[loKyMeHT noanucaH NpocToi 31eKTPOHHOM NOANUCHIO
NHdopmaumsa o Bnagenbue:

®WO: NoktnoHosa OkcaHa [eHHaabeBHa

[lomxHOCTb: NpopeKTop no y4ebHoi pabote

Nata nognucanng: 26.12.2021 15:29:47 MHUHHOBGPHAVKH POCCHH

YHUKANbHBIA NPOTrPAMMHbIA KITHOY:
0b817ca911e6668abb13a5dﬁéd39e5f1c11eabbf73e943df4a4851fda56d089
DeAepaibHoc TOCyAapCTEEHIUE O0IXKeTHOE 00pa3oBaTe/ibHOe

yupexIeHKe BhICLIero obpazosanus
«HOro-3ananHelii rocyiapeTBEHHBIN YHUBEPCUTET)
(1031Y)

Kadenpa rennorazosonocHadxenns

YTBEPX]JIAIO
Tep no yuebHoii paboTte
O.I'.JlokTHOHOBa

O 2016,
IKCIEPUMEHTAJTBHASPEERPKA OCHOBHOTO

YPABHEHUA THIPOCTATHKU 1 3BAKOHA ITACKAJISI

Mertoueckue pekoMeHIaMH 110 BEIIOIHEHHIO
naboparopHo#t paboTsl s cTyneHToB cnennansHoctu 08.05.01 u Hampas/leHui

08.03.01,15.03.01, 15.03.06 ,23.03.03.

Kypcek 2016



YK 532 (075.8)

Cocraeurenu: B.A.Hesnanosa, B.I'.Iloauiyk

PelieHsenT

Kanpunmar rexanyeckux Hayk, morest B.A.Mopozos
OKCIlepuMeHTallBHas [IPOBEPKA OCHOBHOIO YpaBHEHMS TUOPOCTATHKH U 3aKO0-

na [lackas: /METONMYECKUE PEKOMEHIALMH TIO BHITIOJIHEHHIO 1a6opaTop-
HOH paboter FOro-3ar. roc. yu-1; cocr.: B.A.He3nanosa, B.I'.Ilomumyk. -
Kypck, 2016.- 8c.: un.2 , tabu. 1. bubmumorp.: c.8.

M3nararorcst OCHOBHEIE TIONOKEHHS 33KOHOB TMAPOCTATHKH, METOIHMKA OTpe-
NeNenMs rHAPOCTaTHYECKOrO NaBIeHMs U TOPA/IOK ONpeieleH s 3KCIIepHMEeHTAllb-
HOH IpoBepKH 3akoHa | lackans.

IpeanasHadens! ans cTyaeHToB crnenuansaocty 08.05.01 u Hanpasnenwui
08.03.01, 15.03.01, 15.03.06, 23.03.03 nHeBHO# U 3a04HON hopM 06ydeHMs, U3yHa-
IOIIMX TUCIUIIIHHEI «Mexannka KUIKOCTH U raza», «unpasiukay, « uapasiyuka u
T'HJIPOITHEBMOTIPUBOI».

Texcr nmeuaraeTcs B aBTOPCKOM pPeaKiiMy
[oamnucano B nevars &4.&./6 dopmar 60x84 1/16.
Ven-ned. 1.0, ¥ . Vu-uzn. n.0,3 . Tupax 402 3k3. 3akas 542 BecraTHo.
IOro-3anaitslii rocyapcTBeHHBIH YHHBEPCHTET
305040, r. Kypck, yi. 50 ner Oxts6ps, 94.



3

1.06111e moJI0KEeHUs

['mjpocratuka sBiisieTcs pa3menoM MexXaHHKU KUIKOCTeH U rasa, B KOTOPOM
paccMaTpUBalOT PaBHOBECHE TMOKOSUIEHCS JXKHAKOCTH, PaclpeNeieHHe JIaBIIeHUs B
HEH, a TaK)Ke CHIIOBOE BO3JIeHCTBHE KUIKOCTH Ha TBepIble Tela.

Cunbl, IeficTBYIONINE B TOKOSIIEHCS JKUIKOCTH, MOIPa3IelaioT HA MACCOBEIE
(MX BeIMYMHA NMPOMOPIMOHANBHA MACCE — CUJIA TSHKECTH, CHIA MHEpLHH, [EHTPO-
OexHast cuiia) U IIOBEPXHOCTHEIE (MX BEJIMYMHA 3aBHCHT OT IUIOMAIN BO3IEHCTBHSL —
CHJIa TaBJICHMs, CHIIA IIOBEPXHOCTHOTO HATSKEHHS).

[Ipy u3ydeHun HampsHKeHHI BHYTPH MOKOAIIEHCS XHMIKOCTH CUIAMM TTOBEPX-
HOCTHOI'O HATSDKEHHsI OOBLIMHO TpeHeOperaioT, a CHIlbl BI3KOTO TPeHUs B MOKOSIIeH-
CsI XKHMIKOCTH cebs He MIpOosiBIISIOT.

Pacnipesiesienrie napneHus p B MOKOSIIEHCS JKHIKOCTH, HAXOISIIEHCS MO
ACHCTBHEM JIOOBIX MACCOBBIX CHJI, OTPEIENIOT UHTEIPUPOBAHNEM C YUETOM I'pa-
HUYHBIX YCIOBUH qu¢depeHiinansaoro ypaprenus J1.Jinepa

dp=p(Xdx+Ydy+Zdz), (1)

IIe P — IUIOTHOCTE KHUIKOCTH,

X, Y, Z — mpoeKlMU pesynsTHPYIOIIEro BEKTOpa eIMHIYHEIX (m=1) Macco-
BBIX CHJI Ha COOTBETCTBYIOIIME OCH POCTPAHCTBEHHAIX KOOPAUHAT X, Y, Z.

[TosepxHOCTH paBHOro AaBNEeHMs ONpENENsOT 110 ypasHeHHIo (1), momaras

dp=0.
Ilpy meficTBUM Ha TOKOSIIYIOCS JKUAKOCTH JIMIIb CHIB TSDKECTH aBIEHHE
TMHEHHO BO3PACTaeT ¢ yBeaudeHneM riry6uns h paceMarpuBaeMoii Touku
P=bstpgh,
Ile P, — AaBJIeHHE HA CBOOO/IHOM [TOBEPXHOCTH HKUIKOCTH;,
g — YCKOpeHHe cBOOO/IHOTO MaaeHusl,
a cBOOOAHAA MOBEPXHOCTh JKUIKOCTH SBISETCS TOPH3OHTATBHON ILIOCKOCTBIO
z=const.

it uaMepenus gaBneHMs B maGOPATOPHBIX YCIOBMSIX HaCTO HCIIOJIB3YIOT
IIBEE30METP — OTKPBITYIO CTEKIAHHYIO TPYOKY QHaMeTpoM OKOIIO 5 MM, MOICOEIH-
HEHHYIO B TOUKE, TIe HU3MEPSIOT BEUYUHY JIABICHISL:

P=PoPgh=pamtpghy,

[I€ Pam — aTMOChEpHOE [aBlICHHE,;

h, — nbezomeTpuyeckas BeicoTa (BBICOTA CTONGA KUIKOCTH B be30MeTpe, U3-
MepeHHasi OTHOCHTEILHO TOYKH ero MOIKITFOYeHMS).

IIse30MeTpHYecKas BLICOTA

hp: Pase ~ Pan _ Pus , 2
PE PE
COOTBETCTBYET H3OBITOYHOMY NaBlNEHMIO (MPEBBIIIEHUIO AOCONIOTHOIO NABJIEHUS
HaJ aTMOC(hEpPHBIM).

B OTKpEITOM COCYyZie Py=Pam U MbE30METPHYECKasl BHICOTA paBHa IMIyOUHE IO~
IPYKEHHs paccMaTpuBaeMon ToukH xuakoctH (hy=h). ITo stoit xe npuunne yposHu
TIOKOSILLECHCS JKHUIKOCTH B OTKPHITHIX COOOIIAOIIUXCS cocyjlax OCTaroTcsl OJIMHAKO-
BBIMU (PacIioylaratoTcsi Ha OHON TOPH30HTAIN).
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Jlist olleHKM HONOXeHHs B IPOCTPAHCTRE paccMaTpMBaEMOM TOYKH JKHUIKOCTH
BBO/UAT TIIOCKOCTE CPaBHEHHS — JIH0OYIO TOPH3OHTAIBHYIO [JIOCKOCTh, & TAKKe ['e0-
METPHIECKYIO BBICOTY Z —PacCTOSHHE 110 BEPTHKAIM OT TUIOCKOCTH CPABHEHHS [0
paccMaTpHUBaEMOM TOYKH.

Cymmy reomerpudeckoii u MBE30OMETPUHYECKON BBICOT pacCMaTpHBAEMON TOY-
KM JKUJKOCTH Ha3bIBAIOT MTbE30METPHYECKUM HAIIOPOM

Hy=z+h=z1 Puss (3)

pPg
KOTOPBIH BO BCEX TOYKAX MOKOSIIENHCS JKUIKOCTH, HAXOIsIIeHCs 1101 IEUCTBHEM CH-
JIBI TSDKECTH, OIMHAKOB (pHc. 1):
Hp:ZH‘hp i :Zﬁ'hpg:. ..= const.

B sTOM 3akimoyaeTcs ocHOBHOE ypaBHEHHE rugpocratuku. OHO uMeeT cre-
AYIOIMH (U3HYECKUH CMBICIT: BO BCeX TOUKAX MOKOsIeHcs KHJIKOCTH YAENBHAs I10
OTHOIICHHIO K BECY JKMIKOCTH [10TEHLHABHAS SHEPIHs ABISAETCS OIHHAKOROIA.

YpaBHeHHE THOPOCTATHKY CIPABEUTHBO M JIIS MONHOIO THOPOCTATHYECKOI'O
Haropd. 1IoJHBIM IHAPOCTATHYECKUM HATIOPOM CUHTAOT HAaIop, YYMTHIBAIOIIHN Be-
THYHHY aTMOC(EPHOTO JIaBIeH!s Ha CBOGOIHOM OBEPXHOCTH XKHJIKOCTH, T.e

Pam
pg

H,=H,+ (4)

A 4 - N

hpj_ - - _ =
= h
_ & . .
Hp 1 + = ? Tl Hp
Fy ¥ oq -

Z1 = —

y 3 ¥ y

0 O

Puc.]l K ofocHoBaHUIO mocTosIHCTRA Hanopa B MOKOSIICHCS KHJIKOCTH
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Ecnu B 0/1HO# TouKe MOKOALIEHCS JKHIKOCTH U3MEHHTH JABICHUE Ha BeJIMYH-
HY Ap|, TO M B JIpyI'MX TOYKax XXHIKOCTH JIdBIEHHE W3MEHUTCS Ha Ty K€ caMylo Be-
TAYHHY.

ﬂeﬁC'I'BHTEﬂBHO, 3allTICak OCHOBHOE YpaBHEHHE THIPOCTAaTHKH B BHE

5l +Ap, =7, + P2 +Ap, :
Pg Pg
HITH
q % 5 Ap,
1 4 = PR
PP pg TP g

ITocnenHee paBeHCTBO BO3MOKHO JIMIIE IIPH Ap1‘.=Ap2. Taxum obpasom,
U3MEHEeHHEe NaBJICHHs, IPOH3BOIUMOE B JII0O0H TOYKe MOKOsILEHCs XKUIKOCTH, Ie-
penagrcs Mo BCeM HalpaBIIeHWsSIM BCEM TOYKAM JXHJIKOCTH OIMHAKORBO.

3T0 CBOMCTBO I'HAPOCTATHYECKOTO JIaBleHUs Ha3bIBAOT 3aKoHoM [lackaits.

2. JIabopaTOpHBIi CTEH ¥ METONMKA BLIIOIHEHHS paboThl

Ilens paboTht:

1.0npenenute BeNMYMHY THAPOCTATHYECKOrO NaBlAeHHS B 000 Touke pac-
CMaTPHBAEMOH KHIKOCTH 3KCIIEPUMEHTAIBHEIM U PACYETHBIM CIIOCOOOM.

2. IIpoBepuTh OCHOBHOE MONOKeHHe 3aKoHa [lackas.

3. IlpoaHanu3upoBaTh pe3ylibTaThl PaCYETHRIX M ONLITHBIX MaHHBEIX. ClenaTh
BBIBOJIBL.

Ha nabopatopHom crenze (puc.l) u3MepsioT aBIeHHE B MOKOSIIEHCS KU

KOCTH Ha pa3IMYHbIX IIyOnHax. OnbITHbIE JaHHBIE COMTOCTARIAIOT ¢ BEIMUCIECHHBIMHA
I10 OCHOBHOMY YPaBHEHMIO THIPOCTATHKH.
BepTHKalipHbI pe3zepByap 1, 3alONHEHHEIH BOJOH M BO3LYXOM, MO3BONSET H3Me-
PUTE Iepefady JapieHus oT cBOOOTHON OBEPXHOCTH K TOUKAM JKHKOCTH HA pas-
MUYHBIX [yOuHax. YcraHoBka cHabxkeHa manomerpamu M;, M,, M;, BeHTUeM 6
ATisl 1O/Ia4M BOZEI U BeHTHJIeM 7 BomoMepHOH TpyOkm 2. CkaThlii BO3AyX OT KOM-
Ipeccopa 4 mojaeTcs B BEPXHIOW YacTh pesepByapa. Beicory yposus Z, onpeje-
JSII0T 10 WKAaJde BOAOMEPHOH TPYOKH NPH OTKPLITOM BeHTHJIe 7 [10 HAYajaa mo-
AauM ciraToro Bosjayxa. Ilocie usmepenust Zg BeHTHIB 7 He0GX0AHMO 3aKPBITh.
Orcuer BeneTes ot mockoct cpasHenus O-0, NPOXO/ISIleH Yepe3 THUIIE PEe3ePBY-
apa.
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Puc.2 Cxema crenma
I- pesepByap; 2—-BonoMepHas TpyOka; 3—BeHTHIIb VIS CBSI3H ¢ aTMochepoit; 4—
KOMIIPECCOp € 3NMEKTPOIIPHBOOM; S—BEHTHIIb Uit cOpoca BOjIbI B KaHATH3a-
IIHI0; 6—BEHTHIIb JIIA 3aII0JIHEHUA CTeH/Ia BOJIO; 7- mpo6OKOBBIH KpaH BOJIO-
MEpHO# TpyOKH.

[Ipy 3aKpeITOM BEeHTHIE 5 M OTKPHITHIX BEHTHIISAX 3,7 YCTAHOBKY 3AlIONHSIOT
BOJIOH 4epe3 BEHTHIL 6 0 OTMETKM 110 BogoMepHOH Tpybke Z¢=180-230 cm. [Tocie
3allOJIHCHUSA pe3epByapa BOJOW BEHTHUIIH 3, 6 U IPOOKOBEIH KpaH 7 HEOOXOIHMO 3a-
KPBITb.

CokaTplii BO3MYX IOJAIOT B BEPXHIOK) YacTh Pe3epByapa KOMIIPECCOPOM J(0

[IPEAEIBbHO-/IOYCTUMOTO JaBl/ieHus Ha CBOOOJHOH moBepxHOCTH PoHe Gomee 2

kr/cM’. CHUMAIOT TIOKA3aHMs JaBlIeHHs ¢ MaHoMeTpoB Mu M, . 3ateM cxarhlii Bo3-
AyX ¢ TIOMOIIBIO BEHTHIIA 3 TMOCTeleHHO cOpackiBalOT U3 CTEHA JI0 I1OKA3aHUH J1aB-

neHuss Po no maoMerpy M. BHOBE 3aIMCHIBAIOT TTOKA3aHUA HIKHUX MEHBIINX

MaHOMeTpoB. JlaBleHHe Ha CBOOOXHOH MOBEPXHOCTH CHHIKAIOT CTYNEHYaTo (TpH-
YeThpe pasa) JI0 BeIHYHHEI arMochepHoro. [Ipy ompeneneHHH MOKA3aHMH MAaHO-
METPOB HEOOXOIUMO YUHTBIBATE UX TyBCTBUTENBHOCTE IIPH HU3KUX TABIEHHUSIX.

IIpu ompenenenun Benuuus nonHeix Hanopos H; ,H, u Hs sHauenus Py , P, P,

ciienyer Opath 110 MoKa3aHUsM [IPUOOPOB U YUHTHIBATE, 4YTO MAHOMETpHI TIOKA3EIBa-
10T IaBJICHME HAa YPOBHE CBOMX OCEH ,4 He Ha YPOBHSX IOAKITIOYEHHS K Pe3epByapy.
s MEPEBO/Ia NOJIYYEHHBIX JIAHHBIX U3 OJIHOH CHCTEMEI eJIHHHI] H3MEPEHHA B JIpY-
TYI0 MOJKHO IIONIB30BAThCS CIIEAYOIIMME COOTHOIEeHHAMK: laT=1 Kr/cm’ =736 MM
pr.cr.=10 m B.cr.= 10" kr/™* = 9,81 10* H/m?=9,81 10* ITa=0,98 Gap.

ObpaboTky pesy/ibTaToOB IKCIEPUMEHTA U UX AHAJH3 IIPOBOAHUTCS B Tabnuiel
, ipungB p=1000 kr/m =1 r/CM3, g=9 8 I M/c*=981em/c?
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Bornpocs! a5 camornposepku

1.@opMyTHpOBKa OCHOBHOTO YpaBHEHHS ['UIPOCTATHKH.

2.0mnpenenenre abeomoOTHOTO, U3BHLITOYHOTO W BAKYYMMETPHYECKOTO IABie-
HUS.

3. IIbe3oMeTpryecKas BhICOTA, TEE30METPUUECKHI HATIOP ¥ MOTHEIH TUJpOCTa-
THYECKHH HAIlop.

4. CriocoOBI U e/IMHUIIBI U3MEPEHHUS JaBIEeHHs, COOTHOIIEHHE €/ THHHII U3Mepe-
HUs JABICHHS.

5.@opmynuporka 3axona [Tackas.

6.Mcrosb3yst moTydeHHbIe TaHHBIE, 0ATBEPAUTE eiicTBre 3akona [Tackams.
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