anasa Ne 21. IhwmHppudeckuit cocyn mamerpom D = 1,4 M
(puc. 5.13), 3anoJHEHHEBI BOSOMN, BpAILAETCH C TMOCTOSIHHOM Yr-
JIoBOK ckopocTeio @ = 10 pan/c. [JaBieHue B LEHTpe KPhIUKKA
cocyna no BakyymmeTpy V pasno 3 kIla. Onpenenuts cury, ne#t-

CTBYIOILYIO H3 KPBILUKY.

Pemenue. Hpn AHATUTHYECKOM criocobe PELICHUA 3ana4vH
BOCITIONb3YyEeMCA OBLIMM 3aKOHOM pacnpele/ieHUs HaBJICHUS .

22
P=po-pe(z-2)+p s
INpunumas, 9to po = 0, 3aKoH pac-
NpeneaeHusa H36I‘>ITO‘{HOF0 HaBJICHUS B
XKUOKOCTH, 33“0]“{5"011!6“ cocyn,
MOXHO 3arnucarh B BUIE

mlrl

Pu=-p8(z-20)+p 5

HewnspecTHylo BBICOTY 75 BEpLUMHBLI
napaGonouna IIIT Haxomum, wucrmob3ys
TpaHUYHbIE YCIOBUS MpH BbiGope Hayana
KOOpIMHAT B  LEHTpe KPBILUIKH:
Py=-p, mipn r =0, 2 = 0, rne p, —
nokasaHue Bakyymmerpa V. IMoncraHos-




[image: image33.png]Ka 3TOro. ycjioBusl B Tiocye/iHee YPaBHEHHE TIPUBOIMT K CIIEAYIO~
LIEMY BBIPAXKEHHIO: - 2

—Pc =P8y WIH Py = —pgTy.

Hanuyue Bakyyma B LEHTpe KpBILIKM O3HA4aeT, YTO BepUIMHA
napabonouna BpalleHus, cootBetcTBytomero IMIT, umeer orpuma-
TEJBHYIO OpAHHATY Zy, PABHYIO




[image: image34.png]CrenoBaTe/lbHO, HCKOMBIii 3aKOH pacrpeneneHus W3BbITOYHO-
TO JaBJACHHUS
2.2
o‘r
Pu=-pg(z+03)+p =
JUist Toyex Ha BHYTpEHHeW ITOBEPXHOCTH KpbILKM (MpU z =

= (), 9T0 BbIpaXEHHE MPHHMUMAET BHI

m2r2

Pu=p— ~0.3pg.

Cuny naBneHMst Ha KpbIKy P HalleM aHaJMTHYECKH, CyM-
MHMpYsl 2JIEMEHTapHBIE CHIbI M30bITOYHOrO AaBneHusi dP. Pa3bu-
Basi MOBEPXHOCTb KPBIUIKM Ha 3JIEMEHTAPHbIE KOJBLEBbIE IUIO-
wanku (2rrdr) u ucnons3ys GbopMyny JUis M3GHITOYHOTO HaBie-
HHUS Ha KPbILIKE, MONYyYaeM:

v}
dP = p, - 2nrdr = Zn[p ‘”2’

- Oﬁpg)rdr;
PI= ‘i'(n:p«;zr3 - 2npg -0,3r)dr =
0

gt ?(314000-# ~18482. r)dr =
0

£ %R“ -314000—%1?’ .18482 = 14312 H = 14,312 «H.




[image: image35.png]Ilpumeqanne. I1pu Bo3pacTaHMM yIJIOBOM CKOPOCTH BpalUEHHs COCY-
2 ® abcoMoTHOE NaBNeHHME B LICHTPATLHON 4acTH T0f KpILKOH 6yner
yMeHbIaThesd. Bakyymmerp V 6ymer ¢uKcHpoBaTh yBeMUeHHE BaKyyMa.
Korna aGcomoTHoe tamieHme B Touke O yNageT A0 NABJICHMS HACHIIICH-
HRIX TIApOB XMIKOCTH P, ,, NIPH ONpeAcSCHHON TeMIeparype npousoiuer
pasphiB €€ CIUIOIUHOCTH H, KaK CICACTBHC, HapyIIMTCA DpaBHOBECHE
XKHIKOCTH B cocyae. 3TO NPOM3ONNET NpH BaKYYME Py = Puny — Pun-




[image: image36.png]3agaga Ne 22. Ilpu OTIMBKE LHMJIMHIPUYECKON! NONOU 3aro-
TOBKM BO BPAIUAIOILENCS OTHOCUTENHHO BEpPTUKAIbHON ocu (op-
Me (puc. 5.14) u3-3a QEHCTBUSA CWI TSDKECTH HYDKHUM BHYTPEHHUMA
panuyc R; Oymer MeHblle BEpXHErO BHYTPEHHEro pamuyca Rj.
Omnpenenuth UX pa3sHocTh AR, ecau Beicota omusku H = 0,5 M,
yacToTa BpaiieHus dopmbl n = 1911 06/muH, ee auamerp D =
= 200 MM ¥ OHa B HaYaJIbHbI MOMEHT 3aIIOJIHEHA XMIKUM pac-
riaBoM Ha 30% ceoero oGbema.

Pemenme. YryioBass ckopocTh

R, oo me 1911
¢, 30" 73008

O6reM XHUIKOTO pacIUiaBa B Cocyne

2 . . .
Vzor.;_nf .H=031(2,04 0,5=
= 0,00471 m3.

10T 00BEM MOXHO TMpPEACTABUTH
KaK cyMMy o0beMoB:

el il 20

———— =200 pan/c.

J

©
SRR
b

. e V= nH(R2 = Rz’); V=X H2

oy W\gp ARV
)

U.) n V‘ Torna

= 211 p2) T8 ry2
P VﬁnH(R R2)+m2H.




[image: image37.png]Pewras 3o YPaBHEHHE OTHOCHUTEJIBHO HEM3BECTHOIO pajuyca

Ry, nosyqum:
=RH + 2 g7 - v
Roppl o tt o
nH

‘/n.o,s.o,m FOBL 05 o

40000 :
n-05 . g

R, = 0,084386 m.

Paguyc R; moxer GbITh HaiilieH M3 GOPMYJBI MIA ompenese-
Hus obpema Va:

Vzﬁa = g (R} - Rf)%,

R _ 10,0055892 - 0,0001925
by e 0,785 ;
Ry = 0,0829138 M.
CnepoBatensHo,

AR =R, - R, =1,47 mm.




[image: image38.png]3anasa Ne 23. ImnuHnpuyeckuit cocyn (puc. 5.15) pasmepa-
MH R = 0,4 mu H=10,7 M, B KOTOPHIl 6bUIa 3aNKTA BOAA 0ODBE-
MmoM Vp = 0,25 M3, Bpamaercss OTHOCHTENBHO BEPTUKATBHON OCH
€ NOCTOSIHHOM YIJIoBO# ckopocThio @ = 10 pan/c. Cocyn 3aKpsiT
KDBIIIKOA ¢ MajibiM OTBEPCTMEM B LieHTpe. Onpenenuts ciny P,
Harpyxaoiuyo 6onToByio rpynmy Kpbimiky. Co6CTREHHBIM BeCOM
KDBILUIKH NpeHEOpeds. :

Pemenne. Hanuune oTBEPCTHS B KPBILIKE CBUACTENBCTBYET O
TOM, YTO [&BJCHME HAl BOUOM# B COCYNE DPABHO aTMOCGHEPHOMY
(puc. 5.16). Bo3MOXHBI TpH cilydas MONOXEHUS MapaGononIa
BpaieHust, orsedatoinero T npy pasnuyHbIX 3HAYEHUSIX ©F




[image: image39.png]napabosnon BpallleHMsI HE KAcaeTcst JHA cocyna,

BeplIKHa Mapaboionia KacaeTcs JHa;

riapaboJion/; BpallieHHs IIEPECEYET JHO.

IlenaeM npennosioXeHue, YT0 NpH 3aJaHHON B YCJIOBUM YIJIO-
BOM CKOPOCTH ® HMeeT MecTo nepssiit ciyyait. Eciu 3to mpenrmo-
JIOXEHHe BEPHOE, TO MCKOMAt CWIA [ABNEHUS XHAKOCTH Ha
KphILUKY (OHA onpenensieT Harpysky B GomroBo#t rpymne) Gymet
paBHa P =pgV, ..

B 10Ka3aTeIbcTBO 3TOTO HaliieM BBICOTHI X U h, HeobXxonuMble
s onpeneneHus obvema V. ;. Bocmosb3oBaBIMCh YCIOBUEM

coxpaHeHUsi 0ObeMa >XXMUIOKOCTH (CUMTAEM XHIKOCTb HECKM-
MaeMoit), CHaYaia HaxoXuM ofGbeM BO3IyXa B COCYyIE:

V,=V -V, =aR2H ~Vy =n-0]16-0,7 - 0,25 =0,101 3.

S
4w
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Puc. 5.16

B Cllyyae BpalaloLEerocs cocyna 3ToT obnem OrpaHUYCH Ma-
paGOJIOPUlOM BpAILUCHHA C OCHOBAHUEM Ty H BBICOTOM Xt

I
Vo==nr; -x
B 2 X
TMoncrapnss B 3T0 BRIpaXeHNE 3HAYEHUE BHICOTHI NApaboNou-
x-2g
Ha BPAUICHMS, PABHOE ry = [——5=, U pemas OTHOCHTENBHO He-
(0]

H3BECTHOM BBICOTHI X, ToJy4yaem:

2
ve @ -V, o 100-0,01 ~057 m.
ng n-9,81

CnenosatesbHo, Boicota h = H ~x = 0,7 - 0,57 = 0,13 m.
B s1oM ciyvyae obbeM Tena nasiaenus V. x Oynmer pasen

Via = Vﬂap Gl
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[ R R P 100-0,16
V. == {5 e B SN e =V
(i ik 15t el Sy

=0,205 m3;
V,=nR* h=n-016-013 = 0,065 M3
Vin = 0,02 M3.

Cuna napiennss P =1000-9,81-0,02 =196,2 H.




[image: image42.png]PABHOBECHE XWAKOCTHA B COCYJIE, PABHOMEPHO
BPAIUAIOMIEMCST OTHOCHUTENBHO FOPH3OHTANBHON OCH

Puc. 5.17

B ciyyae paBHOMEPHOIO BpaileHUs COCYNAa OTHOCHTE/NBHO o=
PH3OHTAIBHOI OCH TOJIE MACCOBBIX CHJI HECHMMETPUYHO OTHOCH-
TeJabHO 3ToM ocu (puc. 5.17). Ha npakruke vauie Bcero rnpuxo-
IMTCST MUMETh [EJI0 C TAaKUM CiydaeM BpalleHHsl cocyla C XHI-
KOCTBIO, KOIZIa YIJIOBasi CKOPOCTh (O CTOJNb BEJIMKA, YTO €AMHHY-
HOM CHJION TSDKECTH g MOXHO NpeHebpeyb Mo CPaBHEHUIO C elu-
HUYHON LIEHTPOOEXHON CHIONH MHEPUWH j =’r. IMonTeepxne-
HUEM 3TOMY MOXeT ObiTh, Hanpumep, crenyiowmnit pacyer. Hu-
JMHAOPUYECKHUIi cocyn pamuycoM r = 100 MM Bpauiaercsi BOKpyr
FOPU3OHTATBHON OCH ¢  THOCTOAHHBIM  4YHCIOM  0DOpoTOB




[image: image43.png]n = 1000 o6/muH (0 = 104,6 pan/c). LlenrpobexHas cuna nHep-
UMM paBHA j = o2f = 10941 0,1 =1094,1 M/c2. OueBumHo, UTO
Jj>>g =981 m/c2

3aKOH M3MEHEHMsI NABJIEHHUS B XUIKOCTH MPH YKA3AHHOM
YCJIOBMHM MOXHO NPENCTABUTH B CJIENYIOIUEM BUIE:

mz(r2 - ’.02)

st *
P=py+p 3 5 *)




[image: image44.png]IR€ po — [HABJICHHE B TOYKAX LMIMHIDHYECKON MOBEPXHOCTH
panuyca ry, a p -~ [NawICHHE B TOYKAX LMIMHIPHYECKOH MO-
BEPXHOCTH NMPOU3BONBHOIO panuyca r. CiefoBaTelsHo, MOBEPX-
HOCTH paBHOIO NaBJIEHUS! NPENCTABISIOT co6Ooi UMJIMHApHYe-
CKHE [OBEPXHOCTH C OOWUEN OCHIO — OCBIO BpalUEHUS cocyna, a
34KOH paclpeNesIeHHsI NABJEHMS 110 PANUYCY I SBJISAETCH napa-
BGommyeckmm. :

[Mpubnmxentas bopmyna (*) MOXeT mpUMeHsThCS npH JIo-
6OM pacrioNoXeHNH OCH BpALLEHHS COCYNa, €CIM CUIA TSDKECTU
MaJia 1o CpaBHEHHIO C LEHTPOGEXHOM CHIOI.

Mpu HeobxomumocTy ompenenuts cuiny paeneHus P oxun-
KOCTH, BpaIIAIOWIEHCs BMECTE C COCYNOM, Ha €r0 CTEHKY, (W Ha
KOJNBLEBYIO YaCTh 3TOH CTEHKM), MEPNEHANKYIAPHYIO OCH Bpalle-
HHSA, CHavana ONpeNeNAlor CWIy HapieHus dP Ha 3JIEMEHTAPHYIO
KOJTBLEBYIO IUIOWIANKY PANXycOM 7 M IUMPUHON dr :

mz(r2 -

dP =|p, +p 2nrdr.

“HTCI‘DHPOB&HHC Mo IUIowWand CTeHKM B HYXHBIX Tipefenax
HACT KOJIMYECTBEHHYIO OLIEHKY HCKOMOH CH/IbI JaBrieHust P.




[image: image45.png]3anasa Ne 24. Onpeneanth OCEBYIO CUNY TaBJICHUS! BOILI Ha
KOHHYECKYIO KPBIWKY cocyda (puc. 5.18), Bpamarwuierocs so-
KPYT FOpPH3OHTANLHOR OCH C IOCTOSHHOW YITIOBOW CKOPOCTBIO




[image: image46.png]o = 100 pan/c. [Toxasanue maHomeTpa M pasHo p, = 50 xIla,
nuamerp D = 0,4 M. Cwoit TsDKeCTH npeHebpeyb.

w*e®
0 oz Fewl

Puc. 5.18

Pewenne. Bocrionb3yemMcsi o6uiMM 3aKOHOM pacripeseneHust
JABJIEHMST XKUAKOCTH [UISL 3TOTO CIIydast:

mz(’.z i ’ozl
P=pPy+p .

2

Hcronn3yss U3GHITOYHYIO CHCTEMY JABJIEHUS H ITOJIOXHB, YTO
Po = Py TIPH 1y = 0, IOTYIUM:
olr?
Pu=Put p_z“"
Hckomas cuna DaBieHust XKUAKOCTH Ha KPbILIKY:
o

R R 222
P = IPH -2nrdr = j.[pM +p 2’ }2nrdr =R p, +p
0 0

nw?R*

4

=n.0,04.50000+l(l%“_‘19‘({’99;w,

= 18840 H = 18,84 xH.




[image: image47.png]Tipnmesanme. PaccMoTpyM, KaK H3MEGHHTCA cuia JamieHus P, ecnu
KOHHYECKYIO KPBILIKY  3aMCHNTh NONYCHEPUIECKON WM TINOCKOH TNpH
TOH Xe nocTaHoBKe 3axayn. OceBag cuna masnenus P He N3MEHHTCH, TaK
Kax npy HEyueTe CHbl TSDKECTH SIIOpA PACHPEsENeHMst XHIKOCTH (puc.
5.18, cnepa) Ha TIOCKOCTH, NEPIICHAMKYNSAPHYIO OCH BPALUCHHMA cocyza,
OCTaHETCS TIPEXHEH, 32BUCAIIEH OT TUIOTHOCTH KMAKOCTH p, 4acTOTH!
BPAlUCHUSA () M BHELIHero paguyca R.




[image: image48.png]3apmaya Ne 25. B MawmHy Ui UEHTPOGEXHON OTIMBKU
MOAUIMITHUKOBBIX BTYJIOK (puc. 5.19) sanura pacnnapneHHas
6pornsa (p = 8000 xr/m%). Ilpenebperass KefCTBHEM CHJIBI TH-
KECTH, OMpPENeNHUTh CHIY, BOCIPUHHUMAeMmylo OOJTOBOX rpym-
TIO# KPBILKH, €CIM MPUBOJ MAIUMHEI 00ECTeYrBAET BpAlEHME
WWIMHIpUYecKod dopmsl guamerpom D = 150 MM ¢ yacToToi
n = 1000 o6/mun. OGBeM XHAKOTO paciuiasa cocrapiser 3/4
Bcero oopeMa GOpMEL.
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[image: image50.png]Pemenue. Yriosast CKOpOCTE BpallleHust Gopmb

HosepxHoCTR paBHOro JasieHust, B Tom ducme T, spmsmorcs
uwauHaprdeckumu. Pamaye rg mst TIT ¢ masnenwem p, = 0 ua-
XONMM U3 paBeHCTBA

-i-nREL = (R - )L,




[image: image51.png]rge L — puHa dopMei:
Py = E
0=

3axkoH pacrpese/ieHHst H3GRITOYHOrO HaBIEHUS XUIKOCTH (6e3
yHeTa CHJIbI TSDKECTH) [UIS PACCMAaTPUBAEMOro CIlydas:

2
Cuta, Harpyxaoiasi 60/TOBYIO IPYyIITy TOPLEBOM KPBIILIKH:

2 &3
P= ‘j.pm (r2 a 2nrdr = I—[ )2nrdr~
2.

= 2173,7 — 1100,7 = 1073 H = 1,073 xH.
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