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Onpenesienne BS3KOCTH KUAKOCTH Mo MeToay CTokca : METO-
IUYecKue ykasaHus K jaboparopHoit padbore Ne 21 mo pazneny ,,Mexa-
HUKa U MoJiekyssipHas ¢pusuka” / FOro-3am. roc. yH-T; coct.: B.M. Ilo-
nyuauH, JL.U. PocnskoBa Kypck, 2012. 8 c.: wi. 2, tabdn. 1. bubnuorp.: 3
Ha3B.

Copzepxart KpaTKue TEOPETUUECKHUE CBEJICHUSI O MEXAHU3ME BSI3KO-
ro TPEHHUS U OINPENEIICHUS BSI3KOCTU KUAKOCTH MeToaoM CTokca. Yka-
3bIBAETCSl TOPSAJIOK BBITOJIHEHUS PaOOThI, MPUBOIAATCS KOHTPOJbHBIE
BOITPOCHI U CIIUCOK PEKOMEHAYEMOU JIUTEPATYPHL.

Mertoauueckue ykazaHus COOTBETCTBYIOT TpeOoBaHUsM ['ocynap-
CTBEHHBIX 00pa30BaTEIbHBIX CTAHAAPTOB BBHICIIETO MPOPECCHOHATBLHO-
ro oopazoBanus (2010 rox) u pabounx ydyeOHBIX TUIAHOB TEXHUYECKUX
cruenuansHoctent FO3IY.

[IpenHa3zHadeHbl AT CTYJEHTOB TEXHUYECKUX CIIEIIUATbHOCTEN.

TekcT neyaraercss B aBTOPCKOU peIaKIuy
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JlaGopaTtopnas pabota Ne 21
Onpenesenne BA3KOCTH )KUAKOCTH M0 MeToay CTokca

Lenb paboThl: ompeaeneHue kodhPuimeHTa BI3KOCTH KUJIKOCTH.

[TpuOopsl ¥ TPUHAICKHOCTH: CTECKISHHBIM HUIMHIP C HUCCIIe-
JYEMOM JKUJKOCTBIO, MEJIKUE CTAJbHBIE LIAPUKHA, MUKPOMETP, CEKYH-
JIOMED.

BBEJIEHUE

1. Ilpupooda cun 6:13K020 mpeHus

Ha Bcsikoe Teno, ABMXKYyIeecs B KUAKOCTHU (Ta3e) IeUCTBYET cuia
BA3KOTO TpeHUA (BHYTpEeHHEro TpeHwus). Cuia BSI3KOrO TPEHHUSI BO3HU-
KAET MEXY COCEHUMHU CIIOSIMH KUAKOCTH WM T'a3a, IBUKYIIUMUCS 110
KaKoi-1M00 MpUYMHE C pa3HbIMU CKopocTsiMmu. [Ipu 3ToM ciou, nBu-
KYIAECS] OTHOCUTEIBHO JPyr JApyra, OOMEHUBAIOTCS MOJICKYJIAMHU.
Monekyibl U3 ObICTPOrO CJIO0SI IEPEHOCAT B MEIJICHHBIM CIIOM HEKOTO-
pBIil UMITYJIBC, U MEJIJIEHHBIN CJIOW CTPEMUTCS JBHUratbcsi ObicTpee. B
CBOIO OY€pE/lb, MOJIEKYJIbI U3 MEJIJIEHHOIO CJI0s, TEpeCKaKkuBasi B ObICT-
PBIU CIIOW, TOPMO3SAT €TO.

OnHako pacCMOTPEHHBINM MEXaHU3M BSI3KOTO TpEeHHUs OoJjiee CBOM-
CTBEHEH ra3aM, B KOTOPBIX MOJIEKYJIbl IEPECKAKUBAOT U3 CJIOS B CJIOU
32 CHYET XaO0THYECKOr0 TEIUIOBOTO ABWXKEHUS. B KUIKOCTH BHYTpPEHHEE
TPEHUE B 3HAYUTEILHON MEpPE ONPEAEIACTCA IEUCTBUEM MEKMOJIEKY-
JSAPHBIX CWJI. PaccTosiHrE MEXy MOJIEKYJIAMU B KUJIKOCTH HEBEIUKH, a
cuja B3aUMOJCHCTBUS 3HAYUTEIbHBI. MOJIEKYJIbI KHAKOCTH, TOJI00HO
4acTUllaM TBEPJOTO TeJia, KOJIEOIIOTCA OKOJIO MOJIOKEHU PABHOBECHSI.
ITo nucreueHnn BpeMeHu "OCEION KU3HU' MOJICKYJIbI KUJIKOCTH CKayd-
KOM MEPEXOIAT B HOBOE IMOJIOKEHUE.

[Ipu ABMKEHHH B XKMAKOCTU KAKOTO-JTHMOO TeIa CO CKOPOCThIO I,
MOJIEKYJIbI KUJIKOCTH YaCTUYHO "IPUIMNAIOT" K HEMY — aICOPOUPYIOT-
csa. CHol XKUAKOCTH, ONMMKAMIIMI K MPWIMIIIEMY CJIOK, YBJIEKAETCS
CUJIaMH MEXMOJIEKYJISIPHOTO B3aMMOAEUCTBUA. JKHIKOCTh TIPU 3TOM
OyIeT yCKOPAThCS Ha TpaHUIle ¢ TBepAbIM TeaoM. Ha Hee Oyner aeict-
BOBaTh CyMMapHas cpeiHsia cuia F B HanpaBnenun aBukenus teina. 11o
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TpeTheMy 3aKOoHY HbIOTOHA Ha TEJI0 CO CTOPOHBI KUJIKOCTH OyneT aei-
CTBOBATh TaKas € MO0 BEJIUYUHE, HO MPOTUBOIMOJIOAKHO HaIlpaBJeHHAs
cujia. JTO U €CTh CHJIa BA3KOro TpeHus. [losBiieHre TaHHOW CHIIBI PU-
BOJUT K TOPMOKEHUIO JIBHXKYIIETO TENA.

OnbITHBIM MyTeM ObLIa ompezesieHa popMysia CHUIIbl BHYTPEHHETO
TPEHUA:

d3
F=-—n—:-:8, (1)
dx
rie — - rPajueHT CKOPOCTH, MOKA3bIBAIOIINN OBICTPOTY H3MeE-

dx

HEHHUSI CKOPOCTH B HAIlPaBJICHUHU X, MNEPICHIUKYJSIPHOM JBUXKEHUIO
CJIOEB;

S - mIomaas, Ha KOTOPYIO IEUCTBYET CHUIIA.

3HaKk «—» B ¢opmyie (1) nokasweiBaet, uto cuia F HampapieHa B
CTOPOHY YMEHbIIIEHUs1 CKOpOCTH. KoapuimeHT nponopimuoHaibHOCTH
1 HOCUT Ha3BaHHWE KO3 (UIIMEHTAa BHYTPEHHETO TPEHHS WA MPOCTO
BSI3KOCTH (JMHAMUYECKOUN BA3KOCTH).

9 M ’
Eciau B popmyre (1) monoxuTsb =1- , AS=1m", T0 F Oy-
dx C-M

JI€T YUCJEHHO paBHa 1), T.€. KOA(PPUIMEHT AUHAMHUYECKOU BS3KOCTH
YUCJICHHO PAaBEH CHUJIE BHYTPEHHErO TPEHHUsI, BO3HUKAIOIIEH Ha KaXKJI0H
€IMHULIE TIOBEPXHOCTU COMPUKOCHOBEHUS JIBYX CJIOEB, JBUKYIIHXCS
OTHOCHUTEJIBHO JIPYT Apyra ¢ TPaJIu€HTOM CKOPOCTH, PaBHBIM E€IUHUILIE.

KoappuuneHnt auHaMUYeCKO BSA3KOCTH 3aBUCUT OT MPUPOIBI
KUJIKOCTH U JIJISI )KUJKOCTU C TOBBIIIEHUEM TEMIIEPATyphl YMEHbIIIACT-
csi. BSI3KOCTh UTpaeT CyIIEeCTBEHHYIO POJIb MIPU ABUKEHUHU KUJKOCTEH.

2. ©opmyna Cmokca

PaccmoTpuM paBHOMEPHOE ABUKEHHME MAJICHHKOIO IIApHUKa pa-
ayyca r B )KUAKOCTH (raze). O003HaYMM CKOPOCTh IIApUKa OTHOCUTEIb-
HO KUJKOCTHU yepe3 3. PacnipenenieHue ckopocTed 3 B COCEIHUX CJIO-
X KUJIKOCTH, YBJIEKAEMbIX IIAPUKOM, UMEET BHJ, M300paKCHHBIM Ha
puc. 1. B HenocpeACTBEHHOW OJIM30CTH K MOBEPXHOCTH IIapa 3Ta CKO-
pOCTb paBHA 3y, a MO MEpPE YAAICHUS YMEHBIIAETCA U MPaKTUYECKH
CTAHOBUTHCSI PAaBHOM HYJIIO, HA HEKOTOPOM PacCTOSTHUU L OT moBepxHO-
CTH I1apa.
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S0

Sy Puc. 1

OuyeBUIHO, 4TO YeM OoJbIIE pajaudyc Iiapa, TeM OoJblias Macca
KHUJIKOCTH (Tra3a) BOBJEKAETCS UM B JIBMKEHUE, U L TOHKHO OBITH Mpo-
MOPIMOHAJIBHO T

L=a-r.

ITon o Oynem moHWMAaTh cpejHee 3HaueHue Kod(PUIMeHTa Mpo-
nopiMoHagbHOCTH. Torga cpeaHee 3HAYEHHE CKOPOCTH IO MOBEPXHO-
CTH I1apa paBHO

A3 Bo—-0 o

AX a-r o-r
2
IToBepxHOCTh mIapa S = 4nr” ¥ cujia TPEHUS, UCTIBIThIBA€Mas JBU-
KYIIMMCS IIapOM, paBHA

A3 Jo 4r
FTp:n.E.S:n. .47-5.1'2:;.11.1'.80_

o-r
CtokcoM ObLIIO TTOJTYYEHO, YTO JUIs 11apa o, =%. CrnenoBareibHO,

CUJia BSA3KOTO TPEHMSI, UCTIBITBIBAEMAsl IIaPOM, JBIOKYITUMCS B KHIKO-
ctu (rase):
Frp = 3m-m-d- 9y, (2)
rjae d - tuameTp mapuka.

®opmyna Ctokca MpUMEHSIETCS JUIIL B Clydae MIapooOpa3HbIX
TEJI MaJIbIX pa3MEPOB U MaJIbIX CKOPOCTEH UX JBHXKCHUS.

ITo ¢opmyne CTokca MOXKHO, HAIPUMEP, ONPEACISITh CKOPOCTH
OCeJaHus YacTHUI] TyMaHa U AbiMa. B0 MOXHO MOJIb30BAaThCS U IS pe-
IIEHUSI 0OpaTHOM 3a7ja4u — U3MEPSIsl CKOPOCTh MAJICHUS IIapuKa B KU /I-
KOCTH, MOKHO OIPENICIIUTh €€ BSI3KOCTb.
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3. Onpeoenernue Ko3guyuenma 633K0CMuU HCUOKOCIU MEMOOOM
Cmoxca

Ha mapuk, magarouuyii B KUIKOCTH BEPTUKAIBLHO BHU3, JIEUCTBYET
TpHU cwibl (puc. 2): cuia Tskectu mg , cuina Apxumena F, u cuia Bs3-
KOTo TpeHust F,.

ITo BTrOopomy 3akoHy HeroTOHA: —

ma = mg - F, -F, S TPI

Cuna tspkecTd U cuia ApxuMmena MOCTOSHHBI | — a
N0 MOJYJIO, a Cuja BS3KOIO TPEHUs, COrJIacHO — C—
dopmyne (2) yBETUUYUBAETCS C YBEIMYEHUEM CKO- | — ¢ —
pPOCTH IIApUKa, U HACTYNMAeT MOMEHT, KOrja Cujla | — —
TSYKECTU YPABHOBECUTCA CYMMOM CHJI TpEHUS U Ap- | — =
xumena. C 3Toro MOMEHTa yCKOpPEHHUE IIapuKa paB- | — —
HO HYJIO, T. €. €r0 JBH)KCHUE CTAHOBUTHCA PaBHO-
MEPHBIM. —

mg = Fa + FTp 5 (3 ) - -

prHYEM e
edt HcC.
Fompu g V=P2 220 (4)

rae V - 00beM IapuKa; Py - MIOTHOCTh YKUJKOCTH; Py, - IUIOT-
HOCTb IIapHUKa.
[Toncrapnsisa ypaBHeHus (2), (4) B ypaBHeHue (3), moxydaem
7t%‘1"(5-(%-;)%) =3tn 9od.
OTkyna nosryyaem

_ (P -px)-d? g
18- 9o .

CKOpOCTh IBHKEHUS [IAPUKA
90:£ )
T
rae ¢ - pacCTOSIHHE MEXAY METKaMU HAa COCYJE C YKUJKOCTHIO,
COOTBETCTBYIOIIEC MECTY YPaBHOBEIIMBAHUSA CHUII, T - BPEMS IPOXO0XK-
JICHUS IIapUKOM PacCTOSIHUA £ .

OKOHYATENBHO MOJy4aeM

_ d?.0-1
_(pm p1>1§-)1 gt )

T‘I:



Ecnam ydyecTs BIMSHHME CTEHOK COCyJa Ha JBMIKEHHE IIapHKa, TO
dbopmyina (5) npuMeT BU
(pm B p)K)

n= d -d2-g-1:, (6)
18-1-(1+2,4—)
D
rae D - nuamerp cocyna.
BBITTOJIHEHUE PABOTHI

1. V3MepuTh BHYTPEHHUUN JHWAMETP CTEKJISIHHOTO UWJIUHIpa U
PAcCTOSIHUE MEXAY METKAMM, UCIIOJIb3Ys IITAHTCHIIUPKYJIb U MACIITA0-
HYIO JINHEUKY.

2. I3MepuTh MUKPOMETPOM JAHAMETP LIAPUKA.

3. OnycTuTh MAapuK B COCYJ, TaK YTOOBI OH JBUTAJICS 1O OCH LIH-
JIMH]IPA, U U3MEPUTH CEKYHAOMEPOM BPEMsSI €T0 MPOXOXKICHHUS MEKIY
METKaMH.

4. Boruuciauth KO3(PQUIMEHT BA3KOCTU HUCCIEAYEMOM >KUJIKOCTH
o opmyiie (6).

5. Takue ke U3MEPEHUs U PACUCThI BBIIOJIHUTD €UIE I YEThIPEX
[IaPUKOB.

6. Paccuntats cpeniHee 3HaueHUE KOA(PPUIIMEHTA BA3KOCTH.

7. Pe3ynbTaThl U3MEPEHUN U PACYETOB 3aHECTH B TAOIHUITy 1.

Tabmnura 1
Ne D, l, d, T, n, <n>,
wm| 10°m | 10°m | 107w c Ma-c Ma-c




KOHTPOJIBHBIE BOITPOCHI

1. OOBsACHUTH MEXAHU3M BO3HUKHOBEHHUS CUJI BSI3KOTO TPEHUSI.

2. BmiBectu popmyny Crokca.

3. B 4em coctouT MeTON ONpEAENeHUs BA3KOCTH KUJIKOCTH 110
CTOKCYy ¥ T/I€ OH IPUMEHSIETCA HA IPAKTUKE?
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