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Mpepucnosue

Hacrosimuii yueOHUK NpeaHasHauyeH /st TIOATOTOBKU OaKaJaBPOB BCEX
CIENHUAIbHOCTEH, N3YYalOMNX IMAPABINKY B CTPOUTENbHBIX BYy3aX, a TaKkKe
JUISL TOJITOTOBKU CIEIIMAJNCTOB U MArMCTPOB, KPOME CIIEIUATbHOCTH IHIPO-
TEXHUYECKOI 1 TEIJIOra30CHa0KeH NS, TaK KaK B y4eOHMKe, B CUJTY 3aJ[aHHOTO
00beMa, OTCYTCTBYIOT Pasfiesibl o TeMaM «/BYsKeHMe JKUIKOCTH Yepes TH/I-
POTEXHUYECKHE COOPYKeHUsT> N «OCHOBBI Ta30[HHAMUKI>.

B pesysbrate nsydyenus mpeaMera CTyAeHT AOJKeH OyerT:

3namo

* OCHOBHbIE [TOHATHS, OTHOCSIIECS K PABHOBECUIO U [BUKEHUIO KUIKOC-
TU U rasa;

* MaTeMaTHYeCK1e YPaBHEHUs, OTMMCHIBATOIIIE IBYIKEHIIE JKUIKOCTH 1 Ta-
3a M COCTOSTHIE MX paBHOBecHs (TTOKOsT);

* opMyJIBI, KOHCTAHTHI, KOI(MGUIUEHTHI, ¢ TTOMOIIBI0 KOTOPBIX MOKHO
OIIpee/INTD TapaMeTPhl PA3INYHBIX THAPABINYECKUX MIPOIECCOB U SBJICHUII;

* METOZbI PelleHNs TUAPABINYECKUX 3a/a4Y;

* pubOPBI ¥ 06OPYIOBAHNKE, UCIIOJIb3YeMbIE JIJIsl OTIPe/IeJICHUsT THAPABIIU-
YECKUX XapaKTePUCTHK;

ymemo

* MOHMMATh (PUBUYECKYIO MPUPOLY PA3IUYHBIX THAPABIMUECKUX MPOIEC-
COB U SIBJICHUIL;

* KIaccuUIUPOBATH BUADI ABUKEHUS KULKOCTH;

* 00BSICHATD IPUYMHBI U BO3MOKHBIE TIOCJIECTBUS THAPABINYECKUX MTPO-
1IECCOB W SBJICHNH, BO3HUKAIOIINX WJIM MMEIOIINX MECTO B MPAKTIKE CTPOU-
TEJIbCTBA ¥ OKCILIyaTallui 0ObEKTOB;

* HCIOJIb30BATh 3aKOHBI (PUBMKHU, TEOPETHYECKON MEXaHUKH, TEILIOTeXHHU-
K, COIIPOTUBJIECHUSI MATEPUAJIOB JIJIsI PEIeHNUS TUAPABINYECKUX 3a/ay;

* IPOEKTUPOBATh TTAPAMETPbI COOPYKEHMIT U 0060PYAOBAHMUS, CBSI3aHHBIX
C JIBUKEHUEM JKUJIKOCTUA WJIM BO3JEHCTBUEM Ha HUX MOKOSAIIENC JKUIKOCTH;

* pacCcUYMTHIBATH TTApaMETPHI KUAKOMN 1 Ta30BOM Cpell B CTaTHKE U AITHAMU-
Ke JIJIs Pa3/INYHbIX THAPABINYECKUX TIPOLIECCOB U SIBJICHMUIA;

* HCIIOJb30BaTh 3aKOHOMEPHOCTH MOJEIMPOBAHKS U TEOPUU PasMePHOC-
Teil IPY PELIeHNN CJIOKHBIX MHKEHEPHDIX 3aa4 OLPeeJeHUST XapaKTePUC-
THUK THPABJINYECKIX TIPOIIECCOB, /ST KOTOPBIX HE HAiIEHbl KOHEYHBIE MaTe-
MaTHuecKre GOPMYJIbl U YPaBHEHS;

eslademv HABLIKAMU

* TEOPETUYECKOTO BBIBOJA YPaBHEHUI PABHOBECHUS U BUIKEHUS KUIAKOCTY,

* pelleHys PasJInYHbIX TUAPABINYECKUX 3a/ay;

* OTIEHKY PEATHHOCTU TIOJTYYAEMBIX WJIN UCCTEAYEMBIX THAPABIMYECKUX
MapaMeTPOB B UX YICIOBOM BBIPAKEHHH.
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Takum 06pa3om, B pe3yJibTaTe U3yYeHUsT TIPEIMETaA CTYIEHT CMOKET OBITh
KOMITETEHTHBIM B TIPO()eCCHOHATTPHOM aHAJIN3€E U PENIEHNN TEXHIYECKUX 3a-
[lad, CBI3aHHBIX C IBIKEHUEM WU PaBHOBecHEM (TIOKOEM ) KUAKOCTHU U Ta3a.

MeTtoanka M3/0KeHNsT MaTepraja ONMpaeTcs Ha METOANKY ITperojiaBa-
HUSI Kypca TMAPaBIMKN (MEXaHWKHU KMIKOCTH U rasa), paspaboTaHHYIO 3a
nonrue ronabl Ha Kadeape ruapaBiauku MI'CY u Hamenanryio cBoe oTpaske-
HUe B yueOHMKax usBecTHbIX TuapaBaukos I1. T. Kucenesa |3, 8], A. /1. Asnbr-
mryaist [2, 3], @. M. [lonragesa [ 13] u ap. Hacrosimii yaeGHUK sIBIISIETCST TPe-
THUM, UCIIPABJIEHHBIM U HE3HAUUTEIBHO MlepepaboTaHHbIM M3laHueM y4eOHN-
ka «I'mapaBimkas [5], Bermeamium B 2013 r. — B Iepuos rnepexoja Ha JIByX-
cryneHyaryio (opmy BbicIiero o6pasoBaHus «bakagaBp,/Maructp». B Hacro-
stiee BpeMst ata (hopMa 00yUYEHUsST TIPOJOJIKAET MEHSIThCS U Pa3sBUBATHCSI.
Tak, u3MeHUJIOCh Ha3BaHUE MU3y4aeMOTO TIPeJIMeTa — Telepb OHO 3BYYUT KaK
«Mexanuka. MexaHuka XUAKOCTH U ra3ay, «OCHOBbI MEXaHUKH XKUJKOCTH
1 ra3a». DTO MOBJIEKJIO 32 COOON M3MEHEHE TIPOTPAMM OOYUIEHYsI, YMEHbIIIe-
HI€ 9acOB TPENOIAaBAHNUS U CIBUT OOYYeHMsI TPeAMeTY Ha Oosiee paHHIMe ce-
MecTpbl. OTHAKO CYTh M3y4aeMOTO MaTeprajia N3MEHWJIACh HE3HAUNTEIHHO,
3a UCKJIIOYeHneM ero obbeMa. B ¢BsI3U ¢ mepednciaeHHbIMU 0OCTOSITETbCTBA-
MU JIPYTUM CTJIO U Ha3BaHue y4eOHWKA, B HEro ObLIM BHECEHBI MOMPABKU.
W3 npexppiyIinero u3fanusi B HACTOSIIEM OCTABJIEHBL: U3MEHEHUS B TIOPSI/IKE
U3JI0KEHUST MaTepUaJia, 10 CPABHEHWIO C TPAJAUIIMOHHBIM, U OIpe/leJICHHbIE
VIPOIIEHNS B YaCTHM BbIBOJA YPABHEHU W JI0KA3ATEIbCTB IS YIIYUIIEHUS
HOHUMaHUS 00YYAIONMMUCS 0 MPOrpaMMaM OaKaJIaBpoOB. DT W3MEHEHUsT
HE3HAYMTETbHO YMEHDBITAIOT OOIIY0 KOMIIETEHITHIO 110 MTPEAMETY 110 CPaBHe-
HUIO C TOH, KOTOPYIO TIOJYYalii CTYACHThI — OyyIIue HHKEHEPDI, HO TI03BO-
JITIOT COBMECTHUTD B y4eOHUKE MaTeprasIbl Mo 00y4eHIo 6akaJaBpoB, Clieln-
AJINCTOB M MArkCTPOB. Y UeOHUK YCIOBHO pas/iesieH Ha Tpu paszesa: «OCHOBbI
MeXaHUKU XKUAKOCTH ¥ ra3ay, «ClieruanibHas THApaBInKay, «MaTeMaTruec-
KU€ OCHOBBI THPOMEXaHUKU», 4TO JaeT BO3MOKHOCTD, MCIOIb3YsT Ha30BYIO
gacTb «OCHOBBI MEXaHWKH JKUIKOCTH U ra3ay, BKIIOYATD B ITPOIECC OOy IEHIsT
CTY/ZIEHTOB PAa3HbBIX CIIEIUATBHOCTEN U YPOBHEH TJIaBbI M3 IBYX APYTUX pasjie-
JIOB y4eOHUKa B COOTBETCTBUU C IIPOTPaMMaMU O0YUEHUS, OIPEAETISIEMbIMU
(henepasbHBIMU U BY30BCKMMH KOMIIOHEHTaMU 3THX Iporpamm. Hekortopoe
yMeHbllleHne 00beMa TPAJAUIIMOHHO M3JIaraéMoro Matepuajia Ipe/Ioaraer,
4TO B CBOEH MPaKTUUYECKOI paboTe OYayIue CIenuaaucTbl CMOTYT BOCIIOJIb-
30BaThCs CIIPABOYHON U CIIEIUAJIBHOM JINTEPATY PO, SHITUKIIONEANYECKU Ha-
MOJTHEHHBIMU y4eOHMKaMU, TAKUMU KakK n3BecTHble yueOHuku P. P. Uyraesa
[17] un . B. lllTepensnmuxta [19].

B HacTosiieM u3ianny U3JI0KeHre MaTepuasa — TPAUITMOHHOE C ITPIMe-
paMu pelreHus 3a/1a9 U CIIPABOYHBIMHU MTPIIOKEHUSIMU.

CHvcoK JInTepaTypbl, HCIIOJIb30BAHHON P MOATOTOBKE TAHHOTO yueOHNU-
Ka, TTpe/ICTaBJIeH B KOHIIE KHUTH. B paszese Mo YncaeHHOMY PeneHu o anud-
depertuanbHbIX ypaBHeHni B maparpadax 16.2  16.3 ucmosp3oBasics Mare-
puai Kypca aekmuit mo rugapasiauke 111 MITCY, moarotoBnernsiit A. JI. 3yii-
KOBBIM U Hallle[INUi oTpaskenue B [6].

Asrop Omaromaput periersentoB B. I'. HukomaeBa u A. A. Komaposa 3a
IIEHHBbIE COBETHI ¥ PEKOMEH/IAIUU 110 PYKOIIUCH KHUTH.



Bosbiryio u 6eCKOPBICTHYO TIOMOIIb IIPU ITOATOTOBKE PYKOIUCH K TT€4aTH
okazain O. A. Tyces, 3a 4T0 aBTOp BbIpaKaeT eMy 0co0yIo 6J1aro[apHoCTb.

ABTOp Oyz1eT UCKPEHHE MPU3HATEeIeH BCEM, KTO TIPHUIILIET CBOU 3aMeYaHus
U TIOJKeJTaHusT K cojepskanuio yueOHuka mo azapecy: 129337, r. Mocksa, Spo-
ciaBckoe 1., 26, MT'CY, xadenpa ruipaBInKu U THAPOTEXHUIECKOTO CTPOU-
TETbCTBA.



BeepgeHue
OMPEAENEHUE NPEAMETA.
KPATKWUE NICTOPWYECKUWUE CBEJEHUA

Texnuueckass MeXxaHUKa KUIKOCTH ¥ Ta3a (TUAPABINKA) — HAYKa, U3yda-
IONIast paBHOBECHUE U JIBMKEHUE JKUIKOCTU U Ta3a, a TaKKe B3auMOJeHCTBIE
C TBEP/BIMU TEJIAMU, MOTPYKEHHBIMU B HUX, U TBEPJBIMU MOBEPXHOCTSIMH,
TPaHUYAILIAMU C JKUJIKON WJIU Ta30BOM CPEeIOi.

T'mapaBinka MO3BOJISIET pa3pabaThIBaTh METOAUKK PEINEHUST Pas3TUIHbBIX
MPUKJIQJHBIX 33J1a4 B CTPOUTEJbCTBE, KOMMYHAJIbHOM XO3SHCTBE, OXpaHe
BOJIHBIX PECYPCOB U JIPYTUX MHOTOTPAHHBIX cepax YeJIOBEeUYeCKON JIeITelb-
HOCTH, CBSI3AHHBIX C BOJION U IPYTUMHU SKUIKOCTSIMU.

[TepBbIM HAyYHBIM TPYAOM B 0OJACTH THAPABIUKN ObLI TPaKTaT ApXrMe-
ma (287—212 rr. go H.3.) «O miaBaionux Ttejax». Jleonapmao ma Bunun
(1452—1519) B XV B. Hanucan paboty «O IBWKEHUU W U3MEPEHUN BOIBI»,
Tamuneo Tamumeit (1564—1642) B 1612 r. B cBoeM TpakTare «Paccysxaemne
0 TeJiax, MPeOBIBAIOIINX B BOJIE, U O T€X, KOTOPBIE B HEWl JABUIKYTCSI» PACCMOT-
PEJT YCJIOBUS PABHOBECHS JKUAKOCTH, 000CHOBAJ OCHOBHbIE 3aKOHBI [LTABAHUST
ten. lanee IBarmxkenucra Toppudyennmu (1608—1647) mpenymoxun B 1643 T.
(opmyay s onpejiesieHUs] CKOPOCTH MCTEYEHUS KUJAKOCTU U3 OTBEPCTUS,
bes [Tackanp (1623—1662) OTKPHII 3aK0H 0 TIepeadue BHENTHETO JTaBIEHUST
B JKUIKOCTH, KOTOPBIN JO HACTOSIIETO BPEMEHU CJIY;KUT OCHOBAHHMEM JIJISI
KOHCTPYUPOBAHUS TU/PABIMYECKUX MaNIMH (TIPECcchl, JOMKPAThbl, TOPMO3a
u ap.), Ucaax Heoron (1643—1727) B 1686 r. mpeaIoKuI TUTIOTE3Y O 3aKO-
He BHYTPEHHETO TPEHUS B JIBUKYIIENCS KUIKOCTH.

Opnako hopMHUpOBaHIe THIPABINKN Kak HAyKd, Oa3upyroliencs: Ha Mare-
MaTUYeCKUX ypaBHEHMSX, AuddepeHInaJbHOM U WHTErpajbHOM HCYKCIIe-
Huy, pousoniio B XVIII B. u cTamo Bo3MOKHBIM Osiaroapst pabotam akaje-
mukoB IlerepOyprekoit Akagemun nayk: JI. ditnepa (1707—1783), /1. Bep-
nysum (1700—1782), M. B. Jlomonocosa (1711—1765).

Januun Bepuysum B 1738 r. ony6MKoBaj ypaBHEHIe, OTpaKalolee 3a-
KOH COXPaHEHUsI SHEPTUU VIS SKUIKOCTH, CIIPABEJIMBO CYUTAIONIEECS OCHO-
BOIOJIATAIONTUM B MPAKTUYECKUX pacyeTax 1o rujapasiuke. Jleonapa Jitnep
B 1755 r. BoiBen nuddepeHInaabHble ypaBHEHNs] PABHOBECHS] U JIBUKEHUST
xuakocTr. M. B. JIoMOHOCOB OTKPBLI 1 060CHOBAJ 3AKOHbBI COXPaHEHUST Mac-
CBI BEI[ECTBA U SHEPTHHU.

Kpome poccuticknx, OoTpoMHBIH BKJIAZ B Pa3BUTHE THAPABINKHU BHECJIU
u 3amagHoeBporneiickue yaenbie. A. [llesu (1718—1798) naygan paBHOMED-
Hoe aBmxkeHue xxunkoctu, /1. Beatypu (1746—1822) ucciaenosan ucredenue
JKUAKOCTH Yepes3 orBeperust u Hacanku, I0. Beiicbax (1806—1871) sanuma-
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¢ U3yYeHneM COTPOTUBIeHU ABMKeHU Kugkoctu. O. Pefinombac (1842—
1912) MHOTO TPy/Ia BJIOKIJI B H3y4eHHe JAMUHAPHOTO 1 TYPOYJIEHTHOTO JIBU-
SKEHUIA.

B Poccuu Bo BTOpoii nosiosune XIX n Hayase XX B. Hanbosiee U3BECTHDI
paborer WM. C. T'pomexu (1851—1889), H.II. Ilerposa (1836—1920),
H. E. Kyxosckoro (1847—1921) mo BUHTOBBIM TIOTOKaM, TEOPUU CMA3KH, TH-
npasianyeckoMy yaapy. Ha 3amaze k Hanbosiee n3BecTHBIM paboTaM B Hauase
XX B. cieyet OTHECTH MOJYIMITMPHUYECKYIO TEOPUIO TypOYJIEHTHOTO Tede-
nust JI. [pangras (1875—1953).

Pa3BuTre ruspoTeXHUUECKOTO, TUIPOMEINOPATHBHOTO CTPOUTEIBCTBA
B CCCP mo3Bosmiio co3aTh COBETCKYIO THAPABANYECKYIO TTKOIY. MOXKHO
Ha3BaTh MHOTO M3BECTHBIX UMEH, 6J1aroapst KOTOPbIM IHpaBIYecKas HayKa
oboraruiach riryGOKMMH HCCIEIOBAHUSMHU ¥ TEOPETUYCCKIMHU Pa3paboTKaMu
B Pa3JIMYHbIX 00JIACTSIX TUPABIUKH. B 11epByIo ouepesib K HUM CJIeyeT OTHe-
ctu H. H. [TaBaoBckoro, M. A. Besukanosa, U. U. Arpockuna, E. A. 3ama-
puna, M. /l. Yeptoycosa, P.P. Uyraesa, U. U. Jlesu, II. I. Kucenesna,
JI. C. JKuBoToBckoro, A. /. ATbTIIyid U p.

B mocnennue mecatmneTns pasBUTHE THUAPABIANKN HEPA3PBIBHO CBS3aHO
c npuMmenenreM DBM. IlInpoko MCOab3yIOTCS YMCTeHHbIE METO/IBI TH/IPaB-
JIMYECKNX PACUEeTOB, a TaKKe YHMCJIEHHOEe MOJIETMPOBAHUE THIPABINYECKUX
siBsieHui. VIMeHa y4eHbIX, BHECIITX CBOW 3HAYMTEJIbHBIN BKJIA/ B 3TO HATIPAB-
JieHue, etiie OyyT BHECEHBI B aHHAJIBI HICTOPUY THPABJIMKH.



Paspen |

OCHOBbl MEXAHUKW
XWUOKOCTK U TA3A

B pesyibTaTe 0cBO€HUS 3TOTO pasziesa CTYIeHThI JOJIKHBL

3namo

* OCHOBHbIE [TOHSATHUS U OIPe/ieIeHNsT MEXaHUKH JKUIKOCTH U Ta3a;

* OCHOBOIIOJIATAMONINE YPAaBHEHMs, ONPEAEISIONINe CBSI3U MeX/y HapamMeTpamMu
TeYeH!sI NN PaBHOBeCHs (IIOKOST) JKUIKOCTH;

* (hopMyIIBI, KOHCTAHTEI, KOA(DMUIUEHTHI, C TOMOIHIO KOTOPBIX MOKHO OIIpesie-
JINTD TTApaMeTPBI PA3IUIHBIX TH/PABINIECKIX TIPOIIECCOB U SIBJICHIH;

* puGOpPbI 1 06OPYIOBAHYE JIJIsI OIIPENEICHUS THIPABIMYECKUX XaPAKTEPUCTHK;

ymemov

* IOHMMATbh PU3NYECKYIO IPHPOLY OCHOBHBIX I'MJIPABIMYECKIX ITPOIIECCOB;

* PacCYUTHIBATD apaMeTPbl (XapaKTePUCTUKH ) OCHOBHBIX BU/IOB JBYKEHMS U T10-
KOS JKUJKOCTH U Ta3a;

enademv

* HaBBIKAMU Pa3/ieJIeHHs] THAPABINYECKUX ITPOIECCOB Ha BUJIbI M TIOABU/IBI JIJIST MX
IIPABUJIBHOTO MATEMATHYECKOTO ONMUCAHUS M NCIIOIb30BaHM (hOPMYJI;

* HABBIKAMH TEOPETHYECKOTO OOOCHOBAHUS WCIIOJIb30BAHUS YpaBHEHUH 1 (op-
MYJI, OIPEe/IesISTIONINX PACCMaTPUBaeMOe THPABINIECKOE SIBJIEHUE UJTH MPOIIecC.







maBa 1
XWOKOCTW U UX OCHOBHbIE
®U3NYECKWUE CBOWMCTBA

sKunkoctu. B npupojie pasnnyaroT YeTbIpe BU/IA COCTOSHUS BEIIECTBA:
TBEPJIOE, JKHUIKOE, Ta3006pa3Hoe U miaazMenHoe. OCHOBHOE OTJIMYKE JKUIKOC-
Teil OT TBEP/BIX TEJ 3aKJI0YAeTCs] B UX TEKYYECTH, T.€. CMIOCOOHOCTH JIETKO
IpUHUMATh GOPMY COCYIA, B KOTOPBIH KUAKOCTh TOMECTUJIH, IPU 9TOM 00b-
eM JKIIKOCTU He n3MeHsiercs. a3 Toske obiafaeT TeKydecThio, HO TIPU 3TOM
3aHMMaeT Jio60i IpeocTaBIeH bl eMy 00beM. B cocymax ugkocts o6pa-
3yeT CBOOOIHYIO TIOBEPXHOCTD, a Ta3 aHAJIOTHYHON TIOBEPXHOCTDHIO He 00J1a/1a-
eT. O0HaKo ¢ MOUKU 3PEHUSL MEXAHUKU U HCUOKOCTY, U 243 NOOUUHSIOMCSL OOHUM
U meM Jce 3aKOHOMEPHOCAM 8 CAYUAae, eClU CHCUMAEMOCMBIO 2430 MONCHO Npe-
nebpeuw. Tlosmomy 6 zudpasiuxe nod MepMUHOM <HCUOKOCMb> NOHUMAIOMCSL
u cobcmsenio scudkocmu (Komopoie 4acmo Ha3vléaom KaneivHblMu HUOKOC-
msamu), u zasvt (2a3000pasmoie HCUOKOCTIL).

OcHoBHBIE CBOWCTBa KUJAKOCTH (IIPU PACCMOTPEHWUM 3a/lad MeXaHWUKU
JKHMIKOCTH ) — 9TO IJIOTHOCTh, CHOCOOHOCTD M3MEHSITh CBOI 00hEM TIPU Harpe-
BaHNM (OXJIAXKAEHNN) W M3MEHEHNIX JIaBJIEeHUd, BA3KOCTDh XUAKOCTH. Pac-
CMOTPHUM KasK[0€ U3 9THX CBOWCTB KUAKOCTHU MOAPOOHEE.

IInotHOCTD kMAKOCTH. [1IOTHOCTBIO JKUJKOCTH p HA3BIBAETCS €€ Macca,
3aKJII0YEHHAsT B e[IMHUIE 00beMa:

m

P (1.1)

rae m — mMacca JKugaKocT; W — 00beM KUIKOCTH.

Enunuia uamepeHust IJIOTHOCTA — KI'/M3,

Tak Kak Bojia sIBJIsSIETCsT HanboJ1ee PacIipOCTPAaHEHHO# B IPUPOJIE KUIKOCTDIO,
B KauecTBe PUMepa KOJUYECTBEHHOTO 3HAYEHUS TTapaMeTpa, OIpeleisiole-
'O TO WJIM MHOE CBOMCTBO JKUIAKOCTH, Oy/IEM MPUBOANTH 3HAUYEHNUE PAaCCMaTPH-
BaeMoro mapametpa st Bogbl. ILnoTHOCTD Bombl ipu 4°C p, = 1000 xr/m°.
[1/10THOCTD KMAKOCTH YMEHbBIAETCS [IPU yBeMueHun TeMieparypbl. OHaKO
71T BOJTBI 3Ta 3aKOHOMEPHOCTH CIIPABEJINBA TOIBKO ¢ 4°C, B UeM MPOsIBJISeT-
CsI OJIHO M3 aHOMAJIbHBIX CBOWCTB BOJIBI.

¥V neapHbrii Bec. Y 1eJIbHBIN BeC Y — 9TO BEC KUAKOCTH, TIPUXOASANIANCS HA
emHuILy o0beMa:

Y=—, (1.2)

G
w
rne G — BecC KUAKOCTU B oObeme W.
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Enununa nusmepenus yzueiabHOTO Beca — H/Ms. Y nenbHbIN Bec BO/BI IPU
temneparype 4°C y, = 9810 H/m3. [1s10THOCTD U yzie/IbHBII BEC CBSI3aHbI MEK-
1y cob0il COOTHOIIEHEM

Y= P8 (1.3)

r7ie § — YCKOpeHue CBOOOIHOTO MAIEHSI.

TemneparypHoe pacummpeHue. JTO CBONCTBO KUAKOCTU U3MEHSATH CBOU
00BbeM TIPU U3MEHEHUU TeMIepaTypsl (C YBeIUYeHUeM TeMIepaTypbl JKU/l-
KOCTh PACIIUPSIETCST, C YMEHBIIEHUEM CKUMAETCS ), KOTOPOe OIpeesisseTcst
TEMIIEPATYPHBIM K03 HHIIHEHTOM 06BEMHOTO PACIITUPEHNUST JKUAKOCTH [,

AW 1 (1.4)
LT T, A .
W At
rne W — HavyaiabHbIi 00beM kugkocTi; AW — nsmeHenne o6beMa mocJie 13-
MEHEHUS TeMIIEPaTypbl; Af — U3MEHEHUE TeMITePaTYPHL.

Emuamnia msmepenwst 3, — rpamyc !, st Boxsl pu ¢ = 20°C B,=0,000158 1,/°C.
Jliist GOMTBIMHCTBA JKUAKOCTEN € YBETUIEHUEM JIaBIE€HU 3; PacTeT.

C:xumaeMocTh. ITO CBOICTBO JKUAKOCTH MEHSITH CBOI 0OBEM MpH M3Me-
HEHUU [IaBJIEHWs], KOTOPOe XapakTepuayeTcst Ko HUIrmeHToM 0O6HeMHOTO
coKarus 3,

B AW 1 (15)

PwoAp ’
rne W — HavasbHBIA 00beM XUAKOCTH; AW — nsMeHeHne oObeMa IOCJIe U3-
MeHeHU JIaBIeHus; Ap — U3MeHEHNe JaBIeHUSI.

Enununa usmepenus B, — Ila-!. Koaddurment o6beMHOro cxaTis Ka-
TeTBHBIX KUIKOCTEN MAJI0 MEHSIETCS B 3aBUCUMOCTH OT JIaBJICHUS U TeMIIepa-
Typst. [lns Bogwt B, =5 - 1071 [Ta™".

Besmunna, o6patHast KoabuimenTy 00beMHOTO CKATHSI, Ha3bIBAETCS MO-
Oynem ynpyzocmu xuakoctu E u onpenensiercst mo opmyie

E= i (1.6)
By

Jna soget E = 2-10° I1a.

BA3KOCTh JKMAKOCTH — CBOWCTBO JKUIKOCTEH OKa3bIBaTh COITPOTHUBJIEHNE
CIABUTY. ITO CBOMCTBO IIPOSIBJISIETCS TOTBKO IIPU ABUKEHUH JKUIKOCTEH. Bs3-
KOCTb OTIPeJENISIET CTENEHb TEKYYECTH JKUAKOCTA. Hapsiy ¢ JIerko MmoaBuK-
HBIMU KUAKOCTSIMU (B0, CIIUPT, BO3IYX M JIP.) CYIIECTBYIOT OYeHb BSI3KHE
JKUIKOCTH (TJIMIIEPUH, MAalTMHHbBIE MacJja U Jp. ).

BsskocTh sKuaKocTH XapakTepusyeTcst KoadduimentaMu AMHaMUIYeCKOM
BSI3BKOCTHU |\ MJIM KUHEMATHUYECKOM BSI3KOCTH V.

. HpioTOH BBIIBUHYJI TUIIOTE3Y O cUJe TpeHus F, BOSHUKawoIel Mex1y
JIBYMSI CJIOSIMU SKHIKOCTHU Ha MIOBEPXHOCTU UX Pas/ieia MJIoMabio ®, COTIac-
HO KOTOPO CUJia BHYTPEHHETO TPEHUS B JKUIKOCTHU HE 3aBUCUT OT JIaBJICHUS,
IPSAMO IIPOMOPIMOHAJIbHA IIOMAAU CONPUKOCHOBEHUS CJIOEB ® U OBICTPOTE
U3MEHEHWSI CKOPOCTM B HANPABJIEHUHW, TEPHEHAUKYJISIPHOM HAMPABJIECHUIO
JIBYKEHUSI CJIOEB, M 3aBUCHUT OT POJIa JKUIKOCTH.

[TycTh >KUAKOCTH TEYET MO TJIOCKOMY JHY MapajIeIbHBIMUA €MY CJIOSIMU

(puc. 1.1).
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7
Ay /

Puc. 1.1. Cuna conpoTHBIEHUS MEKY CIOSIMH SKHIKOCTH

BesieicTBIie TOPMOBSITIETO BIUSHIS HA CJIOU KUAKOCTH OY/IYT IBUTATHCST
¢ pasubiMu ckopocTsamu. Ha puc. 1.1 ckopocTu €j10eB TToKa3aHbl CTPETKAMU.
Paccmotpum n1Ba €105 JKUAKOCTH, CEPEIUHBI KOTOPBIX PACIIOIOKEeHbI Ha pac-
crosHUU Ay ApyT oT apyra. Cioii B ABMKETCS CO CKOPOCTHIO U, a CJIoi A — co
CKOPOCTBIO U + Au.

Ha nnommanke o BeeacTBHE BA3KOCTH BO3HUKAET CUJIA COMPOTUBIIEHNS F.
CornacHo runoreze HpioToHa aTa cumia

Au
F=po—, .7
Ay
K03(pDUIMEHT TPOIIOPIIUOHATBHOCTHU [ B 9TOH (hOPMYJie U SBISIETCS KO-
puyuenmom ounamuueckou 8s13K0cmu, OTHOIIeHUe Au/Ay Ha3bIBAeTCS 2padu-
EHMOM CKOPOCTMU.

Taxkum 00pa3oM, AMHAMUYECKAST BSI3KOCTD SIBJISIETCS] CUJION TPEHUSI, TPH-
XOJSAIelcs Ha eIMHUILY IJIONAJU COIIPUKOCHOBEHUS CJI0€B >KUAKOCTH IIPU
TpajiveHTe CKOPOCTH, PaBHOM enunuIle. Pagmeprocts 1 — [la-c.

I'mmotesa . HpioToHa, pencraBiennas B hopmyie (1.7), akcrepumMen-
TAJIBHO TIOATBEP:KAEHA U MaTeMaThndecku oopmiieHa B guddepeHinajibHOM
BH/Ie OCHOBOIIOJIOKHUKOM rujipaBiandeckoil reopuu cmasku H. I1. IlerpoBbim
U B HaCTOsIIlee BpeMs HOCUT Ha3BaHUE 3aKoHa sHympennezo mpenus Horomo-
Ha:

F= umﬂ, (1.8)
dn
WIn
T= pﬂ, 1.9
dn

rje T — KacaTeJbHOE HalpsLKeHue Ha 1ionaake o (1 = F/o); n — obosHave-
HIe HallpaBJIeHNs, TePIeHIUKYJISIPHOTO HATIPABIEHUIO IBUKEHNS KUAKOCTH.

B ruapaBinyecKux pacyerax 4acto yAoOHee 0JIb30BaThCs APYroi Besn-
YUHOM, XapaKTePHU3yIOIeN BA3KOCTD JKUAKOCTH, — V:

v=", (1.10)
p

ITa BeINMYNHA HA3BIBACTCH KOIPPUUUEHMOM KUHEMAMUUECKOU 8A3KOCTIU.
PasmepHocTh Vv — M%/C.
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HasBanue «KuHeMaTH4YeCKast BA3KOCTb» HE HECET 0C0O0TO (PU3UYECKOTrO
CMBICJIa, TaK KaK OHO OBLJIO MPEAJIOKEHO TOTOMY, YTO PAa3MEPHOCTD V IMOXO0KA
Ha Pa3MePHOCTH CKOPOCTH.

BsskocTh JKUIKOCTH 3aBUCUT KaK OT TeMIIEPATYpPhl, TaK M OT JaBJIEHUSI.
BsskocTh KanembHBIX KUAKOCTEH YMEHBIIAETCS C YBEJTUUYEHUEM TeMIIepary-
PbI, @ BOT BSI3KOCTb Ta30B, HA00OPOT, BO3PACTAET C YBEJMUEHUEM TEMITEPATY-
pbl. BSI3KOCTD JKUAKOCTEN TIPU [IABJIEHUSIX, BCTPEYAIOIINXCS B OOJBITUHCTBE
CJIy4yaeB Ha MTPAKTHUKE, MAJIO 3aBUCHUT OT JIaBJICHUS, & BI3KOCTh ra30B C BO3pa-
CTaHUEM JIABJIEHUS YMEHbBINAETCS.

BsskocTb KUAKOCTU U3MEPSIOT C TIOMOIIBI0 BUCKO3UMETPOB PA3JTUYHBIX
KOHCTPYKITU.

JKuroct, 711 KOTOPBIX CIIPABE/JINB 3aKOH BHYTpeHHero tperusi Hpio-
ToHa (1.8), Ha3BIBAIOT HPIOTOHOBCKUMHU. CYIIECTBYIOT JKUIKOCTU, KOTOPBIE HE
MOAYUHSIOTCS 3aK0oHOMepHOCTH (1.8), K HUM OTHOCSITCS PACTBOPHI MOJIUMeE-
POB, TUIPOCMECH U3 IIEMEHTA, TJTUHBI, MeJia U Ap. Takue *KUAKOCTU OTHOCSITCS
K HEHBIOTOHOBCKWM.

Mpumepbl pacyeToB

IIpumep 1.1. OHpelIeJII/ITI) maccy OeH3MHa, 3a0JHAIONIEr0 MUJINHIPpUYEC-
Kuii pesepByap auamerpom d = 0,3 M u BbicoToil £ = 0,4 M TIpu TeMIiepaType
20°C (pg = 7250 kr/m%).

Pewenue
_pnd*h 7250-3,14-0,37

4 4

m=pW -0,4 = 204,9 xr.

Omeem. 204,9 kr.

ITpumep 1.2. OnpesesuTh KOJWMYECTBEHHBIE U3MEHEHUS 1aBJIE€HNS B BOJIE,
HaxXOZAMIecs B TePMETHYECKN 3aKPBITOM TIOJTHOCTBIO 3aTI0JTHEHHOM Pe3epBY-
ape, mpu u3Menennu Temrmepatypst oT 10 10 20°C, ectm cantath MaTepuad pe-
3epByapa abCOJIOTHO JKECTKUM.

Pewenue

Ecim 6b1 pesepByap He ObLI 3aKPHIT F€PMETHYECKU, U3MEHEHME 0ObeMa
MOKHO ObL10 ObI HaiiTu 13 dopmybt (1.4) AW = B,WAt. Torma HOBbBII 00beM
6b11 Gb1 paBer W’ = W+ AW. Ho 1o ycJioBuio pesepByap 3aKpbiT, a cJiejoBa-
TeJIbHO, 00beM Hen3MeHeH. 3HAYUT, I0JKHO U3MEHUTLCST BHEIITHEE JIaBJIeHne
Ha TIOBEPXHOCTH BOJIBI (2 3HAUUT, U IaBJIEHNE B KaXK 0l TOuKe 0ObeMa) Ha Be-
nnanny AP, TpebyeMyto 4ToObI 00beM ObLIT B 3alaHHOM COCTOSTHWM, ee OIIpe-
nemuM u3 popmyast (1.5):

AW 1 BWAL 1 B.At
W By (W+BWAYB, (1+BANDB,

Iput=20°C B,=150-101/°C; At = 10°C; B, = 5-10-1° JTa-t.
Torma

Ap

ap = 10150 107 ~2995-10°I1
P (1+10-150-10 9 .5-10 0 = a.

Omeem. Ap = 29,95 -10° I1a.
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KoHTponbHbIe BONPOCHI U 3afjaHus

1. KakoBBI OTJIMYUS JKUIKOCTU OT TBEPABIX TEJI 1 Fa30B?

2. Ilepeunciure ocHOBHBIE (hU3UUECKUE CBONCTBA KUIKOCTEH.

3. Uro Takoe IIIOTHOCTB KUAKOCTH, B KAaKUX AMHIIIAX €€ U3MepSIoT?

4. YTo Takoe BSI3KOCTH KUIKOCTU U KOTA 9TO CBOUCTBO TPOSIBIISIETCS ?

5. Kakne ko3t duimeHTsr XapakTepusyioT BI3KOCTb JKUAKOCTH?

6. N3 kakoro 3akoHa ornpejesiercs KoaduiinenT 1uHaMU4ecKoi BI3KOCTH ?

7. OT KaKoro mapameTpa 3HAYUTEJIbHO 3aBUCUT BI3KOCTH KUAKOCTHU?

8. Kakwue :kMaKOCTH HA3bIBAIOTCS HBIOTOHOBCKUMH, & KaKie HEHBIOTOHOBCKIM ?



maBa 2
TMAPOCTATUKA

2.1. PaBHoBECHE XUAKOCTH U AEACTBYHOLIME CUNbI

I'mapocratuka — pasfiesl TUPABIUKH, B KOTOPOM HM3y4YaeTcsl SKUIKOCTb,
HAXOJAMIASICS B PABHOBECHU.

Ecsin Ha BBIIEJIEHHYIO MacCy SKMIKOCTA He JEHCTBYIOT BHEITHUE CHJIbI,
TO BCE YACTHIIBI 9TOM MACChl OCTAIOTCS HETIOABWKHBIMA OTHOCUTETHHO BbI-
OGpaHHOil CHCTEMBI KOOPMHAT, T.€. HAXOAATCS B TOKOE WU IBYKYTCSI C O/~
HAKOBOW JIJIST BCEX YACTUI] CKOPOCTBIO, TP 9TOM B3aUMOPACITIOJNIOKEHUE Yac-
THUI] OCTAETCS MOCTOSHHBIM. Takoe COCTOSTHIIE KUAKOCTH HA3bIBAETCS PABHO-
BECHBIM. B cirydae BO3/eiicTBYsI BHENIHUX CUJT JINOO PABHOBECHOE COCTOSTHHUE
JKUIKOCTU COXPAHSIETCsI, THOO0 KUAKOCTD TIEPEXOAUT B COCTOSTHUE [[BVKEHUST
C YCKOPEHWEM YaCTHIL KUIKOCTH.

PaccmoTpuM, Kakue CHUIIBI MOTYT JI€HCTBOBATD HA KUIKOCTh, HAXOSIIYIO-
Cs1 B PAaBHOBECUH, M KAKIM YCJIOBUSM JIOJKHBI YIIOBJIETBOPITD BHEUHUE CUTHL,
9TOOBI YCTOBHSI PABHOBECHUST KUIKOCTH He HAPYIITAIICh.

Boiesnm HeKOTOPBIH 00beM W 13 Macchl KUIKOCTH, HAXO/SAIIEICS B pe-
3epByape, M PaCCMOTPUM CHUJIbI, IEHCTBYIOIIIE HA 3TOT OOBEM.

ITH CUJIBI MOTYT OBITh TIOBEPXHOCTHBIMHU U MACCOBBIMHL.

Iosepxrocmuvie cubl — 3TO CUIIBI IABJIEHUS, /IEMCTBYIOIIIE HA TIOBEPXHO-
CTU BBIJIEJIEHHOTO 00'beMa, OHU MPOTMOPIIMOHANBHBI PasMepy IIoMmaan Aw,
B34TOH Ha 9TOM MOBepXHOCTH (cWbl Ny, Ny, ..., N;, ..., puc. 2.1).

Maccosvie cunvl — 9T0 BHETTHUE CHIIBI, TPOMOPITHOHATBHbBIE MACCE JKITKO-
CTH, 3aKJTI0YEHHON B BbIeJeHHOM 00beme (cuma R wa puc. 2.1). K takum cu-
JIaM OTHOCSITCS CHJIBI TSIKECTU W CUJTBI MHEPITHH.

AvA

O\ N

w
M
w
Puc. 2.1. Cunbl, aeiictByioniye Puc. 2.2. [leiicTBre TOBEPXHOCTHBIX
Ha KUJIKOCTD B YCJIOBHSIX PABHOBECHS cui

Jl7ist Toro 4TO0OBI JKUAKOCTD HAXOIMJIACh B COCTOSIHUM paBHOBecHs (T10-
KOs1), HEOOXOIMMO, YTOOBI CUJIbI, IEHCTBYIOIIME B TOUYKAX €€ IPAaHUYHOI 110~
BEPXHOCTH, ObLIN HarIpaBJieHbl 1o yriaom 90° k aToii moBepxHocTu. JleiicTBu-
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TEJIbHO, TaK KaK JKUIKOCTU COIIPOTUBJIAIOTCS CXKUMAIONINM YCUJIUAM U B CH-
JIy CBOICTBA TEKYYECTH HE MOTYT COTPOTUBJSTHCS CABUTAIOIIAM YCUJIUSIM,
cuma N (puc. 2.2) posskHa ObITh HampaBieHa HOpMaibHO (o yriaom 90°)
K TIOBEPXHOCTH, OTPAaHUYMBAIOIIEl 00beM JKUAKOCTH, U He MOXKeT ObITh Ha-
IpaBJieHa 10/ IPYTUM YIJIOM, KaK, HanpuMmep, cuia F, cTpeMsinasics: c/[Bu-
HYTb YaCTHILy KUIKOCTH, Haxozsmyiocss B Touke M (cuny F MOXHO pasiio-
KUTD Ha /1Be cocTasisomue — N u 7).

B 1o e Bpemsi cusa N He MOKeT OBITh HAaIIpaBJieHa OT TIOBEPXHOCTH, TaK
KaK peasbHbIE JKUAKOCTH He COMPOTHUBIISIOTCS PACTATHBAIOINM YCUIUSM.

2.2. T'nppocTaTuyeckoe 1aBNieHne U ero CBOWCTBA

O/HUM M3 OCHOBHBIX TOHSITHII TMAPOCTATUKU SIBJISIETCSI IOHSITHE 2UOPO-
cmamuueckozo dasienust. J1iist ero 0ObsSICHEHNST PACCMOTPUM HEKOTOPBINA 00b-
eM KUIKOCTH, HaXosIIelicss B paBHOBecuu (puc. 2.3).

Puc. 2.3. K onpenesieHIIO MOHATHS THAPOCTATHYECKOTO TaBI€HHUS

[TpoBeseM cekyIiyto miockocTb [—I, kotopast pasaeaut obbem W Ha 1Be
4acTH, 1 OTOPOCUM MBICJIEHHO OJIHY M3 HUX, HAllpuMep BepxHiow. /leficTBue
OTOPOIIEHHON YaCTH HA HIKHIOIO 3aMEHUM paclipeleIeHHBIMU 110 TOBEPXHO-
ctu cusmamu AF, peilicTBylomuMu Ha twiomaaky Aw. IlpeacraBum, uto Am
«crsaruBaetcst» B Touky A. Torma npenen orHomenunst AF/Aw ipu Ao — 0 Ha-
3BIBAETCSI TUAPOCTATUIECKUM JIaBJIEHHEM B PACCMAaTPUBAEMOI TOUKe:

o AF_dF )1
p_A(;E()AOJ_d(O. 2.1

CremyeT OTMETHTD, UTO ATOT Ke Mpejes oTHomeHus AF/A® B Kypce co-
MIPOTUBJIEHUS MATEPUAJIOB HOCUT Ha3BaHKE YIIPYTOTO HAMIPSIKEHUS CXKATUS O

’ AF
o= lim —.
Ao—0 A®

TakuMm 0b6pasoM, zudpocmamuueckoe 0asienue 8 PACCMAMPUBAEMOT MOUKe
AHCUOKOCTNU eCMb Ynpyz0e HANpsdcenue COCamusl, B03HUKAIOUee 8 JCUOKOCU
nod deticmsuem snewnux cuil. B kauecTBe e[UHUIBI U3MEPEHUS 9TON BEJINYM-
ubl mpuMenstioT 1 ITa (oaun nackans). [Tox 1 [1a monmMaloT naBieHue, co3ma-
Baemoe cuioii B 1 H, Koropas paBHOMepPHO pacIipejiesieHa 10 TOBEPXHOCTH
mwon@aapo 1 M2

PaccMmoTpuM cBoiicTBa TUPOCTATUYECKOTO TABJIEHUS.
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Tak kak cusa AF, MCNoJib30BaHHAS B TAHHOM OTIPEIeJIEHUH TOHATHS THJT-
POCTATHYECKOTO [ABJEHUS, HOJKHA OBITH TIEPIEHANKYISPHA TIOMAIKE A®
(’KMIKOCTh HAXOAUTCS B PABHOBECHH), TO U 2U0POCMAMUYEcKOe OdsieHue
Q0NAHCHO ObIMb HANPABIEHO CO CMOPOHBL HCUOKOCTU NO HOPMATU K MOU NOBEPX -
HOCMUL, HA KOMOPYIO Oeticmeyem. ITO U SIBJSIETCST IEPBBIM CBOMCTBOM TH/IPO-
CTaTUYECKOTO JIABJIEHUSI.

BeiziesiuM B MOKOSIIENCST JKUIKOCTU, HAXO/SIIENCS B YCIAOBUSAX 36MHOTO
TATOTEHUS, dIEMEHTapHBI 00beM B BHJe KyOuKa co cTtopoHamu dx, dy, dz
(puc. 2.4). Ocu KOOpAWHAT HATIPABUM ITAPAJLIETBLHO CTOPOHAM.

z ldRZ
ldg A
1
dF! dF!
dz //Z(I/
dF’ dx
4 Tdf
0

X
Y

Puc. 2.4. lelicTBie BHEITHUX CHJI HA 00beM KUAKOCTH
B BHJI€ 9JIEMEHTAPHOTO KyOUKa

KyOuk HaXo[MTCs1 B pABHOBECHUH, 3HAYUT, YPABHOBEIIEHBI TOBEPXHOCTHBIE

1 MacCOBBIE CHUJIbI, IEHCTBYIOIIIE Ha KyOUK 110 BCEM TPEM OCSIM X, ¥, Z:
dF; = dF}; dF,=dF}; dF.=dF; - dR,

[l yeoBuit 3eMIn e IUHCTBEHHOM MaCCOBOM CUJION R SIBJISIETCST CUJIA TSI-
JKeCTH, T.e. B paccMaTpuBaeMoM ciydae dR, = pgdxdydz, tue dxdydz — obbem
KyOuKa.

Tak kak p = dF/dw, cuicreMy ypaBHEHUI MOKHO 3all¥CaTh B CJAEIYIONIEM
BUJIE:

prdydz = pdydz,
pydxdz = p,/dxdz,
pidydx = p;'dydx — pgdxdyd:z.

COKpaTI/IB paBeHCTBa, HOJIy‘-II/IM
Pe=pds Py=py; pstpgdz=p!.

YiteHOM pgdz 110 CpaBHEHUIO C p; MOKHO IIpeHeOpedub Kak BeJIMYMHOI Oec-
KoHeuHOo Manoi. [Tonyuaem, 4To

Pe=D0 Py=pys Pi=D:.

BoigeieHHbIi KyOUK He 1eopMUpPYeTcsi, HAaXO/ISCh B YCJIOBUSIX PaBHOBE-
Ccud, 3HAYUT

Pi=pd =Py =Py =P P

B pesysibTate JIOTMYHO C/ieTaTh BBIBO/: TaK Kak KyOMK GECKOHEYHO Mal
1 BbIOpPaH B IPOU3BOJBLHOM MECTE, TO U 05t JH0O0U MOUKU HUOKOCU 2U0PO-
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cmamuueckoe dagienue 00UHAK080 NO 6CeM HANPABIEHUSAM — ITO U €CTh BTO-
poe CBOMCTBO I'M/IPOCTATUYECKOTO JJaBJICHMUSI.

V13 aT0T0 CBOIICTBA BBITEKAET CJEACTBIE: TAK KaK JI00ast TOYKa OIpeieisi-
eTcsl ee KOOpAMHATaMU, THPOCTaTUYECKOE JiaBJIeHEe B TOUKE 3aBUCUT OT KO-
OPAIMHAT pacCMaTPUBAEMOUN TOUKU:

p =[xy 2).

2.3. ndhchepeHymnanbHbie ypaBHEHUS PaBHOBECUSA XUAKOCTH

BeizieiiM BHYTpPHU TMOKOSIIENCS, HAXOAIIIENCS B YCIAOBUSX PAaBHOBECHS,
JKUIKOCTH HEKOTOPBIN 00beM dW B Bue Tapajuiesienurena ¢ pebpamu, ma-
pasenbHbiMU KoopArHATHBIM ocsiM OX, OY, OZ (puc. 2.5). Ha rpanu paccma-
TPUBAEMOTO TIapaJIIesienuIe/ia eHCTBYIOT TTOBEPXHOCTHBIE CUJIBI JaBJIE€HUS
dF,, dFy, dF,, dF,, dF}, dF;’ n nexotopas mMaccosas cuna dR.

A
S IE)
A
dF’ dx
0 F‘V TdF;

X
Y

Puc. 2.5. K BoiBoay ypaBHeHMit Jiinepa
Jlu1st TOro 4ToObI pacCMaTPUBAEMbIIT 00HEM HAXOIAMJICS B COCTOSTHIH MTOKOSI
(paBHOBECHS ), TOJKHBI BBIITOJHSITBCS] YCIOBUSL:
2F.=0; XF,=0; XF,=0; XM.=0,

r7ie TocjelHee ypaBHEHNE — CyMMa MOMEHTOB JeHCTBYIOIINUX CUJI OTHOCH-
TeJIbHO BBIOPAHHOI TOUKH C.
PaccmorpuM niepsoe ypasuenue Y F, = 0 u onpeaenanm mpoekIuu Beex

neiicTBytonmx cua Ha ocb OX. I'paru ajieMeHTapHOro 0ObeMa UMEIOT pa3Me-
poi pebep dx, dy, dz, T03TOMY TLTOIIAN JIEBOI U MTPABON IPaHU TapaJJIeTbHbI
mnockoct YOZ: do, = dydz. Tlnomanku 6eCKOHEYHO MaJIbl, TIOITOMY MOKHO
TIPUHATD, 9YTO B KaXKIOUW TOYKe JIEBOI TPaHU JEHCTBYET CpeiHee TaBIeHNE P,
p
a Ha IpaBoH TpaHu p + o dx, Tak KaK THAPOCTATHYECKOE [IABJICHUE SBJISIETCS
X
dyuxkiueit koopaunar (p = f(x, y, 2)), a TP MEPEXOie OT JIEBOIT K ITPpaBoii rpa-
op
HU U3MEHSIETCST TOJIBKO KOOPAMHATA X (B MAaTEMATHKE 3aIKCh o obo3Hayaer
x

YACTHYIO TTPOU3BOHYIO (DYHKITUH p MO apTyMEHTY X).
Cuna dF}, nefictByioImasi Ha JieByI0 Tpatb Mapasijieenuiesia:

dF} = pdyd:.
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