YcioBue

3amanue 1. «Popmysia Toppuyenan»

Obopynoanue: OyTbLIKa 1acTukoBag 0,5 J1 6e3 gHA, TPU HPOOKM C JBIPKAMU HU3BECTHBIX IHa-
METPOB, II0JIOCKA MUJLIUMETPOBOI OyMaru, CKOTY, CEKyHJIOMEep, COCY/L JIJisi BOJIbI (1 .n), IITaTUB C
JIQIIKOIA.

J11s1 cCKOpOCTH BBITEKAHUSA BOJIBI U3 COCY/IA Uepe3 HeDOJIBIIIOE OTBEP-
crue . Toppudeiun ycranosuit hopmysry

V =/2gh (1)

r7ie h - BbICOTa yPOBHS KUJIKOCTHU HaJl OTBEpCTHEM, g = 9,873 - yCKO-
penue cBOOOHOrO Ta ieHus. BaM 1mpeicTonT mpoBepuTh CripaBein-
BOCTBb 9TOI (DOPMYJIBI JIJisi CKOPOCTU BBITEKAHUS BOJIbI U3 OYTHLIKH
1epe3 orBepcrue B mpobke. Cobepure yCcTaHOBKY, KaK MTOKA3aHO HA
pucynke. [Ipukpenure K G0KOBOII MOBEPXHOCTU OYTBIIKU ITOJIOCKY
MUJLJTUMETPOBOI OyMAaru.

Yactp 1. Teopernyeckasd.

1.1 Cuuras dopmyny Toppudenin cupapeIuBoOil MOKaKUTE, JIJIsT
BBICOTA YPOBHS YKUJIKOCTH B BEPTUKAIBLHOM IHJIMHIPIIECKOM COCY-
Jie IPU BBITEKAHUU BOJIBI Yepe3 OTBEPCTUE B JIHE 3aBUCUT OT BPEMEHHU 110 3aKOHY

h = ho(1 —bt)? | (2)
rjie h - BBICOTA YPOBHSI XKUKOCTH HAJT YPOBHEM OTBepCTHs, hg - HadabHAs BBICOTA YPOBHS KUJI-
KOCTH, b - MMOCTOAHHBIN KOI(DMDUIIMEHT, 3aBUCAIINI OT Pa3MEPOB COCY/la U OTBEPCTHA.

1.2 Boipasure koaddunuent b B opmysie (2) depe3 napaMeTpbl Balllell yCTAHOBKU U HAYATHHYIO
BBICOTY YPOBHS KHJIKOCTU B COCY/JIE.

YHacTts 2. 3aKOH BBITEKAHUS.

2.1 amepbTe 3aBUCUMOCTD BBICOTHI YPOBHS YKUJIKOCTU B COCY/I€ OT BPEMEHU, ITPU BHITEKAHUU BO/IbI
Yepe3 OTBEPCTHE MUHUMAJILHOTO JIMaMeTpa, IMOCTPOiTe rpaduK MOTydIeHHON 3aBUCUMOCTH.

2.2 IIpoBepbTre BBIMOJHUMOCTD 3aKOHA JIBUKEHUS (2).

2.3 Oupegnesinre 11pu KakoM 3uHadennu kosddurmenta b dopmysa (2) Hauboee TOUHO OMUCHIBALT
9KCIIEPUMEHTAJIbHBIE JAHHDIE.

2.4 CpaBHEUTE 9KCIIEPUMEHTAIBHO OIPeIeIEHHOe U PACCINTAHHOE 3HAYEHUS STOr0 KO DUIHEHTA.
Ob6bsicHuTe TPUIUHBI BO3MOXKHBIX OTKJIOHEHUIA.
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YHacts 3. /Ipyrue orBepcrus.

3.1 3amepbre 3aBUCHMOCTH BPEMEHH IIOJTHOIO BBITEKAHUs BOJBI M3 OYTBHLIKU (IIPH MOCTOSTHHOM
HaYaJbHOM yYPOBHE) OT JHaMeTpa OTBEPCTHUSL.

3.2 Obbacuure IIOJIy9Y€HHBIC B II. 3.1 PeE3YJIbTaThl, CPaAaBHUB UX C BalllTUMHN PaCYCTHBIMUA SHAYCHUAMMU.

Pemenue

Sananume 1. «®opmyaa Toppuyesim»

1.1 IlycTh HagabHAST BBICOTA KUJIKOCTH B cocylie hg, BHyTPEH-
Huil auamerp cocyqa D, nuamerp orsepcrust d (puc.l). B mo-
MEHT, KOTJIa BBICOTA *KUJKOCTH B COCYJIE paBHA l, CKOPOCTH BbI-
TeKaHUA KUJIKOCTH U3 COCYJIa, coraacHo dpopmyste Toppudesim

v(h) = 2gh.

CooTBeTCTBEHHO, 3a MaJblil IPOMEXKYTOK BpemeHn At u3 0T-
BEPCTHUSA BBITEUET BOJa 00bEMOM (CUMTAEM, UTO B TE€UEHUE ITO-
0 MaJIoTo IIPOMEZKYTKa BPEMEHN CKOPOCTH BBITEKaHUA OCTAeTCs
HOCTOSTHHOM BEJIMIIHON ) i,

2 2
AV = %U(h)m - %\/th At.

OTO BBI30OBET TOHMKEHUE YPOBHSI BOJBI B COCY/I€ HA BEJIMIUHY

AV d?
Al = - = ﬁ\/%gAt. (1) | Pue. 1

Ucnonb3ys BeIpazkenue, IPUBEICHHOE B YCJIOBHUI, BHIYUCAM Tpupaiienne Ah Kak pasHocts h(t +
At) — h(t) upmu ycrosuun At — 0

Ah = ho(((1 = b(t + At))? — (1 + bt)?) = 2ho(1 — bt)bAt. (2)

U3 dopmysbl, npuBesieHHOl B ycaoBun, HaiigeMm, aro (1 — bt) = ,/h—ho, ¢ ygaeroM dero (2) mpeobpa-
3yercst K BUJLY

A0 oo = b = 2hoby |- = b [20 Sagh = (1)} = L /am (3)
At 70 I g gn= - D2 g
1.2 U3 (3) ciexyer Bbipazkenue jiist KodddurmenTa b depe3 napaMerpbl YyCTaHOBKI

& [g
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U3 (4) ciiejryer BaxKHBIH BBIBOJL: Jjisl COBJIIOJICHUST TOCTOsIHCTBA KoadbdurmenTa b cieryer mpo-
BOJINTH M3MEPEHHsS TOJBKO B IMJIUHIPUIECKON dacTu OyTHIIKH, T.e. JI0O TeX IOp, MOKa Boja He
OIyCTHJIACE JI0 CyzKalomeiicst (HrxKiHeil) 9acTu Oy THUIKH.

YacTp 2. 3aKOH BBITEKAHUA.
2.1 AKKypaTHO 3a/uBaeM BOJLy B OYTBIIKY U H3MepPsieM 3aBUCUMOCTDb BBICOTHI YPOBHSI BOJIBI B COCY/IE
H ot Bpemenn t.

B rabiune mpuBeieHbI SKCIIepUMEeHTAIbHBIE JaHHbIe JIJIS IJIACTHKOBOM OYTHIIKH 00beMoM 1 juTp
pu jguamMerpe npooku 1,6 M.

[TocTpoum rpaduk nMpuBeaeHHOI 3aBUCHMOCTH.

3aBMCUMOCTL BbICOThLI OT BpeMeHH
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Kak Bujum u3 rpacduka, mojrydennas 3aBUCUMOCTD IBHO HeJIMHEHA, IIOCKOJIBKY B KOHIIE ITPOIEcca
BBIIMBAHUA CKOPOCTDb KIJIKOCTH ABHO YMCHBIIACTCA.
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2.2 Kak ciretyer u3 myHKTa 2.1, jiJIs TPOBEPKU BBITOJIHUMOCTH 3aKOHA, (2) HEOOXOINMO JINHEApH-
30BaTh CUCTEMY, T.€. IPeo0dpPa30BaTh BbIpazkeHue (2) TakuM 00pa3oM, 4TOObI MOJIYUCHHAS 3aBUCH-
MOCTb ITPEJICTaBJIsLIa Obl COOOI TPAMYIO JIMHUIO.

B namewMm ciydae 310 yI00HO clie/1aTh CJIEIYIONIIM 00Pa3oM

h(t)
— =1-bt,
ho
rjie 3Hadenne kodddunmenta b Haitgeno B nyHkre 1.2. COOTBETCTBEHHO, TOCTPOUM 3aBUCUMOCTD
[ h(t
BCJIMINHBI %g-oereMeHH.
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MposepKa TABMCHMMOoOCTI (Z) OT BpenrieHL

¥y — -0.0013= + 0,998

0,58

o 50 100 150 200 250 I00 35S0 A0

Kak BujuMm u3 1101y 4eHHOM fuarpaMMbl, B JIJAaHHOM CJIydae SKCIepuMeHTaIbHble TOYKHU JIOCTATOYHO
XOPOIIIO JIOXKATCST Ha HPSMYIO, UTO MOJATBEPKIAET CIPABEJIMBOCTD 3aBUCUMOCTH (2).

2.3 Jlnsa omnpejiesieHns ONTUMAIbHOIO 3HAUYEHUA KO3 duimenTa MoKHO npuMeHuTh meton MHK
JIJIsT JTUHEHO# 3aBucHMOCTH. TaK, J/isi SKCIEePUMEHTAIbHBIX JaHHBIX, IPUBEICHHBIX B TAOJIUIIE, 9TO
snauenue cocrasiser b = 0,0013 ¢t

24 B KadeCTBe IIpUYINH BO3MO2KHbBIX OTKJIOHEHUI CJIe,ZLyeT Ha3BaThb HaJ/IM4dnue y ZKNJKOCTHU BA3KO-
cru (BHYTPEHHEro TPeHWsl ), BO3MOXKHOE HeJlaMUHAPHOe TedeHre (3aBUXPEHUil) npu npub/iiKeHun
YPOBHS BOJBI K OTBEPCTHUIO, IIOBEPXHOCTHOE HATAKEHNE YKHJIKOCTH.

Yactp 3. Apyrme orBepcTus.

3.1 Kak cjejyer u3 MOJIydeHHBIX 3aBUCUMOCTElH, BpeMs T BbITEKaHUA 0OpATHO MPOIOPIIHOHAILHO
2

9 .
3HadeHUIO Kodddunmenta b = 2\ 3 KOTOPBIN IPU TTPOYUX PABHBIX YCJAOBUSX IPSIMO IIPOIIOP-
0

OUOHAJIEH KBaJApaTy JuaMeTpa OTBEPCTHL. OTCIO,IL& CJIeIyeT, 9To

Taknu 06pa30M, OTHOIII€EHNE BPEMEH BBLITEKaHUA BOIbI U3 6yTbIJIKI/I IIPU PAa3HbIX JUaMETpax OTBEP-
CTUI olpeJesideTCd OTHOIICHUEM O6paTHbIX KBa/IpaTOB UX PaJIuyCOB

COOTBG‘TCTBGHHO, B HallleM CJIy4dae

10 kacc. DKCIepUMEHTAIBHBII TYP. 5



=36:9:4.

T Ty . T3 =

O =

[l B
A~ =

C yd€eTOM IOI'PEIIHOCTHU IKCIIEPUMEHT JaeT OIM3KMe 3HAYCHUS.
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