Tema 2. OCHOBBI TMAPOCTATHUKHU

lMunpaBnuka nenuTcs Ha JBa paslena: THAPOCTaTHKAa W TUAPOJAMHAMHUKA. | MApoaMHAMUKA SBISIETCS Oosee
OOLIMPHBIM pa3esioM U OyAeT paccCMOTpeHa B MOCIEAYIOMUX JeKIusax. B aTol nekuuu Oyner paccMoTpeHa
THIIPOCTAaTUKA.] uOpocmamukoll Ha3bIBaeTCsl pa3fen THIPABIUKH, B KOTOPOM pPAacCMaTPHUBAIOTCS 3aKOHBI
paBHOBECHS KUAKOCTU U X MPAKTUYECKOE IPUMEHEHUE.

2.1. 'mapocraTnyeckoe g1aBJjieHHe

B mokosimmeiicst JKUIKOCTH BCETlia MPUCYTCTBYET CWIJIA JABIICHUS, KOTOpas HA3BIBACTCS 2UOPOCMAMUYECKUM
Oasnenuem. JXKUIKOCTh OKa3bIBACT CHJIOBOE BO3JICHCTBHE HA JHO W CTEHKH cocyla. YacTHIbI JKHIKOCTH,
pacIojIoXKEHHbIC B BEPXHHUX CIIOSX BOJOEMA, UCIBITHIBAIOT MCHBIIME CHJIBI CHKATHS, YeM YaCTHIIBl )KHJIKOCTH,
HAXOSIINUECs y THA.

PaccmoTpuM pe3epByap € IUIOCKUMH BEPTHKAIBHBIMU CTCHKAMM, HAIIOJHEHHBIH XKUAKOCThIO (puc.2.1, a). Ha
JTHO pe3epByapa JieicTByeT cuina P paBHas Becy HanmTo xuakoctu G =y V, 1.e. P = G.

Ecnu sty cuny P pa3aenuTs Ha MIomangb HA Saped, TO MBI MOIYYUM CpeOHee 2udpocmamuyeckoe O0asieHue,
JEHCTBYIOIIEE Ha THO pe3epByapa.
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lMunpocraTtuueckoe gaBieHue o01a1aeT CBOWCTBAMHU.

Ceoiicmeo 1. B nwobou mouxe odcuoxocmu euopocmamudeckoe O0agleHue NeprneHOUKYIAPHO NIouaoKe
KacamenbHol K 8bl0e/IeHHOMY 00bemy U 0etiCmeyem GHYMpPb PACCMAMPUBAEMO20 00beMA HCUOKOCTIU.

Jnis moxa3aTenbCTBa ATOTO YTBEPXKICHHS BepHEMcs K puc.2.1, a. Beimenum Ha OOKOBOH CTEHKE pe3epByapa
IUIOINAAKY Sgox (3AIUTPUXOBAaHO). ['MapocTtaTMueckoe jAaBieHHE J€HCTBYeT Ha 3Ty IUIOINAAKY B BHJE
pacipenesieHHO Cuibl, KOTOPYI0 MOKHO 3aMEHHUTh OJHOM paBHOJEHCTBYIOIEH, KOTOpyl oOo3HauuM P.
[IpennonoxumM, 4TO paBHOJEHCTBYIOIIAS THAPOCTATHUECKOTO JAaBieHUs P, naelcTByromas Ha 3Ty IUIOLIAJKY,
MPWIOXKEHA B TOUKE A M HaNpaBJieHa K HeW 1moja yriioM ¢ (Ha puc. 2.1 0603HavYeHa MITPUXOBBIM OTPE3KOM CO
crpenkoit). Torma cuna peakiuu CTeHKH R Ha KHJIKOCTb OyJeT UMETh Ty e CaMyl BeIMYUHY, HO
IPOTUBOIOJIOKHOE HampaBieHHe (CIUIOMIHON OTPE30K CO CTPENKOM). YKa3zaHHBIA BEKTOp R MOKHO pa3iokuTh
Ha JIBa COCTABJIAIOLIMX BEKTOpa: HOPMajbHbBIN Rn (MepneHAuKyISIpHBIA K 3alITPUXOBAHHOM IUIOLIA/IKE) U
KacaTeNbHBINR, K CTEHKe.

Puc. 2.1. Cxema, HIUTFOCTPUPYIOIIAsi CBOWCTBA THAPOCTATUYECKOTO JAABJICHHUS a - TIEPBOE CBOWCTBO; O - BTOpOE
CBOUCTBO



Cua HOPMAJIBHOI'O AaBJICHUA Rn BEI3BIBAET B KUAKOCTH HAIIPAKCHUA CKATHA. OTHM HaIPsAXKCHUAM KUAKOCTb
JICTKO IMPOTHBOCTOMT. Cuna R, ﬂeﬁCTBYIOLHaH Ha XHIAKOCTb BAOJIb CTCHKH, JOJIXKHaA Obuta Obl BBI3BATH B
KUAKOCTHU KAaCaTCIbHBIC HAIIPAXKCHUA BAOJIb CTCHKHW U YaCTHUIBI JOJIXKHbI OBUIH OBI nepeEMEIIATLCS BHU3. Ho Tax
KaK XHUJAKOCTb B PE3CpByapC HAXOAUTCA B COCTOSHHUH IIOKOA, TO COCTaBJIANOIIAsA R, OTCYTCTBYCT. OTCIOI[a
MOXHO C€J1aTb BBIBOJ IIEPBOT'O CBOMCTBaA THAPOCTATUYCCKOI'O JaBJIICHMH.

Ceoiicmeo 2. ['uopocmamuueckoe oasieHue HeusMeHHO 80 6CeX HANPABIEeHUSX.

B KuzakocTH, 3amoNHSIONIEH KakoW-TO pe3epByap, BBIIEIUM DJJIEMEHTAPHBI KyOMK C OY€Hb MaJbIMH
cropoHamu AX, Ay, Az (puc.2.1, 6). Ha kaxmyro u3 OOKOBBIX IIOBEpXHOCTEH OyJIeT IaBUTh CHJIA
TUAPOCTATUYECKOTO  JIaBIICHUS, paBHAas IPOW3BEICHUIO  COOTBETCTBYIOWIEro  namienus Py, Py, P; Ha
aneMeHTapHble miomana. O003HauMM BEKTOpa NaBJICHHM, ACHCTBYIOLIUME B MOJIOKUTEIHLHOM HANpaBICHUU
(cormacHo yka3aHHBIM KoopauHaTtam) Kak P'x, P'y, P';, a Bekropa namnenwii, neicTByromue B 0OpaTHOM
HamnpaBlieHuu cooTBeTcTBeHHO Py, P"y, P";. Ilockonpky KyOMK HAXOAUTCS B PAaBHOBECHU, TO MOXHO 3aMUCATh
paBeHCTBa

P'xAyAz=P"xAyAz
P'yAxAz = P"yAxAz
P',AXAy + yAX, Ay, Az = P";AXAy

TJIe Y - YACIbHbBIN BEC KUIKOCTH;
AX, Ay, Az - 06BeM KyOUKa.

CokpatuB NoJy4eHHbIE PABEHCTBA, HANIEM, YTO
PIX - PIIX; Ply e Plly; Plz _"_ yAZ = PIIZ

YneHoM TpeThero ypaBHEHHs YAZ, Kak OECKOHEYHO MajbIM MO cpaBHeHUIO ¢ P'zu P";, MoxHO npeHeOpeus u
TOT/1a OKOHYATEIHHO

PIX — P"X; Ply — P"y; PIZ:PHZ

BcenencrBue toro, 4to kKyOuk He negopMupyeTcs (He BBITATUBAETCS BIOJIb OJHOU U3 OCel), Ha/I0 MoJIaraTh, 4YTo
JIABJICHUS 10 PA3JIMYHBIM OCSIM OJIMHAKOBBI, T.€.

PIX - PllX = Ply e Plly = PIZ:PIIZ
3TO0 J10Ka3bIBa€T BTOPOW CBOMCTBO I'MIPOCTaTHYECKOTO JABICHHUS.
Ceoiicmeo 3. I'uopocmamuueckoe 0asnenue 6 mouke 3a8UcCum om ee KOOpOUHAm 6 NPOCMpPaHcmee.

OTo moNoXkKeHHe He TpeOyeT CIEeUUalbHOTO JO0Ka3aTelbCTBA, TaK KaK sSCHO, YTO IO Mepe YBEIWYECHUs
NOTPYXKEHHUSI TOYKU JIaBJIeHHe B Hel OyJeT Bo3pacTaTh, a [0 MEPE YMEHBIIEHHUS MOTPYKEHUS YMEHbIIAThCS.
TpeTbe cBOMCTBO rMIPOCTATUYECKOTO IABJICHUS MOXKET OBITh 3aIIMCAHO B BUJIE

P=f(x, y, 2)
2.2. OcHOBHOE YpaBHEHHE THAPOCTATUKH

PaccmotpuM pacnipocTpaHeHHBIM Ciiydall paBHOBECHS JKHJKOCTH, KOIZla Ha Hee JEHUCTBYET TOJBKO OJIHA
MaccoBasl CWJIA - CUJIA TSHKECTH, U TIOJIyYUM ypaBHEHUE, MTO3BOJIAIOIIEE HAXOAUTh THAPOCTATUYECKOE AABICHUE
B J11000M TOYKE PAacCMATPUBAEMOr0 OOBEMa KUAKOCTH. DTO YpaBHEHHE Ha3bIBAECTCS OCHOBHLIM YPAGHEHUEM



2UOPOCMATUKUL.

[TycTh XUIKOCTH COACPKUTCS B cocyne (puc.2.2) u Ha ee CBOOOJHYIO MOBEPXHOCTh JNEHCTBYeT AaBiieHue Po .
Haiinem rugpocraTudeckoe IaBiicHHE P B MPOM3BOIBHO B3SATOH TOuke M, pacrojioXeHHOW Ha riyoune h.
Beinenum 0koiio Touku M 3JeMEHTApHYI0 TOPU30HTAIBHYIO IUIOMAAKY dS U MoCcTporM Ha Hell BepTUKAaIbHBIN
IIIHHIPUYCCKHI 00BbeM JKHIKOCTH BbIcOTOM h. PaccMoTpum ycioBHe paBHOBECHS yKa3aHHOTO oObeMma
XKHUJIKOCTH, BBIACICHHOTO U3 00IIEi Macchl KHUIKOCTU. [laBlieHue )KUIKOCTH Ha HWKHEEe OCHOBAaHUE IMIIMHAPA
Tenepb Oy/IeT BHEIIHUM U HAMpaBJIeHO [0 HOPMaJu BHYTPh 00bEMa, T.€. BBEPX.
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Puc. 2.2. Cxema 11151 BBIBOJIa OCHOBHOT'O YPABHEHMSI THAPOCTATUKH

33.HI/IH_ICM CyMMYy CHJI, I[CﬁCTBymquX Ha paCCManI/IBaeMBII‘/‘I O6’BCM B IIPOCKIUHN Ha BEPTUKAJIBHYIO OCb:
PdS - Py dS - pghdS = 0

[Mocnennuit uneH ypaBHEHMsI TPEACTABISET COOOM BEC JKMUIKOCTH, 3aKIIOYEHHBIM B paccMaTpUBaeMOM
BEpTHKATLHOM nuuHape oobemoM hdS. Cuutel maBieHus Mo 6OKOBOW MOBEPXHOCTH IIMJIMHAPA B ypaBHEHHE HE
BXOJAIT, T.K. OHU NEPHEHAUKYJISIPHBI K 3TOM MOBEPXHOCTU M UX MPOEKIIMU HA BEPTUKAJIBHYIO OCh PaBHBI HYIIIO.
CokpaTuB BeIpakeHHe Ha S U meperpynmnupoBaB 4wieHbl, Hai1eM

P =Po+pgh=Po+hy

HOJ’Iy‘IGHHOG YPAaBHCHHUEC HAa3bIBAIOT OCHOBHBIM YPAaBHCHHUEM THUAPOCTATUKU. Ilo HEMY MOXHO ITOCHHUTATbh
JAaBJICHHUC B T000H TOYKE HOKO}IH_ICI\;ICH KUIKOCTH. 910 AAaBJICHUC, KAK BUTHO U3 YPABHCHHS, CKJIAAbIBACTCS U3
JABYX BCJIWYHH: IOaBJICHUA PO Ha BHEIIHEH IMOBCPXHOCTHU KUIAKOCTHU W OaBJICHUA, 06}’CJ'IOBJ'I€HHOFO BECOM
BBIICICKAIINX CJIIOCB X KUAKOCTH.

N3 ocHOBHOTO ypaBHEHUS THAPOCTATUKH BUIIHO, YTO KaKyI0 ObI TOUKY B 00beMe BCEro COcya Mbl HE B3sUTH, Ha
Hee Bcerjga OyneT JCMCTBOBAThH JIABJICHHE, MPWIOKEHHOE K BHENIHEW moBepxHocTH Po. Jpyrumu cioBamu
JIaBJIEHUE, MPUJIOKEHHOE K BHEIIHEH MOBEPXHOCTU >KUJIKOCTH, MEPEIaeTCsd BCEM TOYKAM 3TOM MKUIKOCTHU IO
BCEM HAIPaBJICHUSM OJJMHAKOBO. JTO TOJIOKEHUE U3BECTHO 10/ Ha3BaHWeM 3akoHa [lackais.

[ToBepxHOCTB, BO BCEX TOYKAX KOTOPOH JaBJI€HHE OJUHAKOBO, HA3bIBACTCS MOBEPXHOCTHIO YPOBHSA (MOAPOOHO
paccMoTpuM B 11.2.6). B OOBIYHBIX YCIOBHSX MOBEPXHOCTH YPOBHS MPEJCTABISIOT COOOH TOpHU30HTAIBHBIE

IIJIOCKOCTH.

2.3. JlaB/ieHHe KUAKOCTH HA IVIOCKYI0 HAKJIOHHYIO CTEHKY



[TycTs MBI HMeeM pe3epByap C HAKJIOHHOW MPAaBOM CTEHKOMW, 3alIOTHEHHBIN KHUIKOCTBIO C yICIBHBIM BECOM Y.
[lupuHa CTEHKH B HANpPaBJICHUH, MEPICHIUKYISIPHOM IIOCKOCTH YepTexa (0T uuTarens), paBHa b (puc.2.3).
CTeHKa YyCJIOBHO IOKa3aHa Pa3BEPHYTOM OTHOCUTEIBHO OCH AB M 3amTpuxoBaHa Ha pucyHke. [loctpoum
rpaduK U3MEHEHUS U30BITOYHOTO THAPOCTATHYECKOTO JJABIICHUS Ha CTEHKY AB.

Tak kak HW30BITOYHOE THUIPOCTATHYECKOE [ABJICHHE W3MEHSETCS 10 JUHEHHOMY 3akoH P=ygh, To s
nocTpoeHus Trpaduka, Ha3bIBAEMOrO SIIOPOW JaBIEHUS, JOCTAaTOYHO HAWTH JaBJ€HHE B JBYX TOYKax,
Hanpumep 4 u B.

TouKa, B KOTOPYH NPUNOMEHA
PaBEHOAERCTBYIOW AR MMAPOCTATHMECKOD
AZBNEHUA

Puc. 2.3. Cxema K ONpelIeleHHIO PABHOACUCTBYIOIICH T'HMAPOCTAaTUYECKOTO JaBJIEHUS Ha IJIOCKYIO
MOBEPXHOCTH

M36BITOYHOE THAPOCTATUYECKOE IaBJIICHHE B TOUKE A Oy/eT paBHO
Pa=yh=y0=0

CoOOTBETCTBEHHO JIaBlieHUE B TOUKE B:

Ps=vyh=yH

rae H - riyOuHa )XuaKocTH B pe3epByape.

CornacHO mEepBOMY CBOWMCTBY THIPOCTATMUECKOTO JaBJIE€HHUS, OHO BCEr/la HANpPAaBIEHO 10 HOpPMald K
orpaxaaroniel mosepxHoctu. CrienoBaTeNIbHO, TUAPOCTATUYECKOE HABJICHUE B TOYKE B, BEIMYMHA KOTOPOTO
paBHa YH, Hamo HampaBisATh NEPHEHAUKYISIPHO K cTeHKe AB. CoequHUB TOYKY A ¢ KOHIIOM oTpe3ka YH,
MIOJIyYHM TPEYTOJIbHYIO dIIOPY pacnpezeneHus aasieHnus ABC ¢ npsMbIM yriioM B Touke B. CpenHee 3HaUeHHE
JaBlieHus Oy/IeT paBHO

vH+0 A
2 2

Ecnu miomanab HaKJIOHHONM CTEHKHU S:bl_, TO paBHOHCﬁCTBYIOHlaH TUAPOCTATUYCCKOI'O JaBJICHUA paBHA

_

7 S =Sk,

rae hc = H/2 - rmyOuHa morpy KeHUs [EHTPa TSHKECTH TUIOCKOM MMOBEPXHOCTHU IO YPOBEHB KHUIKOCTH.

OI[HaKO TOYKa IMPUITOKCHUS paBHOHCﬁCTBYIOUlCﬁ THAPOCTATUYCCKOro MHaBJICHUA II.J. HC BCCria 6y'I[eT



COBMAJATh C LIEHTPOM TSDKECTU TUIOCKOM TOBEPXHOCTH. DTa TOYKA HAXOAWUTCS Ha paccTosHuu | oT 1eHTpa
TSDKECTH M paBHA OTHOLICHHIO MOMEHTA MHEPLIUH IIJIOIAJIKM OTHOCUTEIBHO LIEHTPAJIBHOM OCU K CTaTUYECKOMY
MOMEHTY 3TOH XK€ IUIOLIAJKU.
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rae J4r - MOMEHT MHEPIMH TUIOIAJAN S OTHOCUTEILHO IIEHTPAILHON OCH, IMapajieIbHON AX.

B gacTHOM citydae, Korja cTeHka uMeer (opMy MpsIMOYroJbHUKA pasMepamu DL v oHa U3 €ro CTOPOH JEKUT
Ha CBOOOJHOW TOBEPXHOCTH C aTMOC(EpHBIM [JaBICHUEM, LCHTP [aBi€HHs IIJ. HAaXOJHUTCS Ha
paccrosiHuu b/3 oT HIKHE CTOPOHBI.

2.4. I{aBneHne KUJIKOCTH HA NUJIHHAPHYCCKYIO IIOBEPXHOCTH

[IycTh XKHMIKOCTh 3amlOJHSET pe3epByap, IpaBas CTEHKAa KOTOPOTO IPEICTaBISAET COOONM IMIMHAPUYECKYIO
KPHUBOJIMHEHHYI0 TOBepXHOCTh ABC (puc.2.4), MpOCTUPAIOIIYIOCS B HANpPABICHUU YUTATENs Ha IIMPUHY D.
BoccranoBum u3 touku A nepneHAuKyJsp A0 K cBOOOAHON MOBEPXHOCTH KUAKOCTH. OOBEM KUAKOCTH B
orcekeAOCB HaxouTCsl B paBHOBECUHU. DTO 3HAYUT, YTO CUJIbI, JCHCTBYIOIINE HA IOBEPXHOCTH BbIIEJIEHHOIO
o0beMa V, u cuibl Beca B3aMMHO YPaBHOBEILIUBAOTCSL.

Puc. 2.4. Cxema Kk omnpeneieHHI0 paBHOJAEHCTBYIOIIEH THAPOCTATUYECKOTO JABJIEHUS HA LMUJIMHAPUYECKYIO
HOBEPXHOCTh

[IpencraBuM, 4To BBIAEIEHHBIN 00beM V mpeacTasiser coOoi TBepioe TeI0 TOro ke yAeIbHOIo Beca, YTo U
KUAKOCTh (3TOT 00beM Ha puc.2.4 3amrpuxoBaH). JleBas NHOBEPXHOCTh A3TOro o0beMa (Ha dYepTexe
BepTUKanbHas creHka AQ) wumeer miomans SX = DH, sBusiomyrocss mpoekuueln KpUBOJMHEHHOM
noBepxHocTH ABC Ha mnockocTbyOzZ.

Cuia rHApOCTaTHYECKOTO JaBJICHHs Ha TIOMmaab Sy paBHa Fx =y Sxhe.

C mpaBo#t CTOpOHBI Ha OTCeK OyjaeT AeWcTBOBaTh peakius R mumuHapuyeckoi moBepxHocTu. IlycTh TOuka
MPUJIOKEHUS U HalpaBJIeHUE 3TOM peakuu OyIyT TaKOBbI, KaK MMoka3aHo Ha puc.2.4. Peakiuio R paznoxxuMm Ha
nBe cocTapistomue Ry u Rz.

W3 nelicTBYIOMMX MOBEPXHOCTHBIX CHJI OCTAJIOCh y4Ye€CTh TOJBKO JaBJICHME Ha CBOOOJHOW MOBEpXHOCTH Po.
Ecnu pesepByap OTKpBIT, TO €CTECTBEHHO, YTO JaBJI€HUE Py OIMHAKOBO CO BCEX CTOPOH M MOATOMY B3aHMHO
YPaBHOBELINBAETCH.

Ha otcex ABCO Oynet neiicTBoBaTh criia coOOCTBeHHOTO Beca G = yV, HanpaBiieHHAas BHU3.

Cnpoeunpyem Bce cuitbl Ha och OX:



Fx - Rx=0 otkyna Fx = Rx = ySxhc

Teneps cnpoenpyem Bce cuiibl Ha och Oz:

Rx-G=0orkyna Rx =G =yV

CocraBisromas CHIIbI THAPOCTaTHYECKOTo naBienus no ocu Oy oOpaiaercs B HyJb, 3Ha4uT Ry = Fy = 0.

TakuMm oOpa3om, peakius HUINHAPUIECKOM MOBEPXHOCTH B O0OIIEM cllyyae paBHA

R=[RI+R]+ER]

a TOCKOJIBKY pEaKIusi MUIUHAPUYECKOW TOBEPXHOCTH paBHA PABHOACUCTBYIONICH T'MAPOCTATUYECKOTO
naBiaeHusiR=F, To nemaem BeIBOJ, UYTO

F=[Rl+F +F)

2.5. 3akoH ApxumMena v ero NPUJIOKeHue

TGJIO, IOrpy>KECHHOC (HOJIHOCTI)IO U T-IaCTI/I‘-IHO) B ) XUAKOCTb, UCIIBITBIBACT CO CTOPOHBI )KUJKOCTU CYMMApPHOC
AAaBJICHUC, HAITPABJIICHHOC CHU3Y BBEPX U PABHOC BECY KUIKOCTHU B 00BeMe HOI"py>KCHHOI>i 4aCTHu TCJ1a.

Peoim = p:»cgvnozp
Hﬂﬂ OJHOPOJHOIO TCJIa INIaBAOUICIO HAa ITOBECPXHOCTH CIIPABCAJIMBO COOTHOLICHHUC
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rae: V - 00beM IIJI1aBarolIero Teja;
Pm - TUIOTHOCTH TeJIa.

Cy1ecTByromiasi Teopusl IUIABAIOLIETO Tela J0BOJIbHO OOLIMPHA, IO3TOMY MBI OIPaHMYUMCS PACCMOTPEHUEM
JIMILB TUIPaBIMUYECKOM CYIIHOCTH 3TOM TEOPHHU.

CniocoOHOCTh MJIaBAIOUIETO Te€Ja, BBIBEJEHHOI'O W3 COCTOSHUS pPaBHOBECHS, BHOBb BO3BpAllaThCsi B ITO
COCTOSIHUE Ha3bIBaeTCs ycmotiyugocmoio. Bec XuakocTH, B3ATOH B 00beMe MNOTPY)KEHHOW 4YacTH CyAHa
Ha3bIBAIOTEOOOUZMEWeHUeM, @ TOUKY TNPUIIOKEHUsS] PaBHOAEHCTBYIOLIEH HaBieHUs (T.€. LUEHTpP NaBJICHHS) -
yenmpom  eooousmewjenus. 1lpy  HOPMaTbHOM  TMOJIOKEHHMM CyAHAa LEHTp Tskectd C U LEHTP
BoJIOM3MeIleH s d Jie)aT Ha OHON BepTUKaIbHOU mpsimoii O'-O", nmpencTapisiionei 0Cb CAMMETPUH CYIHA U
Ha3bIBAEMOMW OCKIO M1aBaHus (puc.2.5).

[lycTs moa BAMSHUEM BHEIIHUX CHJI CYJAHO HAaKJIOHHIJIOCh HAa HEKOTOPBIM yroia a, yacTh cynHa KLM Beinuia u3
xuakoctd, a yactb K'L'M', HaoGopot, nmorpysusnock B Hee. [Ipu 3TOM moayunian HOBOE IMOJIOKEHUHU IIEHTpa
BogousMenenus d'. [Ipunoxkum k Touke d' mombeMHyI0 cuity R U JIMHHIO €€ JeHCTBUS MPOIOIDKUM 0
nepecedeHust ¢ ocelo cummerpuu O'-O". [lomydeHHast Touka M Ha3BIBACTCS MemayeHmpom, a oTpe3ok mC =
h HasbIBaeTCsIMemayenmpuueckou gvicomoi. byaem cunuTath h MOJIOXKUTETBHBIM, €CIIM TOYKA M JICKUT BBIIIE
touku C, ¥ OTPUIIATENBHBIM - B IPOTUBHOM CITydae.



Puc. 2.5. ITonepeunslii npoduiib cygHa
Tenepb paccMOTPHUM yCIIOBHSI PAaBHOBECHS CyTHA!

1) eciiu h > 0, To cyaHO BO3BpaIllaeTCs B IEPBOHAYAIBLHOE MOJIOKEHUE;

2) ecirt h = 0, TO 3TO Ciy4ail 6e3pa3IMYHOr0 PAaBHOBECHS;

3) eciu h<0, T0 3TO Ciy4ail HEOCTOWYMBOTO PABHOBECHSI, IPY KOTOPOM IMPOIOJDKACTCS aIbHEHIIee
OIIPOKHU/IbIBAHUE CY/THA.

CrnenoBarenbHO, Ye€M HIDKE PACIIONOKEH IICHTP TSHKECTH W, 4eM OOJIbIIe METAIllCHTPUYECKas BBICOTA, TEM
0oJbIIe OyIEeT OCTOMYUBOCTD Cy/IHA.

2.6. [loBepXHOCTH PABHOIO AABJIEHUS

Kak yxe orTMmedasioch BbIlIE, MOBEPXHOCTh, BO BCEX TOYKAaX KOTOPOW JABICHHE OJUHAKOBO,
HA3bIBACTCSINOBEPXHOCMbIO  YPOBHS VI HOBEPXHOCMbIO  pagHo20 Oasnenus. llpu HEpaBHOMEPHOM WIH
HEMPSIMOJIMHENHOM JIBUKEHUH HA YaCTHULIBI )KUJIKOCTH KPOME CUJIbI TSKECTH ICUCTBYIOT €IIE U CUJIbI MHEPLIHH,
IIPUYEM €CJIM OHU IOCTOSIHHBI I10 BPEMEHH, TO KUIAKOCTh IPUHUMAET HOBOE IOJIOKEHUE paBHOBecus. Takoe
PaBHOBECHE KUJIKOCTU HA3BIBACTCSI OMHOCUMENbHBIM NOKOEM.

PaccmotpuM aBa mpumepa Takoro OTHOCUTEIBEHOTO TTOKOS.

B nepBoM npumepe ornpeneanum MoBEpXHOCTH YPOBHS B JKUJKOCTH, HAXOJALIEHCS B IUCTEPHE, B TO BPEMsI Kak
LUCTEPHA ABMIKETCS [0 TOPU30HTAILHOMY IyTH C MIOCTOSTHHBIM YCKOpeHHeM a (puc.2.6).

/e

Puc. 2.6. [IBnxeHne LIUCTEPHBI C YCKOPEHNUEM

K Ka>1<,£[0f/i HJaCTHULC XUAKOCTHU MACChI m JOJIXKHBI 6BITL B OTOM cnyqae TIIPUIIOKCHBI €€ BCC G = mg n cujia
R=l(mg)

2
uHepuuuPy, paBHasg 1o BenuuuHe Ma. PaBHOneHCTBYyrOIIAs +I:ma)2 OTUX CHJ HalpaBleHa K

BCPTUKAIHA IO YIJTIOM 0, TAHI'CHC KOTOPOT'O paBCH

i
g =—
g



Tak kak cBOOO/IHAsI TOBEPXHOCTh, KaK MOBEPXHOCTh PABHOTO JIaBJICHUS, TOJKHA ObITh HOPMaJIbHA K YKa3aHHOM
PaBHOJICUCTBYIONICH, TO OHA B JaHHOM CIydae MPEICTaBUT COOOH yke HE TOPU3OHTAIBHYIO IJIOCKOCTh, a
HAKJIOHHYIO, COCTABJISIONIYIO YTOJl 0L C TOPU3OHTOM. YUUTHIBAsl, YTO BEJIMYUHA STOTO yIiia 3aBUCHUT TOJIBKO OT
YCKOPEHUH, MPUXOANM K BBIBOJY, YTO MOJIOKEHHWE CBOOOJHOHN MOBEPXHOCTH HE OYJET 3aBHCETh OT poja
Haxojslencs B HUCTepHE >XuIkocTu. JloOas apyras MOBEpXHOCTh YpPOBHS B JKUIKOCTH Takxke Oyjaer
IUIOCKOCTBIO, HAKJIOHEHHOW K TOPU30HTY MOA yriaoM o. Ecaum Obl JBM)KEHHE LUCTEpHBI OBUIO HE
PaBHOYCKOPEHHBIM, a paBHO3aMeIJICHHBIM, HAalpaBJIeHHE YCKOPEHUS MU3MEHWIOCh Obl Ha 00paTHOE, U HAKJIOH
CBOOOHON TTOBEPXHOCTU 00paTHIICs ObI B IPYTYIO CTOPOHY (CM. pHUC.2.6, TyHKTHD).

B kadecTBe BTOpOro nmpuMepa pacCMOTPUM YacTO BCTPEYAIOIIUICS B IPAKTUKE CIIy4all OTHOCUTEIIBHOTO IIOKOS
KHUJIKOCTH BO BpAIIAIONIMXCSA COCydax (Hampumep, B cemaparopax M LEHTPU(Yrax, NPUMEHSEMBIX JUIS
paszneneHus xkuiakocrei). B atom ciydae (puc.2.7) Ha 00y YacTHUIly JKUAKOCTH NPH €€ OTHOCUTEIBHOM
PaBHOBECHH JECTBYIOT MAaCCOBBIE CHIBL: cuia TsokecTd G = MQ u uentpobesxnas cuna Py = mo?r, e r -
paccTOosHUE YacTULBl OT OCH BPALLEHUS, a O - YIVIOBAs CKOPOCTb BPALLICHUS COCY/1a.
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Puc. 2.7. Bpamenue cocyna ¢ >KHIAKOCTbIO

[ToBepXHOCTD KUAKOCTH TAK)Ke JOKHA OBITH HOpMaIbHA B KXKI0M TOUKE K paBHOJACHCTBYOMIEH dTHX cuil R u
MpeACTaBUT co00i mapadosion BpamieHus. 13 yeprexxa Haxoaum

F, i
fg=—=
F myg

C npyroit CTOpOHBI:

£ Cﬂ—dz
g dr

rZie Z - KOOpAMHATa pacCMaTpUBaeMoi TOUkH. Takum oOpa3oM, morydaem:

or dz
£ dr
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B Touke nepeceuenus kpuoit AOB ¢ ockro Bpamienus I =0, Z = h = C, mosTomMy oKOHYATEIBHO OyIEM UMETh

2 2
i F

2g

z=h+

T.e. KpuBas AOB saBnsercs mapabosiol, a cBOOOJHAs MOBEPXHOCTh XUAKOCTU mMapaboiougoMm. Takyro xe
(GopMy UMEIOT U IpyTHe OBEPXHOCTH YPOBHSI.

Jnist onpenenieHus 3aKOHAa M3MEHEHUS IaBJICHUs BO BPAIAIOMICHCS JKUAKOCTH B (DYHKIIUHM pasnyca U BBHICOTHI
BBIIEJIUM BEPTUKAIbHBIN IMIMHAPUYECKUH O0O0BEM IKHUIKOCTHU C OCHOBAaHMEM B BHUJAE DJIEMEHTApHOU
rOpU30OHTAILHOM 1IoMmaaAku dS (Touka M) Ha MPOM3BOJIBHOM paauyce I M BBICOTE Z U 3alUIIEM YCIOBHE €ro
paBHOBecHs B BepTHUKaJIbHOM HampasiieHuu. C yuetoM ypaBHeHus (2.11) Oyaem umethb

2.2
PdS—|h-z+ 2T pgdS—E,;[ a5 ]cosozzll]
2g Cos
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[Tocne cokpamennii noxy4yum

2 2
P=Potlh-z+27 | g
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OTO 3HAYUT, YTO MAABJIEHUE BO3PACTAET IMPONOPLUUOHAIBHO PaaWyCy I U YMEHBILIAETCs HPONOPLUOHAIBHO
BBICOTE Z.



